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Progress in large-scale hydrogen storage technology
REN Jian-wei, LIAO Shi-jun, LIU Jun-min
(Co].lege of Chemistry, South China University of Technology, Guangzhou 510640, China)

Abstract: The progress in several primary hydrogen storage techniques, including high pressure compression, intensified

compression with absorbent materials, liquefaction and metal hydride, was reviewed in detail. In addition, the prospect of

hydrogen storage technology was forecasted and expected. It is pointed out that improving the density and safety of hydrogen

storage , decreasing the cost were the problems desired urgently to be resolved.

Key words: large-scale hydrogen storage; compression hydrogen storage; liquefaction hydrogen storage

REVR 48 B B W MR RHR 2 B R M SRR 4 B AR
AN BT T i B K ) R, R RE VR N B AR IR
B A SRR R BT SR AL AN R
KRR e AR RO SRR . B LR B 9T O R T IR
A EERR S AR HLIRZE N LLECR 3 7 R R E it
RERARHBEE T RN, &5
BARBHTHEE, NEME N R, KHE. 2
N B R N O K 3 AL N
BRI NA AEREEHMBEN TR E,
% H 2003 FEM BRI H 50% & B T Az
et R AR EE A —BE

SURESE BE . 2BRELY AILEL
YIRS M BRI E R S . E—FER
HEHAR TR IREEHEERA EEEENL L
WEILAFE, S FEHIRNLEHENLIHNMA, £
WIS EAFE AEE, £ EAEVEH(DOE)#H %
BEW BB RE R B MRS E S 5N
6% 60 kg/m* X, HFREAFRER, WLES,
MELLBAL, R SR RET S ARE, 555

YR B #2005 -12-15

w2 BIE R ALY T A BN R A, R R R A
TR BB F T RS i 0 PR R — T 2 A9
FRE . A AT ILFE LA RS, I
Xt EAT SRR HEAT T R ALR IR

1 MEEHBSHEAR

MEE%ERERE LY —fEaEER, 8%
KASEHMBIENES, B TEREE/N, BHEES
MRBAR, IES] 15 MPa B, REMEE HE <3%-
MEBHARNE, MAKERESHIERAEA
BERES FAAEHEREE=EEKAL. T
IR, Jin e 46 i B R I 4R Ok Y BF 5 R 2
BEEMAELT 2 A H T

5B — N T R A BB B, B AR R A
HWEES, A GREFER, URBLES FELR
WEE B ASKALE., TR 10k, EHR
REMAFHOCRBTEERE, BEENLER
MBEAWBARS, B ASHMES REHBITE
A3 B 3X 70 MPa Fll 7% ~ 8% . P R AR i R A 2%

E4TH:BXHRBFIES I E (20476034) , ) R4 BHE B E IR H (2003€105001)
EEBN AT HME (1978 - ), B, LA B FE (1958 - ), 5, W+, 208, W L& S 00, 32 5 30008k s M K £ 2008 5 T B BF 55 3 B R
(1976 - ), Zx , W, PRI, 322 A Hdhomt o W o T A9 F 5T, S IRE 3R A, 020 — 87113586, liujm @ scut.. edu.. cno



- 16 - AR AL

EroBEIW

WEUABRESA S AR, 5 a8 82 A R R
g4, IXABEFEERER IIEREREA
MR A

EEBEAREAF(GM)EH B K BT HRE
FL b A LT FE 35 70 MPa f) WL 45 4 i S0, N 2 2
B T He 4% N S Bk R 6 B AR, A1 2 2 T I A e
7 A IR [ T A, (R AR S DA TR R 35 MPa K il & B
L AT AEAE 3.1 kg 48 R 35 B Al 48 2 T M
Irvine A Impco $2 AR A 7] B J5 0 #F 1 i it | 3k
69 MPa fJ B 52 R Trishield fif S HE , i B fif &% 7l
KT.5%, Z~FBRIER N THEAREMIEE
K 8.5%M 11.3% .M EMHREELFNEEE. N&
K Dynetek 2 ) & 3 B b4k T i e 35 70 MPa,
BAEESHNEAMMIE R SR BILEN R EHEEE
#BUZHATHSEMREA XTI, 3 EE R (Fort
Motor) /A ] 1, ¥ #% 38 1o 28 0L B 1 45 i 20, LA
Fb W S0 B AR 201K 20% , 1B B T &% KT E R 20
MPa, #i 4% & 2% BE AR

