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= a thckelifrrom IaSto am and separating that cm Into Its low magneslnm lintoulte fraction and high " . -mn sapiolite kacdon 
C b) treating the ilmonito fraction In acid solution Inn primary high pisuit leach step to piodora a primary leach slimy; t) aiding 
N the sapiofito fraction to S primary leach slimy to Initiate ,a.aJpltndon of hon as goetbite and/or hematite, while simultaneously 
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redressing fluther acid from S iron pre4plwdori, to tt a secondary atmospheric leach stop, Producing a secondary leach sluny 
wherein all watt used to prepare, the ors sluntos and/or acid solutions has an ionic composition that substantially avoids jarosito 
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PROCESS FOR ENHANCED ACID LEACHING OF LATEHE ORES 

Field of the Invention. 
5 

The present invention relates to a process for leaching nickeliferous laterite ores 
by the hydrometallurglcaJ treatment of both the llrnoniW and tsaprollto" 
fractions of the ore, in a sequential manner to recover both nickel and cobalt In 
particular, the invention relates to a prom that combines high pressure acid 

10 leaching of the limonite ore fraction of the laterite with atmospheric pressure 
acid leaching of the saprollte fraction of the ore in a medium that substantially 
avoids precipitation of iron as jaroalte and recovering nickel and cobalt while 
discarding iron as solid goethite and/or hematite. 

15 Background of the Invention 

A laterite ore body Is an OXIdISed ore, and a laterite ore body generally consists 
of a Omonite upper layer (of the ore profile) and a saprolite lower layer. 
Geological studies have shown that the major nickel containing mineral in the 

20 laterite upper layer is the low magnesium content limonite and the major cobalt 
mineral Is asbolano. The major nickel containing minerals in the lower saprolito 
layer are the high magnesium containing species, serpentine, chlorite, smectite 
and nontronito. The cobalt content of the saproilte layer Is negligible. It must be 
noted that generally there Is no clear demarcation between upper and lower 

25 laterite are layers and on occasions an Intermediate layer is often referred to as 
a transition zone. 

In order to establish a sensible, cost effective treatment of a laterite ore body, all 
mineral types containing nickel and cobalt should be treated in a manner to 

30 recover maximum metal values In a simple single process without discarding 
damaging material to the environment In this respect, a major consideration 
with respect to the environmental issues is the nature of the Iron compound 
contained In the discarded ore tailings. A major consideration with respect to 
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Cost offocilve high metal recovery Is the quantity and fits cost of the add used 
in the leaching process. 

Add leaching of ik ots solids whether by pressure healinent in an 

5 autodave or by leaching at atmospheric pressure and elevated temperatures 
reSts In an acdc dischaige which must be ne.traiised panSy before the 
meW values can be reaivered. At the high temperatures used in autoclave 

cilgests, typ4caly around 2504C to 2754C, acid constflMlui to ctsotve metals 

Is thibled or t4led die to the formation of the blailfate Ion (Elsa4) and a 
10 single pioton (. This Is llustrated In the followIng equations: 

MoO+2H2804 +MeO-18042+HaO 

Me2O3t6H2SO4 *2Me(HS043+31120 

The reversion of the bisulfate to the slate Ion occurs at coo*ig the Sixty 

releasing an acbdonai proton thus the cooled shiny Inevitably contains excess 

15 add which must be neotralsed. 

US patent 4548794 (Californian Mdel Corporation) describes the use of the 

sapolite fraction of the we to neutralise the acidly of the Urnotite pressure 

Mach material. However the teniperatwe of the neifllsatlon was high and the 

F.I]Wf?777r 71F"171111=7=7=11 

US patent 6379636 (BHP-Bton) describes a pmcees which involves pressure 

acid leaching of limonite followed by ahnosphedc pressure leaching of sapmfute 
using the autoclave dischaige slurry in coct nation with selected alkali metal 

25 Ions to form jasoslte1 M(Fe3 (S042 (OH).), M= Na, K, or NH4, In which form the 

Iron Is dsclwged to the failings clams. 

However Iron dstharged as jarosite results In high add consumption as It Is 

Imown that of the 1.5 moles of sulfuric add required to dissolve 1 mole of Ionic 

30 Iron, only 1 mole of sulfuric acid Is rdoased kirtng Jarosite predp4atlon to aid 

leaching the sapioBte fraction. Jarosle is not a stable compound arC slowly 
releases add as It weathers, which could have negative environments! Impacts. 
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US pant 6391089 (Cwlook) describes a leaching process whereby the acidic 
asiclave discharge solution was recycled to the ore feed preparation stage 
thus effecting a Sfltant reduction in add consumption. However there are 

5 complications with the recycling of dissolved magnesium and excess suiftific 
add is needed for magnesium blsuh’ete Mg(HS042 fonmilon at the aibdave 
leach temperature. 

Consequendy a process which combines the benefits of high metal recovery, 
10 per mole of add consumed, from the complete owe bady and the discharge of 

environmentally acceptable waste solds Is most desttie. 

The present invention alms to provide a process which overcomes or miSnilses 
the dfflajftjes associated with the prior sit 

15 
The discussion of documents, acts, materials, devices, aiddee and the Ike is 
included In this specification solely for the purpose of providing a context for the 
present Invention. It Is not suggested or represented that any or SI of these 
matters fanned part of the - art base or we common general lqiowledge in 

20 the field relevant to the present Invention as It existed before the pdoilty data of 
We application. 

-’ &mimwy of the lnnmlon 
4 25 

The present invention relates to a process for leaching nldcel&ous laterite 
owes by hdrometaIkirgtal healment of both the IniStic and saavk fractions 
of the ore in a sequential fashion to recover nidcel and cribaft while discarding 
Iron as either goente, hematite andM any other bun of low sulfate Iron oxide 

30 or hydroxide. 

Al water or other made used to form SaNs andcr acid solutions that fan 
part of the recess in the present invention, have an ionic composition that 
wbetwillally avdda precipitation of lrQn as jamdtt That Is, the water used in 
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the process should have an Ionic composition that Is substantially free of 
sodium, potassium and ammonia Ions. It is these Ions In particular that are 
components of jarosite. The absence of such Ions will avoid jarosite formation 
and lead to Iron precipitation as goethite andlor hematite. Conveniently, we 

5 have referred herein and In the claims to discarding Iron as goethite and!or 
hematite but the iron may be discarded in one or more other forms of low 
sulfate Iron oxide or hydroxide. 

Accordingly, the present Invention resides in a process for the recovery of nickel 
10 and cobalt from a nickeliferous laterite ore including the steps of: 

a) providing a nickeilferous laterite ore and separating that ore Into Its 
low magnesium limonite fraction and high magnesium saprolite 
fraction; 

b) treating the llmonite fraction with acid In a primary high pressure 
15 leach step to produce a primary leach slurry; 

c) adding the saprolito fraction to the primary leach slurry to initiate 
precipitation of Iron as goethite and/or heniaUte while simultaneously 
releasing further acid from the iron precipitation, to effect a secondary 
atmospheric leach step, producing a secondary leach slurry; 

20 wherein all water used to prepare the ore slurries andlor acid solutions has an 
Ionic composition that substantially avoids jamslte formation. 

Most preferably, both the Ilmonito and saprolite ore fractions processed in the 
process of the Invention are first prepared as a slurry by combining with water 

25 before being subjected to the leach process. The solid content of both the 
limonite and the saprolite fraction slurries Is preferably between 20% to 40% 
w/w. All are slurries and acid solutions for the leaching steps are prepared with 
water containing low levels the alkal&netalllc ions sodium, potassium, and 
ammonia. Whereas minor levels of sodium, potassium and ammonia ions may 

30 be tolerated, the levels present should be sufficiently low so as to avoid 
precipitation of iron as jamslte, or at least only insignificant levels of 
precipitation as jarosite. A component of jarositels either sodium, potassium or 
ammonia ions. 



5 
The sapidlte fraction may be added either dfrectiy to the primary leach slurry, or 
may undergo a preliminary leach step by subjecting the saprolite fraction to an 
atmospheric pressure leach with SfUrtC acid. The resultant preliminary leach 
slurry Is then combined with the primary leach slurry to IStlate the secondary 

5 atmospheric pressure leach step and the precipitation of ton as goeth Ito ext 
hematite. My transition zone laterite are material may be processed either with 
the limonite fraction In the primary pressure leach step, processed together with 
the sapsvlte fraction, or may indeed be separately loathed and the resultant 
leach slimy combined with the primary leach slimy. 

10 
Most preferably, the process also Includes the steps of 

- (c) partially neutralising the secondary atmospheric pressure leach 
ti slurry to raise the pH to around 1.5 to 2.5 to subatanllauy complete 

Me predpitatlon of Iron as goethite andvr hematite; and 
15 (a) raising the pH to around 2.5 to 4.5 to precipitate other Impurities. 

Ntkel and cobalt may then be recovered by estabished techniques from the 
secondary loath skmy. 

CtLi Description of the mvsndon 

The leaching process commences with pressure acid leaching of the Umonite 
fraction slurry of a lateilte or oxidic ore In a primary pressure leach process to 

44 W 25 produce a primary leach slurry. Preferably this stop is conducted in an 
autoclave at temperatures of from 230t to 2700C and a pressure of from 40 to 
50 Bar. The acid used Is preferably concentrated sulfuric acid. 

Al ore slurries and acid solutions for the leaching steps are prepared with water 
90 containing low levels the aJkaJlmetWIc Ions sodium, potassium, and wninMa. 

Whereat minor levels of sodium, potassium and ammonia Ions may be 
tolerated, the levels present should be sufficiently low so as to avoid 
precipitation of iron as Jarosite, or at least only Insiflbwit levels of 
precipitation aejarosite. 
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The Umonito fraction Itself, generally rmths equal to or greater than 15% iron 

and equal to or less than 60/6 magnesium, and has also been referred to herein 

as a low magnesium content laterite fraction. Major laterite nickel deposits 

5 throughout the world have fimonite components with Iron contents ranging from 

15% to 40% front and Include minerals such as goethite. hematite. nontronite 

r IMF 111, 

The primary pressure acid leach step Is generally followed by leaching of the 

10 saprollte fraction In a secondary atmospheric leach step. The saproilte fraction 

generally contains equal to or less than 25% Iron and equal to or greater than 

5% magnesium. It Is also referred to heroin as a high magnesium content 

fraction. The saproute fraction is first formed Into a slurry and may be added 

directly to the primary leach slurry from the primary pressure leach step or It 

15 may be subjected to a preEndnary atmospheric leach stop by the addition Of 

acid to produce a preliminary leach slurry. The preiiMnaq leach slurry Is then 

inbInS with the primary leach slurry. The oxidation/reduction potential 

(ORP) is preferably controlled by the addition of sulfur dlwdde gas or a 

suitlteiblsulfite solution such as llthhjn, bisuilite solution which will not cause the 

20 formation oljarosite. 

