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Research on Recycled Titanium Matrix Derived from Titanium-based
Lead-acid Batteries as Titanium-based Grid Current Collector
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Jilin University, Changchun 130012, China)

Abstract The energy density of titanium-based lead-acid batteries can be remarkably enhanced, thereby greatly
resolving the problem of the easy corrosion and softening of the positive plates that are typically observed in
traditional lead-acid batteries. This also demonstrates significant commercialization potential. However, when
compared with the mature recycling process of traditional lead-acid batteries and the utilization of recycled lead, the
recycling method of titanium-based lead-acid batteries and the application of recycled materials become the key
factors for the future application and development of these batteries. In this paper, recycled titanium-based positive
and negative electrode grids derived from titanium-based lead-acid batteries were prepared. The positive electrode
grid was composed of recycled titanium matrix/tin-antimony intermediate layer/lead, and the negative electrode grid
was composed of recycled titanium matrix/copper/lead. The possibility of recycling applications was discussed by
studying the electrochemical properties of recycled titanium matrix derived from titanium-based lead-acid batteries
for grid current collectors. The results show that the discharge specific capacity of the active material based on the
recycled titanium-based positive plate is 72.4 mA-h/g, and the cycle life of the corresponding battery at

0.5C100%DoD (depth of discharge) is 180 times. The discharge specific capacity of the active material based on the
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recycled titanium-based negative plate is 98 mA +h/g, and the corresponding battery has a cycle life of 332 times at

0.5C100%DoD. The performance of the grid and battery prepared with the recycled titanium matrix is the same as
that of the pure titanium matrix. This finding provides a solid experimental basis for the recycling of the recycled
titanium grid in titanium-based lead-acid batteries.

Keywords Lead-acid battery; Recycled titanium matrix; Grid; Recycling; Cycle life
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Wlg (H,80,) , sr#rdl, dbatfb T 5 HoKA Ak (SnCl,-5H,0) . =8 k%6 (SbCLy) | 1E T B
(CsH100) . FHIERET [ Ph(BF,),, JFia 800 50% WKW ] . SR (HBF,, 4350k 50% B K7
W) . B (CHL0,) - FK A B (CuSO,+5H,0) . WA (CH,0) . A AbAN (NaOH) | PU/K A A
PR A4 (KNaC,H,0,-4H,0) . —/KE& 2 Z /WU 2.8 — 44 (CoH,,N,0Na, - 2H,0) . 2,2 -BRILIE (C, HN,) Fl
R F LS (CoFeKaNe) , 2082l , 22 se A AR RHEE IeAn AT BR A 1 5 4l S AbsTl | mier4e | IR
AR BRI, JEFERR . SR REBEIREN . BT A A 1E AR RN IE i, g, WIS
REF AR A BRA 5 2B F /K (R 18. 25 MQ-cm).

PMX18-2A AU E iAo He L U5 ( H AZ 7K L+ Tl kX 254t) 5 PMC1000 BY H Ak 27 T4 il (56 [ B S5 4
SEZs ] ) 5 Flex 1000 B4 HL - 358 (SEM, H A H 3728 F]) 5 D/max2500 BURY A X SR ZAT Y (H A
Rigaku 23 F]) 5 Tescan mira B EE R (AL EDS, ZEH (FEDAFRAHE] ]; BTS 5 V/6 A Bl R4
(BYIBT R T BRA R,
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12,1 B A4k E AR & B R iy ] & S RESCIR[33, 34 0778 F AR Bk AR i 28 B ik LE AR AR A4
T, PR BRI LTI (Re) ] H1 2 850 BRI AR FR 3 SCHR (31, 32 7 vk IS/ 31 . FAE SR SEIE MR A 4
F A 3 L T RR AR SE B . R R TR R, 2 BRSOk (35 ) 5 16 e P AR BRI AR I FH 00 fidk ok il &
Sn0,-ShO, H a2, HH, Sn0,-ShO, F a2 K71 8B 250 1. 5 mg/em?, Sn IS FE/R A 911, FRAEEkIE
PRTFAE 10% (JF 450 $hE T 100 ‘CF 200k 1 h, AZE PR R # . H45 Sn0,-Sho, Hh a2 )
AR IC M Ti(Re ) /Sn0,-ShO..

