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COMPLRTE SPRCTFICATION

Improvements in or relating to the Treatment of the Products of
the Catalytic Conversion of Carbon Monoxide and Hydrogen

We, RuRRCHEMIE ARITENGESBLL-
sogarr, of Oberhansen - Helten, (er-
many, a German Oewpany, and Lurer
GEsELLscmarr  Fin W ARMETECHNTK,
m.bhH., Frankfars a,M.-Haddermheim,
Germany, a German Company, do Lerehy
declare the invention, for which we pray
that a patent may be granted to us, and
the method by which it is to be per-
formed, 1o be particularly deseribed in
and by the following statement:. —

The invention ralates to the treament
of pruduets obtained from the reaction of
carbor. menoxide with hydrogen at cle-
vated pressures in the presence of cota-

ts

In the synthesis of aleohols, and ig
given cases, hydrocarhons, by the con-
version of varhan monoxide/hydrogen
mixlures under elovuted pressures of, for
example, 5 atinospheres and Ligher, in
the presence of eatalysts which contuln
metals of the iron group and espeeially
irom, or in the catalytic produckion of
ydrovarbons and oxXygen-containing hy.
products from carbor  monoxide  aud
hydrogen, mixtures of differcut ETOups
of chemieal componnds are phtained
which have to be scperated from euch
other and purified. The products so
ohtained suffer, in general, from g had
odour which is caused by a small content
of unsaturated oxygen-coutaining com-
pounds,

It is possible, by hydrogenation, to
ennvert, these unsaturated compounds inko
egreeably smelling saturated form snd
tﬁ-m'by obtain an improvement in the
quality of the products. Ome disedvan-

tage is, however, that a proportion of the

olefing eontained in the products of {he
syuthesis is also hydrogenated at the same
time, thus reducing the value of the Tro-
duets. The aleohols and the hydvocurbons

are, however, gencrally separated from 45
each other, the separation eing effectud

in any suitable manner, for exampls, by
solvent extraction or by areotropic dis-
tllation. The above-mentionsd disadvun-
tage may, in this mauner, be avoided. A 50
propartion of the oxygen-contaimi lm-
purttiea will, Lowever, still remaiy in the
hydrocorbon fraction. Their elHmination
from ths hydrocarbon fraction 18, in cer-
tain cases, required, and for this purpose &5
one or several subsequen{ operations are
nacessary. Wor the following purpases,
howover, the hydrocarhons may he
directly wsed after ssparation of the
oOxygen-containing organic compounds ;
23 motor fuel, as feed to am OXO Sy
thesis provesa, for oxidafion, for sulphe-
cllorination and the like.

Whichever the method of sepalation
used, Lowever, by far the lorger propor- 6o
tion of the impurities will asene in the
aleohol fraction, The aleohals are thereby
rendered unsuitable for most mses by
reason of the penetrating odour which
choracterises the impurities. Trrther
msasures for the purification of the
aleohols are therefore required.

The removal of the oxygen-enntaining
impurities with the alvokol eomponent ig
nob as such a disedvaniage, hut i, im
fact, advantageous 4o the cxtent that by
suituble reduetion fyrther aleohols ars
produced from these impurities. It has
been demonstrated that with a suitably
controlled reaclivn the aleahnl vield Is
larger affer the hydrogenation than be-
fore, the daleterions impurities disappesar-
ing at the same Hme.

According to the iavention, therefore,
the oxyren-coniaining organic  com-
pounds ara separated from the svntheais
product after which thay are subjected {o
a mild hydrogenation. Lt is preferred to
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cliect the separation by solvent estrac-

tion, extractive distillation or azeotropic

- distillation. The oxygen-containing

vrgaeic compounds may, if desired, be

separated from the exirsclion agent ar
agents before being suhjected {o hydro-
gonation, which hydrogennbion is effected
by means of hydrogen in +he presence of
catalysts, By this treatment {he vxywen-

W contuining impurities will lose {heir
penstrating odour us they are converted
into sweeb-sinelling substances consisting
predominantly of aleohels. The term
** mild hydrogenation ' is nsed herein to

15 identify a hydrogenation which leaves
the aleohols, present in the fraction nnder
treatment, substantially vnaffected whilst
malodorous oxygen-enniaining impurities
are hydrogenatad.

