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Abstract: - The growing demand of hydrogen needs renewable 

sources of raw materials to produce it. Glycerol, by-product of 

biodiesel synthesis, could be a bio-renewable substrate to 

obtain hydrogen. With the increase in production of biodiesel, 

there would be a glut of glycerol in the world market. Glycerol 

is a potential feed stock for hydrogen production because one 

mole of glycerol on steam reforming produces 7 moles of 

hydrogen. As hydrogen is a clean energy carrier, conversion of 

glycerol to hydrogen is one among the most attractive ways to 

make use of glycerol. Steam reforming is a promising way to 

utilize the diluted glycerol aqueous solution to produce 

hydrogen. Production of hydrogen from glycerol is 

environmentally friendly because it adds value to glycerol 

generated from biodiesel plants. In this study, the catalytic 

production of hydrogen by steam reforming of glycerol has 

been experimentally performed in a fixed-bed reactor. The 

performance of this process was evaluated over 5wt%, 10wt%, 

15wt% and 20% Ni/ZSM-5. The catalysts were prepared by 

the wet impregnation technique. For a comparative purpose, 

the steam reforming experiments were conducted  under same 

operating conditions, i.e., reaction temperature ranging from 

750°C to 950°C, atmospheric pressure and 1:9 glycerol to 

water molar ratio. Also the effect of glycerol to water ratio, 

metal loading, and the feed flow rate (space velocity) was 

analyzed. The results showed that the hydrogen production 

increased with the increase in the treatment temperature. 
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I. INTRODUCTION 

ue to diminution of fossil fuels it is very crucial to 

search for alternative source to redeem the energy 

demand of the world [1-2][13]. Glycerol is a byproduct in 

biodiesel production which are contrived via vegetable oils. 

Glycerol containing H2, CO, CO2, CH4 and other traces of 

hydrocarbons which are used as an alternative fuel 

[3].Nowadays around 10 % wt. of glycerol is generated 

during conversion of vegetable oil or animal fats into 

biodiesel[4-6][14]. There are many processes to generate 

hydrogen from glycerol but steam reforming is the most 

simple and energy proficient. In this paper some experiment 

work done using catalyst nickel based on ZSM-5. Solution 

of glycerol and water filled in a fixed bed catalytic reactor 

under atmospheric pressure and about 750 
◦
C to 950 

◦
C with 

different composition of glycerol and water. In this context 

hydrogen is asked to play an important role in the 

conversion of chemical industry towards the increasing use 

of renewable sources [7]. After the production of hydrogen 

with maximum yield from glycerol is the new way in the 

clean fuel technology. Nowadays hydrogen produces from 

natural gas but technology of producing hydrogen from 

glycerol is the most economic way because crude glycerol is 

the by- product of  biodiesel production and this is the 

perfect way for saving money to utilize this[8].It is strongly 

endothermic, and ideally, it must be carried out at high 

temperatures, low pressure, and high steam to glycerin ratio 

to achieve higher conversion [9][14].The steam reforming 

reaction of glycerin proceeds according to the following 

equations: 

Steam reforming of glycerin: 

C3H8O3 (g) + 3H2O (g)  ↔ 3CO 2 (g) + 7H2 (g)  

 Reverse Water gas shift reaction: 

CO (g) + H2O (g)   →   CO2 (g) + H2 (g)   

Methanation reaction:  

CO (g) + 3H2 (g)    →   CH4 (g) + H2O (g)    

The overall reaction at ideal conditions can be given as 

follows[5][14]:  

C3H8O3 (g) + 3H2O (g) ↔ 3CO2 (g) + 7H2 (g)    

∆H
0
298= +346.4kJ/mol.                                                                   

                     

                II. EXPERIMENTAL WORK 

 

A. Catalyst preparation       

If the catalysts are prepared using Nobel metals like 

platinum and palladium then it gives higher activity, higher 

conversion and yield. Also using this metals the coke 

formation is drastically decreased other then Nickel 

metal.So,it is desired to make a catalyst using non-nobel 

metals like nickel which gives the similar yield as nobel 

metals. It will also affect on the overall cost also [11].All 

the catalysts have been supported on ZSM-5 powder. There 

are so many catalysts available for steam reforming process. 

In this paper there is discussion about nickel precursor on 

ZSM-5 based catalyst. Select a precursor of nickel as nickel 

nitrate (Ni(NO3)2.6H2O) which is available in crystal form. 

Select a wet impregnation method for prepare a catalyst. In 

this method take a required quantity of salt and dissolve in 

to a required quantity of water. This solution is added drop-

wise from burette on the support. Then put it into shaker for 
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6 hours for shaking. After shaking put it in to dryer at 110 
◦
C for 12 hours to evaporate water. Thus metal from salt is 

impregnated on the support. Then do a calcinations process 

for 4 hours at 600 
◦
C for increasing the porosity. We can 

make variety of catalysts by changing the compositions of 

metal. Here in the below table some Nickel metal catalysts 

with different compositions are given [12]. 

