MONTANA

STATE UNIVERSITY

Catalytic polyforming of gas oil with a hydrocarbon gas mixture
by Robert B Hamilton

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree
of Master of Science in Chemical Engineering

Montana State University

© Copyright by Robert B Hamilton (1950)

Abstract:

The purpose of this investigation was two fold: (1) to evaluate the polyforming process under catalytic
conditions as a method for producing motor fuel from a petroleum gas oil using a hydrocarbon gas
mixture as outside gas under 0, 900, 1500, and 2000 psig reaction pressure, and (2) to determine the
time of stream for mixed-gas catalytic polyforming at 900 psig and 455° C. .

Houdry fixed-bed aluminum silicate catalyst was used for all runs and the carbon was burned from it at
the conclusion of each run. The investigation was conducted at temperatures varying from 392° C, to
509° C.; and the liquid space velocities used were 0.6 to 0.8 and 4.0 to 6.0 volumes of charge per
volume of catalyst per hour. During a typical run, approximately 450 grams of feed were passed over
the 1000 ml. of catalyst.

Characteristics of mixed-gas catalytic polyforming are as follows: (1) yields of gasoline increase with
each additional increase of pressure up to 2000 psig at which point the yields decrease, (2) gasoline
yields surpass those obtained from conventional catalytic cracking using a space velocity of 0.6 -0.8
hr”*-1 only at 1500 psig, and (3) carbon formation -exceeds that occurring in conventional catalytic
cracking at comparable oil conversions”, It was found that the time of stream best suited for mixed-gas
catalytic polyforming of gas oil at 900 psig was approximately 20 minutes.
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ABSTRACT

The purpose of this investigation was two fold: (1) to
evaluabte the polyforming process under catalytic conditions
as a method for producing mobtor fuel from a petroleum gas oil
uging a hydrocarbon gas mixture as outside gas under 0, 900,
1500, and 2000 psig reactisn pressure, and (8) to determine
the time of stream.for nixed=-gas catalyt;e polyforming ab 900
peig and 455 CQ .

Houdry fixzed-bed aluminum silicate eatajysﬁ was used Fop
all runs and the carbon was burned from it at the conélusion
of each run, The 1nvesﬁlgation was Conducted atb temperatures
varying from 5929 C. to 509° C.; and the liquid space valog~
ities used were 0.6 to 0.8 and 4,0 0 6,0 volumes of ¢hargs
per volume of cabalyst per hour. During & typical run; approx-
imately 430 grams of feed were passed over the 1000 ml. of
catalysto '

Characteristics of mixed-gas Gatalybic polyforming ave as
follows: (1) yields of gasoline increase with each additional

-inerease  of pressure up Ho 2000 psig at which poinb the yields

decrease, . (2) gesoline yields surpass those obtained from con-
véntional catalytic eracking using a Space velocity of 0. o «
0.8 hr.™L only at 1500 psig, and (3) carbon formation -exceeds
that occurring in cohventional catalytie cracking at compar-
able oil conversionsg,

It was found that the bime of stream best suited for m::“Lxead‘~
gas catalytic polyferming of gas oil at 900 psig was approximate-—
1y 20 minutes,’ :
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INTRODUCTION

Puring the last ﬁwe;ve years, the nged_fpr etonomy iﬁ notor fuel
produetion has festergd_the deyelopmept nf.a gumbg; of néw_proqgsggs
in pet:s}eum.tecpnoipgyw .wa Qf-thaeqé ?he polyfom&ing-pﬁg¢egé gn&_
catalybic crquing@ when applied teo gas‘oilg are of intereé%.tc this
investigation,

Gatalytic cracking ig a process‘for‘cogVérﬁing petrelaum'ffacw

tions in the fuel oil range inbto gasoline and other lewer boiling Irac~

tions, . This precess produces. a high octans gasoline in better yields

per pass than can be prqduced by thelmgl ﬂrackinég It alsp gives
greater yieldé of the lower melecular weight hydrocarbons Which are
needed for the menufaciure of 100 octane aviafion gasoline.

As cracking proceedsq‘a carbonaceous depqsit somgtimes called
"eoke" or “‘gar’oon‘" igs Lormed ‘upon the fd'atalys";:q The e‘oﬁpes‘iﬁipﬁ of

ﬁhis‘déposii‘ranges from CHy g to'ﬁﬂi¢ly Since the carbon reduces

the activity of the cabalyst, the bime on stream bebween regenerabions

is a fastor vital to the succe;sful economic development of any fixed~
bed eatalyhbic cracking procesgs

.Erosﬁ'(l)\investigated catalyst deae%iVa%ipn‘as a,re&ﬁlp of "c@kﬂ
ing™ by passing gas oil over a f;xed«bed aiuminum silicaté cataljgpy
The opérating conditions used were. as follows: space velocitﬁ'“ﬂbQVS
hro"l, température - 4509 Coy anﬂ pressure - Q psigs With a time on
stream of 30 minutes, the per cent conversion did not change from Hhab

obgerved at shorter times élthough the accumlation of "eoke" upon the

catalyst amounted to two per cent by weight, After two ours on stiream,
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the activity of the cg,talyst.gradually decreaged to 75 pc-;r cent of |
its original activity, In this case, the deposit of "coke" on tho
catalyst was five weight per cent, Aeqordigg to .Fros-é, this con~
tinued acbivity can be‘-_ gxpig;ne‘d_ by the fact that ‘the gag,éous by~
dgoca:;-*pons ars .spluble 'iq th,e _@flepes;;j.t apd‘_,-.céan contact thé ‘e‘atalyrst
surface despite bhe interferihg' deposit,

?resem fixedebe@‘ ca‘balyf::_ic eracking processes lixﬁi’s the ¢cars
bon aecumu}.atibn on the ea-bal‘ys‘?’; t'o abouth l@l we igh.t per c;éfrb which
corresgends approalmabely to 10 m:mubes on shresm, |

Th@ pclyfqrm pracess omploys theé principle of crackmg naphmha
and heavier o6ils in adnixbure with varying anounts q:f: norﬂag;l;y gag-
eous cheap hydrocarbong, with resulting increasgss in the octane _
numbe_:&,»and ab the same time allows a higher ﬂegree of converéien
per pass _‘ﬁhan possible in the Qrdinary thermsl cracking process ‘W:’}.'ﬁh\‘_‘
out an uneconomical increase in the pr?dmci;iqn of permsment gases,

thui;t 'e“c al (2) ‘ in a study pf‘"gaas 're.aetioné of gas with products
frqm n_aphﬁ:ha; Qz';ac'king found that gas (Cy ahd (34 hydrccarbons) éuppressad
bar and coke formab ion b; reacting with some of the preducizs frem the
cracking reaction which ordinarily ;mteract to form tar and col;eg I

was noted that lower bar yi elds were produced when t;he naphtha was re~-

formed in a high gas dilutien, Offubt eb al (B) showed that the same

$ype uf reactions bake place in gas oil pol yfmmmg. Gas oils which
tend to form coke ab moderate convérsions with ordinary thermal eracks
ing give increasing yields of gasoline when cracked Ain a one-pass op=

eration with increasing gas dilutions. The increase in yield is attri-
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butqd to the products fqrmed by thermal alk&lation, thgrmal polymerizas
tion, and other additéén type rgaetiaqs between the gas and ﬁhé reactive
cracked products of the gas o0ils ‘

The superioprity of eatalytié over %hermalneracking‘Led bey {4) to
an inVEstigatién %qweﬁaluaﬁe-the perQSSvoﬁf@as;oil‘gblyfa?ming ﬁ@dér
catalytic conditions using pxopane'as anﬂouﬁside gas. This process was
called datalybic polyforming, The yields of gasoiine ffmm the éaiaiy%ié
eracking of virgin gas oil wibth end wibhouy propane at different pressures
werevaompared, It‘was noted that atv the highgriprqéaures uéing propeyie
as an @uﬁsiﬁe gas en increased yield of gasoline was cbtainod ab g vems
perabyre ﬁhiéh'waa too low :am'thermﬁl polyforminge

