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Abstract:

This investigation was made to determine the effect of an increase in pressure on gasoline yield in the
catalytic poly-forming process* The investigation was made using a Houdry synthetic aluminum
silicate fixed-bed catalyst as the catalytic agent, virgin gas oil as the charging stock, and isobutane as
the outside gas. The pressures used were 0, 300, 500, 000, and 1200 psig. At each pressure the
temperatures were varied from approximately 390° to 520°C, and the space velocities were held
relatively constant at 4 to 6 hr-1 Four preliminary conventional catalytic cracking runs wore made at a
space velocity of 0*0 to 0.8 hr,-3 in which no outside gas was employed, Three additional conventional
catalytic cracking runs wore made at the higher space velocity of 4 to 6 hr-3 At the conclusion of each
run, the carbon was burned from the catalyst and the liquid products were distilled.

It was found that conventional catalytic cracking at a space velocity of 0.6 to 0.8 hr -1 produces a
substantially greater quantity of gasoline per pass per unit of charging stock than is produced by the
catalytic polyforsing process using Isobutane as the outside gas. The yield from conventional catalytic
cracking at this space velocity reached a maximum of 34 per cent at a conversion of 62.5 per cent based
on oil charged, The maximum yield from catalytic polyforming at a space velocity of 4 to 6 hr,-1 was
30.7 per cent at 900 psig and at a conversion varying from 48 to 70 per cent, It was found that catalytic
polyforming with isobutane produced a greater quantity of gasoline per pass per unit of charging stock
than was produced by conventional catalytic cracking when both processes were operated at the same
space velocity of 4 to 6 hr,-1 The conventional catalytic cracking process at this apace velocity
produced a maximum of approxi-mately 24 per cent gasoline, If both processes were operated at their
respective conditions of maximum, gasoline production per pass, a higher space velocity can he used
with the catalytic polyforming process and a greater through-put can be obtained.

It was also found that the effect of pressure in increasing gasoline yield is greatest between 0 and 300
psig. The yield increases up to approximately 900 psig and decreases at pressures beyond 900 psig.
Increasing the pressure from O to 900 psig causes an increase in yield of approximately 1.8 absolute
per cent or 6.2 relative per cost.
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ABBTRAQT

This investigetlon was made to determine the effest of an
increase in pressure on gasoline yield in the satalytle poly=-
forming process, '

The investlgation was made using & Houdry synthetic alumie
mam silicsbte fized-bed catalyst as the catalytic agent, virgin
ges oll as the ¢harging stoeck, and lsoWubane as the outelde gas,
The pressures used were 0, 300, 800, vl0, =znd 1800 peig. AL
sach presgsure the bemperatures were varied from avproximelbely
&DA° to BROC U,, and thg space velocities wers held relatively
constbant 2t 4 to 6 hr it Teur preliminary conventional acata-
lyisie srﬁakimg runs woire made at & space veloelibty of 0.6 to
0.8 hr,*+ in whidh no oubtside gas was employed. Thres addie
tlonal conventliepal catalytle cracking runs weve made st the
nigher space veldelty of 4 to 6 hr,*l A% the sonclusion of
ageh run, the carbon was burned frow Lhis ¢cabtalyst and the
liguid products wepe dlstilled. . ‘

_ Tt was Found that conventional cmtalytic cracking at a
space velocity of 0,8 to 0.8 hr,~l produces a substentially
greaber guantity of gaeoline per pass per mnlt of oharging
stovk than is produced by ths cadalytic poelyformlng process
using isobutane ez the ouvtside gas, The yleld from conven-
tilonal cabalytic creokluy at this spate veloeity redched a
wmaximwa of 34 per cent at a converslen of 82,5 per seanb baged
on 01l charged, The maximtw yleld froem cabalyitic polyforming
at s space veloclty of 4 to 8 hr,~1 was 30,7 per cont ab 900
psig and at g gonversion varying from 48 te 70 per cent,

It was Pound that catelybleo polylorming with lsobutane
produced a grester guanility of gaseline per pass per unit of
charging stock than was produced by cenvenbional eatalytic
erasciting when both processes were eperaied at the sawd apavs.
valoelby of 4 to & br.~! Ine gonventionsl catalytic argoking
proveas at this space velocliy producsd & waximum of approxi-
mately 24 per ceunt. gasoline, If toth prodesses wers operated

cat thelr respective condlilieons of mexlimum pasoline proeduction
per pass, # higher space veleoliy can be msad with the catalytioc
polyforming process and a greater through-put gan be obiained.

It was eglso found that the effect of pressure in lncrengew
ing pasoline yield Is grestest betwesn O and 300 psig. The
yield inereases wvwp Lo approximately €00 psipg and decreases alb
pressures beyond 900 paig. Inoressing the pressure frow D to
200 pelg causes an inoresse in yleld of approximetely 1.8 abe-
gplute per cent or 8,2 relatlive per cent.
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- I INIRODUOTION

Aecerﬁxmg bo Offut et al (1), the ?elyfarm praaass is
an efficient means for producing high quality nator gaa&line
by tne thexm¢1 canvafsién of naphthas or gas oils at high
temperatures and high pressuras An the presence of recirs
eulated*hyarocarbwm gasess The &ight hyér@c¢r%ams in the
charge make possible. a'substantiaily érea%er &egreé of cracke
| ing severity and 2 higher gasmlime petane level than: is
possible in mast thermal eracking processes., Tha condi%ians
of temperature amﬁ pressure are also. sultable for the &Qﬂ%
version of the ¢3 and Cy hy&r@earbens to gasoixnaﬂ The @reﬁ
pane and buian& fractweuw reeycleé,wmthin the prodess are in
many cases supplemented w;th extraneous refinery gas streamv
for additlenal yield ef gasoline

&aselmﬂeg formed by the Polyform prceass have a high
“over~all velatility and e@ﬁhgiﬂ more lowsbolling and less
,highmboiling matarial than most gasaliﬂas from é@har @gfiﬁing
processes using the same charglng stoeks An increaae in
severity of cracking as & result of the light hyﬁraaarbana
inclugad in the_charge restilts in an linerease of both the |
'vala%ility of the gasoline ahd %ha.@eﬁame nomber, The vblﬂ
atility of the gasoline is alqe affeateﬂ by the e@nversimn
of the ﬁg anﬂ 64 hydroearbons to g@smlim@a

The gages used in the P@lyform precess may be those made

by cracking the oil itself or may be those obtained from




autsi&ésmurees {2)» The ﬁse of grester awmounts of gases is
sald tp permit more severe cracking so that improved yields
pf gasoline of high antirknock quallby and high sensitivity
. are mbﬁaénada By usging extraneous gases in copjunction
with the charging $iﬁﬂkg addition reactions &pparently
take place between the gas snd the products made hy arackw
~dng the oily and there is a reduced fer@atiwﬁ of coke.

polyforming distillates have hmgh oetane nunbers which
remain essantially constant thwmughmnﬁ the %m@llﬁg angesa
The gasoline produgticn is of the same order as that obtaine
ed in catalybiceracking, the gasoline having ogtane rmmbers
from 74 to 76 by the motor method. The gasoline has ¢Xx
v@ailenﬁ blending value amd rpad performances

From a study of &wtalytie polyferming of gas ol uﬁimg
propane; igonutyleneg and n-birtene @& outside gages and
Houdry synthetic alvminum silicate fimedbéd catalyst as
the catalytic agent, ﬁayfielé (3) found both iscbutylene
and np~butane to give a definite iﬁgreaae im,gaémiiﬂe yield
@ver-ﬁh&t ohtainsble fr@m eeﬁﬁemﬁiémal.atmaﬁpherié catalytie
sragking., He alse found thay tﬁare-Wag no deteectaeble loss in
gatalyst a&tiviiy after the passagﬁ of 3.6 volunes bf faeﬁ
per volumé of eatalyst st atmospheris and at 900 pounds pres-
‘sure, Oarbon formation based on total tharge is markedly

ilower in n-bulane ecatalytie polyforming at 900 pounds pressure
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thgn in conventional atmospheric gaﬁalytie sracking.
Wayfield also found @a%alytic polyforming te have a
distinct advantage over other methods of ewaak;ng Heavy Qetw
raleavm fractaﬁas in respeet to spaee V@iﬂeityﬁ He faumd

catalytie polyforming +9 give essenﬁla 1y the same vields’

‘at the sape sSpace v@&oai@ies,anﬂ at space VElGQitiﬁw AppProx-

.imaﬁeiy ten times fh@$e used in norvmal petrolewm erackings

H1lis (4) compiled comtroversial data of several ine
vestigators, In this eem#ilaﬁinﬂ? Trugty.summariZed the
advantages of the nse of pressure as being a better éondition
Tor heat t&ansfer; for absence of local mvarheatiﬁ39 and for
inereased yield of gasoline ;rgéugts@' Sydnorg heﬁeverg ol
serveﬁ that; fer aperati@ns carried out at the Same bempers
ature, distinetly higher yields of gaS@line wers chbained &t
low rather than at high pressure, The data by;ﬁydnﬂf were
abtained'using a midﬁamﬁﬁinﬁnf gag 01l of 33@?9 &P, grave
iufg uslng 2 Tube and Tenk unil, One direct effeet of
pressure, according te ﬁemtgnv as stated in the aempilatiamg
ig the in¢reased yields of gaSﬁlime in p&aae of gasess

| In view @f the favorable possibilities of catalytie
polvformlng and the uncertainty af'uhe effeet of pressure
this 1nveqtigatlon ‘of the effect of press@re Qﬁ‘eataly%ie
nolyfarmzng was uﬁde?takeﬁp | . o
- The yieldo of gasaline from catalytzc pelyforming at Oy

