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1ur:|.ng October 1945, AL the reauest o the lﬁiiistry o Fuel‘v va.nd
i’over he was 'brought to I.éndon on November»_jth for interrogatlon. ‘
‘ , Detaﬂ;s of his professional career as supnlled by

Roelen himselr are ga.ven in Appendix I., and o« chart sﬁowlng the—

chief who reported da.rect]y to. b:m
tion between these departments“was
heppened that heads of departments ]
the work of the othera. Although bas:.c resea.rch on

-toriesa i

,...ﬁ-:_ - L. fo

' , Roelents lmorl" dgev.,“i £ the
, llmited to. informat:m -

o ’* Hereafter ‘r







‘ propert:,es ar
, m&t‘eri’al ; w_‘e‘re

state a.nd car
contact

i Brabag; have apparent;;j ;
prepamng f:ne-puriflcatlon material which, th
a more porous granulﬁ.\ O

This cataly&t however had. a short 1if p
catalyst-wax prod.uctlon‘) and a h:n.‘gp_ methean
high cobalt density. _ Roelen' 3 t

cake- (see later). .



,T product, 'Rastgur ‘
1 60 to 1oo g./.L

“cob: w1: den31ty. But 11; gave more.

.jon a:ccount of 11;3 greater poros:.ty. »




Although other materlals had' 'been %

none even aporoachea la.eselguhr in sulta'b:.hty .

The cata.lyst should 'be "p:

st Manufacture.

sodium carbonate solut:.on, at a tempera.ture of -not
and preferably at the boiling point, ~The concentrations of the
solutions used are not critical but mﬂt neo
Co, Mg, and Th is very 1mporta.nt. - The. :
during or immediately after the precipltatlo
are designed to give the maximum. of ‘disorder
catalyst mass "because this has begn shown ;--experment
beneficial.  Roelen did not know the.;" ccess: of
preclpitat:.on nor the-
and promised to find thx.se.-;flgures
poisons cobalt catelysts, the water used. for wash

-catalyst must be free from-caleium.

30/o dust, but *as )'_h;\.s a-ustg st:.lr_ 'mam



'e;ng suffl
el structﬁre.wg‘

qylinder

e ca alystwagaznst the walls bf thg qylinder. —wThis proce&u_
3¢ ‘”“ﬁ\#ﬁﬂ%) of- dust ‘and-a better shape of- .
' g ‘e extruded thread.,, The

'”ed immsdlately 4into the *
th&t ‘otherwise it did
 ' to the conversion of -




oxygen contaiy
and : (‘111‘) 'for t

results ‘than extreme values of el ther.
for 2 very long time at & very low temperature

active eata.,.yst“s had veduct*on value '
tephnical scale catalysts 55 = 65+ \But actlv catelysts ha
| ebtalned with red\lz,ctlon values varylng




1o cobal ugh”o”ut the mass of magne31a
su'b-division of ‘the cobalt and will make
Amilar € of mixed crystal structuf'e
1u;ovm for a:nmonia synthesis”




which made sjnaln]y nqui; 9
~considered Tess actives
started at ca.185°ch

at hlghgr temperatures, whlch 1s very d1
produc@zon is to be av01ded. : Roelen thought tha,
that such cobalt uatalysts could be obtained,.
~further: xnvestlgations of Cos~Mn: ke guhr

high activity at 16w temperatures (16500.),

w1th or. w1thout the add1t10n-o th‘r;um




€ xt -raétlon w:.th o»solverts '
temperature or therqabouts,
'a:r_‘gely restored._ ‘Some " -

e

f Y Sulphtn'.
ole Or-""l‘n part, 'by ‘treatment m.th hydrogen at the

T z

‘ 'of,i_:_f‘_axv:l;s most pronounced foﬁ Go ThOz._

‘of 8. given comfaos:.t.gon the
of wax’ varles w:Lth—the ouall‘ty

He one ‘or
et béen reéached i+



the synthesis temperature,*
normel hydrogen and:solvent
This csn be removed by treatnent,;.
400°C,, using a high'gas rate,..
temperature must. hﬁ'"f"\ry.. . be
“Prom synthesis teaperature 1o .
the wax.decomposes tc rive- car
—x:eactive*&tate_todrea ct with
"Dry Regenerat:.on' and. had:b e
laboraﬁgg[ but. had: not yet been Arie

(b) Sulphur, This is tmaoubtedly @ magor cause:
deterioration but Roelen had not tried to. find ‘t:hev
which could be dealt with by thé-catalyst. before actli :
to s level too low for further-use. It was known that/s al;

low activity was mzt out of action by a smeller ‘emount. of : sulphur
"than a more active catalyst.  TRoelen thought that flgures were . :
available &t~ Holten for the sulphur content of spent catalysts ana .
rthat an e:mnination of these flgures mlght be of 1nterest g »The

deterloration, Roelen could give no*’opinlon as to whei:hen~ the SN
reduction of the-thoris content nede the Cos Th02. Mgo th& r‘atalyst
less resmtant tha.n the co ThO2: Kegw catalyst. k

.Asked about the DOSSlblllty of. 1ncreasa.ng the vrevsmtance

another purpose he had not examlned them for 're

. L.
v d

account alone, t»—resfores a) larcrn v)art -=of- th

(e) Car'bon. Roelen consa.dered ’cnat :’the» ‘forf
carbon on the catalyst played irmort

0.



~ {This d_oes xio, prove that si rbernrg would not

:}nthes:. 3:-had been going: ‘on durlng that ueriod)

y of dry. .egeneratlon ‘however
ods at Z|.00°C. | the loss of_‘_ act1v1ty due to-

alyst;: R bécomes less
U*v'!go the s:.ntermg.




but mny occur in’ ,a mql tub
in-a ama—ll number‘ of the tu'bes.

