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MELT-SPUN Mg63Y7Ni30
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Mag ne sium-based com pounds are well-known ma te ri als
for hy dro gen stor age. Par tic u larly, Mg-Ni-com pounds
show a high hy dro gen ca pac ity. Ad di tives of rare earth el e -
ments (Y,La,Ce) can also en hance the hy dro gen ab sorp tion 
in such com pounds [1]. Var i ous non - equi lib rium meth ods 
like in ten sive ball mill ing or rapid quench ing are used to re -
fine the microstructure and to im prove the ki net ics [2,3].
The Mg63Y7Ni30 com po si tion was se lected be cause of the
ca pa bil ity of hy dro gen charg ing by elec tro chem i cal meth -
ods at room tem per a ture for Mg-RE-TM-glasses (RE =
rare earth el e ment, TM = tran si tion metal ) and the
easy-glass-for ma tion [4]. The in situ high tem per a ture
X-ray dif frac tion al lows the di rect ob ser va tion of the phase
for ma tion at el e vated tem per a tures and dif fer ent par tial
pres sures. 

The ther mal be hav iour of  Mg63Y7Ni30 was stud ied un -
der hy dro gen at mo sphere up to 0.5 MPa in com par i son
with the crys tal li za tion be hav iour un der high-vac uum con -
di tions.

On the other hand, the in flu ence of elec tro chem i cal hy -
dro gen charg ing be fore heat ing on the phase for ma tion was 
stud ied.

Mg63Y7Ni30 rib bons were pro duced by melt spin ning to
ob tain a nanocrystalline - amor phous start ing ma te rial. The 
galvanostatic hy dro gen charg ing was per formed with
-1mA/cm2 and a hy dro gen con cen tra tion [H] of  0.3 < [H] < 
1.4 wt% was de ter mined by hot ex trac tion be fore and af ter

heat ing. The crys tal li za tion was ob served by means of a
PAAR high tem per a ture cham ber XRK900 and hy dro gen
at mo sphere or high-vac uum.

The crys tal li za tion of the nanocrystalline - amor phous
ma te rial starts at T >150°C for ground ma te rial and at T =
130°C for 4h ball-milled rib bons. The phases Mg2Ni, pure
mag ne sium and the metastabile phase Mg6Ni were formed
si mul ta neously. It is as sumed, that  Y is dis solved in Mg2Ni 
or re mains in the re sid ual amor phous ma trix up to 300°C.
Y – phases were ob served only at about 300°C. That
means, in hy dro gen at mo sphere a YH3 phase is formed,
whereas for an neal ing with out hy dro gen at mo sphere an
oxide is obtained. 

Figure1 shows a crys tal lized sam ple af ter ther mal treat -
ment un der high-vac uum up to 250°C in com par i son to the
crys tal li za tion un der 0.5 MPa hy dro gen. The X-ray pat -
terns are very sim i lar. Ob vi ously, the gas–solid re ac tion is
in hib ited by a sur face passivation. The hy dro gen con tent
af ter heat treat ment is only 0.05 wt% in this case.

Fig ure 2 shows the phase com po si tion at 230°C and
about 70 kPa hy dro gen pres sure for dif fer ent elec tro chem i -
cally charged sam ples. With in creas ing tem per a ture and
hy dro gen con cen tra tion ob tained by elec tro chem i cal
charg ing the for ma tion of Mg6Ni is in hib ited in fa vour of
pure mag ne sium. Above 250°C Mg6Ni is de com posed in
all cases. Fur ther more, the hy dro gen is found in the Mg2Ni
phase. That means, a solid so lu tion Mg2NiHx (0.2 < x < 0.3) 
is formed.

For sam ples hav ing a hy dro gen con cen tra tion of 1.4
wt% the crys tal li za tion of Mg2NiHx (0.2 < x < 0.3) and
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Figure1:  Crys tal li za tion of  Mg63Y7Ni30 af ter an neal ing to
250°C: x = Mg2Ni, o = Mg6Ni, v = Mg

Fig ure 2: Phase com po si tion at 230°C for dif fer ent charged sam -
ples: x = Mg2Ni, o = Mg6Ni, v = Mg, ̈  = Mg2NiHx (0.2<x<0.3)
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Mg6Ni is ob served only at 230°C. At 250°C the com plex
com pound Mg2NiH4 is formed (Figure3). Mg2NiH4 shows
the high tem per a ture mod i fi ca tion with fcc struc ture. At
equi lib rium con di tions this phase is formed only at 300°C.
Fur ther more, a small amount of Ni2Y3 or NiY is as sumed
above 240°C. Mg2NiH4 trans forms re vers ibly into Mg2Ni
at 300°C un der desorption con di tions. At cool ing a
gas-solid re ac tion is de tected with the hy dro gen at mo -
sphere in the cham ber and the Mg2NiH4 com pound is
formed again. At room tem per a ture the rhombic struc ture
was found.

Fu ture in ves ti ga tions will deal with the in flu ence of
higher cur rent den sity on the elec tro chem i cal charg ing and
the crys tal li za tion. Fur ther more, the pos si bil ity of a
gas-solid re ac tion with hy dro gen should be proved. The
role of yt trium on the hy dro gen ab sorp tion  has to be clar i -
fied.
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Com pounds, in: Hy dro gen in Intermetallic Com pounds II,
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C. Baehtz, A. Ad ams, H. Ehrenberg, S. Cavet1, M. Bron1, M. Bonifer1, P. Claus1

Institute for Materials Science, Petersenstrasse 23, Ernst-Berl-Institute for Chemical Engineering and
Macromoleculare Chemistry, Petersenstrasse 20, Darmstadt University of Technology; 64287-Darmstadt,

Germany, carsten.baehtz@desy.de

The last few years has seen an in creas ing de mand of high
tem per a ture pow der dif frac tion ex per i ments un der con -
trolled at mo sphere [1-4]. Such a setup com bined with a gas
mix ing unit and an on line chem i cal anal y sis of the prod uct
gas stream is suit able for in ves ti ga tions in the field of het er -
o ge neous ca tal y sis. 

A quartz glass cap il lary with 1 mm outer, 0.5 mm in ner
di am e ter with a to tal length of 13 cm is built in a graph ite
rod of an elec tric re sis tance heater and con nected by
Swagelok fit tings with Tef lon fer rules to gas pipes. Into
these gas pipes two thermocouples are em bed ded to con trol 
the tem per a ture in front and be hind of the sam ple. Ad di -
tion ally, these thermocouples are also fix ing the sam ple in
the cap il lary. First ex per i ments were per formed onto the
se lec tive hy dro ge na tion of acrolein [5] in the tem per a ture
range up to 300°C us ing mo lec u lar hy dro gen and CoSn2 as
non-sup ported cat a lyst pre pared by solid-state chem is try. 

