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Abstract. Ammonia production is a high energy and capital intensive industry as it requires high 

temperature (400–500
o
C) and high pressure (150–300 bar) for its daily operations. By introducing 

nano-catalyst with the new concept of micro-reactor with applied magnetic field induction, the 

catalytic activity can be induced and the output can be enhanced. Magneto-dynamics will be 

introduced in the ammonia production process in order to replace the concept of thermodynamics in 

the Haber Bosch process. The nanocatalysts (Y3Fe5O12, Fe2O3, MnO, Mn0.8Zn0.2Fe2O4) have been 

reduced by using the temperature reduction method (TPR). The Y3Fe5O12 (YIG) catalyst with 

magnetic induction produced242.56µmol/h.g-cat output of ammonia which is 2% much higher than 

ammonia synthesis without magnetic induction (237.52 µmol/g.h).The ammonia output based on 

the magnetic induction method at a temperature of 0°C is 242.56µmole/h.g-cat which is 0.90% 

higher than the synthesis at 25°C temperature (240.4 µmol/g.h). The ammonia output at 0.2Tesla is 

249.04 µmole/h.g-cat which is higher 2.6% than the output at 0.1Tesla which is 242.56µmol/g.h. It 

is proven that the higher the applied magnetic field is, the more effective the catalytic activity will 

be as a better alignment of the electron spin of the catalyst occurs and enhances the adsorption and 

desorption process. Y3Fe5O12 (YIG) shows the best catalytic reaction followed by Fe2O3 (hematite) 

and MnO (manganese oxide). By this new route, synthesis of ammonia at low temperature is 

realized and offers ammonia producers an economic advantage compared to the classical routes. 

Introduction 

In the current scenario, ammonia and urea industry is rising significantly as new markets for bio-

fuel and NOx abatement emerges while existing markets are challenged. Capital and logistic cost 

rises have altered the business decision but despite this upheaval and uncertainty, growth has 

continued apace [1]. The current technology of ammonia production is only capable to generate a 

small output from a huge amount of feedstock which is only about 10% to 20% of ammonia output 

with high capital and energy intensive consumption. Many ammonia plants struggle with high 

feedstock prices, high maintenance and high energy consumption for the plant in order to maintain 

at high temperature and high pressure [2]. 

In order to overcome these drawbacks, magnetic nanotechnology is seen as an excellent solution by 

introducing nano-catalyst applied with the new concept of magnetic induction to induce the 

catalytic activity and at the same time enhancing the production output. By applying the concept 

from the First Law of Thermodynamics that energy cannot be created or destroyed but can be 

converted from one form to another, magneto-dynamic has been introduced to replace the concept 

of thermodynamics from the Haber Bosch process which require the production of ammonia at high 

temperature and high pressure. The objective of this research is to introduce the application of 

conversion of magnetic energy to chemical energy instead of conversion of heat and mechanical 

energy to chemical energy in ammonia production. 
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 Ammonia Synthesis 

 

The reaction of ammonia synthesis is reversible and exothermic [3]: 

N2(g) + 3H2(g) �� 2NH3(g)     + 92.4 kJ            

The main role of the ammonia catalyst is to dissociate the N-N bond. With the presence of magnetic 

induction, the N2 bond will be dissociated more easily through the adsorption and desorption 

process. The adsorption process in the ammonia synthesis is an essential process where the reactant 

molecules (H2 and N2 gas) adhere to the surface of the metal catalyst and go through a physic-

sorption and chemical chemi-sorption process. As the reactant gases flow into the reaction medium, 

they will be firstly adsorbed to the metal surfaces by physic-sorption and at this stage, a van der 

Waals interaction between the reactants and metal surfaces occurs. The enthalpy change due to 

adsorption (DHads) is 5–50 kJ/mole [3]. This enthalpy change is insufficient for the bond breaking to 

occur. Hence, physisorbed molecules are retained and then multilayer adsorption would occur. 

Multilayer adsorption is a phenomenon where the adsorption surface accommodates more than one 

layer of molecules, and not all adsorbed molecules are in direct contact with the surface of the 

metal. 

