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ABSTRACT

This report outlines the background of the project “Impregnation of Iron Catalyst
onto Carbon Nanofibers”. Application of carbon nanofilaments which are carbon
nanotubes (CNTs) and carbon nanofibers (CNFs) in catalyst field has attracted great
interest from scientist due to their excellent properties. In this experimental work,
CNFs was used as catalyst support for iron catalyst due to its outstanding property
that enabled it to be great catalyst support. The CNFs was synthesized by Chemical
Vapor Deposition (CVD) technique and the iron oxide was deposited by incipient
wetness impregnation. The composite were analysed by scanning electron
microscopy (SEM) for surface morphology, X-ray Diffractometer (XRD) for the
crystalling structure and Brunaver Emmet Taylor (BET) analysis to determine it
surface area and pore volume. Iron catalyst been impregnated by incipent wetness
impregnation using a ferric solution of nickel nitrate. Then, the solution been
filtered, washed and dried to get the iron supported CNF in powder form. Afier
purification, the powder been analysed by XRD and field emission scanning electron
microscopy (Fe-SEM) together with Energy Dispersive X-Ray (EDX) analysis. A
number of samples were prepared by manipulating the concentration of ferric
solution of nickel nitrate and the residence time during impregnation.
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CHAPTER 1: INTRODUCTION

1.1 PROJECT BACKGROUND

In chemical engineering, chemical reactors are the vessel design to contain
chemical reaction. The design of chemical reactors deals with multiple aspects of
chemical engineering. Chemical engineers design reactors to maximize net present
value for the given reaction. Designers ensure that the reaction proceeds with the
highest efficiency towards the desired output product, producing the highest yield of
product while requiring the least amount of money to purchase and operate. Normal
operating expenses include energy input, energy removal, raw material costs, labour,
etc. Nowadays, catalytic reactors are more preferable than the conventional reactors
without catalytic reactions. For example, in ammonia production scientist has put
huge effort in altering the catalyst to increase the output yield compare to modifying
the catalyst.

The interest of application of carbon nanostructures in catalyst field started
after carbon nanotubes and their related material are discovered as the by-product of
the arc process by ljima in 1992. Since then carbon nanostruetures especially carbon
nanotubes and carbon nanofiber has received significant interest. Carbon nanofibers
(CNFs), vapour grown carbon fibers (VGCFs), or vapour grown carbon nanofibers
(VGCNFs) are cylindric nanostructures with graphene layers arranged as stacked
cones, cups or plates. Carbon nanofibers with graphene layers wrapped into
perfect cylinders are called carbon nanotubes.

Among the different potential of these materials, catalysis either within the

reported in literature. Metals supported on CNF or nanotubes exhibit unusual
catalytic activity and selectivity patterns when compared to those encountered with
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traditional catalyst support such as alumina, silica or activated carbon. The extremely
high external surface area displayed by these nanomaterial significantly reduces the
mass transfer limitations, especially on liquid phase reactions (Pham- Huu et al,
2001) and the low interaction between impregnated metallic phase and the exposed
planes of the support which leads to the formation of active metallic phases
(Rodriguez et al, 1995) were advanced to explain these catalytic behaviour.

1.2 PROBLEM STATEMENT

Rate of reaction can be inereased ecither by medifying the reactor or the
catalyst involved. However, altering the catalyst is more preferable and economical
way to improve process efficiency, lower cost and less energy. Catalyst support is
the material which the catalyst is affixed. Throughout the history, many types of
catalyst support have been used such as activated carbon, alumina and silica, The
catalyst support will act as carrier without affecting the function of eatalyst.

Today it is important to consider all the criteria and aspects when seeking
ways to increase the process efficiency by selecting the catalyst support. The
macroscopic structures should not change the physical properties of the carbon
nanostructures deposited on it. For example high mechanical strength in order to
avoid breaking and catalytic bed plugging, high specific volume in order to afford a
high space velocity of gaseous reactants, high thermal conductivity which is
essential for catalyst operating in highly exothermic or endothermic reactions and
finally high chemical resistance in order to be used in aggressive environments.
Because of the excellent and advantageous properties, CNF is believed o be the

solution over other existing material.



