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_THE MANUPACTURE OF AVIATION GASOLINE IN GERMANY

‘ osition, and -
manufacture of German avhtio:’x guolin;i during th."put '

| -

_gasolinss produced are presented- d-malysed; —The qualities
and compositions of the different grades are shown and dis-

The methods and plants used in Germany Ior synthesising
isoparaffins, for manufacturing base stocks, and for synthe-
sizing aromatics are descrived. Process and operating data
are given for these operations, particularly where the prac-.
tice is 1tlew or different from that-used-in-the-United-States -

— --The-synthesis of nitration grade toluene is descri “"_"“"
in an appendix, . .. .. . e

~ There are attached to the original copy of this report
several German documents which will serve to elaborate some

of the subjects covered herein.
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THE MANUFACTURE OF AVIATION GASOLINE IN GERMANY

1. Introduction. e

It was well known that Germany had always depended largely on
_synthetic operations for her. liquid fuel supply. As the air force
‘of that nation grew and developed,- and its fuel requirements in- "~

creased both in quantity and quality, it was correctly concluded
that synthetic oil plants had kept pace with the aircraft develop-
ment.-and continued to be the main source of fuel supply.

the

__Jha_mmr_inm_qmity ‘of aviation 'ga.aouﬁe' uaéd by
-Allies-was-parallel r_that_of the German -

processes applied in imerica for manufacturing higt.z quality gaso- -

P incs ware wall understood by the Germans, They obtained information.

from captured es, and otherwlse.
- h-in great force was—supplying new processes, many. the same as
those. being developed by the Allics, to their ‘own_operations, To-
ward _the_end of the war the quality of fue ~being thia

At the eame time, German Te-

WW*WWW?@“! 2od: by the Al -

'In entering Germany to study their manufacture of aviation gaso-
line, it was to be expected therefore that many processes and devel-
‘opments would be_ found that were-the same as -those- in use in America.
Also, from examination of tho gasoline in-captured-enemy -

-was believed-that—no-r cally new caompounds were being synthesised
by the enemy. It could be anticipated, however, that new manufac-
turing techniques and technology 1t be found, that new-designs-in
Wﬁmm—seen;—or—that—nm—or_bebt&ﬂt sts might be
in use in the various synthetic processes. D T

were visited, Many industrial and government technical peoplo were -
interrogated. & great varioty and volume of technical and opera-
‘ting documents were obtained and studied. .

———--—Inthe following sewewetthemmuc;@en__
position on supply of aviation gasolinc, and there are described
the plants and processes producing the isoparaffin, base stock, and

-3
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aromatic components. Some of the-newer: meu-ch -work-1is- descr:!.wd ~~~~~~
The manufacture of nitration grade toluene is also reported, becauae
its. prodnabion was rather. cloaely raelated- to the -aviation: ga.aol:\.ne

: e

o 'l'he Gemn aviation gaapline volume came very urge:ur tnon the
waic oil plants that hydrogenated coals- a.nd-coal tars, A verr
~voluxnem1y cane n'on _petroleun, wh:lle menuau,y nono cmno

camevarious ca.l

Paraual to t.ha sittut:l.on in tho Un:\.tod Sbatu » groat etforto
wor'e o -con Germany to increase the supply of
aviation gasoline. Much _of the now construstion was never. eomplcbed
due ﬁrztlytoﬂliedbomb&ngandthentotmmnof them
-———Xn Table- Ly_amammmma the. source: _an‘d:
Wotmpplyot aviationgmunes andthea.remnenta

Gealsenberg - Gelsenkirchen 8,000’ - _ 8,000 @ = weee—.
P8lits A.G. - PBlitz 1.3,900 12,00 - . 1,500
_Rheinbram - Weud% .750 - 2,750 . | —
“Ruhr8l = Welheim -~ = 1,1 ' 1',100 L ——
Sudetendeutscheé = Brix *“5,500 T ‘5,500 """" T e—




Company and Looation = Total Aviation Base Stocks  Synthetic

I.G. - Oppau 1,200 . 1,100 100
{J}ﬁ-ﬂeydebrek‘%— 600 300" " 300

I G. - Hils 200, : . 200 —
I.G. - Schopau : 200 . . .20 @ e
Total from above-Iisted R
*}Axvuatic O:L‘l;a trom‘ LT e T ,’_i
Coa._l Tar - . 1,100 . - 1,100 L —
‘Grm_‘rom e %’lw e ‘,‘ _ﬂ-’m_h e e k,700_~_,_.,..

o ’me volume .figures given in 'rable I roproaent tho highn‘bpro-
‘duction leval in 1943 before bomb damage interfered greatly with
production. = (The highest production for an -entire month was in 19%3,
and the average daily volume during that month was 52,200 barrels.)

At that time, when the maximm daily production of total aviation
gaaolinuas ~about 56,000 barrels, there was under construction, or -
‘being developed, extena:l.ona to increase that figure to nearly 100 000
barrels, (It is interesting to note that at the time - tlre”xv‘mfoﬁ_
gasoline production reached the figure of 56,000 barrels per day, the
torbaa. German motor gasol:l.ne product.ion was 55,000 bam;__pgj-_du.l__

(b) gmsit.ion and %&catggm . o M_::,_;___‘_, j'f

’There were two (2) gradas of aviation gasoline producodin T
volume in- Germany, one the B-4 or blue grade; and the- otharthrc-g
or green grade, Both grades were leaded’ w:lth the equivalent of -
435 cubic centimeters tetraethyl lead per gallon, The B~ grade
was simply a fraction of the gasoline product from coal and coal tar
hydrogenation., It contained normally 10 to 15 percent wolume aro-
matics, 45 percent volume naphthenes, » and the remainder paraffins.
The octane number was 89 by a measurement corresponding to the Ce F.R.

~5s



motor method, The C-3 grade was a mixturd of 10 to 15 percent, volume.
of synthotic isoparaffins (&ik N ates and isococtanes)-and-85-percent-of
an aromatiszed base stock produced by hydroforming types of operation. .
on coal and coal tar hydrogenation gasolines. The C~3 grade was per-
mitted to contain not more than 45 percent volume aromaticss —This—
aromatic-limitation semetimes required:that the base stock component
include eome: diluent other than-the aromatic-fraction, which could .
then bo balanced if necessary by the inclusion of slightly more iso-
paraffin. - (The C-3.grade correspondoed roughly to the U, S. grade 130.
gasoline, although the octidne rfumber of C-3 was specified to be only.

-95-and-ite lean.mixture orma .

“The :cwmta of tho two_grades wore the efa -and—£e
number. The isopwraffins wére produced by standard, well known methods
and-theru was-nothing atmormal. found in their compositions. The base,,

»o_frachi :

8t _wero_ +£3.0 1 to end points of 300 to 320 degrees fahrenheit..
No normal isoperiianc separation was carried out, and the pentane and
“butanc contcats.wore-adjusted simply for vapor pressure contro}. Small.
amounts of specially synthesised aromatic compounds were included from .

tma“to:ﬁnofmmgﬁar—;trgefscu&uaéwfmch@te:mﬂrm__ﬂ
'praeticediﬂwaromticwumrfdther_apécmﬁ tives were -wsed. -,

. _Gxidation. inhibitors wera not used in ‘thoe regular blended aviac::

‘tion gasolines: ‘It will be sgen that the components were in genexal::
of - such nature.that’ oxidation inhibition should not._have bgen neces- -

sary. Lead deposition from :fuels was" an-operating . problem; however, -
but. no- inhibitors we~o.used for its prevéntion,” This ulead instabi--
1ity" was balisved to ba related to aromati¢ coptent, and fear of lead
depogits was a roeason for the limitationm 'of the dromatic contents of .

Tho relative volumes-of production:-o6f the t - gra ~sannot.-be -~
accurately given, but in the isst war years the major volume, perhaps
_two-thirds (2/3) of the %otal, wos tho C-3 grade, Every effort was
being made toward the end of the war to incrbase isoparaffin produc~:
£ion so that C-2 volume could be-increased for fighter plane use. .

The isoparaffin usage in that grade had already been cut to o mini-

mim.

In Table II are given the important RIM (Reichs Luftfahrtminis-

terium) spocifications for aviation gasolines supplied to the Air



Iﬂniatry_ The oomplete aped.ﬁcation ahaot. is appendad. On tha.t m..ll
~sheat are also given specifications for aircraft diesel fuel. (The —
subject ‘of diesel fuel manufacture in Germany is being covered by a-
U, S. Naval Technical Mission in Europe Roport. eutitlod, German

Diesel Fuel".) o _ -
T _“—ﬁ T _Tm.,n/. B B
RLM fica s_fo ' ‘
Density at 59°F. . o.'n.o 0.760 o.7éo - 0,795
Distillation ©F., IBP - — - 10k-mdn, 104 min; -
. 10 netcant______J.é?_m — 7»].76“.
i D percent - 22 max. - 230 max.
. 90 -percent - 320 - mAXy — —.—-320 mAX.
— i By Pe 338 max, 356 max..
Recovery; percent—volume 98-min, ——————98-min.
Reid Vapor Pressure lbs. ' - 7.0 mAx, 6,3 max,
Aromatic Content, percent volume 25 max. . 45 maxs
Tetraatnyl Lead Content, .
‘ porcazt volume 0.115 0.120 0.115 - 0.120

Ebhwlmbibrmide Content, - — . =
percent—volm————m 0.053 0.0SO 0.053
lﬁlm_m OF =26 OAX. =~ T~ .76 max,

Leaded Octane Nmber (not.or Ilethod) .- 89 m:l.n . 9_5 m:ln -

———lote—me—mi:b\n'mpom

“equal that of a standard roference fuel, ouml:l.ed w the R.L.i(.,_at au

air-fual ratios between 0,75 and. 1.3/ The following document. t.nnmitted

to the Bureau ot Shipa relates to apecitications

) I. Technische Lieferbeding\mgen fir

- die Flugmotoren-Frontkraftstoffe.-

~ (RLM specifications for aviation
gasolines).
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fmomimmmammmwmmum
(2) different marnerst - wweom.nm,matmvamm

-to-the-LiFReMotor-Method;—and-by a-mixture

cmcatiom o.t B-a and c-3 tueJ.o mcludo both octano mnbc and the

Oetauo mmber was naa.sured on the ono-cynnder "I.G. Prﬂmotor"

‘rhe technical - data for this eng:.ne are as follows:

—Hore—

65 mm.

