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Research on the Behaviors of Hydrogen
Absorption and Desorption Properties of

the Ti, 3V, 51Crg 23Fe€q 40Zr . o3 AllOy
(In Chinese)
SHUAI Maobing WU Sheng
(Sichuan Institute of Materials & Technology, Chengdu)
ZHAO Pengji YAO Shujiu XU Zhilei
(China Academy of Engineering Physics, Chengdu)

ABSTRACT

Behaviors of hydrogen absorption-desorption and other application-orient-
ed properties of the Ti; sV 21Cro 2sF€0 4021003 alloy were investigated. The re-
sults showed that the alloy was activated easily and had a large hydrogen ab-
sorbing content. The plateau pressure at ambient temperature was about
101325 Pa with hydrogen content about 0. 8 H/M~1. 6 H/M. The thermody-
namic parameters of the reaction of hydrogen absorption for the hydride with
H/M=1. 25 were found to be AH=—27. 4 kJ/moleH; and AS=—200 ]/ (K
» moleH;). The hydrogen absorption and desorption reaction were fast. The
hydrogen desorption ratio of the alloy hydride at 600 C was above 95 percent.
The impurity helium had little effect on the hydrogen absorbing volume, but
reduced the reaction rate obviously. While the air had obvious effects both on
the absorbing volume and the reaction rate. The alloy resisted pulverization
and the relative volume change of the hydride with H/M=1.1 was only about
11 percent. And the alloy and its hydride did not self-ignite in air. Phase com-
position of the Ti;. V1. 2:Cro. 28Feo 1021005 alloy and its hydride were analysed by
XRD and SEM. The result showed that a multi-phase formed after hydriding.
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HEEREEMHE EHUATARUERNBEENG L. 2R- SRR EAES
MEEMEE. FRAMEAGENEESSEAYHHEREARNER. B, —BkKiH,
ERMBAFRERK, AHEAE, A5HEL. iR AWEEASHRE.

Ti-VASEREWAREEATUE REHEREE LY, -k, BFEEGEE
feErE kit REEEWE/N, IR ERY; MH, ZXSGLHREEZKR. HE, Ti-
VELISAYHZRERER. REEEE. U, NANERLESHMEERE, —H
R Ti-VREEEHRMER . Ovshinsky FHHRAK: Ti-VAEST VEARMBREHZr §
TREMATRBTESBRER: FWZr &TLUAY AH H; BMFe ETRFMNTRE S
SRS HEE; MM Cr FTE T LUIRFE MR RE M, RE S & 0508w bh
M, BRI, BdFETEEUTELATI-VEERAHENLE.

AHEMBERTERE T TinosViaCrosFeowZrend &REN p—c BEE, H TN
ERENRER. VEREENURAEERMPHWAERBEANHLE IRATEER (B) K
REEENEHMER; FETELPEESE ELHESR) M4 REEFNRERH
Fuw; ERTEENIRNEEURGEEAMES ST ERESE; MM SEM # XRD #
RMEHRITT GERAMGEHHOEL.

1 KH

1.1 8&%&

EaEAXAERBRERETLR, REEEZHIIPPHBEOKR. FRIESEHZEN
BOK, BIERENESHEETRUFER (FEBRAN 15000, Re, H—&57
BTN, EBEAREABMERS 1L BB e MHM 4 5mm X 2mm K&, /£
2. B FRATFTRLF,

R1 AEUFERS

AEET/Y REHEO FEZERTEY/107 JERIFO
Ti v Cr Fe Zr Al Si 6] C S
A4 33.80 40.42 9.61 14.59 1. 57 mE mE 14000 280 24
a—— TR TR RSB (Series- I BEHE {1 SSQ HIBA BB
b——0. C. S4B HERAME AR M E N7

1.2 XBWREMAE

(D) %8 RBES, BEARERMKRN, R ELEN, BREEERSK L.

(2) A&t BEE (450~650) CHIE & 10 Pa KA R4 B <5 X 101325 Pa
(latm) MEAE () K, BEREZTH, REENHES., 8, RF-TEHFHT
LFESHIE AL

) EH-MABBZREME: HESTEABSEA, YPEECRENE. REEWMEHN
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RERE THEPEI ALK, ERXEGRIAREENEEEHNNZER, MABSK
FTRIUENHEAMITHEEGERER, NI EEHMTIBNEN-ARFRBE (p—c—T #
2.

