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INTRODUCTION
The Giant Mine, Yellowkmfe Northwest Territories has been in operation |
for over fifty years and has produced 6,800,000 oz of gold in that period. Ore
reserves, however, are nearly exhausted. In fact, at the present price of gold,
calculated ore reserves are adequate for less than two years of operation. Until
very recently, the mine was operated by Royal Oak Mines Inc., but that co_mpany
was declared bankrupt in 1999. Accordingly, the mine ie presently operating

“under a court-appointed receiver. At the Giant Mine, the ore is crushed, milled

and then is floated to produce an arsenopyrite (FeAsS)-pyrite (FeS,)
concentrate. The concentrate is refractory, and accordingly, is subjected to
roasting in a series of two slurry-feed Dorr-Oliver roasters to drive off the sulphur
as SO, and the arsenic 'as Asgba. A two-stage roasting operation is required to

ensure the total evolution of the arsenic as As,O, and the compete liberation of

the gold for subsequent cyanidaticn. Gases from the roaster train are passed
through a hot electrostatic precipitator to collect any carried-over calcine, which
is'recycled to the gold extraction circuit. The gases are then cooled, by admitting
dilution air, to condense the arsenic oxide. Finally, the As,O, fume is collected in

a baghouse, which operates with a solids collection efficiency of _99.9%. The
- collected As,0O4-rich dust is easily fluidized and is subsequently transported
“pneumatically (1). . :

The As,O,-rich dusts produced since 1951 have been stored
underground, initially in chambers in permafrost, but subsequently in chambers
excavated in coh_erent bedrock. Presently, 265,000 tonnes'cf the AséOs-rich dust
are stored underground in 15 chambers, and 8-15 t/day of new dust is
accumulating It is reported that, on average, the accumulated dust contains

76% As,O; and 0. 54 oz/t Au; however, localized gold concentrations as high as 2
oz/t Au have been analyzed The dust presently produced is reported to contain
89% As,O, (67.7% As), 1.04% Sb, 1.68% Fe and 0.14 oz/t Au. Recent mining
activities have disturbed the permafrost seal in.some of the chambers, and some
arsenic contamination of the mine waters is occurrlng Accordingly, the As-
contalnlng mlne waters are pumped to the surface where they are oxidized with




hydrogen peroxide (H,O,) and then are treated with lime (Ca0) and ferric
~ sulphate (Fe,(SQ,),) to precipitate an msoluble amorphous iron arsenate
compound for storage in a residue pond (1). '

The Department of Indian Affairs and Northern Development (DIAND) has
the responsibility as regulator to ensure that the environment of the Northwest
Territories is protected and that human health is maintained. Accordingly, o
DIAND is considering various options to reduce or eliminate the potential
environmental and health\ impacts caused by the stored As,O,-rich dust. One of
these options is the reprocessing of the dust to recover a purified arsenic oxide
product wttich could be used in the wood preservative industry or for other ‘
applications. Although the value of As,O, is only.U.S. $0.20-$0.30/Ib, the
manufacture of any product would remove the arsenic from the mine site and |
convert it into a useful c‘oArn'modity. For such applications, it is claimed that the
product must contain >98% As,0,, but less than 0.2% Sb and 0.02% Fe,
although the need for such low Sb and Fe specifications for wood preservative
applications is not clear. o '

One means to produce a marketable arsenic product from the As,O,-rich
dust involves leaching with hot water to dissolve As,O, selectively, filtration to _
reject insoluble matter, removal of any co-solubilized Sb from solution to meet
product specifications, and crystallization of a pure As,0O, product from the
aqueous medium. Preliminary testwork on the water leaching option was carried
out by Royal Oak Mines (private commLinieation of L. Connell, Royal Oak Mines -
Inc., 1998). Using a residence time of 30-240 minutes et 95°C, the company
was able to achieve >90% As dissolution, while rejecting ~80% of the Sb to the
residue. Negligible iron dissolution occurred. Over 80% of the mass of the initial
~ dust dissolved; the residue amounted to about 17% of the initial mass and
contained 39% As. The solution generated at 95°C analyzed 31 g/L As, 92 mg/L
Sb and 6 mg/L Fe. The observed As solublllty of 31 g/L As, however, is much
less than the reported solubility of - 100 g/L As203 (~75 g/L- As) (2). The reasons
for the low solubilities over the As,Og-rich dusts are not known, but they couid be
partly attributable to the relatlvely short leaching times used (<4 h) or to the low




pulp densities employed (~5% solids). ‘Because of the low arsenic solubilities |
realized, the yield of As,O, crystals during the subsequent cooling of the solution
to ambient temperature was unacceptably low. In the Royal Oak work, this
problem was addressed by evaporation of the ~95°C solution to about one-third
of its initial volume prior to cooling to room tempetature to crystallize As,O,.
| Effofte were also made to remove part of the co-dissolved Sb using two ion
exchange resins and activated carbon. The use of the resins or activated carbon
-~ allowed the crystaIIAization of a product containing ~100% As,0,, <0.2% Sb and |
<0.05% Fe. Hence, it appears that the simple water leaching-crystallization
technique can yield an As,O, product which satisfies the purity requirements of
the marketplace. The major difficulty with this processing option seems to be the
low As,O, solubilities produced in the leaching part of the process that result in a
commer0|ally unacceptable yield of As203 crystals unless costly techniques, such
as solution evaporation, are employed
- A second option to produce a pure As,O, product is the. controlled re-
| sublimation of the As,O,-rich dust to collect a pure As, O, fume while leaving.
most of the lmpuntles in a residue for subsequent treatment and stabilization.
This option has also been pursued by Royal Oak Mines using. the-Warox process :
(1). Their test work showed that it was possible to re.-su.bhme the As,O,-rich dust
" to yield a fume containing 99.3-99.8% As,0,, together with less than 0.05% Fe.
- Significantly, the Sb contents of the sublimates ranged from 0.13 t0 0.59% Sb.
Careful study of the- Iow-Sb products, however, indicated that they tended to
originate from low-Sb dusts. That is, there was little selective re-sublimation of
As,0O, relative to Sb,0;. Although re-sublimation can control most of the |
impurities in the dust, the behavviour of antimony remains a concern with this
~ option. ' |
Within the above framework; CANMET was contracted to investigatezthe

prod_uction of pure As,O, ustng water leaching-crystallization and re-sublimation
techniques. The initial contract was jointly funded by DIAND and Royal Oak
Mines Inc. and .wa_s initiated in October, 1_998. During that study, it became
apparent that the originally proposed scope of work needed to be expanded, and -



as a consequence, the ‘o‘riginal,rprpjec't was amended ‘and extended in February,
1999, The 'amendmentwas authorized only by DIAND as Royal Oak Mines Inc.
“was in receivership at that time. FE | |
The scope of the original and amehded'project involves the production of
J pure As,O, by water IeaChing-c.rystallizatibn"and by re-éublimatioh of four As,O,-
rich dust Sémples provided by the company. Thé water leaching work was
.intended to measure the solubility of As,O, in water as a function of temperature
on both heating and cooling. Because low solubilities were initially measured,
they were subsequently determined at temperatures up to 200°C with the use of
a high pressure autoclave. These latter tests suggested a possible processing
- procedure that involves autoclave leaching, cooling of the slurry to 95-100°C,
followed by filtration and the subsequent cooling of the solution to room
temperature to crystallize pure. As,Q;. Efforts were also made to leach the
| As,0,-rich dusts in acid media. Sulphuric acid (H,SO,), hydrochloric acid (HCl)
and n'itric acid (HNO,) were evaluated for this application, and SUbsequently, a |
number of leaching parameters were examined using hydrochloric acid or nitric
acid as the leaching medium. Moderate As,O; solubilities Were realized in
hydrobhlpric acid media, and hyerchlpric acid leaching seems to offer some
advahtag’és over water leaching. Attempts were made to remove the low
concénirations of co-dissolved Sb from the water and acid l.each»liquors using
four ion exchange resins and activated carbon. These studies were done at
vérious temperatures to tfy to optimize the level of antimony removal. Re-
sublimation tests were carried out for different times at various temperatures and
flow rates to try to enhance the vaporization of As,O, relative to .Sb203. The use
of oxidizing, neutral and reducing atmospheres was explored; The initial results
on the re-sublimation of As,O, from the dusts indicated that the greatest
selectivity of As,O, over sbaos occurred at the lowest terhperatures, where
- unfortunately, mass transport of the vapour is also low. Cbnéequently, the use of
controlled re-sublimation at Iow'temperature,s was also investigated to try to
obtain a high level of Aszos'selectivity over Sb,0,, together with an acceptable
re-sublimation rate. To cbmpiem’ent the re_-Suinmation activities, a preliminary.




mass spectrographrc study of the vapour produced from one of the dusts was
done to ascertain whether mixed (As,.Sb,)O, molecules were present, or .
whether the vapour consisted only of As,O, and Sb,O, entities (3). In support of
both the water Ieachlng and re-sublimation activities, detailed mrneraloglcal
 studies were- carned out on the as-recerved As,Qg-rich dust samples and on
some of the mtermedlate products. “The mineralogical activities focussed on the
As-, Sh- and Fe-containing phases rather.than on the gold content of the dusts.
This report summarizes the results of the above exploratory investigations, and
| also offers some observatlons on their |mpl|cat|ons for the recovery ofa
marketable As, O, product from the Aszo -rich dusts stored at the Giant Mine.

EXPERIMENTAL
Samples - .

| Four samples of As,O,-rich dust from the Giant Mine were supplied by
Royal Oak Mines Inc. Two of the dust samples were re.cent"composites‘,' and
were identified as the Jariuary 98 Composite and the April 97 Composite. The
remaihing two samples were taken from the underground storage chambers, and
were identified as 212 Chamber and 236 Chamber. All four samples were fine
powders; three of the dusts were dry, but the 236 Chamber sample was slightly
damp. All four samples, however, were used without further treatment. Reagent
grade arsemous oxide (J.T. Baker, 99.95% As2 .) and reagent grade antimony
trioxide (J._T. Baker, 101.4% Sb,0;) were sometimes used for comparative

.e'xperimentation; the reagent grade oxides also were used in the ae-received
state. '

R Mineralogical Technigues’ _ ,

| X-ray powder diffraction analyses were carried out on the four as-supplied
samples, on the reagent grade As, O, on sorr're of the water leach and acid Ieach
residues, and on some of the re-sublrmatron products usrng a Rrgaku automated
diffractometer W|th a water-cooled rotating copper anode. The detection limit of
most crystallme compounds by this apparatus is 1-3%, depending on the number



of phases present and their diffracting powers. Polished sections of the samples
were prepared, and these were then examined using scanning electron
microsc-opy (SEM) with energy dispersive X-ray analysis (EDX). Extensive use
was made of the backscattered electron detector at high magnification to
distinguish compositionally different phases. Some of the phases were analyzed
quantitatively with a JEOL-8900 electron microprobe operated, generally, at 20
kV and a 20 nanoampere beam current. In some instances, loose powder
mounts of the samples, whereln the materlal was spnnkled ioosely on the stage |
of the electron microscope, were examined with the SEM to show the

morphology of the dust particles more fully Detarls of the various mmeralogical
procedures have been reported previously (4).

Solubility Measurements ,

The SO|UbI|lty experiments were done in a 2-L reaction vessel having a
tight-flttlng ground glass lid to prevent water evaporation during the course of the
expenm_ents‘. As shown in Figure 1, a thermometer (£0.1°C), a water-cooled '
condenser which was loosely stoppered, and a sampling tube closed at the
bottom with a medium porosity glass frit were fitted in the lid of the vessel. The
sampiing tube with the fritted glass disk extended into the middle of the test
slurry The reaction vessel and its contents were heated ina temperature-
controlled circulating oil bath regulated 1o better than +0.1°C. The actual
temperature of the solution was measured by the thermometer suspended in the
slurry. The reaction vessel containing ~1.5 L. of solotion with an excess of dust
(~150 g) rested on the bottom of the oil bath, and the slurry was stirred '
.magnetrcally from beneath

~The solubrlity measurements were periormed as follows. One and a half
litres of water were placed in the 2-L reaction vessel together with an excess of
the As,O,-rich dust or reagent grade As,O,and Sb,0,. The contents were then
stirred for ~3 days to attain equilibrium. Preliminary experiments showed that the
dusts equilibrated slowly in water; three days were required to reach saturation at
room temperature and one day was reqrjired at 60°C. Significantly, most of the




solubility measurements carried out previously by Royal Oak Miheshsed .
equilibration times of <4 h. When equilibrium had been attained, a clean fritted
.sa'mpling tube was immersed in the liquid and was thermally eqdilibrated.

- Saturated solution was then drawn through the frit into the sampling tube by th,e}
application of suction at the open end. When the sampiing tube within the
reaction vessel was partly filled with the filtered solution, the suction attachment, |
. which fitted into the open end of the sampling tube in the lid of the vessel, was

remoVed and samples of the hot solution were taken using 5§ mL glass pipettes.

" The pipettes were previously calibrated as a function of temperature using pure
water and the same sampling procedure as that employed for the As;O;-
saturated solutions. A solution sample was taken at each temperature. The |
sample was diluted directly into 100 mL or 500 mL of 2% HNO, contained ina

“volumetric flask; the dilution factor was sufficiently large that crystallization of
As,O, or Sb,0, never occurred. The contents of the volumetric flask were
brought to volume, and the solution was analyzed for As by ICP analysis and for

 Sb and Fe by ICP-mass spectroscopy. In some instances, a second sample was |

taken at the various temperatures. These samples were discharged dil‘ectly into

a weighing bottle, sealed, cooled to room temperature, and weighed; this sample

~ allowed the density of the saturated soluti.o'n to be calculated.

After the samples were taken, the solution temperature was increased to
100°C in 10°C increments, with samples being taken at each incremental
temperature. The solution was then cooled to ~95°C, and subsequently, in 10°C
increments to room temperature or to 5°C to obtain saturation curves on both
heating and cooling. Agreement between the data obtained on heating and
co_oIfng is necessary if “equilibfium” solubilities are to be Vreported.

' " The solubiliiies were calculated frorh the measured cbncentrations, the

~ dilution factor and the volume of the calibrated pipette. The densities of the
saturated solutions were calculated as a function of temperature by the
measured weight of the sample and the calibrated volume of the pipette.



Autoclave Solubllltv-Leachmg Tests

These experiments were carried out ina Parr 2-L tltamum autoclave fltted :

with a glass liner and titanium internals. The As,O,-rich dust and water were

placed in the autoclave, which was sealed and then heated rapidly to the desired

reaction temperature. of 125-200°C. Because of the high temperatures used in
the autoclave solubility experiments, solution saturation was achieved in just a

. few hours. In-this regard, retention times were meaeured-from the moment that
the opei'atlng temperature was reached, although it is recognized that some
dissolution occurs during the heat-up period. The experiments were done
without an applied gas pressure; that is, the tests were effected only under the

steam pressure generated by the system. At the end of the reaction period, the

~ autoclave was rapidly cooled (~5 min) to 95-100°C by the use of the internal
water cooling coil. Of course, at temperatufes <100°C, the pressure in the
autoclave is that of the surrounding atmosphere. The autoclave was opehed at
95-100°C, and the slurry was rapidly transferred to a solubility reactor heated to

95°C in its oil bath. The solubility reactor was sealed, and then equilibrated for 2-
3 days at 95°C. A sample was taken for a solubility determination and the
vessel was then cooled to room temperature. The procedure for determining the
solubllltles is described above. ‘
ln those experiments intended to produce As,0, crystals, the autoclave
slurry at 95 100°C was filtered hot using a Buchner vacuum filter with Whatman
No. 3 paper; the apoaratus was preheated to ensure that the temperature of the
filtrate was always ~95°C. Following filtration, the solution was transferredtoa -
beaker and was allowed to cool to room temperature while being gently agitated.
It was found that As,O, crystals formed spontaneously and without the need for
As,O; seed additions. When crystallization was complete (~16 h), the product
-was filtered using Whatman No. 3 paper. The various precipitates were
collected, dried at 110°C, weighed, and sometimes, analyzed. .




Antimony Removal by lon Exchange or Activated Carbon

Four commercial ion exchange resins were selected on the basis of
previous experiments carried out by Royal Oak Mines and on information
published in the open literature. These resins were considered to be the most
promising for the removal of antimony from concentrated As,0,-containing media
under neutral or acid pH conditions. Samples of the resins were obtained from
. the manufact‘urefs, and Table 1 presents a list of ‘thé four ion exchaﬁge resins
used. The resins Were hydrated for 24 h, washed with copious arﬁouhts of water
and then used without additional treatment. -

Table 1 - lon Exchange Resiﬁs Tested for AntimonyRemOvaI ‘

Resin Type Manufacturer
Gravex GR-2-0 Sulphonic ‘ Graver.Technologies
Amberlite IRC 120 Sulphonic ' Rohm and Haas
Amberlite IRC 50 Carboxylic . Rohm and Haas
Duolite C467 Aminophosphonic - Rohm and Haas

Equilibrium extraction experiments were carried out by contacting
‘appropriate amounts of the individual resins with the Sb-containing Asaos-riéh
solution, while applyihg genﬂe mechanical agitation. For most experiments, the
amount of resin is expressed as the “wet settled volume”, as is common practice
in ion exchange applications. In some experiments, however, wh'e.re a direct
comparison with activated carbon was desired, the actual resin weight was used
instead of the resin volume. In all the experiments, the extent of antimony
removal was calculated from the Sb concentration of the ‘aqueous solution
before and after its contact with the resin. Total Sb was analyzed, and no effort
- was made to differentiate Sb(lil) from Sb(V). .

In addition to the four ion exchange resins given in Table 1, an activated
carbon samp|e, Hycarb 6X12, was also evaluated for its Sb removal potential.
The activated carbon was washed with water prior to use. |



Re-Sublimation of the As,0,Rich Dusts

The overall objective of this part of the investigation was to re-sublime the
as-received As,O,-rich dusts to produce a pure-As,O; product. These
experiments were carried out using a horizontal tube furnace which'was 60 cmin
length. A fused silica tube 90 cm long by 60 mm outside diameter was
positioned in the tube furnace such that ~25 cm of the tube protruded onone
side. The As,O,-rich dust was weighed and placed in an alumina crucible which
was positioned in the constant temperature (+2°C) hot zone of the furnace.
Rubber stoppers were used to seal the ends of the tube, and the stoppers were
- fitted with ports for the ehtry and exit of gases and for a temperature measuring
- thermocouple. Gas was sometimes passed through the tube to help transport -
| the volatilized As,O, to the cooler part of the tube where it condensed as a “ring”
on the surface of the glass. Atthe complet:on of the experiment, the tube was
“removed from the furnace and was cooled. The condensed oxide product was
removed and analyzed. The re-sublimation experiments were carried out at
vérious terriperatures and, sometimes, for different degrees of sublimation.
Comparative tests were done using slowly-flowing oxygen, inert gas and
hydrogen to assess the influence of the gaseous atmosphere on the relative
transport of As,O; and Sb,0,. Finally, screening experiments were done wherein
the dust was heated with As metal to try to remove any vapourized antimony
oxide from the gas stream prior to the condensation of the Aszoa. To
complement the vapourization studies and to provide a fundamental rationale for
the co-sublimation of antimony at temperatutes sig‘nificantly‘ below the 1550°C
boiling point of Sb,0,, a preliminary massjs‘pectr'ographic study'of the vapours
was carried out. This work was sub-contkaeted to the University of Montreal and
was based on the use of a Micromass Autospec-OA time-of-flight mass
spectrometer operating in the El mode at 70 'eV The semples were heated to
300°C on a solid probe to vapourlze the arsenic and antlmony oxide species into
the mass spectrometer.




