B52E HS M
2023 4£ 10 f

FEA RS
China Nonferrous Metallurgy

Vol. 52 No.5
Oct. 2023

S AL 10 1 B 25 LB A 6 T H

¥R LK R, E W, FXRL,HOR, §
(LR ES BRI hol, W K1 410014 2 IR B REIRBe, WFg WE 411105,

3R fesrabe, WIRG I 411105)

(i 2] A TR AT A A2 P e SORH T R A IRA Lo BB ERAT EEE Lk
BT A TR KB R BB S A TABLAR AR IB I A B B HA 3 AP R R A A T L s R ik,
HREP TR R P RIA L RR TRBRAZRAGEA BT HEBBE L L H LT A
876 kg/t 453 A0k B B M AR AS IR T L AT IR B W vh J AR T G0 48 A R TRURL AR~ AR IR L e B R
R Ak TR ARIB A 69 BT 5 AR Y T 38.9% 42 25.6% , B AR e R HE L B, TR A
AT DRGSR b 0 SRS A T o, SR A AR AT AR R L E R 8§ L

[ A |

DOI:10. 19612/j. enki. ¢n11-5066/tf. 2023. 05. 017

By b AT SN B PR RE AR E LT E
A7 i A LA B U A7 PR RE A S5 0 A, S 2 Al Bk
Gy R Tz R T R R S R
R Y R R VL, R 3 I A 22 38 1T Wi ek
B2 e T NAREREFIAE SR . SR A7 L i
[ SRS A A 0P R P S B T 0 A A J A
PSR A TR L.

PR AP A R PR IR 8 L e [ i ) 32 2T
%o ARIEATR mISCTT 2, AT I AR 2 A
TR T AR B R TR R — (A B S R
JH H e L RBP4 e PR £ S B
J 2 DA ARRE RS o SRy A BR 28 B N R
FUBR' 7 R I I AT R i , 6 5 B IR 3R
AT, 0 B 1A T 2R A T Bk 2 3 AL -+ 23
B LR T SR R A
VA B BT HER A S PR AP A A R o Bl AL i

[ ik H 4] 2023-03-01 [ &1T H 1] 2023-03-31

[SEFH ] 2023-04-02 [ 4R H ] 2023-10-28

[2B—fE3 ] B (1987—) IR KRV W358 A, TR, 2%
WFFE 7 1] R PR B A0 45 B

[R4TH] BRERBFRE T LI H (52070159) ; /4 = 5
FAR TR BIHT 51 03] (2021 GK4061 )

(1AM Bk, Aeilh, BN, &5, FLTRi 2 00 73BT 14 B 4 4 e it
NEFAS TAWELT]. PEA GRS, 2023, 52(5) : 146 - 152.

BRI A G Bk AUETUEL; HokTURAL; &Rtk BORHE
[P ] TF805.2; TF8I2; X758 [SCikbrabs] A [ S04 ]

1672-6103 (2023 )05-0146-07

TE [ MR8 52 T, B S ST AL A A A7
HURS I ISR A G £ A i [
IR A2 BT 1 2, DR I A S o o) I 4 5 P T
AL (L Nay CO3 AR ) T0UBE A7 — 10l 5 42 |
i (A NH, HCO, | (NH,), CO; %5 Oy it i 1) ) 1 i
B~ I AR e o TR o 3 i LAY AR 8 T2 T
B R ST VEA , Ry R JRER T L 2 AN Al T e e s
VERRBE T 07 100 5 800

1 RS R AR T

PR 25 P b T B PR R A A L
FRALRL " Hor 475 R 5 I g FL 7™ 375 Y PR 8% , i
B PR A BSOR FH B R 23 OIS I D5 T8 2 —
He PR A E L M R O R )5 0 E AL A, B
ZM S PbSO, o HAT N S M T2 B BR A &
WA E P A T2 0 it 4 2R B3k (L Na, CO5 0
Ji gt 7] ) T B — A 5 A% 0 A0 2 3% (A NH,HCO; |
(NH,),CO, S5 A AR ) FUBLAR — IR B 3 Fh T
2N A S F B A 3 BRI 2 B A i
JEITIE o
L1 SEREIZ