.JGQQ &009 900, and 1200 psig were cempared. The ultimate
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yields end carbon formation at the various-preﬁﬁﬁxes were -
also sompared. At each preéessure, the maximum gagﬁli@e3yiald
obtainable was f@ﬁﬁd by varyiog the temperature atlwhieh the
polyforming teok plage. This varistion gave a curve of
vield vevrsus coénvergion for each pressure and thus deter
mined the maximum gasoline yiel& chtainable at the glven
pregeures o |

Howdey synthetic aluminum éili@ate Fixed«bed éaﬁ&iysﬁl
was used in this investigation since 1 wag found to be well

suited to the processs
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-I$~-E@31EMEET_'METHQﬂ$4 AND BMATERIALS -
' Equlpﬁenﬁ )

. Tha equzpmenﬁ uged in this *nvastigaf:aﬁ consisbed of
a reamﬁipn syabem which eculd be operated from 0-]120C psig
and was,aébable of being heated to somewhab above 600°C., A .
distillatiﬁﬂ.uniﬁ and a gasfanalysis unit_wer@'used in eohe
Junction with the reaction system. The reasction system,
shown in Pigure. lg was. compesed of fwur major sectlions, the
feeding sectl mng the resechor section, thg condensing and res
eeiving section, and the safety equipment,

FEEDING AROTION -~ The faediﬁg ﬁeﬁﬁion includ@d a nxtxaw
gen cy&inésr9 » Teed oylinder, and a.ﬁergusmn_gagaq The body

of the feaa.ay;;mdgxgwas construcbed from an elghteinch

seatibn:ﬁfltﬁﬁegﬁineh@ aﬁt?a»strdngigteel pipe and two extras '

_strong steel caps. The pipe was. threaded at both ends and
fitted with the caps whigh:were_seeuzely welded to the pipes
Both caps weve drilled gnd_tappe& for half-inch pipe; and

close nipples of extra-strong steel pipe were fitted into
the capss Hali-inch Kerotest valves of 3000 psig rabing
were Titted on ¢ach end of the feed eylinmder, &nd each valve

‘was fitted with one<kalf to one-fourth lnmeh. steel bushings,

to which brass fittings far-e@ﬁneﬁﬁiam to ene»fovrth inch
copper tubing were fitted. | ) |
The Jerguson visible-liguld-level gaueg which was sltue

ated below the feed cylinder during operabion and received




10

the charge from the feed leinﬁﬁfg was fitted at either end
wzth cloge niyples cf ane*half ineh extrans@reng steel plﬁep
%he upper end of the gage Was fitte& wmsh a @newhalf 1nch
crosss One side aem of the cress was equipped with a bushing
&nd & brass ane—fanrth inc& valves The other two aTMS Were
iaquipped wmth”brass fittings for ecennectlion to ane»faarth
inﬁh eappér tubing . Tm the nipple at the lower and of the
Jergason was atﬁaeheé & anéwhalf iﬁchg £000«pound Vogt valve
for aajuwtment of the rate of feeds The bottom of the walve
was cwmneebaﬂ direetly to the resctor through @newhalf ineh '
extra-strong short nipplesﬁ a one«~half inch tee, and a ang¢
half ineh union. The male half of ﬁhe uniom WaS secured
to the feed sectieng whila the femalﬁ sectien was welded
direetly to the top of the react@r

From the side of the tee$ a one-half inch extrasstrong
pipe led to a safety val#e4 The valve was & Blaek, SiVallag
and Brysan frangible ﬁlsﬁ safeﬁy va1Ve e@ﬂippeﬁ wath a 1255
psig ymnai diaphram dﬁring runs below 1@90 nmwg andma 1445
psig anel miephram amrimg AE@@ psig ruﬁsu' Tha safety Valve
uiseharged outside of the bmxlding hhraugh a one=half 1neh
Pﬁ.}ﬁeu _ o

A nitr@gen eylxnﬁar Fop pfesauriaing the system e@mpletw.
ed the major elements of the faeﬁ ng $ystemﬁ The nitrogaa
eylmnéez was eonnected thrwugh aﬁeufﬁurth ineh c@pper tebing

to a 0=2000 psig pressure gage and a brass tee near the feed
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eylindeys copper ﬁn}émg connected o the vpper valve of ‘the
feed eylinder and tovtha'valvé-in aﬁe'arm3¢f»the ﬁfaf&sﬁié
. eross. This arraengement allo%ed'gééés in the Jé?éus@n‘té'
£low into the top of the feed oylinder as they wa?é displaeéa
by the liquid feed during the intermittent £1lling of the
Jerguson, - - . | -
REACTOR %EETXQﬁ"w'%ha r@ac%ér was made from a 1%«ineh
seétian of three~ineh eikbra«sirong steel plpas Ah oxbra~
strong steel cap was welded to the Lop end of the Teactor
bodys and the femele sectlon of the prévi@uslyrﬁenﬁiaﬁéd
untion was welded at the cerﬁeﬁ of tbe steei e&p#‘ The hole

in the female section of the ualon was enlargeé from. ones~
 hglf inch‘ta 11/16w1n0h, and a 11/16~inch hole was éwxlle&
through the cap gsi&g the h@la_iﬂ the union as a Jiﬁ. The
anlarged hole fagilitated.the_ehénging_afythe catalyst and
preheaéer pagking; The catéiygt £411ed the lewer 11 inches
of the veactor body; and the remaining 4 inches were filled
with approximately 5@@'ml¢ of assorted sheel halisg the
largest Qf which were @/léwlmeh in dlameters |

- A @me*algh h inch wesh stalnless steel sereen was ine
serted in the bottem end of the pipe bo aeb as a catalyst
support. ~This end was PlﬁSed by wel&ing on a piate of steel
oné-half ineh thick. The plate was’ @Tlll@ﬁ and tapped st the
eenﬁefc A seehion of extrawstrgmg-aﬂewhalf ineh gteel pipe'

led frem the lower epd of the reactor to a tees A 60CO-pound,




1z -
one<half ineh Vogt valve was connected on the yun of the tee
by means of a short nipple of extra-strong pipes. This valye
was employed to regulate the pressure in the reactors A
Pw2000 psie pressure gage Waﬂfaénmeataé'té'tha branch of the
. tee and was used to indicate the pkessura in the reactor,. A
'omewﬁélf te one~fourth lnch buwhing in the lawey end of the
-va1Va was fl%bed with 2 brags fitting and appreximaﬁely three
. inches of cmpper tubimg§ |
Four holes were drilled approximately three inches spart
"aloﬁg the 1engthtmf‘the“ﬁeamﬁ§x b@dy@ HF@urainéh,léﬂgthg of
.bme;eigh%h Taeh st@allpipe were sealed at one end by welding
and inserted inte the holes sueh that the sealaéfehﬁs were
inside:the_reaaﬁorg These pipes were welded inte the reactor
as thermowells in such a pogition that the sealed ends were
along the axis Qf‘ﬁhe‘reaﬁ%ﬁsﬁ lxmnwccnstantan thermocouples
were iﬁ&e&ﬁéé imtﬁ the'%hawmawallé and sonriected to a Leeds
and Worthrup lndicabing potentiometeéry calibrated to read
from O-12000 £, | .

A safétyfwa;; of gneéfourﬁh inch steel‘plateA25 inehes
wide anl /2 inghes loag was éregﬁeﬂ iﬂ.the position in whiech
the resctor wag to stand. To give the reaetof firm and
. rigid suppert; two ége*fmarﬁh.@y"ona lnch flat steel bars

. were WElﬁgﬁ te the top of &ha cap at approximately 90° to
gach other. These bars fast@ﬁaﬁ by means of one<half ineh

ping tﬁ'nleats'welded to the safeﬁy wall. Two epne«half inch
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round shteel rods were welded to the reactor approximately
eight inpheé apart and oppesite to the thermewells. These
rods pa$se&¢ﬁhwaugh.tne safeby wall and were secuyed to the
mgﬁw@fk mz'roﬁs'w&i¢h~w@r@ aﬁe&'%a'suppﬁﬁﬁ the entire upits

The. ?éaéﬁﬂr'was enhirely wrapped with $E$Mihﬁﬁ'wiﬁ£" :
esbestos tapes The upper one-half of the reactor was wound -
with 30 feet of nichreme wire (re&istanﬂa‘gf 1,71 ohms per |
/f@@t) which had been threaded with poreelain fishegpine ine
:éﬁiaﬁmrsﬂ The lower one-half was similarly wounds These
windings were covered with angther layer of oné~inch asbestos
bapes Bach of these winﬁings was connscbed to évgéﬁévuit |
sutotransformer and was designed to earry a mgﬁimum'iaad of
Five amperes, A& Tiftéen-foot coll of insulated nichrome wire
was wound over the lower onesthird @f’the,ﬁeacﬁmrgland another
similar coil was wound over the upper ome-third. These colls
were conncebed to 110wvolt autotransformers, A fifteen-foob. .
eoil was wound about the neck of the reacter and onm the top
of the cap to supply sdditienal heat to the prebeat section,
Thig goil was aled c@nneeteﬁ to a 31an¢1t autotransfornar,y