_Stroke- 409—1-;—————

Volume - IO 332 ce.

Fower sOnt.put. at. 900 :-pn 0eT7-MWe

Consumption at 900 TR, 600 co. per hour
sion Ratio - 4.0 to 15.0 .=

Inlet valve "clearance (co:l.d) .0.,20

Inlet valve opens I _ 1n° ‘-»athujop_cﬂrt.ar_

-Inlet valve closes : BN, |« A " "

- Outlet valve clcaranoo (eold) Pl 025 -

Outlet valve open® - .- SR art.er ‘top center

Outlet valve closes ’ 3°betontopcantew

The va:l.wae obl'.a:l.n‘éd with thio I.G. test eng.’me agree quite- cloaoly with
those-obtained an-the. CoFuRs- engine’.—‘ A1Y-values-given-herein -f£or-og- —
tane numbers, motor method, were determined on I.G.. engines, The test: -
conditiono formamtotaviat.wnm'rmu to.u.mm: R

"""" W Mm : Tt""_.',,’;"li:-'_: ET #_—r'_— 761”01‘ andwaer
f,wmmfremporatuu 730005._ R
Inlet Temperature of e —
~ Fuel-air mixture ‘f:“” R RER ‘300°F |
Ignition | 22° vetore hop cuxt.or
'Canprosaion Ratio o .- Start of "medivam -
S : ' . hea.vy" knodd.ng ‘

'rhe nixburo-reapome cuma ot aireraft _fuels were measured-ch &
BALW, (Bayerische Motorenwerke) 132-F single cylinder ehgine. Liquid
in:)ection was employed and the following test. eonditiona were uaod: :

B



PR . . . e ”‘ ) . N = M —
Air to Fuel Ratio R X ) 7 1 & B
Measurement. of knock : e Aud:lhla/ o

| There are atﬁch@on the following pages two (Z)m.llﬁwto-
graphs which give several comparable mixture respons¢ values and plots
~for-different-components-and-fuels. S e

. The first is.a plot of ain-fuel ratio (sbscissa) agiinst "useful” -
pressure in atmospheres., The B-4 and C-3 fuels are shown thereon oz
‘is motor method octane number). L

_ The second is a table with a title g “Mm—ﬂeaponael’owar

Wrmurw—mmuwkmmm-ﬁm
_components_at_air-fuel ratios of: 0,9 and 1.1, and aleo their motor

 method and research method ostane mumbers, The top group is for mix-.
tures of 50 percent volume of 73 octane number (unleaded) coal hydro—

.v.‘ 11ine; BAOCA kA, . pLragun BAC 22 RaJ
-and-50 percent-volume of each of the components listed, also leaded. '
_ The lower group is of well known materials for comparison, - (Flieger-
cess"; Aromatisierungs means "produced by a process yielding high

aromatic .i:ontgéiiﬁ_‘.'")

/ The composition of C-3, with a high aromatic content, resulted
in that gasoline having a good rich mixture ( less than 1,0) per-"
—formnce'.——lta—pertomanqp,f:kreq—mowabIe_pmen.b@tm,&at_laan_'__
mixture was not entirely satisfactory, however. If more-isoparaffin.

had been included, the lean mixture performance would have been

-9
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German av:htion ma. quality put.m - o

ment been availahle, mmpantﬂmmaldm bean.i.ncludpd in’
_the_C=3_blend. As isoparaffin contént_increased, the aromatic con- -
tent could simultaneously have been decreased (by use of base atocks
-with octane numbers-equal- to- those of the aromatia base, stocks) and

a gasoline with inoreased héat mtcﬁmmm:m However, .
because of the relatively grester ease-of manufasturing. aromatics, they
mremedmlargeqnanutytohdpgainammactmlmmxtm _
performneo, vd.th thz rouult that rich mixturo portomnce was not

of safety fusls.  Tests nadbeenmvmxsqo t.oséow
fahrenbed.t frections of - coalandooaltarluﬂrogqnatonwoduct&,

wtmmmmmmum pointandhoningnnge
of a safety ‘fuel’to its resjistance to ignition by incendiary- bullets,
Itmmamdmmmmtm:mmmwhetfw—
tive, the-flash point must axceed 200 degreece tabrmheitandahould
bainth&:egion otmagrgea tahmheitn- ]

1Yat- t.he 5end of Fe ' ) “ ' ls por -
day, and 4t waa plamed to increase thatftfgﬂra wa-zso—mrw-
day in 1945. Whileo-tha othat consumnption apparently never was reached, .
the demands had. become appreeiable in tm ot Gemamr'e a.vailah‘l.e

supply of liquid fuels.

lﬂxbures ‘ot gaaoline -and- di.eael oil- ﬁacticuo -were-usod-as. mel
in 1944, tut with increasing requirements efforts were being made to
use higher mmz-wmwm*gme —
for other.coritical uses., Tests were in progress using materials from —
the sump phase and. m—hydrogenatim stepe in coal hydrogenation.

L



t.hat m gaaonmmnemury in order tooht.dn satiotactory

imition

L 'rhe status toward t.he ondot ﬂ_\qgnr_!a_n_ that gasoline-rich -
mixtures were still being used with the higher boiling diluents being
axvavailable mterialauchthstthoblmdneb tho following specin
cations:. _ .

Q) Viscosity maximm 12 centistokes et ~31 dogrees tahrenhm-.}
(or maximum 22 centistckes at- -Js demet fahrenheit).- ‘rho viaeouity_‘_

tribution in tho fuel 3 T RS S S PR R S

:Ln another instanco that in. practioo the maximum pour point was 40

B ‘fahrenheit and that no crystal appearance ocould ogcur above .
dogroes fahrenheit). In a flight of one (1) to one and one-half

“(1%) hours; anch as is exporiencod with-jet- mwmmmu

he:i.t. For :Img ,d.totance ﬂ.:lg!rba itmt boncvod that the pt

_spocification would have to be lowared to -56 dagreel rahrenheit.

(3~) The fuel shall burn. withm carbon formation. . _Arcuntic oils
- sit carbon in the- combustion- chamber-and-the-turbine,. Paraffinic
oils are clean burning and therefore deésired for jet fuels, It, was
the opinion in Gemany that the chexni.ca.l chametorm hen:: burning

(l.) Beating value min:lmm 18, 000 ‘BTU - per pound.
(5) Snlfur content ma.z:hmm 1.0 percent weight. _

_Isoparaffins were. -yntheaizei cmz:ciallsw;n Germany by tw

- §mceases ;—isobutylene polymeriz ed. tion ¢
the polymer, and by alkylation of btrbylenea and isobutane, Of the
two processes, alkylation was much the more important from the stand-

-]12-
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o [ 4

“point of volume-produced, ~Both”°fth08‘b°w‘ “womf-uhm ”beﬂl on -

‘highly developed in America, and the Germar 2 .'weare not
more highly developed than present practice elsewhere.: ' They are. i

‘dosoribed below, however, bogother with the methods by which their-
raw materials are produced, . . T . A

- The production of isoparaffins other than.those obtained from
the two commercial processos was given extensive study. The synthesis
 of triptano was studied and a process was designed from this work, al-

though triptanc iteelf is not the ond product, “This development is

—The iscmerizaticn of normal butane was being Garried oub commar=
_cially to supply isobutane to-alkylation.. The commercial process used

is described in this section together with “soume new rescarch on the —

*_ .

./ .

Ludiigshafen-Oppau,. and Heydebrak,
. - Isobutyl alcohol was synthesised from CO and H, by the

nIsobutyl Synthese" (deseribed in‘'U, S. Naval Technical Mis in
Europe Report titled "Synthesis of mcarhoml and Chemicals from .
“Mixtures © “an D b ated to-isobutyleno——
,oven-,-pmedpitnt@d_gﬁmmais_ézgﬁq;@ﬂdeareeo fahrenheit and normal -

_pressure, In this temperature interval a 95 percent conversion of:
-alcohol-to—olefinwas—obtaine

, ldehyde.—A-one-pass operation was therefore employed. Iso-
but, ‘dehyde and water were separated from the i{sobutylene by simple -
distilldtion. ~The aldehyde was hydrogenated to alcohol and recycled.
back to dehydration feed. ‘ e e

Isobutylene from the alcohol dehydration was compressed to 20
atmospheres, heated to 300 to 350 degrees fahrenheit and polymerized
over a catalyst of 25 percent phosphoric acid on activated carbon.

_Unpolymerized isobutylone was separated and recycled, and cambined

- dimers and trimers-were-taken- overhead in a_second column, leaving
only a small amount of high boiling polymers as bottoms. The dimer-
trimer mixture was then hydrogenated under 200 atmospheres of



thesis of Iso ifin Va.» d
hydrogen Waat 660 deme. lahrenheit, u:l.nga t.\mgaten niackol-:

——— — The hydrogenated Mmrknm as-ET- 110 -ox- D:L 1me—had t.he ~~~~~~
promrtiea‘ ' . .

