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PILOT MILL FLOTATION OF SERPENTINIZED PLATINUM-PALLADIUM
ORE FROM THE STILLWATER COMPLEX

By Ee Morrice, ! Jo We Walkiewicz, 2 and G Casale?®

ABSTRACT

The Bureau of Mines investigated methods for beneficiating platinum-
palladium ores from the Stillwater Complex, Montana. Results of bench-
scale and pilot-scale studies employing froth flotation to recover
sulfide concentrates containing platinum-palladium values from a ser-—
pentinized ore are presented. Best results in the pilot mill were
obtained with a sodium isobutyl xanthate—normal dodecyl mercaptan col-
lector combination at a natural pH of 8.2. A rougher concentrate con-—
taining 1.7 oz/ton Pt and 4.7 oz/ton Pd was prepared. Recoveries of
platinum and palladium were 96 pct and 86 pct, respectively. Batch
cleaner flotation of rougher concentrates yielded concentrates contain-
ing 3.7 oz/ton Pt and 9.8 oz/ton Pd.

TMetallurgist (retired).

2Metallurgist.

3student assistant,

Reno Research Center, Bureau of Mines, Reno, NV.



INTRODUCTION

The Bureau of Mines has been conducting
research on methods for beneficiating
platinum-palladium ores from the Still-
water Complex, Montana. The Stillwater
Complex contains the only known major
deposits of platinum-palladium ores in
the 48 contiguous States., Exploration by
Johns-Manville Corp. (Manville Corp.) has
resulted in the delineation of an approx-
imately stratigraphic zone (J-M Reef)
rich in platinum~ and palladium-bearing
gsulfide minerals (l).4 The zone is 1 to
3 m thick, 1is composed of anorthositic
rocks, and has been traced for 40 km.
Anaconda Minerals Co. has been exploring
a platinum-palladium deposit which is the

strike extension of the J-M Reef devel-
oped farther to the west (2). The exten—
sion, called the Howland Reef, is sheared
and serpentinized, and there are signifi-
cant differences in primary stratigraphy
between the Howland Reef and the J-M
Reef.

The Bureau has conducted flotation
studies on the anorthositic ore from the
complex but not on serpentinized ores (3-
4). This report presents the results of
a pilot mill study using xanthate-normal
dodecyl mercaptan suites in the flotation
of serpentinized ore from Anaconda's Min-
neapolis Adit on the Howland Reef.
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SAMPLE DESCRIPTION

A 20-ton bulk sample of minus 2-in ore
from the Minneapolis Adit was obtained
for pilot mill testing. Analysis of the
sample showed 0.10 oz/ton Pt, 0.32 oz/ton
Pd, 0.006 oz/ton Au, 0.03 pct Cu, and
0.06 pct Ni.

The material was serpentinized and ser-—
icitized rocks with some anorthositic
gabbro., The altered material contained
serpentine, calcite, kaolinite, chlo-
rite, and sericite. Accessory minerals

included pyrrhotite, pentlandite, pyrite,
and magnetite. The platinum-palladium
mineralization was associated with the
sulfides which made up about 1 pct of
the rock. Microscopic examination of
screened fractions of crushed ore showed
that most of the sulfides could be liber-
ated at 200 mesh. The Bond Index (é)
value for grinding the ore to minus 200
mesh was 16 kW-h/ton. Specific gravity
of the ore was 2.8,

BENCH-SCALE FLOTATION TESTS

ROUGHER FLOTATION

Bench-scale tests were made to deter-
mine the amenability of serpentinized ore
to flotation using conventional anionic
collectors for sulfide minerals. During
preliminary tests, no significant differ-
ence in rougher flotation results was ob-
tained between ores that were dry-ground

and those that were wet—ground. For
convenience, dry grinding of ore for
bench—-scale studies was chosen. Rougher

flotation tests using batches of 1,600 g

of ore which was dry-ground
minus 200 mesh (65 pct minus 325 mesh)
were made to screen collectors. Tests
were conducted in a Denver No. 12 labora-
tory flotation cell® with a stainless
steel impeller, stator, and tank. Be-
cause of the presence of acid-consuming
minerals in the ore, the flotation scheme
devised for the anorthositic platinum-
palladium (3) ore was not satisfactory
for the serﬁghtinized ore., To obtain the
desired pulp pH of 3.7 for acid cir-
cuit flotation, an excessive amount of

in stages to

4uynderlined numbers in parentheses re-
fer to items in the list of references at
the end of this report.

