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Dissolution of As,, from Giant’s baghouse dust

Executive Summary

Festwork was conducted on Giant's baghouse dust 1o establish the effect of leaching temperature
an arsenic, antimony and iron dissolution. Tests were conducied al §.3%solids and 60 minutes of
residence time. Arsenic recovery and concentration in the pregnant solution increase with
temperature.  The same trends were observed for antimony. Tron recovery and concentration
ecrease with temperature. At 95°C, fited recoveries were 90.8% arsenic. 17.0% antimony and
% iron; fitted concentrations were 30.5 g/L. arsenic, 86.8 ppm antimony and 4.4 ppm iron

G
i}

Four ests have been conducted to evaluate the dissolution of baghouse dust, at 3°¢C  Tests were
conducted for one hour, at 38.5% solids. On average. 2.0% of the arsenic, ¢.19% of the
antimony and 2.2% of the iron were dissolved. The pregnant solution assayved, on average.

R.O1 g/l arsemic, 7.5 ppm antimony and 175 pps iron.

Results compiled for 47 tests conducted at various temperatures, residence times and %osolids
showed an increase in arsenic and antimony concentration and a decrease 1u iron concentration in
the pregnant solution, with temperature. A good fit was obtained despite the wide range of
“asolids. Tron concentration in the pregnant solution decreases with an increase n arsenic
concentration,

Fhe low arsenic concentrations in solution. achieved in this work may be attribuled to improper
wetting of the dust or removal of arsenic from solution by iron, caleium or aluminum, Hot water
leach tests using wetting agents should be conducted X-ray analyses of head samples and selected
residues are recommended.

Two stage tests were conductied Lo establish the maximum arsenic recovery from (ants
baghouse dust. Average overall recoveries 99.5% arsenic. 30.2% antimony and 1.2% iron.

{rystallization testwork was conducted on pregnant solutions from leach tests conducted at 25
36,60, 70,80 and 95°C. Crystal weight increased with leaching temperature. A fitted arsente
ssay of 75.74% was calculated for crystals obtained front pregnant solutions of feach tests
sonducted at 60°C or higher. Antimony assay in the crystal is independent of the leaching
temperature. Average antimony assay was 0.17%  Tron assay decreases with crystal weight. For
crystal weight equal or higher than 0.3 g, the fitted iron assay is 0.072%.

The testwork presented on this report was conducted on BHD Composite Seplember 97. &
composite sample obtained by sampling baghouse dust for a period of four weeks (September |t
26, 1997) or BHD Composite January 98 a composite sample obtained by sampling baghouse
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dust from December 10, 1997 to January 12, 1998 Average assays for these composites, taking
it account all assays conducted to date were: '

September 97 January 98
Arsenic 67.71% . 069.73%
Antimony 1.049% £.20%
from 1 68%, {393%
Grodd 132 oz/ton £ 112 oziton

Hot Water Leach Tests

Festwork has been conducted to investigate the effect of temperature on the recovery of arsenic.
antimony and iron from Giant's baghouse dust. Tests were conducted at 60 minutes of residence
ume, 3.3% solids and at the following temperatures: 25, 30, 60, 70, 80 and 95°C. Results for
tests conducted at 95 °C have been presented on previous reports. Heating times are presented
op Table 1, below., Time zero was the time when the slurry reached the temperature selected for
1esting. '

Table 1 - Heating time as a function of temperatuve

Temperature ("Cy | Heating time (min)
25 3
60 16
70 20
80 24
a5 30

Arsenic recovery as a function of temperature is presented on Table 2 and Graph |, The assayed
arsenic concentration in the pregnant solution was corrected for ditution. Table 2 presents the
assayed and corrected concentrations, Graph 1 presents the corrected arsenic concentration as a
function of temperature, Arsenic recovery and concentration increase with temperature. The
highest arsenic recovery was achieved at 957C (88.0% on average). Average arsenic
goncentration at 95°C was 32.14 g/l.. Fitted arsenic recavery and concentration, at 95°C. were
00 8% and 30.5 g/L, respectively.

