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It is allowed to settle, and run off into tubs C. Steam is conducted 
into the tnlis, and when the liquid begins to boil, bleaching powd~r 
(chloride of lime) is added to peroxidise the iron,_ and t~e mass is 
allowed to boil for about three hours. The arsemc and 1ron come 
down togetber. If no iron be prcsent in the solution some mu1:1t 
be added. The liquid is then run off through filters_ D, to_ under
ground tanks E, whence it is pmnped to tanks F, 1_n_ ,~hich the 
mass is treated with sulphuretted hydrogen. AdJommg these 
tanks, of which there are six, there are also three lead retorta, 
in which sulphuretted hydrogen is produced. In these tan~s tl~e 
copper is precipitated, and the nickel and cobalt solution 1s 
stmined through filters G, and drains into a second undergr?1md 
tank H. It is then pumped into a tank J, and there succesS1,·ely 
rnixed with iron, chalk, chloride oE lime, and water from tubs 
placed above the tank, with a view_ to prec!pitate, fi~t, any copper 
thaL may h,wc pns:sed into solut1on durmg filtrat1on, and the_n 
the iron which has taken the place of the copper. The chargo 1s 
fir:st boiled by the aid of steam pipes so as to expel the sulph~uetted 
hydrogen. It is then run off to a tank L for stoc~. lt IS_ noxt 
pnmped up into a dividing tank 11, and heated w1th chloride oE 
lime, thc cobalt being precipitated as oxide at a temperatm~ oE 
40º. Thc solution containing nickel is allowed to nm off. mto 
another tank O, in which milk of lime is added, and the mckel 
precipitated as hydrated oxide. The liquid is allowed to run o!f 
as waste. The oxides are pumped into presses, and the water 1s 
drained off. The nickel oxide is dried oo the roof oE a muffle, 
heated, and crnshed. It is tben mixed with charcoal, and heatcd 
in a crucible in a reducing-furoace for eight or twelve hours. A 
rough powder is obtained, and in tbis _form the metal is sold,_ or 
the nickel oxide is mixed into a paste w1th flour and water, wh1ch 
is heated and cut into cnbes. These cubes are placed in cruciblcs 
with charcoal, and heated to a temperatura above the melting
point of copper. The nickel oxide is reduced by the charcoal an<l 
by the carbonised flour. The metal <loes not melt, but pr~s?r~·cs 
the form of eubea. Tbe cobalt oxide is removed from the dmdmg 
tanks to stone jara, and treated by a procesa similar to thi~t, 
described, so as to removc the last trace of nickel. The cobalt 1s 
finally sent to market in the forro of oxide. 

Tbe Extraction of Nickel from its Ores by the Mond Process.1 

-This interesting process marks an entirely new depart~ue, in 
metallurgical practice, from the principles wbich have hitherto 
guided it. It <lepends on the remarkabl~ property posses_sed 
by nickel of forming a volatile compound w1th ca~bon-m~nox1d~. 
When this gaseous compound is heated to 180 C. _mckel 1s 
rcleased in the metallic form. The author was much 1mpressed 

1 This description, taken from & paper communi~ted by t~e &uthor t? thc 
Iustitution oí Civil Engineer.;, in 1 ~98, lu~s bccn shghtly mod1fied, and kmdly 
revised by Dr L&nger. 

J 
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dnring ii Yisit to Canad,i with the Imperial importance of tbe 
grcat nickolíferom; district, of Sndbmy, Ontario, and the clescrip• 
tion of any new process which affords ii hope of hru;tcning the 
development of this remarkablc district should proYe to be 
iuteresting. The deposit itself presents many poiuts of interest. 
According to Professor Coleman of Toronto, the nickel ores of 
Ontario resemble the gold ores of Ro1;i;land in British Columbia, 
as they consist of a mixtme of pynhotite (magnetic pyrites) and 
copper pyrites. These sulphides form enormous masses near the 
margin of large areas of diorite, or weathered gabbro of Huronian • 
age, the amount of nickel contained in the ore averaging between 
2½ per cent. and 10 per cent., the lower proportion being the 
more corumon. lt is worthy of note that pyrrhotite from other 
parís of the country, found in a.ssociation with Laurentian rocks, 
is almost barren of nickel. Thc importance of the nickel deposits 
of Ontario may be judged from the fact that, until the mines in 
the Sudbury region were worked, the world's snpply of tbe motal 
was drawn chiefly from tbe mines of New Caledonia, an island in 
the Southern Pacific, snpplemented by tbe Gap mine in Penn
sylvania, anda fcw isolated mines in Norway and Hungary. The 
extent of the Sudbury deposita is grea.ter than any of these, and 
New Caledonia, which belongs to France, is virtnally the only 
rival of Ontario in the production of nickel. 

The ore at Sudbury is smelted into a. regnlus, or matte, which 
contains between 12 per cent. and 20 per cent. of nickel, and about 
the samo amount of copper. Tbis matte may be enrichcd by 
suitable treatmcnt, and is "Bessemerised" into a regulus whicb 
contains about 40 per cent. of nickel, and is specially free from 
iron, as the following analyses show :-

ANALYSES OF BESSEMER 11ATTE UNROASTED. 

l. II. 

