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curves lead to entirely differant ovaluntdons of the naphtha, -

i, o o SBLaLIng of & iigh cotans mumber oF of & good supor-obarge

capacity 1s made more diffieuit by a ‘number of additional requirements in
the_‘prepa_'ration‘;c.t'_,f‘(ﬁ:iation gasolins.” Thus the aviation fuel must have &
low Reid preasscure, between 0.3 and 0,5, that means ‘one: can only add small
amounts of low boiling, generally high octans, hydrocarbons. A further
~diffioulty is caused by the ‘iodine number requirement which mekes it im. ,
possible to use olefin as kmock number inereasing agent. ‘e -iodine number A
mist be smaller than'3, The other requirement 1ike boiling limit, sulfup -

content, “acid content, “oxyeen resistance in the bomhl test,- evaporation reai_.dne‘

are generally of lesger mportance ;t{:gh;_thfq x}equ:lfx‘emen'h nemed above,

~ The aviation motpr fuels ‘that are used todsy can be divided into
‘two groups. ‘The first group includes naphtha which contains besides paraffinic
resp. iso paraffinic “hydrocarbon,. also. naphthenic end aromatic hydrocarbons, ,
The naphthe of the second group contains only pure aliphatic hydrocarbon
‘with very branched chain, thus a’ hydrocarbon of the type of isooctane,
“Naphthas of the second group have gained particular importance in recent timee
‘Since they have an ogteane mumber of gver 100 after addition of 0,9-1,2 Mo
thoy are charagterized by a partiocular flat course. of the super-charge
ourye, - o L S e L T TR S
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. The hydrocatbons that ave formed, from the Fischer-Tropsch-Ruirchemte =
synthesis are paraffinie or ‘olsfinic pure aliphatic’ hydrocarbons with practically
nnbranohad'cha:}.ns,‘ Only stnall;'j‘p!o;‘:t‘lqn.s‘%oi“j{”shuply branched hydrocarbons of . .
‘the methyl hexene class are pr gent.. . Therefors, 1t seems first 1ittle promiging
to prepare high capacity motor fuels from ‘these aynthesis producta,- S
L - The. folloming two process groups for production of aviation fuel
£xom_gaseoua lydracazbona.were-developed-by~{ire-petroTot TS

1. The p‘&fyﬁdﬂi&tioﬁ pﬁé@éséﬁg-"'
20 " The eondenaation prosesges,



: I can assume that these are known here, 0f the first named -
Processes, the so-called catalytic polymerization has attained importance.
‘It 1s a catalytic polymerization using phosphoric: acid catalysts. Among

the processes named under (2), the so-~called "alkylation" acquires importance.

Only poly:gérization‘.need' to be cdnsidered for ﬁje‘ gaé'ola of Ruhr-" '
chemie syntheais, because the iso content of the Cl3-hydrocarbon is too: small

to allow economic processing with the other methods, But also the. polymerica-
tion of C3 and C), hydrocarbons with phosphoric acid catalyst is of lif‘uq n et

o hblel ' 0 0
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- Polym.yleld Of Polymer Mot.hydrog. —

in relation. boiling  Research - _Motor. ’-Rydmgenated_ :
to charged between -~ Octane . Octane Motor Octane

Hydrocarbona ‘olefins 60-265%  Number . Bumber  Number 4:0.9F
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One can recognize that, after addition of 0.9 lead, the hydrogenated polynaphtha
.Elves motor octane numbers as they are required in‘aviation #agoline, But

a test with the super<charge method showed that they do not attain the quality -
that 13 required directly as aviation fuel but only in mixtures with'more
valuable products, -~ - L S o

"o .. The quantitative ratio o? primary gasol to hyirccarbons that are

. liquid when prepared under normal condi tions in the synthesis is about 10:90,
Therefore, it is of:far greater importance to Anvestigate whether there are

' possibilities to prdduce-high capacity (performance) fuel from these liquid

Pmducts, In tlix_gfmain,_ there are thres di’racﬁiops to be considereq, o
pane by o 0ne can 13 to improve the products that 1ie in the haphtha. .
~-range by igomerizatfon, . SR St

2., Onecould ‘produce highly‘_\.ralu'able ”_c'yciié'hirdrdcéxfbbns- by
aromatisation from the paraffinic hydrocarbons that 1ie in the naphtha ..
boilipg range, - e e T T

3 OneTeould “prodice sultable ‘hydrocarbons from the primary. -

hydrocarbons with the largest”possible bolling range by thermal- or catalytic

Cleavage, .. .. AR D e s
0 T'will not go dnto detail about the first group of methods, In oy
opinion this group is of little importance, . It geens very difficult to =~ =
M_.né.ﬁqmgri.z.q;ilpng;chainj-—x,lwdrooarbonsfwj.'thput‘t*ch 1-cleavage.Algo, =0 far as ..

catalyst of -theitype ‘of A1C15"15 uaed ‘there 1s.a large consumption of ‘catalyst..
" Also," the octane’ nunber increase is only small because the isomerization' ..
“usually stops with a shift of & methyl ‘group in the side chain, ' - . - '




. mFeo

" T.can also leave out'a description o the process direotion that

1s namsd under (2) sinse Dr. Rottig will ‘report about this, -

. . But there remains to be Anvestigated how far the process of ’
. Cleavage is suited for the production of--aviatipnrnql—-from‘ Fischer products,
For the ,evaluation of the usability of the thernic oleavage procoss we can -
use the values that are recorded in column 1 of Table II; These values. . .
have been obtained by Ruhrchemie. by splitting a Diesel o011 fraction according
to the Dubbs process. L s 8 AT e