Arsenic Solubility in Acid Media |

The intent of these experiments was to evaluate the possibility of
enhancing the solubility of As, O, over the As,O,-rich dusts by the use of acid
media in place of water. All of these scoping experiments were done using the |
236 Chamber sample. The acid leaching experiments were carried out in 2-L
glass reaction kettles contained in a temperature-controlled oil bath. One litre of
the acid solution was heated to 95°C, and at that point, a known mass of the
As,O,-rich dust from the 236 Chamber was added and was stirred for the
duration of the experiment, generally 2 h. The acids initially evaluated were 2.0
M HCI, 2.0 M HNQ, and 1.0 M H,SO, (i.e., 2.0 M H*) . For the expériments using .
the different acids, solution samples were taken at various time intervals by
drawing the liquid through an in-line filter. The collected solutions were stored in
. a water bath at 95°C. Subseqhently, ihey were accurately pipetted, diluted to a
known volume and finally ’analyze'd to assess the extent of arsenic dissolution as
a function of time. Based on these initial tests, nitric acid (HNO;) and
hydrochloric acid (HCI) were selected for further experimentation. The
parameters in\)estigated in this latter part of the study were the acid
concentration (1.0, 2.0, 3.0 and 4.0 M HNO;; 0.75, 2.0 and 3.0 M HCl) the
‘leaching temperature (95°C, 75°C and 55°C) and the solids content of the slurry
(75 g/L and 1’75 g/L solids). For the latter expériments, solution samplingas a -
function of time was not done. Rather, leaching was carried out for a constant 2-
h period. At that time, the slufry was filtered while hot, and the filtrate was
collected. The leach residue was then water-washed, dried' at _1 10_‘5C, and
analyzed by X-ray powder_diﬁraiction methods. The filtrate was then cooled to
room temperatdre to allow As,O, to crystallize. The As,O, érysfals were filtered,
. dried at ~60°C, weighed and also analyzed by X-ray diffraction methods. In
some tests, the solution remaining after filtration of the As,O, crystals was |
' neutralized_' to pH 9.0 with solid;'rea'_gent grade Na,CO; to try to precipitate
additional As,O,. The resulting brecipitate was filtered,. washed, dried at 110°C,
‘and then analyzed by X-ray powdér"diffraction techhiques to identify the arsenic
compound precipitated. ' '




- Samples

RESULTS AND DISCUSSION

The four samples of As,Og-rich dust supplied by Royal Oak Mines were

analyzed at CANMET; the results are presented in Table 2. The recent
composite samples have As contents in excess of 66% As (>87% As,0,), but
also contain modest amounts of Sb, Fe, Al, Ca, Mg and Si. The two samples

- from the underground chambers have much lower As contents (56-58% As), but
also contain minor amounts of Sb, Fe, Al, Ca, Mg and Si. The Sb content is a

concem for the marketing of any As,O, product, and the Sb contents of the as-
received dusts are variable. They range from 0.30 to 2.13% Sb. The data of

Table 2 support the view that the stockpiled dusts have higher gold values than

the dusts Ppresently being generated.

e Table 2 Chemlcal Compositions of the Four As,O,-rich Dust Samples Prov:ded
: ; by Royal Oak Mines (wt %)

Element  January 98

April 97 212 Chamber 236 Chamber

, Composite Composite - SR
As 682,687 66.7, 69.6 56.2 . 58.0

Sb . 0.87,0.84 1.48, 1.49 2.13 - 0.30
Fe 1.28, 1.17 0.78. 0.81 2.62 - 1.66

Al 0.64, 0.64 0.33, 0.33 1.06 - 0.92

~ Ca - - - -
Mg 0.24, 0.26 - 0.13,0.13 0.37 0.36
Si 1.05, 1.09 0.61, 0.61 2.07 1.8
2.4 11.0-

Au(ppm) 22

Mineralogical Characterization of the Four Dust Samples

5.1

X-ray diffraction analyses of the two lots of reagent grade arsenic oxide

indicated only As,O, having the cubic arsenolite structure. -Analogous X-ray

diffraction analyses of the four dust sarhples showed them to be very similar,

inter alia, despite the minor differences in chemical composition indicated in

Table 2. The X-ray diffraction patterns of the four dust samples are presented in

Appendix 1. All four samples consist of major amounts of As,O, of the arsenolite




structure, together with minor amounts of a chlorite-type mineral (chamosite?)
having the general formula of (Fe,Al,Mg)s(Si,Al),0,,(OH)s. A trace quantity of
muscovite, KAIé(SiaAI)O1o(OH,F), is also evident. Quartz is also present in trace

amounts, but the detection of quanz is made difficult because the strong line of
quartz oveﬂaps that of muscovite. The amounts of chlorite, muscovite and
quariz, relative to arsenolite, vary somewhat from sample to sample, but
arsenolite is always the dominant phase. ‘The four dust samples were supplied

'in large plastic pails. To investigate the possibility of sample segregation within
_the pails, X-ray diffraction analyses of material from the top and bottom of each
pail were carried out. The spectra from the top and bottom of a given pail were

identical, and the implication'is that the supplied samples themselves are
relatively homogeneous.

| . Characterization of the January 98 Composite Sample

- Detailed SEM-EDX study of the dust provided considerably more insight
into the phases present. Figure 2 presents a general view of the January 98
Composite sample. This sample consists mostly of As,0; which commonly

‘occurs as 1-3 um free crystals or as somewhat larger crystal a_gglomerates{

Many of the As,O, crystals demonstrate an octahedral morphology characteristic
of arsenolite. The large and darker appearing particles are chlorite (chamosite ?7)
or quartz. Tiny bright éppearing grains of iron oxide having a minor As content
are also present. The EDX study of the As,O, particles commonly detected trace
amounts of Sb; similar studies showed the chlorite to contain major amounts of

- Mg, Al and Si, along with traces of Fe, K and Na.

Figure 3 is a backscattered electron micrograph of the same sample as

‘ seen in polished section. The arsenolite (As,0;) occurs abundantly as tiny bright
K appearing crystals or crystal aggregates. The EDX study of the As,0, commonly
. detected a trace-to-minor amount of Sb. The larger platy crystals are chiorite,

whereas the dark appearing irregular grains are usually quartz. Of note are a
number of 1-3 um calcium arsenate particles having a minor or trace S content.
Occasionally, large masses of As,O, or (As,Sb),0; are detected, and one such



mass is illustrated in Figure 4. Although the majority of the image shown in
Figure 4 consists of 1-8 um euhedral As,O, crystals and somewhat larger grains
of As-bearing iron oxide, a >50 yum mass of AsaO3 having a trace Sb content is
also evident. Such masses of As,0, are moderately abundant in this sample,
but nevertheless, constitute only a small percentege of the total As,O, present.
. The mechanism of formation of these large masses of As,O; is not known, but ‘
they may represent spailed accumulations from thé roof or ductihg of the
baghouse. | |

Rarer masses of (Sb,As),0, are also.detected, and one such_occurrenoe
is shown in 'Figure 5. .The mass is 40-50 ym in size, and is irregular in form. Its
brighter appearance reflects the elevated Sb content of this phase, which seems
to be an As-bearing Sb-rich oxide; i.e., (Sb,As),05. The mechanism by which "
such Sb-rich oxide particles form in the baghouse is unkhown. |

An iron arsenic-oxide phése occurs in minor amounts in the January 98
Composite sample, and the iron arsenic-oxide ranges in composition from As-
bearing iron oxide to compositions approachmg iron arsenate. Flgure 6. ‘
ilustrates a ~20 um ‘mass of iron oxide containing minor amounts of As as well
as traces of Sb. The iron oxide particle has a banded texture that may reflect the
cyclical oxidation of a grain of pyrite. Variations in the grey level of the iron oxide
‘reﬂeot local variations in the As content. In this instance, it seems that the
morphology of the original iron oxide particle has been faithfully preserved.
Figure 7 illustrates a ~100 um porous mass of iron arsenate that is associated
with a large mass of As,O, and numerous tiny As,O, crystals The iron arsenate
phase contains major amounts of iron and arsenic, as well as a minor-to- -major S
content. lt is likely an iron arsenate phase havung a significant sulphate ion
substitution for arsenate. The morphology suggests a complex formation
mechanism that likely in\}oll(es the diffusion of both As and Fe.

" The SEM-EDX investigation of the January 98 Composite sample also
detected trace amounts of a number of other phsses. These phases are Mg
silicate, Fe-Ca-Al silicate-sulphat_e; K-Mg-Al silicate, Na-Mg-Al silicate, Ca-Na-
Mg-Al silicate, K-Al silicate (feldspar) and PbSO,. ‘



Quantitative electron microprobe analyses were carried out on the As-
and Sb-containing phases in the January 98 Composite sample, and the detailed
analyses are présented in Appendix 2. . '

Table 3 summarizes the electron micrdprobe data obtained for the major
A8203 phase. Thirty-nine particles of Aszo3 were analyzed, and these particles
included both the abundant tiny As,O, crystals and the less common large
masses of As,O,. »A3|de from its modest Sb content, the As,Oj, is relatively pure,
with only irace amounts of Fe and Pb being detected as impurities. ts general
formula is (As,Sb)zQa. Given the abundance of the As,O, phase in this sample
and its high As and Sb content relative to the bulk coniposition of the dust (Table
2), itis clear that the As,0, phase is the dominant As and Sb carrier in the
January 98 Composite sample. ‘

Table 3 - Electron Microprobe Determlned Composmon of the As,O, Phase i in
the January 98 Comiposite Sample (wt %)

Element . Average Corhposition ' Range
As ~ 75.08 163.04 - 82.11
Sb . - 1.31 - 0.00-5.38
Fe - 0.18 ‘ . 0.00 - 2.01
Pb 0.07 0.00-1.88

0 23.41 17.68 - 32.55

Table 4 presents the electron rﬁicroprobe—determined compositional data
for the Sb-rich oxide phase present in the January 98 Composite sample.
Althdugh this phase is a minor constituent of the dust, it has a high Sb and As
content;'thvat is, the phase is possibly'best formulated as (Sb,As);0,. The Sb-
“rich oxide seems to be relatively pure; only trace amounts of Fe and Pb are
detected in its structure.




Table 4 - Electron Microprobe Determined Composition of the (Sb,As),0, Phase
in the January 98 Composite Sample (wt %) _

Element ~ Average Composition Range
Sb 4465 . 40.50 - 47.77
As 36.16 28.94 - 38.95
Fe 0.05 ' 0.01 -0.09
Pb 0.01 ' 0.00 - 0.07

O - 20.12 14.41 - 30.52

The January 98 Composnte sample contains both an As-bearing iron oxide

phase as well as an iron arsenate phase. Table 5 summarizes the compositional

data obtained on nine particles of the As-bearing iron oxide. The iron oxide
phase contams major amounts of Fe and O, in addition to minor contents of As
and Sb, and traces of Pb and S The compositional data suggest a hematite-like
compound but complementary structural studies would be needed to collaborate
th|s conclusion. Table 6 summanzes the analogous data obtained from 16
partlcles of the iron arsenate phase. This material has a relatively low Fe
content but relatively high levels of As and S, which likely are present as As\O4
and SO,. There_are also trace amounts of Sb, Pb,-Ca and Bi detected. The
-compoéitiorl suggests an iron arsenate compound having a significant degree of
sulphate substitution for arsenate, but it should be apprecuated that some of the
analyses may be biased by |nt|mately admixed AsaO3

Table 5 - Electron Microprobe Determined Composition of the As-bearing Iron
Oxide Phase in the January 98 Composite Sample (wt %)

Element Average Composition Range -
.Fe ' 59.11 57.51-61.11

As ' 4.68 ' . 3.15-5.87

Sb - 187 ' 1.15-2.10

Pb ' - - 010 ' 0.05 -0.17

S 0.04 . 0.00 - 0.08

o ' 34.39 33.67 - 35.23




Table 6 - Electron Microprobe Determined Composition of the Iron Arsenate
Phase in the January 98 Composite Sample (wt %)

Element Average Composition _ Range
Fe 10.15 . 1.78 - 38.33
. As © 15.95 . 7.92-21.63
Sb - 0.27 - ‘0.06 - 0.87
S . 357 0.23-7.41
Pb . - 0.10 0.04 - 0.19
Ca 0.73 0.04 - 4.39
Bi 0.03 0.00 - 0.07
o 69.16 52.44 - 77.45

Characterization of the April 97 Composite Sample

| In terms of its chemical composition (see Table 2) the Aprll 97 Composite
_sample is similar to the January 98 Composite sample, although there are minor
differences in the Sb contents as well as those of Fe, Al, Ca, Mg and Si. Both
samples are more rich in As than the two samples collected from the storage
chambers. o

The SEM-EDX studies also invdicated many similarities between the April
97 Composite sample and the January 98 Composite sample. In this regard,
Figure 8 shows the general appearance of the April 97 Composite sample as
' séen in a loose powder'mount. The sample consists predominantly of 1-3 um
crystals of As,0,, many of whieh have well developed external crystal faces. The
'EDX analysis showed major amounts of As, together with traces of Sb. The |
larger, irregular particles are chlorite, which consrsts mostly of Fe, Mg, Al, Si and
O Companson with Figure 2 indicates that the general morphologies of the April
97 Composite and January 98 Composrte samples are very similar. ‘

Figure 9 shows the April 97 Composite sample in more detail and in
polished sectibn. Most of the fteld consists of 1-3 yum crystals of Aszoa, which
generally occur free but sometimes are intergrown into larger agglomerates. The
large,.bright appearing particle in' the centre of the image is (As,Sb),0,
containing about 13% Sb. As noted above, the mechanism by which such large
arsenic-antimony oxide particles form is not known. The figure also indicates a



number of small particles of quariz that passed through the electrostatic
precipitator circuit and were collected in the baghouse along with the As,O,.
Figure 10 shows an even larger mass of (As,Sb),0;, the growth of which has
sometimes encapsulated other species. Such large parﬁcles of (As,Sb),0,
presumably formed on the walls or ducting of the baghouse where they
accumulated to a considerable thickness before becoming dislodged and -
reporting with the baghouse dust. The Iatge mass of (As,Sb),0, is associated
j with:Smaller crystals of As,O,, as well as with p»articles of quartz and chlorite.
'Notable is the presence of two ~10 um particles of iron-calcium oxide containing
only trace amounts of As or Sb. Figure 11 illustrates a ~5 yum compact particle of
iron arsenate as well as a ~10 yum mass of (As,Sb)zos, botn of which are
associated with 1-3 um crystals of As,O,. Figure 12 illustrates a 10 um zoned
particle which was shown by EDX analysis to contain major amounts of Ca, As,
S and O, as well as a trace amount of Fe. This phase is believed to be calcium
arsenate-sulphate, and a number of such particles were identified in the April 97
.Cernposite sample. The porous region of this figure is mounting medium.
In addition to the principal species discussed above, the detailed SEM-
EDX studies also identified trace amounts of K-Al silicate and Na-Al silicate;
these phases likely represent fragments of different feldspars which passed

- through the electrostatic precipitator circuit into the baghouse A few particles of

calcnum oxide containing trace amounts of Fe, As and Sb were also noted.
‘Quantitative electron microprobe analyses were carried out on the
pnncnpal As- and Sb-containing phases in the April 97 Composite sample. The
detailed electron microprobe results are presented in Appendix 3.
Twenty-four particles of the As,O; phase were analyzed with the electron
| microprobe, and the results are summarized in Table 7. The material is relatively
. pure As,O; which contains only 0.23% Sb, in addition to trace amounts of Fe,
Pb, Ca and S. The Sb content of the dominant As,O, phase in the April 97
Composite sample is lower than that of the As, 0O, crystals in the January 98

Composnte sample, despite the higher total Sb content of the April 97 Composnte
, sample - o




Table 7 - Electron Microprobe Determined Composition of the As,O, Phase in
the April 97 Composite Sample (wt %)

Element Average Composition Range

As - 76.29 71.45 - 82.70

. Sb 0.23 - 0.00 - 0.54
Fe = : 0.18 0.02 - 0.52
Pb . 004 0.00 - 0.52
Ca - _ 0.04 0.00-0.19
S _— 0.03 0.00-0.18
@) _ , : 23.15 _ 16.97 - 28.15

In addition to the “normal” As,O; crystals, the April 97 Composite sample:

. contains a number of arsenic oxide particles having an elevated Sb content, but

not contaihing enough Sb to constitute (Sb,As),0,. Eight of these Sb-rich As,O,

- particles were analyzed with the electron microprobe, and the results are given in

Table 8. The average Sb content is 13.55%, a high enough concentration to
warra'ni the differentiation of this phase from the “normal” As,O, crystals which
contain only 0. 23% Sb. A small amount of iron, along with traces of Pb, Ca, Bi
and S, is also detected in this material.

Table 8 - Electron Mlcroprobe Determined Composition of the Sb-nch A3203
Phase in the April 97 Composite Sample (wt %)

Element Average Composition Range

As 59.59 ' 50.84 - 68.70
Sb 13.55 _ 12.14 - 15.09
Fe . 0.42 0.07 - 1.62

-~ Pb '0.05 0.00 - 0.15
Ca ' 0.13 0.00 - 0.21
Bi : 0.01 0.00-0.03
S 0.05- 0.00-0.21.

O - 26.18 : - 17.99 - 32.16

The April 97 Composite sample also contains an Sb-As oxide ph_ase_ in
which the amount of Sb equals or exceeds that of As; i.e., the phase has the
general formula of (Sb,As),0;. Thirty-two particles of the (Sb,As),0, phase were



analyzed quantitatively with the electron microprobe, and the results are
presented in Table 9. Comparison with the data of Table 4 suggests that the
(Sb,As),0, phase in the April 97 Composite sample is very similar to that of the
analogous phase in the January 98 Composite sample. In particulér the Sb

and As contents of the (Sb As)203 phase are vurtually |dent|cal in the two
samples ‘

Table 9 - Electron Mlcroprobe Determlned Composition of the (Sb,As),O, Phase
in the April 97 Composite Sample (wt %)

Element Average Composition Range
Sb’ ‘ 44.55 42.43 - 46.72
As - 35.94 30.71 - 42.45
Fe . . 014 0.00 - 0.84
Pb - 0.06 0.00 - 0.34
Ca - 0.01 0.00-0.11
S 0.84 0.50 - 1.23
o 18.44 11,40 - 25.25.

. The SEM-EDX studies identified both an iron arsenate phase and a
calcium arsenate-sulphate phase having a high Sb content. Electron microprobe
~ analyses of four grains of each phase were carried out, and the data are
summarized in Table 10 and Table 11,’respectively. The iron arsb_ena’te phase -
contains major amounts of both As and Sb, but has only a very minor Ca and S
content. This phase is clearly an iron arsenate-ant:monate compound although
As always exceeds Sb in the structure. In contrast, the calcnum arsenate-
sulphate phase seems to have a major Sb content, but contains only minor.

amounts of Fe. It would be more fuIIy described as a calcium-iron sulphate-
antimonate-arsenate. '




Table 10 = Electron Microprobe Determined Composition of the Iron Arsenate
Phase in the April 97 Composite Sample (wt %)

Element Average Composition Range

" Fe 38.17 | 18.35 - 55.31
As 9.04 6.69 - 11.48
Sb 5.20 -~ 0.58-9.28
Pb 012 0.00 - 0.25
Ca , 0.82 0.00 - 2.40
Bi 0.00 -

s 0.85 ~ 0.04-155

o : 45.77 37.09 - 57.08

Table 11 - Electron Microprobe Determined Composition of the Calcium
Arsenate-Sulphate Phase in the April 97 Composite Sample (wt %)

Element Average Composition Range

Ca < 11.47 10.22 - 12.26
Fe 2.24 1.91-2565
Sb 15.43 11.15 - 20.28

As 848 7.73-9.57

S - 893 = - 7.41-9.89
Pb 0.14 - 0.12-0.16

o 53.30 ’ 50.27 - 56.27

A few particles'of calcium oxide were detedted during the SEM-EDX study
of this sample, and four particles of this phase were analyzed by the electron
microbrobe. Thé results are given in Table 12. The phase is rhostly calcium
oxide, although there is a modest level of Fe present. Only rhinor amounts of As

and Sb are detected. The low As and Sb contents, coupled with the rarity of this
| phase, make the calcium oxide a relatively unimportant carrier of either As or Sb
in this sample. |




Table 12 - Electron Microprobe Determined Composition of the Calcium Oxide
Phase in the April 97 Composite Sample (wt %)

Element - Average Composition - Range
Ca ' 19.08 ' : 17.68 - 20.33
Fe . 5.60 5.29 - 6.05
As 0.93 : 0.24 - 1.85
Sb 0.41 0.25 - 0.57
Pb 0.00 '

S. 052 . 0.20 - 0.80

o - 73.43 | . 72.67 - 7454

Characterlzatlon of the 212 Chamber Samgle

Table 2 indicates that the 212 Chamber sample has the hlghest Si, Al, Ca,
Mg and Fe contents of any of the dusts studied. Accordmgly, it would be
expected that this sample contams more of the silicate |mpur|ty specues The
sample also has the highest Sb content of any of the samples, and should,

+ - therefore, contain more Sb-rich arsenic oxide species.

Figure 13 illustrates the general appearance of the 212 Chamber sample
as seen in a loose powder mount. Most of the sample consists of 1-3 um
crystals of Asa'Oa,“and many of the crystals show the development of octahedral |
crystal faces. A number of somewhat larger silicate particles are preSent in this
sample, and Figﬂre 13 shows several such grains of chlorite and muscovite.

A detailed SEM-EDX study of the 212 Chamber sample was carried out
using polished éec"ti'o'n mounts, and Figure 14 illustrates the general appearance
of the sample. Most of the bright appearing grains in the photomicrograph are
As,0, or As,O,4 having a modest Sb content. Most of the darker grey grains are
chlorite or other silicate species, but some of these particles are As-bearing iron
oxide or As-bearing calcium oxide containing minor amount_s'of Fe and traces of
S and Si. Relative to the two more recently dollec_:ted samples disdussed above,
the 212 Chémbyér samplé seems to have a ‘higher Ca content. Figdré‘ 15
provides another general view of the dust from the 212 Chamber. Although a
number of tiny bright appearing crystals of As,O, are evident, there is aiso a
large number of darkef appea'ring particles. Various fragments of quartz and




chlorite are evident, as is the situation for-all the samples studied. Numerous
particles of iron arsenate occur, and these tend tb be present as ~10 um free
grains. Of interest is a ~10 ym particle of As-bearing iron oxide that is rimmed
by very bright (Sb,As),0O,. A large grain of muscovite is rimmed by an Fe-Ca |
s'ulphate-arsenate phase. Relative to the initial two samples studied, there are
more silicate and oxide phases present in the 212 -Chamber sample, and several
of these minerals seem to have undergone at least superficial alteration during
roasting-gas cleaning. o |

Occasionally, large fragments of Sb-rich arsenic oxide or (Sb,As),0O, are
detected. Figure 16 illustrates one such occurrence. The bright appearing
part'iple in the centre of the image has a high Sb content; it is likely (Sb,As),O,.
The particle is 20x40 um in size. Such large particles were evident in the
samples siudied above, but the mechanism of formation of such large grains in-

- the baghouse circuit is unknown. In Figure 16, the (Sb,As),0, particle is

associated with tiny light grey crystals of As,0, and slightly larger, and darker
grey, particles of silicates and iron oxide or calcium oxide. ,

 The212 Chamber sample contains both iron arsenate and As-bearing
iron oxide; the As-bearing iron oxide may be an intermediate phase in the
formation of iron arsenate, although additional work would be required to
substantiate this hypothesis. Figure 17 illustrates a large mass of iron arsenéte,
although smaller, typibally' ~10 um paﬁicles, are more common. The Iargé mass
of iron arsenate seems to envelop smaller grains of As,Os, and the implication is
that the iron arsenate mass “grew” in the baghouse system. In addition, there
are two large grains of CaSO, evident in the image, and tihes_e particles support
the contention that the dust in the 212 Chamber ié Ca-rich. 'Figure 18 illustrates
a 10x12 ym particle of As-bearing iron oxide that may reflect an oxidized pyrite

. crystal. The grain is distinctly zoned and contains major F'e'and O, with minor As -

and a trace quantity of Sb. Also shown is a smaller, dark appearing grain of
As,O, containing minor amounts of Fe and Sb that is probably a reaction product

between fine iron oxide particles and the As,O, crystals.




Quantitative electron microprobe analyses were carried out on the As-
and Sb-_bearirig phases present in the 212 Chamber sample. The detailed
analyses are presented in Appendix 4, and the results are summarized below.

