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: 8 Clalms

-partlcularly -concerned with method for thermal
conversion of hydrocarbon gases to hydlocarbons.
e “boxhng W1th1n the gasohne range. :

2 essary to cool ‘the reactlon products leavmg the
reactlon ‘Zone in 'order to stop conversion. " This

may e ‘done either by indirect. ‘heat exchange or'

L ‘by d1rect quenchmg W1th liquid, Both methods

1 of eoohng ‘have“their advantages and d1sadvan-‘
tages Indu'ecu ‘heat exchange permlts utilization
.Of the heat remammg in ‘the'reaction prodUCts L

o) pre‘aeat the: chargmg stock to g oomparatlvely
“high' temperature, thereby reducing fuel; requlre-
ments’ for heatmg the charge to reaction tem=-
j erature
img is that carbon and’ carbonaceous’ deposits

: exchanger,’ necess1tat1ng ‘frequent shutdowns for

ticularly in-high pressure processes

S gleatly lessens. the ‘deposition- problem but- ‘the

“/duenched mixture is‘hecessarily at a lower tem- .

perature level “than the unquenched reactron

can’ be: obtamed
-~ products. - :

It:hag been d1scovered that by 5 proper com-‘

i .binatioh of “indirect - heat- exchange and d1rectj‘
. guenching; the dlsadvantages of either: method'of
“cooling can be" obv1ated and the advantages of‘

v both in a’large measure realized.
- In' accordance vuth, the present mventmn, the

: oy préssure on'the Kot reactmn products leaving the

- .reaction zone is partlally reduced and the reac-
-tion: products under the lower: suoeratmospherlc

b pressute but before réduction in temperature are.
passed in indirect heat exchange relation Wlth

Thxs mventmn relates to conversion of hydro-“
: carbon gases to liquid hydrocarbons- and is-more.

cleaning. - Ahother d1sadvantage of ‘indirect heat -
“exchange is the- ‘high costof the exchangers, par -

‘Direct quenching ‘with lquid elxmmates or
25"
: paratus ‘due to catbon deposition.
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- ing by the mchrect heat exchange w1th the ch

In thermal gas conversion processes it ls nec- ‘

10

2328829

ing- §tock; “the reaction products are thein cooled':‘
to .a. temperature substant1a11y below ‘the’ dew’
point: by ‘direct contach with’ hqurd cool1n<r me--

| diun. - The'¢ooling mediuh used: for the quench-=:

ing should be an- inert’ 11qu1d wh1ch hag-the abil-
ity to dissolve -or 'maintain’in sispension mate-
rial such as gum; Tesin; tar ahd’ asphalt- whlchq
may: conden.,e from: the ‘réadtion- products: - In:
this'manner depos1t10n of carbon or carbonaceous

"+ material'in the transfér hne is pr eventéd and the‘_ :
. material: Which' woliild - otherwise deposit’ in ‘the

15

“A ‘great, disadvantage’ of indirect cool-

“build up rapidly in the ‘transfer line 'and heéat :

20

‘ sproducts ‘and  therefore; cannot possxbly preheatj‘ >
“the charging ‘stock to as high a temperature as,
'th the unquenched reactlon

30
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the chargmg stock. The’ ‘cooling by" means of -

: heat exchange with the chargmg ‘stock; or ‘other.

- ¢ooling medium is regulated so that the reaction
products are not cooled toa temperature sub-
tantially below the dew point ‘of 'the' ‘mixture.

-1ets ‘of condensible material form and dep051t out

dlth”lS “being: mamtamed By 11m1t1ng the cool

f the reactlon nuxture under the pressure con-.

ing toa temperature not substant1ally below the .

