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Effects of temperature on electrochemical properties of
La Mg Nir Co- Mn hydrogen storage electrode alloy
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GE Hong-wei, LEI Yong quan

(Department of M aterials Science and Engineering,

Zhejiang U niversity, Hangzhou 310027, China)

Abstract: Effects of temperature on the electrochemical properties of the Lag 7Mgg. 3Nz, g75C00, 52M ng, | hydrogen stor-
age electrode alloy were systematically investigated, particularly for the electrochemical kinetic properties. The results in-
dicate that the Lag 7M go 3Niy, g75Cog, 50sM ng 1 alloy consists of the (La, Mg) Ni; phase and the LaNis phase. The maxi-
mum discharge capacity of the Lag ;M g¢ 3Nip g75Coq. s0sM ng, jalloy increases from 277. 5 mAh/ g to 406.2 mAh/ g with in-
creasing temperature from — 20 C to 30 C. Moreover, with increasing temperature, the discharge plateau potential is
more negative, the discharge overpotential declines, and the polarization of the alloy electrode decreases. The high rate
dischargeability, exchange current density and hydrogen diffusion coefficient of the alloy electrode all increase with increas-
ing temperature, which indicates that the electrochemical kinetic property of the alloy electrode is improved. The activa

tion energy for hydrogen diffusion in the alloy electrode is calculated to be 17. 6 kJ/ mol.
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R i S = o 8 1Al 4L & % RMgaNio ( PuNis
HgEt, R= La, Y, Ca 5¥), 3 (Lao esCao.3s)
(Mgi.32Cao.¢8) Nig 7 4 7E 283 K . 0. 01~ 3.30 MPa
U TR SR REA R B FILL 87%!%, il
HAEGE ABs USSR KT S E(~ 1.40%) ,
AL HAE WA A BB — RIS AR R
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(Lag.es Cao.35) (Mgi.32Cao. 8) NigH, BLF5 YA~ 4:
—AM a2 H B T ( Lao. 6sCao. 35) (M g1. 32Ca0. 68) Nio 7
JERC a A o5 — a2 P ¥ A B A (Lao. es Cao. 35)
(Mgi.32 Cag.es) NigH- 13 (AL W AH, B B AR,

Chen & R G HF5T T & T AB; # 4 4 (LaNis

CaNiz + Lag sCag. sNiz « LaCaM gNig « Lag 5sCa; sMg-
Nig . CaTiMgNig . LaCaM gNigAl; . LaCaM gNigM n3)
AR, RIXEE SAE YA PuNi;
gy, B2 JEUMREE PuNiz 451, &4 mAn il
W& R 7E 1.80% A 4. Kohno %% A 57 T
LaxMgNig « LasM gaNips F1 LasM gNija A 4 1 FE AR
PERE, RIN LasM gaNip 5 4 Lag 7M go. 3Niz. sCoo. s
FICHE A B IS 410 mAh/ g, 7E 30 YR 78 A HLIE 36
R R BRI RS E M . FRATEIE ST ARt R
P 1 Lag 1M go. 3( Nio. ssCoo. 15) 3.5 A 5 ) B K
AT AE 396 mAh/ g Aody, 184 IIR KA BE AT Y
BIEENZR TG S B AL 0O R B G A e
P I ET L, LeMgNrCo RIVA A& IEHE
EYEN T —A NV MH Hith i d A A4k, i HixX 2k
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5 BT . A4 AR 0 H A 22 BH BT 15 FH Solartron
ST1287 18 HAZAX AN 12558 47 13% Wi &7 43 5 A% 2 1T
HATAUCR 615 2 (IR E DOD= 50%) . Zet
WA LA K B AT B SR T80 HRL ) BF 98 #E Solartron S11287
H A AN B SERK .