FEL T R 6 SRUBIMA 12 8 L 9% 9 [ 100~300 g/L Ph(BF,), (BT 18 7348 50% ) . 30~100 ¢/L HBF, (Ji1 it 73 %%
50% ) F1 1~10 /L B 1o T2 0 N #3647, Ti(Re)/Sn0,-ShO MM 4% , Al Al pE Jo BRI , Fo o 5 e
il 24 10~50 mA/em?, >R FH B3RS e oL YA 2 42 o] FEL B (R Dl s il 4 2 R 38, R R0 1 b, il 28 75 31
AR BRI AR FLIA, 1228 Ti(Re)/Sn0,-ShO /Pb.

122 B AR EE UMM & R B & S RESCER(36 )7 A TE PR AR SRR e fb 5 =2 )5 AR TR
SR P A BRI AR FE A . (L2 TR AR« 4 SR A B A P AR BRI AR S BE SR [ 37 1
HATEUETE A, 7215 o/ L& F1 40 mL/L LR (ARFREL R 10 1) 19 250 mL IR G H 8K S min, Z
Ja LB R T . ER Bl 5 0 A B T A 20K 10 4 o/ LSRR ARG L 5 min. 11k
G, B PR F A IR LB K e B TE AL S ) T RS B SR v e
T2 Y 78 40 "CF TR 8 h. AL2FBE AR AL N « 10 g/L CuSO,, 10 mL/L FHEE, 12 ¢/L. NaOH,
14 o/L VUK A BREVEN , 25 o/L /KA & DU SR 4, 20 mg/L 2, 2" -BRMLIE AT 10 mg/L V2L
BRI SE TTRUEOR |, fb A TURL A 2 5B K2k 10~15 wm™ K B8 i 1) A4 SR BE AR bR id
Ti(Re)/Cu. RS IERARMAE ARARTR A A T TR, AR TRRIRH ) R 2 he il 28 8 P AR B A A
HMtAE HL 4412 4 Ti(Re )/Cu/Ph.

123w et b 2E AR AR A A TAE B e — AR R P 7. FLARRCN S mol/L
WRlR , TAFH R P A R E SR AR A FEAS RIS G 4 TE SRR, 25 LU He/Hg, SO, HIMK , X HL
e A B K R BT BR 8 AL W H A . IE AR AR CV R A% 471 3 L A TE L 0. 6~1. 6 V [ws. Hg/Hg,SO,
(0.656 Vvs. SHE) |, 345K 10 mV/s. Tt CV M Ag 435 L #E -0, 5~—1. 5 V[vs. Hg/Hg,SO,
(0.656 Vus. SHE) |, 33 #5 10 mV/s. Tafel fiZMX7E0 V(vs. Vo) E 1.6 V[vs. Hg/Hg,S0,(0. 656 V
vs. SHE) |Z[HiE1 T, FHH#E %4 0. 1666 mV/s.

124 B E A R 5 K IEARIE R BT B LE Ti(Re)/Sn0,-ShO,/Pb |, Z 5 iFA71E ML, 1551
Ti(Re)/Sn0,-ShO,/Pb TR AR ™. TEMTE P4 J5t 20 LA A AR A Ry R | 0 £F 48 F0 e AR 7 55 (5T 3t G 100
0.125:0.2). EALFEFATR : 55 °C/98% FHXHEEE (RH) R 2 h; 60 “C/98% RH T 10 h; 65 ‘C/98% RH
32 h; 60 C/70% RH T 3 h; 70 ‘C/30% RH T 3 h. [EALZs SR DLSS , 1E M A WA I M 9 Jo 1 o i 240
21 g Wi gt py — B EAR RN P B A 2%, IEAR R Ti(Re )/Sn0,-ShO /Pb IEAR AR, B b Ay s b i A
B He AR ARCTE PR B S O 18 g, ML MERE U IR T B . IE Sl 22 (B H AGM BRI B A> BR T, InA
5 mol/L BB RRAE J FEL AR, SRJ5 FRSERL RS, i BRS8N 1. 4 A-h(C,).

