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ABSTRACT

The study for ammonia production has increases since the agriculture industry
needs ammonia to produce urea. Current technology in producing ammonia requires
very high temperature (300-500°C), high pressure (150-300atm) and high cost which
results only 10-20% of total reaction hydrogen and nitrogen gas. This sparks the
interest in producing ammonia using nanocatalyst to get the high yield of ammonia.
This project focuses on using Samarium Iron Gamet (SmaFes01,) as a nanocatalyst in
producing ammonia. The catalyst was reduced using TPR method and run through
nitrogen and hydrogen gas using two types of chamber which are steel and glass
chamber. Magnetic field is also applied to observe the changes in the amount of
ammonia yield. The results show that the amount of ammonia obtained using
Samarium Iron Garnet as nanocatalyst with the presence of magnetic field is 54.8%
of the total reaction in ambient condition. The future work for this project is to use
CNTs as a support with the nanocatalyst in hope of obtaining higher yield of

ammonia.
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CHAPTER 1
INTRODUCTION

1.1  Background of study

The interest of urea in fertilizer industry has resulted in an increase in the
demand of ammonia in a large scale. Friedrich Wohler was the first one to synthesis
the urea from inorganic compound in 1828[1]. In 19 century, a method to synthesis

urea using ammonia and carbon dioxide was developed.

The production of ammonia was a great discovery and contributed a lot in
fundamental science. Until now there are still papers publish on the production of
ammonia using various method and parameters.
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Ammonia, the main component for nitrogen fertilizers is produced by
combining nitrogen and with hydrogen. Over the past 30 years, the production of
ammonia has moved from developed countries to the less developed countries to
tackle the world market. The graph below shows the market share by region
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Figure 2: Ammonia production by region

The agriculture industry particularly Malaysia has turned to be an important
sector in generating income. This can be seen through the establishment of Petronas
Fertilizer Kedah and Petronas Ammonia in Terengganu.

1.2  Problem Statement

The first challenge for this project is to produce ammonia by using a micro
reactor. The current production of ammonia requires high pressure (150 — 300 atm),



high temperature (300°C - 500°C), high cost and only 10% - 20% of total reaction of
hydrogen and nifrogen can be obtained.

The second challenge for this project is to study the properties of the catalyst
which is Samarium Iron Garnet nanocatalyst as well as its kinetic energy properties.

1.3 Objective and Scope of Study

The purpose of this project is to produce ammonia using micro reactor. This is

done by using Samarium Iron Garnet as nanocatalyst.
There are several objectives for this project:

o To study the properties of Samarium Iron Garnet and its kinetic energy
¢ To evaluate the parameters such as temperature and magnetization effect in
micro reactor system to maximize the production of ammonia

¢ To evaluate the type of chamber that can produce higher yield of ammonia

1.3.1 The Relevancy of the Project

This project is relevant to the study of Applied Physics and Applied
Chemistry. This project is also relevant to the agricultural and fertilizer industries.
With the micro reactor system, the production of ammonia using these catalysts will
be study to know the best nanocatalyst to produce higher rate of ammonia. The study

and findings of this project will also help in maximizing the production of ammonia.



1.3.2 Feusibility of the Project within the Scope and Time frame

The project will start by doing some research on the current research and
experiments done on the production of ammonia. Materials such as journals, books
and technical papers regarding the Samarium Iron Garnet, Manganese Zinc Ferrite
and Yttrium Iron Garnet properties will be collected as references. Further research
will be done from time to time to provide solid findings and progress in studying the
catalysts.



CHAPTER 2
LITERATURE REVIEW

2.1  Catalyst for Ammonia Synthesis

Commonly, magnetite (Fe304) is used as catalyst in ammonia synthesis. It is
cooperated with aluminum, potassium, calcium and irreducible oxides [2]. Due to the
easy cation substitution for AP and Fe3+, the uniform distribution of aluminum in
solid can be obtained [3]. A new founding suggested that wustite as a new catalyst in
ammonia synthesis [4] has an increase of 30% compared to those obtained from
magnetite. Wustite is favourable compared to magnetite due to its ability to be
reduced while maintaining its mechanical strength and thermoresistency.

