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Abstract:

This investigation was made primarily to study the effect of an increase in mol ratio on gasoline yields
in catalytic polyforming. The secondary objective., was tp study the effect of pressure upon catalytic
polyforming at high mol ratios.

The investigation was made using Houdry synthetic aluminum silicate fixed-bed catalyst with virgin
gas oil as the charging stock, and a mixture of hydrocarbon gases as the outside gas. The mol ratios of
gas to oil investigated varied from 2.0 to 15.8. Temperatures were"varied from 564 to 537°0 in
obtaining maximum gasoline yields for each mol ratio. Liquid space velocities were held con= stant at
4-6 hr”-1. Pressures varying from atmospheric to 2000 psig were investigated at mol ratios ranging
from 9-11.5. During a typical run, approximately 490 grams of feed were passed over the 1000 ml of
catalyst.

Results of the investigation of mixed-gas catalytic polyforming at increased mol ratios are as follows:
(1) gasoline yields in excess of those obtained from- catalytic -cracking nan be -obtained, (2)
gasoline-:yields-increase--steadily with each increase in mol ratio up to a mol ratio range 9-11.5, after
which gasoline yields remain constant through a mol ratio of 15,8, (5) pressure increases from
atmospheric to 300 psig had greatest effect upon gasoline yields, (4) increases in pressure from 300
psig to 2000 psig had no noticeable effect upon gasoline yields, (5)- an increase in mol ratio tends to
increase ultimate yield and decrease carbon laydown.

It was found that a mol ratio of 9.45 at a conversion of 61.9 per cent ggve a maximum gasoline yield of
49,2 per cent.
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ABSTRACT

This investigation was made primarily to study the effect of
an increase in mol ratio on gasoline yields in catalytic polyform=
ing, The secondary objective was to study the effect of pressure
upon catalytic polyforming at high mol ratios.

The investigation was madé using Houdry synthetic aluminum
silicate fixed~bed catalyst with virgin gas oil as the charging
stock, and .a mixture of hydrocarbon gases as the outside. gas, The
mol ratios of gas to oil investigated varied from 2.0 %o 15,8,  Temp~
- eratures were varied from 364 to 5379C in.obtaining maximum gasoline
yields for each mol ratioc. Liquid.space velocities were held con=
stant at 4~6 hr~l. Pressures varying from atmospheric o 2000 psig
were investigated at mol ratios ranging from 9-11.5, During a typ-
ical run, approximately 490 grams of feed were passed over the 1000
ml of catalyst. :

Resultsof-the investigatidn -of mixed=-gas catalytic polyform=-
ing at increased mol ratios are as follows: (1) gasoline yields
in excess76T“fh6§é*6&taine&mfibmﬁéataiytic“cracking‘can‘bé“obtained,
(2) gasolfﬂé“Yields"iﬁdréése“steadiiywwith“each“incregse'inmmol ratio
up to a mol ratio range 9-11.5, after which gasoline yields remain
constant through a mol ratio of 15,8, (3) pressure increases from
atmospheric to 300 psig had greatést effect upon gasoline. yields,

(4) increases. in pressure from 300 psig to0.2000 psig had 1o notice-
‘able effect upon gasoline yields, (5) an increase in mol ratio tends
to increase ultimate.yield and decrease carbon laydown.

It was found that a mol ratio of 9,45 at a conversion of 61,9
per cenk gave a maximum gasoline yield of 49.2 per cent.
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INTRODUCT ION

Gatalytic crackiqg and thermal polyforming are two processes in
Patroleum:?aghnology which were developed to a greater or lepser de-
greegduring the war‘period° The catalytlc cracklng precess is in ‘wide=
spread use, but the polyformlng process 1s stlll belng developedo

The polyform process has been déscpibed.by 0££ut et al (1) as an
efficient means fof producing high quality motor gasoline by the therm=- -
al conversion of naphthas or gas oils at high temperaturgs and high
pressures'in the presenae of recircalated hydrocarbon gases, Theae
light hydrocarbons in the charge make possible a substantlally greater
degree of severlty of cracking and higher gascline octane 1evel than
it is_possible'to achieve in most ther@al.cracking processes. " These
gases also minimize tar and coke formation by interaétion with many of
the cleflns produced, some of which would otherw1se undergo polymerla
zation tq form tar .and coke., A% the same time, the conditions of temp~
aratufe and pressure are suitable for conversion of C3 and € hydro-_'
carbons'to gasoline., THé hydfocarbon'gases-used in the polyform process
may be those"ob£ained from.cfacking or théy nay be Trom some other
source,

To 1ncorporate the advantages of the thermal polyfpxmlng and cat=
alytic cracklng process, Dev (2) 1nvest1gated the process of gas 011 -
polyformlng under catalytlc conditions using propane as thp outs1de gas.
"~ This process was calle@ catalytic polyform:.ngo The yields of gasollne ’

from the catalybtic cracking of virgin gas oil over Houdry catalyst with
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and Withouﬁ propane at various'preSSures were compared,_'Tpis study
showed that an increasediyiela of gasoline éoﬁld be obtained at higher
pressures in the catdlybic polyform process using_propane as the outside
gas, The increased gasoline yield'waé obtained at temperafures lower
than.those used for thermal polyforming. |

Mayfiela'(S) investigated catalytic polyforming.usipg isobutylene

as the outside gas and found that gasoline yields were approximately

-1 1

tﬁe same whether obtained at space velocities of 4=6 hr or'0°5~l nr e
The lower space ve1001ty is 1n the ‘range normally used in capalytlc
cracking, "THis: ablllty of catalytlc polyformlng to opergte efflciently
at space velocities glightly "highier than the space velociyy used in
catalytic cracking is one oT the a@vantages of catalytic polyforminé
over'qatalytictcrackinég
Polich (4) evaluated severél catalysts at 900 psig using normal
butane as the outside gas. “The space velocity_Was held anétant in the
range of 4=6 hr™L, Of.the catalysts studied Houdry aluminum silicate
catalyst was found to_be‘besﬁ suited to caﬁalytic polyforming,
Eunenga'fS) investigated catalytié_polyfo:ming under pressures of
0, 300, 60@, 950, and 1200 psig using iso-butanme as the outside gas.
Spaée vgloéity %§sAhéId relatively constant‘at‘4=6 el Tt was
found that gasoline yields ihcreassd through 900 psigs The greatest
increase in gasoline yield as pressure was varied, ?ccnrﬁed betwggn
0 and 300 psig. 'When_pfeésures of 1200 psig were apglied a slight
decrease in gaséline_production was potedo

