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INTRODUCTION 

An arsenical flue dust, produced during the roasting 
of sulphidic gold-bearing flotation concentrates at 
Ashanti, Ghana, contains about 2oz gold per ton (57g/ton) 
and 30% As as arsenic trioxide, As 203. The recovery of 
gold from this material is difficult. If it is added 
into the leaching pachucas for cyanidation with the 
calcine from the roasters, it causes filtration problems 
and also leads to high arsenic levels in the plant 
effluents. Furthermore gold recovery from the dust is 
not complete during cyanidation due to gold being trapped 
in undissolved arsenical particles. 

A method for pretreating the flue dust to remove 
the arsenic by alkali leaching prior to cyanidation has 
been investigated. Leaching with sodium hydroxide is 
used to produce sodium arsenite solution. This may be 
treated with lime directly to precipitate calcium 
arsenite or, preferably, first oxidised so that calcium 
arsenate is precipitated. In this form, the arsenic 
may be disposed of, since calcium arsenate is a stable 
compound or alternatively it may be of use as an 
insecticide. The lime treatment totally regenerates 
the sodium hydroxide consumed by the dissolution and 
oxidation reactions and the liquor from precipitation 
is recycled to leaching. 

CHEMISTRY OF THE As-H 2 0 SYSTEM 

The thermodynamic behaviour of the arsenic-water 
system is illustrated by the potential - pH diagram 
in Figure 1. Arsenic metal is fairly noble and is 
thermodynamically stable in aqueous solutions free from 
oxidising agents across the whole pH range. It has 
two stable oxidations states, As (III) and As (V), and 
two stable oxides As 2 0 3 and As 2 0 5 • The latter however 
is very soluble in water and does not appear on the 
potential - pH diagram. Arsenic trioxide, As 2 0 3 , is 
an amphoteric oxide, which in the pH range 1 to 8 
dissolves as undissociated HAs0 2 , with a constant 
solubility equal to 15·75 g/1 As. At pH's below 1, the 
solubility of As 2 0 3 increases due to the formation of 
arsenyl ions, Aso+, and also at pH's above 8 with the 
formation of arseni te ions, Aso; ( 1) . Theoretically 
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FI C r:= 1 Potential - pH diagram for As-H 2 0 system 
(Ionic activity = lo- M) 

As 2 0 3 should dissolve under mildly oxidising conditions 
across the whole pH range to forro arsenic acid, H3 As04, 
or its various i ons, depending on the pH. In practice 
the oxidation of As (I III ｾｯ＠ As (V) requires strongly 
oxidising conditions. S .Lab!c oxidising agents include 
chlorine , sodium hypochlo r , te , nitric acid, hydrogen 
peroxide and potassium permanganate. 

The ars e n a t e salts of many metals are quite insoluble 
(2). The most wi d e ly used method of r emovinq arsenic 
f r o m aqueous solutions is treatment with lime to 
precipitate calcium arsenate (3). The solubility product 
of calcium arse na t e is ＱＰｾ Ｘ Ｂ Ｕ＠ and so residu al arscnic 
conc e ntra tions in basic s olutions followinq lime 
t rcatme nt s hould t heoretically b e very low. Recent 
wo r k h a s s hown ｨ ｯ Ｎ Ｇ Ｂ Ｇﾷｾ ｶ ･ ｲ＠ ｾｬｬ｡ｴ＠ c1isso lved carbon di.oxi.dc 
c an inc r c a s e re!c,i duaJ ursenic ｣ｯ ｮ｣ｾ Ｇ ｮｴｲ｡ｴｩｯｮ Ｚ Ｇ＠ by about 
two o r ders of ma gnitude (4,51. 
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EXPERIMENTAL 

Material. Semi-quantitative XRF analysis of the Ashanti 
fl ue dust showed the following oomposition: As,Fe,Si>S%; 
Ca,K,Ti,Si, 5 •0 - 0 ·5 %; Cu,Mn,Ni,Zn, 0•5 - 0 •05%; 
Ba,Cl,Sb,Sr,Zr, <0·05 %. Quantitative chemioal analysis 
fo r the major elements gave the following results: 
As 30•0%; Fe 12· 5 %; Si 9·4 %; 5 "4·0%. The major 
oompone nt s of the flue dust were As 2 0 3 , FeS 2 , Fe 2 0 3 and 
Si0 2 • Sub-sieve size analysis showe d it to be 80% - 42 
mioron and 18 % - 10 mioron. 