SReference to specific products does
not imply endorsement by the Bureau of
Mines.



sulfuric acid (92.5 1b per ton of ore)

was required.

Several xanthate and nonxanthate col-
lectors were tested at the natural pH of
8.2. Since lime was reported to act as a
depressant in floating iron sulfide min-
erals (6) and a high sulfide recovery in

the concentrate is necessary for the
recovery of platinum-palladium values,
tests employing lime were not made.
The following experimental conditions
yere used:
Amount of collector per ton
Of OTCuwin sswnnen swanenelbDes 0.2
Polypropylene glycol methyl
ether frother (Dowfroth
250) per ton of ore....lb.. 0.014
Solids content.........pct.. 36
Conditioning and flotation
time.ceeeeccecesccecscemin., 10
Natural pHocecoccccococcacss 8.2
The collectors tested were potassium
amyl, sodium amyl, and sodium isobutyl
xanthates. The nonxanthate collectors

and
are

mercaptobenzothiazole
mercaptan. Results

tested were
normal dodecyl
shown in table 1.

Pennfloat 3 produced higher grade con-
centrates than AERO 350, 355, 404, or
317, but the 355 and 317 reagents pro-
duced considerably higher recoveries.
These collectors were also evaluated to
determine the effect of the amount of
xanthate added on flotation. Except for
the amount of collector added, experimen-
tal conditions were the same as previous-
ly described. Results aire shown in table
2. AERO 350, 355, and 317 in the amounts
of 0.3 1b per ton of ore gave the best
platinum—-palladium grade. Grade was low-
er and recovery only slightly higher when
0.4 1b xanthate per ton of ore was used.

made to improve recov-
Data reported by Shaw

platinum—-bearing sul-
fide ore indicated that a combination
collector consisting of sodium i1sobutyl
xanthate and Pennfloat 3 was more effec~
tive than the individual xanthate. Tests
using 0.3 1b of AERO 350, 355, and 317
per ton of ore in combination with dif-
ferent amounts of Pennfloat 3 were made
on the serpentinized ore. Results are
given in table 3. Best results for each

Efforts were
ery and grade.
(Z) on floating a

TABLE 1. - Effect of collectors on rougher flotation

Product, | Analysis, Distribution,
Collector Product pct oz/ton pct
Pt Pd Pt Pd

Potassium amyl C 6 1.1 2.9 64 | 54
xanthate (AERO' T 94 04| .16 36 | 46
350).

Sodium amyl xan- C 8 1.1 2.6 83 63
thate (AERO! T 92 02| .12 17 | 37
355).

Sodium isobutyl C 8 1.0 | 2.5 81 65
xanthate (AERO! P 92 D21 .12 19 | 35
317).

Mercapto- C 3 1.4 1.9 42 18
benzothiazole T 97 .06 .27 58 82
(AERO! 404).

Normal dodecyl C 3 1.8 3.7 53 35
mercaptan T 97 .05 21 47 65
(Pennfloat? 3).

C Concentrate. T Tailing.

'American Cyanamide Co.

ZPennwalt Corp.



xanthate-Pennfloat suite were obtained
with 0.3 1b xanthate and 0.2 1b Pennfloat

3 per ton of ore. Dowfroth 250 wused at
0.015 1b per ton of ore gave acceptable
froths and was mnot Investigated as a
variable.

CLEANING OF ROUGHER CONCENTRATES
It is desirable
trate
values

to produce a concen-
high in platinum and palladium
and sulfur content for feed to
a matte smelter. The rougher concean-
trate from serpentinized ore flotatlon
contained approximately 1 pct S. Because
of the success in cleaning rougher con-
centrates from anorthositic ore with
water-soluble polymers as gangue depres-—
sants (3), these reagents were tested on
rougher concentrates from the serpentin-
ized ore. The rougher concentrates were
prepared by using the xanthate—Pennfloat
3 collectors. Flotation was coanducted at
16 pct solids and a natural pH of 8.2,
The amount of depressant added was 0.3 1b
per ton of rougher concentrate, Con-
ditioning and flotation times were 10
and 5 min, respectively. Results ob-
tained with a concentrate from flotation
using AERO 317-Pennfloat 3 are shown in
table 4. The amount of gangue miner-
als depressed was about 70 pct of the
weight of the rougher concentrate. The
platinum-palladium recoveries and con-
centrate grades were comparable for
tests using TDL and Minflo I depressants.
Platinum—-palladium recovery was lower
with XD-20C.

