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SUMMARY

Laboratory investigations were made by the Bureau of Mines on ore containing
the gulfides of both mercury and antimony to develop a method or methods for the
economic recovery of mercury metal and the concurrent recovery of antimony as metal
or salts. If standard mercury-recovery techniques are applied to such ores, the
antimony content interferes with the effective production of mercury metal; further-
more, the antimony is lost.

This report presents the resulte of tests on a sample of cinnabar-stibnite ore
from the Red Devil mine near Sleitmute, Alaska. Red Devil ore was chosen for the
investigation because 1t 18 purported to be typical of ores of the Kuskokwim River
area, which, in their aggregate, constitute large potential reserves of mercury and
antimony, Studies included petrographic, spectrographic, and chemical analyses,
gravity-separation tests, bulk flotation of mercury and antimony sulfides, differ-
ential flotation, leaching, and furnacing of crude ore end of flotation concentrate.

Results of this investigastion indicate that bulk flotation of sulfides, fol-
lowed by furnacing of the flotation concentrate with a carefully regulated admission
of air, would yileld an overall recovery of more than 95 percent of the mercury in
the ore and would permit possible recovery of antimony from the furnace calcine,
Similar treatment is reported tﬁ have been employed successfully on livingstonite

ore from Guerrero, Mexico (;2)._/

Results of preliminary hydrometallurgical tests indicated that leaching of
cinnabar-stibnite ores or concentrastes with sodium sulfide solution is a potential

means of obtaining separste mercury end antimony products.
INTRODUCTION

Quicksilver has long been noted as a metal with tremendous and sudden price
fluctuations. Recent fluctuations in price have included an increase from $75 per
76-pound flask shortly before Wolrd War II to $196 per flask during that war, a
sharp drop to $70 per flask in June 1950, and an equally sharp rise to $233 per
flagk by January 1951. Since 1951 the price has maintained a high level; it has
not dropped below $180 per flask and climbed as high as $325 per flask in October

1954,

The rate of increase in consumption of quicksilver is well 1llustrated by the
following quotation from C. N, Schuette (25, p. 326).

&/ Underlined numbers in parentheses refer to citations in the bibliography at the
end of this report. Page references refer to pages in the citation and not in

this report.




In the flve pre-World War II years of 1936 through 1940, the average
annual consumption was 27,340 flasks, the peak being 35,000 flasks in
1937. 1In the five World War II years of 1941 through 1945, the average
annual consumption was 50,866 flasks, the pesk year being 1945 with a con-
sumption of 62,429 flasks. In the five post-World War IT years of 1946
through 1950, the average annual consumption was hO,th flasks, 1950 con-
sumption reaching a 49,215-flask peak.

The two factors - increased consumptlon and increaged average price - have
stimulated domestic quicksilver production and have renewed interest in the mercury
deposits of southwestern Alaska, especlally those of the Kuskokwim Basin. (See
fig. 1.) Fileld examinations, coupled with significant ore discoveries made as a
result of an exploration program at the Red Devil mine during the summer of 1955,
Indicate that the Kuskokwim area has large potential reserves of mercury ore.

In some Kuskokwim deposits cinnabar is assoclated intimately with significant
quantities of stibnite, Arsenlic minerals are present in smaller amounts. The pres-
ence of these volatile Impurities ig detrimental to economic recovery of quicksllver
by standard mercury-recovery techniques. At the Red Devil plant 1t was determined
that nearly complete oxidation of the antimony and arsenic was requlred to effect
good recovery of quicksilver. A large amount of the oxides of these impurities
therefore was collected in the condensing system. As e result of the presence of
the bulky oxide precipitate, treatment of the soot for recovery of mercury was dif-
flcult and costly.

No records of mercury losses at the Red Devil recovery plant were maintained.
It is generally estimated, however, that recovery has averaged less than TQ percent
and has been especlally poor on ores of high antimony content.

The laboratory study was conducted with a twofold purpose. Filrst, it was de-
sired to devise a method that would effect more complete and more economic extrac-
tion of mercury from the ore. Second, 1t was deemed desiraeble to determine the
feasibility of making an antimony byproduct and thus to utilize a commodity that is

wvasted by the sgtendard furnacing methods now used.