-
Per cent. 1 Per cent, 

Nickel . 40"938 31 ·35 
Copper . . 45'714 48 86 
Iron and (.A.1203) 0·405 0·81 
Cob&lt . 0·]36 ... 
Sulpbur 11 ·960 ... 

lt is unnecessary to give a bistory of the metallmgy of nickel, 
but it may be well to state that Chronstct isolated the metal in 
the year 1751, and that Bergman confirmed his discoYery in 1774. 
The methods hitherto employed for extracting the metal from ita 
ores are very complica.ted; they havo involved concentra.ting the 
nickel either as a sulphide (matte or regulus), or as arsenide 
(speise) followed by either "dry " or "wet" treatmcnt. In the 
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case of certain ores, wet mcthods only havc bccn cmployed. Thc 
meta1lic nickcl has always to be subjccted to a proces.s of refining, 
mainly, a;; in the case of cast iron, with a view to separata it from 
associated carbon. 

As regards the experiments from which this proccss was 
dc,elopcd, a few brief historical details may be offored. In 1889 
Dr Ludwig Mond, F.R.S., in collaboration with Dr Carl Langcr, 
was engaged in working out a method for eliminating the carbon
monoxide from gases containing hydrogen 1 which thcy wanted for 
use in their gas battery.2 In attempting to cffect this, they werc 
guided by the obscrvation they had prcviously madc that finely 
divided niekcl has the rcmarkable property of removing carbon 
from oarbon-monoxide at a tempcrature of 350º C., converting it 
into oarbon-<lioxide, while the dissociation of carbon-monoxide by 
hcat aloue, according to Viotor t.Ieyer and Carl Langer, rcmains 
incompleta at the high tcmperature of 1690º C. In thc coru-se 
of thesc experiments, which they carried out in conjunction with 
Dr Friedrich Quinoke,8 finely divided nickel, formed by reducing 
nickel oxide at 350• C. by hydrogen, was treated with puro 
carbon-monoxide in a glass tube at varying temperaturas. J n 
order to keep the poisonous carbon-monoxide out of the atmo
sphere of the laboratory, the gas escaping from the apparatns was 
ignited. They found to their surprisc that while the tube con
taining the nickel was cooling, the flame of thc oscaping gas 
becamc luminous and iucrcased in luminosity as thc tcmpcraturc 
sank bclow 100º C. Metallic spots werc, moreover, deposited on 
a cold plate of porcelain held in this luminous flame, just as spots 
of arsenic aro obtained in applyiug the Marsh test for that metal. 
It was also observed that on heating the tube through which the 
gas was escaping, a metallic mirror was obtained, while tho 
luminosity of the llamo disappeared. On examination thesc 
metallic dcposits were found to be pure nickel. The next stop 
was to endcavour to isolate this ourious and interesting nickeli
ferous compound, by preparing nickel with great care at thc 
lowest possiblo temporature, and treating it with oarbon-monoxido 
at about 50º C. The amount of the volatile nickol oompound in 
the gases passing through tho apparatus was thus grndually 
increased. The gases issuing from tho apparatus werc treatcd 
with a solution of ouprous ohloride to absorb the excess of carbon
monoxide, and in this way a residue of severa! oubic contirnetrcs 
of a colourless gas was obtained, containing the volatile niokcl 
oompound. By passing this gas through a heated tube the nickcl 

1 Ludwig Mond and C. Langer, "Improvements in obtaining Hydrogen " 
British Paünt No. 12,608, 1888. ' 

2 Ludwig l\Iondanti C. Langer, "A New Form ofGas Battery," Proc. Roy. 
&c., vol. xi vi. p. 296. 

' Ludwig Mond, C. Langer, and F. Quincke, Journ. (J/1em Soc., vol. lvii. 
p. 749. 

"' 
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and carbon-mouoxidc werc again separated, and tho volume of tho 
carbon-monoxide thm; set free was found to correspond to about 
four equivalents of oarbou-monoxide to one. cquivalent of ~i~kcl. 
By further improving tho method of preparmg thc finoly _d1V1ded 
uiokel, and by passing tho resulting gases through a refr1gcrat?r 
cooled by snow and salt, the investigators at last suoceeded m 
obtainiug the now compound in a liquid state, and wcre able to 
produce it with facility in any dcsired quantity. . . . . 

Nickel carbonyl in its puro state is a colourless hqmd, boümg 
at 43º C. ; it has a specifio gravity of 1 ·3185 at 17º C., aud 
solidifies at - 25º C. into needle-shapcd crystals. It is soluble 
in alcohol, petroleum, and ohloroform; and i~ is 1;10~ acted_ upon 
by dilute acids or alkalios. It can be reachly dist11led w1thout 
decomposition; but, on heating the vapour to lbo50º C., it _dis 
complctcly dissociated into its components, pure car n-monox1 .º 
being obtained, while the nickel is dopositcd in a dense metall~c 
film upon tho sides of the vessel in which the oompound 1s 
heated. 

