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Abstract:- Hydrogen energy is an  energy carrier , 

alternative and  renewable source of energy in  world. 

However, hydrogen energy is facing many problem such as 

high capacity, good kinetics, thermodynamics, controllable 

reversibility. TiO2,TiF4 TiAl and TiCl3 codoped sodium 

alante ( NaAlH4 ) were synthesized for Hydrogen storage 

properties and mechanisms. Samples were prepared using  

ball milling  in glove box under  argon atmosphere. All 

catalyst is used for the dehydrogenation of NaAlH4 at 250o
 

C and characteriztion  by XRD. Sodium alanate was 

appeared in Tetragonal structure with lattice constant 

a=b=5.02 and c=11.34. NaAlH4 is completely converted in 

Na3AlH6 at 250oC which is having cubic structure with 

lattice constant  𝐚 =  𝐛 = 𝐜 =  𝟕. 𝟕𝟓𝟓. Desorption for all P-

C-T isotherm of NaAlH4 doped with catalyst were 

calculated using dynamic seivert type apparatus in 100o C 

to 250o C range of temperatures. The amount of  hydrogen 

in sodium alanate was desorbed between 3.8 and 5.2 wt % 

in various catylist. 
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I. INTRODUCTION 
 

Storage of hydrogen is a challenge in hydrogen 

economy. Hydrogen is a fascinating energy feul  for 

automobile and airoplane .Our goal is to obtain high 

volumetric density ,storage capicity and favorable 

thermodynamics mechanics. In 1996, Bogdanovic and 
Schawickardi [1] showed that NaAlH4 decomposed in two 

stages at temperatures of 180oC and 210oC and third stage 

decomposed at high temperature and pressure.  

  

NaAlH4 →  1/3 Na3AlH6  + 2/3 Al + 3 H2       (3.7 wt % H)           

(1)  

Na3AlH6  → 3 NaH + Al  + 3/2 H2                (1.8 wt % H)            

(2)  

NaH   →  Na+ H  

 

The equilibrium pressure for hydrogen is 1 bar.The 
reactions are reversible for conversion to sodium alante at 

2700C under 175 bar hydrogen pressure in 2-3 hours [3]. The 

proper catalysts is added into sodium alante to enchancing 

hydrogen storage capicity. The work of Bogdanovic and 

Schwickardi [1] was motivated that NaAlH4 shows good 

kinetic and thermodynamics properties when catalyzed is use 

titanium based materials [4-8]. There are many  kinetic and 

thermodynamics  studies on the decomposition of NaAlH4 

either doped with TiCl3 [9-20] or Ti alkoxides [11] . 

Ti(OBu)4is added  directly to Na3AlH6 the  activation energy  

for reaction (2). A major disadvantage of sodium alanate is 

low absorption and desorption kinetics which is required  high 
pressure and temparature. Hydrogen storage materials such 

metal hydride must be favorable thermodynamic properties 

and good kinetics of  hydrogen.Sodium alanate has received a 

fascinating due to its high  storage capacity, low cost, good 

kinetics and good thermodynamics mechanics at suitable 

temperature and pressure.Therefore sodium alanate was the 

material suitable and important for hydrogen storage in solid 

form.  

 

II. EXPERIMENTAL 

 

NaAlH4 and catalyst TiCl3, TiAl TiF4 and TiO2 has been  
purchased from Aldrich Chemical. The purity of materials are 

contend  99% and used without further purification. samples 

were prepared in an argon filled globe box because samples 

are sensitive to air and humidity. Planetary ball mill machine 

was used for milling of TiCl3, TiAl TiF4 and TiO2. The ball-

mill machine is rotated to  350 rpm speed  for 2 hour. The ball 

to powder weight ratio are  around 20:1. NaAlH4,TiCl3, TiAl 

TiF4 and TiO2 were weighed  under argon atmosphere.The 

samples were extend over  by a kapton foil to avoid  to air and 

humidity during characterization. The apparatus was heated at 

first to 100o C and then to 250oC. X- ray diffraction  pattern of 
the samples were carry out  with Cu-K alpha radiations. The 

data has been collected in the range between 30o and 80o .The 

structural characterization of samples with  TiCl3, TiO2, TiAl, 

and TiF4 doped Sodium alanate have been performed by X-

Ray Diffraction analysis.   

