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ME. A. H. MABON IN THE CHAIR.

THE HISTORY OF MY PROCESS OF NICKEL
EXTRACTION,
BY LUDWIG MOND, F.R.S,

Stvce 1 promised to your chaieman, shortly after my
arrival, to read a paper to you before leaving this country,
I have considered what subject I could hriag before you
that woald be of sufficient interest, conaidering that I am
unprepared to illustrate it by experimenta or diagrams,

I have decided to give you an account of the history of
my process of extracting nickel from its ores, a8 uu instance
of an ipvestigation undertaken in pursuit of pure seience,
which has led unexpectedly, in a few years, to an important
industria} application.

1 have often been asked by scientific men how I came to
discover nickel carbonyl. I will tell you the story.

Spon after I had satisfied myself that the ammonia-soda
process was fat cheaper than the Lgblanc process for pro-
dueing catbonate of soda pure and simple, it became
evident to me that a time would come when the Leblanc
process would produce carbounate of soda a8 a by-product
of the blenching powder manufacture, which it would bave
to dispose of at any price it would fetch. 1 theretore
undertook & series of experiments with the object of pro-
ducing hleaching powder as a by-product of the Ammonia-
soda process. You all know thut the usual form of this
process consists in treating & solution of common salt in
which eanstio ammonia has been dissolved by earbomic
ueid, with the result that bicarbonate of soda ie precipitated
while a solution of ammonium chioride is Jormed. In the
ordinsry course of things this solution of chloride of
ammonium is distilied with cauvstie lime, yielding gaseous
ammenia, which returna to the process,and a solution of
caleium chloride. Some investigators bad end ed to
produce chlorine from the chloride of caleium ob d by

porating these solutions ; others had proposed tu sub-
Btitute maguesia for the lime in distilling the solution of
ammonium chloride, and to produce chlorine or hydro-
chiorie acid from the MgUiy obtaiued by evaporating its
solution,

I gave my attention to producing the chlorine direct
from the ammonium chloride, separated from the solution,
in which it is originally obtained, by refrigeration,

Ammoninm chioride when vaporised is, a8 is well known,
dissociated into ammonia aud HCI; thus, it the vapour of
NH,Clis passed over a metallic oxide this oxide is con-
verted into a chloride, and the ammonia passes on together
with the steamn formed by the reaction.

I found that nearly all metallic oxides, with the exception
of the alkalis and alkulive earths, and even a large
number of metatlic raits, were scted npon ju this way by
NiL,Cl vapour, aod that a large number of the metallic
chlorides so formed would give up their chlorine and be
re-gonverted into oxides by submittiog them to the action of
air at » suitable temperatre. 1 found that of nii the

|
i

so——— —

substances investigated oxide of nickel yielded the best
results, and that the next best were obtained by magnesia
mixed with & certain amonut of chloride of potassium. For

; obvious remsons I preferred the iatier in working the

process industrinlly, which has now been succussfully at
work for several years on # very considerable scale in our
Winnington Alkali Worka.

In developing this prozese 1 had to construct a plast for
volatilising NH,Cl, which 1 found an extremcly difficult
problem, as the vapour of this substance not on?y Acts on
oxides and salts, but also violently atiacks the large
majority of metals. I succeeded in lining iron vessels with
glnzed tiles in such » way that they would withstand this
action, but I required vaives for changing from the current
of ammonium chloride vapour to het air and vice versd,
which had to be very tight to prevent a large loss of
smmonia.

1 found that nickel was oue of the few rubstances suitable
for the constroction of these valves, and that it was not at
ull pttacked by ammonium chloride vapour, Oa the labo-
ratory scale these mickel valves worked perfectly, but when
T applied them on 8 manufacturing scale 1 found them 1o
be acted upou and very scon to become leaky. The faces
became covered with a biack crusi, which, on examination,
was found to contain carbon,

The source of this carbon seemed mysterious, the only
difference between the work oo the small seale and that on
the large scale being that on the small scale we swept the
ammonia ont of the apparatus before admitting the hot air
by means of pure C{),, while on the large scale we used the
gases from & lime kiln, containing & few per cent. of CO.
This led ue to study the action of CO on nickel.

We found this melal to have the remarkable property of
splitting off carbon from CO at a modernte heat, transform~
ing itiato CO,

Abont the same time I was engaged with my collub Y
Dr. Langer, in trying to find a method for elimiuatiog the
CQ from hydrogenous gases, which we wanted for use in
our gas battery. We tried to avaeil ourselves for this
purpose of the remarkable property of nickel we had jnst
discovered, and found to our. satisfaction that by p
#ases containing hydrogen, CO and a certain quantity of
stedm over finely-divided nickel at a temperature of 400° C,
we could completely convert the CO into CO,, obtaining its
cquivalent of hydrogen, which was just what we wanted.

