o puro hvdrocarbons were enb;jeoted to oatalybio oraoking. The operating oon-
"f.ditions wore:- chosen in such o by thet they corresponded ‘to conditions. -
‘under vhich the most. l‘avorable oraok:lng results have been obtained before.
M1 orack:lng, experiments should be carried out nder these optimal. con=
"ditions. ~in-this'vey @ direct comparison of the results-1s possible and
~-predictions cen-be:made ‘for the" ‘oricking behevior ‘of ‘oils: ‘whose. ‘compor
sition is approximetely knovm. It was -attempted to obtein detailed
analyses of the resction products. end thereby obtain informstion. m ‘the.
‘seoondary and side reections, like dehydrogemtion, oyolization, alkylation’
and polymer:zation, which. aooompany “the main oraoking reaof;:lon.ﬂ R

_ Only those hydrocarbons were investigated vhich fall in the range'.
‘of heavy gns oils and can ocour in petroleum oils or synthetio oils.

Preparution of Starting Whterials.

cesdean ~The- hydrooarbons were: distnled over-a’ S-foot packed-column: at
atmoopherio pressure. Substences which boil at about 410°F. were. distillad
over Widmer colums or over l-foot packed colums under vacuum.

n-Docano.
n-lecane,

: From a Kogasin fraction in the boiling range of n-deoano a 1%.
-fraction was distilled out which had the following physical oonstantas
- dgg 0.732; eniling: point 171%F. (77.59.);" bo:lling point 343 - 3450F,
(173 - 174%.); 003 1.4130.

n-Hogadeoane .

The hydrocarbon vas obtained by fracticnation of teohn:loal gotine.
’A%lme po:mt 210°F. (99°c ); boiling point 572 59005\ (300 310 c.)’
05 .4370 o Suian il A il

iso-Dodeoano.

LA branohed hydrocarbon with 12 oarbon atoms was obtained by R

- fraotionation of the higher boiling residue obtained during the manu-
facture of iso-ootane By p 1vmerization of butylone. 0.758; eniling

point- 160°F. (82.36% SF bo(fmg T67 ‘-3183 F. (186 7 195°c ); ‘ ‘

1%0 '4‘ 57 o ) SR A ; L I

n-De\hoone. - [ o P
o “The olef:l.n 8 o'b1 ainad from [ Svno] éloohol in ,he cl‘ reg1<
.iwlaioh T8 oonv‘ortod to tl#e ole 1n by dehyd:'at;on over a umina at 57 °F.



Subsequont disbilletion'ylelded o hydrocerbon which 1s wob énbirely.wndform.

‘with respect to the positian of the double bond. It had the following detas
dog 0.745; bromine number 115; boiling point 331 '-‘3217.91"..“\-’8166 - 175°C.)
(tﬁe main portion boils at 336 - 342°F. (169 - 172°C.)); ngY 1.4260.

n-cétenef - '
mmf'mbﬁﬁﬁs preﬁ;;éd enNAlogous to n-:geoéne from cetylaloohol.
+d20 0.784;- bronine number 70.0 boiling point 536 - 538°F. (260 - 281%:)

g0 1.4445,
lene.

The post~toluene out from the synthetio menufecturé of toluene was
used as rew materiel from which a xylene fraction boiling at 277 - 293¢F.-
(136 - 145%.) was obtained by distillation. According to the boiling range
the material 1s probebly a mixture of the three isomeric xylenes.

Durene. . ‘
T ""The” oommerolsl product was used = melting point 1749F. ( 79°C.);
boiling point 381°F. (194°C.). -

860. Amylbenzens.

The hydrooarbon was obtained from the residue boillng above 329°F;
(165°C.) obteined in the alkylation of bensene with isobutyl oil. d20 0.865;
boiling point-376 - 379°F. (191 -.193°.) n§’ 1.4910.

