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“Tt is the object of this report to describe the commeycial .
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S e THE leﬂ—mﬂ M_,____‘_: T M_» Sm

R The mt.hasia _o.t,lwdmcm:,:m ni.xb\u'ea_ot co. and ecain'on]x;; -
rcferred to as the Fischer-Tropsch process, was the object of a coprehcn-
sive study by the U.S. Naval Technical lﬂ.as:lon in Eumpe'a Pbtrole\m Group
*n Gemany from April t.hrough June 1945. - 3

m==rr=Thig™ stuqy' discloaed-thairthrpmcasa “Was of*aaoonduy j.mporba.nce in~~
the German fuel economy, producing 9.1% of the total German oil supply.
“The concerted effort of German sclentists to improve its two main draw-
“backs; very low space velocity and poor quality. gasoline did not “succeed
which made it a poor competitar with such processes as coal tar or even
zoal hydrogenation. It was quite generally agreed in Germany that CO%H,
Syntheses would be used in the future as methoda of producing epecial
_chemicals and chemical raw materials. e L

The ocutstanding quick ignition, ash and sulphur free. quality of the
‘diesel oil from FT syntheais would not; -in the German point of view, change
this picture. No attempts were made to develop engines which could ma.ke
‘use of the 90-100 cetane number in a pure FT diesel oil as-such. The-
Germans, being short on all types of hydrocarbons, made good use of the
"Cetane" from their FT plants, however, by upgrading diesel fractions from
‘coal tars with cetane numbers of 10-15 and thus increasing tm1r'mduction
“of LO=50"ctetane diesel oil. For this purpose, FT .oil was exceptionally
suited. The value of cetane number is presently undergoing a re-examina-
“tion and mt,tl this re-examination has been complet.ed, the further use of
_the Fischer diesel oil is uncertain.

_The prcduction,oi‘,_,chemicals via synthesis fyom CO+H was’ still in
its early ‘beginnings.—The war—has—sioweﬂ—dom—mﬂ'eseax:ch notﬁrectly
connected with the German war effort; but two classes of compounds pro--
duced by Fischer-Tropsch synthesis, neve.rhheleas s received particular
attention; mono-dlefines and high boiling alcohols. These compounds were
of great interest, the first for polymerization to synthetic lube oil and
for sulfonction to detergents; the second for esterification to special -
lubricants. The German efforts to increase and cpntrol production of these

—compourids Were successful, in that they developed means to enrich these
compounds in the primary synthesis products to concentrations of almost 70%.

-3



— 'rhe FT ayntheaia ia knmm to be but "tha am—total ot a grut. ww
—different “reactions, such as ca.rﬁrda formation , ticn, lvdrogee _.

_nation, crucldng, and isomerisaticn. The direction of fut

T i-nﬂsbt 1 5 synthesis
and 't the kinetiga_ot_j:he_reacticn:-**”’l'!i:a’_';" able work
‘along thie bne and t.he infomati' " ob " d-in -
“Seetion Ib. - i e T T
' Finally, it is poiated out--—-—tbat~on1y thamtm syntieais is considered
“in this- :epo_;'b~*—iieth6ds“to produce the feed ("COFH;"), 85 Well &8 pro-

Sesses based on the primary producta are’ doacribed in the m U.S. .

2vTecMisEu reporta:. : ORI bt
“"“13) “The producticn of ﬂz and aynthaaix gaa trarsmd and Ge.seous ‘
Fuels.

~(b) The Manufacture and Appncation -of Lubricants in Gema.mr
(c) The Manufacture of Aviation Gasoline in Germany- -
(d) --German Diesel Fuels, - — - et

~1. General Status of Process.
2. Location of Production of COmerciaIJ_T Planta in Germany. .

S_Ca Supply. |
L4 Catalyst Preparation.
B Produc‘bion ‘Data from- comerci‘él I.‘a.rge Scale Operation.
-6+~ Operating Conditions.
7. Medium Pressure Operation (3 stage).
8¢ "Kreislaufn Oporation.
. 9. Cost ¢f New FT Units.
-10. Products from FT Plants., =
11. Absorption -of Hydrocarbons on Charco:n.
12, 1ist of Attached Documents. -

AT _ ."__9_,.
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1. Tron 'cat&'ly‘m—- Ge‘nerals et
"2 I.urgi Geeellschn.ﬁ: L. Mmtechnik o

“be mﬁinpmussen G.nb.ao S T
- 5. Ruhrchemic A.G. el

—,7-.—~ . Farbenindmtrie A.G., Iaeunaa' s
—8e— ‘1 +“Farbenindustrie A.G, Ludidgemon.
:-9. -Comparative-Tests with Pe Catalysts.

- Liquid Phase Operation - "Oelkreis].nu.t“.-
-Iiquid:Phase Operatidsy---"Schaumfahrweisent. .
n._nq\ﬁd Phase. Operation - "St.at:lc I.tquid Phase"

- 13+~ New-Reactor Design. _
.U;.“m.at —ot-Attaehed—Bocmnta T

1. General Introduct.ion. R T

__l.,”,,r eral Status o Proceas., |

~___ The Fisi:her—'l'ropsch Synthosis had reached commercial rea.lizatim '
“long beforc the war. It had attracted considerable interest in the United
States and finally patent rights were obtained by certain American compa—
nies. Late in 1938 a thorough exchange of information took place im " .
Germany followed by an inspection of the plants. Thus all information
..vai_lable at that ti.me may be considered jn American hands.. : .

The greatest obsuacle to a large scale deve].ounent of..the prooeea mo )
the poor quality of the gosoline it produced. With the beginning of the
waer only a short distance away, the Geymans had to use other msans to syn-
thesize high quality fuels, such as high pressure hydrogenation, and in

. =10~



no- _ . 3 . ‘ 4 th
henTropach W was brought. to a at.cndstin. Ihns wa ﬁ.nd, pract:l.cm.y al:l.
Fiacber-'l‘ropsch plants completed and in op.mticu boton tho -wars '

to devalopproceaaes tompmnthomlqmntyottmmmduct
‘but-the fact was’ finally recognised that Fiacher-Tropsch using cobalt eata-
lyst primarily could be of valus as the means t.o produeo chud.eals ra.t.har
than- rueh ;- with-dliesel “oil a possible except: =

__The_ :tirat object:lve m:;mmdummot ohtinea and thc oubaeqx_n_nt
‘conversion of the olefines $o such products as synthetic lube olls or high-
alcohola._ Tln Gemana mcoeded in-this davulopnent,__ L

“’Tlié“n’e"xt. step wouldbe the dimct‘“é&nﬁxeah ot more va.luable ccnponnds,
_such_as_high-boiling dalcohols and esters. . The.: -work.: mm:thia_connection
is described in Section 2 ot”thfs mporl'. (Synel)

. In the following chapi;er, i.n.tomation :I.a presented _operaiioﬁ;
pmduct.ion and cost of product frcm ex:l.sting planta. il T e e o

During ‘the war, Gemaxw suffored fron a great shorbage of hydroearbons,
and ‘the oil produced via FT represonted a substantial part of the total
“domestic production as can’ be séen‘tm the™ ron‘otdhg‘“ tables T

'@ Data from Dr. Buetefisch, ‘Secretary
~ Tff“*m“ sec tim_m_lﬂd\gtq}.__ el

Thcn es give

capacity of the pla.nts. "It must
:_be understood that Allied bombing
substantia.lly reduced production N

Bit minous Coal | | | duringthe 1ast years.
- rar |- 36,0001 0.5 1

Brown Coal Tar . 50,000 0.8

@ .| 6,515,000 |100.0

-11-



" The rirst .tim to operate’ rr plaﬂta was Ruhrchemie A.G.

sponaored

“the  development-of the- process—and exsrcised some tontrol over: ‘all-other:
plants through license and catalyst preparation and regensration; -
_were only three plants in Germany where catalyst was made, 2 of which were-

under direct Ruhrchemie control.

“There

Inbbengxt.tabloiagivenanatofthe

“F-T plants which operated in Germany (a amall unit i.a oporé.ted by tﬁe '
Kuhlmann- Co. at Barnes, France, 11,000 T/year o - o

- oviktorn

_ Ra: I,Ruhz"”' i

"'Rheinpreusaen
7 Lo“q GH- o

l(oera ,Ruhl:

~11.8

**z.a

~[Krupp Bensin

Yhnne-Eickel;‘
Ruhr

'fﬂéiz

oesch Benzin

DOI‘ \dmmd ?
_Ruhr

“0.5

{—A.G,

|Braun Hohle =
Benzin A—OG.‘

Ruhland, .
Saxomr _

8

. 3'12 ¥

“[Essener Benz?ﬁ

AG.

B __,,o’“:s____ -

Schaffpotach'

Benzin Gm-GH. -

“[peschomits,

Silesia

tershall -

Luetzkendorf,
Saxony




o ‘,MOI.‘.Lbb_e.,.exLating 9 FT p‘lmta 5. were
re andinedi\npreasnm, ‘and -2 - were .of the -

typz,;zdncludedtbdbh Jow:

.otJ»he 1ow _pre;sm ("medordruck")

_
medium pressure ("Mitteldruck®) type.: 'rho di.st.rib\d'.i.nn of theae p].a.nta a.nd
their capae&ﬁea :l.s ahovm i.n th'.ln—.’hlltt 7 R T

 schaffgotech

VHntershall

j -

fférlti

128,&0

Csam

76.8%

"23.2%

- In this plant‘the”ﬁrst stage ope!
-}-——at-medium pressure:——— -

rates at “low pressure; becond stage

“The last FT unit, a medium pressure. pla.nt, had been. built in 1937
However, it was found that this product was even less
-suitable~for motox" fuel due to its lower dlefine content and no- fnrbher
units were bu:l.lt.r ;

(completed 1939).




" - In the meantime, a new-type of operation was developed, - consisting ..
mainly of gas recirculation ("Kreislauf®) which, on MP operation gave sub="
stential increase in the production of olefines. This process is. described
in detail in this report. Two of the existing MP plente were in the pro-
cess—oﬁ—eeawmion-t@%ﬂlm@b&¢eitMWm&M “all -
information is based on pilot plant data. (1) Low Pressure; (2) Medium Pres:

. Togivea more detailed pioture of the produwtion and product distri-
bution -of ‘the FT-plants;-the-following table-has been prepared.- This table
is based on actual.production for the year 1941. (the data wes taken from

the licensing invoices of RCH(1) to the 9 licenses). . T

;__V_-Note that these fj.gufesmdo not agree with ‘those shown on Table II

:;{Qﬁich ‘covers the following year. The difference is due to~ the eddition-in—

plent capacity in that period. By 1943 the decline in production-caused--—-
by Allied air -activity had-already began.. = it

" The:figure, barrels/day, is,,only;-an,;approod.metioﬁ;);gpg@-oni an average .
density of 7.5 1bs/gal. (Seo reference la at end of this section).

[
Name of Plant

Ruhrchemie
dvirtor | w7 |18167- |
Rheinpreussen| 737934191 | 66506 pO;
= Kmp_p, R L657 R 725531;:/ LI Y
{Hoesen . | 3591 9523 |

Brabag | 8421| 77955 |
Essener . | 10415 | 32574 |
“Schaffgotseh | 1557 6035 | 565320 | ddal | Lukdl | 1640 20490 |
Winterschall 5| 3388 | e38] 630 | 503 | 95| - | 554
TOTAL: | i4ousk 227980 | 19424 i3soojuo3es {1309 | 40138 | 502175

g1 ol [ 5.0 250 6,00 | 7,55 600 [ 100.00)

Barrels/Day 91,8 30 2] 21 770 1. 9620
1) Ruhrchemie Holten Y ‘ '




oAb geman mtceﬁgures “u-e ot &—good baaia tce ca.lcu!.atim in
othar countriea , they were used as the basis for calculating licenae -fees -
to qu. The pricea for. ditterent FT producbs are givan below —_—

S *Speei&‘lrWaauea e
* Tiis tignm depending-on-melti

Y The t.otal reahzati.on for the pr:lmx'y products for 191.1 broken ‘down
Eeg:gx:dj.ng to plants was as follows: - RS S LS A
“Ruhtchemle 13,5050 = m/year ‘--*25‘;ao*npfg/1tgr"
~Viktor ——————————Q 7885631 —— M-~ 264308
Rheinpreussen 20,1067,303 " 28.70 n

Krupp o T _;.._,987.&36* T 196200 - M

Hoesch - - ST 12,Ah,410 0 o T _27.99___,, _" -

Brabag R2,11,536. .. . 30,20 w
_Essener - 20;,677,‘32 e w 28,50 n
~Schaffgotsch = 5,2;3,73& Sl REE 6 C I
,Winterstmll S _'i 1, 2L762‘ oo 29,_21 "

TUI'AL e 11;3,3&5,&78 Rl/year . "28.4 Rpfg/Kg.

—'fhe license fee to Ruhrchemie A.G. was exactly '13 1‘ t“l':‘e“ﬁét sales-
value ‘of ‘the products. -

... For the m;lzg,; ; L
--Potal Production: _ 502,175 &7 S

_To%al I.i.ceneree — X ar——- EER
License B -;::~__‘2,035 ﬂnﬁgnprodmt.
= ~.—~—-eat gt S ‘

(1) ‘Supply 'r Cobalt Cata st. (Sée':'nei‘er‘ehée“ I '(a)/rand'—r-(a)/a‘
at end of tm.s Sec1 ‘

All e:d.sting plants (LP and HP) were operated w:i.th the ‘Standard Ruhr-
chemie Cobalt-Thoria-Magnesia-Kieselguhr cataJyst. This catalyst was _sup-
pl:.ed from 3 catalyst manufacturing plants.

s



N Fron tbe above tables it can be seen.that t.ha H‘ capncity 1n Gemw
‘was located in 3 different ‘reglons as follows:

‘,“"_’?‘.ﬁ‘..’;“., W __L

Rnﬁr | 353,769 | 63467 -
T SR | 7./ | S —— J-Laﬁo*,_ ,
~-Silesia 26,37'b o . _heT3_

F— ~-'1‘!J{1“AL~ B S 556,197 o ;:.:,v.;‘.._;.l..-. . 1wo“®_~‘

rmwmnataayst phnts— were- {Locatedaqcomnglx_m_ﬁ_; ST

~Nams ' of - Location -
~Bral —v“ - R l hnd B '"65‘ T UEImET T 32.‘5 Lotz
_ @intersha n Luet.zkendorf 35w - ATes

TO’I'AI.-' I WA R - o« ERNEE 100-00$

# One oven’ ﬁ.]li.ng 1ou3 049 ton cobalt. (average) ... .
_ 3+t Iater i.ncreased to 85 to make ‘up for banb _da__mag_e at Bolten.

, The overall yearly Germa.n coba:l.t conmpt.:lon for FT. plarta us batman :
85 and 95 tons. The cobalt resources of Germany were ‘barely enough to keep
211 FT plants opera.ting during the war, _particularly with I-‘j.nhnd the only
suppner of the met.al Thcre was no ahort.age of Thor.ia.

.....

~ In the handlingofthe cat.a:l.yat i.nthe synt.hesis, m‘dduring raworldng»
in the catalyst plants losses were incurred. These losses differed sub-
__stantially between Ruhrchemie- and Brabag. - This may be due to. the size of -

:“the plant -and-the: fact that Brabag is a_ more. modem installation. .~

The ﬁgures obtained in actual opera.tion are as’ .f.ollows B

-Plant——Loss of cobolfrg.g ga_thaniag._IDBs of. Reﬂ@m M
-Ruhrchemie——  —LsOF— - WOk - 8B0%
Brabag B oO% s 105’ _ ‘; 205’

Based on & production of 1.00 tons pri.mary roduct. per ton coba.lt :
‘catalyst and-using the Brabag figure this would give 16,000 tons of pmdnct

ult.:hnately produced per ton of cobilt met.al.

The prroduction method of the catalyat. has not been éhanged since 1938
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| T A e :_m;;{“
3. cat__g;xat (11 Conttds) - -

with the excepticn of a new fomd.ng and dry:lng device which :I.a descri.bed
e belowr oy e A

o The impending shortage or cobnt ha.dled to a large acale davelopnent
prograin to replece this metal with: 1ron. 'mm ﬂnrk ‘was-a- eontimmt:lcn of
arlier_a.tiampﬂa_m_pmod :

Research *&Iong this line was c +ied ut 1 }
LG-—Men—~(a.long l-or 5 dﬂ'terent nnes) i

:::::—Rmmpmm : s —— A - __,_.__'_:::;t::ti_“'::ii'

Sl m——'ﬂ"“" S ’__-, . -_.___‘__::__:.__‘_.‘__ :..-i“;.‘:".:":.'.‘:i:;',?.';.i:"‘.':Z’::"i.'rf.".‘"r::

“The detalled result of these efforts is described in secgog 1. _(b‘)‘.~

While: good catalysts had been developed for a variety of | purpoaes, none
was Iound that could replace cobalt 1:1 the e:d.ating unita. L

" The operating temperature of 1ron catalyat is 1nherent]y abova t.hat.
~of ‘cobalt. " Since the reactor coolirng systems had been designed for steam -
rressures corresponding to cobalt operating temperatures, the- substitution
could not be: successfully acccmp].:l.shed despit.e t.he cla.ima of acne compan:l.es.

'l&- Preggtion of CObalt Cata_lm

The Cobalt *cata;Iyst used’ today ‘A ffers only slightly ‘from the cne used .
in 1938 prior to the exchangb of information batween u.s. and German engi-
neers. . X _ L
T "COEPOSit:lOn' ~ “~Cobaltt(Ce) 100 ) pts. f_ff;,fﬁ’jfﬁ:_f__’f_“[;ﬂ',j_".j_: o
4 lngnesia (Mg0) 0pts. .~ .
T ——_*Thbm‘fThﬁz")““""“MS“ﬁﬁf .

- Kieselguhr' - i 200 pts.

.-~ ..The seme catalyst would also be used-in the- Krelslé’uf~operation—emepb
for -a bigher Kieselguhr content. (dilution)

The prepa.ration of this cat.a:l,yst up to the roming and drying of the
‘filter cake was identical as in 1938. A new drier had-been developed which
would at the same time form the catalyst and give a minimm of abrasion
loss in handling. _The drier consisted of. a. drum of .2 m.-long. a.ndJ..S M- dia..

-17.‘- :
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The outeide wa.s studded with amall toot.hed rails s wh.ich would serve: ‘a8
“molds.——The~filter cake was pressed on to the drum-and the- identation of-
the mold filled to give small (3 mm.) cylinders. The drum rotated slowly
(0.1 RPM). At the same time hot gases were passed through the cake filled
“molds drying the catalyst particles before thay would yeach the bottom
position of the drum, where having contracted slightly during drying, they
drop out: by gravity. A:l.r or superheated ateam could be uaed for drying
purposes. :

This: method of” he.ndl:l.ng the catal;gj._made :lt. poeaible to use a K K:leael-
- guhir-which-had-been processed-at-700°C. and was softer than the material -
treated at 1000°Cs ~The softer Kieselguhr gave a-more-acti yef&balyst. e

{apparent density 130-150 511\/100 cc.) N

___3_,____,

- The- reduction of- the ‘catalarst is mn'i.ed -oub_ td.th dry. Ozime gas .
=Ny mixbure or Ha . CHh is not a detrimentel -comporient of the
uc.'mg gas. Hx0, co, are all undesirable. The presence of 002
is detrimental due to the s -reaction, which is catalyzed, forming small
_quantities of CO.- This CO is further reduced to: CH‘r‘causing J.Qca.l_over-_m__
heating on the new and highly e.ctive catalyat.

___The effect_of GO, in the reducing gas is quite pronounced‘ With T Wm}
gas, the reduction is 503. With no'COy in the gas, reduction is 60-65%.

ﬂh:.le reducmg the cztalyst, the necessary hoat is supplied w:l.th the
-reducinggasi A temperature of -4000C-is-reached-within 3/4 hours and main-
tained for a very short time to complcte the reduction. The CoO; CO; 0,
Hp equilibrium at 400°C governs the extent to which the oxide is reduced.
Co. Co0 40% is the correct ratio in a good catclyst. The extent of
reduction is. detemineibx,measum&the 2_Qvo1ved_fmn a known wei.ght.
of. ca.ta.'l,ys_tg,..ggon addition of HgSO, €

For the production of dlefines both RCH and Lurg:. proposed to thin out
the catalyst with more Kieselguhr, the catalyst otherwise being identical.
About 250-300. pts. KlES(‘lguhr would be used instead of 200 pts. for eVery
1CG0 pts. of cobalt. - ) ) o

5. Productlon Dat;; rrom 00mhercial I_Age Sca.le Qggration. |

(See reference I- (a)/ 5 and I (a)/6 c.t t.he. end of t.his Section)
In the following paragraph some- commercial-operating date from the - -
loxrgest FT plant are given. S:mce most processing details are known m the

-18-.
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+ Production Datz from Gommercial Large Scals Operutior

_United States; it was considered: mwmpctmport—tur&éi-m

,results rathdr than describe minor operational changes during the war,

which revolve around variations of apace-velocit.y s OF catalyat life and
similer pm-oblems. ) .

_,No;_basic..cbanges were xude :Ln the actun.l opara.t.:lon of FT pla.ntc to
the collapse of Germany. Tue data posted below were taken from the
-sheet--of - the-Brabag-Plant at Ruhlend, covering operations in 1943 and 1944.

The plant in question is the lorgest FT unit th_.bt_the_,t-n-at.age”LP_m
type using standard cobalt. cate:hrat. e

' dami i i e e R TR EE

Por the year 191..3 tho folloning t:lgunea are givun, _ they are nonth];y
averages based on the entire Jzomonth -period-of- Jan. 1 to Dec. 31 1935

(1) Gashvduct;og. R ,
- T=Totel Synthesls gas produced .736.300 m3/mnth.

~ CO42H, in gas o
. Yield o gf gaa from brom—cocl briquats—"*l.ldrﬁ/m“ N

6306.1 ton/month‘ - 524
229.%-0 )

Liquid products -

‘ 14,989 fon/month
e Tailgas 2 165,100 /mnth B
”(b) ﬁam pmducts[ton briquet ‘hwxg_ﬂ_
‘Pm “Gasol/
jl'at.a‘l-

Pl‘xre Gnaol“‘"ﬁ‘"“

Total: | . o _ 1_28#& gram

—(a)-Production of mzterials for sale. — -

Gasoline 6532.3 tona/month
-Gasoline in diesel. ou S 5697 -
Diesel oil : - 1937 6



S (af Produ_ction of mtanala_tor_sm(cont' d- )

- Adsorber gasolino “bottous '557.5 tone/month
Adsorber gasoline. i ~~-?03-1 S
Paraffingatsch. "~ . - . 1160,5 i
Kogasin IT —— — ——— ———— 2985%1““—*—
Liqnirigsi xaaes_ o 122&1;
m:_-,',,.-_.. Tl L - . Sl ! s! ! “ C
From outs:;de aouxr.ga S J;ls 8_tona/nontL
F’rcm 3ynthasis ]aropsr 1&762.8
-~ PIOt a{ ons -briquets — ——— lstﬁéttg.
Sales pmdncts/u?' -Synthesis-gas— — 12635 grun
e S Salea pwoducts/ton Erina.ryl’mduct 982.0 Kg.
(l’) w __7_A :,_:‘,A.;,: L;‘;l‘ mim I L U
(a) ‘Balance:- S
" Out of pocket cost 3,005,000 ml/month»» 199.21 ml,/t.ona
 Overhead and licenauer ~_~_ 18 gg_gg_ n , Lz.l.om-___.__.m_-_
+ Capital interest 688,000 1 45,61
_ Amortization @ 1)1.13 000 ;- Thel2-
’f”“m:; T 1.,993,000 mt/mnth 331.3Lm/xons

#® Note t.he capd:bal cost _is’ excessive. _This. may . he.ve wen for
‘ reaaons not connected td.th operatiun OLW —

(b) W B Mm:mt M
- Briinueta_« g‘_b__mi 9.60/tonl e ﬁ_.920,000___~ 60.99 —
Outside Coke(at R 3&./ton) : 301.,000 ' 20.15
Grude Coke (at RM 23./ton) 66,000 5e38
Raw coal (boilers)(at RM 2.4/ton) = 14, 000 92
Maide _pm__(_t Rpfg_. l 9/KiH) 61, ,000 . A0l .
Catalysts ) th 000 9.6l
"Purification (‘c!mrcoal) ' 18,000 . :__;_,_&20:_

“Licenses T 1;7, 3.2



(1) uateriad cost = —— -

Income from Naﬂ03 (RM 95 ton) ﬂand R A
. other chemicals” (RM 35./ton) 154,000 - 10.21

*__ne:j-._nxzt.al_lm.esr;!.ala_coar.__._l,,1.21,000_'_*_w zo.f;

(2) Othor costs. e e e ~, e ST e
. .Hourly. Wages_~~—- S R ——— (¢ 3« o 4¢&80—
Salaries B : 290,000 K 19.23

-—Other-costg~ - ~ - .- 635,000_ 1.2.10_-.

_.Overhead T .. 140,000 - 9.28 -
5% capital interest
(basis: 165 million RM) . 68_8,0)0 LY
9% Amortization -

— (basis: 149 million RM) . 1,118,000 a2
‘Total Operating Expense: | ) lu9§8,000 : 331.31o -

ST I IS interesting to- compare *the operat:lng cost.s"or“m’ Wgonatim
wit.h FT synthesis, ' The Brabag, aside from operating the largest FT plant,
also owned three (3) HP Hydrogenation unifs. Somo comparative figures for
thoae plants ‘are” given here. They~ nre based on tho” ‘second’ qtmrt.er of 19&3.

. Y_FT _"i : HP l-bdmgenation

..?.23 ton/ton prod

__Browncoal coke. - . - .803_ton/hon,pmd‘
‘Browncoal briquets - 5.791 ' - ton/ton prod.
. Utilities s
Water = : 218,219 . . 7721.7, ton prod.
Power 836 1, 210 K"m/t.on prod
Investment . S ,
(Intarest a.nd e S
Amortization) _132.29 323.79 mt/t.on prod.
“Production R - 3.38) ' 5.570 ton/month/enployee
,,___.nme-compapison_maymot- be fair on- allmcounts since these plants were -

-operated under wartime- conditions-with-Ruhland- employing—about three -times- -
aa many . roreign workers -as Boehlen. This fact. may be of :i.mpo:hance. .

:



6.‘ ‘gg_orag;gg COxulitions, " o

S S el

The ma.in var:lablea of the operstion, such as pressure, tenperat.ure,
space-velocity, gas composition are today practically the same, as in
11937-1938. Specifically, there was: no.improvement or change in the: dasign.

—of~the~wen&.—~—ﬂeverbhelees there was no-increase —in-the -aver -yleld -
expressed in gram/m? feed gas from approximatély 100 g to 130 /3. As
“Gernany was ‘faced with 2 serious lack of ‘cobalt, the yield of product per
_ton_of cobalt wns_of greatest. Jimportance, since th:la Jield can be raised
by keeping the space-velocity low, most plants were operated at leas t.han
M?/Hﬁ*(?ol*feed gaa/hr/mit wolume cata e

vvvvvvvv o

" The Essensr Steinkohlen A.G. apparent].y had deve’ioped a aomewhat
_improved method of operation, which resulted in a better yield based on

“feed, and longer catalyst life. This operi‘tion wfdely discuased Pfthe T
group, w_as known as’ the "Essenar Fahmise" _

In principlc s it consietod only :i.n e rigorous control of operation,i.e.;

(1) Absolute co'" itant feedgaa rate and compoeition.
€2) Countercurrent regeneration of all ovens. .

(3). Low-space velocity (increased number of avens).

(4) korae cqual distnbntion of load bct.naen stagea. ‘

a‘ith~these—mms~thwzssener-plant obtained—the—tollowing Nma

T Easene;_ o 4 .. Others B
“’[’Yi'eldf o 7160 +gn/m3 gaa.
i!1:zzf;ta:l;y=lt'.:l.ife S - 2000 ‘ ll.OO
~Catalyst yield . 425 250 ton/ton cataJ.yst,.
?JLe:‘d.ﬁ_iiitx’ of CQ d ration.; In order to show the var:.ations posaible in FT
plant opera‘tmand product qualities for 2 conditions listcd below.
Ibe gla_t-n are bga_,d on a m@mnmwgmmmmt-
T L A Q,c ;__ﬁ.*_ ___M____M__;S_; e
- Absorber gasolinc © 1609C RP ~ 140°C EP
.Diesel oil 16o-3oo°c Mex, - under 325°C

Gatsch “over 3259C over 325°C



~Gasoline: spegrs 0086“'*"*0 *689*'“62 —

mtum NO. . 56 : . .
Dicsel oil: spe.gr. - -0.757- . - 0,732
T —— Pourpoint-—— - 2000 — 60—
T Floshpoint #56% +25%
X L Vis B/20° ... 108 .- . 1l.022 .o
Cetane No. ) 100 - 88

The differenoe is due t.o a variation i.n the ‘amount or themal cracking
of the distillation fraction carried out in a separate unit.

T hed:.um Pressure Fiscncr—'l‘rogch Uni.tq.

() Generals—The- medltnrpressurc—mit&mwexpected toyive ‘more -
higher boiling matcrials, particularly wex and also to have 2 longer cata-
lyst life. “However, they had the diszdvantage of giving a very paraffinic-
g..aoline (still the most impox‘tant product). with 2 lowor octanc number.

In tae meantime processes had been developed which used Fischer ole--
.fines as feedstock, and it became necessary to revise opcmtions to produce
_a_maximum. of-olefines..  The-Germans.-succe -in- = Q-
lopment was carried through by Ruhrchemie, Hoesch,:md Lurgi. B the‘ end
—of -394 the RCH-and-Hoesch-plants—had—substantially-conpleted the-construc—
tion of equipment to produce & maximum of olefines on their MP-FT units.

