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Abstract:

This investigation was conducted to evaluate the available commercial cracking catalysts as to their
applicability for the catalytic polyform process with n-butane as the outside gas and to determine the
most desirable of these catalysts for this process.

A small laboratory-scale fixed-bed catalytic polyforming unit was used in which 1000 ml. batches of
catalysts were subjected to operating conditions chosen to duplicate those which would be used in a
commercial unit. A standard charge of virgin gas oil and n-butane was used throughout the
investigation. The average temperature was varied for each run, while the pressure and space velocity
were held constant at 900 psig, and 4-6 hr.*-1, respectively, A total of eight commercial cracking
catalysts were tested. These catalysts were: Cyclocel, Filtrol, Houdry, synthetic bead, HF activated
alumina, silica-magnesia, chrome-alumina, and molybdenum-alumina.

The over-all results obtained in this investigation indicate that the Houdry catalyst is superior to the
other catalysts investigated with respect to gasoline yields.

The maximum gasoline yield obtained with Houdry catalyst was 1.5 absolute per cent higher than that
obtained with any other catalyst. Synthetic bead and silica-magnesia also produced relatively high
gasoline yields. The Cyclocel, Filtrol, HF activated alumina, chrome-alumina, and
molybdenum-alumina catalysts produced such low yields of gasoline per pass, that further
consideration of these catalysts for this process was not warranted.

The ultimate yields, carbon deposition, and gas formation with the Houdry catalyst were similar to
those obtained with silica-magnesia and synthetic bead.

In general, the use of Houdry catalyst seems warranted in any commercial application of the catalytic
polyform process, especially where high gasoline yields are of primary importance.
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 ABSTRAGT

~ This investigabion was eondncted to evaluate the avail-
-able commercial craeking catalysts as to thelr sppliecability
for the catalytie pelyfomm process with n-butane as the oub-
side ges and to determine the wmost desirable of thege cataw
lysts for this pregesss = = . . .

A small laboratory-seale fixed-bed catelytic polyform-
ing unit was used in which: 1000 ml, batches of egtalyhsts
were subjected itn operaiing conditions chosen to duplicats
those which would be used in a eommercial unit. A standard
charge of virgin gas odl and n-butane was used throughdut
the investigation. The aveTage lLeiperature was varied for
each Tun, while the pressure and space velocity were held

eonstant at 90C ysig; and 4&& hr,™%y respeetively,

A total of eight commerelal craecking catalysts were
tested. These catalysts were: Oycloeel, Filtrol, Houdry,
synthetic bheady; HP aectivated alumina, silieca-magnesis,
-chrome«alumina, and molybdenum-aluming,

The over-all resulbs obtained in this investigation ine
dicate that the Heugry satalyst is superier to the pther
catalysty investigated with respect to gasoline yields.

. The maximum gaselipe yield obtained with Houwdry catadyst

wag 1.5 absolute per cént higher than that gbtained with

apy other éptalyst. 8ybthetlie bend and silicp-magnesia .
also produged velatively high gasceline yields: The Cytlocel,

Flltrel, HF activated alumisia, chromé~alumina, and molyb-
d@hum~aiumima eatalysts produced sueh 1@W'yieids of gasoline

per pass, thet further consideration of these catalysts for
this. process was not warranieds -

‘The uitimate yields, carbon deposition, and gas forms
ation with the Eaudwy'ea%alyst were similar to those ob-
tained with silicg-magnesia and synthetic beads

In geneyal, the use of Houdry catalyst seems warranted
in any commercial applieation of the eatalytic polyferm
process, especislly where high gasoline yilelds are of primary
impertance.
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I INERODUCTION

4 Waterial and finanelal cconomles forced upon the
"petraleum inﬁusﬁry-withim.th@ last ten yeafs have ﬁ@ster@@'.
‘the development of s number of mew progesses im petrolemn
- yvefining, Two of thése whigh are of interest teo this dne '
"V€$®igﬁtiﬁn are Qatglytim eméakiﬁg,aﬁﬁ ﬁhe polyform pr&aﬁéﬁﬁ
_ The eatal&%i@ eracklng process is an efflclent aﬁ&‘
" gatisfactory meané of p?ﬁ&meing'higﬁ‘QQality'EVi&ﬁiﬁﬁ.&ﬁﬁ
"motor. gagolines from gas ollss Throughout the war perdeds
the commercial eatalybtic cracking units were éevgﬁe& te the
pw@ﬁﬁeﬁimn of aviation base sbock ﬁugatﬁew‘wiﬁh large
quantities of bubtanes and butylenes that were used to make
alkylste as a high_actané blending agent or as a raw maters
" ial for synthetie rubber, Binmee the war this progess has
been &e%etg@_l&rgeiy o the ;rméugti@ﬁ of wobor gaseline.

The éam@Wally higher yield and guality level of the
eracked motor gesoline over that of thermal covacking is the
priﬂeiﬁie advantage of eatelytic eracking. The gfaﬁually
rising standard for 3ﬁﬁmm@ti§éigaaﬁiiﬁe:m&é,feraéd the re-
plaﬁ@ﬁénﬁ of thermal araakimg; whieh produeed 6570 cctane
gasoline, with catalytic cracking making %@rectane o
higher. It has hean noted {2 3 'th&‘h. Jihls hzghei‘ q@aiﬁ:’hy
of catalytically cracked gasoline igl;grgely due to the
presence of isoparaffins and the sbsenge of normal pavas

ffins as well ag te its high sromatie content.
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. The polyforn prosess, %ﬁ-é@@ﬁﬁiﬁed.by orfutt et ol (B),

' 4s an efficient means for prséuéimg high quéiity motor

gasoline bybﬁhe ﬁh@:&al conversion of naplithas or gag olls

at high tempersbures and high pressures in the presence of

‘reclreulated hydrocarbon gases. These Light hydrocarbous

in the furnage make pagsibie & subs%amt;ally gfea%er‘&egfee

of severity of eoracking by lowerlng the average moleculay

weight of the e¢liarge ﬁh&m i% is,ymssible‘tm achieve in aon-

ventional thermal progess, These gases also winimize tar
and coke formation by iﬁﬁeradti@n with gpany of the ﬂlefiné

produced; some of which wonld otherwise undefgé polymesre

Jdzatien to form tar and coke. Ab the sswe time, the con«

ditions of temperature and pressure srve sultable for the

- eonversion of Ci and G, fractions into paseline and increass .

ing yiaidﬁ_éf ga$ﬁlimé are obbtained at higher gas diluti@mg#
The propane amﬁvbuﬁahe.fraetimmﬁ recyeled within the pyaeesé
ére in meny emses supplemented with extraneous refinery gas
streams for adGitional yields of gasolinesy

, The aﬁvém&gggs of the polyform process ¢an h@:?eadily
seen in the at@#getiva yields. of mﬁtﬁr-gasslinﬁ; whieh.are
obtained in npaphtha pplyfarmiﬂgg having A.8.7.%. octane
mmbers of 75-80 and Tesg&rgb oetane numbers of 84w?§ withe

out the addition of tetraethyl lead (10}, Turthermore,

mccording to Offutt et al (9), gas olls are readily com-

verted te gasoline by the polyform protess. For example,
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& light parafiinle gag oil eatt be converted to gasoline’
‘with a yield of 6Qw7o per cent and an oetane numbeil of
73~76-AQS@TQMA in-a single'pass; or a light catalytic cyele
stoék can be converted te 5060 per cont gasélime of 76-82
oetane'mumber@“ | _ »

