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Fig. 1 Size distribution rate of lead paste
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Tablel Chemical composition of waste lead paste (mass

fraction, %)

PbSO, PbO, PbO Pb Other Total sulfur Total lead
53.40 3486 823 1.81 1.70 5.64 76.11

o o — PbSO,
v — PbSO,
o— PbO

B2 JEUAEYER XRD H
Fig.2 XRD pattern of original lead paste

B3 JRLGHTT Y SEM &
Fig.3 SEM image of original lead paste
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2.1 EHERE
211 AR

T AT RSB HIE FE R, S BR FHBRIR A B IR L
BB SR N BB TR A0 B A A AR, e S ) 4
A HYE 10 g, FALFIAEE 0.50 mol/L, IEFE 50 C,
SN A] 70 min, JRE LG S5:1, HEEEEEE 500 r/min.
H T A AV R AR R, AT as R
W 2. ik 2w, TEMHFERPIET, AR
7 BB 2% R i oK BN A Na,COs+ (NH,),CO5 Al
NH,HCO;, TR 4M FIR R e 1Y LB 2 43 A 96.10%
A1 9539%, i = dh S EE5 7m0 0.22%M
0.26%, KT 0.5%, FF& TAE s, miRE
B R B, R 90.43%, Hi#h S & &A
0.54%, LTMVAEF=AIEFR.
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Table 2 Chemical composition of desulfurized products by

different conversion agents

Chemical composition of

Conversion conversion product/% Desulfurization
agent S b rate/%
Na,COs 0.22 71.68 96.10
(NH,4),COs 0.26 74.03 95.39
NH4HCO; 0.54 74.32 90.43
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Fig. 4 XRD patterns of desulfurized products with different
conversion agents: (a) NH;HCO;; (b) (NH4),COs; (¢) Nay,CO;
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Fig. 5 XRD pattern of complex desulfurization product
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min B, & RMREET ROSOEFEEAARTR, 2 5 B R
NJRSE, 1E 60 min P IEAIA RSN . (NHy),CO;
WM 0.36 mol/L ¥ n%] 0.54 mol/L I, fiifi =] &
BN, 2(NH,),CO5 KN 0.36 mol/L I, 7E 80 min
WLEZE R 70.41%, T 24(NH,),CO5 #EEA 0.50
mol/L i, 7E 40 min P BLIRZEBRIA R 96.42%, FKAHKE
F(NHy),COs WRFEEMIRER:, Bk [ NFERT Ik /> H i
RN IR RN INEAL IR B, 15 5 8B ek
JUZXE N, WiERE I, s 4. i, ZRE
R RSO B A 2R A5 ) JE, 14 0.50 mol/L 1E K
IR .

100 f

=

3 80

8

S 60Ff
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Fig. 6 Effect of (NH4),CO; concentration on desulfurization

rate

2,13 BRI
RNHIUE AT HYE 10 g, (NH,),CO5 WK N 0.50
mol/L, VK[ LY 5:1, HHEEEE 500 r/min, FfF [ ST
[FVRE A, 255 T AN [F) J I il P35 oF % B JBL A A SR P
SR 7 Frs. HE 7 FTLUE H, R 30 min
W, 2 SO BE R A A B2 R 0, 7E 60 min
BB . 2N E N 30 CHY, 7E 80 min PN B AR
HRILF] 92.04%, 14N 70 ‘CHY, 7E 40 min A
TR IS 92.45%, FEBEAE RSN AR AE G, i fn
BB, KRR ONIEE S E S U SR
filt, BUEBRE TR aTLUE R, MEEN 50 CHE,
7E 60 min P BB AL 95.66%, it e ELA 1)
FERL, DAL, 2B RS MR SN EORLR B AR A I R, ik
P LR 50 °Co
2,14 BRI

RNHIUE AT HYE 10 g, (NH,),CO5 WK N 0.50
mol/L, I L 5:1, RIGREE 50 °C, Bl S ] 4E
Ko, LT NRIE PR A R ORI, 2
Rl 8 Fion. B 8 ATLAEH, BEEHHEE M
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Fig. 7 Effect of temperature on desulfurization rate
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Fig. 8 Effect of stirring speed on desulfurization rate
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200 r/min AOERE] 500 r/min, VE iR B S KT
i AH 2S5 R T 500 v/min S5, RN R,
o B B R PR M AR ) S o 3R DR A T bR e ke
345 S NI FE oy fih, (RIS ik S R ) i Bt AR
Ry, BEImAE e R I E AR R . A,
CRAEF AT AN SR J), EH 500 r/min
VE R B AR .