‘but was expensive and la.borlous.
impregnation with wax had been tried an
the further advantage of renderlng the
easily transportable. - :

(b) Deposition of carbon on the catalyst up to a content of about ,
1% by the decompout:.on of" oarbon :nonox:.de. This ‘_uppr ed methane

(d) Starting a fresh catslyst in the )
practlcally‘ eq_uiv&lent to (c) ) wgs us;

11atter pro_cedure gave an :mnned:.ate greéul bu
,ox:n.datn.on of the ‘cobalt. .-




} j whezfeas for medlwn-presfsure et
B ry chff ent conditidns, the catalys




ﬂVOCPSSs"r-Thp'cata*yqt o ‘00t
onera.tlonal rlsks were. greater_‘

used as the 1ncreased nronortion of ca.rbon monoxide requlres very .
accurate tenperature control to e.void the nossm‘o:.ll A
den081tlon. ~

Roelen thought tha.t s.ccurate resul'
when runn:r.ng snall—-scale recycle (experme 3o

1eaks.

catelyst offcoanosltion Co'. 100*@Mgor15"k1es
plated for recyele running; Roelen seid that
about. this but thought it might be possible.
of 20, Og - C40 &lechols in' the product: an ove
ariiman stlmate would have been 5 - 1

5 Gxneral Con51der&t10ns.*







'L'i.censees.. Althoughdt, was realzzed that the subject wasl R
outside Roelen's.particuler field; he was questioned a
main features of the Fischer-‘l‘ropsch plants inf th

dlffa.cult:.es. Each charge of‘ catalyst". was’

period (4 = 5 months) regardless of activity

catalyst costs ‘but. gave. a more: uniform:

~plant had its own; catalyst factory, whi'" 1, - bei
imp













a browncolour dﬁ.e to the p‘

was better “than most soaps

successful.. Roelen's view was- that the 'reaction giving
might be isolated from the: hydrocarbon—synthesxs reaction, as he had
already done with the OXO-reaction which was originally cons:.dered
-to -take place only as a_side react:.on d.ur:.ng synthes:.s. : :

' 1. G, had clamed the_ d:l.rect syn:thes:.s of fatty ac:.ds
from a gas mlxture (1dent:|.ty fiot dlsclosed to. Roelen) at Imdw::.gshafen.,

Alcohols. - A cons:.derable proporblon of thf: alcohols produced in the
reaction is found in the reaction water and these. alcohols can be"
“obtained in‘a concentrated aqueous -solutn.on by d:.st:.lllng them off
w:.th ‘about -10% of the water. ‘Phe upin constituent is ethsnol but :
‘the amount produced from the cobaltr ca.talyst proces :1.s not of

£ teohm.cal 1nterest. _ : i

:mcreased. y:.eldo :
of alcohols usmg a cobalt ,-catalys




;.‘,. Omdatlon of wax ‘w:rbh air - A
‘ 2 Omdatlon of. wax. w:.th chromlc ac:.d

)’ Fusn.on of alcoho*s w:.th alkali hydrondes .
) Electrochemcal ondat:.on. :

: *R" éhem:.e— had discussed the va.mous metheds with I G
and Henlcel et. Cie, and there was general agreéemént that none of the

methods was ‘sati sfactory, all were--1laborious and gave a low yield .
of the acids most in demand.. The development of the processes we.s
largely o.etermned by.the war situation snd it must ‘be remembered -
that development in the future mll e cond:.tloned by*o'ther .

cons:.deratn.ons. . ‘Roelen thought that syntheﬁc fats would never |

_yfats as-food as the former have a considerable -
icontent of ‘bran ed-chain acld.s, and  contain. the odd numbered carbon.
J : : tura.l even nwnberei onea, desp:.te the




but Mrklsche Se:.fe'm.ndustrn.e"cl
(by a metb.od unknown to Rcelen)

R The chromic ac:xd ox:.da
by Dr. Velde of Ruhrchemie, was

tecmncau.y, “to oxideation us:mg o_
sulphumc acido e This latter pro

but Roelen believed that Velde wa,
1ong-chain acids (C>20) were
‘acids which Velde believed to
opin:.on that they contained cons:.de
matemal, so that no deduction as ‘tw heir molecular w
" be made from their ao:.d numbers. ' ‘He'had made up & s

mixture of hard wax and Cq2 fatty acid (prepared from fo).C¢
—wh-ich—‘lelde rega.rded as a typ:.cal O.P. yroduct. L

'allcalis. The process glve&a good clean pr“ "duct
A 1arge—scale plant at Dessau operated thi"
us:.ng naturally-occurr:.ng alcohols d“erl

‘I‘he productlon of ac:.ds from the;_:-O
was" easily effected by treatment 'm.th air ;at{ oo
- presence of alkeli (Cs0 or Napf03)e- 11
‘obtained by this ‘wethod can ‘be remove
- with hot air., - One advantege of deriving wa
the OXO-process is the choice available betw en

' oxidation of the aldehydes to the fatty acids, ar
alcohols, prepared by rediuection to ‘the-alc
sulphuric ‘acid.  The sulpl ﬁon&t’gd'alddﬁq_

 power per hydrocarbon unlﬁ ST

by electrochem:.cal methods.

o




+the— A'L'a‘t::m":1:rr—WhIc.zirr‘bh:e—l':y&r“c;gen-%r=
a.nd carbon mononde have reacted expres§ed as\Hz/GO. |

J

3% '&—mueh—more mportant for My-to be sma?..{—ané.—}{—ee—have—
a. sultable value, 1 or greater, than for U to be high, although '~ _-
naturally U shou.ld oe 4§ high ‘as-possible. The reason for this- is
thet, if My and X are rlght, U can be increased to any desiréd
amount by adding further sta.ges, whereas if X is unsuitable.such
tages ca:anot be added, and 1f Mv is la.rge s_wfnthesa.s gas is wasted.