-Also ruthenium based catalyst is in favour due to its long term stability and
activity also low pressure and temperature condition while producing ammonia [5).
Ruthenium with potassium metal is suggested as a very effective catalyst which
performed greatly under atmospheric pressure [6]. High ammonia yield
approximately 40-50% was produced using Ru/C catalyst. The temperature condition
and pressure condition are 370-400°C and 50-100 atm respectively [7]. The major
disadvantage of this catalyst is its extremely high cost [8].



2.2 Samarium Iron Garnet

Garnet materials such as yttrium or samarium possess unique thermophysical,
mechanical and optical properties. Particularly, it has high resistivity on radiation
damage, fracture toughness, and energy transfer efficiency. They are widely used in
optical communication and magneto — optical devices [9, 10]. Also, SIGs are
important due to their wide variety in of magnetic properties by substituting it by
other earth material [11 - 15].

2.3 Haber — Bosch Process

This method was founded by Haber - Borsh in 1913. On 19th century,
chemists enable to investigate the synthesis of ammonia productively. At normal
pressure, the reaction temperature should be kept below 300°C in order to gain a
small percentage of ammonia and no catalyst was used. By increasing the pressure to
75 bar the equilibrium conditions enhanced, but the temperature is increase to 600°C.
Finally Haber acknowledged that much higher pressures had to be applied and he
built a small laboratory apparatus for the continuous production of ammonia. In the
early 1909, Haber found distributed osmium, a catalyst which yielded 8% ammonia at
175 bars and about 600°C. He also found that uranium could be used as a catalyst. In
July 1909, he demonstrated the production of 80 g of ammonia/hr with this apparatus.
The catalyst that Haber used was too expensive to gain any profit. Along with Carl
Bosch, Haber invented a large-scale catalytic synthesis of ammonia from elemental
hydrogen and nitrogen gas, reactants which are plentiful and cheap. By using high
pressure (approximately 150-200 atm), high temperature (around 500°C), and an iron



catalyst, Haber could force relatively unreactive nitrogen and hydrogen gas to mix

into ammonia.

Mo, Hy CO

24  Catalyst Support

CNTs as a support have been widely regarded to give higher yield of
ammonia due to their properties. Because of their high external surfaces it can gives
good electronic conductivity. With their large surface to volume ratio due to high
external surfaces the possibility to control porosity and surface chemistry of the
nanocatalyst increases. Also, CNTs posses a very high mechanical properties while
maintaining its thermal stability. Table below summarize some of the catalyst support
have been used in obtaining higher yield of ammonia




Table 1: Summary of catalyst support

Catalyst Who Results

Ruthenium/Carbon | British Petroleum |  * - Produced five to ten times ]ngher

sppot | Company, | reacuwtymtemsow
pemt B » - Expensive
M.W.Kellog .

. mgh-prem(so-mo!a:m) |

. rhghtemp(zm-mm(:)

Rw/CNTs Yinetal . Ihghcaxalytm activity

* Anincrease of 30%

2.5  Magnetization

The magnet alignment cailed domains is caused by the microscopic ordering
of electron spins of ferromagnetic materials [16]. The iron will be magnetized in the
direction of the applied magnetic field. With external field, the alignment of the Iron
will follow the direction of North to South poles.
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Figure 4: Magnetic alignment