A layer of asbgstos tape waa amplayeé tm eover thé wind-
ings oh ‘the reaeter@._QVEr @h@_aﬁhaﬁtaa tape was Litted a
layer of one-inch magﬁeﬁia_bloakgreu&’ﬁ@_ﬁiﬁ around the res
actor, These bloeks were secured by & few toils of asbestos
tape, and & ﬁeavy layer of gsbestos cemant was used toe cover

the entire reactor.. The cépg the bobtoms and approximately
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three inches of pipe bensath the reactor were also covered
#ith‘asbegﬂes aemént to reduce healt losses, '

CONDENSING AHD ”ﬁﬂﬁl??ﬁ& SECTIOH ~ & shﬁrﬁ'saaﬁien of
empver tuhing axﬁen&e& below the valve ab the lower end of
the reactsr9 as previcusly stated. A neocprene stapyer was
Fitted around this coppey tubing and a 30Q-mm. Pyrex«glass
‘Liehig conflenser was sseured %o the stopper, Waber was used
K1 ﬁha gooling medium in the Liebilg condensers An exbtension
of glass tubiﬁg was added to ﬁhe‘lewéﬁ éﬁﬁ of the ﬁiébig oY
denser to carry vapors and liguids well into the yeceiving
flask, A neoprene stopper was fitted over the lowey end of
the eoﬁdenser; and & 500 mls side-arm flask was fitted to
the stoppers -

The wide-ars flask Was thfeeﬂfmnrths immersed in g dry
igefismpropancl bﬁﬁﬂ'@@ﬁﬁ&iﬂﬁﬁ'iﬁta @n@*gallen thewm&flaak;_
Vapors not condensed in the flask flowed out the gide axmg‘
through rubbgr %ﬁbing; and in?a 8;8§¥ies of vapor traps.

The serdes consisted offour glags traps immersed in a dry
iece~isopropancl bath contained in one-quary thernof laskss
From the fourth trap, twa yapors floved through a series of
two eoppermaell a@ndensers also immarﬁed in a ﬁry ite~istpio-
pancl bath. Nencondensable vapers 1eaving the eells passed
through rubber tubing to a tee, the run af‘whlch was connects
ed 1o 8 thres-liter pre@x51on,weﬁ test gas metelrs The branch

of the tee counected to an evacuated, 200-nl., round-botiomy




| »':iﬁ' |
-ghopeogk-equipped flask which was used to take a gas\éamyle
during the rim. Er@m'ﬁﬁé-gas‘m@teriAthe noncondensable gases
passed to a blow-down line leading eutside the building. .
| SAFEIY'SYSTEK'@-ihuadditi@h.to~%bﬁ f?angibleéﬁisk safety
| valve and the ssfety wall behind the unit; both of which have
been mentloned previgﬂsiy;~there was a steel eevér\@vsr the
waaeforq b piege of ﬂﬁe@aigh@h inch sﬁeal-plat@g‘#mlla&-in
& semicirale 22 inches in diemeter and 40 inches in lengbh,
,was.hingad tp the safety wﬂil s8¢ that 1t would @&ééévaraunﬁ
the reactor, A Iramework of one-half inch aggle 1roh waid
srected upward from the cenber of the hinged cover to support
. two tnicknesses of automobile safely glasé whieh Would-allﬁw:
'ﬁhe aperator of the feed-comtrol valve to view the Ferguson
gage in safety. - _ .

Pire Tighting equigm@mt;maﬁ located wiﬁhiﬁ;&gsy reach
at all timess W o S | .

AUXILIARY E@UIF%E&T;%.ﬁm @1der3haw vacuup~jacketed dis«
t11ding eolump'gonﬁaiﬁiﬂg 15;piates was used ﬁg-éistill‘tha-

?radue#s of reactlon, This coltmh was fitted with a distils

ling head suitéble for waking a,ﬂiﬁtillatian over the range
f@@m'»aﬁﬁﬂtbﬁaﬁeﬂ Cx The é@@laatimu,fiaék em@l@?eé directly
bamaaﬁh the reseter 16 condense a'p@rtiﬁn gf the gﬁflmeﬂt
products served also. as 2 gistilling flask. The g?guﬂd-g$ass
joint at the bottom of the column fit directly into the jotut

at the mouth of the flask, The flask was heated by & AQrvelt

NRREIAT

[

Y oy
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550-watt heater controlled by an qutctransformers
T The distiiling haaﬁ’ae;ivareﬁ'the Liguid E@h&enaat@s

from the top of the column to-a pubber tube ﬁﬂﬂﬁﬁ@%éﬂ'%ﬁ"
-3 $arieé of two cold traps immersed in tee dry ice«isoprow
panol baths. Overhead products vapﬁrlzlng after leaving '
the heed were condensed by the lowsbemperaturs baths ané
dfforded a close welght baianee aoross the column,

An Oreat gas snalyzer was cm@layed to analyze flue gases
fram fh@ reactoy during the carbon burn~off. The, gasas
were analyzed for (Opy Op, and CO using, respectively, strong
KCH solublony an slkaline pyrogallol selution, and a selutlon
of CugClge | -

Analyses of gases from the feed eyliunderw afﬁar the run
and of noncondensable gases lssuing from the reagtor during
the.fua were made with & 1eﬁatamyarature gasﬁfraeﬁiamaﬁien
‘This unit was also used to make gnalyses on outs

amaara TUS s
slde gases used in cenjunetion with the gas oil gharge,
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Be Nethods |
ATHOSFHERIC PREGSURE BUN WITHOUT OUYSINE GAB = fha re=
actor was heated until the temperature of the reactor, as
~ indicated by the-thermaemuplesg was of sufficient wagnitude
to give the over-all average teuperature Sesired for the
partieular run to be made. The feed cylindey was evaeuatad
by means of & Cence wag&Vﬁc Varuun punp charged wmthlaﬁgrﬁxM ‘
imadely 260 grems of gas oil, and weighed om a 20 kilogpam~
capacity triple~beanm balanee. The féeﬁ‘syiindeé Wwas then
nounted on its supporiing framework gbove the Jergusen g&ge'
and donnected ge‘@ﬁe.gag@ by a short length @f‘é@@pér'%@bingw
The uppet nitrpgam mi$a'1¢a&&ng fram the tee in the main
nitrogen lihe waé gonnected to the upper valve of the feed
eylinder. The lewer nitrogen lime Irom this tee conmected
te the uma&s}w@iah‘wa$ gitnated between the feed eylinder
and the Jergunson. - o
_ The feéényegm;ating valve wag glﬁsed; ané the pressures
.:egmlating valve below the reagtor was opened to maintain
essentially astmospheric pressure In the reactors
Dry ice was added to the me@aasa%v number of E%amméw
flmsks containing isopropancd uﬂtil carbon daaxmﬁe evolution
wag glights A_éiwtiliatiog Thask Wgs,weighgé and fitted %o
the lower end of the Liebig @qnﬁansef:%élewl%he‘reaetefg and
the flask was immersed. in a one~gallon thermofiask. & rubber
tube connected to the side arm of the flask aaﬂ &eﬁ to =




18
-geries of eold traps whieh had béem.weighaé and immersed iﬂ/
the one~quart thermoflasks, HRubber tubing led from the cold
traps to two copperseoil condensers whieh dis ehargeﬂ-canﬁemw-
" sate inte glass receivers, The ¢oils and recelvers nad been
previously weighed and weve immersed in s dry ice-isapropene
ol bath in a ono-gallen therm@flask# '
The gaS«Sample bottle was evacuated; welghed, and a%taéh»
‘eé Yo the ngﬁamg and the gas meter was set at zeroy |
4 nitrogen pressure of about 100 pﬁunds'was applied to

¥the Teed sysbtem and the upper valve on the feed eylinder was
opened to egualize pressure in the feed gyliader apd in the
Jerghson gages By opening the lower feeﬁaaylinﬁer~vaive;.

a portion of the charge in the feed cylinder was allowed

to run into the Jerguson, £illing the gages At this point
the Lower feﬁﬁ“ﬁyllﬂﬂe? yalve was closedy the faea»regulaﬁ»
ing vaivw was opened, and a stop watch was starﬁeda Foed
yate was comtrolled by neting the‘ﬁimalregairad.fcg a given -
drop in the llguld leVel in the Jérgﬁsam'gagaq~ &ny m&@essaﬁy
”aézustmenn in the feed~regulating valve wag made to @btain
the desﬁro& rate. The Jargusmn W&ﬁ refilleﬁ whet. n@messary
by opening tha lower feadnaylimﬁer walves Pressure was
»maiﬂtaine& on the feed sysiem &0 forees the charge through
the Jergnsmn and into the reaatarﬁ B

