ITEM ‘No. 22 & 30
'FILE No. XXVII—82.

RESTRICTED

c-l&SSJ»I’i{‘ L \w; . lm
~——‘~"" 8..9-2’?31.‘1 of“’_

T
. "u

TR S
’ { ST Ilﬁ/ [ f.,.?\a

- ARSI AT

o
P el o

RESTRICTED

COMBINED INTELLIGENCE OBJECTIVES
. .SUB- COMMITTEE“”*




RESTRICTED

%—65@ 1945

Reported by 8.

W Hmscmmm— CWS Hq ETOUSA
F. R. I.DWDERMILK CWS. Hq ETOUSL'

3 July 19&5

: ‘Miaoellaneous Chemcals e
"Fuels and* Lubricant-

COMBINED I.NTELLIGENCR ‘OBJ ECTIVB SUB-COWITTEEV
G-2 Division, SHAEF (Rear) APO 415 .

_RES'IR Iﬁ'PED

‘;\_ ,



RESTRICTED
TABLE OF CONTENTS

.Kaiséf'WilhélmfIhstituté'Fh6r~36hlef6ré§5ung_Muéiheim/kuhr

1'. ’ Intl'(;ductionoooon«o * e 00000 oo.,o‘.:'o 05.; o:.o_ooyuo:o-c.;o'oofo;oi"l o.o;.' 3
2. ; Onganizationu.»“-. c’oo’aoo_-"ov.}o o"ooov'oo‘.-o'o'o o'.;o"o'qoo'oooooo;'o'oo'- 3
3. ’ Scientific \_'Dev'e'lopr‘_nerits'. -.v;. . ..»‘,.-. *esocsnens 'o veseses evees o s 3
5. _Commercial Developments.. ° :.~. oo .?‘ seeve ". n‘o oS evee vee .e ov; oo ) 4

»Ruh:”Chémie,é:ﬁﬁ}}Hqiﬁengsférkréaéu

e

- 2. . Processe,s_!.l_n_.jvo:.;o;-:_-;.!: ‘i:.. . o o_,oyo oo o a"o soes o ol oe ;‘| “seeses os ~'m R

Chomische Fabrik Holten, Holten-Sterkrade
1. : General. :0“; . ono ._.~'. oo sese vo'o oo -'o'Ac- vessesse .o soves XA TR YY) .’21
2 ) ~0pe_ravt10n8,. sesecsc *sseen o__o'.:o X oo vevaes ..\, Yeesseoes 0021

R

O#E;Gésélléahéft ﬁ;be., Holten-Sterkrade

- 1. G_e.x/leravl‘. eveonee o . oc oo oo Yy ;'o:obuvov"ofp ‘.v. cessnee eoves veses .o .\.—21

2. PI'OCQSS.. '»’_‘.-' ve- ' «"-‘;.-ouo.o'.o'.o o‘.o‘..o‘o_- soe oo PN T

Sieeereee22

PERSONNEL OF INSPECTION TEAM.
W.Jﬁrschkind. eves oooooo .o YIS ol'_o:'o coee oo ree .CWS, Hq’ETOUSA—
Fe R, _Iowdermilk. ve ooo—oooo . o'"o‘o sessae o'o‘o' so e .‘.‘g;m._@!S,;_Hq_EJ;OUSA~-
'L. G—.—Tumock... ..-01 ov;‘o *eace LK) (XS XN oo o o'p *s0e _ocws, Hq ETOUSA
‘Q! _B. '»Pgnerq'..;.:.’ XY o'o‘; PSP oao P .o . .". .o 00 IS o . OCwS, Hq ETOUSA

. RESTRICTED



RESTRICTED .

FISCHER TROPSCH AND ALLIED FROCESSES

'KAISER WILHELM INSTI?UTE FUER KOHLEFORSCHUNG MURLHEIM/RUHR‘

{.p. The Keiser‘Wilhelm Institute was vieited on 25 &uﬁe 1945. Dr. ‘He
“Pichler, Assistant— Direetor, and Dr. ‘H, Koch, Depar-tznent_Head were S
interviewed and a11 information reeeived came from them._- S

o The Inetitute was founded by leading industrialiets of the Ruhr
prinoipally.ooal operatore, in 1912, In the same year the Director. .
was chosen in the person of Dr. Franz Figoher, Prof. of the Royal |
Inst, of Technologie, Berlin, - During th -early part of 1913 the o
plans for: the buildings were approved and, in June, 1914, the whole
~project was compléted. It included a modern . 1aboratory building with™
‘adequate shops, to which later equipment for high pressures and low R
. temperatures were added together with pilot. buildings and installa-
" tions. The official opening took place in 1914 shortly before the

outbreak of Wbrld Wer I.

