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TECHNICAL REFORT No, 14545

THEMANUI:‘AETURE OF AVIATION GASOLINE ;[N GERMANY .

- SUMMARY /
., This report records information cbtainefd’ by “technical -
investigators on ‘the qmgity,ﬁq;@mx!,_mpogition) ~and--—
Tmanufactire of German ‘aviatio gasqli_nes‘during.tha_past v
War years, . - L E S o

hd (SN

. Figﬁi‘es for the quantities of comﬁonqhts and finighed - ;4
gasolines produced are. presented and ~analyzed, The qualities
and-compositions of the different grades are shown and dige=—
cussed, : . ) TR L

~ - - The methods- and' plants used in Germany: for synthesizing
- isoparaffins, for manufacturing ‘base stocks, and for synthe~
'81zing aromatics are describéd. Process and operating data -
are given for these operations, particularly where the prac-
tice is new or different from that used in the United Statess

_ ' j.."'i'h'e ,‘e'jynf}hés:i‘.:\s of nitration grade t)aiuene is ‘deseribed -

[ . s SRR :

. There are gtbached to 'the original opy of this report

‘several German documents which will serve to elaborate some
‘of the subjects covered herein, - .

Sy o5
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THE MANUFACTURE OF AVITION GASOLINE TN GERMANY
1. Introduction.

It was well known that Germany had always dopended largely on
synthetic operations for her liquid fuel supply. 4s 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 ‘ever increasing quality of aviation gasoline used by the - -
Allies was paralleled by -that of-the German supply. . The many new
processes applied in America”for manufacturing high quality BESO="T
lines were well understood by the Germans, ‘They obtained information
through ATlied technical publications, through analysis of gasoline '
from captured planes, and otherwise, At the same: time, German re-.
search in great force was supplying new processes, many the same as
those being. developed by the Allies, to their own operations. . To- -

ward the end .of the war the—quality of fuel being used by the Ger-

man’ fighter planes was quite si nilar to that being used by the AlTies.

- 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.
Kso, from examination of the gasoline in captured énemy planes, it.
was believed that no radically new compounds were being synthesized
‘by the enemy. It could be anticipated, however,. that new manufae-
turing techniques and technology might be found, that. new designs in.
engineering might be seen, or that new or ‘better catalysts might be -
in use in the various synthetic processes.. = T

_ - - Inthe course of the technical survey being reported herein,
most of the plants that menufactured aviation gasoliine components-
were visited, - Many industrial and government: technical-peoplo-were-
interrogated, = A great variety and volume of technical and opera-.. .
ting documents. were obtained: and studied. e AR

. In the following sections are discussed the overall German -
_position on supply of aviation gasoline, -and there: are described

the plants and processes ‘producing the isopa;'affin’,’ ‘base sto’ck,_ and .

-3e



P Intmductién (Cont.'d.) AT L

aromatic components. , Some of the newer research work is deacribod
The manufacture of nitration grade. ‘toluene is also reported because
ite productlon was rather closely related to the aviat:.on gasoline

systems. o . L et

M —_— 7 . NI )

_ 2 Sugg]_,x a.nd Comms:.t:.on of Avia.t:.on Gasgl:'mes. o
| (a) S_W‘ES_BE. Lo ". S s e

" -The German aviat:.on gasoline volume came. vary largely from the -
- synthetic oil plants that hydrogenated coals and coal tars, - A very
. .- small volume only.came from petroleum, while essentially none. ehime -

W_ . from the. Fischer~Tropsch plants...Some. ’”c“omponents;n small. volume .; IR
came from various chemical plants. ’ ‘ L
0o e — = : L

: . Parallel to the s:.’cua.tlon in-the. United. Sta.tes s great efi‘ort's
o were pub forth continually in Germany to inerease the supply.of
© aviation gasoline., ‘Much of the new construction was never completed
' due i‘:.rstly to- Allled bomb:.ng and then to termination of the war s

. .. In:Table I is g:.ven &’ p al b:«eakdovm of the sources e.nd
T volumes oi‘ supply of anc.t:r.oﬂ’ ‘gé.sohnes a.nd the:.r componenta.

L o
Company 'and’L’o'cation, Total Av—.\.a’o:.on Base Stocks - Synthetic¢ .~ -
e Commnents & Aromat:.co - Isoparaffins
LG <lewa .. 6 L9007 5,500 1400
'.V'Braba’g‘.TBBhIén h 100_.'._'.‘ \’14,100 IR RT— o o A
. Brabag - Mapdeburg - 2,750 2,750 5 e e
Hibernia ‘= Scholven - 5 , 800 f,': h,o’+00 T TALL00 T
Gelsenberg - Gelsenkirchen 2 ;000 8 000 “ 1 e e

- BBlits AG. ~ FBlits . . © 13,900 128007
Rhembraun Wessel:mg 2 750___‘(_ D 250

+Ruhrfl < Weihein” : b 1000, o
Sudetendeubache = Brﬁx 5’ 5,500 Lo
St AT .

N\ - e L 1
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2, Supply and'éomsition of Aviation Gaéoli.nés (a)(Cont'd,)

TABLE T (Continued)

Company and Location Total Aviation. Base Stocks - Synthebic
L ) _Components & Aromstics =~ Lsoparaifins

1.G. - Oppau © 1,200 . 1,200 - 100
I1.G, - Heydebrek - - 600 - 300 - - 300
'1,G. = Moosbierbaum . 2,000 -0 2,000 e
1.G. - Schopau - . i 22000 L2000 e e

QeI e,

Plants. . 5570005053004 700
Aronatic Oils from R
Goal Tar- - T 3,100 0 1,1000 T

e volune figures given in Table I ropresent the highest pro-
diction level in 1943 before bomb damage. interfered groatly with< ..

production. (The highest production for an entire month was in 1943
and the average daily volume during that mpx_'xthvwas.sz,'ZQO barrels.)
At that time, when the meximum daily production of total awiation -
gaaqliﬁé*”vﬁiieﬁbéut 56,000 barrels, there was under. construction, 6r' .

- being. developed;, extensions: to increase that figure to mnearly 100,000
verrels. (It is interesting to note that ‘at“the time the aviation
gasoline production reached the figure of 56,000 barrels: per “day, the.
Fotal German motor gasoline production was 5%5,000 barrels per day.) -

S (v) Céiﬁm’lsijbion .énizll"vsﬁéc‘:‘yficaﬁibn_s_._ R

~ . There viéfé,tv}kb  (12)' grades of -a.ir:‘iatioh;'gaisoiine‘j pr’odqded :.n i

‘yolume in Germany, one the B-k or blue grade, and the .other the .VC\—S

or green grade, . Both- grades were leaded with the equivalent of -

4,35 cubic centimeters tetraethyl lead per gallon,. The B-h grade
was simply a fraction of the gasoline product, from coal and coal tar

" hydrogenation, It contained normelly 10 to 15 pe[rqem') ‘wolume aro- "
matics, 45 percent volumd naphthenes, and the _remainder- paraffins. .
The ‘octane number was. 89 by & measurament \»corr,espo‘ndi;‘_}fxg to the CoFuR.

Kl
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2.~ Supply and Composition of Aviation Gasolines (b)(Cont'd.)

~motox method. The C-3 grade: was a misture of 10 to 15 percent volume’

-of synthetic isoparaffins, ,(e;,lkyla.t,qs,and.isqocta.nes)_,e.nd 85 percent of
‘an aromatized base stock produced by hydroforming types of operation -
on -coal and coal tar hydrogengtion gasolines, .The.C=3 grade was, per=
mitted .fo contain not-more than 45 pércent. volume, aromatics. This.
aromatic limitation gometimes. required that the base’ stock’ componerit”
include soms. diluent other than thg.aromatic, fraction, which could’. ~
‘then be balanced if necessary by thé inclusion of slightly more iso- °
paraffin, (The C-3 grade corresponded roughly to the U, S. gfade 130

gasoline, although the, cetane number of C-3 was specified to be only
j_"9_5"‘_’,e‘.rid‘iit8’"rl_'ea.n.'mijux‘e performence was. somewhRat ‘poorer, )

~——-The~edmponent s of the two- grades-weie-therefore-simple-and-few-in—
number, -* The isoparaffins were produced by standard, well known methods
and there was nothing abnormal found in their compositions, .The base- .
stocks were fractionated to ‘end points of 300:t0:320 degrees fahrenheit.
No- normal isopentane-separation was carried out; and the pentane and .
butane contents were adjusted simply . for vapor pressure control. ' Small-
amountg;of specially synthesized aromatic compounds were included from

‘time to.time, bubt no regular large scale usg of such materials was

practiced, -Wo aromatic ‘amines or other. special. additives were uged, .

. Oxidabtion inhibitors were not used-in-the regular. blended:avia-
tion gasolings, It will be seen that the components were in general -
of guch nature. that oxidation inhibition "should ot have been neces< -
sary,  Lead deposition ‘from fuels-was an- operating’ problem, however,
but no-inhibipors were used- for its prevention.” This !lead instabi~’ -
1ity" was Delicved to be related to-arcmatic content,.and fear of:lcad.
deposiits. was a: reason for the limitation of the aromatic-contents of -

“the twogrades, - L. Lo e SR e s

. i The ‘relative volumes of production’of the two grades darnot be

acourately given; but in the last war, years the. major volume, perhaps’
" two~thirds 52/3)& of the total, wag the C’-B sgrade.. “Bvéry effort was
_being made toward the end of the war ko increase isoparaffin produc- -
‘tion so that C~3 volume could. be increased for figliter plane use. -
The isoparaffin usage in that. grade had alréady been cut to & mind~.

- In Table II are given the-imporbart KIM (Reichs Luftfahrtminis-

terium) specifications for ‘aviation gasolines supplied to the Air
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) M:m:.stry.
-subject of diesel.
Diesel. Fuel" )

»The eomplete specifica’oion sheet -js-appenhded,
sheet are also given.specifications-for aircraft- diesel fuel.

Biixé Grade -

Denslty at 59°F
.D:.sta.llatlon °F. s IBP N
=10 percent o
- '50 percent
;90 percent
' E.P e . 5
_,Recovery, percen‘o volume
Reid Vapor Pressure lbsi-

_Aromatie Content, percent volume‘,

Tetrasthyl Lead Conbent, - .
v ‘percent, volume o

_E:bhylene D:.broin:.de ‘Content,
Mel‘o:mg Point, OF

percent volmxie_

) Lea(ied Oc‘c.ane Number (Motor Method)

On that RLM
{The

fuel manufacture in Germany is being covered by a
U, S. Naval Technical Miss:.on in- Europa Reporb entitled

“Germa.n

Green Grade
. g.! 3
0 710 _'0.760 0.?60 0. 795
104 min.- 104 min, =
167 max.. - 176 max..
. R2) max.. - 230 ‘max.,
©320 max, 320 max,"
338 max.: 356 max. -
~ 7.0 max, . 6.3 max,
25 max I+5 max.