This led to & more elaborate study of the action of CO
upon nickel, with a view of determining whether u definite
compound of nickel and carbon was formed. We found
that & small quaatity of nickel decomposed a very large
quantity of (0, so that we could oblain & product eontain-
ing only 15 per cent, of nickel and 85 per cent, of carbon,
the nickel in which was only partially soluble iu acids.

In the course of these axperiments finely-divided nickel,
formed by reducing nickel oxide at $00° C. by hydrogen,
was treated with pure CO in » glass tube, at varying tem-
peratures, for a number of days, and was then cooled down
m a gurrent of CO before it was removed from the tube
In order to kcep the poisonous CO nut of the atmosphere
of the laboralory, we simply lit the gas escaping from the
apparatus, To our surprise we found that, while the appa-
ratus was cooling down, the fisme of the escaping gas
beeamz luminous and increased in lsminusity as the tem-
perature got below 100 C. On a cold plate of porcelain
put into this luminous flame, metallic spots were deposited
similar to the spots of arsenic obtained with a Marsh
appatatus; and on beating the tube through which the gas
was escaping we obtained & metallic mirror, while the
Juminosity disappeared.

At the first moment we thought tliat there nwst be ax
unknown element it our nicke!l giving rise to the produe-
tion of this effect, but when we exanined 1he mirrors wee
found them to consist of pure nickel. As it seemed so
very improbable that so heavy a icetal nv nickel should,
form a readily-volatile compound with GO, we purified our
CO as perfectly ax possible, but still obrsived the same
results.

We now endeavoured to isolate this curious aud interest-
ing substance by preparing the nickel with great care at
the lowest powsible temperature, and treating this nickel
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with CO at abont 50° ., and thus we gradually inereased
the amount of the volatile nickel compound in the gscs
passing theough the apparatng.  We abrorbed the excess
of CQ by eupreous chloride solution, and thus obtained a
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residue of several cubie centimetres, containing the vola-

tile nickel ecompound mixed with a little nitrogen, Ry

passing this_gas through a heated tube .we separoted the :
iains: 3 d

nickel, 2 an i d volume of gas, and found
in this a quantity of (O corresponding to about four
equivalents for onc equivalent of nickel, .

By farther improving our method of preparing the finely-
divided wickel and by passing the resulting gss throwgh

Cliyms, thus almost completely freed from the nickel, is
taken back by means of a blower inte the volatiliser, where
it tnkes up a frosh gaantity of nickel and is conxtuntly nsed
over amd over, 8o that the quantity consumed is limited to
the very small amount of unavoidable los through Ieakage
of the plant.

The muterial under treatment iy vepeatedly taken from
the volutiliscr to the reducer and vice versd, by means of
air-tight conveyars and elevators, until the amount of
nickel volatifised begins to fall off. It s then romsted
again to remove the sulphur, which it still contains, and is
treated by suiphuric acid to dissolve part of the copper.

. y

refrigeeator, cooled by snow and salt, we at last
in liquefying this compound, snd were able to produce it
with ease and facility in any quantity we desired.

Thauke to the kindness of Dir, Torry, of Harvard Univer -
sity, I 2m able to show you a small quantity of this nicke!
carbanyl, which he prepared within a few days after he aw
my first pablication on the subject. It is a colourless
Eqnid boiling at 43° C. and which solidifics at —25° C.,
forméng needle-shaped crystals. It is soluble in aleohol,
petroleum, and chloroform; it is not acted upon by dilute
acids or alkalies, and can be readily distilled without decom-
position.  But on heating the gas to 150° €. it ja completely
dissociated into its compenents, pure CQ being obtained
and the pickel being deposited in a dense metallic film
upon the sides of the vessel in which it is heated.