CONCENTRATTON OF MERCURY ORES

Most mercury ores are rossted directly or are retorted for recovery of the
metal without prior concentration. Recoveries are high; costs usually are nominal.
Schuette (2 . 325) reports that the New Almaden mine in Californla operated at a
profit durlng World War II on ore averaging only 3 pounds of mercury per ton.

Walter W. Bradley (1) conducted a large number of laborstory concentration
tests in 1919; he concluded that the ultimste declsion between stralght furnace re-
duction and combined concentration and reduction treatment was a matter of compara-
tive costs and comparative extractions and that usually the combined treatment had
doubtful economic velue. Under most conditions, it is probable that the cost of the
added grinding and concentrating operations is grester than the saving inherent in
rossting only a portion of the ore., For this reason, aside from a few small
operations, concentration of mercury ores never has been accepted for plant practice.

When unusual conditions exist, however, a combined treatment process deserves
consideration. In the Kuskokwim area the cost of erecting and equlpping a large
plant and the cost of fuel for roasting are major items., The possibllity exlstis,
therefore, of saving enough to offset the cost of concentration, provided the
concentration is efficient both in recovery and in ratio of concentration.
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In spite of the high specific gravity of cinnabar, gravlty methods rarely are
applicable for concentrating mercury ores. Cinngbar slimes readily; thus, consider-
able loss is involved if the slimes are discarded., Additlon of slimes to the grav-
ity concentrate results in a low-grade product containing large smounts of fine
gangue; such products are difficult to filter and dry and, in addition, usually
pregent difficulties In subsequent reduction treatment.

Laboratory work by Shaffer, Newton, and Fahrenwald (27), Rey and Brevers (23),
Wells (41), and others indicates that cinnsbar is readily amenable to flotation.
Tailings containing 0.2 to 1.0 pound of Hg per ton are not uncommon. High-grade
concentrates, amenable to reduction by retorting or roasting, usually are obtained.

FREVIOUS LABORATORY STUDIES OF RED DEVIL ORE

Early in 1947 a sample of cinnebar-stibnite ore from the Red Devil mine was
submitted to the Salt Lake City laboratories to determine a practical method of
separating the two minerals into a furnaceable mercury concentrate snd a marketeble
antimony concentrate, Unfortunately, the sample, taken from a high-grade ore lens,
wag not representative of run~of-mine ore. Nevertheless, a large number of tests
were made which resulted in the development of bulk and selective flotation tech-
nigues that served as a bhasis for the current Investigation.

The sample tested at Salt Lake City assayed 9.43 percent Hg and 16.6 percent
Sb. Cinnabar and stibnite occurred in a gangue consisting chlefly of quartz and
kaolin, with a small amount of dolomite, The gangue rock was sllicified and impreg-
neted with fine needles of pyrite. Grinding to minus-100-mesh liberated the cinna-

bar and most of the stibnite.

Gravity methods of concentration ylelded only partlsl separation of cinnsbar
and stlbnite.

A semple of the ore was ground to approximetely 65-mesh with sodium cyanide to
depress pyrite; a cinnsbar-stibnite bulk concentraste was floated with a higher zan-
thate collector. Lead acetate was used ss an activator, and an alcchol frother was
employed. The rougher concentrate was cleaned once using small additional amounts
of collector and activator. The cleaned bulk concentrate contained about one-third
of the weight of the original ore, 97.8 percent of the total mercury, and 9k4.7 per-
cent of the total antimony; it assayed 27.1 percent Hg and U7.4 percent Sb.

A selective flotetion process for making separate cinnsbar snd stibnite prod-
ucts was developed after considersble investigation. A dichromate selt and a pro-
moter (Minerec No. 194) were added to the grinding circuit. Stibnite remained de-
pressed, but the cinnabar was floated readily., Sulfuric acid end lead acetate were
added to reactivate the etibnite, and an antimony product was floated using a higher
xanthate and an alcohol frother. Each concentrate was cleaned once, Applying this
method to ore ground to approximately 80-mesh, 96.0 percent of the mercury in the
ore was recovered 1n a clnmabar concentrate that assayed 80.3 percent Hg and 1.3
percent Sb. The antimony product contained 80.7 percent of the antimony; 1t assayed
0.82 percent Hg and 62.3 percent Sb. The mercury product contained 11.6 percent of
the original welght; the antimony concentrate contalned 20.8 percent of the original

weight.




