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 General Tntwoducton

Nature of ‘the Target E
| ; . . ' The Ruhrchemie A.G. was Pormed by & group of
‘Ruhr Companies, theA,pi'inciple shareholders being -

,Gut{ehoffnungshﬂtte s

Harpener Bergbau A.Ge -

Fried. Krupp AeGe - S
Mannesmenn RBhren-Werke Ae.Ge
Egseéner Steinkohlen Beizwerke AeCs

‘Gglsenkirchener Bergwerke A,Ge

thinpreus‘sen.-' S

L "‘A'Bout’---'_ 935, ‘f'of'il.-low,i'ng thé 'aic':q'ui‘sitio.n';‘by- .
Ruhrchemie of exc .usive rights to .the Fischer=Tropsch:
~process; the Company st rted—the-construction-of-a-plant

for:the ‘commercial opsration of- this process, and a

|.gubsldusry company known as Ruhrbenzin. A.G. was formed. to- .
_serve as. tha operations organisation for.the project. CIb -

‘18. believed. that the desire to find outlets for the surplus
.coke produced in the Ruhr-was .one of the main reasons for °.
/the new vemtwrew -~ . .. o oo

o . Notonly did  thisplant|represent the initial
large-scals  operation of this process, but-it also Berved

as the research and development centre for the. process and

y

T e

many modificstions:-and anc¢illiary: end related developments -

which followed: lster. ~ The other eight Fischer-Tiropsch = -
plants which were-subsequently-erscted in Germany Were _
licensed by Ruhrchemie end were based on the ‘Ruhrchémie’
modele:: . . v o of L o e

AT Thecatalyst factorji'atsterkraae-ﬂolten
supplied all catalysts reqyired for, the operation of the
SIf Fischer plants in the Ruhr aref. - Ry

S0 i. - Plants erected (or projected) in foreign
countriss (e.g. Japan) -we re-licénsed by Ruhrchemie -and
depended on them for the basic technieal information
necessary for. the opsration of the process. SR

RN

Ttem 30, and requir

Fischer~-Tropsg: . plants in Germany would
sonfirm snd amplify.information obteined:



0 y

-Objeet-o

£ the

:ls = To:-obtain technical details of the operéé;db;n‘ of the -
‘Sterkrade-Holten plant and of the research and developmant
work of Ruhrchemie in ths £ield of hydrocarbon-synthesis.
2.: - To obtain infoériuation- regarding the location, capacity
-and nature of Fische r~Tropsch plants erected in Japan or
‘in Japensese-occupied territories.



HNeco uL Lne WG

| "Summagz _and Conclusi—"ohns.
eenefa:.;?. IR | o
Lo . There had been no i.ncreese in the mmiber or
‘-capacity of the Fiecher-'l‘ropsch plants in Germany during
*the War, and the total, average annual production of
primary products from the nine plants amounted to rather
less than 700,000 tonnes, i.es, only about half that
estimated in the Item 50 bri:efing documents._g '

: The proceeses used in these plants were .
substantially those known or- believed fto.be in use before
the Wars - The cobalt catalyst (Co:l100, ‘ThO2:5, Kg0:8,
‘kieselguhri ca.200) had remained. unchenged in composition
glrice 1938 and was ‘the only ons- employed on the full gcale
_for both normal and. medium-pressure (9-11 ‘atmos.)
~operation.  The me thods employed”?or‘c’a‘taIyst’*preparation,
reduction and rageneration were substantia!l.ly those known _

before the: War. e S 1

L Some increase é.n yield and cataly%t life had
‘been achieved ‘4n the atmospheric-pressure process. by more
rigorous purification of the synthesis: gas: and by. improved
_operation_ snd control in tha catalyst- chamber house = -
in particular, the starting-up of fresh catelysts, theF\
~me thods ‘and time _schedules used for regensration®in ‘aita’
‘and the schedule for switching catalyst chembers from one
‘stags to another. = The: ‘average ‘yleld claimed for: ‘both -
normel and’ medium-pres ure operation was 150" 2 G -and.
‘higher. hydrocarbons psr. ideal gas;: " the catalyst 11fe
was given as 5-6 months ror normal pressure and 8—11 e
‘-months for medium-pressure operatlon.~ ' PR

LA Nc new des*gn of catalyst chamber had been
introduced. .. The rectengular, mlti-plate’ vessel was .
'still standard for normal-pressurq. ‘synthesis. and &’ !
Jvertical, cylindrical, double~tube chamber wes: used for '
'f-roperation at 9-11 atmospheres. o ao SoE

EE A

Sl ‘l‘he Fischerd'rro%sch process was regarded by
‘Ruhrchemie primarily ‘as’'a meansi ol produc ‘hem:l,cal

‘products and was not ‘thought to have much- future-»as a -
fuel-producing process in ‘free world economy. TR

Even during X - onl p abtion
»)‘ and—the ‘Light diesel oil f£r 'tion;;(lso-ggooco
+Ihe; _hGBW d'lesel o0il was sent to . -




“I&n to Mereo\.L detergente and . the soft

aonversion

to soap y and edibf.e fat. Hl'here_ﬁed been. noﬂre;‘orming of,
‘the motor spirit ‘fraction or ‘eracking of the heavy :
fractions (except- to make raw-material for the uhnnfacture
_of lubricating oils) during the war, although partly
;complated. large-scalg’ plents for catalytic cracking, .
‘ polymer pstrol. production and conversion of the’ heptane
out to toluene, exieted. 3-7 J ‘ o

t o The main trend of the Ruhrchemie wer-time '
reeearch, work was in the- ‘direction of producing. chemical
and special producte which were- in short enpply. S

'J.'he Stg&adﬁ-ﬁolten Plant

.. water gas was’ produced from coke in stendard o
generators and purified from hydrogen sulphide end orgsnic
sulphur. .compounds by the: ‘normal: processes. A-portion of

"thewatergas-weawconvented..:bo,hydx:oggn by the usual shift
catelyst and the product blended with ‘unconverted weter
gas to give the requiped‘ ratio of carbon monoxide to o

m‘drogan. A e B

: The synthasis step wes carried eut in two
»independent sections - :

e AR atmospheric section comprising 52 . catalyst
= chambers in two stages supplied 'ith gae of

-'2.4 A medimn—preeeéure section of '72 c‘hémbere
“arranged in three:stages which’ received gee of
= ﬁg CO™ retios‘l.é:l, 1.6:1 and 181 .
respectively. R R R
D ct condensers were employed on thel S
?amospheric-pressure ‘stream, and 4dndirect ccndeneers on’
»the medlum~pressure. stream, . -Aétive carbon was used in
: vary of: 1igh1: spirit and tgasol', -
fined in conventiona‘l efabilising ,

onnes pe monthof
_was produced by



‘aluminium chloride polymerisation of the -0lefinss-derived.
from goft cracking of the over 170°C. portion of the .- -
primary products. The oxidation stability of these oils"
had_been markedly improved by the-incorporation of . ‘
phenathiazine or, more recently, elemental sulphur in
“the polymerisation process. . : EERREEE

. -1 . The oils.were blended with petroleum.oils and
used in army vehicles. T L

Research and Development Work.

‘. "The OXO Process. - The Sterkrade-Holten works
included -an almost .completed plant: for the production of
10,000 tdnnes /annum of C1g - C1g alcohols by the, reaction:
of water gas with -C31 - G17 Fischer-Tropsch olefines, ’
using ‘s powdersd cobaslt catalyst in the liguid phase at
-1359C,.end-150_atmos. pressure_to form the Cig = Cis
.aldehydes, which were then hydrogenated to the . . - .
corresponding alcohols at’ 180°C. end 150 atmos:  The

rocess was.to be operated by thse 0XO Gesallschaft ™

(Ruhrchemia + I.G. + Henkel et Cis.) with the object of
producing detergents from 'the alcohols. The 0X0 reaction
appeared.to be gensrally -applicable to olefinic compounds.

.. iThe Cobalt = Water gas — Recycle Procesass .

.- Arrangements we,re“a%n—é t complets for the -
operation of the Sterkrade-Holten synthesis plent with
all the 72 medium-pressure ovens in one stage 'ai-1l atmos.
‘using water. gas as the feed ‘materiel and reecycling
'3 parts Presidual gas to 1 part fresh gas. After .
‘ad justing the Hp: CO ratio to 2 3 1 the tail ‘gas was
passed through two stmospheric-pressure stagess . -

.. 7. ' 'The products from the medium-pressure stage.
‘were said to have a high-olefine content. and would have

- provided-suitabls :bil'}ajggv'-md_t‘Ve'rial‘-f,fo;f“}pp,_ej OXO /processe..-- -

;. Iron Catslysts. Research work which had .

‘started beTore the War-had resulted in the development .
of an iron catalyat of the geperal typs:- Fe:100, Cu:2-5,
‘'ca0: 10, kieselguhr: 30-150, which: gave gogo ‘performance -
~with water ga 159-280°C.. and 20 atmoS. pressurs.. - -
/The process. Wa ’erably operated in: two. h-a
231 recycls-ga: o




‘This process had on‘.l.y—bee erated—ozr—the—
pilot-plantvscaleA(IOOm —gasw/hr._4 lOth. full scale)
SR Apart from the question n of War-time -
_availability of materials, there was no suggestion that

'fhis process was supserior to that “besed on cobalte

C ‘The iron catalyst was said to be morse expeneive
to prepare, it . required higher operating. pressures,‘and
‘tended to give products contaminated with oxygen-—
containing bodies. Its uss was not- essential for the .
production of olefine-rich producte, these could equa11y~
‘well bes obtained by the cobalt - water gas - recycle .
processe The production of hard wax was the only virtue
specifica"ly claimeq, for the iron catalyst. :

Ghemical Products. A considerable amount of research
WOorK, had been carried out along the following 1ines -
R AThe extraction of- the small amounts‘”of"alcoholvs*
" and-fatty acids. present in the normal products
‘‘snd attempts to modify the ‘process in such a way
‘-oas to increase ‘the proportion of‘these compounde.

2. The synthesis of n—primary alcohols at 200°C. end
. 200 atmos. presaure using cobalt and iron S
"catalysts.. S SO e

B ‘The oxidation ‘of the hard wax With nitrosyl -
el sqlphuric acid to produce fatty acilds of greater
- chain lsngth and freedom: “from: byproducts than
' are obtained by the Witten (aerial oxidation) .

Fl . »:wpl'ocess. SRS T : . Ao , o
4, -‘Chlorination and dechlorina'bion of the waxes “to
- producs olefings which yield special 1ubricants
e -"on polymerfsation and detergents by sulphation.

Be™ 'The production of new: products by the addition of
‘acetylene to ths synthesis gas. 7 S

ectors of‘Rﬁhrchemie appeared to have
value concerning Japanese,develop-
: -recent’ years.



Regort 1 Ingpeotion of the Plant
Da_te of Insgection: April 6, 7 and 8, 1945

Peraoggal of Ins;gection Taamq o S }

'Lt. _Cols A. ?arker (Leader), ‘Bri tish, Ministry of Fuzl
and Powar

,ur. B Cotton, TeSe, _Petroleum Adminis‘bration for Wer
Dre Ve Haenssl, , ¢« ‘e . See ee  ee
“.Dl‘o ‘EOBQ PGCk’ . ee Y T o se - _ ‘se ®e

DI‘& A.Ro Powellg i .o e T
‘Col. J.,A, Oriel, British,_giniatry of; Fuel and Power

Lt COlo ReNo: Quirk,  eel T ee . eet es oo’ oo—

Lto 001. Ho HOllingB, ee - . T ée e o.-'ul,o_g e

.Capt. J.G‘ Plant, . se - 0 - o. . ee 8o LY
Gapt. C.C.-Hall, o oo' R e e o'. . oo,,q o.-,'ouo,; ‘

Bg_'gortedwbx g ?wnr.wA.R.,:Eewell ,NU*S.b,_,Pe‘broleum -
_ R : . Administration for. War

Ganeral. R _;,,'? _ _ . A
, Sy

The information gainad ﬁom/the mers. v:l.sual
1nspectj.qn of the plent at’ Sterkrade-ﬁolten wgs very— .
. 8light and in part was rather conrusing. - -+ This was true .
“to a greater: extent -than- any othar target visited and was
due to threé reasons T ‘

‘1“‘ Key personna], familiar with the plant was not
_prasent, nor cou1d~thay be r/e\adily loca’bed E-3
the : tima,. : ‘The “few: employees there at-the tima
~of"the. vlsit ‘of the 1nvest1gat1ng team. had only
‘a hazy knowledga of ‘plant operationa as a whole,
although each ‘ons had: some’ ‘knowledge: ‘of. a L
speciﬁ.c operation or. rasearch pm jeet.

2. :u,Pertinent documentsr, 1nc1uding'process flow _
. :dlegrams and: ‘pesearch reports d been --‘evacuated
before “?he _”‘rrival o:;_’the'" eyam' ; : .




‘The*Ruhrchemie:works_on_the ‘northeast side- of
-the main. road passing through ‘the-plant comprised 8
“synthetic ammonia plant, & nitric gcid lant, research and
‘development laboratories, . and a plant for the preparation,'
regeneration, -and reduction.of Fiecher-Tropsch cobalt - :

v catalyst. S

- The Ruhrbenzin works on the other side of . the
main road contains the Fischer-Tropsch synthesis plant.
‘with its.various ancillary units, T.V.Ps and Dubbs’
‘eracking unite, ‘& partly constructed catalytic cracking
- plant, clay treating unit, & polymer gasoline plant,

. synthetic lubricating oil plant and the OXO process plant.
At the extreme south. end is a large nnfinished plant for
productlon of-toluene from heptane.ﬁ o R

: ,Apparatus in the development laboratory could
not be definitely identified, but- information obteained
indicated that work -on iron synthesis—catalyats uwp- o
'semtdtechnicslwscale~andralsowworkwenmoxidationlof;wax.
had been carried out. T B T

'The’Preparation and Purif\cation of Sygtheeis Gas.

) . The first stage 1n the process was the
wnroduction _of blue water gas from coke. The battery of
generators appeared 4o be of the stendard Humphreys ‘and.
“Glasgow type end were not therefore 1nyeat1gated 1n \,, .

&etail- L e e ) .—, o

- Following the water-gas generator_building was
o the gas holder ‘and the . necessary ‘blowers to carry the gas
- through the .purification. system.” . ‘Removal of :hydrogen
sulphide- ox: "Grobreinivung"'was carried out in the usual
:vertical. cylindr1ca1 towsars . .containing layers of 1ron -
oxides - ThHese Were ‘standard design and no. detailed
”examination wae ‘made. . Following this was the -
“wpginreinigung" f'r:removal of orgenic. sulphur from the gas.
,This’unit consisted of: gae preheaters for: heating the .water
gas t’-approximately 200°C.: before entering the. catalytic .
i Pic o - The chambers were’ ‘vertical
h-the catalyst held 1n.heavy screen

het*the catalyst layer was in, the
th- ty.gas space

Lo




these chembsrs operated in series with a temperature —
control'between’the-two-chambérs so -that 'the_temperatur.
in:each could be regulatedvindependently; .. Exemination
of the catalyst showed 1t to bs hard particles about % to
4 inch in dismeter and of a typical ferric oxids: color,:
and 1t was expected that later information would show 1t
to be the ususl 70% iron oxide-20% sodium carbonate

composlition. . . .

: " Following the gas. purification units were the -
towers containing theuusual‘shift‘catalyst for conversion
of the carbon monoxide in the water gas into hydrogen so
that' the dQeiredwratio»of,hy@rogen*to'carbOn@monoxide -
‘could be attained for the synthesis gas. Since only a
portiqg,of,tha%Watap~gas passes through this cpqversion‘
plant, by-pess .lines were provided so that anconverted
water gas could be mixed with converted gas in any . - -
proportion to giﬂefa1desiredﬁhydrogen:carbon monoxide
»fatio.'l_Sincawsynxhﬂsia,gaé_wasvdélﬁverad”to~both the -
normal pressure and the medium' pressurse catalyst chambax
systems,zandwsincexeach syatem might.requifa“differenti
‘ratios, the mlxing gystem was arrangsd to gilve independ-
‘ently made mixtures to each. - - . Tt

ve Catalyst Chember System: (See Fige 1)

Normal-Pressu
L g ThiS;conpisted.df'52¢¢atalyst‘chambers;(exabt
count was difificult because of extensive' bomb damage).
iThe,ansral'designlof;these;normal,gr'low pressure chambers
was”fairlygwallgknqwg[ﬁnﬁfmmrﬁhermpre‘qomplete.drawingavof
,theirxconatructiongweré»1ater?65téinéd?from?f”~‘xtf“y~w{v~
Gutéhoffnungshutta;atfsterkrade;gsqrdetailed data will -be’
Qmittedfinvthis;praliminaryireport.;a‘Theédjghampérs,pra-
' rectangular, sbout 20° £t. long, 6 £t wide and 9 ft. high,
and’wsré;filled§W1thﬁthinvventicalis#da;*platesypggallel,‘
to esch other and about § or % inch spart. . ‘Passing = "
‘through these plates at right. angles wWere NWNETOus .-

~“horizontal tﬁbeS?abOU$qbn§ainch.injdiamate:,}Whi¢thGrV6d
‘to carry the water, the vaporizing of which removed the:
@xothermic hest of the hydrocarbon synthesis occurring in.
‘the.chembers. - Catalyst occupled. all of  SPACas ;.. .
-between the steel plates mnd these plates actsc 88 G-

r fins to carry the generated heat to. the water .

ted es heat-

located .

“proper ste
~could be maintained constant.



drums- the steam entered a common steam collecting main for
use in the plant. . . = S T T
_ . .. - The tops of each chamber were removable so that
Presh catalyst could be charged by gravity flow directly
from the largs "KHbel" contalning it, by meens of an
overhsad crane running the length of ‘the catalyst chamber .
-building. = Spent catalyst was ‘removed by means of a ‘drag
chain conveyor which could bs installed in a trough at-the”
bottom of the chamber and running its full length. Gas
-entared the. chambers ‘at. the top end left at . the bottom,
after passing through the thin laysrs of catalyst lying
between the hest dissipating plates. . - T
S The gas connections . to each chamber were 80
‘arranged that any chamber could be connected into the
‘Pirst stage of synthesis or -the second stage or could be
isolated entirely. Other gas-connections, presumably for
‘hydrogen for regensration, nltrogen or carbon dioxide for-
~b&anké%ingfaéxc:;:were%alsnmprnxidﬁﬁxghnﬁ71t'Was'?' o
-impossible - to trace such lines because of bomb damage.

. s . The. abovs dascrip-tion' ‘of the normal-pressure
chamber,s‘corra,sponds*‘to}tl;ei;»kn‘qwnv»befone_the war and
*‘apparently.-_no,,change‘_.had.iiba'anf‘vmade'jsi_nce that time. . .~

- .. . Both the first stage -and the second stage
outlet mains -connected directly to.their: respective . .
condensers, Which were. tWwo ‘tall towers. si tuated outside
the catalyst chember house.. These were tha usuel dirsct
coolers with water.sprayed into $he top and gas passing -
.countercurrent from bottom to. top.  The tower f£illing was
not examined but it is presumsbly Reschig rings.. -~ ' - =

.l . -.i\" _,.; ] . \~‘. * ' AT _._ T
eow - After . the second stags: condenser the .gas . ..