Antimony recovery as a function of temperature is presented on Table 3 and Graph 2. Table 3
also presents assayed and correcled antimony concentrations as a function of tempecature. Craph
2 presents corrected antimony concentration versus temperature  Both antimony recovery and
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Table 2 Arsenic recovery and concentration vs Temperature
Test conditions: 60 minutes, distilled water, §.3% solids
Test# - Temperature | = Arsenic e . Head
{C} Recovery  Av.Rec. CGongentration Cort. Conc.; Backcale. Assayed
(%) {%) {git} (g/L) (%) (%a)
98.035 25 15.1 164 507 5.07 64 .59 67.38
98-034 25 170 532 5.32 . 6283 67.38
98-036 30 21.0 20.8 696 5.96 65.40 §7.36
98-033 | 3¢ . 208 6.71 671 @ 8375 67.22
98-037 50 - 585 60.0 18.50 1850 ¢ 66.04 68.25
98-031 60 . 614 20.94 2004 | 6868  67.08
98-032 70 624 66.6 20.24 20.24 . B7.04 67.08
98-030 0 L2 2230 2230 8687  67.08
98-028 80 88.0 826 2681 26.81 i 6%.9% G7.88
98-038 8o .17 24.30 2430 6500 68,25
a97-013 95 i 919 88.0 33.66 3366 i 65.26 67.29
97-020 95 o924 29.35 32.39 POB7.33 57.90
97-016 95 i 79.8 2913 30,37 i 67,26 68,06
Graph 1 Arsenic recovery and concentration vs Temperafure
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Table 3 Antimony recovery and concentration vs Temperaturs
Test conditions: 60 minutes, distilled water, 5.3% solids
Test# | Temperature ' _ Antmony 1 .. Head
{C) Recovery Av.Rec. Cencentration Cormr. Cone. ~ Backecalc. Assayed
{%) (%) {ppm} {ppm) (%) (%)
98.035 25 2.3 23 72 7.2 0.9 1.03
©8-034 5
98036 30 3.0 3.0 B4 8.0 (.85 103
a8-033 30
98-037 ! 80 6.6 8.4 172 17.2 0.94 0.99
65-031 i 60 8.1 18.8 16.8 1.00 1.08
98-032 70 8.2 8.7 Ky 318 0.08 1.08
98-030 70 161 8.0 280 1.04 1.08
08-028 80 13.1 13.2 45 2 452 1.00 1.04
98-038 | 80 135 48.8 48.8 0.96 0.99
Q7-013 | 85 15.0 16.6 7% 79 108 113
47.020 : 95
47016 , 95 18.2 34 88 L1085 118
Graph 2 Antimony recovery and concentration vs Temperature
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concentralion increase with temperature. The highest recoveries and concentrations Were

e - Vel t] N . o « o N '
achieved at 95°C (on average, 16.6% and 88.5 ppm respectively). Fitted antimony recovery and
cancentration, at 95°C, were 17.0% and 86.8 ppm, respectively. “

Antimony recovery as a funcrion of arsenic recovery is presented on Graph 3. Antimony
f:,:mwentraticm as a function arsenic concentration is presented on Graph 4. Antimony rémw—:zr\;
mereases xyith arsenic recovery. The same trend was observed for antimony and arsenic '
concentrations.

Iron recovery decreases with an increase in temperature, as showa on Table 4 and Graph §. The
highest recoveries were achieved at 25°C (4.5% on average). Table 4 also presents assayed and
corrected iron concentrations. Corrected iron concentration decreases with temperature, ‘&s shown
ont Graph 6. Highest concentration was achieved at 25°C (4].2 ppm, on average). At 95°C,
average iron recovery and concentration were .9% and 7.3 ppm, respectively. Fitted iron
recovery and concentration, at 95°C were 0.6% and 4.4 ppm, respectively.

fron recovery decreases with an increase i arsenic concentration, as shown in Graph 7 The
same trend is observed for iron and arsenic concentrations (iron concentration decreases with an
increase in arsenic concentration), as shown in Graph §

f.each Tests at 3°C

Two additional tests have been conducted to evaluate the dissolution of baghouse dust in water,
at 3°C. Tests were conducted for one hour, at 38 5% solids. Results for all tests conducted to
date are presented on Table 5.