~

| .Denait{ at 5° F. . - 0710
tion, ©F, IRP- -~ 176 .
Distillation 50 percent 237
"Distillation = 90 percent . 230
Distillation  EP 385
-Octane Ntmher“(lbbbr—%ho&) e
Unleaded 98

Octane )hlmber with 4,35 cec.
e - Totraethyl- Lead/gallon 115« -

————— Bofore the advent of the- a.‘l.kylation process, homylmmbes
ingwaed*'by ~isobutanc dehydrogenation at Leuns, PSlits; and Schol-

: ‘Polymorization and polymer-hydrogenation systoms were used to
eonvert this isobutyleno to T=52, a product. nearly identical to BT 0.

The processing of the isobutylene to T-52 differed from the ET 110 ~
”’b"‘ only in that., due 1’-0 alightly ditterent foed. eouposition, t.he ;

. ..The following doc\ment s tranainit.ted to the Bureau of Sh.ipo ’
lates to this process: e e e ; '

S & N Herstelhmg von Di. 1000 :
.. (Flow disgram of the ‘Di- 1000
... . er ET. 110 prcoeaa) -

(b) gglat;!._og

- 'Although resedrch and development work on alkylation was started
in Germany prior to 1940, the commercial prodncﬁion of alkylate did not.
begin until 1943. Prior to that t.:i.me » Leuna, Politz, and Scholven had

R Y



e ~ iso bnt_is.' "-_h‘hyti“‘-l ne @ .If. ’*i‘ , .' : lffl‘lull,r
dehyeérogenation plants were then shifted to mormal-

o eaxly 194, Lisse throo plante’ were otill the only oparating
alkylation units, but. plants were beirig constructed in Wesseling,
Brix, Bohlen,-and-Elechhazmer, -Had these plants all bean campleted

and put into operation, Germany's alkylate outturn wo
‘about. 50: pexcent, above her actual attained produstion.

both in use in Germany. Appendix 1 to

ses were

T | o
I to this report describes dehy-

later. . - . |

1acx ] ’ 1 is discussed

- MmmlmmelmLﬂhl&tm

While these operations had bean complet

on ,
lower premium aj of the

of arcmatics and aromatizing capacity.

ely explored in the laboratary, -
it was not considered worthwhile to dehydtogenate | :
to supply an additional olefin o alkyld Hon am

volume ofaliylate-at a sacrifice in quality. In caloulating the
_optimum position on isoparaffin productién, the most stress was placed

propans, for example,

1) *A

_the

co-was at & -
relatively greater availabint; )

- “:'.me a.lkylat.ion plants vaz'ied,lin..a”fav reépecﬁs cnlytran those

the surface, compressing and liquefying, and returning the 1i

feed, The reactor itself was sometimes
~external recycla of reactor-hydrocarbon:
pure isobutane, propared from- -

ratio,

15

- Rofrigeration-of- &Wrmmooumlinhedby_mpozamg&im
' to

a stirred antoclave with no
‘ghase-being-practiced.  Only .
through-a series of -

colums, was then used for recycle to build up the isobutane to olefin



aiatedofantﬂngandeooling essal, : —wa :

the rofrigerating cycle, 2 d.rculat:lng pump, ad a timo tank. Bmad-
sion was recycled, and a portion of the emulsion was withdrawmn to a
~:2§t&ing—venel,—umwhioh.acid uan_x!dcyoled back to the mi:d.n; ves-

The. :lmporbaxrb operating variables .md yiold t:lgurea tor a buty-
lene plant employing the last described roactor system are summarised
4n-Table III.- Triisobutylene from ET 110 plants was used for alky-
lation feed vdun ava:llable, and the alikylate yleld and quality were

od when usg&tho oqutvalent mmt‘or——

1sobutylm

Regeneratim ot apent salfuric acid from" mqlation was prac- "
umwmm(m%mm alkylation

acid was diluted to ca. 50 percent concentration, the liberated oil
(tar) layer was separated off, and the acid was reconcentrated in &

melix%exoaaol" to 93 or 9 porccut. acid. It ‘was then fortifiod with
S0, to W‘mtrm 7 — _ o

'.l'ho rollow:lng documents, t.ransnﬂ.ttod to the Bureau of Shipa s I
J.ato.to_allqlatims L

A:Ikylierung aliphat:l.schor Kohlms
aeretotte. ,;._;

(1.G: Leuna — Dr.. Pohl 11 reporb of 6 Jan., 19&3)

IY.' Allqrner\mg -4 ur |
'(I.g}. I.euna _flow' di_ggram of A].kylat:\.on P.l.ant.)
. V. Miglierung. und Destillation -

(—I;G. Lanna- roport by-Dr, -Strits of about
April 1944) -
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R

“n-Butane, percent wt. T T340
n~-Butylene, percent wt, # _ - - | R 4.3
Propane, percent wt, ' C 6.9
Ratio Isobutane to Olefin 1n Feed A3

o - Mo - . X ._v a e s e T e e

—— _Prossure, atms, — - » 1.5
Temperature, F _ 32 .
“Fresh HpS0;, Feed,’ percent wt.. aczi.d | 98
HpS0;, in Reactor Acid Fhase, percent wt. - 90=-92

d ion, lbs, szg/smon ‘ o ‘
of Aviation Alkylate ' 0.80 -
R&tio ‘Isobutane, to Olefin - = - | o L
r——— . €8, 95

Yields Prodix
T TéIumea_I'sobubana cmmdw

.. -

 volume Olefin Feed L 1,32

: 1.7
m—mmrw; of —— —
——Aviation Alkylate, Unleaded — - —— 94—

Octmmnber,madpdvdth 435 co -

‘Aviation Alkylate,.percent volume of
 total .Debutanized Alkylate o T 93.5
Composition of Aviation. .A.'lkylate, percent volume

2,3 Dimethyl Butane : .

110

"2} Dimethyl Pentans e S
2,2;4 'rmthyl Pentane- =~ 2a
,a.a S S -
2323 - o Lo 28
““Nonanes X 10

*0Of which alpha bubylene is h3 percent and" beta butylene is 57 percent.

ar-
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k. gntheua of Isoparafnna (Cont'd.)

(c) Thﬂ Peg_ogtan mﬂnﬁa. S

_The premium value of triptane as an aviation gasoline component

&

/m “recognized in Cermany and much effort was put forth to. develop &
" mothod for its synthesis., The most extensive study was m@gﬁiy‘h re=

—saearch group from I.G. - Ludwigshafen-Oppau. T

Some triptane was first made by a Grignard reaction for tuting
to establish its anti-knock properties. In contemplating then whit
reaction could be used for its commercial production, the combination
“of isopropyl chloride (chlorpropane-2) with isobutane was considered.
Aho, by the use of the—am type of roaction, 1t was conaj.dered Rt -

DALY oY, H o-' ol . e
14

bu, asnother octane vrlt.h ontatanding ant.i-lmock propertiee.

' In19h3aprogram of study of the above gge of reactionwuunder-
taken.. Propyl chloride was first made by direct reaction of propane
and chlorine, using ultraviolet 1light as a catalyst. An 8:1 mol fatio
of propane to chlorine was fed into a vertical iron tube, down the cen-
ter of which was a meroury-arc tube.- The feed inlet temperature was--
70 degrees - fahrenheit and the heat of réaction was adequate to raise
the temperature of the system to 14O degrees fahrenheit.. A pressure

of 20 atmospheres was maintained to keep the system totally. liqu:l.d

The product was fractionated, removing first hydrogen chlor_i.de, then
propane, and then scparating the two monochlor isonera. A’,vary amall

yield oif reslidue remained, _

*‘—n:e—fsoprgpzl chloride was reacted*with*isb’bm "at“32 degrees
y fahrenheit, us:mg both ultravj.olet. light and a alurry of a.lunimn

isobutane ’ and one part of 51013 were agitated under ult'aviolet l:l.ght
until HC1 liberation subsided. The HC1l was removed, then iscbutane was
separated, and the higher boiling materials were examined. No triptane
was ever found in the product, but essentially the entire yield.was a
mixture of iscparaffins boiling-in the 190 to-370-degrees fahrenheit -
range. About 50 percent of the yield was 2,2,3 trimethyl pentane, and
most of the product boiled between 210 and 230 degrees fahrenheit. The
octane number of the total mixture was 96 to 98 and the r:l.oh mixf.ure
rating exceeded that of 2, »U trimethyl pentane.

—18=



" dodos

:I:t was' tcund that chlorpropho-ilm ﬁquny as etfecuw as uo- |

mers ‘was diaconﬁmda.ltotri
below 190 degrees fahrenheit formed iu__thg ‘reaction o¢ould be recyclod

s e

back into the system wif Based on propans and isobutane
teedo,—anﬁo —percent migh&ﬂ.wtmumd—be_obmned.————

fhe 2Bove operation was proposed as a process and the prodnct was
named "Peroptan®. A plant. to'produce abeit 100 barrels per day was
bemg;deumdimmmnmnhn-m—bmkby—mly——r
19L5 it not progressed boyond ths . desi.gn stage. The plant was o
take. 1 chlorids available at 7 v
plant. . The Teactor for propyl chloride -1apbntmm to. be a kO« .
‘barxel _autoclave. The 190 to 370 degrees falirenheit fraction was %o .
be ooparatad and given a puﬂ.m.ng tvdrouenatim cnr mnay nickol

’conhﬁ.mdinthae tract:ton»‘"' '.; . ",-' , -’: v

: Inobutwl chloride and ter‘u.ary butyl cblorida were aho reaotsd
with ‘ispbutane, following the same general. proocedire as given above -
for propyl chlorides. No 2,2,3,3 tetramethyl butane was ewrﬂdatemd
in the. p:oducta. T4 was found that the produots from the two butyl --
chlorides were the same and; swprisingly, they were very similar to-
the products from propyl chlou-id”o. .‘l'ha canpoai.t:l.m and qua:u.txen mo
-not sim.ﬁcanth di‘ferent. - S

_gmm-nommamwmmﬂm
could not be obtained. = . . 1.

