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Brersy  CEranssy  LoOrED, 3

We,
Company imcorporated in aceordance with

the laws of Great Britain, of Celanesc
Housa, 22 & 23, Hanover Square, London,
W.1, Wanrer BADER, & citizen, of the
Swiss Republiv, and EDWAED BoADEN
Pronas, a sabject of the King of Great
Britain, both of the Works of British
Celanese Limited, Spondon, near Derby,
do hereby declare the nabure of this
invention to be as follows :—

"his invention is concerned with the

catalysing of chenical reactions, more
particylarly by means of contact masses
comprising  oxides and hydroxides of

metals or mixbures of such oxider or
hydroxides.

Oxides of metuls are, 2s is well knowmn,
commonly employed as catalysts in cary-

ing out many chemical  reactions, for
expmple reactions involving oxidation,
reduction, Rydrogenubion, dchydrafion

and so on. Such oxides can be and have
heen prepared by very widely variad
methods, but it is wall known that the
cutalytic activity of o given oxide or mix-
ture of ozides can vary within very wide
Timits depending nupon the method of pre-
paration, and espacially upon whether or
not impurities sre present even in exceed-
tngly small  quanbities. Oxides or
hydroxides prepared from golutions of the
corresponding motol salts by  processes
involviny treatment with precipitants are
freruently, so far os their physieal con-
ditton is concerned, very suitable for fhe
proparation of catalybic masses, but are

very difficult to obtain fres from traces
of wlkales or other precipitating ageats.

Even though it may be possible fo remove.

cuch ulkali or otheér agent complately the

process jnvolved mmy he o Quastic 2s. to

offect in no small degree the phy sical

properties und catalytic activity of the
ek, '

Wea have found that metal oxides or
hydroxides prepared from solutions of
suitable metallle salts by introducing
hydroxyl ions by an gleetralytic process
are perticuleely suitable as catalysts -or
au constituents of datalysts for eatalysing
chemical reactions for example the syn-
t-IaesisP of methyl aleohol Irom carbon
' [ Pri '

*
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Complete Left : July 18, 1830, '
Complete Accepted : March 18, 1831,
PROVISIONAL SPTCIFICATION. =

Tmyprovements in or relating to Catalyfic Protesses.

monoxide and  hydrogen. Thus for
example, by the passage of an electrie
cirvent, byroxyl jons may be caused. to
pass, by way of & membrane permeahble
thersto, from a solution contwining them
into a solution of a metallic salt where
they unite with metallic ions to form the
dogired hydrosides or oxides. The metal
oxides and hydroxides may thus be pre-
4 from solutions of wetallic salts in
the apsence of alkeli metal jons and the
ce of alkali metal vompounds in

the product avoided.

The production of the metal oxides or
hydroxides may, for instance, be econ-
veniently corried out in an apparatuz
comprising & snitable’ container for Lguid
within which - are disposed electrodes eon-

- nected to a sowee -of divect current and

which are separated by means of a suit-
ahle disphragm which permits the passags
of hydroxyl ions -but which iz sabstan-
tiglly impermeable %o ghe ions of the
metal or metals in question. The solution
containing the metal salt or salts is infro-
duced into the anode compartment of the
oell, while the cathude compariment con-
taing an cloctrolyte capable of yiclding
hydrosyl ions, for example an alkali car-
bonate. Upon passing a uni-directional
electric ourrent through the cell, oxides,
hydrated oxides, or hydruxides of the
metal or metals accumulabe on the anode
side of the dinphragm. The acid ecorre-
sponding with the metal sals or salts
employed is simultaneously libezuted ab
the anode, and in order to prevent suoh
arid fromn diffusing towards the cathode
s second diaphragm may very advan-
tageouly be imserted befween the anode
and the adoresaid. cathode diephragm.
The acid Liberated in the anode compart-
ment may then be removed in any oon-
venient manner ~without interfering with
the metion of the.remaining parts of the
electrolytic cell, for, example by passing
fresh water comtinuously of intermittently
through the said compartment.

The shape of the oefl and of the elec-
trodes and diaphragm and the disposifion
of the smme can be adapted to any desired
manmer of working, For example elec-
trades and diaphragms may be vertical
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PROVISIONAL SPECGYFICATION.

Tmprovemenis in or relating to (latalytic Processes.

‘We, Drities CELANESE Livrenn, a
Company incorporated in aceordance with
the lawe of Oveat Britain, of Celanese
Honze, 22 & 28, Hanover Sguare, T.ondon,
.1, WALTER BADER, a citizen of the
Swisa Repnblic, and TEpwiRD BOADEN
THomMAS, 8 subject of the King of Greab
Britain, hoth of the Works of British
Celuwnuse Limited, Spondon, mnear Derby,
do herchy declare the nature of Ghis
invention to be as follows — -

This invention iS concezned with the
catalysing of chemical reactions, more
particularly by means of contact masses
comprising  oxides and hydeoxides of
wmetals or mixbares of such oxides or
hydrosides.

