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PROVISIONAL SPECIFICATION.

Tmprovements in the Catalylic Purification of Oxygen-containing,
Hydrogenation Products of Oxides of Qarhon,

T, Jamms Yare Jomwson, a Uritish
Subject, of 47, Lincoln’s Tnn Fields, in
the Coumiy of London, (entleman, do

hereby declare the nature of this inven~

% tion (which has heen communieated fo
me from abroad by I. G. Farbenindustrie
Aktienpgesellschaft, of Frankfort-on-Main,
Germany, a Joint Stock Company
urg-a.ni.ﬁed’ under the Taws of Geymany)

10 to be a2s follows:—

By mazintaining cerfain reaction con-
ditions in the cstalytic hydrogenatjon of
oxides of esrbon, as for example when
employing » high partial pressure of

1% carbor monoxide, or when bringing the
reacting materials intp eonfact with the
catalysts for a long time or when work-
ing in the prosence of catalysts conigining
alkalies, in addition to methyl aleohol

20 nxyzen-coniaining reaction prodmets of
high beiling poini may be obtained which
conuist for the greater pwxt of higher
alcohols and cther oxygen-containing
organic eompounds, These products only

25 find employraent with diﬁcuﬁy in practica
because they have an unpleasant penetrat-
ing odour asd sre yellow in colour. By
the wusmal purifying methods, as for
oxample distillation or treatment with

20 sbgorbent asents, it is not possible to
obviate the said objeciionable properties.
A& catalytic purifieation of the said pro-
duets has therefors already boen proposed
acecerding to which the producis, if desired

35 after a previous treatment with purifying
agents, as for exeample by passage at
clevated temperatures over abscrbing
agenls, such as active charcoal, are treated

in the liguil phese under atmospherie,

40 reduced or incremsed pressurs and at
elevated temperatures with hydrogen in
the presence of finely divided metels, or
subjected fo a catalytic hydrogenafion in
the gaseous phase at atmospheric pressure,

45 My foreizn correspondents have now
found that the catalylic purification with
hydrogen of oxygen-contnining hydro-
menation products of oxides of carbon may
be sarried omt especially advantageously

%0 industrielly and with excellenf results by
working ot pressures of more than 50
atmospheres, ab tempevatures of from 100°
te 800° Centiprade and in the presence
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of vzygen compounds not reducible o
metals under the veaction conditions or
of sulphidie compounds of the heavy
metals of groups 1, 2, 4,5, 8 0or 8 of the
periodic system, or in the presence of
ictures of these .sulphidic componnds
with the said uzygen compounds not
reducible to metals. The term ' oxygen
compounds not reducible to metal ¥ 18
intended to comprise oxides, hydeoxides
and salts of acids, from which the_ acid
may be volatilised by heat, such os
carbonates, snd alse oxides or hydroxides
which are combined with acids In a com-
plex form, such as complex compounds of
phosphoric acid or silicie acid with
molybdic seid or tungspic acid, as for
example ammonium phosphomalybdate.
Oxides of metals when combined with aeid
iu o non-complex form to form salis from
which the acid cannot be volatilised, such
as sulphates or silicates or phosphates,
however, are not compriced within thie
texm. The comipounds obtaimahle from:
salte of metal acids of the Hth ox BSh group:
of the periodic system by complete or

artial reduetivn with hydregen sulphide
ﬁwe a specially adventageous catalytic
actlon, .

The calalysts may be employed in any
forra, 2s for example as dmst, pieces or
in pressed form, erther plone or. in eon-
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junction with earrier substznees suweh as.

pumice sbone, cole, apimal charcoal,.
active charcoal or clay. The cafalysts arer
digtingmished hy activity through very
long- pericds of time o that even after
use for several months no reduckion in
activity can be observed. The oxygen-
euntaining produets to be purified may be
employed in the lignid or wanoraus phase.
For exwmple ihe purification moay be

carrisd out in rotary or stixring suwbo- -

claves with pulverwlent valalysis or in
trickling towers with rigidly arranged
catalgats The Hquids to be purified mecy
alse be evaporaled undex pressure and led
topether with hydrogen at a pressure,
preforably, of abont 200 atmaospheres over
ihe eatalysts, the purified products being
condensed. In ziost cases w single treat-
ment iz sufficient, but sometimes,
especially inioases where an unmsually
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extensive purification. ic ecessary, the
treatment meay be repeated.

