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ABSTRACT

The objective of this project is to investigate on the optimization of nano sized Nickel
Oxide (NiO) catalyst which has been used in development of Carbon Nano Fiber (CNF).
Find the best condition or criteria of nano sized Nickel Oxide for the development. CNF
is synthesized from the chemical vapor deposition (CVD) of carbon containing gasses
over transition metal of the catalyst. The size of catalyst will control the type of CNF
produced. In this case, the catalyst used is Nickel Oxide. Taguchi Method is used as
design of experiment and Precipitation Method is used for preparation of Nickel Oxide
Catalyst. After run the numbers of experiments, the sample will be study and observed
using some equipment like X-Ray Diffraction of the catalyst (XRD) and Field Emission
Electron Microscope (FESEM) imaging to determine the size and characteristic of

catalyst.
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CHAPTER 1
INTRODUCTION

1.1 Project’s Background

Nano sized Nickel Oxide (NiO) is a metal catalyst used for formation of carbon
nanotube (CNT) and carbon nanofibre (CNF). Besides NiO, there is much other metal
catalyst like Ferum and Argentum to synthesize CNT and CNF but in this project just
focusing on NiO catalyst.

CNT and CNF are carbon nanostructures that gave diameter range below 100 nano
meters and it is widely used in worldwide. The properties of nanotubes have caused
researchers and companies to consider using them in several fields. For example,
because carbon nanotubes have the highest strength to weight ratio of any known
material, researchers at NASA are combining carbon nanotubes with other materials into
composites that can be used to build lightweight spacecraft (Jerry D. Harrisa, August
2003). Others applications of CNT and CNF are gas detector, electrochemical sensor,

field emission tips, hydrogen storage material and many more (Krijn P. De Jong, 2000).

The basic idea in this project is to determine the growth of CNT and CNF based on
characteristic of the catalyst. The characteristic of the catalyst dictate the amount of
carbon dissolved and rate of diffusion, which will affect the rate of CNF growth and the
type of structure formed. The structure of CNF may be manipulated by changing one or
more of preparation parameters during CNF growth phase. One of the parameter is size
of catalyst itself (K Vecchio, 2006). This size of catalyst can control the diameter of
CNF produced (M Boudina, 2005)



1.2 Problem Statement

The main problem issued here is about environment. As all know, using of fossil fuels
bring up global issue like global warming, greenhouse effect and air pollution. Besides

that, the source of fossil fuels is decreasing day by day.

As substitution, hydrogen is the most suitable in mobile applications. It’s also
potentially producing zero emission vehicles. Good for environment. The suitable

storage for hydrogen need to be developed in order to commercialize this technology.

According to D.J. Browning (2002), activated carbons, CNF and CNT have attracted
considerable attention as potential hydrogen storage materials for this recent years.
CNF is synthesized from the CVD of carbon containing gasses over transition metal of

the catalyst. In this report, Nickel catalyst is used.

Development the best nano sized NiO catalyst determined the best formation of CNT or
CNF. One of way to find the optimum condition of NiO catalyst production is by using
Taguchi Method (J Kang, 2001). This report will discuss more about Taguchi Method
design of experiment to optimize the experimental condition, catalyst preparation and
observation of catalyst characterization.



1.3 Objective

Used Taguchi Method to analyse the size of NiO catalyst and its characterisation and
choose the optimum condition of NiO catalyst that is the best for formation CNF or
CNT.

1.4 Scope of Study

The scope of study involved the Taguchi Method which is the best method to run an
experiment with many factors and levels. Three factors with three levels of variations
are arranged in matrix form according to Orthogonal Array Lo. The factor involve are
temperature, calcinations time and weight of salt used. The calcinations temperature is
chosen within the range 300°C to 500°C. It also involve the knowledge of the
observation to using some equipment’s like X-Ray Diffraction of the catalyst (XRD)
and Field Emission Electron Microscope (FESEM) imaging to determine the size and

characteristic of catalyst.

1.4.1 Relevancy of the Project

The purpose of this project is to design an experiment of optimization of nano sized
catalyst and find the most optimum condition. It is relevance with Chemical Engineering

course.