 

III. RESULT AND DISCUSSION 

 

 Structural Characterization: 

X-Ray Diffraction analyzed structural of TiCl3, TiO2, 

TiAl, and TiF4 doped Sodium alanate.The X-ray diffraction 

pattern is shown in Fig (1) of NaAlH4 + 4wt % TiCl3 .NaAlH4 
was found in Tetragonal structure with lattice constant  

a=5.02=5.02 and c=11.34 and 4 wt% TiCl3 doped sodium 

alanate has been heated at 250o
 C to remove hydrogen .  

NaAlH4 was converted in Na3AlH6 . Figure (1)  shows that 
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NaH is observed in cubic structure with lattice constant 

a=b=c=4.890 and Na3AlH6  is Monoclinic structure with  
lattice constant a= 5.46, b= 5.61, c= 7.80  and  catylist TiCl3  

appears  in  structure having  a=b=6.143, c= 11.71. Fig.( 2)  

shows XRD patterns in dehydrogenation of  catylist TiO2 

doped NaAlH4 which samples was  analyzed by Powder X and 

PCPDFWIN program. NaAlH4 was found in Tetragonal 

structure with lattice constant a=5.02=5.02 and c=11.34. It was 

observed that NaAlH4 is converted to Na3AlH6 at 250O C and 

Na3AlH6 is converted  Na3AlH6  in Monoclinic with  lattice 

constant  a= 5.46,b= 5.61,c= 7.80 and  NaH in Cubic structure  

with lattice constant a=b=c=4.890 and Al is observed in cubic 

structure  a=b=c= 4.049 and TiO2  appears Orthorhombic 

structure  a= 4.531,b=5.501,c= 4.906 etc. NaAlH4 decomposed 
in NaH and Al. NaAlH4 +4 wt % TiAl samples analyzed by 

XRD Diffraction method is shown in figure (3). It was notice 

that NaAlH4 was observed in Tetragonal structure and NaAlH4 

is converted in Na3AlH6 and NaH at 250oC. NaH is not 

completely decomposed so peaks of Na are not observed .  

The higher formation of crystallites is due to increase in the 

catalytic activity and cycling stability which is presented to the 

increase in the peak intensity and the narrow peak of Al and 

NaH .Samples were characterized by the X-ray diffractometer 

to confirm the different particle size. NaAlH4 was found in 

Tetragonal  structure with lattice constant a=5.02=5.02 and 
c=11.34 and Na3AlH6 is appear cubic structure with lattice 

constant a= b=c= 7.755 and TiF4 is appears orthorhombic 

structure.  

 

 Hydrogenation and Kinetics: 

Hydrogen desorption curves of NaAlH4 + x wt % TiCl3 

(x=1,2,4 wt %) are shown in Fig (5)  to Fig (7). All Kinetic 

measurement for desorption were determined using Dynamic 

Seiverts type apparatus at 100o C to 250o C temperatures. Fig 

(5) is a curve for desorbed hydrogen by NaAlH4 +1 wt % 

TiCl3 vs time at different temperature. It was seen that the 

sample releases hydrogen about 4.5 wt %  in the temperature 
range between 100o and 250o C which is low than the 

theoretical capacity of 5.6% wt % of NaAlH4 . TiCl3 doped 

NaAlH4 desorbed hydrogen fastly at 175o and 250oC.  After 

some time desorption rate is constant. Fig (6)  is a curve for 

desorbed hydrogen by NaAlH4 +2 wt % TiCl3 vs time at 

different temperature. The sample releases about 4.8 wt % 

hydrogen at 250o C. The sample releases hydrogen fastly at 

175o and 250o C. Amount of desorbed hydrogen is increased 

with increase amount of catalysts TiCl3.Desorption for all 

Kinetic measurement of 4 mol % TiCl3 doped NaAlH4 were 

determined using by Dynamic seivert’s  apparatus at 100o C to 
250o C temperatures. Fig (7)  is a curve for desorbed hydrogen 

by NaAlH4 +4 wt % TiCl3 vs time at different temperature. It 

is found  that sample releases about 5.2 wt % hydrogen 

temperature range between 100o and 250o C. TiCl3 doped 

NaAlH4  shows  fast desorption rate up to about 5 min at 175o 

and 250oC. After 5 min desorption rate is constant. Amount of 

released hydrogen is increased with increase amount of 

catalyst TiCl3.The desorption hydrogen capacity  was  found 

to be 4.5 wt % , 4.8 wt % and 5.2 wt % with TiCl3 ( 1 %, 2 % 

and 4% ) respectively  which  is approximate to theoretical  

value  as Reported .It observed that  increased TiCl3 content  
increased the overall storage capacity of  the complex hydride 