Mﬂyfielé (5} invest;gated gas oil peiyf¢mm;ng undenr céﬁalyﬁie cahf
ditions using propane, iso»but&leneg and n~butgne ad the Qgtside gasess
Por all rups-using an outsi@e gaéﬁ the pressure, was held eeustant'éﬁ
900 peig and the tem@ergture and space vgloqiﬁy were tbe Vaniab%asi Aﬁ»
maspheric catalytie cradgingtof-gas gil gave a definite increase in gas-
oline yiaid‘gn ail eﬁarga over'ﬁhat_obtgingd from catalybie polyforming
with provenes A.;arge incredse in gasoline yieldquer'that obtained from
straight, catalytic cracking wasg noted for the iso-butilens eé‘h&l}(tic |
polyforming runs. Iy was further neted that the same rins made at a space
vélacity of 4-6 h$.*l gave an gssentially’egnstant yield of ggéoiine over
the antire'temééfatura‘range-iqvestiga%edq nﬁﬂutans_catqutiw polyfor
ing geve & definite ingresse in gasoling yieléréﬁaﬁlthat'oﬁﬁaiﬂdbie-fﬁ@m

atwospheric cabalytic cracking.
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E@lieh (6) “eveluated seyeral catalysts, both natural and synthebic,
f@r use 1n the cabaiyﬁle paly;ormmng praeessg Hormal butane‘wés uaed ,
as Gutsiﬁa gas and the runs were conducted aﬁ 200 psxg uszng a lwquld

space velocity of a«e hr &s Houdry aluminum gilicabe Laﬁa;ySﬁ-was

found to be $he eatalysﬁ best.suiﬁéd for éaﬁalytié polyforming &8 8 re-

sult of the fOlLOﬂlﬂg cangideratiomsﬁ 'Ql) Ebuﬂfy'catalyet was less
exPBHulVS ihan the obher synbhatle eatalyéts whmeh ylelﬁed a llke amount

of &ﬁsailneg and (2 ) there was no Qst@cbabl@ ;oss in éatelyst aﬁﬁiVlty

L on regeneﬂatiﬁh;mfter phe passage of QV-VQlEmbS of Peed per‘VQlume of

catalyatq' .
Ganenga ({7) investigeted the effect of 0, BOO, 600 900 and 1200

‘pound pressurss upon cabalybic polyforming using iso-butone as the ouhe

gide gas, Space velociby was held relabivsly consbant ab @%6 hrg*i@.

It was noted that the gasoline ylelds s%éaaily ineressed thvough $00

--psig and decreagsd when 1200 psig was applisd.:

The rasulbs oﬂ-ﬁhese previouswiﬁ5estigaﬁian5'inﬂicaﬁe thab. papaf-
finie gases inhibit carbou de9031t10n and alefinlc gdses metberially in
creas& the yields of gasollne end th@ ﬁhrcugh—mut of charge» Thesa ra-
sulis suggested that the use of a gaseaus mlxtqre simllar in aempﬁsiﬁion
to exﬁrgneous refinery gases would combine the advantages of ea¢ﬁ gepar=
ate gas. The synthe%ie gas mixbture employed in bhis investigaﬁioa’cona

sisted of the following constituents expressed-in weight per centss 30
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per cent n»’outane ILD per coanl 3.so-butane 2 20 per gcent 1se==b11 ylene 5

20 per cent ,p,:cﬂopa_nc—s.z, and’ 20 per eent prapymnag‘ The yields ‘é):i’ é;asoi-‘w

lire from the Ca%&ly{;:ié qraeicinég of gas oil with the oubside _gas.a_t _
0y 900, 1500, amé% 200@ _pou:a&s Pressure and _‘varying 'bempéra,tu:':es we'rs
eompared with the resulbs of r*ar,alytic e:v?aelcmg wrbhout a g;as. chdry
Eixedsbed synthetie eabalyst was used and the space veleeitxes were
held relatwely conglant ab OQS e 8 hr@"’l.@far eatalytic cracking -and
ab 4=6 hm =1 i’or eatalytlc polyi‘o:emmg«

In =addition,; the wneed for 2 &etermmatmn of the e,me of st.beam
for c:;tal:yi_;igi polyforming led ‘o the evaluaﬁi@n of t];xis process variable
at QQO ,psig“ ﬁsing the gas mixbure as the outside .‘gasq The opbtimui tem-
perature deteruined ab 900 psigy 455° Oy, was used with a space volot

ity of 4=6 hme s
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I1 BRUIRMENT, METHODS AND MATERIALS
As Bouipment

_ The ‘equipment used in this investigation consisted of a 0~1000
paig feactiag systenm, shown in Figurg 1; and a 0=2500 psig reaction
aystemﬁlshaWn in Figure'2§ Eqch :eae?idn.Systagwwag &ivi&ed.inﬁo'fOW?
major parts according Yo their funclhion; (;) feeding section, (2)
reactor sechion, (B) éundensiﬁgﬂand'raeaiving éectiun, and {4} gas
sectione | |

Low Pressure Unit

Ebediﬁg S@@ﬁionv*-Whev£eaqing‘s§¢tign igcluded a ni%ragen;Eylinw
der; a fee@ éylinde: and a Jerguson gages The fsed éyiin@er:was con-
strueted from an eighb=inch length:oflthréefinch;l@xﬁfa.sﬁrang steél
pipe, The pipe'ﬁaé threaded gt bqth gnds and fitted wiﬁh extré strong
steel caps which wers wglded on in‘the f%nal as.s'e.xz:;’t:CLy,é Both caps were
drilled snd bapped for\aneﬂhaii inah'pipe,and the inside.éf.%he gap
machined 4o faqilﬂate'draining; 'Thesa taps warg~fitte& with.elgse
nipples'gnd high pressure stainless steel. Kerobest globe valves, Fach
valve was Fitted with one~half to one-quarter inch stesl bushings and
brass on$+quarﬁer ineh‘pipe t0 ong~guarter inqh'aqpper #gbingqadagtensg

The bottom of the feed cylinder was cpnneéted tOe%he top of the
JErguéqn gage with copper tubing and a tee. The third side of the fee
was connecbed with tubing to snother ﬁee and in furn to tﬁe'Kbmotesh
valve at the -top of the feed cylinder, This line seryed te.equaliés
the pressurs acrOSS‘thg feed ¢ylinder in'order'to obtain flﬁ%ugﬁ faed

into the Jerguson gage, The other side ¢f the seeond tee was connected




| 510/
by tubing to a pressure gage.‘a,ncl niﬁrog&p cyf%julladgm Nitrogen wWas ‘1_'1_;:?(1
to furnish the pressurs necssggry to force the fee&'inﬁa.thg :eaaimr°~
The glaéf_s at 1?11.@5 back of thy Jerguson was q‘quipp,eq v}i‘th & 3{5111%{?1?%5*‘
@arent,?ume-bahind which waé placed & Llight %o faeilitate the rea&iﬁg
of the scale.
The bottémrcf the Jergmson was g¢onnected with exbtra étxoné steel

pipe to a one~helf inch, 6000 poumd Toglh valve Whlbh was need to rega~
late the feed rabe, The bottom of the valve wag comnecied to the top
af‘ﬁha regctor with one~half inch extra strong stesl pipe %hrgug@ a tee
gnd a union, the male half of which wes welded divecily %o the Sop of *
the x‘ea;cfi‘;qrq ’Sﬂhe off-stroam Sid‘?.af '*bhé tee was fitied with s Elaek-;.,'
Sivalls, and Bryson frangible dise safeby valve which was equipped with
a ;355 psig'ﬂbnel ﬁiaphragmr@isah&rging 40 the outside of the building
Through a one=half inch pipes

Reactor Section = The'reactariwas made frem a 15~inch lengbh of

three inch extra sirong steel ﬁiﬁeé.-WGldﬁd inbé the,boﬁtqmspf:bhe g
achor vsias a ope-half inch steel plé_vbe_eie béveled on the top side gnd driltled
atb th@ center for one-hall inch piggg Auonefeighth inch mesh stainless
s“bee_ih sereen o _ae”b as a ca'baly,?;'b support wag ‘ipser_iseti on tﬁ?P‘, Off the
beveled end of the plate. A.éixainqh.piaﬁa of extra strong é@eéi pipe
was inserted flush with the bevel of the plate and welded on the betﬁam
side. The threaded lower end of this pipe Was serewsd inte a tee, the
branch bemg fl thed with a 0-2000 pound pressure gagew ang, The Yun 16 8

ene-nalf inch, 6060 pound Vogt valye for regulaling pressure,.,
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The top of the reactor was threaded and fittéd.with an extra strong
stecl cap, to which the previously mentioned male half of the union had
been welded, An _ll/_l6’~‘~ine'h hole was drilled through the cap, thus glv- |
ing a smooth, continuous sprfaceh This designlfeaﬁure ﬂéeiiitéﬁed‘the
_changing of the Houdry eatalyst and the 500 ml. of agsorted size steel
palls which served as a prehester seetion om ﬁh@ ﬁop of vhe eatalyst,

In the final assembly, the steel cap was arc welded o the reaetﬁr body
to preventlleakage;

Bupports for the reacto: were @adg by welding two 1/8-inch low car~
bon steel rods to the rgaetor on the side ppposite the thermowells, Two
pieces of l/zﬁinch by'pneniﬁch flat bar sbtock were welded:te the sop .of

the cap and they, in %urn,'were fastened by 1/2-inch pins to the baek

of the barricade to keep the reactor from turning when bthe union waS‘being'

tightened or broken apart,

" Four thermocouple wells, made from four-inch lengths of l/éfineh iron
pipe sealed at one end by welding, were inserted ?hrough holes drilled
symetrically at thr¢e~inch intervals aléng the length cf‘théfraactor& The
wells were welded in plaée with the gn&s‘on the reactor axigf‘ Into the
wells were inserted iron«constantan'theimoeouples connected  to a Leeds
| and Northrup indicating poteujibmeter;‘calibrated in degrees qentigradé
and indiecating from 0-1100° G .