'”2 ORGANIZATION.

Direotor... XEX) oo .Dl'. Fr&nz FiSCher. 1912-1943
T . .Dr. Kerl Ziegler, 1943 - date
- (reeiding at Halle, at present)

Dept. Heade.......Dr. H. Tropsoh-1921-1928 (died 1935)
~Dre He Kooh 1927 -:date (Dept. . 1ead einoe
o . 1935)
Dr. H. Pichler, 1927 - dete (Dept head
'; since»1936 Asst. Dir. since
1943 )

: 3. SCIENTIFIC DEVELOPMENTS

[

- bonlorming t6 the" wishee of ‘the foundere, Fischer started his work
with the object of providing improved and new methods for utilization -
of ‘wal in manufacture of coke, tar, oils, end ges.- A treatise on
»ooal tar ‘distillation was-the result of these first efforia. During the the
early twenties Fischer turned to the utilization of water gas with the
_gfollowing/developments to hie oredit:" v
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B PRESSURE DEVELOPED-
YEAR FROCESS AW oamavsr gy
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'1922‘_, ;"synthél;tOxyg‘en"cont.v ‘derivatives BUREEEE R . Fische
S R - 100 ' Fe,CO,N3 Tropsch

i~ - of hydrooarbons S e
-1923 " Synthane: Bydrogenated synthol - T L
1926.__Benzine, some olefines Normal—Fs,co,Ng " v’
~1936 . Benzine, little olefines- 620 co ‘Fischer-
1987 ".  mush olefines | 520  Fe L
1938 '*Sb‘lidljparaffi~n'8:h-i;grhj:melti_ng over Ru e
T | 100 | L

1941 Iso pareffins .over. — _
b e T | 100 Ry LR
T1942. Naphthenes, _earomatic, forxﬁi‘och;d;- F
43 . fatty acids, el cohols, -substitus
. tion of iron-in catalysts for -
‘matals becoming soerce during the

4. LABORATORY AND PILOT PLANT BGUTPMENT oF NOTE.

"~ The- pild t .pla.nt‘co'xit'fairia eqi.xi';;;m':_ f'ox-'?.',_;'wxfo:adi.zé};-‘.{_—c‘ix‘;“éﬁfd'"qt:ox"’afgbé'_t of
water gas end synthesis gas, A storage tank for synthesis gas at. 1000

-atm was 1°. diemeter, 12t length, The converter units are 3" diameter
by 10' length and water ocooled," ‘Compressors are instelled for. oom= .
. pression up to 1,000 atm, . There are alsgo units for catelyst testing
by flow and static methods.. Other equipment inoludeds . .~

. . Laboratory &'i'ét'i'llation_qhiﬁmné with revolving ribbon
o BEAEMbOr, e L R T o

_F‘ngnacféif"‘ii'th temperature control mainteining 1. 19C, .
Hgh P?_easiu‘ o6 quipnient ' built by\Andr e‘a@ Hofor',' ) meohimin
:VAp-f_thQ_‘kI;istitu_t;e. S ORL TR UTEL T T

© 5. COMTRGTAL dEvEomEnts,

large pilot ‘plantmmerpidl"_dovelc_pmehts‘ of the processes of the -

In 1934 Frane Fischer believed that the time! was ripe to carry ‘on '
‘Kaiser Wilkelm Institute and he put the matter before its governing
bodye This body subsequently asked & number of industrie} concerns
For f-’ﬁfbhﬁséi‘il'sf;&qgj;b_;,dq.; ‘It was only Ratural that the bid—of the Ruhr=
Chemie A.G, vas ‘acoepted, ‘.;Tﬁﬁisf-bbnc‘ernf-ivqs"foungéd"1n"192.8r? by the
prinoipal coal operators: of, the Ruhr and adjacent ‘districts for the—

“d=



purposo of emploitation of processes. end produots Anoidentel to the:
‘coal’ induatry,’ ‘The fixation of ‘nitrogen vas already carried. out_by
this oconcern on & very large scale based on watergas and ooke oven’
gas for the produotion of synthetic. ammonia, nitric acids, and e
nitrates. As ‘the_result Ruhrchemie became the. exclusive licensee of
the Fischer-Tropach and allied proceaaes all over the world. - '

RUHR CHEMIE A.G., HOLTEN-STERKRADE

i. GENERAL.A‘

RIS ._‘Ruhr. Chemie s “owned. by approximately 80% of the coal and coal. tar
producers of the Ruhr~ represented by the Ruhr. Kohlen Syndicate. .. It was
organized about 1928 for the purpoae of chemical exploitation of ooal

a.nd ooal products.

