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PROVISIONAL SPECIFICATION
Na. 21679 A.D. 1988,

Improvements in the Catalytic Cracking of Hydroearhons

I, Grorer Wirrray Jomxson, a British
Subject, of 47, Lincuin’s Inn Fields, in
the County of TLondon, Gentleman, do
Lereby declara the nature of this inven-

§ tdon (which has been comimmunicated o me

from abroad by I, G. Farbenindustrie

Aktiongegellschaft, of ®rankforf-on-

Main, Germuany, a Joint Stock Company

organized nnder the Laws of Grermany)
10 to be as follows: —

My foreign correspondents have foumd
that in the cracking of hydrocarbons by
Jeading the same in the vapour phase
over rigidly arranged calelysts, the yisld
of non-knneking modor fuely can he in-
ercaced ond the nature of the products
maproved by increasing the pressure im
the reaction zone in suell a nianner that
the pressnre inercase iv af least 10 atmo.
spheres and preferably 20 atmospheres oz
mere. By working in this way mutor
fuels are obtained having a high nom.
kmocking wvalue, high semsitivity fo lend
and which generally speaking requirs no
mhsaqauant rofiuing:,

Ap iuitial materials there may he men-
tioned in partienlar hydroearbons rich in
hydrogen, in particular beavy benzines
or middle oils, The hydrocarbon mix-
B0 tures obtained by the reduetion of earbon
monoxide may be nsed with advantage.
Hydrocurbons rich i hydregen may also
be worked up in admixvbure with hydro-
earbons poorer in hydrogen, in partieular
aromatic hydroearhons,

The process, for which generally
spealiing temperatures of from 400" o
700° Gentigrade are used, msy be carried
ont for example by increasing the pras-
gure in the whole reaction chamber dur-
ing the rsaction, for example during
from abomt 1 to ® hours by the amount
specificd above, the initial pressure being
for exumple within the range of 1 to 100
atmospheves, 200 or even 500 afmo.
spheres. Generally speaking the pressure
is ubways inerveased when the activity of
the vatalyst commences to suhsida or
short hefora this point of fime. . Ff no
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satisfactory -aelivity of the ocatalysi can
be oblained by a further increase in
pressure, the catalyst musth be replaced or
regenerated and working at the Iower
ressire recomuencsd. The iwbervals of
time at which tha eatalyst is replaced or
regenernled may, howover, Be chosen
shorter, - :

As catalysts there may be meniioned
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substances prumoting eracking, as for
example natural or synthetic aluminium 66
silicates, which if desired may be pre-

treated +with acids, ov alumina, active
catbons, if desived topether with the
oxides of chromium, molybdenum, tung-
sten or manganese, or the oxideg of loam
nesium, zine, mangunese ar mixbures of
these oxides, as for example {he oxides of
aluminivm “and chromivzi, The spid
metal oxides may aleo be msed olone,
Catalysls  containi stlicie acid and
magmesia are espec?ﬁly suitahle,

The reaction zone may be provided
with  catalysts” of different cracking
action. The used catelyats ave preferably
regenerated first with hydrogen and then
with  guses” ‘ronfainine nxygen, for
exsanple  with  gradually increasing
oxygen content, at inereasing temipern-
ture and then wsed again, 3 desired iy
admixture with fresh catalysh,

.. Lhe following Example wil] fgrther
illustrats the nabure of this invention hud

the invention is not restricted to this
Example..
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i Exarrrm, 85
Paraffinic middle oil (boiling limits
210° fo 340° Centigrade) is led at 460°
Centigrade through a. reaction chamber
filled wiih picces of *bleaching earth, a
throughpet of 0.5 litwe of oil per litre of
catalyst per hour being chngen. Tha pres.
sure in the reaction chamber iy increased
gmduallg o 30 atmospheres during the
course of 90 minutes, . The reaction yro-
duct is cooled, first with water and & en
with solid carbon dioxide. The non-
condensed portion . (permanent pases) is
eollecled in a_gas holder. The condensato
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.1 geparated by weter vooling containg 85
per cent. by weight of benzine (boiling
up to 200° Centigrade). This is colour-
1ess, has sn iodine valae of 37, an anili

§ point of 62°, an cetane number of 64 and,
after the addition of (.09 per cenf. by
sojume of lead tetra-ethyl, an octane

number of 82. .

By working under otherwise identical
reaction conditions buf without increas-
ing the pressure graduslly, the operation

10

must he interrupted after about an bhour .