The procese used cons 1stcd in a combination of s:baging_and gas_recycle
("Kreislzuf"), the oporating ‘temperature being substantially unchanged.
Plants could still use the original reactors and tho standard cobalt cata-

“1yst’ as furnished’ by Ruhrchenic. T

(k) p_cvelopmcgt of 3-gtige Oparation. The Hoesch“'l.ﬂ’"p:l:lofplaﬂﬁ“'hhd’
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the co n:lnost mluaivt]’i under toma’ jon of :

- The operation -with- Kreiala.ut 18- thus~e:l.n;ﬂyan ea:t.ena:l.m ot tha th:eae
sta.ge operation described above. . In. ce, it was found that any in- -

crease in the ratio recycle-gas: teed-gaa oiar 3:1 ‘does ‘not give sufficient™

_further increase in dlefime to warrant ." The olsfine content of
I“‘"'“ﬁ@ma",,“’”‘aﬁe*(m EP) 18 afound ”’M‘” tho Kogasin out: b (200%-325%)-

_‘v_“ =

e .,..- ath e by lequate

mgiier than in ord:.anry eobalt. operation but. s not excaed 7225" 0. Th.ts
—can—b&reaehed—ﬁth t.he—ead.sting steam=coolod. mctora.__ﬂ. e e e

he- Kmfalaut m~conai ared- great i.nport.ance and the ant:u'e w
aectiOn of the RCH plant was to be. nsed as first stage with Kreislauf. '!he
LP Section would be operated with the exit gas from the MP plus the requinx
bydrogen addition to give the 2:1 ratio, which is imperative in. LP cobalt -
plants:In.this armngamant M of 'bhe total plant pmodnetion would have

. cmxmmmuhnr . R

) ' rat 'on.' At Hoeach a single mactor
“had been operat.ed at leng’fh with gae s -recirculation and data from two iden--
‘blc&l ovens, oue ﬁth*tw“&mwm‘given-belmﬁ*—*

,A_-_.;,.W*_x iah B et eriaren
Space velocity‘ (baeis 1Qn3 cat.) 1060 E/hr ’

. Ideal gas. % .. '

 Catalyst space velocity 1.35 m3/hr/kg cobalt 1 23n3/hr/kg cabalt
Contraction ... . ... o - 69%

~_CO Conversion ek 69-%



—(M rour monbhe) ‘bhe om-.' Rperature. » neg unchanged-at.:
pmesa “at 7 atm. The spacé velocity was 1200 /hr. for 1-month and -
1000:-m*/hr. > for the rest: of the period. . Recycle to.fresh feed yatio was. . .

.11u€h'ebegim1ngandlater_,' _BzI,Mtuuttommmn-
sult was not  large within that range. The even e¢a 2660 kg. ca.t.a.‘.l:at. ’
with 785-.kg. coba.lt. The catﬂ.nt. m the standard cobalt. umm~M

‘rhe advantagoo dnr!ved l‘m thl.s oprstion are as. followss .- N

;(1)~ The-oven-may be: bronght ou stnqnutmt 2088 -of t:lns munuy

rpq\ﬂ.red for this operationi. In sbout 5 hours the oven is in full produc
tion. Synthesis gas is allowed to onter slowly and the recycle blower 19

startedggthﬂeatthemumthepr_egggismmdtobuﬂdup..
This is done at arcund 100° C.. Next the temperatures is raised And fresh
gas is added as the convoraionn‘.arbtinoﬂtrtokoepuptm preuura

thmtmwfsommmmﬁiaonatuu. B

"(2) ‘The yleld per cubic meter oynthom gas is :lncramd 'nma\in
“the first stage alone, ‘the same yield mey be- ‘reached-as- tomr);a m~-~—

(3) H:lgher space voloci.tr. Thtre.fon Lower om are roqutred for
:a—gmutmr—‘me—inme—uwm m—mtio—of 3t2‘ﬁ—ewd—utm
stage omo-tln'ough operation. '

e (4)_ Im:;r _catalyst cost.. ~This ~1s-a.ppmnt trou (3) -

- (5). - The unit is less- mceptiblo to operating disturbanees of varia-
timinteedgaoccmposition. o N
- (6) Higher w concentration 1n ‘the producta.

.In general the appncation of raeycle lowers the doiling pointv of the -
product towards lighter materials, but’ thio may be corrected by raising the
Hy Tetio as described above.
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It s mt.ereatmg to. _mte _,Gbman ':uma on ths coat. of Fiache:

(1aaaia loo,oib"l'lyear Mﬁ R YN . —
S Wue«nctim* recow ( f‘pro‘duct".
" This based on neuast. Fo cat.nlyat'ueing Kreisla\if and ‘Steging.”
omp.‘l.‘ete Unit including Gas’ }ganarator 900 Ri/ton-year- pu-oduct— -
- These costs are high tampare vd.th t.ne follo'v:l.ng igures x‘cn

Syxrbheairaection ‘2nd-recovery. -

Complbte unit inclnding mmtbr ¥ ¥
~——-——bas£&colw G CieeQ T w oW e MW
s cemplete—\mit—iuclndingm SR S =N SN

_basis maturaligas: . . 500..® o moo A

The. I.G. tiguras are baaed _on :wo,ooo ‘r/year capac.tty. Vmen the
plant size is reduced to:100, 000-ton/yeay the: cost of the cempleta m:l.t
(basis. coke) :I.s :I.ncrea.sed to 615 M/to e

.--‘*Du::'mg x-he lnst yearatho uae—_ot ‘ nacher product.a ‘was ot
‘course governed by wartime ngcea.sity.;;? In general it may be stated ‘bhat
‘a peaceful development would pre vy have led to the eventual disappear--
.ence of the- FT. product_.fmm.the fuel. picture, with the possible exception
“of the Diésel cut, Yet it ‘wes-just-this- traction‘ that was also the -
_starting material for a number of syntheses. As to the value-of the .
diesel-oil; it remains to. be. seen. whether FT oil ey have other special —
_properties whic - _todey, which make it highly. desi-
rable as & diesel fuel.. The cétane. nutiber: 48, ‘of course; “known -to be- h:lgh

~(50-100). - In-Germaty the fuelswre‘nsed‘exclusivelyto b].end up~certain

lowcetane atockalikecoaltaroi}. N
The propert.ies or the LP and llP cobe.lt synt.hesis are wall known and

13

@)y ncassl-nuessiggaan c3 and ch.ﬁ.m olefine content. is. :a:m.y
highasstmwn on:the next page

“listed belows~ - e R
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10. Product.a rrom Fiache o

_ 11‘.; gasol contains- 50—55’ olefinca e
N ] _._u_.__g5.39‘ -

. Kreisiauf would have produced- 805 oleﬁ.na m this tmt«.ton. The. . _
‘retio of €3:C is approximately 1:1, with- t.he bubane cut’ cortaining. .
-1=20% iscbutane; —Th: ar*.tc ~in-Ger - ."’Ntml“
is bottled in. the p},ant.a R S A S

(2) PT imves Irrvua—caae%nhempreuaaen) these olet:l.nes are
used in the manutactufé’ of iabpropyl and 1aobuty1 alcohols by sulplmric '
acid hy@rationi - The bulk of- ' : 88 2 A
.many-c2sa8-it-1is blended Jd.th hanzmxbicjuis usually.. avnd.:l.able_ fm~
adjacent coking plants. No ?’1‘ gasolins is used’ for aviation _purposes.

_ﬂm—fmmmbamgm—mw

. Qlefine content ':""-:--v s %, o _ gﬁ
mm NO. (aeﬂ.) R e, 5? ‘.,, R
For.200°C EP gasolinet et T

- Octane Ho, “‘“-) e

: ncl X It was fomd tha.t on the
average one out -of thirty ca.rbon atoms was.a tertiary. T T

_ Rhurcuemir!md dmloped—procesees t ove -thi qnality of the - -
- a.sol:lmt _These _include: c&tﬂm;:_nmcking,_a.nmatim.ton, _olefine i :laome- o

r.i.zat;lon. These processes. are.dealt with in.U.S. Naval Technical llisaion,m.

_. report ent.:n.tled, The nmufacture of Aviat.’g.on Gaaol.i.ne :ln Germaw n )

3 Diesel oil. This. fraction comonly cal].ed Kogasin" ranging .
frcm 150 to 32500 was used eitheze as .fnel OX TBW. mteri.al fpr chomical
synthesis. : .

~ "Diesel’ fuel was prepared by blend:l.ng F'I' "oduct with certam low
dlesel fuel. According to- the’ aeason, A Iower— or*higher pourpoint was.
required. This was obtained by cut.ti.ng the fraétions at various points.

, - Summer . - TWinter
__Diesel 'fuel, : 150°- 320° c | 50° 250°
- Pour point i A R -3k° o
The FT oil was blended in varying ro.tios with the t.aroila accord:l.neL

~to the required- cetane numbere T o



the following perqent.a.ge of: kogay:l.n: S T e R
. Por 8 30 tetans blend B
T __Eor_an_aawcatane“blend 60% - e
. . The diesel fraction containa - 10-15% olefines

''''' MP operation givas—a-'e:rghurbetter—aiaj = j*tx'an:z;aoperaucn_

The oleﬁ.nes bo:l.ling ‘in the dieael orkogaain Tange m-of““ great vﬂ;ﬁe rrrrr
as. charging stock to certain sy wt,basea. The paetermd com is the .
doleﬁ.ne ‘(terminal double bond). ‘In general, "’-'-cu ‘olefines wore used
: ‘polymerization o “gynthetic lube-oil;—The-ole W—Bmﬂﬂfber—;f
increased by a mild thermal cracking to 66-70% olefines. It was ‘hoped,
tmt. the "Kreisl&uf" operation would. pcodnce this concentre.tion in dne’ step.

olefines ware ‘used in the thesisi (See Section 7
of thj.s report. } ‘Here 2gain it was hoped Ibaf.' ~the Kreislauf would pﬁ\duca
- fractions sufficiently rich in. oleﬂ.nea o be ted direct].v to the aynthe- ,
sis w.i:bhout pu'evious concentmtion. E -

(k) _Wax 'irexes ‘are t.he highest bo:l.lfng Jrodmt vfrom_ﬂ'” operati’o -

y.ield somewhat. more wex., The wmc is obt.a.i.ned as bottom | uct ‘in- the o

“distillation of primary products and by exbraetion of the: cata]yst (mt.er;:-
-med:late mgeneraticn)- '

: The wames conta.in pract.ical]y no olefines. Wex frcm HP operation ‘
has considerably less Isoparaffins ccmpared with LP wax (1¢ss than 50% ver=
sus 40%). -This.is on importent property, when the wax is to be used. ror ‘

- o:d:datifn to fatty acid, since the scaps derived from these ‘2cids were

__found tc. have superior cdcr. It is also of Amportance in the ma.nufacture
of lube oil by cracking and AL Clq polymerisation, straight chains being

*mmw_mia usunlly. fracticnated, with the lower melting ‘part
going to cracking (for lube oil synthesis). and the high melting point. -

waxes’ (1oo°c) being sold as premium products: .

COnaiderable work was done on the structurc of FT waxss.. An a.ttempt
was made Yo isclate pure compounds froa the hard wexes by fractional
- crystellization in different- solverits. —-The wax, a product- -obtained- by -
extraction of spent catalyst from LP- operation, was analyzed and the -

varicus fractions checked for melting point, molecular woieht and other
;:n:‘t:.pm*t.iiﬂr*—~w - —

3D



e — Itqtad £ound .that. the. synbhesia progwall alinat.hic ;araffina ..... Ir_om

up tc Cqy ‘l'he hHard Wax" indluded the range from Cy Indica-
t%vna ware ha ‘some-still- longercha:lna “WeXe-: preaent '?hose her
_fractions were hard brittle products which could. meeJcmthad vd.tlu;
finger nail : , R

Wmmﬁhemxmﬁmimmmm{m
e.ctivnted carbon with subsequent recovery of these tracta.ons by st.eani.ng
~the carbon has been known and practiced: for many years. The principal -
use made of this process by the Germans was the mcovery of the so-called
"Gasol" (c -ch) fract.ion from the Hscher-'l‘ropsch synthea:l.e.. Adaorption

i°f*b° mcti"duct from the 1ow-pressure syntlwsia—is ‘ot conden—~ -
sable at 20° C, but posses through the condenser with the residue 833 _f_ _
“The process operates effectively at low pressure. (atmospheric). o

'S ‘dfegram,” (reference I(a)/ls ‘at end of" this—section)‘ahovd.ng the —
‘method. of operating an activated carbon-unit fro "Gasol" recovery. 1&_,%
incIuded in the appendix. In this scheme the fecd gas is Fischer synthe-
sis residue gas from which the. ‘gasoline and heavier components have been
condensed by water cooling. In operation, at least four adsorbers are
“required. Bach- cbamber is used- successively for -adsorption, drying and-

cooling.

The feed passes from. borbtqm to top through adsorber_onerwhich_is_im
the adsorption stage. There the heavier components are adsorbed on the
activated carbon. The lean stripped gas goes. to-the drying cycle, where ,
it is picked up by blowsr 5, mnd beated fram 100° to 150°C, in hécter 6 along
_with some circulated dry gas. This gas then passes through adsarber 2, _
to dry the wet carbon bed which has Just. been steamed in the desorption
stnge. The hot-wet gas from adsorber 2 , is dewntered in cooler 7,

md la.rge part. of the dewatered gas is rbcycled through blower 5 as shown,

L



blower 8 , and is rm'tno:\ cooled tn ooo].or 9.1 It. ‘then. paasea t.hrougb the
~hot -carban:-bed: of- adsorber :3.to.cool this bed preparatory to re-entering _
_the Zdsorption stege.- -The-ges:leaving: -adsorber 3; is partially rsturned -
“to the.cooling cycle whne the . ndey leaves the system as lean res:l.due
- ges- tonbo used as fuel - oro for /amtlwr ayntheoio st.ago ,

*‘”*‘—"‘mk‘ c:.i%i:lation :i.s so cmtroned:tﬁaf ‘ihé’zi‘“adiﬁxbef 1"_1!&3 WW
_the. limi.t. ‘of its adsorbing capacity, adsorber 2 is dry and adsorber 3 is
cool. At this poi.nt the valves ane autoun‘bi.cal]y changed ‘as fonm: o

beanstannedout) t.odryi.ng 'rheseriee.flowotthe gasthroughthe .

threo stoges. senes_th&z.ddition&pnrpoeg_pf picking up-any heavy lwdro-

-carbons;-that--carried- through the first- -adsorber- neay-the end of .the
'*dsorption period, in. _cooling the carbon bed of the third adsorber.. 'n'ﬂ.s »
of course, permits c greater loading of the carbon wit‘h the attendaub “@co=-

nony of steam. e e PR - , S

R el : i eme e ene T e S

'I'he desorptior- is perfomed with st.ea.m, a.nd tho gaaea are driven out
of the carbon in the oxder: C c 031-!8, and heavier. The: three—
way valve 12 in tho outl<t Iin to B : ' ; bing
corbon chamber until the CO5 nd GHI‘ are- dri.van off in order to recmrer T
“the Small amount of hesvy ends that come ‘off. 48 soon:-as the Cq and
~hesvier-geses- -begin-to appear,-»valve 32 18 mtchedﬁo _that’ -
“to co&emr_B.”Aem _the gasoline and woter wepor are’ condenser by ind:l- .
rect coolihg. This conoensate is sent to separator 14 where ‘gasol, ga80=
“1ine, and water froctions are s pemoved. — The gisol goes to holder 15¢ -
_The_gasoline goes through after cooler 16 and meter 17 to tank 18. The -
we.t.or condensate is rar.oved from t.he aystem . B

‘nwfgasol fran the holder goes through a compresaion and liq Saction
~cycle~£rom_which.xhe ~uncondenseble portion is recycled to_ adsorption and -
the liquid is sent to an intcrmediate. storage tank. The pressure on this
fuink is meintained by bleeding ges back to holder 15.7, Tho gasol ‘and gaso= -
line are both pumped over o cooler ond fed together to stabilizer colum ;-
-19; ‘where stabilized-gasoline-dand merchantable gasol are -removed, the-rich
overhea,d condénsed gas is fed into the stream to the. adsorbor of. the
~degsorption- 9tepr~lﬁ'r—~tfhe4aoginningmf—%he—desorptimrthis—gasrmcut__
:i. uite rich, displaces CO; from the carbon bed during the first minutes
of desorpt.ion, and therefore does not appeer in the recycle to the adsorp- -
~tion-vessel but goes to <condenser- ].3 » ‘thus _agcdn -saving steam for_ t.h_e_n

e



The ce.rbon adaorpbs.orv is. mt:lus oporated.u a. tm -tago proc-ua.,_
Tne rollowing operating da.tn Jwere gi.ven by_tha Lurgi Conpanv s

~. Diameter- of adsorbars, S SR S
Weight of carbon per a.dsorber, kg. ,.;-‘155_0003 s - 08,500
Inlet gas, m°/hr. - ——35;000- - 21,000
~63+a.a1etv—g&s—kdhr- S - 3,400 1,500

‘ T ox2 R [ I ——
' Steazn cons'mpbioh, Kg/Ks_‘“‘““““ T T S e S e
_ Recovered material 2,5-3.0 6.0-6.5
“‘Ti‘me cycle ; Adsorption, hr@.:—--- . . .- T, /2. -
. Desorption, hrs . '- S Y2
. v Drying, hrs. e e ..N.,]:u_w._., e e ,_,1/_2_.”_.
SR °°°151’5’ e C — ]/2—~——

Ixrthe—-abovo cases, the ‘esdrbon used was ‘mown s "Supersorbon" It o
weamda from peat_and activated by & Zn Clp, - steam treatment. The sue
of the earbon was. 10%, 2.,0-3.3 om, znd 0%, 3.3-4L.0 mm, & carbon: ¢!
will remove about 1000 kg+-of- gasoline and gasol por kilogram of ‘earbon
~before ‘reactivation becems necessary. It con be reactivated with. steam
at 800°C in a rotary id.ln b _

The Lurg:!. Compnny has daveloped. a new carbon ‘known as “3" whi.ch i
activated with K,S, and is said to have about $wice the capacity for low
__boiling hydrocarSons as "Supersorbon" “The entire output of this carbon
wos used for gas ks during the waxr, I1ts “absorption power—for—berxzol
—from aix- wcomare ‘to-that-of-the- nSupersorbon'-is- present.ed belows. - - -
~ Concentrgtion of Benzol Adsorption in grems °6‘*6/1°° g8 c
‘ “ajyr-at 202 C-- 'Sumraorbon" , nge -
28 : : ‘ 58
s A . 1‘0% AR+ N

 =33-
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Mion of. _I_ggdrocarhons on: Act.ivated Carbon (Cont'd.[ o

A reprint. ‘of an crticle by Drs. Herbert and P.uepping ontitled
uBenzin und Gasolgewiiinung mit Aktivkohle aus ‘den Restgasen der Benzin-
__synthese nach Fischer-Tropsch, Ruhrchemie"; is included in the ‘appendix -
of this report. This German article: gives.data on the. recovery of lwdro-

‘carbon from Fischer-Tropsch residue gas, mludlng t.he compoaition of the
- dcsorbod gases from minute to ‘minute;: T T

(Seo also ‘refercnce. I(«-)/lh at ond of this section)

THE vi?'zs&m.-mtscﬂimoczss Pmsmr conmm Aépucanon

 The Geman documents ‘1isted below are available in the nbrary of
“the Bnreau of ‘Ships at Mhington, .C.. B

S I.izenzabreclmung 1943 - 2 Moy 19hh Runrchemie A.Ge Tetter Anel. "

- nine sets of licensing invoiges.
nIroerterung d. Kobalt.la.ge" 8 January v19l»3.

1.
2.
3.7 "Kobaltkontzkt fuer
Le
: 5 » -3 December 1940,
6

)

¥ An -
Dr. Gloth to Dr. Altpetor, SRR i

~ "Pischer Synthesis Anlage COurx'lerea Kunlmann" I.G. Report

#Betricbsergebnis. Apﬂl—Jtmi l9k3" Operat.i.ng sheet.. an_d St.atemnt.

Brabag (Schwarzheide, Boehlen, Magdeburg, eitz).
wKosten Vorbericht - Schwarzheide® March 1944 ~ Brabog statement

-WL— ___i‘iacherayntheae“ 100,00_jato: cost estimate, 11 Januery 1944

8.

-"Bericht- (No. 317) uber die Kohlmsserstoftsynthese Vereuche""
- Leuna, February 1939. -

9. 1 Process: flowchart: - Krupp. A.G. '.‘ianne E:ickel. ] ' =
—10.——1 Process -flowchart: Lurgl "Kreisleuf® Process. S
11. 1 Flowchart for Hoesch MKreislouf® plant, Lurgi drng. ODS/ 592
12. Dipl irbeit W. Beler (Rhei.npreussen) 1938 nErstarrungsverlauf

- . _-von Paraffingemisch!.
13. "Bestimmung des Isoparafﬁngehalts" I.G. Lu:hvigamt’en by
Dre. I.elthe, W 19390 . .
Xy "Benzin~und- G-.:sulgewimung -mit -Aktivkohle", by Herbert u.
o Rueping, Lurgi Company.
15,

1l Lurgi Drwg.’ 0AK/121836 chercoal plant flowsheet.,

eV
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Develognent :’Iork - Tne Fischarq-‘l'ro » Vch

: The. resc'zrch ca.rried out in Germany connected with F'l‘ operatione was
directed along- the fo].‘!.owing lines: -

e ~Meons Used to- -~ —Nagge— o£~0r5anizati°n8 ~-~'~—-—~~---'—
Objc,ctlve ‘ _.__Reach m:;]ectivea o cwcteg with Work = -
WM%&&:.%WRMMBFHQQM
catalyst in e:dsting . Pe: catdysﬁs - -7 sen, I.G., Brabag
_mlonts ' NS S
?roduction oi‘ Oleﬁ.nes ; "Fe. oatalyst.s :Ln. — S5 cs’ “above. -
g waxT general oo o
'Production—ot o.}.coholsw—~1?e cotalysts . - .G. (Lonna)
_ ("Synol" Px-ocess) .,
_Impmgd_dgsian _  Liquid pha,sq Rheinpreusaen, RGH, 7 .G.
R s;ntmss.s T _ ——

i

This ‘1ist does of conrae not clai.m to be all inclu.sive btrb gives the .
four subjeets which appezred to. be of ‘groctest interest. - It should be._. . ..
Jnderstoed that item 1, is simply z wortime necessity. thile. Fe cata;lyste
_are generally considered supexior. to cobalt for a variety of reasons, they
do not lend themselves for use in existing- LP rcactors. Thc work done on
itemI; may be-considered ds supplementary to 1tem2._ e

(1) Fe: c:z.t__‘_.;y's sts. = General. ;.wniatozically . Fe- catalysts m older
*Lh:m cobalt., The first synthes:!.s woes carried out in 1922 over Fe catalysts.
”Tmmm—cmdmtw—etWMMaWtemratm .
(400%C).. - The _results were axclusively oxygensted compounds,. _ Hth decreas-
ing pressure the oxysoenated fractions of the ‘products’ ‘decressed until at
- _round 7 atnm., the yiold was almost exclus:.vely hydrocarbona.

The decrease in pressure regulted in a correspondinb drop in rea.ctzor
velocity. It wes therefore neoessary to develop more actlve- catalysts: —
At the temperatures employed at the time (h00° C) these active catalysts
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(1) Fe Cotalysts - Gemersl (Cont'd.) .~

—nad-a—short—life and for tiis and thermodynamic reasons the temperature
had to be lowered further (from 400°C ‘to 200°C) which-in turn required
still nore “ctive cotelysts. Cobalt was found to fulfill the requirenent”
and iron wes temporcrily shelved, S R o I

Nevertheless, ‘work on iron catalyst was continued because the lower
_Qcst ,,c-.ndA.higher_pxzoductionﬂor~ole£ines~wem4m~qbﬁous"‘a.dvaintages;*”“ The
mhin difficulty wes the low activity forcing the operation into 2 tempe-
-rature-roange where-CO-decomposition-{carbon-deposit) mey oceur-and-where -
the lighter members of the paraffin homologues. are more likely-to-be-found,
~(This conversion &t higher temperature under otherwise equal conditions
¥ields more methan and gdsol.) o o A o

| Before joing into same of tho dotzils of the German development of
-iron catalysts-it -seems-2ppropriate to consider the effect which the ele-
‘vation of the temperaturé range has on the equilibrium of the FT reaction.

-(Ses reference I(b)l and“1(b)2-at end of this section)s —At<first it can -
be shown that lighter preducts wuay be expected at higher temperature,

other conditions being equal, Lo o, ) o ‘

T~ The following table gives valucs of the equilibrium constant WK" for
the Fischer-Tropsch reaction for different temperaturus and different . .
menbers of the hydrocarbon series. ~ . T

'. The values were caiculgted by P. Dolch, ‘for the eqimtio;u
e G w0

Compound CHL . 0256 czb.‘.& Chﬂlo : G6K1A 08}118
- Temperature ' : ’ R ' ' T

100° ¢ =17.69  -13.,56 -12.37 ~11.67 -<10.77 =-10.44
2009°C - CE11.32° - 7493 - 6.85 = 5,53 = 5,85 = 5.49
3000 C “'»'7-15 | - 4027 .- 3038 - 3.18 - 2.50 hod 2.26
400° C = 4.23 -1.70 - 0.94 .- 0.83 -- 0,19 4<0.0.

_~’6?



80722

RES'I‘RI

Ll) Fe Cata.],zsts - General §Cont'd.l = .

_Note: - That- _tho_cquilibrimravomd.by_ Mr_tmpemtu:e_and,thauham
lower bo:l.l:.n{; hydrocarbons ére more l.tkoly to be formed at h:l.gher tempera—
ture. ..

' mother .f.:.ct which snould not be overlooked, is the effect of teed
2s composition. on the equilibrium. This effect is much grecter at the
righer temperature ;nd mwy affdrd a mea.n! to direct the synthesis more
*effi.ciently' - o B :

**““The—dutzrbclowwshomrto*ﬁiaicate—the‘effect*or‘tempemture onT
-bhe-susceptibility to-changes in- fee , -—The=figures-are-$—
yicld, based on CO .fed for the reacti.on with n-8 (Octane) at equilibrium,

1 atm. and 349° C.

Faod gaa-' Equivalent 1:2 (comz) "idee.l" | .3%

o Steam: ipart/lpartc ' '51;.7
. .-—Steams --1-part/l part CO. - R v I
# Excess hydrogen: 5.,9% = 71.0°
#*- Excess Carbon monoxide: 17-7% -~ 57.7%
L(mmmiorltz_co;a&)- : :
on the cthe'r hmd the corresponding ¥ycs for 180° C and butanc es

the product vory only between 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 connectiaon is quite evident.

The following sections report in condcnscd form the work done by
—Gernan - msoamh—on_tha—deulopneh

~(2) Lurgi Gesellschoft fuer Waermetechnik. - Lurgi had- developed an
iron catalyst which wes supposcd to yield a better (more alefinic) gasoline
and would be morce ruzged than tho cobalt type. They also had developed -
cotalyst, which would be uscd in = onco-through operation, for use in city
gas plants to convert the CO in the coke oven gas to CHQ end hydrocarbons.

This would detoxify the gzs and at the same time enhanc€ its heating value.

» There 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 wes low and
thus a very active catalyst was required but as camplete- convers:.on- is not
of—gma‘bmportance 5 a gpace valoclty of appro:d.mate]y*ZOO”at—zso 270°1: -
vw2s used. -



__-M_Fozzﬂopemtion vilth: thcir HP- gaa pu:oducer,—l.nrgi~hadmed an-iron:
doto:dfication (co conversion) catalyat of the follovd.ng canpoaitions:

o pe*__--_‘,}';oo pts. K505 X pts.

R B ~---Kie 120 pt-s.
htrgi“pmpoeed to use 2- typca of iron cata%yst - One was precipitated
on: silica _and:opereted.at low:temperatures. (2307:C).. This catalyst was

designed to glve a macimm of high boiling m‘oduct through polymerizatioa;
Its composition was as-followss .- ol

A'Eb %Q::pbgc;:;;:; = . - — — _-,_
Al . 9 pt.s. S
Si0,. . . 20-30.pts. .

This catalyst is quite active as a wacld.ng catalyst and herice must
“~be-run-at low temper*ture.'* S

A condensadtflow chart- giving pnocess cat.a -is a.ttncned to th:!.a reporb

Lurgi dr'g: DS a.m103.=

amount of gasoline and olef:.nes, ‘rhe operation required “for~ this cata]yst.
is practically the same, -except for the substentially higher température. -
_The. catalyst is very cheap, being mnde from Lzuta<lasse, » & product obtained
in the menufacture of a2luminum from bawxite. The Lauta-kasse is soaked

with CuNO,, the copper is then precipitated with K2COB on the carrier and
- reduced- igthe conventional m._nner. .

are can;):ared in the table belon- (See also reference I(c)5 at end of. thj,s
section)s =7 S

Ba.sis- 1000 m3/‘ar. fresh feed gas/ 10 m3 ca.t.c.b-st voltme:

: S _Bax Plant GasolinePlard‘._»

. Catalysb yst 00 Precipit-——(-—. Cu, Al) Iaxrba—l&as———s?(rm
Pressure - = 20 atm, 20atm. nateds.
Temperature 230° ¢ .275°¢c .
Process:lng 2-stage "Kreislaui‘" in 1-sl'.age with "Kraislauf“
| e 1st stage only -
"Kreislau.i‘“ g‘.s volu::m 2500 o’ /hr. 3000 m3/h.r.
Tailgas . LBO n o 505 n

. L g
— e ——— T

3=
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(2) Lurg. Cessnschaft fuor Waarmetechnik Cont ,
' ' . Fresh’' Total Tailgaa Fresh ~Total  Tailgas

Lo e = Feed - Feod SRy Feed D 2 -1 B
coz } f—5‘_,8—— —,2209 B 2802 .. 2.8 3105 I -—-680°~~
Cn'Hm. ...~ ,1,. o 1 9 = 13 2.2
Hy' 481 _31 8“':‘%""“"‘17.0 35 6 19.8 - 1343
CHp . .01 . 2,00 27 - 0L 35 53
1‘32 o‘b 15.0 R 17.6 - 03 lh.O ‘ 16.5
Y}eid—imé:f:;leal_gas S— _ . e

FT liquid ' 146 gm 98 gm

-Gasol S 15 gm 32 an

Aleohols .. . . 9gm __5gm

Product distribution: R -
~~Gasoline 200 EP T 204 7%

Kegasin 200-320° € _ 205 . 208

Soft wax = 3209 Cy - 158 9%

~ Totzl I;Lqui‘d‘ x T 100% 100%
Olef:l‘.xxe Coﬁtant: ’ R o _’ R
Gasoline —— - 60 PSR

. Kogasin .. h5% e 6058

‘These data zre based on Jilot plent-runs zad may be cons:!.dere’d o

“Somcwhat optimistic. Note that MKreislouf" is employed in similar mannes
-2s-for the MP-cobalt- operation.-Since-the-catalyst-consumes CO-H in the
overzll mtio of wa.tergas 5 no intemedihte Hz c.ddit:x.on is requir

_ I_ote That wh:.le over cobaltr the recycle actually increaaes co: Hz ra.t.io
it does not increass the 002 content since little COp is- formed over
cobalt. In the case.of iron however, the use of recycle implies a very
high concentration of 003 in the feed of the first stege. Hence the shift
reaction is impeded and the CO, formation is accordxn.._,hr suppressed.