‘phssed to_ the active carbon sbsorbent chambers where light
benzin and Cz-Cq hydrocarbons. (gasol) were removed from .
the gas, ~ These absorbent chambars were ‘vertieal - o .
‘cylindrical tanks sbout 15 Tte. in_aiameter shd 10 ft. high.
Since: these: oparated on- a-definite time ‘eycle of

; ‘stripping, cooling, @%c., automatic tims cycle

tomatically open and ' .

absorption '
machine :'_;;gd'?'b!é,ﬁ__l,l’i'iignsftalfl.ed5‘to

'?2 in

. bout

o building -

he



detailed examination wes made. ~ This was greatly — -
facilitated by the fact that one chamber was lying on its
8ide outsids the building and was spparently in.the .
process of being ‘re-tubed whsn the personnel evacuated i
the plant. This was .examined and photographed (see Fige.
2). Also at a later date, drewings showing all' . - - .
construction details were obtained from Gutehoffnungshiitte
in Sterkrade and this information will be aveilabls in the
final reports - SO e
... .-. 'These medium-pressure chambsrs were vertical
_eylinders, 2.7 m. internal diemeter, containing 1984 -tubes,
placed vertically- and uniformily throughout the ‘interior
of the cylindrical chamber. ‘THese tubes were approxX-= ..
imately 48 mm. outside diemeter -and- 44 nm. inside ..
diameter and ‘sbout 4% m. long. At both the. top and the
‘bottom they were welded into tube sheets, ths distande
between tubg centres being 54 mm. Inside each tubs Was
-angther-tube-_of-almost the sams: length, concaentrically

placed and about 24 mm. catside ‘diameter and closed at

each end. = Near each end, however, was a silde connection:
so that the- inner tube had free access. to the spacs in
the chember that was outside of -the large 'tubes.. ~Water
was kept in the. chambsr outside of _the large outer tubes
and this water also flowad'through ths inner “tube by -
means of the side connectlons -at each end, ‘Between the -
outer -end inner ‘tubes, 1t 1s. evident. that an esnnular ‘space
~about 10 mm, wide existed whiéh connected directly to the -
space above the upper. tube sheet andthe space ‘below -the -
_lower.tube sheet, but was igsolated entirely from the water.
‘aystem outside end inside of this annulus. “This space = -
. was filled with’ the c¢atalyst and the synthesis-gas -
enterad the chamber in the space above the gpper- tubs- ..
gheet,. then flowed down'through thase snnnler catalyst .
- gpaces’ and finally left the chambar: below the bottom tube.
‘sheet.  To insure the uniformity of the annulsr space,
‘emall spacing plugs hed been welded to:the tubss, thersby
‘pigidly holding the inner. ‘tube ‘concentric to ‘the outer . -
~This design of catalyst:
‘dietence ~of any particle

tube tnroughout its length. -~ Th:
“chember ‘insures that the maximum
_of catalyst from a water-coo




‘boftbmf6£*the~cataiystvchémbdf;—whi%hfql&bws-ihe;éatalgsi

.tq‘be-disch@rggdﬂ1nt0154contain§p underuthefcha@bqr; :

e ‘The top of the catalyst chamber—is a large ..
‘flanged and dished head, ~ The gas -inlet 1s not through
this head, thersby allowing easy removal of -the head for
¢atalyst charging. =~ Instead, the gas enters 'through a side
‘nipplefjust“bdlow1thg'head\flange;- ~7The gas outlet.is
through,a;nipplefwelded‘onto’a menhead located on the -
conical bottom ‘of the:catalyst’chamber. .. . . o

i T The 72 chamberafafevarrangedfin‘sets‘Offfqur -
chembers, each set of four chémbers being placed in the
form .of 2 square. . The inlel gds connsctions of all four
chambers 'join-in a common header and -this hegder is valyed
‘80 that it may receive first stage, second stage, or . third
‘stage gas from the appropriate malns passing through the
catalyst. chember house. . This indicatés that the rotation
of catalyst chambars between the different stages and - . .
*Bfﬁérfﬁpérﬁttbnsfsubhrasmrqgeneration;preeeadﬁbymuditswoiLw
four chembers rether than-individusl chambers. The only—
‘1ndapqndent;valva,provided;fpr‘eachllndividﬁalvChamber‘is

" a -ghut=off valve, so thdt one or more chambers may be cut
off from the unit headser, if so desired. -~ It follows as .
jajnaturaluconsaqugnceathat:the.gas_duxleté‘frqueach”get N
of four chambars.also connect to a common header to go to
the appropriate outlet main. BEEERA B

>N i ol

' The steam from the water saction of the- = | =
chambers is also- handled as a unit from each set of four
fchamPQTSl«*%O&tletSEfrdmfthaﬁtopaontheaahathr;ateamw;: i
‘section join. in a common pipe  £ér each 'set of four and
this connects in turn to the-bottom of a horizontal steam
'drum,gy,A,similaﬁfarrangdmentJexistsffbrxthegbOttdm1uf~
the chamber stesm sectionse ~ = = 7. o

Experimental Catelyst Chambers. =~ -

" At ons end of the Tow of medium-pressure -

catalys ‘chambers there Was diseéovered one chamber of.a
rather unusual design that had apparently been installed
. s8 As judged from its -
sontained the

‘for purposes Of experimentation. .



'the higher pressure (20 ats.) Tequired for the iren -
‘catalyst procsass, based on.the :lnternal arrangement used
for synthesis at atmospheric pressure. e _ _‘ o

Ad.;lacen'l; to the above vessel was a vertical,
cylindricsl medium pressure ragctor which, it appeared, .
differed from the normal type only in being Pfitted with
'its. own, self-contained steam drum which took the form
of an annular space round the circumference of the vessel

near the top. (.see Fig. 4)-
7 T In sdditiom to the usual system of condensing

towers and active.carbon absorbers, en sxtensive system of
what, appeared to be.condensers, . scrubbers; heat _
exchangers and boosters was- found close .to the medium- T
pressure end of ‘the catalyst chamber house and connected
to the catalyst chamber gas mains. It was quite - :
impossible to determine the significance .of this arrenge-

ment..by..unguided«.inspectionr



The control platform in the cat&lyst-chamber
bun.ld'ing.
(30/ 5.01, Ruhrchemie A G. N Sterkrade-—Holten)



B
AR «;,’r"»i»u«

Fig.2, End view of “partly tubed medium-pressure = .
U atalyst chemver. . -
(3075'. 01, R_qh_;“ch_eniie AG., S‘tericrade‘-Holté:i) :
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. o
Py -3, ) Exper:mental medlum-pressure catalyst g \
.. . .chamber ('Dmcklsmmellen Oferf') B
' ' _( 30/5.01 Ruhrchemie A. G. , Sterkrade-Holten)
) : . i | | .
K T ' 20 s o T - \




F:Lg. 4, Med:.um-pressure catalyst chamber w:.th
" .self-contained steam. drum, :

« 30/5.01, Ruhrchemle A.G., Sterkrade-Holten)
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Report 2. Interrogation of Dr, - -Spenier end
SR S Dr. §chriebe .
ate of ;nterroga ionx  April 6th, 1945.
Personnel conduc ing 1nterrogation' B |

T‘E‘ Col. Ao Parker, ‘British, Ministry of Fuel wand
. Power. - '
Col. J.A. Oriel, S ee LT e .. ‘se_ .iew

Reported bz : I-t. 001. A. Parker

Interrogation of Dr. Spanier. o

: 3 This man was left in c:harge of- the works ‘when
the main body of technical personnsl was. evacuated follow-
ing the destruction of the plant by bombing. . ‘He
originall;pheld.somegesition of responsibility in’ the
Ruhrchemie nitrogen factory but was. unable to supply any
useful information concerning ths Fiecher-‘l‘ropsch section\
He was 1ittle more. than a 'caretaker . ‘

v el

Interrogation of Dr. Schrieber. :

. This man gave an ‘account. of his laboratory
researches on dehydrogenstion.. -Before the ‘war.he had _
-worked on_-the dehydrogenation of Cz and:-Cq paraffins nsing
an Alg0z - Cro0z. catalyst containing 0.2% of cobalt,
preparea by hes %mg aluminium hydroxlde ‘with' chromium and
cobalt: nitrates. . The catalyst was run for ons ‘hour- a‘b
-590°C. and then raactivated with air at the same .
temperature. A 3 months! run had been carrisd . out - m ;
.this way with a n—butane Peed, and an average conversion
to butenes of 20/ was obtained. S :

L “~-~~~His more recent ‘Work was concemed w:.th the i
dehydrogenation ‘of Cis Fischer—Tropsch paraffins: to )
_produce olefines sui%able for usey as raw material in- the
:0X0 proceésse. The ‘main. catalyst used:.in this work wes : -
‘prepared &s. follows. ‘Carborundun grenules. (2=4 mme ) werev
.Washed- with- dilute nitric acid, dried and heated to 650°C.
e granules were then: placed in“a vessel heated to. 55000.'
which was rotated in an inclined -position while a 8% - -
' : C ‘hromium (-21

~on-the g
slowly to 52090.



‘stainless~-steel tray. —. The granules were then reduced in
hydrogen.at 200 I./hour for 5 minutes at 560°C., the '
hydrogen replaced by nitrogen and the reaction tube . -
evacuated to 20 mm. Hg. The vapour of Cjg~ paraffins
was then passed over at a rats equivalent o] %80 CCe
liquid per 200 cc.  of impregnated granules per ‘hour. ° The
catalyst was redctivated by oxidation with eir. . Its life
was- believad to be 3 months. The ields obtained were,
16% O4 g 0lefines -6% lowsr (liquid) olefines, 2-3% gas
and- 0.8% carbon, deposited on the catalyst. ‘ The addition
of 12 gm. of Ba0 as barium nitrate to ‘the sbove quantities
of thoria and chromia was tried with- the objact ;ﬁ Lo
reducing aromatisation. ° By recycling twice, a yleld of
21% 016‘018 olefings and 77 of lower olefines was obtained.

' Schrieber had also carried out soma - workgon the
production of carboxylic . aclds by. ‘the oxidation of
micronised coal.



T

Report 3;"‘ Investiggtion of Catalzst Hanufacture
: T , - and Recoveny o ,

Date of Investigati ' April 6 and '?, 1945. [ e
N

Personnel conduct*ng Investigation'

Dr. V. Haensel, UeSs Petroleum Administration for War
Capt. J;H.G. Plant, Brltieh, Ministry of Fusl and s

Power o _
Cap’h. quC.‘Hall, ' ee T :‘o}oﬂ " ee. ‘se ee  ee
geraonnelfInterrogatad: . !
pr. BlBehel . o Lo oo
Dr. Herbke L o - r~_ S
,Regorted by_ Capt. C C. Hall, British, Ministry of Fuel

- : : , : —and. Power. A s
The ngpgration and Reduction of Cobalt Gatalyst. '

' Dr. Gehrke, who was in charge of the Ruhrchemie
catalyst factory, was not available  for interview but Dre
'BlBchsl who was "in charge of cobalt catalyst- manufacture :
end recovery and Dr. Herbke, in_ charge of catalyst -
reduction, were present and gave. full 1nfbrmation in their
respective fields. - o

' ‘Ths comoosmtion of the standard cobalt catalyst
prepared at ‘Sterkrade end supplied to all Western=German
Fischaer~Tropsch plants was glven as '100:5:8:180=-200 cobalt:
thoria'magn631a.kleselguh o This catalyst had bsen iniuse
‘'since 1938 and replaced; the former 100 15 3200, cobalt,,
thoriazkieselguhr catalyst. e RS

: : To be auitable for catalyst preparation, the\.l
kieselgﬁhr must contain less.than 1% of ‘iron (as tested by
. refluxing a samplé. for 1 hour with: 25%. HNOS) ‘otherwise -
@xcessive ‘methane’ productlon occurs during . the’ synthesien
It must also contain less than. ‘00455 A1g03 in the rEW, o
_uncalcined state,- otherwisé the catelyst tends to "gel' .;v
To avoid the’ necesaity for’ ac1d—waehing, ‘the kieaelguhr

used at Sterkrade is selected to meet the above condltions.
The present materlal is obtalned from. depoaite ‘near Hanover
‘and is . caleined befors use, at. Sterkrade, &8t 600-700°Cs
After this. treatment~the total volatilelmatter,—including
water, must not, excead 1&." :




s Dus to slight variations in the density of
wa'rivousvba:bches_‘of—kiaselguhr_,-_the@rOpcrftion;usad—in—thef
catalyst is varied over the range {mdicated above in order
to maintain a constant cobalt content of 80 gm./litre |
unredtced catalyst granules. B o ‘
o ‘The various steps in. the catalyst .preparation
are indicated in the diagram (fig. 6). 750 1/ of a :
solution of the nitrates in the desired proportions,
100 Qo : 5 ThOo : 10 MgO (2 parts MgO are laft R
unpre,cipita‘l;ad"?‘ containing. 40/41 gm. Co./l. ars heated to
100°C. in an overhead, stainless-steel tenk (1),  The
contents are run intothe-precipitating tank (2) fitted
with a direct-drive twin-screw stirrer and conteslning
750 1. of & .solution containing 104.gm. NagCOz/l. also
‘maintained at 1000C. The mixture is stirfed for # minute
and then dry kieselguhr is added through the hopper (3)
and stirring continusd for-a further 1 minute. The -~ .
slurry is pumped to a standard-type filter-<press (4) and
‘the cake washed with distilled water until the wash-water
'1'3'*neutra-l-—as,*tested—-by—the-~addi~tib'n—of%nitrophenél«—to%’;
100 ml. wash water + 5 ml. 1/10 N.HgSO4, Catalyst -
'‘aquivalent to 64 Kg.Co requirss ca. 1l0m? wash-water and -
the ‘washing occupies 14-15 minutes. S S

. .. The washéd cake is then dropped into a "mesher™
(5) situated below the press ead is mixed with dust from
.the screening plant.. (64 kg. total Co gives 45 Kg. Co as
dust). The resulting cream.is then pumped to & rotating
suction filter (6). -~ The thin. cake scraped off the - filter
‘drum contains approximately 70% water and falls into .the .-
‘extruder (7) where rotating arms force the peaste through.
'3 mm.. diameter holes whence it faills into the drying — =~
‘chamber (8). The dryer is a cylindricel vessel 7 m. in'
‘diameter and comprises 20 super-imposed stages- 20 cm. apart.
The catalyst®is, swept round sach stege by rotating arms' and
falls down the Vvessel from stage to stage during a period
of 11-2 hours. - Drying is effected by steam heet and en =
., .- Prom the final stage of the dryer the rough .~
granules containing 10% moisture ‘are carried by.a comveyor-
‘to the vibrating screens (9) and separated into over 3 mm.,
1=~3 mm, - (the desired. size), fines, and a dust which isg & =~
sucked eway in an air -currents  The air stream is filtered
‘through & cloth filter (10) and. then scrubbed with water ' .
and steam (11). - The fine catalyst recovered from the . .

sorbber is not returnad to the mesher for inclusion in the-
final catalyst bacause oxidation tends to convert carbonate

‘to oxide which renders reduction more“difficult and-because"

250"



‘dirt and dust are apt to become concentrated in this
_Praction. — This-material, which only-reprasents O.l
0.2% of the whole, is therefore sent to the catalyst
regensration plant and treated as spent catalyste. =

o The lft"inebs‘-’-from the screens and cloth filters
are ;-_eturned to the masher. ' o _ - T

-, - _The particles above & mm. pass to. & further set
of screens (12) where rotating arms force the ‘granules
through the 3 mm. screen. The dust and fines Prom this
process are returned to the masher and the 1-3 mm, grade’
is blended with the stream from the’ original screens (9)

' and 1s bagged for transport to ‘the adjacent reduction

“plent via a telfer conveyore. . . ,

~ © . 'fThe bulk density of the granules is 320-350
‘gme/1:" - The maximum daily output of the plant is -
.equivalent to 4 tonnes of cobalt.. - '

e __The flow=scheme_for catalyst reduction is
shown in Fig. 6, which is based on a diasgram prepaered by
Dr. Herbke. ~The reduction vessel comprises a central
compartment of-square cross—sdction containing the .
catalyst in a bed 30-35 cm. deep and 2¢1 m® in area, with
top and bottom fittings in the form of truncated pyramida.
A sheet-iron grille (16 cm. cubes) is placed -on toP of .
‘the. catalyst bed and sinks into 1t to a depth of about
10.cm, . This device.serves to break up the gas stream.
entering the top of the reduction vessel. Ons charge of
catalyst weighs 200-250 kg. and occupies 800 1. - There -
‘are 6 of these reduction vessela. (See Fig. 7) .

ki

~ ... 7. -The reduction is effected by passing downwards-
through the catalyst a rapid stream of ammonla -synthesis.
"gas (75% Ho + 25% Ng) which is preheeted to 460°C. in a
tubular heater fired with coke-oven gass .- The effluent
*_ggs_;j,.s_ ‘pe=heated .$0-300°C. and the COg .present (cae 2 gme,
‘m?) is converted. to methane by passege ‘through a bed of
-synthesis.catalyst in another reduction-vessels  'The gas:
‘is -th’e_n'_-cooled‘,-'dried'_ibyj-refr;ig‘era,_ti_ozf .and  passage
through silica gel and is returned. to the preheater for
-the reduction where it meets fresh:make-up gase . - .~

L

L 2"Th,e.;_gecycl,é;and;xfresh-*ga‘si'e’pteﬁr;{the;redncer
“at about 7000 mS/hr. (S.V. 8800). The period of —
reduction varies from 40 to 60 minutes, depending on the
‘exact gas velocity which varies acecording to the number
‘of reduction Vessels in use. - The . 'temperaturs 1g varied

‘according to’the time:and'ga velocity as shown ‘below '3

ol
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_'Eime._-' - Temperature at . - WG‘as Velocig' '

et to reducar

40 mins. - - . 438% . -8o0b0 m5/hr.
- 60 minse - - 428% : : eooo m®/nhr.

The temperature is controlled to- within + 20g, ~After’
_reduction is_c omplete the catalyst is. cooled to room -
‘tempsrature in a stream of nitrogen, the- nitrogen then .
displeced by CO2 and the contents of the reduction. yessel
discharged into a kitbel by removing the top cover plate -
and inverting the vessel. - The vessels were so balanced
that this inversion could be accomplished by a hand- o
operated me‘chanism. '

‘ : A total of 16 reduction cherges are required to
f11l ons k!ibel. : L |

' In the- reduction process 50—60% of the cobalt
«is reduced-to-metal. - If over 60% is so-reduced.a less .
-suttable catalyst-resulis. . -The-extentof the-—reduction
is determined by, measuring the volums -of hydrogen evolved
when the reduced catelyst is treated with acid. ST

.- The exact reduction conditions were said to
depend on the nature iof the’ kisselguhr used in the ~-.
catalyst preparation. Dense catalysts—cansed B
difficulties in the reduction.' B S

‘Re ggneration of Spent Gobalt Catalzst - :

: This sub;ject was not discussed in detail 'but
Dr. ‘BlBchel prepared a diagrammetic flow sheet (Fig. 8)
for the recovery of cobalt and thorium. The regeneration
plant hed heen almost entirely destroyed by bombing. fo A

The Preparation of other Gatslxst

s Nickel catalyst for the methanisation of coke-
_even gas, chromimn-aluminium eatalysts for dehydro- :
“cyclisation of heptene; water-gas" shift catalyst and
”Feinreinigungamasse waere also- prepared in-ths catalyst
factory, but as ‘thess did not come under. Bchhel'
rrcontrol no ﬁirther information was obtained. SOCR

= Plant similar in general design to the cobalt
: catalyst plant was. being erected for. large-scale
“manufacture -of iron catalysts. ~So far these. catalysta
“had only ‘been prepared on’ pilot-—plant acale -

27_; '



- The iron catalyst preparation wae carried out
'*directly -under.-Dr. Gehrke's Bupervision but -BlBchel
understood that the cataelyst which was to have been
prepared on a largs. scale had the ccmposition Hadl

- 1oo Fe :-2.5 Cu : 10 ce0 s 15 kieaelguhr

The precipitation was carried out with KOH and the nitrates
under conditions generally similar to those used for cobalt.
'BlBchel believed that the precise detalls of the -
precipitation wers most important but he was not

acquainted with them. He undsrstood that the best
‘rgduction conditions were not fully established, but
"believed that Hg was used at 300°C. under conditiona ‘gen~—
erally similar to those used for cobalt.m : _

aualee !

gmle R .

3 Small samoles (2-5 1b.) of tasﬁed and approved
unreduced ahd reduced-cobalt cataIist and kieselguhr-were
*obtained:(nndervBchhelie -guidance from—thewsampleuroom.»
A bulk sample (28 1b.) of kieselguhr was taken from the
store adjacent to the feed hopper on the top floor of the
cobalt—catalyst plent. - ; o

T ’ Samples of reduced and unreduced 1ron catalyst
‘were removed from Dr, Gehrke's laboratory.
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Fig.T7.. . Catalyst reductionvessel. ) o o
- (30/5.01, Ruhrche'm'ie A.G. St'en_;k'x‘adeh'-,ﬁol'ten)
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Raport 4. Investigation of the OX0 Procesa

‘Date of Investigation : . April 7, 1945

Investig_a_tor-» ‘Dr. .B. Peck, U.S., Pe'broleum
o Adminiatration for War v

Personnel Interrogated . \Dr. Landgraff, Manager of tho
o ' OXO Plant.’

Reported by ¢ Dr. E."B:_ Peck.

