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The first commercial nickel sulphide orebody in Brazil is described 
together with a mineralogical assessment of the ore. Potential 
routes for the treatment of sulphide ore are discussed and the 
problems encountered in bench and pilot scale testing due to 
oxidation and alteration of pentlandite, ore dilution, etc are 
examined. 

Conclusions from a feasibility study are given and a 450000 TPY 
concentrator is described with projected capital and opetating 
costs. 
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BENEFICIATION OF A BRAZILIAN NICKEL ORE 

John Young Clark João Alves Sampaio 

Introduction 

Discovery in 1983 by BP Mineração of the Fortaleza 

de Minas deposit near Passos in southern Minas Gerais marked 

the first instance of a commercially sized sulphide nickel 

deposit in Brazil. Lying some 6 KMS NW of the well known 

Morro do Niquel laterite deposit the Fortaleza de Minas 

orebody extends for some 1.7 km with an average thickeness 

of 3m. current reserves are estimated at 5.3m tonnes of 2.6% 

Ni with 0.5% cu, 8.7%S plus cobalt and PGM. 

Mineralogy 

The deposit occurs in a greenstone formation of 

Archaean origin and consists of three distinct layers. On 

surface there is a gossan which has been extensively 

leached but still contains 0.7% cu, 0.6% Ni plus anomalously 

high Pt - Pd values. While this surface anomaly led to the 

discovery of the orebody, it is not at present considered to 

be of commercial value. The base metals are present as 

oxides and silicates in the gossan. At a depth of 40m there 

is a transition zone of highly oxidised and altered nickel 

sulphides which extends for some 10 metres. Most of the 

nickel is in the form of violarite (Fe Ni 2 s 4 ) and while the 

zone is of high grade at 4% Ni with good copper and PGM 
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values due to secondary enrichment from the gossan zone, the 

flotation metallurgy is relatively poor with about 70% 

nickel recovery. Below the 10 metre transition zone, 

pentlandite (Fe Ni) 9 s8 rapidly becomes the dominant nickel 

sulphide, although some alteration to violarite persists to 

a depth of 50 metres. The degree of interlocking between 

pentlandite and pyrrhotite also becomes gradually less 

pronounced with depth, and the quality of pentlandite 

concentrates produced by differential flotation increases 

with ore depth. 

Treatment Routes 

Bulk flotation of all sulphides followed by 

partial roasting and matte smelting is the conventional 

route for pentlanditej pyrrhotite ores. This ensures maximum 

sulphur recovery to acid production and a final product 

which can be refined to recover PGM plus cobalt as well as 

nickel and copper. As an alternative, differential flotation 

usually at a soda-ash-controlled pH around 9 can give a 

relatively clean pentlandite concentrate (15%Ni) with about 

60% nickel recovery near the top of the mine increasing to 

80% with depth. This concentrate would be readily saleable 

while residual pyrrhotite can be recovered by reducing the 

pH to neutral with sulphuric acid and refloating with 

xanthate. The resultant pyrrhotite concentrate contains some 

60% of the remaining nickel at a grade of 28-30% S. 
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Dead roasting of the pyrrhotite concentrate for 

sulphur recovery and acid production would be relatively 

easy. It could be possible to achieve some revenue by sale 

of the residual nickel content of the pyrrhotite calcine for 

ferro-nickel production or from leaching of the calcine. 

Commercial considerations such as the high 

sulphuric acid demand in Brazil and optimization of local 

tax and incentive packages made the bulk flotation route 

followed by matte smelting and refining the most attractive 

scheme. 

Testwork 

Testwork on both bench and pilot plant scale was 

carried out at the Centro de Technologia Mineral (CETEM) in 

Rio de Janeiro by CETEM and BP personnel. 

The basic metallurgical testwork requirements were 

as follows: 

1) Determine the grind size at which liberation of 

the valuable minerals is such that adequate recoveries can 

be made. 

2) Determine a flotation schedule which will 

recover these values at an acceptable grade for subsequent 

processing. 

3) Check auxiliary processing (crushing, 

thickening, filtration etc) and combine all requirements 
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into the simplest circuit available having the lowest 

capital and operating cost. 

Crushing 

All material received was hard and sharp with no 

problems from clays or decomposed rocks. Since the grinding 

work index (Bond) was relatively high at 17.5 KWHj Tonne and 

because autogeneous grinding could not be considered due to 

the lack of a bulk sample, it appeared that the most cost 

efficient process would be fine crushing followed by single 

stage grinding for a 1440 TPD operation. The 110 mm core 

supplied for pilot plant testing broke readi1y in both jaw 

and cone crusher into fair1y cubical rather thai1 slabby 

pieces and showed no tendency at all to pack the cone 

crusher or blind the screen. Three stage crushing to 100% 

minus 10mm was selected as a trouble-free process. 

