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, ‘ABSTRACT‘ 

Arsenious oxide crystallization tests were carried out.at Struthers, 
Scientific and International Corp., (881) Warren Pa} using their pilot plant 
facilities and Krystal Crystallizer operating as a contact cooling type unit. 
This testwork was an extension of that carried out previously by Giant 
personnel operating the same pilot unit as a vacuum-crystallizer. 

The present testwork involved leaching Giant baghouse dust.at 95°C 
settling the leach residue and pumping the supernatant solution through a 
filter and into the crystallizer unit. A suite of samples was taken.at.various 
stages of the operation which ran continuously for 50 hours. The crystallizer 
operating temperature ranged from 8 to 14°C and the average residence time in 
the single crystallizer unit was 10 hours. ' 

Supersaturation occurred when water leach solutions were fed to the 
crystallizer with As203 concentrations in the crystallizer mother liquor reaching 
approximately 37 g/L. Stable crystallizer operation was experienced when 
'recycle leaching was carried out with A3203 mother liquor concentrations of 17 
to 20 g/L. A solid concentration of 13/ w/v (8% v/v) provided a satisfactory 
level of A3203 for crystal growth. 1 

From measurements of the temperature drops across the heat exchanger 
and from observation of the heat exchanger tubes after the run, no scaling was ; 

evident under these severe conditions of feeding a 95° saturated solution into 
a 10°C single unit crystallizer. From this test one would not anticipate any 
problem operating a two stage contact cooling crystallizer or a contact cooling 
crystallizer following one or more vacuum crystallizers, the merits of each 
‘approach requiring careful evaluation. 

The crystalline arsenious oxide product analyzed 99 6/ A3203, 0.19/ 
Sb203 and O. 015/ Fe, meeting marketing requirements for this product. 
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INTRODUCTION 

. The production of a high purity arsenicus oxide product from Giant_ 
Yellowknife baghouse dust is currently under investigation. The method involves 
Va hot water leach of the dust followed by crystallization of the A5203 product, 
and various studies are in progress in support of the pilot.plant at Giant. 

Earlier crystallization tests were conducted at SSI, Wells, Warren 
Pa. during the last week of May/79. Giant personal were at S ruthers Wells 
Ito assist in the operation of their crystallizer pilot plant. Tests were carried 
out operating the crystallizer under vacuum at 25° C. The products from this run 
'have been evaluated(1) and L. Connell will report the results of the pilet 
campaign. 

Additional _testwork at Struthers—Wells was planned for June 18—20 
,operating the crystallizer as a contact unit only (no- vacuum) to simulate the use 
of low temperature cooling water. The main purpose of the test was to produce 

rcrystals by contact cooling, introducing hot solution into the crystallizer and 
determining any problems which might arise due to scaling etc. FML was asked to 
supply one operator to assist in and evaluate the pilot.plant investigation. 

‘ 

PILOT PLANT OPERATION 

The crystallizer pilot plant is housed in a separate building and is.known ‘ 

as Struthers Scientific and International Corporation.(SSI). The schematic-flowsheet 
of the plant is shown in Figure 1. In addition, the plant is equipped with. / 
stirred leach tanks, pumps, filter (Labmaster—Serfilco Model LCL 30 1/2. VW PPV) 
and a centriguge for handling the crystal product. Mr. Steve Glascow was 
assistant manager of the crystallizer division and two operatiors alternated between H 

3“12 hr. shifts. 

A full drum of baghouse dust was available and-was the remainder of-three 
‘ drums shipped from Giant to 381 in May. Five batches of leach solution were 
prepared from both water and recycle Solution during the run adding dust to- 
45 U. S. gal of water and recycle solution as in Table I. The slurry was 
stirred and heated by a steam coil. to ~98°C and hel.d at temperature for a

_ 

‘minimum of 0.5 hr. Flocculant was then added to the slurry (500 mL of a 0.1% 
‘solution of Aquafloc 467*) and stirred well before allowing to settle. The 
clear supernatant was then pumped through the Labmaster cartridge filter coated 

' with Johns Manville High Flow Super Cell filter aid.into the crystallizer feed 
holding tank. The feed tank held the solution at 86°C ” This temperatu.re 
drop of about 10°C was not expected to result in crystallization in the feed 
tank. - 

(1) Evaluation of An3 Products from Struthers Wells, Crystallization.Tests, 
W.R. Hatch, 201-0—790614, JO#2484. 

* Dearborn Chemical Ltd.