- Developm ; tfsf on ‘the 11nes 1nd1cated above 1.e. s low-
temperature v.ned:.um pressure -synthesis, were. tested by an officiel
' t, (the Relchsamtversuch) in 19&.3 at Ruhland-

guhr \50. It gave U =5 2, Mv = 3.9
-:aof produots /m5 was compar&t:.vely “low,
-'J.ron content was h:.gh sz_nce the




'Roelci; the most actzve ma.d
(Emerhent 595). This hﬁa.

‘the seme compcsiticn.’ " He had
‘than 30 parts per 190
considered—thet-large-seale
“Tower kie: eselguhr contents.

. The. ld.egelg\mr used Tor iron. catalysts was. the ‘same-as.for
cobalt,. and no attémpt had been made to select kieselguhrs specially
auitable for iron catalysts. o

L

. : Roelen had tried many 1ron catalysts a.nd’;alt_hough 1t was }
known that variations in ‘the Ga0 and Cu content:-of the catalyst
affected the results; and in »part::.cular X, research had: latterl,y
‘been restr:.cted to catalysts with the basic ratio: :
Ca0 10,86 that the influence of the other yar:.ab;
investigated first. The effect of, some of-these
‘then discussed. . Increa.sing—the .amount . of. al
catalyst act:.vity and the average molec' ar 4 e:.gh

found ‘by Pichler at the K.W.I_,,
pre-treat'nent with. water-ge. i
described by the K.W.I.
gas. vn.th m.trogen
-atm. at a total p

working;cculd be use
8&15. calculat:.on would give:;




Value wa.s
Jysts as :m the cage of cobalt, Roelen
f the de nation wes low and a thorough,
‘ - had not-been carriediouts - It had ‘been found that
too much reductmn :m(n'easea methane prodnct:.on and” decreased
aotlv:.ty in gen_ea:'al. A spec:.al tmal was rea.lly needed for each
iron catalyst wmade. | B Vo

asked-specifically whether a Reducﬁion

When asked, Roelen said. tha.t iron cate.lysts were much
‘more - d:.fﬁeul% to reproduce. - Good, Treproducibility was obtained
for dlfferent batches if 11 the steps were decided in ad*vance _and
.a.dhered to stric‘bly,_ but ‘there were more factors requiring g:'ea.t
' alt. - In adaltlon, the differences th{d; might =
led and wnnoticed variations in the experi-
“forthe” preparatn.on ‘were sometimes as g;reat as
sted from a- deliberate variationm in the chemlcal .
_:_'s;_"_‘._;.' This ;Ls a result of the extreme

——— Z

ic me: uals had_been cons:.dere&. by
re. impossible (1ron being

ed ‘catal rsts were %riﬁ‘énd
gh i1 hane productlon.

the ‘use. of- synthesis 3&8 B
het he regar&ed th:.g ¥




‘ Fz.nally, :Lt may be mentloned
, saud that med:.um-pressure ‘synthesis wi:
2-5% alkali: resembles synthesis wit
'_‘mnounts of CO2. ~ ‘Such oobalt catal' st'

'-Pmductso Iron catalysts ere- remarkable n roduc:.ng 8.

—%Haeua%—ef—e%m—ﬂbhanwobaw—ﬂt“
amounts of methane and-ethane are-obtain
yields of wax (excepting.cobalt-mangsn
J.arger amounts of branched—chaln hydrocarbon'

Roelen suggested comparatlve ﬁgures' for the hard wax

i.e. material b.p. ) 450°C. would be:~- normaL-pressure cobalt 3o,
medium-pressure cobalt 25%, iron SO;a of the total product. . He

_thought that substantially the se g of ; 5 i1d be

obtained by the oxidation c:f' wax from iron catalysts as from cobalt.
He could suggest no figure for the proportlon 'of branched~-chain

_hydirocarbons present .in iron-catalyst wax, The presence of ox.ygen-
compounds mede the 1ron-catalyst waxes more plastic and more’ similar
in properties to natural ceresin, but they had not_been tested, as
f‘a.r as h.e knew, ~for mdustrn.al purposes. -

Forma.tlon of Oggen Comncunds. It was origlna.lly thought that the
high proportion &f oxygen compounds in iron-»catalyat products was
connected with the presence .in the catalyst of cerium, vanadium

" etc., wh:.ch -are known oxygen carriers, but later catalysrto which'
‘did fiot contain these metals, were f‘ound to give & high yield ofis-
oxygen compounds, Ruhrchemie. had not 1nvestlgated the productlon _
of oxygen eompounds systematically and the factors affectlng it

‘were not fully known. - For catalysts with the compomtmn_Fe 100:
Cu 5: Ca0 10: kieselguhr 50 precipitation with pota
favours the productlon of oxygen compounds. e

: As an instance of‘ the résults 'which ‘coul
Roelen_gave an_ account qf 1;he follom.ng € ;
Append:x.x v:) - AR

‘compositlon Fe 100- Cu 5. CaO 01_ H
with sodium carbonate, and. alkallge




, s’,18%, but
..6%‘ w:Lth a rapid

 this experiment.w
mpounds._in the_iiracj:. _n_,fboz.lmg below 200 G., 72% in

| » but_the' cl - over to methane formatlon he é.ttrlbuted to |
the low k:.eselgubr content. ,