The addition of either the saprolite fraction or the preliminary leach slimy to the 

primary leach slurry Initiates precipitation of Iron as goethite an&or hematite 

which simultaneously releases higher levels of acid resulting from the Iron 

25 precipitation. This Initiates the secondary atmospheric leach stop and produces 

a secondary leach slurry. The secondary atmospheric leach step is conducted 

Ed an elevated temperature, preferably In the range of about BOt to lost. 

Acid discharged from the autoclave of the primary pressure add leaching of the 

Umonite fraction Is also used to assist the secondary atmospheric pressure 

30 leaching of the saprollte fraction. 

In one embodiment, the saprollte fraction Is added directly to the primary leach 

slurry to Initiate precipitation of Iron as goethite andfor hematite. Precipitation of 

the iron simultaneously releases acid which assists in Initiating the secondary 
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atmospheric leach process. Additional sulfuric acid may also be added at this 
stage to supplement the acid produced during iron precipitation. 

In a further embocUmenL the saprolite fraction may be subjected to a preliminary 

5 atmospheric pressure leach prior to adding to the primary leach slurry. The 
preliminary slurry produced from separately leaching the saprolite fraction can 
then be combined with the primary leach slurry thereby initiating (inn 
precipitation under atmospheric pressure leach conditions In the secondary 

teach step. 
10 

Once the saprollto fraction Is combined with the primary leach slurry, 
a atmospheric leaching of the saprolite fraction win Initiate Iron precipitation as 

hematite and/or goethite and Is discarded As only law levels of sodium, 
potassium and ammonia Ions are present in the water used to prepare the ore 

15 slurries and acid solutions, the discarded Iron will be substantially free of 
jarosite. Add released by the predpltation of the iron is combined with the free 
acid present In the autoclave discharge and additional added acid (If any), to 

effect leaching of the saprolite fraction and revery of nickel and cobalt from 

the total ore body. 

The final discarded tailings solids contain Iron as goothite and/or hematite and 

are an acceptable envlronmenlal discharge. There are substantially no added 
alkalfrnetalllc ions or added ammonium species to the system, therefore 

eliminating the prospect of forming Jarosite with the ferric Ions present 

25 
The autoclave discharge from the pressure leach contains high free acidity and. 

In one embodiment Is contacted with the saprolite fraction at atmospheric 

pressure and temperature below the boiling point of the acid, that Is the 

temperature of the autoclave discharge is about BUt to loSt. Additional 

30 sulfuric add may boadded. AtapH range of about l.5to2.5, and afl acidity Of 
from 0 to log/I H2SO4, the ferric ions dissolved from the saprolite and the 

residual fordo Ions remaining In the autoclave discharge shiny are precipitated 

as hematite and/or goethito. The acid released during this precipitation is used 
in situ to leach more saproilto. The hematite and/or goethite formed Is used as 



8 
a source of fresh concentrated 0seed material to accelerate the hematite and/or 
goethite precipitation at atmospheric pressure in the temperature range of about 
80°C  to 1050C. Rapid precipitation of hematite and/or goethite, reduces vessel 
size requirements and operating costa 

5 
The resultant secondary leach slurry from the secondary leach step Is 
preferably partially neutralised by the addition of a base, which may typically be 
chosen from calcium carbonate or hydroxide slurries, or magnesium carbonate 
oroxlde slurries, to raise the pHto around l.Stoa5. AX this pH, precipitation of 

10 iron as goethlte and/or hematite is substantially completed. By raising the pH 
further, to around 2.5 to 4.5, further Impurities such as chromium, copper and 
alumlnlum may also beprecipitated. The slurries used to raise the pHofthe 

Li secondary leach slurry are prepared with water having low levels of the 
alkallrnetaUlc Ions, sodium, potassium and ammonia, to avoid jarosite formation. 

15 
The total ore may also have a content of transition zone ore, which contains a 
middle level of magnesium content Generally, the transition zone, which Is 

found between the limonite and saprolite fractions in the ore body, will have a 
magnesium content of about 5% to 7%. This middle magnesium content ore 

20 may be processed with either the lirnonS or sapmlite fraction, that is It may be 

subjected to Initial pressure leach In the autoclave together with the fimonite 
fraction, or processed with the saproilte fraction by either adding directly to the 
primary leach slurry or subjected to a preliminary atmospheric pressure leach 

Li step with the saprolite fraction. In a further embodiment the middle magnesium 

25 content fraction may also be leached separately wider atmospheric conditions 
with the resultant leach slurry combined with the primary leach slurry In the 
secondary leach step. 

In a most preferred form of the Invention, nickel and cobalt are recovered from a 
30 laterite or oxidlc ore during the process whereby the dissolved Iron Is 

precipitated as goethlte andior hematite to achieve a high level of available acid 
for the leaching process. The secondary leach shiny containing dissolved 
nickel and cobalt may be subjected to established liquid/solid separation 
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9 
techniques followed by further Vealment of the liquid to recover the nldel and 
coboL The solid Iron In the form of goelhite andftr hanatito is discarded. 

D&adng Iron as goethite and/or hematite, substantially has  of jaroSte creates 
5 en*onmental benefits, as each is a relatively stable compound thus reducing 

or elk*iaflng to of add as It weathers. Further, the level of available add 
is produced In sItu, reducing the need for thiS acid providing economic 
bena 

10 Doucdpd an of the Drawings 
Figures 1 to 5 Mutate preferred tlowsheets for the pmcess of the Invention. It 

Š should be understood that the drawings am illustrative of preferred 
embodiments of the Inventions and the scope of the invention should not be 
considered to be limited thereto. 

15 
In each of the flwzes, the whole of ore Is first subjected to ore separation to 
separate the low magnesiwn content laterite ate (llinordte) bun the high 
magnesium content ore (saproilte). This Is generally achieved by selective 
mining or post niSng classification. The mWe magnesium content ore. which 

20 Is generally bind In the transition zone between the llrnonite and sapmllte 
fradbns, may, as Wustated be processed with either the limo Ste or saproilte 
fractions, or be processed separately. In each Figure, this ore Is Illustrated as 
4rniddle Mg laterlte. 

25 Also In each of the figures, all slurries and acid solutions used in the leaching 
processes are prepared using water that contains low levels of akameIaJNc 
ions. 

In Figure 1, the low Mg laterite fraction (lktonite) (1) Is treated with sulfuric add 
30 (3) in a pressure teach stage (5) at approAnudely 250°C  and 45 Bar pressure, 

together with the middle Mg lateflte (7). The high Mg laterite fraction of the ore 
(9) (saprolfte) Is treated with sulfuric add (3) In a preliminary atmospheric 
pressure leach (11) with temperatures below the boiling xkit of the add. 
Preferably, the tenipecature of this leech step is about SOt-lOSt. The 
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10 
quantity, of acid to be added Is calculated from the predetermined properties of 
the saprolite, and the desired ilmonite to saprollte ratio to be processed This 
feature of this embodiment allows the ratio of the limonite and sapmlite to be 
processed to be varied, while maintaining high metal recoveries. The high Mg 

5 saproilte atmospheric leach slurry (13) Is added to the autoclave discharge of 

the pressure leach stage (15) in a secondary-stage atmospheric pressure leach 

step (17)-17)c

TheThe secondary leach step includes the simultaneous additional leaching of 

10 saproflte and predpitallon of Iron as goethite and/or hematite. With the 

Introduction of the saproliw leach slurry, Iron precipitation as goethite and/or 

hematite will generally occur, releasing more acid to assist with further leaching. 

The saproilte generally contains some Iron as goethite that functions as "seed 

material to accelerate the reaction, however to further enhance the reaction 

15’seeds’ containing higher concentrations of goethite and/or hematite may be 

added to assist the precipitation process and enhance leaching. 

When the processes of the secondary leaching are descried complete, classical 

liquid /solids separation of the slimy may be effected (21) followed by further 

20 treatment of the liquor pilot to the recovery of nickel and cobalt (23) and the 

discarding of the goethito and/or hematite solids to waste (19) after adequate 

PH adjustment 

In a second embodiment described In Figure 2, the low Mg Ilmonite fraction (1) 

25 is treated with sulfuric acid (3) in a pressure leach stage (5) together with the 

middle Mg laterite fraction (7) at approximately 250°  C and 45 Bar pressure. 

The high Mg fraction of the ore (9) Is directly added to the autoclave discharge 

slurry in an atmospheric leach step (16). AddItional sulfuric acid (3) may be 

added to the send leach stage If required. 
3°  

The atmospheric leach stage (1 Includes the simultaneous leaching of 

saproilte and precipitation of iron as goethite andlor hematite. The dose of high 

Mg saproilte ore added to the primary leach slurry is determined by the free add 
remaining from the primary pressure leach step, the acid released during the 
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Iron precipitation as goethite and/or hematite and the acid consumption of high 
Mg saprolite fraction at given extractions of Ni, Co, Fe, Mn, Mg and other ions. 

When the processes of the atmospheric leaching are deemed complete 

5 classical liquid /solids separation of the slurry (21) may be effected followed by 
further treatment of the liquor prior to the recovery of nickel and cobalt (23) and 
the discharge of the goethite and/or hematite solids to tailings (19) after 
adequate pH adjustment. 

10 Figure 3 is a variation of the process described for Fig 2 in which only the low 
Mg limonite fraction (1) is subjected to pressure acid leaching (4) while allowing 
for the middle Mg laterite (7) and high Mg (9) saprolite fractions of the ore to go 

directly to the secondary leach stage (18). Further sulfuric acid (3) may be 
added directly to the secondary leach stage. 

15 
Figure 4 is a further modification in which the low Mg limonite fraction of the ore 

(1), is subjected to pressure acid leach leaching (4) while the middle Mg content 

ore is subjected to a preliminary atmospheric pressure leach (6) with acid (3) at 

temperatures below the boiling point of the acid (800C to 105°C). The high Mg 

20 saprolite fraction (9) is directed to the secondary atmospheric leach process 

(20) in combination with the high pressure leach slurry and the slurry from the 

preliminary atmospheric leaching of the middle Mg laterite ore. 

