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INTRODUCTION

Aluminium readily reacts with water, which is important
to the development of heat and hydrogen gas [1]. Recently, it
was reported that hydrogen gas was generated at room tempe-
rature from the reaction of aluminum nanoparticles using tap
water [2].

An efficient and developed method of generating hydrogen,
which acts as fuel and alternate energy system to the hydrogen
energy technologies to fulfil growing demand for alternative
energy sources. Generation of hydrogen from Al/H2O reaction
(hydrolysis reaction) has been of scientific interest in recent
years [3-6]. The corrosive aluminum metal in aqueous solutions
has long remained recognized as a good way to a generation
of hydrogen [1].

Other applications of aluminum and water reactions
consume developed, including Al/H2O “green” propellants,
which possess a definite compulsion of around 230 s due to
the graceful weightiness hydrogen gas [7-9]. The individual
thermal quantity of the hydrogen energy analogous with the
Al/H2O reaction is normally used around 65% of hydrogen  gas.
Hydrogen gas is a fresh and clean fuel cell with a high energy
density 119.8 MJ kg-1. However, its volumetric energy density
is slightly reduced at 0.01 MJ L-1 [10].

Generally, aluminum powder and the stimulated aluminum
are exposed to atmosphere and environment. It remained to
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establish that there is an active degradation when the aluminum
was deposited in air through definite moisture for a while then
the mechanism is not clear [11-16]. The Al/H2O reaction
promoted by a synthetically prepared Al(OH)3 nanoparticles
deferment established that the interaction between aluminum
and Al(OH)3 particles and the reaction heat are two key factors
in development of the mechanism of the reaction. Actually, in
this studies, a rapid generation of hydrogen can be recognized
by using synthesized Al(OH)3 nanosized powders [17-19].
Aluminum hydroxide was found to be unique and powerful
catalysts for the generation of hydrogen from an Al/H2O system
at a low cost.

The product of Al/H2O reaction is Al(OH)3, which is simply
reprocessed to produce aluminum by Halle-Heroult process
[20]. Though, a great activity of Al/H2O reaction is forbidden
by a thin layer of Al2O3 on its surface of aluminum powder. The
hydrogen generation can be accomplished by consuming a
neutral solution. The mechanisms of the Al/H2O reactions on
the measure of a particular reacting particle and particularly
at impressive densities have not been consistently recognized.
A protecting natural surface layer of alumina is well-known
to smother the reaction at room temperature and a number
of inquiries motivated on the elimination of this protecting
layer.

In this current study, the best amalgamation and a mixture
of Al:Al(OH)3:H2O was framed to generate hydrogen. The
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synthesized Al(OH)3 nanoparticles was confirmed to be identical
effective catalysts to promote hydrogen generation from Al/
H2O system consisted of very small, fine particle size and of
low crystallinity. To improve the efficiency of synthesized
Al(OH)3 nanoparticles, the different precursors were sourced
to synthesize nanoparticles. The 100% efficiency of hydrogen
productionwas achieved (1,360 mL/g Al at 25 ºC) from neutral
water within 2 h using Al(OH)3 nanocatalyst.

EXPERIMENTAL

All the chemicals were of reagent grade and used as received
without further purifications. Sodium aluminate (NaAlO2),
ethanol, methanol were purchased from Merck, India. Double
distilled water was used throughout this study.

Characterization: The powder XRD analysis was perfor-
med using a Bruker D8 PHASER powder diffraction instrument
equipped with a Kα radiation of copper target as the light source
and an acrylic sample holder. The morphologies of the samples
were characterized using a field-emission scanning electron
microscope (FESEM) and Fourier transform infrared spectra
(FTIR).

Synthesis of aluminum hydroxide nanoparticles: The
nanostructured aluminum hydroxide nanoparticles was synthe-
sized using an ethanol and methanol precipitation method.
Intially, NaAlO2 (2 and 5 g) was dissolved in 30-150 mL of
deionized water and stirred continuously until dissolution
completed. Then, various amounts of precipitating agent such
as ethanol/methanol was gradually added into the NaAlO2

solution and stirred 250 rpm for 10 h (Table-1). The white preci-
pitate was centrifuged, washed with water and dried at 70 ºC
for 24 h. The chemical reaction for the precipitation of Al(OH)3

can be described in following eqn. 1:

2 2 3 2 3 3 2NaAlO H O CH CH OH Al(OH) CH CH ONa+ + → +  (1)

2 2 3 3 3NaAlO H O CH OH Al(OH) CH ONa+ + → +      (2)

RESULTS AND DISCUSSION

Aluminium hydroxide nanoparticles exist in two phases
viz. Gibbsite and Bayerite were confirmed the X-ray diffraction

studies. Table-1 presents the obtained crystal phase and the
reaction conditions for aluminium/water. Aluminium powders
do not undergo a reaction with water, where oxide layers are
present on corners of the surface. The time required for complete
aluminium hydration with water was estimated. For pure
solutions, good results were achieved. Various combinations
of NaAlO2 with methanol and ethanol were analyzed to study
the hydrogen generation effect.