From a study of catalytié polyforming using a mixea'hydrocarbon
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gas and pressures ranging ﬁp 072000 psig, Hamilton (6) fodpd'definite

increases in gasoline yields and octane nunbers over those'obtaineble

from conventional atmospheric catalybic cracking. At a pressure of

1500 psig,"Hﬁm;iton'obtained a gasoline yield 6?"57{7 per eent gasoline
based on oil charge&; Octane numbers dbtaine& at fﬁis bressure‘were
79,1 by motof method and '84.4 by the.research method., "Catalytic crack-
ing gave a gasoline yield o 33,6 per cent end octane pumﬁers of 72.8
by motor method and 7985"by the. research method, "Tﬁbse.increased
yields and high oetane numbers obtalned from catalytlc polyformlng
aré evidence of the advantages of catalytle polyformmg over the con=
ventional atmospherlc catalytic e;acklng processt

The mixed.gae'ﬁéedfbﬁwﬂﬁmilton contained the fellowing constitu-
ents expressed in weight pér cents: 30 ber cent n-buténe, 10 per cent
iSO-bufenejZEO per»cent'iso—butylene,'BQ per cenﬁ propane, and 20 per
cent propylene, This gas is representative of the efflueyt gases of
most refineries and was found more effective then-any sinéle gas in
procuring high yfel@s of gasoline yith relatively high petane ;atingsa

In these previoﬁs.investigations, mel ratio of ga? to oil was
held constant at approximately 3.0 with the result thaf little was
known about mol ratio as a process variable in catalytic polyferming.
In view of the uncertainty‘of'ﬁhe effect of this variable upon cata~
lytic polyforming, an investigabtion was undertaﬁen t?”&etermine the
effect offmb} ratio on gasoline yield in catalyﬁic‘polyformingo

'The octane numbers and'gaseline yields obtained from catalytic-

polyforming at mol ratios ranging from @ to 15,8 were compared. The




ultimate yields and qarbon”formations Obta;ned from'each mol ratio were
also comparédn At each mol ratio, the maximum yield was fpunq‘by_varya
ing the‘temperafure aﬁ whieh the reactién.?ook place, The d?ta thus
obtained gave a curve, when plotted, of yield versu;,convergion_for each
mol ratio; and in this way the maximum gagoline yield for a given mol
ratio was determined, To evgluate'the:results obtained from catalytic
polyforming,catalybic cracking data obtained in the same reaction unit

- were used as a basis for comparison.
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EQUIPMENT, METHODS, MATERIALS

fg, @guipment

‘The equipment useq_in this i@YgsP;gation Qqnsistgd of a 0=2500
psig reaction system, shown in Figure 1, “This'reéction s%?tem may be
brokendeWn into four major sgctions according to functiope They are
as follows: (1) feeding section, (2).reactor_sectién, (3) condens-
ing and receiving section, and (4) gas section.

Peeding Section

' The feeding section consisted of a feed cylipder, a
Jerguson éage, and.a pump. ‘MThe'body of the feed cy;inﬁ?r was con-
struéted from a I2=inch section of extra strong threewipgh pipe and
two extré strong three-~inch steel caps. “Tﬁélpipe wag fﬁrﬁaded and
the caps were screwed on each end o£ the pipe and weided‘sepufély in
place., Both caps were dfilled_and tapped for half-inch pipé, and close |
'nipples of extra.strong gteel pipe were.screwed into the céps gnd also
welded in place. One-half inch Tdeal needle valves ofi;ooo pgig_
rating were fitted to each nipple. fThe vélveg were fittéd with brass
fittings so that 1/4~=inch copper ?ﬁbing could be connepteg to one end
and'l/é-inch copper tubing could be connectéd to the Btp?r end. The
large tubiﬁg, together with the pressqre'quaiization liﬁe shown in
Figure;; was designed to insure.free flow of feed to the Jg;gusone
The bottom of’thelJérguson was connected to a stainless sfeel'Kérotést
globe valve by l/4—inch copper. tubing. By ﬁeans of the vglve, the

feed rate was adjusted until the pressure in the reédetor became high
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enough to'qual the pressure in the feed cylinder, ~The yglve was, in
turn, connected by:twd léngthé of 1/4-inch tubing to each side of a
double éct%ng pump. The pqu_used‘was-é?ﬁillszﬁﬁdanna;“Ty?Q'UNF??,
Iéingle gnit, twq f;ed, l/4'horse—poWgr pump, ~The bump was connected
to the top'Of tge reagtor by 1/8-inch stainless steel tubing and
Weatherhead ﬁ&meto pressure couplings and Tittings. | :

Reactor Seetion

" The reactor Was_cons?ructed from a thr?ef?oop piece of

18-8-C, Tybe 347, '“2‘~Z_L'/2"-inch extra strong I. Po -_s‘; pipe. 4 2-1/2-
inch weldihg cap, Fitted with a 1/2-inch extra strong pipe nipple,
was welded to the lower end of the stainless steel p;péb An‘eitrg

heavy bee was fitted to the“l/2-inch pipe. The lower opening held
the 4=foot long, 1/4=inch sténﬁérd pipe thermowe}l which ext?nded'
through the reactor along the central axis. "To tﬁe side opéﬁi@g of the
tee a 1/2=inch pipe was fitted and allowed to pretrude thrp;gh the re-
actor easea An éxtra.strong ell was éttachedvto the shprfllength of
pipé and Was‘fitted with a six=in¢h nipplé 1eading-to.an eg?ra strong
tee, To the side opening 9? tﬁe tee was coﬁnected‘a 0-5000 psig -pres-
sure gage. The run Was'fitted with'é“g&;DOO pound stainless steel
Amined super-pressure valve.

To the top of the reactor g“Z-l/Z-inch extra stronﬁ weldipg neck

fiange was welded and a"2-1/2-inch extra stmoﬁg'ﬁlind flgpgé bolted
to the welding neck fléngeo For insurance against ;oss_éﬁ? to leak=
- age, a 'stainless steel gasket was inserted between @hg flanges iq'the

.final asseibly. A short nipple was welded to the flange én@ was, in
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turn, fitted with an exbtra strong cross. The top opening of this cfoss
was connected %o a high preégure‘Hﬁke needle valve, Qn Trmeto tee was
screwed into the valve and the ?dn openings_wefe cqnnecteduto the feéd
lines from the pump., One side opening of the extra strong gross‘was
connected o the nitrogen cylinder so that the reactor might be purged.
The other openipg was conﬁectgd‘by a short @ipple toian extra strong~
tee. The'bff;étrgam side df'the tee was”fitted with a"Black, Sivalls,
and Bryson frangible safety disc ﬁhich was equippéd_with a,B}OO“psig
Monel diapliragm discharging to_theiexterior of the building'ﬁy means of
a blow=down line. 'Tﬁe run of the tee was connected to anot;er Hb?e
falve to permit passage of air into the reactor Tor the catalyst burn=
off. ) ' | )

- The reactor was originally designed te hold BDOO ml of eata?
lyst because iﬁ was be}ieved liquid space.veigcities o:'o,5-1°o hél
w:'ould.be.optimumo Subsequent research carried out with the 0-900 psig
unit indicated that the process opefgted efficignfly at sp?ce‘velocim
ties.of 4=6 hr“l;'”Thereforg,ythe catalyst volume was redgged to 1000
mlo"This was done by inserting a number of cylindrical sﬁeel blocks
which were drilled to allow sufficient space for the passpge of the

feed bétween the blogkg_anﬁ the thermowell. These blocké serfed\very

efficiently as a preheat section. !