Diphenyl.
-+ The commercial produst was used - melting 'point.158/°F. (70°C.)s
boiling point 489°F. (254°C.). h ,

: Diphenylmethene. 3

%

.~ - The-menufecture of the starting material was cerried out by the
. Friedel-Crefts synthesis from benzylohloride end benzene in the presence of
alurinum: chloride(the moler retio of bemzylchloride to enhydrous aluminwum: °
- 6hloride was.3 s 1). " The bengene was used in oxcoss ‘end .sorved, at the ssme
time, as solvent; the reaction temperature was betwsen+-5 and+10°C. . The
) 191'(')!3. of diphenylmethene was about 707 of the theory. | Melting point 79°F.
26°0.); boiling point 500 - 504°F. [(260 - 262%:). | - T o

A

2 -

T oGMethylnephtheleno,

S Tb‘e ommlerbial-—prodwfxxb ‘containg, bosides the iscmer cﬂ_Aanpotmt‘ls,
impurities consisting of sulfur, oxygén-end nitr o - By exti't)\ction
with dilite caustic end sulfuric acld,. followed by disbilletion ovor ,soaﬂ}um.v

the product "could be ocneidorably pyrified.- dgg 1.0043 boiling point: - | -
464 = 469°F. (240' < 243%C.). | | T

..



Tetraiin.

Aﬁ;er distillation the oonunercial tetralin hud ‘the followinf'
.phgsical gonstants dzo 0. 973; ‘boiling point 401"= 4os°1v. (205 - 207"04).
1.5438. ‘ ‘

Iaoemvl cvelohexane ‘

mmmlvmﬁwmbm%emted using o
nickel-tungsten sulfide- catnlyst (3076)-at- a-hydrogen- prossureof-ebout- 3,000°
pounds end e tempersture of 570 F. After distilletion the product, which
was free from arometios, hed the following ph sical constantss dgg 0.817,

boiling point 383 - 388°F. (195 - 19800.). 1.4500.

Diczcloheml .

: The preparation was carried out by - hvdrogenation of diphenyl using
catelyst 58/2 (tungsten-nickel sulﬁda) st a pressure of ‘ebout 3,000 psi
and-572°F. Benzene and cyclohexane viere used ag solvents. The hydrocdr’bon
wes purified by distillation ond treated with concentrated sulfurie acid |

~under-oooling-with ice. In order to-remove -the-small -smount--of “aromaties-it-

i

was, subsequently, rerun. ‘dpg O. 885 anil:lne point 97°F. (46.39C.); boiling
point 451 4570F. (233 - 23 °c.); .4800.
Dioyclohexvlmethane .

_ Diphenylmethane was used as starting material. The hydrogenation
and purifideation was the same as for dicyelohexyl. 008763 cmiline .
point 151°F. (66.6°C. ); boiling point 482 - 487°F. (2%0 - 253°G )3 nD 1. 4763.

Decalin.

* The commerciel productwes used. d2p 0.880; boiling point
365 - 374°F.. (185 - 190°C.) ]

- JMALYTICH, PROCEDURE:. - -

~_

il Investigation of £he Gaseous Cracking; ”roducta. -

The condensable hydrocarbons were separated frem the non-oondens-
able constituents’ of ‘the crecking ges by mearns -6f liquid nitrogen. - The \in'-&' :
.condensable ges 4 pvhioh consista of ‘hydrogen, methane, ethene end inert gés,

aly2ed acoording o the Drehschmidt method. The detenminatﬁ of‘ ‘
:ethy]ene s oarried ou 'by b%mine (absor;tion. IR S I ‘

Th\e oondensed \portimu of the ora: king g;;as and the gaseous‘hydro o

uid pr‘oducb were c«ambinec‘l and
sing 6 Leuna colum. .
_The  dlefin content fra :lon vias. .determined by btomine absorptic
“retid;of n-butylene to sobut« 1éne ¢annot bo determine in this way. - dig-
‘.«tilla‘ iom: rtsidue, wbioi\h conaists me\linly cf pentanes, \hns ‘blended 1"ch tl\le o

gasoliue Iy cl;ion. R

r'oarbcw‘m.s obtained” during\ stabilizetien of the liq
‘soperated. ﬂﬁ:o the C g Cas- n-l‘ .end iso-c‘ ‘fractions u
o 'bE




2.

Identiflontion of” the derocorbons Boiling in -l:he Gasoline

B SR E LTI 75 1T E—

metics.

distille

After stabilization of the liqixid product the gasol’ine wes
finished by rerumning over e 5-foot colum.
“in e Jentzen spirel tube column (length.of the tubs 40 feet, height of the
colum 5 feet)

tion.

