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Abstract

An equilibrium analysis was carried out to determine principal species of heavy metals in waste
incineration and their behaviors with variation of temperature, chlorine concentration, excess
air ratio, and C/H ratio. The waste was assumed as a compound of hydrocarbon fuel, chlorine,
and metals. Calculated results showed that the most important parameter to determine the
principal species was temperature. Chlorine concentration also affected on mole fractions of the
principal species. Generally, principal species at high temperature were chlorides while there were
some metals of which principal species were oxides. At low temperature mole fractions of the
principal species increased, but at high temperature mole fractions of some metal species de-
creased. C/H ratio of the hydrocarbon fuel and excess air ratio had little effect on mole fractions
of the metal species, compared to the temperature and chlorine concentration.
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Table 1 Metal species considered in equilibrium calculations

Monoatomic compounds Oxides Chlorides Others
As(g) As(s)
As,05(s) As,O;(1) AsCl(1l) AsCl(g)
As: (@) As(g) As0s(9)  AsiO4(g) AsClL (D) AsHa(®)
As, (g)
BeH (g) BeH.(g)
Be(g) ol BeCl(g) BeOH(g) Be(OH), (g)
eO(l) Be,O(g) BeCl; (g)
Be(l) Be(OH),(s) Be,C(s)
B (Be0).(g) (BeO);(g) BeCl, (1)

e(s) Be,C(s) Be;(AsOy).(s)
Be, (g) (BeO).(g) (BeO)s(g) BeCl, (s) BesN, (1) BeaN, (s)
’ (BeO)¢(g) (BeCly), (2) ? ZB -

eN (g)
Cd(l) Cd(s) CdO(s), CdCl, (s) Cdcg;*(asoc;isgz (®)
Cd(g) CdO(g) CdClI, (1) U0 9
Cr0.Cl,(g) CrAsO,(s)
CrO(g) Cr,0;(1) CrClL () Cr;(AsO,). (s)
Cr(g) Cr,0;(s) CrO,(g) CrClz © Cr(CO)e(s)
Cr(l) CrO,(s) CrOs(g) o 012() CrusCo(s) CriCe(s)
Cr(s) CrO;(1) CrOs(s) CrrC13(S) Cr:N(s) CrCs(s)
Cr:012 () CrsOa (s) «8 Cr;N(s) CrN(s)
CrN(g)
Culg) CuO(g) CuCl(g) CuCl(l) C“(OH)CZ (SA (C)“COS(S)
Cu(l) CuO(s) CuCl(s) UsASIS
Cu3 (AsOy); (s)
Cu(s) Cu,0() CuCl, (s)
) e CuCha@) CusAsO,(s) CuCN (I)
2 ? 318 CuCN(s) CuCOs(g)
HgCl(g)
Hg (@) HgO (g) ﬁzg ((i)) He, (AsO.)4 (s)
Hg(D) HgO(s) HgCl, (1) HgH(g)
Hg,Cl, (s)
Pb(g) FPrO() PO PbCl(g) Pbs (AsOL)» (5)
PbO(s) PbO,(s)
Pb Pb,O.(g) Pb0:(g)
) PhCl, (1) PbCO4(s)
Pb, (g) PbO,(g) PbsOs(g) PbCl, (s) PbH (g)
? PbeOs(g)  PhsO,(s) ’
Sn(g) SnO(l) SnO(g) SnCl,(g) SnClL ()
Sn(l) SnO(s) Sn0; (s) SnCl,(s) SnCL (1) S“S(SA;O‘() ”)(S)
Sn(s) Sn0, (1) SnCli(g) SnCl(g) e
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Table 2 Principal metal species in Oxygen/Chlorine environment

Metal With Oxygen With Chlorine With Oxygen and Chlorine
eta
Principal Temperature| Principle Tempera Principle emperature
. B ture A
species range (K) species Species range (K)
range (K)
ASzos(S) 400~ 600 ASzos(S) 400- 600
A 1 -
S As,Oq(s) 700-1600 AsCls(g) 400-1600 AsCl;(g) 700-1600
BeCl, (s) 400- 500 BeO(s) 400-1200
B BeO 400~
€ e0(s) 0°1600 | Becl @) | 600-1600 BeCl, (g) 1300-1600
CdCl, (s) 400- 800 CdCl, (s) 400- 800
Cdo 400~
Cd | () /c(j()) © mgg_iggg CdClL, (1) 900-1200 CdCL (1) 900-1200
£ Cd(g) 1300-1600 Cd(g) /CdO(g) 1300-1600
CrO -
o C:(;((Z)) 00 ] il | 400- 600 | CrOy(9)/CrOLCh @) ~ 400
23 -
CrCl -160 Cr0,Cl 500-1600
CrOs(g) 1500-1600 rCl(g) 700-1600 r0.Cl, (g)
CuCl - 500
CuO(s) 400-1300 | CuCl, (s) 400- 600 uCla s) 400- 50
CuO(s) ~ 600
Cu Cu;O(s) ~1400 | (CuCl)s(g) | 700-1100 (CuCl)s (g) 700~ 900
C CuO 1500- CuCl 1300- :
u(g)/CuO(g) | 1500-1600 uCl(g) 300-1600 CuCl(g) 1100-1600
HgO(g) ~ 500 HgCl, (g) 400-1200
H HgCl 400-
¢ | Hg(@/HgO(e) | 600-1600 | "ECH® | 40071600 | oy o) He@ | 1200-1600
PbO, (s) 400~ 500
P Pb,0, (s) ~ 600 | PbCl,(s) 400- 600 PbCl, (s) 400- 600
PbO(s) 700- 900 | PbCl,(g) 800-1600 PbCl, (g) 700-1600
PbO(g) 1100-1600
Sn0O, (s) 400- 700
O _
Sn Sgn (2 ()S ) 400~1146(I]% SnCl, (g) 400-1600 SnCl(g) 800-1400
g SnCl, (g) /SnCl, (g) 1500-1600
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