
Session V, May 31, Wednesday

L19

POWDER DIFFRACTION AND SOLID ELECTROLYTES, CASE OF METAL
HYDRIDOBORATES 

R. Èerný

DQMP, Uni ver sity of Geneva, Swit zer land

Radovan.Cerny@unige.ch

In ter est in metal hy drides was ini tially driven by the po ten -
tial to de velop ef fi cient and safe on-board hy dro gen stores
work ing close to am bi ent pres sure and tem per a ture. In
search for hy drides with higher gravimetric stor age ca pac -
ity, the re search ers con cen trated on hy drides based on light 
at oms, among oth ers on Li and Na salts con tain ing hydri -
doborate an ions such as borohydride BH4

- or closo- hydri -
doborate B12H12

2- [1]. The hy dro gen ab sorp tion-desorption 
cy cling in com plex hy drides still needs more chem i cal
ideas due to rel a tively strong co va lent bond ing. Un ex pect -
edly, the high mo bil ity of al kali metal cat ions in some com -
plex hy drides has opened the door for their ap pli ca tion as
bat tery ma te ri als, mainly as solid-state elec tro lytes (SSE). 

Re plac ing the liq uid elec tro lyte by SSE of fers sev eral
ad van tages: i) a solid ma te rial is more ther mally sta ble,
thus en hanc ing the over all safety of the bat tery; ii) be ing
less prone to the den drite pen e tra tion, it en ables the use of
al kali met als as neg a tive elec trodes and iii) act ing as phys i -
cal layer be tween the two elec trodes, it has a ben e fi cial ef -
fect on the cell per for mance [2].

Among the dif fe rent clas ses of SSE, the me tal hyd ri do -
bo ra tes have re ce i ved par ticu lar in te rest, be ing soft, high ly
sta ble to ward oxi dati on and ex hi bi ting fast ion con ducti vi -
ty, ena bled by an en t ro pi cal ly-dri ven phase tran si ti on.
Such tran si ti ons ge ne ral ly occur abo ve room tem pe ra tu re
(rt), and it is the re fo re ne cessa ry to frustra te the anio nic lat -
ti ce, for exam ple by ani on mi xing or me cha ni cal ener gy
(Fi gu re 1) to bring the su per i o nic re gime down to rt [3-8]. 

The hyd ro gen sto rage and mo bi li ty of the cati ons in
light com plex hyd ri des de pen ds on the structu ral fe a tu res,
pa thways avai la ble in the ani on pac king and on the ani on
ther mal mo ti on. Whi le the lat ter requi res im por tant ex pe ri -
men tal and the o re ti cal ef fort, the first two pa ra me ters can
be easi ly quan ti fied from crys tal structu res ob ta i ned by
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Fig ure 1. DC Con duc tiv ity evo lu tion as func tion of the tem per a -
ture for pris tine (blue squares) and ball-milled-NaCB11H12 (red

tri an gles). For the sake of clar ity, the superionic re gime (s > 1 mS

cm-1) has been high lighted in the graph.

Fig ure 2. Tem per a ture de pend ent syn chro tron ra di a tion XPD data mea sured on dry CsCB11H12 sam ple with fast heat ing/cool ing rate

of 10 K/min, wave length l= 0.64113 C. The peaks of dif fer ent poly morphs are la belled with their space group sym bols. Ob served dif -
fuse in ten sity is la belled too.



Ó Krystalografická spoleènost

114 Struktura 2023 - Lec tures Ma te ri als Struc ture, vol. 29,  no. 2 (2023)

X-ray pow der diffracti on (XPD). Main dif ficul ties of crys -
tal structu re de tper mi nati on by XPD with hyd ri do bo ra te
sam ples are low crys tal li ni ty, over co me by glo bal op ti mi -
zati on (di rect spa ce) methods [9], and a mul ti phase cha rac -
ter of the sam ples, sol ved by “de com posi ti on ai ded
in dexing” [10] as was the case of CsCB11H12 [11] shown in
Fi gu re 2. The case of mo le cu lar com pound C2B10H12 de -
mon stra tes the effect of inter-cluster interaction on
stabilization of various crystal structure symmetries [12].
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Neu tron Phys ics Lab o ra tory (NPL) of CANAM in fra struc -
ture (op er ated by Nu clear Phys ics In sti tute Øež),
canam.ujf.cas.cz/npl, and its in stru men ta tion for in ves ti ga -
tion of struc ture and microstructure of ad vanced ma te ri als
will be pre sented. NPL con sist of five neu tron diffracto -
meters (re sid ual stress scan ning, pow der dif frac tion,
small-an gle neu tron scat ter ing, in-situ thermo mechanical

