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Abstract: The effect of various catalysts, such as Ti, Ni, Fe, Ce(SO4)2 and LaCl3, on the reversibility of LiAlH4 was studied by 

Pressure-Content-Temperature (PCT) experiments. The result indicates that doping induces a marked decrease in the rate of hydro-

gen release. In addition, doping additives obviously decreases the initial temperature of LiAlH4 of hydrogen release except for dop-

ing with LaCl3. However, at the same time, the amount of hydrogen release also decreases. In the study on the hydrogen absorption 

of LiAlH4 doped with 1mol% Ni, 1mol% Ti, 1 mol% Ce(SO4)2 and 1mol%LaCl3 at 180 � under about 8 MPa, it has been found that 

the sample doped with 1 mol% Ni presents the largest hydrogen absorption amount with about 0.97wt%. 
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The energy infrastructure is facing more serious challenges 

than ever before due to limited supplies of oil, environmental 

concerns about CO2 exhaust and exhausts from fossil fuels, 

and an ever-expanding energy demand in the growing econo-

mies in Asia 
[1,2]

. It is extensively believed that hydrogen is a 

potential major alternative energy carrier. However, there is 

still a problem of storage and transportation for hydrogen. So 

far, there are three kinds of materials under consideration for 

use in hydrogen storage processes: nanostructural materials, 

metals and metal alloy, and complex hydrides (light mass 

metal alloys). Metal hydrides are considered as one of the 

most attractive methods. Several interstitial metal hydriges like 

LaNi5, Pa and TiFe operate at around room temperature. 

However, their reversible gravimetric hydrogen capacity is 

limited to 2.5wt%. This is significantly below the goal of 

≥5wt% hydrogen set recently by the International Energy 

Agency. Complex hydrides had not been studied for hydrogen 

storage materials until Bogdanović and Schwichardi
 [3]

 re-

ported the reversible hydrogen storage of NaAlH4 with 

Ti-containing dopants. Complex hydrides such as NaAlH 4, 

LiAlH4 and LiNH2 are superior to conventional hydrogen al-

loys in both mass and volume densities of hydrogen. For ex-

ample, the hydrogen contents of NaAlH4 and LiAlH4 can reach 

7.4% to 10.5% of hydrogen by mass. Theoretically, NaAlH4 

can store 5.6wt% H2 reversibly. However, the theoretical ca-

pacity of LiAlH4 is available even with 7.9wt% hydrogen be-

low 200 
o
C. Hydrogen release occurs in three stages

[4]
: 

3LiAlH4→Li3AlH6+2Al+3H2   (5.3 wt% H2)        (1) 

Li3AlH6→3LiH+Al+3/2H2     (2.6 wt% H2)        (2) 

3LiH+3Al→3LiAl+3/2H2      (2.6 wt% H2)        (3) 

The decomposition temperatures are reported to be between 

150-175 
o
C (Ep.(1)) and 180-220 

o
C (Ep.(2)) 

[2,5]
. The last 

composition step occurs at 400
 o
C which is considered not to 

be supplied. In recent studies, the focus has been on LiAlH4 

prepared by ball-milling process and adding catalysts. The 

research has shown that adding of catalysts can effect dis-

tinctly the decomposition of LiAlH4. The principal catalysts 

studied were elemental titanium(TiCl 4, TiCl3, AlCl3, FeCl3), 

elemental iron, elemental nickel, vanadium and carbon 

black
[6-8]

. Mirna Resan
[6] 

reported that the addition of TiCl3 

and TiCl4 to LiAlH4 would eliminate the first step of hydro-

gen evolution and significantly lower the decomposition 

temperature of the second step. Doping with elemental iron 

caused only a slight decrease in the amount of hydrogen re-

leased and did not eliminate the first step of hydrogen evolu-

tion. The study by Blanchard 
[7]

 showed that ball-milling of 

LiAlD4 and VCl3 or TiCl3·1/3AlCl3 would reduce the thermal 

decomposition temperatures for Eq.(1) by 50-60 
o
C.  
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In the present paper, our research focuses mainly on LiAlH4 

with 1mol%Ni, 1mol%Ti, 1mol%Fe, 1mol%Ce(SO4)2� and 

1mol%LaCl3. Our purpose is to show their effects on the re-

lease hydrogen capacity in the first and second step decompo-

sition reaction. 

