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- e present invention relates to a novel method for

altsring the concentration of certain oxygenated organic compounds

present ih agueous or anhydrous mixtures thereof. A marticular
smbodiment bthereof pertains to a method whereby the relative
proportions of alcchols and carbonyl compounds produced during
the syn%hesis of hydrocarbons from carbon monoxide and hydrogen
¢an be voluntarily controlled. .
In the synthesis of hydrocarbons from carbon monoxlde
and hydrogen, there are simultaneously produced several classes
1o of oxygenated orgenic compounds such as, for example, alcohols,
aldehydes, ketones, esters, aclds, etc., which vary considerably
in velue. Generally spesking, the carbonyl compounds, 1.e.,
the ketones and aldshydes, are less in demend than the alcohols

and acids produced in the aforesald synthesis. However, a very
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substantial percentage of the oxygenated organlc compounds pro-

duced during hydrocarbon synthesis consists of carbonyl compounds;

1 and, generally, in order to improve the over-all economics of the
4 process, additional markets must be found irn a fileld which is

% already nighly competitive or else such compounds must be con-

é 20 verted into products of greater value., The reduction of car-
bonyl compounds wlth molecular hydrogen over platinum, .| nickel
or similar hydrogenation catalysts under relatively mild condi-
tions 1s well known, Howsver, to employ catalysts of this type

for effecting conversion to alcohols of the 140,000-150,000 1lbs.

per day of carbonyl compounds calculated to be produced by commer-
¢ial-scale hydrocarbon synthesis plants would render such conversion -
leas desirable.
Accordingly, 1t is an object of our Inventlon to pro-
o vide a method by which the aforesald carbonyl fraction can be
30 readily and efflclently converted lnto the corresponding alcochols.
It 1s a further object of our invention to accomplish this result

by first isolating sald carbonyl fraction from the assoclated
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5. 561082
products produced during hydrocarbon synthesis and returning saild
fraction to the synthesis reactor in a manner such that the car-
bonyl compounds are converted to their ecorresponding alcchols
without interfering with hydrocarbon saynthesis or without sub-
stantial reduction in the quantlty of carbonyls available for
conver:igsion to slcohola, It is a still further objeect of our In-
ventlon to provide a process whersby the concentration of one or
more components in a carbonyl or in an alcchel fraction may be
varled at will., It is a further obJect of our invention to pro-
vlde a method whereby relatilvely high ylelds of total chemlcals
are obtained during hydrocarbon synthesis while at the sane time
producing only those chemicals deslred.

In general, the process of our invention is + based
on the dlscovery that under normal hydrocarbon synthesls condi=-
tlons the reactions involved in the reduction of the aforesaid
carbonyl compounds to their correapondiné alcohols are in squi-
librium,. The rsactions forming the basis of such equilibrium
cceur at a rapld rate compared to those Ilnvolved In the synthesis
of hydrocarbons. In carrying out our Ilnvention, synthesls gas
1s introduced inte the reactor In the normal fashion where it
contacts a fluld bed of lron hydrocarbon synthesis catalyst; and
syntheslis of hydrocarbons, both iiquid and geseous, is effectad.
The oll end/or water scluble carbonyl fractions produced are
lsolated from the . ‘balance of the synthesls products and intro-
duced Into the reactor at a level above the point of entry of
ths feed and the reoycle gas. In the majorlty of Instances, it
1s generally preferable tc inject the aforesald carbonyl fraction
above the zone in which princlpal conversion of carbon moncxide
to hydrocarbons occurs, this zone usually being the lower or the
Flrat one-third of the catalyst bed. By introduqing the carbonyl
compounds into ﬁba reactor in this manner rather than dlrectly

into the recycle gas stream, optimum contact of such compounds



10

20

>0

56108%

with the catalyst bed is afforded to sscure good conversion there-
of to alcohols, Thus, during this relatively short interval of
contact of said carbonyl compounds with the catalyst, only a
relatively small amount of the carbonyls are converted to clefins
and saturated hydrocarbons. Whereas, if the aforesald carbonyl
fractlon were raturned directly to the feed or recycle gas stream
the contact time thereof with the catalyst would be considerably
increased, resulting in an Increase in the above-mentloned un-
desirable secondary reactions and a corresponding loss in the
quantity of desirsd oxygenated products.
In carrying out the process of our invention, we may