When asked Roelen sald. that cermm and ve.na.d::.um n:.tg,bt be .

ther—the- pro&uewtecen -of -oxygen=- .
~compoumis _mth these new- iron. catalysts. . He-was not_ sure of the
structure of the alcohols cBisined from iron catalyst but his .
opinion baged on their melting po:mts was ‘that they were nainly nr:.mary,
alcohols wrth a f'alrly h:l.gh prooortlon of‘ branched-chaln comnounds. -

4

The effect of aressure on oxygen compound nrodue%a,on was
not in accordsamce with Flsc?Eér s original suggestlon that high’
pressure favoured. tlﬂelr formatlon. Over the range 10 - 100" atmos-
pheres the maximum oxygen content haed been found for 20 atmspheres.
At “one atmosphere pressure iron cata;lysts give e high olefine

“content But practically no oXygen compoundsi- formation of the. la'tter
_begins at about 5 stmospheres: . a4t at:nosphem.c pressure one iron
catalyst (Catalyst 21&1, Appendix VII) had givén 84% of olefines in
the fraction of product Boiling 200 - 320°C.. on. the laboratory '
scale, th:.s ..was not 'eproduced on-the. 50 litre: scale, however, when

' he heavy 011 was only 52,@. (The dlffe;:ence, '

L%

nedbefore y the absence Qf’



- difficulties ‘on the
~ the content of "ferrou
_ Ruhrchemie might have.: igater
-between the results obt d by tI
those of Runrchemie with ferric catalys
fundamental. No comparative expériment
Roelen considered that ferrous iron geve silic

.

I.G. Ferbenindustrie 4.G. . Roelen had
‘Process, and could not remember the ~compositio i mp~
versuch catalyst. -He knew, however, that it bad a-very high iron

density, and gave so high a conversion {0 carbon-dioxide that—~—
practically no ¢arbon monoxide was left in the residual. gas. He had
seen the 100: 1 recycle process in its early stages and considered it
“a promising development, especially for the production of olefines of
)low molecular weight, The catalyst bed used was 1 - 2'm.~across.

‘Roelen agreed.that the method of heat dissipation was attractive, but

DO O 2

pointed out that the ci.emicdl éngineering difficulties,” the large
size of the gas blowers end their heat insulaticn, the .Separation of
the products from large volumes of hot gas etc., would have an
adverse effect on the economics of the process. . He-was .of the
opinion that the high octane number claimed for the products was .
mainly due to the high olefine content, but was prepared to accept ..
the 1,6, claim that ise-hydrocerbons were formed: ~ ~The formation of
iso~compounds under similar. been claimed by Fischer
-at a secret conference in 1939-40, . T e

conditions had

lurgi.  Roelen thought that there was little difference
between aluninium oxide as uséd by Iurgi and lime as
Ruhrchenie as an iron catalyst promoter, -
with lime partly from the patent stan
of the variables constant.  Roele
whether Lurgl or Ruhrchenie we i
iron catalysts, but'the-Reichss .
‘ greatj@__i?}er_gnoé‘in the performance

7T Roelen statéd ¥ ‘
‘their catalysts in pla
vaber-glass decreased met :
utilisation ratio X, and also t
alkali out of the cata

~had made-Soéme trials in W ch the presen




had been 'tm.ed 'but was probably only one’ of several l:l.nes of'
development. : calcmmacarbonate was.. onlgmall,w added .as. solld, —but

wae later prec:.p:.tated. ‘Powdered dolomite-was also tried. ~The .
catalysts were usually rediced with: hydrogen but Roelen thought the ‘
-use of water_gas pretreatment wes being, 1nvest1gated.

eiiarza

Roelen~gave ‘some dataTor the P.he:mpreussen ca.te.lyst used
in the ﬁrst ‘Reichsemtversuch but he did not know its compos:.tlon. :
The—catalys‘b was-difficult to "run-in". ' and four attempts- hed to be
made before- satlsfactory results were obta:me?f. _Total conversion
“(U) vas‘58.8%, My-was 7.4 and the_ ' 1.09, the
'the highest value recoraed in the first Relchsamtver-
such, but. lower‘ than theat given by Rﬁhrchem:,e 's catalyst in the '
) second Reichsamtversuéh. e | = - ‘

\ ée'pretreatment (though .
d) followed by a reduct:.on |

sked whether he t ought
5 n for ‘a new teck ical-scale
ice: offl'r:’d'tiailtﬁ’violﬂd;.»..’be' |




_tactory a.t Ho].‘ten an a thereforﬁ"':"

purlty of the const::.tuents, bu
preparatlon requiring cares ...
“that a wide variation in operatxng condi;
is possible. . This flexibility.is to”sor
difficulty where a. def'lm.te product of con:
desired, 4s Roelen put 1t, "uaon cataly_s
;of‘ their v:.rtues"

;(& less pure kleselguhr m:x.ght however, be used, aAs Athe.v:.mp, ari
e.g. Fe;- -

. - It wasg :mtended to regenerate iron. catalysts by a wet
process, . which would dissolve the coppér aend 80 per cent. of the
iron, using dilute nitric acid, but the process had not been fully .
worked out, particularly from the point of view of the impurities
likely to be present (Al, Fb etec.), but no gréat difficulties were
expected. = The regeneration would be worthwhile for the sake of the
. copper, and also for the ease of solution of most of the iron in the
finely divided state. Solution of ‘the last 205, .of the iron would
orobably be uneconomice. It wes also proposed to recover- the e
calcium. . - The use of water-gas- pretreatment 1nsteaa of hydrogen
reductlon would further cheapen iron cata.lysts as compared with
cobalt. S ‘ - ._ o L e