Oxides of metals are, as is well knows,
commanly employed as catalysts in eary-

ing out many ochemical reactions, for
example reactions invelving oxidation,
reduction, hydrogenation, dehydreation

and so on, Such oxides can be and have
been prepared by very widely varied
methods, ]imt it iz well known that the
cotalytic activity of a given oxide or mix-
ture of oxides oan vary within very wide
limits depending upon the method of pre-
paration, and especially upon whether or
nob impurities are present even in exceed-
ingly small  guaniities. Oxides or
hydroxides prepared from solutions of the
eorresponding metal salts by processes
involving treatment with precipitants are
frequently, so far as their physical con-
ditiem i concerned, very suituble for the
proparation of catalytic masses, but are
very difffieult to obtain free Irom traces
of alkalies or other precipitating agents.
Even though it may
such ulleli or other agent completely the
process involved may be so drastic as. to
fect in no small degres the physical
properties and cafalytic aetivity of the
produet. :

We have found that metal oxides or
hydroxides prepared from solutions of
suitable metalic salts by introducing
hydroxyl ioms by sz electrolytic prucess
ate partiewlarly suiteble as catalysts -or
ag comstitnents of ecatulysts for catalysing
chemics] reactions for example the syn-
thesis of methyl aleohol irom carbon

[Pric )

Do possible $0 remove

monoxide and  hydrogen  Thus for
example, by the passage of an electric
current, hydroxyl fons may be caused in
pass, by way of a membrane perineable
thereto, from a solution eontaining them
into & eolution of a metallic salt where
they unile with metallic ions o form the
degived hydroxides or oxides. The metal
oxides and hydroxides may thus be pre-
pared from solutions of metallic salts in
the absence of alliali metal ions end the
presence of alkali mebal compounds  in
the product avoided.

The production of the metal oxides or
hydroxides may, for instance, be con-
vemiently cartied cub in an apperabuy
comprising & suitable contaimer for liquid
within which are disposed electrodes con-

-peoted to a sowee of direet current and

which are separated by mesns of a suit-
able disphragm which permits the passage
of hydroxyl ions but which is substan-
tially impermeahle to the Ioms of the
metal or metals in question. The solution
containing the metal salf or salls is infro-
dueed into the anode compartment of the
ccll, whila the cathude epmpartment con-
tains an electrolyte capable of yielding
hydroxyl ions, for example an alkali car-
bonate. Tpon ing u wuni-directional
glactric cuzrent through the cell, oxides,
hydrated oxides, or hydroxides of the
metal or metals acenmulate on the anade
gide of the diaphragm. The acid eorre-
sponding with the metal salt or salta
employed is simultancousty liberated at
the woode, and in order to prevent such
acid from difinsing towsrds the cathode
s second diaphragm may very advan-
tageously be inserfed between the anode
and the aforesaid cathode diephragm.
The acid Likeraled in the ancde eompart-
ment may then be removed in any con-
veniont manner without interfering with
the action of the remuining parts of the
electrolytic cell, for exmmple by passing
fresh water continucusly or intermittently
through the said compartment.

The shapo of the cell and of the elec-
trodes and diaphragm and the disposition
of the same cab be adapted to any desired
manner of working. For example, else-
trodes and diaphragms may be vertical

345,649

&

e |
i

30

60

106G




_ 345,649

-
or they may be horizontal or disposed in  oxide or omides which sre to be prodmced.
any.other desired manner, This deposition of the finely divided

¢ electrodes may be of any con- maferisl may be effected in the eell in
venient materials which are ocapable of which . the production of oxides or

§ resisting . the electrolytic or other hydroxides is suhssquently to lake place. 70
reactions taking place in the cell, for In order to give some indieation of the
example the anode may be comstructed pore size of the cathode diaplwugms which
of magnatite while s cathode of a suitable may be used in accordanee with the inven.
metal has been found very satisfactory. tion it may be mentioned that a pore size

10 In order to cbimin as pure a product as of the same order &s that of the semi- 75
possible the electrodes should bs of sach permesble membranes of parchment,
waterials as will not lead to the intro- copper  ferrocyanide, or the like,
duction of impurities into the oxides ur commonly employed in exhibifing and
‘hydroxides to be prepared, meaguring osmodio preszurcs is very auis-

15 'The.diaphragm scparabing the cathode able. The invention is not Lmited, how. 80
from the rest of the cell may be con- ever, to the cmployment of . diaphragms
siructed of a material inherently capsble of this character.
of preventing substantially the passage of . The metal oxides or hydroxzides sccumu-
the mietallic foms while permitting the lating on the diaphragm when the cell

20 passage of hydroxyl ioms, for cxample it is in action may be removed continnously R5
may he oconstructed of wsuitable porous “or intermittently as desired, for example
plate. It has been found "that highly by means of suitable scrapers.  For
=atisfactory - diaphuwgms may - be pre- instance, the cathode diaphragni  may
Tared irom supports of very many porous form the surface of a glowly rotaling

25 moterisls, for example fabries, porous. uylinder from which a seraper  con- 90
stoneware, and the lke by depositing tinuously removes the comting of
thereon a switably finely divided material hydroxides or oxides, ‘Where the dia-
or material of suitably smull pore dimen. phragm has been preparcd by the depo-
sion s0-as to produce u disphragm of the sition of fnely divided material npon a

30 desired character, material of substuntially Iarger pore sigs, 05

Such  deposition of finely divided it has besn found very afdvantageons to
metcrisl  or  material of  suitably protect the diaphragm by & protective
smull pore dimension may be offectod screen of comparatively wide mesh dis.

