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| TECHNICAL REPCRT No. 248=45
IHE SYNTHESIS OF HYDHOCARBONS AND CHEMICALS FRO CO AND Ho
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‘It is the object of this report to describe the commeyclal
. application of and the development in Germeny, jin the Synthesis’
Qf Hydrocarbons and chemica.ls_ifrom CO and H, during the wars. -
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THE "sm;ms__xs OF HYDROCARBONS AND CHEMICALS FROM CO AND H,
: ' THE FISCHER-TROPSCH PROCESS . ' -

' »In‘t:rodubtion B

The synthesis of ‘hydrocarbons from mixtures of CO and Hf’ -commonly
referred to as the Fischer-Tropsch process, was the object of a coprehen- .
sive study by the U.S5, Naval Technical Mission in Europe's Petroleum Group

in Germany from hpril. through June 1945.

i This_study.disclosed. that the process was of 'secondary. importaiice in.
the German fuel: economy, -producing 9.1% of the total German 6il supply.
The concerted effort of German scientists to improve its two main draw-
hacks; very low space velocity and poor quality gasoline did not succeed-
vhich made:-it a poor competitor with such processes as coal tar or even
coal hydrogenation. It was quite generally agreed in Germany that CO%Hs:.
Syntheses would be used in the future as methods -of producing special
‘chemicals and chemical raw materials. - e o Lo

_ The outstanding quick ignition, ash and sulphur. free:quality of the. -
- diesel oil from FT synthesis would not, in the German point of view, change
“this picture. No attempts were made to develop engines which could make
‘use of the -90~100 cetane -number in.a.pure'FT diesel oil. as such. The .. .
Germans, being short on-all types. bf hydrocarbons, made good use of the’
.Cetane" from their FT plants, however, by .upgrading diesel fractions from
‘coal tars with cetane numbers of10-15 and thus inoreasing their production
‘of 1,0-50 cetane.diesel oil. For this.purpose,. FT oil was exceptionally - -
suited, | The valug of cétane number 18 presently ‘indergoihg & re-examina-

ion and until this re-examination has been completed, the further use of -
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The ways used to ohta.in these yields are described in Sect,ions la- and lb.

"The FT synthesis is known to be but the sum-total of a-gzeat many -
-different reactions, such as. carbide formation, polymérization, hydroge~
nation, cracking, and isomerization.  The. direction of future research -

. must _necessarily be towards better insight into the chemistry of 'synthesis
and the kinetics of the reaction. ‘The Gexmans have done considerable work
‘along this line an.i the :.nfo*mation obtained from them is reported J.n '

. qcctlon lb. . ~

. Pmaq_ly it is po: nted out - that only the actual synthesis is consmered
in:this report. Methods to produce the feed ('300+H2"),43—mu ‘a8 pro-
.Gesses based on ‘the: pr:.ma.ry products are’ described in. the follomg u. .s.
-3 'av'“ecl&isEu -peportss 4
\ {a) --The production of HZ and Synthesm gas frcm Sol:.d and Gaseovm
K i Fuels. ¢
(b)" The Manufacture a.nd Applicatlon of Lubrica.nts in Germa.rv
(¢) The Manufacture of Awiation Gasol:me in. Germamr :
(d) German Diesel Fuels. . :

© " THE-FISCHERSTROPSCH PROCESS

S General Status of Procéss. i

2, - Location: of Product:‘.on of- Gommercial FT Plants in Germamr
.. Catalyst Supply.- - . :
Oatalyst Px’eparat:.on. DT
lonData from’ Canmercial La.rge
onditiong. . . .
. -';.Operation (3 stage) L

Scale Operatiorff *

;O A‘b’cached nocuments i



1. General-Introduction.
2. Operating conditions,’

;‘\v

ihe p1he Erestest cbstacle toa lurge acsls develsmment of 4hs” prasass as
the poor quality.of the gasoline: it produted.: With the be inning of the -

war.only a short- distance away, the Oegymans 'bad %o’ use-OtREE means-t o syne

;thesize high -nym;Wamg@nmb‘geaﬁm, and in -



'~St.atua‘oi‘.~_P:d§esé.‘ ont'd.)’

the same measure as hydrogenatior capacity was' increased, the expansion of
FischenTropsch was brought to a standstill, Thus 'we "find, ‘practically a1y _
Fischer-Tropsch plants ‘completed and :‘Lnjopgratipn ,:befogas__the_,. wary .o

- The main spopsor of the -process;: Rulirchemie. A.G, expended’ great effort
- to. develop progesses to. improve the fuel -quality of ‘bhe- primary” product,
but the fact was finally recogni: ed that Fischer-Trop oh usiy

lyst primarily coulq be ofvalue as the . :  produce
-than fuels, with diesel oil & mog: 3 €204

_The first objective wag the lef
conversion of the Uplefine‘aj-gtq.{'slic ducts.as: syn
boiling 'alc’_oho.jls-. -'Theiqemga_@i’sr;dé‘e;ed:in: this de

~,___ﬁThemnez@:t‘z“step~ivou1d*~bw!;he“ctiz'é'c‘t. syr;ﬁ_!.x'e;éfs.;of Tiore valuable o

such a3 high-boiling ‘alcohols and esters, - The work ‘done in ‘this.connection:
is described in Section 2 of this report (Synol). .. e TR

_{ In the' followng chapter, tifemmaticn s predented rogardini operstion,
production and cost of product from existing Plantsge L

' 2. Location-ana Production of Commereial F- Plan 5.in Germany,

. " During the var, Gemmany sutfsred from a great shortags of hydrocarbons;

~and the oil produced via FT reprecented a substantial part of the total "

domestic production as, can be seén from the following tables . - .

[Seires of T Toba Toere @Data‘fro.m;bz_‘is_‘,Biiéﬁéiiﬁiﬁchsisé,c&t_aiw )
Product < Tons/Y¥ear [ & 7 - (01l ,Saci’:ipn«Gejz_'m_ap}i Industry.
"H.P. Hydrogen'n 3;9i8-,’00q_ 601 - Bsefmsﬁmthemtmed

FT Synthesis . | — ot ol oapacity of ‘the plants. It must’

T Synthests . | U59T,000 it understood that, Alried b

German Crude- . - 1,920,000 | “29. - - - Substantially reduced: pr
©T T Tar : 365000 | oL5

BrownjcoalTar 50,000 vy e




L_g__ocatign and mduction 9

: -*The’ tirst. £irm to. operate F‘r plants was Ruhrchemie A.G. who - sponsored

_ the .development: of the process and. exértised some control over all other
‘plants thraugh licenpe -and -catalyst preparation and regeneration., “There
were only three plants in Germany where catalyst was made, 2 of which were -
under direct Ruhrchemie eontrol. : In bhe next’ table is ‘given.a list of the -

P-T. plantawhich operated in’ Gernany ‘(2 emell unit is opemted by the - N
uhlmann Co. at, Hames , France > 185 000 T/yeax')

G‘ERMAN FISCHER—EQPSCH PIANTS

fYame of . | - '*Capacity L Htons[ h = Ava Jionth y_Pre
lopepator. Ipcation ‘o Tons/Yr. "% |Motor. |Diesel{Wax & [Lube -
R ' - ’ C o Gaso&ine Fuel | Ko asin|Oil
RuRYchemis LHolten"thr (zéoqu-'_-,"‘,-ﬁ Tl ,cr;s’ Xl L.z
laeverkschaft |[Castrop- i R
Myiktort . ﬁliauxel Ru.hr l;.0,000 6.8 "1e5 | L0 | 1068 |
|Rheinpreussen Moers,nu.hb 70 000 ~-11;3~:, ‘2.8 1241 1.1 | 0.2
Leu.. GHo - . ‘ : _ RN A S o
rupp Benzin {Wenne-Eickel, 60,’000 10.2 2.2 L x0T
.HéeébhuBén'zm’Dor;mtmd:? u7 000:" _7.9 0.5 | 1.2 | 2.0. f.0u2l |
| Ruhr- | R R SRR A
Braun Honle - |Ruhland, 170 000 | 29.2f 8.4 2.5 | 3.1} -
{Benzin A.G.;, ‘Saxony . FE EEES I AT N
Essener Benzin Bergha.men, S ’8,0 000 '13.'6 Lel "1 L8 | . 0.8, o= )
AG. - o cRene o f b p o b A
---Schaffpotsch De_schomtz, 40,000 |- 6.8] 07 .| 0.8 | L8 B RN |
Benzin Gm GH. | Silesia - R SR BN IRNEETIR R
Wintershall .. :{Luetzkendorf, {(70, 000) S L7 0.2 10101 07 e
CKG. - {Saxony | 12,0000f ol ) 4o ol

foraz: | |so,000 |200,0) 22,5 Iniase | 23,

e




léh,605
' ff‘??‘?‘??**ﬁ
263w
168

B ‘1'23"325, i, i_ '556*1‘?7‘—“‘
100.00%

i ‘:ﬁmedn.um pressure plant ha,d been built in 1937
However, 4% wes found: that this product was even 1ess
el ‘_ts lower cisfim ccontent-and no further’



RESTRIGTED

T2 Location _and Production of COmnercial FT Plants in Gem QCont'd.i

In the meantime, a “new type of operation was developed, consisting
Emly of gas recirculation ("Kreislauf") which, on MP operation gave. sub-
~ 8

ential increase in the production of olefines. This: process is described

detail in this report. Two of the existing MP plants were in thé pro- :
cess of conversion to "Kreislauf" but neither had begun to operate and:all -
Enformation is. based on pilot plant data.. (l)jpw Press'ure, (2) Medzum Press.\

To give a more detailed plcture of-the prodmti.on_ and product diatri- :
bution of the. FT plants, the following table has been prepared. This table *
is based on. actual production for the yedr 1941. . (the data. was taken from .
the l:.censmg invoices of RCH(l) to the 9 l:Lcenses)

-—— .Note that thcse flgures do not agree with those- shown on Table II
-which-covers-the-following-year:—The-difference 15 due to" the & eafda:i‘l;i.on“'iiz"'~
plent cupac:.ty in that period. By 1943 the decline in production caused
'by Allied air a.ctlw.ty had aJ:ceady begun Vo v ,

The figure s berrels/dav, is only an approx:.mo.tion based on an: average
-dens:.ty of 7. 5 lbs/g_l. (See reference’ 1a at end of this section) =

rmovucr DISTHIBUTION OF FT UNITS FIGURES IN TONS/YEAR (1941)

( e .,Fluesslgasidﬁnjogasm Diesel:: Pe.m.ﬁﬁn Hard_- _’Of-‘he‘z‘-‘:f T 1
Name of Plant (gésol ;ggga) Q!.l (Gaﬁscly . Wa.x Products TOI'M.. _,_
~= 'Ruhrchemié:‘ - 4"-—»—8988 20616" J”’Wmﬂ
lvikbor | 18167 | 3358|7395 | 2027 | w33 ] 24
—{Pheinproussen | 7379 | 34191 | 6656 p639k | 5095 | 1k08 |
Krupp 465725531 .| h1u67 | 5575 |:
[Hoesoh ~ | 3591 9523 | 371,9113237ij 5788 |
[ Bravag | enarl7ress | 0 Bisus | geiz. _
[Essaner ~ | 10015 | 55 |_ o7 uroor | eazs | mn

»:«'S_Ohﬁffgdtsch e 1557, 6035 T
2t ‘ﬁnterschall 5 R D

56 | 5320}




RESTRIGTED |
2. Location and' Pfodﬁctiori‘of Commercial FT Plants mGexlng_nx (Cont'd.)

- Altmough German price figures are not a good ba.sis for calculation in
& other countries, they were used as the basis for calculating license fess.
to ‘RCH. The prices for different FT products are g:wen below: -

Fluessiggas- - 03 ’ . -_26.6tPfennig/Kg.
Gasoline: = Stabl lize S 254T=3Le5 - 0 :
- Diesel oil L 23.0427.0  w

‘Paraffin Gatsch - - 2005=25,0- m. =

* Special Waxes 56.0-92.0 _.g'%
% This. f:.gure depending on melting point. o R

The total reallzation for the primary products for 19hl broken down
accord:mg to pla.nts was as. follows- L

‘Ruhfchemie 13,501+,550 - RM/year 25 40 Rpfg/Kg.-

Viktor- -~ 7 T 9,788,611 ; 26.30.

Rhe:.npreussen , 20,1,67,303 ' ,- woo 28.70 “_,5
27.99

_‘Essener.
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3..Catalyst (1) (Cont"&:)‘._

Ffom the e.bove tables it can be seen ‘that the FT capa.c:.ty in Germarw
was locatcd in 3 dlfferent regions as follows:——

‘Léeation - Total Cagcitx gton(xearQ %

Saxony 176,07, S 31.60.
Silesia 26,374 o - 4-'73
- TOTAL. . 556,197 - AU 100.00-
The three catalyut plants were located accordmgly
Name of Company ~ Location ' Q_pacitv (oven flllmgs/month) o
Ruhrchemie = Holten - 100 T . 5040
Brabag ~Ruhrland-—- - e 65 : 32057
ilintershall . Luetzkendorf’ 35 ¢ - 175
. TOTAL: T S0 =200 - 100,00%

% One oven fil_h.ng 10 h3 9 ton cobait (average)
ek Later increased to- 85 t.o make. up for bomb damage at Holten. o
The overall ‘yearly Germa.n cobalt consumpt:.on for F‘T plarxts was between
85 and 95 tons; The cobalt resources of Germany were. barely: enough to keep
11 FT plaatg: operating during the war, particularly with F;mle.nd the. only-
suppller ‘of the metal. There was no ghortage oi‘ Thorla.. ST e

Irgihe handl:.ng of the c_talyst in the synt.hes:.s s a.nd during reworkmg*
in the catalyst plants losses were mcurred. These ‘losses differed sub-

stantlally between Ruhrchemie and Brabag. This may be due to the s:.ze of :
the plant and the i‘act that Brabag is a more modern J.nstalla.tion.' e

The. figures obta:med in actual operatn.on are. as fouows’ .

, ; - loss. of cobalt i__g_x Smt.hesis Ioss- of Re-worgg Total Total Ioss -

Ruhrchemie EO% Dl . © OB e .0%
Brabeg e . T SR

- »Ba.sed on a product.Lon of l;OO tons primary- product per ton cobalt
fcata.‘lyst and using the ‘Brabag figure’ this, would glve 16 ,000 tons of product-
ultimately produced per ton of: cobblt metal. o

The production method of the catalyst has not been changed smce 1938




3. Cawat glz (Cont'dg)

w:.th the e:ncepbion of a new foming and dry:lng device which is described
belOW- '3 . - N - . :

‘, i The .’mpendi:ng shorbage*or ceba.lt he.d led 'bo a, le.rge scale develoment
: program to- repi].ace this metal with iron. " This work was 3, continuation of

, ee.rlier attempta"*to produ.ce 2 bettev . fuel over iron catalyeta. - ”'

N "?-Ruhrchemie -

"’deta.iled 'zsesu:u: ‘o t.hese offorts 18 descn.bed in Sectz.on I.(b).
catalysts ‘had: Joeen‘-’developed for & variety of purposes, none -
' balt. in the e:u.sti:ng units. .

had been{developed wtuch ;
min:lmum,, oi‘, abrasion e



m°ld3 .

® Ko
‘ guhr which had been processed at 7009C. and ‘was softer thanh the. na’cer.tal

) (o

-molds drying the catalyst particles befera‘ thoy ‘would: yea

" position. of the dxm;_where having -contracted:sligh :

/—drop out;. by gravi.ty. Air or auperheated steanm coul
-purposes. =

'l‘he filter cake was: érea
the mold filled to give smalX (3
(04 RPK). - At bhe-same time: hot:

1y,

This method of ha.nd.‘la.ng theb cabai:ya LY it poesi

reated at 1000°C.  The Softer Kieselguhr gave ‘8 more active eatalyst
(appa.rent density 130—150 gn/lOO cc. = S R

' »(H - Ny mixture or Hé alona) “CH), is not a.detrimental component. of the —
: reducing ‘gas. xzo,

' The reduction of the catalyst is cax‘ried out with d:y c free ge.q S

0, CO; NO, ate all: tmdesir&ble. The; ‘presence of , €0

-+ is detrimental due to the & reaction, .which is catalyzed, forming small

- heating on the new. and. lughly active ce.talyst. L

gas, - t.he redactlon is 50% With no- GOz in 'I‘.he gas, reductian is- 60-65%.

'7,,,.,100 pts. of cobalt. - -

quantities of CO.  This CO is further yeduced to CHh ce.using docal - over«- "

The effect of €Op-in: the reducinngaa is quite proummeed- with 1 gm/m3

. While reducing ‘the catalyst the necessary hea.t is supplied with the .
reducing gas. A temperature of 14,0000 is ‘reached within 3// hours and main~
tained for a very short time to complete the reduction, - The CoO; CO;- 1;30, S

- Hp -equilibrium at 400°C governs- the extent to which the oxide is redue
o Co. 60— CoO 40% is the correct ratio in a good catalyst. The extent, of
- ‘reduction is determined by measuring the cns‘ﬂ

of", catalyst 5 upon’ addition of HZSOL' o

2 evolv‘ed i‘rom a known weigbt

e

For the productlon of olsﬁnes both RCH and Lurg:. proposed to: thin out.
the catalyst with more Kieselguhr, the catalyst otherwise being identical. i
‘About 250-300 pts.. Kleselguhr would ‘be used :mstead of 200 pts. for every

- TR Productlon Dat‘a.\ from connnerclal Large Scaﬂe %rat:.on. _

- (See reference I (a)/ 5. and I (a)/6 2t the end of this Section)
- In the following paragraph Some- commerclal operat:.ng ‘data. from . t.ha

‘lrrgest m' plant are given. S:.nce most processmg details are lmom :.n the




United St.utes, it was considsared more important t.o report t.he cverall
resulte rather than. describs, mi.nor operational chnnges du.ring the war,
. which revolve around variations of space-velocity, or, catalyst. l:lte and
s:unilar' T o s ) A

‘No' bas:.c changes were made in the actual opera.tion of: 1='r plants up- to
‘the collapse of Germany. Tue data posted-below were taken from 4he balance
_sheet of the Brabag Plant at Ruhland, covering operations in 1943 and 19“»-
The -plant in.question is-the largest FT unit, It j,s_ of the- two—stage LP_
type ueing Standard cobalt ca.talyst. s ) f .

= ‘—’JP—-

For the year 1943 the following rigures are given, they are monthly
-vvemgeS*based*nn the™ entire lz-mont.h period of" Ja.n. Ito Deg. 31, 191;3.

' (1) Gas Productloge T i o L '
‘ Total" Synthes:.g gas produced EE 116,736,300 m3/month.
CO+2H2 in gas . ° ‘

Tield of gas i‘roni brown coal briquets .'1 1.107 m3/ton .

(@) - Synthesis. .. . EUEEN S
A2) Rrosiuchon- Kondensa‘boel 6306.1 t,on/month_, :  529

,‘:quuid products —
total 12,11;3.1 ton/month 100%
-qure gasol 2,83 .7 noowe 22 ﬂ
Total = ... 14,989 ton/month R
’ Tailgaa ik 42,165,100 ‘wfmonth
s - = 30.1% 0f gas fecd.""‘} TR

(b) Tiotas: Liquid producte/ton briquet STk Ke

Pure G3301/ AL ) «8 K2.
S i Tobal: - 157.2 Kg..
ST Ldguid products/m3 Gas - o -th.l gram
PP --Puresasol /o ow 2he3 gram -
Culen Tot.a1~' - : T 128.h gram L
(3) . Processin ’oi‘ Ty Prdducts._ Lo T IR SRR
“(a) . Production of mtenals for sale. e
" Gasoline - - SR w6532.3 tons/month
- Gasoline in diesel oil o e 569.7 :

Dn.ese.:l. oil LT e :‘1987 6



: nnsm ICTED A
Product; on Data from Commercial Lar e Seale Dperation(3)(Cont'd.)

(e.) Production of materials for sale(Cont'd )

Adsorber gasolinc~bottoms - 55745 tons/month :
Adsorber gasoline . . - 703.1 C
Paraffingatsch =~ 1160.5 . "
Kogasin II ' . ‘ © 2085, 0 00n
_Liquified gg.ses T 122804 M
Wax: = . g . : __&5&_4_ "o
. TOTAL - t ' - 15178 6 tons/month,
From outside sources. ° ° '415.8 tons/month
From Synthesis proper T M762.8 o

(b) Yieldmso i e
- Sales products/tons brique ta . , 1514.6'-Kg.
Sales products/m3 Synthesis gas “. . 1264.5.gram -

;,—,-;;—? : Sales products/ton Primary Product ™ 982._0}'Kg.f

(L;) cig_], Statemegt K

- {a) Balance: | . ' ST
. Out of pockst Cost 3, 005 000 RM/month 199.21 FM/tons
-.Overhead and license . 187 ,OOO L 12.400 0
* Capital interest 688,000 n . . . 45,61 "
~Amortization . 1,113,000 UREARERIRN /0 b~ )
©o TOTAL: < 4,998,000 RM/month - 331.34 KM/tons
“Sales:s - . ~ 7 4,739,000 RM/month. . 314,17 RM/tons
Tosst 259,000 RM/month a7 mUt,ons

Y Note the capita.l cost ia excessive. Th:n.s my have been for
' -reasons not. connected with operatlon oi‘ the plant.

(b) Cost Breakdown.» - - ‘ i mz::xont m{ton Erod.

(1) Msterial %ost o T |
-~ Briquets {at RM 9.60/ton) - e ;,920,000, 60,99
Outside Coke(at. RM 34. /t.on) . "304,000 L 20,15
.Grude Coke (at RM 23./ton) . ... 7 66,000 "v~~l+.38-v
-Raw. coal__(bouers)(at RM 2.4, ton) M, S R
Outside power (at Rpfg. l 9 JH) 61,000 . LOL
_Catalysts : S T 000 9,61
ZPurif“ation (charceal) o " 18,000 . 1.20 .- -
5 L:Lcenses : oy SL7,000. . 3,12
CHOTAL: . o 11,575,000 ¢ 10k



(395, fton) wma_
R 35./ton) 15&,000. 10,20

“TU06000 . 46.80
§ ’.”7‘ 290,000 - T 19.2%
= ' o ', T 635, 42.10,
" Ovérhead: - TR IA0,000 Lo 9 28

g capital intereat ‘
g bmrmsmbﬁ’mrw* ””*688 mo T ““’"'755" 61—
9% Amortization - .-
- (basigr 149 million RM)-— - ,118.000 L A2

‘ Total Operating Expense: .  45998,000 - 331.3L

It is mterestmg t.o compare ‘the oparating eosts of HP. iﬁrdrogenation
fvd.th FT. synthesis, -The Brabag, aside from operating the largest FT plant,
also owned three’ (3) HP. Hydrogena.tion wiits. Some comparative figures for
' those planta are given here. 'I'hey are baaed on the ‘'second quarter of 19!.3.

o R - S “HP Hydrogenation .
e, L (Ruhland)“—:-f* (Boehlen) .. - -
hmry Product S :f N 15,201 31,630 tons/month .
otal Production Cost 307, 67 251,20 RM/ton prod. :
g:eedstocks L . el
,_,Brovmcoal Tar- . '_ - . l.2-..3_ton/ton prod.
" Brownecoal coke - . .. '0.803 ton/ton prod.
Bromcoal br:.quets - 5.791 S - ton/ton prod.-
Utilit:.es T o
Steam . . . 11,635; .3, 3#6 ton ton PrOd- .
Water: S : 218,219 - - 2&7,600 ton prod. -
Power - . “%'836' o L20 KWH/ton prod.
;_qvest.ment R _'. L
(Interest and " L
. Amortization) ’ - 732.29 B 323 79 RM/ton prod. .
,/“\ Production AP . 3.38h S 50570 ton/month/employee

. They conq:ar:.son may not be fa:.r on all accounts since these plants were
operated under wartime: conditions with Ruhland employing about.three t.:.mas
as many foreign workers as Boehlen. This fact may be of import.a.nce.



RESTRICTED
be Opera.ting Conditibr;a. _' \

The main variables 01' the operation, such as pressure ’ temperatu.re,
" space-velocity, gas camposition are today practically the same, as'in - ..
'1937-1938. ‘Specifically, there was no improvement or change in the design
-of the ovens. Neverthelcss there was no inerdase in. the he average yield
expressed in grom/m3 feed gas from approximately 100. g to 130
_Geruwany was faced with-a seriqus lack of- ‘cobalt, the yield of product per
ton of cobalt was of greatest impcrtance, -since this yield can be raised
by keeping the space-velocity low, mostplants- we&oper&ted at less than
1oo v/n/v (Vol feed gas/hr/um.t volume catalyst).

.-

... .The Essener Stemkohlen A.G, apparently had dnveloped a somewhat

:’.ﬁproved nethod of operation, which resulted in'a better’ yield based on r

feed, and longer cstalyst life.. .This. opemtloumdelyndiacussed bymthewm'mm
group, was known as the "Essener Fahrwelse"

oo ____,_.._. _

- . In pr:.nc:.ple, 1t cons:.sted only in'a rigorous control of operation, .e.;

- (1) Absolute constant feedgas ‘rate a.nd composltion._ o
(2) Countercurrent regencration of allevens.’ .. & = .
(3) Low-space velocity (increased number.of ‘ovens)e- ..
(Lu) Liora equal d:.stu,outlon of 1oad between stages. f..

W Easener

_.Y:Leld '. ' _' 160
Catalyst. life SR 2000
Catalvst yz,old S o h25

5 Flex:.bllz.tx of Ogorat:.on. , In order to show the va.r:. ti
plant operation; yiclds and product - qm.l:.ties for 2 cundi
The data are based on a. report from Brg.bag and refer to heip

R e

Absorber ga.solim,’_f S
-~ Diesel o:.l i
"‘—'*Gatsch



RL‘oTRICTED

b, Operatlng Conditions (Cont'd )

Y_l_e_l.cf - T
S Gasol i 5100 ton/ye(..r 7600 ton/ycar
Ge&dline © 73800 . e 83900 v -

_ Diesel oil = 52500 n o _ 35100 "
Gatsch | .~ 1oloo _.mo-—— - 30100—— N -
L 131,500 ton/year 136,700 ton/year

- Products : T - ‘”;: .
G'LSOline Sp.EY. _ 0.686 . = C 0,689
- ~ Octene Moo -~ - 56 . 62
chsel 0il: sp.gr. 0.757 o 0,732
: Pourpoint ©~ = = 20°C o = 60%
T Flashpolat T T THES60CTT T T T 2590
' VisE/20 . 1,08 . 1,022
: Cetane '\Io.} ‘ 0 T - 88

The d::.i‘fcrence 1s due to a variatlon in thc ‘amount’ of theml cracklng
of the d:.st:.llat:.on fract:.on carr:.ed out in a °ep‘.rate wunit.- :

7. Lxcdmm Prcssurc I‘iscuer-Tropsch Um.ts.

, (a) Genercl. The mcd:u.um pressurc units were expected to g,ivc more
higher' bo:.l;mg materials » particularly wex and also to have a longer ca.ta-
lyst life.  However, they had the disadvantage of giving a very pa.raf.‘finic )
gasoline (st:.ll the mos’o :unpcrmnt product) ‘with-a lowcr octo.ne numhcr.

In the mea.nt:.me procQSSes had bcen developed wh::.ch used - Fischer olc-
i':.nes as feedstock, and it became’ ‘netessary to revise operat:.ons ‘to_produce
‘a. poaximum of - clei'mes. _ The Germans - succeeded +in these ._t’oempts.‘ The deve- .
lopment was carried through by ‘Ruhrchemie’; Hoesch,and Lurgi. B the end
-6£*394h. the RCH and Hoesch' plants. had: substantially completed the construc—
“tion of equipme,at to produce 2 ma.:d.mum oi‘ cieflnes on their MP-FT units.

B 'l‘he proces'- used conslstcd m a combinat:.on of stag:mg andqgas recycle.
("Kre:‘sl‘..u.t'“), ‘the: opcrat:.ng temperuture be:.ng substa_.gtially unchanged. = -

~ Plants could: ‘still-use the oriQJ.nal reactors and the. st.zmdard cobalt cat.a- '
lyst as furm.shed by Ruhrchemie, i R REER —~,~ e

(b) Devclo’ument of 3-st:;ge Operatlon. The ﬂoeschbMP Pilot __plant hndm"
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7e_Medium Pressure f‘ischer-Troggch Units szgcbnt"c_l.l_

been designed to opercte on the same 2:1 H g.:c0~-g¢.s--“aé"‘tti'e"’lﬁf_ﬁﬁits , but
it was soon found that the gas formation ( Hj,) could be suppressed by
lowering this ratio, The plant was: operated on a feed ratio of 1.94:1 with
‘the following results: o : : ‘ ' o B

Average Value3 ‘over Four Months.
Feed Gas: =~ 81%:004*}12» , . S L
e Conversion o 90e8%
-Gas -formation . - 23,4 - :
Gasol . ®. (C3Cp) . 6ild .. '
“Liquid Product” ™ . | 126,2 g/m?  ideal gas.
‘Total Product’ (inel. C3 Cy) ,133.5_ L o
—.Average space velocity .~ 569.m3/0vVen —
‘Average'vlife of catalyst - 4015 hrs. . :
L oo Temdmment k99 keflg rosorered
Primary Liquid: Gasoline - 200°C . 18.3%
"7+ Kogasin « 320% T ' T 126.9%
e - Hard wax - 4,509C. - TR 849

... ... (efinecontent of C3C,  -'15.9% .
. Following one yeor of spevation at. this condition, the Hy/CO ratio was. .

further decreased to 1.8:1. This -resulted in improved liquid yields, higher
dlefine ‘content and lower gas formation. Unfortunately the ‘average catalyst -
Life deoréased from 4015 hre. to 206 hws. o DU
- In view of this improvement it was decided to further. Lower' the Ho/GO
. ratio to'l.6:1. - Since the ratio_ of consumption averages fearly 2.15:81,

" hydrfégen had to be sdded to6 convert the remaining CO in the. second ‘stage.

