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ABSTRACT 

After successfully synthesized the nickel oxide catalyst with the hexagonal 

crystal shape and also the doping of different weight percent of iron, characterization 

of the catalyst has been done using TEM, FSEM, BET and etc. The effectiveness of 

the synthesized catalyst was demonstrated through the conversion of empty fruit 

brunches (EFB) into bio oil with presence of 5 different catalyst NiO, 1 wt%, 5 wt%, 

10 wt% Fe-doped nickel oxide and one experiment without catalyst  

 

The catalytic slow pyrolysis method was used to determine and predict the 

optimum weight percent of Iron doped with nickel oxide at the conditions of 60 

ml/min of nitrogen flow rate, temperature of 400oC. The results show the effects of 

the iron in producing hydrogen in the pyrolysis reaction, where the highest hydrogen 

amount produces where with 5 wt% Fe-NiO the optimum selectivity of hydrogen was 

0.65 %. On the other hand the liquid yield of 39.80 wt% was obtained from the 10 

wt% Fe-NiO catalyst. 
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CHAPTER 1 

INTRODUCTION 

 

1.1  Background  

The increase of world population has led to a number of challenges that face 

us all. As stated in bp statistical review of world energy 2014 the year 2013 saw an 

increase in growth of global energy consumption, the growth nearly 100 % over the 

past decades. Transportation sector is the main field of energy consumptions 

constituting about one fifth of the total and this requirement depletes crude oil 

reserves (Sorrell, Speirs, Bentley, Brandt, & Miller, 2010; van Ruijven, van Vuuren, 

& de Vries, 2007) A build-up of greenhouse gases induces a global climate change 

causing long droughts in some places and severe flooding in others. These changes in 

the natural world increase pressure on ecosystems, leading to a loss of biodiversity. 

In the latest report by the IPPC, the international panel on climate changes, we see 

the contribution of different fossil resources on the concentration of CO2 in the 

atmosphere.  

Sustainable sources of energy are needed in the near future, Bio-fuels 

produced from renewable recourses has attracted attention and interest. The aim of 

current researches is to produces bio-hydrogen by pyrolysis reaction and transfer 

renewable biomass resources to liquid fuel that is suitable for the transportation and 

the tangible products such as paints, plastic and pharmaceuticals (De, Saha, & 

Luque, 2014; Huber, Iborra, & Corma, 2006). 

Biomass derived fuel can be produced within a relatively short cycle and that 

makes to be the perspective fuel of tomorrow (Balat, 2011). Flash paralysis is the 

most widely used process for production of bio-oil, as this has been found as feasible 

route; which is a densification technique where both the mass-and energy-density is 

increased by treating the raw biomass at intermediate temperature (300-600 oC) 

within high heating rates and short residence times (Huber et al., 2006).  
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1.2 Problem statement 

The perspective fuel of tomorrow –bio-fuels – will play an important in our 

energy future to reduce our dependence from petroleum derived resources and 

achieve the changes required to address the impacts of global warming as well. 

Latterly much attention has been focused on identifying suitable biomass species, 

which can provide high-energy outputs,(McKendry, 2002). 

 Large amount of palm oil waste in Malaysia, US and some of the European 

countries which is hard to be disposed and there has been great development relating 

to the conversion, crop production, etc. All this promise the application of biomass at 

a lower cost and higher conversion efficiency than was possible previously. 

statistical review of world energy (2014). 

Biomass also a great source of hydrogen which considered is an attractive 

alternative to fossil feedstock because of essentially zero net CO2 impact.(Mann, 

Chornet, Czernik, & Wang, 1994). However, optimization of hydrogen production 

from biomass need to be optimized by developing suitable catalyst. 

 

1.3 Objective 

 To synthesize and characterize the Nickel oxide with hexagonal 

microstructure. 

 To synthesize and characterize the Nickel oxide impregnated with Iron  

 To find effective concentration of iron metal for the doping Nickel oxide. 

 To produce hydrogen and bio-oil via pyrolysis from biomass wastes. 

1.4 Scope of the study 

The scope of the study is to finding effective concentration of Iron and metal to be 

impregnated with Nickel oxide. After that iron and will be impregnated with nickel oxide 

nanostructure. The physical and chemical characteristics and morphology of the nickel oxide 

and iron-doped nickel oxide is investigated using TEM, FSEM, XRD, BET, and RAMAN.  