",‘1

.115 0.120 0 115 - 0 120

0.050 O 053
"'7 m&x.
89" min

00050 - 00053
o =T

6ma.x--
95min

Not.e--The nuxbure response curve for each gasolme sha&l at least.

equal that of ‘a standard reference fuel

aix-fuel ratios between 0,75 and’

1.3.

, supplied by the R.L.M.,
} The following document transm:\.tted

%o the Bureau of Sh:.ps relates to spec:.flcatlons. ‘

1. ,Technlsche La.ei’erbedingungen i‘ur
die: Flugmotoren—Frontkraftstoffe.
(RLM specifications’ for. ana’oion

gasoln_nes )e .

/at a1l



(c) E_:n_ging Testi__x_ig

_ The arrb:.-knock performane,e of airu'af'c fuels- was évaluated in-two
(2) different marmers: 'by:the octane number, ‘using a “yest’ very similar
to the C.F.RsiMotor. Method and by a mixture rosponse’ curve, - The:-spe-

cifications of B-4 and~G-3 fuels include both oct.ane number~ and the
mixbure response curvas. .
o Qctane numbér -was measured o\ he one-cylinder “l.G Prufmotor"
_The tech: technidal da.ﬁa fOr th:.s engine abg as followa:

65. mm.,

. 1w m. [T . ‘.7“‘“.
T e
: 0T kWl T

‘Consumption at 900 rpm. — 600, cc. per hOur
“Compression Ratio ~— e \~ _/t;. Jt.o “15:0 ~
Inlet valve clearance. (cold) = . 0,R0° :
Inlet valve opens P 219 after top center
Inlet valve closes 4 ST i L SRR B
Outlet valve clearance. (cold) : 0425
“Outlet valve-opens - . i ‘ H173 “afber top cen‘oer
Outlet valve closes FECAERE 3° before top cen‘oer

The values obtamed w.:.th 'bh:.s I.G. test: engine agrae qulte closely . with
‘those’ obta:med on the CJF.Re eng:.ne.‘ ‘511 values:given herein: ‘for oc=
tane; numbers motor ‘method, were d determmed on ‘I:Ge eng:.nes. The-teet """
oi"""x‘ﬁéasurement of anation fuels were as followsn -

£ 900 P TS

Cool:.ng Med:.um S in AR e Glycol and Water o

Gopling Medium Temperature S "'.—"*300°F

’Inlet Temperaturs of -~ . .~ . - Sl
‘Fuel=air mixbure B 300°F g

'.Ign:.tzon A e o 22° before top center

Start of "medium

'Gompression Rat:.o o R
. Ea hea.vy" knodd.ng

B o .
i T e By ,f “x -

. The mix‘oure-response curwes‘ of- azrwaft.,‘fuels V(ere measured ona
B.M.W. (Ba.yensche Motoranwerke) 132—F smgle cylinder engme. ‘Liquidb
mjecbion was. emp oyed and the follow:mg test . conditlons ‘were used. D

-.‘ —8; H e
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2. Supply and Composition of v.Avi;;.ién Gasolines (c)(Cont?d.)
Speed . | 1600 rpm.

Compression Ratioy: = 6.5
Cooling air temperature - - L by,

"Cooling. air pressure’ ST 200 mm HoO.
-Begin Mqu@ion T i R60 10-30aster
, g v ot top.center. -

Injection Pressure L . .60 atmospheres .
Inlet air temperature . .. - ., 175° and 2659F.
Ignition . . e TR ~ Highest power output
o S PP SR _.at air to fuel - -
T " ratios of 0,7, 0.9,
, - . 1.3 without knock-
-Air-to-Fuel-Ratio-— - T £ B T
_Measurement of knock - - Audible L

- Thers are-attached on *Ege'-‘fbl‘ﬂdinin‘gbﬁég"es two (2) small photo- .
graphs which give several comparable mixture resﬁ&nse_values and: plots
for different.components and fuels. - : DR T S

" The first'is a plot of air-fuel ratio (abscié,sa). againﬁﬁ}’uséfﬁl" .
pressure in atmospheres, ‘The B-4 and C-3 fuels are shown thereon (02

is motor method octane number).

7 Fhe séﬁ:ond is.’-a..’iable mthat:.tle meé.nirig' ?'Mi;cbixzﬁe;—Respohse" Power
Outputs for Aromatic:Fuels" showing relative:power outputs of- s'everﬁl-’ .
" components at air-fuel ratios of 0,9 and 1,1, and also their motor '

method and research method-octane numbers,; The top group is for. m:i_i-
tures. of 50 pepcent’ volume of 73 octane number (unleaded) coal. hydro~
“genation gasoline, leaded with 435 cc, tetrasthyl lead per gellon, .
~and 50 percent volume of eich of the components. listed; also leaded,
- 'The lower group 'is.of well kndwn maberials for: comparison, (Flieger-

benzol. is aircraft fuel; Dehydrier means "from dehydrogenation. pro-.
.cess"; Aromatisierungs means "produced by a process yielding high -
<L Thé "composition of C-3; with a high aromatic content, resulted.
‘in-that- gasoline having a good rich mixture ( less than 1,0) per-
“formances Its pérformance, i.e.; allpwable power output, at lean -
mixture was not entirely satisfactory, hewever. .If more isoparaffin.
had ‘been included; the lean mixture performance would have been -
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2, ply and Compos:u.t:.on of Av:.at.lon Gagol:.nes ‘c)SCont.'d,l

improved. This was recOgm.zed as:: the- outstanding shortcoming in the-
German aviation. fuel quality position. Had' raw materials énd - equ:.p-
‘ment been available,.more isoparaffins would have.beeti included.in -
the C=3'blend, As- isoparaffin- contént :.ncreased the ;aromatic c¢on~
tent could simultaneously have been.decreased (by use of. base stocks
.with octane numbers equal to those of the. aromatic-base stocks) a.nd

a gasoline with increased-heat content would have resulted. . However, :
‘because of the relatively greater -ease of manufacturing ayomatics, they
were used: in large quantity to help gain-a satisfactory -lean mixture’
performance w:.th the result that . rlch m:xture perfomance was not

'

'—— (d) Safetv Aviation Fuels : L L P

~-»av1atn.on f'ue}s. ‘The: Germans ‘were. qu:.te aware of the. des:.rablllty i
of sadfsty fuels, : Tests had been made with '390 to 660 degrees . -
fahrenheit fractions of ‘¢oal and coal tar hydrogenation. products 3"
but no mll sca.le use of such materials was being made..= R

= Some tests had been made to relate flash po;mt and boillng range
of a“Safe'by fuel:“to ‘its ‘resistance te. 1gm.t:.on by incendiary bullebs.
It was doncludéd from this work that.for a safety fuel to be efféc- .
tive, the flash point must-exceed 200 degrees. fabrenhe:.t and should
e :m the region' of 300 degrees fahrenhea.’o. T, : ‘

S m.f:.ea‘olons and Su 'ofA Fuéls. .

, ‘l‘he requn.rements for 1efh fuels :m Germany were :i.ncreas:mg rap:.d -
1y at'the end of the.war., The 1944 consumption was 650 barrels per.
day, and it was planned to increase that’ figure to 3,250 barrels per
jay in 1945. While that consumption. apparently never was reached;
the demands. had become- apprecmable m terms of: Germany's a.va:.lable
supply of l:.qu.md i‘uels. = , R oo

. Mixtures of gasolme and ch.esel Lodl- i‘ract.:.ons were. used as i‘uel
in 1914.2;, but with increasing requ:a.rements efforts were being made to
use hlgher ‘boiling fractions only in order:to:release all: gasoline .
for other cr:.t:n.eal uges, .Tests: were m progress us:.ng ma.ter:.als from



, RESTR.ICTEL
3. Sgec:.fico.tlons and Suppl;z of Jet Fuels SCoht'd.}
" The tests had shown tha.t only a low aromatic content could be tol- _
erated if ‘¢lean burmng was to be obtained, and it was also concluded

that some gasoline was necessary in order to obta:in sat:.sfactory
‘ 1gn1tz.on. , . . .

. The status tdwe.rd the end of the war was ‘that gasol:.ne—rlcfim
mixtures were still being used with the higher- boiling diluents being
any available mat.er;al such that the blend meb the follow:x.ng spec:.fl—
- cations. ‘ .

(1) Vlecosa.ty maximum 12 cent:xs‘bokes at -31 degrees fahrenhelt'
(or maximum 22 centistokes at - degrees fahrenheit). The viscosity
specification was to insure flow through the fuel pump and good d:.s-
tribution in the i‘uel jets

(2) Pour po:.nt maximum -31 degrees fahrenhelt. : (It wa.s stated
in another instance that in practice the. maximum pour point was =40
.degrees fahrenheit and that no crystal appearance could occur above.
-13 degrees fa.hrenhe:.t) In a flight.of one (1) to ‘one and one-~half
(11) hours, such as is experienced with jot fighters, the contents of
the fuel tank can reach a. temperature as low as =31 degrees fahren-
heit. For long distance flights it was believed that the ‘pour point
speclflcat:.on would havc to be lowered to -56 degrees fa.hrenheﬂ.t.

/

(3) The i‘uel shall burn without carbon format:.on. , Ax'omatlc oils
depos:Lt garbon in the combustlon ‘chamber and the turblne. . Paraffinic.
oils are clean, burning and therefore J«:J.es;u'ed for jet fuels, It was
the-opinion in Germany that the chemical character (and hence ‘burning

: qua.la.ty) of the fuel was of more imporbance t.han such propex:bles as -
boil:mg ra.nge. E o

(1+) Heatlng va.lue m:.m.mmn 18 000 BIU per pound

‘5) Sulfur content ma.xnmum 1 0 percent. we:.ght.

14, . xp_thesis of Isogaraﬁ‘:ms.

