4 Report 4. Invastigation of the OX0 Procsss

Date of Investigation : April 7, 1945

Investigator: Dre. E.B. Peck, U.S., Patroleum
» : ‘ ' Administration for War

Personnel Interrogated : Dr. Landgraff, Manager of thae
OX0 Plant,

Reportsed by : Dr. E.B. Pack.

;pxroduction.

. A joint company known as the OXO Gasellschaeft
had been formed by Ruhrchemie A,G., I.G. Farbsnindustris

A+G. and Henksl et Cis to manufacture Cjg to C1g alcohols
by a process based on the reaction between aliphatic

olsefines and carbon monoxids and hydrogsn. Ths objeet of
the projesct was the production of detergents by :
sulphonation of the alcohols.

The basic rsaction was dilscovered in the

Ruhrchamie research laboratories under Dr. Roelen. In
~ view of the great experience of I.G. in-large-scale -
opsrations at high pressure they were brought in to assisi
- with the commereisl development of the process, aand ths
Henkgl concern were to carry out the preparation of the
detergsnts. The latter were said to be very efficient but
theres appeesrsd to bs soms doubt about their physiological
proparties as they wers reportsd to have a strong de-fatting

action on the skin. ' ' ' _

The company had built a plant with & nominal
annual capacity of 8~10,000 tonnes of alcohols on the
Ruhrchemia site at Sterkrade-Holten, but apart from a few
test runs on parts of the equipment, the plant had not bsen
- operated, The main part of the plent hed almost - '
completely escaped bomb damage. (Ses Figs. 9 & 10)

‘ The informaiion given in this report is basgsed
partly on material supplied by Dr. Landgraff and partly on
the results of a preliminary examinstion of documents
found at Sterkrads. . S

THE 0X0 REACTION

The main reactioh is the addition of synthesis
gas (CO + Hp) to olefines to form aldehydss. :
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R~ CH = CHg + CO + Hp —3 R - CHGHoCHO

This reaction takes place at 100-200°C. and 100~200 ats.
pressurse in the ligquid phase with the Fischer~Tropsch
catalyst (Co~ThOo-MgO-Kisselguhr). The sldehyde is then
hydrogenated &t 180°C. and 1l00-200 ats. with purs
hydrogen and the same catalyst.

This reaction producses a variaty of isomeric
primary alcohols and 6~15% of hsavy products consisting of
ketones, condensed aldehydes, secondary alcochols and
hydrocarbons.

The main reaction produces two isomsric
aldehydes in abaut equal amounts. This is sxplained by
the addition of 00 to the olefine to form the unstable
cyclopropancns Linkags which is then hydrogenatad to ths
aldshydes == f”~10WS H

R-GHg = Ty + 00 —p R=CH-CHy

N\
w
0
J-I- Hz \
R-CH,-CH,~CHO R. CH. CH
CHO

s Tormad dus to displacanent of the
toward the middle of ths molecule.

H:

Other isomers =zr
clgfine linkacs

Otner side reactions taks place as follows
(1) the condsnzsiion of aldehydes and (2) the reaction
between two ¢lefines and CO to forn kstones :-

RCH5CH
_2RGH-§E%=%-VG+E2____} 2FT~g=0

or

- BCGH - CHg

S =0

RCH - GH5
Under pr 3;5? rsaction conditions these side reactions can
be hsld down %o 5~15% of the olefines reacted. These
conditions a;;aar to be 130-140°C and 150 ats. for the
C11 - C37 monoolefines, .
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The OX0 reaction is quite gensral and s wide
variety of olefines and othsr compounds have bsen tested
1nc1ud*ng the following ;-

Ethylens (to produce propionic acid or n-propyl
“alcohol)
Acetylens §to produce scrylic acid)
Propylene (sse bhelow)
-Butene
N~ {~0ctylens
Diisobutylena
- Decylene
Cetene
Mixed polymsrs
Cyclohexens
Cctadisng -
S8tyrens
"Butadiens
Clefinic lubricating 0il
Oleic alcohol
Linssad 0il
msrpenaa
- P!..hbﬂr o FE T at ER R I S TR
Angd csrtain other campounds 1ncluding - o
- Vinyl ether
"Acrylic acid ethglester
Te*rahydrofuran (cyclobutylan@ oxilds)

0X0 RRACTION WITH EPROPYLENE

. - The rgactien is not cleen cut as sbown by tha
reaciion products produced from propylsne @

- Input » S
I. Pfopy]éne 1 2,500 gms, -
(Fis»her Catalyst 30%
Cobalt)

Reaction conditions 1si atage
.5110°Ca 120 ats. (co + Hp)

) Product yielda 2,560 liters

Thaeoretical yield as
. aldehyde 2,688 liters
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III. 'Hydrogenation with same catalyot at
180°C. and 200 ats. Hg

Hydrogen absorbed 917 liters
Theory - 1,844 liters

Hydro product ‘ 3;9§6 gms,

' Theoretical yield . 4,400 gms.