1.4.2 Feasibility of the Project within the Scope and Time Frame

The project begins with literature review by collecting the reading material such as the
books, journals, related website and discussion with supervisor and laboratory
technician. In Final Year Project (FYP) 1, plan the project by setup a methodology and
flow of the experiment. In FYP 2, run the experiment and observe the result of the

experiment.



CHAPTER 2
LITERATURE REVIEW

2.1 Design of Experiment

In general usage, design of experiments (DoE) or in other word; experimental design is
the design of data gathering activity where variation in many levels and factors is

present. It can happen in under the full control of the experimenter or not.

In a book called The Design of Experiments (1935), written by Ronald A. Fisher
illustrate the most important ideas of experimental design. Below are the keys of the

idea:

2.1.1 Comparison

In many fields of study it is hard to reproduce measured results exactly. Comparisons
between treatments are much more reproducible and are usually preferable. Often one
compares against a standard, scientific control, or traditional treatment that acts as

baseline.

2.1.2 Randomization

There is an extensive body of mathematical theory that explores the consequences of
making the allocation of units to treatments by means of some random mechanism such
as tables of random numbers, or the use of randomization devices such as playing cards
or dice. Random does not mean haphazard and great care must be taken that appropriate

random methods are used.


http://en.wikipedia.org/wiki/Randomization

2.1.3 Replication

Measurements are usually subject to variation and uncertainty. Measurements are
repeated and full experiments are replicated to help identify the sources of variation and

to better estimate the true effects of treatments.

2.1.4 Blocking

Blocking is the arrangement of experimental units into groups that are similar to one
another. Blocking reduces known but irrelevant sources of variation between units and

thus allows greater precision in the estimation of the source of variation under study.

2.1.5 Orthogonality

Orthogonality concerns the forms of comparison (contrasts) that can be legitimately and
efficiently carried out. Contrasts can be represented by vectors and sets of orthogonal
contrasts are uncorrelated and independently distributed if the data are normal. Because
of this independence, each orthogonal treatment provides different information to the

others.

2.1.6 Factorial experiments

This is efficient at evaluating the effects and possible interactions of several factors

(independent variables).

In engineering field, DoE is the systematic and rigorous approach to collect data and
engineering problem solving to generate the valid, defensible and supportable
engineering conclusions. All of this can be carried out under the constraint of a minimal
expenditure of engineering runs, time and money. In engineering problems, there are 4

general areas which DoE may be applied:


http://en.wikipedia.org/wiki/Replication_%28statistics%29
http://en.wikipedia.org/wiki/Blocking_%28statistics%29
http://en.wikipedia.org/wiki/Orthogonality
http://en.wikipedia.org/wiki/Factorial_experiment

2.1.7 Comparative

Comparative area means evaluating whether a change in a single factor will change or

improve the whole process and get the better or worse result.

2.1.8 Screening or Characterization

Screening or characterization means, the engineer ranked list of important through
unimportant factors (most important to least important) that affect the process that give

the whole understanding of the process.

2.1.9 Modeling

Modeling is the engineer is interested with the output is being good-fitting the

mathematical function and good estimation of the coefficients function.

2.1.10 Optimizing

In optimizing, the engineer is interested in determining optimal settings of the process
factors; that is, to determine for each factor the level of the factor that optimizes the

[process response.

In the project we will be focused on the fourth point, optimizing. We need to optimize
the nano sized Nickel Oxide catalyst in order to get good formation of CNF or CNT.
The process synthesis of the catalyst will be determine the optimization by vary the
temperature, calcinations time and weight of salt. Therefore, Taguchi Method is using as

DoE to deal with experiment that have many factors and levels.



2.2 Taguchi Method

Taguchi methods are statistical methods developed by Genichi Taguchi from Nippon
Telephones and Telegraph Company in 1940’s to improve the quality of manufactured
goods, and more recently also applied to, engineering, biotechnology, marketing and
advertising (SJ Royaee, 2007).

