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4 . -—uged-for.removing a snall.amount.of-.polymer..as..an-overhead-product P — : mBntyl-« - Propyl.alcohol
re. . * The temperature at the top is 90°C., and at the bottom 1209C. ' The. ] - Alcohol including that
o acid | pressure is 0.6-0.8 atms. The. bottoms from the first colum enter ‘ . Kilograms . cenverted to
lended ', the second column containing 36 plates on the 11th plate. Open |, : ' | - _acetone
| steam 18 used to take overhead a water alcohol mixture containing . Kilograms
abont 75% alcohol. Water ia withdravm from 'bhe bottom of the column '
: in t 8._and the temperatus : 143800 -~ - 48560 -
top of the colum is 110-1.1500. l ~ I.aet hnlf 1940 - 387770 108840
LA S I Firet half 1841 376346 - 134216
Tha overhaad from the second colum emnters the third - ol Tagt balf 1941 . 496205 262794
colum containing 70-plates, which is the benzol ageotrope colum, | First half 1942 - 524aAv8: 278543
on the 55th plate. 90% benzol is refluxed to the top of the column i Lagt half 1942 - 276940 187611
and 1mpure isopropyl-aleohol is taken off the 10th: plate as a- FEPOT; : ~Mrst half 1943 . . ......617188... ... 505369 -
and the impure butyl aleohol is taken off the bottom of this column. Lagt half 1943 630282 566225 —
This colum operates under 2.2-2.4 aﬁ“’“' with a top temperature of - . § First half 1944 —- 556654 . 638970.
60°C and a bottom temperature of 1040C. Ths impure isopropyl”
alcohol passes to a 30-plate column entering-on the 6th or 8th plate. The distribu‘oion of the bulk of the alcohol ahﬂ.pmentsu
Pure-isopropyl alcohol is taken overhead and the bottoms returned-to i.n 1944 is shown by Table XX page 79. The identity .of Sek&oll
the azeotrope colusm on the 10th plate. The impure butyl aleohol is is not esta.'b shed. Anptl}gr unidentified product, "Dilenol", waa
‘Pod to a 20=plute column on the third pl " Pure isobutyl alcohol” ’ T " shipped ely "to Geb 0verJ:ack, Meutichen=Gladbach. -
is taken overhead and a hsavy residue is the bottom  product. The . : - One. or both of these products mey be amyl aleohols which are knom_
overhesd from the aseotrope columm is a.mixture of alcohol, bengol f
and water, The mixture passes to a @eparator where & water layer is . : shipping rechrds. Mixed butyl-propyl ebhor was slnppad in about
taken off and returned to the column on the 56th plate. The upper .. . .- ‘the-same quantitiea entirely to Overlack at M. Gladbach. From
layer is then charged toa 60-plate colum entering on the 20th plate.’ ' : . January ‘through June isopropyl ethar was shipped exclusively to
Direct steam 18 used for distilling overhead &n alcohol-benzol ‘ Wiegand Svehme, Oberhausen, but in quantities of only about. one
nixture which is returned to the azeotrope colum as reflux. Water is  ten per month., Im JuJ;y the shipmentLQf this ether were as
withdramm as the bottom product fram this column. 600 liters per month : followe.- o -
of 9‘0% alcohol is_added make-up. o T T ) , : .
: I.A.Farben. I"—rankfurt/ﬂ ‘ R Tona
- Various selzed recerds show that the-elGoHo1 pla.nt also I T Pankower Transp. Berlin/Psnkow: . 13 Tens
produced fusel oil, and "Dilenol". The- latter is unidentified but - X o ‘chemische Fab. Gruenan, Berlinlc‘vrumu
may be crude higher alcohols. As derfvatives of _these primary pro- : . .
ducts crude acetone, propyl ether and “Syrup Rheal“ ‘were also made.

“Syrnp Rheal“ appea.rs to be a by product of the' gcetone
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300-3300¢ ©

330~350

- 350-375 . ,

375-400 o \
400-426 '

above 450 76.
loss \ 1,0

The total wax boiling above 3Q0°C had a
molecular welght of 430 and the fraction boiling
above 450°C had a molecular weight of 530, The
congealing points (Method TP 76-44T) were ag
followas

Total wax 8'0-:8100
Above 300 C 87-880C
Above 450 C 9locC

Hn motor fue; .

 The aloghol plent (Building 106) was ereoted in 1940, ‘Here
the olefins from the stebilizer over-hbsd are ebsorbed in sulfuric ecid
and lydrolyZed to slcohols end some incidentel polymer which i\a blended

. The_ Cp.and. 04 foed containing epproximately 30% olefins 18

jecketed resotion vessel (Made by Lurgi) under 10-15 atms., pressure.
Cooling waker 18 used in the jacket during the swmmer months, but not
during the-winter. The temperature is not allowed tbo Tise above. s
maximum of 45°C. Following the mixing period, the reactor contents

contected for one hour with 58%Be. sulfurioc acid by stirring in a water |

sre allowed to settle for 30 minutes. .. -

oo
|

_ 'The bottom layer from the reactor, that. is the ester and acid
layer, is drawn off to storage. This materiel is then charged toa
second mixer where it is .contacted with water at atmospheric pressure
end temperature. This mixer operates contimously. The materiel
flows into & separator where a polymer is teken off as the upper layer

. and..sent. 0. motor. gasoline. blending.. The Iower layer is then passed

to. a four-stege hydrolyzer of which the first three stills are shown
by Fig. 26, page 78. Ester is hydrolized to alcohol by heating with
open steam in the 4 bBteges, sll mainteined under a pressure of 0.2

atm absolute. The temperatures in successive steges are as follows:

1) 75-80°C 2)  80-88% .
3)_. 88-95°C 4) 96-104°C —
The 1iquid from the 4th stage 18 25% sulfuric acid; it is
sent to the-acid concentrator for comcentration to 58%Be. end returned

to the esterfication reactor. _ ’

. 'J.‘he“mpo'r‘s'fromn thue_gi ,l‘iydi'olyzera-'consisting of a mixture
of .aleohol and water of 50% concentration pess through a ‘caustic
wgsher to storage. . . : - ' .
The ‘ﬁpper lsyer from'the primery 'conié;tors is the unreacted

.. Cg-and p.;hyﬁ;;océrpon_ end polymer. ‘It is drewn'into a storage vessel .

e gas holder. The materisel is then compressed

containing st end 18 vaporized fram the storage vessel through

column where Cp and C4 product is made overhead

tle ges (treibges). The emall emount Of ‘polymer bottoms
‘motor gasolinme. -The production of alcohols frm :
y ‘of Fischer-Tropsch C3~04 fraction is 2.0-2.1.tons .

hol, ‘end 3.8-3.5 tong-per day of & -mixture of

The_alcohol purifica ‘ e
h alc ‘ . : IR
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83.5 ¢
88,6
93.0
97.0
—gAdepoint ' 178%.
Residue 1.79
Loss 1.3%
Bromine No. 66
Olefin content 424

E. Haﬂd Paraffin and Gatsoh

oo In 1944 "Hart Paraffin" recovereduby washing
of the synthesls catalyst with benzin, was shipped
meinly to Norddeutsche Mineralolwerke, Stettin-Politz,
but small shipments were made to other scattere%hplants.

e
Lae

gatsoﬁ '%eoovered as b%ttoms fro% 8 still
the synthetio orude oil, was shipped entirely to the
Fettsalire-Werke, Witten, The use. made of these waxes
1s unknown but 1t seems probable that they were in
part oxidized to fatty acids for the production of
soaps and other derivatlves, Some of the work along
this line conducted at Moers 1s discussed later under

“the subject of nesearch ‘Activities.

A considerable stock (12 tons) of hard
‘paraffin was left. in the Moers plant and a sample
was obtalned. This wax is yellow in. color, has a
destinotive odor and was stated to have a melting
point of 80~1009C, . A sample was examined by the
Petroleum Board with'the following results--

) Melting ‘point (ASTM Pet. Nethod)
IOdine No. -
Saponification value

JES—

‘“””"CIOS
"~ Pa B.No.45/989
Mech' 573

Speoifio Gravity /60°F . 0,7609
.15 Saybolt
-Odor-

Initial BP .
‘ 2009

Recovery
Reaidue.
Tnsaturates
Aromatiés
Unsulphonatable
Bromine No

.An.Pt, before Sulphonatilon

An,Pt, after Sulphonation

‘Cetane No.

N O

A sample taken from one of several drums
marked "Leuchtol" In a box car awaiting shipment to
Plant IV was identified as CIOS No. 4, This was

- tested by the Petroleum Board under- their number
. 45/988 Mech 574 and was found to be identiocal with
_-CIOS Sample No.l

JE— v

. Thils was identifiedw
-the . Fuel Researoh




b .

Farben

G.

17 .130
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17 .250

Sp.Gr. at 20
Solid Print.
Flame Point
‘Viscosity
Neut. No.

. Cetane. No. . (HWA)

Not below

Not ‘over

Not below"
" Not below

Not over

Not .below. .

0.740
ixgog”

,¢57°C

1.05 E gt 20°C
0.4

70 ...