._I:con Catalyst Atmospheric-Préssure Synthesis.  Attempts were also
made to produce an iron catalyst which would work at. atmospheric. -
_pressure and at a sufficiently low temperature- to be used An the,
atmospherlc-pressure Dlants 1nstead oi‘“ cobalt"cataly

conditions but X was a.Lways%ee—&ew—on—ace
~of -C02.  One of the better of such cata.ly'
Fe 100: Cu 5: Cald 10: k:.eselguhr 100 ‘
Roelen could not remember the exact deta:.ls ‘of
When reduced with hydrogen this cata.Lyst gave
but pretreatuent with water-gas Alprove I
Synthesis began at 140°C. and U was about--5 L
and the products had a low bo:l.llng ra.nge
1 had not been obtained at a’c.aospherz.c pres
opinion that atmospherlc-pressme dron catal:
‘pointed out that it might be d:.ff:x.cult to. dev
glve satlsfactory values' for: U, Mv and X.




moved as vanour.

Us:mg a. cobalt caTtaIyst at atmosgherlc pressure ’ conversmn
5 and ~iron ca‘bﬁystrat—atmosphenc pressure needed ‘
stlrr:mg to give as high an ocutput as in vapour-phase

3.. " With nressures of 10 atm., the results were as good as
f.'Or ord:.nary synthes:LS. The catalyst had as long a life and the

mrpoor,.
mechamc

plant could be—run for months.m.thout trouble.

= "
n‘ catalysts 0

f—7

f nonnal co&:posit:.on, at 21&0 C., _and




: Us:mg a

iut111sation rat:. :
‘Aﬂd:.t:.on oft ac:.ds
“effect wore off ‘as ;the
found a suitable acid wa
“was not destroyed wnder the synthesis

could be added ab sol:z.ds and chang

the amounts added. : :

‘ Evacua.t:.on of tE oﬂ. mthdr_
had shown that car‘bon monox:.de was- mor
ratio of the gases 1n the llqu:.d ph“e? i

this factor may be of :urg)ortanoe in ord
solubilltles in the oil f:x.lms are cons:.dered)
Asked. about metha.ne pre&uct::.on in 11qu1d-phase syntheeis%
Roelen ‘said that although it may have been lower than for ord:.nary
-synthesis in the past, more recent c&talysts would g:.ve a methane
production of less than 5% for ordinary synthes:.s,, i.eo approm.mately
the same as for ln.guld-phase synthesis. ‘ :

- Roelen had no. lmowledge of Rhempreussen liquld-phase .
synthesis developments and he did not think that circulation of the
oil and catalyst mixture as _praot:.se& by Bamag materlally affected
the fundamental reaction.

Iy
A

‘ A subject close}y related. to 11qu1d phase synthes:Le 1s the
use of an oil spray over a_fixed bed of catalyst to control the
t,.mperature and remove wax contlnuously ‘Roélen “said" that’ mvesti-
gations .of this Eene_mtermzpj:ed_by_bomblng before f'ee_' ts were.
available, “but it had been found.that the. catalyst gr:anule were.
robust  enough to allow oil spraying to be ‘used without: re «
down to give large auounts of dust, - Bra'bag had :
dewsxing in a laboratory (glass) react:.on tube,
thlnlc that any advantages were found. S

# Iso-SJnthesis

Roelen.said that he wanted to investi
) of the K.W.I. Iso-synthesis process bu
necessery. alloy steel or Iabour to
proposed to use a bath of. molten :
He felt that the feasibility of the ‘
~extent ‘on the development oi‘ a suitable




: ‘oo earfly;‘ 0——3udge _the‘_-k,_




Synthesis with Ruthenixm

‘The ruthemum catalyst develop
advantage of g:.ving a very low.
‘of higher h,ydrocarbons, temperature co
it might be possible to use a. s%mpler :
‘high yield of hard wax need not

long l:.fe a.nd shoul& be éas;r‘f to regen S

at the K'W'I" oﬁng to the 35”51%? of ruthen:.um. S

2 111001:00!' a.tion Of Acetllene- -. E — - C —“\ML_*‘;

. Roelen had ca.rrmed out some mvestlgatlons on the add:.t:.on
of. acetylene to the synthesis gas used for both cobalt and iron -
catalyst syntheeis. Using a cobalt catalyst- of composition Co. 100:
ThO2 5: YgO 8: kiesalguln' 200 w:mth 90% water-gas and f%.acﬂlene )

‘althcugh the total yield of proaucts was 1oW. .
the products with synthesis temperature were. stud:.ed. ‘ :
temperature decreased the yield of olefines and. in(n:-eased the yield :

of oxygenated compounas, while also’ increasing the yield of aloohola‘ '
at the expense of ala.ebydes. ) comparai:le figures were:- =

at 1 55000

et 170%. —

~—

at 18596ﬁ‘¢ 

e — Sp:,rxts w:’tth an octa.n
_.obtain SR



te "{-Roelen But was not
g rmed, as ur 8%-of—oxygen—co ¢ _‘__z:e—obi.amed,—_nth an
cleﬁne conten,; in -the spirit bu:r.ling below :1"55°cL of. aboul 50/




be ‘accounted for as follows, w:.thou.t the .
. (4i)s  Alkali can combine with carbon mono:x::.de _‘to giv
which then deoompoees to formic aciﬁ. t-h