Dr. Taguchi has developed a method based on “Orthogonal Array” experiments which
gives much reduced “variance” for the experiment with “optimum settings “of control
parameters. Thus the marriage of Design of Experiments with optimization of control

parameters to obtain best results is achieved in the Taguchi Method (Prakash R, 2010).

"Orthogonal Arrays" (OA) provide a set of well balanced (minimum)experiments and
Dr. Taguchi's Signal-to-Noise ratios (S/N), which are log functions of desired output,
serve as objective functions for optimization, help in data analysis and prediction of
optimum results (Prakash R, 2001).

Taguchi creates a standard orthogonal array to accommodate this requirement to user
select either the standard or column-merging method or idle-column method depends on
the number of factors and levels need. The S/N ratio characteristics can be divided into

three categories when the characteristic is continuous (Park SH, 1996):

Table 1: S/N Ratio Formula

Goal S/N Ratio Formula
nominal is best S Lol ?2
2 oo 1=
N Bl 2
larger-is-better (maximize) 1
— = —10log lz—
I3 7 ]/12
smaller-is-better (minimize)
S _ 10log[l }/;2}
L




Where, y is the average of observed data, 2 y s is variance of y, n is number of

observations, and y is the observed data.

According to Prakash R (2010) Taguchi proposed a standard 8-step procedure for

applying his method for optimizing any process,

Identify the main function, side effect and failure mode

}

Identify the noise factors, testing condition and quality characteristic

A 4

Identify the objective and function to be optimized

Y

Identify the control function and their level

v

Select the orthogonal array matrix experiment

A 4

Conduct the matrix experiment

Y

Analyze the data; predict the optimum levels and performance

A 4

Perform verification of experiment and future plan

Figure 1: 8 Steps of Taguchi Method



2.3 Run the experiment using Taguchi Method

The optimization of nano sized NiO catalyst is depends on how we prepare the catalyst.
Precipitation Method is used to prepare the catalyst. To study which characteristic of

catalyst is most optimize, some variables is differ in the preparation of catalyst.

Therefore, some samples are to observe and study. Here Taguchi Method is applied
from the chapter 2.2; one of the steps in Taguchi Method is Orthogonal Array Matrix

Experiment and it called Orthogonal Array Ly X can be any number.

Three factors with three levels of variations will be arranged in matrix form. This will

called Orthogonal Array Lg because we have 3 factors and 3 levels (3x3).
For example, the factors that involved in preparation of NiO catalyst are temperature,
calcinations times and weight of salt used. Acoording to journal written by Athirah

Mohd Tamidi, the matrix can be constructing as below;

Table 2: Factors and Levels for Taguchi Method

Factors Level

Temperature 300°%
400°c
500°c

Calcinations Time 2 hours

4 hours

6 hours
Salt Weight 39
59
g




Above is the average value range of each factor. The above table also can construct in

more formal design experiment table as below;

Table 3: Designated Experiment using Taguchi Method

Experimen | Temperature | Calcinations Weight of salt
t (°c) Time (hour) (gram)
1 300 2 3

2 300 4 5

3 300 6 7

4 400 2 )

5 400 4 7

6 400 6 3

7 500 2 7

8 500 4 3

9 500 6 5

In the end, we will get 9 sample of experiment. We can run the experiment and observe

the sample and determine which one is most optimize.

10



2.4 Catalyst Preparation

Catalyst is a substance that changes the rate of chemical reaction. The process that
changes the rate of chemical reaction is called as catalysis. Catalysts can be either
heterogeneous or homogeneous, depending on whether a catalyst exists in the same
phase as the substrate. According to Prof. Dr. Wendelin J. Stark (2005), good criteria of
catalyst are defined by its cost, chemical relativity, stability, mechanical strength and
originality.

Catalyst synthesis is a process or method to prepare the catalyst from its metal. Isolated
metal nanoparticles with sizes ranging from 1 to 50 nm can be formed and stabilized by
means of steric and/or electrostatic effects. The large number of available stabilizers
(ligands, polymers, surfactants) and chemical reducing agents (inorganic and organic;
solid, liquid, or gas), coupled with the available synthesis parameters (temperature, pH,
reaction time) provide a tremendous range of procedures that can be utilized for the
generation of colloidal nanoparticles (Nanostellar Inc, 2004).

