1euna Works - Yarch) 1959

~GATALYTTC-CRACKTNG-OF-HYDRGOANTON-0TL8-

© In tho epring of 1988 devolopment work on catalytic cracking of hydroe
oarbon oils was etarted. The project was to be of & short~bime nature sinco the
exporionso of the contract partners in tho'U. 8, wae avallablos ‘Catalysts and
-prooessing-mothod-were-to-bo—chosen-in suoh o wey. thet the patent s_of ths Houdry

Procoae Corporation wore. not violated.

Tho teating of oatalysts was carried out in 8 small reactorg with a
catalyst capaoity of 6.7 cu. inch amd 10,4 ous inoh. ¢ extended investigaklons
wera widortaksn in 8 tubular reactors with a oatalyst.capdeity of 103 ou, inoh.
Opsration was discontinuous since each oracking perled had to bo followsd by a
regomerating pericd for the catalyst. Testing of the cabalyst wms carried out
wndor identd cad conditions with the same oil without regard to product distridbue
tion. Ths cracking temporature for natural oatalysts (activated olays) was kept
botwoen 842 - 860OF, and 762 ~ 797°F. for synthetic silion gelealumimm oxide
oatalyats. The length of the oracking pericd for natural as well ag synthotio
catalysts was usually 30 - 60 minutos, but in special cmses 2 hours, wharons the
rogeneration period was about twice as long. The ‘opace velooity for thy synthetio”
cotalysts was about 2 = & times that of the activated olays, Cracking with f£inely-
divided oatalyst in the vapor phage has been studied in equipment of varying de~.
sign but these oxporimemts are only oontinued at the side since oracking with
finely-divided oatalysts in the 1iquid pinse under pressure has shown oonglderably
more favorable results. The lattor method was espaoially successful far the orack=~
ing of oils rich in hydrogen becesuse, in this caso, it pormits extremsly high
taroughput rates with low ges and coke formation end very high yield.

Ratural Catalynis.

8 . Soms Uorman cleys, espooially Terrana and Frenkonit, could ba eotivated
by treatmmt with acids or gelt solutionms, espooially chlorides and sulfides of
magnesium, elunimm and mangansse, so that they reach the oracking offielensy of
Superfiltrol, T come ocases ths activated clays oven exceeded the agtivity of :
Suparfiltrol, The boot ocatalyst of thio type  was foumd~to~be-Frankonit-activated
with sulfurio acid or magresium'chloride solution, Its superiority consisted
mainly in-grsater strength and.lower sensitivity to temperatares - ‘

~ 8ynthetlo CQtalyaté; o ' -

. |. . Th contination ailics gelaluminum oxlds was found beat. . The activity..
ia & ongl% dapendent- en ‘the Eore‘ ‘glze of |the ‘silica gol and cultable manufacturing
mothods for highly active catalysts were developed. Neolianiocel homogeni: ing oAF
aepw\l'ately'lp:.edij\}itgted components soems to be especislly deeirabls with respect -
%0 an\‘vt;ivit;vr.,., resistonce to deformation and ecom\mi,cavcﬁ‘_mugt‘dntwga.a m‘h-mou;t\,‘g o
aotiye catalyst, whose strength, hovever, was not almys satisfeotory, swipassed . -
the officlonoy.of o number of Amrican products with reopect to oracking efficlency.
Thersili0a gel-aluminum oxide oatalyst, conteining ite 'oonsvtituentﬁmin,tl rekio . .
patented by the Hondry, Proposs Corppration, doos not cffer apy advamtegen end the. -
b5 uong Adered|as a Yimttatdon, 1. [ Ut
;ns those highly aotive aillea ]%gl'-a'.lumina{
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} Bea:ldal toreign orudee. cerman petroleum t‘mo onis ‘and fraotions from .
tho Fisoher~Tropsch. syntheais. (Rogasin. II) and products from tho. hydrogenation of
trown vonl were invostigated,  Thp results obbained with tho latter 2 mterials
deviated partly from those.obtainsd with potrolounm fractioms. . Cracking. of .rocyole.
gtook gave,. in all ‘cages, lesa favorable resultn than orackins of the freah feed.

Expor:lmantal Work.
Small-Scale Apparatun.