I P Tt BB R PR M D B T 48 0 R RS M BT R B AE Ti(Re)/Cu/Pb L, B JS #EF 7 [
1k, 132 Ti(Re)/Cu/Pb Tt , FIRIRE 7 i) £ H AR L SRR (Ti/Cu/Ph TR AR ). T TG ML) T2 A
REAACETH L BRER AN . BSFE TR . LR | LR AERIUOR AR B (T o 100:0. 8:0.2:0. 18:0. 13:
0.2). FELFRFUIF . 50 “C/98% RH T 24 h; 55 ‘C/98% RH T 10 h; 55 °C/80% RH T 15 h; 60 °C/30%
RH T 3 h; 70 C/30% RH F 3 h. LSRG , SR AR i i i M4 o B i 29 20 . e b
Hy — B G AN B IE AR 205, 8% 4 Ti(Re)/Cu/Pb Futle e, 1EM R Rk AR B, A AR A3t 40 it
FitE R 21 g, HUMPERE(SZ IR T Ak . IE AR Z ] B AGM BRI 73 BRI 5 mol/L A B FR AT Sy vEL ff%
W, ARG ARl e, I BRIE A 2 A-h(C,).

FHARSEIE S AR Ry 45 H AR P e s 42 LA R IIA A (1) FLIRE BE R 0. 0667, 0. 25 F110. 1333 C,
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Fig. 1 XRD patterns of the recycled titanium matrix(A), Ti(Re)/SnO,-SbO (B) and Ti(Re)/SnO,-SbO /Pb(C)

Sn0,(PDF#46-1088)

K 2(A) F1(B) 4354 Ti(Re ) /Sn0,-ShO, A1 Ti (Re )/Sn0,-ShO,/Pb (1) SEM B& /. AJ WL, #7 Sn0,-ShO,
H])Z2 )5, Ti(Re)/Sn0,-ShO, RIS I ALE S EEREZ )G, & B)Z280% , JF AR i AE B
REPRBEZE . & 1(B)FI(C) 4351124 Ti(Re )/Sn0,-ShO, #1 Ti(Re )/Sn0,-ShO,/Ph ] XRD 1% & . H1 &l 1(B)

100 pm T pots £ /
/; ¥ /e

Fig. 2 SEM images of Ti(Re)/SnO,-SbO,(A) and Ti(Re)/SnO,-SbO,/Pb(B), selected area on the surface(C),
EDS elemental mappings of Sn(D) and Sb(E) of Ti(Re)/SnO,-SbO,
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AU, Ti(Re)/Sn0,-ShO, & I 5 SnO, FFRFIEIEN) &, BT Sh & & K/, BITE XRD 3 oK UL Sh 9
W, TR AT IR Ay Ti A RRAE DG . I 1(C) RIS, Ti(Re)/Sn0,-ShO /P 2 i 5 4L i RFEIE W) 4, M
B4 8 2 A UTRTE Ti(Re)/Sn0,-SbO, R 1T I . hy T iE— 20 3RAE Sb ICER MAFFE, T Ti(Re)/Sn0,-ShO, itk
17 T EDS. 2(C) R EDSMIER R X, &1 2(D)FI(E) UESE T Sn Fl Sh (477 .