22 BHUBRBEEMAOES R

PbSO, FI(NH,),CO; ¥ ¥ S N 1) Ji 3B Ak 2 Jofi 3%
B, R R AT DL YRR AR R R PbSO,
5 (NH,),COs ¥ IS B, Al I 7Rk 7 T
WG E ) =) 28 BOR 7 M sl 115 72, i
PR A B R G FE L. SRR Hhibt
SSERNA@) R, §HdEHwmRO) R .

1-(l-a)'® =kt (8)
1-2a/3-(1-a)*? =kyt 9)

AF: o NRRE, %; ¢ AXMNEE, ming k- kg
N IR R L

ANTF](NH,),CO5 % 11 7 o ok 5642 il 75 FE 5040 U
AWK 3. BRI WUEH, S@dTTREOMEREERE
FHR REHE =7, FHOCEETT LLIA R 98.18%, [Klit, WL
HEWT HH WOAR A A0 S S8 T B il 78, Rt iR
L kg VBN 5 IR DR R AR R -

L2 AN A (NH)2,COs R« AN [RGB FNAS [\ 4 3
R R ARG 1— 20 /3 — (1— o) S LA 8], 5 54
Bl 9 Fs. HE 9 WLEH, ANFE(NH,),COs M
FNL FE AT B AR, BB I FE A b
FET Bzl L.

NT e B E (NH,),COs IR B3 A3
FEIE LS [ N BN 7752 R, LR s sl
2L oy R

T3 AFEI(NH)CO5 LI P s 4% i R A At 15

1-2a/3-(1-a)’" = Ayciu,,co,"” exp[~E (RT))t

(10)

s AR RE T av b NEH

H & 9(a)fF ZIAN R (NH,),CO5 ¥ FEFEA I S S
KE B, 2HlwE 10 iR RrE,
d[1-2a /3 -1 —a)*> 1/ dr 2/ [FIR R i vk F3 of I B 28
gL, HEAE] ¢=3.38, [FHEAEH] b=0.809. FJLL
i, A (NH,),COz #EM 0.36 mol/L #4n%| 0.54
mol/L, WL R M P 7 3N . ANFHRE IR
IV Il

1-2a/3=(1-a)*"” = K, xc{yu, ) co,! (11)

In{d[1-2a/3-(1-a)**1/dt} = In K, +aln o, ) co,
(12)

:—EQ':F' : Kl y‘jfi&ﬁézﬂéﬁﬁ, C(NH4)2CO3 y‘j(NH4)2CO3 {&Eo
T B 9(b)HR AN [RL R T 0 1) e o 3o 2 4045 )
WK 11 Fizni) Arrhenius B 18 HIGLEE N 16.471
kJ/mol, IXFE—GUESL T B R B AL I B A2 2 el
B, SHREYE B ENL T2 — e RE T
M. M KRR
1-2a/3-(1-a)*"® =exp[-E /(RT))t (13)
In{d[1-2a/3—-(1-a)*?1/dt} =—E/RT + B (14)

Xrf: EARMIELEE, KI/mol; R JJEE/RSARN 4L,
J(molK; T NI, K B NHE.

gi bRk, ¥ av by E RANTTFE(10), [FIRTESS
AR, THEAGH 4~0.2286 s, 73 FIBLER
LRI )5 RN -
1-2a/3-(1-a)*? =

0.2286¢,),co, V""" exp[~16470.53/(RT)]t (15)

Table 3 Data fitting of two rate control types for different (NH,),CO5 concentrations