employ reaction conditions previocusly considared suitable such

as, for exampls, synthesls gas (fresh feed) consisting of 95-98
per cent carbon monoxids and hydrogen in a hydrogen to carbon
monoxide ratlo of from l.5:1 to 2.0:1, temparatures of betwesn
800° to 700°F, pressures of 325 to 425 p.s.l.g. and recycle
ratios of from about 1.2 Lo about 1.7 volumes of rscycle gas

per volume of fresh feed. Whlle the operating conditions set

_forth above are those whichwé consider preferabls, it 1a to be

strictly underatood that the process of ocur invention 1s capable
of producing advantageous results when employing any of a number

of known synthesis conditlons or various combinations thersof.

Catalysts sulteble for effecting the foregoing results
may be selected from a relatlvely large number of lmown lron
hydrocarbon synthesls catalysts. Catalysts of this type conbtaining
high percentages of sillca penerally are undesirable for our
purposes inasmuch as the reactions involved herein are not found
to be at . equilibrium under normal synthesls condltions. Thus,
iron catelysts qontaining as much as 10 to 12 weight per cent

sllica are not capable of effectling this conversion to the de~,

8ired extent under the above stated conditions, aithough cata=
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lysts substantially free from silica, i.e., those having a alileca
content of not more than 1 or 2 weight per cent, are satisfactory.
In general, howsver we prefer to use a catalyst commonly desig-
nated as mill scale, This catalyst is prepared from the oxide
scale or layer obtalned by rolling iron or various alloys thersof
at elevated temperatures, for example, in the range of 1000°

to 1300°C. Microscople examinatlion of the scale or oxide layer

thus obtalned when ground to a fineness of 326 mesh Indlcates

that it still retalns 1ts characteristic plate~like structurse.

The rate at.which the carbonyl Tractilion 1s introduced
inte the reactor should be such that the linear veloclty of the
gas above the point orf Introductlon of sald fractlon is insuffi-
eclent to cause a noticadble increase in catalyst sntrainment by
the exit gas. Generally, the rate of Introducing this fraction
into the reactor may be as much as 20 weight per cent of the
carbon monoxide in the feed., The carbonyl siream may be sither
in ligquld or vapor form when Introduced In the reaction zone as
hereln set forth., However, If liguid feed 1s employed at thls
point, it should not be cooled to such an extent that its addi-
tion results 1n a suppression of the prinbipal hydrocarbon synthesls
reaction.

While the present déscription emphaslzes thes application
of the dlscovery forming the basis of our inventlen to the con-
verslon of carbonyl compounds to alcohols, it will, of course,
be appreciated that alcohols may be converted with equal ease
to ketones and aldehydes and that under certain market conditions
1t may be regarded desirable %o conduct the process of our In-
ventlion in such a manner. Thus, the condltions herseln defined
for Intreoducing and converting & ocarbonyl strsam to alcohols
alsoc apply with equal force when it is deslred to effect the

reverse of this reaction.
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The carbonyl or alcohol fraction, whichever 1t may be desired
to counvert, can be recovered from the remaining hydrocarbon syn-
thesis products in accordance with a number of procedures cutside
the scope of our inventilon, some of which are lmown to the art.
Water soluble carbonyls and alcohols may be separated from the
remainder of the water soluble chemicals contained in the primery
water stream from hydrocarbon synthesis by first subJecting
sald stream to dilstillation under carefully controllsd conditlons
to effect a separation betwsen the acid and nonacid components
thereof. The nonacid component, wihich consists essentially of
carbonyls and aleohols, is thersafter further fractionally dis-
tilled to separate the water soluble carbonyls from the alco-
hols,., 01l soluble carbonyls and alcohols are recovered from the
acid-free hydrocarbon synthesis oil by extraction of said oil
with an agueous bisulfite soluticn. The resulting aqueous ex-
tract which econtains the oll scluble carbonyls and alcohols is
next contercurrently extracted with a light hydrocarbon, such
as pentane, whlch selectively extracts the alcohols, leaving a
raffinate of carbenyls in the form of their bisulfite addition
producta,. Thereafter, the pentane extract is distilled to re-
cover the alcohols as bottoms while thne aforesald raffinate is
treated In a lmown manner to llberate and recover the carbonyl
compounds.