Isoparaffms were eyntheslzed comnerc:.e.lly in. Germa.ny by two (2)
processes; isobutylene polymerization followed by hydrogenation ¢ of T
‘the polymer,: and by alkylation of ‘butylenes and isobutane, Of the -
“two processes ’ allq'lat:.on was much the more mporta.nt from the s‘hand-

PR
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point. of volume .produced, = Both ‘of the above .processes have been,.
highly developed in Amerjica, and the-Geyman ‘applications were not
more highly developed than present practice elgewhere, .They are -
described below, however, together with the methods by which their
raw materials are produced., . = - -, . R R

~~—The Foduction of isoparaffiris other than those obtained from - .
the two commercial processes was given extensive. study, The synthesis

of triptane was studied and a.process was -designed from this work , &l
though triptane itself is not.the end product, This development is
described below. - . -~ . .. S -

‘The isomerization of normal butane. wés_bémg—.carried but commer— -
cially to supply iscbutane to_alkylation. The_commercial process-used.
is described in this section together with some new research on the
isomerization of normal C¢ and .07 Raraffins, ERE

~ (a)  ILsobutyleno Po

nerization and Polymer Hydrogenation

. This process .i‘gr‘ isooctane manufacture, was employod at’ Leuna, .
Ludv;:!:gsb;a._f‘en;()pp_oau,"andHeydebrek.» s e L

VIsobutyl Synthese" (deseribed in U, S. Naval Technical Kiss:%oh. in —
‘Burope Report -titled "Synthesis of Hydrocarbons and Chemicals from
Mixtures of CO.and H;"). ' The-alcohol was dehydrated to isobutylenc = -
over precipitated alfimina at 630.to 680" dégrecs fahrenheit and nogmal
pressure, In this temperature interval -a _f‘95‘,' percent conversion of. .
alcohol to olefin was obtained, with a small acecompanying yield of
isobutyraldehyde. A4 one-pass-operation was therefore employed: .Igo=
-butyraldehyﬂew.and‘wat_e_r.were separated from the isobutylens by simple
distillations— The-aldehyde was hydrogenated to alcohol and'recyeled -
back to dehydration feed, ., .- - L

i Tsobutyl alechol was synthesiced diFectly from CO and H,, by thé

- Isobutylene: from the alcohol dehydration was - compressed to 20
atmospheres, hedted to 300 to 350 degrees fahrenheit and polymerized
over' a. catalyst of: 25 percent phosphoric acid on activated carbon,
‘Unpolymerized isobutylene was séparated and recycléd, and combined
dimers and-trimers were.taken overhead in a second column, leaving. .
only a small amount of high boiling polymers as bottoms. . The dimep-.
trimer mixture was then hydrogenated wider 200 atmosphares of -

=
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L. Synthesis ofleoparaffiné (2) (oontld) -

hydrogen_pressure at 660 degrees fahrenhe:.t using a tungsten nickel=
sulfide catalyst. A hydrogen recycle 5§ four (h) to one- (1) based on’
fresh’ hydrogen was, employed. .

_The hydrogenated .t‘ract:.on, known as ET llO or D.'J. 1000 ha.d the
follow:mg propertles. :

Dens:.ty at 590 R o.710'_

Distillation,. ° F I8P, 176
Distillation .. lO percent LA,
Da,si‘;:.llatloni 50 percent " - 217
Distillation 90 percent - .230
Dlstz.llat:z.on - EP- o 385

K Octane Number (Motox' Method)
‘Unleaded- 98 .-
. Oct.ane Number with 4.35 cc,
S Tetraethyl Lead,/ga.llon ll5

Bei‘ore the advent of the alkylation process A 1sobutylene was be-
ing produced by isobutane dehydrogenat:.on at Leuna, Pol:.tz ,; and. Schol-
-ven. 'Polymerization and polymer: hydrogenatlon syetems were used to "
convex't. this’ .1sobutylene to T-52, a. product nearly identical to ET 110,
The processing of the 1.sobutylene to. T—52 differed from the E‘l‘ 110
system only in that, due to -slightly different. feed compos:.t:.on, the -
polymerization- catalyst in the T 52 process was 50 percent’ phosphorn.c
acid on' asbestor instead of: tho 25 percent phosphorn.c ac:z.d on’ act:we
carbon catalyst :m the ET-110. system. ' C :

The follow:mg documont transm:.tted to the Bureau of Sh:.ps ‘ro-.
‘lates to thJ.s prooess' o g N -l :

Il. Herstellung von Dl. 1000" S
.+ . .. (Flow. diagram of the D::. 1000)
T e Tor EI‘ 110 prooeés)

(b) _x_la?tlﬁrs.f—_ _ “ﬁ.

Although research a.nd development work on alkylat:.on was started .
in Germany prior to- 19h0 the commercial product‘:n.on of alkylate did not -
beg:m until 1943. . Prior 'bo that: tme, Leuna s Pol:.tz » and Scholven had

TR
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bean' producing isobutylens by isobutane dehydrogenation, and those _
dehydrogenation. plants were thén shifted to normal butane feed, =

o Ih“,eai-;l.y.-"lm,"‘ these ‘t.'l-'xre_p‘plahts- were still the o;l;‘oqué:tihg
alkylation units, but plants were being constructed in Wesseling, -
Brux, Bohlen, and Blechhammer. Had these plants all been .completed

and put. into operation, Germany's alkylate ontturn would have risen

about 50 peréent "a’bbv?e her actual attained production, . °
. ;ane” dehydrogenatioch and isémerization processes were
both"in-use inGermany, Appendix I to this report describes dehy-""
~drogenation, 4nd the general subjéct 61’ isomerization is discussed
later, o T S el : S

-+ Normal bub

L)

- Only butylene alkylation was practiced in Germany. By the

application of the processes of’ dehydrogenation, isomerization, and
«alkylatji'on,f.ca components from the large coal and coal tar hydrogena
tion ‘plants could be totally converted to butylens alkylats. (Some :

- G, fraction was still being used as-liguefied gas, but nearly all of
the large hydrogenation plant -Cj, outturn‘was to have gone ultimately -
into alkylates), I v : DT
__ No propylene or amylene alkylation was carried out’ comhercially. -

~While. these operations had been completely explored in the laboratory,
it was not considered worthwhile. té ‘dehydrogenate propane, for example,

‘to supply an additional olefin to alkylation and thereby increase the.
volume of alkylate at:a -sacrifice in -guality. ~In calculating the' =

~optimum position on isoparaffin production, the most stress was placed:
on lean mixture performance rating, Rich mixture: performance was at a -
lower premium apparently because of the relatively greater aiiaiﬁbility

of aromatics and aromatizing capacity., - = , e

The alkylation plants varied in a few respects only from those.’
"in common Use in.America. -(Complete plant descriptions are attached).
Refrigeration of thé reactor was accomplished.-by ovaporating C, from -
the surface, compressing and liquefying;“and returning the 1liqdid to
feed. The regctor itself was sometimes a stirred antoclave with no: ..
—external recycle of redctor-hydrocarbon-phase-being “praecticed, Only -
pure :isobutane; prepared from reactor. product. through 2 series of .
colums, was then used for recycle to build up the iscbutans to. olefin
-ratio, T e : o

[Ty
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In other plants s however, a reactor system was 'used which con-
sisted of a mixing and cooling vessel, where vapor was withdrawn to. .
the refrigerating cycle, a circulating pump, and a time tonk, Emil-
sion was recycled, .and a portion of tho emulsion was withdrawn to a
sottling vessel, from which acid was recycled back to the mixing ves-
sel, - . o C C

lene plant employing the last described reactor system a € summarized
in Table III. Triisobutylene from ET 1i0 plants was used for alky-
lation feed when available, and the alkylate yield and quality were -
about equal to those obtained when using ‘the _equivalent amount of --
isobutylene. =~ == = I s . , : '

';‘he important operating variables and yield figures gf/o'r a buty-

R —m~-Régeneration'-"O'f*"sp'ént”‘sﬂi‘uific_ -acid from alkylation was prac-
ticed in at least one location (Leuna), . In that plant s alkylation
acid was diluted to ca._50 percent concentration, the liberated oil
(tar) layer was separated off, and the acid wag ‘reconcentrated in'a
"Pauling Kessel" to 93 or 94 percent ‘acid. It was then fortified with -
SO3 to 98 percent concentration, ° - B e T
~ The following documenbs , transmitted to the Bureau of Ships, re-
late to alkylation: . LT e . . 2o
o IIIL "Héfsféllung hochklvopffev'svfér‘ e
T T ,isopara.ffi_nisgher—v-Treibstqffe durch-
b Alkylierung aliphatischer Kohlenwas- B
- . serstoffe. I
(I.G. Lewna - Dr, Pohl IT ‘report of 6 Jan, 1943)
’ Iv, ;‘Alkyiiénmg .~—'Anlage¢Leu;ia": - :
(I:G. Leuna ~ £low" diagram of_A]k&lé.tio"n:vPla}nt')
s V. A]ltyllerung und De_stillé.tion o

‘.(:I.‘G‘. ‘Leuné;..-»‘rébdfﬁ. by.Dr;yjjStrﬁfc}z‘-;.’éf'é. wut
S April 194)

26
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- TABLE 111

Characteristic OErat:.ng a.nd Yield Data for Butylene
e e T Alkzlatlon Plante : ,

S

7Reactor Feed Com gition .

- Isobutane, percent wt. _ 54.8 .
n-Butane, percent wt.- S o 35,00
n~Butylene, percent wt, #. . .r - e e 4.3
~ Propane, percent wt., S T 6,9
T Rat:w Isobutane to Olef:m dAn Feed : 13
Reactor Oggra.tl___ng Vara.able . . o
‘ - Pressure, atms, S R Y.
', Temperature,__C’F i : - e s e 3 D
_Fresh H 280, - Feed,. percent wt. acid 98
Ha50;, in React,or Acid Phass, y percent wt.. T 90=92
“Acid Yo Hydrocarbon: Volume Ratio - R o 71 8 to 1,1
Acid .Consumption, lbs, stoh/ga]_lon ‘ :
. _of Aviation Alkylate . , K S 0.80
Ratio Isobutane to Olefin Lo e C
cin Reactor L P -V -
Yields ‘and Product Qualltx G e e
Volumes ‘Isobutane consumed “perq ST e
© 7 volume Olefin Feed - .. . R ST 1.32.
Volumes Aviation Alkylate ' T N .
" produced, per volume Olefin Feed - Ll
-Octane. Number (Motor Method) - of. - "‘_ Lo
~Aviation A.'kalate, Unleaded -~ ~ . - o L9
‘Octane Number, Leaded with Ao 35 ee | S T .
. Tetraethyl Lead/gallon . - S 110 L
‘Aviation Alkylate, percent volume of R LT
‘total Débutanized Alkylate - . ‘ - 9345
Compos:.t:.on of Aviation A:lkylate, percent volume e
2,3 Dimethyl Butane. o 6
2 h :Dimethyl Pentane . . .. . 7:° . R I
. 2 2,4_Trz.me:bhyl I?entann T Rl
Nonanes” o [ TR Yo :
*Of wh:u.ch alpha butylene is 43 percent &nd beta butylene 13 57 percent
. i

e ———
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L. Synthesis of Isoparaffins (Cont'd.) -

) (c).' The Peroptan Synthesis:
o The premium .v_alue of ‘tri'i)tane as an aviation gasoline component -
was recognized in Germany and much-effort was put forth to develop a -
method for its synthesis, The most extengive study was made by a re- _

search group from LG~ Indwigshafen-Oppau, - . R

o Seme triptane was first made by a Grignard reaction for testing
to establish its anti-knock properties. In contemplating then what - .
Teaction could ‘be used for its commercial production, the combination .
of 1sopropyl chloride ( chlorpropane~2) with isobutane was considered,
Also, by the use of the sams -type of reaction, it was considered that
tertiary butyl chloride and isobutane might yield 2 32,3,3 tetramethyl

butane, another *qctane_44with;__outstandingﬁgntifkqock»prdpertiee:~;-»~--t~w*;*" .