CURRENT INVESTIGATION

Scoge

Thie investigation was directed toward a general survey of possible methods of
gelective recovery of mercury and antimony rather than toward detalled study of any
one method. To this end, preliminary studles were made of mineral dressing, furnace
reduction, and hydrometallurgicael treatments. The presentation of data and the dis-
cussion of results from each type of treatment are reported separately.

Mineral-Dressing Studies

Character of the Ore

The ore for this investigation was selected carefully to obtain a sample as
nearly as possible representative of the known ore body, both as to mineralogical
and chemical content.

The material as received at the laboratory was crushed and sampled to obtain
representative fractions for petrographic, spectrographic, and chemical analyses.

Physical

The sample contains essentially quartz end sericite, with some altered feld-
spar, carbonaceous matter, and stibnite and less clnnabar and limonite, Small
amounts of chlorite, reslgar, calcite, and keolinite are present, as well as very
small amounts of gypsum, amphibole, stibiconite, and pyrite.

Cimmgbar and stibnite are associated closely with the realgar and with each
other. Some of the cinmabar occurs as Inclusions in stibnite, and some of the stib-
nite 1s included in cinnabar, The stibnite and cinnabar are essentially freed from

gangue minerals in the plus-100-mesh fraction; some of the stibnite, however, is so
fine grained that 1t remasins locked, even in the minus-200-mesh fraction.

Chemical
The chemical analysis is given in table 1,

TABLE 1. - Chemical analydis of Red Devil ore

Assay, percent
Hg 5b As Fe 5102

1.6 2.7 0.73 3.5 L5.6

A semlquantitative spectrographic analysis showed the presence and approximate
amounts of the metals listed in table 2. Any other elements, if present, are in
quantities less than the minimum detectable by the routine method employed.

TABLE 2. - Spectrographic analysis

Al [Sb[As[Be[CaJCu|Mg[Cr[Fe [Mn| N1 [SLIJTI [V |B
F lcflc |c-|{F | |E |D|F [c/|D |[E [A |E |E|E

Legend: A - over 10 percent E - 0.01 to 0.1 percent
B -5 to 10 percent F - 0.001 to 0.01 percent
o

D

- 1 to 5 percent G - less than 0.001 percent
- 0.1 to 1 percent




Preliminary Tests

Screen Anslysis

A representative portion of the ore was roll-crushed to minus-10-mesh and sub-
Jected to wet-screen analysis to determine the distribution of the mineral values in
relation to particle size using standard Tyler sleves. Results of the acreen analy-

8ls are shown in table 3.

TABLE 3. - Screen analysis

Weight~| Assay, percent | Distribution, percent
Product percent| Hg Sb Hg Sh

Plug-20-MESh seeseeccavassosnananese | 29.82 | 1.52 2.42 02.7 24,2
20/35 teneennavrecennoonsansecenanas | 19.34 [ 1.80 2,60 20,1 20.0
35/58 terieirnterrereiein it aeenens 7.32 | 1.98 2.79 8.4 7.9
BB 65 tuitiirrnneniennrerannennnneos 6.89 | 1.96 2.99 7.8 8.0
B5/100 veueresensnnnroneasesanancnns 5.46 | 1.90 2.74 6.0 5.8
100/200 4eecinntrneascnsrnsscananane 8.09 | 2.20 2.94 10.3 9.2
Minug-200-megh Sand ..eveseesovenees | 10.21 | 3.40 2.98 20.0 11.8
BliME tevnesrevvovecavcncacssevenees | 16,87 48 2.01 h.7 13.1

Calculated head sueeseasssasesssss | 100.00 | 1.7 2.6 100.0 100.0

The data in teble 4 show that mineral liberation is incomplete in the particle
slzes for which gravity processes are applicable, The digtribution of antimony in
each slze fraction parallels closely the weight of the fraction; this demonstrates
intimate association of stlbnite with other minerals throughout the entire size
range. A similar relationship exists between fraction welght and mercury content
in the material coarser than 100-mesh; this indicetes that cinmabar is libersted
only in the finer sizes. The difference in liberation of cimmabar and stibnite is
further shown by the fact that the minug-200-mesh slime contalned 13.1 percent of
the total antimony but only 4.7 percent of the total mercury.

