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COMFLETE SPECIFICATION -
Production of Motor Fuel and Aromatic Hydrocarbons from -
Fischer Synihesised Hydrocarbon Qils

We, Srawpars Orn Devinormiwe CoM-
DANY, & corporation duly orgenised and
existing under the laws of the State of
Delaware, United States of Amerieca, hav-
Ly an office at Linden, New Jersey,
United States of America, do hereby da-
clare the nature of {his invention, and in
what menner the same is to be performed,
to be particularly described and ascer-
tained in and by the following state
memnt ; —

The present Imvenlion is directed towurd:
the produstion of aufomotive fual and,
more pardicularly, it relafes 0 a method

calalytic cracking of the gas oil Fraction.
further fractionating the hydreformed
and cracked fractions inte a light frac-

mediete fraction rich in sromatics, and
comlining the ftwe light fractions amd
the two heavy firactions fo form a gaso-
line, -Aromatic hydrocarbons may be re-

esigns Acts, 1907 to

b

eovered from orme or both of the inter- .

mediate fractions,

Thus the presenti invention coniprises m
process for ike production of motor faels
and aroma#e . hydrocarhons  from
" Wischer '* synthesised hydrocarbons,
whereint the said *° Fischer ’* hydro-
earbony ure frachivdated inte two fractions
boiling within the naphtha range and the

gas oi range ].‘&‘Eipéeﬁv‘élf‘, the nuphiha
Y

or a mixinre of ‘sulfides, such as nickel’

and “tungsten: gulfides: and also employed
in the presencd of added hydrogen. The

tion, & heavy. fraction, and em inter-- hydroforming operation is, for the most

[Prige1]-] L
e B ¢

Teo 255]

80

15 of improving a hydrocarbon oil boiling fractiom being then cefalytically hydro-
in the naphiha andfor gas oil ronge, par- formed, and the products of the hydro- 0
Heularly as regards octane nonmber, whi forming reaction héing Ffurther fraciion-
naphtha or gas oil is of the Fischer fype.  ated into a light fraction, a heavy frae-
By ' Pischer * typc nephthe or gus vil, ilon and an iatérmédiate fraction wich in

20 +e refer to hydrocarbons synthesized from aromatie hydrocarbons, and the gas oil
(0 and H, in the presence of a kmowr fraction being wcatalytically cracked, a 70
suitable oatalyst and under known condi- fraction builing ‘within the gascline ranga
tions of temperature, pressure, sto. being separated from the eracked produets.

As is generally known, hydrocarboms andl further fractionated into a light frac-

26 may be *‘ Fischer '’ synthesized in, the tom, a heavy frnction and an inter-
presence of suitable catalysts such as iron, medisls fraction rick in aromatic hydro- 75
nickel or cobalt either zlone or de-puai_teti curbons, and the aromatic hydrocarbons
ow a carrier such as ki or kaplin, heing separated by solvent extracfon
This may be promoted and stabilized by from one or hoth fractions rich in aroms-

80 alkolics and manganess and copper. These  tics Eydroearbons, and the said light and
produels, however, have a very low oclane  heavy frackions being blended io form a 80
number since they are largely composed gasolime. ' :
of normal paraffins. 1t is known to hydro- In this way therer may hbe produced:
form such ‘‘ Fischer ” hydrocsrblons ir simzuliwneously a motor fusl having a high

35 the presence of a suitable cutulyst for the octams rating aind &nbsmm- pure -
production. of benzene and its homo- aromatie hydrdearbons, c.g. foluene of av Bf
ogues. _ called ‘¢ nitration:grade 7. ’

It hag now beew found that valuable The hydroferming operation in iteelf is.
motor fuels and aromatic hydroeurboos  well known and’normally eonsists in sub-

40 may be propared simultenecusly from jesting the eil to temperntures between

' 7 Pigcher *' hydrocarbons, by a prelim- 500 and 1000° T, if pressures of 100—400 §0
inary fractiovation- into two fractions - Ibs/sq. and in -the'presemce of = hydrn-
boiling within the naphthe renge aud the forming catalyst,isuch as chromia or

_ gas oil ronge respectively, fgﬁgwed by moolyhdema slone or supported on—acti- °
40 hydro-forming the naphtha fraction, and valed alumina, or othsr VI Group oxide