The cat a lyst em bank ment has an ini tial high of approx.
9 mm and was com pressed by the gas stream to approx. 6
mm, there fore a pres sure loss of 8 bar re sults. The gas
stream was 2-5 l/h. The ex per i ments were per formed in fol -
low ing or der: 1. with N2 at mo sphere, 2. with H2, 3. with N2

for hy dro gen desorption, 4. with an acrolein /hy dro gen
mix ture (mo lar ra tio 1:20) and again with N2 for desorption 

(data point 100 °C of the acrolein/hy dro gen se ries). Ad di -
tion ally, for com par i son the sam ple was mea sured ex-situ
with a stan dard fur nace.

CoSn2 crys tal lizes in the space group nr.140; I4/mcm; a
= 6,361; c = 5,452 C [6]. The data eval u a tion is per formed
by crys tal struc ture anal y sis, us ing the Rietveld method.
Fig. 1 dis plays mi nor dif fer ences in the lat tice pa ram e ter a
be tween ex-situ and in-situ data us ing N2 at mo sphere. Ob -
vi ous are the dif fer ences in lat tice pa ram e ter be tween N2

and H2 at mo sphere es pe cially at room tem per a ture. The
CoSn2 lat tice ex pand by ad sorp tion of H2, desorption ex -
per i ments show that these pro cess is ir re vers ible and also
not in flu ence by acrolein in the H2 gas stream. Be side ther -
mal ex pan sion, no ef fect of the at mo sphere onto the lat tice
pa ram e ter c is ob served.

The de crease of FWHM dur ing the ex per i ment gives
ev i dence for a crys tal growth in the tem per a ture range be -
tween 200 and 300°C at the first heat ing. This re sult was
tes ti fied in the ex-situ ex per i ments.

Ac knowl edge ment
We grate fully ac knowl edge the fi nan cial sup port of the
BMBF (grant nr. 05KS1RDA/9) and of the DFG (CL
168/3-2).

Fig ure 3. Crys tal li za tion of Mg63Y7Ni30 af ter elec tro chem i cal
charg ing with 1.4 wt% hy dro gen:  g - Mg2NiH4, + = Ni2Y3 or
NiY( ?)
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LITHIUM ION BATTERIES BY POWDER DIFFRACTION
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In the past 15 years the field of sec ond ary lith ium ion bat -
ter ies gained a dra matic in crease in in ter est due to the in -
creas ing mo bil ity of our so ci ety. Higher spe cific en ergy
den si ties as well as higher cell volt ages are the de sir able
key fea tures while costs, ca pac ity fad ing and pos si ble haz -
ards should di min ish. LiMn2O4 is well known for the po -
ten tial use in sec ond ary lith ium ion bat ter ies [1, 2]. Its
be hav iour dur ing cy cling strongly de pends on dop ing and
coat ing of the cath ode ma te rial and on the first charge cy -
cle. This work will dem on strate that in-situ pow der dif frac -
tion is a pow er ful tool to in ves ti gate such mod i fi ca tion of
the ma te rial dur ing cy cling [3, 4]. LiMn2O4 syn the sised by
solid state re ac tion is com pared with com mer cial pro duced
one, pro vided by Kerr & McGee. The use of syn chro tron
ra di a tion and fast de tec tor sys tems [5] is in ev i ta ble for such 
ex per i ments. The mea sure ments were per formed at

beamline B2 HASYLAB Ger many [6] and in ves ti gate the
first charge cy cle. 33 (and 47 for the Kerr & McGee sam ple 
re spec tively) dif frac tion pat terns for the first charge cy cle,
equiv a lent to lith ium deintercalation, were col lected. For
cy cling a VMP multi potentio- galvanostatic de vice (VMP
60, Perkin-Elmer) was used.

In con trast to pure LiMn2O4, which ex hibit in the range
of 3.8 up to 4.4V two well de fined pla teaus, the com mer cial 
prod uct shows a sloped curve and only 0.35 in stead of 0.19
lith ium are ex tracted from the sub stance, so the ca pac ity is
smaller. In gen eral, a pla teau in these plots is in di cat ing a
two phase re gion. 

LiMn2O4 crys tal lizes in the space group Fd-3m No.227
with a = 8.24 C. The data eval u a tion is per formed with the
pro gram pack age FULLPROF-Suite. The first sam ple
shows an un usual peak broad en ing in the range of x = 0.65
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Fig. 1: In flu ence of the gas at mo sphere onto the lat tice pa ram e ter a.
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down to 0.4 in LiXMn2O4, which is due to a sec ond spinell
phase with a slightly dif fer ent lat tice pa ram e ter. This ef fect
is also ob served in the un mod i fied LiXMn2O4 in the range
of x = 0.73 to 0.6. In this re gion of deintercalation two
phases co ex ist and coun ter act with re spect to their phase
amount. In the re gion of x = 0.4 to 0.24 two co ex ist ing
phase were ob served again, but here the dif fer ences in the
lat tice pa ram e ters are much more pro nounced [6, 7].

The ap pear ance of the sec ond two-phase re gion could
not be ob served by the sam ple pro vided by Kerr & McGee,

prob a bly it is sup pressed by coat ing and dop ing of the
sub stance. Ad di tion ally the changes of lat tice pa ram e ters
dur ing cy cling are slightly smaller com pared with pure
LiXMn2O4.

So pow der dif frac tion tech nique us ing syn chro tron ra -
di a tion is a so phis ti cated method for phase and crys tal
struc ture anal y sis dur ing cy cling of bat tery cells. It leads
pow der dif frac tion data sets suit able for Rietveld re fine -
ments. Due to the high time res o lu tion and the high in stru -
men tal res o lu tion of the set-up a well de fined pic ture of the
bat tery sys tem can be con cluded. This al lows the track ing
of in ter nal pro cesses dur ing cy cling with the ad van tages of
in situ in ves ti ga tions.
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Fig.1: First charge cy cle of LiMn2O4 as re ceived by Kerr & McGee and by syn the sised by solid state 
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PHASE EQUILIBRIUM IN THE YAG-YAP SYSTEM UNDER PRESSURE

S. Gierlotka1, B. Palosz1, E. Grzanka1, A. Swiderska-Sroda1, S. Stelmakh1, Ch. Lathe2

1High Pressure Research Centem „UNIPRESS”, Polish Academy of Sciences,  Sokolowska 29/37, 01-142
Warsaw, Poland

2GeoForschungsZentrum Potsdam, Telegrafenberg, D-14473 Potsdam, Ger many

Trans par ent yt trium-alu mi num gar net (YAG) nanometric
ce ram ics can be pre pared by sintering YAG nanopowders
un der pres sure. How ever, un der pres sure YAG de com -
poses into yt trium-alu mi num perovskite (YAP)  and Al2O3

at the tem per a tures con sid er able lower than un der am bi ent
pres sure. That ef fect im poses lim its on the sintering con di -
tions and time. In or der to de ter mine the pres sure-tem per a -
ture con di tions at which YAG ce ram ics can be safely
ob tained we have con ducted a sys tem atic study of the pres -
sure ef fect on the de com po si tion tem per a ture of YAG. 

