W47 % 57
2018 4 7H

BHRERERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.47, No.7
July 2018

RE-Mg-Ni RS BIREE “BIUFHE" BIE

i@, RAAM ', T OB, ok P, & gk, EHe
(1. b¥g K2 At m i R RN & 5 H & E R E Ak =, L 200072)
(2. Compu Therm LLC, Middleton, WI 53562, USA)
(3. bifg K2 MORILRA TR, il 200444)
4. PEEEER REMERSSEBEARR, L 200050)

 E: KAHIE T HE A RE-Mg-Ni (RE=Nd, Ce, Y) Zfift &l AR A < 1 R RS L A AT 45, AR5 ol 4 R 38 B0 )
AT A A, R T A R A BT R A, RGBS AL e R A R R, AR ED B R A
SV RARS, AT A R . 5 R R Y], Nd-Mg-Ni & 2 B AR i OO A B, Y-Mg-Ni A R K2, ol NdMgNi,

F 4 MR R 271.06 mAh-g™.

KA AL A S WEROL AR ME A et

REESES: TG139'.7 XHERFRIRED: A

NEHS: 1002-185X(2018)07-2107-06

it SR A A E ) Ni/MH HL ) S8 Sb b ), S
PEREH T T NY/MH Wit vERe N H o H ARl i
AR A H Rl 4 22 0E BL LaNis AR IR
fit &2 44N AM L. Kadir 25 NPVE L — Rl BAT RN TT
PuNi; # 45 #J ) REMg,Nio(RE=La, Ce, Pr, Nd, Sm 1 Gd)
it G4, 20 20 FFIFFURIIIRAG T HA 4By 1Y
(PuNi; B8k CeNi; F 4544 . 4,8, B (Ce,Ni; B ok, Gd,Co,
RIGERY) FI AsBio B (PrsCoyo LY CesCoyo HILHEH) 25N
) 45 K2R ) La-Mg-Ni R & k& 407,

Hur, WFEER RN Z 4T “3” i
Ao, BUARWTAR e G 4 rh B — 41 o sl LA 416 i
Bett, ARG REATAHOCH Mt B & 13 201 se itk
MR EEhdonid (n=uE4e) o, &Iy
BRAE R, BYEeh kL, whioc. fiih
S, AR AR 2, TAEREAETW K, Wk
WK . AT CALPHAD 2 3E T # ) 24 FERl# i
FRYESZE . G2 VR R A K 2 406 8 SNERAFAN A 2%
U AR IR T S50, e OO S0 B 28 B A AH 4y
B, AR A R A OB R R BIR YR . i,
F. Zhang % \PUE b A B SO0 R0 & 4 i kAT
THES, PodE A ARG &S M8 XK, K
KU T 5256 TAE

S S TN /e e o - S N 0 (52 R TS
JR U2t v A 2 AR S (T YR B, ik SR B 4

i HER: 2017-07-15

R KRR i E R T A P AR AL . R, 48
FIAHE S A ERE I N AR IR R, M@ A i & 4
CHAEEAE T, B EEMR R S S MME.

A TAERL LR B4 % T RE-Mg-Ni(RE=Nd, Ce, Y)
PR R IR 5 R BT 24 A RS2 96 36 UE 45 S 0y Semgil e8],
SEO A S BRI, W R s I 7 U
A e A AR, MG S A ST
Bk, i RE-Mg-Ni(RE=Nd, Ce, YK R & 4 M Hx
RTBCHL 25 B A DG 11« F AL 22 A 7, Ok o i &L i Al &
& (1) T R N FH 4 B PR e v O 9 A L
1 % &

B Rk Mg 4l >99.99%, Ni 415 =99.999%F1
RE(RE=Nd, Y, Ce)4li [ =99.99%% I B /K 1 & ic LL #k
Ho SRR Cu IS (100 kHz) 86N BT
I dl % G erEah. HIEE] Mg K, MAEEH
JG A A oy 5 H AR SO, e RE-NI
R G 4, SR E I P I Mg 17 R H ARG 4
PRI R 2 ORI, DUORIE & a3 5t . MR R
mi R A R B S 7R 673 K MRk 30d, RS
AT K

W B AL FR S () G AT WU S, 4y lid 50
pm. 37 pm W5, HOKLEL A 38~48 um & &k RKHEAT
HLA 20 A S 25 5 A B Pk e s BBORLFE /N T 38 pm

HE&WMB: BETHFRISM BETEERREESGS “BTR” (135G39): ER BARIEIES (51277173)
TEBE . 0 M, 5, 1987 44, WikAR, BigERE, BRI 200072, HLIE: 021-66135659, E-mail: shy4251@163.com