85

Complete Specification Accep-tad:- Fab. 5,/ 947.: o T : :

{Under Sectfon & (1} () of the Pmn’rs-&c_-:-f(ﬁmarggncy) Act, 1939, the
proviso to Section 91 (4) of the Patents and
1942, became operdtlye on Jan. I, [948).
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R
‘part,” one of dehydrogenation wilk the
formation of aromatics nnd olefns from

pareffine, accompanied also by some
¢yclization of peraffins, aromadizotion,
of pardfiins,

§ isomerization and c:ra-t:lu’rﬁ
but the operation menerally is conducted
= ‘nnder eonditions guoh that i

charging oil, .

10 1In the accompanying drawing, we have
indicated disgremmutically a flow plan
illusiTating o

. our invention: ;

. Befarring to the drawing for a beiter
16 understending of our invention, s Fischer
" aynthetic hydrocarbon is introduced into

& presenit systemn through line lg' and
thence distilled in-a fractionator (3} into
e’ overhead frastion boiling within the

20 rangs of from 123 424° 'F., ‘which frac-

© Won is withdrawn through. Hne (5), con-
dehsed in 2 cooler (7) and - thence dis-
chatged thowgh line (8) into-a- naphtha
etorame vessal (10), 7 ST

26 The botlomg from digtillation- zone (8)

and, boiling ‘say-from 440—650° F. are
withdrawn through. Yine (15), condensed
in 2 coolep (17), “thence discharged
through line (19), into a gas nil storage

30 wesbel (205, . . S

" - The overhead frdction and the mas oil

bottoma from " the distillation, sorie (1) ave:

treated oy will be more fully explained
berofnniter, At the outset it 1s explained
. 85 that the zmphtha ie sabjected to hydwo-

‘forming; while the gas 0il is cracked.. The

hydroforthifrg operation results in the pro-
duction; of aromadics which, may. bo sl
vend extracled to recever, for emample,
41 toluene with a degves of pyrily suiteble
for nitration,  Thé gas 'oif' leing -
resulls in the production of An awtomotive
fuel of high detdhe mumber, together
with {oluens of a high degree of purity.
f)'on,tinuing the description of the pire-
- ¢ess shown in the drawing, the naphthe

in sltorage vessel (10) 1s withdrawn -

through o line (30} and thence discharged
imio. a hesier (32), which may bo a fir-
50 mace or -other suitable heafing. measis,
- where 1t 1s heated to reaction conditions,
thence discharged -through line (35) into
& reactor (40} containing a cstalyst of tha
type previvusly ~indicated, Hydrogen
55 from. (g()) is withdrawn through Hne (52).
heated in a fired eoil or . other heati
means  (53), and thencs ' discharge
through line (55) into reactor (40) so it
is- Present with the oil undergoing fredt-
60 ment.
. Hions, ‘the follpwing mive zood resulis: .
Temporature 850—1000° F., with

tis ‘ . preferred.

. L thers is 2 mini. |
" mum change in the beiling range of the

preferred modification of ..

- of cold ail.

cracldng also

With respeet to operating condi~ ) : )
" olefiny also boiling within - this Tange,

. temperatures of from .
about 925—050° F

From 150400 lbs.
per 8. 1n. gawte,
with about 250 1bs.
pressure preferrad.
From 6.6—2 volumes 76
of oil per volume of
catalyst per hour on a
eold oil basis, with a
feed rate of about
1.2 volumes of oil per 75
. volume of catalyst
o i per hour preferred.
-+ Hydvogen proportion is in the rauge of
from pay 2000—2400U cubic feet per harrel

Pressura

Feed Rate of il

80
- “Under these conditions the maphtha
vidergoes reforming, and the reformed
products are withdrawn through line
(62), aund thence discharged through line 85
ﬁﬁé} uto a ssparation drum (70). Over-
ead from separation drum (70} a hydwo-
gen-enriched gas is withdrawn throngh
line (72) and pumped by pump (¥5) to
hydrogen storage vessel (B0} for further 80