D E2RE-BEHAENNE:. REEFRHEBEAEHNEGL2EEEREN —ZHWHS
EEATHARE, MEREEMREAMENEZL, MBEEEENNERE-—CHRNE
MM EEEBRETEHRESHHEERPHSR, EXXEBREMBERBKSMEINE,

(5) XRD 43-#7: & REAREDHBREH K XRD 2 rHE & RS T 325 MH) . 7
Y-4Q B X S £ (CuKe FH: 0.154178 nm, HWHEE: (20~148) F, H#®E
B 0.03F/s) iBRATHHE. MA ASTM Bk Hist A #THHEITT.

(6) SEM 4+ #7 . REA NS5 8 & 4 44 H 57 HF-HNO, B mm @ m (35~40) s, &
FEEKYKYI010BRIF#BEETWEERTREMNAPHIAEHERL, NTIZEES MK
i,

1.3 XBEE

B1ERESHEEREEE (Severts REE) 7 HEH, BN % BEHWUMOHR, B
HAERG, WREGE. SBSAREHNRRE. AT ZER—EHERE RP); MHRRAS
HEXRGAPMERRSE (BBHEE. £10) 48; SB3IAZHKBE-RERAN 2.5
LWEEBISEN—RIESEKRE. IXAZAEEHERREEELNAERNERAME R4
SH OGN 2. 4L, BEBEN36L); ENNERSEEFABEELR (BEZS N
OMPa~0.1 MPa #1 0.1 MPa~16 MPa, ¥E %% X 0.4, —HRBAFXENIT (ER1
Pa~20 kPa, R F 26 Pa) M— B ABEMXE S (B 0.1 Pa~100 Pa, ¥ E +0.1%
F.S),

F1 #EMeiEErnEEl
1~16—— 2 & REEME; 17— WEENE (0~16 MPa);
18— WHEHE (0~0.1MPad; 19— S [ (1) XN 2. 4L MWW (2 X 3.6 LEBEMOT
20— BARENI; 21— BKEWHE;: 22— SBRERYE: 23~2¢— G5B EK;
—— BEMIE UIKHE); 26— ENMME



2 ZER51e
21 EH-AR%Es

TEE 2 4 X B AR R R T TinosCro sV sFeo s0Zro.os—H, 14 B 0 % 4 F 4 F- 41 5
ZHRAE, TN, EEEANEGEREFEEHNEE-IARKE, EXEXREANBEN, FE
KR Z #2404 0.8 H/M~1. 6 H/M, HY%FEH4ERKA 180 cm’~350 cm® FRAER A
MRS, TR, ZESHRIREX.

8.
7 8
6 7
Sy 6
[y}
& 4t 5
5 Ty Vs 3 CTone, 2
2 3t [ Vo COrosben a0fr s + H, 4
= 2% ok < 3
e 1t g2
ook ®
N N )
2 -1 F
3 — 4 . : ) .
0 0.4 0.8 1.2 I.o 2 1 1.5 2 2.5 3 3.5 4
WA, HM 1000/T « K
B2 44T HEREEN-ARERE Bl 3 TineCrozsViaFeowZrooaf & ¥4

REESBEHRA

2.2 AEREANF
Ti, sCro.sVinFeo owllooB ERETHESBENXRARTEIF . TR H, BREF
HEAWMNBESBEAFRBALARBRTFNRMEXRR, ELHFE Van’t Hoff XE K.
lgp = AH® AS°
2.303 RT  2.303 R
L, p— BETHESERETEE (Pa); AH, AS"— A FAEBEB T EETHITHE
5 (E (k]J/moleH,) FE (J/k *moleH,), EAGEREBME K, HAREZH LD,
LUmRERT 1I.OH/M (ZHFRLEAX0.8H/M) i, —ERFTREFEEHB RN
KAELBN. U, B3FH/MEF1.0.1.25 /1.5 HEKMBEE. LHERRI R,
HAT p-c BREN “HE” K,
— g A T 5L kR Van't Hoff XHR A
lgp = A/T + B
RFHWAMBASGERENZEAN¥ L. FRAREEHSGERNF¥SHNEREST
2, TR, EBRBRTEETHRERERERIENY KTHEME, TMHEEZELIK.