The prepared catalysts will be used for pyrolysis which will optimize hydrogen production.   
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CHAPTER 2 

LITERATURE REVIEW 

Considerable effort and research has been directed toward the process of producing 

liquid fuel and hydrogen form biomass. the products resulted from biomass is less 

efficient  compare with the conventional fuel oils, So substantial research also carried 

out in order to optimize the production of  bio-oil and hydrogen. For the purpose of 

this work literature review is divided to the following: 

2.1 Pyrolysis oil  

 Flash Pyrolysis is the most widely applied process for producing bio-oil. 

Pyrolysis oil or bio-oils is a dark brown, free flowing with smoky odor liquid from 

biomass pyrolysis. There are complex mixtures of more than 300 compounds. The 

major organic compounds are acids, alcohols, ether, ketene, aldehyde, phenol, ester, 

sugar, furan, and nitrogen compound (Czernik & Bridgwater, 2004; Huber et al., 

2006). The major components of biomass are cellulose, hemicelluloses, and lignin 

(White, Catallo, & Legendre, 2011). 

The negative chemical properties; such as the complex mixtures of chemical 

compounds and high oxygen content has resulted instability of bio-oil. Czernik  and 

Bridgwater  (Czernik & Bridgwater, 2004) have presented the typical properties of 

bio-oil and compare them of that of heavy fuel-oil.  

The oxygen content in bio-oil is very high 35-50 wt% this content of oxygen 

affects the homogeneity, polarity and heating value (HV). That is less than 50% of 

that of conventional fuel oils. Water content also present up to 30 wt % which has 

both negative and positive properties as stated by (Czernik & Bridgwater, 2004) it 

lowers the heating value on the other hand improves bio-oil flow characteristics. The 

pH of bio-oil indicates the presence of acetic and formic acids which constitutes a 

problem as it will initially harsh the equipments used. The following table shows the 

difference of the properties between bio-oil and fuel-oil. 
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Table 1 Typical Properties of Bio-oil and of Heavy Fuel Oil 

physical property bio-oil heavy fuel oil 

moisture content, wt % 15−30 0.1 

pH 2.5 − 

specific gravity 1.2 0.94 

elemental composition, wt %     

C 54−58 85 

H 5.5−7.0 11 

O 35−40 1 

N 0−0.2 0.3 

ash 0−0.2 0.1 

HHV, MJ/kg 16−19 40 

viscosity (at 50 °C), cP 40−100 180 

solids, wt % 0.2−1 1 

distillation residue, wt % up to 50 1 

2.2 Bio-oil upgrading  

The most significant problems of bio-oil as a fuel are poor volatility, high 

viscosity, cold flow, and corrosive problem. The main concern for burning bio-oil is 

diesel engines have to do with difficult ignition (due to low HV and high water 

content) (Huber et al., 2006). Bio-oil must be upgraded if they are to be used as a 

replacement for diesel and gasoline fuels. There are three different routes for 

upgrading bio-oil (1) zeolite upgrading (2) forming emulsions with the diesel fuel 

and (3) Hydrodeoxygenation with typical catalysts which considered as the most 

effective method. Hydrodeoxygenation (HOD) improves the effective H/C ratio. The 

key challenge of HDO processes is to achieve high degree of oxygen removal with 

minimum hydrogen consumption, for which catalysts need appropriate and careful 

design (De et al., 2014) 

Precious metal catalysts (e.g. Pd, Pt. Re, Rh and Ru) and non-precious metal 

catalysts (e.g. Fe, Ni, and Cu) have exhibited good activates in Hydrodeoxygenation 

reaction (Bykova et al., 2012). HDO of bio-oil involves the presence of catalyst and 

hydrogen at moderate temperature (300–600 °C). The following schematic represent 

the HDO reaction; oxygen is removed in the form of water.  

𝐶𝐻2𝑂 +  𝐻2   →   𝐶𝐻2 +  𝐻2𝑂             𝑊ℎ𝑒𝑟𝑒 𝐶𝐻2𝑂 𝑟𝑒𝑝𝑒𝑟𝑒𝑛𝑡𝑠 𝑐𝑎𝑟𝑏𝑜ℎ𝑦𝑟𝑎𝑡𝑒 𝑖𝑛 𝑏𝑖𝑜 𝑜𝑖𝑙    
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2.3 Metal based Catalysts  

The development of catalysts for upgrading was based on the idea of 

bifunctional process. Oxy-groups in the oxygen-containing compound in bio-oil need 

to be activated by oxide from transition metal with variable valence. On the other 

hand , a transition metal in it reduced state is require to activate the dihydrogen; 

HDO reactions require at least two types of active sites  (Yakovlev et al., 2009). 