A certain amonat of reduttion of the
aleohols presens to form hydrocarbons gy
take place during the said treatment
depending on the height o the purifica-
tion {emperatura employed. The separa-
tion of the hydrocashons formed by
reduction of the alcoliols may be rendily
efectdd by fractional distillation of the
purified product Because the. hydrovarbions
boil at much lower temperatutes than the

corresponding aleohols. In order to
obtain n_good separation of the hydro-
carbons irom the unchenged alcohols it

is advantageous to casty .oub ths purifica-
tion  with
restricted hoiling point. renge, as for

.example of from 120° {0 1809 Centigrade.

Sinee the, initie]l materials wsually eou-
famd a small awount of sulphur (about
001 per cent); the purified producis
contain traces of hydrogen sulphide which
is formed hy degredation of the sulphmr
compounds. . This may e readily
removed in the usnal manner by an after
treatment with desnlphurising agents, as
Tz exwinpls with alkeli-metal or alkaline
eirth metal oxides or hydroxides, .

The final products obtained are entiraly

. Bolourless Hauids having a pleasant odonr,

the eriginal solvent power of which has
not hesn réduced by the purification
puocéss, .

The purified . aleohols, Ly "reason - of
their property of assisting the dissclution
of lowér. alechols and benzine, may be
employed with special adyantage as
additions to fuels containing alc.choﬁ'i. :
The following Examples will farther
ilustrate the nature of this invention, but

the invention is not restricted to ihese:
- Fxamples, o

- Bxazrery 1, .

.. The fraction, boiling between 120° gnd
180° Centigrade, of a product, obiaimed
by the calalytic hydrogenation of parhon
moroxide, having an nnpleasant adofir, o
yellow eolour and & sulphur content of
(.07 per cent is allowed to #riekle down
at 200° Centigrade wnder & pressure of
200 _atmospheres of hydrogen over a
rigidly arrangéd catilyst Alling consisting
of pisces ol & compdsition of nickel
snlphide and tungsten sulphide obtaingble
by  ireating nickel tungstate with
hydrogen sulphide while beating. The
amount of Hguid passed through per hour

+-,» isenual to the volume of the catalyst.
60

In order to separate the hydrocarbons
formed from the unchanged alcohols, the
product is.subjecled to a fractiomal dis-
tillation. 10 per eent of the todkul amount

passes over betwesn H0° and 110° Centi-
grede. as first runnings which comsish

. odanr,

fractions of comparatively

mainly of hydrcearbons and water. 'The
constituents of higher boiling point (90
per ccnt) consist of pure sleohols having
8 boiling point of from 120° {o 1809
Centigrads.  Tn order to remove smail
amounts of hydrogen salphide therefromt
they arp shalon with 2 per cent by weight
of powdered gus purifying ¥nass and thes
fltered.  The.aleohols thus purified are
entitaly rolourless and have a pleasant
The sulplinr content is redneed tn
0.005 per cext.

Tha purified alcohols are eminently
suitablé aa solvénts for resins and aa
agénts for assistimg the dissclution of
alechiol motor fuels. A mizture of 15
volumes of methana]l and 8% volumes of
motor Banzine, which separates into its
cotiponents gt 20° Centigrads, has incor-
porated {herewith 5 volumes of the said
pwrified alcohols. Mixing immediatsly
takes place and a homogeneous Houid is
obtained which fipst separates into ite
components when cooled to 209 below zero
Contigrade.  During the eombustion of

- the suid fuel riztare in & molor, the

exhaust pacés have no unpleasant odonr.

. The initigl fraction speeified in Example
1 is vaporised in a stream of hydrugen
and led under a pressure of 200 atto-
spheres at 250° Centigyade over picces of
catalyst cousisting of equimolecular
ameunts of zine pxide, megnestum oxide
and mglyhdie acid anhydricfe, the amount
of crude aleokhols (mewsured as a lquid)
passed through per hour being egual to
the volume of the catalyst, The reaction

- products are condensed and, after releas-

ing ‘the pressure, worked up and purified
as deseribed in ﬁxample 1. About 10 per
cent of the produst obtained hy the

- eaiplytio- purification coupsist of hvdro-
. garhdns

and  water. The resulting
alechals having a boiling point of from
J20° 1o 180° ‘are colourless zud have a
pleasant adour.