On average, 2.0% of the arsenic, 0.19% of the anttmony and 2.2% of the iron contained in BHD
were dissolved. Average corrected concentrations were: £0.19 g/L. arsenic, 8.5 ppm antimony and
198.6 ppm iron. The residue contained, on average. $7.7% of the original weight.

Summary of water leach tests

Table 6 presents a summary of results for 47 tests. Four tests were conducted at a cold
temperature (3°C), four tests were conducted at ambient temperature (25 and 30°C) and the
remainder at hot temperature (60, 70, 80 and 95°C). The tests are presented by increased order of
arsenic concentration (corrected for dilution}.

Arsenic concentration as a function of temperature is presented on Graph 9. Arsenic
concentration increases with temperature. A good fit was obtained even though tests were
conducted at different %solids. A weight of only 0.1 was given to Test 98-014 (3°C, 38.5%
solids), as the arsenic concentration obtained for this test (31.24 g/L) was very high when
compared to all other results. All other tesis were given a weight of 1. At 95°C, the fitted
arsenic concentration 1s 33.39 o/L. (44.09 g/l. 43,0,
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Graph 3 Antimony recevery vs arsenic recovery
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Table 4 fron concentration vs Temperature
Test conditions: 60 minutes, distilled water, 5.3% solids
Test # Temperature | iron e o - Head  —
() Recovery Av.Rec. Concentrafion Corr, Conc.| Backcalc,  Assayed
{%]) (%)) ippm) {ppm) (%) ()
285 2.2 4.5 8.2 18.7 1.87 1.50
25 5. 87 GL.G 827 .67 1.50
30 11 0.8 8.0 8.0 156 180
.30 0.4 28 29 1,62 1.50
60 0.2 03 12 1.2 1.65 1.50
860 03 24 2.4 1.88 1.50
70 - b3 G4 24 24 1.58" 1.50
e8-030 ... 70 04 32 3.2 1.78 1.50
98-G58 80 S04 0.8 32 32 1.87 1.50
98-038 B0 0.5 3.6 36 1.48 1.50
97-013 g8 P10 09 2.0 ar 1.67 1.63
97-020 { a5 0.8 546G 55 1.58 .61
97-016 95 ; 0.9 7.0 7.3 1.54 1.67
Graph §  iron recavery vs Temperature
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Graph 7 iron recovery vs arsenic recovery
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Table § Cold water leach tests
Test conditions: 60 minutes, 38 5% solids, 3C

Arsenic
! : Corr ' _Head (%)
Test # Recovery (%} : Concentration (gli_.l Concentration {g/l ) fBackcalc Assayed
98-014 5.0 : 27.20 : 3124 71.23 68.43
98-018 i 0.9 2.88 ) 327 66,08 58.19
98-041 : 1.1 ' 3.22 . 3645 P 6644 654,38
953044 08 d 2.35 ‘ 2.62 {6848 | - 88.52
Average | 2.0 8.91 10.19 68.06 67.38
Antimony
] : : corr Head (%}
(Test # :_Recovery (%) : Concentration {ppm) | Concentratlon {ppm} Backcaic. Assaved
98-014 1 0.30 : 2.4 2.8 1.00 1.00
98-018 : 0.40 25.9 : 294 1.00 - 1.08
98-041 * 0.04 . 0.5 . 0.8 L 0.95 : .91
98-044 0.03 . 1.1 1.2 i 0.94 0.83
| — : — -
Average 0.19 : 7.5 - 8.5 | 087 0.97
fron
corr ' Head (%)
Test # Recovery {%) ! Concentration (ppm} | Concentratlon {ppm) : B . Assgxed
98-014 34 290.0 ) 333.1 1.57
98-018 22 160.0 : 181.4 1.50
98-041 ; 0.2 203 : 23.0 328
55-044 2.9 ! 230.0 . 256.7 1.50
| ; - H !
Average | 2.0 | 1751 ‘ 1986 160 . 1.06

