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ABSTRACT 

 
 Ammonia synthesis using magnetic field provides a big challenge for new catalyst as compared to the catalysts used in Haber-
Bosch’s ammonia production. Apart from that, physical and chemical modification techniques play vital roles and are confined for 
carbon nanofiber supported iron catalyst preparation using incipient wetness impregnation. The found results indicate that the chemical 
(HNO3) and physical (thermal N2 gas flow) combination method of carbon nanofiber gives higher adsorption sites as defect sites and 
functional groups and lesser amorphous components than physical approach. This results in well-dispersed iron supported on carbon 
nanofiber with diameter size range of 10-50nm. 
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INTRODUCTION 
 
 The ammonia synthesis is in high demand for 
production of fertilizer, polymer, etc with nearly 200 
million tones per year of 2016 [2] known as Haber-
Bosch process. However the disadvantages as gas 
causes to green house effect and has became serious 
drawback for green technology problem. In 2010 
Noorhana’s group innovated new technology using 
magnetic induction and achieved high yield of 25 
percent of ammonia [20]. However, the magnetized 
catalysts in the field have been confined in the 
research. Thus the combination between magnetic 
property of iron and nanoparticles dispersed on 
carbon nanofiber support still become a great 
challenge in near future.  
 Most scientists have been successfully produced 
for many types of supported catalyst preparation as 
incipient wetness, deposition precipitation, etc [1]. In 
a case study, the research uses simple method of 
incipient wetness impregnation and the criteria of 
incipient wetness impregnation method is the 
solution volume equal pore volume of support as 
carbon nanofiber (CNF).In addition to unique 

properties of CNF as high surface area, thermal 
stability, limitation of micropore [15] and different 
morphologies of herringbone, platelet, ribbon and 
irregular shape [17], the intrinsic surface properties 
of CNF are affected by some modification techniques 
such as physical method of ultrasonication or 
centrifugation [4,10] and chemical approach of 
oxidation using various medium of liquid and gas 
[11,19]. However, most CNF structures were 
extremely altered and metallic particles were cleaned 
from CNF surface. This is unexpected in producing 
CNF supported iron catalyst for ammonia synthesis 
with new technology as suggested above. 
 The objective of research work is to investigate 
the surface change of CNF using physical and 
chemical modification techniques. These all impact 
on iron particle size and distribution of CNF 
supported catalyst preparation by incipient wetness 
impregnation.  

 

Material and method 
 
 CNF that was purchased from Carbon 
Nanomaterial Co. Ltd, was modified by physical 
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technique as the sample of G-com-N2 and the 
combination of chemical and physical techniques as 
the sample of G-com-HNO3-N2. The parameters for 
experiment were carried out in Table 1. The CNF 
and modified CNF were characterized with thermo 

gravimetric analysis of Pyris 1 and Raman 
spectroscopy of Horiba 8080 with Argon ion laser of 
514.53 nm as well as surface area analyser of Tristar 
3020. 

 

Table 1: The experiment parameters of physical and chemical techniques. 

Sample name Modification technique 

G-com-N2 Heated by N2 gas at 450oC for 1 hour 

G-com-HNO3-N2 Boiled in HNO3acid for 10 min and then thermal treatment in N2 gas at 300oC for 1 hour 

 

 The same quantity of iron from iron nitrate 

nonahyd rate solution was impregnated on the 

modified CNF by incipient wetness impregnation 

method. The slurry of compounds was dried in a 

vacuum oven at 120
o
C for 2 hours and then the iron 

nitrate of the dried sample was degraded at 220
o
C for 

3 hours to form CNF supported iron oxide catalyst. 

The catalysts were diagnosed by atomic adsorption 

spectrometry and scanning electron spectroscopy.  