Grinding 

A series of grinding and flotation tests was 

carried out to determine optimum grind. Early 

work showed that a laboratory standard grind 

minutes corresponding to a grinding product 

laboratory 

of 17 1 /2 

PBO of 120 

microns gave maximum recovery of nickel and sulphur from a 

standard laboratory test. While coarser grinds than this 

exhibited lower recoveries, finer grinds confirmed the 

maximum recovery levels (around 90% for all sulphides) but 

indicated that substantial improvements in final product 

grade could be achieved with finer primary grinds, this 
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being especially true for sulphur grades. This aspect was 

optimised by accepting a primary grind of 120 microns for 

rougher flotation and regrinding the rougher concentrate, 

some 40% of the total feed, to a PSO of about 70 microns 

prior to cleaning flotation. Further grinding tests 

investigated the economics of using two stages of grinding 

e.g. rod mill followed by ball mill with an intermediate 

unit cell flotation to remove liberated sulphides as early 

as possible. Repeated tests surprisingly showed no overall 

differences in recovery by using this approach, so the 

simple one stage grinding circuit was adopted. Testwork on 
' 

regrinding flotation tailings to scavenge the last of the 

locked nickel and sulphur indicated only a 3% improvement in 

recovery while doubling the capacity and cost of the 

grinding circuit. 

Flotation 

Bulk sulphide flotation was quite straight 

forward. 

Requirements were: 

1) Flotation of all sulphide minerals (pentlandite, 

chalcopyrite and pyrrhotite along with minor cobalt and PGM 

values) . 

2) Obtain a grade of sulphide concentrate suitable 

for fluid bed roasting. A design specification of 26.5% S 

for autogeneous roasting of filter cake has been used 
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although flexibility in roaster design will permit the 

acceptance of considerably lower grade concentrates. 

3) ｍｩｮｩｾｾ｡＠ deleterious gangue in the concentrate 

(notably MgO) . 

It was initially found that a route involving 

ｴｲ･ｾｴｭ･ｮｴ＠ with 500g/T Finnfix 300 (a carboxymethylcellulose 

derivate widely used in nickel sulphide flotation) followed 

by conditioning and subsequent flotation with 200g/T 

Potassium Amyl Xanthate as collector plus 50g/T Dowfroth 250 

as a frother produced acceptable results (plus 85% Ni 

recovery) for all the drill cores treated except the 

transi tion zone material. Minor improvements in recovery 

were obtained by adjusting pH to around 6.6 with sulphuric 

acid to activate pyrrhotite especially. The sarne effect was 

obtained by adding about lOOg/T of copper sulphate but this 

is obviously a more expensive method. Pilot plant testing of 

this schedule at a pH at 6.6 with acid using a single stage 

of cleaning gave the following result: 

Concentra te 

Tailing 

Head 

Assays% 

Wt% Ni cu s 

35.1 7.97 1.62 26.54 

64.9 0.52 0.08 0.92 

Distribution 

Ni cu s 

89.2 91.7 94.0 

10.8 8.3 6.0 

100.0 3.14 0.62 9.91 100.0 100.0 100.0 

This produced a very acceptable concentrate with 

high recoveries albeit from an ore sample from the top 100m 
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of orebody considerably richer in grade than the overall 

orebody grade of 2.6% Ni, 8.7% S. Gradejrecovery 

relationships were established which predicted treatment 

responses of : 

% Ni Recovery = 106.22 - 2.29 concentrate grade %. 

% S Recovery = 110.75 - 0.729 concentrate grade %. 

Further laboratory testwork was undertaken to 

study the effect of oxidation due to stockpiling and also 

the effects of local water and of hangingwall and footwall 

dilution of the ore. Oxidation of fine material by exposure 

to moisture and heat for more than three months can be quite 

pronounced and solubilization of nickel up to 3 or even 4% 

of the head value has been shown to occur in the finest size 

ranges. Oxidized material is also slower to float and 

requires higher reagent levels than fresh ore. An allowance 

of a 5% drop in nickel recovery for ores scheduled to stay 

on the surface stockpile during initial mine development has 

been made. Similarly, the local Rio São João water, which is 

relativelY' hard, shows a slight depressing effect on bulk 

sulphide flotation but this will be minimized by adding 

sulphuric acid to the flotation circuit. 

The footwall consists primarily of chert and the 

hanging wall is serpentinite. While footwall dilution showed 

no effect on metallurgy, hangingwall materials have a 

tendency to lower concentrate grades by dilution with tale. 
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Based on these considerations a grade-recovery relationship 

of : 

Ni ｒ ･｣ｌＮｾ ｾｙ＠ 117.3 - 5.0 Ni concentrate grade% 

was adopted as the base case for estimating the smelter feed 

schedule. 