' in any desired mammer, for cxample posed close to the diaphragm and on the

35 reagents may be caused to react anode mde thereof. the accumu- 100

.80 as to form a deposit of a suitable, lation of oxides or hydroxides has become
material on or i a porous plate, fabrie, sufficient to cover Loth diaphragm and
or the lite. Thus for instance #wo protéotive screcn it may readily be
reagents may be allowed to diffuse, one removed [vom the surface of the latior by

40 from either side, intd a plate of porous suiteble: means -without destroying +he 105

- stomewarc wml do  inferact thevein. coating on the diaphragm.

Deposition of soitable material on or in The chemical and physical character of
& support may however be very con- the oxides or hydraxides may be varied,
veniently effected by meaking use of the according to the precise reaction they are

40 pbenomenon of cafaphoresis. Thus, for required to catilfyse by suitubly adjasting 110
example, a cathode diaphragm of fabric the conditions of precipitation, more par-
ar porovs earthenware may be disposed ticularly e rewurds the concentration and
in o cell provided with suitable electtodes, lemmperature of the solution, the current
& suspension of the finely divided density and the presencs or absence of

50 maleriel being placed on the anodc side carbon dioxids. 115
of the diaphragm. Under 1he influence In’ thiz manner there muy be prepared
of a potentisl gradient between the anode any desived inscluble or diffieultly soluble
and the cathode the particles move ° oxides or _hydroxides of métals or mix.
towards the onthode and gccummlate on  tures of such oxides or hydrexides, They

85 the diaphragm, the opersiion being con- .may be oblained remarkably free from 120
Hnoved until o quentity of material sufi-" Lnpuritics, particularly allkali  metals,
eient to block the pores to ‘the desived 'They are alsc obtainable in highly
extent has been deposited. Any desived colloidal form which particalarly  suits
finely divided material may be employed them for the preparation of calalysts for

60 for the proparation of the disphragms in  use in effecting chemical rewetions. Ter 125

© this mammer, but it should nof, of course, catalysing chetiical reastions in  acoord-
be such az wonld be cbjectivusble in the. am'eiwitl% the invention they may De sub-
metal oxides or the lkc .subsequently to  jected to nny desired g, calcining,
be prodneed.  Very conveniemtly there. reduding -and like pProcesses or may be
may be employed a suspension of the same ¥ 130

65

admixed with other substances, e.g. metal



10

15

2=

i

30

35

-1
o

HO

345,640

powders or acidic oxides, or they may
be plaved on suitable earriers or supporis,
Thns esatalysts pertioularly smuitable for
the preparation of methanol from
hydrogen and earbon monoxide may, for
erample, be prepared from a  =inec
hydroxide or a mixture of zinc hydroxide
with chrominm hydroxide prepared in the
manner deseribed.

The following exemple illustrates the
r:eﬁaraﬁon 0% mefel  oxides  and
\yiroxides  and the preparation there-
from of the ecatalytic sgents uwied in
aceordance with the invention.

Exaverr.

A cell of gluss or ehonite js divided
info three compartments by two dia-
phragms of oclosely woven linen fabrie,
the middle sempartment being of larger
capacity than the two outer ones. In
ono of Lhe outer compartments the suode,
consisting of a magnetite plate, Is
suspended. A slow sfream of water is
admitted at the bottumn of this compart-
ment, and an overflow is provided. The
other outer compartment contains o sheeb
of zine which serves as the cuthode. Tn
the middle sompartment a soreen of wide-
mesh fabric is adjusted at a short distance
from the cuthodic diaphragm, so as o
protect the coating of mefal hydroxide
neerest to  the diaphrsgmn from  any
mechanical disturbance.

The whole ¢ell ie filled with water.
Some sodiwm cerbonmafe, eg. 1% is
added to the cathodic liquid, and a
saspension of colloidel sine hydroxide and

ehromic hydroxide $o the middle com-
Ea&‘tmenh, where it is kepb in suspension
v bubbling air through or by an agifator.
Direct current of 120 volts is applied to
the cell, which: causes the sucpended
particles to adhere to the cathodie dia.
phragm. When & coat of sullieient
density haa heen foxmed, u solution of zine
nitrate and chromiwm mitrale, vorlainin
g to 4 atoms of zine for 1 atom o
chromium, i admitted into the middle
compartment sl such # rate that a eurrent
density at the cathode of about 2 emps.
per square dm, is maintained. The ten.
peraturs of the rolution may be controlled
so thet it is maintained af or slightly
above that of the atmosphere, The
cathodie diaphragm becomes covered with
a coat of slimy, purplish-grey or greenish

precipitate, which = eventually  grows
through the protecting sereen wnd may be
periodically ~ removed  thexefrom by

scrapers, without intevrnpting the work
of “the o¢ddl, which thus econtinuonsly
produces the mixed hydroxides.

The precipitate removed from the cell
may be washed, thickened by flfering or
pressing, shaped. into pellets or Deads,
dried, heated in a reducing atmosphere,
and is then ready for use as & catulyst in
the aynthesis of methanol,

Dated this L7th.day of September, 1820,
WHITEHEAD, & STEPEERS,
(Chartered Patent Agents,

Colapese Hours, 22. & 23, Hanover Syuare,
London, W. 1.