' The:ratio in the.exit gus. from the'first stage wasvonly 1.04:1. . Hoesch

- had to use copverted watergas with.. a ratio of: 3,79:1 to correct the ‘ratio
as no“hydrogen wag available, " - . . . B O SRS

-7 With the low ratio of H3/€05 fed to both stages, the total conyersion -
was-£6und to be low.  It.was therefore - decided to. add ‘a third stage preceded
- by ‘ancther additioh of hydrogen (converted watergas) to the oxit gas from
~the second stage.:'Since tliis gas is.quite high in inert. content, the V/H/V
-and-temperature in-this final clean-up stage are rather high-and corres« .
 Pondingly fewer ovens: (10-17% of the total) are required. Results’ from

 three-stage operation are as follows:




RESTRIC’I!ED

':L. Kedium. Pressure Fischer—Tropsch Um.ts (b) (Cont'd )

’Avera.ge V‘ lues for FLve e Months,

Conversion S o 95%
Gas formation . . o . 18.1%
Gasol formation o 6.7%
.Liquid product ll;b 4 g/m3 :.dea.l ges
Total product (incl, C3+Ch) , 6.6
Average space velocity : 607 xr13/oven T
Average catalyst life - . 2745 hours:™ '
. ‘Coke ‘requirement -~ B A.BS kg/kg recovered product
. Primsry Iiquid @ o : SRR _— S
: Gasoline . S o " l;2 8"0. o '
, _ Kogasm E o . 25.8%
L Hard- "fax~450°- e .68 .
R meﬁne .content of C3+h Y- S

In order to show the convers:.on, the gas analys1s in .the three stages
_are ligted: —

Fesd Tot[IaE ToiFocd 2l TT2d [Feed 3nd [WLE 3 [Corvert] Tots
: stage | stage | stoge stage stage stage | pgas | Plant
€0 | 8.6 | 20.2 .[16.3 130.8 1 27.30 [37.9 | 5.,0.1 7.9,
Tonim, |~ 1.3 | o5 | L6 | 1.3 | 2.0 S R
Le0 - ob33.0 | 29.7 [27.1 | 20.7 1] 2005 | 14.5. | 18.8 1 30.8
Al ] 53:5 « [ 30,6 | 405 115.7 1 22.8° | 6.5 |70:6 | 56.3 |
Oy o | 74 [ g 3.6 123 |17 | o | o
Moo 145 J 1.0 | 9.5 117.6 | 15.8 IS EEE T E
Ideal |86.5. [ - ~67 6 | =i 1833 | T Tews [er.1
,;,;Hg/c'o- 1.62 | 1.04 L9 0.76', 1.1 ;- o‘.hs_ 3. 76 L 1l.83

7

k3

'\Tote' The low 52@0 m‘o:.os, they cqmot be used J.n LP UJ’L’LtS.

The i“.vorable results of th:.s operat:l.on w:.th low H /CO ratlo to
:mcreuSe liquid yield led r.o the adoption of thc thrce-st.‘.ge onera‘b:.on
m a.u. threem’unlts. R < . .

» e 8. Kre:.slaui‘ Operution. - o :

(See also re.ference I(a)/lO and I(a)(ll at“:,nd oi‘ thz.s Sect:.on)

R



'rg;c
8. Kreislauf’ o;a_eration gc@t-g,z R
- While- the specific output had: tjma eonaiderably been mpmvad, tbero

ﬁras still the low alefine content of the _products which had’ to bo ovorcom
»T}us was flnally dorie by the use of gaa recirculation.. W

i It. hod been found that-at higher presme the cobe,lt catalyat reduced
the CO almost exclusively under formation of .Thus it is possible to -
feed a mixture to the reactor, with very high’ 0- Hz ratio, without at the
same time losing any CO to CO,e - The increase in the. ‘ratio.does however .
raise the olidine content of the: produnt._ Tne tailgas of such\a.n oven . 18
>bviously very high in CO and low in-Hp.and thus. affords a means to: turbhe:
increase the \CO/H ratio of the féed to this oven by recycling the: ga.s,
preferably aftér remov:mg all ,products. This is Jmportant- to proh:lbit
poss:.ble hydrogenati,on. . " g

S T he Qperata.on,wzth Ixrelsla.uf is thgs simply an extens:.on of the three-

stage operatidn.described above. -In practice N it was found that any in-
creage in the ratio: recycle-gas' feed-gas. over 33l does.not give sufficient
further increase in clefihes to warrant the expense. The olefine content 61‘
_the gasoline cut (200°C EP) is around 70%, the Kogas:m cut. (2@0°-325°G)

is. aroundld%. i _ R

‘ " The temperature requ:.red to g:we adequate conversion is. somewha:h
hlgher than in ordianry. cobalt -operstion but does not exceed 225° c.
can, be reached w:.th the ex:.stmg ste‘m-cooled rea.ctors. ’ : :
T é
- "‘he KrelsLuf was consldered" o£~great :.mpor*bance and. the ent:.re MP
“section of the RCH plont was to-be.used as.first stage with Kreislenf:. .
"LP Section would be operated with the exit gas from the MP plus the required*
hydrogen addition to give the 2:1 ratio, which is imperat:.ve in LF. cobalt :
plants.. In this arrangement’ 80% of ‘the. total pla.nt producta.on would' have
come . from the Kre:.slau.f. . ) B I TR

Rl.lot Plant Data on Kre:.sla.uf Qgeratlon. At.‘ Hoesch a Sih'g'lé ’is'e'a.ctbf'
“had been operated at length with gas recirculation and data from two :Lden-
't:Lcal ovens, pne w:.th the other without Kreislauf ) are given below: -

BN Kreiglaug G B
Space. veloclty (basn.s Z!.Om3 cat ) 1060 E/hr e "“-
Ideal gas ;" 861 . s 82 M

Catalyst space veloc:.ty S 71,35 m3/hr/kg coba.lt 1 23m3/hr/kg eobalt
Contraction e 69%
'CO Conversion S 85%

BN



‘nrs'mt:@“ .
8. Kroislauf mration gPilot Plant Data on greislauf Ope ration“(:cnﬁ'd.} N

| ‘Erefslawf  {nco Thouh -
- CO#Hy Conversion L 89,84 - o Th3%
- Temperature ‘ 195°¢C. . - . ~1899 ¢
Average- daily production(]iqmld) 2715 kg : ' 1835
Yield . .. ©-13) gm/m3 idea.l gas 98 g/ ideel gaa

.t The test .oven was. operated 3650 hours. During. the first 2761, ‘hours
(aImost f£our months) the oven temperature remaine mg unchanged at 195°C, the
'pressure at 7 atm. The space velocity was 1200 m’/hr. for 1 month add .
/1000 - m/hr. for the rest of the period. ~Recycle to: fresh feed ratio was .
2:1 in the begihning and later ra.ised 3:1, but the difference inthe re-
sult’ was not large within that range. The oven contained 2660 kg. catalyst
with 785 kg. cobolt. -The. catalstst was the standard oohalt catalyst used
ﬁthroughout wthewplant.ww-w-» S — : o

The advantages derived frcm this operation are a8 follows-

(1) The oven may be brought on stream W:Lthout 1oss of t:.me usunlly
‘required for this operatlon. In .about 5 hours the oven is in full produc- :
tion. Synthesis gas is allowed. to enter ‘slowly and the. recycle blower 13
started up while at—the same time the pressure is allowed to build up. -
This is done’ at around, 100° C. Next the temperatures is raiBed. and. fresh
gas is added as’ the conversion siarts in order to keep up the pressure ’
Fmally-‘cﬁe ent valve is openéd and the unit is omr strea.m.

(2) . The y:.eld “per- cubic meter synthesis ga.s ‘is increased. Thus in
the flrst stage a.lone .the some yleld my be reached as i‘ormerly in two
stages. v . . : o

[ E—— e >~ -

(3) H:Lgher space veloc:.ty. Therefore i‘ewer evens ‘are reqh:z.red for
a. g:wen otitput’. . The increase is in the ra.t.:.o of. 312 11‘ cempared wj.th two-
stage once—through operation. T
o 7/ .

(l.) Lowar catalyst cost. This is apparenb from ’(3‘)

(S) The um.t is less qusceptlble to operatmg d:.sturbancee of veria~
tlon in feed gas compos:Lt:Lon. o _ o LT . .

(6) ngher cme concentration in ‘the products. . ’

. In general the applicat:.on of recycle lowa!'s the box.lmg point of the
product towards lighter materials “L_but th:.s may be corrected by raising the.
-COsHy ratio as described above. T

R
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9, Cost of New FT. Plants._

(Soe- also reference I(o.)/7 at end of this section)

It is interesting to note German flguree on the cost of Fischer

_synthesis plants. . The following data was obtained from Lurgi;:

(Basis 100,000 T/year plant) | _

: Synthesis section and recovery . 400 ml/ton year product. ,
This, based on newest Fe catnlyst using Kreislauf and Steging.

Complete Unit including Gas generator 900 RM/ton year product. .

“These costs are. high compared with the following figures from
I.G. based -on Cobalt multiple stage operation without Kreislauf:

Synthesis section and recovery = 290 HM/ton, year product o

Complete unit 1nc1ud1ng generator L ‘ 3

" - basis coke: S 590 ML s

Complete unit including converszon R . ; .
F basis na.tural N ~500 SR SN LSO S

P The I.G, figures are based on 180,000 T/year capacity. When the
plant size is reduced to 100,000 ton year the cost of the compIete unit’
(ba31s coke) is 1ncreased to 615 RM/ton, year product. . - .

19 Products from Flscher Tropsch Plants.

(See also reference I(a)/lz and I(&)/13 at end of this- sectlon)._,‘

Durlgg the 1nst years the use of primary Flocher products. was of

" course governed by -wartime necessity. - In general, it may be stated that.
a peaceful development would -probably have led-to the eventual disappcar-
_ance of the FT product from the fuel. picture, with the possible exception
. of ‘the Diesel cut. ~Yet it was Just this- fraction that was also the

" starting material for ‘& number of synthcses. As to the value of the !
.diesel oil; it remains to. be seen whether FT oil may havé other-special
prope?txes which are hot yet ro cognlzed todey, whlch make it highly desi-
rable as a -diesel fuel, - The cetane number is, of course, known -to be high
(90—100) - In Gérmany the fuels were used exc1u31vely‘to blend up certain
low-cetane stocks llke coal tar oils . . .

B The properties of the LP and MP cobalt synthesls are well known and
llsted below-‘_;ﬁ; o . o _ _mmc-ﬁﬁ

. 1)

(l) "Gasol—Flue581ggas' 03 and Ch. ThaAolefins content is, fa;rly
hlgh as shown on the next page" v
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.10, Products frdﬁ Fischer-Tropsch Plants (1)(Cont'd,

LP gasol contains’ 50-55% olefines
MP w.o 252304 - .
Kreislauf ‘would have produced 80% clefine in this fractlon. The
ratio of C3-0,+ is approomna’oely 1:1; with the butane cut. containing
1-20% 1sobutane. This. gas is used wzdely in Germany as a motor fuel and
is_ bottled in the plants. i

(2) FT Gasolines In one case’ (Rhelnpreussen) thése olefines are
used in- the manufacture of isopropyl and isobutyl alcohols by sulphurlc
acld hydratlon. The bulk of the fraction is used as motor fuel. “In
many ceses it is blended with benzene which is usually aveilable from
udjacent coking plants., No FT gasoline is used for av1at10n purposes.’

Thé"f?iibwing—prvpértiéé*are generally ‘given: .

“For 150°C EP gasolines: . . - LP . MP
Olefine content - 33% - 19%

: ‘Octane No. (Res.) = 57. . 38

For 200°C EP gasolines: .. - - . .

: Octune No. (Res.) e h3:» 25'

- The product has a stra;ght chaln churacter. - It was found that on- thv
‘ average\nnewoui of thirty carbon atnms was a tertlany. e

: Rhurcnemic had developed processes to-improve the quallty of the
gasollne.‘ These include catalytie cracking, arcmatization, olefine isome-
rization.. These prccesscs are dealt with in U.S. Naval Technical Mlss10n Eu.
repbrt éntltlcd "The Mﬂnufacture of Av1atlon Gasollnc in Germany."
(3) ~Diesel oil. ThlS fraction commonly callod "Kogasin ranglng
£from 150 to 3250C was ‘used elther as»fuel or raw material for chcmlcal
'synthesms.»‘v‘ : . :

. Diesel. fuel was. prepgred by blendlng FT- product W1th certaln low‘
cetane stocks: (m&mmww residueum) to give 2 LO-45 cetane
diesel fuel. According to the season, a lower or higher pourpo;nt was’
required.’ This-was obtalned by cuttlng the . fractions at various p01nts.7

L » : . Summer ~_'”If . Winter
‘Diesel,fuel, LT 150°- 3200 G 1500~ 250 ¢
"Cloud point - .oy 0 =6°C . =26%¢C
Pour p01nt : 1296 - - -34°%

The ‘FT 0il was blended in varylng ratlos W1th the tar01ls accordlng
to ‘the required cetanc number. , .



] A tar oil oil of 20 ceta.ne, blended with 100 eetane kogasin, required
-the follown.ng pcrcentage of kogasin: -

For a 30 cetane-blend " - = 10%. e 0 o
For on 83 cetane blend | 60% S
The diesel fraction contains . 10-15% olefines . ]
- MP Jperation gives a slightly better diesel fuel than- LP operation

v The olefmes boiling in the diesel or kogasin range are of great value
as charging stock to certain syntheses, - The prei'ez-red_compound is the -
dolefine -(terminal double bond).  In gerioral, the C 11 Olefines’ wére used .
for polymerizaticn to synthetic lube oil., . The olefzne content could be -
increased by a mild thermal cracking to 60-70% olefines. = It was hoped,’

: that the "Krelslpuf" operatlon would produce this. concentration in one atep.

e Phe~ Gy =
of this-reports

' fractions suff:.c:.ently rich in olefines to be fed-dire
SJ.S m.thout previous concentra.t:.on. \

7 olefinea»wem*used 4n-the- oxosynthesn.s. w-(See-Sect,ion“?.. —
—Here again it was hoped that the Kre:;\;lau.f would produce
1y to the synthe-

, () Wex. Waxes are the, h:.ghest boillng product from FT operations A
It was for that reason that MP ope,r ations became of interest,’since they :
yicld somewhat more ‘wax. The wax is obtained as bottom product in the -
‘distillation of primury product.s and by exbrf_ction of 'hhe catalyst (J.nter-
‘mediate regeneratlon) . . » ‘ ) :
. ’I‘he ‘waxes cuntam prau.tlcally no olei':.nes. Y'uc from §113 aperat:x.on '
has e ns;derably less Isoparaffins compared with LP wax—(Tess: than 50% ver-
sus 40%). This is an mportmt property; when-the wax is:to be used for -
oxidatiun to fatty acid,- since the scaps derived from thas» ‘acids; were’ ,
found tu have superior odor. ‘Tt is also off :.mportance in. the manufacture
.of 1ub& ¥il by eracking cnd Al Cls polymenzat:.on, straight chains ‘being
,pre.ferred. The wax is usually fractionated, with the Lowor melting pért.
going to cracking (for lube oil synthes:.s) and the' hlf,h meltz.ng poii’lt ;
waxes (100°C) belng s0ld as prem:.um products. . SR . e

, Considerable. wurk was, dcne on the structure of F‘I‘ WaXES.: An attempt
w'ms made. tc-. isola.te pure .compounds - from the hard waxes byi-f;'actional

'_ crystalln.za,tlon in different solvents. ~The wax; 'a '
- extraction of spent. cata.lyst. from LP. operation,
. varicus fract:.ons checked i‘or melt::ng point s Mol

' propert'.n.es. o

s

5D
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;p; Produéps from Fischer-Sropsch Plants (1) (Cont'd.)

The ftllowing data were given:.

Pour Point - ' , - Molecular Height
63°C B 400
8L~ C ; ... 600
, 96° C 7 800
fom 1066 .. 1000 -

It wos found that the synthesis produced all alipathic paraffins from
Cq up e C7g. The “Herd Wax" included the: range from Cos.to Cqs. Indica-
ticns were,»haﬁ«some still longer chains were present. %hese higher
fractions were hard brittle. products which could not be scratched with a
fiager nail. - o R o " AR

3hwH;Mf;uﬂ_ull;kadsorption of‘Hydrocgggpps on -Activated Carbon.

" The art of adsorbing the heavier fractions from hydrocarbon gases on
activatéd carbon with subsequént recovery of thesc fractions by steaming -
the carbon has been>known'andvpracticed~for many vears. The_principal ,
use made of this process by the Germans wes the recovery of: the so-called
nGosolt (C3-C,) fraction from the:FischerfTropsch‘synthesis. Adsorption
on. carbon is peculiarly adapted tonthis“purpose‘ppcause o large proportion
of the reaction product from! the low pressure synthesis is not conden-"
sable at 20° ¢, but passes.through'the_condenser with the residue gas.

The process operates efféctively at low pressure (atmospheric). '

- h disgram, (reference 1(a)/15 at end of this scction) showing the ~ -
method of operating an sctivated carbon unit fro "Gasol" recovery is
included in the appendixs —In this scheme the feed gag is Fischer synthe-
sis residue gas from which the gasoline-and_heavier components - have been
condensed by water cooling., In operation, at 1e;st.£gurfadsorbers are
‘required. Bach chamber is used successively for #dsorption, drying. and
cooling... - _— S S . S o
 The feed passes from bottom to top through adsorber one, which-is-in
the,adsorption»stage.f There thﬁ‘ﬁeavier.cOmponentsLare?aQSOrbed on the -
~activated carbon. . The Lean stripped gas -goes to the drying cycle, where = .
it is picked up by blower §, mnd heated: fror 100° to 150°C, in hezter.6 along
with’some—cirtulated4dry~gas.;;This_gasfthengpaggggrhhxnnghfgdgggperh3,f'»
'tqwdryjthe”wetscarbonjbed-which,has jgst;beenvsteamed-in the desorption .
stage. The hot. wet: gas-from sdsorber 2 , is dewatered in cooler T,
;and*a*large part-of.the.dewatered gasvig-recycled'through-blqwer 5 asgshowne

=
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1l. Adsorption of Hydrocarbons on Activated Carbon (Cont'd.) .
_ : === : : PO
The remainder, equivalent. in volume to the .gas from adsorber 1, goes-to
~blower 8, and is furtner cooled in cooler 9. It then passes through the
hot carbon bed of adsorber 3 to: cool this bed preparatory to re-entering
the adsorntion stege. The gas leaving adsorber 3, is partially returned
to the cooling cycle while the remainder leaves the system as lean residue
g%s‘to bc used 2s fuel or for another synthesis stage. BN S
The circulation is so controlled that when adsorber 1 has reached
~the limit of its ~dsorbing cupacity, adsorber 2 -is.dry-and adsorber 3. is’
cool. Ab-this point’tMC~valvesvare‘autonﬂtically‘changed as follows:
Adsorber 1 to desorption, 2 to cooling, 3 to adsorption, and k (which has
boen stgamed out) to drying. The series flow'of the zas, through the .
three stages serves the additional purpose of picling up any heavy hydro-
--carbons,.that carried-through-the-first-adsorber-near-the-end-of —the————
~dgorption period, in cooling the carbon bed of the thirad adsorber, This,
‘of course, permits 2 greater loading of the carbon with the attendant eco-
nony of stesm.: e B - e

- The desorption is performed with steom, and the gesSes sre driven out .

-of the carbon in the order: CH,, €Oy, CoHg, C3Hy, and heavier. The three~
~wey valve 12 in the outlet ling is open to the inlet of the adsorbing’ :
carbon chamber until the €O, «nd CHy are driven off in order .o recover .
the small amount of heavy erds that come off.. 4sS. scon as the C3 and
hexvier goses begin to appear, valve 12 is switched so that mixfure passes’
to condenser 13. :llerc the gasoline and water vapor are condensder by indi-
rect cooling. This condensate is sent to separator 1l where gasol, gaso-
_Line, ‘and water frictions are removed. 'The gnsol goes to holder 15.i -
The gasoline goes. through after cooler 16 cnd meter 17 to tank 18. The

-weter condensate is removed from the system.

_ .The gasol from the holder goes through a compression and ligiifaction
cycle from which the uncondensable portion is recycled to adsorption and
the liquid Is7sent to an intcrmedizte storage tank. The pressure on this:
tunk is mainteined by bleeding gas back to holder.l5. The gasol and gaso-
line are-both pumpéd over.a: cooler and fed together to stobilizer column
19, ‘where “stabilized.gasoline and-merchantable gasol are removed, the ‘rict
overhead condensed gas is fed-into the stream to the adsorber of the .
desorption step. At the beginning of the desorption, this gas, since it
is quite rich, displaces COy from the carbon bed during the first minutes.
of desorption, and therefore does not- appear in the recycle to the adsorp-
tion vessel but goes to conderser 13, thus zgein saving steam for the
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11, Adsorptlon of Hydroc rbono on Actlvated Carbon (Cont'd )

f‘prooeSs bJ hlgher lo"alng of the carbon.

~“; The chrbon~_asorptlon is SOmetlmes operated as a two stage process.

,ﬁr he following opcrptlnb dat ‘were given by the Lurgl Compuny
. . First Stage © Becond Stage
" Number of aasorbcrs o 7 : —
Dicmeter of a2dsorbers, m. Y, TR 5.5
Weight of carbon.yper adsorber, kg.,l' 15,000 18 500 ..
Inlet gas, m3/hr. " - 7. 35,000 . .~ 21,000
' C3+inlet gus ks/hr. ; o 3,k00 - 1,500
Pecoveny T o : ‘ -
: Gy B e : © 100 S 100,
Cp s b o S 60 100
il Gy RS (0 80<85
Steam consumptlon, ‘Ke/Xg.. - R _
-Recovered m"tcrlgl B 2:5-3.0 T . 670-6.5

Tlme cycle, Adsorption, hrs. 1
Desorption, hrs. , "1 :
. - Drying,. hrs. - - 1 - 1/2
: }Coollnp hrs. B ' ' B
X In the above cqscs thc cgrbon used was known as "oupersorbon" It
. wes mgde from peat :nd actlvated by 2 Zn C12 - steam’ tre_tment. -The size
of thb carbon was 104, 2:0-3.3" mm..und 90%, 343~4.0 i 4 carbon charge
will remove about 1000 kg. of gasoline and gasol per kilogrem of chrbon
-before rcuctlvutlon became: nccbssary It can be rCucth“tbd w1th steam
at 800°C in'. rotary klln ' S

T The Lurgi Comngny hCS‘developeq a new carbon xnown’ as "SK"'whlch is
Lctlvated with X,8, nnd is said to hove zbout tw10v the ca preily for low
bblllng h"drocargons a5 "Supersorbon. The entire ouiput of this: carbon
was used for gas masxs during the war. -Its absorption power .for bunzol

. from''air as eompared to that of the "oupersorbon" is presented below:

- Concentration: of Bunzol - " Adsorption in grams’ C6H6/100 gC
‘grams/ m’ air °t 20°¢ o "Supcruorbon" R MgKH
298 e IR - B : f" 58
320 4O~ " 51
3.2 22 43

0.32 15 31

=33-
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11 Adsorption of Hydroca.rbons on Activated C‘

& reprint of an Lrtlcle by Drs.—Herberb and., uepp__j_.ng cntitled :
"Benzin und Gasolgewinnung mit Aktivkohls ‘aus den - ‘Restgasen der Benzine..
‘synthese nach Fischer-Tropsch, Ruhrchemie"' i included in-the appendix
of this'report. This German article gives data on the’ recovery of lwdro-:
carbon from Fischer~Tropsch residue gas, including the composition of tha
dcsorbed gnses i‘rom minute to nd.nube . -

: (Qee also rei‘erehc_g I.(a\)/llp--at‘ ‘end .of th_is" §ecti6n)-;

o
’

PO P ECTIONIF()
‘ 12. i List of Raferences. L -
»_‘_"" "’HE”FISCHER»TROPSCH PROCESS”PRESENT GOMJERBIAL APPLICATION“

The German documcnts lis-bed below are a.vaalable m the l:.brary of
the Bure:.‘.u of Ships at ‘Haglungton, DCo: - oo » b

L. ,"I,lzenzabrechnung 1943 - 2 May 19M Runrchemie A.G. let.ter incl.
-~ 7 nine sets of hcenss.ng, invoices. S
2.  MIroerterung d. X Kobaltlage*; -8 January 1963,

3. - "Kobaltkontakt fuer Fischer Anlagen", 19 AprJ.l l9l+3, Note from

: Dr. Gloth to Dr; A.ltpetor. g : :

4. UFischer Synthesis A.nlage Courrleres fuhhwn" .G. Report

L 3 December 1940, ; ‘
5.~ "Betriebsergebnis Aprn.l—Jum. 19L;3" Opera.tlng sheet and St.atement.‘
© Brabag (3chwarzheide ». Boehlen; Magdeourg, ael‘bz). . '
6. ' "Kosten Vorbericht - Schwarzheide" March 1944 < Brabag statement_-._
7. "Fischersynthese' 100,00. jato: ‘cost estimate, 11 January 194k,

. 8. “Bericnt .(No. 317). uber d.le Kohlewasserstoffsynthese Versuche"
Lo Leuna, February 1939, R
9. 1 Preeess flowchart: - Krupp A.(}.. Nanne Eh.ckel. R ‘ 

10. - 1 Process: f'lowchg.rt- Lurgl "Kre:.slr.u,f" ‘Process.. .

1l. -1 Flowchart for HoeschMKreislauf® plant, Lurgi drwg.: ODS/592
12. - Dipl Arbeit W. Beler (Rhe:.npreussen) 1938 "Erstarrungsverlauf

S .ven Parafmgemsch"

3.7 "Best.umung des Isoparaffmgehalts" I G._Ludw:.gsha.fen by
' — - Dr. Leithe, May 1939. - ,

RVAR "Benz:m-und Gg.solgewmnung m:.t nkt::.vkohle" by Herbert u.

, Ruepn.n Lurgi Company.
15, - 1 Lurg1 Drwg. 0AK/121836 chercoal plant i‘lowsheet.
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© SECTION I. (b)
GENERAL. INTRODUCTION

Development Worlk ~ The Fischer-—Tropsch Process.

: u;rectcd along the ;ollowing llnes-:_,;;; ~ v
Tk . lfeans Used to ‘1 Na.me oi"‘Organizaﬁn.ons
Obgcct:w.e o B Reach Obiectives Gonnected with Work
Replcces: ient of Cobalt ; Development of\ o L KWI, Lui‘gi "RCH, Rhelnpreus- ‘
catalyst in C)D.otrlhf’ Fe cate .1ysts ST sen, I.u., Br"be.v :
Ql(mta ‘ . . - ‘. ’ ] .
—Production’ of‘ Olefinés . "*Fe‘catnlysts fr TS a.a"‘ab"ove;:
. ond, wox L — general o . - ‘
 Production df‘alcohdls Fe.m.t-..'l.ysts‘» . I,G: (Leuna) -
' SRS : ‘('!Synol" -Proéeés) P
Improvad dosign" o CLiquid pmse -'f - .,_Rheinpreussen; 'RCH, IG
T T : S:mthesn.s/ " o ' .

. . ‘ :
'I‘his ]ist does of course ‘not cla:.m 1;0 be a.ll :mclu.;lve but glves the :
_four subjects whith appeared to bé of - greatest interest. It should be.
understood that item 1, 18 simply & W'J.rtlme necess:.ty Jhile Fe cata]ysts
are ‘generally” CanlduI‘ed uuperior to cobalt for a vamety of reasons,’ “they
‘do not - lend themselves for use in e.x:z_st_m[, LP reactors, Thc work done on.
1tem l may be consn.dered as supplementary to “item 2. ' -

1) Fe Cat'ﬂ.yuts = Genera.l. H:c.storlca.lJ.y, Fe - cata.lysts g,; older
~than cobalt. Thé first synbnesis’ Wes. carried out in 1922 over Fe catalysts.
These tests were conducted at high pressures (100 atm.). and temperatures
(I;OO°C) The risulis were exclusively: oxygenated compounds, With deécreag-
ing pressure the. o:qr5~natbd fractions-of the products deércased unt:.l ...'b
-round Y. ,tm., th-.. JJ.Cld was: ulmost. exclusn.vely hydrocarbons.
Sl e
Tne decrease in pressure resulted in a correspondin;, drop in’ react:.on ’
veloc:.t‘,r. .It was therefore necessary to deVelop more active catalysis,. -
At the temperutures eraployed at the tlme (h00° C) these active c.,.talysts

-
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(1) Fe Catalysts - General (Cont'd.) -

had a short life and for this and thermodynamic reasons._the“temperatuxé
had to-be lowered-further (from 400°C to 200°C) which in turn required
'8ti1l morc feuive catelysts. Cobalt was found to fulfill the requirenent,’
and iron wis temporarily shelved,. S - b R

 Neverthéeless, work on irdn catalyst was continued because the lower -
oost und higher production of -clefines were were—obvious-advantages, The
main difficulty was the low activity forcing the operation into a tempe-
roture range where CO decomposition (carbon deposit) mey occur. and where
‘the lighter members of the paraffin homologues are more likely to be. found,.
(This comversion at higher temperature under otherwise equal conditions

yields more methan and gasol.) - -

T Before going Tinto “same of the details of the German development of |
iron catclysts it seems appropriate to corsider the ‘effect which the ele-.
vation of the -temperature range has on the equilibrium of the FT reaction..
(See reference I(b)l and 1(b)2 dt end of this section), At first it can .
be shown that lighter products mzy bé expected at higher temperature,
other conditions: being equal, co - S

~_The following table gives values of the eruilibrium constant "KM for -
the Fischer~Tropsch reaction for different. tgmperatgrca and different =

membgrs of ‘the hydrocarbon:series. ‘ )
;_}.Thé‘ir;ylliesf were calculmtedby P. Dolch, for the eduatibn: '
o *( ) o> { o ngy ¥ 0

.

: K”:-""-}; - .
e wm ey
| Comouwd O, G Gy Gy Cgy Gy
_Temperature . R . LI L T e
1000 ¢ -17.69  -13.56 -12,)7 - ~11,67  ~10.77  ~=10.44
200° ¢ -1.32 1 - 7093 - 6485 - 5.53 | - 5,95 .~ 5.9
3002.C 2715 - L27  -3,38. =338 2450 = 2:26
36-



"

‘Note:. That. tho ¢quilibriun £s favored by lawor tempersture and that the
Adower ‘boiling ;:)-‘xydz-ppa'rbonaqare,moge& dikely to be formed at higher tempera-

ture. B S M T S w . - . : o
" Ancther fact which should not be overlocked, is the effect of feed:

‘gas composition on the equilibrium. This effect is imuch grester at the
higher temperature zond mey afford a means 1o direct the'synthesie more:

. ‘The duta ‘ to indicate the effect of temperature on -
. the :susceptibility to changes in feed gas competition. - The figures are %
- yileld, baged on €0 fed:for the reaction with n=8 (Octane) at equilibrium,

_‘Ihe data below are shown

(3

Foed gas: - Equivalent 1:2 (CO:Hp) "idealn - = 68.3%
= 13,85 N2 - Inert  ~ ° )
.77 "Steam: % part/l part CO - . Ske7 -
o Steam: lpart/lpert CO 416

 # Excess hydrogen: '5.9% - 7.0
- % Exce$s Carbon monoxide: 17-<7% 57.7%

7 #(Over the ratio 1:2 GO:H,)

. On the .Sther hand thc corresponding. figures -for 180° C and butanc as
“the product vary.only botween 99.42 and 99.69%.. The results of the opera-

tion depend on many other conditions besides the eguilibrium, as shown
above,-but the effect of temperature in this connection isquite ‘evident,-

. "The following sections- report in condensed form the work ‘done by - -
German research on the development of iron cutalysts, B
' ) o T B ; A

1

_ (2)  Iurgi Ges“ial_@hé.ft fuer Weermetechniky~ Lurgi: had developed an ..
iron catalyst which was supposed to yield a better (more olefinic)- gasoline
.and would be more rugged than the cobalt type. They also had developed a -
- cotalyst, which would be used in 2’ once-through operation, for use in city
gas plants to convert the CO in the coke oven gas to CH4 end hydrocarbons.
* This would detoxify the gas and at the same time snhancd its heating value.