Yakovelv (Yakovlev et al., 2009) also found that Ni-Cu had the potential to 

completely eliminate the oxygen content in anisol as the reaction performed in fixed 

bed reactor at temperature range of 250 to 400 oC and pressure of 5 to 20 bar. He also 

mentioned that the Ni-Cu is more active than single Ni catalyst. Since HDO of bio-

liquids is expected to be a large-scale process, employment of noble metal-based 

catalysts could significantly raise production costs. Thus, it seems more reasonable to 

use Ni-based catalysts for bio-oil HDO due to their high activity for hydrogenation 

and lower cost (Zhang, Wang, Ma, Zhang, & Jiang, 2013) 

In (Wang et al., 2013) it is fond that high performance of the optimized Ni–

Co/Al2O3catalyst in the steam reforming of tar is suggested to be due to the synergy 

between Ni and Co atoms on the Ni–Co alloy surface in the steam reforming of 

oxygenates. 

2.4 Synthesis of Fe-doped Nickel oxide 

There are a few methods in synthesizing the Fe-doped Nickel oxide one why 

was done by (Moura, Lima, Jesus, Duque, & Meneses, 2012) co-precipitation 

method. The nickel nitrate and iron nitrate queues solution were mixed and sodium 

hydroxide solution was used to control pH of 13. The resulting gels then were 

washed and centrifuged several times until remove the Na ions, and dried in air at 80 

oC. The crystalline structures of the sample were investigated by X-ray. The 

following diagram shows the result of NiO without the presence of impurities and F-

doped NiO; the X-ray shows identical structure of both NiO and F-doped Nickel. In 

the result also the SEM image show decrease in the particle size in doped sample 

differently crystalitte size; the particle microstrain increase with Fe insertion. (Moura 

et al., 2012) associate that to small difference between ionic radii of Ni2++(0.69 A) 

and Fe3+(64 A). 
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The results show uniform size tending to a nanorod-like shape for Fe-doped 

nickel. Both results of XRD and SEM show that the particle size decreases and there 

is a change in particle morphology as a function of Fe insertion.  

Iron-doped nickel also was synthesized by ball milling at 2000 rpm for 20 

min, by (Rahmatollah, 2012). The samples were prepared from NiCl2.4H2O and 

FeCl3.6H2O powder and citric acid. It was calcined at 550 oC for 5 h. The analysis of 

the samples using SEM shows uniform size of the Fe-doped NiO nanoparticles. The 

XRD also shows a well crystallized of the Fe-doped nickel oxide; no peaks phase of 

NiO or impurity peaks are observed.  

2.5 Catalytic slow Pyrolysis  

Currently great efforts have been directed to produce bio-fuel from 

agriculture resides; non-food/inedible “cellulosic” biomass feedstock.  There are also 

researches on producing bio-fuel mainly from plant which is suitable for food. This 

is not suitable because some populations in the world suffer from hanger or 

malnutrition.  

 In a study conducted by (Dang, Yusup, Yoshimitsu, & Nuruddin, 

2013) they have studied the optimization condition in producing bio-oil from rice 

husk. They have found that the highest liquid yield of 38wt% was obtained at the 

optimum conditions with temperature of 500oC with nitrogen flow rate of 60ml/min 

and 12wt% of H-ZSM-5. The following diagram represents the comparison of the 

liquid Yield product with operating conditions of nitrogen flow rate of 60ml/min, 

temperature of 500oC as an optimum conditions.  
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Figure 1: Yield of liquid product from (Dang et al., 2013) 

 

2.6 Bio-oil derived from empty fruit brunches  

Empty fruit brunches (EFB) is the major biomass byproduct from the palm 

OIL industry. EFB has a great potency as basic raw materials used for the 

fermentative production because they contain 37.3 – 46.5% cellulose, 25.3 – 33.8% 

hemicelluloses.   

