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" Ymprovements in and relating to the Catalytic Synthesis of

: COMPLETE SPECIFICATION.

PATENT SPECIFICATION. - - - -

. - Aliphatic Alcohols.

1, Bowarp Cmsrres Ropmpr Mawks, a
British subject, of 57 & 58, Lincolw's
Ton Fields, London, W.0.2, do hereby
declare the maturc of this invention (a
cormmunication to me from ahroad by B.
I, Du Pont de Nemoors end Co, a cor-
poration organised, and existing under the
Taws of the State of Delaware, United
Sistes of Amerien, located 2t Wilmington,
Wew Castle County, State of Delaware,
Tmited Statos of America), and in what
manmer the same is to be performed, to
be particulaxdy described and ascertamned
in and by the following statement :—

This invention relates to a catalytie pro-
cess of synthesizing the highcr alochols of
the aliphatie series, that is, those alaohols
higher than methanol, and it relaies more
partieularly to » process of produoing
higher alechols wherein high space veloci-
ties of the reacting pases are employed.

Tn the continucus form in whieh this

rocess for the synthetic production of
Eigher aleohols s operated, the exit gas
may be reciveulated or passed over several
bodies of oatalyst in geries, so fhat the
yield factor of importance ig not the per
cent. conversion per passage bul the space-
time yield, by which term is indioated the
guantity of produet obtained per nnit
volume of comtact mess and per unit of
time. The paramount importance of this
rabio from #He economic standpoint follows
from & oconsideration of the faet that &
large part of the cost of the product is
made up of fixed charges on the expensive

© high pressure equipment required.
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T have conducted exfensive experiments
in this field snd have discovered & process
whereby this important eeonomic factor
muy be readily controlled to the end thabt
the space-time yield of the higher alcohols
may be maintained always ab the maxi.

“yaum for the eatalyst employed. I have

found that the space-time yields of bigher
aleabols for space veloeities above & oer-
tain space velocity (dependimg on the
catalyst and other operating conditions)
are grester than would be: expected from
& consideration of the wyields ab- space
veloeities  below that  certailm  space
Velzoeity. ofThe gpace - velocity i:nd the
ki A rod &t & ar

! ume,u:u- £AS63, Joeasur d t d

- o

in my proecess is formed

-desirable space velobities in the
-alevhol synthesis.

temperature and pressure, cntering the
gzope of reastion (the catalyst) per unik
volume of cotalyst per homr.  When
cathon monoxide and hydrogen are coin-
hined in the pwesence of a catalysh, with
a high space velocity of the gases, either

‘subséentially pure methansl or a mixture

of methanol and higher aloohols may he
formed, depending-upon the choice of the
oatalyst used. - Known catalysts do nob
give only higher slcohols, there beng
present always a greater or lesser amouvnt
of methanol depending upon the cabalyst
and conditions of operation. Generally,
the highcr slenhel catalyst couteraplated
by the modifiea-
tlon of o methanel catalyst, snd the per-
formance of this parent methanol catalyst
1 have fownd fo-be a convenient besis Tor
arriving 2t w cloar concept of the most

«dosirable space velocities of the gases fo

be cmployed ;in csrrying out my mven-
tion ; and to afford a convenient definttion
of such space velocities and of fhe most
favorable imits thereof. -

The veschion; by which methanol is
formed is known to be a reversible reaction

"-and henoe athains an equilibrium, but the

reactions by which higher alcohols are
formed are not fully understood and may
not be reversible in the ordinary scnse,
go that I prefor to use the mefhanol re-
action az u gauge for specifying the most

This methanol reae-
tiore, therafore, being reéversible, will pro-
ceed fo equilibinm if sufficlent time is
allowed therefor. Since the process is
operated i a continuons. mammcr, the
equilibrium  time of  the reactivn
may be determined by slowing up
the veloeity of. the gas while mai-
taining other'. conditions econstant wntil
the composition of the cxit ]
indicates , that. eonversion to inebbancl
has reached o substantial maximpm. I
desipnate. the space velocity of the gases

“at ihis point: as the equilibrium space

velocity. . Thiz. pquilibrinm space velocity
on the psrent. methanol catalyst for
methanol formation serves a8 a proper

-bosiz for defining the preferred s

velocity of the_g_a-ses 0 be used in the
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production of higher alcohols, when the
parent methanol cafalyst in coaverted io
higher slcohol catalyst. useally hy : the
addition. of & potaksium salt.