2.6 Curie Temperature

When temperature increases, the magnetization of a ferromagnetic material
will lose it magnetism when it reaches Curie point. The phenomenon is called
paramagnetic. Below Curie temperature, the neighboring magnetic spins are aligned
properly. As the temperature increases, the magnetization (alignment) within each
domain decreases so that the magnetic moments become totally disordered. Table

below shows some of the curie temperature of certain materials

Table 2: Curie temperature of some materials

Substances Curie Temperature (°C)
Fon(Fe) | 770
Cobalt (Co) | 1130




Nickel (N§)_ 358

Iroﬁ Ox1de (F§03) 622

2.7  Spin and Activation Energy

Since the investigation of fractional quantum Hall Effect (FQHE), which is
the collective state where the electrons bind together with magnetic flux lines to make
a new (uasiparticles [17, 18] a lot of experiments were done to study the interactions
under strong perpendicular magnetic field [19]. Due to the improved technology, the
structure of its ground state or in its excitations can be resolved [20-29].

The energy of the spin-flip like excitations can be measured by measuring the

activation energy [30, 31].

2.8  Arrhenius Kinetic Energy

Arrhenius kinetic energy was first proposed by a Dutch chemist J.H. van’t
Hoff in 1884 and was justified by Swedish chemist Svante Arrhenius in 1889 5 years
later [32]. This equation is remarkably accurate for the dependency of temperature
with the reaction rate constant. It can be seen as the best empirical relationship in

modeling temperature variance coefficient.

An increase of 10 degree Celsius doubles the reaction rate which is supported
by Arrhenius. The higher the collision rate results higher kinetic energy and higher

activation energy. The amount of energy required to ensure reaction happens is the

10



activation energy. Upon collision, this energy can be used to bend and break bonds

leading to chemical reactions.

Activation energy can be regarded as the height of the potential barrier or
energy barrier separating between the potential energy of reactants and the product of
reactions. There should be a correct number of molecules with energy equal or

greater than the activation energy.

In some cases, rates of reaction decreases with increasing temperature. This
can be related with barrier less reactions, in which the reaction proceeding relies on
the capture of molecules in a potential well. Increasing temperature leads to a reduced
of collision is expressed as a reaction cross section that decreases with increasing

temperature

Also, the kinetic energy can be related to chemical thermodynamics study of
the interrelation of heat and with chemical reactions. The thermodynamics potential
are the quantitative measures of energy stored as they evolve from an initial state to
the final state. The fundamental laws of the four equations or called ‘fundamental
Gibbs free energy’ are typically used in order to predict the energy exchanges.

Arrhenius equation demonstrated that,

k = Ae-Ea/RT

where Ea is the activation energy,

R =8.314 x 10-3 kJ mole-1 K-1

T = temperature in Kelvin,

A = proportionality constant

Taking the natural logarithm of Arrhenius equation gives,
In(k) = (Ea/R)(1/T) = In(A)

y=mx=b

11



Plot In(k) vs 1/T and the data will gives straight line and by determining the slope, the
value of activation energy can be calculated

With catalyst, the activation energy will be lowered without changing the
product energy. This is shown in figure below. With positive activation energy, the

reaction is endothermic which it absorbs heat from the surrounding.

Reaction without catalyst

= =~ - Reaction with catalyst

. Energy

v

Reaction path

Figure 5: Activation energy

2.9  Gibbs Free Energy

Gibbs free energy is equal to the work of the system in exchanging with its
surrounding after subtracting the work of forces during the transformation from initial

state to final state.

12



It was developed by Josiah Willard Gibbs in the 1870s which he described it
as the ‘available energy’. The energy is described as the enthalpy of the system minus
the product of the entropy times the temperature of the system,

G=H-TS

Therefore the change in the system during the reaction is equal to,
AG=AH - A (TS) and,

AG = AH - T AS at constant temperature

Under the standard-state free energy of reaction (AG®),

AG° = AH® - T AS°

To determine the reaction is spontaneous or not, the enthalpy and entropy
terms have different sign conventions. It can be concluded by looking at the AG®

sign.
Favorabie or spontaneous reactions: AG ° <0

Unfavorable or non-spontaneous reactions: AG ° >0

Reactions can be classified as endothermic (AH > 0) which it absorbs heat or
exothermic (AH < 0) which it releases heat. While reactions can also be described in
term of their free energy as exergonic (AG < 0) or endergonic (AG > 0) where the

free energy either increases or decreases during the reaction.

