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Sevtion 91 (8) (a} of the Acts.

PATENT SPECIFICATION

Gonventian Date (United States): Oct. 28, 1929.

Complete not dccepted,

LDy COMPLETE SPECIFICATION.
Tmprovements in or relaiing to the Synthetic Preduction of

Higher Alcohols.

We, Imvirrar Cueurcst, [WDUSTRIES
Liurren, of Imperial Chemical House,
Millbank, London, 3.W. 1, a Company
regislered under the laws of Gireat Britain,
do hereby declare the nature of this inven-
tion and in what menner the same is to
be performed, to be partienlarly deseribed
and ascertained in and by the follvwing
statement :—

This invention relates to the catalytic

synthesis of alechols from hydrogen and

an nxide of earbon and, more periicularly

to the ﬂ{llthcsis of higher homolognes of
methanol.
It iz known that methanol, together

with higher homologncs thercof, can be
synthesised by the pussage of a gaseous
mixture confaining hydrogen and oxide of
carbon at an elevated {emperature and
pressure ower suitable eaialysts. How-
ever, in spite of widespread technical
inkereyt in this fleld of organic synthesis
and in spite of the present large com-
wereial demand for the higher homdloguea

pg of methanol, particularly for use in the

manufactore of solvents for pyroxylin
lacquers, thera hag bheen no known pro-
cess for the economical synthesis of the
higher aleohels. Such processes as have
heretofore been proposed have suffered
from the great practicel disadvantage uf
producing aleng with the desired higher
aloohols not only methanol bet also
methane and oiher gaséous hydroearbons

g a2 well as aldehydes, ketomes, {ars and

other undesirable and dificultly separable
compounds. This difliewlty of obfaining
the desired products in a satisfactorily
pure state, coupled with the ineffcient

0 utilization of raw makeriais in the produe-

tion of relatively worthless by-products,
hes appavently been' responsible for the
fact that there hag hoen neo important com-
mereial development of the mynlhesis,

Tt iy the object of the present invention
to provide a process whereby the prastical
gynthesis . of higher Thomologues of
methangl may be edfected by catalytic

[Price 1{-]

resclion of a gaseous mixture containing
hydrogen and an oxide of carbon.

Other ohjeets and advantages of the in-
vention m}l be appareat as it is bebter
understood by reference to the following
specification in which its deteils snd pre-
ferred embudiments are described.

According to the present invenfion a
process for the production of higher homo-
logues ol methenol compriges puassing a
gavevus mixture contaiming hydrogen and
un oxide of earhon, the proportion of the
latter net exceeding 10 per cent. by volume
of the istal mixfure, vver an alcolol-
forming catalyst at o temperature sxceed-
ing 30 C, and under a pressure of ab
least 100 atmgsplheres.

Reseurches have shown that the problem
of the practical synthesis of the higher
aleohols referred fo is dependent upon not
one bul 3 nwoher of important factors and
conditions without proper regard for
which mmeconomieal results are ohtainad.
More specifically it has been found that a
earclul selection of eonditions of gas com-
position,  presiure and tewmperature is
essential to the effecient muamufacture of o
satisfactory produei, quite apart from the
speeific calalyst employed.  The present
invention accordingly embodies a naw
method of eperation involving a combina-
ton of certain specific and dstailed condi-
tions by virtue of the observance of which
the practical and ccomomical synthesis of
higher gleohels is made possible.