1.3 RESEARCH OBJECTIVE

This research is done solely to prepare a new catalyst who gives high loading, purity,
catalytic activity, strength; but low cost. Based on background study, combining
carbon nanofiber supported iron oxide seems to be the ideal solution. The research

objective includes:
i) To impregnate iron catalyst onto CNFs

ii) To characterize the supported catalyst produced

With the percentage of iron loading onto CNF is as parameters, concentration of
ferric solution of nickel nitrate and the residence time is used as the manipulated
variables. With the result obtained, the variable can be analysed together with
parameters to find the best condition for highest catalysts loading.

1.4 SCOPE OF STUDY

This experimental work covers the preparation and analysing the catalyst. These are
the scope of study related to the work;

i) To prepare the iron supported CNF catalyst based on variables of:
& Concentration of ferric sohition of fiickel nitrate
* Residence time during impregnation
ii) To characterize and analyse the iron supported CNF produced using;
& X-ray dispersiont (XRD)
¢ Field Emission Scanning Electron Microscopy{Fe—SEM)

¢ Energy Dispersive X-Ray (EDX



CHAPTER 2: LITERATURE REVIEW

2.1 CARBON NANOFIBERS

The existence of carbon nanofilaments has been observed during the natural
gas reforming several decades ago, when this material were considered as
undesirable by-products which led to catalyst disintegration and plugging. Later,
several research groups have been involved in the identification and characterization
of this new form of carbon with the aim to reduce its formation (Nelize Maria et al,
2000) .However, the interest of this new material in the field of catalyst only started
after carbon nanotubes and their related materials also discovered as the by- product
of the arc process by lijima, in 1991(Ricardo Viera et al, 2002). Since then carbon
nanostructures such as carbon nanotubes (CNT) and carbon nanofibers (CNF) has
received tremendous interest. This is due to their exceptional mechanical, chemical,
electrical, physical and chemical characteristics which make them attractive for
various kinds of applications (Ping Li et al, 2006). Application of CNT and CNF
include emitters for field emission display (FED) (8.S Fan et al, 1999), composites
reinforcing materials (E.Hammel et al, 2004), hydrogen storage (A.C Dillon et al,
1997), bio and chemicals sensors (J.Kong et al, 2000), nano and microelectric
devices (A.M Fennimore et al, 2003), and as a catalytic support electrodes for fuel
cells (Wenzhen et al, 2002).

Nevertheless, the two main drawbacks had limited the application of these
new materials in catalyst field; low yield of carbon nanotubes and high amount of
impurities (by- product) by the synthesis routes (electric arc and laser ablation).
These restrictions have been fixed by Ebbesen and Ajayan. According to the
technique, the synthesis basically consists of a catalytic decomposition of carbon
monoxide (CO) or certain gaseous hydrocarbons on the surface of some transition
metals (Fe, Ni and Co) at temperatures between 400 and 800°C. Either CNF or CNT
both can be synthesized using this technique (Ebbesen TW et al, 11992). CNT are
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constituted by graphite layers rolled in it and paraliei to the tube’s axis, displaying a
topmost surface constituted by the less reactive basal planes of graphite. Meanwhile,
CNF are formed by piling up of graphite layers along the axis of the fibers as cone
form, displaying prismatic planes with high reactivity for the adsorption of the
deposited active phase.

Besides that, due to interest in CNF in catalyst field, many authors has
suggested that the application of CNF as catalyst support is due to: i) their good
metal/support inferaction caused by the presence of the prismatic planes on
nanofibers surface; ii) their high speeific surface area that offers a better contact
reactants/active sites and iii} absence of the ink-bottled pores that reduces the
diffusion phenomena, mainly in liquid phase reaction or high mass and heat transfers
reactions, However the direct use of these 1D carbon materials in conventional
catalytic reactors, especially in fixed-bed configurations; is significantly hampered
by their nanoscopic size. Reactor loading problems and pressure drop can occurred
due to this size which means it will rendered the their use in a large scale reactor
configurations.

There are many methods for preparing metal onto catalyst support surface
such as sol-gel synthesis, post-modification of support material, impregnation (pore
filling followed by evaporation of solvent, ion-exchange, precipitation or co-
precipitation, and adsorption from solution, as well as mixing or grinding. In most
catalyst, the active phase (e.g. metal, metal oxide) is deposited on a support to keep
the active phase stable and highly dispersed during catalysis. Moreover the synthesis
technique of carbon nanofiber supported iron catalyst is impregnation including wet
impregnation and in¢ipient wetness impregnation as well as ion adsorption based on
electrostatic interaction, deposition precipitation (M.Campanati et al, 2003) (Anna-
Claire Dupuis et al, 2005) Furthermore, incipient wetness impregnation and ion
adsorption were used for the synthesis of highly dispersed catalysts at low loading,



while high density plasma (HDP) and impregnation were used for preparation of
highly loaded catalysts with intermediate dispersion.