2 HiREiHe
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B, 43R AFSHAR PuNi; B (La, Mg) Niz AHA0
7577 CaCus 41 LaNis AH . 38 1 21 H T Lag 1M go. 5
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%, ZA e (La, Mg) Niy AHAT LaNis AHI & &)
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Fig. 1 XRD and Rietveld analysis patterns

of Lag 7M go.3N12. 875C00. 525M no. 1
hydrogen storage alloy

*1 Lao.7Mgo.3Niz.875C00.525Mn0.1)”\2/53\
P < P 5 A R
Table 1 Structure characteristics of
Lao.7M go. 3N 12. 875Coo. 525Mno. 1
hydrogen storage alloy

Space Phase Lattice Cell
Phase group  abundance/ Parameter/ volume/
(No.) % A B

(La, Mg)- R-3m

71 =5 =24.27 12
Nis (166) a= 5.055¢ 3 537.25

LaNis P6/mmm(191) 23 a=5.04 ¢=4.0 88.162

The Rietveld refinement program Rietica 1. 62 was used.

FIH) LaNis B& 4 | R, 2 82X & —F i A
BEW), EATZ A & 5 AT 88 BCA BN W AL A1
AP BOEE . FIE LaMgNrCoMn RF1 &4
(La, Mg)Niz #HF1 LaNis #H PAI&E 4 Ho ) £ 70 K 42 5
HEMEEER . MR 1ETLLEH, 5489 (La,
Mg) Nis AHAT LaNis AH ) fi AR R 2K Ty AL Y
SERIARTE AR, XTI RES Co « Mn LR IIE
AR . B 2 Pios A Lag 1M go. 3N iz, g75Coo. s0Mng, 1
H4 30 CHIAARIREA 2L . K 2 7756 4 1
KW AR 1. 50% ik (e %), mTRgEn
ABs Mfi+ RE&. G&NBEFE KA N 20
kPa, HCRIE &AL .

2.2 HfbEErERe
B 3 Fios WANEIREE 54T Lag 7Mgo.3Nia, g75
Coo. s2sMno. 1 & 4 3 N B HE 2% 5 I 1) S HL il 2% LT

102

101

p(Hz)/100kPa

0 0.4 08 12 16
W(H)/%

Bl 2 Lag.7Mgo.3Niy. 575C00, s2sMng, 1 25
R & S 1A p-C-T %k
Fig.2 p-C isotherm of Lap 7Mgo 3Niz. g75
Coo. 525sMng, 1 hydrogen storage alloy
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Fig. 3 Discharge curves of

Lag.7M go.3N12. 875C00. 525M ng. 1 alloy
electrode at various temperatures
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MELEE SN T BORE S, Xnr Lol B
PSR LRSS SN Y R
IRk P .

100

oC
e}
T

(=)
o
T

S
<

High rate dischargeability/%

[0
<

*-10°C
0 -20°C

1 1
100 200 300 400 500
Discharge capacity/(mA-h-g1)

Kl 4 AR BER Lag 7M go. 3Nip. g75C00, s2sMng
& A 4 FE AR R v A3 2R H 2%
Fig. 4 HRD Of Lao 7M £0. 3N i2_ 875 CO()_ 525M nop. 1

alloy electrode at various temperatures
(cut potential — 0.6 V(vs Hg/ HgO))

Kl 5 Frz oA Lag, 7M go. 3N i, 875 Coo, sosM no, 1 15 4
F AR AE TR YR B A 50% I 1 B4k 22 FH BT ( E1S)
AILEH, AR EIS WA WA R A K, EE
B, KA R — &R L. A REA S,
IR B S H AR R T FEAL 27 S N FEL T BRI AT X K [
HIE AR BTN, XK BG4 A AR AR T ) FRAk 27 I
N RHBTAS Wik, 2 TH SN B 2R T bk, FRA A
A RE AW S . B 6 BT WA RELE & T
Lag. 7M go. 3Nz g75 Coo. s2s M ng, 1 15 <8 FL AR 7 T8 FELIR S
50% WS tE A 2k . I 6 mT L, AT H
PEAE £10 mV B W ARALRS, &4 Bk AR AL FL IR
iz M 20 R IFMZE XK . FHEERE
Tt 5, Ak i 2 1Rk 2 T 3G K, Ul B A e AR