- Theré actually was a unit of this type in construction (city gas plant
" at. Ieipzig). It was however of the cobalt type since.-the. gas net of that
~city was operated at LP. " The CO4-H, ~content of the feed gas was low and -
thus a.very active catalyst was required butas complete cor¥ersion is not -
of great importance, o space velocity. of ‘approximately 200 at .250°~270° C-.
- was used, . . ' ' T e T

: e



2) Lurgi Cesellscha.ft' fuer"ilaermetechni’k’gcmtﬁd.z

. For opar"tra.on—ta%h-their HP. gas produce;‘, Lurgi had’ v.aed an ir 3
detonf:.catlon (co conver31on) cata.lyst of ‘the follovd.ng compositiona"‘

~ Fe 100 pts, R 9 ptsy T
_ Cu 10 pts.’ e &%lguhr 120 pts. ‘» - s

: Lurg:. proposed to use 2. t.ypes of ‘iren catad.ysts. One™ was precipitated
on silica and ‘Operated 'at low- “temperatures (230° C). . Thig catalyst was - -

: "de31gneq to give a maximum of high boil;ng product through polymerization.
' Its compos:x.t:.on was as follows: :

‘Fe' . . 100 pts. . ST
Cu 25 pbs. . T
AL 9 ptss o :

8102 : ,20=30 pta.

This catalyst is quite actlvé aé avcrackinc, catalyst. and' hence" must
be run at low temperature. KaE . ' T

4 condensed flow chart g:.‘ving process da.ta :.s a.ttached to 't 81 repox't
Lurgl drwgs DS am 103. .- R :

" The second Fe cata],/st was. proposed for th ‘
“amount of gasoline and olefines,. The opera.tion required for i
is practically the some, except: for the. -substantially higher.
The catalyst is very cheap, being made from lauta-lasse,—& pr
in the menufacture of aluminum from bauxites:- The  Leu :
_with CuNO,, the- copper is. then precipitated m.th 20
‘reduced :Lg the convent:.onal m‘.nner. K v i

The oper:fm.ons proposed ror 'wa.x produc‘bi
are compared in; the table _below- (See als
“section). ' : g

Bas:.s°‘ 1ooo m3/nr.';

Catalyet
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_(2) Lurgi Cesellschc.ft fuer Nuermetechmk (Cont‘d)

Fresh  Total  Teilgas ‘Fresh. 'Total - Teilg
Feed - Feed = - | Feed Feed .
o (1 st':pe) ) ' I
Cn Hm S Al 1.9 - 1.3 0 2.2
ce 37.6 265 9 122,60 77532 20,8 16,7 -
Np - 8., -~ 15,0 17.6 - 8.3 - 14.0 1645
.Yie.'t.;i/ni3 ideal gas: o ~— i - L
T FT Adquid 146 -gme - -98-gm
.- -Gasol - : 15 em 32 gm
AJ,COhOlS o -9 .gm 5 om
o 170 gm 135 gm
Product dlstrlbutlon. . I .
' ‘Gasoline '200° Ep 20% - %
~.- Kogasin'200~320° ¢ 204 - 20%
" Soft wix - 320° C Cy =, 5% 97,,
Hord wax - 460° ¢y s bER ,
, Totu.l quu;d B "10(_)-75: 100% .
Olef:me Content ' -
' Gasoline L 60,% "{5/5 '
- Kogasin L5% 60%

"These data are bc.sed on: pllot plant runs-

somevhat optinistic. Note' that "Kreislaufn

-2s. for the MP cobalt. operation,
overall ratlo of” watergas e

3ince the:

'md may h\, cons:x.dered -
is employed in sa.milar manner ;
catalyst consumes’ CO-H2 in the

no :mt.emed:.ute Hz *dd:.tn.on is requz.red.

I\'ote %

That Wh:z.le over cobalt the

- it does not increass the 002 ‘content, since (dittle 002
“cobalt. - In the case of iron however,
high concentrat:.on ‘0f GO, in the feed,

reactlon ia mpeded and the 002

L I’c is. not proposed to regenerate ’ohe
' o,rpected to eque.'L or exceed that of cobalt:,

to Lurg:., are. just a.s' sens:.‘b:.ve

recycle actue.lly ;anreases CO.

the use -of- ‘recycle mpl:.es
of " the first: stage. ‘ Hence

H2 ratio i

is formed over. .

a very
the : sh::.ft

fonna.’cion is: accordlngly suppx'essed. Sy

“The Fe cata.lysts ¥
‘toi sulphur" po:xsomngv as cobal*t. e

accord:mg

Once 3%8
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(2) Lurgl Cesellsch Wt fuer chrmetcchnlk (Contldg)

(wt. on Cat. ) is :.bsorbod the cat‘.ljst has lost its a m%lnty. For 2 four
month life the feed gas should not exceed 0.3 gms/100. Gum forming
constituents in the synthesis gas, a frequent cause of trouble in FT um.ts R
are of course the same da.nr-er on Fe as on Co. .

Qxygen up to 0.2% vol. in feed can be tolerated (posq:.b],y more, Lurgi:
‘have no data on this). )

Nltrogen is cons:.dered pon.son, as Well as NHB ) wh:.ch should be removed.

(3) K.Wi.1. Kalsermdllhelm Instn.tut juelheim) (See . reference I(b)/é
md I(b)/? atend of "section) . KWL developed a precipitated Fe catalyst
usn.ng no carrier:-- The Fe is precip:.tated as :hydroxide. from its nitrate .
.solution, washed, f:.lt.ered, and pressed. In some cases it may a.lvso‘be, '
e.lléalized._ (For exac¢t recipe see below) ' ' o

S ~

Tt wis found that reduction with .reduces the Fe,0. to Fe 0, which
‘does not yet cat\,lyzn the FT reaction. reetnent with CB t’iwvre\rer3 gives a
highly active catalyst, following the formation of . the eca arbide. This -
‘process ("Form:.erung") must be carried out unider vcry ‘definite conditlons.

It was found that oper‘..b:.on w:.th high CO/H gas-at & mospheric pres~
uu:e damaged ‘the.: catalyst While ot higher. pressure no suca effect could
be established. From ‘bh:Ls it -was ‘concluded that the overcarbidization .. )
("Uebercarbldz.enmg") at low. pressure was due to the low Hp~partial pres- ,'
sure. result:.ng in a lowering of this. hydrogen-..ting ‘..ct.:.vn.ty of Fe.. ’

It was'algo. found ‘that: “the - pressure at which the- formation of the
__carbidk takes. place ‘has an appreciable effeet on the life and sustained
g act.wlty of the' catalyst “in’ subsequent NP Synthesis,: Influence of pressure
durn.ng fomanon on. subsequent actlnty lS shown below- L

- Pressure d g Carb:.d:.zatlbn i COntractz.on of Smthems.

. 28%;1'

ppears eSSential for the bfformat:.on o.t‘ an active )
cmrmd wh:.ch.w:.ll retain its actl ’



(3) K-W.1. (Kaiser Wilnelm Institut, Muelheim)(Cont'd.)
' It was also found tiot for this formation of an active eatalyst an
optisum temperature oxists (other conditions being equal) near 315° C.
_With lower temperature the activity is definitely inferior, ard with

higher temperature only a fair activity results.

. Extent of "Forming." Aside from temperature and pressure, the. spage
veloeity and duration of the forming are also important. Since the”reduc-
“tion and carbide formation, result in the formation of CO. this affords -
a means to control the forming of the catalyst. The lotiér 1is considered
terminated.when CO, in the exitgas has passed through a maximum and reached
2 constant value. Further production of COy then corresponds to depdsition
-of free carbon. o L '

—..The_importance;of ~this forning can-be ~seen-from-the-variation-of -the-
.subsequent synthesis témperature required for maximum contraction., An Fe
catalyst which wes put _into operation at 15 atm. without-Ypreforming® -
required initially 290° C for a 5% contraction. At the end of the 5th
monith this temperature had to be raised to 300° C. A similar catalyst; ;
-"formed" .24 hours with CO at 1/10 atms. and 255° C, was started at 250° c
and at ‘the end of the 16th month gave a contraction of 50% at 260° C.

‘Sunmarizing the "Forwing" it consists in treatment of the catalyst .
‘at pressures below and temperatures ‘abové those used in the subsequent
synthesis. It is preferred to "form! with pure CO at high space velocity.
During this treatment o certajn equilibrium is established between the -
solid .phase end the gas phase.. The loéwer- the €O, content of the gas used
-in formation, the betber the reduction end carbide formation. =

' ... Some work was done on the analysis of these Fe catalysts. In parti-
. cular magnetic measurements are used to determine the extent of the conver-
sion from Feés03 to Fe304 to Fe,C.  Two Curie . points are involved in these

changes whieh 21low a” determination of the conversion by comparison with
‘Thovm mixtures using a calibrated apparatus. There are probably ‘many :
_carbides present in the catalyst which meke an .exact determination of FeqC
difficult: Furthefmore it-is-probably the loosely bound.cdrbon in the

+ higher carbides which atcounts for the activity of the catalyst, However,
KWL found their method of. determining Fe,C & gcod way of ‘predicting the .
‘activity of a catalyst. There secems to %e about 70-80% FeBG"in a good, .
‘well: formed catalyst’ after prolonged use. After an initial”complete - :
.carbidization the Fe,C content is reduced to this figure and remains: )
canstant at this levél. '.The deposition of frce carbon on'the catalyst is
‘not. considered. a "poisoning® of the latter s ut- simpliyt & mechomical disability.
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None .. ' JJ;.O o
/4% ch .' BT ¥ - TR
,lO%ch o 157 :

The % elkali is wh. % ch based on Fe.’ metal.  Hig
s‘xortens the l:.fe of 'bhe cx..ta. :

u:;e of Hp instead of CO for the "forming" of ‘the catalyst gave pocx".x:esults.‘

However R mtemedn.'xte regenera.tion over the l:Li‘o of ‘the ca.t 8b.:
gives an immediate but short lived inerease-in activity. "The s::tuat:.
is similar to that encountered with' ecbalt, ~'The regeneration: m‘ust henevar
be curned out befure the cantraction has ,dropped below h5~50% S

Preparation of e tolyst. A hot solution of ivon m.trate is- preclpﬂ»
toted with soda. . It was found that 2 mixture of ferrous. and .ferric m.trate
" gave the best result pure ferr:.c iron was not sa.tlsfactozy, w:.th ptrre R

ferraus an 1nte.hne,d1 Y. v‘ , ,

' Ccppcr may be added (zd:) based on Fe) to gn.ve 2 .'mo;‘e:mprqduqiblé~' S
result. The precipitate is washed free of alkoli, ‘then slurried in a:«. - .
‘potash-solution, fitered, dried ond pelleted. Next the catelyst is “.fcmed" ’
in ‘the mahner described above and finally purged with CQ, for t,ransporta-
tion. It is also possible to soak it in wax.  Thé particles are thereby
covered md ¢an be - expes ea to e.Lr w:.thout losmg the:.r ac‘c,lv:.'by.

The flm.sned corbided c;.tulyst con’cums 50°g. Fe metal in 100 cc Cata-
1lys t. " The Fe reprc,ocnts about 60% of tne total we:.ght.._ ﬁ" :

_ Products. The ch:.ef ch'xrcﬂcterlstlc is the olefa.m.c::.ty of t.he product.
The C3-C; cut contoined around:70-80% olefines; i gaspline (200%.EP), 50-60% -
o.Leflnes -digsel oil 10—20% olef;mes. Tne wa.gc is practlcall,y' olef.‘:.ne i‘ree.

2.
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(3) K.W.I. (Kaiser Wilhelm Institub, Muelheim)(Cont'd.)

. .The olefines and pareffins are mostly normal Hydrocarbons.
ebout 1 carbon atom in 30 is tertiary. Diolefines are absent.

,The

Oﬁerall,

~- Oxygenated p}oducts-are'characperispic‘by-products»of the Fe synthesis."
yield was given an approximctely 13 g/m3 water soluble products. Aside

- from alcohols, which are the bulk of the oxygenated products, the usudl
mixture of acids, esters, aldehydes wes found, but it eppears that not
much work was done by KWI on this phase of the process, « The ‘oxygen conw
tent of the hydrocarbon phase was given as 0.2 to 2% with most. of the

oxygenated compotnds in thé'low boiling fractions, ——

—ms--Th-was-found-that- these-Pecatalysts would prodics” sois very High ™ "
‘boiling ‘alcohcls (with chain length similar to those of waxes) if operated

ot 50 atm., ‘or higher, but the yields are
" tendency to form carbonyl at these pressures.

.

Summariiing the‘results-of{KWvaork onifzzéatalyéfg'iiuﬁéémbé"sﬂéfed"

low and the catalyst has 2

—_

.

that a catalyst and a mode of operation was found Wwhich gave the following

operationa; results: ¢

Yield: - Cq4, single s
Catalyst.iiro;(without

- l:regenerction)
Pressure - -

. Temperature

- Space velocity

For'best results the feed g

\

Tt might be mentioned that Kreis

favorably here.

increase 'in olefines available over. a énce-through basis,

."(L); Bheinpreusscn.

tégé

any .

|

"‘lBO-lééﬂg/ﬁ3 idgélvgas_
e - L

'»ié-mohth maximuﬁ
- 15 atm. T

400 liters gas/Kg Fe (200 VHV)

gs'prefeiably cbhtains an-eﬁnés$'of co .
over hydrogen but this is not a necessity. | - - : :

_ reiglauf operation was not cdnSidefed'
It was felt that the cost was not Justified by the -~

e

- w
4

' The work @onengjthis orgaﬁization'wasfsomewhatjsiﬁilaf to that done K

. by K.

Here oo exact studies of the cerbide formation were carried out,

‘and a catalyst based on a cheap raw material for usé in liquid phase

operation was deyélbped.' L
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. (L) Rheinpreussen (COnt' o)

The - rca.son why iron cata.'lysts do not’ lond themselves to operation at

ow- pressure is expla:.ned by Dr.- Koebel (Rheinpreussen) ag follows:

| .
The Synthesis of hydrocarbo_ns over eléments of. i.h.e 8th Group is based

"in part on the ccmpeting reactions of. carbide formation and carbide- mrdro-
‘genaticn. It seems that 'in the case of iron at atmospheric pressure -the

carbide formation is faster than the. twdrogenation. At least a -minimum-
pertidl ‘pressure of hydrogen is.apparently required to lwdrogenate the car-
bides -as thcy are furmed and thus keep theé active points of the catalyst

. free for further carbide formatiocn. ' If the H, partial pressure is below
"the mnimum, the catalyst scon becomes "carbig

ed" and loses its activity. =

'each other. .

THiE Iimiting pressurc seems to be, H = 0.5 atm.. At one atmosphere startmg
with water gas and at CO conversion of 60%, the PH in the tail-gas is

“below this figure. At 10 atm. operation,. however,gunder equal conditicns, |
“the PHz in the tul—gas is'3 atn, - :

’ It follows that the ability to form carb:.des does not. increase wit.h
pressure at the same rate as the ability to hydrogenate. This. drawback -
may, however, bge overcoms by a treatmen’c. of thc catalyst, ccnsisting in

-a formetion of carblde at normal- pressure, before starting operation at

elevated pressure This procedure was recoxmnended by both Rheinpreugsen -
and the KWL group. who hag red.ched the aam,e concluswn mdependently i‘rom

~The carblde is i‘ormed dur:.ng the s,ynthes:.s, 1f no speciai "forming" -

vprecedes ‘it, but-the formation is slow -and may’ not 1ea.d to t.he same ca.rb:.de”

since- 1t 1s formed under d:.i':ferent condltn.ons. :

C 3.s the nore desn.rable catalyst.- As the ca‘balyst ‘ages. it changes. :
ir the e3C content could be kept up, the activity would remain: indefinite-
1y It may. be. possible that -higher: carbides such as Fe,C are even more
de51rablc but they are dlfflcult to nrepare and are. uns%able. -

There 1s no better means to detennme the carbn.de in a ca.ta.lyst tha.n
magnet:.c measurements although hydrogenation could be used to determ:.ne
the e :m Ca rblde." - i

Rhelnpreussen g.lso stud:.ed the 'eﬂ‘ect of alk_h on the format:.on of )

corblde. Pure' Fe»0y was treated with.CO to yield carbide 5 and gave. a
'certa:m "G .in Carb det value. ‘Upon addition’of 1% K ng the "C in CV
Ancreased by 30% but upon“'further addltion (1.e., 10}% C

03), the'Cin ('
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%) Hhéinp@eussen\(ﬂopt'd;) "

" decreased: to 25% below. the valus of pure alkali free Fe,0 . The effect
.of»alkali'onfgatalyst.aétivity is in proportion to these figures.

" Copper is frequently added=to,Fe.cataLyste. Cepper was also found to -
8lightly increase the carbide formation., This is explained by the fact
that, Cu increases:the-rate of reduction of Fe. ‘to Fe which must Precede . .
-the ¢carbide formation, This could be interpretad as a confirmation. of a
statement by Lurgi that copper dces:not seem to have a catalystic effect
‘in itgelf but helps in reproducing a catalyst of constant activity, 1% Cu
based:on Fe is sufficient for this purpose. = - : :

[P

, Anothéyéégﬁglxsﬁ;waswdevelopedv y5Rhéinpreuééen USing Lixkmasse as s
“rawhaterial and aaaing‘0.15~5.0%_K20Q3iand 043.0% copper. A catalyst .

o]
of this‘type‘was kept in operaticn for 32,264 hours (34 years). At ‘the

velucity of ‘80 V/H/v and. 113 g. liquid_pro&qct/m3’ideal gas," plus 33 gm
C34C,. ‘These figures were taken: from thc'monthly<reports of_the Rheine
preussen_laboratory but_the:data‘presented therevwere‘rather incoherent

and must therefore be used with care.

_ifvlfﬁ)u{Rﬁh?cheﬁie..f

RCH Succeeded in developing‘a'good Févcatalystbfor ﬁax“groduqt;on,which
weuld be operated:at>exceptionallyfldw‘temperatures, buﬁ'thgboiefine_

‘Producer did not get beyond‘lab¢ratgry'stag§,f

‘Duririgthe reguloer PT meeting at Essen in, September 1940, Dr. Roelen
gave some information regarding. the RCH work, - Their findirigs are generally
in good agreement with those $f othep laboratories. ' The main difference
according to-RCH of Fe. versus Co is the lower hydrogenating?capacity of Fe.
Thisfresults>ih‘3-important‘advanta‘és,' L LT I

requite higher temperatures than cobalt. -

,?(a)tiThere islless CH fdrmedvdespite thé;fact_thaﬁ ali Fe Qatalyéts.

{b) - The products are mdre~olefinic,,;t:rf»‘ o .
(c) Fe can consume -CO ;pd;Hz_oyer a.much ‘wider range.

Y
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(5) Ruhrchemie (Cont! CL)_

The flI‘S‘b advantages allow a var:.atlon of operating. conditions over
a .much wider range than cobalt with correspond:.ng vary:mg boiling ranges
of the product, without lowering conversi:on or. :anrea.smg methane.

The second is obvious as olei':.nes are- ‘a very desn'able product (for
lube oils. and 0\o-synthes:|.s)

s P PR

The third u.llows the use. of stra.ight. watei‘ga.s without sh:\.ft.

. RCH claim, they ‘can start an Fe catalyst by d:n.fferent methods , such.
as Hy ‘reduction, watergas reduction or CO reduction. Bubt it appears that.
here too the "forming" of the cata.lyst, the formatlon of the, carb:.de must
-‘"~pxecede ‘the.actual. synt.hesm. ; T :

. In sccord with KWL, it was’ found that addlt:.on of a,lka.'l.:. (in very
small concentratlons) had a decided effect on the boil:.ng range of the
product.’ ‘The follow:mg data were givem

Basig: ~ atm. watergas, 21;5 G
' Alkc.li content ’ ’
Fraction = . ~2000. Q 200-32000 320—!;60°C 4600.C°

0.0-0.355 KOH . . 58.5%" 2% WE - 3-5%
3% KOH o A‘ 20, 5% } ].3% lé 5% 50% o

, Whlle 12; is possible to vary the: results wi’oh small changes in, ca.ta.-
lyst composit:.on ‘without ang’ change in‘the opera.t:.on, it is’ ‘also possible .
to vary the’ operating conditions using the ‘same catalys _thus obtain- '
,varylng results.  For example , an increzse in pressure aises .j:he.;,b‘o:.li_.ng,_ﬁ
range (sc.me as over: cobal’c.), all other cond:atn.ons bemg equal L

;,‘_-Pressure ,
CO conversion:
Yield gm/m” i deal gas
Gasoline %0 -
- Kogosin %
. Tr{aac % o
" Olefine in gasollne o
Oleflne in Kogas:m S

For a. proposed commercia.l opera.t:wn ’c.o g:we ,;mm_umum wa.x

. uhé follomng dat were g:.ven by RGH, The catalyst '15“ 




(5) Ruhrchemic (Cont'd.,)

.olefinés were the m
a highér Kieselguhr cont:
~1yst ‘had been prepared i
“tlon was obtalned revar

Cufls added
100 - 15 <5,

Cas
Pressure
1en@cr_tarb R

Contructlon
CO conversion-
L0-to- =Gl

CO to "h.

Hn CunVC‘Slon
CO'%H

Consumption CO:Hy *

chld E/m3 Fecd g“s«;-l -stage—-

0315*01 (GL.SO].)
quula ploducts

Product dlstrlbutlon

RESTRICTED

38% CO

Gasollne'

~-Kogasin-

Soft wax
" Harg wex

Hatergas 18% Hy  (1:1.26)
ls utm- . . ’ C
230° ¢
" 60%
. 80%
Cr25,6%
LT
- 80%
SOL .
1 l 4%
TR Tstage T
by test . calculated Total
T
35 - 20 - . 155
s T 53 - 168,
o . .
égg-3200 oo ;gd Wb % 70% oleflnes
320-&600‘ 22% Wt '
A60 B . AZ% wt

Thls descrlbed catalyst was- to be used for produetlon of wax. If .

The' iron 1s disso

ain o

lved to give a solution. of Fo (N
as well as. Ca (NQ3)2
The metallic mitTates are pr001p1tatea as ‘carbonates’ by
pouring the hot, :solution. 1nto a solution of hot soda..
'rcclpltatlon is.at 6,6—
guhir is added and the
( .b,%, Na N
solutlon and a

ba tch is: flltered.
on 100% Fe is maxinum), is then slurrled in a 20g/lit X H
guln flltered drled and formed.»

bJoctlve of the. synthus1s the. sane catalyst with
ent. was Used. -As. much as 10 m3 ‘of the wax cata~-
n'pilot plant operation.-
dlng thc preparatlon of thms catalyst

The - iollow1ng'1nforma-

3)5 (non—ferric Ion),
with Fe: Cu: Ca.in the proportlons

The" endpomnt ‘of the .
At the end of the” pre01p1tatlon Klesel— .
The cake is 'wasned -free of N

The catalyst 1s next’ reduced w1th a mlxturc of H 2 2b 3:1 us
o]

' space velocity of: 3000 V/H/V 'in . an analogous manner to c

alt cataJyS'b .
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{5) Ruhrchemie {Cont'd.)
v : S
- The reductien is carried out with hot gas (300° C). -As soon as the cata-.
lyst_has reached this-temperature the reduction is complete (3/4 hour).
The reduction occurs in.steps from Fe (OH)y =r=-=i=— Fe R
~ Feg0, FeO Pe. With the. stzges overlapping, the Several
oxidcs are nrcsent in the final product. A good catalyst should, in faet,
nct contain more than 5— 8% Fe-based on the total iron present. The value
of "total reinced iron" (YReduktionswert") was used to control the reduc-
tion, It should not excecd.65-75%. .This value is determined by using 2% -
" acetic acid. The catalyst is cooked 14 hours in an excess of this acid.
Fe and FcO dissolve, ‘the remainder represents the -unreduced iron’ oxidé. . .

. In starting = new batch, the catalyst is operated using watergas at
minimum pressurc at 130° C for § to 1 day. Following the "forming® the
termerature and pressurc are raised to operating level. The CQp usually
added before shipuent must be added very carefully to avoid overheating,
since the heat of adsorption is very high,. - - = S
.-, The wax yield over this cycle depends. largely on the proper KOH -
sontent. (3.0%) ;oL ghe fresh formed catolyst, The operating conditions -
for wax’ productidn’are identicel to those given under Lurgi Kreislauf
_operation and may be nobed there. B e T
. {6)- .Brabag.
.~ -The entire research and commer¢ial installotions of this ecmpany
,conneptedéwith»ET work are 1bpated’at Ruhland-Schwarzheide and were not
available to the.m@ﬂbersupf‘Eﬁiﬁfin@estig@ting~teamf' No first-hand
information regarding their developmert was obtained. : .

L

- It is however known that Brabag had developed: Fe catalysts, The
catalysts are of the precipitated carrier type. Watergas was used and -
- consumed-in the ideal.ratio. 'iHth this gas. & three month catalyst life .
.wns@bbtainedkf¢The]gata1y8t»hAdfto;undergo”ﬂforming"”whibh;requiréd'Bih
‘days with.a space velocily of :10-V/H/V. ~ - -~ o . L Lo

P

I,G ‘had dorie “‘dohéi_déréiblé w‘c“;i'.ks on Fe catalyst prior to 1938 and a -
’ ggqﬂupgrtmpf;ﬁhis-wprk’waSnmEQergyailablg.during the USAC meéting in-1938.




lation and liquid phase operation while Dr. Duftschmid (under Dr. Muellerw.

Conradi) also developed a liquig phase process. Dr. Scheuermrnn worked .
- on precipitated Fe catalysts, - R - A '

1

- I+G. hed also workeq 0}1 cébalt éatalyét' prior to 1939 but apparently’
only to Substantiate Ruhrch‘emie'sclaimsf. ‘Even at the present time,. the »
. LeGe Qico'-synthesis was based on the standard .éobalt catalyst of ‘ROH. T

...... .

g .mWI!.1J;_he_.,irnna.f‘ield;~~howave‘r',"’I".'G.'s work was original, particularly - d
" their work op fused and sintereq catalyst of the ammonia type, with ‘which
‘L.G. had some 25 .years of practical eXperience, It has been Claimed. that
-8uch catalysts cannot pPossibly be as active as the pfecipita;téd type and -
.~ thus had to operate at. higher»temperature’s‘. . Nevertheless I.G, was able
© to use their WK 17, a sintered catalyst in the synd process, which
' emperatures, ol T

these processes hag reached bbnnnercidiizafdion. | This may be. due to the -
war and to the fact that I.G. with their .,hi“gh‘pressure- hydrogenation had
- found better means. to produce_high quality motopr and aircraft fuels and -

." " The S'ynbi,,ﬁnifl, However, had ‘been developeq. to a point where construc-
tion of 2 large plant had actually been decided. wpon. This is described :
~dn Section II,’_o.f this.r?pox't. Lo B _ ' @

-

S (7) I,G'”. - Fa._i-Bén Ie_ima.‘ .
' ’;;éonﬁfézfy”ﬁokl.c;'swbrk on cobalt catalysts- there wepe not ' S e
‘detailedtcaﬁalysﬁfstudies‘made on iron.catalysts, -The offect of variations 3

L edn Sperating conditions ag -studied on’ a number of Fe catalysts pa’rticularly_

.+ the regular ammonia catalyst- used in' this plant. ' The influence of the . L
- - temperature of reduction ‘was‘-st‘udieq' on a-fused iron ammonia type catalyst, -

- The operating conditionk in each Case»,wérc;a‘fi”dentical_,' using watergas as -

Y.



() 1.G. Farben Leuna §Cont”d.)

Reductions carried out with drogen .at 1 a m..and 100 V/H

Temperature of Reduction Length.of Reduction - Yield .. - C
= @°c. 16 hows - 63 g/md ideal gas -
500° ¢ - - : -’10 days . . - - 79 " e
450° € .1k days - 02 n " L
200 C. - hodays . 105 " -
. Lwolec - 10 days- —— 105 v

‘ At lower reduction temperatures the. activity risés, with a special .

- sharpuincrease_hear~500~wC_"hThe;extent;Qﬁ,rgdgqyfon (calculated from the
water formation) is apperently only a secondary influence.,. If the Hy'is
carried out at elevated pressure, the reduction can Ye completed -even:at -
low temperatures (200 atm. H2,.300°.G,‘£0-60>houré): o ——

. In accordance with all.other observers, it was found that increased
space velocity and higher temperatures i the synthesis increased the .
yield of lower boiling products.. 'The yeduction temperature, however,. in-
fluenced the spectrum of the product differently, i.e.; low reduction K
temperature gave low boiling. products (all other conditions being equal). .
It appears that-the rcduction at lower temperaturc increases the hydro-

_genation capacity of the catalyst, #Which in turn increases the production =
of low boiling products.- e S o ‘

The' effect of 'spoce velocity was studied using a 15 mm. diameter . .

tubular reactor.' Space velocities -(VHV) from 100 to 600 were used with .

LOO V/H/V determined as the practical limit. At higher velocities the

catdlyst had tendencies. to coke=up (by CO decomposition) due to local -

“overheating. By taking good care, 500-600. V/H/V were reached for limited

intervalg. ~ The -actual overheating of-the .catalyst .due to the high load .
“is considered the cause of the increase in’light products. With higher =
temperature and higher spaece velocity, somewhat more branched hydrocarbons
were produced: but the effect was not very pronounced. - . Lo

" The kinetics of the FT synthesis were formulated by I.G, chemists as
foilows:. = T N i T S
(3) CO%2Hy =-——=m-=-3~  CHp4Hz0 Formation of methylenc . L
-+ By woy of carbide formation and hydrogenation of the carbide.
(b)Y (1) - n CH: -f&-4-eg;'(QH2‘h) polymerization of methylene
- (2)  CHgy-Hpy ==—=->"CH) Hydrogénation of ‘methylene . -

50



(7)_I.G. Farben Leuna gcont'd.)
| (c) (1) {CHp)p+H, -

-> cn R(a,rz)Ending of po]ymumzat‘.:.on due

o hydrogenatiom of olcfine.

(4) CHy(CH,,) .=, CH -90 )c ) CH-CH(CHZ)“ O
“3°“z (HCHy — % Oy JCH,) (2 -2) — ¢

- Ending of Pclymerization dw. tc sm.fting
of double bond t.o middle of molecu.le.~

It is obvioua that the compoaition of the final product depends ch the
mlati.ve velocities of thcse reactions and thus on the relative ratos cf
change of these velocitiés with change in temperature. It should alsc be

noted that iron cuta]ysta have apyamntly a good «..ct'n vity cormspond:.ng
, tu reaction (€)(2).