C((En}ificf))”/ 1-(1-a) P=kt+a Cogf%r:;?m;z c((gnlificf)h)/ 1-20/3~(1-a)*=kt+a Coecf"ﬁr:ii‘o‘;z
0.20 1=0.01093¢+0.03294 0.88416 0.20 1=0.00227¢-0.00042 0.97558
0.30 1=0.01415¢+0.02722 0.95225 0.30 =0.00347¢-0.00286 0.97379
0.40 1=0.01704£+0.02556 0.96513 0.40 =0.00465¢-0.00462 0.98028
0.50 $=0.01852¢+0.02656 0.9552 0.50 =0.00606¢-0.00778 0.96061
0.60 $=0.02289¢+0.02096 0.9756 0.60 $=0.00755¢-0.00914 0.97508
0.70 $=0.02612¢+0.01750 0.97214 0.70 =0.00891-0.0126 0.98185
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Fig9 Plots of ¢ versus 1-2a/3—(1-a)*? at different
operation parameters: (a) (NH4),CO; concentration; (b)
Temperature; (c) Stirring speed
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Fig. 10 Plot of values of In{d[1-2a/3—(1—)2/3)/d¢t} versus
different (NH,4),COj3 concentration
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Fig. 11  Arrhenius plot for conversion of PbSO, over different

temperature
:l: N
3 gnﬁf

1) JE ST, 7R — T2 X A A 5%
LN TR S A R T N NS AN
Na,COs. (NH,),CO;. NHHCO;, LA(NH,),CO; 7E J9flii
BRI T2 4 (NH,),CO5 ¥ JF 0.50 mol/L, %
IR FE 50 °C, WEEE 5:1, #EEEHEE 500 r/min, SN
I 1] 60 min, fEfAE T 254 T BARZ A 95.66% .

2) JE I AN R it 7R B A = I AR AT, R
I A(NH,),CO; 1 NHHCO; /£ AR PbSO, At
HAUNSEEE R A PbCO;, 1T Nay,COs i =4
H NaPb,(CO;),OH ¥4, 15 pH 1HIT &2 B R
WIAEI RN, R Na,COs Al NaHCO; /E N E & i
B, I b A R BRI VAR pH (ER 9.5,
AT DARE G T 2% S A R AR B

3) BT (NH.),CO; B FE I3 1152507, 15
HH S B0 4 5 s O AR T R AR OGP A, R
PbSO, 7E(NH4),CO5 VAR H IR e A0 I AT 5 ] I 47
BRI g, [ EIE ETREN 1-2a/3-
(1-a)**=0.2286>**"*Pexp {~16470.53/(RT)} t.
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Carbonate transformation process and reaction Kinetics of
lead paste from spent lead-acid batteries

LIU Wen-ke', QIN Qing-wei', LI Deng-gi', GAO Yun-ming', LIU Yu', CHEN Jing-zhi’

(1. Key Laboratory for Ferrous Metallurgy and Resources Utilization, Ministry of Education,
Wuhan University of Science and Technology, Wuhan 430081, China;
2. Hubei Jinyang Metallurgical Incorporated Co., Ltd., Gucheng 441705, China)

Abstract: Carbonate conversion process has important research significance as the crucial step of recovering spent lead
paste via hydrometallurgical methods. Based on the analysis of lead paste component from spent lead-acid batteries, the
desulfurization efficiencies of different conversion agent in the same condition was determined as follow from high to
low: Na,COs, (NH,),CO;, NH;HCO;. XRD characterization results of different transformation products show that PbSO,
can be transformed into pure PbCO; through (NH,),CO; and NH,HCO;. However, the transformation product contains
impurity phase NaPb,(CO;),OH after being desulfurized by Na,CO;. The optimum processing conditions using
(NH4),COs as transforming agent were also detected and determined as follows: ci),co,=0.5 mol/L, reaction
temperature 50 C, reaction time 60 min, stirring speed 500 r/min, L/S=5:1, more than 95.66% of PbSO, was transformed
in optimum condition, and kinetics mechanism of desulfurization process by (NH4),CO; was discussed. The results
indicate that the apparent activation energy is calculated as 16.471 kJ/mol and the reaction obeyed shrinking-core model
based on the diffusion controlled, as well as the general equation of kinetics of the desulfurization process was
established.

Key words: lead paste; carbonate transformation; desulfurization rate; XRD characterization; reaction kinetics
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