TABLE 2. — Effect of xanthate collectors
on rougher flotation
Xanthate., Analysis, | Recovery.
1t per ton of ore oz/ton pet
Pt Pd Pt Pd
AERO 350:
0c2¢c0evsvecsosee | lel 2.9 64 54
Ou3uvansvecnnonwes | La2 2.9 81 65
Debisssssnennososs | L0 b 84 68
AERO 355:
O0e2cossneniveneas | lal 2.6 83 63
Os3connssoenosene | 1ol 2,7 89 76
Oibosissscnnovoss 9 2.6 91 83
AERO 317:
0020vnesssssnnonss | 120 245 81 65
0s3cecssovsencsne | 1ol 2.7 88 75
Qelsnwosnessnvene ) 2.5 89 78
TABLE 3. - Effect of xanthate-~Pennfloat 3

collectors on rougher flotation

| Concentrate
Collector, Analysis, | Recovery,
1b per ton of ore oz/ton pct
Pt Pd Pt Pd
0.3 AERO 350 with—-—
0.1 Pennfleat 3..| 1.0 247 86 72
0.2 Pennfloat 3,.| 1.0 245 90 80
0.3 Pennfloat 3.. .8 2.1 91 81
0.3 AERO 355 with——
0.1 Pennfloat 3.. .9 2.3 93 79
0.2 Pennfloat 3.. .9 2.3 95 85
0.3 Pennfloat 3.. o7 2:0 94 87
0.3 AERO 317 with--
0.1 Pennfloat 3..| 1.0 2.5 91 79
0.2 Pennfloat 3.. .9 2.3 95 85
0.3 Pennfloat 3.. o7 1.9 95 85

TABLE 4. — Effect of depressants on cleaner flotation

Product, | Analysis, Distribution,
Depressant! pect oz/ton pct
Pt Pd Pt Pd

TDL:

Concentrate.cess 32 2.6 6.4 95 89

Tailingeeeesoses 68 .07 .39 5 11
Minflo I:

Concentrate.eess 30 2.7 6.7 94 88

Tailingeeeosoeos 70 .07 .41 6 12
XD-20C:

Concentrateesese 29 2.8 6.8 92 84

Tallingeeeeeeosss 71 .10 | .52 8 | 16

'Hercules Inc.



PILOT MILL

Three 32-h campaigns in the pilot mill
setup shown in figure 1 were run to de-
termine the effect of AERO 350-Pennfloat
3, AERO 355-Pennfloat 3, and AERO 317-
Pennfloat 3 collector combinations on
rougher flotation. These collector com-
binations had given comparable results
in the bench-scale tests. The pilot
mill was described in a previous report

Ore bin

Minus 7-mesh
feed

Underflow

Spiral
classifier

———————

Conditioning
tank

OPERATION

on flotation of anorthositic platinum-
palladium ore from the Stillwater Complex

(4). A description of the equipment used
is given in tabkle 5. In the present in-
vestigation, the mill feed  fineness of
grind, and solids content of the grinding
circuit products were the same in all
three campaigns.
L I
9
I
|
|
|
I
Makeup :
water @
Recycled |
S water |
r I Cj | |
I Water '
i | distribation |
| tank :
J

Pennfloat 3-
AERO collector

LJ Dowfroth 250

@

>

KEY
—— Forward flow
— — Return flow

@ Process stream number

FIGURE 1s - Pilot mill

Rougher @
flotation (20)
Flll
AN A
Flotation | | |
concentrate | l (:)
(9) + |
Flotation Lol
tailing \

Recycled water

Waste water

flowsheete



TABLE 5. - Equipment used in the pilot mill

Item Quantity Dimensions Description
Ore bin..,eeecunenn 1 21-ft3 capacity.......... | Mild steel.
Tube mill.sevseeene 1 16-1in diam by 48 in long. | Denver.
Classifier.ieeececss 1 6-in diam by 60 in long. Do.
spiral.
Thickeners.seeeees. 2 4-ft diam by 4 ft high... | Mild steel.
2 3-ft diam by 3 ft high... Do.
Conditioning tank.. 1 14-in diam by 25 in high. | Polyvinyl chloride.
Mixer in condition- 1 1/4 hpeeeevseenesaanasass | Lightning mixer model
ing tank. ND-1A.
Flotation cell..... 6 1.4-ft3 capacity per cell | Denver Sub A, No. 5.
Water distribution 2 3-ft diam by 3 ft high... | Mild steel.
tank.
Xanthate and Dow- 2 NAPeeeeesosssesesassaasss | Clarkson model E,
froth feeders. stainless steel.
Pennfloat 3 feeder 1 NAD:esseescasssnasossssse | Sage Instruments,
(syringe pump). model 220.
NAp Not applicable.