_othor. affarts o ayntheuse highly. branohed parafum weranada in

mumt the tqnmdngdocmam,mlm.twd to the mreau ot Shipa,
relate to the chemistry of thaae atudiess . e S

L ’

VI Jemnmn lihuhn.:

—— (TG~ lixdwigshafen-«-reviow-by

Dr. meren of . 22 ect.ober 19&3)
- VII. 2,2,3 n'ineﬂvlbutanpnd andere -

verzweigte Kohlenwasserstoffe dm'ch
Hydrierung von mulvleeamaure

BT i



 (1.0.-Indwigshafen - mmw or..
i Bueren of 15 hbrnaw Lk) :

- VIII. Ble mchtigaun naun upd Herstollun-

in unter

Vemndmg als lotoru'oibatotfe. o
{I.0e~ Jndwtaha:onstabuhmot_
16 March 19“:)- S

ﬁapmueqlquammcewmnmrmm

reatly different: A;‘jutm vat

' m German reactors were operated at 200 to 210 depees tahrenheit
-undexr-16-atmospheres-pressure.——The-normal- bntaua—feed—@o%-roact& -
-contained 10-percent weight HC1l. - The AlCly catalyst-(te ~grade)-
was put into the yeactors in crude lump form. At 200 degrou,fd___j ren=_

heit and a liquid hourly space velocity of 3.0 -(volumes pitl }OTrma
~butane ‘per-volums—of -catalyst-per-hour),-a conversien-of cas- Smpa'-
cent was obtained and a 96 percent weight recovery of total Cj was
obtained. The aluminum chloride. eonampt:l.on was not _above 1.2 percent
anhydrous Hc1 was 0.6 percenf we:lght.

N 'me conversion of nomal to uobutune eon‘.[i Feinmm .

but the C), Fecovery to e pernt 1ght andt o
uon ased somewhat, : '

There are .attached quite complete. doscripﬁons and a ﬂ.ou d:l-asram :
~of the proceas, —The-reactor-design described is interest
~“aluminum chloride catalyst was put in on*top“of—raectiun*of'nuchig*

rings, and both below ‘the rings and above the catalyst layers there -
were large free spaces (volumes) in the vertical reactor. The feed

butane-HC1l mixture entered the bottom of the reactor and flowed upward.
4s the catalyst formed lvdrocarbon complexes, it began to fluidize and




L. Synthesis of Iab&_{nna gdHCont'd.g o

JoC e

AMM@MMM_
off into the reactor free space was campletely spant. The spent li-
—quid-collected-in the bottom head of the reactor-and was withdrawn.

The ﬁea—upmibave—thrhwrof—utﬂyatmm—u a zone of —
"aftor reaction® in which sublimed catalyst would react with the bu-' .
“tano m m'rxtmtwmmw
ba carried out as sublimed AlCl3. (In practice this was not quite rea-
lised and: nc13 did carry over, daqai‘.ng condensar hxbo plugging )

—Although mm-moﬁrWﬂmmW
- actor, eondenaer, piping, etc. ’ on:ly J.ow earbon ateela were nvailable.

'buf.with " teed, corrosion mnoeeriona operat:lng
~problen. : / s .

the proceu hadbeen extens:l.va]y studiqd_in tha J.aboratory

R “otﬁteehnical_interm_laa_ame_ren h_conducted by I.G.-Iauna o
~and by the_ Ka:l.ser mlhelm Inatit.uta 1n n on. the iaanar.t.uon of

Cs” paratf:l.na.u_- . S _ S

auane nmmauonmyamm ﬁout.von a. nomal hea:ane_mcﬂ.cn
(frcm Fischer-Tropsch) at I.G.-lcuna. A S50 atmosphere pressure of
_;"_,‘m—applied;‘and*the ;ﬁ,_atn-e*m—lﬁoto 175 degteeo{ah-—~

WWWW
_with SBGl3 or chlorinated ooarbons or ne to obtain a liquid

;phsaa—caiﬂyot—at—the—o Wmm‘em"‘ ﬁi.?‘t‘
“with & contact time of ‘S-hours gave a 70 -pércent conversion, and the -

approximate yield structure was 15 percent weight of“z_z_dlmﬂiﬁ bu-
tane, 10 percent weight of 2,3 dimethyl butane, 10 percent weight of 3
-methyl pentane, .15 percent weight of 2 methyl pentane, 30 percent. :
‘weight unconverted normal hexane, ‘and 20 percent weight of C P
_other components., (Ethane and propane were usially absent thg‘“‘“
~products produced-by- cracking-# ~ieobutawm—the—m&a—preéumr——
diaproportionation reactiona) o

Iess-cracking is-obtained iﬁ—parafﬁn—iameriuuonmwdro-
‘gen pressure is high and temperature is low., Of course, as tamperature
18 lowered a longor contact time is required in order to attain a given

v....zI., —_
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\h. gnthesia of Isoparaffins (d)(cont'd. )
—conversion:- : - ~_'~'- s -,m -

~In am—mﬁmm%&mmma—of hydrogen, 160 4o

175 dogrees fahrenhelt, 0,2 mols of ° lwl ~and 72 mols of HC1- permol“od'
normal hexane, and a contact time of a t. 18 hours, a 90“peroant eon-
ve:aion_ot.nmmﬁm,ghtdmm “very little c:acnng_
proportionation-ocourred, Based on total hexanes, the yield was 5?
percent of 2,2 dimethyl butane, 9 perocent of 2,3 dimethyl mtane, 31
percent of a mixture-of the two met!vl pent.anea, and-3 peroeut of un=-
conver‘hed normal hexane.

o _
I.G. consider that the praoucal appucati.onm of nomal hexana

convarsiou, and "they oat.:l.mated that atsuch conversionfbhe dimaﬂvl
) qu ;I.gomrs would be more than half ot ths tot.al isomer y.leld.

' Isomerization of normal mttﬂte’d—mﬂar—lvdrws—
‘sures up to several hundred atmospheres. It was found irpossible even
under these conditions to a.vo:l.d substantial craeld.ng of heptane in oon—
- tact with nc13. L \ e

'\ . The producﬁ.on of branched hexanes by tha uannrlution otf cvolo-
hexane was studied. Cyclohexans was contacted with 1S5 percent : t
of A1Cl3 and 7 percent weight of anhydrons HCl in the pregence- -of-150 -

_atnosphgms of hydrogens At & temperature of 210 demes fahrenhai.t
and-a contact time of 6 hours, the product obtained was a i 3
one_percent mi@tWW&%Wm,m
cent of 2,3 dimethyl butane, 18 percént of a mixture of 2 and 3 methyl ~

-pentanes;—asmall-amount—-of normal -hexane, a-amall :amw*ret*mtlwl———
cyclopentane, -and_the rest Was_ unconverted « qrclohezana ,,,,, It was stated

MMgM o-unum
changed from the operat.ion. . , '

The following documente tramm.tted to the mmau of Sh:l.pa, relate
to paratfindsmerizaﬁonz —_— e :

TTIX. Die Isanariaierung ‘von n-mtmr*”*“
mit AlCl
“(I.G., ?auna reboit. by Dre
—Pohl II; etciof - 22%&\1&17 :I.9l,;3)w

=22~



© %, “Schema der Isomerisierungs
—(I.0.-1puna - flow diagran of
_-butane isomerisation plant). -

XI. Isomerisation. .
———of-early-29Ul). — o
T P RIS Brueon
T .pr. Koch on 24 June WL3). T

_ Since isoparaffins constituted only 10 to 15 percent volume of C-3
_gasoline and none of Belj, and-since components other than- synthetic_iso-
—paraffins and base stocks were used only in small Entities-in—those—
aviation fuels, the base stocks themselves then consisted at least 85

percent of Germany's total aviation gasoline volume. .f N

o uonotm” “ba BE -gtocks arigi inated in coal and ‘coal_tar_ hydro-__.
' genation plants, Only a very small volume of carefully selected
petroleun fractions was blended direotly into aviation gasolings,-- The

TUAILI G L EETES e -

_Brix, Gelsenkirchen, Bohlen, Magdeburg, Blechhammer, and Wesseling ;11 |
produced aviation base stocks. These plants consist of three stages-of
“hydrogenation, the first (sump) phase being the bulk destructiom opéra=—
tion to produce an intermediate boiling distillats from the coal or
o am_: P ,.,,’;:‘.i,,..,,.A_":;”g“ peihey _,.._.__:_ _':&Lf, . _g_g;:-,:_:g;_;:;:.:_:—w

and-the:third-being- a-fine- hydrogenaticn _step producing directly (as
bod.limg above the gasoline end -point 18 recyc _back -to the thira =
stage feede.-. . - o :

- The B-4 aviation gasoline’of Germany was this hydrogenated gaso- -
1ine, stabilized to the specified vapor pressure {refer. Table II).
The quality varied somewhat, depending upon ths raw material to hydro-
genatdon, and individual gasolines needsd some quality correction,
either with small amounte of isoparaffin or outside base stocks. In
‘ganeral, however, the straight hydrogenation gasolines- constituted the
total supply of B-§ quality. - In Table IV-are- given-a-fow-average data

lagpge high pressure Wogemmm'avmmwf—*

-23-



Lor— mwmonm&obMMJm_antMomuon
‘plant: feeda, a11 of which were- used-4in ‘Germany- during the war.