In the research work, it focuses on the impregnation process of iron catalyst
onto CNFs, The variables involved are the concentration of ferric solution of nickel
nitrate and the residence time. Through the modification in the variable the percent
of iron loading onto CNFs was observed. In this report also briefly include the work
invelve in preparation and characterization of CNFs supported iron oxide catalyst. A
few summarizations from the journal are attached in appendixes for further reading.



2.2 SUMMARY FROM JOURNALS

Table 1: Few types of CNFs synthesis

1 Méthiods 1 Catalyst 1 CaFboh sources | Reféreace
F-CVD Ferrocence C2H6/H2/thiophene Ci.et al.2000
| Ferrocence 1 Xylene/suiphor/H2 Martin-Gutlon et.al. 2006
Cobaltence C2H6/H2/thiophene Singh et al.2002
Electric  arc | Ni-Y He/CH4 Pacheco-Sotelo et al. 2007
discharge
CCVD Ten™ 7 [COMIZ T Cameiroetal 2004 T
Ni-Silica CO+CH4/H2 Toebes et al.
Ni nanoparticies | C2H4/H2
1 Fe-Cu C2H4/H2 | 2002Krishankutty et al.
Pt-LDO C2H2 1997Q.Chen Jia Wang et al.
K-NV/AI203 m/co2 2011C.S Chen et al. 2009
Ferrocence TIsopropy! alcohol/H2 Lu & Ting 2004
Table 2: Few types of preparation of supported catalyst
Method/ Precursors Support | Metal ColC Particle | Reference
solvent ' ' 1 wi% | (at/at) size (nini) ‘
XPS
W [ CANO 00 [ORE |75 [ i~ 55~ | Bezamer
ethanol ‘ et al. 2006
IWL, water | Co(NO3)2.6H20 | CNF 22 0,047 i6
TA, water | CoCO3 CNF 0.8 D,0034 3 I.H bitter
et al. 2003
IWI, water | Ni(NO3)2.6H2C | CNF 30 - §-60
IWL, water | Fe(NO3)3 CNF - 1414 Duan
Fe-CNF Mica . 84.5 Qian at al.
2011
IWI, water | H2PiCl6 CNF 5-50 - 12-20 Endo et
al.2003
IWL, water | Ni(NO3)2.6H20 | CNF 12,5 - 13-14 Ochoa-
Fernandez
et al. 2005
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CHAPTER 3: METHODOLOGY

3.1 INTRODUCTION

The method of impregnation is adapted from two research works which are Asushi
Tanaka et al, 2003 and Xuezhi Duan et al, 2010,

From BET measurement:
Density of CNF = 2.95398 g/cm’ =2.95398 g/ml

Pore volume of CNF = 0.231 em®/g = 0.231 ml/g

3.1.1 - Sample Preparation

1) Theoretical pore volume

1- 1gram of CNF was put in a beaker.

2- Distilled water was filled in burette and added to the CNF by drop wise from
the burette.

The addition was completed until of the last drop of distilled water formed a
thick slurry solution indicating all the pore volume of CNF was filled.

The amount of distilled water that has been used was recorded. (Viuo)

LV )
]

4

2) Drying the CNF

1) The thick slurry solution of CNF from step 1 was placed into oven.
2) The drying process was completed until the mass of CNF return to its
original mass. *all water has been evaporated

i3



3) Calculation mass of Ferrum (%Fe)

I) Molecular weight of Fe = 56 g/mol and for Fe(NO3)s.9H,0 = 404 g/mol

Fe (ferrum) | Fe(NO3)3.9H,0
56 g/mol 404 g/mol
(56 x Xgram)/ 404 g/mol | X gram

2) Calculation for CNF:

Each sample will use 0.1 g of CNF

Total sample =9

Total mass = 0.9 g of CNF

3) For 5% of Fe

= (56 x Xgram) / 404 g/mol = total mass of CNF x (5/100)

= (56 x Xgram) / 404 g/mol = 0,9 g x 0.05

Xs=032g

4) The calculation for 10% and 20% of Fe was repeated.