5
b
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asin Ship
Tons "

ric

;Priﬁciﬂal<Recipiente o

ments from Rheinpreussen

Ko
- hka%
G. Parben-

I-

‘

Heavy Kogasin

11944
oéesiﬁ ‘
e

Light K
-Rubrehem

“Chemische

I.
"Ludwigshaven

emie

en Rubrebh
Holtan

Rheinpreuss

TT.

Anlage IV

Ludwlgshaven

quton

Y
53.600

i

345

.520

385.550

036

151.250

2684110

2153.860

56,760

235.840

340.940

300.660

212,490

251,900

5Q7 . 080

316.540

155,560

[

64,030

35,070

eé.04o -

135.800

| 79.040-

None

L

No additional stock or shipments

1

7

22.500

f
{

Nb additionai stock oy shipments

-Initial boiling pt.
“End boiling pt. -+ T

About
Not over

T§00C

v

360°C

a

Rheinpreussen replied thet they could meet this
requirement by blending Mittelol with heavy benzin as follows:-

Mitbelol

"eSchwerbenzin o

~t

Sp.Gr..
B.P.A. .
S0lid Point
Fleme Point
Cetane No.

0.752
-26.5°¢C

-29.0°C

~56.0(~42.)%cC
-44,09¢

-25.0(-32.0)9C -
"45' OOC
45,09¢

ereioee ] QP OBt s e e e

78'

‘ -4 will be noted thet the "SDK" Diesel fuel shipped
from Moers during the last year of operations also- met these

specifications.

Unfortunately the designations of these ship-

ments are not indicative of the extent to which such fuel wes

used by the Lufthffe.

D. Kogasin

- .

. - The . distrlbuxion of shipments of llbht and heavy
) Kogasin from Moers-during 1944 is shown by Table' XIX page 71.

. The heavy«kogasln shipped to Rheinpreuscen ninlage IV, Homberg was-
--used for the menufacture of .synthetic. lubricating oils-and was

stated 40 have & boiling range of .about. 250<3509C.:
cations and uses-of thedother shipments ‘are nknown.

.

.The spec1fie

L Two”smnples of 011 were taken from tank car ESSen
5-8394, which was reported .in. captured,documents -0 -contain

light' kogasin.

Theselgamples were identified as.Cl05 Nb.l and

€105: Nb.5., Semple No:l wes analysed by the Petroleun Board and -

v Jx RS

’ .

- ~—«Nb 5 by the, Fuel. Research“Station, with results as_ given below.
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marine Magdeburg
125.170 98.000-

ESEL
1944

C DI

SYNTHETT
NPREUSSEN,

66.700

Kuno Ebert WIFO  Rh.Osseg Kriegs- Benzol V.
174.400

v

102.850
83.000 141.600

v
\

TABLE XVIT
SHIPMENTS FROM RHEL

PRINCTPAL RECEIPIENTS OF
154.000

Regensburg Regensburg Ebrach Torgau -

151.500
99.850
150.800

OLES -—

205.500
201.400-

.

Condignees
January
February

Main




s

00—
oLy

o
29
*0 188°0 ;mwm

e
722

~ geg-
‘oot

€69
Ley .

ST o
ETne  sune

oGz~ ‘
69T - 49T
2w
gt g1

- o7 T .

5§ &g~ Ge- .
(05 0> 09

gu.*0 ghle0 Ll

°o I

L9 |
roc

89 625 .
sunp KLey..

*0 038

Liz- Gzd 062
S9T | S9T

qul

gog- 00~
olr ol omv

g gv g%
66 €9 29
ge= e} 62"
0. 0’ 0p
*0 618°0 188°0
166 nGq 616
Tef ¢ *qad

» hnHmN

e

A
o
-

sl
g%

-

ge=
/A

A

8E5 €95 |

70y sXej *qod
.

605-

0 %0 Tﬁ.o i g0

Géz- 200~ 00%~
ol -olt ot

‘e @ o
29 9 mm
L= G- e
o 0P owv
_,mw.o%m.o,mﬁ.o

H

i
66c  08Y% ﬁmw.

‘wer *08Q .>oz

)

G62=" gz- e~ S9%— 992~ 982~ 68T~

S oLy
LS
19

ol
G
g9

9e-
F oD
- 668°0

Wy o W
[ I +]
29 €9

-gon. 6Ly €9l
*300

A6l = €HET

Wi

(1

+9

I

-0~ €6~ g6~ BE- eE- ME- G-
~ : L . )
0p op op op 0 09

6l 058
-3deg *Buy Arfie ewme Lo 3y ~xe .wn.@W. Temep

._umm.uf 07 S4I0%0F 3USNATUS ATUFIOR

:
!
i
!

0%z~ 9o~ Om~ e~ G- | 0Ge- 2GSz~
o - 69t - o

‘@
K3
T T ST

. : g-
o 0> op -

st
gL |
s

o

ge-|
095

-06L%0

€’
i gy

%04

o o9y

9¢8
.bmz

11

649

*0aQ

u AMMEV

uQB.o Tond TIS9TQ POXTH

- -

te-
S 09T

. 9L
of
T 4

se-  Gg=
oD 09>
640 L1L70

91
oL
oy
°

T

091 Lot
9L
Le
mnr.

Ge-
03>

o

ots-  Lgw 6ch

*300 .pmmm_ oy

09
T Lnp

o3
Tong [essTd oTysuzuly

f the
en
mliequ

. gie=-  O'e~

69T

L9l

o
6g=

e, -
oD

g0 gHL°0

aunge |

o~ . o= Gzo-

‘ze- ez

N
|

g8z~
olt

56
L
P
NM -
oD

' 08z~ Q8T
5.... 7A% oﬁ.. WT

w5 W6 66 - €5
29 19 9 89
HE-

0 o9

g780° §8°0 §7Br0 67870 §¥"0 L1870 9¥8°0 §¥8°0 LYE"0 °

P
P

296 .

i

glg 666 206 W6

g6t 66T

: A

29T 85T
oo 1
98
6=

gg- - o

8% Clog
0 Sulv0 guiep
ow_u.;, TN

*Iay -

Xl

og-

exeny | *gda

i 2




R

g

.
- J GO SRR S M S ——— e i
T i\ remrers et M s o o et o ——

o Apparently engine tests were conducted by
Bosch at Stuttgart, and-by the Rheinpreussen and
Ruhrohemie laboratories to prove that Flscher-Tropsch.
01l boiling from 150° to 3209C.could be used satls-

i , factorily with ourrent Diesel engines and injectors.

e A OWON L. N0 O : -or-recent engine test data

pertinentrto,this ppoﬁlqm.hgve been found. . :

i -
%;‘1 “Ruhroel
rg Bottrop

:
Duisb

. In the discuassions of increased Diesel fuel
production there were occasional references te the
need fgr considerable quantitlea of prppylene.to be

-~some undisclosed manner. for the.produotion .

of s/ pour point depressant. Chlorine was also needed
for this projeoct but it was stated that the chlorine
supply problem had been solved. No evidence has been .
found as to the extent to which such a pour depressant
‘was made or used. : :

Dort-
i Re genSb .

Shipments from -

[F

S

%”W“%“”””””“Thé“basis”for“ths“final“decision“as“to"dieselm*
-~ fuel specifications does not appear In avallable ~
reécords, The quality, as well as the quantity, of the
two grades of fuel finally shipped by Rheinpreussen
1s shown -in Table XV and Table XVI. The SDK 1swbelleved
- to be entirely Kogasin but the combination of about
76 cetane number.with a solid point of about -420G.
(-449F) indicates the use of a pour depressant, The .
mixed dlesel fuel MOK contains a coal tar oil (Waschol).
the specifications of which are unlmown, Shipments in
1944 averaged 45¢ "Waschol" and 55¢ Kogasin,

'bsgeé
' sfa&t_

“ie

r

Z.Holl. R.Mueser NITAG
163+ 650 b.]l. 500 - 80L.400
Heiligen- Danzig

Rhenania R.Mueser Ebert

Gelsenk., Bochum:
Cologne Bochum

4ts of Grundbenz
nania
Magdeburg
Pechel~

i

Parge

Bochum
ot

:
/
5
;

ipien
in Xonst-

. A flow diagram (Doc 78) indloates that the

Rheinpreussen diesel oil refining process involves
 'mixing sultable fractlions and proportions of Kogasln
 and~tar oil-and treating the mixture with weak acid ™
' followed by weak alkall after which the oil”ls centri-
" fuged, ‘contacted with bléaching earth and passed ~ °

through-a filter press. -No verbal confirmation of "~
. the details—of thls process was obtalned. . I

" Strohmeyer Rher

. Derben antin

— Gaso
rihe Stuttg. entin

i

Principal Rec

Gasolin  Zentrai—

Frankfrt buero .

Derben

“Bbrach | Berlin'' -
Karls

. The prineipal recipients of Diesel fuel
1 4 -‘are shown by Tables. ~

" shipments from Moers—

A:ﬂstétféﬂ Duessel.Freib'rg

Heilbr.

" Rh

| Ebrech  Stuttg.
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TRELE KT

. REEINPREUSSEN PRODUCTION
AND DISTRIBUTTON OF TRELBGAS - -
1944 - Metric Tons:

Production - Distribution *
Zentralburof* " Alcohol Plent

638,300 390,780 243,800
680,400 440,132 © " 189,000
794,800 643,153 183,200
801,300 591,556 © 187,300
722,700 ' 518,029 - . 230,900

689,800. - 462,848 ... 216,900 . . ...