FEGURTE P A T2 i MR g A
B Bk R AR R B 5, LR R T e e
(231300 °C) , K5 5 B HOE it 1) B IR A 255 ) i



2023 4E 10 A% 5 1 T

PERE « B TRR AL AT I R P R A A T LA - 147 -

Moy, FEA A RO ILE(T) ~(3)

PbSO, + C ——Pb + CO, + S0, (1)
2PbO + C ——2Pb + CO, (2)
PhO, + C ——Pb + CO, (3)

1.2 $HEBRBE-RRBEGIZ
B TRUB AR — (I IRA R B AR B SR HT Na, CO, 4y i
Tl 58 S B PhSO, S5 A5 B Bk iR
By, ROV G A Na, SO, i FR 85 7E 2 900 C 4%
R BI AT 9G4S B 4 8 B, S Iy AR L
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Na,CO, + PbSO, ——PbCO, +Na,SO,  (4)
TR B B
PbCO, ——PbO + CO, (5)
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Fig.1 Life cycle flow chart of lead paste recovery

by sodium pre-desulfurization and low temperature
smelting, ammonium pre-desulfurization and low

temperature smelting, and high temperature smelting
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Table 1 List of lead product life cycles

(Functional unit; 1 t)
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Table 2 Energy consumption per unit lead product
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&3 IPCC2019 AFREIEAYHEIC R BOMAA(E

Table 3 Emission coefficient and calorific value of
energy of IPCC2019
CO, B CH HEIC N, O HEl
AE/
R Hee N, BB EY

(TJ-GJ~")
(kg-TJ™") (kg-TJ™') (kg-TI™")

TCHHHE 94 600 0.3 0.5 32.2
PR/t 58300 0.3 0.1 48.0
Hr gk s 94 600 0.3 0.5 28.2
e 10 100 0.3 0.5 11.9
A 4R 94 600 0.3 0.5 30.5
AR KRS 64 200 1 0.5 44.2
KR 112 000 30 4 29.5

x4 HWEURCWPH
Table 4 GWP value of Greenhouse gases
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Table 5 Carbon emissions from different lead

kgt~

1
paste recovery processes
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TOUBLER I Bt
FiL g 65 69 0
PRt 15 15 16
HYE K
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[P 182 182 426
RIKA 96 96 135
YK B PbCO, 43 i 113 113 0
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FiL g 49 49 71
&1t 535 652 876
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Fig.2 Ratio of carbon emissions of each part to

SRt

total carbon emissions
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Comparison of lead recovery processes from spent lead battery paste

based on carbon footprint analysis
HUANG Jin', ZHU Hong”, HE Shuang’, HUANG Yan’, LI Wenhao’, CHEN Biao’, CAO Jing’
(1. Ecological and Environmental Affairs Center of Hunan Province, Changsha 410014, China;
2. College of Environment and Resources, Xiangtan University, Xiangtan 411105, China;
3. College of Chemistry, Xiangtan University, Xiangtan 411105, China)

Abstract; Based on the carbon emission reduction needs of the lead recovery industry in the production process,
this article uses the life cycle assessment method to study the carbon footprint of three typical recycled lead
processes : sodium method lead paste pre-desulfurization and low-temperature melting, ammonium bicarbonate pre-
desulfurization and low-temperature melting, and high-temperature melting. The results indicate that the carbon
emissions during the lead paste recovery process mainly come from the use of energy and reducing agents; the
carbon footprint of the lead paste high-temperature melting process is 876 kg/t of lead; compared with high-
temperature melting, low-temperature melting process has lower environmental impact and less pollution; the
carbon footprint of lead paste sodium method pre-desulfurization low-temperature melting and ammonium
bicarbonate method pre-desulfurization low-temperature melting have been reduced by 38.9% and 25.6% ,
respectively, with high carbon emission reduction benefits. The research results point out the direction for carbon
abatement in the recovery process of waste lead paste, and have important guiding significance for promoting low-
carbon development in the recycled lead industry.

Key words: carbon footprint; life cycle method; sodium method pre-desulfurization; ammonium method pre-

desulfurization ; high temperature melting; carbon abatement