It is not proposed to regenerate ‘the Fe catalysts. Their 1ife is
L..;.p‘.;cted to equel or exceed that of cobalt. The Fe catulysts, according

_to lurgi, are iust zs sensitive to. sulphur‘pon.soning _as ‘cobalt. Once 3%S.

--39'-'



(wb. on Cet. ) is abso::bod, the cataﬂyat has 1ost itas a ivity. For a four
month Iife the feed gas should not exceed 03 pms/100 o,  Gum forming
constituents in the synthesis gas, a frequent cause o.t‘ t.rouble in F'r unita »
ex-eotcoursethesamdnngeron!‘eaeonCO.—. : .

Q:wgen up to 0.2% vol. in feed can be tolerated (poasibly more; Lurgi
havenodatamthi"). T

Nitrogen is considered a poieon, as well as m-x3 ’ which should be md.

BRI fc 3 WS 25, % S
and 1(b)/7 at end of section . KHI developed a precipitated Fe cata.lyst.
using no cerrier. The Fe is precipitated as hydroxide from its nitrate-
_solution, wnshed, filtered, and praseed._.,-ln some. cases it may also be
d.lmlized. (For exnct recipe sec below)

. It was tound t.hat- zeduct.ion with reduces the Fe
"does not yet catelyze the FT “reaction. Trostrent with €O ver3 &ives a-
highly active catalyst, following the formetion of the carbide. This

process ("Formiemng") un..sb be carried oul'. under very definit.e conditione.

It was found thot operction with high co/a2 gas at a.tmspheric pres-
sure damaged the catalyst. While ct higher preS§sure no suca effect could
be established. From this it was cormcluded-that the overcarbidization ,
("Uebercarb:-.dienmg") at low pressure was due to the low Hp—partial pres-
sure resulting m a lowering of this twdrogem.ting e.ctivity or Fe.

It wes also found that the pressure ot which the formation of the ;

i&&mﬁwmaweﬂwfmﬁwﬁm—&fm—w
activity of the catalyst in subsequent MP synthesis. Influence of preseure
during formation o “subaequent """ a etivity is shown below: e

) Pressure dg_i_nt& Carbldiza.t:.on o Contrection of &x_a. theais.
9.0 2t -press. _ o 5% o
_.3.0. ¢ , |
i.o , ' 28%
0.1 " - 30%

» Thus a2 1ow preaeure appears essential for the i‘ormation o.t an active
- 7c'vxrb~ de which will retoin its activity for wany mont.us.

40
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. It was also found that for this fogmation of an active-oatalyst-an-
- optinum temperature exists (other conditions ‘being equal) near 315°-C. -
f3th lower temperature the activity is definitely inferior, ard with

nigher tumperature only & fair activity rosults.

~ - .

_ _ Extent of “Fo ! Aside. from temperature and pressure, the space
velocity and duration of the forming are also important. Since the ‘reduc~
tion and carbide formation, result in the tqzwgg_:_lggmg;,t‘_cgz'__tghigwatj_;‘gjgla;f—_f
a meens to control the forming of ‘the ‘catalyst. The. 1attGr is considered.

- terminated when CO» in the exitges . has passed through a maximum and reached
& constant value. Further production of COy then correspands to depasition

~of free carbon., . ..o &l et e

- The importance of this forming can be scen from the variation of the
“Subsequent” synthesis tomperatire required for maximu contraction. An Fe
catalyst which was put into oporation at 15 atm, _without "preforming"
“roquired initiafly 290° € for a 45% contraction. - At the end of the 5th
~morith-this-temperature-had-to-be ratsed to-300° C: 4 similay catalyst 5 -
“formed" 2/ hours with CO at 1/10 atms. and 255° C, was_started at 250 C

~ond &t the end of the 16th month gave a contraction of 50% at 2600 C.

SunmeriZing the "Forming® it consists in treatment of the catalyst
at p&-essures,,,beldn_and._temperatms 2bofc thHose used in -the subsequent
synthesis. It 1s preferred to "form" with pure CO at high space velocity.
During this treatment o certein equilibrium is established between the--—-
solid phase and the gas phase. The lower the C%' content of the gas used
in formation, the better the reduction tnd cerbide formation, ’ '

. _Some work was done on the enalysis of these Fe-catalysts.. In parti--
cular magnetic measuremcnts are used to determine the extent of the conver-
sion from FexOy to Fe30;. to FeoC. Two Curie points . volved in these - -
changes which Bllow 3 determinStion of the conversion by comparison with
knowr: mixtures using a ealibrated apparztus. " There are probably many
corbides present in. the catolyst which meke an exact dotermination of FeBC
cifficult. - Furthermore it is-probably the loosely bound carbon in the '
higher carbides which acgounts for -the asctivity of the catalyst, "However,
KWl found their method of determining Fe,C a gcod way of predicting the .
activity of 2 catalyst. There scems to ge about 70-80% ,FeBC‘ 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.
‘constont at this levdi. The deposition of free carbon on the catalyst is
not.considered a M"poisoning" of the latter, tut gimply. & mochonical disabdlity.
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© Alkedi C3_ g/n3 :Ldeal gas ;_,t;qx % I;Lquid m*’% °3t!| %
—1/4% K0 o A e e 26 56 : 18 -
T1.0% xzc% st B A s}

The % 21keld is Wt % ch ) baaed on Fe. meta.l High allmli, however,
_shortens the 1ife of the ccto _ e : S

X = = NI i ':- i R ‘, " " 7_ y
“appasys thot K:I:escigulu'-is-not—reqm&—for Fe cﬂta.z,ysts. The:..hest,,,__.mvsulta
_were obt:.ured without a carrier. ' : i :

—fvTreat.mentmth .‘ rdrogen.. It. hcs alrc-..dy boen pointed ou‘b, that the
7 use of Hz nmt.ead of co ror the "form:l.ng" of the cata.’l.yst ‘gave poor results.-

However 5 mtemediate regenemtn.on ovcr the lifc of the cata]yst
gives on-immediate but short lived increcse- in 2ctivity. The situation-
is similar to thot cncountemd w:.t.h cobalt, Tho regencration must however
be carried out befure the ¢ ' ‘rﬁs“dropped—bt&iuw—hf-% ,

Preg.rat:.on of Cctalyst. 4 hot solution of “iron nitra.te is precipd- -
tated with soda. It was found that 2 mixture of ferrcus and ferric nitrate.
—gave the bestresult, pure ferric iron was not satisfactory, with pure -

ferrsus an muomcdl.te. ‘ _ ) ]
Cc:pocr my be added- (ﬁ‘% based on Fe) to- giva o mone reprodncibleﬁ . .
result. Thc precipitcte is wished free” —of~alkoli; then slurrist—in—a————
.. potash scluticn,. fitered, -dried 2nd -pelletad.. _Iuexh_the catalyst is "farmed®
in the manner described \.bove and finally purged m.th CO for transporta-
tion. It is also. possible tc sozk it in wax. The porticles are thereby
_covered.and can be-expsed te air without. losing their act:.vit,, .-

The finished corbided cotalyst. contdns 50 g Fe met.c.l in 100 cc Cata~
1yst., The Fe reprcscnts zbout 60% of tne total weight. ‘ _

Products. 'I’he chief “charscteristic is thc olef:.mcity of the product. :

The C3-C, cut contoined arcund 70-80% olefines; gasoline (200° EP), 50-60%
~clefines; di_g_:..;e_l oil 10-20% olei'mes. The wax’ i., practically olefine free.



-~ —--The olefines ena- 'finhs are mostly normal-hydrocarbons. - Overall,
ebout 1 carbon atém iri 30 is tertiary.  Dioclefines are absent.

- Oxygenated products are characteriatic, by-products of the Fe synthesis.
The yield was given an approximctely 13 &/m’ water soluble products.”Aside
from.alcohols, which are the bulk of the oxygenated products, the usual
mixture of acids, esters, aldehydes wes found, but it eppears that not
much work was done by KWL on this phase of the process: The oxygen conw-
tent of the hydrocarbon phase was given as 0.2 ta 2% with most of the ~
oxygenated compounds in the low boiling fractions. '

_It_was found that these Fe catalysts would produce some very high
boiling alcohcls (with chain length similar to those of waxes) if operated
ot 50 atm., or-higher, but-the-yields are-low and the.catalyst has a .
“tendericy to form carbonyl at these pressures. - o s

_____ Summarizing the results of KWI work on Fe catalysts it may be stated
‘that & ¢atalyst and a mode of operation was found which gave the following
operational results: - o T e ]

atalyst life (without.any - .1 -ii>7 - O
- -pegeneration) - - - - - 18 month maximum .
Pressuie <o .15 atm, - :

.

Temperature ° - 250° C o o
Space velocity 400 liters gas/kg Fe (200 VHV)

, VF,c:'rA best results the _t‘eedv,gas,p;_'eferably contains m.gxcess' of CO
—over-hydrogen-but—this—isnot-a-necessity.—— — : —

Tt might be mentioned that Kreislauf operation was not considered
favorably here. It was felt that the cost was not Justified by the
increase in olefines avg.i:_l_uble over & once-through basis,

(4) Bheinpreussen.

The work done by this organization was somewhat similar to that dcne
~py KWI+ —Here too-exact studies of the carbide formatiocn were carried out,
and 2 catalyst based on a cheap rew material for use in liquid phase
operation was developed. R
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;;’;‘;,_Jrhe_maaonﬂm :I.ron cata.lyaté 4o-not “1end themselves -to- opemtion at
W pressure” ; . .Dr-*l(oebel (Bhpinpmussen} Y = tollms~-~w—

The Synthesis of hydrocarbons ‘over elements of. the 8th. Grogp_ 1a_based
"in part’ on the ccmpeting reactions-of-carbide formation-and-carbide-hyd -
‘genaticn. ‘It seems-that 4in the case of iron at atmospheric pressure the. -
corbide Tormation is faster than the “hydrogenations Ab- 1ea.st—&1:ﬂ:n—im
partial- pressure- of -hydrogen is-apparcntly. required to hydrogenate the ¢a.r-
bides as- thoy are furmed and thus keep the active points of the catalyst.
“free for further carbide formaticni:—If-the H. s-partial-—pre ssure-is below —
+the minimm, Lhe_nnﬂy;&_ﬁoonzbenoma_ d" end loges_its activity.
This limiting pressure seems to be Hy= 0.5 atm. At one atmosphere atarting‘
‘with weter gas and at CO conversion of- 60k, tﬁe_PHz inthe tail=gas is——
_beluw_this figure, At 10 atm. optara.t..ion1 hmver, mder equal conditicns -
the sz i.n the tail-gas i.s 3 R o T

It followa that the abil:l.t.y to. fonn carbides doea not increase )vith
pressurc-at the same rate as the ability to- hydrogenate. This drawback-
gay, however,-be overcoms by & treatment of thc catalyst, _consisting in
-a fermation of carbide at. noz-mal pressul'e, before stc.rting Operation at .

*Qleva%ed—pm,‘ Mex DYOCE < g _ecommenaed b o h 3t NpeuUs s
and the KWI group who had renchod the awne conclusion mdependently frcm
eac!r other. :

'The carbide is formed during the synthesis » "if no Speci.a.l "foming"
‘precedes it, but the formation is .slow and may not lead to the same carbide
-since—it-is- i‘ormd«~under~difterant oonditions.,_ S

——Feac—'".’rs~the —memdesamble—catasyat.__As_the_cateJJst_ageutxhangeak
" If the Fes3C ccntent could be kept up, the activity would remain irdefinite-
—lye. It m sssible “that-higher carbides. such as-Fe,C-are-even-more.
-desirable but. they are di.fficult tc prepare and are unsteble. _ N
“~There—is no- bet.ter medns to deterndne- the ca.rbid&in - cat.a].yat._thm
m:xgnetic measurements although m'drogenation cou.ld be used to determine
the "C in C‘..rbi.de 3 e s

th,inpreuasen alsc studied the effect cf alkali on the formation of
cerbide. Pure Fe,0; wes trcated with CO to yield carbide, and gave a .
cer‘ba:.n nC in Carbide™ value. Upcn addition of 1% K C% the "C in C"

__increzcsed by 30% but upon further addition (L.e., 1 2C0; ), the'Cin C"

Ll



decreased to 25% below the value of pure alkali free Fey0,. The effect

‘of alkali on catalyst activity 4s-in proportion to these figuress — -

—_____Copper is_frequently added to Pe catelysts. .Copper was also found to
slightly increase the carbide formation. - This-is-explained by the fact
that Cu incredses ths rate of -reduction of- Fey04 to-Fe- which must preceds
the carbide formation. This could be interpreted as a confirmationof & —

_stztement by Lurgl that copper dces not seem to have a catalystic effect.
in itself but helps in reproducing. a catalyst of constant activity. 1% Cu

“based on Fe is sufficient for this purpose:— — = - S

Ancther catalyst was developed by Rheinpreussen using Iuaxmasse 28
" row meteriel and adding "O".‘Is‘-")".‘O%“'K%c%“a.'ﬂ”d"O’#B‘;O%f‘co" or. “A catalyst -
_of this type wes kept in operaticn for 32,264 hours (3% years), it the -
“end_of thet period the catalyst supposedly gave 85% conversion at a space
—veloeity-of-80-V/H/V-and-113-g.~1iquid-product/m3 ideal gas,-plus-32-gm -
C34C,. These figures wera taken from tho monthly reports of the Rhein-
preussen laboratory but the data presented thers were rather incoherent
znd aust therefore-be used with ¢are. . : o .

The long experience of RCH with cobalt catalyst operation led them .

to develop catalysts containing Fe precipitated on a carrier. Their objec-
tive shifted from time to time to Fe catalysts for olerine production,
for wax producticn, or for catalysts to replace cobalt in existing FT units.
RCH succeeded in develcping 2 good Fe catalyst for wax production which
wculd be operated &t exceptionally low temperatures, but the olefine

—preducer—did-not-get-beyond-laboratory stage, -~ - : :

‘“*-—During*the—mgtﬂ.ar—l"f—mee‘bing——athssen-in-—Sept.emb'er—-lw,o,w—nr‘—noelen.
gave some information regarding the RCH work. Their findings are generally
in good agreement with those of other laboratories. The main difference
sccording to-RCH “of Fe-versus-Co-is-the=lower hydrogenating: capacity.of Fe.
This results in 3 important edvantages. :

(2) There is less CH; formed despite the fact that all Fe catalysts
' require nigher temperatures than cobalt. ~ . .~

(b) The products are more olefinic.

(c) Fe can consume CO and H, over a much wider range.

=h5-
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‘The rirat adva.ntagea allow a" va.riat.ion of operating condit.tons over
Ao machow: v-than—cobalt-with-corresponding-varying-boiling- ransea

of the pcroduct » nthout lowering comrs:lon or :I.ncreaai.ng methane

- The second is obvious as olef:lnes a.re a very deai.rs.bla prodmt. (for
lube oils and- on-syn'bhesis) R _ -

j The thi.rd c.llows the use of straight. wat.ergas vd.thout shiftn

I RCH cla.im, they can atart an Fe catalyat by differant methods,» such ‘
reduct.ion, watergas xweduct:lon or 00 re?duc 1on. But it“appears ‘that -

;:——WQ i ' at.—addi =
~small concentra:bions) had a dacided effect‘z_v on the bo:.llng ra.nge ot the

producf.. The following ‘data were givwem
- Basis: atxn. watergas, 21.5° c. TR

Fraction - — -zoo° c 2oo-3ao°c 320—1.6o°c 14600 C

0.0- 0.25% KoK~ 58. VA 3.5#‘
3%1(03 lzo.g _ 13$ ‘165% - 50%

: while it is possible to vary ‘the results with small changes - :i_.n cata~
lyst composition without any change in the operation, it is aleo possible
to vary the operating conditions using the same catalyst and thus obtain
verying results: For example, an increcse in pressure raises the. bo:u.i.ng
—range (seme 23 over cobalt), , 81l other ‘conditions 3 being- equnls

.- Pressure . __ 1.0 -~ 5 .. 20 atm,
CO conve nj 95 .70 .T5%
Yield- gn/ ideal gas 90 86 120
,Gasoline.‘ L . 57%  30% ~ 22%
Kogasin % L% —25% 22%—
Olefine in gasoline 68% 63% . 63%
Olefine in l(ogasm \lol% , . l»% 'l&f’%

For a proposed coxmnercial operat:.on to give mmcimum wax production,
the following dat.;. were given by RCH. The catalyst is 2 vpt'd Fe cat:
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Go.S” smel '_'::;;:_;;‘_;-;;,-_'__._«..fmterg _‘_ﬂ_-_;ﬂmvcoia Wﬂz(ltl'-%)
Pressfure, ' 15 atm. ' : -
Tempers_.t_.urer N 230° c
. Contraction . - 60%
- CO conversion - - 806 .
B co taO coz__;__‘._,..i.. iz 25;6*:
H% conve*sion 80% .
'Yi‘ela‘;'g/é "Feed’i&as*' T '“""“"7_.-._,_,‘1_,_:.’::E:f’:iizj»stag' '::::',:.’,i::.-f:_,,,_L,::Af,,,.
v by : _ ecalculated  Total
+Ck (u&SOl) o SR 3 13
.I.gquia “preducts i ,__L35A o @0 o 195
Product.- distribution‘ __‘_ - ' __
Gasoline ' - 2002 ¢ EP - 165 wt
“Kogasin f 200232000 208 W { 70% olefines -
Soft wax 320-!;60 22% wt K
Hord wax o h60 I.Z%W'b T

This described catglyst. was to be used for production of wax. If
clefines were the main objective of the synthesis, the_same catalyst with
a higher Kieselguhr content wes used. As much 2s 10 m3 of the wax cata-
lyst had been prepared in pilot plant operation. - The following informa-

tion was obtained regarding “the preparation of this ca.t.alyst-

The iron is , dissolved to give a solution of Fe (NO3) (non—ferric Ton),
Cu-is added as well as Ca (NO3), with Fe: Cu: Ca in the proporbions-~
~100-=-15 = 5. _Themtmic t.ra.tes are.prccipitated as.carbonates . by . .
pouring the hot solution “into a solution of hot soda. The endpoint of tho
_recipitation is ot 6,6—=6.8 _pH.__ At the end of the precipitation Kiesel- -
guhr is added and thc batch is filtered. The cake is wasned free of N
(0,4%, Na NO3 on 100% 'Fc is maximum), is then slurried in a 20g/lit.

solution and again filtered, dried end formed.

 The catalyst is next reduced with a mi.xt.um of HytNym 33l us:.ng a
space velocity of 3000 V/H/V in an analogous manner t.o c%h.lt ‘catalyst.

4T



The: reduetion s earried.ont with. hot. gaa (3oo° C). A
lyst. has reached this “temperature the reductioxris canpl’eﬁe G/h"honr

'].'he raductiou occura in steps’ tm Fe. (Oﬂ) | m—om——
'r-'e3o Fe0 ‘Fo. With the stages gverlapping tﬁe Boveral
oxidds ‘are m'esent ‘in the-final proc Sy ¥ ti ahould., in fact,
not contair more than 5-— 8% Fe baaed on tha tq)f.ar '

of “total recuced ironn ("Reduktionmrb") ‘was used to control the “reduc-
tiom. It should hot excecd 65-75%: This value is-determined by using 2%
acetic ‘acid. ~The catalyst is cooked 13 hours in an excess of this acid,
fe.:and~Fuﬂ~rhsa&1ve~ = remainder represonts the unre duced :I.ron oxide.

In startznp a2 new’ batch, the cata]:st is operatedmaing.mtergas_at
i - . _Following the "forming" the
"cemparaturc and -Pressurc are. raiaad to oparating levo .« The COy’ usually
‘cdded before shipment ‘must be-added very. cm ully -t avot&overheatmr
since the heat of adsorpl;ion is vety high o

‘The wex yield over this cycle depcnda largely on the proper KOH
content (3.08) of the fresh formed Batalyet. The opérating. .conditions

~for-wax-production- .tmum_er Lurgi Kreialauf
operation and mhy be noted’ t.here, g —

(6) g_mg_gg_ N —

The entire research and conmerem installations of th.ts company
connected with FT work are located at Ruhland-Schwarzheide and were. not.
a.vaila.ble ‘to. the members of this investigating team. No~ ﬁ.rst-hand

matiea—@ega@ding thelr. developnent mak_ob‘bained._‘_

It is however known t.ha.t Brabag “had- devcloped Fe oata.lystsf_m
_rcatolysts are of the precipitated carrier type. Watergas was- used and
consumed in the ideal ratio. WHththis ges & three month catalyst-tife~
—The—catalyst-had-to- undengo_fg n-which-required 3-4
_doys with a space velocity of 10 v/n/v ' R

1.G. FARBENINDUSTKEE A.G.

I.G. had done -considerable work on Fe catalyst. prior to 1938 and a
~good-part. of this work was mada,ave_ilable during the USAC meeting :Ln 1938._




.I G. Parbenimlustrie AG._ Com.-d. S—

‘

The work wos. carried out aepamtoly in I.euna and mdwi.gaha.teu.' The. Imma.

~group,- . headed by-Dr. Herol n the Fischer-Tropsch Synthesis
and developed the Synol proceu tor the ‘direct production of alcohols. In
Ludwigshafen, Dr. Michael (under Dr.,Pier) continued work on gas reocircu-

‘lation and liquid phase operation while Dr. Duftschmid (under Dr. Mueller-
Conradi) also developed a liquid phase proceas o' Dr. Scheuvermrnn worked

—on-precipitated- I-‘e~cata.1yate. — ,_,,‘,,,_____, | L

—— -T.Ge- had-also worked on coba.lt cata.]yat. prl.or to. 1939 but apparent.ly
: only to substantiate Ruhrchemie!s glaims. Even at the present time, the
LG Qco-synthesis was based ‘on_ the atandard tobalt catalyst of RCH.

“In the iron field, hmver, I.G.'s work was original, particularly
their work on fused and sinteréd catalyst of the ammonia type, ‘with which
~T.G. had some 25 years of practical experience. . It has been claimed that
such-catelysts-cannot-possibly be as ective-as the-precipitated type and -
thus had to operate at higher temperatures. Nevertheless 1.G. was able

to use their "WK 17", a sintered cata].vst in the synd process, which
operates at vexy low temperatures., _

|

I.G. has done much work t6 develop methods for carryigg out. the syn—-
"thesis in systems other than the plate or tube type reactors.” Nome of -
these processes had reached commercialization. This may be due to the
war and to the fact that I.G. with their high pressure hydrogenation had
“found better means to produce high quality motor and aircraft fuels and -
thus had only limited interest in the process.

The Synol unit, > homver, had been developed to a point where construc-
tion of a large plant had actunlly been decided—t;pm -This is described
in Section II; of this report. S

(7) i.G. Parben Leuna.

. -Contrary to.-I.G.'s. work on cobs.!l-’ t ca.ta.lxsts the;ce were | not many ...
detailed catalyst studies made on iron catalysts. The effect of variations
_in_operating conditions as studied on'a number of Fe catalysts particularly
the regular ammonia catalyst used in this plant. The influence of the
temperature of reduction was studied on a fused iron ammonia type catalyst.
The operating conditions in each case were identical, using watergas as
feed. -
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} , Stemperature s the activity rises, with a special..
_sherp increase near 500° C. - The extent of reduction (calculated from the
water formation) is apparently only a secondary influsnce. If the Hyis™
carried out at elevated pressure, ‘the reduction can be completed oven-at -
low temperatures (200 ata. Hg, 300° T, 40-60 hours) -~ T . .

At i.oﬁer*ié&tiﬁioh‘- enpe

‘“f“.“Iﬁfi{:‘é&iﬁm{:‘éfﬁ.tliita;lr;qtm::qb_qgm;g:-_:%ﬁnwasfzmmdr;xhat;mréhéé’(g:‘:

~ space velocity and higher temperatures in the synthesis increased the
yield of lower boiling products. ‘The pedyotion temperature, however, in-
fluenced the spectrum of the product differently, i.e., low reduction :

. temperature: gave- 1ow boiling produsts (all other conditions bein equal).
pears tha

I N X

t the reduction at lower: temperature increases the hydro-

genatibﬁ*’é#j:déiti‘féS‘f‘:’t}ié“"cﬁf;z’init' » which 4n turp increases the production -
of low bp:_l.ung"pxjoductg, L N o , : o ; o

“The éffect ‘of spece velocity was studied using a 15 mm. dizme texr -
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
catalyst had téndencies to-coke up (by CO decomposition) due to local

_overheating.,:making:gnmtcm;;_VlHi%wem—mche&for dimited-
intervals.-. -The aetual-overheating of the catalyst duae to-the high load =
is considered the ¢ause of the increase ‘in light -products. .With higher
temperature and-higher space velocity,-someéwhat more branched hydrocarbons
wiere produced but-the effect was- not-very-pronounced, -~ . - - -0 T

 The kinetics of the FT synthesis were formulated by I.G. chemiets as.
LOTLOWSE —— oo et e T D -
"(a) CQ42Hp ~————--3 CHp4H,0. Formation of methylene = ..
. - By.way. of carbide formation and hydrogenation of the carbide.
“(b) () n CHy =~ (CH, ) ~Polymerization of -methylene - -:
- (2) OHpf-Hy ~———3- CH,~ Hydrogenatfon of methyleme - -




E oy . Ch- “ &;gix_:g of po]qmﬂzation due

— "ox_no" PP lymerization dus to smﬁ.mg
g “of ‘double bond to-middle of molecule.

Tt i8-obvicus. thaMWion_oLthg.rinﬂ . product depends on the
- relative welocities of these reacticns and-thus-on-the relative rates of —
change of these veloc:lties——with change-in ‘temperature. . It should-also be -

—-noted-that - ysts_have ¢ : od activj.t.y comspond:tng
to reaction (c)(z) B I -? \

- Another rea.ction not shom here bub of iuterest wu\ﬂ.d be the. :I.someri
zation to branched cha.in hydrocarbons. Th‘é”abmty to*cuta.’lyze th:l.s ="
=action= i&amforbxmateb:nnt ton.—gogd. :

It.was found that.. etmtnmny there ia nttle dlffereme between
gasol:lne synthosized over iron and cver cobalt. .The first gave much mcre

olefines s ‘but’ upon tmirogenation both vgasolines -showed. the some oct.a.ne

It is still possible t.o tind t.wo "Fe gaeolinea“ with the same oletine
content which differ in octane rating due to shifting of the double bond.
It may be possible to develop o better control of thase different reac-
tions and thus- produce o product of - substantle = e :
carbon. - Lastly there is still another reacticn uhich is apparent.]y tm
basis for the Synol process, i.e., the ssturaticn of the terminal double
-bond-with-H,0-tc-. fom_mal.cohbt:::ms__.. ocass is describe

d*in— Sectiotrﬂ -

Caibon deposit. 1a a well known- oceurence over—Fe cataJ.yst._»--_It is due
to the fact that Fe catalyses the react.ions.

i 3 A s “—OOZ-HE**~ et R
____(b) 4 CO+43 Fe =—m—=p:Fe3 0,44 C - ‘

 1.G. checked this by determining the retio I-'e/Fe3O in & new and
coked Fe catalyst. The ratio had-shifted toward: an increase in Feq0 I
In X~ray photographs the éarbon did not appear indica.t.ing amorphoug
carbon. -The newly formed Feq,0 4 is very finely- divided compared with the

“'large‘crystnls—oi‘“Fegoh in-the fresh-catalyst. -
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A :;@_)18,_&)/—9;@*1;@)&0 -at.m.«

ot :
Tbe gas circulating procea!? (Dr. lﬂ.chael) m uall knmm befom 1938
and ha.d been’ d;l.acusaed with- B.S. npresenhativat at the time. Drm naed
soli fon ‘and sintering in I atapeg ""raﬁ‘at.l.eoo-sso° C for 4 hra.
- cataly: sTapt “Iron carbide.  But no eXact work on the different
carb:l.dea appears to hag.-_” gauie MW&~M—M—M&%—————
~requir:tng a~tempemtm-e of325 t tor 3“75’ convera:lon. T B

‘ ga&sonli mmﬁth_high,_

“pressure }vdrogenation i.n the production of high octane gasoline, it was

decided to-develop a process for the production of chemicals partioulsrly

olefines, The si.ntered catalyst was abandoned and replaced with a preci-
“niteted Fe catalyst. " This catalyst did not have the mechanical - a‘tmggg_'_
~required-iri the "Meelzgasprocas 8% and the process was abandoned. -All-——
_further work carried out by Dr. Michael centered around operation in
nliqmltl ;:haee and-is_ deacribed 1n that- sectiou. .

-

- For ready. reference a set of operatj_ng’data ‘is-1isted below:

——Reactoprs—-——- “_“—‘t‘MB md—mst—_,———'—
‘Temperature 325°¢ - L
Pressure - 20 atm. ~ .

L7474 SR 250 | . |

- Feedgas = CO: = _

cat.alyst yield 0.7 Kg/li‘ber cata.lyst/day

Product Distri.bu:b;lon- T } - fi""-‘f’.fi,.:{”"'.f' T

- g§§'§ S B
C3Hg SRR

”Gaaoline 2oo° c T hB%

- Diesel oil. 200-_350° C#m% —
N S |
1%

T

22 pbs. of mgthane~cthane ere also formed for 100 pts. of the listed
"products.t. A oo T : o o o

T T—



———Fhe gagoline must ‘be refined (dehydration of alcohol) to remove oXygen.
This causes about 6% loss. The treatnent 1s _’fcirrted“oui:{—atfaae"%cf—avare

alumina. The treated gesoline has ‘a Res. O.N. of 84 The diesel oil is
‘ready for-use, cetane nmurber 50-55; .. o o B

A o -‘-tq-ivca.rr:r;-.outf:tmz;:aynthesis,,
containing 20 m° of catalyst arraﬁg%d—n—l.—separate—hoﬁzmm rs of
‘250mrtiﬁck.—¥no—mcrs-o£_ﬂmw 10,000 ton/year of
FT product. NOté"‘th&t"thi‘sj"daiﬂy"pz*oduction;-par»-»mitecat,a:l.yat..voltme“_i_:r
sbout three times that reported in-commercdal -FT operation. " This is due
~to-theh . _veloci yut. the data should be used with caution.

