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COMPLEER SPECIFICATION

Improvements in and relating to the Synthesis of Alcohols.

I, Grorio Nartra, of 19, Via Rugabella,
Milan, Italy, an Malian Bubject, do here-
by declaze the nafure of this invention
and in what manner the same iz fo he
performed, to be pazticularly deseribed

© and ascertained in and by the following

staterment :—

This invention is fur Improvements in
and relating to the synthesis of aleohols.

The Application for British Letters
Patent Mo. 7066 of 1829 (Specification No.
3830,919) relates to the use of smithsonite
as a eatalyst for the synthesis of mebhanol.

A method has now béen dizcovered
whereby the smithsonite and other eatalysh
used for the synthesis of methanol can be
rendered much more acilve and thua
applicabla industrially to the synthesi
of higher aloohols.

This invention consists of a process for
the synthesia under pressure of aleohols
higher than methanol from mixtures of
carbonic oxide and hydrogen, character-
ised by the use, us cabelysly, of alkali
salts of fatty acids mixed with porous
supparts.

In the DBieraturs regarding the syn-
thesis, from mixturer of carbonje oxide
and hydrogen, of mistmres of numeromns
organic preducts, there have been pre-
posed as catalysts certain metels and
metalliic oxides mized with alkaline
hydzates, which, partievlarly in the case
of alkalinised iron, lead to the formation
of numerons products obher then glechals,
such as hydrocarbons, acids, ebhers, ofc,
snd to a noteworthy loss of carbonic
oxide and of hydrogen through the forma-
tion of inert gases or liguids such as
methane and water.

The complex nature of these mixtures
of liguids which for the greater part
scparate oub as yoon as collected in iwo
strata detravts from the industrial value
of the products. That value is conse-
quently limited.

Moreaver the greater part of the cata-
Iyets proposed present a small aolive sur-
face, theiv porosity’ is limited, whilst
girong concentration in alkalis can only be
obtained with difficulty. For these
reagons, the catalﬁsts proposed for these

svobheses are for the greater part but little
e

active and require low velowiby of the gases
and, therefore, In crder to obtain vields
which oan be compured with those ob-
tained in the synthesis of methannl, they
require large volumes of the catulysts.
Moreover such catalysts often losc their
ackivity or such activity decreases rapidly.

For these reasons the gynthesis of
hipher alochols® from the constifuents of
water pas has not been applied on a large
seale industrizlly, in confrast with the
wide sapplication.’ of the synthesiz of
methanol in indasbry.

In the sald Application Lor British
Lofters Patent No. 7066 of 1929 (Specifi-
cation No. 330,019) the advantages whicli
smithsonite offers over other eafalysts in
general for the synthesis of methanol, and
over zine oxide in- partioular, huve heen
shown, and it ‘was demonstrated that from
the point of view of catalyss, caleined
gmitheonitc ceamot in any way be com.
peved with artificial zine oxide.

Swmarising : the advantages of smith-
sonite are due to the activation by the
action of the impurities presemt in the
form of solid solutions whickh cannot be

daced artificially, to the uniformly
disteibuted porosity, to the high mech-
anieal resiztance .and thermie condue-
tivity, to the . resistancs $o deterioration
and to decrease in  aotivity duc to pro-
longed ond!continuous operation, as weil
&8 to the resistance to.over heating; all
of which properfies 'are manifested in a
high and lasting catalytic effect.

In the course of experiments earried omt
during the research-for s process of syn.
thesis of higher alsohols only, Lhe object
of the present invention, it was shown that
smifhsenite, previvusly heated to 400—
#00° C. (or better still at lower tempers-
tures and under reducad pressure), is cap.
able of absorhing, by for example, im-
mersion in or spraying with extremecly
congentrated solntions of alkaline salts,
notable quentitics of the latter which sub-
stanbially icodify its valmable catalytie
properties,

¥or example, smithsonite to which 209
by weight of pofassivm hydrate has been
added forms a good ecatalyst for the syn-
thesls of higher alechols.
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If, for exeaple, & mixture of ome
volume “of earhonic oxida ta fwo or two

. and a half volumes of hydragen -be passcd

over such eatalyst ab a pressure of 250
300 abmospheres sud o temperature of
gbout 400° C. and with a velocity of ges
corresponding to 10 cubie metres per hour
{monstred a2t ordinary pressure) per Litre
of gross catalytic space, o yield of ahout
34—35 ces. of aleohols caleulated as an-

hydrons for each cubic meire of gas for
ench passage is obtained. Under the

game conditions and using eatalysts formed
by the raduction of » mixture of pobas-
sigm chromate and basic chromate of
zine, only about 25 ces. of anhydrous
alochols were obleained.