Introductiom

. A joint eompany known as the 0X0 Gesellachaft
had been formed by Ruhrchemie A,G., I.G. Farbenindustrie
A.G. and Henksl et Cie to manufacture C1z to_ Clg alcohols
by a process based on the reaction between aliphatic ,
‘olsfines and-carbon- monoxt da-*andrhydrogen ‘oThe-ob 3ect-of
the . project was thse production of dstergente by _
sulphonation of the alcohols. -
.. The basic- reactlon was discovered 1n the
Ruhrchemie research- laboratories under Dr. Roelen. In
view of. the great. experience of I:Ge in large-scale :
?operations at high. pressurs they were brought in to assist
with ‘the commercial ‘development of the process, and ‘the -
Henkgl concarn were to carry out the preparation of the’
detergents. - The’ latter ware sald to be: very efficient: but
-there appeared to- be soms.doubt about’ their physiological
properties as they were: reported o hava a strong—d&-fatting
action on the skin. o . e T SR

A

\.

e The company had built a. plant wi th“a nominal
_annual capac:.ty of 8=10,000 tofines of alcohols on the. '
Ruhrchemis site &t Sterkrade-~Holten, but ‘apart’ from a few -
test runs on parts of the- equipment, the plant had. not been
operated. The ‘main . part of the plant hed glmost- - e
—;comnletaly escaped bomb damage. : See Figa. 9 & 10)

e Tha infomation given in. this report is baaed
.‘rpartly on materiel supplied by Dr.- I.andgraff and . partly on
the results of a8 preliminary. examinat:on of d,ocuments :

g

THE OXO REACTI ON

‘ The main”reactlo ! ,
'888,(-00:+ Hz) to olefines to ;form aldehydea. ;
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_R.=.CH = CHp +.00 + Hp —»- R-CHzGHgGHO

This reaction tekes place at 100-20000. and’ 100-200 atse
pressure in the liquid phase with the Fischer-Tropsech -
.catalyst (Co-ThOo-MgO-Kieselguhr). The aldehyde.is then
‘hydrogenated at 1809C. and 100-200 ats.: vith pure» ~
hydrogan and tha same’ catalyst. R ‘

o This reaction produc63~a tarietz of . 1someric ,
primary alcohols smd 5~16% of heavy products consisting of
ketones, -condensed aldehydes,tsecondary alcohols and
hydrocarbons. ' L .

. ' The main- reaction producee ‘two - ieomeric '
_aldehydes -in about equel smounts. - This is explained by
‘the addition of CO to the olefine to form the unstable
cyclopropanone linkage‘which 1s then hydrogendted to the
aldehydes ag: folloWS

3—032,..-: cﬁz,*ﬁ,co :.-.-5__3“.@;932_

T

' 0

+32

/ \

-cﬂz-cno S R.CH.CHa

R-GHZ |

N

’Other isomers are formsd dus to- displacemenx of the
olafine linkage toward the middla of the molecule.

' Other side reactions take place as fbllows
v(l) the condensation of aldehydes and (2) the reaction
;between two olefines and CO to. form ketones :-_

2303 cH+co+H....._.; pC € =0

T B TR GHz @l

:_Pproper reaction\conaitions these gide’ reactlons can'
“down to' 5-15% of the’olef;nes reacted.‘v'These ;

‘011 -,017 monoolefinss.



The 0X0 reaction is. quite general and .a wide |
variety of olefines and:other compounds have been tested
’1nc1uding the following g~ : . o

-"Ethylene (to produca propionic acid or n—propyl
. “alcohol)
Acetylene ito produce acrylic acid)
Propylene (see below)
~Butene
N- of~0Octylens
Diisobutylens = -
Decylens ~

Cetene '
Mixed polymers
-Cyctlohexens -
Octadlens
8tyrens o
Butadiens -
Glﬁfintc~~lubr1cattng-011~
‘Oleic alcohol
‘Linseed 01l
‘Terpenes .-
Rubbgr. -~
And esrtain other compounds including -
Vinyl sther . :
“Acrylic acid ethylester = '
e trahydrofuran (cyclobutylene oxida)

oy

'\
g

The reactlon is not ‘clesn. cut as shown by the
_,raaction products prod.uced from propyleng EE A
_ B R L SR
Input o 7 AR 5,-:7- e

':-YI., . ‘- Propylena o 1. 2 500 gns.
LT Catalyst ReBoVol 7o 1°v°.
i . (Pischer- catalyst so% SR
Cobalt) J;“‘““"”

Reaction condi'bions 1st atage
Ce. ,'?(.00 * Hg)‘ g




Iz, Hydrogenation with same catalyst at
180°C. end 200-ats. Hy

Hydrogen abaorbed el 1iters
: Theory - 1,344 litere
)“ . i R
Hydro product Co LT 8,%6 gme.
Theoretical yield SR ' ,400 gms.

The product corresponds in weight to 89, VA absorbtion or
1 mol GO + 2 Mols Hg per mol of 03116. :

Pgonucm INSPECTION S
,(a) Distillation S o
',.FractionA | Ppressure ;ﬂeamgera;urqofo."ams.,
— O O=TOB 2O
g 0 e 108-120 1472
5 85 . BB=90 . 175
4 - w " 90107 = . 295
e o U jorelg0. - 7B
6 W o 1g0-140 | BB4-
TR mo 7. 140150 - - . 438
-8~ w0 - 150-160 - . 48
e Lm0 160-8000 o 92
10 ﬂ “ow 0 200-218 - 186
S S m T T218eR26 - o 66

. ' The Tirst rracticn was a butanol—water mixtxrre
;.with 50% Hgo. The second fraction was a mixture of:
butyl élcohols (isopropylcarbinol, B.Pe 108°- and’ n-buta.nol,
B.Pe 116°C: ) The fourth fraction was composed mostly of -
-'secondary‘alcohol, -dipropylecarbinol and -the fifth '
Praction containéd alpha ethyl-hexanol cgn e This
‘lagt is expleined by’ earlier researches o} 3’ Ve Braun by
the reaction ‘of two: molecules of butyraldehyde::‘in the
,pree.ence of ﬁnely divided metals in . the preeence of

7 g ns were »n"tjj"f{e'es'ily 1dent1fied but
0e-“cond on: products;: ‘of normel. ond.
iao‘butyraldehyde 8¢ "



-The yield of butanol was 38% based on propylens
with 12% of C7 - Cg alcohols and 23% as ethylhexan-
diolmonobutyrate. - It_ia pointed out that better. yields
of undivided alcohols might be expected with a better
choice of rvesction conditioms. This is in fact achieved
in the reaction with C11 = Ci7 olefines where some 85%
yield of - corresponding alcohols ‘are claimed -for pilot -
plant operation. - The alcohols in this case are branched
'and of various Btructures, though all primary alcohols.

: : The I.G. have . developed the baa1c reaction with.
‘a variety of new_ catalysts, particularly with nickel’ :
carbonyl or the nickel halides. -(Ni Clp activated with
~iodine This is the subject of a separate report. . =
(Reppe. Chemistry). - The T.G. have also developed their
«hydrocarbon eyntheees to meke a product directly. from '
synthesis gas (GO + Hg) which is about half primary
alcohols.and half hydrocarbons.. __This is separately oy

reported in-the report on the Leuna- plant (30/4.02) under
;the title "Synol Process". . ,

-
a

mhe OXO Process has been directed primarily te

the production of Ci2 = Ci18 primary alcohols from .
‘C11 = C17 ‘acyclic oléfinese " These olefines ars derived :

in 30 -"50% concentration either from the 180 = 320°C -

cut of the- -Fischsr-Tropsch product .or “Prom. cracklng S
heaviér fractions: (gatsch). - The olefines from cracking
petroleum may also be used but it appears to be .- )
,preferable to’ separate these olefines by solvent: extract-
ion. A pllot. plant was Sent o the Bombini. Company- in. .
Italy for the prodnction of alcohols or acids from- L;:,g
_ethylene but no 1nrormation on this work 15 available..“
‘ : The procese 18 carried out with narrow o
‘fractiona of 'olefines in. ordsr to: simplify ‘the separatian
‘of the resulting alcohols from unreacted fractions and
- byproducts. - The -Henkel: Company- Fequires. alcohols of
»97-98% purity for aulphonation to detergenta.,‘av :

U For the. production of detergent alcohols the
;180—320°C fraction iscut in four fractions by - -
ﬁatmospheric and*vacu,'”distillation ‘es follows s




" Gut " - Boiling Points At"-/, mn of Hg
Lo - at 760 mm of Hge T

G14 - Ciz '180-220° - 70-110/20
Ci3 - C14 7 ' 226-260 100-140/20

G5 -C1 . . \ feeoeaes- o -100-140/5
cm RS ‘zgs_-s‘z‘b“ S 14@13075,

i . 5

Steam gt 80 ats. preesure is used for heating and the 1aat
 two .cuts ara separated by batch vacuum distillation. o
.Each cut is reacted separately.. = .

\

F

- The main. reaction is carried out in the 1iqu1d
hase with finely suspended Fischer~Tropach catalyst.
30% Co) at-~ 130-140°C, ‘and 160 aimospheraes under which

Teo! dtttons*the”reactionfiswcompletedmtnmzo-aowminutea.
Some of the cobalt is converted to the carbonyl (00(00)4),
and this is reduced: to metal. in the next stage where the.
‘aldehydes. are hydrogenated:to primady alcohols with the
sams-catalyst at 180°C. =snd 160 ats. with pure hydrogen. -
‘It appears. that the carbonyl and CO brought over to the
-hydrogenation etage ‘poisons the ‘hydrogenation reaction and
‘the . CO .must ‘be Pemoved-by - conversion to methane with 1ron !

dcatalyst in the" cycle gas.“

o "v,. The' catalyat and reduced oobalt are separated
from~the product- by filtration under mild preseure thru
Aceramic thimblea. . (SR L

o The alcohols are then separated with 98% purity
'from unreacted oil. and ‘heavy oil. byproducts by distillation.
‘The ‘distillation is. carried out in' vacuum stills with - o
ypacked columns: heated by eteam at,B ats. to prevent
decompoeition. , S :”,. . S

o The OXD plan 'at Bolten wae built for batch
,operation but the TI.G. at: Leuna ‘have developed - R
_continuous process: ‘that appears to be a great 1mprovemen
Q(See Report on 30/4.02). G R LT

- 7The bateh plant cansistenof nine reactor units, o
"o,reacter‘{of lazﬁcubic metere;volume_ﬁene for

g ,.v‘_. et




‘chest and 2 1leg for thermosyphor circulation of cooling
water. - (See Fig. 11) ...The reaction heat.is substantial,
(35 Kcal. per gm. mol of .olefins reacted) and there ‘are
31 tubes 38 mu. o0.de X 8 meters with a cooling surface of
“about 30 square meters for removing this heat. '~ The .
temperatures of reaction is controlled by the pressure on
the steam and the rate of circulating the synthesis gase.
The reactor is charged with 700-720 liters of liquid faged
containing 3~5% (15 Kgs.) of finely ground Fischer - -
catalyste - The concentration of olefines in the faed is
-not critical but this plent is designed-faor handling a -
Peed with 40-50% olefines. . The feed is heated to. 130°C.
and the synthesls gas recycled thru the.reactor with a - )
compressor having a capacity of 200 N M°/hour (1.3 cu.m. -
of gas at 150 atge)s . . . o 4

_ ' “7::,Tﬁ§ pXO’réaction is cahpieﬁed_ih 20?507minﬁte$
‘when -the liquid:feed with suspendsed catalyst is pumped
Anto-the hydro=reactor whers_the sldshydes are -hydrogsn~-

ated at 180° and 150 ets. with pure hydrogen.. As noted

above, it is believed to be necessary to remove the .
‘carbon monoxide that comes over to the hydrogenation

stage by converting 41t to methane over an 1ron'catalysti
in. a converter 1n‘tha'recyqle*hydrogenvlins.-]‘This,:»,f
,radpqas‘thq4coafgam 2J0'to*O.Q5%; B T

" The product is filtéred unde¥ moderate. pressure
thru a battery of ceramic thimbles (manufactured by :

Msisher Filterwerk, Dresden). =~ The filters are’washeé~v"

‘with frash oil feed which is fed with recovered catalyst:
and meke up to the process. - These filters. are reported
to be good fﬂr,SOOQﬂfiltratipns(befdre>replagemegt;_L; :

"L Tme f£iltered-product is then distilled undsr. ' .
vacuum to separate (1) alcohols in 96% purity, (8) me~
'reactedibilxand‘(S)ythickgoilngtwbmée”hich;amodntgto,15%f
QOn,élcoholﬁﬁanﬂf¢onsiSt$405~§;m$$tﬁr°*°ffaldﬂhyﬂﬁsif?'f/*
ketohes, ésters, and hydrocarbons. s e )

ffﬁfﬂi77;f;fhagovqf?"il?yiéidfﬁfiéléohbléﬁiéﬁét&béﬁiyf;ﬁ o
‘around 65-70% but ‘fim information is not evailsbls for

lac ‘of full-scale @erating dsta. Thers are undoubts
‘losses of alcohol in the unreacted oil fraction asl
e meaction 10 nreac tec

, end the I.G
Process bas




T “The. continuous process developsd by I.G. is
shown schematically in Fig. 12 and consists of two— -
reactors in series.with synthesis gas -recycle, seperator
and scrubbing Bower for the gas that. is bled off. The
firgt reactor 1s identical with that used in the batch
process (with inner coolers) while the second reactor of
the sems size doss not require coolers but has 'disc.and
doughnut' baffles. .The hydrogenation section 1s- the 'same
_gxcept for ey converter in the gas recycle-1ine for ..
d¢onverting €O to methane. - This is cleimed to reduce the"
CO from 2.0 to 0.5%, and is essential for avoiding o
poisoning of the catalyst for hydrogenation.  No release
gas scrubber is requirsd.  The rgleasae gas in the first
stage uses_fresh feed for scrubbing which is then fed to
the processes without stripping. - . BT
Lo .~ The continuous: process was. worksd out at Leuns:
in a water-jacketed reactor of 250 liters capacity and .
divided into concentric ‘sections. In this reactor the
611 18 Ped upflow into the outer-ring-and- down—flew—thru
the inner section.  The gas flows wpward thru-both -
‘sgctions inh separate streems. - The inner section is
‘baffled. ~From. the ‘results in this pilot plant it-is -
estimated that. the ‘thruput- for 95% reaction would ‘be- -
3 v/v./hr. which is.9-10- times &s much as for ths batch

‘equipment.. (See 80/4.02).

© .- ~‘The economics. of. tha process as calculated by
‘Ruhrehemie is shown below eand-indicates a- cost of il
‘alcohols of 71 pfg./kgs  I.G.  corrected this estimate as
‘shown to 77 pfg./kg: These costs ars “based on-an olefine
—cost of 3B pfg./kg. and a capital cost of 6 million RM.
Theve; 18 now 11 million RM. invested-in this plant by-- X0
Gesgllschaft. .. The T.G. , on the 'other hand, estimated a -
cost of 60 pfg./kg. for the continuous process. Within
~the abova limits the cost: of thess :alcohols lies between
60-and 100 pfg./kg. which, with éxchange at 5.2 RN, per..
‘dollar, ‘would be 5 1o 9 cents per-pound. .0 B

: _;___________G_O Ire Cti qns i



. Io@o
. Corrs ctions

Distillation (Feed & Produst). .-, 10,00
Water . .. . . 8600
Power for compression, atee - - " omem
Charges L L e
Wages & Salaries RN

Kmortization.HmEﬂ,t; ST
15% on BMG million

R—

7660

S

- .. . -The fovéra.ll» pi_ctjur(e,-“of 0X0 alcohol ﬁrqdu'cti’on :
from synthesis gas ‘is presentad by Ruhrchemie in the
following- schematic disgrem. ~~This shows the Fischer X '

conversion with the iron catalyst devaloped gy Michasl of
I.G. end shows an overall production per N MY of C
synthesis gas (CO/Hg = 1/1.2) of hydrocarbon products, 84
_gns.-2and 0310.=.0gg alcohols, 64 gms, Ihe 155~380° © .
fraction of oll W th 70% olefines 1s processed ag-is—also—
‘the olefines from cracking. the. heavier oils (gatsch)e A
special low temperature ‘and, pressure “eracking procedure :
hes been worked eut with U.0.P. for the production of - "

maximum-.olefinés in -the G1o = C20 .range.




SCBE FOR FIS P OOESS WiT

f~— Using Iron Cat yst ‘at 20 ates
280-300 c.\ Synthas:ls gas. ‘

(Prepared by Ruhrchsmic . Feb. 1940)

RCH - olefine Syﬁtnesis ,'

Product Gmss ' %',’
145 gms. . 15 gme. Primary,‘ HEEREEN
‘Iiguid & - Cz & 04 Product: 16_0 .- 100 -
—— . 03 & 04 18,3 | 11.4
'Distil].ation ~_ . o N R
45% wax\ 597;, B > 15% G-asoline ;6; 2 | 22.7
6543 gms. 5 gme. | 235.2_gms. B TR
T . . heavy oil gasoline : :
155-350 3 -155°c -
7 \ e e
: Gracking ' ~E
low: temp. & m.'ess. At
45.9 m .: .
Haavy Oil gasoline gas -
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Ruhrchemie A

The " 0X0
(30/5.
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Flg.lo. 4 The control platform in the 0X0 reactor
buildlng . . :

(30/5.01, Ruhrchemie A.C. s S'berkrad.e Holten)
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Report 5. - Interrogation ofDirector Alberts.

v

Date of Interrogation : April 13, 1945

Location : _"H‘é-rr~A_1'be rts’ housé ;“"An der Muhla",
. -. Waltrop, nr. ca‘strop-Rauxel. ‘
Perébp’.nel 9‘6nducting'Intérfogafion e ,
‘ ,‘,;_;/D»r‘fvvz\“ﬁa_e‘:nsel,':ﬁ.s, ,',Petriblemn Adnfinis_tration for
~ Capt. C.C. Hall, _Br'itigﬁffmnim; of Fuel .and Power
:éegortgé'by-é cépt.lc,c;,ﬁéil,', |

Objéc't .of‘gief;'o'gation R

i . Herr Alberts' present positim is that of

DI¥§etor of —the Castrop=Reuxsi-plant—{Target-30/5+03)y——
but up to. late in 1943, he had been manager at Sterkrade-
Holten, and the object of the interrogation was to obtain
information ¢oncerning this latter plant and the work of

Ruhrchemis. . .

~The Synthesis Cycle at sterkradg. - .According to Herr - -
Alberts, the.system employed by Ruhrbenzin during recent
years is &8s outlined in the- flow ‘scheme Fige 18.- oI
comprises. two independent systems, one operating in. two
stages at normal pressure and using Hg 3 CO = 2 s 1 as
‘raw material and the dher operating in three stages at .. .
‘11 ‘atmospheres pressurs, ‘the Hp :.CO ratio of the inlet .
gas to the three -stages-being adjusted to l.4 & 1, 1.6 : 1
and 1.8 3 1 respectively, by introducing the requisite
‘amount of "converted" water-gas before each stages

.. 0 .\ For Stage 1 on the medium-pressure side the
‘inlet gas rate -is 1000 'm3/oven/hour, the'temperature 180-.
'200°Q, and the gas contraction, -50%,. - Similar conditions.
‘obtain for Stage 2. ' In Stage 3, '_’wime'_r‘e'jg'gll' newly-charged
‘ovens are started, higher rates (2,000 m®/oven/hour) -and
"lower temperatures (165-185°C.) cen be employed. . The ' . .
“overall contraction is about 75%-and- the: yield, ‘150 gm. .-

ven' was 88
un for 10-14 -
t may: remain ‘for.