To incorporate th@,&&@anﬁgggs of the thermal @ciyfﬁrma
ing and eatalytic eracking pracéSs; Dev (3) inwvestigated
the process of gas oil polyforming ﬁméer~eataiytic Gon-
 Gitions using propané &8 the outside gésg"mhia progess
was called catalytic polyforming. The ylelds of gasoline
'frqm,tﬁe catalytic eracking of virgi@.gas oll over Houdry
catalyst with and without proﬁane at different.pressures
were gompareds This study showed %hat.an'ingreased yield
of gasmline_cpu@& be obtained at highex pressures in the -
catalybic pelyform process using propane as the cutside gas,
The incressed gasoline yield was ehbained at t@ﬁperaﬁuwes |
lower than those for thermal polyferming,

Wayfield (7) investigated the catalytie pulySorming
‘of gas oil using propane; isobutylene, and n-butane as the
‘outslde gases. Thers sgeemed to be some indication of ine
@feaseﬁ~gasaliu& yiélﬁ over that obbained in conventilonal
gatalytic graekimg When.iscbutylens and n-butane were‘nssﬁ.
as the outside gas, This ipcreaaed.yiéid-af gasoline was
alsé,feparted.%a be obtained at space veloeitles somewhat

“higher than thogse nermally used in esatalytic cracking.
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In @rder te add to uh@ available infermation on caba«
| lykve paivformmngg bhig investigation was undertaken to
evaluate the adaptability of the available commercial crack-
i@g catalysts to this process and,de%ermine_ﬁhetheﬁ‘mr nag7'
'tbé_prceess gould be lmpreved by the ehaice‘of-eatalystﬁ

Catslytie c@askigg has been esrried oul pgiﬁcipally;by
means of two catalystss (a) the syﬂthetié silica~-alumina
‘eatalysts'as typified by beads, pellets or powdery and (b)
the patural or clay cabalysts $ﬁeh as'Filﬁrgi-or Gyﬁloealj
Other catalysts such as silica-magnesis (1), chreme;aiumina
(53 . molybdenun-alwaine 6535 and HF activated alumina (8)
mamé beeﬁysmgge$tedg | ’

The comparative merits of synﬁh@tig and maﬁufal cata«
lysts have been the subject of much study since the btermine
ation of allecut svistion gasoline menufacture, One of the
| ﬁhief ecmpetitive factqﬁs_.is the large 5ifferen¢e‘in eost
between synthetic and natural eaﬁalygtﬁﬁ ﬁh@vnatmrai eataw~
lysts heing mueh cheaper. 7o offg@t.the ﬂiffareﬁ&é in priece,
.,hmweVer; synthetle alumlng catalysts ave genarally conceded
to nake suba%anﬁiaiiy;iess‘aarbon and to give a higher octane
gagoline thanﬁthgnaaﬁuyal type catalysts unﬁer_emmpazable
conditions, Simpson et al (12) stated that a'substﬂﬁ?ial
yield and quallt} increase wWas obhtained mﬁth synthetic bead
catalyskt as compared to clay calalysts,. Anﬁerscn and Sterba

(1) indicnte comperative A.85.7.8%. octane numbers of 80,3,




-79auﬂéﬂ€ 82,1 for natura 19 eilicawmagnasmag and Slliﬂm&
alumisa catalysts. respectively., .Richards@m eb al (11} found
‘that silica-magnesia was sm@ewieriﬁg siliga-~alupine dnd -
- patural elay -catalysts with résp@@ %o gasoline yleld. The
‘@@taﬁ¢~numhefsa howgver s wepe lower Tor silicawmagnesia . than ;;'
for silica~alimina but approached those cbtained with natural
Qﬁlay catalyshe miay-eﬁﬁalyﬁﬁs wwwé fmnmﬂ by Eﬁams,{%% to be
Hfaaﬁlly polsoned by ehavge ¢ -ﬁmaks‘kigh in sulfur and pdtcos
gen componnds, ﬁ@metmmes-tﬁ a.prmhiﬁiﬁiva $a€e of deerease
in gasoline yleld and increase in gas and coke formationy
wnareas'%hé_syn@hetiQ bead egtaiyﬁt ig not affe&ted'in,itﬁ
‘efficieney by such sﬁacksé Hatural ﬂ&talyéﬁs are alse
softer and ave therefore destvoyed more rapidly than most
gynthetie ﬁat&&ysts; Ehmsg whan ali'af_ﬁhesa f&a%ufeg are
welghed in an over-all refining anaiyeiﬁg it is gaﬁéral&y
indicated that the low cost advantage of natural catalysts
is Gftam & $uperficial one ané that synthetlic &aﬁalyﬁﬁﬁ-are
justifiable in mayy easesQ Eemamﬁévaf the lower émet of
natural cat#lystsa howevars their use should uxmayw be cone
1§ered in any eapaiy% atudy .

Varicus test methods f®r1§V@lua%ing fhé ag%ivity.of a
" ecatalyst have beem proposed and used by iﬁdust?yg' These
pr@ceﬁnr@s fall into twe pfincigal greupss Ome group of
methods ;q hased on phywiual teste whilek use surface«area

reactlong to determine the activitya Thres compon math@ﬁs
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of -this type are thgfﬁo%assium hydroxide adsorption test,
the arematic éﬁéérptiom index, and the mitragén.aﬁscrpﬁi@mkui;f
sﬁffaaewareé'mﬁasureﬁéntg In contrast with these methods,

| ﬁﬁé'séa@ﬁﬁ'%yﬁe'ﬁf eatalystw&cﬁivi%yimeasuremanﬁ ig based

on a stendardized laboratory eracking @p@‘mtiﬂh@ The ca%aw _
Iyst is placed in o smell eroacking unpit and & serdied ov

rang msde uynder conditions which appreximate plant condies
tigns to determine tle gasoline preducing ability of a eaba~
dyst a8 well me its tendsney te form carbon and gaseons
products, Although physieal tests are of interest and
H%iiity in evaluating new gatalysts, this dirvect technique

is certainly the best way %o arrive at the activity of a
gatglyst; ingomueh as the conditions te which the catelysib

ig subjented ave essentiazlly the same as sre nged in the con=-
werelial unit and the amount of gasoline, Cafb&ﬁ% and gaseous
products produced sreée actually measured.