45

-heat exchanger or‘transfer line is removed from' :

the system’ in liquid. solutlon or suspensmn
. It s an “chject of this 1nvent10n to prov1de ,

. method Hfor utilizing ‘the heat inireaction’ prods-’

ucts «froma gas-conversion’ process operated ‘at:

'h!gh pressures: without: causing “harmful: depcm-‘ ‘
- tion of carbon and carbonaceous material’ :

Tt isa further cbiect of the inverition to pr ‘-f “

“vide method. for preheatrng chargmg stock ina. -
- high? pressure gas conversion process” by means‘ )

of: hlgh temperature” reaction: products in-guch™ - .
.. manner as to reduce- th° cost- 6f-the apparatus‘~ L

involved-and also “toiprevent clowgmcr of the

“Other:objects of: the mventlon will: appear from‘

1he -following - descnptmn taken” in _conjunction
with’ the  ‘accompanying  drawing ‘of ‘which the

smgle figuré. ig & diagrammatic’side-elevational

“view of apparatus sultable for carrymg out the :

mvention :
. Referring-to-the drawmg, numeral 1 mdlcates -
4 line through-which fresh’ gas-may be charged

- to the system under préssure by means of & su1t-‘ :
+ able’compressor Mot -shown. The fresh gas ' may
"be: stabilizer ‘gas “from eithér of - both catalytm‘_ X
sand: pyrolytlc ‘ol crackmg ‘processes’ mixed’ or

unmixed. with: the higher boiling fractlons ‘of nat-;
uralgas. ‘The freshgas is passed through water:

. ‘cooler:3 where the temperature ‘may ‘be reduced

to approxrmately 759 to 1002 B, 'The part1ally
coridensed gases pass to accumulator 5 which may:.
be maintained &t 4 pressure’of approxmlately
200——250 1bs: per square - inch. That portion of

. tHe.gas which is not condensed’ ds” W1thdrawn

The dew point isthat temperature at which drop- S

50

-may - be: re51dual gas from oil crackmg umts L

fromiaceumulator$ through the ling’ Trand passes

from. line* 7 through 1ine:9-to the’ lower portron
of :a low pressure absorber if. ‘Fresh gas may be‘
fed  into absorbe1 Bl through Tine (2. Th1s gas -

'That portionof the gas whlch does liquefy is Wlth-‘

dew point, deposmon of .carbon: or carbonaceous T

matter from the reaction” products is substan-
tla yprevented mmedlately followmg { 1-‘

55

- drawn' from the accumulator 5 by means of pump -

13 through'line 15 into ‘teed tankh 11. 'The feed .
tank H may be mamtamed‘ a pressure of




i drocarbons

approximatelv 295 to 300 Ibs. per square inch
‘and at a temperature of app1ox1mately 75° to
100° F.

Liquefied gas 1sfrw1thdrawn, from feed tank 7
through line 19 by means-of pump 2f.in which

the pressure may be_increased  to 750-2000 or

-more 1bs. per square: mch then: passed through

-~ heat exchangers 28 and ‘28 and line 27 to the in-

let of the heating coil 29. . In the heat exchanger

~ 23 the charging stock may be preheated to a-

temperature in the neighborheod of 200° F. and in

“the heat exchanger 25 the charging stock may be -

further preheated to a temperature ‘in-the neigh-
~borhood of 450° to 550° ¥. ~The- preheated 'gas

is:further heated in the heating coil-29 to & re- ']

action. temperature of 900° t0°1200° F. and then

passed to a reaction coil 3f in-which the tem-

10

perature -of the gases is maintained for a suf- . 3
ficient period of time to bring about the desired -

conversion; of ~hydrocarbon gases .to liquid--hy-

coil:in-order to- decrease-the velocity: of the gases
,undergomg reaction-and give the gases sufficient
time to react. The reaction coil 31 is- preferably
blaced in -a. zone-where 1ts temperature can be
mamtamed at the desired reaction temperature

either by heating or cooling, as required. Wheug

the ‘charging stock has a high concentration ¢
~.oleﬁns, ‘the reaction is- ‘exothermic. in characte
necessitating. cooling of - the mixture undergomg

