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Preparation of CaSn(OH)s Deposition on Calcium Zincate Surface and Application in
Zinc—Nickel Secondary Battery

QIN Wei', YU Xiaochua', YU Shuanglin®, ZHANG Wenzhi', WU Zhanxin', SHEN Qingfen', XIE Gang'*
(1. Faculty of Metallurgy and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China;
2. Baise Quality Inspection and Testing Institute, Baise 533002, Guangxi, China; 3. State Key Laboratory of Common
Associated Non-ferrous Metal Resources Pressure Hydrometallurgy Technology, Kunming 650503, China)

Abstract: In order to improve the serious polarization problem of zinc negative electrode in zinc—nickel secondary batteries and to
improve the electrochemical performance and cycling stability of zinc negative electrode, a hydrothermal—coprecipitation method
was used to prepare CaSn(OH)g deposited on the surface of calcium zincate and used as a negative active substance of zinc—nickel
batteries. The results show that the hydrothermal—-coprecipitation method can be used to deposit CaSn(OH)¢ on the surface of
calcium zincate, and the prepared calcium zincate has a high crystallinity. Based on the cyclic voltammetry test, the addition of
CaSn(OH)s reduces the charge transfer resistance of calcium zincate and is beneficial to accelerating the electrochemical reaction
rate of calcium zincate in alkaline electrolyte, thus improving the discharge rate in the reaction process. The results of
electrochemical impedance spectroscopy confirm that calcium zincate with CaSn(OH) deposited on the surface electrode charge
transfers impedance less rather than that of pure calcium zincate. The capacity retention rate of the battery is 85.34% after 70 charge
discharge cycles at 0.2 C when calcium zincate with CaSn(OH)s deposited on the surface is used as a negative active material of
Zn—Ni battery.

Keywords: calcium zincate; hydrothermal-coprecipitation method; zinc—nickel batteries; electrochemical properties

HENE] 21 4, RS YOO A BRI SR R, R R B AR T R R IR O T A s,
o, PRI Yt o, . PRIH HL PN RS mbaE R, MR B

I RASALGE RV I T A 55 RE VR ) AR A BRI 5%
Pt R IR, JAAEIUA RS R G 2.

Wk H 1 2022-09-01 . BATH: 2022-12-03.

HEEWH: HKERFEELST ETA(51774160); =AM
(YNWR-QNBJ-2018-327).

HEE: #1997, B, BRI

WEES: fI/NME1978—), &, Fl¥EZ.

Jeo mEOTERHLE . AR R . AN SRS
BV ARG TGS TACIZ RN b

Received date: 2022—-09-01. Revised date: 2022—-12-03.

First author: QIN Wei (1997-), male, Master candidate.

E-mail: 1300604272@qq.com

Correspondent author: YU Xiaohua (1978-), female, Associate Professor.
E-mail: 85208478@qq.com



< 1026 - CREFR Eh22 4D

J Chin Ceram Soc, 2023, 51(4): 1025-1033

2023 4F

WA RS 23 Be RN WSOR] FH S840 i, BRI 51 S 17 AT
(2 eyl (E B B R A AR — S ) L, 451
B G AT . PRAREERE . IR S AR,
SOMA A FEAR r M R P A R JE T Rk, R
BEFRAFAE P ERIE R T FUREE A AR, R T
BEFR T T E BRI IFI I . 2% ZnO
TSR, > B 5 R BB A B BB AR R
W RS, U B /KIg A (LDHs) BERES
SRR & . Wen 2B I /K KL FE 73 4 Bk
TIKERES A, HR AR N AR R I R AL AN
A, TR A IR ER A5 A nT DA R0k 3 5 Al
IHAL 2 BE . Wang PR DK RGE AR T 2 4L
ZnO TUERFERTE ZnO, KIMZ FL ZnO T H Z L4
RIS R P B 3R TH AR T BT Hh € (R A1 BB AT R
. Li SR = A B 2R, %
WoAERIR, & 7B ETERE ZnO k. 5
AEHRE ZnO FIAM L, BFHREALR & amE
(IVE R, S RT3 P R g e R B L5, [ B
W TSR e T RRAR 7T S PH T . Jiang
e U338 3of TS A K 7 92 e 17 0 A 075 AR R b s
2 A M E(Zn-Al LDHs/GP)IF3 )R _EAEK R E
PWE ), FER AN Zn-Ni I HL i ) £ )%
kL, 58 Zn—Al LDHs #tt, Zn—Al LDHs/GP
FHL A LA SR 1) HL Ay 2 A FL BELRT O S PRI R R
BEERTKIE A AR T DU RO B AR IR R B A5
(B A m, A BON RN, Caldeira
2t 2OV 3oF 7 Y 480 4 A0 S B IL 5 A BB IR A 1
BEER I A BEERBT,  AE 300 YA PR 78 ECH K
NEBER T BRI . BERRES BOR AR 7 AR
B, TR, SREtERREUE, WiEE T
WA =R B SR, AR, 5
T AR E . R, AT R A K IRk e
PERRAS R VIR CaSn(OH)g, BILFEIRMR 9%, H
B PTE . HR A . SRR, o
CaSn(OH) IS IIXEE RS FELAL 52 1% B A 5210