I have plothed space-time yields of
higher aldohols againsi 4ime of contact.
which is, of course, dependent upoa space
velocity, and T find that the corve slopes
upwardly on passing from equilibrium
time to minimum fime of contact corre-
sporiding %o the meximum practicable.
space velodty.  Moreover, on passing
along this curve in the direction of highex
velocities thers appears in: general to Do
a eritical point beyond which the plothed
vodues of the spaco-time yiglds of higher
alaohals He above the gmooth curve drawn
through. the points corresponding to spare-
time yields st velocifies helow the eritical
velooity. 1 desipnate the space velacity
at this point ag the woritical spane velopity,
and, I have dissovered thnt this critical
space. veloofty is in geners] more than
five lhmes the spaes velovity of the gases
ut the point of equilibrium space veloeify
of the gases in the production of mebhanel.

The present invention eomsists in the
process for the synthesis of aleohals of o
higher order thall methenol, from carbon
monoxide #nd bhydrogen, emploving as
autalyst & methenol catalyst which has
been modified by the addifion of an afkafi
metal compound, sn as to yield increased
amounts of higher aleohols, characherisad
by operating the qoeal st & spoecs
velocity of the repuling geses which is
mage
which & methanol sypfhesiz employing the
methanol catalyst will reach aubs??n-&iai_
equilibrium. under the sopditions of fem-
perature and mressure nsed, in the process.
. In the following emhodiments .of the
invenfion L show varions modes of apply.

ing this P%P' oiple in the production of
higher alochols; .
BExamepny I,

A very active confact mass i8 prepared
by the gentle ignition of precipitated
hasie zine ammoninr chromats and the
mcorporation of the rvesulting basic zine
chromite with abaul 159, of 3ts weight of
potassinm ohromate, after which {he mix.
e s compresssd to deblets of & swit-
able fore, A ges mixture consisiing of
about 359, by volume of carbon monoxide,
abaut 807, of hydrogen, and ahombt 15%,
of inert gases, and at a pressure of ahontb
280 afimospheres, is passed over ome litre

" of the contact mass cantained in s suitebls

pregsure-resisting  copper-lined  vessel
maintained &% » tempersbure of about
450° C. ot the ymious rates of fHow indi-
eated below. The table shows the pro-
duetion of both pure mathanol and higher
alechals produced mer litre of ocatalyst por

N

Lve times the space velocity at -

hour at varions space velocities (pre-
wiously defined). The percentage of
higher alechols in the arnde distillatc is
afso indicated :

. Rpaos Litres Higrher na ¢ of
velngilT Methannl Aloohel  total nlenhols
10,000 . (.25 3
20,000 047 0.36 43

40,000 (.60 045 43
70,000 0.0 0.55 a4

"It the yield of higher alcohals is plotted
against space velocity it will be seen that
the ‘smopth curve through the zoro and
thie first three points, when exlrgpoluted,
lies below the last poink. Tn +this case
the equilibriwm space velocity is abont
8,000 litres per hour per litre of cafalyst
and T prefer fo operate the process at
40,000 htres ner hour per litra of eatalyss,

- FxaMeLE 2,

Ao zimp  chromite celalyst confuinipg
about six por oomb. of. potsssivm in the
form of potassium sulphate, when aper-
ated as deseribed in Example 1 a# ahont
450° (), but at a presmre of L000 atmao-

wpheres, vields 0.8 litves of higher
sloohals per Hire of pabal per hour
together with a considerable volume of

methanol when ges of the composition of
Exzarmiple 1 is passed over the catalyat.

