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A NEW APPROACH TO THE DESIGN PROCESS OF INNOVATIVE PRODUCTS 

 

Emilia Ciupan
1
, Florin Lungu

1
, Cornel Ciupan

1
, Emanuela Pop

1 

1
Technical University of Cluj-Napoca, Romania 

 

Abstract: The paper presents a new model which can be used in the design process of 

innovative products. The main steps of the proposed model are: market research, real problem 

formulation, constraints determination, product design specification, conceptual solution 

synthesis, optimal solution choice and the implementation of the solution in project. The 

innovation of this model consists of a new view of the step of conceptual solution synthesis 

one which proposes a concept of “helix scanning” of the most important elements, related to 

the product requirements. In its search for solutions the author scans a field of variable radius. 

While the time affected for the search of new solutions increases, the dimension of the field 

decreases, encouraging thus the appearance of a “filtered” solution. Finally, this paper 

presents three case studies for innovative product design. The first one refers to a 

reconfigurable gearbox, designed for developing the skills of students in the field of 

mechanical engineering. The second one describes a new method for optimizing the ordering 

activity within the procurement activity in an enterprise. The third case study shows a method 

of training industrial robots to avoid certain obstacles. 

 

Key words: design, innovative, creativity, process, model. 

 

1. Introduction 

The constantly growing dynamic of nowadays’ competitive market makes companies 

strive to offer products or services different from those offered by others, in order to surprise 

the beneficiaries. Innovation is present all over, from services to products, from the civilian to 

the military [1]. A product or a service results from a concept, or a project. Generally, the 

project may lead to a product or service. A product should not be viewed only as a complex 

machine or device. A product can be an iron, a vacuum cleaner, a computer, or an IT 

application that runs on a computer or a mobile phone. Banking, insurance or telephone 

services are also considered products by those in the field, based on a logic which claims that 

both products and services are the result of the implementation of a given project. On the 

other hand, the success of the product on the market depends both on the quality of the project 

and the deadline for achieving it. Consequently, the design and implementation activities must 

be well planned, especially in the case of innovative products, as there is a risk that new 

products of better quality are launched on the market. 

To achieve innovative products, the specialists have to solve complex problems and 

provide practical solutions suitable for product achievement. The task of the design team 

increases with the product complexity. In some situations, a relatively simple product, but one 

on which rigorous technical or economic constraints are imposed, can give more "hassle" to 

the designers than a complex product with fewer constraints. 

For innovative product design, the quality and the work efficiency are very important, 

given the fact that the results are visible at a later stage, usually after testing the product. In 

order to increase the design efficiency and the conception of new products, to appeal to the 
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customers and to be successful on the market, a systematic approach is required, one that 

integrates the design process.  

In order to meet the market demands, some global design concepts have been developed: 

simultaneous or convergent engineering, total design, ecological design, design based on the 

product’s life cycle, etc. 

The designing process consists of a structured assembly of planned activities in order to 

create products that would satisfy market needs. A global method [2] of designing is based on 

a procedure similar to the one presented in Figure 1.  

Establishing the

requirements

Pr

formulation

oblem

Solutions

y h sisS nt e

Analyzing
 solutions 

Implementing

Product

 

Figure 1. The designing process [1] 

 

For creating innovative products, engineers have to solve complex problems, with many 

practical solutions. A design model for new products development is presented in [1].  While 

the proposed model in [1] is more suitable to engineers’ design activities, it is less adequate 

for the conception of IT products or services. 

 

2. A model for innovative product design 

Many authors [3, 4] consider that the design of an innovative product requires the 

following stages: marketing studies, drafting the specifications, conceptual and detailed 

design, manufacturing and sale of the product.  

The total design concept has been defined by Pugh [3]: “Total design may be construed as 

having a central core of activities, all of which are imperative for any design, irrespective of 

domain. Briefly, this core, the design core, consists of market (user need), product design 

specification, conceptual design, detail design, manufacture and sales. All design starts, or 

should start, with a need that, when satisfied, will fit into an existing market or create a 

market of its own.” 

By changing the content and by introducing some new phases, the authors have improved 

the Pugh model [3]. The proposed model for innovative product design is thus based on the 

following steps:  

1. establishing  the market’s requirements; 

2. problem formulation and definition of constraints 
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3. development of the product specifications; 

4. development of the project; 

5. project implementation; 

6. retiring the product from the market. 

2.1 Establishing the market’s requirements 

In order to develop a new product, the designer needs data that is specific to the design 

process. If it is desired that the project result in a successful product on the market, the 

product should satisfy the needs of the consumers. From this perspective, the design data can 

not be set by the designer in an office, as they should result from customer expectations. 

Let us assume that a company orders a team to design a city car. From the beginning, the 

designers will have many questions concerning the number of seats, the number of doors, the 

trunk volume, the number of wheels, the drive type, etc. The answer to these questions 

represents the design data. A four-wheeled car will look to a certain extent different from a 

three-wheeled one, although both versions can be accepted as a solution for a city car. A car 

with four seats will have a different project in comparison to one with two seats, and other 

examples of this type can be given. Only by chance can the designers set these data without 

consulting the beneficiaries so that they coincide with customer expectations. 

To establish some design data, especially those that will be essential features for 

beneficiaries of the product, first we have to identify for whom is the new product being 

designed. Secondly, we need to understand the technical and economic expectations of the 

beneficiaries of the product, and how much they would be willing to pay for the product. 

Using questionnaires is a method of obtaining customer requirements, but it is valid only 

for large series production. In the case of new products customized to a specific application or 

a specific beneficiary, the questionnaires method can give erroneous results. In these 

situations, a talk with the beneficiary is more useful. The designer must understand what the 

recipient actually wants, which are the requirements for the product at the beginning of the 

project and what does the customer think about doing in the future. 

In the case of an innovative product, the idea must be explained clearly to the clients. The 

client’s requirements are first recorded in their own words. These are called the clients’ rough 

requirements. These requirements must have a certain level of clarity in speech so it is 

required to have specialists to process this data.  

For some products it is recommended to include in the design team some of the future 

users. It is hard to imagine, for example, that a team made only of engineers could design 

products and instruments for a dental cabinet, at a superior quality level, without the presence 

of dentists. 

2.2 Formulating the problem and defining the constraints 

An innovative product results from a need and must solve a real technical problem. The 

real problem that must be solved will be defined through the project’s aims that need to be 

accomplished with a viable solution. A formulation of the problem that has to be solved in 

accordance to the pursued aims will be needed.  

The correct formulation of the problem simplifies the following activities that focus on the 

design work of the problem itself. Formulating the problem as a stage of the design process 

and the process in assembly cannot be done without considering the existing constraints. The 
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new product will enter a competitive market and will have to fit certain standards of 

conformity. Moreover, state policy and/or company policy constraints will be imposed on the 

product. So it is necessary at this stage to define and classify all the constraints.  

2.3 Elaborating the product specifications 

Elaborating the product specifications is a very important stage of the whole design 

process. This stage must be seen like a fluid that flows during the design activity, and the 

specifications are consulted in all the stages of the process. The content of the design 

specifications is based on solving the requirements imposed on the new product. The 

constraints can be grouped (Figure 2) into six classes: functional, manufacturing, operational, 

economic, legal and aesthetics-related, and ergonomic requirements. 

 

Figure 2. Innovative product constraints 

 

2.4 Developing the project 

In general, project development is done in the following three steps: 

a. synthesis of the conceptual solutions 

b. analysis of solutions and selection of the optimal solution 

c. project completion. 

Synthesis of the conceptual solutions 

Depending on the problem complexity, during this step, abstract concepts or other ways 

by which the problem can be solved will be developed. It is recommended to use methods and 

techniques of creativity such as intuitive methods, brainstorming, FRISCO method, Delphi 

method, etc.. In order “to sniff out and choose” novel ideas we propose a concept of “helix 

scanning” of the most important elements with return in  the initial point (Figure 3). In its 

“search for solutions” the author scans a “field of variable radius”. While the time elapsed for 



Canadian International Journal of Science and Technology,January 2017  

 

11 

 

the search increases, the dimension of the field decreases, encouraging the appearance of a 

“filtered” idea. 

 

Analysis of the solutions and selection of the optimal solution 

In the solution synthesis stage the researchers and designers go through several versions. 

In most cases, several variants corresponding to the system constraints result at the level of 

the synthesis stage. What are the partial solutions that generate the final solution? Which of 

the final solutions are selected? How is this done? 

 

 

Figure 3. The “search spiral” 

For whole complex solutions it is better to think from the beginning what partial solutions 

(perhaps known) will be used. Perhaps some subassemblies are already solved in several 

ways. What works best for our assembly ? Sometimes a rather difficult problem is divided 

into subproblems, with each allowing for more solutions. How will it work? Can some 

solutions be tested? To respond to these problems, scientists have two ways: 

- Selection by scientific methods of evaluation; 

- Selection through the analysis based on intuition, flair and experience, etc. 

Experienced specialists often use the second way, but for complex situations it cannot be 

considered as the most appropriate. In the case of students or less experienced professionals, 

we recommend the use of scientific methods, even for seemingly simple solutions. 

The optimal alternative can be considered the one that best meets the (functional, 

manufacturing, legal, financial, etc.) requirements. This alternative cannot be selected without 

using some benchmarks derived from the constraints imposed on the product. 
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Regardless of its scientific nature, or the evalutating method used, the choice of the 

optimal variant is relative, and it involves a degree of uncertainty. Let us assume that an 

assessment of products in the same class, for example cars, is desired. In this case, the 

evaluation criteria of the solution must take into account the social categories to which the 

product is intended. If a car for people with limited financial possibilities is needed, the best 

and the most expensive car soundproofing solution cannot be considered as optimal. 

In research and design, or in other scientific activities, there are various methods of multi-

criteria analysis. The criteria represent a specialist’s point of view which filters some aspects 

of reality, usually features of the analyzed objective. 

Project completion 

The main objective at this stage is to put the conceptual solution or solutions into practice.  

It represents a very important step which includes solving the details. Upon the 

completion of the project, the documentation of product development should result, regardless 

of its type. Thus, in the case of engineering projects, the documentation of product 

development includes assembly/subassemblies drawings, part drawings, lists of commercially 

existing parts, bill of materials, product manual with instructions and specifications (for 

products of  high complexity). In the case of IT projects, this stage should be completed with 

the development of functional applications, executable programs, operating guide etc. 

2.5 Project implementation 

Even though the design activity can be considered accomplished once the project 

completion step is finished, the task of the designer doesn’t end here. It is necessary to create 

a prototype, to test it, to make some adjustments to the project, to put it into production, to 

distribute it to clients and to gather the information about the improvement of the product, or 

of a new generation that satisfies the client’s ever dynamic requests. 

2.6 Retiring the product from the market 

Regardless of the product and field of application, it will have a life cycle and then it will 

be retired from use. The designer must make the product in such a way that its disposal is as 

easy as possible, has a minimal cost and offers the possibility to recycle materials and to be 

environmently friendly. The problem of removing the product from the market varies from 

case to case. 

Let’s analyze the retiring of three products and the issues which should be taken into 

consideration by the designer: a personal computer, a software application such as "national 

registry for medical data of patients " and a power plant. 

The first product has a lifetime of about 5 years, has electronic components that contain 

precious metals, and other metal or plastic components. Considering the high volume of 

production, the recycling of components and creating a "circular economy" are very 

important. For this product, the designer should know very well the legal regulations and the 

current technology used for recovering materials from the product. Also because of a short 

lifetime, the designer can estimate some technological changes. In this context, the designer 

should make the product in such a way that parts such as the battery, the microprocessor, etc. 

are easily disassembled and recovered separately from the other components. If a large part of 

the product requires grinding and separation by various electrostatic or electromagnetic 

processes, the designer can build the product so that this effect is minimized. 
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For the second product, a piece of software implemented at a national level with a 

database that can be accessed and used by all health facilities, it is not strictly a matter of 

lifetime, but rather it is important to have the possibility to upgrade and easily maintain data 

for switch from one version of the application to another. The designer can not predict 

legislative and technological changes that will affect the functioning of the application, nor 

their frequency, but can expect such changes. The designer will not think of the product in 

terms of material recycling, but in terms of data recovery and product software itself. 

The last example, differs from the other two by the high cost of investment, unique 

character and long life (50 years). It is basically impossible for the designer to predict the 

technological and legislative changes at the end of the life cycle of this product, he will 

eventually be able to make some estimates. Certainly, over the life of the objective, it is 

necessary to assure maintenance, more equipments requiring repairs or replacement with new 

ones. 

As a result, retiring the product from the market is unique to each product and depends on 

its lifetime, material components, present and future technology, present and future legal 

restrictions. The designer’s task for an innovative product is more difficult as the expected 

lifetime increases, because he has to think of a product for a future which he doesn’t know, 

but can only imagine. 

 

3. Suitable examples of innovative products designed with the described model  

With the model proposed in this paper or the previous version [1] of the model, the 

authors developed a series of innovative products in the field of technology, economics and 

IT. 

3.1 Reconfigurable gearbox   
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Figure 4. The gearbox kinematic diagram                  Figure 5. The speed diagram 

The invention presents a reconfigurable gearbox [9], designed for teaching purposes, that 

offers students the opportunity to build 20 different types of gearboxes, depending on the 

structure and the speeds selected by the work load of the machine tool, using its standardized 

elements. Also, the reconfigurable gearbox allows students in the field of mechanical 

engineering to understand how gearboxes work and to develop their design skills. The 

reconfigurability of the gearbox is provided by a modularized concept, by using 

interchangeable shafts and gears and by creating an optimized set of gears. By using the stand, 

the students will understand important aspects related to the design, construction and 

operation of the gearbox. 

A variant of the gearbox with a range of 12 speeds is presented in the structural diagram 

shown in Figure 4. 

The reconfigurable gearbox consists of a housing, an input shaft, one or more 

intermediary shafts with the same bearings, and a main shaft (the output). The housing is 

provided with a number of identical holes whose axes of symmetry are located in the same 

plane at equal axial distances used for mounting the shafts. Gears which are chosen from an 

optimized set of gears (Table 1) are mounted on the shafts, each with the same width and 

bore. 

Table 1. The optimized set of gears  

Σz Common ratio φ Um=ai/bi No. teeth No. copys 

zai+ zai φ=1.25 φ=1.6 φ=2 ai bi zai zai N 

120 φ
o 

φ
o
 φ

o
 1 1 60 60 3 

120 φ
1
   4 5 53 67 3 

120 φ
2
 φ

1
  5 8 46 74 3 

120 φ
3
  φ

1
 1 2 40 80 3 

120 φ
4
 φ

2
  2 5 34 86 2 

120 φ
5
   1 3.15 29 91 2 

120 φ
6
 φ

3
 φ

2
 1 4 24 96 2 

3.2 Method for optimizing the ordering activity  

 A method for optimizing the ordering process in a company whose main field of 

activity is trade represents the subject of this section [6, 10]. 

This method is based on a mathematical model which takes into account the historical 

consumption in a time interval Ts, divided into n subintervals on the basis of which the 

weighted mean consumption Csmed, the consumption trend  in the last part of the time 

interval Ts, the inventory level St at the calculation time and the level of launched and 

unarrived orders Cd are determined. A neural model (Figure 6) is used to determine the 

necessary level of the inventory s and the order size Q at the moment when a new order is 

launched. Data obtained through appropriate mathematical equations were used in the  neural 

model achievement. 
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Figure 6.The neural network architecture 

3.3 Method of instructing robots to avoid obstacles 

This invention describes a method of training industrial robots to avoid certain obstacles 

in the workspace [7, 11]. The neural model simulates the robot's inverse kinematics, and 

provides the joints’ coordinates, as referential values for the controller. The novelty of the 

method consists in the deliberately erroneous training of the network, so that, when 

programming a direct trajectory in the workspace, the robot avoids a known obstacle.  

The training data are determined from the mathematical model or by experimenting on the 

physical model of the robot, by choosing a point cloud contained in a work plane included in 

the robot's workspace, plane in which the robot has to operate at least one move between two 

given points. The avoidance of the obstacle in the robot's trajectory is achieved by the training 

of the network (Figure 7), with input data corresponding to the coordinates of some points on 

the robot's direct trajectory between two points, and output data (the joints coordinates) 

corresponding to the avoided trajectory.  

The set of training examples will have as input signals the coordinates of the cloud of 

points, while as output ones, the coordinates of the joints, calculated according to the rules 

R1-R2 below:  

R1) for a point in the work plane outside the obstacle or its envelope (P1-A; C-P3), the 

coordinates of the correct joints (in accordance with the mathematical model which describes 

the robot's kinematics, or in accordance with the experimental measurements) are established 

in pairs 

R2) for a point in the work plane that belongs to the obstacle or its envelope (A-C), the 

coordinates of the joints that belong to a different point, the latter being situated on the surface 

of the obstacle, or on its envelope, depending on the case, are established in pairs. 
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Figure 7. Neural network      Figure 8. Direct (Td) and avoided (To)  

                                                                trajectory 

4. Conclusions 

Based on Pugh’s model and taking into consideration their experience, the authors have 

developed a new model for designing innovative products.  

The model has been validated by applying it to the development of a number of 

inventions, with three of them being presented at the end of the paper. Starting from the first 

model [2], the model has been developed throughout several years, with the goal of achieving 

a general model that can be applied to any innovative product.  

The three examples presented here refer to innovative products of various types which 

require the solution of different technical problems. 

The first product, the “reconfigurable box” is meant to equip laboratories for student use 

and it has a teaching purpose. The technical problem that the proposed invention solves 

regards granting the opportunity to design and realize different gearboxes by using a narrow 

range of typical elements to the students. In this case, the key to the solution of the problem 

consisted in the stage of generating a conceptual solution tailored to the problem, in its 

selection and optimization. 

The second product, “Method for optimizing the ordering activity” refers to an innovative 

method of managing supplies which is implemented by means of a computer program. The 

problem solved by the invention concerns the realization of a computer program for 

optimizing the order in a statistical system of supply management that enables the assessment 

of the order point and the size of the order based on a history of consumption that avoids the 

supply interruption. In addition to the identification of the real problem to be solved, an 

important step in solving the problem was solving the mathematical model and implementing 

it to a calculation algorithm.  

The third invention, “Method of training robots to avoid obstacles” describes a method of 

neural calculation that is focused on simplifying the technical problem of programming a 

robot to avoid an obstacle in its workplace. In this case, the key to the solution was the 

statement of the problem: programming the robot to move along the straight trajectory 

between two points and instructing it to “skip” the obstacle. 

  The main contributions of the model presented in this work consist of the introduction of 

two new phases: problem formulation, constraints definition (phase no. 1) and removal of the 

product from the market (phase no. 6). With these two phases, the proposed model improves 
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the formulation of the real problem that needs to be solved and expands its constraints, and 

forces the designer to take into account all the requirements, from the customer’s needs to the 

retire from the market. 

Another contribution of the model refers to the content of the project development stage 

that includes three steps: synthesis of the conceptual solutions, analysis of solutions and 

selection of the optimal solution, and project completion. The activities of searching for and 

generating solutions must be focused on the functional constraints of the product especially in 

the early stages of development. A solution isn’t feasible if it doesn’t satisfy the functional 

role of the product. This is why in the early stages of searching, the attention must concentrate 

on the functional role of the product. The first generated solutions must satisfy, at least 

partially, the functional role; than, these are processed or are used for generating other 

solutions that correspond to the global system of constraints. The role and the functional 

constraints of the product must be formulated such as they will not limit the designer’s 

creativity. When designing new products, the definition of the purpose and constraints must 

not be based solely on existing products because the area of search will be constrained, and 

the result will be a variant of the existing products. It is recommended to consider the general 

objective which is being pursued and the purpose of the product when establishing the 

functional constraints.  
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Connecting curriculum learning and cyberart as a pedagogical innovation  to facilitate 

adult learning  

 

Lucio Teles, Valentin Oros, Gilberto Lacerda 

 

Abstract - Practices of pedagogical innovation in Adult and Professional Education are carried 

out in the PROEJA-Transiart project to investigate adult learning implemented with media 

support. Adult learner students produce artistic digital media as a curriculum learning task. 

Two examples of the innovation process are discussed in the curriculum of history and 

physics. Seventy students were involved in the production of cyberart in support of 

curriculum learning and their cyberart works were posted in the research site at 

wwww.proejatransiarte.ifg.edu.br and shared among participants. The research methodology 

is the action research (Lewin, 1958; Barbier, 1996), which facilitates change and innovation 

in social and educational settings.  

 

Key words: educational innovation, adult learning, action research, digital art, 

curriculum learning 

 

1. Introduction 

 

 With 60 million illiterate or functionally illiterate adults, Brazil urgently needs to deal 

with this situation. Many Brazilians today do not have the skills needed for the XXI century 

(Fisher & Frey, 2010). Reduction of illiteracy and completion of high school is thus a major 

goal to be reached. Many adult learners have completed primary school but are still 

functionally illiterates. A program offered by the government called PROEJA, or Professional 

Education for Adult Learners, is designed to support those adults who are in the need to 

improve their skills in reading and writing while learning curriculum topics, such as 

geography, history, Portuguese, mathematics, and others.  In this way they can study in the 

evening to complete primary and high school. The project is financed by the Brazilian 

Educational Research Agency, CAPES, and is one of the so-called OBEDUC initiatives, 

Observatório da Educação.  

 

 The PROEJA-Transiart Project is a research project implemented for adult learners 

located in the city of Ceilândia, near Brasilia. Many of the people who work in Brasilia live in 

Ceilândia, a nearby city of 650.000 inhabitants. They drive or take a bus or subway to 

Brasilia, work in the capital during the day and come back home in the evening.  

 This research and innovation project takes place at the High School for Adult 

Learners. We approached the teachers, explained the objectives of the project and some 

showed interest to work with us. The research project has been funded twice: the first from 

2008 to 2012 and the second from 2014 to 2016 by the government agency CAPES 

(Coordenação de Aperfeiçoamento de Pessoal do Ensino Superior – Coordination to Train 

Personnel of Higher Education). 

 

2. The PROEJA-Transiart Project 

 The PROEJA-Transiart Project is a research project conducted by researchers from the 

Faculty of Education, University of Brasília (UnB), in the satellite city of Ceilandia. The city 
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was founded in 1971 and it has been a place for the settlement of working families, called 

“candangos”, those who came from several Brazilian regions in the 1950´s to work in the 

construction of new capital, Brasilia. Ceilândia presents a significant cultural diversity, 

concentrating a large number of northeasterners.  

 The PROEJA School serves 2826 students. Of these, a total of 2063 are EJA students 

(EJA refers to the acronyms Educação de Jovens e Adultos), and, in this context they are 

workers who did not complete primary or high school). The PROEJA-Transiart Project 

proposes to work with adult learners in the teaching of cyberart as a way to  facilitate an 

aesthetic transition from the adult learners “physical” art forms to “virtual art” art forms with 

the utilization of digital technology and the learning of aesthetic concepts for new media. 

Therefore the project has the name of transiart or art of transition (Teles, 2012), as the art that 

is produced comes in the form of animations, videos, photos, sound, and are related to past art 

experiences of the group members in the project.  

 

 The concept of transiart was created to facilitate their interest and the transposition of 

“physical” art form to a new digital format. Transiart is based in the development of digital art 

in the social environment of the student. This type of digital art stimulates the development of 

artistic expression in a transition format, with the employment of technical, educational, and 

new media tools. With these tools and armed with imagination, creativity, and technical 

knowledge, individuals and groups can develop critical thinking and reflection, the 

construction of a collective memory, and a new aesthetic in cyberspace. 

 

 There are four steps in the production of works of transiart with PROEJA students: 1. 

Students generate a theme of their interest and which is related to the curriculum; 2. They 

create a story about the them of their choice and and produce a script for it; 3. The students 

then plan and develop the selected cyberart project, 4. Finally they post the digital art object 

in the research site developed for this project, to facilitate the viewing and discussion with 

students and other Internet navigators. The site has an interface similar to Facebook and the 

software used to create the page is the latest version of Joomla. The site is at 

www.proejatransiarte.ifg.edu.br. 

 

  To address the need for innovation in adult education we proposed the implementation 

of an action research approach at the PROEJA School for Adult Learners in  Ceilandia. To 

apply the model we developed, a framework that included collaborative work to produce 

cyberart as related to curriculum learning. Students would also become digitally included while 

learning and working with course material. 

 

3. Research questions 

 

  The following questions were investigated: did students produce transiart? If so, were 

they able to integrate the transiart with curriculum learning?  

 

4. Methodology 

 

 The action research methodology (Lewin, 1958; Schein, 1995; Barbier,1996; 

Thiollent, 2011) was used to collect data from two data sources: participant observation and 

analysis of students cyberart work. The content of these two data sources was assembled to 

answer the research questions and to identify relevant issues regarding project objectives.   

 

http://www.proejatransiarte.ifg.edu.br/
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 By stimulating students to develop art transpositions from the physical to the virtual 

environment we were strengthening the epistemological knowledge of art, encouraging 

creative processes and enhancing artistic expressions in both physical and virtual spaces 

(Thomas & Seely Brown, 2011). In the educational context, transiart is a way of teaching 

students how to work creatively with new media for the sake of producing collaborative 

cyberart to support curriculum learning. 

 

[FIGURE 1 goes here] 

 

 However, the traditional model of classroom learning is still the dominant model used 

by teachers. We proposed the formation of groups of five to seven students to work 

collaboratively in some curriculum areas. In order to work with the students we had to talk to 

the teacher and to get him/her  to accept our proposal. Initially we had five teachers willing to 

work with us (in fact we had more teachers interested but we believed research team’s 

capabilities to handle yet another front of work could be too onerous on us). The five teachers 

accepted the proposal and since then we have been working with them and their students in 

workshops to produce curriculum material in digital art form. Today, besides the five teachers, 

there are many others who are also interested to be involved in the project. 

 

 The research team went to the school twice a week, for three to four hours each time. 

The group of students worked together to select a topic of interest, decided about how to 

present the topic, wrote a script, and produced the artistic object in one of the four formats: 

video, music, photo and interactive text. The group then placed the object on the site 

www.proejatransiarte.ifg.edu.br providing in this way access to all PROEJA School students 

and Internet users. This process took several weeks from the beginning to conclusion. 

 

 A major question for the researchers was how to bring the students to create and to 

initiate an artistic production. Coming up with a theme for the student project is not as simple 

as a snap of fingers. It requires that the group is in tune with the concept of transiart to 

develop the work. But how can we know about the artistic interest of each student?   

 The main vehicle for the development of a theme is to stimulate student awareness of 

their own artistic abilities and further potential. To begin to develop a theme with learners 

allows us to take a glimpse into his/her own perspectives. This issue is addressed in the 

transiart workshops. The workshop enables students to know the potential of transiart to 

address learning issues and to see how art work can be developed in the form of a video clip, 

an animation, music, or an image. 

 

 In the first contact with the school community, we explained transiart as a new digital 

language that is linked to values, cultures and artistic creations and can lead to better 

understanding of the their own reality. This art form is also a reflection of their values, of 

what is like being and young and/or adult worker today. We discussed with them about the 

possibility of creating artistic images and videos related to curriculum topics. Groups 

generated other themes as well, such as “Prejudice”, "Ed is the guy” and many others, which 

can be seen in the research site.  After the choice of themes and how to link it with the 

curriculum, each group started to create a script and a story to be the basis for the production 

of an artistic video.  

 

http://www.proejatransiarte.ifg.edu.br/
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5. Creating the script for the theme 

 

 The roadmap of transiart is a transcript of the theme and the story in a way that can be 

produced and assembled by them, told in images, dialogues, and within the context of digital 

multimedia. Any script, as all forms of narrative art, always begins with a concept generated 

by the group. Creativity can be nurtured by observation and interpretation of reality, reading, 

research, sharing experiences among group members in a collaborative format, brainstorming 

with colleagues, teachers, and researchers (Garland, Teles & Wang, 1996). Every theme and 

its associated story require the development of a script that should be summarized in one 

sentence, which is the main argument or theme.  

 

 An important element of the script is the definition of characters, i.e., those who are 

part of the story and their profiles. Character animations can be dolls, mamulengos (wooden 

dolls), objects, or persons. A way to developing interesting characters is to create a consistent 

synopsis containing various types of information such as data about their subjects, their habits 

and customs. Besides the characters, the synopsis must set the scene of action, in which the 

story takes place, and finally to structure the actions to be later developed. 

 

 To organize the script of a video clip is to define the ways the characters live the story, 

or how the story will be told. The final script is the product of a teamwork that requires the 

writing, correction of mistakes, and the work to display the images, including camera 

sequences, angles of the photos, handling of the characters, the lighting, the soundtrack, 

image processing, effects, animations, and other details of production that are essential to a 

successful outcome for the video. 

 

6. Planning, developing and posting in the Web site 

 

 Once the script is concluded, the work follows its course more rapidly. If the technique 

chosen is stop motion, then students begin to take sequential pictures of the subject for further 

editing and incorporation of the many pictures (a group took 300 pictures to generate the 

video “Meeting of Generations”). Then pictures are placed into a stop motion format that is 

then saved as a video clip.  

 

 Two examples of Webart videos produced by students as artwork to support 

curriculum areas are “Meeting of Generations” for the history curriculum, referring to period 

1950-1960, of the Brazilian History. The second was “Chapolin”, a comic series from 

Brazilian TV. The recording of one of the chapters of the TV series was used. Next we 

discuss these two videos produced by the students. The production of the videoart and its 

posting in the Web shows that  students were able to produce videoclips as an artform, and the 

content of it relates to curriculum learning for students taking Brazilian History in the 

PROEJA School for Adult Learners. We will next discuss in more detail the production and 

the context of these two videos as related to the research questions. 

 

7. Meeting of Generations – History Curriculum 

 

 Amongst the participating teachers was Oscar, a history teacher. With him, the 

students were studying the Brazilian history, specifically the 1950-1960 decade, when the 

Brazilian president Juscelino Kubitschek was elected and asked the architect Oscar Niemeyer 

to design the plan for a city that would be the new capital of Brazil. Brasilia came to life and 
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became right away an attractive place to go to get a job. Thousands of Brazilians came to the 

new city from different regions of the country, searching for the dream of finding a job and 

build a new and more prosperous life. 

 

 The students decided to produce a video and to post it on the site. The video was 

called "Meeting of generations" which discusses the 1950-1960 decade from the point of view 

of those who worked in the construction of the new capital during the decade. There was a 

student in the history class who was 68 years old, and adult learner who had actually 

participated in the building of Brasilia working as a mason.  

 

[Figure 2 goes here] 

 

 The script came from the interest of the adult students to tell the story of the city in 

which they live, mixed with their life stories, reaching the coexistence with youngsters at the 

PROEJA School for Adult Learners. The process included the selection of images, text, 

photos and the sequencing of images, the songs which were used in the video, and the 

background colour. Then came the final production, with the editing, the animation of digital 

images, and recording documentaries of the life stories of some participants. Aldo, the 68 

years old adult learner, is the main protagonist. The first part of the video shows images of the 

construction of Brasilia, and is black and white. However, as Aldo returns to Brasilia to see 

the result of his and his fellow workers effort, it turns into colours.  

 

[Figure 3 goes here] 

 

8. Chapolin: Physics curriculum 

 

 In the adaptation of the physics curriculum, students used a well-known comic series 

of Brazilian TV called Chapolin. The students deleted the original sound of the TV series 

chapter and introduced their own words and dubbed the video as if it was a discussion 

amongst members of the cast of Chapolin, about the use of electricity meters. In a humorous 

way the video teaches what is an electricity meter and how to use it. The content taught is part 

of the 10
th

 grade physics curriculum.    

 

 Thus, creativity in transiart can manifest itself in the selected themes and imaginative 

scripts, storyboards and detailed and inventive ideas, implementation and presentation of 

artwork created by the group. The creative process is facilitated by active imagination when 

each group member, driven by memory, intuition, perception, and imagination, work together.  

The video shows creativity and the ability of students to link the curriculum content to issues 

that are familiar to them. 

[Figure 4 goes here] 

 

 The two videos were well accepted by teachers and students alike and they are now 

being used as class material by new students at the PROEJA School for Adult Learners to learn 

curriculum topics in history and physics. 

 

[Figure 5 goes here] 
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10. Conclusions 

 

 The researchers in the project PROEJA Transiart at the PROEJA school for Adult 

Learners worked with teachers and students in the production of digital artwork named 

“transiart”, related to curriculum learning. The objective of the PROEJA-Transiart Project 

was to develop transiart from the various existing artistic expressions and to stimulate arts and 

learning. Virtual art in the cyberspace ensures a wider audience through electronic scale, an 

aesthetic that suggests a new way of viewing that allows for the interaction of the viewer with 

the art object. Adult learners in this project began to learn the curriculum through 

development of digital art. Participants enjoyed the learning process of curriculum subjects 

being discussed through the development of cyberart. 

 Data collected from participant observation using itinerant diaries to record our 

observations and comments were the sources of information to answer our research questions. 

One of the main purposes of the PROEJA-Transiart Project is to promote change to respond 

those social needs expressed by their members, in this case in giving them better access to 

education, art, and technology. This is why the project is organized as an action research 

whereby students are not “researched” but are active participants, and researchers are not 

solely collecting data through questionnaires, surveys, interviews, or other forms, but also 

active participants in the process of change.  As Lewin (1958) stated “If you want truly to 

understand something, try to change it (Lewin, 1958). 

 

[Figure 6 goes here] 

 

 Adult students who began to learn curriculum topics through production of digital art as 

a way of creating knowledge had a lower dropout rate. As a result of the project, the dropout 

rate among students participating in the project was reduced from 70% to 30%.    

 Through the research action approach the PROEJA-Transiart Project showed that 

collaboration and innovative work can motivate students while facilitating the learning 

process itself. The format of the action research approach allows for participants to include 

their own life histories and experiences into digital art form.  

Students have produced 23 video clips (Santos, 2013) which are posted in the site. The 

majority of them are related to the curriculum while others address issues of social needs 

being experienced by the adult learners in this project. The content produced is innovative and 

allows for user interaction and participants can download the video, make new interventions 

and post it again in the site as a new version.  

 The action research model applied in the PROEJA-Transiart at CEM-03 was an 

innovation that participants accepted and embraced. The inclusion of collaborative cyberart 

production to support curriculum learning showed positive results, indicating more motivation 

in class, from both students and teachers involved in the project.  
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Figure 2. History teacher discusses the research project with his students 

 
Figure 3. Aldo walks in front of the National Congress, built in Brasilia in 1959 

 
Figure 4. Chapolin and the visitor explain the use of an electric meter 
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Figure 5. Mounting the scenario for video production 

 
Figure 6. The production of transiar 
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Abstract: Corrosion of biomaterials is importance point in selection of  biomedical materials, 

which is  generally made of metallic or polymeric materials or ceramic materials, or 

combinations of these materials. Biomedical materials should also be biocompatible and not 

cause any adverse reaction in the body. Austinatic stainless steel is one of the most widely 

used as biomaterials for implants process, In the present study chemical and physical surface 

treatments have been used on two types of austinatic stainless, 304L and 202 to compare their 

corrosion performance on both samples before and after both treatments. Corrosion rate is 

decrease with both treatments for both samples. Polarization ,open circuit potential and 

weight loss results is mainly agree. Metallographic was studied by electron microscopy and 

X-ray photoelectron spectroscopy (XPS) method to evaluate the effectiveness of the surface 

treatments method and to determine the chromium concentration in the surface layer after 

treatment. 

KEYWORDS: Stainless steel , Biomaterials, Chemical Treatment, Physical Treatment,  XPS 

INTRODUCATION 

Orthopedic Implants is one of the most important processes in developing medical science. 

Any material used in the human body should be biocompatible and not cause any adverse 

reaction in the body, this materials names biomedical materials. [1] .Metallic materials are the 

main oldest material used in biomedical materials. The properties of metallic materials used in 

medical devices is toughness, elasticity, rigidity, and electrical conductivity [2, 3]. 

The chemical, physical and biological properties are determined the quality of a 

biomaterial properties [4]. One of the main biomaterials are stainless steel which used in 

implants process as 316L and 304L, because of its capability to resist corrosion, mechanical 

properties according to another material. [1].  Corrosion is the first consideration for a 

material of any type that is to be used in the body because metal ion free release due to 

corrosion of surgical implants [5] and it can adversely affect the biocompatibility and 

mechanical integrity [1]. The corrosion type occurs between bodily fluids electrolyte and 

stainless steel as biomedical materials, is electrochemical corrosion [6-9]. The human body 

fluid is considered both of a strongly corrosive environment and localized corrosions such as 

pitting and crevice corrosion is due to high concentration of Cl
-
 and the temperature which 

around 37 °C, [10]. Stainless steel is used as temporary not as permanent implants to help 

bone healing, as well as fixed implants such as for artificial joints. Although the stainless steel 

is less corrosion resistance in the human body than cobalt- chromium alloys and titanium 

alloys [11-14], but the large amounts of it are used for implant devices because they are less 

expensive than cobalt–chromium alloys, pure titanium, and titanium alloys [15]. 
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Chemical stability on stainless steel surface is due to the presence of Cr in the surface 

which makes a passive oxide film on the surface [16, 17]. The oxide film formed in the 

presence of oxygen. The materials corrosion behavior and the degree of the materials 

biocompatibility are control by the chemical and physical properties of this passive film [18]. 

A lot of studied have been focused in-vivo and in-vitro corrosion in metal implants, 

Ringer’s or Hanks’ solutions is a simulated body fluids [19] are example of the in-vitro 

studies, reported that the corrosion resistance of stainless steel is closely related to chromium 

concentration in the passive  film formed by surface treatment methods [20-22]. 

The aim of this research is to compare the electrochemical corrosion behaviors of 304L 

and 202 stainless steel alloys using Tafel Extrapolation, weight loss test before and after 

chemical and physical (plasma) treatments. The electron microscopy was used to evaluate the 

metallography effective of the proposed method. The chromium concentration in the surface 

layer before and after surface treatment is determined by X-ray photoelectron spectroscopy 

(XPS). 

2. MATERIALS AND METHODS 

2.1. Materials preparation 

Two different types of austenitic stainless steel samples AISI 304L and 202 are used in this 

study which was cut into small sheets of dimensions 15x 20 x2 mm. The chemical 

composition of the two samples are presented in Table 1. before each experiment, the 

electrode surface was mechanically polishing with 400 up to 2000, grit emery papers, rinsed 

with distilled water, degreased in acetone, absolute ethanol and dried in air. The biological 

fluid test is Hank s solution at pH 7.4 , its chemical compositions are shown in Table 2 [19]. 

The electrochemical cell used contained typically three electrodes. The counter electrode was 

made of platinum, saturated calomel electrode (SCE) as a reference electrode and the samples 

as the working electrode, the exposed area into test solution was 1cm
2
 

 

2.2. Surface Treatment 

The surface treatments were used for 304L and 202 stainless steel are mechanical polish, 

chemical polish, chemical polish + passivation and physical treatment by plasma. Chemical 

passivation was carried out in a glass cell under certain conditions as presented in 

Table 3. The samples were washed, cleaned and dried with hot air after surface 

treatment. Physical Treatment (plasma) employed in the discharge cell which consists of two 

movable parallel electrodes enclosed in a cylindrical Pyrex glass tube of 7 cm diameter and 20 

cm length. Each electrode consists of a disk made of steel of 4 cm in diameter. The stainless 

steel samples were pasted to the cathode by silver paste.  

The temperature of the sample is controlled by using an electric heater that is placed under 

the cathode. The glass tube is evacuated by using a vacuum system to a base pressure about 

2×10-3Torr. A mixture of N2-H2 gasses has entered the tube through needle valves (type 

Leybold AG 283 40) to control the pressure and the percentage of the gas mixture inside the 

reactor. The temperature of the cathode is measured by a copper-constantan thermocouple 

embedded in the cathode. The two electrodes are connected to the dc power supply of variable 

output voltage. Two types of stainless steel samples have been treated by plasma. The 

stainless steel samples are treated under the same conditions that are placed in Table 3 

 

 Table 1: Chemical composition of  304 L and 202 austenitic  stainless steel in the present 

study. 
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Table 2: Chemical compositions of Hank's solution. 

 

 

 

 

 

 

 

 

Table 3:  Surface 

treatment conditions for 

304L and 202 stainless steel 

types. 

 

Sampl

e 

name 

Treatment 

types 
Treatment Condition 

MP Mechanical 

polish 

Used SiC papers of number 400,600,1000, 1200 and 

2000 

CP 
Chemical 

polish 

12.5 ml HNO3 + 4 ml HF + 33.5 ml H2O at 30
o
C for 

20 min. 

CP+P 

 

Chemical 

polish 

 + Passivation 

12.5 ml HNO 3 + 4 ml HF + 33.5 ml H2O at 30
o
C for 

20 min.  

       Then passive in 30% HNO3 at 70 
o
C for 20 min 

PT 
Plasma 

treatment 

N2:H2 

% 

Discharg

e current 

(mA) 

Tem

p. 

(
o
C) 

time 

(sec) 

Total pressure of 

the gases mixture 

(Torr) 

80:20 30 500 3

0 

4 

 

2.3. Electrochemical measurement  

All the measurements occurred at the open circuit potential and potentiodynamic 

polarization, the data were obtained in the range of potentials from 1.5 to -1.6 V vs.SCE with 

the scan rate of 1 mV/s. at 37
o
C the device used is the workstation Auto lap 302N 

potentiostat/galvanostat instrument, Corrosion current density (icorr) which is equivalent to the 

corrosion rate of the specimen was estimated using Tafel extrapolation. 

2.4. Weight  loss measurement 

The decrease in metal weight during the reference time period called weight loss methods
 

was recorded by immersed the samples in Hank's solution during 200 days at temperature 

Fe S Si P M

n 

Mo Ni Cr C S.S 

Type  

73.0

3 

0.00

5 

0.493 0.049 0.0

6 

0.3 8 18 0.05

9 

304 L 

 

73 0.03 0.45 0.05 4.7

2 

0.1 4.5 17 0.15 202 

 

Compound Composition (g/l) 

NaCl 8.00 

KCl 0.40 

CaCl2 0.14 

NaHCO3 0.35 

Na2HPO4.2H2O 0.06 

KH2PO4 0.60 

MgSO4.7H2O 0.06 

MgCl2.6H2O 0.10 

Glucose 1.00 
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37
o
C ±2 by water bath after clean with water, alcohol and degreased in acetone and dried in 

100
o
C and then weight before and after exposure.  