A gampla of poncondensable gas was Gmllscte& 1n the gasgew

sampla bcttla neay the middle of the funn Aﬁ%ar conpletion
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of the run, the bottle was sllowed to come teo a%maspheriﬁ'
pregsure and weighed, notiung room tempefaﬁu?e and baromebric
pressure, The difference ih'wﬁighﬁ of the goew-sample bottle
gave the weight of the kﬁaﬁm velume of noncondenszble gase
These Gata were necessary ﬁar-the‘ﬁe%erminazimﬁ‘af the welght
of the nouncondensable gases, The mimber of liters of noms
“eondensable gases passing throngh the gas meter W&S‘Teﬂ@ amﬁ
‘r@aaﬁﬁe&g

Upon completion of the rup, the cold traps, distilling
flask; aud copper colls and receivers were removed from their
cold baths, wiped ﬁ@y; and weighed immediately to d@@armiﬁ@
the WQight of cendengable product, Condensed pﬁ@éﬁﬁt"in,the
cold traps and reecivers wasjﬁrgﬁgfemya@ to tha;ﬁistillétian
flask which was immeﬁia%aEy mewaighad and attached t@ the
bottom of the prevlmusiy yrapared ﬁaﬁtilling cmlumpp The‘
. segond weigh;ﬁg of the dzsﬁzlling flask was to allow for
“dotermination of losses from transﬁef@ ﬂzgtillaﬁmag-was
aarrié& out éﬁ ﬁéﬁ&rib@d 1@%¢m; fﬁﬁe'fﬁadkcyliﬁééi was res
moved and rewelghed, the weight of cherge being fm&ﬁﬁ by
aifferences L | | |

Smalﬁ aRounts mf oil remaxﬁxﬂg in the react@r afﬁer |
cvmpi@tien of tha run>mer@ Tﬁm&ﬁé& by eﬁamua%iug bhe reactor
Lhrﬁugh & sawieg.af_twpngeldﬁ&rapsﬁ‘.Ei%xagen,was used to
purge ﬁhe‘réaetcg.afﬁar‘ﬂ?aéﬁé%i@n-ﬁas‘gbmplétad@ 011 Few

covered in this way helped in e stablishing a weight balanece
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on the systems The recovered material was welghed aﬁﬂ added
to the residue since the ameuﬁt of gaseline eanﬁa¢ﬁ9ﬁ undar '
these. conditions was uegligible, |

Following ﬁh&'ﬂé&ﬁ}éti@ﬂlﬁf-éﬁCh,Tuﬂg.&ﬁa while the
distlilation was Baing:maﬂég the'carbwﬁwlaid down of the
catalyst was butned off as deseribed later in this section.

ATVOSPHERIC RUN WITH DUTSIPE GAS « Prior to making &
ruhy the feed gyiimda# was evacuated and {illed with a charge
of gas oil. The feed eylindey was them~pié¢eé in a refvigs
erator maintained at » 40° Cy where the oylinder and eharge
were cooled for # minimum of two hours but preferably over-
night, When thoroughly chill@ﬁg the feed cylinder wes plaged
on a gwikilogramﬁc&pa¢iﬁy balende and connected by weans of
Baran tubing to_a_eylindgr_wg_%he éesixa@ outside gas?I'The
eylinder of oulside g&ﬁ‘was'gituataﬁ in sneh a position
that its velve was lower then the body of the eylinder and
the 1iguid contents would be éeli%éweé”thf@ugh.%hg tubing
to the feed-cylinder, ,gftgsrém feed gylmaew; cormectiong, .
and %uhiﬂg had been tared on @hg.bala@aag the feedecylinder
walve atbached to th@‘quimg was opened, Nexb, the oubtsides
gaéhayliaﬁer valve was eyaﬁe& aéﬁ the outside gas flowed
from the warm gas ayl¢nder bo the cold faaﬁ eylinder. When
suffielient gas bad been ﬁelivaveég valvws were closed anﬁ the
tubing d¢scﬁnﬁea%ed§ . i

After ?111lng9 the feed cylim&ar was allmwea to come to
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room temperabure snd rewveighed. »Th@.cylinéef was-theh'piaéed
in positien for the rung and the progedure previously aeseribaf_
- ed was Tollowed, _ | .

SUPER«ATHOSPHERIC RUNS WITH OUISIDE 645 - The procedure
in the supersatmospherie runs was essentially the same as
'pfe#iously deseribed with the exceptions of the pregsufe ab
which the system operated and the hendling of the feedw-regu~
lating and resetor-pressure~regulating valves.

The feed eylinder was prepared as described in the
section concerned wi%bxatmmsphefig_runﬁxwiﬁh an eubside gas,
Cold traps, thermoflasks§‘rﬁeeivérs;.and other equipment were

prepared as degcxibedg ’,

Aﬁtar plaging the feed aylmmﬁef abava the Jergussn.and
making the proper tonnectionsy both the feed«regulating velve
at the top of the reactor and the resctorspressure~regulating
valve at the botiom of the reactor wereisegumsiy_ggdseﬁ&‘
Nitregen pressure of ap§yaximateiy 200 psig w&s:supplied to
the f@e& syg%em; the ﬁppew_feaépgy;inder”valve;was opened to
equalize preseure in the feed pylinder and in the Jergnson,
and the Jerguson was filled,

When f@ediﬁg began, a sbop w@teh-uasd to determnine feed
time was started, and glose wateh was malnained on the ..
pressure gage indicating reactor preséﬁmegzlgpgcg velocdty
was controlled by observing the liquid Ievel in the Jerguson
| gage on1d adjusting the feed-regulating valva-aeéardimg;y&
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Nitrogen pressure was mainbained at approximately 100 psig
above the pressure in the reactor, When hot gasé&vanﬁ Do
action products in the resctor had built up the pressure dew
ﬁi@ﬁé for the run in progress, the reactarapfaﬂsuremragula%m
ing valve was opened slightly, By observing the pressure gage5'
i% wae possitle Lo adjust the pressure-regulating valv@-ée ag
‘o maintain the desi?ad prégsure in the reactor,

A suddamxﬁrap in preSSu&a on the feed sysﬁéﬁ ér rise in
pressure in the reactor indiested that the last drop of charge
had been delivered to the veagtory The feedwregulabing valve
WaS immediéﬁely closed, The réaétarﬁpressur@m$egu}aﬁing.

' valﬁégwas opened graduailyg and the reaechor was bled to
atgagpheria Pressure, gﬁ‘ﬁhg SEmé time the feed system was
refneed o atmogpheric pressure, The tine of feeding was
teken as the Gime elapsed bgﬁwe&m,ﬁﬁé'bggiﬂnimg of the feed
‘and the time at whiéh the feed-regulating valve was elosed.
o The reactor was evacusbed and purged and ﬁﬁé other
eauipment was hanﬂied s ??éVLOﬁS 1y. deséribeds | |
 Semples of the gases remalning in the feed cylin&er were
taken at 1000 psig and also aftgr'tha eylinder pressure had
baéﬁ*&edu&aﬁ to 300 psigs. These samples were anelyzed oh
th@ 1mwwtemp6ratuve gaSmfraatianatimn umit Lo éetarmlne the
per cent lsahutane remaining in th$ feed cylinéer and mot o
charged, The dats obtalned were inaonaluslve; so the wethod

used by Wayfield (3) vwas adopted. By this method, the valves
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of the feed cylinder were ¢losed st the end of the run before
- the feed system was depressurized, The feed gylinder was
~then removed fram the gystew and the rasidual’gasesg cone
taining nitrogen and isobubane, were bled into a 34 liter N
tank." This allowed all isobutane in the'eyiiﬁﬁar-ﬁé Vapors
ize and be aceounted for in the analysis of the igﬁ@présgu&e |
Jgaﬁas in the tank, Apalysis showed the residual iscbubtane
o he 10 grams. This value of 10 grams was used in the éalé
feuléﬁibns of all yums'invalvimg an outside gas. “Simée the
iﬂ‘gyﬁms was outside gas uﬁcharggd; it was sublracted from
the %éight of gésnahargéﬂ'ﬁafthe'feeé.aylin&@r'pfiaw to each
runy and ealenlations were bés&d,ﬁn‘thé'corrected gaé welghts
PIETIRLATION ~ Prior to making & run on the reactor unit,

the 1@Wmﬁ@mpggatﬁraidigfillip@,haaﬁ was cooled with a dry
itewisopropanol mixture te provide for condemsing vapors
leaying the eolumn, -“, | » | ‘

~ As soon ag the condensed products collected in cold
traps and receivers had been transferred to the distillation
flask and the flagk rewelghed as previcusly des@&i&eﬁs the
flasg‘was“fitﬁaé to the ba;ﬁam'gf.t@e:emlﬁmm'bymeaﬂa of a
gr&&sﬁﬁ_gw¢um§«giass jointy A stmpper'w§s @m@l@yaé to plug
the Tlask 5ids.axm¢__whﬁ'$@liVéry stg@ﬁﬁﬁkNwas eloged to glve
total refluxﬁ Approximately 30 volts wére applied to the
flask heater by the autotransformer.