‘Heat was supplied to the reactor by means of fiye 48=Ffoot
lengths of Nichrome wire with resistande of 1.7l ohms per foot. These
wires were threaded with fish-spine insulators anq wrapped around the .

reactor over a layer of asbestos tape., Three of thé coils furnished

the heat for the preheat section and the remaining two covered the
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catalyst sectign° Each of thg Windings drew six amperes from a 110-
volt autotransformer.

Four irpﬁ—éonstantan thermocouples were inserﬁed into fhe
thermowell; one junétion was placed in the preheatfseétion—énd the
other three Were equally spgced alopg the catalyst bedo Tour-=hole
porcelain insulators were ob@ainea from the Sfupakdff Company'apd were
" of such.a diameter that two separate lengths of the insulatcys could
be simultaneously inserted inﬁo'fhé 1/4~inch therm.owgalle Tpis arrange-
mént made possible a permanent thérmocouple; "These thermoé;uples were
connected to a po?ehtiometero

" For safety, the reactor was housed in a steel case which
~took the shape of an inverted frustrum 6f a p;;ramido Egch'siae.of the
frustrum was 18 inches by @6 inches by 8 inches by l/é“inCh.thiCKo.
Three sides were.fastened'togetﬂ@r by fillet welding to 1/8-inch éy '
1-1/2=-inch angle irQns pléced in the corners.of the case. ?he bottom.
plate was bolted to the angle iron, as was.the front side., "T:he case
. was supporited by two short lengths of angle iron which Were welded to
the case and to.the laboratory rack, TFirther support was gained by
wélding three one~inc?.pipes'to ‘the tops of the sides of the reactor
'éaseo These pipes e@tgﬂﬁed to the floor in the form of a tripod.

| “To support the reactor in the case, a piece of 1/4 by 2-inch
bar stock 20 incheé long was drilled with a one-inch hole and slipped
‘over the onewiﬁch nipple extending from.?he bl}nd neck flange of the
‘reactor;, This bar was held‘in place by the exira strong erpss and

the ends were pinned to the sides of the case so that the reactor would
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be rigidly held in place., After the reactor had been lowered in place,

the space between the reactor and the case was completely filled with

diatomaceous earth to minimize heat losses.

Qendensigg anﬂLReceivipg Section
"To the bo%tom of the pressurée regulating valvg'wgs attached
a short piece of copper tubing which was connectéd to a'Py;ex glass
Liebig condenser, [A 1000 ml flask with a sidé opening was u§$d as a
- receiver., "The flask was cooled in an i§oprobanol=dry=ice bath contained
in a ope~gallon thermoflask, The outlet of the receiver was cogngctéd
by rubber-tubing'to the gas condensing system shown in Figure 1.

Gas Section

" The cold traps were followed by a tee, the off-side of which
was connected to a 200 ml evacuated glass bottle so that a sample of
the nonjcoﬁdensable gases cou;d.b? taken dgﬁing'the e A,Precis;on
Wet Test Méter‘followed'ihe gas sample bottle; ”apg it, in turn, was
connected to a blow-down line to the'outside of tpe building.

Distillation of the product was carr;ed'out in a ié;platg
Oldershaw column. A @istilling héad“suitablg for eitherihigﬁ or low
temperature ?ractionation was attaéhed to_fhe colgmne '?pis head could
be filled with dry ice-isopropanol for low boiling constitpents and
with wet ice for those boilipg abové 20°C, “Two iapor tTPPS’ connected
in series and immersed in dry icéfisopyopanol ﬁere used pp catch the
broduct of distillation. The distillation ?1a$k'ﬁas heatgd by a 110=
volt 550 watt heater contrélled by an autoﬁréngformere |

Octane number determinations were done by the Phillips




Petroleum Company in their Bartlesville, Oklahoma laboratories.

B, Methods

1200'psig runs

The feed cylinder was evaéuated with a Cenco Mégavgc"thp,
.charged with a predetermined esmount of gas oil, weiéhpd on a"éoikg
capacity triple beam balance, and then_coplgdu After‘tpe 0il had
been cooled thoroughly, t@e cylinder was placed on the ﬁalance and
connected to_a cylinder of m;xed:gas by means of aishort 1ength of
Saran tubing. The valve on -the feed qylinder and the valve on the
~gas cylinder were opened and the desired amount 6f mixed g?é was al=
.lowed to pass into. the feedﬁcyliﬁderu"‘The actual amount of mixed-gas
in the feed éylinder was determined by re-weighing the cylinder. The
charged cylindgr was then“allowed to warﬁ,ﬁo room temperature,

The reactor was heated to the desired témpe?aturé and purged
with nitrogen. Upbp.completion of the nitrogen purge,:all valyes
'Weré closed with the exceptiom of the fqed valve_bgtween the pump and
the reactor% .Aftér the fegd cylinder was Weighed and cognected to
the system as shown in Figure 1, the éas sample pottle w?s‘evacuated,
weighed and connected to ?he gas section_éf the apparatus; The con=
densing and rgceivihg gectionlwas.set up as shown in Figure 1. The
Je:guson was fil;ed with a portion of_the charge by épening the lower
valve of the feed cylinderﬁ

At one-minute ihtervals from the start of the runm, tﬁérﬁocoﬁple
readings were recorded. Timing of the run began when the valve be-

tween. the pump and the Jerguson gageiwas opened, The pump was started
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when the valve was opened, but the rate of feed was controlled with

the aid of the Jerguson gage and a valve until the pressure_in the re=~
actor equalled the pressure in the feed cylinder. This initial feed
rate was regulated by noting the time for any given drop in liquid level
in the gage which hadtbeen previously calibrated, After the pressure
built up, feed rate was adjusted by regulaﬁing,the stroke of the-punipo

As the reactor pressure regulafing valve was closed, the hot
expanding gases within the reactor caused the pressure grgdually to
rise, When the pressure reached the desired level, the p%essure reg-
ulating valve was opened Just gnough to maintain this pressure unbil
the end of the feeding period which ﬁas indicated by the las§ of the
liquid feed pasging out of the Jergusom gageo The falve in t?e feed
line on top of the reactor was immediately closed and the puﬁp shut off,
A sample of the non-corndensable gas waé taken at tpis time 9n§ weighed
so that its density could bé determined, The reactér was dontinuoﬁsly
bled to atmospheric pressure at approxiﬁatély the same rate as it had
been pressurized,

Upon completion of the run, the receivers in the condgnsing
train were immediately weighed to determine the weight of_céndensgble
.product. ‘The;e liquids were poured into the receiving flask and the
total weight recorded.