The pfoduct corresponds in weight to 89.7% absorbtion or
1 mol CO + 2 Mols Hg per mol of CgHg.

PRODUCT INSPECTION

(a) Distillation

Fracticn = Pressure Tempsrature Gms.
mm_ e

1 760- 90-103 - 270

2 - " 103-120 1472

3 25 55-90 - 175

4 " o0-107 296

5 " 107-120 . 75
Jre— m&wa*‘wﬁws P ) " . L . 120"'140 _ 554 -

8 *e -150-160 48
.9 " 160-200 - 92

10 " 200-218 , 125

11 n i 218-226 - 65

3,609

The first fraction was 2 butanol-water mixture

with 30% hgy. The sacond fraction was a mixture of

utyl alcohols {isopropylearbinol, B.P. 108° and n~butanol,
B.P. 11.6°C, } The fourth Traction was composed mostly of
sacondary alcohel, dipropyicarblnol and the fifth :
fraction contzinsd alpha ethyl-hexanol (G g0). ~ This
last is expleinsd by earliser researchss }.V. Braun by
the reaction of two molecules of butyraldehyde in ths
presencgs of fizsly alvided meuals in ‘ths pressnce of
hydrogen.

Thes sixth ard seventh fractions containad the
butyric acid monoester of ethylhexanediols which is
exp;ained by the Cannigarro reaction. The componants
of the highsr fractions were not'easily identified but
ars bslisved o be condensation products ‘of normal end
iscbutyraidshydes,
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The yleld of butanol was 38% based on propylens
with 12% of Oy - Cg alcohols and 23% as ethylhexan-
diolmonobutyrate. It is pointed out that better yields
of undivided a@lcohols might be expected with a better
choice of reaction conditions, This is in fact achisvaed
in the reaction with Cq4 - Civ olefines whers some 859
yield of corresponding alecohols ars clzsimed for pilot
plant operation. The alcohols in this case are branched
and of various structurses, though all primary alcohols.

The I.G. hava developad ths bssic reaction with

a variety of new catalysts, particulsrly with nickel
carbongl or the nickel halides. (Ni Clg activated with
iodine ). This is the subjsct of a separats report.
- (Reppe Chemistry). The I.G. have also developad thsir

hydrocarbon syntheses to make a product directly from
synthesis gas (CO + Hp) which is about half primary
alcohols and hslf hydrocarbons. This is saparatsely
reported in the report on the Leuna plant (30/4.02) under
the title "Synol Process". ' :

THE OXO PROCESS

The OXO Procass has been directed primarily %o
the production of Cio - C18 primary alcohols from
C11 = C17 ecyclic olefines. Thsse olefinas ars derived
in 30 - 50% concentration either from the 180 - 320°C
cut of the Fischer-Tropsch product or from cracking
heavier fractions (gatsch). The olsfines from cracking
petroleum msy also be used but it appears o bse .
praeferable to separate thess olefines by solvent extract-
ion. A pllot plant was sent to the Bombini Company in
-Italy for ths production of alcohols or acids from
ethylens but no information on this work is avallable,.

. The process is carrisd out with narrow
fractions of olsfines in order to simplify the separation
of the resulting alcchols from unrezcted fractions and
byproducts. The Henkel Company reguires alcohols of
07-98% purity for sulphonation to dstergsnts.

For the production of dstargent alecohols the

180-320°C fraction is cut in four fractions by
atmosphsric and vacuum distillation as follows
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- Cut Boiling Points At / m of Hg
at 760 mm of Hg.