The resctor ﬁas wrapped with ashestos tépe& The tép Qne—haif of
the ¢eaetor Was wQund'Wiﬁh 30 feet of Nichrome wi:e with a‘rgsistance
of 1,71 ohms par Toob, ap&‘thfeaded‘wiﬁh‘p@npelain flish~spine ingula~

tors. The lower one-half was similarly wound, - Fach of these windings
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 Gpew five ampares raximun Lfrom a 880~vold aubobransiorser, . Thege whnds=
_ iﬁg:ﬁ wers coversd with a layer of mmmm; tepe and o addibional, 15
fmﬂg windings of Michrows w,ﬂ?a wspe placed avound $he z:am‘ma 13@43‘&1:::%—‘ .
ene on the bop amawmm c;f e gedtion end ong around she. bo Thom onge
bhim.—, Fach of thege windings wes Gonnsdied to a 11@»«?&33.,% Eiaue‘ii’*‘anﬁ*
LTormer and drew Live ampeves m’x‘ﬁr&mﬁ;’ The length of the readboy wag,
then amwveﬁ bl amﬁineh :m‘m whos blocks and mh@ em::tm wmm;ﬁy pofared
B m@h ag ‘bw%em ?&Lﬁa
| T antotFmnalormsrs Wers Buperiod ‘?'iaamie Gembany %:mamsai,m
Tha 11Gevolt psmzma’ss had 8 volbage ;njzaz;ges aﬁf =155 volts and wepe
fused ab '*?;-5 smporasy  The 2R0srolt ;’agamazs't%a:ﬁs had a range of O-280
- yolbs ama wore Puseld sﬁ bhies ammmm ' ' :
& 1/4=ineh sbesl plate m indhes by 9{1 ‘nehes was x\mmaﬁ %&mm

*m .«abﬁm{s.wy'mgk aud bhe veatbor was fagiened vo bthis plaa%m\ ghen
1/8=inch steel plate wolled into a semi~circle 82 inches in dismetey
and 40 :’;xmhas iong was hinged o the bawricsds 5o thed 1t %@ﬁl& ém‘s@
around the x*eam;m:* angd emm be Lashened e’;&lﬁﬁl;r with it,/ﬁ?;sﬁﬁ;mh 9:@34, |
A Lromd worl ws:ea i:ml‘b P ‘E‘mm the hm@n‘i gection ;sz Lot éai‘ m Jog
gnson gage and “beo miemra;ww of safety plats glags wore ﬁm%anea $n.
the Temumy This provided & safety wiyﬁ;a,w through which the gags ¢ould
bo eheerved during fmzﬁ’; ﬁcgum’cmng |

. Uondenning and Reealving »aaﬁ*b:uﬁzl w The bobbam of the ;E’%:ﬁsm"@ rops
wlating valve was i*ac;xmatfaﬁ b b a‘m;; of Y BOG mﬁ- mmt ﬁ%‘;i&ﬁ!s\ Li&mg
dendanger by upuns csﬁ a. ssha‘.x:% plgte of copper tubing am«arbaa vmﬂrmgh

4 peoprens stoppery A pmae of glans tabmgg wag sealdd mnm hek bat%mm
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 of the 1000 mli_flask'Which was used as a receivems The flask was im-
nmrge@ ié an ié@prapanql~dry icevbath'eonxgiqéd‘in a Qnengallcn Hhe rmo=
flask, The outlet of the receiver was cqnngg%ad by rubber tubing to
the gas éondgﬁging‘sysﬁ&m'shoﬁn,in Figure L.

| lmmé@iaégi?‘following the cold traps was a iee, the off side of
which was e;ﬁnécted.to a ‘800 mln,evaauaﬁed glass bobtle so that a sample
of the uncondensable gases could be taken during the run, The gas meter
following the gas- gample bottle, &as a three-liter Precision Wet Test
Meters It in'turn; was conmocted to a:bloW§ﬂewn.line t0 the outside
of the bui}din‘g.,

The distillabion equipment‘consisﬁgd of & Lé-plate oidershéw‘cblumn%

a head sﬁitabielﬁbr either high or low temporature fractiona%ign, gn&
two vapor traps, The head was filled with dry iceaisopropanéL‘fer iow‘
boiling constitnsnts and with wet ice for those boiling abbvé ééd Co The
distillation. flask was hea#ed,by a 110#volt, 550 wabt heater controlled ’

by angther autotransformars
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High Préessure 'Ur;i?p

Feading Section - The feeding section consisted of a z‘smnp@ a fead .
eylit_z‘derﬁ, ané a Jerguson gage, The ,f‘e'ed cylinder u.saé; was congbrucbed.
in a similsr msmper as the one for low pressure Tuns with the exeeption
bhat it was 16 inches in lengbh rather than 13, _This added capacity
.Was a means of allowing -for the hejd~-up-in _the pump and the 2C feet of
_ tubing leading to the reactor, A short lemgth of 1/8-ineh coppsy bubw
ing comnected thg cﬁrlindexé to the Jerguson 6882 T];is large tubing,
tggaé;har'with the pz’ea'ssuré_ equalizabion line shown in Figure 2; insured
the fres flow of feed to the Jergusom, The botbom of the Jerguson.was
connected by 1/4~inch copper tubing to = sbainless steel Ke;:rotas'b' globe . .
valve, ;.hs only purpose being t‘cg .za‘ié,\ in 'b{h@ eontrol qf the inipial m%a' -
of feed, The yalve was, in turn, cqnn,ee'i;'sd b:,r two lengths of bubing to
each side of the double acting puiyy

Feed to the reactor was accomplished by & Hills-McCanna, Yype UM-2F,
single unit, two feed, 1/4 horse-power pump, The pump was. coﬂn‘ew'beﬂ. o
the top of the reactor by 1/8«ineh staf.mless steal tubiﬁg and Weatherhead
Ermste pressure coupiingé and Littings.

Reactor Section o The catalyst chamber was consbruected from a three-
footppises of 18+8<C, Type 347, 2~1/2~in¢h exbra strong IL.F.S, pipes 4
2«1/3»—indh velding cap; fiﬁed with a short lengbh of l/zeiné’h extra
strong pipe, was welded to the lower end of the gﬁéz‘;nless stosl pipe a An
extrd heavy ’a_ee was fitted to the 1/2~ineh pipe to hold the 4-foot long,
1/4-inch standard pipe thevmowsll which exbended through the Teactor along

the ce ntral axis. The rémaining opening of the tee was fitted for the
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escape of éracked 'products,, This was accomplighed" by inserting a 1/2=-
ineh pipe into the off-—-sidé of the fee and .al;ewing it $o probrude hori-
zontally through the re'aef;‘dr gaseo An extra s8hrong ell was screwed on~ "'An
o the shor$ léngbh of p;pe snd was fitted with a siz-inch ;".Llipplev_ lead

ing to an extaﬁa“s‘n';rong"tee@ The brangh’ of the tee was sonneotied o a -
0~5000 pound pressure gage and the run b6 a 1/!':;~-:‘i';nch., 25 5005 p@und stain=-
less steel Aminco superpresieui!e vzglve,{ This ‘bype Vglve neeeséiﬁate_d the
usé of superpressu';e couplings, bushings, and - tubing made by the American
Instrument Companyy l o

4 8-1/8 inch exgra strong welding neck flange was welded to the top-
of the reactor and 2 2-1/2 inech extra strong blind i‘;ange boi*bed b0 the.
vvelding neck ;E:Lza‘nge@‘ Prevention of leaks wag made posaible .-"“ny jnsgx**bing
a stainliess steel gasket betweon the flanges in the Final assenbly. A
short ni‘ppla was _v@lﬂ@d to the flange and was, in 'i;um, fitted with an
~ e:m‘;,z.'a strong crosse The top opening of thls cross was connecled to &
high: px‘?ssure-_’doke 'z'lea’qlle vallve by means of a ocme-~half to bne-:-quart‘er fneh,
bushing., An Brmsto te;e; was screwed into the vglve and the Fun openings |
were conneched to the feed lings froﬁ the pump, Anocther opening cbﬂf the
crogs was -sim;i_la::ly :fit'bed‘ with a Ho}t;e. valve fo ',,a‘ffprd a means o:ﬁ' p\irg:‘mg
the chamber with nitrogen: The remaining opsning -é’ras, eqﬁnagteé;g'%y a short
nipple to an exbra sbrong ~heeg The off-gbream sidé ol '-b,he-'*i:.‘ae. ngs_ fitted
with a Black, $ivalls, and ﬁfyscbn frangi’o';g _siafﬂarbg,discwhivh was.equipped
m’ri_*th a 3100 psig Monel .diaphragm. dis.:éhax*'ging to the ext,c‘e':t‘«iof of the, build~
ing by a blow-down pipe. The run of the tes was connected -Eb another Hoke
N ' SRR

_ - . N ; N "”-i MNE PR ’
valve to permit passage of ailr inbo the reactor for the. caj;gg:%?;b _bﬁ'rﬂwéofgi@g; Y

R
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The reaehor was originally designed %o held 3000 mls of cabalyab.