According to J Haber (1991), there are several methods in synthesis the catalysts. Below

is some of it:

2.4.1 Deposition

Deposition is the settling of particles (atoms or molecules) or sediment from a solution,
suspension and mixture or vapor onto a pre-existing surface. Deposition generally

results in growth of new phase.

2.4.2 Encapsulation

Encapsulation is a process in which tiny particles or droplets are surrounded by a

coating to give small capsules many useful properties.

11



2.3.2 Precipitation

Precipitation is the formation of a solid in a solution or inside another solid during a
chemical reaction; or by diffusion in a solid. When the reaction occurs in a liquid, the

solid formed is called precipitate.
According to M Bououdina (2006) among above method, Precipitation Method is the
most common and best method in prepare catalyst because of particle can easily

separate from mixture due to gravity force.

2.5 Precipitation method

Solution Supernate

oo

\_//Q:.'/
Suspension Precipitate

Figure 2: Chemical Precipitation

Natural methods of precipitation include settling or sedimentation, where solid forms
over a period of time due to ambient forces like gravity or centrifugation. During
chemical reactions, precipitation may also occur particularly if an insoluble substance is
introduced into a solution and the density happens to be greater (otherwise the
precipitate would float or form a suspension). With soluble substances, precipitation is

accelerated once the solution becomes supersaturated.

12



CHAPTER 3
PROJECT METHODOLOGY

3.1 Project Methodology

Basically, below is the general experiment flow how the experiment conducted:

( START )

\4

Prepare the chemicals and
equipments

\ 4

Plan the experimental design
using Taguchi Method

v

Run the precipitation method
through Taguchi Method

v

Do the observation of
particles characteristic.

'

Select the best optimize
nanosized NiO catalyst

'

Write the complete report
about the experiment

END

Figure 3: General Experiment Flow

13



3.2 Catalyst Preparation using Precipitation Method

To prepare a nano sized NiO catalyst, Nickel Nitrate Hexahydrate used as the precursor
salt.

X gram of precursor salt
dissolved in 100ml dionized
water.

v

Mix with 2M ammonia
solution.

!

The mixture is stirred at
250°C until thick paste
formed.

v

The thick paste dried
overnight in the oven.

v

The samples grind by mortar
and pestle.

v

The samples calcine in
furnace with Y temperature
for Z period.

v

The samples grind by mortar
and pestle.

v

9 samples produced based on
the table.

v

The sample characterized by
SEM and XRD

Figure 4: Precipitation Method in Preparing Catalyst

14



X, Y and Z in step above indicate the amount use to run the experiment using Taguchi
Method. The value for X, Y and Z are given in table 3. Below are some pictures of step

from methodology in Figure 4.

Figure 5: Mixture of salt and ammonia stirred at 2500c until thick paste

formed.

Figure 6: Samples of NiO after dry overnight in the oven is calcine in the

furnace.

15



3.3 List of chemical

Below is the list of the chemical using in this project:

Nickel Nitrate Hexahydrate

Ammonia Solution 2.0

Deionized water

A e

Ethanol (for clean the grinder)

3.4 List of equipment

Below is the list lab equipment and glassware used in this project:

Beaker 600ml

Magnetic stirrer and hot plate
Drying Oven

Petri dish

Mortar and pestle (grinder)

I o

Crucible

3.5 Observation equipment

The sample of the experiment is observed using X-Ray Diffraction of the catalyst
(XRD) and Field Emission Electron Microscope (FESEM) imaging in order to get yield
percentage, crystal size and characteristic of the catalyst. From the observation, the

result will show the most optimize condition.

3.5.1 X-Ray Diffraction of the catalyst (XRD)

X-ray diffraction finds the geometry or shape of a molecule using X-rays. X-ray

diffraction techniques are based on the elastic scattering of X-rays from structures that

16



have long range order. The most comprehensive description of scattering from crystals

is given by the dynamical theory of diffraction (R. Kaplow, 1974).