C11 = Cig 180-220 70~110/20
C13 = C14 226~260 100-140/20
Ci5 = Ci4 ~ 260-295 100-140/5
Ciy 295~310 140~180/5

Steam at 80 ats, bréssure is used for heating -and the last
tWo cuts ars separated by batch vacuum distillation.
Each cut is reacteqd Separately,
: The2 main ‘teaction is carried out in the liquida
hass wish finely suspsnded-Fischer-Tropsch catalyst
'%50% Coj} =t 130~1409C, ang 180 atmospheres undsr which
conditionzs ihz veaction is completed in 20~30 minutes,
Soms of the cobalt is converted to the carbonyl (Co(GO)4),
and this is rsduecsd to matal in the next stage where thea
aldehydes ars hydrogsnatsd to primary alcohols with the
same catalyst 2%°180°C. a2nd 150 ats, wWith pure hydrogen.
It appears thszt ths carbonyl and CO brought over to thse
hydrogsnation 3tags poisons ths hydrogenation reaction and
the CO must be removeq by conversion to methane with iron
catalyst in tasz cyels £23. : :

The z=ztelyst and reduced cobalt ars separsted
from the proinct by filtration undsr mild Pressure thru
caramic thimblsa, s

The =lconcls ars then Separated with 98% purity
from unreactzd il snd heavy 0il byproducts by distillation.
The distillstion is carried out in vacuum stills with-
packed columms hss=tsd by stsam'at 8 ats. to prevant
decomposition. .

 The CX0U plant at Holten was built for batch
operation but the I,.G. 8%t Leuna have developed a ,
continuous procszs that appears to bs a great improvement,
(Ses Report on 30/4.02). - _

R Ths baich plant consists of nineg reactor units, ‘
8ach with two reactors of 1.2 cubic msters volums, one for !
the rsacticz oF olefines with synthesis gas snd ons for
hydrogenstisn of ths aldehydes to alcohols. These

reactors zrs 570 mm. Oede; 400 mm i.d. and 12 metsrs high 1
and contain 2 bundis of eocoling tubes connected to = staam i
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chest and a 1sg for thermosyphon circulation of cooling
water. (See Fig., 11) The reaction heat is substantial,
(35 Keal. per gm. mol of olefine rsacted) and there are
31 tubss 38 mm. 0.d. X 8 meters with s cooling surface gof
about 30 square meters for removing this heat. The
temperaturs of reaction is controlled by ths prgssure on
the steam and the rate of circulating the synthesis gasa
The reactor is chargsd with 700-720 liters of liquid feed
containing 3-5% (15 Kgs.) of finely ground Pischer
catalyst. The concentration of olefinss in the feed is
not critical but this plent is designsd for handling a
Peed with 40-50% olefines., The fesd is heatsd to 130°C.
end the synthesls gas recyclsd thru ths reactor with a
compressor having a capecity of 200 N ¥%/hour (1.3 cuem.
of gas at 150 ats.).

The OXO rsaction is completad in 20-30 minutes
when the liguid feed with suspended catalyst is pumped
into the hydro-reactor where the aldshydes are hydrogen-
ated at 180° and 150 ats. with pure hydrogsn. A4s no ted
above, it is belisved to be necessary to remove the
carbon monoxide that comes over to the hydrogenation
stzge by converting it %o msthane over an iron catalyst
_in a convsrter in ths recycle hydrogen line. This

reducss the CO from 2.0 to 0.05%.

The éfbduct:is'filtéré&Aﬁnaer'hbdéfaféupféssﬁréw'h“

thru a battery of ceramic thimbles (manufactured by
¥sisner Filterwerk, Dresden). The Filiters ars washed
¥ith frssh oil feed which is fed with recovered catalyst
and meke up to the process. These filters are reported
to bs good for BOCO filtrations befors replacement.

The filtersd product is then distillsd undsr
vacuum to separate (1) alcohols in 98% purity, (2) un~-
reacted oil and (3) thick oil bottoms which amount to 15%
on slcohols and consists of s mizturs of aldehydss,
ketones, esters, and hydrocarbons. e x

The over all yisld of alcohols is probably
around 65-70% but firm information is not available for
lack of full-scalsqerating data. There ars undoubtedly
lossas of alcohol in the unrsacted oil fraction aside -
from reactlon lossas. Thsrs are refarences to work on
alcohol rscovary by solvent sxitraction with msthanol,. :
etc., and the I.G. (Leuna) have a recovery process for the
8ynol Process bassed on esterification with anhydrous boric
ecid. (See Synol Procsss, 30/4.02). :
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. The continuous process developed by I.G. 1s
- shown schamatically in Fig. 12 and c onsists of two
rasctors in seriss with synthesis gas rscycle, seperator
and scrubbing tower for the gas that is bled off. The
first reactor is identical with that ussd in the batch
process (with innar coolers) while the second rsactor of
the same size does not requirs coolars but has 'disc and
doughnut® baffles. The hydrogenation section is the samse
except for a converter in ths gas rscycle line for
cdonverting CO to methane. This is claimed to reduce the
CO from 2.0 to 0.5%, and is essential for avoiding
poisoning of the catalyst for hydrogenation. No releass
gas scrubber is required. = The release gas in the first
stage uses fresh feed for serubbing which is. then fed to
the processes wi thout stripping. o