Another maction, not shown hem but oi‘ interest wwld be the isomeri—- :
zation to. branched chain twdrocarbon& Tho ability to c‘.talyze hhis re-
-action ia unfortmate]y not: too good. - .

It was “found that structurally there is Littlc diffcrencc ‘between
5 _gasonno ‘synthesized over iron and over cobalt. The first gave much mcre

. ‘clefines ,nbut npon hydrogenation both gv.solinos ‘showed the same octane :
number. o .

It is. atm possible to find two “Fe gnwlines" with the same olcfine
, contant which differ in octane rating due to ‘shifting of the. double bond.v
"It may be poas:lble to- dmlop o better control ‘of these different resce
-t:l.ona and thus produce &’ product of eubatantially only one type of mrdro-'
-carbon. lastly there is still another reaction which is apparently the
'basis for tne Synol process, i.e.j the ssturaticn of the terminal double
bond !ith H20 to fom an alcohol.v .The process is described in Section IIJ

ca.rbon depoa.’n.t 1n a well knom occurence over Fo ca.ta:lyst. . It. ia due
to the ract th.at. Pe: eatalyus the reactions. ST

(a) z co --—---),y cozoc
(b) uco+3 Fo -—-‘-.-»re3 o,‘-u. ¢’
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(8) | L.G. Ferben-Ludwigshafen.

Waelzpas Process. (See reference I(b)/8 I(b)/9 and I(b)/lO at end
. of this section).

"The gas clrculatlng process (Dr. Michael) was well known before 1938 -
~and had been discussed with U.S. represcntatives at the time. DraMichael used
‘hHls sintered catalyst prepared. by treating pelleted Fe. povider &rom carbonyl)
with K,C 03 solution and sintering in H, atmosphere at- 800-850° C for A4 hrs.
~The'ca§alyst was actually iron carbide? .But no exact work on the different
carbides appears to have been carried on. The catulyst was not aotlve =
requlrlng a temperature of 325o Cc for a. 75% conversion.

When it became apparent that thc process. could not- compete w1th hlgh
pressure hydrogenatlon in the production of high octane gasoline, it wds
“decided £ “deévelop & process. Tor the production of chemicals” particularly”
olefines. The 51ntered catalyst was abandoned and'replaced with a2 preci-
nitated Fe catdlyst. ~This catalyst did not have the mechanical: strength
rrequlred in the "Waelzgasprocess" and the. process was ‘abandoned. A1l
further work carried out by Dr. Michael centércd around operatlon in

liquid phasé and is descrlbcd‘iﬁ'tﬂht oectlon.

-For'ready*reference-n-set of opcrating dath is listed below:

3.

Reactor: | <k m’ sintered Fe catuly

' Temperature 325°¢C . . o
‘Pressure’ 20 atm. R
CVHN O st 250

Feedgas -~ CO: Hy = 4:5 (17% 1ncrt)

- Catalyst yleld O 7 Kg/liter~catalyst/day

Product Dlstrlbutlon o T
_ .‘.CZHA -‘ S L. 8%

) 3Hé T S - 9%
-€3Hg . 3%
ChHe ; . } - 8%_
C[_;H L T - 2%
>Gasollne 200°- ¢ CL8% -
Diesel oil 200—350° B lh%
Wax” : 1%
Aleohols 7. . - 7%
TOTL . 1008

22 pts. of mcthane—ethanc are aloo formed for lOO pts. of the llsted;?
products. N -
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{82 X.G. Erben-LuMgshafan (cog ) SR

Tha gasoline must be refined (derwdration of alcohol) to remove oxygen.
This cnuses about &% loss.. The trectment is carried out at 380° C over -
alumina; The treated gesoline has a Res. O.N. of BA. The dicsel oil is .

- ready--for-use, cetane numbor. S0=55. - P S
. A horizontal reactor has been proposed to carry out the synthesia .
containing 20 m? of catalyst arranged in 4 separate horizontal layers of
250 mm. thick. Two reactors of this: type would yield 10,000 ton/year of
FT product. Note that this daily production per unit cata.lyst volume is
cbout three timos that reported in commercdal FT operation.. Thia is due- -
to the higher spacc velocity, but the data: should be used with caution.

. A fnirly datailed cost ostimate for a.100,000 t.on/year plant had also .
,mht':en.lmrk_e<L<m‘t.t _The_detailed figures may be taken from the_attached report:
by Dr. Michael., The cost figures given are very nearly the seme a3 these -
‘listed by Lurgi for conventional FT plu.nt using Fe. catalet and g88 .

"Kreislauf!,.

‘Basis: - MI_L_LL_____M;@&%:‘ ton total Synthosis & recovery Totel Plant
B 1.G, (Weelzges unit) - c o 2A3e. C 865.-
Lurgi (Kreislauf) r;af B . 290.~ . ‘,{‘590f_v

" (9). omarat:.ve\'l'ests with Fe Cntg_;,zats. : o . R '“7‘_,-

In the above aect;ons, development work on Fe cata.lysts by ditferent
,companies has been described. The reader may find it difficult to compare
the results of this work, ‘since ea.ch investipator is inclined to report
in-a different manner and a.lso because t.hc main objective of research may

have bcen varied. Feeet

— ...J

Appa.rently the Geman govemmcnt felt. the - 8ame my Furt.hermore, it.
’believed a decision regarding the use of Fe catalyst, at ‘least in the throe
P synthesis plants had to be made. To -scttle the argument, a set of tests
":n which each participant furnished his catalyst.and operating personnel
and- using the same pressure and temperature was conducted by- the govern-
ment. The tests were ccrried out in the winter of 1943/1944, at the
‘Bra:?g p.')Lant in Ruhland. (See reference l(b)/26 to I(b /33 at end of this
section.)

- .‘Theﬁgxrtlcigggts weres .

'Ruhrchemie:. - =-1.G. Farben »
Lurgi . . " . Rheinpreussen

~Brabeg . Kaiscr v‘lilhelm Institut

T
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9) Comparative Tests With Fe'CAtalysfs (Cont'd.)

_ Appended to this report is:a-set of ¢
- "of each tests and the comparative-yields.

of the report of each participant, after compl

ing his own results with

after completion of these

that of the others.

harts giving

the operating data .

In addition, there is a copy:

eting the test and compar-’
Little work was carried out

tests.and the results therefore represent the .
present _state of German development of iron catalyst, |

Note however that the range of operating conditions were not too wide
_&rid"better results undoubtedly could have been obtained, if no limita-
tions_had bcenvimposed: "The arrangements for the tests were as follows:

catalyst (0.D. 44 mm. I.D., 24 mm. height L3 m).

" The fresh.feédgasu(identical,for‘all ﬁnits) had & CO:

'(watergas) and 12% inert. S content under-0:k

* ‘Each reactor ccnsisted of one double tube containing 4e8 liters of

Hy retio 1:1.25

'.Thqﬁproduqﬁ recovery Was;conventional;; The analytical methods .are

described in the attached report. The catalysts used by the participarts

“are listed

would be produced in cne of the-existing pli

below.

It was of importance to the Germzns that the catalyst .
ants. and did contain a minimum

of critical materials, such as copper ("Sparmetslle").
. sees Lot . ) ; : [

/" COMPOSITION OF Fe-GATALYSTS FOR "ReA. VERSUCHE!

PREUSSEN

(A1l queritities based on 10 m’ Cat. volume) - -
L Fe 1Cu JAlkali . - I""Forming" ;
Cotalyst  [Ton Ke | % | Carrier (ggguction) S
KW.Io o |6 60.|Basis Fe - .| Norie ! Watergas
: I 1302 K810, |0 e
LURGI | 3.9 . . 1390 | 9% K50 Si0, . | Hydrogen ' .
S L . |pasis Fe . [(WateFglags) | 30% reduced
RN e - 10.5% K2CO3 ~ .. .| Watergas 245°°C. .
BRABAG | 6.9 - |690 |Basis Fe - | None. - .| Hp or Sygas:2250
SR ) 118.0 ' 1% KZGOB AL 2‘31?:_0 ‘ I TR o T o |
| ZoGe - : |(Pused iron) |BagiS cAb. | 2% mAx, . | Hydrogen.at 500 C |
PR T AR 0.5-2% . .~ .o oo
| AR IR |BasisFe ~ 1. o eocba L :
RHEIN-"1.247 - 1135 | 1KxC03: ‘ Ground: - - .Hyd?°89ne3-A009_0‘-
» I BaSisTFe | Dolomite | Watergas 2457 C
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(9) Comparative Tests with. Fe Catalysts (Cont'ds)
It mny be seen that the' conifaosif,ion" docs hof,» 'v:.ry sraatly.  Lurgd

-used & socxewhat.higher alkali content. ot the samc time the yiceld of
_oxygenated compounds was highest over this cotrlysta cotalysts va

The
bowever in regard to their cpporent density as—snewn belew

I.G." 2,27 ~("Schuttgewicht! re/lit.cat.vel,)
_ Brabag 137 v o %

KeWoI. 1.02 T T

_ Rheinpreussen 0.68 "’ "

- Lurgl 09 e

Ruhrchemie BRIV " ' "

- T.G.'8 catalyst is_fuzed, hence the righ density. Drabag ond Koo 1w
486 no-carrier; while-the-three-others-usc..diffurent Lypt of carriers. -
Assuming that Fe is-the only really active ingredic ni, it is of interest
‘to note that the great variance in iron content hud put little cffect on
"the space velocity and specific output of the catalyst.. .. - e

' From the attached deta shecet it eon Be scon, that based on 10 o
catalyst volume (standard FT reactor), s daily vicld of 2.55 tens to 1.93
tons of C3+ products was obtained by tne. six participants. This figurc.
- compares favorably with LP cobalt opération. Tie yicld bnsed on fecd
‘(88% CO4Hp) Vatergas was from 99.5 to. 87 g/rce T . '

- (xygenated compounds are excluded in thuse yiclds. The sperating
pressure was identical: ¢10-at) in =1l cases.  The-tomm rrtupe =nd V/H/V
‘were up t6 the individunl operator. At the ond of tiwo wecks 211 units had
- resched dround 220° C. The space velocitics. varicd ootien 105 te 110 +n
‘the- average.. A summary of the results is listcd bulews  © T b

e | LURGL | BRAR.G| I.G. | NCH__ i Ru Pro |

b

los (Cp-C2) | 166 | 10.8 | 8. [10:8 | CI3.600 AL -
E'».SQL ©3+Cy) . | 19.9 | 123 | 9.8 [18.1 Tk Uy b
| \WIOLINE (C5=Cyo) | 25.1 | 19.5°| 17.9 | 207 | 22.3 | =/°

--DIESEL OIL (C1i—Cigf 14.0 3.1 ] 1604 ) 115 b 12700 13,7
‘atson G2o450%0) | 7.9 | 8.2 | 126 | bk Te3
i wax (450%) | 1003 | 27.0 | 30.8 | 1h.8 | 18,77} 653 0T

[t WP T

e

w3l

.

"BOILING 4LCOHOL-|- 6,32| 9.2 | -4 | o Ll s

—

{Cont ')

. I

— ,_-_j —55‘ .
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(9) Comparative Tests with Fe Catalysts (Cont'd.) ..

BRABAG] I.G.

RCH

" Rh. Pr.

KWI | LURGIL
—POTALL-ESTER 1ol -|—8u0f=—2Tt 37 2+6 103 - .
TOTAL OLEFINE 25,9 | 30.4 | 34.21 39.1 | 26.1 | 29.7
Tons/dcy TOTAL . | 3.26 | 3.19 ] 2.e8] 3.2 | 2.47] 2.6 |
g/mﬁ_sy, gas TOTAL |125.2 124.2 ]108.3 |117.1 ;03.1 104.0
g/md max. Volue u7.3 |wg. Jwa a7 s~
CO:Hp Consumed Fatio| - 0.80 | 0.66 | 0.69] 0.74 0.72] 1.07.(08 :*L’zzﬂse;?d
{C0- Conversion————{-85:0-- ~ 88T S IS L, o FERS . & -

. The prodﬁéts vary within o reasonable range:

most'hard wax, one of the objects of this race.

o very light produgt, which might be- censidered a failure.
»_pparently,procuced the most olefines.
“angng themselves ancd olso if compared with an LP ccbalt ggsollne.

report of Analysis by K KiL).

to oxidation plants.

Lurgi+ Brabag gave the

Rheinpreussen produced
I.G. and KWI
The gosolines.varied only little

(see _

The wtxes were teatea for their use as feed’

No definite- ‘conclusions were reached. on.the subgecf

bu’t' it was\feared that the swox parc..i'ilns might be too hlghly bra.ncned.

Only three of the six’ cat‘lysts operzted 90 days with the flrst

- The others ran into coke trouble and had to renew the

. “charges repectedly (4 times in thé case of Rheinpreussen), before the . -
‘required 90 days run could be completed.

batch catalyst.

~If 'the catalyst could not be prepared with sufficient assurcnce that coke

This was a serious drawback.

deposit_would not occur, it could not be considered ready for commereial
(Coking of-an FT oven-is a_serious. problem requlrlng a
shutdown of several weeks. for cleanout) '

-application.

: The 1mportant faet about these tests is uppurently that all oartlcl—
pants obtained. reasonubly good results—-under conditions similar to those.
_used-in MP cobalt operation with-a-set_of’ greatly ‘different Fe catalysts

- (great difference in Fe content).

copper and hlkall to promote the ca talyst.

‘_56;.

- Another-fact is the oeneral use of -
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() Comparative Tests with Fe Catalysts (Cont'd.) .
N uﬂt}w N |

" Tho-idea of condnct.ing the FT synthesia in liquid -phase is not now
as it had been attempted a long time ago by Fischer. Today, 1t is consi—
- dered as' pramising and research on the subject was carried out not.bly by
1.G. Parben, Ruhrohemic, and Rheinpreussen. 'The easier control of the :
" péaction temperaturc 1s the mzin: incentive for the use of such a system,

The main drawback, if any, is the probably loss ‘in catelyst efficicenty, a
-po:Lnt which ia not j(,t clear. ‘Three types of operataons were tned-

() "Oel Kreisl.,ui‘"u The use of a solid catalyst bed vd.t.h the oil
bcmg cerul'xted over ‘the cataly st concurrentl‘v with the gas,.

() "Scmm_hmclsc" Suspension of the cntalyst in the oil phase
one d:.spersion -of the catzlyst by the gas using a ceramic disc or mecha- ,

nical stirrer. The hest of reactlon is rumvcd by c1rcu1a mg the‘slurry
\ through an c.xtemal caolcr. .

.

“(c)  Sta tic lru.l phasc- A S:unilar to. (b), but thc ‘heat of the react.lon :
is rcmove,d bJ arset of cooling tubes f'hich arc 1n.>crtcd ;m the llquld. '

- Sy stoms ((x) and - (b) were uss.d by I G. F”rbcn md system (c) by Rhein-
preussen.. o v e )

(lO) "Ollkl‘(.lolduf" Proccss -~ I G. Farben -

s

v (bc» ref@rblcc I(b)/ll I(b)/12 ‘2nd I(b)/13 at end of thin section)

= The catelysti used was. of the fused iron type (ammonia catalyst)..

wes obteined by mcltin'c pure iron powder (from carbonyl) with O, and adding :
~certain promoturss The melt Was then broken into particles from 8-15 mm.
s:.ze and armnggd in n rcactor as.a sol:.d bed.. A 500 xm..cha.mber, 6 me . -

.....

"The cil used. .Cor c1rculatlon is the product -of" the synthesis itself s
" 8p. gr. 0.8-0,81y condlt.loned by distillation to keep it within any L
speeified boilim; ranze. - Thu use of the.oil prohib:.ts the developnent.

ofany local hot—upots md thus lowers the yn.\.ld of ga.,«,ous ‘products.

The: operat;mg ro..uxl‘,s w;r‘. as follows. :

Prcssure 25 ¢ tm.' S
- Temperature 300° c (appro:um.tely)

T
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EEﬁERICTED
(10) "Ollkreislaui‘" Process - I. ..Farbem

_Space veloc:.ty 200 V/ (apparent catal.yat dansity 2.5)

Tield o 150 g/ total product /basis ideal gos
Conversion. - ; S
COutput ¢ L 7.2 ton/IO m3 catalyst voluAme‘.A‘.. “ :;_j_‘:

Product Dlstr:.butlon. LR v L ', .'-;' :“:74 < S

. Gasoline ‘ LQ% (50% olef:.ne . 12% oxygen, ON65)
‘Gas 0il . 20% (LO% olefine,:0:6-1% axygen) :
Hard Wax - 20 (95° C melting’ point) L
ﬁ+ch» . B 15 (75% olefine) -
cohol = ' . 5% (mostly. ethylalcohol)

Olefln"boiling above 100°.C cons:.stcd of 50% normal and 50% 3.so-
ulcflne (no “data were” given for™ the“—paraffins)“ - T T

, The most mpnrt ant’ i‘act. is the hJ.gh BEEe veloc:.ty and result:.ng e
high production from a given ca.talyst volume, It is furthermore ‘a consi-
derably s:.mplcr and- thus cheaper method, th..n the customary synthesis.

© . The cost for a .LOO 000 ton/year pla.pt was glven ‘as RM};’,720,000 :
- (RM 57. 2/yearly ton) as compared to RM, 243/yearly ton for the gas c:.rcn-l'
lation process (I.G.) or RM 2907/yesrly ton for a reguler FT plant (Lurga.) "~
with Fe catalyst and "Kreislaufh. This figure £ppegrs quite out -of line."

The, dlfferenCm, my be due to tne exclus:.on of certaln a\nn.l:.ary equ:.pment.

: The use of the "Ollkroz.smi‘ﬁ‘—fv?% later cons:.dered for the ‘production”
of al¢ohols. . In particular -aleohols.in the Cg - 12 range were desz.red N
for detergents and chemicals, -To- this ‘end -tedts ‘were run-with the system

at eleVated pressures (100 and 180 atm.) but the results were negatn.ve
Since the product was quite low boiling.. : . "

(ll) "Schamni'..hrwen.se" Process - I G. Farben.

(See re;‘erence I(b)/lS to I(b)/22 at end of th::.s sectn_on)
. " This process.was developed by Dr. mchael a.fter abandonmg the
gas—recycle pm.nclplo. :

 Itis qu:x.te sn.mllar to the "Oelkrelslauf“ process excepb ior the ‘
h'mdllng of the catalyst.: The latter is here held in suspensn.on in the .
liquid by -the gas bubbling up.through the reactor, It was.desired to

operate in a system where the catalyst was d:.spersed wxdely, md 1n dlrect

--_58;-
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(11) "Schaumfahrweise" Procese = I.G. Farben.

contact with the gas if possible.. An attempt t‘é' obtain this result by
_.dispersing the ges to give a regular froth was made using the proc.iuct. of
‘the synthesis:as liquid phase and forcing the gas through'a ceramic disc -

_or nozzles with very fine pores to give the necessary _dispers:}.on% _ »
The heat of redction is removed by circulating the slurry. through an
outside cooler. For this purpose the reactor is allowed to overflow into
the set®ling vessel where the unreacted gas .carrying ;the light product,
vapor is released and withdrawn. The slurry is then passed through the

cooler and then picked up by the circulating pump.- The net excess. product

boiling within the range of, the circulating oil is withdrawns - : ‘
- Preliminary tests were carried out in a reactor 500 mm. diameter.

x 8.0 m. high (1.5 m3 reactor vclume). Some initial difficulties, such

&s wear in the slurry pump, could be - overcome by “ise of "flushing o1l in—

the stuffing box. The oil velocity required for good operation was such

as to give 20 changes of oil per ‘hour in the reactor.

. " Some difficulty was also encountered with the ‘dispersion plate,. The-
feed.gas had tu be heated to prevent thermal stress and rupture of ‘the
_disc. "a chamotte plate showed good.-stebility. 4 disc with O.1 mm. pore

- ‘size gave good reactor output but rédultdd in 5 atm. pressure drop. - '
i 0,2 mm. pore size was substituted resulting in-a pressure drop of 1 atm.
but causing at the same time a drop in output of 25%. Apparently the
dispersion depends greatly on the pore size. ' =~ L S

. No emulsifiers were-used in.the system but certain of the liquid

oxygenated ccmpounds gave such an effect. ' ST e

T "In-one test the catalyst, after 8 wéeks; began to produce increased
amcunts of low boiling produéts and less wax. This could have been caused.
by sulphur, but it could have been due to the extraction of the alkali
in the catalyst by the fatty acid formed in the synthesis. S

Upon continued operation (3. months) increased losses of catalyst =
were noted, which cculd not be explained by ‘thé mechanical:losses such '
25 punp leaks or entrainment. Upon inspection it was found that the & ©
catalyst had formed a solid cake around the wall: of the oven {4 cm. thick)
‘particularly in the upper section of ‘the vessel, ~The catalyst had also . .
‘settled out in the gas separator. Thé deposit was thoroughly analyzed
and was found to heve:the:following ccmposition: (next ‘page) ™
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(11) "Schaumfahnkeise"-Process

" FeC ?‘ .
F'eoo_3 :

Fe20
F6203’

" Fe metal
Free carbon -
S- (Sulfide)
Other

TOTAL

‘. 1.G. Farben (Cont'd.)

48, 20% Wt .
n

1340
0.25 "
8.50 .8

...20,30° "
5,10 "
0,03 "

L B8l n

100.00% wt.

‘The high Fe CO3 content is due to the high CO content of the exit

gas (partizl pressure Puog = 6.8 atm) Feacting with FeO,

It was further -

concluded, that some gum—formihg substance had served as a glue to hold:
the,gaﬁalyst“anthefwallr“”Studies~totanalyze»this—material@were,ugdengﬂnﬂ

{a) 'Cgtalxsp,’”

K The catdlyst wéé‘prepared by dccompbsing ifon carbonyl, 1% alkali was
added. ~After reduction the catalyst was ground in oilmso_l—B m particle .
_size. - The concentration in the liquid was 300-400 Kg/n. o T

, The.éatélyst’opcraﬂeSTat cdmparaﬁively low temperatures and the amount

of ges formed is snall. At 70% conversion, the pas analyses are as followss
° B o . ' - ; " i “‘.. = . m——— .

. " Feed gas . Tail gas

cop - 0.8% “30.4%
Cmion R T L - 3.0
Hp. 0 h2es o0 3L
co - 83.6 1 27.8
“HC® IR T T S 34T
Ny S 2 L0

. Tt is theréfore possible to

remove the €Oy, and return the tailgas-

_to the reactor without at the same time diluting the feedgas with'inert
* components, thereby the ultimate conversion could be increased to'90%..

. ,Thefcapaciﬁy;basedson readtbr vélumé vériéd with ﬁemperature.

"FQr ‘

operation at 20 .atm. the following figures were given: . -

Temperature
2500
,2750‘

" Space Veiocity

. 80 m) gas/m® reactor
B | R

12570

sy

60—
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"Schaumfahrweise" :

Note: That the epace veloc:.ty is: again in the game renge as in or nary 4
FT operations. - For 100,000 ton year primary. product, '950'm” reactor
“volume are requ;inﬁed according to Dr. M:!.chael correspond:.ng to

2. 9 ton/ day/10 m’ catalyst.
:' PRODUCT.DIS¢ﬁIBUTION

@%@ge |4 Weight {% Paraffin 2 Olefine Za Alcohol | 2 Acid & Ested
1-50°¢ | ~4— | 12 | 8 0 | 3 \
'50-100° - 20 - | 1 g3 . | 5 5
10050° 16 v | 67 ) 35 ST
150-200° | 10 200 b 62 1 12 6

-} 200-250° 2 17 1 63 12 .8
250-300° 4100 25 sy 10 1
3003500 - {. -8 | 38 | 45 5 12
+350° ° 'm0 b - G- - -

e \

; Note the hlgh conten'b of olcf:.nes and o:qrgenated compounds._. . :

'plant costs had been caloulated for this type of unit but for'a 100,000 -
‘T/year plant ths following utilities were requ:Lred (Thls includes complete. '
pla.nt and product recovery)

For comme%c:Lal pract;.ce a 12—15 nv3 oven was cons:.dered practlcal. No

Steam et 12,5 ton/br. '
" Water - ' - "3500 m3/hr.
Power ¢ - 0 3120 K
Fuel - 2.x'10%°K cal/hr.
Iabor e 71 men/shift. .
(b) Products.

. . The high olef:me content makes thc, product sultable for chemlcal
_sy'nthes:.s. The 03 - Ch fraction may be polJmcr:chd. ;

The gasoline can .be reflncd for remov_l oi‘ oxygenated products :m the
conventlonal manner of baux.‘xte. FLIE & B

Octane ratlng of trea ted 70 (Research) for 250° 'bemperature.
gasoline: 5 (Research) for 2759 Synt.hes:.s.

;.61.



The removal of. o:qrgenated compounds is &n i.mporta.nt step if ‘the’ fra.c- -
t:.cns are to be. used for po‘.lymariza.tion (with A1013) or- for the Ooxo process

: The m:.ddle oil has a cetane number of 70 ancl may be used directly;
pbut it is of course’ the prei‘errad feed for- 1ube o:.l synthesia and the on
" reaction. o . l . .

" The wax may be cracked to give a 70% yield of olefinic mddlé oi_l._
" Before it can ‘be used for oxidation it is necessary to hydrogemte the -
_olc,fn.nes and at_the same time remove the mgher aluohols and est.ers. :

e —-Aabout. 70% of the. total wWax. is hard wax w:.th a meltmg point -over
,'80-90 S T S

v

(12)

"St.atlc Ll uid Pha.se" Rheln reussen.

' Aolde from I.G. Farben the att.empt to. operate ‘ih liquld pha.se wa.s
‘also. made by Rhe:mpreuasen. Their work on. liquid/ phasg operdtion did not
“Jeave the laboratory stage. .The reaction was studied on a small scale . and
‘appeared quite successful. A pilot plant. ‘was designed employing a new

type of reactor and the unit had been assembled-for-the - mos‘b part when
the progress of the war st.opped further work, R , ; ‘ ‘,,

The system employs a slurry of catalyst in the react.ion products 5" 'bhe
catalyst being held ’in~ suspensz,on by the rising ‘bubbles of the ‘feedgas.”
~ Contrary to the M:Lchael process the-sluxry is here not ci.rculated through
2 cooler but forms a static layers The heat of reaction is. ‘removed by a8
- cooler consisting of & moltitude: of tubes: ng . wvértically. 7 in ‘the reactqr.
'I‘he detm.ls are descr:.bed i_n tha follow:mg section oi‘ ngueactor—desigm

. The net produ,ct of: the synthes:.s bo:.l:.ng withm the ra.nge ‘of the

- slurry oil would have: to be witbdrawn from’ the reactor’ a.nd fi.ltered to
remove the'eatalysbt. . This filtration’ problem has ‘neen t.he subject K
spec:.al study ca.rrz.ed out. by Rheinpreussen. ‘ e

)_ The catalyst in these: studies “was. prepared from L\nunasse"(t P
. material as is used for the’ nGrobreiningung™e _.The ‘raw. mbss Wugh!y
washed with-water ‘ahd- then ‘alkalized: with K2003 Finally bhe talyat :
" is ground in Kogasin' to. give a f:.ne ‘suspensio
7 g Fe in 12 liter:suspension (3+5% slurty) ;
" the K,0 content of the gatalyst’ ‘apparently” drop'p‘e’d during:operat
was a%tempted 1o correct this by' ‘zdding K2003 in powder b
 bubt- without succeas. e o
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(12)"Static Liquid Phasc! Rheiﬁprcﬁssen (Cont'd.).

———

‘ After o certzin time the catalyst'slurry was withdrawn,,filteféd, aﬁa
tihe wax extrocted, but this troatment also scened to nave little effects

" Other catnlysts, vwith and withodt;gggrier were studied in this systemf
Corriers wppeared to give 2 1ower boiling product, no wax. _In»one~case no
liguic buildup wos noticed for a period of 670 hours. B )
- Before putting such a unit en ‘Gtream one of the naln problems is the
necessity to keep the slurry from settling. It may be necesgary'to use

lip or CHy to dc so before the synthesis gas‘iS‘admitted.

fT;ywahe;followingw£g§ults were given for operation with slurry,catalyst
“tn the leboratory. - . .| ‘ : e e o
Feedgas - GO = L0%; Hy = L% ' -
Forming of catalyst (a) Heating slurry (with Nop flowinz) to 278° . -
N > 7. ¢ (b) Form with CO containing gas-atb 250° for 10 hrs.
" (c¢) Put on stream: rate £ 1it/hr feed/10.g Fe.

Conversion  © .. 9B CO )
Absorber 6090, . 12 gm/m> CO+Hy
“Tight oil »60-%800@ Y- SR

Heavy cil 280~ C 65 o
Ca4Cy4 - - 2 L
CCHy L 2 "

126 gn/m? CO#Hp

This operaction 2ppears of great interest and it was regarded as
 highly promising by the'Rheihpreussen-engin@ers.‘u T

U Ruhrchemié-had done some work on 1iquid phase operation eale'in-the‘
war. The work apparently had not reached the stage of large scale pilob
-plaht'operatipg.f A patent had been applied for operation in liquid phase
oh 10 March 1941, ' S e e T ' T

v

" According to this claim the operation‘was‘tq~béﬁcarriedlout'by‘paSSiﬁg
the feed ges through a catalyst slurry. MBCH,considéféd'iﬁjessenhial_to‘.
“operate at high space velocity, about 200-700 V/H/V.. Under these conditions
‘the conversion was around . 50%.  This Jed to the use of a multistage prooesse
. The. conversion wWas inTEact,governed‘by:thé”ambuntq9£ CHA_£ogmed in-the =
_synthesis. A maximum of 1% CHE._iqma-ti_on‘was; 1o be ‘allcwed in each stage.

 J:é5:,#
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(12) nStatic Liouid Phasc! Rheinpreussen (Cont'd.)

The anderlying thought is the assumption that-in.-all liquid phase
opcraticns the higher boiling products zre in danger of being cracked due
to the much longer contact with the catalyst. Not enough practical expe-
rience on liquid phase operation is aveilable as yet to study this effect.

~—  Another RCH patent application dated 7 July 1941, was supposed to.
cover operations with liquid injéctions as means-to remove the heat: of.
reaction. This operaticn also is not new, but was not carried out in any
laxge scale apparatus. Tae injected liquid is evaporated and the quantity
used in such that the heat of reaction balznces the latent heat of the _
injected liquid. It appears that the quantity of liquid required might |
be quite substantial and RCH visualized a stepwise operation with conden- :
-satién-between-each-stagee .. SO s '

xNo_opcfating data on RCH liQuid oﬁératidn were obtainred.

‘ (13) New Reactor Desizn —'Geheral;ﬂﬂ?