Of the aleohols obinined with smithson-
it alkalinised as desoribed with 2094, of
puebasgium  hydrate
jodicated nonditions, half iy composed of
ethyl aleohol and propyl elechols, the
latter preponderating to no small degree,
and not more fhan 20--259% of methencl
Maraover bubyl alechels and small por-
ccatages of amyl alcohols besides alcohols
higher than the amyl alovhols eze present.
Their rclative percentages may vary
according to the duration of the contacd
of the gas with the catalyst, and also
according to the auge of the catalyst. Ib
should, bowever, be noted that ssusible
guantilies of organie products other than
aleohols were not obtained, and that there
is no formation of hydencarbons, tguid or
gaseous, nob even of methane, 1t iz only
when the sturting gas contafns small quan-
tities of methune that the methane is
found soneentrated in the residual gas,
after the almost complote eombination of
the carbonie axide with the hydrogen.

ImEUrta.nt modifications in this procsss
for the synthesis of higher alevhuls from
the constibucnts of water gas and which
algo form part of the present inveniion,
have been arrived ef by the inferpretation

of the formation of aleohols according to - 10
- howdy: velodity of ges of 10 cuhic metres

the following reactions -

. GO+ 2H, =CH 08

. CHLOH + KOH =CH, 0K + H,0

. OH,OK + J0 =CH,CO0K

. CH,COO0K + 2H, = CH (3, 0H + KO

L3 -t

o LB

which justify the relation that has becn
found to subsist between the cntalytic
activity of the aikali and its basioity, and
explain the harmful action cxercised by
vorbon dioxide only . the synbhesis of
the higher alechols and not in the syn-
thesis of methanol, The reaciions (2},
(3) and (4) may be repcaled for those alco-
hiels, higher than methanol, which form
in, ghages. .

The harmful action of carbon dioxide
is explained by the squabion :—

and under the above’

- ployment

- CDgFH2=GO+H50 LR (5)
which vontrary to that which takes place
at’ ordinary pressure, 1 have found to he
strongly displaced towards the right ab
400 —450° C. and at high pressure with
the formation of water which csuscs the
refrocession, of the reaction (2) and corre-
sponding pon-formation of the higher
aloobols.

The formation of alkel salts of fatly

acids hes been experimentally observed in
catalysts alialinised with caustic allsalis
after a cerbain peried of timc during
which they werc in contact with hydrogen
and carhonic oxide under the conditions
fur the synthesis of the higher alcohols.
A solution of potassium acebaie, and form-
ate, mixed with saite of higher acids such
as butyric acid, ete. is obtained by wash-
ing the catalyst with water.
"""An éxcellent process for the synthesis
of higher aleohols rosults from the em-
; of catalysts composed chiefily
‘of Or activated hy salts of futty acids, such
as the formates, aoetates, propionates, ete.
of alkali metals, perticmlarly pobassium,
cubidiom and caesium.  However, such
qults, sanmob, in the purc stae, he alone
practically . applied as ocatalyshs in this
synthesis bueause they melt at the tem-
perature of Teaction.

An excellent catalyst may be obtained
by, soaking porous substances such ag Zine
oxide, pumiee stone, magnesite, silica,
and above all smithsonite, heated at low
temperatures or in a vaeuum, in saburated
solutions in the hob, of such salts.

The results obtained, for exmample, with
smithsonite  activated with  potussium
aoetate, are much betbter than those ob-
$ained with smithsonite activated with an
equivelent quantity of potessium hydrate.
With, » cafalyst containing 18% by weight
of potassium acetate and at & tomperatnre
£.400—420° C. and pressures of 250300
atmospheres under conditiona analogous
o' Ghose previously indicuted, and with au

‘méasured ot ordinary pressurc for each
litre of catalytic space, abous 45 ces. of
anhydrous aloohols for each cubie metre
of .gns were obtained for each passage.
The yield was slmost 509, more than thot
vhtained with the same smithsonite alka-
liniced with 20%, of potassium hydrate and
thercfore confaining about domble the
mumber of aboms of potassiwn.