Z(EG;' and discharged thromgh o eooler

use in the process, -

-The botboms from the sepapation drum
{70); are withdrawn through line (89) and
discherged into. froctionator (85) fwom
which several fraclicns are resovered as 95
follows : First, an overhead froction hoil-
ing ‘within. the range -of from ahont
130—210° F..and representing abowt 44
volume. per cent of the oil in lina (80) ia

" withdrawn thrpgf_h line (88) -amd diz- 100

chargad after coeling into condenser {90)
and thence into a gasoline storage vessel
(100}, The bhottoms fraction representing
ahpas 89 volume per cent-of the product
f8d '#8 the fractionator (85) is withdrawn 105
through line (95), condensed in a2 cooler
(87 and thence discharged into_ line (38).
where it mixes with-the Hghter ends from
the! fractionator and flows with the latter
into gasoline storage vessel (100).. Thus 510
from the hydroformizg operadion, -the
lighter and heavier endg are recovered as
gasolive blending agents, --. . . .
Beferring again-%ﬂ'racﬁnnatoi; (85), a
side cot rTepresenting about J7eL of 115
material charged to (85) and lhoiling
within the range- of  from =about
210-—260° F. is.withdrawn as & side
streane through lue {99}, This fraction
18 putified by solvent. treatment althongh 120

- -other auxiliary means muy be-employed.
~Thus, for example, this fraction -contains

wormally not only the toluene, but also
parafing boiling - within -the ‘range  of
210--250° P, and s mivar amount of 195

althongh. the presence of hidregen tends
%o Eaturate olefins formed in reactor (40),-
a0 ithat the fimal result of the reformine
operation is to produce parafins and 180
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arematies. In t}z&-&rawing-we have-shown
solvent extraction employing S0, -as the

seleotive solvent for the aromatics. To- -

woards-dbis end, the 80, is withdraws from
5 the source (110) and discheyged into Hre
tep of solvent extraetion wveasel (115
where it fows eomntercursently - to- the
hg;ifomrbon-e-il— fraction enfering frbm
(99). As a further aid to the process, a
10 paraffinic wash solvent such as-pentane‘ia
withdrawm from the storage vessel (120}
ond Gischerzed Wwough line -(122) -into
solvem extraction tower (115). - Of course,

in solvent extraciion tower (L15) the nsmal

15 formation of roffinate amnd exiract phases
takes place. 'The raffinate phase-isy with-
drawn through line (180) apd discharged
mta 5 stripping tower (135), This raffinate
is stripped to remove the 80, which s

20 withdrawn through line (140} sud pumped
by pump {142) to storage vessel (110), The
botfoms from gtripper (135) “are with-
drawn, throagh line (145) and dischavged
tuty {fractionating column {14¥). The

a5 overhead fraction comprising the paraf-
finie wash solvent is withdrawn from the
fractionator (147) thromgb -line (14%),
condensed n  condenser (150), thence
pumped back through line {15]1.5'{0. -the

30 pavaffin  sforage (3120} The~ bottoms

om, fractionmtor (147) are “wiflidrawm
through line (186) and dischexged inbo
ling (167) leading to gaseline dforags ves-
gel (1007. The hottoms withdrawn from

35 fractionator (147) ghrough line (158) may.
e dise through line (156) 4 etther
the hydroforming zone (40) or the craeke
ing zond (320). - T -

As previously indicated, there is an ax-
truct phase formed in extraction- vessel
(L15) and this is withdrawn through fine
(160) and discharged -into stripper (163}
where the solvent is removed by distilla-

. tlom, p;wsﬂﬁg’:ranm -tll{roeéh_]ine-- 163} -snd

45 pumpe: pump {184) into shurage veés-
sel {110). The substantially solvent-free
cxtract is withdrawn from stripper (F62)
through line (170) and discharged fnio a
fractionating column (175). The parai-

50 fing atill remaining or associafed with the
foluena cub sre withdrawn through- Line
(151}, condensed in 2 condenser (133 and.
thenre discharged through line (183} inte
paraffinic wash solvent storage (126, The

b5 tofuene is recovered from fractionator
(175) throngh line (190) and thenc¢e dis-
charged into an acid freating vessel (192)
where it i treated preferably with sdlfurig
acid of. polymerizing strémgth,’ mich ~as

