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Abstract: The decomposition pressures of five metal sulfates (FeSOy, Iny(SOy);, Fex(SOy)3, ZnSO,, PbSO,) in smelting
slag were calculated with the standard equilibrium constants of related chemical reactions and the sulfate decomposition
temperatures were obtained by the pressures. The metal sulfates decomposition was investigated through
thermogravimetric (TG) and differential scanning calorimetry (DSC), and the TG—DSC analysis confirmed the results of
thermodynamic calculation. The results show that the ability of metal sulfate decomposition can be ordered as follows
(from easy to difficult): FeSO,, Iny(SOy);, Fex(SO4);, ZnSO4 PbSO, The phase transition and decomposition
temperatures from thermodynamic calculation are consistent with TG-DSC results. The calculated temperatures are lower
than those from TG-DSC, and the difference is from 7.5 to 283.1 K. The sulfates in zinc leaching residue and iron sinking
slag will decompose more thoroughly when the furnace temperature is above 1316.1 K.
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Table 1 Thermodynamic data of decomposition of PbSOj, at different temperatures

Ac, 70

Ac,=0

Chemical equation 77K AGE/ O
(J'mol )

a

P(SOs3)/
Pa (J'mol ™

AG/ x© P(SOs)  pi(SO)
a Pa Pa

298 2.5335X10°
400 2.3925X10°
500  2.2625%X10°
600  2.1394%X10°
700 2.0229%X10°

(a) PbSO4(s, a)=
PbO(s, red)+SO5(g)

3.92X10°%  3.98%x10°%
573X107%% 581%X107%
231X107% 2.34%x107"
2.37X107" 2.40x107™
8.04%x107% 8.15%x107"

2.5335X10° 3.92X107% 3.98X107% 3.18X 10
2.3566X10° 1.69X107" 1.71X107% 3.48x10*
2.1832X10° 1.56X102 1.58X10"® 1.17x107%
2.0098X10° 3.19X 107" 3.23X107"° 1.20X107'
1.8364X10° 1.98X10™™ 2.01x10° 1.19x107"

(b) PbO(s, red)=

762 1.9540X10° 4.04X10™™ 4.09%X10° 1.7289X10° 1.41X107"% 1.43X107 3.25X10°°
PbO(s, yellow)

(©) PbSOL(s, a)- 800 1.9129><1oz 3.24><10:? 3.28><10:: 1.6622><1oz 1.41><101‘91 1.42><10:j 6.64><10::
PbOGs, yellow)+ 900  1.8093X10° 3.16X10 3.20X 10 1.4867X10° 2.35X10° 2.38X10* 5.47X10
SOx(g) 1000 1.7123X10°  1.14X107° 1.15X10* 1.3112X10° 1.42X107 1.44X107% 1.16X1072
1100 1.6221X10°  1.98X10° 2.01X10° 1.1357X10° 4.05X10° 4.10X107" 9.21x10"

(diig(ii“s(;};)f 1139 1.5888X10° 5.17X10° 5.24X10° 1.0672X10° 1.28X10° 1.29x10° 4.11x10°
(e) PbSO4(s, /= 1139  1.5888X10° 5.17X10° 524X10° 1.0672X10° 1.28X10° 1.29%X10° 4.11x10°
PbO(s, yellow)+ 1150  1.5727X10°  7.19X10°% 7.29X107° 1.0496X10° 1.71X10° 1.73X10° 6.04Xx10°
SOs(g) 1158 1.5609X10° 9.11X10°% 9.23X10° 1.0367X10° 2.11X10° 2.14X10° 7.95%x10°

® Pb?)S’OZEHOW)* 1158  1.5609X10°  9.11X10° 9.23X107° 1.0367X10° 2.11X10° 2.14X10° 7.95%X10°
1200 1.4937X10°  3.15X107 3.19X102 9.5936X10* 6.67X10° 6.76X10° 3.52X10'

(2) PbSOLGs, /)= 1300  1.3339X10°  437X10° 443X107"  7.7515X10* 7.68X10°* 7.78X10"  8.18X10?
PbO(1)+S05(g) 1400 1.1741X10°" 4.16X10°  422X10°  59094X10* 6.24X10° 6.32X10*> 1.21X10*
1500 1.0141X10°? 2.94X10* 298X10" 4.0674X10* 3.83X1072 3.88X10° 1.23X10°