. In 1943 a program of study of the above type of reaction was upder-
‘taken. . Propyl chloride was: first made by direct reaction of propane
-and chlorine, using.ultraviolet light as a catalyst, An 8:1 mol ratio
of propane to chlorine was fed into a vertical iron tube, down the cen- -
ter of which'was a mercury arc tube,  The -feed inlet temperature was
70 degrees fahrenheit and the heat ‘of reaction was adequate to raise
the temperature of -the system to 140 degrees fahrenheit. & pressuri
of 20 atmospheres was maintained to keep the system totally liquid,
Under these conditions ‘complete reaction of the ‘chlorine was obtained.-
The product was fractionated,’ removing first hydrogen chloride, then:
-propane, and then separating the Wo_monochlér*iéom@x‘s. A very ‘small

yie.lgi ‘of residue remained,.

§

The isopropyl chloride was reacted with isobutane .at 32 degrees. .
fahrenheit, using both ultraviolet light and a 'slurry of aluminum . - .
chloride as-catalysts. ‘One part of isopropyl chloride, five ‘parts of
isobutane, and one part of ‘A1C13 were’ agitated-under ultraviolet light
until HC1l liberation subsided, The HCl was removed, then isobutane 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 isoparaffing boiling in the 190 t0°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.,
‘octans number of the ‘botal mixture was 96 to 98 and the rich mixture ; -
rating exceeded. that of 2,2,l ‘ftrimetl}yl .pentane, '

18-
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_ It was found that ¢ lorpropa \was Squally as efféctive as iso-
[ ide “foy the separation of the two igo-

‘back into ! ]
feeds, an 80 p reent weight ‘yield.:

the system without build-up, - Based ‘on propane and isobutane
1 of: product could be obtained, -

"7 The above operation was Propoded asg-a- précess :and " the ‘product wag
named '!Pe'roptar;"a -4 plant to produce about 100 barrels per day was -
-being designeq for construction at Iudw;’.gshafequpa'u, “but_by early:

1945 it had not progressed ‘beyond’ the' design stage, The plant was to

Plant.  The ::eactor*.tozf.lpropyl_ chloride. «. :Esobutan,‘e_ﬁwas;to:.be~-a~vh0f_~-~-~'
pg_ﬁarggl-_autoélave..w;The‘—190-**bo“'370“degre_e's fahrenheit fraction was to
be Séparated and given a.purifying lvdtogenatibnmvei”:aénéy n:{qkel» ‘
catalyst ‘to.zemove about one. percent weight. of ‘chlorine that remained
combined in that'fractipn;. ' L L

"in frhﬁi_»,prddgcité. :ItWas found thaft’the‘pr'éduats’“ﬁom. the two butyl .

~.chlorides were. the same .ang; "'sd'.!’pri'ain'_gly,ﬂ’ﬁhéyﬁ were very similar ‘to -
the products ,t‘rom;propyl-thqridé « ' The compositions and qualities ‘were -

not 'sigﬁzifi‘captlyidi::‘fere;x;t.'j*‘_jp"-.__‘ R T AT B Pele DT

c . a ‘e - I RU

L ‘._:.;E‘ﬁhy;;:gh&qrideiigebutane' edttion was’attempted but HC1 Yiberation
could not be obtained., - - S A T o
' Qther efforts 4o Synthegize highly branched paraffing were made in
Germany but none - had:resulted in a Practical process,. For technical i
interést: the follewing documents; transmi tted ‘to ‘the Bureay: of ‘Ships,
relate to the chemistry of these studies; N T

" '.VI." Dis Herstellung von Trimothylbutan, -
L (TG, Ludwigshafen = review by '
- Ir» Bueren of 22 ‘October 15k3),

VIL© 2,2,3: Trinethylbutan und aidere’
Col verzweigte thlenwaségpgtdrfe ydurch
Hydriérung .v¢q_,‘ni‘anwl‘_e'ssigsaure'; ,

.ig_.‘. -
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k. Syhthesis of Isoparaffins (c)(VII.‘)('COnt'd. );'

(1.6.~Iudwigshafen - raport by Dr.
. Bueren of 15 February 194l).

VIII. Bie Wichtigsten Daten und Herstellun-
...~ gsweisen einigﬁr Isoparaffin unter - -
— besonderer Berdcksichtigung ihrer
Verwendung als Motortreibstoffe.
(I.G.—Iudwigshafen—tabulation of
16 March 194L). S

(d) Isémerization.'of Normal Paféffins;

. Nermal butane isomerization plants producing isobutané for alky-
lation had been 1t in Blechhammer, Bohlen, Ieuna, and Seholven,

; T T ~ S IS Gt
"7 'TheTplants émployed a vapor phase process over aluminum chloride
as contact. The installations were not greatly different from the va-
@pha’se“plants\in wide use in America, . . el

-The' German reactors were operated at 200 to 210 degrees fahrenheit
under 16 atmospheres pressure. “The  normal-butane feed tothe reactor
contained 10 percent weight HCl. ~The ‘A1Cly catalyst ( technical grade)
was put-into-the redctors in-crude lump form. - At 200 degrees -fahren- .
“heit and a liquid ‘hourly space’ veloeity of 3.0 (volumes liquid normal
butane per volume of catalyst per hour), a conversion of- cas- 30 per-

~ cent ‘was’ obtained and a 96 percent weight recovery of total Cly.was-
obtained. .The: aluminum: chloride- consumption was not’ above 1,2 percent’
welight, based on- isobutane produced,: and the corresponding figure for.
_anhydrous HCl was 0.6 percent weight, = v . T

-~ The conversion of normal t& isobutane. could be increased to 4O
-percent by raising the ‘operating témperature to 210" degrees fahrenheit,
but the (), recovery dropped to 95 percent weight and catalyst consump~":
tion increased somewhat, - - . A O PR B

" There are .attached quite complete descriptions and a flow diagram
of the process,  The reactor ‘design. deseribed is interesting. - The Jump
aluminum chloride catalyst was put in on top of a section of Raschig
rings,'and both below the rings and above ‘the catalyst layers there . .
were large free. spaces. (volumes) in the vertical reactor. The feed
butane-HC1 mixture: entered the.bottom of the reactor and-flowed upward
4s the catalyst formed hydrocarbon complexes, it began to fluidize and

-20-
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run down over the. surface -of the Raschig rings. . By supplying an-ade-
“quate height of ring layer, the fluid reaching the bottom and running

of{ into the reactor free ‘Space was completely. spent.. The spent li-~
- quid collected in' the: bottom head of the reactor and was withdrawn.

“The free space above the -layer of ¢atalyst.was- to.serve as a gone of.
"after reaction® in w ich sublimed catalyst would react with the bu-
tane mixture, form a. liquid:and, return to the catalyst bed rather, than .
be i:ar‘r‘_iegi- out-as sublimed A1C1yw: . (In pragtice this ‘was not quite rea-
- lized and Al013 did' carry over, causing condenser. tube. plugging,) -

" Although chrome-rnickel steels were preferred.for use in the re-
‘actor, condenser, piping, ete., only .low carbon steels were available.
‘Some " corrosion, difficulties were” originally experienced in the plants,
but! with good drying of.the. £ eed,—-corrosion-was—no: serious operating
problem. TR - VT T

- There was-no .commercial igomerization ,0f pentane in Germany, but
the process had. been.extensively ‘studied in .the laberatory.. . . o

.. Of technical interest was some research conducted By IeGe-Iouna -
and by. the Kaiser Wilhelm Institute ih Milheim on the: isomerismtion of
‘0 paraffing, ;, - oL T g e L Lo
|- *. Hexane. isomerizétion was “catried-out on a.normal hexane frastion
"(from Fischer-Tropsch).'at: T.G.<Ieuna, *4 50 atmosphere .pressure of ..
-hydrogen was applied,.and. the “temperature was 160 %o 175 degrees fah~
Tenheit. The.catalyst was.aluminum chloride’ with. added HCYL equal. to ==
cas 30 percent weight:of-the A1Cl3 in the system, ' (The A;lCl;_pya\s_mj‘xed
with SbCl3 or chlorinated hydrocarbons or phosgene tp obtain”a liquid -
phase’catalyst at the opera;ting‘teiﬁfqe;-at}x_rg Ja ;A particular: experiment -
with a contact. time of 5 hours gave a.70. pereent, co sion, an o
approximate yield structure was 15 percent welght of 2,2 dimethyl 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 pergent '

aa il LU e w

et

weight unconverted normal héxane » and 20 percent weight of C)., Ce’ and
.other components;' - {Ethane and propane: were usually absent 1}1[ thé ,
‘Products produced by cracking, and-isobutane was the main produet of
~disproportionation redetions). ., . . . .. RERR Lo

- less ‘oracking is obtained in paraffin isomerization when hydro- '
' gen pressure is high and teémperature is low. Of course s a8 temperature

is 1owe1_'ed.-a.-ilonger'"cont'act ‘time is required in order to attain a given:

e
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li. Synthesis of Isoparaffins '(d')(vcont'd.')
conversion.: : IR

" In a K.W.I. experiment at 100 atmospheres of hydrogen, 160 to .
175 degrees fahrenheit, 0.2 mols of AlCl3 and 2 mols of ‘HCL .per mol of
normal hexane, and a contact. time of about 18 hours, a 90 rcent con-
version of normal hexane was obtained and very little cracl ng or dis-
proportionation occurred, Based on"total hexanes, the yield was 57
percent .of 2,2 dimethyl butane, 9.parcent of 2,3 dimethyl butane, 31
percent of a mixture of the two methyl pentanes, and 3 percent of un-
converted normal hexane. = . ST ' T

v e

- I.G. consider that the practical application of.normal hexane.
isomerization would be under conditions to obtain perhaps a 30 perceént
conversion, and: they estimated that at such a conversion the dimethyl

“butane isomers” would be more than half “of "the™ total isomer yleldi

Isomerization of normal heptane was studied under hydrogen pres-
sures up to several hundred atmospheres. It was found impossible even
under these conditions to avoid subptantial cracking of heptane in con-
tact with A1Cl3. SRR . R TR

‘The production of branchéd hexanes by the isomerization of cyclo=
hexarie was studied.” Cyclohexane was contacted with 15 percent weight.
of AlCl3 and 7 percent weight of anhydrons HC) in the presence of 150
atmosphéres of hydrogen, At a.temperature of 210 degrees fahrepheit -
and a contact_time of 6 hours, the product obtained was a mixture of -
~one percent weight isobutang, 20 percent of 2,2 dimethyl butane, 6 per-
“cent of 2,3 dimethyl butane, 18 percent of-a mixture of 2 and 3 methyl.
‘pentanes, a small amount of normal hexane, a small amount-of methyl -
‘cyclopentane, and the rest was unconverted cyclohexane, It .was stated
in a patent applieation that the A1Cl3 can be recovered essentially un-

. changed from the:operation. . -~ * .7 . S A

- The following documents transmitted to the Bureau of Ships, relate-
to paraffin isomerization:. = . N
‘IX. Die.Isomerisierung von n=Butan
Comt Ay
{1.6. = Ieuna = report by Dr. . -
Pehl II, ete. of 22 February 1943,

-22=



L., Synthesis of IsopafaffihsA"(_d)(Cblnt’d.)
' " X. Schemd der Teonerisiorung, - -
(I.G.~louna:= flow diagram of

- tbutane isomerization plant)..

