IPHE International Hydrogen Storage Technology Conference ( June 19-23, 2005)
Barga, Italy
Baseline Studies on the Effect of Gaseous Impurities on Long-Term Thermal Cycling
and Aging Properties of Complex Hydrides for Hydrogen Storage
Low Temperature Neutron Diffraction and High Pressure Experiments on Li — Based Complex Hydrides
D. Chandral, R. Chellappa?, W-M Chien?, . J.W. Richardson, Jr.3, A. Hug, E. Maxey?

J.N. Wermer4, S.N. Paglieri*
1 Metallurgical & Materials Engineering, MS 388, College of Engineering, University of Nevada, Reno, Reno NV 89557 USA

£ METAL
/% HYDRIDE
N7 CENTER o _

g EXCELLENCE

3Intense Pulsed Neutron Source Division, Argonne National Laboratory, 9700 So. Cass Ave, Argonne, IL 60439 USA
4 Tritium Science and Engineering, M.S. C348, Los Alamos National Laboratory, Los Alamos, NM 87545 USA
g

Abstract Experimental

Complex alkali hydrides such as LiAlH, are particularly attractive as potential High Pressure In-situ Raman Spectroscopy: Diamond Anvil Cell (DAC) is an apparatus that is used to generate high pressures.
candidates for hydrogen storage, as LiAlH, with a very high theoretical The elegant design of the DAC allows for easy modifications to be adapted for in-situ spectroscopy or crystal structure measurements.
hydrogen content of 10.5 wt. %. The reversibility and kinetics of hydrogen Raman measurements were performed using the 514.5 nm green lines of an Argon ion laser (Coherent Innova 90). The imaging
absorption/desorption is aided by addition of suitable catalysts [1,2]. Recent spectrograph (ISA HR460) with 460 mm focal length /5.3 and Charge Coupled Device (CCD) detector provided a resolution of 1800
ab initio calculations [3] have predicted that LiAlH, transforms from an grooves/mm grating. The Raman scattering wavelength was calibrated using Ne lines. The pressure increase was monitored using ruby
ambient pressure (a-LiAlH,) monoclinic (P2,/C) structure [4] to a high shifts using the calibration described by Mao et al.

pressure (B-LiAIH,) tetragonal structure (141/a) above 2.6 GPa with a high

‘;:L‘L:f" e’;‘;ﬂ;‘ig]"h;{ﬁﬁ"um; ’;:‘:::m'e’i;‘::"’a’:‘:;':;, ::csapbye:l"u d?::ies”e“ Material: Pure LiAIH4 powder (95%) was obtained from Aldrich. The powder form was preferred since the sample loading was performed

. in a glove box (Argon atmosphere) without any pressure transmitting medium. It is not possible to use a volatile pressure transmitting
In this work, the pressure induced transformation of LiAlH4 have been I g 1 tho " ’ ) A simplified schematic of the gasketed
studied in considerable detail using in-situ high pressure Raman medium such s 4:1 methanokethanol 'H"‘Z'r“;feg['g‘;? box. The complete vibrational mode assignment for LiAlH4 was performed and was| |5 c accembly and the actual DAC that
spectroscopy in a Diamond Anvil Cell (DAC) from 0 to 6 GPa. The 6.

was used to perform high pressure
on pure LIAIH4 is shown
Experiment No.1 (Step-wise Pressure Increase and Rapid “Pressure Quenching”): The first experiment was to| | above. The  experiments  were
increase the pressure in steps by turning the allen screws. The Raman spectra was obtained after waiting for about 30 minutes after each performed  at  the  Geophysical
step increase in pressure to allow the stabilization of pressure. Once a maximum pressure of 5 or 6 GPa was reached, the pressure was | | Laboratories, Carnegie Institution of
decreased rapidly to about ~1.2GPa. The sample was allowed to sit for 3 hours before obtaining the spectra. Three sample runs were | | Washington DC, a Carnegie-DOE
performed and for one sample run the quenched sample was held at a constant load for about 6 days. Alliance Center (CDAC).

wavenumber shifts associated with pressure increase suggest a phase
transformation at ~3 GPa. For the first time, it is demonstrated that the high
pressure phase can be retained at lower pressures (~1 GPa) by “pressure
quenching” the sample. However, the current results suggest that the
retention of the high pressure phase is favored if the initial pressure increase
were performed in step-wise manner.