" .reaction..-However, where: the concentratxon of -

~-olefins -is  low, the reaction is endothermic in
character nece551tat1ng heating .of - the reaction
" Zone to -maintain the temperature Where the

gas-is rich in olefins, lower temperatures of re~-
- actlon are preferable and the same: is {rue where’
the’ reactmn mixture is composed chiefly of  Ca,

‘ ~'.hydrocarbons with minor proportlons of Cs and
C2 hydrocarbons, -

. The hot reactlon products leav1ng the reactlon
-zone. 31 pass: through the coil 23 of heat exchang-

.. .er:25 wherein the reaction products are partially.
- ..-cooled by indirect heat exchange with the charg-:

ing stock. One of- the outstanding features of

this invention is.the’ 1educt10n of pressure: on the

hot* reaction products prior to their passage +o

the heat- exchanger by means of the slide valve "

.35. The pressure may -be. reduced at- the-slide

valve to- approximately 500-600: 1bs. per ‘square

.. inch -without obtaining any substantial amount
of carben deposition. By reducing the: pressure
._before the- reaction products enter:the heat ex-

) ,changer 25, it-is possible to utilize-a heat ex-

'changer of- comparatlvely low -cost of construc~
. tion mstead ‘of-an expensive heat exchanger which
wotld otherw1se be required to withstand the high
pressure and temperatures to' which it- would be
sub.]ected In:the heat exchanger the tempera-
ture .of the reactlon products is reduced to a tem-
perature not. substantlally below -the: dew point
" of the ‘mixture. -At: pressures . of - 500 1bs." per
- square. 1nch and hlgher the: dew pomt will be
within - the temperature range of apprommate
400° to 750" F. . It will be, understood. that it is
not necessary to reduce. the; temperature of the
reactmn -products in: the heat exchanger 25 to
the. deW ‘point, bub in order-to obtain the bene-

- fit-of*as much of the heat in. the reaction prod-
‘ ucts 4s. possible - for- preheatmg the. - charging

stock, it is preferied that the temperature of the

The conversion coil 31 is preferably .
of greater- cross -séctional area than the heating-

20

-tower &1,

2,328,829

further cooled by injecting. cooling fluid into the -
stream of reaction products at the point 37. The
temperature to which the reaction products aré
quenched by injection of cooling liquid is sub-

stantially below the dew point of the reaction -
mixture and in practice is preferably between...
- 250°.and 500° F.

Sufiicient’ quenching fiuid of "
'h1gh enouﬂh boiling point must be used in order

to have a substantial ‘body:of liquid present to
-¢arry in solution or in suspension any high boil--

ing material of a gummy, resincus, tarry, asphal-

~tic or carbonaceous nature which precipifates -

from the reaction mixture. » »
" The reaction mixture which has been ‘cooled

;‘below its dew point may be further cooled if nec-
" ‘essary,
o which' the -temperature is lowered to approxi-

by passing “through water cocler §¢ in

mately 250° to 350° . From the cooler 39 the
products pass into the lower part-of fractichating -

The fractionating tower 81 is main-
tained under. such conchtlons thac only. Ca and
lighter gases pass overhead To. accomphsh tlns}
fractlonatlon the tower may be mamtamed un-~.

. ‘der the pressure to which the reaction products,

30

bottom of the tower.

are reduced at the valve 35, allowing for pressure .

drop. through the-line, w1th a -bottom tempera-‘-.
ture of 250° ¥, and a top temperature of about
200> F. The pressure in. the tower may-be in-the

neighborhood -of 400 Tos. pér square inch. . Un-

der. .these: conditions substantially all the Cs and.
heavier hydrocarbons -as well as .a-part of the.
lighter hydrocarbons condense as-a liquid in the
A portion: of the conden-

-+ sate is,withdrawn from the bottom of the tower

., the heat exchanger .23 and cooler-45 the conden-." -
sate used for quench may be.cocled to a ‘tem- -