Chemical adsorption is a process of sharing or exchanging electrons between the reactants and the 

partially occupied d-orbital of iron metal forming a chemical bond. The chemisorption enthalpy is 

50–500 kJ/mole which is greater than for physic-sorption. Theoretically, when the nitrogen 

molecules are chemically adsorbed, the triple bond which ties two nitrogen atoms together is 

favored to donate their electron to the partially occupied d-orbital of the iron metal. This is usually 

referred to as sigma (s) donation which forms a strong chemical bond which results in a shorter 

distance between the adsorb nitrogen molecules and iron metal surfaces. Iron metal has four 

unpaired electrons (d6) in the d-orbital and needs four additional electrons to be stabilized. Because 

of this, the excess electron will be donated back to the empty pie (p*) orbital’s of nitrogen 

molecules. This process is known as p-back donation. In consequence, the N-N bond is lengthened 

and weakens. Thus, the nitrogen molecules will be separated and fragmented on the iron metal 

surface to form monolayer adsorption. At this stage, all the adsorbed atoms are in contact with the 

surface layer of the adsorbent [3,4]. 

Then, the migration process involves the movement of chemisorbed single atoms and reacts among 

each other to form the product, i.e. in this case ammonia. It happens because the bonding between 

chemisorbed molecules and the iron metal surfaces provides a thermodynamic driving force for the 

release of atoms so that the migration can be accomplished [5]. Once the product is formed, the 

intermediate strength of surface bonds allows desorption of products (NH3). So it leaves free active 

sites for the incoming hydrogen and nitrogen reactants molecules to be adsorbed and react on the 

iron metal surfaces. Using a nano-sized catalyst is attractive due to its high surface area leading to 

its active site for the physi- and chemi-sorption process while the magnetic field is applied. This 

will contribute to the alignment of the electron spin of the iron metal and provides a better electron 

exchange between the catalyst and the reactant gases. 

Magneto-Thermodynamic Effect in Chemical Reaction 

This subsection is concerned with the magnetic field effects (MFEs) on the chemical equilibrium 

and related phenomena.
1
 Besides the equilibrium constant, a chemical reaction is accompanied by 

important thermodynamic quantities, such as the heat, the free energy and the entropy of reaction.  

Let us consider the chemical system in which k kinds of ideal gasses are reacting with each other at 

the stoichiometric coefficients νi(i = 1 ∼k) under the influence of a magnetic field. Then, the 

condition of a chemical equilibrium is written by, 

                                                           
1Yamaguchi (1987) 
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Where ��
∗is the standard chemical potential at temperature T and the standard pressure P∗in a zero 

magnetic field. Piand miare the partial pressure and the molar magnetization for the i-th component. 

µ0 is the permeability of the vacuum. The integration must be done with respect to the magnetic 

field strength H at constant temperature T. The equilibrium constant Kpis derived from Eqs.(2) 

and(3) as, 
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Equation (4) leads to the magnetic field-induced change in the equilibrium constant. 

�� �
[�] − �� �

[] =	−
�

"#
	(−∑ ��	

�
��� � �����)

�


=	−

�

"#
&(�)              (5) 

Where 
[H]

 and 
[0]

 are the equilibrium constant in the magnetic field and in the zero fields, 

respectively. Below similar notations are used for other thermodynamic quantities. g
(m)

 is the 

magnetic free energy change per unit reaction. Moreover, the heat of reaction ∆H
0
, the free energy 

of reaction ∆G
0 

and the entropy of reaction ∆S
0
 are a function of temperature T and magnetic field 

strength H, too. In this paper we omit the 
[0]

 form the notation for simplification. Using the standard 

theory of chemical thermodynamics yields the magnetic field-induced changes in these 

thermodynamic quantities as 
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Equations (5) to (8) are the general formulae for the magneto-thermodynamic effects in chemical 

reactions. This magneto-thermodynamic formulation is applicable to all of the MFEs in chemical 

reactions [7]. 

Magnetization versus Temperature 

The influence of temperature on magnetic materials can be determinate in the magnetic properties 

of those materials. Rising the temperature of a solid will result in the increase of the thermal 

vibrations of atoms and with this the atomic magnetic moments are free to rotate. Due to this 

phenomenon, the atoms tend to randomize the directions of any moments that may be aligned [6]. 

With increasing temperature, the saturation magnetization diminishes gradually and abruptly drops 

to zero at the Curie temperature (T). 