Figure 5 outlines a process where the low Mg Umonite fraction (1) Is subjected 

25 in an autoclave to a high pressure acid leach (4) following the addition of 

sulfuric acid (3) while both the middle Mg laterite (7) and high Mg (9) saprolite 
fractions are treated to preliminary atmospheric pressure leach (12) with sulfuric 

acid (3) at elevated temperatures. The discharges from the high pressure and 

atmospheric pressure loathes are combined In a secondary atmospheric leach 
30 (24). Nickel and cobalt in solution are recovered by liquid/solid separation of 

the slurry (21) followed by further treatment of the liquid (23) and removal of iron 
as goethite and/or hematite in solid form. 
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Examples: 

Example 1: Ore processing, chemical assay and mineralogy investigation 

Three limonite ore samploÆ were agitated in tap water for two hours and 

5 screened at 1mm. Any oversize material was milled in a rod mill with water 
which was low in Na, K, and NH4 ions to less than 1mm. Two saprolite samples 
were milled in a rod mill with water which was low in Na, K, and NH4 ions to 
Pc 75pm and 13100450 pm. The slurries of limonite and saprolite were 
adjusted to a solids concentration of 30%w/w and 250/,wlw respectively. The 

10 SO and real PSD (particle size distribution) of the ores were measured with 
Malvern instrument is shown In Table 1. 

Table 1: SC and PSD of Feed Ore 

Feed Ore 
SC 
g/rt 

PSD 
Poo pm Pso pm P10 pm 

Umonite 1 3.38 19.3 7.69 2.86 

Limonite 2 3.52 20.7 8.63 3.14 

Umonite 3 3.70 37.0 6.55 0.75 

Saprolite 1 2.77 52.0 11.9 0.76 

Saprolite 2 3.38 46.1 17.46 3.54 

15 
The chemical assay results of the ore samples are listed in Table2. 

frA] 

Table 2: Chemical Analysis Laterite Samples 

So 
Al Ca 

% 

Co 

¶4 

Q 

% 

Cu 

% 

Fe 

% 

Mg 

% 

Mn 

% 

Na 
¶4 

N 

¶4 
Pb 

¶4 
S 

¶4 
SI 

¶4 
Zn 

¶4 

Umatllo 1 tBO 0.02 0.18 1.90 0.01 37.80 4% 0.85 0.00 l.W 0.00 0.17 7.5 0.03 
Umu’dto2 ZOO 0.04 0.18 Z20 0.01 41.50 2.70 0. 0.03 1.80 0.90 0.17 5.80 0.03 
Lh,,utile3 091 0.31 0.08 0.31 0.01 820 0.35 1.80 2. 0. 0.17 1530 0.00 

Sapoifto I 1.70 0.93 0.12 093 0.02 13.80 14.00 068 OW I. OW 0.02 17.70 0.01 

Sapi1e2 0.73 0.13 0.12 O. 0.01 16.10 12.40 O-3B 0.06 2.40 1 0.00 0.08 1 18.10 0.01 
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The results of the ore sample nilneralvgy investigation are briefly summarised in 
Table 3. 

5 

Table 3: Mineralogy 
Ore Major NI-containing Mineral 

Umonitol Gocitfito 
Umonito2 Goothito 
Llmonite3 Goethlto 

Saprolite 1 Serpentine, garnlerite 

Saprolite 2 
Serpentine, asbolane 

nonironite 

Example 2: Consecutive pressure leach with Limonite 1 containing 4.9% 

Mg and atmospheric leach with Saproute 2 

9149 of 30.3%wM Umonito I slurry (shown In Example 1) and 1189 gr/-
H,SO4 were added to a 2-film titanium autoclave. The pressure leach In the 

10 agitated autoclave lasted one hour (excluding heat up time) at 2500C and 48 

bar. Simultaneously, Iloig 2520/*wM Saprorite 2 slurry (shown in Example 1) 

and 16911980/6 H2SO4 were combined in a 3-litre agitated glass reactor and 

loathed for 30 minutes at 95°-1040C  and atmospheric pressure. The saprolite 

was heated to 60t prior to the addition of the acid. The final solution acidity of 

15 both the pressure leach with Ilmonite and the atmospheric leach with saprolite 

were 38.3g/L and 15.7gIL respectively. The pressure leach slurry was 

transferred while still hot (-Wt) into the glass reactor and mixed with saprolifte 

loath slurry to continue the atmospheric leach and Iron precipitation at a 

temperature of 95°-I  040C for a further 9.5 hours. The ORP was controlled In the 

20 range of 523-605mV (versus AgO probe) by adding lithium blsulfite sohfllon that 

will not cause the formation of Jarosite. The rdckel and Iron concentration In 

solution after this atmospheric leach was 4.0 and 3.2gIL respectively. Limestone 

slurry (200% w!w, and prepared with water low in Na,K, and NH4 Ions) was 

added to the reactor to roach apH of 2 maintaining atemperaturo of 85°-loot 

25 for one hour. completing Iron precipitation. The final nickel and Iron 
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ncentraflon In solution after the limestone addition stage was 4.1g/L and 

0.3591L respectively. 

Table 4 illustrates the key operational conditions and overall extractions of 
nickel and cobalt Mineralogical Investigation of the final residue using 

5 XRD/SEM(EDS Indicated the major phase and minor phase of Iron precipitation 
were hematite and goethite respectively. No jarosite was found In final residue. 

Table 4: MaJor Operational Conditions and Overall NI and Co Extractions 

L/ 

Acthiotiite 

(kg/t) 

Add/saprolfto 

Qg/t) 

Umonit&saproflte 

Wt Ratio 

Ad WoW 

(kgft) 

Ni Ext. Go Ext. 

419 562 1:1 490 82.5 86.7 

w ilmonfle plus saproute 

10 

Example 3: Consecutive pressure leach with Lhnanite2 contaIning 2.7% 
Mg and atmospheric leach with Sawollte2 

914g of 30.59/owlw Limonite 2 slurry (shown in Example 1) and 104g 980/6 
H2SO4 were combined In a 2-11tre agitated titanium autoclave. The pressure 

15 leachln the autoclave lasted one hour (excluding heat up time) at250°Cand  
48 bar. SImultaneously, 1101 g 25.20/.wM’ Saproilto 2 slurry (shown In Example 
1) and 181g 98% H2SO4 were combined in a 3-litre agitated glass reactor and 
leached for 30 minutes at 950-1040C and atmospheric pressure. The saprolfto 

a heated to 60 Or, prior to the addition of the acid. The final solution acidity of 
20 both the pressure leach with limonite and atmospheric leach with saprolite were 

46.1 g/L and 22.6$. respectively. The pressure leach slurry was transferred 
whilst hot (-90t) into the glass reactor and mixed with the saprolite leach 
slurry to continue the atmospheric leach and iron precipitation at a temperature 
of 9W040 C for a further 9.5 hours. The QRP was controlled in the range of 

25 552-621 my (versus AgGI probe) by adding lithium bisuThe solution that will not 
cause the formation of jarosite. The nickel and Iron concentration In solution 
after the atmospheric leach was 4.9 and 8.4$. respectively. Limestone slurry 
(200/  wAv and prepared with water low In Na,K, and NH4 Ions) was added to 

R 
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complete the Iron precipitation. The slurry was slowly added Into the reactor to a 
target pH of 2, at 85°-1000C  over a one hour period. The final nickel and iron 

concentration after the limestone addition stage was 4.3g/I. and 0.48g/L 
respectively. 

5 Table 5 illustrates the key operational conditions and overall extractions of 

nickel and cobalt. £vVneraiogfcal Investigation of the iftwi residue using 

XRD/SEMi’EDS Indicated the major phase and minor phase of Iron precipitation 

were hematite and goethito respectively. No jarosite was found In final residue. 

10 Table 5: Major Operational Conditions and Overall NI and Co Extractions 

Acldillmonite 

(kglt) 

Acid/saprolite 

Qcg/t) 

Llmonite!saprollte 

WtRatlo 

Acld/orV 

(kg/I) 

’fl 

369 639 1:1 505 86.7 86.4 

ilmonite plus saproute 

Example 4: Consecutive pressure leach with Llmonite 3 containing 5.2% 

Mg and atmospheric leach with Saproilte I 

15 9239 29.9%wfw Limonite 3 slurry (shown In Example 1) and 1149 98% H2SO4 

were combined In a 2-litre titanium autoclave. The pressure leach In the 

autoclave lasted one hour (excluding heat up time) at RoOt and 48 bar. 

Simultaneously, 1088g 24.70/ow/w Saprollte 1 slurry (shown In Example 1) and 

180g 98% H2SO4 were combined In a 3-11tre glass reactor and leached for 30 

20 minutes at 950-1040C and atmosphetic pressure. The saprolite was heated to 

60°C prior to the addition of the acid. The final solution acidity of both the 

pressure leach with ilmonite and atmospheric leach with saproilte were 36.3giL 

and 1 6.7gL respectively. The pressure leach slurry was transferred whilst hot 

(90°C) into the glass reactor and mixed with the saprolite leach slurry to 

25 continue the atmospheric leach and Iron precipitation at a temperature 95°..  

104°C  for a further 9.5 hours. The ORP was controlled In the range of 459-
576rnV (versus A9GI probe) by adding lithium bisulfite solution that will not 
muse the formation at Jarosite. The nickel and Iron concentrations In solution 
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aftet the atmospheric leach stage were 4.3 and 1.7911 respectively. Umestone 

Sumj (20% *1* and prepared with water low In Na,K, and NI-14 ions ) was 
added to the reactor to a target of pHZ at 85°-lOOt for one hour, to complete 

the Iron precipitation. The final nickel and Won concentration In solution was 

5 4.2911. end 0.66911 respectively. 

Table 6 Illustrates the key operational conditions and overall extractions of 
nickel and Cobalt. Wrieraloilical Inveftation of the final residue Mploft 

XRD/SEWEDS Indicated the ffmjor Mae and rninor phase of Iron precipitation 
were hennaft and gosillifte respectively. No jameft vos found In final reMus. 

10 Tablet MwovGperetfta.w Ccndtt*fl and Overall  sid Co Extractions 

Ackl.SIlrnonite 

(kg/t) 

AdcYsapmHte 

Qigft) 

Limoniteftapmflte 

Wt Ratio 

Addforv 

(kgIt) 

M Ext 

% 

Co Ext 

405 656 1:1 533 90.6 91.0 

Ul[II.JI:I,LI!I:F._tIIt(:J 

The above destription is Intended to be iflustralive of the preferred embodiment 

of the present hwentlon. It should be understood by those sidled In the ait that 

15 various modlflcsttons andlor alterations may be made without departing from 

the spirit of the Invention, and still within the scope of the Innfion. 

K’] 

25 



WO 2006m54335 
17 

PCI1AU21%IOS 156 

CLAIMS: 

1. A ptnŠ for the recovery of t*SS and niŠI from a nldlfferous lotede 
5 ore kidu*ig the steps of: 

a) provUng a nbcelfferous isleilte ore and separalflg that ore into Its low 
magneskin lhnonke traction and high magnesium sawollte traction; 

b) treatkig the kiente traiilon with acid In a pilma’y high pressure leadi 
*p to ofleapmiary booth skHry 

10 C) SJflg the &wuulfte fraction to the Mnay leadi shiny to killate 
precfltatbn of Iron as goethite andor hematite, wide simultaneously 
releasing hither add from the Iron predpftadon, to effect a 
secondary atmospheilc leach step, producing a seconW’y, leach 
shiny; 

15 wherein all water used to prepare the ore slunles an4x add solutions has 
an but xxnposWon that substantially IWOWS jarosite tonnatbri. 

rn 
S 

3. A process according to claim 1 wherein the Ionic compositIon of the for 
used to pmpwe the ore skides ait wkl sokitkxis contains low levels 
of the alcalnetalt bit socLsn, polasslurn and wnmonle. 