40

through heat exchanger 23 by means of pump 43,

:passed through water cooler 45 and line 47 and:

injected as.the quenching" liguid. into the reac-:
tion stream -at the point 37.. In passing through

perature of approximately.150° to 200° F, The

remainder of the condensate is withdrawn from™

the bottom of fractlonatmg tower 41 through line

- 48, controlled by valve Bl and passed to stab1hzer .
- 53,

The pressure. is somewhat reduced at the
valve 51, but the pressure in the stabilizer is pref--

. erably mainatined: abové 100 Ibs. per square inch

fidi

- line '§5 into reboiler. 57.

f);t

70

- reaction. products at this stage should be.re- -

. duced as.close to ‘the dew pomt as posmble U
. Immediately iipon leaving the heat. exchanger
corl 33 the part1ally cooled reactlon products -are-

_to insure liquefaction of the recycle gas.

) gasoline,

stabilizer 53 any gases lighter than Cq and 2. por-
tion or all of the C: hydrocarbons are removed .
from, the condensate. Heating of.the conden-

'sate.in the stabilizer. is -accomplished by passing

it from the lower portlon of the stablhzer through
- Vapors from-the re- -
boiler ‘are returned to the stabilizer through line
59. - The stabilizer. condensate is withdrawn from
the reboiler. through line 61 and is sent to stor-
age or .to g Te-run operatxon of -make finished
The vapors from the stabilizer which
are composed chiefly. of.Cs and.Cs hydrocarbons,
with small amounts of lighter bo1l1ng material,
pass overhead through line 63- through cooler 65
wherein a portion of the gas condenses and then
passes to accumulator 67. - The liquid from' the -
accumulator 67 is recycled ‘by-means of pump 69
and line 71:to the. top of the. stabilizer 53 as re-

flux liquid. The gases from the accumulator 67 .

are taken off through. line: I3 to- another wate1

_coolet 15 where the- ‘temperature is reduced to- -
approximately 75° to 100°F. and substantlally

all of the gas condenses to liquid and is collected
in. the accumulator 1. - The small’ amount of

“gas which does..not . ‘condense, is withdrawn

~ through line 79, controlled by. 81, and may bere- k

cycled to the low pressure absorber or w1thdrawn

In the . -



i. -pbsorber is preferably run.at a pressur

i 'rent to the gas passing upwardly therethrough::

o sure absorper: H- where it is. mixed with the rich

o “valve; 139. maintaing the pressure i erentlal bé-"

2,328,829« DS S DR 3

. from thé system Accumulator 11 is preferably:‘i ‘
mamtamed undeér-a pressure “of 1100 t0"'200
e per square ineh-ih order: to agsure condensatmnw o

¢ o ‘the gas taken from’ tHe top ‘of ‘the stabilizer,

The liquefied’ gas collected in aceumulator:T1:s: 5
‘w1thdrawn ‘through -liné 83 by ‘theans.of: ‘pump
j\‘85 ‘and.- returned to accumulator 5 together w1th
the fresh feed: S e
‘Returning to the mam fract1onat1ng tower M
: the Cs and llghter gases are -taken overhead - 10‘
- through line 81, cooled by, passmg through Water
cooler 89 toa temperatule of approxunately 1509"
Fsand then passed to accumulator 91,7 A, portion-.
‘of ‘the. gases -are: condensed in passing: through '

e 3,cooler 89: The llqueﬁed gas is ‘withdrawn from - 5.
1 “the aecumulator 91 by means of pump 93 and re- :
cycled through' lines 85 and 871, .controlled” by
i valve 88,.to the top-of ‘the; fractlonatlng tOWer 41

as; reﬂux l1qu1d A portron of the 11queﬁed gas

“from accumulator 81 may-be passed through line 20°
SoA108 te the top of flash tower 103 as reﬂux 11qu1d

‘ *The uncondensed. gas from accumulator 8l As .
‘w1thdrawn through hne 105. to.a- second water
“eooler; 407 where the temperature ig-further re-r :

‘duced to approximately 90% to.100°. ¥.. -In the 25

: cooler 107 a large portion of: the gas. condenses
to;:liquid under:the existing pressure wh1ch is
s substantlally that mamtalned in the fractlonat- :
ing tower 4. - The cooled products pass -from

-+ ‘cooler. 107 to accumulator 109 ‘from Whlch the 30°
I liquefied'gas is w1thdrawn through line.if 1, conx.