Peod to-Rydrogenation -~ ﬁ-ﬂ_m-m-*—-sm——srm~~smﬂ~—“
@ genation - "”‘“""“""coal 0051 Coal Tar ~Coal Tar

B-hBaaeSt.ock

mmw at 59°F. . oL 00723 _ 700730 s 00725 _ 00725
~ at 212°F. . S 65 57 - 58 65
End Point,°l?. 270 308 . 302 320
Paraffin Content, peroent volum S3 Lo 60 ) ',37
_Naphthene ¥ *hz,-___ _M~_52*30 -
~ Content, percent volumo ' -5 - -8 10 8
‘Method, Unleaded ; - .. 13 [ 76
-Octane - Rumber,; Motor T S
—Mathod;—with-Ls35-—cec ‘
~ 'retraewktaaﬁ/oanon e L o L. i
—Wot ‘the hi.gh*quanw 85 percent base" ctock coaponent tﬁ“ B

ved additional ‘of the hydro=

~genated gaoonms. In order to obtain gasoclinos that were high in anti-

knock performance throughout the uhole range of a:l.r-tml ratios, aroma-
t.ising proceasea were mvoked. L _ '

———— .._’__A_-_‘ SO e i

By apply:l.ng a particular ot operating conditiona to the second
atage of -hydrogenation, the 1-=-Welhein installation produced a -
high aromatic content base atock directly. Distillate from the sump
phase hydrogenation of coal tar pitch-was fed to-a second stage opera~- -
ting at 700 atmospheres pressure _over a new catalyst containing molybe -
denum, chromium, and lead on an inert carrier. At 930 degrees fahrens.
heit and in one step,.a 350 degrees fahrenheit -end point gasoline was
produced which contained 4O to 45 percent volume aromatics and which was
used directly as the base stock ingredient of C-3 gasoline., This base

<2l



MM&_@M,—MWMwWW
in hydrogenation plants a highly. aromatic aviation gasoline-base ———— -
stock was a new development in Germany and was- widely disc '
It ia likely that appncationa to locats.ona other than 'ﬂalbe:l.m would

| Berhape the nost-mwmt aronauaing operatton was the 'DHD .
Procegs", an operation used ‘on hydrogenated gasoline to increase their
aronatic contents, Hydroforming was also used, but on a small scale .

only.  Catalytic cracking was studied but no plant was in ope;-ation..__,,z
Alao‘ aavaral proceases wore in operation uyuthea:l.mg individnal :

nnevolume. There arediscuasad below these proeeues and tbeircon— -
u':l.bnt:l.ona to the German avuuon gaaonne oupply.

(a) The DHIS Procesa. .

‘ me DHED procesa (n_alwdrierung unter Druck or detvdrogeuaucn

under ‘pressure) was developed bty I.0. in Indwigshafen. It was a
catalytic process for increasing the aromatic content of a gasoline, -
through both naphthene dervdrogenation and paraffin ml:l.uti.on. ,

— At theemd bftha“m“thaurnra “Louxr k)—DmTlmWoperuum"
mdngana:en, Ienna, Scholvan and. ran ts. combined intake capacity

mcme of t.heir high naphthena contanta, gaaonnes trom atein
coal and stein cral tars werc preforred feeds to DHD. Ry alter:lng
cperating conditions to encourage paraffin cycliszation as well as
naphthene dehydrogenation, gasolines from brown coal brown coal

tars were also greatly increased in- ai'onau.c content by t.h:la operdﬁoh.

_ The feed gasolines to the process_had end points of " about 360
degrees fahrenheit, Thesc feeds were first atabilized to remove ca.
15 percent volume cverhead which was t.he non-naphthenc containing




Jine-was-then pumped together with recyclod hydrogen gas through & —
ﬁqggp;gduemammw&~WMr;mw “raised the tempera-
ture to 930 dagrees fahrenheit. The vapor mixture-entered- tha top_of -
the first of a series of five (5) reactows. . The operating pressure -
was - atmospheres--%ota. of which D8 mospheres was mmogan—
paruupgeame,nMnWﬁedtg@m-oﬁMﬂm4m
(or.its tar). For stein coal gasolines, the total pressure was 50
atmospheres, of which 35 was hydrogen. (The lower pressure with
brown coal materials was used to encourage ‘affin cyolisation).

“The’ Foactors were nﬁa'ifth“g_camt—cmuung—of_mmu},

RS Al DYeclD

with molybdenun axide and formed into cubes—of about % inch on a side.
(Catalyst was made from #Tonerde" (hydrated alumina earth). The earth
was first dissolved aystic and then procipitated ét‘moqy‘lﬁa;d
drifd up to an 80 percent Al03 concentration, pilied- : X
cubes, and calcined at 8LO°F. “The catalyst cubes were then washed
with an ammonium molybdate solution of such concentration that the
—final dried. catalgat«contgi@sl_lg;ﬁi{céﬂi wt. of Ho03s The.catalyst
was dried at hOOOF. for a short period and ‘then at 750 s;—until-all-
ammonia liberation ceased. The apparent ‘density of the finished cata-
_lyst was about 0.8.) Each reactor contained about 280 cubic feet of
 catalyst. The reactors had steel shells Hined with fire brick-and-an—
internal liner of N8 stecl., The space velocity employed wag about 0.5
~yolumes of liquid fecd per volumes -of total catalys “4n the system per-
CROWY s e e e LT

me""e‘nd‘othern:tc-*heav'of:rgmmd—the—w $ure—to drop
from 930 degrees fahrenheit at the top of the first. reactor to 8LO
degrees fahrenheit ﬁt—we—bottom—extt.—i—hea%er—ﬂmmm_
plied after each of the first four reactors,. raising the temperature
back to 930 degrees fahrenheit at, the top of the-‘second and third re-
actors. ith the extent of reaction subsiding, the entering tempera=
ture in the fourth reactor was raised to 950 degrees ‘fahrenheit, its .
exit-temperaturefwa&»caﬁ%mdegreesftahmnhaﬁgzqnd the fifth reac—
tor feed was 970 degrees fahrenheit with very little temperature drop

occurring through ite - - , :

& sixth reactor was used for ‘saturation of olefins. After leav— -
ing the fifth reactor, the temperature was lowercd to.about 650 degrees

-26-



. ’“‘"“""“Lf‘ber'“‘hO“‘bm' ,_otmam,m_m_ml :guoline,“or—?so_—bom—
with stein coal ucts,. & regeneration: for carbon removal was neces-

a1 hour period was required for, the complete regenera-
tion. In regeneration; exit-gas was re cycled—_to_control _burning rate—
mw \foerature to & @ mm~ofl,030&@°°| fm‘.t.
The carbon deposition on catalyst was equivalent to about one percent
weight of brown coal gasoline and 0.1 percent weight of stein coal
gascline, which correspondedto-a-coke-content-on spent.catalyst of
_about 3 pereent weight. ‘ . ' A

——ths1ife of the “Wt—‘mJumi_,&ﬁ& Qn‘d Perm‘_'ﬁ_'m
_become considerably longer with more operating experience. Sulfur

wad_a definite catalyst polson, but this was & problem in-Germaly om=

y-when-operating om-Ccu '»'!"?!!-L‘ 3 OoNs N enere n
the lowest possibls sulfur content should be chosen as feeds.

. Operating under the above described copditions, the yield of

'—red:l.atuhd,',;atabmsed;.wMJS__ianS:;prmt~w-nzgh§fpt;——
the stabilizcd gasoline fed to the DHD unit proper. {The higher
yield was obtained from stein coal gasolines).

The DHD outturn contained 65 percent volume of aromatics, 8o
. : r original 1S percent of lom boiling fraction was re-.
‘blended, the final gasoline contained about 50 percent voluma of
arcmatics, . The overall weight yield, based on the original hydro=

_gasoline, was therefore 78 to 87 percent, and the corres-
ponding volune yleld figures wore 75 to 83 percent.

5o final produst f¥on this DHD operation had-the-following —
average properties: . o

- -Density at. 59° F. = 0,780
.Volume percent distilling |
_~~_at_~2120_ﬁ. - . . ~

End Paint, © F. . 340
,maﬁma’ per“nt wyolume_ . ... 30 _
_Naphthenes, percent volume - - 20
Arcmatics, percent volume T80

.27‘ -



5. Synthesis of Aromatics and Production of Base Stocks (a){Conttd,.

__olefins, porcent volume _loss than 0.5

___unlesded _ 80
- potaiie Number; Motor Method; -
- with 1435 co. Tetrasthyl oa.
L Ocm-_mt,_l?m_!bﬂ“’dt —_ et
unloaded, of Residual Ol -
____after Aromatic Extraction - 70

_ There appears on the following page a photostat of an I<Q: tabu~-
Alaﬁonjshod.ug__the_pnope:tieaﬁoLDHD* gasolines made from various raw
_A cépy of a spesch by Dr. Pler of I.G. in 15L1 was transmitted

to-the-Bureau-of-Ships. - This paper-gives some -of-the-background of -

T AT MRy Lt

a3 AYIALLDD rasoIAne Ve ODME ~

o 'e:l:l.sttn*t e-of-'w' T .
XIII. . Jber Fliegerbensine und :i.hre

o = “,,‘i'_"::ﬂ'f‘ T Herstellung.— = .
‘ (.I.‘GA;;IWV iidl-ﬂ . e‘: IF-A_ me.ch P
- Dr. Pler on 21 November 19{1)

posi

There. was also transmitted the following document describing the
Em v 3 . . B e L - ""'W“:""‘_"“"" T e e —

" P e

2

" XIV. Technische Entwicklung des DHD-
-Verfahrens,

- (I.G.~Indwigshafen-Report of
' 15 October 1942)

(b) HRydroforming.
. There were twoa(2) hydroforming plants in operation. in _German .
; ‘territory, Both werc located in the Moosbierbaum refinery near
i' Vienna. A straight run petroleum gasoline boiling from ;{0"&0"330'
degrees fahrenheit was hydroformed in conventional discontinuous -
units. (The process and design data were obtained from America.)
Both Routianian and Austrian crudes-were- proeessed at this refinery.