XI. Isomerisation. . N
(I.G.~Ieuna - report by Dr. Stritz
of early 19hb). . " .,

P

XII, ‘?bei' “Tdomerisierung vonr Paratiinen.
. . \KWI - Mulheim copy. of speech by = _
~ Dr. Koch on 2l June I9L3). - '

5. Synthesis of Aromatics and Production of Bage' Stotks.

,.-;.q.,_W_,‘S!-.Ilm@wisoparafi‘ina.,..constitut.ed“onlyﬂmmt.o~15—~peroent--volume~-~of~fc-3~
gasoline and none of B-li, and since compohents other than .gynthetic iso
paraffins and base stocks were used only in small quantities in thege °
aviation fuels, the bage stocks themselves then congisted at least 65
percent of Germany's total aviation gasoline ‘volume. - e
' . Most of these base stocks originated in eoal .and coal tar. hydro--
genation plants. Only a very small volume. of ‘carefully selected
. petroleum fractions was blended directly into aviation gagolines, The'
lapge high pressure hygrogenation plants at Ieuna, Scholven, Pllitz,
Brux, Gelsenkirchen, Bohlen, Magdeburg, Blechhammer, and Wesseling all .
- produced”avidtion base stocks. "These plants consist of _#hre,e'fstages-"of'”_
hydrogenation, the first (sump) phase being the bulk degtruction opera-
“tion to produce an-intermediate ‘boiling distillate from the coal or' -
‘heavy- tar, the segond being a-purifying .treatment of the distillate I
and the third being a fine hydrogenation’step producing directly (as
Yhe only product) a 'gasoline of the required .end pointe ~All material
‘boiling above the gagsoline end point is recycled back to the third.~ |

stage feed, ‘ o o _ , SO e
The E'B—h.,aviation gasoline of GermaDvaaa this ,,.rxjrd:i?ogenéted?;gés,é-".

‘line, stabilized to'the specified vapor pressure .(refer Table . .
The quality varied somewhat, “depending upon the raw ‘material to hydro-
genation, -and.individual gasolings needed. somq: quality correction,
either with.gmall amounts of igoparaffin or outsidebase stocks. I
general, however, .the straight ‘hydrogenation. gasolines 'constituted  the
total supply of B-h ;quality,  In Table IV.are -given a few average data

> 3
..t
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for these gasolines obtained from four (h) difi‘érent?xydrd@ﬂation
plant feeds, all of which wore used in Cermany during the war.

o - TABIE IV |
' Properties of B-li Base ‘Stockg from -

: g Pr‘esst_xre Wdrogenf;tion‘ Plants,;_ R
Feed to Hydrogenation . - - -Bromm  Stein Brown  Stetn
' ~———— .. GCoal- . Coal -Coal Ta¥ Cosl Tar

}hBase stock A» - .. | - ’ N ’l ..‘ "‘_———_ | ‘. | .

Demsity AETSYOFL T T T T T 23 6,730 0,725 04728
‘Volume percent Distilled _ IER T e T
C.at 2129F. - .o ¢ 65. . 57 . .58 65
End Point,°F. - .. 270 - 308.. 302-- 320

Paraffin Content, percent volume - 53 - ho 60" - 37

Naphthene - % ~ ..".m°  m. . )2 . 52 30 - 55

Aromatic and.Olefin . - R L

- Content, percent-volume . - .- 5% . ¢ 8 .10 - 8

Octane Number, Motor - .. , - . -~ . : R
Method, Unleaded * - - 71 T .73 . 69 .76

-Oetane Number, Motor T e TS o
Tetrdethyl Iead/Géllon. . 90 ...91 . 89 . 9k

~ The supply of- the high quality 85 percent base stock component to
.C~3 grade aviation gagoline involved additional processing of thehydro=
“genated gasolines, - In order to obtain-gasolines that were high-in anti-
knock performance throughout the whole range of air-fuel ratios, aroma=- -

—“tizing processes were ij:xv'qked, o

"By applying a paftichlar set of, operating conditions to the second
-stage of hydrogenation, the. Ruhrol - Welheim installation produced: a

high  aromatic content base. stock directly.  Distillate from the: sump.
phase hydrogenation of coal tar pitch was: fed to’a second stage vpera- -
ting at 700 atmospheres ;'pre"ssure"ove';-f;_a,ﬁne_w.mtglygt'_ eontaining molyb- .
denum, chromium, and.-lead on an.inery carrier; At 930 -degrees fahren— -
heit and in one step, a’'350 degrees.fahrentidit end point gasoline was
produced which contained 4O o 15 percent: volume aromatics and which was

used directly as the Base stock ingredient of C-3 gasoline. This base.

as e R
._2’.
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stock had an’unleaded octane humber of 80, and.with k,35 co, tetra-

ethyl lead per gallon iy fas 92," This process of producing directly
in hydrogenation plants a highly aromatic aviation gagoline base - C
stock was a new ‘development in Germany and was being widely discuesed.
It'is likely that applications to’ locations-other than Welheim would
have been made had earlier conditions continued to prevail in Germany.

~-Perhaps the most, idportant aromatizing operation was. the ‘WDHD. -
Process!, an operation used on hydrogenated gasoline to inérease their.
aromatic contents, Hydroforming was also used, ‘but on' a small scale
only, Catalytic cracking was studied but no plant was-in operation, .-
Also, several processes were in operation synthesizing ihdividual
aromatics, ‘but they made a smell contribution only to the total gaso=
.1line volume, There.are discussed below these-processos and their con-
tributions 4o the German aviation gasoline swpply... . .. .~ -~

"(a) The DHD Process. .

‘The DHD process (Dehydrierung. unter Druck or dehydrogenation. .
under pressure) was developed-by I.G, in- Indwigshafen. It was a
catalytic process for increasing the aromatic content of a gasolina,
through: both naphthene dehydrogenation and paraffin cyelization. - T
-~ At the end of the war there were four () DHD plants in operation;
Ludwigshafen, Leuna, Scholven and PS1itz. The combined intake capacity
of these four plante.was about 20,000 barrels per day.. These plants
were' fed gasolines produced from both coals and‘coal tars, “There were
about ten (10) other DHD plants and plant extensions planned which -
were never completed, Tt was planned that ultdmately nearly all of
the hydrogenation plant gasolines, and certain orude oil factions as.
well, would have been-processed.through DHD plantse - o

. Because ‘of their high naphthene contents, gasolines from stein :
‘coal.and stein coal tars werc preforred feeds to DHD. . By altering
operating conditions to encourage ‘paraffin’cyclization as well as .
naphthene dehydrogenation, gasolines from brown coal and brown coal
‘tars were also greatly increased in aromatic content by this operation.

. - The feed gasolines to the process had end points of about 360
degrees fahrenheit, . These feeds were firststabilized to remove ca.
15 percent volume overhead which was the non-naphthens containing.

1pgs



RESTRICTED
5. .'Synthesis of Aromatics and Préductii:n'-gf Base Stocks (é)(COnt.'d.)

fraction boiling to about 160 degrees fahrenheit, The stabilized ‘gaso-
‘line was then pumped together with recycled hydrogen gas ‘through a -~
feed-product heat exchanger end a prehecater which raised the tempera-
ture .to 930 degrees fahrenheit. - The vapor mixture entered the top of
the first of a series of five (5) reactops., The operating pressure -
was 25 atmospheres total, of which 10 atmospheres was the hydrogén
‘partial pressure, when the feed gasoliné originated from brown coal
(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 paraffin cyclization).

The reactors were filled with a catalyst consisting of 10 percent
weight MoO3 on Alp0O3,. " The alumina was precipitated and impregnated
with molybdenun oxide and formed into cubes of about % inch on .a side.
(Catalyst was made from."Tonerde (hydrated alumina earth): .The ‘earth

~wWas-first-dissolved-in-caustic-and-then™ recipitated at 120°F with =
HNO3 at a'pH of 5,5 to 6,5. The precipitate was filtered,‘gashed and
‘drig&d up to-an 80 percent Al303 concentration, .pilled into % inch .
cubes, 'and calcined at 84OCF, “The catalyst cubes were then washed
with an ammonium molybdate solution of such concentration that the
final dried catalyst contained 10 percent wt. of MoO3. The -catalyst:
was dried: at hOOOF. “for ‘a short period and then .at 7 00F,, until all
ammonia liberation ceased, The ‘apparent density of the finished -cata:
lyst was ‘about 0.8.)  Fach reactor contained about 280 cubic feet of
' catalyst, ,The reactors had -8teel shells lined with fire brick and an
internal liner of N8 steel. The space velocity employed was about 0.5
‘volumes of .1iquid feed-per-volume of total catalyst in the system per
honr, -~ - SeT e e e ST B

~ The endothermic heat of reaction -caused the temperature to drop
from 930 degrees fahrenheit at the top of the first reactor to 8L0
degrees fahrenheit at the bottom exit. A heater was' therefore sup= .
‘Plied after each of the first four reac tors, raising the temperature -
back to 930 degrees fahrenheit at; the top of the second and third re-
actors.” With the extent of reaction subsiding, the entering ‘tempera-
ture in the fourth reactor was raised to 950 degrees fahrenheit, its -
exit temperature was ca, 930 dégress fahrenheit, and the fifth reac- -
“tor feed was 970 degrees fahrentieit with very 1little “temperature drop -
oceurring throwgh it., . i R :

A sixth reactor was used for sdturation of oléfins, After leav-

"ing the fifth reactor, ‘the temperature was -lowered to. about 650 degrees.

'

: 426- E
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fahrenheit. The sixth reactor was filled with DHD catalyst-except for
the bottom fifth which was filled with Florida earth. .
-After L0 hours of operation on brown coal gasoline, or 250 hours
with stein coal products » @& Togeneration for carbon removal was neceg=
sary. A 20 to 2l hour period was required for the complete regenera-
tion, 1In reégeneration, exit gas was recycled to control burning rate
and limit the temperature to a-maximum of 1,030 degrees fahrenheit.
‘The carbon deposition on catalyst was equivalent to about one percent
weight of brown coal gasoline and 0.1 percent weight of stein coal
gasoline, whioh corresponded to a coke content on’spent catalyst of
about 3 percent weight.- o T

e ;,The;.lifef_c_')f _,j_'ahe...catalyatﬁwaa.ﬁat,ﬂ,,leagtha._ye_axn'f:fand_.pe rhape -Would——
become considerably longer with more operating experience. Sulfur .. -
yas a definite catalyst poison, but this was-a problem in Germany. on-
1y when operating on crude ¢il fractions, In general, stocks with -

_the lowest possible sulfur content should be chosen as feeds.