1  Experimental  

LiAlH4(≥96wt.% pure) was purchased from Tianjin Bei-

douxing Fine Chemical Co.,Ltd. The nickel powder, Ti, Fe, 

Ce(SO4)2·4H2O and LaCl3·7H2O were obtained from Central 

Iron and Steel Research Institute. LiAlH4, Ti, Fe and Ni were 

used as received with no additional purification. Due to a mass 

of crystal water in Ce(SO4)2·4H2O and LaCl3·7H2O, dehydra-

tion was carried out before LiAlH4 was mixed with Ce(SO4)2�

and LaCl3 in order to prevent the effect of the crystal water on 

LiAlH4. Ce(SO4)2·4H2O and LaCl3·7H2O were heated to 160 

and 150 
o
C and then kept at these temperatures for 4 and 3 h, 

respectively. All operations on the samples were done under 

dry argon atmosphere in a glove box to prevent the reaction 

moisture with oxygen in the air. LiAlH4, usually with 2 g, was 

mixed with 1 mol% Ni, Ti, Fe, Ce(SO4)2�and LaCl3 by 

ball-milling for 20 min at a gyration rate of 200 r/min using a 

Spex mill. Three hardened steel vials sealed under argon with 

fourteen steel balls (1 g each) were used. Air-cooling of the vi-

als was employed to prevent heating during the ball-milling 

process. The ball-milled samples were then transferred to 3 mL 

glass bottles in a glove box under dry argon atmosphere.  

Hydrogen desorption experiments were carried out in pres-

sure-composition- temperature (PCT) apparatus, which can be 

operated up to 10 MPa and at 400 
o
C. The pressure of hydro-

gen released in relation to volume was displayed by a pressure 

transducer. The experimental studies were done by a reactor. It 

consisted of two parts: heater and sample vessel. The heater 

was used to connect with the pressure transducer and thermo-

couple. It had a 2.2 cm outside diameter (OD), 0.5 cm wall and 

20 cm internal length, and was loaded with the sample vessel 

(1cm OD, 0.1 cm wall and 5 cm internal length). The sample 

vessel was loaded with about 0.2 g of LiAlH4. The reactor was 

heated with an air furnace. During heating, the hydrogen re-

leased overflowed from the sample vessel firstly into the 

heater and then into the transit pressure transducer. The value 

of hydrogen pressure can be clearly read. The samples doped 

with Ni, Ti, Ni, Ce(SO4)2 and LaCl3 were heated at a heating 

rate of 2 
o
C/min to 250 

o
C/min in a vacuum atmosphere. Dur-

ing the heating process, all pressure and temperature data were 

acquired and then the first step and the second step curves 

were drawn by special software. 

Rehydrogenation studies were carried out with LiAlH4 

doped with 1 mol% LaCl3, Ce(SO4)2, Ti and Ni, respectively. 

After the first complete dehydrogenation (first two reactions), 

the samples were kept at 180 
o
C�under ~8 MPa hydrogen 

pressure for 2 h. The uptake of hydrogen for the samples was 

evident by the pressure decreasing with time in this closed 

system. The change of hydrogen pressure was recorded by the 

pressure transducer. 

2  Results and Discussion 

Fig.1 shows the thermal decomposition process of the 

samples doped with metal elements, such as, 1 mol% Ni�1 

mol% Ti and 1 mol% Fe. The results show that doping in-

duces a marked decrease in the dehydrogenation temperature 

in the first step. It can be seen that doping with Fe causes the 

lowest temperature and amount of hydrogen release in the 

first and second steps. Doping with Ti also causes a signifi-

cant decrease in the temperature and amount of hydrogen 

release in the first step while the amount of hydrogen release 

in the second step only has a slight decrease. Comparatively, 

doping with Ni presents the largest amount of hydrogen re-

lease and the highest dehydrogenation temperature in the 

first and second step. The slops indicates doping induces a 

marked decrease in the rate of hydrogen release. In particu-

lar, doping with Fe presents the lowest dehydrogenation rate 

in the first and second steps. On the contrary, doping with Ni 

presents the largest rate of hydrogen release in the two-step 

dehydrogenation.  