The 20-ton sample was minus 2 in as critical speed. Screen analyses of the
received and was dry-crushed to minus 7 feed, mill discharge, and classifier un-
mesh through a jaw crusher, cone crusher, derflow and overflow are shown in table
and rolls. The rolls were operated in 6. The solids contents of the grinding

closed circuit with a vibrating screen.
The minus 7-mesh ore was stored in 55-gal
steel drums until needed. FEach drum of
ore was sampled with a pipe sampler and
analyzed for Pt, Pd, and Au before being
dumped into the ore bin. During the
three campaigns, an average of 86 1lb of
ore per hour was fed by a short-belt con-
the tube

veyor from the ore bin into

mill. The tube mill contained a 700-1b
charge of steel balls ranging from 1 to
1-7/8 in and was operated at 82 pct of

circult products are given in table 7.

and Pennfloat 3 for each
campaign were separately metered to
the conditioning tank. Reagent dosages,
0.3 1b xanthate, 0.2 1b Pennfloat 3, and
0.015 1b Dowfroth 250 per ton of ore,
were the same as determined in the bench-
scale tests, and flotation was performed
at a natural slurry pH of 8.2. Dowfroth
250 was added to the first flotation
cell. During each 8-h shift in the three

The xanthate

TABLE 6. - Average screen analyses of grinding

circuit products

Distribution, pct
Size fractions, mesh! Tube mill Classifier
Feed Discharge | Underflow | Overflow

Minus 7 plus 10...40.. 19.4 0.0 0.0 0.0
Minus 10 plus 28...... 36.2 .4 1.1 .0
Minus 28 plus 32...... 3.9 ) .3 .0
Minus 32 plus 65...... 16.5 <9 13.2 .1
Minus 65 plus 100..... 4.5 1.7 23.1 .6
Minus 100 plus 150.... 4.0 3.3 19.0 3.1
Minus 150 plus 200.... 3.4 10.6 16.8 6.4
Minus 200 plus 325.... 3.8 18.1 7.8 21.3
Minus 325.cccecscccncs 8.3 64.5 18.7 68.5

Composite........ | 100.0 100.0 100.0 100.0
ITyler standard screen sieves.



32-h campaigns, the concentrate and tail-
ing streams were sampled and analyzed for
Pt, Pd, and Au.

TABLE 7. - Average solids content of
grinding circuit products, percent

Sample Solids conc

Tube mill discharge.ececeecececss 58
Classifier:

Feedeseossssvsserssaanconns 23

Overfloweesooscosscescccnes 22

Underfloweeccecccsccscssnss 57
Primary thickener:

OverfloWweeeeseesososassccens 2

Underflow.eceescoocscccscoss 52
Conditioning tank: Discharge

to flotation cells. 36

Figure 1 1is a flowsheet of the unit
operations used in the pilot mill. A
mass balance showing solids and water
contents of process streams during the

campaign using AERO 317-Pennfloat 3 col-
lectors is given in table 8. Streams are
identified by numbers in figure 1. The
flow rates of the pilot mill streams were

measured once during every 8-h shift.
Figure 2 shows the pilot mill during
operation.

METALLURGICAL RESULTS

Averaged metallurgical results from
each campaign are shown in tables 9, 10,
and 11. Platinum and palladium recov-
eries were approximately the same with
AERO 355 and AERO 317 collectors in
combination with Pennfloat 3. Concen-
trate grade was highest with the AERO
317-Pennfloat 3 combination. Concentrate
grade and recovery were significantly
lower with AERO 350-Pennfloat 3. Because
of the higher grade concentrate, AERO
317-Pennfloat 3 was chosen over AERO 355-
Pennfloat 3 for further investigation.

FIGURE 2. - Pilot mill operation.



TABLE 8.

