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OPPORTUNITIES AND PERSPECTIVES AT THE INSTITUT LAUE LANGEVIN: THE
ENDURANCE UPGRADE PROGRAMME
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john son@ill.eu

The En dur ance up grade programme cov ers the pe riod
2016 – 2023 with a bud get of 60 M€. About 30 pro jects
have been de liv ered or are near ing com ple tion. They in -
clude neu tron guide sys tems, new and up graded in stru -
ments, sam ple en vi ron ment and data and soft ware ser vices. 
The up grade programme as a whole en sures that re search
ca pa bil ity at the ILL will con tinue to be world lead ing for
the next de cade, of fer ing new op por tu ni ties and per spec -

tives for ex cel lent sci ence, both for ac a de mia and in dus try.  
The En dur ance programme will be pre sented, in clud ing
spe cific ex am ples and ini tial re sults, and set in the con text
of fu ture re ac tor op er a tion, given the re cent agree ment by
the ILL As so ci ates to fund the In sti tute for the pe riod 2024
– 2033.
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NEUTRON DIFFRACTION TO STUDY THE STRUCTURE OF MATERIALS

Thomas C. Hansen
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For the in spec tion of pro cesses in volv ing con densed mat -
ter, in situ neu tron pow der dif frac tion proves it self to be a
ver sa tile tool, giv ing in sight into pro cesses of tech no log i -
cal per ti nence. Only a few high-in ten sity pow der
diffractometers at in tense neu tron sources al low for this.
D20 at Institut Laue-Langevin pro vides the high est avail -
able in ten sity in con stant wave length neu tron pow der dif -
frac tion. A sta tion ary, curved lin ear po si tion sen si tive
de tec tor al lows for in-situ dif frac tion stud ies down to a sec -
ond and en cour ages the use of com plex sam ple en vi ron -
ments with in her ently small sam ple sizes. D20 adapts to
var i ous lev els of crys tal lo graphic com plex ity and ra pid ity
of an ob served phe nom e non.

The por ta ble elec tron ics mar ket, as well as non-pol lut -
ing ground trans por ta tion, need por ta ble en ergy stor age so -
lu tions with im proved char ac ter is tics. Li-ion bat ter ies with
solid elec tro lytes over come is sues of liq uid elec tro lytes in
bat tery safety and high-volt age op er a tion. Neu tron dif frac -
tion de ter mines the Li dif fu sion path way in solid-state
Li-ion con duc tors. De vel op ment of better elec trode ma te ri -
als in terms of gravimetric and vol u met ric en ergy den sity,
tem per a ture op er a tion range and cy cling sta bil ity needs un -
der stand ing of lith ium (de)in ter ca la tion phe nom ena.
Operando dif frac tion tech niques are well suited here. Elec -
tro chem i cal cells based on a neu tron-trans par ent (Ti,Zr) al -
loy com bine good elec tro chem i cal prop er ties and the
abil ity to col lect neu tron dif frac tion pat terns with rea son -
able sta tis tics and no other Bragg peaks than those of the
elec trode ma te rial. This al lows de tailed struc tural de ter mi -
na tion of elec trode ma te ri als by Rietveld re fine ment dur ing 
operation.

Solid-ox ide fuel cells con vert chem i cal en ergy into
elec tric ity at higher ef fi ciency than con ven tional meth ods,
with less pol lu tion. The an ode (fuel elec trode) must not al -
ter at high tem per a ture (ther mal sta bil ity), not form
nonconductive phases at in ter faces (chem i cal sta bil ity) and 
not de grade upon re duc tion and ox i da tion cy cles (re dox
sta bil ity). The state-of-the-art “cermet” of Ni and yt tria-sta -
bi lized zir co nia ce ramic loses per for mance upon us age as
its po ros ity is re duced by Ni ag glom er a tion and as ox i da -
tion of Ni causes re dox in sta bil ity. Cermet de ac ti vates
through car bon cok ing and sul fur poi son ing, mak ing it un -
suited for hy dro car bon fu els. Sin gle-phase mixed ionic and 
elec tronic con duc tors pro vide microstructural sta bil ity and
in crease the elec trode frac tion ac ces si ble to ox ide ions.
Many of those ox ides have been in ves ti gated suc cess fully
in operando at high tem per a ture un der ox i diz ing and re duc -
ing gas flow by neu tron dif frac tion, fol low ing the crys tal
chem is try of ox ide ions dur ing the process.

Clas si cal in situ work (thermo-diffractometry) has been 
done on the pho to vol taic ma te ri als, MaPbI3 and deri vates,
and neu tron dif frac tion turned out to be a per fect tool to
screen the crys tal chem is try of light or ganic at oms be side
the heavy metal at oms over a wide range of tem per a tures.

