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summary 

The Environmental Protection Agency’s EP Toxicity Test has been applied to smelter 
slags containing dissolved arsenic concentrations up to 23.50 per cent. The test results 
show that the release of arsenic is, in all cases, below the EPA designated concentration 
of contaminants for characteristic toxicity. Also, the results of over five years of exposure 
of slag to an aqueous environment are reported. The test results for the long-term exposure 
show that, in some cases, the release of arsenic is minimal and that solid slag is a safe means 
of storing arsenic. 

Introduction 

Flue dust is created during copper smelting. This dust is collected in the ex- 
haust ductwork and in baghouses. The disposal of this dust is a problem. The 
composition of the flue dust is variable, but it generally contains appreciable 
metal values, many trace metal constituents, and is usually contaminated with 
arsenic. Flue dust composition ranges are presented in Table 1. Example dust 
compositions are presented in Table 2. 

TABLE 1 

Copper smelter flue dust composition ranges [ 1 ] 

Element % in dust 

cu 
Pb 
Zn 
As 
Bi 

5-l 5 
8-l 5 
5-l 5 
3-25 
o-2 

At! 3-13 ozlton* 
Au O-O.2 ozjton 

*l ozlton = 0.0034% 
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TABLE 2 

Example copper smelter flue dust assays [ 1 ] 

Element Assay @8,) 

Dust I II III IV [21 

As 20.0 29.4 25.6 3.15 
Bi 0.65 0.94 0.88 0.94 
Cd 0.94 0.65 0.89 0.54 
cu 4.76 3.91 4.19 17.5 
Fe 6.1 1.43 1.43 17.0 
Pb 5.8 5.3 5.43 4.7 
Sb 0.63 1.26 0.74 0.14 
Sn 0.75 1.60 0.5 - 

Te 0.27 0.69 - 0.05 
Zn 14.3 12.3 14.2 7.5 
S 10.0 7.9 9.1 11.3 
MO - - 0.09 - 

& - - 5.4 oz/ton 9.6 ozlton 

Smelter operators are currently stockpiling most of their dust until an ap- 
propriate disposal technology can be developed. Storage in a dry manner is 
expensive, but storage outdoors is a potential health hazard because of the pas. 
sible leaching by rain water of arsenic and other heavy metals. Therefore, an 
alternative means of treating and storing this dust is desirable from an environ- 
mental viewpoint. 

Twidwell and Metha [3] have developed a technique for containment of 
arsenic in an environmentally safe form, i.e., dissolution of the arsenic in a 
reverberatory slag phase. To accomplish the dissolution in the slag phase re- 
quires that a high-temperature stable form of arsenic be produced in the flue 
dust. This can be effectively accomplished by low-temperature (200-400” C) 
roasting of pelletized lime and flue dust, by which means the arsenic oxide 
is converted to Ca3(As0&. The calcium arsenate is non-volatile when heated 
in air, i.e., its pyrometric cone equivalent temperature is 1290°C. 

Calcium arsenate bearing flue dust effectively dissolves in molten smelter 
slag when added to the slag in this non-volatile form. The resulting product, 
a slag phase containing dissolved arsenic, is stable against weathering and can 
be stored in conventional slag dump areas [ 1 J . 

Experimental procedure and results 

A previous investigation by Twidwell and Metha [ 31 produced arsenic con- 
taining slags: (a) to demonstrate the effectiveness of dissolution of arsenates 
in molten smelter slags and (b) to produce arsenic containing slags for subse- 
quent stability studies. 
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This technical communication is to report recent experimental data collected 
on the arsenic containing slag samples. The new data consist of the experimen- 
tal results from (a) applying the EP Test [ 41 (developed since the original study 
was conducted) to copper reverberatory slags containing from 0.54-23.50 per 
cent arsenic and (b) determining the influence of continuous exposure of the 
slag to a water environment for over five years. 

EP Test results 

Eight arsenic doped slags were subjected to the EP Test [4] procedure. 
The results for arsenic and a large number of other elements are reported in 
Table 3. The EPA specified concentration of contaminants for designation 
as a toxic solid was not exceeded for any heavy metal, e.g., the arsenic ex- 
traction even for a starting slag containing 23.50% arsenic did not exceed 
the designated level of five mg/litre. 