At the bime @he dggign was.made?'itlwgs beligved that liguid space vel-
goities of 0«5 “ 1.0 haur'l would be~ep§imu¢ﬁ SuESeguent régaareh with
$he QOQ pound m;it showed 'bhat. th@; p:i,;";';(}@"ss qpe:;*‘m‘;eﬂ gfficlently st liguid
spage velocitias oft 4a6‘honr*1s _It Was NOCESSYrY, ﬁhefeforeg‘ﬁé.w@dqge
the eatalyst volume from 5'600 mly tfg 1000 ml, This was ajl@_ne ’u,y\ ﬂa‘prieatu-
ing a nunber of eylindrical mild steel inserss which'ééulﬁ_fi% snugly
inside the reactor bub ailow sufficign% space for the flow of f@eé:be*
tween the dnserds and the thermbwell¢ These blocks also gffectively
seryed as a preheafwsecﬁiaﬂg _

The auﬁgida of the reachor was énmpiaﬁely'wxapped‘mith.gsbestoéztape
and then wound with five 48-foot leagths of Nicm.:*omfs wire with a resig-’
tanee of 1,71 ohms pér foot; and threaded With'ﬁ%reelaiﬁ fish—spinecinsul*
ators, Three cf the coils furnished the heat for the prehest seeti&n'aﬁd
the remalning two covered the dgtalyst section, RHach of the windings drew
six agmperes from a ilOéVﬂlt au#at:ansf@rmaﬁé '

Emur*iroﬂvaqnstanﬁan‘%hermoeadples'weme inserbed inteo the thermowell;
one jun&t&en was placed in'the‘prehéaﬁ section and the other three were ‘ |
equally spaced along the 1B5-inch cataelyst beds Fourvhole porcslain insule
ators were oblained from the Stupekofs qupgny‘whichvwere of swmall enough
d iams be ﬁa thaﬁ twe aeparééé lsngtha of the in$ulators écui@ BQ simuiw
tanecusiy‘insarted-into +he 1/ééineh thﬂxmgwgl;;:’This-arrangamgnﬁ made
possible a permament thermocouple rather thag‘néééési%aﬁing,a probey  The

. . c . . .
theprmocouples wers onneched o the potenbiometery




The weactor wag housed in a a‘i;éé; cazey the shape of which was ad
loverted i’mr:‘ﬁ;mm ‘x:;f a pyramidy | The &ima;ﬁssicms of the siden were 1/4w-
i’nc&x by 17 iﬂgi{z@aé by eight _.{nmesﬁ by &0 inshes; e éiﬁé$ zgax*é fag= .
behed mgeﬁhﬁw by $illet weldlng 1/8=inch by 3.-4.*3‘/2- inoh angle ivdng .
in the cozners of the cas 4 Ty Cronk plabe was bolbed bo ‘%m;r{wéminw
i 60gds off bho angle frony The — shablilided by Wheve aﬁa&x‘xi@iﬂ |
| piped whidl weps t:;a‘l&m bo tre Gops of the sidey epd wers oxt anz_l’ad B |
the Ploor to forn 3 *ri&;@%g In aﬁaiéicm two short lengihs’ of angle ivon
ware welded do iaha Pop of Vhe dase and. be the laboratovy Tfi?:‘zk& A ohes
Tach nols W ﬂz*im@d in g BOwingh g;s a0 of l/xiumm Lals hv—m s’we}x m;&
was bhen slipped over the cmesinch Wige sxbendding fvom the BLind méolk
flonge of the mamﬁﬁaﬁa Thig piste was then planed to the f%iﬁé'ﬁa of this
case o bhal fi:m i"eaﬁ%# wonld bo ﬁigﬁﬁi? held in plage, ALS az* the Tean for
had hz:‘san lowsred inbo placs s the mé@@ hotwoen the :z*eﬁm‘:w a}aaﬁasa was
conmple ta:i.f fi.:l.lesci mah dia%emamam earhh s mininize %hfs h@aﬁsﬁ :msse:a,

The remad mxw; :gswﬁss ol the aysbam wers zmﬁnhmal o %;hm'szc used for

tre 1000~pound, unitil




B, Methods

900 psig x‘ﬁn_s

' The feed cylinder was evaduated with a Ceﬁc,o Megavae pump; charged
with the desired axount of ga’s qil, we ighed en a zodkgf caéaei'ty tri}_g],e
beam balance, amli'thevn .pla;%d in a refrigerabor mainfained at ~40° ¢,
to chili the e;l, After the oll had been thqrcughly chilled, the cyl—
indér was placed on a ‘qa;l.ance and connected to the bank of ﬁlixed gas
by means of Saran tub ingo After the scale had been i;ared the desired
amoun'b of mixed gas was. sdmitted to the feed cylmder by openlng both
anneﬁ%ing yalves, The Aa’c‘bual amount of oubside gas was Qet@rmined by
rewe ig;hing; the cylinder on the balanc.,elwithout the atbached tubing, The
conbents w@m Ath‘en allowed to warﬁ to room temperature.

-The, raac‘z"ac_ar was heated until the thermocouples indicated that the
temperature was Suf_ficit.antly high for. the reactor to average ’che_ des;red
temperature i‘or the run. Af‘ber opening the feed rate and pressure regu=-
leting valves, the system was flushed w111h a short nitrogen purge a.nd
the valves-then reclosed, To the Dewa;* f£lasks eozj_talmng 1sc_:»pro.pan014
dry ice was added unti] carbon da}oxide was no longer evolved,;;,; Thg éas
sample bohtle ~was: evacuated;,\:weighed, and connected to the 'syste;nq, The
Teed cﬁliné.er was then connscted in’m the system as shown in Filgure l
and 300 pou:ads of nitrogen pressure was applled $0 the balanced pressure
feed system, The Jerguson gage was filled wn.th a portmn c«f the charge
b;'y opening the valve at the bottom of the feed cyllnderﬁ

The thermocouple readings were nobed ab the start of the run and

conbinued ab one-minute intervals throughout the duration of the rumg
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Timing of the run began wheun thé'feedfrégulating valve was op@nei? Feed
rate was determined by nobting the time for any‘géyen drop in liquid
lgvel ;n the gég@ which had Eeén pfeviously célibrated; ‘Fof a"space vel-
.ocity of 4~6-hfe'l, the feed rate was mamntalned at 17 linea¥ centimetérs
or 85 ml. per. minubeo |

As a resulﬁ of thé closecl gxressu:c'e regulaﬁmg valve the hot expand-
1né gases wibhln the reactor caused the pressure gra&ually to rmse, yi)
differential baek»prersura of 100 pounds was malntalned during thls pregsure
rlse.through the use of the nitrogen cylinde:e When the pressure ‘reschsd |
900 psig, the pressure regulating valve was opened just enough‘tc maintain
this pressurég The systenm remained static ﬁnﬁil the and of the féeding
pericd which wes indicated by a sharp pressﬁre rise in the faactor-segﬁian
as a result of the 100 pound bagkwpreSSume, The féed valve was immediately‘
clos@d and the reactor reduced to atﬁgspherie breSSure at apéroximately
‘the same rabe it had benn'ﬁressufiszg During this depressﬁrizdtien; a
gas sample wag ﬁakén% The gas was allowed to eem@ to room temperature,
balance against atmospheric pressure, and weighed, From these data, the .
Lengity of_ﬁhe noncondensable gaseslwas determined%

Upon comnleﬁion of £he run, thé feed eylinder was removed from the
system,and welghed the amount of oil charged thus being determlne& by
%he differenee. The recslving flask end vaper brapa were removea from
thg gystem,‘W1ped‘dry‘of‘lsopropanol gn& 1mm@diamely’we1ghed to determine
-the'weight of the condenséble product, 'Thelliqui@s wéfé‘pcﬁred_inﬁq the
receiviﬁg flask and the total weight recorded, The flask was‘ﬁhen attéghed

to the Oldershaw column and distilled for gasoline t6 2640‘6; end ﬁcintg
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So that any traces of-oiluin phﬁvmﬁéctqr might be recqvgréd;‘the rg-
actor wag éqng@ctea througn a seriés of'céld trabs to the‘vaeuungpﬁmp
and evacuated, The reactor @és simulfanéously bufged“with nitrogen which
aided mateﬁially.ih reeovgring the,laﬁt‘ﬁraees of bila The iecéveied.
matérigl'was‘wgiéhed and added into the weight balance as residue since
under theée cénd;tion; the potenﬁial gaseline in it would be ﬁegligiblea