Thermic Cleavage = = Catalytic Cleavage

caccording to . . o ~ . asoording to the
: Dubbs progess. Catalytio Cleavage 'Hpudxy'jrooega »
Starting produst Ruhrohemie Diessl R.C. Diesel oil . East-Taxas'gas o11 -
S efl 20043500 1803500 + 220-350%  0.882/25%
Cleavage '~ 15008 . 15-206  about 458 -
Naphtha = GO wtg - - S 90wt¢§
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The high olefin content is characteristic for the cleavage products,
The product that lies in the boiling ranpe of aviation fuel has an octane -
number of about 6l but it declines after hydrogenation to a motor octine
number of only 2. Therefore, it is entirely unsuited as aviation fuel: Also
the paseous cleavage products whici contain a hish portion of €] and Cay .
hydrocarbong  seem to be suited only to limited extent for the production of

" aviation fuel, because of their low iso convent. - . T

- 7 In recent times the catalytic cleavage process has been introduced

morc frequently particularly in America. Tis is particularly true of the

catalytic cleavare process according to the Houdr) process. This has been

developed in the United States since about the year 1930, and 1935 about 15

large gcale plants were in operation or under construction. Column 3 of

Table II shows some yield mumbers for the cleavage of East Texas zas oil

according to the Houdry process. The values have been taken from a publication

of Houdry in "The 0il and Gas Journal®, 1938, It should be pointed cut that .
-the Houdry: plants do:not ‘process the cracked stock completely. After the
first or a few runs the unsplit material is further processed in a thermic
cleavage plant. The values in column 3 of Table II have been obtained by a -
single run. About 55% gas oil remained unsplito ~The extr.moly large naphtha
portion of the cleavage product is atrikine. Of the tosal naphtha about

50% fell in the range of aviation fuel. The octane nunber is about 78-90 . - -
after admixture-of 0.9 cc. lead per liter of naphtha. A considerable amount
of true to type avialion gasoline of nommal quality is formeds. . . . . . . ..

. . N ' Ao . -

"+ 'Therefore it secems advisable to use thess processes for processing L
‘the product of the Fischer-Tropsch Ruhrchemio. synthesis in spite of the dif ’fculties
tha’ are connected with the use of the catalytic cleavage process. Unfortunately
we found that there were many considerable difficulties, Column 2 in Table II

. @ives a yeneral plcture about the yield mumbers and properties of the cleavage
product of Fischer Diesel oil. Compared with the results-of the thumic . -

_ ctleavage as represented in column 1 we. find.progress with regard tu-a emsller
portion of C; and Gy hydrocarbons and also with regard to a higher ootans
number of thé hydrogenated naphiha. But the octane number after admixiure of

:009 0c lead per liter naphtha'is only 70.  Thus direct production of aviation
gasdline in this manner cannot be carried out, According to our opinion - -

~ the large difference between the results.of coluwmn 2 and column 3 is caused.
by the.dii‘ferent“chemical .compositions of the starting product which % also
.ehown_in the high density. in-the East: Texas ;9 oile: This agsumption is =~
Strengthenad by our own experiments with Germen petroleum products which
yield similar results as recorded in column-3." . They. show high yields -of good
octane gasoline and it was shown: that petroleunm products are wore readily
split catalytically than Fischer produetge - - - e oo it T T

e 8-use-of-the-oatalyilc-cleavage-process-ns-developed 1 Auevisa

- for Figcher producis seems little promising after all this, Therefore, we
decided to pursue the solution of this problem in another direction, If
‘possible, we shall not use the not ver; ‘valuable cleavage naphtha, It is to .

‘be tried to split straight chain aliphatic hydrocarbon into small oleavage:

- pleces and to build up from these a suitable hydrocarben, “The following six
conditions have to.be fulfilled ‘,:_ln_,‘orden,_t.o.,,.attain;awsuece‘s‘sm-u»ntui’z_ation ----- :

. "of such a process.. . ...



5

: 1o ‘The poinfs of -gravity of i;he'51ﬁ1ding}:products~,m5£v,ne'"n‘ea‘r,:
the G}, hydrocarbons. The naphtha portion must be kept as small as possible;
An increase in C) and Gy portions must be avoideds -~ .o oo

< -2, The construction to C) or Cg hydrocarbons must bo dome by
isomerization, ' ; T UL AU RIRIS e A
3. It has to bo atteémpted to raise the percentage of unsaturation
of the C3-Cg cleavage product as high -as possible-in-order to make the new
conatruction with simple polymsrization possible, without recourss to. = - o
_complicated processes of dehydrogenation and alkylation. . RSN

b Tt mst be attempted to Split the total eracked oharge without
residue, - R _ Tel T S

%, e boiling rangé of the hydrocarbons. that are to baproceasod
by the catalytic cleavage has to be as large as possible. - Partiowlarly it - .
is desirable to charge also hydrocarbons that boil between 100. and 2009,

6. Findly, it was to be tried to arrangs the technical: construction
of such a catalytic oracking process so that the ‘complicated arrangement.of -
the Amerlcan profess can be avoided, - - TR T