Table 13 presents the average electron m‘icroprobe-determin_ed
composition of 31 A‘sz,‘O3 crystals present in the 212 Chamber sample. This
oxide consists mostly of As, but contains a modest amount of Sb that is
consistent with the bulk Sb content of this sample glven in Table 2. In addition,
there is a modest amount of Fe detected, as well as traces of Pb, Ca, Si and S;
some of the detected |mpur|ty content could arise from secondary fluorescence
from assomated impurity phases. That s, the As,O, crystals are so small that
penetration of the electron beam is ||kely

Table 13 - Electron Microprobe Determined Composition of the As,O, Crystals in
the 212 Chamber Sample (wt %)

Element Average Composition ‘Range
As ) 76.01 70.24 - 82.42
Sb o 1.19 0.08 - 3.52
Fe , 0.56 0.25-1.72
Pb 003 0.00 - 0.22
Ca 0.05 . 0.00-0.30
Si 0.05 ’ 0.00 - 0.52
s _ 0.04 ' 0.00-0.15

o 22.04 ' 16.39 - 29.05

In addition to the “normal” As,O, crystals,' which contain ~1% Sb, there
are arsenic oxide particles which have elevated contents of Sb. In the January
98 Composite ar-)d;Aprivl 97 Composite samples d_iscus;sed above, the amount of
b often éxceeded that of vays, such that the phase could be described as

(Sb,As),0,. In the 212 Chamber sample, the Sb content of the arsenic oxide,
| although SignifiCant, generally does not exceed that of As. Consequently the Sb-
rich oxide in the 212 Chamber sample is best deseribed as (As,Sb),0,. Table 14
summarizes the electron microprobe data obtained oﬁ the (As,Sb),0, phase.




The material has a significant As and Sb content, and also contains trace
amounts of Fe, Pb and S.

Table 14 - Electron Microprobe Determined Composition of the (As,Sb),0,
Phase in the 212 Chamber Sample (wt %)

Element . Average Composition Range
As - 50.46 42.57 - 56.72
Sb 24.44 ‘ 20.93 - 31.10
Fe © 033 0.12-1.49
Pb 0.03 0.00 - 0.11
S 0.01 . 0.00 - 0.02

o 24.71 17.14 - 27.82

The 212 Chamber sample ’c'ontains numerous ~10 ym particles of As-
bearing iron oxide as well as an iron arsenate fahase exhibitihg a modest level of
SO, substitution for AsO,. The electron microp'robe-de'germinéd compossition of
the As-bearing iron oxide phase, as based on the analysis of 16 particles, is
~“given in Table 15, from which it is apparent that modest amounts of both As and
Sb are incorporated in the iron oiide. Other impufity elements, including S, are
present only in trace‘ amounts. Table 16 summarizes the an'alogous .
compositional data for the iron arsenate phase, as based on the analysis of 21
particles of this material. The iron arsenate phase has a significant content of
both Fe and As, and also contains a minor amount of S, which is probably
~preééht as SO, replacing AsO, in the iron arsenate structure. Signifidantly,’ihefe '
are only tréce amounts of Sb and other impurity elements in-this material.




Table 15 - Electron Microprobe Determlned Composition of the ‘As-bearing Iron
' Oxide in the 212 Chamber Sample (wt %)

~ ;E‘iement_ Average Compbs_ition . Range

Fe 5241 . 44,90 - 57.53

As 8.54 ‘ - 3.561-14.88

Sb ‘ 3.09 : 0.77 - 9.89

Pb 0.38 : ' '0.16 -0.78

Ca : 0.26 0.00-0.99
8 i’ 0.33 ) 0.02-3.02

O R 34.95 e 30.98 -40.27

Table 16 - Electron Microprobe Determined Composition of the Iron Arsenate -
Phase in the 212 Chamber Sample (wt %)

 Element Average Composition , Range
Fe - 12.60 11.34 - 13.21 -
As 31.67 ' © 26.19-37.33
Sb 0.49 '0.38-0.73
Pb 0.72 0.50-1.10
Ca 0.86 - 0.64-3.46
. 8 1.58 1.12-2.21

®) L . 51.99 : - 45.84-57.46

‘The 212 Chamber sample contains a trace amount of an irbn‘-calfc\:,vium
arsenate bhase, and three particles of this compound were analyzed by the
electron microprobe. As Table 17 indicates, this phase has a relatively low Sb
content; it contains a minor amount of Pb as well as a trace of S.




a

Table 17 - Electron Microprobe Determined Composition of the Iron-Calcium
Arsenate Phase in the 212 Chamber Sample (wt %)

Element Average Composition . ‘Range
" Fe . 6.62 : 5.08 - 9.59
Ca 3.03 2.03-4.12
As 35.21 : 29.93-41.34
Sb ' 1.09 - : 1°.75-2.05
Pb 255 - 2.30-3.00
S 0.48 0.08 - 1.30

0] 50.17 47.39 - 52.37

A few parﬁcles of a Ca-Fe-As oxide phase were detected in the 212
: Chamber sample, and three of the particles were anaiyzed by the electron
microprdbe. Table 18 summarizes the data obtaihed, and éhows that this oxide
“consists mostly of Ca, Fe and As, together with trace amounts of Pb, Sb and S.
.The iron-calcium arsenate phase and the Ca-Fe-As oxide phase are rare
constituents of the 212 Chamber sample, and accordingly, are relatively-
unimportant overall As carriers despite their high As contents.

Table 18 - Electron Microprobe Détermined Composition of the Ca-Fe-As Oxide
Phase in the 212 Chamber Sample (wt %)

Element Average Composition ‘Range
Ca 13.93 '8.39 - 18.65
Fe 8.75 8.03 -9.93
As 10.75 ©1.38-20.76
Sb - 0.53 0.06 - 0.82
Pb 0.24 , 0.06 -0.34

S : 0.50 0.04 - 1.08

0] 65.26 60.29 - 69.85

Ch'aracterization of the 236 Chamber Sample ‘

Unlike the other three As,O,-rich dusts supplied, the 236 Chamber sample
was slightly moist when received, and the water content must affect its analysis
to some extent. Nevertheless, the cbmpositional data of Table 2 suggest that



the 236 Chamber sample is similar to that of the 212 Chamber material in that it

has a comparatively low As content, together with high levels of Fe, Si, Al, Ca

and Mg. The 236 Chamber sample has the lowest Sb content'of the four

samples studled The implication is that this sample will contain an abundance
of low-Sb Aszo crystals and numerous silicate and oxide partlcles

Figure 19 shows the general morphology of the 236 Chamber sample as
examined in a loose powder mount. The material consists of abundant As,O,
crystals ranging in size from 1 um to over 10 um. The large size of some of the
As, O, crystals differentiates this sample from the others studied. In many
instances the As,Q, crystals have well developed external crystal faces, and the
crystals are sometimes intergrown into small clusters. Various snllcate species
are detected m this sample, and Figure 19 shows a smalll partlcle of chlonte as
well as a Iarger fragment of muscovite.

Flgure 20 illustrates the general morphology of the 236 Chamber sample .
as seen in polished section. The bright particles are mostly crystals of As,O,,
and these range in size from 1 ym to 10 um. The darker appearing particles are
mostly silicates, and these include quartz, chlorite and muscovite. Fig’ure 21
shows tWo of the larger As,0, crystals in greater detail, and also illustrates a ~1‘0
um partlcle of As- -bearing iron oxide. Most of the dark appearing partlcles in the
image are quartz, chlorite and muscovite. The large As,0, crystals are
somewhat porous and seem to be intergrowths of two or three individual crystals.
The euhedral habit of the large As,O; crystals suggests that they developed
directly in the vapour phase, as the gas from the roaster circuit was cooled with -
dllutlon air. | ‘ |

Flgure 22 illustrates a partlcle of As-beanng iron oxide as well as. grains of
quartz chlorlte and muscovite. The SEM EDX analyses of the quartz detected
~.only Si and O Complementary quantltatlve electron microprobe analyses of
~ three quartz particles indicated ~40% Si and ~59% O, only traces of K, Fe, Mg,
Ca and Al were detected, and these trace impurity contents could originate from
secondary fluorescence from closely associated impurity phases. Similar SEM-
EDX analyses of the chlorite phase indicated Fe, Mg, Al, Si and O, together with-




occasional traces of K. Electron microprobe analysis of nine particles of the
chiorite detected 13-1 8_% Fe, 7-11% Mg, 6-11% Al and 7-11% Si. The
composition, tc')gether' with the X-ray diffraction analyses, confirms that the

. chlorite mineral is chamosite. The SEM-EDX analyses of the muscovite |

indicated major amounts of K, Al, Si and O, together with trace quantities of Mg
and Fe. Quantitative electron microprobe analyses of five grains of this mineral

. found 3-7% K, 10-17% Al and 13-21% Si. The compositional range, together
" with the X-ray diffraction results, c;onﬁrm the presence of muscovite rather than

a potassium feldspar.

Various other species were also detected in trace amounts during the

SEM-EDX study of the 236 Chamber sample. These species include iron

arsenate, calcium arsenate containing only trace Fe, K-Na-Mg-AIvsiIicat'e, Ca-Mg-
Al silicate, Na-K-Al silicate, iron oxide containing minor Cr and As, apatite and
pyrite. | | ,
The principal As- and Sb-containing phases in the 236 Chamber samp!e
were analyzed quantitatively with the electron microprobe. The individual
analyses are given in Appendix 5, and the various results are summanzed below.
Table 19 summarizes the electron microprobe analyses of 60 partlcles of

~ As, O, in the 236 Chamber sample. The As,O, contains a major amount of As,

but only a trace quantity of Sb. The low Sb content is consistent with low overall
Sb content of this dust that is given in Table 2. There is also a trace.amount of
Fe present, but other impurities are nearly absent.




‘Table 19 - Electron ‘Microprobe Determlned Composition of the As,O, Crystals in
the 236 Chamber Sample (wt %)

Element ‘Average Composition ‘ Range

As 76.78 71.43 - 79.87
Sb 0.19 . 0.00 - 0.99
Fe - 027 , 0.08-1.13
Pb | 0.02 S ~ 0.00-0.13
Ca 0.01 0.00 - 0.09
Si 0.05 ' 0.00 - 0.62
s 10.01 - 0.00-0.11

0] 22.64 18.73 - 28.39

As noted above, a number of particles of As-bearing iron oxide are
detected in the 236 Chamber sample, and 17 of these grains were analyied‘v :
quantitatively With.the electron microprobe. Table 20 summarizes the results -
~obtained. The iron oxide hae a minor As content, but contains only a trace
amount of Sb. Other impurity elements are detected only in low concentratlons

but the presence of a small amount of Cr in the iron oxide in this sample is
distinctive.

Table 20 - Eleetron Microprbbe Determined Composition of the: As-bearing Iron
Oxide in the 236 Chamber Sample (wt %)

Element Average Composition Range
Fe - 53.24 | © 40.88-66.34
As 7.67 0 1.97-14.90
Sb 0.56 - 0.18-0.90
Pb ' 0.22 '0.02 - 0.57
Ca . 0.15 ' " 0.00-0.49
Cr ' 0.36 0.00 -6.18
S 0.01 - 0.00 - 0.04

o] : T 37.77 . 31.45 - 49.95
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Comparison of the Four As,0,-Rich bust Samples

From a mineralogic.ai poirit of view, the four Aszos-rich dust samples are
similar in that they contain, with only a few minor exceptions, the same species
and in approxlmately the same amounts. These specnes are indicated
quahtatlvely in Table 21. The two more recent samples the January 08

. Composnte and the April 97 Composite, have high As203 contents and contain
-relatively small amounts of the impurity silicate phases. In contrast, the two older
samples from the storage caverns, 212 Chamber and 236 Chamber, have .
relatively high silicate contents that possibly reﬂect less than optimum functlonmg
of the electrostatic precipitators at the time of their production. The Sb contents
of thé dusts vary from 0.3 to 2.13% Sb, and this variation affects the Sb conteht
of the As,O;, crystals, as well as the amount and composition of the (Sb,As),0,
~ phase present. In all cases, the dominant As carrier is As,O,, which normally
occurs as tiny euhedral crystals, bdt sometimes is preseht as large irregular
masses. A minor amount of the As is also present as an Fe-bearing iron oxide
or iron arsenate phase, in which the arsenic content varies from 1,9 to 38% As.
The Ca arsenate or Ca-Fe arsenate phases are only minor As carriers in any of
the dust samples Most of the Sb in the samples is present in solid solution in
 the As,0O, crystals. The Sb content of the As,Q, varies from 0% to 47%. The
more Sb-rich compositions are actually (Sb, As)aoa, and this phase often occurs
as Iarge irregular masses. A minor amount of the total Sb substitutes for As in
the iron arsenate phase, and traces of Sb occur in the Ca arsenate, Ca-Fe
arsenate and Fe arsenate-sulphate phases. Unlike As and Sb, most of the iron
in the samples occurs in silicate form (chlorite) and as iron oxide. Lesser
amounts of the total iron are present as iron arsenate or Ca-Fe arsenate, which
. -contains 5-10% Fe. ' |



~ Table 21 - Qualitative Comparison of the Phases Present in the Four
: As,O,-rich Dust Samples

Species January 98 - April 97 212 236
-+ Composite - Composite Chamber == Chamber
As,O, major - major major -major
Fe arsenate minor “minor - .minor . minor
(Sb,As),04 ~ minor minor minor trace
Ca-Fe arsenate trace trace " minor trace
Fe arsenate-sulphate trace trace “trace very rare
Iron oxide trace trace -  trace - trace
Ca-Fe oxide ' very rare trace trace very rare
Ca sulphate very rare very rare trace very rare
Chlorite minor minor ~ minor minor
Quartz = trace trace trace ~ trace

Muscovite minor minor minor . ~minor

Solubility Measurements |
| The aqueous solubility of two lots of reagent grade As,O; was determined
over the femperature range from 20°C to 100°C. The results obtained are
presented graphically in Figure 23 and Figure 24, and the detailed numerical
data are grven in Appendix 6. For the first sample, the results obtained on

o heatmg and coohng are identical, and the implication is that the measured values

reflect the true equilibrium solubility of As,O, in water. This conclusion is further
supported by the close agreement of the current data with the publrshed values
of the solubility of Aéaos in water reported by Linke and Seidell (2). The results
obtained for the eecond lot of reagent grade As,0, are slightly higher at the
higher temperatures and, for this sample, there is a slight difference between the -

. heating and cooling data at the lower temperatures. This may indicate that the
lower temperature values are not truly saturated, despite the fact that
equrhbratron periods of 2-3 days were used. X-ray diffraction anaIyS|s of the
solids in equilibrium with the solution at different temperatures indicated only the
cubic arsenolite form 6f As,O,. | |

The valence state of the dissolved arsenic generated from the first lot of
reagent grade As,O; was determlned by ion chromatography, and the detailed
results are also presented in Appendix 6. At all temperatures, and on heating




and cooling; only trace amounts of As(V) were detected. In fact, the _

concentration of As(V) never exceeded 0.1 g/L As(V), despite the fact that total
arsenic concentrations as high as 63 g/L As were generated during the solubility

| measurements. Virtually all of the arsenic is present in the trivalent form; i.e., as

As,0;, and the As(lll) does not oxidize to any significant extent throughout the
solubiiity measurements, which commonly lasted for over 30 days.

The solubility of reagent grade Sb,0O; was also measured to provide a
| comparison with the analogous data for As,Q,. The results for the solubility of
Sb,0O, in water are summarized graphically in Figure 25, and the n.umer'ical data
are presented in Appendix 6. Unlike As,O; which.enjoys a moderate éolubility_in
water, Sb,O, is nearly insoluble over the entire temperature range from 25 to
95°C. The solubility at 25°C is <10 mg/L, and even at 95°C, it is only 55'vmg/L
- 8Sb,0,. The data reveal a small difference between the solubilities measured on
heafing and those determined on cooling. Although the measured differences of
<10 mg/L Sb,0, could be due to analytical error at the low concentrations
involved, equally they could reflect the partial oxidation of Sb(lll) to Sb(V) during
the course of the experiments. In any event, it is clear that the solubility of Sb,O,
is at least three orders of magnitude lower than that of As,0,. This conclusion is
also supported by the limited solubility data published for Sbh,0O, in water. For
example, Linke and Seidell (2) report that'the solubility of Sb,0, is only 8.4 mg/L
at 25°C, avalue in Qeneral agreement with the results of this study.' The
inference is-that the presence of even very modest amounts of Sb,0; in solid
solution in As,O, will significantly reduce the solubility of the' arsenic oxide.

‘The solubility of As,0, over the four As,O4-rich dust samples was
measured as a function of temperature on heating and cooling. The results are
_ displayed graphically in Figures 26, 27, 28 and 29, and the detailed numerical
.data are presented in Appendix 6. The graphs also present the measured

solubility of As over reagent grade As,O, for comparative purposes.
in all instances, the solubility of As,O; over the dust, measured on
- heating, is much lower than that determined over reagent grade As,O,. In fact,
the solubility of As,O; over the dust at any terhperatur_e during the heating cycle



is about one-half of that over reagent grade_Aszos, despite the factthata 2 12 -3
day equilibratien period was employed at each temperature. Furthermore, there
isa prdnounced hysterisis between the data obtained on heating and those
realized on cooling. The solubrhty increases systematlcatly as the temperature is
increased from 5°C to ~95°C. As the temperature is reduced, however, the
solubility of As,O, remains nearly constant until the solubility curve for reagent
- grade As,0, is intersected. As the temperature is reduced further, the solubility
curve then follows that of the reagent grade As,O,.

The solubilities of Sb over the As,O,-rich dusts were also measured as a
function of temperature on heating and cooling. The individual solubility rcurves
for the four As,Og-rich dust samples are presented in Figures 30, 31, 32 and 33;

"the detarled _solubility data are given in Appendix 6. The measured solubrlrtres of
Sb are Iow at all temperatures studied; even at 95°C, the solubllrty is always less
than«160 mg/L Sb. In many instances, the solubility of Sb over the As,O,-rich
dust is greater than that over reagent grade Sb,0,. One possible explahation is
that part of the Sb in the As,O,-rich dust is present as Sb(lV) or Sb(V) rather than
as Sb(1ll), which is present in Sb,0,. The solubility data on cooling are
consiste'ntly higher than the values realized on heating, and this trend could
indicate some oxidation of the Sb during the experiments although it could
equally well be caused by the slow crysta|||zat|on of the low concentratlons of
dissolved Sb(ill) throughout the cooling cycle. -

‘Although the measured solubility of As, O, over reagent grade As,O, is
similar to the accepted value reported in the literature (2), the solubility of As,O,
over the four As,O,-rich dust samples is much lower than that ekpected from the
bulk composition of the dusts and their abundance of As,0;. One possible

- cause of the lower than expected solubilities could be a very slow rate of
dissolution of As,O, from the dusts. To pursue this possibility, the solubility of
reagent grade As,O,4 was measured asa functron of time at 25°C and 60°C and
that of the 212 Chamber sample was measured at 95°C. The resuits are
summarized in Figures 34 and 35, respectively. Reagent grade Aszo3 dissolves
slowly, and at 25°C, ~70 h (3 days) is needed to achieve the equilibrium



~ solubility. At 680°C, the time to reach saturation is about 24 h. The As,O,
. dissolves relatively rapidly from the 212 Chamber sample at 85°C. Only about 8

h is needed to reach a steady state As,O, concentration, which does not vary:

- significantly for more extended heating times up to 170 h. As indicated by Figure

28, however, the solubility realized over the 212 Chamber sample is not that of
pure As,Q,, despite the constancy of the value. Because equilibration times of

- 2 ¥%.-3 days were used in the present exp.e_riments, and even longer times were

employed at temperatures lower than 30°C, the duration of the equilibration

period at each temperature is not likely the cause of the low As,O, solubilities

from the As,O,-rich dust samples. |
Additional support for this conclusion is proVided by the data given in

. . Table 22 that show the concentrations of As(lll) and As(V) in the solutions in

contact with the four As,O,-rich dust samples as a function of time. Clearly, the

As concentratlon (as reflected by the sum of As(Ill) and As(V)) does not increase

to any significant extent with increasing equilibration times, even for periods as
Iohg as 21 days.

Another possible cause of the lower solubility of arsenic from the As,O,-
rich dust samples could be an enhanced rate of oxidation of As(lll) in the
pfesence of the diverse solid species in the dust. To evaluate this possibility, the
As,O4-rich dust samples were equilibrated with water at room temperature for
times up to 21 days, about the total duration of the mdwndual solubmty tests.

| Samples were taken periodically and the solutions were analyzed for As(lll) and -

As(V) using liquid chromatography. The results, which are summarized in Table
22, indicate that the concentration of As(V) is always less than 5% of the tetal As
concentration, and that the As(V) concentration does not increase in any
significant way with increasing retention time in the presence of water, air and

“the various solid phases present in the dust. Clearly, the oxidation of the

dissolved arsenic is not the cause of the lower than expected As,O, solubilities
from the As,O,-rich dust samples.



Table 22 - Relative Concentrations of As(lll) and As(V) in the Saturated

Solutions Generated From the As,O;-rich Dust Samples

- Sample Temperature ~ Time (days) CAs(llny As(V)
(°C) | (gL) (g/L)

January 98 26.3 7 - 9.02 0.07
Composite’ : 9 - 9.06 - 0.07
21 - 9.55 0.08

April 97 %64 . 7 13.7 0.07
Composite 9 -18.7 '0.07

: 21 13.8 0.09

212 Chamber 23.4 7 9.13 0.30
9 9.09 0.30

21 ' 9.48 0.32

236 Chamber 266 . 7 13.9 0.33
"9 13.9 0.32

21 14.3 0.34

The above discussion suggests that the low As,O, solubility from the
" As,O4-rich du'St' samples is an inherent property of the dus’t'itSeIf andis not a
consequence of the ‘measuring technique. Further support for this hypothesis
comes from Frgure 36 which compares the As,Oq solubilities over the four As,O,-
rich dust samples, as obtained on heating only. Although all the solubilities are
low relative to that of reagent grade As,O;, there are significant solubility
variations among the four As,O,-rich dust samples themselves. There is some
indication that the observed solubility differences are related to the total Sb
content of the dust, and possibly, to the solid solution Sb content of the As,0,
crystals present in the dust. In this regard, Figure 37 shows the As,O, solubility
at 65°C and 95°C as a function of the total Sb content of the dust for the four
Aszoa-rrch dust samples (Table 2) as well as for reagent grade As,O;. These
solubilities were calculated by fitting the experlmental solublllty data obtained on
heating to a second order polynomial equation of the form:

Solubility (g/L As,O;) =a + bt+ct? (1)



where t is the te_mperatljre in°C. The relevant eqUations are. given below.

