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Thermodynamics equilibrium analysis of partitioning of cadmium
during sludge incineration
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Abstract The thermodynamic equilibrium calculations were performed to reveal the distribution and trans-
formation of the element Cd during incineration of the typical sewage sludge. The actual sewage sludge composi-
tions and the combustion conditions were utilized in all simulations. The effects of major minerals and the differ-
ent contents of sulphur and chloride on the Cd speciation transformation were considered during the calculations.
The results showed that during the incineration of sewage sludge Cd was mainly in the form of solid carbonates at
low temperatures, which decomposed into CdO with the increasing of temperature. The composite gases of Cd
(OH),, Cd and CdO came into being at higher temperatures,in which the gas of Cd was the main form. During
incinerations of sewage sludge with major minerals, the impact of SiO, on Cd transformation was stronger than the
others, which shows that the stable solid CdSiO, combined easily between Cd and SiO, , and the presence of SiO,
can restrain the emissions of gaseous Cd pollutants. The CdCl, was formed easier by the presence of chloride dur-
ing incineration, and the volatilization of Cd was advanced with the increasing of chloride. At low temperatures,
the volatilization of Cd was restrained for the forming of the refractory solid metal sulfate. At high temperatures,
the speciations of Cd were not affected with the presence of element S ,but S could affect the formation tempera-
ture of gaseous metals. The pollution control of heavy metal Cd could be realized during incineration of the typi-
cal sewage sludge, for different speciations of Cd were formed at different incineration temperatures, major miner-
als and the contents of sulphur and chloride .
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Fig. 1 Scheme of equilibrium system by MINGSYS

in sewage sludge incinerator (Me denotes metal)

M T 50T Cd JE 2558 1k B 73 A T0 A4 $4
12 PR R e A Cd —Fh i o &R A5 9
ERICR REOCR BOCR I AR R I B R
Hh LA AR A L Y SR A Al B SR A ) B A A
T 5 R Ak 2 R P AT AT B 23 A I, 2 7
JE B TR Z 18] (9 AH AR T, O 15 25 BB e oo R T
A AT RE KA B S, DA R R R B R AR S Rl Cd 5



BT1W

PFEIT AR 5 U B BE D Cd JB 35 5% A0 Y #4727 - A B 40

1645

T Ul 0 B 45 4 2 T M R T Y ) AR 45 R, T
Ao AT 27 5 A — S8 R AR T 5 S 45 SR 14 i 22 5
Ko BAEM T4 R © 8 W Kk R o A5 75 U h
Cd FZMREEIUR, r A ERACETT R XK koo
RIENIE KRR, H 02 1 2% B 0K (] 1Y
HEAE I L B A RE A7 1 B BN, filf BE AR (A &R 55 52
PRk 2 T 25 SR B2 0

2 RAFTEEITELRE

S 1 EH AR Y 3R AW 50 AL 2 2 R A
Py 5 1 B RS (RO VBT, ) B i B s s ) LT
o AETHE R b A ST e AL SO, A R T
Ji 2%t 400 ~ 1 800 K, JE F124 1.013 x 10°Pa, 1 &
EARBN=1.2, IHHEAHE 1L FITE PH.CH.O,
N.S.Cl .Ca Si Al DL RAHRN Y I, dHR R %5 T
UL Y B0 Si0, .Ca0 (ALLO, MgO Fe,0, K,0 K&
S.Cl W FAEXT CdIERE ALz . RS R
T3 Cd ) 2% b i B ) J5T 6, 45 SO A IE AH PR 3
Hph M+ Cd(g) .CdO(g) .CdCl,(g) . CdS
(g), [EAHALHE Cd(s) CdO(s) .Cd(OH),(s) .Cd-
CO,(s) .CdALO,(s) .CdCL (s) .CdS(s) .CdSO,
(s) Fl CdSiO, () o PEBHTTGIE Cd 7 it A Ak 5 [

79 0.05 ~16. 8 mg/kg, 755 iR AT f B3 75 8 Cd
T 2.97 mg/kg MR AR, HA T FH L
KA ARG RSB ERE (R ) .