Exavrre 3.

The same fraction es described in
Example 1 is vaporised in 2 stream of
hydrogen and passed under . pressure of
200. atmospberst and at a femperafure of
R65° Centigrade over a catalyst consisting
of pressed pieces of nickel sulpho.
vonadate. 'P'he amount of crude aleohols

(measyred as & liquid) which is passed -

through per hour is equal fo the vglume
of the catulyst emploved.  The resulting
products are rcondensed apd  farther
worked wp as deseribed in Example 1.
Ahotit 15 per cent of the purified product
consist of hydrorarhons and water. The

‘resilting aleohols are colourless and have

an_agreealile odour,
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LExamrers 4,

The fraction described in Example 1
is passed, under the conditions of pressure
and temperature deseribed in Example 2,

+ -5 with hydrogen over a ecatalyst comsisting
of pieces of manganese molybdate, The
procedurs and the further working up of
the reaclion products is ths same ag that
described in Txamples 2 and 3. The

10 cutalytically purified products consist of

b nar cent of hydrocarbons and water.
The resulting alcchols are eolourless and
a considarable improvement in {he odour
as compared with the initizl material is
ohtainelrjl.

Dated this 22nd day of April, 1982,
J. Y. & 6. W, JOHNSON
41, Lincoln’s Inn Wields, Londen, W.0.2,
Agenis,

COMPLETE SPECIFICATION.

Tmprovements in the Catalytic Purification of Oxygen-containing
Hydrogenation Products of Oxides of Carbon.

I, Jawms Yars J oHNS0N, a HBritish
Subjeet, of 47, Lineoln’s Tnn Fields, jn
the County of Tendon, Gentlemsn, do
hereby deelare ibe nature of this inven-
tion (which hay been, communicated to
me from abread by I. . Tarbenindustric
Alktiengesellsohaft, of Frankfort-on-Main,
{ermany, a Joint Stock Cempany
organizéd under ths Taws of Germany)

25 and in what manner the same is to be per-
formed, to be partienlprly described amd
sacertained in und by the follewing
slatement :(—

_ By maintalning certain réaction con-

80 ditions in the valalylic hydrogenation of
vxides of carhen, in partionlar of cazbon

. wionoxide, as for example when employ-
ing a high partial pressure, especially
ahove 30 per ‘cent of the total pressure,

85 of carbon monoxide, vr when bringing the
reacting materials inte contact with the
catalysts for a long time or when working
in the presence of calalvsts containing
allkesdies, in addition to ‘methyl alecokel

&) oxXygeu-containing reaction products of
?uigg boiling point may be cbiained which
consist for the grenter part of higher
alecholy  udd  other oxygen-containing
organic componnds, ase products, in

45 particnlar those hoiling above 110° Cenfi-
grade only find employment with dificulty
in -practive becadse they have an un-
pleasant penetrativg ddotir and are yellow
in délour. By the uwsunl purifying

50 methods, as for example distillation or
Wregtment with zbsorbent agénte, it is not

-, possible to dbiviate the said cbjectionable
propetties. A eatalytic purificaiion of the
said products has therefore already heen

55 proposed, according to whieh the nroduats,
1f degirad after a previous treatment with
purifying dgents, as for example by
passage at elevalted temperatures over
absorbing agenls, auch as active charcoal,

80 ara treated im the liquid ‘phese under
atinospherie, redueed or incrensed pressure

"¢ pmd at  elevated ‘temperatires with

hydrogen in the piesence of Anely divided
metals, or subjected to a catalytio hydro-
genpiion in the gaseouws phase at atmo-
spheric pressure,,

y foreign vorrespundents havs new
found that the catalytic purifieation with
kiydrogen of oxygen-containing hydro-
genation products of oxides of carbon may
be carried out especially advantsgeously
indystrially and with execellent results by
Wor, mﬁ ;