Minor and Precious metals 

Cobalt is present in the ore as a sulphide with a 

head value of 600 ppm. Cobalt flotation closely followed 

nickel recovery, averaging only 2% less than nickel recovery 

in bulk concentrate. A typical cobalt grade of bulk 

concentrate was O .18 %. The precious metals are all 

represented in the ore and while levels are low and erratic 

due to surprisingly coarse mineralization the recovery to 

bulk concentrate was consistent at 0.35 grams Pt, 0.35 grams 

Pd, plus O. 07 grams Au per ton of ore together wi th 1. 3 

grams of Ag plus small amounts of Ir, Os and Rh. Matte will 

contain 30 ppm of PGM plus Au. 

On the basis of this testwork a concentrator was 

designed to treat 60 Tonnesj hour of ore on a continuous 

basis, ( 4 50, 000 Tonnesj year) wi th crushing on two shifts. 

The flowsheet is shown and has the following specifications. 

Ore is received from the mine at minus 150mm via a 

914mm conveyor i nto a 500 Tonne capacity concrete silo which 

acts as a feed surge bin. A metal detector and magnetic 

separator remove tramp metal. When this bin is full the mine 

ｾ＠
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product will be transferred to a 150 Tonne pocket adjacent 

to the silo by means of a tripper. This pocket is primarily 

for day shift waste mine rock removal and is serviced by a 

truck. On occasions when ore is diverted to the pocket a 

truck will dump this on the nearby stockpile from where it 

will be reclaimed by front end loader. Ore will be pulled 

from the silo at a constant rate of 120 Tonnesjhour by a 

1524mm x 762mm vibrating feeder and delivered by a short 

914mm conveyor to a 1676mm standard crusher with a 150 KW 

motor. Closed side setting of the crusher will be 22mm. 

Since no sticky fines are expected, there will be no feed 

screening ahead of the crusher. The crusher product falls on 

to a 914mm conveyor which feeds the 2134mm x 426Bmm 

vibrating screen with a 10mm screen cloth. Screen undersize 

falls on to a 914mm conveyor which feeds the 500 Tonne truck 

transfer bin. Screen oversize is carried by a 914mm conveyor 

to the 200 Tonne surge bin feeding the 1676mm short head 

crusher which has a 150KW motor. Closed side setting of this 

crusher will be Bmm. The crusher will be choke fed via a 

hydrauli((ally operated gate discharge and chute. Underflow 

from the crusher will drop to the 914mm conveyor feeding the 

screen. A recording weightometer on the truck bin feed 

conveyor will measure the crusher output. ｃｾｵｳｨ･ｲ＠ production 

will be on two shifts a day to coincide with mine 

production. A third crew (2 persons) will be available for 

clean-up, minor maintenance and crushing duties as required. 
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Trucks will carry crushed ore down to feed the mill fine ore 

bin via a hopper and 914mm conveyor. 

Ore is drawn from the 2000 Tonne bin via two 762mm 

chute feeders and fed on to a 914mm conveyor feeding the 

primary mill. The conveyor has a variable speed motor 

controlled from the recording weightometer which operates on 

a fixed set point. 

Dilution water is added to the mill via a 

flowmeter to maintain a mill operating density of 78% 

solids. The mill is a spout-fed wet overflow mill 3. 81m 

diameter x 5.33m long, driven by a 1120 KW synchronous motor 

through an air c lutch. The mill discharges through a 

protective trommel screen into a sump feeding a 254 x 203 

pump leading and to a nest of 3 x 508mm cyclones, 2 

operating and 1 standby. Cyc lone underflow feeds the mill 

while the overflow g rav i tates through an aut.omatic sampler 

to the flotation circuit scavenger concentrate sump from 

where it is pumpe d to the flotation feed box by a 203 x 152 

pump. 

Bulk flotati on takes place in six cells of 16m3 , 

e ach powered by a 30 KW motor and receiving air at 20 KPa 

from a 7 5 KW blower. Flotation reagents are added as 

follows: 

- carboxymethylcellulose, 200g/ T to the grinding circuit 

if required. 
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- Potassium Amyl Xanthate and Flotanol 14 Frother, 

200gjTonne and 50g/Tonne respectively to the flotation 

feed box. 

- Sulphuric acid as required to maintain a pH of 6.8, at 

the beginning of flotation. 