The ex per i ments were con ducted it-situ in the Ham burg 
Syn chro tron Ra di a tion Lab o ra tory HASYLAB us ing the
MAX-80 multi-an vil HP-HT ap pa ra tus. The in stru ment
works in the en ergy-re solved ge om e try: the in com ing
beam is white, the dif frac tion an gle is fixed and the pat tern
is col lected with the solid-state de tec tor and the
multi-chan nel an a lyzer. 

At am bi ent pres sure YAG is sta ble well above 1500oC.
At each pres sure above 2GPa there ex ist a nar row (approx.
100deg) range of tem per a tures where the de com po si tion
speed in creases dra mat i cally and above which YAG en -
tirely de com poses into YAP and Al2O3 within sec onds.
The mid-points of those ranges are plot ted in Figure1
against the pres sure. As can be seen the most pro nounced
changes oc cur within 2-4 GPa pres sure range. At higher
pres sures the char ac ter is tic de com po si tion tem per a ture
lev els-out at approx 650oC. 

Our re sult is in qual i ta tive agree ment with an ear lier
study on the de com po si tion of yt trium-iron gar nets [1.]

The pro cess dy nam ics and the rea sons for the de crease
of the sta bil ity of YAG un der pres sure will be dis cussed.

[1] M. Marezio, J.P. Remeika, A. Jayaraman, J. Chem. Phys.
45 (1966) 1821
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POWDER DIFFRACTION STUDY OF THERMAL EXPANSION AND CRYSTAL
STRUCTURE OF THE AURIVILLIUS PHASES IN THE Bi4Ti3O12–BiFeO3 SYSTEM
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The Aurivillius fam ily of lay ered Bi-con tain ing ox ides is
well known for its ferro elec tric prop er ties. Usu ally their
crys tal struc ture is de scribed as a com bi na tion or inter -
growth of (Bi2O2)

2+ lay ers and (An-1BnO3n+3)
2-

perovskite–like blocks, where A is a twelve co-ordinated
cat ion e.g. Na, K, Ca, Sr, Ba, Pb, Bi, etc. and B is an oc ta he -
dral cat ion such as Fe, Ti, Nb, Ta, Cr, etc.

In the Bi4Ti3O12 – BiFeO3 sys tem the com pounds with
gen eral chem i cal for mula Bi2Bin-1(Ti,Fe)nO3n+3, n = 3, 3.5,
4, 4.5, 5, 6, 8 syn the sised by solid state re ac tion are noted in 
[1]. The crys tal struc tures of the com pounds with n = 3, 3.5, 
4 are de ter mined in orthorhombic sys tem in [2], [3], [4] re -
spec tively. The struc ture of Bi4Ti3O12 (n=3) is re fined by
Rietveld method in orthorhombic space group B2cb at 25,
500 and 650 oC and in tetragonal space group I4/mmm at
800 oC [5]. For Bi5Ti3FeO15 (n = 4) the polymorph phase
tran si tion from po lar orthorhombic A21am space group to

tetragonal I4/mmm is stud ied in de tails by Rietveld method 
us ing PND data [6]. Its tran si tion tem per a ture de ter mined
as ~ 730 oC is co in ci dent with Cu rie tem per a ture cor re -
sponded to ferro elec tric-paraelectric tran si tion.

Now we in ves ti gate the ther mal be hav iour of four
aurivillius phases with n = 3, 4, 4.5 and 6 us ing high-tem -

per a ture X-ray pow der dif frac tion in air (CuKa-ra di a tion,
the tem per a ture range 20-700 oC) and DTA method
(20-1300 oC). The tem per a ture de pend ence of c cell pa ram -
e ter count ing on a perovskite layer (c’) is pre sented in Fig.
1 along with the data from [6] for n = 4. The de pend ence is
ob vi ously di vided into two ranges: the low tem per a ture re -
gion with a lower ther mal ex pan sion and a high tem per a -
ture re gion with a greater ex pan sion. The lin ear ther mal

ex pan sion co ef fi cient ac for HT phase is 3 times larger
than that one for LT phase. Since a and b cell pa ram e ters
(5.46 + 0.03 C) and cor re spond ingly the paired hkl, khl re -



flec tions are very close to each other in the stud ied com -
pounds, it is com pli cated to cal cu late a and b val ues
cor rectly. To de fine the orthorhombic-tetragonal tran si tion
point we an a lyze the FWHM tem per a ture changes for
unique and paired re flec tions. For ex am ple for
Bi5(Ti,Fe)4O15 (n = 4) the FWHM of the re flec tion hkl : 119 
(I/Io = 100%) prac ti cally does not change un der heat ing:

0.33 o2q at 20 oC and 0.31 at 640 oC. FWHM of paired re -

flec tion 200 and 020 (I/Io = 30%) de creases from 0.45 o2q
at room tem per a ture up to 0.31 at 640 oC. If the
orthorhombic struc ture trans fers to tetragonal the FWHM
of unique and paired re flec tions be comes equal. Also a
weak en do ther mic ef fect is ob served on the DTA curve in
the range of tem per a tures 650-740 oC in all stud ied sam -
ples. The Ta ble 1 con tains the fol low ing spe cific tem per a -
ture points: (1) the in flec tion point of c cell pa ram e ter vs.
tem per a ture; (2) the tem per a ture point in which the FWHM 
of unique and paired re flec tions be comes equal; (3) the
DTA en do ther mic ef fect. Clearly, that the tem -
per a ture of DTA ef fect is al ways higher than
the changes in XRD pat tern on heat ing. It
could be caused by a dif fer ent heat ing rate.                    