227,700 135,428 68, 300%**

*  Fxoluding smell amount s used by Rheinpreussen plants

*  Tncludes smsll amounts "fur Rechnung Benzol-Verband,
Bochum" .

~

ek mhe total stock on hand (46,122 Tbns) was destroyed
5 by the bombing of 19 July, 1944. :

~ The principal recipients of Rheinpreussen ship-
ments in 1944, excluding companies getting relatively .emall
quantities in cylinders, are shown by Table XII, page 63.

‘ B ‘

In recent years the great demand for Diesel fuel
has apparently resulted in the lowering of its initial
boiling point to the extent -that only one benzin was mede
and shipved. This is sometimes referred to as stabilized
benzin =nd presumably takes the alternative name of "grund—
benzin" from its use as a base stock for blending in. motoy
fuels. Data on the total shipments and principal properties
of this benzin as mede at Moers are given in TabBle XITI,
page 64. The prineipal recipients of benzin shipments from
Moers in 1944 are shown in Table XIV, page 65.

Although the Moers plant had facilities for adding

~~lead tetrs=ethyl togasoline it wes-steted that no lead had™

been available thére for the last two years. Seized corres-
pondence indicates that this may have been in accordance with
agovernment ruling that lead blending should not be dome with
any facilities which could not be made sbsolutely safe against
bombing.

The necessity of reducing the benzin endpoint to
around 160°C to meke the required quantity of Diesel fuel
introduced @ serious problem of avoiding excess fromt.-and
,volatility which was & subject of prolonged discussion and-
repeated’ comprqmise.‘

C. ’ Diesel Fuel

Seized documents 74 and 82 reveel that neans for

k increasing Diegel fuel produetion ‘began to be discussed

seriously late in’ 1939 with particular consideration being
given to.lowering the initial boiling point £0 "ghout 150°C

" and blending-with aromatic. stocks of similar boiling range
- from high temperature-coking. It was foreseen thét less

gas oil would be availadle for cracking and the gasoline
quality .would “he impaired accordingly. The reduction of

gbenzin endpoint would’ necessitate some shifting of butanes
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VIII_QUALITY. .ND-DLSTRIBUTLON-OF--PRODUCTS—

7/

, Interrogatiqn4at the Moers plunt yielded very little
information regnrdiag product quelity or distribution, bub
selzed documents were somewhat more helpful: Produdt quality
standards for synthetic fuel plants in West Germany were ap-

ESTIMATED PRODUCTION OF
LIQUEFIED GAS FOR MOTOR FUEL
BY' SYNTHETIC FUEL PLANTS
" (Metric Tons) ...

. barently worked out to meet CGavernment reguiRenent s—-by—the-—
Arbeitsgendinschaft fur Hydrierung, Synthese, and Schwelung,.
‘abreviated “Arsyn", having headquarters in Berlin (NW 7 den
Dorotheenstrasse 35111) and a branch office in Essen at the
Krupp A.G. (Dr. - Ing Fritz Miller). - Correspondence with,
and Teports to, this organization have yielded considerable
informetion. on product specificetions snd how they were met
by Rheinpreussen.

The destinations of practically sll shignents of
stabilized benzin, Diesel fuel and Liquefied gas werse
epparently dictated by the "Zentralburo fur Minerslol GMBH".
The addregs of this bureau wag originally Berlin 1 .
Charlotténbéfgng"ﬁadlﬁﬁ‘Hi%IéfLFiéEE'7/9, but on 26 August,
1943, "as a precautionary measure against catastrophe™ it.
was changed to Dresden-Altstadt, Beustrasse 7. Although -
other records indicated shipments merely to "Zentralburo",
one book was found (Doc 15) showing the exact destination

of eaeh carload or cylinder of such products shipved during
1944.. . ) ' A

From tire above sources most of the following in-
formstion about specific products has been derived.

, A, Liguefied Gas.(Flussigg&s; Treibgas)

‘ -Figures for prospective production of liquefied
gas-by all Fischer-Tropsch plants in7West Germeny Were:
assembled at couferences held in August and October, 1939
(Doc 88) and ere swmarized in Table X page 60. Plunts
showing zero perecent olefins presumably had polymerization
units or were converting olefins to aleohols as at Rhein-

spreussen. The estimates contemplated setting-aside 15000
tong of Treibgas ver|year in 1940 end 1941 for aviation

“engine.factories but how this would Qe used is not stated.

' _The.difisien'6ftheinpreﬁsseﬁ‘s'prima:y production

Shown by Table X1 pego 61

| betwéen slcohol ménufacture and.shipment for fuel in 1944 is

1
1

I'Scholven

Gelsenbery
Victor Rauxel
Rheinpreussen
Rulirbenzin ,
Krupp- T

--Essener-Steinkohle

Hoesch

Rhelnbraun

Last three Total 1940

Total 1941

Mos. 1939 ‘Tons % olefins

13,500 54,000
700 20,800
350 2,800

1,800 5,400
1,200 6,000
900 4,300

- _;,]_4’550, ’ - 55400~
1,500 4,800

20,000
123,500

0
0
50
50
50
50

40
0

, - 54,000
50,000~
2,800
5,400
6,000
4,500
5,000

40,000

170,000
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- The normal output of primary liquid products. .-
was stated to be 180-200 tons per day of which dbout
half was benzin and liquefied gas, Dlesel oil and
wax were indlcated to be the other major products but |

. ...n0 satisfactory information on produsct-distnibution
, was obtalned until seized records were studiled,.. .

Table VII, page5¢: his been prepared fr
statements submitted in connesotion with g terly.
royalty payments to Ruhrchemie ‘(Docs. 1 .and 2) and
shows annual-output -ofprincipal prodiicts - from 1939-
through 1944, Even for the "best years. 1940 and .1941
the output of this plant was only a. Little  ov
third of the generally assumed cap 1ty £1 )
180,000 tonnes per year. 4Monthly. prod: '
for 1942, 1943 and 1944-are: shown ’
page 57, It will be ]
suddenly as” g 16 € : 0
night .of July 19-20, 1944, Tt is believed that all
production reported subsequent to July, 1944, re--
sulted from the working up of accumulated stocks of .
crude oil and perhaps recovering wax:.and oil from the

14

6094 340 .
1679. 670

Ouls
2.6;
79

10.8

8178.5% 12.7
. 670

2624950
6762.280 0.k

50025.489
7025.886
1712.555
Roysdlty peyments did not begin.

ted elsewhere to be 35,600 tons.

© 0.3
2.0
T2 -

1941
Wt o
477
<
1n.s
1.6
110.4

catalyst in the rema lning reactors,

.

omplete since

92, 674
Total 1937-38 production sta

82130429
7379.136
1407.568

Tons
339424628
2494975

. 8180.851

The production of principsi products. by .
~mohths for the ye 1s' shown in Table IX page 58

P

Oulp
6.8

~

8.9
T 2.1

Wt %
48.
12,8
17.6

1 N

1940
Tons
1 and 2.

f3§?77.875

280. 900

' 3lUAL. PRODUCTION OF PRINLRY PRODUCTS ;
(according, to Ruhrchemie hicense siccounts,
<

11991,2164
612,429
1397.733

68261.675

14

¥
cuments Nose

" 10.5

)

atil 1939.

% Barlier figures from this source not o




goes to the srcohol plumt for wHilizebiow of YL OTEITH 6owE

This overhead is nominlly hsdndled rs & liquid under pressurt »nr
identified ns "gesol™. Except for the part nsed for rlechol
menufacture Mt was apparently sold most)y as motor fuel under

the leas gonfusing nime of "Treibgas". A diagram wrs obtained
showing the arrangement of the origin 1 stubilizing unit (Doc.3l).
A-8~00vd- stehilicing-und t-wes—buddt tr 1OTO whan e o paetby af
bhe v iptnnl anit proveAd inadegnntae

The ~ombimed of)l from the waeter scrubhers is frec'ionate
to yield light -md heavy benzin, light kogasin, middle oil, henvy
kognsin, and & waxy bottoms known as “gatsch"™. Practic=lly po in
formetion could be obteined abhout the properties or uges of there
Erédu"tn except by subsequent study of seized “ocumer Th

pint n wrg exrregred that the rrsolin~ had = ' oo A

e T

thi~ wng euhasjuently proved wroag

An oil eracking unit hsad been erected in the Moers
plant but was never used for the intended purpose. This wes des-
eribed as a Wilke unit, but subsequent study of documents indi~nter
that it.was a Carburol unit built by the Wilke (o, A complete set
of drawings, inclnding engineering caleculsations, for this uvnit wne
obtained (Doc.26). The fractionating »quipuent on this unit hrd
been used to supplement inadequate capacity of the primary
fryctionating plant, but the whole unit was disucntled anpd moved
after suffering some bomb damege. Probably the desirability of
using Kogasin as Diesel fuel instead of cracking stock was a

factor id this move.
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of the odf_lyst_E_H"EEH“E”H]T erent 6ETe0t - '
creasing throughput to a ‘bed of standard depth. A .
lower olefin content is observed with the_deeper bed
Indicating the primegy-products—to~beolefinic; em?
normally “ndergoirg more or less secondary hvﬂro
cemation  depending on the depth of bhed.

