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ABSTRACT

A new process for treating complex tin dusts containing high arsenic and antimony—CR chlorination-dry-

distillation process(here after, CR process) has been described. The key step of this process is the CR distilling ar-

senic process in which the tin dusts are leached with a medium concentration hydrochloric acid. A metal or a me-

tallic sulfide is used as a reducing agent to reduce As(V) and Sb(V), and arsenic trichloride is simultancously dis-

tilled from the leaching system. Then arsenic is precipitated for regenerated hydrochloric acid with the sulfide

precipitation method. The prominent characteristics of the CR process are of great advantage in removing

impurities such as Pb, As, Zn and Sb from the dusts in one step, recovering all valuable elements, eliminating the

arsenic harm, and the consequent metallurgy of tin.
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1 INTRODUCTION

Development and application of the com-
plex tin ores are of great significance because
of rapidly decreasing tin reserves and rapidly
increasing requirements for them!'™"). The ore
of a large alluvial tin mine in western Guangxi
is a refractory tin oxide ore accompanied by
polymetallic elements Pb, Sb, As, Zn, etc. A
medium tin concentrate containing 5% Sn is
concentrated for fuming to produce complex
tin dusts containing 20% Sn and high contents
of impurity elements, i. e. As, Zn, etc (see Ta-
bles 1 and 2). Though Li, Wangchang'¥ and
Hu, Liuxuan'¥ did much investigation on te-
chnologies for treating the tin dusts and ob-
tained good results, there are still many prob-
lems such as arsenic pollution and the diffi-
culty of operating vaccum distillation equip-
ment at high temperature. Consequently, it is
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of great importance to find a new process for
treating the complex tin dusts.
Table 1 The chemical analysis of the complex tin dusts
Elements Sn  Sb  Pb  Zn Ag S Fe
wi—% 2328 11.81 20.74 479 0.055 258 1.85
Elements Bi _As _In_ Si0, CaO ALO,
wi=% 0.004 642 0.047 279 081 120

2 SELECTION
FLOW-SHEET

OF TECHNOLOGICAL

Based on the chlorination-dry-distillation
process'®, volatilization characteristics of arse-
nic trichloride and the use of chlorination dis-
tillation for extracting germanium!”, a princi-
ple technology flow-sheet CR process has been
selected for treating this polymetallic complex
tin dusts(Fig. 1). Its characteristics are lower
arsenic removal temperatures, a lower require-
ment for the amount of reducing agent need-
ed for both arsenic and antimony removal,
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and the direct production chemicals from re-
covered elements.

Table 2 The phase analysis of the complex tin dusts

Snin  Snin  Snin

T s0  sw0,  soS A
Phase/% 128 1968 140 234
Sbin  Sbin  Sbin
Antimon;
POmONY b0, SbiS, M,y(SbOY, Z3b
Phase/% 259 052 887 - s
Poin  Pbin  Pb Lo
Lead 3 o ™ insoluble  EPb
PbSO,  PhO  PbS
residue
Phase/% 511 L7 L1z 239 2039
Asin A Asin Asin
Arsenic e e A
AsO, MfASO), AL AsS,
Phase/% 207 368 012 053 640

3 EXPERIMENTAL METHODS

The theoretical amount of hydrochloric
acid was calculated, and the theoretical amou-
nt of reducing agent was calculated in light of
the amounts of high valence As and Sb, since
the contents of original metal sulfides (MeS)
should be reduced. The feeding methods for

the reducing agent and the choice of chlorina-
tion-leaching systems are also important.

The experimental conditions(see Table 3)
were ranged with normal table of L,q(5%).
There is a temperature deviation of = 1T in
the experiments on a scale of 30 g dust per unit
time.

Table3 The rangements of the tin dusts chlorination-leach-

ing-distilling arsenic experimental conditions

Factors
A B o D E
Systems level acid con- erioof  leaching
HCl ™ devie
D centration {°¥ addingMes o time
3 original MeS. /h
1 60 6 / 0.884 2
HEE 2 80 8 4 1010 3
NaCl-
T I W Gae e 4
4 120 12 / 1.324 5

4 EXPERIMENTAL RESULTS AND DA-
TA TREATMENTS

Experimental data for the arsenic chlorina-
tion-leaching distillation process for the HCl—

complex tin dusts
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= T
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Fig. 1 The principle technology flow-sheet of CR process for treating complex tin dusts
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NaCl-H,O system have been calculated with a
computer to obtain the square deviation ana-
lysis results shown in Table 4. S, f, and V re-
present the variations of deviations, freesoms,
and mean variations respectively. F is the
F-test(variance test ratio). They are all derived
from the relative expressions in reference(8].

Table 4 shows that Factor A is notably ef-
fective on the distillation of arsenic, and is
more effective on the removal of lead and zinc.
Factor B is notably effective on the removal of
zinc and the distillation of arsenic and is more
effective on the removal of lead. Factor D is
especially effective on the removal of antimony
and zinc, and notably effective on the removal
of arsenic and the recovery of tin in residues.
Factor E is only notably effective on the re-
covery of tin in residues.