1) and 2) represent A G©

at 1400 and 1500 K obtained by extrapolation, respectively; p1(SO,) is equilibrium partial pressures of SO,

obtained by decomposition of PbSO, at different temperatures, which was calculated by Eq. (10) at p(O,)= 0.21pg (ps=1.013 X 10° Pa).
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IyfifEs SURBER 1158 KGR 1 O B)R, SO, T
Sy IEH 7.95%10° Pa, PbSO, 43 fi# =4 PbO & “EAH
A5 IR N 1300 K I, SO, 45 43 [l 8.18 X 107 Pa,
PbSO, KA T 73 I s 4% 1500 K I, SO, Y-
W14y s A 1.23X10° Pa(HERL T kR viE KSR IE),
PbSO, 73 il S M.l 4 o

FR PbSO, 71, BEAEFIPTEE T IL 5 Fey In.
Zn. Cu. Al fil Mg SEfi R Eh, 75X FeSO4n Inp(SO4)3+
Fex(SO,); A1 ZnSO, {43 fif [ N AE S5 . p(0,)=0.21pg
NEHATAL R

ZnSO, 73 fif VAT 25 v A Rk 2 gl
B 2 AN, HIRSEN 298~900 K I, SO, W4y s
H1.54X107°~3.08 X 10° Pa, ZnSO, JL A . 24
JEN 1000 K B, SO, P/l 2.59X10° Pa,
ZnSO, KA T 43l N s iS4 1027 K(EE 2 H1#(b)
BOW, SO, V#1435 A 7.39X10° Pa, ZnSO, J3 i H.
PR ZnO AT AHAR ;s IR 1200 K B, SO,
1753 A 1.40 X 10° Pa(RE T hadE K/ UERAE), ZnSO,
{1 53 i S IVl B o

Iny(SO4); 73 il R N A D) 24 S sk 3 pr
Flo HHE 3 AIAN, SN 900 K I, SO, 14 s
h 3.53X10° Pa, Iny(SOu)s KA T Ml N s 4 N
940 K I}, SO, V4753 1k 1.93 X 10° Pa, Iny(SOy); 43
fiff S N B A

(10)

2 AFEE R ZnSO, /iS5 SO, Vo) e
Table 2 Equilibrium partial pressures of SO, in
decomposition atmosphere of ZnSOy, at different temperatures
p(SO,)/Pa
208 1.54X107%
500  9.37X107'¢
(a) ZnSO4(s)=ZnO(s, a)+SO5(g) 700  9.17X10°°
900  3.08%x10°
1000 2.59%X10°
(b) ZnO(s, a;)=2Zn0(s, a,) 1027  7.39X10?
1200  1.40X10°
1300  1.51Xx10°
1400  1.16X107
1500  6.71X10’

Chemical equation /K

(¢) ZnSO4(s)=2ZnO(s, 0;)+SO5(g)

R3 AL T Ing(SOu); 73R SO, Vi 73 s

Table 3 Equilibrium partial pressures of SO, in

decomposition  atmosphere of Iny(SO4); at different
temperatures
Chemical equation /K p(SO,)/Pa

298 1.45%X1073
500  3.82X10°7"7
700 3.77%X107°
800 2.38%10°
900 3.53X10°
940 1.93%10°

Iny(SO4)3(s)=In,05(s, a)+3SO5(g)

FeSOy 7 il R N[ 24 S g ek 4 frsis
& 4 /%1, MEEHR 600 K I, SO, P4 KA
3.51X10" Pa, FeSO, MR ; Mif/%h 700 K
I, SO, V453 54 5.68 X 10% Pa, FeSO, KL T 70
SN 5 5% K 800 K I, SO, it 43 [k hy 4.51 X 10° Pa,
FeS@ﬁy‘ﬁi}i@Hﬂ\‘f’m

R4 AFLE T FeSO4 MU SO P70 i
Table 4 Equilibrium partial pressures of SO, in

decomposition atmosphere of FeSO, at different temperatures

Chemical equation /K p(SO,)/Pa
298 738X 1078

500 6.98%X107"

600 3.51% 10"

FeSO4(s)=FeO(s)+S05(g) 700 5.68%X10°
800 4.51%X10°

900 2.24%10*

940 3.84% 10"
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Fex(SO4)s 7l [N (1R 2k gt Rk 5
Flo HHHE 5 ATHN, SN 900 K I, SO, 14 Hs
A 170X 10° Pa, Fey(SO4); KL T /MR i
h 953 K(F 5 (D) BOIT, SO, T 43 [ 1.41 X 10°
Pa, Fe,(SOu); 7 Hr=4) Fe,05 KA THIAR; &
J91053 K(E 5 T B, SO, *F 7 A
4.25X 10" Pa, Fex(SO4); Mt H 74 Fe,05 K A= T AHAE
MRS 1200 K I, SO, P43 b 2.26 X 10° Pa(it#
I T ARUERTIRIME), Fex(SOu); SR IEIZY o

FS5 AR Fey(SO4)s 2l U SO, -1 7 s
Table 5 Equilibrium partial pressures of SO, in decomposition

atmosphere of Fe,(SOy); at different temperatures

Chemical equation T/K  p(SO,)/Pa
208 3.09X 10
500 8.26X107"

(a) Fex(SO4)3(s)=Fe,05(s, @)+3S05(g) 700 3.11X107°
800  1.45X10°

900 1.70X10?