.af'ter a’ period to-Stage 1. - ‘Alternatively it -may . go
direct from Stage 3 to Stage 1. The. precise history
-depends on the demands of Stages 1 and 2 for new ovens
but the charge of catalyst always remains on stream for
approximately the same total time i.e. 9 to 11 months,

depending on smoothness of opsration, lack of. -
interruptions etce No solvent-extractions or other
reactivation treatments are carried out in the medium
.Pressure section. ' : :

: - The advantage of the scheme of commencing with
a gas relatively deficient in hydrogen and then increasing
‘the proportion of hydrogen in later stagés lies in -~
‘combining the beneficial effects of low hydrogen =
proportlion on olefine content and methans production with
the efficisnt utilisation of the carbon monoxide achieved
with normal synthesis ges. (Hg : GO = 2:1). '

'“”“-*ﬂ“”“Using*nermalmsynthesiswgaSWthroughout, lé%vof
the -total hydrocarbons produced is methane but with the
above scheme the proportion ig- reduced to 10%. S

PR S

o The products produced by this method of
working are as folloWs g~

s

_ 03 * 04_ 3 10% (Olefinesléo%) (13% of G4H3 is
C5-170°C-V,"'£ 25%.{ " - 24%) 0.H.4§Motor)
170 - 280°C - -w~:;3o%1(j3"u~ 9%) NS
280 = :54000. R 20%'“ _Soft Wax -
Resi.d.v::.e"I S 15% i, Hard st M.P. ea. 90 'Ce

‘(*This includes 3% of wax: extracted from the
catalyst at- the end of its life.);_ '

It would.appear'that the‘total annusl output
of . primary products from. the'whole system'was of the -
torder of 70 000 tonnee.i:_; el RIS _NJWN.,

The Water-Gas Reczcle Pro;ect. One of the reasons why
1t was found difficult,. from an. inspection ‘of the" contact '
“oven house and. the" adjacent plant, to: determine the natures
of ‘the" cyele” employedlwas that although -the" scheme- opt= -
“1ined above was_ sctually being used, most of the’ plant and
“pipe connectiens necessary;for -an-entirely.: different. :
-gcheme ‘'had been 1nstalled._M:This ‘scheme involved the use -
of. all’ ‘the medium-pressure ovens: in one” stage withnwater-‘
gas as the feod’ material end a 331 recycle gas—fresh gas
frstie;*the unrecycledﬁr‘ ual 'asvbeing;passed tolsll




normal 2-stage atmospheric-pressurs_section after . -

ad justment of the Hg:CO ratio to 2:1 in a CO-conversion
unit. The system is illustrated by the flow diegram,
Fig. 14, It hed only been trisd out on an experimental
scale, the full-scale trials having been held up due ‘to .
difficulties in obtaining certain items of equipment’ such
as heat exchangers and expansion joints. As stated above,
most of the equipment was already instelled, and a series
of towers found at Sterkrads wera ‘identified by Alberts as .

the system of heat exchangers, direct condensers and

‘charcoal absorbers for the recycle gas stream.

I The,object-of.this.method‘of'working‘Was;the
production:of olefines by maintaining a high concentration
of CO in the gas mixture. . If this is attempted by, for
example, using an undiluted synthesis gas of composition .
2C0 + Ho there.is 'a tendency to gst carbon dgposition. .
Alberts”stated that the use of-water gas with recycling
was the best method of- achieving the desirable effacts of
high CO concentratien while avoiding carbon deposition.
-The principle of the process was illustrated by Alberts.
as follows $= 0 ol U BT

IR ~~  Parts Hg ' ?§5£3 co
Fresh water g8s eee eee  1e26 . 1,00
Consumed'in‘:eaction .s . 1.00 050 -

B Residusl ges ces’  0e25 045

1

'3 volumes recycle g&s « . 0s75 - 1.5
1 " fresh water-gas 125 . - 1.0
o 'motal - 8.0 .25 .

i.60 toﬁhl.iﬂié%;gas‘has ¥hé’inyeféétH§ :pr ratio to
that;ofvwaterAgas;_fg\ T R T

° - . The reaction temperature for the process was

higher than usual viz. 220~225°C. . The gas contraction

inythe'prcceBSrwas?50§:and*tha;yield-IOOJIIG*gns”C%Vand‘
higher<hydraqarbqna/h_;1d¢al!gas.a.élnyxhﬁ;pilotqp ant
'experimentsia;caﬁalystyliféubﬁ;ﬁ#?jmonthszhga?beqnjﬁty

¢ts ware as follows 3= .. "

8% ioleriﬁGS»GO?GE%?”

‘obtained.  The produ




. The gasol fraction fommed an excellent raw

‘material for polymer-gasoline —productions - The benzin- -
had en octana of 50-55 but this could be increased to 70
by an isomerisation process involving no gas formation
or change in boiling range and olefine content.. It
consisted of treatment at atmospheric pressure and 300°C.
'in the vapour phase over Floridin activated by treatment
with HCl. = The space velocity and clay life were the -
sems as for‘normal clay refining. Alternatively the
benzin could be pélymerised with aluminium chloride . to

give a lubricating oil of: viscosity~pole~height 1+7.

S The unsaturated middle oil would have formed
the main rew material for the OXO plent, The e
paraffinic residus, after the latter process had removed
the oléfines, would be sold as diesel oil. BT
e Alberts considered that this recycle process
was the best method of conducting the synthesis with a
cobalt catalyste " R

Compogition of Cobalt Catalysts g
+ ~ Alberts stated that in his view the most e

important effect of replacing thoria with magnesia was .
the increased hardness; of the regsulfing catalyst and . .
‘consequent reduction of dust formetion in the ovens ‘which
causes. bad gas distribution leading to "hot 'spo'ﬁz*._j_ L
Other advantages were €ase .of_ initiating: synthesis, less
‘tendency to form methane and carbon and increased life.
It was only since magnesisa-containing catalysts had come.
into use that lives up 'to 8 months had been achieved-at -
normal Pressure. - ... I AR P h g s

o.. = ‘Alberts stressed very strongly the ‘nscessity
for-trials on the full-scale .as. esrly a&s possible in the
developmsnt of new cetalysts. .~ On the laboratory.s cale,
comparatively small differences were detected between
‘ThOg, Mg0, ‘gnd ThOp + Mg0O promoted catelystses In. the
full-scale ovens, howWwever, ‘very important diffsrences - =
appeared. - ~He considered that Co-MgO-Ksgr. ‘catalysts
“Were best for large-scale operation, . The most guitable’
‘¢atalyst for nommal-pressufe operation is also most =~
‘suitable for medium-pressurs operations ..o~
Originally the" charge per N.P. oven was = -
r the last few years the charge had . v
reduced to: 900, 850:and 820 kg. without

but



“shown_ in.Fig. 13 was 820~850 kg(& end. for. the madium-
_pressure. ovens about. 10% less. "Alberts stressed that-
the maximum gas raée which could safely be employed. 1n
Stage 1 was. 1000 m /oven/hour. :

Iron gatalzsts. There had been no full-scale trial of.
—iron oatalysts but X:] °°n§ derabla number of tests on &

1/10th" full scale (100 m /hr.). = Ruhrchemis, Rhein-
preussen, Ruhland and Lurgi had all developed ‘iron .

catalysts and a trial °§ all four types had been staged
 at Ruhland on the 100 m°/hr. scale.  The results were

inconclusivae., Alberts ¢laimed to have no information
- about the Kaiser Wilhelm Institute iron catalyst.

IR Concerning the work of’ RGH on iron catalysts,
'Alberts gaid that further ‘progress had been mads since -
the S.I.C:S. contracts, ''At the time of this contract the
development was in quite an early stage. ‘There were )
difficulties. in reproducing batches of catalyst and. the’
trials had not reached.the 100 m® /hr. scale.  The yislds
.guaranteed t0 S.I.G.S. were calculated from™ small-scalaw—-
vsingle-stage rasults. T4 was anticipated that it ‘would -
take 2 years. to build the S.I.C.S. plant and that during
this period RCH would be able to straighten—out all thé
difficulties. ) . RN

' B When Alberts left Sterkrade in 1945 $ the provad_
1ife oi’ thé. iron. catalyst—was only 3 months. . On this -
basfs, in-a period- ‘of 1% years ths. cost of replacament
would. be greater than that of: cobalt. ' 'He -believed that.
.the RCH catalyst contained copper but no_alkali. and was

prepared by precipitation from: the" nitrates on-to- -
kieselguhr.. The catalyst was designed- to -give al balance\
‘petween (O and Hg0 as oxygen end-products. The:. :
'temperatures and pressures. employad 4n- the synthelis -
‘eontrol the proportion of organic’ oxygen compounds foz'mdd.
’Alberts believes that iron is: the catalyst of the future. R

\'v' e

3 Alberts was then questioned on a number cf
.miacellaneous topio,a : _ e L

i Thé'~Fiééhé’r“' “‘sja-'-us‘ nfiiégi's." He"..b,.eliavf'
at tempsratures in. the. Tegion of 4_000_6
vitha_ -orde 150 atmospheras w1th 8




,jofaqave.opmentfnzgm;%:;ﬂﬂwﬁ{;

1. Use of sintered iron catalysts in a fixed bed.
2, Use of othsr types of'iron‘catalysts‘in'the '
~ - " liquid phese. . . .~ - S
3.;3Use.ofviron.qatalysts with a high rate of
.. recirculation. - S e T

o -All thres processes'gaveélow,yields_and'gave
_risae. to comglex_mixturas,Of:hydrocarbons end oxygen .
compounds which were only of value as fuel. . The octane
pumber- of..the benzin produced was in the region of 70. -

‘S0 far as -he knew nons of the processes had been applied

_on the large scals,. - L

3

R o R : T, :
Rew_Types of Synthesis Ovens.. . Alberts did not belisve: -
that;cobq}t,catalysts-could be opsrated successfully other
_than in the conventional German typs of oven. . Iron :
“catalysts might possibly bafamptoyed?inwaxhermtypesaqﬂzr
apparatuse " “Their own expsrience withiliquid—phase.f'
gpbration,-which’hadﬂbaen tried out several times at’ .
differenﬁ%plants,,was;most?disg0qraging. IR

e ¢ -TheVéxpériﬁentailoven1atﬂstérﬁfédéfhadjﬁqbni
constructed for¢the58@I,C.S;Lproject;,‘.It,wannot;a'_

Cobalt-Silver Catalysts. ~~ These had not been tested
;dutg;@e“th,laboratory.\»1Tha;gatalysts;were‘soft and ot
‘Gobalt Gatalyst Reduction. . The optimui conditions were
varyiji;~icu1tftoﬁestab'ishsl',Generallynspeaking; the

lower the

D @ -reduction tempgratura;fthelbextar,*but;lower;“/
ftempﬁraturés,reqarreaﬁlonger;ﬁimeéig¢;A~10°G.Cdifferegca;
.in_tha»xémpdgatugeﬁbrsrqductronfmade;an,impqrxgqt;w,zv‘qw
aiffevence  in the activity end life of the: catalyst in tho
‘ov w“ijdif;ffe;@h’c:ﬁVisibl@dur:;ng';th,a-first_;thxaadays--_,o'f

was aiemissed

end of 'porous rods' in the atalyst

space were dlsmissed ss 'patent rackets’.

‘diluted catalysts

5.



—Reactivation of-Cobalt Catalystss —Reactivation with
_solvent_or hydrogen is never used in medium-pressure .
synthesis and only in the ‘first stage of atmospharic-
-pressure synthesis. In the second stage it is :

" unpecessary as little or no wax is formed. Originally.
‘hydrogen was used, for the first time after 4 weeks
-opsration then at l4~day intervals. Then, to save ‘
hydrogen, solvent treatment. was substituted, but. this was

"not so effective as hydrogen treatments. Finally solvent
treatment followed by hydrogen treatment was used and
this was the most succégsful method of all. The time

: intervels used are the samse as those given above. H‘

‘ “ The high-temperature re-reduction treatmsnt wasg
a Roelen invention. . .It has never been tried. on the .

" full-scale but Alberts is convinced 1t will work and was.
preparing to try it at Castrop-Rauxel just befors the
~‘bombing started. Ths process consists. in’treating the
_oven c¢ ntents at 400°C. for ‘3 hours in purse hydrogen at-
~2000-mY/hour. -«thevtreatment~is~the-
‘removal of persistent carbonaceous deposits. :

- 11

Kieselguhr for CObalt catalxst‘PreQaration.' Iron and.

calcium should be as low as vossibls. Physical
structurs is of particular importance . and there is a risk:
of ruihing:this by acid treatment.'f‘The only real\test
is to "try 1t and see" ' _ ' j' MQ

Total Recxcle of Products.__ This had been tried—out ‘on .

the full scals, but was found .to lead to 1ower conrersionS'
~and an- increase in saturated hydrocarbons. . .

Gatalxst densitx. Uss of dense catalysts (i.e. weighing
-more: than 350. gm./litre) 1ed to- ‘excessive reaction in the
“top layers of catalyst w1th fbrmation of methane and T
”carbon.- : o o o ,WW.-s‘

:anthesis ef Lubrlcating Oils. “The best oils Were
obtained by aluminium chlorida polymerisation of craekad

primary product.; “The normal- prccedure was: t0 . crack: the-
total primary product:after removal of benzin (eepe: 1%0°)
‘in & Dubbs unit’ operated at ‘as low.a pressure’as possiﬁle
“in order ‘t6 ensure: reaction An’ .the vapour: phase.t The

pressure. was. ca.. e-;o ats. and the temperature 48Q-500 c.
“The: yields were 88 fbllOWB"-ﬁ'




fﬁspinit to. 1ao°c-

» iu ,

'%b%”ibte‘fine 8 TO-75%)

Gas " C o 30%(C3 +0gs BER
. S G Hy 3 17
: ests: GH,; ec.
Residue f . cas’ 1% 2’ ’

i The soft wax - fraction‘alona forms a better

~¢racking stockgiving-80%-yie: lds ofi-benzin t0j180
containlng 80/3 olefinas. ‘ ,

s The polymerisation is carrled “out 111 batches in
vessels 3 m. in diemeter end 6 m. high- fitted with -~ -
agitators. and heating and cooling. coils. The charge is
'24~30 mS stock + 1.5% AlClz. AL the start the temperat-
ure is maintained at 40 C. an& is subsequently raiced to'
80° and finally to 100°C. . The total reaction time is
"6 hours. . The sludge settles to the bottom and the upper
layer s still containing sludge in suspension 1is run into 8
“settling. g tank,  The ¢ slﬁdga"remainingdn*the~*polymeriser—~
is used for the subsequent batch. After settling the
_clear upper layer is mixed with clay and zinc oxide and
"then passed through a: filter press: - The Piltrate is
toppsd. at atmospheric pressure and_ - then distilled in S
vacuum, 5 cuts being made.. The nscosity pole height of
the best cut is 1.85. - , } N
R Using soft wax ‘as. cracking stock an. oil of
v.p.h. 1.6 can ba~-prapared. " In this casé- tha olaﬂnes
_,boilnxg up to 250 C. can be polymerised.

. : When using primary product (less benzin) as
fraw materlal, the over 180 portion can either be
.recycled or disposed of as: diesel oil.. :
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Introducti on.

. Prof. Martin was President of the Vorstand
(Dirsctorate) of the Ruhrchemis A.G., the othsr members
being Dr. Hagemann (chemist) Hsrr von Asboth (engineer)
and Herr Waibel (financier). : - .
ST Martin, therefore, headed the list of key men
.relating to the Target under investigation and his
interrogation was. of particular importance. He was
located at a farm near ‘Gebhartshagsn in the Braunschweig
area. by 30. A.U., R.N. and, together with Dr. Hagemann,
was brought by them to Brussels en- route for London. .

In Brussels, members of the c. I.O.S. Item 30
Ruhrxteemmwsre_ahlewtominter,view Martin before his - ;-7
departure for London, - ‘The report of this interview is
given below followed by a record of additional -
information obtained as a result of subsequent interviews
held in London. Sy

Interview in Brussels on A;gril 22nd, 1945.

Personnel conducting Interroga tion.

Lt. Col. A. Parker, British, Ministry of Fuel and Power
“Dr. A.R. Powsll; U.S., Petroleum Administration for. War
Capt. c.c. Hall, British, Ministry of Fue,l and Power.-

. - L D ‘ o .(; Admmistration for m!ar’

General Assessment of Fischer—Tro' sch‘Procesa~ “ ‘,

O

s e

SR Martin stated that he' believed ‘the Fischer-
Tropsch process would be;.of no’ present Value for:
. production only: of motor fuel 4in g free. ‘world" economy.
“Under - such,. conditions, he believes .the process. is of
‘walue only for: manufacture .of special’ chemicals or
upgraded products.: commanding’-' : considerably higher unit
sales -valug:. than: .does motor fnel." {?’?-'iff'_'He stated that some
of thess special applications : '
processmad ‘baen escribea by ‘a

“Etirs (angewandte Chemie® : month_s nrlor.’“ ne of .
; cat' Q. _entioned by Martln later“




Synthesis Gas:

"TWHMf&’~~°Martin—sa1d~that he favored the production.of

. the synthesis gas fB?‘Fiéchar=Tropsch*plants~by4ﬁhe7 .
original process of using coks ss fusl in- water-gas - -
genenators,rfollowed by partial conversion of the ecarbon
monoxide to obtain the correct’hydrogenrcarbon‘monoxide
ratio. This method of synthesis gas manufacture had
always been used at the Sterkrade plant of Ruhirchemie,
and for the most part hed been used in the other Fischer-
Tropsch plants located in the Ruhr ares. . At the time

~ these plants ware started, coke menufscturers in the. Ruhr ..
were seeking sales outlets for coke other than'the_uSuaI:
cdnsumptionjin"blaSt»furnaces'and this situation largely
determinéd the fusl policy at that times . However, . ‘
Martin safd that He still préferred coke &s the raw o
material instead of thse somewhat_cheaperAraW“cqal or brown
coal -since coke was cléan, free of 'tarry matter, could be -
gasified,ﬁithbralatively simple and trouble-proof equip-
ment, .and allowed gasiar snd more accurate control of the
“comgositton+ofwﬁhewsyntheaiségas. - - g e

- Martin statad_thatlthe_variouSnprocesses_for ;
> mak;ng\synth631s:gas,fronrbrowggggal-or‘by the cracking.
. or reforming of coke-bven'gas,always/gave opsrating-
troubles due to the Dpresenca or deposition of tar, -
carbon, ‘resins and other disturbing subs tancess ‘The .. ~
presence of resin-formers -in Suchvgas"lad;to‘theufduling
of the egtalyst: for rémoVa;gof=Organic‘sulphur,-and_tha '
necessity in such.cases of installing active carbon = -
chambers bsfore the organicésnlphur—ramovél»equipmenﬁ,tp,
-freesthemgas‘of«thesemharmful,compqunq§;gA S
. . 'Despite his preference fqr_the'cdke;Water.gas"‘
method of ‘making synthesis ‘gas, Martin believed much
could ‘he. done to improve - the nrocesse Spacifical}y;;he
thought'water.gasigenarator§,.usingfcheaas~fuél,»should»
get away from the ﬁgﬁal.cyclic;mannen4n:_oparatiqniand,~
should'operate.cantinuously, for. 8XsmD ,'”V:using'0xygenf
‘and steam. Thisywould“avoid_some;difficultieslli AR

ghcountsred.aﬁlpha;Stqurade plant;'such'aayma¢hgﬁiééi;;‘
trqubles;lailationqof;ﬁhe=gas with nitrogen stc. .. He - -
3@m1¢?eﬂith§tfthis’WaSYan wnsolved pggblemlétjpragqnt.l

' ’Martin vas asked about the present status of .

the Wintershall-Schmalfeldt process for meking synthesis.
pas from finely pulverized cosl. "He ‘stated that the
aprchss;maSgintezperimental;fulléscalb,operat;pn;;bgtg_gn

rocgsSQnéwﬂﬁsesfépmeﬁoxygen}inaits@op "et“cg,r

116h ‘was) btftr;eﬁofﬁthegoriginéIQWiﬁﬁerShallr

" whi ‘WRas ] ? AL v
Schimslelat procese s described in the liferaturs.



Martin also bricfly commented on the procuction of
‘synthesis gas from coke oven-gas, which-had-bsen
axperimented with by Bamage He mentioned that they
used steam rather than carbon dioxide as the reaction
between methane and cerbon dioxide Wes too slow. B

Martin wes asked about the possibilities. of
usingwcokeroven,gas;dipectly‘as‘a synthesis gas in the
catalyst chambers. He sald that this had been tried but
one of the -chief difficulties had besn the comple te
removal of the orgenic sulphur from the gas since, coke-
-oven,gas?contains'thiophenes-whibh are difficult to:

4

‘pemove. and also even the carbon bisulphide and carbon - -

oxysulphide had been difficult to destroy, due to the
bad effect of coke~oven gas hydrccarbons on the organic
sulphur catalyst. . For & reasonable life of the. Fischer~
Tropsch catalyst, 1t would be nacassary - to remove all
sulphur'and:cyanqggn:compounds from the gase ~ In this
'connection~he—n@n;ibned;ihameuhggas-had'erected,aWplant
near Bsseén (based cn Ruhrchemie research work) to-
'catalytically*treat‘cokeioven‘gaS'over a nicksl catalyst

so as .%o 1ncreaselthe mathane,content~byn;nteraction of
hydrogen and carbon monoxide. By this scheme, they

iQCreased‘the heatipg value of the gas from 4,000 K cal/
m® %o 6,000-K cal/m?. - The object was ‘the production of
?Tpeibgaz“ fon motor,transport;ps S L

Catalysts: . o o . | .
e ;~fﬂmpMartin:statedgthat'the;QObalt catalyst is still
the favofite’for.mostvpunposas,»and‘had'nbt been
1di$p1aced]by!thefiroh'cataIYSt‘by any meanse - -Cobalt " .
catalysts ‘wers gasy to rmeké-.and wers relisble in o
opsration. =~ The iron catalyst had.béen;proposedglargaly

as"éawarqtima“substitute.forpcobalt which was in short -
supply in~Germany, due to the wars - If the Ruhrchemile .