As a part of the exchange of technical in-
formation between Ruhrchemie licensees it was apparen'
ly—the-prectice—to—exthange—ooples—of—patent—epplloa—
tions relating to the Flscher-Tropseh process. A
number of these applicetions dating from 1936 to 10%°
were captuired (Doc 8l) and brief abstracts thereof
sre attached as Append'x D, Probably the U.S. equive
lents ~f somé of these eprlliceations are among those
~olvad and made pnblin hy the Allen Troperty Onatedin.

Wash'ng ;ax frow ths cataly~t with 2 so've
at its boiling (or condensing) point, the subjec' !
Brabag 182389, was apparently being practiced at
Rheinpreussen, With this exception there is no
evidence as to what extent, if st mll, the procedure-
1n oueetiﬂn bave been used. No eppl'ostins of ‘*»'-

~ Ve filad latar than Jupe 1770 %ave found,

H. Product. Recovery

The condensible products from the first and
second stages of synthesls were recovered in separste
but essentially simildr units comprising Wwater :
scrubbing towers.for cooling by direct contact with
water and condensing the heavier oil, and batteries
of charcoal absorption chambers for recgovering the.
light benzin and C3-C4 hydrocarbons. Each charcoal
unit consisted of seven towers, normally divided
as follows:- 2 towers-absorbing, 1 tower steaming,

2 towers drying and 2 towers cooling. The time cycle
is as follows: absorption 40 ‘minutes, steaming -20
minutes, drying 40~minutes; and cooling 40 minutes.
"The remains of some of the charcoal absorbers are

absorption plant 1s shown by Fig.25. The charcoal
was obtalned from Lurgl at Frankfort. WNo significant
data on the performance of the charcoal absorbers
have yeét been found.

art ‘of the dry gas (Rest gas) from the
final charcoal absorbtion is returned to the gas
_eracking unit for conversion of its Methane and the
balance 1s used as fuel. The distillate from the
charcoal absorbers is stabilized to yield a.light -
‘benzin bottom which is used as a blending stock. for
motor fuel, and a normally gaseous product overhead .
-consisting mainly of 05 and C4uhydrocarbons, whioh
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, A repOrt from Brabag (Ruhland) transmitted to
Rhelnpreussen by letter dated 21 March 1938 discusses “the
officiency of hydrogenation as a mesns for regenerazting spent
Fischer-Tropsoch catalyst. The author concludes thut a hydro-
genation step for saild catelyst having a reduced activity in

incrensing the life—period of the oatalyst “The Teoomiended
aonditions of hydrogenation are temperatures of P00 to 225°C
and o flow of hydrogen squivalént to 10(')0~m3 per hour per oven,
Compared with the produstion of catalyst ovevns that have
nprreted without hydrogenation for over 2000 hdurn hydrogenation
“+  innroage the producticn ahout 25%.

The following A'e 1 antnges hawvavey Akt apAd

YA RAT: R

The paraffin ir not complately vemovad fryon
the catalyst.

By veason of cataly‘ic cracking a part of
the parnf{fin tn the nobalyat in denompomed

and

Paraffin (wax) of new and partieularly high
molecular weight are formed.l

The comment .in the second paragraph ‘of ‘page 6 is
interesting. It states as follows:
"The formation of methane during ‘the

hydrogenation of the catalyst is at

- present ¥iewed as an index of pro-.
gressive cracking of iso parafgin
because methane is manifestly a re-
action product of these iso paraffins.

'Informal reports from Brabag dated 4 and 5 January,
1958 (Doo 92) discuss.experimental work on the effect of, im-
puntties in synthesis gasol Iaboratory experiments showeld.some
adventage for final purification with active charcogl but plant
“tusts did rot confiym this advantags,’ probably because of other
- undéontrolled factors. Active carbon gave a sulfur conteng of
“only 0.1 - 0.2 gu/100 m® compared with 0.4~ 0.5 gm/lOO n from
‘normal fine purification. / _

\

~

o The*hydrooarbOn ntof the synthesis gas
is ordinarily 0.1 = 0 2 gm/m3 bvefore fine purification
end 0.5 to 1.0 gm/m® after fine purification indicating
some synthesis reaction which 1s suspected of involving
resin-forming hydrocarbons, The effect of such hydro-
oarbons In synthesis is not definitely\known.
An oxygen content greater than 0 127 by

volume In the synthesis gas is known to be quite detr!
%%ntal to the catalyst. The air_ introducéed for fine
purification lesves 0,027 of Op in the synthesis gas,
but its effect on the synthesis catalyst is. unknown._
Fresh catalysts blanketed with COg mway become red hot
due to reaction with oxygen in thé rir during trdnsfer
to the ovens but thig doss nat seam ke tmpe iy natalyet
activity or life.

Carbon dioxide has not been found to enter
into the synthesls reactlon.  Its chief effect seems
to be as a diluent, causing lower conversions as the
COg content is increassed and the CO + Hy content 1s
decreased, Increasing the ratio of Hp t0 CO appears
to promote the—hydro~cracking of oil and wax on the
catalyst.

Increasing the ratio of CO; ‘Hp in synthesls
gas tends to-make heavier as well as more saturated
products, Initial operation of & catalyst with
syhthesls gas relatively rich in CO seems to cause
some permanent damage since abnormally short life’
results from subsequent operation with normal gas.,

. Commerical.-fine- purification does not remove.all of
" the impurities which harm the catalyst.,, spent -
catalyst contains bound COg ‘equivalent to 7-87 of
the cobalt when calculated as carbonate, '

Thiophene and otner oyclics seem to be
the most detrlimental type of sulfur compounds. A
given amount of sulfur as ‘thiophene. is much more
detrimental if benzol is also present, Pure benzol
or naphthalene apparent does not harm the catalyst.
Acetylens up-to 1% in the— synthesis gas does not
\appear harmful.

High space velocity, once through gives
reduced percent- conversion butsincreased unit pr
Quetivity. Recycling .gives a. lower toiling product
.and-a-recycle ratio of 2.5 to 1 gives practically
no oil heav;er than benzi 3T0
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Gas oontractlion calculated from nitrogen contents .
Nitrogen was directly determined (Felnbest) and
not by difference. oo

From this, carbon and hydrogen balances were cal-

culated, and the guantities of both coming out in-
the 1iquid products ¢ gasol thereby determined.

Liquid products ¢ gasol production was calculated-
by dividing the carbon lost from the gas by-0.845,
which is evidently considered the average carbon
content of these products. Similarly liquld
products + gasol production was_oalcylated by .
dividing the hydrogen lost from the gas by 0.297,
which is evidently a factor determined by ex-
perience, since much of the hydrogen goes to water.

two tests of the firast stage of aynthesiq y
‘gaS'%%ﬁtrECtiéﬁ”Wés 41.7¢ &nd 52.8%, respectively:
On nine tests of the second stage gas contraction
varied from 32.1% to 41,67 with an average of .
36.1%, Three tests of both stages In serles showed
gas contraction of 71.0%, 72.8% and 73.27 respec-
t:lvel'y.

"The following shows results of two tests, one for
%he‘first étgge ahd one for-the second chosen .80.
‘that the outlet of the first stage and the inlet
. of the second nearly correspond, B )

.9 21.4 21.0 34,
[ 106 ' 003 L4
. . 001 ‘Q’.O .
26.2 14.4 . 15.7 = 3.3
0.7 10.0 7.6 '14.9

8
0
0

"Nz4(deterniined)v~ © . 12,43 26.36 26.59 39,19

" Gas contractien: . . 52.8% 32.1%

* Liquid products ¢ gasol’

g/hﬁrnﬂlettgga' A : - '.5234;' s

% Seme, based on Hp + CO

" ‘oontent .. . e

Firét.sfa%e ' Second stage
et Outlet- ot Outliet

Calculation shows a total yie%d of liqiid pro-
ducts. ¢ gasol of about 155g/m% of pure synthesis
gas (Hz & CO).~ One of the tests made in series
on both stages showed a dalculated yield of
175.0 g/mS,

T The normal 11Té 6T 8 oharge of catalyst 1m
about four months, Three or four times during this
period the catalyst is dewaxed by Washing for 12 to
15 hours at 1609C with synthetic benzin ving a
boiling range of about 140 to 180°C. Hydrogenation
was originally used for this purpose, the hydrogen |
being made by the iron-steam reaction. vIt was gtaten
that benzin washing has been used for the last two
years becguse it is much more "eéffeotive", but it
seems probable that the reason for the ohange was

the desire to recovér the high melting point wax in-
stead of largely destroying it by hydro-cracking on
the catalyst. The benzin is distilled from the ex-
tract and the residual wax, lmown &8s "Hart Pareffin”
19 oast in pans to make cakes for shipment.

An Informal report from the Rheinpreussen
laboratory dated 15 March 1938, entitled "The Removal
of Paraffin from Used Catalyst" describes a series of
experiments directed toward the removal of paraffin
from used Fischer-Tropsch catalyst by its heating
with water and solutions of NaOH, Naeg CO3z and Na H COz.
The conclUsions resched are as follows:- - -

, . A : |
1. - By hedting Fischer catalyst with = 4-59 .
: 8oda solutlon at atmospheric pressure a
‘satisfaotory rémoval of paraffin can be
achieved. Thé removal amounts to 65-76%, .