28~
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nmumwwsomu tahmnheimﬂ_._f-
oity was 0,5 volumes of oil per volume of catalyst perhonr The .
catalyst was 5 to 10 percent weight MoO3j on aluning:- B

The operating cycle was from 17 to 30 hour;_!_it.h L 9 hom requred
for regeneration.

. The!uﬂrofornedprod_nctmmdinthesmmrumm
gaaonne; 1.04, 88 the baaa stock Yor c-3 grade aviation gasoline.

Y caldatarorthe

| a.ver gb;qm operaon.
. TABLEW, .. .

Yield and Anslytical Data on Moosbierbaum rwing of Straight
Yieldpata " —Feed - —Product -
Gagoline, percont wt, I ~ 100.0 . 7.0
mmmttma‘tdue,—pereen#% T e 3.5
cl—-gu ;—pereantrw%. s : — *f___n:g__
180 hne. perce wt, o === 10D
ta.ne,—pencent_ut- e ——— 2.7
Total I 100,0 ° 100:0
Analytical Data o S :
‘Density at 66° F. | © . 0.750 0,776
msumum, gF., IOBQPO m 112
“‘Distillation, F., End Point e - [ B > ¢ B
Distilled at 212 F., percent v°1une - 18 36
Distilled at 320° Fs, porcent Volume . 95 . 9
_Olefin -Content, percent Volume g 0.5 1.5 .
Aromatic- Content, percent Volume o - iy . .-.5h
Naphthene Content, percent volume Ll 8
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Reid Vapor Prauum, e, 6.3 - S.a
Octans Number, Motor Method, unlesded ‘8 eo_
f---oetmvmrmumagknm h.35 cc. e R

*_kanr—uﬂahren und - mhge Ilooabierbaun.
—(I.G. = Ieuna = TEport mn‘fiimr
ot 9 neemer 19!;1)

Oermaw was of diethyl ben:ene ] Tbe“&ﬁeﬂcabp
\\ atx;d iiihopau ‘produced. toget.her about 300 bmela per aaur of thtl
> o ,W v il e g elt] theman " 1] A na
Benzene was alkylated with ef.lvl.ene and the product, cmt.a,ind.ng aome
diethyl benzens, 4nto-ope—fraction all
of the diethyl compound together with a gnall amount of higher boil-
:ng alngji::ted bengenea. ‘ntl.a tract:l.on bonad fron 325 ‘to 350 &grees

ST Na cumene eiaopropyl benzene) was. hein&made, but one mt.ana-g
\ tion was baing considered for producing a mixture ‘of -alkyl bensenes
which would have contained cumene. Propane was to have been drackod
thernally, yielding ethylene and propylene, and the olefins would -
then have been selectively absorbed with a copper rii trate-ethanol -
ardine solution. The mixed olefins were to be used to alkylate .bensens,
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i:iﬁ:tachnioal interest is a new Oermn procesa, &wm
applied-on large commercial scale, to dealkylate high boiling aromatics .1/
.-and-reduce--their boiling points down-into-the gasoline range, —The pro- -
ceos; known as the "Arobin Verfahren®, was considered for application
on high aromatic content hydroforming and DHD residucs boiling fron 3LO
to perhaps 600 degrees fahrenheit (50 percent points of“ca, 380 degrees
“fahrenheit). A catalyst of synthetic alumimm silicate containing one
-at-a-temperature—of 750-to—780-dagroes—

W
?ahrenheit and undor 3 hydrogen pressure of 200 atmospheres. At a .
space welocity of one volums total liquid feed (of which 50 percent is
recycle) per volums catalyst per hour, an 85 to 87 percent weight yield
-of 330 degrees Fahrenheit end point produst containing- 70 -percent vol= -
une aromatics was obtained. A hydrogen consurption equal to?pereent‘
weight of the product gaaonna was incurred, Through the use of the
‘high hydrogen preassure, coke daposition on the catalyst was very low
and long operating cycles (i.e., soveral hundred-hours) ware pmd.tcead
Mmmm

lg.a mmcﬂauor m
owra One -~

_lgjg_j&__t-ma ij;Lecta

_XVII Das Arolnn - Verfahren.

(1.6, ~ Isuna -~ -report by Dr. Wols
——of—zz—mwheruha;._, — ,

R

(I.G.-Iam-material now diagran
of 13 July 19h3) :

xIx “~ericht Uber dte erato—
_ . Fahrperiode. des_Arobinofens.
(1.G.~1lpuna-memorandun of -

27 March 194L).




e —TIEIE I. )

‘Yield and Analytical Data on Fbed and Producta “of Arobin Process.

) neld, Forcont Wt. ' o _!};_O;d -~ - . Product
(fa“gonng‘—“**"7-3;9---»"»“—“5;,~--f EEm T 100.0 85‘7 to 8?
__Isobutane
- "Normal Butane B
Anagtiéal Data - -
e gt T ‘_K - - —— DY = - ¥ o
ms ; f.ion, QFQ’ I.B.P. ‘ 3,40 120
T . 50 percent - 380 — 260
L I " B.P. , 600 . 330
Ammﬁm(:ontent, percent voluma I “‘”95 e 65
Naphthene Content, percent volume .~ == 27
Paraffin Content; percent-volume . - : 8
Promine Number - ‘ - ca.8 0.8
‘Octane Number, Hotor Method, unleaded - 86—
‘Octane Nunber, Motor Method, with- .~ —
135 ce. Tetrasthy -

(d) catglgﬁic Cracking.
nxere ‘were no connercial scale catalytic cracld.ng unita .'m opera-

tion 1n Oerman areas. One was being planned for oporation—at-lcosbier-

bam in. Auatria, a. p].ant to carry out an operation mferred to as cata-
.. . I >3 1 rOCO88e 1 B 0 7211} w a mi

underground reﬁnery planned” for tiiedersachmrfen (near Nordhauaen)

to have a cata,lytic um.t.# I S

et

The. uoosbierbaum and Niedersachswerren uni.t.s wore to proceu crnda
o1l fractions to produce aviation gasoline base stocks. The development
‘work on the process was done by I.G. at Leuna, and a large pilot plant
had been built at Deuben (south of Leuna). ‘
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cation was quite- similar to-the TCC process in use in America, A
silica-alumina catalyst, in the form of small spheres, was to be used

“at a temperature of -8LO degrees fahrenheit and atmo /e pressure to
crack straight run gas oll boiling up to about 750 degrees fahrenhelt,
_The-silica-alumina catalyst was made as follows: (A caustic aluminate.
_solution was acidified at 220° F., with nitric acid to a PH 0f 6,5.  The~
uz-o%epre itate was washed. free of sodium ion and dried at 210 F., %o
a water content of 25 to 30 percent wt. The dried Alp03 was then mixed
with 15 percent of 1ts weight of 810, (Kieselguhr). The mixed oxides -
were-thén ground-until 90-percent-passed through a screen contalning
10,000 epenings per meter. The powder was moistened with water acidi=
.1ed sRAWIRAS [ ass ,' el ..nb--. and then Nes ‘ ,,,,"A.. —2U—
hours. It was extruded into ecylindrical pellets, and put bétween two
-counter revolving plates-which rolled the cylinders into small spheres
“of ca, 0.2 inchos diameters, The spheres—then-were heated at- 7 S
8409 F., for 8 to 12 hours,) The main ylield was to be a 3LO degrees
fahrenheit end point distillate for use directly, without repassing or —
_other treatment,-in C=3-quality-aviation-gasoline, -A-30 percent weight
yield of this fraction, a 3 percent weight- yleld of hydrogen plus me-
“thane plus ethane-ethylene, and a coke-yield-ol- —-percent—wt,,—all-based-.
on feed, were anticipated, A conversion of 50 percent volume; lse.y; a
~disappearance of one-half (}) of the feed from its initial boiling range,
mas expected while employing a’ space Veloocity of 006 volumss of liquid

feed per volume of catalyst (in reactor) per howr, ==~ =

UG VU -

.

" Catalyst regeneration was to bo carricd out at a temperature not—

_____ The plant design was to employ one catalyst elevator only. The
regenerator would be mounted directly above the reactor, and rogeners
ated catalyst would be dropped directly through control valves into ..
the top of the Teactors —catalyst from the botton of ~the—reacto
would then be elevated to the top of the regenerator. -

I

-~ A set of test data was reported for the catalytic acking of 355
to 670 degrees fahrenheit fraction from a mixed base crude, using a—
0.5 space velocity and 790 degrees fahrenheit reactor temperature. A
36 percent weight yield of 330 degrees fahrenheit end poinp gasoline
was obtained which contained 20 percent weight aromatics and 4 percent
weight olefins. The unleaded octane number was 75, and with L.35 cubic
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s tetrasthyl lead -per-gallon as9li,— The-yield of low
1i.ng components throngh butanes was 6.7 percent we:!.ght of which B.T
percent was isobutane, .

It 'na.s the opi.nion of moat Geman tcchnieal peopla :l.nterrogated
that catalytic cracking of the above type or of- throﬂanlmd
in America, could- wmued appncationa in Furope, The proceds
was being considered during the war only because. it represented a method

of making aviation gasoline directly from crude oil fractions. (The
hydrogenation of such fractions of crude ‘011 does not give: nigh quality
-gasolines)s —Catalytic-ocracking is not. ' ) noableﬁ:bogs;a;:-;
tars directly because of high -carbon—deposition-on-ocatalyst -1
process haa no- obﬂ.oua appncaﬁon in MWW
tens, .