So that any traces of oil in the reactor might be recovered, the
reactor was connected through a series of cold traps to the vacuum
pump and evacuated. The reactor was simultaneously purged with nitro-

gen which aided materially in'recovering the. last traces of oil, The
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:ecovered material was weighed and added inte the weight balance as
residue since under these conditions the potential gasoline in it

would be negligible, .

Distillation Procedure

The Yeceiving Tlask which contained the condensable‘gases in
addition to’cracked stock was gﬁtached to the Oldershaw column by
means of aﬁgﬁound glgss taper'jo;nto ‘The disti}ling headl and 10~
250°C thermémeter were also attached by means of ground gldss joints
using silicone grease as thg ségling compound, A dry ice-isopropapol
mixture was used to coo}lthe head in,th9 Tirst part of tpg”distil;ationa
The product take-off entereé two vapor trgps connecteq iﬁ sefies-and
was pl%ced in Qéﬁar £lask§ Whieh gontained dry~ice’and isoprdpanola
The vapors in thg Pof were allowed t9 rgflux until equilibrium was
reached. The autotransformer was sef at 34 voltg‘and the distilla-
tion allowed to proceed to 7°C, At this point, after a period of total
reflux, the vapor'traps containing the lights were wsighgd and re-
placed by a weighgd gasoline trap. When the tempergtufe approached
290 G, the iéopropanol_was reﬁoved'?ram the disti;ling heﬁd and wet
ice inserted in its place. " The digtillation Was then allpwed to pro-
ceed to'ZOéocf'“Thé gasoline so -obtained was weighed, aﬁd'ﬁhe residue-

was weighed when the column reached room temperature.

Catalyst Regeneration

During the run, a deposit of carbonaceous material was laid down

upon the catalyst reducing its activity. Iﬁ;ordér to resfore eabalyst

~
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acfivify and establish.a weight balance, this carbgnacepus dgposit
had to be bufned‘offa This was accompliéheq by passing air through

a gas meter and into the reactor. The reactor was previonsly heated
to a temperature.of approximatexy 450°C‘by means of the hégting ele=

ments. When the burning had started, the heating coils were shut off

‘and the temperature controlled by adjusting the rate of air passing

over the cafalyst. "The éffluent_gas was analyzed at ;egu}ar‘intervals
by means of an Oréat apparatus to determine the per Qent pf carﬁon
dioxide, carbon monoxide, agd OxXygen. <These per cegtsIWefe plotfed
and the carbon l§y~down was calculafed as shown'in the sample calcula=

tions,

Determination.gngeed'Rémaining in Feed System

A certain amount of gas remains in the feed cylinder at the end
of eacﬁ run. 7To detérmine‘the amount of gas lgfﬁ in %he cylindér, the
method used by Méyfield waé adopté&. By this method? thé valves of
the feed cylinder were closed atb the end of the run before thé feed
system was depressurized, T@e cylinder was theh removed'fom.the sys=
tem and weighed, This Weight was then compared with the ﬁeight o? the
evacuated cylinder, I%_Wés found that ten grams of_gashremaiped ih'the
cylinder at. the end of each run. Since ‘the 10 grams was puﬁside gas un-=
charged, it was subtracted from the weight of the gas charged to the
feed cylinder prior to each Tun;j an@ calculations were based on the
corrected ga§ weight.”"Tb debermine the éﬁount of feed femaiﬁing in

the feed system between thé Jerguson gage and the top of the reactor;
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the method used by Hémilton was adopted, Hamilton weighed the am=
ount of oil required to f£ill the feed system between the Je?guson
gage and the top of the reactor. The weight was found to be 72 grams,

G, therials

The“gas oil.in'this invéstigationiwas afBorger,”Wesﬁ'Texas Viggin
Gas oil .obtained from'Phi;}ips Petroleum Gampany, Laboratory inspee-
tion data arg'gifen in Table. I,

The outside gas uséd<was a mixture of 30 weight per cent nﬁﬁutqne,
10 per cent iso«butane, 20 per cent iSOvbutylep?, 20 bef cent prgpané,
and 20.per cgnt'propylene prepared by the thhe;on Company

‘The catalyst used in the investigation was pelleted Houdry syn=

thetic aluminum silicate, -
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SAMPLE CALCULATIONS

The calqulations of the_liquid space ﬁelocity, weight of perm-
anent gases, average tempergture of'thé rpns weight of'garbon depos~-
ited on the catalyst, over-all weight. balance, yielq of gﬁSO;ine,“conm -
version, ultimate_yield‘and mol ratio for Run 3hﬂmer“53lare présented'

as typical of all runs made,

A, Calculation of Liquid Spacé Velocity:

Data: ]
Volume of eatalysf in the reactor = 1000 - cc
‘Feeding time = 8.75 min -
Weight of charge = 480  grams
' ’ﬁensity of charge = 0.8 gm/ml
Volume of charge = 600 ml

1

Space Velocity = 600 ml x 60 min/hr - 4,04 hr
8.75 min % 1000 ml o
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Calculation of Carbon from Regeneration

Data;
Time Ailr
(min) (Liters)
6 14
30 65
90 161
120 201
180 290
240 385
300 476
330 546
340 575
360 600
390 630

Percent Analysis

Average from Plot (Fig.2)

Percent

COg (6{0]
3.8 0.8
9.4 5.2
12.3 9.5
10.8 9.3
10.4 9.3
9.6 10.9
9.8 9.2
8.8 5.2
5.3 2.7

4.0 0

2.0 0

Weight Carbon -

co2 ) (6(0]
6.0 7.8 1.6
11.8 0 8.6
11.0 0 9.2
10.6 0 9.4
10.4 0 9.4
9.0 0 11.6
10.6 0 6.0
7.0 0 5.0
3.6 15.0 0
4.2 13.2 0]
1.2 17.6 0
Q0g—-CO (Liters) COfCO02
4.6 0.64
14.6 7.45
21.8 20.9
20.1 8.05
 19.7 17.5
20.5 17.8
19.0 17.3
14.0 9.8
8.0 2.32
4.0 1.0
2.0 -6
103.36

103.56 x 654 x 273 x 12
22.4 x 760 x 298

42 .5 grms
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C. Weight of Permanent Gases:

Data:

Volume of noncondensable gases - 78 |

Volume of gas sample bottle - 208.3 ml
Barometric pressure s 634 mm
Room temperature = 25 oc
Weight of bottle and gas = 127.686 gm
Weight of evacuated bottle s 127.479 gm
We ight of gas by difference - 0.207 gm