2.5. Microstructure analysis 

The composition of sample surface after treatment studied by the scanning electron 

microscope (SEM), Micrographs was collected using A JEOL JSM-5300 instrument attached 

by OXFORD and  X-Ray photoelectron spectroscopy (XPS).  

 

3. RESULTS AND DISCUSSION 

3.1. Electrochemical measurement 

 3.1.1. Open circuit potential measurements  

Corrosion of the metal occurs due to electrochemical reactions at the surface of the metal 

when it is immersed in a given solution. Corrosion potential creates due to this reaction or the 

open circuit potential , at the metal-solution interface [23]. Open circuit potential is the simple 

way to study and determine the chemical interaction between metallic materials/bone 

prosthesis and the body environment in order to understand their stability in the human body 

and the film formation and passivity of implants/alloys in a Hank s solution.  

 

The effect of depolarizers of corrosion reactions and detect the accelerated attack is 

occures by measurement open-circuit electrode potentials OCP as the function of time . When 

open-circuit potentials, OCP is increase means depolarization of cathode and increase 

corrosion, a drop in potential is evidence for decreased corrosion. The rapid changes in the 

corrosion potential indicate a depolarization of anode or enhancement of the anodic reaction, 

or to the formation of a semi-protective film [24]. 

 

An open circuit potential OCP as a function of time for 304L and 202 stainless steel after 

mechanical MP, chemical CP, chemical + passive CP+P and plasma treated PT in Hank's 

solution is provided in Fig. 1. The evolution with time for the OCP (Eoc) for AISI 304L SS 

samples is shown in Fig. 1-a, As can be seen, the initial Eoc value shifts continuously towards 

the positive direction of potential with a faster rate and then slowly until it reaches an almost 

quasi-stationary state after CP+P , CP and PT treatment samples, but the initial Eoc value 

shifts continuously towards the negative direction of potential with a slow rate until it reaches 

an almost quasi-stationary state after mechanical MP . It is noticed that the Eoc for MP sample 

begins initially at more negative potential than CP+P , PT and finally for CP sample. This 

implies that CP sample possesses thicker native oxide film, in the beginning relative to other 

treatments sample, while the CP+P sample shifted to the more positive direction (noble 

direction) than CP, PT ,MP respectively as show in  table 4 . So the ion have initially to 

penetrate an oxide film corresponding to high anodic polarization of CP+P sample with 

respect to the case of MP, CP+P, and PT respectively.  

The evolution with time for the OCP (Eoc) for AISI 202 SS samples are shown in Fig. 1-b, 

As can be seen, the initial Eoc value shifts continuously towards the positive direction of 

potential with a faster rate and then slowly until it reaches an almost quasi-stationary state 

after CP+P , CP and MP treatment samples, but the initial Eoc value shifts towards the 

negative direction of potential with a slow rate until it reaches an almost quasi-stationary state 

after mechanical PT . It is noticed that the Eoc for MP sample begins initially at more negative 

potential than CP sample than PT sample and finally CP+P sample. This implies that CP+P 

sample possesses thicker native oxide film and the ion have initially to penetrate an oxide film 

corresponding to high anodic polarization relative to PT , CP , MP sample respectively . It can 
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be shown the value of OCP of AISI 202 from table 4 that, the CP+P is shifted to noble 

direction than CP, MP, PT respectively. 

In general, it can notice that the Eoc begins initially at the more negative potential for AISI 

AISI 202 SS samples than  AISI 304L SS samples. This implies that samples possesses 

thicker native oxide film relative to samples of AISI 202 SS, thus for AISI 304L SS samples 

the ion have initially to penetrate an oxide film corresponding to high anodic polarization with 

respect to the case of AISI 202 SS. Shifting the potential to more positive or negative values 

is not the main factor affected on the corrosion rate. This is because thickness alone is not 

assumed to provide a criterion of protection, as the kinetics of attack is related to a variety of 

other factors such as surface film composition, microstructure, continuity and adhesion to the 

substrate [25,26]. The nature of the formed film being protective will be further clarified 

based on the data of potentiodynamic polarization techniques. 

The quasi-stationary state mode appears in OCP indicates to grow a spontaneous oxide 

film, which passivates the metallic surface when in contact with an aerated physiological 

environment. As claimed by,the attainment of a steady potential indicates that the passive film 

remains intact and protective. It is well established that the increase in an electrode potential 

is indicative of film healing and thickening[1].  

 3.1.2. Potentiodynamic polarization measurements 

The technique where the potential of the electrode is varied at a selected rate by applied 

current through the electrolyte is potentiodynamic polarization technique .When the 

polarization curves appear as a linear behavior of E vs. log (i),  called Tafel behavior. The 

cathodic and anodic linear polarization curves are extrapolated to Ecorr to get Icorr. The 

electrochemical parameter obtained from the polarization curves for 304 L and 202 AISI 

stainless steel samples after all surface treatments have been reported in Table 4. These 

include the corrosion potential (Ecorr), the corrosion current density (Icorr), anodic and 

cathodic Tafel slops (βa, βc), breakdown potential and current (Ebd, Ibd) and the corrosion rate 

(CR).  

The potentiodynamic polarization scans (Tafel curves) for both stainless steel types after 

surface treatments; (MP), (CP), (CP+P) and Plasma Treated (PT) in Hank s solution behave a 

very similar manner. The curves can be divided into several potential ranges. In the cathodic 

potential, the current can determine by the reduction of water and partially of dissolved 

oxygen. Another potential domain are transition domains which the cathodic current change 

to anodic current at the corrosion potential, in this intersection can obtain the current density 

of corrosion [27] The another domain according to the passive plateau before passivity was 

broken due to pitting corrosion is anodic domains. The transition from domains potential to 

another occurs in both stainless steel types after all surface treatments were shown in Fig. 2.  

From Fig. 2a, it can be seen that corrosion potential for 304L is arranged according to 

nobler (more positive) CP+P, CP, PT, and finally MP, indicating that CP+P is more corrosion 

resistant than other treatments. In Fig. 2b, the corrosion potential for 202 is nobler (more 

positive) first, CP P, CP, MP and finally PT indicating that former is more corrosion resistant 

than other treatments. 

The electrochemical parameter obtained from the polarization curves for both AISI 

stainless steel samples after all surface treatment types have been reported in Table 4. These 

include the open circuit potential (Eoc),the corrosion potential (Ecorr),the corrosion current 

density (Icorr), cathodic and anodic Tafel slops (βc,βa), breakdown potential and breakdown 

current (Ebd,  
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Fig. 1. Evolution of the open circuit potential (Eoc) for both 

Stainless Steel samples at different treatment conditions in Hank's 

solution (a) AISI 304 L stainless steel and (b) AISI 202 stainless steel 

 

 

(a) 

(b) 
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Ibd) and the corrosion rate (CR) which can be calculated using the linear polarization equation. 

It can be seen that the values of corrosion current densities support above observation about 

corrosion resistance which is increase with decreasing the current densities for 304L and 202 

stainless steel samples. 

It can be noted that ,the sharp increase Ecorr with a very small break in the current which 

mean the existence of a partially protective film on the stainless steel surface [28, 29]. This 

range apparent in a passivation zone, where the duration of its current plateau is very 

dependent on the solution composition and its aggressive nature. The steady state is 

established between the rates of metal dissolution and passive film formation over the range 

of the potential region of the passive current zone. Generally, the breakdown potential (Ebd) of 

a given metal or alloy in corrosive environments indicate the resistance of the anodic passive 

film to localized corrosion damage [28, 30]. The critical potential value Ebd breakdown of the 

passive film is the major factor for selecting biomedical materials applications at its defective 

sites would expose the underneath substrate to the corrosive environment. Therefore, a more 

positive Ebd for surface treatment alloy in a test solution indicate the anodic film is more 

stable in localized corrosion performance and minimum corrosion rate accrued at the sample 

surface. 

From the Table 4, the maximum values of Ebd are observed for 304L stainless steel after 

treated by CP+P, CP, PT. The minimum Ebd is observed for 304L SS after treated by MP. The 

maximum corrosion rates are observed for the 304L SS after treated by MP, PT, CP, and the 

last is CP+P.The maximum values of Ebd are observed for 202 stainless steel after treated by 

CP+P and followed treated by CP, MP. The minimum Ebd is observed for 202 SS after treated 

by PT. The maximum corrosion rates were observed for the 202 SS after treated by MP, PT, 

CP, and the last is CP+P. 

So it can be observed that the minimum corrosion rate accrued at sample have maximum 

breakdown potential Ebd .These results are in good agreement with previous studied [31]. 

From Table 4 ,the corrosion potential Ecorr are somewhat more negative than those obtained 

from OCP measurements. This is because the polarization scans were started at a more 

cathodic potential relative to the OCP value, so the passive film on the surface was partially 

removed due to the highly reducing initial potential [31, 32]. It can be noted from Table 4 

both stainless steel samples has lower corrosion current density Icorr has lower corrosion rate 

CR , this mean improve corrosion resistance. The results are in good agreement with above 

analysis for OCP and polarization data. 

It can be possible obtain the anodic and cathodic Tafel slop for both stainless steel 304 L and 

202 at different treatments from the polarization curves, also can possible determinate 

the value of corrosion rate by using Stern-Geary [33].  

                                                                  (1)                                                                     

Where Rp is the polarization resistance, βc and βa are the  cathodic and anodic Tafel 

slopes. From the corrosion potential values,(I corr) it is possible to demonstrate the treatments 

types is affected on the electrochemical behavior of both SS types. This is clear in Fig. 3 , the 

relation of corrosion rate and treatment types for 304L and 202 stainless steel types. Porosity 

factor can be determinate from values of polarization resistance  [34, 35]. From Eq. (2) can 

calculate the total film porosity factor, it is the ratio between the polarization resistance Rp of 

abrasive sample (MP) and the other polishing treatments CP, CP+P and PT.  

P = Rp,u / Rpr-u                                                                                               (2)                                                                                                                               

Where P is the total porosity, Rpr-u is the polarization resistance of mechanical polishing and  

Rp,u is the measured polarization  resistance of other polishing treatments. Fig.4 represents the 
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porosity factor values obtained replacing the electrochemical values of Eq. (3) for each 

treatment types.  

                                                                           (3)                                

Where Ef is the total protective efficiency, Icorr is the corrosion intensity of the mechanical 

polishing, and Icorr free  is the corrosion intensity of the other polishing treatments. 

 

3.2. Weight  loss measurement 

Fig. 5. represent the relation between corrosion rate and time for 304 L and 202 stainless steel 

types treated by MP, CP and CP+P. From the figures, it can be seen that by increasing the 

immersion time the corrosion rate decrease under all treatment types in both SS types. The 

corrosion rate is the function of weight loss according to Eq. (4). The reducing of corrosion 

rate is confirm the polarization and open circuit potential results, that the samples reach steady 

state potentials. It can be seen from the Fig. 5, the CP+P treated types have lower CR with 

respect CP and MP respectively in both SS types. The verity of corrosion rate according to 

stainless steel types and surface treatment are mainly due to selective dissolution of iron and 

formation of passive layer after surface treatments in both SS types . formed presents the 

lowest corrosion rate (weight loss) in the field of exposure to calculate the corrosion rate of 

metal  loss we used the following Equation (4)  [36]. 

C.R. =                                                                                            (4) 

Where (W2, W1) is weight before and after exposure periods, (A) is the area, (d) is density and 

(t) is immersion time. 

3.3.  Surface analyses 

The surface morphology and XPS spectra for 304L and 202 stainless steel in hank's 

solution after MP, CP, CP+P and PT surfaces treatment are generally consistent with the 

above electrochemical behavior. Table 5 summarized the resolution XPS data. This data is 

used to explain the changes in surface chemistry that occur as a result of the surface treatment 

types. XPS spectrum of 304L and 202 SS types exhibit various peaks pertinent to the 

elements composing the sample, For both the alloys, the content of the elements decreasing in 

order were: Fe > Cr > Ni. The total content of these as shown in Table 5. 

From the open circuit potential and potentiodynamic polarization measurements the 

corrosion resistance increase of 304 L after treated by CP, CP+P and PT than the 

sample treated by MP is accomplish by increasing Cr content on the surface of this samples as 

seen  in table 5, is due to two different mechanism according to treatment types. The first one 

is suggesting the surface passive film is formed by the mixture of oxides in the surface of the 

sample treated by CP and CP+P, [37]. The passive film consists of cations, anions and highly 

oxidized metal, such as Fe, Cr and water molecules, The thickness range of this passive layer 

is started from a few nanometer to about 10 nm. The ambient medium (wet air) reacts with 

metallic surfaces, especially Cr which is more easily oxidizable than iron and nickel. Several 

structure models of the passive film have been proposed [38], two types being mainly 

mentioned, (Fe,Cr)2O3 and (Fe,Cr)(OH)n. The oxygen bonds changed when mechanically 

polish the surfaces of stainless steel. There was a drop in oxygen bonding in the oxide form 

and a dramatic increase in oxygen bonding as a hydroxide. The chemical polishing also 

changes the chemical composition of Cr on the surface, it was bound primarily in the oxide 

form (Cr2O3) and the proportion of Cr in the hydroxide form  
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Fig. 2. Potentiodynamic polarization curves for both types of Stainless Steel at 

different treatment conditions in Hank's solution  (a) AISI 304 L SS and (b) AISI 

202 SS SS. 

 

Table 4:  Electrochemical  corrosion  parameters  for  each  treatments surface of  both  

austinatic stainless steel   in Hank's solutions as a function of pretreatment  at  37 
o
C. 

(b) 

(a) 
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βc 
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CR 
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MP -0.176 -0.189 0.544 1.997 0.115 1.08 204 -216 2.37 

CP 0.095 0.094 1.234 -11.688 0.030 0.191 221 -203 0.62 

CP+P 0.122 0.131 1.303 -49.709 0.029 0.513 348 -318 0.60 

PT 0.039 0.038 1.185 6.1331 0.040 0.846 174 -191 0.83 

202          

MP -0.213 -0.204 0.675 -33.599 0.484 4.21 534 -301 10.13 

CP -0.188 -0.194 0.716 0.765 0.196 1.77 237 -243 4.07 

CP+P 0.042 0.059 0.865 -

140.825 

0.054 0.221 473 

-374 1.12 

PT -0.250 -0.284 0.594 1.261 0.488 2.838 207 -236 10.05 

Fig. 3. Corrosion rate for AISI 316 

L and AISI 310 S Stainless Steel at 

different treatment conditions  in 

Hank's solution. 

 

 

 

 
 

Fig. 4. Surface porosity of AISI 

316 L and AISI 310 S Stainless 

Steel types at different treatment 

conditions. 
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Fig. 5. Corrosion rate from Weight loss data at different treatment conditions in Hank's 

solution AISI 304 L SS and (b) AISI 202. 

Table 5: XPS data and Composition of surface film after each surface treatment for both 

austinatic stainless steel  in mass percent 
 

 

 

increased significantly through the majority of the Cr was still bound as an oxide. The binding 

of the Fe on the surface also caused by chemical polishing.From the open circuit potential and 

potentiodynamic polarization measurements the corrosion resistance increase of 304 L after 

treated by CP, CP+P and PT than the sample treated by MP from only is accomplish by 

increasing Cr content on the surface of this samples as show  in Table 5, is due to two 

different mechanism according to treatment types. The first one is suggesting the surface 

passive film is formed by the mixture of oxides in the sample treated by CP and CP+P, 

[37]. The passive film consists of cations, anions and highly oxidized metal, such as Fe, Cr 

and water molecules, The thickness range of this passive layer is started from a few 

nanometer to about 10 nm. The ambient medium (wet air) reacts with metallic surfaces, 

especially Cr which is more easily oxidizable than iron and nickel.  

Several structure models of the passive film have been proposed [38], two types being 

mainly mentioned, (Fe,Cr)2O3 and (Fe,Cr)(OH)n. The oxygen bonds changed when 

mechanically polish the surfaces of stainless steel. There was a drop in oxygen bonding in the 

oxide form and a dramatic increase in oxygen bonding as a hydroxide. The chemical polishing 

also changes the chemical composition of Cr on the surface, it was bound primarily in the 

oxide form (Cr2O3) and the proportion of Cr in the hydroxide form increased significantly 

through the majority of the Cr was still bound as an oxide. The binding of the Fe on 

the surface also caused by chemical polishing. 

The decreasing of  Fe metallic and  Fe-bound as Fe2O3 and the hydroxide an increase of Fe 

bound as FeO, which is adherent to steel substrate. However, more than 50% of Fe is still 

bound as Fe2O3. Surface treatment by CP and CP+P increase the Cr/Fe ratio, in these samples 

leading to an "enrichment" of Cr on the surface. It must be pointed out that the Cr/Fe ratio for 

the mechanically polished samples  indicate the Cr in the surface is increase than in the bulk, 

probably due to oxidation of the Cr. As shown in Table 5, CP+P surface treatment gives 

304L Cr Kesc Cr Ka Cr Kb Fe Ka Fe Kb Mo L1 Mo La1 Ni Ka Ni Kb Cr/Fe 

MP - 23.7 3.7 59.3 7.9 0.1 - 4.6 0.6 0.246 

CP - 25.3 4 58 7.8 - - 4.5 0.4 0.407 

CP+P - 23.6 3.7 59.7 7.6 0.1 - 4.7 0.6 0.445 

PT - 24.3 3.5 59.3 7.3 0.3 - 4.6 0.5 0.416 

202 
Cr 

Kesc 

Cr Ka Cr Kb Fe Ka Fe Kb Mo 

L1 

Mo La1 Ni Ka Ni Kb Cr/Fe 

MP - 21.2 8.3 62.1 7.7 0.4 - 0.3 - 0.233 

CP - 21.1 8.5 62.3 7.7 - 0.1 0.4 - 0.421 

CP+P - 21.1 8.4 62.1 8 0.2 - 0.2 - 0.423 

PT 6.2 18.9 7.5 55.8 7 3.9 0.3 0.4 - 0.519 
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further enrichment of Cr as Cr2O3 on the surface. Further analysis is necessary to determine 

the exact composition.  Also, it can be seen, the FeO concentration increasing and the Fe, 

Fe2O3 and Fe-OOH concentrations decreasing. The Cr increase in SS 304L after all surface 

treatments as 316 L stainless steel and this is agreed with Hyniewicz [39,40]. O. A. Olsson 

[41] suggested that the improved corrosion behavior of 316L can be attributed to increasing 

Cr and other elements  
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Fig.6. SEM micrographs and EDX surface analysis of AISI 304L 

stainless steel at different treatments after polarization in Hank's solution. 
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Fig.7. SEM micrographs and EDX surface analysis of AISI 202 

stainless steel at differenttreatments after polarization in Hank's solution. 
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contributing to the formation of passive film. Three-layer model has been suggested for the 

passive films formed on austenitic stainless steel in acid solutions, hydroxide film is the outer 

part of the film present on the top of the oxide layer of Fe and Cr which formed during anodic 

polarization [41]. The oxy-hydroxide film is formed on the top of a Ni-enriched layer [42]. 

In different treatments condition the Ni percentage in the  surface changed from 4.9% to 

5.3% in AISI 304 L, while in 202 from 0.2% to 0.4%. Benard [42] has shown that the Ni was 

not present as in the products formed  oxidation of austenitic steels; because Ni is more noble 

than Fe, it would reject to the metal/oxide interface. This phenomenon is confirmed by the 

concentration of Ni in the Cr depleted region. This is the advantage of austenitic steel when 

used as biomaterials because the nickel has been known to cause allergic reactions in some 

individuals, so from the previous data AISI 202 is better than 304L as cause allergic reactions 

in the body. 

P. Stefanov,et al  [43] have proposed that immersion in nitric acid removes sulfide 

inclusions of the stainless steel thus eliminating preferential sites for corrosion attack. The 

practical use of the nitric acid treatment might be limited if the treatment caused the of a Cr-

depleted zone in the passive film, while the damage of the passive film leads to Cr-depleted 

zone exposure to the environment.  

The atomic ratio Cr/ (Cr+ Fe+Ni) under the passive film was found to vary between 27.6-

34% in the passivation treated 304L and 202 samples which somewhat higher than in the 

bulk (27%). On another hand, Ni-enrichment was detected and Fe was found to be 

depleted. The results suggest that Fe is selectively dissolved during the passivation treatment 

and Cr does not seem to be depleted in the passive film [44]. The XPS results represent that 

increase Cr percentage in the surface of 202 than 304 L stainless steel types after plasma 

treated PT is good qualitative agreement with the enhance the corrosion resistance after 

plasma from polarization and weight loss results, is due to the second mechanism occurred. 

If the stainless steel samples are treated by plasma under 400C
o
- 450C

o
, nitrogen rich iron 

phase ( ) that is called S-phase will be formed [45]. This phase increases the corrosion 

resistance due to the compressive stress which formed inside it. If the treatment temperature 

increases above 500
o
 C, the CrN phase starts to grow along the grain boundaries of the 

stainless steel. The CrN phase increases the corrosion resistance, is due to the fact 

that nitrogen atom in the nitride layer is firstly dissolved into the solution, and it could 

resist the chloride ion (Cl
-
) away from the sample surface So the nitrogen anion (N

-
) react 

with hydrogen ion (H ) in the solution to form the ammonium (NH4 ),this is increase of 

solution pH. Finally, decreases the corrosion attack from the solutions [46-48]. 

Type of surface treatments is affected the grain size as show in Fig. 6, the grain size SS 

304L treated by CP or CP+P are smaller than MP surface treated. It can be also seen the 

surface of SS 304L after all treatment types is crystalline. Surface treatments types of SS 202 

is affect on the grain size as seen in Fig. 7 . The homogeneous corrosion are stared around the 

boundary of grain size after all treatment types. It can be also seen the amorphous surface of 

SS 202 appear after all treatment types. 

In the 304 L SS can seen the grain size decreases after plasma treatment. while the 

amorphous structure change to crystalline after all other treatments. Both SS 304 L and 202 

austenitic SS has the same elements but different composition ratio so different morphology 

as seen in Fig 6,7 for both SS types. From SEM photographs of both stainless steel samples 

treated by plasma, it can be noticed a distortion of the grains of the stainless steels as shown 

in 304 L sample and decreases grain size as in the 202 sample due to the bombardment of the 
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nitrogen and hydrogen positive ions, that are formed the crystalline structure of the stainless 

steels will change to be nano-crystals or even amorphous. This is agreement with increasing 

of (Cr/Cr+Fe+Ni) ratio which is 34%, higher value compare to other treatments In some cases 

this change of the grain size improves the corrosion resistance of the stainless steels [17]. 

4. CONCLUTION 
It can be concluded that, the  treatments types is affect on the electrochemical behavior of 

both 304L and 202 SS samples. The lower corrosion current density Icorr has lower 

corrosion rate and has maximum breakdown potential Ebd in both stainless steel sample in 

different treatment types, this mean improve corrosion resistance of this samples. A good 

agreement between this results and corrosion rate calculated by weight loss test. OCP of both 

AISI 304 L and 202 display that, the CP+P is shifted toward noble direction than other 

treatments CP, PT, MP respectively. The passivation treatment significantly increases the 

corrosion resistance due to a high Cr content in the passive film and increased film thickness. 

From the results it can be concluded the AISI 304L have higher corrosion resistance than 

AISI 202, so it can be recommend use it in biomedical application better than 316 L which 

widely used biomaterials . 
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Externalizing problems arising during adolescence are usually associated with the 

experience of negative feelings. During this developmental stage, internalizing symptoms can 

also develop, and they occur with a higher prevalence in girls. Parents can be very important 

allies and useful alternatives in the identification of several aspects of 

internalizing/externalizing problems in childhood and adolescence. The main purpose of the 

current research was to obtain a deeper understanding of the relationships between 

externalizing and internalizing symptoms in adolescence, including analyses of the influence 

of gender on those relationships. The sample consisted of 1590 adolescents, between 12 and 

16 years old, who completed the CDI to assess depressive symptoms, and their parents, who 

completed the CBCL, assessing externalizing and internalizing symptoms. Boys scored 

significantly higher on aggressiveness and hyperactivity, and girls reported higher values on 

the seven remaining dimensions of CBCL, internalizing index, and Total CDI. Effects sizes 

were small, however, and no differences were found for externalizing index. The internalizing 

index was positively, significantly, and moderately correlated with almost all the externalizing 

problems. The externalizing index, in turn, presented significant, positive and moderate 

correlations with depression, anxiety, obsessive-schizoid, withdrawal, and social problems. 

Externalizing problems successfully predicted internalizing problems (50,6% for girls versus 

37,4% for boys). Opposition/Immaturity successfully predicted Internalizing Problems for 

both genders and aggressiveness was a significant predictor for girls only, though this 

relationship was weak (β = .066, p =.031). We also found a moderation effect for gender such 

that in higher levels of externalizing problems girls had more internalizing problems; this was 

not obtained for boys. The findings increase our knowledge of the interplay between 

externalizing, internalizing problems and gender, and can help optimizing interventions to 

prevent and treat the co-morbid internalizing and externalizing problems. 

Key-Words: Externalizing problems, internalizing symptoms, depression, adolescence, 

gender 

 
Introduction 

Relationship between internalizing and externalizing problems 
In early childhood, internalizing and externalizing problems are the most reliably 

diagnosed types of psychopathology. Data suggest that these problems are closely related and 

are likely to co-occur not only in childhood, but also in adolescence
1-5

.  
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The conceptualization of externalizing and internalizing problems was initially 

proposed by Achenbach
6
. Internalizing symptoms are directed to oneself and thus may be 

more difficult to identify
7
. The internalizing symptomatology includes depression, anxiety 

and withdrawal
8
. On the other hand, externalizing behaviours are outer-directed

7,
 and they 

comprise behaviours like rule-breaking, aggression, impulsivity, and defiance
8
. Furthermore, 

children with internalizing problems are more likely to experience sadness, low impulsivity
9
, 

and exhibit less social contact
10

. In contrast to children with internalizing problems, children 

with externalizing problems tend to experience anger and be impulsive
9
, and they are also 

inclined to show health compromising behaviours such as smoking
10

. Moreover, these sets of 

problems are associated with differing psychopathologies; e.g., conduct disorders seem to be 

solely associated with externalizing problems, anxiety disorders with internalizing symptoms 

and dysthymia with both
11

. 

 

Several studies with non-clinical samples have shown a positive relationship between 

internalizing and externalizing problems. For example, in a study of 4
th

 graders Cole and 

Carpentieri
12

 found correlations from .40 to .73 between conduct problems and depressive 

symptoms as measured by self-report, peer and teacher reports. Rose, Rose, and Feldman
13

 

also found correlations from .58 to .74 between these two set of problems, rated at 2, 4 and 5 

years old by children’s parents. Other correlations between externalizing and internalizing 

symptoms of .49 at 4 years old, .57 at 10 years old and .36 at 14 years old were also found by 

Bornstein, Hahn, and Haynes
14

. Additionally, Ormel and collaborators
15

 found an even 

smaller correlation of .27. In a more specific level, in a sample of 7
th

 graders, Doyle and 

McCarty
16

 found correlations of attention problems delinquent behavior, aggressive behavior 

and an externalizing index composed of the last two variables with several internalizing 

symptoms including withdrawn, somatic complaints, anxious/depressed, and social problems. 

Those correlations ranged from .13 (delinquent behavior with somatic complaints) to .66 

(externalizing with internalizing problems). Regarding participants with high levels of 

internalizing and/or externalizing symptomatology, Eisenberg and collaborators
9
 also found 

positive but smaller associations between internalizing symptoms and externalizing 

behaviours as observed by parents. 

 
 
Models of directional perspective 
Regarding the development of internalizing and externalizing problems, there are 

some different perspectives with several studies supporting each perspective. 

 

According to the Failure Model
17

, conduct problems may give rise to failures in social 

situations and, consequently, may lead to depression and anxiety. This hypothesis is in line 

with results suggesting that externalizing behaviours precede internalizing ones
18-26

.  

 

In contrast, the hypothesis of acting out states that depressive symptomatology results 

in acting out behaviours
27

, and the hypothesis of anxiety underlying aggression, which claims 

that anxiety leads to aggressive behaviours
28

. Many data partly support those hypotheses, as 

they suggest that internalizing problems precede externalizing ones
29-33

. More specifically, 

Bornstein and collaborators
14

 found that 4 year olds with more internalizing symptoms tend to 

have more internalizing symptoms at the age of 10 and more externalizing symptoms at the 

age of 14. Another investigation
34

 suggests that co-morbid anxiety and depression and 

symptoms of depression co-morbid with withdrawal influence the development of 
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externalizing problems. Also, according to the same authors, as age increases, internalizing 

symptoms seem to explain more of the externalizing problems.  

 

Likewise, there are studies that suggest that the influence on the origin of those 

problems is mutual. In other words, changes in one cluster of problems are related to changes 

in the other and one kind of problem may act as a risk factor for the other
35-38

. A study by 

Wiggins, Mitchell, Hyde, and Monk
39

 showed that externalizing and internalizing symptoms 

seem to influence each other, at least throughout childhood. Apparently, internalizing 

symptoms may be a mechanism through which externalizing problems grow over time. More 

specifically, externalizing behaviour in toddlers seems to be linked to future internalizing 

symptoms at age 5. In turn, internalizing symptoms are associated with greater levels of 

externalizing symptoms at 9 years old. Moreover, externalizing behaviour at the age of 5 

years is related to subsequent intensification of internalizing problems at age 9. According to 

the same authors, children’s externalizing behaviour may result in rejection by their peers and 

academic failure, which may trigger feelings of anxiety and depression leading to intensify 

externalizing symptoms. 

 

 

The role of third variables in explaining the relationship between 
internalizing and externalizing problems 
Covariations of disorders have been studied and factors that are related to internalizing 

and externalizing problems are hypothesized to underlie both types of problems. Covariation 

between externalizing and internalizing problems may be partly explained by developmental 

environmental factors such as parenting stress, parental mental health, inadequate parenting 

and social problems, peer rejection, and involvement with anti-social peers
38, 40-48

.  

 

Thus, third variables may play a crucial role in directing the influence of externalizing 

and internalizing problems on one another. For example, Stone, Otten, Engels, Kuijpers, and 

Janssens
49

 found that externalizing behaviours have a strong association with subsequent 

clinically severe internalizing symptoms, even when third variables are controlled for; 

however, the externalizing problems seem to serve as maintenance factors rather than 

precipitating factors. Furthermore, the same authors also found that internalizing problems 

seem to be related to subsequent onset, but not stability over time, of externalizing 

behaviours. Nonetheless, this association is decreased when taking into account third 

variables (i.e., inadequate parenting, parenting stress, mental health, and social preference). 

Additionally, in an investigation that followed preschoolers through adolescence, predictive 

paths from externalizing problems to internalizing symptoms were found, and these paths did 

not change when social problems were included as a third variable
38

.  

 

As transactional ecological models of psychopathology suggest, the interaction 

between psychological, biological and social systems influences the development of 

externalizing and internalizing problems
50, 51

. Thus, the directionality of the problems is 

indeed a complex matter that involves a variety of variables. In fact, in Berkowitz’s
52

 view, 

the accumulation of frustrations and losses may lead to the development of negative scripts 

and schemata that are accompanied by emotional pain associated with internalizing problems. 

 

The effect of gender 
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Gender is a variable that has been associated with both internalizing or externalizing 

problems. Apparently, in childhood and adolescence, males tend to exhibit externalizing 

behaviours whereas females are more likely to have internalizing problems
1, 15, 36, 53-56

. More 

specifically, girls tend to show more somatic complaints and symptoms of anxiety and 

depression, are less rule breaking and show less attention problems than males
57

. 

The developmental paths also seem to vary by gender. An investigation by Weeks and 

collaborators
58

, concluded that although higher levels of internalizing symptoms at ages 8 and 

9 appear to predict lower levels of externalizing behaviors at ages 12/13, this prediction was 

stronger for boys. On the other hand, the more the externalizing behaviours between 12 and 

13 years old, the higher the levels of depression at ages 16/17. There was a stronger prediction 

for girls. Another study by Lee and Bukowski
37

 showed that boys and girls in early 

adolescence have dissimilar increase patterns of elevation in externalizing and internalizing 

problems. Hence, males present a bidirectional progression of each set of problems to the 

other, whereas girls seem to have a unidirectional progression from externalizing to 

internalizing problems.  

 

Importantly, Perle and collaborators
34

 suggested that gender is a significant moderator 

in the relationship between internalizing problems and externalizing behaviours at various 

periods of childhood development (1
st
, 5

th
, and 6

th
 grades). Also in a study from Lacasa, 

Mitjavila, Ochoa, and Balluerka
59

, depression, somatic complaints and internalizing 

symptoms were predicted by female gender but delinquent behaviour was predicted by male 

gender. 

 

In summary, gender is a variable that seems to exert a significant effect on 

internalizing and externalizing problems, as well as in their relationship; an effect that is 

worth further consideration. 

 

 
Objectives 
This study is part of a wider project aiming at identifying risk factors for the 

prevention of depression (Prevention in Depression in Portuguese Adolescents: efficacy study 

of an intervention with adolescents and parents). Being a transversal study and having an 

internalized dependent variable, the main goal of this research was to explore the relation 

between externalizing and internalizing symptoms and the effect of gender in this association. 

Thus, we mainly expected: 1) positive and significant associations between externalizing and 

internalizing problems; 2) that externalizing behaviours would predict internalizing ones; 3) 

since we also expected gender differences in externalizing and internalizing symptoms, they 

were explored; 4) finally, it was also expected that gender would be a significant moderator in 

the relationship between the two set of problems mentioned above. 

 

 

Methods 

Participants 
Participants were 1590 adolescents and 1580 Portuguese parents. The adolescent 

sample age ranged from 12 to 16 (M = 13.89; SD = .94) with more female adolescents (65%, 

n = 1030, M = 13.85, SD =.85) than male adolescents (35%, n = 560, M = 13.89, SD = .94). 

There were no significant age differences between genders [F (1.1573) = .664, p=.415]. The 

parents sample age ranged from 29 to 77 with a majority of females (86%, n = 1374) with 

mean age of 42.77 (SD = 5.43) and 13% of males (n = 206) with mean age of 45.71 (SD = 
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5.41). Regarding socioeconomic status, 48% of the families (n = 755) were in 

the low category, 24% (n = 374) were medium level, and 14% (n = 220) were from 

the high category. No significant gender differences were found within the socioeconomic 

status categories [χ
2
(2) = .871, p= .647]. 

 

 

Procedure 
National entities regulating scientific research authorized this study. The participants 

were informed about the goals and procedures of the study, the voluntary nature of their 

participation, and the confidentiality of the data. Adolescents agreed to participate and parents 

signed an informed consent. The self-report measures were administered in a classroom 

setting in the presence of the researchers. The parents completed the self-report measures at 

home and returned them through their children to the researchers. 

 

 

Measures  
Children Depressive Inventory (CDI60,61) 

The CDI is a 27-item, self-rated, and symptom-oriented scale that rates the severity of 

depression. It is designed for children/adolescents, ages 7 to 17 years old. Each of the 27 

items comprises 3 sentences to rate the severity of the symptoms. CDI is composed of 5 

subscales: Anhedonia, Ineffectiveness, Interpersonal Problems, Negative Mood, and Negative 

Self-Esteem and are summed to interpret a Total Score; the higher the score, the higher the 

severity of the depressive symptoms.  

 

In the Portuguese validation studies the 5-factor structure was not found, but rather the 

CDI revealed a unifactorial structure
61, 62

. Thus, in this study we utilized the CDI total score 

that had a Cronbach’s alpha of .90 in the present sample. 

 

 

Child Behaviour CheckList (CBCL63-65) 
The CBCL is a parent-report questionnaire designed to diagnose a variety of 

behavioural and emotional problems of children aged 4-18. It is a 133 item instrument, 

assessed by a parent or care giver. The CBCL comprises 9 subscales (Opposition/Immaturity, 

Aggressiveness, Hyperactivity/Attention, Depression, Social Problems, Somatic Complains, 

Withdrawn, Anxiety, and Obsessive/Schizoid) converging into 2 indexes (Externalizing and 

Internalizing Problems). In this study, Cronbach’s alpha for Externalizing Index was .91 and 

for Internalizing Index .89. Cronbach’s alpha for each factor is: Opposition/Immaturity .88, 

Aggressiveness .79, Hyperactivity/Attention .79, Depression .81, Social Problems .54, 

Somatic Complains .75, Withdrawn .67, Anxiety .67 and Obsessive/Schizoid .63. 

 

In the present study, the Externalizing Index was composed of the Aggressiveness and 

Opposition/Immaturity factors; whereas, the Internalizing Index was composed of  

Depression, Somatic Complaints, Withdrawn, and Anxiety factors. 

 

 

Analytic Procedure 



Canadian International Journal of Science and Technology,January 2017  

 

Data were computed using Statistical Package for Social Sciences (SPSS), version 

22.0 for Windows.  

 

To determine the normality of the data preliminary analysis were evaluated by using 

the Kolmogorov-Smirnov test and through analysis of the values of asymmetry (skewness) and 

flattening (kurtosis). Internal consistency of the scales was analyzed using Cronbach’s alpha 

coefficient.  

 

A one-Way ANOVA was computed to determine differences between genders. 

Besides using p significance to analyze gender differences, partial eta square values were also 

taken into consideration to analyze de effect size. Partial eta squared values between .01 and 

.06 were considered low, between .07 and .13 medium, and greater than .14 were large
66

. In 

order to assess the relationship between the variables, Pearson correlation coefficients (r) were 

calculated, adopting the convention of Pestana and Gageiro
67

: r < .20 very low correlation; .20 

< r <.39 low correlation; .40 < r < .69 moderate correlation; .70 < r < .89 high correlation; and 

> .90 very high correlation.  

 

 Simple linear regressions were conducted in order to explore the prediction of 

Externalizing Index on the Internalizing one, separated by gender. Multiple linear regression 

models were assessed to study the explained variance of the externalizing factors of CBCL on 

the Internalizing Index, using the total sample and separating by gender. To guarantee the 

adequacy of the data to the analysis, the assumptions for the linear regression models were 

tested and no problems were found regarding homoscedasticity, linearity, normality of 

residuals, autocorrelation and independence of errors (Durbin-Watson).  

 

The moderator effect of gender in the relationship between Internalizing and 

Externalizing Problems was studied. According to Baron and Kenny
68

 and Holmbeck
69

, if the 

relationship between two variables can be influenced by a third variable in direction and/or 

strength, then the third variable is a moderator. To study this effect and in order to reduce the 

multi-collinearity issues
70

, both independent variables were standardized. Gender was dummy 

coded because it is a categorical variable with two levels (masculine and feminine). We then 

proceeded to use a hierarchical multiple linear regression, wherein adolescents’ Internalizing 

Problems was established as a criterion variable. First, the predictor variable was entered, 

followed by the moderator. A variable corresponding to the multiplicative term between the 

independent variable and the moderator variable (gender) was created and entered next. 

Finally, a graphic was plotted for better understanding of the moderating findings.  

 

 

Results 

Preliminary analysis of the data 
The Kolmogorov-Smirnov test suggested that the sample did not have a normal 

distribution. However, the measures of skewness and kurtosis did not display serious 

deviation to the normality of the distribution regarding skewness (sk < |3|) and kurtosis (ku < 

|10|) and were considered acceptable
71

. Also, according to Mordkoff
72

, the Central Limit 

Theorem states that the distribution of sample means reaches a normal distribution as the size 

increases, independently of the shape of the population sample. So as our sample size was big 

enough and there were no serious deviations to normality, we assumed the normal distribution 

of the sample.  
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Gender differences in depression evaluated by adolescents and 
internalizing and externalizing problems evaluated by parents 
Descriptive statistics are presented regarding total sample and both masculine and 

feminine gender (means and standard deviations). The results of the One-Way ANOVA for 

Gender differences showed that girls obtained significantly higher scores on the CDI Total, 

Depression, Social Problems, Somatic Complaints, Withdrawn, Anxiety, Obsessive/Schizoid, 

Internalizing Index, and Opposition/Immaturity. In turn, boys scored significantly higher on 

Aggressiveness and Hyperactivity. Based on values derived from the partial eta square, all 

differences presented a small effect (Table 1). 

 

 

Table 1. Means and Standard Deviation for the total sample and One-Way ANOVA for 

Gender Differences 

 Total  Adolescents    
 Sample  Female Male    
 M SD  M SD M SD F p ηp

2 

CDI Total 11.25 7.37  12.29 7.7 9.34 6.29 60.61 .00 .037 
CBCL Internalizing Problems           
Depression 2.42 2.81  2.61 2.95 2.07 2.51 13.22 .00 .008 
Withdrawn 2.88 2.19  2.99 2.29 2.68 1.97 6.95 .01 .004 
Anxiety 1.97 1.96  2.07 2.02 1.79 1.83 7.58 .01 .005 
Obsessive/Schizoid 2.79 2.38  3.09 2.51 2.25 2.00 46.79 .00 .029 
Somatic Complaints 1.33 1.75  1.56 1.91 0.90 1.30 52.70 .00 .032 
Social Problems 2.24 1.91  2.37 1.95 2.01 1.81 12.70 .00 .008 
Internalizing Index 8.59 7.08  9.22 7.54 7.44 5.98 23.15 .00 .014 
CBCL Externalizing 

Problems 

          
Opposition/Immaturity 5.16 4.85  5.38 5.02 4.74 4.49 6.51 .01 .004 
Aggressiveness 1.78 2.48  1.59 2.28 2.10 2.77 15.07 .00 .009 
Hyperactivity 3.42 3.18  3.13 3.07 3.95 3.32 24.04 .00 .015 
Externalizing Index 6.93 6.83  6.98 6.83 6.84 6.85 .17 .69 - 

 
 
Relationship between depression evaluated by adolescents and 
internalizing and externalizing problems evaluated by parents 
Pearson correlations were performed to assess the relationship between the variables. 

Regarding Internalizing Problems, depression evaluated by adolescents (CDI total) showed 

positive, significant (p < .01), relationships with CBCL Internalizing Index and Depression, 

Anxiety, Withdrawn, Obsessive/Schizoid, Somatic Complaints, and Social Problems (from 

.24, with Social Problems, to .38, with Internalizing Index). Concerning Externalizing 

Problems, depression evaluated by adolescents (CDI total) significantly (p < .01), related to 

CBCL Externalizing Index, Opposition / Immaturity, Hyperactivity and Aggressiveness 

(between .18 with aggressiveness and .27 with Opposition/Immaturity) (Table 2).  

