
35                                                  Egypt. J. Chem. 58, No. 5, pp. 555 -561 (2015) 

 

ـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

#Corresponding author- E-mail: mmaselim @yahoo. com 

Production of Hydrogen from Industrial Metal 

Waste 
 

Sohair A. Sayed Ahmed, Reham M.M. Aboelenin, Ghada 

M. Mohamed and M.M. Selim
#
 

Physical Chemistry Dept., National Research Centre, NRC, 33 

Elbohouth St.- Dokki- Giza - Egypt - P.O. 12622 Egypt. 

 

 
HE production of hydrogen was obtained by catalytic reaction of 

aluminium with water. The reaction produces a large amount of 

heat and hydrogen gas.  The presence of the catalyst is necessary 

because the reaction of the metal with water does not occur due to 

presence of a very thin passivation layer, Al2O3. In our case NaOH, 

iodine and sodium chloride were selected to activate the aluminium 

surface, i.e. to remove the passive layer and allow the reaction to 

proceed. The aluminium used in the reaction comprises aluminium foil, 

electrical wire, beverage cans and other similar aluminium waste.  
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Due to the depletion of fossil fuels, especially oil and natural gas, and the 

concern over carbon dioxide (CO2) emissions, there is an urgent need for 

sustainable and clean fuel substitutes for our future energy supply. Hydrogen 

has been proven to be a promising alternative fuel source because of its high 

heating value and regeneration capability. In addition, hydrogen has also been 

found to be the best fuel for fuel cells. On-board hydrogen production has 

received a lot of attention because it can generate/fuel the hydrogen where/when 

it is needed. 
 

Several investigations about new energy sources have been carried out 

during the last decades. Concerns about a possible depletion of petroleum, coal 

and gas, as well as new methods to achieve a more reasonable use of these raw 

materials to obtain energy have been widely investigated at present, especially 

some studies about the reduction of green house gases.  
 
The hydrogen has a very high combustion heat (HHV = 141.90 kJ.g

-1
, LHV = 

119.9 kJ.g
-1

), which is a promising alternative in terms of energy. However, 

hydrogen must be generated by means of some chemical reaction, because this 

gas is not encountered available as "H2" in nature. It is also a very difficult 

liquefying H2 to be transported or stored 
(1)

 .  
 

Based upon these considerations, the objective of this work is the production 

of hydrogen via aluminum-water reaction by applying a catalyst to speed up the 

rate of gas formation. The presence of the catalyst is necessary because the 

T 
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reaction of the metal with water does not occur due to presence of a very thin 

passivation layer, Al2O3, which hinders the reaction 
(2-5)

 . The use of alkalis, like 

NaOH and KOH, promotes the complete removal of this layer, so that the 

reaction with water may proceed 
(3,4)

 . The reaction that occurs is as follows: 

 

 

 

Different mechanisms have been proposed for the reaction presented 
(5)

. The 

formation of an intermediate (pseudoboehmite, AlOOH) was considered in a 

mathematical approach that accounts for the pressure of the hydrogen bubbles 

formed under the metal surface, thickness of the hydrated oxide film, and other 

effects. Also,  NaAl(OH)4  was considered an intermediate compound, and the 

replacement of NaOH by NaAlO2 as catalyst was successfully verified 
(4,5)

. 

 

Experimental 

 

Materials 

Aluminium foil, electrical aluminium wire and beverage aluminium cans 

were used as aluminium wastes. These materials were crushed or converted into 

powder. The following chemicals were used : NaOH (Oxford laboratory), 

Iodine and NaCl-crystals . 

 

Scanning  Electron Microscope 

The Scanning Electron Microscope (SEM) is used for observation of 

specimen surfaces. When the specimen is irradiated with a fine electron beam 

(called an electron probe), secondary electrons are emitted from the specimen 

surface. Topography of the surface can be observed by two-dimensional 

scanning of the electron probe over the surface and acquisition of an image 

from the detected secondary electrons.  

 

The specimen must meet the following requirements before it is loaded to 

the SEM stage: a) The surface to observe is exposed. b) The specimen is firmly 

fixed to the specimen mount. c) The specimen has conductivity in principle.   

 

Results and Discussion 

 

The reaction of aluminium with water 

 Aluminium reacts with water to produce hydrogen gas. The following are 

possible reactions of aluminium with water. 

 

2Al + 6H2O = 2Al(OH)3 + 3H2………………………… (1) 

2Al = 4H2O = 2ALO (OH) + 3H2…………………….. (2) 

2Al + 3H2O = Al2O3 = 3H2……………………………. (3) 
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These reactions are possible, and from room temperature up to 280°C 

Al(OH)3  is the most stable product 
(6)

, while from 289-480°C, AlO(OH) is the 

most stable
(7)

. Above 480°C, Al2O3 is the most stable product. The above 

reactions are thermodynamically favorable, 

  

2/3 Al + 2H2O = 2/3 Al(OH)3 + H2O. 

 

Reaction of Al with water in the presence of catalyst 

When a piece of aluminium was dropped into water no reaction was 

observed under room temperature conditions and even with boiling water. This 

is because the aluminium has a thin coherent, adhering layer hydrated of 

aluminium oxide, Al2O3 on the surface. 

 

Activation with sodium hydroxide 

To prevent the formation of the inert hydrated alumina layer on the Al-

surface, sodium hydroxide was used which promotes aluminium-water reaction. 

The preliminary experiment showed that the vigor of the reaction depends upon 

the surface of contact between the aluminium and water, aluminium foil reacted 

faster than a heavy gauge aluminium wire, and aluminium in powdered form 

reacted instantly to produce hydrogen gas. 
 