Distiliétion Procedure

’Thexééeiving'flésk which contained the eopdénséblelgaées iﬁ:adﬁi%ion
o crackéd stock was atbached to the Gldershaw:eOIumn by means of a ground
glass taper jain%§ Ths:distilling'head and ’16*2500.65 thermometer were
also attached by‘m@ans of ground glaSS'jéints asing silicoﬁs graasa és.
the sealing coﬁpound; The head was filled with iéopropanol~dry iceg The
product talke-off was connected to two Vapor‘traps placed in Dewar flaékg
whieh also contained isopropanel«dry‘iceq fhe vapéfs in ﬁﬁe pct;were 8l~
léwed o reflux until a Vemperature uf;”15° Co was reéchedé‘ Ihé autqtpanéf
former was sgt at 34 v¢lté and tﬁe diéiilla$ian all@mad o procesd t§.§g o
At this point, afber a period of total refluxy the vaper traps eontainiﬁg
the lights wefe welghed and3replacediby a we ighed éasoline trap was placed
integ a tyenmoflaskg When the'ﬁemperature approachgd 206 Gs, the isopro«
panol was zemoved and web ice inserted in its place. The distillation was
then allowed to proceed to 204° ¢, for é final reflux. The gasoline so 6b~
tained was weighed and the residue was weighed when the column reached room
tgmperaturé;

Catalyst Burn-off

During the run, a deposit of carbonaceous maberial was laid. down upen,
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i:he_'_ paﬂ;‘alyst‘ reducf_t_ng its activity and necestsitat.ing_ a bux‘nf-off aﬁ‘ter each
Tun, 'in -efder ﬁhat a Qr:eﬁ‘.nhi; balanc‘e might be established fo;'- the sys’aem;
the waight of tha.s carboa laydovm had +¢ be datermined This was accomp+
lished by. passing air at a constant rabe through the gas meter and into
the reac”gqx WhllE?.I!l‘aln'ﬁalnlng‘ the reactor Jsem;_)e:c-ature at about 400 Ca ,by
means of the he,at’ing éle‘méntsp ‘The effluent gas wes analyzed 8t regulan
intervals by means of an Orsab appgﬁcaﬁus'-bo dé;termine_the por cent of car-
bdn diéxidé; carbon monoxide, and oxygen, These ger cents were plotted
and the carbon lay—-down wax ¢alculated as shswn in the sample caleulatlense
The temperature of t:he burn=-off was maintalined below i;he sm’aermg t&mperas
ture of the ga.t,alysrt,b about 600' ‘Q; " by con*broll.;mg the rate ab whi‘ch the

air was admitted to the reactor,

Desermination of Per Cent Oubsids Gas in Feed Gy;indém? at End of Rur;

Sea_zﬁple.s of ’.131’16 gases remainipg in th@ feed cyligde;' were baken at 1000
psig and also after the eylinder pressure had been reduced to 'BOG psige
These ssmples were analyzed with. the lw.r-wts:rm)erature gadwfrac*bmnat ion unit
o deuermme the per cent mixed gas remaining in the feed cylinder and not
charged, The c'i;ﬁ:a obtained were incenclusive; so the _me’chod psed by Mayfield
(3) was adopbed, By this method, the valves of the feed .c_ylim:i'e:e‘ were closed
at _’Ghe end of the run before the feed .sys-bgm was ds.greséurg‘zue@.;"_ The feeq
was thén removed from the system and the resic_lual, gases, containing nitrogen
and mixed gas, were bled into a 34-liter tanki ; This allowed all the mixed
gas in th:a cylinder 4o vaporizg and be acqoﬁnﬁed for. in the ana;yéis of the
low~pressure gases in the trank. Analys is showed “she residual, mixed ges té
be 10 gramé:, This value of 10 grems was used in the ealculat ions ef all runs
involving an Oll'bSELde gas, Sincd the 10 grams was outslde gas uncharged, ig

;
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wag subtracied from the weight of gas charged to the feed eyliﬁ&er priaf‘
to each run; and céalenlabions were baséd on the corrected gas weight,

1500 and 3@00 psig Runs

The proceduéa*in'these‘muns Was‘gs%;#tially thg saimg as dese£ibe&
for the Qqq psig rung with the gxeeption of the differénee in féed rété
regula%ieng~ A‘ | '. . | ‘
| The feed eylinder was filled with an additional 70 gm. of charge %o
cémgensate fqr_the'holdeup in ﬁhe‘éump and feed lines, It;was then caﬁé
mected to the top of the Jerguson gageé in the usual MATNET The gage
Wgs‘fillgi by gravity flow and the ?eéd pUmMp was startégé ib@jprqper
feed rate was obtained by & tria}nand error adjustmsnm,of ﬁhé pigton
sﬁr@#e‘SO that aASPaca veloeity of 4ﬁ6 hr‘“l wguld resulb. .Timéngfof the
run beéan when ghe firsﬁ_pressure.rise in %hé reachtor wag noteds Qhé regh

of the procedure was idenbtical o that deseribed for 900 psig runsq
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Gy l\ﬂé‘f;eriaiv g

Tho ga§ oil used in this investigation was @ Borger, Texas Vu?gm
Gag ml ub tained :ﬁ‘rom Fhillips Fe broleum Gompany, Laboratory 1nspec_t,1.on-
da‘td for the' vzrgm gas 0il are glven in ’I’able Iq

Tr'le‘ outs;@‘a_e_' gas use_d wes rga.xturep‘f 30% mbui;ane_ y 0% iso=butane 5
2()75 .iso&bui;;}glerie;.f 20% propame,’ am;i 20% propylene preéparsd by the Mm%hew

son Company.




- 2 -
II1 SAMPLE -GATCULATIONS
Ca;culations off spaee‘mﬁoeitﬁg weight of pémmanent gases, carbon
lay-down on tﬁe cabalysﬁ’frcm.burnéaff anglysisy'overuali weight balance,
-yisld of gasalinaé per cent conversion, and‘per cent ul%éma?e yield.are
presented for run Number 15 as typical of all the ruﬁs made.

A, Caleulation of Liquid Space Velocity:

Datat
Volume of eatalyst in the veadfor = 10000  mls’
Peeding bike -~ . &) 6,58 mih,
Weight of charge. = 444.0 gm, .
Density of ¢hargs - 0.8 gm./mle
Voluea of charge % 535,08 mly

Space velocity = 555 ml, % 60 mine/hts 2 5,05 hrg~t

8,58 min, % 1000 mile ‘
B, OCaleulabion of Weight of Peymanent Gas:

“Datas |
Volume nf.uneondenSable‘gaSes S 40,0 1s
Volums . of gas sample bobble # 208.8 wml,
Weight of bottle amd gas ® 124,115 gme
Wedght of evacuated bobile = 185,955 gma
Weoight of gas sample by difference = 0,182 gmg

Weight of permanent gases = ’
40 1o % 0,182 gm, #8350 g

0.2082




Time
(tain.)

3
15
30
60
90

150
180
210
270
330

Air
(Liters)
13
13
25
50
o1
48
40
43
46
47

By
Q2

9.0
10.4
11.6
12.6
14.0
12.4
10.8
10.6

5.8

1.0

C. Calculation of Bum-off

Analysis

@

2.2
3.8
7.3
7.8
9.0
10.0
11.6
11.8
5.9
0

@

0.6
0
0

0
0
0
0
0

9.0
18.0

Data:

Ave.
(60

4.5
9.9
11.0
12.2
13.6
13.5
11.6
10.7
8.5
3.3

(Plotted on Figure 3)

From Plot
@ °9
1.1 9.3
3.2 0.3
5.9 0
7.7 0
8.3 0
9.6 0
10.7 0
11.8 O
95 4.2
3.0 134

By Diff.

N2
85.1
86.6
83.5
80.1
78.1
76.9
7.7
77.5
7.7
80.5

/eight of Carbon = 69.12 x 640 x 273 x 12 = 28.1 pja

22.4 z 760 x 303

Vol.

Gas

12.1
11.9
23.7
49.5
51.7
49.5
40.9
44.0
46.9
46.4

Bff.