Aftcr the produotion of nickel carbonyl had beoome easy, 
Drs Mond, Langer, and Quincke directed their at~ntion to th~ 
aotion of carbon-monoxide on other metals. A senes of cxper1-
ments was made with a view to obtain a similar compound with 
oobalt, which in its chemical and physical bchaviour so muoh 
rcsembles nickel. The experiments gave, however, the unexpeoted 
result that unlikc niokel, cobalt will not combine with carbon
monoxide. ' Experiments were then made with iron! and indioa
tions wcre soon obtained of the existcnoe of a volat1lo compouncl 
of iron and carbon-monoxide ; a long time elapsed before this new 
compound was obtained in a pure state. It was finally isolated 
in a way similar to that by whioh tho nickel carbonyl had been 
prepared, and proved to. be a so_mewhat ;'Íªºº~1s liquid of pa~e 
yellow colour.1 Its speo1fio gnw1ty ~t. 18 C. 1s l ·f664; and 1t 
distils completely without deoompos1t1on at 102·8 C. under a 
pressure of 7 49 millimetres of meroury. When cooled to - 21 º C. 
it solidifies into a mass of yellowish needle-shaped crystals. Its 
chemioal composition is somewhat ditferent from the ~ckel 
carbonyl, as it contains five equivalents o~ carbon-monoxid~ to 
one of iron. Tho liquid compound, to wh1oh the uame of 1ron 
penta-carbonyl was given, undergoes no ohange _when protccted 
from the action of light; but exposure to daylight for several 
hours in a sealed tube is attended with the formation of gold
coloured, tabular orystals, and oarbon-monoxide is evolved, so that 
the pressure in the tubo rises considorably. The orystals have, 
when dried, a metallio lustre, and resemble flakes of gold; they 
contain two equivalents of iron to seven equivalents of oarbon
monoxide. None of the other motals which were submitted to 

1 Ludwig Mond and Car! Langer on "!ron Carbonyls," Jq¡¿rn, Ohem. S<>C., 
vol. !ix, p. 1090. 
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investibration showcd indications of combining directly with 
carbon-monoxidc. 

Tho disco,·ery that in a mixturo of uwtals only nickel aud irou 
would form Yolatilo compounds with carbon-monoxide, aud that 
thoy could, thcroforc, be separatc.,><l from thc other mctals, was 
sufficieutly importaut to induce Dr )Iond to arraugo lahoratory 
oxpcrimcnts with ores contaiuiug nickel, cobalt, iron, coppcr, otc., 
such IU! "kupfcr-nickel" and "pyrrhotite." The cxpcrimeut8 
afforde<l such promisiug results that appamtus of considen\ble 
sizc, though still well within tho limitb of the rcsourccs of a 
lahoratory, was set up, and in it several pouncls of ore could be 
trea.ted with carbon-monoxido.1 A patent was also applicd for on 
Augm;t 12, 1890, which describes the way in which snch ores 
may bo treated. It is pointed out that thc principal nickel ores 

•oECOMPOSlR" 

i 1 ¡ 

•voLATILl:tlR" 

F1c. 188. 

which are metallurgically treated contain the nickel in combina
tion with arsenic and sulphur besides other metals and gangue. 
These ore:; havo fin;t to be submitted to the process of calcination, 
in order that the nickcl may be present in the form of oxide, and 
to drive off, as far as is practicable, tho an;enic, sulphur, and 
other volatile bodies. The resulting oxide of nickel is treated 
with reducing gases, such as water-gas or producer-gas, in order 
to convert the oxide of nickel into finely divided metallic nickcl; 
the material containing it is then cooled to abont 50• C., and is 
treated witb carbon-monoxide. In dealing with nickel ores wbich 
contain nickel oxide in chomical combinaiion witb silicic ncid, 
an¡enic a.cid, or othcr snh:stanccs which cannot be remoYed hy 
calcination, the ores are so trcated as to comcrt tho nickel into 
nickel s~iso or nickcl mattc, wbich is then subjccted to calciua
tion. Tbe actual expcrimcnt upon which the bea.utiful proce88 is 
bascd may be indicated by a diagram, fig. 188. Tho gai,holder 

1 Ludwig Mond on "Metallic Carbonyls," Proc. Jwy. fast., vol. xiii. 
p. 668. 
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cont.:lin,; carbonic oxide, and a littlo o[ the gas is ignitt'<l to 
show that it burus with tho charactcristic flame o[ that gas . 
Tho bra:; then pa.-;ses over finely dividcd metallic uickcl at a tom
pcrature not necessarily cxcceding 50 C., and tho lumino:sity 
of tho flamc is materially incrcased. In a very few minutes 
the carbonic monoxide will take up its charge of nickcl, and 
a luminous flamo will deposit its nickel on any cold surface 
held over it. It can thus be shown within what a very 1m1all 
rango of tcmperature the whole opemtion is conductod. By 
pa.ssing tho gas into a. tube, and by hcating it, a brilliaut 
depo,;it of mctallic nickel is obtained on the iuside, in the forro 

of· a mirror. 
In 189:3 an experimental plant on a largo scalo w,\S crcctod at 

Smcthwick, ncar Birmingham. A.ítcr some years of patient work, 
during which tho plant bad several times to be rcconstructed, in 
01-<ler to meet all the conditiorni o{ this soruewhiit dolicato proccss, 
it gmdually assumed the shape sbown in fig. 189. Beíoro 
dcscribing it in detail, it will be woll to givo_ii brief account of the 
operations invoh-cd in the proccss, which are the outcomc of many 
ycars' practical experiencc. , 