" A horizontal -reactor has been propose

i fairly detalled cost costimate for a 100,000 ton/year plant had also.
_becn worked out. The detailed figures- msy be taken from the attached report
by Dr. Michael. The ‘cost figures -given are Very ‘nearly the same-as-these
hsfte&‘ﬁymfor—acomntiomlﬂ_plantusingza,ca st and gas
nKreislauf", T v S . o

~ Basis:

S Tl (Weolzsas wnit), .. 2= " 5=

(9) Comparative Pests with Fe Cotaly

opment work on Fe catalysts by different

n described. The reader may find it difficult to compare
the results of this work, since each investigator is inclined to Teport
in a different manner and also because the main objective of research may.
‘have been varied. " .. - ... R , )

In the sbove. sections, evel

__ _Apparently the German governmcnt fell the same way. Furthermore, it
believed a declision reg ing the use ""6f‘Fé”éﬁtalyst;'-'"a.t;lea.st~in--ﬂ~the~thme_
3P synthesis plants had to be made. To secttle the argument, a set of tests
:—.3:_1;;vgmlchﬁea.ch_,participanﬁ:ﬁiﬁﬁéhéd*h:ts catalyst and-operating personnel
~n¢ using thc same pressure and _'tempemture—was*conaﬁc-téd:’by—thef-goVem9-7~,—.
_ment.  The tests were corried out in the winter of 1943/19Ll at the
Brabag p:;.ant 'in M“ﬁrmbmﬁo—ﬂ at-end-of thia_
secticne.
The participants were: . :
Ruhrchemie -~ 1.G. Farben
Lurgi . . Rheinpreussen -
“Brabag ~~ ~ — — —Kaiser Wilhelm Institut. .
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Kﬁfehded to f.his report :Ls a. cat. _QLM g;Lv:l.ng t.he operat.in& data._
of each tests .and the coamparative yields.¢ In- addition, there is a copy
of the report of edch. participant, after completing the test. and compar-.
~ing- hiswm-mult&nith,:that -of —tho-others. —Iittle work-was-carried out—
after codpletion of these tests and the. results: therefore rapreaent the’
preaent. atate of Ge:mn deve:l.opnent of :Lrou catalysb ‘

.- _.Note hqwevex. tha.t +the - range -of: opemtin&eonditions uare not. too vd.da
and better results mdnnhtgdht_conl&hnvexeen-z :

[ SR

tions had been :lmposed.« The arrangement,a tor t.he teata were ae followss .

_.,Bach reactor ccnsisted of ons double tube conta;uﬂ.ng I..B liters _o.f
cutalyst (0.D. 44 om. I I.D., 24 mm. height a& m).

The fresh’ feedgas (identical for. aJ.l units) had & O-H2 rat.to 1:1 .25
(mtergas) and 12% inerb. s content *Imder 0.1 gn/loo

. The product recovery was conventiona.l.  The ™ [ 1‘c‘al methods are
descrfbed “in"the attached report. The catalyata used by the ‘participants
are listed below. It was of importance to the Germens that the- catalyst

would be produced in one of the. existing plants and did contain a minimm |
of critical nateriala, such as copper (“Sparmetuleﬂ)




It may be seen.that, the composition does not vary greatly. lurgi
used 2 somewhat higher alkall content. ‘At the same time the yleld of
oxygenated compounds was highest over this catalyst. The catalysts vary
however-in-regard to their a.ppa.rent density as ahown below: o

e T T T ("Schuttgeu:l.chtﬂ Kg/nt.cat.vol.)
Brabag - Led(
—KeWele s : l:& . . " -.
,Rheinpreussen 0,68 u "
T T ~°.‘79_‘ — g - " —
::Enhn:hemie O.bl; n S ." I

I.G.'s catalyst is fuzed, hence the high denaity. raba.g and K.W.1l.

_use no carrier, while the three others use different type of carriers.

‘Assuming that Fe is the only really active ingredient, it is of interest
~to-note that the- gmﬁmce—m%ren—eaabeat—had ‘but-1ittle effect on ™

the space v'elocity and specific output of ‘the catalyat.

Prom the attached data shieet it can be seen, that based on 10 m3
catalyst volume (standard FT reactor), a daily yield-of-2,55 tons to.1.93 -
—tons—of -C3= products-w - y—hlae—eia:~parbicipmwbsﬁtmia~figm__

compares favorably with 1P cobalt ‘operation,- yield based on feed
(88%-CO-¢H3) Yhtergas wag . from 99.5.to 87.4. g/ e I

Menated compounds are excluded in these. yields. The operat
pressure wag identical (10 at) in all cases. The temperature
wecre up to the individunl -operator, : At the end of two weeks all units- had
reached around 220° C. The space velocities varied b_etv(gen 105 to 110 on
“the average. A summary of the rosults is iisted below- o .

LA s IR, N

GiS (Ci#C2) .~ | 16,6| .10.8 | 8 | 16,8 | 13,61 17.1

KASOLINE (C5=Cg0) | 25.1 | 19.5 | 17.9 | 25.7 | 22.3 .
DIESEL OIL (C11—Cie| .01 13.1 | 164 |15 | 12.7

GATSCH (3zo-zfso°c)' 7.9 1 8.2| 12.6 | 6. 7.1

me BOILING AICOHOL | 6,11 9.2|-'%.1| 7.0 | 113 ) 53 |

— - . (Cont'd)
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L e ta vary wit 'n o reasonable rahg +.... Lurgl 4 Brabag gave the
most hard wax, one of tho ojocts of this roce. Rheinpreussen produced
_ a very light produgt, which might be considered 2 feilure. X.G. and KAL

appnreuuy’ produéed"thbf"‘ﬁést“b‘.t‘eﬁnar.'*f ‘—gasolj:ggg;vauedi only little -
—among themselves-and olso-if-compared-with-an LP-cobalt gascline, (See .
 report of annlysis by KdI). -The waxes wers tested for their use as feed

“to cxidation plants. No definite conclusions were reached on the subject,
- but-it was-feared that the wax paraffins might be too highly branched.

~_ Only three of the six catalysts operated 90 doys with the first _
batch catialyst. The others ren imto coke trouble and had to renew the -
charges-repeatedly-(4 times-in-the case of Rheinpreussen), before the
“pequired 90 days run could be completed. - This was a serious drawback. .-
_If the catalyst could not be prepared with sufficient assurence that coke
deposit would not oceur, it could not be ‘considered ready for- cammercial
application. (Coking of sn FT oven is & serious problem requiring a
shutdown of severcl weeks for cleanout). .

_  The important foct about these tests is apparently that all partici-
ponts obtained reasonably good results, under conditions -similar to those -
used in MP cobalt operation with a set of greatly different Fe catalysts

. (grezt 'difference@-in---l-‘e——content.)m——éndther»ta.ct—iaﬁthewgeneraLus.e___Qf_
copper and 2lkali to promote the catalyst. - N e e




Tho 1dea of condncting tbe n eynthel:la i.n liqtd.d phase :I.a not newm

.as it had been attempted a long.time ago by Fischer. Today, it-is consi-

~dered-os pramising and—reum—m—tbe—mbéect—m carried-out netgh!f—br
~1.G¢" Farben, Ruhrchemio, end Rheinpreussen. The ‘easier control of the

~reaction temperature is the mein. Ancentive-for theuse-of-such- a—eyabem——

_The main drewback, if any, is the. ‘probably loss in catalyst efficienty, a
po:Lnt which is not. yet clear. 'nwee typea of opemtions were tr.i.ed:

L

'(a’.i n0el Kreislnuf": The use of & solid oata},za_t_c_l 11311 the o:l.l
bg_mgf__ cjmcﬁliie& over Ehe Ealyct concumnuy with %‘E gae o

(v) nSchaumfahrweise”. Suapenaion of the cata.]yst in the oil phaae
ﬁ&m‘cmw the gas using a ceramic disc or mecha=—
_nicnl stirrer. The heat of- mmticnjs_mmwsd_bymmating_the slurry
through an external cooler. - .

(c) Static Jiquid phases - S:ln:uar to (b), but ‘the heat of the: ‘reaction
is_ remmiby_a_sat. ot.coo].:l.ng tubes whiehmJ.nserbed :Ln th&liqnid. S

Syatema (a) and - (b) were uaed by I.G. Farben and eystem (c) by Rhein-
preussen. , , ,

- (10) "Oilkreiala.ut" Process = -I.

- (See reference I(b)/11, I(b)/l2 and. I(b)/l3 at end of this section).

The catalyst used was of the fused iron type (ammonia cat.a.]qst).' It
-was obtained by melting-pure iron powder-(from carbonyl) with- On ‘and adding -
certain promoters. The melt was theh broken into particles from 8—15 mn.

size and arranged in a reactor.ss a solid ‘bed.—A-500- m.chamber, 6-me-
high was used in the tests.

-

The}oﬂ,naed for. circulat.ion is the prodnct ,,,,, of .the. syntheais 1tse1.f,f -
sp. gr. 0.8 -0,81, conditioned by distillation to keep it within any
specified boiling range. The use of the oil prohibits the. development
of any local hot-spots and thus lowers the yleld of gaseous products.

' The operating results were as follows:
"~ Pressure 25 atm.
‘Temperature ~  300°.C (apprond.mat.a].y),A

'.:.57;,.,
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S 2 "Oilkreisla.ut‘" Process - I.G. :

Spa.ce velocity zoo v (apparent catalvst- density 2.5)‘

" Yield - 150 g/ JotaLnrpduct[haau_idaalgas_,
convemion 8% S
, Olltput 7,2 ton/il.o m3 catalyat. volume.
od e 23 : 0'? _;,_g:f_v._,.;.‘;_f_‘:,,_‘f.,ff.;i,;,.;_;;_.'.:;i:: :;_ff":;‘."‘i;a.‘..;;;:;'
‘“Gasoline B 3 250%7:1&13&;‘2% , ONG5)
“Gas oil-. 208 (i0% Shetine, or6s oxygen)'---
Harde’o'ax 1 200 92;0 melti;g point.)
* o k . S

cohol ] _
‘Olefines boiling above 100° G consiated o.f 50$ normal and 50% :I.so- :

.olefine _(no_data mmnimmmma ) B
Th&mosb :meortant. ract is ~th& higb space velod.ty and-w“sultin‘g'

higb production from a_given catalyst volume, It is furtharmore a consi-

derab‘.ly ,simpler ‘and. thus cheaper mthod, tha.n the customa:y syntheais. :

- The cost for-a. 100,000 gon[yeaxu plant “w"aa gfvanaaa mi-sr'ZZWUOO““"“""'“""
~-»(mi~57.2/yearlap—ton)_aa_ccmpam¢tc RM. 21.3/ypar1y ton for the gas circu-_
lation process (I.G.) or RM 290/yearly ton for a reguler FT plant (Lurgi)
-with Fe catalyst and "Kreislauf®, This figure eppears quite .out. of line, ..
The difference mey be dm. to the e:nclusion of cerhain amd.'liaxy equipnent.
B ~ The use- of the- "O.L'Ikreialaufﬂ ‘was la.tér considered for the production
~of alcohols, In- particular. alcohols :in the Gy — L35 range were desired -
for detergents and chemicals. To this end tests were run with the system
“at~elevated pressures (100 and 180-atm; fbut the ;-eault.s were negative '

since the product was qui‘be lowr boiling , -

(11) "Schaumfahmeise" m'oceas - I.G. Farben. .

(See-z!aference—]‘.(b)/l& to. I(b)/zz_at. end ‘of -this~ section)
This process was developed by Dr. mchael a.*.‘ber abandoni.ng the
gas-recycle principlc. - ; . :

- - It is. quibe -similar. to._the» "Oalkreislauf'_t proceas e.xcept for the . .
handl.tng 6f the. catalyst. .The latter ie here held in suspension in the
liquid by the gas bubbling up through 'the feactor. It was desired to
operate in a system where the catal,vat was dispereed widely and in _direct
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! >. "Schaumfahxweise" Proeese -' ben .

contact with the gas: 1if possible. : An attempt to obtain this result by
-dispersing the gas 1 to glive a regular £ was pade using the product of
the synthesis 2s liquid- phase and forcing the gas through a ceramic disc
or nozzles with very ﬁ.ne porea to give the neeeasary dispers:l.on._

—w%e" "—heat.—ef—reactio, —{8
“outslde cooler.
the settling vessel where ‘the - tmreantad gas “the 113111‘. product,

~vapor “1s released and withdrewn. - The: ~s‘:l.m-ry' isthen passed through the -
cooler and then picked up by the ciyculating pump. The net excess product
bo:lling wﬂ.hin the range of the cimula.ting oilis vd.thdra.m.

Prel:lminaxy tests were ca.rried out in a react.or 500 m. diamet.er :
x 8.0 m. high (1.5 n? reactor volume).  Some mzm difficulties, such
-&8.wear in the slurry pump, could be overe : - flushing oil in -
the stufﬁ.ng bax. The oil velocity required tor gocd operat:lon was such

‘as togive 20 chnnges Qf oil per?nour in-the- reactor.

- Some difficu..ty was also emomtered with the- dispersion plato. ~The
feed gas had to be heated to prevent thermal- stress and rupture of the
“disc. A chamotte~plate -showed good: :gtebility. —A-dise with 0.1 mm.- pore-‘
-8ize gave .good reactor-output -dbut’ résulted:-in. 5 atm. pressure-drops —
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 258, -~ Apparently t.he
dispersion depends grea.t]y on the pore size. _

" No emulsifiers were used in the system but certain of the nquid
-oxygenated ccmpounds gave such an effect.

~ 7 "In one test the catalyst, “after 8 we weeks, began to’ produce increased
‘amounts of low boiling products and less wax, This copld have been caused
by ‘sulphur, but it could have been due to the extraction of the alkali

in the catdlyst by the fatty acid Formed in. the synthesigs. - .

Lol Upontcontinued operation—-- {3 months-) ~~increased—~losses~~-of»~»catalyst"’ -
were noted, which cculd not be explained by the mechanical losses™such

2s punp -leaks or entrainment. Upon inspection it was found that the
catalyst had formed & 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. The deposit was thoroughly analyzed
and was found to have the follow:i.ng composition- (next page)

-59#:-
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S (Sultide) - - 0
=~0Other—- —wf__.—,»:“::;,;,,—.»:,.«.;:_—:‘ s =

__TOTAL

-~ The=high-Pe- %mteWthmh—cefm ~of- =
gas (partial pressure Pg ag}g reacting with"FeO. It was further
concluded, that some gum- ongIgg stance had served.as a glue to hold

f.he ratalyst-nmi.he uall.__st.udias&to ana]m—tus:mterial were=under—wayf

B CY B g;;zst. S

“~The-catelyst was prepared by decomposing iron carbonyl, 1% alkali was_
aoded. After rednct:on—thrcatalyatr was ground in oil %o 1-5 m particle )
~size. = The* concentration in the liquj.d was 300-1;00 Kg/

: | The catalyst operates at comparat.ive]y low temperatures and the amount
of gas formed is small. At 70% comrers:lon, the gas analyses are as followss

: ST Feedgas "~ Tail gas

&Sﬁ R .8% . 30W%
- Hp S 1,2. e ’ 31,]_
SC0 536 2.8

HCS S Y o s o 37

It is therefore possible to rémove the COs, and return the tailgas
~%o._the reactor without-at-the-same -time- diluting the feedgas-with--inert-
components, thereby the u.lt:l.mate conversion could be inc¢reased to 90%.

Tne capacity based on reactor volume varied with _temperature. - For
operat:.on a2t 20 atm,. the following fi.gnres were given: -

Temperature - Space Veloccit :
2509 - 80 5 g::a.s/;3 reactor
“2—7‘50—— 325 —-4 -



_(11) "Schaumfahrweise" Process - I.G. Farbe:
' _ T , e

" volume are requipec according to Dr. l&chd‘el corresponding to‘
2.9 ton/day/lo at.alyat

#3500 o '_;20_.___;_'_':; T .'.'i;:_‘:_;;;;;:_-,_-:i.ﬁ.'_"'_:L"_, R S

‘Note. the high contfent. of oleﬁnes a.nd o:qgenated conipoundg, T
For commercial practz.ce a 12-15 > oven was considered practical No:
plant costs had been-calculated for this type of unit-but for a 100,000
~T/year—plant—the fthﬁﬁ“ﬁéMﬁ:m&uﬂe&—emple&e
pla.nt and product recovery) ) e
. : Steam 12 5 to hr. :
————— Water e 3600 3 e
- Power . 3120 Kg‘
Fuel o L .20 x 109K cal/hr.
Igbor - ' . 71 men/shift.

—(b) Products. . U S e e

The high olefine content makes the product suitable for chemica.l
synthesis. The C3 - Ch i‘ract:!.on may be pelymerized. '

. ... The gasoline can be. refined for removul of o:qrgenated products 4n-the-
conventional manner of bauxite. '

Octane rating o.f.‘ treated . 70 (Research) for 2500 temperat.ure.
_gasoline: . T 75 (Research) for 275° Synthesis.




The removal of aoqrgenated compoxmdstt imporbaat step :Lf. t.he trac- _
0lymerds _‘_.,tion with A1013) or for the Oxo pwocess.

- Tife middle o:ll “has a cetane mmber 'ofﬁ?b and may be used d!.rectly,
but -it 18 of -course: the pmfarred.'feed for lube oil synthesi.s a.nd the QOxo

= The WaX my”“‘ﬁe‘cmclnea;t —gha:iﬁvo;r y:leld of “oletirdc middle oil.
oleﬁ.nes and at the sa.me t-imo remva t.hs h:lgher a]mhola and eaters.

— ——Abou%?e% of m—totﬂ—mric—mr&mrﬁﬂra mo;‘l:ti—ng~point~over —
80-90°C..
- (12) wwﬂn_mﬁ_;

i Aside “from 1.Ge Fa~ben t.he att”'"’:‘:'" % to operate ‘Yiquid phase T
.also: -made- by Rheinpreussens. Their work:on- uqud phaae operat:l.on dia not
loave the laboratory stoge. 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. a.saembled for the most. laart. when .. :
Athe~progress -of-the- mr—s%opped turther worke oo e
" fhe system employs -a~31urry of “catalyst in the reaction products; the
catalyst being held in suspension by the rising bubbles of the feedgas.
Contrary to the Michael process the plurry is here not circulated through
“a cooler but_foms a stetic layer. The heat of react.ion is" ‘vemoved by a -

“cooler-consisting of & multitude of tudbes- 'EW
:The- deto.i.ls are: dasenbed -in- tne following sect:lon of NOW: reactor deaign

— - The nef; product of the. aynt.hesis boﬂing within the range of the
slurry oil would have to be " withdrawn from the reactor and filtered to
remove -the catalyst. -This filtration: problem has been- t.he subjectr of a-
special study carried out by Rh eussen. = - - . e

B _me_c,a,talyst in. t.hese studies was prepared from Luxmasse: (the .same -
material as ig used for the "Grobreiningung®.. The raw mass is thmroughly.
‘washed with water and then alkalized with K 03, - Finally the catalyst -
is ground in Kogasin to give a fine ‘suspensiIon. The density was around
7 g Fe in 12 liter suspension (3.5% slurry). Here toc it was found that
the K50 content of the catalyst apparently. dropped during operation. It
was attempted to correct this \by a.dding K2003 in powder form to ths slurry,
but without success. o

: w‘..62,.% i
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R'-"'Static_m”uid Phasev"_ Rhein ussen :

- After a certain ‘time the cata.]yst alurry wae xd.thdra.m, filtered, and
NE-—W : ' mad -t.o ha.ve ].:lttle effect.

Ot.her cat&lysts, vd.’oh a.nd vdthout carrier were studind i.n this system.
Carriers appeared to give a lower bolling product, no wax. In one- eaaé ‘no
_hqxﬁ.d_buildup_uas noticed- for a- pex-iod of 670 hours. -

Before ‘putting such & unit. ‘on atream one of t.he ma.in problems is the
necessity to keep the slurry from settling: - It may be necessary to use
N3 or CH), to do so before- the synthesis gas is a.dmitted. ,

The-following results-were-given. for- oparation_mth slurry cata.lyst.
in the laboratory.

F’eedgaa com W,ﬂz - Mﬂ‘ S
of—cat;ala.ts#—(&

. 9_‘

e T (bg Form with 00 contairung gas at. 250° .f;'or 10 hra.

‘ (e Put. on stream. rate lit./hr feed/10 g Fe. ”
Conversion -~ 94% CO ) T
Abgorber 60° C 12 95/03 °°+"2

~Light-oil- 60-280°6-—~ 38
Heavy. cil 280°¢C. . 65 .

31‘01’ - e : 9 "_ .:..'f,"'" - ‘:;.l‘;,,_.,’_‘_,.h'i
:.26 gm/n'ﬁ CO+Hy o

This operation ~.ppeeu's of great interest and it was regarded as
“highly" promusi.ng by the*Rheinpreussen engineers. : ,

(8) Ruhrchemie. e "_w_'”mw’“ i e S e e

Ruhrchem:.e had dune same work on uquid phase operation ea.rly in the

_ war. -The Work- apparently had not-reached the stage of large scale pilot .

pL.nt operation. A pa.t.ent had been applied for operation in liquid phase
sn 10 Liarch 19&1. -

, According to this claim the operat:lon was to be carried out by pasaing
the feed ges through a catalyst slurry. RCH considered it essential to

_&ate at high space-velocity > about 200-700_V/H/V. Under these conditions .
tho conversion was around 50%. - This led to the use of a m\ﬂ.tistage progess. .
The conversion was in fact governed by the amount of CH formed in the N
synthesis. A maximun of 1% CHy, fomation was to be allowed in each stags..

A
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m mdex-lying thought 13 the aachzmon that :ln an 11 uid
opemticms the higher boiling- prodmu in danger of' being cracked due
to the-much longer -contaét with the’ c;talyatp Not enoﬂgh«practi.cal*expe- '
,nancel on uquid phase operati.on ic a” 1 .aa-';yet to- atudy this eftect..

reaction. This~ operation also’ 13 not naw, but. was not carried out. j.n any .
large scale apparatus. The injected 1liquid is evaporated and-the quantity
-used in such that the heat of reaction balences the lateot heat of the -
injected liquid. ‘It appears that the quantity of - d required might

‘be quite substantial and m 3 atepnise operat.Lon with conden-
saticn between. each stage.. » S e

‘Wdats“n“mﬂ“ﬁqm‘ opemﬁI n Wwore obta.med._., IS
| 3) ww

There has been prnct:.cal]y nc new dcvclopnent in this direct.ion that
‘has reached commercial application with the exception of the "Taschenrohr"
_oven_ a.t Krupp'a pla.nt. in Wanne-Bickel. o I

All existing LP plants use the st.andard plate-oven. The llP p‘.l.a.nts :
employ the double tubc reactor which has been described in detail in the
literature; and at-Schaffgotsch-some single tube reactors were used.

However; parallsl- ' f‘tﬁ“l?“‘cstﬁlv‘sf“ﬁh_“eremmre
at.tempts- to improve: the neacton. -

" The. :ollowing imprcveme:t.s -are noted- SR

- (a) Krupp Taschenrohrofen.
. ib; Lurgl MP reactor, -~ - -
-I.G.-MP teactor (for. Sy'nol plant.)
(d) x.heinpmussen liquid phase ’reactor.

. Enpty vessels as are required ir. the I G. "Waelz" or "Oelkréia"
process are not considared here. '

(a) . 'ga_g mgen" (See reference I(b)/39 at. _end. - of- this section).

This oven 'is. 2 regular MP Fischer cven. Inst.ea.d Qf using the conven- -
‘tional double tubes » the tubes are’ 1arge and ccntain a number of internal

.

*gﬁh?_
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m) New Raactor DesA nﬂ -‘ Ger :

tube fins » which intersect the tube in such a manner that nc catalyst par-.
ticle iz mcre than 5 mm. from the nearest fin or tubewall, 16 ovens of
this type were installed in the 2nd stage of the Krupp pl:mt at Yanne-
Eickel. (There were also 8 regulan double tube- ovens. in the plnnt)

) A deta:tled dm:im.g—of the ovarr:ls ntta;ched*' Ee.ch “bube *25 . diamet.er'
and 3750 mm. long, contained, o.ov:zs m° of catalyst, the entire oven con-._
~:mef the conventiocnal 10 waterc d surface is 0U.85 m'

(670 m2/cven). ‘The finned sur.face ia /t.ube (1670 mz/oven )y’

It was stat.ed that. the catalyat was nct easily rcmoved from thesa

(b)M_Q.LE.JSeemtmncu(b)AZ4mmum.sectm)k

—The use -of-Fe catalysts required the cunstructn.on of ovens which could
stand the 20-30 atmn. -pressure on theé. catdlyst’ side and at the same time the
screwhat higher pressure on the steam side (up to 60 atm). The arrangement
propocsed by Lurgl consisted simply .of the conventional LP plate cven- ‘
installed on a herizontal HP drum. One head of the drum is flanged and
-the-coolling coil is connected to that head. For filling and remcval of -
“the catalyst, the flange 1is opened and the head with the entire cata]yst.

and cooling system is drown out of the pressure drum.

The plate bundle itself is enclosed in a thin shcet_iagkejf_bg_pnemenh

flashing of thec pyrophoric catalyst, when the bundle is drawn.. The same
difficulties in filling and remcving of catalyst. usm.l]y x.xperz.enced in-
_tho I.P oven will hzave to be met in this desi@

A pilot unit of this type, containing 7 m3 cate.l.,'st ‘and operat:l.ng at
20 atm, was installed at the gasworks near ‘Boehlen~Rotha.  The unit was to
-be studied for possible use-in detoxification of city gas (and of course,
FT). Only one run had been made at the unit and the oven apparently per-
-formed-well. -Ncdetziled operating data were availeble, but the pilot-——
unit had been designed to.operate at space velocities up to 400 V/H/V :
(including recycle ga.s) The zas enters the top of the basket containing
the catalyst and passes down through the bed. The bottom of the basket
is.ccnnected to the exit nozzle of the pressure vessel by means of a
specinl expansion joint.. ,

-65-
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tiou). ‘-_-;j,. i T
reaction& an&related synt.he-
*sia—--~eonsi;derab_&e—wom—m~‘deaa—br 346 ng . ve at a thepre~
tical basis before selecting a. reactor far theae exothemic raactions.
Three possible arrengements were conside dered.. (See report by Dr:. Xi vHrth

of Apr:l.l 1942, Leuna.; neteranee I(b)/3l; to ‘I(b)/37 at end of thie secti.on).

1) - Catalysb insicb the tubea.

(3) Catalyst outside the tubes. ..

%“fow—gmmim dr_a!n'
3 : '-tubemamnt required the largegg
cooling surta.ce a.nd, ‘based on total. reactor-voI\me, contéai—iﬁ?‘
least amount of catalyst. But it may be: ‘arranged to give t.aJ.l
-—»fcatal;‘,rst. layers .should that be raquired. : -

(b) The c‘.ta.l;vsb outside ‘the tubes 1is superior to the reverae .
.arre.ngement. ‘and the inmg becomes greater as the diameter of
~the-cooling tubes: decreaaea. Stnactnral difficulties appa.rently a.re

" 'the min drawback : : T

"'(c)  The plate- reactor‘ia also- superior ta tha ' yst tube
reactor,- -But -for od heats of reaction (or better for increased
heat release per m’ of Feactor); 1less control is afforded by the- ‘plate
oven, as a substantia.l temperature gradient. develops acrosa the p‘Late.

- hege 1ﬂsions may be only af— theareti.cal 4nterest a.nd are

course based on "arbitrary assumptionsi -

that the heat transfer coefficient- betweon- mrface a.nd catalyat is_the ,
seme. This is hardly the cese as this coefficient varies with the direc-

-tion-of-£low,~which- my—be—ata rig‘bt: _anglevto the t.ubes in” tmrcm whereT

the cata:lyat is a.rmnged outside the t.ube.

. It was :Cound that the plate-oven raquixved 715%, the cata.]yst oucside-
tube oven only 60% of the surface necossary in the catalyst in-tube -type
_for the same:-temperature difference . (AT) throughout the catalyst. For
varying AT, it appears that the specific cooling surface of the catalyst
outside-tube .oven depends largely on the tube diameter used in the desigd
and the larger the & T, the more a.pparent is this: advantage over the

_catalyst_in tube ‘type.



An e.xa.mple may illustrate thla- et o e

An oven contaim.ng the. ca.talyut i.n 20 nm, tubes ia opere.ted to g:Lve
a cert.ainA T max. through the catalyst. The surface required is to be
100%. A plate oven, in order to give the same AT would require 7i%.of
the cooling surface (actually 77%, since the surface of the tubes. traver-
sing the plates must also be counted).  An equivalent "oatalyst-outside-

“tube-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 Wbesic" -
catalyst in tube oven were using-50 mm. tubes (indicating a higherA Tis
-permisaible), then the surface-for-a-plate oven would still be 77%, but
_the catalyst outside tube oven ; .50 mm..t need only. 65%,.
and if 20 mm. tubes were used only 52%. Thus the advantage becomes more
appa.rent as the heatload decpeases. |

T The design of the fwimace, finauy poaed for the pla.nt » - may-be—-
seen from the attached drawing l( -4949~-1" (Ammoniakwerk Merseburg) and a
_patent,_application. _The tube bundle consists of a multitude of- bayonet. S
type tubes closed on one end.  The circulation could be forced, but it
was considered preferable to install the oven ot a slight incline (6°) to

- induce-natural clrculation.  In-order to find the minimmn angle requh'ed“"

--for adequate circulation, tests: were.-carried out_to establish the welo-

~ cities of air bubbles in water ascending in an inclined tube as function
—_of the angle. This report is attached.. It was determined that a 6°
gave sufficient flow. The ovén otherwise resembles closely the Lurgi -
“reactor,; in regards to catalyst arrangement, pressuré and ggnera.l J.qyout.
T The « ca'talyst is a&ain enclosed in a sheet iron bax.

me o.f the major advantages i.n t.he design of this fumace is the
f—’imple——fﬁ:ﬁng—and—removal of the catalyst since no plates are used., =
The commercial ovon was to contain 6,8 m3 of. ca.t.alysb. The 18 mm. 0.D.
tubes were arranged in 28 mm. triangular spacing giving a total of 800 m<2
- cooling -surface pcr oven. —Results: obta:med on th:.s type reactor are
cu.scribed in- thu section of "Synol" T

{d) Rheingreussc.n Liguid Phaae Reactor. (See réferencérl(»l;)/w at
=== gnd-of this seection). -

(1) This oven has been mentioned above in connection with Rhein-
. preussen liquid phase. developnent. -See also the at'ba.ched _Rheinpreussen
drwg 4,5099. , ,

- (2) The reaction is carrled out. in liquid phase. The slurry is
- contained in a vertical pressure vessel 1500 mm. dia.meter and 9560 mm.