Fig.2 gives the thermal decomposition of the samples 

doped with Ce(SO4)2 and LaCl3. Doping with Ce(SO4)2 

causes a significant decrease in the temperature of h ydrogen 

release in the first step while the dehydrogenation amount in 

the first step has no significant change compared to LiAlH4 

undoped. In the second step of dehydrogenation, doping with 

Ce(SO4)2 causes a marked decrease in the second step. How-

ever, it is different from the results that doping with Ni, Ti, Fe 

and Ce(SO4)2 induces a significant decrease in the tempera-

ture, while doping with LaCl3 causes a marked decrease in the 

amount of hydrogen release. The slopes of curves indicates 

that doping with Ce(SO4)2 and LaCl3 induces a decrease in the 

first dehydrogenation rate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1  Thermal dehydrogenation of LiAlH4 and LiAlH4 doped with  

1 mol% Ni, Ti and Fe 
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Fig.2  Thermal dehydrogenation of LiAlH4 and LiAlH4 doped with  

1 mol% Ce(SO4)2 and LaCl3 

 

Table 1 gives the amount and temperature of hydrogen re-

lease of LiAlH4 undoped and doped with 1 mol% Ni, 1mol%Ti, 

1 mol %Fe, 1 mol% Ce(SO4)2 and 1 mol%LaCl3 in the first 

and second steps, respectively. The dehydrogenation amount 

of LiAlH4 undoped is 4.0wt% in the first step and 2.0wt% in 

the second step, respectively. The initial temperature is 14��
o
C. 

Doping obviously decreases the initial temperature of hydro-

gen release except for doping with LaCl3. However, at the 

same time, the amount of hydrogen release also decreases. 

Doping with Fe induces the lowest temperature and amount of 

hydrogen release. Doping with Ni decreases the dehydrogena-

tion temperature by 27 
o
C�while the amount of hydrogen re-

lease has only a slight decrease.  

Fig.3 gives the absorption curves of LiAlH4 doped with 1 

mol% Ni, 1 mol% Ti, 1 mol% Ce(SO4)2 and 1 mol% LaCl3 at 

180 
o
C under about 8 MPa. It is clear to see that the sample 

doped with 1 mol% Ni presents the lowest hydrogen pressure 

which indicates doping with Ni has the largest hydrogen ab-

sorption amount with about 0.97wt% (Table 2). However, 

doping with 1 mol% Ce(SO4)2 induces the lowest hydrogen 

adsorption amount with about 0.14wt%.  

 

Table 1  The dehydrogenation amount and temperature of LiAlH4 

and LiAlH4 doped with 1 mol% Ni, Ti, Fe, Ce(SO4)2 and 

LaCl3 in the first (R1) and second steps (R2)(ω/%) 

Sample R1 R2 
Initial 

temperature/
 o
C 

End 

temperature/
 o
C 

Total 

amount 

LiAlH4 4.0 2.0 147 245 6.0 

1 mol% 

Ce(SO4)2 

4.0 1.6 120 245 5.6 

1 mol% 

LaCl3 

3.6 1.8 150 250 5.4 

1 mol%Ni 4.1 1.6 120 250 5.7 

1 mol%Ti 3.5 1.9 130 240 5.4 

1 mol%Fe 3.3 1.2 110 246 4.5 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3  The rehydrogenation of LiAlH4 doped with 1 mol% Ni, Ti,  

Ce(SO4)2 and LaCl3 

 

Table 2  The rehydrogenation amount of LiAlH4 and LiAlH4  

doped with 1 mol% Ni, Ti, Fe, Ce(SO4)2 and LaCl3(ω/%) 

Dopants 

Hydrogen  

adsorption  

amount 

Dopants 

Hydrogen 

adsorption 

amount 

1 mol% 

Ce(SO4)2 
0.14 1 mol% Ti 0.22 

1 mol%LaCl3 0.47 1 mol%Ni 0.97 

 

3  Conclusion 

1) Doping induces a marked decrease in the rate of hydro-

gen release. Particularly, doping with Fe presents the lowest 

dehydrogenation rate in the first and second steps.  

2) Doping obviously decreases the initial temperature of 

hydrogen release except for doping with LaCl3. However, at 

the same time, the amount of hydrogen r elease also decreases. 

Doping with Fe induces the lowest temperature and amount of 

hydrogen release. Doping with Ni decreases the dehydrogena-

tion temperature by 27 
o
C�while the amount of hydrogen re-

lease has only a slight decrease.  

3) Among the samples of LiAlH4 doped with 1 mol% Ni, 1 

mol%Ti, 1 mol% Ce(SO4)2 and 1 mol%LaCl3, LiAlH4 doped 

with 1 mol%Ni presents the largest hydrogen absorption 

amount with about 0.97wt%. at 180 
o
C under about 8 MPa. 
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