25 4. A process accodng to dahn I Inckdng the further steps of: 
, partially neutrausing the secondary leach shiny to raise the pt-I to 

around 1.5 to as to substantially complete the precipitation of kon as 
goemfte wt henS and 

e) rSlng the pt-I of the secondary leach shiny to around 2.5 to 4.5 to 
30 plexItate other inpurilee. 

5. A process notaig to daMn 4 wherein a cetlan carbonate Or hyrtoxith 
Murry, or a rnagneskm carbonate or oxide Murry Is used to raise the pH of 
the seconds)’ loath shiny. 
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6. AJ,wbŠ sioor*’g to claim  Slb.Si WOW used to form the slurry ised 
U) ’Se Use pilot the eeconthiy leach tiny contakis low teveb of the 
aItmIc Ions, sodkim, potassium and ammonia. 

S 
1. A pr..’-s arccSig to claim 6 whet*i Use low loveS of the Stamnelat 

kms Is suftidently low such that only biaIgnlnt lovola of prociplualcm of 
- 

10 t A pines according to claim I wherein Use WMIle fraction contain 
equal to or greater than 15% Iron aid equal to or loss Uwi 6% 
magMeta 

9. A process accflig to dthn 1 wherein the sroI fradkm coitaks 
15 equal to or less than 25% lion and equal to or wsater than 6% 

magnes*mi. 

10. A process atoIg to claim I wherS the MCMIMrcUe Weft ore also 
mckides a transWon mne ore haWig 1mm 5% to 7% mwsliin coiteit 

ii. A process actording to claim 10 wheren any transition zone latent. or 

oxklc ore material S processed either with the Ilmenle fracilon is the 

ry 

pressure mat at, processed together with the sro 
fratu, or separately leached at ahnosçifleft  piessite with the resulard 

25 slurry conthhed with the primary loath amy In the secondary 
atmospheric teach *p. 

it A prooew fl*1g to Sin 1 wherein the Ilnonle fraction Is s*t4edad to 

a pressure &d leach banautodaveat temperatures Of from 28Otto 
V 30 270’Carkta pressure of from 4Oto5oBar. 

LIM 



13. A ccsdng to dMn I .dc.v&r the njS ITaSn b Nat 
sJ’frI-J to a fzSkiary dIpO...,jlb.& 6.aCh step by the ala.., of at 
add t,&tt to produce a prWnaiy st skwy, which b then coad*isd 

5 wfththeptnwylesiiMM. 

14. A pj- ca’I  to ckn 1 whetam the secouMiy *moapflfl hail 
sp SstfledwVikt the rtgeof tout SOt-lOSt 

10 15. A  #ka accosig to dSn 1 wIs,o&, aflbnS Slut add Isaided 
(MMg the secaithiy Wmoswt lesi Si’ to açlanest  the acid 
mieseed 

anc 

hvn p 

16. A 1,we Sn4&.j tO 4Mu I whemin the dschwpe 1mm the pmsane 
15 bwh uaki. high free adft ui4AJi b mIS.l wiJi the sioIIe 

I ’., hai.&,y Murry at Siosphat pmssm  and a tempetse bcibw 
the bobigpob1of the fl. 

17. A pŠ awonft to clakn 16 wherebi the tempa’*ixe of the dxhage 
20 frum the preesue Ieah b In the ta* album SOt-lOSt. 

18. A pros amfl to dSn I wherdn the hensle fl/a goethie 
bit used M a aDume of froSt aawŁÆ4 seed material to 

aODOkWatG We i,,.p at g.,JlIq pre*MIon at amoepheric 
25 pressure. 

19. A }fl ag to del* I .Ió. add used In the prinay high 
tzesaae &i stop ia concesthate aut 

30 
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RE S UME N 

Un proceso para la recuperación do niquel y cobalto de 

minerales de laterite portando niquel incluyendo los pasos 

de: 

a) suministrando tin mineral do laterita portando niquel 

y separando el mismo an su fracción de limontta de bajo 

magnesio y saprofita de alto magneslo; 

b) tratando la fracciôn do limonita en una solución do 

Acido en tin primer paso de lixiviación a alta presión para 

producir una lechada do lixiviación primaria; 

c) afiadiendo la fracción de saprofita a la lechada do 

Uxiviación priniaria para iniciar la precipitacion do hierro 

como goetita y10 hematita, mientras que so desprende 

simultaneamente acido adicional de la precipitacion de 

hierro, para efectuar tin paso secundario de lixiviación 

atmosferica, produciendo una lechada secundaria de 

lixiviaciOn; 

an donde todo el agua usada para preparar las lechadas 

de minerales y/o soluciones de Æcido, tiene una composición 

ionica que evita sustancialmente la formación do jarosita. 

2 



wr.

CY4MPO DE LA INVENCION 

La presents invenciOn as ref iere a Un proceso de 

lixiviaciôn do minerales de laterite portando niquel, 

mediante el tratamiento hidrometalürgico do ambas, la 

fraccion de "limonita" y la fracciOn de "saprolita del 

mineral, an una forma secuencial pan recuperar ambos, eX 

niquel y el cobalto. En particular, la presents invenciôn as 

refiere a ian proceso quo combine Is lixiviaciôn do acido a 

alta presiôn de la fracciôn do mineral do limonita do la 

laterite , con lixiviaci6n de acido a presiôn atmostØrica 

do la fracciôn do saprofita del mineral, an tin medio quo 

evita sustancialmente la precipitación de hierro coma 

jarosita y recuperando niquel y cobalto, mientras as separa 

hierro coma goetita s6lida yb hematita. 

UTE CEDE JTES DE LA INVENC ION 

Un cuerpo de minerales do laterite as on mineral 

sometido a oxidación, y tin cuerpo de mineral do laterita 

consta generalmente de una cape superior do limonita (del 

perfil del mineral) y mm cape inferior de saprofita. Los 

estudios geologicos hen mostrado, qua el mineral conteniendo 

la mayor parts do niquel an la cape inferior de saprofita, 

son las especies conteniendo alto magnesia, serpentina, 

clorita, eamectita y nontronita. El contenido de cobalto do 

la cape dç saprofita as insignificante. Se debe tomar note, 

473 



quo generalmente no existe demarcación clara entre las capas 

superiores e inferiores do mineral de laterite y a veces, as 

reflere a una cops intermedia como una zone do transiciôn. 

Con el fin do establecer Un tratamiento razonable, 

econóinico del cuerpo do mineral do laterita, todos los tipos 

do minerales conteniendo niquel y cobalto, deberian ser 

tratados do una manors para recuperar los valores maiumos de 

metal en tin solo proceso sencillo, sin Is emisión do material 

daflino al anibiente. En este respecto, mm consideraci6n 

mayor con respecto a los problemas do ambiente, es Is forma 

dol compuesto de hierro contenido en los desechos do 

minerales do desecho. Con respecto al costo, una alta 

recuperaciôn del hierro es una consideración mayor con 

respecto a la cantidad y do esta manors el costo del Æcido 

undo en el proceso de lixiviacion. 

La lixiviaciAn do Acido do sôlidos de mineral de 

laterite, o sea par el tratamiento a - presiôn an una 

autoclave, 0 par lixiviaciAn a presion atmosferica y 

temperatures elevadas, results an una descarga con Acidos, 

quo debe ser neutralizada parcialmente, antes do quo los 

valores del metal puedan ser recuperados. A las altas 

temperatures usadas an procesos en autoclaves, general.mente 

alrededor de 250C a 215°C, el conewno de Acido pars disolver 

los metales es el doble o triple, debido a la formación del 

4 



iôn de bisulfato (HSO4) y un protOn Unico M. Sato se 

ilustra mediante las ecuaciones siguientes: 

MeO+2H2804 -.Me (11804) 2+1120 

Me203+6112SO4-.2Me (HSO4) 3+3B20 

La reversiOn del iOn de bisulfato at sulfato sucede a]. 

enfriar IS lechada desprendiendo un protOn adicional, asi la 

lechada enfriada contiene Acido de exceso que debe set 

neutralizado. 

Patents U.S. No. 45448794 (Californian niquel 

Corporation) describe et uso de Is tracci6n de saprofita del 

mineral para neutralizer Xe acidez del material de 

lixiviaciOn a presiôn de limonita. Sin embargo, IS 

temperature de Is neutralizaciOn fue alta 
y

las 

recuperaciones de ntquel y cobalto fueron bajas. 

Patents U.S. No. 6319636 (SHE-Billiton) describe tin 

proceso que involucra la lixiviaciOn de acido a preston de 

limonita, seguida por lixiviaciAn a presiOn atmosfØrica de 

saprofita, usando IS lechada de descarga de autoclave, an 

combinaciOn con jones de metal alcalino seleccionados pare 

former jarosita, 14(Fe3 (804)2 (011)6), MaNa, K, 0 NH4, la 

forma en la cual el hierro as descargado a los reservorios de 

slam. 

5141 embargo, el hierro descargado como jarosita, results 

con un alto consumo de âcido, como se sabe, que se requieren 

9 



-

1.5 moles do Æcido sulftxico pars disolver I. mol do hierro 

fØrrico, solo 1 mol do Æcido sulftrico Os desprendido 

durante Is precipitaciôn do jarosita pan ayudar la 

lixiviaci6n de la fracciôn de saprofita. La jarosita no es 

ian coquesto eatable y desprende Acido lentamente, cuando as 

expuesta a Is intemperie, que podria toner ixnpactos negativos 

al ambiente. 

Patente U.S. No. 6391099 (Curlood) describe tan proceso 

do lixiviación, por donde Is solution do descarga acidica do 

la autoclave the reciclada a la etapa do preparaciôn do la 

alimentacion del mineral, asi efectuando una reducciOn 

significative del constmto do Acido. Sin embargo, hay 

complicaciones con oX reciclaje do magnesia disuelto y as 

necesita ian oxceso de Acido aulftrico pars la tormaciôn do 

bisuifato do magnesia (Mg(HSO4)2, a la temperature do la 

autoclave. 

So doses como consocuencia, Un proceso quo combina los 

beneficios do una alto recuperaciôn do metal, por mol do 

Acido consumido, del cuerpo do mineral entero y la doacarga 

do solidos do deaperdicios aceptables an el ambiente. 

La: presents invenÆi6n tiene el objetivo de suministrar 

ian proceso quo resuelve o inixthniza las dificultades asociadas 

con Is tecnica conventional. 