Heavy-Liguid Test

To explore further the amenability of the ore to specifilc-gravity separation
processes, a heavy-liquid test was made. A representative portion of the ore was
roll-crushed to 10-mesh and screened gt 35-mesh., The minug-10+, plus-35-mesh ma-
terial was separated successively at specific gravities of 2.67 and 2.54 in tetra-
bromoethane. The minus-35-mesh portlon was not treated.

The results of thls test corrcborated the findings of the petrogrsphlc exsmina-
tion and the screen analysis of the ore.

Metheds of Concentration

Gravity Concentration

The posgibility remained that gravity geparation could be employed as a pre-
liminary concentration step to remove a coarse concentrate. The gravity tallings
would represent a reduced tommnage for fine grinding and gubsequent beneficiation

processes.,

A representative portion of the ore was roll-crushed to minus-l/4-inch and
screened gt 10-, 20-, 48-, 100-, and 200-mesh. The 1/4-inch to 10-mesh portion was
Jigged in a laboratory Harz-type jig. The remaining slze fractions were tabled




successively on a laboratory Wilfley table.

are shown in teble k4,

Results of the combined jig-table tests
The composite concentrate contained 16.3 percent Hg and 18.0

percent Sb, with a recovery of T0.l percent of the total mercury and 53.0 percent of

the total antimony.

This product represented only 7.5 percent of the original sam-

ple welght; no talling product obtained was low enough In mercury and antimony con-

tent to reject without further treatment.

was achieved by gravity concentration,

TABLE 4. - Jig and table test

Therefore, a negligible weight rejectlon

Weight-| Agssay, percent | Distribution, percent
Product percent | Hg Sh He Sb

Jig concentrate .....cieeverrensnonns 5.06 9.68 15.6 28.2 31.1
Teble concentrate ....... cesenaanans 2.1 | 30.2 23.0 k1,9 21.9
Jig mIdA1ING ceeeveneacncasvensenses | 12.61 .89 1.5k 6,4 7.7
Table middling eeeveeacaas Cecevs cees 3.30 1.15 445 2,2 5.8
Jig talling .eeeveceevessnsvnnecaces | 3846 43 .61 9.5 9.3
Table ta811iNg tereeeeeseecasnnsnsana | 29140 45 1.12 7.6 13.0
S1IME 4eeresonvrennsnnnsvassaceanass 8.76 .84 3.25 4.2 11,2

Calculated head ....cceesavessesss | 100,00 l.Th 2.53 100.0 100.0
Composite concentrate e..eeereceevscs 747 | 16.3 18.0 70.1 53.0
Composite middling «.eeevcesescnsenes | 15.91 9k 2.14 8.6 13.5
Composite £8iling sevseessesseenses. ) 67.86 RN .83 17.1 22.3

Bulk Flotation

The necesslty for finer grinding to unlock cinnabar and stibnite from gangue

minerals dictated the use of flotatlon techniques on Red Devil ore.

Batch tests

were made on gamples ground to minus-65- and minus-100-mesh, using varlous reagent

combinations to float a bulk sulfide concentrate.

The best procedure was determined

to be grinding with sodium cyanide to essentially minus-65-mesh, conditioning with
lead acetate, and rougher floating with American Cysnemid Reasgent 301 and Frother 63.

The rougher concentrate was cleaned once.

Employing this procedure, a locked test

was made on 15 one-kilogram samples; cleaner tallings were added to the next succes-

8ive rougher pulp.

Results are shown in table 5.

The bulk cinnabar-stibnite concen-

trate contained 23.4 percent Hg and 30.7 percent Sb, with a recovery of 96.9 percent
of the total mercury and 76.1 percent of the total antimony in the ore.
65-mesh grind, approximetely 20 percent of the antimony remains locked with gangue

minerals.