WGre,to;projdct-afFibchér%Trdpsch”p}an¢7toaay;fwithxfree

'acéGSS'to»Worldqmarket,metglsi*%hey woulﬁ;recommeng'tpe

T

3

jqdbalttcatalyst# H_[‘

P

. martin stated that ‘they had discoverad ‘that
jthq;;ifegpfjthe~cobaly:cétslféﬁ could be:materially: .-
lengthened by strict attention to ‘thoroughness of " -
purification of gas:from sulphur, snd thet this 1lifs
wwouldwnow’awgrags.s;tovGEmOnths;‘;,ngdrdihgTrsgeneréﬁﬂ

;atioﬁ”of1the;éqbaltﬂcatﬁlystg*Mé;tinhsaidvthereWWQS‘a;

“loss. of four per cent pe r-regeneration, but he falt.
“confident this could be decressdd to tWo pur cont-



. VHmm”,ﬁ;Ahngﬁabgﬁtﬂthe,mqst_importaﬁéfféétor~involved
,in the manpfacturse of catalyst, Maftin stated. that the
veduction step was the most critical and that the washing

step Was_second in importance.

- 1

. Martin was then asked about the knownm policy of
Ruhrchemie'in-substituting magnesia for a part of the
‘thoria in the cobalil catalyst. ‘He stated, thet the full -

and that any substitution of thoria by magnesia decreased
this production. The magnesia was added solely to
improve the physical characteristics of the catalyst. It
had‘the.efﬁact'bf meking thetcatalyst'particle.harder and
1ass_subjactito'disintegratipn,to-a dust. - It was . .
necessary -to reach a compromise -between the relptive . _
proportion of thoria and magnesia in order to obtaln both

a reasonsbly high production and‘good_physical quality in-

‘the catalyst. - -

o ,'Mérﬁih stated[thathr;iGehrke; fbrmer1y~1n'f3‘;
charge of catalyst manufacture\at Sterkrads, hed left and
ﬂthatghekdid not~know'his]presentvlqcation, ‘ R

L Martin stated that they ‘had about- 100 small, .
catalyst;testing.ugits in -the leboretories at Sterkradse.
These. were constructed on the Valuminium-block' principle
,andﬁhadﬂa.catalystLCapacity;of,507100_ml. EBach largs—scals
batch of catalyst was'tested:ig.thesg units using a - 7
stendard temperature® .and fixed gas rate (1 litre /geCo =
”hOﬁr);at‘atmosphericwpressune.' If the yield of products.
.gemained.apprdximatdlyﬁchstant.for about 14.days under

the conditions of thisjtestiithen~thqyrcould;anfidently'
‘predict from their experienca that- the batch under ‘test
would give a satisfactory performénce‘in‘the;fullescala
ovanss LT ET T e

g " However, the test could be epplied only to .
catalysts[of-similar'cqmposiﬁion—and;would‘pot_ba;pv -
applicable to any radicallyqdifﬁerent“catalyst on . vwhich
there ‘was no plant- data. R SRR R

_ In another phese of the lnterrogation , Mertin

« yartin gave this temperature ss "sbont 1909Ci,! but
‘documen s;foundrin*theilabqnatoyieSUaﬁjsterkradevindicatgd'

a figure of 185°C., which is mich more probable.

 ﬂ66;;A



was asked about -iron-catalysta.. _Martin reviewed the
statement of Dr, Fransz Fisgher that:a temperature of
240" was necessary for gsuccessful operation: with the.iron
catalyst. Such a t@mperature,reduiredfa;watarmprBSSuxe
in the cooling system of the catalyst chamber of 30
dtmospheres. - Since such a pressure presented many
construction problems, it was most desirable to obtain
an iron patalyst that would operate at a lower temperature.
By a special process developed by Ruhr-chemie, an ixon
_catalyet was roduced. that could operate at 215-225"
(average 220" ) and the:pressure then was such that the
concdentric double tube ocatalyat chambers of the: medium-
pressure process could be used. o R
SR This catalyst sontained for every 100 parts of
iron, 30 parts of kieselguhr, about -4 parte’ of copper -
(Cu) and 10 parts lime (Ca0). Increase in the pro- o
portion of copper gives harder catalysts which yield more
“wax but also more alcchols. - FPor the preparation, the :

metals are dissclve&*infnitricma¢id«and~prQini$a$e S
rapidly»trdmjhot'sblutions‘using“potasgtum carbonate. .
Martin stressed the recessity for using potdssium and not
‘sodium as the alkali. After precipitation the precipi-~
“tate is-washed-ﬁntil_samplés taken from the filter show

a pH of 8.0.' If this polnt is over-shot, the pH is
-brought back by.thegadaition'0£~a“wegk}potassium,vf-r
carbonate solution. : e T =

- .7 .- The amount of nitrie acid involved in the
preparation and the necessity for uging potassium for the
;préoipitation;"ﬁakesltho;ironmcatalyst,moregexpensive e
Hto,p;epare,thanfcobalt, . The diffe:encevin,cost~can‘be
'someyhat-redﬁced;by,reppveringqutassium*nitrate'from'fg
‘the -filtrate and wash waters. = A e RO
T Thefré&uction*0£”this:maxexiai j8 less critical
'than‘tha&'qutheuoOBSltﬁcatalyst'and'iafcarriedfput-aﬁ-fv;
325-3500 fora somewhat longer time than the éobalt.
reduoticn,lf~As'inwth§_casewof;oobaltiﬂthé“irbnﬁcatalystt

must be only partially reduced, @bout 60 ‘4o 70%, since .
1the'preseﬁde&o£530mbﬁironiOxidehgéemsﬁto;be;easentigl,to,
thé;efficieﬂt'workingﬁofftpegoatglyst;f"‘Wf““t~.5“”iﬂf.4
f7?&i-4“*1fNﬁ&tin'bélie?QQ‘thaf?thﬁfuﬁe of potassium ...
*garbonaté causes a metamorphism:of the irom o 3 an
‘hydroxides: into a form that makes ih : ’

affective at lower tempersture
it with th

-operated a pilot 1t Wi
ﬁr ynthesis gas for about a




thisvpilot‘planx'had_furniahed_the‘data for the Italian.
project wpich‘had been set up for use of irom catalyst.
R : n . ' Lo

. Martin stated a} this juncture that results "
obtained on the 100m° /hr. scale were closely compirable
with the full scale, but added that this was the minimum
scale which gave fully reliable prediction of full-scale

performance. B ‘ ,

. Martin was asked aboyt the gintered iron catalyst of

1.G. He said that I.G. had used this sintered iron -
‘catalyst-exc;usivelyﬁfor the manufacture of Cg alcohols
for plastigizers etc. and that this had no re ation to.
the Fischer-Tropseh process as ordinarily conducted. A8
an aside at. this point;-Martinfsaid;thatnthejEischere T
.Tropsch process had been offered to I.G. in 1930 for -about
‘600,000 marks, bub that they had refused ‘it. ‘

- _ S :

0 e?ation o:lCat51 é¥'0Hhﬁher§{ -
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. . Martin was interrogate&~on;aapacity of catalyst -
"chamberszand'yieli.of,primgryfproducts”and the relation- .
ship between yield and rate of gas'thrcughyut.«,aﬁe said
that each chamber contains one metricwton,o£¢oob#ltuand;*"
.produces_l;sametric_tén of primary praduet per day on the..
average, inocluding chambers -in.all stages. The main- -
objective is to utilize the. synthesis gas at-the higheat:

effiéienéy,consistenx\With reasonable eapacity per

tchagpgrﬁsincexsynthasié,gagwia.§¥Pbgsive.;“ The normal .-
opératiﬁg_rat‘;will,produce s yield 6f 150 g, primary -
proguet per m ‘of idealsynthesis gas.. . Some plants use
a-lower operatiy craté,and,ﬂxerebyﬂattainﬁﬁieldé‘as_high

3 165 g. per m®,  In each oase, a proper balance wast
,Be;mainiainedpbetween,fuel%coeté, d capital charges on
oquigment. - For the 150 g. per m® yield noted above,

“SynthSis#gas;ilowfis}lOOOEﬁ Ip?rwmefiic*th,of{cobalyﬁper'

.honrﬁinfthe;firstqstagegchamha:s,.but[as‘the'cgtalyq@ L
 bec0meB*older;ﬁ%h1s,rate;1s¥lcwered-un§il§it»iéﬁ&OOfmgjperf
“ton per ‘hour just before regemeration of the catalyst. |
§Whénf0§eratingitoj_he:highsréyigli,ithaginltiél[r&tef;e‘ -
ﬂQOOamg;én@;theefinalﬁraie{voogm,>pergh9u:,;; Thq4genetg1 ;
Dolicy of chamber rotation is to put frosh catalyet in

Ds Tust stage in contact with older gas while older .
Teiilet 1s put into the Tiret stags in contact with fresh
-synthesis gas. Y I

- 62;.



 martin was-then asked whether normal-pressure or

me@ium-pressu;@,quration.wES'best:--fHe_sijéiﬁEdfthatf
each plant had peeﬂ”giveﬂfE“freejchoioefaSvtvahibh-[';
system,ixvdesired;.,;TheumeQium;presaure system has the
advantage of giving three times as much hard .pareffin as
‘does the normal-pressure, and hard paraffin can be used
for the manufacture of higher aleohols’, such-as 025,
which form valuable neutral emuleifying agents and can
be mede by no other process. ' Alsa the medium-pressure
operation gives a somewhat longer catalyst 1life (about”
'2 months) . The normal-pressure process gives a high -
yield of benzin (gasoline or petral), but under peace
conditions and a free world economy such benzin eould not
compete with that made from natural pstroleum,. so this is
no advantage. Summing up, Martin said-that the medium-
pressure process should.be chosen for any post-war '
©. o Martin was then“asked'aboutAthb~use of recirculation

«withatﬁefcobélt&catalySt;anaMhefgaxn;imiQrmg;ion fully

corroborating that p:e#iously‘obtainpd.irbm:Herr‘Albef%s.

. on the method of operating With the iron catalyst,
Martin said that water gas wad used as the raw material™
_with-a{reciréulation'of;twoﬁpa:ts“iesi@ual_gas,to.enay

part fresh gas. ¢h¢;ggg;rate:waaithe?sgme”asfthat,usad
for cobalt on an 0venmbasis,_iyae.‘IQOOm,./oven~/hriuof_
fresh‘gaa.-1.The;avergge[workingytempe?ature,was;zsggG.,“

The use of recirculatien entirely guppressed the. deposi--
tion of carbon on the catalya&~which/othérw139ftaﬁﬁa&”ta
*ocour~when”wateregasﬁwaa“usedﬁaearéwﬁﬁgtpr;glgf::Bothj'~
water and parbon“@ioxiie_arqiogvgen}grpgu¢ts¢ofithp;‘5,

reagtiom.. . - S0 AR S

L Foﬂhonﬁ.e‘
. products_is abont 110 g./u"; -
160 go/mBact ol T |
N%;;,AThq~steam drumshin!the“Ruhrohemie;cataly t chamber
syStem'limitithextop:temperature.of<0p¢ration?toi22596,,;

andﬁwiﬁhfthisjlimiting‘témpergﬁu:e&theulifetgfzﬁhe.ironf

'agé,with*f@giroﬁlafioﬂ,Ithéajiaiigéfsﬁwﬁ
i, and for twq;staggs,_abgpt}

;cﬁtalyéf*iéfsks-héhths;;f;IfjainSWfplantﬂwaé;éonserctgd
“withputéthie;limitatibn;;a:nighergfinalﬁtemperaﬁurB;,“<

“2ould be Téached and a longer 1ife be obteimed. . -

_hé;ﬁﬁﬁfbhéﬁiétiﬁgﬁféétalyéi?é7vgsﬁé
\o. 40-50f of the primsTy produot.

‘wax,

cﬁf&étéiyéféﬁéﬁffaiffféyﬁfhf iéé&féhtégéaéf:blﬁ

ing carbon dioxide which, must be sorubbed out of.

o
produc

1




the gas.between—themstageh.if'q;cessive dilution of the
‘gtage 2 inlet gas-is:-to be. avoided, whereas with cobalt,’
the water, hichvismpractically;thefsole;oxygen;pzodqu,
can be removed simply by.condemsation. - S

T

Diesel 0i1

, A Despite’the'exoellent quality of tre diesel oil
recovered  from Figcher-Tropsch primary products, Martin
_gengidered this a low-grade use: of  the produst, empha- -_
gizing again Martin's opinion ‘that Pisoher~Tropsoh primary
products should be converted into more veluable materials,
gsuch as special chemicals.. Por example, he mentioned *
that I.G. had purchased the diesel:oil fraction. (B.P.
2‘300-520°.)1 for the purpose of manufacturing dstergenta.
The fact that this had been done in war timeé, whem - . =
Aiesel oil was in oritloal demand, illustrated his point.
... Quagtionmed as %o the possible inorease im - .
yield of the diesel. oil fraction. by- some modificdtion ‘of
"tlfef'ﬂdrmal"%?tsc:herq'rrbpsoh~proo_esa,'ﬁMarrtinwhaidwexexx_,;
‘effort to accomplidh this had failed, - In geuneral, the
maximum yield of this fraction by any type. of operation
‘was about 35 per cent.’ AT A R

‘High-Melting-Point Wex:' ' o

.- Martin was asked ahout vhe possible ~commerelal
production of high-melting-point wax by a ruthenium .= .-
catalyst as proposed by Pichler,. ~He said that he did
not consider thig commercially ‘feasible because of the
extreme scarcity-of ruthenium,.. . Martin said that such.
waxes could be produced . mo¥s .economically by means of-
the usual. cobalt: catalyst,. although,. of course, no% in.
100% yield as had' been claimed by Pichler for the . -
ruthenium catalyst.. “Martin repeated the known:claim -
that waxes with melting points as high as '90°. or '95° -
could-be recovered ‘in a relatively ‘small percentage from.
the primary products ‘of the usual coball gatalyst. A

St Martdn ‘stated that a method for. increasing the
yield of hard wax by means. of the usual cebalt catalyst -
was to pass.synthesis gas ‘through the ocatalyst chambers
‘at ‘a considerably lower rate of flow and. at a lower- . .
Yemperature. - Following this, the hard wax could be -
-extracted from the catalyst by means ‘of benzin, - Martin

stated thatithe commercial demand for this special hard
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wai had been extremely small and was only or the order

fE?ﬁone“met:ip;ydniper“month;—so4that—it—wouldfnot;he;a_
"voryfimportanx prodﬁc?;unlass"new'usea_wezgrdiscovered;

Synthetie Lubricating Oil: . , Lo

- Martin said that the quality of the lubricating
o0il made from Pischer-Tropsch primary products had been
much improved gince the beginning of the ware. ~ The "~
oxidation test had been improved by the addition of . .
4inhibitors, the best-one being phenathiaszine (0.1 - 0:2%),
or by treating the oil with,elemental~sn1nhurcand o
alumirnium ehloride. ' ‘ Pt T ‘

. . The-best stock for 1lubricating oil. was eracked
material“madeAirom_those,fraotionsAofithe.primary‘preduct
‘boiling between 220° and 3200 and wax with & melting -
-point up to0.30°, . All material intended for this . . |
oracking step wags. filterad ‘4o remove the small amount
of eobalt that had entered the.oil- from the catalyst
ginee it had o roun that-even-the-small-smounts ol
cobalt caused undeairable.side,teaotions‘during‘cracking.
The oracking was carried out.in a Dubbs unit in the - - -
presence of steam at a temperature under 500°C, | This
unit would operate for periods of 90 days before it was.
necessary to remove carbon. - .Martin sald that all - ;
_details‘of.thqir;synthetic»1ubzicating.oil_processfwonld;
fbewfounduin.thei:;ddoumgnte,,buchg&s.projects and . -

oorreeponQenee;Jaqaling wixﬁ"pfdPOQed-Jap e8¢ planta. -

T - The. produétion of synxhetic;lnbricatingﬁéil’ ,

atlthé“Sterkrado=ﬂolten”plantrof?Buhrbhomioﬁhgdgageragadv
1460 metric tons per month, - Thp.yield;oi‘lub:icat;a% -
04}, from the'craokedaprOduepéras%abouts55%,-with;abon o
‘254 going to.gas, =~ Most ofltha;luhricatingvpil‘madq*had:l
@ viseosity of 6 %o .7 degress Engler and a viscosity pole
height of 1.7, although attempts had been made bo maks -
higher viscosity oila by operating a¥ lower temperature.

.. 7 . Martin sﬁdﬁet'that“pi;*obtaingd;bynnse.Qtzthqg
_iron catalyst had beem considered good stock fox pro=-
‘duction of lubricating oil without amy prelimimary .
_oracking as was require For the preduet from normal -
Pischer-Tropsch operation. . However, before the irom
‘catalyst oil pan be 8o uee , 1t is necessary to Iremove
‘all oxygen compounds. : In the first laboratory tests,. ..
‘metallic sodium as used for this purpd s Late: TR
‘satalytio process was developed that was eousifet, =
| “than use of sodium.  .The '

‘more- ¢ommereially’ feasibl




?6atafyat:ua§¥o£ay;thatLhad;beenrtrbata&.viﬁhaatlphuricy
‘acid and then heated. - By passing the vapor of the
lubricating oil*stock'over~thiaApatalyat'at,a temperature
which never exceeded 3509, the oxygen compounds were :
destroyed without any undesirable shifting ef double
,bonds_thatimight;have.affected‘the usefulness, of this oll
for lubricating oil manufasture. - o o
i ‘A man by the name, of Clar had been is charge
of lubricating oil manufacture at Sterkrade, but Martin -
"did not know‘hie-presenx~locaticn..~(SeeﬂReport,9.~p.94).

0X0 Process:.

. Martin was not interrogated on technical details
of the 0X0 process, He was ‘however,. interrogated. .
regarding:the sonception:of vhe process and his opinion
‘of its commereial possibilities.. L

f“ff“”“f“fﬂ@jtinﬁexpxﬁined*the*initiattonf6f+th04020-—
process as follows: In the gasol.fraction, they had .
large amounts-of’propena’and»buteng;fbrjwhioh they had’
no use, 80 Martin instructed his chemists to find some .’
‘new use for these.compounds, other than direct conversion
togpropylvand,buty1¥aloohols;~;'Axiﬁixgt,~experimente S
yero~made;qn<adding>%heae,olefinpahto;water#gas,‘than .
‘passing_thevmixyurefthrough?thq:no:ma;gwischarfwtopach[
catalyst ohamber with the“objectiv;*ofgproduping*highw:
‘octane motoy wfuel. . This objective was not attained, -
ginee substantially, only aldehydes were produced, . -
Ré’sul‘taj;.’indics;ted"’-that'-'such'aav»;process -might be most. . .. .
'desirahlegforﬁprd@uctiontofﬁaldéhyﬂesgwith'pOﬂaible,;ater
.reduection to aleohols, so from this start, the 0X0 process

was developed. "' - - T e
" uartin seld that he considered the QX0 process.
.the-best one available for production of aldehydes and

y1cohbls with an upper limit of about C1g.  From the L
,hardyparaffins,qfzthgiFiache;&?fop@cﬁ:procégg,5alcqhqls)
iand’acidh;up,togcggﬁhquld{be:peruced:by;first,“ S
‘chlorinating the wax, but aside from this: produetion of '
[veryahightmelecular;weight”compoun&s,'thefOXOfprQBQSs*.*¢~

was considered the:best, both technically and scomomically,
7ibzjmannfaqturejpf;cgmpounds,;especiélly;aldehydgs,and&“‘

alcohols; to an upper limit of about Cygs-
Sa T D

1.
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Research on Direct DProduction of Higher Aloohols by
FIBEEer-mrogsch Szgthesia:, S T -v—w~rrw;mfz
. Martin said that small scale experiments

condnocted at a pressure of 200 atmospheres and a ‘temper-
.ature .of 200° showed a production of higher alcohols with
exeellent yields. SR : P '

e Martin was somewhat indefinite‘on the catalyst’
used.but he believed that both cobalt, possibly containing
a 1ittle zine oxide), and an iron catalyst had "boen used
in these éxperiments., ~The ratio of hydrogen to carbom
monoxide in the synthesls gas used was 1.8 - The produst .
resulting contained as much as 80% aleohols, with the ~
‘Femaining 204 largely hydrocarbons and a small amount of
fatty acids. The alcohols obtained were mainly in the
range from Cy to C12, with smaller quantities of lower’
‘aleohols such as propanol and butanol and of higher
.alecohols._aboye C12. For the most part the algohols
were primary. By changing;temperature,;préééurej”“ff"ffj
catalyst, etc., Martin is convinced that other proportions
‘and types of aleohols could be made.. ~— . ... S

-, In this connéction Martin mentioned that .-
alecohols (mostly. lower alcohols) were produced to some -
éxtént'ingthe,normal;synthestinof~hydrdéarbons,;and*had'
‘been rqcovéred,ﬁrdmjthgm:eactiop_w&ten.'*'ihis had had
muoh to do v;th'initiating_the»abqve}research.{ Lo

Aotdsby

Reseerch on Direct Production of Fatty
-Fischer~Tropsch Synt esisg:- o _ Sane
o "a»ﬂ{‘AThSQmedium;prQSSura“synthgsis,yielas‘about;l%_

‘of‘directly‘synthesise&'fatty\&cida;j “About half of - . ..
uthQSeidraﬂpreaent~dn;the’diqselfc;lgfraqtiOnﬁan@;at“wﬁ(; 
Sterkrade-Holten about 3 tona. per month of Crj. €3g adids.
“hadfbean!recoverederdmwthéAheavywdieeélgoil.*;;Marttnq,

*¢laimed that soep made;from.thaag,acids.wlhfsupgr;g:Ltdj
- that made bY}thﬁ»WittenYQxii&tiban¥°9§§57inﬁbeins'freﬁf
.tromﬁob:ectipnable?bdbﬁrw+f.Thisﬁclaim;fhowever;?wasJX:.
‘certainly;nOt,bﬁbatantiated{bYHQkaminAtionﬁotia“smal-zsx

sample of this sdap which Martin had with him -
S , e resovered acids -had led to

_attempts to increase-the yield,. an ome- suceéns had - -
A 10%:yield of .