‘A grester qmantity of siill higher
aloohols was ulso obtained. Of these more
than 6—-7%, boiled at temperatures of over
150° €. and a motable fraction boiled ab
about 210° .

After several days of operation the cata-
lyst  still possesses a high catalytie
activity, and
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greater ga.rt of the polassiuin acetate iy
unaltered ; only pert iz changed info salts
of higher fattiy acids. Tn order to avoid
the decomposition of these fatty acid
salts, which wonld fake placc spontane-
ousiy at the temperature” of reaction i
the catalyst were heated to that tempera-
ture at ordinary pressure it iy neeessery
for the starfing of the remotion frst to
incregze the pressure and then the tem-
perature,

Under these conditions thers is only
un ingignificant decompogition of the
eafalyat, as is shown by camsing pure
hydrogen. to circulate at high pressore
and tempersture. It ix only by causing
large quantities of hydrogen to cireulsto
over long perieds of Hme that onc cun
succeed in forming small quantities of
aleohols and of water. This is probably

due to partial decomposition of the
orgaaie salt  which cannot regenerale
owing to the lack of carbonic oxide i the
Zas.

Ha; observed thet thy formation of
higher alechols oscurs with methanol as

an intermediste compound, and having
noted that the catalysts suitsble for the
synthesis of higher aloohols arc netb very
netive in the synthesis of methanol, it has
been found that greater transformetions
of gas into aloohols cun be obtained by
pasging the gas alternately over catalysts
for methanol, emithsonite for example, and
over catalysts for highor alechols, for ex-
ample, smithsonibe  alkulinised  with
allkall salts of fatty acids. Thiz proce-
dere may Lo realised experimentally
either by filling the same reaction cham.-
ber with two or more alternating Iayers
of the two catalysts, or TENg granT-
luted catalysts and mixing together th
two types of eatalysts which each exer-
cise their functions in the synthesis, in-
ereasing the total yield.

The seluctive action of the catalyst as
regarda the aleohols need also varies
according to the fatty acid used, it being
possible to obiain a greater percentage of
higher aloohols with very scfive catalysts.
Lo velocity and, above all, the composi-
tion of the gas also influence the aperation.

VWith gases that are very rich in hydro-
gen, the reactions which lead to the forma-
tion of aleohole only and water preponder-
ate —
nCO + 2niL, =CypHon OH +

{n— )HO (6)

There is & notable and conteraporanecus
formation of 00, with gases that are rich
in. earbonie oxida. However, I du not
believe, as some have supposcd, that the
following reaction oecurs i -

(20-1)CO+ (n+ 1)Hy=CnHga . OH +

n-1}C0,

but rather thab:-the (0, forms successively
through the action of the steam goner-
sted in the reaction (2) or in reactivn (6)
thus ca-nsin%ﬁha reaction —
to ha displaced towards the right.
. It has been found that the presence
of nn cxcess of carbon dioxide, :J]Jthough
it does not harm the synthesis of methanol
beyond leading to a higher conswmption
of hydrogen and to the production of erude
methgnol which i richer in water, is on
the contrary most hermful in the syn-
thesis of the higher aleohols. By using
a s vonbaiuing I15—209% of CO,,
methanol and water are formad almost sx-
clusively with only traces of higher
wleohols, even th the same catalysts
be used which in the abscnee of, or in the
presence of emall percentuges of 00, pro-
duce high percensages of such thigher
a.le:ne:-holzh d high
v eliminating, during the hi res-
B‘l]IE.'ch(‘.le, thet,lggrhqn digxidc Whi%h fgrms
during the synthesis of the Thigher
aleahals, it is possible to obtain a greater
yiald of the ledfor. whilst the hydrogen
3 utilised to g hetter purpose as it is
not vonsumed uselessly to form waler,
ilst by using a.gas containing aboub
10%, of cagbolfm(%oxida the Wh!:iggof the
water formed during. the synthesis rean-
tien {2) end (6) of the higher aleohols is
found again mixed with the lafter Jdur
ing condensation, by operating in the
abgence of GO, that;water reacts with the
carbonie oxide and regenmeratos hydrogen
and forms carbon dicxide,
By continnously . eliminating this water,
it is possible to realise » process which
allows of guantitutively obtaining higher