These cellulosic materials relatively inexpensive feedstock as being abundant 

and outside the human food chain makes and no conflict with the food 

supply.(Sudiyani et al., 2013) 

In a research done by (Sudiyani et al., 2013) they have  investigated the effect 

of variables such as reactor temperature in the range 425–550 °C and feedstock ash 

content in the range 1.03–5.43 mf wt% on washed and unwashed EFB.  They have 

found that the yield maximum for liquids produced from washed EFB was increased 

to around 72% compared to just under 50% for liquids produced from unwashed 

EFB. The ash content of the feedstock has been found to significantly influence the 

yield of organics. The higher the concentration of ash in the feedstock the lower the 

yield of pyrolysis liquid. 
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2.7 Hydrogen from Biomass  

Hydrogen is also an ideal clean energy that got a considerable attention to be 

produced from biomass. One of the methods used to produce hydrogen is 

gasification but it favors tar formation unless it is done at high temperature. 

Catalytic gasification of biomass is used to eliminate tar. (Inaba, Murata, 

Saito, & Takahara, 2006).  

In this study also they found that in most cases, the higher reaction 

temperature led to a greater amount of hydrogen formed, a higher rate of 

gasification, and less tar formation and carbon deposition. They compared the 

hydrogen yield, at 500 °C ad 600°C, the hydrogen yield was not affected by 

Ce-loading, while at 600°C, the hydrogen yield was decreased by Ce-loading 

due to hydrogen combustion to H2O. 

They concluded that in formation of hydrogen from cellulose, it 

appears that metallic Ni is the catalytically active site and there is minor 

structure sensitivity of Ni. Ce-loading enhanced the combustion activity of tar 

and improved the methanation activity of metallic Ni, raising the overall 

gasification rate. 
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CHAPTER 3 

METHODOLOGY 

 

The methodology to be adopted for achieving the desired objectives is: 

Stage 1: Catalyst preparation 

3.1 Activities  

 

Figure 2 Activities 

Calculating and finding the effective 
iron metal concentration for the 
doping by loading it with Nickel 

oxide.

Synthesizing nanostructured nickel 
oxide by varying the with the hexagonal 

crytal shape 

Doping the nanostructured  nicle oxide 
with iron metal seperatly .

Characterizing the synthesized Fe 
dopped Nickel oxide  by using various 

analytical tools to identify the 
morphology as well

as the structural properties.
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Stage 2: Testing the model and obtaining results 

 

Figure 3 Testing model and obtaining result 

 

3.2 Materials and Equipments  

 Chemicals for Fe-doped NiO (nickel nitrate, iron nitrate, NaOH and 

Deionizedwater. 

 Chemicals for Iron-doped nickel oxide (Iron nitrate ) 

 Biomass  

 Semi-Bach reactor  

 Thermocouple  

 pH mater  

 X-ray powder diffraction (XRD) 

 Scanning Electron Microscope (SEM) 

 Transmission electron microscopy (TEM) 

 Surface Area Analyzer (BET) 

 Raman Spectroscopy  

Identifying the performance of the 
synthesized Fe doped Nickel oxide by 
perormig the pyrolysis and producing 
hydrogen.

Interpreting generated graphs, 
images and data from analytical 
equipment and compare it with 
relevant
literature reviews.
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3.3 Synthesizing of Nickel oxide NiO 

 

 

 

 

 

1

•24g of NaOH being immersed in 100ml of water. 100ml of 6 M of 
NaOH were prepared.

2

•Solution transferred to 100ml conical flask. Stored for a day and 
cooled down before using it.

3

•To produce 0.01 mol of nickel nitrate + sodium hydroxide solution , 
Nickel(II) hexahydrate, Ni(NO₃)₂.6H₂O will be weighed for 2.91 g 

followed by 10 ml of NaOH and 15 ml of deionize water.

4

•Solution being out inside the teflon in auto-clave and being heat for 
170 ̊ С for 24 hour.

5

•Solution is filtered using filtered pump before calcined it under 
nitrogen purging flow for 600 ̊ С for 5 hours.

Table 2 Synthesizing of Nickel oxide NiO 

Figure 4 Synthesizing of Nickel oxide NiO 
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1

•Add 1 gram of Nickel oxide with 2 ml deionized water into a 50 ml beaker.

2

•Adjust the pH of the compound to pH 8 using Sodium Hydroxide.

3

•Add 2 ml of deionized water with (10 wt% =0.167 g / 20wt% = 0.375g) of Iron
Nitrate Hexahydrate into the beaker containing NickelOxide compound.

4

•The mixure is stirred again for 30 minutes.

5

•The mixture was exposed to vacuum at room temperature for 3 h , and then dried 
24 h at 373 K. 

6

•The resulting impregnated solid was grounded and sieved (100–160 μm), and then 
calcined at 773 K under Argon flow (50 Nml/min) for 1 h.

