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Influence of ball milling with Cu powder on electrochemical
properties of V-based solid solution type hydrogen storage alloys
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(College of Materials Science and Chemical Engineering,

Zhejiang University, Hangzhou 310027, China)

Abstract: The influence of balFmilling with Cu powder on the phase structure and electrochemical properties of V-
based solid solution type hydrogen storage alloys (TiV21Nios and TiV21Nias) were investigated systematically. X-
ray diffraction and scanning electron microscope analysis show that the as-cast alloys consist of V-based solid solu-
tion main phase and TiNtbased secondary phase with bee structure. However, the alloys ballF-milled with Cu powder
are composed of V-based solid solution main phase and CuNi2Ti secondary phase with bet structure, and the surface
shapes of the milled alloys are changed synchronously. The electrochemical measurements show that the maximum
discharge capacities of the alloys balFmilled with Cu powder increase and the cycling stability is noticeably improved.
As a result, the ballFmilling with Cu powder influences the bulk crystal structure and the surface shape, which is
quite different from traditional balFmilling.
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- 0.65V(Hg/HgO) . WG FE MR, B
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MELLE Hitachi S ~ 570 F#i Hse L HEAT . A 4%
E e FPUIREE i, BRIB AT G & & 1R H RS
SRT R RFE S . R SEE Leeman 23 &) ]33 1)
Plasma Spec 1 Y HLRHRE & 55 5 7 MK R 5 B i {X
(ICP) MR 7 Ay B A V TCRE I .

2 HiREiHE

Bl 17~k TiVa 1 Nias M1 TiVa i Nies & E S
Cu MR EEREATE M X SLATH% . K2 fimh
TiV21Nios Al TiVa 1 Nios AR G4 SEM M F
HE 1(a) XE 2 T, B5&5&YWHELT
(bee) MRV FERE AR FAH(E 2 1 A &) A bee
SER TiNG L8 —AHZL (K 2 B &b); B 1
(b) AT UL, BREE b5 (1) G 4322 B H bee 45K 1
VI [ A4 32 AH RO ARG DD T (bet) 4591 CuNR T
AR R, TR SRR TN 3 55 A B AT S g
AiHK . XRHE Co M EAERBLEKET V
S ARG S B8 AR R R AR SE R .

Kl 3 F1 4 Fr7n8 TiVa i Nios & TiVa 1 Nio s #3fR
B aAEERBERT G I SEM A . I 3(a) F1 4(a) AT
DL, BREE FI A M0 R T LR, ARt o
Tl EnG ERohi i v LW A A TiNi 8 =
FHARY . BREE 5 A & MR IRERAE N, &4
REALT 2 FiokL BE Rk ARAR IR B IR, /NVRL L
7 HCEE Y AT M43 A T KR B R R [ 45 A RS 4
BTl a0, ORI RE R E 200 V AR, Bk
FERURL £ 2ok CuNwTi 48 . Cu ¥y B A BKEE 5 H A
FEGEERBE X TiVa 1 Nio s B &0 S5 M 2 W 45 S 51 F
K 1. Cu BB G BKEE 5 H A A% G BR B 1) 5 K IX i) 78
TR SR T4 405 M A AR g DL &
SR R TR



BRarHn, & Cu BB ABREEALEXS V BB AU S & AL A PERE R I * 663 *

HISHEHE 4
(@ _ o — V-based solid solution o — V-based solid solution
= s — TiNi-based phase o— CuNi,Ti phase
o E s
g g 8= 3§
S’ vg
[eNa]

TiV; Nij 3-Cu composite
TiV, Nij 5-Cu composite

T1V2 1Ni0.3 alloy

T]V2 1Ni0.5 alloy /ﬂ
il R

1 I Il —l i
50 60 70 80 90 100

A |

30 40 50 60 70 80 90 100 30 40

26/°) 20/%)

Bl 1 TiVaiNios Ml TiVa i Nia s & S BRE AT AIERE 5 K X 50T 3%
Fig. 1 XRD patterns of TiV21Nio3 and TiV2 1 Niasalloys before(a) and after(b) ballFmilling