The charge was' 300 ~ 400 ¢o.;

The gesoline wes frectionated

; the talke-off -per:hour was

.drop_per second. The choice of the cut point
wes conf;rolled by the mixture of hydrocerbons to be enelyzed. .On the

average, up to 365 F. (185°C.), 50 fractions were taken off. Since the
olet‘inﬁ end srométics wero not sepsrated before the distilletion, the
frections usuelly contained- olefins and the higher boiling cmes also ero-
The oracking experiment with decalin was en excention.in this
respect because the arcmatios end olefins were extracted by S0, prior to

In the cracking experiments wi

th naphthenes the evaluation

of the frections boiling above 1589F. (70°C.) was difficult hecause the
oresence of compo\mds of o11 four hydrocarbon clesses had to be assumed.
The determination of the degree of branchmg is, in thet case, usually not
possible.

- 4.

meens of the mixture rule.
refractive indices are additive. -

Dobomination oF Blefing. =

Since, in most ceses, the presence of olefins had to be assumed,
the bromine mumber by the Winkler method was determined for each fractiomm
and the nercentege of olefins was caloulsted from the moleculsr weight in
knovn menner.

Identification of s Mixture Consisting of Two Components.

The .determination of the degres of purlty of the fraction vas
besed on the determinstion of the boiling point end the refrsctive index.
If the letter shows e slipght devistion from the refrsctive index:of the pure
compound: expected, the presence of a second component mist be assumed.

From the known refractive indices of the two components which are suspected
4in the blend. the peroentage of the two-components—can be caleulated by

mixtures of paraffins and naphthenes.

|
o]‘ ef‘.ln C
f: ective.
olﬂeﬂn-f
\ f:t'om thi
‘mixture
t’rmm the
h\ldex- B
means: of

5

R ¢
ontent|
Andex -
ree mi.
s the

rule.

“boild
In cas

98% s

cdrbon m

ixture

two of her compcm ts ay expec
is first’ oatoulat od from the t
of. th mixture is dete ined.

percbneage o\f' the '1acmpemm{= is
.The o‘mnponemts of‘the oll.ef.’m-i

It is essumed for this purpose thet the
This- gssmnp’a:lon is only striotly velid for

Identiﬁcation of 8 L’ixture Containing Three Components.

ted besides he olefin, he

ranine numbeE and .+the re-
The refrective mﬂex of the

xture is-calbulsted using the inown velue for the| olefin end

celoulated according to i“'he
ree mixture are caloulate

ng cur\re under -cont idersf :ion ‘of
& that| the mixture contains- arc

furip soid and tl o ref
:ls de‘termin d. . The ref activ

active " index

4
the' c]alcula ed rtaf‘raot:ﬂ.wr
natics they are removed v

5 .of th remluing | dro-‘
of thn aromntios

‘.lndex



detemined from the ]mov'n value for the mixbura Before snlfuri.c aoid
"traatmenv. : "

6. Iden{::lflc&tion of a M:lxture oi‘"Foui oirxd 'ﬁ’oi-e' Comporiohte.

»—of-nl-l—-ﬁour—-olaaeewof»hydrooarbons-areﬁpresenb—a——-l‘his-posoal-b-il-itywhoweverr
.need .only ‘be. conaidered.for tho case when.orecked.gasoline from. naphthenio R
hydrocarbons is: analyzed. When oracldng olefing, paraffing ‘or aromatios,

no nephthenes ere formed in sizable quentities. if a rixture of various
hydrocarbons must be analyzed, the following method is uwsed:

Aﬁ;er ooloulating the olefin content ‘from the bromine number
-and detemining the aromatiés by meens of ultraviolet qbsorption, the re-
fraoctive index of the mixture free from olefins and ardmetics 'is calou-
lated by upplying the mixture rule twice. In case of doubt, part of the
frection 1s extrgcted with,98% sulfuric ecid and the rofractive index of
the roffinate is detdrmined experimentelly.

T NN (

In sane cases where only verv small intermediate fracblons mere
o'btained, cnly thé bromine number and refractive index were used for
analysis. Since, }‘mwever. these fractions did not make up more than about
0.5% of the total product end since the velues obtained were calouleted on
the charge, the érror should be slight.