-+ In order to make the following part clear will you allow me to . -
disocuss briefly:the apparatus aspects of the “American catalyst' cleavage procesas
The Houdry process has been described most extensively and is also tha best -
developed process. - There exists an interesting description of a Houdry plant .
at the Magnolia Petroleum Co. It reports a daily throughput of about 2,000 .
tons. It was published by Voorhis in the National ‘Petroleum News of =~
August, 1939, “According to this publication the.cracking charge goes from
the charge pump through a number of heat exchangers to a pipe oven where it
i3 heated to about LLOC. - Then it reaches a tar ssparator, steam 15 added end
it is-heated -again in a pipe oven up to 470°C and ‘finally 1t poes to the =
autonatically steered check valve of the ‘cracking chamber. There exist thres
groups of reactors, one of which is always in reaction. The pressure. of the
reactors is 2.1 atm, absolute:pressure, The cleavage vapors pass through the ..
reactors, through the heat exchangers as mentioned above to the processing. .
in fractionating and stabilising columms, - . . T S SR

o Precipitates which contain carbon are formed in’ the reaction at the
catd yst surface end have to be burned off in a regenoration period. The . -
quantities of air that are required for this are sucked in by BrowmsBoyery- =~
turbine compressors.. After appropriate heating 1t'13 conducted to the
reastors. = The smoke gases that. leave the reactors are burned first using a . .
catalyst and then theéy go into a Bromm-Bovery hot gas_turbine which ia_gonnected-
ﬁfﬂrthe-oomprogaor..w S T e R e

. A ciroulating fused ealt is used to naintain suitavls temporatures
in the reaction chambers, In this plant the salt system ‘Tequires the f£illing -
of 500_\t.onnea. " After leaving the reactors the fuged 'selt goes into ap



b
expansion tank and then into a punp tank. From there it goes part into the |
reactors and part it is pumped into a steanm producing plant to give off heat.

B .Avout the construction of the catalyst chambers the article only
states that it has a diameter of 3.2 metors and & height ‘of about 11 meters
and that the comstruction has been done very precisely., One may agsume that
we are dealing with the reactors of similar construction as degeribed in -
APy 2,161,677, The main principle of the Houdry ‘process is the temperature
‘reguwlation of the catalyst vith aid of the catalyst chambers and the plpe
systems that surround the contact chambers through which one pumps the heat
carrying medium, in this case fused salt. :

: - It should be specifically emphasized that the distance betwresn two
heat exchange surfaces in all places of contact must not be more than 1 inch,
The salt fusion brings on the one hand the -eat that is necessary for the
endothermic reaction and carries out the hydrcarbon conbustion heat that is
‘liberated by regeneration. As mentioned before the excess heat quantities are
used to produce steam. 'The rest of the construction of the-catalyst chambers can
be seen from the representation. The entire catalyst tower is divided into
six single layers obvisusly for better gas distribution, In this way it is
possible to carry out vartous arrangements. For instance, the charge product
can be introduced from the top and bottom and taken off from the middle; etec. =
One can see from the picture that such a catalyst apparatus is a very complicated
construction. One also has to conside® that only especially selected steels .
can be used because of the hirh reaction temperature and becauss of the change
‘in stress of the oxidizing ani reducing atrosphieres in the cooling system,
One must not neplect entirely the influence of the large steel surface on
the course of the reactlon accordins to our experience. The ‘Houdry had
to arrange for a special mamfacturing by the Sun Ship Building Co, with
large machine arrangements. 4180, the requirements for the apparatus of
‘the salt circulation will have to be considered. Therefore, one must assume
that Houdry plant may be economical for large units such a; is possible in'
the-American “petroleum industry but not for plants on the scale as'it would
be necessary for the Fischer plant. Y '

I als'of‘hav'ev to mention the time scheme of the Lagnolia Houci;'y plant,-

- -Ton minute reaction
. Five minute steam blowing -
. © Ten minute air treatment
+ . Five minute stean blowing
~ . ien minute reaction, etc, .

ws

. The, féééltiop tine is in the ratio of 1:2 {0 the iegéne'z‘-ation time; :

oy The' catalyst that is used was not desoribed in detail, ‘But it is to ‘
be assumed that it 'is the pure almninum‘hydrosﬁi_cate,catalyst_ prepared according -
to the Houdry patent A.P. 2,073,9L5 by pressure formation, .
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... In contragt to -the Houdry process the processes worked out by °
Standard and by:Kellog operate with moving catalyst. -Here the difficulty
that is:caused by the change of endothermic cleavage reaction and exothermic
regeneration is solved by carrying out’the reaction and regeneration in ,
-different places, ' A schematic presentation of this process is:contained in
the Standard patent F.P, 865,901 in the year 1941." This ought to correspond
with the state of development up to date... The cracking charge is first hested
on a pre-heater to 205 C.._ Then it is mixed with a pulverised rogenerated catalyst
in a mixer and with:a preheated inert gas, for insiance, nitrogen. -Then it
is crdoked in the cracking coil at 0.35 atm. absolute pressure about L00°C and
8 residence tine of about 15 seconds.  The retio catalystsoil amounts to 3 to 1
in welight #.(Trans.ssic). The oatalyst 1s separated fron ‘the oil vapors by
blowing out with nitrogen in a catalyst separation apparaius. Then the
‘catalyst reaches'a tollecting vessel after passing through several gluices.
Heated air or alr inert gas mixtures are aided. ' Then it is.put into the
coil that is heated from the cutside, where the separated hydrocarbon s
‘burned off at 3.5 atm. absolute pressure and temperatures betmoen 315 and
'760%C,  After blowing out again with inert gas ina. second catalyst separation
-apparatus the catalyst can be .used apain for the reactdon, - ;

T 'Iheuﬁ)uity of thé prdcés’ées' with mov:lng catalyst da'ﬁnot‘be
Judged from the patent publication. But at any rate it seems to be a :
technically very difficult process.to circulate a pulverized catalyst mass

at such high temperatures and particularly ‘to transport then’ thircuch narrow

~reaction’ pipes, -Basically, this process comprises & step back to the thermic
cleavage process. Ag.in that process. the total heat that is necessary for

the reaction is passed through the walls of thin pipes. It probably is also
very. difficult with:regard to the material choice to eliminate the influence
of wall surfaceg. . e