The proce.-;s is more especially suit.'\ble for the cxtraction of 
nickcl from ores which contain coppcr in addition to nickcl and 
iron. Tbcse ores, wbich ha.Ye on an average betwccn 2 per cent. 
and 6 pcr cent. of nickel and. about thc same amount of copper, 
are fin;t subjected to "heap roasting," to climinate the grcator 
part of the sulphur, and to convert the iron, which forms their 
chicf constituent, into oxide. The roasting is neccssary to enablo 
the iron in the following opcration of smolting to combine with 
the silica prcsent in the ore to forro a slag, and thus to effcct the 
separation of tbe iron from the nickcl and coppor which unite 
with the rcmainder of the sulphur to forin a. regulus or mattc. 
Tbis mattc contains the nickel ~nd copper in a more concentratod 
forro, tho amount of ettch metal l>eing usually 15 per cent. to 
20 per cent., the residue consisting mainly of sulphur and iron. 
To concentrate tho nickel and copper still further, the matte is 
"Bcssemcrised." A sample of such "Bcssemerised" matte 
containcd 31 ·37 per cent. of nickel, 48·62 por cent. of coppcr, and 
0·70 por cent. of iron. It was propared by the Cana.dino Coppor 
Company, Sudbury, Ontario, from their ores, which coutain an 
average of 4 por cent. of nickcl i.ind 4 per cent. of copper. This 
" Bcsscmcrised " matto is cmsbed, ground, and subjoctod to a. 
calcining opemtion so as to comert tho sulphidos into oxide,;, and 
it is thcn passcd through a. mill and clros:sor. This calcined 
Be:;,;cmcr matte thcn consists practically of nickel oxido and 
coppcr oxide in ,arying quantitios. It has bcen found in tho 
practica! working of tho process to be advantagoous to further 
concentra.te the nickel by cxtracting part of tho copper at this 
slagc by treating the mixtures of oxides with diluto sulphuric 
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acid, which dissolves ahout two-fiíths of the coppcr prcscnt with-
i:,·.,.. out taking up moro than ..... :M l pcr cent. to 2 per cent. 
; a of thc nickol. The coppcr 

thus clissolvcd is in the 
form of copper snlphato 
and is obuüncd in a ruarket
able form by crysu1llisa
tion. The nndissohcd 

. residuo froru this opem-
1... tiou contains between 45 
P.. pcr cent. nnd 60 per ceut. 
-o of uickel, and, after dry
g ing, it is suhjccted to ,L 

~ carcfully regulatcd reduc
-z ing proccss by means of 
.S water-gas, after which it 
1l is treated with carbon
> 
0 monoxide to extract pa1t 
.5 of the nickcl prei,ent. 
., In this first treatment with 
] carbon-monoxide abouttwo
~ thirds of thc nickcl can 

~ 8' be easily cxtracted ; after 
• ! : this amount is volatilised 
0 S ~ the extraction hccomes 
~ l~:¡ :S much slower, so that it 
~ ¡;=~ ~ has bcen found ad van-
" $ ~ tagcous to recalcine tho 
; , h residues and repeat the 

~ ~ gi coppcr extraction, thc re-
~!! ; ~ duction, and thc nickel 
~ ~ ¡ t cxtmction. 
"' .. .. The five opcrations in-.. J 1 volvedarediagrammatically 

: 
0 

illustrated in fig. 190. Tho 
it ~ process begins, as will be 

ó seen, at one end with tho 
~ material to be treatcd, 

"Bcssemerised" miüto ; it 
cnds with the market pro
duct, nickel. The "Bcssc
merised" matt-0 procceds, 
as the arrow indicates, to 
tho fir11t operotion (1) of 
dead roasting, and for 
this purpose any suitable 

fumace may he employed. Aftcr roasting, the matte contnins 
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35 pcr cent. of nickel, 42 per cent. of copper, and 1tbout 
2 per cent. of iron.1 It thcn pai,scs to the second operation 
(2) for the extmction of vart of the coppcr (about two
third.s) by imlphuric acid, thc copper being sold as crystalliscd 
sulphat-0 of coppcr. Thc rcsidue from this proccss contains 
about 51 per cent. of nickel and 21 pcr cent. of coppcr, and 
p:LS-~es to the third operation (3) for rcducing thc nickcl and 
incidcntally tho rcmaining coppor, to the metallic suite, caro 
being taken to avoid rcducing tbo iron. This is cffected 
in t\ tower provided with shelYC8, ovcr which mechanical rabblcs 
pitss, the rcduciug agent being the hydrogen contained in 
water·b'M· The temperature doeti not cxcecd 300º C., and 
should he kcpt lowcr whcn much iron is prcsent. From this 
tower the oro is conveycd coutinuously to the fourth opemtion 
(4) of volatilisatiou, in which part of the nickel is taken away by 
carbon-monoxide and forros the compound nickel carbonyl. The 
forimition of this volatile compound is cffccted in a tower similar 
to thc reducing tower, but the temporaturo is much lowcr, and 
docs not exceed 100º C. From the volatiliser, the oro is returncd 
to the reducer \3), and it continues to circulo.te bctwecn stagcs 
(3) and (4) for a. period. varying betwecn sevcn days and fiftecn days, 
until ahout 60 por cent. of the nickel has been removed as nickcl 
carhonyl. '!'he residuo from this operation, amounting to about 
onc-third of tho original calcined matte, and not differing much 
from it in composition, is returned to the first opcration and then 
naturally followl! tho samc course as before. The nickol carbonyl 
produced in tho fourth operation passes to the decomposer. Tbis 
appliancc is either a tower or it horizontal rctort, which is hcatcd 
to a temporature of 180º C., so as to dccomposc thc nickel 
carbonyl aud roleaso the nickel iu tho metallic form, eithcr 011 

thin shcets of irou or, prefenibly, on granules of ordinary 
commercial nickel. Carbon-monoxide is also relea.sed, and is 
roturned to the vola.tiliser to tako up a frosh charge of nickel. 
It will be cvident that when tho opcration is in progrcs.<i, tho 
gascous carhon-monoxide and the partially reduced oxides of nickcl 
and coppcr aro continuously rovolving in two soparate circüits 
which join and cross each other in the ,olatiliser. The com
mercial prod.uct contains betwecn 99·4 por cent. aud 99·8 pcr 
cent. of nickel. 