T8 E R (HDW) 35 i T 57 BF i /9 55 78 6%
WA REZRFE SR, S S5 K26 3R
W2 HEEEE R HMARKEE, X FiE
Bt R A BHOL FE PR BB AT , FTSEME & , BIR 1 I F A vl 3k
254 BR—MERAEXAFHEREE TR, &
LA -, Takeichi 215/ 7E 2003 4E 42 Hy T — Fh 37 5
FE 45 g S 25 4% (AL -CFRP) , ‘& 42 i 48 ik 41 4 in [ 28
HEEEEEWRMBESH, REMKRERESRE
B, TS S keo

B ENRERS P IMA LR R, K
e B AR = R R i R R i S B, B R B
WAL RORREE , X4 R 7 BRI AT, SRS A & 3h R
Ko XIB AN F LI KM AREA L LeEET
BRAAEENE L

H RTBF 55 B R S0 R R R B Ak LSS W
B H R B AR R, A4 R BR AR R O U 4 R K
PR, BIRE R, B2 OB EAE —E
P IR SR A 40 K Bk B S LAt 4 DR B B R A 2R
BHRHETERLE, FEMEFEETE 1.0% ~
6.3%%, TEIER |, —EHAERALTELRE
B B GORBR A BHE R I R AT R R LR,
B Ni.Pa.Ni-MgO 5533 ¥ & 8 S fb & W 40k
WORL T BB R - ERAMM KT AR EER
R 2.8% ~3.7%" ). Copper %1101 [i] f% F 75 #%
TRMKEERBEMAYHE G MW PvA S,
PAd/IEER T/ PR Y55, 5 - B, B A M pHiE

SRR -MHEKENMMERREL, — AR
KM FHRBRE AL R R LR EROY R,
W BN 49K \TiS, 40K . MoS, 40K  BERR B AR
BERE F WA RS I AT R LR, A MR
FREMAFEEN 1% ~ 4%, 5 5, Ramat
2 USTSR B30T 7 v A JR B 40 K 47 4k 45 2% O Tk B 1
i KFEREE L REREBR KRR, EFE.
TT3KEWGT ,RERBHEAHEEIX3.5%,

B AT, 0 X i A A R R A B A B
TS PRGBSI, BT DA 5 i % 15 R R i R R B
oo REAREMEEE RS ITHR R, A EBR AR
i i R REfE B B

2 BUBESEEAR

WAL E AR RK AT R H B - 526 K FZ]|
o, REEBRRERE" T, T R RS
RBUR G DT R AT LI DZBEARF N,
2 ZEEZ EBRARFESIINE B EE AR LS
5. ZEARBEAMEEERMMLLA, X TFHIHE
AR T S , BA ol AR N AT, AT,
B TR AL+ 4 B, RBORL A B & s HikoE
X7 AR A B R T , 5 159 W SR IE A T R B R
A2 5, JHik HET RA DBORE RN B S R R
MR FERE L RAZEEREAR.

2000 4, EEEAA R EL T R G HEFE R RS
BN E, HENMESRETE R 95 kg, AT LUH
RS kgo JERIZ A F] S B RV A, LAY
WEMBHEK 1 m, H2 0.4 m, RE 90 kg, Al &R
46kg, HEMBERBEBEBEE SN 5.1%
36.6 kg/m’s HAM, B EF D (BMW) 2 7 KB R
FE R ERPL SRR, S MR AL 2 8 1o TR 48 1L e A
2P IRALR T R SRR AR A B 20 K G 1E
T WACTE F R LAY, % B YR ZE R ORHAR 7T LA
EFE 140 L MW A, RS R BFE T LR %
23 1 000 km LA 11167,

HF LN AP RAEERE - ITRENRH
TEREE, RBULA WS . 22 P5E SS-Soluciones 2
AIRIEEAHT —MEEARHNEE, HAHE—
FRFRIE CRM B HRIR S EIAE B}, I KRR 2 $A S 2
R, ZBIEE R G A BB PN Bk
g g ],