Weight of I liter of gas at 25°C and

T _ 0.207 z 1000 T 0.99

634 mm - 208.3

gm

Weight of permanent gases - 77.6 gm

D. Calculation of Average Temperature:

Data:
Thermocouple Number
Time (min) | 2 3 11
Temperatures 0C

0 533 481 438 438

| 531 488 442 444

2 525 495 472 450

3 512 502 496 455

4 470 492 537 473

5 423 440 528 500

6 418 430 494 520

7 414 425 475 515

8 412 418 464 500

9 404 418 455 489
10 418 423 454 484
11 422 429 456 480
12 430 435 460 477
13 437 437 464 478

Average Temperature = 464°C



~ 21 —

E. Calculation of Over-all Weight Balance:
Data:

Weight of Cylinder and Gas Oil
Weight of Cylinder (Evacuated
Weight of Oil in Cylinder
Weight of Cylinder, Gas Oil,and Gas
Weight of Gas in cylinder
Weight of Gas remaining in Cylinder
Weight of Charge not reaching Reactor

Gas Oil Charged to Reactor 181(1- 2S-)

Outside Gas Charged to Reactor 371(1- Qgh)
Total Charge to Reactor
Recovered Material
Condensable Gases
Permanent Gases
Product in Receiving Flask
Recoverv
Carbon from Burn-Off
Total Weight Recovered
Weight of Losses by Differences

Per Cent Losses on Charge

12484 am.
12303 agm.
181 gm.
12865 gm.
381 agm.
10 gm.
72 gm.
157 gm.
323 am.
480 gm.
201.2 ..
77.6 gm.
155.7 gm.
3.6 gm.
38.4 gm.
476.5 gm.
3.5 gm.
0.73 1o
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Calculation of Per Cent Gasoline Yield:
Data:

Weight of oil charged

Weight of Gasoline from Distillation

Per Cent Gasoline on Oil Charged = x 100

Calculation of Per Cent Conversion

Data:
Weight of 0Oil Charged
Weight of Residue from Distillation
Weight of oil recovered from Catalyst Bed
Total Weight of unconverted Oil

Per Cent conversion on oil Charged
X00-dfx L00J

Calculation of Per Cent Ultimate Yield:
Data:

Per Cent Gasoline on Oil Charged

Per Cent Conversion on Oil Charged
Per Cent Ultimate Yield on Oil Charged =

3874 > 10

Calculation of Mol Ratio:
Data:

Weight of Oil Charged

Molecular Weight of Oil

Weight of Gas Charged

157

58.

38.

157

28.

32.

80.

38.

80.

48.

157

250

323

gm.
gm.

%

gm.
gm.

gnu

am.

gm.

gm/mol

gm.
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Calculation of Mol Ratio (Cont’d)
Data: (Cont"d)
Molecular Weight of Gas 51.6 gm/mol

Mol Ratio = X 250 9.97
51.6 157
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“RESULTS

Catalytic polyforming was investigated .at mol ratids from 2 to
15,8. At each given mol ratio a series of runs was made with temp-
erature as a variable, and the liguid space velocities relatively

constant at 4 to 6 hr~T

° “The.purﬁosg of varying the tempgraturé.was_
to determine gasbline yield as a'funcfion.df conversion. Flots were
made oflgasoline yield v?rsus conversion to"determine the conditions

at which makimum gasoline yieids could be obtained“using thé_materials
previously described. Déta for éll runs are.listea in tabdlar-form.in‘

1

the Appendix, S _ ' |
Runs 4,”5,°6, 7, 8, and 30 were.made at a mol ratio gf 2,3-3.7 ‘ k
using the mixed gas and a variation in‘tempera?ure from 5396 to 423°C,
Permanent gas formation at tﬁis,mol ratio ﬁas considerable at the
higher temperatures. ‘At "5%9°C, 161 grams of gas were formed, while
only 13,1 grams of gas were formed at 423°C, Permanent gas formation : I
was Pound to be greategt ag the‘higheét ‘temperature fgr all moi ratios |
inves%igatéqf GarbonHformation_ranged‘from'4;54 per.ceﬁt\at 423°G:
to 18,9 per cent at 539°C, Pb:centageé used’ in expressing carbon for-
mation are based dg the total charge.
At this mol ratio,. 2:3=5.7, gasoline yields:were found to vafy

from 37,1 per cent gasoline on o0il charged at a conversipn of 51l¢2 per

cent on oil charged to 22.4 per cent gasoline at a conversion of 89,1
per cent., The plot of gascline yield versus conversion for this mol o h

ratio is shown in Figure 3. This plot was not fully determihed in
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the lower tempergture range; bup, since cfa&K}ng_Hecreasgg at tgmp—
eratures bélow 400°C, it was assumed that a maximum had'beén reached
in this case.

"ﬁunsLIB, 19, 20, 21, "22, and 30 were mg&e in the mol ratio range
4~5, Permanent gas FTormation and carbon léyGOWn in this'series of
ruﬁs are substantially the same as in the case of the lower'mcl ratios,.
A plot of the data obtgined ffom this ﬁol ratio fange‘is ghown in Pig-
ure 5. :There is no hp?iceéble change in gasoline yield sver thétrob- '
tained at mol ratios of"2-3, “Figurq-é-is a plot of the ultimate yield
frqm this series of runs, |

Gasoline yields were found to increase slightly in runs 11,12,
13, 14, 15, 16, 17, and 29 where mol ratios betwgenls and 6 were used.
The ﬁéximum gasoline production came at'suﬁstantially the sape tempe;ature
and conversion ab wﬁich maximum gasoline was obtained_in the case of the
lower mol ratio. The plot of the gasollne ‘data from thpse rens can be
seen‘in'Figure 7. Catrbon 1aydown and ultlmate yleld are plptted in
Figu?e 15 and Figure 8, respectively. “Iﬁuis‘interesting tginqte that
the change in mol ratio had very litfle effeét upon carbon 1aydown or
the ultimate yisld from the gas oils '_ o |

' Runs“gz;“24;“25,;26, 27,'and"51”W§fe made at mol ratios in the

range 0f 6.,5-7.5. 1These runs, as.plotted in’Figure 9, shoﬁ"po in?rease
in gasollne yield over the yle&ds obtained at a mol ratlo range of 5=6,
The maximmm gasoline production occurred at a conversiop near 60 per
cent és did the maximom Tor the lower mol ratio ranges already dis-

cussed,
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Thg series of.runs, SZJth;ough 43‘;nclusiye, mgde_at a mol
ratio of 9=lle5_gave the highest gasoline yields recorded. The gaso=
line yields.plotfed agaigst conversiéﬁ? are shown_ianigure 11, 'Aﬂ '
maximnm;gasoline yie%d of'QQ,B per cent occur?ed at a convgrsion.of
61,9 per cente. The temperature 4406C; at_which:this'high yield was
obtained is in the same range a? which maximumé were obtained at the
other mol ratios previousiy'discussedn Permanent gas formation was
relatively low at 32.8 grams, as was sarbon laydown gt 6.8 ‘per cent.
This series of runs was characterized by high yields-of_ggsolige
which ranged from 57,4 per cent to 49?2 per cent. The tpmperatures
were varied from 360°C to 489°C with conversions ranging from 80 per
cent to 42.4 pex: cent,

‘Two runs, 49 and 90, were made using'mol'ratids beﬁw§én 15 and
16, These runs were made at optimum conditioﬁs of conversion as @e—
termined by runs made at other mol ratios. These twé rung indieate
that there is no further advanbage to be gained_in gésoli@e yields by
"increasing the mel ratio above 11.,5. The pesults of fhe'two runs are
shown plotted in Figure 15.