Basically, XRD can examine the structure of material and given a graph that indicates

the structure.

Figure 7: XRD
3.5.2 Field Emission Electron Microscope (FESEM)
Field Emission Electron Microscope (FESEM) is a type of electron microscope that
images the sample surface by scanning it with a high-energy beam of electrons in a

raster scan pattern. Therefore, the nano sized catalyst can be seeing with bigger image.

Others equipment can be considered is ANOVA but this equipment’s are for comparison
between two catalysts. Only one catalyst used in this experiment.

17



Figure 8: FESEM and EDX

18




3.6 Project Activities Flow:
In this project, activities flow is divided into FYP 1 and FYP 2 flow.

3.6.1 FYP 1 Flow:

( START )

\4

Title Selection

A 4

Research on design of
experiment and Taguchi

v

Research on catalyst types,
CNT, and CNF

v

Research on observation

'

Seminar and Progress Report

\ 4

Continue deep research and
start Interim Report Writing

A 4

END

Figure 9: Project Activities Flow for FYP 1
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3.6.2 FYP 2 Flow:

( START )

A

y

Briefing & up
Coord

date by FYP 2

inator

A

y

Run the experiment by
prepare the NiO catalyst

A

y

Submission

of Progress

Report 1

A

y

Continue the experiment by
calcine the the sample in the
furnace

A

y

Submission
Rep

of Progress
ort 2

A

y

Finalize the experiment by
collecting the data from
observation equipment

A

Poster exhibi

tion and Pre-

EDX

A

y

EDX (if

selected)

A

A

Submission o

f Final Report

A

y

Oral Presentation

Figure 10: Project Activities Flow for FYP 2
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3.7 Project Gantt Chart:

Table 4: Project Gantt Chart for FYP 2

No.

Detail/ Week

Briefing & update by FYP 2
Coordinator

Run the experiment

1

2

3 4

5

6 7

10

11

12

13

14

15

Submission of Progress Report 1

Continue the experiment

= @D~ wo®g DWw

Submission of Progress Report 2

Finalize the experiment

Poster exhibition and Pre-EDX

©O©| 00| O O | W N

Submission of Final Report

X O ®© = m

Oral Presentation

*Legend -

21
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CHAPTER 4
RESULT AND DISCUSSION

4.1 Observation

Physical properties observed after and before calcination time is the colour of sample.
As for Nickel metal, the solid green colour of Nickel Nitrate Hexahydrate was converted
to Nickel (1) Hydroxide (Ni (OH) ,) after mixing with ammonia solution. The bright
green solution was then heated and stirred at 250°%. As a result, a cloudy, pale green
suspension was formed. The heating continued until the suspension became thick green

paste.

To obtain Nickel Oxide, the thick paste then was dry in oven overnight. Then a powder
of green sample was formed and grind by grinder. Then, sample was calcined at 300°%
within 2 hours in the furnace and the colour of the solid was changed into dark colour.
This shows that calcination at the particular temperature was change the solid into
Nickel Oxide. Further calcination at 400 and 500% showed that the green colour powder

turned into dark porous solid.

22



Below is the picture of sample before calcination. The sample is light green in colour.

Figure 11: 3gram nickel after dry overnight in the oven and before calcination.

Figure 12: 3 gram nickel after calcination at 300% and 2 hours.
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Before calcination, the sample is smoother and softer than after calcination. Figure 10 is
the picture after calcination. The sample is more crystallized and rougher than before
calcination. Some particles formed and this make the sample becomes nanosized.
Besides that, four different colour’s are detected among the samples. There are black,
brown, grey and light brown. Supposedly, the colour of all samples is dark black. There
may be contaminant inside the samples. Therefore, X-Ray Diffraction characterization

test needs to be done to observe the purity of the samples.

24



4.2 X-Ray Diffraction Analysis

Samples with different colour had chosen to do X-Ray Diffraction (XRD)
characterization test. The chose based on 4 different colour of the samples, black,

brown, grey and light brown. Below is the picture of samples with different colour;

Figure 13: 4 different colour of NiO after calcination.
Below is the list 4 of 9 samples that analyzed by XRD. The properties of samples like
temperature, calcinations time and weight of salt in Table 5 are taken from Table 3.