. Thére_has'bééﬁiﬁiaétipally hc'new'develoﬁméﬁﬁ'in this direcﬂion that
has reached commercial application with the exception .of the "Taschenrohr!
oven 2t Krupp!'s plant in Wanne-Eickel, . . Lo T s

A1l existing LP plants use the standard plate-oven. The MP plants

cmploy the double tubc-reactor-which has becn described in detail ‘in the
literature, and at Schaffgotsch some single tube reactors. were used.
‘However, parallel-with the development of the Fe.catalyst, there were
attempts to improve the reactor. ' o
The following improvements are noted: .
" (a) Krupp Tasehenrohrofen,

(b)) Lurgi MP resctor. . . ..
- {e) . I.G. MP reactor (for Synol plant).
.- -{d)" Rheinpreussen liquid phase reactor.

-

~,Empp§ivesséls;éé'aréfrthiréd.in:the'I,G}'ﬂwaelz".or'ﬁoéikfeisﬁ*:
process are not considered here. T - _

o (a) k"TabchbhréhrbfénﬂgéFKSeé.referénce I(b)/39~§§:enq 6f-£his séction).
. This oven is a regular MP Fischer oven. - Istead of using the coriven~
‘tional,double]tubes,,the'tubeS‘are.1arge_dnd,contain‘&:nUmber of internal

8l
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(lB)~New#Reaétor.ﬁesign — General (2) (Cont'd.) -

tube fins, which intersect the tube in such a manner that nc c¢atelyst par--
ticle is mere than 5 mm. from the nearest fin or tubewall. .16 ovens cf o

“this type were installed in the 2nd stage of the Krupp plant at Wanne- )
Eickel., (There were.also 8 regular double tube cvens in the plant). o~

A detailed drawing of the oven is_attached. Each tube 75 mm. diameter
and, 3750 ma. long, contained 0.01275 m3~of catalyst, the entire oven con='
tzined the conventicnal 10 m. ‘The watercooled surface is_0.85 m2/tbe.,
(670 m2/oven). The finned surfacec is 2.13 m?/tubev(1670»m2/ovcn.)" e

.It'was‘statedlthét,the;qatalysﬁ was not easily removed from these
tubes. ‘The capacity of the oven a3 a unit was comparable to the double
tube oven. IR : oo T A

.~ (b) ILurgi M.P. Oven. (Sce reference I{by/4R at cnd of this section).
. "The use of Fe .catalysts required the ccnstruction of cvens which could
stand the 20-30 atm. pressure on the catalyst side and at the.same time the
Somewhat higher pressure on the stean side (up tc 60 atm). The arrangement
,prOposed'bymLurgi'cpnsisted simply of the conventional LP plate oven = '
installed on a horizental HP drum. ‘One head of the drum 1is flanged and -
the -cooling coil is connected to thab fiead.. For filling and removal of "
the -catalyst, the flange 1s opened and-the head with the entire catalyst
and cooling system is. drawm out of the pressure drume. - - ;

The plate bundle itself is enclosed. in-a thin sheet ~jacket to prevent
flashing of the pyrophoric catalyst, when the bundle is drawn. The same
‘difficulties in Iilling‘and:rempving of*cata}yst:usually experienced in -
»the'LP;oven'Willvhaveftbwbejmet in this design. S '

A pilot unit of this type, containing 7 m3 catalyst and operating at
.20 atm. wes installed abt the.gaéworks"negr:Boehleniﬁotha. ‘The unit was to
be studied for possible use in;dctgxification_of.city”gas (and of course,
,FT)~' Only one run had been made & “the unit and the oven apparently per-
formed well. Nc detailed operating dota were availeble, but the pilot ‘
“unit had beén.Qésignéd'tonoperate‘atﬁspaCe velocitieS“up'to’hOO'V/H/V.‘~
“(incltuding recycle gas);,‘The,gas‘enters‘the;top of ‘the basket containing
the catalySt_andjpasseafdcwn through the bed. The botton of the. basket

is connected to the exit nozzle of the pressure ‘vessel by means of &
‘special expansion joinbt. Tl T
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(13) New Reactor Design - genaggl"fConﬁﬁg$}
7 '(c) 1.G. Farben Synol Egéc€o§= *tégéf 'féréncg~I(b)/illétﬂend?Q£~th1§
e k ' _ Sectdon). ~ .
This oven was developed %o carry out."FT reactions and. related synthe-
sis. Considerable work was done by I.G. engineers to arrive at a theore-
tical basis before selecting a reactor f£or these- éxothermic reactions,
Three possible arrangements were considered. (See report by Dr. ¥, Wirth -
of-April-1942, leuna., Reference I{b)/34 to I¢b)/37 at'énd of this section),
' (1) Catalyst inside the tubes. - Ly
(2) Catalyst between plates.. . T -
(3) Catalyst outside the tubes.:

The following gegeral,conclﬁsipns were dréwn: e

_ (a) "The catalyst in tube arrangenént required the largest -
cooling surface and, based on total reactor-volume, contains the"
*;eastmamountmotmcatalyst.~—Butﬁit~may«bemarranged«t04givemtaiﬂqw*wﬁ*
catalyst layers should that be required. - - . . . ;

(b) The cotdlyst outside the tubes is superior to the reverse

-arrangement oand the improvement becomes greater as the diameter of
—the—cooling tubes decreases Structural difficulties apparently are
_the main drawback- - . oo o A SR

(c) - The plate reactor is-also superior to the eatalyst tube
reactor. But for increased heats of reaction .(or better for increased
~heat release ‘per ~of reactor), less control is afforded by the plate
oven, as a substantial temperature gradient develops across the plate,

..~ These conclusions may be only of “theoretical interest and are of' .

course based on arbitrary assumptiona, Particularly, on the assumption

‘that the heat transfer coefficient’ between surface and catalyst is the
same.  This is hardly. the-case as this coefficient varies with the direc-
tion of flow, Which hay*be'at.a'right-angle-to.the_fﬁﬁés'in_the case where

the catalyst is. arrenged outside the tube, S .

It was found that the platé-qvén»réqﬁiredl?l%,]the.catalyst‘outside-_
tube oven only 60% of thé surface necessary in the catalyst in tube type '
for the. same temperature difference (AT) throughout the catalyst. . For:
varying AT, it appears that the speclfic cooling’ surface-of -the catalyst
outside-tube oven depends largely on the tube diameter used in the design
-and’the larger the AT, the moré apparent is this advantage over the
catalyst in tube type. Sl o
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(13) New Reactor Desiun -IGéneral"(C)(Cont'd.)_
An exemple may illustrate this:

An oven containing the catalyst in 20 mm. tubes is operated to give
a certain A T max. through the catalyst. ' The surface required . is to be
100%. A plate oven, in order to give the same AT would require 71% of
the cooling surface (actually 77%, since the -surface of the tubes traver-
sing the plates must algo be counted). An equivalent. "oatalyst-outside-
fube-oven"" using 50 mm. tubes would require 75% of the surface but if 20 mm.
tubes are used only 63% of the surface is required. If however the Mbasic!
catalyst in tube oven-viere using 50 mm. tubes (indicating a higher A T is
permissible), then the Surface for a plate oven would still be 77%, but
the catalyst outside tube. oven employing 50 mm. tubes would need only 65%,
and if 20 mm. tubes were used ‘only 52%. Thus the advantage becomes more
apparent as the heatload.decreases. o '

- 'The design of the fwmace, finally proposed for the ' plant, may be
seen from the attached drawing M L949-1 (Ammoniakwork lerseburg) and a
pztent application. The tube bundle corsists of a multitude of bayonet. .
type: tubes closed on one end. : The circulation could be forced, but it
was\considcred“prcfcrable to install the oven at a slight incline (6%9) to

_induce natural ‘cireulation. In'order to find the minimum angle required
-for adequate circulation, tests were carried out te establish the velo-
cities of air bubbles in water ascengiing in an inclined tube ac function

of the angle.  This report is attached. It was determined that a 6°_angle
gave sufficient flow.  The oven otherwise resembles ‘closely the. Lurgi:
reactor, in regards to.catalyst arrangement ,  pressure and general layout.-
-The catalyst is ag2in- enclosed in a sheet iron box, ’

One of the major adventages in the design of this furnace.is the
simple filling end removal of -the catalyst since ng plates are used.
The commercial- oven was to contain 6.8 m3 of catalyst. ‘The.18 mm. O.D.
tubes were arranged in 28 mm. triangular spacing giving a total of 800 m? -
cooling surface pir ovin. Results: obtained: on this type reactor are
described in ‘the section of MSynoll.. o o D

7 (d) - Rheinpreusscn Liquid Phase Reactor. (See"reference I(b)/LO at
EYS G T ~ " . cnd of-this section). . =
(1)  This oven has Been mentioned above in. connéction with Rhein-
preussen Iiquid phase development. *See also the attached Rheinpreussen
drwg. 45099." . s - : o R R

_ —“?23 The rehction is carried out in liqﬁidaphase;"vThe siﬁfry»is.
contained in a vertical pressure vessel 1500 mm. difmeter and 9560 mm.
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(13) New- Reactor D031gn - General (d) (Cont‘dA)

high (when fllled with 10 m3 of catalyst slurry, the helght of the llquld
is 8060 mm.) Gas is introduced through the bottom by way of a multitude -
of cerapic discs, thimbles, or similar means. 'The hcat of reactlon is
removed by a tube bundle consisting of a multitude of vertical bayonet
tubes. . The top head.of the vessel can be removed to draw the bundle. The
bundle has a total surface of only 350 m2»=whlch is con31dcrably less than
the requlred in gasphase opergtlons. : R '
r -

(3) Horizental.oven. - Another pilot plant reactor had been
installed by'Rhelnpreuusen ‘but. never put into operation., The furmace is
“similar to the one uséd by Lurgl con31sting of a Dlate-tube ‘bundle in a
norlzontgl pressure vesscl.

(lh) Iast of Hbfurcnces.

. The: Gornmn documuntg llsted‘below are’ avallable in the llbr&ry of
the- Bureau of Shlps in Uhshlngton,‘D C. -

1. Thc;mo?yn_mluchc Aussagen uebcr Kohclnwaouerstoffc - by Schneider
o 17/42 ,
2. Die Thermodynamik d.F.T. Syntneuc ~ by P. Dolch 2/19/1m ,
‘3... Die Berechnung von Gasverarbaltung bcl der CO-Hydrlcrung -
.-+ Dr. Hoelen July 1944,
Lo Ueber die Berechnung der. Ausbeutc bbl der Synthese = by
v ' Dr. Roelen, August 1944,
.5, Two drwgs Lurgi: D3 am 103 and DS’ am quﬁ'"Mlttcldrucksynthese
© " ven hehlonwagserstoffent, o o
6. Synthese “hoeherer allpnatlscncr KOhlEDWHSgCPStOffC (patent
"7 application) KWI: 18 April 1941.
7. - husspraché; Vorbrag ueber Fe—Katalyaatorcn bel der Mltteldruck-
. synthese KWI. 10 September 1940. S :
8o “Der d7erLtlEe utand d. K.J. - Synuhese aus CO-H," bj Mlchael
.9 '."Sténd der- anthese nach den'Gasumwaelzverfghren" - by Mlcnael
' 2/15/h1 o o SR
- 10..  "WWerfahren Dr. Mlch el - Fahrwelse auf MlttelOel" - 20 hay 1940.
1., 1CO+1Hs Synthese, Oelkrexslﬂufverfhhren" - By Duftschmld
Cl o 25:July 1981, R
12, «"KW;?y?these aus CO1-H2 Oelkrelslaufverfahren" - by Duftschmld
' - 10/9/39 s
"~ 13.-  Stand. der Versuche: zur Alkolsynthese nach dem Oelkrelslaufver—
- fahren - by Duftschnld 11 August 1941,
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(14) Iist of Referenceé (Cont'd. )

by
15*‘
16.

7.

18.7

19,

20.
-21.

.22.~~ ------ "Besi.chtigung -der- bumpfpha.se x(W‘S.,rnthesc" wby fmm:*sgmcr

230
24.
25,
26.
_27.

8.
. 29-
"30.
231,

32
33

37.

38.
39.
1+1._

B3

"aujanu}ensetzung von 100 OOO T Rohanfa.ll bei I.G. Mlchaelverfahren"
3/12/40

~"Erfahrungen mit dem Syntheseofen, ‘{«.mr'er 506" ~ by L_lch(.el

23 June 1941, -

D "Symthose von IL..tteloel und Paraffm mit E,Lsenkontakten" - by

‘Mizhael 15 March 1941, . -
"Stand der Synthesecelversuche® = by Nj.chael l Apr:.l 1%2
MKW Synthese aus €CO+4Hy nach Scha unfehrweise". - by liichael 6/23/142
"Koh.“nwasserstoffsynthesc aus-CO, H2 uchaumi‘ahrwelse" ~

oy Michacl 25 June 1942.
KW Smthcsc Stand der Schk.umi‘ahrwelscﬁ -_by Michael 12 July 1942,
"Kéntaktausscheidung an der Ofenwand" - by iichzel 28 Nov. l9l+2

28 xpul 1945,

_ "Berichbt ueber ATbeJ.tcn zur I\N S,/nthese" - by «vlntzcr, L.arch‘ l9AO.

"Sit-ungsprotol:olit ~ 5 September 1944 (Beichan itsversuche)
"Nernaldru icksynthese an Eilsenkontakien® - by Kcelbel 24 June 1944, -

, ".&44.;_2&.&.111‘ ngen zu den Bilenzblactiern® (RA.—Vcrouc“c) - 5 June 1944y

A f‘et alance shects (Bllz’nzblaetter) fet L_h—VDI'SuChL)
9 schednles.

 "Bericht ueber RA Versuche - oy oauter-ur bgg 21 Aupuot 19M.~ :

"uuszmrturxg der RA Vcrsuche" ~ by Pichler. KiI 18 Auéuot 194k,

" "Auswertung der Ri Versughe" - JD‘y Herbert Lurgiy, 5 August l9bl+“
' "Stcllunpno.nm da,r lCH zu A Ve rouch\,n" -.by zoelcn, Ruhirchemie
8/26/LL ;" .

',.N"l'ux Vers ucm: on Fe A\ontuat\,r" '— wflE:tZCl I.G. Farben Lu

+ 25 jugust 194k,

«"Bericht uveber’ Intersucnnung dcr Bcnnni‘rﬂhtlancn aus der

Rh Versuchen" - by Koch KWL, 1 ay 19LL.

E »"Verfahzw zZur Durchfue.hrunb cxvthor" ier Re: -zculonen" - p°tont

-applicaticn, I.G. Leuna 9 July 19.2.
Burchfuehrung Ch erdscher Umsetzungen - patent z‘r_\pllc tlo
I.G. Lewaz, 13 October 1942,

3 "Gestaltu.u des Aontaxtraurﬂoo bel x—.xobnermbn I\.Guhthl’lCn" -

- by Wirth Anz il 19L2

»"Berr s:ehimung veh Oefen fuer kutc-l‘ytlwchc cxuc,"errc ch»fulonen )

in t:ngc,n ‘I'c.rperg.tqrrle.nzen" - by Jirth 4 July 1942,

~ One drw vg .- Hintershalls, 3326/41 ”Kuntuhtofen"
" One drwg. | Hoesch:. /l—llo "Wersuchskantaktofon, -

* One.drwg. . linnnesmann Herke/L5099 1Probe hpnt\.mtui‘cn ineinpreussen”
One drwe, "M" onh.we*k/.ah?u%—l "Entwairf cines, oyntxaeoc Kontaktofen

- One dywg.  Eittel.Stahl/ 5203-1 "Versuchsdruckefen System’ Lurgih -

One drwg.  Lurgi OFT/lAS © MSchema der Versuchsanloge!.
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SYNTHESIS OF HYDROCARBONS AND CHEMICALS COp AND Hp

/'smc'rion- 1 (&)

I,' Gmcra.l Introductlon.

The atterpts to convert GO, with H2 is not et all new, but it is of
interest to note thab the. Germans -obtained fair" results us:mg the iden-,
tic al cat'mlyst as’ in the FT synthe81s.

The work was carried oubt at the "Ka:l.ser—s'h.l‘melm Inst:.tut" in Muel—
heim (XWI).. The: catalyst used was described in detail in Section 18,
Tt had been carbided at 1/10 atm. with CO at 3250 C. Mka.llzed and non~-
,,lkallzed ca’c.alyst we.s used.

. Since the temper’v ure of LHE synt is must be “rather “high, t;ﬁ‘ew‘m"
product is usually methane and 2 few g/t gasol. In fact the method was
. considered of mterps‘c. man_nly for the production of 2 standard city gass

\2. Operatlnp Condltlons. n

- Contractlon date are- g:.vun below based on feed gas- OQ:HQ-ltB‘V/H/V:
h llt/hr/lo g Fe in catelysts :

AN Non—.Alkalized catalL_ l% KQCOB in ca’bg_lx o

' ‘I‘emperaturo . T 1 atms 015 atme o= 1 atm.
510 i e g 27 : g
3500 C L 22 R Y -f16 »
0ee TTO 2 ke S

uso°c. ‘_,',;'20 o Moo 17

"The :.nfluence of alkall is the same as in FT operat:n.on in that :Lt
“raises the boiling range of the product. In this case alkali . :.ncreases :
the.liquid yield. Besis COpifip = 1:35 15 abm; 350 C, 2 ht/hr/lo g Fe.

A C.c. SR oontract:l.on g hauid/m3 g gasol/m3
o0 . 30 e 1.5

S

0=
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2. Operatlnp Condltlcna (Cont’d D)

Pragsurc inereascs the conversion. The follewing déta}show the
ce dtractlon ot differcnt pressurc : '

‘Basis: | Feed GOy : Hp = 1:3;. 350° C - 2 Lit/nr/10 g Fe.

l%-alkali in catolyst

Presoure | _ Contracticn 2 liquid/m3-_ : g gasol/m3
15 otm. S0 o0 16
30 atm. LT 2, . 15
60 otm. 58 | _ 3% . - 23

- _Upoh.further increase din. pressure~thc~cén£réctlon'begunnto dééreasé.
'Incrcusud pressure 2lso favVors the synthL81s of. oxygenated compounds
Vna¢oguus to FT synthesis.

v

3. Hsference. : ..4; —

-.The follow1ng Germun dccuncnt is avullnble in the llbrary of the
Bureau of Ships ‘in Washington, D. C. : ‘ :

1.' "U»ber die Unsetzung ven' 002 -~ Hp Gemlschen zu fluessxgcn
und gasfoermlgen Kohlenwasserstoffen" = by Dr. Pichler KWl.
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THE SYNTHESIS OF {YDROCARBONS AND CHEMICALS FROY CO_iD Hp -
. | sEemowIr
, T_HE SYNOL PROCESS
' stY

" The "ttdchbd report covers the devclopment of the Synol Droccss oy
1.G. Leunz. The -process involves the direct synthesis of higher alcokhols
1ron fole} end Hp over 2 spcc1uLly reduced ircn catalyst at medium. prcssure

The products werc cofisidered of outstundlng quallty being alimost
_cxclusively straight chaln ~terminal zlcohols.:They werc considered for

usc in.the manufacturc of lubricatlng esters—and detergents. .

"The.. development was carried through 1_borator3 and pilot plant

sbage and- strueti : 000 ton year plant ut Leuan was con31defed.

“Contents : L
1. G»neral Introductlon
~ 2. ntalyst T
. {d) Preparatlon "
(b) Reduction
3 SJnthe51o - Operating Condltlons
. (d) COp Formation :
o (b) Temperature
" (c) Pressur
Q) Recycle
4. Equipment .
5e - -Products from Synol
: -(a) Aleohols
(b) Olefines .. -jf
. (c) Bsters : i
o (d) Aldehydes, Ketones -
=6, '_Use of Synol Products
'7.;vCSeparatlon of Sjnol‘Products
* . (a) -Pretreatment .
(b) Fractionation:
"(¢).Boric Acid Process ..
. +(d) Seperation by-Silicagel Adsorptlon
© " (e) Separation’'by Armeotropic Bistillation
" [(£) Separation. by Methanol Extraction
.. " (g) uigh- B0111ng Products "
-8, Conclusions. = _
9.~A.L13t of Attached Documsnts.
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SECTION II

THE 'SYNOL PKOCESS

1. Gcneral'Introduction;

- The synol. process has been déveloped by I.G. Farben at Leuna undes
the direction of Dr, Herold. It is 2 new process for the production of
oxygenated ‘compounds, mainly dlcohols. The hydrogenaticn 'of CO to form
-alcohols at high pressure is.an established process (methanol synthesis
~nd isobutanol synthesis). . The synol process is. ore attenmpt to continue
this scries and produce higher boiling nlcohols with the OH greup in the
terminal%pcsitiqn;*bhereby“differing“fromftht”ﬁ*:dlkylralﬁﬁﬁbl“Bfffﬁé"6id'
synthesis ond the branched chain alcohols of the isobubyl synthesis.

The overzll equation of the Synthesis mqy'bc:writtcnjaé:follows;
28 00423 Hy --—--> CH3 (CHR)g~ OH4-Cg H1¢ 411 COy+45Hy O

This résult, the direction of the synthesis townrds the production of -
alcohols, was obtoined by operating at intermediate pressurcs over iron
-catalysts, and at the lowest possible temperatures, 180° - 2000 .C. - This
in turn is mode possible by o speécipl reduction of the catalyst. -

The ‘develcpment, of the process wes carried out mostly during the war,
A series of patents, covering the cssential features, were applied for in
Germeny only. Towards the end of the war it wag decideéd t6 build a . -
30,000 ton/year plant at Leuna, but the project was still in the paper

- stage whien the war ended. ,

 The basio patent: (see reference‘II/2,mII/3 and TI/k at end of this

section) applied for in September 1942 makes the following claim:

~ . A'process for the production of aleohols frem CO and Hy over Te. :

. catalyst at elevated pressuve, characterized by the operation at tempere-~-
tures substantially lower than‘those'required'forfthe—production of .hydro-
carbons cover the same eatalyst. = - I R S

’ The patent furtherdiscloses the use of excess hydrogen in-the
preparaticn of the catalyst and the importance bf‘kecpinggaﬁy_trqce'of_

oxygen from the catalyst during arid after reduction.

~In ancther patert application, deted March 1943, the use of gas
. : Hargh. &

7
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1. General Introduction (Cont'd.)

to increase the -percentage of aleohols in the product.to 70% and more, "
This is the same principle as the "Kreislauf" process for the ineresse .of :
olefines. o . SR LT e

rocyélé, with ihtermeaiate femb&él‘af-the»product,,is aisdlosed(as_aéme§ns‘

B ] this section)«
‘(a) Preparation. - e e T _ , ’
Fuzed as well as precipitated catalysts have been studied, but- the
eacse in handling and reproduction and mechenical strength of the: fuzed
“type led to the almost-exclusive-use-of the latter.-It-is substantially
_identical with the Leuna m.mox‘ziawcatalys%r—frhev'catsalystwmrbe—prepmdm
ag. follows: | s T T - T

24 Cdtg;xsts.‘-(sée also referencesﬂii/Zé:ip:11/30;éﬁjéﬁ&fofﬁ:

— e

 Pure electrolytic iron or iron from Cafbonyl_(99-9%}Eptﬁmmﬁﬁpﬂfi@Y) 3
was mixed with alumina to give a final mixture of 3.5% Alz(I}f~ ‘baged on .
Fe, 0.15 to 0.5% K50 are added and-the iron is’ oxidized. IT iron metal
was-the raw material, oxygen has to be used for the oxidetion steps =
The exact final state of oxidation was not knowm, but the catalyst could -
be readily reproduced, .. - e o oo T NIRRT

. . . . | . e
. The melt is broken up into 1-2 mm. particles and reduced. The reduc-.
tion requires hydrogen of high purity.and a large excess of hydrogen is
used, ,Avtemperature,-howcver;-of,at_least 4,20° had tc.be reached to obtain
reduction, - - .. o T e T T ' TR

_ v Some X-roy studies had been mide regarding the influence of the
reducticn temperature., It -was found that at L0OO° C, Fe,0, .and Fe were
present in the ratio of around 1:3. At 425° the ratio ﬁa@ nearer I:l -
while at: 500° no. more Fe 0),:could be found.” By the same method it was
further. deteimined that %havgpacefvelocity;of the H, over the iron _
influenced the Fe30y: Fe ratio. Thus: A4t 300 V/H/V, after 6 days, the
ratlo was still 0.75, bub. at 3000-V/H/V after 4 days it was 0.3 - .
—== In o patent application, dated July 1941, the use of reduction with
‘Hp 1is disclosed, whéreby the- product of space velocity x time (days) must
excecd 2000." This'is apparently the lower limit.. . .- . =

ST s

(b} Reduction. e e  '.‘1.'* R
e T T T T T e N R
At the present -time, the following conditiods are used for the

reduction;

~Th~
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2. "Gatalysts (Cont'd.)

Lo .

Pure hydrogen (Sulphur .~ 0.10 em/100 m3) enters the system through a -
Pattenhausen grude tower to protect against break through of sulphur.
The gos next passes a rnethanizer to remcve traces of CO (the mcthanizer
could however b omitted). ‘The fresh Hy is then added to the recycle, .-
where it represents 3-5% of the total stream. The total hydrogen passes
through silicegsel drums, is dried and the .dry hydrogen-iS-blown_through
the prehecter and the reduction vessel. The exit gas is cooled with water
-and NHy before being returned to thesilicagel drier. ) -

, The’reductionlvessel (1500 mm.. diameter) is filled with 500 liter
fuzed Fe catalyst (0.5-1.0 mm: ) The catalyst is retained on a bronge
screen.  Care is to be taken that no catalyst particles fall through the
sereencbeofore reduction, e R '

T —— : »

. After thorough purging of the H2 - eircuit, the heater is fired and
the temperature raised to 450° G within five hours. The dried Hp is cir-
culated at 2000 V/H/V. . e P :

The ‘water content of this'Hp after drying is 0.5-2 gn/m3. At the
beginning of the reducticn. the H20 content after the catalyst rises to a.
gew point of plus 4.0°C.. Part of the water is condensed in the NH3 cooler
and the_remﬁinder is removed in the driers. 4 certain amount OfﬂNH3 formed
during the reduction‘is.absorbed.in the water. ; Lo

- The reduction is compléted after 50 hours, - The'éyétem.isvpooled and
CO admitted slowly to avoid overhecting from the &bsprption‘of'COQAon '

~the catalyst. 'This COy used for blanketing must be dried over silicagel

‘and must. be free of sulphur.

c¢oming -in contact with the catalyst. . Even the slightest poisoning 6f the
reduced iron with air-or oxygen reéquires a higher _initizl syntnesis tempe-
roture (less alcehols) dnd shortens' the eatalyst life. ' The apparent den-
sity of the finished catalyst varies from.1.8 to 2.2 according to particle
size. S I T :

C Ih.hdndlihg,utmost care must be taken tbfpréVanf_nll oxygen from

. The life of the catalyst is arcund 9 months. TFor the design of a
_plant, which w2s, to make .catalyst for a 10,000 ton/year synolplent, an
average life of only L, months had been. assumed. It is noteworthy that
additions; of . several tenths .of 1 of arsenic to-the catalyst results in a
substantial increase of esters (257 in the 200°~ 300° C"fraction). In the
synthesis the catalyst immediately forms Fe2 .G .of hexagonal crystal struc-
Sure-and above termperature of 2900 G this carbide.. is.genverted tg.an
inactive form.: SR S s )

75
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2. Catalysts (Cont'd,)

' Particle size: It is of interest to note that the. change in catalyst
particle size had considerable effect on the rosults, Towapds the end, -
I1.G. used sizes between 0.5 2nd 1.0 mm., This .led to inereased output. from
the unit catalyst volume., It was con¢luded~that_§he inside of the parti~
cles digd dot\participate in catalyzing the reactign."' - - :

The drop in catalyst size from 1- 2 . 0 0,5<1 mm. made it possible
to lower the temperature from' 198° to 191° ¢, This in turn inereased the'
ratio of H2C)=CCQ'intthe reaction products, since the shift decreases at ,
lower_temperature. B ‘ : . T ‘ |

 Synthesis in "fluid bedn reactors-and fluid bed reduction tests had
been schecduled but were never started, : . o e

-3+ Smbhesis - Operating Conditions. (See rer. I/ to II/13
- AR Lo o ‘ . at end of'this.section).x
{a) coo Formation, o LT _ B :

__The CO and Hp are consumed in the synol synthesis in the ratio of
1.1:1.0 (CO:Hp) but regular watergas (CO:Hg-l.O:l.l)_may be used for the
synthesis. The catalyst ig_suscep@}ble o sulphur poisoning and .requires ‘
& feed' gas as equally pure ag the FT plants. 4 maximum of 25% inerts-in
. the ges was acceptabile, . : _ T A -

. It was stﬁted‘thét the 5yntﬁesis shculd be carried out at the Iowest
“temperature possible, - o P . RS o

C It was fdundiprmctical ﬁo'use'the formation of CO3 as controliing -

varizble for the maxdimum production of alcohols:. The less the' conversion-

. proceeds in one stage, the less COp formed and the more -alcohols recovered.
10% is considered the maximum value for the volume % of COo in the exit "
‘#as-from the synthesis. The COp may be scrubbed out before: entering the

- next stage or returning the gus. to the reactor (recycle). . : '

.,‘J:(b) ' Temperature,

. Over a giﬁeq‘caﬁal&str;hd at a definite pressure and CO content of
the feed, the temperature in the reactor is. the means fqp{contrbl-of.theg
conversion one wishes to obtain, This temperature is between 190-195° ¢

in' the first stege and may exceed 210° C,inftheifsilewingfstages,depending

T

°n the .inert content of tae gas, perticularly the CO5 content, €0z . in
h B i out Wb ;

:-76_T
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3, Sygphesis = Operating Conditicn (b)(Coﬂt'd;)'

quantities of 5 6% has a poisoning effect in that it requi:eava'higﬁgg
synthesis temperature and thus lowers the.alcoholhyield; : )

Towords the end of the war the German government lost interst.in the' .
synol development and insist
of fucls,. I.Gv—then-planned tion _ R
. 8ynol plant,-but'operate.under conditions which wouldgive little alecohol:

and mostly olefincs ("Bgnzinfahrwéise"). This could be done very simply .
by raising the temperature of the synthesis. The operation at 260 - 300°C
over the same catalyst produced o gasoline oflho-éo% olefines with 65-75
-octane nuwsber (res.). This operation-Waswadmltpedly a2 means to continue
“work on the project and is not considered an irprovement over the synol
operation, B T - :

~In order to illustrate the difference in the two methods) the follow-

ing data arc listed-below

giving Yesults fram two types of operation:
Both columns refer to the identical fuzed iron cetalyst: .

Type of. Operation . “Synol Gosoline-
-Pressure ; -~ 25.atm. 25 an. maximun
‘Temperature 11902250 . oo

Feed Gas dlatergas -8 free

- Yield gm/id CO4K,

150 gn liquid .