" alevhols from a mixture of earhonie oxide

and of hydrogen, containing less hydrogen
than would be ealentated from the reac-
tions (1} and (4) and. therefore inors simi-
lar in somposition to mormesl water gas.
The ezxeess of carbonio oxide iE elimin-
aled duving the synthesis itself by trans.
forming it into curbon dioxide. .
Washing with water alome, in order to
eliminate completely’ the earbon dioxide
during the hiEEPI‘CSM cycle, iz not suffi-
cient unless large qientitica of water are
used which slso.‘fake up sensible guan-
tities of the other .fases. Tt has q']mcn.
found that it may be. convenient to cffect
the washing with: 'the same syuthetic
methanol in which, ag is well kavwn, car-
bon diozide is mach more soluble than in
water. The evolubion of the dissolved
ouebon dioxide when the pressure is re-
leased muy supply @ notable sourse of re-
filyerating action that can be nfilized to
oool the gas under pressure and to favour
the absorption itself of the carban dioxide
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by the methenel uged in washing. Wash-

ing the gases with methano! also offers the
advantage of eliminafing certain harm.
ful impurities from the gas such as
Fe(C0);, which, in the synthesis of
methenol mey in fime dsterivretc fhe
catalyst, and of dehydrating the gas. In
this way purcr products and higher yields
are obtainable.

Having now particulsrly desoribed and

ascertained the nature of my said inven-
tion and in what manner the same I3
to be performed, T declare that what I
daim is:—

1. A process for the synthesis under
pressurs of alcohols higher than methanol
from wmixtures of curbonie oxide and
hydrogen, characterised by the iwe, as
catulysts, of alkali salts of fatty acids
mixed with porous supports.

2, A procéss as in Cleim 1, character-
ised by the fach thab salts of fatty aeids
of the metals of the potassium gromp
(potassivm, ruhidinm, ecaesium) or mix-
fures of the same are uged as catalysts.

3. A process ag in Claim 2, oharacterised
by the uee of potasginm formate as cata-

il

4. A prncess as in Claim 2, cheracter-
ived by the fact that potassium acetate is
used. alone or mized with potassivm form-
ate, as cotalyst. ;

5. A process as in any of the Claims! 1"
to 4, characterised by the faect that a
catalyss suitable for the synmthesis of

methanol is used as 2 support.

6, A process as in any of the Claims I
to 4, characterised by the fact that any
of the zhove mentioned elksll salts of
fatty acids is employed as catalyst in the
presence of another catalyst which s suit-
eble for the synthesis of methanol along,
for example, smithsonite, impregrated
with the seid sait. o

7. A process as in any of the Claims 1
to 6, characterised by the fact that 4 mix-
ture of cerbonie oxide and hydrogen in
admizfure with synthetic methanol is
nsed.

8 A process as in any of the Claims I
to 7, characterised by the fach that the
opcration js commenced with wmixtares
conbdining amore then two volumes of
hydrogen for every volwne of carbonie
oxide,

9. A process as in any of the Claims 1
to- 8, characterised by the faet that a
washing or absorption apparatns, for the
elimination of the corben dioxide pro.
duced by the resction, is introduced injo
the cyele of circulation of the guses under

ressure,

10, A pracess as in Claim 9, character-

ised by the faot that the gases underge a

process of washing with aleohols or mix-
tures of aleochols under pressure.

11, A process as in Claim 10, character-
ised by the fach that the washing f=s
effected with synthetic methanol.

12. A process s In Claims 9, 10 and
11, characterised by the fact that the pro-
cess may be rendered continwous, by the
cironlation, and veturn in cycle, under
pressure, of the gases remaining after
catalysis, sven though the imitial mixtuve
:of gas conlaing less than fwo volumes of

hidrogen for cvery volume of ecarbonie
%18/ The improved process for the syn-

Ahesis @ of alechols, substaptially as de-
seribed.

14, Aleohols and other products when-
ever: manufactured by & process as here-
inbefore desceibed and claimed.

- Dated this 16th day of Oectober, 1920,
G F, REDFERN & Co.,

South Street, Tondon, B.C. 2,

Agents for the Applicant,

18,
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