28

K5 ARG BER Lag 7M go. 3Nis. 875Coo, s2sMng, 1
e S A 4 AR 1) HE A 24 B
Fig. 5 EIS of Lao_ M £o0. 3Ni2, 875C00_ 525M no. 1

alloy electrode at various temperatures
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Fig. 6 Linear polarization curves of

Lag. 7M go.3N12.875C00. 525M no. 1 alloy
at various temperatures
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WAL BRFTBH R - 3 2 F T Gt AR Al 4Rt
FAF BB R KIRACBE ST . FEE R T &, )
EBEHT Rp M- 20 CI ¥ 982.3 m Q #ik/hE] 30 C
A 101. 7 m Q.. #R4% Notten ZRFL R, AT LT
HARB) G SRR L Lo, SiRWITE
2. B AR AT H B T 1o BEAE TR T -
20 CI 9 26. 1 mA/ g #E1N%| 30 CH A 252. 5 mA/
g, Ui B <p R AN ) 3 T P Ay T S O A 3 T D PR,
X — 25 5 oA 2 BB A — 3.
®2 AFHRLEER Lag 7Mgo. 3Nip. g75C00, s2sMng, 1
e A AR I AL 2 B ) 2 S 8
Table 2 Electrochemical kinetic parameters of
Lao. 7M go.3N1i2. 875C00. 525M ng. 1 alloy

electrode at various temperatures

L Exchange Hydrogen
Polarization .
Temperature/ resistamoe current diffusion
c o ’ density, 1o/ coefficient, D/
Rp/mQ 1 -2, 1
(mA<g™ ) (10" " em™s )
- 20 982.3 26.1 4.4
- 10 946. 1 27.1 5.7
0 771.0 33.3 8.9
10 234.7 109. 4 9.3
20 197.3 130. 1 10.2
30 101.7 252.5 21.5

WS 4 FAR ) FRLAL B0 ) 2 M B AN S LR
RMMBMAEEEERA X, BWS5EEEGEENNT
R A G . AAEA SN Y BCR BT B ALY
BRVEW AR . B 7 BT b AN R R R R OR &
Lag. 7M go. 3N ip, 875Coo. s2sMno. & & 7E+ 600 mV HLfL
BRI RHAR IR~ B R] e N i e, SR St 4
MR logi —t T . WE 7 ATEUE H, BB W
logi —t HEZETT LAy AN I I 801 1) g R
BRI B, 7 RT3 — A Bl 5 S e e ] X8k Py, BH
PR T R, XEBEFE T AR EHE R
M RER 2) RPEMT B, M KIS,
logi 5t Z M E2IRFMLERR, XEZERZHAT
RN 5 RIAAAAED IR, AR 71218 M
WY EEIRT, SESST MY BUSN & Bk
E AL R I R DB . WA g Rk
PERE 4, HRYE Zhang 1) R AT DA 4545 B A
SN SRS, Wk 2 Fra)( 3ok
£ a= 13.1 bm) ., BEERET &, SEGETHY
HRB D M- 20 CHRI 4.4 x 107 ' em?/ s B 0%
30 CIFAY 2.15% 107 ' em?/s, Ui BIIRJE T m A A

TEAEARNBY 1, NSRS S BR3) =g
R e . X T BE A BT a4 0 B A IR R Y
FHeEnfsgn, 75468 P A A S i
B, IS EEAE S SR A B HRESE I .