Although Ruhrchem:.e op rated expermental plants
L

| ng: yst. 1/10 _filll-scale), the -
'bulk of the:.r pro ‘ ss development work was carried out in 51. -

converters.. .-The.reaction vessel and experimental arrangenents
used are: shown in Fn.gure 2. The react:x.on tu'be could be either

a ginglé or a double tube. - The thermo- 1lator opera.tmg a relay

_connected to.the electric: heater gave a; temperature variation of .
not more than * 0,39C.. .Spirit was ususlly collected in active
-~carbon;—~a—-large ‘excess being used, but refrlgeratlon waSs used ;.n

special cases. Direct ,condensat:v.on with a water spray was never
-used on-: the-p:.lot-plant ‘scale.- -~ The seme reaction vessel was used
for normal:snd i d,n,un-pressure work.a -At medium pressure only one
mput meter:' was us”'d_ f‘or ‘several plants, be:l.ng con.nected in“the gas

: 'utﬂre‘t mght be shut and.



the cata.lyst ,left under: pressure

of two workmen' in cha.rge of eight S5-litre 1
phase plant, who took one set of reading
active-cerbon. steaming e?.c., was. done_d‘ *in
more staff. was present. L o

- Laboratogx Scale.
—The-heating-

smtable sect:n.on to take four or'e:.ght g
éach with a cetalyst capacity of 50 ml. i
work-dmre was ;bhe“'teating.of the actui‘c :

'.l‘he design of appar&tu_ used

zontal to avm.d blockages ,due to dust or. swelling. o Tempe ,ture wes
regulated automatically to within # 0.5°C., and & seperate a;la.m,
set to ring a bell if the temperature rose .29 a.bove the vdes::.red
-value;—was Pitted to— ~failure o; i =
regulator due to changes in the electneity snpply or to- other
causes. Two hundred and fortyexperments could be: ‘carried. out -
 simultaneously, flow meters being used to measure the gas ratess

An accurate yield, calculated from the ges analyses, was. determined.

about once a week for each experiment. . Four assistants per shift

formed an adequate labour force, gas anaJ.yses were cm:.ed oul: :m a
H—separa:be J:a’borataxr - . . : :

Experiments at medim preasure were done in a simlar ‘
apparatua using -metal tubes~but the soale was slzghtly increaaed 'by
1ncreas:mg the -tubmamter. . _‘-;_

For analys:.s of the gaso], by low-temperattme
-a Podbielniak or similey type.of column was:a :
‘knew of no other way for the accura’te dete
an&mposxtionmf_the_gasol fraction,
liquid products many different coluimns ]
normally used for exact fractioqation
. and was fitted with-a vacuum - jackets
flask wes 100 ml. _ Roelen could gi no
efficn.ency. o

phur Est:.matlon. | 'I‘he p:.lot a.nd.v--labo :

plant. On the techm.caa. scal
per day, the ‘gas ‘belng burnt’ and ‘sulphur
had developed automat:.c sulphnr recorde
found them necessary ‘



;-;jacketed tube, of 10-litre capac:.ty, using
uid c! : ' (The des:.g; followed the lines of the
‘ N=EyR ‘ ' M - 'Iar;geﬁ90-htre
“capacity’ pla.nt with ‘a vert:.cal tu'be was also used, The lengl:h/
diameter ratlo for the tubular plants is not a-ltical. :

y In a.ll these cases the f:mely _pg/w&ered catalyst was kept
suspended dn: the liquld content;s of the autoclave either by shaking

or by the. ggs d.rculatlon. *__:T‘Eé ‘heat .evolved per unit volume of
Teaction sp: Space 1§ slightly greater than for. hydrocarbon Synthesis —

so that normally this ‘heat cannot- be removed by the .circulating gas,
although by using- a~frxed*'bed-of—cata3;ys ~in-a-more- compllcated
'apparatus I:G.. had had some -success: with this method of cooling. .~ ~~—~
_Rubrcheme had~investlgated the possibilities of catalysts ina -
fixed bed, with single passage of ‘gas, recirculation of .gas. circulat:.on
of, gas’ and liquid,etc..  The best method depended on % the olefine -~

: _1 ca:.ses cobalt is removed "rom the catalyst—- I Go

ree tha'E, the react:.on haé. to bf‘:done 1n--the
"nlefxnesn such as ethyléne‘“a Iiould




the__eatalygt_beieneJ ,
factors - olefine uaed,‘ 2

wbich wa.s removed by d:i.
‘complete conversion of ‘the ethylene th
propyl aldehyde, 20 - 25% ethane.: an 10 :
(propylL aldehyde polymers etc.)
catalyst, which Roelen thought’ cont'__
pumice as support, was meintaihed by the ‘addition o
of fatty acide to the :mgon.ng eter. S ok

toluene chogen as solvent because i
products. At the opt:.mtm temperatm_'
_for complete conversion of ethylene; 70 <-80% pro ":9‘ _alde,
other products. including-ethane, methyl- ethyl

ketone, . and 5% loss. ~ The reaction mixtur
:ordmary cobalt: thoria.-' ma.gnesiaf -k
toluene; this will give three times
complete loss in. act:l.v;ty. An ‘aceount
is gn:ven in Appendix VIII. ’ o

20 Catgxst. .Roelen's op:.m.o' was that: th
volved the formation of Iedbal
catelyst.  This was part:
catalyse the OXO-synthesis and it
hyairocarbonyls. It had been four
- duced in several forms and re
_Thus ‘¢obalt cerbonyl; prepare

~ all-olefines,: and fatty acid ‘salts

‘without' preliminary. re ¢
from the‘ cetalyst fa.ctory

‘necessary.was: used.