As far as we are aware, there is only one
crys tal struc tural study of Aurivillius phase
struc ture with c pa ram e ter 57.6 C cor re -
sponded to a 6 layer-struc ture [7]. For
Bi7Ti3Fe3O21 we pro pose the struc tural model
based on 6 lay ered perovskite blocks. To build
up the model the atomic co or di nates of
Bi5Ti3FeO15 [4] were used. It was re fined in
orthorhombic Fmm2 space group: a =
5.474(1), b = 5.495(1), c = 57.60(1) C with
Rietica for Rietveld re fine ment pro gram (Rp =
10.2, Rwp = 13.3, RB=5.6%). It was also re -
fined in A21am space group but no ad di tional
re flec tions which are com pat i ble with this
lower sym me try were ob served. Rel a tively
high R-fac tors are caused prob a bly by the
struc ture de fects. The FWHN for re flec tion of
00l type is two-three times larger than that one
for other re flec tions. Per haps the num ber of
lay ers in block is not con stant in the struc ture,
but the con sid er able amount of 6-layer phase is 
pres ent. This struc ture could also be de scribed
in terms of crys tal chem is try with oxocentered

an ions as an al ter na tion of perovskite blocks and Bi-O lay -
ers build up from OBi4 tet ra he dra by shar ing edges (Fig ure
2). 
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A B C

n=3 610 660 660

n=4 500 640 740

n=4.5 600 600 690

n=6 620 620 650

Ta ble 1. Ther mal be hav iour of aurivillius phases from HTXRD
and DTA data. Spe cific tem per a ture points (oC): (A) the in flec -
tion point of c cell pa ram e ter vs. tem per a ture; (B) FWHM of
paired peaks is equal to that of unique; (C) DTA en do ther mic ef -
fect

Fig ure 2. The Crys tal struc ture of Bi7Ti3Fe3O21 and the Rietveld data plot.

n ad di tional phase
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PREPARATION AND X-RAY POWDER DIFFRACTION STUDIES OF CRYSTAL
STRUCTURE AND THERMAL BEHAVIOUR OF (Na,K)-TRIBORATES 

R. Bubnova1, B. Albert2, M. Georgievskaya3, M. Krzhizhanovskaya3, K. Hofmann2, 
S. Filatov3

1Institute of the Silicate Chemistry of Russ. Acad. of Sci., Ul. Odoevskogo, 24/2, St. Petersburg 199155,
Russia 

2Institut für Anorganische und Angewandte Chemie, Mar tin-Lu ther-King-Platz 6, Ham burg 20146, Ger many
3Dept. of Crys tal log ra phy, St. Pe ters burg State Uni ver sity, Uni ver sity Emb. 7/9, St. Pe ters burg 199034,

Russia

Re cently, the crys tal chem is try of bo rates has been re-in -
ves ti gated be cause the bo rate com pounds have re ceived
great at ten tion due to their non-lin ear op ti cal, pi ezo elec tric, 
lu mi nes cent and other use ful prop er ties. In view of
examing new an hy drous bo rates with in ter est ing phys i cal
prop er ties NaB3O5-KB3O5 pseudobinary sys tem has been
in ves ti gated. 

Phase re la tions in the NaB3O5-KB3O5 sys tem were
stud ied in situ us ing high-tem per a ture X-ray pow der dif -
frac tion and DSC as well as an neal ing and quench ing
meth ods. The sam ples un der in ves ti ga tion were pre pared
by glass crystallisation as well as solid state re ac tion meth -

ods. Be low 650 °C in the KB3O5-en riched part of the sys -

tem the so lu tions of Na1-xKxB3O5 (0.5 < x £ 1) ex ist; in the

NaB3O5-en riched part two phases b-NaB3O5 and

Na1-xKxB3O5 (x » 0.5) co-ex ist [1]. Above 650 – 670  °C 

Na1-xKxB3O5 solid so lu tions in the range of x » 0.75-1.0 de -
com pose to K5B19O31, K2B4O7 and Na1-xKxB3O5 solid so lu -
tion en riched by NaB3O5. The Na1-xKxB3O5 solid so lu tions

in the range of x » 0.5-0.67 melt ac cord ing to the peritectic

re ac tion Na1-xKxB3O5 ® K5B19O31 + Liq uid. 
The crys tal struc ture of ÊÂ3Î5 [2] was de ter mined in the

monoclinic P21/c space group us ing sin gle crys tal dif frac -
tion data. It con tains three-di men sional frame work of
triborate groups. There are three struc tur ally in de pend ent
po si tions for K at oms in chan nels of the B-O an ion frame -
work. The or der-dis or der dis tri bu tion of K and Na at oms in 
these po si tions has been in ves ti gated in se ries of

Na1-xKxB3O5 solid so lu tions where 0.5 < x £ 1. Crys tal
struc tures of three Na1-xKxB3O5 solid so lu tions (x = 0.8,
0.75 and 0.55) were re fined from pow der data us ing Rietica 
pro gram. The sam ples were biphasic. For ex am ple, the
sam ple with 80 mol. % KB3O5 (Rp = 4.2, Rwp = 5.3, RB = 2.2 
%) con tained mainly Na1-xKxB3O5 (about 95 mol. %) a =
9.1539(5), b = 6.6295(5), c = 20.742(1) C, â = 94.07(1)o

and traces of K5B19O31 (about 5 mol. %). Two po si tions
were oc cu pied by K at oms and the third, the small est one,

was oc cu pied by K and Na at oms. The sam ple with 55 mol.
% KB3O5 (Rp = 5.6, Rwp = 7.1, RB = 2.9 %) con tained
Na1-xKxB3O5 (about 97 mol. %) a = 9.0561(5), b =
6.6172(5), c = 20.584(1) C, â = 94.22(1)o and traces of

b-NaB3O5 (about 3 mol. %). In this solid so lu tion the
small est cationic po si tion was oc cu pied by Na at oms only.
Thus, we can pro pose that the com po si tion of
Na0.33K0.67B3O5 is re ally a new NaK2B9O15 com pound in
which K and Na at oms are dis trib uted or dered: two po si -
tions are oc cu pied by K at oms and the small est - by Na
ones. The co or di na tion num ber and the av er age
<(Na,K)-O> bond length of the small est poly he dron de -
crease as K at oms are re placed by Na at oms: the
<(Na,K)-O> bond length de creases from 2.815 C for KO7

http://www.sciencedirect.com/science?_ob=JournalURL&_cdi=6204&_auth=y&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=83a022f6114d26fbd27ddb34bbcd8171


poly he dron in KB3O5 struc ture up to 2.49 C for NaO6 poly -
he dron of Na(K1.7Na0.23)B9O15. 

Ther mal ex pan sion of Na1-xKxB3O5 solid so lu tions is
sim i lar to all stud ied sam ples. It has sharply anisotropic
char ac ter: for ex am ple, the main co ef fi cients of ex pan sion

for Na0.33K0.67B3O5 are a11 = 52, a22 = 3, a33 = 0.5×10-6 °C-1, 

m = (c^a33) = 2î. Ther mal de pend en cies for unit-cell pa ram -
e ters are shown for the solid so lu tions Na1-xKxB3O5 (x
=0.5, 0.67) in com par i son to KB3O5 in the Fig ure. Min i -

mum ex pan sion a22 = ab is di rected along in fi nite chan nels
of frame work struc ture.

This re search has been sup ported by RFBR (pro ject
02-03-32842).