Vol. #
ae"Cco

5.6
13.1
16.5
19.9
21.9
23.1
22.3
22.5
18.0

6.3

Total

Liters
Q2 4- 06

.68
1.56
3.91
9.85

11.31
11.43
9.13
9.90
8.44
2.92

69.12
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D. Calculation of an Ovor-all height Balance:

Data:
Veight of cylinder and charge =z 10850
Weight of cylinder after run
(Atmospheric pressure ) s 10396
Weight of gas remaining in cylinder = 10 g
Weight of material charged 444 =
Recovered material:
Hydroca bon liquid product s 164.9
Condensable gases 2080 2
Permanent gases s 350 2
Carbon from burn-off s 281 g
Oil from catalyst bed 3 1.0 o
Total weight recovered s 437.0 o
Weight of charge lost by difference s 70 o
| per cent of charge lost =7 x 100 - 1.58
444
E. Calculation of Per Cent Gasoline Yield:
Data:
Gasoline from distillation = 818
Gas oil charged = 2630
per Cent gasoline on oil charge =
81.8 x 100
263 - 30.75 .
F* Calculation of Ber Cent Conversion:
Data:
Residue from distillation = 115.0
Oil from catalyst bed = 1.0
Total residue " 116.0
Per Cent conversion on oil charge =
100 - 116.0 x 100 55,9 #

263.0
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G. Caloulation ©f Fer Cent Ulbimate Yield:

Dabas
Por cont gesoline on oil charge T B0.75 %
Per cont conversicn on pil charge 2 BB5.9 %

Por cemt wltimate yield * 30,75 x 100

55,0 % .
BB ,,

Caleulabion of* A,pportlonmea.%z of Carbon Per Pass for the Time on Stream

Determination: ‘ ‘ : .

Tl}e procedurs Lollowed for this deﬁgminat ion was to pa;‘:ﬁ';s_ abqﬁt'
450 &ty of e’hg:fge over the catalyst during a six-minube per:fa(;d,,_ q;ﬁé‘ .
hydrocarbon liduid pxjodueﬁ was collected apd dishilled. FJ?OI;A Fhis ‘,dis;
tillatioen, ‘the per géen% gé.sc;line yield and per cent conversidn per paés
could be calculated. Six such passes were made and the carbon was '
burﬁed off the ca’caiyst at the end of the cumumlative 40-minute per’ivo&pv
Thus, a method by which the carbon could be apportioned per pass was
needed, ’

Aocording to Frost (1), gasecus hydrocarbons are soluble in the ear-
bon regardless of the éﬁlount of deposit.  In obher words, afbey an ex-
tended time on steam, ’sﬁa Tormation of carbon is still due to eatalytic
action rather than to Ghermal eracking. TVoorhies (8) in a sbudy of car- |
bon fom&iﬁigﬁ in Pized-bed cracking found that there is a good ‘éorrelw
tion betmeﬁ feed siock eomrersidx;t and carbon yvield based on fesd i"or a .
given catalys*iz», foed stéck, and %empératui:‘@q Tt may be mentioned thab
there are humerous other data available Whmh show thab conversion is

linear with the' logarithm of carbon yields *
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Sinee Figure 4 prepaved from runs _lBa‘lB', prasents the above rela-~
tionship Tor mixedvfgaé po;yfqrming aﬁ.soo psig, the carbon deposi‘bfad "
per pass during the 40~mina$e residenég time could 56 deﬁghmined'f?om
the pem cenf conversions ealculated from the disbillation residuese
The following data iilust‘ra-te' this p‘x‘j"ogedureg

Total. carbon from burnwoff = 11640 em.

o Por Cent Oar- B "
Run, Blapssed Par, Cond bon éon Fesd Weight Revised

Noo __Time (Min,) Conversion (Figure 4) Carbon  Carbon
86 ' 6,55 B9.5 - 7.B5 32,0 83,8
26 13,58 46,9 " 470 2045 21,7
a7 18,91 45,5 4,50 19,8 20,8
28 86,83 . B4,0 8,10 13.53 " 1446
28 55,55 51,2 2,85 12:5 1336
50 40,08 2844 2,55 10,18 12,0
Potal 108.6 116.0

‘Sincs the weight of carbon determined from Figure 4 did not quite
total 116 gm., , equal intrements were sdded s0 that the revised carbon

would meet this qusnbitye
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| IV RESULTS ‘

Runs 1,2,3 and 4 in Table 1I present the caﬁalytle cracking of gas ‘
oi;‘with a Houdry eynthetic aluminum.silleate eatalvst ab Low space vel=
oeitiasn Fpur atmoapheric runﬁ were made dt tempewatures varylnﬂ frmn
415° %o 509° Ce spaee‘velo@iw was held be%;vggen 0465 and 0,75 v«»lugga_s
of feed per volume of' cafalysﬁ ber. hour,, ﬂ

A plot of per cent gasollne vield as a i'tmctlon of per cent conver-
sion is shown mn Flgurezsp The highest yleld of' gasollne obtained frq@
the mtalyi;iq cvackmg of gas 0il was a396 per cent a,'i; 4299 Co Thls
point, however, does nob qccur at the%peak of the curves The Sren& of
the curvs-iﬁdicatés that the maximnm‘jiegd-mf gaéolims is appréximately.
54 per centfa% a.temperatﬁbe neér éﬁob CP

Tﬁe théofaﬁical figure, ultimate yield on oil chérgp,.is qéléqlatea
by‘aaéuming'that ail of the matsrial boiling aboyg the gésoiine range
would, upon'rgcycling, sffect the same ccnva?sioﬁ. This theoretical |
f;gure ié p;ot%a& as!a.funcﬁimn of per qen@ converéion on oil charge
in Figurelén_ It is Seen that a,maximum‘mltimate yield of gasoline was
nob .‘Obtaiﬂﬁ&p ' o ‘ | ‘ o

Runs 5; 6, and 7 in ﬂ:aﬁ;é II presght the catalybtic cracking of gas
0il at high space velocitiééQ_ Thres atﬁ@gpﬁeric runs were made at tem-
peraturés varying from 380° C. to 444° C.; space velocity was held bow
twern 4.35 and.4,4 vpiumes qﬁ feed pér v@lum@'of“éatalyét‘psr‘hoﬂfa‘

At comparable comversion, approximafély 25 per cent (rela%ive) more

gasoline was obtained at low than at high space velocities.
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The sole purpose of ilwes’uigai:iné:”ca’salyﬁié cr“aeking Was to estabs

lish a basis ‘b;sr which mu{ec"z-gas eab?,lymc. polyfermmg eould be evaluated

It is well agr-eed that space velocities held bebween 065 and 1.0 valumes '

of :teed”;'per' volume of ¢abalyst per hour arve bes{; suied to catalytic
cragkingq | ' | A |
| Ivzayfia‘ld (5) Tound that gasoline y:ie\lds from iso~bubylens palyforme
ing weie éﬁnrexima-&ely the Sans. whether obtgined, at s;ﬁacé, valocit ies of
440 50 600 hz‘g " or 0.5 40 1.0 hr. ‘l,, On the basis of this obsezvation,
the hzgher space Yo locity was chosen fcu the :.nves‘alg,atmnq - |
Thus gasoline y:.elds from mixed«,gas polyformmg a‘b ha.gh space el
oeities will be compared W:Lr.h those obtained from eatalyisl.c crakhmg at
Llow space Vélocitleso . o _
Tab{yé‘ 111 presents the '_ ;-e;gl'ts of mi:;ed@gas ea‘%:als;t ic polyforming
gé,sj Qi.'_L at 'a’f_:mqspherj;c pressure. . b ive runs were made ab tempera‘hures
vg:c:,ra‘lﬁg from 4(;50. to 475° Cs ;:"“sl)ace velocity was he;‘i.d_.be-tx’_rxeen,‘ 4.5 and

4,8 volumes of feed per volume of cabalyst per houre

A pl‘qt?,of ;bea:- .cenis gagoline yield as é function of per eenbt comnver-

sion i,s shwﬁ in Figure 7. ;The curve shows $he maxlrmm yiel‘& e‘f g.a;alc;}l*
line as Zﬁgéj pnr een{; at 4:6:,!5 pex cént‘ Gonversiﬁr{; The gasoline yz&ld
thenp was 2758 per cent lesg rala’clve than i‘ar atmesnhez-ie catalytic .

cx_*ack:!.nga ’I‘h@ curye . shov’ing pew‘ cent ultimate yield of gasoline Yersus
pew eem, ;sonve:g-smn in_Figure 8 is alsov‘lowéf 't:;mn .fqlf' the Qa‘oaly-‘bie '