Fite:Temperat.wk4 March 1998 M. Goldman
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Tabie & Summary of baghouse dust leach tests
Test# | %solids | “Residence Time :Temperature corr Arsenic cofr Antimony ! -corr lron
E {min} . {C} concentratlon jgn_} concentratton {ppm} ‘concentration {pom}
98044 1 385 60 3 2.62 1 ‘ 257
98-018 385 i 60 3 327 28 181
i 385 | 60 ' 3 365 1 23
5.3 5¢) 25 547 7 oy
53 80 : 25 532 83
53 80 3¢ 8.74 i
53 50 30 5.96 & a
53 G0 60 1860 1 )
5.3 a0 70 20.24 2 2
8.3 80 80 20.94 17 A
53 &0 70 2330 28 3
5.3 60 80 2430 4% 4
53 60 80 26.81 45 3
6.0 30 95 29.04 82 3
53 30 a5 2253 7t 1
5.8 30 a5 1002 &0 3
8.9 80 95 30.07 82 4
. 6.0 80 a5 321 83 3
7048 5.3 80 95 3037 9% 7
w (01 8.0 &0 : as 30.84 85 5
BE-G14 38.5 60 : 3 31.24 3 333
W7 f...h‘.n 8.6 30 as 31,748 88 %
53 a0 ) g5 31.81 a7 2
82 60 i 95 3205 83 4
6.8 30 95 3222 88 4
53 ; 80 : a5 32.28 &
53 | 30 = 05 32.40 96 4
8.3 30 95 3272 a0 3
8.0 30 ) 45 32.98 84 ) 4
P80 30 95 33.24 102 : 3
53 30 o5 33 61 ; 7
5.3 60 a5 3366 78 ! o
G101 8.9 ; 60 ! as 34,18 87 4
i 0 ,4 8.9 ; 30 i 95 34.24 83 4
8.2 60 ' 95 34.43 75 K
6.9 ' 3G : 85 24.46 70 3
8.6 30 95 34 .49 e : i
8.2 30 95 34 8¢ a5 i i
8.3 30 ; 95 35.38 55 3 6%
10.1 60 85 36.32 73 : 4
8.2 30 a5 36.40 55 3
8.1 30 95 T 3RTs (i 5
6.3 30 85 38.96 105 ' ‘ 5
10.1 60 95 37.680 74 3
10.1 3¢ 95 37TS 72 3
10.1 30 ) g5 3792 111 . 4
10.1 30 i 95 41.08 85 : 7

e Summary.wkd

M Giodomsn
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(Graph 9 Arsenic concentration vs Temperature
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There is conflicting information regarding the sofubility of arsenic trioxide '. According (o the
CRE Handbook of Chemistry and Physics. solubility of amorphous As,O is 1014 g/1 dnei
sotubility of crystalline As, O is 114.6 g/l at 1007C. At 23°C, arsenic tmmdu hd.b a solubility of
12 @/l Debekaussen et al * reported a solubitity of 88 g/L. For As, (. at 95°(

Fhe arsenic concentrations achieved in this festwork program were fower than anticipated, taking
mto consideration results presented in the literature  These fow arsenic concentrations may b
sitributed to the following:

! improper wetting of the dust. Debakaussen et al * used additives Lo ensure the
wetting and dissolution of an industrial argenic trioxide material. Hot water jeach
tests using wetting agents are recommended.

for

Removal of arsenic from solution by iron. caleium or aluminum, Several papers =
have dealt with arsenic chemistry and removal from solutions. Ferguson and
Anderson ' proposed the following mechanisms for arsenic removal from solution
by calcium, iron or aluminum salts:

o Precipitation
formation of a stoichiomeiric phase

© (eclnsion
incorporation into the interior of 8 solid enther in lattice sites or in interstices

< Adsorption
association with the surface of the precipitate

This possibility should be further investigated by conducting X-ray analyses on
head samples ol baghouse dust as well as residues, for selected tests ,
Note © Average assays for baghouse dusi {Lakelold Rescarch and Maxxam Laboratorses)
ware: aluminum 4020 g/, caleiure 3730 ¢}

Antimony concentration increases with temperature, as shown on Graph 10 Av 957( the fitted
aptimony conceatration is 83.06 ppn.