. trolled by -valve. 113; to feed tank. L1 'I'he ples- :

oo glre dlfferentlal between . accumulator Il9 and

‘;:jfeed ank 17 is mamtamed by .means: of: valve
Ce A The uncondensed gas.is withdrawn. from.
i ‘accumulator: 109 -through line 115 and charged
Yotox the. lower portion .of: hrgh pressure .absoi be1
41, This absorber is malntalned at substahtial-’
hly ‘the .same pressure. as.the. hlgh pressure ac-'
cumulator 109, heing slightly . lower because of-
-pressure drop through.the liné..-When the frac-
‘tronatmg tower Al is'maintained at:a. pressure
- of-about 410 Ibs. per square. inch, the high pres-,
sure absorber w1ll operate.at approx1mately 385‘

1bs.” Per square 1nch Any gas which escapes 45

from the feed tank 17 is w1thdrawn through ling.
1:19; - controlled by valve IZI andis® turned
through line 9 t0 low pressure absorber I 1."This;
of ap—
;proxzmately 175 to 250 1bsi per square mch and: 50
is generally sl1ghtly below:’ the pre sure mam- :
tamed on- the feed tank A1. % :
- Absorption. menstruim §uch as llght gas 011 or
‘ rmneral seal oil is charged to the upper ‘portion
ot absorbers. 11 and 11 through linés 123 and . 55
L l25,,respect1vely Absorptlon menstruum passes”
: downwardly through'. the absorbers countercur-‘

“ ‘The major portion of the Cs.and C3 gases as well
. asa substantial portion -of the Cs hydrocarbons. 60
“and.a.-small .aniount of methane'is; absorbed by.

“othe absorptlon ‘menstrulith in.the two absorbers
; The: unabsorbed gas ‘consisting. chiefly of meth-
e 5aNe; hydrogen and Cz hydrocarbons 'is w1thdrawn
u*“\,from absorber .1l through line 121, controtled g5
" by valve 129, and from absorber H'l through

“line 1315 controlled by valve - 133, and el1mmated
from the - system tluough line,'135. .‘The’ r1ch

= menstruum -from: the bottom .of h1gh pressure
¢ gbsorber: (1171s passed through line 131, con-‘ %o i
' trolled by valve 139, into. the bottom of low preés-

: “pnenstruum:in the bottom of that absorber. The

J,tween the low and " high pressure absorbers 75

The " combmed r1ch menstruum s withdrawn ‘

frot thé bottom -of low: pressure absorber [ B
through line "{40 by 'means:of “pump 141:and
passed through heat: exchanger 143 to the lower

portlon of flast tower 103. 'The pressure on:the .

.r1ch menstruum isvraised -in ‘the: pump: {4l to

5 préssure. slightly ‘higher than ‘that maintained::
in the acctimulator. 81, In.passing throueh the

heatexchahger 43 the:temperature ‘'of the rich
mehstruim;is raised sufficiently to.cause: vapor-.i

izotionin the'flash.towér 103 of the lighter-gas -

constitients :alisorbed.:: This temperature ‘may

be between 350° and 400° F'.- The gases are takén::
from the top of the flash tower 103 through line .
I45 and passed throtigh coolér ‘89 to high pres-‘,.
sure accumulator 91 together with the  gases..

from the top of fractlonatmg tower 41, The par-,; ‘
t1ally detitided’ menstruum - is withdrawn “from-

the bottom of ‘flash tower 108 through lire (41, .
oontrolled by valve 129, and passed to thé mld-

. portion’of strlpoer i51; " The pressure on the pal- o

trally denlided” rnenstruun I8 substantlally Te=-
duced ‘at the valve (49 so that the stripping .