- Fop- cata.lyui: teoting 8- smll -reactors- witb a-oatalyst- capaolty of 847 -
oHle 1noh and 10.4 cu, inoh, respectively ere-used. - 4 roactors of oqual gige are
arranged in a gingle electricallj-heated aluminum block. " Tho: temporature is
mocsured at 2 points in the aluminum blook. The charge £irst enters an svapora=-
tion and: hoating zone which is packed with brass pellots end then'passos in the
vapor phage at tho doah'ed oraoking temperatm'e 4nto the catalyat tuboe whioh
hmnsdia.tdy follows the proheater tube; The liquid reaotion products ‘are cole

- lected in glass receivers cooled with. ice or COp and mothanol whoreas the gas is

" 00lleoted In Marlotte bottles. The catalyst oan be regencrated with' adrenitrogen
‘mixtures. Catalyst- testing is carried out with tho sams okarge stock under 1den-
tical conditions. The asaembled appara'h:a ia shmm in Figure L

' " For:more extensive :lmaﬁgations of oatal.yat and oharge etook, 8 tubu-
Alar reaotors gzith -a-0atalyst-cepacity.-of 104 ou. inoh.are. avamhle. ...Tho-‘catalyst
spaco has a diamoter of 2.2 inches and a length of 2.6 feots 8 thermocouples are
‘arranged on ‘the outer eurface. of the reaotor end 4 ere plo.oed insido the- reactor,
‘The. charge is.iinjocted into a ' prehsator coil by msans of a gear pump whicl oan be
controlled. by. ‘changing -its apsed. The preloater coil-is- placed 4n dn. eleotrioallyu

heated load: bath, " The. aotivated: olqya are uged in the form of pellbts with a_ height
~of 0.1 inch: end a thidkness of . :0,16.4nch;. the aynthetio catalyste are used as irreg-’

-ular piocos of the \ame 6ige. In case that fthe. latter are shaped in & press, 8. | . .
thickness of nbout \0.16 ches’. s maintained. ' The oil vapors emter 1%he elTo’crioany'
‘Jeated Wreactc fron the ‘

ttom, | The j oduct,-receiver 1o, cooled with civcnlating |
Prine end m recoter for 1o7-boiling hydrcoarbons s céoled with cérbon dloxide: -
mtihanol. “The s u\mans\nred by‘means of ‘gas maborus. Rel\;emraMOn uamally
<mied} ‘out with ai '-nitr« gen' nixtures ‘of ‘a jpressure. of 44 pody. ‘The | gases ‘po.sa s
, : oug;m 811floa gel drye tut rogeneration omn algo Yo carried ov ; with o
pPbeashoy . At th :
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the regemration wag. ntarted ami g raonitated ‘sarbon’ oombustion and tdmpora—

m.wm.mnegmmﬂon.ia,nmxmuut.aa.mmm .
.pordod oil vapors arve removed:by purging amd-a nitrogen presaura ‘of .44 pale i ob-
tainod by msans- of & -throttle walve at-the. Teactor »outlot under: a:lmulmnaoua main-
tenance of the desired gas velooity. Subaeq\mntly. air 45 cdded and the tompera-
ture is kept ‘olese to the:maxs pemiasible catalyst temporaturo by regulatiug tho

. oxygen conoentmtion. As soon as poasidle, regenoration is carried out by'air
alons, The progross of the combustion is followed by coz determinationa with
ainm);tamoun detemimtlon of €O after ou:idation to 003 Co

o With thia type of‘ regenemtion prooedura d prolonged rageneration p:ariod
1s wed. Polloted natural catalysts with a cols deposit of 0.63 = 0.76 pounds per
ous fto of catdlyst could be’ regenorated in 86 « 40 ‘minutes with a gas velooity of
3, 500 -volumaa per volume of catalyst por hour, a gas inlet. temperatm-e of" 860°F. »
‘and 4 rogenorat on ‘maxitmim tonperatire of “1,0220F.i whor tho coks deposit was -
1.18 .~ 1,39 pounds por ou, ft. of éatalyst, 45 ~ 52 minutes or regeneratins time
woro neoeuaery under the seme condltions. _

" The regenere.tion of snythetio silioa gel-ahmim catalyetn was more :
. diffioult because ths ocarbon depesit was greater due to ‘the ‘highor aotivity of ths
catalyst and because -passage of ' oxygeti into the fine pares of the gel was diffi-
oult: to obtein; on the other hand, the- best oracking temperatures lie usually:
bolow o moat fava-a'ble oombuaﬁon tempara.tm'ea. The catalyst tamperatare of
762 - 78897, at the end of .the oraoking. peiriod is aufﬂoient for ignition of. the
oarbon deposit, but complete removal of the ‘deposit oan hardly: be. accomplished
.after the high regeneration . temperahn'ea bave ‘deoreaged to tho: ‘approximato inlet
tempofature of the axygm-comtaining gases (797%F.)« ‘With.a silica gol-alumina
-oatalyat containing 1,77 pounds :of carbon per ou, ‘£t of ce.te.lya‘b, a:C0g- content
. below 0.2% in' the: combustion gas was only.reached after 60 - 66 minutes when _

- 85700- volumss-of - regemsration-gas: por: volums=of -oatalyst: por-hour-were-used with'
an inlet temperatwre of 842°F. and a_maximum tempsrature of 1,1129F, At en inlet
_ temperature of 842°F., and umder otherwise equal oonditions, the. 0, content of ;-