3.4 Impregnation of Iron with Nickel oxide  

 

 

 

 

 

 

  

Table 3 Iron Impregnation with Nickel oxide 

Figure 5 Iron Impregnation with Nickel oxide 
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3.5 Gantt chart (FYP): 

Table 4 Gantt chart 

Project activities Week No 

SEPT OCT NOV DEC/JAN Jan Feb Mar 

ar 

Apr 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Selection of project topic                              

Preliminary research work                              

Submission of extended 

proposal 

      

 
 

                       

Proposal defense                              

Fine-tuning research 

methodology 

                             

Submission of interim draft 

report 
             

 

                

Submission of interim 

report 

              

 
 

               

NiO Catalyst preparation                

 

 

              

Fe- doped NiO preparation                              

Submission of progress 

report 

                      

 
 

       

Characterization of catalyst                              

Data analysis and 

documentation 

                             

Pre-SEDEX                          
 

    

Catalyst application                           

 

   

Submission of dissertation                            

 
  

Submission of technical 

paper 

                            

 
 

 

Oral presentation                              

Submission of project 

dissertation 

                           

 

X 
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3.6 Slow Catalytic Pyrolysis  

 

Figure 6:  Slow Catalytic pyrolysis 

  

Feed was grinded and sieved for less than 700, 500, & 
250 mm

The fees is dried in oven at 100 °C for overnight.

The dried sieved feed and 1, 5, & 12 wt % calcined
catalyst separated by glass wool were put into 
borosilicate tube

The tube was installed into designated semi-batch 
reactor.

The system was  then purged with Nitrogen gas to 
drive out Oxygen.

The  ramp rate 20 °C, target temperature 300, 400, & 500
°C, & dwell time 10 min were set using temperature 
controller

The system was left to cool down at room temperature. The product 
were collected and weighted 
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CHAPTER 4 

RESULT AND DISCUSSION 

4.1 Catalyst Characterization 

 4.1.1 Transmission electron microscopy (TEM)  

The following TEM images for nickel oxide at different reaction temperature 150 oC, 

170 oC, and 190 oC, calcined at 400 oC.  

 

  

Figure 7: TEM for NiO at 150 oC reaction temperature for 24 h 

 

64 nm 

100 

110 

200 

300 

222 

(a) (b) 

(c) (d) 
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Figure 8: TEM for NiO at 170 oC reaction temperature for 24 h 

  

(a) (b) 

(c) (d) 

55 nm 
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Figure 9: TEM for NiO at 190 oC reaction temperature for 24 h 

(a) (b) 

(c) (d) 001 
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Figure 10: TEM for 10 % Fe-doped Nickel oxide  
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The above Figure 8, Figure 9 and figure 10 display the representative 

Transmission Electron Microscopy images in high resolution mode of NiO at various 

reaction temperature 150 oC, 170 oC and 190 oC. The interplanar spacings of NiO 

was determined based on the Electron Diffraction (ED) pattern ring radius as shown 

in Figures above before they been compared against values from the standard data 

(JCPDS: 34-0394). The main plane of NiO structure (2 2 0), (2 0 2) and (0 2 2) and 

the interaction angle of crystal face is 60o which matches they hexagonal shape 

crystal. Sodium hydroxide concentration play the major rule in the formation of the 

shape and the control of the growth on (1 1 1) along the [1 1 1]. The NiO nanosheet 

could for the perfect hexagonal structure, because the {2 2 0} surface energy is lower 

than the (1 1 1) so the Ni atomic preder to combine with oxygen atomic on the {2 2 

0}. The images with lattice fringes are readily seen in tall the samples.  

It is observed also that in all different reaction temperature of the synthesized 

NiO the nanoparticles possess a hexagonal shape. The mean size of the particles are 

38 X 36 nm for 150 oC and 43 X 43 nm for 170 oC. In figure 10 it shows the TEM 

for 10% Fe-doped Nickel oxide which also has the hexagonal shape of the 

morphology. The mean size has been decreased compared to the pure nickel oxide 33 

x 27 nm. 
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 4.1.2 Scanning Electron Microscope (SEM)  

 

Figure 12: SEM result for Ni(OH)2 

 

  

Figure 11: SEM for NiO 

Figure 13: EDS for NiO 
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Table 5: EDS analysis NiO 

Element 

Number 

Element Symbol Element 

Name 

Weight 

Concentration 

Error 

8 O Oxygen 26.1 0.3 

28 Ni Nickel 73.9 0.1 

 