13
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CHAPTER 3

METHODOLOGY

Procedure Identification

The project execution flow is shown in Figure 7.

E START !

L

Literatare Review

:

Characterization of Samariom
Iron Garnet and Manzaneze
Zimc Ferrits

4

Analyze the characterization
rezult of Samarium Iron
Garnet and Manganess Zine
Ferrits

k Figal Year

Project |

L 4

Production of Ammonia

Analyze data and calenlations

L 2

End of Final Year Project 2

>,_ Final Year
Projeer II

Figure 7: Flow chart of the project
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There are several steps involved upon completing this project which can be

divided into five main parts

e Research and literature review

s TPR for Samarium Iron Garnet, Yttrium Iron Garnet and Manganese Zinc
Ferrite

e Preliminary experiments in the lab

¢ Collection of Ammonia

The first part of this project is devoted into studying the research paper and
literature review. Topics including Manganese Zinc Ferrite and Garnet materials and
other relevant theories are critically reviewed. This is essential to get an overview of
the ammonia production before further determining the good catalyst in producing

ammonia.

The second stage of the project will be the TPR of the catalyst of Samarium
Iron Gamet, Yttrium Iron Garnet and Manganese Zinc Ferrite obtaining the 0.2 gram
of the material. The TPR is done in order to reduce the oxide inside the nanocatalyst.

The role of CNTs as a support will also be evaluated.

Preliminary experiments in the lab will include testing of the catalyst in the
effectiveness of producing the ammonia. After testing the catalyst at different
temperature from room temperature to 188°C every 30 minutes, a magnetic field

should be applied to the micro reactor while producing the ammonia.

The final stage of this project is to collect the ammonia obtained after running
both nitrogen and hydrogen gases through the catalyst. The data collected will then be

analyzed.

16



3.2  Technical design
3.2.1 Micro Reactor

Micro reactor temperature operation ranging from 28°C to 200°C with
pressure condition of 1 Bar and magnetic field of 1 Tesla is used in this experiment

3.2.2 Tools and Equipments of the experiment

3.2.2.1 Magnetizer

17



Magnetizer is used in this experiment to apply magnetic field towards the

catalyst to observe the production of ammonia

Figure 9: The magnetization coil

3.2.2.2 Kjeldahl Method

This method is applied in this experiment after varying the temperature of the
microreactor from 28°C, 48°C, 68°C, 88°C, 108°C, 128°C, 148°C, 168°C, and
188°C. Then gas is flowed into 2.5mL of HCL. After 30 minutes, the gas is then
collected and 5 drops of penoftalene is added and then titrate it using NaOH. The

amount of NaOH used is counted to calculate the amount of ammonia produced

HClpeacteda + NH3 =2 NH4CI
NaOH + HClxeess 2 NaCl + H,O

HCliotai = HClreacted + HClexcess

18



HCliotal =25ml

2.5
Mole HClew = —=x0.01M
ol F el = 1000

=25x10"

Amount of HCleaed = Amount of NH;
Amount of HClgyeess = Amount of NaOH

Nanocatalyst = Mng 3Znj ;Fe;,04 & Sm3FesO,; by self combustion method

Figure 10: (a) Titration pipet; (b) Phenolphtalein; (¢) NaoH; (d) Ammonia
collection bottle
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3.2.2.3 Tesla Coil

A total of 1 Tesla is used in this experiment.

Figure 11: Tesla Power Supply

3.2.2.4 Helmholtz

Helmbholtz is set with 3.8V, 0.55A and 320 turns.