" 0.2% wag -reachod’ already after 30 - 86 minutes, whereas_ notiooable coz rormation
oould no longer bo deteoted at‘tor 65 .86 minutea. T -
.
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’ 'rs.ments wlth Fluid-‘l‘ype Oatalyqata. SRRE R
rtalyaia in tha vapor ha.e we. carr‘Fd oui?_

' Expox‘Limn’ba viith 'y,um- cl‘

oany difforent units. In opo ocase & comtyolled Amount] of oa 'l'. .’m
wswd m paraiuel -flow with 01l ‘vapc‘n'sv,:rom the top to't bott‘mn of " va leal
're«aotor by moans: of - Mﬂea whioh are partly nechanieally ‘mwed o Tho aeoond\dasigzm .

et 4 loo_ " and: ¢ ry1 ‘catalyst in-tur) lentﬂow uth
‘condensed etha vd.th'bhod t, 1iquid and gas aro ans:

1’1:' baeu%htorﬂnd boiElo m b;::JLa::; ucmﬁ m b:t:r the ﬂmw M

. 00} liate of-a on m ‘a load: bath,": The| ou vsw\pora ‘mixed “fh sthom’ pase
T t




that under,‘thsae eonditiona ; liquid ptnsa wardef tel; Lpre

_convenient, continuous operation’ poasible. In_wgggys_retgﬁg “to. themgewgw],,gs of vapor
pha.ae operation with fixed-bed oatalya +s. the lattér prooeae yialda more gasoline
with nobioeab].y lcwer 5as o.nd coke formtion. o S \ T

Produot Evalmti on

The analytioal evaluation of the amall-ecale oxper:lments pertaing only
tmmmmhﬂmammmmw
bydrocarbons condensed at- 1129F,, are-fractionated: to yield u distillate-(Be-Ps -
3929P,) and a residus. The entire yield of C and. Cy l\ydrooarbons is 'also deter-
mined. In this wey up to 8 different oatalysgs oanha tested dally for their
activity (production of distillate up to 3920%,)

' Tho. products from' the experiments in the larger reactors are investigated
in greater detail since 1t is desired to determine the exaot product distribution
and thereby not only to estimate the aotivity but also. the selectivity of the ocata-
lysts The products from several, e.g., 3 - b cracking periods, are ooubined and
distilled to yield gasoline with an and point of $92°F., recyole stock and low- .
boiling hydrooarbons. Gagoline of 9 - 10 pounds RVP is prepared by atabilization.
-The - excess .of -Gy bydrocarboris - is-colleoted -togethor- with-the C3 hydrocarbons, The.
dry gas is determined quantitatively and qualitatively end coke formation 1s deter-
mined by analysis of the carbon-oxygen compounds forred- during regemsration or by .
direot determination of the parbon on the ocatalyst removed from the reactor.

Charge Stook. = .

" For testing of the activity of aoveral catalyota, usually American and
very eimilar Iranian petroleum fractions were used. German petroleum fractions,
as well as brown coal hydrogenation and Fischer-Tropsch products, wore also used.
Reoyole stock was oracked in several ‘caesos .

~In order to obtain uniform. behavior of the vaporizad oils, the oharge
was usually distilled to give 1 - 5% residue, maintaining a maximum overhsad tem- -
perature of 7629F.. This procedure was used in spite of the faot that in most
onges the expsrimental, results were mot affected by ommission of the preliminary
distillation, e . '

* .The principal 1napeotion data or the charge stooks used in the investi- .
gat:lon are given in Table 1. o

..Experiments wﬂ:h Hatural Cntalysts. '

A lakge nuknber nr oonm}roial fil'bex olayaw prepat:d byLactiwtﬂon th
“aoids wor re used as such or after add!.ti onel -trestrent, Inoreased’cracking e otivity.
; om:ld bch obtainad by aot‘iv\ation writh aeid, ez pecially auli‘urio nuoid, «uﬂ nlt\io by o
1: w:lthusl’c aolutio\nao o > B oA

on, tlao ola;
esium ghlor]
08 b waeh

, ] “of the: e]‘,ectrolﬁlt ing with
d,! 1ng, yat waa ﬂ ropd -into pellets; if ual asaary, at‘t r add%ltion q .3 -

I'Qpix:lte, Thcu follo‘wing olays wm'o imrestigarl:edt




Fraride Glays (0 8 B0

Superfiltrol~ (V. 8. A4.)