Vapors leaviﬁg the eélﬁmn~wer@-c0ﬁﬁehséd and refluzed
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until the head temperature resched approximately «159C. A%
thig peinty the delivery stopecogk was opened and part of theé
condensing gases were removed to the eeld traps ustil the .
1lﬁwer cut peint of 70 @, was reacheds If, wpon returning
to tetal reflux, the temperature dropped, further %emgvai was
'madag When the condensing gases maintained 7%C., the cold
traps uged to émlleat 1ight frachions were removed weighﬁég
and replaaeﬂ by anather get of weighed ea&ﬁ traps to e@llecﬁ
gasolines The autotransgformer was advepeed, and a gasolihe
cut was made up %o 2040 €s During the distillation of the
gasoline fractiony the dry i@é@iﬁ@@?&pﬁﬂ@l mixture was rew
mmveﬂ'fr@m the dlstilling head and &apiag@ﬁ with wet ices
The cutwpoint *emperatmres used were those for the local
pressure of apyrQY1mately 640 mm.y
, Hpon aampletiam of the dis ﬁlll&ﬁl@ng the gasaliné welight
was determined, and the column was allowed bo cool, When
the column had drgiﬁed% the distillation f;aak wan ﬁgwaigheﬁ
to determine the welght of the major portion of the residue,
The high-boiling liquifs in the flagk plus the oll from the
catalyst constituted the residue.

QéiAanT BURN OFF - Since a carb@naﬁe$ua ﬂa@QSEE was
1aid down on the eatalyst surfsce during operation, & burn-off
wis neéeﬁsafy‘after each run, The weight of this carbon de~
posit was reguired in order thet a weﬁghﬁ,balanae.ﬁigﬂx be
eatabliﬁh@é for the syshei, '
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When & Tun hed been ¢owpleted nnd the resctor had beep
gyaonated and purged, a-iﬁﬁé-%ﬁﬁ‘amﬁagah@ﬁ from the gl |
supply te the top of the reastor: & three«llter ges meber
was connected in the sir line to messure the swount and
rate of air supplieds |
- Qoptinuous bupn.slf of the tz{.a‘mﬁgémﬁ waE aotonplished

¥ holding the wywubtirped ﬁé&%&ﬁ$~&ﬁ approsinately ARE &%

and p&aaing gir at & defipite zote throuph ﬁh@'@ﬁ&gﬁﬁﬁw

The sir wate wes sdjusted to saintain the tempevatuve of
the burning secbion ot less than 600° ¢y By keepins the
mexiomy tenpereture below £00° ﬁgg the eaﬁm&yaﬁ.wﬁﬁ in no
demper @ﬁ'%@iﬁg sintered wnd dﬁﬁ‘ﬁ%ﬁriaﬂ@&%ﬁwﬁﬁﬁﬁﬁiﬁﬁq

£E regulay %mﬁﬁfvaia&-ﬁww'#wmta w8 G0py U0 snd Op du ihe
afflnent gas wore deteimined %3’%&%&5-@?‘%n'ﬁ%ﬂﬁﬁ S8 Hl=

| aiygaﬁg Thege per cenbs wore plolted sguinst fine, and the
Cwalpht of ceprben deposited %&ﬁ'éﬁﬁﬁﬂmimﬁﬁlﬁa shown in the.
ganpde v&’imﬁ%i%»&




26
€«  Waterials .

Borger, Texas, virgln gas oll obiained from Phillips
Petroleum Company was used as the charging stoek in this
investigations Laboratery inspection data for the virgin
© gap nil -+ 18 gﬁv@ﬁ in Table 1. | N
| The outside gas used in the investigation was & comw
‘merelal lscbutane obtalined from the Batheson gompany, Ind.

The eatalybie agent used was Houdry gynthetic aluminum
_silicate fizedwbed catalyst, |
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IIT . SAMPLE CATLCULATIONS

The caletlations of She iiqﬁid’s@aée~velaei%§guﬁeight
imf permanent gases, average Lemperatuve of the:funﬁ»weighﬁ
of c¢arbon deposited on the catalysty overrall weight balance,
.Kiﬁlatéf'gﬁﬁélihﬁy'3@ﬂV$?Siﬂmy and ultimate yield for run
- Humber 27 afe~prﬁs@mwed ag %ypica& of all vups medes
Ao calgulatzmm‘mf Liquiﬁ Spage Velocltys

Datas .
Volume of catalyst in the reactor & 1000 mls
Feeding ‘tine | : = 6477
) . mine

Welght of cha?gﬂ - & 419 gm,
Derisiby of &hargs : & 080

;“% gins/ile
Volune of eharge # w924 mls

524 nl. x €0 min,/hrs |
;?. mins X 100@ whe 4465

ﬁpace velaai%y .

BTy wl
B. Caleulation mf‘@ﬁ?hnn fr@m Burnﬁaff:
Patas .
Tine Ale - Analysis i -
(mim») (liters) G0y ¢o - Qg
9 8;2 Da2 0,2
15 . 25 12,0 4.0 G...
30 48 12,2 52 9
6C . 87 12,42 68 0
120 166 2.0 6.8 -0
- 180 240 12,9 6.8 o
240 318 1904 ba2 S,
270 354 ‘ ligﬁ“' 7ol G449
300 390 30 0 16
315 443 240 0 17
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Average from Plot (Fig, 2)

_ G@2 co Op
-6 0 - 15
11 : 3 ©
12.1 Al [
‘ 12ﬁ2 6w 0O
IR .13a0 68 2
’ -12&2 @kfﬁ 0
11 5 4
2‘{;5 O 16*6
Vol. Effiuent Vols % 00p
Gas (liters) and GO
747 | 6
147 14
' 21#9 . ' - 16,8
. 9‘;# %gﬁg _
18,8
?5 9 1847
o 187
2235 2.5

Weighﬁ of Garbgn & Q:,ﬂafx“_w;g;;;_ihwb”m

By Difference

Ny

924
86 ?

&uéy
81,1

80,9

Ca W@ighh @f Permanent fasess
Datas _ S _
Volume of noncondensable gases
Volume of gas sample bottle
&ar@meﬁria ﬁresgure
Room t&mperatmre

Weight of bottle and gas

35 e
208¢2 mlﬁ
64@ MR Hg
259 G,
124169 gms
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Welght of bottle evacuated = 123,986 gm,.

)

Weight of gas semple by difference = 0,185 gws

Welght of 1 liter of gas et 299 g, and

640 mms Hg » 02183 x 1000 = @Q@?@ gm;
26872 ‘

Weight of permanent gases = . 30,8 agm,
Br Caleulztion of Average Temperatures
| Datay

Thermocouple Nunbey
5 16 i7 18

fime (mine) . Temperature °G,
9y 489 494 .
473 488 498 489
456 486 503 502
412 A58 488 565
405 - ARS  459 48B3
399 . 412 438 458
402 419 437  AB1 -

CRos - 470 434 446
it 3583 3751 3808
341 3593 ¢ 7908 3008, 4550 g,

%, Caleulation of Qver-all Weight Ealaﬁcez'
| Datay * | S |
Initial weight of eylinder and charge

T

10699 gme
10270 gn.

| Wedght of iscbutane remaining in feed systen

Weight of eylinder after run

33

o _ = i0 g s
Weight of material charged - g 419 gme




Redovered material:

Hydroearbon liquid produet frem First

gondenser | w  169.6 gn,
Kydrocatbon liguid produet from vaper
traps, ' B 180.4 gtts.
Permanent gases S s . 3048 gm,
011 from catalyst bed 5 0.9 ems
Carbon depasite& ‘ =z 28.2 gme
Total weight reamvereé & 409,55 gme

Weight of losses by differemce 3 419 = 409.5
B 945 gms

Per gent 1a$ses on charge ~4§i% % 100 = 2,27 %

¥  Caleulation of Per‘@ent ﬁaSGRine Yields
batas | . ‘,'u.- | |
Welght of oil charged o w255 gm,
. VWelght of gasoline from distillation = 783 em.
.Per cent gasaiime on oil chargeé;g-%%%§~¥,109 |
, . U 307 %
G, Calewlation of Per cent Comversions R
Detas ’ o o o
Teight of oil charged z 255 gm.
Weight'éf'resiﬁu@.fxpm ﬁiﬁtil&a&imﬁ & 08,8 gms
'Weigﬁt of cii yéewvére& from eatelyst " |
ped . | 2 0.5 gm,
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Total weight of unconverbed oil £ 9943 gms
Per cent cﬂﬁvarsimm‘én 61l charged
‘2 100 *¢§%§3 x 100 & 611 %

Galeulation of Per @eﬁt Hl@imaté Yiéldz

Datasg , _ A
Per ment gasoline on oll charged a~'30;7 4

¥

‘Per cent ¢onversion on 01l charged = 61,1 %
5042 %

£l

Per cent ultimate yleld s 3Qaf
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| IV ERESULIS