 

Table 2. Relationship between depression evaluated by adolescents,  

and Internalizing and Externalizing Problems evaluated by parents 

CBCL  CDI Total 
Internalizing Problems  
 Depression .36** 
 Withdrawn .29** 
 Anxiety .30** 
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 Obsessive/Schizoid .27** 
 Somatic Complaints .28** 
 Social Problems .24** 
 Internalizing Index .38** 
Externalizing Problems  
 Opposition/ Immaturity .27** 
 Aggressiveness .18** 
 Hyperactivity .25** 
 Externalizing Index .26** 
** Correlation is significant at the 0.01 level (2-tailed) 

 

 

Relationship between internalizing and externalizing problems as 
evaluated by parents 
The Internalizing index was positively significantly, and moderately correlated with 

almost all the externalizing problems - Externalizing Index (.67), Aggressiveness (.50) and 

Hyperactivity (.58), presenting a high association with Opposition/Immaturity (.70). 

 

The Externalizing index, in turn, presented significant, positive and moderate, 

correlations with the Internalizing Problems - Withdrawn (.60), Anxiety (.59), Depression 

(.58),  

Obsessive/Schizoid (.53), and Social Problems (.47). 

 

Table 3. Correlations between Internalizing and Externalizing Problems 

 Externalizing Problems 
Internalizing Problems Opposition/ 

Immaturity 

Aggressiveness Hyperactivity Externalizing  

Index Depression .59** .44** .51** .58** 
Withdrawn .63** .41** .52** .60** 
Anxiety .60** .44** .52** .59** 
Obsessive/Schizoid .55** .39** .50** .53** 
Somatic Complaints .40** .29** .30** .39** 
Social Problems .48** .38** .30** .47** 
Internalizing Index .70** .50** .58** .67** 
** Correlation is significant at the 0.01 level (2-tailed) 

 

The internalizing dimensions showed low to moderate associations with the 

Externalizing Problems. The internalizing dimension of Somatic Complaints was the one that 

presented the lowest correlations with externalizing dimensions (from .29 for Aggressiveness 

to .40 for Opposition/Immaturity). Additionally, the externalizing dimension of 

Opposition/Immaturity showed the highest associations with the internalizing dimensions 

(from .63 for Withdrawn to .40 for Somatic Complaints). In contrast, the Aggressiveness 

presented the lowest correlations with the internalizing dimensions (from .29 for Somatic 

Complaints to .44 for Anxiety and Depression) (Table 3). 

 

 
Prediction of the internalizing index by the externalizing problems  
We conducted two simple linear regressions separated by gender, in order to analyze if 

Externalizing Index predicted Internalizing Index for both females and males. Regarding 

females, Externalizing Index predicted 50,6% of the Internalizing one (Table 4); the 

Externalizing Index only predicted 37,4% of the Internalizing one (Table 5). 

 

Table 4. Simple Linear Regression: prediction of Internalizing Problems by Externalizing 
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Problems for Females 

 Unstandardized 

Coefficient 

 Standardized 

Coefficient 

    

 β SE  β T p R
2
 Adjusted R

2
 

Externalizing Index .786 .024  .712 32.480 .000 .506 .506 

 

Table 5. Simple Linear Regression: prediction of Internalizing Problems by Externalizing 

Problems for Males 

 Unstandardized 

Coefficient 

 Standardized 

Coefficient 

    

 β SE  β T p R
2
 Adjusted R

2
 

Externalizing Index .534 .029  .611 18.243 .000 .374 .372 

 

In order to assess which externalizing variables best predicted Internalizing Problems, 

a multiple linear regression was computed, having two predictors: Opposition/Immaturity and 

Aggressiveness. The model accounted for 48,5% of the variance of the Internalizing Index, 

and only Opposition/Immaturity successfully predicted the previous index (Table 6). 

 

 

 

 

Table 6. Multiple Linear Regression: prediction of Internalizing Problems by Externalizing 

Problems 

 Unstandardized 

Coefficient 

 Standardized 

Coefficient 

    

 β SE  β T p R
2
 Adjusted R

2
 

Opposition/Immaturity 1.016 .037  .696 27.130 .000 .485 .484 

Aggressiveness .003 .073  .001 .039 .969  

 

Additionally, the previous analysis was conducted separately for each gender. For 

females, the regression model explained 52,2% of the variance of Internalizing Problems, 

with both predictors being significant (Table 7). For males, the model explained 39,9%, but 

only Opposition/Immaturity was a successful predictor (Table 8). 

 

Table 7. Multiple Linear Regression: prediction of Internalizing Problems by Externalizing 

Problems for Females 

 Unstandardized 

Coefficient 

 Standardized 

Coefficient 

    

 β SE  β T p R
2
 Adjusted R

2
 

Opposition/Immaturity 1.014 .046  .674 22.077 .000 .522 .521 

Aggressiveness .218 .101  .066 2.155 .031  

 

 

Table 8. Multiple Linear Regression: prediction of Internalizing Problems by Externalizing 

Problems for Males 

 Unstandardized 

Coefficient 

 Standardized 

Coefficient 
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 β SE  β T p R
2
 Adjusted R

2
 

Opposition/Immaturity .836 .068  .627 12.202 .000 .399 .397 

Aggressiveness .013 .111  .006 .119 .905  

 

 
Moderator analysis 
Multiple hierarchical regression analysis was used in order to examine the predictive 

power of the Externalizing Problems index on Internalizing Problems index when moderated 

by gender; this analysis showed there was a moderating effect of gender (β = -.50, p < .001). 

Both Externalizing Problems (β = .67, p < .001) and gender (β = -.11, p < .001) predicted 

depression symptoms. Both Externalizing Problems and gender variables presented 

significant models in steps 1 and 2, which accounted for 45% and 47% of the variance of 

Internalizing Problems. The 3
rd

 step (interaction term of Externalizing Problems * gender) 

also presented a significant model that showed a slight increase in the percentage of the 

variance explained of the Internalizing Index (48% of the variance explained) (Table 9). 

 

 

 

 

 

 

 

 

 

 

Table 9. Regression coefficients and model of the three steps of hierarchical multiple 

regression with Externalizing Problems evaluated by parents and Gender 

 R R
2
 F p β t p 

Model 1 

Externalizing Problems .67 .45 1319.50 

.000 

.000 

 

.67 

 

36.33 

.000 

.000 

 

Model 2 

Externalizing Problems 

Gender .68 .47 694.13 

.000 

.000 

.000 

 

.67 

-.11 

 

36.68 

- 6.17 

.000 

.000 

.000 

 

Model 3 

Externalizing Problems 

Gender 

Externalizing Problems * Gender .69 .48 488.37 

.000 

.000 

.000 

.000 

 

.76 

-.11 

-.50 

 

33.70 

- 6.28 

- 6.44 

.000 

.000 

.000 

.000 
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Figure 1. Gender’s moderator effect in the relationship between Externalizing  

Problems (CBCL) and Internalizing Problems (CBCL). 

 

In the graph, two levels (below and above average) were created for the Externalizing 

Problems variable. Lower levels of Externalizing Problems were associated with lower levels 

of Internalizing Problems, but in higher levels of Externalizing Problems there were gender 

differences, specifically girls had more Internalizing Problems than boys (Figure 1). 

 
 
Discussion 
The main purpose of the present investigation was to explore the associations between 

externalizing and internalizing problems and the role of gender as a moderator of those 

relationship. More specifically, being part of a project to prevent depression through the 

identification and intervention of risk factors, this study aimed to explore the predicted power 

of externalizing symptoms on internalizing symptoms, moderated by gender. The conducted 

moderation was significant, suggesting that gender is indeed a moderator variable that is a risk 

factor to the effects of externalizing factors on internalizing ones. More specifically, when 

adolescents have high levels of externalizing problems, it seems that girls will have higher 

levels of internalizing symptoms than boys. When adolescents have low levels of 

externalizing symptoms, there seems to be no gender differences in the internalizing 

symptoms. Therefore, at high levels of externalizing problems, being a girl appears to be a 

risk factor for having high levels of internalizing symptoms.  

 

Our analyses have shown that the comparison across genders seemed to point to the 

existence of gender differences, namely with girls scoring higher in all internalization 

variables and in some externalizing ones. However, effect sizes of gender differences were 

small. Hence the tendencies of girls to score higher than boys must be considered with 

extreme caution. The finding of no differences across genders in externalizing variables is 

consistent with previous data
73

. Other studies have found that boys had more externalizing 

symptoms
 
and girls internalizing problems

1, 15, 36, 56
, namely, depressive symptomatology

53-55
. 

In the current study contrary to expectation, girls rather than boys seemed to score higher on 

the opposition/immaturity factor, although the effect size did not confirm the importance of 

this datum. This result may, in part, be explained by the fact that this factor included items 

that comprise crying and humor changes, which in girls may resemble mood problems. This 

resulted in non-significant differences across genders both on this factor and the externalizing 
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index. Another hypothesis to explain these results may be the fact that we studied a non-

clinical sample that reported fewer extreme scores than may be reported by a clinical sample; 

this might be responsible for the gender differences. Finally, the gender differences found by 

other studies may, in part, be due to the fact that most of these studies have only relied on the 

p value and have not taken effect size into account. The only study that considered effect 

size
46 

also only found a small to medium effect size (d = .38) in one of the comparisons. 

 

With respect to correlations, in general, depressive symptoms evaluated by the CDI, 

were highly and positively correlated with the internalizing and externalizing symptoms.  

Notably, the associations of the depressive symptomatology with internalizing 

symptoms were higher than with externalizing ones. Those results match with the 

internalizing problems conceptualization that includes depressive symptoms as a part of the 

internalizing set of problems
8
. Our findings are also in line with previous findings that 

emphasized the existence of an interplay between internalizing and externalizing problems
35-

39
.  

 

It is interesting to note that, comparing internalizing factors, the somatic complaints 

had the weakest association with the externalizing index compared to other variables that are 

moderate. Hence, our results are in line with Doyle and McCarty
16

 whose weakest correlation 

was the one of somatic complains with delinquent behavior (which corresponds to some items 

of our aggressiveness factor). This suggests that problems like nausea, aches, and dizziness do 

not usually co-exist with externalizing problems.  

 

Opposition/immaturity was the externalizing factor that had the strongest associations 

with internalizing factors, presenting its highest correlation with the internalizing index. This 

result seems to be congruent with several other findings. Oppositional Defiant Disorder, 

characterized by oppositional symptoms, is considered to be strongly linked with internalizing 

symptoms
74

 and also to be a risk factor for anxiety and depressive disorders
75

. This might 

suggest that the association between oppositional symptoms and internalizing symptoms may 

be more relevant than the association between internalizing symptoms and other aspects of 

externalizing behaviours. Further, aggressiveness was the externalizing factor that presented 

the lowest correlations with all the internalizing dimensions, which lends weight to this 

hypothesis.  

 

Regarding both sets of correlations, the correlations of the CDI with the several 

dimensions of the CBCL were lower than the ones between internalizing symptoms with 

externalizing symptoms assessed by the parents on the CBCL. This finding may indicate a 

discrepancy between informants (adolescents and parents), that other authors have also 

emphasized
76-78

. The lower correlations between adolescents and parents’ reports may be due 

to the fact that adolescents’ self-reports are based in their own independent and subjective 

experience while their parents’ reports are based on observations of their children’s overt 

behaviour
78

. 

 

Simple regressions showed that the externalizing index was a significant predictor of 

internalizing problems, for boys and girls, which is congruent with other investigations
18-26

. 

The predictive power of externalizing on internalizing symptoms was higher for girls than for 

boys.   

Multiple linear regressions revealed that opposition/immaturity, but not 

aggressiveness, was a significant predictor of internalizing problems for adolescents. 
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Analyzing the prediction of internalizing symptoms, separately, for boys and girls, we found 

that opposition/immaturity was a significant predictor for both genders, but aggressiveness 

only for girls. However, even though the p value reached significance, considering the very 

low beta coefficient of aggressiveness (.066) and the sample size of girls we consider the 

prediction to be of limited importance. Hence, we conclude that only opposition and not 

aggressiveness may be a risk factor for internalizing symptoms, both for males and for 

females. This result is in line with several ODD studies that found that symptoms of 

irritability predicted anxiety and depression in children
23

; being touchy, angry, and vindictive 

seemed to predict depression in adolescent girls and boys
20

. However, another study has 

found that physical aggression predicted depressive symptoms for both genders
18

. This 

discrepancy may be due to the studies’ different instruments used to measure depression and 

aggression and that only physical aggression was assessed.  

 

Comparing both genders in the predictive power of opposition/immaturity on 

internalizing we realize that opposition had a bigger predictive power for girls than for boys. 

This gender difference may also be related to the higher co-mordibity between ODD and 

internalizing symptoms in female adolescents
74, 79

. 

 

Our results suggest some clinical implications. Firstly, we should recognize the 

symptoms of one cluster in order to prevent or attenuate symptoms on the other cluster, with 

early intervention playing a crucial role. Thus, parents and teachers should be alerted and 

educated in order to recognize the early symptoms and seek professional services. Moreover, 

regarding treatment, co-variation, co-morbidity and the common risk factors are variables that 

should be taken into account. 

 

General conclusions, limitations and future directions 
Concerning our knowledge, this was the first study to address the role of gender as a 

moderator in the prediction of internalizing symptoms by externalizing behaviour. However, 

this investigation, like many others, has limitations. First, we did not include clinical samples 

in our study. We also did not include alternative sources of information other than adolescents 

and parents (e.g., teachers, peers). Thus, future research might focus on these relationships in 

clinical samples and/or take into account information coming from teachers and peers. It 

would also be interesting to evaluate moderating and mediating variables in future studies, 

and to perform longitudinal studies in order to describe the trajectories associated with 

childhood externalizing and internalizing symptoms, identifying pathways. This study also 

raises many questions that should be addressed: how the relations found between 

externalizing problems are associated with the onset and stability of internalizing problems 

(or vice-versa); if these relationships can be explained by third variables and if internalizing 

and externalizing problems are reciprocally or uni-directionally related. 

 

 In sum, our study confirms the hypothesis that externalizing symptoms are a risk 

factor for internalizing ones and that gender plays a role in this relationship. Thus, it is 

important not to dismiss internalizing symptoms and their treatment in externalizing 

disorders, especially among female adolescents.  
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ABSTRACT 

Black and blue erasable marker inks were further developed in this work with a view to 

improving their performance over earlier attempts in the college. The inks were formulated 

from carbon black and copper phthalocyanine blue pigment, ethanol and propylene carbonate 

solvent, acrylic resin and liquid paraffin and olive oil separating agent. A Box Wilson 

experimental design was used for the ink formulation and the key performance properties of 

the inks such as erasability, writability, storage stability and darkness were evaluated with a 

view to selecting the best ink. It was found that the best black ink formulation, (Formulation 

11), was made up of 12.5% acrylic resin, 9.5% liquid paraffin, 3.75% olive oil, 6 % carbon 

black, 46 % ethanol and 22.5 % propylene carbonate and its performance was identical to that 

of commercial black Mon Ami ink in all the properties tested except that it rated B instead of 

A, in erasability after 10 days and in degree of stain. The best blue ink formulation, 

(Formulation 4), was made up of 10% acrylic resin, 7 % liquid paraffin, 3 % olive oil, 9 % 

phthalocyanine blue, 50 % ethanol, and 21 % propylene carbonate and its performance was 

identical to that of commercial blue Mon Ami marker ink in all properties tested except that it 

rated B instead of A in erasability after 10 days. In odour, the formulation which was rated B 

was found to be even better than Mon Ami which was rated C. 

Keywords: Copper phthalocyanine, erasability, writability, Box Wilson experiment. 

1.0 Introduction 

Erasable ink marker is a basic education tool used in Nigeria which has today replaced 

blackboard chalks for most applications. They have been found to be superior to chalk in 

many properties.All the markers used today in Nigeria are imported. The development of 

erasable whiteboard marker inks in Nigeria will therefore enhance generation of national and 

social wealth through greater export and import substitution, enhance capacity for value 

addition leading to industrialization and employment opportunity, and facilitate setup of a 

subsidiary company to carter for the recycling of whiteboard marker cases as the produced 

inks will be used for refilling of the cases. A variety of erasable ink formulations to write on 

an impervious surface have already been produced and used in the Chemical Engineering 

Department, Modibbo Adama University MAUTECH, Yola (Owhofasa, 2010 and Garba, 

2011). However, these prior erasable ink compositions were observed to be deficient in many 

of its performance qualities such as: erasability, writability, storage stability, and darkness. 

The specific objective of this research was to identify the causes of deficiencies in 

performance qualities of prior erasable ink formulations; select most suitable components for 

the ink formulation using a suitable preparation method and develop best formulation and 

conditions for preparing the ink. Ink was formulated from carbon black and copper 

phthalocyanine blue organic pigments; ethanol and propylene carbonate organic solvents; 

acrylic resin; and liquid paraffin and olive oil separating agents. Ink formulations were 

prepared and tested for performance qualities with a view to selecting the best formulation. 

Box-Wilson experimental design was used for the experiment. 

1.1 History of Inks 

Ironically, there is “no definitive history of ink”. It has been with ink that archives and 

historical records are preserved. According to the National Chang-Hua Journal of Social 

Education, ancient Egyptians and Chinese developed ink about 2500 B.C. They used fine 
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particles of carbon called lampblack as colorant and gums or glues obtained from animals as 

vehicles. Ink has been in use in India since the fourth century B.C. (Banerji, 1989). The 

practice of writing with ink and a sharp pointed needle was common in early South India. The 

India ink was called “masi” and was made of burnt bones, tar, pitch and other substances 

(Bosworth, 1981). .Ancient Rome used atramentum, a historical pigment also called ink stone. 

The iron-based atramentum called iron gall inks were popularly used from the twelfth to 

nineteenth century and was made from a combination of tannic acid and iron salt and resin 

was used as vehicle (Kipphan, 2001). Scribes in Medieval Europe between 800-1500 A.D. 

wrote on parchment or vellum. About the twelfth century, ink was made from dried hawthorn 

branches. The bark was pounded from the branches and soaked in water for eight days. The 

water was boiled until it thickened and turned blacked. Wine was added during the boiling 

and the ink was poured into special bags and hung in the sun. Once dried, the mixture was 

mixed with wine and iron salt over a fire to make the final ink (Banerji, 1989). The reservoir 

pen, which may have been the first fountain pen dates back to 953 A.D. when Ma ’ad al 

Mu’izz, the caliph of Egypt demanded for a pen that would not stain his hands or cloths and 

was provided with a pen that held ink in a reservoir (Ainsworth et al, 1904). In Europe in the 

fifteenth century, the printing press ink was developed by Johannes Gutenberg (Martin-Gil, 

2006). 

1.1.1 Ancient ink development 

Generally, inks were made of a pigment or colouring material dispersed in a medium 

containing gum, glue or vanish that acted both as a carrying agent, or vehicle, and as a binder 

to hold the pigment on the surface to which it is applied as shown in Figure 1. 

 

    Pigment      Wetink     

         Gum/glue 

        Dried ink 

  Fig. 1-Flow diagram of ink production in Ancient times 

The oldest ink formulas, and the oldest specimens found, show that the pigment was a 

carbonaceous black, either in the form of amorphous soot obtained from burning oil or wood, 

or a crystalline charcoal from animal or vegetable sources (Insight Vol. 1, 1998). The pigment 

of red inks was iron oxides. Certain tinctures were also used by the ancients. Josephus say the 

copy of the Law sent to Ptolemy Philadelphus was written in gold letter (Jackson, 2000). If 

vegetable juices or dyes were ever used in inks, they long ago disappeared because of their 

perishable nature. 

To make the best inks, much time was required to grind and disperse the pigments in their 

vehicles. The inks were then usually stored as dried cakes or bars, which were moistened 

sufficiently by the scribe as he applied the ink to his brush or reed. The Chinese inks long 

enjoyed the reputation of having the deepest tone and being the most durable. Documents 

written in some of these inks could be soaked in water for several weeks without washing out. 

On the other hand, inks were also made so they could be erased with a sponge or damped 

cloth (Insight Vol. 2, 1998). 

1.2  Types of Inks 

There are basically four types of inks, namely: Inks made from a pigment plus a binder; Inks 

with a dyestuff added such as a fountain pen ink; Iron gall ink (also referred to as inks with a 

chemical precipitation added such as ferro gallic) and special purpose inks. 

Inks made from a pigment plus a binder: This is also called carbon inks. They are made of 

finely powdered lampblack and a binding agent such as a gum or glue. The binding agent 

 

 

 

Dryer 
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keeps the carbon particles in suspension and adhered to paper. The carbon particles do not 

fade over time even when in sunlight or when bleached. Carbon inks are chemically stable 

and therefore do not threaten the strength of the paper. However, they are not ideal for 

permanence and ease of preservation (Gaius et al, 2000). 

Ink with a dyestuff added: These are water-based inks intended for use with fountain pens. 

They are mostly available in bottles and are often exclusively dye-based as pigment particles 

usually clog the narrow passages (Banerji, 1989). They are mainly used for inkjet printers 

today. Dye based ink is a term relating to water soluble inks. Like the pigment based ink, dye 

based inks are considered environmentally friendly, especially when compared to industrial 

oil or alcohol based inks. Dye inks are far cheaper than pigment inks and are easier to 

manufacture, and as a result, they have traditionally been the ink of choice for digital printers. 

They are produced with optical brightness in mind, as they have a colorant dye dissolve-in 

solution. When printed, this results in a print that is brighter in color and much more stable. 

There are though many more drawbacks to the use of dye ink. The vivid colors fade quickly 

due to a poor UV resistance and as the colors take longer to dry as well; it can result in a more 

blurry image (Ainsworth et al, 1904). 

Iron gall Ink: Iron gall inks became prominent in the 1100s. The ink was made from tannin 

bearing bark called thorn wood. The wood was first soaked in water and then dried out. It was 

then mixed to a powder with iron sulphate (Kippan, 2001). Acetic acid or vinegar was also 

used as a binding agent.Iron gall ink is corrosive and damages the paper it is on (Waters, 

1940). Items containing the ink can become brittle and the writings fade to brown (Banerji, 

1989). Iron gall requires storage in a stable environment because fluctuating relative humidity 

increases the rate that formic acid, acetic acid and furan derivatives form in the material the 

ink was used on. Sulphuric acid acts as acatalyst to cellulose hydrolysis, and iron (III) 

sulphate acts as a catalyst to cellulose oxidation. These chemical reactions physically weaken 

the paper causing brittleness (Kippan, 2001). 

Special purpose inks: Thisinclude aniline ink, secret ink, indelible ink, printer’s ink, soy ink 

and stark’s ink. They are classified as special purpose inks because they are produced for 

specific purposes. They have rare applications. 

i. Aniline ink: Anilines are organic chemical compounds used in the manufacture of 

polyurethane. They are used when printing plastic materials which contain shellac, or 

synthetic resins or methyl alcohol (Reibland et al, 1999). They are made by dissolving 

aniline or coal tar dyes in distilled water and adding a preservative such as phenol, 

carbolic acid or thymol which are added to prevent the formation of mould (Cueppers, 

1989).  

ii. Secret ink: These are inks that are naturally invisible or are made invisible, unless 

viewed under special light conditions or treated with heat (Ainsworth et al, 1904). 

Secret inks are the ink of espionage and subterfuge referred to also as invisible or 

sympathetic ink. It can be made from common foodstuffs as rice starch.  

The most common invisible ink is made from cobalt chloride. When diluted before 

writing, the ink forms a very pale shade of pink. But once the ink is warm, it becomes 

a clear and distinct blue. When phenolphthalein is added to the ink, it remains 

invisible until it is exposed to ammonia vapours. Some of the earliest invisible inks 

were made from lemon, orange or onion juice. It had to be scorched to make it visible 

because it is an undigested juice. Once heated, they return to their natural colour 

(Rouchon-Quillet, 2004). 
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iii. Intaglio ink: These are composed of petroleum naphtha, resins and coal tar solvents. 

The intaglio printing process is used mainly to print rotogravure newspaper 

supplements and cartons, labels and wrappers (Ainsworth et al, 1904). 

iv. Indelible Inks: Indelible inks otherwise called “un-removable inks are inks having 

very short shelf life as solvents used to make them quickly evaporate (Lepage, 2006). 

They are mostly used to present electoral fraud during election processes (Osborne, 

1980). Countries as India, Philippine, and Indonesia, have used indelible ink to mark 

electoral stains on their voters to minimize electoral fraud. The inks are mostly applied 

on voters’ fingernails. 

v. Printers’ Ink: The first printing inks were in use about 1864. They were made from 

burnt rosin, turpentine, pitch and petroleum oils. By 1864, carbon black was made by 

burning natural gas rather than rosin, although lamp lack made from the resin can still 

be added to printing ink (Reibland et al, 1999). 

vi. Soy Inks: These are inks made from soybeans. They are more environmentally 

friendly unlike most petroleum based inks. They mostly provide more accurate colours 

and make it easier to recycle paper. It however, dries very slowly. 

1.3 Ink Chemistry 

Ink is a liquid or semi-liquid material used for writing, printing or drawing. Chemists view it 

as a colloidal system of fine pigment particles dispersed in a solvent (Leach et al, 1993). The 

pigment may or may not be coloured, and the solvent may be aqueous or organic. Ink is 

comprised of various raw materials in specific proportions which are called formulas. The 

earliest black writing inks, as discussed in preceding sections were suspensions of carbon, 

usually lampblack, in water stabilised with a natural gum or materials like egg albumen. 

Modern ink formulations are rather more complex. In addition to the pigment, they contain 

many other ingredients in varying levels (Kunjappu, 2001). Collectively known as 'vehicle', 

these additional ingredients include pH modifiers, humectants to retard premature drying, 

polymeric resins to impart binding and allied properties, defoamer/antifoaming agents to 

regulate foam efficiency, wetting agents such as surfactants to control surface properties, 

biocides to inhibit the fungal and bacterial growth that lead to fouling, and thickeners or 

rheology modifiers to control ink application (Drake, 1993).  

1.3.1 Ink development over the years 

Pigments are insoluble, whereas dyes are soluble, though sometimes these terms are used 

interchangeably in commercial literature. Ink pigments are both inorganic and organic. Most 

red writing inks are a dilute solution of the red dye eosin. Blue colour can be obtained with 

substituted tri-phenylmethane dyes (Sharma, 1991). Many permanent writing inks contain 

iron sulfate and gallic and tannic acids as well as dyes. Ballpoint ink is usually a paste 

containing 40 to 50 per cent dye. Most white inks contain titanium dioxide as the pigment, as 

rutile and anatase in tetragonal crystalline form. However, growing concerns over the known 

toxicity of heavy metals have led to the replacement of many inorganic pigments such as 

chrome yellow, molybdenum orange and cadmium red with organic pigments, which offer 

better light fastness and reduced toxicity (Webster, 1997). Furthermore, carbon black now 

replaces spinel black, rutile black and iron black in nearly all black inks. In fact the ink 

industry is the second largest consumer of carbon black.  

Other inorganic materials such as clays serve as fillers or extenders, which primarily reduces 

the cost of pigments, though some also improve ink properties. Metallic pigments like 
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aluminium powder (aluminium bronze) and copper-zinc alloy powder (gold bronze) are used 

in novel silver and gold inks. Miscellaneous inorganic pigments provide luminescent and 

pearlescent effects.  

1.3.2 Developments in ink coating instruments 

Changes in ink chemistry over the years closely reflect developments in the instruments for 

ink coating: the pen and the printing machine. The ballpoint pen, the felt-tip marker, and the 

fibre-tip pen have led to inks containing solutions of dyes in water or organic solvents such as 

propylene glycol, propyl alcohol, toluene or glyco-ethers (Chapman et al, 1997). Other 

ingredients like resins, preservatives and wetting agents are also added.  

A printing ink chemist is primarily interested in preparing a dispersion of pigment particles 

that does not settle into clumps. Inorganic pigments can be easily dispersed by applying 

minimal force, but most organic pigments require special milling techniques to produce sub-

mm size particles for stable dispersion. In general the colour of the ink arises from organic 

pigments; the particle size of the pigment governs the colour intensity (Kunjappu, 2001).  

Milling is carried out in two stages: the primary mixing is done with an ordinary mixer and 

the resultant pre-mix is subjected to secondary grinding in a ball mill or a roller mill. After the 

primary mixing, the chemist adds chemicals called dispersants or grinding aids to prevent the 

fine pigment particles from re-aggregating during the grinding stage. The correct choice of 

dispersants, along with the right grinding technique, is the key to obtaining a stable 

dispersion.  

Dispersants stabilise the pigment particles by lowering the mechanical energy needed for 

grinding. Two classes of compounds are used for this purpose: surfactants and polymers. 

These compounds adsorb to the pigment particles and form a coating of varying composition 

and thickness. The resulting modified particle surfaces either attract or repel each other - 

leading to flocculation or stabilisation, respectively. Flocculation hampers dispersion, and 

stabilising forces are essential to prevent the fine particles of pigment from settling. The size 

and shape of the pigment particles dictates the colour intensity, shade and light fastness 

(Sharma, 1991).  

There is a growing tendency these days to exclude organic solvents from commercial 

products, and inks are no exception. Strict regulations limit the use of volatile organic 

compounds (VOCs) everywhere from paint to plastic manufacture. As a result, ink chemists 

have been forced to abandon many efficient and time-tested recipes by replacing organic 

solvents with water. Water-based inks have in turn introduced new classes of surfactants and 

polymers into ink chemistry (Kunjappu, 2001).  

An obvious disadvantage of using water as a medium is the increased surface tension of 

aqueous inks, which makes 'wetting' substrates such as paper or plastics more difficult. A 

two-pronged approach has helped to alleviate this problem: special surfactants lower the 

surface tension of inks, while modifying the surfaces of substrates like plastic (e.g. the corona 

treatment) enhances the surface energy, and so makes wetting easier. Surfactants have the 

downside of producing a stabilised foam (Webster, 1997).  

Surfactants are surface active agents that lower the surface tension of the solvent in which 

they dissolve. Surfactants have multiple functions in an ink formulation. Primarily they act as 

stabilising agents for pigment dispersions. With the advent of water-based inks, they have an 

additional function as wetting agents - keeping the surface tension of the aqueous medium 

low so that the ink interacts favourably with the substrate. Careful choice of surfactants is 

often necessary to avoid problems with ink foaming - the break in ink flow that sometimes 

occurs when bubbles form at a pen tip, for example (Kunjappu, 2001).  

Foam is almost unavoidable during ink manufacture, and results from the release of various 

gases, such as the adsorbed gas in pigment released at the dispersion stage, as well as from the 
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air introduced during mixing. Surfactants adsorb on the liquid-air interface in the foam and 

stabilise it, thereby accelerating its formation.  

Foaming may be overcome by two approaches: it can be prevented by antifoaming agents and 

'cured' by defoaming agents. These agents include various hydrophobic solids, fatty oils and 

some special surfactants, which work by penetrating the liquid-air interface in the foam and 

slowing foam formation.  

In general surfactants are structures that contain a hydrophobic hydrocarbon chain and a polar 

group. If the polar group is ionic, two classes of surfactants result: cationic and anionic. Ionic 

surfactants are particularly good at stabilising foams, and ink chemists try to avoid them in an 

ink formulation (Sharma, 1991). Another class of zwitterionic surfactants contains both 

positive and negative groups in the same molecule in addition to the hydrophobic group. In 

non-ionic surfactants, a block of ethylene oxide groups usually imparts polarity (Webster, 

1997). 

 
Fig. 2   Plot of Surface Tension against Concentration Biolin 

Scientific 

As the concentration of surfactants increases in a solution, some of the physical properties of 

the solution will change sharply at a concentration called the critical micelle concentration 

(CMC), as shown in Figure 2.  At CMC, the surfactant molecules come together to form 

spherical aggregates (micelles) in which the core is populated with hydrophobic chains and 

the corona by polar groups. The average number of surfactant molecules in each micelle 

structure is known as the aggregation number (Chapman et al, 1997). Surfactants aggregate on 

the surface layers at the liquid-air and the solid-liquid interfaces. In the former case, the 

surface tension of the liquid reduces and in the latter case the solid (pigment)-liquid interface 

is modified. Either way, the net result is to make the application of the ink to its substrate (e.g. 

Whiteboard, paper) easier.  

Inks should have a viscosity (loosely called thickness) appropriate to the purpose it is made 

for. Some inks have a butter-like consistency and others have intermediate viscosity. Various 

polymeric thickening agents are added for this purpose (Drake, 1993). A good example of a 

thickening agent is soy lecithin. 

Drying can involve the absorption or penetration of liquid components into the substrate; 

evaporating the solvent at a certain temperature; or chemical processes involving oxidation or 

polymerisation (Kunjappu, 2001).  

 

 

1.4. Whiteboards 
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Erasable inks are made for use on marker boards or "whiteboards" which are writing boards 

that can be used in combination with a pen, instead of chalk, and erased using, e.g., a tissue or 

soft cloth. These boards typically are plastic or ceramic, and have a smooth, hard, glossy 

surface (Owhofasa, 2010). Erasable inks having specialized properties are required for use 

with marker boards. It is important that the ink be able to wet the glossy surface, that the ink 

dry relatively quickly, and that the dried ink be erasable with a tissue, soft cloth or felt eraser 

(Garba, 2011). Other desirable properties include minimal shrinkage of the ink during drying, 

erasability after a period of time, and minimal residue left on the board after erasing. It is also 

desirable that the ink be suitable for use on most or all types of marker boards, a requirement 

which is difficult to meet due to the different surface properties of different marker board 

materials. 

1.5. Erasable Whiteboard Inks 

Erasable marker inks are inks dispensed through a whiteboard marker whose composition is 

designed to facilitate removal of the scrip before it can affix to a substrate, the whiteboard. 

Writings done using an erasable ink are readily erasable writings even after standing for a 

long period of time. They are erased by wiping lightly with a cloth, a paper or an erasable 

brush/duster (Lepage, 2006). For inks to be erasable, its composition prevents penetration of 

the substrate by colorant. The ink must not wet or penetrate the whiteboard. Once it can 

penetrate, it can only be removed by abrasion which would either damage the substrate or 

leave a residual stain from the anchored colorant (Insight, Vol. 1, 1998). When the 

composition is placed on the whiteboard, the solvent evaporates. Rate of evaporation 

determines the period during which the composition is erasable. Once the solvent has 

evaporated, the remainder of the composition becomes incompatible and can thus be erased 

off the whiteboard over time (Lepage, 2006). 

1.5.1 Components of erasable whiteboard marker ink 
The erasable whiteboard marker inks are composed mainly of colorants, solvent, resins, 

separating agents and surfactants.  

Colorants: Colorants are solid insoluble colouring materials such as a pigment or a dyestuff; 

mostly, they are identified by a colour index number. 

- Pigments:  

Pigments are solid, opaque particles suspended in ink to provide colour (Kunjappu, 2001). 

Qualities such as hue, saturation, and lightness vary depending on the source and type of 

pigment. The amount of the pigment is determined in accordance with the pigment used and 

the darkness required. However, when the amount is too large, the resultant ink composition 

may have too large a viscosity and may be poor in writability and storability as well as 

erasability of writing, while when the amount is too small, the resultant ink composition may 

provide faint writing, and may also provide writing poor in erasability. Usually the ink 

compositions contain a pigment in an amount of 3-15% by weight. Pigments are classified 

into organic pigments and inorganic pigments. Organic pigments are chemically synthesized 

pigments which are not usually found in nature. They contain carbon and have relatively low 

toxicity, thus are said to be environmental friendly. They are cost effective; possess very good 

stability to solvents, light, heat and weather conditions. They are consistent and unique and 

show good colour strength. Examples include carbon black pigments, metallic pigments, 

extender pigments, and hiding pigment (Garba, 2011). Pigments are considered to be the chief 

constituent of an ink and contribute about 50 per cent of its cost. A pigment is essentially any 

particulate solid - coloured, black, white or fluorescent - that alters the appearance of an 

object by the selective absorption and/or scattering of light. It occurs as a colloidal suspension 
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in ink and retains a crystal or particulate structure throughout the colouring or printing process 

(Kunjappu, 2001). 

Organic pigments in modern inks are identified by a colour index system number that reflects 

the colour shade or hue, and structural and chronological details (order of synthesis) of the 

pigment. For example, the well-known blue pigment, copper phthalocyanine blue is PB 15 

while carbon black is PBk 32. The colour intensity (strength) of a pigment increases as the 

particle size reduces, and the opacity peaks around a particle size of 0.3µm (Drake, 1993). 

The molecular structures of four important pigments used in ink are shown in Figure 3. 

 

 
Fig. 3   Molecular Structures of four important Ink Pigments (Lee, 2009)  

Other speciality pigments are also in demand. Fluorescent pigments have a variety of 

applications such as in security inks to prevent forgery, in traffic light signals, poster boards 

and advertising. Pearlescent pigments used in other inks reflect light in the same way as 

natural pearls (Leach et al, 1993). However, instead of comprising multiple layers of calcium 

carbonate and protein, pearlescent pigments contain flakes of mineral mica (lower refractive 

index) coated with layers of titanium dioxide (higher refractive index). Inorganic pigments are 

naturally occurring pigments which are generally metallic oxides or synthetics. They are also 

referred to as mineral-earth pigments. Examples include lead oxide, cobalt blue, chromium 

oxide, nickel titanate, cadmium yellow and molybdate orange. 

- Dyes 

Dyes are colouring material used to add colour to a variety of items (Banerji, 1989). Dyes 

have smaller molecular structure compared to pigments. Inks made from dyes are basically 

stronger and more durable than pigment based inks and can produce more colours of any 

given density per unit of mass. Dyes however, dissolve in liquid phase and have the tendency 

to soak in paper, making the ink less effective and allowing the ink to bleed at the edge of an 

image. To minimize these challenges, dye-based inks are made with solvents that dry rapidly 

or are used under quick-drying methods of printing, such as blowing of hot air (Lepage, 

2006). Dyestuff can be used in a concentration range between 0.1% and 6%. Pigment-based 

inks are however preferred to dye-based inks because of their permanence on a wider variety 

of materials and produce much better text documents (Waters, 1940). 

Carbon black and phthalocyanine blue 

- Carbon black 
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Carbon black is virtually pure elemental carbon in the form of colloidal particles produced by 

incomplete combustion or thermal decomposition of gaseous or liquid hydrocarbons under 

controlled conditions. It appears physically as a black, finely divided pellet or powder. 

Approximately 90% of carbon black is used in rubber applications, 9% as a pigment, and the 

remaining 1% as an essential ingredient in hundreds of diverse applications (International 

Carbon Black Association). Carbon black is not soot or black carbon, generic terms applied to 

various unwanted carbonaceous by-products resulting from the incomplete combustion of 

carbon-containing materials, such as oil, fuel oils or gasoline, coal, paper, rubber, plastics and 

waste material. Soot and black carbon also contain large quantities of dichloromethane- and 

toluene extractable materials, and can exhibit an ash content of 50% or more (Kunjappu, 

2001). Carbon black is chemically and physically distinct from soot and black carbon. Most 

types of carbon black contain greater than 97% elemental carbon arranged as aciniform 

(grape-like cluster) particulate. On the contrary, typically less than 60% of the total particle 

mass of soot or black carbon is composed of carbon, depending on the source and 

characteristics of the particles (shape, size, and heterogeneity). 

Two other commercial carbonaceous products often confused with carbon black are activated 

carbon and bone black. Each is produced by processes different from commercial carbon 

black and possesses unique physical and chemical properties (2006 Mitsubishi Chemical 

Corporation). 

Fundamental characteristics of carbon black 

Several fundamental carbon black properties that influence the final ink properties include: 

a) Fineness, or particle size distribution; 

b) Structure, or aggregate size/shape distribution; 

c) Porosity, or pore size distribution; and 

d) Surface chemistry, or surface activity distribution.  

 

Structure/Aggregate Size: Carbon blacks do not exist as primary particles. During 

manufacture, the primary particles fuse to form aggregates. The shape and degree of 

aggregate branching is referred to as structure. Increasing structure typically increases 

modulus, hardness, electrical conductivity and compound viscosity and improves 

dispersability of carbon black. Oil absorption is the measure of structure with a high number 

representing higher structure.  

Particle Size: Typical carbon black primary particle size ranges from 8 nanometers for 

furnace blacks to 300 nanometers for thermal blacks. Finer particles increase reinforcement 

and abrasion resistance, and improve tensile strength. Surface area is used by the industry to 

define carbon black fineness level – the higher the number the finer the black (Meyer, 1991). 

Surface Activity/Chemistry: This is a function of the manufacturing process and the 

heat history of the carbon black.  Difficult to directly measure and quantify, surface chemistry 

can affect abrasion resistance, tensile strength, hysteresis and modulus.  The impact on cure 

characteristics is dependent upon the cure system used by the compounder. 

Porosity: Increasing primary particle porosity ultimately leads to decreasing aggregate 

density.  Higher porosity allows compounders to increase carbon black loading, while 

maintaining compound specific gravity.  This leads to increases in modulus and electrical 

conductivity for a fixed loading of carbon black (Rosato, 2004). 

 

Types of carbon black 

A. Lampblack:  The lampblack process is the oldest and most primitive carbon black 

process that is still being carried out. The ancient Egyptians and Chinese employed techniques 
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similar to modern methods that collect the lampblack by deposition on cool surfaces. 

Basically, the process consists of burning various liquid or molten raw materials in large, 

open, shallow pans under brick-lined flue enclosures with a restricted air supply. The smoke 

from the burning pans passes through low-velocity settling chambers from which the carbon 

black is cleared by motor-driven ploughs. In more modern installations, the carbon black is 

separated by cyclones and filters. Lampblacks have similar properties to the small-surface 

area oil-furnace lacks. Production is small, and is mostly carried out in Europe. The main use 

of lampblack is in inks, in paints, as a tinting pigment in which a blue tone is desired and in 

some special applications in the rubber industry (Wang et al, 2003). 

  

B. Furnace Black: The oil-furnace process generates > 95% of all carbon black produced 

in the world. It was developed in 1943 and rapidly displaced previous gas-based technologies 

because of its higher yields and the broader range of carbon blacks that could be produced. It 

also captures particulates effectively and has greatly reduced their release into the 

environment around carbon black plants. The oil-furnace process is based on the partial 

combustion of residual aromatic oils. Plants are typically located in areas of tyre and rubber 

goods manufacture. Because carbon black has a relatively low density, it is far less expensive 

to transport feedstock than to transport the carbon black (Kunjappu, 2001). 