1. R.S. Bubnova, M.I. Georgievskaya, S.K. Filatov, V.L.
Ugolkov, Phys. Chem. Glasses. 2004 (in press).

2. R.S. Bubnova, V.S. Fundamensky, S.K. Filatov, I.G.
Polyakova, ICSD # 413929.
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STRUCTURAL CHARACTERISATION OF HIGH-TEMPERATURE K-EXCHANGED
SODALITE

M. Dapiaggi1, G. Artioli1, C. Mazzocchia2, M. Merlini1

1Dipartimento di Scienze della Terra, Università degli studi di Milano, via Botticelli 23, I-20133 Milano, Italy
2Dipartimento di Chimica, Materiali e Ingegneria Chimica “G. Natta”, Politecnico di Milano, pi azza L. Da Vinci

32, I-20133 Milano, It aly

The ex tended use of IFR nu clear plants of the last gen er a -
tion must be ac com pa nied by in-depth stud ies about waste
man age ment and inertisation prior to stor age in re pos i tory
sites, with the aim of re duc ing the en vi ron men tal im pact of
nu clear waste. Elec tro-re fin ing cells pro duce, as a by-prod -
uct, highly sol u ble alcaline and alcaline-earth chlo rides
that must be trapped in some in ert ma trix, tem per a ture and
trans mu ta tion re sis tant. Zeolites and frame work ma te ri als
are po ten tially a good ma trix for trap ping such ions within
their chan nels. Na-sodalite (Na8Si6Al6O24Cl2) was syn the -
sised un der hy dro ther mal con di tions from a nat u ral
kaolinite in a 4M so lu tion of so dium hy drox ide, at 80°C.
Kaolinite is a prom is ing start ing ma te rial, due to its
Si:Al=1:1 ra tio and to its low costs. The so-ob tained
Na-sodalite was ex changed with K at high tem per a ture via
a solid state re ac tion with ex cess KCl. The re ac tion was
per formed ex-situ at 800 °C by mix ing it with an ex cess of
KCl cor re spond ing to 1:10 in weight, and press ing in an
uni ax ial press. The re sult ing pel let was heated in an oven at 
800 °C for 12 hours and then quenched rap idly. The K-ex -
changed sodalite was then ana lysed by X-ray pow der dif -
frac tion in or der to eval u ate its cell pa ram e ter and to fully
re fine its struc ture. The re sults, con cern ing cell pa ram e ters, 
can be found in the fig ure (open squares): about 60% of the
ions in the chan nel are po tas sium. The line in the fig ure was 
ob tained by in ter po la tion of the two the o ret i cal val ues of
pure Na-sodalite and pure K-sodalite: from this line, the K
con tent of sodalite can be in ferred. The re la tion ship be -
tween cell pa ram e ter and com po si tion was con firmed by
chem i cal anal y ses per formed by means of atomic ab sorp -
tion ex per i ments and by the re fine ment of the oc cu pancy of 
Na-site, which showed about 60 % sub sti tu tion with K.

The same ex change re ac tion was per formed in-situ in a
hot-cham ber in stalled on the diffractometer, with two dif -
fer ent sodalite : KCl pro por tions (5:1 and 10:1). The ex -
change re ac tion was fol lowed in-situ with the eval u a tion of 
the change on the cell pa ram e ter as a func tion of time. The
fi nal cell pa ram e ter is di a grammed in the fig ure (tri an gle up 

and black square for the 5:1 and 10:1 mix tures re spec -
tively); the higher the ex cess of KCl (melt ing point 772 °C)
in the re ac tion, the higher the ex change ki net ics in the sam -
ple, be cause a sub stan tial part of KCl sub li mates at high
tem per a ture. Again, the struc tural re fine ment showed a
good agree ment be tween the com po si tion eval u ated from
the cell pa ram e ter and the K oc cu pancy of the Na site. The
cell pa ram e ter of the K-ex changed sodalite proved then to
be a good in di ca tor of the con tent of po tas sium in the struc -
ture, and there fore of the de gree of ad vance ment of the ex -
change re ac tion.

Fur ther anal y ses are be ing car ried out to test the pos si -
bil ity of us ing the prod ucts of this ex change re ac tion as ac -
tual inertisation ma tri ces for dif fer ent ra dio genic ions.
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NEUTRON DIFFRACTION STUDY CRYSTAL STRUCTURES OF KAlO2 AND Cs3PO4 IN 
WIDE RANGE OF TEMPERATURES

Voronin V.I.a, Proskurnina N.V.a, Shekhtman G.Sh.b, Byrmakin E.I.b, Stroev S.S.b

a Institute of Metal Physics, Ural Division of Russian Academy of Sciences, S. Kovalevskoi Str.18,
Ekaterinburg GSP-170, Rus sia

b In sti tute of High Tem per a ture Elec tro chem is try, Ekaterinburg, Russia

Solid orthophosphate ceria and po tas sium aluminate elec -
tro lytes are de sir able ma te ri als for in dus trial ap pli ca tions.
It is well known that the main fac tor de ter min ing an elec tri -
cal prop erty of the solid elec tro lytes is their crys tal struc -
ture. There fore, cat ion con duc tiv ity and crys tal struc ture of 
KAlO2 and Cs3PO4 has been stud ied in pres ent work. Con -
duc tiv ity dependences on tem per a ture in Arrhenius plots –

lg(sT)-vs 1/T are shown in Fig ure 1 and 2.
It is seen that be hav ior of con duc tiv ity is very sim i lar in

these com po si tions. In ini tial KAlO2 and Cs3PO4 sam ples
con duc tiv ity jump are ob served in high tem per a ture re gion
and the val ues of ac ti va tion en ergy are de crease. The con -
duc tiv i ties are sig nif i cantly in creased as the doped el e ment
con tent in creases, end bend ing points are on Arrhenius
plots at some tem per a tures. To un der stand the rea son of
such be hav ior of con duc tiv ity neu tron-dif frac tion ex per i -
ments in a wide range of tem per a tures were car ried out. Be -

cause of sam ples chem i cal ac tiv ity and their
hygroscopicity and to pre vent their con tacts with air all
sam ples were placed in quartz-closed am poules. There fore, 
there is a wide dif fused halo of amor phous quartz on neu -
tron dif frac tion pat terns. The neu tron dif frac tion pat terns
ob tained for KAlO2 and Cs3PO4 (fig. 3,4) show that the
sam ples were monophasic. The Rietveld anal y sis of the
dif frac tion pat tern re vealed that the KAlO2 and Cs3PO4

crys tal lize in the orthorhombic space groups, Pbca for
KAlO2 (a = 5.4446(9) C, b = 10.931(1) C, c = 15.458(2) C) 
and Pmmm for Cs3PO4 (a = 14.590(5) C, b = 10.219(3) C,
c = 7.780(2) C). An a lyze also showed that KAlO2 struc ture 
has the tet ra he dra AlO4 form ing three-di men sional frame -
work with full con nec tiv ity. On the con trary in Cs3PO4 the
tet ra he dra PO4 are sep a rated spa tially. We found that
Cs3PO4 and KAlO2 ex hib its struc tural phase tran si tion at T
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~ 790 K and ~ 813 K, cor re spond ingly (fig. 5,6), fol lowed
by the ther mal con duc tiv ity jump (fig. 1,2). 