Even with a

More than 93 percent of the total weight of the ore was rejected as tailing;
only 6.32 percent would require furnacing or retorting for the production of mercury

metal,
TABLE 5. - Locked flotation test
Metallurgical data
Weight- | Assay, percent | Distribution, percent
Product percent | Hg Sb Hg Sh

Cleaner concentrate e.eosee.. AP 6.32 | 23.4 30.7 96.9 76.1
Rougher t811ing ..eeeeeeersorcceeses | 93.68 0.05 0,65 3.1 23.9

Calculated head ....ovsesssasessa. | 100,00 1.53 2.55 100.0 | 100.0




TABLE 5, -~ Locked flotation test {Con.)

Operating data

‘ Time, Pb Reagent | Frother
Circuit min, | pH | NaCN | acetate 301 63
Grind c.covevevncnecans teeveserrsanenan 1.0 - - -
Conditioner .ieseevessanenancsnovernsas 5 - 1.5 0.2 0.08
ROUZHET vueeeacommovsanssaasnasorsssans 7 6.0 - - .2 - !
CleENer ccesevarvsscassuvsascoenoscansanns 3 - - - -
TObBl sececevesuensornonuuoevsvnanvns 1.0 1.5 o .08

Selective Flotation

A long serles of tests was run in the attempt to produce separate mercury and
antimony flotaticn concentrates. No results approached those obtained by the Salt
Lake lasboratory from the high-grade sample tested there. The dichromate depressant
technique developed by the Salt Lake staff, however, appeared to be superior to any
other method investigated, although the required consumption of sodium dichromate
was excessively high for treatment of the lower grade materlal.

The best selective flotation results were obtained by grinding minus-10-mesh
ore with sodium dichromate and promoter; a rougher mercury concentrate was floated

and was cleaned twice, The mercury rougher tailing was reground, and an antimony
concentrate was floated in an acld circuit. The antimony product was cleaned twice.

Like cleaner tallings were combined for assay. Results are summarized in table 6.

TABLE 6, - Selective flotation, Red Devil ore

Metallurgical data

Weight- [ Assay, percent |Distribution, percent
Product percent Hg Sb He Sb
Hg cleaner CONC. wavssanssunsnsnssen 1.10] 78.72 2.3 62.2 1.0
Hg cleaner tB1liNgS ..veeuscecascens 5.72 6.09 | 13.4 25.0 30.0
Sb Cleaner CONC. sescesensvsovsssnsacs 1.72 5.54% | k9.4 6.8 33.3
Sb cleaner tailings ce.esescesnnsees 5.02| 1.2% | k.5 bk 8.9
RoUGHET tE1140ES seenvnareemnaseeens | 86,0 | 1/0.05 | 0.79 1.6 | 26.8
Calculated hegds seevevevarocessss | 100.00 | 1.4 2.6 100.0 | 100.0
Calculated Hg rougher CONC. seesscss 6.82| 17.8 11.6 87.2 31.0
Operating data
Time, b Coli§7tor Colle7tor L
Circult min. | pE |NapCrpO7 | HoSOL acetate 23 Frother_/ :
Grind asiseee 10 6.0 0.12
Hg rougher .. L 18.5 6.0 0.08
Hg cleaner 1. b 3.0 .
Hg cleaner 2. 3 6.0 Ok
Regring ..c.s 5
Sb rougher .. 5 |+.9 2.0 0.3 0.15 Ok
Sb c¢leaner 1, 3 04
Sb cleaner 2. 3 Ok
Total .eess 21.0 2.0 0.3 0,12 0.15 0.24

1/ TLess than.

g/ Collector 1 - Minerec 27.

%/ Collector 2 -~ American Cysnaemild reagent 301,
/ Frother - Dowfroth 250.




Discusgion

By selective flotation, 87.2 percent of the total mercury was recovered in a
rougher concentrate that assayed 17.8 percent Hg snd 11.6 percent Sb, Cleaning im-
proved the grade to 78.72 percent Hg and 2.3 percent Sb, but with a sharp decreasse
in mercury recovery; only 62.2 percent of the total mercury was recovered In the
cleaner concentrate. A recovery of 33.3 percent of the total antimony was made with
a grade of 9.k percent Sb and 5.54 percent Hz.

In no test was selectivity sharp enough to allow production of an antimony con-
centrate low in mercury content; 10 to 20 percent of the mercury reported in the
antimony products. Thus, as both the mercury and antimony fractions would require
further treatment to yleld end products, 1t was concluded that applicstion of selec-
tive flotation to Red Devil ore ls not promlsing.