Runs 37; 44, 45, 46, 47, and 48 were made‘to détermiﬁg the effect
of pressuré on catalytie Qolyforming emplo&ing high mol ratios, This
series of runs was made~at céndit%ons of ﬁemperature pré;iogsly de=
termined as optimum. These eonditions With the gxception of pressufe
were held relatively copstanf throughout the pressure‘ipyestigatiqno
It was_found, as shown in Figure 14, that pressure between 300 psig.

and 2000 psig had little effect upon catalytic polyforming employing
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high mol ratios, The run made at atmospheric pressure was charac-
terized by a low yield at a relgtively low conversion, while the
runs made at pressures ranging from 300 psig to 2000 psié gave high
yields of gasoline and shcwéd very little fluctuation in carbon lay-
down, ultimate yield,.and permanent gas formation.

Mol ratio had very little influence on.perqentagg of carbon lay-
down on the catalyst. There was a decreaée in the perp?nfage of
carbon layaown»ét the hiéher mol ratios; this trgnd, however, is

very slight. Carbon laydown was plotted against conversion and is

shown in Figures 15 and 16,

Ultimate yield plottedJagainst_cdnversion is shown in Figures
4, 6, 8, 10 and 12, 4 comparison of the plots indicates that in-
creases in mol ratio teﬁ&'to’increase the. ultimate yield. In geheral,
it was found, tﬁat'ultimaté yield increased aﬁﬁ carbon laydoﬁn de=
ereased with increases in mol ratio., Permanent gas fbfmation ré« .
mained largely a function of convergions

Catalytic Polyforming data may be evaluated by comparing it

with catalytic cracking dats obtained in the same reactipn'unit using

jdentical charge. stock, TLiquid spaée‘velocities used in eatalytic
‘ -1 . . '
polyforming were held constant at 4-6 hr while liquid space veloc~

ities in catalytic cracking were held constant ab 0.7 hrﬁlo Cata~

lytic polyforming spacé velocities ealeulated on gas oil charged
Were_épprOXimately l.ﬁ hrﬁl at a mol ratio of 10,0 and at loﬁerjmol
ratios the space velocity increased accordingly. The gaéoling frac-
tion of the product was faken,befween 7 and 204°C in both processese

v
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Gasoline iyields obtained in catalytic cracking ranged from 3l.8
to 55°é-per cent on oil ?harged at confersiogé rangingmfromﬁ$2,4 to
71.6 per cent_?ased_on 0il charge., These data afe.plottgd in Figure
17. Catalytic Polyforming gave gasoline yields ranging frgm.45m49?2
per qent based on oil charged"at identiqal conversion, ‘Spgce velgc~

'itiés, based on oil charge, used in these catalytic polyfb;ming runs

 were approximately 2,5 times those used in catalytic cracking.




 SUMMARY

The results obtained in this investigation of catalytic polyform-

ing may be summaraized as follows:

(1) Gasoline yields well in excess of those obtainable by con-

(2)

(3)

(4)

(5}

ventional caialytie cracking may be obtained by cgbalytic
polyforming using increased mol ratios.

Gasoline yields increase with each increase in mol ratio

" up to 9-11,5 when further increases of mol ratie up to

15,8 have no apparent effect upon gasoline yields.
Increases in mol ratio tend to decrease percentage of carbon

laydown and inerease ultimate yield.

‘Using mol rgtios 9-11,5, greatest increases in gasoline yields

occur--between-pressures from 0~-300 psig.
Pressure increases between 300 and 2000 psig have no apparent

effect upon gasoline yields at high mol ratios.
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TABLE 1

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

A. S. T. K Dist. °F

First Drop 527
5% cond. 760 mm. 555
10% 565
20% 577
30% 591
40% 605
50% 622
60% 639
70% 662
80% 693
90% 725
95% 740
End Point 742
Recovery- 98 %
Residue and Loss 2.0%
Gravity A. P. 1, 36.0
Viscosity, SSU/I000F 53.6

Weight Per Cent Sulphur 0.31



Run No,

Charge Stock

Type of Catalyst

No,of Runs on Catalyst
Volume of Catalyst

Ave, Reactor TempOOC,
Ave. Ooerating Pressure
Space Velocity Hr,”

Mol Ratio

Material Charged,
Outside Gas
Outside Gas
Charge Stock
Total Charge
Hydrocarbon Liquid Product
Condensable Gases
Permanent Gases
Oil from Catalyst
Carbon by Burn-off

gm))

Losses by Difference, gm
% Losses on Charge

Distillation Data, gm,
(7-21+0)0C, Gasoline
Residue
Condensable Gases

To(7-21i.0) Gasoline

% Conversion
% Ultimate Yield (7-201+)

% Carbon Laydown

1+2?

1+.28
3.67

265
3149
611+

29L.3

198
13.1
15.6
26.2

5.2
0,96

i+_1
139.6
221.1+

37.1
51.2
72.1+

I+.Bi+

TABLE

5

15
1491+

3.21+
2.39

Isobutane

173

350

523

179.1+

173.7
93.7
10.3
67.1+

98.1+

75.9
122.3

28.1
76.8
36.6

12.88

6

16
1+80

1+.82
2.1+41

158
317
1+75
11+7.3
153.1
88.9

29,k
51.2

-6.8
1.1+3

91+.2
81+.1
106.3

29.6
67.6
1+3.8

10,8

CATALYTIC POLYFORMIHG DATA

7 9
Gas Oil
Houdry
17 -
1000 Co
1+26 1+73
1500 psig
H.12 5.0k
2.31+ 2.6l
155 182
320 337
1+75 519
212U+ 11+7.9
168.7 199.2
19.2 107 J+
7.6 8.9
32.7 51.9
-1+.6 10.21+
0.97 0.72
106.1 101.2
132.9 70.9
1145.5 11+3.6
33.2 30.1
1+3.3 78.1+
76.7 38.1+
6.9 20.95