Us ing high tem per a ture struc ture b-cristobalite study
re sults [111] it has been showed that at  T > 540oC the alu -
mi num, po tas sium and ox y gen at oms oc cupy, re spec tively, 
the spe cial equiv a lent po si tions 8a, 8b and 16c in the space
group Fd-3m. It is an “ideal” model that gives a bad ex per i -
ment de scrip tion. Dis or dered mod els give good ac cor -
dance with ex per i ments. In the first model the ox y gen
at oms do not lie on well-de fined po si tions, but the Al-O
bond pre cesses about its av er age ori en ta tion so that the ox -

y gen at oms lie on an an nu lus of fixed ra dius (~ 0.5 C). In
the sec ond model the ox y gen at oms are placed in the 96h
sites, with par tial oc cu pancy of 1/6. We can not pre fer any
of these mod els from our ex per i men tal data. More pre cise
ex am ple is given in Fig. 5.

In high tem per a ture phase orientationally dis or dered
phos phate ions oc cupy an FCC lat tice, and the so dium cat -
ions oc cupy all tet ra he dral and oc ta he dral in ter stices (neu -
tron dif frac tion pat terns show at fig.6).

Crys tal struc tures of KAlO2 and Cs3PO4 are cu bic at
room tem per a ture be cause of dop ing them by ti ta nium and
bar ium, re spec tively. How ever these cu bic struc tures are
dis or dered as for ac cord ing high tem per a ture phases, but
this dis or der ing is static and dy namic at high tem per a ture.
There is an in crease of dis or der ing de gree of the
K1-xAl2-xTixO2 (x=0.2) sam ple as the tem per a ture in creases
and Debay-Waller fac tor sig nif i cant in creases. 

Be cause of crys tal struc ture fea tures it was sug gested
the con duc tiv ity mech a nism at high tem per a tures in so
called superionic state. As it was men tioned ear lier there
are rigid tet ra he dra PO4 groups in orthophosfat ce sium
which are saved their form in whole tem per a ture re gion.
How ever, large Debye -Waller fac tors in superionic state
sug gest dy namic dis or der ing. These facts mean group mo -
tion as a whole. Such model was sug gested for isostructural 
com pound Na3PO4 based on com plex study of struc tural
state at high tem per a tures us ing dif fer ent meth ods. In elas -
tic neu tron scat ter ing ex per i ments showed ro tor mo tion of
these com plexes. It’s the model sug gests strong cou pling
be tween the re ori en ta tion of an ions and the mo bil ity of cat -
ions – the “pad dle-wheel mech a nism”. The cu bic struc ture
ap pears at room tem per a ture at dop ing of com pounds that
is why such cor re lated tet ra he dra PO4 ro ta tion and ce sium

ions dif fu sion ap pears at lower tem per a ture. This pro cess is 
il lus trated by bend ing point on Arrhenius plots; bend ing
point tem per a ture de creases with bar ium con cen tra tion
(Fig.2). 

Ad di tional con duct ing chan nels ap pear at phase tran si -
tion into cu bic phase in KAlO2 lat tice. At the same time
such “pad dle-wheel mech a nism” oc curs in KAlO2. Be -
cause of tetrahedrals link by ox y gen at oms there are cor re -
lat ing AlO4 vi bra tions and mo tion of K cat ions with
in creas ing tem per a ture. This cor re la tion is con firmed by
sharp ac ti va tion en ergy de creas ing at dop ing with ti ta nium
(Fig.1). And the bend ing point tem per a ture de creases as
the Ti con cen tra tion in crease. 

Work sup ported by State Sci en tific Re search Pro gram
“Neu tron In ves ti ga tions of Con densed Mat ter” (State con -
trol No. 40.012.1.1.11.50) and the ba sic re search pro gram
of the De part ment of Phys i cal Sci ences of the Rus sian
Acad emy of Sci ences “Neu tron stud ies of the sub stance
struc ture and fun da men tal prop er ties of mat ter”.

Swainston I.P. and Dove M.T., J.Phys.: Condens. Mat ter., 7
(1995) 1771.

Wilmera D., Feldmanna H., Combetb J., Lechner R.E., Physica
B 301 (2001) 99.
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IN-SITU NEUTRON DIFFRACTION STUDY OF a-BISMUTH MOLYBDATE

H. Fansuri1, D. K. Zhang1, M. Elcombe2 and A. Studer2

1Centre for Fuels and Energy, Curtin University of Technology, Brodie Hall Building, 1 Turner Avenue,
Technology Park, Bentley, Western Australia 6102

2Bragg In sti tute, Aus tra lian Nu clear Sci ence and Tech nol ogy Or gani sa tion, Lucas Heights Sci ence and
Tech nol ogy Cen tre, Pri vate Mail Bag 1, Menai NSW 2234

The room tem per a ture HRPD (High Res o lu tion Pow der
Dif frac tion) and in-situ MRPD (Me dium Res o lu tion Pow -
der Dif frac tion) have been per formed to study the unit cell

struc ture changes in an a-Bi2Mo3O12 cat a lyst un der am bi -
ent and re ac tion con di tions. The unit cell pa ram e ters (a, b, c 

and a, b, and g), inter-atomic dis tances and tem per a ture
fac tors have been ob tained af ter re fin ing the HRPD and
MRPD diffractograms us ing the Rietveld method and the
RIETICA soft ware. The unit cell pa ram e ters of

a-Bi2Mo3O12, re sult ing from the Rietveld re fine ment of the 
room tem per a ture HRPD diffractogram, are a = 7.1517(38) 

C, b = 11.5263 (52) C, c = 11.9568 (66) C and b =

115.2733o (43). The re fine ment of in-situ  MRPD
diffractograms shows that the unit cell ex panded
anisotropically, where the ex pan sion in b di rec tion is faster
than in the other di rec tions. It is also shown that some ox y -
gen at oms, namely O1, O4, O5, O11 and O12, are more
sen si tive to ward the in-situ con di tion. Ox y gen at oms No 1,
11, and 12 are ly ing on the in ter face be tween two bis muth
molybdate lay ers in the unit cell and bounded solely to mo -
lyb de num atom. These ox y gen at oms are sus pected of be -
ing the source of the oxi dis ing ox y gen re spon si ble for the
se lec tive ox i da tion of pro pyl ene to acrolein.
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NEU TRON DIF FRAC TION STUD IES OF TEM PER A TURE IN DUCED PHASE
TRAN SI TIONS IN RB2KFeF6 ELPASOLITE