The basic process consists of atomizing preheated oil in a combustion gas stream thatis 

formed by burning fuel in preheated air. Some of the atomized feedstock is combustedwith 

excess oxidant in the combustion gas. Temperatures in the region of carbon blackformation 

range from 1400 to > 1800 °C. The gases that contain carbon black arequenched by spraying 

water into the stream as it passes through a heat exchanger and intoa bag filter (Drakke, 

1993). Preferred feedstock for the oil-furnace process is heavy fuel oils such as 

catalyticcracker residue (after removal of residual catalyst), ethylene cracker residues and 

distilledheavy coal-tar fractions. Other specifications of importance are absence of solid 

materials, moderate-to-low sulphur content and low alkali metal content (Meyer, 1991). 

 

C. Thermal black: Thermal black is made by the thermal decomposition of natural gas, 

coke-oven gas or liquid hydrocarbons in the absence of air or flames. Its economic production 

requires inexpensive natural gas. Today, it is among the most expensive of the carbon blacks 

that are regularly used in rubber goods. Because of its unique physical properties, it is used in 

some rubber and plastics applications such as O-rings and seals, hose, tyre inner liners, V-

belts, other mechanical goods and in cross-linked polyethylene for electrical cables (Drake, 

1993).  

 

D. Acetylene Black: The high carbon content of acetylene (92%) and its exothermic 

decomposition to carbon and hydrogen make it an attractive raw material for conversion to 

carbon black. Acetylene black is made by a continuous decomposition process at atmospheric 

pressure and 800–1000°C. Acetylene is fed into reactors where, at temperatures above 800 

°C, the exothermic reaction is self-sustaining and requires cooling by water to maintain a 

constant reaction temperature. The carbon black-laden hydrogen stream is then cooled 

followed by separation of the carbon from the hydrogen tail gas. Acetylene black is very 
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fluffy with a bulk density of only 19 kg/m
3
, is difficult to compact and resists palletisation. 

Commercial grades are compressed to various bulk densities of up to 200 kg/m
3
. The unique 

features of acetylene black result in high electrical and thermal conductivity, low moisture 

adsorption and high liquid absorption (Wang et al, 2003). 

 

E. Channel Blacks: Between the First and the Second World Wars, the channel black 

process produced most of the carbon black used worldwide for rubber and pigment 

applications. The last channel black plant in the USA was closed in 1976. The demise of 

channel black was caused by environmental problems, cost, smoke pollution and the rapid 

development of oil-furnace process grades that were equal or superior to channel black 

products, particularly for use in synthetic rubber tyres (Kunjappu, 2001). The name channel 

black derived from the steel channel irons used in modern installations, channels have been 

replaced by water-cooled rollers. The carbon black is scraped off the rollers, and the off-gases 

from the steel box-enclosed rollers are passed through bag filters where additional carbon 

black is collected. The oils used in this process must be vapourized and conveyed to the large 

number of small burners by means of a combustible carrier gas, such as coke-oven gas. The 

yield of rubber-grade carbon black is 60% and that of high-quality colour grades is 10–30%. 

The characteristics of carbon blacks from roller process impingement are basically similar to 

those of channel blacks. The grades of smaller particle size are used as colour (pigment) 

carbon blacks and the larger (~30 nm) grade is used in rubber (Wang et al, 2003). 

 

 

Phthalocyanine blue  

Phthalocyanine blueis also known by the names "monastral blue", "heliogen blue", "phthalo 

blue", and "copper phthalocyanine". It is an organic blue dyestuff that was developed by 

chemists under the trade name, "monastral blue," and presented as a pigment in London in 

November 1935 (Kunjappu, 2001).  

It is prepared by fusing together phthalic anhydride and urea to copper chloride. First, it is 

washed in dilute caustic soda and then in diluted hydrochloric acid. It then becomes copper 

phthalocyanine, but is not conditioned as a pigment until it is dissolved in concentrated 

sulphuric acid and carefully washed in excess water and filtered (Webster, 1997). The 

resulting paste is being used thus directly in the preparation of lakes by adsorption on 

aluminium hydrate, or dried for incorporation into non-aqueous mediums.  

It is a highly complex organic synthesis. Pure copper phthalocyanine in crystalline form is a 

deep blue with a strong bronze reflection, but when dry in pigment form is bright blue without 

any bronziness. Phthalocyanine blue is lightfast, and an ideal pure blue for it absorbs light 

almost completely except for the green and blue bands. When photographed, this line of 

colours tends to turn brown in the camera lens, being logically attributed to the fact that 

though it absorbs all other colours of light, there must be some refractive or reflective bounce 

of the initial bronze tone of the mineral in crystal that is not evident to the eye (Kunjappu, 

2001).  

 

 

 

2.1 Dye inks versus pigment inks 
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Dye based ink is a term relating to water soluble inks while pigment based ink is a non-

soluble ink. Both are considered environmentally friendly, especially when compared to 

industrial oil or alcohol based inks (Drake, 1993). Pigment ink is produced through resins, 

normally chemically based polymers. The resins are ground into small particles and covered 

with a dispersant. The production method of pigment based ink do cause printed colours 

produced to be rather dull when compared with dye based inks. The same process though 

does make the ink much more resistant to ultra violet light and have a longer life expectancy 

(Webster, 1997). It has been common for black inks to be pigment based inks, that is, partially 

due to its quick drying nature that produces a much clearer and crisper result. Pigment based 

inks are more expensive than dye based inks but are preferred when producing non-printer 

inks (Leach et al, 1993) such as erasable marker inks. Dye based inks are far cheaper than 

pigment inks and are easier to manufacture. They have traditionally been the ink of choice for 

digital printers (Kunjappu, 2001). They are also produced with optical brightness in mind, as 

they have a colourant dye dissolved in solution. When printed, it results in a print that is 

brighter in colour and much more stable. There are though many setbacks to the use of dye 

ink: 

a) The vivid colour fade quickly due to poor UV resistance; 

b) The colours take longer to dry and this result in a blurry image. 

Hence, a pigment ink is more resistant to water and light unlike a dye based ink which is 

much better in holding and projecting colours. A dye based ink printer will be best used for 

photo and graphic production while a pigment ink printer will produce much better text 

(Reibland et al, 1999) when used for erasable marker inks. 

Following the above comparisons, pigments are selected for use for this work. Black 

pigment was also chosen due to its quick drying nature that produces a much clearer and 

crisper result. 

 

2.2 Solvents 

Solvents are substances capable of suspending various ink ingredients such as the pigment, 

the resin and separating agents. It can be aromatic, aliphatic, or a mixture of the two. The 

nature of the solvent helps to retard the penetration of the ink into the substrate thus 

permitting erasure. Organic solvents such as an alcohol or a glycol monoalkyl ether are 

preferably used (Fujita et al, 2012). The alcohol is preferably an aliphatic alcohol of 1-4 

carbons such as methanol, ethanol, isopropyl alcohol, n-propyl alcohol or butanol. The glycol 

monoalkyl ether is preferably a monoalkyl ether of glycol of 2-4 carbons such as ethylene 

glycol monomethyl ether, ethylene glycol monoethyl ether, propylene glycol monomethyl 

ether or propylene glycol monoethyl ether. These solvents may be used singly or as a mixture. 

The organic solvent is used in an amount of 50-75% by weight. When the amount of organic 

solvent is too large, the resultant ink composition has no viscosity suitable for writing, and 

may not provide writing of a sufficient darkness. When the amount of organic solvent is too 

small, the resultant ink composition has a viscosity too large to write well, and it is also bad in 

storage stability (Kunjappu, 2001). Erasable ink composition may further contain a dialkyl 

ketone wherein the alkyl has 1-4 carbons such as methyl ethyl ketone or methyl isobutyl 

ketone, or a lower aliphatic carboxylic acid ester wherein the carboxylic acid has 2-4 carbons 

and the alkyl has 1-3 carbons preferably such as ethyl acetate or butyl acetate, as a dissolving 

aid for a resin in an organic solvent used.  

Ethanol and propylene carbonate were selected assolvent for this work. Propylene carbonate 

is odourless, available in Nigeria, safe as it has a very high boiling point (242 
0
C). Ethanol, on 
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the other hand, has slight odour which can be removed by denaturing, very easily produced 

locally, and safe to use at ordinary room temperature. The two solvents are also affordable 

when compared to other solvents. Ethanol is sold at US $1000 per ton. Propylene carbonate is 

sold between US $1200 per metric ton.Table 1 gives examples of solvents and their properties 

(Garba, 2011). It shows that ethanol and propylene carbonate have relatively low vapour 

pressures compared to the other solvents. Isopropanol, though having a low vapour pressure 

has an alcoholic odour, so was not selected for this work. 

Table 1 Some Solvents & their properties 

 

2..2.1 Propylene carbonate 

Propylene carbonate is a by-product of the synthesis of polypropylene carbonate from 

propylene oxide and carbon dioxide. It can be manufactured from the same feed-stocks, using 

different reaction conditions. It can be also prepared from, for example, urea and propylene 

glycol over zinc-iron double oxide catalyst (CRC Handbook of Chemistry & Physics). 

Propylene carbonate is a colourless to yellowish liquid with fruity odour which can be used as 

solvent for foundry, polyester polyol, wire coating, polyurethane, pesticide formulation, ink 

and other coating applications (Lide, 1995). Propylene carbonate (often abbreviated PC) is an 

organic compoundwith the formula C4H6O3. It is a carbonate ester derived propylene glycol 

(Rosato, 2004). This colorless and odorless liquid is useful as a polar, aprotic solvent. 

S/N Name Boiling 

Point 

(
0
C) 

Density 

(kg/m
3
) 

Appearance Viscosity 

@ 20
0
C 

(Pas) 

Local 

Availability 

Toxicity Fragrance Price 

US $ 

Per 

ton 

Vapour 

Pressure 

@ 25 
0
C 

(kPa) 

1. Ethanol 78 789 Colourless 

Liquid 

0.0012 Available Non-

toxic 

Slight 

odour 

2.70 

per 

gallon 

5.83 

2. Propylene 

Carbonate 

242 1200 Colourless 

liquid 

0.00021 Available Non-

toxic 

Odourless 1200 6.00 

3. Methyl 

isobutyl 

ketone 

118 802 Colourless 

liquid  

0.00058 Available Low Slight 

camphor 

odour 

2750 26.48 

4. Ethyl 

acetate 

77.1 898 Colourless 

liquid 

0.000426 Available Low Pleasant 

colour 

1244 14.0 

5. Methyl 

ethyl 

ketone 

79.64 804.9 Colourless 

liquid 

0.00043 Not 

available 

Non-

toxic 

Ketone 

odour 

1570 9.33 

6. Isopropanol 82.5 788 Clear liquid 0.00043 Not readily 

available 

Non-

toxic 

Alcoholic 

odour 

1650 5.87 

7. Butyl 

acetate 

126 880 Colourless 

liquid 

0.00024 Not 

available 

Non-

toxic 

Fruity 

odour 

1300 15.33 

http://en.wikipedia.org/wiki/Polypropylene_carbonate
http://en.wikipedia.org/wiki/Propylene_oxide
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Urea
http://en.wikipedia.org/wiki/Propylene_glycol
http://en.wikipedia.org/wiki/Propylene_glycol
http://en.wikipedia.org/wiki/Catalyst
http://en.wikipedia.org/wiki/Organic_compound
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http://en.wikipedia.org/wiki/Aprotic_solvent


Canadian International Journal of Science and Technology,January 2017  

 

77 

 

Propylene carbonate is chiral but is used exclusively as the racemic mixture (Dieter, 2002). It 

is a slow evaporating polar solvent. Alone or combined with other solvents, it is effective as a 

hard surface cleaner, polymer/resin cleaner, fiberglass, polyester and polyurethane cleaner. It 

can also be used for derivative chemistries such as carbamate formation, hydroxylalkyation, 

transesterification and others (Rosato, 2004).  

2.2.2 Resins 

A resin is contained in the erasable ink composition so that the ink composition has a 

viscosity suitable for writing and has a suitable adhesion onto an impervious writing surface. 

It is necessary that the resin is soluble in the organic solvent used in the ink composition, and 

such a resin includes, for example, polyvinyl butyral resin, acrylic resin, styrene-acrylic 

copolymer resin, styrene-maleic acid copolymer resin, shellac resin and rosin-maleic acid 

copolymer resin.  

When the resin is contained in excess, the resultant ink composition may have too large a 

viscosity and may deteriorate in writability, storability and erasability of writing, whereas 

when the amount is too small, the resultant ink composition may not have a viscosity suitable 

for writing, and may also provide writing of insufficient erasability. Usually the ink 

composition contains a resin in an amount of 5-15% by weight (Fujita et al, 2012).  

Resins are natural or synthetic compounds which begin in a highly viscous state and harden 

with treatment. Natural resins like pine sap come from plants. They can be clear to dark 

brown in colour and vary in opacity and hardness. Misidentification of resinous trees can lead 

to accidents, since some resins contain heptane, flammable and potentially explosive 

hydrocarbons (Garba, 2011). Synthetic resins, on the other hand, are cheaper and refined 

resins. They are much more stable, predictable and uniform than natural resins. They are 

made under controlled conditions without the possibility of the introduction of impurities. 

They are made by combining chemicals in a laboratory to stimulate a reaction which results in 

a resinous compound (Kunjappu, 2001). Resins function to delay erasability and control 

change characteristics of wet ink. Acrylic resin was selected for this work because it is a 

synthetic resin so is cheap, refined and more stable. It is also locally available. Acrylic resin is 

sold at N500.00 per kilogram. 

Separating agents 

Erasable ink composition contains a separating agent which is liquid at normal temperatures. 

According to an inventionin a recentpatent, the separating agent is composed of two 

components (Fujitta et al, 20102). The first component is a polyoxyethylene 

polyoxypropylene block copolymer which is liquid at normal temperatures, and preferably 

has an oxyethylene content of not more than 40% by weight, and a molecular weight of 700-

3000. The polyoxyethylene polyoxypropylene block copolymer is contained in an amount of 

7-15% by weight based on the ink composition. When the amount is too small, the resultant 

ink composition may not have a sufficient erasability, whereas when the amount is too large, 

the resultant ink composition may have a viscosity too large for writing well, or write faintly.  

The second component of the separating agent also used is at least one organic compound 

selected from the group consisting of a carboxylic acid ester, a polyoxypropylenemonoalkyl 

ether and a polyoxyethylene polyoxypropylenemonoalkyl ether which is liquid at normal 

temperatures. The carboxylic acid ester may be a carboxylic acid alkyl ester, a dibasic acid 

diester or a mono- or polyester of a polyhydric alcohol. The carboxylic acid alkyl ester is 

preferably such a carboxylic acid alkyl ester wherein the carboxylic acid is a saturated or an 

unsaturated and has 8-20 carbons, and the alkyl has 2-20 carbons. Such a carboxylic acid 

alkyl ester may be exemplified by cetyl octanoate, isocetyl octanoate, stearly octanoate, hexyl 

http://en.wikipedia.org/wiki/Racemic_mixture
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laurate, isostearyllaurate, butyl myristate, isopropyl palmitate, isostearylpalmitate, isopropyl 

isostearate, butyl isostearate, hexyl isostearate, isocetylisostearate, ethyl oleate or decyloleate. 

The dibasic acid diester used includes an aliphatic dibasic carboxylic acid diester or an 

aromatic dibasic carboxylic acid diester, preferably a dialkyl ester wherein the alkyl has 2-20 

carbons. Thus, the dibasic acid diester used includes, for instance, di-2-ethylhexyl succinate, 

diisopropyladipate, dioctyladipate, diisopropylsebacate, dibutyl phthalate, dioctyl phthalate 

and diisodecyl phthalate. The ester of polyhydric alcohol is preferably a mono-or a polyester 

derived from an aliphatic polyhydric alcohol of 4-8 carbons including glycols and a saturated 

or an unsaturated fatty acid of 6-24 carbons. Accordingly, the ester of polydric alcohol used 

includes, for instance, an ester of trimethylol propane such as trimethylol propane (mono, di 

or tri)oleate, trimethylol propane (mono, di or tri)caproate, tri-2-ethylhexyl trimethylates 

(such as trialkyl esters of trimethylol compound, exemplified by trimethylol propane), 

trimethylol propane triisopalmitate, trimethylol propane trioctanoate or trimethylol propane 

triisostearate; an ester of pentaerythritol such as pentaerythritoltetraoctanoate or 

pentaerythritol tetra-2-ethyl hexanoate; an ester of propylene glycol such as propylene glycol 

monocaprilate, propylene glycol dicaprilate or propylene glycol didecanoate; or a fatty acid 

(mono, di or tri)glyceride or a mixture of these (esters of glycerine and fatty acids) such as 

olive oil, sunflower oil or coconut oil (Kunjappu, 2001).  

The second separating agent is contained in the ink composition in an amount of 3-8% by 

weight, based on the ink composition. When the amount of the second separating agent is too 

small, the resultant ink composition may not have a sufficient erasability, whereas when the 

amount is too large, the resultant ink composition may have a viscosity too large for writing 

well, or writes faintly (Drake 1993).  

The first and second separating agents are contained in conjunction in an amount of 10-23% 

by weight. The use of polyoxyethylene polyoxypropylene block copolymer only as a 

separating agent does not provide an ink composition of a high erasability. However, the use 

of the above mentioned second separating agent in conjunction with the polyoxyethylene 

polyoxypropylene block copolymer as a composite separating agent provides an ink 

composition of a high erasability (Fujita et al, 2012). Thus, the ink composition writes well on 

any impervious writing surface, and the writing is readily erased with an eraser of, for 

example, felt, irrespectively of the material of the impervious writing surface. In addition, the 

writing can be readily erased after long standing. Pluronic L-31 (CAS No.: 9003-11-6) 

andstearyl octanoate (CAS No.: 18351-85-4) were selected to be used singly and as a mixture 

for this work. 

Table 2 shows a summary of erasable ink components and their respective functions in the 

ink.In addition to other functions of erasable ink components, the table shows that colourants 

add colour to the ink, solvents help disperse the pigment, resin and separating agent, resins 

delay erasability and controls change characteristics of wet ink and separating agent stabilizes 

pigment dispersion. 

                      Table 2 Summary of Erasable Ink Compositions & their Functions 

S/N Component Function Amount 

by Weight 

(%) 

1. Colourant- Pigment or 

Dye 

alters the appearance of an object by the 

selective absorption and/or scattering of light; 

3-15 

 

2. Solvent– 

Aromatic,aliphatic or a 

mixture of the two 

to disperse the pigment, the resin and 

separating agent;  andhelps to retard the 

penetration of the ink into the substrate thus 

50-75 
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permitting erasure 

3. Resins – Natural or 

Synthetic 

to delay erasability & give ink suitable 

adhesion onto whiteboard; andto control 

change characteristics of wet ink. 

5-15 

 

4. Separating Agents 

 

act as stabilising agents for pigment 

dispersions; and keeps the surface tension of 

the aqueous medium low so that the ink 

interacts favourably with the substrate 

10-23 

 

 

2.3.1 Performance properties of erasable inks 

1. Erasability: This is defined as the property of forming writings that can be easily wiped 

with an eraser made of felt immediately after the writing was formed, and after standing at a 

temperature of 40° C. This depends largely on separating agent.To test for erasability, 

writings are formed on a whiteboard with each of the ink compositions, and their "initial" 

erasability is examined. The initial erasability is defined as the erasability of writing when 

being wiped with an eraser made of dry cloth under a load of 100-200 g after standing for 

five minutes (Fujita et al, 2012). The erasability is evaluated as follows: when the writing is 

erased by wiping one to three times with an eraser, the erasability is marked "A"; when the 

writing is erased by wiping four to eight times, the erasability is marked "B"; when the 

writing is erased by wiping seven to nine times, the erasability is marked "C"; and when the 

writing is not erased by wiping ten times or more, the erasability was marked "D". 

 

2. Writability: This is the writing ability of the ink when used on a whiteboard (Kunjappu, 

2001). This property is dependent on amount of solvent, resin, pigment and separating 

agent.When the amount of organic solvent is too large, the resultant ink composition has no 

viscosity suitable for writing.When the amount of resin is too small, the resultant ink 

composition may not have a viscosity suitable for writing (Fujita et al, 2012). Writability is 

tested by writing with the ink on the whiteboard.The number of hours taken before the 

formulation can write properly on the whiteboard without blurring determines the writability 

of the formulation. The evaluation criteria used are as follows: “A”, for writings formed 

within 1 hr of ink formulation; “B”, for writings formed within 2 hr of ink formulation; “C”, 

for writings formed within 4 hr of ink formulation; and “D”, for writings formed after 4 hr of 

ink formulation. 

 

3. Storage stability: This is the property exhibited by the ink when stored. High amount of 

solvent, pigment, and resin give poor storability (Fujita et al, 2012). To test for storage 

stability, the aqueous ink-filled marker pens are stored at 45 
0
C for a month and then tested 

for the occurrence or non-occurrence of phase separation of ink and for ink dischargeability 

(in terms of clogging, line interruption and density). The evaluation criteria are as follows: 

“A”, forno phase separation of ink and good ink dischargeability; “B”, forslight phase 

separation of ink and questionable ink dischargeability; “C”, forsevere phase separation 

anddifficult use of the pen; and “D”, for severe phase separation and practically quite 

impossible use of the pen. 

 

4. Darkness: refers to the deepness, brightness and sharpness ability of writings. This depends 

on pigment and separating agents. This property is measured by visual observance of the 

colour intensity of each of the formulations when writings are made on the whiteboard. 
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Tack may be described as the ability of the ink to act as an adhesive. It is by definition the 

force required to split an ink film between two rollers (Meyer, 1991). Tack can be judged 

from a bit of ink between the finger-tips. Figure 4 shows how this is done with the finger tips. 

less tacky Tacky 

  

Short Long 

  

         Fig. 4   Test for Tack   

Tack is given in arbitrary units, which depend on the instrument and the method used. Tack is 

an important property in the inking system as well as in the interaction between ink and paper 

and between the inks. Both tack and viscosity strongly depend on temperature. This is 

illustrated in Figure 5. It can be seen from the figure that both viscosity and tack decrease 

with increased temperature. 

 
     Fig. 5   Variation of Viscosity and Tack with Temperature 

2.3.2 Spectrometric analysis of erasable inks 

Light is a form of electromagnetic radiation. Visible light is a combination of many 

wavelengthsin the range of 380 - 750 nm that we see as different colours. Each wavelength is 

associatedwith a specific photon, or particle of energy. In general, shorter wavelengths have 

more energythan longer ones.The pigments in erasable inks have the property of absorbing 

and transmitting certain light waves, while reflecting others. The “colour” we see is the 

wavelength(s) of light reflected by the pigmentmolecules. Figure 6 illustrates the absorption 

spectrum.  
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                                       Fig. 6 Electromagnetic and light spectrum  

 

Erasable inks can be considered a mixture of pigments dissolved or dispersed in a solvent 

withcharacteristics that allow a continuous and homogenous flow from the pen to the 

whiteboard.The most important ink ingredient in terms of product analysis is the chromatic 

one, obtained fromblends of pigments and other components. From their combination it is 

possible to obtain the desired color, a goodcovering effect, and the nuances and brightness 

that most suitably match the market demand (Agnisky, 1993). The presence of several 

chromatic ingredients in the composition of an erasable ink plays an important role inthe 

spectroscopic analysis. In fact a highly structured spectrum – due to the simultaneous 

presence ofseveral superimposed absorption bands – provides more reference elements when 

comparing inks. In spectroscopy the emitted or absorbed radiation is usually analysed, i.e., 

separated into the various frequency componentsand the intensity is measured by means of an 

instrumentcalled a spectrometer.The resultant spectrum is mainly a graph of intensityof 

emitted or absorbed radiation versus wavelength or frequency. Spectroscopy is a powerful and 

sensitive form of chemical analysis, as well as a method of probing electronic andnuclear 

structure and chemical bonding. The key to interpreting this spectral information is the 

knowledgethat certain atomic and molecular processes involveonly certain energy ranges. 

Appendix C gives spectroscopic analysis of Mon Ami ink which will serve as a basis for 

comparism with erasable inks produced from this work.  

 

2.4 Previous Work on Erasable Inks in MAUTECH 

Owohofasa in 2010 and Garba in 2011 formulated inks from colourants (blue, purple, green, 

red and carbon black pigments; and black, red and blue dyes); polyester, polyurethane rubber 

and akyl resins; ethanol, polypropylene carbonate, ethyl acetate and methyl butyl ketone 

solvents; and liquid paraffin as separating agent. Ink formulations prepared were tested for 

performance qualities. Box-Wilson experimental design was used for the two works. 

Owohofasa combined the inks components in an amount of 3-4% by weight for colourants; 

32-50% for solvents; 4-5% for resins; and 11% for separating agent while Garba used a 

composition of 3-15% for pigments, 50-70% for solvent, 4-32% for resin and 5-15% for 

separating agent. Of the 15 experiments carried out in 2011, only Formulation 9 had a fairly 

good result when compared with Mon Ami ink. Drying time, erasability after 5 minutes, and 

duration of writing were graded “B”, writability and storability were “C”, and darkness was 

graded “D”.Mon Ami ink had all As. Formulation 9 contained solvent, pigment, resins and 

separating agents in an amount by weight of 69.7%, 5.5%, 12.9%, and 4.9% respectively. 

Thus, inks formulated were found to be deficient in performance qualities as writability, 

erasability, drying time, storage stability and darkness. Possible sources of errors were 

identified to include improper dispersion of colourants within ink formulation, improper 

mixing of formulation during heating, non-compatibility of reagents and delay in addition of 

components. 

To investigate identified problems ball milling was introduced in this work to finely disperse 

pigments in the solvent, thus achieving homogeneity of ink mixture. Unlike in previous works 

where pigments and dyes were used, only pigments were used for this work as they were 

found most suitable for erasable ink production. Furthermore, separating agent was also used 

as a mixture no longer singly. Liquid paraffin was not used singly as it has been found to 

provide writings with insufficient erasability when used singly. There was alsoslight variation 

of the per cent composition of the ink components. Pigments were contained in an amount of 
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3-15% by weight amount, solvents 50-75%, separating agents 10-23%, and resin 5-15%. It 

was also ensured that all materials selected as components werevery compatible. 

2.5 Experimental Design 

Experimental design refers to the designing of experiments to yield the most information from 

the fewest runs. It is useful in the reduction of total number of experimental trials, in 

simultaneous variation of all factors contributing to experimental activities and helps in the 

choosing of a clear strategy that enables reliable results to be obtained after each sequence of 

experiments. Three basic types of designs used for scientific and engineering experiments are: 

full factorial experimental design, fractional factorial design and Box-Wilson design. Box 

Wilson experimental design is however preferred for most engineering experiments. 

The full factorial design is one whose design consists of two or more factors, each with 

discrete possible values or levels and whose experimental units take on all possible 

combinations of these levels across all such factors. Such experiment allows studying of the 

effect of each factor on the response variable as well as the effects of interactions between 

factors on the response variable (Placket et al, 1946). Many experimental runs will be 

necessary even without replication. For example, 10 factors at 2 levels will produce 2
10 

= 

1024 experiments. 

Fractional factorial design carefully chooses fractions of the experimental runs of a full 

factorial design. Subsets are chosen so as to exploit the sparsity of effects principle to expose 

information about the most important features of the problem studied. The notation used is L
k-

p
; where k – factor; L – levels of each factors investigated; and p – size of full factorial used 

or number of generators or assignments to which effects interact. 

On the other hand, Box-Wilsoncentral composite design also called central composite design 

contains an embedded factorial or fractional factorial design with center points that is 

augmented with a group of star points that allow estimation of curvature (Box et al, 1951). If 

the distance from the center of the design space to a factorial point is ±1 unit for each factor, 

the distance from the center of the design space to a star point is ±α with /α/ > 1. The precise 

value of α depends on certain properties for the design and the number of factors involved. 

Table 3 gives the coded values for Box Wilson experimental design for this work. Pigment, 

resin, separating agents and solvents compositions- four factors (f)- were varied in this work. 

For Box Wilson, number of factors, n, to be varied equals (f – 1). Thus, one factor is to be 

kept constant. Solvent was selected to be kept constant. Table 3 shows the central position, 

the fractional position and the axial position distributed around a range by the input minima (-

k) and maxima (k) where k is the square root of the total number of factors to be varied. For 

three variables (pigment, separating agent and resin), k = √(f-1) = √3 = 1.73. The central 

position represented by “0” was used to obtain two other positions represented by -1 and +1. 

Coded Values 

                      Table 3    Coded Values for Box Wilson Experimental Design 

Axial Position Fractional Position Central Position 

Pigment 

X
1
 

Separating 

agent 

X
2
 

Resin 

X
3
 

Pigment 

X
1
 

Separating 

agent 

X
2
 

Resin 

X
3
 

Pigment 

X
1
 

Separating 

agent 

X
2
 

Resin 

X
3
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k 

-k 

0 

0 

0 

0 

 

0 

0 

k 

-k 

0 

0 

0 

0 

0 

0 

k 

-k 

1 

1 

1 

-1 

-1 

-1 

1 

-1 

 

1 

1 

-1 

1 

-1 

-1 

-1 

1 

 

1 

-1 

1 

1 

-1 

1 

-1 

-1 

0 0 0 

 

3.0 Instrumentation and Equipment  

3.1 Experimental Set Up 

The equipment set up to carry out this research work is shown in Figure 7 below. 

 
Fig. 7    Laboratory Set up for mixing of Ink Components (Ahmed et al, 2009)

 

A hot plate, thermocouple, beaker, magnetic stirrer and stabilizer were connected as shown in 

Figure 6. The 250 ml Whatman beaker has a small-sized Armfield magnetic stirrer and a TL 

492 Mettle Toledo thermometer inserted into it. The thermometer was connected to a 

stabilizer having a temperature controller. The reactor was placed on an MT-400-2 MBL 

electric hot plate having a temperature regulator and a magnetic stirrer speed regulator. The 

hot plate and the stabilizer were further connected to an alternating current source. 

4.0 Procedure 

4.1 Formulation 

Box Wilson experimental method was used to produce the 15 formulations in this work. 

Three components were varied. The fourth variable was calculated to make up to 100%.Table 

4 gives the composition of pigment, resin and separating agents used for this work. 

Composition of organic solvents used was calculated by subtracting from 100, the sum of the 

three other components, for example, for formulation 1, amount of solvent used is 100 – (15 + 

16.5 + 10) = 58.5 g. 

                           Table 4 Actual Values for Box Wilson Experimental Design 

Axial Position Fractional Position Central Position 

Pigment 

X
1
 

Separating 

agent 

Resin 

X
3
 

Pigment 

X
1
 

Separating 

agent 

Resin 

X
3
 

Pigment 

X
1
 

Separating 

agent 

Resin 

X
3
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X
2
 X

2
 X

2
 

15 

3 

9 

9 

9 

9 

 

16.5 

16.5 

23 

10 

16.5 

16.5 

10 

10 

10 

10 

15 

5 

12 

12 

12 

6 

6 

6 

6 

12 

 

19.75 

19.75 

13.25 

19.75 

13.25 

13.25 

19.75 

13.25 

 

12.5 

  7.5 

12.5 

12.5 

7.5 

12.5 

7.5 

7.5 

9 16.5 10 

 

4.2 Materials Description 

Table 5 gives specifications of erasable ink components used. Following the inability to 

obtain Pluronic L-31 and Stearyl Octanoate, Liquid paraffin also called white were used as 

substitutes for Pluronic L-31 and Stearyl Octanoate respectively. 

                                        Table 5       Erasable Marker Ink Components 

S/N Component Name/Chemical 

Abstract 

Number 

Source Appearance Cost 

Price 

($) 

1. Organic 

Solvent 

Ethanol 

CAS No. 64-17-

5 

Departmental 

Laboratory 

Colourless 

transparent 

liquid 

1000/ 

ton 

 

Propylene 

Carbonate 

CAS No. 108-

32-7 

NigerBurgNigeria 

Plc. 

Colourless 

transparent 

liquid 

1200/ 

ton 

2. Separating 

Agent 

Liquid paraffin 

CAS No. 8042-

47-5 

Departmental 

Laboratory 

Colourless 

transparent 

liquid 

1400/ton 

Olive oil 

CAS No. 8001-

25-0 

Tafary Nigeria 

Ltd. 

Golden 

transparent 

liquid 

20/1000 

ml 

3. Resin Acrylic Resin 

CAS No. 9063-

87-0 

NigerBurg 

Nigeria Plc. 

Thick 

yellowish 

fluid 

1900/ 

ton 

4. Pigment  Carbon Black 

Pbk 32 (N220) 

CAS 1333-86-4 

NigerBurg 

Nigeria Plc. 

Ball milled 

resin coated 

black paste 

- 

Carbon Black 

Pbk 32 

 (N220) CAS 

No. 1333-86-4 

Warri Refinery Black 

powder 

1200/ 

ton 

Phthalocyanine 

Blue PB 15:3 

CAS No. 147-

14-8 

NigerBurg 

Nigeria Plc. 

Ball milled 

resin coated 

bright blue 

paste 

8000/ 

ton 
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5. Additive Soy Lecithin 

CAS No. 8002-

43-5 

NigerBurg 

Nigeria Plc. 

White oily 

paste 

1200/ 

ton 

 

4.3 Erasable Ink Preparation 

For preparing Formulation 1, 10 g of acrylic resinwas weighed into a beaker using the Metra 

TL-600 digital weighing balance. Ethanol (58.5 g) was also weighed and added into 

thebeaker.The magnetic stirrer was dropped into the beaker and the beaker containing the 

mixture was transferred to the MBL MT-400-2 electric hot plate.The mixture was heated at a 

controlled temperature of 70 
0
C for 30 min. Ball milled resin coated organic pigment (sourced 

from NigerBurg Nigeria Ltd.) was weighed into an EMEL EM-242 blender and ground for 1 

h to further reduce particle size of pigment. After 30 min of heating and stirring of the resin in 

the solvent, 15 g of the blended ball milled resin coated pigment was then weighed into the 

mixture.Liquid paraffin (12.5 g) and 4 g olive oil as separating agentwas also added. The 

beaker was returned to the MBL MT-400-2 electric hot plate. During heating, the mixture was 

continually stirred in small circles by the magnetic stirrer. Heating and stirring was allowed to 

continue for another 30 min after which the resultant mixture was brought down. The above 

procedure was repeated to obtain the other14 formulations. Ethanol and propylene carbonate 

organic solvents and liquid paraffin with olive oil separating agents were used either singly or 

as a mixture. 

 

4.4 Ink Filling 

Empty marker cases were collected, washed with de-ionized water and detergent and rinsed 

with the organic solvent (ethanol, propylene carbonate or a mixture of ethanol and propylene 

carbonate) used for the particular ink formulation to be contained. The foamy part within the 

case was squeezed to remove retained ink and solvent passed through it. Rinsed foams were 

air dried so that the solvents evaporated. This cleaning process was done to remove any trace 

of ink retained in the marker. Five millilitres syringe was used to charge 4 ml erasable ink 

formulated into the dry washed marker cases. Each case was then covered, properly labelled 

and allowed to stand vertically with the felt-tip facing downwards for 15 min so as to allow 

the ink flow gradually into the felt-tip before use. 

4.5 Performance Characterization of Ink Formulations 

The performance of the various inks and commercial Mon Ami ink with respect to erasability, 

writability, storage stability, darkness and cap-off performance were evaluated using a 

grading method as given in Table 6. Drying time and viscosity of the ink formulations and 

Mon Ami ink were also measured. 

                          Table 6     Performance Characterization of Inks formed 

S/N Performance Property Characterization/ Evaluation 

Procedure  

Grade 

1. Erasability: Writings 

were formed on a 

whiteboard with each 

ink formulated. The 

writing was allowed to 

stand for 5 min and then 

erased by wiping. 

where the writing was erased by wiping 

one to three times with an eraser  

A 

where writing was erased by wiping 

four to six times 

B 

where writing was erased by wiping 

seven to nine times 

C 

where the writings was not erased by D 
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wiping ten times or more 

2. Writability: Writings 

were formed with the 

inks formulated. The 

number of hours taken 

before the formulation 

could write properly on 

the whiteboard without 

blurring determined the 

writability of the 

formulation. 

Where ink formulation formed writings 

within 1 hour of formulation 

A 

Where ink formed writings within 2 

hours of formulation. 

B 

Where ink formed writings within 4 

hours of ink formulation. 

C 

Where ink formulation formed writings 

after 4 hours. 

D 

3. Storage Stability: The 

aqueous ink filled 

marker pens were stored 

for a month and then 

tested for the occurrence 

or non-occurrence of 

phase separation of ink 

and for ink 

dischargeability (in 

terms of clogging, line 

interruption and 

density). 

For no phase separation of ink and 

good ink dischargeability 

A 

For slight phase separation of ink and 

questionable ink dischargeability 

B 

For severe phase separation and 

difficult use of the pen 

C 

For severe phase separation and 

practically quite impossible use of the 

pen. 

D 

4. Darkness: The 

deepness, brightness and 

sharpness ability of the 

various ink formulations 

were tested by visually 

observing the colour 

intensity of each of the 

formulations after 

writings were made on 

the whiteboard. 

For very deep colour intensity A 

For deep colour intensity B 

For fairly bright colour intensity C 

For faint colour intensity D 

5. Cap-off Performance: 
The aqueous ink-filled 

marker pens were 

uncapped and allowed to 

stand in that state for 1 

hour and then checked 

for writing performance. 

Where the pen wrote perfectly 

immediately 

A 

Where the pen could write effectively 

within 3 letters 

B 

Where writing was possible after 10 

letters 

C 

Where writings were impossible after 

20 letters. 

D 

 

Drying Time and Viscosity measurements: 

Two millilitres each of seven samples of black Formulations 8 and 11produced were heated at 

temperatures of 20 
0
C, 30 

0
C, 40 

0
C, 50 

0
C, 60 

0
C and 70 

0
C on the MT-400-2 MBL electric 

hot plate. Viscosity of each ink sample was also measured using Cannon Instrument 
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miniQV®-X viscometer. This procedure was also repeated for 7 samples of black Mon Ami 

inks. The time taken for each of the 7 inks to completely evaporate were noted and recorded. 

The viscosities of the inks at the different temperatures were likewise noted. 

5.0 Results and Discussion 

5.1 Ink Performance 

5.1.1 Preliminary characterization 

Results for the preliminary tests of erasability, writability, darkness and storage stability for 

all 15 formulations and Mon Ami blue and black inks are presented in Table 7. Detailed 

observations are presented in Appendix A. 

                      Table 7     Key Performance Characteristics of Erasable Ink Formulations 

Erasable Ink Colour Observations 

 

Erasability, 

E 

Writability, 

W 

Darkness, D Storage 

Stability, S 

Mon Ami Blue A A A A 

Formulation 1. Blue A  A A A 

Formulation 2. Blue B D D B 

Formulation 3. Blue A A A A 

Formulation 4. Blue A A A A 

Formulation 6. Blue A A A A 

Formulation 13 Blue C B B A 

Formulation 14 Blue A A A A 

Formulation 15 Blue B A B A 

Mon Ami Black A A A A 

Formulation 5. Black B B D A 

Formulation 7 Black B B C A 

Formulation 8. Black A A A A 

Formulation 9. Black D D D D 

Formulation 10 Black B B C A 

Formulation 11 Black A A A A 

Formulation 12 Black B A B A 

 

Table 7 shows that formulations 1, 3, 4, 6, 8, 11, and 14 had performance characteristics 

equivalent to Mon Ami blue and black inks. Black formulation 11 had writability superior to 

black Mon Ami ink.Good performance properties were easily obtained with the blue pigment. 

Figures 7 and 8 illustrate results of preliminary tests done on the blue inks and black inks 

respectively for all formulations. From the figures it could be seen that formulations 1, 3, 6, 8 

11 and 14 formed good writings in agreement with results presented in Table 7. Formulation 

9was bad.It had severe phase separation. Olive oil was added in a larger amount when 
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compared to liquid paraffin.Formulation 2, 5, 13, and 15 produced very faint writings. 

Formulation 2 and 15 however had very good erasability. The faint writings may have 

resultedfrom thehigh solvent composition in the formulation. Glossiness of the good 

compositions may be as a result of soy lecithin introduced as an additive to the ink 

formulations. Darkness of good formulations may also have resulted from higher amount of 

pigments in formulations. From the preliminary results formulations 1, 3, 4, 6, 8, 11 and 14 

were considered excellent and therefore selected for further analysis. Figure 8 illustrates the 

formulations that passed the preliminary test. 

     
(a)                                                (b) 

Fig.  8 (a) Writings formed with blue formulations (b) Writings formed with black 

formulations 

Figure 9 shows writings made with formulations selected for further characterization. 

      
(a)                                                                             (b) 

                Fig. 9 (a,b)  Formulations selected for further analysis 

 

 

5.2 Further characterization 

Blue formulations 1, 3, 4, 6, 14, and black formulations 8 and 11 selected from the 

preliminary tests were further analysed in comparism with blue and black Mon Ami erasable 

ink respectively. They were tested for degree of erasability, cap on performance, stain, 

shadow, brightness, and consistency of writing. Formulations 4, 8, and 11 were selected and 

used for lectures.The formulations were selected because they displayed very similar 

performance properties when compared with Mon Ami blue and black inks.Results of further 

characterization are presented in Table 8. Detailed results for the further characterization are 

presented in Appendix B. 

From the table, formulations 3 and 6 can be seen to be way below the Mon Ami standard. The 

formulations gave writings which when wiped left much stains on the whiteboard. They 

however had good writability. Formulations 1, 11 and 14 passed the odour test unlike the 

Mon Ami inks. Formulations 1, 4, and 14 formed consistent non-breaking dot-less writings 

unlike Mon Ami black marker which wrote consistently but with particle dots. Black 

formulation 11 was observed to write brighter than Mon Ami black. The formulation like its 

Mon Ami counterpart had slight particle dots. It also erased properly when a foamy eraser 

was used.  
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Table 8 Results of Further Characterization 

Erasable 

Ink 

Colour Observations 

 

Degree of 

Erasability 

Cap-off 

perform

ance 

Stai

n 

Odour Brightness 

& 

Consistenc

y 

Ini

tial 

After 

10 days 

Mon 

Ami 

Blue A A B A C A 

Formulat

n. 1 

Blue A A B B A A 

Formulat

n. 3 

Blue A C B D B A 

Formulat

n. 4 

Blue A B A A B A 

Formulat

n. 6 

Blue A B C C D C 

Formulat

n.14 

Blue A A A B A A 

Mon 

Ami 

Blac

k 

A A B A C B 

Formulat

n..    8 

Blac

k 

A C B A B A 

Formulat

n.  11 

Blac

k 

A B B B A A 

Figure 10 shows writings formed usinggood formulations (1, 4, 8, 11, and 14)from the second 

set of tests.Also from Table 8, Formulation 11 emerged as the best black marker and 14, the 

best blue marker.Black formulations 8 and 11 were thus selected for the ink properties tests: 

viscosity, drying time, and tack. 
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(a)                                         (b) 

          Fig. 10(a) Good formulations obtained      (b) Formulations selected for 

properties test 

5.3 Ink Properties Comparism 

Test results of viscosity, drying time and tack properties of black formulations 8 and 11 and 

black Mon Ami ink are presented in Tables 9, 10 and 11. 