t has been' discovered, for cxample,
thet improved restlts may be obtained in
the synthesiy of higher ~homologues of
methanol by subjecting to the action of a
higher alovliol catilyst, at a temperature
above 300° 'C.- and » pressure fu excess of
100 atmospheids;' 5° easeous mixturs con-
taining hydrogen-end cxide of carbon, the
latter being present in the paseous mixture
to the exient of lasg than 109 by velume.
By operating in this manner it 15 possible
to effect the synthesis of the higher homg-
logues of methanol with an inereased sfi-
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__ciency in comnsumption of raw mpterils’
-~ and partienlarly with an rniproved quality -

of prod=ct.
I has also been found thal apert from
& the conditions just stated improved results
are secured by conducting the reaction
- +wwith a eatalyst of the genmeral character
- -above reforred {o, at a lemperature over
300° C. and s pressure in excess of 100
10 atmospheres; with-a. gaseous reaction mix-
ture confaining hydrogen end oxide of
carbon in a volume ratio exceeding & to 1.
It has been found that, regardless of
other facfors, an fmprovement is obfained
i5 in the cofficiency of utilisation of raw
muterisls and in- the gquelity of ‘prodoet
when a mixinrs of hydrogen and. oxide of
carbon is contaeted with a higher aleohol

eptalyst  at o -tempersture over 300° C.

20 and a pressure azbove- 100 -atmospheres
while regulating the resction s0 =3 to
pravide in the gases leaving the catalyst

only 2 relatively low proportion of oxide - 28 €0 }
combination; oxides of mongnnese, copper

of ¢arbon, which should not exceed 8% o
25 8% by voluma:: Ireferably the oxide of
carbon is nob more than 2% to 4% by
volume, The rate of flow of the gases is
an important factor in atfaining the
desired low ‘concentration of oxide of car-
30 bon in the gaseows products,
- While the respective combinations of
vonditions above set forth are :ndepen-
dently of importanse, they may advan-
tageously be nsed in combinstion cre with
85 ancther and it has im fact heen found the
best results are obtained when all the
various eonditiona mentioned are simul-
tanaously observed, that is, when a gase-
ous mixture containi hydrogen and
5o oxide of.carbon in a volume ratic exceed:
ing & to 1 and containing lesg thon 109
by volome of oxide of carbon, is contacted
with a higher aleohol catalyst, at a tem-
perature in excess of 3009 and a pressure

55 of over 100 atmosphares, while regulnting
the veaction to obtain a relalively low:

proportion of uvxide of carbon in the exit

gases.  When these conditions are adhered:

to relatively little mathane iz formed and
50 the eondensate obfained upor cooling the
hot ‘gaseous products of the reaction con-
tulus, along with mathanol, a misfure of
the higher homofogues thereof consisting
largely of butenol and other alcohols of
5 the series wp 1o and induding octanal.
The product 1s eharasterised by & low con-
tant of vary high-boiling alechols and fres-
dom from: gldehydes, ketories, tars, resins,’
ctc. - - . - - . 2i
60 In its-hroadest gspest the invenlion is
not limited {o the use of any specific cats-
lysi, higher -z}lcu_l‘ml catalysts, that is such

catalysts - a5 will' nrodiice = substantial

amcuntg of higher homologues of methanol
65 from hydrogen and carbpn oxide, being

preferably aleohol-forming eatalysts con-
taining at least one irredueible melallic
oxide togefher with a relatively small
amount of alkali metal oxide (prefershl

potassinm}. . The term irreducible oxids is
used here, and elsewhere in the specifica-
tiox and appended elaims, in the sense in
which it i generally applied in the alcohol
synthesis art to thoe wetallic vxides which
ere not subsiantizlly rednced to the metal
under the conditions of the alcohol syu-
thesis, The oxides of maaganese, =zine,
chromiun: and venadium may be men-
tioned us examples. Redueible oxides,
such as copper otide, may also be present,
if desirad. Various oxides and mixtures
thereof being known that may be used in
the preparation of alechol-forming cata-
dysts, it ds ~snfficient to” indicate’ as

examples of substances that may be em-

.foloyect in {he present process, such cata-
lysis a8 contain, i1n admixture or chemical
and potassium; zire, chromivm  and
potassinin ; - chrominm, minganese and
potassitim ; eopper, zine and potassium;
zine, manganese aud potassium; wman-
ganese, copper, chrominm and potagsium ;
ebo. ﬁowwer, while as alteady peinted
ont the advantages of the spaci‘gc operat-
ing -conditions above set forth "are nat
depenident upon-the employmendt of any
particular eatalyst, practieal irial bLas
shown that when using the specific com-
binations of vondiions stated the most
satislactory results, especially ay regards
quality of product, are produced, when the
catalyet ineludes manganese oxide. Of
the catalyst combinutions that might be
used, therefore, inclvuding those specific-
elly niamed ahave, we preferably employ
sueh 'as contain manganese oxida and an
alkdli metal oxide.