60 aboub 66% by weight, or if may be

treated with a polymerizing clay t;i‘pelg;

merizge the olefins to donver(  them

helvier polymers which may hé ‘sépatated

from tha toluens by distillgtion. The ths
85 trented! material 3t withdszwn “theeugk

- imlie Ftobbge vessel (20

ine E]:Qﬁ)'- and discharged inte fractinn-

wiop (200) from which lichter ends may
be withdrawn ihrough line (210), while
the -heavier polymers are - withdrawn
through line (212).. The desired toluene 70
is-withdrawn as a side stream through line
{205} and deliveved imto = tolnene storags
wessed (208)..- The toluene in (208) hes o
degree-of purity sufficient for in
innifrotiluene OF sny other product re- 78

"quifing a kigh, degree of purtiy.

‘Reforring to the heavy boltoms of tha
vriginal Fischép produet, it will be re-
callad that these were collected in storage
dram. {(20)... Thif material is 4o be sub- B0

“jected to catalyiie cracking and fowards

this-end i jg withdrawn throogh line
(860), dischisrged info a suitable fired coil

or other heating means (310) where it is
hesited 0 eracking tempezatures, say from 86
R2H=-025° F. and- thénee withdrawn
through line (312) and discharged info a
cafalytic eracking reactur (320) where it
cohtmets o ¢iacking catalyst such as san
adid theated monfmorillonite clay or « 80
synthetic erncking cotalyst consisting of
gilica aud alumipe. or silics - and mag-
nefin,- The eatalysts, us well ag cracking
conditions for this operation are known to
the azt. Normally good resilis are ob- 85
fajned by vperdiing at & tompératore of
875°.F, and at a relatively low pressure
angd : permitting confact between the cata-
Iysh apd oil vapors of reaction fempera-
totas of ifromi-.15—28 seconds oy Iwore. 100

“Under-these eonditions the gas oil under-

goes . cracking./ to . form . eatalytically
ciacked. gasoline in good yields thereof
amounting {6 86-—409%. The rracked pro-
duicks ‘are withdrawn through lime (880) 105
wnd - - discharged infe  fraetionabing
eplummp (335). Unconverted- gas «il is
withdrewn _ from: {ractionator (335
thiough line: (340} and thenes dizchar

) for further treat~ 110
menfl, ~ However, -0 portion of this el is
head from fractioustor (835} through line
(342), particularly-as it becomes inereas-
ingly refractory, and the thus withdrawa.

oil may be lised for a healing of) or for 115
some other  purpose. --The normally
easecus constifwents ave withdrawih over-

Jead from fractiomator (335) through line

{350{.-. These gases contoin butylens, ise-
butylens, normal butene and. - isohuisne 120
angd they may he procesfed in means nob
iﬂusﬁ‘a:gcﬂ to form by allkylation branch
chaih Lydrocarbons  hoiling’ within ‘the
gasolineg rangé, vr they 1may be ebénverted
fo synthgtic Tnbber infermedistes such as 125
bufadiewd, or-o¥herwige disposed-of.. =
& Froction Dolling within the rangé of
from_100400* F. iz withdrawm “frém’
fidetiomator: (835) throwsd ling -I'iiﬁﬂ)t snd
dischafged infe d fractionatiny Beliim- 1890
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(370). The product esterisg (370) is

divided infe three fractions as follows:
first, an cverhead fraction econtaining the

lighter ends which 15 withdrawn through
. & line (38D) and condensed in & cooler (881)
and thence discharged info stream (83)
where it flows with the overhead from the
hydroforming opevation info  gasoling
storage vessel (100). The bottoms from
A0 fractionstor (370) may he .withdrawn
thirough line (890), eondenssd in ecoler
(381) and also discharged into g@uscline
shorage vessel (1006). Finally, an inter.
mediate cut bhoiling from. 210-253° T,
15 and  vapresenting ahout 18% of the
material discharged inte dractionater
(370) is withdrawn as a side slream
through- Lne (400), nd this may be dis
vharged into line (99) to recover with the
20 produst from the hydroforming operation,
its toliehe content, in a manner which
has already heen deseribed, - -
© T In an altemmative mdadification, the
intermediate out boiling froys 210—R560°
- 28 P. which is withdrawn from fractionator
E%Z(})--thxoug’h Lifhe. (400) may hs dis.
x
-fofm%g in sone (40} or passed thrpugh’
lines (166} and (305) to° cvil (B10) =nd
80 thereafter crocked, ' ) ’