- All these difficulties have besn ayoided in the process that has

"been developed by the'nain laboratory ‘of Rihirchemie by Dr. Trams, cooperatively
vith'lr; Dahm, engineer Stuhlpfarrer,. Df. Kalippke and the lecturer.. The . -
important technical problem i3 the control of the heat moving betwsen endo=~
thermic cleavage reattion and exothermio catalyst regeneration.  This was
golved in a simple manner, A small mumber exemple may throw 1icht on the
~situation. One can assume for ingtance that 100 kilograms charged material
can be cracked to 502 by a aingle throughput of the catalyst: . Do gplit S0 kes.
.one needs 50 X 300 = 15,000 heat units.: Ve attempted to arrange the whole
process in such 8 manner that exactly the 15,000 heat units would be produced
during the regenaration of. the®catalyst. ~Thus, we did not need tho. complicated
heat carrylng systen in which salt solution circulates as in the Houdry plant
and also not, the complicated arrangement of catalyst moving, . But it was
posaible to operate with sinply arranged: statdonary catalys o, T U -
catalyst mass-is-a the same time heat regencrator for the cleavage. In
order to fulfill this taskwe would have to succaed to. aeparate just enough -
carbon on the catalyst surface that-the heat; that is produced by its burning -
off is enouch as cleavage heat. . Burning 1 kg. carbon 1iberates about 9,000 =

heat units, thus there had to he burned: about 1.7 kgs. ‘carbon. :First 1%

seemed very hopeless’ to regulate such a.complicated process as the catalytic .

Cleavage-in-guch"a mamner;” particularly if various. catalysts.and various. .
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cleavage charges were to be used. Through tedious careful study in laboratory -
tests and half technical tests we gucceeded finally to gel to know all the
operation conditions that affect the hydrccarbon precipitation. Thus, today

we are able to regulate the cleavage in desired direction, - Among the | - :
operation conditions there are catalyst load, duration of reaction period;
reaction temperature, catalysu activity, and even the size of the reactors.

With the exact adjustment of heat yields according to heat require- -
ments it is also possiblec %o effect extremely short regeneration times. The.
‘rabio between reaction time ani regencration time is 2:1 (this includes
als. the intermediate stcam blowing in the regeneration plant). - In tha
Houlry process the rabtio is 1:2, 'This is an important fact, 0 100 cu.meters
of stationary catalyst in the Houdry progess only about 33 cu.moters are
in constant operztion, while in‘our process ' there are 66 cu.meters in -
constant operation, therefore the double amount. E . EE I

¢ ooees-In the large seale plant that is wider construction thiree groups
of reactors are provided -of which-two groups arc always in reaction and ore
group in regeneration. the cowrse of operation in this plant is as follows
(compare appendix). S e S S :

: Fron intake tanks that are in alterhating arrangement the producta
that are to be split go to a pipe oven.. There they are evaporated ard pre-
- heated to the re:ction temperature. -The pipe oven has also a special oven
" part in which the so-called: crackins retlux is preheated. This cracking
-reflux is not split in one throughput. The evaporated products go into'a
mixing chanber where water steam can be added and then into the reactors.
The reactors are formed especially from a spcial material.  They consigt o
a container in which the catalyst rests. The reaction is carried out at -
normal pressure and temperatures of 500°C. - The producis that leave the =
reactor ro first to a de~heating kettle where they are cooled off to about
260°C with & prodwtion of corresponding amount of steam, . ,

Also, the air that is necessary for the carbon burning which has
baen preheated in the pipe heater to ‘reaction temperature pass through the
reactors and are finally passed through the deheating kettle. The steam
that is necessary for blowing out and mixing to the charpe groduct is also
heated in the same pipe heaters.as the air.. iy MR A T

: Conversion of the reaction to alr or steam blowing occurs by a fully
automatic gear arrangement that operates by an electric-pneumatic method, . -
Electric connections are operated by a steering cylinder, ‘these three valves
by magnetically steered throush which a pneumatic medium such as compressed -
alr operates the actual regulating valves. Appropriate’ back-indicating

—devices-assure.absalute-technioal-safety-oi-tho-arrangements——

. Now I si\"g]l-‘spbak about thélti_‘__m-ther‘pl—*bpéééfihg of i:he\se" pro&:i§.ts, |
A mixture of cracked products goes from the heat reduction kettles into a cooling
in-ztallapiot; which consists: of ‘a-rinsing covler and adjoining indirect cooler, s
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naphtha that bolls above 100°C as a side stream, and on top the hydrocarbons
boiling below €y, .Jhese hydrocarbons are mixed with the products that are.
- formed in the 'tIrst comprossor stage which operates at'10 atm. . Then they
are geparated in a second pressure distillation in a C; (and Cg=) bottom
.produst and a €G3, Gy, Cg top product. The ton product is mixed with a product
- that is formed in the second conpressor stage which opsrates at 35 ata, : :
absolute.preasire. ~ Then it is separated in & third column into a bottom: -
- prodw t of Cg5 and a top_product of C3 and. Cy - The C3, ‘C)j is then divided. -
An a fourth column intoC3and Qe ~ ~ 7 R SRR

The G3, C),"and Gy hydrocarbons can now be polymerised in a polymeriza=
tion plant over ata iona,stcatalysts. After polymerization there follow -/
. stabilizing colums ami ‘ddstillation columns, In these the aviation fuels
- are adjusted o boiling ranges trus to ‘type ani ageurate Redd: pressure, And
- finally, there follows a hydrogenation colum, - -~ -~ SR