S. G. Vasilovsky1, A. I. Beskrovny1, V. V. Sikolenko1,4, A. V. Belushkin1, I. N. Flerov2, 
A. Tressaud3 , A. M. Balagurov1

1Joint In sti tute for Nu clear Re search, Dubna, Rus sia
2Kirensly In sti tute of Phys ics, Krasnoyarsk, Rus sia

3Institut de Chimie de la Matiere Condensée de Bor deaux, Pessac, France
4Hahn-Meitner-Institut, Berlin, Ger many

Rb2KFeF6­ flu o ride be longs to com pounds fam ily with
gen eral chem i cal for mula A2BMF6 ( A, B – monovalent
cat ions, M – tri va lent cat ion). The space group of their cu -
bic pro to type is Fm3m (Z = 4). In this sys tem two kinds of
non-equiv a lent oc ta he dral groups (BF6 and MF6) al ter nate
along the three four-fold axes. The re gion of cu bic lat tice
sta bil ity de pends on tol er ance fac tor [1]. Fm3m sym me try
is usu ally ob served in the wide tem per a ture re gion at the
0.88 < t < 1.0. Dis tor tion of the oc ta he dral group takes
place at the t < 0.88. This fact leads to crys tal sym me try re -
duc tion. The struc ture of crys tals wit low M3+ ( M = Cr, Ga, 
Fe) ra dius is still poorly known. These com pounds usu ally
dem on strate ferroelastic phase tran si tion which cor re -
sponds con sid er able high chang ing in en tropy DS. We

stud ied struc ture of the Rb2KFeF6 ( t = 0.885; DS/R = 1.88)
at the wide tem per a ture re gion. Fig. 1 shows neu tron dif -
frac tion pat tern and the re sult of Rietveld re fine ment at the
room tem per a ture.

We per formed re fine ments with flu o rine at oms in 96k
po si tion and Rb – in dif fer ent po si tions ac cord ing to
group-the ory anal y sis [2] of dis tor tions of ini tial Fm3m
struc ture caused by octahedron or/and po lar at oms dis -
place ments. Re fine ment of the low tem per a ture phase in
the frame of Pmnn space group was also per formed.

[1] Shan non R.D. et al Acta Cryst. 32a (1976), 751.

[2] Alexandrov K.S and Misyl S.V. Crys tal log ra phy 26
(1981), 612.
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THE POLYMORPHS OF N-OCTADECYLAMMONIUM CHLORIDE - 
A VARIABLE-TEMPERATURE POWDER DIFFRACTION STUDY

G.J. Krugera, M. Rademeyera and D.G. Billingb

a Rand Afrikaans University, Box 524, Auckland Park 2006, South Africa, 
b University of the Witwatersrand, Private Bag 3, Wits 2050, South Africa.

n-Alkylammonium halides (n-CnH2n+1NH3
+X-

,) are used as
sur fac tants, lu bri cants, and as mod els for bi o log i cal mem -
branes. A spec trum of intermolecular in ter ac tions are pres -
ent in the crys tals, rang ing from van der Waals in ter ac tions
be tween the hy dro car bon chains to ionic and hy dro gen
bond ing in ter ac tions in the po lar layer. The mol e cules pack 
in al ter nat ing po lar and hy dro car bon lay ers. Long-chain
n-alkylammonium halides ex hibit poly mor phism at room
tem per a ture and a com plex se quence of solid-solid phase
tran si tions at higher tem per a tures. The poly morphs of the
n-alkylammonium chlo rides, with alkyl chain lengths up to 
18 car bon at oms, were stud ied by pow der and sin gle crys -
tal X-ray dif frac tion and by ther mal anal y sis tech niques.
All mem bers of this se ries ex hibit poly mor phism. The
crys tal forms can be clas si fied ac cord ing to their long spac -
ings as de ter mined by pow der dif frac tion. The i form has
the small est long spac ing and the k form the larg est. The
crys tal struc tures of the i and k forms of
n-octadecylammonium chlo ride, C18H37NH3

+Cl-, were de -
ter mined by pow der and sin gle crys tal X-ray dif frac tion
meth ods. In the i form the mo lec u lar chains are in the
all-trans con for ma tion and interdigitated whilst in the k
form the chains are non-interdigitated and not com pletely
ex tended, ex hib it ing a kink be tween the sec ond and third
car bon at oms. Hy dro gen bond ing in ter ac tions are pres ent
be tween the am mo nium groups and chlo ride an ions in the
ionic lay ers. The tran si tion se quences be tween these forms

and the high tem per a ture phases could be de ter mined by
ther mal anal y sis (DSC) and a phase se quence di a gram con -
structed. Vari able-tem per a ture pow der dif frac tion stud ies

con firmed the tran si tion se quences and proved that the e
form con sis tently crys tal lizes from the melt.
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PHASE TRANSITION TRIGGERED BY SUBSTITUTION IN MONAZITE-TYPE LaVO4

H. Borrmann, M. Schmidt

Max-Planck-Institut für Chemische Physik fester Stoffe, Nöthnitzer Str. 40, 01187 Dresden, Germany.

Vana dates REVO4 of the rare-earth el e ments crys tal lize in
the tetragonal zir con-type struc ture, ex cept with lan tha num 
for which the monoclinic monazite-type struc ture is
prefered. How ever, for cer tain el e ments metastable phases
of the re spec tive other struc ture type have been ob served.
We have stud ied the sub sti tu tion se ries La1-xCexVO4 and
La1-xNdxVO4. Par tic u lar em pha sis was put on those phases
where the struc ture changes from monazite to zir con type.

Furtheron the tem per a ture-de pend ent sta bil ity of these par -
tic u lar sam ples was in ves ti gated. High-res o lu tion pow der
dif frac tion meth ods us ing an im age-plate based
Guinier-cam era had to be used to clearly re solve the pat tern 
of the tetragonal phase along with the quite com pli cated
pat tern of the monoclinic phase in two-phase sam ples.
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X – RAY POWDER DIFFRACTION STUDY OF LEUCITE CRYSTALLISATION

M. Novotná1, J. Maixner2

1Inst. of Inorganic chemistry AS CR,250 68 Øež u Prahy, Czech Republic
2Inst. of Chem i cal Tech nol ogy in Prague Technická 5, 166 28 Praha 6, Czech Re pub lic

Leu cite based ma te ri als are be ing a sub ject of an ex ten sive
sci en tific in ter est in re cent years, es pe cially in a field of
den tal pros the sis. Pres ence of leu cite (KAlSi2O6), ex hib it -
ing high val ues of a ther mal ex pan sion co ef fi cient, in a por -
ce lain ma trix en ables its fu sion to metal re in force ment. In
ad di tion thanks to its phase-tran si tion be hav iour leu cite
could po ten tially toughen leu cite-glass (por ce lain) sys tems 
and so lead to den tal ma te ri als hav ing high frac ture tough -
ness. 