In this investlgation the standard precedure fer actie
vity aaterminatien:ef the catalysts used was of the second
type, The éabalysts tested weres @yelocel, Piltrel,
synthetic heéﬁﬁ gﬁ'aeﬁivéted alumina, sillca-magnesia,

ehrome«aluning, molybdenun-alueing, end Houtry. .
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EE EQEZI«E\«’%}"\E’" EBTHODS, AND MATERIALS L
_ | " BGUIPEENT
. The equipment used ih ﬁﬁia-iﬁvesﬁigatiﬁn,e@msisﬁeﬁ of

the G‘tmﬁlzﬁelpsign reachion systen which is shown in a
‘schQWaéic drawlng, ﬁigure 1, A &iétili&ﬁiaﬁ'ﬁﬁﬁt amé.&'gaﬁf”
analysis unlt were used in comjunction with  the reaaéimﬂ |
aystens The regction system w&s c@myoqeo pf four najor |
hqem%imns*~ the fw@mimg seehion, reactor section, c@ﬂdeﬂ&&ﬁg:
and regsiving 5éetxmng and the safety sQﬂépment, . :

FEEDING BECTION w'The-féeﬂimg-s@etimm,iﬂelﬂﬁ@d-a ni%yp&
" gen oylinder; a feed cyliﬁder; and @ Jergusnn,gége; :The '
feed eylinler uas e&nﬁtruﬂ%eﬁ from an 31ght lnch.seauxen
of three iﬂ%hg extis ﬁtr@na»sﬁaﬁl pipe. The pipe Waq thregde
ed at bmnh ends and fitted with pwbra -strong steel capy which
were welded to the plipe. Bolh caps were érmlisé and ‘tapped
for one«half inch pipe and the inside of the ¢ap washined
down o faciliﬁat@ drainimga .The caps w$ya<fitﬁed-wiﬁh aiﬁéé
nipples of exbra-strong steel plpe end bigh pressure staine
less @ steel Kerctest globe valves mf 3000 peig caamaiﬁyﬂ
Each vaiya wag fitted with ans%haif to. one~quarter ineh’
steel bushings ab & hrass onewqua?t@r iuch pipe to one-guarter
ineh copper tubing ddapbers.
~ The bottem of the feed cyllﬂ@ef was cuﬂmecteﬂ to the
top of the Jcrgusan.ga@a wwth copper tubing and a bes x4 The

 third side of the tee was econpected with %&b¢nﬁ to another
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tee and in twrn to t@eiﬁafﬁtest yélve~at the top of the feed -,
cylihder¢; Pressure equalization by this iina WaY néma35ary |
in ordey %m‘aﬁtain flow of the faed inte the‘sargusan_gagea‘
The athex si@e.@f the: seacnd tee was connected by tmbing'
to a pressurs gage and nitrogen eylinder.. Nit¥ogen wes
-used to furnish th@'preéénrafmeaeﬁaary'ﬁﬂ'fﬁrceltha-feaﬁ
‘into the reactors |

A semifransparent plastic centimebter scale waa'fasiemad
iﬁtO'the-baekvaﬁ*ﬁhe,ﬁergusgn gage and a light ﬁlaéﬁd‘hehinﬁ
3t te facllitate the reading of the sesle. The Jerguson, gage
was %han-aaiibrat@& go that the waiﬁme_@f iguid La the gage
Cwronld be known for any. reading on &h@ Besles - -

The bottoem of the erﬂusmn.ga & Wwas c@ﬁ@aataé ﬂith
extrs strong steel plpe %o & one-half inﬁhg 6000 p@ﬁﬂdg
Vogt valve whﬁch Was us9a Lo adgust the rate of feed,  The
bobtom of the valve. was cmﬂﬂﬁﬁheé ﬁiramtly to the reﬁatmr
through one~half imah;axtxawsﬁﬁuagg short nipples, 2 one-
half inch bee, and 2 one-half ineh union. The femdle half
of the union was welded direectly to the top of the reactor,
The off-stresn side of the bee was Tltled with a Black,

- giwalls snd Brysom frangible-dise safety valve, equipped

: miﬁh_éyigﬁﬁ‘psﬁg Hemel dlaphram. Th@*ﬂtm@sghﬂrie Pressure
gide of the safety valve was c@ﬁnect@d to a’ bl&wwd$Wﬂ line
leading to the oubtsgide of ﬁhﬁ bulldings

REACTOR SECTION « The reacior was nade ??om a fifteehs
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ineh seetion of ﬁhree4imﬁh-aiﬁ”a strond steel pipe. The bop
of the. ?eaebrf WaS threadeﬂ s?& 1i£xed'with an sxtfﬂ streong
,qfeel cﬁp te Whmga the pvevhmaﬁiy mamtianedymewia balp of
. the um@n heith bem wmem. The ;atezsﬁ. v;sap was vzmld%eﬂ am,car
hbe threa ‘%ﬂ5 mjpc in uh@ flﬁﬁl aqs@mblgw &n 313 /36 mnah
hede was ﬁrﬁlled thraugh th@ cap nsine the . hmla in th& unﬁOﬂﬂ
as a Jig.. Th@ éﬁlargea hola facilﬁbaied bhe ahaﬂglng mf the
catalyst and th@ 506 mi. @f assox ted q¢ze @tecl halls which
wepe g}aced on top of %ha rataly"ﬁ to. agt as a preheatc@
'sachiwnn: The aatal?s* fiilaa %hﬁ &@%@r 13, imaheg @? ?he |
ks %@T bady aﬂﬁ tha remasﬂzng f&ﬁ“ 3ncbms Hore fil?ed wmth
tna bt@@lrh&llﬁp Niﬁ@*ﬁifteﬁﬁth inah in é*am@ter balls
Weﬁe?théila%gé%i.size~used %ﬂﬁbhwjprﬁﬂheﬁtﬁ?# ,
’elﬁ@ﬁ iﬂh@ the bmﬁtam ef tbé reattor way a Qﬁemhﬂlf
inch 3%@@1 Blatﬁg b@voled @m bhe t@p slde and dfmliea at .
" the ge mtem for ame~hal£ ¢n@h ?1?05; & @namaaghth 1ﬁnh staine
>1é é 3 eei smreaﬁ was ngeyfed mm‘%mp Qf thv bﬂv?l%ﬁ eﬂd af
plate ia act as a &atalyﬂt su@p@rb@.'ﬁ S@etlﬁﬂ of extra-
stfaab,emavhalf iﬂeh stee? pgpe was. lmueft“d fluwﬂ h with the
.heVﬂl'ﬁf”tQE'plﬁhﬁ and’ ¥ eidﬁm an %h@ b@ttam qma@g Thig pipe
was’ thraa& aﬁnﬁké'lmWQ eﬁd ané qrfwwed 1n£a & tee: ﬁ
' @aawhaL§ lmgh, @@@O pﬁﬂnﬁ Vag% valva was rmameeﬁﬁd on Lh@
'run mf bh@ tae iy mﬁana Qf a ghawt n;yp%p of Qﬁbfa s%renw
plpes Thig valve wae u%e” %c regul&%@ the presshre in the

resctor. A 0<200C ns&g presabre gage st conﬁpe%eﬁ to tJG
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‘brapnch of the tes and was used o indicate the pressure ih
the reactor, A one<helf te one-fourth ineh bushing in ‘the-.
lowar end aﬁ the valve was fitted with 'a brass Titting and
spproximately three inches ef eopper tublng,

Forr thermocouple ﬁeliﬂ,-méﬂe from four ingﬁ.lengths
of one-~elight 1pdh steel pipe sealed at one end by welding,
'wére inserted  through heles drilled symetrically at three
ineh interwvals &leng the 1@ﬁéﬁh4@f the yeaetor, These plpes
lﬁére welded inte the reacteor sueh that the sealed ends were
along the axis of the reéagteor. Irvon-constantsn thermo«
couples were imserted inte the tharﬁgwells and gopnected
¢ a Leeds and Ferthrup dndicating potentiometer, calibrated
“to vead from 0-32008 Gy o