_tower may be maintained at a bressure only” suf—

ficient: toenable’ return of 8ases to the fow pres-
sure absorber fwithout ‘compression.’ Theé hqu1d

in-the ‘bottom “of the stripper-15k is withdrawn'. -
by means of pump 152, heated in’ coil 155 and‘
‘returned to: the stripper through-line 153"

the coil 155" the 11qu1d is Heated to:'a sufﬁcrently‘
high" température to completely denude thé ab= -
sorption menstruum of. absorbed . gases. This
temperatule may be in the nelghbmhood of 600°

~ F.. By maintaining the top of the siripper.at’ -
a’ temperature of 300° F. or.less,. only the. ab- .

sorbed gases pass-overhead and ‘the absorptloni
menstruum is substantlally all condensed.‘ The
hot ~absorption ‘menstruum,; which- may ¢

“temperature slightly below 600° F., is withdrawn .
0: from- the bottom of‘the stripper through 1ine 159

by - ans “of pump 161 ahd feturhed through"
heat: exchangel ‘143" and ‘cooler 163 to 1ines 123
and 125 leaditig to the absorbers ™ Fl- ahd 11
The: control 'of theé absorption menstruum to:the
two; absorbers is effected by ‘neans 6% valve 1667

- in Hne 128'and valve {67 in line 126" ‘Make-up
Mabsorptlon menstruum rnay be charded 1o {ther

system through lme 569 controlled by valve‘ 'H :

. as requ1red

The strlpped gases are removed frem the top 3
of stripper 151 ‘through line 113; cooled to & tem-

perature‘ of ‘approximately 200°'F by passing
ol

ater ‘coolet 115 and”run into accumu-

to hquld in accumulator HIT and- these ‘are -1é-:

cycled by means of pump 119 and line: {81'to the

top of the- stnpper 151 as 1eﬂux l1qu1d The re=.

: mamlng gases’ are ! taken from the“accumulator”

i1 through line /183; and’ passed ‘through a:sec="
ongd cooler’ I85 ‘wherein ! the temperature ‘may
he. reduced o' appmxrmately 90° o 100°- By
Whereby a large portion: of the' gas condenses to

‘;hquld From-the: ¢ooler- I35 the partlally con-
densed materral passes. to loW pressure: accumu-

lator. 187: The Liquefied gasfrom ithe’ aceu=:

mulator 581 is charged thy ough 1liné 189'by meahs’

of pump 481to the main sractibnating tower &1+
at a point above the- diseharge of -the reaction:

products into tie’ fower.  The uncondensed gas

is‘withtrawn froin the low pressure accumulator:
i8T:-ahd 1eturncd throvgh: line -£88 to. the low;
pressure absorber 1. The accumulator. 18T is

‘ preferably mamtamed b sufficient pressure; 0.
- enableé Teturn of ‘the ‘gas: to. the low pressur ab-

sorber ll w1thout compressmn

T A-’portron ‘of the gases’ ‘are oondensed‘ ‘

s




residue. and . stabilizer: gas from high pressure. -

pyrolytic’ cracking of -hydrocarbon .oil is used as

the*fresh charge to the system.. The stabilizer

'gas’is’.cooled in cooler 3.to a temperature of 95°

F. and the accumulator 5§ is maintained at a pres--
sure of 230 1bs. per. square inch. Feed tank 17-

is maintained ‘at a temperature 'of 90°:F. and a
pressure of 265 lbs. per square inch.. -Residue gas
is-charged to the low pressure absorber .i1. " The
analysis ‘of ‘the. combined - stabilizer- and residue

gas:charged to the process in mol. percent is-as-

follows

Hydrogen
“Methane -
: Ethylene ———
Ethane __ ... _
Propene
Propane
Butenes' .
.. Butanes ' '
“-Pentanes and pentenes.__..._ el -
Hexanes and hexenes ______ e P

The olefine content of the comblned gas is ap-' '

prox1mate1y 209 before treatment in the ab-
- sorbers: and the olefin: content of that portion of
- the combined fresh gas Whrch is charged to the
reaction coil is 40.75%.