XRD studies: Before and after annealing, the XRD patterns
of the sample are given in Fig. 1. The powder XRD patterns of
Al(OH)3 nanocatalysts synthesized from different amounts of
precipitating agents (ethanol and methanol) and sodium alumi-
nate solution is presented in Fig. 2. The prepared Al(OH)3 nano-
catalysts exhibited two phases: bayerite phase (2θ 18.3446º,
20.3566º) and gibbsite phase (2θ 18.3137º, 20.2956º, 20.5434º).
The peaks of the X-ray diffraction pattern are compared with
the available standard JCPDS data to confirm the crystal structure.
In the spectra, the major reflections were acceptable for the
nanocatalysts of Al(OH)3; however, some low intensity peaks
were observed. Small peaks were obtained due to the existence
of hydrated sodium aluminate [13].
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Fig. 1. XRD pattern of Al(OH)3 nanoparticles prepared a 2 ºC (a) from
methanol, (b) from ethanol

TABLE-1 
STUDY CONDITIONS OF THE SYNTHESIZED Al(OH)3 NANOPARTICLES 

Sample-ID NaAlO2 (g) Ethanol (mL) H2O (mL) Crystal phase Temp (°C) 
Sample-1 2.0 1400 150 Bayerite Room temperature 
Sample-2 2.0 1500 150 Bayerite Room temperature 
Sample-3 2.0 1600 150 Bayerite Room temperature 
Sample-4 2.0 1600 150 Bayerite Ice bath 
Sample-5 5.0 1400 150 Bayerite Room temperature 
Sample-6 2.0 400 30 Gibbsite Ice bath 
Sample-7 2.0 400 50 Gibbsite Ice bath 
Sample-8 2.0 400 100 Bayerite Ice bath 
Sample-9 2.0 400 150 Bayerite Ice bath 
Sample-10 2.0 400 30 Bayerite Room temperature 
Sample-11 2.0 400 50 Bayerite Room temperature 
Sample-12 2.0 400 100 Bayerite Room temperature 
Sample-13 2.0 400 150 Bayerite Room temperature 
Sample-14 5.0 400 50% hot + 50% cold Gibbsite Room temperature 
Sample-15 5.0 400 Methanol 150 Gibbsite Room temperature 
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FESEM studies: Fig. 3 illustrates the FESEM images of
the prepared Al(OH)3 nanopowders. Samples S2-S5 nano-
particles exhibit crystal-like morphology and sample S1 shows
the fine spherical and rod-shaped (hexagonal) particles. The
sample S2-S5 have a high ethanol/water mole ratio and NaAlO2

concentration (Table-1). These conditions lead to spherical and
crystal particle formation. The size of sample S5 nanoparticles
(high NaAlO2 concentration) is the same as that of samples
S1-S4 nanoparticles. The size of samples S1-S5 range 40-85
nm. The width of the rod-like particles of sample S1 is large.

Samples S6-S9 nanoparticles are small, with crystal-like,
rod-shaped and particulate-like morphology. Catalysts must
have this type of structures because it can provide extra active
sites for catalytic reactions. Different arrangements of the
FESEM images of samples S6-S9 are shown in Fig. 4.

Fig. 5 presents the FESEM image of the Al(OH)3 catalysts.
The stretching microstructure of all particles is well preserved

and glowing. In both catalysts, the microstructure of Al(OH)3

nanoparticles was standardized and smooth, and the type
particles size obtained at different temperatures were similar.

FTIR studies: Fig. 6 presents the FTIR spectra of the
prepared Al(OH)3 nanoparticles in 4000-400 cm-1. The broad
band appearing at 3629 cm-1 represents the stretching vibration
of the O-H group. The sharp absorption band obtained at 3531
and 1544 cm-1 can be attributed to the ν(-OH) and ν(NO) stret-
ching vibrations. The FTIR spectra were effectively used to
determine the functional groups of the samples. The peak
observed at 527 cm-1 corresponds to Al(OH)3 stretching vibra-
tions.