At temperatures below the Curie point the magnetic moments are partially aligned within magnetic 

domains in ferromagnetic materials. As the temperature is increased from below the Curie point, 

thermal fluctuations increasingly destroy this alignment, until the net magnetization becomes zero 

at and above the Curie point. Above the Curie point, the material is purely paramagnetic. At 

temperatures below the Curie point, an applied magnetic field has a paramagnetic effect on the 

magnetization, but the combination of para-magnetism with ferromagnetism leads to the 

magnetization following a hysteresis curve with the applied field strength. Table 1 shows some 

examples of Curie temperature for various materials 
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Table 1: Curie temperature of various materials [6] 

Material Curie Temperature (K) 

Magnetite 858 

Iron 1043 

Y3Fe5O12 (YIG) 550 

Hematite 1000 

Nickel  631 

Cobalt 1393 

 

Methodology 

Effects of changing the variable on the process response is evaluated in the following see Fig. 1. 

 

Figure 1. Changing Variable on the Ammonia Synthesis 

The following types of experiments were done, see Fig. 2: 

i. Synthesis of ammonia at different conditions with and without magnetic induction to 

understand the effect of the magnetic field on the catalytic activity 

ii. Synthesis of ammonia at different temperature that is 0°C and 25°C using YIG (Y3Fe5O12) 

catalyst to know the effect of temperature on the electron spin alignment 

iii. Synthesis of ammonia by using different types of catalysts, i.e.hematite (Fe2O3), magnetite 

(Fe3O4), manganese zinc ferrite (Mn0.8Zn0.2Fe2O4), YIG (Y3Fe5O12) and manganese oxide 

(MnO) at 0°C 

iv. Synthesis of ammonia at different magnetic strength (0.1T and 0.2T) in micro-reactor (Fig. 3) 

 

Figure 2: Types of conducted experiments. 

 

Figure 3: Ammonia micro-reactor. 
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Result and discussion 

Temperature Program Reduction (TPR) Result 

The reduction of various iron oxides in hydrogen and carbon monoxide atmospheres has been 

investigated by temperature programmed reduction (TPRH2). Five different compounds were 

characterized: hematite α-Fe2O3, magnetite Fe3O4, manganese oxide MnO, Manganese Zinc 

FerriteMn0.8Zn0.2Fe2O4, and YIG Y3Fe5O12 nanocatalyst. The reduction process takes place after 

accompanying dehydration up to 1000°C. 

 

 

TPR Results The reduction 

mechanism 

[8,9,10,11]: 

 

Tempera

ture (
o
C) 

Ref. 

 

3Fe2O3 → 2Fe3O4  

2Fe3O4 → 6FeO 

6FeO → 6Fe 

250-570 

570-795 

795-

1025 

[8] 

 

MnO + H2 → Mn 

Mn 

200-475 

475-

1000 

[9,10] 

 

Fe3O4 → Fe2O3  

MnZnO 

Fe3O4 → FeO 

FeO→ Fe 

MnZnO→Mn 

273-350 

463 

540 

650 

736 

[11] 

 

Y3Fe5O12 → 

FeO+YO2+O2 

FeO→Fe 

YO2→Y3
 

273-350 

795 

 

960 

[13] 

 

Figure 4: TPR Profile of Fe2O3 (Hematite) Nanocatalyst. 
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Ammonia Synthesis at 0
o
C Temperature with and without Magnetic Induction Method 

 

The syntheses of ammonia were conducted at a temperature of 0
o
C using Y3Fe5O12 (YIG) and 

Fe2O3 (Hematite) nanocatalyst. Firstly, the reactant gases were reacted with the Y3Fe5O12 (YIG) 

nanocatalyst by the magnetic induction method (MIM) applied at 0.1Tesla for duration of 30 

minutes. The experiment was repeated by reacting the reactant gases with the YIG nanocatalyst 

without application of MIM. The whole experiment then is repeated by using the Fe2O3 (Hematite) 

nanocatalyst. 

 

 
Figure 5: Output of ammonia at different magnetic induction conditions. 

 

Figure 5 shows that the output of the ammonia synthesis by using the Y3Fe5O12 (YIG) nanocatalyst 

with MIM is 242.56 µmole/h.g-cat while without MIM it is 237.52 µmole/h.g-cat.  On the other 

hand, the output of the ammonia synthesis by the using Fe2O3 (Hematite) nanocatalyst with MIM is 

241.60 µmole/h.g-cat while without MIM it is 237.28 µmole/h.g-cat. The result clearly shows that 

the difference between the reaction with and without MIM is 2% and 1.8% for YIG and Hematite 

nanocatalyst, respectively. The reaction with magnetic induction is much higher than the reaction 

without magnetic induction since the presence of the magnetic induction forces the electron spin to 

align while without magnetic induction, the electron spin is random and the reaction will be hard to 

occur. Magnetic fields can alter the rate, output, or product distribution of chemical reactions [12]. 