2o T do not-wish to go into further details ahout, this soheme, but I
“hope that'I have showed you that we succeeded to develop a technicdly simple

catalytic cleavige process, which oan be used also for mall cleavage plants -
as it 48 required for the Fischer work, . It can be done economically. The .
six requirements -that were named at the begluning for a usable catalytie
- cléavage process geem to be filfilled. - = - Lo

.~ .In the following I should 1ike o show how' far the poiints 1~5, could .
be realized. :Jable IIT shows a -sumnary of yicld mumbers as they were obtodned
by splitting of a product thut boils between 160-350%C, This Fischer-Tropsch-
Rﬁhmhem{.;“ synthesis product has been used in our technieal pilot plant for

Ut mblerm R e
Charge material IR Rubrehente ‘Ppoducts
Doillng Mmits - * - . " 'ypoa3ed
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~ Table IIT (Cont.)

Iso ‘contén;i:: " ; e »
S 0 o " b0uts
cg,moﬁns‘ , : ' l5-50%
G} Paraffins = . .. 60658
C}, Olefina o ‘ : 3838

Thereby no cleavage residue was taken off. Vith ons throuphput the cleavage
is about 307 a3 can be geen in lable IIT. The converied pralucts are distributed
85 follows: 15-20 wh.% naphtha, 192 Wha%. Cg, 25-30 whef Gy, 20-25 wh.% Og,
5=7 wte % cz, 1-2 Wtus 01 m Hz 3=l Wto% carbor'l.. 8 o . SR

. Thus, we susceeded not only in shifting the center of gravity of
the cleavage product away from the nashtha to the C with only a amall increase
~of the Cy, 02 portion but also in proiucing C), and Cg cleavare framents.
with sufficient iso content. It is particularly important that we succeéded
Yo nroduce 63, C), and Cg hydrocarbon with 90-95% olofin content. Thus, 1t
13 possible to convert 3 to Cg hydrecarbons with good yields into h
. Valuable polynaphthas by simpla polymerisation with sulfuric acid catalyst,
later we shall go into detail about these processes,

. It 1s:nec:ess'ary to make some. statements about, the catalyst that
was used in order to evaluate our catalytic oleavage procsss, Table IV
‘shows what differences. were caused by the choice -of various catalysts.

’ _ 'm.’jfj : The converted are divided whod e S .
~Catalyst Conversion' Nagh®ia Gg GCj, ¢ C3 CCyFy Carbon 0y, % Iso-C)C),
@out 3 53 - T T T Sy Sfensey  poane
Um0 3% 16171 80 0
nTkT o1 1533 27, ‘_ lag_ S
o 8 g

nobo 1033 3

The catalysts 4 to & were run undor sfailer condttlons, Novertheless, largo
Govlations in distribution of the analysls of cleavage produsts occurred. -
‘For example, catalyst A shifts again to the naphtha side although the same |
..experimental °°ndiﬁ°"-3"‘7‘°'1'°@:°h°s°n‘35,"m,'if?ie"'empetimennaithat, were sinviardied
B

in Table III. Also the great carbon precipitation is remarkable, Gataiyat.,

45;0;?
S\ ﬁb”

dkwoq
A

! 16.35729

shows similar results. On the oﬂ\er_;hand,"rcath].ysts‘G\an'd}'"l)' glve evenbetter
~ yields than those obtained in-the- experirent of ‘Table IXI with regard to .

naphtha-an? ), ‘values. Unfortunately, the olefin ers are very poor and with

“Catalyst ¢ alss the iso values are low, The yield values of Catalyst B =~
“__gnpmach‘_thwalues@tfhblefﬁzreufwamccaedmﬁse-. the olefin content -

‘of the cleavage pleces somewhat then this catalysi will be better ihan the

‘né used up ti1% now, - e B
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“The 1ife span of the catalyst ie generally vary good. ~ For eummplo,
the catalye’o that has been used in- our pilot plant was run in & experiment
up to the ape of- 3,500 reaction hours,. this is five months: of pure opsration
- time. ‘e decline of aotivity of the catalyst can be equaliged by changing
experimental conditi)na. It is true thereby oceurs a mmall inscrease of the

G],, C2 values.~ There” ore; it seems tc bc practical to change the oata),yet two
threeti.mosayear.g'n Y ,

: ; It ia interasti.nr to rega»ﬂ :nce the dietribution aoccrdins to-
G-numbera of the pmducts that are charged into the cleava:o and the pmduote
that were obtained. 'In Tuble V' (Appendix 1) the-results: of - such an investiga~ .
tion have been represented _graphically. = The dotted curve is the diatrlhﬁm
.of the. chaxmd material, the golid 1ine shows the total end pu-odnct by '
.percent weight for the various hydrocarbons, - Also, the corresponding -

olefin curves heve béen corded. One can '8ce again tha ‘shift of ‘the olemge
of 03 to. Cg hydrocarbone particularly to the Cyy lvdmoarbm ‘end extansive
,depreaaion 'of nanhtha formation with a minsmum at Cg-is also sharn, The
‘contimmation of -the curve to- the R oycle material shows a greater cleavage
~of ‘the hirchest boiling Praction and obviously also &' favored cloavage of the
C12.and C3g. hydrocarhons. - - Ong would” ‘aggume that there coourred a certain
median’ cleavage ‘that: poes, ‘for example, over Cg to Cls If ons compares .