COMPLETE SPECIFICATION.
Improvements in or relating fo Cataiytic Processes.

We, Brirss CeLaNESE LodITeEDd, 2
Company incorporated in aceordsmes with
tho %:ws of Great Britain, of Celanese
House, 32 & 28, Henover Square, Loaden,
W.l, WarrER BapI®, a citizen of the
Swiss Republic, and EpwairD Boapen
Tronas, a swhject of the King of Great
Britain, both of the Works of Dritish
Celaneses Limited, Spondon, near Derby,
do hereby deolare the nature of this
invention snd in what manmer the same
is to be performed, to be particulacly
described snd asvertained m and by the
following statement —

This invention is concerned with the
eatalysing of chemical renctions, more
pertienlarly by means of contact masses
comprising oxides and hydroxzides - of
meteds or mixtures of suech oxides ov
hydroxides.

Oxides of moials dre, as is well known,

commonly employed as catalysts in carry-
ing out mumy chemioal reactions, for
example reactions Involving oxidation,
reduction, hydrogenation, dehydration
and so on. PBuch oxides can be and have
heen ra:%&red, by very widely vworicd
mc;thc-tﬁ, ut it is well known that the
catalytic uetivity of a given oxide or mix-
ture of oxides can vury within very wide
limits depending -upon the method of pre-
poration, and especially wpon whether or
not impurities are present even in execed-
ingly  small - quantities.  Oxides o»
hydroxides prepared from solutions of the
corresponding, metal. salts by processes
involving treatment with precipitants are
frequently, so far as their physieal con-
dition is concerned, very smtable for the
preparation of catalytic masscs, but are
very difieult to obfain free from troces
of alkalies or other precipitating uagcnts.
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Iydroxides

-reactions, for example the synthesifizef

.the 'presenﬂe of whkich may have a pro-

found effect wpon the hehaviour of the
product as 2 catalyst. Tven though it
may be-possible ¢4 remove such alkali or
other - agent completely . the prooess
involved may be so drastie ag $o alfeot in

'no gmall degree the physical properties

and eatalytic activity of the product.
We have found that the mebal oxides or
prepared from solutions of,

sultable metalic salts by interaotion of.

. matal foms and bydroxyl ions in . px

eleotrotytio process, me perijculacly suﬁs
able g3 ontelysts or as coostituents, of
catalysts  for catalysing chepiidl

methyl alechol from carbon monozids
and hydrogen.

" In i the metal * oxide
hydmndca the actual souice soffiihe
hydroxyl jons iz immaterial.’ It may. be
external to the solution of a' metal sait
being subjected to electrolysis or the
metal salt sohution iteelf may slpjggy
h¥drozyl ions. Thuz for exnmple

passage of an clectric vurvent, hydroxyl
tong may be caused to pass, by way of a
moembrane permeable thereto, from a sol-
tion containing them into the solotion orf
2 metallic salt. Tn any case the hydro
iona wnite with metallio ivns to form &
desired hydroxides or oxides,

Ay the metsl oxides or hydroxides may
thus bz prepared. from solutions of
metaflic salts without the aid of precipi.,
tants, sueh as atkali metal eompoundss

" they may be obtained substentiaily, free,

50

a3

60

- - from alkali metals or other hmpurities.
- Catalytie agents consisting of or condein-

ing " the wsaid elevtrolytically epat
metal oxides or hydrexides sre Pghu‘s“‘
grewt value in that they enmahle reactishy
to he carried out in the presence of “metal
oxides' or hydroxides, buf in. absemoey bl
alkali mefal compounds. A 5 i
advants, d%e. is that esbalylio agenls; may be
f.l conteining small but acuumteiy

mwn proportions of ulkali metal com-
pound by the simple expedient of addmg
the requisite proportion,

The metal oxides or - hydroxides  pre-

"pared in the manmer deseribed may be
awed, either alone or in admixbure with
-other substances, for salulysing w wide
-range of ohemical rewctions, for example

reactions involving oxidation, reduction,
hydrogenation or dehydrahnn Tn par-
ticnlar zine oxide or a wixture of zine
and chromfnum oxides - prepared in the
aforesaid ‘manmer hos been found ospesi- -
ally  veleable ss estalyst in the manufec.!
ture of methyl alechol from esrbon mon-
oxide und hydrogen, in that the simud!
taneous formation of products containing
more carbon atoms than methyl aleghgla

does not take place to any material extent,
The caialyst may contain zine and
chromium in the proportion of about three
to four atoms of the former 0 one atom
of the latber.

The produciion of the metal oxides or
hydroxides may, for instavee, be cerred
oub in an a{ppa;rataa comyrising a suitable
container for liguid within which are is-
1 electrodes enmnected 4o 2 souree nof
oungrent and which are geparated

b.i‘ ‘means; of & suitablo dimphragm which
permits the passage of bydroxyl ions bub

i

substantiaily 1mpermeable o
(%) nf%bhe metal or mebals in question.
Sifihion contafning the metal salt or
Anfirodused inte the anode com-
of the oell, while the esthode
_ electrolyte
; ' yielding hydroxyl ions, for
exa.m}_)le an ajlcali carbonate. [pom passing
a.upi-direetional elestric cmrrent through
the cell under sufficient potential, oxides,
hydrated oxides, or hygmx:ldcs of the
metel or metuls wecwnulste on the anode
side of the diaphragm. The 'acid corre-
sponding with the metal salt or salis
employed s simultaneously liberated af
the. anode, and in order o prevent aunch
acid from diffusing towards the eathode
g second digphregm mey very advan-
“bageously. be inserted between the anode
and the aforesaid cathode - diaphragm.
The aeid liberated in the anode compart-
ment, may. then he removed in any con-
t manner witheut intefering with
th,g&aetmn of the vomaining paris of the
cieotrulybzc oell, for cxample by passing