20 Various known extraction agents may
be used for the axtraction. Suituble ex-
traction agenis or selvents are, for eox-
ample, methanol and its mixénres with
water, ethanol, polyhydeic aleohols such

3D as glyeol, glyeerol, bHutanediol and {he
lilze; furthermnre acetates, formoles and
tha like. A single extraction ageni may
be used {fur the entire hoiling range or
the cut which is fo be trealed in accord-

30 ance wilh the invention, the esxtraction
being efferted in one or more stages, On
the olher hand, two or more estrnetion
ngents may be nsed in two or more stagas,
Thus, for cxample, 2 synthesized aleohol-

85 hydrcurbun misture may be geparated
into fraetions of boiling ranges 76F G.—
1807 0., 186° C.—220" . and 220° €.—
860° C., wherenpon ecacl: of these frac-
tions may De treated with a different ex-

40 i{raction agent. Separation or removal of
the exiraction agent iz then preferably
effacted by distilletion in known. manoer,
The extrastion is advanageously earried
vut in connter-current manner, Tpon re-

5 moval of the extraction agens the extyact,

newely, the oxygen-coniuwining com-

pounds, is subjected to a mild hydrogena-
tion., A capper-chromium oxide eontain-
ing catulyst has proved to be pazticularly

&

90 vseful far this purpose. The hvdromena-

tian is carried out at elevated pressure,
such as, for example, 200 almospheres
and ot o temperature at which fhe
axygen-cogtuining Impurities are just
8 converted into alechols withuut any
alteration in the alcchols oripinally pre-
sent In the mixture, Exeellent results
were obtained at a hydrogen pressure of
226 atmospheres and st a temperaure of
40 220° C..1n the presence of a copper
barinm chramite calulyst prepared as set
forth In United States Specificadious Nos.
2,080,433 and 2,1¥9,507. :
The hydrogenation cunditions vary
66 with the nature and activity of the cata-

lysts, In genera, temperatures within the
range 153°-—270° C, and hydrogen pres-
sures within the range 50—300 aimo-
spheres are suituble, whilst temperatures
within the range 280°-230° €. and 70
hydrogen pressures «f from {00 atmo-
spheres to 230 atmospheres have Deen
found to be particularly advantageons.

Tha preferred catalysts are {hose con-
taining eopper and chromium, parficu- 79
Iarly when the chromiom is in the form
of an oxide. Cfatalysts containiog ealeium
oxide and/or barium oxide as well as
those containing niekel, have also been
found advaniageous. 0

For tha purpese of hydrogunation the
waterials to be {renied may he passed
over the cutalyst in either vapowr phase
or liquid phase, When using relatively
low boiling Iignids vapour phase hydro- 86
genation is frequently fhe betfer practice,

It I3 also of advantaee in some eases to
dilute the substances o be hydrogenated
with suiluble sulvents such as, for ex-
winple, diozane. , g0

The hydrogen used in the hydrogena-
tion may he drawn from the same source
as the synthesis gas, On the other hand,
it is possible fo react the synthesis oas
with steam in the presemrce of catalysts g§
substantielly in aceordanes with the
equation CO 4+ IL,O=C0,+H,. The ear-
hen divxide is then removed, for example,
by a water wash under pressure, and resi-
dua]l earbon monoxide iz removed hy o 19
eopper liguor wash ond hydrogen under
pressure is reeovered im a substantally
pure stule, The hydromen for the hydro-
genation may alse be obtained from the
exit gases of the syntlhesis proress. Tn 105
this case, inert or deleteriong Rseos com-
ponents, such ag earbon dioxide are elim-
inated from the cxif gases, for example,
by washing, after which the exii guses.
if necessary, with the addition of steam, 110
may be subjected to thermal decomposi-
tion to yield & mixture of carhon mon-
oxide ond hydrogen, This mivture s then
converfed to pure hydrogen in the above
desyribed manner and, after compression, 115
the hydrogen is used in the hydrogena-
tHon step.