the olefin curves onc can 8ee that' the hydrocarbons of the’ sput product

has a high olef:ln content as: haa bean mentioned beforeo _

. e hydrocarbons of the cleavage renux on the other hend have

lcwer olefin mmbers than the charged material, We could confirm the assumption thai
a n=dian c.leavaze oceurred in the catalytic cleavage of the charged hydrocarbon

"by the results of cleavage oxperiments in which Cg<Co hydrocarbons fram the

Fischer synthesis wére used, - “lable VI (Appandix 2) showa first the results

of a charge of: Cg-Cy: ‘mixture. One can see clearly the favored ‘cleavage of Cg
hydrocarbons and: -partiocularly g olefins into two C) hydrocarbons. The

dietribntion of ‘cleavage producis corresponds otherwise 4. the values recorded
~in 'kble IIT, - Aleo the: oleﬁ,n and-iso values of the cleavage plecaes are the

game as there. . - Teble VII (Appendix 3) gives the’cleavage results of :
' hydrocarbons. As can’ ‘be seon clearly from the picture the ‘cleavace is avored

in the following directions; - G, into Gy ‘and Gy, matribnﬁ.on ‘of the cleavage
product amounts to 5 'wt.% Cs ; wt. % c 5 35 % %-C)yy 38 wted Cqp 5 wt.% 3055

~and 3 wt.$ carben. - The other values: comapond with ‘those of abl

Figure 8. (Appendix L)y shows finally th vsxlts o the cleavage of a 05 S
~ fraction that" was: el:lghtly contaminate th ¢ 25 lhe oleavage reaction
_Tuns almost ent:lx‘ely according to the equation 06_ 2

. 1hus, it 13 possible to eepara«e lwdrocarbona down to c in enr

catalvtic cleavage process mredominantly into G3.to g claavage pleces nith

~ hich olefin content. and suffieient iso cgggzgﬁ.*m,thesaam.m build-up-—
~aviation motor Tuels by polymerization with phosphordc ‘acid ¢ atalyst with god

yields. ‘he only. linit consists in the decrease of cleavabﬂiw ‘with -

faning G mmber aa can be aeen .'m lhble IX.




Chargs 160-350°  Cg-Co Fractdon Gy Fraction 0g Fraction  Gg Fraction
' For exdmple ab. equal meﬂmenmcondiﬁmi the cleav—aéé falls
fron 46Z to 33‘, 32_5;19%[&!1:1#1!1‘!’}{’05 even to 10$¢ R e e

. _therefore, a catalytic cleavage of Cg hydrocarbons should not be done.

- Also, a cleavage of Cg hydrocarbons is only sdvisable in exceptional cases, :
But it seems easily possible to charge all hydrecarbons ,of;u_‘g.?g,g_'gl;er,mthesis ‘

down to Gy into the catalytic cleavage, ool rsecino T TR

A

- Anadiltional effect of our catalytic cleavage prw ass mist be
emphasized that it is possible to isomsrige C), and Cg olefing that-canbe -

put throueh the reactors up to L0-508 without ‘decressing the cleavags per-

formance of the plant. For the Fischer plant where C), and Cg olefins are -
avallable from other sources this means a conglderable increase of aviation
motor fuel yields. - ‘The C)y isomerization operates completely without loss, .
in a cﬁsanerization, there is a small loss in conversion-of part-of the
3 _m‘ima’rﬂyvint.ocg and czr‘cilewa’_ge;pieggaa— e
‘ - Thers still remains to be 'discussed the processing- of the catalytic
cleavare product of C3 to C5 hydrocarbons into aviation motor fuel. It would

not be in the scope of this lecture to go into details about ‘the polymerization

_.05 ole

and hydrogenation, . Only the obtained yields and qualities of polynaphthas
: Trqbl‘e:-xi‘" : 1 ",‘,
olym.yidd  of Polymers |
- .. referred to - boiling from
Hydrocarbons “charged olef:lna'.. 60~165 :

B RDUUECENS . RSN L
o s omE . .

WOﬁe‘cmEeﬁéréﬁmﬂﬁ*ﬁ‘ﬁmeqt of the quality of the Cj poly=- - -
naphtha because of their increased iso content as compared with the poly-
merization of primary gasols whose. result have been ‘reported in ‘the beginning

of this lecture in ‘Table I, ‘It is surprising that it is also possible
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" to produce polynaphthas of similarly good quality from Cg olefins without

 increasing the portion of higher boilinf:'prodncts considerably.
' S . The yields of polynaphtha in the ;l.)voilihg range of. thé aviation
gasoline. and of-the by-products that are formed in the polymerization in

relation to cracmd‘charge 18 presented in Table Ao -
Hydrocarbons - . G G

g

Wt T w8 ams as

Olefin content. . .- . 92,58 . 92.5% 8758
Fraction 60%-165° - 12,2 2kl 10,5 “Total  42.8
B e - It iy
o 26%200 6 20 T 18w gy
200°C boiling polyends 19 . 0.8 08w 38
lMotor fuel gas 28 LT -t B
: _ According to this, there forgs in total 42,88 polyna iphthag that bot)
betwsen 50+165°C, 8.1% between ].65-2001.e bolling po,lynaphthaag 5?35 ‘batween 63%

bolling products from the Cg polymerization, 3.5% over 200"
polyends and 8.5% motor gas. > o
.- As ghom in Table X the polynaphthas that boil between 60-265° |

(after hydrogenation and after addition at 0.9 or 1.2 lead)-have octane mubers
that correspond partly to the normal 87 and partly to the 100 octane aviation
motor fuel,- As I have said in the beginning it is customary now to tost o
aviation fuel according to the super-charge method. -Based on these measurements -
there resulted two possibilities for the praparation of aviation motor fuel.
Either one can produce a product with highest values corrésponding to iso- e
octane which we shall call aviation fucl #I in the following, or-one can . .
‘produ’;e an avialion motor fuel of normal quality which we ghall call aviation