tests and neu tron-op tics test ing diffracto-  me ters) and of
three nu clear an a lyt i cal tech niques (Neu tron Depth Pro fil -
ing, Prompt Gamma Ac ti va tion Anal y sis, Neu tron Ac ti va -
tion Anal y sis). The lay out is de picted in Fig. 1. The
lab o ra tory pro vides open ac cess to ac a demic us ers on the
ba sis of pro pos als con tin u ously eval u ated by the in ter na -
tional Sci en tific Se lec tion Panel. In De cem ber 2022, NPL
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Fig ure 1. Lay out of NPL fa cil i ties in the LVR-15 re search re ac tor (op er ated by Re search Cen tre Øež) hall.



be came the tenth mem ber of the League of Ad vanced Neu -
tron Sources (LENS). The LENS com prises Eu ro -
pean-level re search fa cil i ties that sup port the in ter na tional
sci en tific com mu nity by pro vid ing ac cess to in stru ments
for, and/or ex per tise in, neu tron sci ence.

Re cently, sev eral in stru ments were up graded by new
neu tron-op tics com po nents, by new sam ple en vi ron ment,
as well as by sam ple prep a ra tion and aux il iary fa cil i ties.
The strain scan ner was equipped by ra dial neu tron
collimator, SANS diffractometer by a new bend ing holder
with long an a lyzer crys tal. New por ta ble neu tron cam era
fa cil i tates sam ple ad just ment within sam ple en vi ron ment.
A sys tem for con cur rent in situ neu tron dif frac tion, me -

chan i cal test ing and acous tic emis sion de tec tion was ob -
tained. Nu clear an a lyt i cal tech niques were im proved by
supermirror neu tron guide, by elec tro chem i cal im ped ance
an a lyzer, by cryo genic mill and by elec tri cal fu sion fur -
nace.

Se lected ex am ples from the stud ies with help of neu -
tron phys ics fa cil i ties car ried out at NPL will be presented:
on Li depth dis tri bu tion in thin Li-ion bat ter ies, on the ap -
pli ca tion of Neu tron Ac ti va tion Anal y sis, on de for ma tion
mech a nisms in mag ne sium al loy, on mesoporous sil ica
mor phol ogy, on com plex metal ox ides struc ture, and on re -
sid ual stress in steel com po nent fab ri cated by Se lec tive La -
ser Melt ing.
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At Re search Cen tre Øež (Centrum výzkumu Øež s.r.o.,
CVØ) in the de part ment of Ma te rial Anal y sis (be fore Ma te -
rial and Me chan i cal Prop er ties), where anal y sis of ma te ri -
als was com monly per formed by mi cros copy tech niques,
was added a pow der X-ray dif frac tion (XRD) fa cil ity for
anal y sis pref er en tially of ir ra di ated ma te ri als, as a com ple -
ment to the ex is tent an a lyt i cal tech niques. An nexed to the
XRD fa cil ity is the prep a ra tion room of ir ra di ated geo log i -
cal sam ples, build ing ma te ri als and ce ram ics lo cated in the
hot-cells fa cil ity build ing [1]. 

The mill ing and prep a ra tion of spec i men for XRD anal -
y sis of ir ra di ated, or ra dio ac tive, ma te ri als is car ried out in -
side of a shielded glove box, which is kept at neg a tive
pres sure to avoid leak age of ra dio ac tive pow der out side the 
glove box, af ter wards the sam ples are trans ferred to the
XRD lab o ra tory in a sealed con tainer to be ana lysed in a
diffractometer Em py rean (Malvern-PANalytical) with a
Co-an ode X-ray tube, with the op tion of au to matic load ing
of sam ples, and re mote op er a tion [2]. 