-~ Operating under the above :ddseribed conditions, the yield of -
redigtilled, stabiliged.gasoline was .75 to 85 percent by weight of
the stabilized gasoline fed to the DHD unit proper, (The higher -
yield was.obtained ‘from stein coal ‘gasolines), - |
... The DHD outturn contatined 65 percent volumeof aromatics, so .
that when the-original 15-percent -0f low-boiling fraction was re-
blendad,. the final gasoline contained about 50 percent volume of
- aromatiess- The overall weight yield, based on the original hydro~
‘genated gasoline, was therefore 78 to 87 percent, and the corres~_
- ponding volume yleld figures were 75 to.83 percent, - R

' The final product from this DHD operation had the following
“_'_a.ve_rag’e properties; o Co T A

.. Density at 5901?. R 0.78(5 A

Volume percent distilling .. . .-
cat 2129 F, T B
Paraffirns, percent volume -30

_-Naphthenes, percent volume - . 20

Arcmatics, percent volume 50

27
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Olefins, percent volume less than 0.5 -
' Octane Number, Motor Method;—
unleeded - -
_Uctaue Number; Motor Mbthod, :
with. 11,35 cc.. Tetraethyl o
1sad/Gallon - 92
~Octane Number, Motor Method,
unleaded, of Residual 011 :
after Aromatic Extraction -‘,”70‘

.There appears on the. follow1ng page a photostat of an I G. tabur
latxon “showing the propert;gs of DHD gasollnes made from various raw
materials.“ . . :

aﬂﬂ-~w4~copy~of—avspeech~by Dr*"Pier*of~I G”*in”19h1 was™ transmitted“
-to the ‘Buréau of Ships. This paper. gives some-of the background of
German aviation gasoline developments leadlng wp to the manufacturlngf~
position exlstlng at. the end of-the war

T XIII. ﬂber Fliegerbenzine und lhre
: L Herstellung.. ..,
(I G.-Ludwigshafan—speech by -
. Dr. Pier on 2% November wh) -
There Was also transmltted the following document describlng the
DHD process‘,_if» AP S el -

"i o XTIV, Technlsche Entw1cklung des DHD-v
o » .-Verfahrens.. -
“(I Ger Ludwigshafen-Report of
15 October 19h2) :

(b) Hydroformi g

, There were two (2) hydroformlng plants in operation in German
terrltory. Both were located in the Moosbierbaum refinery near -
Vienna. A straight run petroleum gasollne ‘boiling from 140 to 330
degrees fahrenheit was hydroformed. in conventional dlscontlnuous -
units. * (The process and design data were obtained from America.)
Both Roumanlan and Austrlan crudes Were processed at thisg reflnery.

’

e
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The operation was carried out at 15 to 30 atmosphe’i"”es prossure,
of which the hydrogen partial pressure was 65 to 70 percent, The
reaction temperature was 930 dogrees fahrenheit and the space vele-
city was 075 volumes of oil per volume of catalyst per _houi, - The
catalyst was 5 to 10 percent weight MoO3 on alumina, - '

- The operating cycle. was from 17 to 30 hours with 9. honrs required
for regeneration. oo o :

The hydroformed product was used in the same manner.. as was DHD
gastalme- i.e., ag’ the base stock for c~3 gra.de aviation gasoline.

In Table v are given some yield and analytical dat.a for the
‘average Moosbierbaum operation.

0 -.J B » .. :- : M N TABIE v

Yiald and Analytical Da'oa on Moosbierbamn I-!ydroforming_of Straigp_'_b
. Run Gagoling, B : :

Held pata f L ~ T Feed ?_“_;pro‘d{xct |

" Gasoline, percent wt. o e . 100.0 9.0
- Redistillation Residue, > percent wt. L m== 3,8
- Coke, percent wt, BRI L RN ERTES O N

drogen, percent wt. : o mee e L
. g{ plﬁs 6 -plus GOy, peroent wt. S I [t 1}

Isobutane percen Jw%. N LT w0 1,3
' Normal Butane, percent whe L mem 2.7
Tot'dl" ‘ . r‘ : 100.0 10070*
Analvticalnata e L T e
Density st 68°F, e 050 0,776
mstillation, Fuy End Point. = . . 233000 3300
Distilled at 2120 F., percent Volume T8 T36
Distilled at 320° Fi; percent Volume .~ '~ 95 ./ 9k
Olefin Content, percent Volume ' . . " = 045 R YL
Aromatic Content, percent Volume ~ .. . - 14 ' I8h

Naphthene content, percent volume e e

' .“..3_0‘. :



TABLE V. (COnt.inued)

ﬁeld and Analytical Data oh uooabierbaum drotomin of st.rai t

Analy tical 'Data ,.' - Fesa Pr'oduct.

‘Reid Vapor Preaag;e, lbs: - 83 51

Octane Number, Motor Method, unleaded _ 58 80

Octane Number, Motor Method, with h.35 ce. . :
Tetraethyl I.ead/Gallon ‘ R | A 91

The following documents transmi.tted to the Bm'eau of. SI\ipa »
.__rela.te t.o }vdrofoming- B

- XV, HF-Verfahren und Anlage Mooabierbanm. .
- (I.G. = leuna = report by Dr. Kantmam :
of 9 December 19!41) :

" XVI. Das HF-Vertahren. -
B (I.G.-Iema—repor‘b by Dr. We).z o.t
12 February 19 ) o

(c) Synthetlc A;l.lqu Aromatics.

O The on]y important commercial synthesis of alkyl aromatics :I.Q
Germarw' was of diethyl bensene. The chemical plAnts of 1,6, at Huls -
and Schopau produced together. about 300 barrels per day of this ma-
terial, named VKybol", as a by-product in the manufacture of styrene.
Bengene was alkylated with ethylene and the product, containing scme. '
" diethyl benzene; was rractionated %o soparate into ore fraction all -
_of ‘the -diethyl, compound together with a emall amount of higher bodle -

ing alkylated bengenea. 'L‘his i’raction bozled from 325 to 350 degreeu
' fahrenheit. : L C ‘

No cumene (isopropyl henzene) was: being made, but one 1na?.a11a-
‘tion was being considered for produging a mixture of ‘alkyl bengenss
‘®hich would have contained’ cumens. Propane wag to have been ‘eracked
" thernally, yielding othylene and propylensy: and. the olefins would
then have been selectively ab bsorbed with a ¢opper nitrate-ethanol
- amine solut.ion. : ‘me mixed olet‘ins were to be uged to- alkylata bennene >

=31
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~obta.ining thereby a mixture of mono- a.nd di-ethyl a.nd isopropyl ben~ -
Zenes. - : : L

: of téchm.cal interest is a new Getmari ‘process, developed but never
applied on large commercial scale, to dealkylate high baoiling arcmatics -
" and reduce their boiling. points down into the gasolins range, The pro-
cess,; known as the "Arobin Verfahrent, was considered for application
on high'aromatic content hydroforming and DHD résidues boiling from 340
- to perhaps 600 degrees fahrenheit (50 percent points of ca. 380 degrees

~_fahrenheit).. A catalyst of synthetic aluminum silicate containing one -
. percent weight. of MoO3 was used at a temperature of 750 to ‘780 degrees
- fahrenheit and under & hydrogen pressure of 200 atmospheres: At a

" space velocity of one volume total liguid feed (of which 50 percent is

= =—recycke)-per-voluns—catalyst-per hourj-an-85-to-87-percent-weight-yield-———-

Ty s

‘of 330 degrees fahrenheit end point product containing 70 percent vol-
 ume aromatics was obtained. A hydrogen consumpti.on equal to 3 pércent
. weight_ of the product gasoline was incurred, Through the use of the =

high hydrogen pressure, coke deposition on the catalyst was very low
~and long operating cycles (i.e., several hundred hours) were predicted.
“In Table VI are g:.ven some typical yield and analytical data for this '
' operat:.on. , , , :

e ‘following documents 5 transmitted to the Bureau of Sh:l.ps, re- B
,late to ‘this subaec'b. : L R

0w Das A;obln _ Verfahren. lm,YA |
— (1.6, - Leuna - report by Dr. Welz e
L : of 22 October agh3). FOR

. XVIIL’ Arob:.n—Anlage.- - '
' : (I. G.—Ieuna-material flow d].agram* -
: of 13 July 19143)

- XIX. Berlcht uber die erste
" Fahrperiode: dea Aroblnofens.

" (1.G.<Iewna~memorandun of - S~
27 March 19hh) S ;_i e T
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' ' TABLE VI. ‘

Yleld and Analytlcal Data on Feed “and’ Products of Arobi.n Process.‘

Yield, Percent Wt R ... Feed ~ Pproduct
[ : g ST L E— ..
Gasoline © ' . © 100.0, - 88, T,to 87
Methane. D R 0.2 to 0.3
_Ethane-.. - R R 1.7 to 2.0
Propane . - o L === L8 to5.27
- Isobutane . ' S e 73,8 to b2
B Normal Butane s s om0 2 to 2,6
Analytlcal Data j e T :‘”j_Feed= Product-
Density at 68°—F. T T ‘f9I”““"”’”f7f”OfBO7fW
. Distillation, OF., I.B.P. . 340 120
- on ~. W 50 percent , 380 - 260
wo o on EP, o 600 C - 330
Aromatic Content, percent volume ~ .~ 95 . oo 65
- Naphthene Content, pertent. volume o e 27
Paraffin:Content, percent volume L= T B
-Bromine Number - T caldd 0.8
* Octane Number, iotor Method, unleaded - T . 86
"Octane Number, Motor Method, with .| R

b.35 ceo Tetraethyl Iead/Gallon - ‘ " -~ Lo é3,5.i

(d) Catalytlc cracklng._ L

tionin ‘German areas. One was belng .planned for’ operation at Moosbier-
_baum in justria, a plant to carry out an operation referred to as cata-.
lytic cracking was being processed ‘for Rucrchemie at, Holten, and a large
underground refinéry planned for Niedersachswerfen (near Nordhausen) was
to have a catalytic unlt., SR : . ‘

There were no commerclal scale catalytlc cracklng—unlts in opera-

s

oil fractions to produce av1at10n gasoline base stocks. The development
work oh the process was done by I.G.-at Ieuna, and a large pllot plant
had been built at Deuben (south of Ieuna)
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« = The catalytic cracklng process that was developed for plant appli~ '

:.cat:x.on 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 -8L0 degrees’ fahrenheit and atmospheric pressure to =~

crack straight run gas oil boiling up to about 750 degrees fahrenheit.

