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Intcrrogation of:-= Dr. Roeclen,

On:- 20, 21st Dececenboer 1945

————

Target No. C30/5.0 1(a) .

c=IN INITREOST ;- 0XO Synthesia,
ot ool

INTZRESTED S INISTRY ;= sdnistry of pucl & Pover,

The nceting was arrangod subsequently to the rroliminary and
10r¢ goncral intcrrogation held on 14/12/45 with tho object of gaining
nore deteiled inforintion on cortain espects of tho 0x0 synthosis and

of Co Tcactions, and furthcr to try to ¥ct sone knowlodge of the rosearch
back-ground,

Q49 Synthesis

(a) Type of Citalyst

The principle cetalysts contrin Gither cobalt o iron; nickel
rust not be used, Roclen wes of the Opinion thot alijost any form of
cctalt wes satisfactory so long es it coulq &£ive cobalg carbonyl, He
did not think that ThOp or kicsclpuhr wope rcally neesssary, but as the
standord Fisohcr-Trupsoh cotalyst wes quite satisfretory ang casily
Veilable, nct o éreat deal of work was done by hin on clturnntives,
Cob-1t carbonyl could be used, and cven basic cobnlt crrbdenate, Careg
V1S neeesstry in cop ering cetalysts since traces of Co 1ert on tho walls
of the autoelove had pronounccq catalytic offucts, Iron roquires a
hi;her operating tuiperaturc thon cobnlt, . Ho thousht that the dec roo
of ruduction of the entnlyst wag not ‘as iuportant as in the fischer-
Tropsch synthesia,

(v) suspendod vs Pixcd Sed Crtnlyst

Roclen had tried the standard Flscher-Tropsch Ccotalyst in a
fixed bed bu had foiled; whether the procoss ig liquil phrse or vapour
phoso, tho cobalt is dissolved out Ly the reaction products and ruioved
to sauc oxtunt as carbonyl, the products boing Sariously discolowred, and
after soue hours catalyst activity fails, He strtod thet the IG had
Jdone iwuch work on & 8Gid-continuous Frocess in which cobalt w3 injectod
into the reactor Wwith tho focd as o solution or Suspension of a fotty
acid snlt and Qoposited on Pwidcce.  Ho saw no AflMdewdtis beyond
Liwchnnieal onos, c,z. with PUIPS end valves, in turning this scig-
continucus proceoss into a trudy continuous procuss,
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#ovlen was pressed for his vicws vhether ultiintcly fixod bod

v pgq ceatalysts would dsplace continusus suspension injection, He was vaory

* T Vvajguc hero; tho Italinn Plant proposcd to usc suspcnsion cetalysts as

thorc was insufficicnt expericnee with cther typess  Ho thought the
choice wight deperdd on tho type of clefine to be roacted, higher olefincs
being preferebly troated with suspended catalyst in the liquid phasc,

(¢)  Purity of cas

Ruhr-Cha do did all thoir work on wotor gas purificd to Fischer-
Tropsch standerds; if cobalt Well in excoss of tho sulphur presont in the
£a8 were continuously injccted, swlphur mght be toleretod,

() Type of Reactor

Roclen was vajus whother roection with the lightor olcfincs
such a2s othylcng or rropylenc could in any circuistances bo doscribod as
vepour phease rcections; tho usunl conditions imvolved cobalt catalysts
Suspended in toluenc in which the olefino would dissolve,  Tho bulk of
his work had been dong in suell autoclaves, but hs had usod various typos
of suiall scelc roactors and he praaised to 8upply us with noro dotoilea
infernation and skctchaos, Ho hintecd that 1if wo werc interested in
developing the OZO-roaction wo should find it nost comvenicnt and
oconadeal to start up plant at Holten (noking use of his know=how),