1 prefer to operate at a space yelncity
of not less than 100,000 Iitres of gas per
litre ‘'of catalyst per hour. The equili-
brium: gpace velooity in this ease is about
20,000 Iitres per_bour per lire of catalyst.
. A-contapt mass prepared hy reducing a
mixtire of one eguivalent of zine oxide
and one equivalent of potassium ehromate
is opernted at 475° O, and af & pressare of
225 atmosphores wsing witer gas,  With
this -eatelyst T prefer to operste ab
least 40,000 libres of gas per Hite of
catalyst per hour. The eguilibrium space
velpeity is abowd 8,000 in this cass,

The application of the aforesaid ohser-
vations is of the greatest importance from
the praotieal standpoint,  Keeping in
mind the paramopnt jnporfance of in-
crepaing the space-time yield of produet,
i is evident, 1o View of wy results, that
for any given set ‘of conditions as o tem-
perature of operakion, character of confact
mass, ete., the maxinyim space-fime yield
of higher aleohels, and therefore the
minimum- gost of producs, will be attained
by operabing ot the maximum space
veloeity suitable %o the equipmint, It is
essential that the space velocity should be
ineteased to a point that is above the critical
space yeloeify. I have jound, as already
stated, that this eritical veldcity is gener-
ally’ over five times the egnilibrium space
veloeiby for methanel.
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T am aware of Speeifications numbered
275,845, 258,887, 258,319 and 220,714,
and make no claim o what o claimed or
deseribed therecin.

Having now particularly deseribed and
ascertuined the pature of my seid nven-
tion and in what marmer the same Is
to be performed, I deolars thaf, subject o
the foregoing dizclaimer, what I claim
15 -

1. The process for the synthesis of
alcohols of & higher orduc than. methanol,
from carbun, monoxide and hydrogen, em-
ploying as catelyst a methanol cabalyst
which has been medified by the addition
of an alkali metal compound, so as to yield
incressed amownts of higher aloohols,
charactorised by operating the process ab
a space velocily of the reacting gascs
which is more than five times the space
velocity at whichk a methanol synthesis
employmg the methanol catalyst will
reach  substantial equilibeium under the
conditions of viemperature and pressure
used in the process.

2. A process as tlajmed in Claim 1
wherein the catulyst employed is prepared
hy the gentle ignition of basic zine
ammoninr  chromate and ineorporating
therewith 159, by weight of potessium

chromate, snd & gas mixture of 356%
earbon monoxide and 50% hydrogen 1s
contacted with the ocatalyst at a pressure
of abhout 280 atmospheres and tempera-
ture of about 450° C. employing o space
velocity of wt least 40,000 lifves of gas
per litre of catalyst per hour.

3. A process as clumed i Claim 1
wherein & . mixfure of. 36% oarbon
monoxide and 509 hydrogen is contacted
with @ wine ohromite catalyst containing
%, of pobussium’ag the sulphate, at a tem-
perature of about 460° C. and a pressure
of 1,000 atmospheres, cumploying a spaee
velocity of at.léast 100,000 litres of gas
per hour per litre of catalyst.

4.°A process as claimed in Claim 1
wherein the eatalyst is prepared by redue-
fng a mixture of vne eguivalent of zinc

oxite and one equivelent of potasstum

chromate, and water gus is confacted with
the catalyst at a tempersture of aboub
475° C. and & pressure of about 225 atmeo-
spheres, employing a space velooity of ab
least 40,000 litres of  gas per lifre of
catalyst per hounr,
5. The improved provcss aof aleohol
synthesis substantially as descxibed.
Dated his 22nd day of Juue, 1928,
. _ MARKS. & CLERE.

Abingdon ¢

Printed for His Majosty’s Stationery Office, by Buacgest & Son.

(Wt 51A.—125/211930).
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