Currently, we are performing baseline studies on the understanding crystal
structure behavior starting compounds, such as Li;N and LiAID, using
neutron diffraction methods. We have determined the lattice expansions in Experiment No.2 ( Rapid Pressure Increase Followed by “Pressure Quenching”): The second experiment was to rapidly increase the pressure to a maximum
Li;N in the range of 10 — 573 K. Lattice expansions in the LiAlH, have also pressure of about 5 GPa. The Raman spectra was obtained after waiting for about 2 hours after this step. Then the pressure was decreased rapidly in two steps. First it was decreased
been determined in the range of 10-300 K. to about ~1.5GPa and spectra was obtained after 30 mins. In the second step (performed inside the glove box), the pressure was decreased down to ambient pressure. After 30 mins,

the spectra was obtained.
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the first time, the translational and librational
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translational and librational modes can be observed in the as-loaded sample. i ] . 5 g 1.96GPa (obtained after 6 days) retains the
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pressure is shown above. Along with the bending of B-LiAIH4 displays only two stretch modes
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H LiAlH4 were monitored as a function of pressure. However, raw data from recent x-ray diffraction
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Neutron Scattering Studies on LiAID,

Lithium aluminum deuteride sample (LIAID4, 38% D and chemical assay > 95%) was obained from Sigmas-

Neutron Scattering Studies on Li;N

Lithium itride sample (Li,N, 80mesh) was obtained from Sigma-Aldrich in the form of a powder.
ime.of-fight (TOF) neutron powder diffraction (NPD) data was collcted for LiN sample using
General Purpose Powder Diffractometer (GPPD) at Intense Pulsed Neutran Source (IPNS),
gonne National Laboratory. Diffraction data were collcted on all detector banks. The sample
was initially Ioaded in the cylindrical vanadium sample holder (with an aluminur top and utilzes
in indium seal) in a heliumfilled recirculating glovebox. Data taken from 10 K to 300 K by ti
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Rietveld refinements were performed using Ihz General Structure Analysis System (GSAS) [1-2] Starting model

was taken as the structure published by Skiar et al. [3] and Hauback et al. [4] with monoclinic structure (space Rleweld refinements were performed using the General Structure Analysis System (GSAS) [1-2] -

group P21/c). fer Low Starti phase published by Rabenau et al. [3] and Duncan et ‘General Purpose Powder ‘Low Temperature - Displex High Temperature - Coffee.
pili o T e e Uvamonr rey ikt ot it

81 AC Caeansnd 5 Vo ral,“GanslSrucur Ay Syt GSASY, Los Al ators Laorstry

I ]ar Nmm’LNW B andB 1 Fioiag, . Alloy and Crmpounds, 346,184 2002) Lattice Parameters of Li3N @ Phase Lattice Expansion and c/a Ratio of Li,N @ Phase from 10 to 523 K
A 4SACEE b= 7SS €= 720813() ™[ ameis | v | 7eams | 1z | aens | CrystalSlruclurenfLllNuandBPhases@SDOK
A D166 020637(20) - D909320) 190 agisss | 779693 | 784779 | 1122455 | zmzmer
DI 02e02¢) O0BEZIZZ) O11513EL) 0 | aszm | 7oon0 | ramu | uzasos | ziesw e
Neutron Diffraction Patterns of LiAID, @ 10 K and 300 K Lattice Expansion of LiAID4 from 10 K to 300 K 10m-
Lipvaphase Linprnse o] R
- az3ciest c=as7a0s a=3sess  c=634010 ] o " v
u o 0w w0 0 12 goo % ‘Summary:
-JLI
b Neutron Diffraction Patterns of Li3N form 10 K to 300 K Lattice Expansion and c/a Ratio of Li;N B Phase from 10 to 523 K Lattice Parameters of Li,N B Phase
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mKanuzuoK(rmssmyy 8K and 205 K (Hauback et al. [4]) "l aoo®
oms oz vsosen w oy ome omy + Total lattice expansions at a direction is 0.13%, b is h
0.06%, c is 0.71% and volume is 0.88%. Hauback et al. ((No hydrogen added) p—
reported that lattice expansions at ¢ direction is 1.0%, and * Lattice expansion at a and ¢ direction are. 'vhvmsl nmelvmn 10K 0300 K.
the aand b directions are less than 0.2% [4]. i + Total volume expansion i 2.46% from 10 K 10523 A
TiAD, w Neutron diffraction data show the 013 peak are shifted " 300.573 K tamperature rangs
(Shifts In 013 Profiles) ‘Normalized to 300K when temperature increase from 10 K to 300 K, and the
200, 21-2 and 130 peaks are remained the same.
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1 « Neutron diffraction data of Li;N sample show two phases, a and B, from 10 K to 523 K.

« Detail lattice parameters, volumes, c/a ratio and lattice expansions for e and B phase are
obtained.

« Neutron diffraction data show there is a phase transition between 523 K and 573 K,