T Anolysis of the Cracked Products Boiling above the Gasoline
- ‘Boiling Range. -

-The same procedure es with the lighter-‘-boiling hydrooarbons is
followad but, in this cese, only separetion eccording to hydrocarbon groups
can be obtained in most cases, ‘Fractionation of higher-boiling materials
was carried out in packed-columis under vecuun. With very high boiling .
fractions it was sdmetimes possible to-separste thém into liquid and solid
oomponents.l _Aromatic. hydrooarbons wore som&bimes sepbrated in the form of

their picrio acid oompounds.
8. Detemination of Goke. o

" The carbon depOsited on. the oatalyst is bumed to carbon
dioxlde d water during régenerstion with eir. - The oom;:lete oxidation to
00:‘ is o by passing the g nixtire ovebr heated copper oxide. The

_ \g content isjobtdlned frmE thee%cmsum; ion of bariwd hydroxide aolut%‘::n
of 'Inotn |coricentration. Th hydrogen cantent of the! oarbm deyposit
: ‘wat\l not d\letermineda PR T s ,

small

G- c;—aolclng BxperixLents.ﬂ" e

Aoparﬂtus and Reac . 1on (ondi‘bio_:_lig.,'__ E |-  ‘ ‘ ,__

et

‘I . [ i
yro oal"ried out in. an ele'\rbrioa\lly-hetuted

\I ol
The experiml\bnts w



ters“"‘oi‘ ca{:alyst
'k,woa,.,p\mpedwb .
rom. duated- storage tank
‘throgh s reheater . coil’ into the. reactor. ~The
d_cracking-products were cooled o 329F, and
oolleei:ed in" 8 round flagk. ‘The. ‘gaseous portion wns
collected in-n -gas -holders it wis separated by = -
fractionat condensation into dry ges_ (hydrogen,

methane end e smell emownt of ethane) and ‘condensable
‘gass " Mter ench oracking poriod,’ regeneration was.
preceded by a purge period of 60 minutes; nitrogen
wos used-as-purge- gas. - The purge- gag flowed through
2 receivers kept ot low temperature and a tower '
packed with-activated chercoal 'in order to remove en-

~trained hydrocarbons. The regenerttion of the.

catelyst was carried out by gradual addition of air
to the inert ggs, the temnerature was not permitted

to exceed 968

The craek:mg temperature was 788°F., the space

“velooity 0.6 volumes of feed por volume of oatnlys'c

ver hour, and the length of the crackmg period wns
60 minutes. Crecking oatelyst -/3248 wac used. .

n-Decans.

The hydrocarbon shows only e slight tendency to
orack under normal crgeking conditions. In spite
of shorteéning the length of the oracking period to
30 minutes, the total conversion amounts to only 26%
of the feed. Half of the cracking product is
geseous. . The predominent formetion of isobutane is
remarkeble end also the high degree of isomerizs-
tion of the oracking product. Besides the orascking
réaction properiend the formetion of olefins’ emounting
to 3.5% of the" ‘oharge, a small emownt of aromatiza-
tion also’ takes place. The emount of- eromatios

"'Pormed inoreases ‘in.the order. ‘benzene;. toluene,
- xyleme. No° 8ignificant’ quantitios of nnphthenes .

ocould be detected. ‘Besides the formation of, Jhydro=.
cor’bons mth a num‘ber -of "carbon atomg smalier than
that ot‘ ecane, paraffins vith. longer ‘chéins dre also
fon ed d:}e to’ ellcylation angd noly!r\enzai,ion r:Iaction
Thc amourt of' car‘bon deposi ed ‘'on| the cm:alyst is.
mox‘lerate becau" of the low degre«\a o!’ clmoking" .

Se

ben' £ 0 aoked about twioe ‘a8 mu<h. a8’
i';\‘ental. result‘ indi« ates <lear1yh



thet the thermel stability decreeses £o
baraﬁ‘ms ‘with. inoreasing: chain 1
romse-in"thermal-stability-1s-aqud
indroese oi‘ the free. energ,y. L

_pnt $0- a!r-

Only. the- hydrooarhons boiling below. he starting
ingterial aré cmsidered as. craoldng products- -
The higher-'bdiling products which are formed.from
—pr-imary~os‘aomng-produote-ape-not_taken-.into.eon_
_siderstion. . The. emount. of geseous hydrooarbona
formed is somowhat smeller then for' decane bacause
the inoreased chein length favors ‘the i‘o‘rmation
of liquid cracking products. Becaugsé of the =
higher degree of orscking the emownt of olefins -
and erometiocs formed is also inecreased. The -
branched hydrocarbons predominate in the oracked
product analogous to the results obtained with
decans. About 80% of the_ total peraffins are
branched. Naphthenic hydrocarbons are not formed
in any considerable quantity. Nore carben is .