Sample number is referred as Experiment in Table 3.

Table 5: List samples for XRD analysis

Sample no. Colour observed Temperature Calcinations Weight of
(°c) Time (hour) salt (gram)

3 Black 300 6 7

4 Brown 400 2 5

5 Grey 400 4 7

9 Light brown 500 6 5

25
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Figure 14: Overall XRD result for 4 samples.

From the graph, we can determine the how many peak detected and the atomic distances
for each peak are obtained. The structure of the samples also can be found. XRD utilizes
the diffraction of an incident beam of x-rays in order to examine the crystal structure of
the samples. The XRD pattern of a pure substances is unique and thus a fingerprint of
the substances. The comparable size of wavelength and interspecies spacing causes a

crystal to diffract and x-rays beam that pass through it.
Same graph indicate all the samples are Nickel Oxide. The peak shows crystallization of

the samples. Higher peak show more crystal the particle. Higher peak can be obtain by

calcined with higher temperature.
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Figure 15: X-ray diffraction pattern of NiO with calcination 300°c, 400% and 500°c.
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In all graph above, NiO oxide is suspected form due to same pattern of graph.
Therefore, even the colour of the sample after calcination is differention but the

composition of the sample still NiO.

Figure 13 (a), 13 (b), 13 (c) and 13 (d) shows XRD pattern of NiO calcined for 300°,
400°, 400°% and 500°%, respectively. For each sample, the higher temperature (500°c)
shows better crystallinity since the peaks are narrower and sharp compare the result
obtained from temperature 300° and 400°.

From the XRD result, we can calculate the size of the samples. The Scherer equation

can be used to calculate the size as follow;

kA

D=——,
B cosd
Where;
K'is constant = 0.9
A is X-ray wavelength
B is FWHM from XRD

O is angle of diffraction in radian

28



4.3 Field Emission Electron Microscope (FESEM) Analysis

To study the surface morphology of the catalyst, FESEM imaging is used. Initially,
Scanning Electron microscope (SEM) is chosen as the equipment but SEM is under
maintenance and waiting for spare-part from Germany. Therefore, Field Emmision
Electron Microscope (FESEM) is used. The function of SEM and FESEM is similar, to
indicate the morphology of samples.

5 samples are choosen to run the FESEM analysis. Below is the list of the samples. The

samples properties are taken from Table 3. Sample number indicates Experiment

number.
Table 6: List samples for FESEM analysis

Sample Temperature | Calcinations Weight of salt
No. (°c) Time (hour) (gram)

1 300 2 3

6 400 6 3

7 500 2 7

8 500 4 3

2 300 4 5

In this analysis, surface morphology study based on the different temperature of
calcination. Observation of surface will indicate the relation between temperature and

morphology surface.

From the result, the crystal structure can be obtained and the diameter of samples can be
calculated. Based on journal Optimization of Fe203 and NiO catalysts using Taguchi
Method for development of carbon nanofiber, the optimum size they got is between 20

nano-meters and 90 nano-meters.
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d) 300 c, 4 hours, 5g (2) &) 500 c, 2 hours, 7g (7)

Figure 16: FESEM imaging of NiO at 3, 000 X magnification.
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300K

(1) b) 400 c, 6 hours, 3g (6) ¢) 500 ¢, 4 hours, 3g (8)

d) 300 0c, 4 hours, 59 (2) e) 500 0c, 2 hours, 79 (7)

Figure 17: FESEM imaging of NiO at 10, 000 X magnification.