1.1 FRENIN CaSn(OH)s FIEEER$EAYHI
BERYES ) %% K% 500 mL. 4 mol/L 17
WA ZnO (rAfrat, VPR, FTRMETA R
I8 9 53 b 485 (¥ KOH ¥ I e bR B T 55 C oK
o, WREEAZZEIN 112 ¢ ZnO, 15 min JEHIA
50 g Ca(OH),, FF&Ei+E 24h JFH#E 120, RJEiT
FERTAR AL PTTE . 8 F 28K 2 ik (L Eiie

R EE, BWERTTERN 50 CRMEAH B 2 5¢
AT, RIA[ 88 ER£5[Ca(OH), 2Zn(OH),-2H,0].

CaSn(OH)e/BEFRES 1 1] %« HL 5 mL K SRR AR
% 100mL, 85 2.34 g SnCly-2H,0 ¥R T Hd 4%
M, 15 g EEMWENEARTEREA 150 mL Z818/K 1
FeAr % o B RO I BERRES 50 g IR &
50 mL £ FKERMN=DFMF, B=10kmE
T 65 CHIKB B, TEAWIHERE 41 T8I
38 SnCl, ¥R NaOH ¥, 3 H1 Bif pH {H
N2 Fedie 2 MR I E RS, iR, R
12 h, SEIEMTTEYH 2 &K Ab & O R
Ve BRI T, BRIUTR CaSn(OH)s HIEFIR
5, 109 CaSn(OH)e/BF RS [1E M s ik f v, $atfil €
BEYIMDURERN 3% (R4, L SnO i)].
1.2 R HHIE R EhE R

W) £ B BERR A5 B, CaSn(OH) /B IRES . Bh 457
R OIS RBP4 RM. OB
80:5:6:4:5 i LWIR A 5], FF HAN NG & 1) 718K
WECER, YISNREAE R MRk -, fE RS T
T 120 JEELE, R APUESIST, KILHT
JEIREAHZEN 3 g. IEARAE FHIE LRl e 2 4 il
W, HLARBON A E AL 6 mol/L KOH+1 mol/L
LiOH HIVRATEM . B ar e ik oedh i it v
KBRS i AAA B Hth, 1E. SRR 1:2.
1.3 RXHERESR

ISR TE A AR BB IR A 8IS X 2R
ATHHX(XRD, fif % PANalytical Empyrean %) 4347 3H:
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(a) Calcium zinate
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(b) CaSn(OH)/calcium zincate

Bl 1 BEERE5 A0 CaSn(OH)s/BERR S (1) XRD
Fig. 1 XRD patterns of calcium zincate and CaSn(OH)s/calcium zincate

(a) Calcium zincate

(b) CaSn(OH)g/calcium zincate

B2 EEERE5AI CaSn(OH)/ALRRE5 1) SEM [ Jr

Fig. 2 SEM images of calcium zincate and CaSn(OH)g/calcium zincate
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(a) Ca element distribution

(¢) Zn element distribution

(e) Dot sweep area

(b) Na element distribution

(d) O element distribution

(f) Energy spectrum of debris

K3 EERRESHI EDS 0 Hrdh 3

Fig. 3 EDS analysis results of calcium zincate

TEAE—SERE g, XX Sepf 8 BT RERE /b, 45 SR
K 3e. B 3FAIER 1 fion. HE 3e fIE 3f 0] 0L, iX
KIEEE N FEEHRICE AN Cas Zn. O, Na, &84
RIS L2 B TE T B BRAS B AR T

