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Introduction

The development of a safe, economical, and
effective hydrogen storage-systems 1is very
important for the future utilization of hydrogen as
a pollution-free energy resource. The working out
of transportable hydrogen storage systems is key
problem of using of hydrogen as fuel.

Hydrogen storage systems existing at present
have some advantages and disadvantages. Some
of them require low temperatures of 20 K,
relatively high pressures, some require high purity
of hydrogen and many of them have small
capacity and high energy consumption to provide
hydrogen compression, cooling or heating of the
storage equipment.

So the working out of transportable
hydrogen storage systems to increase safety, to
decrease the energy consumption and cost of
system at high capacity is still the actual problem
in hydrogen energetic.

A possible novel way of hydrogen storage
could be the reversible chemisorption of
hydrogen on some adsorbent-supported finely-
dispersed metals with immobilized aromatic
hydrocarbon molecules as were proposed and
considered in[1 —3].

The mechanism of hydrogenation and
dehydrogenation of aromatic compounds such as
benzene, toluene, p-xylene, mesitylene and
naphthalene, anthracene and fullerene Cgp |,
chemisorbed on silica-supported platinum have
been investigated by infrared spectroscopy [2].
The complexes of these compounds with platinum
can be easily hydrogenated under low hydrogen
pressure of less than 1 bar and dehydrogenated
by evacuation even at ambient temperature. The
complexes of these compounds with Pt are
rather  stable and can gain and lose hydrogen
many times. This study has shown the possibility
of using of aromatic complexes with metal as
hydrogen storage system. However since the
capacity of systems depends on number of
complexes so high cost of Pt and other metals of
platinum group are the limiting factor of
realization such system for hydrogen storage.

The using of aromatic compound complexes
with other much cheaper metal such as Ni is
economically more preferable if the properties of
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such complexes would be  similar to the
properties of complexes of aromatic compounds
with Pt.

Nickel is a catalyst of hydrogenation of
unsaturated and aromatic compounds. So the
properties of complexes with Ni have to be
similar of complexes with Pt. But it is very
important to determine the condition of existing
of such complexes.

In [4] the hydrogenation and dehydrogenation
of benzene — nickel complexes was observed but
stability of such complexes at ambient
temperature was much smaller than benzene —
platinum complexes. Similar correlation was
observed for long chain alkenes complexes with
Pt and Ni [5]. Probably to compensate the
smaller stability of aromatic compound complexes
with nickel it is necessary to increase the
molecular mass of aromatic compounds.

In the present study the possibility of using
of aromatic compound complexes with dispersed
nickel for hydrogen storage systems is
considered.

Results and discussion

Hydrogenation and dehydrogenation of
complexes of aromatic compounds such as
p-xylene, naphthalene, anthracene and triphenylene
on silica-supported nickel were investigated by
infrared spectroscopy.

It was shown that aromatic molecules under
investigation forms complexes with Ni which can
be easily hydrogenated and dehydrogenated at
very mild conditions.

The aromatic compound complexes with Ni
could be hydrogenated under low hydrogen
pressure (~ 1 bar or less) at ambient temperature,
and dehydrogenated by evacuation at the
same temperature.

Hydrogenation - dehydrogenation cycles of these
complexes can be repeated, often many times.
For complexes formed from polynuclear
aromatics , such as naphthalene, anthracene and
triphenylene the processes of hydrogenation and
dehydrogenation can be accelerated at higher
than ambient temperatures of 323 - 348 K and
at these temperatures still undergo multiple
hydrogenation - dehydrogenation cycles. These
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properties of the chemisorbed aromatic - Ni

complexes indicate their  potential use in
hydrogen-storage systems.
The complexes of more heavier aromatic

hydrocarbons are more reliable although the degree
of the reversibility  hydrogenation  and
dehydrogenation for these complexes is smaller.

The advantage of more heavier aromatic
hydrocarbons complexes in reversible hydrogenation
is connected with higher temperature of
dehydrogenation which is so important for safety of
hydrogen storage system at the same time this
temperature is lower 373 K.

Conclusion

Overall the results show that the possibility
of reversibly storing and releasing hydrogen at
near-ambient  temperatures and  pressures
appears to be feasible using aromatic hydrocarbon
—nickel complexes.. Further work on increasing
hydrogen capacity and on the kinetics of the
hydrogenation - dehydrogenation of aromatic
complexes with Ni is under investigation.