. As'indicative of the charactcr of the

product an analysis is given of the

birtanol and higher boiling fraction of the
coridengate, obtained commereially by the
process herein deseribed.  For the pur-
pose of comparison this analysig (Colwmn
A) is #oeompanied by » similar analysis
{Columz B), reprasenting the best product
ohtainable hitherfo by auy knvwn process.
The percentages are by valumea.
R S . A B

Tsobutanol . - - - - 6599 bl.5%

Amyl; hexyl & heptyl

" alechols - - 8L4% 16.09%
Very - high  hoiling

“generally suitable. The catalysts used are
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afleohols - - 279 14.09, 125

Réging, tars, eic, - none 18.5%

(taseous mixtures of hydrogen and oxide
of carhon from varions sources may he
employed in the process and the composi-

 ilom thereof may vary considerably pro-
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viding the requiremnents previpusly speci-
fied ure compliad with. The gaseous miz-
ture may, if desired, coniain nitrogen,
methane oy other inert constituents,

5 Thus, for example, suvitably purified mix-
tures of hydrogen and carbon monexidae
may be obtained from water-gas, coke
rven pus, producer gas and the like, or by
the catalytic reaction of earbon munozide

10 with steam or of geseous hydrocarbons
wilh steam and/or cxygen,

Although the specific method of praetis-
ing the inventiva may be wvaried within
wide limits for the purpese of illustration
the following axamples are given to indi-
cate the manner of operating the praecess:

Exauers 1

A catalyst eontaining manganese, cop-

per, chromium and potassium may he pre-

20 pared ss follows:—To & dilute solution
contzining one wwole of eopper sulphaie
and two moles of mangunese sulphate add

a solution coulazining three moles of
amumonium chromate. Add some ammonia

25 to complete the precipitetion. Wash the
precipitate until practically free fram
ammeonium sulphate, filter, and thoroughly
mix the filter cake in a kncading machine
with powdered potassium carbonate, the
80 labter being employed in the praportion of
1 to 2% by weight of the lotal oxide in
the mass,  Dry the product at 300 +o
400° C., crush it into particles of suitable
size and reduce slowly with hydrogen at o

36 temperature within ithe range of 100 to
300° €. In synthesizing higher alcohnls,
this celalyst was disposed in a reaction
apparaius consisting of a nichrome tube

of approximately 2/3” inside diwrmeter,
50 1-3/8” outside diswaster, and 24 length,
provided with a closely fitting internal
copper liner 1/82" in thickness. A copper
clad gtesl thermoecouple well, 1/4” ‘out-
side diameter, was arranged axially in the

45 tube. An anmular catalyst layer 27 long
was placed in the center of {his tube, the
remairder of the annular space being fillad
with pieves of fused silica. 'he appa-
ratus was provided with electrieal heating
50 coils surrounding the entire length of the
nichrome fubs. A guseous mixture con-
{aining about 76% by volnme of hydrogen,
carbom monexide and 209% nilrogen

and other inerts, preliminarily freed from
55 catalyst poisons, especially swlphur com-
pounds, prefershly free from oxygen aud
eompressed to 00 atmospheres, was passed
through the catalyst with the heating
gdjusted to maintain a temperature on {he

go internal thermo-couple at the inlet edge
of the catalyst bed of about 460° (., and
with an inlet space welocity of about
50,000. TUnder thess eonditions the guse-
ous, mixture leaving the catalyst, before
85 condensation of Iigunefiable compounds,

contained av more than about 1% COG.

he gusecus products of the reaction were
cogled under presswre to condense the
liguefiable compounds which were separ-
ated by fractional distillation. A pro- 70
duct of the general character indicated in -
Table A above was ohtained, ' ’

Examers 2.