 The silica~alumina catalyst was made as followst: - (A caustic. alum.nate

solution was acidified at 220°.F,, with nitric acld to.a pH of .5 The

© . Alp0 % preecipitate was washed freé of sodium’ ion and dried at 210° Foy to -
8 WA

er .content of 25 to 30 percent wt., The dried Alp03 was then mixed
‘with 15 percent of its weight of Si0p. (Kieselguhr), Thé mixed-oxides
were thep ground‘ until 90 percent passed through a screen containing

10,000 openings per.meter, The powder was moistened with water acidi~ -

fied with nitric acid, well mixed, and then heated to 150° Fi; for 24

" hours. It was extruded into eylindrical pellets, and put, between two

“counter-revolving-plates-which-rolled-thecylinders: ~into- smallﬁsphereawwrf— -

of ca. 0,2 inches diameter, .The spheres then were heated at 750 to
840° F., for 8 to 12 hours.) The main yield was t0.be a :3Lk0 degrees

- “fahrenheit.end point distillate for use d:.rectly, without repassing or '

other treatment, in C-3 qual:.ty aviation gasoline. & 30 percent, welght

. yield of this fraction, a 3. percent pveight‘ yield of hydrogen plus me= ;
' . thaneplus ‘ethane=ethylene ; ‘and a“coke -yield of ly percent wt,, all based -
" on feed, were_anticipated, _A conversion of’ 50 percent volume; i.e,,-a

disappearance of one~half (%) of the feed from its _mitlal boiling range,

" was - expected while~employ1ng a space veloq;rt;y of 0e¢b. vqlmnes of liquid

feed per volume of ca'ba]yst (m rea.ctor) per hour. o

’___ Gatalyst regeneratlon was to be ca.rr:Led ou'b a‘b a ‘c-emperature not S
exceed:mg 1020 degrees fahrenhe:.t. v : ‘ ; S—

i The plant de31gn was-to employ one catalyst elevator only. .
regenerator would be mounted ~afl.rec‘t;ly above the reactor, and regener-—
ated catalyst would be dropped directly through control valves ‘into-

. the top of the reactors Spent catalyst from the ‘bottom of’ the reactor &

would 'bhen be eleva‘ted to the top of “the regenerator. e |

__ A set of test data was. report.ed for the_catalytic cracking 0f. 355
%o 670 degrees fehrenheit: fraction from a mixed base crude, uding. a . - '
0. 5 space. Veloclty and 790 degrees’ fahrenheit reactor temperature. A

- ;_““361)ercen'b weight yield: of 330 ‘degrees fahrenheit end poink ‘gasoline

-was obtained which contained 20 percent we:.ght aromatlcs and h percent - .
we:.gh‘b olefins. The unleaded octane number was 75, and w:.th h 35 cubic‘
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centlmeters tetraethyl léad per gallon it was Sl The yield of low
bo:Ll:.ng components through butanes was 6.7 percen'b weight. of which 3.1
’percent was :Lsobutane.

. It was ‘bhe opi.nion of -most German technical people interrogated
that catalyt:.c cracking of the above type or of the other types employed
~in America, could have only limited: ‘applications in Europe. ' The: process:
was being considered during the war only because it represented a ‘method -
of making aviation.gasoline directly from erude oil fractions. (The
}wdrogenation of 'such fractions of crude ‘01l does not glve high quality
.gasolines), Catalytic crac!d.ng is not-congidered applicable to ecal ‘
‘tars directly.because of high carbon deposition on catalyst, and the
process has no obvious a.ppl:.cation in high pressure lvdrogenation sys-
,tems. L

0 The following doouments transmi.tbed to the’ Bu:reau of Bhips, per— E
tain to ‘this process of catalytlc cracking' o o \ ‘ /
v.j'rx. _'Flugbenz:m duch Katalyblsches Kracken.
. .;(I G.-Ieune.—report by Dre Kaufmann of
July 19)42) : . .

| XXI. .'_' Flow Diagrati of T.G. ;e;pemmental
',Catalyt:l.c Grackiﬁg Unit. :

The Ruhrchemle process referred to as catalytzc cracklng was an
opera.tlon designed ‘initially to\d_:r,'ack the normal paraffin residues of
intermediate FPischer-Tropsch fractions .used for various. olefin~consuming
chemical syntheses, .4 plant was being constructed at Hol'ben on- the ba~ .
vsis of development work carried out there. , , R o

The reactlon was desigmed to ob'bam the maxirmxm y;.eld of low boil-- .
ing olei‘ins for synthes:.s of high octane aviation gasolme ingredients.
I+ had been conéluded that the normal paraff:.ns did not resg';ond ade-,
‘quately to conventional catialytic cracking, that their isomerizatien—
was not a prom:.sing possibility, and hence that destruc'b:.on "t0 low boil=
ing molecules (synthesis raw materlals) over a. ca'balyst was the’ most
at'bracmve method oi‘ convertmg them to high performance fuels.

oo The operat:.on was ‘bo be at low (atmospherlc) preSsure and 930 de- )
-grees fahrenheit over- a synthet:.c silica~alumina. catalyst of 0.7 appe.r—
ent- density. A l:.quid space veloclty of ca. 0.1 was to be employed in:

Ll

:35-
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order to obtain a hO percent conversion. per ‘pass (disappearance from the
original-boiling’ range) of a 3L0' to 660 degrees fahrenheit Fischer—-
Tropsch fraction. Of the converted feed material,. 75 percent appeared _
as C3, C), and Cg fractions, of whi.ch about-90 percend were olefins. Gasg-
ollne was only 15 percent of the converted yield, -

"By employlng a recycle, a 75 percent welght ultimate yleld of us=:
able materials could be reallzed.

The process was to be dlscontlnuous, with catalyst regeneradion’
-after operating cycles of 20 to 25 minutes. Thecarbon yield was esti~
mated to be 1.5 percent welght of reactor feed, -

e W

: In Table VII—ls given.a set of ‘of yleld and product comp081t10n -
‘data- characterlstlc of this operation.. A copy of.a repori by Ruhrchemie,
which describes quite . completely the development of the process and. ive
planned appllcatlon, was forwarded to the Bureau of Shlps: o

XXII.A Herstellung von: Isogasolen
- ungd Flugben21n aus Synthese-'
produkten.‘ :

(Ruhrchemle report by Dr.
: Kolllng in January 19h3)

TABLE VII

Yleld and Product Comp051tlon Data Ruhrchemle Catalytlc Crack;ng_

,Feed to process is Flscher~Tropsch fractlon of 3h0 to 660 degrees fahren-
helt b0111ng range. ' .

‘Ylelds of- Components,

'Percent Wte OF Feed o S S -
Total Gonver51on e K L L0 perceni wt. of feed
Gasoline (Cg 1o cae 320 F.) DR 6-8 -

Cg Fractlon A S T 6*9 6
‘Gh Fraction R ;"_ S 10-12

C3 Fraction = - - . e et 8-10 .
C2 Fractj_lon " R S T 22,8 T
“Methane & Hydrogen e Lo C o 0u=0.8
-Coke B T 1,2=1,6
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T A o
' TABIE VII. (Continued)

Yield -and Product Composition Data . Ruhrchemie Cé,talytic Craclding.

Olefin’ Gontents, pér'tﬁén;c’ volume' °

Cgf Fraction -~ - o - ‘4\-‘85-'9‘0‘
L e 9095
cj o S 50s85
g " T S . 60-65
Iso-Contents, percent volume ..« = . LT
. Gg Paraffins e . 60-65
-~ . Cg Olefins T T T 11550~
O Paraffims .. . < . .0 60-65 -
* Gy Olefins , = - . o _ C T .'33'4&3
6. Comelusions.. - ' - S
oo (a) The meximum rate of production of total aviation gasolines

-achieved by -Germany during the war was . roughly 50,000 barrels per day,
_of which essentially the entire volume came from coal, and ecoal tar hy-
drogenation plants. Of this total volume of liquid, about 10 percent
was synthetic isoparaffins, '140. percent was high aromatic content base
stocks produced by processing of hydrogenation plant. gasolines, and
the: remaining 50 percent was almost entirely hydrogenation plant gaso-
lines of aviation-gasoline endpoint and volatility, . - 0
© . (b) Two grades of aviation gasoline were produced, one with a |
“moter nethod octane number .of 91, and the other of 95. The former, ' -
‘labeled B-4 (blue) contained: bout 10.percent volume aromatics, while.:
the latter, known'as C-3 (green), contained about L0 ‘percent volume -
aromatics and would thus allow much higher povwer output under rich mix-
ture conditions. Both grades contained L.35 cc. tetra-ethyl ‘lead per’
“gallon (Ameriean). The 50 percent distilled specifications were-221 .

N - 8 :

and 230 degrees fahrenheit, for B-L.and C-3, respectively. .

- (c). The B~h grade was produced directly by the addition of tetra-

ethyl lead to the entire liquid. product from the large: coal and-coal &i
tar hydrogenation plants, The volatility was ‘adjusted to:about 7-pounds
“~Reid. vapor pressure by stabilizing and no further refining or blending
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was done.

i (4) The C-3 grade was a leaded blend of about 15 percent volume
of synthetic isoparaffins-and 85 percént volume of a base stock contain~
ing L5 %o 50 percent volume aromatics, produced by further processing of
a hydrogenated gasoline almost idertical to unleaded B-l4j, The (=3 -grade
represented-at-least two-thirds {2/3) ofi the combined volume of the two
grades.. - <o : C . e o
" (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
_in the commercial blends. No inhibitors of any kind were normally used.

P

"(£) Had raw materials and manafacturing facilities been-availabley
more isoparaffins would have been produced to-improve the lean mixture
performance of both grades and, ultimately, to allow a decrease in the
aromatic content of the C-3 grade, The rich: mixture  pérformance - of .the -

gasolines was satisfactory for the.engines being b'u’ilt_:and_.used. SR

(g) Synthstic isoparaffins were manufactured  primarily by.ithe
alkylation of butylenes and isobutane, ' Some isobutylene polymeriza~
tion and polymér hydrogenation was ‘Being carried oube  No propylene’or

“amylene alkylation was being done, No triptane synthesis had been de- -
“yeloped, and no isoparaffin syntheses other than those. mentioned above
‘were beingused, < - T To el o SRR S
o _o(h) ‘Isobutylene for polymerization was- made by ‘dehydrogenation
of isobutyl alcohol which was- synthesized directly from carbon ‘monoxide
_and hydrogen, Normal butylene for alkylation was produced- by. catalytic
-dehydrogenation of normal butane produced by the coal and' tar hydrogena-
tion. plants, Isobubane for alkylation came in part directly from.the
hydrogenation plants and in part. by catalytic isomerization of ‘some " of
- the. normal butans, - L R

© " (£)  To produce the bulk of high-aromatic content base stock used
in C~-3, a process_known as DHD was employed, This process. produced
_aromatics both by dehydrogenation of ‘naphthenes and by cyclization of
“paraffins,  Hydroforming was used’ at-one refinery to produce base stock,
“'of quality eligible: for use in (=3 grade, from Austrian and Roumanian

‘erude; o1l fractions. - =
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. (3) No catalytic cracking units existed.in the German area, bub:
“the process had been studied and two plants installations were being
planned. It is generally agreed that catalytic cracking of the type-
‘employed today in America will not find wide application in the syn-
thetic oil industry. It was of interest to Germany only as a warbime
means of producing aviation gasoline, The units being planned were. .
similar in general design to a TCC unit and were to use a synthetic. * -

silica~alumina catalyst.: g

" (kY Some new processes deﬁe_lc&ped in Germany during the war '-yé;a:s
but which were not in commercial .operation includeds .. -~ . ’ -

. . - ) S
- . (1) A -specific and efficient catalytic process for dealky-
Tating aromaticsy S = S : P :

’ "

S (2)? ‘AA cata}ybic c'ra;kirfévbvroc.ess for normal paraffins boil-,
ing in the _kerqsene' range, produéing_ pri_marily C3, C), ‘and Cg plefin‘_‘s e

S .(‘3)' "4 catalyﬁi‘c process 'for~p~1'-od1ié-ing.e;n ultimate we_igh"t RN

_ y_ielékof 70 to 78 percent of toluene from normal heptane, and

: (L) A process for producing-high quality. gasoline isoparaf-
fins by combining propane and isobutane yia chlorination. .= - ' ’
- (1) Jet fuels were being produced in Germany' at a.rate of ca.:
1,000 barrels per day in 19hk, The fuél was .a mixture of gasoline and
diesel ¢il fractions. ‘The specifications for jed fuel were lenient; no
unusual quality was demanded’ and no. unusual specifica'biohg‘were’?jforth-”
.ocomings. - ' AR R ’ . '

Prepared byt

M. E..SPAGHT,
Technician."



RESTRICTED

APPENDIX I

THE ‘DEHYDROGENATION OF BUTANE TO BUTYLENE,

_ Two.(2) methods for the dehydrogenation of butane to produce feed
for polymerization and alkylation 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.Ge but no comercial
installation was made or planned. -For general information, however, .
“there is attached a process flow diagram of a hypothetical plant employ-
ing the chlorination process. -t SR ‘ .
.__._The .catalytic dehydrogenation process was carried out at 1020 to-
1100 degrees fahrenhéii\at-practiEélly-axmospgggiﬁ”ﬁréééurej’usingfa”'
catalyst consisting of 2 percent WeighttKéoifopercent weight Cro03,
-and 90 percent weight Aly 03, The conversion to.olefins was ca, 18
percent per pas§ when a space velocity of 8 volumes of "liquid butane

per volume of catalyst per hour was used.