* 2108 -

Wit Em A RS TR

847 %

FE S HEAT XRD K FREL 100 mg £ 40 AR L5 eIt 47
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Fig.1 Isothermal section of Nd-Mg-Ni system at 673 K and the

distribution of maximum discharge capacity
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Fig.2 XRD patterns of Nd-1~4 alloys
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673 KBk 30 d ) XRD i &l . HHEIR A, XRD il RER s WA ST 3k | i R 7 5
VAR 2 B 5 AH BT BT A A 4k — 3. AR G ko ATHN, Nd-3 Ff b HAA 5 K8 5 5 (187.50 mAh/g) .
AHZH BB AHFFE WA 1. M1 AT%L, Nd-1 FEahtP & NdMgs A, RH
Kl 3 & Nd-Mg-Ni (A R &&= (298 K) T AW RPEH 7, 4GNS 2 H) Nd-1~3, 9 &4
WAL . BB, Bk Nd-5S AT E S WaELAh, Tpe R 25 B SO P UE S A B0 & A 7 e (LR DD,
HRAEEE 2 POEI R B B R A &, itk Al LAHE S 79 NdMg,Ni #1. NdMgsNi A F1 NdMgNi,

R 1 RE-Mg-NifAR 673 KEA30dEEHMRD EYHEERK
Table 1 Chemical composition and phase composition of RE-Mg-Ni alloys annealed at 673 K for 30 d

Sample I/{%Ectual con;/;{);)smon/at;f Cf;l;jzf;ﬁt:)};l Phase abundance, w/% Phases observed by XRD Cnm/mAh~g'1
Nd-1 25.00 50.76 24.24 NdMg,Ni 97.35 NdMg:Ni 69.01
NdMg; 2.65 NdMg; ’
Nd-2 18.61 60.05 21.34 NdMgNiy4 6.80 NdMgNi,
NdMgsNi 4591 NdMgsNi 69.23
NdMg:Ni 47.29 NdMg,Ni
Nd-3 18.02 39.53 42 .45 NdMgNiy4 54.29 NdMgNi,
NdMg,Ni 25.65 NdMg:Ni 187.50
NdMgsNi 20.06 NdMgsNi
Nd-4 28.79 34.86 36.35 Nd>MgNi, 40.60 Nd>MgNi,
NdMgNiy4 14.25 NdMgNiy4 101.20
NdMg:Ni 45.15 NdMg,Ni
Nd-5 32.08 11.75 56.17 NdNi, 58.74 NdNi, 31.16
Nd,MgNi, 41.26 Nd;MgNi, ’
Nd-6 4.08 89.98 5.94 NdsMga; 16.19 NdsMga;
Nd4MggoNi3 68.01 Nd4MggoNig 36.56
Mg 15.80 Mg
Nd-7 14.75 81.07 4.18 NdMg; 33.48 NdMg;
Nd]gMggzNilz 36.23 NdléMggzNilz 37.18
NdsMg41 30.29 NdsMg41
Nd-8 13.47 78.65 7.88 NdMg; 18.65 NdMg;
Nd](,MggzNi]z 68.72 Nd](,MggzNilz 35.58
NdsMg41 12.63 Nd5Mg41
Nd-9 23.75 76.25 0.00 NdMg; 100.00 NdMg; 34.32
Y-1 25.82 21.06 53.12 YoMgsoNig 1.17 -
Y,MgNi, 49.81 Y,MgNi, 139.20
YMgNiy 49.02 YMgNiy
Y,MgNi, 34.78 Y,MgNi, 115.90
YMgNiy 43.55 YMgNiy
Mg,Ni 0.59 - 85.20
YMgNiy 43.17 YMgNiy
Y-4 3.13 86.85 10.02 Mg 12.12 Mg
Mg,Ni 27.09 Mg,Ni 26.08
YsMgc)]Ni4 60.79 YsMgg]Ni4
Y-5 37.96 13.62 48.42 Y,MgNi, 43.03 Y,MgNi,
YMgNi, 14.84 YMgNi, 133.70
YNi 42.13 YNi
Y-6 2.23 40.88 56.89 Mg,Ni 22.97 Mg,Ni
MgNi, 40.58 MgNi, 44.11
YMgNi, 36.45 YMgNi,
Ce-1 38.78 50.82 10.40 CeMg; 25.23 CeMg;
CeMg 44.63 CeMg 38.01
CezMgNiz 30.14 CezMgNiz
Ce-2 22.16 43.25 34.59 CeMg; 51.01 CeMg;
CeMgNiy 38.87 CeMgNiy 40.35
CezMgNiz 10.12 CezMgNiz
Ce-3 31.89 21.31 46.80 Ce>MgNi, 69.51 Ce>MgNis
CeMg; 2.98 CeMg; 32.18
CeMgNiy 27.51 CeMgNiy
Ce-4 35.17 7.54 57.29 Ce,MgNi, 35.02 Ce,MgNi,
CeNi, 62.59 CeNi, 86.97

CeMgNi, 2.39 CeMgNi,
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FHI B KA 2 540 34 69.95. 111.68 I 271.06
mAh/g . NdMgNi, 5 < e K 2 & 1 S8R {1 A
259.00 mAh/g™, @ XL R B, NdMgNiy £ 4 1 5t
KIBBRAER VA S AT R =8N, UM T ARSI
TR AR