Beveral series of catalytic pelyforming runs were made.
at pressures of Oy BGO; 600, 900, and 1200 ﬁsig;lﬁamﬁéﬁewmime
the optimum tewperature conditions for gaselin@ praductlon
~at each pressures The runs were mad@ with the materials
_previously described. The ﬁampeﬁabure\was varied at each
pressure while the space veloclty was ﬁald relatively cone
stant at 4 to 6 hretl The purpose of v&ryiﬁg the tQmPéT%.
atures was %o ebtain,yieiﬂs of gasoline at vari@ﬂé &ons “
versiong, The curves of yield versus conversion were used
to determine the cenditions best snited to the pwaﬁuati@n
of the,highgst gasmlinﬁﬂyielﬁ‘ab%ainable,at‘aaeﬁ\pﬁessuray
| F@mr‘pée}im;mary.rﬁﬁg wére madelét’aﬁmgspherié,pressure
with no ouﬁéi&engag presents These were essentially énnw'
ventionel atmospheric eatalytlc eracking runs. These cabas
iytie gracking runs ngevﬁéﬁé ina mgﬁ@s?_simiiar to that‘t
used in the polyforming runs with %hg.éxcepﬁipﬂ_®£ the'faéﬁ
that space velocitles of 0.6 « 048 hr.=l were used, This
excepilion was €® 311ﬁWﬁ§_ﬁQmpafiSQn t6 be made between aatéé
lytie polyforming at a spage vel&nity‘mf-é to 6 hr.*d and
catalytic cr&cklng at a space valaeity eommonly used. The
results of the four TUNS Are preaented in mable IT and
?igures 3 and 4,

The jlelds of gas@liﬁe from the atmmspheric catalytiec

cracking runs at space velocities of 0.6 = 0,8 hr,*1 were.
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in the range of 30 to 3% per cents 'At the lowest conversion
obtdined, 52.4 per ééuﬁa the gaseling yield was 32:7 per
cent, The yield increased to a maximum of 34 per cent at -
féﬂ»ﬁhpér ¢ent=canVersfbn and decreased at higher é@ﬁVET?jﬂnﬁﬂ
The pltimate yield obtainable with reeyele is shown. an Figurs
4, The highest mlﬁ&mate‘yielﬂ aghieved was 62.5 per dent’
at the lowest conversion investigated, 5244 per cenb.
Garbon production varied from 2,44 per cent at low conver-
sion t0 5.86 per cent at the high conversien of 71,6 per
‘pent. Peymanent gas farﬁation varieﬁ_f?mm 3.5 0 i?@7 grams
on a charge of approximately 260 grams. | )

Three additional conventional eatelytic eracking runs
were made at a%mﬁgphaﬁig.pressumavbuﬁ at a spaee velocity
of 4 %0 6 hr@*; This space velocity is the same as thab
used im the eatalyﬁic polyforming Pins. The guantity of
gasoline produced per pass by these three runs at the hlgher
space velocity was in the range of 22 o 24 per eent %ase&
on gas oil charged, The ult;mgﬁe yielad var;ed‘from 52,7
per cent at 45 @éx cent conversion to 58.7 per cent at 37.5
| pey cent conversions Ehgsé data are presented in Table ITL
and Pigures 3 and 4. | S |
_ Pive runs were made at atmwsyherlc pressure wiﬁh?hh&
.ﬁutside gas'apghwith the #emp@raﬁuxg vamying fx@m 4240 to
5100 ¢, The permanent gas formation at. this pressufe'zwd_4¢3-

to 5,2 hr.~l space veloclty was very small, being from 7.0




3% |
to 29,5 grams on a charge of approximately 265 grams of gas
0il, The greabest production of permanent gases oécuryed
at che highest temperature empl@yé@ as was trué'at-aii'oﬁhex
pressures, Carbon laydown ranged from 2,12 to 2475 per cent
;based on tetai charge. Pey cenl gasaling varied from 25.4
at 43,1 per cent conversion e 2859 at 55.9 per éant eon-
version, The higbest yield of gaémlﬁnég 28.9 peri@@mﬁg' |
ocaurred at an sverage %@%ﬁératﬁﬁé of 5ié® €s The curve
of gasoline yleld versus conversion was stiil rising as
- ghown by'ﬁhé plot in'Figuré 33 huﬁéisimﬁe the ecatalysh tends
to sinber at temperabures sbove 600°C., it was4im§raﬁtieaiA.
. to é%tempt to achieve a higher conversion. Consequently,
the curve %as not fully determinﬁd‘at.atmmspheria'préssureg
The trend as shown by the pl@t; however, indicates thal the
yigl& would not “inerease materiglly and would definitely not
increase to the yield achieved at some higher pressures.
&g;"fivé muns were made te determine a eurve, Pewdanent
gas formation and carbgn.;aydawn gtiBGG psig wara'aamsi&éf@
ably gfeaﬂer.thgm at-atmaspheriqlprgssuyeg P@rmanent gases
formed varied from 12.4 @ahiga gwgm$§ being 31,2 grams ﬁﬁ‘%hﬁ
point of maximﬁm gasoline formation, Carbon laydewn ineressw
. ed from 44 to 11_per'eant;ubaseélgn'ﬁbfal chargeg being 6,01
at maximum gésﬁliné formation, %ha"gaSeliné"pxeductian wasg

also noticeably higher. The gasoline yield rose £r®m 28ﬁ9_,'




35
per cent maxinumn attained at O psig and 510° €, to 30i4 per
eent maximwi at 300 psig and 456° GQ@ baged on oil cn&rged;
An increase in pressure dEPEHrS‘tQ have had thé effect of
requiring‘a lower témperabure te realize a given eonversion
and gasoline yield, 'The tenperature needed to achilséve &
maximus gasoline yleld under 300 psig was at least 60° ﬁﬁ
mm‘i@r that r@qumad at O peig, and it m 12)@5‘1111?1@ that ‘the
ai&fargmﬂe 18 even greater singe the maxzmﬂm aﬁ-aﬁmasyhefie
pressure waﬁ‘néﬁ afbained, :' -

| Gasoline yield at 600 psig reached a.maximum7very close
to that obtalned gt 300 ps&g; aithaugh.at a slightly higher
teuperature, 4719 ﬁﬁ;_and a slightdy l@wer*émnverﬂi@ﬂg ‘ﬁs
A@gmﬁha seen frbm.ﬁigara 34 the curve at 600 psig br@ké maﬁﬁ
k#era rapidly‘ﬁhaﬁ ﬁﬁgt st elither O or 3@0 peizg. Gasoline
yiélé was slightl& lass then that at 300 psig, the difference
beling ap@raX1m&ze ¥ Ou2 per aemb$ buu the yltimate yleld was
'@ gmall ameunt greaterﬁ Parman@ﬁt gas formation wasg elose
to that at 300 psigy while carbon formabion contifued to 1nm
erease wlth.inew@aﬂlng preSbure, ’
| , Bight Tuas were nade at 200 psig with the tempefatufe
varying from 38?9 to 5129 Ga The gasolmne yield inereased
from gﬂpm per sent Yo 3®a7 per eent ﬂﬁd tandeé to hold rel-
atﬁvely statle over s wide range of sopversions ?rwm & con=
_versamn‘@f 48,31 per cent te a cenvexsign‘@f.70g8~@e@Aaent,,

the gasmline'yields @éﬁaiﬁa& in the investigabioh varied
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| from 29 to 30.7 per cent, Under conditions of relatiwely
l@ﬁ'@oﬂV%rsiaﬁ; an uitima%é‘yiélﬁ'éf approximately 60 per-.
cent gould be atbained with@ut'$aérifiain%‘the yiéld]pé@
PaBs. Pmrmaaenﬁ gog 1mrmaﬁl®n.&ﬁd carbon laydown wers rele |
atively swall gk uh%lﬁﬁn&ltiﬂﬁw for wmaximum gaseline yiglds
The @mrm@neﬁ%.£a$ formation appeared to heve b@ﬁ@m@ shatle
with fesveﬁ Yo changes ¢ﬁ.pwe$sura§ but ¢arbon formation
'ncntlmuad te ingrease siighhly» o

Four runs were made at 1200 psig to determine a eurve
of yield per pass versus conversion and one of ultimate
yield versus qamver&;anu Garbaﬁ.iaydmwn ab 1200 psig s
quiﬁ@ sammldx NH hq% a% ?OO pulg, but somewhat gyaaﬁw?g ﬂa |
g@h@fala than that at 600 ps 2, Gurves of carban Versus
conversion are shown in Figure 5; Permanent gas fopmation

i similar tg that at 300, 6&@% and 900 psig, The gagoline
yialﬁ: however; éegreased from that at H0e psig éﬁﬁ eompPares
very ¢1nse&y with the yaelds chtained at stmospherie press |
sure, The auxves cminaide ac elosely that ohe eurve eamld

be . dramﬁ through all polnts,

_ The effeet of pressure of yiald of gasaliﬁ$ fr@m eata»
lytie polyforming with manhuﬁage,appeaws to be greatest in
the iﬁierva& from O to 300 psig and t@ be less 1n the eerresw
pondlng imtarvalﬁ at»hlgher nfewsurea Th@ maximum wield
‘rase 3 5 per eght in *h& interval from O, to 309 gs igs The

dauble 1nteyvu1 from 300 to 900 psig Temhlﬁﬁﬂ in’'s rise of
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only 0¢3 per cent. Beyond 900 psig, in the interval from
900 to 1200 psig, the gasoline yield decreased 1,5 per cenb,
The tendeney toward formation of permanent gases appears
to Esrfavorad'hyyrésaufe'uﬁ te 500 psig but to beceme
essentially stabie between 300 and 600 @sig; Beyond 660
peig there was no rise in permunent gos formatleny |