Table 9 Viscosity of Formulations 

S/N Temperature 

(
0
C) 

Viscosity × 10
-2

 (Ns/m
2
) 

Mon Ami Black Formulation 8 Formulation 

11 

1. 

2. 

3. 

4. 

5. 

6. 

20 

30 

40 

50 

60 

70 

15.5 

7.7 

5.0 

4.0 

3.0 

1.5 

15.0 

7.5 

5.0 

4.1 

2.0 

1.5 

16.0 

8.0 

6.0 

4.0 

2.8 

2.0 

 

Table 9 result shows that formulations 8 and 11 possess viscosity properties slightly different 

from that of Mon Ami. Formulation 8 exhibited viscosity property almost similar to the black 

Mon Ami ink. The formulation had equal viscosity with Mon Ami ink at 40 
0
C and 70 

0
C. 

Slight deviation of +0.1 and -0.2 were observed at 50 
0
C and 30 

0
C respectively. Formulation 

11 however only had equal viscosity property with Mon Ami ink only at 50 
0
C. Slightly large 

deviations in viscosity were observed when compared with values obtained from Formulation 

8. Also from the table, it can be seen that viscosity of the inks decreased with increase in 

temperature. Theviscosity for the erasable inks are plotted and illustrated in Figure 11. 
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Fig. 11   Viscosity Plot of Ink Formulations 

 

Table 10   Drying Time of Formulations 

S/N Temperature 

(
0
C) 

Drying Time (min) 

Mon Ami Black Formulation 8 Formulation 

11 

1. 

2. 

3. 

4. 

5. 

6. 

20 

30 

40 

50 

60 

70 

36.0 

32.0 

28.0 

24.0 

20.0 

15.0 

36.0 

33.0 

29.0 

24.0 

20.0 

16.0 

34.0 

30.0 

26.0 

22.0 

18.0 

14.0 

 

Table 10 result shows that Formulations 8 exhibited similar drying time when compared with 

Mon Ami. Like the Mon Ami ink, at 20 
0
C, 50 

0
C, and 60 

0
C, Formulation 8 had equal drying 

time. Formulation 11 has drying time slightly lower than the Mon Ami black. The table 

further shows that drying time for ink samples decreased with increased temperature. Figure 

12 illustrates the drying time plot for the inks. 

 
Fig.12    Drying Time Plot of the three Erasable Inks 

 

Table 11 presents the tack property analysis for the inks. The table shows that the three 

erasable inks exhibit same tack property. Tack was measured using the finger tips as tack 

meters were not available. 

                                                 

                                     Table 11 Tackiness of Formulations 

S/N Temperature 

(
0
C) 

Tack 

Mon Ami Formulation 8 Formulation 

11 

1. 

2. 

3. 

4. 

5. 

6. 

20 

30 

40 

50 

60 

70 

 

 

Less tacky 

 

 

Less tacky 

 

 

Less tacky 
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The major problem of this work centred on erasability. The inks formulated had different 

degrees of erasability. Good formulations of the research work, Formulations 1, 3, 4, 6, 8, 11 

and 14 hadinitial excellent erasability.Erasability was observed to be a function of one or all 

of the following factors: time, writing rate/speed, length of writing and material of eraser. The 

erasability associated problem may have occurred as a result of: 

a. The use of liquid paraffin as a first separating agent. From the literature review, liquid 

paraffin was considered as not suitable separating agent to be used for erasable inks. It 

was found to provide writings with insufficient erasability and has erasability 

dependent on time. 

b. Great difficulty in finding and purchasing specified components for the ink 

formulation. Stearyl octanoate and pluronic L-31 were not found within Nigeria. Cost 

of importing these products were also outrageous as international chemical companies 

refused to sell in small quantities andtheir chemical retailer shops also refused to 

supply due to insecurity challenges in Nigeria. This led to the decision to useliquid 

paraffin not singly but as a first separating agent to be mixed with a second separating 

agent, olive oil. Unfortunately too, other components of the ink were not found in 

Yola. It was also a challenge obtaining them from the Southern and Western part of 

the country. 

6.0 Conclusion 

The best black ink formulation (Formulation 11) was made up of 12.5 per cent acrylic resin, 

9.5 per cent liquid paraffin, 3.75 per cent olive oil, 6 per cent carbon black, 46 per cent 

ethanol and 22.5 per cent propylene carbonate.It had an initial performance rated as AAAAA 

in erasability, writability, storage stability, darkness and odour and final performance rated as 

BBAA in erasability, stain, odour and consistency of writing characteristics. The performance 

is identical to that of commercial black Mon Ami ink all the properties tested except that it 

rated B instead of A, in erasability after 10 days and in degree of stain. The best blue ink 

formulation (Formulation 4) was made up of 10 per cent acrylic resin, 7 per cent liquid 

paraffin, 3 per cent olive oil, 9 per cent phthalocyanine blue, 50 per cent ethanol, and 21 per 

cent propylene carbonate.It had an initial performance rated AAAA in erasability, writability, 

storage stability and darkness characteristics. The performance is identical to that of 

commercial blue Mon Ami marker ink in all the properties tested except that it rated B instead 

of A, in erasability after 10 days. In odour, the formulation which was rated B was even better 

than Mon Ami which was rated C. Ball milling and proper blending may have contributed to 

the improved quality of the products in this work relative to previous works.  At 40 
0
C, 

and70
0
C, formulation 8 was observed to have exact viscosity of 0.05 Ns/m

2
 and 0.015 Ns/m

2 

respectively. Furthermore, black formulation 8 like commercial black Mon Ami at 20 
0
C, 50 

0
C and 60 

0
C had equal drying time of 36 min, 24 min, and 20 min respectively. Liquid 

paraffin may be responsible for the poor aging erasability characteristics of the formulations 

as observed in literature. Good performance properties were easily obtained with 

phthalocyanine blue pigment unlike with carbon black. 
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Abstract 

Full vehicle finite element (FE) side impact simulates the most common types of side impact 

in realistic conditions. However, the full vehicle finite element side impact simulation as a 

development tool is an expensive and time consuming proposition in any car program. In this 

paper, a finite element subsystem side impact model called the Side Impact Subsystem 

Emulation (SISE) and a Side Impact Rigid Body model (SIRB) are proposed to provide 

effective computational side impact representations for the vehicle side structure designs. 

Structural dynamics of SISE shows a close correlation to the full finite element side impact 

results. Using rigid body model combined with an available finite element model in design 

process, can demonstrate the procedure of simplifying a large finite element model into a rigid 

body model. In the demonstration case, the general purpose template rigid body model has 

also been slightly updated and enhanced by adapting the topology, in order to show the effect 

on the correlation of the rigid model with the available finite element model. 

 

Keywords : Finite element, Side impact subsystem emulation, Side impact rigid body model, 

Full scale barrier test simulation  

 

Introduction 

Occupant safety in side impact is a key development task for automobiles. Although frontal 

impacts occur more frequently in the real world, side impacts are more serious and often lead 

to severe injuries and fatality. In order to prevent this level of severity of injury, the auto 

industry has been seeking effective analytical methods using computer simulation to access 

the development of vehicles. Unlike well established frontal impact analytical tools, the 

choice has been limited for side impact development works. Full vehicle finite element (FE) 

side impact simulates the most common types of side impact in realistic conditions. However, 

the full vehicle FE side impact simulation as a development tool is an expensive and time 

consuming proposition in any car program. 

As opposed to design-improving iterations of full vehicle FE models for side impact, where 

each iteration takes a lot of computation time, two different approaches with less computation 

time are suggested: 1) subsystem FE modeling; and 2) rigid body (RB) modeling. These 

approaches can be applied at an early stage in the design process. Subsystem FE modeling can 

contain sufficient details of the side structure, whereas RB modeling is moderately refined as 

far as the side structure is concerned. The modifications of FE and RB modeling allow a 

considerable reduction in computation time. For a 50 ms full FE model simulation, the 

required time on the advanced contemporary computer was about 72 hours, whereas the 

subsystem FE model took about 9 hours (iteration time reduction factor of 8), and the RB 

model only took about 5 minutes on the same computer (iteration time reduction factor of 

800). Both approaches allow a drastic reduction of the number of iterations. After the iteration 
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process, the lessons learned from the analyses should be implemented in the vehicle prototype 

or full vehicle FE model (if available). 

In this paper, a FE subsystem side impact model called the Side Impact Subsystem Emulation 

(SISE) and a side impact rigid body model (SIRB) are proposed. These methods will provide 

effective computational side impact representations for the vehicle side structure designs.  

 

Materials and Methods 

Model Description 

1) SISE Model 

The FE full car model consisted of the deformable Federal Motor Vehicle Safety Standards 

(FMVSS) 214 barrier with the struck car. As the first step, a full scale Lateral Impact New 

Car Assessment Program (LINCAP) simulation was performed using LS-DYNA3D (R8.1, 

Livermore Software Technology Corporation, USA). The various kinetic and kinematic data 

from structures and Side Impact Dummy (SID) were obtained for the analysis purpose. 

The FMVSS 214 barrier is composed of a deformable honeycomb barrier and a rigid cart. In 

this method, the mechanical behavior of the deformable honeycomb barrier was represented 

by two inelastic springs. To obtain the force-deformation behavior of the inelastic springs, a 

collision simulation between the FMVSS 214 barrier and a rigid wall was performed in the 

LINCAP condition. Then, the force-deformation characteristics of the bumper and crush 

block faces were obtained and applied to model the inelastic springs. The faces of the bumper 

and crush block were modeled as rigid shells. The cart was modeled as a rigid body. Finally, a 

simplified FMVSS 214 barrier model with the prescribed motion in LINCAP condition was 

constructed. Thus, the simplified barrier faces could simulate a reasonable deformation in the 

LINCAP condition during impact. 

A subsystem FE model of the vehicle was built by extracting struck side parts only. The 

model consisted of pillars, rockers, doors, and roof rails. The SIDs were positioned at the H-

points of the vehicle. A rigid body was constructed to represent the remaining vehicle 

structures with a weight. Then, nine inelastic springs were connected to the subsystem FE 

model of the vehicle as follows: 1) two inelastic springs representing the front and rear roof 

rails; 2) an inelastic spring for the roof panel connected at the top of center pillar; 3) an 

inelastic spring representing the cowl panel mechanical behavior; 4) an inelastic spring 

representing rear lock panel; and 5) three inelastic springs for the floor pan behavior attached 

at the front, middle (center pillar), and rear rocker panel. The force-deformation 

characteristics were obtained from the sectional behavior of the full side impact FE model 

results. The other ends of the inelastic springs were connected to the rigid body representing 

the remaining vehicle structures. Figure 1 shows the completed SISE FE model. 

 

2) SIRB Model 

In order to meet the vehicle safety requirements within a preset project duration time frame, 

an approach alternative to FE analysis is discussed here. Inherent to the FE method, full 

vehicle car crash simulations are very computationally time consuming, which makes it hard 

to check on the design improvements by making slight modifications to the large FE model. 

In order to enable quick response times to design changes in the numerical model, the FE 

model can be simplified into a roughly discretized multi body model consisting of rigid body 

masses, interconnected by joints with springs and dampers. The transition of a full finite 

element model into a RB model can be facilitated by the availability of a general purpose 

template RB model as available in MADYMO (7.6.1, Tass International, Netherlands) that 

has enough degrees of freedom to capture most of the important deformation modes that are 

relevant in the side impact crash condition (Fig. 2). The geometric topology of this template 
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model can still be adapted as needed, depending on the uniqueness of the design. Once the 

topology for the RB model has been determined, the stiffness characteristics of the spring 

restraints in the model have to be determined. On a component level, these stiffness curves 

can be found, either by experiments if no complete FE model is available yet, or by 

calculations on substructure models that can be extracted from similar available big FE 

models. Once the geometry and stiffness curves of the RB model have been determined, the 

confidence level of this approximating RB model can be increased by executing a few 

simulations and checking on the kinematics, and then relying on engineering experience or on 

the behavior observed from similar projects with previous vehicle programs. Once an 

acceptable baseline model has been determined, parameter studies and even optimization can 

be performed on the baseline model. Note that in most cases, the RB modeling results have a 

limited quantitatively predictive value, and can therefore only be used for trend studies. After 

the parameter study or optimization, the final RB model should lead to a proper feedback to 

the eventual design, or, as an intermediate step, to suggestions for design modifications in the 

full vehicle FE model, if available. 

 
   Figure 1. The Completed SISE Model       Figure 2. Transition of Full FE Model into RB 

Model 

 

Results and Discussion 

Full Scale Barrier Test Simulation 

1) SISE Model 

This model was run to simulate the sedan side impact behavior in the LINCAP condition 

using LS-DYNA3D. The required time on the advanced complementary computer was about 

9 hours. Thus, the model can reduce run time as much as 87.5% compared to that of full FE 

side impact model. In order to demonstrate the concept using the SISE, the structural 

dynamics and front SID responses were examined as the first step of this investigation. 

 

a) Structural Dynamics 

It is important that the dynamic intrusion of the struck side of the vehicle into the survival 

space correspond to that obtained from the full FE side impact results. The intrusion dynamics 

of SISE determines the validity of the simplified FMVSS 214 barrier. Figure 3 shows the 

level of correlation between the struck side low center pillar. Here the velocity and 

displacement are shown. Figure 4 represents the velocity and displacement behavior at the 

middle of the front door between the SISE and full FE side impact results. The intrusion 
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dynamics of SISE shows a close correlation to the full FE side impact results. These results 

imply that the simplified FMVSS barrier and SISE model can represent the overall behavior 

of the full FE side impact model. 

 
Figure 3.  Struck Side B-Post Dynamics 

 
Figure 4.  Struck Side Front Door Dynamics 

 

b) Front SID Behavior 

Figure 5 shows accelerations from the upper and lower ribs, lower spine, and pelvis for both 

results from the SISE and full FE side impact model. The level of correlation achieved for the 

pelvis and lower spine accelerations was high. The acceleration behavior from the upper and 

lower ribs matched less well with the results from the full FE side impact. However, peak 

timing behavior from the upper and lower ribs nearly coincided with those from the full FE 

side impact. Further work is required to improve the correlation of acceleration for the upper 

and lower ribs. 
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Figure 5.  Front SID Injury Response 

 

2) SIRB Model 

For demonstration purposes, an application case has been worked out within the framework of 

a project to set up a procedure to determine the vehicle safety requirements for new vehicle 

programs. The proposed approach to use the RB model, possibly combined with an available 

FE model in the design process, is described below. In this application example, a generic full 

FE vehicle model available from previous studies was taken as a reference to demonstrate the 

procedure of simplifying a large FE model into an RB model. Since results from the full FE 

model are available from the previous studies, the correlation of the RB model with the FE 

model can be checked afterwards in this demonstration case. However, these FE results are 

usually not available at an early design stage. In the demonstration case, the general purpose 
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template RB model has also been slightly updated and enhanced by adapting the topology, in 

order to show the effect on the correlation of the RB model with the available FE model. The 

procedure is applied to the full vehicle FE model in the FMVSS 214 crash condition. When 

picking some of the nodes in the FE model for which the velocity is the output of the 

simulation, the results can be compared to the RB model results, if output of similar points on 

the rigid bodies is selected. As depicted in Figures 6 and 7, the original RB model and the 

slightly enhanced, updated RB model shows improvement of the nodal velocity in the lower 

A-pillar or Front Body Hinge Pillar area, due to the enhanced flexibility by the extra joint in 

that area. 

 
Figure 6.  Comparison of velocity between Full FE and SIRB Model (Dr mid and rr, B-pillar, 

Car RHS) 
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Figure 7. Comparison of velocity between Full FE and SIRB Model (A-pillar/FBHP) 

 

Conclusion 

In this study, FE subsystem and RB side impact models were developed. For the SISE model 

in LS-DYNA3D, inelastic springs modeled with measured mechanical behavior 

characteristics were used to represent the impact deformations of roof rails, panels, and the 

floor pan. Also, a simplified FMVSS 214 barrier was implemented to save additional 

computing time. The SISE model could reduce the run time as much as 87.5 % compared to 

that of the full FE side impact model. For the SIRB model in MADYMO, it was shown that 

the numerically efficient RB model can approximate the full vehicle FE model to a certain 

degree, and trend studies can be performed with these types of fast response time RB models. 

The reduction factor of computation time of the SIRB model using MADYMO as compared 

to the full FE model in LS-DYNA3D was in the order of 1000, however, extra component 

modeling and computation efforts had to be invested in order to get the joint stiffness 

characteristics. The overall structural dynamic performance of both the SISE and SIRB 

models represented that of the full FE side impact model, so the described approaches are 

very promising. Further investigation is recommended.  
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ANALYSIS OF DYEWASTE WATER OF SHEHURI SOUTH AREA OF 
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Abstract  

   A study on dye waste water was conducted at Maiduguri, Borno state, Nigeria with the aim 

of determining the level of pollution of the area which is of great concern to the people 

residing there. Waste water samples (originating from dye activity) were collected in an 

already precleaned plastic container daily for a period of three weeks and labeled 

appropriately. The samples were digested and analyzed for some pollution indicators such as 

pH  BOD,DO, TDS, Temperature, oil & grease, phenols  as well some heavy metals 

(Pb,Cr,Cu,Ni,Fe,Cl,Mn,As,) using standard methods. Results showed high concentration of 

chromium (0.22±0.02mg/l);lead (0.12±0.02 mg/l); chloride(185±1.27 mg/l);copper(1.57±0.15 

mg/l); pH (11.65±0.17);Temperature(27.75±0.07)and BOD(8.32±0.11 mg/l)values which 

were statistically significant at p<0.05.All other parameters showed values which were within 

the acceptable limit as prescribed by WHO. Samples assumed different color due to additives 

used for coloration. The variation in concentrations as compared to control showed a smooth 

increase and decrease in  most parameters  within the sampling period which could be due to 

addition of additives, rate of simulation and absorption by soil and migration of ions in the 

medium of activity. The water was found to be highly polluted and needs further treatment for 

use in domestic, agriculture, industrial and human consumption. 

Keywords: Dye waste water, heavy metals, pollution, BOD, DO and shehuri south, 

Maiduguri. Nigeria. 

 

INTRODUCTION 

In Northern Nigeria, different communities and ethnic groups use numerous plants as dying 

agents. This has greatly influenced cultural acceptability and easy method of survival ( 

Babanet al., 2010). The synthesis of organic dye was introduced in 1871 and was practiced in 

Egypt, Persia, china and India thousands of years ago using natural materials derived from 

insect, plants, shellfish as dyestuff. (Robinson et al., 2001;Soloman etal., 2009). 

 Dyes are generally fast as they retain their color in the fiber throughout the textile 

making process and under exposure to normal wear including sunlight, water and detergent 

washing.(Talarposhti et al., 2001;Patel, and pandy,2008). Dye is a soluble compound that can 

either be absorbed or retained by the fiber. The production of dye is usually associated with 

several intermediate products and waste which are usually toxic and bio-hazardous which 

often disturb the environmental equilibrium. (Deepali and Gangwar, (2010). In particular, the 

discharge of dye-containing effluents into the water environment is undesirable, not only 

because of their colour, but also because many of dyes released and their breakdown products 

are toxic, carcinogenic or mutagenic to life forms mainly because of carcinogens, such as 

benzidine, naphthalene and other aromatic compounds (Suteu et al.,2009; Zaharias et al., 

2009). Without adequate treatment these dyes can remain in theenvironment for a long period 

of time. For instance, the half-life of hydrolyzed Reactive Blue19 is about 46 years at pH 7 

and 25°C (Hao et al., 2000). 
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Shehuri south is located in the heart of Maiduguri town with high density in population 

(BSUDP, 2013).it is located on longitudes 13
o
.E and 11.3N latitude. The area is used by local 

peasant to dye the textile materials for over forty years. Printing of fabrics by hand by artisans 

use traditional vegetables dye as well as synthetic dye such as Azo dyes and mordents. 

Mordents contain heavy metals such as iron, copper, chromium, cadmium etc. which are toxic 

in nature(Zaharias et al., 2009). The waste water leads through the tunnels towards the larger 

stream located 500m from the point of discharge. The waste is not directly used by the 

community in terms of domestic and agricultural purposes. Waste water entering in to river 

from an effluent pipe outlet can be considered as point source pollution, the concentration of 

pollutants decreases with increasing distance downstream from the source owing to dilution. 

(Abarisco, 1999). The pollutants in waste water present a specific pollution problem while 

bacteria in water degrade the organic pollution. However, the use of conventional anaerobic 

biological systems in the treatment of waste water has been relatively limited. The recycling 

of treated wastewater has been recommended due to the high levels of contamination in 

dyeing and finishing processes (i.e. dyes and their breakdown products, pigments, dye 

intermediates, auxiliary chemicals and heavy metals, etc.) (Orhon et al., 2001; Lin and Lin 

(1993). 

. Heavy metals are priority toxic pollutants that severely limit the beneficial use of 

water for domestic or industrial applications (Nouri et al., 2006). Groundwater pollution over 

the years due to contaminant leaking from the disposal sites is a big problem in many 

countries. Industries such as ceramic, painting, glass, mining, battery and manufacturing are 

considered the main sources of heavy metals in local water streams, which eventually 

contaminate groundwater with heavy metals. Landfill leachate site is another source of heavy 

metal contamination in groundwater(Tekade et al ,2011). Increase in human activities such as 

industrialization coupled with over population and increase in ambient temperature amongst 

other factors have become major environmental issues in recent years. Exposure to very low 

levels of elements such as lead, cadmium and mercury has been shown to have a cumulative 

effects, APHA (2011).Excess concentration of metals could lead to several forms of disorder 

to the human system (Kolo and Biwear, 2005). High concentration of lead (Pb) can cause 

severe damage to some sensitive organs of young boys  ,while arsenic (As) could cause skin 

itching, skin cancer and bone marrow disorder ; similarly, manganese(Mn) can impact taste 

and non-suitability in laundry.(Kolo, et al;2010). 

 

Materials and Methods 
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Sample and Sampling 
Waste water samples and control samples were collected from three different sampling 

pointsdaily for a period of three weeksin already precleaned plastic containersand 

appropriately labeled. Some of the samples were analyzed on site while the other samples 

were separated in to two parts for which one part was used for analysis while the other kept 

for 5 days in a dark well-corked container for the BOD examination.  

Digestion of Samples 

To a beaker, 100cm
3
 of the sample was transferred and 5cm

3
 of aqua regia (HNO3/HCl; ratio 

3:1) was added. The beaker with its content was placed on a hot plate and evaporated in a 

fume chamber. The beaker was then cooled and another 5cm
3
 of the aqua regia added again 

(though beaker covered) and heated on a hot plate until all the residue has dissolved.(Skoog 

and west, 1975; Radojevic & Bashkin, 1999).The procedure was repeated for every other 

sample analyzed. 

Analysis of samples  

Determination of pH 

The pH meter was switched on for about 5 minutes and the sample was stirred and poured in a 

250ml beaker into which the electrode was dipped and agitated for sometimes. The pH 

reading was taken and recorded when the pH display readout becomes steady; the pH 
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electrode was cleaned with tissue paper continuously further use and the process was repeated 

for other samples.  

Determination of Temperature:  

The temperature of samples was measured on site by the use of a thermometer (0-360
o
C) 

range.  

Determination of Colour: 

 The colour was observed by physical observation with the naked eyes 

 

Determination of Taste and Odour:  

The taste was observed while the odour perceived and noted.  

Determination of Total Dissolved Solids (TDS) 

 A clean crucible dish was dried at 105
o
C in an oven until constant weight was 

obtained. This was cooled to room temperature in a desiccator. 50cm
3
 of the water sample 

was pipetted and filtered with clean filter paper (Whatman No.1). The filtrate was transferred 

into a pre-weighed crucible and evaporated to dryness on a hot plate. The crucible was dried 

in an electric oven at 105
o
C cooled in desiccators and reweighed. The process of drying, 

cooling and weighing was repeated so that constant weigh was achieved. The result for total 

dissolved solids was calculated using the expression below; 

 Total dissolved solids (mg/l) =
V

10WW 3

12 
 

Where  

V = Volume of the sample taken 

W1 (g)  = Weight of dried (at 180
0
C) empty crucible 

W2(g ) = Weight of crucible + (dried at 105
0
C). 

 

 

Determination of Total Suspended Solid (TSS) 

100ml of water sample was filtered through an already weighed filter paper. The 

residue retain on the filter is dried in an oven at 103 to 105
0
C until the weight of the filter no 

longer changes. The increase in weight of the filter represent the total suspends solids.  

 

 

Determination of Chlorine (Ortho-Toluidine Method) 

 50 ml of water sample was placed in a 50 ml Nessler cylinder and 0.5 ml of 0 – 

Toluidine reagent was gently added and allowed to stand for 10 minutes until a yellow color 

was developed.  The color sample was then compared with a standard Nesslerise Disc.  

Determination of Dissolved Oxygen (DO) in water. 

The dissolved oxygen (DO) was determined on site using the DO probe meter 

Determination of Biochemical Oxygen Demand (BOD) in water samples 
 Using a clean graduated cylinder, 420 ml of water samples was measured and poured on 

to an amber coloured sample bottles.  The sample was cooled to about 20
o
C and poured into a 

BOD track sample bottle.  To each bottle 3.8 cm magnetic stir bar was dipped and one BOD 

nutrient Buffer pillow added for optimum bacteria growth.  A stop cork was greased and 

applied to the lip of each seal cap and placed on the neck of each bottle.  To each seal cup, one 

lithium hydrochloride powder was added by use of funnel and placed on the chassis of the BOD 

track.  Tubes were then connected; caps tightened tagged, and finally placed in an incubator.  

The stir bars were made to rotate properly and appropriate test duration (5 days) programmed 

by pressing channel number corresponding to each bottle.  After 5 days period, BOD results 
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were read directly from the BOD track display by pressing the key corresponding to each 

sample.  In above analysis, as a caution, the lithium hydrochloride particles were not allowed to 

fall into the sample, hence the use of funnel.  

Determination of Heavy Metals Analysis (AAS methods) 

The heavy metals were analyzed using the atomic absorption spectrophotometer. The 

prepared water samples were analyzed using AAS instrument at stipulated wavelength, 

temperature and lamp current.In this, appropriate lamps were placed in operating position and 

currently adjusted to the recommended value and pertinent wavelength selected for each 

element studied. The prepared aqueous sample solution was then aspirated into the flame and 

the absorbance readings were recorded.  The readings were then compared with those of the 

standard from where the actual concentrations of the elements were determined. Dilution 

factor were used in calculating the concentration of traced which was obtained by dividing the 

volume to which the sample solution was made of taking the weight of the sample used.  The 

actual concentration of the trace metal in sample was obtained by multiplying these factors 

obtained with the concentration of trace metal analysis by AAS in mg/l 

Results and Discussions 

Table 1: Mean Physical characteristic of waste dye water sample of Shehuri south area 

of Maiduguri, Nigeria. 

Location  pH Temperature(
o
) Colour Taste Odour 

A 12.0± 0.16 28.0 ± 0.07 Coloured Bitter Unpleasant 

B 11.0± 0.14 27.5 ± 0.05 Coloured Sour Unpleasant 

C 11.5± 0.21 28.0 ± 0.08 Coloured bitter Unpleasant 

Mean 11.65±0.17 27.75±0.07 Coloured Bitter Unpleasant 

Control 7.8±1.29 25±1.32 Colorless Tasteless Unpleasant 

Standard 6.5-8.5 <25 Colorless tasteless Pleasant 

 

Table 2: Mean concentration (mg/l) of some Heavy metal in waste dye water samples of 

Shehuri south, Maiduguri, Nigeria. 

Location  Pb Cr  Mn Fe  As  Cu Cd Ni 
A 0.13±0.0

1 

0,21±0.0

3 

1.64±0.

11 

5.33±0.

12 

 

0.94±0.0

3 

 

1,50±0.1

3 

0.86±0.04 0.05±0.01 

B 0.12±0.0

2 

0.20±0.0

1 

0.95±0.

06 

4.68±0.

11 

1.20±0.0

77 

1.56±0.1

7 

0.72±0.03 0.03±0.01 

C 0.11±0.0

0 

0.23±0.0

2 

1.32±0.

05 

6.22±0.

09 

0.87±0.0

2 

1.58±0.1

6 

0.63±0.02 0.05±0.00 

Mean 0.12±0.0

2 

0.22±0.0

2 

1.30±0.

06 

5.41±0.

11 

1.01±0.0

2 

1.57±0.1

5 

0.74±0.03 0.04±0.01 

Control 0.05±0.0

1 

0.06±0.0

2 

0.09±0.

01 

3.55±0.

09 

0.03±0.0

1 

0.97±0.0

2 

0.22±0.03 0.03±0.01 

Standard 0.05 1.00 0.05 3.00 0.05 1.00 0.05 0.05 
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Table 3: Mean values (mg/l) of some Organic pollution indicators in waste water 

samples of Shehurisouth, Maiduguri, Nigeria. 

Location  COD BOD TDS Oil/grease phenols TSS Chloride 
A 110±1.20 9.31±0.12 1200±13.26 23.65±0.91 1.63±0.02 345±2.19 185±1.29 

B 98±1.29 7.30±0.11 1234±12.20 19.89±1.20 1.23±0.04 234±9.20 187±1.23 

C 105±1.22 8.33±0.13 1324±14.89 22.38±1.10 1.54±0.03 198±6.29 183±1.29 

Mean 104±1.24 8.32±0.11 1253±13.45 21.97±1.07 1.47±0.03 259±5.89 185±1.27 

Control 

 

63±1.66 3.66±0.69 965±21.43 3.66±0.09 0.92±0.01 88.79±1.29 163±0.09 

Standard 150.00 30.00 500.00 10.00 0.001 100.00 150.00 

 

Discussion 

Dye waste water could either be industrial or domestic. The waste water analysis in this work 

is an effluent mainly from a domestic source rather than industrial. Shehuri south area was 

known for its heavy dye process of changing colour of fabrics using various colorants, 

additives and chemicals. Result of the analysis showed high BOD (>9mg/l); pH (>12) and 

temperature (>27); which suggest water to be alkaline and since temperature directly 

influences aquatic organisms; it regulates dissolved oxygen concentration thereby making the 

water polluted. Dyes are applied to numerous substrates for example to textiles, leather, and 

plastics, papered. In liquid form. One characteristics of dye is that the dyes must get 

completely or at least partially soluble in which it is being put to. Certain types of dye can be 

toxic, carcinogenic or mutagenic and can pose as a hazard to health. (Suteu et al., 2009) 

pH is influenced by the geology of the area, agricultural runoff and buffering capacity of 

water. The trend of value shows alkaline trend with resultant enhancement of heavy metal 

concentration (Hoa et al., 2000). BOD is measure of concentration of organic matter present 

in water. High values suggest low oxygen available to support both aquatic and human life. 

Similarly, the high COD suggest toxic conditions and the presence of biologically resistant 

organic substance of Total dissolved solids (TDS) and Total suspended solids (TSS) could be 

attributed to the high colour .the solids present in water affects the growth of plants directly, 

soil structure, permeability and aeration thus affecting plant growth.  

Statistical analysis was carried out using Statistical Package for Social Sciences (SPSS) 

version16. The data were subjected to descriptive statistics and confidence intervals were also 

computed to determine if the results agree with W.H.O. standard.  From the results, 

parameters such as Cr, Pb, and C were statistically significant at p<0.05.  

In conclusion high concentration of some parameters and heavy metals affect the flora and 

fauna of that area. Thus, there is an urgent  need for the proper management of textiles dyeing 

water of shehuri south area of the state so as to avert diseases associated with pollutants 

associated with dye waste.  
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Abstract 

 

To meet the ongoing competition on the global markets, it is essential to enhance 

automatization and productivity, whereas decreasing product lifecycles and increasing 

demands for customized products require highly flexible manufacturing systems. One way to 

meet the opposing requirements is the application of advanced information and network 

technologies in the manufacturing process. These integrations of computer technologies into 

physical systems are called cyber-physical systems (CPS). The application of CPS has a 

substantial impact on the entire product creation process, thus it is expected to lead to the 

Fourth Industrial Revolution. To support this development, the German federal government 

presented a high-tech strategy called Industrie 4.0. The key aspect of CPS is the bi-directional 

information flow between physical systems, products, resources and their digital 

representations. The interconnectivity allows an autonomous adaption of the process to 

internal and external conditions and improves the potential of remote maintenance and 

control. Thus additionally reduced down-times and maintenance cost of manufacturing 

systems can be achieved. One of the biggest challenges in the realization of consistent remote 

maintenance is to create interoperability between systems, which were previously operating 

isolated. This paper introduces the structure of a central platform for the remote maintenance 

(CRMP) of CPS. By using one platform, the complexity and expenses of the maintenance 

system can be significantly reduced. Furthermore, only one external connection is needed, 

thus reducing the security risks and minimizing the configuration costs of the CRMP. A major 

part of this contribution is the analysis of current developments in the standardization of CPS 

and existing remote maintenance systems to improve interoperability. The proposed 

architecture is scalable to ensure that the CRMP can be used for CPS of all sizes. For the 

verification a demonstrator has been developed, showing the general scenarios of remote 

diagnosis and maintenance by altering software and hardware components. 

 

Keywords: Embedded System, Industrie 4.0, Cyber-Physical Systems, Remote 

Maintenance, Production Systems 

 

Introduction 

 

In the last decades the manufacturing industry had to face some compelling changes. The 

globalization enhanced the amount of potential costumers especially for small enterprises but 

furthermore brought new competitors to the market. The increasing competition has a 

significant impact on each step of the product life cycle (PLC) [1]. The entire PLC has been 

significantly reduced, thereby the development of new product generations had to be 

advanced. This has furthermore reduced time-to-volume of each product generation, thus 

manufacturing systems require high flexibility to adapt to global developments and integrate 

new technologies into the mass production process in shorter time periods [2]. Moreover 

numerous customer demands have to be considered, leading increasingly to custom-build 

products and reduced lot sizes. The result is a vast product variety, which enhances the 

requirements for the flexibility and organization methods [3]. Another big change concerns 
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especially expensive and high-end technology devices. The customer demands shift steadily 

from buying a product to buying services [3,4]. In these cases, the distributor or manufacturer 

of the product is responsible for the application and maintenance, thus has to assure 

operability to the end-user. This service-oriented business model applies particularly to 

devices used in the manufacturing industry. 

To meet this challenge, information and computer technologies are integrated directly into the 

products and machines resulting in cyber-physical systems (CPS) [2]. One integral part of the 

CPS is the internal memory, which can consist or point to a digital representation of the 

physical entity. Thereby the information of all phases of the product life cycle can be gathered 

and used for various purposes. By making this information available for all participants and 

combining it on the shop floor, each product can be identified and its specifications can be 

considered in the fallowing process steps. A complete interconnectivity of different 

manufacturing systems leads to further advantages. One point is that the production 

information can be stored as a permanent memory for better analysis technologies, especially 

when technical difficulties occur [5]. Furthermore the whole product creation process can 

combine the different information to adapt and manage itself autonomously, thus gaining a 

constant optimization [6]. And additionally the interconnectivity and computational capacities 

can be used for following steps of the product life cycle thus enabling new service-oriented 

business models [7]. The whole development is massively supplied by more available 

network technologies, sinking prices for the hardware technologies and new software 

techniques, enabling the whole infrastructure at low costs even for small devices [8]. But to 

gain this advantages, it is essential to standardize the interfaces and communication formats of 

CPS [2]. This challenge is intensified due to the complex structure of modern CPS, which are 

composed of many components supplied by different manufacturers. For this purpose one 

goal of Industrie 4.0 is the development of new guidelines and platforms for the CPS network 

communication. Once interconnectivity is attained through standardization, new services can 

be developed by implementing CPS. One important new service is the remote maintenance of 

manufacturing systems. That is caused by the high requirements for machine availability and 

the fact that many manufacturing machines are developed and distributed by rather small 

enterprises with few capacities for on-site services. With the application of secure remote 

maintenance services, the financial strain of long journeys, inefficient use of highly qualified 

technicians and long period down-times can be significantly reduced [9]. Additionally 

preventive measures can be applied with remote diagnosis and condition monitoring, leading 

to reduced down-times and improving the reliability [7]. 

 

State of the Art and Requirements 

 

The maintenance process of future production systems is highly dependent on the specifics of 

the implemented IT-components. Currently there are several names for the concept e.g. 

Internet of Things (IoT), System of Systems (SoS), Embedded Systems (ES) and CPS, which 

are often used as synonyms. According to [2] it is beneficial to define CPS as the general 

term, while ES, IoT and SoS are subgroups of CPS. To avoid collisions with the existing 

terminology and standards, the Plattform Industrie 4.0 therefore defined a new subgroup 

called Industrie 4.0-components [10, 11]. The main feature of these I4.0 components is an 

Asset Administrations Shell (AAS), which has an internal communication interface with the 

entity. The entity can be group of devices or subordinate I4.0-components. Therefore the 

concept of AAS is highly suitable for standardization without interfering with the 
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functionality of the CPS. This allows for inexpensive upgrade of any machine to a fully 

standardized I4.0-component, thus increasing the applicability. There are numerous additional 

industry-specific requirements for the AAS to become an I4.0-component, which are not 

necessarily needed for functionality of the remote maintenance. Therefore the proposed 

system is designed for I4.0-components but can furthermore be used for the CPS which do not 

meet all requirements. Thus in this ongoing chapters the maintained System will be called 

CPS.  

 

 

 Figure 1: The concept of Industrie 4.0 components consisting of and Asset Administration 

Shell for the standardized communication and storage to external systems [12]. 

 

The remote maintenance of manufacturing systems is often seen in the context of Machine to 

Machine communication (M2M). Similar to CPS, the M2M market is highly fragmented, 

because of the lack of consistent standards [8]. Thus there is a huge amount of manufacturing 

enterprises offering their unique solutions for remote maintenance. The key factor for a 

successful remote maintenance system is to develope a highly secure access to the CPS with 

very few requirements and low expenses for the application. This can be done by applying 

similar techniques used for common computer network technologies. One very reliable option 

is the application of Virtual Private Networks (VPN), which are used to connect a computer to 

a remote network. This technology is used for example by the Telepresence Box of Trumpf 

GmbH, the Simatic Remote Services of Siemens AG and the Remote Services of ABB AG 

[13, 14, 15]. A VPN-connection for remote maintenance meets the requirements for a secure 

and cheap connection. Furthermore this methods can be applied using a fully implemented 

open source software for the connection and two company defined software programs for the 

communication, thus all interfaces can be designed very specific to the company 

requirements. In a VPN-connection, a client (remote computer) bypasses the firewall of a 

local network by port-forwarding to a VPN-Server. The client from a remote location than is 

handled like a computer within the company network, thus can access all the systems 

connected to the network. In the context of remote maintenance either the VPN-server enables 

access to the network of the end user or the Remote Maintenance Service (RMS). The first 

option would require the end user to configure the ports of his router, which would contradict 

with the plug-and-play concept of many CPS. Furthermore this could lead to high security 

risks for the server and other systems connected to the network. Therefore it is important to 

have the CPS in the role of a Client while it is maintained. The second option is to place the 

server into the network of the RMS. This option entails high security risks for the RMS, 

especially if the interface component of the CPS is not sealed. Therefore many CPS of the 
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manufacturing industry have a custom made access box, which is highly secured and isolated 

from the rest of the networks. In these systems the interface hardware, the connections and the 

communication is defined by the manufacturer.  

To enable a secure interconnectivity and bi-directional information flow between CPS, 

standards for the protocols and communication formats are currently defined by numerous 

national and international associations. These standardized CPS interfaces can be used for the 

remote maintenance, thus separate VPN-interfaces to the RMS become obsolete. An 

enormous advantage of operating with standardized interface is the ability to use one central 

remote maintenance platform (CRMP) for all CPS of different manufacturers. The 

maintenance platform can be distributed as a service, which allows small manufacturers to 

provide remote maintenance to their customers without building their own server 

infrastructure. Because of the advanced standardization of Industrie 4.0-components, the 

CRMP is mainly developed according to their requirements. 

 

 

Figure 2: With the central remote maintenance platform different manufacturers can provide 

their services for the end users. 

 

The comprehensive structure of a remote maintenance with a CRMP can be seen in Figure 2. 

A successful CRMP is dependent on several requirements. It has to work for all variations of 

CPS that are designed according to the guidelines of the Plattform Industrie 4.0. Furthermore 

additional configurations of the company networks should not be necessary for the application 

to include small enterprises without computer departments. To enhance the acceptance for the 

new technology, the end-user must always have full control over the communication, thus 

being able to start and abort the maintenance at any time. Furthermore all communication to 

external services has to be encrypted to minimize security risks. 

 

Structure and Implementation 

 

In accordance with the defined requirements, the CRMP can be designed as a special AAS 

and the administrated entities are the CPS of the end user. Therefore the digital 

representations of the various CPS have to be accessible by the CRMP. There are two 

methods to provide this requirement. In the first method the digital representations are stored 

within the CRMP. The CPS-manufacturer has to create the digital representation according to 

the format of the CRMP, thus a standardized format for the digital representations is needed. 

The main advantages are that information about the CPS can be accessed and simulations can 

be carried out even when the CPS is not connected to the CRMP. In the second method the 

digital representation is allocated on different systems e.g. on the CPS, leading to increased 
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communication and complexity of the entire system. The main advantage of the second 

method is the ability of the manufacturer to decide the format of the digital representation. For 

instance the digital representation can either be a small data file for simple CPS or an entire 

operating system within a simulation environment. In this contribution the first method is 

described to define an exemplary format for the digital representation. In both cases the main 

functionality of the CRMP consists of the remote maintenance and providing data for 

preventive measures. Additional remote procedure calls and feedbacks can be directed to the 

CPS, thus do not need to be applied into the CRMP. 