Reagent Grade As,O4: S = 14.78 + 0.0626 t + 0.00649 2 @)

January 98 Composite: S =5.41 + 0.1094 t + '0.00223 2 (3)
.April 97 Composite: S = 6.12 + 0.2012 t + 0.00123 # (4)
212 Chamber: S =6.31 + 0.0888 t + 0.00167 # - - (5)
236 Chamber: S = 9.77 + 0.2414 t + 0.00151 2 (8)

The data given in Figure 37 suggest that the solubility of As,O, is related to the
Sb-content, and th_ai small amounts of Sb have a significant ef.fe.ct'on the
solubility of As,O,. In this regard, a similar trend is observed when the solubility
of As,0O; is plotted against the solid solution Sb content of the Aszo'3 crystals in
_the four As,O,-rich dust samplés (see Figure 38). Presumably, the presence of
Sb in the As,0; crystals causes a significant reduction in the thefmodynamic
activity of As,O; that, in turn, results in a reduction in the aqueous solubility of the
oxide. Bésed on the data presented in Figures 37 and 38, the effect is most
‘pronounced for Sb contents in the 0.0 - 0.5% Sb range, but' more |
experiméntation would be required to substantiate this hypothesis.

- The mineralogical characterization studies of the four As,Og-rich dust
samples showed that the dominant Aszos' crystal phase has solid solution Sb
contents ranging from zero to several bercent. Based on thé hypothe-sis that
only the low-Sb As,O, crystals dissolve readily, the addition of greater amounts
of solid As,O,-rich dust should increase the measured solubility of Asao3 over the
dust. That is, the addition of more dust to the solubility vessel consequentially
resuits in the addition of more low-Sb A3203 to the system. The low-Sb As,O; is

- postulated to dissolve readily, and should, therefore yield higher As,O, 3
solubilities over the dust. To test this hypothésis, various amounts of the April 97
Composite sample were added to 1L of water heated to 70°C in a 2-L solubility
reactor (see Figure 1). After 96 h of agitatibn at 70°C, the solution yvés sampled,
diluted and analyzed for As and Sb. The results of this part of the investigation
are summarized in Table’23. When an initial pulp density Qf 75 g/L solids was



employed, the measured solubility over the April 97 Composite samp]e was
41.55 g/L As,Q,. It is.important to recognize that, based on the overall
composition of the April 97 Composite sample presented in Table 2 and

~ assuming that all of the contained As is present as As,0,, an initial pulp density

of 75 g/L corresponds to 130% of the As,0, required to achieve the ~51 g/L.
As,0, solubility of reagent grade As,O, at 70°C. Increasing the pulp density to
150 g/L solids yields a solubility of 48.03 g/L As,O,, and a pulp density of 300 g/L
gives a solu'bility of 51.76 g/L. As;O3 The latter value is essentially that of
reagent grade AszO3 at 70°C (50 96 g/l A3203) The implication is that a Iarge
excess of the solid Asan-nch dust will result in an Aszos-saturated solution, even

- during the heating cycle. In contrast, the Sb concentration of the solutlon

appears to be nearly independent of the pulp density, and this fmplies the rapid

saturation of all the solutions with respect to Sb.

Table 23 - The Aqueous Solubility of As,O, and Sb at 70°C for Various
Pulp Densities of the April 96 Composite Sample

Pulp Density Solubullty of As,0, Solubility of Sb

(g/L) (g/L) (mg/L) -
75 , 41.55 41
180 ‘ 48.03 37
225 . . 48.87 - 34
300 ; - 51.76 _ 37
Reagent Grade 50.96 - ‘ =

As,O,

Suppoh for the hypothesis that only the low-Sb As,0, crystals dissoive
readily at temperatures below 100°C comes from the min'eralogical

‘characterization of the leach residues from the above experiments done at
“various pulp densities. Figure 39 illustrates the gerieral morphology of the leach

residue from the test done using an initial pulp density of 75 g/L, and Figure 40
shows the morphology of the analogous residue from the experiment done using
an initial pulp density of 150 g/L of the April 97 Composnte sample. Both
residues consist of tiny particles of A3203 having a low but detectable Sb content




and of larger bright appearing particles of '(Sb,As)zOs.- The darker appearing
grains are chlorite, muscovite, quartz, iron oxide and iron arsenate. Relative to
the unleached material (see Figures 9 and 11), thé A'szo3 crystals in the water
- leached residués are signiﬁcahﬂy reduced in size. This reduction in particle size
is believed to result from the rapid dissolution of the low-Sb A5203 crystals. In
contraét, the (Sb,As),0, particles appear to have the same size and morphology
as they possessed in the original sample. - Of course, water leaching does not
affect the morphology of the silicate species. |
Quantitative electron microprobe analyses of the As,O, crystals remaining
in the water leach residues were carried out. All the data are presented in
Appendix 7, and the results are summarized in Table 24. The As,O, crystals in
the as-received April 97 Composite sample have a solid solution Sb content of
10.238%. Leaching of this samble at 70°C and at a pulp density of 150 g/L solids
| (i.e., with a ~250% excess of the As,O,-rich dust), results in an increase in the
average solid solution Sb content of the As,O, crystals to 0.819%. When a pulp
density of 75 g/L solids was employed, the residual As,O, crystals have an
average Sb content of 1.64%. The implication is that the low-Sb As,O, crystals
dissolve readily. As the dissolution of the As,O, proceeds, the Sb content rises
.in the residual particles and, eventually, the Sb content impedes the dissolution
reaction. This trend is also reflected |n the expanded range of the Sb contents of
the ASZO3 crystals in the leach residues, especially that from tlje_ 75 .g/L pulp
. density experiment. - '



Table 24 - Electron Microprobe Determined Composition of the As, O, ~Crystals.
After Leaching at Various Pulp Densities and 70°C (wt %)

Condition As Content Range ~ Sb Content Range

April 97 7629 71.45-82.70 0238 0.000-0.545
Composite ' . B o '
- sample -

150 g/L 7463 70488333 0819  0.122-4.254
Solids S o
Leach

75-g/L 7477 . 70.20-81.82 1.648  0.279-7.445
Solids '

" Leach

H|gh Temperature Leaching of the As,O.-Rich Dusts

The experiments presented above indicate that the As,O,-rich dusts from -
. the Giant Mine do not dissolve extensrvely in water at temperatures <100°C. As
‘a result the concentration of As,0, in solution generally does not exceed 50 g/L
As,0,, a value significantly lower than the ~90 g/L. As,O, concentration realized
at 95-100°C for reagent grade As,O,. Although the concentration of dissolved
arsenic over the four As,O,-rich dusts is relatively low, it increases with
increasing temperature Accordingly, the use of temperatures >100°C should
generate a more concentrated As,0, solution, and this option was investigated
using an autoclave at 125-200°C. |

Table 25 shows the As,0; aqueous solubilities achleved when ~100 g/L of
each of the four Aszoa-nch dusts was heated in water in an autoclave for 2 h at
125, 150, 175 and 200°C ‘followed by coolrng to 95°C and samphng Heatlng
the As,O;-rich dusts to 125-200°C results in a srgnlflcant increase in the As,O,
solubrhty at 95°C, and in thrs regard, it should be recalled that the apparent .
- solubility achieved by heatlng any of the dusts directly t0 95°C is only ~45 g/L
As,O,. Heating of the As,O-rich dusts to 125°C, followed by coolrng_to 95°C,
results in a significantly enhanced solubility relative to the solubility values -
‘realized by directly heating the slurries to 95°C. Heating to a higher temperature




results in a further As,O, solubility increase for the April 97 Composite and the
212 Chamber samples, but has little effect on the solubility of the January 98

| Composite or 236 Chamber samples. All of the dusts yield As,O;-saturated -

solutions at 95°C, after Heating to 175°C or 200°C. Furthermore, the 212

Chamber eample seems to reach saturation at 150°C, and both the January 98

Composite and 236 Chamber samples give As,Q,-saturated solutions after

. heating to only 125°C. |

Table 25 — Solubility of As,O, in Water at 95°C After a Two-hour Heating Period
at Elevated Temperatures in an Autoclave (g/L As,0O,)

Heating Temperature
Sample _ . _
125°C 150°C 175°C 200°C

January 98 87.1 T 79.7 80.9 83.8
Composite ' .
April 97 73.9 739 826  87.1
Composite
212 Chamber 674 - 812 80.6 80.2 .
236 Chamber . 851 84.9 80.8 - . 81.6

Based on the data given in Table 25, the procedure outlined in Figure 41
was developed to produce a significant yield of “pure” As;O crystals by hot water
leaching of the As,O,-rich dusts. The procedure conS|sts of leaching the As,O,-
rich dusts in water, in an autoclave for2 h at 150°C and under the “neutral”
atmosphere generated by the air in the vessel plus the significant steam
' _'pressure produced at the leaching temperature After 2 h of leaching at the-

elevated temperature, the slurry was cooled to 95°C, and was filtered while hot.
The clear, As,O;-saturated liquor was then cooled to room temperature to
“crystallize As,O,. An autoclave temperature of 150°C was employed, but it is
possible that further test work could reduce this temperature somewhat, at least
for some of the As,O;-rich dust samples. Also, aoditional refinement of the



procedure possibly could shorten the time needed to achieve As?_‘C)3 saturation at
the elevated temperatures used. - ,

Table 26 summarizes the fesults obtained when the four Aszos-rich' dust
samples were leached at 150°C under the conditions given in _Figure 41 ahd at
* various pulp densities. For any of the samples, ydecre‘asing the initial pulp
density results in a higher dissolution of As, 0, from the dust, and a lower As
. content in the leach residue. The maximum eXtraetion of 93% was achieved
using 48 glL of the January 98 Composite sample, and the lowest extraction qfi )
?5% was obtained when 91 g/L of the 212 Chamber sample was treated. For
any of the samples, a relatively constant level of As,O, dissolution is achieved for-
pulp densities up to ~80 g/L, but the extractions decrease at still higher pulp
densities. Clearly, the decreasmg solubility reflects the point at whlch an As,O,-
saturated solutlon is produced; any additional Aszoa-nch dust s:mply
accumulates in the leach residue, thereby Iowerlng the total percentage of Aszo3
dissolved. lmpurltles, such as Fe, Sb and Au accumulate in the residue as the
As,0, dissolves, and this observation is consistent with the low water solubility of
these species.. The Au content of most of the leach residues is commercially
interesting. )

Followmg filtration at ~95°C, the clear filtrates were cooled to room
temperature, while being gently stirred, to crystallize a pur_e As,O, -product. The
resulting ‘crystals were filtered and then dried in an oven at 110°C. The crystals.
were weighed to give the yield of pvroduct,'anc'l were analyzed for As, Sb and Fe.
As shown in Table 27, the yield of product depends on the degree of saturation
at 95°C, Wthh in turn depends on the pulp densnty employed in the |n|t|al
leachmg stage at 150°C. The experiments done usmg high pulp densmes
produce nearly saturated solutions at 95°C, and in turn, these result |n_hlgh
yields of the As,O, product. Comparison with Table 26, however, shows that the
tests.done at high pulp densities also result in relatively |0W overall levels of dust
dissolution. In practice, it will be necessary to strike a compromise between the
pulp density needed to give a high level of dust dissolution and that required to




produce a highly concentrated As,O; solution at 95°C. Because, in any
commercial process, the cold Aszds-bearing solution from the crystallization of
the As, O, product would likely be recycled as “water” to the pressure leaching
stage, the optimum pulp density should be re?determined using ,recycled As,O,-
bearing solutions. . | |

Table 26 - Results Obtained by Leaching the As,O,-rich Dusts for 2 h at 150°C,

‘Followed by Cooling and Filtration at ~95°C

Sample Pulp Dust Residue Composition (%)
Density  Dissolved ' ' ‘
(g/L) (%) As Sb Fe ~ Au (ppm)
January 94 - 85.7 345 3.3 10.1, 25.9
98 87 88.5 23.7 6.4 124 37.6
Composite 79 - 91.2 14.5 3.8 15.8 40.1
. 66 91.3 14.1 4.7 16.2 39.2
- 57 91.2 124 5.0 16.3 40.1
. 48 93.0 9.4 3.0 17.1 43.4
April 97 78 91.1 25.1 15.1 9.4 29.9
Composite 71 C 917 23.7 13.8 9.7 32.0
212 102 77.4 214 7.4 14.2 - 547
Chamber 91 75.5 - 18.7 7.5 15.0 56.6
236 - 91 88.4 11.6 1.3 17.7 57.4
Chamber 83 ~_89.0 84 1.1 . 18,0 - 43.9

The Asao3 crystals produced on cooling were shown by X-ray diffraction
analysis to consist only of the cubic aréenolite form of As,O;; no other phases
were detected. The As,O, was generally of high chemical purify; in many cases
the product consisted of >99% As.".Qs, and “water" is likely the major impurity as
the crystals were dried at only 60°C. Contamination of the As,O, with Sb or Fe

“was generally low, except for those experiments where the leach solution was

not saturated with As,O,. 'In many of the experiments, the Sb content was
<0.2% and the Fe.content was <0.005%. Hence, it is believed that the high
temperature leaching procedu're outlined in Figure 41 could yield a commercially
acceptable As,O, product. ' '




Table 27 — Arsenic Concentrations and the Purity of the As,O, Crystals Made
Using the High Temperature Leaching Procedure

~ Pulp [As] [As] , As,O; . Crystals
Sample  Density at95°C at25°C Yield As,O; Sb  Fe
_ (/L) (g/L) (@b  (g/L) (%) (%) (%)

January 98 - 94 59.7 17.4 577 - 983 0.06. 0.003
Composite 87 59.00 210 525 958  0.03 0.005

: 79 . 549 185 - 48.9 99.9 0.07 0.002
66 46.0 17.7 37.4 99.1 0.16  0.001
57 39.2 16.7 30.6 99.5 0.28 . 0.002
48 28.5 22.0 9.7 97.9 0.97 0.005

Aprig7 =~ 91 628 215 511 987  0.41. 0.008
Composite 83 565 193 473 77 013 0008
212 ° 102 558 194 475 983  0.06 0.008
~ Chamber 91 495 168 474 990 0.0 0.008
236 78 61.0 186 509 977 048 .0.004

Chamber 71 50.2 16.6 44.6 99.0 0.22 0.002

In the hot water leaching procedure illustrated in Flgure 41, the arsenic is’

dlstnbuted among the As,O, crystals the high temperature leach resndue and the

cold solutlon. Mass balances were carried out to determine the relative

. distribution of arsenic among the three phases; and the results are-given in
Table 28. Only 1-9% of the total arsenic remains in the high temperature leach
residue, and the amount of resudual arsenic increases as the pulp densnty
increases. For the preferred range of pulp densities I|kely to be used in a
commercial process, however, the amount of residual arsenic seems to be only
2-4% of the total. Under the same preferred pulp density conditions, about 25-
30% of the total arsenic remains in the cold solution. In a comr'nercial‘ '

applicatibn ‘however, this solution would almbst certainly be recycled as "water”

for the high temperature Ieachmg operatlon Hence neghglble amounts of the
total arsenic leached would report to the cold solution in a ¢ontinuous operatlon
Accordingly, it can be concluded that 96-98% of the total arsenic wpuld report as




As,O, crystals in a commercial hot water léaching process wherein the cold
solution after As,O, crystallization was recycled. o

Table 28 — Relative Arsenic Distribution in the Hot Water Leaching Procedure

S'émple. - Pulp Density Relative Arsenic Distribution
| (g/L) . : .
In Leach In Cold . InAs,O;
Residue (%) Solution (%) Crystals (%)
January 98 94 ’ 7.3 25.3 67.4
Composite 87 .. 3.9 32.4 63.7
~ . 79 1.8 _ © 30.9 . 673
66 1.8 36.2 : 62.0
57 1.6 398 58.6
48 1.0 - 64.8 . 34.2
Aprilg7 78 . 29 32.7 . 643
Composite . 71 2.6 32.8 64.6
212 Chamber 102 85 309 - 606
o1 7.5 28.1 - 64.4
236 Chamber 91 2.2 27.0 70.8
: 83 . .15 ' 30.8 67.6

Mineralogical Characterization of the Hot Water Leach Residdes
Samples of the four As,O,-rich dusts were leached for 2 h at 150°C, at
- various pulp densities, as noted above. The slurry was -rapidly cooled in the
autoclave to 95-100°C, and the vessel was then opened. The hot slurry was
filtered, and the solids were washed with a small amount of water to displace the -
"nearly As,O,-saturated processing solution. The washed solids then were dried
- at 110°C for a few hours prior to mineralogical study. .
X-ray diffraction analysis of the residue from the'lea'ching of the Jah_uary
98 Composite sampie, obtained uéing an initial pulp density of 95 g/L solids,
indicated an As,O,-type compound, quartz, chlorite, muscovite and traces of
other unidentifiable s'pecies. Similar X-ray diffraction analyses of the April 97 .
Composite sample leached at a pulp density of 77 g/L or 85 g/L solids detected



an As,O,-type compound, quartz, chlor'ite,zmuscoVite, hematite (maghemite?)
and other unidentifiable phases. '

The SEM-EDX studles of the Iatter two samples prowded complementary
mineralogical mformatlon and phase conﬂrmatnon Figure 42 shows the residue
from the leaching experiment doqe using a pulp density of 77 g/L solids. The
bright appearing grains are rich in both Sb and As; they are likely (Sb,As),0O,,
which is the As,O,-type compouhd'identif_ied by X-ray diffraction analysis.
Relative to the (Sb,As),0, particles in the as-received As,O,-rich dust, the
~ (Sb,As),0, particles in the leach residue are better crystallizeg!. In fact, many of
the particles show well developed external crystal forms, possibly ihdicating the_
localized dissolution-crystallization of the (Sb,As),O, phase. The Iew-'Sb As,O,
~ crystals prevalent in the as-received As,O,-rich dust are lacking, and this
behaviour is not u_nexpected given the low pulp density used for this leaching

“experiment. The various dark appearing grains are mostly chlorite, muscovite or

- quartz, although a number of fragments of As-bearing iron oxide were also
detected. Flgure 43 shows the analogous leach residue from the expenment
done using a pulp density of 85 g/L solids; the leach residue contauns 25.1% As,
15.1% Sb and 9.4% Fe. Most of the bright appearing particles are crystals of
(Sb,As)'zoa, whereas the darker appearing particles are chlorite, muscovite,
quartz and As-bearing iron oxide. Both figures suggest that the Iow-Sb As,O,
crystals dissolve during hot water leaching. In contrast, the Sb-rich oxides, iron
oxides and silicate species are poorly soluble and accumulate in the leach ‘
residue. B | _ |

X-ray dlffractlon analyses were also carned out on the resudues from the
water leaching of the 212 Chamber sample for 2 h at 150°C. The residues were
generated for pulp densities ranging from 100 to 113 g/L, but all the residues

‘were virtually identical. They consist of an As,O,-type compound (Iikely'
(Sb,As),0;), chlorite, muscovite, quartz and iron oxide (hematite and
maghemite(?j). | '




Removal of Antimony From the \A_Iater Léach Solutions

Preliminary research on the water leaching option was carried out by _
Royal Oak Mines. In their studies, leaching was done at 100°C, and it is now -
known that such temp_eratdres are inadequate to saturate the water with As,O,.
In the Royél Oak work, the solutioh. was evaporated to ~30% 6f its volume to
increase the concentration of As,0,, and the evaporated solution was cooled to
crystallize Aéaoa. In the Royal Oak work, the crystals contained 99.6% As,0O,, |
0.33 % Sb and 0.,0'8% Fe. The Sb content was considered to be excéssive, and N
accordingly, tests were done to remove the Sb from solution using either ion _ |
exchange or activated carbon. Those experiments, howeVer, were inconclusive,
and accordingly, additional work was done at CANMET on the use of ion |
exchange resins or activated carbon for antimony control. ,

Table 29 illustrafes the composition of a solution which was made by
leaching 100 g/L of the 212 Chamber sample with hot water at 100°C. The hot
slurry was filtered, and the filtrate was analyzéd. The solution was then cooled
© to room temperature and was held at room temperature for 72 h. The Sb
co_ncehtration at 90°C is about that expected from the measured solubility data
(Figure 32), but the solubility decreases significantly as the temperature is |
lowered.” The measured concentration of Sb at 25°C .is about three times greater
than.the reported solubility of antimony at 25°C which is 0.0084 g/L Sb,0, (5). It
is not known whether this discrepancy is due to the‘presence of some Sb(V) in |
the 212 Chamber sample, or whether it reflects a persistent level of Sb,O, |
supersaturation in water. The latter explanation may be more likely as it was
noted that the Sb,0, tended to remain in solution, in a supersaturated state, for
several hours when the solution was cooled from 90°C to 25°C.



Table 29 Composntlon of the Solution Resultlng From the Hot Water Leaching

.of the 212 Chamber Sample’
Time | Temperatur'e, As Concentration ~ Sb Concentration
(h) (-C)- (L) @y
0 » %0 - - 24.5 0.0643
24 25 | 21.0 0.0272
72 25 | 214 ' 0.0263 -

The data of Table 30 show the Sb concentrations resulting when the
As,0O,-rich dust samples were subjected to the hot water leaching procedure
. (Figure 41)for 2 h at 150°C, and were then cooled to 95°C and subsequently to
room temperature The Sb concentrations in the 95°C solutlons vary widely, and
seem to depend on both the dust sample used and its pulp density. There is an
inverse eorrelation between the Sb and As concehtrations of the hot solution,
although the correlation is not precise. The Sb concentration of the solutions
cooled to 25°C varies widely, from 0.029 to 0.194 g/L. Sb. This observation could
reflect the presence of variable amounts of Sb(V) in the dust samples, or more
likely, an erratic level of Sb,04 supersaturation in the cooled solutions. In any
event, a modest amount of Sb dissolves along with the As,0,, and the Sb

4 perS|sts in solutlon at room temperature.




Table 30 - Antlmony Concentrations Produced in the Hot Water Leaching

Procedure -
Sample Pup- - -Sb As . . Sb
Density Concentratlon - Concentration Concentration
(g/L) ~ at95°C at 95°C - at25°C
- QL) _ @y QL)
January 98 94 0.075 ' 59.7 0.030 .
Composite 87 0.094 - 59.00 0.093
79 - 0.113 ‘ 54.9 0.081
66 0.139 46.0 0.086
57 0.154 39.2 ' 0.080
| 48 0.130 28.5 0.048
April 97 78 0.130 - "~ 0.075
Composite 71 0.118 - 0.068
212 102 .0.191. - 0.181
~ Chamber 91 0.171 - : 0.194
91 0121 -  0.029
236 - ' 83 0.134 - ' 0.049

Chamber

. Although Royal Oak Mines reported some success in rehoving Sb from
water leach solutions usirig Gravex GR-2-0 ion exchange resin or activated
carbon, their results might simply reflect the delayed crystallization 'of the
antimony on the surface of the resin or carbon during the cooling of the solutions
in their expenments In an effort to confirm the preliminary results obtalned by
Royal Oak Mines, the removal of Sb was studied using the four ion exchange
resins presented in Table 1 as well as Hycarb 6x12 activated carbon. As shown
in Table 31, howeVer, none of the resins extracted any significant amount of Sb
from the water leach solutions at room iemperathre and their natural pH of ~4.