.said eompariment.
a. je of the cell and of the elec-
d diaphragm and the dispesition
amecan be adaphed to any desired
iof working. . For esample, elee.
;- diaphregms may be wvertical
i a3 may be horizonts]- or disposed in
any “other desired manner; )
The electrodes” may be of a.ny' con-
venfent materials which are capable of
vesisting  the electrolytic or other
venctions taking place in the cell, for
example the anods may he constructed
of magnetite while a oathode of metal
has been found very satisfactory. In

_order- to obtain as pure a product as

possible the elsstrodes should be of shch
maferials as will not Jead to the indro-
duoction. of impurities into the oxides or
kydroxides 1o be prepared.

The diaphragms impervious. to mctallic
iopsy used .to separate the omthode from
ﬂ‘lB %‘es‘a of the cell, may be constructed
of "2 ' material inherently capable of pre-
g’enﬁmg anhstantially the passage of the

ie mna while permitting the passage

Y
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of hydroxyl ions, for example they may
be constructed of suitshle porons plate.
1§ hag however, been fonnd thas saeh dia-
phragms may comprise supports of porous
materials, for example fabrics or porous
stonewsre, having deposited thereon =
spiteble fincly divided material or
wmuterial of suitably small pore dimension.

The deposition dof dividad
material or material of suitably small
pore dimension oun supports may be
effacted for instance by chemival means
or by making use of the phenomenon of
cataphoresis, Thus, for exumple, =
cathode disphragm of fabric may he
intmersed i & suspension of the material
between  electrodes, the  suspended
material depositing on the support under
the influence of the potential gradient
between the electrodes. Any desired
Hnely divided material may be cmployed
for the preparation of the diaphragms in
this mucmer, but it should not, of course,
he such as would be objectioneble in the
metal cxides or the like subsequently to
be prodnced. Very convenivntly there
may he employed a suspension of the same
oxide or oxides whish are to be produced.

The metal oxides or hydroxides accumu-
lating on the diaphragm when the sell
is in action may be removed confinucusly
or intermitéently az desired, for exampie
by means of suitable scrapers. Where the
diaphragrma has been prepared by the
deposition of finely divided material upon
a material of suhstantially larger pore
size, it muy be proteoted by a screem
comparatively wide mesh dieposed cloze to
the ‘anode side- thereof. When the aceu-
mulation of oxides or hydroxides has
become sufficient to cover both diaphragm
and protective screen it may veadily -he
remuved [rom. the surface of the latter
hy suitable means without destreying the
coating on the disphragm.

The gpeaial provision of & diaphragm
impermeable to metalic ions and the
presence, adjolning the cathode of a
solutivn containing hydroxyl fons are nob
bowever ossentisl in the netlon of
the metul oxides or hydroxides from seit-
tions of metal salls.

1f for example the said disphragm and
solntion containing hydroxyl ions are
omitted it {s found that the produciion
of oxides or hydroxides may nevertheless
still be effected, with advantages conse-
guent upon the simphification of the
spparatus. It mppears possible that in
the simplified appuratus w» layer or flm
of oxides or hydroxides forms on the
oathode and that ihe Jormetion of
hydroxides or onxides in the cell then
proceeds. A diaphragm suryounding the
anode iy advisable, as before, to prevent

the acid liberated at the anode from
diffusing inte the cell and re-dissoiving
the oxides or hydroxides.

Aceording to the simplified process
therefore, the metal oxides or hydrexides
may be produced simply by the passage of
a unidirectional ‘elééric current throwgh
solutions .of metel salts. As in the cose
where a diaphrasm impervious to the
metallie ions is ‘giilised, the current mey
htwe ytrades resistant to
and-to the electro-
irring: within the cell.
charadter pravionsly
found highly safis-
tactory, fOr: examplétancdes of megnetite
and oathodés of metal. - The zoid Lberated
ot the anode is eonveniently removed by
suceounding the anede with a porous dia-
phragm, for example of fiter cloth, and
intermittently o continuously drawing off
from the anode compartment so forméd
the acid appesring thercin. The oxides
or hydrozides formed ur iiberated in the
oell may be removed continumously or
intermittently in any desired muanper. A
vory convenient method is by circulating
the metal salt seclution undergolgﬁ
electrolysis between the electrolytic c
and = sebtling ook in which the
hydroxides or, cxides may be ellowed to
sbttle out. 'Fhefsgoneentration of the
retal salt.or salis Ta the circulating salt
ion A% he.mairtained at the desired

cil is neces-
be aceom-
L cell  Nguid
through & booling. ¢oil “or other deviee
cooled for szemple by mieane of ice or
cold brine. Very  efficient ocooling may
be secured in this menner with the advane
tage that high currend Jensities may be
employed in the cefl withont excessive
rise of temperature. .