 

Ammonia Synthesis Using Different Types of Nanocatalysts 

This part is about the synthesis of ammonia using different types of nanocatalysts which are 

Y3Fe5O12 (YIG), Mn0.8Zn0.2Fe2O4 (Manganese Zinc Ferrite), Fe2O3 (Hematite), MnO (Manganese 

Oxide) and last but not least Fe3O4 (Magnetite). The syntheses were done at a temperature of 0
o
C 

with the magnetic induction method at 0.1Tesla. 

 
Figure 6: Yield of Ammonia by Using Different Type of Catalyst 

 

Figure 6 shows that the outcome ofthe ammonia synthesis by using Y3Fe5O12 (YIG) is the highest 

(242.56 µmol/g-cat.h) followed by Hematite (Fe2O3) which is 241.656µmol/g.h, Manganese Oxide 

(MnO) which is 239.256µmol/g.h, Manganese Zinc Ferrite (MnZnFe2O4) which is 

238.4856µmole/h.g-cat and last but not least Magnetite (Fe3O4) which is 235.1256µmol/g.h. 
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Ammonia Synthesis at Different Magnetic Strengths 

 

In this experiment, two types of experiments were done by using a permanent magnet (MIM) and a 

soft magnet (Hemholtz Coil). For the first experiment, the ammonia synthesis was done by using 

the Fe2O3 (Hematite) nanocatalyst at 0
o
C temperature with a magnetic induction strength of 0.1 

Tesla. Then the experiment was repeated by using magnetic induction at strength of 0.2 Tesla. 

 
 

Figure 7: Yield of ammonia at different magnetic strengths by using MIM. 

 

Figure 7 shows that the ammonia synthesis at 0.2 Tesla (249.04 µmol/g.h) is 3% higher than the 

ammonia synthesis at 0.1 Tesla (242.56 µmol/g.h).  

For the second experiment, the Helmholtz Coil was added at the inlet of the reactant gases stream in 

order to ease the hydrogen molecules to break the bond before attaching to the catalyst. The 

reaction was done at 25
o
C temperature using the MnO nanocatalyst. 

 

 
Figure 8: Output of ammonia at different magnetic strengths with addition of Helmholtz Coils. 

 

 

Figure 8 shows that the ammonia output without addition of the Helmholtz Coil is 241.12 

µmole/h.g-cat while the output increases significantly after addition of a pair of Helmholtz Coils 

(241.6 µmole/g.h) and  six pairs of Helmholtz Coils (244.72 µmole/g.h). As shown in the graph, the 

output increases significantly when the magnetic strength is increased. Thus proves that a magnetic 

field can enhance the catalytic induction and enhance the output of the reaction. 

 

Conclusion 

It is concluded that the presence of magnetic induction could enhance the output of the ammonia 

production. The output of the ammonia synthesis with magnetic induction using the Y3Fe5O12 (YIG) 

catalyst is 242.56 µmole/h.g-cat which is 2% higher than the output of the ammonia synthesis 

without magnetic induction using the Y3Fe5O12 (YIG) catalyst which is only 237.52 µmole/h.g-cat. 

At temperatures below the Curie point, the magnetic moments are partially aligned within magnetic 

domains in ferromagnetic materials. As the temperature is increased, thermal fluctuations 

increasingly destroy this alignment. The experiment of ammonia synthesis at different temperatures 

of 0
o
C and 25

o
C proves that the ammonia output is higher at the temperature of 0

o
C which is 242.56 

µmole/h.g-cat while 240.4 µmole/h.g-cat at 25
o
C. The synthesis of ammonia at different magnetic 

strengths shows that the output at 0.2 T is higher than the output at 0.1 T which is 249.04 
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µmole/h.g-cat and 242.56 µmole/h.g-cat, respectively. Addition of Helmholtz Coils at the inlet of 

the reactant gases stream also contributes to the output enhancement since the ammonia synthesis 

output is 244.72 µmole/g.h with six pairs of Helmholtz Coils while the output is 241.12 µmole/g.h 

without Helmholtz Coil. These results prove that the higher the applied magnetic field is, the more 

effective the catalytic activity will be. Catalytic reactions giving emphasis on different types of 

catalysts were also reviewed in this work. Y3Fe5O12 (YIG) shows the best catalytic reaction (242.56 

µmol/g-cat.h) followed by Fe2O3 (Hematite) and MnO (Manganese Oxide) which is 241.656 

µmol/g.h and 239.256 µmol/g.h, respectively. 
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