Furnace~-Reduction Studies

Experimental Procedure

Experiments were made on crude ore and on bulk flotation concentrate to vola-
tilize the clnnabar and to retain the stibnite in the furnace calcine. A laboratory
horizontal-tube furnace was employed for this work. Charges were heated without
rabbling in 10-gram alundum boata. Alr was regulated by applying suction to one
end of the furnace tube. Extraction calculations were based solely on weight and
analysic of the residue after calcining; no attempt was made to collect the furnace
fume., The limitation of charge size coupled with accuracy limitation of analyses,
yielded errstic resultas, The trend of recoveries, however, wase Indicative enough
to make general concluslons.

Results

Excess Alr

For the purpose of studying the results that would be obtalned by standard
mercury-recovery methods, a series of tests was run with a plentiful supply of air
to oxidize the cinnsbar and to remove the mercury as volatilized metal. Results on
both crude ore and concentrate indiceted mercury extractions of 98 to nearly 100
percent, but the results also demonstrated that this method of roasting converted
25 to 50 percent of the antimony to antlmony oxide. These laboratory results agreed
with the results obtained at the Red Devil plant, where considerable trouble was ex-
perienced with large smounts of antimony oxides entering the condensing system with
the volatilized mercury.

Limited Air

A Beries of tests was run to determine the effect of limited air admisslon to
the furnace, It was found that oxidstion of antimony could be minimized by regulat-
ing the air supply. The bulk of the mercury was removed as volatilized cinnabar,
which would require treatment in an oxldizing atmosphere to yleld mercury metal.

Results of numerous tests, conducted on bulk concentrate between 4500 and
6500 C., showed consistent mercury extractions of 99.9 percent, with a retention
of 83 to 93 percent of the antimony in the calcine. A similsr series of tests on
minus-10-mesh crude ore showed extractions of more than 98.5 percent of the mercury
and & retention of 80 to 90 percent of the antimony. Within the 450° to 650° C.
range the temperature of reduction did not appear to be a significant factor.
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The results of the furnacing tests indicate that, with more precise control of
air supply than was posaible with the equipment used, a nearly complete separation
of mercury and antimony can be made.

Discussion

The results of the laboratory-scale furnecing tests on bulk flotation concen-
trate suggest the possibility of applying a recovery method described by H, B,
Menardi (15). Menardi's small plant at E1 Segundo, Calif., was used to produce
separate mercury and antimony products from livingstonite (HgS. 28bpS3 ) flotation
concentrates from the Hultzuco deposit, Guerrero, Mexico (26). The concentrate was
heated in a concurrently fired rotary kiln with careful regulation of air to produce
volatilized cinnabar and to prevent excesslve oxidation of stibnite., The volatil-
ized clnnabar was oxidized in a combustion chamber to produce mercury vapor, which
was condensed to obtaln metallic mercury. The stibnite-rich calcine was smelted and
refined to produce antimony metal. Roasting of c¢lnnabar ores in concurrently fired
furnaces hag been Inveatigated further and has been employed successfully on a large
gcale by the Bradley Mining Co. at its Reed and Sulfur Bank propertles (;&).

Asguming that controlled sir-furnace treetment would glve selective extractions
equal to those indicated by the laboratory tests and assuming that plent flotation
would yleld recoveries equivalent to laboratory flotation tests, en overall recovery
of 97 percent of the mercury end 68 percent of the antimony could be expected from
combined flotatilon-furnacing treatment of Red Devil ore.

Further investigation and detalled study, preferably on a small, continuous
scale, would be required, however, to prove the practicabllity end economic feami-
bility of applylng Menardl's process, or modification thereof, to Red Devil

concentrate,

Hydrometallurglcsl Studies

Library Research

A gurvey of the literature revealed no mentlon of previous application of the
hydrometellurgical methods to ores containing both mercury and antimony. Leaching
methods have been employed, however, on ores of each metal.