‘ Fer these experiments, the 212 Chember sample was leached at 95°C in water
for several hours to generate an As- and Sb-bearing solution. ‘The leach slurry
| ‘was filtered and then was cooled to room temperature for ~24 h. The cooled
solution analyzed 21 g/L As and 0.0263 g/L Sb. One hundred millilitre samples
of the cooled solution were contacted with 2 mL of the various resins, and the
mixtures were gently egitateq overnight at room temperature using an o'rbital




shaker. The solutions were then anelyzed for As and Sb; the results are
'sun'nmarized in Table 31. None of the ’resins is effective for extracting Sb frorn
the water leach soIUtion; less than 10% of the total Sb was remeved in any of the
experiments. |

Table 31- Concentratlons of As and Sb After Prolonged Contact With Different .
; lon Exchange Resins

Resin As Concentration Sb Concentration
QL) (g/L)
- Feed solution 21 : 0.0263
- Gravex GR-2-0 21 ‘ , 0.0247
‘Amberlite IRC-120 21 - 0.0266
Amberlite IRC-50 21 . 0.0024
Duolite C-467 | 21 l 0.0232

Efforts were also made to extract the Sb from a hot aqueous leach
- solution. For these experiments, the 212 Chamber sample was leached fe_r_ 2h
at 150°C in the autoclave. The autoclave was cooled to 95-100°C, and the slurry

‘was then filtered hot. The filtrate was transferred to a reaction vessel w’nich was
maintained at 95°C. Next 250 mL samples of the hot solution were contacted
with 10-g portions of three of the resins and with activated carbon, and the resin- |
solutlon slurries were held at ~95°C for 2 h prior to samphng to assess the extent

“of Sb adsorptlon The results of these experiments are summarized in Table 32.
The results possibly suggest a minor amount of As extraction, but the differences
in As concentration could be the consequence of'minor, and undetected, - |
changes in the volume of the samples during the 2-h equilibration period
(compare the analyses for the “blank” ftest). Clearly, none of the ion exchange
resins extracts'any_,'s'ignificant amount of Sb. - In contrast, activated carbon
seems to adsorb a minor amouvnt of Sb,' but unfo‘rtunately, the carbon co-sorbs a
more significant amount of the associated arsenic. Of the reagents tested,
however, only the actuvated carbon seems to offer any potential for Sb removal

: from the As,_Oa-contammg water leach solutlons




Table 32 - Extraction of Antimony From the Hot (95°C) Water Leach Solutions

Concehtration of the Hot Concéntrétion of the Hot
Solution Before the Addition  Solution After 2 h of Contact
Resin of the Resin or Carbon with the Resin or Carbon
As - Sb “As - Sb
Blank 56.6 0.243 55.5 0.235
Gravex GR-2-0 56.6 0.243 55.4 0.231 .
 Duolite C-467 . - 56.8 - 0.237 55.9 0.231 °

Hycarb6x12. = 56.8 . 0.237 . 52.7 0.168

The generally negative extraction results are probably related to the
aqueous chemistry of antimony. If any cationic resin is to extract anfimony, the
element must be present as a cationic species. It is known that Sb(V) does not
form water solublé cationic species. Although Sb(lll) can form an antimonyl ion,
SbO*, the species exists only in acid media (6). Consequently, it is unlikely that -
antimony can ,bé extracted with cationic exchange resins unless the pH of the
solution is lowered. To pursue this option, the 212 Chamber éample was
leached in hot water, the slurry was filtered and the filtrate was cooled to room
temperature. One hundred millilitre aliquots of the solution were acidified to pH'
3.0 or pH 1.0 with H,SO,. The ééidified solutions were cont'acteq with 2 mL of

_ the various resins and agitated gently for 2 h prior to sampling. The results of

these studies are given in Table 33, in which the Sb concentrations should be
compared to the initial concentration of 0.0245 g/L. Sb. Minimal Sb extraction
occurs at pH 3.0, but a more significant level of extraction is ob_servéd ét pH 1.0.
In pérﬁcular, the Duolite C-467 ion exchange resin extracted >90% of thle' Sb
from the pH 1.0 solution. 'Although acidification coupled with ion exchange likely

could be used to control antimony, the use of strongly acid media is not
| compatible with the simple hot water leaching option outlined in Figure 41. -




Table 33 - Extraction of Antimony by ‘Various lon Exchange Resins at Room
: Temperature and pH 3.0 orpH 1.0

Resin pH Sb Concentration Total Sb
i - in Raffinate (g/L) . Extracted (%)
Gravex GR-2-0 3.0 0.0246 0.0
.~ Amberlite IRC-120 3.0 10.0238 | . 02"

Amberlite IRC-50 3.0 0.0232 : 2.1
Duclite C-467 3.0 0.0236 0.5
Gravex GR-2-0 - 1.0 0.0229 ‘ 11.9
Amberlite IRC-120 1.0 0.0229 - 11.9
Amberlite IRC-50 1.0 0.0226 13.1
Duolite C-467 1.0 0.0022 91.7

Re-Sublimation of the As,O;-Rich Dusts

The underlying objective of this part of the study is to produce a
.marketable Aszol3 product by the re-sublimation of the as-received As,O,-rich  *
dusts. The index of success of the re-sublimation process is the purity of the re-
sublimed As,Q,, and to a lesser extent, the total percentage of arsenic sublimed.
As will be seen, iron and the silicate minerals do not sublimé, and as a result, Sb
is the only impdrity of any significance in the re-sublimed As,O, product.

The effect of the re-sublimation temperature and."the sublimatioh '
atmosphere (oxidizing, neutral or reducing) on the As/As+Sb ratid of there-
sublimed oxide product is illustrated in Table 34 and Figure 44. These data were
generated for the 212 Chamber sample which analyzes 45.20% As and 2.13%
Sb. It is apbarent tﬁat the purity of the oxide depends direcfly on the |
temperature. As the re-éublimatipn temperature increasves ‘f'rorn 250°C to 550°C,;
the As/As+Sb ratio decreases from ~99.5% to 96-97%. Significantly, the Sb
cbnténts of the re-sublimed oxide are 0.15 - 0.66% Sb; _accordingly, many of the
re-sublimed products contain >0.2% Sb and might be diffic'ult. to market. All of
the products made at térﬁperatures g'r‘eate"i' than the boilin'g point of As,0O,
(~850°C) had unacceptably high Sb contents. It also appears that the gaseous
atmosphere affects the relative purity of the re-sublimed oxide, although there is
some scatter of the data obtained. Oxidizing atmospheres, such as those




~ produced using air or O, gas, seem to yield the higheﬁst purity produsts, and the
products made under oxidizing conditions were consistently white. Neutral
atmospheres (N, or He gases) andreducing atmospheres (H, gas) seem to yield
oxide products having similar puntles Although the products made using neutral
atmospheres were also white, those generated under reducing conditions were
consnstently grey. Nevertheless, X-ray diffraction analysis showed all the re-
sublimed oxide products to consist only of As,O, having the cubic arsenolite

~ structure. Based on the resujts presented above, the decision was made to -
carry out all subsequent_re-sublimation tests using an air atmospher_e.

The results presented above indicate that low sublimation temperatures
yield higher purity o_xide products. Ac‘cordingly, the re-sublimation reaction was
monitored as a function of time at 259°C using the 212 Chamber sample, which

‘analyzes 56.2% As and 2.13% Sb. Figure 45 illustrates the extent of reaction,
| feported as the percentage of the original sample mass remaining unsublimed,
as a function of the heating time at 259°C. The sublimation takes place ina .
nearly linear manner for the first 5-6 h of heating, but subsequently, the reaction |
slows and eveﬁtu'ally levels off after about 10 h of heating. Still longer heating
times have no significant effect on the amount of sample sublimed. Uliimately, |
_ about 25% of the original mass of the sampie remains in the residue at 259°C.
Table 35 presents the compositional data of the» various samples pfoduced in the
heating experiments outlined in Figure 45. In total, about 75% of the initial mass
of the sample sublimes; however, 93% of the initially present arsemc sublimes
under the same conditions. This reflects the significantly hlgher volatlllty of
As,0, relative to the silicate minerals and iron oxide impurities present in the
semple. As will be shown Ieter, the residual ~7% As is present in the residue as
poorly volatile (Sb,As),0, and iron arsenate (Fe,As,O,,) species. The
v.co'mpositionall data indicate that the initially re-sublimed oxide has the highest _
‘purity and that the purity decfea,ses with prolonged heating times. In fact, there
is an almost linear correlation between the As,O, content of the re-sublimed "
oxide with the duration of heatin_g,’at least for heating periods up to 20 h, Likely,
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a heating time of 10-12 h would be required to re-sublime most of the arsenic
present in the 212 Chamber sample at 2569°C.. For such heating periods, it
appears tl']at the re-sublimed oxide would contain ~99.6% As,0, and ~0.4% Sb.
Clearly, only the very initial products meet the stipulated antimony content of
<0.2% Sb.

Table 35 - .Effect of Heating Time at 259°C on the Percentage of the Total
Arsenic Sublimed From the 212 Chamber Sample, and the Purity of the Re-
sublimed Product _

‘Heating Time Residue As Sublimed - Product Composition

(h) _ Mass (% of Initial) As,0; (%) - Sb (%)
_ (% of Initial) -

0 100 0 : - -

2 79.5 32.1 99.80 - 0 15

4 60.1 - -

6 44.5 69.9 99.71. 0 21

8 32.6 - - -

10 29.2 S - - -

12 ' 28.2 919 99.57 0.31

20 27.8 93.3 99.46 0.39.

30 27.0 - ' - -

Although most of the re-sublimatiorl studies were done using the 212
Chamber sample, a direct comparison of the thermal behaviour of all four"Aszos-
rich dusts was made. For these comparative tests, samples of each dust were
heated at 545°C for 10 h in static air. The sublimates were ‘collected and
analyzed the results are summarized in Table 36. In all rnstances the re-
sublimation process yields a relatrvely pure oxrde product, which consistently has
a higher As/As+Sb percentage relative to the starting material. In fact, Figure 46
suggests that there is a nearly linear relationship between the percentage of
As/As+Sb in the re-sublimed product and As/As+Sb percentage of the original
As,O,-rich dust This behaviour implies that the Sb in all the As,O;-rich dusts
behaves in a srmrlar manner dunng thermal processing. Accordingly, the trend
identified in Frgure 46 might be useful for predlctlng the re-sublimation response




of other dust ‘s‘amples. The re-sublimation procedure reduces the Sb content of
the As,O, product, but aside from the 236 Chamber sample, all the re-sublimed
products have Sb contents greater than the specified 0.2% Sb limit. The Au
analyses also presentedin Table 36 demonstrate that gold collects almost
quantitatively in the re-sublimation residues. Asa consequence, all of the re-
sublimed oxide products contamed <0.03 ppm Au, the detection I|m|t of the

- analytical procedure used

Table 36 — Purities of the Re-sublimed As,0, Products Made When the Four
As,Og-rich Dusts were Heated to 545°C for 10 h in Static Air

% % ~ % Asin  %S8Sbin ppmAuin
Sample As/As+Sb  As/As+Sbin  Product  Product  Product
~ in Sample Product '

January 98 = 98.74 99.57 723 031 = 16.82
Composite _ |
April 97 97.83 - 98.90 70.4 078  28.84
Composite i . ’
212 '~ 96.35 98.67 714 . 0.96 42.90
Chamber :
236 99.49 99.94 717 . 0,04 26.64 °
Chamber : " S :

The results presented above indicate a modest level of 85203 re-
sublimatiorr along with that of As,O,, despite a significant difference in the
vapour pressures of the two end-member oxides. The Iirﬁited mass |
spectrographic work carried out in support of the project helps to explain the
‘unexpected transport of SbZO3 along with Aszo3 It is known that both ASZO3 and
Sb,0, exist as dimers in the vapour state; i.e., the vapour speCIes are
predominantly As,O, and Sb,0; (3). The mass spectrographic analysrs of the
sublimed vapour from the 212 Chamber sarnple detected the presence of mixed
As-Sb oxide species, notably, As;SbO,. Such mixed As-Sb oxide species
presumably have a vapeur pressure lower than that of end-member As,Q,, but




| sngnrfrcantly higher than that of end-member Sb,0,. The result is the srgmfrcant
transport of SbZO at temperatures much lower than those needed to vapourize
end-member Sb203. As a result, the re-sublimed As,O, has a significant Sb
content although the As/As+Sb ra_fio of the sublimate is consistently higher than
that of the stariing As,O,-rich dust. - . o

‘ I an effort to eliminate Sb from the mixed vapour species, such as
- AsgSbQq, the As,O,-rich dust was mixed with metallic arsenic and was re- -
sublimed in a flowing H, gas stream. The intent was to reduce the amount of Sb
transported by utilizing the following reaction.

As,SbO, +As — As,O, +Sb ' m

To investigate this option, 2.21 g of 99.99% As metal powder was mixed with
8.78 g of the 212 Chamber dust, and the mixture was heated for 16 h at 545°C.
A hydrogen atmosphere was employed to prevent the possrble oxrdatlon of the
elemental arsenic. The p_resence of the arsenic metal increases the As,O,

content of re-sublimation product, but only to a limited extent. With the arsenrc | '

metal present in the system, the re-sublimed product contained 98% As,O,; in
the absence of the arsenic metal the product consisted of 97% As,O,. Although
the presence of arsenlc metal improves the quality of the re-sublimed As,O,

product, the improverr\ent is not likely great enough to warrent the pursuit of this

option.

Mineralogical Investigations of the Sublimatien Residues

- Mineralogical studies were carried out on the residues produced by
~ - heating the January 98 Composite, the Aprll 97 Composrte and 236 Chamber
- samples for 10 h at 545°C in static air, and the 212 Chamber sample for 20 h at
610°C in static air. '

X-ray diffraction analyses of the four sublimation residues were carried;

the individual diffraction patterns'are presented in Appendix 8. The sublimation
residue from the January 98 Composite sample consists of an AsaOa-type



compound, iron arsenate (Fe,As,O,,), anhydrite (C.aSO4) and quartz. The
corresponding residue from the heating of the April 97 Composite sample
consists of an As,O-type compound, iron arsenate (Fe,As,0,,), anhydrite

\ (CaSQ,), quartz and muscovite. A trace amount of As metal was also detected
in this sample, but the presence of elemental arsenic requireé independent
confirmation. The _sublimatioh residue from the.hea,ting of the 236 Chgmber

. sample was shown to contain abundant muscovite, chlorite,..quartz and iron
oxide (FeQ,), in addition to the As,0,-type compound, iron arsenate (Fe,As,0,,) -
and anhydrite (CaS'O,,).A A trace amount of Fey(AsO,)s(OH)s.5H,O may also be
present, but the occurrence of this phase requires confirmation. The sublimation’
residue from the heating of the 212 Chamber sample was shown by X-ray
diffraction analysis to consist of hematite, maghemite (Fe,O;), anhydrite

- (CaSO0,), chlorite, muscovite, K-feldspar and quartz. Significantly, the As,O,-type

i - compound and iron arsenate (Fe,As,0,,) were not detected in this sublimation

residue by X-ray diffraction analysis. Their absence could be a cbnséquence of‘
the somewhat higher tempe_rature (610°C versus 545°C) andlongér heating time

(20 h versus 10 h) used to generate this material. -

Figure 47 shows the general appearance of the sublimation residue from

the January 98 Composite’sample. The residue clearly has sintered into 100-
- 500 pm in aggregates which have irregular outlines. The brighter masses are
rich in As, but also contain minor amounts of O, as well as traces of Sb and Fe.
This phase is presumab'ly._(As,'Sb)aoa, although the presence of finelyE dispersed
As metal cannot be precluded. The darker appearing massés are mostly
silicates, iron arsenate and iron oxide; one such occurrence isv's'hownf in more
detail in Figure 48. The sintered agglomerate contains bright appeafing particles
of iron arsenate (presuma'bly Fe,As,0,,), as well as darker appearing grains of
. .CaS0,, muscovite and quartz. The various particles clearly have sintefed .
together, but there is not an obvious agglomerating phase. In some instances,

s the particles may be sintefre'd by (Sb,As),0;. Overall, the SEM-EDX studies of

this sublimation residue showed it to consist of major iron arsenate (Fe,As,O,, or
FeAs,0, having a minor Sb content), CaSO,, muscovite and quartz. The iron




arsenate phase commonly contains trace amounts of Ca, K, S, Si and Al, but

some of the impurities detected may originate from dispersed srlicate grains.
Minor amounts of As,0,, containing traces of Sb, were present along with trace
amounts of elemental As. |so|ated particles of calcium arsenate having a minor
Fe and trace S content were detected, and a few grains ef Na-Al silicate were
evident. | A .

The SEM-EDX study of the sublimation residue from the heating of the
April 97 Composrte sample showed this material to be similar to the residue from -
the January 08 Composrte sample. Figure 49 shows the detailed texture of the
sublimation residue from the April 97 Composite sample. This material consists
" of bright grains of iron arsenate (Fe,As,O,,0r FeAs,0;) having a minor-Sb

content. The abundance of the iron arsenate species reflects their significant” , |
,etability at-elevated_temperatures. A few particles rich in Sb, As and Fe may be
iron arsenate-antimonate compounds. Most of the grey appearing particles in
Figure 49 are muscovite, whereas the dark grains are CaSO, or quartz. Other
species detected in trace amounts include As-bearing iron oxide and elemental
arsenic. Minor amounts of As,O, having a low Sb content were also detected, |
and as shown in Figure 50, the As,O, phase tends to oceur as large masses
enveloping smaller particles of iron arsenate, muscovite and quartz.
The 236 Chamber sample contains less As,O, but more silicate and oxide
species than the January 98 Composite and April 97 Composite samples. As a
result, the sublimation residue from the heating of the 236 Chamber sample
contains more abundant oxide and silicate species. Figure 51 illustrates a
number of iron arsenate (FezAs4Q,2) particles which are associated with'needle-
like grains of As,0, containing minor amounts of.Fe. Particles of CaSO,, abeut
10 yumin eize ahd having a modest As cbnter\t, and dark appearing fragments of
quartz are also evident. Most of the grey appearing grains are chiorite or
muscovite. Other species detected in this .sample include As-bearing iron oxide,
calciurn arsenate having a minor Fe content, and possibly, elemental arsenic.
Of the resublimed samples, the 212 Chamber sample was heated to be

hrghest temperature and for the longest time. Desprte this fact, the subhmatron



residue from the heating of the 212 Chamber dust still contained a few large
fragments of arSenic oxidé. One such fragment‘is illustrated in Figure 52 which
shows a ~500 .m mass of arsenic oxide agglomerating' vafioué silicafe and iron
arsenate particles. ‘EDX analysis showed ih’é Aar,senitis oxide to contain hj‘ikno‘r
amounts of O, but only traces of Sb. The reasohg. for the persistence of large

arsenic oxide masses at temperatures well above the sublimation temperature of

. As,0O,4 (465°C) are not clear. It may be that the oxide has a reduced O content -
and, consequently, a lower vapour pressure than stoichiometric As,0,. '
Alternatively, it is possibl’e that the large masses form during the removal of the

~ sample from the furnace, although the morphology really does not :suppyoryty such
a mechanism. Fig‘ur‘e 53 shows a number of the finer grain constituents of the
sublimation residue from the 212 Chamber sample in greater detail. 'The."bright
éppearing grains are either iron oxide or iron arsenate. In this regard, both
Fe,As,0O,, and Fe,As,O,, containing trace Sb were detected. A few tiny bright .
grains of ("Sb,As)aoa were also evident, butthis phase is surprisingly rare given
the abundance of Sb in the 212 Chamber sample. Figure 53 illustrates some

=0 particles of Ca arsenate having a modest Fe content and of CaSO,. 'Moét__pf the

dark appearing particles are chiorite, muscovite or quartz. Figure 54 provides a
different view of the same sublimation residue. In addition to the ’phases
identified above, the fig‘ure ilustrates several particles of CaSO, and quartz, as '
well as a few grains of a rare Fe-Zn arsenate phase containing minor Sb. The
fine grained residues presented in Figureé 53 and 54 illustrate the hon-volatile
phases which are concentrated when the arsenic-antimony oxide species are
sublimed. | L i

CONCLUSIONS
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Fig. 1 - Schematic representation of the apparatus used to measure the
solubilities of the As,O,-rich dusts.
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'Fig. 2 - Secondary electron micrograph of a loose powder mount of the January

98 Composite sample that shows the general appearance of this
~material. 1- As203, 2- chlorite, 3- quartz, 4- As-bearing iron oxide

Fig. 3 - Backscattered electron micrographbf a_po.llished section of the January
98 Composite sample. 1- Asz0,, 2- chlorite, 3- quartz, 4- Ca arsenate
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Sb-rich oxide.