For effecting a sufficient removal of
paraffin the mixture of catalyst and
solution of soda must be heated to
above 100°C. The melting point of the -
. paraffin in the cétalyst is so high that
‘a temperature of 96-980C is inadequate.

Smalligrain sihés'of.the cétaiypt~are
more.difficult to free of paraffin than
-~ the larger ones, . .

' Silica converted to soluble form during

- ﬁheitneatment 1s only #light, ;

3 Fdr"éjéle&ﬁWbdfaffin;éeparatidn 3 parts
-~ of soda solution.to one part of catalyst
- .1s corlsidered most favorable, - S

N
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wes stated to be 195 to 200°C cnd the pressure not over SR R ' - A
2000 mm. of water (4.26 psi). The pressure on the cooling SRR »@6ﬁversion'ip Individusl Steg
weter 1e dncreased from 2.5 to 9.0 atm. during the lifeé of N of Synthesis
the eatalyst. This corresponds to a rerge of water temp- ; . 2 0
erature from 139°C, t8 180~C. whichl Goes not seem reasoﬁ— ; » EIB§E—§EAQE %d%%:gypﬁg%é%%mw o, C%yggég%gnng;W__
~8ble for the ststed 5°C..rise in catdlyst temperatiper— - : ~%»CO~-CO—CO%“’"ZW”O wv. Bff. Fee  Comv. RPL. Fr -
It seems probsble that the latter figure is in error, bn' | ' Conv. Eff. Feo. onVe B
nothing begring o thie paint haea yvet been found in' the i ' 9.9 1.49 94.5 2.76
seired records. ! g z‘é:g g'gg 61.0 1.99 98'5 g;g
@ \ 7 64. 2.35 8 '3« Mg
‘From a plant record book (Doc.19) and correspond- f ' Zgﬂg i'gg 64‘3 0.89 90.3 3.08
tng graphs, o rather detsiled picture of the performénce ‘ 5.8 4.02 65.2 7.69 92.3 4.26
of the synthesis ovens during the last half of 1941 and ' 74'8 4:58 61.0 1.62 90.1 3.61
the first half of 1942 can be obtained. During this period "5 6 3.14 68.1 2.82 92.3 3.37
the synthesis gas charge rate averaged about 630 cu.m. per o, 3.95 62.9 3.80 91,7 4.50
hour per oven. The charge rate was in gegeral quite steady n8.2  4.86 79.0 2.48 95.1 3.22
but on some days averaged as low as 520 per ho%;,_and, o 4.4 5,20 68,4 2.44 91.9 4.38
on others as high as 740 M per. hour .The product. yield , Sata R aw Ap LA 9.a9 LN B
figures, for some. unknown reason, showed much grester
fluctuations from day .to day with no ‘apparenf..correlation
witn cherge rate. The £ tal liguld preduct, including ‘
"Gasol" (Cz and Cq hydrocarbons)-averaged 150-185_grams 7.1 1:70 92.4 3.74
per cubic meter, with g daily minimum of 135 gm/M® and . 74.0 4.38 89.1 4.10
a maximum of 175 gms/Mg. The yleld of products heavier * ;

rag : - T 5.4 - ' 1:88 90.4 -4.80
“than the "Ggsol" zveraged about 135 ] with a2 minimum : e :
s s mmm o

of 112 gm/M° and a maximum of 155.g

8.3 . 3.80 <~ 1.87 93.4 3.40
The performance of the individual stages 1s also. S o R . ,
1llustrated by reported date for 1941 and 1942 from whic N I 5 Etficiency Pactor R
Teble VI page 46 has been compiled. These data are = = - . ~ ¥ C0 Conversion hff?cle J AR
.. derlved from: independent analyses of material to and from e o : = Vol-CO Converted to Oz end heavier
each stage and obvious inconsistencies suggest that analyt- S i Vol G0 Converted to COy, CH, 02H2
s - lcal errors,.in-some-cases, were considersble.  For the , IR : . - :
- =perlod in question the”C0-conversion in the first stage . - - ‘ lated or-designated -as such in the originsl
dveraged about 70%, and in the second stagé about 65%. . ; ‘ 5 \th °alcu1§t§§ or d?Q}s~g’ o gi'
.7 The efficlency -of CO utilization measured by the pro- .. 7 ¢ S T .

' portion converted to uséful products. (Cz and heavier)-dis = . o |5l : C
generally considerably-lower for the .sec nd stage; pro- . o '
‘bably in-part because of the_greater ‘dilution of gas pro- -

-cessed in this stage, There 1S 'no apparent explamation
for certain exceptions to this relationship (18 September
"1n particular). The origlnal data also include hydro- -

.

gen;balances@fo: these operations.

,Fufther'data 6nrsynthe$isvaen“pérférma
provided by a collection of:dats:s
‘conducted -in.Aprdl,:

"~ procedur
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EEEYT?GEEEBF”iEMESSFBETE*"""§ 1.5 meters wida
2.9'meters high and 5 meters long, The horizohital
water cooling tubes extend lengthwise of the reactor.
There are 11 tuhes in each of the 29 horizontal rows,
the tubes being approximately 2.5 om outside diameter.
Horizontal headers, spaced as indicated by the cut-off
rowsof tubesinPigTI8;are comrented Ht T bothends of
the reactor and their ends join vertical headers at
each corner of the reactor as can be seen partially on
the reactor at the left in Flg.l6. The vertical headers
on the same side of esth reactor have a conneeting line
at the bottom. The vertical headers at the inner end
(néarest the center of the building) of each reactor
are connected to a superimposed steam drum, wherein
stean pressure, and thereby resctor temperature is
controlled,

The more recent units were arranged with a
- steam.drum for .each-reactor-ass shown-in-Fig.l9 whereas
earller units had two reactors connected to seach drum
as shown by Fig.20. Several units of each type are
shown by Figures 21 and 22.

\ The edges of the transverse cooling platee
can be seen.in Figs 17 and 18 although the spacing is
so close that the individual plates can not be dis-

_tinguished. These plates are ‘approximately 1 em face
to face. The catalyst fills the. space between the
plates and around. the tubes, s

No dethil draw1ngs or’ descrlptive matter re-
lating to resctor construction were found among the. . -
seized documents. It is understood that the reactore-
were made by Mannesmannrohren Werke, Dusseldort,

G. zgtheais Procedure

N It is customary to operate 60 ovens in the
first stage and 30 in the second stage, with the re-
maining 6 emptying end filling or oub- of service for.
repalrs or catalyst washing. Synthesis gas 1s supplied
to the first-stage of ovens direct from the fine puri-
fication step at a temperature of 150-1609C and at a
rate of 1000-1200 cubic meters per hour per oven, -

. IThis .stated rate is higher than Indieated by captured
documents.)  The-effluent 1s subjected to water
charcoal absorption after each stage
although‘infearly operations only water scrubbing was
'ueed after the firet etager The cetalyst temperature













- Synthesis_Qvens.

The contact oven house is shown by Fig. 15, which
nlso shows the extensive damage done to the south end
of this bnilding by bombing. -The-ovens—are—avranges
in two parallel rows alovg the length of this buila
ing. The first 36 ovons. in the gouth ~nd of t'

tu'ldlng. werserccted In 1936: the nevt 19 wer-
ta 10X

7. mad the Tanek 48 wate ovacted in 10%R.

Figure 16 shows the outer ends of three ovens
vi~wed from the ground level. Below thése ovens cnn
e s en the cstalyst discharge troughs, ard in 'he ¢~
te a port~ble bu-ket elevat r for dumping ~r- '
vt dinta knbele far vyeturn to Nahrehemie.

The synthesis ovens themse ves. were of the rathor
well-known early Ruhrchemle type, designed for low
pressure operation, One of these ovehs which b=d
been removed from the battery is shown in some
detail by Figures 17 and 18. For some unknown resson,
the water tube leaders had been cut off from this
reactor, but this leavesthe spacing of the tubes more
apparent. ®
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Although it 1is known that catalyst was not mede

or reworked by Rheinpreussen, no specific informstion

has been found on the' technology of these operations
as carried out by Ruhrchemie and occasionally by

Brabag ' Some discussion of the subject took place

"working, included in Doc¢ument No. 2 which remains

to be sbudied 1n detail. From Document No. 7 record
ing shipments of catalyst from Ruhrchemie to Rheln-
preussen Table IV, page 3R has been prepared. There
seemed to be no significant trend in compositiom
during 1942. Comparable figures for June-and December
1942 and June 1244 indicate no trend during these
yerrs unless possibly toward a slightly higher ratio
~f Kieselguhr to eobalt.

The total shipments of cobeslt by month frém™
July 1940 to September 1944 shown in Tsble V, page 35
The shipments weré Tow in Atugust 1942, in May, June
and July 1943, January and Februsry 1944, and June
1944 and later._ There is no indication for the resson
for these depressions, but 1t is possible that they
were associlated with bombings of Ruhechemie plants or
their sources of' supply. The shipment to Rhelnpreussen
in September: indicates some optimism even at that date
about resuming synthesis operations at Moers._

.The exact basis of calculation catalyst rework-
ing costs is not clear from first reading of: the gelzed
gccount books; but it appears that Rheinpreussen's
monthly payments to Ruhrchemle aimounted to 3:7-to 4.2
marks: per kilo -of cobalt returned by Ruhrchemie.