‘a} Orgemization.

l

Prof—Br—F. Martin v Ma.naging Direotor (Chemist)

- Dr, Hageman_—--——Di’x‘ector (Chemist) .
Dre-Paul--  'Director (Mech. Engineer)
Mr. Weibell L Direotor (Busineas Mgr)r—-

. After . the pare.lyz mg bombing attgg_ks of October and November, 1944,
" the Germen government requested evacuation of the menaging personnel a8 -
‘well ‘as some of the equipment-and the more importent documents and - -
records. The latter were shipped to Reelkirchen (rear Detmold). A few
‘technicians in subordinato positions remained at Holten-Sterkrade..
Among theae were Dr. Span:ler,~one of .the auperintendents of the Ni.tro—
genous | Products’ Dopartment; Dr. Lehreiber, Regearch: Chemist,\ engaged -

in dehydrogenation work; Dre’ Llendgraf, General Mmager of & subsidiary,
Oxo Gesells chaft-meb.H., end Mr., Meby, Power Plant “Engineer. .Dr. Paul _
and Mr, Weibel, both. directors, returned to the: plent~on—or about June -
20th under instructions from their -prinoipal to teke any steps y
-neceagery for . the rehabilitation of theﬁple.nt. Both were Mtervimd

on Juno 23r d.

b&.. Plant Genera "6::*_ )

(4—)——Eat1mated Value of Plant. ,

“Baildings - RM 20 000,000
‘Equipment' - 1002000!000 j
‘Total T 120,000,000

( 2) Number Emglozeea.

N Administration 200
Technic al . 380 -
“Skilled Labor 7700



Unskilled labor ~.780
Control Staff 100
Regearch 150
YLTotaI“_ «»,2250

(3) Principal Products.

(a) Nitrogenous E;ggggg_igxppeseed a5 N, ) 552801 ;000 tons/
year ropresenting 5 ‘of Germeny' shprewar production.m

(b)4 Hydrocarbon Products:

“Paraffin o 6000 tons/&ear
lubricating OilW*“GOOO R T
Diesel 01l 19000 % "
.Benzine f~=»‘» ;~25000 mL
_Propane/Bu tene 6000 " "
Totel o 'EEBBE‘-# oorresp ‘to_3=4% of

Germany's .production

Catalyst produc-;j‘it“' o
tion. i} 900 }!_ s

.(Q)W'waer;
0% 8elf generated 50 purChased'atTRH «02/KWH

Fuel: 222 OOO tons/&ear cost RE. 11-12/ton

Water.- Fron Rheinieoh-?estphaelische %ater wOrka

o RE .os-.o7/bbm. Hardness-120 ©.

Steam—Consumption~ 1, 500 000 tons/tear at 18 and 35 atm
R — Cost - BY 13/tons T

o Histortcal,

- _The first pIEnts o be built—by”Runr “Chemie after. its organi-A
;;zation were the synthetic ‘emmonie. and ammonia_oxiaation plant, of -

. which the first units were completed in 1930, linde plants for manu-
facture of the he necessary nitrogen with oxygenﬂaa a by—product werew_

bnilt at the same time.:- ._r. e _YA“_» et

N In l 35 after obtaining exclusive license for a11 processes .

‘originating at- the Kaiser hilbelm Institute, constitution of the. first

- Fischer Tropsch Unit was. ‘started and completed during. the following
yoar: At the time of the" bomb attacks, which olosed down production

she following plant units were in operation° e

S6a



(1) Complete nitrogenous produots plant manufacturing synthetic
ammonia, nitric aoid and nitrogenous fertilizers.; ’

e -

(2) Hydrogen plant Trom coPe oven gas.

(3) Linde plant for manufactu;eﬂoz—nitrogen”ﬁitﬁ%bxygépigg;51
by-product. S i

(4) -Complete low pressuregﬁi;cne; Tropsch plent tor manufeeture—
of benzine and Dieeel fuel

(5)““Comp1ete medium pressure synt 55ais;p1anz;ror;manﬁraetur57;:w
olefins.‘ | - ' '

. (é) Complete lubricating o1l plant for manufacture,of lubricat-
jing 011 from olefins. ‘

(7) Complete plant for manufacture—oftcetglyst‘fbgibwh?dﬁal
,'licensee's use.-' R :

: In addition to these production units, there were a number of operat-
ing pilot plants for the foflowing processes

.r#.

(1) Manufacture of benzine with high octare rating.

(2) Mnnufacture of 1soparaffins direotly from synthesis gass

(3) Isomerization—of—parnffi‘ii

(4) Substitution of the cobalt catalyst by en iron. oatalyst.

d Bomb Damage.