" We have shown solvent exiracting 4

toluene frection with liguid suliuwr di-
oxide.
may use apsther -solvent sueh’as phenol;
in- which: operation the vapors to he ex-
tradted are treated with liquefied on-
hydrgus phenol, This proeess or the pro~
cess -of exiracting wiih liguid 50, do not
form, ‘per se the gist of our inveution and
any koown methed for recovering toluens
by ‘solvent extraction may be employed.
If ihe solvenmi is 80, iae temperature
maintained in the extravlies zore {115)
should be from 0 to —BF F. or lower.
‘45 Theflow of 80, with respeet to the hydro-

corbon, “should - be from 1-—3 pexts by

weight ef 80, per weight of hydrocarbons

and the volume of paraffinic wash solvent,

35

46

for example, pentane from-(120) should be
50 from:-3 to 13 volumes of the wash solvend -
per volume of liguid consisting of 80,
and the- hydrecarhon- in the extrastor
(115), Of course, it will be appreciated

that 1o reschors (40} and (3200 the re-
55 actions therein faking place result in the

deposition of cokey or-tarry deposits on

the catalyat and these operations must be
interrupded  intermittently o remove
these depogite since they deactivate the
80 catalyst, ThHis-oon ‘be accomplished in
known menner*by burning off the “tarry

or cokey deposits ‘with an nxygen-nentain-
inggaa. T e ST .
“in the foregoing' disclosure, we- hinve
68 desorihed ou process-in termg of fized or

d into line (158) for ultimate »e- - A ;
hérein descrihed involves including the

Insteud of ysing this method, we

* In aromalic

St&ﬁ@ﬂﬂl'y b‘EdS of uatal.yst‘ G IyCesa

mey:be carried out using & suitable pow-
dered -catalyst suspended in the reaction,
vapors in the several resction zones, Thus,
thehydroforming andfor cracking opera--
tions may- be carried out by flowing the
vapors to be eracked or reformed through
a mone where they vomtact 2 Amidized
powdered cafalyst which js suspended in
said vapors. .

Also, of sourse, in the uperations de-
seribed there will come & time when ib is
necesary fo regenerats the catalyst in the
rencliuw zomes, This may be aceom-
plished, after discontivuing the flow of oil 80
to ‘the remctlon sones, by treating the
catalysy with an oxygen containing gas,
such as air, or air diluted with fue 288,
ak tempera%urea elevated safficiently +o
cause burning of the fouling deposits.
This procedura is well known in the agl,
‘Where the catalyst in powdered form
moves. iu and. oub of the reactors, it may
be regenerated in separate regeneration
dones and thus remder the operation con- 90
timuous.

Ancther ramification of our process as

70

75

85

Teproportionafing  of xylemes, formed
duringthe reforming, with bengzene in the 95
presehce of w suitable catalyst such aa
AlCl, whereby additional quantities of
toluglte may ba produeed. The details of
this ‘Urocess are generally known in the .
priar ar, ] 100

aving now parficularly described and
agcertsaned the natare of vur said inven-
iod, ‘and in what manner the same is to.
be performed, we declare ‘that what we
claim dg:—

I, A process for the production of
mstor fnely and arometic” hydrosarbons
from ~ “ Fischer * synthesised hydro-
carbons, wherein, the said * Pischer *°
bydrocarbons are fractionated inte two
fractions hoiling within the naphitha
range and the gus o] range respectively,
the naphiha fraction being then. catalytio-
ally hydroformed, and the products of $he.
hydroféxming respkion being: furiher
fractioneted ioto a light fraction, a heavy
froction and an intormediate fraction
rieki i aromatic hydrocarbons, and the
gas oll Iraction eing calalytieally
orackdd, a fraction boiling within the
gasoline ringe being separated from the
cracked: products, and further - Traction-
ated -into w light fraction, o heavy frad-
tion'and an intermediate fraction Tich in-
arcmatie hydrocarbons, and the afomatic 125
kydrocarbons being separated by solvent
extriadbion from onc or both- fractions tieh-

r hydrocsrbons, and the said’
light and heavy fractions benig blended
fo-form o @oseline: ool 7 130