The concentrate launders are arranged with double 

troughs so that any of the final 3 cell's concentrates can 

be diverted to the rougher sump or to the scavenger sump 

depending on process requirements. Rougher concentrates are 

pumped through a nest of 3 x 254mm cyclones with the 

underflow in closed circuit with a 1892 x 2438mm regrind 

ball mill of 95 KW designed to reduce the P80 of the final 

concentrate to 70 microns. The cyclone overflow flows to a 

cleaner bank of three cells similar to the rougher cells. A 

final concentrate is floated from the cleaners and a cleaner 

tailing is gravitated to the scavenger sump for return to 

the head of the rougher circuit. The reagents Potassium Amyl 

Xanthate and Flotanol D - 14 are added to the head of the 

cleaner bank at the rate of 20g/Tonne and 10gjTonne 

respectively. Cleaned concentrate is pumped through an 

automatic sampler to a 15.3m diameter thickener where it is 

thickened to around 60% solids and then pumped by a 76 x 

76mm pump to the roaster feed holding tanks. A large (20000 

m3 ) concentrate holding pond is provided for surges in 

production, thickener dumping, roaster downtime etc. 

Concentrate thickener overflow is pumped back to the 500m3 



3 84 

mill water tank. Flocculant addition to the concentrate 

thickener can be made if required. 

The plant final tailings gravitate through an 

automatic sample cutter and are pumped to the head of the 

tailings valley after being conditioned for 10 minutes with 

some 2kg/T lime raising the pH to 8.5 and precipitating all 

heavy metal io"ns. 

Standby pumps will be sited on all sumps. Vertical 

clean-up pumps for mill, flotation and concentrates sections 

will be provided. 

The Operating Cost is estimated as follows: 

Item 

Grinding Balls 
Grinding Liners 
Crushing Liners 
P.A.X 
Flotanol - o 
Labour 
Maintenance 
Water 
Power 
Contingency 
Total cost per Tonne milled 

Consumption 

1. 3kg/T 
0.2 kg/T 
O. 06kg/T 
200g/T 

50g/T 
53 persons 

5% ｭ｡｣ｾｩｮ･ｲｹ＠ cost 
1. 7m /T 

26 KWH/T 
7% 

$/Tonne 

1. 70 
0.50 
0.24 
0.36 
0.08 
0.95 
0.40 
0.05 
0.52 
0.34 
5 . 14 

As part of the feasibility study the concentrator 

detailed design and equipment costing were carried out by 

Natron Engenharia Ltda of Rio de Janeiro. The installed 

capital cost of the concentrator complete with tailings dam 

and all service facilities was estimated at US$ 8.5 million. 
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KEY TO FLOWSHEET 

1) ORE FEED BIN 
2) VIBRO GRIZZLY FEEDER 
3) METAL DETECTOR 
4) MAGNETO SEPARATOR 
5) SECONDARY CRUSHER 

FEED CONVEYOR 
6) SECONDARY CRUSHER 
7) TERTIARY CRUSHER 
8) TERTIARY CRUSHER 

SURGE BIN 
9) SCREEN FEED CONVEYOR 

10) BIN FEED CONVEYOR 
11) TERTIARY CRUSHER SCREEN 
12) FINE ORE CONVEYOR 
13) BIN DISCHARGE GATE VALVE 
14) FINE ORE BIN 
15) MILL FEED CONVEYOR 
16) BELT SCALE 
17) BALL MILL 
18) HYDROCYCLONE 
19) BALL MILL DISCHARGE BOX 
20) HYDROCYCLONE FEED PUMP 
21) HYDROCYCLONE 0/F SAMPLER 
22) ROUGHER CONCENTRATE PUMP 
23) ROUGHER FLOTATION CELLS 
24 ) SCAVENGER FLOTATION CELLS 
25) SCAVENGER CONCENTRArE PUMP 
26) REGRIND HYDROCYCLONE 

FEED PUMP 
27) REGRIND MILL HYDROCYCLONE 
28) REGRIND BALL MILL 
29) TAILING SAMPLER 
30) SCAVENGER TAILING PUMP 
31) CLEANER FLOTATION CELLS 
32) CLEANER CONCENTRATE PUMP 
33) CONCENTRATE SAMPLER 
34) CONCENTRATE THICKENER 
35) CONCENTRATE THICKENER 

UNDERFLOW PUMP 

KW 

11.5 
0.75 
0 .75 

18 
150 
150 

22 
22 
22 
18 

5.5 
0.75 
1120 

37.5 
0.75 
11.5 
120 

60 
22.5 

22 .5 

95 
o. 75 
22.5 

90 
11.5 
0.75 

4 

4 

SPECIFICATION 

SOO TONNE 
1524 x 762 mm 

914 mm 
1676 STANDARD 
1676 SHORT HEAD 

200 TONNE 
914 mm 
914 mm 
2134 x 4268 mm 
914 mm 

2000 TONNE 
914 mm 

3810 X 5330 
3 x 508 mm 

254 x 203 SRL 

127 x 102 mm SRL 
16M3 X 4 
16M3 X 2 
203 x 152 SRL 

203 x 152 SRL 
3 x 254 mm 
1892 x 2438 mm 

203 x ＱｾＲ＠ SRL 
3 x 16M 
127 x 102 SRL 

15.3 DIAM 

76 x 76 mm SRL 