— Process stream flow rates for

campaign using AERO 317-Pennfloat 3,

pounds per hour

TABLE 10.
AERO 355-Pennfloat 3

— Pilot mill flotation with

14.ouo.oo-oo-otool-o--c'ol

o5

Concen—| Tail- | Compos—
- Strear | Solids| Water t:ate ing ite
GRINDING CIRCUIT Solids....lb/h.. 6.6 79. 4| 86.0
leseesssssossonssnscssssss 86 0.9 Analysis:

2 o e ie sl o @ B 18 (M08 @) MG Wr0 0 0 8 <.l 61 Pt....oz/ton.. 1.3 0.004| 0.10

Fu oo winne o 095680 80000 o <.l |236 Pd....oz/ton.. 3.7 0 04| 0.32

B o S0 6 F RS 88 90 65 Au....0z/ton.. 0.07 C.001| 0.01

T L L LT gy 4 3 CllesesossPCLss 0.33 0.009 0.03

6 a0 65 mionerese: aoinie oin siwe inieie o6 90 301 NicsssnooDClas 0637 0.024 ] 0.05

Tisonsissvevnusosvnonsesss 86 298 Distribution,

Beossosncsssssssssssssncss 86 79 peL:

D s wmmie e e s w8 e e e 5 226 Pliso oinwmniss s 96 4 100
105 ¢ &5 vwswvewwse e s vy sees 5 7 Pdie snwnamevse 88 12 100
Ll e'e s a@e Ry 86 §9 Spae - <.1 (219 Aiemameiossens 85 15 100
L 2 0010, wocion i slialintn. o feims i o o0 fBilmurin 0 78 Clirsro s wowioisiia s 75 25 100
L3505 % @ w-oiie ae o wibiein-a wwinsereas <.l |297 N o5 oniimeosee 56 b 100

0
6

lStouo-c.oo.-oouoo'o.ooo.o
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FLOTATION CIRCUIT
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22.0000000000000s00s00cnns
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TABLE 11.
AERO 317-Pennfloat 3

- Pilot mill flotation with

TABLE 9. -- Pilot mill flotation with
AERO 350-Pennfloat 3
Concen~ | Tail- | Compos-
trate ing ite
Solids....lb/h.. 9.6 76.4 86.0
Analysis:
Pt....o0z/ton.. 0.8 0.01 | 0.10
Pde...0z/ton.. 2.4 0.06 | 0.32
Au....0z/ton.. 0.05 0.004 | 0.01
Cs wrwie o s s PCLwi o 0.16 0.006 0.02
NicesoosspCtao 0.28 0.04 0.07
Distribution,
pect:
Pticseissvesssms 91 9 100
Pdsssssesseene 83 17 100
Alinieoinesaneses 61 39 100
Cligowiw v voness 77 23 100
Nisosowasoonnne 47 53 100

At the end
ples of flotation

of each shift,
froths

15-min sam-
were taken

Concen—| Tail- | Compos—
trate ing ite

Solids....lb/h.. Sini2 80.8 86.0
Analysis:

Pt....o0z/ton.. 1.7 0.005| O0.11

Pd....oz/ton.. | 4.7 | 0.05| 0.33

Al oes02/toN.0 | 0.10 |<0,001| 0.01

Cuesesssspcta, 0.31 0.009| 0.03

NisceosssspCtas 0.45 0.030 0.06
Distribution,

pct:

Ptevesessssces 96 4 100

Pdececcococens 86 14 100

Alle s mownsssis® 95 5 100

Cleesescsncens 69 31 100

Niceooooosonos 49 51 100
simultaneously from each of the six
cells. Analytical results of the cam-
paign wusing AERO 317--Pennfloat 3 are
shown in table i2. The Pd:Pt ratio in-
creased 1in the froths from successive
cells, 1indicating® that the paltinum-

bearing minerals floated more easily than
the palladium-bearing minerais.

EXAMINATION OF ROUGHER CIRCUIT PRODUCTS

Conditioning

trate, and tailing streams

317-Pennfloat 3 campaign

tank discharge,

concen—

from the AERO

were

sampled,



and detailed analyses are given in table
13. The concentrate was 90 pct minus 325
mesh.