31




a) 300 c, 2 hours, 3g (1) 5)__400 c, 6 hours, 3g (6) _ c) 500 c, 4 hburs, 39 (8)

g L S T T
e) 500 c, 2 hours, 7g (7)

=4 KX

d) 300 0c, 4 hours, 59 (2)
Figure 18: FESEM imaging of NiO at 50, 000 X magnification.
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Figure 14 is imaging of NiO at 50, 000 X magnification. The picture shows different
temperature, calcination time and weight of salt indicates different morphology surfaces.
In figure 14 (a), the morphology of sample look like flower microspheres. This is rare
condition and only happened at certain temperature and calcine time. To study more
about this morphology, below is the surface of sample figure 14 (a) at 10, 000 X

magnification and comparing with a journal from University of Singapore;

EHT = 5.00 kV Signal A = InLens
WD = 4.4 mm Mag= 10.00 KX

Figure 19: Morphology surface of sample at 300 0c, 2 hours, 3g at 10, 000 X

magnification

Figure 20: Morphology surface from Hao Gong, Wei Qiang Tay, Guangxia Hu,
National University of Singapore,
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Both samples are calcine at 300 %, 2hours, 3 grams and both look like flower
microspheres. The different maybe because of the method in preparation of catalyst. Not

all samples indicate this surface morphology. At the suitable temperature and calcination

time only this can happened.

The size of particle can directly calculate by FESEM like figure below;

Date :24 Nov 2010  Time :10:16:22

EHT = 5.00 kV Signal A = InLens t h ]
WD = 4.5 mm Mag = 50.00 K X Universiti Teknologi PETRONAS

Figure 21: Size of particle from FESEM

By add all the size of particle above and divide with the number of value; it will indicate

the average size of particle.
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4.4 Energy-Dispersive X-ray (EDX) Analysis

Data for EDX can obtained from FESEM equipment. After done imaging of

morphology, with the same equipment also can indicates the EDX data. The purpose of

EDX analysis is to find the composition for each sample, either is NiO or not.

Same sample is used in FESEM analysis is also use in EDX analysis.

Spectrum 1 Spectrum 1
i
i
i
Mi o
o]
i i
¥ T . 7 v 7 1 T T : T T T ; T 7 T T
2 4 6 3 10 2 4 G g 10
Full Scale 3492 cts Cursor: 0,000 ke Full Scale 3432 cts Cursor: 0.000 ke
0 0
300 c, 2 hours, 3g (1) 400 c, 6 hours, 3g (6)
y Spectrum 1 i Spectrum 1
i
o]
Ni i
o]
: T T T 7 T y f T T T T T T 7 i f T T
2 4 =1 g 10 2 4 =1 g 10
Full Scale 3492 cts Cursor: 0.000 ket| Full Scale 3492 cts Cursor: 0.000 ke
0 0
500 c, 2 hours, 79 (7) 500 c, 4 hours, 3g (8)
Spect 1
Wi pectrum
o Ni
- Mi
: T T T T f f T
2 4 & i 10
Full Scale 3492 cts Cursor: 0.000 k]

300 ¢, 4 hours, 59 (2)

Figure 22: Graph pattern for EDX analysis.
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All the graph from EDX look almost same indicate the entire sample contains Nickel
Oxide. From the graph, small amount of carbon is present. The carbon is present due to
calcination time. When the sample is burn in the furnace, the carbon will present. This
phenomenon same goes when cooking directly with fire. Black colour mean present of
carbon.

From EDX, the percentage of each element is given. Average weight percentage of
Nickel, Oxygen and Carbon are 55.09%, 31.47% and 13.45% respectively. Meanwhile,
the average atomic percentage for each element Nickel, Oxygen and Carbon are
28.41%, 50.64% and 20.94% respectively.
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4.5 Yield Percentage Analysis

Yield is the amount of product obtained in a chemical reaction. The absolute yield can
be given as the weight in grams or in moles (molar yield). The fractional yield, relative
yield, or percentage yield, which serves to measure the effectiveness of a synthetic
procedure, is calculated by dividing the amount of the obtained product in moles by the
theoretical yield in moles.

One or more reactants in a chemical reaction are often used in excess. The theoretical
yield is therefore calculated based on the molar amount of the limiting reactant, taking
into account the stoichiometry of the reaction. For the calculation it is usually assumed

that there is only one reaction involved.

In this experiment, limiting reactant is precursor salt, Nickel Nitrate Hexahydrate and
access reactant is ammonia and ionized water. Below is yield percentage for each

sample in this experiment.