_.._m_rowwc\ments transmitted to mnfmrpar-—
tain to this process of oata]yuc cracking* SR

——XXs Flugbenzin~durch~xatalyuschu xraclnen.
(I.G.—Ieuna—report w nr. Xanfnann of
:_.Iu]y 9h2).

mr—na—magrm—ot—I'GﬁW
) Cata.‘llt:lc cracld.ng Unit.

.- Lrle p . . -
operation deaigned mw 10 crack tbe’“ Intede
-intermediate Fischer=Tropsc -

A —paratﬁ:n residuas—of
WMM@M
chemical syntheses, A plant was being conatructed at Hol‘hen ‘on the ba-

sis of development work ca.rried out t.here. T T T

... The reaction" was*dep:lzl-d to“‘obtain the w:immvi:eld—of——low boil-
ing olefins for synihesis. of high octane aviation gasoline ingredientss
< It had been concluded that the normal parafﬁ.n di.d not reapond ade~
“quately to conventional catalytic cracking,- “that their isomerisation - -
was not a promising possibility, and hence that destruction to low boil-
'ing molecules (synthesis raw aw materials) over a catalyst was the most
a’otract.ive ‘method of converting them to hfgh performance fuels.

: 'rhe operatim was to be at low (atmspharic) pressure and 930 de-
grees fahrenheit over a synthetic silica~alumina catalyst of 0.7 appar-

ant—demi%—&—nquiupme_mlocitw‘_oLAAJ.Im to be employed in
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original boiling rangs) of a 3L0 to 660 degrees fahrenheit Fissher= ——
“Tropsch fraction. Of the converted feed material, 75 percent appeared. -

as C3, Cl, and Cg_fractions, of which about 90-percen$-wers-olefins. Gas=_
_ oline was only 15 percent of the converted yleld,  * T

- By employing-a recycle, a 75 percent weight ultimate yield of us-
able matcrials could be realized. - .

" The process was to be discontinuous, with catalyst regeneradon -
-gfter?operattng;cyeles—-ofwwfto~25_ndnutes.ﬁ_rhe.-_caxbon.,,,y:!.eldmm_.gé&;:A
“mated to be le5 percent weight of reactor-feeds: T

.. In Table VII is given a set of of yield and product composition
-data characteristicof this operati _A-copy of a repors by Ruhrchemie,
_which describes quite complétely the development of the process and-i%e—
‘planned application, was forwarded to the Bureau of Shipss.

XXII. —Herstellung von Isogasolen. -
_.__und Flugbenzin aus Synthese-
....,;_,pr.od‘ukten,,,, e

4&Mheme_mpm-_.~
Kolling in January 19L3).

~Yield-and Product Co

' Feed to process is Fischer-Tropsch fraction of 3U0 to 660 degrees fahren=
mit boi - _> ran_ge' S R e — e e e QI e e .-.. R

4

~“Yields of Components, . - — -
Percent wt. of Feed :

Total Conversion . . .o . _ . 40 percen® wt. of feed
Gasoline (Cg to cae 320 F.) 6-8 . N

Cg Fraction - P 766-9.6

Cp Fraction 10-12

C3 Fraction . 8«10

Co Fraction 2-2,8

Methanc & Hydrogen. Ooli=0.8
Coke : 1.2=16




Yield and Product CO_n_xgosgtion»fhta 4.R\ﬂﬁ‘¢mﬁe;,'dam, cGracld_-'!S_-.

MOleﬁé_;ngteﬂté, Erc‘ent..ﬁvolvum '

_Iso-Contents, percent volums -

- ~Cg Paraffins - - 60-65
Cg Olefins . 415=50
O Parattiay === 6065
—_CE—,O: P .'.;_:;7:lfi.:_f:’:’f_;:L. -
6. Conclusions.

_———{a) The maximum-rate- of-production. of-total aviation gasolines.
—scm;eyad*tw—'ﬁéfm—_durfmrthwwarﬂvaa:rcﬁghly:So;oooibamla:per; Py
_of which essentially” the entire volume came from cocal and coal tar hy-
drogenation plants. Of this. total volume of liquid, about 10 percent
was synthetic isopara 8, cent-was—higharomatic-content-base —

eSS 2 yarogens DN D.LaU E380LILN08 , OllU
~the remaining SO-percent-wasalmost-entirely hydrogenation plant _gaso-
lines of aviation gasoline endpoint and volatility. "

(%) wo_geatos of-aviation gascline mere produced, one with &
_motor.-method octane riumber of 91, and the other of 95. The former,
labeled B~k (blue) contained about 10 percent volume aromatics, while

WTWMGWWMMnt volume
- ;aromt.ics—andwwould_FﬁuT:faIIEii]m‘iétEHIghéerbjgﬂumugglarrioh"m;x-»

: 4.35 cc. tetra~ethyl lead per -

ture conditions, - Both grades contained

gallon (Ameriean). The SO percent distilled specifications were 221
and 230 degrees fahrenheit, for B-h and C-3, respectively. . .

. (¢) The B-li grade was produced directly. by the addition of tetra-
ethyl lead to the entire liquid product from the large coal and eeal
tar hydrogenation plants., The volatility was adjusted to about 7 pounds
_Reid vapor pressure by stabilizifig and no further refining or blending
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6. Ceonclusions (c)(Cont'd.) -

was done.,

(d) 'I'he c-3 grade was a leaded blend of about 15 percent volume
of synthetic isoparaffins and 85 percent volume of a base stock contain-
ing L5 %o 50 percent volume aromatics, produced by further processing of
a hydrogenated gasoline almost identical to unleaded B-h. _The C=3 grade
represtnted at-least two-thirds (2/3) of the. combined wolume of the two.
‘grades; - ) -

(e) Small amounts of synthetic aromatic compounds such as diethyl
benzene, were used-as components, but with unimportant exceptions, no
~additives or components other than those mentioned above were included
wwmwzmwmw

(f) Had raw materiala and manufacturing faci]:lties been available s

l 7 . A '_V g ‘ - ’ . . A »
aromatic content of the C-=3 grade, The ~rlch -mixture performance of the
gasolines was satistactory for engines being bu:i.lt and uaed.

(g) mthetic :Lsopa.rafﬂns were mnufaotured primarily by the
alkylati.on of- bu'lzrlenea_sndj:aohutaue‘;‘t:&md.sobutylene_polymﬁSa-w o
tion and polymer hydrogenation was being carried out. No propylene:orxr
“amylene alkylation was being done, No triptane synthesis had been de-
_veloped,_a.nd_no_isoparafﬁn—syatheaea—other—th&n—thoee—mwtionedﬂbovs—

mre—beﬁxgjaed.———

(h)'_ Isobutylene for .po]ymeﬂzation was made by detwdrogenation‘
of 1sobutyl alcohol which was synthesized directly from carbon monéxide
and hydrogen, Normal butylene for alkylation was produced by - oatalyti.c
dehydrogenation of normal butanc produced by the coal and tar hydrogena-
‘tion plants. Isobutane for alkylation came in part directly from the
hydrogenation plants and in J:art m' cat&lnig_iammm_oum
—the~norml butane - _ e ——

(i) To produce the bulk of high aromatic content ba.se atock used
in C-3, a process known as DHD was employed. This process produced
aromatics both by dehydrogenation of naphthemes and by cycligation of
paraffins, Hydroforming was used at one refinery to produce base stock,
of quality eligible for use in C=3 grade, from Austri.an and Roumanian
crude oll fractions.
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76.‘ ' ”Co’nclusi.bné QCOnt' d. )

)_Ho_naj;a]y_tic_cxa mmjm_mma,_m_
the process had been” stwmﬁwcmﬁs‘mmﬁm were being —
planned. It is generally agreed that catalytic cracking of the type
-employed tod: “{n-America—will not find wide application—in the-
thetic oil industry. It was of interest to Germany only as a wartime
‘means of" pa-oducing -aviation gasolinég. - The -units being- planned-were--
Amugu.n_gggg_ml_dﬁgptoamcmtandmretomamtheuc
silica—-alumina cata.]yat.

(k) Some" wrprucenerda‘veinped‘m—camw during the ‘war-years -
‘but.which were not_in commercial. operaticm included: e

(3) A cata.lytic procesa for producing an ultimate weight
yield of ’{0 to 78 percent of toluene from noma.l hept.ana ’ and

——n (&3 ,_I, - - T — e P, - ol
fins by combining propane and :leobutane via eh]brination.

(1) Jet fuels - we‘fe*ﬁtxrg‘prod‘memﬂmmrate—ofﬂ.
1,000-barrels per-day in-19Lk. The fusl was a mixture of gasoline and-
diesel oil fractions. -The specifications for Jed fuel were lenients no-
umisual qua]ity was demanded and no unuaual specif:lcat:l.ona were fort.h-
com:l.ng _

' Prep_ared by: _
, .

——Toehnician. -



CAPPENDIX I T
THE DEHYDROGENATION OF BUTANE TO BUTYLENE.

