
Desorption 
o-LiBH4 is transformed into h-LiBH4 at T = 100 
°C, and h-LiBH4 melts at T = 250 °C. Unknown 
intermediates denoted 1 and 2 appear prior 
to the formation of LiAl and AlB2 (indicated 
in the blue box). The intermediates are 
transformed into LixAl1-xB2, that gradually 
turns into AlB2, which has been verified by 
Rietveld refinement [2]. Decrease in the 
intensity of peaks from Al and LiH is 
observed with the formation of 1, which 
therefore must contain Al and/or LiH. The 
unknown denoted 3 appear at T = 500 °C, 
but remains unaltered throughout the 
absorption measurement.  
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Abstract 
LiBH4 is a very interesting hydrogen storage material, as it has a high gravimetric hydrogen content of 18.5 wt% [1]. It is however 
hampered by lack of reversibility and high decomposition temperatures. One way of improving metalborohydrides, is the utilization 
of reactive hydride composites (RHC), which can be achieved by adding for instance Al [2]. In this study a detailed investigation of 
the reversibility of LiBH4-Al composite, using in situ synchrotron radiation powder X-ray diffraction (SR-PXD), Sieverts’ 
measurements (PCT) and solid state magic angle spinning nuclear magnetic resonance spectroscopy (MAS NMR) is presented.  
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Absorption 
During heating (1) peaks from LiAl disappear 
at T ≈ 220 °C. Simultaneously peaks from Al 
and LiH appear. Peaks from AlB2 start to 
disappear gradually at T = 400 °C. During 
cooling (2) h-LiBH4 crystallize from the melt at 
T ≈ 250 °C, and the phase transformation into 
o-LiBH4 occur at T ≈ 100 °C . This indicates the 
system is reversible, although due to 
unknown 3 it is possibly not completely 
reversible. Cycle experiments of LiBH4-Al 
(presented below) reveal a dramatic loss of 
hydrogen storage capacity 

(1) Heating 

(2) Cooling 

SR-PXD diffractogram after 
10 PCT cycles reveal peaks 
from unknown 4 and a broad 
”amorphous” peak. No peaks 
from  LiBH4 are observed.  

No LiBH4 is observed, however peaks 
from Al are clearly visible. Unknown 4 

has peak positions similar to 
unknown 3 and both likely play a role 

in the capacity loss of the system. 

Ten de- and absorptions were performed in the PCT. 
The ten desorption measurements are presented 
above and a severe capacity loss is observed. The 

two-step gas release correspond well with the 
proposed decomposition reactions.  

From 11B MAS NMR spectra LiBH4 is 
observed (with spinning sidebands) 
as well as peaks that fit rather well 
with amorphous boron. However it 
might also origin from unknown 4, 

that likely contains B.  

Synthesis: Ball milling with main disk speed: 400 rpm, relative ratio: -2.25, mill time: 5 min, pause time: 2 min, repetitions: 24 times 

Decrease in 
intensity of peaks 
from Al and LiH 
as 1 is formed 