Niko Clay S (vepan)

In addition, aeveral natural olaya. a6 woll as bmmmm
8ilioa gel, wore :lnvveuﬁgs.ted. : Although tho-latter materiala ahow%d quite-oonpiders.
able cracking aotivity after the above-desoribed treatmnt, they Q4d not roabh the
activity obtained with the claya liated above. . _ G

- Por theue camparative tests, o0il #1 was used whioh was oracked at a tem-
perature of 842"5‘.. & 8paoo velocity of 0.6 volumes per. volume per howr and a
oracking tim of 2 hours. The reaultn are given in Tabdble 2. 4

8ynthetio Catalysta.

.. Using experienoea with other oatalytio prooeaeee which were considexed
--%0-be related. -to-oatalytic. oracking, different.catalyst combinations. were. preparod
and tested. It was, howover, soon found that the most favorable results wera ob-
tainad with catalysts on ths basis of silioca gel in admixture with aluminaor
magnesia. Further development work was ocncentrated on these combinations ard pre=
vious experionce in tha manufacture of o:ll:loa gel was found helpful.

The struotwre, espeoiany the pore size.of the ailioa gol, is mainly reg=
ponsible for the aotivity of ths catalyst. The emount of alumina added has only &

" olight offeot within larpge 1imits, both with respect to oracking: effioiency and. pro= -
duot distribution. In order to obtain a high and uniform aotivity 1t is important
to maintain a favorable FH.value when the silica gel is preoip:ltu.ted and slgo during
manufacture of the catalyst since a change in the pore size cen ocour: during washing
or when the FH is changed by the addition of & second component. A considerable
decrease of activity can coour even in the dry state with inaufﬁoiently\-mshed
oatalyata beoause of volatiliza.tion of .an ac:ld or.a base on hoating. :

g ‘l‘he manufaoture of" synthetio silioa gal catalvat 18 y sally .
-feasible when ths gel is-procipitated. from a waterglasa solution which: oontains
at least 1 pound SiOp per gallon. When more dilute waterglnas golutions are used,
the complete precipitation at low. }}! espeoially betwoen 3 and 4, requires too muoh
time; vashiing -of ‘a gel [repared in this way is ‘dif£ioult and requires large’ amuntn
of’ liquid and large reaction vessaels, The control of- the pore sire, also, 13 only
possible by preoipitition-from concentrated splutio This 4g carried out.by
' adding e waterglass soluti‘on of E‘h: aot co! emtrz tion to.'the joalou tod aE:unt

gh s tempera tha'b 'a clear. gol |still \axie'ba when

of acid at not rtco hi

desired “Pﬂ ‘has| been reached. ~ On ‘heat‘ln\g, oompl.ate 11prec1p14tation to an entir«aly
‘ho ogonewous so‘lm ge]\t ‘bakeaﬁ place whioh can bp washewid varw eaeil s )

The comb3 t.ton c»f siliLa galvand al umina. oan b carr! d out by various:
In-cage thit theee mﬂxEda ‘permit to-mintain a favorable Py value over

thdaé.
. th\a enti' mamgra(s ing period, they vield otalyse: of spproximatolyl the: eam-
a0tivity. The.mochariioal gtrength of ths catalysts; hawever, 'is not’. Bamp ,
“an munwt’aotuﬂlng xmt.hods. J ‘Details of %bhs mmmfaowlrlng methods are g‘l.ven b«ulom



e After the inoorporation o ! 1 with aluminum ‘"nitrato
aolution and heating to" 842°F., - o41l4oa- gel A showg an ‘extre “inoroase in the orack-
ing erﬂoienoy already at an aluminum conosntration of 0.4% UAfter: 8 ~ 4% aluminum
oxide have been added, further activation has taken' plaoe. snioo gel B is only "
.allghtlyaotimted¢y4hiw.thods_unghuy,higm,qmskin&.&gm is obtained
after treatmont with aoidy The inoresse in activity becomes considerably smaller
‘when _ the nitrate 1s converted into the oxide by px‘ooipite.tion with emmonda. "The
aotivity of silioa gel A can'be furthor. 1noroased by more thorough waghing. The

- disadvantage of this manufacturing mothod: oonsists in the fact that only emsll, al-
though very .hard, partioles are obtained on, treatine; the water-aonoi’ciﬁo, NArrow-
pore silica gel ‘with aluminum: nitrate ‘solution, and” the aluminum-oxide f£ilm in the
gel ‘pores is probably not ‘very uniform. Bursting of the partioles cen be consider~
-ably 1nh1bitednby heating the gel at first to 1,112°F. or by subjecting to & suit-
able treatment with eteams in this way the development of "high prescure 1n the
interior of ths gel pu:rticle by water is avoided, either 'by enlarging ths pores or
displacement of the océluded air. .

) ’ By’inteno ive” mixmg of silioa” hydrogel“preoipitated ot Pﬂ 3654
(partly 5) with aluminum nitrate solution, drying and” subsequent hoating to 842°F.,
the most gotive oracking oatalyst wag prepared. The strength of these oatalysts are

‘not yet as satisfaotary as desired since the larger pledes disintegrate into pra~

" formod smaller piocces at higlm' loads.