TABLE I: Feed Preparation For Crystallizer‘ 

Recycle 
Batch No. Solution A3203 (g/L) - Duet Added (lbs) 

‘ 

A5203 (ékL)* 
' 

1 Water 0. 30 
' 

- 'N.D.,,
‘ 

2 Recycle 
. 

N.D. 
. 

20 'A’ V 

V 

N.D} 

3 Recycle 
: 

15. 
. 

23 
’l " d 71. 

4 
‘ 

Water 0 ~ 

‘ .25 ( 

NED} 

‘

5 "Recyc1e ' 17. 
. ,.'25 ' 

' 68‘e 

* A5203 concentration from specific gravity 
measurement 

N.D. =' not determined



(PILOT PLANT OPERATION, Cont’d.) 

, The crystallizer was initially filled with cold water and contained 
' 128 L to the inlet of the vaporizer. About 6 kilos of. A5203 crystals from 

' the previous campaign were added as seed and the slurry was circulated through 
the heat exchanger which was glycol refridgerant co.oled. 

When the-solution temperature had been lowered to 10.5°C, feed solution ' 

was metered into the circulating crystal slurry. rThe log sheets attached record ” 

V the data obtained by the operators. Samples of baghouse- dust, feed solutions, 
crystallizer slurry, overflow solut1on, centrigugate and product A5203_crystals were taken at various times. . . 

kRESULTS 

The samples taken and their analysis are listed in the following_ Table II. 
As shown in the operating sheets and the reSults plotted in Figure 2, the system was operated continuously for 50 hours.y , 

The initial feed prepared from a water leach of dust resulted in a ., 

. 

super—saturated solution, in the crystallizer, reaching =37 g/L A3203 at 10°C 
, 

f '5 

_ 

(saturated equilibrium value at 10°C = 16 g/L A8203). At this point hatch #2 .- 
leach solution was fed to the crystallizer and the A5203 content of the- mother. liqu_Or '7 dropped to the equilibrium value. There was a corresponding increase in the % 
solid A8203 circulating in the crystallizer. There was another period of super— 
saturation when batch #4 water leach was fed to the crystallizer but there was '7a return to normal operation when #5 batch recycle leach solution was used. This 
,crystallization problem has been documented previously(2) and the reason has not ‘ 

been fully investigated or explained. The presence of seeding or a high solid A3203 
‘content in the crystallizer appears to limit the degree of super~saturatidn, and 
the problem does nOt occur when recycle solutions are used to make up the f eed. 

From the AT values recoreded across the heat exchanger there was no 
loss in heat transfer from crystallizer liquor to cooling water. At the end of 

o the run the ends were removed from the heat exchanger and the inside walls of the 
: tubes inspected. There was no visible indication of scaling on the tube walls... 
Some of the "sigh.t" windows on the crystallizer were partly covered with A3203 
but the material appeared to be as fines, loosely held rather than scale. 

. The pH+ of the leach sclution us and crystallizer were not adjusted until "-the final batch #5 was started. The pH+ of the as—leached haghouse dust gave 
a crystallizer mother liquor of pH+=6. 9. ” This gradually dropped to about 6 4 at 
2145 hrs on the 19th. Batch #5 feed solution was adju.sted to pa+=2. 5 with 100 

‘mL of l: l sulphuric acid. This feed gradually lowered the- pH+ of the mother I“ 
liquor to 4.0. No significant changes were noted due to the pH+ Change. The 
effect of pH+ on crystallization is being investigated in a separate study. 

(2) Purification of Arsenious Oxide from Roaster Duets by the Hot Water Leach 
‘ Process, FRL—lSS, Jan. 25,1979. 1' ~



' TABLE 11:, Samples from 331 Pilot Campaign 

.Sample x 
. 

' 
‘1 ‘ 

. Analysis (2 or g/L) 
. : 

No. ' Description Day/Time A5203 (T) AszO3-(SJ Sb203 Fe pH+A 

795408 Baghouse Dust Feed» — 
1 96.3 

' ' 

94.2 . 0.29 
' 79—409 " Thickener Underflow _’ ~ - . 

‘ _'. 
i _ 

88.0
_ 

79—4lo(1> Feed Solution 
‘ 

19~0815 ‘.62* 
. 

. 1 "0.032 
' 

' 7.0 
(2) Feed Solution ,_ 20—0315 62* ‘~'r 0.072 

79—41141 A3203 from Ctystall— 1951245 
' 

. 

, 

. 

i .99.5‘ '0.20' 0,017 
‘ 

‘ izer Slurry v 

’ 

, V

' 

2 ~ (Solids in Suspension)"-l645 ~ 
.

. 

