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To be part of the competition of becoming the major energy storage choice in the future, the 

hydrogen storage materials need to be optimized in several ways.  One of the problems we have to 

overcome is the fact that the materials known today are either too stable or too unstable for mobile 

energy storage applications. We investigate the substitution of anions into known hydrogen storage 

materials in order to change the stability. These anions can be flour (rion = 1.33 Å) substituting for 

hydrogen (rion = 1.3 Å) and chloride (rion = 1.81 Å), bromide (rion = 1.96 Å) or iodide (rion = 2.20 Å) 

substituting for BH4ˉ (rion = 2.03 Å) because of the similar sizes in radius [1]. The small difference 

in radius may cause a lowering or an increase of the stability depending on the material we are 

examining. With this strategy, we hope to change the enthalpy of the material to be in the desired 

range of -20 to -30 kJ/(mol H2). 

 

By means of in situ synchrotron radiation powder X-ray diffraction (SR-PXD), the substitution of 

Clˉ into the structure of Ca(BH4)2 was investigated by adding CaCl2 to a sample of Ca(BH4)2 (1:0.5) 

and mechanically mixing by ballmilling for 2 hours effectively. 

 

In situ time-resolved SR-PXD data was measured at the MAXII synchrotron beamline I711 at 

MAX-lab, Lund, Sweeden ( = 1.09801 Å) with a MAR165 CCD detector system [2]. The samples 

were mounted in sapphire single crystal tubes (1.09 mm o.d., 0.79 mm i.d., Al2O3) in an argon filled 

glovebox (p(O2, H2O) < 0.5 ppm). The sample holder was constructed so that hydrogen pressures 

from vacuum up to 120 bar and temperatures from RT to 500 °C was possible during the 

experiment [3]. The system was flushed with N2 and evacuated three times before the valve to the 

sample was opened prior to the X-ray experiment. The X-ray exposure time was 30-60 s per powder 

diffraction pattern. 

 

 

 
 

 

 

Fig 2: Integrated diffracted intensity of selected 

reflections shown as a function of temperature. α-

Ca(BH4)2 transforms to β-Ca(BH4)2 at a temperature 

of 170 °C and CaCl2 reflections disappears at a 

temperature of 240 °C. Reflections observed during 

cooling is shown in red. 

Fig 1: In situ SR-PXD measured for Ca(BH4)2 

+ CaCl2 (1:0.5) ball milled 2 hours. The sample 

was heated from RT to 340 °C with a heating 

rate of 3 °C/min  

( = 1.09801 Å).  

 



 

This SR-PXD experiment is conducted with a constant hydrogen pressure of p(H2) = 1 bar and with 

a steadily increasing temperature (rate of 10 °C/min) from RT-340 °C and down to T = 284°C. 

From the in situ powder X-ray diffraction it is observed that the CaCl2 reflections disappear as the 

temperature rises to 240 °C and do not reappear during the cooling to RT. At the same time the 

intensity of the Ca(BH4)2 reflections increase during the heating up to T = 340 °C.  During the 

cooling the reflections from Ca(BH4)2 is moving towards larger 2θ-values which shows that the unit 

cell is contracting. This suggests that the smaller Clˉ ion is substituted with the BH4ˉ ion in the 

Ca(BH4)2 material. These results implies that CaCl2 is soluble in Ca(BH4)2.  

Further experiments with thermogravimetric analysis (TGA) and differential scanning calorimetry 

(DSC) reveals a stabilization of the Ca(BH4)2 by approximately 10 °C from decomposition at T = 

373 °C (pure Ca(BH4)2) to T = 383 °C (Ca(BH4)2 + CaCl2). 

Ca(BH4)2 is observed in two forms, a low temperature phase: α-Ca(BH4)2 and a high temperature 

phase: β-Ca(BH4)2 and the phase transformation is observed around T = 170 °C [4]. 

 

The next step will be the investigation of anion substitution of the ions: Br
-
, I

-
 and F

-
. 
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