(b) Fe,05(s, a)=Fe,04(s, f) 953  1.41%x10°
953 1.41X10°
(¢) Fex(SO04)3(s)=Fe,05(s, /)+3S05(g) 1000  7.63X10°
1053 4.25%x10*
(d) Fe,05(s, f)=Fe,04(s, y) 1053 4.25%X10*
1200 2.26X10°
(e) Fex(SO,)3(s)=Fe,05(s, 7)+3S05(g) 1300  1.95X 10’

1450 2.85x10°

25532 1~5 ATAN, YRR 900 K I, PbSO4s
ZnSO,+ Iny(SO4)s+ FeSO, Fll Fey(SO,); I SO, 143
JEAB 535900 5.47X107°, 3.08X 10", 3.53 X 10%, 2.24X
10 F1 1.70 X 10% Pa. [Ktk, IX 5 P4 J@mime & & A4 4>
i S N EH 2 B HERI T 4 FeSO4 Ina(SO4)3+Fea(SO4)3
ZnSOy4~ PbSO4. PbSO, I MESM il , AH 4553 124 0.21pg
HARZ R 1500 K IF, PbSO, 73 il TR T SO, 11T 73
JEAE N 1.23X10° Pa, AR ARHE R TIRAE -

T2 IR FEE R 46 JER AR IR 3k A 73 A S5 I P 52 1
FRFREIIE R K SO, 2 IR ANREIE /5 IXAMNAT
A0 i S5 N (R REAT (BRI 352 e e 5 0k v 1) Ak
By HAT B TR AR

3 S5IEREREL SRR R

K145 % NETZSCH STA 449 C #WAHFASCnE Sz

FE il 1 AT 4 - 22 75 F1 4l & #W(TG-DSC) 73 #r ¢
PbSO, . ZnSO47H,0 « Iny(SO4); ~ FeSO47H,O Al
Fey(S04)3xH,O 3X 5 Fh) o U0 T 43 ol i AT
TG-DSC 7 #1. R N7 4s 0 ALO; HI 1 BN A,
PN 20 mL/min; FHEHZ K 20 K/min; 506 &
4y 15.0~19.0 mg.

PbSO, ] TG-DSC 73 #rthZetn &l 1 frox. HIE 1
ATgn, PARE TG R AE 1146.5 K Z i W i
P, H DSC £ A A FNEAIE, 536 1 Ti(a).
(b) Fl (c) B 11 SO, “F fi7 4 & B A% (3.18 X107~
921 X107 Payf¥ 5. TG hZkAE 1146.5 K J5fT —A
2 BRI B, H DSC #h£E7E 1146.5 K Bt
A BB, 5 1 TR (d)B(1139 K)/HT4s
W4 DSC BHZRAE 1235.2 K MHT AW g, HE 1
DB (1158 K) WA RV & DSC 4 1r:
1316.1 K AbA7 W] il Haie, 5536 1 7 ) (2) B (1300 K)
(93 T 45 BAHYI A . TG-DSC o HT IR Lk )y 2%
TR B (R 1R, (OFN(g)BORITEE 5 5 &
7.5, 772 F116.1 K. TG-DSC #/3r#14% K 5 KOLTA
25 TG DTA S HTE 3, TR BRI B
T A T T PbSO, 4 i AT PbO HITHE

1 110
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Fig. 1 TG-DSC curves of decomposition of PbSO,
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K 2 W40, TG A 362.4~576.5 K WH 3 Mt
FURE B, H DSC #hZkfE 362.4.453.2. 550.3 1 576.5
K PRz o il — MR A, FEEE ZnSO, THO Wk
JRAKFT S TG MZRAE 1027.2 K FHT Fi AW 2
H DSC #h&: B WA, 5538 2 i(a)Be (1000 K)
FIHT S5 RAN) G TG BhZEAE 1194.2 K ALHBLH 2
A RBT B, H DSC gk Bl fg, 5% 2
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Fig. 2 TG-DSC curves of decomposition of ZnSO,7H,0O
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Fig. 3 TG-DSC curves of decomposition of In,(SOy);
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Fig. 4 TG-DSC curves of decomposition of FeSO,7H,0
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