-acetic dcid to the synthesis gas.
“a¢ids-had been-obtained . this. way.




' Martin then gave “an account df fheir proéess‘
for oroducing higher” Patty acids by the oxidation of wax
using nitrosyl . sulpnuric ncid,_of which full details were
subsequently -cbteined from. Dr. Velds. ( 8ee Réport 8)., He
cleimed that smong the’ advantsages ‘of this process _over.
that used ‘at Wltten, was the successful treatment of hard
wax to produce the higher acids-and ‘the absence from the.
product of hydroxy acids end esters. _:.The process appealed
7to the Ruhrchemie, furthermore, because it. represented

*oross-link! with their- synthetic,nitrogen plant.»_-‘ y
They hed cerried out research on other ‘erosa-links' such
as the nitration of the Fischer—Tropsch paraffins. ' '

,Re ctiqn ‘of.

s * Soime. tests Were started on a nllot piant scale
to flnd out -what this reactlon would produce. Possibly
it ‘was expected that acryllc aldehyde or’ita homOlOgs :

)

_and,—of this, acetylene acoounted for: abOut one ahnos—.t
‘phere paritial pressure... Water. gas.was. present in dbout
etoichimetﬂical ‘qusntitys while.the: ramalnder was: 1nert
gag.. A cobalt catalyst had been.used at. g temperaturs
‘of 100 0G,. It was understood. that this investigetion
was still in‘progress when the ‘bombing stopped all
‘research and:that: the. 'résults are far from- complete,
Definite’: evidence Wwes - dbtained. however, that acetylene
entered into “the. reaction,,_

R Martin<was aSKed why thig’ had not‘maae further
fprOgress in view of. the ‘fact. that: the present WO - ‘
“stendard desigms: {plate type end. onGentric—double—tube
4ype) had.been known; before. ‘the wars - HE* -said thet the

P gnstriction companies maklng catalystﬁchambers
»@mntehoffnungshutte, Manneémann;n&rupp, etesd) had. decided:
‘o freeze the design in order: to avold changes in toole,
~pattenns, “etey ‘He:said that Ruhrchemie itself . had
considered other signs,-such 88 coolmng 1iqnide S
“flowing . over the cetalyst, . atalyst suspended in’ 1iqpida:~
gttty but aftar ‘considerat on' they alwaye came back to G

xpresent ej'gns a8 preferdblef

5

L ,f Mertin gdid hathchaffgotsch Benzin had tried
o do without . the 1nner tube of the. double-tube reactOp




and. had experlmented with the’ use of single tubes 20um.
i.d, - ~The result, however, 'had been carhon deposition
and excessive methane fomnation..f : , .

1

.Rgcgng Research' L  ' R ' ‘:T'

. Martin stated that practlcally ‘no feeearch wor&
_hed been carried on by Ruhrchemie over the last 15 months
‘because of the_almost constant dombings,. .. Not. ‘only wag . .
‘research personnel needed for ‘other work. in the plent;, “but
they did mnot get. sufflcient sleep to carry on. effectlve
.research work. _ : L

fgg an Government Subs x

\

' Martln seid that only the prlmery products
- ‘were. protected by Government subsidy - not:-the varlous
_secondary products made.- . S v

Fiecher-Trogsch Patents'

 Martin said that the basic: natents hed. explred,
-but many ¢thers had beenin force that coverea many -
details,’ modificathns. and the working up of prlmary
,prOQucts. - _ .

;Lur i Patenta Rel ed to Flscher—Tro seh-;

R v Martln said that the meny uurgi (Metallgesell
‘schaft) patents related to: Flscher-Tropsch process were
‘mostly peper patents. ' The initiation of meny of these’
patents resulted from the frequent visits of Lurgi :
.englneers to the. Flscher—Tropsch plants,- ‘where Lurgi
hagd- installed most of the active eanbon units. e

'Pgrso el. ‘f ~:V  L“*f7 R {1" E '
= . I IR AT

: Martin stated tnat Dr.. Roelen, Dlrector of
~Research of Ruhrchemie, was’at present. 111 ‘and - living an
a. farm near Salzwedle. - His staff were in the Ficinity of

a8a1291tte.

-
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Inte:nieta In London. ,

Agrn zath., ;945 | Interroggtion onducted by:.

""" ._Major Ad ,V.Uaderuood British Ministry of B‘uol and
v I’o'or

Y, m-'.'_ " 1945 nterrag_a_tion oog_guotea by:

m& GQ 84 Baya Jr" » B - T
‘D, ‘N,A. Horne, - '

Mry J. P, Jones, - ) U, S.. Petrolemm Adminiatration
0610 J. Ao 01‘101, » . \' ) o - i .

) Lt. COI. R' N. Q,lli

,Ma.jor. Ae I Vol Undorwood ) Britinh Ein:lstry of- F.'uol
‘;Ir. A R. M. Hurray, L ,)_‘ . -and ‘Power .-

'(Hote. 'I.'he .followins informat:lon, whieh ‘18 a.dd.itional to
:T—t”hatwsiven,inwpznuoua seotions of this Report, has
been compiled from notes. gplied [ by Major. ‘B’ﬁ“torwooa"
-and from a report preparad Mosars. Bays, Eorne,
Jones. and HacKusiok.) o

Production of Eiacner-‘l’ro schwl?lantal. e

- Fisurae gi.ven by Ma,rtin and Hagemann for

: eapaeity ‘of Fe.»T. plants are shown below ., together. -

~.with. figures given in M.E.W,-. neport or. "'rhe Germa.n
011 Industry of October 1944. S , R

Plant
‘Dogchowits . . 30[Be09 80 ooo-,_ S a0, 000 —
“Dortmupd . o &ﬁ:ﬂé : 50,000_;;‘, g 90 000
Blerxrens - - -gg/B.,01 .~ N0,0000 o 125,000
 Homberg. = 190,000
“Eamem - Toprzound. 100,000
" Eli tzloandort. 150,000
. m-mﬂ.\ ~ 100,000
. Rahland ~Solmwens '550_"',0«00
Wanmne- Bigkel 130,0

* Nominal capa.city - actually pro&uction was only about :
50 000 t/yr.; owing- ;-difficulties with Schmalfeldt y
gasificatiomprocas T
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Preduction and Purification of Szgthesie‘eas.,

= Martin said that there had been no nev
developments in synthesis gas productiom during the war;:
there was no direct gasification of coal except of brown -
coal gt Litskendorf and Ruhland, At Ruhland, the- Didier
‘plant had -been found to be heavy.on repair‘coets ‘and the
Koppere planx was: the main sourog‘ot gas.,: ,

At Lﬁxzkendert the Sehmalfeldt process was not
very successful,. ' Thera was mich trouble with eracked -
produéts and sulphur compounds and arrangements had to.
"be -made with I.G. to borrow an expert, . In order to:
make the proocess worka le and to achieve the desgired
output, oxygen 258° per md synthesis gas) had to be
employeﬂ.- The gaé still required -oil washing Ibllound
by aotive charcoal to- remove compounde which upset the
Peinreinigung proceee. , _

’-~‘_ The Lurgi preesure gaeification proceee using
oxygen—operates-best(from the point of view of ‘synthesis
a8 produotion) with low-temperature, brown-soal coke, .
en-using coal difficultiee ariee due to 1nccmp1etely
craoked tar. : _

o Martin stated that Krupp ‘had tried out the
Thyseen-@alocsy gasification process on the. large scale,
He did not know what resulte had been obtained bnt they
were. believed to be good. P e

Sy -In the medium-presaure eyntheeia, removal of
HgS 19 always earried eut betbre ‘oompr siem. .

e BT eoel or- ooke even gee ie«usei for synthesie-
ses production, ‘041 washing or active ‘earbon geems %o e
- neeesgary to. remove resin-forming compounds which affect
‘adversely the life of the ‘gulphur purification catalyet
and synthesis patalyst... .Easener: ‘Steinkohle had an -
‘aetive earbon plant bofore the organie sulphur - puriiicetion
-and ‘extendeéd: _“'Iife;eiwthe.cobaltﬁeaz 8t to' 8 months
from 5«6 montha. . -Use of active ‘carbo; eduees the size -
of sulphnr purifioation ‘plant and generally seems - o
deelrable. ‘Synthesis gas at’ Essener. Steinkohxe was.fad -
although ‘made .from coke. . ‘Possibly thie wasg due to the - -
use ot‘Lawer temperatures in’ the -water gas. gdneretor with;

eoke of low melting paint ash. ~~No- change had been ‘made”
in th ﬁoatalyst for. sulphur purifieatien. o




_lnthesis—with.cobalt ﬁatalgt_gL_

' Martin gave the compoaiticn of the cobalt
oatalyst used for both normal and medium pressure in all
‘plante as: 100Co, 1 ThOg, 10MgO, with the keiselguhr .
proportion edgueted to maintain. 800kg. cobalt per oven .
‘oharga of 10m® of catalyst. - (This ratiec  of thoria to
\;masneaie eonfliots with’ that ktven in Germany)

. To ensure reoeipt of keiselguhr of tho quality
'required for catalyst preparation, Ruhrchemie had .
installed a ohemigt at the mine (near Minster) who
‘gupervised the- selection of the material and ehecked eaoh-
eonsignment. , ‘

o Bure hydrogen 18 considered preterablg to the
hydrogenpnitrogen mixtures used by Ruhrchemie for
‘catalyst reduetion. ' The reduction is more rapid and
'takea place at lewer temperatures..-.,, |

. Martin gave the 1ife of the oebalt eatalyst
as 5-6,monthc in the normel-preesure and 7+8 montha in
the medium-pressure pracess, The 1ife depends greatly
on the gkill of the operator, ‘particularly when etarting-
up a fresh catalyet.. Starting conditions have to be. ‘
varied according to the time the ‘catalyst has been 1n
,storage or transit einee 1ta reduction. -

. Martin thought it was. possible to inoreaee the
evezall 1ife of the. eatalyat by operating the first )
gtage at a low conversien (. e .g. 50% gae eentraetion)
and a lew temperature. Mol

ot

. o Yarious patented precessea for the oontinnous
’oxtreetion of ‘the catalyst by reflux waahing -have nnt -
-haen adepted aa they appéar te aauee ‘some’ eraeking..n

' There is uenally no difficulty in’ removing

;spent eatalyet Prom the ovens if solvent extraction

oA hydrogenation ‘has been earried eut.  If the. .

itemperature has ‘beén too high, partieularly at’ the. start

-garbon may: have beeg formed and this makes the oleaning ‘
& v

gef the catalyst sPe s 1n the ovenidifficult. R

/’v

Exp_riments had been carripd eut at Sterkrade
andiat,yastrop-RauxaI'on the use of ‘eatalyst susPended




“In¢ oiIt““”During the prooeSS“—the Iightor‘pro&uota .
distill off and the proportion of heavy products in the .
o031 increases., .The throughput obtained was not high,
the conversion was low and the methano formation was not

reduoed.

‘ X Difficultiea had been. encountered in the compl-
‘ate removal of catalyst from the oil, This was esgential
if the oil was subsequently to be cracked, as traces of’
cobalt .cause expessive production of methane in the

cracking process. The power oost of the procoss also
proved to. be high. ‘

Use o2 Iron Catalxgts.

o  Mertin- oonsidered that the iron eatalyst was
mainly ‘of interest for hard wax production. It was
. this a8pect of the prodess which had attracted the. -~
Italian concern (85:I.C.S.).. 'There was little to choose
between-cobalt and” iron in sensitivity“to”poisoning“by
sulphur.'- R o , ,

Martin stated that the I .G. sintered iron
, atalyst was very heavy and would cause structural
difficulties on the large scale. _ S

condensation and Prodnot Recoverz.

i

: ' Direot oondensation was- used for the atmos-
pheric pressure progess and. indireot condensation: for ‘
the medium-pressure process. - .Indirect condensation
permite the\reoovery of alocohols and fatty acids formed
in the synthesia., ~ Sohaffgotsch Benzin recovered 8-10
tonnes /month of Cg- C4 alechols (about 0.02% of the
_primary produots) by distillation of. the condensed water.

. In the medium-pressure proeess’ it is nsual to-
carry out the dctive carbonm scrubbing after expansion,
i.8., at. atmospheric pressure. 0il serubbing is not -
“‘considered so satisfactory owing to the inoomp ote
,recovery of gasol. a.ﬂn,p-< ; o

- '4‘ A pre-war Linde projeot fon\tho—;ooovery of all;
pro&ucta including gasol by oooling under preseure had
1not been‘tried outw;; f P ;

~"*’- Carbon dioxido was exxraoted&from the r331dua1
-gas: after the active earbon. plant: by the Alkazid process:

and used for“batalyst proteot on. : The residual gas was
nsed as. fuel.

o



’Broauct Utilisation. .

The petrol fraction was blended with benzole for

-motor ‘fuel and certain light fractiomsalso: found use aa
solvents paint thinners. eto. ' .
o . The fraction 180-25000. was employed as a high-
grade diesel fuel blending agent. ‘

1" e 1.g. had taken 8000 fomnes per month of the
;heavy diesel oil for conversion to0 Mersol detergents. '

'  The bard wax of m.p. 90/95°C. had a good‘market
for use in polishes, candles and explasives., . The Rulre .
chemie production of .this hard wax from the mediyme-
pressure prooese was. about 500 tonnes/ month. ,

. Martin stated that I.G. had a lubricating oil
ﬂplanxmwhiohwutil1sed~Eisohez-Tropeehmpzo&uetawinwcon-,WW
Junotion with the low-temperature hydrogenation of brown
Qoalo B -

_Beeial Broduets. B | _

' Datty Acids. ' The addition of 0.2- 0.56 6f
acetie acid lbaSed on the liquid products) to the. synthesis
‘gas ‘in the medium-pressure, ‘cobalt-catalyst process - .
increased the yield of direotly syntheeieed acids. E

s -

| The 0X0 aldshydes could be readily. converted intc
acide by the addition of sodium oarbonate and a1r blowing

& Soaps prepared from ‘the 013 and 014 ae1ds were
better detergents than those prepared from natural oils.yx

-~ Algohole., I 4his interview Martin sta’ced that,
‘an-iron catalyst containing up to.10% copper was . ' .

! employed in their laboratory synthesie of alcohols at
18000. énﬂ chiatmos. pressure. 2 )

at xtio Craeking.g_ =

Martin.said that Ruhrehemie were bnilding a

“patalybtic eracking plant to produce. C3,.. C4, and Cs5 ‘;
oleflnesEfrom‘the ‘heavy fractions. (above_cvl.:, The S
catalyst'to,be used wds “Granosil" id-treatea clay.

an astabout ‘604 complet when =
kb ein tgg.summer ‘off: 1944‘"'"mh“”

"1»’ - :




'pilot—piant—%esta—indica$gd_iha§_thg_gatalyst would have
_a 1ife of about 6-8 weeks after which it would be .
‘discarded.  The proaess‘1nvol?§d*tha“removal‘of‘carbon<"
deposite by oxidation at:intervals of 8 - 10 hours.  The’
olefines were to be used: for the production of polymer.
gasoline, o . . ' S T

S T R IO
: . _Ruhrchemie had not carried out -alkylation, and,
had made no high-octane gasoline or ‘components. o

yield dnd costs of Fischer-Tropsch Operations.
- - ’ } . - )

B _ Martin stated that from an economic standpoint,
the principal war-time improvements in E;soheraTr0psch.
operations were increased yields of primary prcducts,
and better utilization of the by-products.. = Whereas,
beforé the war an average yleld of primary products of
140 gms. per cubic meter of synthesis gas was realised,

a yield of 150 gmsy/cubie meter is now obtained from -
mostplantss—— ne-plant;-Essener-Steinkeohle,-gets . .
yields as high as 160 gms. ° This partiecular plant - i
operated.at atmospheric!pressure, used three stage conver-
aion with 50% of the tdtal conversien taking place in the
first stage and 25% (approximately) in each of the. o
.remaining~two’stages#*f'This]plant'aléo_had“a;rigidi g
schedule for catalyst ichanging every gix months regardless
of acti?ity,'and,especially[good=1aooording'$qudrtin)f#\
‘technigue for removing an&~r9placipg‘datalyst;uthéyfhad@n
eonstant: coke quility and- exceptionally good gas purifi. -
cation. (including the use of activated carbon). -4l1 these:
~fa¢tors‘contributedgto~makingvthefyiélds,andrefficiencygoff'
the Essener Steinkphleaplantvoutstanding.“f,ﬁhgﬁqompletew i
utilization of by-products guch as of tail gas in cracking-
and lubricating oil manufacture and the 'use of 'CO2 .
recovered by Alkazid to blanket the catalyst, during 'the’
preparation, improves the economics. U

e 00 The reqordS;of.the;Esspne:‘SteihkohlE‘planxw; )
should .be fournd at Muessner Allee in Essen (Home 0ffice)"
and -those iorythgqﬁbasdhiBenzin;plant{at'theleesch;Steer
Wbrks;in,nortmnhd;,.ﬁcqﬁiQS'offreﬁordsfpf'allfplants?,'\

‘should be at Reelkirchen and there 1is praetiéallyindthing;
at Ringelheim. = ' . © . Loiao

.. Martin stated thet-ons kilogram'of primary
Tptgductjper*S'kil@grdms~Qf cokgnwasﬂCbnsiggrad;the'no;mg;




fyield—ﬁor~his:1owepresspre:planxe:alxhoughpin;nigigzﬁéi__
‘was necessary to bring in process steam not accounted for
-in. the above coke,oonsum@tién;"flsfa”eapitalfinvest;
ment -cost of the. plants, the atmospheric or low pressure-
units were generally figured .at 800, marks per ‘tonne annual
production capacity (primary products), which is exclusive
of land and utilities. The medium-pressure plant cost
was somewhat higher, .This figure, according to Martin,
ig diffiecult to translate to a foreign basis because it is
. a construction company figure, and the construction firms
‘woere steel producers who put their own price on the steel,.
‘and may have used unnecessarily large amountsof it. .
1Y Martin stat d that Ruhrchemie wére to deliver
olefines o the OXO plant ‘at 45pfg./kg. of feed material,
the unreacted.pqxtion'being'returnadgto-them,-’)The_qu
estimated cost of production'of'the_alebhole,was:given'
as 95pfg./kg. including 10% amortization. ) P
(Bote: These cosis .are higher than those given at
fSterkradeffcifvﬁﬂeport~4,ﬁp.4014;

Japanese .Contac¥s ' . - .