The shove method of separating the
metal oxides or  hydroxides from the
electrolysed liguid, andjor the above
method of cooling may of course equally
well be utilised when the electrolysed cell
is provided with a disphragm impervious
to metallic fons. .

In condurting  the

production of the

s 0 droxides utilised in

accordance with thé invention the elestro-

motive “forve eniployed and the cuwrrent

densiby . may - yacy . within wide limits.
0

fgu‘n ‘that an of
: pry setisfactory
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" .or mare such oxides or hydroxides 7
- be produced by treaﬁng
solotions. of appropriate * solnble metal:

; expmple

results when -zing hydroxide ehromium
hvdmnde and ~other . heavy metal’

droxides are to- be produced, an EME
ug' 20 "volts beiug about the practigalkil

mintmum,  Higher woltages may

emyloyed if desired though generully wifh ~paré
rad]gms{lmielactnca.l efficieney. Thbgly maxis- -__;_f
g

Df' .

mum . ourrent  density  permissibles
lam'geiy dependent. upon the -efficlency:
the cell cooling devices as in general it is
best o liberate or formn the melal oxzides
or hydrozides at = ﬂompam‘uvaly low
Temperafure. )

In operating the process thmefnre, it
is convenient -to use & source of current
of the desired volfage, say 80 volis, and
then to adjust the cohecnivalion of the
salt “solution’ undergoing- electrolysis uniil
the eurrent which flows is as high s is
eompatible with the maintenanee of the
tymporafure ab the ;e:ﬁ:}md low value,

Particularly —valual highly  eolloidal

' products may be produced by effecting the
. electrolytic freatment of metal salts ab,
temperatures.

low temtperatures, ‘eg.
helow 30° )

desired insoluble op difficulily
solu/ be vxides or hydvowides of mctaly

or mixbures -or even compounds
electrolyiie

- mixtures of . metal salts,.
salts of ziho, chy
eobelt.  As  régaeds  the melal  salis
‘emgployed the nitrates have heen found
g8 any nitrate appearing
in the separated -oxides or hydroxides s
fairly readily eliminated when the pro-
duects are heated. Other soluble salts may
however be cmployed, - for czample
formmates, IE désived the metal oxides or

. '.hydram&es obtuitied may be'. subjected,

45

ment for elimination of
. other -anion derived from
. -employed.

" suitable form. . For example they may b

pther Buhﬁ’ﬁ&nﬁﬁs

_prior to use -as cabalysts, to further freat-
of any nitrate or
the aalt
Buech  elimination may for
instanoe be effacted hy electrol:

As ™ provioudly —indicaf the meotal

.oxides or hydroxides may be obtained in -
the mianner described, partieularly free

from allali metals, They ave aiso obfain.
able in highly colloidal form which pag-.
tiordarly swuity them for the preparation
catalysts. TFor  cetalysing = chem
renctions in secordance with the inventi
they muy he- subjested to auy desir
treatment in order to bring them in

placed wpon. sarriers or supports” andifoy
dried, esleined, or veduced, or mixed with
o, metal powders or
acidic oxides, or otherwise treated acocrd-
ing to the well known mothods of pre-
paring- cata.ly‘tm agenty from other fm'ms

c_ata.lyt.m agents may be -employed

_ -fheijilét ‘to the overflow,
b, o
- ¢hromium; oxides in suspension and is led 100

‘on, EALE

cmey bs sbout 2 _amperes per squarc

of fﬂeta.l oxides amd hydromdﬁs Tfhe-
or-
lysing ‘ohemical reactions in the same
ag. oatalylic agenis “ponsisting of
ntain&ng oxides ar hydrozides pre- 70
methods other than dectrolysis

les _illustrate the -
Ere al  oxides and
ox:ldes and the preparation there.
imm of eatalylic agenls uscd In acoord-
ance with the invention.
Examrre 1.

A eell of glass or ebonite is pmv.lde;l
with a m tite anode surrounded by a
dinpbrogm of filter cloth in the form of
a flat bag, Mcans ore provided for with-

-]
LA

80

" drewing liquid frpm the anode compart-

ment so formed, 'The cell is also pro- BB
vided with & zine sathode, and the cathade
eompartment is provided with an ovsrflow

near the top aud an-inlet near the bottom,

.the latter conveniently in the form of a

tubs; d1mnng inte the cell contentz and 5
axtending nearly to the bottom of the cell.
i iFhe eleotrodes are connected to a sonrea

dirout current of about §0- volts EME
mdist a o dilute - solution . of zine eaxnd
‘omiumsinitrates, contaiming 3 to -4
,_to 1§ of zine t0 one atom of chromium,
is; ddlemwedipo fiow throngh the cell from
The eseaping
outains highly eofloidal zine and

into:, & sebting tank in which the
_hydmmdes gettle out, "~ The supernustant
liquid- is led threugh & coil keph ool by
iee and is then returned to the sell which:
jg thos meintaimed at sboub 156 to 20° €. 105
From the ‘anods compuwlment dilute
nitric acid i3 continuously withdrawn. To
‘the overflow from the cathode compart-
ment thete is added continuonsly a. solut
sion of zine and. chrowinm nitrates siffi-
cient, to make good the water withdrawm
25 dilufe nitric acid from the apode com-
vartment, the smull quenlitics of metal