873

September 5-11, 2005, http://www.ichms.org

References

1. Davydov V.Ya., Sheppard N., Osawa E. ,
Storage of hydrogen in chemisorbed state in
aromatic compounds and fullerene C¢y complexes
with platinum, Inernational Scientific Journal for
Alternative Energy and Ecology, 2000, 1, 182.

2. Davydov V.Ya., Sheppard N., Osawa E., An
Infrared  Spectroscopic Study  of  the
Hydrogenation and Dehydrogenatio of the
Complexes of Aromatic Compounds and of
Fullerene Cqy with Silca — Supported Platinum,
J. Catalysis, 2002, 211, 42 — 52.

3. Davydov V.Ya., Sheppard N., Osawa E.,
Reversible hydrogen chemisorption at near-
ambient temperatures and pressures on
unsaturated and aromatic hydrocarbon complexes
with finely divided metals, Int. J. Hydr. Energy,
2004, 29, 1157 — 1164.

4. Takenaka T., Sheppard N., unpublished work
(Ref. 328 of Sheppard N. and De La Cruz C.,
Vibrational Spectra of Hydrocarbons Adsorbed on
Metals, Part II, Adv. Catal., 1998, 42,181).

5. Sheppard N. and De La Cruz C., Vibrational
Spectra of Hydrocarbons Adsorbed on Metals,
Part I, Adv. Catal., 1996, 41,1.



Proceedings of IX International Conference “Hydrogen Material Science and Chemistry of Metal Hydrides”, Ukraine,

September 5-11, 2005, http://www.ichms.org

XPAHEHHUE BOAOPOJA B KOMINVIEKCAX
APOMATHYECKHNX COEJUHEHU C HUKEJEM

JdasbiioB B.41.*, laBbinoB ILE., Jlynun B.B.
Xumunyeckuit ¢pakynbTeT, MOCKOBCKHM rOCY/1apCTBEHHBI YHUBEPCUTET
nMm. M.B.JlomoHnocoBa, 119992 Mocksa, Poccus

" Fax: 7-095-932-88-46

Beenenue

VYcoBepuieHCTBOBaHNE OE30MACHBIX, 3KOHO-
MUYHBIX, 9(QEeKTUBHBIX cHUCTEM  XpaHEHUS
BOJIOPOJ]a  OYEHb BaXKHO JUIS HCIIONB30BAHUS
BOJIOPOJIA KaK DKOJIOTHYECKH YHCTOr0 MCTOYHHKA
sHepruM B Oymymem. Pa3spabotka TpaHc-
nopTadelbHBIX CHUCTEM XpaHEHUs BOJIOPOJA

SIBJICTCSI KIIIOYEBOU MPOOJIEMOM HCIONb30BaHUS
BOJIOpPOJIa KaK TOILIHBA.

CymiecTByromue B HACTOSIEE  BpeMs
CHCTEMBl XpaHEHHS BOJOPO/a  HMMEIOT CBOH
MPEeuMyIIecTBa U HelocTaTki. HekoTopbie u3 HUX
TpeOytoT Hu3KuX Temrepatyp (20K), orHocu-
TEJIBHO OOJIBIIMX JIaBJICHHUIA, HEKOTOPBIE TPEOYIOT
BBICOKOH YHCTOTHI BOJIOpPOJa W MHOTHE W3 HHX
HUMEIOT HEOOMBIYI0 EMKOCTh M OOJIBIIIHE 3aTPATHI
SHEPTMU  Ha  CXKaThe, OXJaXICHUE  HIIH
HarpeBaHue OOOPYAOBaHHS CHUCTEM XpaHCHHS.
[MosToMy pa3paboTka TpaHCIIOPTaOETbHBIX, OoNee
0e30MacHbIX, C MEHBIIUMH  JHEPreTHYECKUMH
3aTpataMd H HEIOPOTMX CHCTEM XpaHEHUS
BOJIOPOJIa C BBICOKOW €MKOCTBIO, BCE elle
SIBJIACTCS aKTyaJlbHOW MPOOIEMOi B BOJOPOIHOM
SHEPreTHKE.