Figure 12: Helmholtz coil

20



CHAPTER 4
RESULTS AND DISCUSSION

4.1  SalGs Characterization

Figure below shows the XRD spectra of the as-prepared catalyst obtained at
annealing temperature of 1100°C and 1350°C

20000
(420)
15000
422
d (5212440) 611 (444) (800)
E 10000 | 1350°C
5000
o o A _A_ A At J\r\_ LN .]\"\._AJ\A J\\ 1100°C
20 30 40 50 aq
2Theta (deg )

Figure 13: XRD profile calcined at different temperature
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The XRD technique takes a sample of the material and places a powdered
sample in a holder to determine the structure, grain size and preferred orientation.
Then the sample is illuminated with x-rays of a fixed wave-length while measuring
the intensity of the reflected radiation using a goniometer. This data is then analyzed

and calculated using Scherrer equation which is

T=k\/ Bcosf

where,
k=09
A= 1.5406¢
p=FHWMx2xn/360=223x 10>
0 = 32.409/2 = 16.2045
1=64.76 x 10~*

The size of the grain is 64.76 nm. Crystallization of SalG to form single phase
occurred at temperature 1350°C.

Then SalG was send to the lab to get the Field Emission Scanning Electron
Microscopy and Energy Dispersed X-ray (FESEM). The figures show irregular
shapes and agglomerated particles.

22
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Figure 14: FESEM analysis at different resolutions

Then the sample was also taken to the lab for TPR process. The table below
shows that the reduction for SalG only occurred once at the temperature of 806°C to
become metallic state. The process was run using hydrogen gas, flow 20 ccm/min,
start temperature 20°C, stop temperature 800°C and hold for 15 minutes.

Table 3: TPR for SalG
Temperature % Hydrogen MVs pmol/g
806 100 284967.60 132.90691

23
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Figure 15: TPR result of SalG (detected peak is at 284968 mVs)

Table below shows the EDX results for SalG in term of atomic percentage,
weight percentage and the standard deviation.

Table 4: EDX results of SalG

Element | Weight% | Atomic% Standard Deviation (%)
OK 22.53 53.84 10.26

FeK 35.07 36.29 45.16

Sm L 42.40 9.87 342

Totals 100.00 100.00

24




42  Ammonia productioli of SalG, Manganese Zinc Ferrite, and YIG

When Samarium Iron Gamet is used as the catalyst, the production of
ammonia can be observed by manipulating the temperature and the condition of the
micro reactor which are with or without the magnetic field. The experiment is carried

out using steel chamber. The results is summarized in table below

Table 5: Percentage of Ammenia yield with and without Magnetic Field using
steel chamber

Temperature | Percentage yield of ammonia | Percentage yield of ammonia
(°C) with Magnetic Field (%) without Magnetic field (%)
28 . ImB6 356

T B 1578

& |52 384

TR FTY | 2

108 124 | 436

3 ra— ” 1392

L 392

T . e - 24

88 8 352
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As the temperature increases, the amount of ammonia is lesser. The graph
below shows the trend of the catalyst with and without magnetic field

60
50
g 40
§‘ 30 —— WITH MAGNETIC
§ FIELD{SAMARIUM)
a 20 8 WITHOUT MAGNETIC
FIELD

28 48 68 83 108 128 148 168 188

Temperature (°C}

Figure 16: The graph shows that the production of ammonia decreases as the
temperature increases

Based on the graph, the optimum production of ammonia is at 48°C which
yielded 54.8% with the presence of magnetic field. There is an increase of yield about
45.7% in response to the magnetic field applied. In the absences of magnetic field, the
yield is almost constant because there is no response of ferromagnetism towards the
catalyst.