- ‘The. catalyst was made by first precipitating a2lumina from an -
aluminum sulfate solution, then drying and- grinding the precipitate. .
The ground alumina was then soaked in-a chrome solution,.pilled, dried,
"and put. into the reactor. “The finished eatalys® had an apparent den- -
Sityof ]_-.Og- : L - . e ! . ) o . . - » . ) 7.,_.

- The reactor was a veryicalabundle qf'Z% inch tubes with flue gas
circulated around the tubes, -The tubes were made -of 17 percent. chrome,
17-percentvnickel,,"high".molybdennm content steel. The flue gas oir-
‘culated around the tubes was at a temperature about. 200, degrees fahren~
-heit above that of the inside ecatalyst. =~ . S

- Catalyst was continually added at: the top of the bundle and con-
“tinually withdrawn at the bottom, The time required for the -catalyst
to pass through: the tube was about 200 hours, Catalyst deactivation

- occurred primarily through carbon formation-and deposition, - Thé spent:
catalyst contained 2.5 percent weight carbon:and in regeneration with = -

_air it was reduced to 1.5 percent weight and returned to the system.
- In.the regeneration, care was- taken -that the temperature did not exceed
~the operating level of 1020 to 1100 degrees fahrenheit. - ST

’ The*éame'$§ace‘ve1qcity and conversion were used for both normal’

o~



RESTRIGTED

4ppendix I (Cont'd.)

and isobutane, but witﬁ hofmal butane bhevopq;ating_temperature was
1100 degrees fahrenheit compared with 1020 degrees fahrenheit for iso-
butanc. A ' L ‘ Co ‘ i

The exit stream from the dehydrogenation furnace was first codled
and then hydrogen, methane and other low boiling materials were separ-
.ateds - The butane—butylone mixture then was fed directly to alkylation. .
Acid 1ife in alkylation was markedly influenced by the quality of dehy-;

drogenation product. Smoll amounts of butadiene. adversely affected:
‘acid life., Butadienc formation was minimized by carefully controlled
dehydrogenation furnace opération, particularly‘avoiding tube plugging
with resulting catalystjaﬁerﬁgaxingg. : ' T

f“mf”fTﬁTBBfiiniﬁg’a”product“containing418¢pércent;oiefins,_adtgngg;wm_
weight loss of about. 5. percent is incurred, That is, a 95 percent .
weight recovery of total Cj fraction is. obtaineds On this basis; an
ultimate weight conversion of 78 percent butane to butylene is realized.
.Losses through iractionation'and.alkylation plants will of course re-:
duce this figure. : ‘ . S : e LT .

" Dehydrogenation under hydrbgen'préssure was qugiéd;déhd-thé'lOW~-
pressure system was- chogen in .preference. (This décision:Was.influqnced
'by-the;difficulty of obtaining-high pressure equipment in Burope during
the war)e ... T S | : ! ST

[

o AThe-foilowing daéﬁménts,:tfénsmitted to the Bureau of Shipé,‘reiéte
to ’(",his subject,; e e e SRR T

> .XXIiI."Dehydrieruné P : \
SRR + (1.G. - Ieuna = report of Dr. - Herbert)

. YN

drierung. -

’Xxiv;“uMaﬁerialffagen‘in der-Déhy
o (Politz - report of Dre Hittner)

XXV. . Mengenschema zur AT Anlege mit -
o katalytischer Dehydrierung. )
*(I.G.~Leuna = flow diagram and .
‘matorial balance of system in=
dludihg;iétqutfc‘dehydrqgenatioh‘
of  normal butane)

Y

-
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. XXVI. Dic Katqutlsche Dehydrlcrung

: - von Propan zu Propen.
(1.G. = Ieuna = report, by Dr.
Nowotny of 16 March l9bb) -

XVIT. Chlor—Dchydrlcrung nuch Bahr
' (I.G. = Lound - process flow
‘diagram of butanc duhydrogena-
tion plant)
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THm MLNUFACTURE OF NITRATION GRADE TOLUENE.

The German supply of nltratlon grade toluenc came from several
‘sources, In addition. to coal tar fractlondtlon ‘and. reflnlng of DHD
fractions, therc were employed the Witol process, the Ieutol process,‘
and aromatlzatlon of heptanes.

The DHD process is fundanuntally a dev1oo for producing aromatics,
and it 'was logically scen to be a potential source of toluenec. OSome
nitration ‘grade tolucne was made directly from the normal DHD product
by separation of a C7 fraction and applicatioh of methanol in an.azco=
tropic-distillation process In another instance, a C7 fraction was

separated from the DHD: product and repassed again thggggh\the same.
“procoss:f"The -repassed- product- was-then-fractionated directly w1ihout
the aid of added agents. to produce toluene .of nitration grade. - In_
'both. cases, sulfuric' acid treatment and rcdlstlllatlon were’ employed
‘as’a flnlshlng oporation.

The Wltol process was a synth651s of tolueno by the comblnatlon
of Methanol and benzene, A four to oné ratio of benzene to methanolL
was reacted, and the alkylatud benzenes cons1stud of 70 percent tolu—
ene .and 30 pcrccnt hlghor homologucs.

To produco toluene fron the poly—methylated bcnzenes, the Leutol
process,- which was quite ‘similar to the Arobin process. (dlscussed in
this report), was “employed. . In. the Ieutol process,, an alumlnum 5111—
cate-molybdcnum oxide catalyst is used, with a hydrogen ‘pressure -of-
‘ca., 200 atnosphercs, to doalkylate the hlghcr boiling compounds.. C

Perhaps of Wldcst tcchnlcal 1ntcrest, howevsr, is the: hcptane
' aromatizing process deblOped by Ruhrchemie.’ A plant was being bullt
;iat Holten: but it had not bucn complcted by the end of the war.,,

o Thc Ruhrchemle cycllzlng process is speclally deszgned for hep-
tanc - heptene fractions from the Flscher-Tropsch synthesis, .. These
fractions- would consist largely of normal heptane, with perhaps 10
percent of heptenc-1 and 5 percenﬁfbf other hoptcnus._ This mlxturc
was bto be carefully fractionated from. C6 and Cg: components, i.ee tO
'99.5 percent purity.. Lt was then to be passed over a chrome-alumina
catalyst at atmospheric pressurc and a temperature of. 860" degrces
fahrenheit. . The chrome—alunLna catﬂlyst was made as follows:

A3
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(Alp03 was precipitated, washed, dried, and ground in conventional man-
ner, but carcful washing was considered importants The ground alunina
was then mixed with purc chromiec nitrate salt with adequatc water to
make a viscous mixturc. ~This mass was extruded into ‘small cylinders,
dried and finally roasted at a temperature” of 1200 degrocs fahrenheit.-
Small amounts of cobalt, nickel, manganese, and thorium had been. uscd
in individual.tostshas‘activators.).,By.uSing 2 liquid hourly spacc ..
velocity of 0.1, a 50 percent conversion to toluenc was anticipated,
By the recyele of unconverted heptanc —-heptene, an' ultinate yield of
toluehe equal to 78 percent weight of the -feed was obtained in a pllot
plant; this figure was cxpected to-decrease to 70 percent in the com-
mercial plante . o S : o

: In the pilot plant, in obtaining a 50 percent weight yield -of
tolucne in one pass; the total 168s™to Sther Tateriils wag cnz li2-per=
cent weight-hydrogcq,.perpenx'weight,methane and other lowiboiling'maf
~terials,end 3 to k percent weight of light gasoline, high boiling resi-
dues,- etc. ' R T S

' The-reaction cycle in.this process-was one-half (%) hour on pro-
duction, about one-quaqter'hqur oxidi2ing_off carbon, and, one-quarter
“hour reducing-the catalyst-after oxidation. ® In the reduction step,
" hydrogen produced in. the opération is useda. SRR o :
o : T I T BT L
. The toluené ‘is staratedrfrqmgthefréaéﬁor'prpductlliqdid by sim-
“ ple fractionation, énd”aftérgaqid.treat%ngaandlfedistillation‘it neets

. nitration grade specifications, - .

-~ The use of a low pressure operation without hydrogen recycle is
‘possible because of ‘the absence of cyclopentancs in the feed.: Ab.low
.pressure cydlépeﬂﬁaﬁes_unld'décdhpoée'dxtcnsively'td carbon and result’
»iq*very<rapid'baﬁalyst'fodling;';- SR . DL PR

. | Rubxchemic was plénhiﬁg the:Epélicétibngof’tﬁis,pfocess*%b a wide

~;Doiling:,(19Q;jbo.3_9O°nF.)-Fische;:‘:‘-;(?ropsch;frfactidh to improve.it as a
‘motofugaSOIing~gompqnent;}VSuchiaﬁfractiontcouldfbe-reformed by this,

‘method to give a.93 percent weight yield of material of the same. boil~ .
_ing range as the feed, "Wtha L7 percent volume aromatic content, the
‘sctane” number of the product wouldsbe 68 compared with 18 for ‘the feed.

' ne catalyst 1ifc was cstinated.to be about one yoar, which would -
,Tbuéqu;¥éléﬁf”%6“5”éétélyﬁticénéﬁthipn of‘rougply one :pound pe?}pa;rel
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of llquid throughput.

A general dcscrlptlon of the process.as ‘announced by Ruhrchcmlc
in 19h3 was transnltted to"the Bureau of ShlpS'

XXVIII. Die Aroratlsleruna von gradkettigen ,
o allphatlschen Kohlcnwassersﬁoffen -
aus der Fischer-Tropsch - Synthese,
(Ruhrchcmle = report by Dr. Rottlg
in January 1943).
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