185

11e

115

120
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2. A process accurding fo Cleim 1,
wherein (he hydroforming reackion is
varried out af 4 tempersivre betwesn 860°
and 1000° . and preferahiy a} a tempera-~

5 ture bebween 925° and 8507 I,

3. A process according to Claim 2,
wherein the hydroforming reaciion ia
cacried out o & pressure befween 100 and
400 1bs. /sy, inch, and peeferably 250

10 Ibs. fsg. inch,

4, A process according fo any of the
preceding Claimes, whercin fhe cotalyst
employed in the hydrofurming reaction is
chromis, or melybdena, either alone or

15 supported on aclivaied eluminag, or a
mxg&hﬁrﬁ of metallic aulgl.q_iue;. ¢
. process according fo any o
Claims 2 fo 4, wherein fhe feed rate of
the nuubtha fruction into the hydroform-
20 ing step is belween 0.5 and 2 vols. of il
per vol.” of catalyst per hour on a cold oil
basis with &« preferred rate of 1.2 vols
per hour,

6. A, process acconding o amny of

26 Claims 2 t0 5, wherein the hydrogen added
in the hydroforminge process is befween
2000 aad 4000 eu. it. per barrel of said
na,p]xtﬂ.aj frachion. )

. Trocess according to of the

80 preseding Claims, wherein _thaz:ggi erack-
ing reaclion is eonducted el a temperature
befweeny 8256° and 925° T., preferably

. B¥° W,
8. A proeess according to Claim ¥,
8h wherein. the cracking calalyst is an meid-
treated clay or a synthelic silica-alumina.

9. A process according to Claims ¥ or
8, whorcein the vapors of the said gas oil
fraction: are in conlach with the eracking

40 catalysit for from 15—25 seconds.

10. A protess according to any of the
preceding Claims, wherein the said gecond
named intermediate fraction rick Im
aromatic hydrocarhons is blended with

45 the naphtha fraction forming the feed
stock for the bhydroforming treatment, -

11, A process according fto any of

Olaimg 1 4 9, wherein the said second
pamed mtcrmediate fraction rich in
aromatic "hydrocarbens is zecycled for §0
further; catalylic cracking.

12. A process according to any, of ihe

img Claims, wheremn iolueme  is
solvent-extracted from the said fraetion
ur fractioas rich in aromafic hydro- §5
earbons. L

18. A proeess according fo say of the
preceding (laims; wherein the solvent
exj::plo ._:E iy liquid sulfor digzide or
B . RN
14. A progess aecordiug to any of the
preceding Olaims, wherein $he amount of
toluene in the ssid Dracion or fractions
rich in aromatic hydrocarbons is increased
by reproportionating the xylemes and ben- 65
ﬁe;ueeforme{l in the hydroforming reaction
to form additiomal fuluene.

15. A process aceording to any of he
precading Clai wherein: {he sa1d napb-
the fraction hoils within the ramge of Y0
123°—424° T, the said gus 0il fraction
boils within the range or 440°—650° F.,
the hoiling range of the Iractions from the
kydroformed naphtha fraction sze within
the ranges 130°—210° X, 210°—250° ¥., 7%
and 26 F. to the ends poind of the said
fraction, the boiling range of the fractiow
boiling within the gasuline range separ-
ated from fhe cracked products being
from 100°—400°- F., and the heiling 80
1ange of the fragtiong separated Irom said
last; Praction being from 100°—210° F.,
210;-250‘ F; vl 250°—400° T, vespect-
ively. c
lg. A procéss for the production of 86
motor fuels apd - aromatic hydrocarhons
from °* Fischer’’ synthesised hydro- .
carbuns ss heréin desuribed.

Dated this 9th day of September, 1943.

D. TOUNG & GO,
29, Sowbhampivn Buildings,

Chancery Trane, London, W.C.2.
Agenfs for the Applicants.
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. FHEET Y

FIG.A. .

- [ This Drawieg ts a reproduction of \the Original on a reduced seale,]
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