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8-11 ximac (1991-1995): 30mo0Ti poku y JIbBOBI

« Maua Axanemis Hayk, Bci 4 poku — Jiek1ii (3HalHOMCTBO 3
BHKJIaJladaMu ), IOYATOK HAyKOBOI poOOTH, 00JIACHI 1 BCEYKPaiHChKI
KOHKYpPCH POOIT, JIITHI TAOOpH, KOMaHH1 KOHKYpcH (Oxeca)

o JIbBiBchbkHH (i3.-mar. ginei, 1992-1995 — niznapcsa yepes Tadip
MAH! UynoBa armocdepa cepesi yuHiB 1 BUKJIa[adiB, Apy3i
Ha3aBKaIu. BumycTuBcs 1€ 70 CTBOPEHHS XIMIYHOI CeKIIii

o  Ximiuni oximmiaan, 1991-1995 — 38’130k 3 (hakynsreToM (00IaCHI
€Taru, MArOTOBKa JO0 BCEyKPaiHCHKHUX ), 3B’ 430K 3 YUHSIMH 1
BHMKJIaJladaMH 31 BCl€l YKpaiHu (BCeyKpaiHChKI eTanu: Oneca,
Houenpk, YepHiris, CiMmpeponons), 2 mAroTOBKH 10 MI>KHAPOIHOTO
erany (/loHenpk), 2 THKIHI 3 KoMaHA010 B [IekiHl, CopoCiBChbKa
ommMmiazaa (KuiB), motiM — 3 cTyaeHTChK1 (XapKiB)...



CrynenT ximiuaoro (akynsrery (1995-2000)

Haguyanus ta HaykoBa podora, 1akyr0 Map’saay [ puroposuay
MucbkiBy (pa3oM Ha npoTs3i 9 pokiB!) 3a Benue3Hy MiATpUMKY, DoHIY
BimpomkeHHs/Copocy — 3a 4 cTUneHIii

KomMmiekcu miji (mpukian 3 1996 p.)
— KOOpAWHAIlIHA XIMis: TIOBEPHYBCS
B 2006 uepe3 MOPUCTI CIIOIYKH.

CTpyKkTypHM# aHAJI3
(PeHTreHiBCbKUM MPOMIHHAM) i
CTPYKTYPHA XiMisl — ciemiaaizanis
KHX!




Uni. Genéve: 2000-2005, 3aouna acm. JIsBiB 2000-2002
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Lithium-ion batteries up to 1 MJ/kg

For practical applications

] [l I] [l hydrogen storage density has
. . . 11| tobeincreased
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Residential systems

H20ne, Toshiba

Kyushu Resort Hotel
one-week’s supply of electricity
and hot water for 300 people
using CO,-free hydrogen energy

Enhancing the el. grid

MYRTE, Corsica
Sun — H, — electricity
to the grid on demand



Hydrogen storage: main classes

Intermetallic solid solutions & compounds: LaNic-H, FeTi-H, Mg,FeH,
Amides: LINH, + 2LiH < Li;N + H,

Alanates: NaAlH, <> NaH + Al + H,
(Ti-catalyzed reversibility)

Borohydrides: LIBH, + MgH, <> MgB, + LiH + H,
(reactive hydride composite)

Catalyzed hydrolysis: NaBH, + H,O — NaBO, + H,

EH, M
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Hydrogen in metals

LaNi5H6 Xraycross section

« Geometric » model
(Westlake, 1983) . . ...

H

» atoms are rigid spheres

« “interstitial” hole size > 0.38A
« H-H > 2.1 A (H-H blocking)

—>
Neutron cross section

Actually, there is a rich
chemistry of M-H
Interactions







Swiss neutron spallation
source SINQ at PSI
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Synchrotron: real structure
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Metal-hydride complexes [Ni,H,]"- & [Ni,H,,]**

Ni

La,MgNi,

H,

La,MgNi,Hg

Chotard et al., Angew. Chem. Int. Ed.
45 (2006) 7770
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European Synchrotron, ESRF: 2006-2010
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B Public beamlines

E CRG beamlines

I [nsertion device port for the machine
BN Fres bending magnet ports

Storage Ring
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Single crystals loaded with a gas

0.3 mm

R—
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Adsorption of CO,

, 40 5 %
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Two gas molecules located caboxylic-O...CO, Interaction
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Y. Filinchuk Chernogolovka, July 2010
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Institut de la matiére condensée
Hvecrs!-é I m C @ et des nanosciences TGA/DSC_MS under Ar

catholique
de Louvain

Diffraction under
practical conditions:
P&T

Mechno-
chemical and
wet syntheses

Volumetric
studies




Synthetic screening & fast characterization

Components Mechanochemical
in different ratios synthesis
ANBl1 2 3 Aa N Thermo- Composition
- . diffraction

1 | \ -.; Structure

2 4 » E Properties

2 Le 84 Decomposition

ol 20)5s 1 15 2 2 30
Angew. Chem. Int. Ed. 2012, 51, 3582.
T:70-80 °C

2 KCd(BH,); = K,Cd(BH,), + Cd(BH,),
Cd(BH,), > Cd + B,H¢ + H,

T:80-90°C W e "»?@j% =\
K,Cd(BH,), - Cd + B,H, + H, + KBH, EES % =
T:160-170 °C

) i
KCdCl, +2 KBH, - Cd + B,H + H, + 3KCl
KCdcl, + 3KCl = K,CdCl,
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Automated gas dosing
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Lab: Mo rotating anode, focusing
mirror, IP detector, gas + cooler/heater

Synchrotrons: SNBL/ESRF, MS/SLS(PSI), ID15/ESRF, 111/Diamond
Neutrons: NIST, HRPT/SINQ(PSI), E9/Berlin 22



Other important techniques

Static Gas Delivery Lines
* Volumetric (Sievert’s) measurements L IMI-PS
P-C-T, thermodynamics, kinetics

22 Dosing Volume
i - l-_*__al
Reactor E LN i
Volume | Auto- i
LN>Dewar i refil _E

 TGA/DSC-MS (in Ar atm.):
mass, heat, desorbed gasses




Mill-XRD

research papers

Milling followed by diffraction  withsts
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3D-printed jars for ball-milling experiments
monitored in situ by X-ray powder diffraction
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Innovative in Situ Ball Mill for X-ray Diffraction
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v-Mg(BH,), Thermodynamics and Kinetics of gas

Intensity / abritrary units

adsoption from diffraction data

100

ﬁ Mg(BHa)2

9 Ef Mg(BH,),-0.80H,
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YpoKH 3 MOTO JI0CBIY

OcBoiTH IOCH CKJIAIHE-TOTPiOHe-IiKaBe, 1110 — BIIOMO CTa€ MpU
cremiamzanii (IT y Bcix Ha cltyXy, ajie € 1 Kpallll MOKJIHBOCTI)

HaykoBa kap’epa - Mi’KHApPOJAHA, II€ J1a€ YHIKAJIbHY €KCIIEPTH3Y,
KOHTaKTH, IPY3iB, KYITy TTOJOPOXKIB, POPMYE «ITFOIUHY CBITY» /
esponeiis / ppankodona / T.1.

BuxopucToBYBaTH 3100yTKM: HE MIiHATH PI3KO TEMY YU
1a00paropio, Mae OyTH JIOTTYHE MPOIOBKEHHS, TOBI'T KOHTPAKTH

ByTu yecHrMM 3 JIKOABMU, CBIT MaJIUi, BCE ITOBEPHETHCS.
JIronchKuid XapakTep MIHYETHCS HE MEHIIE HAYKOBHUX 37100y TKIB
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