' -~ Almost equally aotiva and at tho sams time oxtremely strong are the oilioa
gel-a].\minum oxide mixtures which are obtainsd by mechanical homogenisation of
narrow pere siliocs hyirogel (PR 8.6 - 6.0) end aluminum hydroxide. In place of.
aluminum hydroxide, its sol can be used which is obtained by peptisation with a
omall amount of nitric acid. Depending on the conditions maintained during. homo=-
_geniging end depending on the aluminum hydroxide content, non-transparent pieoeo
~with rough or porcelain-like surfaces or. tramsparent particles of eny desired size
with the appearance of-pure- silica gel are obtained.‘ This: mothod of manufacture
appears’ very advantageous. end permita shaping by means - of a atring preaa whioh
“avolde= all """" Ioas oi‘ mtarial. e

R By aimultanoons precipitatian of silica gel and aluminum hydroxide from
mterglasa and aluminum nitrate solution, .atrong oatalysts were also - obtained but
their aotivity is bolow the m:g_i_gum valua obtainable with .other oatalyote. “The PR
“0f 3.6 = 4,0 vhich is the ‘bost for the ‘manufacture of narrow pore- silica gel. oannot—
Yte maintained during the simultansous : preoipitation aince; at that hydrogen-ion

"o noent:Lation. alumipum hy roxide s nc wecipitated oom lote]ng ‘and simalt neouoly.f

s

It appoars muoh bettor to carry out. the simultaneous. preo pitation using alt
,h,\ydroxice 80l which resulth in tl\lo i‘omntion oi‘ e’crong ' tive oa‘l yatau

R N R U 5

. Ahot;&er typo of nsimultt\meous 'creci; anioc
' trao oride jand al hmm
8t lutioz into .

water o \

chloride in pethan o1 ‘and p'eci 1tatur it 1( o ling the

g ‘}‘ Tlna\b oata‘:lyoto ithow el bat mdlohanical atr\ength, but. their o aokinﬂk of'-
ﬂoionoy‘r s ndt quit mu faot



lyats. The' ‘propane- and bu_ oo _
aluminum oxide oatg).yet;;ﬁ “the same’ aot;l.vity‘. : : vior ig eBp

ablo when Kogesin I da oraoked. I spite of much ,arrorb.*-:‘ehe notivity ' theao
catalysts sould not be raised @ sraolably ao that it is etil) below that of thd
natural catalysts. The most active catalyate ‘of “this  type were obtainsd by homo-
’genicing and aimultanepus drying [ papbized mgneaimfx ‘oxide with ailioa H0d free’
t‘rom eleotrolyhes. '

oy Tm-ee-oomponent catalyate a.lso diﬂ nat exeaed the oraoking erﬂoiency of
the most active silica gel-alumina: oata].ynt; thege three=component catelysts weore -
prepared by adding magnesium, zino,: -mgnganese or iron: oaxide to silica. gol and -
eluminum oxids.. The addition of . manganese .or iron ‘oxide was thought to deorease
the rogenoration time roquired.: The improvement, however, does not seem to be very
great, but the detrimental effect on the aotivity as ocampared to the pure eilica
gel-alunina oatalyat 48 noticeable, ' Sincs, however, with seme other oxides, a
favorable effect, espsoially on the produot distri.bution, aeema possible, these
‘exporiments will- be continued.*“‘—“ , — SR

’ - The oompamtive tedts with these oatnlysta, viiich are shown in Table 3,
are oarried out on East Texas gas oil at a oracking temperature of 842°F, with a
space’ velocity of 0.6 volumea par volure per hour and a oraoking period of 2 hours.

—

Pilot Plant studles on Catalyste.

' ' A numbor of traa.ted olays, ‘synthetic silica gel~a1\m:lna and silioa gol-
magnesia catalysts, were tested in long-time runs. The best produot distribution
was empirically determined. by chenging the. reaction conditions until a maximum
yield of gasoline was obtained.: Whereas the aotivated clays and the eynthetio
8ilioa ‘gel=mgnesia catalysts gu.va ths best results for oracking of gas olls at
temporatures of 833%F. - 860%., s 8pace. velooity of 0.6 ~ 0.8 volume per volume
por hour, and cracking perioda of 30 = 60 minutes -(in some cases, 2 hours), the
-considerably:-more- astive-silicea- gel-a.lumina catalysts-required: only: temparaturea
of 762 = 797°F. and preferably higher space velooities. The extremely high ‘forma-
'ﬁop of low boiling ‘hydrocarbons ‘whioh was obtained with these oatalysts at higher
temperatures and lower space velocities could’ be deoreased to such an'estent that
-the. produst distrition beoomss: gimilar to that obtained in oraoking with aotivated
’olays. “In apite ‘of the. deoreaae in tenperatm'e, the “higher aotivity can be seen in
_higher spaoe velooitios and longer operating periode. ‘Gasoline. formation emounting
to ab ut 40% ‘by-volums ; baged on'the liqum produota o taimdt, sooms to bl the_ nost -
~advan operz ting eronditipn.-‘} X | T R mr .

