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Oil i ij (ty ( (rice in : 
it kit was 

S(LIAN and Hu GH FITZALS KIRPATRICK 
PICARL), sabjects of the King of England, 
and residing in oil), England, have in 
vented certain new and itseful in prove 
ments in the Recovery (if Ni 

S. 

f Nickel from its 
Ores, of which the folio wing is a specifica 
tion. 
This is yellion ret: it's to improvements in 

the recovery of nickei from its silicate ores 
and partici: i , iron garnierite ores in 
which tilis is ta: ; cil's as a double silicate 
of nickei and in agilesia. Garnierite usually 
occurs if a Jatiy i serpentine, with mag 
lesia-linicas and with other hydrated sili 
cicus magnesia ninerals, wiich it closely 
approaches in specific gravity and in certain 
other physical characters; this similarity 
reinders ordinary methods for the concen 
tration of the garthierite frolin these ores in 
effective. 

According to this invention a process for 
the extraction if tickel from garnierite and 
like silicate ores cota)rises the treatment of 
the ore with : in: 
tity as to aci 
nickei. 
As is weii lik vs. n both garnierite and its 

matrix ai'e decoil posed by a 
especially sulfuric : 1c hydrochloric acids, 
with the liberation i silica and the produc 
tion of soluble sulfates and cilorids of 
nickel and of magnesiuli. It is impossible 
to dissive all the tickel (together with its 
associated intagnesia) from garnierite by 
acid ireatnett with {}ilt dissolving a large 
quantity of magnesia from the gangle Oin 
erals also, and this occurs, indeed, to it de 
gree which would render the consumption 
of acid excessive and coilinercially imprac 
ticable. Ye have found. ht)weve', that by 
using a nach smallel' (iuantity of acid a 
sistantial prostiion of the nickel can be 
dissolver by eit is iron galnierite ores even 
of low graie, the magnesia ninerals being 
similitaneousy in tacked, but to a degree 
natch tes Eile former case. In ally 
eveit collisi. 

ti; it tile 
ei'ally more magnesia is dis 

solved than nickel. 
t Jaickel y 

i nai, ertheless the Soi 

mineral acids, 
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partied y an excessive break up of other 
that we, it NRY ISINGSTONE magnesia initerals with a correspondingly 

heavy loss of acid. 
ihis extraction process is designed mainly 

to recover substantial proportions of nickel 
fron garnierite 'res which are to:) poor to 
stand the cost of carriage for treatient at 
a piace other that that at which the ore is 
mined: aid involves a supply of sulfuric 
acid which may he suitably manufactured at 
or near the nines or may be in ported from 
8, inaull faciling center not too distant 
there from. For example we have obtained 
an extraction of over 70% of the valuable 
metal from a garnierite ore containing two 
per cent. of ticke, and a recovery of nearly 
60, from gainieriie ore from another 
solirce which contained 5,' ... of nickel, with 
the same annotint of acid in earl case : viz.:- 
qa (tity of sulfuric acid amounting to 

25% of the weight of the o'e. lawing re 
gard to the loe: conditions each of these 
extractions showed a sistantial economical 
'ist it. that in the case: ); the either ore 
being the more profitable et withstanding 
iii) lesser recovery. Neither operation 
Avoid have bean commercially successfit 
! is the extraction of the like been car 
ried to a high figure, saw 95, , as under 
such conditions the acid constinaption in 
volved world inoint to a boit S()% of the 
ore weight. It is obvious irowever that 
richer garnierite ores will be able to stand 
a greater acid consumption cost thin poorer 
ores, and we therefore do not confine out 
selves to any definite coilst in prio) if acid as 
this Yi}} be regi late: by the econ: it con 
ditions pertaining to each re. 