: Bombing sttacks during October and November, 1944 ~put an end
.to. operations.N:Hnrdly_a building was left undemaged, The equipment U
suffered less and some of it was evacuated on order of the government.,
‘The bomb demage is estimated at RM 46 ~ '60,000,000% Plans have-been
“made for ‘the resumption of operations on-a- limited -scales  Provided
“that pOWer and raw materials could—be-made~ available*—the—mansgement

vindicates they could operate partiallycr_,.‘

| Oxygen and Nitrogen plant e within 1-2 weeks
~ Nitrogenous compound plant = - " .4°months’
'Il

“Hydrocar bon: plant e 6e8_months .

2. P‘R’o'cz:ssss:

t E{ Whter Gas, Normal Purified and. Hydroggn Enriched. _
zﬁeference. ‘fiow Sketch ho. 1) e —"

! Water gas containing 38¢TV CO and 48.3p Hz wag generated in

the~

*Mi;usualbmsnner from 8team and ¢t coke and was stored An- gas~holdere.——8ulfur

_7;
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uK}END FOR TR.AIN-Au—

(1) Water gaa generator, oapaoity 75 OOO oumﬂlr gas\ of 38, 7"' 20,

(2) Gas holders, eaoh 20 000 ou m oapaoity.

(3) Sulfur Romvval Unita,\a towers (2 ag " spares), each ;noked w:lth 60
- T luxmaeae, oapacity 6 towera: 80,000 cu m/hr. AR L

(4) Gas Blowers (3), 1 c eoooo cu- m/hr. 2 oach e 40 °°° ou m/h*' 8“

.-handling oapaciby. R e T ——-———

(—55 ;ZFinal Purification Unit 10 towors, gas heated to operate e 200=
- '250°C,-with serie e—flow through a pair of towers; towers each—

paoked with 60 T of special material (70% luxmasse, 30% Nazcos)
-and” each each ¢ of -10, ooo—me- gas. handling capaoity. SR

',(G)ﬁA.fter Purifier 2 towers, operating G 190_Qr.para11e1 t‘low, eaoh___
R of 40000 ou m/gu' gaa capaoi‘ty. S IR e : o

f:-v('I-)--'»»'l'COnverter, ateel oonetruotion, for converaion CO to CO 52 ,——u&i—ng
. steam and I.G. catalyst (Feo, Mgo, eto.) plaoed on 4 shelvea.

7

'F.(Catalyat Lire - 2 yr).. ~g .

k___(_é‘)_-»:;Gas to Gai“Hoat Exchangor .

A

- rcmoval was et‘feoted by paeeing the gas -in parallel i‘low through 6 towere,‘
R paoked with. luxmaee; two aedditional towers were . held. in reserve, The
. GJo_ere in run have a purification capeoity for 80000 ou m,/hr of water
888, Gas" from the towers- entered booster blowers, 2 in run and 1 spare, .
“each with a- -oapacity of 40000 ou m/hr, end was delivered to a final e
o purifioation urit -consisting of 10 _towers, each packed with 60T of a
~mixture of 70% luxmasse and 30%. anhydrous NapCOsz. These latter purifi-
-oation towers operated at 200=250°C (gas fired) with series flow through
& pair of towers, Capacity per—pair is 20,000 cu m/hr; 1 pair remains
in stand-by oondition. __The gas- next entered the final purifiocation unrit,.
-which consists of 2 towers operating in parallel at 19q—195°c end packed -
;um d metals such as Fe, Cu, Ni, oto, - This reduced aulfumt
to-041-gr per 100 cu m.of eyntheais gae. Gapacity of" the 2 towera io ,,,,, -

80,000 cu’ m/hr of gas. R ‘ o R

. Gas. from final purifioation was partly ueed without t‘urther treat—
ment for blonding vr.lth hydrogon enriohed gaa to form synthesis gass"—
}ﬁrdrogen enriohment was effecjzed_by aubjeo M of the normal
puriﬁqLuater gas to the water- -gas rexzotion in a converter, Mn— P
struotion, operated at 500°C ‘and ~less—than one atm pressure. The cata=__
lyst in this converter was a speoial 1.6, type (Fe O, ug 0, eto.) held on :

’4 traye; 1te normal ufe ia 2 years. L
e



'h ‘Normal Pressure. Synthesises - -
?tﬁe?erenoex Flow §ietch No. 2 Train B)e

. . The synthesis gas £ed to this operation wes obtained by mixing
ncrmal purified water gas with hydrogen enriched gas to-sffect a st CO
ratio of 2:1 and was oconditioned by diverting a rtion in a gas to gaz
heat exchanger prior to entrance to converter (1§° :

: Converter (1), a11 steel, is of box—type sonstruotion (See Fig 1)
water cooled and operated at~200°c (l°C) and 0.2-0.3 atm gauge. e
- ft was . paoksd between the vertioal—divider platas with 1-3 mm
size‘pirticles of oatalyst of following compositionx v