La discusiôn do documentos, actas, inateriales, equipos, 

articulos y similares estA incluida en eats especificaciAn, 

solamente con fines del suministto do Un contexto pan Is 

presents invenciOn. No se sugiere ni as exige, quo 

cuatesquiera 0 todos de estos items han formado parts do Is 

base de tØcnica anterior o eran conocimientos generates 

commas on el cawo retevante a Is presents invenciOn, coma 

hayan existidos antes do la fecha do prioridad do esta 

solicitud. 

20MAR10 DE LA PRESENTE INVENC ION te 
La presents invención as refiere a on proceso de 

lixiviacion de minerates de laterita portando niquel, 

medianto el tratamiento hidrometaltrgico do arnbas, Is 

fractiOn de ttimonita" y IS fracciAn de saprouitC del 

mineral, en una forma secuencial para recuperar ambos, el. 

niquel y el cobalto, mientras quo as desprende hierro como 

tanto goetita, hematita y/o cualquiera forma çstinta de 

Oxido de hierro de bajo sulfato 0 hidrOxido. 

Toda ague u otros medios usados pars formar lechadas yb 

solucionea de Acido, que forman parts del proceso an Is 

presents invenciOn, tienen una composition iónica que evita 

sustancia].mente la precipitation de hierro coma jarosita. 

Esto es, el. aqua usada an el proceso deberia una composiciOn 

iOnica que estO sustancialmente libre de jones de sodio, 
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potasio y amoniaco. Esto as porque estos iones en particular, 

son log coinponentes do jarosita. La Æusencia do tales iones 

va a evitar Is formaciôn de jarosita y conducir a Is 

precipitacion do hierro come goetita y/o hematite. Como sea 

conveniØnte, aqul y an lea reivindicaciones hemol in di. cado, 

el dosecho do hierro coma goetita y/o hematite, pero ci 

hierro puode ser desechado an tine o diferentes formas de 

oxido do hierro do bajo suifato o hidrAxido. 

De acuerdo a esto, Is presents invencion indica tin 

proceso pate Is recuperaàift tie niquel y cobaito de mineralos 

do laterita portando niquel incluyendo los pascs tie: 

a) suministrando tin mineral tie laterite portando niquel 

y separando ci mismo en an fraccion do limonita tie bajo 

magnesia y saproflta tie alto magnesio; 

b) tratando la fraccion de lfluonita on tine soiución tie 

Æcido en tin primer paso do lixiviacion a alta presion pars 

producir tine lechada do flxiviacion primaria; 

C) afiadiendo Is fraccion tie saprofita a Is lechada do 

lixiviaciôn primaria pare iniciar Xe precipitaciAn tie hierro 

coma goetita Y/O hematite, mientras que as desprende 

simuitaneamente Acido adicional de Is precipitacion do 

hierro, pan efectuar tin Paso secundario tie lixiviaciAn 

atmosferica, produciencto mm lechada secundaria tie 

lixiviacion; 
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an donde todo el aqua usada pars preparar las lechadas 

do minerales y/o soluciones de acido, tiene una conçosiciOn 

iOnica que evita sustancialmente la formaciOn de jarosita. 

MM preferiblemente, as preparan primero como una 

lechada, ambas, las fracciones do minerales do limonita y

saprofita que son procesadas en Is presents invenciOn, 

mediante Is combinaci6n con aqua, autos de quo sean sometidas 

at proceso do lixiviaciOn. El contenido do sOlidos de ambas, 

do las lechadas de limortita y saprofita, as preferiblemente 

entre 20% y 40% por peso. Todas las lechadas do mineral y

soluciones do Æcido pars los pasos do lixiviaciOn, son 

preparadas con aqua conteniendo baj os niveles do los jones 

Alcali msttlico, sodio, potasio 
y

amoniaco. Mientras que 

niveles menores iones do sodio, potasio y amoniaco pueden 

ser tolerados, los niveles presentes deberian ser to 

suficientemente bajos como pars evitar Is precipitaciOn de 

bierro como jarosita, 0 por to- menos solamente niveles no 

significativos do precipitation como jarosita. On components 

is do jarosita, o son jones do sodio, o do potasio, o do 

amoniaco. 

La fractiOn do saprofita puede ser aftadida, 0 

directamente a Is lechada pr1maxia Us lixiviaciOn, o puede 

ser sometida a un paso do liziviaciOn preliminÆr, 

sontetiendo is fracciAn de saprofita a one lixiviación a 
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presiôn atmosfØrica, con Acido su1frico. La lechada 

preliminar Se lixiviacion resuitante, entonces es combinada 

con La lechada do lixiviaciôn primaria, para iniciar el paso 

secundarlo do lixiviacion a presión atmosfØrica y La 

precipitaci6n de hierro como goetita y/o hematite. Cuaiquier 

material. Us minerales Us laterite do La zone do transiciOn, 

puede ser procesado, o con la fraccion do limonita an el paso 

primario de lixiviaciôn a presion, procesado junto con La 

fraccibn do saprofita, o, do hecho, puede ser sometido a 

iixiviaci6n por separado y is lechada do iixiviaciôn 

resultaute puede ser ccmibinada con la lechada do lixiviaci6n 

primaria. 

Has preferibiemente, el proceso inciuye tambiØn los 

pasos do: 

d) neutralizando parcialmente la lechada do iixiviaci6n 

secundaria a presi6n atmosfOrica, para elovar el pH a 

aproxiaadamente 1.5 a 2.5 para compietar sustanciai.mente La 

precipitacion do hierro como goetita y/o hematite; y 

e) elevando oX ph a aproriwiadamente 2.5 a 4.5 para 

precipitar otras iirwurezas. 

Entonces, do la sequnda lechada do lixiviacion, niquel 

y cobalto pueden ser recuperados, usando tØcnicas 

estabiecidas. 
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DESCRIPtION DETAI.LADA DR LA PRESENTE INVENCION 

El proceso do flxiviaciôn comienza con la lixiviaciOn de 

Æcido a presiôn tie Is lechada do la fracciôu tie limonita do 

una minØrales do alterita a mineral.Łs oxidica en tin proceso 

primario do lixiviacion a presiOn para producir una lechada 

priwaria do lixiviacion. Preferiblemente, este: paso es 

realizado en una autoclave a temperaturas do 230°C a 270°C y 

a una presion do 40 a 50 bar. El Acido usado es 

preferiblemente Æcido sulflrico concentrado. 

Ctodas las lechadas de minerales y soluciones tie Acido 

pars los pasos tie lixiviaciOn son preparadas con aqua 

conteniendo bajos n.tveles tie los jones Alcali metØlicos 

sodio, potasio y amoniaco. Mientras quo nive,les bajos - tie 

jones tie sodjo, potasio y amoniaco pueden - ser tolerados, los -

niveles presentes deberian ser lo suficienteinente bajos como - 

parÆ evitar la precipitaciôn do hierro como jarosita, 0 por 

lo menos solamente niveles no, significativos do 

precipitacion como jarosita. - 

La fracciôn de limonita misma, generalmente contiene 

cantidades iguales a, 0 mayores do 15% tie hierro e iguales a, 

o menorØs do, 6% do magnesio, y aqui tambien so indica coma: 

una fracciôn tie laterita do baja contenido do magnesio. Unos 

depositbs mayores tie laterita - niquel on todo el mundo, 

tendrian cotuponentea do limonita con contenido tie hierro en 
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la gaina do 15% a 40% do hierro, e incluyen minerales tales: 

como gotita, hexnatita, nontranita y clorita. 

El paso tie lixiviaciôn primario do Acido a presión, as 

generalmente seguido par Is lixiviacion de la fracción do 

saprofita an tan upaso secundario tie lixiviación atmosfØrica. 

La frÆcoion do saprolita contiene igual a, a menos do, 25% 

de hierro e igual, a mayor de, 6% tie magnesia. AquS esta so 

indica tarnbiØn coma una fracciôn tie alto contenido tie 

niagnesio. La fracción tie saprolita as formada prisnero, an 

una lechada y puede Ser afiadida directamente a la lechada 

primariÆ tie lixiviacion del paso primario tie lixiviaciAn a 

presiôn, a puede ser sometida a ün paso preliminar tie 

lixiviaoion atmosferica par la adiciôn tie Lcido pan producir 

-una lechada prianaria tie lixiviacion. La lechada preflminar do 

lixiviaciôn as entonces combinada con Is lechada prima is tie 

lixiviaciôn. El potential do oxidaciAn / reduccion (ORP) as 

preferiblemente controlado, par la adiciAn tie gas tie diôxido 

tie azufre o una ;soluciOn de sulfita / bisulflto, tal coma 

una soluciôn do bisatflto tie litlo qua no causafl Is 

formaci6n tie jarosita. 

La adici6n do, a Is fracción tie saprolita, a la lechada 

preu.xninar tie lixiviacion, a Is lechada primaria tie 

lixiviaŁión, inicia Is precipitaciôn tie Ii hierro coma goetita 

y/o heidflita, quo desprende sirnulttzeamente fliveles mas altos 
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de Acido resultando do is precipitaciôn do hierro. Esto 

inicia el paso secundario do iixiviaciôn atmosferica y

produce usia lechada secundaria de lixiviaciAn Ł El paso do 

lixiviaciôn atmosfØrica secundario, as conducido a una 

temperature elevada, preferibiemente an la qasna do 

aproximadamente 80°C a 150°C. El Acido descargado do la 

autoclave de Is lixiviaciôn primaria do Acido a presion de 

Is fractiOn de lisnonita, as usado tambiØn para asistir on 

la lixiviaciAn secundaria a presiôn atinosferica do la 

Cfracciôn do saprolita. 

En un englobamiento, Is fracciOn do saprolita as afiadida 

directamente a la lechada primaria do lixiviaciOn para 

iniciar la precipitaciAn de hierro como goetita yb 

hematite. La precipitation del hierrà desprende 

simui.tÆneamente Acido, qua asiste an el iniciar el proceso 

secundario do lixiviaciOn atmosfØrica. Se puede aftadir acido 

suifirico adicional an esta steps, para completer el Acido 

producido durante Is precipitaciAn do hierro. 

4.0 En otro englobamiento, Is tracciOn de saprolita puede 

ser sometida a ’ma lixiviaciOn preLbninar a presiOn 

atmosfØrica, antes de la adiciAn a Is lechada primaria do 

lixiviacion. La lechada preflininar producida do la 

lixiviación por separado do Is fracciôn do saprolita, puede 

ser combinada entonces con Is lechada primaria do 
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lixiviaóion, iniciando de esta manera la precipitaciAn do 

hierro on condiciones de prestOn atmôsfØrica an el Paso 

secundario do 1ixiviaci6n. 