Next the catalyst is then run using glass tube at 28°C with the presence and
absence of magnetic field. The results are shown in the table below
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Table 6: Percentage of ammonia yield using Glass Tube at temperature of 28°C

Temperature | Percentage yield of Percentage yield of ammonia without
(°C) ammonia with magnetic field

magnetic field
28 54.8% 34.8%

The trend for production of ammonia using glass tube and steel chamber is the
same in room temperature, 28°C which shows the production of ammonia with
magnetic field is higher. In comparison of the chamber, the glass tube produce higher

amount of ammonia at room temperature. The results are summarized in the chart
below
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Figure 17: Comparison between steel and glass chamber
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When manganese zinc ferrite were titrated the amount of ammonia obtained

are listed in the table and graph below

Table 7: Percentage of Ammonia yield for Manganese Zinc Ferrite

Temperature | Percentage yield of ammonia | Percentage yield of ammonia
°C) with Magnetic Field (%) without Magnetic field (%)
I EZ R £

43 B T B—— T

B [y R ETs

108 4 R 272

I E 155

143._ T Lo 26

ST Ry - %

I C R

28



—¢—withmagnetic ficld
~—without magnetic ficld

Percentage of ammonia yleld (%)

28 48 68 88 108 128 148 168 188

Temperature {°C}

Figure 18: Production of ammonia using manganese zinc ferrite

We can observe that the production of ammonia in the absence of magnetic
field is the highest at temperature of 28°C which is 50.8%. When the temperature
increases, the production of ammonia is lesser. As for the amount of ammonia with
the presence of magnetic field, the highest was obtained at temperature of 188°C. The
trend with the presence of magnetic field is very random. We can assume that the
nanocatalyst was in endothermic state from the beginning where it absorbs the energy
and produce highest amount of ammonia at the temperature of 188°C.

When yttrium iron garnet was used as the nanocatalyst, the amount of
ammonia obtained from the titration is listed in table and graph below

Table 8: Amount of Ammonia using YIG

Temperature | Percentage yield of ammonia | Percentage yield of ammonia
(°C) with Magnetic Field (%) without Magnetic field (%)

28 62.8 51.6
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Figure 19: Production of ammonia against temperature

As the temperature increases, the amount of ammonia obtained is getting

lesser. This can be explained by using the Curie temperature studies in which the
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ferromagnetism of a material will decrease as the temperature increases. The
optimum condition for ammonia production for YIG is at temperature 28°C with the
presence of magnetic field which yielded 62.8% of ammonia production.

Out of the three nanocatalyst, the earth garnet materials gave better amount of
ammonia at low temperature compared to ferrite. YIG relatively gave better amount
of ammonia compared to SalG. SalG can serve as an alternative to YIG as
nanocatalyst in producing high yield of ammonia.

Nanocatalyst reaction with presence of
magnetic field

—&—Yilrium

== 53 Mar um

S88583

10 Maginese

Percentage of Ammonia (%)

28 LR A8 RA 108 178 148 IARE 1IRF

Temperature {°C)

Figure 20: Three nanocatalysts in comparison (with presence of magnetic field)
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Figure 21: Three nanocatalysts in comparison (with absence of magnetic field)

The activation energy of the nanocatalyst can be determined by the Arrhenius
plot. The calculation is determined based on the Temkin-Phyzev equation for
ammonia synthesis. The details of the calculation are described in Appendix.

In Ka
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= ¥~ 3.910x-27.29

Figure 22: Arrhenius plot of ammonia production for Sm3;FesO,; nanocatalyst
with magnetic field. T = 28°C - 188°C, P = 1 atm, Cat. = 0.2g, H2:N2 = 3:1
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The activation energy, E, was determined by calculating the gradient linear
lines. In the presence of magnetic field, the calculated activation energy was 32.50

kJ/mole.
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Figure 23: Arrhenius plot of ammonia production for Sm;FesQ;; nanocatalyst
without magnetic field, T =28°C - 188°C, P =1 atm, Cat. = 0.2g, H2:N2 = 3:1

The activation energy, E, was determined by calculating the gradient value
which is -0.718. In the absence of magnetic field, the calculated activation energy
was 5.96 kJ/mole. The kinetic energy between the absence and presence of magnetic
field is shown below
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Figure 24: Production of ammenia with and without magnetic field

The activation energy for YIG can be seen through the graph below. We can
observe that the activation energy for yttrium is both negative which are -8.20
klJ/mole and -43.23 k)/mole. Both are exothermic which means it releases heat to the

surrounding.