‘. P T -
, 'Nablea 411 - 6 sﬂhow tt\b 'pxjod\uot dimtribwbion aud expenrimaninl condition\s
t‘or t‘he oramsk:lng M var!‘ous o}mrge al-.ooka with the ron owing waotivarbed clwflya: ‘

"f"rntm coc 123 Superfntrcl eoc 121»: ‘

"""""""pnit (#1444. .



1y 6, oon=
expor imontal

-Thodetn in. each vertio the  to :
‘sooutive oracking:periods.’ Only @ few of the experiments from longer ment
. geries (containing up to 500 cracking poriods) are given.: In the oource of testing
the oatalyste in'extended tosts, various canditions were trisd out.. In tho begin-

'ning, the o1l vapers,’ together with steam, uwsvally 2% water caloulated on'oll, were
“passed over -the oatalyst. . 'No effeoct on’yields and ‘reaction products was found, tut

the temperature differential in the catalyst bed.was smller: in those cages.  The'
“Tatter cbservation mIGht oxplain the fact. tat shurtering of —the-residence-time——
“oauged: by tho addition of ‘steamdid- mot affect- the oracking proosss. Ths exporiments
ghomn in the Tables G and 6 wore carried out without the additlonof steem, . = -

. The various natwal oleys do not show great differences with rospoct to.
-thoir oracking aotivity and the product distrilution under oqual experimental con-
ditions, = Buperfiltrol treated with maguesium ohloride’ (£1634) , ‘howover, ‘appears to
be mare active so that the temporature anl space velooity chosen in these experi--
ments are  not-the most favorable omss.  Frankonit also treated with megnesium =
ohloride ({1605) gave at a apade volooity of 0.6 volumo per volume ‘por. hour a satia-
factory product distritution only at 824°F. - The: decrease  in activity with increas-
ing total oraoking time- (age), is shown:most clearly ‘on Superfiltrol GOC 12X. A
-gimilar decrease was.dbserved with-all. cleys.-investicateds _Fronkonit, which is. aleo
1686 sonsitive towards higher temperdtures (up to 1112°P.) shows this effect less
pronounced. -Tid greater decrease in activity which is shown in Table 6 is mainly
_due to frequent and longer regeneration periods reaching 1112°¢, This decreass,
however, is considerably smaller than found for all other natural oatalysts livess
‘tigated. Uswally, a maximum regemrq'tion'»temparamr'e of },0212°F. was not exceedod.
.. ...The gasoline whioh was stabilized to 9 - 10 pounds RVP:was colorless,
‘stable to 1ight , and did not have the characteristio odor'-,of-oraékeda gesolines. -
The untréated gasolines, however, did frequently have a high glass dish gum end,
in soms oases, gums as high as 20 - 30 mg. por 100 oo, Wore found, The hydrocarbon
composition of the gasoline obteimed by craoking of East end West Texas . and Iranian
gas. oil, using catalyst #1444 (36% by volume) wes as followss. East Toxas gas oil
|18% aromatics, 29.0% olefinms; Wost Tekas gas ol 287 arcmatios, 27% olefins; Iranian
‘gas oll 27% aromatics and 287 olefins. T VLI ST

T e ootane mumbor of tho highor-botiing gasoline fractions 1s U0t approoi-
ably lower than that of the lower=-boiling fractions, which is due, partly, to the

‘higher aromtic-content of the higher fraotions. . Definite signs of isomorisation
wore also found. In spite of, the ‘Pact that the inspeotion data of tho*gasolines vary °

“in accordance with the_charge stooks, ‘their knock bohavior is astonishingly similar. -

Eour int, and end point of thy recyole st ok wag decreased,
g ¢ o e e e

Anj

' " § L line bbint.
whereasd -ths 8
nereas”

pecifio grav inoreased. | } ‘
% o ‘. Tnepection data of various gasolires end recyole sw‘bks are given in

Table To .. | oo o] R S P TR AP
PN N |- b

LR

- 8 consvtonn tr 0

8 811ida gol-magiiesin oatilyst are ghown in Tablos 8, 9. 10 and 1
“gutalydts were uged in thy experimentss. bR ‘




#1427 sioz-naoa ; 34%\.41303 (so.o;z aistillat n'evaluation toatn)

v-#uoa 8109-1!303 40% m&o (30.2% distinato in evaluation teats)