Leaohinq . Leachin g was oarried out in a 500 ml round
b o ttomed glass reaotion vessel equipped with a oondenser 
and effioient stirrer, and hea ted by a thermostatted 
eleotrio mantle. The normal prooedure was to leach 
a 50g sample of flue dust with 250 ml NaOH solution -
20 % w/v pulp density - at 90°C for 75 min. Experiments 
s howed that up to 70% w/ v pulp densities could be use d 
without loss o f l eaching effioienoy. Arsenio extraction 
was una ffecte d by stirring rate in the range 300 to 
950 rpm. A stirring spee d of 600 rpm was used as 
standard. 

Arsenic a nalysis . Samples of leach liquor were analysed 
for arse nic by first adding nitric acid to oxidise 
As(III) to As(V), n e utralising with excess aoe tio acid 
and sod ium hydrox ide and then preoipitating silver 
arsenate by addition of neutral silver nitrate. The 
silver arsenate was redissolve d in dilute nitric acid 
and the silver titrated with standard thiooyanate 
solution (7). Trivalent arsenio in the leaoh liquors 
was dete rmined by direot titration with iodine solution 
in the presenoe of sodium bioa rbonate (8). 

RESULTS AND DISCUSSION 

LEACHING 

The rate of dissolution o f ars e nio from the flue 
dus t into solutions oontaining 2•4 and 1·1 M NaOH at 
90°C is s hown ｾｮ＠ Figure 2 . I t may be seen that the 
r e aotion prooeeds i n two stages. The fi r st stage is 
virtually instantaneous, with a bout 70 % of the 
equilibrium a mount of a r senio e nte ring so lution in the 
firs t 30-6 0 seconds . This i s fo llowed by a muoh slower 
second s tage o f d issolution i n wh ich the final 
equilibr i um i.s r eaohed a f ter ｩｬ ｨｯｵｾ Ｍ 1 hour of l e aohing. 
All subsequcnt r esu lt are reported as peroen tage arsenio 
PK tracted a fte r 7 5 minutes r eao tion time . Analysi s f or 
t tal As in the leach liquor sa mpl es bv the silver 
n t rate rnc t.hod , and f o r As ( ll ·1) by t.he i od ine me thod , 
s owed t hat a rsen i o was l n s alJtion almost entirely a s 
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FIGURE 2 Example leaching curves 

As(III). The leaching reaction is therefore assumed to 
be: 

As 2 0 3 + 2NaOH = 2NaAs0 2 + H2 0 (I) 

The effect of temperature on the extraction of 
arsenic by 1·8 M NaOH was investigated. An extraction 
of 43% was obtained at l5°C, and this increased 
approximately linearly with temperature to 61% extraction 
at 90°C. 
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FIGURE 3 Effect of NaOH concentration on arsenic 
extraction. 
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The effect of the concentratior: of NaOH in the 
leach liquor is shown in Figure 3. lt may be seen that 
total extraction of arsenic was obtained at about 2•5 M 
NaOH. The extraction falls approximately linearly 
with decreasing NaOH concentration, except at low 
concentrations, where a deviation from the line is 
observed. This corresponds to the known behaviour of 
As,o,, which approaches a constant solubility at pH's 
below 8, due to the formation of undissociated HAs0 2 (1). 
The theoretical consumptions of NaOH during leaching, 
according to equation (I), were calculated and were 
found to be in good agreement with the actual consum
ptions of NaOH, measured by titration with acetic acid, 
as shown in Table l. The theoretical requirement of 
NaOH for total dissolution of arsenic under the conditions 
used in these experiments was 0•8 M NaOH, but as 
demonstrated in Figure 3, in practice an excess of about 
three times this value was necessary to achieve 100% 
extraction. 

Table 1 Theoretical and experimental consumptions of 
NaOH. 
(50 g flue dust in 250 ml solution. 75 min 
at 90°C) 

Initial NaOH cone. (M) 
Arsenic extraction ( %) 
Wt. of NaOH )Theoretical 
consumed (g) )Experimental 

PRECIPITATION 

2·52 
99·8 
7·98 
7 ·72 

1·68 
61·9 

4·95 
4·79 

1•05 
43·7 

3•50 
3·38 

0•37 
13·1 

1•05 
1·01 

o 
8·5 

Precipitation of As(III) as Arsenite. Precipitation of 
arsenic as calcium arsenite was carried out by treating 
the leach liquors with lime:-

2NaAs0 2 + 3Ca0 + H2 0 = Ca 3 (AsO,) 2 + 2NaOH (II) 