..deposited.on the catelyst then in the case of

deosne due to the higher degree of oracking.
Isododecane. -

The hydrocarbon shows only a slightly lower

degree of oracking then heptedecane and is much
more easily orscked then n-dectne. The rela-
tively high tendency to cracking of isododgeans osn
probably be expleined by the high degree of branch-
ing. The butene fraction whioch forms 17. 3% of the
feed stock predominates in the oracking product.
This is expldined by the structure of the starting

~ material.

(-

n rons:lde»red that no Aaignif \lcant c\ldmtitwies ‘of the

o v d-'-iq-o.‘a o

Decene.

Undexl the -same eracking conditions this hydrocarbon
is thermally considefably léss stable then.n-decanc.
Its tendenoy to- oraoking exceeds by far that of the |
pa¥affin of équal. chein. length The yield of lower-
boiling-cracking products id about 807 hioh means -
hat the hydr carbon is d\L 3 tinmes:

14

racksd as thp dorrssponding pareffin.
greeme, ont wit date of Francis @ d Egll

ﬂ'

of'

'raokin

03~

lodene. ohargé‘ are recovered, the degree of o
cbomeg . éven greate ainm it m\]. it bo'assumed that|
hé hig ier=bo ling oampori nts aré formed from primg--
11y forfied 8 1411 tpleduless,  The proierred formation
e 04, : an\a 06 mydroca‘rbons indicaties thet the ! -




prinoipal looaticm,oi‘; ptback’ :13 1n the oohter of
M. The Wigh olei‘:ln content of. the. oraoked
‘the'q 1s1derable’ formabion of
highe -bg:lling ‘¢1vmerization produsts 18- remarlceble.
.The: prédominenﬁ Pormation of - bran%hed-ohain hydro- N
«corbon‘indieated_agein the strong isomerizing ..
effect .of the catelyst. The. fonﬁat'ion of aromatics
"“rrd”ﬁﬁk‘é"’i’s"?gi"é‘ﬁter thﬁ"ﬁth

f' ) cetene- T

Cetene exceeds haptudecane 'by far in 1ts ense of -
otecking end is somewhat easier oracked then. decéne.
I ié practicallir campletely. converted and the re-’
‘actidn products and the product distribution is not
significently different from decene.

g+ Isoamylbenzene. ' .

-In-accordence-with-expectations the main. effect-of -
oracking is splitting off of thd paraffinic side
chain. The main cracking products are, accordingly,
‘benzene (31.5% of the charge) and pentens (21.7%, in-
oluding pemtene) Isobutene prgdom:lnates among the
goseous products. The emount of toluene, xylene end
othyl benzeno formed is considerably ‘smeller than the
amount of benzene. ~About .90% remain unreacted or ere
isomerized. “The yield of higher-boiling’ ‘products,
meinly elkyleted nephthelenes, smounts o about 12%.
The formation of allyl-substituted naphthzlene might
,_teke .plece uhder ring closure; tetrahvdronoohthalene :
is formed first and subsequently dehvdrogenated. The
smell emount of paraffin in the Cg - 09 region indi-
cotes thet e slight emoiint -of: -polymerization of low-
‘moleoular welght-cracked producta: 4o peraf'ﬁn& tekes -
place in addition to 'bhe craoklng redotion.

i

he :d,.-r!ebhylnaphthalen&

Methylnaphthalene forms only o very smell emount of -
lower-botling cracking products; thé bulk femains un-
" .ohanged . or 1s jsemeérized to e(ﬂ-ﬂompomd., The forma-
h:lgher-boi ing omat.h 8. 18’ lmmarlmblg;

_they conai sh poY ly of!. dimet] lnap] heleno énd YQIB‘ :
_ dinephtyl,” Pro’t\}ably, N -methylnephthalene iscnuerizes‘ 3
“to i\*he the\rrmanyv more; stable ‘-commpound énd-ie then" |
: : The 2 nephthalene nucled

‘Eati twhich 18. cc‘tns:der” |

B abl'B for i\he de‘»ree of oraok ined is due



i.

has an’ end point abo

D:lphenyl. o }

Thié hydrocarbon 18 not craoked undpr the experi-

jo

k.

menﬁal canditions ohosen. o o .
Diphenylmethane.