Fig. 4 - Backscattered electron micrograph illustrating a large mass of As;O3 in
Fig. 5- Backscattéred electron ‘r.nicrograp
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. Fig. 6 - Backscattered electron micrograph of an As-bearing iron oxide particle in
the January 98 Composite sample. 1- As-bearing iron oxide, 2- As;0s,
3- muscovite, 4- quartz, 5- rare grain of PbSO,, 6- chlorite

Fig. 7 - Backscattered electron micrograph of the iron arsenate phase in the
January 98 Composite sample. 1- iron arsenate, 2- large mass of As;0s,
3- As;03 '
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"Fig. 8 - Secondary electron micrograph of a loose powder mount of the April 97
: - Composite sample that shows the general appearance of this material.
. 1- Asz0s, 2- chlorite o |

Fig. 9 - Backscattered elet.:fron'. micrograph showing the detailed morphology of
the April 97 Composite sample. 1- As;03, 2- (As,Sb)20; containing 13%
Sb, 3- quartz '
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Flg 23 - Expenmentally determined solublllty of As.‘,O3 over the first lot of
' reagent grade As,O;.
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Flg 22 - Backscattered electron mlcrograph showmg the presence of As-bearing
. iron oxide and various silicate species in the 236 Chamber sample.
1- As,03, 2- As-bearing iron oxide, 3- quartz, 4- chlorite, 5- muscowte
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‘ Fig. 20 - Backscattered electron ’micrbgraph showing the general morphology of
' the 236 Chamber sample in a polished section. 1 As203, 2- quartz,
3- chiorite, 4- muscovute

Fig. 21 - Backscattered electron micrograph showing the detailed morphology of
the large As;0; crystals in the 236 Chamber sample. 1- As;03, 2 As-
bearing iron oxide, 3- quartz, 4- chlorite, 5- muscovite

CAN M =T 2%




- Fig. 18 - Backscattered electron micrograph showing a large particle of As-
bearing iron oxide in the 212 Chamber sample. 1- As-bearing iron
oxide, 2- As;O; with minor Fe and Sb, 3- quartz, 4- chlorite, 5- As;0;

18En D20

Fig. 19 - Secondary electron micrograph showing the general morphology-of the
- 236 Chamber sample as seen in a loose powder mount. 1- As;0s,
2- chlorite, 3- muscovite, 4- As-béaring iron oxide

R
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~ Fig. 16 - Backscattered electron mlcrograph of a large mass of (Sb As)20; in the

212 Chamber sample. 1- (Sb,As),03, 2- As,0; + silicates

17 - Backscattered electron micrograph shoWing a mass of iron arsenate in
the 212 Chamber sample. 1-iron arsenate, 2- As;03, 3- calcium

sulphate
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Fig. 14 - B’éCkscattered electron micrograph showing the general appearance of
the 212 Chamber sample in polished section. 1- As;03, 2- As-bearing
iron oxide, 3- As-bearing Ca-Fe oxide, 4- muscovite, 5- chlorite

gy #%1,388  18vn WD28@

Fig. 15 - Backscattered electron micrograph showing the general appearance of
the 212 Chamber sample. 1- As;03, 2- quartz, 3- chlorite,
4- Fe arsenate, 5- As-bearing iron oxide rimmed by (Sb,As),03, -
6- muscovite rimmed with Fe-Ca sulphate-arsenate
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Fig. 12 - Backscattered electron micrograph illustrating a zoned particle of
calcium arsenate in the April 97 Composite sample. 1- calcium
arsenate-sulphate 2- As;03

Fig. 13 - Secondary electron micrograph of a Ioose powder mount of the 212"
Chamber sample 1- As,03, 2- chlorlte 3- muscovnte :

CANMET 2




- Fig. 10 - Backscattered electron micrograph of a Iarge mass of (As, Sb)203 oxide
‘in the April 97 Composite sample. 1- (As,Sb)20s3, 2- Aszos, 3- quartz
4- chlorite, 5- Fe-Ca oxide, 6- (As,Sb,Fe) oxide

Fig. 11 - Backscattered electron micrograph showing a particle of iron arsenate
in the April 97 Composite sample. 1- |ron arsenate, 2- Aszos, '
3- (As,Sb)203 : : : . '

CANMET 2
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Fig. 30 - Expefimentally determined solubility of Sb over the
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January 98 Composite sample.
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the 212 Chamber sample.
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Fig. 35 - The solubility of ASZOS, from the 212 Chamber sample;
in water as a function of time at 95°C.
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~ Fig. 36 - Comparison of the solubilities of As,O, over the four

As,0;-rich dust samples as a function of temperature, as
obtamed on heatmg only.
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- Fig. 39 — Backscattered electron micrograph showing the generavl' morphology of
“the April 97 Composite sample after water leaching at 70 °C at a pulp
density of 75 g/L solids. 1- As;03, 2- (Sb,As)203, 3- silicates

Fig. 40 ; Backscattered electron micrograph showing the ge‘neral morphology
of the April 97 Composite sample after water leaching at 70 °Cata
pulp density of 150 g/L solids. 1- Asz03, 2- (Sb,As)203, 3- silicates
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As,O-rich
Water Dust
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Pressure Leaching
2h, 150°C

l
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(95 - 98°C) Residue

Cooling

Filtration
Cold Solution ¢— (~20°C)

- As,0y
Product

Fig. 41 - Schematic representation of tﬁe_ hot water leaching procedure used:
to produce an As,Oj-saturated solution at 95°C, from which pure As,O,
' can be crystallized.
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.Fig. 42 - Backscattered electron micrograph of the residue from the Ieaching of
77 glL of the April 97 Composite sample for 2 h at 150°C. :
- 1- recrystallized (Sb,As)203, 2- chlorite and muscovite

- Fig. 43 - Backscattered ele’ctrbn miCrograph 'bf the residue from the leaching of
85 g/L of the April 97 Composite sample for 2 h at 150°C.
1- recrystallized (Sb,As)203, 2- chlorite and muscovite
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PROTECTED BUSINESS INFORMATION

)
. . ’ S
@
/
i / =)
[ | / E’)
s/ A
A / 18
o
) - ‘-/ o
-a -m
E ) /' *A
& <Z O
A 3 / <
B g8 / e
L 2 o= ® 18 %
5 /o $§
8 | N Ne g
x / g
A ' o
S / 18
/
X / o
/ 18
o/
i #l. | g
/ N
L . N 8
S S S -4 o 3N
- - - :

SIBWNANS OU U] GS+SV/SY usosag

Fig. 44 - Effect of temperature and the sdblimation'atmosphere on thé
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Fig. 45 - Extent of re-sublimation of the 212 Chamber éample asa
function of heating time at 259°C.
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- Fig. 47 - Backscattered electron micrograph showing the sublimation residue
after heating the January 98 Composite sampie at 545°C.
1- (As,Sb)203, 2- clusters of silicates and iron arsenate

9

Fig. 48 - Backscattered electron micrograph showing the detailed texture of the
agglomerates present in the sublimation residue from the January 98
Composite sample. 1- iron arsenate, 2- CaSOs, 3- muscovite, '
4- quartz, 5- mixture of iron arsenates and silicates, 6- CaSO4
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Fig. 49 - Backscattered electron micrograph of the sublimation residue from
heating the April 97 Composite sample at 545°C. 1- iron arsenate,
- 2- muscovite, 3- iron arsenate-antimonate (bright rim), 4- quartz

Fig. 50 - Backscattered electron micrograph illustrating the morphology of As;03;
' in the sublimation residue from the heating of the April 97 Composit
sample. 1- As;03, 2- muscovite (grey) -
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Fig. 51 - Backscattered electron micrograph of the sublimation residue from ‘
heating the 236 Chamber sample to 545 °C. 1- iron arsenate, 2-As;03,
3- CaSO0q, 4- quartz, 5- chiorite, 6- muscovite

Fig. 52 - Backscattered electron micrograph of a large mass of arsenic oxide in
the sublimation residue from heating the 212 Chamber sample to
610°C. 1- arsenic oxide, 2- iron arsenate, 3- silicates ‘

CANMET 22
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*Fig. 53 - Backscattered electron mlcrograph showing a- number of tiny particles in

the sublimation residue from the heating of the 212 Chamber sample. -
1- iron oxide, 2- iron arsenate, 3- Ca arsenate, 4- chlorite, 5- muscovite

.;;F.U we, 788 1@pm HDZ2E

Fig. 54 - Backscattered electron micrograph showung the fine particles present in
the sublimation residue from the heating of the 212 Chamber sample.
1- iron arsenate, 2-CaSQ,, 3- quartz 4- chlonte 5- muscovite

CANMET 27
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APPENDIX 1

X-ray Diffraction Patterns of the Four Dust Samples
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APPENDIX 2

| Detailed Electron Microprobe Analyses of the
Arsenic Carriers in the January 98 Composite Sample




PROTECTED BUSINESS INFORMATION

H 59,03 Phase

Nov 17 14:59 1998 /tmp/x_text.pri Page 1

Weight percent Group : CHEN Sample : As203-Giant Page 1
Element 64 €5 66 67 68 73 74 77

sb 0.565 0.473 0.749 0.391 0.252 0.824 .- ' -

As 78.306 81.706 77.828 77.738 71.230 70.437 76.266 78.963
Fe 0.148 0.087 0.154 0.233 0.066 0.459 0.135 0.136
Fb - - 0.072 0.072 0.066 0.020 0.021 0.012
8 l— Co- - - - - - -

cr - - - .- - .- - -

o 20.981 17.734 21.197 21.566 28.386 2B.260 '23.578 20.889
Ca - - - - - - - - -

Bi - - - - - - - -

si - - - - - - - -

Total 100.000 100.000 100.000 100.000 100.000 100.000 1100.000 100.000

Weight percent Group : CHEN Sample : As203-Giant

Element 79 80 81 . 82 . 93 94 95 96

Sb 0.219 1.236 - 0.249 0.068 0.185 0.096 0.137
A8 74.593 78.837° 74.456 74.419 71.324 76.143 80.717 72.961
Fe . 0.079 0.063 0.058 0.040 0.592 0.083 0.096 0.129%
Pb - 0.049 - - - - - -

-] - - - - - . - - -

cr - - - - - . - - -

o 25.109 19.818 25.486 25.292 28.016 23.589 19.081 26.773
ca - . - - . - s o
Bi - - - - - - - - -
si. . - - - - - - - -

Total 100.000 100.000 100.000 100 000 100 000 100.000 100.000 100.000

Weight percent Group : CHEN . Sample : As203-Giant

Element 98 99 100 101 103 . 104 106 107

sb 1.890 2.189 1.708 4.028 0.142 0.485 0.358 0.004
As 74.045 67.162 69.288 63.048 79.110 78.778 80.137 81.485
Fe 0.104 0.076 0.118 0.295 0.010 0.096 0.091 0.016 -
Pb - - - 0.109 0.076 -0.076 - . 0.016 0.003
] - - - - - - ) - -

cr - - - - - - - -

o 23.961 30.573 - 28.777 32.553 | 20.662 20.641 19,398 18.492
‘Ca - - - - - . - -

Bi - - - - - - - -

si - - - - - - - -

Total 100.000 100.000 100.000 100.000 100.000 100 000 100.000 100.000




Nov 17 14:59 1998 /tmp/x_text.pri Page 2

Weight percent Group : CHEN

Element 108 ¢ 109 110 . 111
Sb’ 5.244 4.470 4.815 4.700
Ag o 70.591 74.667 66.640 73.101
Fe 0.321 0.113 2.015 0.103
Pb 1.886 0.040 0.080 -

S ) - - - -

Cr - - - -
o 21.958 20.710 26.450 22.096
. Ca - - - -
Bi - - - -

si : - - - -
Total - 100.000 100.000 100.000 100. 000

Weight percent . Group : CHEN

Element 116 117 118 119
sb 0.125 0.190 0.204 0.098
As '77.097 82.115 79.724 75.853
Fe - 0.057 0.065 0.069 0.018
Pb - - - 0.026
S - - - -
cr - - - -
o . 22.722 17.630 20.003 24.008
‘ea : : : :
- L. - - -
8i - - - . -
Total "100.000-° 100.000 100.000 100 000

Weight percent Group : CHEN

PROTECTED BUSINESS INFORMATION

Sample : As203-Giant Page 2
112 113 . 114 - 115
4.220 5.010 5.383  0.093
76.093 68.165 75.553  73.885
0.075 -0.078  0.164  0.051
o : 0.022 . -
19.612 . 26.747 18.878 25.971

100.000 100.000 100.000 100.000
Sample : As203-Giant

120 122 122
0.086 0.229 0.109

75.723 74 .496 73.427%
0.066 0.263 0.066
0.026 - -

24.099 25.012 26.398

- - -
: - -
- - ' -
ceccemecechecreeamcmsascenan=

100.000 100.000 100.000
Sampie 1 As203-Giant

Element| Minimum Maximum Average Sigma
Sb .- 5.383 1.313 1.843
As 63.048 82.115 75.028 4.449
Fe . 0.010 2.015% 0.177 . 0.324
Pb - 1.886 0.069 0.300
S - - - . -
cr - - - -
(o] 17.630 32.5583 23.413 3.77°2
Ca - - - C -
Bi - - - -
si - - - -
Total I 100.000 100. 000 100.000 0.000

- No. of data 39




erTEéTED BUSINESS INFORMATION
(907/95)2 ‘75 P%se

Nov 17 15:05 1998 /tmp/x_text.pri Page 1

Weight percent Group : CHEN . Sample : As203-Giant Page 1
Element 83 84 85 86 . . 87 88 89 90

sb 43,796 43.086 45,125 46.538 44.369 47.773 45.406 45,197
As 31.385 32.624 35.882 38.956 36.116 37.141 37.692 35.961
Fe 0.039 0.019 0.042 0.088 0.043 0.070 0.049 0.022
Pb 0.066 - - - - - - -

8 ‘ ulp— - - - - - = -

Cr - - - - - LI - -

o ' 24.714 24.271 18.951 14.418 19.472 15.016 16.853 18.820
Ca - - - - - - - -
Bi - - - .- - - - -

si - - - - - - - -

- - . - - - - " P D " . e BT R RN PR PP E e SR R e R e e e e

Total 100.000 100.000 100.000 100.000 100.000 100.000 2100.000 100.000

Weight percent Group : CHEN Sample : As203-Giant
Element 91 92 Minimum Maximum Average Sigma
Sb 44.779 40.508 40.505 47.773 44.657 1.968
As - 36.910 28.946 28.946 38.956 35.161 3.148
Fe 0.076 0.029 0.019 0.088 0.048 0.023
Pb .- - - 0.066 0.007 0.021
s - - - - v - -

c:- - - - - - -

o 18.235 30.520 14.418 30.520 20.127 4.978
Ca - - - - - -

Bi - - ’ - - - -

si . - - - - - -

Total 100.000 100.000 | 100.000 100.000 100.000 0.000
No. of data 10 : .




PROTECTED BUSINESS INFORMATION
AS-; IOCar’W"ﬂ) I'r’au\ rs c‘mq%e,_

Nov 17 15:02 1998 /tmp/x _text.pri Page 1

Weight percent - Gi:oul; : CHEN Sample : As203-Giant Page 1

Element 70 71 72 211 212 213" 214 215
sb 1.154  1.244  1.217  2.103  2.065 1,623 1.912 1.831
As 3.721  3.266  3.159  5.417 5.522  5.184  5.871  4.972
Fe 61.043 60.595 61.119 57.519 58.305 58.833 ©58.428 57.798
Pb 0.097 0.068 0.070 0.148 0.073  0.152  0.056 0.097
s Coe - - 0.047 0.051 0.075  0.057  0.070
cr - e - - - - - -
o 33.985 34.827 34.435 34.766 33.984 34.133 33.676 35.232
ca - - - - - .- - -
Bi - - - - - - - e
8i - - - - - - - -

- - - G P T T D D R D D D D D D D D D W P D P D D G D W D G D D D P D D YD YD D P D D D P D e D AP A D

Total 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

Weight percent Group : CHEN . - Sample : As203~Giant
Element - 216 Minimum Maximum Average Sigma
sb 1.889 1.154 2.103 1.672 0.376
As 5.008 3.159 $.871 4.680 1.022
Fe. ; 58.385 §7.519 61.119 $9.114 1.412
Pb 0.179 0.056 0.179 0.104 0.044
s 0.047 - © 0.07S 0.039 0.030
cr - - - - -

o 34.495 | 33.676 35.232 34.393 ' 0.495
Ca - - - - -
Bi - - - - -

si - - - - -

. - - G D e D D D D P D T D D - e

Total 100.000 | 100.000 100.000 100.000 -
No. of data 9




PROTECTED BUSINESS INFORMATION

-

TV‘oV\ ﬁfﬁﬁ"q}t Phase

Nov 17 15:10 1998 /tmp/x_text.pri Page 1

Weight percent Group : CHEN Sample : As203-Giant Page 1

Element 218 219 220 221 222 223 224 225

Sb 0.065 0.146 0.332 0.239 0.224 0.382 0.215 0.173
As 17.388 17.115 12.752 15.636 17.843 12.973 15.710 16.825
Fe 9.849 10.061 6.943 | 14.154 7.959 6.307 9.540 . 10.100
Pb 0.057 0.137 0.098 0.130 0.081 0.066 - 0.165 . 0.190
S 4.824 '7.413 2.976 4.226 4.195 2.652 3.545 5.126
Cr - - - - - - - -

(o) 67.752 60.667 76.774 65.460 69.639 77.425 70.558 65.299
Ca 0.065 4.392 0.125 0.082 0.089 0.195 - 0.260 2.233
Bi - 0.069 - - 0.073 - - 0.007 0.054
s - - - . - - - - -

Total 100.000 100.000 100.000 100.000 2100.000 100.000 100.000 100.000

Weight percent ‘Group : CHEN . Sample : As203-Giant

Element 226 227 228 229 230 231 232 233

8b 0.271 0.406 0.114 0.317 0.215 0,209 0.231 0.876
As 16.656 20.243 18.526 21.637 14.585 i2.066 17.371 7.924
Fe 10.111 9.686 8.624 2.193 8.167 8.706 -1.781 38.332
Pb 0.101 0.099 0.076 0.090 0.042 0.066 0.108 0.133
- 4.689 4.857 4.692 0.997 3.423 2.919 0.439% 0.23¢
Cr - - - - - - - -

(o] " 68.080 64.606 66.763 74.566 73.347 75.803 77.456 52.441
Ca - 0.045 0.052 1.152 0.142 0.176 0.204 2.581 0.058
Bi . 0.047 0.051 0.053 0.058 0.045 0.027 0.033 -

si - - - - - - - - -

Total 100.000 '100.000 100.000 100.000 100.000 100.000 100.000 100.000

Weight percent -Group : CHEN Sample : A3203-Giant
Element| Minimum Maximum Average Sigma
Sb 0.065 0.876 - 0.276 0.184
As *7.924 21.637 15.9583 3.350
Fe 1.781  38.332 10.157 8.093
Pb 0.042 0.190 0.102 0.040
S . 0.236 7.413 - 3.576 1.878
Cr - - - - -

(o] ‘ 52.441 77.456 69.16% 6.822
Ca 0.045 4.392 - 0.739 1.259
Bi - 0.073° 0.032 0.027
si - - - -

Total | 100.000 100.000 100.000 0.000




PROTECTED BUSINESS INFORMATION

APPENDIX 3

Detailed Electron Microprobe Analyses of the
Arsenic Carriers in the April 97 Composite Sample




. Weight percent‘

.PROTECTED BUSINESS INFORMATION

As20 ﬂmﬂ’ |

Nov 17 15:15 1998 /tmp/x_text.pri Page 1

Group : CHEN Sample : As203-Giant Page 1 -
Element 124 ’ 128 ) 132 135 T 138 181 183 : 184
8b 0.314 - 0.283 0.043 - - 0.432 0.545 0.288
As 71.451 76.482 78.023 78.387 79.112 78.019 77.481 78.598
" Pe 0.056 0.093 0.353 0.051 0.069 0.122 0.221 0.320
Pb - - - 0.066 - 0.041 0.076 0.064
s - 0.039 0.021 0.014 0.017 0.015 0.057 0.086
Cr - - - - - - - -
(o] 28.151 23.089 21.560 21.474 20.802 21.371 21.620 20.554
Ca - 0.028 0.014 - 0.008 - - - - 0.090
Bi - - - - - - - Co-
&i - - - - - - - -
" Total 100.000 160.000 100.000 100.000 100.000 100.000 100.000 100.000
Weight percent Group : CHEN Sample : As203-Giant
Element . 185 186 187 188 190 191 192 194
sb 0.287 0.323 0.523 0.366 0.287 0.410 0.531 -
As 73.244 72.670 73.804 78.201 82.705 80.481 74.779 73.096
Fe 0.526 0.426 0.317 0.190 0.030 0.028 0.313 0.184
Pb 0.070. 0.170 0.088 0.114 - 0.042 0.084 0.016
8 -0.040 | 0.114 0.112 0.00S 0.003 0.009 0.025 0.069
. Cr - - - - - - - -
(e} 25.776 26.127 25.085° 21.086 16.975 19.030 24.229% 26.442
Ca - 0.087 0.170 0.101 0.038 - - 0.039%9 0.193
Bi . - - - - < - - -
si - - - - - - - -
Total

100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

Weight percent Group : CHEN Sample : As203-Giant .

207 209 210

Element 195 196 197 204 205
Sb L - 0.006 0.292 0.110 - 0.345 0.013 0.333 .
As 76.555 78.131 7%.405 78.008 71.834 73.841 77.855 72.840
Fe .0.351 0.037 0.091 0.033 0.526 0.075 0.033 0.075
Pb 0.004 0.066 0.029 0.027 - 0.012 . - - 0.043
s 0.069 0.018 - . - 0.181 0.019 - 0.016 0.002
Cr - - - - ) - - L= - . -
.0 22.861 21.695 24.178 21.822 27.329 25.708 22.070 26.692
Ca . 0.160 "0.047 0.008 - 0.130 - 0.013 0.015
i - - - - - - - . - ' -
-3 _ - . - - ) - . - - - -
Total 100.000 100.000 100.000 100.000 100.000 100.000 100.000 " 100.000




Nov 17 15:15 1998 /tmp/x_text.pri Page 2

Weight percent

Element
" Sb -
aAs
Fe
Pb
S
Cr
(o]
Ca
Bi
Si

Minimum

71.451
0.028

16.975

Group

Masxcimm
0.545
82.705
0.526
0.170
0.181

-

28.151
0.193

: CHEN

Average
0.238
76.292
0.188
0.042
0.039
23,154
0.047

Sigma
0.190
2.944
0.163
0.044
0.046
2.810
0.062

| 100.000 100.000 100.000

Total
No. of .

" Nev 17 15 18 1998 /tmp/x_text.pri Page 1

data 24

)

Weightfpércén:.

Element
sb
As
Fe
Pb
s
Cr
(o)
Ca
Bi
si

Total

126
60.555
- 0.885
0.027
0063
26.299
0.026

Ezo-lectﬂ 14932173.