" As shown by the curve of earbon laydown versus converw

 8ieng there is a naﬁiceable tendeney for aarbon laydown to

ﬁneraas@ with incvaaﬁing pressure at the lower cmnV@rgamnag

A% higher eonversions, the resulis ave not so analnsszg

the tendency appearimg to be inereased formation up o 600
peig with a gradual decrease beyond thab points

The curve of ultimete ylelds versus conversions for
@aia;ytie‘pai&farming @iﬁh.iﬁﬁbmﬁﬁﬁ§>3@GW$ a hendeney for
811 pointe at'aii,pre9$ure$ to lie en one lime aeress the

chart, The main variation from pressure to pressure is

. merely a shift @ﬁ'yégiﬁign aleong ﬁherlineg Atmospherie

pressure tends to give a bigh wltimate y;ei& at a low cone

version. wha‘ultiégﬁé yield decresses anG the cenversion inmw
eveases for 300 and 600 psig. The ultimate ylelds at 900

and 1200 psig liey in generaly nééx the center of the curve,
mhavcurves'of Fig#ﬁe 3'anﬁ Figure 4 inéieate_ﬁhgﬁ'ﬁwﬁ pelg
and a conyersion @f'abmu%'ge-pﬁr éaﬁ%“wwulﬂ'give a maximom
yield of gagoline and & reasmmably high ultimate ylazé of

about 58 per cents
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As can be seen from Figure 3, the gasoline yleld eﬁm
tained frow conventional atmospherie aatélytia eracking at .
space Yeloelties fram 0.6 to 0.8 hr,~t was'e@ﬁsiéarabiy
greater than the magimun obtained from eatal&%ie @éiyf@ﬁMQvl
ihg with isobutane. The highest yileld obtalned from cates
lytic polyforming was 39477§§r'ﬁamtu This yield Was obtaine A;
ed at 900 psig and over a gemersl range of conversion frem ' -
| 48 to 70 per cent. Gonventionel catalybic cracking at the
low space velocity gave a yield of 34 per cent at 62.5 per
@eﬁ£~ﬂmnv@r$i®ﬂgnmr a yield 343 gbsclute per cent greatery

he gaseline yield obtained from eonventional’ atmoss
pherié eatalytié nraaklng at the higher spaee velmelty of
4 ko 6 hfg&l however, was considerably less than that
ebtaanad_frgm catalyﬁ&c p@lyfarmxmg with is@bﬁtane at the
same space velocity. Gonventional catalytic eracking at
k this space velogity gave s yield of approximately 24 per
aent; or 6.7 absolute per &ent less than was obtaihable
with catalybic polyferming at 900 psig and ‘the same space
veloeity. S N |

When operated at a lsw'éénvefsianzof 50 per cent and
without $aemi£1e1ng gasﬂlzne yxelﬁ.per pass, th@ cabalytie
p@lyfoxmlng yrQQQSq onerabed a% 900 @slg will - gave a sligh%w
1y greater ultimate yleld with recyele %han can be. cbtained
from conventional é@mGSphsria gatalytic cracking at its

' conditions of maximum yield @eerassg The differehce in
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vitimate yields obtainable wnder these conditions 1s the
difference h@ﬁwa@n'ﬁﬁ'ﬁéf gent Tor the polyferming process

and 54 per gent for the cracking process, or 4 absolute per

ent;

The major adventags of the e&ta&yti&’@@lyfefming progess
with ismbu%ane‘@?er‘the eéﬁﬁanﬁi@mai catalytie ﬁr&ﬁkiug"gﬁaa
cess lies npot in yield-pem'y&ss éf im'ﬁlﬁiﬁaﬁe yield but in
space velocitys The pelyforming pr@aess:yy@dueas 30;?-§ar
eent pasoline at space veleedities of 4 to 6 hx@91, while the

conventionel catalytic cracking process is operated at -

space velogilties of ap@rémiﬁaﬁamy'eqé‘hr@#l to produce a

mamimum‘@f gaselines ‘%heipm1§f0$ming PrOcess, the?efﬁfeg
allows for a greater thraughy@ét;

Detailed data for all runs made ar@ltabuiaté@ in Tables
I through VIIL. The tables are arranged in order of in-
cfe&aimg.pﬁésgufas whilé ﬁh& Tﬁﬁa“withiﬁ ea@h téhi@ are

arranged in the order of increasing temperalures,
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V SUMNARY

The results mf this invgstiga%1$n9 whieh are pr@&ented
in the preceding saetimng may be sommarized ags followss

Conventional aataly%&a'ﬁ&aakiﬁg at & spece velogity of
0u6 to 0.8 hr@*ljprbéﬁﬁes Y substahtiallﬁ-greata@'Qmaﬁﬁiﬁy
af‘gasglinelpew pass per-unit of charging stock than is proe-
dueed by catalytle polyfofming with isobutane at & space
veloeity of 4 to 6 hry*l; When the conventiomal catalytic
eracking pramasaiaﬂd %he*caﬁgiyhie_yﬁlyfcrming‘pggé@ss with
ieobutane aye operated al %ﬁ@‘sam@uﬁpaﬁe'V$1eéiﬁy mf 4 %o é
hr@*lg the catalytic pylyforming @ragess‘§?ﬁdm¢es_a gube
sﬁaﬁtially greater qu&ﬁtity of gasoline than the ¢onventione
al eatalyvic cracking yrseassq

The advantage of the caﬁalytiﬂ p@l§¢arming process
1&93 1n the faot th&ta if baﬁh prgcesaes are @yerated gt
cwndit1@na ap@rmaéhﬁng maxim&m gagoline prmdﬁﬁtiﬂn per passy

highgr_spg&g‘Valp@&ﬁy cafi be used with the eatalytic poly-

forming preesssg amﬁ ﬁﬁa@éﬁﬁ?ﬁ% & grester %@faughwput ean
be obtained. - |

In the eatalytie paiyférmi&g process using ischutane,
| an iﬂnzease in greq sure frdm O peig tﬁ'?é@ psig dues not
substantially ;ncrease the pwa@ueﬁimn ﬁf gasoline, the dme
orease belng appraximately 2 abavlute pew cent based on oil
charged. The effect of pregaure in xncraae&ng the gasalxne

yield is greabest between O psig and 300 psigs The maximum
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yzeld of aaseline is aahieveé at appraximaﬁaly L00 psigq
‘Ad@itlcnal praﬁsure dsereaseg the per cent: gaseline PYOow
dugeds ' '

| Pcrmaﬂent gas formauian is favere& up to 3&@ ysig |
for the eatalytlc polyxerming pr@ce5q but becomes ralatlve»
1y mtatic betweem 30@ and 6QQ psigw Carbon depasiteé Tns
:5creases'wi#h ineweasmng préssure &t iow GOﬂV@f%AQﬂSa whille
“at high conversiens the ¢arbon laydewn inareaseﬁ wp to- 600,
psig Wlth a gradﬁal éacrease beyaﬁd 600 pslg wnea Plotted

against conversions ..
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- TABLE I

GAS OIL INSPECTION DATA
(Borger, Texas, Virgin Gas 0il)

A.,S.T.M. Dist, © F.
First drop
5% cond, 760 mm.,

10%

20%

30%

40%

50%

60%

70%

80%

90%

95%
End Point
Recovery
Residue and loss
Gravity © API .
Viscosity, SSU/100° F,

A"fhWeight per cent sulfur

527
555
565
577

591

605

622

639
662
692
725

740
40

98%
2,0%
36,0
53.6
0,31
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TABLE II

CATALYTIC CRACKING AT ATMOSPHERIC PRESSURE
(Low Space Velocity)

Run No.

Charge Stock

Type of Catalyst

No., of Runs on Catalyst
Volume of Catalyst

Ave. Reactor Temp., ©C.
Ave., Operating Pressure
Space Velocity, Hr.-1

Material Charged,-gm.