Bo3MoXHO, HOBBIM  IyTeM  XpaHEHUs
BOJOpOJla Moryia Obl cTaTh oOpaTHMas XeMo-
copOIHs BOJOpPOJa HAa HMMMOOHMIIM30BAHHBIX Ha
JMCTIEPCHBIX MeTalaX apOMaTHYeCKHX MoJle-
KyJlaX YTJIEBOAOPOMIOB, YTO OBUIO MPEATIOKEHO U
paccmotpeno B [1 — 3].

MexaHHU3M THAPUPOBAHUS U JCTHAPUPOBAHUS
apOMAaTHUYECKHX COCJMHECHUH TaKuX, Kak OEH30I,
TONYON, T-KCWJION, ME3UTWJIeH, HaTaIuH
anTpatieH u ¢ymieper C60, xeMocopOUPOBaHHBIX
Ha TUIATHHE, HAaHECEHHOM Ha KpeMHe3eM, ObLl
W3y4YeH METOJIOM MH(]PaKPaCHON CIEKTPOCKOIUH
B [2]. KoMImTeKkchl 3THX COSAMHEHHUM C ITATHHOM
MOTYT JIETKO THIPUPOBATHCS MpH  HU3KUX

JMaBIICHUSX  BOIOpOAa MeHee 1 aTtM. |
JETUIPUPOBATHECS OBAKYHPOBAHUEM Jaxe IMPHU
KOMHATHOH  Temmepatype. Komiieke  3Tux

coeMHEHUH ¢ Pt OBOIBHO CTaOMIBHBI U MOTYT
MPUHUMATE U OTAaBaTh BOJOPOI MHOTO pa3. ITo
HCCIEAOBAaHME  II0Ka3aJio, YTO  KOMIIJIEKCHI
ApOMAaTUYECKUX COCTUHEHUH C METaNIaAMH MOTYT
OBITh MCIIONIB30BaHbl JJIs XPaHEHUs BOIOPOJA.
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OnHako, Tak Kak eMKOCTh CHCTEMbI OIPEICIACTCS
YHCIIOM KOMIUIEKCOB, TO BEICOKAsi CTOMMOCTE Pt u
JIPYTUX METAJUIOB IJIATHHOBOW TPYIIIBI SBISICTCS
CICPXKUBAIOIINM (DaKTOPOM  peajM3alui TaKHX
CHCTEM JJIs XpaHSHHS BOAOPO/IA.

Hcnonp3oBaHue KOMITJIGKCOB apOMaTHYECKUX
COCIMHEHUH C JPyruMu MEHEee JIOpOTUMH
MeTajlIaMH TaKUMH, Kak Ni, 9KOHOMHYECKH Oomee
MPEANOYTUTEIBHO,  €CJIM  CBOMCTBA  TaKHUX
KOMIUIEKCOB OBUIM OBI aHAJIOIHYHBI CBOWCTBAM
KOMILIEKCOB apOMaTUYECKUX COeIMHEHUH ¢ Pt.

Hukens sBiseTcss KaTalu3aTOpOM THIIPH-
pOBaHMsI HCHACBHIIICHHBIX M  apOMaTHYECKHX
coenquHeHui. Ilo3ToMy CBOMCTBA KOMILIEKCOB C
HUKEIEM JODKHEI  OBITH  ITOXOXKHMH co
CBOMCTBAMHM KOMILJICKCOB C IUIaTHHOM. Baxkwo,
OJTHAKO, OIPENCIUTh YCIOBUSA CYIICCTBOBAHUS
TaKUX KOMILUIEKCOB.

B [4]  waGnromanu  TUApHpOBaHUE U
JNEeTHUIPUPOBAHUE  KOMIUIGKCOB ~ O€H30ma ¢
HHKEIEM, HO OBUIO OTMEYEHO, YTO CTaOMILHOCTE
KOMILUIEKCOB MPH KOMHATHOM TeMIiepaType ObLia
MEHBIIIEH, YeM KOMIIIEKCOB O€H30j1a ¢ IIATHHOM.
AHanoruyHasi Koppensuus HaOmojanach — Jyis
KOMIUTIEKCOB ajkeHoB ¢ Pt u Ni [5]. BeposTHo,
YTOOBI KOMITEHCHPOBATh MEHBIIYIO CTAOUIBLHOCTh
apoOMaTHYECKUX COCIMHEHHMH C HHUKEIeM, Hajo
YBEIMYUTh MOJCKYJSIDHYIO Maccy apoMaTH-
YeCcKUX COeqUHECHUI.