 

Results and discussion 

 

Effect of modification techniques on CNF surface: 

 In Figure 1, the CNF material decomposed over 

temperature. There are two main zones that describe 

the forming of the gas mixtures as carbon monoxide, 

carbon dioxide, light hydrocarbon gases in the range 

of 150 - 450
o
C and broken CNF structure above 

500
o
C for G-com-HNO3-N2 and above 700

o
C for G-

com-N2.  

 
Fig. 1: The degradation profile of intrinsic CNF material. 

 

 Moreover, the amount and rate of degradation of 

CNF material is different from two techniques 

because of alteration of functional surface of G-com-

HNO3-N2as compared to non-functional surface of 

G-com-N2. These of chemical oxidation CNF sample 

(G-com-HNO3-N2) are higher than non oxidation 

CNF sample (G-com-N2). It is explained by 

hydrophilic properties of G-com-HNO3-N2 and the 

disintegrating of amorphous layers. The oxygen 

functional groups strongly decay above 300
o
C as 

similar as Ros et.al results [13]. Moreover, when 

burning G-com-HNO3-N2 sample, the oxygen exists 

and attacks again the graphite layers of CNF that is 

main factor.  

 According to surface area characterization in 

Table 2, the BET surface area of G-com-N2 

decreases as compared to that of initial sample of G-

com as base for assessment but opposite results 

shown with sample of G-com-HNO3-N2. Also, the 

results of total pore volume have same answer as 

surface area. It is in range of 0.3-0.4cm
3
/g. The 

difference is a place that oxidation by HNO3 broke 

up the CNF structure leading to the opening of end 

tube or changed surface roughness as assumed by 

Shaikhutdinov et al [16]. The results fully are 

comparable with those reported by Toebes et al, Li et 

al results [6,19].  

 In Figure 2, the adsorption and desorption 

isotherm plots show texture of CNF materials. It is 

similar to small hysteresis loop of adsorption-

desorption isotherm. This indicates that the structure 

of CNF resembles plate-like particle because the 

adsorption and desorption profile are not parallel. 

With the same ending position of desorption profile 

above relative pressure of 0.4, the CNF has 

mesoporous structure [8]. 

 By referring to Figure 3, using the same 

hysteresis loop, samples G-com-N2 and G-com-

HNO3-N2 displayed the desorption branch of 

nitrogen isotherm alike and relatively narrow pore 

size distribution with average pore diameter of 50nm 

in Figure 3.  
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Fig. 2: The profiles of adsorption and desorption isotherm. 

 

 
Fig. 3: Pore size distribution of CNF materials. 

 

 In Raman plots, there are five main peaks that 

occurred on Figure 4. G-com sample were 

considered as base material for comparison. All 

peaks slightly drift the right. Thus the physical and 

chemical modification influence on CNF surface. 

The functional groups peak of 1200cm
-1

 is clearly in 

samples of G-com-HNO3-N2 and G-com but not in 

G-com-N2. The D-band of 1360cm
-1

 and G-band of 

1604cm
-1

, G’-band of 2700 and 2900cm
-1

indicate 

disorder graphite edges and ordered graphite 

structure respectively [14]. 

 Nevertheless, the drastically reducing present of 

G’-band of 2700 and 2900cm
-1

is in G-com-HNO3-N2 

but it is opposite for G-com-N2 and G-com that are 

slightly alter. It means that G-com-HNO3-N2 increase 

the disorder graphite structure or degree of defect site 

(referred to Table 2). 

 In Raman spectra result of Table 2, the relative 

value of amorphous to graphite (IA/IG) [7] of G-com-

HNO3-N2 reduces four times more likely than that of 

G-com and G-com-N2. The oxidation sample of G-

com-HNO3-N2 and non oxidation sample of G-com-

N2increasethe amount of defect (ID/(ID+IG)) [18] 

compared to G-com as base for characterization.  

 
Table 2: Raman spectra and surface area analysis results. 