Bl 8 T 7~ A T HEL L VR FE Ta= 300 mA/ g I
Lag 1M g0, 3N iz, 875Coo, sosM no, 1 A 4 HE AR 10 150 3% 2R i
R PR 5 AT He IR B LK R o B ATk FRL U 5 2
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Fig.7 Semilograrithmic plots of anodic
current vs time responses of
Lag, 7M go.3N1,. 875C00, 525M ng, 1 alloy
electrode after + 600 mV potential

steps at various temperatures

—
(=]
(=]

~=10Cc =207C 7=30°C

H =) ®
< (=] (=]
T T T

High rate dischargeability/%
[
(=]

0 50 100 150 200 250 300
Ip/(mA-g1)

Kl 8 ANIFIE BT Lag 7M go. 3N iy, g75Coo. s2sMng, 1
e A AR ) R R TR R
LRI B KX R (1= 300 mA/ g)
Fig. 8 Relationship between HRD and
I of Lag 7M go 3Niz, 875Co00. s2sMng_ ; alloy

electrode at different temperatures
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FEREAAAE |, Twakura S " [IBFFTIN Ry, WR A4
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BEATHRM; AR, R e s 4 1k B AN Bl AT 4t FL R 2
FEMARAT AR AL, W) < WK ) v 5 6 P e 32 22 oy
SAE G EN R Y HOE RS R T, AT
WA, 1E 300 mA/g W IR E T, & ek
R i A e M R HH < F AR R T PR AT e B B B &7
HERNRY BOERRSES, X5 ER& RN
MEY BRI GE RERTE

Kl 9 s I EAE &N B9 8RB S IR Y
K&, TLLEH, SEGEENKT BRE SR E
HIBIECEEA R AME SR, R T 5 Arrhenius 2
AT Rz e S ik & e &8 BT 1 e

D= Doexp(- Q/RT) (1)
X D.Do.Q .R.T AT EAEE(cm®
s VT B B BE (K cmol T ) L AR H
H(Jemols K™ 1) FIWIIRML BE(K) o eH V5577 4045 4
HEY BEITEILEE R 17. 6 kJ/ mol, /N T 1& 48
ABs B 45 &R A Y B s AR AT, e AL
Lao. 7M g0, 3N i2. §75C00. s25M no, 1 & 4 H [ 4™ #0246 55
THEARG ABs G &THY HER . XEHTEE
R 73 ) o T RE R 8 .

=222}

In[D/(cm2-571)]
3
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I
[}
.
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T
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Fig. 9 Temperature dependence of hydrogen
diffusion coefficient in Lag 7M go 3Niy, 875

Coo.525M ng. 1 alloy electrode

3 4R

Rietveld 2 & 45 KW, Lag 7Mgo 3Nip, g75-
Coo. sosMno 1 A4 HINAH 4L B%: (La, Mg) Niz #HA

LaNis #H, . (La, Mg) Ni; M FEE N 77%,
LaNis FHHIFEE K 23% . p-C-T MR K, %G

PR A EA A 1.50%, HMEAFETE 20 kPa Aifs.
HAL 2ZERIE R B, & 4 A0 H 2% ot B 4 L B D T o
M- 20 CIFf 277. 5 mAh/g 0% 30 CH K
406.2 mAh/ g . BEEWRE T &, &85 BAL
BWAR G, R HAT B WS, A 4 AR AR A
IS . FECH L B Ta= 400 mA/ g B, &40
AR - 20 CTHH 1. 3% 3= 2] 30 CH 1
92.98% . A 4 M AT ¥ LU B BE AN 26. 1 mA/g
(- 20 C) #hn#| 252. 5 mA/g(30 C) . AR BFR
B 4.4x 107" em?/s(- 20 C) HhnF 2. 15 x
107 " em?/s(30 C) . X UL B & 4 s 1 H Ak 2
Bt Re b AR B T m T e, LR RE T
T2 TR T, R RN R, 55—
S BB 4 PR S -4 I g B LR ) 7 v T 3
o, E&mBea R g EE N, fRsRENY
W 2 5 B . AT R B 1, o4 300
mA/ g ZEA I, G4 A 2 B B A & r AR R T
W B BT A A AE & &R W BT BOE 2R &
il . HEA R ZE ST A BUSEER 17. 6 kI/

mol .
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