T

A Rheinpreussen memorandum 27 August 1942 deés~ "
cribes a'method reported by Hoesch-Benzin for evalu-

"‘ating synthesis catalysts, involving measurement.of

hydrogen and carbon monoxide adsorption separately

‘at normal pressure™and temperatures of 50, 100, 1500 .
and 200°C.- It is stated that adsorption increases™:

with temperature: over.. this range and that, -much more

“~hydrogen- than €0 1is ‘adsorbed per gram of cobalt. From
-these.adsorption cuyves, it is implied that.some ¢

measure of activity can be derived although Just hnw
this 1§ dohe 1is not exolained .

From the minutes of conference;of Ruhrchemie
Jicengsges.,—extendin ] erlod—Lrom-Novenber——.
1936 to July 1939 (Document 93), the followlng addi-
tional informetion about c«tnlyete and speyabing eon
Attiong was derived.

«

Effect of ThOp ~ Mg 0 ratios,‘

No fihzl conclusions- were reached ﬂt the meet-
ings as to the exact effect of the Mg 0 content. In
general, the trehd of opinion indicated that & ratio
of 1 Th 0g to 1.6 Mg 0 gave satlsfactory results and
sbout as good a catalyst containing a higher prpor-
“tion of Th Og. - Further increase in Mg 0 content was
tried but tie experiments had not run long enough
to determine its effect '

Sulfur Removal. :
P |
' The“major item of interest found in the discuss-
ion of sulfur removal concerned the effect of oxygen:
.in the operdtion of the Feinreinlgung. With 0.0l2 vol. ,
percent Op the HgS removal was very poor. With 0.177

-~ to 0.205 volume percent oxygen, good HoS removal was

o

secured except at extremely high rates of gas through-.
“put. When the Og content was increased to 0.802 to
0.903 volume percent, the efficiency of HgS removal was
seriously decreased. Organic sulfur removal w&s not. very
effective-with 0.012 volume percent oxygen but was
effective with 0.177 to 0.443 volume percent.  The best
results were secured with 0. 177 .%o 0.205 vol. percent oxygen.-

Miscellaneous Items. - o SN

~

Other matters discussed at_the méetings concerned R
general matters of plant operation such as emptying. and . .
reloading the convertors with catdlyst; removal of par-
affin, removal of tarbon deposits, and regeneration with
hydrogen or by washing with Fischer-Tropsch product. '

-
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Before removing the can of catalyst from the Kubel, the
cover of the can was put in place and it was sealed with
adhesive tape within a few minites thereafter. This was
identified as CIOS sample Bo.2. The Fuel Research Station
analyzed_sample No. 2 and.tested both samples for activi-

.fy with the followlng results:

7

Moisture 1.0 Ca 0
Loss on lgnition 4.0 Mg O
81 0e 47.9 (47.5) Wi
Feg03 ~503
Th 0o | -COs’
1.9 iTnaccounted fo

ments or i

which the knownm elements are present in thiigﬁ? le.
The amount of material insuluble in acid/gives a

minimum figure for the kileselguhr content, and 100 -

(COg0z+ ThOg+ Mg0) gives a maximum figure.

The comp051tion of the catalyst expressed in theﬂusual
manneér would therefore appean‘to 1lie between the limits

Co _mop Mo '“_“Rieselguhr
100 88 4.4 éﬁO‘to 330

-~ This result is in comp disagreement with inform—
ation obtained by .the Ruhr Par ¥, wWhich was that the cata-
Iyst used 1n all Western—German Fischer Tropsch plants-had
the composition:. .

.

100 Co;"é_fhﬁé, 8 Mg0, ‘lBOQZEOLKieeelguhr
.Jmaﬁe.above analytical resulﬁs should th
regerded as tenhtive.

3

. Both samples-2 and 10, as- obtained, wer compIetery*
inactive for. synthesis at-185°C, and 195°C. after reduc-
‘tion with_ hydrogen at’ 4QQSQ1 in-the usual manner, both
"catalysts showed gas volume contractions of 10% and’ 20%(’
~espectiyely whe evaluated.at 85_0*




B

The fine purification (Feinreinigung). plant for
reamoval of orgenic sulfur comprises = battery of five
chembers filled with lump catalyst contaeining iron oxide
plus sodium carbonate. The chambers were 4.7 meters
inside diemeter and about 6 meters high with brick
dasulated-walle-to~fasilitete-operation-et-elevated
temperature. The ges is preheated in a small. pipe heatnr
to reaction temperature which renges fram 180°C with a
fresh cetslyat to 28000 when the oatelyst is néarly ex-
hanwoted.

+

A sample said to be the fine purification
catelyst was obteined end identified :as CIOS Semple No.9
The resul't’ of the aenalysis of this sample as reported hy
the Thal Research Stetion ie ag follows:

Moisture 8.
Fep O3 4
Nag CO3 . 98
) 3
0

.S03

Unidentified .
Miscellaneous laboratory notes (Document 61)

indicate that the fine purificstion catalyst contains
about 29% of Nagp .00gz. - Apperently experiments on the
regeneration. of the fine purification catalyst with- oxygen
were condiicted in 1941 from the Fécords of which the _ '
following 1nfometion was derived'

g ‘I‘he fully spent maes showed as a tn)ical anelysie

: 53% Nag -S04, 0.%% Nag S0z, and 4% Nag COz. This indicates

that the reaction in Feinreinigung is essentially a-catalytic
oxidstion and that Og ‘in’the synthesis gas is_essential, as
_other -documents and deta. have. indiceted... Spent mass that ~

had not been regenerated showed 16 - 30% Nep, S04, 0.4% Na2 S0g,
and ‘7 ~ 15% Nag C03. :

originel mass contaited about 305 Naﬁ €03, ;—the ‘remainder - o
pree\mably being Fez 03. . ‘

‘ From other sources it wasg learned hat the
sulfuy content is 0.4 to 0.5 gma S per 100 M° p*tor
normal fine‘ foat

E. “szgthesis~cata1xst

‘The Moers plant used a cobaly Catalyst but
the persons iInterrogated claimed to know nothing ‘more
about 1ts. composition except that it had not. ohanged
sin Le a o o..The eoatalyst.is..

e at. Oberhaueen-Holten and is
returned to them for reworking, The catalyst is ro-
celved In the reduced state in steel "Kubels" as
illustrated by Fig 14, Each Kubel holds approximately
3 metric tons which is~sometimes a little more and
sometimes a little less than required to- fill a single
aynthesis oven, " An overhead travelling ocrane moves .
and dumps these containsrs, Return shipments of spent
“catalyst are made in the same Kubels which are carried
on. specially built rail cars holding two Kubels each,

- One Kubel fiIled with what was. stated to
be fresh syhthesis catalyst was found in the northeast
corner of the synthesis building. The cover was not .

" bolted tight and some deterioration of the catalyst .

t

. might have occursd-dus to. infiltration of air during

8everal months standing. On 7 March the cover was
- partly removediand a small sample of catalyst taken
(CIO0S No.10) without any special precautions to ex-
.clude alr from the Kubel, -The sample did not ignite
'spontaneously and the sample container was sealed.
promptly and the cover replaced on the Kubel, ~On
the. following day the cover was again partly removed
rolt a. large sampleﬁean to be lowersd onto the
top of ‘the Lcatalyst In the vessel. The can was
proviously purged -with*C0g and a blast of' G €02 was.
directed: into 'the upper part of the Kubel while the
lo wag t It.was impossible to dig .
- foot ‘below the surface ‘of ‘the = °
- depth, where the" saniple was’ e -
i observed tf be dt a Qull red o
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D. §xnthe$is Gas Purification.

The mixture of converted water gas and cracked
coke oven gas 1s passed at atmospheric temperature to
a—tattery-of—eight’"Grobreinigung"‘towers fof*feﬁavar“""““*-""
of HsS. - . Each tower is approximately 11 meters dn
diam&ter and 10 meters high, containing 800 tons of
catalyst in beds abouf 0.3 meters deep on 18 trays
spaced 1 meter apart. The-catalyst is stated to be
iron oxide (luxmasse) and to have a life of about
12 weeks after which it is thrown away. The
velocity through the catalyst was stated to be l meter
per second. Air in the amount of 1.4% of the gas -~
treated is added to the gas ahead of the coarse puri-
fication to function as an oxidizing agent in the sub-
sequent fine purification step. .
A sample of this catalyst was obtained. Results
‘of its analysils . as reported by the Fuel Research Station
are as follows:

Moisture o 49,5
Loss on ignition at 475 C. 5.4%

. The ignited"and.air'driéd catalyst showed the
followlng analysls which is typical of Luxmesse:

~

Moisturew
51 0p.
Feg0g
Al903

CAO

S03

. Cog :
Diffe ‘nce
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Wa ter—gas Shift Catalyst, amgl _No,: 6 6.

This sample .consisted of greyish—brown, irregular-
shaped pleces, approximate:size range, 1/2 to.3/4 1n.,
of gfﬁﬁf‘ﬁzfdﬁ@”§“"a"Eﬁéhﬁﬁfﬁ&?‘ﬁtrength“*Butk~den*tﬁy
1300 g /liter. S -

, #
Molsture. (b diltillation with xytene | 5:6'

'"Coketcharged.to7generat0rs.: 981,220 tric tons/day.
_Water gas proauced 1,146,070 N°/day.