 

 

  

Figure 15: EDS for 10% Fe-doped Nickel Oxide 

Figure 14: SEM for 10% Fe-doped NiO 
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Table 6:EDS analysis for 10% Fe-doped NiO 

Element 

Number 

Element 

Symbol 

Element 

Name 

Weight Concentration Error 

28 Ni Nickel 67.9 0 

8 O Oxygen 19.8 0.1 

26 Fe Iron 12.3 0.1 

 

The Figure 16 shows that the synthesized NiO nanoparticles were quite uniform in 

size and Figure 17 also for the doping of iron with nickel oxide demonstrate the same 

shape and structure of NiO in figure 12. In both results the beaks of the elements Ni, 

Fe and O are obviously observed in the EDS spectrum of the sample  
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 4.1.3 X-ray powder diffraction (XRD) 

 

Figure 16: XRD result for Ni(OH)2 before 

 

 

 

 

 

 

 

 

The XRD plots for 5% and 10% in the figure 20  (c) and (d) show that the (311) peak 

of -Fe2O3 it appears as second phase. It can also be seen that the NiO structure 

doesn’t change on Fe doping. By comparing figure 14 which is the XRD before 

calcination and figure 15 after calcination it shows that synthesize of NiO was 

successfully transferred from for Ni(OH)2 to NiO 
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Figure 17 XRD result for(a) 0 wt% ; (b) 1wt%; (c) 5wt% and  (d) 

10wt% Fe-doped NiO 
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 4.1.4 BET 

Table 7: BET surface area result for NiO and Fe-doped nickel oxide 

Catalyst  Fe (wt %) Surface area m²/g Pore Volume cm³/g Pore size Å 

NiO 0 121.91 0.34 11.74 

1% Fe-NiO 1 37.79 0.27 286.77 

5% Fe-NiO 5 35.78 0.24 264.72 

10% Fe-NiO 10 32.97 0.26 307.36 

 

 

The BET surface area of pure NiO and the doping of Fe with nickel oxide are 

shown in the above table the surface area of 121.9 m²/g was observed for NiO. It can 

be observed that the surface area of the doped catalyst decreases with increasing of 

the loading of Iron Fe. This is due to the coverage of surface of NiO and blockage of 

pores by Iron. 

The pure volume of the catalyst were decreases slightly with the increasing of the Iron 

load it also indicates the coverage of surface area and blockage of pores by Fe.  
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Figure 18: ASAP isotherms for(a) 0 wt% ; (b) 1wt%; (c) 5wt% and  (d) 10wt% Fe-

doped NiO 

ASAP analysis illustrated in Fig. 19 revealed a typical IUPAC Type IV pattern 

featuring a mesoporous material At higher pressures the slope showed increased 

uptake of adsorbate as pores become filled while the inflection poin typically 

occurs near completion of the first monolayer. 

Nickel oxide with  no doping  had the highest uptake adsorb volume follow by 1% 

Fe doped NiO. This showed a directly proportional relation to the surface area 

information as shown in Table  

 

  

Relative pressure [P/P0] 

V
o
lu

m
e 

a
d

so
rb

ed
 [

cm
3
g

-1
] 



26 

 

4.2 Catalytic Pyrolysis of Biomass  

The slow catalytic pyrolysis experiments were performed in a semi batch 

reactor heated by electrical furnace as shown by Fig. 1. Dried biomass at 15.00 g and 

1.5wt% (0.23 g) of catalyst were filled into a borosilicate tube separated by 2.00 g of 

glass wool. The borosilicate tube was tighten onto the reactor using stainless steel 

flange and was nitrogen-purged for 5 min at 100 ml/min to drive out all the oxygen. 

Next, the experiment was set at   60 ml/min with nitrogen gas supply and 400 ºC 

temperature with heating rate of 20 ºC/min. Vapour from the reaction was carried out 

by nitrogen gas and passed through a 0 ºC ice-cooled condenser to form bio oil while 

the remaining gas product was collected into a gas bag. The reactor was left to cool to 

room temperature after 10 min of experiment while maintaining the nitrogen flow. 