Iron concentration as a function of temperature 5s presented on Graph 11, Tests As-98-041 and
A 97-062 were assigned a weight of 0.1, ail other towrs had 2 weight of i Temperature hag a
dramaiic impact on iron conceniration, which decreases with an increase in temperaiure. This

trend Is opposite to those observed for drsewn and antimeny, which increased with lemperanure
AL OSPC the fitted iron concentration is 3.7 ppm

Creaph 12 presents iron concentration as a flmchion of arsenic concentration  Low arsenic
congentrations (< 6 g/L.) are associated with tugh iron concentrations (20 - 257 ppm). As the
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Graph 11
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arsenic concentration increases, the iron concentration decreases. At arsenic concentrations equal

or greater than 20 g/I., the fitted iron concentration is 3 5 ppm.

Two stage hot water leach tests

Fosty As-98-033 and As-98-054 »

Figures 1 and 2 present the flowsheets for two stage leach tests As-98-053 and As-98-0537 The
first stage was conducted at 95°C, 5.3% solids and 60 minutes of residence time. At the end of
the first stage, the slurry was filtered and the residue was recovered, dried, weighed and submittesd
i the second hot water leach rest. The second stage was conducted at 93°C, 60 minutes of
residence time, 0.9% solids (As-98-083) and 1 0% solids (As-98-0571.

A summary of results for test As-98-033 is presented on Table 7 Table 8 presents a summiary ot
results for test As-98-057. Average overall recoveries taking into consideration the (wo stages,
were 99 5% arsenic, 50.2% antimony and 1.2% iron. Adding a second stage has a dramatic
impact on overall arsenic and antimony recoveries: on average, an additional 11.7% of the arsenic
and 23.5% of the antimony were recovered. The final residue contained, on average. 5.2% of the
mitial weight and assayed 6.62% arsenic, 6.75% antimony and 14.38% tron,

The back calculated head for iron, on test As-98-053, was considerably lower than the assayed
head (0.70% and 1.00%, respectively).
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FIGURE 1
Test As-58-053
{ BHL
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FIGURE 2

Test As-9B-057
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Weighi As (%) Sh (%) Fe (%)
(g) (%)
Initial weight 41.9 100 69.53 0,80 .00
Residue | {backcalc) 6.7 16 4563 192 4.33
{‘inal Residue 2.1 5 6.17 6.28 13.75
As corr. As Sb corr, Sh Fe corr, Fe
(g/L) (g/L) {ppm) (pput) {ppm) {ppm}
Pregnant | |  27.44 29.65 67.2 726 31 34
Pregnant 2 3.75 3.75 612 61.2 ¢.8 0.8

As recovery (%)

sb recovery (%)

Fe recovery (%)

Stage | 89.2 28.6 1.0

Stage 2 10.4 234 .2

Overall 993 52.0 £.2

Head
Back calculated (%) Assayed (¥ ;»)

Arsenic 67.35 o953
Antimony (.63 0.80
fron 100

0.70
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Table 8 - Summary of results for Test As-98-057

Weight As (V) Sh (%) Fe (Yo}
(2) (%)
Initial wetght 41.9 1GG 69.72 {1.89 75
Residue | (backcalc) 7.7 18.4 49 61 3.02 4.29
Final Residue 2.2 53 7.07 725 15.00
As corr. As Sh core. Sb Fe corr, Fe
(g/L) (g/1.) (ppm)j (ppm) (ppur) (ppm)
Pregnant 1 | 2775 30.06 67.46 73.2 2.8 3.0
Pregnant 2 4.8 48 64.0 64.0 X 1o
As recovery (%) 8b recovery (%) Fe recovery (%)
Stage | 86.6 24.9 0.96
Stage 2 12.9 23.5 0.17
Overall 99.5 48.4 1.1
Head
Back calculated Assayed ]
Arsenic 68.01 69.72
Antimony 0.74 (.89
fron .80 0.75

Vest ds-98-034

Pregnant solution from stage 2 of Test As-98-033 (Pregnant 2) was recycled in the
dissolution stage of test As-98-054. The feed solution contained 615 mL of Pregnant 2
and 135 ml. of distilled water. The fest was run for 60 mimutes, at 5.3% solids and 957
A summary of results 15 presented on Tables 9A to 9C. Arsenic recovery with recyeled
solution was lower than the average for tesis with distilled water, but still within the
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range of results. Antimony and iron recovery were lower than any of the results obtained
{or tests run with distilled water: less than half of the average. for antimony and
approximately half for iron.