.afanﬂsg ercs, nf temperatnres of from 100°
to 300° Centigrade and in the presence
of oxymen ecompounds not redneible to
metals nnder the reaction ronditions or
of sulphidic comipounds of the heavy
metels of groups I, 2, 4, 5, 6 or § of the

periediv system, or in the presence of

mixtures of thege 'oxg‘gen compounds and
sulphidic compounds, Of particular
advaniage are the nxygen comypounds and
the sulphidic compounds of metals from

group 6 of the periodic system. The tetm |

" oxygen ' compounds not reducible to
ntetal ** is intended to eomprise oxides,
hydroxides and salts of aeids, from which
the acid may hé volatilised by heat, "such
#8  eathonated; ynd - aleo  oxides or
hydroxides whith are combined with acids
in g complex form; guch as comrplex com-
pounds of phesphoric acid or silieic acid
with rolybdic acid or tangstic acid, as for
exainple ammoninm phosphomolybdate.
Oxides of metals when combined with acid
in a non-complex form to form salts from
which the'acid canmot be volatilised, such
as sulphates or silicates or yhosphates,
however, are mot comprised within this
term. As examples of metals the oxidic
and sulphidic compounds of which coma
into guestion in tha present case way be
mentioned copper, silver (the latter pre-

-ferably in combination with molybdic
-acid, tnngstie acid or vanadie acid), zine,

cadmivan, tin, lead, vanadium, thismunth,
chrominm,  wmelybdenum, tungsten,
muranimm, niekel’ehd cobalt. Bai alss the
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other heavy meials of the aforementioned
groups of the periodic system are useiul.
The compounds obtainable from salts of
. metal acids of the 5th or Gth group of the
* & periodic sysfem Dy complele or partial

reduction with hydrogen sulphide have a .

spacially advanfageous eatalyiie action,

The catalysts may be employed in apy.

form, as for exumple us Just, pieces or
10 in pressed form, either alone or in con-
jonetion with ecarrier swbstances such as
pumice glone, ecoke, animal charepal,
active charcoal or clay. The catulysts are
distinguished by activity through very
15 long periads of time so that even affer

use for several months no reduetion in.

activity can be observed, The oxygen-
containing produets to be purified may be
employed in the liguwid or vaporona phase.
20 For coxample the purifieation may be
carried out 1n rotary or stirring auio-
claves with pnlvernlent catalysts or in
frielding towers with rigidly arranged
catalysts. The liguids to be purified ma;
o3 also be evaporzied under pressure and le
togather with hydrogen at a pressure,
preferably, of hout 200 atmospheres over
the catelysis, the purified products then
bing condensed. Tn most cases a single
30 treatment is sufficient, hut sometimes,
especially in cases where an especially
extensive purifieafion is necessary, the
treatment may be repeated. -
A certain amount of reduelion of the
85 aleohols present to form hydrecarhons may
* " take place during the said treptment
depending on the iei Lt of the purifice-
tion temperature employed. The sepaza-
fion of the hydrocarbons formed
50 reduclion of the aleohols may be readily
effected by fractional distillation of the
purified product because the hydrorarbons
boil at much lower temperatures than the
corresponding sleobols. In order to
%5 obtain a good separaiion of the h%ﬂdm—
earhons from the unchanged alcohels it
is advantagerus to carry out the purifica-
- Hon with frastions of comparatively
vestrvicted boiling peint range, as- for
sg example of from 120° to 180° Ceniigrade.
Since the 1nitial materiulz wsually con-
tain a small amount of snlphur {(abeut
0.01 per cent), the purified produets
contain traces of hydrogen sulphide which
gg is formed by degradation of the salpher
compounds. This may e readily
removed in the usual manner by an after-
treatment with desulphurising agents, as
for example with alkali metal or alkeline
earth motal oxides or hydroxides. -

The final produets obtained sre entiraly.
colourless liquids having a pleasant odour, -

the original solvemt power of whieh has
not been rteduced by the purification
{i5 process.

The purified aleohols, hy reason of
their properby of assisting the dissolution
of lower alconols and benzine, wmay be
employed with specia! advantage 2=
additions to fuels eontaining aleohols.

The following Fxamples will further
illustrute how +his invenilon may be
carried into effect but the invention 1z net

restricted te these Examnples.

L . Exsupre 1.