 
Sr. 

No. 

Catalyst weight 

in (g) 

%Weight  of   

Ni 

Weight  of 

Ni(g) 

Weight  of 

ZSM-5(g) 

Weight of salt 

(Ni(NO3)2.6H2O) (g) 

1 10 5 0.5 9.5 1.9023 

2 10 10 1 9 3.805 

3 10 15 1.5 8.5 5.707 

4 10 20 2 8 7.6094 

 

 

B. Experimental setup 

 
 

 
Fig.1. Schematic of glycerol steam reforming setup 
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B. Reaction condition 

 

              Table 2. The best thermodynamic condition for hydrogen production by steam reforming of glycerol is at a temperature 

above 650°C [13][14]. 

 

Operating  Pressure 1 atmosphere 

Operating Temperature 500 
◦
C to 900 

◦
C 

Weight of catalyst 1 gram 

Flow rate of (glycerol + water) 

mixture 

3 ml/minute 

Possible molar ratios of water to 

glycerol 

9:1, 12:1, 15:1, 18:1 

H2 : N2 (flow rates) 15:85 

Flow rate of H2 50 ml/minute 

Flow rate of N2 283 ml/minute 

 
 

3. Results and Discussions 

 

Table 3. Conversion and product analysis at different temperature at desired glycerol to water feed ratio for different composition 

of metal  

 

Catalyst Ni % Temperature (
0
C) H2 yield (mole %) 

 

 

 

Ni/ZSM-5 

5 

800 37.45 

900 39.50 

10 

800 43.05 

900 43.62 

15 

800 46.19 

900 47.18 

20 

800 48.81 

900 50.27 

 

 

From the experiments it seems that the desired temperature 

for getting maximum conversion is around 850 
0
C to 900 

0
C.Here glycerol to water mole ratio in the feed is 1:9.If we 

increase this ratio up-to 1:12, 1:15 or 1:18 then hydrogen 

production is going to be increased because as per le-

chetelier principle if we increase the concentration of one of 

the reactant then reaction goes towards the forward 

direction. 
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A. Effect of Temperature 

From the above table it seems to be that as the temperature 

increased, the conversion of glycerol and yield of hydrogen 

also increased. We can get maximum yield of hydrogen at 

900 
0
C for all the catalysts. From the experiments the 

optimum temperature for getting maximum yield is 880 
0
C. 

     

 
Fig 2 shows the effect of temperature on hydrogen yield. 

 

B. Effect of water to glycerol feed ratio 

Generally the steam reforming process is reversible and 

endothermic. Therefore, product formation is very less 

because the product is a again converted into reactants.So,as 

per le-chetelier principle if we increase the concentration of 

one of reactant means add one of the reactant in to excess 

mole percentage other than required. So, if we increase the 

concentration of glycerol or water then there is no 

byproduct formation and conversion is going to be 

increased. Here the water is add as an excess reactant 

because compare to glycerol water is too cheaper. The 

unreacted glycerol in product is going to be decreased and 

we can get maximum conversion of glycerol.  

 

C. Effect of feed flow rate and residence time 

For the steam reforming process it is desired that the feed 

flow rate must be minimal and for all the reactions residence 

time must be increased. If feed flow rate of glycerol water 

mixture is minimum then mixture is passed very slowly 

from the reactor tube and residence time is going to be 

increased. If the residence time is going to be increased then 

collision frequency between molecules of glycerol and 

water is increased and reaction going towards forward 

direction and by-product formation or amount of unreacted 

glycerol is going to be decreased.  

 

D. Effect nickel percentage in yield of hydrogen 

From the experimental results shown in above table it seems 

that if the mole percent of nickel in catalyst increases the 

hydrogen yield increased.So,for better yield it is desired to 

increase the amount of nickel in catalyst. 

 

CONCLUSION 

 

Steam reforming of glycerol has been studied using 

different temperature conditions and different composition 

of Nickel. From the experimental studies it was conclude 

that as compositions of nickel increased in catalyst, yield of 

hydrogen will be increased. Maximum yield of hydrogen 

and 100% conversion of glycerol was obtained at between 

850 C̊ to 900 ̊ C. From the experimental studies the 

optimum temperature is 880 ̊ C and WGFR is 9:1 at feed 

flow rate of 2.8 ml/minute. The best catalyst for getting 

maximum hydrogen yield is 20% Ni/ZSM-5.From the 

experimental studies it seems to be clear that high 

temperature, low pressure and high water to glycerol feed 

ratio is the best conditions for getting higher yield of 

hydrogen. 
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