The process of our invention is further 1llustrated

by the specific example which Lollows:

Examplo
A hydrocarbon synthesils gas mixture containing 95 mol

per cent hydrogen and carbon monoxlde in a hydrogen-to-carbon
monoxide ratio of 1.85 to 1,90 is reacted at a temperature of
about 600°F and at a pressurse of 400 p.s.l.g. in a reactor 20
feot long and 8 inches I.D. containing a fluldized bed of ro-

duced finely divided mill scale catalyst promoted with from about
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0.5 to 0.7 weight per cent K20° Recycle ratios of 1.0 to
2,0 and a space veloclty of 5.6 S.C.F.H.(CO}/1b. iron are em=-
ployed. The foregoing conditions ere maintained for approximately
700 hours. A second run is effected under the same conditions
as those spscified above with the sxception that proplonalde-
. hyde is recovered from the primary water and returned to the
) reactor &t a rate of 0.133 mol/109 mols of carbon. monoxide
i fed, This stream of proplonaldehyde is injected at a point
§ approximately 2 feet below the top of the fluild catalyst bed
i 10 which 18 10 feet hiph. A third run 1s carried out under the
i same conditions as those employed in Run 2 with the exception
i that l-propanol is recovered from the primary water and reoturned
to the reactor at a rate of 0.32 mol/109 mols of carbon mono-
C xide fed. Differences In the quantitles of l-propanol and
! proplonaldehyde produced in the above-mentioned runs are indi-
cated 1n the table appearing bdbalow:
TABLE
Run 1 Run 2 Run 3
Temperature {°F) 650 650 650
Pressure (P.s.l.g.) © 400 400 400
_ 20 Hn:CO Ratio 1.85~1.90  1.85-1.90 1,85-1.90
g Space Velocity )
! . S.0.F.H.(C0)/1b.iron 5.60 5.60 5460
Per Cent Total Feed CO
‘ Conversion 91l.8 91.8 91.8
g Per Cent Product Carbon as
| . Propanol 1.10 L.44 1.92
: FPer Cent Préduct Carbon as
A Propionsldehyde 0.137 0.180 0.234
4 Per Cent Losa of Recycled
1 Chemlcals . 4.3 4.5
B Per Cent Recycled Chemicals
I Converted to Alcohol 85
! Per Cent Recycled Chemicals
: Converted to Propanol 10.1
"Per Cent Increase in
Propanol 30.9
Per Cent Increase 1n
Propionaldehyde T0.8
] 30 From the foregolng, 1t will bes apparent that the pro-
cess of the present invention provides a simple and economical
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method for producing as a net product from one reactor esasn-
tially the same amount of total chemicals while at the same time
furnishing only those chemicals desirad.
It is to be strictly underatood that the Toregoing

oxample and other specific illustrative material contained herein

are not in any way to be construed as limiting the scope of

our invention. ©On the conirary, the process of the present
invention is intended to cover the broad idea of introducing
into the catalyst bed during hydrocarbon synthesis, at a point
located above the feed gas inlet, a carbonyl or alcohol com-
ponent and converting such component to the corresponding alco-
hel or carbonyl. While the process of our invention has been
described with particular emphasis on the application thereof

to fluid bed operation, the principles:taught herein are equally
applicable tc fixed bed methods., Also, although we have des-
cribed our invention as involving recycling to the reactor cap-
bonylas or slechols produced durlng hydrocarbon synthesis, it
will be apparent that such procedurs may be varled within the
scope of sald invention to include the injection of carbonyls

or alcohols regardless of their sourcs to thereby secure in a
single operation both hydrocarbons and an increased cguantity of
the alcohol or carbonyl component, whilchever is desired. The
mixtures introduced into the reactor, leo., carbonyls or al-
cohols, in accordance with our Ilnvention may be either anhy-
drous or aqusous and need not be hlghly purified with respect
to other organic components normally associated therewith,
Also, it 1s to be understood that the exprsession "carbonyl
compound" appearing throughout the present disclosure and claims

is intended to refer only to aldehydes and ketones,
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The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as followa:

1. In a method for converting one of =& class‘of conm~
pounds'seleoted from the group consisting of qarbonyl compoﬁnds
and alcchols to alecohol and carbonyl compounds, respectively,
in a hydrocarbon synthesis reaction zone wherein synthesis gas
composed chlefly of earbon monoxlde and hydrogen is partially
converted to hydrocarﬁbns under known synthesis conditlons,
the steps which vomprise introducing into sald reaction . zone
at a point above the level at which said synthesis gas 1z fed to
gaid reaction zone-éﬁe of sald classes of compounds and contact-
irig the latter in sald zone with an actlve iron hydrocarbon
synthesls catalyst substantlally free from silica whereby a con-~
version to the respective alcohols or ketones is secured simul-
taneocusly with the formation of hydrocarbons.