In one instance, mercury was recovered from smalgasmation teilinga by leaching
in a polution of godium sulfide and sodium hydroxide. This process was described by
Thornhill (34). Experimental work using the process on mercury ores was done by
Bradley (1). Concerning antimony, Ven Arsdale (36, p. 29) states that:

Stibnite is soluble in alkall sulfides or hydroxides, and a pure
sntimony sulfide can be recovered from the resulting solutions by pre-
cipitation with carbon dioxide or sulfur dioxlide. The method has yet

to be tested on a plent scale,

Mercurlc sulfide is reported to be insoluble in caustic soda and potash solu-
tions but readily soluble in sodium or potassium sulfide to form e complex thio-
compound that 1s completely hydrolyzed into mercuric sulfide by dilution with water

(35, p. 119).
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Leaching

For this investigation the initial laborstory leaching tests were made on syn-
thetic 1-to-1 mixtures of pure cimmabar and stibnite, A bulk flotation concentrate
that contalned 23.4 percent Hg and 30.7 percent Sb was used for a subsequent series
of tests, Lixiviants were sodium sulflde and sodium hydroxide, used separately and
in mixtures of both; one cursory test was performed in which concentrated hydro-

chloric acld was the lixlviant.

Ten-gram samples were leached at atmospheric pressure with various concentra-
tions of leaching sgent. Other variables were temperature of the pulp, welght ratio
of lixiviant to charge, and duration of leach. The pulps were agitated continuously
during the leaching cycles by an electric stirrer. After digestlon the slurries
were filtered on a suction filter. The residues were washed and dried; residues asnd
filtrates were submitted for chemical analysis., All leaching tests were single-

stage.

Results

Data obteined from leaching tests on cimmabar-stibnlte mixtures are shown in
table 7.

TABLE 7. - Leaching tests on 1:1 cinnaber-stibnite mixtures

Extraction,
Time, Strength, Quantity, | Temp.,| percent of total
min, Liziviant percent ml. oC., Heg Sb
10 NaOH 5 600 20 1.8 91.7
10 NagS -5Hp0 3 400 20 1.0 9743
NanS «5H,0 2
10 <Nag§ SHa (1 400 20 1.0 97.1
10 NaOH 3 400 20 1.0 86.5
NooS «5H20 1
10 ( NeOH ( - 400 20 1.0 96.7
15 NaOH 5 600 20 1.8 88.4
20 NaOH 5 600 20 1.8 89.6
10 NaOH 10 600 20 15,2 75.9
15 NaOH 10 600 20 7.8 86.1
20 NaOH 10 600 20 11.7 94 .6
15 Nas8 «SH0 5 600 20 4.5 97.4
20 NaoS *5H20 5 600 20 5.3 93.5
10 NapS «5HpO 10 600 20 99.9 87.3
20 NapS *5Ho0 10 600 20 99.9 86.8
35 NapS «5H-0 10 600 20 | 99.6 89.7
180 HCIL Concentrated 600 20 1.0 99.4

Sodium hydroxide and sodium sulfide, in concentrations of 5 percent or less,
both dissolve antimony selectively from mixtures of pure cimnnabar and stibnite;
godium sulfide was slightly more effective than sodium hydroxide. At 3-percent
concentrations mixed sodium sulfide-sodium hydroxide leach solutions gave results
similar to those obtained with sodium sulfide alone under similar conditions. Ten-
percent solutions of sodium hydroxide dissolved 7 to 15 percent of the mercury;
gimilar concentration of sodium sulfide effected nearly complete solution of the

mercury,
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One cursory test was made in whilch a mixture of the pure sulfides was leached
in concentrated hydrochloric acld. The concentrated acid dissolved approximately 99
percent of the total antimony and only 1 percent of the total mercury. This method
was not pursued further because concentrated hydrochloric acid would be difficult to
handle in a leaching plant. Continued Improvements in corrosion-resistant equipment,
however, might make this of more than academic interest 1n the future.

The facts that elevated temperatures were not required for dissolution of the
stibnite and that only weak solutions and a relatively short contact time were neces-
sary indicated that the process warranted further study. Therefore tests were initi-
ated on the bulk flotation concentrate. Table 8 shows the results obtained.

