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

fraction, %)

Other Total  Total

PbSO, sulfur  lead

PbO, PbO Pb

5340 3486 8123 1.81 1.70 5.64 76.11
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Fig.2 XRD pattern of original lead paste
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Fig.3 SEM image of original lead paste
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7 M % B oK BN A Na,COs+ (NH,),CO5 Al
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Table 2 Chemical composition of desulfurized products by

different conversion agents

Chemical composition of

Conversion conversion product/% Desulfurization
agent rate/%
S Pb
Na,CO; 0.22 71.68 96.10
(NH,),CO; 0.26 74.03 95.39
NH,HCO;, 0.54 74.32 90.43
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Fig. 4 XRD patterns of desulfurized products with different
conversion agents : (a) NH;HCOs;; (b) (NH4),COs3; (c) NayCOs
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Fig. 5 XRD pattern of complex desulfurization product
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M 0.36 mol/L #11%] 0.54 mol/L i, i ik 2 B Z 144,
24 (NH,),CO; ¥ E A 0.36 mol/L i, 7E 80 min P4 B Hfi
FK A 70.41 %, 11 24(NH,),CO; ¥ Z  0.50 mol/L i,
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Fig. 6 Effect of (NH4),CO; concentration on desulfurization

rate
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Fig. 7 Effect of temperature on desulfurization rate
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13RSI T o e, RIS R 3 s I 470 1 PR 5 A T
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FAE TR
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Fig. 8 Effect of stirring speed on desulfurization rate
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Table 3 Data fitting of two rate control types for different (NH,),CO; concentrations

c((NH,),CO,)/ 13 Correlation c((NH,),COs)/ 2 2/3 Correlation
—(1- = l-——a-(1-a)"" =kgt+a
(mol-L™) 1-(-a) ki +a coefficient, er (mol-L™) ( ) d coefficient, er
0.20 y=0.01093#+0.03294 0.88416 0.20 y=0.00227¢—0.00042 0.97558
0.30 y=0.01415++0.02722 0.95225 0.30 y=0.00347¢—0.00286 0.97379
0.40 y=0.017041+0.02556 0.96513 0.40 y=0.00465:—0.00462 0.98028
0.50 y=0.01852++0.02656 0.95520 0.50 y=0.00606¢/—0.00778 0.96061
0.60 y=0.02289++0.02096 0.97560 0.60 y=0.00755¢-0.00914 0.97508
0.70 y=0.02612++0.01750 0.97214 0.70 y=0.008907—0.01260 0.98185
0.20
@ i 0.20F®
Consentration / : /
3 015f M036mollL . = Temperature v
s ® (.40 mol/L S 0.15F 9
= 4 0.43mol/L oy i "30C //:
= 0.10f  v0.47mollL N = 40°C
N ¢ 0.50 mol/L v ° ST
e < 0.54mol/L = = fdlm /./.
— 0.05 [ '_“ 0.05 [
0 oF
0 5 10 15 20 0 5 10 15 20
Time/min Time/min
0.16F (¢) -
Stirring speed s § oo s
0120 g3 /‘ 9 ARFI(NH,),CO5 K SRR
: ® 300 r/min o e AL 2 2/3 3
% 400 min ° F@HTIEUEEﬂcE’JI—Ea—(I—a) KER
v 500 r/min

& 600 r/min

2 2/3
l-—a-(1-«a

3 (I-a)

o o

dE

L 1

0 5 10 15 20
Time/min

Fig.9 Plots of ¢ versus 1-%0;—(1—0[)2/3 at

different operation parameters: (a) (NH4),CO;

concentration; (b) Temperature; (c) Stirring speed
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HH, BEFE(NH,),COs ik E M 0.36 mol/L 34N 0.54
mol/L, MBI -FFaAfT 7 3G . ASFREE T %
VG il

1—§a—(1—a)2/3 = K, xc*((NH,),CO, )t (11)
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In K, +aInc¢((NH,),CO,) (12)
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W

AT 9(b) AN [RIREE TR A1) S5 B 38 R i H A5 E
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~ 44
2

5 48

|

T

s 52
AN en

& R3=0.9821
T 56 y=-2.28+3.38x
=}

ST 10 09 08 07 06
In[¢((NH,),CO;)/(mol-L™)]
E] 10 (NH,),CO; IKEXT PbSO, FHALR T
Fig. 10  Plot of values of m{d[l_%a_a—a)z“]/dt}

versus different (NH4),COj3 concentration
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Fig. 11 Arrhenius plot for conversion of PbSO, at different
temperatures
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2
1-sa-(-a)” =

0.2286¢**% (NH,),CO4 W5 exp[~1647053 /(RT)]t
(15)

3 Zig

1) B SEIH T, TER— T 224F X AR R F
700 B TG B RIS R A R 2R K BN AR R
Na,COs. (NH,),COs;. NHHCOs, LBL(NH,),CO; 1E Ml
I A T2 4 (NH4),CO; K 0.50 mol/L, %
MR 50 °C, WG 5:1, WEEEE 500 r/min, RNV
B[] 60 min, 7E T 2264F TR AA 95.66% .

2) I RIAS R B A A = ) I AR AT, K
i LA(NH,),CO5 1 NH,HCO; 1E A A PbSO, e
AU NAIEE A PbCO;, 1M Nay,COs B i =4+
H NaPb,(CO;),0H #IHHAER, 13 pH 1EHIT =2 Kk
HYIFRR A, R Na,CO; 1 NaHCO; /E AN E A
B, JEIE R b A R SR VAR pH (ER 9.5,
A DARE G 1 2R A B AR

3) @I X (NHY),CO; i it #2130 /1% 504, 15
HH S 50 B4 5 i HcEs R 2 Oy R AR OGP 4, R
PbSO, 7E(NH,),COs ¥ H 1) e A I R AT A [ Hicd%
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lead paste from spent lead-acid batteries

LIU Wen-ke', QIN Qing-wei', LI Deng-gi', GAO Yun-ming', LIU Yu', CHEN Jing-zhi’
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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,COj, (NH4),CO;, NH;HCOs;. The transformation products were characterized by XRD. The kinetics mechanism
of desulfurization process by (NH,),CO; was discussed. The results show that PbSO, can be transformed into pure
PbCO; through (NH4),CO; and NH4HCO;. However, the transformation product desulfurized by Na,CO; contains
impurities phase NaPb,(CO;),OH. The optimum processing conditions using (NH,),COj; as transforming agent are also
detected and determined as follows: ¢((NHy4),CO3) of 0.5 mol/L, reaction temperature of 50 C, reaction time of 60 min,
stirring speed of 500 r/min, L/S of 5:1, more than 95.66% of PbSO, is transformed in this optimum condition. 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 is established.

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