The procedure of this reaction were taken from  (Dang et al., 2013) 

 

 

  

Figure 19:  Schematic diagram of the process in a semi batch reactor. 
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The weight of the borosilicate tube including the feed and the condenser were 

taken before and after the experiment to measure the product yield. The bio oils 

produced were kept in a dark glass bottles at 3 to 5 ºC. GC analysis of the bio oil 

produced was performed using Agilent 7890A. The GC column used was a DB-5MS 

30 m x 250 µm x 0.25 µm thickness. The oven was run at 35 ºC for 2 min, ramp at 20 

ºC/min to 250 ºC, and hold for 20 min. The injector temperature was at 280 ºC and the 

injector split ratio was set to 83:1. The flow rate of helium carrier gas was at 100 

ml/min. Bio oil samples each of 1.29 g were filtered through a 0.45 µm PTFE filter 

and diluted with 0.01 g of 2wt% fluroanthene internal standard solution in acetone 

prior to injection. 

The weight of the bio char, bio oil, and gas for Run 1, 2, 3, 4, 5, and S6 were 

summarized in Table 8. . The selectivity of liquid product, the product conversion, the 

liquid and gas yield also calculated in Table 9. The GC analysis were used to calculate 

the amount of hydrogen produces in the experiments the values used to calculate the 

hydrogen selectivity. The following equations were used to do the  

The equation used to calculate the yield are  

𝑾𝒍𝒊𝒒𝒖𝒊𝒅 = 𝑾𝒄𝒐𝒏𝒅𝒆𝒏𝒔𝒆𝒓−𝒂𝒇𝒕𝒆𝒓 − 𝑾𝒄𝒐𝒏𝒅𝒆𝒏𝒔𝒆𝒓−𝒃𝒆𝒇𝒐𝒓𝒆      (1) 

𝑾𝒍𝒊𝒒𝒖𝒊𝒅+𝒈𝒂𝒔 = 𝑾𝑬𝑭𝑩 − 𝑾𝒓𝒆𝒔𝒊𝒅𝒖𝒆        (2) 

𝑪𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏 =
𝑾𝒈𝒂𝒔+𝒍𝒊𝒒𝒖𝒊𝒅

𝑾𝑬𝑭𝑩
 𝒙𝟏𝟎𝟎        (3) 

𝑺𝒆𝒍𝒆𝒄𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒍𝒊𝒒𝒖𝒊𝒅 =
𝑾𝒍𝒊𝒒𝒖𝒊𝒅

𝑾𝒍𝒊𝒒𝒖𝒊𝒅+𝒈𝒂𝒔
𝒙𝟏𝟎𝟎       (4) 

𝒀𝒊𝒆𝒍𝒅𝒍𝒊𝒒𝒖𝒊𝒅 = (𝒔𝒆𝒍𝒆𝒄𝒕𝒊𝒗𝒊𝒕𝒚 𝒐𝒇 𝒍𝒊𝒒𝒖𝒊𝒅 𝒙 𝒄𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏 )/𝟏𝟎𝟎     (5) 

𝒀𝒊𝒆𝒍𝒅 𝒈𝒂𝒔 = 𝒄𝒐𝒏𝒗𝒆𝒓𝒔𝒊𝒐𝒏 − 𝒀𝒊𝒆𝒍𝒅 𝒐𝒇 𝒍𝒊𝒒𝒖𝒊𝒅       (6) 
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Table 8: Experimental Result 

Run Feed Catalyst 
Bio oil 

(g) 

Bio char  

(g) 

Gas  

(g) 

GC 

Hydrogen 

Aria 

(mV/min) 

Hydrogen  

amount (g) 

1 EFB No catalyst 5.14 5.20 4.66 125.80 0.034 

2 EFB NiO 5.80 4.92 4.32 134.51 0.033 

3 EFB 1 wt % Fe-NiO 5.23 4.55 5.22 155.31 0.047 

4 EFB 5 wt% Fe-NiO 5.22 4.97 4.86 236.79 0.066 

5 EFB 10 wt% Fe-NiO 5.97 4.43 4.70 183.08 0.050 

6 EFB 20 wt% Fe-NiO 5.53 5.01 4.48 148.99 0.038 

 

Table 9: Experimental results of product yield. 