140 ga 1igquid

N : - 50 gm-gasol - 1y Zm gasol”
" Stages e o o b o 3 IR
Space velseity V/i/v 150 250 i
Specific output tons/m3 L BT

- catalyst/day. - 0.60 - - 0,92 -

Catalyst life

| Product Distribution:

9 months

6075 -

6 _months

A

L0-705

‘Gasoline — 200° ¢ : = :
"Diesel" 2003000 ¢ - 0 18-157 30-15%.
-Gasoil 300-400° ¢ 15-10/ U o30-15%
Y X o's L I 23S - T T

b

Tﬁe-hlcohql‘and clefine

as' follows: . . Fraction -

contént’dfff
ilechol

he-vorious fractions from Synol

'E_‘.I‘e E

' Qlefine Poraffin and Rest .
. 200° ¢ 400507 45-30% 5=304"
200=300°.C - - 5674 - 20-30% 14245
T300-400° C - 506074 . 15.25% . "15-35% -
4000—¢ . R

10-30% . 45-305-

252607
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‘3. Synthesis - Operating Conditiqri {b) (Cont'dﬁ.’l :

Note: Between 200-400° the "Rest" varies- from 3= 8%, -

In general the increase in temperature lowers the "aYechol ‘and increa.ses"

the olefine yield. 4s the catalyst ages, it. slowly loses its activity and.
requires increasing],y higher temperature, ' Thus the alcohol. yield decreases

over the life of the catalyst.

. The .sime genernl rules, applicable in FT operation apply equdlly, in.

Symol: more. alkali “in the catalyst, lower temperatures, lower space velox:
city (within limits) glve:- higher boiling products. There were however, -

indications that the desirable middle fraction could be increased indivi-

duzlly by using precipitated instead of fuzed'catalyst‘df'""i_ciéntiqgl
‘__g_gr_r;pgg,ipipn_.;.wThe..re'asonswf-or»vtrﬁ.-siw'ez"ei“n‘ot*recognized.-

¥

Lc) . Pressure.

.".The preferred pressure range for the synol synthesis is 18«30
(25 2t optimum). At higher’ pressure the Fe-carbonyl .formation is substdn-
tial. “At the same time it becomes more difficult to remove:the heat of .

reaction and this in turn leads to carbon deposition on the catalyst. The
-alcohol/clefine ratio is little affected by pressure, .o T

(d) Recycle. Lo ' e N
The "Kreislauft operation described in Section I(a) of this report

‘may. be used equally well in synol operation. It-is simply necessary to
~remcve"sul;gstantia,lly'all water from the reaction product ‘before returni
“the gas to the oven. This drying tends 106 suppress the COy formation -
sufficiently to obtain 90~ 93% conversion (on a gas: containing 64

inerts) -

without intermediate scrubbing of the COb.. The removal of C03 particularly
by way of the alkalized-type processes is not easy in this case due to. o

the fatty'acids -formed in'the _synthesis. L

. - It -was also ,;:f'ouxid that the lLfe ._ o”f"fjt.hé"‘c:afalyst 'was dependent : on ,jl.:hé

_portial. pressure of the water in the reactor.  In a- "Kreislauf” run when -
‘the weter was remcved from the reaction products before. recycling, ‘and. -
using 2500 V/H/V total gas load, the catalyst ran 7 months'without losing
its activity.  Thisg compares in the _;_once»through‘CBAStggé)fbpéifatiqn‘;Witl’
& maximum: of 3 -4 months catalyst i £ o Tl T T

C ‘Andther-'beneficiaxyfefcht of the "Kreislauf" is of course the ..
immediate -removal lbfﬁ-‘c,hc:_;; Synthesis Products from’the reactor,  Thus any

e
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- 3s_Symthesis - Cperatins Condition (d)(Contre.)

sceondary dehydrotion or hydrogzenation is suppressed.  The hipgher alcohols
in the Cl4 - Cl7 renze arc particularly affected byf@ﬁis operaticn. ‘Due to
the  lnereascd gos voluie, these products are swept cut ef the reactor as
vapors. In the once through operaticn they cendense .on and are decémposed
by long contoct with the catalyst. : : S

) o S

" Using recycle space velocitics of 2000-3000 V/H/V (besed on total feed)
cllows ‘90— 947 conversion in two stoges only (while 4 are requircd in the
ence through. operation).  Under thise cenditions 1 mol. €O, is-then formed
from 12 mol. feed gas. o - o T T

. Some operating figures mﬂy‘illﬁstragc the Krcislauf operation:

-Theudutq arc based on o fresh feed gas of the,fplidwing_composi£i5ﬁ}

TTTTCOplus Hy T T 86.0%
- Cop T -7 S \
CHy, S 5.0 R
Nao . L3R L

“Change of ‘recycle gas cemposition with conversion™ (1 stage only,

% CO plus Hy- . Kreislauf eomposition .
conwverted . - €O plus s COp-— CHy -~ . N»

90% * - SR M 19060 . 1046
.55 L L7350 38 . 15 9.5
BRI S 6RuS =173 - 12,9 T3

These figures are o1l based, on the same ‘catalyst volume. Thus to
obtzin‘highef—éanversion'atflowerLCO,-Hz content the synthesis temperature.
Lnust be rcised; this in turn increases the CO2 produciion (the conversion
‘to CHy wes assimed as 8% in 211 cases)... - - . - o :

. Operation in.liquid‘phase was not ‘considered épplicable;for-Synbl‘ o
because long centact on the'catalystvisvcharactcrispic.for this technique.

However, the usc of "Kreislauf" may meke liquid phose operation feasible.
+ LeG+ had proposed to study this process but the end of the war pravented

- further work). - _
4. . Equipment.

':5,The.iﬁc1ined.s&nol féact6r=haé'beenldésciibed in detail in the pre-
ceding Section I(b). It is'in princiglqku';eactor'usingfa flat catalyst.
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Ly Fouipment @ont' o)

bied. The cooling tubes were ombeddod in the catalyst and vere de51gned
as bayunet tubes with one end closcd, This arrangenent was chosen to .
f@cilitotc i‘lll:mb and remcval of the flno gralnod catolyst.

For a further developuent.the’ Gcrmano had d031gncd a twin oﬁon con-
sisting of a common centerpiece lwhich ‘carried 2 i cllncd cooling coils
w1tn1n the catalyst. Each bec was to cuntain 6 1 of_catalyst.

There had becn cverol alffcrcnt yllot plunt ovens ugsed in the labora-
teries including 2 vertical tube-reactors with the catalyst inside the
tubes. - (Tube diametcr 15 and 20 mm. ) At the scme. time o herizontal plate
reacter (inside a pressurd drum) was also installed.. This unit is practi-
e ily LQOﬂthdl with the Lurgi. dbolgn- Only onc short run was made w1th
this ovr.n. B

. In order to orotect the. catalyst in caso s of o ' failure in the. cooling
;vystem hydér:.zen was acmlttcd and all CO purgbd fron the chtaLyst as. fgstv
o8 pOoSlblC. - ' -

The Cutﬂlyst aoparcntly fonns a. solid mass at the end of the run and
must be drilled out of the tubes (80 w:rkwng hours' to empby 1300~ 15 mm.
tubes). Before the cabalyst can be removed it is first extracted with..
an dntermediate fracticn of- the product (150 - 2L,0° C) by passing the
' liquid through the tubos for 1/2 h\ur. It 15 then drled—und deactlvated
Jntth. T A ) - ] e ) E

. Thc unloading procodure 1n ‘the case of the plato reaéfof:Was S
stlll more couplicated. ’ ;

@

. The ‘new d031gn (1ncllned tubo hundlc) ‘had not been tested in any large
gcile pllot uniit, but the I.G. engineers had great hopes. thot it would
solve all problems 411 other equipment used in the pilot plant: such’ as.
Jlowers, Co, washers, coolers charcoal adSUrbera were conVLntlonal. SRS

_ '_'5;:; Product° from Synol Operatlon._ (see reference LI/lh to II/18
i C L at opd of thls sectlon)
(O. ) Alc Ohuls .

has been stated that the main’ objoctlve of tho synol process was
the prodnctlon of "straight chain tcrmlnalvalcohols of ‘boiling range as .
‘high aoVCQQ, Thus 2 new class of chcmlcals had been developed from a

S
80~
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5. Products frum Synol Operaticn (a)(Cent'd.)

leboratory curiosity td 2 commercial product. It has already becen des=
cribed how this objective could be reached, but the inventcors themselves
could not rive an-exact answer why it wos possible to do it by waey of the
precess desceribed. . : o

One German expert offercd the explanation that alcohols arc the
primary precucts wheén.the synthesis is carried cut at low temperaturss.,
They are dehiydreted to olefines in a second. step. : This assumption mo-r
find scme basis in the fact thot the sun total of alcohol plus olefine
in syncl operaticn is fairly constant over a widc temperature range. .

“Thev products leaving the reactor are recuvercd in an‘oil‘ahd'wnter
phase, the water containing up to.257% orea c unds. . These_compounds.
2 & P OXEC b 2 . i

ydes, . acids and csters, and -

Tinclude” Yow beiling alcohols, -ketenes, aldc
somé’salts of short-choined fotty acids. The il phase contains: enough -
high"boiling products to sclidify at room. temperature., The methods tsed
to separate the products are given in a later section. :

The-constitution of the products has been studied in great detail,

The aleohols, up to C9 ore proctically straight chain primary alcohols,

‘No secondary alechols can bo found. .The same is substantially true of ©
the higher alcthols (methonol and ethyl alcohol are produced only in traces).

, -

(b)) Olefines

‘The ‘olefines are niostly éh-clefines. . Cyo olefine wes analyzed and
found to have 607% of the double bond in K -position, while the rest wes
distributed with decreasing percentage toward the middlc of the molecule.
It was concluded ‘thot primarily a1l ¢lefines. are termiml, but due to _
isomerization the double bond is moved towards the middle of the molccule.
Iron carbonyl ‘is believed to catalyze this shift. "4 similar. effect was
observed in the’ oxo-synthesis wherc' the presence of cobaltearbunyl causes
o shift. of the double bond, U - . ‘

Thé ‘sum of alcchols plu#.olefinés in the product,is bctwcenf70;480%,
the alcohol ranging: around 60% and over. - EE o

(c) Dsters. -
: ‘ o S N £ - B BT | 4>v'

. Esters are always present in certain fractions. .Thot arsenic in the

catalyst‘increascs,ester production up to 25% has already been stated. ,

The ester content generally increqses,with,thq-bciling range.  Esters make
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_QlfProducié from Synol Operation (c){(Cont'd.)

up. 2s much as-10% _;.n the Cjp-alcohol ra:ige and increase to 20% in the
Ci1g range. ' T v o S o

. : : . ;o
The férmation of the ester (and acid). has becn ex‘p];aine‘d by the direct
‘reaction of CH2 radicals with €O and water. In the preparation of fatty
acids from alechols and CO, the following chain of reactions is assumed
to take places ° .- ' X - :

o (l)vDeccmﬁpsition 6f’the_alcdhol to free'radicél-and ﬁate:”
CH3 OH ww-e -—>" CH2=H20 -

(2)-Reaction. of radical and GO to form ketene
"""" § “CH2 = #C0 —=—2-=Z3 Hz C=(0

. corrésponding acid or. ester: ‘
o ~A{2) HzE'=m CO+H0 ~mmmmmwyp CH3 C OOH . .
o (b) 126 = CO4-CH3OH ----= CH3 COOH3 . , \

(3) Ketene my react with water or exces?;alcéholltp"form theJ

.The free radicol is of coursc extremely short lived and present in
only small coneentriticn. - It is therefore necessary to operate with'
CO. concentration to have the nccessdry acceptor ready to react with CHp
the moment .it forms. This- explains the high CO and low alcchol concen-
‘traticn required for this process. The theory may be applied to FT or
syncl syntheses and offers a good explanation for the high acid and ester )
yield. The presence of CHp radicals in the hydrogenation of CO is gene~
rally -acknowledged -and with CO and Hp0 (or alcohol) alsw present, the - -
synthesis tc acid and ester could follow the chain of recctions described
obuve. - . S o T : : C : '

() ildehydes ond Ketones. -

. aldehydes and ketones are both found in the product. The lower
aldehydes can be extracted with bisulfite solution. ‘The ketones arc more
stable and sive no trouble. ‘During the separation of the 2lcohols with'
boric ocid they remain in the nbutral oil. . The: lower ketones (dcetone)
are found mostly in the aqueous phase. There are -some other classes of
- Oxygenated ccmpounds found in the primery product such as esters. and .
unsaturated. ethers, but they rarely moke up more than 1% of the total.
The products récovercd and isolated so far are mostly the alcohols from -
01 to Cos. NApety il ; e

an
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5. Products from Synol O "Egration fd}!Cont'd;!

The products obtcined from synol operation according to "Benzin-
Fahrweise“ resemble those contained in FT synthe31s over Fe catalyst.

The gasolines from synol must’ be refined beiore they can be used as
motor fuel. They are unstable and- corrosive and do not have a sufficiently
fhlgh octane number (see reference II/17 at the end of this sectlon)

Dlstillatlon : lBP . -35°¢C
- 50% - 108°¢C
90% s cC.
EP- ' . 200° c .
Gum (afper 7 dgys)v i 202 mg.
- Qu strip | L colors gasoline blue
OH number - : v 191 o
‘Octane No. (res ) S ‘5b 0 T =

The gasollne was refined over Fullers earth at300° C., using -
0.5~1 volume liqu. /hr/volume Fullet“s earth. ~The resulting product
was as fOllOWS" T .

Dlstlllatlon . : l BP . '3h°‘C
o 506 - 90° C
5 . 904 . 180° ¢C
. . EP 198 ¢
Gum. (after two days) ,'_; . 0.5 mg.
Cu strip. i . Negative
OH number T 65 v
Octone No. (res ) Lo 72 5

The treatment con81sts essentlally 1n dehydratlon ‘of the alcohols to.
olefines and condensetlon of the eldehydes to high boillng polymers which
are - fractlonated out.

] ) The losses depend of course on the alcohol content and thns on the'
temperature of. the synol operation itself. The -increase in ON is sub- -
‘stantial, but I.G. had still further considered the use_of olefine.. iso-
‘merization to shift the terminal double bond towards the middle of the ]
-molecule as an addltlonal means to 1mprove the knockrat1ng Q
.- .~ 'The dlesel 01;5 obtalned in’ thls operatlon do not compare w1th those
) frOm cobalt cax&hst -FT plants. 62 Cetane number was, glven as’'an average
value. :

"'_83f"
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6. Uses for Symol Products.

This problem was of great interest since some of the products are

- a new commodity on the chemical market. Of greatest importance appear |
the alcohols. - The C7~ Cll range may be esterified with acids of equal
~¢hain length (produced from the same alcohols) and used as plasticizers.
The. 09~ Cl4 fraction can be used for esterification with adiplc acid i
to produce outstanding lubricants, This. is an important use. The lower
‘alcohols C3~Cg may also be used for esterlflcation to yield lacquer - _
solvents. The synol . alcohols are preferred on account of their gtraight. - _
wchaln character. : ; . :

, However, the most important application (1n Germany) would have
been.the use of- the higher alcohols in the detergent.fields .Due to their
stralght chain _structure synol alcohols resemble the natural fatty el-_
cohols, From them they dlffer only by way of their content of even and .
_uneven numbered carbon atoms. The uses- for the correspondlng olefines
are well known, with polymerization to synthetic lubé oil in first place.
and sulphonatlon for the. production of: emulsifiers and detergents as an
alternative. This entire £1eld 1s»presently in a state of development.

v T __paratlon of Products.

. “The- separat1on of the various products nas been the subject of
-considerable work by I. G. - .

et Ly

Ta) Pretreatment.
Before the ulconols, oleflneSLand -the -neutral -oil-can be separated
it is nec;soary to take certain steps regarding the undesirable by-products
s such, are eclassified the acids and their reaction’ produdt‘ﬁ1th alcohols,
the esters Other undesirable compounds are the aldehydes and ketones '
which- appear in only snmll quantities. .

: The ac1ds must be neutralized w1th alkali to prevent furtner alcohol
losses to esterificztion. i s1mple caustic wash is sufficient for this
purpose.. If it is also desired to de-esterlfy_the product the caustic
w“sh may‘at flrst be, omltted. - : - _ R ;

The esters are preferably saponlfled w*th strong alkali at 130o c.
-4 30 minutes treatment with good agitation is sufficient.- The alcohols
ure thereby set free and the acid neutralized by the alkali. At the -
‘same time the reactive aldehydes are condensed to form heavy polymers and
‘thus wind up in-the high boillng fractlon (see on the next page)..

R
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7. Separation of Procucts (a)(Cont'd.)_

If the esters cre notlremoved théy dbpear in. the- fblloﬁ1ng‘fruc- =
tionation according to their bomllng range and thus induce alcohols and
acids into these fro ctlon whére they do not belong.

I

(b) Prhctlonatlon (See reference II/21 at end of this sectlon)

i sharp fractionation of the raw product is apparently essentlal for
‘the exact separation into alcohols and hydrocarbons. This is. particularly
the—oasewhen=boric u01d—egter1flcatlon is used as a means of sepvratlcn

The lower alcohols (to C3 ) are practically completely dlssolved ln
the aqueous phase of the product The Cj to Cg alcohols may be wamhed
out with water or possible methanol-water solution._ . This wateér wash is_ .
automatically carried out when the: product is first de—esterifled since

the alkali must be washed out w1th water. o o

““The hlghcr 2lcohols may be separated and prepared in 95— 97% purlty,
provided the original feed ia fracnlonated sharply Severallmethods were -
studled by the Germans.»'>' : -

A Slmpllflcd flowchart of a synol process may look as’ follows'

Prlnary antthls De-esterlflcatlon --ffé—f:4e- Dlstlllatlon »" ’.- .
L T e L e e f'L‘ L

S Cubu 1. e Cut, 2. ‘Tf“'\” ' Cut. 3. - Cut. 4. .
~160°°C.EP . = 160~3200C . - 3200 - 400°C  High boiling '
(ga sollne) ~ (diesel oil) = : (wax) BT R831due
- & L .  5\\\\g , .

BExtraction with - Boric zcid esterification -

ilater or CH30H .- - (or other separation mothod)

160° C. EP . ilcohol 160-320°" - - Cp=C15 320-400"  Clé-~ C22
Gasoline” " to Cg - Olefines & = Alcohols ‘Qlefines &_ Alcohols
(Olefines) .© - -Poraffine = Parafflns F

S =

=

.;857



‘RESTEQCTED
7. Separation of °roducts (Cont‘d )

(c) Borlc Process (See reference II/22 at end of thls sectxon)

Boric 1c1d esters are used. for the separatlon of hlgher synol alcohols
fron the accompenying olefines and neutral oil.- It is essential that the -
feessto the esterification unit be fractionated as sharp as ‘pobsible. ‘
"50° C boiling range appears to-be setlsfactozy for each cut.

: "One - of the clfflcultles which requlre further work is the 615t11—‘
lation of the neutral oil frop the boric. acid ester. The mixture must be
thoroughly agltated. 4t the sacme time a temperature in e.cess of 250°C
must be av01ded 1n any step of the process. S

T THE Highest alcdhol produced to”&aﬁé"by tﬁi§“ﬁéﬁﬁ6d”is‘Cﬁé“H&5OH"""”
Highcr alcohols cannot -be separated from the. 01&~w1thout decomposztzon.

‘I_.._..

The prlnCLple of the process is based on the fect that

(a) The alcchols esterlfy reedlly with boric acld at elevebed
" temperature. .

(b)- The esters zre -consicerably hlgher bo;ling than the alcohols”
(and eccompdnylng compounds).

(c) The esters are oa31ly hydrolyzed w1th water and the alcohols
] rccovered. . _ .

In the procesu of this type the borlc acld used for esterlflcatlon c
must be substaﬂtlally pure By03. ‘But at the same time only-a dildute
solution of Bp03 is-obtained in hydrolyzing the ester.- This- operatlon
1s{oxpens1ve 31nce largc quantltltes of solutlon must be concentrated.;

It was. found however, that a satureted aqueous solutlon of borlq
acld could be used in the hydrolysis step. - This solution -could be sepa-
reted from the free alcohol’ by settling, and upon cooling, the additicnal
free acid would: precipitate from the solution. . The acid crystals could”
be rocoveredﬂbyeflltratlon and used immediately for further esterification,
‘'The process is applick ble to’ ail'types of alcohols and in partlcular for :
thc _oxo process. ; . ‘

_ The esterlflcat;on ylelds a certeln quantmty of water whlch must be
renovcd This. is done by extractive distillation with benzine.: “The.:
esterification requircs elevatéd ‘temperature, and thus the water and»~
:vbenzene are 51mply carried overhead as they fonm._=-A-

- g6
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7. Separation of Producis (c)(Cont'd )

Following the rcmnval o the water, the neutral oil is QlotlllCQ to
-leave_pure- es*ermlnuﬁhk‘“cttlc of the cclunn The cs*cr 1» then hyﬂrolyubu

with hot aquecus boric zcid solutions et

Below find sperating'data for oncexample:

The raw material’ from the synthesis has the following compositi ni

Alechols - .. . 50% vol. -
Olefines .- - CL0E -
Poruffins P
hcid, Ketones cte. . 1% »
e 100% L e
iThis;mixturc wWas erCtlonated to give thc follow;ng cuts‘
Q) 0-100%.C 308 vop.
(2) 100-200° C. - 20%
(3) 200-300° ¢ - 16% m o
(k) 300-400° C co 7% v
(5) LOO® C + 17% v -
S ’1007'«"“'

The object wes to recover the ¢ lcchols b01lmng.between 200° -and AOOO c.
For this purpose fructlon 3 ‘and-4 were treated oepurately. R
. Treatment of froction L ' ‘ !
Feed: 100 kg. of fraction contalnlnw 72ﬁ wt. alcohol
" " 646 kg -boric acid. ,
575 kg. benz;nc - ‘ —_—

The mixture is agitated and’ hezted to 90° C for 2 hours. .

572 ggigﬂeﬁzigi?? . letllled ovgrneud

Dlstlllatlon is thcn contlnucd under vacumn.}:'

" The neutral nydrecarbons dlstlll overhead.. u total of 58 kg. 1s
rc,cov(.red in thc recelfbr. ;

: © The kcttle product i. €, the borlc acld ester. _fter is transferred .

'to the ‘szponifier, where it is treated at 95° ¢ for 30 mlnutes with. 55.5 Kg. -
2 2.6% % aqueous boric ucid solution.  The free acid solutlon is then -

"i¢owco to- settle at 95° C and 15 w1thdruwn. The solutlon now contalnlng

=87
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7. Scparation of Produéts (c)(Cont'd.)

10.9% wb. (i.e., 38.8% saturction at 95° C) is next cooled to 2° c. The
excess boric acid crystallizes and is centrifuged. 5.2 kg. boric acid
-are thus re.covered The flltratc, 5Q.5 kg. , is returned-to the. system.

The frcc zlcohols, 72 kg., are| also 1:1thdrawn from tne s‘:pom.fler.
1.5 kg. boric acid stlll remain in solution. For its.removal the a‘eohol‘s
are washed with 56.2 kg. wa.ter. The alcohol passea 3 counter curz:ent.
wesh stage : . . - ‘

-(a) 'Scn .rutlon by. S:Llicagel ndSOI‘pthn (see ref. II/25 at end of
this scetion).
! 95 I B method -Wa.8- con31dered*by~the -Germans—at- “one~time-for- t.he oepa- =
retn.on of s_/nol alcohols and dcserves to be mentioned. here. -

.The mcthod 1.; b sed on the difference bwmen the heat of a.dsorpt:.on
betwecn alcoholo o.nd hydrocarbons,

* Heat’ of .udsorptlon

methanol . : 15,0 Cal/gm S:Lli.cagel
ethanol = o

n+butanol
n<4-octancl
n+decyldcohol
n4hexane

n +dodecane
wa’c.er‘ -

" The. m:ucture is contactérd with the dry gel and thon wa.shed with & .
volat.lle low boiling hydrocarbon solvent (petrol ether).  The' rwdrOCurbons
are thereby removed. The alcohols remain adsorbed and may then be removed
by ‘such pola.r solvents as lower boiling alcohols or ketones ‘and ethers. ‘
The gel is f:.nally regenerated. S . cem : -

The - gel. may be loaded accord:mg to :Lts qual:t.ty, the pa.rt.:.cle size ‘
.(1~2 mm) and the alcohol boiling range. For 170- 180° a.lcohols s
215, g,/lOO £ gel moy be reached. : ‘ S

s

... The adsorpt:.on must be camed out at room temperetureﬂ gx;__e\ren below.
- The alcohol should be. desorbed "T‘S soon as possible. ' The regeneration. of
-the gel m7v be carried out w:n.th hot gases (Nz, C0z) at 150° ¢ and

ee-
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1. Separation of Products (c)(Cont'd.), o

(e) Separatxon of ALzeotropic Dlstillation. (see rof. II/ZA ‘at end—
. of this section). ' —

eotrope nixtures with many classes of.
was found ‘that glycols

Glycols are knomn to form az
organlc compoupds. In the case of  synol products 1t

sy be used for separatlon because-"
- (1) Their azeotropes with hydrocarbons b011 conszderably below
their azeotropes with equelly high bolllng alcohols.

(2) The azeotrope w1th hydrocarbons contains con31derably more

—

hydrocarbons than one with the aloohols. -

(3) The glycols and the hydrocarbons in the overhead separate
into two phases.in most casgg,
‘«(h)»The -alcohols-which.-are.carried. over the top remain dlssolved
. in the glycol phase and w2y thus be easily returnec to the
column . . .

." Partlcularly sulted are- of course those glycols which form: azeotropes
with hydrocarbohs only and not with the alcohols. Butanedlol 1-3 and

hexane-diol 1-6 fall in this categorf. T e
,Another partlculmr advuntage of tneoe compounds 15 thelr high '
~the azeotropic carrier and

efficienty; i.e., the low volume ratio betweeni
the overhead ‘component . This ratio may furbher be lowered by peratlon

under vacuum The follOW1ng flgures w3y serve as an example-~

3 230 24,50 fractlon the ratlo of glycol to"
but only l l at 20 mm. Hg. '

Using butanedlol 1-3 on-a
hydrocarbon is 2 :1 at 1. utm.,
: In selectlnc the thlrd cowponent 1t is- d651rable to have the 1n1t1al

20° C above the boilimg point of the carrier

boiling point of the mixture 10-
The other oxygenated- compounds such as- ketones and esters are usually dls—
Llllcd overheud with the hydrocurbon.

It is p0551blc flrst to onrlch ‘the mlxtures of Bynol products in -
tion with methariol. ' Thus 80%: alcohols

jl“ohol content by selective extrac
roi-be obteined in: the mixture. 100 pts. of such a a mixture (230-2700 c).
are distilled with 10 ports butanediol 1-3 at 20 . " Hg. to glve ar

.Icohol concentratlon 1n thc kettle as high as 9

The process is gonerally llmlted to alcohols fron 08 an’ ups

.-89;
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7. Separation of Produchs (Comt'ds) -

—(£) Segg.ration- by Ext.racvtionA with Aqueous ‘Méthanol.-- .(Ses reg‘,‘l.._.II/23. |
S T at the hd of this section).
‘The process 1is based on the higher solubility of the alcohols in the

methanol solution. The necessary quantities to reach an gl?ohdl concentra= -
tion of 97% are given below. L S G e C
. ——CH30H  Vol. CI30H. — % Alcohol  #-Nem-
s 7" Aleohol Conc'n Solution  for in.the neu~" . in the -
Synol fraction Content . _used 1 vol, “synol. . tral oil..

yp0-1700 ¢ 0 56 T 68 2 0 340
170-220° ¢~ - L8 - 7% . 3 0.3 ~ 3.0 .
"*220_-52700«»0—.@:-%.‘v,_uo_,‘.W,;'-», 8l . b 06 C 345
270-320°.C . 29" g5 T TTIOTTTTTTTTT S0, I 1Y 2

"'vFoi&prdc.’c,i‘cal"ipurpbseé the extraction method is limited to C12.
@cohols maximur. - L T e e

. The methanol is separated from. the extract by distillation. - Upon
renovel of the CH30H, the higher alcohols and the water separate into two
-phases-.and,.,the.water"is‘,‘withdravm. - T SR

The methénél”éxtractibn or enrichment may be of interest in combina-
tion, with the 'use";‘-of. glycol to obtain final alcohol concentration: {see. gbove,

(g) High Boiling Products. = - , SR T
It wes pointed ottt "that prior to separating the alcohols from the - -
neutrol oil, the raw synol product had to be fractionated. The fraction
voiling above LO0% C was not considered in the process. ‘Alcohols aboveé.
_Gnn cannot be prepared by the.boric ‘acid method as the neutral oile cannot
b removed from the ester by distildatioen. - IR AT : -

" ..The high boiling product is dark brown, probably due to Fe which is
" contained in quantities up o 0.1% (due_'t'o-_ironé:arbonyl). The, product -
way be used as such for certain industrial purposes. It can be treated
v.ibh Fullers earth to give slightly yellow waxes. Pour points are usually ’
~varied from 70 to ‘1050, C. The high ester content of ‘these products ‘makes -
grem more ductile than FT wox. - If necessary they mey ‘be hydrogenated to .
give high melting point waxes of the FT types . SRR

-90="
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8.  Conclusion.

The process appears to be entirely practical and requires no extreme
operating conditions or' expensive catalysts. It is tho first achievement
in the general trend to direct Fisoher-Tropsch type synthesis away from
fuels and hydrocarbons ang towardsespeéially defined compounds. It seens
likely that the synol process, with certain variations -could be changed.
to produce axygenated compounds,  such as esters and_acids. | U C

' 9+ 1ist of References. QTR ' -
There are appended to this Section II the following Germen documents:
__.m»wUKﬁ¥Syn§heseﬁauS”Coééﬁd”HinfaﬂH'amjl. Auvgust 19421 ~ by Wintzer,

‘Reisinger, Breywisch, : o L S

2. Vérfahren’zurvHerstellung von Sauerstoffhaltigen'Verbindungen'—

- Patent Dept. leuna, 23 Septenber 1912, T

3. Herstellung von sauerstoffhaltigeanerbindungénf- I1.G. Farben

patant_application;‘lS_October'l943. o -

4+ - Verfahren zur Herstellung von 02-haltigen Verbindungen -
© . .- Kreislauf Verfahren - 8 larch 1943, 4 S . ,

5« Verfahren, zure katalystischen Reduktion von CO und Hz = I.G. "
T pateﬁt“ﬁpplication; 23 June 1943, ' o
6. Synolsynthese ~ by Breywsich April l9h3‘-.Refgrat,Merseburg #10

e . Die.Synolsynthese - by Relsinger, Fébruary 1943 ~ Austausch ‘der-

8.  Bericht #4,72 by Breywisch, 10 October 194 - Erfahrungen mit
.~ den halbtechnischen Synolanlagen Me 458, -~ . o )
9.  Bericht. #283 by Reisinger, 2 May 1941 Bericht ueber. Synol.. o
’ . Synthese., - ' R T ST L
10. . Bericht #326- by Vienzel : 10 April 1942 - Stand des Synolproblems.
11, Unterlagen fuer den Bau einer 10,000 jato Synolanlage - by "
.. - Wenzel, 2/ December 1940, - - - LT :
12.  Stufenfahrweise der Synolanlage Leuna - by Gemassmer - _
o 21 September 1943, = e e
13. ErlaeuZerungen zum Schemz BSK 66 - 17 Junc 1943 incl. one drwg,
. BSK &6, - R s
The  One drwg. Mup3i2l g g 1981 - ,
" -Schema’ fuer die Destillation der-Synclanlage Iewna. . ° e
15. . One drwg. Y-4375-1 ~ Schema fuer die Syntheseanlage d. Synolan--

e9le
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9e-__Iist of References (Qoﬁt'd.)

