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Low Temperature Roasting

CHEN Zhangqing', HUANG Kui'?, DONG Haili"*, SHAN Xinke',
WEI Lin', HUANG Guoliang', PAN Meimei'

(1. School of Resources, Environment and Materials, Guangxi University, Nanning 530004, China;
2. Key Laboratory of Environmental Protection (Guangxi University), Education Department of

Guangxi Zhuang Autonomous Region, Nanning 530004, China)

Abstract: Conventional pyrometallurgical processes can directly reduce PbO, directly to lead, however,
this requires high temperature conditions and is easy to cause problems such as lead volatilization.
Although hydrometallurgy can efficiently reduce PbO, to divalent lead compounds at low temperatures, it
requires the consumption of strong acids and reduction reagents. A green conversion method of PbO, was
proposed, which utilized (NH, ), SO, decompose into NH, HSO, at low temperatures to reduce PbO, to
PbSO,. The results indicate that the reaction process between NH, HSO, and PbO, will generate the
intermediate product Pb (NH, ), (SO,),. The reduction rate of PbO, is 96.64%, and PbSO, content of the
roasting product is 96. 38% under the optimum conditions for the reaction of spent lead paste with (NH,), SO,
including molar ratio of n(SO,* )/n(Tp) =1, roasting temperature of 340 °C, and roasting time of 1.5 h.
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Fig. 1 Thermogravimetric curves of the mixture

of PbO, and (NH, ),SO,
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Fig. 2 XRD characterization of mixtures at different temperatures

MR IR F] 250 C B AETERR R B (JCPDS card
No. 84-0130) fy ¢ 1IF 0 . Fifi %5 il JE FH s 2= 270 °C
i, PbO, 1Y 3 1§ 58 i (JCPDS card No. 89-2805) 7%
55, [\ B4 £k Pb(NH,), (SO, ), (JCPDS card
No. 72-0513) [ RFAE W, B WA AE 270 °C 2247 B 2
Fi . v LUE L ZE R Be it B v PO, Hf i DU 4 Bk
WE T — 4, H PbO, 78 % 4k & PbSO, Z il iff 77
A PR =Y. MR EYS T A &2 275 “CHE, PO,
1 = U4 2 7 I 2% . PbSO, (JCPDS card No. 82-1855)
BYRFAEDETT 46 1 B . 4R EE 35K 280 “C i, PO, #l
23 Pb(NH,), (SO, MIEIE K, HFE T PbSO, ¥
FRAE 06, BT Z R E R 360 °C I 7 1 1Y Wy RR AR SR 1R 45
AR,

454 TG F1 XRD (455 % ol BB AE 78 11k 2% I
NEFEATHEN . AR TG fh 4, 8 Fons i 72 43 h = A
BB .

S — NN B BEAE 220. 0~303. 6 °C L % i B
il PN L T e 2 VA RN 2 401 (X 1~ 2) S B R 4 (1)
fif SRR A R AR HTH X2 PhO, BEFE K TR
THARY G R IR R B 4y R ROk 1 NH, HSO,
225 PbO, | R » 729 5 K43 i 56 4 I B R B 45 5 TP
W AR Pb(NH, ), (SO, ), . il B8 2 i X an X (3)
Fi7R .

(NH,),S0, (s)=(NH,),S0, (D (D

(NH,),S0, (1) =NH; (g) +NH, HSO, () (2)

(NH,),S0, () +NH, HSO, (D) + PbO, (s) =

NH; (g) +Ph(NH, ), (SO,), () +H, O(g) +0. 50, (g)
(3)
BB (2) FNC3) A I Ja 15 3 s =X (4)
2(NH,), SO, (1) + PbO, (s) = 2NH, (g) +
Pb(NH,),(SO,),(s)+H,0(g)+0.50,(g) (4
5 AN RO T BEAE 303, 6~341. 9 C,iZ M B Al
e N 42 £ Pb(NH,), (SO, 1 (NH, ), SO, 4k
sRoyf e s n (28 5) . & o o AR
NH, HSO, $ 4k 22 5 Fl 42 19 PbO. I (X 6) . Ay
FEIZ Y BN R B © 48 438 43 M TR o A 2 Y T 4R
7=k PSO,
Pb(NH,), (SO,), = PbSO, (s) + NH, (g) +

NH, HSO, (D (5)
NH, HSO, (D +PbO, (s) = NH; (g) +PbS0O, (s) +
H,O(g)+0.50,(g) (6)

J g (5) AT C6) A I I 45 B R 8 30 ()

Pb(NH,), (SO,), + PbO, (s) = 2NH, (g) +
2PbSO, () +H,0(g)+0.50,(g) (7)

5 =AUV Y BT 341, 9~370.5 °C L IEIZ IR E
T8 BB 0 4% 1 WA NH, HSO, 8 25 i — 25 20 i S
A R (8) iR .

NH, HSO, (1) = NH, (g) + S0, (g) + H, O(g) +
0.50,(g) (8)

B T E =4 PhONH,), (SO,), By #4 7 2 B4
Joik N HSC Ak 504 P b 3R 45 . (HJ2 ., o] DB I
N2 (O FE T A TIF LR R 3 (9) I AN 23 3 B0



2024 45 2 1)

4w QR ) (http://ysyl. bgrimm. cn) e 19 .

., W) () (DM H A BE & 3 frs.
MR R I 300 C L 2 (2) TR (9) By K i A
fe/NTF 0, IR BE A 1 400 °C i, X (8) 1 R N 7 A
HWrBE/NTF 0, 2 WX S i W AT RE AR

(NH,), SO, () + PbO, (s) = 2NH, (g) +
PbSO, (s)+H,0(g)+0.50,(g) (9)

300 -

FRiE(2)
—h— 7 (8)
—@— W)

200

100

0r

-100 |-

AG/(kJ * mol™)

=200 -

-300 -

-400 |-

1 1 1 1 1 1 1 1 1 1 1 ]
—-100 0 100 200 300 400 500 600 700 800 900 1000 I 100
YE R o0

{oux/OL

3 REX(2).8)\MEFRHEHEBEET KL

Fig. 3 Temperature dependent curves of Gibbs free

energy for reaction equations (2),(8),and (9)
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