B3 25 T A BRI ARG B DR 2 [ Ti(Re ) /Cu JFTHLFE A [ Ti(Re )/Cu/Pb ] ) SEM AT EDS il
g B 3(A)FI(B) AL, Ti(Re)/Cu I Ti(Re)/Cu/Pb FE MRS, HA MBS, — &
BRIEAR I HIREZ5 4 . Ti(Re)/Cu 2 ADHDRE A F) T34 K FFA SRIAAR AT 2 2Z [ FUE Y 7, 98/ INERAE AR
FEARFNETZ Z ] ) S ai i BH, A5 R AR SRR AR 1) FL T-1& 5. Ti(Re)/Cu/Ph FRTHT S AT LATE
—ERE FRHIEB B S, ARSI A — 2 R YER . Ti(Re)/Cu/Pb R MI4ERPHBETE AR, (47
A AR A A HB AR RS P A S O A AR . R 3(CO)AI(D) AT IL, Ti(Re)/Cu 22 HIHAR JC R
T, 1M Ti(Re)/Cu/Pb R WA TR T .

1 00 pm v 100-pm

40 pm

Fig. 3 SEM images(A, B) and EDS elemental mappings(C, D) of Ti(Re)/Cu(A, C) and Ti(Re)/Cu/Pb(B, D)

4 (A)FT(B) 43514 Ti(Re)/Cu A1 Ti (Re )/Cu/Pb ) XRD 3% & . & 4(A)ATHI, Ti(Re)/Cu FTHAT
S 54, UESE Ti(Re)/Cu 2 AT . I 4(B) AT UL, Ti(Re)/Cu/Ph FIHIAT 516 5S4 W) &, UESE
Ti(Re)/Cu/Pb 0 M52 .
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Fig.4 XRD patterns of Ti(Re)/Cu(A) and Ti(Re)/Cu/Pb(B)
22 BESKERMBOBLEERE
VE R 45 1R A A AR S HL A&, Ti (Re)/Sn0,-ShO /Ph 5 ZEAE B R Hh AR FFFRE . i CVIAFE R T
Ti(Re)/Sn0,-ShO /Pb ZERR R H () HEL AL~ PERE . B S(A)FT(C) 40514 Ti(Re )/Sn0,-ShO /Pb FIFDIL A & 4
IERARM R CV 2. ol UL, BT EA IR LR, 76 200 TG 2 5, FR H BB Y S AL R, it
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Fig. 5 Cyclic voltammetry curves of Ti(Re)/SnO,-SbO,/Pb grid(A) and the positive lead alloy grid(C),
XRD patterns of Ti(Re)/SnO,-SbO,/Pb grid(B) and positive lead alloy grid(D) after 200 cycles
of voltammetric testing

HH PR AR LR . B DB IR UG N, RS B ) 4R A 3 Dt P T3 R, K2 T RO )
FEHY ERETRR B YAFER 200 U5 , X PIRIR M T XRD M5 Hr [ B S(B)AI(D) ], AT 0L, Wi
MR IR PIARAL , ¥R R A A1 AL IR A . fEIE A REH, Ti(Re)/Sn0,-SbO /Pb FIET &
S B AR R T A A A o AR A s R, AR RO R R A .

16 (A)F1(B) 43514 Ti(Re )/Sn0,-SbO,/Pb FIH G 4 TE R AR 200 YRG5 1Y SEM B AT DL, G
Rtk i 2 A 2480, G e s . X2 F Ti(Re)/Sn0,-ShO /Ph SR IR 46452, Sl Ht
JEPREREA TS 4. IR, FEIEIR R, B G St & — BB i E = W2, 1 Ti(Re )/Sn0,-SbO,/Pb
A Sn0,-SbO, H[E] )2 A PRAFT, At N )23 0 AR BR BN 23 ol

Fig. 6 SEM images of Ti(Re)/SnO,-SbO,/Pb grid(A) and the positive lead alloy grid(B) after
200 cycles of voltammetric testing

Ti(Re)/Sn0,-SbO, FI4T 5 4 A 35 JE R 26 W&l 7 itz , AT L, Ti(Re)/Sn0,-ShO, 14 Ji sl 2 % 376
R THE A, K, Ti(Re)/Sn0,-ShO/Pb A ELA S Mo B e g ot P A