16. -

17,
18,
19,

20.

21.

22.

235

25.
26,

‘7.
28,
29
30,

31,

TFour dicgrems res product distribution from synol process:

by Wengel and Reisinger, 20 harch 1941.. A

0/1227/3 - SK/1606/a - SK/1606/b - SK/1606/c
Pruefungsergebnisse von Synolprodukt als Kraftstoff - by

Hilbeérath, 25 May 1945. . ~ — e e

" Gesetzmeessigkeit bei-d..Dehydratisierung hoeherér'Alkohoie -‘

by Asinger, ‘9 April 1943.° , ' _
Zusaetzliche Esterocel-Alkohole ~ 9 July 1942 by Pehl,
Aktennotiz‘re:,Nachbehandlung von. Synolprodukt  fuer Motortreb- -

stoffe, 9 January 1942, o i ’ '

produkte, M-9802-2 \ _ o S .
Verfahren zur Abtrennung ‘von Alkoholen aus niehtwacsserigen . _

One drwg. Fliess-und Méngéhscheﬁa_fuer Verarbéitung Ger Synol-

';;;éFluessigkeiten. 7 April 1941, AT
—#btrennung-aliph Alkohole d. Estraktion nit woesserigen Kethanol. -

by lienzel, 22 November 1944,

- Verfahrén zum Entfernen von Nicht-Alkoholen aus Alkoholgeﬁischen

durch’ hzeotrope Destillation - 15 February 1945,

'Abtrennung_von Alkoholen aus Gemischen mit Kohlenwaq§erétof£én -

' by Geiseler, fipril 1943,

‘Verfzhren zur'Reducktion elgenhaltiger Katiiisatoren-- patent

—-application, 7 July 1941.

‘Roentgenfotografische &nalyse von Kontakten -2 July 1941.

One drwg. 4-6459-/ - Schema: der: Kontaktreduktion.
Reduktion von Eisenschmelzkontakt ~'15 July 1943,

Ervelterung und Verbesserung der Reduktion von Kontakt fuer

Synol ~ & March 1943. _ o
l:echanismus' der Bildung von Fettsaeure zus CO und- Alkohol - .
by Dr.. 0. Fuchs = 4 Moy 1936,

“92- .
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SYNTHESIS OF. KYDROGARBONS. 4ND CHEMICALS FRGi CO iND-Hp
|SECTION TIT
SYNTHESIS OF KIGH MELTING POINT WAYES
‘ smmm

: The ttacned report covers® laboratory work carried out by
Kaiser-dilhelm-Institut on the synthesis of high boiling- waxes
over Rutheniun cotalyst. The results have. been published” 1n
1940 - l9hl They are ma1nly of theoretical interest,

‘Content.. S T
;;l.-ereneral Introductlon.
éi'f Catalyst L;‘
3. Operatlng COﬂdlthnS
'A..‘ Prcducts

5. . Raf.‘erence
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 THE SYNTHESIS OF HIGH MELTING POINT WAXES

1. General ’I"rltrodxrc;cion.»

The use of Ruthenium as a catalyst for the: production of high M.P..
wax from CO and Hp was published in 1941 in "Breunnstoff Chemie%. 19.22 . |
P.226, the monthly megazine -published by Kaiser #Wilhelm. Institut at Muehl-
heim. Copies:of this -paper ‘are available in the United States for ready
‘reference. The information obtained on the subject is briefly given in
this. report. oL R T R

The 'prdcess is mostly__oi‘. theppetical interest and ‘was. not oaﬁriied out
beyond_the}labora‘tozy stage. L e ! R R

R -patent applicition was “filed on Nay 1938 disclosing the use of
Ruthenium (2nd/or catalysts containing Ru) at temperatures from 150 to :
280° C and pressures above 30 atm. for the-production of solid aliphatic _
hydrocarbons from €O and Hoo " . o ‘ ’ R

2. ‘Catalyst. P b

.~ The catalyst is prepared by melting Ruthenium with KNO3 and KOH to
give potassium ruthencte which is dissolved: in~watér .and ‘boiled under .
addition of methylalcohol. RuO, is precipitated, filtered, washed;end—
dried.’ The oxide is reduced with synthesis gas (CO:Hy = 1:2) at 150° ¢

“and. atmospheric pressurc.. RN N S
. ——The catalyst may however be prepared by different methods., The =
essential requirement is that ‘Ruthenium be present.in as great dispersion -
as possible. Carriers, such as Kieselgulir may be. used, but they have

“apparently no effect on thesynthesis, = =~ - TR

3. v Operating Cohditic’)'ns."’_..‘ o . R

© The yield in hard wax increases with pressure and decreases with:
 temperature.  Optimum conditions seem to be 195° C at.150 atm. pressure,

Space ";elo'ciﬁ'ies‘ ijbm; 1,-2 Aditer. éas/hr/gniﬁu jé,fé used.. The yielt\‘iisf.:
given by KWL are 150-160 g/m3 ideal feed gas. . - . - o

_ . The catalyst is ‘quite 'éﬁs‘:c;e‘bﬁiblé. to po»:_i.“spr,i’ingA by éﬁ'.'l.phﬁr,v-buﬁ‘ﬁwi_tgh; )
- & pure. feed gas, its life is exceedingly longs A two year run was made
with one charge without any catalyst regeneration. ) o

=9k
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3a Operatlnp Condltlmng (Cont'd;) )
. ; .

"It should bc noted that I.G Leuna tricd to duplicate the résults
without success.  They obtoined a brown product’ conteining only AOW hard
~wax. The cat_lyst furtnermore lost its activity within a few d(.ye It
oPpears that sulphur containing zns may have been used.

L. The' Products.,_

: The product is 2 wide mixture of'hlgh boiling WOKCS The paraftins
are mostly exclusively stralght chain hydrocarbons wlth only a small .
pbrcent of tertlary carbon atoms., . .

Tbe wuxes were separated by known msthods such as exuractlon at
.‘*ncrc351ng temperatures and d;fferent SOIVents. : :

Inleldual Woxes with molecular Welghto of10, “OO viére found” h°v1ng"
& melbtingpoint of around 140° C. This seems to be the moeximum melting
point.  Increas ed’ mol. weight does not further influence- the meltlng
point’ . : —— h

5 Reference. S

The follow1ng German document is ayallable ut tho 11brary of the
Bureau of Shlps in Wesh*ngnon, D. C. :

l. Putent eppllcatlon by KWI dnted 7 May 1938 S

: "Yerfahren. zur Herstellung von festen allphatlschen
Kohlanﬁsserstoffen" '



RESTRICTED
THE SYNTHESLS OF | 'u'DR(,CARBONS AND. cmmcm,s FEOM CO ARD Hp
__§ECTL0N Iv

SUMMARY .
The attacned rcport covers the developrent of” thc 1sosynthgsls
by "Kaiser .Jilhelm Institut" of Muélheim. | The process includes. the
synthesis of low boiling isoparaffins (puftlcularly isobutane) -

from €O and Hp over-thoria. catalyst at pressures between 200 and
1000 - "bmosphcres._’ . . ; _

uww-—zAll—work connacted w1th thls process wus.carrzed oux Ane
labore toxy scalc only..
" ISOSYNTHESIS
Cohtent.» ‘
X, GenefalilnﬁfoductiQn.
2. Chémistry of”Synghééié.
3 "Catglysta.-
.~ (a) Thorium Cata.lyst
(b) leed Catdlyst ]
b 'Operatlng Q_pdltlons:‘
S (ag Influence of Temperatures
*(b) Influence of Pressure . -
5. - Products - |
.6b. ‘ConcluéEGﬁ;f'i'

7. List of;Référéhées”.

o
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ISOSYNTHESIS

1 " General Introduction. (Sae also ref. IV/l end. Iv/2 e.t ‘the
- - end, of this section) . v
~ —The Synthes:.s of low boiling isoparaffa.ns was discovered.in the
lubora.tor:z.es of the Kaiser Wilhelm Institut at Muelheim. The discovery
was made- o.ccldentc.lly, when. various oxides were studied for their use -
as catalysts in'the synthesis of -aromatics.. It was observed that. thorium
oxide gave a h:.gh percentage - of J.so pwafﬁns. o

The process is a var:.at:.on of the methanol or rat.her 1sobutyl
synthesis. It operates at temperatures above those’ used in methanol
synthesis, although' CHgOH/:Ls believed to-be an mtennedn.ate product.

. The temperature range for tine synthesis is limited-on the one hand by
the .decomposition of CO (carbon deposa.t) at roughly 550© C.  This limit
-is-constant-for-all- pre ssures-—-'1‘hewlower*temperature*limﬁ"on*the“other
hand is a function of the operating pressure. 4t 1000 atmospheres the
isosynthesis may be carried oqut at 400° G,: At 100 atmospheres a minimum
of 450° C is reguired. More detailed J.ni‘ometlon 1s presented in the
following. paragrapbs. T , . C e

20 | Chemlstrv of_Synthesis.

The K:Lnet:x.cs of the Synt ems is assumed to be as followa- Llee
(1) Formation of methanol fram CO end Hp.' '

\ (2) Dehydration OJ.‘ alcohol .and -immediate reaction. m.th addltional
CO and' Hp to 1sobutylene and h&gher 1soparaff3.ns. o

(3) .Polymerlzatlon of’ 1sobutylene poss:.bly followed by hydrogenatlon
——of-alkylate, or formation of dz_methylether from metha.nol T
through uddltlon oi‘ CO c.nd Ha. . D

it very h:.gh pressure the reactlon proceeds in. the i‘o]_lowmg dlrectlon.
' CH3OH-§-CO+2HA i CH3OCH3+H20 Y ’

. The dehydrat:.on of the metha.nol J.s an :meortant step and opera’cion R
at temoerc.tures above those i‘avom.ng met.hanol i‘or-natlon are specifled. ‘

Isobutane is one, of the: ma.ln products but the rcact:.on :|.s necessanly
not as clear cut-as- ‘presented above.. It is also notewoz‘thy that & small
i‘ractlon of na.phthencs md aromat:.cs is usual]y found J.n the products. .
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2. Chenistry of the Synthesis,(Cont!d,)

oo theoTy is in good agreement, with the fack that the addition of
dehydration catalyst to_the'thgri@m,oxidethasfa?beneficiaty'efféctlon
the yield. o o o S R,
s I

Sy , : N - A

3. The Catalysts. TR C PR

e

It was pointed out that ﬁhegcataiyst3ﬁsed3igiti;11y1waswpﬁbe1ThOé:r;
Scme 10% alcohols (mostly water'solnble)varelobtained.withﬁthorium alene,
The addition of aluminum (or’dther dehydrating:c&talysts):yie1¢q_aui

product_almost” free pf,qugeﬁated,compéupds..1,-

. -(2) Tnorium Catelyst. . - P

Basic. thorium carbonate is“precipated;ygﬁb;sgda,fxﬁm;thoriumvnitxa$e~
-solution«and“the“precipitéfb*ﬁﬁ§ﬁédfffée of alkali. Evenxsmall'traces}_,n
of ‘alkali lower the catalyst activity?and,fequire'higherfsynthesis ' .
tenperatures. The filtered-thorium carbonate is dried .at 110° C, pelleted,
and.finalJy‘treated at 300~ 400° C with air pééSing_Lhzongh for 1 to 2 ‘
~hours .(no-'reduction is ncecessary). p et o B ' '

. The thoria catalysts are outstanding. in their.insensitivity to :
-suphur poisoning.’ Troatment_with»st'pr CS2 does not effect .the activity; -
even the use of (NH4)2S for precipifation of the thoria gives nomal = -
conversion. . S ] - - S _ .

toy

_The long 1ife of this catalyst is remarkable. It may be used séveral

“ﬁonths_withoup sign of aging. - BEven in case of carbon deposits and the -
resultingvincreasevinvpressure drop,thrbugh”thafﬁed, the original activity
can be restored by passing air over the catalyst at;§zpthesis temperature.

. The results obtained”on pure thoria catalyst are given in the
section on operation, o e LT U

'-7 (b)_ Mixed Catalyet. -

-7 The high price of thoria and possibly its lack in Germany led to
2ttempts to use substitubes and it was found that most dehydrating cata-
lysts such aSuoxiaes'of_aluminumgvsircdnium, tungsten, or rare earths
can be used provided that sufficiently_high-pressures'are applied. -On -
2 October 19435 a patent application was' filed disclosing the use of .

these substances either alone or in a-mixture of thorias

BT S
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2, Chemistry of the Synthesis (Cont'di)

It is claimed that these dehydrating substances direct the synthe31s
towards - oxygenated compounds below -a certain temperaturc. DBeyond this
. limit, however, isoparaffins are the. main product. - In addition to the
dehydrating components it was found that substance$ which catalyze the
-formation of CH30H at temperatures below those of- Lnellsosyntnesla are
" successfully used as additinal components in the catalyst. Zinc oxide
" is particularly named. It is, ‘however, necessary that the dchydratlng‘
component be present in CXCLSS over the methanol ermlng pary. ‘

X The preferred catulyst g1v1ng the best results accordlng to the
nresent day development is a thorla-alumlna -two component catelyst

_Thorium_carbonate. .nd.alumlna are.- pr301p1tat€d~separatelv.M“The——~
pr001p1tates are washed, mixed and dried at:300° C. 'Dilute colution gives
less ‘dense catalysts, The apparent density of pure thoria catalyst is.
1.6-1.8 (with" concentrated solution 2.4 can be rezched). The ocrcentage
of a2lumina based on thuria varies from 30..40%. Contents under ZOW show
no. eifect Above AO% Cku formation becomcs OXCCqSth‘ L

: . The alununa—21nc oxide (1:1) catal"st does not glive compnreble yleldu,
only 100 gm/m feed are recovered, compared to 130 bn/m feed with :
‘thoria-alumina. It is, however, posslblc to use a two stage opsratlon
»and thus obtain almost the same rssult with the cheaper catalyst. '

L. : Operat nE Conditlons. (aee also—ref, IV/3 and IV/L at the
' -end of this section). '
The CO dnd Ho are consumcd approxlmatoly 1&«&%& ratioc CO: Hg—l 1. 2
with most-of thé oxvgen being removed as COg he 002 coptcnt in the
,cx1t gas is pprox1matcly 30%. : :

The syntheSLS is carried out in a once through operatlon (no "Kreis- .
lauf") w1th the feed gas contnlnwng CO-H2 1n thc r&tlo they dre consumed.

a 70-75% Conver51on is obtained at average _space veloc1t1es of 1350
V/H/V (10" times higher than in ordinary F.T. operation). The tests were
+carried out in 15 mm, and 25 mmn.. tubes of chrome nlckel steel or
oopperclad steel. \1' : - : . N

500 llt/hr. was the max1mum feed used in the laboretory to date.
For ‘larger scale operatlon the use of superheated steam or molten szlt
was con31dered as a coollng medlum.'

v;99-
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4. Opereting Conditions (Gont'd.)

(a) Influence of Temperatures.

The following table is based on operation at 1300 V/H/AT and 150 atm,
pressure; pure thoria catalyst. | _ R o

__ Product Distribubion

Temperature ° C . "300° . ;25 . 450°  -y750
C1 and Cp , o WE o 8h T TI3%” 20%
C3end Gy - . 5% gy - 16% 29%
Iso C - 1% 204 - 28% T 3a%
Liqud Toparattine 358 o sep 4.
Naphthenes . -~ .. . -~ R I U
Aronatics = 2% 1% 6%
Alcohols (oxygenated R S .

- ~"Comp.) 10% 7 -

' 1100 . 100 100 100

With ihcredsiﬁg teﬁperature'the‘spectrum‘mOVes towérd‘lower boiling-
‘products,_while‘thC’oxygcnated products disdppear to be largely replaced
by aromatic compounds. T I : P o

_ " 'The reaction is not very sensitive tc temperature change, +:10° ¢
. are .acceptable ‘variations. [ T R

(b)- Influence of Pressuve, - “,- Z'j~“:.1;1_-

' Tlie follgwing table -is based on_operation at 450° C and 1300 V/H/V
in 2 copperclad tube over pure thoria'catalyst. = @ - B

" Yields af¢ expressed in gm/m3 idedl,gasi'

Pressure<aﬁmoépheréa -0 \ 6 30 . lﬁQ_" 3OO_WV 500--.
C3andn-C; . . - - 5.1 9.1 '20.4  16.0
Iso Gy S =~ =0 5y 3000 L1.6. 46:5
Gasoline and oil "= Trace L1641 29:7 - 37.4 0 - 50,5
7 Trade 26.6  68.8  59.5 103.0

. Use of chrome ﬁi¢kélftubeéigave soﬁewhat higher*yiélds. ‘The increased

sressure and the correspondingly longer contact time increased the CO

conversion. - At the same time this increaséavconversion'is not endangered
R L

'. -~ =100~
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L. Opérating Conditions (b) (Cont'd. )

b) carbon decomposition which is less (at a given témperaturc) at increased
pressurec. - CT o : o

‘Thérelis é élight carbon déposition in the course of the synfhésis

which makes it hecessary. to burn off the carbon from the catalyst. This
is done every 3 -4 weeks with air or air-recycle gas mixture at the

5;- quduéts.f =

Th@,synthesié products obtained with this process are mostly low
boiling isoparaffing-with isobutane the largest individual. component.

T BEEed on operation at 150 to 450° C, 1300 V/H/V, and pure thoria
~catalyst the following product was obteined: - - e e
~(Note: . This is same tost shown in the first teble under 450° C tempera-

_ ‘ture). _ ‘
Composition of "gagolMs - ":_93 L 20%

7 D : C K i cll‘ . 70%‘

T mty T _10% ‘

(o butylenerwas found) - L
Composiﬁionvof liquid Product: » : . _
Frection (9C). Component. ..~ . g of Liquid.
20=~33§1 ’:"1;}'>? "Isopentane . ST 1l.8% -
33-47.8% 0 . . niPentane. Lo
L U i Neqhexape_ 0.2 .
. ‘ » Undetermined 0.3
47.8=64° R Neohexane . el 1306
DR L _Undetezuﬁned~] 1.7
64.0-88.5° " Naphthene . . 2.9
88,5-98.0° o .l’,3"'ADimathylcycq.0pentane,',_ 9
R e T ;;I_soheptane ' . V5. :

% Probably contains 2, b dimethylpentane, e (Contrary

-0
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L, Opcrt,tmp Condltlon (b) (Cont‘d S

: Composmtlon of liqu:.d Product: (Cont.'d )

- Fraction (%) __Component % of Liquid
© 98.0-113,0° . Naphthene - N - R
, .~ Paraffin S 3.7
113.0-131.3° o Naphthiene ~ .. g4
T . Foraffin L 24
131.3-239° " Naphthene and “Arcmatic c 223
v . : o . Paraffin . . » o=
R399 o Sol.}._d_ residue 0.5
e — R 100 0% -of” vol.
% vol.

The Octme l‘uumbcr (motor method) f the gasohne i‘ract:.on varles
frOm 79 85 cleur : '

- 6. gglcl'usions.' . . T A n o
: The isosynthesis is of tcchmcd interest as o directed reaction‘of
. C0 and Hy. By ths use of particular catalysts and operating .conditions,
CO and Ha. can be comb::.m.d to yield a hydr‘ocarb'on-vu?ixhure_ consisting .. +=— :

The hlgh tcmper.tureo and~ hn.gh pressure requlred for thls synthesis
would -be 2 ‘debit ‘to its commerc:.a.l use, As a- fuel;, the :Lsosynthesz.s o
product Wwould be of premiup quul:.ty, but th(, componen'bs are otherwise of
no spe,c:La.l :Lnterest today. ‘ T

v 7\ Llst ‘of References.,' , B ’* LT

@ Patent’ application by KT dated. 18 Decexrber g2,
"Verfa.hren aur Kataytlschen Syntheses von Kohlenwasserstoffen
aus. CO und rIg" . _ R

(2) . Protocol of meetlng, KTJI and HCH 2 June 1943.

,(3)'; Progress repor'b on development oi‘ Synthesn.s from CO and H .
‘ partz.cularly synthes:.s of dso. pc.rc_fflns 5 by KNI December 191;2

(4) Pg.tent \_.ppllcatlon by KWI dated. 2 October l9£|3
"Verfahren zure Herstellung von, klopi‘festen Kohlenwasserstoffen"

-102-
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.THE SYNTHESIS OF HYDROCARBONS AND CHEMICALS FROM CO AND Hy .
SECTION V
ISOBUTANOL SYNTHESIS
. ' -—-!-—-—S . ik : y |
" The attached report ‘covers information regarding the synthesis of .

isobutanol and higher alcohols by a modified h.p. methanol process. -

_ ... The isobutanol synthesis was a prewar I.WG_,‘.,,dexe_ldpmentmand_..was‘.wfm.ww-
—practiced extensively for the production of isobutylenepolymer (appanol) -
and iso-octane. The high boiling fractions, while only a small per— .
centage of the total product were of great.-interest for the production

of detergents and lubs oil esters. IR SRR -

i :di~—Isobutanol Synthesis. _ ‘ . o
- -The-following information on the ‘synthesis of isobutanol was -obtained
from Dr.. Goggel of the I.G, Farbenindustrie at- the Iudwigshafen plant on
'28'May 1943,  This synthesis is in essence an extension of the high - ’
pressure’ methanol Synthesis which utilizes: carbon monoxide and. hydrogen. - -
The .iscbutanol, synthesis uses the same raw materials, practically the sime
chtolon -

dnd' pressures: of ‘the same. magnitude (about 240 atmospheres).
yst used for the higher alcohols in zine &nd. chromium oxides -
he: addition' of. 6ne percent’ of potassium hydroxide. The tempera~ -
bout’ 430°. entigrade, . . ... Lo e T

once=through operatioh;  theproduct made in
ymthesis 16 methanol; about five to six |

- for ‘every part'of isobutancl. In addition
other alcohols and ketones produced.
ts oquals the weight of isobutanol in

oduct contains approximately:

%
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1. Isobuhanol Smthesis §Cc>nt'd.}, :

High alcohols and Ketones l%
. Hydrocarbons. .

© - An importa.nt part of the - .1aobutanol synthesis which increases the
yield of isobutanol and utilizeés ome ‘of the by-products is the reaction
‘of "isobutyron' with formaldehyde to give 2 molecules -of iscbutanol,
The v"isobutyron" is apparently a misnomer and should more properly be -
called d:.isopropyl ketone._» This reaction is -as follows: .

. . K e X ‘ . B
H;:--—C-—-CH $ cuzo--uuc--c--c--.c--oa
‘ . -l»»'r : ﬂ S N
HBG ‘oi. . CHB H3C o 0143 H o
(b) cn i OHg I ; ST § i cn
R R P i

m-—-c-—-p-—-—c-—ox-g-aaz-.aﬂc--c-.-ox .
.0 .0 . A ca3

‘ The separation of the products fran this synthesis is by fractional :
d:.stallat n. . The equipment involved is’not novel in any of its ‘features.
nf ccause of “the multi-component mixture” which must
"i‘h,e, distallation scheme is straight formaxd,’ umucnatinuons

=)

flow. thfcug ¢olumns which remové: one. component’ at g t:.ine. (see: ref.—V/l




The compoait:!.on of the gas leaving the onve rber 18’ gy ly
as follows- S ' oadmaa |

'Nitrogen S ‘
Hydrocavbons (mostly CH ) Balance

The ana.lysi's “of the liquid jn-ad,

Isobutanol A

- “Methanol’ o e
‘Vater - o - 18~
_ High alcohols and Ketonee 10%
Hydroearbons SRR

, A]_l methanol is recycled to the chambe
cation. cannot be economically Justiﬁad. ]
the isobutanol yiéld. .
\c0+ 2H2. & detailed ]istmg of the: compounds,;‘con rodu
is given here to illustrate the: compleid.ty offthe omposi.tion Thes
are ta.ken from the attached chart... . : R

(a) Hydrocarbons, total about 5 per cent e
) v-Propylene e sobutylene
Propylcyclohexane Triisobutylene :

: -105..



Aldehwdes - total’ai:dﬁ
' Foma.ldebyde

- Isobutyraldehyds:.
Diethylacetaldéhyde :
Ketones -.tobal abo

»_:Acetone o o
ettwletlvlketon'e“ “
Y¥ethylpropylketone e
Ethylisopropylketone = =~ =
"Isobutyrdn" (Diisopropylketoge)'
' et.c. o

V

. The condensat.ion of "1sobutyron" w:.th fomaldehyde
. The materlals a.re Ju’blhzed :u'z these ratios‘ -

) Material

. 500 tons per month of 90% Isobutyron
500 tons per month of .30% Formalin. o
130 tons per month of 20% Sodium I-Lvdroxide =
500 tons per month of [ methanol (Solvent)

These are charged batchwise to*agitated autocla.ves 4n; such a ma.nner",l
" that the sodiim hydroxidé catalyst is added over & period of 9 hours, ..
while the temperature is maintained at 50° C. . _At-the end of this period..,
the crude condensation product is charged to a 8till. in which th tha-; '
nol is removed. The residue product fram this distillation'is: uaahed
‘with water to remove salts and the remaining formaldehyde, .and is
. neutralized by the addition of sodium sulphide ' The washed. crude P
_is then distilled to separate. t.he unreacted “1sobutyron“ fran the conden-‘
sation- methylol-isbutyron. : :




2..Details (Cont'd.)

T He - (lm3 Hy
b S G
o HBC - 0 '—-.GHB . 'Hz‘.'-

- The isolated méth;;lél “isobutyfbn""is théh. hyd . o génated over a .
copper chromite catalyst at 200 atmospheres and & temperature of -180 to
The product is purified by a fractional distillation in which metha-
nol is removed from the top of the column, pure iscbutanol is taken off -

~as side.steam, and the-high boiling residuss are taken off at’' the sump.

— - ppeut 400 tonsper-month-of ~ischutancl are-obtained-froin-500-tons-—
| of Wiscbutywon'. This is a yield-of about 63% of the theoretical. - -

. The isobutylaloohol is dehydrated over alumina.to ischutylene at -
/330 to-360°. C, The best: temperature gives 95% conversign and the ope~-
"“ration is once through, ' No recycle-is required. The' alumifia'has.a. . -
"~ 3-hmonth Tifes . - o T u T e M

RN

- ~Isobutylene was uaed for :L 0-
for oppanol ‘(polyisobutylene)s . =

. “Wnile the isobutysynthesis was bf iz
production of iso-octane, it wes claimst
‘peacetime value &g 5 producer of isob
for the. higher alcohols boiling ;
‘used’ for the production: of bie ¥
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‘3. List of Referenccs (Cont'd,) '

« 5) "Methzmol und Isobuty:usl destfillation" 1939/191.0
by Dr. W. Weber 1939. :

(6) "Verfuhren zur Herstellung von Isobutanol aus K-Fraktion" 5
-Leunza, 30 November 191;3. .




- peadigntion banrgxw
iﬂ Mﬁﬂﬂm&g&wq

aﬁmgﬁ lboho, Gedenr

ﬁ{ﬁﬁqum}mtmﬁﬂrﬁ@imm@maw,
in unes’ab daw . caibon mondaido ond hydrogen.
*itw'amwmcmmmw PrOSBUTY mmam
< -Tha mxk- mmﬁmkw&v@d*m ahmintm folang

.su- LRt

o cﬂﬁ&ﬂg—-—&» 22113@{ k4

T a e

‘ma mﬁﬁlm xfcr macticn I ia aaﬂ.i,\m mt’lw, it disaolwd 1w mothonol,
tha sutalyel £or the setond. rerotion is7a typical hydrogenation eatalyst
dutnrihfa&ﬂgwdm -mads’ up ‘of [CdppaR y” ehomdvn and bardim oxide. FProm

zot- of aquations Lt caa be seen ﬂﬂt &lthough two molecules of



: ‘ ':“Ixandhm is p‘oduct o
:ﬂm of catben monoxide and
‘mw ct '95% tomt.hanol ‘

Ene::oaap -mx this aucrs.mm ‘are four ':rééon- which g.‘!.ve in detedl
mental findings of ° u(ngm ‘Peport. (p)-gives-the results-of

e

) ma -f£indings of . (a) and although
2l can: uled An.$he. synthesis

current anq iraliel ﬂw ot::raw ‘material thrmgh the ‘rereiion veslah, :
(d) descyibes the hydrogenation step (II) of the symthesis.: In addition
there_are also enclosed two chart«s .of whieh one’ shows ir scheme the :
: experime ;pmont and the other shows. :lxxdetail,
the equiment and. arnngemt« ;t " proposed plant to produce 28 tons

per month ot metlwl £omato or 11'.3 equitalent -of; 15 tons of metha.nd. ,

‘ Reaction I above is conducted aa“tollows for ‘a batch proceaq:

Sodimx mt&l, 5.8 grams e is dissolved 4n 100° grems of methanol- »
tlﬂ.c makes approximately g 13%: golution of ‘sodium msthylate, - The oolubion
is: charged ‘to an autocla.ve and air is removed by displacement w.tth carbon

monoxide; and then ‘a pressure. of 30 atuiospheres 18 produced by feeding

- ‘carben: monoxide’:.The temperature.ie. raised to 800 C.and as the ‘carbon
" monoxide reacts. the pressure. is. maintained at. 30 atmospheres by teeding
_carbon monoxide. ~The temperature is held at 80° C. The y.laldotmﬂwlmm
in this step is about-38% of the theoretical. . .In continuous. operation | -
the yield of methyl formate is approximately 25% (see Report (C) above)..