A gasecus mixture, contuining 80% by
volume of hydrogen, 8% of earbonmon- 15
oxide and 12% of nitrogen and other inerts -
and free from. substances deleterious to the
catalyst, is passed at s pressure of §80
almospheres over a catalyst prepaved s
follows: To e dilufe solution containing |0
one mole of zinc sulphate add a dilulo &
solution containing one male of ammonium
bichromate, wash the precipitate by decan-
tation until substantially free from sul-
bate, filter and. dry at about 400° (. 5
loisten the dry material in a mixing
machine with a wsolution of potassinm
chromapte equivalent to 2% of the weighi
of the dry material, Again drvy at above
125° U. and ‘crush to sustable size, form- pg
ing the crusheéd material, if necessary,
into pellets or hrigueties, and reduce the
product slowly with hydrogen at a tem-
perature within the rangs of 100—300° (.
The catalyst is then disposed in the reac. o5
tion apparatws and meintained at g tem-
peraturs of abiout 460—525° C. while the
aforementioned compressed gaseous mix-
ture containing hydrogen and carbou
monoxide is passed thereover st a gpace 100
velocity of sboal 50,000. The efffuent
gasey are subjected o cooling to condense
the liguid products which are separated
by fractional distillation.

No explanation ox theory is offered as fo
the changes that may ocenr in the catalyst
during either its preparation reduction or
actual use, it bsing recoguised that it is
impossible - to " determine definitely the
exact form or-state in which the cafalytic 110
elements -dcout during the catalysis.
Where, ‘therefore, u metallic oxide
is mentiomed ™ in the specification or
claims as ‘the''donstituent of a catalyst,
this i to be undérstood as designating the
metallic vxide as vuch or in any reduced,
chemically combinéd or otherwise modified
form in which it thay be preseat during
the catalysis.

Having now particulatly deseribed and 120
ascertained the nature of our seid imven-
tion and in what manner the same is to
be performed, we declare that what we
claim is:— B

1. Process for the production of higher 425
homologues of methanol which comprises
}mssing a gaseous mixtare containing
vydrogen and an oxide of carbon, the
praportion of the latler not exceeding 10
per cent. by velume of the total mizture, 130
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over an aleohol-forming catalyst at a_tem-
parature exceeding 300° €. and under o
pressure of at least 100 atmospheres.
2. A process a5 claimed in claim 1 in
g which the initial gas mixture contains
 hydrogen and oxide of carbon in a wolume
ratio. exveeding b to 1. _
3. A process as claimed in claim 1 or
2 in which the gases are passed over ihe
10 catalyst at such a rute {hat the proportion
" of oxide of carbon remaining in the gas
after passago does not exceed S per cent. -
. 4. A process as claimed in claim & in
which thes proportion of oxide of carbon
15 remsining in the gas does not exceed 2 per
oent. -
- B. A process as claimed in arny of the
preceding claims in which the eatalyst
employed comprises one or more irve-

ducible oxides, together with an oxide of g
an alkali metal.

6. A process as claimed in claim 5 in
which the catplyst employed comprises
manganese oxide.

7. Proeess for the proeduction of higher 235
homologues of methanol substantielly as
deseribed with referemce to the examples
in the accompanying speeification.

8. Higher homologues of methanol

“wwhenever produced in sceordance with the 30-

processes elaimed in any of the preceding

claims.
Dated the 23rd day of Qctoher, 1030.
" WILLIAM MORBLS,
- T'mgeria} Chemical House, Millbank,
Londen, 5.W. 1,
Soliettor for the Applicants,

Redhill; Printed for His Mziesty's Stutionery Office, by Love & Maleomson, Lid.—1982,