The zontinuous process was worked out at Leunsa
in 8 water-imckstad reactor of 250 liters capacity and
divided ints =oncentric 'sections. In this reactor the
0il is Ped upflow into the outsr ring and 'down flow thru
the inner ssction. The ges flows uvpward thru both
sections in separate stresams. The inner section is
baffled. Prom the results in this pilot plant it is
estimated that the thruput for 95% reaction would be
% v/ve/hr. which is ©-10 times as much as for ths batch

- gquipment. (Sese 30/4.02). e :

ZCONOMICS

The sconomics of the procsss as calculated by
Ruhrehemie is shown below and indicates a cost of.
alcohols of 71 pfgz./kg. I.¢. corrected this estimate as
shown to 77 pfz./kg. These costs are based on an olefine
cost of 38 p?g./kg. and a cepital cost of 6 million RN,
There is ncw 11 million RM. invested in this plant by 0X0 -
Gesellschafi. The I.G., on the other hand, estimated a
cost of 60 pPfg./kg. for the continuous process. Within
ine sbove limits the cost of thess slcohols lies between
80 and 100 p=g./kg. which, with exchsnge at 5.2 RH. per -
dollar, would be 5 to 9 cenis per pound. ' v

Estimatei Cost of Primary Fatiy Alcohols
by the OX0 Procass

" Ruhrchemie ToGo

) pfa. /K. Corrections -
100 Kg. Clsfines (for 95% yield)  38.00 -
Gases: {CC/Hs & Hg) 1.30 _ -

Csialyst . 0.60




Ruhrchemise « TeGo
vfe./k2. Corrections

Distillation (Feed & Product) 6,00 10.00

Water , 1.50 3400
Powsr for compression, etc. 2.30 -
~Charges 1,60 -
Wages & Salariss - , 4,80 -
AZmortization & Interest
-15% on RMG million v 15,00
‘ 71.10 7660

, The overall picturs of 0X0 alecohol production

from synthesis gas is pressented by Ruhrchemie in ths
" following schematic diagram. This shows the Fischer
conversion with the iron catalyst developaed by Michasl of
I.G. and shows an overall production psr N MO of _
- synthesis gas (CO/Hg = 1/1.2) of hydrocarbon products, 84

gms., and Cjg = Cgo alcohols, 64 gms. The 155-330°
fraction of oll with 70% olefines is processed ass 1s also
the olefines from cracking the heavier oils {(gatsch). A
special low temperature and pressure cracking procedurs
has been worked out with U,C,P. for the production of

B maximum olefinses in the C1g - 020 range.
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SCHEME FOR FISCHER PROCESS WITH 0X0

Using Iron Cata
280-300 Ce in

(Prepared by Ruhrchemie 7 Feb. 1940)

yst at 20 ats.
Synthesis gas.

RCH -~ Olefine Synthesis Product G.ms3 7
i WM
145‘gms. 15 gms. Primary
liguid & Oz & C4 [Product {160 100
- wax 1 .
L | HCs & 0y | 18.3 | 11.4
D18t1118u19n N\\\\\A
- 45% ax e 16% dGasoline] 36.2 | 22,7
’ hesvy oil gasaline
155-330° -155
Cracking
lcw temn, & Pprass. ‘
w26z A
- 45,9 gms. 1%.2 gms. 3.5 gms.
- Heavy 0il pa,_lzne gas
| \ = ‘ >
I |
102 gms. Diegsl 29.0 18.1
Jisfinss 70 71 gmsjOil
Pereffins  30%; 29 gms./ﬂ
{
i (
¥
Aldshyds Bynthsesis
X
Hydrogsnation
& : o
90% 20 gmse
Diesel 0il-
B4 EiiSs
Alcchols —>{Alcohols
Ci0~ Czo| &% | 0
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The control platform in the 0X0 reactor
buiiding,

(30/5.01, Ruhrchemie A.G., Sterkrade-Holten)
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