"‘The iraction, boiling beiween 120° and
180° (entigrads, of a product, abhtained
by the eatalytio hydrogenation of carbon
monoxide, havieg an uﬁflea.sant odour, u
vellow c,o’lour and a sulpbur content of
(.07 per ceat is allowed to trickle down
at 200° (entigrade mnder a pressure of
200 atmospheres of hydrogen over =a
rigidly arranged catalyst filling consisting
of pieces of a compesition of nickel
sulphide and tungsten sulphide obiainable
by trealing uichd fungmlute with
hydrogen sulphide whils heating., The
amount of liquid passed through per houy
is equal to the volume of the cebalysk,

Iz order fo sepavele the Hydrocarbons
formad frem the unchanged aleohols, the
produei is subjected {0 a fractiomal dis-
tillaticn. 10 per cent of the total amount
passes over beiween 602 mmd 1109 Centi-
grade as first runnings which consist
mainly of hydrocarhons and water. The
constituents of higher hoiling point (80

per_gent) congist of fpure wleohels having

a holling point of from 120° to 180°
Centigrade. In order o remove small
amrotnts of hydregen sulphide therefrom
they are shaken with 2 per cent by weight

by of powdered gas puri m% mass and then
1

filtered. 'The aleohols thns pnrified are
entirely colourless end heve a plensant
vdour. The sulphur content is reduced to
(.006 per cent.

The purified aleohols are eminently
suitable ns solvents for vesins and as
agents for assisting the digsolulivn of
aleohol motor fuels. A mizture of 1b
volumes of methanol znd 8¢ volumes of
motor benzine, which separates info its
components at 20° Centigrade, hag ineor-
porated iherewith & volumes of the sazid
purified alcohols. Mixzing immediately
takes place and a homogeneous liquid is
obtaived which first separates into iis
comporents when cooled to 20° below zero
Centigrade. During the combustion of
the' said fuel mixture in a motor, the
exhanst gases have no unpleasant vdour,
oo EXAMPLIE 2.

Thea duitial fraction specified in Example
1 iz vaporised in a stream of hydrogen
and led under a -pressare of 200 atmo-
spheres at 2309 Cealigrade over pieces of
cetelyyt  consisting of. egmimolecular
ampunts of zine oxlde, meygnesium oxide
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" and molybdic
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of erude aleohols (measured as 2 qulh;d)
passed through per hour being equal to
the volume of the catalyst. The reattion
products are condensed and, afler reless-
ing the pressure, worked up and purified
a3 deseribed in Example 1.~ Abouwt 10 par
cent of the produet obtained by Ehe
catalytic purification oconsist of Tydgo-
carbens  and  water, The resulfing
aleohols having a boiling point of frora
1202 fo 180° Centigrade are colonrless
and have a pleasant adour, o

Exanete 3,

aeid anhydride, the amonnt

The some fraction as deseribed in

Exzample I is vaponrised in o stream of

" hydrogen and passed under m pressura of

20

26

30

. of pieces of manganess wolybdate.

0

- hydrocarbons end water.

45

50

200 atmosphercs and at a temperature of

265° Centigrade over a eatalyst econsisting
of pressed pieces of nickel sulpho-
vanadate, The amount of crude aleohals
{meaemred as e lguid) which is passed
through per hour is equal fo the volume
of the eatalyst employed.  The resulting
products arc condensed and further
worked up as described in Example 1,
About 15 per cent of the purified produci
cousish of hydrocarbons and water. The
resulting alechols are eolourless and have
an agreeable odour.
Exaurrr 4,

The fraction described in Ezample 1
is passed, under the conditions of pressura
and tcmgrenatm"e described in Example 2,
with hydregen over a catalyst conaistr:[i‘rﬁg

e
provedure and the further working up of
the reaction prodwets is the ssme as that
deseribed in Exzamples 2 and 8. The
catalylically purified products consist of
95 per cent of aleohols and 5 per cent of
The resulting
aleohols are cvolourless and & considerablc
improvement in the odouwr as compaved
with the initial material is dblained.

Exaurrz §.