SEG A B NdMgoNi A AT NdMgNiy A %ok
T FEL 2R DA R SIZEG I A A Nd-4 5 4 d KT 28 i (O
® D, KRHABF 7%, ol L343 3] Nd,MgNi,
AH B f KRR 25 A 30.99 mAh/go [ B, HE 4k S 46 )
SEM Nd-5~8 & xdm K A &, m] LUR AR A 1) 5
K515 %) NdgMgooNij. NdyMgsoNig. (Nd, Mg)Ni,
FINdsMgy; 4 5G4 KRR 2 23 0 0 34.44,
43.49. 116.40 1 43.61 mAh/g.
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FAH, 456 Bk TE 5045 200 AR & 6 B KT 7 5=
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B e TAE . R, SER Rt S S Ar e
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2.3 Y(Ce)-Mg-Ni KRRHHAMEREN

Kl 4 2l it v SR B Y-Mg-Ni = Gk & 673 K
AR AT B o AR AR B T T W 4 BT 6 Bhsiar
Gy, B BARA R 1 Jros. B 1 a4,
BT Y-1 F1 Y-3 &4 F 11 YoMggNig Fl MgNi A% &
>, 78 XRD WA Jf AR AT 246, R G4 XRD
K AH 43y 5 EAE & .

XA AT T AR AR, O
b e sl s s, KM AEREMEIE 1. HE 1
ALA, Y-3 A A A R MgoNi A AN A
0.59% (i & 4r $0),  HoaZAHLE %l R s a8 o A,
DAL b 7 VB0 e 2 o HE AT R A 208 . R, YMgNiy
FHEA —E 1 Mg [E% D), R 12 [ 3 AH 46 —
MHEAT VRS

K AT T4 10 77 925, 45 6 DR AT 2011 Y-1~3
A G d KB N o DL AR B E SRS B AE A B (I
* D), ATLLFSA 1 Y,MgNip Ml YoMgg,Nig H A
YMgNig A5 KI5 500 h 89.65. 3.51 Fl
192.78 mAh/g. [RI#, A LLUFAH YNi A A
Y sMgo Nig AH ¥ 52 T80 25 5t 43 53l oA 157.88 1 42.90
mAh/g. MK PRSI, YNis & 4 BT RIE
KRKTEEMEA . K. Kadir 2 NP5 &I YMg,Nig
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Fig.3 Activation curves of the annealed Nd-1~9 alloys at 673 K
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Fig.4 Isothermal section of Y-Mg-Ni system at 673 K and the

distribution of maximum discharge capacity
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Y-Mg-Ni 4 5 45 <5 5 R0 2 F 42 R Clun 81 4 o),
B AR S SRR S .

Kl 6 J Ce-Mg-Ni /AR 673 K 2 #kimi & . HE
AIED, A E S A A S oo WA, il
SO ZAR RV 4 Flodisr &4, B UuF A T4 i
TERBIEEERTAT . G KA R 1 fr
TRe HARZETE AL R 5 A WL 7. M Ce-1~3 &
SV S A B B L A A, T H CeMg AH
Ce,MgNi, A 2 CeMgNiy AH 11 f K T8 HE 25 35t 43 il A
60.92, 16.27 Al 75.88 mAh/g. SRJG 454 Ce-4 & 4 Al
KA AT A8 CeNip A KR A RN 126.95
mAh/g, 15 5K f 245z 56 0 45 1 B A R 78 B 138 mAh/g
BN (8 %A, UFM T AW FHE H 1 Ak 75
A B ) T EEE

a Discharge capacity
» N
0.0Ce /mAh-g'
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105.8
84.67
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4233
21.17
0.000
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Fig.6 Isothermal section of Ce-Mg-Ni system at 673 K and the

distribution of maximum discharge capacity
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Construction of “Phase Diagram of Electrochemical Discharge Capacity” for
RE-Mg-Ni-based Hydrogen Storage Electrode Alloys

Shi Yu', Pang Yuepeng ! Luo Qun', Chen Shuanglin 2 LiQian ">, Lou Yuwan*

(1. State Key Laboratory of Advanced Special Steel, Shanghai University, Shanghai 200072, China)
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Abstract: A new method for hydrogen storage electrode alloy design was proposed. It combined the calculation of the phase diagram and

maximum discharge capacity of electrodes to construct the "phase diagram of electrochemical discharge capacity” for the RE-Mg-Ni-based

hydrogen storage electrode alloys. This method could provide guidance for hydrogen storage electrode alloy design with rapid determination

of alloy composition having a high discharge capacity. The results show that Nd-Mg-Ni alloys have the highest discharge capacity, followed

by Y-Mg-Ni system. The maximum discharge capacity of the NdMgNij, alloy in Nd-Mg-Ni system is 271.06 mAh/g.

Key words: hydrogen storage electrode alloys; electrochemical discharge capacity; phase diagram; alloy design
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