X} CaSn(OH)e/8¥ BRES R [ [1#F 5 51T EDS 4
B, g 4 Mk 2 Prox. HE 470, 2R
RS EE AR ITR N Cay Zny O, Na. Sn,
% 4 FhTE A% Ca(OH),-2Zn(OH),-2H,0. CaSn(OH);
BT, RBUCER Zn SEEZ, WLLLHATE

*1 HEISHREFERN EDS S8R

Table 1 EDS date of debris on calcium zincate

Element Mass fraction/%
(¢} 26.00
Na 7.68
Ca 1.95
Zn 64.37

¥4 Ca(OH), 2Zn(OH),-2H,0. CaSn(OH)e F1H%
/bt Zn0, BRI CaSn(OH)s RINTIRRTE T 4L IR ES
R
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(a) Dot sweep area

(b) Energy spectrum

K4 CaSn(OH)y/5% 25 2 58 ¥ EDS i
Fig. 4 EDS spectrum of CaSn(OH)s/calcium zincate surface
debris

2 CaSn(OH)¢/$3¥BR{SRE /BRI EDS DA #IHE
Table 2 EDS date of debris on CaSn(OH)¢/calcium zincates

Mass fraction/%

Element

O 38.96
Na 4.97
Ca 8.37
Zn 45.10
Sn 2.61
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N T WA AR AN CaSn(OH) e/ £F BR S 7E FiAL
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FRASIE-1.19V HBLE L IE, 7E-1.25V HILIE R,
CaSn(OH)e/£¥ B F5 140 J5 V6 147 A F AR XS T 2R IR
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YEFH, CaSn(OH)e/EEBRHS BH H e 1y Hh A EE R A 1) Ji
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BB, ARG R, D T EEIRES 5
FR R ) B, AT B S T R PERE . R,

FETERF RS RN Sn FRAK T BERRES 1 HaL 4 %
Mo HLRH, R 0 DR IR B AE B R P A
S NI, A AR S N R PSR R TR
B 5 3R] AT HY, S0 AR LI e 1308 SR D ) FRLAE
BN R, AR — MR N,
FERSCRE RIS 18] At BE 58 IO IE BI LI E IR, ik
JERE R AR AR, SRR BRI TR .

5 CaSn(OH)/EF B A5 FH AR IR 55 R O P AR 22 i 28
Fig. 5 Cyclic voltammetric curves of CaSn(OH)/calcium
zincate and pure calcium zincate electrodes
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CaSn(OH)e/£E BRAS HH b T~ 4l R 25 B A AR Re
FER BT REVIA CaSn(OH)g 18/> T HARIEE
YIRS ARV T B e, 7 — R LR T
FE VRS B RS VG PR 2 (R PR FE AT R RS T BE 77 . ERAR
KIMPI CaSn(OH)g 5 Re I8/ T (HAAHLL TR UT
$MﬁmFﬁzTAl%%%Eﬁ®mm¢¥ﬁ

Al BE A TE TS I R I CaSn(OH)s & A /b &
Smmmw NERK T 42 JE Sn FrEL, K08 Sn(OH),

FrERERD, BT DO R 7 R 2 T L AT A2
WEANTT
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(a) Impedance spectra

(b) Equivalent circuit diagram

R is resistance of solution; R is interfacial transfer resistance; C is

constantphase angle element; Y, is capacitance; W is Warburg impedance.

6 CaSn(OH)e/HF RS AATEERRAT (1 Z I BEL A0 1 M A5 200
e
Fig. 6 Alternating current impedance spectra and equivalent
circuit diagrams of CaSn(OH)s/calcium zincate and
pure calcium zincate
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HLPERE, WTHHEAT 70 I 0.2 C TEE AR, HAF
535 s R & il 7 Fros. BHIE 7a w7,
CaSn(OH)g/FERRES AR AR LR A 1.93 V, KT
ARSI F R FE R LR 1.97 V, AR A TS HL LR
AHRFMHIN AR, AR REREZEERE T
CaSn(OH)e HIFSINEAT R PR thae /113 2142 =,
BRAR T 2 AR IR AL L R« CaSn(OH)e/ LIRS 78 HL
MEARRREEWERZ: 1) BTFERETRES,
CaSn(OH)e #%18 Ji7 4y Sn B )5 £0.78 7EBE RS K 111, 1
Sn JUE EL A BRI e fE, 5 5 RS (1 ik 1
Wng; 2) BT B c RN T B RS 0 H i A% 0
R, RHE T O I R ) FL T AR