Because the end user requires full control during the remote maintenance, the process must be 

started manually by an end user at the CPS. The CPS then builds a connection to the CRMP, 

waiting for the corresponding RMS. For each request a ticket is generated in the CRMP to 

manage the authorization of the CPS and the RMS. With the authorization both CPS and 

RMS are agreeing on the partitions of the digital representation, which can be accessed for the 

maintenance session, thus the privileges of the RMS in the session can be defined and 

supervised. For each confirmed maintenance session a new thread has to be started, thereby 

enabling the simultaneous communication to different CPS and RMS. From this point on, 

both the CPS and the RMS continuously send requests for information to the CRMP. The 

requests themselves contain information and commands, which can be conveyed thus 

simulating a direct communication between RMS and CPS. 

 

Figure 3: The flow chart shows the start of a session for the remote maintenance of a CPS. 

 

As mentioned above the CRMP can be designed in accordance to the I4.0-components thus is 

seen as an I4.0-component by the other CPS. Therefor the framework and functionality can be 

described in the same way as for the AAS. The specific structure of the CRMP can vary 

significantly depending on the number of connected CPS, their complexity and the security 

level required for the communication and authentication. By using a modular structure for the 

framework and locating the tasks into different modules, a comprehensive framework can be 

developed. Depending on the requirements, the proposed modules can be further partitioned 

or combined into new modules. A high level of modularization allows the application of 

customized, state of the art software programs for each task but can significantly increase the 

complexity and influence the reliability. If different software programs are used for the 

modules, the internal communication can be realized with standardized network interfaces by 

using local ports. 

For the communication with the CPS and RMS two different interfaces have to be integrated. 

The network server module is the connection point between the modules of the CRMP and 

external networks. Sections within the server module administrate the network security and 

the communication management. The communication format of the interfaces for the RMS 
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and CPS has to be designed in accordance to the I4.0-communication standards. The 

communication within the CRMP can be designed independently to apt the module interfaces. 

Thus another task of the server module is the wrapping and unwrapping of internal 

communication into the I4.0-format. The second module administrates the authentication and 

rights management for CPS and RMS. In collaboration with the server module, the end users 

and the CPS with their specific rights and restrictions are defined and tickets and session are 

initiated in this module. The actual core tasks of the remote maintenance are located in the 

application management module. For each maintenance session between a CPS and RMS a 

new thread is started and administrated in this module and a compressed version of digital 

representation is extracted. The compressed version contains only specific partitions of the 

digital representations in accordance to the accepted security level, thus improving the 

security for the remote maintenance. 

 

Figure 4: Comprehensive Framework with modules of the CRMP. The internal 

communication can be defined by the CRMP, the external communication is wrapped into the 

I4.0 standards. 

 

Each session is comprised of the compressed digital representation and a terminal for the 

communication between CPS and RMS. The digital representation can be edited to include 

new information, while the terminal acts as a communication interface between the real CPS 

and RMS. The CPS and the RMS in the role of clients are continuously sending data within 

their requests to the server. The application management module distinguishes between data 

relating to the digital representation and data for the terminal. The terminal data is stored with 

unique identification and time steps. Thus the clients can request for the updated parts of the 

terminal, simulating a virtual communication. The content of the request aiming for the 

terminal can be encrypted and has a CPS-specific format. While a digital representation of the 

CPS is not an essential requirement in the CRMP since the necessary data can be requested 

from the CPS itself, in many use cases e.g. simulations it can be essential to access the data 

without the continues connection between CPS und CRMP. With the described structure three 

communication formats can be defined (Figure 4). The communication between CPS, CRMP 

and RMS has to be designed in accordance to the Industrie 4.0 guidelines to assure the 

interoperability between the participants. As with all Industrie 4.0 components, the inner 

communication of the CRMP is independent and can be defined by the manufacturer to the 

requirements of the software modules. This format furthermore has to be able to include 

encrypted and CPS-specific communication data to ensure high security between CPS and 

RMS. 

The exemplary implementation is designed in order to remotely maintain small I4.0-

components. To reduce complexity of the CRMP, all modules and functions can be directly 

invoked by the server and can be implemented as one software program. For the external 

Server Module

Network Security

RMS 
Interface

CPS 
Interface

Authentification and Rights Management

Application Management for Digital 
Representation and communication

Store of Digital Representations

Application
Modules

Server
Module I4.0-conform format

CPS-specific format 

CRMP-specific format 

CPS-specific format 

Digital 
Representation

CPS-specific format 



Canadian International Journal of Science and Technology,January 2017  

 

communication the Hypertext Transfer Protocol Secure (HTTPS) is recommended. While 

HTTPS is rarely used for local M2M communication because of its disadvantages for real-

time and time-critical communication, it has huge advantages for the communication between 

different systems. Because of its standardization and dissemination, a huge amount of open-

source tools and software programs can be used. Furthermore the implementation of the high 

security-tools can be managed with little effort. Another advantage is the ability to use the 

interfaces for local connections e.g. to smartphones. Furthermore web protocols like html can 

be transferred, thus data can be accessed with a common browser. Thereby no additional 

software programs for the connection of smartphones or computers are required. While the 

guidelines for I4.0-componets define the content of the digital representations, there is no 

definition of the storage format, thus allowing for a CPS-specific definition. The World Wide 

Web Consortium (W3C) has defined the Object Memory Model (OMM) to standardize the 

format in which IoT can store and represent memory data. OMM based on XML is especially 

suitable for small CPS with limited computing capacities and simple digital representations. 

XML is one of the most common web formats for communication especially for service 

oriented architectures (SOAP). Furthermore XML and HTML-documents can be nested in 

each other, thus allowing very complex structures. Therefore a graphical user interface (GUI) 

can be defined with JavaScript and HTML and wrapped into the XML-format. Thereby GUI 

can be stored in the OMM digital representation. When the RMS logs into the server, he can 

request the GUI with common web technologies and operate it in a browser. The usage of 

HTML has numerous advantages. By design it can download none public or newer version of 

the UI from corporate servers thus has a distinct ability to hide company secrets. Furthermore 

because many costumers have web browsers, no additional software programs have to be 

installed. Figure 5 shows the implementation formats. The digital representation is defined in 

OMM, which is based on XML. A specific block of the OMM contains the GUI for the 

remote maintenance and remote control, which is defined in HTML and includes JavaScript-

Software. When the maintenance session begins, the GUI is wrapped into an XML-document 

and can be send with SOAP and common HTTPS-protocol to the external maintenance 

computer. 

 

 

Figure 5: In the use case the digital representation is a XML-file with OMM specifics and 

contains a GUI in HTML and JavaScript. The GUI can be wrapped into the SOAP-format and 

send with HTTPS like a common web page. 

 

Conclusion and Outlook 

 

The application of cyber-physical systems into manufacturing machines enables new methods 

to improve the self-management and coordination of the production process. By using 
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standardized data formats for the digital representation and communication, additionally 

remote access methods can be achieved, allowing for new and centralized business models 

such as remote maintenance. By using the centralized method, unified and safe services 

become available for small manufacturers for low expenses. An integrated digital 

representation can gather data from all phases of the product life cycle which can be used for 

subsequent analyses and evaluations. The proposed architecture for the remote maintenance 

allows access to the CPS without additional software. The digital representation can be 

realized in a virtual machine or as an XML-format data. The virtual machine can process 

simulations without interfering with the physical system, whereas the XML based model 

requires small capacities thus allowing the applicability for small CPS. Further research has to 

be taken in accordance to the ongoing standardization of the World Wide Web Consortium, 

Industrial Internet Consortium and Plattform Industrie 4.0 to retain interoperability between 

the various CPS. Most importantly unified and secure communication protocols must be 

developed to isolated solutions. Furthermore the interconnectivity and centralized services can 

lead to high security risks thus further scientific work is necessary for advanced resistance 

against industrial threats. 
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ABSTRACT  

This paper attempts the mapping and determination of spatial distribution pattern of gravity 

stations in Nigeria. Also, it tries to create awareness on the need to localize the earth 

observing systems in the Country. Data used for the study are the gravity anomalies and space 

rectangular coordinates (XYZ) of six thousand one hundred and eighty eight (6,188) stations 

in Nigeria and analogue map of Nigeria. Based on the preliminary investigation, the data used 

were found to be valid, reliable and hence of satisfactory quality. The spatial distribution 

pattern of the gravity stations was determined using Nearest Neighbor Statistical technique, 

the prediction of the gravity anomalies outside the observed stations was also achieved using 

least squares collocation technique while the digital mapping was carried out using Arc GIS 

9.3 Software. Analyzing the results obtained, it was observed that the spatial distribution 

pattern of the available gravity stations is random at 5% level of significance. Also, the 

gravity stations were found to be inadequate for meaningful research on geoid determination 

and mineral exploration in major parts of Nigeria. Therefore, suggestions are made for the 

adequate provision of gravity stations through LEOS in order to enjoy beneficial gifts of 

nature associated with natural source (gravity) values in Nigeria.  

 

Key words: Mapping, Spatial distribution, gravity stations, LEOS and Nigeria 

 

 

1. INTRODUCTION 

Exploration of mineral resources has engaged the attention of man since earliest times. It is 

one of the most important activities in Nigeria today because the country is endowed with 

mineral resources which are of great economic interest. Exploration is regarded as searching 

for an object of economic benefit while mineral resources are the beneficial sub-surface 

bodies. They include solid metallic minerals such as, iron ore, zinc, tin ore etc; solid non-

metallic minerals like limestone, marble, graphite etc; liquid minerals such as oil, gas, water 

etc; and gaseous minerals like gases in buried cavities. Geophysical surveying, a branch of 

applied geophysics, is concerned with the investigation of the interior of the earth. It 

essentially involves taking measurements on or near the earth’s surface that are influenced by 

the distribution of the earth’s underground masses. Analysis of these measurements can reveal 

the physical properties of the underground minerals. These can then be applied to a range of 

investigations for the exploration of the mineral deposits and other sub-surface features of the 

earth. It is broadly divided into two methods: natural-source and artificial-source methods. 

The natural-source method, such as gravimetric method, is the one that makes use of the 

measured gravity values on the earth’s surface to search for local perturbations in the natural 

(gravity) field that may be caused by concealed underground features. Artificial-source 

method, on the other hand, involves propagation of artificial waves through the earth’s 
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interior to search for local perturbation that may be caused by the concealed geological 

features. It is generally observed, by scientists, that the natural-source method can provide 

information on sub-surface body to a significantly greater depth and is logistically simpler to 

carry out than the artificial-source method (Idowu, et.al, 2008). Generally, both natural-source 

and artificial-source methods are used for mineral exploration. However, in some countries 

including Nigeria, the artificial-source method is more widely used than the gravimetric 

method. This might not be unconnected with the inadequate gravity data, lack of 

understanding of the distribution pattern and virtually nonexistence of the maps of the 

available gravity data. Earth Observing Systems (EOS) is a program which focuses on the 

global understanding of the earth’s natural and human-induced changes. This has been 

providing, among others, gravity information on the earth’s surface at the global level. 

However, this information has not improved the density and distribution pattern of local 

gravity stations. This is probably due to the fact that Nigerian Geodesists have not thought of 

the need of making use of the global gravity information to improve the density of the local 

gravity values. Therefore, it is the objective of this paper to pull all the available Nigeria 

gravity data together, use statistical techniques to determine the distribution pattern, carry out 

spot and contour mapping of the available gravity data in addition to making a case for Local 

Earth Observing System (LEOS). This could increase the density of the local gravity values, 

ease the analysis of the gravity values and hence lead to cheaper, easier and less risky 

gravimetric exploration in addition to a more reliable gravimetric geoid determination in 

Nigeria. 

 

 

2. METHODOLOGY 

The framework of the methodology involves acquisition, determination of quality and 

processing of gravity data. This leads to the determination of distribution pattern and spatial 

mapping of gravity stations as well as prediction of gravity anomalies outside the observation 

points.   

 

Data acquisition: Gravity anomaly values and space rectangular coordinates (XYZ) of six 

thousand one hundred and eighty eight stations in Nigeria were acquired from the Geodesy 

group of the Department of Surveying and Geoinformatics, University of Lagos in Nigeria, 

Directorate of Petroleum Resources (DPR) through Shell Nigeria Exploration and Production 

Company, Nigeria (SNEPCO, 1995). A sample of the data is shown in Table 1. Also, 

analogue map of Nigeria was obtained from the office of the Surveyor General of Nigeria.  

 

Table 1: A sample of gravity anomaly data used for the research 

S/N          X (m)             Y (m)              Z (m)          LAT
0
.         LON

0
.    HT (m)   

GRAV ANOL (mgal).  

 1.    6279416.124 1026977.205  441906.108  4.00000  9.28830   24.100  .0006023623 

 2.    6280731.482 1018584.013  442312.656  4.00370  9.21180    1.700   .0009407716 

 3.    6279926.861 1023876.192  442460.613  4.00500  9.26000   67.100   

.0007904328 

 4.    6273847.271 1060015.553  442643.478  4.00670  9.59000     .600   -

.0000619997 

 5.    6280811.365 1018023.206  442644.414  4.00670  9.20670   14.000  .0009753527 

 6.    6281389.909 1014348.214  443153.176  4.01130  9.17320   33.800  .0010658772 

 7.    6280954.252 1016820.118  443328.031  4.01290  9.19580   10.600  .0009980808 

 8.    6281669.241 1012537.244  443373.970  4.01330  9.15670   36.600  .0010672664 
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 9.    6269911.956 1082810.265  443560.603  4.01500  9.79830   24.100 -

.0002225225 

 10.  6282334.812 1008145.181  443559.574  4.01500  9.11670    9.400   .0009711133 

 11.  6281184.316 1015698.642  443564.167  4.01500  9.18550   75.000  .0010865549 

 12.  6281470.697 1013675.076  443661.118  4.01590  9.16710   41.900  .0010852950 

 13.  6271579.238 1072955.755  443747.193  4.01670  9.70830   11.000 -

.0002144632 

 14.  6282097.347 1009670.423  443892.620  4.01800  9.13060   40.100   

.0010664757 

 15.  6276785.929 1041929.200  443922.983  4.01830  9.42500     1.200   

.0000943925 

 

Data Quality: The quality of data used in any experiment is a function of the precision and 

accuracy of such data. Precision is a measure of validity while accuracy determines the 

reliability of the data. Information obtained from SNEPCO (1995) and other sources of the 

data shows that the precision of instrument used for the observation was rated high due to the 

average low drift error recorded by the instrument during observation. Also, the observed 

gravity data was compared with the old gravity data usually regarded as the gold standard data 

of the same gravity station. It was observed that the two (i. e. old and new) sets of data 

satisfactorily agreed with each other. This tends to show that the accuracy of the new set of 

data is satisfactory. Based on the above information, it can be inferred that the validity, 

reliability and hence the quality of the data used in this study are satisfactory. 

  

3. DATA PTROCESSING  

The distribution pattern of the gravity stations was determined using Nearness Neighbor 

Statistical technique. Also, the prediction of the gravity anomalies was achieved using Least 

Squares Collocation technique while the digital mapping was carried out using Arc GIS 9.3 

Software.  

 

Nearest Neighbor Statistics 

The process involved, as discussed by Gatrell, et al (2009), Idowu (2007a), Lawrence, et al 

(2006) and Scot and Tout (1989), is summarized below: 

- Computation of distance (dj) between a particular gravity station and each of its 

nearness gravity stations within a particular cell using the space rectangular 

coordinates of the stations as data. Thereafter, the mean distance (Di) within the cell is 

computed using equation 1. This method was used to compute the mean distances for 

all the gravity stations.    

Di = ∑j=1
m
dj/m                       1 

Where: m = Number of nearness gravity stations, j = 1, 2, 3, ……, m 

- Computation of total mean distance (Dm) is achieved as shown in equation 2. 

Dm = ∑i=1
n
Di/n                                                                   2  

Where: n = Total number of gravity stations in Nigeria, i = 1, 2, 3,. .…, n  

- Computation of the expected mean distance (De) is given by equation 3. 

De = 1/2√P                                            3 

Where: P = n/a, a is the total area occupied by gravity stations.  

- Computation of Nearness Neighbor Statistical Index (Rn) is achieved by equation 4.  

 Rn = Dm/De                                            4              
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The range of Rn is universally accepted as        0 < Rn < 2.15 (Ayeni, 2001) 

Rn ≈ 0 implies that the gravity stations are closely clustered within the study area.  

That is, gravity stations are approximately separated by zero distances. 

Rn ≈ 1 implies that the gravity stations are randomly distributed. That is, the gravity  

stations seem to be separated by non-uniform distances. 

Rn ≈ 2.15 implies that the gravity stations are uniformly distributed. This shows that    

gravity stations are approximately separated by the mean distance. 

 

Test of Significance of Rn 

This is a test of hypothesis, using Z-statistic, to show whether or not Rn is significant 

(or reliable). It is summarized as: 

Null Hypothesis (Ho) : Zcal < Zα (Rn is significant and its value is accepted as the true    

                                             representative of the distribution pattern factor).   

Alternative Hypothesis (H1) : Zcal > Zα (Rn is not significant and its value is not                     

                                 accepted as a true representative of the distribution pattern factor).  

Zα value was obtained from the statistical table at significance level (α) = 0.05 while 

Zcal was the calculated value of Z using equations 5 and 6. 

 Zcal = (De – Dm)/σ
2
De                      5  

 σ
2
De = [0.26136/√(NP)]

2
                      6  

Where: N = total number of computed distances. 

 

Prediction of Gravity Anomalies 

A computer program written in MATLAB language was developed to provide Geodetic 

coordinates of 101,033 grid points in Nigeria at the interval of 0.033
0
 from Latitude 4.5

0
 to 

14
0
 and longitude 2.5

0
 to 14

0
. Also, using another developed computer program, these 

coordinates were converted to space rectangular coordinates. Thereafter, the acquired data and 

the coordinates of grid points were used, in Least Squares Collocation technique, to predict 

gravity anomalies at the grid points. 

 

Least Squares Collocation Technique 

Least Squares Collocation technique is an advanced least squares method. It is an appropriate 

method and a better alternative than other methods in handling gravity depended predictions 

(Ezeigbo, 1988). Its concept combines ordinary least squares adjustment to obtain parameters 

(X), filtering of residuals (V) and Least Squares prediction of signals (S) using observed 

quantities (Y). The minimum principle of Least Squares Collocation model is respectively 

described in equations (7) and (8). 

            VSAXY                         7 

      imumVCVSCS VV

T

sl

T min1                         8 

Where:  slC  = Covariance matrix between observations and signals  

              Cvv = Covariance matrix of the residuals                                                                                                     

              XYA  /     

The superscript (T) indicates the transpose of a vector and/or matrix. Its theory and detailed 

proof of equations are fully discussed in various literatures. However, for easy reference, the 

step by step applications of the equations, as stated in Idowu (2007c) and Idowu (2007d), are 

shown as follows: 
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            )(1 AXYCCV llVV                                                                   11 

Where: llC  = Covariance matrix between observations). 

The predicted gravity anomalies are regarded as signals (S) and the relevant equation used for the  

prediction is given by equation 9.  

 

Plotting of Maps 

Plotting of maps was carried out using ArcGIS 9.3 software. Analogue map of Nigeria was 

scanned, geo-referenced, digitized and saved as a layer. Spot gravity mapping was carried out 

using rectangular coordinates (X,Y) and the gravity anomalies (Δg) of gravity stations 

acquired from various gravity organizations. Thereafter, contour map was generated from the 

spot map. Later, spot and contour maps were separately superimposed on the digitized map of 

Nigeria to obtain two different digital maps. Furthermore, another spot gravity map was 

plotted using grided rectangular coordinates (X
/
, Y

/
) and the predicted gravity anomalies (Δg

/
) 

of new gravity stations and the map was superimposed on the digital map of Nigeria. 

 

4. PRESENTATION OF RESULTS 

The results obtained include spot and contour maps of gravity stations in Nigeria using the 

observed (acquired) gravity data. These are shown in Figures 1 and 2 respectively. The 

computed value of Neareest Neighbor Statistical Index (Rn) was found to be 1.0619 while the 

values of Zcal and Zα are respectively obtained as 0.0699 and 1.6500. Furthermore, a sample 

of the predicted gravity anomalies for the grided stations in Nigeria are shown in Table 2. In 

addition, the spot map of the predicted gravity anomalies, superimposed on digital map of 

Nigeria is presented as shown in Figure 3. 

 

Table 2: Predicted gravity anomalies at grid points 

 S/No.         Latitude       Longitude   Gravity Anomaly 

  100678   13.9670   13.7000         .03003841 

  100679   13.9670   13.7330         .03045813 

  100680   13.9670   13.7670         .03076298 

  100681   13.9670   13.8000         .03095101 

  100682   13.9670   13.8330         .03104599 

  100683   13.9670   13.8670         .03105849 

  100684   13.9670   13.9000         .03099815 

  100685   13.9670   13.9330         .03087571 

  100686   13.9670   13.9670         .03069357 

  100687   13.9670   14.0000         .03047037 

  100688   14.0000    2.5000         .00381269 

  100689   14.0000    2.5330         .00382751 

  100690   14.0000    2.5670         .00384292 

  100691   14.0000    2.6000         .00385800 

  100692   14.0000    2.6330         .00387321 

  100693   14.0000    2.6670         .00388903 

  100694   14.0000    2.7000         .00390452 

  100695   14.0000    2.7330         .00392015 

  100696   14.0000    2.7670         .00393640 
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Figure 1: Map of Nigeria showing gravity spot stations   
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Figure 2: Map of Nigeria showing gravity contour lines 
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Figure 3: Spot map of predicted gravity anomalies in Nigeria 
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5. ANALYSIS OF RESULTS    

Analyzing the results obtained, it can be observed that the visual display of gravity stations by 

Figures 1 and 2 has conveyed the impression that the gravity stations are randomly 

distributed. Also, the value of Rn seems to support the fact that the gravity stations are 

randomly distributed. Furthermore, from the statistical hypothesis test, at 5% significance 

level, it was shown that Rn is significant. This is because Zcal is less than Zα. Hence, it can be 

reliably inferred that the available gravity stations in Nigeria are randomly distributed. The 

results of gravity anomaly prediction, as shown in Table 2, have revealed that Least Squares 

Collocation technique has demonstrated high reliability for the prediction of gravity related 

quantities. However, further analysis of the predicted gravity anomalies showed that the 

accuracy of the predicted values for stations in the North-Western part of Nigeria fell below 

satisfaction. The reason might not be unconnected with the fact that the data used for their 

prediction are very far from them. That is, the acquired data stations have virtually no 

correlation with the stations whose gravity anomalies were predicted. The technique of Least 

Squares Collocation demands high correlation between the data and the signal stations to 

obtain satisfactory results.       

 

 

6. THE NEED FOR LEOS IN NIGERIA 

Earth Observing System (EOS) is a program of National Aeronautics and Space 

Administration (NASA), a United States government agency responsible for civilian space 

programme, aeronautics and aerospace researches. It focuses on the long time global 

observations of land surface, biosphere, atmosphere and oceans of the earth for the good 

understanding of the earth’s natural and human-induced changes. This has been providing, 

among others, global gravity information on the earth’s surface. However, this information 

has not led to the improvement of the density of local gravity stations in Nigeria. It is a 

general belief that the more the gravity stations the better the determination of the gravimetric 

geoid and the necessary information for a better gravimetric exploration. Therefore, in order 

to make the dream of better geoid determination and gravimetric exploration a reality, in 

Nigeria, there is the need for Local Earth Observing System (LEOS). This requires holistic 

approach and synergy among Nigerian Geodesists towards the establishment and observations 

of more gravity stations. During the exercise, land base, ship borne and air borne gravity 

observations can be involved in addition to the acquisition of global gravity information from 

EOS. Gravity values of other local gravity stations not covered by the above processes can be 

predicted with satisfactory accuracy using Least Squares Collocation or other prediction 

techniques. The results obtained can be integrated and analyzed to achieve the appreciable 

increase in the density of the local gravity values. This will lead to cheaper, easier and less 

risky gravimetric exploration as well as more reliable gravimetric geoid determination in 

Nigeria. 

 

 

7. CONCLUSIONS AND RECOMMENDATIONS 

This paper has attempted to carry out spatial gravity mapping and determine the distribution 

pattern of the available gravity stations in Nigeria. Based on the results obtained, the gravity 

spot and contour maps have been satisfactorily produced for Nigeria. Also, at 5% level of 

significance, the distribution pattern of the available gravity stations in Nigeria has been 

found to be random. Also, Least Squares Collocation technique has been used to predict 
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gravity anomalies at the designed grid points in Nigeria. However, the predicted gravity 

anomalies obtained for the North-Western part of the Nigeria fell below satisfactory accuracy. 

This is because the data points and the predicted points are virtually not correlated with each 

other. Also, a case has been made for LEOS to improve the density and distribution pattern of 

gravity stations in Nigeria. Therefore, it is recommended that more gravity observations 

should be carried out in the States where gravity stations are few or nonexistence. In addition, 

more gravity values at grid stations can be predicted with satisfactory degree of accuracy. 

Thereafter, Nigeria can start to derive more benefits from the good tidings associated with 

gravity, as natural-source data. 
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Abstract 

 

 Flexible manufacturing represents a dynamic field of research that continuously offers 

new theoretical and practical solutions, and, irrespective of the subsequent difficulties, they 

have got the attention of the researchers, and absorb a great researching effort. In the 

implementation and functioning stages of Flexible Manufacturing Systems (FMS) appear 

different costs, according to which the whole production is defined. A lucrative production is 

one with low costs and qualitative parameters as high as possible. The research performed by 

the authors tries to optimize some of the implementation stages and the exploitation of these 

systems and to bring novelty and usefulness to the theories already present in the specialized 

literature, using mathematical games theory. Programming a FMS in this case consists in 

determining the succession of product entry and the calculation of the costs related to the 

passage of the system from a certain state corresponding to a certain product to a state suitable 

for the production of the next item. We could compare each state of the system with 

generating a batch of products for which preparation – ending time is needed. The present 

paper will analyse the matter from the point of view of the reduction of transition costs. Game 

theory represents a powerful instrument for planning and programming the FMS production. 

 

Key words: flexibility, cost, programming, games theory 

 

 Today’s world is dominated by innovation and progress. As a sequel of rapidly 

growing worldwide research, we constantly hear that the only certainty is change. The life-

span of products tends to shorten, great producers trying to stimulate the request for the 

products or services they offer.  

 

At the same time, the production of material and spiritual goods has represented along 

the years, one of the most important and constant preoccupations of mankind. Thus, it has 

become a permanent activity, which has evolved into a more and more organized one, and 

which has allowed the satisfaction of the growing needs of mankind. The area of productions 

is an ever present-day topic. The higher the living standard of people, the higher the 

consumer’s demands towards the products they use. Producing goods tends to become quite 

scarce an activity in more and more countries. Global production and the borders of the 

producing country do not matter anymore, having in view that the goods can be sold in all 

corners of the world. The producers seek competitive advantages on all continents in order to 

set their production points. The top producing countries are generally the Asian ones, which 

offer the advantage of cheap labor force, there are other factors that have to be taken into 

consideration before opening a production point in a certain location. Monetary (fiscal) and 
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political stability could be another criterion in choosing a country that should host the 

production systems.  

 

The most important component of any production system is the decision-making one, 

which is made of managers who set up the strategies and combine the art of leadership with 

personal intuition. It is difficult to anticipate the request of the market, even if the decisions, 

in what production is concerned are taken as a result of complex marketing studies. A good 

manager knows how to adapt when taking the best profit generating decision, and ensures the 

sustainability of the organization. The adaptability of the firm to the market must be ensured 

by top-management, an entity responsible for the overall balance between request and offer. 

The companies have understood that adaptability comes from flexibility and have managed, to 

develop a profitable system, even if they don’t have serial production. This means, that 

production must be programmed so that the effort of changing according to the requirements 

of the environment and the adapting of the machines to the task should be minimum and in 

the end different products with different characteristics should result. 

 

Nowadays, when we speak of the globalization of the markets, competition has 

become multidimensional. The demand of merchandise imposed that industry should have the 

ability to make in a short period of time top-quality diverse products, at a competitive price. 

What is more, the producers must obtain benefits in order to continue their investments, 

which is a sine qua non condition for development. Financial crashes smoothen the pace of 

development and at the same time they may “fortify” the strong, the ones who know to adapt 

rapidly to the, given context. The economic crash also brings about the forced optimization of 

those who want to survive. The large corporations restructure their staff and activities, in an 

attempt to reach the highest point in performance. The need to survive, as the proverb tells us: 

“what doesn’t kill us makes us stronger”, may lead to new discoveries and may strengthen 

worldwide players as opposed to the disappearing inadaptable ones. The danger of the 

monopoly in many fields of activity is more real than ever. 

 

A rapid response to this challenge is offered by the Flexible Manufacturing Systems 

(FMS), with flexibility as a main characteristic feature of the FMS, though little known at 

worldwide scale, is not a very new concept. The high cost of implementing such a system is 

the main impediment in buying and using it. As a result of not knowing them, the potential of 

these systems is not yet well exploited. The manufacturing systems differ from the regular 

production systems by the property of “flexibility”, which actually change their entire 

functioning, being able to produce a family of products with similar characteristics, but 

different from each other. A FMS is generally implemented in order to reduce the production-

time and to generate a large diversity of products out of a well-defined typological area. 

 

Diversity in production is the reaction to the demands of the market that tends to ask 

for personalized products, even products that are unique, which should exclusively satisfy a 

particular client. We may this consider flexibility as being a key-factor of organizations which 

deal with the production of goods. Well - organized serial production is profitable, but tends 

to be “morally worn-out” nowadays, because it can satisfy a small part of the demands, 

creating many identical products in a world that wishes diversity and personalization.  

 

The established principles of economy define scale economy as being performed by  

production at the lowest costs. Applying flexibility in production, one cannot see this 

mechanism. The market studies of the marketing departments within large corporations prove 
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the desire of the consumer to own personalized products perfectly adapted to his needs. Those 

who survive are the ones who manage to make more complex and personalized products at 

the lowest costs. 

 

Creating flexibility in manufacturing is a long term investment, and the indicators 

proving its profitability will be seen only on medium or long terms. If one sees the problem 

from this angle, the FMS prove themselves to be useful and profitable. Thus, the Flexible 

Manufacturing suits better the present day profile of the demand of products on the market, in 

other words, it shapes better the fluctuations of the market. Within this aspect, the arguments 

go both ways (in two directions), on one hand, the market is not of the producer, but of the 

consumers, the clients being the ones who tell the type, the quality, the quantities, the dead-

lines, the terms and eventually the price. On the other hand, in a world that integrates itself 

and unifies, as a paradox, the individuals wish to assert and promote their identity and this 

way, the demand of products diversifies and gets personalized. Flexible manufacturing is able 

to answer significantly in both directions.  

 

The actuality of this subject consists in: 

- The ability of the producers to constantly adapt to the frequently occurring changes of the 

market. Once a new domain arises, the system is ready to adapt and create a competitive 

advantage. 

- They economize resources, like manpower, which is partially or even completely replaced 

by industrial robots. One needn’t worry about these costs when operating with such a 

system. 

- By saving energy or other resources, these systems more sensitive towards protecting 

nature and the environment. 

 

 However, the disadvantage that tends to keep away the investors from such systems is 

represented by the high implementation costs, as well as by identifying the best programming 

method, according to the needs of the producer. The investment costs are justified, because 

acquiring flexibility supposes providing the factory with top performance machines like: 

industrial robots, computer numeric control machines, automated conveyors and transporters 

and calculation systems of high performance. After the investment, one would naturally 

expect a radically changed result in the profitability of the company that has adopted this 

system. This is not always a certainty, though, because one also needs to invest in the 

programming area. A performant, yet inadequately programmed system, may generate costs 

that are even higher than those of a rigid system. 

 

 Flexible manufacturing represents then a dynamic field of research that continuously 

offers new theoretical and practical solutions, and, irrespective of the subsequent difficulties, 

they have got the attention of the researchers, and absorb a great researching effort. 

 

 Having all this in mind, we are not surprised by the emerging intersection of multiple 

research that come from different areas of knowledge in this field of great scientific interest. 

The FMS represent, by even their definition and genesis, joining points of several disciplines. 

However, as a paradox, in the specialized literature it is often stated that until now, a formal 

method hasn’t yet unanimously been accepted in order to generate a FMS.  Furthermore, one 
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cannot but mention the fact that the results obtained in FMS are not entirely certain yet, a part 

of them being practically visible, another part still awaiting acknowledgement. 

 

  This is then an area of great novelty and potential in a context in which until the 

present this seems to be the only way in which production can answer the challenges of the 

future. There aren’t significant common denominators for defining FMS, neither for 

designing them, nor for programming them for that matter. We could even say the same for 

the choice of the classes of products and for many other aspects. This area of research, scarce 

in consensual elements, naturally represents an intriguing environment for the researchers of 

this field.  

 

 On the other hand, the FMS are large targets that absorb a consistent investment. In 

this context, any reasoning or any entropic limitation of the stages of the birth and life of a 

FMS may generate considerable economical effects. This fact represents a powerful impulse 

towards research. 

 

 A FMS gives the consumer multiple benefits. Among these, the following must be 

mentioned: 

- Diversified products, favored by every client; 

- Products of high quality; 

- Low costs in some cases, due to the optimization of the FMS; 

- Rapid response to the demand. 

 

Knowing the fact that investing in a FMS is an effort for most economic agents, one 

must know the demands this system will have to answer, even from the early stages of 

designing the system. Having in mind the calculations, the system can be dimensioned and its 

components can be adjusted so that it could face the demands and the types of products. A 

high flexibility leads to high transition costs and to not using the machines at a maximum 

capacity. 

 

After the system is established, its management is very important, so that the system 

would have as little inefficient time as possible and the products would be diverse and of high 

quality. A long term, profitable FMS must follow a thorough programming of the production 

task. According to the complexity of the products of the system, the management effort of the 

flexible manufacturing grows. Flexible manufacturing actually means always producing the 

goods required by the market and the performance of programming these systems lays in 

bringing together all the characteristics of the required products. Reaching a balance between 

the demand and the production capacity is a challenge for many companies. The ideal 

moment is when the market is satisfied and the system works within certain acceptable 

economic parameters. 

 

In the implementation and functioning stages of FMS appear different costs, according 

to which the whole production is defined. A lucrative production is one with low costs and 

qualitative parameters as high as possible. In the functioning stage of flexible systems, the 

most significant costs, according to the specialized literature, are the “transition costs”, that 

represent the defining “demand” of this system. Besides the regular costs of all production 

systems (energy, manpower, materials, etc), the transition costs represent the time in which 

the system makes the effort of adapting itself to the making of the new task. This time is 

necessary for the changing of the tools, taking  the data out of the computers, checking the 
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new tools, solving errors, etc. Starting from these costs, the specialized literature deals with 

the whole reasoning of the FMS, having as a main point their reduction. The production time 

of a modern enterprise is much lower than 40 years ago, and the performance of a system is 

beginning to depend on factors other than the technology of the enterprise. Only 8% of the 

time necessary for the production of a piece represents the actual operation time in which the 

tool works on the material. The rest of 92% represent logistics and organization, when the 

pieces or the materials are transported, the machines are prepared, the tools are adjusted, or 

other activities concerning the preparation or completion of production are performed. Thus 

we can notice the necessity of reducing the auxiliary time in order to increase the general 

performance of the enterprise. 

 

The research performed by the author tries to optimize some of the implementation 

stages and the exploitation of these systems and to bring novelty and usefulness to the 

theories already present in the specialized literature, using mathematical games theory. 

Performance is achieved by the correct choice of the task, so that the costs are as low as 

possible, as close to the serial production as possible; this could be achieved by minimizing 

the transition costs. 

 

Motivating the research in the field of FMS programming had as a starting point the 

above argumentation and had the following underlying ideas: 

- The research of the efficiency of the last- generation systems such as the flexible ones is an 

impulse that raises the enthusiasm of any researcher; 

- After heavily investing in flexible production, obtaining non-profitable parameters seems a 

paradox which should be eliminated by devising new system management methods; 

- Programming the FMS is the element that gives coherence to their functioning; 

- Current programming methods are classical and do not combine solutions offered by superior 

mathematical methods, such as the theory of mathematical games. 

 

  The math game theory is considered a branch of applied mathematics that analyses the 

contradictory behavior of two players and deals with determining the decision-choice methods 

in competitions or conflicts. A conflict is a situation in which two or more factors act 

according to contrary aims (people, firms, political parties). We can exemplify these situations 

with the following: economic competitions, auction sales, parliamentary elections, and so on. 

Game theory also deals with cases when an activity comes into conflict with the natural 

events that occur at random (epidemics, droughts). In order to structure a formal, simplified 

model of the situation under research, we shall only select the main characteristics, neglecting 

the secondary ones. This theory determines the best choices in situations in which the 

interests of several parties collide. Game theory is the mathematics of conflicts. When initially 

used in the military, the two players were the two conflicting armies; if we were to apply it in 

a game of cards, on the one hand we would have the player and on the other hand – his luck. 

In a chess game, the two players are the two people using their strategies to win the game. 

Game theory is based on the balance existing in any economical system, that is: the sum of all 

losses equals the sum of all gains. So, the two interested parties could take different forms, 

according to the application, without the necessity of human presence: plants, computers, 

animals. 
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  The criterion followed in a game may represent efficiency, meaning the largest gain 

obtained by every player, and since not both of them may win, one of them wants to win the 

most and the other, to lose the least. Mathematically put, a player is called maximizing and 

the other minimizing. Every enactment decision is according to the reaction of the opposite 

party. The characteristics of a situation in which the math game theory can be additionally 

applied are: 

a) Situations of dispute; 

b) At least two players (people, parties, controlled systems); 

c) Every player has a well determined goal; 

d) The interests of the parties are contradictory; 

e) Each acts and reacts to the opponent’s action; 

f) The situations may so be abstracted that a mathematical pattern may be structured. 

 

If such a situation is identified, game theory may be applied and in order to reach a 

solution, all these have to be mathematically transposed, outlined, patterned and abstracted. 

These patterns will actually be a simplified situation imitating reality. Game theory gives 

general data and guidelines on which one can make decisions that need to be checked by 

simulation in order to be validated. 

 

Generally speaking, a conflict arises when the persons who want to win the game may 

choose between multiple strategies that could maximize/minimize their attributes. Every 

strategy comprises the moves made by the player in order to win. In order to mathematically 

quantify the advantages of every player, for every strategy available to the player, we must 

associate a probability which reflects the degree of certainty in the development of the 

player’s strategy. The pattern of a strategic game includes the set of actions that the players 

use repeatedly and in a finite number, following the rules previously established and which 

must be characterized by a probability that should reflect the degree of division in the values 

of the game, in order to generate gains. 

 

 Let’s notice that our problem presents a conflict between the variety of products that 

have to be made and as civilization   evolves, this variety also increases the ability of the 

production systems to realize this variety in economic conditions. After the acquisition and 

implementation stage of the FMS, the stress lays on optimizing its  functioning, which means 

the reduction of transition costs. These costs appear because if the system’s effort to pass 

from one state to another, from making one type of product to making another. Some might 

consider these costs related to the programming costs of the system, meaning that a better 

programmed system would operate more efficiently, with lower transition costs. Others think 

that the degree of automation and fitting of the machines and of the system are the causes of 

transition costs. Surely, both points of view are correct, because they express factors that 

influence these costs. 

 

 Due to the fact that the demand of the market is random and the storage costs 

represents immobilised values, the system would better produce smaller quantities of goods, 

satisfying the market instantly at the same time, offering the requested products in the 

requested quantity in order to get profit. When following certain frequencies in production, 

the maintaining of competitive costs could be reached, as well as the satisfaction of the 

market demands. The average transition cost is the average of all transition costs that appear 

over a given period of time in the functioning of the FMS. In the case of flexible system, with 

little transition time, these costs would significantly diminish. So, the costs are defined by 
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automation and could be compared to the preparation-ending costs of the classical, serial 

factory, generated by the issue of a production batch. The larger the batch is, the lower the 

preparation-ending costs are. The more diverse the products are, the higher the transition costs 

are, because of the adjustment process of the system to the processing of a new product. 

 

 One of the most important problems following the implementation of a flexible system 

is its programming. The system must be operated by software, which should generate the 

optimal production solution at minimal costs. The problem is twofold: 

- The product demand of the market must be satisfied - The demand is generally random. In 

order to find solutions in this respect, we must use mathematical analysis that creates 

historical reports given by the marketing departments of the enterprise. Predictions are made 

according to the previous market demand, hoping that the future demand should fit between 

these values .Production is dimensioned according to these results. 

- The system produces at minimum transition costs  – Only when it works with an exact 

quantity, which actually is either too large, or insufficient. This means that if the system is 

wanted to be economical, the products could be more or fewer than the requested quantity. 

 

 The enterprise will generate profit by selling the finite products. Hence, the enterprise 

will attempt to satisfy the demand and, at the same time, to work at costs as close to the 

optimal as possible. This is a highly debated issue by specialists all over the world who try to 

reach a real solution, easy to apply. 

 

 The transition costs are a consequence of the system` s effort to change according to 

the production task. Programming a FMS in this case consists in determining the succession 

of product entry and the calculation of the costs related to the passage of the system from a 

certain state corresponding to a certain product to a state suitable for the production of the 

next item .We could compare each state of the system with generating a batch of products for 

which preparation – ending time is needed. In programming, solutions must be given to the 

following problems: 

- Determining the optimal sequences for the product’s entry in the system. 

- The preferences of the system in order to get to minimal transition costs. 

- The similarities between the products. 

- Solutions for random production or for the request of a product that is not in the established 

program. 

 

 This stage may be considered the one giving coherence and substance to a flexible 

manufacturing system. Without this stage we would not get to a productive optimization, to 

the recovery of the investment and to a competitive advantage on the market. The 

programming has several criteria to take into consideration: 

- the reduction of the working time; 

- the reduction of non-productive time in the system; 

- reaching a maximum charge; 

- obtaining minimal stocks and so on. 

 The present paper will analyse the matter from the point of view of the reduction of 

transition costs. 
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 Game theory represents a powerful instrument for planning and programming the 

FMS production. In FMS programming two situations may occur. The first situation occurs 

when the pieces follow a known entry in production, and the second, which is closer to 

reality, is the one where the normal demand of the market is respected, and pieces enter the 

system at random. Due to the fact that a relevant research would mainly refer to the real 

model, we shall follow the situation in which the pieces enter the system at random, without 

any precedence or succession what so ever. In the given situation, a series of factors are not 

considered by the research, such as: deadlines, loading, or other factors that would only 

influence the general costs, and not the transition costs. We shall only follow the optimization 

of transition costs. 