Table 7: Yield Percentage of sample

Temperature | Calcinations Time Weight of salt AverageYield (%) | Average particle
(°c) (hour) (gram) size (nm)

57.33 24.45

300 4 5 47.45 45.3]
300 6 7 38.45 65.23
400 2 5 48.99 76.43
— 400 4 7 56.43 35.42
— 400 6 3 43.54 51.48
500 2 7 45.34 75.64
“ 500 4 3 37.23 34.67
“ 500 6 5 43.45 52.42

Huge different of yield percentage may because of human error since nickel is the form
of thick paste tend to stick to the dish and difficult to be transferred. The size particle is
calculated based on average and formula given by previous journal.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 Conclusion

The purpose of optimization nano sized NiO catalyst experiment is to investigate the
best characteristic of nano sized NiO catalyst through Taguchi Method and Precipitation
Method. Then the sample of experiment is observing through some equipment.
Formation of CNF and CNT is benchmarking of most optimize nano sized NiO catalyst.
Based on the experiment, the most optimum condition is sample no 1 at 300%, 2 hours
and 3g precursor salt with 24.45 nm size and 57.33% vyield. These values are almost

similar with previous experiment done.
5.2 Recommendation
Since not all sample run test in XRD and FESEM, the recommendation here is all

samples need to run again through XRD and FESEM to get better result. Better

comparison can be made if both data from XRD and FESEM are known.
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APPENDIX
1. The Scherrer Equation

From the XRD result, we can calculate the size of the samples. The Scherer equation

can be used to calculate the size as follow;

kh
B cost’
Where;
K is constant = 0.9
A is X-ray wavelength
B is FWHM from XRD

0 is angle of diffraction in radian

The sample of calculation using this equation is describe by useful form can be written
as t, thickness = 0.9 L/ (B cos 0)

B=0.5°A=0.154 nm, 26 =27°
0=13.5°cos (13.5)=0.972
360°=2x3.142

0.5=0.5x 2 x 3.142/ (360) = 0.00873

t=16.3nm
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2. EDX Result

300, 4 hours, 5g

Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 4

Standard :

C CaCO3 1-Jun-1999 12:00 AM
O SiO2 1-Jun-1999 12:00 AM
Ni  Ni 1-Jun-1999 12:00 AM

Element | Weight%  Atomic%

CK 9.21 20.94
oK 29.68 50.64
Ni K 61.11 28.41

Totals 100.00

) Spectrum 1
]

10pm X Electron Image 1

]
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Full Scale 3492 ctz Cursor: 0000 ke
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24/11/2010 11:27:16

500% 4 hours, 3g

Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 4

Standard :

C CaCO03 1-Jun-1999 12:00 AM
O SiO2 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Element | Weight%  Atomic%

CK 13.45 27.82
OK 31.47 48.87
Ni K 55.09 23.31

Totals 100.00
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400, 6 hours, 3g

24/11/2010 11:29:23

Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 2

Standard :
O SiO2 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Element | Weight%  Atomic%

OK 28.00 58.80
Ni K 72.00 41.20

Totals 100.00
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5OOOC, 2 hours, 79 24/11/2010 11:31:17

Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 3

Standard :

C CaCO03 1-Jun-1999 12:00 AM
O SiO2 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Element | Weight%  Atomic%

CK 7.25 17.53
OK 27.69 50.28
Ni K 65.06 32.19

Totals 100.00

apm ' Electron Image 1
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i
e - . -
Comment: / 2 4 B g 10
Full Scale 2492 otz Cursor: 0.000 ke
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300°%, 2 hours, 3g

24/11/2010 11:33:09

Spectrum processing :
No peaks omitted

Processing option : All elements analyzed (Normalised)
Number of iterations = 3

Standard :

C CaCO0O3 1-Jun-1999 12:00 AM
O SiO2 1-Jun-1999 12:00 AM
Ni Ni 1-Jun-1999 12:00 AM

Element | Weight%  Atomic%

CK 9.77 22.48
OK 27.90 48.19
Ni K 62.33 29.33

Totals 100.00
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