1FT*31000
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Ciwdthout H-Field

Ink
N
&

18 ¥=-0.986x- 13.18

Figure 25: Activation cnergy for ytirium is calculated using the slope
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Table below summarizes the activation for both garnet materials. YIG are
exothermic in both cases while SalG is endothermic with magnetic field and
exothermic without magnetic field. With the presence of magnetic field, the amount
of ammonia is higher since it is in an endothermic state which allows the transfer of
electron and pairing much easier between the catalyst and reactant. An increase of

45.7% is observed when magnetic field is applied towards SalG.

Table 9: Activation energy for both garnet materials

Material Ea with H-Field Ea without H-Field
Yttrium fron Gamet | -8.20kJ/mole = | -43.23 ki/mole
Samarium Iron Gamet | 32.51 Kifmole | -5.97 Kl/mole

Based on the results, we can see that using glass chamber gave better results
compared to steel chamber. Next, we run the catalyst inside a glass chamber using
both Magnetizer and Helmholtz. The result is shown in the graph. Using Magnetizer
gave slightly better amount of ammonia since it gave a hard magnetic field towards
the catalyst.
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Figure 26: Comparison between Helmholtz and magnetizer as the source of

magnetic field at room temperature using glass chamber

Lastly, the catalyst is then run using steel chamber with 0.1g of CNTs in the
presence of magnetic field to see the effect of CNTs as a support. CNTs as a support

can give the possibility to control porosity and surface chemistry of the catalyst. The
results is shown in graph below
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Nanocatalyst reaction in the presence of magnetic field
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Figure 27: Ammonia yield when CNTs are mix with the catalyst

With CNTs, the highest yield is 32.8% while without CNTs is 54.8%. There is
a decrease around 20% but must be noted that less catalyst is used (by 50%).
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

Based on the research done, the production of ammonia is done using a micro
reactor system that works in low temperature (28 - 200°C), low pressure (150 — 300
atm) with higher yield of ammonia. The catalyst used in this project is Samarium Iron
Garnet (Sm3Fes0y;) which was reduced using TPR. This catalyst is then run by
nitrogen and hydrogen gas for 30 minutes from room temperature until 188°C. The
data collected from the experiment shows that with the existence of magnetic field
and at temperature 48°C, the production of ammonia reaches 54.8% which is
considered the optimum condition. Also, SalG can serve as an alternative to YIG
since production of ammonia is higher with garnet material compared to ferrite oxide
The amount of ammonia is higher when magnetic field is applied due to the spinning

factor which allows the transfer of electron much easier {33].

52 Recommendations

The way forward for this project will be mixing CNTs with the catalyst to
observe the effect of CNTs in ammonia production. Since with small magnetic field
gave higher amount of ammonia, varying the magnetic field can give better effects of
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ferromagnetism towards the catalyst hence give higher yield of ammonia. A
Helmholtz can be use to replace the Magnetizer where we can manipulate the
frequency since varying the current is much easier. Lastly, instead of using Kjeldahl
method to obtain the amount of ammonia, a gas chromatograph can be use to check

the percentage of ammonia yield.
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APPENDIX A

CALCULATION OF ACTIVATION ENERGY

Formula

B.1. Rate of Ammonia Production

Rate = mole of ammonia produced / (mass of catalyst (g) x duration of reaction (t))

= molenny/Zearh

B.2. K and Kz [89]

Based on equations proposed by Aparicio et al. [89] at T =251 °Cand P=1 atm
Ka  =3.289 exp [(50690 J/mol)/RT]

Ke  =7.35x 10" exp [(-59040 J/mol)/RT]