. .r—'--‘-*"‘“
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_QQ) New React.or Design General (3) "'COnticlf':'t

e ,
"mgn, (when_ i‘illed with 10 m3 of catalyst slurry "“ttur helght of the
+§ 8060y ) Gas irﬂzxtrodmeﬁhroulr’bhe bottan -by-- wasuot;a—mﬂ.tii:g:i‘
of ceramic discs, thimbles, or similar means. The heat of regction is
‘removed by a tube bundle consisting of a: nmltitude of vertical bayonet o
tubes. The top head of the. vessel can- - removed to draw the bundle. : The
bundle has a total surface of only 350 which is- considemb]y leaa than
J;he_pequimd_in,.gasﬂmna_ammugng.w L o

““(3)" Horizental oven. Ancther pilot plant reactor had been '
installed by Rheinpreusaen but never put.into operation. The furnace is
sim:u.ar to the . one. used by I.urgi coneiati.ng o.t a plate-tube bundle’“:ln a

(u) List, oﬂ Befemncea, 7 R U SN

The™ German docmn.nt.s nst.ed belmr are available .’m the ubrary of
the Bureau of Ships i.n ?hshington, DG ,

1. Thamo?namische Ausaagen ueber rﬁe“.lnmssarstoﬁ.‘e - by Sclmeider
. . R [ l‘z. e - ..
sanik 4,77, Synthese = by-Ps Doloh 2/19/be
e-Beroechnung von:Gasyerarbeitung bei -der:- OOelbrdxd. R
. Dr. Roelen July 194k. o
4+ Ueber-die Berechmung der Ausbeute bei der Syntheae - by .
~ Dr. Roelen, August 1944. '
_~5f__‘ruc drwg. mi,_mmmsmn&mogh_mmm; :
B von kohlcnwasserstoffen®. - T '
6 - Synthese - hoehemr—aliphatischer«l(ohlemssarstoffe (patent. B
: -application) KWI: 18 April 1941.
7 --“—~Aussprache. Vort.mg ueber- Fe-KataJ.ysatoren bei der lﬂ.t.’
8. "Dzr dersei.tige Stand d. K.N. - Synthese aus co-nzn by v hl.o'l

"9, _nsténa

10,  "Verfahren Drl__lﬁj.chael - Fa.hmeise aug lﬁtteloeln - 20 hay l9h0.
11, “CO+Hy, Synthese, Oelkreisla\d'vertahren" - By Wtscmj-d

. 25 July 9. -
B -ra ﬂxifa?gx/xthese Taus" CO+B2 Oelkreialaufverfahren" - bY Du.tt.schmid
. ‘_,.‘l:‘ - 39. ’
--13.. Stand der Versuche zur. AJ.I:C’].SNN'J"’Bse nach dem Oelkr ej.slaufver- |
. __fahren - by Duftschmid 11 August. 1941s




_:u. - -JZ;?am;ensetm m-loo.OOO T Bcha.n.fallbei I.G. llichaelverfahren"
12/h0
15. "E‘.guhrungen it dan Syntheseo.t‘en, Kamer 506“ - by Michael
e 28 June L9
16, wSymiihese-von lLtt.eloel und Para.trin nd:b Eisenkontakteu" - .by
s Mishael 15 March 1941. . it
—HWWTI“ pr
'18. ®K. Synthese aus CO-4-Hp nach Schaumfahrweise" = by ﬁichael 6/23/1.2
19. “Kohlcnwa.sserstoffsynthese ‘aus. co, Hz Schaumrahrweise" -

- py-Michael 25 June I92e- - -
-m.-‘ﬁ_mlsmtbasa Stand. deLSchammhmise - by Michael 12 ng_g 191.2.
21, ‘f’“Ko-xt.aktausscheid\mg an der Ofenwand" - by Michzel 28 Nov. 1942.
2. "Besmchtlgung der Sumpfphase KW Synt.hese“ - by Gemaasmsr

28 APFiY 1943. L
3. WBericht uecber Arbeiten. wur K?I‘Synthese" - by "‘ﬁ.ntzer, March 1940.
24, - "Sitzungsprotokoll® — 5 September 1944 (Reichamtsversuche)
_25.  ° "Noznal drucksynthese an Eisenkontakten" - by Koelbel 2& June 19M.

26, - "Ergaenrungen zu den Bilanzblaetiern! (RA-Vorsuc‘ne) =5 June “195&. ,
27, A set balance sneet.s (Bﬂ.anzhlaettar) Re- RA-Versnche) e
9 schedules. )

28. _nBericht. ueber RA. Yensw.‘.he " -~ by -Sautqr-israbag 2.1 Auguat A9,
29, "zuswértung der RA° Versuche™ = by Pichler. KWI 18 August 1944L.
'30. "Auswortung der Ri Versuche® - by Herbert Lurgl, 5 August 194k.
31. "Stilil’).t/mgnalma der RCH zu Ra Versuchen" - by Roelen, Ruhrchemie
‘ 8/26/L4 -
32. - "Rh Versuche an FeTontaktemmn La.
e 25 fugust-IS4L. ey e -
33. nBericht ueber Untersuchmmg der Benzinfraktionen a.us der )
~——-_ RAh Versuchen" — by Koch KWly 1 ¥ay A94b4. "~ -~ ‘
T "Verfahren zur Durchfuehrung exothermer Reaktionen“ - pe.tent.
77 - applicationy IGevIeuna~9-July-1942+=mlom s I
.35._ , Durchfuehnmg Chexischer: Umsetzungen patarxt. application
e TG Leunz, - 13 October- 1942 '
.- "Gestaltung des Kontaktraumes bel. exothermsan Rea.ktionen" -
by Hrth April 1942,
~37 . "Bepcechnung-von-Oefen-fuer- katalytische exotherme Reaktionen
in engen Temperaturgrenzen" - by virth 4 July 1942.
_38. _ One drwg. fintershall: 3326/4 "Kontaktofen"
39, One drwg. Hoeschs 71-116 "Versuchskontaktofen".
LO. One drwg. Yannesmann ¥lerke/L5099 "Probe Kontalktofen Rheinpreussen"
41. One drwg. "Ammoniawerk/M49492-1 "Eritwurf eines Synthese Kontaktofen
" 42.  One drwg. Miftel Stahl/5203=1 "Wersuchsdruckofen System- Turegin-—--
43. One drwg. Lurgi OFT/145: . "Schema der Versuohaa.nlage"

-69..
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| SYNTHESIS OF HYDROCARBONS AND GHEMTGALS CO, AND'B3™***

e et ge .
Lo e - e e
. LA : _;)' R . v
e . IR S " T N .. e ey R
Stet . PR R

10 General mwi&:},f,-,-~—¢_-»,»~~;»-f .

. The _attempts to converb €O, vd.t.h Hy is not. a.t. a.ll new, but :I.t :l.a of
interest "to note that the Germans: obtained fair- resnlts using the iden--
tical cata.]yst as in the F'r“ym,nem. ) T

" The work was can'ied out at tbe "Kaiaeru-’-'ulhelm Institut" in uuel-
heim -(KWI). The catalyst used was described in detail in Section- 18. -
It had been carbided at 1/10 atm. with CO at 325° C.. alkalized and non-ﬂ
‘2lkalized catalyst was used, ‘

I Since the temperature ot the aynthe is must. be rat.her high, t.he
rr—product is usually methane and a few g/o? gesol., In fact the method wag
cansidered of interest mainly for the production of 2 standard city gas.

2. Operating Conditidns. — R R —
COntraction date-are- givm ‘below- based on feed gass %W/Hﬁp

b ]it/hr/lQ g Fe in cat.a.lyst e
. s1yst 1% 2903 in catalyst

Temperature . )I__g_t._n;. : 15 atm. atm.
250° ¢ 8 27 : 8
300° C i b o 41 14 B
3w c : o T '“'& e e LT " T 3‘d“."“' T TS T LT ?"’16"’.','.’ ST I

- 400° C ' 21 : R 17 1
1,500‘ c‘ T 20 SR Y 'S N S

 The influence of alkali is the same &s in r-'r operation in that 1t.
raises the boiling range of the product. In this cese alkali increases
the liquid yield. Bosis 002:}12 w 1:3; 15 at.m- 350° c, 2 lit./hr/lo g Fe.__

- Ko CO3 Contraction g liquid/m3 e gasol/m3
0.0 30 ' 3-5 _ 7 1.5
LGO e 1600 - 21e0

=70="
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D EESTRIOTED.
2e Qgr t;gg COndit:Lons Sngt'g Z

o Pressure increases tho conversion. Zhe t‘ollowi.ng data show the
' ccutract.ion at different presaure

Bosis: Feed coz uz * 1:3; 350 c - 2 nt/hz-/io g Fq. "

1si;ikau in catalyst o |
_Pressure .. Contraction - g liquid, m3 g /m3

T 60 a.tm‘.'- e - 58 39 o 23

Ihcreased ‘pressure also’ fa.vora the synthesis of o;qgenated compoundz
ana.logoue to I-‘T ayntbaeia, I

' 3. ' Reference. S e o
" The !BIIo—wfﬁg Gernzn dc cument is available in t.he libmry ot t
Bureazpof Shipsin?laahington, .c.~~ o T T

1. M"Ueber die~lhxsetzung won- 602;:-:_32—%mischezrzu-ﬂuesaigexr—
o und gasfoex-nri.gen Kohlemaaserstoffen" by Dr. Pichler KﬁI

-1~



e ','_ot the Synal procesa by
synthesis of ‘highor alcohols -
u:fran cOend_ Hz over a apeeia.ny mduced 1roxr cata:lyat at madiun pressmwe

The pu:oducta wero considemd of. outatandiug qua.'l.ity being a].mos‘b
exclus:!.ve]y stmight cha:!.n tenﬂ.nal alcoho)s. They were c
-use re of 1ub ters .and detergents. .
The develoment was carr- ’ed t 1aboratory and p:u.ot plant
, st.uge und const,mctioa o.f: a_30, /year- plant at~1aeuan waa considered )

V COMQ- R . . .
1- Genera.l Introduction

| (b Beduct B
w.3._Sy,nt:heaiis—-»—agawa‘ ng-

{ JCOp Fonnat:l.on
b) Tempemtm'e
.(d.., Reexéla___

5. Products -from SynoI
. | é; Alcohols_'; .

(d Aldelvdes, Kéfanes .
61._;_'- Uae .of Synol Products .
7 “’“Se;irmtion‘ of Synol Products

'(b) Frocticnation - - )
. (o) Boric:Aeid Process
{(d) Sere ration by 811.1.cagel Adsorpt.ion

T ﬁgf)' Separation by Methanol E)cbraction
4. g) High Boiling Products
8. _Conclusions: "o e

_9, + Idst of Atte.ched Documents.
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1. General Introduction, -~.
___ The synol process has been developed by I.G. Forben 2t Leuns under
the direction of Dr. Herold. It is a new procoss for the production of
oxygenated compounds, mainly. alcohols...-The.- hydrogenation. of CO.to form
alconols at high pressure is'an established process (methanol synthesis
and isobutanol synthesis). The synol process is ‘one atteémpt to continue
i a o De 9 Py e 7 Y- . . ) . 8 he OH group i 2

terminal position, thereby diff “from the "k alkyl-alcohol of the cxo-
synthesis and the branched chain alcohols of ,,tm;_'isabutyl;ﬁynthesia. -

atle . 0 Nne

2

" The overall equation of the Synthesis may be written as follows:
28 CO423 Hy ——» CH3 (CH2)g - OH-¢Cg H16411 CO#SH; O~ — ~ -

This result, the direction of the synthesis towards the production of
-alcohols, -was—obtoined by -operating-at-intermediate pressurcs-over iron -
catalysts , and at the ‘:tcwesté-';pbssiple;gtempexfat;ure,s;~].80‘2'f— 200°- C,-This-

! et wuntn S audiinliug-nuh o~ suginnspyut it S gy S U -

The -developnént of the process was c'a'i'x'fi._ed:- out mostly during the war.
A series of patents, covering the essential features, were. applied for in

_Germany only. Towards the end of the war it was decided to build a

30,000 ton/year plant =t Leuna, but the project was still in the paper
stage when the war ended. SRR SIS e L :

© . The basio patent (see reference II/Z";.‘II/B:and‘_'II/J;_nt;Eni.of. this-
_section) applied for:-in September 1942 makes the following claim: - - . -

A process for the prcduction of alcohols from CO 2nd Hp over Fe
catalyst at elevated pressuve, characterized by the opereation at tempera--

—tures substantially lower-than those required for the production-of-hydro-
carbons over the same catalyst. o

-

The patent further discloses the use of ‘expess. hydrogen in the
ce-bf keeping any -trace.ol-

—preparation-of-the-catalyst-and-the-importance! !
oxygen from the catalyst during =nd after reduction. .

“In ancther patent application, deted Miféh 1943, the use of gas

73
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*to—jncmae*jhe*pereeutaga»etmalcoholawheﬁpmdw&_to70$and~more.»
This is_the same principle as. the MKreislauf® process. for the increase of
B e e S L S

3. ctalysts. (See also refersnces TL/26 to TI/30 at end ‘of -
(2) ~ Preparction. ' - A

 Puzed as well as precipitated catalysts hive been studied, but the
esse in handling and reproduction and mechanical .strength of: the fuged
—typ—xod—to—the—&lmest—mmive use of the latter.. It is substantially -
jdentical with the Leuna ammonia cetalyst. The catalyst may be prepared

-,

T pure electyolytic iron or iron from carbonyl (99.9% minimum purity)
was mixed with alumina to give a . irinl mixture of 3.5% Al,03 based -on
‘“i’Fe,_O:J:S*to—t):ﬁ’rKZOAare——-adde_d—and—the 4ron is oxidized. IT iron metal
wos the raw materiil, oxygen has to be used ‘for the oxidation steps - - -
~The mct‘fm‘zrstape’wof-_oxﬁaﬁen—ma-not_lmom-,_bub.t.he,cg,@'sb' could
_be readily reproduced, — e

The melt is broken up into 1-2 mm, particles ond reduced. The~ rere—
tion requires hydrogen of high purity and a-large excess of hydrogen is
used. A temperzture, however, of at least 420° had tc be reached to obtain

: 2~me X-rey studies had been made. regarding the-influence-of-the-— -
recucy. n temperature. It was found that at L,CO° C, Fe,0, and Fe were
present n the ratio 'o£~:xrmmd~k_—3.~«&t4253‘the~ré.tio wad nesyexr l:4 -
while at 500° no more ?e%gh ‘could be found. By the -same method it was .
further determined that thd space velocity of the H, over the iron—
.vi_nfluencedr___t.m,ﬁgggz;,_Fp;_rat_.io. - Thuss - At 300 V/H%, after 6 days, the

ratio was still 0.7, but at 3000 V/H/V after 4 days itwas 0.3 —— -

In o paﬁent application, dated July 1941, the use ofreductionnth
Hp is disclosed, whereby the product of space velocity x time {days) must
exceed 2000. This is apparently the lower limit.

(b) _Beduction. —
it tho present time, the following conditions are used for the~
‘reduction: : . e el

T
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'2:_Catalyste sts (Comdtdy) -~ . - . .

- Pure hydrogen (Sulphur 1 0.10 gm/lOO m3) enters the system through a
.Pattentmnsengmdewtomrmto -protect.-against. break through of ‘sulphur.. ~
The gas next passes a methanizer to remove traces of CO (the methan'lzer
could however be omitted). The fresh Hy is then added to the recycle; -
where it represents-3-5% of-the total stream. The-total hydrogen passea
througn asilicagel drums, is dried &nd the dry hydrogen is blown through
the prehecter and the reduction vessel,.  The éxit gas is cooled w:l.th mater
and NH3 ‘before be:mg retumed to t.he smcagel drier. x .

" The reduction vessel (].I.OO mm., . diameter) is ﬁ.lled ﬁth 500 liter
fuzed Fe catalyst (0.5-1.0 m.) ‘l'he cata];rst. is ret.a.ined on a bronze
screen. Care is to be takmen that ] : 3
screen before reductim. S .

hftexr thorough purging af -the H2 - circuit;- the heater is ﬁ.red and
“the temperature raised {;o 1.500 'G—Hﬂi:[n ..’.ive hours. The dried Hg i.s c.ir-
“culated at 2000 V/H/v i _ - e —— SR e

E

, " The water content of this Hz after drying is 0.,5-2 gm/m3. At the
beginning of thLmduotlon the Hp0 content after the catalyst rises toa -
dew point ef _plus 4.0°C. Part -of -the water is condensed in the NH3 cooler
_m_tm«mmdeM&mweéM&mersv—m—eeﬂa&n—munt—efWamd
during the reduction is absoﬂ:ed?.n the vnter. o T

The reduction is complet.ed Jter 50 ‘hours. The system is cooled and
COp admitted 'slowly to avoid overhecting fram the absorption of COp-on -
the catalyst. This COy used for blnnketing xmxst be dried over silicagel
and must be free of sulphur. ‘

,_..._l..:_:;In' handling, utmost _care must_be taken._ t.o_prevmt 21l oxygen from--
caming in contact with the c‘.talyet. -Even the slightest poiaoni.ng of the .

‘reduced iron with air or oxygen requires a higher initial syntnesis tempe-
roture (less alcohols) znd shortens\ the catalyst lifc. The apparent den- -
‘sity of the finished catalyst varies from 1.8 to 2,2 according to particle~

¥ .
3 — —_— U R

The 1ife of the catalyst is around 9 months. 'For the design of a
plant, which was to moke catalyst for a 10,000 ton/yeir synolplant, an
:aueraga_life:o.ﬁ oﬂy-h-month&-had_been—assmncd —Jt-—3s-noteworthy that ——
additions of several tenths of 1l of arsenic to the catalyst results in a
substantial increase of esters (25% in the 200° 300° ¢ fractj.on) In the
‘synthesis the catalyst immediately forms Fe2 C of hexagonal crystal . struc-
ture and above temperature of 290° C this carbide is converted to an
inactive form. e
-?5-*
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e

_= " _particle size haod-considerable-effect ‘on the resulis. ‘Powaprds: the:end,
 I,G. used sizes betwebtn 0¢5.and 1.0 mim. This led to increased output from

" the unit catalyst wolums, It was concluded that the insideof the partd- -
| cles’dld not’ participete-in catalysing'ths resstians -~ . . o |

¥

to lower the temperature from 198° to 191° Ci This in’'twn increased the - -

o “ratio of Hp0 3C02 in the-reaction-products, saince the .shift decreases at’

e operebtng Conditions. (See ref. TH/A to IIA3
: - R T e - g --an of this ‘seetion)‘.'l"' B

T he CO and Fip ave consumed i the synol synthesis in the Tetic of ,
e ——12131.0-(CO:H3). but_regular wate rgas (COtHp %1,0:1.1) oy be used for the— ——

&

synthesis. -The catalyst 4s susceptible- to sulphur poisaning and requires .
-~ a feed—gas as oqually pure-as-tho-Fi_ 37— maximm-of 25%-inerts-in
A the'gas_wns acceptable. - _ - T e e e e

el o1 WLV

- It was stated ‘that the synthésig ‘should be carried out af.fthg 1owest

o . It was found prictical to-use-the-formation- of COz-as-controlling .
( varisble for the maximum production of "aleohols. The less ihe conversion
' ... proceeds in onec stage,.the loss COp formed.znd the more alcohols recovered.

. 30%-is-considered_the miximum value for the wolume % of €0 in the exdt
Zas from the synthesis.. The CO3-may ‘be serubbed out before entering the . ...
next "stage or retwrning the gos to the reactor {recycle). - t . ,

Over a givéh-,.batalysb and at a definite pressure and CO- content of -
the feed, the temperature in the. reactor is the means for control of the
— nversion_ono—wishes-to obtain, This temperature is betweon 190-195° C.

in the first. stage and may exceed 210° € in the following stages depending
“on the 4Anert content of tne ‘ges, perticularly the COz content. €Oz in-

‘. = ~ —-——4—‘ . ‘. _— o ‘ - . e -76‘._' 3 l . ) n _ IR Q_:.._A.. e .:_:, [
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2 g v n iy 1

theais - rat Conditicn b Co t'd.

'~quanti‘bies of 5= 6% has a“potum:l.ng'etfecs u—tmt—it*mquirera h.tgher“"
synthesis temperature a.nd thus loruere the a.leohol yxleld. -

_ Tonanls the end ot‘ the war’ tha German govemment lost interst. in the "
“synol-developrment and -insisted on directing the research toward prodﬁction
of fuels. I.G. then planned to continue with the installation of tHs
—synol—p]:a.nt—vbutrapemte-under~condi&ons—ﬂhtctrwouid—giw~littie-aa.eahol
and mostly olefines ("Benzinfalirweise"). This could be done very: simg]o,g
by raising the temperature of- the’ aynt.hea:ls. " The operation at 260 c
over the same catalyst. proquced_a_gaeonna -of _1,0~60% olefines with 65-75.
octane number (res.). This operation was admittedly. a means to continue

work on the. project and is not conqi.dereﬂ .an :lmprwement over the synol
operation, R

-~ In oxrder to illustmte the difference in the two methods > the rollow-
31115 data -are-listed below" givmg régults from two*bypeafof*coperation' -

- Both cblumns refor to the ident:i.ca.l fuzed iron éatahst:

of ration \ ' 101 _ Gaso S

-Stages - : ¥

Space velocity V/d/V 150 250 -
Specific output tons/m3 . - S
cata]yst/day 0.60 0.92
Cotolyst1ife— —~—— - - 9-months ———6 months—
_Pr_qd_ugt,_m.stnbution ot e e
- Gasoline - 200°C -aa-éo% . LO=-T0%
uDieseln 200-300° C « 18-15% 30-15%
~ Gasoil 300-4000 c 15-10% _,39-,15%
| 5,00° c - 23-15% -
:rhe alcohol a_.nd oleﬁ.ne content ‘of the werious fractions frcxn Synol are
- 3s-follows:  praction __Alcchol | .olefine. Poraffin and Rest
2003000 C 568  20-30% 14-2L%
300-400° C  '50-60% ~ 15-253 15-35%
oo c 10-30% h5f§0'zb 25-60%

.77..
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—In genem the Incmase :ln tempemture lowara the a:l.cohol and incx-easea
the. olefine yield. As the eatal,yat. ages, it slowly loses-its-activity-and -
requi.res increagsingly higher temporature '.l‘hua the alcohol y:i.e:m decreases
m_,thg life_ot_the cat.alyat i o
— —~‘—~4'he same-generﬂ.—:b ,—appl—:l;cable in FT opere.tion app‘.l;r eqn:ﬂ.ly in

_synol: more alkali in the catalyst, lower t.amperat.ums, lower space- ve‘lo-
city (within limits) give higher boiling products. There were however,
indications that the desireble middle fraction could be increased indivi-
dually by using precipitated imtead of fused catols of id_sntical

"canpoe“i‘ﬁfon.-- '-The Teasans Ior‘th:l:a"ware not mognfzecf.

T (c) Pmssm ""_‘”I" . "i"; j o __-'”?1 ‘f"’,"~*“”“‘" o

- - The mtemdmssnmmg, B_: ' :

(25 at optimum). At higher pressure the Fe-carbonyl formation is substan.
“tial. At the same time it becomes more difficult to remove the heat of
reaction and th:ls in turn leeds-to carbon deposition on the ca.ta.lyut. The

The "Kreislau.f" opera.tion described in Section I(a) of this reporb
may be used- equally.well in. synol. cpemtiom -It 1is. simply necessary tc.
remsve—substmmiﬁ&yﬁu-mterfrm-the—mcﬁmmrbérmwnﬂmg*
the_.gas to the oven. This drying tends to_suppress.the- -G0g -formation . -
sufficiently to obtain 90 -~ 93% conversion (on a ges containing 6% inerts)
mithout intermediate scrubbing of the CO. The removal of €O, particularly
by Way of the ﬂmfzed—type processes 1s not eaay in this case due to .
the fatty: acids £ormed in the synthesis.» BES 'Y ~--r~)~—-~—~~~—-» e

’ It was a.lso fcund that the l:l.fe of the catalyst was dependent. on'the

poertial pressure of the water in the reactor. In a BKreislauf" run when

‘the weter wes 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. This campares in the once through (B-Btg.ge) operation with
mn.:d.mum of 3=-4 months catalyst 111.‘6.

Another beneflciary of:fect ‘of “the "Kreislauf"a is o.t‘ course. the
immediate Temoval of the synthesis products from’ the react.ox_'. ~ Thus any
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secondary dehydmtion or twdmgenation j.a auppressed. The higher alcohols
_in the Cl4-Cl7 renge are particularly affected by this operation. Due to
the increased gas volume, these products are. swept out of the reactor as
’vapors. "In the once through operat:lcn they ccnaense on and are’ decomposad
by long contact with the- catalyat. : _ e

"~ Using recycle space velocities of 2000-3000 V/H]V (ba.sed on total feed)
“£1lows 90~ 94% conversion in two stages only (while 4 are required in the
_once._through opemt.ion)._ﬁ. llndm:_hheae conditions 1 mol.. COZ is then .f;omed
“from 12 mol. feed gas. L ‘ , o

ﬁgures mmutrage the Kreislaur operation. o

e ante oo ba od on 2 fresh feed gas of the follon:lng compositions

- ;_cﬂo pl\lB EZ -Bé‘% i e U S LA S S =
——*-Qo_} "“"i;'fis,.sii_.":l:i?',.’.l'l"‘,'T_,_,_,_ o _,_,A.,:JT‘, R e e “‘»"‘V’ 7“7' _ o

CHy o - . 5.0% B |
=== ,NZ.,, s R v.,uw._‘.s.sxﬂ T e A .j;‘v,. T I T T T T T T
Change of recycle gas cmpositian with convers:.an 68 at.age' oxi]y).
g CO plus H, m‘ih_ﬂ"w_ﬂ—m Kre:!.sla—\;i: ‘canposition o
T e T 250 Wk 19.6  10.6

‘ 85% h 38 38 LTS - 9.5

.80% hz 33,5  15.8 8T

65%—— - 6245 - —ATe3 12-.-9f~--‘~7~:3«-~

Tbese i‘i—'ures are cll based on the ‘same cata.lysrb volure. Thus to
obtain higher conversion at_lower CO-Hp content the synthesis temperature
riust-be reised; this in turnincreases the co;_ production"(ther ‘conversion:
-to CH, wes_assumed as vB%_in.allgcaaea) - _ . .

Operation in liquid phase was not considered applicable for synol
because: long ccntact on the catalyst is characteristic for this technique.
However, the usc of "Kreislauf" may make liquid phose operation Ieasible. .
I.G. had proposed to study this process but the end of the war prevented ‘
further work). 'Y

7 uipoent .

The inclined synol reactor has been described in detail in the’ pre«
-ceding=Section-I{B).--It is-in principle-u reactor using a-flat catalyst-
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bed. The cooling tubes were embedded -in the ca.td:sb .and _were: deaigned
-one-end-. o&dw was choaen to .

B

" For & “further developnem; the Gemna hed deeigned amtwinmn con-:_
K sisting of a3 commen. oenterpﬁ.ece +which carried-2.ipc ed - coo_;“___- coile

Each bed was to ‘contain 6

T There ha.d been several di.fferent- pd.lot plant ovens - uaed in t.ha Labora—
tories including 2 vertical tube-reactors with the catalyst inside the -
tubes. (Tube di.amter 15 and 20 m.). At the same time a. horizontal plate
= ‘ ) also installed. This unit is practd-

this OMQ ’

- In order to prot.ect the ‘catalyst in case of a failure in the eooling
system Rydrogen was - a&nittedwzdﬂl CO purged from*.ho cata&ysba& fast-

—possible.—v— — _ “ -

The_catalyst pparent.ly foma a_ ae].id mass at the end‘_ot the run end
must ‘be “drilled out -of the tubes (80 vorldng hours to. empty- 1300- 15 mm.
Lt

on intormediate fraction of the product 150~ 24,0° C) by pessing the
- .1iquid through the tubes for 1/2 hour, "It is. then dried and. deactivated

m.th No.

The unloading prooedure 1n ‘Eba eese o.t‘ the plate—mector m e
" still more complicated, - .l : IRl oL PR nmln

—new-design: (incﬁmmtubemmdle) ‘had- not been. tesbed in.any. large

: sca.le pilot unit, but the I.G.- engineers had great hopes that it would
solve all problems. All othier-egu mtmﬁh—%ﬁlmsmh—as——
blowers, coz mshers, coolers, eharcoel adeorbere were comrent.ioml.r _

at «nd of this. aectioni

(a) .;lcobols .

——————~R-h&e been—etated—thet—zm—man:ob‘jcct; re _syncol _process was
‘the production-of straight-chain- terminal alcohols of- boiling~mnge .as -
high as C20. Thus a new class of chemicals had been developed fran a



leboratory curiosity to a commercial prodiict. It has already ' des-
cribed how this obﬁ’ectiw%enld—beﬁaﬂnd;—but“‘bmm ora thomselves
—ceul&not—give—&rmcrmm it was possible to do it by way-of the-
process described., T e

- They are dehydrated to-olefines in a sccond step. This assunpticn may
find scme basis in the fact that the -sum total of alcchol plus olefine-

in synol operation is. foirly constant over a-wide temperature range.

The products leaving thc reactor are recovered in an oil and water
~Phose, the water containing up to 25% organic compol ands. These campounds
dnclude low boiling alcohols, ketones, aldehydes, acids and esters, and
‘saue -salts of short-chained fatty acids. The oil phase contains enough
~Idgh bolling products o solidify at-room tempersture. The methods used
‘to separate the products are given in a lnter ssetiomo. .. . o

———The cunstitution ofthe products has been studied in great detail, —

The alechols, up to C9 are practically straight chain primary alcoholss
—No-secondary alcohols can be found.  The sanc is.substantially true of .
~ the higher alcchcls (methanol athy ‘ : R-tp

~ (b) " Qlefines.

The olefines are mostly ék-olefines.. A Cyo olefine- wes analyzed and
- found to have 60% ,-of;;the;;double“:bond:in:a(ﬁ-‘posgion‘;"“Whi:l“e“ﬁhé* rest was
distributed with decreasing percentage toward the middle of the molecules -
It was concluded.that primarily all clefines are termiml, but due to

,_,9_12§§mdw1n;the;-cxossynthosis_.wherc..,the-pmsenc&d:eeb&wbcm‘
2 shift of the double bond. : o :

__The sun of alechols plus olsfines in-the product is-botween-70~
~the alcohol ranging arcund "60% and over.

s

v . R

(c) Esters.

==——Esters-are-always present in cortain fractions. Thot arsenic in the -
catalyst increases ester production up to 25% has already been stated. -
The ester content generally increases with the, boiling range. Esters make
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up—as—much—as 10$ in the~c10 alcohol ﬁmge and i.ncreaee t.o 20% in the
J.B wka°° T , . . o

" The fomtion of the ester (ana acid) has been explained by the direct
- recction of -CH2 radicals- with-CO and-water. In the preparation of fatty
_acids from alcohols and~co, the tollotd.ng cha.'l.n of rea.ct:lona :Ls aaamd

“to take plager~ e

(1) Decomposition of the alechol to free radj.c&l and water
- O3 O —~———e—e——> CH2= H20

[2) Reaction of radical and CO to form ketene
Gﬂz = 4CO - —--& H2 C=CO

A(3) Ketene oy recct. w:!.th-water or excess alcohol to i‘om the
corres;;cnding acid or ester. [ .