After the hydrogenalion, the MHquid
fractions treated in accordance with the
invention will eontain surplus hydrogen, 120
which hydrogen may be recovered, Inm
many cuses, i Is udvantagenns to cool the
liquid fraciions before releasing {he pres-
sure for the recovery or separution of the
hydrogen. The pressure mav be released 125
in stages, thus permitting the hvdrogen
fa ha veturned o the process in a partly
compressed form, '

Aguegus  selutions produced during
synthesis may also be {realed in a similar 130



A water gas having been substantislly
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wanner, as for exomple, by separeting  and therealier activated by reduetion in
the aleohels by distillation from theip a stream of hydrogen. The eynthesis tem-
Byueous solution or Ly extracting the Derature usedy was 182° (. with a space 86
aqueous solution with substanially watey- veloeity of 120 volames of gas per volume

] insnluble, preferably oxygen-containing, of catalyst per hour, The produecis of the
solvents, and thereufter to subject. the synthesfs were cooled and the condensate
extract, preferably after removal of the formed separated inte an o] layer and
solvent therefrom, or the water-frea dis. uu aqueous layer, The oil layer was sub- 40
tillate, as the case may be, to o mild jected fo distillation snd the Iraction

10 hydrogenation. Egsentially only aleohals boiling between 135° 0. and 320° C. was
are obtained in this manper instead of recuvered, The fraction eontained on the
the mixtures of aldchydes and the like, average 52% aleohols tfogether with
which are still present together with the about 0.8% acids, 4.6% esters and 2.5% 45
algohols and whieh eqn only be treated aldehydes and ketones, the remainder of
1B S diffieuity, The {restment in aceord- the fraetion comprising essentially hydeg.
ance with the invention of the mixture carbons. The fraction was then extracted
obtained from the ayueons reaction mate. with methanol. A eonbinuous seven-stage
tial may be ulso effacted together with the countereurrent extractor was wed, to 60
alrohols isolated [row the water-insoluble  which the mixture 1o be extracted was
R0 syuthesia producl. . edded from one gide, wmethanol being
The process of the invention is illus~  added from the other aide. Four parts by
trated by the following examples: volume of methanol were used for each
Examrry 1, part by volume of the alcohol-conlaining 68

separation into layers and in order to in.

were preacnt in the extraci,
This extract together with bydrogen
nnder a pressure of 121 aimospheres was
80 passed over a hydrogenation contact cata-
lystrprepared iu accordance with the pro-
codure gel forth for a vopper bamum
chrymite in U.8. Specifications Nos.
2,089,438 aud 2,129,507, The utilizable
entalyst Javer wag about 2 metres high,
and was maintained at 5 temporature of
220° (1. The liguid and the hydroren wore
both used in preheatsd -pondition and
wers hoth passed downwardly through the
80 catalyet. o

25 freed in Jmown manmer from sulphur creasa the selectivity, small amounls of
corapounds, resin-forming materials and  fraction. For the purpose of ubiaining
other deleterions substances, and con- water ware added 1o the methano] dur.
taining earbon monoxide and hydregen in  ing the course of the seven-stags extrac- gy
a ratio of 1:1.1 by volume was passed at  tion. The quantities of wator added dur-

30 & pressure of 26 almospheres aver o cufa- ing the extractivms . are given in the

. Iyst obtained by melting pure ivon with following table:—
additions of 2.59% ALO, and 0.49% KO
Tanrr,
] Stage 1 2 3 4 5 6 ¥
Volome % of water added,
caleculuted on methanol - 0.2 0.3 .4 0.4 0.7 0.7 0.9

The operational temperature was 90° After cooling of the mixture with-

C. The extract of ozypen-containing  drawn from the boftom and scparation of

70 organic compunnds was distilled, The the liquid, the hydrogen wus recyeled to
extract, freed in this muanner from the the hydrogenation stage. The persistent
solvent, confalued ahont P5%—09% of and somewhat rungent odour had dia- 85
the oxygen-contaiming organie com- _ apﬁcared and the products from the

.. bounds present in the o1l layer of the syn~  hydrogenalion stage possessed an agree-

75 thesis product. About 80% of the non- able groma, Analysis showed that the
al{:ufhof"ﬂm oxygen-eontaining eompounds aldehydes and Tefones had substantially

disappeared and that the esters had bHeen 100
practicaily completely nonverted indw
alcohols. ‘A raduetion in eleohol eontent
rould not he established.