M BAEEFEARE MR EERA,H
MERIEEHER ., KRS EEZS B
AKE, HRTHIER 1 LIS R BEFER 11 ~ 12 kWh(HH



2006 FE 3 B

ERAHS MREERRRERRERE - 17 -

UTFREATFRAERRD 30%). 2004 4E & E Linde 24
A E AR AT VR A A 5 RN A A TR A A 2,
ERSSI T i A INU oW BA Y- -3 o4 Fi]
SHRAL A AL S AR 2 —Fp e 8 A R
R EEREA

3 ERSUBBEEEAR

A4 R EAYEENEREE TR ER
AFEMELEE, XEHTEAELBALY T U
FEFAEFRNMEAENEYR . B2£BEAYiER BRiE
FAEFRKTERNS: -2 TE2REEAYE SRR
K FBHFR R ST EMRIK; 24 By
ABAmE. BRi&REaYiEE EEH T/ E
WA, W T /N R L I 4

HAREM R G S KB N 42O L5
BAEEFEER; Q%G &, HaBER, MBI, 7]
AFERFETRREOERGS, EREEEK
MiEE G4, HREHERE, REIRER; O %R,
BEZTRFAE . B THALBEHHELEN
B, RER TRk A, EhEEA4AE
MM S, — AR M TR 2 2l TR

H 43 H (Toyota) A & F 1996 F & KK £ B R
Ao s S B R 1 ) B0 A8k f 3 7 o, BB R
HE SR SF A 700 mm x 150 mm x 170 mm, i
TiMn % BCC S &4 100 kg, S & 2 kgo 2001 4F
B, %A 7 E A AT TE R R T 20 R k) e S R R R
RS &M®a X, ZERHHER 150 km, 5
3 B B3 7E 300 km DA _E 207,

5 E AR RR A W) R A PR A ) T AR R o, 4
A & BB AR R PR B & & , 5 [F B b R AR
THEAE. BRIRHAEBEUYHNERFEREZH
f# Y 2 TiFe Mg, Ni #A K48, TiFe B R IE TIER &
&, Mg, Ni BEBTHERELS KEBERH. &
[ #70th (Benz) 28 Al R A T TiFe - Mg,Ni BE-& W F
ZLARES S EHE BIRIR B Y TiFe & £ LS, I
EEIRERAMRBRME MgNi & HA, ff
RERESTH,

2002 4, H A BUR 7 Mk 3% AR BF 57 B (Research In-
stitute of Innovative Technology ) B 57 A 51 #1845 F1 £k 4
KE T B PE RIS T ERNNEE.
S ZAEMERRLALNAGEMEREN 2
5% JRBHBT 4 30%, 2003 4, H AW £ HNH
fEREE AR (CTO)F X —/NREEEE, %2
BREAEBEEER O T A MBI R RENEK

FE A AT S B, R TP & B B A E
HEBEAN. ZEBERTFEMEYTERRE
48% AR, WEEGHEAG LR EMAEE
(2.6%)ERmMRE, HEMIEEFERE GBI
M H, WE o MG, — 06 A A B A SRR L
FFZEATHE 500 km 2415 105 kg B TE 2R ),

— N &R S Y EERRHT T RE
H B BESY , B A& NaH-Al-Ti.Li;N-LiNH, . MgB, -
LiH.MgH, -Cr,0; & Ni(Cu,Rh)-Cr-FeO, Z¥) i, &
BIEEBER4.5% ~10%25, e BEMLY
S, — Lo R TR S ALY 1R G S R IA R LB 5T,
5&RBEYARRE, MEyh—REaRE,
mMaREEA T, TUAERREMHA.

HTHEASREXNEEE, B ATEXE U
B EAR T KB LR .