Diphenylmethene is oonsiderably leaa themelly etable
then dipheryl end is ‘olmost completely orackeds
Cracking takes place mainly et the ethylene bridgoe.
From the large emount-of benzene fotmod it could be.
conoluded thet, predeminently, splitting of the 2
phenyl groups tekes place with the methylene group
furiishing the hydrogen necessary for the formstion
of- benzene resulting in its dehydrogenation to

- parboh- ~The-oonsidereble formation of earbon (11% of

the charge) makes this course of reaction rather
probeble. The rether appreciable amownt of toluene
(20% of the tharge) formed indicetes that in addition
to tlie cracking reaction menticned, ths molecule de-
.composes to benzene end toluene. Alkylat:lon end poly-
merizetion represent the side reactions. This'is
naphthelene- derivatives. The Pormation of cmall
emounts of enthracene could be explained by condensa~-
tion of 2 benzyl groups o 9 =« lo-dihydroanthracene 7
whioh is’ subsequently dehydrogeneted. _ :

Durene .

P

'—fftDurener 13 mainly dispzopcrﬁicnated to- trL‘tethvlbenzensj--

end ‘penta-"or, hexanethylbenzeno. *About: 507 of the.

" charge remains unchanged or is isomerized. Coke forma-
“tion emownts to 3% end’ gaseous hyﬂrocarbona are formed ‘

'onlyintraoes- S e

*\vlene. o o

nethy, benza‘pe are‘l
The z\lmount of ben‘zene, holud\lng




ups-dro | L‘:\éﬂﬂ“Whiqh'f:glic‘yl;été"f the benzetis
end_theiteby. oantribute.to-the forns ghor-
boiling erametios,  Traces of olefinsiand parsffins

which are formed in the courde of “the  reaction must.

algo be mentened.

me Tetralin.

" Tebralin  ranges botween & -methylnaphthelens and
“degalin wlth rospost 6 its opacking. proporties.

+The hydrogenated ring. is the mein’peint of attack.
The " oracdking: proceaz ‘proper 18 exdesded by the de~
hydrogenetion reaction by which at. loast 27% of the.
cherge stock are converted té naphthalene. .The equi-
1ibrium, of ;the system naphthalene-tetrehydronaphthe~
lene lies.probably on the side-of the naphthalene
under the reaction oconditions chosen. The oracking
resction’ eppears to proceed largely so that short-
<chain- clesvage products are removed fram:the hydro-
genated rifg system; this assunption is éonfirmed by
thelarge amount of ticnooyelis ‘ardnatics ‘which are
formed with benzene predeminating. The father con-
sideraB];e quentities of higheralkylated benzenes
indlcate thet the hydroaramstio rivig is split only at
one 'poinﬁ.v}mphﬁhenic hydrocarboné are also found
emong the ‘oracking products, besides & very small
emount of olefins (dbout 0.5% of the charge); the
nephtheies found are predominantly methyloyclo-
pentenes amownting to 1.4% of the oharge. The
pareffine are mainly concentfated in the peseous
product. !

D e

I

n. Iééﬁinyldyclohexéne. -

. This nephthens is more

‘Spending-peraffing~On

remainsunchenged and ebout 65% ere ¢racked t
‘boiling hydrécarbons, whereas the r

“werted to highor-boiling
- able formetion of butane

Lo ) C .o :
easily’ oracked »_ghén:,,flzhe dorre~

1y-17% of “the chargs product —

0,;lower-.
eniainder 14 gn- |
hydroéarbens. - The cotisider-
‘and: pentend indicates that

“the oracking reaction preferentially attedks the -

« ‘igoherized flo mgthyl: end
‘hydrogenated. ' The.emour
‘with.f end 4. '_'dar'bc\}n etom

‘tance J of thi
aram

8 roagtion i
aranatie hydigdartons
_ 8'plit1Fing, off of the ent

‘ag :conpared

| side ohmiri. ;‘The naphthenic

te of
, 8: ind
the .ring tekes plece, although
1 48 414
hyd¢adarbons of tHe sane .3t
of ire paraffin:
takes plage with conservhtion of the
with ; éo‘emyﬂ oyol choxarie pentaris form
scompe .o butane formation.  Th

dinethyloyolopentine ¢
praffing and olefins
‘1catke th
 tho quentit
ht,. . Nhorea
tHo sn e‘,sﬁ:{ué-!:urq main]

6-nmobered’ ring is meinly
F e oh&le# .
P

at rupture Of .-
tivd impor-

!

carbai.1n the'side ohatn of tho 4scanylbenséne.
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-product ‘distribution. The methylene bridge aff cbb

reprogents’ the . preferred point oi‘ attaok for the
oraokifg resction, The Blight formation of ooke
end olefing ahould be noted.