_ Eracking curves , | | R |

The ¢onversion products; carbonamd permanent gas, tenéi Ho be more -

N Ryt
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pronouncad when the gas onl.ls crackpd in the presence wf the mixed

gas '

| Runs 15 to 18 in Table v presen% the catalytic cracking of gas

011 aﬁ 9@0 p31n in the presemce of mixad gas. Six runs were made aﬁ \\ '

temperabures ﬁrom 392° to 498“ Gy and ar space velaeltlcs held bebween :\\

%92 and 5.15 yolumes of llquld foed pex valums of c'abalvst per hours N
Figure 9 shows the plet of per eenb gasolln@ ylelﬁ as a funet:en

of. per copd CQﬁYeTASiQng‘. {3311;5‘ maximmn yield of 5,}@;-75 per e,emn‘; csc;mzmead

ak 455° Os and at a eonyarslmn of 85,9 per conte- This yleld mépresents

a relative increass of 15:6 per cent over the ai;mfspheme polyj'ammng N
y;elng The yields éf gasmllne frwm.c@nvenmional crmakingf hcweverﬁ
still.vurpasq those obtained by migsd-gas palyforming a4t 900.pslgo
The relaﬁionshlp between ultimate yield on oil ehaﬂge and per .
cent: conver51an on oil charge shown in Figure 10 1néleates hhat the
maximum yiel& is obtained at approxmmately‘$92° QQ; $his yieldrls
logss ﬁhan for the dtmospherxc gracking curve. | '
Qarbon deposibion is gmeater and gas formabtion is legs ab 900 n51g '
than for atmospherlc polyforming,
‘Runs ].9, 20 s ‘and 21 in Table v presem; ‘the resul“cs of‘ mz.xed-agas
catalytbic polyfevmlng gas oil at 1500 poun&s Pressure, Thrae runs werév
made ab. temperatures from 439° to 480° G, and at space velecities held
hetween 4¢6 and 4.7 volutmes of fecd per volume of catalysb per heur,
A ploﬁ of per cenb gasoline yield as a function. of per cent conver-
sion is shown in Figure Il,‘ The yielg of gas ollne was 55«0 per cént Pof
each of the"three runs madég The wonversion range was.llmlted as a rQ~'

.\.\ N
v




o BB
sult of two operational difficultiess (1) a temperature lowgr than
470° G¢ would nob égvelbp the desired pressﬁre‘with‘a SOG‘ém@ ch&rg#,
~oand (2) a temperabure higher than 480° G, developed pressure g0 -rap-
idly that viclent surging aecqmpanied pressure regulation. The B35 per
‘cent yieldg represent a welasive inqré@se»af three par oent ﬁv@r the
yields of gasoline obi:ai‘zied by convenbtional G&’&élyt‘:gé oracking, - The
ultimate yield of gaseline at 1500 psig as shown in Figure 1% is also
slightly greaﬁér than for atmespherié cfaeki;g§
Rups 22, 23 and 24 in Tablg ¥ present the Hﬁxeavgas_cataiytic poly=
forming of gas oil at 2000 psig, Three runs were made al pemperatures
varying from 4409 €, to 4700 0. space veloeiﬁiés were @51& Eé%wwén 463
end 4.9 volumes of feed per volume of cabalysh pér houre
A plot of per cenb g&ﬂﬁl?ﬂ& yield #@s a funtfion ¢f per ¢ont con~
version is shown inm Fipuve 13, The cnrv.e is wery gimiley +o ths 1500
psig curve, ;‘hes yields of gasollina Iaz-“e B0 per cent for. the conversion
' PRNE sﬁﬁdiad§ The reason for the narrow conversion range has besn pre-
yiously disqussaé? It will be neticed fﬁontthe éurve that in erder o
cbiain comparsble conversions; a lower hemperature is requived at 1500
pounds than,§% 2000 psige 'The curve showing ﬁer cent ulbimate yield of
gasoline versus per cent convérsiﬁn in Figure 14 follows a trend similar
%o the 150@ pound Quxve., #he‘exmeptibn,beipg a gggz“pay éenﬁ relative
decrease in yield a% conversions ef 56 per cents | ‘
Tgﬁla VI praseﬁms the results of the tims of st&?am‘datew@§nation
with gas oil and mixed gas abt 900 psige S;x runs were made ab %empara*

tures held relatively consbant near 455° ¢, (the temperature toéund o




w BB =
be opbimmm ig Figure 9}; space vglcc;by'wgs hel@ botwesn 4.5 snd 5,12
volumes éf feed pex volume afﬂﬁatalyst‘pef hour, ‘

A plot of eumﬁlaﬁiﬁg Wéight pey cent of convergien p£w§ueﬁs as a
funchion of c?acking bime bﬁlégme_cq sﬁr@amyis shown iQ.FiEﬂTQfl&g The
yialﬁs of‘gasmline end pérmanent.gas ha&vdecreased abaﬂ$‘%hmea per aénﬁ
at the end of 8@ minutesy Upon eontinne&'¢raeking; the yﬁg;@s‘Of the se
products répiély-dgcraasédé T4 will be ngtiﬁad’thaf the weight of’eérw
bon on the cabalyst is approximately .a linsar yggariﬁhmic Tunehion with
time, ‘Phe curves show that the Gatalyst_retaing wosh of‘iﬁs 6vigigal
activity after 4¢'m;nuﬁes dgspiﬁe the considerablenamonnd of‘aafban

which was depogited,




V SUMMARY

The results found in this investigabion may be sunmarized as

follows:

()

(2)

{8)

(4)

The. mc‘r’easa of reactwn pressuz'e used J.OI' m1xed-gas cahalytm

.

-

‘ polyfo:ming of gas oil reaaulﬁs iﬁ a dafmlte increabe in vaso-—

line y;iei_td until :«O@Q psig is reached at whieh point the ymlds
decrease o - H |
Caﬁbﬂf?‘t’ deposition imre‘aaseg with each additional p:t?wésuré in-
grease,

Gas fovmation in mixedegas cabalytic polyforming is ab a mini~
mom pear 1500 ppunds. px_*essux'e,_

Carbeon i‘omahion in mized-gas .ca’calytie p@ly;fcrnling is noiico«
‘ablyf greater then in convenblonal ‘@&‘balyt_i(: c‘:zfaclc‘i_ng?
Mixed-gas catalytic pglyfqrmiqg at 1560 pounds pressure gives
& definife increase in ga'soline yield over that obbainsble
from a“bmospherlc catalyt ie bmc.king, | ‘ 3

A sui‘tabla bime, raf “tream faz' mixed-gas ca%alyﬂbw polyfeming

is 20 minubes,

X The ."c:*.esuln%s of ‘the time“ of stbeam &e‘termmation tend"ém :‘Lndic;ate

. '{;had; frixed-gas ca*baj,y{,ie nolyformmg cw]d be epemtad at a ¢yele

thraughmut considersbly gfeater than thad; used in normal patrol-

eum oracking.-
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Catalytic Cracking of Gas Oil at Atmospheric Bressure

Run No. |
No. Runs on Catalyst 49
Avg. Reactor Temp. °C. 413
Space Velocity hr. -1 0.75
Material Charged

Outisde Gas

Charge Stock, gra 264

Total Charge 264
Recovered Ikiterial

H.C. Liqd. Prod. 233.7

Condensable Gases 4.6

Parmanent Gases 3.5

Oil from Cat. Bed 5.0

Carbon by Burn-off 6.45

Total Recovery 253.25

Losses by Difference, gm 10.75
o Losses on Charge 4.46

Distillation Data _
At. of (7-204) C. Gasolinegg.3
Wt of Itesidue 120.6
At. of Condensable Gasesi 26.5

% Carbon on Total Chg. 2.44
o Gasoline on Oil _Chg. 32.7
» Conversion On Oil Chg. 52.4
fo Ultimate Yield 62.4

2

47

422
C.65

84.0
104.8
31.7

2.56
33.6
57.3
58.6

TABLE |1

3

48

432
0.70

267
267

215.7
23.8
14.3

1.6
12.4
267.3

-0.3

-0.11

A oo ©
0 &~ ®

pOW
©O~NWH  Coh
oONND o~

4
50
509

0.67

—ml —»

261
261

192.4
31.9
17.7

0.8
15.3
258.1

2.0

1.1

o140
N wWw

Duw
BP0 NW
-hCDOO% RPNO

)

6
398

4.35

38

IR
NO1Io™
~NoN®



TABLE 111

Mixed-Gas Catalytic Polyforming of Gas Oil at Atmospheric Pressure

Run No. 8 9 10 11 12
No. Runs on Catalyst 44 45 46 51 52
Avg. Reactor Tenp.° C. 405 412 443 458 475
Space Velocity hr.”1 4.6 4.7 4.8 4.65 4.5
Material Charged
Outside Gas Synthetic Gas Mixture
Outside Gas, gm 156.4 149.4 165.4 158.4 148.4
Charge Stock, gm 259 264 259 267 270
Total Charge 415.3 413.4 424 .4 425.4 418.4
Recovered Material
H. C. Ligd. Prod. 219.7 226.1 203.1 176.3 149.3
Condensablo Gases 152.4 157.9 188.5 208.5 215.8
Itermanent Gases 5.9 6.8 9.1 22.6 39.2
Oil from Cat. Bed 155 6.0 11.3 2.9 0.9
Carbon by Bum-off 10.5 11.2 11.3 11.5 11.6
Total Recovery 502.7 403.8 408.0 421.8 416.8
Losses by Difference, gm 11.6 54 1.2 3.6 1.6
% Losses on Charge 2.7 1.3 0.3 0.85 0.38
Distillation Data
Wt. of (7-204)° C. Gasoline 51.4 53.4 56.0 71.0 67.3
Wt of Residue 153.3 164.4 146.7 140.1 118.4
W. of Condensable Gases 137.8 137.7 153.1 134.0 133.4
% Carbon on Total Chg. 2.5 2.7 2.7 2.7 2.78
ia_Gasoline on Oil Chg. 19.8 20.2 25.4 26.6 24.9
w Conversion on Oil Chg. 34.9 35.5 39.0 46.4 55.9
% Ultimate Yield 56.7 57.0 65.1 57.4 44 5