" fuel #IXo. o ' B RO

 Based on the super-charge test only C; ‘and q‘s‘pozmmha;m

' bolling - so-called |

suitable for aviation naphtha #I. . 'The C3 p phtha,”the polymerisates of
.G, and Cg hydrocarbons which boil betaeen 165-200°C, - the: portions from the .- g
Cg polymerization which boil undér 60° and the catalytic cleavage naphtha
at boils between 60-and 160° make up the automobile fuels: The octans mumber
of thie mixture without admixture of lead is 87, fable XII gives a survey -
about the quantitatdve ratdo, v v T S
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© Teble T

TR T I Y 3
'vAviatioﬁjfuél_/fif O ’ .4'3'1.7 o 32 ‘
Automobile fuel(Research octane : U L
nunber without.Fb = 78) . hg.:é S hg Eal R 80 -

Motor gas = . 8.8
Ga ~ Hydrocarbon with 80% olefins 4.2 .
N S W 1 n
Catbon ¢ i i3

oy .

.~ Our.values refer to oracked charge. ' The 3.5 polyends that are
mentioned above:are mot resorded again, gince- these polyends can-always be
split catalytically in the same manner. For the rest of the cleavage charge
the yield values can be-stated without consideration of the - snds by -

- corresponding recaloulation. :As shown in Table XIT the yislds of aviation
fuel /I amount to about 32%. - The yields of C}; - the ‘automobile fusl to sbout
L8% and-the yield of-fuel gas about 9%. Thus the total naphtha yields ig -

~about 803, the total yields of zotor fusl materisl about 398, The other 1%
consists of about 573 Cp hydrocarbons or ‘about I CBy. Even the.l$ carbon
‘that is.formed in the oleavage process is not to be considered as a total -
loss since the heat that is 1iberated in the carbon burning is again uged,

-As I have pointed out before,:it furnishes the total cleavage heat. Thus =~
we succeeded to-produce a relatively high-emount of highly valuable aviation
motor fuel from the straight chain produsts of the Fischer-Tropsch~-Ruhrchenis
synthesis by catalytic cleavare combined with polymerigation of the olofin
-obtained in the cleavage and follgwing hydrogenation. Thereby an gutomobile .
fuel is formed with an ootane number of 87 without lead admizture which makes

“P & valuble dlaixture  for inprovaient of prinary naphthas,

- o~ This can be of particular dmportancs if for ‘some’ reason one has

to decrease the quelity of the primary naphtha by taking out a certain ‘hydro-

carbon as, for:instance, olefin hydrocarbon. -'The aviation ‘gesoline #I can

be used technically Just 1like isooctane. It can be used as highly valuable

isoparaﬂj'inic-compqpépt_ which 1s necessary for the improvement of the very -

gtasp course of supercharged gurves of ths aramatic hydrogenated naphthas,

in order to. nake them suitable aviation operatdon, Therefore, its production-

“1a:very urgent.:. To mike that clear 1 show you the correaponding supercharged

/e;;rveg in .p;ctg_r_e, 13 glppet:di; 5)e 1"cgvm ',l-'comapgpds to our aviation gasoline
o - SUFVe < vorresponds to aromalic hydrogenated naphthas. Gurve: 3 corresponds

to a mixture 0#-_'\305_?;3:11‘038!18\‘»9& baphtha with 20% aviation: gasoline 4. :

. 1f one foregoes the production of aviation fued yiith to il ty—
ko presented by our aviation gasoline 41, one can produce a larger
fnount; of aviation. fuel -of normal quality mhich we have called aviation fusi
#1%, In this-caje it is possible to.mix in also the Cj polymorisate and -

even the portion of hydropenated catalytic cleavase na htha boiling up to =
1209 .. The aviation:naphtha IT that is obtained ﬂxat,wgv yields cngveph
recorded in picture 13 which corresponds in its position to the aviation fuel
' 2 o dield-mmbers in- relation’ to eracked charge are: sunnariged -
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. . o Wtog : A _,'.,'W_ t'E R Wt.%
Aviatfon fuel IT . - . 861 - . -56. . 80
Automobile fuel ROMr. Ll Ll o DR
without Pb-80 _ T 2307 Cooey v
- Fuel gas ' 88 9 .
Cﬁ ﬂydrouarbona wi.th 60’ olefing -~ 6.2 - .
Ca on R FER 3.6';

According to this one obtaina about 56$ aviaﬁon M II, about

2!;% automobile fuel with a research octans mumber of 80, md.about 9% fuel-
gas and about 118°C10p hydrocarbon and ‘carbon. Thus one sucésods im the
production of. aviatlon .t‘uel of mmal qunl:lty w:lth surpud.oingly good y.lelda. "

: It. may be mteresﬁ.nu I.'or ..he evaluation at the econow of the
Ruhrchemi.e process to compare the energy requirement values with the - -

- stabement about energy use of the Houdry process in the publication that
has been nentioned before by van Voorhis about 'ohe !{oudzy Ka@oun plant.
Lable v g:lves t.his compar:laon. ‘ '

» ﬁble xv ‘ R
m}\rchemie Proceaa g uam” r Process
. ) _'~, ‘ ‘ g o RH
Fuel gas. - -~ ;300,000 heat units 3,52 320,000 heat un:.ta 1.4
 Elestrleity " = 55Eh . . 0,99 10 Ewh . 0.8
" Steam - 0.6 tonnes,J.S atm, 1,80 0,05 tonnes 0,15
Fresh water . -3 ou.meters 0.,21' 1.2 cuoms - - - 0,08
~That is O.,GS Prp per kg cleavage charge R 018 pfg per kg chargo

or 1, B _ products . or 0oh5 M produob

'lhe values refer to one tnnne of craeked charge and include in both
‘cases the distillative processing of the cracked producte It is clear that
the energy requirement of our process must be higher.' In contrast to tho
Houdry ‘process -in-which one works directly tovards the naphtha we musb
"procasa Yarge aniaunts\o. gaseous cleavage” produf-tso 'As ‘one'can see in’ = .
iable XV the excess consumption of energy amounts to about 0.5 pfg. per kg.
- cleavage charga. If one {etermines the cleavage degree in. ‘gingle throughput.