37 58 i () 2, R AR FACTsage fb2 #1722 F- it
LA R Bl AU YR AR e o A P A O R i AR AL
L (E TS A5 SR A LS A 75 PR A e S N R A L, Bk
T &4t Gibbs [ i BE /N B Ab 27 34y 27 - i 3
SEABAEAE LA R R BRAE 222 O 2 kb X I I A
o AR B 5 B I TR) IR A5 AT s B A A R o
AR S 5 (EL AR SRR e X Sl JBE AR, RV AT 2 0% ) 5
B IF I, B AR 2R A J0 ks B o AT~ P IR S
QTEIZPRIRBE DX I, i TR S R AL BRI BR ), =
55 1R BE 1) SIS ) mT REAT A — R D I B o B e T Ao
JEE T LR R #90 FL A 35 3047, {EL R A b e LA 3
S 3 S PRAA R A R ATy e AT A R A
— 58 B 22 5 B2 PR AR g ik A2 vh T R AR LR BT A AR
A=A A -7 5 R 0 SR F SR T
FACTsage FAFA Ly iy BR A, 5277 ) 9 i 2 A1 BR
(0, PR, THREE 2Rl RE 15 52 P D0 7 A L 8 i 25
IR 22 Ry 2o i AT A A BAEIRAS TR 4%
JUER AR, B 52 B i PR R b o e T < Jm Y
HEWCAT JATE IR BAT R AF 48 A

x1 XWFSENUTERTWRAK
Table 1 The composition of elements and mineral matters in the sludge (%)
15 Y 2k R N C H 0 S cl Sio, Ca0 Al 0, MgO Fe, 0, K,0
wma 1.15 22.98 3.20 23.57 0.88 0.35 21.32 18.13 8.75 0.55 0.37 0.84
Ky 4.70 30.30 4.01 21.46 2.15 0.36 30. 14 3.96 7.53 0.33 1.94 2.20
WiTE 4.56 25.95 4.29 19.17 1.68 0.50 35.41 2.82 6.73 0.28 2.06 2.23
HE X 4.48 33.73 5.25 22.98 2.55 0.21 28.41 3.71 4.14 0.25 2.19 1.36
bk 2.88 17.46 3.51 16.14 1.22 0.21 37.16 3.21 9.16 0.22 2.27 3.40
BT 6.09 34.04 5.03 23.48 1.61 0.50 - - - - - -
S (E 3.98 27.41 4.21 21.13 1.68 0.35 30.49 6.37 7.26 0.33 1.77 2.01
CdO(s) \Cd(OH),(g) .Cd(g) Fl CdO(g) JE XA
3 HRESW
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Cd(OH),(g) /=4, JiRFE @it 825 K if,Cd(OH),
(g) JF bf BN 32 2% 4y, i B 35 3] 975 K HY,
Cd(OH),(g) H il fi &5 4 W6 B8 & 900 K I,
Cd(OH),(g) FFhH 53 Cd(g) Fil CdO(g) , H 7



1646 o5 T

L

AR 14

1000 ~1 800 KZ[a] Cd(g) Y H i — ELAEHS I, i
CdO(g) 7E 1 200 K I3k 5] fe K L A9, Bl J i 3l 2 T
5 FE L ) TR 4R s/, 7 1 800 K B Cd (g) K&y ik
95% ,CdO(g) R# K 5% . i el A, Cd 18
R 45 1 3 2 LT R ik R 46 % =X A2 7, B Tl
JETHE B IR ER 3 i O CdO (s) , ARG TF IR A RS
Cd(OH), .Cd F1 CdO A= plf,, 78 55 o il FE S AR 1D Cd
(g) fETE. — Meds Je B8 b8 b i i B2 78 1 100 ~
1300 K,bif Cd L Cd(OH),(g) .Cd(g) .CdO
(g)3 FE = 1) KAHER, X 21 5548 i AR K e 5

100

| o0 A
ATy —e-
sok " I:Il E|\ AI A /./.
~ "oy PO
< ol oA L/ == cdcogs)
- B | o -=-CdoGs)
& & A/ - CdOH)e)
2 a7 A --Cde)
ﬁ}, L} ;o /A -2 CdO(g)
20f o1 /0 S As
c’l.\ [ 1 K BV N
ol L m A, nex , 4 Aty
4000 600 800 1000 1200 1400 1600 1800
il‘ﬁUE(K)

2 J6 S CLLEW W& F 5k Cd MBSk

Fig.2  Equilibrium amounts of Pb species

without sulphur, chlorine and mineral elements
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Fig. 3 Equilibrium amounts of Cd species with mineral

elements and without sulphur and chlorine
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