due to catalytic effect of  TiCl3 with  temperature and  effect 

of catalyst and kinetic rate is increased with temperature and 

surface area.  Structure of sodium alanate is change at 250o C 

temperature. Hydrdrogen desorption  curves of NaAlH4 + x wt 

% TiO2 (x=1,2,4 wt %) are shown in Fig (8) to Fig (10). All 

Kinetic measurement of NaAlH4 with 1 mol % TiO2 for 

desorption were determined using Dynamic seiverts type 

apparatus at 100o C to 250o C temperatures. Fig (8) is a curve 

for desorbed hydrogen by NaAlH4 +1 wt % TiO2 vs time at 

different temperature range. Sodium alante  releases  about 

3.8wt % hydrogen in presence of catylist between 100o and 
250o C.TiO2 doped NaAlH4 shows fast desorption kinetics at 

250oC and  after some time  desorption rate is constant. Some 

wt % hydrogen released at 100o and 150oC. Desorption 

hydrogen wt % with TiO2 is low but kinetics rate is very good 

compare to TiCl3 . Fig (9) is a curve for desorbed hydrogen by 

NaAlH4 +2 wt % TiO2 vs time at different temperature. the 

sample releases about 4.8 wt % hydrogen in the temperature 

range between 100o and 250o C. TiO2 doped NaAlH4 shows 

fast desorption kinetics up to 10 min at 175o and 250oC. After 

10 min desorption kinetics  is constant. Fig (10) is a curve for 

hydrogen desorbed by NaAlH4 + 4 wt % vs time at different 
temperature 100o C – 250o C. 4wt % TiO2 doped   NaAlH4 with 

release about 5.1 wt % hydrogen at temperature range between 

200o and 250o C. Catylist TiO2 reacts with NaAlH4 due to its 

extremely large interfacial area. Fig 10 shows that TiO2 doped 

NaAlH4 is fast desorption kinetics up to about 10 min in 

temprature range 175o and 250o. After 10 min desorption rate 

is constant. The desorption hydrogen capacity  was  found to 

be 3.6 wt %  4.8 wt % and 5.1 wt % with TiO2 (1,2 and 4 wt 

%) respectively  which  is approximate to theoretical  value . 

amount of hydrogen is increased due to catalytic effect of 

TiO2 and temperature. In this studyTiO2 shows a better 

catalytic for the cycle .Hydrogen desorption  curves of 
NaAlH4 + x wt % TiAl (x=1, 2, 4) are shown in Fig (11) to Fig 

(13). Fig (11) is a curve for hydrogen desorbed by NaAlH4 + 1 

wt % TiAl vs time at different temperature 100o C – 250o C. It 

is interesting to see that 1 wt % TiAl doped NaAlH4 with 

release about 3.8 wt % hydrogen at temperature range between 

200o and 250o C. Fig (11) shows that TiAl doped NaAlH4  

have  been very fast desorption kinetics. After 10 min 

desorption rate is constant. TiAl is good catalylist for NaAlH4. 
Fig (12)  is a curve for desorbed hydrogen by NaAlH4 + 2 

TiAl wt % vs time at different temperature range 100o C – 

250o C. It observed  2 wt % TiAl doped NaAlH4 with release 
about 4.2 wt % hydrogen at temperature range between 200o 

and 250o C. Amount of hydrogen storage capicity is increased 

with increase of amount of TiAl. 4 wt % TiAl doped NaAlH4 

release 4.6 wt % hydrogen in a desorption temperature range 

between 200o and 250o C. The desorption hydrogen capacity  

was  found to be  4.0 wt % , 4.2 wt %  and 4.6 wt %  with 

TiAl ( 1 %, 2 % and 4% ) respectively.It seen that increased 

TiAl content increased storage capacity of the sodium alanate  

due catalytic effect of TiAl with temperature.  
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Hydrogen desorption curves of NaAlH4 + x wt % TiF4 