For along time, while we were engaged in investigatiog
the physieal nnd chemieal properties of this interesting
substance—which was withont parallel in the history of
chemistry—and while we were endeavouring to obtain sther
similar compounds with otber metals, 1 had myself no
suspicion that ihis substance, which was until then only
obiainable by very careful and elaborate laboratory manipu-
Iations, should ever become available for industrial pur-
poses. But the longer we went on preparing it for our
investigations, the more easy we found it to prepare it in
<quantity, after we once knew exactly the best conditions for
so doing. After that I came to the conelusion that it
ought t0 be possible to make use of the ease with which
nickel is converted into a volatife gas by CO, while
practically all other metals, and notably cobalt (which is
‘a0 diflenit to separate from nicke! oy other methods), was
‘mod meted opon by this gas, for separating pickel from
cobalt and other metals on & mamnfacturing keale, and for
obtaining it in & very pure state,

T erected o plant on a large seale near Birmingham, and
ufter several years of hard work, during which the appa-
ratue has had to he several times reconstructed so as to
fulfil all the conditions of this rather delicate process, we
have suceeeded in oite object, and now have for some time
produced nickel at the rate of & ton and a half per week
from the Cauvadizn nickel copper maite imported into
Eogland. This mstte, which contains about 49 per cent,
of nickel, and an equsl quantity of copper, is carefully
roasted to drive out the suiphur as far ag possible, and is
then suhjerted to the action of hydragenvus gases, cither
water-gas or producer-gas, rich in Lydrogen, in an apparatos
which is called the *reducer,” the temperature of which
is under perfest control, ta that 400° C. is never exceeded.
From this apperatus the substance, whivh i now redneed
to the metallic state, is taken through air-tight conveyora
and elevators into anather apparatus, called the ¢ volatiliser,”
in which it is subjected, at a temperature not exceeding
80° C,, to the action of CO gas.

This apparatus consists of an iron cylinder, divided into
aumerous compartments by shelves, and provided with a
stirring device, which gradually moves the material from
the top to the bottom, while the ('O gus passes through in
an_opposite dircction. The () gas, which should be s
rich a8 practicable, we propare by passing pure C0), through
incandeseent coke ; the pure ({); we make by passing the
flue gas of a boiler or of o fice throngh n selation of
earbunate of potarh, and snbsequently boiling the solution.
TLe CO gas, charged with nickel carbonyl, Jeaving the
valatiliser, is passed through a series of tubes or chambers,
heated o about 186" C., in which the nickel is deposited in
various forms, according to the speed of the gas current,
the richness of the gas, and the existing temperature.  The

The . ing nickel, some copper, aud the other
impurities of the matte, is again subjecied to the pre-
viously described trestment uatil the nickel has heen
extracted as far as practicable ; and the ultimate residue,
atill containing a few per cent. of nickel, is molted wp inty
matie ngam.

1 have here 3 few samples of the various forms in which
the mickel is obtained by this process. If the nickel is
allowed to deposit slowly at a carefully regulated tempers-
ture, it can easily be obtained from the gas as a cobeceat
metallic film, sa that it is possihle to coat any substavce
which can stand heating to 150° C. with a perfect covering
of metallic nickel, and also to make articles of metallic
niekel for direct use. I have here & knife-handle made in
this way, apd the finest delineawents of a mould can be
perfectly reproduced in this maaner.

I believe that the great facility with which hollow
nickel goods can be made in this way, which at present
either cannot be msde at all, or only hy the use of very
powerful kydeautic machinery, will give a great impetus to
the manufactura of nickel atensils for domestic purposes,
the use of which is so very desitable from x sanitary point
of view. The cost of the process, if carried out on & suffi-
ciently Iarge scale, is, as you will readily perceive,
i iderable, as the ption of - material is very
small, and the expenditure consists mainly in carefully
superintending the various operations.

What gives me the greatest satisfaction jn relation ts
this investigation is, that I believe I have succeeded in
working out 8 purely chemieal process for extracting
nickel from it ores, which will be cheaper and simpler
than any electrolytic process that can be used for the
same purpose, Of late years, there has been a tendency
to take chemical operations out of the hands of the
chemist and to thrast them into those of the electrician, in
the belief that the simplest way of obtaining a chemieal
chango consists in the pulling apart & chemical compound
by electrical energy, and subsequently putting its con-
stituents togethér again in the forws that are desired.
know there are wany chemical operations which will
always be carried out to much greater advantage by the
old chemical methods, and I have no doubt that pewer
methods will be found, of which zobody thinks at present,

-based upon purely chemical reactions, such as the process

which T have bBrought before you to-night, which will
effect the chemical changes we want to produce at & smaller
expense of energy than can be done by electrolysis.

Drscussinx.

Trof. Peter I Avsrey asked what other metals
bad been experimented upon with refercnce to the
formation of carbonyly.

Mr. Moxp stated that every metal at his disposal in
Kogland had been subjected to such experiments, Iron
alone gave amall quantities of a curbonyl  The infinitesimal
quantities of this compound m water-gas cause the deposition
of ivon on the hoods of the Welshach burner, thus reducing
their effectiveness very considerably.

Messrs. C. T, Donexus and C. F. Cuanoter referred to
experiences with similar iron deposits,
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