Bl 2 TiVaiNiosfl TiVa i Nios BOR G 4210 SEM H A
Fig.2 SEM images of TiV21Nio3(a) and TiV21Nios(b) block alloys

B3 TiVaiNios ¥R & SEREE AT AEREE 5 #9 SEM 6T
Fig.3 SEM images of TiV21Nio3 powder alloy before (a) and after (¢) balFmilling
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Bl 4 TiVaiNios ¥R & SEREE AT AEREE 5 #9 SEM [T
Fig.4 SEM images of TiV21Nios powder alloy before (b) and after (d) balFmilling

#£1 TiV21Nios &4 5 MgNi, Raney Ni, Cu ¥ & & ERE AT 5 1M Re L8
Table 1 Comparison of properties of TiV21Nio 3 alloy balFmilled
with MgNi, Raney Ni or Cu powder

Alloy Bulk crystal structure Surface shape Cmax/ (mA * he g™ 1) Cycle durability
As cast 468
Balt milling with MgNil % 2 Unchanged Changed 470 Improved
Balt milling with Raney Nil> 4 Unchanged Changed 495 Improved
BalF milling with Cu powder Changed Changed 507 Improved

BREE A ) & & AR I A PR e AN oK I A
W 5 i . 87 TiVa Nies & HARE 2 IRFEIK
HIE AL B KL ( Con ) 151 468 mA * b/ g, 5
Cu 1 5 A BREE AL B S () AR 2 3 IR SR Ve b
KIB A EILF] 507 mA © h/g, BREEJG LLERBE AT 184
KT 39mA * h/g; %4 TiVa 1 Nios HRZ 3 k78
T TE R KRR AN 418 mA » h/g, 5 Cu#p
55 A ERBE AN S B RS 3 YRR L A B KR
KEILF] 443 mA * h/ g, BREEJGEERBERTIE K T 25
mA *h/g. R 1 FIHT TiVaiNies & 45 MgNi,
Raney Ni, Cu ¥ & A BKE 5 1R NI A& . R
AT, 38 E A EK B A B IS BE AR AR A I R K
AR,

F 25T TiVa 1 Nies M TiVa i Nies 485
Cu By B ABREEAT G 100 RAE I 5 1) 2 5 R Fr %
S100(S100= Cioo/ Cuax X 100% ) F1 30 XG5 V TC
RGBT HELE. iRTW, &5 CuhES
BREEMSFEJS, TiVaiNios A1 TiVai Nies &4 HI 100
RIEABE R RITF RIS NESE SR T KRk
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Fig. 5 Activation behaviors and maximum
discharge capacities of TiV21Nio3 and
TiV21Nios alloys before
and after balFmilling

e, TEFREE MRS B B G L N, i
WA B eIUEIRB A &4, BEE NiSEMNO.3



5% 15 &5 4 Y]

WRILHET, 55 Cu My G IREEALHRXT V ZEEVA AR A & 6 AL E IR IS * 665 *
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2 100 XAEIA 5 B B ARFF R S0 K
30 RPEAJE V HIH R
Table 2 Capacity retention Sio after 100 cycles,
V content in KOH solution after 30 cycles of
TiV21Nios and TiV21Nio s alloys
before and after ball-milling

Alloy T reatment S100/ % V content/ (Ug * mL™ 1)
As cast 11. 31 32.52
TiV21Nio 3
BallF milling 31. 11 2723
As cast 43.47 25.46
TiV21Nio s
BallF milling 66. 67 17. 84
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VAR 78 TR R R T B RS R R B T AR
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43252, 30.36 f1 27. 23 Ug/mL . LA W, 5
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R, XEAERREIGEL SR G SRR TR AR IE
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3 4R
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AR R VO [ A4 A AR L DY 5 ( bet) 584 1)
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MR, B CuNiTi 58 ANk bLE 38 5] Hh 2y
MTEE &V 55 R v AAAH ) R RORL & ]

2) 5 CuMmEEEREBAIEER V EEFE B4
Ea AR B KT AR T 25~ 39 mA * h/
g, 100 KGR ERFFRE KRR, THH e 1S
PRERE .
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