The same fraction as treafed in
Kzample 1 is vaporised in a sizeam of
Lydrogen and passed at 180° Centigrade
and under a pressure of 200 atmospheres

. over a catalyst consisting of pressed pleces

55
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of copper chromite (Cu(r0,). = The
amount nof the erude fraction passed per
hour over the calulyst is, aeasured as s
liguid, equal fo the volume of the catalyst,
Tﬁe reaction produet is condensed and
then further worked up as deseribed in
Example 1,  About 15 per cent of the
purificd produet consist of hydroearhons
and water. This part distilling between
36° and 110Y Centigrade is recovered as
first runnings. The purified aleohels
boiling between 1202 and 180° Centigrade
are completely eoloutless, steblc to light
and of an agreeable odour.

The fraction, Hoiling befween 160° and
210° " Gentigrade, of o product obtaind
by the catalylic hydrogenation of earhon.

monoxide, having -an nuipleakant ~ odour

and a dssp yellow . colour is @llowed fo

rinse ot Z00° Ceniigrade and under a
pregsure of 200 atrhospherds set “wp I
iydrb'g‘an through' & cainlyst tube filla
with' pieces of ‘mickel tungstate. The
dmownt of the said fraction; meagured as
& liquid, which. is passed through per hour
fills thrice the voluihe q’f ﬂi catulyst,
After ocoiidensation and’ relessing the
pressure the reaction produet is passed
twice again over the'spme catulyst under
the tame conditions. The hydrecarbons
boiling between 80% and 160° Centigrade
aad the water formed is separated by
fractionate distillation. Tp te 160°
Centigrade abeuf .15 per cent of the
reaction product aré distilled off.

The portion :ofthe reaction product
boiling above 160°. Centigrade is subjected
to a lreabment with -4 10 per cent aqueous
caustic soda aoliti ‘T¢ thie end 0.5
i ig solution is added fo eqch litre
of the said portion-of the reaction pro-
duet, the mixfuré beine heated for about
6 hours fto from 80° %o 90° Centigrade
while stirring vigerously. After eooling
the layer containing the caustic soda
solution which depusits at the hotiom is
separated from the miziure whereupon the
purified alechols ave distilled off. In this
wanner a completely culourless distillate
stable to light and having an agreeable
odour s obtained.

Having now particulariy desoribed and
agcertained the nature of my seid inven-
tion and in what mapner the sams is to
be performed, T declara that what 1 elaim
is— :

1. A proeess for the purification of ze
oxygen-eonfaining hydrogenaiion product
of an oxide of curbon, in particular carbon
mounoxide, whichi‘comprizes treating this
produet with hydrogen at o tcwmperature
between T009 and 300° Centigrade, under
o pressare of ‘at leagt 60 atmospheres and
in the presence™of’a catalyst comprising
an oxygen compiingd -hot rveducthble to
metal under the 'coudilions of working or
a sulphidic compound of 2 heavy metal
Irom. groups 1, 2,74 5, 6 and 8 of the
periodie system’ “vii

2. In the process ds claimed in elajm 1,
operating in the presenca of a catalyst
comprising a sulphidic eompound of &
heavy metal from groups 1, 2, 4, §, 6 and
8 of the periodic system and such oxygen
compound of one of the said heavy mefals
as 13 not redueibla to metel under the
conditions of working,

3. In the process as claimed in elaim I
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operating in the presence as catalyst of
an oxygen compound or 2 sulphidic com-
pound of a metal from group 8 of the
periodic yystem.

% 4. Yo the proeess as elaimed in eleim 1,
operating in the presence of & catalyst
comprising & compound obtainable by at
lenst partial zedustion by means of
hydrogen sulphide of & salt of en scid

10 of which the elecizonegsiive coaslitucnt

comprises a beavy metal from groups § or

6 of the periodic system.
* b. The process for

the puri:ﬁeatidll . le!.

oxygen-containing hydrogenation products
of an oxide of carbon substaniially ae 15
deseribed in each of the foregoing
Examples.

6. Purified oxygen-contsining hydro-.
genation products when obinined by tho'

processes particularly described and ascer- 20
tainad or their ohvicus chemical
enivalents,

" Dated his 24th day of April 1933.
O T.Y. & G W, JOENSOX

Agents,

4:?', ‘Lineoln’s Inn Fields, London, Ww.o.z2,

Redhill: Printed for Hiz Majesty’s Stutionery Office, by Tave & Malcomson, T4d.-1933.