11D

- salts cagied away in the dilute nifxic

agid,: and ths metal salé used wp in the 115
-formahon of the mefal hydroxides,”

»The concentration of the salt solution
ving through the ocll is maintained af-
& vulue that the rusistence of the
hd.the current torresponding thereio 120
t give rise to greater development of
than. that with which fhe dooling
are: oopible of ooping.  With
trodes aboub 2 centimetres apart and
ol 30 volts the current density 123

dcc:metrc.

dosived & number of colls may- be
op(..rt-.bt(.d simultaneously, - preferably in
parallel connection. . T e overflows, con- 130
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sisting of elecivalysed mefal salt solution
with metal oxidé or hydroxide in suepen-
sion, may be passed to a single settling
tank, and the superpantzat liquid then
passed through a cooling device and .redis-
tributed to the various cells, if mecessary
after adjustmensd of metil salt content.

For operating in parallel a bank of cells -

may very udvontageously he made up
from a number of plates. of insulating
material spaced apsrt by ) shaped
membere of similar matedal, the whole
being clamped together after the manner
of the plates of a filter press. Bach
U shaped member may be provided with
averflow spoub or pipe near the upper end
of onme arm, and o fvha may pas¢
through the lower part for sttachment, on
the inside of the |J member to s filter
cloth bag surrounding the anode. By
means of this tuwbe the acid appearing at
the anodc may be withdrawn as reguired.
Tach cell muy he provided with = tuba,
dipping almost to the bottom, for the
sdmission of the salt solution. Iu the
vells the electrodes may be supgo::ﬁed bg
means of lugs formed therean and adupie
to rest on the upper cads of the | shaped
distanoe pieces forming the bottom and
end wall of each cell.
ExaMerE 2.

A cell of glasa or ebonite is divided
into three compartments by two dia-
phragms of olosely woven linen fabric,
the middle sompartment being of larger
eapacity than the two outer onss. In
one of the oufer compartments the anode,
consisting of o mammetite plate, is
suspended, A slow stream of water is
admitted at he bottom of this compart-
ment, and an overflow is provided. The
ather omter compartment containg a sheed
of zine which scrves as the cathode. In
the middle compartment a soveen of wide-
mesh fahrie is adjusted at o short distance
frows the cathodie diaphragm, so as to
protest the coabing of mctal hydroxide
nearest to the diaphragm from any
mechanical disturbanse. -

The whole vell i~ filled “with water.

Some sodinm carbonate, eg. 0.19 is
added to the cathodie liquid, and a
suspension of colloidal zine hydroxide and
chromie hydroxide to fhe middle com-
partment, where it is kepb in suspension
by bubbling sir throngh or hy an agibator.
Direct current of 120 volts iz applicd {d
the cell, which ocanses the suspended
particles to_adhere to the cathodic dia-
phragm. When =@ coat of sufficient
density has besn formed, o solution of zine
nitrate and chromium nitrate, comiaining
3 to 4 atoms of wnc for I atom of
chrominm, is admitted into the middle
compurbment at such a rate that & currerit

density - af -the, cathede of 'about 2 amps.
per square’dm. is maintained. The tem-
perature of the selulion may he controlled
su that it iz maintained ub or slghtly
above %het of the atmosphere. The
oathodic diaphrayn becomes covered with
u coak of slimy, purplish-grey or greenish
precipitate, which eventmally  grows
through the protecting soreen and may bo
periodically  removed  therefrom by
sorapers, without inferrupting the work
of the oell, which {hus continzously
produces the mixed hydroxides. .

"The precipitated mixture of chrominm
and =zine hydroxides prepared in aeeord-
ance with elther of the foregoing examples
may be wushed, thiokened by filtexing or
pressing, shaped inlo pellets or beads,
dried, ieatqed in a reducing atmosphers,
and used as the catalyst jn the synthesis
of methanol fromi ‘a “mixture of carhon

monoxide snd-hydroged.,
Having " particilarly’ | doseribed and
asoertained.: nafure’ of. our gpid inven-

nher “the same is fo

tion and ig “Wwhat' manr _
adlare - that what we

be -performed,” we:
ofaim is s T

1, Tn the* manufgeture of chemical com-
pounds by methods involving catalysis by
means of metal oxides or hydroxides,
catalysing the resotfons by means of fhe
metal oxides or hydroxzides prepared by
electrolysing solutions of the corrcspond-
ing metdl salts.

3. Proeess for the production of methyl
alcohol, which comprisss subjecting gases
containing ~ earbon  momoxide and
hydrogen, to the action of eatalytic agents
consisting of or containing metal oxides
or hydroxides prepared by electrolysing
salutions of the corresponding metel salis.

3. Process aceording 6o claim 2 wherein
the catalytic agont-comprises zine oxide
or hydroxide with or without cheorminm
oxids or . hydroxide, the oxides or
hydroxides “heing prepared by electro-

sofutioma ~xof + the i corresponding

4. DProcess"gruording o
the -eatalytit ‘agent contdins-i fo 4 afoms
of zine to one afon ¢f-ehrorniim,

5. Prosess atcording v claim 4 wherein
tho ea.ta,lgﬁn:f apentis' substantialty free
from alkali mefal compounds.

8. Procoss acoording to auy of the pre-
ceding claims wherein the metal oxides
or hydroxides urc prepared by eloetro-
lysing the metal sal% golutions under an
electromotive furce in of that
required to deposii metal
7. Process according o claim 6 wherein
the electromotive force iz abeve 20 volis.