Group

127

15.091

60.291
0.107

0.025

- 24.472
0.014

CHEN

130

14.693

57.803
0.075

0.018

- 27.411

100.000 100.000 100.000

Weight percent

Group

Maximum
15.091
68.707

1.624

0.158
0.217
32.166
0.606
0.037

Average
13.550
59.593

0.429
0.052
0.051
26.189
0.132
0.005

0.000

131
14.919
50.848
1.624
0.158
0.217
31.628
0.606

100.000

Sigma
1.187
5.543
0.552
0.057
0.072

4.634

Element|{ Minimum
Sb 12.145
As 50.848
Fe 0.0758
Pb -
S -
Cr -
0 17.993
Ca -
Bi -
si -
Total | 100. 000
No. of data ‘8

100.000

100.000

PROTECTED BUSINESS INFORMATION

Sample

hase

Sample : As203-Giant

198 199 200 .
13.316 12.794 13,121
§9.588 54,435 68,707
0.117 0.336 0.107
0.029 0.114 0.063
- 0.067 0.009
26.936 32.166 17.993

0.017 0.088 -

: As203-Giant

Page 2

”?agg 1

201
12.318

- 64.521
0.181
0.021 -
0.008
22.610
"0.304
0.037

- " oy " " ——— T = > == P > = T wn  En  aw S = ay D o W N W W W em = -

100.000 100.000 100.000  100.000

Sample

: As203- Giant

Gar:'“,-,El_: | |




Nov 17 15:26 1998

Weight percent

PROTECTED BUSINESS INFORMATION

(SbAh0s

/tmp/x_text.pri Page 1

:. AB203-Giant

. Group : CHEN Sample Page 1

. Element 140 141 . 142 143 144 145 146 147
Sb 45.633 43.482 43,907 45.878 -42.855 45.013 43.809 44.892
As 37.987 36.043 32.523 35.877 36.761 39.460 39.234- 39.160
Fe, 0.221 0.207 0.625 0.232 0.154 0.141 0.132 0.153
Pb 0.304 0.312 0.285 0.344 0.058 0.022 0.077 0.022
s : 0.879_ 0.967  0.875 0.623 0.727 0.798 0.801  0.898
Cr - - - - - - - -
0 14.866 18.931 21.714 16.942 19.445 14.566 15.947 14.875
Ca 0.110 0.058 0.071 0.104 - - - -
Bi - - - - - - - -
8i . - - - - - - - -
Total 100,000 100.000 100.000 100.000 100.000 100.000 100.000 100.000
Weight percent Group : CHEN » Sample : As203-Giant
Element 148 149 150 153 182 153 154 155
Sb 44.593 46.242 45.309 43.101 45,296 46.099 44.308 43.363
As . . 36.261 34.370 37.696 35.448 42.452 41.041 35.134 35,569
Fe . 0.186 0.843 0.158 0.081 0.090 0.079 0.128 0.075
Pb 0.041 0.004 0.021 0.008 0.028 0.028 0.015 0.013
s 0.918 0.747 1.011 0.925 0.728 0.807 1.023 0.868
cr - - - - - - - -
(o] 18.001 17.794 15.805 20.437 11.406 - 11.946 19.392 20.112
Ca - - - - - - - -
Bi - - - - - - - -
si .- - - - - - - -

. Total  100.000 100 000 100 000 100.000 100.000 100.000 100.000 1100.000
Weight percent Group : CHEN Sample : As203-Giant
Element 156 157 - 1588 159 160 161 162. 163
Sb 42.547 42.430 44,359 44 .224 46.634 45.104 43.136 44.154
As 35.744 36.355 36.134 32.764 37.442 34.918 33.076 33.840
Fe 0.073 0.084 0.040 0.131 0.135  0.068 0.046 0.052
Pb 0.013 0.005 ,0.018 0.051 0.015 0.087 0.074 0.142
] 0.785 0.709 0.872 0.851 0.589 1.239 0.947 0.962
Cr : - . - - - - - - -
(o] 20.838 20.417 18.577 @ 21.979% 15.185 18.584 22.721 20.850
Ca - - - - - - - -
Bi- - - - - - - - -
si - - - - - - - -
Total 100.000 A 100.000 100.000 100.000 ,100 000 100. 000 100. 000 100 000

\




PROTECTED BUSINESS INFORMATION

Nov 17 15:26 1998 /tmp/x_text.pri Page 2

Weight percent Group : CHEN ' Sample : As203-Giant - Page 2
Element 164 165 166 167 168 169 170 171

sb 44,3185 43,796 43.124 45.819 46.776 44.387 44,277 46.770
As . 36,273 33.078 30.711 41.406 35.104 35.265 32.131 30.944
Fe ©0.046 - 0.072 0.0587 0.079 0.067 - 0.020 - 0.055
Pb - __  0.035 0.018 0.063  0.016 - - 0.080
S -0.984 - 0.706 0.838 0.780 0.502 0.962 1.048 0.618
Cr - : - - - - - - -

o 18.382 22.316 25.252 11.883 17.838 19.386 22.524 21.533
ca - - - - - - - -

Bi - - - - - - - -

si . - - - - - - - -

-, S W e W D D S ) S G D P S R U P S P P R b D D AP D D D s R D R D e D P D D D D D YD D D D D s R D P MY S W e

Total 100.000 100.000 100.000 100.000 100.000 100.000 1200.000 100.000

Weight petcént: Group : CHEN Sample : As203-Giant

Element| Minimum ~Maximum Average Sigma
sb 1. 42.430 - 46,776 44.551 1.243
As 30,711 0 42.452 35.944 2.883
Fe | =~ 0,843 0.142 0.168
Pb o f e : 0.344 0.069 0.099
] : 04502 1.239 0.843 . 0.152
or ‘ 29N Rk M :

o] 11.406 25.252  18.441 3.396
Ca | S 0.110 0.011 0.030
Bi - - - -

si - - - -

Total | 100.000 100.000 100.000 0.000
No. of data 32 . '




PROTECTED BUSINESS INFORMATION

Nov 17.15:23 1998. /tmp/x_text.pri Page 1

Bs= ,Sb= bearing Dron Oxide.

"Weight percent Group : CHEN Sample : As203-Giant Page 1

Element 133 206 240 241 Minimum Maximum Avérage Sigma
sb 2.075 0.588 9.285 8.889 0.588 9.285 5.209 4.521
As 7.984 6.690 10.017. 11.481 6.690 11.481 9.043 2.125
Fe 49,972 $5.313 29.040 18.359 18.359 55.31% 38.171 17.407
Pb 0.054 - 0.176 0.254 - 0.254 0.121 0.115
s 0,043 0.316 1.554 1.818 0.043 1.554 0.858 0.791
Cr .. - - - - : - - - -

o 39.872 37.093 49.031 5§7.089 37.093 57.089% 45,771 9.107
Ca - - 0.897 2.408 - 2.405 0.826 1.135
‘Bi' - - - 0.005 - 0.005 0.001 0.002
s - - - - - - - -

Total 100.000 100.000 100.000 100.000 | 100.000 100.000 100.000 0.000
No. of data 4 - :




VIV’ROTECTED BUSINESS INFORMATION

Nov 17 15:36 1998 /tmp/x_text. pr1 Page 1

Cq Avsenghe~ 514//7411}'6 ﬂmg\a

Weight percent Group : CHEN . - Sample : As203-Giant Page 1
Element 178 - 179 180 239 Minimum Maximum Ayeraée Sigma
Sb 17.191 13.102 . 20.287 11.158 11.158 20.287 15.434 4.097
As 8.350 8.188 9.579 7.73x | 7.731 9.579 8.462 0.789
Fe 1.918 2,465 - 2.062 2.550 - 1.918 2.550 2.249 0.306
Pb 0.160 0.144 0.158 0.127 0.127 0.160 0.147 0.015
8 8.780 9.642 7.416 9.895 7.416 9.895 8.933 1.118
Cr - - - - . - - - -
o 52.304 54,351 50.274 56.274 50.274 56.274 53.301 2.588
. Ca 11.297 12.108 10.224 12.265 10.224 12.265 11.474 0.935
Bi - - - - - v - - -
8i . - - - T .- S - -
Total 100.000 100.000 100.000 -100.000 | 100.000 12100.000 100.000 -

No. of data 4

Nov 17 15:40 1998 /tmp/x_text.pri Page 1

Calcium Oxide /%44%

Weight percent Group : CHEN Sample : As203-Giant Page 1 ’
Element 176 177 235 236 Minimum Maximum Average Sigma
sb 0.575 0.565 ° 0.256 0.264 | 0.256 -0.575 0.415 0.179
As 1.263 1.854 0.242 0.375 0.242 ~ 1.854 0.933 0.763
Fe 5.290 5.363 6.051 - 5.734 5.290 6.051 5.609 0.353
rb - - - 0.002 - 0.002 0.001 0.001
-8 - 0.650 0.803 0.437 - 0.208 0.205  0.803 0.524 0.260
cr - - - - - - - e -
o 74.541 73.147 72.678 - - . 73.356 72.678 74.541 73.431 . 0.793
Ca 17.681 18.268 20.330 20.064 17.681 20.330 19.086 1.310
Bi R - 0.006 .. . =i ' - 0.006 0.002 0.003
Si - - - - ‘_‘ el - : - . - -

Total 100.000 100.000 100. 000 100. 000 | 100. 000 100.000 100.000 -
No. of data 4




- PROTECTED BUSINESS INFORMATION

APPENDIX 4

Detailed Electron Microprobe Analyses of the
Arsenic Carriers in the 212 Chamber Sample




Nov 17 14:26 1998 /tmp/x_text.pri

Weight percent

'9_5}[93 P haceA

Page 1

PROTECTED BUSINESS INFORMATION

Group : CHEN Sample : As203-Giant Page 1

Element 265 271 272 273 274 276 277 278

sb 0.979 . 1.41) 2.360 0.544 0.313 0.844 2.998 0.157

as 70.242 70.853 70.287 75.898 77.990 73.076 78.202 79.328

Fe 0.935 0.924 0.527 0.602 0.500 1.723 0.603 ' 0.822

Pb ) 0.014 - - 0.005 - 0.088 0.128 0.084

§ s 0.094 0.044 - 0.083 0.020 0.083 0.051 0.036

e o=l - - - ol :

o - v .-27.554 26,742 26.807 22.865 21.173 23.886 17.962 19,531
,C? 0.182 0.026 0.019 - 0.033 0.004 0.300 0.056 0.042

B - - - - - - - -

Total  100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

Weight percent’ Group : CHEN Sample : As203-Giant

Element 280 292 293 295 302 308 306 307

Sb 0.080 3.524 0.863 1:022 0.682 ° 1,609 - 0.378 2.845

aAs 70,319 75.298 79.063 80.226 73.812 79.775 76.108 76.990

Fe 0.484 0.343 0.636  0.257 0.754 0.395 - 0.317 0.377

P - 0.033 0.225 0.124 0.021 0.029 - -

s S 0.027 0.057 0.075 0.031 0.068 0.038 0.017 0.031
- Cr - - - - - - - -
Qe 29,058 20.670. 19.016 18.288 24.663 18.154 23.167 19.726

Ca . 0.032 0.078 .. 0.122 0.052 - - 0.013 0.031

Bi I - - - L :

si - - - - - - : -

Total  100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

Weight percent Group : CHEN Sample : AS203-Giant ‘

Element 310 311 312 313 333 334 - 336 337

sb 1.340 1.079 1.309 0.831-  2.396 2.159 0.841 0.329

As 70.349 73.523 ° 77.994. 82.427 71.014 71.878 72.676 80.878

Fe . 0.497 0.268 0.408 0.324 0.570 0.360 0.449 0.339

rb 0.051 - - 0.003 - 0.013 0.028 -

s 0.039 0.025 0.017 0.004 0.024 0.006 0.034 0.158

cr - - - . - - < - - e -

0. 27.688 25.105 20.270 16.395 25.953 25.584 = 25.966 18.087

Ci 0.036 - 0.002 0.016 0.043 - . 0.006 0.209

B . - - - - - - I T L -

si - - - - - - = -

Total ~ 100.000 100.000 100.000 100.000 100.000 100.000

"100.000 100.000

.

CANNVET




PROTECTED BUSINESS INFORMATION

Nov 17 14:26 1998 /tmp/x_text.pri Page 2

Weight percent Group : CHEN : Sample : As203-Giant Page 2
Element 338 342 348 . 346 347 348 351

Sb 0.539 . 2.395 1.188 0.385 0.577 0.631 0.534
.As8 74.644 75.411 75.283 78.806 81.081 81.522 81.534
Fe 0.556 1.498 0.386 0.409 0.516 0.373 0.479
Pb 0.089 - 0.050 0.022 - - -

S 0.097 0.035 0.028 0.049 '0.009 0.010  0.073
Cr - - - . .- - - -

0 23.991 20.270 22,926 20.126 17.598 17.352 16.802
Ca 0.114 - 0.029 0.040 0.037 0.012 0.083
Bi - - - - - - - .
si - . 0.391 0.143 0.163 0.182 0.100 0.525

Total 100.000 100.000 100.000 100.000 1060.000 100,000 100.000°

Weight percent .~ Group : CHEN Sample : As203-Giant
Element| Minimum Maximum Average Sigma
sb 0.080 3.524 1.197 .0.910
As 70.242 82.427 76.016 3.909
Fe 0.257 1.723 0.569 0.329
Pb - 0.225 0.032 0.051
S - 0.158 . 0.043 0.034
Cr - - - -

(o] 16.395 29.058 22.044 3.749
Ca - 0.300 0.051 0.069
Bi - - - -

Si - 0.525 0.049 0.122

Total | 100.000 100.000 100.000 0.000
No. of data 31 :

:
J




PROTECTED BUSINESS INFORMATION

| | Asxf’% Phase.

Nov 17 14:37 1998 /tmp/x_text.pri Page 1

Weight percent ' Group : CHEN Sample : As203-Giant Page 1
Element 275 . 279 288 289 296 301 303 304

sb 1.021 1.620 2.513 3.400 1.806 6.599 3.140 4.956
As 58.067 58.341 65.540 54.565 59.154 65.030 60.973 67.111
Fe l1.062 0.673 0.708 1.208 0.063 0.614  0.620 0.789
Pb - 0.025 - - - - 0.012 0.048 0.060
8 0.049 0.094 0.019 0.107 0.016 0.027 0.088 0.029
Cr - - - - - = - -

o} 39.708 39.134 = 31.162 40.470 38.952 27.697 34.555 26.990
Ca 0.093 0.113 0.058 0.250 0.009 0.022 0.605 0.065
Bi - - - - - = P -

8i - - - . - - - - -

D W - P P T P P T D D R e D P P D D W PR W W R P R R W W P D P W

Total 100,000 100.000 100.000 2100.000 100.000 100.000 100.000 100.000

Weight percent Group : CHEN Sample : As203-Giant
- Element 309 . 335 339 341 343 350
Sb 3.822 1.836 1.114 1.625 1.319 1.828
aAs 62.170 69.817 62.117 €8.103 65.600 66.392
Fe 0.766 0.617 0.345 . 0.238 0.160 0.352
Pb - 0.038 - 0.066 - 0.091
s ‘0.066 0.065 0.098 0.157 0.030 0.040
cr - e - - - -
(o] : 33.045 27.508 35.372 29.564 31.879 31.003
Ca 0.131 0.122 0.059 0.013 0.012 0.012
Bi - - - - - -
si - - 0.895 0.234 1.000 0.282

- " " R =P - P > " S 4P > S =P TP wh W W P U W TP WD W YR S WP P W W

Total 100.000 '100.000 100.000 100.000 100.00 100.000

Weight percent Group : CHEN Sample : As203-Giant
Element| Minimum Maximum. Average Sigma '
Sb 1.021 6.599. ' 2.614 1.618

As 54.565 69.817 63.070 '4.435

Fe - 0.063 1,208 0.587  0.328

Pb - 0.091 0.024 0.031

s 0.016 0,157 0.061 0.041

Cr : - - - -

o 26.990 40.470 33.360 4.763

Ca 0.009 0.605 0.112 0.157

Bi - - - -

si - 1.000 *0.172 0.342

Total | 100.000 100.000 100.000  0.000




~ PROTECTED BUSINESS INFORMATION

( /99513);. 0; ﬂéa fc‘ |

Nov 17 14:48 1998 /tmp/x_text.pri Page 1

Weight percent Group : CHEN Sample : As203-Giant Page 1

Element 314 315 316 317 318 320 321
sb 24.603 24.612 22.194 23.718 31.108 20.938  23.966
as 47.398 56.720 52.440 54.573 42.577 51.417 48,142
Fe 0.170 1.495  0.121  '0.129 0.171  0.129 0.142
Pb S - 0.003 - - 0.114 0.071
s . - . o0.025 0.006 0.009 - 0.010 -
cr - - - - - . -
o 27.829 17.148 25.236 21.571 26.144 27.392 27.679
Ca - M : : : : e
Bi - © - - - - - -
si - - - - - - -

L P N up s g e R B T P R T R Y Y Ly

Total 100.000 100.000 100.000 100.000 100.000 100.000 100.000

Weight percent Group : CHEN Sample : As203-Giant
Element ‘Minimum Maximum Average Sigma
sb 20.938 31.108 24 .448 3.229
As 42.577 - 56.720 50.467 4.793 .
Fe 0.121 1.495 0.337 0.511
Pb - 0.114 0.027 0.047
s - 0.025 0.007 - 0.009
Cr - - . - -

0 17.148 27.829 24.714 3.981
Ca - - - -

Bi - - - -

si . - _— -

Total | 100.000 100.000 100.000 0.000
No. of data 7




Weight percent

Element
sb
As
Fe
Pb
s
Cr
0
Ca
-Bi
si

- i o - > " = " - - - - - -

Total

267
2.603 .
9,508

52.541
0.674
0.187.

33,936
0.554

'PROTECTED BUSINESS INFORMATION

/‘}Sfloeamn_a) If"m Oxile |

Nov 17 14:30 1998  /tmp/x text.pxl Page 1

Group : CHEN
268 281
2.228 9.899
9.744 3.820
51.492 54.219
0.529 0.169
0.197 0.038
© 35,145 31.855

0.665 -

282
7.119
3.513

' 56.888

0.255
0.023
32.202

Sample  : As203-Giant Page 1
283 284 286 287
7.244 7.262 1.228 1.336
9.188 7.645 10.200 5.790
47.949 50.239 . 44.902 57.538
0.418 0.340 0.275 0.676
0.051 0.045 3.027 0.077
35.007 34.364 40.274  34.415
0.143 0.105 0.094 0.168

100.000 100.000 1100.000 100.000 100.000 100.000 100.000 100.000

Weight percent

Elément
shb :
As

Fe

Pb

8

Cr

(o]

Ca

Bi

si

Tota

204
1.697
10.008
55.489
0.782
0.041
30.987
0.999

100.000 100.000

Weight percent

Element
Sb

As -

Fe

Pb

S

Cr

[o]

- Ca

Bi
si

Minimum
0.777
3.513

44,902

0.023
30.987

C.169

Group : CHEN
297 298
0.777  0.918
6.857 10.100
§3.219 47.717
0.290  0.227
0.427  0.792
38.108 . 39.816
0.322  0.430

Group : CHEN
Maximum Average
9.899 3.092
14.886 8.545
57.538, 52.413
= 0.782 0.389
3.027 . 0.337
40.274 34.956
0.999 0.268

299
1.788
14.886
45.202
0.178
0.240
37.673
0.066

Total

| -100.000

100.000 100.000

Sample : As203-Giant
324 325 326 .
1.566  1.478  1.503
8.747 . 9.579  9.370
54.921 56.178  55.977
0.371  0.361  0.310
0.070  0.052  0.066
34.163 32.178  32.596
0.162 0.178

0.174

P L L T T T R Y R N Y N Y L L L

100.000 100.000 100.000 100.000

Sample : As203-Giant

_CANNMET

331
0.853

7,774

54.132
0.371
0.066

36.571
0.233

100.000 100.000

e
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Tron Arsenale

Nov 17 14:45 1998 /tmp/x_text.pri Page 1

. Weight percent Group : CHEN Sample : As203-Giant - Page 1
Element 291 398 396 398 399 400 .401 402
sb 0.739 0.468 0.538 0.535 0.539 0.441 0.475 - 0.444
As 26.195 29.858 36.551 31.050 30.207 27.167 26.769 27.823
Fe 12.286 12.912 13.187 13.156 13.218 12.978 12.341  12.864
Pb 1.106 0.599 0.797 0.727 0.778 01687 0.750 - 0.716
s 1.389 1.499 1,817 1.443 1.231 1.128 1.432 1.542
cr - - - - - - - ’ -
0 54.829 53.915 46.565 = 52.3258 53.276 56.887 5§7.466 55.851
Ca 3.465 0.739 0.766 0.724 0.725 0.703 0.760 0.745
Bi - - - - - - - -
si ' - 0.010 10.079° - 0.040 0.026 0.009 0.007 0.015
Total 100.000 100.000 100.000 100.000 2100.000 100,000 100..000 100.000
Weight percent Group : CHEN Sample : As203-Giant
Element 403 404 405 - 406 407 408 . 409 . 410
sb 0.526 0.472 - 0.478 - 0.552 0.439 0.483 0.430 0.421-
As 37.339 34.839 30.144 33.352 28,275 32.681 29.246 29.950
. Pe . 13.034 11.686 13.122 13.085 12.184 12,987 12.164 12.662
FPb 0.739  0.732 0.788 0.838 0.724 0.819 0.728 0.654
S 1.632 1.810 1.494 1.621 1.270  1.831 1.721 1.492
Cr - - - - - - - -
(o] 45.847 49.521° 53.230 49.779 56.436 50.674 54.965 = '54.111
Ca 0.764  0.807 0.716 0.742 0.646 0.766 0.717 0.69%0
Bi - - T - - - - - -
si 0.119 0.133 0.031 0.031 0.026 0.059 0.029 . 0.020

- - - > -y - W P D Y P P W P W T R . Y e G P o T D S B L WP W WD W A D G S T MR W R e B D W e o e

Total 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

Weight percent Group : CHEN Sample : As203-Giant
Element 411 412 . 413 . 414 415
sb 0.503 0.476 0.531 0.552 0.389
As 36.250 35.715 34.865 31.363 35.566
Fe 12.413 12.008 12.496 12.523 11.344
-Pb 0.664 0.504 0.645 0.689 0.595
] . 1.969 2.181 1.635 1.457 2.210
Cx - - - - -

o 47.430 48.241 48.951 52.593 49.076
Ca -0.708 0.753 0.783 0.796 0.728
Bi - - - - -

si 0.063 0.122 0.094 0.027 0.092

- - - -y - o o Ve W > P A AP e P S P P W W W e W W

Total = 100.000 100.000 100.000 100.000 100.000




PROTECTED BUSINESS INFORMATION

Nov 17 14:45 1998 /tmp/x_text.pri Page 2

Weight percent Group : CHEN Sample : As203-Giant Page 2
Element| Minimum Maximum Average . Sigma
sb 0.389 0.739 ~ 0.497 0.073
As 26.195% 37.339 31.676 3.537
" Fe 11.344 13.218 12.602 0.526
" Pb < 0.504 1.106 0.727 0.118
8 1.128 2.210 1.581 0.277
Cr - - - C-
o 45.847 57.466 51.998 3,535
Ci 0.646 3.465 0.869 0.59%6
B - - .- -

si - 0.133 0.049 .0.041

Total | 100.000, 100.000 100.000 0.000
No. of data 21




- PROTECTED BUSINESS INFORMATION '

Nov 17 14:39 1998 /tmp/x_text.éri Page 1

Fe —beawm] /351 03 Phase

Weight percent Group : CHEN . Sample : As203-Giant Page 1
Element 327 = 328 330 Minimum Maximum Average Sigma
Sb 2.058 1.758 1.896 " 1.788 2.058 1.904 0.150
."AB 29.934 41.343 34:366 29.934 41.343  35.214 5.752
Fe 9.599 5.080 5.206 §.080 9.599 6.628 2.573
Bb 3.000 2.309 2.346 2,309 3.000 2.552 0.389
-] 0.081 0.081 1.301 0.081 1.302 0.488 0.704
Cr - - - - - - . -
o] 52.371 47.392 50.764 47.392 $2.371 50.176 2.541
Cz 2.957 2.037 4.121 2.037 4.121 3.038 1.044
B - - - - - - -
8si - - - - - - -

Total 100.000 100.000 100.000 | 100.000 100.000 100.000 -
No. of data 3 .