The heat of reaction for step Lis appra:d.mately 9 Kilo Oallml. of .
.methanol. R : L :

. It is eesential in this operation that ‘the reactants be free of
‘water and-carbon dioxide, as’'either of these react with the' lcatalyst as
“indicatéd below, so that if present- :Ln aufﬁciant quantity, ‘they will
preelude the deaired reaction' o

(a.) cu3 w&-l-HgO - 9Na OH+GH3OH
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. PO
TABLE I 5 T s

e

' - 1 ] ‘ -‘ [ - ‘:.‘: ) : ‘ . - 5. .
Ester Fed. | Pressure | Temp. Catalyst Ester fed {zength of |55 E""‘er |
R h«,/l/h 4. | hours. .

|
-
A

xiem of
3 in

Ethyl Formate 30 L 563 R0 :
Jethyl Formatel 30 | - 215 | . heTh - ‘ '
Methyl Formite] = 30 200. |5,
Juothyy Formate] 30 | 200 | L |
6 | 180 | ki |39 sfj_g
[iotryl Formstd: 30 | 20 | kay | 39.0 |
Methyl Fomate; 30 - 160 ' 1‘3.43 121, :
Butyl Formate | --30 | 208 ae/sz,z

Methyl: Formate]

Butyl Formte | 30~ | 200 | 29 | M7 |
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1. Low Pressure liethanol S thesis (Cont'd.

(b) Na OH4CO -~-=- ’+'n.'

(c) CHg ONa 400, =—--=--=-==-> ca3 -= 0 === C0 -— ONa

The presence of hydrogen in t.he ca.rbon mononde used in this step
tends to decrease the yield of methyl:formate. It is not essential,
however, that the hydrogen be removed’ completely, because ~*"per:.ments ’
with accepbable vields have been made with- carbon monoxic:z ,onte,ining
30 volume -percent hydrogen. . . : . -

The crude product from the add:.t:.on of carbon mono:n Jo to methenol
is separated from the catalyst salts by distillation of rmabhanol and —
methyl formate and is then ‘hydrogenated. - The' apparatus ‘uscd-in- the hydro-

-gonatxonawas_ah&lverwplated_tube, of 175.cc. volume containing 150 cc of
‘Edkins catalyst of copper-chrom:.um-barium oxide. - The tubs was 40 cm. in
longth. Themmocouples were placed along the tube, Tho tomperature in
this step-is. closely controlled between 175 and-185° Centigrade. -Higher

" temperatures. give rise to &wo.side reactions; onc of which decreases the.
Yield of methanol but does not decrease the efficiency in that the -
products. are methanol and carbon- mono:d.de which can be recycled in'a
large 'q._nsta.lle.tlon. Th:l.e rea.ction 18 ind:.cated as follows-

LR
HC —— oan ..........., GH30H+CO

,,,,,,,

-

o The second react:.on, which results i‘m too high a hwdrogenation i
temperature, ot only decreasés the yiem but also decreases the eﬁ‘ioiency
:m that. the products arc not adaptable to further uti.liza.t:.on. -

Hg [—— 00H3 -—--—---b CH;‘*COZ s | D

- The yields obta:.nable in the. tion step-are mdicated in the '
follow:mg table taken £rom Enclosure ( § mentioned above. I

The products,of the hydrogenation are. sepa.rated by fractional d:.stal
i he&dist&llation is pot complicated in that' the products boil
t : empera.tures, methyl formate 31.8° C, and metha.nol
:hr tne fractionat:.or;. L




‘the’ Bureau of Ships in Waslﬂngbon, D.C. - {,j{ S S ’ -

(1) Four ‘sections (I*to IV) ‘of Peports. '
_ - mdtteldruck Methariol. Syntbeae/ZweiStu.fen Vertahren" -
by Dr. - Brendle:.n, PDate 16 November 1942 = .~ "%,
, .. AT March-1943
o -"21 October 1943 -
RN 18 November 19113

) '(2:)‘ One 1 drw,s I‘lowsheet "Methano;smthese" :
'(3) One d:w» Degussa. 16159 "Schema Versuclwanlage M2“ ‘
-~( h)* ~-“Methy1fonnmt«-aus~0li3m and CO“*bwar:«Polﬂ.;wlh—Febmryﬂwhh.

{ 5) fBety 1cbs’\¢=schmebung zZur Herstellung von 28 Moto nethylformiate"
o by Dr. Brcndleln, 8 June l9h3. A

{6) "Mi teldrucksyr'these in Verglelch Zum Hochdruckv‘erfahren der
L I.G 'z by Dr..Brendlem, & December l9l;3.‘»

(7) ne I.etter by Prof, Dr. 0, Fuchs re-- Methanol Synt.hesis
- addressed to Dr. Brund:. 15 lmy l9l+3. S

(8) '_'One Fo]der F“_Lle on Patent Applicat:.on by Degussa.' "Veifshfen
» “zur Herstellung von: aliphatischen Estern" ‘
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. The attached report covera tha— development of a now synt
higher boiling alcohols by reacting olefines with 'CO ard :Hy-over. %
catalyst at. 150 sum. The -deveRopment wds: carried*thrwgh;;fabo patory ..
and. pilot plant stege and resulted in the erection of-one 10,000 ten/yoar
plant by Ruhxcherrie AG ab Holten. SR

onterss .,

- —

) f‘ A_‘ t

a ""Wn. al Lnuroduciion‘ - .
2.: L.h“mlsb:’y of “the Oxo-Synthes:.s
: ©  {a) Primary Redgctions -
_ "(b) Secondary Reactions . ' 0
{e) P‘z‘iésuuct.a from Two Methylpentene -1

3. 'Oleflnee fov- the Oxo-React.:.on
Lo ‘W.mys- fo* the on-Synthes:.s '

5« Opcv-a.tlng Condit::.onS‘ '
-~ ~(a) RCH  Batch Process
: i (b} I.G. Leung Continuous Prccess )
(:, I G. Ludmgahai‘en Contlnuous Procees
6. Qpcrn.t:;.ng Co§t. S

Te .’-3_0*:'1:',11'13": on. -

8. Lz:L' 4 Bé.tex;ences.



, ' THE OXO-SYNTHESIS
. 1. Gene Int '.uction. (see ref. VII/L and VII/2 at the
- " end of this section).
' °'-“°‘5ym'.hesis is a procesa for the production of alcohols by the

resction of olefines with one molecule each of co and H2 and subsequant
‘hydrogenation of the resulting aldem'de. L

The process was developed independently by Ruhrcheme and I.G. Farben.
During the war these companies arrived at an agreement whereby they would |
pool: their information, but up to this time only one commercizal plant
‘has been erected (by "Oxogesellschaftm.b.H. at ‘Holten). The unit was -
never started and thus.no actual plant performance data are available. .
A1l 3information given ‘below is based on 1arge soale pd.lot plant operat:.on
mdﬁlaboratory WOXK 4 e

_ ’I‘he Ruhrchemie plant is based on g batch type operation, wh:.le I G. .
I.euna had developed a continuous sump-phase type process. It is

folt that the I.G. ~process is ready to be put into- commercial practice
and is superior to RCH. .The main mprovement eonsists in ‘the continuous
operati.on and aomewhat h:.gher output ‘per catalyst volume. SRR

The prlncz.ples imolwd and their pract:.cal aPpllczett.:;.on are .;r‘.'"'. :
“aescribed belows:’ ' ’ h

- 2 Chemist;z of the Oxo-Smthesis: (See ref. vn/3, vn/s :
oo to VII/7 at end of this sect.)

The follomng reactn.ons occur when olefines are contacted mth

CO-HZ mixbures over certa:m catalyst.‘ e B
(a) &_r_x Reacta.ons. LA ‘
; (l) Formtion of a.ldehyde """" R—CH2-—CH2— gC
n-_pa = CHy +CO4-Hy _.,:3—93—333. L
o . f B o ~HGO P
(2) Fomat:.on of Ketone e R CH2-CH2-CO-CH2—GH2—-R
'~ 2RCH = 0142-;- co +2nz - R—-CHz— cn;,_- co-cnz-n
R CH-CO-?H—R S
°“3

.115_



2. Chemiétgx of the Oxo-Smtheg ig ’S;;an’o‘g,!

(b) §econdagg Reactrlons.

(l) Formation of acids analogous to’ 1a. uaing Hgo instea,d of
" Ha. —

(2) Formation of parafﬁm bydrogenation of olefine feed (does
~+.. = mot occur under synthesis conditions). _

- (3) Formation of, carbonyl- " from catalyst a.nd CO.

A greair deal of work has ‘been done to° studv thasc reactions a.nd some
of the. results are listed below. o

Pure olefines of different t.ypes were sub:jected to the on reaction .
—-and-the -products- eeparated.and each_chemical individual analysed in detail.
s For example- pure 2 methylpentene - 1 (Isohexane) ' ’
.. ..+ pure dodecylene - 1. . _ PR

pure cyclohexene. - '
were- reacted with CO4Ha. .The catalyst was removed and the CO—carbonyl
decomposed by washing with 5% H SOA_. The products  were then anallyzed.
(Note: ‘that this is only the. first gtep of the oxo-Synthesis) The "
aldehydes are not easily analyzed sirce they are highly reactive. It
is known that more alcohols are: “usually formed in the oxo gynthesis
than would be expected from the analytn.cal determ:.naf,:.on of the aldem'des
a.fter the first step.-

et Ty

(c) Products fgm 2 Met!ylggntene - l

h5% of product boillng below 200 C (760 mm.) J.dent.lﬁed in this
fraction were: v

: 3 .methyl hexylaldehyde (main product) .
~ . 3 'methyl hexylol ) ,
. 7 73 methyl oa.pronir. a.c:.d

In the h:x.gher bo:.l:mg £raction the followmg products coul‘d'b’e‘fouhd:

2, 8 d:_metheyl—undecanone -6
Higher ester of 2-i-mett\v1capromc acid

hese products correspond exact‘ly to the,,...bas:.c reactn.ons li.sted at.
 the beginning of this chapter.
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In parallel fashinn cyclohe:nane was treated and the follo'«ing iden-
tified in the_ products- -

¢ . hexahydro - benzaldehyde
. . “dimer of "
trimer of " " S o
. hexabydro benzyl alcohol : -
hexahydro benzo:.c aeid - hexamrdro benzyl - ester._

The’compounds charged to onsynt.hesis s particularly those_ obtained
from F.T. type operations are knom to be substantially terminal. olefines.
Yet it was found that some of the. products could have been: formed only
if a double bond. shift had préceded the. format:.on of the aldehyde. -
"This effect. was. studied and the- result.s are sumarized below* '_N__-_,“

‘ Aga.:.n n-dodecylene -1 was used as starting matenal, and subjected

“to Qxo0. synthesis. But.the reaction was carried. throagh to the alecchol.

In order then to establlsh ‘the structure of the. alcohols,. they were f:.rst ,
carefully- delwdrated and the olefine was r;exb split by, cqc:.da.tion and
treatment with Ag The resulting acids were ¢hecked for their’ chain
length and thus’ the b branching was-determined, which could only be an_
effect of 8 shift .of the double bond of the n—dodecylene -d feed during
the Qx.o-reaction. L

These tes'f.s proved t.hat i‘rom terminal nonml olefmes tha mtoéyn- E
thesis yields branched alcohods, in particular 2-alkyl a.lcohols > whereby
the yield decmasasﬂth increasing length of the s:l.dechain

» It was finally possn.ble to prove- tha.t cobalt carbonyl was the ce.talyst
reSponsn.ble for the double bond shift. - Dodecylene - 1 was treated at 150 -
to 200° C and 200 atm. of - €0 and with’ co-thori.a. cata]yst a.nd 3.1.1. isomer,, .
-dodecyienes wWore found in a.]mst equimolecxﬂ.ar *atio, R L

e Fe—carbonyl showed a simi.lar effect o but not the sa.me activity, as-
.only 4O to L45% of the. dodecylene =1 was iseierizeds Nickel however, had
““no effect at alls These findings are: ‘interésting because the three - _;;;—»

- named metals catalyze: ‘the .Ox9- rea.cti.on .in-about.: the sama extent a.e they
.isomarize the double bond. PRSI

The shit‘t of the double bon;l was made, subject oi' a patant e
application by 1.G. Farbeni.: {See reference. VII/9 at end:of this seetion) .
The disclosure. involves the treatment of olefine hydr carbons withk e




HRESTRIC

2. Chemist

metalcarbonyl (particularly cobalt-ca.rbom'l) at 70 a.tm. CO pressure and-
at 1500 C for two hours with 34 catelyst in the feed as an axanple.

process should serve to raise the octane numbez of the Wdrocarbon :
(Note: . that similar tests were carried out on synololefines, which were
to be used as feed stock for the aco-synthesia) “The olefines were. Sound
to be at least 90% straight chm.ned. - e

<+ The. Synololefmes, on the. ot.her hand a.re not. necessarils all termi- ’
nal olefines. - These facts seem to. constitute the proof that the ‘Synol
reaction (for ‘alcohols) does Tiot corisist in-an Oxo type synthesis carried
out on initially formed olefines. If such were the case, the synol :
alechols would have to contein about, 504 gk -substituted alcohols, which
they .do. not. ' Much rather it is-possible that they {synol olefines) are .
_the result of a dehydra.tion of the prima.rﬂy formed temma.l a.lcohol, '
followed by a shift of the double bond. "

SR

' That Fe ‘has a tendency to ‘shift the double bond, wag: seen fran the
analysis of & Synol fraction (undecylene: .73°%- 78° C at 10 mm. Hg.)
wh:.ch Had been synthesized over the stc.ndard iron cata].yat.- S

IR Undecylene ‘pr 7 D2 3 le : 95
S uol.%:,_ " 60.:; 272 o

‘This comp..res as follcws mth the d:.stn.bution of the double bond, :
’ -obtained from: n-dedecylene-l by. treatment with Co(CO);, . &

Dodecylene . Dl S D3 Dl 'nb
kel % 8 a2 B0 181 13.3 10.3
‘- 3. Olefines for the Oxo 'actio R ’

The follomng ma.terials were conaldered. as feed
' Olefmes from F:Lscher o (Kreisla.uf operation)

“m . u. Cracked Fischer.wax-
SH o on CFe catalyst F.T. operati.on
oom~cciome Symol \operation
“oow- oo w oo Yardous -eracked. mineral oi.ls
" .- --Shale 'oils g
n, o ’j'-A_V‘_Hydrogenation product.s_ R

DRSS appears that. the reacti.on is applicable inw princi "
:»olef:mes i.ndependent. of Qrigin The l-lmi'bations prcbably; i



RESTRICTED .
2+ _Olefines for the Oxo Reaction SCont'd.)

impurltn.es contalned in the olefines, such as aromatics, gums, or’ catalyst
poisons. ' It is for this reason, ‘that synthetic olefines are preferred,

but good results were obtained from mineral oil olefines in spite of

their sulphur content. The temperature requiren for the synthesis is
somewhat higher and-the sulphur content is a drawback in the hydrogenation -
stage, unless it is carried out qu:n.te independently over sulph::.de cafalysts.

. Olefines contalm.ng chargmg stocks from different synthesis opera~
tions were studied extensively, to evaluate their use: for the oxo reaction.
The i‘ollow:mg products were tested-

- o _'catg;ﬂ 7ot 'Eed-in'sm thesis. -
Ruhrcheme, prlmary synthes:.s olef:.nes . GCobalt

Ruhrchemie, thermnlly cracked wax = : Cobalt
—Synol—olefines- et Iron—
Michael GI.G.,“Schaumi‘ahrwezse") olefines ., Iron

Lurgi olefn.nes Iron.

~ The r:onclusions ‘were as follows :

(1) In all caaes over 95% of the oleflnes are converted

) The cobalt products ‘are more un:.form and contam only olef:mes s
paraffins, and alcohols. .

“(3) The Fe-prpducts conta.'m s:.zea.ble amounts of aclds , esters, alde-
hydes, etc., aond are rendered more unlforxn by oxo operat:.on
(due to the: hyﬂrogenation)

(h) The total alcohol concentration in- the: fz.na.l product is “ower

©.'in the cobalt” produced olefines and reaches: a.mx:.mum in the
synol product. :

(5) The usefulness of the. a.lcohols for detergents 15 1less in the

-cage of iron synthes:.s, since 'c.he chazn 1ength :.s somewhat
shor‘ber_. S '_f SR T

etk — B

In order to compa.re the d:.fferent. synt.hes:.s i‘ractn.ons for the oX0~
synthesis, the follomng table has been prepared- (See attached sheet)‘

- 5p eial Feed Sbocks'

¥ , Itﬂwas attempbed to app]y the oxo reection on other compounds
: 'contairﬁ.ng double ~bonds, with the following nesults- '

—ug—



RESTRICTED:

A

'3, OL Special Feed Stocks (Comt'd.

efines for the Qxo Reaction.
Tetra methylautadieré: ~ -  Reaction only with one double bond
Dime‘tm'lhexadiene: o ~° Only L0% of expected product; rest is

hydrogenated - at one double bond, while:

other reacts according to Oxo reaction.
Allylaicoﬁol: - o ‘Reaction -products very compleX.
o . -1 . No detailed analysis available.

L. Catalyst for Oxosynthesis. ' o o

- ——._The catalyst is identical with the standard cobalt Fischer-Tropsch
_catelyst. —It is applied as a slurry in the liquid feed.  Usually in
‘concentration of 3% wt. catalyst based on olefine in the feed., At the
érfd~o£;the,,oper_at.ionWthe;,,c,a;t_alys,’c,_;i._fﬁ_ﬁ,_lte"red' from the reactants through
a ceramic disc or thimble and returned for further use.’ -‘About "100 batches
‘can be processed with one catalyst charge. T ‘

. The-catalyst cuntained cobalt, thoria, kiesleguhr in the customary
‘ratio 100=1.5~200 (weight %), It did not contain magnesia, because -
it was found that MgO encouraged condensation' of aldehydes. The catalyst-
had an.-apparent density of 0.3 to 0.35.. Thus 10 kg. of oil contained o
. about one liter of the catalyst. RCH used batch operation-and carefully .
- avoided all pumping of the slurry. The liquid was removed from one '
vessel to another by gas displacement. In the continous operation used
by ‘1.G. it was found that the kieselguhr caused considerable trouble due.
to abrasion in'the pump.valves. -Attempts to replace.-the kieselguhr with:.

“tealewn failed.

~. ' One of the main problems in the process is the formation of cobalt -
carbonyl. (Its.effect on the double bond has already been described).
I.G, Levna developed & cobalt- copper catalyst, which gave ‘only a fraction
of the carbonyl (less than 10 milligram/liter). The. copper has a stabi-
“Tizing -effect on the cobalt: .This catalyst was satisfactory for the =

1st stage (aldehyde formation) but did not hydrogenate well. -

" The activity of the standard catalyst for the 2nd stage (hydro-
‘genation) is considerably diminished by:the presence of even small. . - -
quantities of €O in the hydrogen. This sensitivity becomes more pro-
nounced with the age of the catalyst. The installation of a_MMethanizer® |
was therefore:congidered to remove this-residual - CO from the Ho-cycle -
in-the 2nd stege. el Tl e
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- - See als Reference VII/5 at end of this sectlon.

,that the mygena,ﬁed cbmpomds :.nclude alcohols 9 aldehydes » aclds and estors.




Catalys -fér/'_w 3o the

. T iate ETE
. Another- modification of the
by I.G. Parben-at Ludwigshafer.:
this section). In’‘this process cob
acids (from'QOxo-alcohols) inian‘autociave. t 1
fatty-acid. (The free ~acet.1f "agld 18 condsnsed).

: on: inty-the feed to give
0.02 = 0.05% Co’ concentrations . This. mixturs is ‘charged to the -renctor
‘where it passes over o solid tcbalt ‘catialyst bed (Co: n. pumice)s : The
mixture is finally -freed: from the "cobalt ‘in & special. smaller yeactor, .
which is filled with pladr pumice, ' Hydrogen is added here and the . .
reduced cobalt deposited.on the: pumice. After several months the £inal
resctor must be purged of cobalt. This is done by ‘60, whi¢h forms . -
"‘-Edi-ﬁdx‘iyl';““the’”‘carbbnylr'is‘qgain‘rﬁ?”lwdathnweamﬁﬂb 6
feed. o R R e '

 Phus the cobslt is intired Sed fin-'solutdon ntd

. This process doss -not -require any ifiltration step. . The gas streams”
‘of the process must be- c?htihgoua],v". checked for:Co -carbonyl. It is . .
necessary to:control its!decompositiony or:if possible, direct it'toa
part of the plant where it dbes'no harm. “In géneral, it is scrubbed out.
in 2 wash column using the olefine feed as sponge. " :Cobalt deposition. .
throughout -the--plant due:te Co ‘carbpnyl; has been.a considerable ‘problem
in ‘the continuous processi B LS S e

v The eatalyst, as any F.T. catalyst, must be reduced. -In-the parti-
cular case pf.Ath‘e..dxo-—s’ynthesié; “where & slurry is-used ingtead-of a..- -
,solid bed, the pelleting of the ‘catalyst is unnecessaXy.. This however,
ccalls 'fof'fi'somefspecimrrmxgemen&%m:Are.dgxce,the‘cataly_st'. * I% could. be
pelleted, reduced, and again broken up, but the I.G. engineers ‘proposed
reduction in "fluid phaset. . In a.patent application dated 9 July 1942,
the use of a funnel shaped vessel was disclosed for the -reduction of
' catalyst powder, (See reference Vil/8 at end of this section) where -
the reducing gas would keep the dust in motion, A filter or other. .
.mezns’ could be used to remove the ‘catalyst from the gas stream which was

5.0 g@_gaﬁiné Conditionsy: - e R

" The total olefine feed _(Ci]:"i-).:bo_iiing‘frmn'f‘:(iﬁ to 303° C) is first-
- fractionated into narrow cuts. This is. necessary for the subsequent - ”

.-12;2’ :



5. Operating Conditions (a)(Cont'd.)

-Separation of the products into the neutral oil and the alconols. The '
‘latter, ‘having been lengthened in their chain by .one -carbon atom, boil
20-to 30° G above the corresponding olefine. All distillations in the
oxo plant must be done carefully and the different unavoidable inter-
mediate fractions are either rerun or discarded. If this rule is not
followed the final alcohol product is tontaminated with undesirable.
produycts, - .. .. . ~ o : _

\

-+ " The C1i~Ciq (,fjsed is fractidi;ated into the follbwing four- fractions:.

NGy . A75.2180 usg |
ey CBClh.,;;m; 218 ~ 2459 . - 25% . o
. 7(;17,’,_ ... 280 -,1395.0; g \;0%

(The feed is obtained from LP and MP cobalt synthesis and ‘thermel:
- cracking iof "Gatsch!,) R , o o
The fractionation was carried out under atmosphere pressure for the
first two-cuts and under 100 -150 me, Hg, vacuum for the last two.
'Kittel" columns were used, with10;1 peflux ratio. They ware-chosen
‘because they were considered tq- lve 1less pressure drop through the '
‘tower and thus allowed a bottom gemperature' several degrees below that
required by ordinary bubble towers, . , o ; .

* All four vfr'a;cti'ons‘ were 'tré‘_a"ted‘ alike in the oxo plant as follows:

~— A known volume of feed was mixed with 3.0 -3,5% by weight of the
vatalysty The-slurry was pressured into the tubular reactor and watergas
- (CO:Hp.= 1:1, purified) introduced at 150 atm.” The reaction is exother-
mic by 45 kg. cal/kg. of olefine:, .-The 'heat of reaction is removed by the
cooling coil, In‘addition the pressure may serve as a means to-control
the heat release. (By lowering the pressure-the reaction is 'slowed down).'
The' gas is pumped hrough the reactor in a closed recycles "As-the .
- reaction proceeds’ and gas is used up, the pressure drops.  New ‘gas is
' 2dded and the reaction.is complete wher no further drop in pressure occurs.
‘Throéughout the reaction a température between 125 and 140° G'is .
maintained, depending on the type of feedstock.. The temperature may be =
Taised towards-the end of the reaction to encourage decompdsition of the

P olee



RESTRICTED -

5. Operating Conditions (a){(Cont'd.) ™

carbonyl. The watergas is then released and the entire batch’ including -
the catalyst is pressured inta:the (2nd stage) 'hydrogepat;on chamber., -
The olefines are converted .100% in the "aldehyde" ctage.. 87~ 95%go. to
aldehyde, yielding about. 100% wt. of aleohol based on olefine -fed.. The.
rest goes to.ketone and aldol, but'the latter. are.largely broken.up, in:
the hydrogenation to give additional aleohol, : -/ A TR T

RN

_The hydrogenation is also exothermic by about 30~ 35 kg/cal kg/mol.
hydrogen reacted. The operation is carried out in anelogous fahion to
the aldehyde step. Pure hydrogen is admitteéd at 150 atm, = The Hp iz
recycled until no further pressure drop occurs. The temperature is held
at 180° C. At the end of the reaction the Hy is relecased ‘and the product
-withdrawn....The.- ca.tély.st;~if-£iltere&j~t'hrong:h”a“¢eramic"’thiiﬂbﬁlé‘.’“’“ T T

‘Béfore final cistillation the product. is caustic washed to remove
the acids formed in the process. The Gistillation is carried out in
batch columns.. Care is to be taken that the kettle temperatures do not
exceed 180 to 200° G (about 5 mii. Hg. is required in the higher fractions).
Aluminun was used in the congtruetion of. the .coolers and receivers of the
fractionating system (See also,rAe;i_‘qxj;e,rice‘ VII/L5 ab end of section). _

The distillation ofnthé,ﬁﬁp.lowgglbqilidg_feed‘ﬂrac;ions (C11,12 and
.C13,14) is carried out in one .eolumy edch. .The "reutral’ oil and ‘c’fhe- ,
- alcoliol are taken .overhead in successiaon, The two. higher boiling feed
fractions (C15 14 and C17) are distilled in two towers cach. The neutral
0il is removed’first and the aleohols in the! second tower. The 'heavy -
polymers. from 21l four fractions are charged to a common cvaporator, -
Refractive index measurements are used in the distillation tp control -
the ‘overhead cut points. - The. difference in E.p.between alco_‘ncl\;and_ L
‘paraffin’'is 1.39 to l.k2. . : e : o
The gas requircmonts for oXomgynthesis are given as. fullows: “(they .
‘2re ‘substantially the same for alk types of operation) . A
3asis 10,000 ton/year of =icohols o

: oo Netergas' - Exit sns ist stege

G0 ket moieg
CO - = o 38.0% 0 . 27.5%
Hy T R900% U 8
N2 bR - 1



2. Operating Conditions ganddnt'd.z
| ' fatergas | Mt gas Lgt-m“v e
* 5,14'5,0mp3'/‘yéar“ 2,715,000 n/year #
S ) 'l-‘.mmge‘n ' Ex:n.tg:san stage-:
:}g B 39_% o o ig; o
e © - 3,633000 m3/year 2,418,000 m?/yqar *»
# This is on once throug'ﬁ._basia. (See alsoreference iVII/25v at

end of section.)

e @

() LG Lews. = e

- The I.G. Leuna type of operation was continuous.. It might be pointed -
out that RCH would probably also have gone over to a continuous operation
.in the near future. The-fresh feed is used to pick up the catalyst from
the ceramic filter and is charged to a:mixer, where fresh additional-
catalyst can be added. . The slurry is then picked ug by the h,p. feed .
- pump and pumped through: a.preheater in the reactor proper.” Watergas is
-recycled through the reactor-at 150 atm. Cooling ‘tubes in the reactor
c.are used to remove the. heat:of -reaction; - The slurry is nexy withdrawn

and the pressure released in a gas separator. The gas is passed through -
‘a 'scrubber, where’ cobalt-carbenyl is -removed by washing with fresh olefiné
feed, - The slurry from the gas separator is fed to the hydrogenation -
system, which is.an. exact duplicate of ‘the one. described: above.. cPure
hydrogen is us=i instead of watergas. The slurry-fram the final gas.
separator is filtered and the ‘filtrate caustic wazhed, before refraction=
ation.. . ... v R R R R o :

. 'Details of the operaticn may be taken from the attached. documents. -
o (0) Loy Iugwahaten, . ,
- .The éjré'tem" was ':eecmbed in the pavx_-agra’.ﬁhlon caﬁélyst;- : It is in

principle identical "ith the Leuna system except fo. the handling of the
setalyst. 0 one DITUTETEST IR 2

~ .. The 'cost. of the HP. section of the. plant is approxinately 35.MM/1
yoarly tod aleohol... Mis however ddes nob include the gas proparation;
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6. Operating Costs. (Cont'd -
comprasaion ‘plant and the utilities.

The labor requ:.remenf. ‘for a'15,000 ton/year unit were given 88

50 men/shift (based on batch operation).. Thig. includes all operating
and maintainance labor. : ,

The Uti]ities are given belcw-‘ S :
Basis: 15,000-ton/year algohol from cu- c17 with 30% olefine
B content in feed.-

Heating Requirement: T e 5-»-—*' '

Distillation ‘ 320, kg ca.l/hr
_Bas prehea.ter, 1ot stage ™ 137500 TR
Y. 2nd stage - 16,500 ;o o
Metha.nizer T 31,000 I
Losses ~ . v T 40,000 M o

_ ‘ f L.21,ooo kg ca.l/hr
~ Cooling Requirementi L
o Synthéé!is , lst stage ; '-100 000 kg ca..L/hr

. 2nd stage - . 52,500 s
_Product cooler; lst stage . 120,000 . ’ "- E
R on - 2nd stage e 150,000 "

. Final cooler ' C. o 90,000, M
' Gas eooler: . - o-b 60,0007 W
B Lo ;' “f%*-? g 572;500 kF cal/hr

,.Power geguirement ~L_.§.‘§ﬂ RS

The - operatin cost was given based on 1 Kg. alcohol (for 15,000 ton/

‘ year plant ] ST
Power T L 0.0A RM/kg alcohol
Isbor =~ . ' i
-laboratory -
Materials
Feedgas e
?Axno'rti'zation' ,

At Ruhrchemie the cos’c ‘of the: olefine :Ln the feed was oalculatad at.
0.43 Rifkg:’ ‘Thus. tha“priée o.f t.he fim«l product would be 0:60-0.65F
",A_lcomlo o ;
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Te - Conclusions.

. - The oxo-synthe51s is the second of three major dlfferent processes’ .
for the production of high boiling alcohols. The great effort put into
its commercial realization . is due to the shortage of 2ll kinds of soaps
and detergents in Germany. Another important use for the product would
have. been its appllcatlon in lubricatlng esters.

The development of the process may lead to contlnuous operatzon and
p0531b1y better control of the synthe31s, such as suppre351on or closely .
controlled shift of the ‘double bond. to glve clearly deflned¢f=substlcqted
alcohols of predetermlned branchlng._-,, ‘
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23, Memorandum to Meeting 28 March 1942 by Met.zger. .
2. - Memorandum' to Meeting "Planung des Oxo-Vcrfahren“ - by Gemassmer
Co 11 May l9l+0. ) v
25.  Memo Re:- “Energ:.everbra.uch etc. i‘ﬁr Oxo-Aulage" - by Gemassmer,
©7 o Mauthner; 7 July 1943:
-26., "Die Herstelling. Héberer Alkohole aus Olef:men" - by Grimme,
' " Campen, (Rhen.noreussen) 6 December l9l+3.‘ o

Pre pared by.

E. H, Re:.chl;j--*
...Technician:' " -
T T
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