- welgh{; of Denzine,

by reason of the strong falling off of the
activily of the catalyst. A condensato is
ohfained coniaining only 74 per cent, by
This is yellow, hasg
an iodine value of 186, an aniline poinf
of 3527, an octane number of 64 which,
after the addition of (.09 per cent. by
voluine of leud telra-ethyl, rises to 76.
Datsd this 2lsh day ot I ul;r{ 1938,
J. Y. & G. W, JOHNSON,
47, Linecln's Inn Fields, Lendon, W.C.2,
Agents.
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. PROVISIONATL: SPECIFICATION
T . No, 23365 A.D..1938.
Improvements in the Production of Non-knocking Fuels by
Cracking Hydrocarbon Qils

" 1, Georee WiLniax JonNson, a British
Subject, of 47, Linecoln’s Inn Mields, in
jhe County of London, Gentleman, do
hereby declare the nature of this inven-
25 tian (which hag been communicated to me
from =hbroad ~by I. G, Farbenindustrie
Altiengesellschaft, of Frankfort-on-
Mein, T3ermany, a Joint Stock Company
organised under the Laws of Germany)
30 tuglﬂylel ag follows:—

My foreign correspondents have found
fhat in the cracking of hydrocarbon oils,
the inifial materiale fowing thaough the
reugiion sone, as for example being led in
the vapour phase over rigidly arranged
catulysts, the yield of non-kmocking fuels
is inereased and the nature of the pro-

ab

duets can be improved by increasing both-

the pressuve end the temperature in the
reaction zvne in such manner that the
pressure differcnce Is of feast 3 atmo-
gpherss, preferably 10 atmospheres or
more, and the temperature difference is
at least 10° Centigrade. By working in
.45 this maneer fucls are obtained having =
high pon-kuovking value, high sensitive-
ness o lead and which generally spealk-
ing da net require subsequent relining,
Ag initia) materials there may be men-
50 tioned in perbicular hydrocarbons riek in
hydrogen and capable of being vaporised
under the veaclion vconditions from
petrolenms, destruetive hydrogenation
roducls and the like, in particulsr heavy
55 g&mzines cor middle oils. The hydre-
aarbon mixtures obtained by the Tedue-
tien, of eaThon monoxide may be used
witk advantage, = Hydrocarbons rich in
hydrogen ey also bs worked wup in
&0 admixture with hydrecarbons poorer in
hydrogen, in particulaz aromadic hydro-
carThond, :
_ Fhe proeess js earried cu for example
by increasing the pressure in the reaction

40

chamber duiing the reaction, for example
during from abows 1 {o & hours, by the
amount specified above, the Inifiel pres-
sure being for exsmple within the range
of 1 1o 100 atmospheres or more, as for
example from 200 to 300 atmoespheres,
(tenerally spealing the pressure is
always increased whea the activity of
the catalyst begins fo subside vr shevily
hefore this time. When a suffivient
ackivity nf the catalys{ can no longer he
obiained by a further inerease in pressure,
the catalyst 1s renewed or regencraied
and working af lower pressure ugalu
commeneed, Temperatures between 400°
and 700° Ceuntigrade may bhe used. The
inerease in temperafure wsnelly amomnis
to from I0° to 100° Cealigrade, prefer-
ably from 13° te 90° Centigrade. The
temperatnre may be raized either confinu-
ously or at intervals within the whole
eracking zone up to the point in time at
u;h‘i:_fh the catalyst is renewed or regener.
stad.

As catalysts, which are preferably
rigidly arranged in the reactinn chamber,
there may be mentioned substanees pro-
moting the cracking reuction, as for
example natural or synthetic afuminitm
gilicates, which if desired may bhe pre-
treated with acids, and also aluminas ar
aclive carbons, if desired together with
oxides of eliromium, molybdenum, tung-
sien; manganese, magnesium and zinc, &s
for .- example alumina together with
chromiom oxide, or mixtnres of the said 100
oxides. The sa1d metal oxides may also
be used alone.

The reastion zones may he provided
with catalysts having different eracking
action,  The used catalysis are profer.
ably regenerated first with hydrogen and
then with gases containing exygen, as for
cxample with gradually  inereasing
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oxygen comtent, at increasing fempera-
ture and then wed again, if desired in
adnrizture with fresh cafalyst.

The [ollowing Example will further
Hlustrate the nature of tﬁ:a invention bub
the invention ian not vestricted to this
Fxample.