Und vS coibinada l.a fracci6n do saprolita con la 

lechada prirnaria de lixiviaciOn, la lixiviaciOn atmosfŁrica 

de ].a fracciOn do saprolita va a iniciar Is precipitaciOn 

como hematita y/o goetita y es separada. Ta quo hay 

presencia do bajos niveles do los iones do sodio, potasió y 

amoniaco en el agua usada para preparar las lechadas do 

minoràles y soluciones de Æcido, el hierro solamente a bajos 

niveles estarA sustancialaente libre do jarosita. El 3cido 

desprendido por la precipitaciOn del hierro, as combinado con 

el. Acido libre presents en Is descarga de la autoclave y 

Æcido- adicional aftadido (at to hay), para efectuar Is 

lixiviaciôn de Is fractiOn do saprolita y la recuperaciOn do 

niquel y cobalto o del entero cuerpo do minerales. 

Los sólidos do slam finaintente separados, contienen 

hierro como goŁtita y/o hernatita y son una descarga* 

aceptable para el ambiente. Sustanciaizaente, no hay tones 

Alcali metAlico a especies do arnoniaco aflad,tdas al sistema, 

de Østa m nera as elimina Is probabilidad do Is formation do 

jarosita con los jones fØrricos presentes. 

La descarga do Is autoclave do Is lechada a presiOn, 

contieie una alta aoidez libre y, en un englobamiento, as 
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contactada con la fracciôn -de saprolita a presiôn atmosterica 

y temperatura pot debajo del punto de ebulliciôn del acida, 

que as Is temperatura do la descarga Us la autoclave as de 

aproximadamente 80C a 105’C. Se puede afladir &cido 

sulfihico adicional. A una gama Us pH Us aproximadamente 1.5 

a 2.5 y one acidez do 0 a 10 gIl de H2SO4, los iones 

ferricos disueltos de la saprolita y los iones ferricos 

residuales rnarn,ente an Is lechada de descarga do is 

autoclave, son precipitados como hematita y/o goetita. El 

acido desprendido durante esta precipitación as usado in situ 

para Is lixiviaci6n Us mae saprolita. La hematita y/o goetita 

formada as usada coma una fuente CS material de alimentaciôn 

fresco concentrado, para acelerar la. precipitación Us 

hematita y/o goetita a presiOn atmosferica an Is gama de 

temperatura de aproximadamente 80C a 105°C. La precipitaci6n 

rÆpida de hematita y/o goetita reduce los requeriMentos de 

tinlaflo do los recipientes y los costos Us operacibn. 

La lechada secundaria do lixiviaciôn resultants del paso 

secundario de lixiviaciôn, as preferiblemente parciaimente 

neutralizada pot Is adiciôn de una base, quo puede ser 

seleccionada generalnzente de lechadas 40 carbonato do 

calcio 0 hidroxido, 0 lechadas Us carbonato 4$ magnesio u 

óxido, para elevar el PH a aproximadamente 1.5 a 2.5. A eats 

pH, la -precipitaciôn do hierro como goetita y/o hematita as 
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sustanctaintente terminada. Elevando mÆs el pH, a 

aproximadamente 2.5 a 4.5, se puoden precipitar tambien 

ineurezas adicionales tales como cromo, cobro y aluminio. Las 

lechadas usadas para elevar el pH de la lechada secundaria 

do lixiviÆciôn, son preparadas con aqua teniendo bajos 

niveles de los jones Ælcali metAlico, socilo, potasio y 

amoniaco, para evitar la formacion do jarosita. 

La minerales an su total puede toner tambien tin 

contenido de mineral de zone do transition, quo contiene Un 

nivel mediano de ian contenido do magnesia. Goneralmente, Is 

zona do transiciOn quo as encontrada entre las fracciones do 

limonita y saprolita on el cuerpo de minerales, tend  tin 

contenido do niagneslo. do aproximaflnante 5% a 7%. Eats 

minerales de contenido mediano do magnesia puede ser 

procesado con, o la fracciOn do limonita, 0 Is fracciAn do 

saprolita, as decir, qua puede ser sometida a la lixiviaciOn 

inicial a presión en la autoclave, junto con l.a fractiOn do 

limonita, a procesada con la fracciôn do saprolita, o par is 

adician directamente a Is lechada primaria de lixiviaciOn, o 

sometida a tin paso do lixiviaciôn preliminar a presiOn 

atmosfØrica con Is fracciOn do saprolita. En tin englobamiento 

adicional, Is fracci6n do contenido mediano do magnesia, 

puede ser sometida a lixiviaciOn tambiØn por separado en 

condiciones atmosfericas con la lechada do lixiviaciOn 
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resultants combinada con la lechada de lixiviacion primaria, 

an el paso aecundario do lixiviaciôn. 

En una forma mas preferida de l.a presents invenciªn, 

niquel y cobalto son recuperados de una minerales do laterita 

o oxhidrica durante el proceso, por donde el hierro disuelto 

as precipitado coma goetita y/o hematita para lggrar Un alto 

nivel de Æcido disponible para el proceso do tixiviaciôfl. La 

lechada secundaria do lixiviaciAn conteniendo niquel y

cobalto disuelto, puede ser soinetida a tecnicas de 

to

separacion do liquidos / sblidos establecidas, sequido por tin 

tratainiento 
adicional del liquido para recuperar el niquel y

a]. cobalto. El hierro s6lido an la forma do goetita yb 

hematita as separado. 

La separaciôn do hierro coma goetita y/o hematita, 

sustancialmente libre de Jarosita, crea beneficios 

ambientales, ya quo dada uno as on coapuesto relativamente 

eatable y reduce 0 eliinina el dosprendimiento do Æcido 

cuando estØ expuesto a Is intemperie. AdemÆs, el nivel do 

Æcido disponible as producido in situ, reduciendo la 

necesidad do Æcido adicional, lo que proporciona beneficios 

econØmitos. 

DESCRIPtION DE LOS DIBUJOS 

Los dibujos 1 a S ilustran diagramas do flujo 

preferidos para el proceso de Is presents invención. Se 
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deberia entender, quo toe dibujos son do ilustraciôn do 

engiobanientos preferidos de las invenciones y el alcance do 

la presents invenciôn no dabs considerarse do estar limitado 

a los mismos. 

En cada uno do los dibujos, el mineral entero as primero 

sometido a la separaciôn do rdnerales para sepaxar el mineral 

do laterite con bajo contenido do magnesio (limonita), del 

mineral do contenido alto do magnesio (saprolita). Esto as 

logra generalmente par Is clasificaciAn selectiva do 

0-

mineria, o post - mineria. El mineral do contenido mediano de 

magnesia, quo as encuentra generalmente an la zona do 

transiciôn entre las fracciones do limonita y do saprolita, 

puede set procesado, coma ilustrado, o, con las fracciones de 

limonita, o, con las fracciones do saprolita, o puede set 

procesado par separado. En cads dibujo, - one mineral as 

indicado como "laterita de magnesiomediano". 

TarnbiØn, in cada uno do 108 dibujos, todas las lechadas 

y

soluciones do Æcido usadas an los procesos do lixiviación, 

0 son preparadas usando aqua qua contiene baj Os niveles do 

jones Æicati metÆlicos. 

En el dibujo 1, Is fracci6n do laterite do bajo 

contenido do magnesio (limonita) (1) as tratada con Æcido 

sulfriào (3) tin una steps de lixiviaciôn a presión (5) a 

aproximadaaAnte 250°C y una presiôn do 45 bar, junto con la 
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laterita de Mg mediano (7). La fracciOn do alto contenido de 

Mg del mineral (9) (saprolita) as tratada con Acido sulfürico 

(3) en una lixiviaciOn preflminar de presion atmosfArica (11) 

con temperatures par debajo del punto de ebulliciOn del 

Acido. Preferiblemente, la temperature de este paso de 

lixiviaciOn es do aproximadamente 80°C a 150°C. La cantidad 

do Æcido a ser aftadido es calculado segtn las propiedades 

predeternilnadas de saprolita, y la proporción deseada entro 

limonita y saprolita a ser procesada. Este caracteristica do 

Aw este englobamiento perinite la variation de is proporciOn 

entre liinonita y saprolita a ser procesado, mientras se 

mantienen las recuperaciones altas do metal. La lechada do 

lixiviacion atmosfØrica de saprolita con alto contenido de Mg 

(13) es aftadida a la descarga do la autoclave de la etapa de 

lixiviación a presion (15) an un paso de etapa secundaria do 

lixiviacion a presión atinosferica (17). 

El paso secundario do lixiviaciOn incluye la lixiviaciOn 

adicional simult&nea de saprolita y la precipitacion do 

hierro como goetita y/o hematita. Con la introducciOn do la 

lochada de lixiviación de saprolita, sucede generalmente la 

precipitacion de hierro como goetita y/o hematita, 

desprendiendo mÆs Acido pare asistir an una lixiviaciOn 

futura. La saprolita contiene generalmente algün hierro como 

goetita, quo funciona como material de sienibra pare acelerar 
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Is reaccion, sin embargo, con el fin de mejorar aUn wAs la 

siembra de reacción conteniendo concentraciones was altas do 

goetita y/o hematita, esto puede set afiadido para asistir en 

el proceso de precipitacion y mejorar Is lixiviaciOn. 

Cuando los procesos de Is lixiviación secundaria so 

consideran estar completos, se puede efectuar Is separacion 

clÆsica de liquidos / sOlidos de Is lechada (21), seguido 

por tin tratamiento adicional del licor antes do la 

recuperación de niquel y cobalto (23) y el desecho de los 

sólidos de goetita y/o hematita (19) despues del ajuste 

adecuado del pH. 

En Un segundo englobamiento descrito en el dibujo 2, la 

fraccionamiento de bajo contenido de Mg (1) es tratada con 

acido sulfürico (3) en una etapa de lixiviacion a presion (5) 

junto con la fracciOn de laterita de MG mediano (7) a 

aproximadamente 25 0°C y una presión de 45 bar. La fraccion 

del mineral con alto contenido de Mg (9) es directamente 

aftadida a Is lechada de descarga de Is autoclave an Un paso 

de lixiviación atinosforica (16). Se puede afiadir acido 

sulfürico adicional (3) a Is segunda etapa do lixiviación, 

si se requiere. 

La etapa de lixiviacion atmosferica (16) incluye la 

uixiviacion simultAnea de saprolita y precipitacion do hierro 

coino goetita y/o hematita. La dosis del mineral de saprolita 
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con alto contenido de Mg afiadida a la lechada primaria de 

lixivtaciOn, as determinada pot el Æcido libre remanente del 

Paso de lixiviaciOn primaria a presion, el Acido desprendido 

durante la precipitaciOn de hierro como goetita yb 

hematita y el consumo de Æcido de Is fracciOn do saprolita 

de alto MG a extracciones dada do Ni, Co, Fe, Mn, Mg y otros 

jones. 