R 2 TiLwCronVinFeowZron-H, RANFESHNLKE

%A g/ AHC/ ASO/

(HeM™D A B kJ (moleH;) ! J+ (K + moleH;) ™! BERE/C
0. 25 2680 9.17 —51.4 —176 25~400
0.5 2416 10. 36 —46.3 —198 25~400
0.75 1860 10. 81 —35.6 —207 25~400
1.0 1530 10. 60 —29.2 —203 25~100
1.25 1420 10. 43 —27. 4 —200 25~100
1.5 1250 10. 10 —23.9 —193 25~100

* A, B Van’t Hoff ®. lgp=—A/T+BHB¥ (P Hfi Pa, T B H K)

2.3 EEREEE

2.3.1 A& FERS BN X R S HEE 8 R0
EAHFMREEHET, #HNEETERR B& D MoRE B2 MRIER,

GRME LR, TUE, §2WFERXARENREEEFRRKOENE. HnflhE

WEARMA, REAEFBR.

0.8
0.7 emmmmm T TSI T T
0.6
0.5
= 04
~
= 03 ~ - Samplel
—Sample2
0.2 Teat Temp.=298K
= Test Gas: H (99.83%)
Initial Sys.Pres.=4atm
Sysa.Volume: 2. 46L
0.1 Cyclesa: S
0

0.5 I 1.5 2
Time/min
B4 BRREERNGLEREEXENER
Hdn 1 AEEBE; R 2 B A ¢5X2 (mm)

2.3.2 WA IR KRB0 IR EE R R

— g, BKEFEARKREREEFSEE R, Bh, BERIPREOEM, #RHE
KRR K, MREELEERL, BLUEHEEMBHRURERE EN K, MM, B
MR EEREER A, X TioCronViaFeo wZiond 2REXFHREEN. KL
HE—KREN, BEEE, BEBARREWE M, REEEHL, WAS R, BE, %
BHILKERE, AeREEFTHMAHAE. XRBKEGLEL HILKRRERE, &8
BEFCKATHRE, Biit, fUENZRESBARTFNRBILEETS.
2.3.3 WMBESEAINEEREEERE W

ARFMBESENT, TipwCronVinFeowZro oG SR EEERTHE 6 5, W0, #
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Sample 2 = Q.
Cycles ¥
—_ 3 = 2.3
——— 172 oo b T Inttial Pressure =1atm,Sys.Vaolume: 3,8L
_— . - Initie | P =4atm Sys.V 22,
oo itia Tr;gzsg;:\p.:ggg& ySs.Volume: 2, 461
..... 30 2.1 F Test Gas:y,{99.837)
t [l 1 " . ] %) C ). 1 1 1 L Lo l '
20 30 40 50 60 8 2 4 6 8 18 12 14 16 18 20
Time/s BEE A /min
Bl 5 4EFR RSO0 IR A He ARAMBEEAHGEREEE A D

BRIREEAMBREERENERBL, BENHKREENNER, RAFEHBMK,
2.3.4 BE&VMBRBERNREEENERE

REEFRESAEHNMBEREBFRBRE-THFXOLHRE, X ThwCrozVia
FeowllonBEHTTHALXERE, SREUHMATATH. TR, Y5ERIEREF
FEAEHRKRMBSRe, REHKAAELMARKER. ZrCo/H M U/H R KM
iOE:IE S

2.4 SERERUEEREEEHRM 0% l
L SRR A TR AT L A RN T ceOro eV 21Fen sZraos |

ASMEEFSEGRM SARIES e FO0¥ oosam

MEREE, AR RARBRZLRARI. T 5 |

LRI, MR, MRERSES 4 &
AR, WA, REFENEE&RAEY
R, R, RER A & B ER
A& T ATR I B A/ 5 2 B At o 2
%50, R M S A4 T D K
/J\ﬁ;éo 0@6’)%123[”@/;0@63%123
E3R M T AR FHERE S *
Ti10sCro s VinFeowZron g &R EBE R &
HEE R
ME 3TN ESFREG 1. 7% (ERFAED M2 S35 4 2 5 AR 5 H 8k
B FIRE R B 75 00 UL L Fo AR, A 45 AR LR B U R 0 B D R R s T LD B 7 %
MRARMET 50%L L, ANAREREHHNELN, B, ARAREWAA. &
SRR 1. 67Y% CERBUAEO MZe AN, MR R R 7~ 10 £ T AL
B15%EL. BHASSAENEMIUBRERERE, NEASMNEREEBHNENT
AEHBEEE, FARFAHMR AT LSESSHRAME.
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i 3 ﬁﬁ§‘ﬁ_ﬁ Ti;. 0sCro.2sV,. nFeg oZry, oa%ﬁﬂ&ﬂlﬂl
BERENER @BERESE: 101325 Pa)
S uE BS5OUKSE B BUNESE BIOUKASE FTHEREE/