All experiments were performed using a Pyrex Erlenmeyer, its capacity was 

500 ml, containing 200ml of aqueous solution. 
 

Aluminium foil was cut into little pieces; each piece of aluminium foil was 

crumpled until forming a small ball, with a weight about 0.05-0.1g. 
 

      Effect of temperature and NaOH contents on the rate of formation of hydrogen 

From Table 1, it can be observed  that, at concentration 1M NaOH the 

hydrogen production per gram of aluminium increases from 100 cm
3
 min

-1
 at 

20°C to 200 cm
3
 min

-1
 at 50°C, while the increase of NaOH concentration to 

5M increases the hydrogen production from 380 cm
3
 min

-1
at 50°C, while the 

increase of  NaOH concentration to 5M increases the hydrogen production form 

380 cm
3 

min
-1

 at 20°C to 1500 cm
3
min

-1
 at 50°C, and at 80

o
C hydrogen 

production was 300 cm
3
 min

-1 
when sodium hydroxide was 1M and 3500 cm

3
 

min
-1

 when sodium hydroxide was 5M .  

 

TABLE 1. Effect of temperature and NaOH contents on the rate of formation of 

hydrogen. 

 

M NaOH 20°C 30°C 40°C 50°C 60°C 70°C 80°C 

1 100 133 167 200 233 297 300 

5 380 840 1250 1500 2050 3450 3500 
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Activation with iodine 

It is known that Al can react with I2 in ethanol at room temperature forming 

AlI3
(8)

 . This means that I2 can penetrate through the surface oxide layer formed 

on Al and reacts with Al powder to form AlI3. Consequently the surface d oxide 

layer could be destroyed and the inert Al powder is activated for further 

chemical reaction. 

 

The reaction was conducted by adding 0.5g iodine to 100ml water and 

heating the mixture at constant temperature 80
o
C. The hydrogen production 

reaction started when Al powder was added to the heated I2 aqueous solution.  

 

To understand the mechanism of the reaction, the possible chemical 

reactions with I2 can be written as: 

2Al + 3I2  2AlI3 

2AlI3 + 6H2O  6HI +2Al (OH)3 

2Al + 2HI  2AlI3+ 3H2 

 

The reaction between iodine and aluminium leads to the formation of 

AlI3.This reaction leads to the removal of surface oxide layer and reactivates the 

aluminium powder. 

 

Based on the above results, the formation of AlI3 plays an important role on 

activating aluminium for producing hydrogen. 

 

Table 2 shows the dependence of hydrogen production on temperature. 

From Table 2 it is clear that the increase of reaction temperature increases the 

rate of hydrogen production.  

 

TABLE 2. The dependence of hydrogen production on temperature. 

 

Temperature oC After 5hr, ml After 10hr, ml 

50 190 260 

60 245 320 

70 285 390 

 

The examination by SEM of the aluminium powder surface before and after 

treatment with iodine (Fig. 1 and 2) showed the formation of holes on the 

surface of aluminium flakes. This is due to the interaction of iodine with 

aluminum. This means that the formation of AlI3 allowed for the attack of the 

aluminium surface by water thus forming these holes with the production of 

hydrogen. 
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Fig. 1. SEM image of aluminium powder . 

 

 

Fig. 2. SEM image of aluminium powder after treatment with I2 . 
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Activation by milling with sodium chloride salt 

In this activation method , aluminium is milled using salt particle . Due to 

their brittle nature, salt particles are fractured during milling and their sharp 

edges chop aluminium particles into pieces. This leads to an increment in 

hydrolysis kinetics. Meantime, salt particles are driven into newly created 

surfaces of aluminium particles, producing salt gate that will be removed in 

water environment, causing hydrogen generation reaction to proceed. 

 

To confirm the effect of sodium chloride on aluminium flakes, these flakes 

were examined by SEM. The SEM image is given in Fig . 3. shows that the 

aluminium particles were chopped into pieces allowing thus the reaction of 

aluminium with water to produce hydrogen. 

 

 

Fig. 3. SEM image of aluminium powder after treatment with NaCl. 

 

Conclusions 

 

From the previous results presented in this work it is possible to conclude 

that the aluminum corrosion is strongly influenced by temperature and activator 

concentration. Moreover, the speed of aluminum consumption is faster at higher 

concentrations of alkali. NaOH is the most active catalyst among the used 

activator materials. 
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 انتاج الهيدروجين من مخلفات صناعية معدنية
 

     د ـد محمـادة محمـغ ،د ابو العينن ـريهام محم ،سهير عبد العزيز سيد احمد 

 مد سليمـد محـو محم

 .مصر  –الجيزة  – الدقى – المركز القومى للبحوث - قسم الكيمياء الفيزيقية

 

. فزى للالومنيوم مع الماءانتاج الهيدروجين قد تم فى هذا البحث بالتفاعل الح

ووجود حفاز فى هذه الحالة . والتفاعل ينتج كميات كبيرة من الهيدروجين

خاملة من ضرورى لان تفاعل المعدن مع الماء لا يتم وذلك لوجود طبقة رقيقة 

فى هذا البحث اختير هيدروكسيد الصوديوم و اليود وملح . اكسيد الالومنيوم

الالومنيوم اى ازالة الطبقة الخاملة  حكلوريد الصوديوم ليقوموا بعملية تنشيط سط

والالومنيوم المستخدم فى البحث كان رقائق الالومنيوم و . والسماح للتفاعل ليتم

 . بات وغيرها من مخلفات الالومنيوملب المشروعالسلك الكهربائى و
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