(2) HoC= CO+Ha0 ———at Cﬂg Coo H
WM&B&M CH3 COOH3 - S ——

T me71€é—raarcﬂ'i§ of courso ezt.reme]y short Idved and present. in
only -small concentration. It iz thcrefore necessary to operete with high
~CO conceentration to havc the nccessary acceptor ready to react with CHz
the moment it forms. This explains the hizh CO and low alcohol concen-
tratiocn required 'for“this,""iirdc‘e’ss‘."“ "The theory may be applied to FT or

- 8yncl syntheses ond offers & good explanation for the high ceid and ester

~¥yield, The pressnce of CHa radiczls in the hydrogenction of CO'is gene=-
Tally acknowledged and with CO and H20 (or alcohol) also present, the
synthesis tc acid and ester could follow the chain of reactions desoribed
"bdvtao .

t{é&iandzxét;cne‘sm“ e e e ———
R nldchydes and ketones are both found in the _product. _The lower .. .

—2ldehydes can be extrected with bisulfite solution. ~The ketones arc more
stable and cive no trouble. During thc separation of the alcohols with
boric 2cid they remain in the neutral oil. The lower ketones- (acetone)
are found mostly in the aqueous phosc. There are some other classes of
_oxygenated ccmpounds found in the primary product such as esters and
unsaturated ethers, but they rarcly muake up more than 1% of the total.”

The products recovercd and isolated so far are mostly the alcohols from

01 to Co2. -
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- The- producta obtained. from aynol operat:l.on aecordj.ng to "Benzin-
Fahmise" resemble those. contn.inad :I.n FT mthesia over 'Fe catalyst

. The-ggg&ga_ frcmsyuol mustbe refined before. thqr .cin_be-used.as.-.
notor fuel. They are unstable eénd corrosive and do not have a. sufﬁ.cient]y
‘high- octane -number- (aee~reterencevn/17 atrth&end of-this- aectien).- T

. A raw gaao].i.ne ha.d the ronovd.ng propez‘t.ielt

Distillation 1BP 35° c
, c _
Gum (att.er 7 da.ys) S 202—1::32 -
Cu strip - ~ . -eolors gasoline ‘blue
_m ﬂ\lﬁb@“ I -,ﬁ;;,:,;_,;;_.___'." e 1 N
Octane No. (res.) . - 5!.,0

'rhe gaaol:l.ne was refined over Pullera earth at 300 c., using

0.5-1 volune liqu. /hr/voluma Fuller!a h. The réaﬁl‘t«ing product.
was_ as followa- :

Distillation 1BP 3a° c
- 505 90° C
904  .180° C
o EP- . .198°C
Gum. (aft.ex: two daya) L 0S5 mge
Ci strip. . Negative
OH number . 6.5 -
e Octa.ne No.: (res )M.., B

_The treatment consists essentially in dehydration of the alcohols to
olefines and.- condensation. of -t he aldemrdea to-high- boili.ng po:Lvmers ‘which-
are—fractionated out. - . ] T

The 1osses depend of course on the a.lcohol content and thu.s on the
temperat.ure of the synol operation itself. The increase in ON is sub-

“stantial; but I.G. -had-still-further-considered- “the-use -of -oleline- ~1so=""
‘merization’ to.shift the ‘terminal double bond towards the middle of the
molecule as an. additiona.l meana to imprcve the lmockrating

The diesel oils obtained in this operation do not compare with those

from cobaJ.t. catalpt FT plants. 62 Cetane number was-given as an average
value.
=83~




—————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
‘¢bain lehgth (produced from: the same alcohols) and-used as-plasticizers.
—The C9= Gl fraction-can be-used-for esterification with-adipic acid
“to produsce outstanding lubricants. This is an important usei The- lower
alcohols C3-Cg may also be-used for esterification to yield lacquer ‘
solvents. The synol alcohols: are preferred ~on account:of “their straight
chain character. S - : R

: However, the most important application (in Germany) would have
‘been the use of the higher alcohols in the detergent field. Due to their
straight chain structure synol alcohols resemble the natural fatty al-
cohols. From them they differ only by way of their content of even and
~-uneven numbered carbon atoms. ' The uses for the corresponding olefines
——are-well known, with polymerization to synthetic lube oil in first place
and sulphonation for the production of emulsifiers end detergents as an
‘alternative. This entire field is presently in a state of development.

_ '7. Se !.ation Of “ucta. - T

" "The separation of the various products has been the subject of
considerable work by I.G. : -

(2) Pretreatment. _
" Before the zlcohols, olefines and thz neutral oil can be separated,
it is necessary to take certain steps regarding the undesirable by-products.
is such, are classified the acids and their reection:product with alcohols,
the esters. Other undesirable compounds are the aldehydes and ketones
-which~appear in—omly small quantities,— - " —=

The 2clids must be ‘neutralized.with alkeli to prevent further alcohol
lpsses to esterification. i simple ¢austic wash is sufficient for this
purpose. If it is also desired to de-esterify the product, the caustic
wash moy at first be omitted. '

The esters are preferably saponified with strung ~31309C.
# 30 minutes treatment with good agitation is sufficient. -The alcohols
are 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-windup in the hizh boiling fraction (seeé on the next page).
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If the esters are not mm_qved,
~ti.onat:l.on according to their b nE 1
acids into these tmction where. they do not helang.

(b) zgegi____s.g_ (See mterence n/21 at’ end of this eecuon)

A shorp fra.ct:l.onat:l.on of the raw product ie appnreum eaaential tor
the exact separation into.alcohols and hydrocarbons. This is particularly
the-case- ‘when-boric acid-esteruigaticn 183 used as a’means of separaﬁcn.

The lower alcohols (to 63) are practically conplet.e]y d.taaolved in
the aqueous phase of t - = -
out with water or posaible mthanol-mter solution. This wator wash is
automatically carried out when the product is first de-esterified since
the alkali must be washed out vdth nater.

’—'——Theﬂﬂ.gher alcohols ma,i‘?% “soperated and prepared in 95— m »
_provided. the,original—reed_is_tmetionated 'sharply. Several methods were’
studied by the Germans. .

A simplified flowchart of a synol process may look as tollm: R

hesis De-esterification Distillation
“Cut. 1. L Cube2, - - Cub.3.  Cut. .
160° C EP . ~160-3200¢C ' " 320° - 400°C High boiling
(gasoline) (diesel oil) (wax) Residus

’ i o e . .

-Extraction with WU ’*Boric acfd,e;t?ifficaﬁ“ —
Water or CH30H N (or other separation method)

e R B S P
160° C EP  ‘Alcohol 160-320 C7 -C1s5 320-400 Cl6-"C2z
Gasoline to Cg Qlefines & .alcchols Olefines & Alcohols
(Olefines) - Poraffine Paraffins

p———————

~85-
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,_Separetion of acts cout'

(c) W JSQQ_m!emnm Iﬂ&aﬁ end of‘th.ts secuon).

, Bori.c acid est.ere are uaed tom_the_nepamtgcn_n: higher synol alcobola
from the accompenying olefines and neutral oil. It is essential that the
feed to the esterification unit be fracticnated as “sharp as possible.
50“ (] boilj.ng range appears to be aatisfactory !'or each cut.

(he of the diftieulties wtr.lch require furhbor work is the d:lstd.l—
_lation of the neutral oil from the boric ecid ester. " The mixture must be -
thoroughly agitated. At the same time a temperature in excess of 250°C

must be a\roided in any step of the pu-oceas. :

" The higheat alechol produced to date by t.hta mthod is ca Hlo50!l

—Higher -alcohols cannot be- aepantcd from the oil withmrt decanpoai.t:lon.

“ The “principle of the process is based on the fact that P —
~{a) The alcohola estority readily with bor:lc acid at alevct-ed o
temperature.
(b) The esters are ‘consicerably higher boﬂ.i.ng than the a.lcohoia

(and accompamring ccmpomda). -

In the process of this type. tho boric acid naed for eeteriﬂcation
must be substantially pure Bp03. But at the same time only a dilute
solution of B203 is obta.lned ih hydrolyzing the-ester.- This operation
is expensive since large quantitites of solution: mmt be concentrated.

It was found however, that a saturated agueous solutica of bordc
acid could be used in the hydrolysis step. This-solution could be sepa-
Tated from the free alcohol by settling, and upon~ ~cooling, the additional
free acid would precipitate from the solution. The acid crystals could
be recovered by filtration and used 1nmediately for further esteritication.
the oxo process.

The esteriﬁcation yields a certain quant.ity of water which m.st. be
_removed. This-is done by extractive distillation with benzine. The
“esterification requircs elevated temperature, and thus the water and
benzene are simply carried overhead as they form.



tion or Prod s () (Cont)

N -‘-——Fonowing*—the mval—d“ﬂert%e mntm ml,l:la ”dishmadto S
" leave pure ‘ester in.the kettle of- tb—;calmm*"’—'ﬂu ester Wthe:rhydro]gzed
“Twith hot"‘aqueoua bori.c acid“odubion. e ‘

Y‘OIGflnes __..f.'_"f""”""f""";__fw_h?,g o, .
- Paraffins PRRRRE . 1 U R
'_,,;,___‘*°id’_’F°*'°°“ ete. . —-lﬁ—"— R

(3; 200-300-C-— ~~—~—-»7j75;16§-§n;—; R

() 300-400° G U¥pWI———
. - 200% "0

The object was to recover the alnohola ‘boiling between 200° and 1.000 c.
For this purpose fraction 3 and 4 were treated aeparate].v. -

Treatment of fraction lw o
Feed; 100 kg. of fraction containing 72% m-.. a.lcohol.
646 kg. boric acid. o
575 kg. benzene -

Thé mixbure -is agitated and heated to 90° C for 2 hours.

575 kg. bemnﬁ
4.8 ) ater ~distﬂled—overhead

Distillation is then continued under vacuum. )
' ‘ ﬂt&ﬂf—z&—kg—:w——

recovered in the 'receiver

The kettle product, i.e., the bori.c acid ester a.fter 18 trdnaferred
to the saponifier, where it is treated at 95° C for 30 minutes with 55.5 kg.
of —a-2+6%-aqueocus -boric acid-solution.—The free-acid -solution is theh
*1lowed to set.tle at 957'¢C and i.s witlmdrawn. rThe solution now containing
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10.9% un_(iw., 33‘3% satmt.ion at 950 c) ETE ‘next cooled to 2 Co “The
excess boric acid-erystallizes and is: ceatrifuged. 5.2 kgi boric acid™
are thus recovered. The ﬁ.lt.mte, 50.5 kg., is retumed o the system.

The free alcohola,,_'lz ksg_m_alaoﬂ_withdmm_fm_tne_uponiﬁeu_
1.5 kg boric-acid still remain in.sclution. -For its removal the alcohols
are washed with 56.2'kg. “waters— Thra.lcohol ‘passes -3 couuber 'current
‘wash etages. -

;.._'._.;.,.

—(a) Sagaration gx sumgg;_ m;& (see re: u/zs at end of

" this aection).
' -metho sonzgidel y ‘Germans at-one -time for the sepa-
‘.tion of synol a.lcohols and deaeme to be mentioned here. s -

——%mwtmdmmwmmmmwmmrpﬁm“
‘between-alcohols and: hydrocarbons. - ———

S - A —Heat - ot——adsogggion‘; ~~~~~~~~ —

methanol I ‘15.0 \Qal/gn Sui.cagel
n<$butanocl 13-0 con n
“n<¢octanol—— o Jﬂ”ﬂ“‘*—“" R
n<4-decylalcohol By o i
n4hexane - ) 53 " m "
n<dodecane - 6 0w :
water : o REEE - 7% R "

. The xn:bctu.re is contacted with the dry gel ‘and thon ‘washed with 2
volatile low boiling hydrocarbon solvent (petrol ether). The hydrocarbons -
2re thereby. removed. The alcohols remain adsorbed-and-may then be removed

__by -such_polar - solvents%%mr—boﬂingﬂcohﬁa—oﬂetmesﬂethem-"T:—
: The gel 1s rinaJJ,v regenerated. o

———---The -gel- m~b& lmdedmdingtn_its;qnalm,_ihemae_m ize—
(1-2 m) and the alcohol boiling range. For 170w 180° alcohols s
---»‘15 8/100—8 .8el-moy--be- x'eached.—~-~-_—_~ o — -

The adsorption must be carried oxrt at rouIn 4 empem&um_or_em_belom
The aleohol should be desorbed as-soon as- possible.- Tﬁe"i‘e‘ganmtion of
the gel be carried out with hot gases (N3, :C0y) at 150° C and
1 1000 V.
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( tet. II/210 g'h end
g Ot aection). -
o5 Of

(1) Their aseotropes with lmroearbm bou conaidemb.lybelow
. thei.r motx-opee with ielly. ) ohols,
(2)_ The_aseotrope. Jd.t.h- eenf.etnu—constdereuym—
(3) Theglyeolse.ndthe lvdrocarbensinthe everhead aeparate
A :lnto two phaees in most. eaaee._ﬁ, - T
- ETS the“glyeol phm and my thne be ea.s:l.],y,u:etumed to the
et e e colm S : '

Particularly eu.ited are of couree thoae g].yeele which tom azeotropee
—with- ‘thTa‘Ta]I:ohoIe. Butanediol 1-3 and
. hexane-ﬂieLleéiall—in—tlﬂ.mtegory —

Another parbicul.zzr advantage of these compomda 13 *t.heir high .
“I‘ﬁciency, .i.e., the -low volume ratio betueen the aaeotmpd.c earr.ler and

under The follaningﬁgme‘may serve as an z' ”

~ Using butanediol 1-3 on a 230-2145° fraction the ra.t.io of g]ycol to
mrdrocarhon 13 z-l at. 1- atm., but. m_:lyirlnt ZOm. Hg." R

e In- selecting the third’ ccmponent At is desirable to hnve the :lni.tal.al "
boiling point of the mixture 10-2Q° C above the boiling point of the. carr.ter.
The other oxygenated compounds such’ ae ketones ‘and eetera are usually
tilled overhead wibh the- “"drc\‘.arbon. B o ) .

It is’ possible first to enrich the mixtnga_a of _synol.- prodmte R
aleohol ‘eontent by selective extraction with methanol. Thus 80% alcohola_
mmhmmmms-~aw (230=270°C)
ure distilled with 10 perts butanediol 1-3 at 20 mm. Hg to give an
cohol—concentration :hrthe“kettle ae—liigh 98%. '




) u_'-_(,:,)‘_ or ' _by o, on._ W quecus Methanol _(See-ref. II/23

e e el N af. the end ‘of this- accuon).
: 'l‘he proceaa :la baud on ths h:l.ghar nolubﬂ.ity of the alcohols in the

methanol solution. The necessary q\nntit:lu to reach an alcohol concentm-
tion of 97% are jgiven below. .

T Por practical purposed the extrastion method is 1imited to 012
—al:cohu:tam '“."

" The methanol is separated- trom tha extract- by distination. Upon
removal of the CH30H, the higher alcohols a.nd the uater ceparate into tw
phaaea and the wa.te’f’is‘withdram.

 The mthanol ‘extraction or enricment neg be ‘of mtorest 1n combina.-
“"uw—uth*the“m—ctmi—ta—mm&cohoi concenbratim —(ue M)

(8) M_m -

- It was point.ed out that prior to sepamting the alcohols from the
neutral oil, the raw synol product had to be fractionated. The ftaction
boiling above 400° C was not gonsidered in the process. Alcohols above

Gno cannot be prepared by the borié acid nathod as tha neutral oi]a cannot
be removed. from tbe_ester by _distillation. - o o

The high bolling Od\mtm‘bm-pmbab}y—dm;to-?e—m:h—u_
contained in’ quantities up to 0.,1% (due to ironcarborwl) “The product—
-may-be—used-as-such-for certain - induwbrial-_ppuapaea._n. can be treated

aith Fullers earth to give slightly yellow waxes. Pour points are usually
_varied from 70 to 105° ,*The_high_anar_content#of _these’ product.s makes’
them more ductile than FT wax. - If necessary they may be hydrogenated.to
g:.ve high melt:l.ng point waxes of the FT t.ype
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8. Conclusion.

: "‘he eynol process may ‘be ‘considered the most important develoment

'in the field of CO- -H> synthesis carried out in Germany during the ‘war,

It is 2 means to synthesize in one operat.ioxra valuable chemicalr such -
“og high boiling alcohols, . ,

' The process-appears to be- ent.irel,v practical -and mquiree ‘no extremo-—
‘operating conditions or expensive catalysts. —It—is—tho-first-achievement -
in the general trend to direct Fischer-Tropsch type synthesis away from
fuels and hydrocarbons and towards especially defined compounds. It seems
likely that the synol process, with certain variations could be changed
to produce axygenated compounds, such &3 esters and acids.

9. List of References,
There are appended to this Section II the following Geman documents:

1, "KJ Synthese aus CO and Hp St.ax‘d am 1. _Imgust 1942" - by Wixrbzer,
- Relsinger, Breywisch. N
2+ Verfahren-sur Herstellung -von-Saugrstoffhaltigen-Verbindungen ~
~ Pategt Dept. Leuna, 23 Septenber 1942.
3. Herstellung von sauerstoffheltigen Verbindungen I.G. Farben
patent application, 15 October 1943.
—4e—YVerfahren zur Herstellung- voneoz-ha.ltigenﬁ_lezbinmmgen__
Kreislauf Verfahren - 8 karch 1943.
5. ---Verfahren zure katalystisclien Reduktion von CO und H2 - I.G.
o patent =pplicaticn; 23-June 1943. - — S
‘6. Synolsynthese - by Breywsich April 19!.3 Rererat lleraeburg #].0
7. Die Synolsynthese - by 'Relsinger, February 1913 Austauach der
THK . B
8. Bericht #.72 by Breywisch, 10 Ootober 1944 - E.rtahrungen mit
' den halbtechnischen Synolanlagen Me 4,58.
9. Bericht #283 by Reisinger, 2 lay 1941 - Bericht usber Synol
Synthese.
10. Bericht #326 by ilenzel + 10-April-1942 -~ Stmd_desmOJ.pngblema
11. Unteriocgen fuer den Beu siner 10,000 jato Synola.nlage - by -
—————{Ienzel——%@ecembewwﬁw—— B
12. Stufen.fahrweise der Synolenlage Leuna - by Gemassmer - :
. 21 September 1943,
13. ‘Erlaeut.erungen zum -Scheme. BSK 66 -~ 17 June 191..3 incl. one drwge.
14e One drwg. M:4342-1 2h. July 194 -- _
Schoema fuer die Destillation der Synolanlage Iaeuna..
15. One drwg. %=-4375«1 - Schema fuer die Syntheseanlage d. Synelan-
lage leuna. ‘
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165 Four dingmms Tes. product distri%ution-fm—mol process:
- --by--Wengel.-and Relsinger, 20-March 194k,
 0/1227/3 - SK/1606/n ~ SK/1606/b _SK/1606/c .
17. Pruefungsergebnisse von Synolproduk‘b als Kraftstotf - by
Hilberath, 25 May 1945.
m._A#GesatzmeuigkeiLbeL de- ~Delvdmtisierung hoeherer Alkoholea
by Asinger, 9 April 1943. B
19,7 Zusaecteliche Estercel-Alkohole -=-9 July 1942 by Pahl.
20.___Aktennotiz re: Nachbehandlung.- #%Synolp:&od&t—ﬂaer—xotorbreb-—
v . stoffe, 9 Janu
21. One drwg. Fliess-und Mengenschemsa fuer Verarbeitung cer Synol=-
_ produkte, M-9802-2
22, Verfehren zur Abtrennung von AlkohoIen“'zius nichtwaecsserigen
Fluessigkeiten. 7 April 1941.
23. , aAbtrennung a.liph. alkohole d. Estraktion mit waesserigen Methanol .
- by Menzel, 22 November 19LL. -
Ry Vertahren—z\m—‘Entfememvon-Nicht-ﬂ-kohoi;en—aus—zdkoho]gamischexr
. ____durch Azeotrope Destillation - 15 February 1945.
25. Abtrennung von iAlkoholen aus Gemischen mit Kchlemrasserstotfen -
, - by Geiseler, April 1943, - —
26. Verfahren zur Reducktion eisenhaltiger Katiliaatoren -~ patent
application, 7 July 1941.
27. Roentgenfotografische Analyse von Kontakten - 2 July 1941.
28. One drwg. M-6459-L - Schema der. Konte.ktneduktion#_w___A
.29. _ Reduktion von Eisenschmelzkontakt - .15 July 1943.- -
30. Erweit und Verbesserung der Reduktion von Kontakt fuer
Synol - 6 March 1943. |
31. ‘kechanismus der Bildung von Fettsaeure 2us CO und Alkohol -
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smmns:s oF mnocams am CHEIFCALS FROM CO AND H;

SINTI'ESISOFHIGH'I&TI!GPOIN’I‘WAES

V ) o L M—' B “M‘“‘_ﬂrvw o i
. . L

———The attacm_ 3-report ‘ 'rs—lsbemtozy—work—carﬁ.edmm.
Kaiaar-ﬁlhe]m—-lnaﬁtut on ‘the aynthesis of high bolling: waxes

ovex- R\rbhenim catalyat The results have been pﬁb]:iaﬁéd‘m
_—_1he _ "of theoretical interest. .
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—~1.‘~—General1_x_rb_tgdn_g : tion.“ e St

——!I!he:—use—of~Rubhenim~aa—a4catalyst~for—t}w—productton-_cf‘hi“gh1:r‘.‘“
wax from CO and Hz was published in 1941 in "Breunnstoff Chemie". 19.22
P:ZZG;-themonth]y'magazinepubn'shedbi Kaiser Wilhelm Institut at Muehl-
heim. Copies of thls paper are available in the United States for ready -
reference. The information obtained on the subject is briefly given in

N
Ni'Ve

" The process is mostly of thepretical interost and was not carried out
_beyond the lsborstory stege, - -—— . . ... . Dt

. A patentappl:l. plication was filed on May 1938 diséfosj ng the use of
Ruthenium (a2nd/or catalysts containing Ru) at temperatures from 150-to——

~.‘28,02..(Lanc1_pmassurea_abosxe_3Q~atm._for_the—p@oduct:lon—o.tmaolidaa.li;;ha‘tiq
“hydrocarbons from CO and Hze e , T

"%, Catalyst. T e e T

The catalyst is prepared by melting Ruthenium with KNO3 and KOH to -
glye—potassium-—ruthencte—which—is—dissolved—in-water-and bolled-under ——
addition of methylzlcohol. RuO> is precipitated, filtered, washed, and
dried. --The-oxide-is reduced with synthesis gas (CO:Hp & 1:2) at 150° C-
-and-atmospheric pressures . . ‘ :

The catalyst may however be prepared by different methods.. The 3
-essential requirement is that Ruthenium be present in as great-dispersion -

as possible. Carriers, such as Kieselguhr may be used, but -they have
a‘ppamntlyﬁnoﬁeffgctr on the rsynth’esis. S SRR o -

—3. Operating Conditions.

7 The yield in hard wax increases with pressure and decreases with
“temperatures—Optimm conditions seem to be 195° C at 150 atm. pressure.

Space velocities from 1-2 liter gas/hr/gm Ru are used. The yields
given by Kill are 150-160 g/m3 ideal feed gas. , ‘ A

| The catalyst is quite susceptible to poisoning by sulphur, but with
a pure feed gas, its life .is exceedingly long. A two year run was mnde
with one charge without any catalyst regeneration. |
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3, m"r t_i_x;g Conditions (Cont'd.) | ‘

It should be notecr tha.t I.G. “Leuna tried to° dup]icate the results

withouf. success. They-obtained a brown product containing only 40% l-xa;gg_

_wax. The catalyst furthermore lost: its activity within a few days. It
appea.rs t.hat sulphnr containing gas may heve been used.,

The product is-a wide mixture of high boiling waxes. The ‘paraffins
ore xnostly exclusively -styraight -chain mms w:lth onl.v a mllﬁ_,
percent ‘of tertiary carbon’ at.m.";’,f EEEEERNC

i EXEeS - Wors-separa tvd“by“tmm~methods~auch as‘mrm‘. Aon-at-—
-'mcrezcs:.ng tmperaturemd d:iiferent solv:ents.

Indi.vidual wa:nés with molecular weiglrts of- 10,000 were: romdjam

point. Increased mol. weight. does not her influence the melting
s 5. Beference. . e

The ‘follouing Gernan doctment is availqble at the libra.ry of the
“Bureau” orShips—tn‘Wa‘smngnon, u,p.

- 1. Patent application by K‘M doted 7 May 1938

"Yerfahren zur Herstellung von festen a.liphe.tischen
Kohlenwasserstoffen®. -




THE SYNTHESIS OF HYDROCARBONS AND, CHEMICALS FROM CO AND Hy

" The attached report covars the davelopmant of the isosynthesis
-by-"Kaiser .i7ilhelm Institut! of Muelheim.  The process includes the
synthesis of low boiling ispoparaffins (particularly isobutane) -
from CO and Hz over thoria catalyst at _pressures between 200 and .

All work connected with this process umn e carried out in
laboratory‘scale only.

Content.. ST T

1. Generai'IntrOduction;

»21-—£ﬁemi~stry¥of-syrrbh§sis.~

3. Catelysts., o
(a) Thorium Catalyst
(b) Mixed Catalyst

4. Operating Condltions
mmw\_\é ; -Influence -of -Temperatures -
b

Influsnce of Pressure

6. Conclusion -
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B General Introduction. (s« ‘also ref. IV/l and Iv/z—as~the-—-—
T end of this section) T
- The synthesis of low boiling isoparaffins was discovered in the
..lcboratories of thc-Koiser #lhelm Institut at Muelheim. - The -discovery
was made accidenta]ly when var:l.oua oxides mre studied for their useé -

;md.degmreahigbpementagent:l.ﬂ"'" S
The process isa variation ot th& methnnol or: rather iaobutyl-—r—m-—
_ synthesia. - It operates at tempemtm;ea above thosa used 1n nethanol
SyntheSiS, ut i UL . Lo W 3 ¢ : B BUE DI

The temperature range for tae syntheeis ia limi.t.ed .on the onq hand by
tho oaition-of -CO’ (mbmxmbru& roughly 550 _c.‘ = rgﬁu 1imit
“is congx.anp : Tor.all. mssums.—am Jower: B‘gi-g AREE” on heT
1sosyntbeai§_m be- farr.iﬂd out.. at- we r - At 100° atmosphere ' T -
of 4509 C is-reguired; - ‘More; detadled: hd‘omﬁm;&t»m@md‘in“the o~
followi.ng pe.ragraphs. e I

2 cm!;x Eg g ' E!!!E‘ 'E E'j'ﬁr-h_ . _4_
‘The ld.netics of the Synthesis is: aseumed to ba a.a .follmz '

1) '~Fomtion—of—ﬂetmnoi—frourceﬂmd~ﬂz. . ,
(2) Dehydration of .alcohol.-and-immediate. reaction with additional

CO-and Hp to isobubylene -and higher isoparaffins e «

3)- Polymrizatj.on of ischutylefie possibly Tollowed by Hydrogens ti'bni"
 “of alkylate, or formation of diméthylether from methanol

‘ through addition of CO and Hp.

At very high pressure the rea.ct.ion proceeds m the followinm‘ ct.ion*“"
_ CH3OH#CO42Hp — - CH3QCH34H0. oo

: The dehydra.tion of the mechanol 1a an :lmportant step and operatim E
ot temperatures above those favoring methanol fomtion -are spec:!.ﬁ.ed.

Isobutane is one of the main product.s but. the reaction is necessarﬂy
~not ‘ag-c¢lear-cut as -presented. cbove.-It -is-also- not.eworthy thata s
fraction of naphtheries and aromatz.cs 13 usually.found in. the products.
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2 Chemistry of the sip. (Contd,) ;
~ The thmw}a ;,m_sood, wﬁth:bt” that the addition of
- g s ':&:f ) < g
~ﬁ3. 'n ”E—. C!“!' “!“;"I':"!'!" '!” ' . " Co T e

Itmpoiubedoubthatthecatalxtbuudinitianymml‘h%

Same 10% alcohols (rostly water soluble) are obtained with thorium alone.
The addition of aluminum (or other dehydrating cata]yota) yields a
_product almost free of cuvgenated canpomds :

Baaic thoriun carbonate is precipat
solution and the procipn.a.to wnhod xne‘of. a.llnn » Enn amall tmu____.,,,

of alkali lower the ea
WW!‘IB =
and Linally treated stmwmmmuoa

‘hours tno redwet:l.cn is nceessary

The thoria cstalysts axJ;ut;'standing in their inaens:l.t.iv.tty' to

even the use of (NH,)oS for precipﬂ.t.ation of the thoria gives ‘nommal
converaion.

B The long 1life of this_ cata.lyat is rema.rlmble.__n'. may. | be u.ed several
months without sign of aging. Even in case of carbon deposits and the

resultirng increase in pressure drop through the bed, the original activity

can be restored by passing alr over the cat.alyat. at synthesis temperature.

The reaults obta.:l.nod on pure thoria catalyst are given in the

" ‘section on operation,
(b) e e - ' ) _. . e e e -. .- .- - St e ,,' .

The ‘high price of thoria and possibly its 1ack in Germany led to
attempts to use substitutes and it was found timt most dehydrating cata-
lysts such as oxides of aluminum, sirconium, tungsten, or rare earths
can be used provided that sufficiently high pressures are applied. On
2 October 1943, a patent application was filed disclosing the use of
these substances either alone or in a mixture of thoria.

~98=



homr, :l.aopamfﬂnt are tbo;m:n product.  Ii :
deward'ﬁ:[ng ‘components. it was found that mbntancei whi.ch cctdy;o the .
formation of CH30H at tem ‘raturu ‘below those of the: ‘1sosynthesis ave -
-successfully used ap additir

" compon#its in the catalyst, 2inc oxide
mtcmrym is; however, necessary that the dehwdratm
~_component be present. 1n exceas ovor tho methancl -forming -part. —

- The- mfeji‘ d yst-givil -’-the-ﬁifremu ‘according to the
preeant day deva].opnont 18 a. t.hom-al\nm y_two. conponent catﬂylt.-ﬁ—m*—

—MMMmu—de—ﬁcWew. The
precipitates are washed, mixed and dified at 300° C. Dilute aoluti.onig:l.vea
less dense catalysts. The: appmu& -dengity of pure- thor.ta* cata.'l;nr B

J.M.&Lutn—mee ‘ 23 -be— ) reentage
of alumina based on thoria varies. trom 30.-:.05 Cont.ents un_der 20$show
‘no effect. Above l.oﬁ CHj, fomation bacomea measive. R e

SRR S —

: ‘The alumina= zinc o:dde (1:1) catalytb does not g:lve canpu-aue y:l.olda,
onlylooyﬁfb od are recovered, compajey _ eed with -
“tho alum . It is, however, ‘pogeihla’ to i.tse a two atage operation
a.nd t.hus cbtain almost the same result’ ldth the cheaper catalys:.