B4 it 8] /min # i [8] /min ¥y & 6] /min (H-M"D i
2 30 W K EIEF B H
ol K 0.5 1 6.5 0.5 K, BE 1
H+1. 7% %%, % 30 W W B OE R R o
A0 ! 7 15 0-24 B, REH 1
g o s , 0. 65 5 KRULEF NN,
Sk 2
H,+1. 4%He BOSXKBBEBEANHE,
B0 7 a 39 0-%5 BE 2

2.5 S YD AR B A B g K

FEEMYHEBEEUR - ERETHAREARELEFELIENRE, LB N
ZT TiowCronViaFenwlrn B & B UYMW BEEE. GRERA, FLBEEFESREM
th, SEE&MNVMBERERS, S&BHE, E4E. KREH. BEURGEHHRLE
EEEX  MESHR, ZAEE YN EREAERK, EMEETEEEMLMYWTE 2 min I
WA BT 600 CH BMEN L 5% k.

1
F

1808 ¢
s b 4 sapled, ¢ .65H/M.473K
3 ——Sanplel, 62HI/M,673K

E 3 0. y 3
T oee 2——Sanple2, 0.74H/M,873K
% 7@k ] —--—Sanplel, 0.79H/M 873K
 sa 2
% se
U 4w}
¥ o |

22 L. 1

1@ ¥

aa_ 2 4 6 B8 mutz‘ 14 16 ia 20 22 J4 26 28“32

fa AR (R) /min

Es AeEBERIER

2.6 BEMREH

AR EHE, AL EAREUYNRLEBEERTE. BEFeNE2tTE
KA RESMY R, REE., BEESE., RBEBT TiwCrouViaFeowlrond
e REAMYSESHRENE, GRIITHRIP, TPHRIE T LB R M CHE
B, TRAEH, TisCrosViaFeo wlrn B & REEMPEZSFHABR. HHZKGE
& EHEERT.



Fq4 LHBREAMNREMY

# R B4 B 1 e vk
UH; EZ5 B, EERAEBRE
ZrCo 25 raH, ERAHE
ZrCoH,. 3 5 ZWME, EHK
LaNiy 7Alo 5 B AReE. B GE
LaNig 7Alp.sHs. 1 =5 B#EK, BARHE
Tiy.08Cro.28V1. 21Fe0. s0Zr0. 03 #5 REZE, TEF
Tiy.08Cro. 28 Vi 21Fea. s0Zro. osHa 5 =K ram BARER

A B 250°C FF 5 B B K

2.7 BEmBE

Ea&Rie, EHASBHARKRA, FIEERAEMREBEHRTH, ANTIEER
ERENK; MRENGERKSE. URREHFITENREIMBERRIE, 2BHERSEHH
i, EMRRESHIL. HEA2REAGRFBEEKEN K/ DMKER BERBEHK/DHRRE
'BimAl, —M, HEBRERBRITHENIRERMER, ARBKEE X, &4
KHUNEEE MY ERMAERBAMNAEE.: “EBEHNSHE. B mfai, @
AEBKBEHRE., L, DARBEHHEEEMBRERL, RESENOTHLE.

EBFEHERT TiLoeCrosViaFeo wZron & MBI E. &&REATE K SEM B
FARTER OIS, o FFETRESESIRIEFENFEENIMAER, ERHXE, RPH
FIHTHE- LSS R RET - LHEASNREERBAE. IR,
Ti1 s ViaCroasFeosoZro oy B &R G MM KR ALARBEBH 8 /N F TiFeo :Mno o1 LaNis &%
REEREKE /), HBREFMITIHALHE.