L v-"Ruhrchlmie made a contract several years ago Witk
Mitsui giving them a general license; 1.G.Farbenindustrie
‘had made similar agreementswith Mitsubischi; Martin -
“professed ‘to kno “nothing about the details. = Koppers'
built a Fischer-Tropsch plant for Mitsui. about five years
ago at iiite which is about. 30 kilometers from Tokyo.: L
This had an initial capacity of 20,000 tons per year butb
’may*have»been.en;arged'since:;:-Then:Ruhthgmievper;odi-,
cally gave inforn tion on:developments.ito the Japanese in

" accordance with 'heir,agreement;_butvthevJapanesefalwaysr‘
lhad"no-inio:mataon"to”axchange;:1 The Japs were quite .
snxious o have ¢obalt shipped, to them. - The last infor-
mation was passe ytbrthesqapsjabout;Septemﬁer or October -
1944,,and,includédﬁthef1atest~informationgon*theVRuhr—

v N

chemie iron ocat yst. - - Records of such information given

to the: Japs are ‘,Ruhréhemie:files‘at‘Oberhausen-Holten.

:Mitéuifalso,wasxjeportéd,t9 have bgilt;grplgnp_iquagcuugqh

‘kuo near a;steelﬁmill;_*g-;;wMﬁ ‘ :
B T e AL e IR
" rhe Mike plant had been built with the help of &

Pr. Schenk who went to Japan for that purpose and. whom
‘the Japs have allegedly never allowed to return nor %o

~gend ‘back reports. .

6.



ILurgi also had agreemen‘tawith Mitsui and

gave them information on oil processing and on coal
gasification. Records of such information should be.
in Lurgi filesin Frankfurt/M. Dr. Hubmann from Lurgi
went to Japan in this connection and has since returned.

7.
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~ . . THE LOCATION OF EVACUATED gUli.gCHEM;E
Wl e PERSO]*HEL AND DCCUMENTS.

Parsonnel gf Invest ggting Team

Dr. d.C. Schroeder, U.S., Bureéu of Mi.nes, Dept. of
the Interior
Dr. A.x&. Powell, yT.;.S. , Patrole Administration for
ar

_ Dr. Ge - von Elbe, UeSe s Bureau of Mines, Dept. iot.thaf
’ \ Interior.

hr. u.L; Baldescrmieler, UeSe s Petroleum Administrat-
. . ion for War|{ . ..
v ,L.aaor ‘Re Newman, British, mnistry of Fuel and Power

.-_' Capt. CeCo’ Hall’ oc 08 . ~es Tee e | ee
_é“{egor_ted bx Capt. CeCs Hall. = ~
General L * o o i '." AT e

L . Documents found at Sterkrade showed that some
726 Ruhrchemie persemiel were evacuated to-various

~locations in Germany.in the autumn of - 1944 and early in

© 1945, - Later, informatioa on the location of certain’

" key personnel-and of stores of documents ‘was pbtained -
from Lt. Cmdr. Cameron,- R.IT.V.R. and from 1nterviews with

 Prof. Martin and’ others. _ ThlS :I.nformatlon is

! summarised below 3= R

"1 " Dr. - Biederbeck and 'some documents wers reported
~ . to be at Haberlah Wiese, between Rlngelheim and -
uebhartshagen, ca._20 miles S.W. of Braunschweig.'

N . 1 1
2e A very larg\a colleetlon of documents “and. drawmgs(
> were stored in the outhouses of a small moated
* ._.castle at Reelkirchen about 4 miles S.W. of _
_Blomberg (Lippe). " 'Dr. -Rohe,.legal advisor. to :
.- Ruhrchemie, was stated to be. liviqg in- the -
‘{fvillage of Reelkirchen. T

-"3.:i,§Dr. noelen, chemls'b'izrcharge of Ruhrchemie B

" -.pgsearch and development l@boratories and T
- -probably the most valuable member: of.. this . .

':Gomnany_'e technical staff Was' repo ‘ted ‘as _being. -




4. Dr. Roslen's staff and some documents were
stated to be at a sugar factory at Grosse Mahner
near Salzgitte (S.W. of Braunschweig). o .

6., - Dr. Schaub and the f’uel and lubricating oil oo
testing laboratory were reported to. be

b . . R
é 3 At Nutlar - ; both near Arnsberg (cas 30
b) At Willingen miles S.E. of Harm,

" Be "”Herr von Asboth, ‘Chief Engineer of Ruhrchemie,
S ‘reported to bs at Laybe near Schandau, S.E. of"
Dresden on the Gzecho-Slovak bordar.

e Dr. Heckel, in charge of iron-catalyst
-~ development under Roelen, said to be ill and
- with his family in the village of I-Iof, Bavaria.

: The reported locations of Dr. Roelen and von
-—Aeboth~-werewin_araas,whichiwere not._open_to CeIleOeSs -
teams and a start was, therefore, made in the :
Brauna,chweig area. _ ’ )

B . . . .
r.

Investi ations in Braunschwei' Area A ril- 25th to 27th,
‘ . ‘ T 1945.4

S . N h" . . L

k The sugar factory at Grosse Mahner was visited~
‘at midday on April 26the. - It sppeared that Ruhrchemie -
personnel were no longer at the factory although somse
-documents had been left. there. " These were examined and
a number . removed. In the- village of: Grosse Mahner.. '~
‘Dr. .Blichner, who-claimed to be: in. charge of the analytic-

al Iaboratory, .under Roelen, was located and interrogat—
ed. , . o S
, S He stated that it had been mtended to carry—“
,on wzth the development of iron. catalysts on a ‘small- .
scale in. the 1 aboratory attached to the sugar. factory. -
No material (storss and apparatus) hed, however, , .
‘arrived, and so. this work was nsver: ‘starteds  Biichner
hed left Sterkrads on February 22nd to obtain- billets, ,
Dr. Noeske, being left behind to ‘supervise the’ packing of
the material for evacuation. _He- believed that = .o .
Dr. Gehrke had" been "'called-up" for 'the armed ‘forces,
“The- only other Ruhrchemie personnel in_mthe Grosseﬂ Mahner
-_area were juniors. T , : e

: Bllchner claime'
;responsi.ble ‘for analyses of ‘irc
;syntheszts products, the,sampl :




a code number and he could not tell which catalysts were
the .best or which products were derived from a given . -
catalyst or under what conditions they were ‘prepareds..

: .~ He was, however, able to give the following
general information: The iron catalyst was in a state
of development and frequently gave undesirable oxygen-
containing products. - - The chemical composition was-of-
' less importance than thle conditions of preparation (1.0
precipitation) end reduction. . He understood that the
catalyst was precipitated with alksli froma solution of
‘the nitrates of iron, calcium and copper.. Catalysts
precipitated with sodium carbonate gave lower-boiling
products than those precipitated with caustic soda or -
potashs ' He believed that for 100 pts. Fe thers were.
10 pts. Ca0 and not more than 5 pts. copper. " The-

‘catalyst contained about 50% by weight of iron and only a
small’proportion»of;kieselguhr,‘as‘this,material-had an.
'a'&verse%"éffect-"on“t:he-ca’balyet%life-.~~««-'.Eh‘.e~—presen.'cewo'f...w
copper facilitated reduction; ~the  proportion was not
eritical, o PR N S : '

" . " The reaction temperature yas about 240°C, and
_the product yield, sbout 100.gm./Nm° water gas,’ in’ one
-8tage operation. - ~The products in some cases;contained‘

as-much as 60% of alcoholss

.17 The experiments were on & scale of 1-6 litres -
“catdlyst capacity. . Thers were 10 plants. of this -scale -
T TS R e U TR Lo
.7 Laterin’ the afisrnoon of the 26th, ,
'pr. Biederbeck was located in 'the hamlaet of Haberlah
‘WiaseSand;pezlad:the,way;fb.a;ondqnx'barrgck';bu;lt;¢¢
among;trdbs_onga;hillsgdeeadjacent*torironéoré,workinga..

-

A number of Ruhrchemis workmen were apperently living in-
‘ hib{woodﬂnghntaandIhad;accumnlatedgCOnSidqrablertopks
“of Pood .there. - In several rooms packing cases. . . ! :

‘containing documents and letter files wers found; there
ngB’Oplyvtimpqonfthaﬁ.occasion;tofeﬁaminQ the;gngtentq¢f
of ona of these L

llowing day (April 27th) the contents
re-examined-and a:number .o £ files and .
On this occasion, Herr:Waibel, the. .
‘the Ruhrchemie 'Vorstand' who lived .
He' claimed persistently

i

n the £0




“to have no knowledgse concerning the technical side, his

field being entirely business and finance. He referrsd
to a. Dr. Sgieeke as being equal in: importancb to.Roslen in
the field of hydrocarbon ressarch and production. He diad
not know this man's present location.  He confirmed that -
technical documsnts had been evacuated' to the castle at

‘Reelkirchen but claimed that before they left 8terkrede,

all laboratory, research, and secret reports had been
burnt in the boiler houee on the ordere of the Vorstend.

..
o

On the Haberlah Wiese site en underground

?nitrogen plant was undgr. construction. This was known

as 'Lack 2'. The enﬁrance tunnel in- the hillsidse where

‘the - 'berrack' was situated was found and explored, but

the excavations had. apperently not proceeded beyond the
conetruction of this tunnel. . , .

Dr. Biederbeck, who wae apparently in charge

,of the‘nitrogenwplent at Sterkrade,‘was not interrogated.

: . This- completed the. 1nvestigations in the fg
Braunechweig area._ : , AR L

. The village of Reelkirchen.was located at noon
on.April 28th, and the-small. "Wasserachloss" ‘found in |
accordance with the- ‘advance information. The “ceetle" .

‘was more accurately a moderate-sized country houss

eurrounded by e massive wall and a picturésque’ mcat.

‘The main gateway through the encircling wall was flanked
by buildings divided into ‘a. number of small rooms, whilch:
ware stacked from floor to celling with packing cases-and

paper sacks containing letter files, -drawings, -~ - . v
miscellageous papers, office equipment, etc., -_({"~”:

It appeared that Ruhrchemie ‘had equipped these

'rooms as offices, with a telephone, typewritere, office
‘tables; . etc. ‘and when. the military. authorities in'

Blomberg first examined the place, only.a. relatively

-small number of: opened packing cases and sacks. were

‘found: there. - L ter, ‘howevar, a nember of the anit

‘the: ‘rooms: locked and:a guar'

'stationed in the district noticed & small. ‘boy- playing
]wzth eome ‘blueprints.. . The-
theorigin of these: drawing ]
~larg number ‘of ‘cases and: eackszof documents wers found““
GAn rns, Farm - buildingsy: 3 s ‘

‘round” the Reelkirchen ares.

‘y'waS'questioned concerning‘
nd as a result a further -

5t the “WaseerschloesW

stored in the Satb-houseaf,“““- g
'ﬁ_until an



investigating party -coild arrive to examine them.

The efternoon’ of the 28th and the whole of 29th,
30th and the.lst of May, was spent in'opening the _cases’
and bags end examining the contents. A careful :
‘examination of the many hundreds of files and drawings
thus ravealed would have taken gsveral weeks, and it was
only possible to segregate those documents which eppeared,
from a cursory examination, to contain matter of_interest
to the. CIOS investigation. . -In this way, 6 packing cases
of documents were collscted for more careful- examinea tion
in London. . o - ' e . ‘

'~ . Dr. Rohe was located in the village® and told that
the rooms were being sealed up and that he would pe held
personally.responsible for any interferencs with them on
ths part .of Ruhrchemie psrsonnel. . - R C

-

et The--T00mS-Wera—dul z,s,eéleLand;thﬁwll-ls:.;él'ﬂym
Uni!‘tv'in,:;Bl-omberg ‘givan“p.ermi's_sion to remove the guard.
1.\ This -.c,omp_ieﬁe_d “the investigations-in the -

Blo;nberg area. . .

A

B . . ; N . : ,‘ B », ‘ J!'- . _| '-‘ . L . " b - N B - . B '. ;A: A“v_;—.. A
.. .1t was felt that the party would not be . .
justified in spending: further time following up .the other,

less well authenticated ‘cluss ‘to the whereabouts .of - .
 personnel and dgcuments, at this stage. It seemed ‘likely
“that the main mass of evacuated papers: had besn found at. .

Reelkirchen and if the detailed. examination of -the ...
d from this location-indi cated that’

material extracte _ : ‘ _ o
importent information was still lacking, efforts could be

made to follow up the ~.r¢mg1nmg clues. -

A Gefman-compiie'd'_iisti‘%f'ﬁuhfcq.emii‘a‘ wotks and;

departmental menagers, obtained from Lt. Cmdr.. Cemeror
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;RQPOrt Be ‘Interrogation of Dr. Velde.

‘Subject: 'gx;aa'tion._ and Chlorination of Fischer-Tropsch
~ Waxes. S ‘\ ' R '

PR )

nd 12, 1945

'L@cat;oh anq;géte{A_Nienbﬁrg, May 11 e

Interrogation conducted by: Major D Morten, British,
' | S Ministry’of'Fqu‘and.waer,
Eeported bx;;‘Major‘D.fMortan. IR C |

Gensral o R -

| .Dr. Velde, aged 40, sducated at Frankfurt-~on-
Main, was in charge of one of-the Ruhrchemie research ' .
laboratoriss at Obsrhausen Holten. He was evacuated,
‘and ‘Was going to continue his research work: at the =~
W.I.F,0, depot at Schasfferhof, five kilometres from.
Nienhurg;»'lHaLhadgpractIEaInyna*documents“wﬂth«himy%aaA
.all his effects and papers had been lost on the railway,
but he was quite willing to talk and has made 8 personsl
report of his recent work and propossls for future work,
which'is attached as an appandix_tq‘§his-Report; T

—— 1 . _'The bulk of the work on further processing of
Fischer-Tropsch wexes was designed to 'produce materials
which are in short suoply, but doss not seem to have e
‘bgen pushed;withLparticularlyfgreat[activity;fand,;in,
acoordaence with gensral Ruhrchemie practice, seems 1o -
“have been vaery dapartmentalised.. et L L e T

!

_Oxidation of Waxes . — . g

.~ .. 'The general“ﬁhrpose‘wasftpiproducega,qutan~;,,
Wax'substi@ute,*adepnta'*wax’was 1nvshort.BQQp1y;zi,Such,

. material would bs used as an emulsifier, but cnly gives,

" emulsions of‘thavsolid’typefSuch;as[bobt-pol;gp;ﬂhand-i"
cream, etq;;and;Waterprocfing‘ggentngéerheltgxt;legg‘f
.4industry. - It could also be used to' help out the 'supply

df*lowfwateresolnblefindustrial,féts;,Lﬂqugfwoul&%havaH
_¢Ontinuedmon'theTSeparationiof»theﬁagias;withfs°1vents,
to f£ind mors '_agpliqauons . .. The process of manufacture .
was as followss~ - The fe ed material Wds a ‘residual hard
‘wex of 90°C, melting poinmt. Lighter distilled gradesy. -
‘melting point 809/35% and . 50°C. were used to meet ‘normal.
wax requiremsnts, = This re s’i‘dua—:tewaﬁi;hﬁd.,.fa ;molecular . '
‘weight of 600, which means a csrbon chain length of about

40, almost 8ll of which Was in straight chain fom.=

Y 84.



'The wax is melted and heated to 125YC. and.
stirred with -concﬁntrat'ed nitrosyl sulphuric acid, ~the
proportions being;75 kilos of wax, '15 1itres of acid, for.

a period of 8 to 12 hours. - The best material for o
conducting this reaction is enamelled.cast iron. ~During
the process. of the reaction, nitrous gases, produced from
ammonia oxidation end containing about 8% of NOg, are
bubbled through the mixture. = This gives a material of
mixed molecular weight, but approximately.Cg0,- of .an acid
value of 60/70 or even higher. The mixture is .
neutralised with KOH, using a. solution of. about 30/40%
concentration, and the unreacted paraffins are .. -
extracted with S.B.P., boiling point about '90%C, It was"
stated that 100 kilograms of wax would give & yield of 80
kilograms of pure acid, of acid value 140/150.  This was

o_btaine’d ‘by recycling the unchanged waxX. .

C The research started in '1940/41, but-although
T‘l:hej"pr’oe:‘e'ss-*!appcmred—-‘!:c.rhey'e‘-»-Imen‘-~n=m<;cesst—‘ul;--i}l-‘i'rfvavvas?--——.v.,;.w
never put into large-scale production. - The experimental
plant produced about 3 tons of raw acid per month, known
as OP.3; the purified form was known.as OP.32. . The . -
acids ware yellow in colour and could be purified with .
sodiwn dichromate, though- both the ‘pure end impure form '
hed a nitrogen content of. asbout O. 5% No. . No work had-
been done by Velde on the production o% adible fats or

soaps from these acidse -~ -
_Clhlorimltio'n of Wax - .. T
[ The feed material here was & range of Fischer=
.’Tro'pschiwaxes_'frpm 300 t0.90°C.: melting pointe: - .- .
Apparently there was np interest ‘in"the chloridated - -
‘material as’ such, and jthis step in the process was merely
used fo|produce-olefins ‘which'could either be oxidised "
with dichromate, or: sulpheted, or alternatively used for-
the production of synthetic lubricating oilss = ~Velds had
-done some work: on this)latter’process, ‘but this was "~ .
‘apparently unknown to Clar, who 'was interviewed later and:
‘was working on synthetic i".lubgiica'ti-MiitOilg.sf-ﬂ-;ez'Y..el,de.:?tfhad o
‘gtarted with 'a wax of about 0° melting point, andg -~ - -
produced therefrom by chlorination: and dechlorination.. -
‘olefines of |the same boiling range, i.e.:3009/400°C.
en polymerised with.- aluminium: chloride to': .

1ty of 50°Engler at = !
riven by a Pole height of,




. _“For the chlorination process, using-a—
distilled Wax‘of.boiling”péint,5009/40090;Qrtha:waxfwaat*
melted and heated to 50°/80°C. and chlorins pessed-in in
-the derkes - Only glass apparatus wes used on & scale of
6 litres. The olsfin was prepared from this, using a
vapour-phase process at a,temperature:of'abont 350°C,.
Two types of, catalyst were available:- a) natural,
Stuttgarten Masse; (b) artificial, highly heated
aluminiupm silicate. It was stated that this catalyst
was prepared atva‘temperatune.of.1,000°C._and"must be °
sintered. It was :finelly prepared in small lumps
2:to & mm. size. . T L

. The olefins produced would be of 'the C16/Cov.
range, and were -splphated with 96% Sulphunic”aciéa ‘
Dr;‘Veldq-does nqt-know'thejdxact~proportions Jf the |
yields owing to ths abgence'of\hibjnotes.‘* The work was
not,finiShed;;anﬂAsulphation.eprriménzs were in hend at
varions. temperatures _from below -09C. %o 35%C., to
datermine‘the'best'raaction~conditiops; TPhe sulphated ™
mixture was . nesutralised with caustic potash or soda and-
the unsulphonated material extracted with. petroleum :
gther. The finished materials were both oil -and watsr
8oluble, and gave good emulsions for cutting and = = =~
‘sol,u.ble'oile"-Without,the,addi.ti’onrof—&ny,othert o]

emulsifisrs such as”alcohols.or fatty acide "

7 Fothing _'haa*fbéazi"é}érfe& in the way of
regearch onfthaypxoduction”o_[higher‘alcohols,“but-thia&

wasone of the Drojects plamned for 'the work at Nisnburg.

: ‘ .Work had been carried out on the oxidation of
“01éfinss-byda;migture”of'sodidmhcnromate and sulphuric -
;dcidyabntgitgappparQQ«that-tha;lgck‘ofyalactrokytic' e
5apparatubﬁior;the;reco#eryiofythe‘dhrome’sulphate‘had b
 proved:tbo”mucﬁ€df ajdiffidﬁlty]fcrwmuch:progressfto.bg“
madse .t "”'f*§;5 S e R '
.-:M,;VW.#»”Thejcheriprébléms;On‘ﬁh1¢h.wprngas to be
_carried out st Niepburg were :=:' . 1

" (1), Separation of rew wex by selactive solvent.
"% 4reatment instesd of by distillation.r ' '

udy of the oxidation of wax to covar
ﬁfeﬂQQ;OTQWaiaéﬁand”tovbegextapﬂedgto;

ropsch digsel oil fraction..