Dieyolohexyl > -

This hydrocarbon is mhoh mbre easily oracked than
“thecorrosponding eranetis Hydrocarbonof "the vamne.
structure. The-starting meterial-is- proctically-con-
pletely oonverted. The atteck takes place
principally et the linkege of the two rings end.
ring-splitting ocours simultaneously to e rother

“oconsiddreble extent. The gaseous hydrocarbens end

the manooyclie naphthenes formed can be taken as a
proof for the course ofithe reaction. Analogous to
isoamyleyslohexane, the 6=ring naphthenes are
strongly lsamerized to the corresponding 5-membered
rings. Vith respect to ges formetien, it can be
stated that it is smeller then with the naphtheme
-‘having-s.s8ide -chain, --Vhen-compared with-cetane-witich
shows ebout the same emount of cracking, the ges °
formstion of the olefin is ebout tvice es ‘high as that-
of dioyolohexyl. The product distribution, with
respect to gasoline fomation, is espsecislly favor-
eble in the ocess of the bicyclioc naphthene. The ocon-
sidersblé -emowt of aromatization 1s algp worth
mentioning end finds its explanation in(the struchure
of the starb:mg material.

-0

Dicyclohaxylmethane .o ' _ -

“This: hydrooorbon is only slightly diﬂ‘orentiated from

dicyolohdxyl with respect to oracking tendency end,

-the: generel direction.of cracking-only.. slightly. =

_Only the (gréster extent of dimethyleyclopentane forma=
“%ion; causad by the ‘carben atom:1linking to.the 2 e’L-:’Lngs ~

"should be mentioned:.: It must be assumed that. m hyl-

- oyclohexane forms the nrimary produub which is imme~-
~-diately isamerized. -The formstich of aromatice is

* gomethat-hichdr then for. dioyclqhexylmethene, due £6-
R he purely na hthenlo 9hercterof dic yolohe

i xyl.
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Disous sio@{t')f- E#péﬁmehta_l‘ Results.

The invesbishtitns have shas

, ; chefi-the-dagras-of-oracking-and-
the oracking products’ formed ‘dre ‘dependent, o s’ large extent, on. the’ ...
- Btruoture of tho charge stock. THe olefins:pre lenst! steble- thermally end,
therefore, ore the esdiest oampoimds to orack, whersas the-aromatics have
-arelatively ood thermal stebility: " In'thd chise of Qecens and cetone, '
‘no significant emounts of wocnverted. charge stoslk were recovereds - The
olefinic hydrocerbens are pract ically oampletely converted and form pre-

_ dominently lower<boiling oredking products.. .

' The pareffins are scmewhat mors difficult £ orack then the.
olefins end their thermal stebility oreases with inoressing chain = -

lengths. The braviéhed pareffins are: re'ealaily'craékgd"_than ‘the-rst_'raigh{:;-

chein poraffine with the seme miiber of carbons.

- The naphthenloe hydrocarbons are easily-orecked: The bicyelic -
naphthenes ‘are-orecked most cdmpletely, vheréas the monooyelio -6-membered
rings.are idomerized to the correspondiny S-membered: rings. . Simultane-
ously, oleavage of the rings tekes place, The extent of cleavage in the
naphthene series is dependent on the kind of ring linkeke; e. ge, dicyelo-
hexyl- is precticelly completely oracked, whereas decalin reacts only to. -
gbout 75%. A I R

— .. The ermatic hydrocarbons sre, on the average, not eesily . -
oracked. Compourds with methyl .groups ere edsily polymerized end the prima~.
rily split off methyl groups have en’alkylating’ ei’feogt‘ . Very often ocon~ =~
siderable disproportionation akes plage, e+ g«; from durene.(1,-2, 4,

.5,~tetramethylbenzene) mainly tri | pentemothylbenzéne 15 formed.. Gas.
fomatim is only insignificent in oracking.of methyl-substituted aromatics