Table 3 : Experimental variables

Factor ( residencq time)

% Fe

1 hour

Xs(0.32 9)

X10 (0.65 g)

6 hour

X0 (1,30 g)
Xs (032 g)

X10 (0.65 £)

X2 (130 g)

24 hour

X5(0.32 g)

X1 (0.65 g)

X0 (1.30 g)

0.5 m}
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4) Impregnation of iron onto CNF

1) From step 3, the mass of iron (X;) for 5% Fe and was mixed together with an
amount of distilled water from step 1 (Vo)

2) 0.1 g of CNF was placed into a beaker.

3) The solution of ferric nitrate was slowly dropped onto the CNF.

4) The sample was left for a period of time (residence time) for 1 hour, 6 hour
and 24 hour.

5) The step was repeated for 10% and 20% of Fe.

3.1,2 Sample analysis

1) Characterizations of catalyst produced

The microstructure and morphology of CNF supported catalysts were characterized

using;

i
2
3

i

Field Emission Microscopy (Fe-SEM)
Energy Dispersive X-Ray (EDX)
X-ray Diffraction (XRD)

3

2) Results and analysis from completed test

1- The result obtained was observed for the iron loading onto CNF.

2- The variables which are the different concentration of iron and residence time
was compared together to find the best condition that give the highest loading
of iron onto CNF.

15



3.2 LIST OF CHEMICALS AND EQUIPMENTS

Table 4: List of equipments

ID | Equipments Purpose
{2 {BET 1 To determine surface area, pore volume
{3 | Fe-8EM | To study surface morphology

4 | Energy Dispersion X-Ray To determine chemical characterization

Table 5: List of chemticals

No | Description

1 | Carbon nanofibers (powder from)

3 | Acetone (purity)

9 | Iron nitrate nanohydrate, Merck 103883

16
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Results

4.1.1 Field Emission Scanning Electron Micrescopy (FeSEM)

The morphology of CNF as an iron catalyst supported is analysed by using FeSEM.
From the result of FeSEM, the surface morphology can be observed and compared
with the raw CNFs (without iron catalyst), Below are the resulis of samples from the
experiment. From figure 1, it can be ¢learly seen that the CNF are entangled together

and have an enormous void volume which indicate large pore volume.

Figuare 1: Image of CNF at 16000x magnification

18



Figure 2 and 3 shows the Fe-CNFs catalyst produced in one hour residence time at
different concentration of Fe. It can be seen that Fe and CNFs are easily
distinguished with Fe particles had smaller particles size and CNFs have an

attached to the CNFs.

Figure 2: image at 1 kour and 5 % concentration

Figure 3; image at 1 hour and 10 % concentration

19



Figure 4 to figure 6 shows the Fe-CNFs produced at 6 hour residence time with
different concentration of Fe. For figure 4 and figure 5 it shows Fe particle are
properly dispersed with more promising amount of Fe particles attached to CNFs.
Meanwhile in figure 6 there are no distinguishes shape between Fe and CNFs
indicating that the sample cannot be used due to some errors occurred.

Figure 6: image at 6 hour and 20 % concentration

20



Figure 7 to figure 9 shows Fe-CNFs catalyst produce at 24 hour residence time with
different concentration, Figure 8 show the most properly dispersed and attached of
Fe particies onto the CNFs compare to the other images. For figure 9 the images
shows that the Fe particles seems to be coagulate and sintering forming a bulk of Fe
on the CNFs.

Figure 8: image at 24 hour and 10 % concentration

Figure 9: image at 24 hour and 20 % concentration
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4.1.2 Energy Dispersion X-ray (EDX)

The chemical characterization of CNF supported iron catalyst is determined by using
the EDX analysis. Below are the summarizations of the result.

The calibration standards are:

C CaCO3 1-Jun-1999 12:00 AM

0O Si02 1-Jun-1999 12:00 AM

Ca Wollastonite 1-Jun-1999 12:00 AM

Fe Fe 1-Jun-1999 12:00 AM

Table 6: Reésult from EDX analysis

Variables _ _ _

Residence time | Concentration | Elements | Weight% | Atomic %
| 5% — {Fe | 2801 8.62
lhowr = [10% Fe 33.61 10.78
5% T | Fe 20,34 4.60
6 Hour 10% Fe 23.65 6.88
[20% Fe (1749 [2.13
5% [Fe 33.61 10.98

o Tt
[20% I Fe 3616 | 13.01

2t



4.2 DISCUSSION

4.2.1 Field Emission Scanning Flectron Microscopy (Fe-SEM)

The morphologies of CNFs supported iron catalyst of each sample with different
variables were analysed and examined using the Fe-SEM., For each residence time,
the best concentration of ferric nitrate solution was chosen.