CO (as metal) 307
.ThOz, Mg0 mixture— 10%

Kiesel guhr 607

*Gases from converter (1) were cooled bg water spray direotly

'ange from ‘the gas stream. The oil and water layers were\continuously
withdrawn ‘at this _point.  The non-condensed vapors—then—flew>through a
. steam-heated, funnel heater to preheat them t0-180°C prior to entering
" seoond converter (4) which was packed with same catalyst as in (1)e-
aOperating temperatures wore raised from 18C to 200°€¢ over.the life of
the oatalyst, but-were held within 10°C during conventional operation._
Synthesis of a large portion of the residuel gas into oil products -

was -done heres ‘A second condensation ‘and separation of oils was carried-
out in condenser (5) in the ‘Same. manner as- above. . _-\f '\1y e

The remaining gases passed through towers packed with"aotivated
_carbon whioh absorbed low molecular ‘weight oils,. C3 and - C4thydnocarbonsk~
“equal to 3% of thew weight of the ‘car bon, -from the-gas-stream. - Towers
‘operated‘on*stream in’17? hour cycles, during the-off=stream cycle ‘ad-
“sorbed- materials ‘were- stripped by steam blomdng~the carbonaf"The

residual gases Were used as fuel. L : ,va-; Mf“ mr_ﬂr.J

TR A‘~‘1

Product was largely straight ohain paraffins, with a large
quantity of liquid and small qzantities of gases and solids.rvgg -

Medium Pressureg§zpthesis.,‘*':_ /
!ﬁ ference: Flow Sketch TNo. 3, Train C)

e T

, This process operated at—ll—atm abs on*a~synthesis gas with '

:CO ratio of 2¢l, but portions of the hydrogen rich gas were intro-—
-duced between the first and second connenters and between the second-
end last oonverters. This process ‘may be operated with either Co or
Fe catalyst; Co catalyst was used at Ruhr- Chemie. * Witk Co the operat--
ing tempe ratures wers. 190-200°C and' the product—dtstribution fairly '~
equal in both-liquids and solids. With iron. -oatalyst, the operating,
temperatures were 225-240°C and the products were largelyfliquids with
small—quantities of solids -and gases and more unsaturates than were:
‘obtained with Cos- L e :

-10-
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ABGEND FOR TRAIN B. (p. 12)
.(i)'fC§n§ertqf71{qu§kédlwkbh{cataiyﬁtféqﬁéiiting}of:30%305;(&3_5@:&1
' equivalent), mixture of 10% ThO, and MgO, 60% Kieselguhr. and

. 'wmter |cooled for close (' 19C)"tem
(2) "Condenser, direct water spray type.

ature control, -

(3) Preheater, tubular;-finned, condensing steam.in tubes.
(4) ' Converter II, construction-end cetalyst: seme-as-in item (1).
gsg Condenser, same .as in item (2), .= 0 T
(6) - Absorbers (2). packed with activated carbon,

_ _packed ivated oarbon, oyelie operation,
followed-by.steam stripping of adsorbed oils from carbon.

LEGEND FOR_TRAIN C. (pe 14)

(1). Gas cooler, for water gas portion of feed.

(2) Gas compr essor, discharging @ 11 atm abs. .

(8) .~ ™ ., for hydrogen rich portion feed gase .

(4)  COp Absorber, .(COz absorbed in water under pressure)s -

(5) Converter I, Tubular type, packed with catalyst consisting of 30%
" "Co (as metal equivalent) 107 as a mixture of ThOs and Mg0, 60%

Kieselguhr, and water cooled with-water for close temperature

(i 1°C) control. (See Sk converter for medium pressure synthe-

oo 8isel L ~ : Ummhee g T

(6) "Cooler ‘and condenser, shell and tube, gas in tubes, water in shell.

(7)  Gas preheater, .shell and tube, steam in shell. I ST

-(8) Converter II, same as item (5) paoked with same catalyst.

(9)" Cooler—end condenser, -same as item (6).. ~ .

(10) Gas Preheater, same as item (7)s R S

(11) Converter 'I1I, same ag item (5),'packed‘kiﬁh“ﬁaméicdtalystau

(12) Cooqufané’édndénser;idiréoﬁMtypegfemploying5wnter spraey counter.
“: to gas flow in vertiocel tower, - - . . o

(13) Expansion valve (reduction pressure to.l atm abs) o B
(14) Activated carbon—absorbers (2), operating in 1/2 cycles to adsorb