A safeby wall of Qnﬁwfaarhb ine h steel @1aﬁ4g 25 inches
wide - aﬂﬂ 72 inches long, was @?@ﬁtﬁﬂ bebind the E@ﬁmﬁlﬁn
in whmch bh@ raastor was to stanﬁ» Two uhreawwightb ingh
steel rods were welded ﬁa‘th@ weamﬁmr on the apaﬁﬁxt@\swée‘
from the thermowells %o seh as supperts for the f@actfr
ﬁhamheﬁn Twrp mmﬁwfmur%h by ene inel flat steel bars ware
walded to t%ﬁ top of iﬁ@ wap st approximately 902 to each
other and festened by neans of ¢ne-half inch pins Lo cleats
welded to the safety wall. These steel bars prevented the
reactor from turning wﬁem-%ha~umi@n-wa$'beiﬁg tightened or
broken aparts

The veacter was wrapped with one~ineh asbesios bape.
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. The upper one-half of ‘hhe reactor was ’t:ifz@zn wound with 30
feet of nichrome wire (resistanee 1.7L ohas per foot) which
had been threaded with poreslain fish-spine insulaterss - The
'1mwe§:half of the reactor was then similarly wound, Eaeh:
of these windings was connected ©o 2 220701t autotrengs
forper, These windings wére covered with andther laye¥® of
ene-ineh asbestos tape and %Wmva@ﬁiﬁiﬁﬁal fifteen~Toot wind-
“ings of nichrome wire were wotmd around the resstor sections
Ome eodil was placed on Tthe lower Q@G%ﬁaifﬁ of the reactor
and the other on the upper one~thirds Thﬁse wigﬁimg&-wé@e

. connected to 1}Gava1t autotransloImers. Fiffeam'ﬁaeﬁ of
nichrome wire was wound asbout the netk of the Teactor and
on Lop of the upper vap to supply additional heat for the

. pre~beater sgﬁti&ng This. winding was alsp ¢omnected to a
110~yolt autelransformers , _

The nieh:ﬁmé windipgs were sovered with a layer of
ane~ineh asbestos tape and the entire length ﬁf-ﬁhé rﬁaaﬁ@r
was then covered with a layer of enesinch magnesis blocks
eut to it ardund The :eae%qwﬁ' These blocks Weée-ﬁeaurad
by a.few_ﬁﬂila'ﬁf aﬁﬁést@a tape, and & heavy laysr of as-
bestoa cement‘was used to cover the entire reactors

GONDENSING AND FECEIVING SYSTEM » The botbom of the
pressure regulabing valve was @@nnetiéé‘%e;ﬁhe topof a
300 mm, Lisbig Pyrex glassﬂaﬁn@éngey by means of a shord

pisce of copper tubiﬁg‘inserﬁed trough & neoprene stoppers




Water was used as %hevaséiing meﬁium-iﬁ,th@ ¥%wbig"¢9wéenw
ger. 4An ex%enﬁﬁmn @f zlngs tvbiag was added to zha lowey
end of the Ll@b%g condenser to aaryy. the vapors well into
he 508 mls sidlewarm flaszk used as the receivers
- The receilver fﬁéak-wéﬁ immersed in & dry ieg«iém@ref
-panel bath ¢ontained in o mnewgﬁiisﬁ:%héfmeflaskﬁ 4 series
of vapor traps were samﬂegtg& o %h@,siﬁ@ arm of the recelv-
- ing flask ﬁitﬁ:?ﬂh@ﬁf.ﬁﬁbiﬁgw This serdes gonsisted of four
glass eold braps and hwo copper 6917 condensors. The gold
ﬁr&ps»&md_ca@@er'ﬁﬂgi cendensors %é&&‘immewsedllm ary ices
isopropanol baths contained in thermoflasks. The oublet
of the se¢ond ¢opper coil condensor was eopnected with
'rabbexlﬁu%i@g to a tee, the rum Gf'Wﬁiﬂh wag conmpetbed to
& ﬁhre@ liter precision web teai gé&\%@%@f&. An,evacugﬁaé
200 miéﬁraané bothon .. stopdock-equipped Fla m;"whi@ht@as.
used to take & samplé of the noncondenseble gases during
the o, was gonnected to the branch of the tes. :The auﬁ&
let of the gas meler was GQﬂﬂﬁﬁ%?@ to & blow-down line leads
ing to the outside of the bunildings " S
oAFETﬁ SYSTEE - The rravx@bglv meptloned sﬁﬁ&ltsaﬁaﬁy
Wﬁzi W&ﬁ nopnted sgainet the ahar@trry rack, mmé tﬁe resator
wag faﬂﬁer@d bo this plate. 54 plece of ongd eighth wm h s%eel
'piatag rolled in a semigirele 22 maﬁh@s in éi&mﬁﬁ&? and 40
inches lomg, wag hinged to the back plate se that it would

elese around the regctor, 4 frame work of one-half fnpel,;. |

i s
S
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ahgle 1ram was bullt upward frﬁm the c¢enter of ‘the hlngeﬁ
seatlion to quppmrt twv thlckn@se&s of automobile safsty
glass, This profléeﬂ a2 safety windew through which ihe
.'ggge-é@uld be obgerved cduring feed control cperalions
) AUETLIARY E&ET?NEH: An Giéewﬁhgw vacuum-jacketed
@istiliation column contais ning 16-&$@ua1_§laﬁes‘was.HSﬁﬁ to
nyactianaﬁe the reactor pr&éﬁﬁt*aiini*raaiumﬁ.waé fitted
with a distiiling head Quwﬁgb?e for low temperature Ailgtils
lations. The ﬂeeglve? flask, employed dlrectly beneath the
vezctor to condense a portion of fthe effluent gases. from
the resactor, wag algo used as th@.éis%il¥ati@ﬂ'fla9k; The
distiilatién flask waszhsaﬁaé by 2 1i0svolt 53¢ walt healsr
controiled by an sulotransformers . _

The tﬂkgwpff_liﬂe.fmmm‘the éisﬁillatieh.ﬁeaﬁ'WEg con-
nected to a series of two eold traysAbyAmeané-ﬁf rubbier
twbing. The eaiﬁ traps w@ré imm@?aeé-infdﬁy.iéeﬁiﬁgarmpamaﬁ
- baths contalned 1n Gﬁ@wﬁﬁ&?ﬁ th@rﬁéflaﬂksu ?h@ ?mgh%‘et 8P
. hedd products waperizing after 1eav1ng th@ ai gﬁlilatimm head
wers ﬁmﬁdam%éﬂ by the Emwutém@@ratﬁre baths and the avrange§
rent af;arﬁec 8 aloqe waight bmlqnm@ a&r&ss The amlumn¢

An Qrsat gae analyzer wgs_@myiﬂyeﬁ To ;Laly& t e gases
from the reactor during the carbon burn~oif. .The‘ga$§$ were
dralyzed fov ﬁﬁpg 62; and GO méing; ?@ﬁ%é&iivelyg a. stropg
wou sa}utzﬁﬁﬂ an alkaline pyragal*@l solution, ané & goluw

t&&ﬁ-ef Cuplls,




b low tenperature ‘i";:tﬁm*i:*;i\;ﬁm‘;ing eolunn was used to. |
Kam’imé the gagses remalnivg In the feed eyllinder al “Lif:nzs end. :
of the run. Thiz anslysis was used in determining the ameunt
of nuﬁéidé gas. retained in the feed systen and not aharge@

to the reachors
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B, METHODS .

