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] COMPLETE SPEGIFICATION.
Method and Means for Synthesizing and Separatiug Higher

ﬁlcah_ols.

I, Gmoness Pavaxr, 50, rue- Spoudini,
8 citizen of fthe French
Republie, do hercby deelare. the nature
of this invention and in what manner the
same. iz tn he performed, to be partien-
larly deseribed sod sscertained in snd by
the following sbatement:— :

In the synthetic manufacture of higher
aleolwols by ibe calalytic reduckion of
curbon monoxide by mesns of hydrogen,
at high temperature and pressurs, a sub-
gtantiwl wnount of cwrbon dioxide. and
water are prodneed togethear with fhe
higher alechols.

While the synthetic mamrfasture of
methanol may be parformed with a gase-
ous mixture conbsining o malerial pro-
portion of carbon dioxide, it is advantage-
ous in the manuiacture of higher aleclinls
m & clesed elreudt, to eliminste in a con-
dnuons manner, fromn the gaseous mix-

ture issuing from the eatalyein chamber,

tha aarbon dioxide which is produced
during the rcaction and which, added to
the small amount of carhen dioxide whioh
may be present in the initial gas mixture,
would rapidly stbels &  proportion  of
15169,

In a process of manufacture of easily

‘liquefiable hydroearbons end oxygen com-

pounds of hydeocarbons by the eatalysic
treatment af high termnpervature and pres-
sure of gas mixtures conlaining hydrogen
and carbon monoxide, i has already been
proposed to remove the carbom dioxide
fom the goseons mixture of osarbon
mgnoxide and lhydrogen issuing from the
catalyzer before subjecting the same to a
further catalytin freatment. Ta  this
rrocess, [froctionated cooling  without
release of pregsure is used for the con-
densation of the resction products; how-

“aver, the degree of ceoling employed doas
"not sppear to be or is not stated o be
“gufficient to elivinate the earbon dioxide

by this moans,
The process accordng to the invention,
which has for its objeet -fo remwve in a
[P ™
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i)eriodic menner the carbon dioxide from .

1he gaseous misbure which has been sub-
jooted to Ghe reaction, consists in cooling,
without releaging the pressare, the gase-
ons mixture praduced In the syuthesis-
mg operation in order to condense the
aleohiols and water produced, in further
eooling the non-condensed gas, still under
Pressure, in order to remove by condensa-
tion tha ecarbon dioxide and in subject-
ing the gaseous mixture freed from car-

bin dioxide to a further synthesizing

operation. i

Treforably, the cold produced by the
evaperation of the liquid carbon dioxide
and the ecold wopowrs of carbon dicikde
are ulilized for the cooling of said non-
condensed gas

The mventiom also relates to an instal-
lation for carrving out the shove process,
said installation comprising two  ocon-
densers eovneokéd in series and cach of
wiieh s divided info four sections, the
sezbirzs of the first condenser being used
for heating respectively the gases to be
freated in the cabalyzing chamber, the
eollerted alechols to he wectifiad, a ecooling
ligid and the gases issuing from Ghe
seoond condenser anpd v be subsequenily
sest back to the catalyzing chamber,
while the sections of the second condenser
are suesessively cooled by the cold gases
discharged ab the outlet of said condenser,
by the evaporated ocarbon dioxide, by a
eooling liquid end by the evaporation of
the liguid cerbord dioxide collecting ab
the boltom of said condenser.

The ingtallation may further eomprise
cxpanding apparatus in which the pres-
sure of the liduid mixfure of alechols end
water oollecled I said  condensers is
partially relessed, =aid expanding appa-
ratns being provided with a eooling Liquid
cireulation, wilh means for supplying and
dizcharging 2 sodium ehloride  golution
and for discharging the scparajed alechols
and the gases produced by the said parkial
expansion.

In perrying the invention into prae-
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fies, I usge speeial catalyzers whose action
is sueh thap the almost exclusive produst
optaned is a mixture of hgher aleohols,
wholly deprived of Lydrocarbens or deri-
vabives thereof, without the formation of
mathyl aleahol being prepondercnt, and
with e large rafe of fiow of the reaction
mixiure. Such patalyzer consisfs of one
or more ulkeli or earth slkali salis of
metal oxides of an geid nafture, for
instance the chromates, manganales,
molybdatcs, bungsbates, wvranates, vana-
daties, and like salts of sodium, potassium,
‘barium, rubidivin and lke mefals; said
‘salts Tbelng wery intimetely mixed with
one of more methanol-forming nchal
‘oxides, the number of stoms of the alkali
metal conbained in seid aelts being ab
least equal to ome-half the tobal nurnber
of atoms of the metals contained in the
cobalyzer (the proporbion of atoms of
the earth slkali metal contained W the
corresponding salts being one-half ihe
‘above proporfion).