(2) ~Farte
" the fu

 the Pischer-T
PR "".‘l"




-(3}—#Production—or Lubricating oils and cutting oils

(a)

(5)

»difficulties.-. -

_ from soft paraffin by chlorination/dechlorina tion
and either polymerisation or sulphonation. '

Further work on the Fischer-Tropsch synthesis,

-using pressures up.to 6 atmospheres, particularly

the effect of mst ane in’ the synthesis gas.

'This seemed to bs of the nature of the further

understanding of the general mechanism:of the
reaction with a view to .improving ths. yield,
reduction of methans, eté., but carrisd out .
independently of the catalyst. It was'proposed
to use the normal cobalt/magnesium/thorium S
catalyst. ’ o

Work on the waste water from the Fischer-Tropsch

[Ep——

(6)

Development .of apparatus fbr measuring vapour-
lock tendency.



. Appendix to Report 8

S

| .('rranslla‘tioh' of a';'gepvort»-‘P'regared oy Dr. Velde)
Ruhrchemie A.G. T -~ - - _
Oberhausen~Holten . e SR
BL KW vk, .+ - - 13th May, 1945,
\"A-‘Regért on the Work carried out in the Ressarch’

. Ssction of the Plant Laboratory K.W. .

Oxidation of Pavaffin Wex
.7 The oxidation of paraffin wax was carried out
by us to provide both emulsifiers and a softening - ‘
material for I.G. waxes and Montan wax whieh could no
longer complstdly setisfy the incressing demand for '

‘wax acids owing to the shortage .of natural waxes. . -

.- The starting material for thse experiments was
R:B. ‘hard wax with a melting point .of -about. 90°, slab’
pareffin with/ a melting point of. 6C/53° -end 'to &
small: extent also, ‘soft paraffin, but since the -
particularly required high molscular weight acids . .
_could only be dsrived fromR.B. hard wax the tests on

these two materials were carried out only %o a ‘small
extent and -the R.B. hard: wax was preferred as the =
starting material.  iThe following results apply -
.. .- As snm’oxidising agent we used not air, in spite
of its wide availability but. chemical means g0 that
the Pirst tests wers carried out with a. mixture of .
sodium bi-chromste end sulphuric acid.  We - ="'
succegdéd in converting hard paraffin wex into fatty.
aci :bgerepeated»tregtmqntiat;a*temperaturewbetWéén.
100/1056° with mixtures

{ : res of bi-chromate and sulphuric
‘acid in-fixed amounts. . The results of these tests -
Lﬁbre?nayerthdleséﬁunsatiéfaétoty-g::Ehehacidﬁvaluﬁfﬁ
‘obtained after 5-fold oxidation: 'puntedﬁonlytto»as>

5 ‘Improved result iwérQ;OPﬁﬁinGd;Whehlthe*-ff
‘parafrin wax wes first chlorinated to s chlorine .
“‘content of asbout: 5/6%; then as split
off: by thermal treatment -resul

-mixture of olefi




paraffin wax. By this we obtained with only & .
o-fold-oxidation en acid velue of the order of
magnitude of 80/90. The paraffin wax was in this
test converted to the extent of about 50% into aclds.

Tn the oxidation with chrom-sulphuric acid the
‘bi-chromate added produces chromium sulpheate which
can be further converted to bi-chromate by anodic
,ox%datton.""This~oxidationAcan be smoothly carried
out,’ P C ’

.. However, since it was extremely difficult to
obtain the necsssary equipment for the snodie
oxidation,of»chromiumgsulphate,fother.methods&of.
‘oxidising 'the pdaraffin wax were investigated. .
satisfactory results were<jhusjpbtéiﬁbd,byioxidation
‘with nitrous vitriol. ~ The nitrogen dioxide. chan.be
-~obtained sither purs or in the..concentration - =
resulting from the oxidastion of ammonia, viz: apout
- - The oxidation was carried out in the following
way:- -In a large agitaton.qapable.of1being heated,"
75 kilogrems of paraffin wax were melted and’ the
‘factory nitrous vitriol introduced. Then with =~
_ccntinuous.stirringjandfintroductionfof<nitrou37;a'
vitriol, 15 litres of nitrosyl sulphuric acid werse

added. - After circulation fer about ten hours the
process is stopped and -ths reaction products.drawn
off. After separation of.the nitrosyl sulphuric.
acid, "ééhingfof[théwacid”residues,remainingjinythe
reaction prbaucts~and1dryiﬁg?”7o/71~kilograms,of5]
crudefacids*with;adgagid.valﬁeAqu70/75"remain.*1

| . e

These crude acids, reference OP.3, still conteim .
about50% of paraffin wax. . For the preparation of"
the'p&re,agidéﬁthe.cruﬂajacids,arejsepﬁﬁifigq;with '
high concentration alkali, the resulting soaps ‘dried,
purified and the unaltered parsffin wax removed by '
‘extractionfwithla*beh:ina}fraétiopQthhgaquiling:~ﬁj
point, of sbout 90%  Since tha paraffin Wwax . ... . .
obtained by extraction practically corresponds to the
starting material it csn be further submitted o ' i
oxidation. - By this means from 100 ‘Kilograms of" . .-
paraffin wax sbout 80 Kilograms of. pure _acids were .°

prepared with-sn -scid valye of a bout
ure-acids contain.about:0.5% of ni




whole numher of Patty acids of which the acids vith.
carbon- numbers over 20 predominate. The ‘pure- acids
‘have 'a melting point of 80/86% B

[ - .o
. | Fields of application for the acids are inter
alig .consistent fats with very special properties,
for |sxsmple thesé fats are particularly weter _
inscluble_impregnants for the textile industry for
the preparation.of water rasistant fabrics, printing
colcurs, stc. DI C '

" By partial saponificestion we suceceedsd in
préparing very affective emulsifiars which enabled
the preparation of solid and semi-solid smulsions.
_Besides oil, benzine, diesel 0il and paraffin cen be
‘emilsffied with water. Tields of application for
the emulsions are,-fqrAexample,‘emulsifiéd shos .
‘ereams or emulsified floor craams, emulsion lubricants,
drilling lubricants.. Some—of the products .mentioned
can glso“be produced with the. crude fatty acids -
‘previcusly referred to as OP.&T T ° : e

. After bleaching 0P, 32 hich can bs effected by
a mild oxidation with bichromate-sulphuric acid, a

stable white product is obtained with the help of
which skin cream types of emulsions can bs producede

o

_Chlorination of Paraffin Wax. _ o ,W -

‘ ' As briefly mentioned in the-o jdation of -
-paraffin wax, chlorinated hard perarfin wax is an'"
;int%%mediajeﬁstége”in*the‘bxidation;With‘bichnpmataf
lsulphuric'aCIdj?thbh}iSfeasily~prepafed by: thermal’
chlorinationat slightly over the melting point. = In
8- further continuation of these tests it was: . . ;
'asdertained*thatzthe_1owerwmglaculanzweightipa:effinsg
‘8eZe. sOTt paraffin, can be just as easily transformed
_t01¢hlor-paraffin3'bypthérmalﬂchloriﬁation_ - The.
§start1ng;matenial.is‘also”necSSSary,1nrorder'to}bbtaing

_the| products selected by us as the object -of our
~in eStigations,ji.e,;1nbr1¢ating~011¢w1th outstending-
' pﬁﬁperties:enﬁintti#gh¢ilse;' [T INAT s SRR RIS S

;@f;jngor;jheseﬁtestspthb;startingjmaterialuﬁas_ayv,
-s‘ thesisﬁparéffin;wiﬁhéa;boiling"nénge between 300
‘a ’ﬁ4009?cOrrgSPQﬁ&ingﬂtoccli;tonabbutpCZémor;of,.“,
300'4509ﬁcdrrespoﬁding]toyClYmto,aboutvcz7;”the :

= point of the mixture being about 30/35%- .
W resa

ing point of
s 8oft paraffi

ted with gaseous chlorine

; tntil the chlorine™




absorntion amounted to about 26%; then' the procsss
was* “stopped and the chlorins split off later. " The
splitting off of chlorine can be carried out either in
& purely thermal batch process at about 350 or in 8
continuous process by introduction of chlorine. .
contalning materiasls with the addition of certain
catalysts. We have found of particular -value in this
connaection §i o and Al503 containing matarials, €.g.
the product, of Stuttgarter ‘Masse’ (Schuhmachersche ,
Fabrik,’ Bietigheim) "A particular charactseristic. of
all the catalysts used is'a dsfinite. sintering which
is obtained by: preheating to about 1000 . . ‘

S From materials of this type. we obtained on the
1ntroduction of chlorine containing products.at ‘about
350°, a mixture of olefines with extraordinarily high
iodine wvelugs. - The olefin mixture obtzined by :
chlorination.and dechlorination cor&esponds very.
largely in its molecular construction to the orlginal
paraffin uséed. -~Cracking and polymerf‘saticn"bccurw """"
only to a smell extent if the dechlorlnation is o
carrisd out correctly. e _ . o

_This- olefin mixtzre can be. further canverted by
fpolymerisation with aluminium chloride into
lubrlea ing oils which:-have vigcosities over 50°E at .
50°C. and a "viscosity pole height" of about 1.6
(viscosity index not determined but over. 100) or ons,
can produce sulphonstes by sulphonating with B
concentrbted sulphuric acid and neutralisation,. these :
permitt;hg the manufacture of outstanding-cutting- :
‘oils. Tests on the cutting. oils have only just: been_
hegun. ' The reactions involved are. -sulphonation, ‘
neutralifation, extraction of the unsaponifiableS'and
‘drying. | The f£1luid sulphonates obtained dre oil and
‘water soluble.and producsd stable emulsions capable‘
of extreme dilution.' R RS Sy
fWork on Eenzine o S e
,(a)'jRefﬁni of Benzine ;;jtnlc“ - .
R ;the journal 'Gl und‘Kohle' Vol. 57, 1941, ,
epage 143, sn article.of mine appeared under. ‘the title
f"Methods\of:Refining the Primary: Product: ‘of the -

Synthesis Process and. their epplication to_the: working”
up:of Crgde ‘011", in which is described & p ocess’




~catalytic treatment whigh is carried ‘'out without.
‘appreciable--loss-of- prodp.ct'. _".In this the benzine is
led at @ high temperaturs but below the cracking :
tempsrature over a bleaching earth catalyst which has
the properties of causing isomerisatiol. Apart from
a small smount of true isomerisation which leads to
branching, in this process the double bonds in the .
olefines are displaced from the ends of the molscule
to the middle whereby the octene numbpser can be
appreciably raised, thus, for example, octans number
increases of 10-12 points wers obtained according to
the olefin content of the starting material. ~ Also in
‘the case of petroleum| cracked benzines octane ‘numbe r
incresses. of ‘5/6 points were obtained, . Further
‘details can be.obtained from the article mentioned.
(b) Behaviour of Primary Benzine on Storage !
‘ ‘Further.investigations concern thje;’. storage .
-atability -of. primary benzine and cracked benzins from
primary producis, in which the most important point
is that an inerease in peroxide .content was observed
without the commencement of gum formation. .. By-.the
‘addition of inhibitors the alteration-on storage can.
‘be easily prevented. . A publicatlon of mine on this.
-subject appsared i ’"ﬁl""un“d Kohle™ 1943 under the -
‘title "On the dependencé of octane number . on pseroxide
-econtent of synthesis benzine™ ' " . e

(e)  Gessing of Benzins . - | _ , _
- Jointly with the Director. of_our Testing Station
Dr.-Schaub, work was carried out on the gassing .
tendency of fuels and en apperatus developed in-ordsr
to investigats gassing in motor spirits. A i
publication on this work “followed in MAutomobil te‘cﬂ}-'
nischen Zeitschrift 1941".- " A further publication
was in prepara tion but-could mot be complsted., .

(d) The working up of Paraffin Wax by Distillation
- and Selective .k ion . iy '

ot

At tbe Ruhrcheimie. the paraffin'wes aivided by
‘Practional aistillstion, pressing and sweating, into
‘soft paraffin, slgb peraffin and rd paraffin. - -

e 'crude paraffin produced in the ‘synthesis
process termed "oven" pareffin was first topped &
"820° in a continuou 1lation:

‘practically all the diesel. oil components: removed.
15 was subjected to:

‘The ‘residus Wa cuun distillation-

e e~ il RSy



and cut et 450°: The residue was & hard paraffin
with melting point 90° and from the distillates’ the
alab garaffin components with a melting point of- '
50/52° were obtained by pressing and sweating.  The
remainder consisted of soft paraffin with mel ting
point of 30/35°. = ST

-~ In my research laboratory the question was
investigated as to whether it was possible to prepare
hard.paraffin and slab paraffin from oven paraffin
without distillation, by selective extraction/with
solvents. @ As solvents the most important were. -
acetone and benzin of different boiling ranges. .
The work has only just started so that ro final

process has yet been fixed. -

(Signed) . VELDE-



‘Report-9. -~ Interrogation of Herr Clar
Subject: - Synthetic Lubricating Ollse ' .. ’
Lvocation'f'and Daté: '.-'Ni_'enbulv'g, Méy*ia, 19'45. . ,“g

Interrogation conducted by: Major Di Morten, British,
_ T B ‘Ministry of Fuel and Power.

A

Reported by: - Major D. Morten. ' i

Introduction -

S K. Clar is aged 58. . Although seven names had
beéen given in the Assessor's report as having arrived at
Nisnburg, five of these werse only "Laborants", :g0 apart
from Velde, Clar was the only other one examineds” - °

'~ "He was also Manager of onse of. the_Ruhrchemie
resgarchla borstoriss-desling-with—the—~synthesis—of—
lubricating oils including pilot plant and production.
“This work was carried out In cyonnec-tio_ﬁ_ with the German

Air Ministry.

‘GENERAL: ...
_ ... .'The synthesis was made from quite & wide range
‘of ‘olefines, of a boiling range 60°/200°C. equivalent-to
“fractions from Cg to Cy3e . These could be obtained from
oracked Fischer-Tropsch spirit, or from ‘the primary =
“products from either the cobalt- or-iron catalyst, the

‘whole thing depending entirely on the olefin content,
which ¢ould be up to 70%. ~ The primary olefines were

_the best, but others could also be usede . It was
gssential. to purify them considera bly before the . .

-polymerisation process, and this purification consisted
f washing with caustic potash to ramove. any alcohols -
-and e vapour-phase trestment over ‘alumina to remova all
. oxy.compounds. . " S T T e

.. " Polymerisation took place by simple. agitation
“in-contact . with AlClgz, using as low a temperature a8 .
possible to get reasonable reaction ‘timg. ' The bast.

‘Jield of high viscesity oil was then obtained at about
f15°ciiiand»af?4~hour~reactiOQ-timeiu51ng¢iQQ:pa?@SAO£a
"olefines and 6 parts of AlCIzs - Using.this typs of ..
ne feed the- sluminium chloride goes fluid and ' -

i

yer known as. contact 6il. =
ain selscted olefings, such:as:
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“CpHyas gave no contect—ott*anﬂfnroduced~an—excellent~—
*1ubr~cetingvo1l_of_viscosi$y_8etollogEllat 50°C., with a-
'V.I. of 125/130, but the .conditions. had bsen modified,"
at least in the laboratory, to give a bright stock of .
viscosity 50°E. at 50°C. = ‘Work on the selesction of the
best feed would have continued at Nienburg. Aluminium
chloride can bs s8ddsd to the contact oil as necessary,
and the memperature 1ncreased as the material loses its
activitye The top laysr contains.ths unchanged’

. paraffins of gasoline boiling renge, as well as the
'lubricating oil; =and bsfore- distillation this was given a
treatment of 3 hours at 170Q/200 C. in an autoclavs to
reduce the chlorine content, using refining sarth, MgO,
Zn0, - or zinc metal. . The finished lubricating oils were
_separated by the usual distillation process. Although.
‘the 0ils wers of. ‘gxcellent viscosity index, they were
,unstable to the ‘sction of heat and oxygen, and one of the
main,difficulties was to improve these praoperties against
‘the B.A.M.,oxidation test, or a modification developed by
“Clary” The“detatls*of“tnis”modtftcatton—werewto*oasswlsm»
litres of pure oxygen psr hour through 175 grems of oil at
140°C. for 24 hours. . No catalyst:was used and the test .
does not appesar sufficiently drastic. Varlous methods '

’

of . treating the oils were tried :—_;

(1)  Barth contacting at 2oo°c. ””This gavq'qp:_f;

- success. .
_ , - : ,
(2) ;. Further heating with alumin*um chloride using

“abcut 2% for 3 hours at 170°/200°C,. This was found
. toimprove the- stability bonsiderably, .and..gave.... .-
!*falrly satisfaotory results on . theilarge scale., ;

(3) S Verious ways were\belng developed ‘of adding
o sulphur to the oil as-a- stabiliser, a remarkaole‘
~'point being -that this was’ added before the = -

- .gynthesis stage, snd not im any way ‘as: e normal

3 inhibitor -to0 the finished oil.”‘ ;'ﬁ S

The 1atest aporoved oil ‘was made using 0.2/0.5%
yof phenthiazin.‘ -This material was made: by heating -
_diphenylemine and: sulphur in: the.molecular proportion of
~one of the former to two of. the latter; ‘these. were

‘-melted’ together and the temperat; S raised o 150 C.;toj
react. The formula is:. -—,» I ‘

=
a9




. Two_othér "inhibitors", & ~thionaphthol and -
1ts anthracene anslogue, have also been .used in- this way,
but lsboratory results had indicated that ordinary flowers
of sulphur was superior to sulphur in the combined form.
This sulphur was added to the extent of 0.1/0.2% befors
the polymerising process, a second treatment with -
‘aluminium chloride being necessary to remove the smell. -
from the firgt stage products. This oil was said to be
oxygenﬁproof{‘f, by Clar's method of test, and gave 8 ‘
viscosity change of only 10/20%, but the process had not .
been tried out on a large scale. -~ = . . I

- .~ It was stated that the sulphur content of ‘the.
finished oil was only.a trace by analysis, and that the -
0il was non-corrosive to copper test. This oil had not
yet been approved by the German Air Ministry, end,Clar
said that it was quite a new development. . ' :

. ' - 'The total aluminium chloride consumption is -
about 4% end_one of the still outstandimg problems was
to dispose of the contact 0il/spent catalyst. mixture.
This did not seem very difficult, as the 0il could be
separated mersely by adding waler. ST e T

...~~~ As menticned in the report a Velde's work, =
Clar's work was only on fractions boilding to0 .200°C. , ‘and
;hg;gnew;nothing,of.the,wogk'qn;the_aoo°/4oo°c. boiling
range olefiness: . R L T e

s . The sluminium chloride catalyst does not need
to‘b'e“%péfti‘éﬁl’arlyi‘gnref;':'and‘canj"" contain iron. - In fact,-
for motor oi1ls of 5 /8%E., viscosity 1t is possible to use.
‘mixed catalysts consisting of the. chlorides of bismuth,
‘4ron and leed, but experiments on this were mot - ..
completed. .Holscular distillation of the lubricating
.0ils in the laboratory gave fractions .of about 2°E. @ -
‘viscosity with pour: points down to - =709C., but normal: -
fractionation on the large scale would give pour pointe
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yport .

Interrog tfon of Dr.

Zorﬂf5€fmxleu

Sub]ect Ruhrchemie Synthetic Lubricating Oils.

'Location and Data:

Mr. H. Schindler, .»'

<1

Leuna, May 15, 1945. .

Interrogation conducted by:

Major D.A.. Howee, British, Ministry of Fuel and Power
. Mr. J.G. Allen, U.S., Petroleum Adminstration for War

ReEorted bx the above.

oo o . T ee . o0 se

”Utilisation of Ruhrchemie Synthetic Lubes.

/—

, ' The olefine-polymer oil of viscosity 2.5°E at
100°C.wae known as S$1202 and was used in military -
*vehicles*in"the~ib1lowing~b1endu'.—-r

_Winter Grade-

0%

. 60%

* Summer Grade

25% -
#S%f-

LIS

Sﬁecial Grade for African Campaigg

Lt e e

-1 T ! R 'A»

‘w

25%
75%

o

ss 1202 B

B

r'Refined petroleum 011 6.0-6.5°
_Engler vis. at 50 c. ' g

;ss 1202 S -;- __j..a l¢_

_Refined petroleum oil, 8° Engler-
'vie.»at 50 C -

SS 1209

Refined petroleum oil, 12°
Engler vie. at; 50 C.l- 1,.»

The petroleum oile for this blending'were produced in\

four plentg 2 i "

:,Lﬁtzkendorf s T T
‘Oslebhausen (near Bremen) il
"Kolin (Vacuum Oil: 00., near Prague)
Nerag - Hannover