Whereae the craoking ei‘i‘io :l.ency of natm'al o‘loera deoreases oonsiderably
with inoreaa:lng .age, no eppreoiable loss in’ aotivity is found with aynthetio ‘eate-
lysts (even after: 400 regenorations). The unchanged accivity “in extendod- tests -
is; ‘howover, conserved - only:-in.the absence of .water. vapors, expaoiany during o=

genoration. ‘A further advautage of eynthetlc catalysts omsists in the fact that
-they- are almost-entirely insensitive to higher temperatures-(up. to-: -1,4729F.), in
oontrast to the natursl olays;: in. this way the necessity to maintain & regenerau» )
tion temperature below a dertain mximum becomes unnecessary.. It is, oconsequently,
‘poseible to ‘balance the- difficulties encountered in' completely removing carbon from
narrov-pore catalyeta by using higher regeneration temperatufes. In -the previous

. investigations it was found adventageous to. reach a tempera.tm'e of 60° to about -
100°F, above the oraoking tamperatures (752 - 788°F ) at the end o!‘ the ragenerating
"'periodo St s o &t s : :

In the proviously-deaoribed oatalyst atudies ’ potroleum fractions of
different origin were uwsed. Theso did not show basic differences in tho ease of
oracking, produot distritution and the quality of the p:roductn. A fraotion from
Awtrian orude (Zisterstorf) which contained more than 50%l of the crude (oil #4)
Was very ensily orackeds in spite of extremely high gasoline ylelds, the distri-
bution of the reacted products-is very favorable o that this material can be con-
gidered a suitable charge stook for catalytic cracking. Extensive studies wore
aleo made on the praoking of recycle stock from catelytic oracking. Those olls
oan bo uaed as dieeel oils after very slight treating.

: . When sub;]eoted to' the ‘seme reaction ‘conditions as +he fresh feed, the

reoycle stooks were found to te leas easily oracked. By raising the - oraoking - teme
perature or lowering the spaco velooity and shortening the eracking period; this -
disadvantage can-be-balanced-only-to:a-certain-degres-since:gas-and:coke- -formation
,increasea oomiderably. The resulto oi' crnoking experiments are shomm in 'l‘able 12,

: “Some m:lddle oils obtaimd by higt-presaure hydrogenation of bfown ooal
were also Meatigated with respect to their oracking behavior,  The. chargo ‘shook -
represented a paraffinig oil whioh had. ‘been obtained by high-pressure hydrog emtion
of brown goal tar in ths sump -phau » uging. a fimd-wbad catalyst at a temporature oi‘
.716%F. The-distillate from'this mteriel with e bolling range of| 600 «| 788°F, was
an lb 1 wit\lh a pour, poi & of F6° vh. ch W, furt}Fr ﬁqotimted af] 1n;;
R \I :
. i . '-_;M_-_indioated by. tma data 1n mne 15.‘, 'the o1l oould o weaeﬂy oraok«nd ‘
catalytioflly -and 'yiolded a- ‘very lmock-r«aaistamt gasdline in spite of t\ho law\
spsoific gravity. - The recydie stock,” who 8e. po\‘ poit\‘lt was l.owere‘d by a\ out 4!D°I-‘. :
and whose end pcint was: abouﬁ 80 F'£ ‘high r as (Fm’pa d with the “charge stock,! gave

a 8 od di gel: oil whan blendpd wit a 14y hter distillate from ths hydr sonation
uct.’ .‘:By ‘blending t.he -opscked’ |‘Faso]._ 0 thcp hy rogen tion aaoli\pe, __igood
otd e . fuel . jéould bp obtiad ned Sipod the 1 rg!‘t‘i nic . o; Lypom); broww coal. tar.

dyogenation wla orackeq 89, Vory «aasi}i‘it wag apunsd- that’ tho- \middle il aotio:};
1. Flecher~Tropsch: aynthes}e (Ko pasin 1) wou;ld ‘bohave. eimnarly. | Thpsa oils:oons



ronn

“not. bo uned at 81l booaus of thel high otiv:lt “the “overoraolcing" onused
by thsm. The aotivated olays, on the’ othér ‘hand, gave only véry umatioreotory
results singe . ooteno. niumbera exi:eeding ‘66 were ‘onl tained when an’ exeeedingly
high amount of Cg:and (4 hydrocarbons (mainly C3Hg:and CaHg) wag made. Under:
oxporimntal conditions’ whioh :gave & more favorable: produot distribution. the

gagpling formation aounted to 307 by volume and. +he.odtane" number was belowi60.
memmtﬂﬂimtwm o
considerably greater-resistance to oracking. :-More-favorablo- reeults were obtained
by oraoking Kogaain with synthetio ailioa gelumagnosia ?oatalyats. B :