T may cbtain 2 good cubalyziug mass by .

intimately mixing B30 grams of zine oxide
with 2 kes. of neubral ‘potassium
chromate,  or by mlxmg 105 grams of
manganese hioxids with 2 kgs. of neutral
tungsbate of bovium. Baid  substances
should be intimately mixed, oplionally
with .destrine or gum tragacanth, so as
fo obfain & thick paste which Iz dried
‘and broken up into grains which are ag
‘yegular os possible; said grains avs then
dried and all dust climinated before use.

The prains reay also be obiaimed hy
means of the processes employed in the
maonufeciure of gunpowder Hrom salk.
peter, sulpbur aod charcoal, or by
wmalogons processes,

The gas mixture will preferably eon-
sist of Industriel weier gas which con-
tainy  substantially 50 volumes  of
bhyfdrogen and 40 volumes of earthon
monoxide, - which composition  corve-
sponds almost exactly to the theorefival
proount indieated by the equation of the
reaction giving the higher elechols. The
composition of the gas mizture may how-
ever deparh from the above data, pro-
vided the mixture containg hydrogen (or
“hydrecarbons which, as s well known, are
‘the eguivalents for hwirogen in the pro-
eesses  herein  deseribed) amd  earbon
monoxide. As the gas aptnre used iIs
genarelly nob chemieally pure, it contains
semefimes - small  amounts of ocarbon
diozide, but the preportion should alwuys
-ba lems than 2 fa 39%. When gaseous
“products having sulphur or fronr s a base,
ave confnined in the reaching gas mixbure,
he purificstion may be obtained o a
sufficient extent by the methods in use in
the mannfactra of illuminafing gas.

- patalytic mass.

The procsss is carded oub in a elosed
oirenif, Le. the uncombined gases being
aguin circulated under pressure upon the
I4 has been above stuied
thay i is adventageous to eliminate n a
continuous manner the wewbon divside
wlhich is produced during ths reaction and
which would rapidiy abtain 15-—16 per
cent., and would then huve s deteiinenial
influence opon the quantity and the uni-
I composition  of  the  eolleoted
products.

Agecording to the invention, I eliminate
earhon dioxide by the use of the very high
pressure to which the gas maiztwie is sub-
jacted i order fo Dquefy--by proper
cooling—the carbon dioxide contained in
the gas mixture discharged from &he
aleohinl condenser, whereby the amount
of earbon dioxide will he radueed fo 2
or § per cent. al the meximum. The
nondensation of earbon dioxide ean be
casily obisined by operating ab pressurcs
of A00—B00 atmospheres and by the use
of meuns which will be further set forth.

By the eooling of the gas mivture under
pressure issuing from the cafalyzer, 1
first obhbain a condensate whieh consists of
an  upper inscluble layer containing the

higher alcolols (demsity 0.885—0.890)
and & lowor agueous fayer ({denefty
0.835—0.040) which Istter represeuts

abaut two-thirds of the folal voluma. The

‘upper layer is drawn of, and the lower

iayer is treated with 2 saturated aguecus
golution of sodiurg chloride, then socled
to ubout—20 degrees C. An upper layer
j= agam formed which consigis of a
further amount of insnluble  prodnets
representing sboub one-fourth the volume
of the originel sgueous layer. This upper
layer is drawn off and is added 1o the
porlion which was previously withdrawn.

“Phiz product is {reated with pofassium

carhonate, fo remove any water which it
muy contaiu., It is then digtiled and is
rectified firstly under normul pressure,
and then in vasms by the known methods,
m order to remove the parts containing
practically the whole of the series of
monnatomic  aleohols
suburated  hydvocarbons, from  propyl
slechol to the hexyl and heptyl alechols,
and thefr higher homalagues. The
heaviest products heve an odour which iz
lika that of wood tar. The major part—
or aboub threo-fifths—consists of propyl,
butyl snd smyl aleohols.
tion with which the agueous solution was
treated .comiaing & small quantily of
ethyl end methyl elechel which are
removed by the known distillieg pro-

CBSHEE,

From the composition of the collected

The salt solu-
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Houid substunses and of the gaseons mix-
“fuire atter the. reactiom, ib appears thut

the higher alechibly ure prodtced accord-
ing to the sqnation. e

{32~ OO +{(3n + LH, =20,y + 40 + () - )00, + {2} ~ L0,

The resuliing alechols will cerrespond
for the most part to values of » between
8 and 7, or 5 on the average, the corre-
sponding mean composilion of the guses
entering into the reaction should ba 48
parts hydrogen Lo = 42 pats carbon
onoxide, by volume, this zomespond-
ing almosé exeobly %0 the mean composi-
tion of industrial water gas.