(¢)  Scopa of Roacticn

scsides the usuel hydrccarbon solvents, Roolen statod that tho
rcaction could bo carried cut in watcr, ot least in the ceso of cthylene
where he quotod a product consisting of o 3=L4,” solution of propionnldohyde,
the yicld being 70-80;. under the bost conditions, He nainteined th-t 70-80s
yiclds could be obtained Wwith nost olefines, A yicld of only 4O butanols
frou propylcne with by-prcluct C -08 alechols and hizher aleohol csters was
quoted to him.  He considoro&‘t%at this 1ow yicld was duc to oporation
under non-Optimexconditions; probably in attcupting to get the alechol
in one stagc frog the olefine, For cxample, in neking n=propaonol fron
¢thylene in one operation, 4O, ethanc is produced as a by-product. He
preferred two-styye operation throush the alichyde., He did not know why
the Italians wero buillin: a larze plant for propionaldchyde using: the 0X0
EFOCCSse  He had not dono rmch work YN propeanc es it was not available,

4skel sbout the relative ancunts of isqaeric aldchydes fortied
froa a given tlcfine, Roclen statod that thcy were roughly equal, He
il not think they were affocton by pressurc in the siill rangc he hod
studicd, Ho s2id that coaplex 2olecules wero rclatively unroactivae,
probobly Cuc to stepic hindrance,  0lefines proparcd by polyuacrising
olcf'ines with Alclj react with only half the Co/Hp carresponding to the
Qouble bonds rresent, Soac terpene hydrocarbons dil not roact as oxpoctod
though linoncne (dipontono) roacted sioothly,  There worc othor rcactions
With which he would Supply us, Tho long list of substituted olcfinos
sivon in USP.2327066 had been included for patent purposes,  Theo wark
had been cdong by an assistant an1 Roclen did not rocolloct tho results; hao
thought that CO/H2 Wwas absorbed but that the products had not boen thoroughly
Cxailinod,

Tho Cg alcohol had beon nnde from diiscbutylenc (sourco ?); tho
I.G. had oxaninga SLdlar alechols for plasticisor intermediatos. Roolon
showvod little knawledge of Reppo's wark on CO roactions, 4s8kod his vigws
°n oporation at higher pressuros, c.g. 1000 ats., he thought this would
only be helpful in noking unroactiva olofines rospond,
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Detoerents
R e iy

Roclen cxplained that the Holten factery of the 0X0-Gescllschaft
was croctod to ke deterpents fro, the priery alcohols ;ndc fren Fischer-
Tropsch Cy7-Cy7 olofines only after the rwst carcful calculeations had shovm
that dircct suthonation of these olofines was loss alventagoous, He
thought that this was bocause tho olefinec sulphonates were infcrior
deterpents, Ho praiised to supply a history of the OXO-plant at Holten
with o flow-shcet, He 2iein suggestod that this rlent could ba used
&3 the nuclews for further developriont,

In the process, the olefines wero fractionatod ot least to two
f10leculer 81zes 50 that the alcohcls furiied coull be soperated fro. the
aasocintod saturnted hydroerrbons,  The aleoh.la would be cbtained better
thrn 98. puro (calculetod on =0H groups) anl had outlots in other ficlds
thon detergonts, Ce5e for plasticiscr interiediatoes,

He understsod the washin: propertics of the sulphates fron the
0XO-2lcohols werc at lcast as §o« a8 the sulphates from the C
saturated or Ci1g unsaturated straight chain rrivacy alcohols derived fra,
netural fats and the wetting propertics wore bettor,  The physical form
of the finl product wos not qQuitc the sriic anl Hunkel had hed to ocarry
out & littlo work to solve pecking problars, :

The interncliate €12 = C3s aldchydes had also boen oxidiscd
to fatty acids; thoso vers better woshing: egents (on cotton ?) thon the
sulphatos fro.. the &lcohols, but were cLteinod in so.iewhat lower yicld,
In recacting CO/Hy with tho olefine, suic dinor was forniod which was split
on hylrosunation but not on cxidation, The yicld of alevohol on olcfing
wns 859, The 2ilers were of considerable intcrest as toxtile essistants,
Lut only s;i711 g~ yles had beon oxesined an: he Jid not know Ly whaoi and
four what, They were nct cployed to ke wax o ulsions, The Actorgents
had been assessed by Henkel, I,G, and Sohie, Roalen obviwusly Gid not
know mwuch of this sidc of the work but he sentioned that he had heard of a
So=-called "super 50z, " of which the course of the war hal jrevonted
duvelonont,