2.v In a method for converting one of a c¢lass of com-
pounds selected from the group consisting of carbonyl compounds
and alcohol§ to aleohol and carbonyl) compounds, vespsctively,
in a hydrocarbon synthesia reaction zone wherein synthesls gas
composed chlsefly of carbon monoxide and hydrogen 1s partially
sonverted to hydrocarbons under known syanthesls conditions, the
stepa which comprise introducing into said reaction zone at a
point above the lower one-third of =sald zome one of sald classes
of sald compounds and contacting the latter in said zone with
an active iron hydrocarbon synthesls catalyat substantially free
from silica whereby a conversion to the respsctive alcohols or
ketones is secured slmultaneously with the formation of hydro-
carbons.

De In a method for converting one of a clasg of com=-
pounds selected from a group censlsting of carbonyl compounds
and alcchols to alcohol and carbonyl compounds, respectively,

1n a hydrocarbon synthesls reactlon zone wherein synthesls gas
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' composed chiefly of carbon monoxide and hydrogen is partially

converted to hydrocarbons under known synthesls conditions, the
steps which comprise introducing into saidlreaction zone at a
point above the lower one-third of spid zone one of sald classes
of gald compounds and contacting the latter in said zone having
a Tluid bed of en active iron hydrocarbon synthesis catalyst
substantially free from silica whereby a conversion %o the res-
pective alcohols or ketones is secured simultaneously with the
formation of hydrocarbons.

4, In a mebhod for converting carbonyl compounds to
alcohols in a hydrocarbon synthesis reactlion zone under lmnown
synthesis conditions, the steps which comprise introducing a
carbonyl cdmpound into aald reaction zone at & polnt above the
level at which sald synthesis gas is introduced and contacting
said carbonyl compounds wlth a fluldized bed of active irom mill
scale catalyst whereby a éonversion to the respeciive alcohols
1s secured simultaqeously wlth the formation of hydrocarbons.

5. A method for converting an slcchol to ibs correa=~
ponding ketone in a hydrocarbon synthesis reaction zone wherein
synthesis gas composed chlefly of carbon monoxide md hydrogen
is partially converted to hydrocarbons under lmown synthesis
conditions, the steps which comprise introducing saild alcohol
intb sald reaction zone at & point above the level at which said
synthesails gas 1s introduced and contacting said alcchol 1n sald
zone with & fluidized bed of active iron mill scale catalyst
whereby a conversion to the respective carbonyl compound 1s se=-
cured simultaneously with the formatlion of hydrocarbons.

6+ The process of Claim 4 in which an aldehyde 1s
employed a3 the carbonyl compound.

7+ The proceas of Ciaim 4 in which a ketone 1s em-

ployed as the carbonyl compound.



W 56108%
A

8e The process of Claim 1 in whiech iron mill scale is

emplojed as the catalyst.

2., The process of Claim )l in which one of said clasges
of said compounds 1s introduced at a rate up to about 20 weight
per cent of the carbon monoxide in the synthesis gas and wherein

the catalyst employed is iron mill scale.

10. In & method for altering the composition of the
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stream of oxygenated organic chemicals produced during the syn=-

thesis of hydrocarbons by the action of hydrogen on carbon mono=-

xide in a reaction zons and in the presence of an iron hydro-~
carbon synthesis catalyst, the steps which comprise introducing
Into sald reaction zone one of a class of compounds selected

from the group consisting of carbonyl compounds and alcohols at

R 8 point above the level at which said carbon monoxide md hydro-
 £ gen are introduced into said zone and contacting said one of a
class of compounds of aleohol and carbonyl compounds with &n ac-
tive iromn hydrocarbon snythesis catalyst substantially free from
silica whereby a conversion to the respectlive carbonyl compound or
alcohol 1s secured simultaneously with the formation of hydro-

carbons,