I find it necessary to remove the whole
of the wader before the rectifying pro-
‘'cesg, t0 avold the formation of azeokropie
sompounds batween certuin slcchols and
water, a8 such compounds have a low
boiling point and wouwld hinder the
separation of bhe diffevent alcohols by
reetifieation.

By means of the instollation which will
‘be deseribed hereunder I am enabled o
calry oub the said process on e manu-
facturing seale, this being given =olaly
by way of example and without limiting
the scope of the inveniion, the deserip-
tion being given with reference o ths
appended drawing which shows diagram-
matieally the said msballedion.

Tho ges mixtyre, which iz compressed
“to the hiphest possible npevating pressure,
cenbere at 1 in ovder to supply it to the
vatalyzing apparatus 2, either directly
through the cock 15 or indivectly through
the eodlr 16 and the pipe 17, 18, after
vecovery of heab at 4. After circulsting
‘upen  the ecabalytic mass which is main-
tained a} tho operuting temperafure of
B20—400 degress O., the gases are dis-
charged at 3 end are delivered into the
upper peart of the set of ftubes constitut-
ing the sondensing apparatns which eom-
prises four scetions 4444 During
thelr deseent to the lower part of said
tubes, the gases arve speceseively oooled,
1%, in the upper seetion, by the gas which
is to be sent back to the catalyzing appa-
ratus and which enters at 17 and jssucs
at 1B; 2°, in the seecond sectipn by the
alechols to be evaporated, which enter ab
B8 and issue at 34; 3%, in tha third seetion
by cold water supplied at 65 and dis-
eharged al 66; 4°, in the bottem seetion
by the cold pases from the second con-
demsing apparabus 7, which enter at 10
und issue at 11.

e #o this successive .cooling, She

“alechols snd the water, contained in $he
JEases, Will be entirely condensed and will

rollect at 5. The non-condengable gases,

including +the carbon Adioxide . formed

during #he vesotion, will jssue ab 6 and

will snter the npper part of the second
)

which

condensing apparabus having the four
seetions %, 7, 7, 7; the pguses emounlate
through these tubes to the bottom, and are

- succegsrvely cobled az follows:

1° in the uppér section by the guses
senb back fo the first eondenser which sre
supplied at 9 and discharged at 10; 2°,
in the second section by the gaseous car-
bou dioxide discharged from the bostom
seetion, which enters ot 45 and issues at
49 ob which point a pressuwre regulaing
cock iz placed; 37, in the thivd scetion,
by means of an oriificially cooled brine
eniers 8 50 at a2 temperaburs
between - 20 and—35 degrecs €. und
which Issucs ab $1; 4°, in the boftom
section, by the evaporation of the Igquid
carbon dioxide which enters av 46 and i

‘discharged in the gasecus stae ot 47, snd

whereof the evaporsiion pressure, and
consequently the temperature, iz regu-
lated by the codls disposed ab 49,

Under the action of this suesessive and
systematic cooling, the carbon dioxide in
the gae mixture eondenses and szollects at
8, ab the lowor pat of the -second eon-
dewnser 7, ‘The uncondensshle gascs aro
discharped at 9, cireulote in the upper
geation of the deviec 7, issme at 10, enter
the lower seclion of the condenser 4, issua

abt 11, and are taken up hy the sireulation .

pump 12 and are circuluted through 18 %p
the gas imlet piping into which they enter
at 14, snd are agpin circulaged inho the
catalyzing appsratus 2. s
The mbxture of $ha slochols ond waber
which golleets ab the lower part 5 of the
apperatus 4, flows ouf throngh 18 and 20
and the cocks 21 and 22 and enters one of

the two woder-temnoving apparsing 28 or

24 which are pub into aslternate nse and
may be externaliy cooled by a cooling
mizture  which respsctively enters a2t
858G or 8587 and issues ah IT—H5*
or at 3655, Binee the tatal amount of
the lignid s aboud one-hslf the capasity
of the recipient in use, the pressure of
the liquid is first portislly velemsed by
opening cocks 27 or 28 so as to discharge
the dissclved gases through the pipe 90
which leads them to tho compressor, the
presgure being thus reduced to one or fwo
atmospheres, fthis being necessory for the
pitoulation movement of the liquids. The
gesez  which are
serubbed in the brine used fo supply the
reciplents, as will he further mentionsd.
When the liguid has thug been allowed fo

‘axpand, T eopply ot 44—42 or 44—42 a
_mujoble amount of a saburated commen 125-
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salb solution, compressed to the proper
degres. The water of the salt solution
serves for the dissolution and subsequent

separation of the soluble aleohols, while

the galt lowers the freezing point of the
waber and prevents the lafler from freez-
ing withid the apparatis 23, 24 when the
cooliig brine. is subsequently cireulated
avounl said apparatus. The- device for
the eooling of the refrigerating liquid Is

“then operafed. The sleololic lquid in

. ‘the presence of the inbernal saly solution
‘scparates imbo two layers, whereof the

hottom  layer contains only the very
soluble  alechols * (mcthyl and

-alcoholg) whish are present in very small

-quaniities.