= e ati condit.ians " (see- also ref. nf/s and IV/h at.~t.ne
T T T -_and of this section).

‘l'he 00 and Hy are conauned apprcadmate]y in the ratio CO:Hz-1l:1.2
with most: of the -oxygen be;.&med -as coz 'rhe coz content in the
exit gas is approudmte '

_—“ﬂ'rhemthesie»ia ~carried- autﬁ.n—ronce—tm-ougb oper&tian—(m "Kfoici““
J.aut") -with the £eed gas containing 00-32 in the ratio t.hey_a:c eonamadk

_;.,__.

- _70-75% Comrarsion ‘is-obtained at average_améwaoeitmu 2350
V/H/V (30 times higher than in ‘ordinary F.T. operation). -The taats ‘were .
carried out in 15 mm. and 25 m. tnbes of chrome. nickel steel or- L
copperclad steel. -

500 lit/hr. was the maximum feed used in-the’ laboratory to- datef‘—
For larger _scale - operation the ‘use of snperheated steam or molten salt
was considered as a cooling medium.

- -




Temperature o '

'°3—a"d G
so C
‘ﬁ#’homrm

Naphbhenee

Aromaties . .
Alcchols (axygehated .
Comp.)

S s it

W:Lth incxweasing temperature t._he spectm moves toward lewer boil:l.ng
. products, while the’ ca:ygenated uete dieeppean to be hrge]y neplaeed
_by aramatic. cempot

The reaction is not vez-y sensitive tc temperature chenge .;109;0»;
are aceept.able variations. . e e e

(b)) Influence of Pres'eure

The following table is based on’ "operation at aso° c and 1300 v/u/v
in a copperclad tube over pure thoria catalyst.

—v¥1elde-e:eexpmesed—h1—gn/m3—ide&—gas \
Pressure atmoepheree O 6. 30 150 300"“ 500

CyandnCy - B Q.1 -r~~r---—ze.z,~-1&e~
Be by e T L e e 30,07 .6 hB.S

- Trace - 16 29.7 37.4 40.5
' Trace 26. 6 68.8 994 103~

_Use of- ehrcme nickel t.ubes gave somewhat higher yields. '.l‘he increased
saessure and the. correspondingly longer contact time increased the CO -
convers:Lon.f At t.he same t.:bne this increa.sed convereion is not endangered

- Gaso, e and oil.

e-lOO-‘f-



by carbon deecmpoo:l.tion which u l.m al
preem.— Rt :

mmTanmtmacpou;uu:nm courne ottho oyntheua
-which makes i negessary to burn off the earbon from the

As"done every J -4 weeks with a:lr or: d:,-,_-nmh““ga;n ‘mxture’ at ih-
mhesia—hnporature; : =T :

synthesis pu-odmtc obtﬁ.md with thi.a prbeeu are . **1;_
ioﬁf.ni _ﬁmﬁ - 1scbutans the- m.t Mﬂaﬂﬂi“cw

aamcnop-uucnatlsotouo"c Jaoov/u/v andpnrothom

catal > , .
;(Mu_n;n‘.
- . t.un)

(ﬂo Wlm was touna)

cc-pouuon otj.iqm.d h'odnct.L S

ooz
33-47.8°

R 2 '-Neohmno L S 1346
64.0.-88.5° " Naphthene : 2.9
ShRre % Paraffin - 9.6

88.5-98.0° ‘ 1,3 Dil\etlwlcycloperrtane 9
o ,Ieoheptane o - S

i* Probably cmtaina 2, l. d:l.mat.lwlpentane.

(Gonta.)




. 7.8

I~ J‘-‘ - ".T“:’ff "7”.?'_ e
131.3-239° - - uapmhem andu-muc -3
2%  Solldrestdwe 0.5

100.0$ of vol.

The Octgng Number (notor method) ot the guonne rmuon mg. o
fm 79""8’5“0‘1‘” ‘—*r‘—-v—- - R eld

: ,,‘6._ goncluegcngg

Tbo 1aosyntheais is of technieal interut as o diraeud reaction ot
gg and Hp. By the use: ot~parbicu1a.r cataa;nts and op.mting cond:ltiona, -

mdannant]y of isoparaffins. °

_The. J’d.ghi.enanatm'ea and. M.gh praum roq\ﬂ.red for thia~qnthoai.
Amuld be-a debit to its commercial-use. ~As 3 fuel, the isosynthesis - _
“would be of premium qua:u.ty, but. the canpoueata -are.- cthu'vd.u ot
‘no apeeial interest today. -

' 7'. o.f. oL e  .
ﬂi%?atawnmncaﬁm-mm

Lon | enber 19h2.
‘#Verfahren gur Kataytischen Syntheses von Kohlemaaeratottau
‘aus COund Ho".

(2) Protocol of meeti.ng, IK?JI and EH, 2 June 1943. | .

- (3) Progress report on development of Synthesis from CO and H,
partic\ﬂ.ar]y eynt.heaia ot :l.ao para.ffins by KWI, December 191.2- _

—4) Patent application by KWL da.ted 2 October 19113
"Verfahren zure Heratellung von klopffesten Kohlsnmaeratorten"

’-‘_

“102-
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“The attached report covers infomt:l.on regarding the synthead.a of
:Lsob\tbanol and- higher alcohola by & mod:l.ried h.p;"nothanol procous. ST

’n:"@A- 3"7\1 r\'n— \J id. sroguction-of—=2sobu £3 ‘ : : $ %
“and iso-cctane. “The' high boiling rracticna, while only a smll per—
" centage of the total ct were of groat i.ntmst for the production

of detergents nleuhe.piLesta:s,. e T

Isobutanol

1. S

_ 'rhe following information on the ayn hssia ot 1aobnt.a.no]. was obtained
.f:rom Dr. Goggel of thei.(i' Parbapindust. -at the Ludwigsmten 1p1ant. on.

pressure mthanol synthesis ‘which uti]‘.lzes ‘earbon mono:d.de and tvdrogen
The isobutanol synthesis uses the same raw materials, practically the same
catalyst, and. pressures of the same magnitude . (about ‘210 a.tmosph-rea). B
-The-catalyst-used for the ‘higher-alcohole in zinc-and" “chromium ctides
with the addition of one percent of potaasium lvdroﬁde. Tﬁe tempora-

ture - used is a.bouﬁ la30° Centigrade _ e

The main difforence compared to the methanol eyntheais :ls tha lower.
output per catalyst volume, since thé main product. (ca OH) i8 recycled

+to—extinction. Based on & mce:tmugh‘“éﬁera on, .
greatest quantity in this synthesis is-methanol; about five to six

parts-of-methanol are-obtained for every part- of -isobutanol. In addition
tothis, there-are a great many- other alcohols and ketones produceds———

The total weight of these products eqmls the weigh‘b of isob\rbanol in
tkle pl'oawtr . i - .

On a water freejasis th& total_product—cmtains—appro:d.mate1 e

- Iaocbutanok— i
©© Methdnol - .- .- - - 63%

e




80783

B ,.“

. e High alcohola and Ket.mea 155
BRI R :_——J-lydnoc&rhons R T 5%

An 1mportant part of the 1aobubanol. eynthesi.s which increases the
“yield of iscbutanol and u -
of "iaobutyrm"_rdthiomaldelwde-tc.give;z’"molacules of isobubauol
TheJisob\rbmn" 1&appamntly44n18mmm_ahou1¢mm_proper]ym

callad diisOpromrl ketcne This react.ion ia as follows

1. Isobutang thas:la COnt' .

(a) e B ___C»Ha Clme o om W

“HG =—— C — C C — OH 4 2H, —m2HC —— C — OH

;c— S—— g ) ' s ' ‘;_’_;j:_,‘ ERST e | S ' )

(See a.lao reference V/6 at t.he aend ot thi.s section)

‘I'he aepara.t.ion of the products from this synthesia is by tmtional
" distallstion. The cquipment involved is not novel in any of its features -
but is complex only because of ‘the multi-component mixture which must ‘
be separated. The distallation scheme Ls stroight forward, uatns cnntinuous
flow through columns which remove one component at a2 time, . (Bee ref. V/l ,
to V/5 at ,the end of this reporb) ‘ '

2= ) uetaﬁv. —

‘ccmposit:’con"i;ruseu. T e
" Carbon monoxide 329

Hydrogen S - 57%
_Nitrogen » ___Balance



—— " _The c_md.dmis hmken @_a&chmic_midil added.-_l‘he_mxhnze,__
is worked 1/L hour, then 0.5% graphite is added as lubriczant. 'l'he mixture
“is then moistened with distilled water (100 kg. ZnO, 60 Kg. Cr3

.20 1it. Hy0). A reaction occurs inm- 1/k hours—The-catalyst :La

pressed ‘into peneta 5-5 mm, 1% KOH is added to the final ‘catalyst :In

‘and methanol wtahn.mwmhwgoua tUeJMmber and re~
‘duced in the place. The. cor.ditiona tor the_reactimm

s Pressure” 240 atmapheres **
— .‘rempemture T 1530"1: rtigrade - S

" The composition of the eas 1eaving the converber is appro:dmately

‘as fo.u.owa- :
, "~ Carbon monoxide - T
o “Carbon dioxide = . . -5=0%
Nitrogen 5% o
Hydrocarbons (mostly CHL) Balance S

The analys.’cs ofﬂ:mvliquid prodnct is appro:d.mtely a8 follm:

. Isobutanol . 129
 Methanol = - 554
. Vater C18-20%
~ High alcohols and Ketones 108
\memce

- A11 methanol is recycled to the chamber. It. is- i.mpure and purifi—
&,tion_cannot—be_eeommically -Justified. The recyc o effect _on
the isobutanol yield. The methanol in the feed is considered simply like,
Co4 232. A detailed listing of the compounds contained in the product
is given here to illustrate the comple:d.ty of the composition.- These
are token from the -atteched chart. » :

(a) Hydrocarbons, total about sﬂ r cent

Propy ene - &= Bilso l‘gutylene

Pr clofiexane ~  { _ Triiscbutylene
-'.105'; |



Ebtwnsopromxearbinol J saybir
Aldehwdes - tot.al aFout one per cenf
Fomnldehyda ‘
f Gl Isohntymlde!uda_ Ll _
Dietbylacm e
Ketonee - tal:a.l abom'. ‘8
L uettwlettw]kgtom

" Isobut.yron" (Diisop:ro pylketone )
T —'etc ._“_,' T T T T T ST

The bala.nce :l.f made mf a.cids P alctones, ,and.phemla,

f‘:—v-r-—*'rherxondensatio Q! 2 n!l—with fomaldemrde is asﬁfollowa;f—
The. mat.erials are utilized in%se ratios- |

Material e c L Molse’

500 tons per month of- 90% Tsobutyron S 395

500 tons per month of 30% Formalin. 5.00

130 tons per month of 20% Sodium Hydroxide  0.65 -
500 tons -per month of methanol (Solvent) : .

These are charged. batcmd.se to agitated. a.utoclavea in ‘such a manner.
that the sodium hydroxide cam*a“daéd—awrmﬁod—or—m—
while the temperature is maintained at 50° C. At the end of this period.
the erude condensation product is charged to a still in ‘which the metha-
moHs—remveHe—msmHdeMWtﬁa’mt:
with water to remove salts and the remaining formeldehyde,. and is .
neutralized by the additian of sodium sulphide The washed crude yroduct.
is then distilled to separate the unreacted 1isobutyron" from the conden-
sation methylol-isbutyron. :
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The isolated mblwloi"!i!obut yron! '*-"irthen mnrogem*bed over a” :
~cop ctzromlte—utalyst mmmmmtm—mto—
200.--cr~‘--» : .

~

o product 15" pu-u:ied w a tractionu dhunatton ;.n-whtch ‘methas:
, nol 13 removed from the top of the column, gg:g “isobutanol is taken otf
as aide steam, and t.he high boﬂing ns:ldnu are taken ofZ at the aunp

About. 1.00 tons per month of :I.uobut.anol are obt.ained traniw tona
_?TiaobmyronF—Ms is a y:i.eld of about 62’ of the" theoreucn-

ted over almi.x_m to isobutylene at.
: “The best temperature gives 95% conversion and the.ope- -
‘ration is once through. qugle.i_;gqgired The alunina he.s a

3 ’. mnth life- o

~=—="]sobutylene was used for uo-oct.ane pi'oductiw and as- f“d “Wk
for oppanol (polyiscbutylene)s "

“While. the isobutysynehesia Was atjmpoztance duxﬁ.ng the war Ior the -
prodnct.’con—of iso-ocbme* :lt mrcla:lmﬂm—tho—moess—msﬂq\wlhwf

for the higher a.lcohols_ boj:u.ng from 180 to 250° C. This fraction was
used for the production of ula ”Zomol" (syn’bheti.c lubricanta). i

3. Liat—eii-aeteﬁeaees.

(1) - Schedule WAus “dem- Isobutyl&l isalierte Verbindungen"

(2) "Efrfahrungs "ustauach uber Roh isobuty.l.bl Dest:l.l].ation"
: by Hanisch, 25 January- 191.1.,.

. '(3) Flow sheet- nxsobutylal deatin.at.ion"

() "Unterheilimg der gesteh—kosten fur die Roh-isobutyl&l
 Produkte", 19 Oppau, 27 November 1935.
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(5) "liethanol und Isobutylcsl deat:ui[ation" 1939/,191.0
by Dr. W. Weber 1939. . |

"

(6) "Verfahren~ zwmwumg von - Iaobutanol aus” K—Fraktion" 3
Leuna, 30 November 1943.. -




v—!he attachedfaporb cmra dcvo:opuut of f--new aynbhasia of
methanol_ ‘which is carried out at 30- A8 COmD: : .

. The rollaning inromatim oq t.he gynthais of methanol by un:u-
- mation” ot—preasura ot “of 30 atmospheres; .was cbtaine dm-ing
an ‘Menoqatton ‘of Dry Bnandlein of 'tho ‘Deutsche Gold-und Silber:

‘Scheideanstalt (Degussa) at the-Wolfgang bei Hanaii’ p]ant of the: cclqnw
‘This aynthasia uaeavaa raw mama carbon mohoxide and. hyx 8 .

_“(I;FII)CO?T zﬁz -—----#*cag”m**—“‘

The catalyst for reactrion Iis sodium metlvlat.e dissolved :I.n methanol »
the catalyst for the second reaction is a typical hydrogena.tion eq:ba].yst
described by Adkins;,-niade up of “copper; chromium and ba: de.-—From
the above set - of equa.tiona it can be seen “that although two: molecules of
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methanol are formed, one 19 ed for mcti.ont and“ one is product so -

“that the result is the- combind:im*ot*m-mhcﬁrof—carbowm& and—

two of hydrogen to.give one methappl anll yieldz -of 95$ to.methanol .
_are.slaimeiiorﬂthespu:ocaas. e , e

Enclosed wit.h thia aascfu ptionar , g
- the- e"p"ﬁ ml : m]fmﬂin&8°f~tﬁa- porb (a) gives the yesults of
proceases; (b) confirma the findings of (a) and although

other alcohiols such -as ethanol and: butanol can be used in the synthesis
““in place of methanol;~ methanol: is”uleeted as the: “reaction i
medium; - (¢) discusses methods of continuous. operation vith both counter-
current and. paranel now o! m mterial through the rea~tn.on vessels;

thereare o encloaedtwo charbaof wh:!u:h ahm in scheme :the'
.arrangement of theﬂea:parimntal_eqxd.pent _and:the. other.shows. in detail,

- the-equipment ¢ ‘ t-for-a- mmed pla.nt-_tq:pmducazs_tm
per month of metmrl lamato o:: Xts, equiva.lent of 15‘tons or—metithol“""

R ‘“2’.‘”‘; nataua B S— e

s P 5_.._ e e — PSS — pe—— pry pooy WA

38

naaction I above is cond t.ed aa follows for a batch proceas:

,_“SOdizn.mul,_.i.B-gmq“{—ﬂ ' .;dusqh'&d in;loo grams ot netbanol- -
this makes approximately a 13% solution of sodium methylate. ‘The aolution
is charged to an autoclave and air is' removed by displacement with carbon
monocxide; -arid ‘then a pressiure of 30 atmospheres. is produced by - feeding - -
* carbon monoxide,  The temperature is -raised to- 80°-C-and 28 the-carbon
monoxide reacts the pressure is maintained at 30 atmospheres by. teeding
carbon monoxide. The temperature is held at 80° C. The y!a]ddfmﬂvme
in this step is about 38% of.the. theoretical. . In.continuous operstion
- the-yleld of methyl formate is- appmad.mtel&—ZBf (see-Report. (C) above)..

" The heat of reaction for_ step I is appraud.mtely 9 kilo Cal/mol. of

”mthanm.. = ;

It is easential in this operation that the reacta.nts be free of
-water and carbon diocxide; as either of these-react-with-the-catalyst—as
indicated below, so that if present in sufficient qua.ntity, they will
preclude the desired reaction' ﬁ

(&)= cua wa+age~ *mm+cn3m

e e
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(b)NaOiL-tco > W e
L o _«-.w_,x;“_ - ‘?Q-'

(c) cu3 (m-«-ccx‘2 j,ggs e G0 ONa

S ,‘The pmeme of~hydrogen—izrthrcarhowno:d:d& usecLin th:hs -atep
tends to decrease the yield of methyl formate. It is not essential,
-however; -thatthe -hydrogen- bem“d—comphw because—nzperimnta—
with acceptable vields have been nade with cmon mono:dos containing
30 volme percent burdrogen., ‘ b

'rhe crude pu-oduct from the addition of carbnn monoys. 3n to methanol
4is separated_from the. catﬂyst——aalt&bl_disull&tion" ‘of maLhanol and
-amwthyl formate and-is : enated.. The. Jppamtu&nsrmthemdm
gonation was 8 -silver plated tube of: 175 “ec, volume containing 150 cc:of
~A ait.‘:ot*cn roml ' _-““The tubs-was—40 cme—in—
lcngt.h. “Thermocouples Were placei a‘long the dube. Thi tomperature in
this step is closely contrpdled bgtween 175 and 1859 Centigrade.. Higher .
“temperatures.give rise to two side reac ;_ono_of which decreases the
-yield of methancl but-does-not-decrease- thefefﬁcioncy-in-thatr tho—— —
“products are -methanol end-carbon monoxide which can be recycled-in.a -
large insta.llation. This reaction ‘s, i.ndica.ted as follons

i e i s -[ ,,,,,,

HC b ocn3 i CR3OH+CO o

“Fhe second reaction, imich resnlts fron too higb a twd.rogena},ion .

T—“r‘at‘uﬁfnot—ﬁn‘mmmrﬁm‘ﬁcm—mmmmrnﬁy
in that the products aro not adaptable to further utilizat.ion.

W

The yiolda obtainablc in. the ‘hydrogenation step*a.ro :Indicated in the
Afollow:i.ng table taken from Enclosuro (A mentioned above -

e el e e s e e

"."The: products of the Wdrogenation are sepuated by fractional distal-
lat.ion. ‘The distillation is not complicated in that tho products boil
at widely different temperatures, methyl formate 31.8° C, and methanol
_64.7° G.To azeotropes are formed in the ’ractionat.ion. o o

~112- .



(J.L- Four sections (I to IV) af Nport: SEEAEY )
- mitteldruck net.hanol. Syntbn/ﬁehtu!en"%‘ﬂa‘hrenr“

RS - mxovenberml@
(z) me_dm~ : . ﬂmmmw”' _‘ '
(3) m&drws' 159

(5) "B'et*iebs?'aschriobmg sur: ueratellung von 28 Moto l(etlwltomiate"
—-—~~—ﬁby—ur-~3rendlain,~8‘3ﬁln—19la B — : - —

(6) nmtelanmkmtbese _in Vergleich Z\in Hochdruckvertahren der -
=~ 16" — by Dr.Brendlein, & Decesber. A3

(?) _One- Letter: by Prof.. nx»f 0. _mwre+ list’hanol smt.hesn
addressed ta Dr. rBrnmli lim 19103- T

_(e) _One Folder: File on Patent ‘Application by Doguaaas Werfahren

_zur Herste_lung von. mgbatiachen n Estern"
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THE SYNTHESIS 1S OF HYDROCARBO nsmmummco AND H,

The a.ttache Feport coma—ﬂie*develbpment—bfa—nersyntlwatro ——
‘higher bofling. :alzohols by mct.ing olefines with CO and Ho over cobalt
fabomtoxv

catalyst at 150 aim. The development was carried through

and “pilot plant stage and resulted in the erection of one 10,000 ton/yoar
vpla.nt by Ruhrcheme AG at Holt-en -

c’ ntents.

e > o —————— i e e e e

1. Ceacral. Introduetion. I

__,»_2__.;; . Chemistry of the on-Synthesis _—
' a) Primary Reactions’ A
{b) Secondary Reactions -~ -
\c) P.mduc‘ba rm Two llettwlpantem - 1

. 3. Olefmee for the (hto—Raaction =

‘L. Gatalysts for the oxoaynthe%r

5. Ope*ating Conditions .
~———————(a)-RCH—Batch-Process

: (b I.G. Leuna Continuous Process
(e) I.G. Inmvigsha.fen‘ ‘Continucus Process

6. Onc*"ting Cost. o

7. CogonsG _Lus‘ on.

8= List a2 Riferemces.



(aoo vef. VI /
eénd of this aoction).
Oxo-aynthesis-ia—a—prmas—for:bbe ‘production-of-alcohols-by-the
-reactton~of~olennea wi:tt‘ono’m}:ocm—oaeh -of- GO and- Bz and- snbsequent
hydmgonation or the romlt:l.ng aldetwdo -

—— .. The process was developed independently- b;mhrohenﬂ.e a.nd I.G. Farben..
Dur.i.ng the war these companies arrived at an agreement whereby they would
“pooY - their-information, but up to this time-only one commercial plant
‘has_been erected (by "Oxogesellachaft®m.b.H. at Holten). The unit -was
never started and thus no actual plant performance date are available.

‘Al1l-information given below: 13 baud on- 1argo aoalo pﬂ.lo‘b plont operation
and la.boratory work.

e The- Ruhrehemo plant'. 'is based on-a bat.ch typ&operation, whilo TeGe
‘Leuna had developed a continuous sump-phase type process. It is- .
‘2élt that the 1.0, process is ready to: be:put into-commercial practice -
and is superior to RCH. Thomiuimpmenentconsiotsintho continuouo
~oporati.on and somevmat. higber—oubput por—cata:lyot«volmo. -;- -

The' P!'imip&eri;nvolvod “and’ thﬁ.r pi%ctioal app]ioati.on*m =
‘described below:

R 2._chemist'_wof~tne_" tho s, {Seo ref.-.vn ,-Anus,:s_ -

-The following ‘reactions-occur- nhen oloﬁ.noo are contacted with
CO-HZ mixtures over certain catalysb: -

(a) W;_

(1) Formation of‘aIdebydo—'“ '-*;-n-“caz-c ~~~~~~ 30
_Re ca z cnz-y-co-.-uz_»-—) R H—CHy
T . o
(2) Formation of Ketone = -cﬂz-cxz-co-cnz-cnz-n
* “2ROH -Gy 4 CO 20, = n:-:cng:cn = CO=CHy=R~
R??HOE?H?B_ '3
- . CHy CH3

el*'



80801

_(b) Seconggg Reactiona : _‘ o ‘17""“‘“"'"’““' RN

(1) Fomat:lon of acidz analogous bo 1a. uaﬁﬁ‘ﬁ_ o inatead ot
H2. .

““(2) Pormation of - pmt‘ﬁxu : lwdrogenabion of olefine feed"(doee
~_not occur under synthesis condit.ions)., -

(3) Fomation of ca.rbonyl- from catalyst and co.

A great. dea.L of. uork has: heon dono to stw these reactiona and solne
of the results are listed below. RS . _

A Y

Pure olef:i.nea of differeut. t.ypes ‘were atmjected to the Oxo reaction
and the products-separated-and each: ohemica.l individual - analyl‘éil'In detaﬂ.
—For- example'v—puwz methylpentene -~ 2 (Iaohe::ane) =

S __pure dodecylene -1 = B , T o
pure cyclohexene -

. were- reacted. with- .CO$Ha. - The oat.&lyat was reqoved a.nd f.ho Co-cax:bomtl_
dacqnpoaed by washing with 5% iso “The products were then a’na.‘.l"y"zed?‘“_‘
_(Note: that this is only the £ rs& step of the oxo-synthesis).
a.ldetwdes are not easily anealyszed since they are highly“ieﬁctive. It

—1s. known_that more_slcohols-are usually formed in the-oxo synthesis
than would be expected from the analvtica.l determination of the aldetwdea
at‘ber the ﬁ.rst step. -

a5$ of product boili.ng below zoo° c (760 m.) identified in thi.a
fraction were: -

3 xnethyl—hmla&delwd& (main product)
_ 3 methyl hexylol
3 methyl- oapronic acid

In the higher boiling fraction the follovdng products could be found 3

2, & dimetheyl-undecancne - 6
Higher ester of 2—mettwlcapronic acid.

et . omapond_qxanﬂ.y_to_ihe basic : reactions listed at
the beginnin& of this chapter.
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=~ In parallel fashian .cj
tﬁied.in the prnductaz 1 A,-...:;“:_.,

de
. t r Of _“-n f__._“-‘,,,.,,_.‘,__ S s S e

o - hexahydro benzyl allohol e

, ‘“_.""”“*“‘—“ hexahydro benzoic acid = mtwdro benzvl -- eatem-—---~
. The “compounds charged to Oxosynthesis, particularly those obtained
“from P.T. type operztions are knomn-to be substantially terminal oleﬁ.nes.
_Yet it was found that so some -6f the products could have been formed only .
if a double bond shift had preceded the- -formation of the a.'.l.debyde.
'rhis -effect was studied and the result.s Are sumariged belolr

B G U U R TRy S

Again n-daaecylene ~ 1 was used as ﬂarﬁing mtertal, and” aubjectad """
“to, Qm synthesis. - But the- reaction was-caryied through to the alcohol.
In order then to establish the structuye of the alcohols, they were ﬁ.rst.
-carefully-dehydrated and: the olefine was next: sﬂit ‘by-oxidation- a.nd—~
‘treatment with Ag,0. The resulting acids were checked for their chain =
‘length and thus the branching was deteimined, which- ccuidﬁcnlymbe an T
-effect-of a shift_ -of the doubh boml of: t.he nedodecyleneﬂ. .1 .t'eod during
“the Oxo‘-reactton:““f" T ’f T -

These tests provad, tmt fran ‘terminal normal olet.ines the axoayn-

—thesis-yields branched-alcohols, in particulapr. 2-al\ql_a.]&oholg whereby _
the yield decneases with® :mcreaaing ie”n*gﬁh mmmcmu

It was finally possible to prave t.ha.t cobalt carbom'l was the cata]_vst
resmibla*for*the*donble*bontehtfb—“—bodecylem «1-was-treated at--150 —
to 200° C and 200 atm. of CO and with Co-thoria. catalyst and all isaner ‘
dodecylenes—were—found 4n- aJmst eqn:tmolee\ﬂ.ar ~ratio. -t

' Fe-carbonyl showed a s:unﬂ.ar effect ‘but not the same activity , 88
—only—40:-to-45% of the dodacylm-l ‘was: 1aanezized.;3{ickel homver4~ha_d--
no effect at all, These findings are interesting because the three -
named metals catalyze the on reaetion in about the same axt.ent as they

isomerize the douhle bond. - , - =

j The shift of the "do'd:;l.e bond was made the sub:ject of a patant
application by I.G. Farben. (See refereiice VII/9 at end of*tlﬂ:s—section)—
The disclosure involves the treatment of olefine hydrocarbons with
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metglcu-boxwl (ggghiculg.;;[ ﬂgobalt—carbowl) at. 70_ atm. CO pressure a.nd
at-1500-C-for two hours with- 3% catalyst in the feed as ap example. Tﬁe
process should serve to raise the octans number of the . T
(Note: that similur tests were carried out on aynololeﬁnas ’ which were
tob ““synthests). = 8-were—found—

to rbe at. leasL90$mst1-ai‘ght chained. S s —

The Synololetines N on tﬁe other hand an not neceusarily a.ll temi—
nal olefines. These facts seem to consbi.tut.e ‘the proof that the Synol
_reaction (£or alcohols) does not consist in an-Oxo type synthesis. carried
out on initially formed oclefines, . If such. were the case, the synol
‘alechols-would heve-to-_contain-about.: ‘o =substituted alcohols, which
they do not. Much rather it 'is.possible that they {synol olefines) are
+the result-of i .dehydration.of the. pr:l.marﬂy formed ternﬂ.nal a.lcohol »
followed by a shift of the-double- bond.

That Fe has a tendency to ahif€ the JO\ible bonrme seen *frm*the“
analysis of & Synol fraction (undecylene: 73°— 78° ¢ at 10 mm. Hg.)
‘which had been synthebizéd gver the stendard iron catalyst: =~

' dndecylene —— DI — “2——~—~D3——— -Dh - - DS D6

This compzres 23 follows wit.h the distribution of the double bond,

obtained from n-dedecyleno—l by treatment with Co(co)h

_VET'%”“”’“:"” 8.1 s 23.0 ‘m TP 195
e Faass Olefines Lor the Oxo Raaction. e

_The_follovd.ng_mat.eria.ls were considered as feéd for- the*oxo;synthesisr-

Ol.eﬁ.nes fran Fischer oil (Kreislauf operation)
-Qracked Fischer wax -
'~~~-~~-"?’5‘?-37- alyst - E.T:“opemtion“*—-

" Synol operation
‘% Various cracked mineral oils
_.n_ Shale oils )

i ‘Hydrogennt.ion products.