A swall labovatory scale fixedsbed catalytic polyforming
‘unit was used in whieh 1000 ml. batehes of catalyst were
'-sﬁbééé% ig so far as possible. te operating conditions choesen.
o da@lieata thoge whiech would be used in a commercial unite
A standard virgin gas oll with n~butane as the outside gaé
was used &g tha charge atocks and a seyies of runs wefe made
on each catalyst cevering a wide conversion ranges

A different average teuperature was used on gach run -
“ho very the conversien levelQ whi*e the pressurée and space
veloclty were held constant at 9@@ psigs and 4«6 hw,~L
xaspectmvelgg A total of elght commercial cracklug catalysts
were tested by this method and the-ammunt m£ gasoline, ecarbon
and gagewns.praduets p@@ﬁu@@& by phe‘variaus catalysts were
‘compared to determine the most desirable catalyst for the .
PTOCSES .. .

. CONDIPIONING oF THE CATAEY%T = The fresh eaﬁalyst was
placed in tﬁe reactur an&? prlmr u@ making the aetual test
TUNSy a eharge of gas oil was passed ever the. caﬂalyst at
atnogpherie pressure_anﬁ cracking temperature as & break-
in run on the catalyst, The chjeect of this run was to res-
duce the moisture content and to stapilize the activity of
the catalyst. Catalysts ave exeegﬁingiy'adtive initially
and the first Tup over a aracking-qatalyst is not a trus

indication of its activity anG the resulis are usuélly
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naﬁreproéuclbjsa Ypon ecinpletion of the iy the earbnn‘waﬁ
'bnfned off acoardlng to the procedure described later,

This standard eataly%t caméltimning proacﬁmre wag - ear£¢e§
out on easch new catalysh, '

RUN PROCEDUBE - The feed cylinder was.ev&euateﬁ by mesns
. of a {énce Megovae vacuum pump, chavged with appr@xim#ﬁély
260 grams-mf gas oll, and weighed on a'Harvaré-%riylaAbaam; |
f%&i&@ﬂe° The Feed cylinder waz thén”placéd in ‘a vefrigerator
“maintained at w40° C, to chlll the oils After the oil had
“been thoroughly chilled, the'aylindeﬁ'was placed on the
Harvard triple besm balance and comnécted by means of Saran
tubing to an n-butane ecylinder. After the balance had been
tared, the conneeting valves were opened and the outside gas
was admitted to the feed eylinder. When the desired amount
of gas bad béen:@elivereﬁg the valves were closed and the -
tubing disconnected, The feed eylinder was then allowsd to
warm to room ﬁemperatﬁre\and reweighed@'

The reactor was heabed unbll the tsmperaﬁu?e;,as'i§¢
-dieaﬁé& by the th@rmpeauples; was sufficient for the run
to avefage the desired temperature, Dry lce was added to
the thermofilasks contalning isopropanol pntillearﬁen dloze
-ide evolution was slight, The ecold traps snd copper eeii
condensors were welghed and Iimmersed in the %hawmcfiaﬁhs¢
The gas sample bottle was svacuated, weighed and attached

to the system,
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The feed eylinder was then connected intoc the system as-
shown in Figure 1 and the feed vegulating valve at the top
of the reactor and the préssure regulgting valve at the |

'basa of the r@ac%mr'wer@.segufaly mlaﬁeﬁ; ﬁi%rageﬁ préaﬁ

| sure @f.abeut‘zﬂg peig. was applied to tha'balanaed PEeS

. sure feed system-and the Jerguson was fiiled"Wiﬁh charge
by mpening the valye at the bottom of the feed cylinder.

‘ The readings of the Bhefmeaau@uﬁs were noted at the
- sbart of the rub and contimued at one-minute intervals.

- throughout the duration of the run, 48 seon &s the. feed
regulating valve was opemed and the charge started %o enter
ftha reactor, & stop wateh was started to datarminé the feed
times The desired feed rate was maiﬁtained by observing the

liguid level. in the Jerguson and adjusting the feed regu-

lating valve aacardzvglyg hiﬁragem pres ure Wﬁs Wa%ntginm

‘ed at 100 psig. above the pressure in the reactor, When

the pressure in the reactor had built up to 900 @Slgv the

reactor pressure rpgulatlm valve was opened an& the prage
sure naintaimad st this level Guring the r@maimlﬂg fecding

time s _ o

When the last ef'the charge. had entered ﬁhe réaéﬁar

a5 shown by.a guﬁﬁem.rige o prggsur@,ia the reactor, the

feed regulating and réed cylinder valves were immediately
glosed, Then the reactor pressure regulating valve wag

opened gradually, the Teed 5ysﬁem‘line broken, and the




, 2%

reactor and the feed system bled ta-étmeépheri¢'§r93$m§e
simudtansousiy« o )

wﬁe feed eylinder was removed from the system and the
residual gas femaxnlng in the cylinder was hled into a 34
~1gter,tamkn. A semple of the gas was then takag,;ram the -
tank by means of water displacement from a five liter glass
~bﬁﬁ%l$a This gas sample was later analyzed in the iéw ﬁ%ﬁp@
‘erature gas fractionation unit and ﬁhe per cent of n<butane
" gontained was used to caleulate the amaﬁm% of gas remalning
. in the feed cylinders | o

A sample of the noncondensable gases was collected near
the middle of the run in the gas sample bottle. The bottle
thus,filleﬂ with gas was allowed to ceme to room lemperature,
the pressure in the bottle balanced against atmospherie and
theh.weighedg.noting the Toom temperature‘ané haronetyric:
pregsure. The difference in weights of the gas sample
vottle gave the welght of the known vmlu&e'ef noncondens=
able gas. These data were required for the estimation of
the welght of fhe‘noncondensabla gases, The pumber of livers
of n@nc@n&ensabla gases passing through the gas meter was |
read and recovrded, ,

In order to recover any ﬁranes of oil left 1n.ﬁhe ree-
actor after completlon of the run, the veactor was evdecuated
through 3 series of cold traps. WNitrogeh was ueeé to purge

the reactor after the evecuation was cemgleteéa The
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'?@GQVarud‘ma%erial~wa9 wéigh@ﬁ-anﬂ*aﬁﬁéd“tﬁ‘%ﬁe.fesiﬁwe~
since the awbunt of gasoline 1@ wmuld contaln umder these .~
canéatmows would be ﬁﬁéliglbléq.-l : ‘ C

rﬁppn completion of the run, the cold trapa%'r@eeive?{
‘3f1a$k§ and cepper coll condenseors were removed from the
‘gystem and weighed immediately to determine the amount of
condensable produet. The condensed product in the ¢old
traps and copper coil condensors was transferred {o the re~
colyer flask aﬁd_reWeigheé to determine transfer losses,
The veceiver flask was then atlached to the bottom of the
Oldershaw column, - ‘ .