H ] 7b 7] W, CaSn(OH)e/4% FRAS Al 4l A% FR AT H,
WIS 6 439908 1,724 1.68 V, CaSn(OH)¢/4E R
B TBORSE  m TAUBERES , K CaSn(OH)e/FE IR
BB RO, DRt EE EE, il
R YRR ET . S5 CaSn(OH)e/FE R4S 1 i L ~F
GETAERSNERZ: 1) HFAERBSREF

CaSn(OH)s ¢34 Ji 7y Sn B I B 78 0 4 R 5 4% T JE Al
—JRECESEACEL, AR R A AL,
TEFRRIIAC IR ; 2) BT HF RS A & S Itk e
Bz, T Sn JUER BT BT AR RE, EERIRES R
T TE B I 1Y) 3 FL R £ 54

(a) Charge curves

(b) Discharge curves

7 CaSn(OH)y/BFFREGANATEEIRES FA AR 35 el it 2k
Fig. 7 35th charge—discharge curves for CaSn(OH)g/calcium
zincate and pure calcium zincate electrodes

2.7 EIFREMSR

T WE T A B R AS A CaSn(OH)o/£% B2 55 I IE 3R
FeE i, o FEAT IR 78 15, /T 70 g
g5 RN 8 Fran . HE 8 T L, &35 4k J5 CaSn(OH)y/
RS YIA I R O 334.2 mA-h/g, ZEEEFRES N
WIURT R8N 307.7 mA h/g. 43t 70 IG5,
CaSn(OH)e/£¥ 255 FH AR R AT 1A 138 L bL 25 40 ol e
N 285.2 mA-h/g 1 252.6 mA-h/g, NI KEEN
85.34%7H1 75.22%. HH Itk i B CaSn(OH)e/£¢ HE £ 4H L
AR TR S A TR YD T B B AR A R R T
T o X B T CaSn(OH)e 1K) Sn T E IR N



251 55 4 4

Z M S BRPSR IR CaSn(OH)g I 4% A B4R — Uk i it 5 FH + 1031 -

Sn PR AERFIRESRIE, S TR AL,
TR, EFE BRI RE T AR TR O Y
A2\ B FEL AT B e T R AR A A A A
FOTR LG S5 6 CaSn(OH)e/ 8¢ FRE5 1T HL =)
BEAT XRD 434, S5RME 9 Frox. dE 9w,
RIMPUREY CaSn(OH)s TEfEH 7R R HLILFE h 2 s
JEk Sn A EATIRS R, Sn TR EA R
IR RE, KORFRR T B RS R . I
i, Sn JUEAAT RUFHFHIERE, EHEFEF Sn
BB AERFIRPS R A — )2 B0 (1 Sn B, X6 HLAR
BIGRIE, B AR A RR e 1k

8  CaSn(OH)¢/BFFR S AN ANEFFR S 1Y) 78 OB H M A
Fig. 8 Charge—discharge cycle test result of CaSn(OH)¢/
calcium zincate and calcium zincate

K19 CaSn(OH)/FFIREG B L™ ) XRD %
Fig. 9 XRD patterns of CaSn(OH)g/calcium zincate discharge
product

2.8 Coulombic ZE
N T WE ISR S A CaSn(OH)e/£% FRAS ) 78 11X
i, Coulombic %%, Xf H 4T Coulombic R MR,

5N 10 . ME 10 AT, S4iEEmeeAE L,
KPR CaSn(OH)s I EEIRES B AT 5 51 (1) Coulombic
MFE. XEBERBET CaSn(OH)s 1) Sn JGEHIL
JR A Sn FRLJiEL 78 R BF RS R 1, /b T EEIR S AE AR
TR I AR A RV AR, R T DR FR AR YR o R
TR I B LA B, MTi$Em T Coulombic &K
R, KT HME R A dr. CaSn(OH)s AN IS HE
T BEANE PR A E PRI B G o

K10  CaSn(OH)y/&FBRAS 144 BR45 ) Coulombic R
Fig. 10 Coulombic efficiency of CaSn(OH)s/calcium zincate
and pure calcium zincate