 

 The system must produce what is required by the market, at the lowest possible costs. 

Every order must be seen as a production batch, for which the system needs to adjust. This 

represents the transition time for the flexible production, or the preparation-ending time of the 

classical production.  According to other works and by analysing the theory, its’ usefulness is 

justified by the following reasons: 

- There is a conflict between two players. We could consider the market as being one of the 

players, which tends to order the system to make varied and diverse products, without taking 

into account any economic parameter. The production system could be the other player, which 

aims at having as few changes as possible in order to be efficient. 

- There is a stake (the payments) meaning the transition costs corresponding to each 

production stage of every product, we shall make the transition-costs matrix. 

- Every player has pure strategies, which, combined in the game, constitute the mixed 

strategies. 

- The strategies are known by both of the players and their choice is based on logical and 

honest principles. 

- The main diagonal is 0, so the game uses the mathematical matrix game in which the matrix 

is always balanced because every product has a stage in its production. The main diagonal is 

0, because the stage of a product does not generated costs when the same product is made. 

- The desired result is the balance point, namely the average transition cost, in which the 

system produces a diversity of goods corresponding to the acceptable costs of the system. 

Every player follows an exact objective: the maximiser`s goal is to minimize his loss. 

- At the end of the game the used strategies will be accounted for and their input frequencies 

will be created. This will indicate the quantities of products that must enter the system, in 

order to maintain the optimal production cost. 

- The game develops in a succession of matches, in which the two players use their pure 

strategies for every match. 

- The sum of payoffs is constant, meaning that everything a player loses, the other one wins. 

 

 After applying the theory our objective will be to obtain the probabilities with which 

the products enter the system for an optimal and efficient functioning. This information will 

result from the input of every player` s strategies in the game.  

 

 Having in mind these probabilities when entering products into the system or at the 

different stages of the FMS, the value of the transition costs will definitely not cross a certain 

limit, equal to the theoretical value of the game, which is also the optimal one. Game theory 

will also provide us with a considerable part of the typological nucleus, meaning those 

products that have to be made in order to match the optimal cost given by the game. Having in 

view the fact that the market demands products at random, no matter the mathematical 
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calculations, we shall try to program the system within optimal parameters, even if restrictions 

are not imposed. 

 

 The given results may be taken into consideration in the decision making process for 

the FMS functioning, when the products are introduced in the system. They will help the 

system run efficiently, close to the theoretical value.  

 

 The major aim for which the game theory is used, is to create a balance between the 

two contradictory tendencies that appear in the flexible production.  The system would rather 

limit the pieces to being simple an easy to make, but the market demands more and more 

diverse items.  In order to maintain flexibility, the system must not produce one or few 

products only, but a large variety, which leads to an economic disaster .The balance point, 

where the market is satisfied and when the system is subjected to an average effort, is the 

optimal point and is located around the result of the game within the math game theory. 

 

 The conflict is defined by two hypotheses: 

- It is not possible that the making of a product should not generate any cost, and every 

change in the system will produce a cost. 

- If only one product is made, the system is not flexible.  

 The parameters that have to be known in this game are the following:   

P - the maximizer player, meaning the market demand to maximize the number of products, 

having the pure strategies  P1,P2….Pn; 

S - the minimizer, meaning the flexible manufacturing system that tends towards minimizing 

the states of the system in order to produce the P-s, with its pure strategies S1,S2…..Sn; 

N - the number of matches, every time a pure strategy is chosen. 

The stake is represented by the transition cost, around which the program revolves. The 

transition cost is interpreted as a time transformed in the cost necessary for the adjustment of 

the system, which is found at state j that wants the production of the item in state i. For the 

system, this cost represents a loss, but for the product it represents a gain, because it 

undergoes a processing that adds value. The strategy imposed by one of the two players 

depends on the opponent’s strategy. The actions are predictable, and the decisions are not 

free. 

The components of the game are known and the transition-costs matrix is devised (the effort 

of the system to adapt from one state to another). 

 

Accounting the results, they can be interpreted as follows. 

P= x1P1+x2P2+…+xnPn      (1) 

S=y1S1+y2S2+…+ynSn      (2) 

x1+x2+…+xn =1 și y1+y2+…+yn=1 because they are probabilities.  (3) 

 

 The interpretation could be the following: for the efficient functioning of the system, it 

must make its transitions in the given proportions of xn, and in order to have diversified 

products, they must have an entry proportion of yn in a given period of time. By using 

computer applications, all the x and y relative frequencies could be obtained, as well as the 

value of the game, which is the aim of the 2 players.  

 



Canadian International Journal of Science and Technology,January 2017  

 

 The solution to the problem offers an alternative which is optimal only from a 

technological point of view. 

 

Conclusions 

 

 Within the FMS, this contradiction exists between the diversity of products that should 

be made in the FMS and the limited production possibilities of the system. 

 

 According to game theory, the optimal solution contains both the value of the game, or 

what a player loses and the other one wins, and the strategies or actions with which the two 

players operate in order to reach this result.  

 

 The strategies of the system are its states. The more states a system has, the bigger the 

effort to “navigate” through these states is. The effort to materialize these states is equally 

high (meaning extra adjustments, extra equipment or tools and verifying devices-sets). 

 

 But this effort was called transition cost, and it represents what the system loses and 

the production task gains. The strategies of the production task (the maximizing player) are 

basically the types of products made by the system. This player wishes that the system could 

produce as many items as possible. 

 

 Any math game has a game matrix (of gains and losses, which, in the interpretation of 

FMS as a math game), is the transition costs matrix itself.  

 

Without using too advanced mathematics, we may conclude that the optimal solution 

of this game has the following components: 

1. The optimal solution for the maximizing player (the production task) consists in the 

proportions in which the different types of products have to be made so that the transition 

effort should be as big as possible.  

2. The optimal solution of the minimizing player ( the production system) consists in the 

proportions in which the system’s states must be exercised so that the transition effort should 

be as small as possible. 

3. The value of the game (what the system loses and what the production task gains) is the 

average transition cost.  

 

If the maximizer’s solution is materialized in the system, then the average transition 

cost tends towards the value of the game, coming from a higher point than this value. If the 

minimizer’s solution is adopted, then the average transition cost realized in the system tends 

towards the value of the game, coming from a lower point than this value. The minimizer’s 

solution is better, in view of reducing the average transition cost. 

 

 Using the principles of game theory, we can generate the family of products that will 

be made in the system, if the system is not yet constituted. 

 The study regarding the quality of the solutions [7, 8] shows that in the case of the 

maximizer’s and minimizer’s optimal solutions, the difference in the average, transition cost 

is of almost 18%. It is also remarkable that from the point of view of the average transition 

cost, it is better to choose any solution that contains only the types from the optimal solution 

without respecting the frequencies resulting from this solution, than to take other types from 

outside the optimal solution.  
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 The following question could also be asked: “How relevant are these results as 

compared to the actual functioning of FMS ?” Regarding the selection of the product types to 

be made in the system, the efficiency of the method is not to be questioned. As to the FMS 

programming, the minimizer’s optimal solution may offer an economizing standard, if, 

according to the market demand, another functioning of the FMS might be imposed. If it takes 

longer than expected to analyze the functioning of the FMS and if one can rely on the 

existence of stocks, then the game theory mechanism might generate a periodic adjustment for 

using the FMS according to economizing principles. 
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Co-integration and Causality Analysis of Top Seven FDI Recipient Indian States 
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Abstract  

 Given various significant benefits and win-win situation, not only countries but also 

regions within a country compete against each other in trying to attract foreign direct 

investments (FDI). Fallon and Cook (2010) conclude that governmental policy makers at the 

regional level can also have an important role in drawing targeted FDI inflow to their regions. 

Hence, there is a fierce competition among regions for FDI. Most of the studies have 

highlighted about attracting FDI inflows into regions within a country through various 

determinants and its importance. However, there are limited studies that have looked at the 

long run relationship between FDI inflows of a state (region) with other states (regions). This 

study aims to identify the existence of long run relationship among top seven FDI attracting 

Indian States (Regions) and investigating whether FDI inflows of one state could be 

influenced by FDI inflows of other states. The author tested this hypothesis using the co-

integration analysis. For this purpose, yearly data on FDI inflows from 2004 to 2014is 

considered and the states identified for the study include New Delhi, Maharashtra, Tamilnadu, 

Andhra Pradesh, Karnataka, Gujarat and West Bengal. Co-integration and causality analysis 

is used in order to investigate the long term co-integration and causality between FDI inflows 

of these states. Augmented Dickey–Fuller test and Phillips–Perron test have been used to 

check the stationarity of the data, Johansen Co-integration Test is used for estimation of the 

long run relationship, and the study also examines causal linkages between the FDI inflows of 

these states by applying the Granger causality test. The result of co-integration test statistics 

identified co-integration among these top seven states which implies existence of long-term 

relationship. 

(Keywords: Co-integration, Causality, FDI, stationarity, Indian states) 

Background 

Foreign direct investments (FDI) offer numerous benefits to destination countries (Kandogan, 

Y, 2012). Due to this, Economic policymakers in most countries go out of their way to attract 

foreign direct investment (FDI), thus, there is clearly an intense global competition for FDI 

(Lei.M, et.al 2013). Given various significant benefits, not only countries but also regions 

within a country compete against each other in trying to attract foreign direct investments 

(FDI) (Kandogan, Y, 2012).  Hence, there is a fierce competition among regions for FDI, 

which constitutes an important challenge for the local government policymakers (Phelps & 

Raines, 2003). The liberal policy measures have also enhanced competition amongst the state 

governments in India or bringing in more FDI into the respective states leading to location 

choices for investment in recent years. It is observed that the seven states out of 29 attracting 

more than 70 percent of total FDI inflows during April 2000 to May 2013 (Chatterjee.S., 

et.al.2013). There are many studies that have looked at the long run relationship between FDI 

inflows of an economy with neighbouring economies. Recently, various issues related to 

foreign direct investments are being paid more attention, at regional level. This study is an 

attempt to identify existence of long run relationship among top FDI attracting states 

(Regions) within a country and investigating whether FDI inflows of one state could be 

influenced by FDI inflows of neighbouring states. The author tested this hypothesis using the 

co-integration analysis. For this purpose, yearly data on FDI inflows from 1985 to 2014is 
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considered and the states identified for the study include New Delhi, Maharashtra, Tamilnadu, 

Andhra Pradesh, Karnataka, Gujarat and West Bengal. Co-integration and causality analysis 

is used in order to investigate the long term co-integration and causality between FDI inflows 

of these states. Augmented Dickey–Fuller test and Phillips–Perron test have been used to 

check the stationarity of the data, Johansen Co-integration Test is used for estimation of the 

long run relationship, and the study also examines causal linkages between the FDI inflows of 

these states by applying the Granger causality test.  

Literature review 

India and Association of South East Asian Nations (ASEAN-5) countries have undergone a 

progressive economic growth in the last decade and are referred as the most dynamic 

economies in the world (Masron 2013; Zhang and Ow 1996). The regional concentration of 

FDI inflows to India and to a few developed states exhibits the potential for accentuating 

regional divergences in the development process (Radhakrishnan and Pradhan 2000). 

Neighbourhood concepts with respect to FDI inflows are widely applicable in different 

contexts particularly for  India (Arindam et al. 2004). In an interesting recent study, co-

integration technique was used to investigate the integration between FDI inflows from 

ASEAN and non-ASEAN by utilizing data of FDI inflows into Malaysian manufacturing 

sector (Masron et al. 2012). These findings clearly suggest that in order to predict the 

magnitude of FDI from developing countries, the size of FDI from developed countries may 

be used as an indicator. It is thus evident from the above that most of the available literature in 

the area analyses the developing economies and highlights about attracting FDI inflows, 

determinants and its importance. Studies have also been conducted on determining factors and 

long run relationship which influence FDI inflows in China. However, there are paucity of 

literature that discusses the long run linear relationship between FDI inflows of one regions in 

a country and other regions receiving the highest FDI inflows. The present study attempts to 

fill the exiting gap in the economic literature related to relationship between highest recipients 

of FDI inflows within a country, particularly India. 

Data and Methodology 

Though inflows of FDI have shown increasing trends (Chatterjee.S., et.al.2013) during 2004 

to 2013 (www.dipp.nic.in). As per UN report, India is an investment hub only after China and 

USA for major global companies (Teli,R.B., 2014). Within the country, destination wise, 

economically advanced states have attracted the lion’s share of FDI flows to India. The top 

seven Indian states, viz., Maharashtra, Delhi, Karnataka, Tamil Nadu, Gujarat, Andhra 

Pradesh and West Bengal together accounted for over 70 per cent of FDI flows to India 

during the period April 2004 to June 2013 reflecting distinct signs of FDI concentration at the 

state level (Mukherjee, A. 2013).  

One way to analyze the unequal distribution of FDI across Indian states is to use the Index of 

Herfindahl Hirschman (Valiullin and Shakirova, 2004): 

 
where FDIjis FDI in a state j, and FDI is the total FDI into all states and k is the number of 

states. We calculated the Index for FDI distribution across Indian states for the period 2004-

2013. The time path of Index is represented in Figure 1.During the period the Index was 

rather high and exceeded its minimum value of perfectly even distribution (IHHmin= 100
2
/89 

= 112.4) by 8 to 16 times. Even for the top seven Indian states - (www.dipp.nic.in) - the Index 
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is more than 4 times higher than its minimum level for accumulated FDI during the period of 

2004-2013. Table 1  

 

 
Source: Department of Industrial Policy and Promotion (DIPP), Ministry of Commerce and 

Industry, Government of India. (Various Issues) 

 Table 1.  Inward FDI accumulated in 2004-2014 over Indian States 

States Regions FDI Inflows for the 

period 2004-2013* 

US $ millions 

Percentage 

Maharashtra Maharashtra, Dadra & Nagar 

Haveli and Daman &  Diu 

62877 31 

New Delhi Delhi,part of UP and Haryana 40512 20 

Karnataka Karnataka 14383 07 

Tamilnadu Tamilnadu and Pondicherry 10668 06 

Gujarat Gujarat 8909 04 

Andhrapredesh Andhrapredesh 8176 04 

West Bengal West Bengal, Sikkim, and 

Andaman & Nicobar Islands 

2572 01 

A l l   o t h e r    States 53574 27 

Total 201671 100 

Source: SIA Newsletter, DIPP, Government of India.* Financial Year  

 

Illustrates the division of inward FDI accumulated in 2004 - 2014 over the top seven Indian 

states. 

Data 

 

The study period selected ranges from 2004 -2014 is secondary in nature, collected from 

single 

authentic source for all the states selected for the study, i.e. DIPP, Government of India,  

statistical 
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database.. The data are presented in time series format and also in the form of databases for all 

the states starting from 2004 to 2014. Econometric Views 7 statistical tool was used for 

calculating the results of various tests. 

 

Methodology 

The study used three main tests for analysing the data: (1) Stationarity Tests [Augmented 

Dickey–Fuller Test (ADF test) and Phillips–Perron (PP test)] to check stationary of the data, 

(2) Johansen co-integration test for studying the long run relationship among the FDI inflows 

of the selected countries, and (3) Granger Causality Test in order to examine the causal 

linkages between the countries FDI inflows. 

 

Stationary Tests 

The first step before testing for co-integration was to test the time series variables for 

stationarity. Accordingly, a linear combination of two non-stationary series can be stationary, 

and if such a stationarity exists, the series was thus considered to be co-integrated (Engle and 

Granger 1987). However, this requires that the series have the same order of integration. 

Therefore, the ADF and the PP tests were performed to test whether the data are difference 

stationary or trend stationary 

and to determine the number of unit roots at their level (Dickey and Fuller 1979; Phillips and 

Perron 1988). A data series is considered as stationary if the mean and variance are constant 

(non-changing) over time and the value of covariance between two time periods depends only 

on the distance or lag between the two time periods and not on the actual time at which the 

covariance is computed. 

 

Co-integration Test 

Co-integration, an econometric property of time series variable, is a precondition for the 

existence of a long run or equilibrium economic relationship between two or more variables 

having unit roots (i.e. integrated of order one). Once it is observed that the variables are non-

stationary at their level and are in the same order of the integration, i.e. integrated of order one 

or more, co-integration test may be applied, beginning with an unrestricted vector auto-

regressive (VAR) model in which a vector of variables(X1) at time t are related to the vector 

of past variables (Johansen and Juselius 1990). Johansen approach can determine the number 

of co-integrated vectors for any given number of non-stationary variables of the same order. 

Two or more random variables are said to be co-integrated if each of the series are itself non-

stationary. This test may be regarded as a long run equilibrium relationship among the 

variables. Mathematically co-integration may be shown as: 

 
where  is the residual of the combination 

Johansen Co-integration Test 

Johansen Co-integration test is a technique for testing co-integration of many time series. All 

test variables are treated as endogenous variables in Johansen’s test. It is based on Vector auto 

Regression Model (VARs), mathematically shown as below: 

 
In order to use the Johansen test, the VAR above needs to be turned into a Vector Error 

Correction Model of the form: 
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where  and  are long run coefficient matrices. 

 

 
There are two test statistics for co-integration under Johansen approach namely Trace Statics 

and Maximum Eigen Value Statistics. 

Trace Statistics: Null hypothesis: Number of co-integrating vectors is less than or equal to r 

against an alternative of more than r. 

 
r is the number of co-integrating vectors under the null hypothesis.  is the estimated value 

for the ith ordered eigen value. 

Maximum Eigen Value Statistics: Null Hypothesis: Number of co-integrating vectors is r 

against an alternative of r+1. 

 
Granger Causality Test 

Granger Causality Test is used to capture the degree and the direction of causality among the 

variables in the study. It is a kind of statistical feedback concept which is widely used in the 

building of forecasting models. The standard Granger causality test (Granger 1988) seeks to 

determine whether past values of a variable helps in predicting changes in another variable. In 

the conditional distribution, lagged values of Yt add no information to explanation of 

movements of Xt beyond that provided by lagged values of Xt itself (Green 2003). One 

should take note of this particular technique which measures the information given by one 

variable in explaining the latest value of another variable. Additionally, it also suggests that 

variable Y is Granger caused by variable X, if variable X assists in predicting the value of 

variable Y. The test has a null hypothesis of no granger causality. 

 

Results and Discussion 

 

Unit Root Test 

Table 2 present the results of the unit root test for the variables used in the study for their 

levels and first differences. The main hypothesis for these Stationarity tests is that ‘the series 

is non-stationary’. Observing the values at Level 0, all the statistic values are lesser in 

magnitude than the critical values of both the tests. Thus, the results indicate that the null 

hypothesis of a unit root cannot be rejected for the given variable as none of the ADF and PP 

statistic value is smaller than the critical t-value at 1 %, 5 % or 10 % level of significance for 

all variables. It can thus be concluded that all the variables are non-stationary at their levels. 

At Level 1, all the values are much more negative compared to critical values at all levels of 

confidence, thus the hypothesis can  

be rejected. Further it may lead us to the conclusion that all the variables are stationary at 

Level 1, statistically determined by both the unit root tests (ADF and PP Test). Hence, all the 

variables in the study are integrated of order 1. 

 

Co-integration Test 
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After having established the time series properties of the data, the test for presence of long-

run relationship between the variables using the Johansen co-integration approach was applied 

to the data which determined the number of co-integrated vectors for any given number of 

non-stationary variables of the same order. As explained in methodology, Johansen Co-

integration test uses two different approaches in testing co-integration. On observing the trace 

statistic value from Table 3, 

the statistic value is greater than the critical value at both 5 % and 1 % confidence level under 

number of co-integrating equations equals none, thus rejecting null hypothesis and accepting 

that 

 

Table 2 Results of ADF test and PP test 

Variable 
ADF 

(c,t) 

Level 1
st
 Difference 

Order of 

Integration 
T-

statistics 
Probability 

T-

statistics 
Probability 

ADF test 

Maharashtra (0,0) -1.586562 0.5149 -1.985432 (.05965)** I(1) 

New Delhi (0,0) 1.606591 0.8854 -2.995632 (0.0000)* I(1) 

Karnataka (0,0) 0.394129 0.7932 -5.256321 (0.0000)* I(1) 

Tamilnadu (0,0) 1.029361 0.8991 -4.236541 (0.0000)* I(1) 

Gujarat (0,0) 1.36952 0.7895 -4.236523 (0.0000)* I(1) 

Andhrapredesh (0,0) 1.46952 0.8923 -5.231214 (0.0000)* I(1) 

West Bengal (0,0) 1.46952 0.7826 -3.885432 (0.0000)* I(1) 

PP test results 

Maharashtra (0,0) 1.99898 0.9891 -5.256321 (0.0000)* I(1) 

New Delhi (0,0) 1.99999 0.9291 -4.236541 (0.0000)* I(1) 

Karnataka (0,0) 0.494129 0.9123 -6.235214 (0.0000)* I(1) 

Tamilnadu (0,0) 0.594129 0.8891 -2.985432 (0.0000)* I(1) 

Gujarat (0,0) 3.172654 0.8291 -3.995632 (0.0000)* I(1) 

Andhrapredesh (0,0) 2.172653 0.9124 -4.256321 (0.0000)* I(1) 

West Bengal (0,0) 1.171222 0.9623 -6.236541 (0.0000)* I(1) 

The lag length for augmented Dickey-Fuller (ADF) test is decided based on Schwarz 

information criteria (SIC) and the maximum band width for Phillips-Perron(pp) test is decided 

based on Newey and West (1994). 

*p≤0.01; **p≤0.05 (significance) 

 

be rejected. Further it may lead us to the conclusion that all the variables are stationary at 

Level 1, statistically determined by both the unit root tests (ADF and PP Test). Hence, all the 

variables in the study are integrated of order 1. 

 

Co-integration Test 

After having established the time series properties of the data, the test for presence of long-

run relationship between the variables using the Johansen co-integration approach was applied 

to the data which determined the number of co-integrated vectors for any given number of 

non-stationary variables of the same order. As explained in methodology, Johansen Co-

integration test uses two different approaches in testing co-integration. On observing the trace 

statistic value from Table 3, 
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the statistic value is greater than the critical value at both 5 % and 1 % confidence level under 

number of co-integrating equations equals none, thus rejecting null hypothesis and accepting 

that there exists more than 1 co-integrating vector. Looking at the values under at most 1 co-

integrating equations, the statistic value is greater than the critical value at 5 % confidence 

level and less than the critical value at 1 % confidence level, the hypothesis was rejected at 5 

% level and accepted at 1 % level. This indicates that there exist 2 co-integrating equations 

among all the states’ FDI inflows at 5 % level and 1 equation at 1 % level. In the same table 

(Table 3) observing the values of Max. Eigen Value statistic, the statistic value was more than 

the critical value at 5 % confidence level under number of co-integrating equations equal to at 

most 1.  

Table 3 Results of Johansen co-integration test  

Unrestricted co-integration rank test 

Trace statistic test 

Hypothesized Eigen value Trace statistic 5% critical value 1% critical value 

No. of CE(s) 

None** 0.812135 103.4633 79.23 90.51 

At most 1* 0.692351 71.23289 59.63 68.23 

At most 2 0.612365 40.08369 39.59 50.23 

At most 3 0.712136 19.23689 43.56 50.32 

At most 4 0.592353 18.23681 39.23 41.23 

At most 5 0.702361 7.89215 20.36 29.23 

At most 6 0.593651 6.98361 13.89 14.23 

Max eigen value statistic test 

Hypothesized Eigen value Trace statistic 5% critical value 1% critical value 

No. of CE(s)     

None*  0.692356 39.23658 39.23 48.23 

At most 1* 0.612453 30.19003 37.22 49.09 

At most 2 0.872350 29.18909 25.60 39.02 

At most 3 0.493651 29.18370 19.00 25.11 

At most 4 0.769136 16.12340 19.15 25.30 

At most 5 0.592353 18.12560 17.22 21.11 

At most 6 0.702361 8.09215 14.03 20.23 

Trace test indicates 2 co-integrating equations at the 5% level. Trace test indicates 1 co-

integrating equations at the 1% level. Max-eigenvalue test indicates equations at 5% level. 

Asterisk and double asterisks denotes rejections of the hypotheses at the 5 ad 1 % level 

respectively. 

 

Thus the null hypothesis was rejected. However, the hypothesis was accepted at most 2 

cointegrating equations at both 5 % and 1 % level. Hence, Max-Eigenvalue test suggests the 

existence of 2 co-integrating equations 5 % level. The co-integration results thus suggest the 

existence of long term relationship between FDI inflows of highest FDI receiving Indian 

states selected for the study. 

 

Granger Causality Test 

Table 4 summarizes the causality test analysis. From the analysis, it is evident that FDI 

inflows in Maharashtra state have one-way granger causality with New Delhi state and the 

state of Karnataka. FDI inflows as the null hypothesis were rejected as seen in Table 4. 

Maharashtra FDI inflows also have a causal relationship with West Bengal FDI inflows. 
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Table 4 summarizes the causality test analysis. From the analysis, it is evident that 

Maharashtra FDI inflows have one-way granger causality with New Delhi FDI inflows as the 

null hypothesis was rejected as seen in Table 4. Maharashtra FDI inflows also have a causal 

relationship with West Bengal. Another unidirectional relationship was observed between 

West Bengal and Andhra Pradhesh.  A bidirectional relationship was also observed between 

Andhra Pradhesh   and New Delhi.  This to an extent indicates the existence of relationship 

between south and south eastern Indian states attracting FDI inflows. Another crucial factor 

for inflow of FDI towards an economy depends upon three critical factors: (1) welcoming 

attitude of the resident states, (2) the interest of Multi National Enterprise and (3) the market 

behaviour of other states (Pradhan 2007). Our study makes an attempt to analyse these critical 

issues which are also supported to some extend by another study by Pradhan (2007). The 

study compared the FDI inflow linkage between Maharashtra and six other Indian states viz. 

New Delhi, West Bengal, Karnataka, Andhra Pradhesh, Tamilnadu, Gujarat and concluded 

that the FDI inflows of these Indian top seven FDI recipient states  are cointegrated with 

Maharashtra’s  FDI inflows (Pradhan 2007). However, the study failed to establish any long 

run equilibrium relationship between Maharashtra’s FDI inflows and FDI inflows of West 

Bengal and New Delhi.  

Conclusion 

The main objective of the study was to examine the long run linear relationship between FDI 

inflows of Indian states receiving the highest amount of FDIs in the last decades (2004–2014). 

The empirical results of stationarity test proved that none of the series were stationary and 

need to be differentiated in order to make it stationary. It was observed that all these series 

were statistically  

Table 4 Granger causality test analysis 

 
Null Hypothesis 

F 

statistics 
Probability 

1 Maharashtra FDI inflows does not granger cause New Delhi 

FDI inflows 

0.29586 0.7653 

New Delhi FDI inflows does not granger cause Maharashtra 

FDI inflows 

4.39576 0.3256* 

2 Karnataka FDI inflows does not granger cause Maharashtra FDI 

inflows 

1.19632 0.04123* 

Maharashtra FDI inflows does not granger cause Karnataka FDI 

inflows 

1.16352 0.2354 

3 West Bengal FDI inflows does not granger cause Maharashtra 

FDI inflows 

0.36581 0.3987 

Maharashtra FDI inflows does not granger cause West Bengal 

FDI inflows 

1.72350 0.3254* 

4 Andhra Pradesh  FDI inflows does not granger cause 

Maharashtra FDI inflows 

0.36582 0.6900 

Maharashtra FDI inflows does not granger cause Andhra 

Pradesh  FDI inflows 

1.23691 0.2398* 

5 Tamilnadu FDI inflows does not granger cause Maharashtra 

FDI inflows 

0.99986 0.4653 

Maharashtra FDI inflows does not granger cause Tamilnadu 

FDI inflows 

5.42367 0.1235* 

6 Gujarat FDI inflows does not granger cause Maharashtra FDI 6.57625 0.0312 
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inflows 

Maharashtra FDI inflows does not granger cause Gujarat  FDI 

inflows 

1.23698 0.2354* 

7 New Delhi FDI inflows does not granger cause Karnataka FDI 

inflows 

2.9998 0.4987 

Karnataka FDI inflows does not granger cause New Delhi FDI 

inflows 

0.23984 0.2385 

8 West Bengal FDI inflows does not granger cause New Delhi 

FDI inflows 

2.9959 0.5900 

New Delhi FDI inflows does not granger cause West Bengal a 

FDI inflows 

0.2398 0.2395 

9 Andhra Pradesh  a FDI inflows does not granger cause New 

Delhi FDI inflows 

0.9998 0.4652 

New Delhi FDI inflows does not granger cause Andhra Pradesh  

FDI inflows 

1.2365 0.2395 

10 Tamilnadu FDI inflows does not granger cause New Delhi FDI 

inflows 

0.4956 0.05121 

New Delhi FDI inflows does not granger cause Tamilnadu FDI 

inflows 

0.4258 0.2314 

11 Gujarat FDI inflows does not granger cause New Delhi FDI 

inflows 

1.1256 0.3887 

New Delhi FDI inflows does not granger cause Gujarat FDI 

inflows 

1.2148 0.1452 

12 West Bengal FDI inflows does not granger cause Karnataka FDI 

inflows 

6.9561 0.5901 

Karnataka FDI inflows does not granger cause West Bengal FDI 

inflows 

0.2368 0.2541 

13 Andhra Pradesh  FDI inflows does not granger cause Karnataka 

FDI inflows 

0.5421 0.3652 

Karnataka FDI inflows does not granger cause Andhra Pradesh  

a FDI inflows 

0.2356 0.2358 

14 Tamilnadu FDI inflows does not granger cause Karnataka FDI 

inflows 

1.9998 0.0212 

Karnataka FDI inflows does not granger cause Tamilnadu FDI 

inflows 

0.2364 0.0245 

15 Gujarat FDI inflows does not granger cause Karnataka FDI 

inflows 

1.7723 0.3986 

Karnataka FDI inflows does not granger cause Gujarat FDI 

inflows 

1.2389 0.0254* 

16 Andhra Pradesh  FDI inflows does not granger cause West 

Bengal FDI inflows 

0.9914 0.4901 

West Bengal FDI inflows does not granger cause Andhra 

Pradesh  FDI inflows 

1.2458 0.3521 

17 Tamilnadu DI inflows does not granger cause West Bengal FDI 

inflows 

1.9825 0.4908 

West Bengal FDI inflows does not granger cause Tamilnadu 

FDI inflows 

0.2387 0.3254 

18 Gujarat FDI inflows does not granger cause West Bengal FDI 

inflows 

0.9523 0.5652 
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West Bengal FDI inflows does not granger cause Gujarat FDI 

inflows 

1.2343 0.2351 

19 Tamilnadu FDI inflows does not granger cause Andhra Pradesh  

FDI inflows 

0.7524 0.0319 

Andhra Pradesh  FDI inflows does not granger cause Tamilnadu 

a FDI inflows 

1.2358 0.3587 

20 Gujarat FDI inflows does not granger cause Andhra Pradesh  

FDI inflows 

0.7589 0.4987 

Andhra Pradesh  FDI inflows does not granger cause Gujarat 

FDI inflows 

2.358 0.3249 

21 Tamilnadu FDI inflows does not granger cause Gujarat FDI 

inflows 

2.9998 0.5921 

Gujarat FDI inflows does not granger cause Tamilnadu a FDI 

inflows 

1.2365 0.4598 

Asterisk indicates rejection of null hypothesis at 5% level. Pair Wise Granger Causality Test. 

Number of observations, 50, lag: 2. 

significant at first difference order and were also integrated in the same order. It may also be 

concluded from the above study that FDI inflows of all the considered states Maharashtra, 

New Delhi, West Bengal, Karnataka, Andhra Pradesh, Tamilnadu, and Gujarat) were co-

integrated in the long run, as evident from the Johansen Co-integration test results. The co-

integration between FDI inflows of these states also strengthen the existing fact that these 

states are integrated in long run and pattern of FDI inflows in these states is similar. The 

policy implication inferred from the study points that the FDI inflows relationship between 

these economies may be used to predict the FDI inflows in the long run. Also, by increasing 

the amount of regional integration between economies of Asia through policy measures, more 

amount of FDI inflows could be attracted that may ultimately lead to the mutual growth and 

development of these economies. There is a scope for this research work to be extended 

further by adding more economies to the present list and examine if FDI inflows of a 

particular economy in anyway affect the FDI inflows of the host nations in the long run. 
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ABSTRACT 

 

This experimental study through physiochemical characterization and fatty acid profile of oil 

extract from rhynchophorus ferrugineus larva revealed the unsaturation of the oil as a result 

of the presence of palmitoleate which is an ester of palmitoleic acid (omega 7 mono-

unsaturated fatty acid), Moisture, Ash, Iodine, saponification, cholesterol, protein, fat, crude 

fibre, acid, peroxide, mineral and vitamin contents of the oil extract were determined. Iodine 

value (128.19mg/g) is within the range of class of semi - drying oil. The golden yellow colour 

of the oil is common to high quality edible oils, the pH of the oil (5.03) is slightly acidic and 

quite comparable to that of corn oil (4.90).The peroxide value (6.93meq/kg) is in agreement 

with the maximum Codex standard peroxide value (10meq/kg). The cholesterol value of the 

oil (20.2mg/dl) is below the tolerable limit of 120 – 200mg/dl. The appreciable presence of 

minerals from AAS in parts per million are obtained for Calcium (28.32), Zinc (0.17), 

Potassium (8.63), Sodium (7.53), Magnesium (12.61), Iron (0.23). There are presence of 

vitamins A (500mg/l), D (6.41mg/l), B1 (92mg/l), E (0.61mg/l) and C (3.00mg/l), protein 

content (11.55%), crude fibre (52.57%). These data indicate that the oil could serve as a 

dietary supplement. The high saponification value (257.78mg/KOH/g) indicated that the oil is 

suitable for soap making. The consumption of raffia palm maggot oil is recommended 

because of its nutritional and medicinal values, more importantly as a food supplement. 

 

Keywords: Physiochemical characterization, Oil extract, Unsaturation, Fatty acid, 

Rhynchophorus ferrugineus larva, Food supplement. 

 

1.          INTRODUCTION 

 

Rhynchophorus ferrugineus larva, commonly known as edible maggot is a good source of 

protein, rich in fatty acid (EPPO, 2008), and contains phosphorus, calcium, zinc, etc (Murphy 

and Briscoe, 1999).The larva contains a great amount of fibre that provides a great source of 

diet roughage. The consumption of Rhynchophorus ferrugineus larva as a dietary delicacy has 

continued to be of interest over the years in some tropical areas of the world. But, the mode of 

preparation for consumption has relied solely on roasting and frying after boiled with little 

seasoning in water. Some communities consumed the raw larva without minding any health 

implications including any adverse effects of the oil contained in the larva. Systematic efforts 

have been made to carry out proximate and elemental characterization of the oil towards 

establishing the chemical, physical properties and evaluating the cholesterol level, iodine 

value, etc (Onuchukwu and Ihekire, 2000). The volatility of the oil, odour, colour, specific 

gravity etc., are issues thrown up for elucidation and other related parameters sought towards 

establishing the quality of the oil extract. 

mailto:alwayschioma4sure@yahoo.com
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 This study seeks to isolate, identify and characterize the physiochemical compositions of the 

oil extract. In addition to protein and carbohydrates, fats and oils are the third principal 

constituents of food, because they represent an important source of energy and contribute to 

the optimal performance of the body. 

2.         DETAILS EXPERIMENTAL 

2.1 Materials and Procedures  

The live (Rhynchophorus ferrugineus) larvae specimens were sourced from Oraifite town in 

Anambra State Nigeria, washed with water to keep clean, dried and milled into powdery form 

and taken to the laboratory for oil extraction and other physio- chemical characterizations. 

 

2.2 Elemental Analysis Using Atomic Absorption Spectrophotometer 

 

The sample is thoroughly mixed by shaking, and 100ml is transferred into a beaker of 250ml 

capacity. The sample is aspirated into the oxidizing air – acetylene flame or nitrous oxide 

acetylene flame. When the aqueous sample is aspirated, the sensitivity of 1% absorption is 

observed. 

 

2.3 Sample Digestion 

Weigh out 5ml of the oil sample into a digestion flask and add 20ml of the acetic acid mixture 

(650ml conc. HNO3, 80ml perchloric acid, 20 ml conc.H2SO4). Heat the flask until a clear 

digest is obtained. Dilute the digest with distilled water to the 100ml mark. Appropriate 

dilutions are then made for each element 

2.4 Determination of Fatty Acid Profile Using Gas Chromatography 
 Measure out about 2ml of oil in a small beaker and record the exact weight. The oil was 

subsequently methylated to obtain the methyl esters of the fatty acids using the method 

A.O.AC. (2006). One half micro litre of the sample was then injected into the Hewlett 

Packard 6890 Gas Chromatograph and the chromatogram of the separated fatty acid methyl 

esters was obtained as described by the Standard Analytical Methods (1999). 

 

The saponification value (S.V), iodine value (I.V), peroxide value (P.V), cholesterol value, 

crude fat, crude fibre, crude protein, glucose content and vitamin contents were determined. 

 

3.      RESULTS  

Table 1 Physical Parameters of Oil Extract from Rhynchophorus ferrugineus larvae 

Physical 

Parameter  

Value 

Colour Golden yellow 

Odour It has the aroma of the 

source 

Density 
0.80g/cm

3

  

Specific Gravity 0.80 

Viscosity 13.09 pa.s 
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Nature Liquid at room 

temperature 

Refractive Index 1.08 

Boiling Point 381K 

Fire Point 
156

o

C 

Flash Point 154
o
C 

Smoke Point 
134

o

C 

Cloud Point 
144

o

C 

Ash Content 29.35% 

pH 5.03 

 

Table 2: Chemical Parameters of Oil Extract from Rhynchophorus ferrugineus larva 

 

Chemical 

Parameter 

Value 

Iodine Value 128.19mg/g 

Acid Value 3.37mgKOH/g 

Free Fatty Acid 

Value 

1.68mgKOH/g 

Saponification 

Value 

257.78mgKOH/g 

Peroxide Value 6.93meq/kg 

Cholesterol Value 20.2mg/dl 

Glucose Content 1.04mg/g 

Crude Fibre (%) 52.57 

Crude Fat (%) 23.25 

Crude Protein (%) 11.55 

Test for 

Unsaturation Using 

KMnO
4
  

Decolourized 

Test for 

Unsaturation Using 

Bromine 

The colour of bromine 

was discharged 

 

Table 3:  Elemental Characterization by AAS  

 

Element Concentration 

(ppm) 

Aluminium (Al) ND 

Arsenic (As) ND 

Cadmium (Cd) ND 
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Calcium (Ca) 28.32 

Chromium (Cr) ND  

Cobalt (Co) ND 

Copper (Cu) 0.26 

Iron (Fe) 0.23 

Lead (Pb) ND 

Magnesium 

(Mg) 

12.61 

Manganese 

(Mn) 

0.05 

Mercury (Hg) ND 

Molybdenum 

(Mo) 

ND 

Nickel (Ni) 0.18 

Potassium (K) 8.63 

Silver (Ag) ND 

Sodium (Na) 7.53 

Tin (Sn) ND 

Zinc (Zn) 0.17 

   Note: ND = Not Detectable   

 

 Table 4:   Fatty Acid Profile Test from Gas Chromatography 

 

Compone

nt 

Name Concentration 

(ppm) 

C20 Arachidic 

Acid 

271.95 

C30+ Mellistic 

Acid 

454.25 

C17 Magaric Acid 17.26 

C18 Methyl 

Stearate 

380.73 

C14 Myristate 7.70 

C12 Lauric Acid 49515.20 

C16:2 Palmitoleate 46195.18 

C16 Palmitic Acid 249.46 

Table 5: Vitamins Composition by weight (mg/l) 

 

Vitamin Value 

Vitamin A 500 mg/l 

Vitamin E 0.61mg/l 

Vitamin C 3.00 mg/l 
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Vitamin D 6.41mg/l 

Vitamin B1 92 mg/l 

 

4.              DISCUSSION  

The physical properties of Rhynchophorus ferrugineus larva oil are presented in Table 1. The 

values obtained are closely related to the standard range approved by Standard Organization 

of Nigeria (SON). The oil being liquid at room temperature, suggests that the oil is 

unsaturated. 

The data from physical characterization also revealed in Table 1 that the smoke, flash and fire 

points of the oil extract were not significantly different. However, the high values obtained for 

both fire and flash points are indicative of the suitability of the oil extract for cooking and 

frying.  

The golden yellow colour of the oil is prevalent in high quality edible oils and the colour is 

indeed as attractive as peanut oil, with Specific gravity of 0.8 which as expected floats on 

water. This satisfies the natural characteristics of oils. 

The pH of the oil (5.03) is slightly acidic and quite comparable to the pH of edible corn oil at 

4.90. 

From the chemical characterization as shown in Table 2, the fibre, crude fat and protein 

contents, 52.57, 23.25 and 11.55% respectively suggest the attraction of the oil as a food 

supplement. The decolourization of Potassium permanganate (KMnO4) and Bromine are 

indicative of the presence of double bonds, i.e. unsaturation within the chemical structure of 

the oil extract, indicating the healthy nature of the oil. 

The peroxide value of the oil sample (6.93meq/kg) was in agreement with the maximum 

Codex Standard peroxide value which is 10meq/kg for vegetable oil deterioration. It shows 

that Rhynchophorus ferrugineus larva oil extract has significantly high peroxide value which 

suggests strongly that the oil extract has high content of unsaturated fatty acids. 

The iodine value (128.19mg/g) in Table 2, which is a measure of the degree of unsaturation 

of edible oil, is within the range of class of semidrying oils which are yet another strong 

suggestion that the oil contains some proportion of unsaturated double bonds. 

The cholesterol value of the oil extract (20.2mg/dl), which falls below the tolerable limit of 

120 – 200mg/dl (WHO, 2006), implies that using the oil extract in our daily diet would 

achieve a remarkable degree of protection from cholesterol induced diseases such as, high 

blood pressures, stroke, clogged arteries and cardiac congestion (PAC, 2007). 

The crude fibre content of the raffia larva (52.57%) shows that the maggot is very rich in 

dietary fibre. According to literature (Bokhari and Abuzuhira, 1992), it helps to prevent 

constipation by increasing the stool weight and decreasing gut transit time Fibre provides bulk 

in the diet without added calories and can give a satiating effect on appetite and also helps in 
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body weight management. However, the very low sugar content (1.04mg/g) is good for adult, 

but falls short of children’s need. 