4 BUIHLEHHESEER

B M 20 42 70 AR F R R R AR b2 S 3R
s SR AR B4R ) LUK, TR R B FFRE T X Fr
RS AR, HILARBEARER . ZL2MiEiE I
R R IEELBRE Y R =R, T EREA&—
FEFMIFHEFE—ERRE, AR ESESI A
HEESTT o

H 7 b ¥ 3 K % (Hokkaido University ) Bf & H}
F-TEAFECR) - LR R, ERFME
B E B ZE(FR) #E 100 ~ 150°C . 100 ~ 300 kPa %%
HTFEARTERE(HIF k), REEF RS
P EAETE R E R ER AT B, /BB E
RLARTE SR B S ER (OF) R L+ &
ZE (L He) 738, B 2 CR) R EEmEH A
WRETTURBHEETHAESRE 7% U BB
%‘[26]0

Rosi &M T —FMEHF SR AL YIERS
W EI Y R Zn,0(BDC);(BDC N 1,4-2 —FREEH) ,3F
BHEATHEMNR. ZYRBEAL T =4 L%
W, LB R, 7E 78 KR E T, H% B % 8% Bl
ik 4.5% ., Férey =B HARELZILEMBY R M
(OH) (O2C_C6H4_C02) (M = A13+ \Cl‘3+ )f&%ﬁi
5,777 K. 1.6 MPa 54T, R BB E % E 4558
3.8% M 3.1%,

WL REEFAEHREEARSREMAYS
BAEENERYHBN KB HEEAER. HiRE,
HRESECH 20% 8 Mg-Ni 845 80% K CeHy 41
B 3R V8 A% SR R TE 210 ~ 260°C 4.0 ~ 4.5 MPa 4%



- 18 - AR AL

EroBEIW

BT, REANEFREHBETEETIE 59% ~
6.4% >,

BT A A W iEE W X R, AR R4
HEIEERE ST, B AE RN EE & A R R
HH T B, B, AR kA R i
ARIZABEE

5 &iF

PR S B AR R OB ALt BB 75 E 5K F A 8L
BACHSCEE . B R S R D B S B B R R R R
W BE R R B A . RAE LA R A
Ayt S BOR B RTER IR TR R #E4 , (H R B R AL
AR A —E M ZER . B TREJR R H @
FRE,CRASENRECEEER. TRALES
TR BB, il B AR 5 B T2 A R 7 AL, 3 4 AR
PR AR R R A RIEN N AR REA HoEE
PS8

2% 3k

[1] Brumfel G. Hydrogen cars fuel debate on basic research[J]. Nature,
2003,422:104 - 105.

[2] Schulz R, Huot J, Liang G, et al. Recent development in the applica-
tions of nanocrystalline materials to hydrogen technologies[ J] . Mater Sci
Eng A,1999,267(2) :240 - 245.

[3] Haaland A . High-pressure conformable hydrogen storage for fuel cell ve-
hicle[ C]//Proceedings of the 2000 USDOE hydrogen program review,
Munich : University of Munich Press,2001:22 - 24.

[4] Bossel U, Eliasson B, Taylor G. Future of the hydrogen economy : bright
or bleak[ C] . Lucerne: University of Lucerne Press,2003:10 — 11.

[5] Takeichi N, Senoh H, Yokota T, et al . Hybrid hydrogen storage vessel,a
novel high-pressure hydrogen storage vessel combined with hydrogen
storage material[ J].Int J Hydrogen Energy,2003,28(5) :1121 - 1129.

[6] Poirier E, Chahine R, Bénard P, et al. Storage of hydrogen on single-
walled carbon nanotubes and other carbon structures[J]. Appl Phys,
2004, A78(7) :961 — 967.

[7] Kim H S,Lee H,Han K S, et al. Hydrogen storage in Ni nanoparticle-
dispersed multiwalled carbon nanotubes[ J].J Phys Chem B, 2005, 109
(18):8983 - 8986.

[8] Lueking A, Yang R T. Hydrogen storage in carbon nanotubes: residual
metal content and pretreatment temperature[ J]. AICHE,2003,49(6) :
1556 - 1568.

[9] Yoo E, Gao L, Komatsu T, et al . Atomic hydrogen storage in carbon
nanotubes promoted by metal catalysts[J].J Phys Chem B, 2004, 108
(49) :18903 - 18907.