As the amount, av er age crys tal size and struc ture of the
leu cite phase di rectly af fect ther mal and me chan i cal prop -
er ties of the fi nal com pos ite ma te rial; suit able tech nol ogy
of its prep a ra tion is nec es sary to be de vel oped.

A new prep a ra tion pro ce dure of leu cite based on its
crystallisation from an amor phous pre cur sor was stud ied.
The pre cur sor was syn the sized from a gel con tain ing alu -

minium, amor phous sil ica and po tas sium hy drox ide so lu -
tion in hy dro ther mal con di tions at 200°C for 2h. Leu cite
was sub se quently pre pared by cal ci na tions of ob tained
pow ders.

Crystallisation of leu cite was mon i tored at 800, 900 and 
1000°C us ing X-ray pow der dif frac tion anal y sis. At high
tem per a tures the sta ble form of leu cite is cu bic (high leu -
cite), and as it cools be low a tem per a ture of about 630°C
there is a dis place ment phase trans for ma tion to tetragonal
(low leu cite). As this trans for ma tion is sub stan tial for the
tough en ing mech a nism in leu cite den tal por ce lains the pro -
cess of leu cite trans for ma tion was stud ied us ing X-ray
diffractometer equipped with high tem per a ture cell.

Ac knowl edge ments.
This work was sup ported by GA CR Grant 104/03/0031.
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STRUCTURAL ASPECTS OF THE METAL-INSULATOR TRANSITION IN BaVS3

S. Fagot1, P. Foury1, J.-P. Pouget1, S. Ravy2, E. ElkaVm2, G. Popov3, M.V. Lobanov3, 
M. Greenblatt3,  M. Anne4 

1Laboratoire de Physique des Solides (CNRS-UMR 8502), Université Paris-Sud, Bât. 510, 91405 Orsay,
France

2Synchrotron SOLEIL, L’Orme des Merisiers, Saint-Aubin - BP 48, 91192 GIF-sur-YVETTE, France
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This study pres ents struc tural tran si tions of the one di men -
sional sys tem BaVS3 at low tem per a ture by means of high
res o lu tion syn chro tron pow der dif frac tion. At room tem -
per a ture the struc ture is hex ag o nal (P63/mmc) with face
shar ing VS6 oc ta he dral chains along the c axis sep a rated by 
Ba at oms lead ing to a V-V intrachain dis tance of 2.808(1)
C and an interchain dis tance 6.714(1) C.  The hex ag o nal
struc ture at room tem per a ture be comes orthorhombic
(Cmc21) at 240K with a V straight chains trans formed into
uni form zig zag but with out sig nif i cant change in the elec -

tronic prop er ties. At 70K a metal-in su la tor tran si tion oc -
curs with the ap pear ance of a su per struc ture which dou bles
the chain pe ri od ic ity. The struc ture re fined at 40K re vealed

a weak monoclinic distorsion (b= 90.046(1)°) with 4 non -
equiv a lent V sites. A va lence bond anal y sis shows no ev i -
dence for charge disproportionation on these sites.
How ever at 5K, the faces of the VS6 octahedra are
stretched (site V1) or com pressed (V3) in duc ing a 0.5e-
charge disproportionation be tween the V1 and V3 sites.
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HIGH PRESSURE STUDIES OF THE LiAlD4 AND NaAlD4 SYSTEMS

M. P. Pitt1, W. G. Mar shall2 D. Blanchard1, H. FjellvDg3, B. C. Hauback1
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Re cent tar gets set by the In ter na tional En ergy Agency and
the United States De part ment of En ergy stip u late that hy -
dro gen stor age ma te ri als for mo bile ap pli ca tions should

pos sess at least 5 wt.% re ver sal ca pac ity at less than 80°C
[1]. The aluminohydrides (alanates) pres ent a new class of
prom is ing stor age ma te ri als that are ap proach ing these mo -
bile tar gets. The Ti-doped NaAlD4 sys tem first achieved
re vers ibil ity in 1997 [2], and there has since been con sid er -
able re search into both its struc tural [3, 4] and cy cling/ki -
netic prop er ties [5,6]. Al though the LiAlD4 sys tem has not
yet achieved re vers ibil ity, there has also been re newed in -
ter est in its struc tural fea tures [7,8].

In terms of vol u met ric ef fi ciency, it is de sir able to store
as many hy dro gen at oms per unit cell as pos si ble, and high
iso static load ing of fers the abil ity to in ves ti gate the pos si -
bil ity of sta bi lis ing such phases. For the NaAlD4 and
LiAlD4 sys tems, the o ret i cal VASP cal cu la tions pre dict
pres sure in duced phase tran si tions at 6.4 GPa and 2.6 GPa
re spec tively [9], which al lows up to a 15% re duc tion in unit 
cell vol ume, al low ing for more ef fi cient stor age of hy dro -
gen. Fig. 1 shows the com pres sion of unit cell vol ume as a
func tion of pres sure for the LiAlD4 sys tem. At 2.6 GPa, the
struc ture trans forms from monoclinic P21/c to tetragonal
I41/a (NaAlD4 type), and at 33.8 GPa to orthorhombic
Pnma. We have car ried out in-situ TOF neu tron dif frac tion
mea sure ments us ing the high flux PEARL diffractometer
at RAL, ISIS to in ves ti gate these the o ret i cal pre dic tions.

Fig. 2 shows the data se ries for LiAlD4 loaded to 46
tons. Rietveld anal y sis re veals the start of a phase tran si tion 
at ~4.2 GPa, that is char ac ter ised by the dis place ment in
d-spac ing of the re flec tions (130) and (01-3). The in ten sity
of (130) is pre served, while (01-3) dis plays amorphisation.
The ob ser va tions in di cate that planes in the cell that can not
be shifted will dis or der, im ply ing that the Li be gins to dis -
perse be fore the AlD4 tet ra he dra col lapse. The data also
show the pres ence of a new phase as broad re flec tions at
~2.1 and 2.2 C. Model cal cu la tions of the LiAlD4 struc ture
in space group I42/a show that this struc ture is not re spon si -
ble for the ex tra re flec tions in the data. 

The NaAlD4 sys tem does not dis play a phase tran si tion
to the high est pres sure ap plied at 6.5 GPa.
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Fig. 1 The cal cu lated equa tion of state for the LiAlH4 sys -
tem. The ar rows in di cate the tran si tion pres sures.
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