1 t will now be posi;iblc to procecd to a dcscription of thc 
working as tho author s.."l.w it in full opcration during ,i visit to 
Smethwick. '!'he material under treatment during the author's 
Yisit was of Cnmvlian origin, and had bccn received as calcined 
Bessemer matte coutaining 35·-i por cent. of nickcl, 41·8 por cent. 
of copper, and u.bout 2 por cent. of iron. This material was finit 
passed through a ball mill and dresser with a 60-mesh riddlc, 

1 Average results are given in the figure rather than the best which ha\"e 

been obtained. 
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and was thcn treated in quantitics of 3 c,vt. in a small lcad-lined 
mixer with 200 lbs. of ordinary sulphuric acid, which had pre
viously been diluted with about 20 cubic feet of mo~hcr liquor 
from previous operations. The temperatura of the mIXture soo_n 
rises by thc action between the copper oxide and thc sulphur1c 
acid, and is kept, by rueans of a steam-jet, at a temperatura ~f 
about 85º C. for half an hour. From this mixer, the charge 1S 

run out into a centrifuga! hydro-extractor, provided with a filtering 
cloth, in which the solution of copper sulphate is separated from 
the solid residue containing the nickel. After thc filtration of the 
charge is finished, the speed of the hydro-extractor is inc_reased, 
and the residue is thus rendered sufficiently free from the hquor. 

The solution containing the cxtracted copper runs from the 
hydro-extractor into a well, from which it is pumped into the 
crystallising vats. After a period of about eight days to ten days, 
the crystals of copper sulphate are taken out of the vats and the 
mother liquor is mixed with fresh acid and is again used for the 
extraction of copper. As already mentioned, a small amount of 
nickel and a little iron are also dissolved in the sulphnric acid 
dnring the copper extraction, so that the mother liquor from 
which the copper sulphate has crystallised becomes gradually 
contaminated with these two metals. It is therefore necessary to 
replace some of the mother liquor from time to time by fresh 
water, and to recover the nickel from the solution. The simplcst 
method is to evaporate the solution to dryness and to roast the 
nickel and eopper sulphates so obtained. 'fhe oxidised material 
is again introduced into the main process. The copper sulphate 
crystals from the crystallising vats are charged into a second 
hydro-extractor, where they are washed with a little clean water 
to remove all acidity ; they are then dried and are ready for 
packing. The copper sulphate thus obtained is sufficiently pure 
for the market, as it eontains only 0·05 per cent. of nickel and 
0·048 per cent. of iron. 

The residue from the copper extraction is taken from the 
hydro-extractor and stored in a hin until a sufficient quantity 
has been collected to make up a charge of 5 tons to 6 tons for 
the nickel-extracting plant. It now contains 52·5 per cent. of 
nickel, 20·6 per cent. of copper, and 2·6 per cent. of iron. The 
material is charged by hand at the rate of ½ ton per hour into a 
fceding-hopper, which communicates, through a rotary valve, 
with the conveyor, consisting of a tube enclosing a revolving 
spiral, which transports the material to an elevator. This lifts 
the material to the top of the reducing-tower, and discharges it 
through another rotary valve into this reducing-tower. 

The reducer and the volatiliser in which the treatment with 
ca.rbon-monoxide takes place, are fully described in Dr Mond's 
patent (No. 23,665 of December 10, 1895). The reducer consista 
of a vertical tower about 25 feet high, containing a series of 
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shelves, which are hollow so as to admit of their beiog raised to a 
temperature of 350º C. by producer gas. The roasted matte 
falling on these shelves from above is stirred and made to descend 
from one shelf to that below it by rabbles actuated by a central 
vertical shaft. Water-gas passes up the tower to effect the 
reduction of the material. There are about fourteen of these 
shelves or trays in the tower. The five lower shelves are n?t 
heated by producer gas, bnt are cooled by a stream of water m 
order to reduce the tempera,ture of the roasted and reduced matte 
to the temperature at which the volatiliser is worked. 

The yolatilisina-tower resembles the reducer, but the shelves 
are not hollow, "as there is no necessity to he:it them. T~e 
reduced nickel requires a temperatura of only 50 C. to enable it 
to combine with carbon-monoxide and forro a volatile ?om;poun~, 
and the material and gas are sufficiently hot to mamtam th1s 
temperature. In the plant at Sm~thwick the volat~s~r ~vas ~ade 
the same size as the reducer, but m the oew plant 1t 1s some\\hat 
smaller. 