- ‘a8 3% 9of wt of :carbon, oil constituents,’ which are desorbed by

-direct steam blowing-during off-run cyéles, -
s ...2.‘.‘.‘.‘...’..‘.‘.,»

jyﬁésaéw;Coolgd;yater”gas'enteréd?ga8vc¢m§f¢ssqf3(2)fand ﬁhs*¢1schgrgedzi
“at Il-atm abs to-a-mix-tee where hydrogen rich gas.from compression and
C0p removel units (3) and (4) was admixed to produce synthesis gas for =
Converter (1), where reaction Wﬁsfeffedtﬁd*wipthbnveggigg;to{ﬁhe ox="
~tent of 50%&at¢180-2009CI‘a§pendingfUpon age' of catalyst. This con-
‘verter is constructed of steel, shell and tube design, water cooled,
‘with*spécial_annuluggg_jwpe,catalyst ho1ding;tubes~wBerFigs”Z):ﬁWﬁter.
coolinzy is used for a tampefature'oontrol‘qrqgfglgcbiFCataletMOf'8129’

~and composition desoribed.in (b) above, Wwes packed in the annular

13-
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feectlon of - the double ooncentric tube. 111 converters wene of - identi—
ccl conetruction and were pecked with same type cataljet.

7 011 prcduots of a boiling range 1 O-360°C were condeneed—frcm
gas from Conver ter (1) in_an indirect Condenser (6), the condénsed oil
leyer being continuously withdrawne. Gases_from | Condenser (6) were
fortified - with additional hydrogen rich: gas and the. mixture then pre=-
heated to 180%C-in-steam heated preheater (7) prior—to—enterinr Converter -

& S

COnverber 1I also waa—operabed over ‘the temperature range of
180-200°C o effect a 30% conversion: of feed gase 0il product of boil_
Ang range 120-360°C was—condensed from the gas stream in’ condenser (9)
from which it was continuously wibhdnagn“”“Exit ‘zas wes again ‘for tified
‘with edditional hydrogen rich gas and ‘the mixture preheated to 180°C in’

preheater (10) prior to- entering Converter III.

v Converter III wus—operated eimilarly ﬁo the_ other converters to
_effeﬂt a 21.5% conversion of feed gas following which cooling, condenaa-
tion, and oil separntion eteps, as previously deeeribed ‘were made.-

| Gasee “Trom the final cooler (2). paesed through a reducing valve

o eyclic-operating aotivated carbon absorbers, opereted_at_atmospheric
pressure, where low molecular-eight o0ils and Cg,-C4-hydrocarbons were:

- adsorbed, then deeorbed by atreem*etripping as eacribed (2) above,
Reaidual gaees were ueed as fuel. ] ,

Olefin Sy theeis. - ~TI”‘ ’ -
(R ?erence: FIow Sketch No. 4, Ircin D)

v In thie synthesis purtfted~water gas was the feed - etock, but the
‘addition of three_volumes. of reoycle gas to. the feed gas_prior 7 to the S
'convereion step‘reaulted—in—a ‘converter feed gas: oontaining Hps Co in the
‘ratio of 1,0031,23 together with. CO0g, CH4, Npo Two converter traxns were
used, the first with three oouverters was cperated at 10=12 atm- gange;"~—w
the second was. a ‘conventional normnl greeeure train of two converters,,;f
operated at 1 atm geuge end 190-200°C and was employed to complete the
synthesis from the residual gases from the first train. Catalysts in -
both-trains were the cobalt types The- ‘products from the first. converter
. train contained more unsaturates and considerably less solid hydrocarbons'
‘than those from the second train. (a normal pressure syntha=fs train, :

;uaing CO catalya_l_

L

e j‘ Purified water gee was fed to thexsystem_bhrough gas to gas heat
‘exchanger (1), through gas. ‘cooler -(2) and ‘into’ suction of compressor (3)
“whrich discharged ‘at ‘1012 atm gauge to a mix-tee where 3 volumes o{ire-:‘”

cycle gas mixed ‘with the compressed water gas, The eombined gas streams .
were preheated to. 195—200°C in gas heeber ?4) and flowed in geries- to and-

,Jthrough Convertera I, 11, III.

16
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_LSGEND FOR TRAIN D,

" (1) Gas ‘to Gas Heat: Exohanger.
(2) Gas cooler, shell and tubes L
(3) Gas compreasor, 20 atm max ‘discharge pressures
(4) Gas heater, shell and tube, steam in shells =~ _ o
(;5%%'1Converteri'1,ﬁ Mo " (see sk "Medium Pressure Converter")s
(6)- Converter 1I, Bane—as—ttem—(5),
(7) : "~ T “I].It_A_" ""“g‘“_:_:“-!' FSERa "
“(8) Gas to gas héat exchenger.
(9) Condenser and cooler, shell and tubes

(10) Activated carbon absorbers (2)e -~
-(11) Recycle gas blowers ~ .. -
(12) Refoijinér;‘ (co -and ,vs,t_eam_;egct19;;:&1;}{2 prdducti’on) P
(13).C0,. absor ber (Hy0-under—pr essur 8),-

{14)-Gas preheater, shsll and tubs,

(15) Pressure-reducing valves . o
(16) Converter A (See sk "low Pressurs Synthesis Converter"),
(17) Cooler and condenser, direct water spray type., -
vflﬂyféin;ﬁreheater,‘tubular;»finqed,_steamf;n;tubes;
(19)Converter B, same asitem {I6)s —
(Zb)KCboler'and‘o¢ndenaer;;5ama'asﬂitﬁm (17).