) u;ttMof_J.x:én_c_&r:quwl
ve sel) end eo_ntaminatea




case the: non-‘f

“sromatics. - .Co:
usually polymerme so ha
- compounds. L

gz Producte.

Since the CO s 'nay xjea?t Wi

X -olefme may. be either stra:._, }
mlxture of both, For propylen

products obteined was doubtful. o
branching present in the h,ydrocarb v ‘
position of the double bond.... Even- starting with a pure n- d-
olefine he could not say that any stra:.ght-cha:m aldehyde would be
formed. It had been found that cobalt carbonyl catalysed movement
of a double bond, and this is bound to happen dur:.ng the 0X0- ~ -
synthesis since cobalt ca.rbonyl is.present in large amounts. Ruhr-
chemie had not done much work on the actual’ constz.tutlon of the
products; their main concern was to get as- complete a convérsion to
aldehydes as possible, but from the properties of the aldehydes,

and the alcohols and acids derived from thém, :d‘. was known that a
high proportion of branched-chain compounds was present. S

_ In addition to the aldehydea the OXO-synthes:La ‘gives a
mixture of polymer:.sa.t:.on and condensation products as by-products,
which in Roelen's op:m:.on may prove to- haye techm.cal apphcatlons
(as solvents, plasticisers ete.) which. may. make them iore important
than the aldehydes themselves. : Ketones are also produced as by=
products.. The yield of d:.ethyl ketone made fro_m ethyl’ene‘ can 'be
increased by wor at a lower reaction temperat
had been unsuccessful in attempts to 1ncrease tneyleld- of ketones 4
from other olef:.nes. : : : ‘

-\A—.‘q

If the temperature was mweased b
~synthes1s a certain (small) suour
but the na-m~change was—the*pro uc
of the aldehydes* ‘Roelen said that thi
could be cerried out ‘with water
—them over a fixed cobalt catal
‘temperature of ca. 210°C., 1
alcohol only. No cobalt c
did not give the worka.ng press

200°C. because they had a less
Zife was at- least ‘1000 hours Wit




" The 0x0 alaehydea are digo yeadily reduced to alcohols.
These eeala be con‘ibine&" ‘ﬁth"‘fafty ac:ta.'s“(a‘lso derived from 0X0- -

cobalt present :Ln the prod.ucts act:.ng ’as a data.lyst. The esters—--
could be purified by vacuum distillstion if required. They had '
~ good lubricating. propertiea, the viscosity pole height being below 2,
‘and, due to. their predo ninantly branohed-cham structure, their

‘ settlng pom’c 3" were very low, i.e. of the order of =70 to -80°C.

_The esters prepared from acetic and h:n.gher ‘acids were also valuable
as solvents, plastlc:.sers etc. ,

Convers:.on of” the alcohols, in a- su:.table hydrocarbon -
alcohol mixture obtained by the OXO-process, to nitric acid esters
by tr eatment with nitric acid had given a Diesel oil with the -
ext’remely high cetane number of 280. -As*far as Roelen could
remember the Hitrate content was a'bout LO0%. This material was
tested for alrc:raﬁ: use and was being considered as a cold-starting

fuel. ' Iater,’ samples-were: made from iron-catalyst-synthesis
product w:.th a sultable alcohol content.

' matlon_‘ of products by aldol condensatlon of ‘the

‘ ons :|.n the f:l.eld of‘ Synthet:.c
ppé of I. G.T’ha& prepared '



Further I"nfomation.'

aakiN

During the course of‘ the mterrogatlon & cons:.derable o
nwaber of questions were asked which Roelen could not-answer. . Most
of these he thought he could deal with after his return. to Oberhausen-

Holten by consulting docuxnents avaa.lable there or. :l,ntemew:mg h'l.s
colleagues. o

Any adchtn.onal information which 1s rece:.ved in thls way
will be réported separately. . :



tant ,_latér constructed and wa.s in
expa':.mental plant. for F:Lscher.

6., Oberhausen. |
ge: of ‘the experimental Flscher-TropscL

45.



| Rubirchemie

: - Appendix I :
Organisation of Ruhrchemie

fortin |
e o ]

©

Bxperiment

‘ — 1T : .
I\}itroéen Plant . Main laboratory &

Fischer E ITramm“

B

PR

J Fiéche?é‘l‘rop sch. Pllant’ g

elen’

— ; e
Nitfogen iiain Laboratory ' =
“Plant |, Tram .,

i

. i Ruhrbenzin®-




: 'Expe T imental Pressuref ’
Plant i Da
gorks La'bora ozLy T
otks - Laboratory II|
Paraffin Oxida;:.on
Pla.nt s ;
Testihé Bench -

zi{.n Ober‘haueen G.m.b.H., founded 1942 (mrw 1ubri4ca}j “:‘;.,t_

*‘ Ruhr
' _la.nt in’ leourse of erection), .