The decomposer has been devised with much car~, and the 
nickel is deposited in it, from i~ gaseous comp~und w1th carbon
monoxide, on granules of ordmary commerc1al . me~l. The 
arrangements by which this is effected are very mgemous, and 
may be described almost in the words of Dr Mond's patent.. The 
object is to obtain metallic nickel from nickel carbonyl ~ the 
forro of pellets, which are specially suitable ~o~ the _production of 
nickel alloys. For this purpose gases contalillng ruckel carbonyl 
are passed through granulated nickel,. :vhich is kept at the 
temperature required for the decompos1t1on of the carbonyl
about 200º C. The nickel which thus separates from the 
carbonyl becomes deposited on the granulated nickel, ,~hich con
sequently increases in size. In ord_er to prevent cohes10n of the 
granulated nickel, it is kept in ~ot1on: When a number of the 
pellets have attained a convement s~z~, they ar~ separated by 
siftin(l' without intem1pting the depos1tmg operat100, the smaller 
gramtles being returoed to receive a further d~~sit from_ the 
nickel carbonyl. The appliance used for ~epos1ti?g th~ m_ckel 
originally consisted of a series of retor~ lm_ed w1th thm steel 
sheets on which the nickel was depos1ted m layers. It was 
found' however that the metal so obtained was very difficult 
to m;t, and the apparatus above described was accordingly 
devisad. . . 

A magnified section of ~ granu~e of nickel! about ¾ ~nch . m 
diameter shows a core of mckel wh1ch under h1gher magmfication 
appears ¡s a crystalline and convoluted structure, and _this ~re is 
surrounded by concentric layers. The ~entral cor~ 1s ordma~-y 
commercial oickel and the layers are mckel deposited from 1ts 
carbooyl. In som'e cases granules of deposited nickel are found 
without aoy central core. These have grown from mmute frag-
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ments of deposited nickel which have become detached during the 
course of deposition. 

The water-gas used in the reducer is generated in gas-producers; 
anthracite is used to docompose the steam, and thc water-gas is 
collected in a gas-holder, whence it is taken to the reducing-tower, 
to which reference has just been made. This gas contains, on 
entering the reducer, about 60 per cent. of hydrogen. 

The reducing operation is so regulated that only a small 
quantity of hydrogen remains in the escaping gas, as a nile not 
more than 5 per cent. to 1 O per cent. This waste gas is subjected 
to the action of a fine water-spray, which condenses the steam 
generated by the combustion of the hydrogen in the water-gas. 
Part of this waste gas is used for making the carbon-monoxide 
required in the volatiliser, by passing it through the CO retort 
charged with incandescent charcoal, which reduces the carbon-di
oxide contained in the waste gas, and this increases the amount 
of carbon-monoxide in it. The gas issuing from this retort contains 
about 80 per cent. of carbon-monoxide, and is stored in another 
gasholder, which communicates with the main circuit of the carbon
monoxide gas. This main circuit of the carbon-monoxide passes 
through the volatiliser already referred to, where the nickel is 
taken up. The carbon-monoxide, now charged with nickel, 
passes through a filter to separate the fine particles of matte
dust from the gases, then through an apparatus called the 
decomposer, and so described in the figure. In this decomposer 
the nickel taken up in the volatiliser is deposited. The gas, now 
deprived of its nickel, passes to the CO blower, which sends the 
carbon-monoxide to the volatiliser in order that it may take up a 
fresh charge of nickel. 

The solid material from which the nickel is being extracted is 
kept circulating through the reducer and volatiliser for a period 
varying between seven days and fifteen days, during which time the 
oxides are gradually reduced to the metallic state and the nickel 
volatilised. When the material originally charged in has had 
the bulk of its nickel extracted it is run out through a rotary 
calciner, which converts the metals into oxides, so that they may 
be treated for the second time with sulphuric acid and carbon
monoxide. The ratio between the nickel and copper in the 
residues from the nickel extraction is practically the same as in 
the calcined Bessemer matte, with which the operations were 
started, but the amount of iron has increased by the removal of 
the copper and nickel, as the following figures show :-Original 
matte contains, nickel, 35·27 per cent., copper, 41 ·87 per cent., 
iron, 2·13 per cent. After the first treatment of copper and 
nickel extraction, the quantities are, nickel, 35·48 per cent., 
copper, 38·63 per cent., iron, 4·58 per cent. ; and, after the second 
copper and nickel extraction, nickel, 35·83 per cent., copper, 35·56 
per cent., and iron, 7·82 per cent. The amount of nickel extractad 
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in these two cases was, after tbe first treatment 61 per cent., and 
after the second treatment 80 per cent. of the nickel present in 
the original matte. It must be remembered, howcver, tbat in the 
second treatment only one-third of the original amount remains 
to be treated, while the final residue is only one-tenth. To avoid 
the formation of iron carbonyl, the temperature in the reducer has 
to be kept very low, and if this is done, the nickel extracted from a 
matte originally containing as much as between 6 per cent. and 
10 per cent. of iron will not contain more than 0·5 per cent. of 
iron. If the amount of iron in the residues rises above this 
percentage, the extraction of the nickel is very much delayed, on 
account of the low temperature which must be maintained in the 
reducer. It is necessary, in such a case, to re-smelt the residues 
before proceeding with the extraction of the nickel and coppcr. 
The following are analyses of the deposited nickel :-

Nickel . . 
Iron and (Al2O3) 

Sulphur 
Carbon . . 
Insoluble residue 

l. II. 