Table 9 A - Summary of arsenic results for hot water leach tests conducted at 5.3%
solids, 95°C and 60 minutes of residence time

Test # Arsenic |
Recovery | Av. Ree. | Conc. Corr, | Head (%}
(%) {%s) {g/1.} Conc.
(/L) Backeale | Assayved
07-013 91.9 88.0 33.66 33.66 65.36 6720
97-020 92.4 29.35 32.39 67.33 67.90
97016 79.8 2943 30.37 67.26 6800
08-053 (first 892 27 44 29.65 6738 69 8%
stage)
98-057 (first 86.6 2757 30.06 68.01 6972
slage)
98-054 81.8 81.8 28.35% 30.76 67.12 69.73 |
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Summary of antimony results for hot water leach tests conducted at 3.3%

Test # Antimony
Recovery | Av. Rec. | Cone. Corr. flead (%)
(%) {0} (ppa} Cone.
(ppm) Baekcale Assayed
97-013 15.0 PARE 74 TG 1.05 P13
97-020
97-016 18.2 04 98 1.05 114
08-053 (first 28.6 67 73 .65 (180
stage)
98-057 (tirst 24.9 68 73 .74 0.89
stage)
98-054 7.2 7.2 67 73 i 98 090

Table 9 C -

95°C and 60 minutes of residence time

Summary of iron results for hot water leach tests conducted at §.3% solids,

Test # fron
Recovery | Av. Rec, | Comc. Corr. Head (%)
(%) {%e) {ppm} | Cone. i
{ppm) Backeale Assayed
97-013 1.0 0.9 9.0 Q.0 167 1.03
97-020 0.8 50 5.5 .58 1.61
97-016 0.9 . 7.0 7.3 .54 {67
98053 (first 1.0 3.1 3.4 0.70 1.00
stage)
98-057 (first 1.0 28 KXY 0.80 074
stage}
D8-05-4 0.3 .3 2.7 2.9 {03 (.93
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Crystallization Testwork

Fable 10 presents results for crystallization tests conducted with pregoant solutions from leach
tests conducted on baghouse dust. Leach tests were conducted at 5.3% solids, 60 minutes of
residence time and at the following temperatures: 25, 30, 60, 70, 86 and 95°C. In all tests. the
volume of the pregnant solution used as feed was reduced by boiling off the excess, in order to
induce crystallization. The ratio of reduction is reported on Table 10 as Fitirate-Feed. The
solution was then left standing overnight. The crystals were recovered by filtration, dried and
submitted for assay. The filtrate volume was measured and assayex,

In general, there was good agreement between back calculated and assayed arsenic concentration
in the feed solution. The agreement between back calculated and assayed concentration of iron
and antimony in the teed solution was generally poor.

Fhe weight of crystals obtained in the crystallization stage increases with the leaching
temperature, as shown in Graph 13, All tests were fitted by a single curve, even though ditferent
rates of reduction (filtrate/feed) were used. Test As-98-030A (70°C) was given a weight of 0.1
All other tests had a weight of 1. Graph 14 presents arsenic assay in the crystal as a function off
teaching temperature. There is a rapid increase in the arsenic assay from 25 to 30°C; between 30
and 60°C, the arsenic content in the crystals approaches 75.74%., the fitted arsenic assay for
leaching temperatures equal to or higher than 607"

Crystal antimony assay is independent of the leaching temperature or crystal weight, as shown on
Ciraphs 1S and 16, Average antimony assay was 0.17%

Ciraph 17 presents crysial iron assay as a function of crystal weight. tron assay decreases with
erystal weight. For crystal weight higher or equal (0 0.3 g the fitted iron assay value is 0.072%
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Table 10 Summary of crystallization testwork

Test # | Leaching . Crystalllzatlon . Crystal
. temp, | Finaltemp. | Time Weight{g} %As | %As203 | %Sk .  %Fe
’ (c) |_{hours) . ' ;
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ot 13 Weight of crystals vs Leaching Temperaturs
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Qraph 15 Antimony assay vs Leaching Temperature
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Graph 17 Iron assay vs crystal weight
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