DISTILLATION « The cold finger of the distillation head
was filled with a dry ieewisopropancl mizture and the ﬁéliﬁﬁ4
ery st@pﬁack of the distillation head connected by meang
mf‘rubberthub;nﬁ to a series of twe ¢old traps in dry ieee.
isopropanocl bathsy An electric heater was placed heneath
the distillation flask snd the current adjusted to a pre-
debermined value of approximgtely 40 volis.

After the column had refluxed for. 45 mlnvbasg the
delivery stopeock was opened, and ﬁiﬁtillate ranoved uptil
the lower cut pein% of 7° €. was reached, The column was
then allowed to pefiux and if the temperabure droppedy
further remcval was made nnﬁil the tembéraﬁuwe would remain
constant at 7° g. Upon removal of the lower fraction, the

cold traps were removed, weighed and replaeed by another




i

23
set-@fhemiﬁ traﬁs't@ ccilect the gesollnew. mGre.heaﬁ-was
then applied fu the systen and the 7° to 203° ¢. gasoline
ant ma&éa‘ Thesge cut points were made at é ba?amé%riﬁlprés*
sufe of 640 mm, &nd corrvespond o & 129.210° ¢, cut at o
a%mﬁSpharic“preaﬁurem Buriﬁgﬁ%he-&istilﬂatinn.af the gasos

dine fr&aiiOﬂg the 4ry lC@*LSOp?GpﬁﬂGI mixture was remeved

??qm the distillation Bead and replaced with wet ice, .

Bpon completion ef ﬁhe qut¢1latzon$ the gold traps .
were remﬂved and weiﬂha&g and the ¢ﬂ1umn allowed to cwalp
When the zolumn had drained; the dlstlillation flask was re- -
moved aﬂé welghad %o determine the amount of :egiéﬁay

Qh?ébﬁwT BURN<QFP « During the rum, & d@m@ﬁiﬁ of ecarbéns :

ageous material was 1oid .down upon the catalyst surface res

'Ghﬁiﬂg ite getivity and néeegeitating a burnwaff alter each

run. & aﬂmﬁlnﬁeus birp-off was accomplished by h&ldzng the
usburned pertion of the catalyst at approximately 425° Go
and paésing alir ﬁhwmmgh the reaauerNat_a definite rate,
&ince the ecatalyst éiﬁtﬁrs and leses aotivity at;temperatures
above 6000 ﬂgg care was taken lo contrel the air rate and
hanﬁa the temperature of the burning ‘wone., The effluent

gas was analyzed at regular inuePVEls by means of an Orsat

'gas analyser o determine the per eent of cam@an diozide,

gatbon and oxygen, These per eents wexe pl@tieﬁ as a

$unction of bime and the amount of ¢arbon deposibed Qﬁ-ﬁﬁe

‘catalyst was determined as shewn in the ganple caleunlations,
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The gas aii u%ea in.nhlg investigation was a Borger,
Texas, virgin gas oil obiained from Philllips Petroleum
_ 6&mpa§yﬂ lab@raﬁ@ry ingpeatieﬁ dets for the viwgim.gas_
;eil are given in Table AXs _ | S )
_ The n-butane useé a8 the mutsiéa gas wag of & eoms
;muraxal grade abﬁalneﬁ from Pmiliips Peiraleum Company .
| anlaaelg syntheﬁﬁﬁ bead, anﬁ ﬁilca«maﬂmﬁsma eatas
lysts were obbtained fram the Fhillips Petrolews Companye.
i The malybdemumaa;um;nmAaﬁc chrone«aluning catalyst were
vdbtained from the Harshaw Gh@miéal Gam@any9 Glevalaﬁéﬁ Chio,
| The HF actlvated alumin¢ catalyst was @ra@avoa from
alumina pallets athLnea from tpa Hapshaw Chemiczl Gompany
and aetivated with amhydrous HF asaOEﬂin& to the procedure
cutlined by Herzel (6)¢ |

The Fi Atrml aatalyst wa s @btaineﬁ from the rmltral
Oarparaﬁmamg L@s Aﬁ?@Luug ﬁal&fernia¢ ' |

K Houﬂrv Ldﬁﬁlyﬁt wqq abxaine@ fr@m tn& H@&dry Praeass

.oz pOT&LlQﬂg Philadelphia, Femnsylvaﬁiaw
The nitragen and anhydrous hydwcgan fmuariae vsed in
{this invesilgatimn'Were obtained. from the Matheson. mampany§

Joliet, Illinois,
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The results oblained from catalytic polyferming of gas '

oil with n*@ﬂta&&-ﬁﬁiﬁg'VaTiQus catalyste are presented in

: %abular and. graphic form du Talble I~-VIII a0d Flgu~ﬁs 3~14¢‘

These FGSGltn‘We?Q pnrrelatea aﬁd compared with raspea* o

. gasmline product iamg,oarbog.ﬂe@esitich1 and gae L@“mdtiﬂnw'

Fhe quamilty and quality of the gasoline ﬁvaﬂuead are of

primavv zmpartaaﬁm in any catalyst stnudy. Garboa and gas

are generally sonsidered tndesirsble products and rating

; cmralyghs Ln terms. of garbor and aam producing tanden&y

is alse important. uonqequenmiy, mﬁ,evaluanima the eataw

'1yét$$.ﬁhe»amﬁaﬁiwahﬂ factors of carbon and gas formation '

watre welghed sgalast thp'&e ix&bl& fant@rw of inereased

Cguality and qm&m%i%y of %ﬁé~g&$§limﬁ.ﬁm doternine the -

pebter catalysty for the process,

The pmr~@@mﬁ g@ﬁa&iﬁp yield from each run was debers
mined with respect o the quantity of gas 0il eharged. To
determline a curve for op tisum emnaiti@nﬁ far gasﬁ&ine‘pré@
Queﬁidn; this.* lgare was plmtted versus conversion per pass.

The %he&wg al figure, ultinate ylelﬁ of gaseline on
eﬁl ehargaS ts de tgrm&n@ﬁ'by assuming that 2ll material
hoiling abeve the gasaliﬁgifraatiﬂn‘weuld Qn.reeyclingg

give the same yield of gapoline ss the original gag olle

Aetually this is net true sinee each sueeassive reoyels

makeg the eil more refractory. A plet of this theeretical
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figuré versus the per cent comversion om oil charge shows

the meximum yield that would be obtained with recyele. These °

‘plots of the yield per pass and ﬁlﬁima%e,yieiﬂ of gaséﬂin@

ag a function of conversion. for the verious catalysts are

-shown in Plgures 3-12,

The per cent carbon and noncondensable gas produced were

determined with respect to the total charge of gas 01l and
.n-butanes The percentages were plotted in Figures 13 and