TABLE 8. - Leach tests on bulk flotation concentrate

Extraction,
Time, Strength, | Quantity, |Temp.,| percent of total
min, | Lixiviant | percent ml. °c, Hg Sh
5 | NapS«5Hp0 3 100 20 5.8 18.1
10 | NanS «5H20 3 Loo 20 3.9 59 .4
15 | NapS +5H20 3 koo 20 7.2 56.5
60 | NapS «5H20 3 Loo 20 Lo 81.0
5 | NaoS «5Ho0 5 Loo 20 b1 63.6
10 | NapS+5Hp0 5 Loo 20 6.k 81.5
15 | NaoS -5Hp0 5 koo 20 6.2 T7.1 -
60 | NapS «5H20 5 Loo 20 5.9 9k.3
5 | NapS +5Ho0 5 400 60 7.1 86.9
10 | NapS -5H00 5 Loo 60 5.9 87.8
15 | NanS +5Ho0 5 Loo 60 9.8 83.1
60 | NaoS «5HS0 5 koo 60 12.3 95.5
5 | NapS +5H-0 10 Loo 20 16.8 92.7
10 | NapS «5Ho0 10 koo 20 16.2 90.9
15 | NapS«5Ho0 10 koo 20 18.0 81.9
60 | Nep8 -5Ho0 10 Loo 20 30.5 95.9
165 | NaOH 6 200 20 38.6 k9.9
165 | NaOH 8 200 20 36.9 61.0
165 | NaOH 10 200 20 58.2 80.7
360 | NaOH 4 100 20 b 31.3
1,140 | NaOH b 200 20 35.5 30.9
165 | NaOH 6 200 70 27,7 40.5
165 | NaOH 10 200 70 hs5.7 73.9
165 | NaQH 6 200 80 59.0 60.1
15 | NaOH 4 200 99 8.3 93.4
15 | NaOH 6 200 99 13.5 96.3
15 | NaOH 8 200 99 28.1 96.9
15 | NaOH 10 200 99 36.7 95,1

Table 8 shows that greater difficulty was experienced with both sodlum sulfide
and sodlium hydroxide in obiaining selective extractions of the stibnite from the
bulk flotation concentrate than from synthetic mixtures. Sodium sulfide was defi-
nitely superior to sodium hydroxide as a differential leaching sgent for the flota-
tion concentrate. With a 60-minute contact time in & S5-percent sodium sulfide
solution at room temperature, approximately 6 percent of the total mercury and gL
percent of the total antimony were dissolved. The most effective leacning condi-
tions, using sodium hydroxide, were a 15-minute contact time in a 4%-percent solution
et the bolling point. Under these conditions approximately 8 percent of the total
mercury and 93 percent of the total antimony were dissolved.
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Precipitation

The following chemical reactions are believed to be involved in leaching cinna-
bar and stibnite with sodium sulfide:

Sbes 3+3Na 25 % 2Na 3SbS 3
HgS+NapS ——» NaoHgS,
NagHgS +Hp0 Z—== NaOB+NaSH+HgS{

In & dilute solutlon of sodium sulfide both the cimmabar and stibnite are dis-
solved to form soluble thio-compounds; the mercury thio-compound, however, is hydro-
lyzed immedlately to & mercuric sulfide precipitate. The mercury sulfide 1s removed
by filtration; the antimony-pregnant solution reportedly can be treated with carbon
dioxide or sulfur dioxide to recover a purified antimony sulfide (35). Zinc, lead,
tin, and other metals are reported to precipltate metallic antimony from solutions
of antimony compounds (35). This presents an alternate method of recovery if metal-
lic antimony, rather than the sulfide, should be an economically preferable
commodity.

Discugsion

This investigation has shown on a laboratory scale that leaching of cinnabar-
stibnite ores with sodium sulfide is a potential means of producing separate mercury
and antimony concentrates.

The limited scope of this Investigation did not permit study of the precipita-
tion of antimony from the leach solutions, although several possibilities have been
guggested. No attempt was made to investigate regeneration of the lixiviant, al-
though regeneration would be desirable economlcally. The pregnant leaching solu-
tions contain sodium hydrosulfide and sodium hydroxide in addition to the antimony
thio~compound. Tt appears within the realm of possibility that sodium sulfide for
recycling in the process could be obtained from the hydrosulfide and hydroxide.
Further work would be necessary to test the validity of these assumptions.
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