Cur rently at CVØ XRD lab sev eral re search top ics con -
nected to nu clear en ergy are be ing in ves ti gated, they can be 
di vided in two groups:

1) Influence of the neu tron ir ra di a tion on con crete ag -
gre gates [3] used as bi o log i cal shield in nu clear re ac tors.
Con crete ag gre gates (e.g. quartz, feld spars) un der ir ra di a -
tion ex pe ri ence a ra di a tion-in duced vol u met ric ex pan sion,
which can cause crack ing of the con crete thus re duc ing its
life time. Us ing XRD we can mon i tor the changes in lat tice

pa ram e ters and unit cell vol ume of the min eral ag gre gates
af ter ir ra di a tion at dif fer ent neu tron fluences. 

2) Monitoring of sta bil ity of ma te ri als used as fix a tion
ma tri ces for ra dio ac tive waste in a sim u lated en vi ron ment
of a deep geo log i cal re pos i tory. The ma te ri als used as fix a -
tion ma tri ces vary from ce ment, clays [4], geopolymer,
mix ture of clay and ce ment. Those ma tri ces are stor age un -
der syn thetic wa ter, sim u lat ing the un der ground wa ter that
could fill the geo log i cal re pos i tory, af ter wards changes in
the min eral com po si tion are mon i tored on the sur face and
in side the ma tri ces us ing XRD. 
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To ex tract in for ma tion on dis or dered struc tures from scat -
ter ing data one of ten has to com pare model-based in ten si -
ties with the ob served ones. The prog ress in com put ing
tech niques in last de cades per mits to pro duce re al is tic mod -
els of crys tal line lat tices by a va ri ety of ap proaches rang ing 
from ab in itio DFT meth ods via mo lec u lar dy nam ics (MD)
to phase-field mod els based on the Lan dau for mal ism.

With this prog ress in place the bot tle neck has shifted
from pro duc ing supercell mod els to gen er at ing the cor re -
spond ing dif fuse scat ter ing dis tri bu tions in re cip ro cal
space.

The prin ci pal is sue was due to the fact that scat ter ing
am pli tudes from a dis torted lat tice could not be summed up
us ing fast Fou rier trans form al go rithms (FFT) be cause of
the dis place ment phase fac tor exp(-iQR) be ing Q-de pend -
ent.

As a con se quence, many ef forts in re cent years have
been re stricted to sim ple mod els on small supercells [1,2]
or to more in volved pair dis tri bu tion func tion (PDF) anal y -
sis [3-5], where the sum ma tion prob lem is re duced to a sin -
gle di men sion. Nev er the less, the ef fi ciency of PDF model
gen er a tion in di rect space for large supercells and large
cor re la tion dis tances needed for good qual ity Fou rier trans -
forms was lim ited by the ra dial dis tri bu tion func tion spher -
i cal shells vol ume di verg ing with R2.

The MP_tools pro gram suite [6] ad dresses these is sues
em ploy ing in no va tive al go rithms. In the first case, re cent
de vel op ments of the non-uni form fast Fou rier trans form
[7] per mit to ac cel er ate the sum ma tion of scat ter ing am pli -
tudes from large supercells by or ders of mag ni tude, bring -

ing in the usual FFT speed and al low ing for in ter ac tive

work even in case of dy namic scat ter ing func tions S(Q, w)
based on time se quences of thou sands of frames. A sim i lar
ef fect in the PDF ac cu mu la tion brings a Monte-Carlo al go -
rithm with pro jec tive sam pling [8], per mit ting to ac cu mu -
late the g(r) pair-dis tri bu tion func tion with uni form
(r-in de pend ent) ac cu racy with out pass ing via the ra dial
dis tri bu tion func tion.

Many mo ti vat ing dis cus sions with Marek Pasciak, Petr
Ondrejkovic and Jirka Hlinka, col leagues from the In sti -
tute of Phys ics (AS CR) are kindly ac knowl edged.
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