14 as & funebion of the conversion so that the emount of

iearb@n and gas production could be determined at any desired

CORVET 510N, . S
Table I presents the results of n~bubtane catalytic poly~

 forming of gas oil with @yelégei‘as‘thﬁ eatalysts TFour runs

were made with this catalyst abt temperatures varying frem
4579 €y to 5500 €y

A plot of per eent gasoline yleld as a f@acﬁien of cone
verglon is shewn‘in Figure 3, This plot shows that the gagos
line yield per pass reached a maximum value of 18 per cent
at 48 per cent e@nvérﬂimnﬁ This corve is seen to be rele

atively flat indieating‘thaﬁ the gasoline yield per pass

would remain essentially constant over a wide range of con-

rersions. _ .
The eurve of ultimate yleld rises to a maximum of 42

per ¢éﬁt at 39 per cent eonversion and drops off quite

rapidly after reaching this maximum, approaching the curve
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of yield per~paés a2t highey @ﬂnversieﬁﬁlevelsa In view of
the faet that the yleld per pass remains essentially cone
stant over a wilde range of conversions, a process usmng
this cabtalyst eould be aparaﬁeﬁ under conditions sueh that
both %he maximun ultinate yileld and the maximum yield pev
.pass eaulu ba abiamneda-
:c The amount of earben proéuaea with Cyelotel catalyst
“was lower than average for fthe catalysts tested, being 3.2 .
per cent &t maximum gaséline~pre§metian per paséq Gas £@rmw
aﬁiang however, was exceedingly large éﬁ-highar conversions,
and amounted to 40,2 per cent of the total charge at a eon-
versian~of 78 per cent, The amount of gas produced at maxiw
. mum gasoline production per pass was 9.2 per cent,

A total of five runs at tewperatures varying from 4430a¢
to 518?C@ were made using the Filtrol eatalyst. The results
of these-iuns are presented in Table Il. |

A plot of the gasoline yield as a funetion of conver=
si@ﬂff@r_tha'ﬁiltpgl @ata&ysﬁ is shown in Flgure 44 The
yrmdﬁetimn of gasoline from this catalyst was eonsiderably
greater than that formed with Cyclocel eatalysty the maximum
belpg 24,5 per cent at 52.5 per cemt ¢onversiom, The curve
of ultimate yielﬁ; as shown in Figure %; attains 1ts maxim
‘of'§2@§ per cent at a GGﬁV@fSiQﬁ’Qﬁ 42.5 ﬁer cents AR uls
timate gasoline yield of 46 per eemt could be obtained atb

- maximum gasoline yield per pass with this catalyste.
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The carbon deposition with Piltrel éatalysts 5.2 per
cent at maximum gasoline production per pass, Was aversge
for the catalysts investigated. The amount of gas formed
at this p@intg 5 per ecent, was relatively low. As in the
case of (yclocel, however; the amaént of gas produced became
exﬁe831ve at higher conversions., | '

The third catalysh ¢nveatigateﬁ wag aluwnina aetlvatad ,
with anbydrous hydrogen fluoride, A series of four rTuns
was made with this catalyst at temperatures varying from
4509C. to 506°¢, The results of the runs made with tbis
catalyst are presented in Tabhle IIl,

A plot of gasoline yield as @ fupetion of conversion,
Figure §, shows that the maximum gas@iine'praﬂﬂatien per
”‘ﬁass of 25 per cent occeurs at a eonverslon of 38,5 per cent.
The ultimate yleld attained from this catalﬁst was‘tha highp_
est of the eatalysts tested, The me sl aehieved_%éﬁ 62,5
per cent at & conversion of 35 per cent. The ultimate yield
corvesponding to maximum yiclé per pass was &2 pet ¢aﬂt¢ |

This cabalyst was unigue in the small amount of aérbon
deposited on the catalyst within its active temperature
range, The carbon deposited was only 1.6 per cent of the
totél charge at the peint of maximun gas@iime prn&ﬁ@ti&ng
Gas formatlon at this polnt was alse-lowy being only 4 per
ecent of the total charge. _

The results of eatalytle polyferming with the synthetic
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bead catalyst are shown in Table IV. Five runs were made on
this catalyst at temperatures from 417°¢, te, 556%°C, A plot
of the gaﬁalima'yiéid as a fupction of conversion is shovwn
in Figure 6o -

o The ajnth@tla bead catalyst @thbitea rery goed Prepe -
arties with resgagt to the prdducticon of gasoline. The gasos
iine yield per pass was higher than that given by amy'éther
‘than the Heuéry.aatalystg.=ﬁ.maximum.yield of gascline per
pass of 33 per cent was obtained at a comversion of 62.5
per cent, The curve of ultimate yield reached a maximum
of 59 per cent at a 56 per cent conversion. Tt is seen
from Figure 6, that an ultimete yield of 54,5 per cent can
be obtained at wmaximulb gasoline yield per pass..

The amount of carbom and gas produced were 4.5 and 7.1.
per cent respectively, at the point of maximum gasoline pros
. duetion. _ _

Table ¥ presents the results of catalytie polyforming
with chrome~alumina as the catalyst. Four Tung weré nade
at temperatures frem 3909C. e 500°C, The temperature in
Bun 19 and in Runs 23 to 25 are only approximate beecause of
an error in. the recording instrument, These tewperatures
were estimated by extrapolating a eurve of temperature
versus conversion for each catalyst, '

A plot of the gasoline yleld as a funetioh of conversion

for the chrome-alumine catalyst is shown in Figure 7. The
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gasoline ylelds obtained from this catalyst were relativeljf
POGT 5 - exceeding only those obtained from Cyclocel catalysts
Pigure 7 ghows that the maximum gasoline yield per pass - of
22 per'eenﬁ was_mbﬁaimed at 42 per cent conversion, A'maﬁié
mum- wWltimate yleld of . 60 per cent can beé obtaiﬁe& at &’ eon~
version of 32 per dent, The ul%ipabe yield . cmrrespendmng %0
EEREh gy gasoline production per pags is 52 s5 per cent

Garb@na@egositian:with.ehwamawalﬂmﬁna catalyst at the
’point-af‘maﬁimum-g&solinezyialﬁ‘was~A per cenk, gés fotue
ation at this point wasg 7Vs3 per cent which:is siightly high-

er than. average for the ecatalysts studied. . '
| A series .of eight rans at temperatures varying frem

380%¢.,. o 543@€ﬁ:wgs-made-with:malybdeﬁﬂm«alumind eatalyst,
The results of these runs are presented in Table VI,
‘ The yield of gasoline obbtained from helybdenum-aluming
catalyst was comparatively low. The plot of the gasoline |
yield as a function of conversion, Figure 8; indicates
that a maxiﬁum gasoling'yi@ld of 24 per cent would be oOb-
tained with this catalyst at a eonversion sf 60 per cent.
The ultimate yleld curve is seen to réach a maximum of 47
per ¢ent at 46,5 per cent conversion, 4An ulbimate yield
of 41 per cent can be obtained with this catalyst at maxie
mun gasélime preduction.