{Our method is this based upon a selec 
tive dissolition action which certain mineral 
acids exari upon a mixture of nickal-mag 
nesia and in a gnosit in silicates within certain 
economical limits, which will be determined 
in each case by the peculiar nature of the 
mixed minerals, their specific behavior to 
acids, and by the economic factor's available 
at the mines. We have also found that the 
hydrated silicates of magnesia. (etc. which 
are contained in large ) 'ortion in low 

"nile garlierite (res indergo rapid * weath 
' (or cl: inge when ev)ose to air, espe 
it in crish fi : (); it in. is \venth 
action rest is it; a growing sibility 

gilesia}} :)i: {}l inds it acid, that 
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more of Sait, in a first, 

next and successive quantities Of O'e, 

4. 5 

5 
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screen mesh of from 30 to 50 per linear incl. 

whole is rised to from about 120 to 130° C. 

a paste is heated to a temperature between 

filtrate. Rioresver bit ii 

65 hydrate in tilt 

is to say in an increased consumption of 
acid relatively to the nickel dissolved. 
A feature of this invention therefore coin 

sists in applying acids to the Ole in a freshly 
mined and non-weathered condition directly 
it has been suitably crushed. The degree of 
crushing will vary with different o'es, but a. 
will generally be found suitable. We find 
no increased selective action of the acid sol 
vent, in favor of nickel, with very finely pull 
verized ore material. 
The solvents we employ al'e sulf 

hydrochloric acids, or sixtures of these. 
For example, we hay add a certain propor 
tion of salt to the sulfuric acid, or spent liq 
uors containing imagnesi in chirid. This 
we may use 25% of sulfuric acid and 10% O' 

:Xtraction, there: fier 
employing 25% sulfillic acid together with 
the spent-liquors containia:g the equivalent 
of magnesium Gi calcium chlorid. On the 

Y 
2. 

We find the best results are obtainable by 
keeping the proportion of Water fa 
say sufficient (in admixture with 
to give a move or less thick past 
ere, or the ore may be mixed directly with 
concentrated sulfuric acid, we allow the 
well-mixed mass to stand in 3. suitable tails. 
or vat for a period of an hour or two, and 
then heat by steam, or C2, a siliitabis heated 
furnace-hearth, until the temperature of the 
Thus it is a feature of this invention that the 
crashed ore together with a pictition of 
acid substantially as above Siecified and a 
Small proportioi )f water Silicient to for in 

3.00° and 150° C. until he conversion if the 
nickel into the solubie salts has been effected 
to the desired exteni. The dried in a SS ii. 

aid the soluti: ) i? 
fine lagnesia as is 
separated from he isolable fire residues by 
any suitable rechanical filtratio}) device; 
the 'esidues being washed free in sit from 
solibie nickei salts, in the usal well knowit 
IG". : 

We find gainierite ores so treated yield 
solutions wich contain nickci and magne 
sit in sulfate and/or chiorid, all but little 
iron. If the .ixture has been kept from 
contaci with met; lic iron dring the exti'ac 
tion iniocess, as is of couise 
or no ferroris iroi) is foll 

which the separated ly been 
rendered insoluble with 
water, preferably h ghtly acidified: 

..i-rsi. . . . . 

y dec(): ; pos 
the ore de 
may be o 

; oxid or 

able basic 
coin}}oslin 
cally dissol - s 

at ea', 

cipitation. 
of producing magnesia as an additicaai 

, i. is 

if the solutions obtailed by the treatment 
if the Gres with sulfuric acid contain iron as 
ferrous sulfate, it may be oxidized to ferric 
Stilfate by a suitable chromate a bi-chlo 
late. Then p(\v clered carbonate {f lime is 

stirred into the solution whereby any free 
Slafaric acid existing is iieutralized if: all 
iron, a limina, and chronit in Salis a!' pre 
cipitated together with sulfate of life, and 
the plure nickei and magnesian Solution is 
filtered thei'eron. The resulting product is 
a purified solation of stilfates of nickel aid 
magnesium. The nicket is precipitated from 
this Solition by stirring it powdered mag 
nesia (Rigi) and the precipitition may be 
aided by warming the solutii.;; 
ing the raginesia a little at a tine with con 
stant stirring in order to avoid carrying 
down magnesia with the nickel hydrate pre 
ipitate. The reaction is represented by the fellowing equation: 
NiSO-1 ()--if e() at AigSG-1- 

ie is not fift pittie and 
ir re-rly all the cases will conial in some 
in agilesia at (; it eating to drill redness to 
dehydrate it. a powdered hic 
duced carrying 'ron () to 
(Ni). The Hagines 
by crystallizing a suffici.it quantity of imag 
hesilu Suifate from the solition and calcin 
ing it on a furnace-health and rabbling in a 
siliciency of carbon. The changes taking 
place are represented by the following equa 
tion : 1W r 