Per cent. 
99º82 

0·10 
0°0068 
0·07 

Per cent. 
99•43 

0·43 
0·0099 
0"087 
0·026 

By the kindness of Dr Mond, the author is able to indicate the 
natlll"e of the plans required for a large manufacturing plant. 
This plant will, it is estimated, produce 1000 tons of nickel per 
year. The plant is so arranged that the matte is continuously 
charged into the first reducer and traverses the whole set of 
appliances. When the matte issues from the last volatiliser the 
nickel extraction is finished. The matte is re-roasted and sub
mitted to the second coppet· and nickel extraction. There are ten 
appliances, consisting of one large reducer, eight comb.ined 
reducers and volatilisers, and one large volatiliser. They are so 
an-angcd that the matte has first to pass through the large reducer, 
and is then lifted, by meaos of an elevator and conveyor, into a 
volatiliser (erected on the top of the next reducer). It passes 
through the volatiliser into the upper portion of the reducer, and 
in traversing this it is further reduced. It is then lifted again to 
the next volatiliser, and so on till it finally reaches the larger 
volatiliser at the end of the whole series, and, after passing 
through this, it is discharged into the roasting-furnace. The 
conveyor on the top of the volatilisers into which the elevators 
discharge, is common to the whole set of volatilisers and reducers, 
so that, in case any portion of the plant has to be disconnected, 
the rotary valve through which the material is discharged from 
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the conveyor inro the volatiliser is sropped. The material then 
passes on through the couveyor into the next volatiliser. T~e 
two gases, carbon-monoxide in the volatilisers and water-gas m 
the reducers, are kept separate by rotary valves of the same con
struction as in the small plant. The water-gas connections are 
so arranged that each reducer receives fresh gas from the main, 
with the exception of the first large reducer, through which the 
waste gas of all the other reducers is passed, so as to burn com
pletely all the hydrogen in the water-gas. The carbon-monoxide 
passes through the volatilisers from a comm?n mai~, and_ is 
collected, after it has passed through the filters, m a mam leadmg 
to the blower. From the blower the carbon-monoxide charged 
with nickel passes through a set of decomposers, and again inro 
the main which feeds the volatilisers. 

The Mond Nickel Company, Limited, of Clydach (Glamorgan), 
who have acquired Dr Mond's patents, have erected two large 
units as above described, which have now been in successfnl 
operation for about five years. 

With reaard ro the application of steel containing between 
1 per cent.e, and 7 per cent. of nickel in constructive work, it is 
not necessary ro insist upon the importance of nickel steel not 
only for the manufacture of armour-plates bnt for all purposes 
where strength and lightness are essential. One manufactur~r in 
the United States used in one year no less than 178 rons of mckel 
in the form of nickel steel, and it has been stated by a cornpetent 
authority that " if propellor shafts were rnade of nickel steel the 
question of failures would seldom or never be raised." An 
atternpt ro deal adequately with the application of nickel would 
lead far beyond the scope of the present work, and the author 
only adds that the extraordinary properties of these alloys have 
formed the subject of elaborate investigations by the late Dr John 
Hopkinson 1 and by Mr Guillaume. 2 

Since the above description was written, the use of nickel for 
coinage (in sorne sixty countries), for cooking and other dorn~stic 
utensils, and in nickel steel, has very largely augmented, especially 
the use of the latter in arrnour-plates, artillery, shafts and axles, 
steel rails, and bridge-building. 

It will have been evident that the process possesses unusual 
interest as being the only one, in the whole range of metallurgy, 
in which a metal is obtained from its ores by causing it ro com
bine with a gas ro forro a gaseous product from which it is sub
sequently released. N ot the least remarkable feature of ~he 
process is presented by the fact that the temperaJure at ~vh1c? 
the whole operation is conducted never exceeds 350 C., wh1ch 1s 
far below dull redness. AJ!. a consequence, the plant is not, as is 
usually the case with metallurgical appliances, subjected to altcra-

1 Proc. RmJ. Soc., vol. xlvii. p. 23 ; vol. xlvii. p. 138; vol. xlviii. p. l . 
2 Comptes Re1ulus, vol. cxxiv. pp. 176, 752, and 1515, and vol. cxxv. p. 235, 
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tions of _temperature extending through a considerable range. 
The repairs needed nre therefore inconsiderable, and the amount 
of fuel required is but srnall. The process works more or less 
~utomatically, and ~he_ amount of lab~m: in vol ved in conducting 
~t can be rednced w1thm !ery narrow hm1ts. The rnain operation 
1s, moreover, a rcgenerative one; the carbon-monoxide moves in 
a cycle and is the vehicle for continuously transferring the nickel 
from the ore or matte, and converting it inro a rnarketable form. 
It follows that in the extraction of the nickel no new material 
cxcept the reducing agent, water-gas, has ro be introduced into 
the system. 'fhis is true even of the granules of commercial 
nickel which fill the decomposer and serve as a basis for the 
deposi~io1: of th~ nickel from the carbonyl. Their presence is 
essential m startmg the process; but their place is as has already 
been poin~ed out, gradually taken by fragments of the deposited 
metal wh!ch become detached as the operation proceeds. The 
process w11l always occupy a prominent place in chemical history, 
~nd there would seem ro be no reason why it should not play an 
1mportant part in metallurgical practice. 

Sep~ration of Nickel and Copper by Means of Sodium 
Sulphide.-This process is applicable to the treatment of matte 
containing nickel, copper, and iron, and in it advantage is taken 
of th~ power which s<>?ium sulphide poss~es of dissolving 
sulph1des of copper and ll'0n, forrnmg a solution of lower specific 
gravity than nickel sulphide. 