_for the Houdry process similarly as the values in:Teble TII at Lo%. tm.a__..,...._..,

-amounts to-about-1.2 pfg per kg, of converted cleavage charge material, ~If
“one adds to this'the cost of po]mner.l.zation, stabilization and hydrogenation .
‘which are not. included in fable XV one can. obtain.a total price excess of -
about 1.3 pfgs por. kg.. converted cleavage charge.. If ‘one considers that in
the Houdry process about !:5.» aviabion i‘uel of normal, quali.t;}' is produced, -
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by our process we produce 6%, and further that in our process one hag the
possibility to produce aviation fuel #1 a product is ‘technically an iscoctane
then this result must be considered entirely satisfactory, - Partioularly,
since; "in ompardson to the Houdry ‘process, the Plscher product aviation fusls
are much more 4ifficult to produce, < TR e T

v Ve should like to say a few words about ‘the cntire esonomy of ‘an’
-aviation fuel plante' We have chosen 26 to. 27,000 ‘tonnes of material which. .
results in 15,000 tonnes per year of aviation luel. Ve are contemed here -
with a plant of the size which could be constructed in the various synthesis
- plants without the:plant having to buy. eracked ‘stock Lrom another source. .
Tho size of the plant is the sams as we have shomn in Table V. Te . -
-gongtruction cost amounts to. 130 marks par tonne of praiuced aviation fuel.
Besides the 15,000 tonnes aviation naphtha there is formed. 6,400 tonnes of

automobile naphtha with an octans mmber-of 80, and-2;400 tonnes fuel g8s,

9% tonnes ethylene, and‘1,070 tonnes of gas. 26,300 tonnes charge is -

necessary which has.to' be counted as 30'pfg. ~The automobile fuelds

credited with’32 pfg per kg., a fuel gas 29 pfg, the ethyleno with 13 pfe and
~the fuel ras with 1.7 pfg per kg, After subtracting the credit one obtaing -

a charpe price for:the aviation fuel of -3k pfe.  The construction costs emount
to about 64 million marks. Fron this one calculates amortizatdon and interest
of 6.5 pfg. The operation costs are calculated inoluding.the catalyst cost
at 5.7 plg., wages and salaries amount t6 2.6 pfg. repairs to 2,2 pfg. The
total price for aviation fuel’ on this basis comes to 51 pfe per kg, Ono
- hes to cbnsidor‘fin-caleulatin‘g’the"efcbnm{y‘ﬂxfét‘ ‘the resulting 6,400 tonnes

of automobile naphtha is very highly valuable and could be sold’at a higher

price than 32 pfg, 7 ) R . -
- In conclusion I would Mke to say that the Ruhrehende oleavage process
has only been worked out for the, production of aviation fuel from products - -
of the Ruhrchemnie-Fischer-Tropsch aynthesis. But we know today that 1t can

" be used also for patroleum products. 0Of course, there am'.,dirf'o;"ant vield -
nunmbers because. of :the different chemical: compositions of 'the starting product.
Also here interesting prospects are opened because of the -dnplicity of our
procese. - o Choo T S R

| S T Signed  Kolling SRR

o - Martihs 3 'lhc ¢1nvestigatioxi3", hadalready been atarted ;'-bélfow’—t.he.""-

war and were carried out with the int ntdon to improve the quality of Fischer
naphtha. . ‘e rusults: that were Just reported have been obtained in g pllot
plant.  In a short time large gcale values will be available because'a .
. large scale plant i_s'",'under'conatruction._ While the Houdry grocess in the .
UsS.A, 13 only built as plants with large capasity of ‘about one million tomnes
per year or more, the?prgggm“mcsasds-dSOusu&tedﬂfwmﬂIeﬁhW
“particularly for the German conditions, It is remarkable that in this method
of cleavage hydrocarbons with'a C number ‘that is divisible by } decomposed
‘dnto Gy hydrocarbons;and that mostly isoparaffing are formed,
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1o points out that favorable operation of such a plant is
very dependen% on the equalization of the hieat. He asks vhether the heat
exchgnge can also be well controlled when a non-uniform charge is used, .
Kolling explained that no dif®oulties ocour rhen C5-Cg hydrocarbons are
charged. Martin throught that higher molecular mist maycause trouble.
Ullrich asks whether the presense of C, and C), hydrocarbons disturbs the
balante of the cleavage., K ks to this that neither Cj, nor C;
hydrocarbons: disturb the b 8. . That also G hydracarbons ¢ par
into C3 and Cj and there ocours simé carbon précipitation. .But the losses
througa carbon precipitation are small, ' '

‘ Eolling points out that while the temperatures of the Ruhrchemie
cleavage process are higher than in the. Houdry process :nd they fluctuate
during the process betwoen 30° and 0%, the catalyst is very gtable and
sensitive against-temporature changes. ) -
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