“insoluble

This chottom layer s
cvacuatad aeccording to the Indicalions of
the exbernal level gauges, and the opeta-
#ion is performed a sceond time. The
alootiols  remaining in  the

‘appuratus ere then civeulated through o8
“under the control of coeks 31, 88 inte the
‘second seotion of fthe condemser 4, in

o5

whielh they will be hoated and will be

“wholly «r partially volstilised, and will

proceed thenece through 84, affer a total
dehydration upon potessium ocarbonate,
into the first ocolumn 52 of the reetifying
plant. The sali solution is discharged ab
45 or 42 info tube 44 and is separately

‘distilled to remove the soluble alcoholy

‘contained therein,

oend said salt solufion
may he again employed, affer comeentra-

tion. Tube 41 and cocks 89, 40 serve for
emptying the spporates when it is desived

_to discharge the cooling brine.

40

55

As concerng the earbon dioxide which Is
liguefied at 8, this jg discharged at 4546
and sent intoc the lower sectlon of the

condenser 7 m which it iz volatilised,

fssuing thenee at 47; it is heated in the
geeond seekion of the condenser ¢ into
which i5 enters af 48, issuing ab 49, ab
which point its expangion iy regulated by
a suliable eock.

The different alechols are separated in- -

the eolumns 52, 53, 56, 57, 60 and 61
which form park of the rectifying plant.
The pure aleohols arc colleeied in the
recipients 54, 58 and 62 and the lasi-dis-
tilled produnts are cnlected ak 64. 68 is
a2 wmanomelric tubs.  The rechifying
operation may be completed in veewum.
Iaving now particularly described and
gsecrteined the nsture of my said inven-

“tion and iu whal manner fthe same s

fo. he parformed, I declare that what I
claim Is:— -
1. Method for syanthesizing higher

“alechols by the cabalviic treatment of gas

mixtures conteining hydrogen- and earbon
monoxide at high temperature and pres-

"gure with the eatalysts herein specified,

which eongists i eooling without releas-

ethyl

ing the pressure the gaseous mixture pro-
duced in tha synthesizing operasion 1n
order to aondense. the alconols and water

_produced, in further cooling the non-con-

densed gas still under pressure, in order il
‘to remove by ocondensation the earbon
diexide, and in subjecting the gaseous
ixture freed from carbon dicxide to &
“further synthesizing - operation. .

9. Method  aeecrdmg  to Cleim 1, 75
wherein the cold produced by the evapor-
‘ation of the Lqud earbon dioxide and
the cold wupours of carbon dioxide are
witlized for the ecoling of said non-eom-
densed pas. 50

5, Method according o Claim 1 or 2,
in’ whish the pressure of the mixtwe of
lignid aleohols und water under pressure
vhivined in the f$irst cooling step s .
partially  rcleased, the gases thus 85
generated being ugaln subjected to the
gynthestsing operation, while the alechals
which separatc by gravity, and those dis-
solved in water which are separated by .
‘mesns of & sodium echloride solutiom, arc 90
guccessively dehydrated, distilled and
‘reetified. '

4. Ingtellotion for eamrying out the
method aceordivg fv Clahns 1 to 2, eom-
‘prising two condensers copnected in @5
series and esch of which iz divided into
‘four eections, the seetioms of the first con-
deaser being used for heating respectively
the. gases to be freated in the eatalyzing
ehamber, the collected aleohols to be 100
rectified,- a cooling liquid and the gases
issuing from the second eondenser and to
be subsequently sent back to the catalym-
ing “chember, whils the sections of the
sacond condenser arc guceessively cooled 108
by the cold gases discharged at the outled
of suid condemser, by the evaporated
carhon dioxide, by » vooling Hquid and
by he evaporation of the Hguid ecarbom
dioxide collecting al the boltom of said 110
condensar.

4, Installation mecording fo Claim 4
which further comprises cxpanding appe-
rabus in which the pressure of {he Lquid
mixture ol elochols snd water collected 115
in said condemsers is partielly released,
said expanding apparatus being provided
with & eocoling lignid eirenlation, with
‘means for supplying end discharging a -
godinm  ehloride solution and for dis- 120
“eharging the separated aleohals and the
gases produced by the said partial expan-
gion, . .

8. Method f{or synthesizing  Thigher .,
.alechols substantially as described. 125
7. Tnstallation for synthesizing higher

zlechols substansially as deseribed and as

.shnwn in the accompanying drawing.

. Dated {his 20th day of March, 1926, .
' " MARES & CLERE. 150

Abingden ; Printed for His Majesty’s Stafionery Qffics, by Burgess & Son.
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