8. Catalysing the formation of methyl
alcchol Eﬁi cathon monexide and
hydrogen, substantially as described.
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sisting of electrolysed metal salt solution
with metal oxide or hydroxide in suspen-
sion, may bo passed to a single settling
tank, and the supernantant liguid tlen
pussed through a cooling device and redis-
tributed to the various cells, i mnecessary
after adjustment of metal salt content.

For operating in parallel » bank of celle
may very advantageously be made mp
from a mumher of plates of Insulati
material aoedd apart by U shagje]sg
members of similor material, the whole
heing clamped together after the anner
of the plages of a filter press. Tach
U shaped member muy be vided with
ovarflow spout or pipe near Eig upper end
of ome arm, and a tube may pass
through the lower part for abbuchment, on
the inside of the 1) member to u filler
oloth Dbag surrounding the anode. By
means of this tube the acid appearing at
the anode may be withdrawn as reguired.
Each cell muy be provided with a tube,
dipping almost to the bottom, for the
admission of the sult solution. In the
cells the electrodes may be supported by
means of lugs formed fhereun amIiJ adapted
to rest on the upper ends of the |J shaped
distunee  pi orming the bottom . and
end wall of each ocell.

Exsuria 2,

A cell of glass or chonite is divided
into three compartmeuts by two dia.
phragms of clossly woven linen fabrio,
the middle oompartment being of lwger
copacily than the two outer ones,
one of the outér compartments the anede,
consisting of & mognetite plate, is
suspended. A slow sircam of water is
admitted at the botbom of this eompart-
ment, and an overflow is provided. The
other outer compartment confuins o sheet
of zine which serves as the cethode. In
the middle compartment a screen of wide-
mesh fubeic is adjusted at a shert distunce
from the ecathodic dimphragm, so as tu
protect the cosiing of metal hydroxide
nearest to the diaphragm from any
mechanieal distgrhance.

The whaie cell &
Some sodium  carbonate, eg. 0.19% is
added to the cathodic liquid, and a
suspension of colloidal zine hydroxide and
chromic hydroside to the middle com-
partment, where it is kept in suspensicn
by bubbling air fhrough or by an agitator.
Tiirect cmTent of 120 volts is applied 0
the cell, which causes the suspended
particles to adhere to the cathodic dia-
phragm. When a coat of
donslty has been formed, a solution of zine
pitrate and chrominm nitrate, containin
2 to 4 aioms of zine for 1 atom
chromium, is edmitted into ths middle
compartment g6 seeh o rate that a currenb

flled d;vi—’si::h waate;‘ -

sufficient

density at the cathode of abeut 2 amps,
per square’ dni. i ‘maintained. The tem-
perature of the svlufion may be eontrolled
go that it is' maintsined at or slightly
above that..of the - atinogphere.  'Fhe
cathodic diaphragm becomes covered with

a coat of slimy, purplish-grey or greenizh

precipitate, which - evemtnally  prows
through the prolecling soreen and may be
periodically ~ removed  therefrom by
sorapers, without iuferrupbing the work
of the oell, which {hus continuously
produces the mized hydroxides, .

The precipiteted mixture of chrominm
and zing hydeosides prepared in aeccord-
ance with cither of the foregoing examplcs
may be washed, thiclened by filtering or

ressing, shaped inte pellets or beads,
gried, heated in a reducing abmosphere,
and used as the eatalyst in the synthesis
of methanol from a mixbure of cawrbon
monoxide and hydrogen.

Having now parbieniarly described and

ascerbained the nature of our said inven-
tion and in what mauner the same is Lo
be performed, we' dedlars that what we
dlaim ig e 0T . :
] goturc .of ohemical com-
ods.involving catalysis by
15 of . pxides . or hydroxides,
catalysing the-readtions by. mesns of the
metal . oxides or hydroxides prepared by
electrolysing “solutions of the correspoud-
ing metdl salts. ey

9, Process for the production of methyl
aleohel, which comprises subjecting gases
containing earbor  monoxide and
hydrogen, to the action of calalytie agents
consisting of or containing metal oxides
or hydroxides prepared by electrolysing
solutions of the corresponding metal salts.

3. Process according to ofaim 2 wherein
the catalyfic agent comprises zine oxide
or hydroxide with or without chromium
oxide or hydroxide, -the oxides or
hydroxides Theing prepared Dby electro-
lysing solutions of the corresponding
metal salis, ,

4. Process avcording o olaim 3 wherein

"the -catalytic agent, vontains 3 to 4 aboms

of zine to_one afor of chromium,

5. Process atcording to claim 4 wherein
the cntalytic agent. iz substentielly free
from. allcali metal sompounds.

6. Process according to any of the pre-
ceding claims wheéin the  metal oxides
or hydroxides arciprepared by eleciro-
lysing the . metal sa]% . solutions under an
slectromotive force jn excess of that
required to deposit mobal,

7. Process according to claim § wherein
the slectromotive force iz above 20 volts.

8, Catalysing the formation of methyl
slevhol  from  carhon  monoxide and
hydrogen, substantially ag described.
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