TABLE 12. - Froth products from flotation
cells, AERO 317-Pennfloat 3 campaign

Percentage | Analysis, | Pd:Pt
Cell of total oz/ton ratio
froth Pt Pd

lesosun saas 26 2.7 6.5 2.4
Zasesaneans 30 1.6 5.1 3.2
Fiswiwenaes 27 .8 3.2 4.0
& s opmanininfiisionm 9 .8 3.5 4.4
> 5 .6 2.9 4.8
Bsarnnnnmios 3 .6 2.9 4.8
Composite 100 1.5 4,6 3.1

TABLE 13. - Analysis of rougher
flotation products from AERO
317-Pennfloat 3 campaign

tailing from
campalgn was

A sample of rougher
the AERO 317-Pennfloat 3

screened and gave the following size
distribution, in percent:
Plus 150 meShiceeeeseeecosns 3
Minus 150 plus 200 mesh.... 9
Minus 200 plus 325 mesh.... 23
Minus 325 meSh.ieeesceeeass 65
Platinum and palladium concentrations

were uniform in all of the fractions.

TABLE 14. — Minor element content of
rougher concentrate and tailing,
AERO 317-Pennfloat 3 campaign, parts
per million

Condition— | Concen-—
ing tank trate | Talling
discharge
Analysis,
oz/ton:
Pts cuswann 0.10 1.7 0.005
Pdeveeeoan 0.36 4.7 0.050
Rhoeoeonsesns 0.004 0.046 0.002
Irws swsmae 0.002 0.031 0.001
Au.vieeens 0.010 0.10 <0.001
Analysis,
pet:
Cllie s mnaswn 0.03 0.31 0.01
Nicosonsoo 0.06 0.45 0.03
Feivieeens 4.7 6.9 4,1
Sulfide
sulfur... 0.12 1.5 0.03
Sulfate
sulfur... 0.02 0.02 0.02
$i0%2ceesss 46.2 44,9 49,0
MgOeeseseos 11.0 15.1 6.7
Al703.0000 19,0 15.2 20.4
Caleeevese 12.0 6.7 10.5
NOTE.—-< indicates value below detec—

tion limits.

In table 14, minor element contents of
concentrate from the AERO 317-Pennfloat 3
campaign are compared with those of the
tailing. The data show that the minor
element concentration levels are low-—in
most cases below the detection limits.

Element Concentrate | Tailing
ASiseavennesseneniae <20 <20
Bissssninnosassvein <6 <6
BEienonoennionsanvena <.l <.l
Bleswoasssnsmnssnsie <40 <40
Chis svvsusnvansnsnmn <50 <50
Cdeveeecescescosnnsnan <.8 <.8
COnwmacannosmiosnsinn 200 17
Cliono snvunmesaneuns 610 200
HEeosoaannessovsnss <10 <10
o 540 500
MOseoeososasescnnsnces <10 <10
Poonswsoassnnsnonens <90 <90
Bbisssasavconnoni 350 <60
Sbhssesssinnesiesese <10 <10
155 R 24 78
Teoesunwosassssmesns <40 <40
Tlavunen snunsoennns 530 310
Usssnssssosnsiinines <.5 <.5
Vesoansdesnenssssoes 35 17
I sommminmamenennies 76 <2
Zi. v v o 0 o) @ 6 o150 0 0 00, 0 <4 <4

NOTE.-—-< indicates value below detec-

tion limit.
CLEANING OF ROUGHER CONCENTRATES

A 150-1b sample of the bulk rougher
concentrate from the AERO 317-Pennfloat 3
campaign was cleaned in a bank of six pi-
lot mill cells. The rougher concentrate
slurry was pumped from a drum into the
conditioning tank. Tapwater was added to
obtain 16 pct solids, and TDL depressant
was added in the amount of 0.3 1lb per
ton rougher concentrate. TDL was chosen
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instead of Minflo I because of its great-
er solubility in water. Conditions were
the same as those used in the bench-scale
cleaner flotation tests. After the 10-
min conditioning time, the slurry was fed
by gravity into the flotation cells. The
results of the cleaner flotation test are
given in table 15. The cleaner concen-
trate had approximately twice the plati-
num and palladium contents of the rougher

PGM wvalues, preclous metal and minor
element contents are important. Detalled
analyses of the cleaner concentrate are
given 1n table 16. The sulfur content
was approximately 1.5 times that of the
rougher concentrate. Although minor ele-
ment content increased significantly,
particularly with respect to Cr, Sb, As,
Bi, and P, these amounts pose no problem
tor subsequent smelting.