Gross, steam conSumption ‘= 1870 metric tons/day.
S e 95 pounds/Mcf-

Steam generated.in wastg ,
heat boil, L 1095 metric’ ton /day
: ‘ 56 pounds/Mcf.

“39 pounds Mcf.’

-803

' DE feren e (alkalies, etc.)-

o _ . L } o - !_Steam'COA'ump
| This analysis ‘presents no unusual features. Chromium T ' Water: consumption o
. promotor for the shift catalyst; and o o E -
Bea waaitlon; barat dolomite bel g often ..+ cokeloven ges oracked 251’596 3/azy.
used as thQ_baSiS of thg~ﬁa lyste ©: o - - : < - gteam to* racking stoves . 250« metric
o R - . , ; : .Cracked3gas,production’ :

oon
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V1. theaie Plent

The general procedure involved im- th,e Moers
Fischer-Tropsch operations will be reviewed prior to
consideration of the individual steps in greater detail

Water ges is made from coke in eleven Koppers
generators end is passed. in pert through a catalytic
convertor unit to increase .the ratio of hydrogen- to
carbon monoxide. Coke oven'.gas is "cracked" with s{eam
non-catelyticelly in a bettery of six Cowper stoves and -
1s mixed with converted weter -gas in- the proportion -
‘required to give & 2:1'ratio. of hydrogen to CO. The
mixed gas subjected to coerse—purification (Grobrein-
‘igung) for HpS removel by passage through iron oxide,
and then is contected‘ i th iron axide plus. sodium ‘
carbonate et elevate emperature for fine purification

- two thirds of the total, snd then to water scrubbers end .
chercoal absorbers for removal of condensible products
(C3 end heavier). The unabsorbed Bases pass through
the second stege of sntheeis ovens .and to & final water
ecrubbing and chercoel absorption. = Ofl- ‘condensate. £rom

the water sorubbers is. fractionated to meke several _...- .

--digtillate- cuts end wexy bottoms known as "gatsch". The
‘light hydrocarbons recovered from the chercoe.l are .
stabilized to yield benzin bottoms snd-a 05-G fraction -
overhead which i8 liquéfisd under pressure and designated
by the eomewhat confusing; term:! gasol"

A-. Water Gas Gen t o‘ :
batteries The older battery, containing 8
was "buil An 1936 and ‘&~ ge , g
wes built in 1938, A f£ifth generator was ‘added t0 the
. latter. battery 1943. Fairly complete drewings end

" and operation except for. somew
" for recovering waste heat 'th
States. .. 3 d that normeily niné

e §

NUNNNINIUIIUIN SIS, NS ST - W—
N

'“***“'Fromﬂthe data in a selzed record book (Doc. 19), -

Table ITT, page 24,has been prepared summarizing the oper-
ation of these generators as carried.out in 1941 and 1942

The remains of the old battery of water gas gene-

o pat o re A5 ShOWN b FL LR LB —Page-BBv: - 1 e

B. Water Gas Conversion.

Approximately 18% of the water gas produced was
passed through a péir of catalytic convertors to increase

‘the ratio of Hg to CO.

convertors is also shown in Table III.. These convertors
are approximately .3 meters in diameter and 6 métérs high,
and operated at 450-500°C. The converted gas is water
washed and combined with the remainder of the water gas
in holder (55)

“From seized document No. 61, it appears that the
convertor catalyst contained the following -ingrelients
allthough its -entire composition was not given:

Cr 5.77

Mu C0.%

P ‘ 0.1% .

- . As . Trace

A sample stated to be fresh convertor catalyst was

“obtained+— The -results’ of an analysis of this sample made
by the Fuel Research Station are given op page 23a.

C: Coke Oven Gas Craeking.

‘ further increase the synthesis gas suppl =
to complete the adjustment of the"Hg:CO ratio to the
desired £:1, coke oven gas in the amount of about .10,000

“cubic meters per -hour-is MWcracked® with steam in a battery
of three Cowper stoves‘:;Ehese are refractory .lined chanbers~

high packed with refractory r‘hecker brick. No significant
drawings-or further-detalls of construction were obtained.
- are-used 1n rotation on.a cycle compri§ing
eam purge, acl urge. The crack-
From seized docu-
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Ths organisation of the Moere-Meerbeck plant was.
; : s;followaz

Managing director : Batmgartner
General plant = Breitenstein
Processing - : * Rumof -
Alcohol plant. - EETERR ), Eaeuaer
Boiler and machinery '
Power i
Workehop and erection
Plant 'control
Teelmlcal office

. n

Gold.ng Plant
Managing director
Deputy |
Plant engineer
Asslstants . Witgke, Bilo Schmalz Koeln
Teohnleﬂl office - Weateriage ’

Laboratory: S .
:  Chief chemist ' DrGrinme
"Chemist :“ . Dr.Schmitt
" - *  Dr.Wiedmann
Dr.&mqmm.
Dr.Woellner
Engine testing Laboratory - Dr, Dahnefelser

v

v This]iattﬂ'bﬂxmataqrfe B elie
complete and does not ificIude ‘the org ion ‘of ‘the
Laboratory ahout which vory little information could be
" tained

rarretynAne s A e e e

Varioue part \of the ooking -and by-product

.‘reoovery plants are shown by Figuree 5, 6, 7 8

The plant contains three batteries of cokoh~‘
ovens of which the two oldest were bullt in 1907-

';08 and..the.newest was. bulld. in 192829, -There- are"?

210 ‘ovens 1n all. The newer ovens hendle—20 tons

.0of coal. per .charge, whiech.is coked -1n 32 hours.

The normal throughout of .all ovens was 1800 %ons

of coal per day whilech yielded 1500: tons of . coke o
per day. . The coal was: stated to have " the following
average compositl N,

' - '9-10%
Washed a“d—ﬁ'ied ooal

~Ash .. - : " 6-77_

Volatile v 247

st — oy g ./’f._l, . P,
' coke- oven £as. b plent is -
-augmented by: that.from_ovens at adjacent-Shafts IV
1 otal;. 10000 cuble meters
Eh “mgaa*‘about .3000
o_surrounding towns-as
 uaed’ ln Plant V as fuel.

'éo ng operations oveéry of" by-produots

sinco-there appeare ) ‘be nothing new or uncon-
ventional in this part of the plant.




The general

director of Rhel

was Helnrisch Kost. His prinoipal a s
gnasn?:bly;xhnaa¢nam§ iroular

n 1944 and

early In 1945,
8 been prepared

TR

1/\',“‘ .
1

sson plants

i1stants are
-1gsued.
’

More detailed informationvregérdiﬂg ébhumbpr

" of. employees of the synthetic

laboratoriee were

tic fuel plant.and
found.'on personnel cards which
were seized for future use as desired (Document 101).

e B oottt
R

Gen D:Lrektor
Koat

HerramDirektar
- Uterberg
Kilppers..
Fehlemann
Strtiven Schacht ¥
"Dr. [Grimme  ®
,Dr. KBlbel

__fnapector

Bl8cher.......-
.Bofenschen
Wengeler

Betriebsfilhrer
Heuer Schacht VI
B A\

L""I’h.’Lelzlcke‘ Schacht I/II

fn

Hilbert

-

Brandinspektor

Marksechelnder
Sclmlte

Oberingeniews
Dr. Kochs
_Scholler
K8rner

| Dipl. Ingenl

“Nennstiel -
Deckert
Bruckhaus




Crushing & loading:
Unknéwn -
CooJ,:Lng tower
B “Unknow..'n

Condensa on & tar recovery

‘.L‘a.r stills o

‘Not” shown on plan

.%ocgmgtive shops.A
oxks .

Gatenouge.,.

99

- Tdentity’

106 Cohdeﬁsawion 6oiumns

107

108 - 111

Stora e -ocylinders
Distillation plant
" Unknown

Distille {on,plantwm

UnlnloWn

. Lab. or workshop
Paeked products shed

Uhknown

Dietillailon plant

Unknwon .

L]
i

Covered loading bay.

Actusl

' Charcoal sbsorption
towers »
Water scrubbers.
_ Moohol plant.
Oil oracking*unit.

Ostabillzation unit.