' LixAwPLE,

Puraffinic middle cil (boiling range
210° to 340° Centigrade} is led at an
initial temperafure of 460° Centigrada
through & renotion chamber filled with
%136*33 of hleaching earth, the throughput
ging 0.5 lilre of oil per Litre of catalysi
per hour, The pressure in the reaction

mber is inereased gradually during
the course of 13 lwurs to 30 atmospheres

gud the temperatmre to 430° Centigrade.
The reaction produch iz cooled firsh with
water and then with solid carbow dioxide. 20
The wuncondensed poréion (permanent
guses) arve oollected in n gasometer, The
condensate separated by woter cooling
containg 40 per cent. by welghl of benaino
{boiling upy o 200° Centigrade), This is
colouricss, lias av fodine value of 47, an
sniling point of 62° Centigrade, an
octane number of 64 and, after the addi-
tion of 0.09 per cent. by volume of lead
tetracthyl, an occtane number of B2.
Dated this 8th doy of Augmsh, 1838.
J. Y. & G. Vg JOHNSON,
47, Lincoln’s Inn Fields, London, W.C.2,
Agents,
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COMPLETE SPECIFICATION
Improvements in the Catalytic Cracking of Hydrocarbons

1, Guorgr Wrnnlam Jounsor, a British
Subject, of 47, Lincoln’s Tnn Pields, in
the County of XLondon, Genfleman, de
bhereby decluve the nsturs of this inven-
tion (whick has been commmuicated to
me from abroad by I. &, Farbenindusiris
‘Aktisngesellsehaft, of Frankiori-ons
Main, Germany, & Joint Steck Company
orgunized under the Laows of Germsiwy)
and in what manner the same is it ha
porformed to he narticularly describad
and ascertained in and by the following
shabement; —

My foreign corrcspondenis have found
that in the cracking of hydrocarbon pile,
the initial materials flowing at & cracking
temperoture through the reaction zona
conluining o eracking colalysh, as for
example 'Eeiug‘ led in the vapour phasc
over rigidly arranged catalysts, the yield
of non-Jmocking fuels is incrsased and

the naturc of the products can De im-

proved by increasing the pressure und if
desired also tha temperature in the re-
aotion zome in such & manner that the
pressure inerease is ef lemst 5 aimo-
spheres, preferably 10 atmogpherey o1
more, while the cracking catalyst is act-
ing om the inftial material. The fem-
perature difference may be at least 10°
Oemtigrade. The pressurs and the fem-
peratuve may be aised continuously or
stepwise, 'The pressure in ile reactior
gone may be tegulated by means of
appropriate valves. By working in this
manner fuels are obtained having a high
non-knocking value, high sengitiveness to
lead and wkich generelly speaking de not
requive subsequeny mng.

A convemient meathod 5 producing o
shepwise inerense -in pressure in tha Te-
action chamber is fo inerdase from timae

{0 time the pressure at which +the feed is
introduced into the reaciion vessel. Step-
wisa inereagse in femperature may be
eficcted hy the piovision of heating
clements within d{he reaclion chamber
wlich van be supylied from time o time
with leating medium to raise the tem-
perature {o any desired degree,

As initial materials there may be men-
tioned in particular hydrocarbens rich in
hydrogen and vupable of belng vaporised
under the! reaction conditions from
petroleums;:  destructive hydrogemation

roduety and the like, in particolar hewvy

enzines or middle cils. The lydro-
carbon mixtures obtained hy the redue-
tior of carbon monoxide may be used
with advantage. Hydroearbons rich ix
bhydrogan may algo be worked wp in ad-
mixtare with hydrocarbons poorer in
bhydrogen, in particalst aromatie hydro.
carbons. .

The process is carried outi for example
by increasing the pressure in the whols
reaction chawber during the reaction, for
example during from aﬁﬁut 1 to 5 hoars,
by the amonnt specified above, the initial
pressire being for cxomple within the 100
range of 1 to TDO almospheres or more, as
for exoanple from 200 4o 500 atmospheres.
Generally speaking the pressare i always
inereassd when the activity of the calu-
Iyst begins do subside or shorily before 105
thiz time, "When & sufficient activity of
the cofulyst com 1o longer be obiained hy
& lurther ingrease in pressurs, the oata-
lysh is remswed or regenerated and works
ing at lower pressure agsin commenced.
Temperalores between 400° =and 700°
Cenfigrade may be used. The increase
in temperatuare, if desired at all usually
amounty to from 10° to 100° Centigrade,
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preferebly Irom 157 o 30" Centigrade,
The temperature muwy be reised eifher
contingously or at intervels within the
swhele craeling zons up to the polnd ip
b time at which the catalyst is remewed ot
regenerated.” <. . :
©Ag catalysts, whiech ave preferably
. Figidly arrenged in the reaction chamber,
there may be mentioned substances pro-
10 moting 4he cracking, as for exomple

natura)l or synthetie alumininm silicates,

which if desired mey be pretroated with
aeids, and also -aluminas or aetive
parbons, if desired together with the
oxides of chrominm, molybdenum, famy-
sten, manganese, magnesinm and zine, ag
for example aleming together with
chrominm oxide, ar wixtures of the said
oxides. The said metsl oxides muy alea
be used alone,