10 11
5 6
539 507
5.03 1+.50
2.50 5.77
Mixed Gas
163 272
316 228
1+79 500
85.5 127.6
110.5 182.7
1611+ 111+,7
1+.3 7.8
90.5 61+.9
26.8 2.3
5.60 0.1+6
70.7 76.1
30.9 37.2
57.2 I6K.3
22.1+ 333+
89.1 81.1
251 1+1.2
18.9 12.91+

12

1+88

1+.00
5.1+0

253

75.3
1+0.1

11+1.5

33.15
81.0

1+0.9

11+.7



Run No*

Charge Stock

Type of Catalyst

No.of Runs on Catalyst
Volume of Catalyst
Ave. Reactor Temp.°C
Ave. Operating Pressure
Space Velocity Er.-1
Mol Ratio

Material Charged, gm.
Outside Gas
Outside Gas
Charge Stock
Total Charge
Hydrocarbon Liquid Product
Condensable Gases
Permanent Gases
Oil from Catalyst
Carbon by Burn-off

Losses by Difference
% Losses on Charge

Distillation Data, gm.
(7-2QU)°C, Gasoline
Residue
Condensable Gases

% (7-20U) Gasoline
io Conversion
% Ultimate Yield (7-200)

% Carbon Laydown

1M

ho03
5.86

95A
6il.ii
211.9
110.5
71.6
56*5

8.50

TABLE 111

CATALYTIC POLYFORMING DATA

i 16
9 11
1i07 1i29
§;§¥§ 2.90
! 5.61
271 267
223 230
W i Zi97
éiﬁg; 213.7
. 205.7
23.6 36.8
10.7 8.9
30.2
-1.2 3.3
0.20i 0.67
93 Ji 85
90 Ji 67.7
196.8 20li.1
111.8 37.0
55.5 67.7
75.5 51i.6
6.13 5.75

17 18 19 20
Gas Oil
Houdry
12 13 11 15
1000 co
508 118 bhl ui9
1500 psig
li.67 5.53 ii.g7 5.2
5.53 ol 11.16 115
Mixed Gas
262.0 219.0 220..0 226.0
230.0 263.0 261.0 2601.0
192.0 1iP2.0 1185.0 490.0
778  181.6 181.9 165.9
181.9 219.9 206.2 225.4
Hi8.3 26.2 1m1.6 41.3
11.6 17.8 18.8 16.5
67.2 27.1 36.1 38.8
5.2 9 Ji 0.1li 2.1
1.05 1.95 0.08 0.45
61.7 96Ji 83J1 88.0
31.0 96.0 85.5 79.3
112.8 lii3.9 171.5 175.5
26.8 36.6 32.0 33=33
82.1 5.3 60.2 64.9
32.6 62.9 53.1 51Ji
13.65 5.61 7Ji5  7.92

21

17

501

5.

11.05

216
261
477

137.3
168.8

102.7
4=4
55.1

8.7
1.82

59.8
47.0
153.5



Run Noo

Charge Stock

Type of Catalyst

Noo of Runs on Catalyst
Volume of catalyst

Ave, Reactor TempoOC .
Ave. Operating Pressure
Space Velocity HrO"*
Mol Ratio

Material Charged, gnu
Outside Gas
Outside gas
Charge Stock
Total Charge

Hydrocarbon Liquid Product

Condensable Gases
Permanent Gases

Oil from Catalyst
Carbon by Bum-off

Losses by Difference, gr»

% Losses on Charge

Distillation Data, gnu
(T-S0U)0C O Gasoline
Residue
Condensable Gases

% (7-20U) Gasoline
% conversion

% Ultimate Yield (7-20V)

% Carbon Laydovm

22

18

Uel

215-5
261.5
uz7
1ul.7
195.6
80.5
8.5
uz2.u

8.3
loTU

70.5
61.2

161.3
27.0

75-1
35.9

8.88

23

293
203
u9e6
72.9
170.5
168.6
6.3
68.7

57.9
32.7
117.7

28.5
82.3
3U«6

13.RU

TABLE IV

2U

20

u.6u
7 .2U

30U
20U
508
190.9
218.2
uz .U
18.3
36"

79.3
68.5
195.0

38.9
58.2

66.9

7.17

CATALYTIC POLYFORMING DATA

25 26 27
Gas Oil
Houdry
21 22 23
1000 cc
uz23 ul2 500
1500 psig
U.ss U065 U.51
6.90 6=50 7.27
Mixed Gas
279 251 282
196 191 188
u7s usu u7o
20U.0 177.0 100.0
20U.U 18U.6 182
1UoU 21.2 120
13.6 21.7 15.9
30.7 19.5 uz.2
7.9 10.0 9.9
1.66 2.31 2.10
63 .0 62.7 65 .0
91.6 86.8 3U.0
188.3 156.2 137.1
32.2 32.8 3U 06
U6.6 u7.0 79.6
69.0 70.0 Us.5
6.U7 3.95 8.95

29

25
38U

U.62
576

2U8
220
u68
2U9.1
170.3
6.7
12.6
25.8

162
IUo.2
30.6

35.8
85.5

30

19U
2UU
u38
222.8
155.7
9.85
10.6

17.3

11.8
2.70

73.0
121.0
132.8

29.6
ue6.7
63.5



Run No.

Charge Stock

Type of Catalyst

No. of Runs on Catalyst
Volume of Catalyst

Ave, Reactor Temp.OC.

Ave. Operating Pressure
Space Velocity Hr."1
Mol Ratio

Material Charged, gm.
Outside Gas
Outside Gas
Charge Stock
Total Charge

Hydrocarbon Liquid Product

Condensable Gases
Permanent Gases
Oil from Catalyst
Carbon by Burn-off

Losses by Difference, gm.

% Losses on Charge

Distillation Data, gm.
(7-20U)°C » Gasoline
Residue
Condensable Gases

% (7-20U) Gasoline
& Conversion
L Ultimate Yield (@7-200].)

% Carbon Laydown

31

27

591

282
192
474
248.5
173.7
16.3
13.6
15.8

P o
N R
o0

72.2
113.8
17301

37.8

43.5
87.0

3-35

TABLE V

CATALYTIC POLYFORMING DATA

32

28

449

4.20
9.45

304
156
460
221.7
178.8

75.0
56.0

216.9

48.2
63.0
76.7

33

29

34 35 36 37
Gas Oil
Houdry
30 31 32 33
1000 cc
360 374 Bo 431
1500 psig
3.8 4.95 4.5 4.84
9.27 9.89 9.45 10.10
Mixed (as
322 328 311 331
169 161 156 159
491 489 467 490
193.0 177.4 201.1 2359
232.4 239.8 198.9 183.7
24.6 21.2 32.8 27.0
23.1 25.0 1.9 9
18.6 22.8 32.0 20.2
-0.3 3.8 0.3 14.3
0.06 0.77 0.06 2.91
65.2 60.1 76.8 73.7
80.5 66.6 58.2 53.9
235.2 240.6 226.4 247.8
38.6 57.4 49.2 46 .3
424 bbo5 61.9 61.2
91.0 84.2 795 75.6
308 u.7 6.8 b.12

38

34

419

4_.67
10.20

324

154
478
206.1

216.7
13.1

72.8

69.7
193.6

48.5
52.4
92.5



Rxm No.