The olefines obtainod by cracking paraffin wax worc also suitabla

for nnking detergents via tho 0XO=synthosis, Thoso latter had a disagrocablo

vdour which Roelen Feund could be renoved by drying in air ot 140°C for
Scvorel hours in a finely divided foriw

Roclen was not awero of the IG work on alkyl jphenols frop
C1o vlcfinges, He know that they drow diescl ©il frections fron Fischor-
Tropsch plants other than thoso of Ruhr-Chaie for their ilarsol proccss,

’

Fischer-Tro sch Frecoss

(a) Cat~lysts

Roclon would s o ly & Jocuuent explaining why iron was oedo; ted
in placo of edbnlt fop the nodiuw pressure Fischor-Tropsch process. e
oxplained that our varticular intcrest wes its usc for olcfine synthesis.
This Jdocwicnt would also dcal with the substitution of soiwe of tho THOp by
170 in Fischar~Tropsch catarysts, « detailod cagperison had boon rndo in
Schwardzheide (cast of the Z1bc) of iron vs. clbult in the comvontional
Fischor-I'ropsch process by the firiis intarostel (Ruhr=Cheixic, Lurgi, Fuol
Resonrch - iulhein=Ruhr, Rhoin Precusscn, I1.G.) TI.G. had beon doveloping
a heavy fuscd iron crtalyst but this had not boon token on to tho large
scalc., The o.dvant:kgos were (1) no cobalt roquirad; (ii) littlo ncthanation
(iii) better control over i), Tho inin drawback was incroasod Coo
forantion,
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Dircet Alechol Synthosis

In tho courso of the work in displacing cobalt by iron, during

which ho had oxadnel ovor & thousand cetalysts,
that certein iron catalysts gave nainly alcohols,
conditions, ovor 707 oxygenatod caipounds were
Hich prossuro was not ossontiel, nost of tho

ats., although thore is scro infarintion
Conditions of ieking the catalysts

caup.csition,
of prinary alcohuls over the whole ranga,

(was this the yicld?),
work apporently bein: done ot 10-15
thet 200 ats. hes olso beon usod,
worce nore iaportant than catelyst
nwthanol anl consisted

ebout 105 1ncthano on CO/Mp roacted wes formad,
‘Roelen would supply us with dotails of

worked on & very small scale,
this work,

Rescarch Backyround

(8)

Staff

Roclen was in chergo of Co-

rasearch for Ruhr-=Chciiie, having a

a total staff, including girl assistants, of 140,

Ruhr-Chonie and 1,6,
= to exploit the
of Henkel, "Chono" was transforned into the "0XO Gesollschaft",

discovery of tho O0XO-roaction,
financial Copany - "Cherio"

He wes not aware of tho I.G.
fused with their higher alcohol synthcsis

Roolen had discovored
Undor tho best
tresent in the yproduct

Tho product contains little
Only
only boen

This procoss had

"Synol" process which he con-
based on nothancl,

hycrogenation and OXO-reaction

Staff of 8-10 graduste chaiidists and

Shortly after his
fortied a puroly

¥ith the inclusion
This

procaoss,

Coupany was farnod solcly to immnufacture alcohols far detargents and diq

not have a raoscarch steff,

- Roclen continued with Ruhr~Cha:iic,

Hockel -
Blckner -
Hauscn -
Landgraf -
Loike -
Schenk -

Lendgraf subsoquontly was

Liben

-—
Foisst -3
Schaller --o
Schuffo «-3

nade 0XO-Plant {anager,
following chanists worked with Roclen,
to tho Opcrating side of Ruhr-Cheizio,

his staff consisting of ;=

catalysts

analysis

0X0-praxducts

0X0O-synthesis
"

CO-hydrogenation

In addition, tho
but subsoguontly wore transforrod

vaxocs
sulphur rcnoval

catalyst manufacturc

Lain Fischcr-TrOpsch synthesis plant,

Other individuals of Ruhr-Cho.do stafr arc as undorg-

Gerkl -
Hartwig -
Heger -
Horke-Starke
Kolling T-
Krilcer -
Nobelling
Rottig -
Strbtgon -
Volde -