concentrate. About 4 pct of the platinum
and 8 pct of the palladium values 1in TABLE 15. - Products from cleaner
the rougher concentrate remained in the flotation
cleaner tailing.
Concen- | Tail- | Compos~—
Examination of a polished section of trate ing ite
cleaner concentrate showed that the sul- Product....pct.. 44 56 100
fide minerals were pentlandite, chalcopy-  Analysis:
rite, pyrite, bornite, and galena, and Pt....oz/ton.. 3.7 0.13 1.7
that the gangue minerals were pyroxene, Pd....oz/ton.. 9.8 0.69 4.7
plagioclase, epidote, and chlorite. The Au....oz/ton.. | 0.22 0.01 0.10
platinum-palladium-bearing grains in- Cuceeceaspet.. 0.66 0.04 0.31
cluded braggite, merenskyite, vysotskite, NiiseooseDPClaw 0.86 0.13 0.45
and nickel-bearing vysotskite. All of Distribution,
the platinum-palladium mineral grains pct:
were <10 uym in diameter, and most were <4 Plucssnmesion s 96 4 100
to 5 um across. Pd:sossasnnses 92 8 100
AlLiso-srviesms-ussv 95 5 100
Because the cleaner concentrate would Clee vusvancses 93 7 100
be subsequently treated to recover the Ni..... sweinnas 84 16 100
TABLE 16. - Analysis of cleaner concentrate
Analysis, oz/ton: Analysis, ppm——Continued
Plinissosasnioassnssanssdieesias 3.7 Bieeesoesosocasonenssancaosasnnnss 510
Pdsssis ansanicvvseispnbaiensanss 9.8 Cbeeeeeneeeceonaansosscnnssases <50
Riwenmensnnnensnnanssassennsasss 0.33 Cducnmpansse B Py AP 13
Ircsane sosssss 510101818 0.06 Cosnsavessnone saasieds basssns o 460
AUssinewawues siionsioes e 0.22 Creeeecesecencoeasennsneanceaneasas 1,900
Analysis, pct: HE s miniesimomemma s nmsneo snmeisess &8 <10
CUessspsnnsnsnanssnsoaassens aoss 0.66 Milscns snnsesspmansnsts suennsn s i 760
Nissowossoswnsasnasne ivssniiesss 0.86 Mocvanaaanss P E SRR bR 55
Feuieeeseesenooanosacsasassssaas 7.3 Puovevesesccnncnancssssonsnnnsaas 354
Sulfide sulfur..... o 10 818 0016 Cop 00 2«2 PD i o 16 01 61 0 0100 10 7w ol 010 0 s a2 0 0 e 620
Sulfate sulfur..eceseecesonoassns 0.2 SDiuisiamesaeessns oma s n e s T 110
S10)ceseeessccsecnsnncecnsssssnnns 46.8 Sreieeeeracnsasananns cecssesssana 34
MEOQsonnio wasomumnssosinsssnsanis sins 20.9 TQeonuni sanmoniviosoesssvssssis oo <40
Al503 s susnnmonuncensasnnsnsasn 6.6 Tlosausmusioanions sassess seees e 640
Caleaissisinvann saenitosaavinis e 5.9 Usisassmasisinss sauvssesssansiosr $0:05
Analysis, ppm: Voaimioin o a0 o6 o 05 o oiiat &2 58 1o 16w 6181 0 06 16 (o 19
AS\y sesenwosmnosssnsens snsnmisis vas 130 L0 uiwiie om0 10 1 w000 w0 o o e e e w w0 6 6 6 08 260
Bisasoasowsnsssnmsconsss aanesss e <6 LY wivweinsisioasmssnai oesssne sesennm 170
Beeisaeeeoasaersensnoccoscscnncne 12
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SUMMARY AND CONCLUSIONS

Serpentinized platinum-palladium ore yielded a concentrate that had approxi-
from the Stillwater Complex, Montana, was mately twice the platinum and palladium
successfully floated on a pilot mill content of the rougher concentrate.
scale wusing a sodium isobutyl =xanthate- About 4 pct of the platinum and 8 pct
normal dodecyl mercaptan combination at of the palladium values remained in the
the natural pH of 8.2. Rougher flota- cleaner tailing. These data indicate
tion recovered 96 pct of the platinum that a technically feasible process for
and 86 pct of the palladium in a con- producing-a platinum—group-metal-bearing
centrate assaying 1.7 oz/ton Pt and 4.7 sulfide concentrate from serpentin-
oz/ton Pd. Cleaning the rougher concen- ized ore from the Stillwater Complex is
trate with a reagent suite containing a available.
water-soluble polymer gangue depressant
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