) IR
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x5 AEBRE-REGHRESHENL

BB
a%& Ti1.08V1.21Cro. 28Feq. 40Zrq. 03 TiFeo. 1Mno. 18 LaNis
B E <208 | <40 @ |<80 8 ~10/20 B 20 H
TREENSR/Y
32.8 31.7 35.5 100 100
R & %0
TR KB R/ 5 & 1115 & 10 &
<20 12 0 0
20~40 20 0 0
40~80 43 7 7
H 80~120 15 10 14
120~200 10 32 25
>200 51 54 1
>400 99
®6 REAEBRESEAEHKE
RER/Y (RESE hERBEK/ % EBRLIEO
UH; 1. 25 75
ZrCoHj; 1.97 20
FeTiH\. 74 1. 66 20
LaNi5H5_7 1.54 34
Tiy. 08Cro. 28 V1. 21Fe€0. 40Zro. 03Ha. 3 2.2 11
2.8 ¥MHETL

XRD #HAHERFI TR 7. TLUEH, ThwCroxViaFeowZrosB&REF (K
AEEIL L 1H/M AREH. THEKAEBRBEVELYHE, REELONFTEH (7
HEETRRLNFERHYH, XEAEPHAREREEIME (REKOIFTEH) 5K
BE=, A—FPRASHELNTEMTERBBLOHEAEEREEAYHE. R&KAE
EEARYHBITIT AT, TLUAN, XFEAHKAEEREKELHELINE T B X
M-S g4y, AN, AXRDERZTLUEL, S&A4E& 8, WASREKN
S E, STUREAETESEZMES HNERKMBE, Sato EASHRERY: &
SHEBRNESAEATZEANEGERE (OEREHEERMEHEEAER, E FelCr<
V<Ti KINFF#E%E, RER T-HEANMBK, 8% Hayashi™ S5 HMHE: AHy 1=
—125 kJ/moleH,. AHvuos=—16. 7 kJ/moleH,. AHvi,=—50. 2 k]/moleH,. AHp.v=—
(4.2~42) kI /moleH,, T I, K MEFRBENE S, EEMNIBETELZTE Ti HEAL
Wi, ‘
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RT7 TineCronViuFe wZro oA ERHEY YN MENBESBAESYH

Wi SR B a/nm & M & B /nm?
" ®—HM M*2 BCC 0. 306 0. 02865
£ -y Fe-Ti-O*3 CuU. 1.132
H B4 Fe,Ti HCP 0. 479
®£—-H 8-MH<o. o BCC 0.315 0.03126
% B4 Y-MH* ¢ FCC 0. 430
% ®=H Y-TiH "¢ FCC 0. 450
Ui FeTiH, Ccu 0. 660
*1 BCC-fk.03r F&E#H FCC-W .U H&H CU.-LF&H HCP-HHANTEH
*»2—M-UAEEEEEE

*3—— ek E LY
%4

x==1.6, y=2

3 AW

WX TiosVi2CroFeowlrin B £ MREMRES G & AHEMYYHEHTR, 1575
U7 o

D EE&REGEL. RERK, fikk. RE-BEEBERMEZSKPAERERFA.

@) ZRWEFHEESHIE 101325 Pa, Ety (REE 1. 25 H/M B BEREHH—
27. 4 kJ/moleH,, ALK —200J/K « moleH,,

Q) ERPTHEEMNEEREFEMREAERERAEW.: MERIAMNEEREAERE
EHREw, EXREBEMHRKR,

W) FE&EEamAZHE, THAKAERBRBEEELY; RERNELPHETE.

ALB IR THRREE, MEAR. THEEHOFL, BN,
X3

1 Hayashi S, et al. 'H and 'V NMR study of the precipitation of a Ti hydride phase with a fcc structure in the Ti-V-
H system, ]J. Less-common Metals, 1985, 113. 1~9

2 Ovshinsky SR, et al. A nickel metal hydride battery for electric vehicles, Science, 1993, (9) 260; 177~180

3 Penzhorn RD, etal. J. Nucl. Mater. 1990, 170 (3): 217~231

1 WHE%E. DEASHARE, SHB¥5TH . 1995 Fo0HE, 47~54

5 Sato Y, Tanaka K and Yasuda M. Soft X-ray emission studies on the metal-hydrogen bonding states in vanadium-
based ternary hydrides, ]J. Less-common Metals, 1982, 88:. 251~256

6 Hayashi K and Hayamizu K. Structure of the Ti-V-H system and Ti precipitation caused by hydrogenation, Hydrogen
absorbing materials catalytic materials, written by Doyama M, edited by Pittsburgh: MRS, 1989, 85~90
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