Continuous exposure results 

The stability of arsenic doped slag samples to continuous exposure to a 
deionized water environment for 45,330 hours (over five years) has been 
determined. The influence of slag matrix (either copper reverberatory or 
lead blast furnace slag: composition for as-received slag are presented in Table 
4); solid/liquid ratio (l:l, l:lO, 1:lOO); pH (5, 7,9); and particle size (l/4, 
- 8+10 mesh, - 60+100 mesh) were investigated. The results are presented 
in Tables 5 and 6. 

The experimental results of long-term exposure (45,330 hours) of arsenic 
containing reverberatory slags show that arsenic release to an aqueous phase 
is greatly decreased by the slag matrix. As noted in Table 5 the influence of 
pH on the release of arsenic from the reverberatory slag samples was unim- 
portant for particle sizes of l/4 inch, i.e., less than 1 mg arsenic/litre (<0.085% 
arsenic extracted from the solid) was released to the solution. However, the 
lead blast furnace slags showed a significant arsenic release for the same set of 
circumstances. The influence of pH on arsenic extraction from smaller particle 
sizes of reverberatory slag, especially the - 60+100 mesh range, shows the im- 
portance of maintaining a basic solution. 

The influence of solid/liquid ratio and particle size on arsenic extraction is 
illustrated in Table 6. Solution pH was uncontrolled in these exposures. The 

TABLE 4 

Slag compositions [ 1 ] : Major constituents 

SiO, (%) CaO (%) Fe0 (X) 

Copper reverberatory slag 35-40 6-7 40-45 
Lead blast furnace slag 25-30 20-35 33-35 
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TABLE 5 

Influence of pH on arsenic extraction from arsenic doped slag samples in 45,330 hours 

Arsenic 
in slag 
(%) 

Arsenic extracted* (mg/litre) 

PH 5 PH 7 

Particle size 

pH9 

l/4 -8+10 -60+100 l/4 -8+10 -60+100 l/4 -8+10 - 60+100 

Copper reverberatory 

11.8 <l 1 10 <l 1 <l <l <l 6 
12.0 1 5 10 <l <l <l <l 3 2 

Lead blast furnace 

13.6 8 - 19 4 6 8 2 6 12 

*Solid/liquid ratio 1:lOO. pH maintained at the above levels for over 2300 hours and then 
allowed to seek its natural values. 

TABLE 6 

Influence of solid/liquid ratio and particle size on arsenic extracted in 45,330 hours 

Arsenic 
in slag 
(%) 

Arsenic extracted* (mg/litre) 

S/L = 1:lOO S/L = 1:lO 

Particle size 

S/L = 1:l 

l/4 -8+10 -60+100 l/4 -8+10 -60+100 l/4 -8+10 -60+100 

Copper reverberatory 

12.0 1 <l 1 - <l 8 3 38 51 

Lead blast furnace 

13.6 2 3 11 4 8 18 8 15 50 

*pH uncontrolled; starting pH was 5.7. The pH increased in most samples to 9-10 in the 
first hour then decreased to 6-7 after about 2300 hours. 

arsenic release from the reverberatory slag was small and acceptable for all par 

title size ranges for S/L ratios of l/100, for particles to +lO mesh for a S/L 
ratio of l/10 and for l/4 inch particles for a S/L ratio of l/l. The lead blast 

furnace slags showed a much higher release of arsenic. 



Conclusions 

Copper reverberatory slags appear to offer potential for safe long-term dis- 
posal of arsenic bearing flue dust. The procedure involves pelletizing the flue 
dust with lime followed by a low temperature, 4OO”C, roast. The arsenic in 
the dust is converted to calcium arsenate and calcium arsenite which, when 
added to a molten system, effectively dissolves in the slag. The solidified amen- 
ic bearing slag appears to offer the possibility of outdoor storage, especially 
if the surface area exposed to weathering is kept to a minimum. 
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