B nacrosieii pabore paccMOTpeHa BO3MOXK-
HOCTh HCIIOJIb30BaHUS KOMILIEKCOB apoMaTH-
YECKMX COCAMHEHHUHN C AUCIEPCHBIM HUKEIEM IS
CHCTEM XpaHEHHS BOAOPO/a.

Pe3ynbTathl U 00cyx1eHus

MeronoMm  MHQpPAKpacHOHW  CIEKTPOCKOIHH
ObUTM W3Yy4YeHBI TWAPHUPOBAaHKE W JCTUAPUPOBAHHE
KOMILICKCOB apOMATHYECKHX COCNMHEHUH TaKWX,
Kak T-KCWJION, HaTaMH, aHTPalleH ¥ TPU(PEHIICH
Ha HHKeJIe, HAHECEHHOM Ha KPEMHE3EM.

[Tokazano, 4YTO WCCIEAOBAaHHBIE apoOMaTh-
YecKrue COSMMHEHUsT 00pa3yloT KOMIUIEKCHI ¢ Ni
KOTOpbIE ~ MOXXHO  JIETKO  THIPUPOBaTh |
JETHIPUPOBATh B MSTKUX YCIOBUsX. KoMrekch
apoMaTU4ecKnx coenuHeHnd c¢ Ni MOTYT
THIIPUPOBATHCS TPH HU3KUX JABJICHUS BOIOPOJA
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mpu 1 aTM. WIM MeEHbIIeM NpU KOMHATHOMN

TeMIiepaType U JACTHIAPUPOBATHCS DBAKYHPO-
BaHMEM IIpU TeX Xe  Temuoeparypax. LMK
TUOPUPOBAHUS  —  NETUAPUPOBAHUSA  MOTYT
MOBTOPSATHCA MHOT'O pas. ITponecchr

THJIPUPOBAHUST W JIETHAPUPOBAHUS KOMILJICKCOB
MOJMAPOMATHYECKUX COCJMHEHHH TaKHX, Kak
Ha()TalvH, aHTpalleH U TpU(EHUIEH MOTYT OBITh
YCKOpEHBI MpPH TeMIIepaTypax BbIIIe KOMHATHON
nipu 323 — 348 K u npu 3THX TeMmIiepatypax Bce
ele MOXHO TIPOBECTH MHOTOpPA30BbIE IHKIIbI
THJIPUPOBAHMS — JACTUIPUPOBAHHS. DTH CBOKMCTBA
XEMOCOPOHPOBAHHBIX KOMILIEKCOB apoMaThyiec-
KUX coequHeHUH ¢ Ni IO3BOJISAIOT HCIIOJIb30BATh
WX JUISL CHCTEM XpaHEHHs BOIOpO/a.

Kommekcbl Gonee TXKENBIX apoOMaTHYECKHUX
YIIJIEBOIOPOJIOB OOJIee MPENOUYTUTENBHBI, XOTS
CTelIeHb  OOpaTUMOCTH  THAPUPOBAaHUS |
JETHUIPUPOBAHUST UX MEHBIIIE.

[IpeumymecTBa KOMILTIEKCOB OoJiee TSKEIBIX
apOMAaTUYECKHX YTJICBOAOPOJOB B OOpATHMOM
THJIPUPOBAHMH CBsI3aHa ¢ OoJiee BBHICOKOW TemIle-
paTypoii JeruIpupOBaHUs, YTO OYEHb BaXKHO IS
0e30MacHOCTH CHCTEMBI XpaHEHHs BOJOpO/a, HO
3T Temnepatypsl Hmke 373 K.

BriBoabI

Takum oOpa3oM, pe3yabTaThl HUCCIACIOBAHUS
MMOKA3bIBAIOT, YTO KOMIUIEKCHI apOMAaTHYECKUX
COEeINHEHUI c HHUKEIIEM MOTYT OBITH

WCTIOJIb30BAHbl ISl  0OpaTUMOro XpaHEeHUs |
BBIJCNICHNS BOAOpOJA IpU IIOYTH KOMHATHBIX
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TemMIepaTypax W JaBieHusax. VcciaenoBanue

EeMKOCTH BOJIOpOJla M KHHETHKAa IPOIECCOB
THJIPUPOBAHMS U JIETHAPUPOBAHUS KOMILJICKCOB
apoMaTHYecKux coeAmHeHmid ¢ Ni  Oyayr
MPOJIOJKEHBI.
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