Cuando los procesos de la lixiviacion secundaria as

consideran estar completos, as puede efectuar Is separaciOn 

clÆsica de liquidos / sólidos de Is lechada (21), seguido 

pot un tratamiento adicional del licor antes de la 

recuperacion de niquel y cobalto (23) y el desecho do los 

sólidos de goetita y/o hematita (19) despuØs del ajuste 

adecuado del pH. 

El dibujo 3 es una variaciOn del proceso descrito Para 

el dibujo 2 an donde solainente Is fracciOn de limonita do 

bajo Mg (1) as sometida a lixiviaciOn de Æcido a preston 

(4), ntientras as permite a las fracciones de Is laterite de 

C 
Mg mediano (7) y las fracciones de saprolita de alto Mg (9) 

del mineral, a pasar directamente a Is etapa secundaria do 

lixiviacion (18). Se puede afiadir mØs Acido sulfirico (3) 

directamente a Is etapa secundaria de lixiviaciOn. 

El dibujo 4 as una modificacion adicional an donde la 

fracciOn de limonita de bajo Mg del mineral (1), as sometida 
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a lixiviaciOn do Æcido a prestOn (4) mientras quo el mineral 

con contenido mediano de Mg as sometido a una lixiviacion 

preliminar a preston atinosferica (6) con Æcido (3) a 

temperatures por debajo del punto de ebulliciOn del Æcido 

(80°C a 1050C). La fracciOn do saprolita con alto contenido 

do Mg (9) as dirigida al proceso secundario de lixiviacion 

atntosferjca (20) en combinaciOn con la lechada de 

lixiviacion a alta preston y la lechada do Is lixiviaciOn 

preliminar atmosferica del mineral de laterita do Mg mediano. 

EL dibujo S indica un proceso en donde Is fracciOn de 

limonita do bajo Mg as sometida an una autoclave a una 

lixiviaciOn de Acido a alta presiOn (4) siguiendo Is adiciOn 

do acido sulfUrico (3) mientras ambas, la fracciOn do 

laterita de Mg mediano (7), y la fracciOn de saprolita de 

alto Mg (9) son tratadas a una lixiviaciOn preliminar a 

prestOn atmosferica (12) con Æcido sulfürico (3) a 

temperatures elevadas. Las descargas de las lechadas do 

preston alta y presiOn atmosfØrica son conibinadas an una 

lixiviaciOn secundaria atmosferica (24). fl niguel y cobalto 

an soluciOn, son recuperados pot la separaciOn de liquido / 

sOlido de la lechada (21) seguido por un tratamiento 

adicional del llquido (23) y la rentociOn de hierro como 

goetita y/o hematite en forma sôlida. 
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Ejeaplo 1. Procesamiento de mineral, ensayo qulmico e 

investigaciôn mineralogica 

Se agitaron tres muestras de limonita en agua de chorro 

por 2 horas y se cribaron a 1 mm. Cualquier material de 

tamaflo mÆs grande fue molido a menos de 1 mm, en un molino 

de barras con agua pie fue baja en tones de Na, K   NH4. 

Dos muestras de saprolita fueron molidas an tin molino de 

barra con agua que fue, baja en tones de Na, K y NH4 a P80< 

ç75 micrometros y P100<650 nticrometros. Las lechadas de 

- limonita y saprolita fueron ajustadas a una concentración de 

solidos de 30% por peso y 25% por peso respectivamente. La 

distribución de tamaftos de particulas SG y PSD de los 

minerales fue medida con un instrumento Malvern y se muestra 

en Is Table 1. 
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Tabla 1: SC y PSD de Is minerales de alimentaciôn 

---------------------------------------------------

Mineral de SG PSD 

alirsentacion 9/ml P80 pm P50 urn Pjo pm 

Limonita 1 3.38 19.3 7.69 2.86 

Limonita 2 3.52 20.7 8.63 3.14 

Limonita 3 3.70 37.0 6.55 0.75 

Saprolita 1 2.17 52.0 11.9 0.76 

Saprolita 2 3.38 46.1 17.46 3.54 

Los resultados de los ensayos qulmicos de las muestra de 

mineral estÆn dadas en Is Tabla 2. 

Tabla 2: AnÆlisis quimico de muestras de laterita 

Muestra 

Limonita 1 

Limonita 2 

Limonita 3 

Saprolita 1 

Saprolita 2 

24 

%A1 %Ca %Co %Cr %Cu %Fe %Mg 

1.80 0.02 0.15 1.90 0.01 37.80 4.90 

2.00 0.04 0.18 2.20 0.01 41.50 2.70 

0.91 0.31 0.08 0.31 0.01 25.20 5.20 

1.70 0.93 0.12 0.93 0.02 13.80 14.00 

0.73 0.13 0.12 0.95 0.01 16.10 12.40 
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Table 2: Analisis qulmico de muestras de laterita (cont.) 

Muestra %Mn %Na %NI %?b %S %Si %Zn 

Limonita 1 0.85 0.00 1.60 0.00 0.17 7.5 0.03 

Limonita 2 0.95 0.03 1.60 0.00 0.17 5.80 0.03 

Limonita 3 0.35 1.80 2.30 0.00 0.17 15.30 0.00 

Saprolita 1 0.66 0.00 1.90 0.00 0.02 17.70 0.01 

Saprolita 2 0.38 0.06 2.40 0.00 0.03 18.10 0.01 

Los resultados de Is investigaciOn de mineralogia de 

muestras de mineral son brevemente resumidos en In Table 3. 

Table 3: Mineralogla 

25 

Mineral Mayor mineral conteniendo Ni 

Limonita 1 Goetita 

Limonita 2 Goetita 

Limonita 3 Goetita 

Saprolita 1 Serpentine, garnierita 

Saprolita 2 Serpentina, asbolana, nontronita 



Ej emplo 2: lixiviaciOn a presiôn consecutiva con 

limonita 1. conteniencto 4.9 mg y lixiviaciôn atinosfØrica con 

saprolita 2 

914 gramos do 30.3 do lechada Xdmonita 1 (mostrada en el 

ejemplo 1) y 118 gramos do 98% H2SO4 fueron afladidos a una 

autoclave do titanio do 2 litros. La lixiviación de presión 

en la autoclave aqitada durO una hora (excluyendo el tiempo 

do calentamiento) a 250C y 48 bar. SiaultÆneamente, 1101 

gramos de lechada 25.2 % por peso saprolita 2 (mostrada en el 

Qejemplo 1) y 159 gramos do 98% H2SO4, fueron combinados en 

tin reactor do vidrio do 3 litros agitado y sometidos a 

lixiviaciôn por 30 minutos a 95°C - 104°C y presión 

atmosfØrica. La saprolita fue caleatada a 60°C antes do ta 

adicion del acido. La acidez do la solución final do ambas, 

la lixiviaciôn a presiOn con ltmonita y [a lixiviaciôn 

atmosfOrica con saprolita, tue 38.3 gramos por Utro y 15.1 

3 
gramos por litro respectivamente. La lechada do presion tue 

- - transfer.ida anientras era todavia caiiente ("90°C) al reactor 

de vidrio y mezclada con lechada do lixiviacion do saprolita 

para continuer Is lixiviaciOn atmosfOrica y precipitaciôn 

do hierro a una temperature do 95°C a 104°C por 9.5 horas 

mªs. El.ORP tue controlado on Is gama de 523 - 605 my (versus 

prueba AgCl), por la adiciAn do una soluciOn do bisulfito do 

litio quo no causarÆ Is fomnacion do jarosita. La 
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concentracion de niquel y hierro en la solución despues do la 

lixiviación atmosfØrica tue 4.0 y 3.2 gIl respectivamente. 

Se ahadiO lechada de piedra caliza (20% por peso, y preparada 

con aqua baja en jones Na, K, y Nh4) al reactor para alcanzar 

un pH do 2, mantenienclo una temperature de 85°C a 100°C por 

una hors, completando la precipitaciAn do hierro. La 

concentracion final do niquel y hierro en solución despises de 

Is etapa de Is adición de piedra caliza fue 4.1 g/litro y 

0.35 gIl respectivamente. 

La tabla 4 ilustra las condiciones principales 

operativas y extracciones globales de niquel y cobalto. La 

investigacion mineralogica del residuo final usando 

XRD/SEM/EDS indicó qua la fase mayor y fase manor de Is 

precipitacion de hierro tue hematita y goetita 

respectivamente. No as encontro jarosita alguna an el residuo 

final. 

I 
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Tabla 4: Condiciones operativas mayores y extracciones 

globales de Ni y Co 

Acido / Acido / Limonita/Sapro- Acido / Ext. Ni Ext. Co 

Lisonita Saprolita lita-Proporclón mineral* % 

(kg/t) (kg/t) Peso-t (kg/t) 

419 562 1 : 1 490 82.5 86.7 

* limonita Ms saprolita 

Ejemplo 3: J.ixivlación a presión consecutiva con 

lflnonita2 conteniendo 2.7% mg y lixiviacion atmosfØrica con 

saprolita 2 

914 gramos de 30.5 de lechada Llmonita 2 (mostrada en el 

ejemplo 1) y 104 gramos de 98% H2SO4 fueron afiadidos a una 

autoclave de titanio de 2 litros. La lixivlaci6n de presiôn 

an Is autoclave agitada durO una hora (excluyendo el tiempo 

de calentamiento) a 250°C y 48 bar. SimultÆneamente, 1101 

gramos de lechada 25.2 % par peso saprolita 2 (mostrada en el 

ejemplo 1) y 181 gramos de 98% H2SO4, fueron conibinados en 

un reactor de vidrio de 3 litros agitado y sometidos a 

lixiviación pot 30 minutos a 95°C - 104°C y presion 

atniosferica. La saprolita tue calentada a 60°C antes de Is 
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adiciôn del. Acido. La acidez de Is soluciôn final de ambas, 

La lixiviación a presiôn con limonita y is lixiviaciOn 

atmosfØrica con saprolita, fue 46.1 grainos por litro 
y

22.6 

gramos por litro respectivamente. La lechada de presiôn tue 

transferida mientras era todavia caliente (-90°C) al reactor 

de vidrio y mezclada con lechada do lixiviacion de saprolita 

pars continuer Is lixiviaci6n atmosferica y precipitaciôn 

de hierro a una temperatura de 95°C a 104°C por 9.5 horas 

Ms. El OR? tue coætrolado an La gama tie 552-621 my (versus 

prueba AgC1), por La adicion de una soluciôn de bisulfito do 

Sd 
litio qua no causarÆ La fonuación do jarosita. La 

concentración do niquel y hierro an Is soluciôn despuŒs de Is 

lixiviaciôn atmosfØrica tue 4.9 y 8.4 gIl respectivamente. 