By fructionation and distillajon ths
alookols were then ohtained in & subatan- 105
tially pure condition, The aleohols so
obtained may be used for ractically sny
purpose. Thus they way ge used in the .
perfumery and fogd industries; for ex-
ample, as anti-fouming agents {n the pro-
duction of jem. .

. . Txoprs 2. .
A highly purified water- gas of the-com-

110
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position specified in Exampls 1 was used
in a synthesis process ju accerdancs with
the procedure set forth in that example.
In this sase, however, the synthesis was
carried ouf at 3 pressure of 31 atmo-
spheres and the eatalyst wsed wus one
obiained in known manner by precipita-
tion from an approprivte solutivn to
¥ield un iron catalyst containing 1.3%
AL, and 0.3% Na.O.

The wily products abtuined in the syn-
thesis were then distilled for the recovery
of a fraciion of beiling range 170° §.—
220° C. This fraction contained opproxi-
mately 6095 aleohols, 0.5% arganie arids,
2.0% esters and 3% aldehydes and
ketones. The fraction was then extrueted
iu acvordarce with the inveution with
about three times its velume of melhanol,
the wethanel centaining 2.59% of water.
The extraction was carried out in a
seven-slage  exlraciion contrifuge  de-
seribad  in  UT.S. Bpecifieations Nus.
2,036,994 and Re. 21168, Tn this manaer
the alechols confained in the [reetion
were recovered {g the extent of about 97%
whilst the other exygen-contpining
organic compounds were recavered to the
extent of aboul 85%. Afier remural of
the methanol and water, the extracl, in
vapour form, in admixture with
hydrogenr which was under pressure of
181 atmospheres, was passed {g the Lydro-
genation stage as set forth in Example-1.
The catalyst used was a copper bavium
echronvite eatalyst possessing the same vom-
pusition as specified in Example 1. In the
present ease, however, the ealalyst was
uscd in pelleted form. The gaseous miz-
turs was miaintained in contact with the
catalyst for a period of about 40 minutes,
The reactiun temperature was maintained
at 280° . The gaseous produets from the
hidrogenation zone were couled in order
o liguely the condensible materials
therein,

‘Results showed that the hiydrogenation
did mot enly fail o produce puv loss of
aleohols buf that the yield of alechols wros
in fact inereased by the hydrogesalion
from aboul 60 v 83.89%, ealeulated on
the synthesizs product. Aleohols were
therefore produced by the comversion of
other  oxypen-rontaining  ecompounds

-originally present in the treated fraction,

‘The charueteristie and pungent odour
possessed by this fraction was removed
by the hydrogenation.

. Fxawrrzs 8. .

Tighly purified wafer gas obtained as
gpecified in Bxample 1 and of {he sume
romposition was passed, at a.pressure of
40% Ibs, per square inch.gouge and at a
femperatura of 6" 1., through o sub-
stantially verteally :u'rnng*etf column

type resction vessel, Ap iron eatalysi was
provided in this reactor, the eatalyst con-
sistiug of pnlverized FE,0, with small
additrons of Nu,00.. The gas, willi the
catalyst in suspension, was intruduced in 70
turbulent flow at the fuot of the column,
The major portion of the eatalyst, to-
gether with the gus, passed out of the
upper part of the reactor. The catalyst
was separated from ithe gas in known
manner and was recyeled to the foof of
the renelion zone for admixinre with the
gas entering the column.

The so-valled Fydroeol process operat-
ing aceording to [he principles of the
** Huidized ** synthasis furnishes in addi-
lion tu hydroearbons which may, for ex-
ample, be used for mator fucl or the Jike,
au aguenus eomponent inclnding valuable
oxgen-contaiuing oreanic  compounds.
Theve may be separnted by distillation
and can be vhlained in reasonably pure
form. They do lowever possess an un-
Pleasant odour, whirh hinders iejr use
i muny directions,  This disadvantage
may ba removed in aceordance witl the
invention in the following manuver:—