In its original form the process consisted of mixina the rnatte 
wit_h sodium ~ulphate and coke, running through ; cupola, in 
which the sodmm sulphate ~s reduced to sulphide, and allowing 
the molten_ produc~ ro flow mto rnoulds, and separate, according 
ro the spec1fic grav1ty of the two portions. The different portions 
were thon ~eparated by ~racture, and the rops, containing sulphides 
of copper, 11·01:, and sod1_um, were charged into a smelting-furnace 
where the sodmm s~tlph1do_was fl~ed off in an iron slag and lost. 
The bottoms, contammg ruckel w1th sorne copper and iron were 
re-treated with sodium sulphate and carbon four or five 'treat
ments being necessary before the nickel was 'ready for reduction 
and purification. 

In a modification of the process, the matte is so srnelted that it 
will remain in a molten state subject to the high temperature of 
~he furnac~ for a considerable time, during which the copper and 
1ron sulph1des are. thoroughly dis~olv8? by the sodium sulphide, 
and a good scparat1on can be obtamed m one melting. An open
hearth reverberarory furnace is used, lined with magnesite brick 
an~ the ?1atte is charged either solid or molten with 60 per cen{ 
of 1ts we1ght of sodium sulphate, and 15 per cent. of coke. 

A 50-ton charge is kept molten for four or five hours after 
fusion, during which time it is kept poled with poles of green 
wood. The charge may be run into moulds; but, in order ro get 
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the best rcsults, the different strata in tbe furnace are tapped 
separately, the lower strata of nickel sulphide being tappod lirst. 
The nickel sulphidc tlms obtH,iued is nearly pure, but wben 
greator purity is required, it is recbarged into tbe same furnace 
and re-treated. 

The Electrolytic Refining of Base Bullion-Bett's Process.1 
-Tbe refining of base bullion, argentiferous lead, etc., by meaos of 
Bett's process is becoming of considerable importance. Tbe plant 
consists of wooden electrolysing vats coated witb rubber paint, and 
has the general arrangement of a copper-refining plant. 

Tbe electrolyte consists of an acid aqueous solution of lead 
fiuosilicide containing 8 per cent. of lead and 15 per cent. of free 
bydrofiuoric acid. To tbis solution a certain addition of gelatina 
is added (about 0·l gramme per litre), in order to make tbe deposit 
smooth and dense, for witbout this addition tbe cathode deposit 
is found to lack solidity and branches of the metal grow towards 
the anode and cause short-circuiting. 

The electrolyte is made by diluting hydrofluoric acid (35 per 
cent.) with an equal volume of water, saturating with pulverised 
quartz, and tben treating witb white lead in the proper quantity, 
filtering, and adding tbe necessary gelatina or glue. In one plant 
tbe vats are 86" x 30" x 42" deep; tbey bold 22 anodes weighing 
3 tons. 

The cathodes consist of thin sheets of pure lead suspended 
from copper bars. The electrodes are placed at a distance of 1 ½ 
to 2 inches. In a tank through which 4000 amperes are passing, 
7 50 lbs. of refined lead are depositad per day. 

During the process, Au, Ag, Cu, Sb, As, and Bi go into the 
anode mud, while Sn, Fe, Zn, Ni, and Co go into solution. 

After the solution in tbe electrolysing vats has been in use some 
time it becomes contaminated with impurities and reqtúres purifi
cation. For this purpose the lead present is first precipitated by 
means of sulphuric acid, and the hydrofiuoric acid is precipitated 
by means of sodium chloride as sodium fiuosilicate ; from this 
compound the hydrofiuoric acid is recovered witb one-third the 
sulphuric acid required to decompose calcium fiuoride. 

Tbe slimes may contain 8000 ounces of silver-gold per ton and 
are treated by tbe following process 2 :-

1. Tbe slime is agitated by means of steam and air in a lead
lined tank witb ferric sulphate solution; this sulphatises the copper, 
lead, and silver, dissolves all the copper and some silver, converts 
arsenic, antimony, and bismuth into oxides, and forros ferrous 
sulpbate and free sulpburic acid. 

2. Tbe solution from No. 1 is treated with metallic copper in 
order to precipitate tbe silver. 

1 Mineral Industry, 1905, p. 421; Zeü,für Eleet1·ochemie, 1905, xi. p. 229; 
Mfaes and Minerals, 1906, x.xv. p. 285. 

2 A. G. Bett's Electrochemical and Metallurgical Indzistry, 1905, iii. p. 272. 
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3. The residues from 1 and 2 are lilter-presscd, washecl, and then 
agitated with solution containing 12 to 15 per cent. hydrofiuoric 
acid and 2 to 4 per cent. sulphmic acid to dissolve tbe antimony. 

4. The residues from 3 are melted with soda and parted electro
lytically, nsing an electrolyte containing 15 per cent. methyl
sulpburic acid, 7·5 per cent. of silver, and a gelatine addition 
equal to 1 part in 12,000. As a result of this electrolysis pure 
silver is obtained, any gold is retained in the linen bag in wbich 
the anode is placed, and copper and bismuth pass into solution. 
This solution is first treated witb copper to precipitate any silver 
it contains, then tbe copper and bismutb are removed with lead. 
The bismutb and copper are separated by meaos of ferric sulphate, 
and the bismuth oxide thus obtained is reduced. 

5. Copper oxide is added to the solution froru 4, arsenic 
crystallised out, if necessary, then tbe solution is electrolysed, 
carbon anodes being used ; ferric sulphate is thus regenerated and 
is returned for use in operation 1. 

6. The antimony fluoride solution from 3 is electrolysed, re
generating bydrofluoric acid to be used again in 3. 
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