TABLE IV

Mixed-Oas Catalytic BolyTonaing of Gas Oil at 900 psig

Run No. 13 14 15 16 17 18
No, Runs on Catalyst 42 31 32 A 33 41
Avg. Reactor TempeoC. 392 430 455 470 492 498
Space Velocity hr.~1 4.95 4.92 5003 5.15 5.09 5.0
Material Charged
Outside Gas Synthetic Gas Mixture
Outside Gas, gm 161 157 181 170 166 164
Charge Stock, gm 268 270 263 269 262 271
Total Charge 429 427 444 439 428 435
Recovered Material
H. C. Ligd. Prod. 224.7 202.6 164.9 168.2 125.6 178.4
Condensable Gases 153.0 170.0 208.0 210.6 186.5 192.4
Baroanent Gases 18.9 25.2 35.0 21.0 60.0 64.6
Oil from Cat. Bed 12.6 0.5 1.0 0.6 0.6 1.6
Carbon by Burn-off 15.1 20.5 28.1 29.4 44.5 45.4
Total Recovery 424.3 418.8 437.0 429.8 417.2 422 .4
Losses by Difference, Gu 4.7 8.2 7.0 9.2 10.8 12.6
Losses on Charge 1.1 1.9 1.58 2.1 2.52 2.9
Distillation Data
WL of (7-204)0C. Gasoline 59.0 79.3 81.8 80.7 72.3 70.5
Wt of Residue 162.6 134.2 115.0 106.3 81.1 74.9
Wt. of Condensable Gases 97.2 140.3 147.5 161.1 125.5 137.4
# Carbon on Total Chg. 3.5 4.8 6.2 6.7 10.4 10.4
» Gasoline on Oil Chg. 22.0 29.5 30.75 30.0 27.6 26.0
s Conversion on Oil Chg. 34.5 50.1 55.9 60.2 68.8 71.8
% Ultimate Yield 63.8 58.8 55.0 49.9 40.1 36.2



TABLE V

Llixed-Gas Catalytic Iblyforming of Gas Oil at 1800 and 2000 psig

Run No*

No. Runs cn Catalyst
Avg. Reactor Temp. °C.
Avg. Oper. Press, psig
Space Velocity hr.”

Material Charged
Outside Gas
Outside Gas, gm
Charge Stock, gm
TotalChargo

Recovered Material
R. C. Lirid. Prod.
Condensable Gases
Permanent Gases
Oil from Cat. Bed
Carbon by Burn-off
Total Recovery

Losses by Difference, gnu
@ Losses on Charge

Distillation Data
WL of (7-204)°C. Gasoline
Wit. of Residue
Wt. of Condensable Gases

$ Carbon on Total Chg.

s Gasoline on Oil Chg.
% Conversion on Oil Chg.
s Ultimate Yield

19
4
439

1500
4.6

155.5
256.5
432.0

249.7
137.5
12.9
3.9
28.8
432.8

-0.8
-0.2
93.1

113.1
137.8

o UTW
N OB O
N ©~

20
6
449
1500

4.7

Synthetic Gas Mixture

152
264
416

216.0
127.4
25.5
3.5
36.7
412.1

3.9
0.9

N 00 ©
INNG R
DD O

U w
ArOI®
nhO®

21

)

480

1500
4.6

180.3
255.7
436.0

183.2
164.2
29.0
4.8
46.5
427.7

8.3
1.9

89.5
63.2
152.9

10.7
55.0
73.4
47.7

22
7
440
2000

4.5

195
306
501

265.4
181.7
17.8

27.7
497.7

3.3
0.7
91.0

143.9
161.0

G1UIN
NP oo
OOl

23

8
460
2000

4.3

202
304

263.4
170.7
24.2
8.3
36.5
503.1

2.9
0.6
91.8

126.2
167.3

SIS YN
HPOON
oo



Time of Stream

Run No.

No. Runs on Catalyst

Avg. Reactor Temp. °C.
Cumulative Time on Stregm, min.
Space Velocity h r

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

Recovered Material
H C. Ligd. Rrod.
Condensable Gases
Permanent Gases
Oil from Cat. Bed
Carbon by Calculation
Total Recovery

Losses by Difference, @n
k Losses on Charge

Distillation Data
WL of (7-204)° C. Gasoline
Wt of Residue
Wt. of Condensable Gases

% Carbon on Total Chg.
% Gasoline on Oil Chg.
i Conversion on Oil Chg.
®Ultimate Yield

Determination

25

35

456
6.53
4.74

164
271
435

163.5
201.0
315
0.4
33.3
432.7

2.3
0.55

315
108.9
155.4

7.65
30,0
59.5
50.5

TABIE VI

e Gas Oil »ith Mixed Gas at 900 psig

26

36

463
13.33
4.30

Synthetic Gas Mixture

173
262
433

196.1
188.1
27.3
0.5
21.7
433.8

1.2
0.28

71.6
138.9
144.3

5.00
27.4
46.7
58.6

27

37
460

19.91

4.96

167
265
430

208.0
155.9
33.2
0.3
20.8
418.2

14.8
3.42

72.0
144.2
128.0

4.80
27.0
45.5
59.4

29

38

456
26.23
5.12

166
264
437

225.8
156.7
26.8
1.1
14.6
425.0

5.0
1.16

80.0
173.1
113.3

3.39
22.7
34.0
66.7

20

39

458
33.53
4.50

165
423

220.3
166.9
27.6
0.3
13.6
428.6

8.4
1.92

59.8
187.0
121.2

3.11
23.0
31.2
70.5

30

454
40.08
4.85

162
261

234.8
154.1
21.0
1.0
12.0
422.4

0.1

0.00

50.5
186.0
134.6

2.84
19.35
28.4
68.2
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Schematic Diagram of High Pressure Unit
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Figure 3

Composition of Effluent Gas During Catalyst Burn-off



CARBON ON OIL AND GAS CHARGE

48 -

GAS OIL WITH SYNTHETIC GAS MIXTURE
SPACE VELOCITY 4-6 HR-1 PRESS. 900 - PSJG

% CONVERSION ON OIL CHARGE
Figure 4

Effect of Conversion on Carbon Yield at 900 psig



GAS OlIL
SPACE VELOCITY 0.6- 0.8 HR

% CONVERSION ON OIL CHARGE
Figure 5

Effect of Conversion on Gasoline Yield at Atmospheric Pressure



GAS OIL
SPACE VELOCITY 0.6-0.8 HR

% CONVERSION ON OIL CHARGE
Figure 6

Effect of Conversion on Ultimate Yield of Gasoline at Stmosipheric Pressure
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Figure 7

Effect of Conversion on Gasoline Yield at Atmospheric Pressure lith Mixed Gas
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GAS OIL WITH SYNTHETIC GAS MIXTURE

SPACE VELOCITY 4 -6 HR™ PRESS. 900 PSIG
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% CONVERSION ON OIL CHARGE
Figure 9

Effect of Conversion on Oasoline Yield at 900 psig With Mixed Oas
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Figure 10

Effect of Conversion on Ultimate Yield of Gasoline at 900 psig With Mixed Gas
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SAS OIL WITH SYNTHET C GAS FIXTURE
iISPACE VELOCITY 4- S HR-' PRESS. 1500 - PSIG

CONVERSION ON OIL CHARGE
Figure 11

Effect of Conversion on Gasoline Yield at 1600 psig With Mixed Gas
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Figure 12

Effect of Conversion on Ultimate Yield of Gasoline at 1500 psig wtth Mixed Gas
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GAS OIL WITH SYNTHETIC GAS MIXTURE
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Figure 13

Effect of Conversion on Gasoline Yield at 2000 psig with Mixed Gas
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Effect

GAS OIL WITH SYNTHETIC GAS MIXTURE
SPACE VELOCITY 4-6 HR-1 PRESS. 2000 - PSIG

% CONVERSION ON OIL CHARGE
Figure 14

of Conversion on Ultimate YleM of Gasoline at 2000 psig with Mixed Gas



CUMULATIVE WEIGHT PERCENT

GAS OIL WITH SYNTHETIC GAS MIXTURE
SPACE VELOCITY 4-6 HR-1
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Figure 15

Effect of Stream Time on Yield of Conversion Products at 900
psig With Mixed Gas



91’3813

A STA RIES

(MR

3 1762 10014180 1

HN378
H17s0

lng oF gas oi]

gas mixture.