This eatalyst,produaeﬂ'tﬁe nighest percentage of carbon

deposited of any catalyst tested, reaching 1846 per cent of
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the total charge at 79 per cent comversion. The amount of
carbon produced at maxlmtm gasoline production was 12 per .
eent. The ameunt of gas formation Waé also very large,
" 11+2 per cent at the point of maximum gasoline produeticn,
- gxeeeding @haﬁ prQ&ueed by any other catalyst;
| The results of -ecatalytie polyforming with silica.mags
nesia eatalyst are presented iy Table VII. Five RS, Were
made at temperatures from 403°C.s to 528°C, |
8ilica-magnesia exhibited very good properties with

respect to gasoline yleld. The quantily of gasoline pro-
-duced was excesded only by that pro@uceﬁ by the Houdry

and synthetic bead catalysts. A plot of the gasolire yield
as a function of conversion for the silica-magnesia catalyst
is shown in Figure 9. This figure indieates that &, magimun
yield per pass of 31 per cent was oblained at 59 per cent
conversion, The eurve of gltiméte vield as a fuﬁeﬁi&nrmf
conversion shows that a maximum ultimate yleld of gasoline
~was not obtalned, Thus, at lower cenversions, the maximum
ultimate yield would be higher than any value of ultimate
yield obtained in this study, The ultimete yileld at maxi~
mun yleld per pass ls 52 pev cende

The carbon.and gas production for the silicas-magnesia

catalyst were relatively 1ow; being 4,2 per cent and § per
cent respectively at the polnts of maximum gasalineAyieid

per pass.
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Table VITI presents the results of catalytie polyforms
ing with the ﬂbudry catalyst, 'A series of fcur‘runs'was
made on this catalyst a% temﬁeratu:es varying frem 421°¢,
to 503°%C, | | ‘

The Beudry catalyst was found to have @xéellaﬂt prép&r~
ties with respeﬁt‘ta-the production of gasoline,; The gaso-
line yleld per pass ﬁ&s higher than that giﬁaﬁ”hy &ﬁyrather
aatalyst testeds A blatnof the - gasoline yiéi@.as:alfuneticn
of epnversion is shown in Figure 10, This curve shows that
a maximus of 34,5 per cent gasoline was ohtained at 67 per
cent conversiom. The maximum ultimate yield of gasoline
with this cabalyst was not obteineds

The amount of carbon produced by the Houdry cétalyst
was 5.8 per cent at the point of maximum gasoline production
while the amount of gas formed was 7.2 per centy

Because of the fact that gasoline ylelds for catalytic
eracking as publisbed in the literature vary sc widely Gew
pending on end points and wethods of calculation selected,

a series of conventional catélytie~;raeking rung was made

with Houdry catalyst te allow eamparigén of eatalytic poly~
forming yields with the gaseline yield obtained in conven=
tional eatalytic cracking using the equipment and progedure
of this investigation, [The virgin gag ‘oil ‘was uéed as ‘the
charge stock, and a series of four catalytic cracking runs

was made &b atmospheric pressure and & space velocity of
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0.6-048 hr=l, '

?hé results of these catalytic cracking runs are pres+
sented in‘tabular form in Table IX and graphieally in BEigures
15 and 16,

- Figure 15 shows thatlthe-ﬂasaliué yield per pass reached
& maxinum value of 34 per cent at 62a5 per cent conversion,
¥rom the curve of ultimate yield, as shﬁwn in Pigure 164
it is seen that the paximun ullimate yield of gascline was
‘not obtained, Y | ‘A‘ | |

' On the bagls of quantity of gagoline produced pey pass,
. Houdry was found to be the best eaté;yst¢ The E@udry-eataﬁ'
Tyst produced & maximum of 3435 per eent gasoline per pass
" at a conversion of 67 per cenb. The'synﬁhetié bead datalyst
' produeced the second himhést yiél&'af gaseline per pass, %his
yield being 33 per cent ab 625 per ﬁent ecnverglang Ko
other &ataiystﬁ emeept ailleaﬂmagmes135 apprgacheﬁ ‘the
- Howdry and synthetie bead in rel atlen 1o gasoline p?@dueed
per-@assﬁ The silica-magnesia ea%&lyat p?mdused a maximumn
of 31 per vent at a cmnW%rﬁiﬁn of 59 per aenﬁu ,

Relative to the ultimate yiaRﬁ of gasml¢ne obﬁalmable
‘with reeyele, the HF activated aiumima»@atalys% gave the
highgst wltimate yiéiﬁ obbained im;%hié_igvestigaﬁian@ The
yields per pass with thiS'ﬁaﬁal§$ﬁ9 ha%évar} were infericy,
0f the catalyst producing a relatively,ﬁigh yieldhpef passy
- pamely silica-magnesia, synthetlie bead, and Ecmdry? synthetic
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vead is slightly superior at the, conversions which give each
ks mgXiMHm yieid per pass, At a conversion of 62,9 per cent,
which gives waximuw yieldé per pass far,symﬁhetic bead, this I
" gatalyst glves an ultimaﬁe'yialﬁ af 59 .per cent. gilicaw
magnesia, which gives its maximwn yield per pass at 59 per
cent cwnveréieng has an ultimate yield of 52 per cent at
" this conversion, An ultimate yield of BO per cent is ob-
" tained with Houdry catalyst at its polint of maximum'yield
per pass. Although some of the other catalysts lmvestipgated
gave relatively high wltimale yislds, the yields per pass ob-
tainable with these catalysts were very inferior,
In relation to &arban.fermation;;the ¥ ackivated alumina

catalyst was superior %o all others tested, producing only
1.6 per cent carbom at the conditlons of maximum gasoline
yield, The three catalysts which gave agceplable yields
of .gasoline per pass bad essentially the same carbon pros
ductmon al the point of meximum ﬂasoline yield, Consegquente
1y; no distinetion can be made between them on this b?SlSo

‘ The silica-magnesia cabalyst produced slightly less
' noncondensable gas than was produced by Hendry or the syhe
thetic bead catalyst at maximum gasoline yleld, -HF agtl-
vated alumlna produced less gas thaa.sillcaunagn@s¢a bt

this cabalyst was not stiteble for gasoline: @roﬁuanienm
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The oversall results obtaived in this ihvestigation
Cindicate that:the'ﬁouéryrgatéiyst 15 superior to the other - -
uaatalyéts investigated with respect to gasoline yields
whéﬁ ehamging~ga$ ¢ll with n-bubane.' The maximinm gasoline
yield of 34,5 per éenﬁ:cb%ained~withhﬁéudry'aatalySt”waé'
1+% absolute per cent higher than that obtained with the
next best eatalyst. Synthetle bead and gilica-magnesis
also produced relatively high gésaliﬂatyieldsg the maximom
%eiﬁg 33 and 31 per centg ragpectively,. Cyclocel, Filtrol,
HF activated alumina, ehreme»ainminaé'and malybdennm»alums'
ina produced considerably lower yields of gasoline pery pass,

The ultimate yields obtained from Houdry catalysts
were similay to those obtained with‘giliea*magnesia'an&
aynﬁhetiﬂ:beadg synthietic beaé-having a 'slightly highey
wltimate yield at waximum gasoline production. |

© Carbon deposition and gas Tormation with the Houdry
catalyst were equivalent t&fﬁhﬁsg~ﬁbﬁaimed‘with synthetie -
beads The silicasmagnesia-éétalyst.prmducedﬂgggequivalenﬁ
amount of earbon and: slightly léss gas than that produced
" by Houdry at the point of maximum gasoline ylelds '

.Inageneralg the use of Howdry catalyst seems warranted
in any commercial application of the catalytic polyforming
process with n-butane as the outside gas, espeeially where

high gasoline yields per pass ave of primary importancesy
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