Research 1aboratory.
Storehouse.
TIiguefied gass
- ghipping, .
Liquefled gas storag

ST uldlfuel‘shlpping-
quid- fuel blending

n ~etbs

Lead tetré;thyl blending»~

. Gate house.:

Fire apparatus & garage.
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III-Plant-Tayout -

Améng the documents seized wgie la¥ge plot
plens of the coking plant (Plan No.3) and of the
synthetic fuel plant (Plan No. 6) The latter has
been réproduced as Figure 3 page 6 and both have ,
been_used.- tocheck-the-identity—of—the~buitldings—- -
in the-target ares against the identities shown
by Figure 4 which was the best previous informstion.
In table I .page & 18 a list of only those buildings
for which more accurate or more informative identi-
flcation could be obtained from the plantplans. 1In
general the previous identification was sufficiently
accurate for the purpose at hand., However it will
be noted that the laboratory building, 96, wasg
thought to be a workshop, while the engine testing
laboratory, 97, the research laboratory, 120, were.
unidentified., Bullding 121 though to be a laboratory
or workshop proved to be a.gtorehouse.  These.mis~
takes are not surprising in view of the simllarity
In structures of the bulldings in question, Juat
southwest of the research laboratory, 126, was a
new bullding for pilot plant research riot showm in
the DID plans ~Tn the area just north of gasholder
95, was a large bomb shelter or "bunker", also not
Indicated on-Fig.4. This was reported to be capadbl
of sheltering 666 to 1000 peoPle and appeared to
‘have suffered no real demage from bombing,

- From one of the captured plot plans of the
' Treibstoffwerke it: is possible to determine the ~ .
years in which various additions to the plant were.
made, It 1s assumed that the pilot plant research
bullding, southwest of bullding 120, and the bunkep
were-‘bullt in 1944 since they are not shown on the,
plan which includes 1943 construction, o

In normal times the synthetio fueI7p19nt';
(Trelbstoffwerke) employed about 1600 men and
women in the operdting departments and about 25 re-

search workers, _ .
. [Te—— - s ) ) . )

-

[







The Moers-Meerbeck plant of Rheinpreussen

was occupled by American troops on the evening

of 4 Merch, 1945 and -the CIOS party errlved on

the morning of 6 March. (Captein Eyles (21 Army
group Hdgtrs.) Military leader of the party had
called at the plant on the evening o -

The inspection was concluded on the m ming of

9 March. The only persons found in the plent who
appesred to be competent to give information about.
operstions there were Betriebsfllhrers, .Zlegler and
‘Hackl#nder,. and Betriebsleltern Breltensteln.end..
Tohman. Zlegler was a power enginee. bub familiar
with coking operations, and furnlshed only a small
part of the. total informatlion. Hacklander weg
manager of the coking plant and Breltensteln and
Lohman were agslstant-manager and construction
foreman respectivel ) n fiiel plant
These three s ig. 2 118k gt of
information about Fischer Tropsch operatlions. _
jnformation in this report, for whidh "othsr sources
are not specified or ohvious, was obtained from the
four- men named. o

Ras |
A11 technical and top sdminlstrative pergonnel

had been moved to unknown. locatlons gast of .the
Rhine. Appsdrently the most valuaeble records,
including research reports-and notebooks, had algo
been moved. The documents which remaingd, chiefly
in basement store rooms, were -exemined ‘8% capefully
as time .permitted and those which ‘ldoked most: Lnfor-
mative were confiscateds In some.. 3 _this™
exemination was difficult.besause the docwnents h
‘beeén geattered by combatb troops.whp-werb“bilv?ted
in prac¢tically all-of the few habitable rooms in
‘the plant. Some documents were founpd Inboxes
partly packed with indications that. .the shipping

“'._.qf documents to saefety had been hasty and was not
completed, * . T R

."

. An effort has been mede -to abstract, . and in

some ceses to translate, what appear be the:moat

importent documents, on .t basis of subject-matter
. &nd dates, for inclusion with'the present .report. -

A large part of the seized material has been ye-:

corded’ on microfilm 'to facilltate ?ﬁture'fxaminatiqp}

FO - b
S -

<. ai¥st of the ‘§élzed docuents 1& atbacked as-

1.




1 West Germany Fischer-‘l‘ropsch Plants Estimated
Capacity end Product Quelity July-Sept. 1940,

Estimated Cepacity-o Synthetic Tuel” Plants
- 1940-1941. -

Equijment end Capacities West Germen Fischer—
Tropsch Plents..

'f the Fisoher-Tropsch plant
. n—Bergwerk~Bhe npreussen. is.
. ~ghown by Figure 1.page-2.. It ha erred
to variously. as Jdocated in Homberg Homberg-:
' Meerbeck, Moers, and Moers-Meerbecﬁ ‘of which

the 1last is the most scourate designation. This
plant is one of a” chain of Rheinpreussen planta
ntifie oally \ of - the mine

Homberg, ‘near the: Rhifie, g

at Shafts I, IT and III," and here also 1s the

, Main foice of the Company. West of this pla
about half way between: Homberg and Mosrs is a
‘coking plant at Shaft Iv¢ A short distance-nerth-
east-of Moers 1s the present target at Shaft v
.and. considerably farthe the - n rthwest is
another coking: plant ai £t VI nearLintfort.

— fThere. is &n affiliated plant, Gewerkschaft New-

‘Mihl; . 8- shert dlstance northaast of Duisb
AlL Fﬁher Tropsch- -activities were oonfined 'to
the Moers-Meerbeck plant. i——

»
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‘ Fig. 23 -

Fig, 24

Contect ovén House (94) looking North

Three Confeet-ovens, showing -catalyst discherge
hopper, end elevator for. transferring catalyst
" to Kubela.. TR RO

\Synthesis reactor removed from battery with- water
headers éut off.

Synthesis roactor Temoved from battery with. water
header cut off.

Steem drum for one of newer ovens viewed from ,
oon ol floor.

Steam’ dmm-serv‘ing & pair of older ovens, viewed
from c‘ontrol.floor_. LT

“Steem drums . of older ove g Viewed from contro],
flcor ‘ L _
Graph illustrating variability of yielns isrom
Contact ovens %Not s

45

46

. , Poge
.Correction and Amplification of’ Building Identities ‘.'u,.

EEE‘.[I ersonneo npre l'ﬁrits""""““"i’i

Operetion of Water Gas Generators and ConVertors. 21

,Components of Synthesis Catalyst shipments from Lo

Catalyst 'sni‘p&nents ‘,fr,om Ruh_rohemie to Rhé_inpr‘enseen-. 4l

Conversion in Individua,'i Stages .of Synthesis.

Annual Production of Primary Producte according to 3

_Monthly Production of Primary Products.

Estimated Production of Liquefied Gas for. Motor Fuel 67

Rheinpreuesen Production Te]id Distribution of Treibgeeea
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i‘ig. 1 Map showing Ta.rget Area.

':c;: Insp Procedwre . . 9 |  Fig. 2 Informante, 1oft to right,‘ Wilhelm Braitesteir ;
“III ll;lant Yoo o an:l,sation ' R Do ‘ -i Wilhelm Lohman, Frits. Hacklinder. :
v ersonne'an TR

V ' Colelng Plamt ' = ‘ . - 3 . Plot plan of Synthosts pla.nt, Rha:!.npreuesen,
VI - S thesis Plant - : - _ : : ‘ ‘ Moers.
o yn A Water Gas- Genera.tion _ AT SR - - | : .
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- Coke Oven-Ges - el ‘ : . No. 511
Synthesis Ges Purifica.tion ™ :, )

Synthesis Catelyst - - Coal crusher and storehouse (8) Tover left ‘and Tine

Synthesis Ovens _ . ) . . madgear (16) Lower. right, lo NW from top of
Synthesis Procedwre ) 3 ne (22
Product Recovery T S -

VIl Plant Capacity

VIIT * Quality and Dist bution of Pmducts ~ .ﬁg. 8 -eoal elevator (center) coal washer (1efimd coke "21
ity ri |

e } | B ’ . ~ erusher (extremo left). Look:lng North along top of
A Idquefied Ges.. - - o . ‘ _ o -

B Grund Benzin ‘ ; , AR .- _ S
C. Diesequel 3 . T - ‘ Mg. 7

old coke ovens (25)

014 coke ovens (25) with smonia aLnd benzol scrubbers
. , ) . Y : B in background, looking NE-frem bridge between old 22 -
Al Ihoi ey ffin and-Gelsen L o ey - k coke ovens (25) and new coke ovens 22) ‘
- Leboratory: F’ac:l..lities o BT IR 8  Amonia and benszol recovery systemextending . to 23
‘geiew:?a}\c%v;ti?mnt e o : j - .. . - = npearest stack; boller l(wu§e (48) behind nearest
- Relocation ol Lquip ‘ ; - . . - stack; gaa generators (78) to right of “boiler house,
ﬁ%ﬁ;%on Re g?uzgiggfziggrggﬁ:::.? et Plants/ 9 o - L s o ldng NE fromsouth end of old coke ovens (25).
XV CAcknowledgements, . ... . B ] h .9 Steam Yoilers (57) lower left, eimonla and benzol . 2k
 Appenidix " Fo e © 7 == -gcrubbers, upper left; ammonium sulfate plemt’(65)
,m""t £ seized documen B - ¢ o - center, looking’NE from north end of new coke ovens
(22), continued omr 00011, -

Cooling tower (83) with rem.ina of cooling pana
(73) 1n foreground, loold.ng ast. a

‘ ater gas generators (78) beyond ruine o
purification; Llanit, (85) 1ook1ng NW - from
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three tnnks is '
weight. ‘

“", ’

Doscription of Process
(b) Kuhlmann Go. —Harnes.

This process starts w:th the gasoline product from the Fischer—Tropsch
: ~this product will-contain 50% alphatic. .
_ The olefine content on the’ gasoline can be increast
tion by lowering the normal Hz/CO. rotiof from 2/1 to
erature}__' S Lo — o
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‘Fischai~Tro$sch process,
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§ - Synthetio Lubricating Oils,
08 . Kuhlmann Go.

_Inspeotion of Synthetic Oils,
Standaxd Kuhlmann.
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