Table 7: Result from Fe-SEM

Residence time Concentration of ferric nitrate solution - Figure
1 hour : 10 % ‘ 3
6 hour 10 % 5
24 hour _ 10 % 7 8

From figures 3, it shows that there is an entangled network of CNF with cluster of
iron attached to the surface of CNFs. This indicates that irons catalysts are
successfully impregnated on the surface of the CNF. As for figure 6 and figure 9, it
shows that the iron catalysts are also successfully attached to the CNFs respectively.
However, figure 9 show that there is more iron catalyst on the CNFs compared to the

others.
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- 4.2.2 Energy Dispersion X-ray (EDX)

From table 6, it shows the weight and atomic percent of iron on the CNFs for each
sample with different variables. For each residence time with the 10 % concentration
of ferric nitrate solution, it is observed that the highest iron loading is resulted from
the highest weight percent onto the CNFs.

Fe Spectrum |

Fe

Fz
b 10
2 Z e 9 i N
—y Eecbo age 1 Full Scale 824 cts Cursor: 01,000 e
Figure 10: XRD result for 1 hour and 10 %
concentration
o Fe Spectrum 1]
Fo
2 4 ; 5 0

o Full Soale 824.0t3. Cuesar: 0.000 kel

i Eleriron Image 1

Figure 11; EDX result for 6 hour and 10 %
concentration
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Fe Spectrum {

Fe

2 4 8 5 10

L Full Scale 1692ets Qursor 0000 ke

Elechon Image |

Figure 12: EDX result for 24 hour and 10%
concentration

From figure 10, 11 and 12, the graph clearly shows the presence of elements in the
samples. For each graph, the iron elements have the highest peak, thus the highest in
terms of weight and atomic percent. This has been summarized in table 6. The
residence time of 24 hour with 10% concentration of ferric nitrate solution seem to
give the highest percent of iron loading onto the CNFs with 38.71 weight% and
14.03 atomic %.
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CHAPTER 5: CONCLUSION AND RECOMMENDATION

The study on carbon nanofibers (CNFs) has attracted great interest due to its
outstanding property as catalyst support. Based on these criteria, CNFs is selected
among other studied catalyst support as material for impregnation process using the
iron catalyst. The CNFs also chosen due to the problem in catalyst field that required
the alteration of the catalyst compared to the modifying the reactor to increase the
yield of product. In this research work, the percent of iron loading onto the CNFs is
observed through some experiment. Among the parameters carried out in the
experiment are residence times during the impregnation and the concentration of
ferric nitrate solution. The end results are evaluated comparatively to each other.
Based on the result obtained, it is found that the longer residence time during
impregnation together with the suitable amount of concentration of ferric nitrate
solution gives higher percent of iron loading. The iron catalyst itself is clearly
attached to the CNFs without forming any coagulation due to excessive iron catalyst.

The research work of altering the catalyst is important to increase process
efficiency and reducing the energy cost. The use of CNFs as catalyst support seems
to be the solution over the problems rise in the catalyst field due to its outstanding
mechanical, electrical and chemical properties. The study of alteration of catalyst has
been conducted throughout series of experiments using different type of variables.
By determining the best condition from the variables used, it will improve the
catalyst loading and give higher efficiency of the supported catalyst produced.

Through the experiment, the effect of residence time and the concentration of
catalyst solution are observed. Based on current work and past studies, it can be
concluded that the percentage of catalyst loading onto catalyst support is higher
when the residence time is longer and the concentration of catalyst is not too high.
The result from 24 hour residence time with 10% concentration of Fe gives more

promising result and the highest of metal loading onto the CNFs. In addition, the
25



using various instruments such as Fe-SEM to provide the surface morphology and
EDX to provide the chemical characterization.

For recommendation, the impregnation process of iron catalyst onto CNFs
should be carried out numerous times at different residence time and different
concentration of catalyst solution. This is to observe the effect of both variables
toward the catalyst loading. In addition, other variables such as the temperature and
pressure can be included in this research work. Testing on a large scale can be done
if an agreement with related industry or refinery could be conducted to achieve more

accurate result compared to the existing test.
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