It was found that the reaction was substantially complete 
within 1 hour and that, with excess lime, the percentage 
precipitation of arsenic increased with temperature 
from 86% at 25°C to 97% at 90°C. The effect of excess 
lime on the percentage precipitation from a liquor held 
at 90°C for 1 hour and initially containing 11·9 g/1 
As(III) and 0•5 M NaOH is shown in Table 2. 
The theoretical lime requirement according to equation 
(II) for these solutions was 3·33g cao. It may be seen 
that the amount of NaOH produced was generally in good 
agreement with the theoretical value, but that complete 
precipitation of arsenic was not achieved, even with 
an excess of lime twelve times that required by 
equation (II). 
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Table 2 Effect of ･ｾ｣･ｳｳ＠ lime on precipitation of 
AS(III) 

Amount of lime(g) 5·0 10·0 15·0 20•0 30·0 40•0 
Final As concentration 1344 1044 972 984 444 444 

(mg / 1) 
Arsenic precipitation 88·7 91·2 91·8 92·5 96·3 96·3 

( ':' l 

wt. of NaOH )Theoret. 1·41 1·45 1·46 1·47 1·53 1·53 
generated( g ) )Experim. 1•12 1•40 1·42 1•48 1•45 1•51 

Somewhat better percentage precipitations were 
achieved with more concentrated arsenic liquors using 
lesser amounts of excess lime, e.g. 96% precipitation 
from a liquor containing 56 g/1 As with four times the 
theoretical amount of lime. However the final arsenic 
concentration was higher at about 2 g/1 As. It was found 
possible to reuse precipitates containing excess lime for 
precipitation from a second batch of leach liquor, with 
results very similar to those obtained using fresh lime. 

The use of calcium chloride in place of lime was 
found to be very effective for precipitation from 
arsenite solutions. Almost comple te elimination of 
arsenic from solution (< 20 mg/ 1) was achieved with the 
use of the stoichiometric amount of CaC1 2 , added as 
a 2 M solution. However the use of calcium chloride is 
not practicable for the present application, since it 
would l e ad to the formation of NaC1 in the arse nic- f ree 
liquor instead of the r egene ration ·of NaOH. 

Precipitation of As(V) as Arsenate. It was not possible 
to oxide As(III) to As(V) in the l each liquors by simple 
aeration. However rapid and virtually complete oxidation 
was obtained by the use of the stoichiometric amount of 
hydrogen peroxide:-

NaAs0 2 + H2 0 2 + 2NaOH = Na 3 As04 + 2H 2 0 (III) 

The reaction was complete within lO minutes at room 
temperature. During reaction, the oxidation potential of 
the solution rose and the pH dropped, due to the consum
ption of NaOH; the equilibrium conditions were an e .m.f. 
of about zero volts (Pt vs Ag / AgCl) and a pH of 7·8-8•0. 

Treatment of oxidised leach liquors containing 
22g / l As with four times the stoichiometric requirement 
of lime for 1 hour at 90°C, resulted in total elimination 
of arsenic from solution (< 1 mg/1) as calcium arsenate, 
with regeneration of NaOH:-
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Reuse of the precipitated calcium arsenate containing 
excess lime resulted in the precipitation of 82% of the 
arsenic contained in a second batch of oxidised leach 
liquor. It was found that the arsenic-free liquors 
containing r e generated NaOH could be recycled and used 
for leaching fresh batches of flue dust, with results 
similar to those reported in the leaching section. 

PROPOSED PROCESS 

A simplified flowsheet of the proposed process for the 
removal of arsenic from gold-bearing arsenical flue 
dust is shown below. 

Flue 
LEACHING 

Solids to 
Oust gold leaching 

H202 

2nd STAGE 
Lime 

Calcium 

PRECIPITATION arsenate 

The flue dust is leached with regenerated leach 
liquor, containing about 2·5 M NaOH, which is recycled 
from precipitation. Leaching is carried out at 50% 
pulp density for one hour at approximately 90°C. 
Undissolved solids, low in arsenic, are filtered off and 
sent to cyanidation for gold recovery. The leach liquor 
is oxidised with hydrogen peroxide to convert As(III) 
to As(V). Cheape r oxidants could be used, such as 
chlorine or sodium hypochlorite, but these would have 
the disadvantage of causing a build-up of chloride in 
the r e cycling liquor, necessitating bleed streams for 
control and complicating the materials of construction 
of the plant. Treatment of the oxidised liquor with 
lime at 90°C causes precipitation of calcium arsenate 
and regenerates the sodium hydroxide consumed during 
leaching and oxidation. A two-stage precipitation is 
suggested so that there is an excess of lime present in 
the second stage precipita t i o n t a nk. Re generated liquor 
from precipitation is returne d to leaching. 
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