Sample name Raman result Surface area analysis 

Relative value of 

amorphous to 
graphite 

Degree of 

defect 

La 

[nm] 

BET surface area 

[m2/g] 

Total pore volume 

[cm3/g] 

G-com 1.388 1.199 0.309 114.485 0.409 

G-com-N2 1.245 1.305 0.290 110.119 0.379 

G-com-HNO3-N2 0.383 1.693 0.203 126.184 0.419 
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Fig. 4: Raman spectra profiles of CNF materials using two modification method. 

 

 However, the La value based on Knight and 

White model [5] of G-com-HNO3-N2 changes 33 

percent decrease as compared that of G-com and G-

com-N2due to the increasing of disordered graphite 

surface.  

 These all indicate that two modification 

techniques affect intrinsic surface properties and 

increase amount of defect sites. One used by physical 

N2 gas flow is to remove amorphous layer out side 

CNF and not to change the CNF internal structure. 

Another treated by chemical oxidation HNO3 acid 

and then N2 gas flow is to strongly cut down 

amorphous layer and amend graphite surface by 

attaching functional groups. The modification 

differences mainly affect the catalyst properties as 

presented below. 

 

Effect of modification methods on efficient catalyst 

preparation: 

 Atomic adsorption spectrometry (AAS) was 

used to determine the amount of iron impregnated on 

CNF surface. The result in Table 3 shows that the 

impregnated catalyst of G-com-HNO3-N2 has higher 

amount of adsorption sites than that of G-com-N2. 

This is totally comparable with research results 

above.  
 

Table 3: Yield of iron catalyst impregnation. 

Sample name Yield [%] 

G-com-N2 42.53 

G-com-HNO3-N2 50.55 

 

 The results are not in good agreement with the 

theories where the assumption of impregnation 

efficiency by Rodriguez et al and Zazo et al [12,21] 

is 100%. However they may be explained by iron 

attached on bottom of glass container. 

 In Figure 5, the iron particles on CNF surface 

were counted via topography of scanning electron 

microscopy (SEM). The different modification 

caused to the various distribution of iron catalyst. 

The iron catalyst from G-com-HNO3-N2 method 

ascribes relatively narrow particle size distribution of 

10-50nm but from G-com-N2 is overlooking and the 

iron size range is 50-100nm.  

 

 
Fig. 5: Particle size distribution of iron supported on CNF catalyst. 
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 Additionally, the iron particle agglomeration 

was shown in SEM of Figure 6. The CNF has long 

fiber shape and iron shape is nearly round in shape. 

The supported iron catalyst from G-com-N2 method 

presents more big particles and distributes locally as 

well as less attached on CNF surface (Figure 6a). 

Conversely, the iron from G-com-HNO3-N2 

technique performs more small sizes and scatters all 

over the CNF (Figure 6b).     

 

  
6.a. G-com-N2 6.b. G-com-HNO3-N2 

 

Fig. 6: SEM images of CNF supported iron catalyst. 

 

 Various results in Figure 5 and Figure 6 depict 

that there are highly dispersed functional groups and 

defect sites of G-com-HNO3-N2. Thus, this proved 

that the chemical and physical combination of G-

com-HNO3-N2 is better than physical technique of G-

com-N2because the iron can disperse CNF surface 

well and has small size that is good for a catalyst 

activity.  

  

Conclusion: 

 In a nutshell, the modification techniques amend 

the surface structure of CNF material and alter 

interaction and adsorption ways as G-com-HNO3-N2 

method using the defect sites and functional groups 

and G-com-N2 approach using defect sites only. G-

com-N2 method is not better than G-com-HNO3-N2 

method. G-com-HNO3-N2 sample has highest surface 

area of 126.1m
2
/g and presents functional groups of 

1200cm
-1

 peak and high degree of defect of 1.693, 

leading to well-dispersed iron supported on CNF 

catalyst with particle size distribution of 10-50nm. Its 

size distribution is in good agreement with that of 

Morawski and Figurski et al results for ammonia 

synthesis [3,9]. This brings about the potential 

opportunity of CNF supported iron catalyst for 

ammonia production using magnetic induction in 

near future.  
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