Liquefied gas from the feed tank 17 havmv.

the followmg composrtron in mol percent

Hydrogen e R 0.
‘Methane ..l .. ____ e AL
.+ Cq hydrocarbons____.___ e emmlomLlliooil 13.69
" .Cs hydrocarbons_-________ 2 ! __53.90
Ci Hydrocarbons. ... - __..._.________ 29.40"
Cs hydrocarbons_._ === ______________ o 0.22
,Total olefins. L . 20.8

is~ charged to the heatmg coﬂ 29 under a, pres- -

sure - of 1250-1bs. Der square 1nch and preheated
toa temperature of 500° F. by passage through
the exchangers 23 and 25. In the heating coil

29. the temperature of:'the charge is raised. to

- 1060°: F', and this temperature is maintained  in
-the reaction coil 2i.

‘The pressure at the. slide:
. ‘valve -8%is reduced to 570 lbs.:per square-inch.

10

20

25

30

2:.32%._8..249_;2

As.an exampleof actual operating conditions,"

pressure of 190 Ibs. per square inch with a bottom: -
temperature of 590° F. and a:top temperature of:.

.290° F. The accumulator 171 is maintained at.a

temperature of 210°-F. and the low pressure ac-~. -

- cumulator. {81 maintained: at a temperature.of

$5°-F. and a pressure-of 130.1bs. per square inch.
The total residue gas leaving the system will.
have the following composition in mole percent -

Hydrogen' . i ..ol il . e_lilliE BB
Methane : ol - 475
Ca hydrocarhons__ - .o loi D8 Do E 30.3:
Cs hydrocarbons . ol '15.16
Cs hydrocarbons.___.__ i el i 151

<'This recycle ratio, that As, the ratio: of the

11qu1d velume - of the gas charged “to the con-"

version zone, to the-liquid volume 6f Cs and C4 .
hydrocarbons convertéd per pass to gasoline and: :
h.1gher boiling hydrocarbons, will be 5 to 1, ="
"It will be seen that in “accordance with" this .
1nvent10n it is-possible to operate under extremely
high pressure conditions and utilize the heat of
the reaction products- for heating -the charge
without the neces51ty of using expensive heat ex-

‘changers, due to the discovery that reduction in’

pressure on the reaction products can be accom-
plished before coohng without ‘causing excesswe
deposition and clogging in the-transfer line and
heat exchanger, AR o Ce

"It is claimed: :

-1. In the process of convertmg hydrocarbon
gases to liquid hydrocarbons at high superatmos-
vheric ‘pressures and at high temperatures be-

- -tween: approximately 900 and 1200° ¥, the steps of’
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reducmg the pressure on the reactmn products: at

9. the outlet of the reaction zone to a lower superat-» i

mospherrc pressure,, then cooling ' the reaction’
products t0 5 temperature below conversion tem-
perature close to buf not below the dew. point of.

the reaction’ products by indirect Heat eéxchange :
with charging gases, then suddenly coolirig the re= - E
action products from a temperature not substan--

tially below the dew pomt of the mixture to a-tem-
perature substantially below the dew pomt by d1~
rect contact with cooling liquid of such nature as’

" to hold suspended material contained in the re~

and’ the temperature is reduced in the heat ex--

changer 25 to 700° F. A pressure drop takes place
through: the heat exchanger.coil 33 so: that the

pressure ‘on the outlet is only 420 Ibs. per square.