Where,
Kas = Rate constant for the formation of ammonia

Kz  =Rate constant for the decomposition of ammonia

B.3. Vant Hoff's Equation [9]
In (Kr2/K1) =AHR (1/T; - 1/T3)

Where,

T = Temperature (K)

AH = Heat of ammonia production = -92 kJ/mole
R = (Gas constant (JJ/molLK)  =8.314 J/mole K

B.4. Ideal Gas Law [9]

PV =nRT

Where,

P = Pressure (atm)

v = Volume (L)

R = (as constant = 0.0821 L.atm/mol. K
n = Number of mole



T = Temperature (K)
B.5. Mole fraction of component [9]

Xa  =no.mol A/ mol of all components)

B.6. Partial pressure of reactant/product [9]

Pa = XaXProul

Where,

P,  =Partial pressure of component A
Xa = Mole fraction of A

Py = Total pressure

B.7. Temkin-Phyzev Equation [89], [100]
Rate (molenis/ge-h) = kKaProl(Pro)/(PPams)]” - ks [(Prris) (PPi)]™

B.8. Arrhenius equation

k  =Ae™M
Ink =InA-E/RT
Where,

k = Rate constant

A = Exponential factor
Ea = Activation energy
T = Temperature (K)

Calculation

Determination of reference ky, ky and K.,
Based on work done by Aparicio et al. [89] at T =251 °C and P = | atm, using Equation
B.2:
ka  =3.289 exp [(50690 J/mol)/8.314 x (2514273)
=3717x 10°
ks  =7.35x10%exp [(-59.04kJ/mol)/8.314 x (2514273)
=9.568 x 10°
Keg =Kz =ka/kp=0.038



Hematite, a-Fe;0; nanocatalyst in the presence of magnetic field.
T=30°C[T;=30 T,=251(R)]
A. Rate of Ammonia Production
Using Equation B.1:
Rate = (300 pmole x 1x10°) /(0.2 g x 0.5 h)
= 3.0 x 10-3 molenys/gear.h

B. Determination of K

Using Equation B.3:

In (K30/0.038) = (92000 / 8.314) x (1.391 x 10™*)
In K3,/0.038 =15.40

e in KT140.038 = cl‘iw
K0.038  =4.876x10°

Kio = 1.853 x 10°

C. Determination of P

Mole of fed N; and H,

Using Equation B.4:

nyy  =PV/RT
= (1.2 atm x 0.01 L)/(0.0821 L.atm/mol. K x 301 K)
=4.920x10"* mole

mp  =(1.2 atm x 0.03 L)/(0.0821 L.atm/mol. K x 301 K)
= 1.476x10° mole
i obtained = 300pmole =3 x 10™ mole

Using equation B.5:

Xna = (4.920x10™ mole) / [(4.920x10™ + 1.476x10™ + 3 x 10™*) mole]
=0.216

X =(1.476x10° mole) / [(4.920x10™* + 1.476x107 + 3 x 10"*) mole]
= 0.650

Xnez =3 x 10 mole) / [(4.920x10™ + 1.476x107 + 3 x 10™*) mole]
=0.130



Using equation B.6:

P =0.216x latm =(.216 atm
P =0.650x1atm = (.650 atm
Pz =0.130x 1 atm =0.130 atm

D. Determination of k
Rate (molensa/gea) = kaPral (Pl (PPais)® - ks [(PPnis) (PPro)l'™®

Using Equation B.7:
3x10° = ka(0.216)[(0.655°/(0.13) 1" - kn[(0.13Y°/0.65)°] "7
3x10° =1.74ka - 049 kp

=1.74 ka— 0.49 (ka/K30)
Ka =1.724x10?



TABLE FOR ACTIVATION ENERGY CALCULATIONS

APPENDIX B

SAMARIUM IRON GARNET WITH THE PRESENCE OF MAGNETIC FIELD
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YTTRIUM IRON GARNET WITH THE PRESENCE OF MAGNETIC FIELD
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