(21) Activated oarbon absorbers (2), '

I EXXE R X PR XY XX I

- Converters were.operated at 200-210°C, depanding upon the ‘age.

of ocatalyst. Converter construction and design wers identical with
‘those ‘used-for medium pressure synthesis (see Fig, 2). Space velocity
-was 80.cu m gas per cu m catalyst volume per hre - - .

. .._Converter exit product passed through heat. exchanger (8) counter:
current to. recyole gas; thence to condenser and cooler (9) to effect
condensation of oil-from the gas stream; ‘the condensed oil was contine:
uously withdrawn from this unit.  The exit gases were further -strippéd
of oil products by amctivated carbon:absorber-units -(10) which were—

operated-as pr.ev'iously___c_lgsf_czfibe_d,- S e TR

‘ . Gas from absorbers—(10)-wes split into three streams - (&) the
largest portion (recycle hs)’ was delivered to reoycle blower (11) . .
which discharged it at:10-12 atm gauge through heat exchanger (8) to
mix with incoming feed gas ahead of gas heater (4)s (b) a second por- -
tion flowed direstly to gas heater (14) for preliminery conditioning
for the normal pressure synthesis; (o) & third portion was directed
through reformer-(12) where the catalytic water gas reaction occecurs,
-resulting in hydrogen enrichment end COp.formation, COp was sorubbed’
out in.CO, absorber (13) end the scrubbed.gas was mixed with portion
(b) prior to passage through gas heater (14) and pressure reducing o
)_‘,:;ig _counter current flow with

_valve (15) then .through heat exchanger (1

1

hot, pur ﬂ"i'efd\ Iaier”g/‘ag;z .



The:resulsing: conditiprisd gas was fed to & normal pres sure .
.eynthesis train ‘wiloh was identical in.design and operation with that|

desc‘x_f;lb.edv__in-{ (25 ‘abovee - .

C aem \

Yields were e:@péi‘iénch as fféiilbiv_!_v!f:.

ne 120 gr liquid produots) . . . . -

TPG in 2 30 gr '5'ﬁ5fﬁlépﬁ°-dii‘lﬁi:: o '*'" o _T:

160 gr liquid and gaseous ~ -
products R TR

CHEMISCHE FAERIK HomeN;jnontsn.srznanns;

1. GENERAL.

. ,TL' :1_. T, -—-f_»L.: v ) L or s et . - o I P R p
__.-. This concern is located adjacent to Ruhr Chemie  and is owned jointly
by the latter, I G, Farben, and Th Goldschmidt A.G.,-each holding a_.,“l/3”;‘
.interest. Managing and. technical personnel ‘Were not present although -

the general manager, Dre Fuller, was ‘expected to arrive ‘shortlye.

The blant has been bedly demaged,

- 2, OPERATIONS.

5 -\rhaTGShpagy'ﬁurchaigd.othy1ane’and“p}oﬁyrgha.ribm RdhrﬁcB5h19;and;‘
_oonverted. them into the oxides by the chlorhydrin process, The oapacity
Wwas 500 to 600 tons 'per month, 90% of which was” ethylene oxide and-10% -

_propylene oxide, .

~

’_The'f.ipi‘s‘_h"é;x{i;;&io,‘_lsl were shipped to one of the Goldschmidt plants
,for.'_oon'ver.giqn’ih‘t‘c}“‘._ﬁii‘é"‘-i-e'ape‘e.gij;ye glycols, ' ' o

|0X0 GESELLSCHAFT m,baH., HOLTEN- STERKRADE.