The agueous portion of the syntheals
produrt was subjected to distillation in
a. distillation appuratns of the doahle
columm type. In the first column sysiem
the water of reactaon was substantially
freed [rom all orgonic eompounds by (he
mjection of direet steams. These com-
pornds aze nbtained as an ascotropin mix-
ture with water and wouy bhe largely
sepurated from the distillotion water by
separation into two layers. The one layer
comprises the distillation water in enhy-
tion equilibrium with the ureanie sul-106
stances and is returned to the distillation
column, The other layer evmprises the
watersaturated mixture of the orguunic
dislillation  eomponents and in  the
second column syster it is [reed in known 110
mauner from its waler by azeotropie dis-
il]la:t-lﬂﬂ using, fur example, hengene yus
carrier. for the water, ’

The water-freg boitoms product of the
second column was compused of abyui 116
92% alcahols, 10%  aldehydes, 109,
ketones and 28% acids. This mixture was
then subjected 1y bydrogenation at o
hydrogen pressure of 151 atmospheres and
@ tewperature of 230° (. The hivdrogena. 120
101 was effected in an antelave provided
with a stirzer, boing continucd tharein
for a total period of Hme of ahouf 30
minutes. Hydrogen was pussed inlp the
nutoelave at the rate at which it was nsed 125
up in the hydrogenation renction, In the
course of the hydrogenation practically
all of the nldehvdes and aeids were can-
verted into alevhols, while the ketones
were only changed or modifiad 0 a minor 180
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extent. All of the products were of oz~
cellent quality and conld be ohtained in
subslantially purs form by distillation, in
known manner,
B ExaurrLy 4,

The same fraction of the oily synthesis
products specified in Example 2 und bejl-
ng within the range 170° 0.—220° ¢,
wag usad. The oxygen-vontaining ormanic

Y compounds were separated from the frae-
0 by uzentropic distillation. This was
car:'ieviv out; by distilling the fraction in g
distillation column with butylene glycol
(1,8). The residual UXyZen-containing

16 Grgamic componuds were then romoved

the bottom of the distillation
column while the hydrocarbons weTe pre-
sent in the distillate, heving distilled over
in the form of an azeciropic mixture with

20 the butylena glyool. The yield of organic
Prygen-contmming eomponnds was 879,
The OXygen-containing compuunds, hav-
ing heen first freed hy washing with
water [rom a small auiguny of butylone

D glyeol, were then treated in the manmer
spesified in Example 2, the sume good
resulis being abtained.

Exanery 5.

In this instunce, also, o fraction boil-

AW ing between 171° C. and 220° Q. of the
products of g carben monoxide hydrp-
genation to hydrocarbong and aleohols,
was used. The hydrocarbong and the
dxygeu-ronlaining organie compounds af

35 this fraction were saparated by extrastion
of the vapour mixture i a distillution
column with 5 e-nophithylamine, +he
maphthylamine being added in the Hguid
state at the top of the column, The mix.

40 lure foruning uf the hottom of the colwnn
consisted subgtantially of VX ¥Eel-Gon-
taining erganie componnds and w-naph-
thylamine.” The mixiure was swith drawn
from the column and subjected to distil.

45 lation for removal of the OX¥gen-contain-
ing organin compounds. The yicld was

91%. The further treatment was opn-
dusted in ihe mannar spacified in
Txampla 4.

8 What we rlaim isr—

1. A process far the treatment of the
products of the conversion of sarbon mon.
oxide aod hydrogen into alephals and

yedroearbons ymder elevated pressure ju

e —

the presence of an iron-containing cata- 5
iyst, which comuprisey separating oxygen-
containing organie eompounds from the
products, or a froetion of the products,
and  subjecting the OXygen-containing
vrganic eompourds to a mild Lydrogena- 60

o,

2 A process according 4o cluim 1, in
which the mild hydrogenation is effertad
in tha prasence of a catalyst at g tempera-
ture within the range (5(° G.—270° 0., 45
and at hydrogen pressure within the
rouge 50—300 atreosplerss.

- A process according to elaim 2, in
which thg temPerature is within the Tange
200" €.—250° (., and the hvdrogen 7
pressure iz within the range—250 atmo-
spheres,

4. A process aceording to claim 9 op
eladm 8, in which the caalysi containg ai
leust one member of the U couslsting 75
of enpper, chrominm, cﬁzr?amium oxide,
harinm oxide and nielgl.