" In spite of the faot that the aotivity o theso catalyato wes. no1z vory
satisfactory and that the product. distri'mtion wag not too.good, the magnoeia-ooxz-
_taining catalyste were in this case superior, to t}n other oatalyste usedo i
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4;uperf11t:~o1-somﬂ i
TOriginel . i
trasted with X
_golution: (#1534/2)
‘treated. vhtuagclz
solutim (-,'}1534)

Torrana I F U
comm.. prddueb P20 T 2040 29.8"
treated With. HC1 o LT o R
#1796 e 6860, . 19.0 21.7.
treated- w:l'bh H2804 o s B : :
{1384 PURETRURRU, (+ X, J——; 2] 43.4
traatea with Mgclg S . o ' A
_golution, #1744 73.2 . 44,5 4.1
treatéd mlth mey L e o
solution, 71779 69.0° 45.5 43.5-
treated. with W€l . L
eolueiou.,ffmm . 7040 - L 4040 40.0

Fronkonté o L
commn, product . 788, . 26.5 32,2
treated with 112804 N S
_treai:ed wibh Mgclg‘w.j.. S : o e

‘golutdon, #150% '69.5 o 44.5' 45.7 .
tréated with ¥nS0s = - e AR T
%ﬁ-usm—*‘ N 64.; 31.01 38.5=

= 'soluti

TR

Japanabe‘oiay, : R S Do e
" activited. electrolytioally £ o e
- (Niho prdcess).. T 88.8 Sy 14,5 21,4
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Cracking Temp “ °l." i

‘Gasoline Yield, % by vol.

389

5‘4&

;,43.07-

(Gasoline 10f° IWP)
APz Gravity

Aniline Point °F.
IBPA °F.

57 °F.

50% oF.

“95% °F.

‘= op,
Bqun;niﬁ.el Nﬁ,

3
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Motor Method
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Catalpt 1642 1642 1308°1447/1 | 1642 1308 | 1726:68/5 By
cracking Tomp., °F- 76 779 642" "'.'.779' | vér eae | rre. we
Oaaounle tield, % by wl. 39.5"'_' $5.2 ' 28.9 85.6 6 |87.8 341 [39.7 39,7

Gasolins. 10.,#.nvqp.‘_., i et _ |
WIgetty 08 06 B0 0.0 |6 63 (80 8.5
Antline Foint, OF. e8 97 89 86 | 08 106 | & 100
1BP OF. e 97 ey w8 | 9 9| 108 89
5% OF. 17 117 124 16 | 116 18 114 1_1’)
60% OF. 219 212 248 27 s 2ir | 246 210
e i s s s | s e 15 87_ o1
EP °F, o8 se7 o2 385 385 38 | 362 368
Bromime No. 184 288 - 208 |22 - [19.4 182
Octano No. » . . | . o
16- Reaea..roh 67,0 856 88,0 85,8 |84.5 88,0 |88.0 845

Motor Hothod 786 776 ~ 79.0 |78.6  « [77.0 78,0

Reoyole Stévok , . . ‘ ‘
APYGrevity BT B2 2.2 2.5 50,6 816 (328 28
Aniline Fotnt 05*.‘ w1 i 1 |6 s | 26 me.
IBP 03'.-__ | Cags 4'60_:: 47 s | aee ,45‘7, gy a4t

47 L 47%  4;;73 T’:'i "F’.fi'. ‘ 489 \[ 482
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'“craclcing oi' variouu fraohio

na

Superﬂltr 1 ao

628, i

'Av-w»craok:lngdrempv-%‘. e

Criioking Time, min. |
Space Velooity vol/vol/hour

120

0452

0462

T{reoycle..odle).

011 No. I £.
Yiold, based on, charge T
Gasoline 10f RVP % by vol. 59.0 41.9 29,0
Reoycle 01 % by wol. 64.6 48.9 64,3
C304 fraction f by vol. 6.0 8.7 6.0
Gao % by vol. ‘ 1.4 2.0 1.8
Coke ' 7’ by vol. - 3.9 -
“Data of gaaolim .

API gravity TR 66,4 61,3
Bromine No. 14.6 27.0. 2842
B} atstilled OF. 122 120 115
607 d1atilled OF. 259 218 243
867 distilled oF s 586 369 883
Ootane No.

I G Rodoarch 78,5 78.6 82;0
t'otor Vothod - 76.5 -
‘Datd- oi' Raoyole ‘Stook s . j. C
AP Gkavity a7 37.2 85,7
lpour Potnt Cw e

"é%'ais[méa op, w5 ’47,1(E‘

‘507 dmatmea °F. '“,.s‘ao‘s'-f o 'f:‘ahirf 3
?"Lsaf ats tiue« o, e me T e
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