-+ (a) The oompanyj_gg'aj‘or'g'a;hii'od’_‘.ﬁ“bfd'e'r_ to exploit the discovery of .
Drs Roelen of Ruhr -:Che_\xnio_,”"_whicjh‘j_‘cog;siatogi ‘of the formation of aliphatio
- 8ldehydes by -oatalytic reaction of water gas on .olefines followed by the
~reduction of the aldehydes to aloohols. 1,6, Farben and Henkel and Co.
-wore both interested in these aloohols for Pproduction of detergents by
~Sulfonation: " These-two companies therefore Joined with Ruhr Chemie in.
~.the formation of - :he' new. company,- each partioc ipating -"1/34’—”Sihoo_%4Rulm””‘"‘,
~Chemie’ furnished the rew’ terials, the plant was built adjacent to its.
property. . The finished products were “to_beshipped to.-the-plant: of -t

‘Henkel and Co. in Witten (ggyglgygiyé}oonyqrted_LntOMdthpgopEEfﬁggmuiﬁg_fV

PN

fonations = TR



, Conatruotion of tne plant wa 3 about completed at the time of
’.he severe bombing attack in Octobor dnd - Novenber, 1944 but 4t had:
'never operated.

(b) Bomb Damage.: 7

- .i,“_The bomb_damage was relatively slight probablj not 0%~
'oeeding 15-20% of ‘the investment.~ Aa was ‘the case in the Ruhr Chemie
_plant, the equipmcnt installed underground, presumably bombproof “cone
;sisting of - Yanks and pipelines sufforod.a good deal more than the tall
-reactors and’ ‘distillation columns above grounde.. This was caused by—0x~
tensive oave-ins which demolished tha equipments

: The investment of the, ‘rather lavishly constructed plant was-
RM 11, OOO OOO. The generalvmanaber, Dre ‘Lendgraf, .remained in Holten-
Sterkrade after the bombino and is. ‘now, enganed in.rebuildinr the plant.

‘Annual production- 10 OOb'tons hipher aliphatic alcohols 012"018‘
TEetimated COat of Productr RM .90*.95/10

Market Price: RM 2.50/&3

‘Raw Materials: Quantitias,
&Cost.-

_Powerg.;] 1 500, 000 KWE. /&r at R .025..03
Waterf—%“fzoe ohmﬁw

Watergast 035/cbm
Olefinss = 1,250 'H r. at RN 38—.%3/kg -
‘Hydrogent: 400 cbm/ rat RY. .60-.70 bm -
Steamte - ”300 tons/dqy—~4” '

a.“;,mocuéé; -

e An olefin fraction from Cy; to Cyq. was—troﬁtea‘bataidLiﬁally with
purifiedggagggmgae at’ medium temperatures under- pressure to produce o
aldehydes which contain one more’ “car'bon atom then the parent olefins._
The-olefins may be- derlved either ‘directly" from the [Fischer Tropsch
—synthesis or“by Du*bs cracking of higher paraffins from C2 to.:C wnich
were prdduced by Ruhr: Chemie._ The olefins should be predomlnatefg ,
:~straight chain with the. douﬁle‘?ﬁﬁfﬁﬂTTme end. The reason for this is
that sulf onated alcohols derived- from- the—other—typeSMO“—olefins have -

oo - lcw a7 melting p01nt for the. desirea commercisl usos' althourh their :

......... ok [T

145°C at ‘the’ finishing point,-under 150 atm, using. ‘the™ standard Ruhr:
Chemie cobalt catalyst. The catalyst was. Iinely ground to about 200"

',-22-wj_



nwsh ‘and auspended in the olefin oharge.1 The purified water gas, which
was ootained from Ruhr Chemis, . oontained 38p CO 48-49% Hé, with the
balanoe being nitrogen and COzs

mesm:m' - (See Sketch Attached).

N A batoh oharge of liquid olefins—was mixed with the necessary oata—
lyst in tank #1, transferred into oharging vessel #2 after which the.:
vpressure was -equalized with-the- system, The-charge was then" empbied—by
\gravity;into_the oonxonten;#ﬂ,_equipped with.a bundle of bayonet heat- -
ing and ooolingetubes.. ‘Compressor- #5 supplied water gas to the converter
while itg oxit gas.yas’ larvelyvreoycled “by compressor. #5 and vented from
eeparator #4 euffioienbly to maintadn.adequate hydrogen and €O concentra—
“tion within the system. The batch oyole was I hour, half of which was
“reastion time -and the other half required for charging and discharging..
:Gas oiroulation was maintained during\charging and discharging.' B

Batches of crude aldehyde were colleoted 1n atorago and converted to
aloohols by hydrogenation-using the same catalyst and the same- type of
equipment as used- for the aldehyde synthesise The operation was also:
batohwiee, wi@h pressure of 150 atm and temperature of 180°C, - Hydrogen

“of90-92% purity (balanoe nitrogen) was used .and recycled 8imilar to the"
'watergas 1n the aldehyde synthesis.

Of ‘the 9_oonverter units installed, 5 were to be used for aldehyde
-oynthesis and" 4 for hydrogenation.

, , The—crude alcohol was purified by vacuum distillation in batoh
stills- and plate oolumns.
1 pound of olefln wae expeoted to yield approximately 1 pound dis-
gtilled aloohol. B '
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