[10] Air Products and Chemicals Inc, Allentown PA . Hydrogen storage using

carbon-metal hybrid compositions : US,6596055B2[ P].2003 - 07 - 22.

[11] Ma R Z,Bando Y,Zhu H W, et al . Room-temperature hydrogen uptake
by TiO, nanotubes[J].J Am Chem Soc,2002,124(26) : 7672 - 7673 .

[12] Chen J,Li SL,Tao Z L, et al . Titanium disulfide nanotubes as hydrogen-
storage materials[J].J Am Chem Soc,2003,125(18) :5284 — 5285.

[13] LimSH,Luo J Z,Zhong Z Y, et al . Room-temperature hydrogen uptake
by TiO, nanotubes[ J] . Inorg Chem,2005,44(12) :4124 — 4126.

[14] Forster P M, Eckert J, Chang J S, et al. Hydrogen adsorption in
nanoporous Nickel ( Il ) phosphates[J].J Am Chem Soc, 2003, 125
(5):1309 - 1312.

[15] Ramat D S, Talapatra S, Lafdi K, et al. Use of novel carbon-nanofiber-
doped carbon liquid crystals as suitable adsorbents for hydrogen storage
[J]1.Appl Phys,2004,A78(7) :969 — 973.

[16] Johnston B, Michael C, Khare A. Hydrogen: the energy source for the
21st century[ J] . Tech-novation,2005,25(6) :569 — 585.

[17] Neimark A V. Calibration of adsorption theories proceedings[ C1//The
12th international conference on fundamentals of adsorption, Kyoto : Uni-
versity of Kyoto Press,2004:159 - 160.

[18] Leung N P, Sumathy M K. Hydrogen-the fuel of the future modern vehi-
cle power[ C]. Amsterdam: University of Amsterdam Press,2004:4 — 8.

[19] Dantzer P. Properties of intermetallic compounds suitable for hydrogen
storage applications[ J] . Sci Eng,2002,A329/330/331(3) :313 - 320.

[20] Mitsugi C, Harumi A, Kenzo F. Japanese hydrogen program[J]. Int J
Hydrogen Energy,1998,23(3) :159 - 165.

[21] Ananthachar V, Duffy J J. Efficiencies of hydrogen storage systems on-
board fuel cell vehicles[ J].Solar Energy,2005,78(5) :687 — 694.

[22] Schlapbavh L, Ziittel A . Hydrogen-storage materials for mobile applica-
tions[ J1.J Alloys Compd ,2003,414(1/2) :353 - 358.

[23] Hu Y H, Ruckenstein E. High reversible hydrogen capacity of LiNH,/
LizN mixtures[J].Ind Eng Chem Res,2005,44(5) :1510 - 1513.

[24] Vajo J J, Skeith S L. Reversible storage of hydrogen in destabilizer
LiBH,[J].J Phys Chem B,2005,109(9) :719 - 722.

[25] Otsuka S, Nomura K, Hanaizumi N, et al . Storage and formation of pure
hydrogen mediated by the redox of modified iron oxides[J]. App Cata
A: General ,2005,282(1/2) :333 - 341.

[26] Ronchin L, Toniolo L. Selective hydrogenation of benzene to cyclehexene
using a Ru-catalyst suspended in an aqueous solution in a mechanically
agitated tetraphase reactor: a study of the influence of the catalyst prepa-
ration on the hydrogenation kinetics of benzene and cyclohexene[J].
App Cata A:General ,2001,208(1/2) :77 - 89.

[27] Rosi N L, Eckert J, Eddaoudi M, et al . Hydrogen storage in microporous
metal-organic frameworks[ J] . Science,2003,300:16 — 17.

[28] Férey G, Latroche M, Serre C, et al. Hydrogen adsorption in the
nanoporous metal-benzenedicarboxylate M(OH) (0,C-C¢H,-CO,) (M =
AP*,Cr*)[J].Chem Commun,2003,3(24) :2976 — 2977 .

[29] Chen C P, Cai G M, Chen Y, et al.Hydrogen absorption properties of
the slurry system composed of liquid C¢Hg and F-treated Mg,Ni[J].J
Alloys Compd,2003,350(1/2):275-279. 1