It appeara that the rea.ction is app].‘lcable in principle to all mono-
o:.ef;mes 'independent of origin The limitations probebly arise from the

118~



- RESTRICTED -

_.s_tgge,_\mlesa :l.t. ia carrd.ad oub qxﬂ:tc iudopendent]y mr aulphide cata].yqtaﬂ.r _

, ’_ Olsﬁnea conta:l.ning charging atockr from dj.tferent ayntm:la opera- -
tions were studied extensively, to.evaluate thcir use for tha ca:o reaction.
The. fouowing producta ware tcsted: o )

hca 1‘ olcﬁ.ncc

Mchael (10y “Sclnmrahmise") olefinaa o
- Lurgl olefines— i - :

—The- concluaims “were as tolrﬁ'ﬁif e "‘_f’ ’

(1) I all cases over’%ﬁf ‘the- ole;tnes are converted

—(z}m—ccbalt px‘oductc:mm xm:ufm and—contain only clafincs, '
L pe.rafﬁna, a.ndalcchoh._ :

(3,)__‘#_ Fe-producta ‘contain aisea.b:l.@am\mt.c “of- acida;-——eaton, aa.da-
_,*,__lmdea,_etc:l 2and-are rend m~mmWomW1r
" (due to the h < |

(4) The total a.lcohol concentration iu thc final prcduct in lmr
_in the cobalt_pzoduc_ed_oletiues andmeaches—a—w.:d.mm in—the~
synol’ product. S

“G)ﬂhe*mr\uneaa of. the~a1cchola for detergents 1& J.csa i.n—the

case of iron synthesia, alnce the chm_lengthia_ammt__
Bhomrv o -

’7:;:' in order to compare , the. differcnt aynt.heais fractions for the oxo-
synthesis, the follovdng table haa been prepared. (See attached shcet)

It was. Eftempbed to apply the oxo ree.ction on- other canpo\mds
containine double bonds, with the rollonin& results:
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Onlywiat oxpeetod pmduct., reat :u
" hydrogenated ‘at one: dmhle band, while
other met:i*ac“c B ,

s The cat&lyst 19 idontic&nth t.hﬂ nandard_cobalt ﬁacher-'l‘ropsch
'cabaﬁst. It is applied as a‘slurry in the 1liquid feed. m in
concentration of 3% wt. catalyst based on-clefine in the feed. At the
fencr of the operation the cata‘lyst if filtered from the - reactaut.s%hrough

a ceramic disc or. thinble and returned for "'turther uae. Abmt‘]ﬂo batchas
“can be processed vit.h one catalyst charge. , ' i

“—““Tlie—catﬂ:y‘st cmt’a:iiéd’” cobalt,’ t.horia, l’d.ealeguhr in the ‘customar:
ratio 100~-1.5-200 (weight %). - It did not contain magnesia, because
it was found that Mg0 encouraged condensation of aldehydes. The. catalyst -
‘had- an -apparent: density of: 0:3-460:0.35.. . Thus-30-kg. of oil contained
about:one liter of the catalyst. RCH used bitch operation and carefully
avoided all pumping - of—tm»slurqr—nxe—uqud—m—med—zxﬁm—m“—
‘vessal -to another by gas- -displacement . —In- the—continous opentiax used
by-F:Ge—it-was=found that the-kiese] ' =
M—&maim —in—the-pmp mvés? ,”“Attempts “trmpame-thrmaeagmﬁth
ta.lcun failed.. . . .

T (he of- the—main problems i.n ‘the process is” t.he ‘formation bf-cobalt
carbonyl. (Its effect on the double bond has alrsady been described).
“I.G.-Leuna developad -a cobalt-copper-ca 5. which gave on]yinution
of the carbonyl (less than 10 milligrem/liter). - The copper has a stabi-
“Xizing effect on the cobalt, This catalyst was satisfactory for the

y mte‘ﬂuk ——

" ‘The activity of the sta.ndard cata].yat for the an stage (l’wdro-
-genation)-is-considerably diminished by the presence of even small
quantities of CO in the hydrogen. .  This sensitivity: becomes more pro- -
nounced with the age of the catalyst. The installation of a "lietﬁa.nuer'f

was therefore coneidered to remove this residual - CO from the Hp~cycle
:m t.he an stage. :

.




 See alao Bsferencn VII/S at end of this aection..



—~—~~»—Anoth.r—nodiﬁutton~6t:thdi‘ nti “had
by I.G. Parben at I»\Mg-hum. (Sn also rotoronce
this. uction),__ ) 3688 OO "cobalt acetate is contacm
acids (from alsohols) in an.autoclave to y:leld the cobaltul “of ‘the
fatt.y ac:ld._ ('rbe rm acot:l.c ac:uhu condonnd‘) i
-Thus- tha.cobalt. ia introduccd :ln.aolution :Lnt.o tho tud t.o giv. a
o.oz . 0.05% _Co ¢ ‘concentration,  This mixture is- charged to the reactor
_where. it passes over-a_solid cobalt catalyst “bed (Co on pumice). The -
»m:l.tbure i.s ﬁmn.y fraed tm the cobdt in a apac.tal mllor mctor,

ot tbc procou must be cont:l.mw\wl.v cbecked for Co carbonyl. "It is
necessary to cont.rol its decompbsition; or if possible, direct it to a

t mitdounoham Ingeneral,itissembbodmt
ina mlrcol\ur using the olefins feed as sSpange.- “TCobalt_deposition
_throughout the plant dusito Co ca.rbonyl has been a canaithmble problem
in the continuous process. _

Wst— —as amrﬁ.‘!; ¢ g0 _be_reduced. In them
cular cass of the oxo-aynthns:la, where aalnrry is used instead of &
solid bed, the pelletmg of the catalyst is unnecessary. This however,
“calls-Lfor-some - -gpecial- ,_to_yreduce the catalyst. It could be
ed, reduced, and 8351!! ‘broken-up, but the I.G. engi.neera proposed
—reduction in "fluid . In:a patent application dated 9 m:
the use of a funnel shApad vessel was disclosed for the reduction ot

~catalyst powder; (See erence-VII/8 at-end-of-this section)-where -
th&ndnciag— as-would-keep-the-dust-in motdon. - A filter or ot} "

means could be used to rem'tba-catmat—frarﬂn—gas—st
recycled. through the. cat&'l.yut. e

R 5. . Ox ra.t‘ ' Cnnd:l;t '.;‘

() w.%&

. _The total-olefine feed (Cu-l—) ‘boiling from (175 to 303° c) is first
Zractionated into narrow cuts. 'l'his is necessary ror the subsequent '

-122e



80808

Srzoiins =y —-—-—r» e e

~-—aeparat:l.on~o£ t.heliﬁod\ita— into—t;ha aeuiml oil and tho~a‘1cdbols.—--‘1'ﬁe -
" latter, having been lengthened in their chain by one carbon atom; boil-
‘20 to 30° C above._the: comaponding ‘olefine.  All distillations in the
-~—oxo-plant -aust.- ‘be-done-care -and the: diftcrent unavoidable inter- -
_mediate Tractions are either rorun or discarded. If this rule is not
® followed the final alcohol product 13 ccntani.nated with mdesirable
products. EEE :

T et e o Ve

e e

- The cu-cr, feed is. Jmcbionatnd into the follmvi.ng 1';\;1: f:acticm

k 011012 ]2"{;5 ‘*22?;" T ksk T
°l§316»——~- So—2h5 - 2802 208 00

S r,;,;ﬁ.ﬁzao-aos"_____ ;o;

(The teed is obtained from IP and- llP”co’BaJ:t synthesré%:id" thomal
cracking of "Gatsch“.) e

, The fractionat.ion ‘was carried out \mdor atmoaphere pressura for the
fit&tr two cuts and under. 100-150 mm. Hg, mwm for .the last two.
31 peflux.ratd o, . They were chosen =

because they were considared 0 glve: 74 pressure “drop through the

tmr—and—tm—mm_a_botmw_nmxﬂ_degn@a helgl_.that
requ:l.rod by ordinnry bubble tawarb. e

All fonr fract.ions were tmted alike in ’Eﬁe outo ;ila.nt as fo].lm

A lmown volune of feed m mi.:md vd.th 3.0 3.5$ by weight of the
catalyst. The ‘slurry-was preseured into-the-tubular-reactor-and-watergas -
""" (CO:fiz = 1:1, purified) introduced- at-150-atm.--The-reaction-is-exother- -
‘mic'by 45 kg. cal/kg. of olefine “The heat” ofrﬁidtfurirxvmad—mm—
cooling coil. In additian ‘the- maup ‘may  serve-as-a -means-to.control
_the heat’ release. (B:r lcwernxg the" m“sm‘tmmed-dm).

: The gas 13 pulnped ..hrough the reaét._o;'.m a closed recyciss - As the S—
reaction proceeds and gas is used up, the pressure drops.

_ Now ~gag is - -
added and the react.ion is complet.e when no i‘urhher drop in pressnre occurs.

" Throughout the reaction a temiéiatm'e between 125 and uo° Cis =
maintained, depending on the type .of feedstock, The temperature may be
raised tﬁwa‘rdS the end of the reactiun to _encourage decomposition of the



carbonyl. -—»‘I’he _wa.tergaa j.s +then. neleasod and the entire batoh mzhding -
the catalyst is pressured. into the (2nd stage) hydrogenation chamber. -
“The olefines are converted 100§ in the "hldehyde" stage. 87 -95% go to
aldehyde, yielding about 100% wt. of alcohol based on olefine. fed. . The
rest goes to ketone and aldol, but the latter are largely broken up :I;n
the- twdrogenntion to give addité.anal nlbohol. - -

D P ‘A_; o e 2

The ‘hydrogenation is- aIso exothermic by about 30- 35 kg/Cal kg/mol
_hydrogen reacted, The operation is carried out in analogous fahion to .
the aldehyde step. Pure hydrogen. is admitted at 150 atm, The Hy’ is
recycled until no further préssure drop occurs. The temperature is held
at‘180°°C. At the—end “6f the reaction the Hy ‘is  released and the- product-

_wzthdram. The-csta]ysb‘if ﬁ.ltered thmugh & ceramic thinble.

Before final distillation t.he producb is caustic washed to remove
~the-2cids formed-in the process. The ¢istillation is carried out in
batch columns. Care is to be taken that the kettle temperatures do not
‘exceed=180 to-200% C-(about5-mm:-Hg. ‘is réquired in-the -higher fractions).
Aluminum was used in the construction of the coolers and receivers of the

: f—rfractionating systm *(See also raferenca VII/15 ab enc-of —sect:;on)

== The: distﬂlat:.on"of thtr t" Im‘i oiling eé«:i—fracuons (C31 12 antl
C13,1s) is carried out in ono coluan each. The Mneutral' oil and the
' alcohol -are taken ovePhead -in-successions — The two higher boiling feed
fractions. (C15,16 and C37) are distilled in two towers cach. The neutral
—oid-is removeg first and the- alcohols 4n the-gecond tower. —The heavy ——
polymers from all four fractions are charged to a common evaporator.
““Refractive index measurements are used in the distillation to control -
' the overhead cut points. . The difterence inh.p.between aicohol .and .
v para.ffin is 1.39 to 1. L;2 »j_,'_j_, ) s .

. The gas. requlrem"nts for oxoazynthesis are given as fo;.lews-w (they
“'zre substantially the same for all types of operation)_,_,” S : )

Bas:Ls 10 000 ton/year oI «icohols

| Watergas m&.sa_s__l.s_&_s_tésg
-CO-. - 38.0% ' 2743%—v
“Hy “49:0% - - 48.1%
CHj, - 0.2% ~ O-4%

N2 6.0% 1.3%.
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C* '.l'hta 48 on once t.hrough‘bnir“*(Su also nferencrvn/zs at
L "jj" Cﬂd °f aoction.jh e e R T e R T e e T T e T

'_(b)i L&_Igg_a, el _ ot ]
" The I.G. leuna typo “of . op-raucu s cqutmum It ,be pocl.nt.d
*aut—twmﬁwoﬂdw;birmo -have gone over-to-a eontinuous -operation

An. the_mnM\me._m Inahiud_n_und to pick up the catalyst from
~the-ce: ' ‘ '—&ntnr,—mro:fnshfa&ditioml—?:?i
_catalyst can. be added., The slurry is then picked up by the h.p. feed

pump and pumped through a- prebeam in:-the roactor p:~oper. Wat.ergu ia
—Yecycled through-ti - Aty 4in-the r

“ape ‘used to remove the heat of resction, The slurry is I

-and-the-pressure- released in-&-gas-separator.  The gas is passed through
a scrubber, where. cobalt-carbonyl is removed by ‘washing with fresh oleﬁ.ne
feed,  “The slurry from-the-gas separator is fed to the:

‘system, which is an exact duplicate of the one described above, Pure B
hydrogen-is usei instead of watergas,.. The slurry from the f.inalgu )
aepa.rat.or_ is ﬁ.u.ered and the f:l.ltrate canst.ic uuhed ,, betore retmtion-
ation. - - " ) B L ety .

= Wrm‘mmtmwmm—atmm d.oc\nenth
(c) I.G. Im"«igzhafen. ,,-‘ .

 The ayatem was coscribed in the pamgraph ‘on cat a].yst.. It 1a in
principle- identica.s with the Iauna ayat@m except Lo t.he ha.ndling of t.ho
Qataly“. L - . :

U T S G U Sy N SR MM O 0t PGS AP & S S S Do W T RS e & .:.;;._:,;._;;_.7:_.'- .7;.; ) . :
T T = U S i
R .
60 - . - B

‘The cost of t.he nP section of the plant u a.p xC tely 35.m/1
yen'ly ton~ ﬂcohol" This ho'evar ﬂoes ‘not- include the ga- preparation,




s r; . Costa. (Cont'd

compmssi.on plam and the utmtiee. |

" The labor. requirament for a 15,000 ton/yé’é'i-“h—nit were given as
50 men/shift (based on.batch operation). This includes all operating
and maintainance labor. S . _ o S
_ _ The Utilit.ies are given balanx R ‘
_Basie: alcohol t‘rom cu- 017 with 30$ olefi.ne
-~ content in feed. -

- ‘Pistillation ? - """'”-I!“"-" - 3zo,ooo kg cal/hn
Gas pmaheater 1st stage-- »500 - N

" an stage—-~'-16—5ec Jk T

nethanizer—“ s 81,000 B
losses .. .- - 40,000 " - -

' 000]_._1_33 ggguirement;

- Synthesis, 1st st.a.g_m - 100 000 kg cal/hr
= “gtage i iz 52,500 — W —
Product ‘céoler, 1st sbage - - 120,000 "
" - 2nd B‘bage - 150,000 0 m
F:.nal cooler ... 99,000 "
—Gas- cooler e T 60,000

e — 572,500 kg cal/nr”
“Power Requiremsnt:  JOO KM~ -,

L

z-~alcohol—(for-15,000 ton/-

Laboratory -
- Materials
Feedgas- :
T Amortization . 2006

S

At Ruhrchemj.e the cost of the olefine in the :l:‘eed was. calculated at

"&.lﬁﬂifkg —Thus the—price—of-the- final product—would—bew‘és ml/kg
Alcohols- .

o
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its ccmrcial «tlizatiem 48 dut to: tha 3]’[;
.and detergents in Germany.. Anotb-r important use
,have been its appncat:l.on in ating’ e

possib:la better. cmtrol of .the. synthed.s,_ such wamaam or_clon]y
controlled shift of the double bond. to g:l.ve cloar]y det:l.nod oG-aubst:I.tubed

it gy e

alcohols ot pradet.em:l.ned bre.nch.ing

_ The German docunents listed below a_re available i)n/Bse ubrairy ot
W-Huhtmtm, s.c. T

1. "Bh"drlnma~_ von GO wnd_ Hz__ant o;ermen__@z_g@g_@g ’3‘3 ,;_
- "Der-derzeitige ¢ Stahd des Oxo moblems"ﬁ- brnr. wenze]:,::‘

: 10 February 1942.
3.. "Die Konstitutionder Oxo Alk.ohole" - by Dr. Aainger, Berg,
Aprll 19&3.,_”. o L . g

- . aprid 19153. - i
5; - "Untersuchung -olefinscher co-Hz prodizkt.e :Ln Qmsyntheae"‘”
: by Dr. Gemassmer, . Berg, 3 November 1943,

6 "Konstitution von-Oxo - und Syno].qlkoholaa" : by Dr. *Aainger, Berg,w-

‘21 Allgm 19’.20 ST e, S -
-77;”“ odukte dﬂﬂ (h(b Verfahrena" by Wﬁ,

- . . 25 February 1942.
Q. I.G. Patent Kppli.cation, 9 July 191.2 "Verrahran zur Redukt.ion

AaubfSrmige alysatorenoroc g o s L
9- I.G. Patent Applicat.icn. 1l Sepbamber 19!42 "Vertahren zur ’

-‘Verschiebung-der-Doppelbindung" e

"10’." "Wassergag_ -und Hp Bedarf der Qxo Synt.l'«aaeu letter by Dr. Landgrat .

T -17 December1942+ SR
l1l. JMemorandum on Oxo-meeting, 10 Febmary by Dr. THlke, Herold.
12. "QOxo Verfahren" - 29 March 1943, letter I.G. to RCH.

A3, . -"0xo Verfahren" - 8 June 1943, letter I.G. to RCH. .

“l4e  "Erfahrungen uber ‘Korrosion; etc., im Hochdruckterl ‘der-Qxo-

Anlage, I.euna“ - by Gemasemer, Berg, “25 September 1943. .




-16 "Kontinuierliche Oxierung: mit.,au:-geschllm.an Konta.kb" hw o
o _Gemassmer_Elbel, Wewsel, 10 February 1943." - . . :
A7 ‘Memorandum- 5n meeting of I.G.. ‘and RCH, 7 and 8 Janutry 19&3.
;‘18. “Schema des” Oxo = Riey el Verfahrena von I.ndvd.gahaten - by
~~~~~~~~ = JAubhneY; - Genassner, :23". WOAYY Y3, S s e e
194_.me ‘drwg . - Ruhrchemie No. :500-123 _'. - P
: - Kontimerierlichen Betrieb®- - T
; :2,0. (he drwg.-r-narseburgi_lmsé%ﬁ "Pliesachamen m 50,000 Jato
RRETE Oxo-Yerfahren" s s St s
21. drwg “uSchema d.- Kontimxiernem F&hmise daa‘ Omo-prozesses,
o m 1 W 19142- L . o
LNe - QN

Wsicbtspmkbe amn Ba.u nener an Au]’agen‘“_by Yﬁnzél

30 March-1942.-
23. Memorandum to Mceting 28 llarch 1942 by Metzgars. '
20 Memorandum 1 to_k_eting.j" ; _des Omculexfahmn“_-_bx Mr

A1 May 1940.
ZSPM ‘Res - ~—nmergieverbrauch, ‘etes TUr- mo-Aulage'f*-'- byGemaamr,

_____________ Mauthner, 7 July 1943. B I
“ 2657 "Dia Herstelluig Hbberer- Alkohole—mﬁet‘ﬁeﬁ"—-dby—eﬂmd

_Campen, (Rheinoreussen),ﬁ December 1943.. . R
Prepared by_;__ o

E. H. Reichl 3.
Technician
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ruhor don .atand do_r Arboiten aut dom Oobioto dea Ior.ah

weitez:entwicklnna dcr Benzins;;ntheu nua Kohlano ne
-otoff; ,&nabcsandou—m—..icntun&f T S e
paraffinen (83 6132 - 9798 / 42).

im Lezemdber 1942;




« . -u-d- ‘anch’ wine - hnxo von anohnn auogctﬁhrt die als
~Anigln¢lljnt!h*ninnthyll&hh:muhd ﬂana-rntott_yn::nnﬂnten,_nisaa Ner= .
“suclie, die 1n.dor Banptacche ur xlurung des Ronktioneuochanismus,ﬁ,7*

éurehgnrnhrt #urd.n. sind in dc- vorli.gondcu Bericht nicht euthalten.
_LT_’“chtubrnng_dor~53:;hcna~ar£olgte in kohlenoxydfesten

Dy krnhr'n. and. sgg;'__sun .Lﬁil in mit Kupfer auae,nkluidcten unlegicr-
ton St‘hlrohicn und sum Teil in nicht ausjgekl:ideten legiertcn Stahl-
rohrcn‘ wi. solchen aus VZA - oder Jicromalstuhl.

SEREELE - & —és1ttkate;asak%%easrahfefhexragfiva:—iS—mm; es
knnuton abcr_auoh Rohre mit cinnr lichten “eite von 25 mm ohne bemer-
konawart. Schitdigung do- Unsatses verwortet werden.
= Der—0ascurchsatz wurde durch" %asnung -des oxpunéierten~“ndbasea

uad dor aus den Stickstoffwerten orrechneten Kontraktion hestimmte. Im

11155-e1nnn uurdo (anf;ﬁruna vonwﬁntor.uchunsen uber den Linfluss der
StrUIungngéoohiindigkcit) mit einer :ndgasmenge von 10 Litern Je 8:g
Thoriumkatal sator und ; e gearbeiwet. Dies entupricht befnpula-,-;.
whise bei ociner Soi-igonhtbutraktion 20 Litorn Auogaﬁélgn- Jo 28-3




Von den anfsllenden Reaktio rodukton, die aun_;"
d_nmh mlm vav. mit A-xohlu entfornt wurdsm, wurde die Zuomen-

foiiélhohliiiﬁ‘iimotf- stets duroh Tieftemperaturdestil-
lntion und die der nmu.u Kohlenwasserstofre durch roindoatiuatiou
‘_(i.n. ”dor hyﬁiomf nntorlucht. Von chlraktor:l-tischen Vcr-

mlm ang des. tuucua Cu'bonat- mit




;;ﬁn '8C81T

~haltsdduer der Gasé im !ontuktran-. ‘die Aufarbeitung von Kohlenoxyd*
' nﬁn ih-aerutoff in anhr-ron Stutcn. das Material dcr iledktionsrohre
~u.n.-.,10:-u1tcn:&runzonnvari1crt4'-rﬂcn~ww-4— : e
~WM4nmw_glgis_ﬁﬁl_ﬁrnﬂx~nllLjnlnsg_hgisntﬂginn Tntaln.Zuigt die Znsannena
setzung der R.-ktionsprodukta in Abhlingigkeit von der Synthesotempera~
“tar-bet-vines Brnok~von“1§9'at~nnd~einer~btranungsgasch—tn&igkeit-*ar—“—
Gase,untsprechend. 10 Litorn Zndgas J¢ 28 g Kontakt und stunde.

Die :enge dor antallondon Alkohole und underen suuerstoffhalti-
gen organiachan vgrbindnngen' die bei nicdrigen Temperaturen, inebeaoné
.ders.unterhaldb- 375°. -vorherrsch.:n, nimnt mit sieiscnder Temperntur -
schnell -ub, Im Gebiet von 375 bis <25°_unt5tahcn vorvwiegend- fluoalsn
Qz;zweigte aliphatiucho fohlenwvusserutoffe. it ateiuunuer Lemperatur
‘nimmt dio hcngé der neb.nher anfall nduen Naphthone allalihlich zu. Ihe
-Anteil an Zen flUavigen Frodukten fst boei -375% no‘h‘n14ht:6itfﬁbhtlich.
er erreicht uber bei 45C bis 460° 50%. Sei Syntihestemperaturen von

_4SC bis S500Y xonnten in den hihersiedenden rukiionen-der-anfallonden

flﬁodiuen,hghlun-uddtratofic auch Aromuten nuachgesiesen ue:den,mm_, .

Die llenge der ;asfirmigen lleaktlonsnrodukie ateligt von ~eniger
als 104 bed 375¢ wuf 50, der sleaktionsprodukte bei 44C“, Isocbutun ist
‘unter den «in~elnen ohlenwus-erstoffen dus in gri:sten i dengen anfdllan-
de Produkt. Bel -.).va bia 460“ buitehun ein Dr.xt.t ;1 der. gemn i aks

ti onanro.u/tu sus diesem rohlenumsscrotoff. .

Unverzwelygte aliphatische uohlenwauaoratoffg entstehen nur in
V81 1. untcergeordnetom ‘ause. lormnibutun fiel i.a. in ﬁenbon von etwag
lbp de;*:E;BB ans an (U, uis 3 Jder GecamiLyrow uxte). Dia uenge dea No-g
ralp.ontans betrug nurmehr 1,0 der rliusigen tohlenvasserstoffe,

Blatt « 2 = bringt Ausbeuten un Penzin und sasol beim Arbeiten -

1n einer otufe unter eruchiLuenen Versuchsbedin, ungen,, 1nubeoonaera_

—beiAVc+schivdanun'Uruckﬁn amd - Gti feruchhunb’von‘VLfLCﬁf'ﬁen- uterfﬁl
fir die iecalttionaroh:re. i+t Auunuahme des letsten Yerosuches wurden ulle

bei 45Cv auggerithrt. -
Bei .itmosphii:eniruck war k: in Umoats fcbtzuutcllen, bai,ﬁ at ein
sehr geringer. Dei 30 at wiuriden, bei 22 '=igem Umsuts deu ..ohfTenoxyds
-5el ¢ 33 +-n=C - fﬂhlGﬂWaBaerﬁuofft. 504 g is0-Cy —fnuh;unﬁﬁssart%otfc"“
und 16,1 g Tliuusige Kohlenwassurstofle Jo Ncbm inertfreics Ausgangsgas
gebildut. “it uteiendem i:ruck nuhm uie siienge der in einem Arbeitsgang
- anfallenden Produkte zu. 3le erreichte Lei 500-at-46yH g ico=T = -xihlan-'i
wasaserstoffe und 40,5 g Benzin + 1. Bei Verwendung von VgA-mohran
—waren die ~usbeouten an £l sigen kohlonwasscerotoffen gr8aser =1s bel

.cntuprechenden Lrucken bei Verwendung von mit Xupfer ausgekleideten
-—+Reaktionsrohren.




‘8,6',8,1-8
 Blatt = 3 - br‘ngt den uinfluna dea Druckaa uuf die bei einer
:Synthnnc von 45C° in oiner. Sturc ‘erzielten Auabeutcn graphisch.~9104“r
Ausbeuten an. IIUn 1gon Koh’enwuaseratoften nnd.an Gasol nehﬂen nit

.eteignndas Pruck und danit zuaannenhnngend mit dem mit ateigender Auf-_

tenthaltadauer der Gaee am Kontakt atelbondon kohlenoxydumsatz zue _
in [‘t_gigiébndenwnruckan“axhnhtauarden, weil die Gerahr einerm

‘xbhlanatortbildnng mit steigenden Drucken immer geringer wird. ,

“ "‘;,Bei nicdriaon»vruckon, beispielsaaioo 50 bis 100 at. kdnnte b»inf
A ten in achrnrcn aturou zin #hnlicher Dmsatz erziclt werden, wie er.
bei' hohen Drucken, ! beispiclawzise bei 300 bim 500 st, in einer Stufe - .
_gﬂglich»1at,gniorans,nzgihx_aich,*dan-—dio—nozaundiga—xea%ak%aenge—uu—~—
BO'BGrtngsr*tut““ja ‘hther der Arbeitsdruck, gewﬁhlt wird.

7“5?*f*'31att Kl Q;_ bringt‘eihe typiache Gaaoldeatillation eines bei .
_einemﬂlxruck._von 45& at—und—einﬂ'-—emrerzrtur—'fon 4§e°—au8'fefﬁhrt—*rr—’s‘er"——”

sucheu. (Th 101 a). Lie Bauptfraktion i8t das bei = 12¢ aiggenL;Alaopn-~

tan, Isobuien, auf dcssen- Vorhendensein die—zwischen -1C und +-5° nie=—
dsn@gn;AnLgiln_ggxch_Bnhandlnngnaix.QAJ-iner Schwefelslure stets untcr-‘
sncht ~arden, war b:l diesenx Verauch n;cht en~stund~n. N
' Blatt- =5 ~ zZgigt dna'urgubniu einer zu demucluun Ve*suchimwm‘“v
(Th=101 a, 150 at, 450°) gehBrenden Destillution derxr flusuigen hydrier-7
_ten XchlanvaaaurstQiIﬁ;_ln_Blaxt_ohﬁaa_-uindear_,_ , y—
Anilinpunkt und spez. Dispercion der bei dieser Doatillation »nbef«11 e
nen einz:lnen Fraktionen zusammengestellt, Blutt = 7 - bringt das Zre _
_gebnia.zter_mhung .dér bei Jit.a{,a—"lersueh—an%ﬁtandennn ~1asaigen T
£bhlenwasanrstotfo. “Der- Verauch entspricht den nich Blutt « 1 - bei 450
‘erziclten * rsehnie. ir liegt inm Gebiet uinor stark hervortret. ndcn‘ﬂapho
-~hen~114ung‘,g;<f43j der’ le831¢anwanhlsnaaaauruiofru). Aoraﬁlpardrt*ne““
" : oL ba.eats%and»n;~ftwa~&;~der~fiﬁnctgtn—
'KOhlenwaaeratorre beatand aus n-Pentun ugegcn bcatundcn ;aat 12533u§
dem bei Za“wx‘edenuen 1so-tentun. Verhc nlsimrsaig Irosse ensen beo-
Jtnndenﬁanswa.-;sethylpontnn {15,647 -und - wahras hainiﬁcﬁﬂrﬁs*?"“““13ﬁh¢3?
Diae%h4lnen$an-~nﬂt~danfh&herenwf ruktlonen-ergibt sich us den Inm Blutt

6 - uusammunbuntellten éahlen ain unbe'ﬂhrea Bild der. &uaammnnqntznng
der-kohlenvanscrs e ' B

Blatt « 8 .

sllem JQurch cinen weeqn“lich
erhihten Cehalt un vuré
Blatt «1). : -’75' T

Blatt Ll - bxingi:‘inu uu:anmanatellung eincr Rciha von KIopt-'
reatigkuitamesuunben naoh ~der !otor-liethodes

eringeren Raphthun ahalttﬁgnd _zch~zinen_
gten uliphatinchen Yohltnwuﬂacratoffun. (le.




-5 80819
" Tie ersten sietben. Benzinproban aind- -vor-: ihre* LnuOPShCHQQE'mjt"
*_ﬁgb%-i"arwégibrcalciumlanunb gewaachon worden. Dia Oktanzuhlen liqgen
el 78 vis 80 und zZwar: zionlich ‘unabhRngig vonﬁdan Sicedegrenzen (Vgl.
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.Oktanzahl von 84,5 (Verauch 13).~fw¢;ﬁv‘ T
“Die Proben 8, 9 and 10 wurden vor: Beaxinnung der Oktan ahlen
an cinem xickelkontakt hydriert. nde Oktanzahlen dieaer Produkte 119-.
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= pas‘bei'iSb 2t und 450““erhn1tane ‘und vor der ?Iopffestigxeltg-
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,hlaizetraatnyi~dte—ﬁktunza ;;_,;”aau bai 150 at und 370¢ Qnt8+dndene'9;
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-%AI*1113r@nbﬂﬂanzin4¥&rﬂﬂn&&%r<hannhﬂﬂrftu ‘daw Zemivch der belden Henl

Aine ohne weiteres auf Oktunzuhlyn von 100 und duriiber gobracht-werden .
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