Se atadiô lechada do piedra caliza (20% por peso, y preparada 

con aqua baja an jones Na, K, y NH4) pare completar La 

precipitàciôn tie hierro. La lechada tue afladida lentamonte 

al reactor para alcanzar un pH do meta do 2, a una 

temperatüra de 85°C a 100°C por una hors, completando Is 

precipitacion tie hierro. La concentraciAn final de niquel y

hierro an soluciOn despuØs tie Is etapa do Is adiciôn de 

piedra daliza tue 4.3 g/litro y 048 gil respectivamente. 

La table 5 ilustra las condiciones principales 

operativas 
y

extracciones globales do niquel y cobalto. La 

investigaciôn mineralógica del residuo final usando 

El 



XRD/SEN/EDS indicó qua la fase mayor y fase menor de Is 

precipitaciôn de hierro fue hematite y goetita 

respectivaJnente. No as encontrO jarosita alguna en el residuo 

final. 

Tabla 5: Condiciones operativas mayores y extracciones 

globales de Ni y Co 

Acido I Acido I Limonita/SaprO- Acido / Ext. Ni Ext. Co 

Limonita Saprolita lita-ProporciOn mineral* % 

(kg/t) (kg/t) Peso-t (kg/t) 

369 639 1 : 1 505 86.7 86.4 

* llmonita mis saprolita 

EJEMPLO 4: lixiviación a presión consecutiva con lijuonita 

3 conteniendo 5.2% mg y lixiviaciôn atmosferica con saprolita 

1 

923 gramos 29.09% por peso cM lechada Limonita 3 

(mostrada en el ejeniplo 1) y 114 gramos de 98% H2SO4 fueron 

afladidos a una autoclave de titanio cM 2 litros. La 

lixiviacion do presion en Is autoclave agitada duró una hors 

(excluyendo el tiempo cM calentamiento) a 250°C y 48 bar. 

SimultÆneamente, 1088 gramos do lechada 24.7 % por peso 

saprolita 1 (mostrada en el ejemplo 1) y 180 gramos de 98% 

30 
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02s04, Zueron ccmbinados en Un reactor de vidrio de 3 U.tros 

afltado :y sometidos a lixiviaciôn pot 30 minutos a 95°C - 

104*cy preston atmosferica. La saprolita tue calentada a 

60°C antes de Is adicion del acido. La acidez de la solucion 

final do ambas, la lixiviaciAn a presiôn con limonita y Is 

lixiviaciOn atmosfØrica con saprolita, tue 36.3 grams pox 

litro y 16.7 grams pot litro respectivantente. La lechada de 

presiOn foe transferida mientras era todavia caliente (90°C) 

al reactor de vidrio y mezclada con lechada do lixiviaciOn do 

saprolita pars continuer Is liziviaciOn atmosterica y 

precipitation do hierro a una temperatura do 95C a 104°C pox 

9.5 horas Ms. El. OR? tue controi.ado en la game de 459 - 576 

my (versus prueba L9Cl), pot la adiciOn de una soluciOn do 

bisulfito do litio quo no causarA la formaciOn do jarosita. 

La concentraciôn de niquel y hierro en la soluciôn despuØs do 

Is lixiviaciOn atinosfØrica tue 4.3  y 1.7 gIl respectivamente. 

Se ahadiô lechada do pi-edra caliza (20% por peso, y preparada 

con aqua. baja en iones Na, K, y NEd) al reactor para alcanzar 

40  on pH de 2, manteniendo una temperature do 85°C a 100°C pox 

una hors, coinpletando Is precipitaciOn do hierro. La 

concentratiOn final S niquel y hierro en soi.uctOn despuØs do 

Is etapa de la adiciOn do piedra caliza tue 4.2 g/litro y 

0.86 gIl respectivaniente. 
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La tabla 6 ilustra las condiciones principales 

operatives y extracciones globales de niquel y cobalto. La 

investigación niineralogica del residuo final usando 

XRDISF)A/EDS indicó quo Is fase mayor y fase menor do la 

precipitaciOn do hierro fue hematita y goetita 

respectivamente. No se encontrô jarosita alguna en el residuo 

final. 

Tabla 6: Condiciones operativas maycres y extracciones 

globales do Ni y Co 

Acido / Acido / Limonita/Sapro- Acido I Ext. Ni Ext. Co 

Limonita Saprolita lita-Proporcion mineral* 

(kg/t) (kg/t) Peso-t (kg/t) 

405 656 1 : 1 533 90.6 91.0 

----------------------------------------------------------

*ljmonjta roes saprolita 

La anterior descripcion tiene el propósito do ser 

ilustrativa del englobamiento preferido do la presento 

invenciôn. Se debe entender pot los que conocen Is tØcnica, 

que se pueden efectuar varias modificaclones y/o alteraciones 

sin desviarse del espiritu de la presents invención, que 

estÆn todavia dentro del alcance de Is presente invenciôn. 



REIVINDICACIONES 

1. Un proceso pare Is recuperacion de niquel y cobalto 

de minerales de laterite portando niquel incluyendo los 

pasos de: 

a) suministrando un mineral de laterita portando niquel 

y separando el mismo an su fracción de limonita de bajo 

magnesio y saprofita de alto magnesio; 

b) tratando la fracciôn de limonita en una soluciOn do 

Æcido en un primer paso de lixiviacion a alta presion 

…0 
pars producir una lechada de lixiviaciOn primaria; 

c) afiadiendo la fracción de saprofita a Is lechada de 

lixiviacion primaria pars iniciar Is precipitaciOn de 

hierro como goetita y/o hematita, mientras qua as 

desprende simultaneamente acido adicional de la 

precipitación do hierro, pars efectuar un paso 

secundario de lixiviacion atmosferica, produciendo una 

lechada secundaria do lixiviaciOn; 

an donde todo ci agua usada pars preparar las lechadas 

de minerales y/o soluciones de Æcido, tiene una 

composiciOn iónica quo evita sustancialmente Is 

forinacion de jarosita. 

2. Un proceso conforme reivindicacion 1, en donde las 

fracciones do minerales son primero preparadas COIIIQ una 
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lechada antes de ser sometidas al proceso Us 

lixlvtación. 

3. Un proceso conforms reivindicaciOn 11 an donde la 

composición lónica del agua usada pars preparar las 

lechadas do minerales y/o soluciones de Æcido, contiene 

bajos niveles de los iones alcali metÆlicos, soUTh, 

potasio y amoniaco. 

4. Un proceso conforms reivindicación 1, incluyendo los 

pasos adicionales de: 

d) parcialmente neutralizando la lechada secundaria 

de lixiviación para elevar el pH a aproximadamente 

1.5 a 2.5 para completar sustancialmente la 

precipitación de hierro como gQetita y/o hematita; 

y

e) elevando el pH Us la lechada secundaria de 

lixiviación a aproximadamente 2.5 a 4.5 para 

precipitar otras Impurezas. 

5. Un proceso conforms reivindicación 4, en donde una 

lechada de carbonato do calcio 0 hidróxido, 0 una 

lechada de carboiato de magnesio u óxido, es usada para 

elevar el pH de la lechada secundaria de lixiviacion. 

6. Un proceso conforms reivindicación 5, en donde el agua 

usada para formar la lechada usada para elevar el pH de 

la lechada secundaria de lixiviaciOn, contiene niveles 
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bajos de los jones âlcalt metalicos, sodlo, patasio y 

amoniaco. 

7. Un proceso conforme reivindicación 6, an donde los 

niveles bajos de los lones Ælcali metÆlicos son lo 

suficienteinente bajos asi quo suceden solamente niveles 

no significativos de precipltación de jarosita. 

8. Un proceso conforme reivindicacion 1, an donde la 

fracciôn de limonita contiene Is cantidad iguala, 0 

mayor del 15% de hierro e igual a, o mayor de, 6% de 

Ł.1 magnesio. 

9. Un proceso conforme reivindicaclOn 1, an donde la 

fraccion de saprolita contiene Is cantidad iguala, 0 

mayor del 25% de hierro e igual a, o mayor de, 6% de 

magnesio. 

10. Un proceso conforme reivindicación 1, en donde el 

mineral de laterite portando niquel, incluye tambiØn 

una zona de transición de mineral teniendo tin contenido 

de 5% a 71. 

11. Un proceso conforme reivindicación 10, an donde 

cualquier laterite de la zona de ttansicion o material 

de mineral de oxidación, as procesado, o con Is fraccion 

de limonita an el paso primario de lixiviacjOn a 

presiOn, procesado junto con la fracción de saprolita, 0 

sometida a lixiviacion por separado a presion 



atmosferica con la lechada resultante combinada con la 

lechada primarla de lixiviaciôn en el paso secundario 

de lixiviaciOn atmosferica. 

12. Un proceso conforme reivindicación 1, en donde la 

fracción de llmonita es sornetida a una lixiviacion de 

acido a presión en una autoclave a temperaturas de 230°C 

a 270°C y una presion de 40 a 50 bar. 

13. Un proceso conforme reivind.icacion 1, en donde la 

fracciôn de saprolita es primero sometida a tin paso de 

lixiviación preliminar atmosfØrica por la adición de una 

solución do Æcido para producir una lechada preliminar 

de lixiviaciôn, que entonces es combinada con la lechada 

primaria de lixiviación. 

14. Un proceso conforme reivindicaciOn 1, en donde el 

paso secundario de lixiviacion atmosferica es realizado 

dentro de la gama de aproximadamente 80°C a 105C. - 

15. Un proceso conforme reivindicación 1, en donde 

acido sulfUrico adicional es aftadido durante el paso 

secundario de lixiviacion atmosferica, para complementar 

el Æcido desprendido durante la precipitacion del 

hierro. 

16. Un proceso conforme reivindicacion 1, en donde la 

descarga de la lechada de presiOn, contiene acidez libre 

alta que es contactada con la lechada de lixiviaciôn de 
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la fraccion de saprolita a presiôn atmosferica y a una 

temperature por debajo del punto de ebullición del 

Æcido. 

17. Un proceso conformereivindicación 16, en donde la 

temperatura de la descarga de la lechada de presiôn estÆ 

en la gama de 80°C - 105°C. 

18. Un proceso conforme reivindicaclon 1, en donde la 

hematita y/o goetita formada, es usada como una fuente 

de material de siembra concentrado para acelerar la 

precipitación de hematita y/o goetita a prestOn 

atmosfØrica. 

19. Un proceso conforme reivindicaciOn 1, en donde el 

Æcido usado an el paso primario de lixlviaciOn a alta 

presión, es Æcido sulftrico concentrado. 

20. Un proceso conforme relvindicaciOn 1, en donde la 

lechada secundaria do lixiviaciOn es sometida para 

establecer tØcnicas do separación de liquidos / s011dos 

con el fin do la recuperacion do niquel y cobalto do 

la lechada. 

j 
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