PROTECTED BUSINESS INFORMATION

Calci um~"l’r‘an' Argehq)-e

Nov 17 14:16 1998 /tmp/x_text.pri Page 1

_Weight pezrcent Group : CHEN

Element 264 266 269 Minimum
. 8b 0.062 0.702 0.827 0.062
As T 1.384 10.119 20.764 1.384
Pe 9.93L 8.038 8.296 . 8.038
Pb - 0.066 0.335 0.345 0.066
s . 0.048 0.381 1.084 0.048
Cr - - - -
o} 69.852 65.666 60.290 60.290
Ca 18.657 14.759% 8.394 8.394
Bi -, - - -
si - - - -

Total 100.000 100.000 100.000.| 100.000
No. of data 3

Sample :

Maximum
0.827
20.764
9.931
0.345
1.084
69.852
18.657

100.000

As203-Giant

Average - .-
0.530
10.756-
8.755
0.249
0.504
65.269 .
13.937

100.000

Sigma
0.410

9,706
1,027

0.158

Page 1

0.529

4.793

5.181

0.000
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APPENDIX 5

Detailed Electron Microprobe Analyses of the
Arsenic Carriers in the 236 Chamber Sample




'PROTECTED BUSINESS INFORMATION

952_\05 | ﬂla&é

Nov 17 14:04 1998 /tmp/x_text.pri Page 2

Weight percent Group : CHEN . Sample : As203-Giant Page 2
Element 49 50 51 53 57 58 59 . 243

sb 0.534 0.314 0.614 0.232 0.335 0.370 - 0.166
As 77.000 78.211 78.880 75.289 72.403 78.069 75.750 74 .-.988
Fe 0.188 0.174 0.140 0.354 0.195 1.134 .0.672 0.182
Pb - - - - 0,017 0.026 - - - . 0.081
) - - - - - - - 0.009
cr - - - - - - - -
o} 22.278 21.301 20.349 24.099 27.067 20,427 23.578 24.540
Ca - - - - - - - 0.034
Bi - - C - - - - - -

si - - - - - - -

 Total 100.000 100.000 100.000 100.000 100.000 100.000 100.000 100.000

Weight pércent * Group : CHEN Sample : As203-Giant
Element 244 245 250 251 . 254 2585 259 352
Sh: : C - .0.066 - 0.402 0.063 0.418 - -

. As . 75.243 78.860 78.134 77.139 78.528 76.776 78.927 78.866
Fe 0.230 0.226 0.168 0.381 0.125 0.205 0.189  .0.2085
Pb 0.139 0.092 0.052 - - 0.011 - 0.053
8 0.008 - 0.002 0.020 0.016 - 0.020 0.004
Cr L. - ., - . - - - - Co-

0 24.341 20.734 21.621  22.0358 21.268 22,582 20.874 ° 20.762
Ca 0.039 0.022 0.024 0.023 - : 0,008 - 0.010
Bi : * o- - - - - - -. * -

si . - - T - - - - . .0.100

r,-,-------------------—---------..---------------------------u----—-------- oo -

B Total 1oo 000 - 100,000 100.000 100.000 100. ooo 100.000 .100.000 '1oo 000

_Weight percent : Group : CHEN . Sample : As203-Giant ;

Element = 354 .. 356 358 359 . 360 362 365 366

Sb 0.042 0.270 0.765 0.281 0.992 0.052 0.437- 0.885
As 77.077 73.469 71.413 76.127 75.802 76.455 78.141 79.656
Fe - 0.845 0.160 0.261 0.398 0.481 0.198 0.163 0.488
Pb : - 0.025 - - - - 0.029 "0.004
S - 04011 - 0.114 0.039 0.060 0.027 © 0.005 0.029
Cr - - . - - - - - -

o 22.025 25,981 27.142 22.653 .22.455 23.204 21.216 18.734
Ca co- 0.017 0.092 0.016 0.023 - 0.009 0.01¢
Bi - - - - - - - -

si - 0.078 . 0 .213 0.486 0. 187 0.064 - 0.188

Total 100.000 100. 000 100 000 100.000 100. 000 100.000 100.000 100.000




PROTECTED BUSINESS INFORMATION

Nov 17 14:04 1998 /tmp/x_text.pri Page 1

Weight percent Group : CHEN Sample : As203-Giant Page 1
Element 1 -3 12 21 22 i 23 24 25

Sb - 0.200 0.292 - - - - 0.079
AB 77.198 76.000 75.906 76.555 73.349 78.201 75.431 73.491
Fe 0.105 0.190 0.487 0.251 0.225 0.262 0.349 0.219
Pb - 0.001  0.075 0.011 - - - -

S L—— - - - - .- - -

Cr - - - - - - - -

(o] 22.697 23.609 23.240 23.183 26.426 21.537 24.220 26.211
Ca - - - - - - - -

Bi - - - - - - - -

si - - - - - - - -
Total 100 000 100 000 100.000 100.000 100.000 100.000 100.000 100.000

Weight percent Group :.CHEN Sample : As203~Giant

Element 26 27 28 29 30 34 35 . 36

sb 0.155 - - .0.077 0.315 0.154 0.066 0.395
As ' 73.142 71.447 73.011 76.710 78.581 76.675 75.166 77.462
Fe 0.231 0.161 0.223 0.193 0.256 0.212 0.320 0.539
Pb - - -, 0.013 0.031 0.048 0.082 0.073
s .- - - - - - - -

Cr - - - - - - - .- .
0 26.472 28.392 26.766 - 23.007 20.817 22.911 24.366 21.531 .
Ca - - .- - - - - -

Bi T - - - - - - - -

si : - - - - - -, - -

Total 100.000 100.000 100.000 100. 000 100. 000 100.000 .100.000 100 000

Weight percent Group : CHEN ’ Sample : As203-Giant

Element 37 38 39 41 a2 43 aa a8

Sb 0.097 - - - - - - 0.380
As 79.877. 78.183 75.430 79.193 78.728 77.544 76.380 79.390
Fe 0.303 0.737 0.242 0.181 0.384 '0.229 0.422 0.187
Fb 0.058 - 0.014 0.019 0.029 0.045  0.037 - .
S - - - - - - - -
cr - - - - - - - -

(o) . 19,665 21.080 ° 24.314 20.607 20.859 22.182 23.161 20,043
ca - - - - - - - -

Bi - - - - - - - -

si - - - - - - - -

Total '100.000 100.000. 100.000 100.000 100.000 100. OQO 100.00077100.000




PROTECTED BUSINESS INFORMATION

Nov 17 14:04 1998 /tmp/x_tekt.pri Page 4

Weight percent Group : CHEN Sample : AsZOB'-Giémt Pége 3

Element 367 368 372 373 377 . ‘379 380 382

Sb 0.307 0.408 - 0.634 - 0.008 - 0.601
A8 78.799 76.277. 178-.897 76.546 78.947 78.610 76.003 75.375%

Fe 0.356 0.1581 0.102 0.186 0 0.172 0.199 - 0.217 0.144
~Pb 0.041L  0.001  0.050 - - LoE e -
8 0.013 0.018 0.017 0.021 0.019 0.0072 0.033 0.016
. cr - . - - T - - . - ' -

o 20,1258 23.010 20.934 22.274 20.849 21.164 23.103 23.864
" Ca . 0.013 0.008 - - 0.013 0.006 0.017 -

Bi - - - - - - - T -

si . 0.346 0.130 - 0.339 - 0.006 0.627 -

Total 100.000 100.000 100.000 100.000 100.000 100.000 100.000 2100.000

Weight percent Group : CHEN Sample : As203-Giant

Element 387 389 390 . 393 . Minimum Maximum Average Sigma
sb 0.121 - . 0.182 0.090 - 0.992 0.197 0.243 °
As 78.843 78.886 76.698 79.115 71.413 79.877 76.787 2.101
Fe < 0.106 0.122 0.086 0.229 0.086 1.134 0.279 0.190
bPb . 0.017 0.017 0.045 0.010 - 0.139% 0.021 0.030
s - . 0.014 0.011 0.012 - ] 0.214 0.009% 0.018
cr - - - - ‘- el - -

0 ©..20.902 20.882 -~ 22.818 20.278 18.734 28.3%2 22.646 2.124
Ca = - - - 0.027 - 0,092 0.007 0.015
Bi - - o - - - - -
81 0.011 0.079. 0.160 0.239 - 0.627 0.054 ‘0.126

Total 100.000 100.000 2100.000 100.000 | 100.000 100.000 100.000 0.000
No. of data 60 - )




Weight percent

Element
sb
As
Fe
Pb
s
Cr
o
Ca
Bi
‘Si

Total

8
0.717
14.312
40.905
0.554

43.8512

100.000

Weight percent

Element
Sb
A8
Fe
Pb
=}
Cr
(o}
Ca
Bi
si

Tota

Weight percent -

Element
. Sb
As
Fe
Pb

Cr

248
0.248
5.813

45.771
0.115
0.040

47.680
0.333

100.000

364
0.361
3.126

62.063
0.169
0.021

34.063
0.197
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Group

9
0.662
14.901
40.888
0.577

42.972

CHEN

10
0.810
9.401
43.648
0.254
6.185
39.702

100.000 100.000

Group : CHEN

249
0.241
5.620

43.665
0.147
0.030

49.955
0.342

256
0.518
6.449

55.930
0.143
0.029

36.684

0.247

16

0.902
9.257
54.657 -
0.268

34.916

257
0.856
9.314

54.822
0.2758
0.008

34.376
0.349°

100.000 '100.000 100.000

Group

Minimum
0.184
1.947

40.9888
0.028

31.455

CHEN

Maximum

. 0.902
14.901
66.342
0.577
0.040
6.185
49.955
0.498

Average
0.565
7.670

53.240
0.222
0.016
0.364

37.770
0.154

Sample :

17
0.787
6.046
57.983
0.249

34.935

As203-Giant
31 32
0.537 0.654
8.221 9.029
57.121 55.698
0.036 0.104
34.085 34.515

Page 1

242
0.711
10.614
52.567
0.308
0.021
35.281
0.498

100.000 100.000 ' 100.000 100.000

Sample :

258
0.671
5.461

§5.575
0.188
0.035

37.844
0.226

100.000

As203-Giant
261 3585
0.496 0.184
7.541 1.947
55,111 66.342
0.132 0.028
0.037 0.029
36.431  31.455
0.252 0.015
100.000 100.000

Sample : As203-Giant

Sigma
0.235
© 3.873
.7.669
0.152
0.015
.1.500
5.255

100.000

| 100.000

100.000

100.000

0.165

363
0.247
3.342

62.327
0.225
0.014

33.679
0.166

100.000



Weight percent Group

No. Fe Mg
1 © 0.840  0.535
2 0.102  0.012
3 0.258 0.025
4 13.136 11.166
5 1.172 0.447
6 0.464 0.175
7 4.587  1.140
8 9.241  3.003
9 14.217  8.564

10 16.893 8.655
i1 1.893 1.081
12 4.703 4.06S
13 14.816 10.738
14 13.369 7.556
15 11.607 7.245
16 18.194 £.881
17 17.539 8.979
18 14.226 9.345
13 3.383 1.998

Minimum 0.102 0.012
Maximum 18.194 11.166
Average 8.455 4.822
Sigma © 6.757 4.109

No. of data 19

al
14.224
0.111
0.396
11.223
17.346
0.269
3.667
3.368
9.542
10.838
13.505
10.708

10.760.

8.338
6.861
11.136
10.863
10.604
15.390

si
16.467
39.967
43.919
10.725
21.235
40.525
4.912
4.948
8.5852
9.790
18.193
12.708
11.334
8.030
6€.579
10.009
10.206
9.829
16.338

Sample :

K
4.691

1 0.031
0.215
0.110
7.104

" 0.033
0.897
0.187
0.049
0.083
7.288

3.448

0.231
0.234
0.222
0.148
0.022
0.019
4.968

\/m’wus Srhegle ')7)C2.I€5

Nov 17 13:54 1998 /tmp/x_text.pri Page 1

Silicate-Giant
-0 Ca
63.243 -
59.777 -
.55.187 -
52.571 1.069
52.661 0.035
58.412 0.122
84.230 0.567
78.782 0.471
58.964 0.112
53.178 0.563
57.913 0.127
63.814 0.557
51.869 0.282
61.877 0.596
66.708 0.778
53.440 0.1%92
52.334 0.057
55.892 0.085
57.849 0.074
51.869 -
84.230 1.069
59.932 0.298
8.786 0.312

'PROTECTED BUSINESS INFORMATION

Page 1

- Total
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000
100.000

100.000

*100.000
100.000
100.000
100.000
100.000
100.000

-100.000

B bl L T e e e R el el L .
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APPENDIX 6
Detailed Solubility Data for Reagent Grade As203‘

‘and Sb,0,, as well as for the Four
As,0,-rich Dust Samples
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APPENDIX 7
Detailed Electron Microprobe Analyses of the
As,O, Phase Remaining in the April 97

Composite Sample After Water Leaching at
70°C and Various Pulp Densities




- ﬁlom'l 9%

Weight percent

. PROTECTED BUSINESS INFORMATION

Composife | Fo'c

Group : CHEN

2
78.599
0.374
0.196
0.131

6
75.992
0.692
0.132
0.369

22.815

, 5 »3/(._ Solids

Sample : As203-Residue

15
71.261
1.013
0.155
0.167

27.404

17
72.131
7.445
0.134
0.127

. 20.163

. 18
73.781
1.289
0.247
0.118
0.899

23.666

- Y . W W D D P W W T D W A D D T A P W P G P D D P D L D P D R T MR W P D D D S e e e e

Element 1
As 81.826
sb 0.609
Fe 0.093
Pb 0.095
si 0.727
0 16.650
Total 100.000
Element 22
As 74.277
sb 2.069
Fe 0.270
Pb 0.234 .
si -

Q 23.150
Total 100.000
Element| Minimum
As 70.209
sb ; 0.279
Fe 0.093
Pb . -

8i -

0 16.650
Total | 100.000

No. of data 13

100.000

24
72.814
1.912
0.178
0.159
0.022
24.915

100.000°

Maximum
81.826
7.445
0.312
0.369
0.899
28.597

100.000

100.000

.37
76.944
0.279
0.150
0.030

28.597
100.000

Average
74.772
1.648
0.182
0.147
0.127
23.124

100.000

100.000

38
'70.209
1.654
0.312

27.82
100.000

Sigma
3.600
1.850
0.061
0.101
0.307

100.000

3.598

0.000

100.000

100.000

y,




- PROTECTED BUSINESS INFORMATION
April 97 Composie; 30°C, 180 q/L Solids

'wéigh:_percént - Group :»cﬁﬂn : ; Sample : As203-Residue : Page 1

. Element = - 50 53 52 .. 86 - - s7 59 62 64
" AS 77.884 - 83.331  .77.177 - 72.840 . 76.611 74.083 71.983 72.474
Sb .. 0,334 0.548 - - 0.621 0.469 0.579 0.408 1.580 0.569
Fe 0.444  ~ 0.487  0.413 ' 0.206 0.148 - 0.080 0.329 0.182
Pb 0,010 0.092 0.159 0.171 0.157 . 0.295 0.354 0.330
si ‘ - - . 0,195 0.046 . 0.612 0.186 0.208. 0.558
0 221,328 15, 542 21.435 26.268. 21.893 24.948 25.546  25.887

e e e 0 o o e o B 48 e D 00 e e e - -

Total ~ 100.000 100 000 100.000 100.000 100.000 100.000 100.000 190.000'

Element 67 f e 69 717 . 81 82 88’ 96

AS . 74,889 77,129 72,399 75.007  73.137 75.008 73.238 73.702
Shb . 0,658 0,716 1.074 0.625 0.948. . . 0.566 4,254 - 0.629
Fe. 0,268 " 0,231 ~ 0.43S 0.184 0.088 -0.119 :0.208 - 0.102
Pb Q4708 00000908 1.279 0.101 0.179 0.157 - 0.058 0.201°

-84 . 0.438 - 0.731 0.233 - - - - -

o 23,042 © 20.292 24.580  24.083 25. 648 . 24.150 22;242 .. 25.366

B T R C TR R P e R R L e T2 commesesncsccce e L R .

“Total _IO0,0QO 100.000 100.000 100.000 100. 000 '100.000 100 000' 100.000

Element 98 99 100 103 105 106 . 107 121

' AS ,,';,&73,573 74.842 76.408 72.892 75.354  75.734 75.574 578,217
Sb. . 0.128 0.122 0.1S53 1.001 1.151 0.432  70.534 0.823
Fe: . 0.114 0.120 .0.089 0,107 0.430 0.1241 0.087: 04232 .
P: g 0.075 0.170 0.407 0 007 0.245 = 0.346 0. 376 0.133
si - - - - - . Coaen
(«) 26,110 24,746 22 943 25 993 22, 820 23;347 23 429 20,615

to:al 100.000. 100.000 100 000 100.000 100 000 100 000 100.000 100.000 -

Element 122 128 126 132 137 138 147

As  73.198 ~ 75.280 72.282 74.90L 70.734  70.482  72.353

sb 1,114 0.796  0.829  1.017  0.677  0.774  1.278

Fe 0.494 ° 0.651  0.520  0.243 0.236  0.281  0.267
B 0.308  0.244 ' 0.243  0.066  0.13¢  0.123  0.428

si Tl ST Rl 9:323 242

O  24.886  23.029 26.126 23.773 28.217 28.340  25.674

Total 100 000 100. 000 100.000 100.000 100.000 100.000 100 000

Element 7M1nimum Maximum' Average Sigma

As 70.482 83.331 74.636  2.581
sb. 0.122  4.254 .0.819 - 0.720
Fe 0.080  0.651  0.255 ' 0.156
Bb 0.007  1.279 0.273 - 0.267

- TR T 0.731 0.103 0.204
.0 | 1s5.542  28.340 23.913 2.554

Total | 100 000 * 100.000 . 100. ooo 0,000
No. of data 31 :




PROTECTED BUSINESS INFORMATION

/))Dr'i) 17 Composi/, F0%c )y PS5 1/(. Solds

Weight percent Group : CHEN Sample : As203-Residue Page 1
Element 13 - 20 34 36 40 41 T 42 45
As £8.280 62.449 40.916 48.939 33.805 45.710 46.559 48,021
Sb 15.677 12.045 28.279 21.496 18.192 19.093 18.218 24.980
Fe 0.289 0.243 0.345 0.790 7.332 10.282 0.324 0.192
Pb 0.199 0.185 0.304 0.222 - 0.109 2.318 0.001
"84 - 0.848 - - . - - L. -

Q 25.555 . 24. 230 30.156 28.553 40.671 24 806 32. 581 26.806

Total 100.000 100. 000 100.000 100.000 100.000 100 000 100. 000 100.000

Element 46 Minimum Maximum Average Sigma -
As 47.673 33.808 62.449 48.039 8.474
sb 22,648 12.045 28.279 20.070 4.896
Fe 0.246 0.192 10.282 2.227 3.807
Pb - - 2.318 0.371 0.738
8i - - ' 0.848 0.054 0.283
0 29 433 24.230 40.671 29.199 s.092

'rot:a]. 100 000 | 100.000" 100.000_ 100.000 -
No. of data 9 :

a




PROTECTED BUSINESS INFORMATION .

April a7 Composite, 10°C, 1sv 4/ Solids

Weight percent Group : CHEN Sample : As203-Residue Page 1
Element 58 61 .74 110 113 114 115
As 49.962 50.305 63.050 43.690 44.946 46.965 53.193
sb 11,385 12.221 18.973 25.097 30.234 29.140 28.692
Fe 1.010 0.348 0.204 0.536 0.135 0.133 0.129
Pb 0.198 0.061 0.147 0.249 0.317. 0.175 0.170
si - . - - 0.085 0.673 0.178 0.145
o - 37.445 37.065 17.626 30.343 23.695 23.409 17.671

LA LI L LA AL ALl it bl Sttt i AL L L I Lt ittt dbtd bl bl t bttt Ll

Total. 100.000 100.000 100.000 2100.000 100.000 100.000 100.000

Element| Minimum Maximum Average Sigma

As 43.690 63.050 50.302  6.513
sb 11.385 -30.234 22.249. 6.064
Fe 0.129  1.010 0.356  0.325
Pb 0.061  0.317 0.188  0.080
si - | . 0.673  0.15¢  0.240
0 1 717.626 37.445 26.781  8.365

Total | 100.000 - 100.000 100.000 0.000
No. of data 7 .

CANNVET 2




APPENDIX 8

X-ray Diffraction Patterns of the Four Sublimation Residues
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