After all targets synthesized, the optimum
levels are listed in Table 5. It shows that the
optimum levels of factors A and E are res-
pectively A, and E,. There is a discrepancy be-
tween the optimum levels of factor B from the
view point of the removal of lead and other
targets, and there is also a discrepancy between
the optimum levels of factor D for removing
antimony and other targets. In order to solve
the first discrepancy, the arsenic chlorination-
leaching-distilling process is

system without NaCl, and then the lead is re-
moved from leached residues separately. The
second discrepancy may be solved by adding

ly decreased. However. in the case of adding
reduc agents in batches. the removed arsenic is
almost unvarying and the removed antimony
is also high, which is enough to prove the
importance of adding reducing agent in bat-

ches.
Table4 The square deviation analysis of the data from ar
senic  chlorination leaching.di

of tin dusts in the system of HCLNaCL-H,0

ling experiments

reducing agent in batches. Cq the
optimum conditions are chosen as A,ByD;E;.
According to the analysis of the experi-
mental results in the Me—HCI-H,O leaching
system, the comparison experiments of MeS

and HCI in batch and batches pectivel

were carried out. The results show that 2 h is
enough for reducing high valence antimony;
0.122 g MeS per lg dusts is the best amount
for the second batch. In the case of adding
MeS in one batch the removed arsenic is great-
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Finally, the synthetic condition experime-
nts have been carried out to obtain the most
significant results(see Tables 6 and 7).

Table 5 The synthetic analysis of the optimal levels in
the system of HCI-NaCl-H,0

Removed Distilled ROV
Factors of tinin
Sb AS Pb Zn As Cl _ residues

S R v i e ) 0

L e e e B 0

Dy e oS 1

E sl 00, & 0 3

notice: 0 indicates that any level may be well.

Table 6 The removed and distilled impurity elements and
the recovery of tin in residues (%)

Sample Clements
No em Sn Sb As P Zn S Fe Ag
P78 oved 858" 9566 9674 9839 9385 8499 BS64 9866

F-100 854" 8838 9776 9821 9WEs -~ - -
Disiled 0106 168 9535 - - -8 -

senic removed. In contrast, the more MeS ad-
ded, the higher the valence antimony reduced
and the more the antimony removed. The
above discrepancy was solved by adding MeS
in batches, because the amount of MeS added
first with the tin dusts is less, so that the
amount of MeS is only enough to reduce high
valence As resulting in production of only a
slight amount of H,S. Therefore, the high
valence arsenic is reduced and is introduce into
the leaching solution and distils continuously
from the leaching system. When the second
batch of MeS is added, a great amount of As
has been evaporated and removed from the
reactive system, and MeS is mainly used for
reducing high valence antimony. Consequen-
tly, the reomval efficiencies of antimony are
very high.

The distilled As and Cl increased rapidly

*  recoveries in residues.

Table 7 The chemical components of leached lead resi-
duesf(tin concentrates) and leached
liquors(% or g / L)

Sample Clements
No

Ttems _————
Sn Sb As Pb Zo Fe Ag S Cs SO,

limcon FT6R 4932 404 095 097 159 - 0018 - -
centrates F-78R 49.42 261 0.54 086 076 04900019 1~ 765
Jeached F-78L 376 3211 033 116 5362 485 0.133 548 109 —

liquors F-09L 303 236 039 116 4136 579 0081 421 100 —

5 DISCUSSION

In the case of adding MeS in one batch,
the effects of MeS on As and Sb removal are
notable, the results are antagonistic. Because
the original metallic sulfides in the tin dusts are
enough for reducing the high valence arsenic
and the reduced arsenic introduced into the
leaching solution reacts with H,S or MeS to
produce As,S; before it volatilized out of the
leaching system, the more MeS added, the
more the As,S; produced and the less the ar-

with i amounts and concentrations,
of hydrochloric acid. It is apparent that the
higher acid concentration increases the vapor
pressure of AsCl; and HCI, and the larger
amount of acid extends the time for holding
the vapor pressures. Thereforé, high concen-
trations and large amounts of acid are required
for distilling arsenic fully. The effects of amo-
unt and concentration of the acid on the re-
moval of lead are notable, and the effects of
the liquid to solid ratio on lead dissolved in the
leaching solution are substantial. As a matter
of fact, greater the amount of acid, the higher
the ratio of liquid to solid is. When the amount
of acid is held constant, the lower the acid con-
centration and the higher the ratio of liquor to
solid are, the greater the amount of lead dis-
solved will be. Consequently, there is a dis-
crepancy between the requirements for the re-
moval of lead and the distillation of arsenic
with regard to acid concentration. The arsenic

chlori distilling process ina

(To be continued on page 55)
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