(x=1, 2, 4 wt % ) are shown in Fig (14) to Fig (16). Desorption 
for all Kinetic measurement of 1 mol % TiAl doped NaAlH4 

were determined using Dynamic seiverts type apparatus at 

100o C to 250o C temperatures. Fig (14) is a curve for desorbed 

hydrogen at NaAlH4 + 1wt % TiF4 different temperature 100o 

C – 250o C. 1 wt % TiF4 doped NaAlH4 released about 4.3 wt 

% hydrogen at  250o C. The desorbed hydrogen capacity of 

TiF4 doped NaAlH4 is lower.Fig (14)  shows that reaction  of 

TiF4 doped NaAlH4 is  very fast desorption kinetics up to 

about 12 min. After 12 min desorption rate is constant.TiF4 is 

good catalylist for NaAlH4. Desorption for all Kinetic 

measurement of 2 mol % TiAl doped NaAlH4 were 

determined using Dynamic Seiverts type apparatus at 100o C 
to 250o C temperatures. Fig (15) is a curve for hydrogen 

capicity at NaAlH4 + 2wt % TiF4 different temperature 100o C 

– 250o C. 2 wt % TiF4 doped NaAlH4 released 4.8 wt % 

hydrogen at 250o C. Fig (16)  shows that reaction of TiF4 

doped NaAlH4 is fast desorption kinetics up to 8 min. 4 wt % 

TiF4 doped NaAlH4 released about 5.2 wt % at 250o C.The 

desorption hydrogen capacity was found to be 4.0 wt % , 4.8 

wt %  and 5.2 wt % with TiF4 (1 %, 2 % and 4% ) 

respectively. Amount of desorption hydrogen wt % is 

increased with content of TiF4. TiF4 is very good catalysts for 

desorption hydrogen and kinetics.  
 

IV. CONCLUSIONS 

 

Sodium alanate NaAlH4 was appeared in Tetragonal 

with lattice parameter a=5.02=5.02 and c=11.34.NaAlH4 is 

completely converted in Na3AlH6  at 250oC. Na3AlH6 is in 

cubic structure with lattice constant  a= b=c= 7.75. Different 

type of catalyst such as TiCl3, TiO2, TiAl and TiF4 is doped 

with sodium alanate. All Kinetic measurement of NaAlH4 with 

different type of catalyst for desorption were determined using 

by Dynamic Seiverts type apparatus at 100o C to 250o C 

temperatures. Amount of hydrogen is desorbed 3.8 wt % to 5.2 
wt  % at 250oC with various  type of  catalyst.  Kinetics of 

catalyst is fast but TiCl3 and  TiO2, TiF4  catalyst is  very good 

for  desorption.  
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Fig. 1:- XRD curve  of desorbed 4mol% TiCl3 doped NaAlH4 at 2500C 

 
Fig. 2:- XRD curve of desorbed 4mol% TiO2 doped NaAlH4 at 2500C 
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Fig. 3:- XRD curve of desorbed 4mol% TiAl doped NaAlH4 at 2500C 

 

 
Fig .4:- XRD curve of desorbed 4mol% TiF4 doped NaAlH4 at 2500C 

 

 
Fig. 5:-  Hydrogen desorption curve  of desorbed 1mol% TiCl3 doped NaAlH4 
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Fig. 6:-  Hydrogen desorption curve  of desorbed  2% mol  TiCl3 doped NaAlH4 

 

 
Fig. 7:-  Hydrogen desorption curve  of desorbed 4 mol% TiCl3 doped NaAlH4 

 

 
Fig. 8:-  Hydrogen desorption curve  of desorbed 1mol TiO2 doped NaAlH4 
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Fig 9:- Hydrogen desorption curve  of desorbed  2 mol  TiO2 doped NaAlH4 

 

 
Fig. 10:-  Hydrogen desorption curve  of desorbed 4 mol% TiO2 doped NaAlH4 

 

 
Fig. 11:- Hydrogen desorption curves of NaAlH4 with 1 mol % TiAl 
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Fig. 12:- Hydrogen desorption curves of NaAlH4 with 2 mol % TiAl 

 

 
Fig. 13:- Hydrogen desorption curves of NaAlH4 with 4 mol % TiAl 

 

 
Fig. 14:- Hydrogen desorption curves of NaAlH4 with 1 mol % TiF4 
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Fig .15:- Hydrogen desorption curves of NaAlH4 with 2 mol % TiF4 

 

 
Fig. 16:- Hydrogen desorption curves of NaAlH4 with 4 mol % TiF4 
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