3. A provess aceording to any of the
preceding elaims, m which the oxygen-
contuining organic compounds are separ- 80
ated by solvent exiraction, exirasiive
distillation or azeotrupie distillation,

8. A procass aceording to claim 5, in
which, the extraction agent or agents are
separated from the OXygen-containing 85
organic cotupuunds befors the Iatter com-
bounds ave subjected to fhe mild hydro.
genation,

7. A process fop the separation and
ireatment, of Oxygen-containing organic 90
chrmpounds oldained in the produets of
the reastion of carbamn monexide with
hydrogen, subslantially as descrihed ip
any of Fxamples 1 1o 5.

Process for the separation and 95
freatment of txygen-containing organic
corapounds obtasmed in the products of

the reaction of carbon monoxide with

rogen,
described,
9, Uxypen - eontaining organie com-
Pounds whenever obtained by the process
of any preceding elaim,

substantially s hereinbefore
100

Dated this Oth day of Auguasl, 1950,
EDWARD EVANS & COo.,
1418, Wigh Holbora, Tondon, W.C1,
Agants for the Applicants.
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Germany, a Garmup Company, do hereby tage muy, in this wanper, he gvoided. 4 30

declare the invention, fop which we pray Iroportion of thy OXTgen-containing im.

that a patent may be granted tp us, and  yyrifies will, however, stil] Temuin in the

the method by which it is to be pei bydrocarbon fraction. Theip elimination

10 formed, o be particularly deseribed in from the hrdrocarbon fraction Is, in cer
and by the tollowing statement:—_ tain cases. required. and for this purpose 3

The invention relates to the treamens ope or several suhscqnent operations gre

of products ohtaiged from the reaction of necessury., For the following DUTDoses,

carbon monoxida with bydrogen at ale. however, the bydrocarbons may  he

18 vated pressuzes in the presence of cata. directly used ufter separation of (g
ysis, ORygen-conluining nreanip tolipounds; 69

Im ibe synthesis of alcohols, and in g4 motor fuel. as feed to g4p 0X0 svo-

given ecases, Il.}'d.rucarbons, by the econ- thesis proeess, for oxidation, for sulpho-
version of earbon monoxide/hydrogen chlorination and the iike,
R0 mixtures under elevated pressupes of, for Whichever
example, 5 atwospheres and higher, in  (seg <
the presence pf catalysts which contain tion of tha tupurities will peeup 3n the
metals of the irop group and especially  aleghgl fraction, The aleoliols are thereby
iron, or in the tatalytic production of rendered nusuitable for most mses hy
€9 hydrocarhons and vygen-containing by-  vensnp of the penetrating odowy whiej,
products from carhin monoxide  gngd characterisos  fhe Impurities.  Further 70

hydrogen, mixtures of different groups measures for {he purifieation of e

of chemfeal compounds are ubtained gleohols are therefore required.

which have to be separated from  egeh The removal nf the oxTgen-containing

80 other qand purified. The produets S0 impurities with the alcokol component i
© obinined suffer, ip general, frowm 3 bpgd noY as such g disadvanfage, but is, in 75

odour which is caused by a small content fact, advaniageous to the extent that by

of unsaturated OXygen-containing nom- suitabls reduetion further uleohgls are

botnds, produced from these impurities, It hus

i 4] It is possible, hy hydrogenstion, to {)een demonstrated that with g suilablv
convert these unsatarated compeunds inty coutrolled reaction tje aleoho] vield 1 &0

ngresndiy smellivg satyrated form  and larmer affer the hydrogenationy than be-

thereby ohfnig an improvement ip tha fore, the deleterions Impurites disappenr.
quality of the produnts, One disadvyn- ing at the same time,

40 t{age is, howeser, that o Proporiion of the According ta the fnvention, therefore,
olefins contained in the preducts of the {he oXygen-containing  oreanie com- 85

s¥athesis is alzo hydrogenated ot the samle  pounds are separated from the svathesls

time, thns reducing the value of the pro- prodact after which they are subjected 1o

duets. The aleohols and the hydrocarhons - mild brdrogenntion, Tt is preferrad o