Outside .Gas

Charge Stock

Total Charge

Hydrocarbon Liquid
Product _

Condensable Gases

Permanent Gases

0il from Catalyst

Carbon by Burn-off

Losses. by Difference, gm. 1

% Losses on Charge

Distillation Data; g,
(7-204)° ¢, Gasoline *

Residue
Condensable Gases

g (7-204) Gasoline
Conversion
% Ultimate Yield

% Carbon Laydown

1

Gas 01l
Houdry
49

1000 ml.
413
Atm,
0.745

2

47

429

0.65
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TABLE III

"CATALYTIC CRACKING AT ATVOSPHERIC PRESSURE

(High Space Velocity)

Run No, 5
Charge Stock _ Gas 01l
Type of Catalyst Houdry
No. of Runs on Catalyst 6
Volume of Catalyst 1000 ml.
Ave, Reactor Temp., ©C.. 398
Ave, Operating Pressure Atm.
Space Velocity, Hr.-1 4,35
Material Charged, gm.
Outside Gas None
Charge stock 254.
Total Charge 254
Hydrocarbon Liguid Product . 216.8
Condensable Gases _ 13,2
Permanent Gases 5.5
0il from Catalyst 12.0
Carbon by Burn-off : . 75
Losses by difference, gm. 1.0
% Losses on Charge 0.4

Distillation Data, gm.
-(7-204)° ¢, Gasoline 5
Residue 13
. Condensable Gases

% (7-204) Gasoline 2
% Conversion 4
% Ultimate Yield 5

% Carbon Laydown

444
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TABLE IV
-CATALYTIC POLYFORMING AT ATV OSPHERIC PRESSURE
Run No, 8 9 10 11 12
Charge Stock Gas 01l -
“Type of Catalyst Houdry
No.. . of Runs on Catalyst 10 11 12 13- 14
_Volume of Catalyst 1000 cc
- A§e; Reactor Temp. ©C. 424 435 449 503 510
'Avee Operatihg Pressure Atm,
Space Velocity Hr. 4,3 5.2 4,95 4.9 4.9
Material Charged9 gm,
Outside Gas - - Isobutane ‘
-Outside Gas - - - 163.,4 159 .4 159.4 159.4 171.4
Charge Stock . 258 264 - 258 267 265
" Total Charge 421 .4 423.4 417.4  426.4  436,4
Hydrocarbon' Liquid y v '
Product <215, 217.0 193.7 164.1 141,.6

_ 15,3 19:
Condensable Gases 186.9  183.0 201.0 228.4 252.3
. - 9 K %7,
o)

Permanent Gases 7. 7.0 11,2 23.8 29,5
0il from Catalyst . 3. 1.7 2.2 0.5 1.7

- Carbon by’Burn off 9.3 9.0 10.2 11.7 12.0
Losses by Difference, gm, 1,0 5.7 0.9 2.4 0.5
% - Losses on Charge 0.24 1.31 0.22 0.56 0.16

“Dlstillatlon Data, gm. . -

(7-204)° ¢, Gasoline 68,8 67.3 71.5 76 .7 76,6
Residue 146 ,6 148.3 139,.C 121.0 115,.2
Condensable Geses 137.8 147.0 157.9 137.0  169.4

4 (7-204) Gasoline 26,6 25,4 27,7 28.7  28.9
. % Conversion T 42,0 43,1 45,2 54,5 55.9
% Ultimate Yield (7-204) 63.4 59.0 6l.4. 52,6 51.6
74 2.75

% Carbon Laydown : 2.21 2,13 2,44 2,

kY




‘ Space Velocity Hr.~
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TABLE v
CATALYTIC POLYFOEMING AT 300 POUNDS FRESSURE

Run. Noa - 13 T 14 15 . 16 17

Chargg Stock - . Gas 0il
- .Type’ Of Catalyst . Houdry :
“No.'.ef Runs on Catalyst 18 22 17 15 16
* "Volume of Catalyst 1000 cc.

Ave. Reactor Temp. ©C. 434 453 456 490 535

Ave. Operating Presiure %08 psig5 15 5 5 ~ 55
. o, 4,7 -0 4,

Material Charged, gm.

Qutside Gas Isobutane :

Qutside Gas - 165 168 174.,7 164 165

Charge Stock. 269 267 266 269 271

Total Charge 434 435 440,77 433 436

Hydrocarbon Liquid

Product 219,4 177.9 180,3  144.8 71.2

Condensable Gases 171.5 201.5 195.9 198.3 161.5

Permanent Gases . 12.4 5.6 31.2 46,8 132.0

0il from Catalyst 4,2 0.6 0.3 0.4 0.8

Carbon by BUI’D*Off 20,a 3 901 2605 30 94 47]8
Losses by Difference, gm. 6.2 10.3 6.5 2.3 22,7
% Losses on Charge 1.43 2.3 1.47 0.53 5.2
Distillation Data, gm.

(7-204)° C, Gasollne 72.1 79.9 80.9 78.6 58,8
i-cResidue 127.2 105.2 102.6 99,0 36,6

Condensable Gases 135.7 149.7 157.3 144 83,7
4 (7-204) Gasoline 26.8 29.9 30.4 29,2 19.85
% Conversion 51.1 60 .4 61.3 70,5 86,6

% Ultimate Yield (7~204) 52,5 49,5 49,6 41 .4 22,9
%-Carbon Laydown 4,68 4.4 6.01 7,02 11.0

T




Run No. _ 18 - 19

Charge Stock .. Gas 0il

Type of Catalyst . Houdry

No. of Puns on Catalyst. 20 ' 19

Volume of Catalyst 1000 ce

Ave. Reactor Temp. ©C, 443 471

Avé, Operating Presgsure 600 psig

Space Velocity Hr.~ 5.5 5.1

Vaterial Charged, gm., .
Outside Gas Isobutane
Qutside Gas 175 180
Charge Stock 272 261
Total Charge 447 441
Hydrocarbon Liquid '

Product - 201.9 165.6
Condensable Gases 191.5 193.2
Permanent Gases 22.5 46.5
0il from Catalyst 0.9 0.2
Carbon by Burn-off 22,7 25.1

lLosses by Difference gm. 7.5 10.4
% Losses on Charge 1.67 2.3
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TABLE VI

CATALYTIC FOLYFORKING AT 600 POUNDS FRESSURE

"'g,

Distillation Data, gm.

(7-204)0 C. Gasoline 74,0 78,8
Residue 135.3 105.5
Condensable Gases . 155.7 115.9
% (7-204) Gasoline 27,2 30.2
% Conversion 5C.0- .59.5
4 Ultimate Yield (7-204) 54,4 50,8
% Carbon Iaydown - 5,08 5.7

20




51
TABLE VII
CATALYTIC FOLYFORIFING AT 900 POUNLS FRESSURE

Run No,. 22 23 24 25 26 27
Charge Stock Gas 01l :

Type of Catalyst Houdry

No. of Runs on Catalyst 8 7 25 23 24 6
Volume of Catalyst 1000 ce

Ave. Reactor Temp. °C. 389 425 429 450 454 455

Ave., Operating Presiure 900 psig
Space Velocity Hr.” 4,92 4,89 4.8 5.38 4.8  4.65

¥aterial Charged, gm,

‘Outside Gas Isobutane

Outside Gas 162 165 167 168 174 164
Charge Stock 265 265 259 268 268 . 255
Total Charge 427 430 426 436 442 419
Hydrocarbon Liquid :

Produect 237 4 216,88 209.,8 177.3 177.2 1.69.6
Condensable Gases 149,9 177.3 164.7 193.9 195.7 180.4
Permanent Gases 14,8 16.1 21.8 30.2 31.5 30.8
0il from Catalyst 7.4 oD 2.1 0.4 0.6 0.5
Carbon by Burn-off 15.5 18.0 18.4 24,1 26.5 28.2

Losses by Difference, gm. 2.0 1.3 9,2 10.1 10.5 10.6

% losses on Charge 0.47 0.3 2,16 2.3 2.38 2,27

Distillation Data gm,
(7-204)° ¢, Casoline 58. 9 81.5 76.5 77.8 80.4 78.3
_Residue 7. 162.6 137.1 124.9 . 116.7 106.9  98.8
Condensable Gases 132.1 136.8 127.0 143.0. 140.,& 142.8
(7-204) Gasoline 22,2 30.7 29.5 29.0 30.0 30.7
Conversion 35.7 48,1 51,0 56.2 60,0 61.1
Ultimate Yield (7-204) 62.2 63.8 578 51.6 50.0 50,2
Carbon.Laydown 3.63 4,19 4.3 6.7
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TABLE VIII
CATALYTIC FOLYFORVING AT 1200 POUNDS FRESSURE

Run No, 30 31 32
Charge Stock Gas 011

Type of Catalyst Houdry ‘

No. of Runs on Catalyst 29 27 30
Volume of Catalyst 1000 ce '
Ave. Reactor Temp. °C. 423 452 460
Ave. Operating Presiure 1200 psig

Space Velocity Hr,~ 5.0 4.97 5,05

Yaterial Charged, gnm.

Outside Gas . Isobutane
Outside Gas 163 161 164
Charge Stock - 269 269 267
Total Charge = 432 430 431
Hydrocarbon Liguid Product 210,.1 171.2 165.3
Condensable Gases 174.8 191.7 198.2
Fermanent Gases 22.4 28,1 29.4
0il from Catalyst 0.6 0.6 0.9
Carbon by Burn-off 22,5 25.5 28,0
Losses by Difference, gm. 1.6 12.9 9.2
% lLosses on Charge 0,37 3.0 2.14
Distillation Data, gm.,
(7-204)° ¢, Gasoline 76 .0 77.3 777
Residue 138.5 109.1 -103,0
Condensable Gases 140.5 141.9 163.2
% (7-204) Gasoline 28,2 28,7 . 29 .2
7 Conversion 48,0 59.1 61.0
% Ultimate Yield 58.7 . 48,5 48,9

4 Carbon Laydown 5.2 5.94 6.5
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Figure I. Schematic Diagram of Equipment



PER CENT COMPOSITION EFFLUENT GAS

Figure 2.

Composition of Effluent Gas During
Catalyst Burn-off
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Figure 3. Relationship Between Conversion and Gasoline Yield
in Catalytic Polyforming with Isobutane
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Figure 4. Relationship Between Conversion and Ultimate Yield

in Catalytic Polyforming with Isobutane
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Figure 5.

Relationship Between Carbon Formation and Conversion
in Catalytic Polyforming with Isobutane
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