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Volatilization and Toxicity Control of Heavy Metal Chlorides
under Combustion Conditions
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Yong-Chil Seo

ABSTRACT

Volatilization of toxic heavy metals, especially, metal chlorides at elevated temperatures in oxidation
conditions was observed using a thermogravimetric furnace since such metal chlorides used to be a cause
for the disease of industrial workers by their toxicity and high volatile extent. Most of tested metal
chloride compounds were evaporated or decomposed into gas phase at elevated temperatures ranged from
200~900°C, while CrCls and NiCl, became stable with converting into oxide forms. A kinetic model for
evaporation/condensation could predict maximum evaporation flux and the calculated values were
compared with real evaporation flux. The ratio of two fluxes could be explained as the fraction of
impinging gas molecules to the condensing surface( o ) and obtained in the range of 103~10* for the
experimented toxic heavy metal chlorides. This ratio might be used to define the volatile extent or
toxicity of such toxic metal compounds. The schemes to avoid volatilization of toxic heavy metals into
the atmosphere were suggested as follows; 1) controlling the compositions of metals and Chlorine
produced substances(such as PVC) in the treated materials using a reverse estimation from regulatory

limit and characteristics of a processing facility, 2) installation of wet type devices such as a scrubber for
condensing the metal compounds.
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Table 1 Allowable concentration limits of hazardous
metals in off-gas

. Allowable concentration
Material limit(mg/Sm®)
~Dec.31 | ~Dec.31| After
1994 1998 | Jan. ‘%
Cd 1.0 1.0 1.0
Pb 10.0 10.0 5.0
Cr 1.0 1.0 1.0
Cu 10.0 10.0 10.0
As 3.0(ppm) | 3.0(ppm) | 3.0(ppm)
Zn 10.0 10.0 10.0
Ni 20.0 20.0 20.0
Hg 5.0 5.0 5.0
Dust{12% 0. )
high volumetric flow | 100.0 80.0 80.0
low volumetric flow 200.0 100.0 100.0
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Table 2 Melting point and boiling points of
tested metal chlorides

. m. p. b. p.

Metal Chlorides <) (c) Ramarks
Cadmium Chloride
(CdCl,) 568 | 960
Lead Chloride(PbCl,) 501 | 950
Chromium Chloride .
(CrCly6H,0) 1,152 NA Sublime
Copper Chloride
(CuCl,-2H;0) 620 1 993
Zinc Chloride(ZnCl;) 283 | 732
Nickel Chloride .
(NiCl,6H,0) 1,001 NA Sublime
Arsenic Chloride(AsCl) | —8.5 | 130.2
Mercuric Chlonde(HgCl) NA NA | Sublime
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Fig. 1A schematic diagram of the thermogravimetric fur-
nace
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Fig. 2 A typical profile of weight changes of the metal
(Cr compounds) at elevated temperatures
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Fig. 3 Weight changes of metal chiorides(volatile)
at elevated temperatures

1.50

G@@e@ CrCl3-6H-0
(3886 NiCly-6H,0

-
N
wm

1.00

0.75

0.50

0.25

WSS E TS T NN

600 800

e a L toed t a0 g0 e btar vy

400

Temperature{C )
Fig. 4 Weight changes of metal chlorides(stable with con-
verting into oxide forms)
at elevated temperatures
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Table 3 Vodlitilities of metal chlorides and their
conversion into oxides changes of

composition at elevated temperatures

Initial Possible .
Metal . - Conversion
Comp. Volatility | Vaporizing | Converted Temp. (T)

Temp.(C) | Form

CdCl, 0 600 -
PbCls 0 600 -
CrCly - Ct0 200
CuCl, 0 477 -
ZnCl, 0 400 -
NiCl. - N0 500
AsCl 0 130 -
HeCl o 200 -
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Fig. 5 A Typical plot for both maximum theoretical
and experimental fluxes of evaporation in the
case of CdCl,
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Table 4 Values of  for metal chiondes

Metal Temperature
Chlorides “ Range(K)
CuCl, 1.02X103 733~853
" PbCl, 1.03%10° 600~900
CdCl, 1.42X10° 650~900
HgCl 1.08X107 210~398
ZnCl, 6.43X10° 400~610

* AsCl : NA(Ps data not available)
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