Hydrogen generation using Al(OH)3: In the prepared
Al(OH)3 powders, hydrogen improvement is highly effective
(Fig. 7). Using the exothermic reaction of Al/H2O systems,
we accelerated 100% hydrogen yield by employing a large
amount of metal Al powders. The Al(OH)3 effectively enhances
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Fig. 2. XRD pattern of synthesized Al(OH)3 nanoparticles (samples S1-S9)
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Fig. 3. FESEM images aluminum hydroxide nanoparticles of samples S1-S5
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Fig. 4. FESEM images aluminum hydroxide nanoparticles of samples S6-S9

Fig. 5. FESEM images of synthesized Al(OH)3 at different temperatures
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Fig.  6. FTIR spectra of Al(OH)3 nanoparticles from ethanol and methanol
precursors
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Fig. 7. Volume of the generated gas (H2) versus time for the hydrolysis of
Al and H2O reaction. Using Al(OH)3 catalysts (a) from methanol, (b)
from ethanol. Inset: Corresponding efficiency values of the catalysts

hydrogen generation from the Al/H2O system, whereas other
precursors are less effective for hydrogen generation.

The cost-effective catalysts are highly improved for hyd-
rogen production from reaction of water and Al hydrolysis
(2Al + 6H2O → 2Al(OH)3 + 3H2). In this study, the improved
Al(OH)3 (S1-S5) exhibited as a highly organized catalytic effect
and were active for water and Al hydrolysis (Fig. 8). The
hydrolysis of water and Al by using samples S1-S5 Al(OH)3

nanoparticles was completed within 1 h (83.96-99.99% catal-
ytic performance). For the Al and water hydrolysis, the Al(OH)3

nanoparticles efficiency achieved was higher than that of the
methanol-synthesized Al(OH)3 catalysts, which indicated a
high activity of Al(OH)3 powders.

As-fabricated Al(OH)3 nanoparticles were used as catalysts
for water and Al hydrolysis. The reaction was initiated at room
temperature (25 ºC) by treating water and Al in the reaction
flask containing Al(OH)3 nanoparticles. The catalytic effect
of Al(OH)3 was determined by employing the water-filled gas
burette method. Samples S8 and S9 of Al(OH)3 nanoparticles
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Fig. 8. Volume of the generated gas (H2) versus time for the hydrolysis of
Al and H2O reaction using Al(OH)3 catalysts (Samples S1-S5)

catalysts exhibited a considerably high catalytic activity for
water and Al hydrolysis (Fig. 9). The amount of hydrogen
generated increased with the increase in Al(OH)3 and the time
of reaction affected molar ratio (samples S8 and S9) of catalysts
and catalysts. In the presence of Al(OH)3 catalysts, a stoichio-
metric volume of hydrogen was generated through water and
Al hydrolysis within 1 h (89.19-93.17%).
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Fig. 9. Volume of the generated gas (H2) versus time for the hydrolysis of
Al and H2O reaction using Al(OH)3 catalysts (Samples S6-S9)

For the curves, the difference in temperatures was 5-150 ºC.
Figs. 8 and 9 show the changes in of H2 gas particle gene-
ration with time and related images, respectively. The curves
evolved for aluminium nanoparticles hydrolysis. The hydrogen
production yield and hydrolysis rate enhanced with the temper-
ature increase. In 1 h, hydrolysis led to up to 100% production
of theoretical amount of hydrogen. When reaction temperature
decreased to 5 ºC, then the hydrolysis rate decreased. More-
over, the final hydrogen yield also decreased.

Conclusion

Hydrogen generated by hydrolysis aluminium hydroxide
nanoparticles was studied. In addition to hydrogen generation,
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the Al/water reaction could be employed to produce alumina
and Al(OH)3 nanoparticles for various applications. For hydrogen
generation, the optimum Al/Al(OH)3/water combination was
obtained with the synthesized Al(OH)3 nanoparticles, i.e.
samples S6, S5 and S9, whose size was < 50 nm. For Al/water
reaction, the catalytic effect of Al(OH)3 nanoparticles was likely
based on a few properties of Al(OH)3 nanoparticles, such as
large surface area, high-energy active sites, fine and small
particles. Spherical and fine particles exhibited a high catalytic
activity because of their high-energy sites near plate edges.
By using the self-heating exothermic reaction in minimum
water with a large amount of Al powder, rapid hydrogen gener-
ation (yield 100%) and high temperature can be achieved, which
renders this system an ideal hydrogen source for use-on-
demand systems.
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