Von /sboth

catalyst nwnufactura
instrunonts

Fischer synthesis
analysis

lydrocarbon distillation
Synthosis laborataory
Synthesis plant
catalytic cracking
Rocards and docuuonts
Synthesis laboratary
Dusigner of Italian 0XO-plant



possible,  Tho bulk of the work wes donc on Clo - C2p olcfines,
camprising investigation of raw moaterials and 8cparation of tho product,
Much work wes also done on design data for the 0XO-plant, design of
Which was startod hurriedly,

Not a grcat dcal of work was corriod out on catalysts, sinco
tho standard Fischer-Tropsch catalyst wes satisfectary and was aveilable

tho Fischer-Tropsch catalyst rocovery plant,

A good doel of roscarch wns done on sourcos of olofinos,
Those obtaincd from tho eracking of wox end hoavy Fischcr-Tropsch oils
"WOro more branched then those synthosiscd, and olofines from the modiune-
Prossurc rocycling Process wore preferred,

Resoorch was alse donc in conncetion with tho Italian plant
to produce Propionaldchyde, but the Ruhr-Chenio/1.q, split is not cloor,

Roelen investigated Gasol (03 + Cp olofinc-poraffin mixturo)
polymerisod olefines, olcic acid, cyclopcntaﬁicno, octones cte,, but
his information Was Sscanty,

4 good doal of hig offort had crperontly been put into the
dovelopuent of the iron catalyst for Fischor-TrOpsch synthosis, Hq
was rother voguo sbout the diroet alcohels synthosis rosoarch,

In genoral, ¢ng iuprossion was eroated that ho is lcss
oxponsive when talking about the Toscarch sidc,

(c) Apparatus

4B well as the lerge number of suall 50 ml, autoclaves, ho had
throe or four Somi-continuous units consisting of Jackottod tubos (hot
¥ater cooling) which werg gradually filled with reaction liquig, CO/H,
being passaod through continuously, Thesc warc up to 15-20 cm, in
dicmcter ang 2=3 mctros high, .

Ha had aboyt 8 units which h¢ hag usod for the diract alcohol
8ynthosis, Oparating at 10-15 ats, ana carrying up to 5 1ts, of catalyst,

Sovoral stirreq autoclaves up to 15 1lts, Capacity ana diroctly
gas~fired worc available,

] Ho had dong 3omo work at 1000 ats,, but was Vory wvaguo as to
its nature, Hg had howovor threc Hofar typu canprossars,



It apperred thot the scid-tuchnical oquipnent was vory floxiblo
end no infornetion wos cbteined of eny sustained offort along tho lincs
of devcloping continuous working, Tho dcveloprent of o continuous
0XO=-procass wos lorgely in tho honds of I.G, et Ludwigshafen and Leuna,
Tho Louna work was on 2 large oxporinontal scrleo end & lergo pilot plant
epperently was wltimetcly opurated on o continuous besis, Pilot plants
hs knew of for the OXO-synthesis woro;-

1) Holten (Ruhr-Chcria).

2) 4 large unit (10,000 t/yr.) ot Holton, not yot opuratod.

3} Soveral units at Ludwigshefen (I.G. ).

4) 4 lergo unit at Lucna usod s a rosearch pilot plant (I,G.).

5‘ ALction

Dr, Roo;‘dn would supply us with tho following accountsi-

Typas of apporatus usod in tho OXO-synthesis, with skotchos,
Exaiples of unroactive olefines and steric hindrenca,
History of thc OXO-procoss and plent flowshoot,

iron catalysts for thc Fischer-Tropsch nediua prossuro
synthosis, with spccial roforonce to olofino synthosis,
.Dotails of tho dircet alcochols synthosis,
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R.F., Goldstcin
¥F.F. Snowdon

5/1/46.
YRESENT: Dr, VW, Baird - uanchostor
Dr. R.F. Goldstcin - P.C.R. 20/12/45
# Dr., F.F. Snowdon - Billinghan

Dr. F.F. Snowdon Billinghom 21/12/45