I8 (A)F(C) 533l 4 Ti (Re )/Cu/Ph FE ML A 4 AN CV B2k, v 0L, e T EA AL il
2, 16200 AR Z )5, 54 H BB () 8L AL I 0e 100 BH P A AT LA ee . BEE TR B N, 4
A D) L SR T, 55 AR AROR A ), 02 T S e A i L R M A 200 TR DL
J& , X Ti(Re)/Cu/Pb FIRN VA 4 Tl e T 17 XRD [ & 8 (B)AI(D) J. vl WL, WA A2 ifi /)

Chem. J. Chinese Universities, 2024, 45(7), 20240222 20240222(6/10)



L3 4 Hhw® %R

CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

-
Cu

FEY A M B R AN TR A, AE U R Y
W, FEIE A R b, PRR AR 2 1 ek A Ak
RBRFRET , FE R R, SRR AT IE R
B EAT 200 IRTE A 5, Ti (Re)/Cu/Ph AR L 4
B & AR 2 T 7= P B TE SR 1 9 (A) F(B) Fr
N AT UL AR M R TR AN SR ARMERR, 5
TERRANTA] A AR A 1T A & A e T 2 R 2
X B PROA B R AR M T A T T N S BT
W IAE R, FE SO R R L, OS5 TS
. PEFREE RS, Ti(Re)/Cu/Pb 22 IR SR 4k 1525 HL
BEZERL , AR T SIEEY RS G .

HL AR £ TR L
A)
200 -
<
£ 100
5
g
S ot

-0.9
Potential/V

—0.6

© ——50th

Current/mA

-1.0
Potential/V

-08 0.6

Fig. 8

2.0
1.5
1.0
0.5

—0.5
-1.0
-1.5

Potential/V(vs. Hg/Hg.SO,)

= Lead alloy

* Ti(Re)/SnO:-SbO,
I 1 I I

-8 -7 -6 -5 -4 3
Ig(i/mA)

-2 -1

Fig.7 Tafel curves of Ti(Re)/SnO,-SbO, and lead alloy
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Cyclic voltammetry curves of Ti(Re)/Cu/Pb grid(A) and negative lead alloy grid(C), XRD patterns of

Ti(Re)/Cu/Pb grid(B) and negative lead alloy grid(D) after 200 cycles of voltammetric testing

Fig. 9 SEM images of Ti(Re)/Cu/Pb grid(A) and negative lead alloy grid(B) after 200 cycles of voltammetric testing

23 ETHERERMERENERBE BT MELE
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114 1 TE BB Ti/Sn0,-ShO./Ph AR . Pl 10(A) FT L, Ti (Re )/Sn0,-ShO./Ph B i, it ) 1E B 49
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J B 50 HR, HE 25 M 72. 4 mA <h/g, 15 Ti/Sn0,-SbO./Ph #% M At 70 F, 258 1 (72. 5 mA -h/g) FEAAH .
E 10(B) ] L, 7£0. 5C100%DoD F , 3T Ti(Re)/Sn0,-ShO,/Ph . H Y i, LA B4 iy AT ik 180 ¥k, 5%
F Ti/Sn0,-SbO /Pb 1 Az 1) H 1 24 5 i (185 U ) B A —3(. W UL, 5 Ti(Re )/Sn0,-ShO /Pb IEK A
5 Ti/Sn0,-SbO /Pb IEAR A A HL it HERE T LT B A A8 4k .
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Fig. 10 Discharge-specific capacity(A) and the cycle performance(B) of Ti(Re)/SnO,-SbO,/Pb
positive plate battery
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Fig. 11 Discharge-specific capacities(A, C) and cycle performances(B, D) of Ti(Re)/Cu/Pb negtive(A, B)
and Ti/Cu/Pb negtive(C, D) plate batteries
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