The high saponification value (257.78mgKOH/g) of the oil extract is an indication that the oil 

is suitable for soap making. But, the limited quantity obtainable from the various modes of 

extraction makes it commercially unattractive for soap making (Onuchukwu, 1998). 

The protein content (11.55%) implies that Rhynchophorus ferrugineus larva oil extract can 

contribute significantly to the daily human protein requirements. Indeed, this is a plus for the 

quest as food by many communities. 

The elemental characterization data of the oil extract using AAS as presented in Table 3, 

shows that the oil contains Calcium, Magnesium, Potassium and Sodium in large quantities 

which are the indices of nutritive value of food. The oil also contains Iron, Copper, Zinc and 

Manganese in minute quantities. These elemental presences are known to play beneficial roles 

to the good health of a consumer. 

The Fatty Acid Profile Test by Gas Chromatography summarized in Table 4, reveals a 

preponderance of saturated and unsaturated fatty acids. The oil contains a large quantity of 

palmitoleate (C16:2) which is an ester of palmitoleic acid (omega 7 monounsaturated fatty 

acid) which indicates the presence of 16 carbon chains with two double bonds. Thus, the oil 

contains mono-unsaturated fatty acid as well as saturated fatty acid as a result of the high 

presence of  lauric acid and small quantity of other saturated fatty acids.  

From the results on the test for Vitamins presented in Table 5, the bountiful presence of 

vitamin A (500mg/l) in the oil makes the oil a good dietary supplement in Vitamin A deficient 

diets. The good presence of Vitamin D (6.41mg/l) showed that the oil may serve as a good 

dietary supplement in Calcium deficient meals. The oil contains little quantity of vitamin E 

(0.61mg/l) which is an anti-oxidant and according to literature (Hunter, 2006) is used as an 

anti-aging portion. Vitamin B1 level (92mg/l) in the oil implies that it could serve as a good 

source of Vitamin B1 in diets. Vitamin C (3.00mg/l) is contained in the oil, therefore it further 

strengthens its quality as a food supplement because according to literature (Kirk and Sawyer, 

1991), Vitamin C holds the cells together, heals wounds and builds bones and teeth.  

5.               CONCLUSIONS 

In this study, a considerable effort is made to establish the physical, chemical and even the 

biological compositions of the oil extract from Rhynchophorus ferrugineus in order to provide 

explanation for the insatiable desire in the consumption of these larvae by the people.The 

characterizations reveal that the oil extract contains condiments of high nutritional values, 

appreciable vitamins and minerals with low cholesterol value.  
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ABSTRACT 

 

In an experimental study relationship between Intolerance of Uncertainty as a 

personality characteristic and investment decision was explored.  The results showed those 

with higher tolerance of uncertainty invested more in equity stocks than in safer government 

securities. 

 

Keywords: Intolerance of Uncertainty, Investment Decisions 

 

INTRODUCTION 

 

Investment decisions are challenging and complex.  Such decisions involve a certain 

degree of risk that has to be balanced against a possible loss or a gain. From an individual’s 

point of view, an ideal situation is where the risk is minimized and gain is maximized.  

However in most cases when the risk or a possibility of a loss is minimized, the gain is also 

lower and increasing gain increases risk.  It means that in order to expect any gain, one has to 

take some degree of risk.  So, investment decisions like all other decisions have to be made in 

situations where the outcome is not known or uncertain.  While the expected gain from an 

investment is the objective of the investor, a possibility of a loss is scary and frightening.  

Therefore, a decision is usually made after calculating subjective probability of all possible 

positive and negative outcomes.  The calculation of such a probability may depend on a large 

number of factors including objective information about the investment opportunity and the 

perceptions, attitudes other personality characteristics of the decision maker that determine 

the emotional reactions to uncertainty.  The perception of the degree of risk associated with 

each alternative may vary from individual to individual.  An investment opportunity that may 

be perceived by some as promising may be frightening to others.  In this study we have 

explored the role of intolerance of uncertainty in investment decisions.  

  

Intolerance of Uncertainty (IU) was conceptualized by Freestone, Rheaume, Letarte, 

Dugas & Ladoucer, (1994) who also developed a 27 item scale to measure IU in French.   

Buhr and Dugas (2002) translated the scale in English, that has high internal consistency 

(α=.91) and good teste-retest reliability (r=.74).  IU is considered to be the way an individual 

perceives information and cognitive, emotional and behavioral reaction to ambiguous 

situations (Ladouceur, Dugas & Freestone, 1995).  It is predisposition to react negatively to 

an uncertain situation and an excessive tendency to view negative event as unacceptable 

regardless of its objective probability of occurrence (Dugas, Gosselin & Ladouceur, 2001).    
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It seems that the personality characteristics of those who have high intolerance of 

uncertainty (IU) are likely to minimize risks and choose investments with lower risks.  The 

relationship between IU and investment decisions has not been investigated in the current 

research.  However, there is some evidence that other personality characteristics, for example, 

Type A personality may be related to investment decisions (Carducci & Wong, 1998).  Type 

A individuals are highly competitive, aggressive and impatient (Friedman & Rosenman, 

1974; Houston & Snyder, 1988; Sturube, 1991).  They are willing to take higher risks to 

maximize their achievement (Carver, Coleman and Glass, 1976; Haynes & Matthews, 1988).  

This study measured financial risk through a questionnaire involving everyday situations such 

as buying stocks, bonds, automobile insurance and recreational gambling (Wong & Carducci, 

1991).  It did not investigate the extent to which willingness to take risks would affect actual 

personal finance decisions.  The results confirmed the hypothesis that Type A induvial as 

compared to Type B scored higher on a measure of financial risk taking. 

 

Pak and Mahmood (2015) have investigated the role of personality in risk tolerance.  

They found that extraversion and openness to experience were positively related whereas 

consciousness and neuroticism were negatively related to risk tolerance.  They, did not find 

any significant relationship between personality traits and investment decision but higher 

level of individual risk tolerance was associated with intention to invest in stocks.  Chitra and 

Sreedevi (2011) investigated a relationship between seven personality characteristics and 

investment decisions.  The results indicated that most of the investors were emotional, liked to 

take risks, and more concerned with return on investment.  The attitude of the investor 

towards a company was found to be related to investment decisions beyond the economic data 

indicating the rate of return (Aspara & Tikkanen, 2011).  

  

The role of intolerance of uncertainty and similar personality characteristics in 

investment decision making needs has not been yet fully explored.  Present study is a step 

towards bridging this gap in behavioral correlates of investment decision making. 

 

SAMPLE 

 

 A sample of 54 second year MBA students participated in an experimental study.  

They had completed a minimum of one graduate finance class and one accounting class.  The 

average age of the MBA students was 26 with a range from 24 to 32. There were 29 males 

and 25 females.  

 

INSTRUMENT 

 

The participants were asked to make investment decisions regarding the amount of 

funds to be invested among portfolios with different levels of risk.  The subjects were 

informed that they have inherited one hundred thousand dollars and that they are to use this 

money to help build up their retirement nest.   The subjects were given two choices. The first 

choice was to invest in a portfolio comprised of several government and low risk debt 

securities.  The second choice was to invest all the money in a portfolio made of average risk 

equity stock with higher risk. The subjects were asked to determine the percentage of their 

portfolio that would be invested in low risk government securities versus a relatively more 

risky equity stock portfolio. 

The risk tolerance of the subjects was measured by their scores on the Intolerance for 

Uncertainty Scale or IUS (Buhr & Dugas, 2002).   
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ANALYSIS AND RESULTS 

   

 The participants were asked to indicate the percentage of funds they would allocate to 

government securities and to the equity stock.  Out of total sample of 54, ten participants 

allocated equal amount of funds to government securities and equity stock. These were 

excluded from further analysis.  The rest of the sample was divided into two groups: Group 

1(N=19) who allocated more funds to equity stock and Group 2 (N=27) who allocated more 

funds to government securities. The mean IU score for Group 1 was 61.16 and for Group 2 

was 72.89.   It means that those who had relatively lower score on IU scale were more tolerant 

of the risk and  

 

Table 1- Analysis of Variance 

 

 

 

 

 

hence invested more in equity stock.  On the other hand, those with relatively higher score on 

IU scale had greater intolerance for uncertainty and therefore they invested more in safer 

government securities.  The results of the analysis (Table 1) showed that the difference 

between mean IU score of the two groups was significant (F= 5.503, p=.024 level).    

 

DISCUSSION AND CONCLUSION 

 

 The study examined the effect of individual differences, as measured by the 

intolerance of uncertainty scale (IUS), on the way investors make investment decisions. The 

results indicated that individuals who scored high on the IUS scale and thus less tolerant of 

risk invested more money in the safer government securities and less money in the relatively 

more risky equity portfolio.   These results suggest that the IUS scale plays a further 

moderating role in investment decisions than is indicated by standard measures of risk 

aversion.   Individuals with a high IUS score (high intolerance of uncertainty) invested more 

in safer option and reduced the risk compared to those with lower score on IU scale (higher 

tolerance of uncertainty).  

  Intolerance of Uncertainty may be an important characteristic for those who make 

investment decisions as individual investors or stockbrokers working for an investment 

company.  It may be used in selecting and training stockbrokers and other professionals who 

are responsible for making investment decisions and portfolio management.   
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Abstract 
 

An integrated study combining geological prospectivity mapping and geophysical 

aeromagnetic interpretation was carried out to determine hydrocarbon new business 

opportunities that may exist in the Bida Basin of Central Nigeria. Geological mapping was 

used to delineate the geological boundaries between the formations which is a significant 

initial criterion in evaluating hydrocarbon prospectivity. Processed and interpreted 

geophysical aeromagnetic data over the basin juxtaposed against the geological map has led to 

ranking of the prospectivity as Less Prospective, Prospective and More Prospective. The 

Prospective and More Prospective areas constitute new hydrocarbon business opportunities in 

the basin. The More Prospective areas are at Pattishabakolo near Bida and at Kandi near Gulu. 

Prospective areas cover Badegi, Lemu, Duba, Kutigi, Auna, Mashegu and Mokwa. 

Geochemical data show that hydrocarbon source rocks exist within the Enagi and Patti 

Formations in the northern and southern sections respectively. The geophysical aeromagnetic 

data indicates depths of more than 2,000m (> 2 Km) within the identified prospective areas. 

New business opportunities as used here refer to open acreages in Nigeria’s sedimentary 

basins that have not been licensed out by the government (Department of Petroleum 

Resources) to any operator but with significant potentials for commercial hydrocarbon 

accumulation. 

Keywords:   Hydrocarbon, aeromagnetic, business opportunity, Bida Basin 
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The Bida Basin, also known as the Mid-Niger or Nupe Basin, is located in north-central 

Nigeria (Fig. 1). The basin is one of Nigeria’s inland basins that constitute another set of a 

series of Cretaceous and later rift basins in Central and West Africa whose origin is related to 

the opening of the South Atlantic. Several commercial discoveries have been made in these 

rifted inland basins (Fig. 2) (Mohamed et al., 1999; Obaje et al., 2004). The present study has 

been carried out to determine the most prospective areas within the Bida Basin as a basis for 

accelerating investment decisions on the identified new business opportunities. 
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B). Bida Basin Reviews 

The Bida Basin is generally subdivided into two portions, namely the Northern Bida Basin 

and the Southern Bida Basin. No concrete line of subdivision can be drawn but the boundary 

 

 

 

 

 Fig. 2.  Regional tectonic map of western and central African rifted 
basins showing the  
relationship of the Muglad, Doba and East Niger Basins to the  Bida 
Basin. Locations of  
regional shear zones (marked  with half-arrow) and major zones 
extension (complete arrow)  
are shown. (Modified from Schull, 1988).  
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approximates the subdivision shown in Fig. 3. Literature on the Bida is very scanty unlike on 

the other inland basins which have been relatively more documented. The stratigraphy and 

sedimentation of Upper Cretaceous succession of the Bida Basin were documented by 

Adeleye and Dessauvagie (1972) in the central parts of the basin around Bida. The study 

defined and established the mappable litho-stratigraphic units that are currently being used for 

the Bida Basin. Interpretations of Landsat imageries and borehole logs, as well as geophysical 

data by Ojo (1984) suggested that the basin is bounded by a system of linear faults trending 

NW-SE while the gravity studies of Ojo and Ajakaiye (1989) point to a series of central 

positive anomalies flanked by negative anomalies, similar to the adjacent Benue Trough and 

typical of rift structures. 
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Some university-based research works on aero- and ground-magnetic and gravimetric 

geophysical surveys are available on parts of the Bida Basin (e.g. Adeniyi, 1985; Udensi and 

Osuzuwa, 2004). These works generally corroborate the interpretations of Ojo (1984) and Ojo 

and Ajakaiye (1989) that outlined the basin as being bounded by a system of linear faults. In 

addition to the preliminary stratigraphic investigations carried out by Adeleye and 

Dessauvagie (1972), further stratigraphic analyses were undertaken by Adeleye (1974, 1975 

and 1989) in which the type localities and type sections for the geologic formations in the 

Bida Basin were located and described. Braide (1992a, b, c) attempted some sedimentological 

interpretations of sections in parts of the Southern Bida Basin. In that study, fluvial 

depositional models were ascribed to the Lokoja Formation and parts of the Patti Formation 

indicating some relatively good quality reservoir rocks in portions of these formations. Obaje 

et al. (2004) and Akande et al. (2005) presented some source rock geochemical results on a 

few samples from the Patti Formation in the Southern Bida Basin. Both studies indicated that 

based on the few samples analyzed, sedimentary organic matter in the basin were in the early 

stages of oil generation and postulated also that the organic matter are more gas-prone than 

oil-prone. 

C).   Scope of Study and Methodologies Adopted 

The scope of the present work comprises geological mapping, geophysical aeromagnetic data 

acquisition, processing and interpretation and integrating of the results for the delineation of 

prospective areas / new business opportunities. 

i. Fieldwork and stratigraphical sample collection 

Geological fieldwork and sample collection were carried out throughout the entire Bida Basin 

to produce a comprehensive geological map and to obtain good quality samples for analytical 

studies. Macrofossil assemblages as they occur on the field were used to validate the 

correlations of the rock units. Structural analyses were undertaken on the field. The resultant 

geological map is used to construct subsurface cross-sections with the objective of delineating 

areas with thicker sediment piles. 

ii. Geophysical aeromagnetic data acquisition and processing 

Aeromagnetic maps of sheets covering the Bida Basin were acquired from the Nigerian 

Geological Survey Agency (NGSA). The maps were processed to determine probable depths 

to basement, basement topography and buried magnetic materials. The field magnetic data 

were processed using mathematical operations of the ‘Fast Fourier transform’ (FFT) 
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algorithm, which is a precursor of spectral analysis. Further processing of the aeromagnetic 

data / maps was undertaken using the GEOSOFT software to convert the aeromagnetic raw 

data to depths to basement on a colour index scale.   

D).   Results and Discussion 

i. Geological Mapping and Preparation of Prospectivity Map 

The Preliminary Geological mapping undertaken (Figs. 4-7) reveals some details of the 

composition and aerial extent as well as the inferred boundaries of the formations in the Bida 

Basin. All previous geological maps available on the Bida Basin lumped the sediments in the 

basin as one undifferentiated Nupe Sandstone, making it impossible to infer the prospectivity 

of the basin for hydrocarbon exploration and acreage assessment (Fig. 8). The delineation of 

inferred boundaries between the formations in the basin is a significant initial criterion in 

evaluating the hydrocarbon prospectivity. The geological mapping exercises identified and 

corroborated the four lithostratigraphic formations in the Northern Bida Basin and the three in 

the Southern Bida Basin identified by earlier workers. 
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In the Northern Bida Basin, four mappable lithostratigraphic units are recognized, namely, the 

Bida Sandstone (divided into the Doko Member and the Jima Member), the Sakpe 

Ironstone, the Enagi Siltstone, and the Batati Formation. These are correlatable with the 

stratigraphic units in the Southern Bida Basin (Fig. 9). In the Southern Bida Basin (which has 

been studied in more detail, e.g. Ladipo et al., 1994; Akande et al., 2005), exposures of 

sandstones and conglomerates of the Lokoja Formation directly overly the Precambrian to 

Lower Palaeozoic basement gneisses and schists. This is overlain by the alternating shales, 

siltstones, claystones and sandstones of the Patti Formation (ca. 70–100 m thick in the 

Koton-Karfi and Abaji axis). The Patti Formation is succeeded by the claystones, 

concretionary siltstones and ironstones of the Agbaja Formation. The boundaries between 

the formations have been defined in this study and have been used to prepare the geological-

prospectivity map. On the basis of the geological mapping and identification of the different 

formations in the basin, the first complete geological map of the Bida Basin has been prepared 

as shown in Figure 10. 
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Fig. 4. Mapping and logging  the Bida Sandstone (Doko Member) at 
Doko village near Bida 

Fig. 5. Mapping and logging the Enagi Siltstone at (a) Batati, (b) Enagi, 
(c) Kutigi 

Fig. 7. Dark-grey, black shales of the Ahoko Member (Patti Formation) 
exposed at a quarry in  Ahoko village on the Lokoja-Abuja expressway 
(this is the envisaged source rock in the Bida Basin equivalent to the 

Kudu Shale Member in the Enagi Formation) 

Fig. 6. Sections of the Batati Formation exposed on the road from Bida 
to Pattishabakolo (a, b); and at Kandi near Gulu  

 

Fig. 8. Available geological  
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ii. Interpretation of Prospectivity Map 

The prospectivity interpretable from the geological map in Figure 10 shows that the Bida 

Basin is made up horst and graben structures, whereas the deepest grabens lie bellow the 

Batati and Agbaja Formation outliers. These outliers which may be considered as “geological 

bright-spots” represent the most prospective areas in the Bida Basin. Pattishabakolo, 

Edozighi, Kandi and Enwan make up the localities within these geological bright-spots in the 

Northern Bida Basin, whereas Agbaja and some localities around Gegu-Beki constitute the 

geological bright-spots in the Southern Bida Basin (Figs. 11-14). 

Most of the areas covered by the Enagi and Patti Formations are presumed to be of relatively 

moderate depth to basement, with the depth increasing towards the centre of the basin (Fig. 

13). These areas are prospective in terms of sediment thickness but relatively less prospective 

than those areas covered by Batati / Agbaja Formations but more prospective than the areas 

covered by the Bida Sandstone. Such prospective areas include localities around Adogo, 

Pizhi, Duba, Kachegi, Kutigi, Ndaba, Badegi, Agaie, Gulu, Muye, Gerinya, Abaji, Ahoko and 

Gegu-Beki.  

 

The least prospective areas are those localities covered by the Bida Sandstone. These least 

prospective areas include Bida, Doko, Jima, Baro, Wushishi, Pategi, Kotonkarfe and Lokoja 

(Fig. 10). 
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iii.  Geophysical Aeromagnetic Data 

The geophysical aeromagnetic data comprise the raw data (acquired/purchased from the 

Nigerian Geological Survey Agency, NGSA) (Fig. 15a,b) and the processed and interpreted 

data that shows the depth to basement in colour index (Fig. 16a,b). Raw data were obtained 

on most of the sheets (individually) covering the sedimentary cover of the Bida Basin and 

merged together for a composite interpretation. The results of the aeromagnetic processing 

and interpretations have assisted to refine and redefine the earlier geologically postulated 

prospective areas. Aeromagnetic geophysical measurements normally target magnetic 

materials (magnetic minerals and rocks), which are normally most abundant in basement 

rocks and least in sedimentary rocks. Most interpretations assume zero value for sedimentary 

cover, such that lesser values are interpreted for deeper lying basement and higher values for 

near-surface basement or higher concentration of magnetic minerals (magnetic, haematite, 

ironstones, etc). For this reason, the aeromagnetic data for the Bida Basin must be carefully 

juxtaposed against the geological map. This is so because the Bida Basin is the only 

sedimentary basin in Nigeria with abundant ironstones in the formational lithologies (Sakpe 

Ironstone, Batati Ironstone, Agbaja Ironstone; with the other formations also containing 

significant amount of ferruginous components). Data over these areas may be interpreted as 

near-surface basement whereas the high magnetic values may be as a result of thick sections 

of sedimentary ironstones. 

Preliminary interpretation of the geophysical aeromagnetic data over the Bida Basin agrees 

generally with the geological mapping interpretation, except that the aeromagnetic 

interpretation has widened the extent of prospective areas (Fig. 17). The interpreted 

aeromagnetic data map is divisible into four prospective zones (Fig. 17) which generally 

correlate with the geologically defined prospective areas. Zone 1 is made up of a deep NW-

SE trough comprising the Pattishabakolo prospective area extending through Wuya, Ndaba, 

Badegi, Egbati, Agaie, etc. Zone 2 is the East-West trench of the Gulu – Kandi – Enwan – 

Muye – Gerinya prospective area. Zone 3 prospective areas correlate with the Gulu – Duma – 

FCT – Ahoko – Agbaja trough while Zone 4 is the geologically mapped Enagi surface cover 
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in the northwestern portion of the basin with prospective areas covering Kutigi, Kudu, 

Bokani, Robizi, Pizhi, Adogo,  

Kwati, Lemu, etc. Most parts of the Zone 1, Zone 2 and Zone 3 prospective areas are expected 

to have been filled with the Batati Formation at the top (on the surface) but as can be seen in 

Figure 10, the Batati Formation was mapped only as isolated outliers. It is probable the depths 

to basement are independent of formational correlation or the Batati Formation was eroded in 

most parts that it should have been encountered. The geological map in Figure 10 already 

indicates that the central part of the northwestern portion of the Bida Basin widespreadly 

covered with the Enagi Formation would have isolated deep sections of prospective areas. 

This interpretation conforms to the aeromagnetic data interpretation for that zone. Although 

the aeromagnetic interpreted data did not give exact depth to basement, it has indicated that 

most of the identified prospective areas have sediment thickness beyond 2,000 meters (>2 

km). 
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E). Prospects and Challenges 

Prospects 

i. Presentation to DPR 

A presentation of the report on the Bida Basin Hydrocarbon Exploration Research Project was 

made to the Department of Petroleum Resources (DPR) at its Lagos office on 12
th

 February 

2014 for technical audit and peer review queries. Presentation was well received. DPR 

advised that same presentation be made to NNPC/NAPIMS/FES to enable full scale detailed 

exploration by NNPC in partnership with IBBU and Niger State Midland Petrogas Resources 

Ltd (MPRL). DPR would advise Government accordingly to facilitate allocation of the 

identified prospective acreages. It also advised that investors can be scouted for to carry out 

seismic acquisition on the prospective areas. Generally, more data needed to be generated, 

geophysical, geochemical, and sedimentological, to enable better reserve estimation modeling 

and selection of appropriate drilling locations for wild-cats. 

 

ii. Chinese Investors  

The Shenkang Group of China visited Niger State in the period 12
th

 – 16
th

 June 2014. They 

were taken round to prospective areas in the Bida Basin. Additional one shallow well (Kudu-

2)  was drilled at Kudu during the period to enable a further and on-the-spot assessment of the 

oil sleeks reported in the earlier drilling exercise (Kudu-1). In the presence of members of the 

Shenkang Group, the oil sleeks were encountered at depths of 44-60m. Samples were 

collected by the Shenkang Group for further analysis in China. The Group expressed general 

satisfaction with the preliminary basin assessment and it is currently working technical 

cooperation with Niger State Government and IBB University. 

 

Challenges 

i. Slow Pace of Data Synchronization 

Petroleum being an item on the Exclusive Legislative List coming directly under the 

jurisdiction of the Federal Government made it difficult for the research study, carried out 

entirely through the instrumentality of the State Government, and the NNPC to progress at the 

same pace. This study has matured the oil and gas exploration in the Basin to the point of 
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buying in or take-over by the NNPC/NAPIMS (FES) but for some curious reasons, the NNPC 

is yet to allow for harmonization and synchronization of data.  

 

ii. Further Data Generation  

The more data that can be generated, the more investors’ confidence is upgraded. In line of 

this and in order to meet the MOU agreement with Energy Commission of Nigeria, Technical 

Committee/IBBU will need to drill two more data collection wells (cores) at Makera (near 

Kontagora) and at Mokwa. Energy Commission will drill at Gaba and Duba. Samples will be 

analyzed sedimentologically and petrophysically to generate reservoir/oil kitchen data and 

organic geochemically to generate further source rock and migration data. Naturally, seismic 

data should be acquired over the identified prospective areas. Availability of these data will 

attract more investors to acquire exploration blocks in the Bida Basin. The basin would also 

have been hugely de-risked. 

iii. Current Downturn in the Price of Petroleum 

The discovery and exploitation of Shale gas and Shale oil in the United States have led to 

significant lowering in the price of petroleum at the international market, making further 

investments in oil and gas globally unattractive at the moment.   

F).  Conclusions 

The Bida Basin is the least studied of all Nigeria’s inland frontier basins. This is because not a 

single exploratory well has penetrated the sequences in the basin, making access to subsurface 

data very difficult. This study has carried out preliminary geological mapping and completed 

a prospectivity map for the Bida Basin. The study has also processed and interpreted 

geophysical aeromagnetic data over the basin with the aim to assess the depth to basement, 

basement topography and refining of locational prospectivity evaluation necessary for the 

selection of new business opportunities.  

 

From the preliminary geological map prepared, prospective areas, ranked as Less Prospective, 

Prospective and More Prospective are discernable. Pattishabakolo, Edozighi, Kandi and 

Enwan make up the More Prospective localities (geological bright spots) in the Northern Bida 

Basin, whereas Agbaja and some localities around Gegu-Beki constitute the geological bright-

spots in the Southern Bida Basin. Most of the areas covered by the Enagi and Patti 

Formations constitute the Prospective areas. These areas are prospective in terms of sediment 
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thickness but relatively less prospective than those areas covered by Batati / Agbaja 

Formations but more prospective than the areas covered by the Bida Sandstone. Such 

prospective localities include the areas around Auna, Pizhi, Duba, Kachegi, Kutigi, Lemu, 

Mokwa, Badegi, Agaie, Muye in the Northern Bida Basin and Gerinya, Abaji, Ahoko and 

Gegu-Beki in the Southern Bida Basin. Geophysical aeromagnetic data evaluation indicates a 

depth of up more than 2,000m (> 2 Km) within the identified prospective areas. It is 

recommended that the first wells to be drilled in the basin should be located at Pattishabakolo 

(near Bida) and at Kandi (near Gulu) at co-ordinate localities to be determined by further 

lease operator-determined prospectivity studies (2-, 3-, 4-D seismic studies, etc). Prospects 

and Challenges have been highlighted. 
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Abstract 
In the last decade, the variable selection problem has become increasingly important. In high 

dimensional datasets, the variable selection is fundamental for the statistical modeling, 

because it is able to select only the few variables which help to explain the variable of interest 

making so possible to understand the true mechanism of propagation of the effect. In the 

literature, this problem is often treated with the methods of the penalized regressions, but not 

exhaustive in particular datasets and from the point of view of the inference. I propose, 

therefore, a new penalized method to select the variables when they are binary and the sample 

size is very small compared to the high number of the explanatory variables. The results 

obtained in my simulations show that my method selects the true model more frequently than 

other methods and then it chooses more often the true variables which explain the mechanism 

of interest, solving largely a problem so far ignored. 

Keywords: binary variables, high dimensional datasets, lasso 

 

Introduction 
In high dimensional data the number of variables p is much larger than the number of the 

observations n, (n >> p). This is a typical problem in all experimental fields, such as in 

biology and in chemistry, because the observations are obtained from expensive and long 

term experiments. A micro RNA is a small molecule of encoded RNA found in plants, 

animals and in some viruses which plays a key role in regulating gene expression. The 

biological datasets, which precisely consider this expression of micro RNA, are examples of 

high dimensional datasets in which the variables, represented by genes, are often tens of 

thousands, while the observations are only tens of hundreds. In chemistry the datasets which 

consider the spectral analysis or molecular descriptors are examples of high dimensional 

datasets where there are hundreds of variables. In marketing, the development of Internet has 

allowed companies to collect a lot of data about their customers and their preferences, and this 

is another example of high dimensional dataset.  

 

These data cannot be analyzed with the traditional methods of regression, as noted by 

Filzmoser et al. (2012), for the problem of the inverse of the matrix   which cannot be 

calculated, recalling that X is the matrix of the p regressors. In these groups of data, another 

problem, related to the high dimensionality, is the selection only of the few variables which 

contribute to explaining the response variable, because only then it is possible to understand 

the true interest mechanism (Filzmoser et al., 2012) . 

 

The penalized regression methods can solve these problems. The penalty, indeed, serves to 

control the complexity of the model placing the coefficients of some variables to zero, which 

are then not selected. These methodologies utilize the properties of the linear regressions, in 

which the dispersion parameter can be estimated separately from the coefficients of the 

regressors so as to estimate them minimizing the penalized residual mean squares: 
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where  is the vector of the observed values for the response variable, 

 is the vector of the coefficients,  is the matrix of 

the regressors,  is the vector of the observed values of the regressor j,   is the penalty 

factor, and  is a non-negative regularization parameter. The literature offered many types of 

penalty factors such as lasso methods (Tibshirani, 1996), smoothly clipped absolute deviation 

(SCAD) (Fan and Li, 2001), minimax concave penalty (MCP) (Zhang, 2010). Fans and Lv 

(2008) and Fan and Song (2010) proposed their own method, the sure independence screening 

combined with SCAD (SIS-SCAD) or with lasso (SIS-LASSO). In the first step of this 

method there is a first selection of the regressors and then in a second stage there is another 

selection using lasso or SCAD. These methods use the penalty factor to select the most 

important regressors but they have the limitation of not verifying the statistical hypothesis of 

nullity of the associated parameters and then they select the most important variables, but not 

those significant. To partly solve this limitation I propose a new method which uses both the 

penalty factor and the multiple tests to select the regressors when they are binary and the 

response variable is continuous. 

 

My new method, called modified multi sample splitting, is presented in Section 2 and 

overcomes some of the problems of the existing methods of variable selection such as the 

inability to have a formal inference in high dimensional situations and such as the selection 

errors when the regressors are binary and the sample size is very small. In Section 3, using the 

Monte Carlo simulation, I show that the latter problem is not solved by the traditional 

penalized methods and that my method, instead, is able to eliminate it. 

 

Modified multi sample splitting method 
In this section I present my modified multi sample splitting method (MMSS). It derives from 

the multi sample splitting method proposed by Meinshausen et al. (2009) to calculate the 

significance of the coefficients. The multi sample splitting method, being composed of the 

lasso step and of that OLS, divides the original dataset into two equal parts indicated with  

and . The first subsample  is used for the selection of the variables using lasso, lasso step, 

while the second subsample  is used to calculate the values of the p-values using the OLS 

method, OLS step. The values of the p-values are obtained by applying the OLS method only 

to the variables selected by the lasso step and they are adjusted for the multiple tests with 

Bonferroni correction. The values, then, of the corrected p-values are equal to 
 

 
 

where the p-values of the coefficients of the variables not selected are fixed  equal to 1 

because their parameters are equal to zero and therefore not significant. If this division is 

performed only once, however, the result depends on the subdivision of the original data and 

this unwanted problem is called "lottery of p-values" (Dezeure et al., 2015). A split which 

produces a single sample with relative statistical inference there is already in the paper written 

by Wasserman and Roeder (Wasserman and Roeder 2009), but Meinshausen et al. (2009) 

complicate this method to delete the "lottery of p-values". They propose, indeed, that the 
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division of the data is repeated B times, so as to obtain a set of p-values 

. Generally, the division is repeated 50 times 

or 100 (B = 50 or B = 100). The different subsamples  and  with b = 1, ..., B belong to 

the same sample and then there is a dependency among the p-values 

. To aggregate them so as to obtain a single 

value for the p-value of the regressor j, the empirical analysis of the quantiles is offered by 

this formula 

 

 

 
 

where 0 < <1. If   is equal to 0.5, the selected p-value corresponds to the sample median 

multiplied twice. A complication proposed by Meinshausen et al. (2009) of this method is that  

which chooses the best scaled -quantile (  = 0.05; 1) 

 

 

 
 

where  is the price to be paid  to search the best . As noted by Dezeure et al. 

(2015), the values of the p-values obtained by the multi sample splitting method are 

reproducible and they are not subject to the division of the original data and therefore they do 

not suffer from the problem of the "lottery of p-values". 
 

When the regressors are binary, I note, however, a problem in this method and to evaluate it, I 

make a simple simulation study. I generate a dataset with the binary regressors and I estimate 

the p-values using, with B = 100, the multi sample splitting method, present in hdi r-package 

(Dezeure et al., 2015), but it does not get results. If I analyze separately each division b, I find 

that in many subdivisions b the OLS step has problems due to particular characteristics of the 

subsample , but not present in the original dataset. A problem, which may be present in , 

is the linear combination of the selected variables, which, in fact, are not a linear combination 

of the other variables in the original dataset, but which become linear combinations in the 

reduced dataset . For a more exhaustive explanation I use a simple example. I have a 

matrix of regressors where , 

and  and I divide it into the parts and . 

Of course, is used in the lasso step and in the OLS step. If the vectors of regressors 

,    and  are so divided 

 

 
I have a linear combination in the OLS step  , which in the original 

dataset is not present, and which produces problems in the second step. Another problem, 

always present in the OLS step, is related to the variables with small frequency of 1 whose 

vector can be a vector of zeros in the subsample . I explain this limit of the method 
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proposed by Meinhausen with a simple example. I have a matrix of regressors 

where  and I divide it into the parts and . Of 

course, is used in the lasso step and  in the OLS step. If the vector of the regressor 

is so divided 

 

 
 

I have a vector of zeros in the OLS step, which in the original dataset there is not. This vector 

of zeros produces problems in the step in which the p-values are estimated. To solve these 

problems in the OLS step I delete  in  the variables which are linear combinations of other 

variables and those which are vectors of zeros. To improve the variable selection, I eliminate 

even from the variables which are vectors of zeros and which are linear combination of 

other variables, because, as noted by Bach (2008), lasso suffers from the high correlation 

among the regressors (Multicollinearity). I calculate the correct p-values for the multiple tests 

with this formula 

 

 

 
 

where A is the set of the variables selected by lasso, which are not linear combinations of 

other variables and which are not vectors of zeros. 
 

Up to this point in the paper, the modified multi sample splitting method is used to derive the 

p-values in high dimensional dataset, but to turn it into a traditional variable selection method, 

it is necessary to estimate the parameters of the selected regressors.  Meinshausen et al. (2009) 

propose the use of the coefficients estimated by lasso in the original dataset. I note a problem 

in this proposal related to particular binary regressors whose coefficients, although set equal 

to 0, are equally significant, having very small p-values. This means that these particular 

regressors, although non-selected, have the coefficients different from 0 as those of the 

selected variables. I propose, therefore, two innovative methods to calculate the parameters 

estimated using the OLS step of  the modified multi-step sample splitting method. Recalling 

that in the OLS step there are B coefficients estimated for each regressor j, I develop two 

methods to aggregate them so as to obtain their estimation: 

 

 MMSS-mean-median 

 
 

where  is the estimated parameter in the subsample b (by default I use B = 100) 
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Figure 2:Relative frequency of the value 1 

 MMSS-median 

 

 
 

where I consider only the coefficients different from 0. 

 

Numerical studies 
In this section I present a simulated study created to analyze the results of the MMSS method 

and to 

compare it with those obtained by lasso, SCAD, SIS-SCAD and MCP. To minimize the 

penalized residual mean squares proposed by lasso, SCAD and MCP,  I use the coordinate 

descent algorithm, so as to use the same approach for all types of penalties (Breheny and 

Huang, 2011; Wu and Lange, 2008; Friedman et al., 2010). The coordinate descent algorithm 

optimizes a function with respect to a single parameter at a time and it cycles iteratively 

through all parameters until the convergence is reached. For coherence this algorithm is also 

used in the lasso step of the modified sample splitting method and in that SCAD of SIS-SAD, 

so that the different results do not depend on the minimizing algorithm. To make different 

methods comparable with each other, the choice of the regularization parameter required by 

lasso, SCAD and MCP is implemented using a form of k-fold cross-validation. For coherence 

the cross-validation is applied also in the lasso step of the modified multi sample splitting 

method and in  that SCAD in SIS-SCAD method.  
 

To compare the modified sample splitting method with lasso, SCAD, MCP and SIS-SCAD, I 

use a set of simulated data in which the possible regressors are 4059 binary variables and the 

response variable is defined so 

 

      (1) 

 

The  error term ɛ is distributed normally with mean equal to 0 and variance equal to 0.04, and 

 is equal to 2500. The relative frequency of the values 1 in the regressors is represented in 

Fig. 1, where I show that  has the higher relative frequency while  the minor. As noted 

in the previous section, a problem may arise from the possible regressors with low frequency 

of the values 1, and then I insert 2500 possible regressors with relative frequency equal to 

0.0004 among the 4059 simulated binary variables. Using the theoretical model, I obtain that 
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the  variables , ,  and  are the most important as shown in Table 1, where the square 

of the standardized coefficient of the variable  is very close to 0. I extract from the 

simulated dataset 150 subsamples (S = 150) of 

 

Regressor Squared standardized coefficients 

 0.044/Var(Y) 

 0.407/Var(Y) 

 0.0456/Var(Y) 

 3.762/Var(Y) 

 1.1986e-0.7/Var(Y) 

 

Table 7: Relative importance in the theoretical model 

 

 

Figure 3: Probability of selecting as regressors , ,  and  (true model) 

size equal to 140 and I compare the modified sample splitting method (MMSS) with lasso, 

SCAD, SIS-SCAD and MCP using these small samples. I find that the probability of selecting 

 is equal to 0 for all examined methods and the result is correct because the variable  is 

not an important regressor. If I consider the probability of selecting the true model, that with 

only the most important regressors, the modified sample splitting method is the best because 

it has the highest probability of select it (Fig.2). The probability of selecting the true model, 

instead, is equal to 0 for lasso, which is the worst method. If I study the probability of 

selecting the most important regressors and other variables, the MMSS is the best, because it 

has the smallest probability of choosing other regressors (Fig. 3). The probability of selecting 

a model with false regressors, however, is almost equal to 1 for SIS-SCAD, which results the 

worst.  
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Figure 4:Probability of selecting the true model and other variables 

 

Figure 5: Probability of selecting as regressors ,  and  (true model) 

In 45 samples the regressor  is properly selected from the modified sample splitting 

method, but it is not chosen by lasso, demonstrating so that the use proposed by Meinshausen 

et al. (2009) of the coefficients estimated by lasso decreases the goodness of the selection of 

my method and therefore the application of my aggregation is correct. In these samples, if I 

use the criterion proposed by Meinshausen, in fact, the selected regressor , having the 

estimated coefficient equal to 0, becomes not selected and the probability of choosing the true 

most important regressors loses 39 units (i.e. Δ probability = -0.26 ). It is correct, then, to 

calculate the coefficients directly with the modified sample splitting method as I proposed in 

Section 2. If I simulate the response variable Y by the formula (1) eliminating only the 

regressor , which is the variable with the highest relative frequency of values 1, the 

important regressors remain again ,  and  and my MMSS method is still the best (Fig. 

4). 
 

I compare now the accuracy of the estimation obtained by MMSS with that obtained by the 

variable selection methods which have presented the best results in the previous analysis. I 

examine, therefore, the previous 150 subsamples using the absolute relative bias 
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where  is parameter estimated in the sample s and  is the true value. The values of the 

absolute relative biases for the regressors  and  are indicated in Fig.5, from which I 

deduce that the modified sample splitting method with median has the smallest absolute 

relative bias for  and it is equal to that of MCP for . The worst methods are  MMSS with 

mean and median for and SCAD for . The absolute relative biases for the coefficients of 

the regressors  e  are shown in Fig.6, from which I observe that the modified sample 

splitting method with median has the smallest absolute relative bias for  and one of the 

worst for . In this last case, however, the absolute relative bias is very small for all methods. 

The worst methods are  SCAD for  and MMSS with mean and median for . 

 

I analyze also the absolute relative bias in a set of parameters such as synthesis of the 

accuracy of the 4 parameters 
 

 
 

The different values for the 4 methods are shown in Table 2. My modified sample splitting 

method with median has the smallest absolute relative bias across a set of parameters and 

therefore it is the best method. According to the values reported in Table 2, the worst method 

is SCAD, while the MMSS with mean and median improves with respect to the analysis of 

the individual absolute relative biases. The goodness of the MMSS method with mean and 

median is higher than that of the MCP method (absolute relative bias across a set of 

parameters is smaller) and this is due to the parameter  whose estimate is significantly 

better in the MMSS method with mean and median. 

 

 

 

Figure 6: The absolute relative bias of the coefficients of the variables  and  
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Figure 7: The absolute relative bias of the coefficients of the variables  and  

 
Method Absolute relative bias across a set of parameters 

SCAD 1.1179 
MCP 0.8187 
MMSS-mean-median 0.7552 
MMSS median 0.4300 

 

Table 8: Absolute relative bias across a set of parameters 

 

Conclusion 
In this paper I proposed a new method to select the regressors in a situation of high 

dimensionality. This method is different from the traditional selection procedures, such as 

lasso, SCAD, MCP, SIS-SCAD, because the latter use the penalty factor for the selection of 

regressors, while my method uses both the penalty factor and the multiple tests to select them. 

I modified the sample splitting method, proposed by Meinshausen et al. (2009), so as to select 

the most important and significant regressors when they are binary. Then it demonstrates that 

the traditional methods do not select properly and they estimate the parameters with a high 

distortion when the regressors are binary and the sample size is very small. My modified 

sample splitting method with median (MMSS with median), however, gives good results in 

these situations, as shown by the simulation. In conclusion then the modified multi sample 

splitting method can be optimal in biological or chemical datasets where the number of 

observations is very small and the regressors are binary. In these fields, in fact, the binary 

variables encoding the presence (1) or absence (0) of a structural element in a molecule and 

they allow to take account of certain characteristics which influence the biological activity 

(Basak et al., 2000), and then I suggest to use it in other fields when there are these particular 

conditions. The binary datasets, indeed, represent a compact and easy way to represent the 

relationships between "objects" and their possible properties and therefore they can be used in 

many fields, such as economics or social sciences. In marketing, for example, a binary dataset 

can analyze the characteristics which the customers appreciate of a product (  

characteristic p, i = i-th customer). 
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