Run Feed Catalyst 
Conversion 

 (%) 

Bio oil selectivity  

(%) 

Bio oil yield 

(%) 

Gas Yield 

(%) 

Hydrogen  

Selectivity 

(%) 

1 EFB No catalyst 69.07 49.61 34.27 31.07 0.35 

2 EFB NiO 67.47 57.31 38.67 28.80 0.33 

3 EFB 1 wt% Fe-NiO 69.67 50.05 34.87 34.80 0.45 

4 EFB 5 wt% Fe-NiO 67.20 51.79 34.80 32.40 0.65 

5 EFB 
10 wt% Fe-

NiO 
71.13 55.95 39.80 31.33 0.47 

6 EFB 
20wt% Fe-

NiO 
66.73 55.24 36.87 29.87 0.38 
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Figure 20: Amount of Hydrogen in g vs catalyst used 

 

Figure 21: Hydrogen selectivity 
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Figure 22: Yield of liquid product in condenser 

Since the obtained value is above 60wt%. The conversion of pyrolysis 

process is high, this result shows that the pyrolysis process was successfully 

conducted in the developed single step reactor. The highest amount of hydrogen 

produced was for Run number 4 (Run 4) with selectivity of 0.65%. Run 4 

represent the 5 wt% Fe-NiO  

In Figure 22 the highest liquid yield of 39.8% was obtained from Run 5 

which is 10 wt% Fe-NiO while the lowest liquid yield of 43.270% and 34.80% 

was obtained from Run 1 with no catalyst  and Run 4 with 5 wt% Fe-NiO. The 

main reason behind the highest hydrogen production was because Iron had 

excellent cracking ability compared to only NiO and the optimum value was 

with 5 wt% doping of iron. The slow pyrolysis of Run 4 S4, as the feed 

produced more Gases compared to Run S5, which produces more oil. 
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Figure 23: GC Hydrogen area of 5 wt%Fe-NiO 

by comparing the hydrogen production resulted from the pyrolysis and 

cracking reaction we can observes the that the amount of hydrogen is higher and 

optimum when we doped 5% Fe in nickel oxide which was 0.65% selectivity compare 

to 0.33 which was for NiO  without doping. We should consider that this values are 

laboratory scale and in the industrial scale the amount will be higher. 
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CHAPTER 5 

CONCLUSION 

 

In summary the alternative source of energy is very important because of the 

deleting of fossil fuel. Bio-fuel is very promising alternative being the only renewable 

carbon resource with sufficient short reproduction cycle Bio-oil has environmental 

advantages when compared to fossil fuels because , when combusted, bio-oil 

produces less pollution than fossil fuel   

After successfully synthesized the nickel oxide catalyst with the hexagonal 

crystal shape and also the doping of different Wight percent of iron, the influences of 

factors such as type of catalyst, catalyst loading, were studied. The catalytic slow 

pyrolysis method was used to determine and predict the optimum concentration of 

Iron doped nickel oxide at the conditions of 60 ml/min of nitrogen flow rate, and 

temperature of 400oC.  

The results show the effects of the iron in producing hydrogen in the pyrolysis. 

The highest selectivity of hydrogen product can be observed for run number 4 with 

the stated above conditions and 5 wt% Fe-NiO as a catalyst for the reaction. The 

amount of hydrogen started to decrease as the weight percent increase after 5 wt%. 

The highest yield of liquid product can be observed for run number 5 with the 10 wt% 

Fe-doped nickel oxide. 

It is expected the entire objective are achieved in this project and to be helpful 

and contribute goods to the society. Further work may include ceria loading onto the 

Fe-doped nickel oxide is possible to increase catalyst performance and enhance the 

cracking reaction which will produce more hydrogen. 
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Appendixes  

Calculations 

Iron doped nickel oxide  

Iron Fe 26  g/mol 

Iron(III) nitrate Fe(NO3)3.9H2O 403.999  g/mol 

Nickel(II) oxide NiO 74.69 g/mol 

 

1% Iron 

1𝑔 𝑁𝑖𝑂  

0.1 𝑤𝑡 % 𝐹𝑒 =  
0.01

26
 

= 0.0003846 𝑚𝑜𝑙 
= 0.0003846 ∗ 403.999( Iron(III)nitrate) 
= 0.15538 𝑔 

5% Iron  

1𝑔 𝑁𝑖𝑂  

5 𝑤𝑡% 𝐹𝑒 =  
0.05

26
 

= 0.001923 𝑚𝑜𝑙 
= 0.001923 ∗ 403.999( Iron(III)nitrate) 
= 0.7769 𝑔 

10% Iron  

1𝑔 𝑁𝑖𝑂  

10 𝑤𝑡% 𝐹𝑒 =  
0.1

26
 

= 0.003846 𝑚𝑜𝑙 
= 0.003846 ∗ 403.999( 𝐼𝑟𝑜𝑛(𝐼𝐼𝐼)𝑛𝑖𝑡𝑟𝑎𝑡𝑒) 
= 1.5538 𝑔 