Charge Stock

Type of Catalyst

No. of Runs on Catalyst
Volume of Catalyst

Ave. Reactor Temp.0OC.
Ave. Operating Pressure
Space Velocity Hr._."~
Mol Ratio

Material Charged
Outside Gas
Outside Gas
Charge Stock
Total Charge

Hydrocarbon Liquid Product

Condensable Gases
Permanent Gases
Oil from Catalyst
Carbon by Bum-off

Losses by Difference, gm.

% Losses on Charge

Distillation Data,
(7-20K) Gasoline
Residue
Condensable Gases

gm.

% (7-2QU) Gasoline
% Conversion
% Ultimate Yield (7-2044.)

% Carbon Laydown

39

35

h2l

TABLE VI

CATALYTIC POLYEORMING DATA

16

10JL7

3ul
158

262.
186.

13.

21.

73.
63.

255.

58.
80.

NU© Wo

© O

ow O

~ 00

20

36

*461

24.2
9.98

321
156
*477
179.6
220 *4
*49
2.2
33.5

-7.0
1.5

4.9
33.*%4
250.7

*47.8
78.*4
61.0

Al 42 3
Gas Oil
Houdry
37 38 39
1000 cc
397 *469 378
1500 psig
*4_57 *4.25 *4.6
10.07 9.86 11.15

Mixed {§ases

316 319 352
152 157 153
*463 *476 505
231.3 202 %4 27%4.1
200.2 200.7 196.8
9.85 *47 6.5
9.%4 *4.3 12.5
21.8 32.5 20.0
4.2 -10.9 %)
9 2.31 10.97
67.5 72.8 66.8
70.8 35.1 80.7
152.6 261.3 299.5
**4.5 6.3 *43.5
50.5 77.2 *47.3
88.8 60.0 91.8
u.65 8.9 3.96

*40

2167
900

*4.33
10.12

315
151
*466
188

220.

25.
1.

31.
-1.
-0.

72.

3

5
8

6

2
2

7

*40.6

267

#8.
72.

0
6

66.3

6.

8

*45

Ixii
0
*4.39
9.8%4

35*
14
527
1*%49.8

338.7
12.6

5.0
15.9

5.0
.95

4.3
107.2

290.5

25.5

35.5
71.8

3.02

*46

42

*436

1200

*4.39
10.27

4.2
*45.7
260.2

*18.8
69.2
70.6



Run No.

Charge Stock

Type of Catalyst

No. of Runs on Catalyst
Volume of Catalyst
Ave. Reactor TempeOC.
Ave. Operating Pressure
Space Velocity Hr.-*
Mol Ratio

Material Charged, gm.
Outside Gas
Outside Gas
Charge Stock
Total Charge

Hydrocarbon Liquid Product

Condensable Gases
Permanent gases

Oil from Catalyst
Carbon bv Bum-off

Losses by Difference, gm.

% Losses on Charge

Distillation Data, Gm.
(T-ROU)OC. Gasoline
Residue
Condensable Gases

% (7-201].) Gasoline
% Conversion

% Ultimate Yield
% Carbon Laydown

uT

U3

uU55
300

Uo85
9.85

321
158

uT9
166.3

2U8.T
Ut

0
23.0

10,8
2.3

TO.2
us.o
2TU.1

636

TABLE V11

CATALYTIC POLYFORMING DATA

us U9 50
Gas Oil
Houdry
uu us ué
1000 CO
u2s UUo u21
2000 1500 1500
hm3 u.17 3.96
9.73 15.12 15.77
Mixed Gas
311 Ui1s u32
155 133 132
u66 5U8 57U
228.3 138.0 221.6
16U.8 339.8 2ﬁ§8
26.0 3U.2 .0
2.2 1.0 2.2
25.0 27.9 29.U
18.T 7.1 10.0
U.o 1.29 1.72
T2.1 59.3 62.2
55.0 uo9.3 51.3
230.9 335.6 313.8
U6.6 Uu.6 u7.1
63.5 62.2 59.5
73.5 71.8 79.3
5.37 5.10 5.21
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Figure 1 - Schematic Diagram of Catalytic
Polyforming Unit
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Figure 2 - Composition of Affluent Gas During Catalyst Burn-off
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Figure 3 - Effect of Conversion on Gasoline Yield at 2.3-3.7 Mol Ratio.
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Figure 4 - Sffect of Conversion on Ultimate Yield at 2.3-3.7 Il Ratio
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Figure 5 - Effect of Conversion on Gasoline Yield at 4.-5. Mol Eatio.
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Figure 6 - Effect of Conversion on Ultimate Yield at 4.-5. Uol Ratio
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Figure 7 - Effect of Conversion on Gasoline Yield at 5r6.
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Figure 8 - Effect of Conversion on Ultimate Yield at 5.-6. Mol Ratio.



Mole Ratio 6.5- 7.5
Pressure /500 psig-

156

039’

UY3 g r

Jfoo

Per Cekjt C ok/iers/okj okj o ji Charge.

Figure 9 - Effect of Conversion on Gasoline Yield at 6.5-7.5 Mol Ratio.
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Figure 10 - Effect of Conversion on Ultimate Yield at 6.5-7.5 Mol Ratio
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Figure 11 - Fffect of Conversion on Gasoline Yield at 9.-11.5 Ibl Ratio.



9 Moll Ratio 3 - H.5
(p X 578 P r1ssor.l /SOOpS/y-
O SD 360 « 2
<5 Q
37+ X~Z/ 0 «
0
q 0 <«
" ¢ I
uJ
k
X5 <6/
60 (y
K : ) ~G69N
k
a» c
v
(00
Q~fc
20 30 40 SO 60 70 SO SO /CO

P 1R CsLHT Cs OHI/LRSIOH OH O0/L CLHARGtL

Figure 12 - Effect of Conversion on Ultimate Yield at 9.-11.5 Mol Ratio
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Figure 13 - Effect of Conversion on Gasoline Yield at 15.-15.8 Mol Ratio
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PerCeut GasoliuL ou Oil Charge
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Figure 14 - Effect of Conversion on Gasoline Yield at 9.-11.5 Mol Ratio
and Pressure from 0-2000 psig.-
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Figure 15 - Carbon Laydown on Catalyst Versus Conversion for 2.3-6. Mol Ratio
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Figure 16 - Carbon Laydown on Catalyst Versus Conversion for 6.5-11.5 Mol Ratio.
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