3 . 
4' "—2145 99.5 

, 

0.20 0.016 
4 20-0045 .' — 
5 . ~0245 ~ ‘ 

6 ' -0445 - 

8 »-0845 ‘ 

' 

9 . .~1045 
lo . ~1245 ,- 

11 ,-1315 99.5 0.19 0.015 

.“79—412—l ._ Overflow Solution 19-2045 
' " ~ 

32; 
' —2 (Mother Liquor) 18—2115 ' ' 

' N ‘ 26 

79—413 . 

‘ Centrifugate' .. 1 20—1500 '. 
. ' 

22 ' 

_

- 

79-414 ." A3203 Product 
' 20—1500 ' 

1‘ 99.6 0.19‘ 0.015_ 

* A3203 concentration calculated from solution 
density.



(RESULTS, Cont'd.) 

The concentrations of the feed solutions were determined by measuring 
the specific gravity at 25°C and the figure of 62 g/L is probably within. 10/ 
of the value. The reason for the high A5203 content of the leach residue (thick~ 
,ener underflow) can be attributed mainly to the fact that recycle solution concenr 
trations were high due to A3203 super-saturation. An analysis of the~baghouse 
dust feed was not available and additions to the leach Were made on.the aesumed 
basis of 802 soluble A8203. Thus a large excess of dust was added. The settled 
slurry from the leaching operation had a solids content of 58%.. . 

The final A3203 product contained 6.5% moisture and analyzed 99.6% 
A3203 (dry basis). The screen analysis was carried out at Struthers—Wells on a 
methanol washed and dried sample. A screen analysis was also carried out at 
FML on a dried sample the results being as follows: 

Struthers Wells 1- FML‘ 
. Screen Analysis 

‘ 

Screen Analysis 
__ME§E.._ . 2 

. 
'_Z_;;H 

+100 ' 

0 0.5 
. 

+200/—100 5.6 6.8 
. 

+325/-200 
. 

77.1 69.1 
~325. 17.3 23.6 

9. 

.The analysis of the final product (79—414) is given in Table II. The only. 
other impurities found by spectrographic analysis were Si, Al, Mg and Ca all 
1es_s than 0. 003%. . - 

CONCLUSIONS 
' Arsenious oxide can be continuously crystallized from solution.operating.“ 

the Krystal crystallizer as a contact cooled unit. Satisfactory operation was 
achieved when baghouse dust was leached in recycle solution.with no s-caling 
evident over a 50 hour operating period. 

To avoid short ciruiting of feed solution through the crystallizer, 
two or more units would be required in plant design. The contact cooled crystallizer 
could be operated in conjunction with one or more vacuum crystallizers recycling 
the overflow through the condenser. Assuming that the previous stage vacuum 
'crystallizer was operated at 25°C, there would appear to be little added advantage

. 

cooling to 18°C in an additional unit using cold water as coolant. From a ‘ 

knowledge of the temperature-solubility curve one would expect an additional 4 
g/L A3203 product. A drop of at least 30°C would provide a reasonable product 
yield in the crystallizer. 

'_..;..; 7



(CONCLUSIONS , Cont ' d . ') 

The lower capital cost of the contact cooling crystallizer would appear 
advantageous providing the recycle solution can be recycled to pick up heat from, 
Vthe initial unit. The possiblility of‘a two or three stage contact cooling 
crystallization circuit should be considered providing heat can be-recovered 
in the heat exchangers of the initial units by recycling.the_£inal overflow 
liquor. ‘ '- 

' %%%fl 
WRH/ldm 

. 
W.R. Hatch 

Attach. ' ‘



A3901 Balance for Struther34Wells Pilot Test 

KgLAszog~ 
A3203 In, — Baghouse Dust — 123 lbs x 0.94% = 112 lbs A3203 

' 

silo 
. Seed Crystals ~ 15 lbs x 0.94% = 14.1 lbs A3203 6.3 

Total A3203 In" 57.3 

A3203 Out — Crystal Product (including samples) 51 lbs. 23.0- 

Solution - Centrigugate (34 U.S. Gal. @22.4 g/L) 
‘ 

' 

, 

= 2.8 kg,
' 

Overflow Tank (25 U.S. Gal. @26 g/L) = 2.5 kg 
‘ Recycle Leach Tanks (60 U.S. Gal. @ 26 g/L) " 

= 4.9 kg .,. 

10.2 kg . 

.‘ 10.z‘_ 

Residue - (59 lbs at 88% A3203) = 51.9 lbs A5203 23.3. 

.Total A3203 Out} , 56.5
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