2.9 (EERFTHEMIR

N T AT AR RS Al CaSn(OH)e/AE FRAS 7E A A
H IR ERE, X T T R R s, &5
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AR RE R A AR AT, SR | C B, R
PRLSRAS K R 8] 5 Bl FELRE IR A T 38 K,
I FEL B TR) S AT IR /N o FE R LR RSO, BTl 4% 1
CaSn(OH)q/ & B2 5 5 A M RMK SR BA B B I 1
RS . X LL4li8F R85, CaSn(OH)e/EEFRES RN
AL 2 FE T (R TBOH I TR BE A, SR B 4 1) H A
2ERE.
2.10 CaSn(OH)q AIMEXTE L ZF M RERIE M

RN T TN Z JRFE X CaSn(OH)e/ 28 BRES HAAL
VEREMIRSI, BT M CaSn(OH)g R I &SR i
AEHHZ IR RE . % CaSn(OH)s BN 735N 3%-
4%- 5% CaSn(OH)q/8F FRES A Al RS H R AT
OB IR, Frf§ Tafel AL & 12 o, H
Bl 12 T, SaEEFRRESAHEL, CaSn(OH)s BV Inw]
DU B T HLAT Eore IETRIFE BN, Eor BRI 22 B AR
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(a) Calcium zinate

(b) CaSn(OH)¢/calcium zincate

Bl 11 SERR45F1 CaSn(OH)y/4EFR AN 1) fis H M A

Fig. 11 Rate performance of calcium zincate and CaSn(OH)y/

calcium zincate

FIPUE il ML ek AT . HEHR 3 FAN[A) CaSn(OH)e ¥R
AR RIET L, BEE AR RN, JE e AL

Ecorr BN K, JEMH AT E L Jeor 281
CaSn(OH), 5 152 (1389 K AT DL R AR F AR 1) JES e
&, $ErEiAERE .

Bl 12 REVIIE CaSn(OH)/HE RS HLAR ¥ Tafel 2k
Fig. 12 Tafel curves of different additions CaSn(OH)g/calcium
zincate electrodes

2.11 FRENFR CaSn(OH)/4EEE 45 RS 2 AR
MR BESTEE

T T fif CaSn(OH)e/BE RS I ML 2= RE,
i1l %% 1¥] CaSn(OH)e/EE R E5 MK 5 O F F A RLEAT
HLAL 2= R BT L, X B A A AR A FLAT(E,)
R HAL(E,) AR IE A ZE(AB, ) H R
HL AL (Beorr) ~ B Tkt FEL VAL 5 5 (Jcore) 1 FEL £ %% % WAL FHL
(Re))» G5 RANFE 3. HHZE 3 WL, ZEMEIAR 22 IR,
A TAEFT ] 4% () CaSn(OH)o/FE RS f) A I F3A J5
g 2 ] R AL 22 AE, ¢ /)N, X Ut WIZ A BHEE 78 78 L
TEFE P AR I JE J BE  PT P B, R LA
AR RE, 2 R B ) AL T

®3 TRMESEERAIEREXTEE

Table 3 Performance comparison of different zinc electrodes

Sample E/V E/V AE,, Ecor/V Jeon/(RA-cm %) R/Q
CaSn(OH)/calcium zincate -1.19 -1.25 0.06 -1.57 4.96 24.10
LDHs!'"! ~1.13 ~1.49 0.36 -137 121 4.65
High density microspheres ZnO!?! —1.11 -1.55 0.45 -1.31 4.44 0.36

LDH is layered double hydroxide. E, is oxidation peak potential; E. is reduction peak potential; AE,is potential difference between oxidation peak and reduction

peak; Ecor is corrosion potential; Jeorr i corrosion current density.

3 H®

K K A FL T e v ) 4 R T UTA CaSn(OH)g
FEE RS HAE MR IS HERI R, S Al R E A

BERTE PR AR BE AR R MR RE AR LU, A3
PLR &g

1) KA AKBILGTIEE AT Uil CaSn(OH)g JTAA
EAFFRFS 2R, @it XRD. SEM. EDS 7 #r&H,
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Sn LA CaSn(OH)e JE A PTAEEERR G R 1, 45 ah
LIS

2) FH AL TAESE X R M PTA CaSn(OH),
RS IR B, RIMUTF CaSn(OH)e 1T LAFE
BEAT BRI R G )S FELAT FE  FEL R (R)s

3) B EEE BRI, IR
CaSn(OH)s WIEERRES IR R E 1, B HLA R,
PR AR B T R e m, o, Ry
CaSn(OH)s FIEERRES1E A ARG EVI BTN , BFaR
WEARRM T HEEE 1.93 V. BE R 6
1.72V, 70 G Ja B2 IRFF ] IL 85.34%.
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