W

™o (2) methods for—the—dehydrogenation o “butane ~to-produce feed.
for polymerigation and aslkylation plants were studied in Germany. One
involved the direct release of hydrogen over a catalyst, and -the other
was_via-chlorination and HCl splitting. The catalytic “dehydrogenation —
process was developed by I.G. and plants were built at three locations.,
The chlorination process was also developed by I.Ges but no commercial .
installation was made or planned, For genoral information, however,:-
jhere;ia;a_ttached,ap_&geiss Ano" diagram -ota lvpo,t«hetical plant emplw-
ing the chlorination process. P e

' The catalytic dehydrogenation process was carried out at 1020 to
1100-degrees-fahrenheit at_practically atmospheric pressure, using a
mta?qst—conm-tmg—of—e—pereem o scont—weij ‘_t‘__%%_g:
‘and 90 percent weight Al O3, The conversion to -olofins was ca. '

percent per pass when a space velocity of 8 volumes of liquid butane

W:of:cmfr“wr*hm;ja&tu&%é;JA T

" Tne catalyst was made by first "pmdpiﬂ&ﬂg—&lﬂmiﬂ&:f”m-:an~.-—-~'--"""'
aluminum sul'f_ate solution, then dﬁWﬂg%~pmoithate,ﬁ_‘

Wmﬁwmmd_wmmmg@, pilled, dried,
. and put_into the reactor. The finished eatalys$é had an apparent den—-
—atty-—of 1.0 ‘ AR ) . :

Thereactorwaa & vertical bundle of 2% inch tubes with flue gas -
circulated zround the tubes. The tubes were made of 17 percent chrome,
. 17 percent nickel, "hight molybderum content stoel. The flue gas cir- -

 culated around the tubes was at a-temperature about 200 degrecs ~fahren=-
heit above tha‘bof the inside catalyst. - T T T T

N gawgt_m_cgnmmgeg:&—ﬂe—wp—eum—bmd}nm_
- tinually withdrawn at the ‘bottom.  The time required for the catalyst
to pass through the tubc was about 200 hourss Catalyst deactivation. ..
_occurred primarily through earbon formation and dcpositions—The-spent—
catalyst contained ‘2.5 percent weight carbon and in regeneration with
air it was reduced to 1.5 percont weight and returned to the system.
~In the regeneration, care whs taken that the temperature did not exceed
the operating level of 1020 to 1100 degrecs fahrenhelt,

—The—same—space—velocity and conversion were uscd for both normal

-}0-



appendix I (Cont'dgl

_and isobutane, but with normal butane the operating temperature was
1100 degrees fahrenheit compared with 1020 degrees fahrenheit ifor 1so0-
butane. : : S : a

, The exit stream from the dehydrogenation furnace was first cooled
ahaffhéﬁfﬁydfpgcn;”mcthanE?and“otherﬂlow~boiling~materials~werewseparam
atcd.. The butane-butylcne_mixture then was fed directly to alkylation.
Acid 1life in alkylation was markedly influenced by the quality of dehy-
drogenation product. Small amounts of butadiene ‘adversely affected
acid life. Butadienc formation was.minimized by carefully controlled
dehydrogenation furnace operation, particularly avoliding tube plugging
with resulting catclyst overheating. ' :

In obtaining 2 product containing 18 percent olefins, ‘a total"
woight loss of about 5 percent is incurred, That is, a 95 percent
Weipht Fecovery— —e—fraction-is_obtained, On this basis,-am—
ultimate weight conversion of 78 percent butanc to butylene is realized.
losses through fractionation and alkylation plants will-of course re-

~ duce this figurec. . . , A :

'~ Dehydrogenation under hydrogen pressurc was studied, and the low
pressure*systemﬂwcs’chosenﬁin~pre£érengeu (This decision-was_influcnced.
__by the difficulty of obtaining high pressurc equipment in Europe during |
the war). - B

— _The following documecnts, transmitted to thc Bureau ol Ships, relate
to this subjects: - - R , o L ]

¥

XXIII. " Dehydrierung _ | B
= (I = Leuna - report of Dr. Herbert)

. XX1V. .Materialfragen in dcr Dehydrierung.
fj*__“__LPgiitz_z_nepnrt_ni_lnu_jﬁ&h&n&z)____

XXV. Mengenschema zur AT Anlege mit —
——katalytischer Dehydrierunge——
~ (I.G.~lcuna - flow diagram and

material balance..of system in-.
cluding catalytic dehydrogenatian
of normal butane) ' o

—Li-



Apggndix T (Cont'd.)

IXVI Dic_ Katalytische Dchydr1erung

~von Propan zu Propen.

. (I.Gs - .leuna - report e
== Nowotny-of-16-March-1!

‘*XIVII

‘ﬁﬂillﬁ. - lcuna = proccss flow

Chlordnchydricrung~nach Bahr ——

diagran of butane dunydrogena—
tion plant) :



“APPENDIX II 7
THE L NUF.CTURE OF NITRATION GRALDE TOLUENE.

—-—;4he_German;supply;of;nitration:gradc:iolﬂene;camﬁ,ﬁzgmﬂsevcraldm
sources. 1In addition to coal tar fractionation and refining of DHD

fractions, thcrc were cmployed the Witol process; the-leutol-process,
_and aronatization of heptanes. : SR E ‘

The DHD process is fundanentally a deviece for producing aromatics,
and it was logically scen to be a potential source of toluene. Some
nitration grade tolucne was made directly from the normal DHD product
ty scparation of a C7 fraction and application of mcthanol in an azco-

isti z apr-i ance ction was
separated from the DHD product and rcpassed again through the sanmec
_proccss. _The repassed product was then fractionatcd diréctly witshout
fthﬁf&id_affadd§Qf§gcntSftO*?rOdﬂcewtOluﬁﬂe*Ofﬁﬁi%?&%iOﬂ-&P&de_tInmvw -
both cascs, sulfuric acid trcatment and rodistillation were employed
as a finishing opcration. :

~ The Witol process was 2 synthesis of toluenc by the combination
of-methanol-and benzence A four to onc ratio of benzenc to mcthanol
was rcacted; and the alkylated bengzenes consisted of 70-percent tolu=-
_ene _2nd 30 pcreent higher hosolopucss,

76 produce toluenc from the poly-mcthylated bonzenes; theeutol
_process, which was quite similar to the Arobin proccss (discussed in
thiSMreport),»wasremployed‘~rIn-themLeutol-proccss,;an;aluminum;silis;
cate-molybdenun oxide catz2lyst is uscd, with a hydrogen pressurc of
ca. 200 atmosphercs, to dealkylate the higher boiling compounds,

"~ ~ " Perhaps of widcst technical interest, howcver, is thc heptane
—aromatizing proccss developed by Ruhrchemic.. A plant was being built

————The Rulrchemic Cyclizing process is-spocially=designed-for—hep-
fractions would consist largely of normal heptanc, with pcrhaps 10
percent of heptenc-1 and 5§ percent of other heptenes. This mixturc
was to bz carcfully fractionatcd from Cg and Cg components; i.e. to
99.5 percent purity. It wos then to be passed-over a chrome=alunina
‘catalyst at natmospheric pressurc and a temperaturc of 860 degrces
fahrenheit.  The chrome—alumina catnlyst was mede as follows:

=}3-



Eppgndixﬂli*ﬁcont' d 2

@ompwmmmmmwmmw
ner, but carcful washing was considered important, Thc ground alunina
was then nmixed with purc chronie nitrate.salt with adequatc water to
pake a viscous mixturc. . This mass was coxtruded-into small cylinders,
dricd and finzlly roasted at a tomperature of 1200 degreecs fahrenheit.
-Smol)l-anounts—of-‘eobalty nickel, manganessy—and-thoyium-had-been-uscd —
in individual tcsts as uctivators.) .By using 2 liquid hourly spacc
velocity of QO.l, a 50 perccnt conversion to tolu.rr was anticipated.

By thc rceycle of unconvorted heptanc - heptens, en ultiante yield of
tolucne equal to 78 pcregnt woight of the feod was obtained in a pilot
plant; this figure was- g.xpccrd to decrease to. 70 percent in the com=—
mz_rcial plant, . . _ S : I

In th¢ pilot plant, in oo»ainmg > 50 percent weight yield of
tolucnc in onc pzss, the total loss to othcr naterials was ca. 1.2 per—
eent—weight -hydrogen; -percont—weight methane and-other-low boiling ma-—
terials,; ond 3 to— )r—pcrccnt*w"xght—ofﬂight—gnsohm_higlr—boihmrresi-

ducs, etc, _ ‘ .

. The reactidn"'cjrCIE in this process was one-half "(%) H(Sii_x‘ on.pro-
duction, about onc—quarter hour oxidizing off carbon, and onc-quartcr
hour reducing the-catalyst aftor oxidatione — Inthe reduction-step;
Mmgcz_producad in the operation is usecd, '

R ‘tolm.nc is ‘scparated” rro-‘-.—the'réactor‘prodvrct‘nquid”by"stm?
2ets

nitration- nge snec:.fi.cations. i P

The use of a low pmssuro opcration without hydrogcrx recyclc is
possiblc bceausc of the abacnco of “cyclopentancs in-the fecds -4t Ylovi- -
pressure _cyclopcntanc, Luoudccmoswmvemm cax:boman&msulh
in—- zy—rap:.d—catalyst—foulirr

Ruhrchcnic was planning the zapplication of this process to a wide
boiling (190-t0-3900-F. ) Fischer~Tropsch-fraction-to-inprove-it-as—a—-
motor gasolino componecnt. Such a fraction could be reformed by this
method to give 2 93 pcercent weight yicld of materisl of the sanc boil-
ing rangec as-the feede -With 2 U7 percent volume aromatic content, the
octane nunbcr of the product would ‘bc 68 comparced with 18 for the feed.

The eatalyst lifc was .stimated to be about onc year, which would
be equivalu.n‘b to a c;atﬂlyst consunption of rougchly onc pound per barrel

—
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Appendix il (Cont'd.)

‘A genernl dcscription .of the procéss as announced by Ruhrcheni‘e
'in19h3 wes transrﬂ:tttrd tothe Burcau of Ships:

"W“MW“M1mmadkettrgen—
aliphatischen Kohlenwassorstoffen
aus der Fischer-Tropsch - Synthese.
(Ruhrchemie - report by Dr. Rottig
iz January 19h3).