The rcacticn zpve may be provided
with catalysts having different eracking
action, The used cafalysis are preferably
pegenerated frst with hydrogen and theu
with gnses containing oxygen, as for
exumple - with graduslly  inereasing
oxygen conbent, at increasing temjperi-
ture and #hen userll again, if desired 1
admixtore with fresh eatalyst, ’
80  The following Hxampfes will further
. illusirate how the said inventien may ha
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-varried out in practice bul the invention

is not restricted to these Bxmuples.
LixaerE 1,

Parulipic middle oil {boiling limits
210° tp 340° Centiprade) is fed =g 460°
Centigrade and at an inifial pressuare of
-1 atmosphere inte a reaction chamber
filled with pieces of bleaching earth, ¢
throwghpwt of 0.5 litre of oil per lifre of
catalyst per kour being clhosen. The
pressute in the reaction chwmber is in-
greasedl gradually to 30 oatmospheres
duriiig the eourss of 90 wminufes, The
rveaciion produet is cooled, firsg with
water and then with solid earhon dioxide.
“The muon-condensed portion (permanent
gases) s collected in a zas holder, The
condensate separated by woter veoling
contains 39 per cent. by weight of benzine
(boiling up fo 200° Centigrade). Thisg is
eofonrless, has an iodine valne of 47, an
aniline point of 627, an ostane number of
64 qud, atter the addition of - (0L09 per
cenl. by voluwe of  lead {etru-cthyl, un
octane, nunber of 832.

Jab
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_ By working under otherwise identical

reaction conditions but without inereas-
ing fhe pressure gradually, the operation
-must be interrapted after about ap Lovr
by reason: of the sirong falling off of the
schivity of the catalysi. A condensate
is obizined containing only 24 per cent.
by weight of henziue, Nis is yellow,
&5 has an iodine wvalue of 136, an aunilinc
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point of 52°, un eclene nwnber of 64
whiech, after the additfon of 0.09 per cent.
by volume of lead fetra-ethyl, rises to T
Exarery 2, :
 Paraftinie middls oil (builing ranga
Z10° to 340° Centigrade) is fed at an
initial temperatme of 460° Centigrade
and wt an iniisl pressure of I atmosphera
into a.-reaction chainber filied with picees -
of bleaching earth, the througbput being 75
0.5 1itre of oil per litre of catalyst pe:
bhour. The pressure in the zeneton
chamber is ircrensed gradually duving
the ceurse of 13 hours to 30 aimospheres
and the femperature to 480° Centigrade.
The renction product is cooled fvsh with
water und then with salid corbon lioxide.
The nuncondensed portions (permanecnt
goses) are collected in a gasemeter. The
condensata separated by water cooling
containg 40 per cent. by weight of ben-
Aoe (beiling up to 200° Centigrade;.
This is rolourless, has an iodine value of
37, an aniline poing of 62° Centigrade, au
sokane numhber of §1 and, after the addi-
tion of 0.09 per eent. by volume of lead
tetpa-ethyl, an octane number of 82.
-Huving now partieularly deseribed and
ascertained (he nature of my said inven-
tion and in whad nwnner tie same s to
be performed T declure ihat what 1
claim is1—
- 1. A piocess for the production of a
pon-hnovking muter fuel by eracking a
hydveearbon  oil, especially a heavy
benzine or middle oil which may Ue
obtainad hy the veduetion of carbon
monoxide, whieh comyprises passing the
hydrocarbon oil in the liguid or vepour
phase at a cracking temperalove and ab 105
an initial pressmre of 1 to 100 atmo-
spheres through n reartion zone contain-
ing a cracking catalyst and Inereasing
the pressure in the reaction zune eontinu-
ously or stepwise by at least 3§ atmo-
spheres, preferably 1¢ atmospheres ov
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‘more, while the catalyst is aeting on: the

hydrocarbon o0il without Iwterruplion of
the precess.

2. In the process as elaimed in elaim 115
1, also incregsing the temperatore in the
reaction gone by at least 10° Centigrade,
while:the calalyst i= arling on the hydro-
earbon, oil, -

3. The process for the production of puR
valuable nen-knocking motor  fuels sub-
stantially as deseribed in each of the fore-
guing Bxauples.

-i._l'—".aluabie nen-knocking motor fuels
when “prepared by the proress partien- (25
loally - deserilied and aseerinined.

“Duted this 8rd day of July, 1939.

e WY, & G, W, JORNRS0N,

‘4?;',’?‘-_T.;-i'nmln’s Tan Fields, Tondon, W.C.2,

Aponts.
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