inch. :-‘The partlally ccooled reaction products are
quenched to a temperature of 450° F. By means
- of condensate withdrawn from the fractlonatmg
tower which had been cooled to 180° F. and the
temperature of the reaction products is further
lowered in the cooler 39-to 320° F. The frac-
tionating tower 4l is held at a pressure of 410 1bs.

per. square: inch with a bottom temperature of

250° P, and a top temperature of 195° F.. The
‘accumulator 91 is held at a temperature of 155° F

. and.accumulator 189 at a temperature of 95°. F L
* The pressure in both is 400 Ibs. per square 1nch

Accumulator. 5 is held at a pressure of 230 Ibs. per.
Sta--
- bilizer §3:is maintained at a pressure of 125 Ibs..

©square inch and:a temperature of 95°-F

b0-

o
o

actron broducts in solution or suspension.

2. Method in accordance with claim'1 in: whrch
the hydrocarbon gases are cooled by indirect heat
interchange to a temperature not less than ap-
proximately 650° . and ‘the partially cooled re-
action products ccoled’ substantially below 650°
F. by direct contact with cooling liquid. ’

3. Method in accordance with claim 1 in which

the gases are converted at a pressure: above 750

1bs. per square inch and the pressure on the prod-

- ucts at the ouflet of the reaction zone is reduced

to:a pressure net in excess of -600 lbs pe1 squale i

- inch.
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“per.square inch with a bottom temperature of 330°‘ :

P, and a top temperature of 140° F. .
" The low pressure absorber is mamtamed at a

. “pressure ‘of 175 lbs. per square inch and the h1ghi
" pressure absorber is maintained at 385 1bs. per

" square inch.- ‘Flash tower 103 is ‘maintained at.a

" pressiire of 410 Ibs. per square inch with the. in~

' comilig rich menstrium heated to a.temperature

" 0f-390°. F. The stripper 151.is maintainedat;a;

4! Method in accordance with claim lin Whmh
the gases are converted at temperatures ahove
900° F. and pressures above 750 Ibs. per square
inch, the pressure on the reaction products is re-,
duced at the outlet of the reaction zone to a pres-
sure substantially below 750 1bs. per square inch;
the .reaction products are thereafter partially

-cooled to a temperature below conversion but not

substantially below 650° F. by indirect heat ex-
change and the partially cocled products further

_cogled to a temperature substantially below 650"

F. by direct contact with cooling liguid. ,

5. In. a  process for converting hydrocarbon
gases o liquid hydreocarbons under high'pressure
and temperature of the order of 800-1200° F. in:
a conversion zone and in which the reaction prod-
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ucts are fractmnated mto gases and 11qu1d con=

-“densate, the steps of reducing the pressure on the .

5.

T 1) reduced below appr ox1mate1y 600 lbs. per square -

s products leavmg the. converszon zone,. prior 10

. .cooling theresf,” thereafter partially coolmg ‘the
“reaction products’to a temperature close to but

net below. the dew point of the mixture by indi- . -
-réct heat exchange with charging stock, further..

cooling the reaction mixture from a. temperature
not. substantially below the ‘dew pcmt of:the re-

~action mixture to a temperature substantially be-.
low the:dew point by d1rect contact w1th cooled‘

liguid condensate:
6.- Process in accordance with c1a1m 5 in Whlch

the conversion zone is maintained ‘at ‘a pressure -

above 750 Ibs. per. square inch and the pressure

qo

:inch prior to cooling,

7. Process in accordance ‘with: clalm 51in whxch . ‘
the reaction’ products are cooled to a temperature .

* between. 650° ‘and 800° F,"by.indirect heat ex- °
change with charging stock and ‘the reaction -

products are chilled substantially below 650° F

‘by direct contact with cooled.condensate.

8. ‘Method'in accordance with claim'5.in which

;the condensate used for cooling the reaction prod-

©.‘ucts is- cooled by indirect heat’exchange with
-"- ‘charging stock prior to passing the charging stock
" 1n 1nd1rect heat exchange with reaction products.
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