(1)
the best cobalt catalysts w‘.
thoria as activator, prepare

laeselguhr In a.dd:.t:.on, cc

ce.talyst ‘at. such- lcw temperat"'
out in. the synthes:.s vessely:
successfully iX Holten in 193435 in’ reac1 atad: .
catalyst and with 400 m® gas throughput per hour. . Howe he
disadvantages of us:.ng copper with cobalt ‘were .found to ‘'outw ';Lgb the
“Tvanjages. Copper is one of those metels whlch tic y

it has never been possible to obtam catalysts conta:.hmg copper with
any length of life. - They had. already been abandoned in- 1935 ‘and as
far as it is poss:.'ble to say,- permanently (at-least as far as cobalt
is concerned) Another effect in the - same. d:rect:,on'\

effect of copper in f‘avourlng the Formation of high-molecular weight
hydrocarbons and hence the more rapld saturatlon of‘ the catalyst '
massmthwax. - e T

\ It is-on account of the. sn.nter:l.ng cf reduced cobalt that,
in the preparation of normal cobalt catalysts, the' balt s :
haveahto be carefully f'reed from copper (e.g. by mepns:ff’of metallic
cobalt) IR

The catalyst compcs:xt:.on taken over fro;_ I

1934 on the .sulta'bll:.ty of:this thor:_n.a cont
because it seemed to us ooss:.ble to.x ‘bt_a"* '

increase in the ectn.nty. At
the. k:.eselguhr content he.d _
was. observed e



.u‘sta‘.ir‘é resea.rches in th:l.s f:.eld, 'but
t of & few series of experiments.
d. a 'Holten Whlch showed that 1‘7&




view is supported 'by ma.n& o’bs -
with the 'bua.ld:.ng up of w&x on the s

Wlth—bOth the-more. flnely -4

"These differences can ’be explalned by say:mg tha ‘
lighter kleselgul'n', by giving a looser structure to -the- catalyst mass,
favours the movement of the reactants and the products through the .
interior of the granule. -~ I% is probebly permissible to regard -
the ease of removald. of the- catalyst wax as a measure of this
interior penetr&b:.lity. . o

(4) — The cata:lwst, as teken over from the KoWoIos' contained o
only thoria as activator. This too was not the result of exhaustive ~
investigations, for which much greater resources would have been- °.
necessary than were available at- the Institute. On account of
the unsatisfactory life of the. catalysts of that date we. therefore ,
began-at Holten in 1934 systema.t:.c 1nvestz.gat10ns -of the effect -

of the-most veried range of additives. We“found inter alia that
‘meniganese showed a similar effect to thoria.. It increased the ‘
activity and directed the synthesis -to the. ‘production. of hi i
moleculer-weight hydrocarbons. A cobalt catalyst. contalm.ng
mangenese later showed the highest activity of all, measured at: the
very low reaction temperature of 165-170°C, - At the same time large
quantities of solid@ wax were formed., ' The use of catalysts con-
taining manganese on a large scale was avoided, however, as drffi-
culties were to be expected in the regeneration ofthe: cobalt
solutions. - Magnesia had’ already been used. at the Ki as’an
activator without any special effectiveness’ being- -obser ed. e .
found, however, a favourable effect-on. the add:.tn.on of-magnesia
Systematlo investigation showed that. magnesn.a was one
activators. available for cobalt catalysts. -+~ This probably:d
on the fact: that MgQ has almost the: same: molecular -volum .as; Ce@’
(11,3 and 11.6 respeotlvely) and forms a contlnuous ser:.es ‘of mixe_
crystals mth it. R £

- -' In contrast to thorla, magnesJa o:.xmcts;}t,' .5
‘ towards the formation of lighter products. . Not. only to;
amount of high-molecular-weight hydrocarbons general _,“y _‘ess wi%h

\

0%



ia and magnesn.a Aeach‘lnda.v:.dually—-have a very g,reat

The ‘question arose whether
To a certa:l.n extent 'thJ.S




(Sg&.) 0. Roelen.

to .

xn

Sth November 194‘5.




39,0 28,7

g iR
R Y - 1;':;15
Residnal Gas/ Prooeas Gaa Batio . 0.632
&nveraion (U) % ot 00 +* 32 51.3

xethang () %““of U . 5.9

Utilisation Retio X 1.15
Yield, (Bxcluding CH,) Calculated :
. from gas and product analyses, - ,
g./Nm3 procesa gas - 87.9

Wﬁ@l& for U = 1% g./m} .- 161;7"

» Th:.s and subsequent Appendices are abstracts of docmnenta
which KHoelen brought w:.th him,

53,



Cata.lyst charge 5 I;O,
React:.on 30 10
B water-gas. S S AL
Duration of Test:- 169 daws ‘ i I e
' Catalyst removalz- easy] a.ftecr wax. removaa. th hydrogen.

[Note. Accord::.ng to Roelen the prec:.pltatzon had been carried out R
in swall batches, and the exact quantlt:les ‘were . found which would = -
give a py of 9.0 immediately before a the, heselguhr Washing
~was done-with hot water, 4.6 litres- per 25 e 1ron. ‘Thig ha.d been
found.- suff'}cd.ent to remove all alkali., (‘ o O
suitable final py were not reproducible).
“by stirring the catalyst (gently, to avoid d& the gel ...
structure) with a sufficient amount of e 10}5 solution of KOH over a
. period of 30 minutes, . The rediction was’ carm.ed. out ; a,t,.-.:-.a.tm,_;;
pressure and 300°C., the’*hyd:ogenrate ‘being nor v

A.G., Oberhausen Holﬁe“ix"
to the above catalyst).

Flle No.




27.2

3.7 .
| .22,

33 19.8- 25.1
75 8.5 11.8
15.6— ‘ 5. '6.0 '
9
7

22.3 25.5
#506 31.6 el

¥ax sbove . 320°Cf  —.67+6 75.0

4wbx'above o

. '78,?‘-

Theb

6509 <=5
79-2 :

7.7 6344

42.6
. 1.4.6

X} \§6 3
3_8'24-  _ ‘1520 ’ 61{-- _
- 39.0. 5&@5,f 66;8%'_

28.

";A#JiiﬁﬁovedfUtii{§é£ianvﬁatio;‘













urs,. the catalyst _had settled




after. d:r.st‘n.f'fat'
~about 0:5-1.0 g ]
-_a.na used aga:tn after treatment w:.th‘ bydro'gen ‘
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