Hy dro gen is an at trac tive en ergy car rier for re new able
en ergy sources due to its high en ergy den sity. Solid-state
hy dro gen stor age pro vides higher stor age ca pac i ties than
com pressed or liq ue fied hy dro gen. Com plex metal hy -
drides have high hy dro gen stor age ca pac i ties but suf fer
from poor ki netic and ther mo dy namic prop er ties. Tun ing
the ther mo dy nam ics for dehydrogenation, to re duce the
tem per a ture at which hy dro gen is evolved is achieved
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through the ad di tion of a sec ond phase, which will lead to
the for ma tion of a more sta ble prod uct upon de com po si tion 
and thereby re duc ing the enthalpy for dehydrogenation.
Neu tron pow der dif frac tion screens the crys tal chem is try
of the dif fer ent phases in situ.

Fi nally, the work on the struc ture and the for ma tion and de -
com po si tion of gas hy drates and re lated ice phases will be
pre sented, as well as the pros pects of work at very high
pres sures up to 25 GPa at low tem per a tures down to 1.6 K.

L14

SOFT MATTER SEEN BY SMALL-ANGLE NEUTRON SCATTERING, NEUTRON
REFLECTOMETRY, AND COMPLEMENTARY TECHNIQUES 

Le o nardo Chiappisi

Institut Laue-Langevin, Large Scale Struc ture Group, Grenoble, France

Soft. Con densed. Mat ter. Soft mat ter sys tems are de fined
as those which are struc tur ally al tered when ex ter nal force
of the mag ni tude of ther mal fluc tu a tion is ap plied. This
def i ni tion, de spite be ing sci en tif i cally ac cu rate, does not do 
jus tice to the com plex ity and di ver sity of soft mat ter
mattery sys tems. 

Soft. Con densed. Mat ter. It in cludes biomaterials, poly -
mers, nanoparticles, emul sions, sur fac tants, and many
other build ing blocks. Un der stand ing and con trol ling soft
mat ter sys tems, is key for tech no log i cal prog ress and for
the tran si tion to a sus tain able so ci ety: de ter gents, food ad -

di tives, lu bri cants, foams, coat ings, are ex am ples of soft
mat ter sys tems. 

Soft. Con densed. Mat ter. The low en ergy re quired to
trig ger struc tural, and thereby func tional changes in soft
mat ter sys tems makes them the most suited in gre di ents for
many re spon sive sys tems. These sys tems are char ac ter ized
by a com plex en er getic land scape, and of ten by ill-de fined
struc tures. 
In this con tri bu tion, through a se ries of ex am ples, the use
and po ten tial of neu tron scat ter ing, and reflectometry is il -
lus trated. The ex am ples aim at cov er ing the broad do main
of soft mat ter sci ence probed at the Institut Laue-Langevin.
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IN ELAS TIC NEU TRON SCAT TER ING - FROM STRUC TURE TO DY NAM ICS OF

FUNC TIONAL MA TE RI ALS
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The first part of this pre sen ta tion will give an over view
about the ca pa bil i ties of the ILL to per form in elas tic neu -
tron scat ter ing mea sure ments. De pend ing on the use case
(en ergy range, res o lu tion, type of sam ple etc.), dif fer ent
classes of in stru ments are avail able: time-of-flight, tri ple
axis, and more spe cial ized tech niques (spin-echo, back -
scat ter ing). Most of the in stru ments at the ILL have un der -
gone sig nif i cant up-grade in the re cent years. Thanks to
these re cent de vel op ments, long-stand ing ques tions in ma -
te ri als such as un con ven tional su per con duc tors can now be 
ad dressed, as well as, for in stance, the study of new quan -
tum mag netic ef fects. The cur rent state of the ex per i men tal
pos si bil i ties, to gether with typ i cal ap pli ca tions, will be dis -
cussed.

A par tic u larly pow er ful tech nique for the study of mag -
ne tism are po lar ized neu trons. This tech nique al lows sep a -

rat ing dif fer ent types of nu clear and mag netic pro cesses
from each other pre cisely; how ever, in ten sity is sues some -
times limit its ap pli ca tion in in elas tic neu tron scat ter ing,
which is why in only few places world wide such ex per i -
ments can be per formed. We will pres ent an ex am ple of in -
elas tic scat ter ing from the skyrmion phase of man ga nese
silicide, a model sys tem for com plex mag netic or der and its 
po ten tial ap pli ca tions (spintronics etc.). The ex ci ta tion
spec trum of this par tic u lar mag netic or der is ex tremely
com plex and has re cently been mea sured in un prec e dented
de tail thanks to the use of po lar iza tion anal y sis. In ex cel lent 
agree ment with the ory, these works pro vide a com pre hen -
sive understanding of fundamental magnetic excitations of
the magnetic skyrmion phase.