SO-C-: AigO--SO.--CO. 
it is only necessary to crystallize and cai 

cine enough malesium stilfate to give the 

The nickel hyd's 

a A if nickel 
ia is recovered for re-use 

amount of magnesium oxid required for pre 
3ess affords a method This process 

product (for the garn 
?ired. 

rite ore), if it be re 

What we claim as our invention and de 
sile to sectare by Lettel's Patent is:- 

1. The he'ei described process for the 
axii'iction of nickel from silicate oras con 
aining other metais, which consists in treat 
ing the ore, with a mineral acid in such 
?tantity as to act as a selective solvent 
if the nickel over the magnesium compounds 
forming the gangle materials and precipi 
tating the nickel from the solution of the 
salts of nickel and other metals. 

2. The herein described process for the 
traction of nickei fi'em silicate ores con 

taining other metals which consists in treat 
ing tile ore with sulfuric acid in Stich quan 
tity as to act as a selective soi 

*l over tie magnesia: 
the gaingue laterial 

with water so as to eligit: a 3: . 
iion of niclei is: fate a 

a rifying the Solti. . 

gies 
st 

4.- : y - at:ys, 

a'2d by add 

kel QNid is pro 

iyent of the 
compounds 
extracting 
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metals other than magnesium and nickel and 
precipitating the nickel from the remaining 
solution. .. 

3. The herein described process for the 
extraction of nickel from silicate ores con 
taining other metals, which consists in treat 
ing the ore with a mineral acid in such 

O 

25 

30 

A.S. as to act as a selective solvent of the nickel over the magnesium compounds 
forming the gangue materials and precipi 
tating the nickel from the solution of the 
salts of nickel and other metals by means 
of magnesia. 4. The herein described process for the 
extraction of nickel from silicate ores con 
taining other metals which consists in treat 
ing the ore with sulfuric acid in such quan 
tity as to act as a selective solvent of the 
nickel over the magnesium compounds 
forming the gangue materials, extracting 
with water so as to obtain an aqueous solu 
tion of nickel sulfate and other metal sul 
fates, purifying the solution by eliminating 
metals other than magnesium and nickel, 
stirring into the purified solution powdered 
magnesia to precipitate the nickel as a hy 
drate and separating the precipitated hy 
drate. 

5. The herein described process for the 
extraction of nickel from silicate ores con 
taining other imetals, which consists in treat 
ing the ore with sulfuric acid in such quan 
tity as to act as a selective solvent of the 
-nickel over the magnesium compounds 
forming the gangue, materials, extracting 
with wafer so as to obtain an aqueous solu 

8 

tion of nickel sulfate and other metal sul 
fates, purifying the solution by precipitat. 
ing with calcium carbonate the metals other 
than magnesium and nickel and precipitat 
ing the nickel from the remaining solution by 
means of magnesia. 

6. The herein described process of extract 

40 

ing nickel from silicate ores containing 
other metals which consists in treating the 
ore in a freshly crushed and non-weathered 
condition with a mineral acid in such quan 
tity as to act as a selective solvent of the 
nickel and precipitating the nickel from the 
solution of the salts of nickel and other 
metals. 

7. The herein described process of ex 
tracting nickel from silicate ores containing 
other metals which consists in treating the 
ore in a freshly crushed and non-weathered 
oondition with sulfuric acid in such quan 
tity as to act as a selective solvent of the 
nickel, extracting with water so as to obtain 
an aqueous solution of nickel sulfate and 
other metal sulfates, purifying the solution 
by precipitating with calcium carbonate the 
metals other than magnesium and nickel and 
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precipitating the nickel from the remaining 
solution by means of magnesia. 
In testimony whereof we have signed our 

names to this specification in the presence. 
of two subscribing witnesses. 

HENRY WINGSTONE SUMAN. 
HUGH FITZALIS KIRKPATRICK PICARD. 

Witnesses: 
O. J. WoRTH, 
H. D. JAMESON. 
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