“but the ‘percentage” of higher~boiling polymerization products : is quite con~
sidersble. I the eramatic character of e hydrocarbon, is changed by the :-
introdustion of ‘& paréffinic side chain, the ocompownd loses its thermal:,
stebility end is more easily cracked; e. ‘g+». 1s0amylbenzene was fouhd to be
very easily dracked since the 1inkege of the sidd chain to the arometdie ', .
nucleus is only very loose.’ In tetralin also the tendency to craoking is .
‘much more_pronounced ‘thon -in & -methylnap thelene. : The difference in the—
“es8 "df“c:t:ckipg is Va:?p'eoie].ky-noﬁ .eabl vwheaniphe, yl "BnE‘ -diphenylmethane
- are-compared. :: Diphonyl is the

: thormelly extremely steblg, wherees the inktrb-. -

. duction of thé methyldne bridge ‘rosults n:}pra«}ﬁl;’ib‘al]y,'cﬁnp"lete ‘oracking.
With respéct:to product, distributipn, itican be stebdd that.the ‘olefinib.

' }Wdﬂrqdarb«:‘ms »show high ges. formatipn, - The sasily orecked. n}tzphf:hep?iq ‘dom= "
pé\nrs.‘- howevdr, “show only slight ras: formation which can be explained by . :

“the| resistence of ‘the rings ‘fowards direct. orholdng;: meequently, the /. .
ok ‘favored. | -

- fornatdon jof short-chaih orapidng. broducks.ds 3




.oi‘ gaeoline boilinpq range ; “the'p ‘
Torm; ‘arometics: by means of a ovoliﬁation reootion w 1‘3; not 0: fovoreble )
‘with ‘respect o its froe energv n8; dehvdrogena‘b:lon of  nep pht her o8’ whioh. under
. the experimental oonditions chosen, proceeds praotically to oompletion.

The' easily. oracked’ eromat:io hvdrocarbons, 84 g, ieoonwlbenzene, ‘2180’ yield
_gesoline which is’ rioh in aromntioe; this. 13 due to the’ thermal stability

oi‘ the benzene ring.

'l‘he olefin oontent of the oracked gasoline is also strongly depend=
ent on' the nature-of ‘the hydrocarbon cherge. It decreases according’ to the.
. following series: erometics, nephthenes, paref'ﬁns, olefine.” The... . .
srometios give the lowest -olefin content oi‘ the cracked- gasoline, provided
thet the charge atock: does not oontain paraffinio gide chains of eny.
length. The olefin eon'cent of the oracked gesoline is. especiallv high when
pure olefins are oracked.: Nanhthenes are found ‘in the oraoked gasoline
only if. the hydrocarbon charge alveady has naphthenio chersoter. No sig-
nificent new formetion—of- nophthenes is observed. =

Carbon deposition on the catnlyst inoresses with inoraaaing depth '
.of. oracking....0lefins..give. c..somevhet.higher. carbon .deposit,. wheress-the..., ...
nephthenes deposit only e comparetively smell emount of. éarbonion the. oa.tal;ﬁto
The cerbon formetion in the case .of arometic hydrocarbons. depends strongly
on the structuré of these hydrocarbons; e: g., diphenylmethene gives about.
107% serbon, caléulated on the charge, whereas iscemylbenzenc end xylene form
only about 2%, Since the sromatics ere easily polymerized, especielly in
the cese of hicyelic compomds, oondensed ring ocmpounds with high boiling
-points ere formed which remain in the. liquid phese et the. craoking tempera-
ture and ere sdsorbed ‘on the oatelyst. Thesd campoutids are then determined’
@s "onrbon" in the rogenerstion of the cetelyst. - :

.+ > The high pereentage of brenched hydroearbons in the cruoked product
indioates ‘the strong isomerizing effact : oi‘ the dutelyst, Esvecielly,-the -
large formation of isobutane should be noted. The percentage:of- iao‘butane
4n the total: butane formed amounted to sbout 80 in the experiments '

‘-;renorted -heres. - T S S T S e e T

T Rossini (J 2. C. 5. 62 2250 (1940)) caloulatee thet at 427°c. ,
'(801°F.) only 38% isobutene are present when. equilibrium is réeachedi” Assum-
ing the oorrechness of Rossini's-values, the large. deviation from the . = "
theoretical equilibrium could be: explained by assuming “thet iscmerizetion .
|precedes. orooking 8o that, mainly, isobutene is split off. The ratjo of
. 1eone1'tene to™ totel oent«[ne smounts to abov.xJ:':I 0.9.] The heoreﬁFical valua, |-

‘according to: Roasimi, is|0.7. |The feot that 2-ne 'hylpe: teno 46 formed in .
preference. to the other lhiexenesy is- in} ‘pgroement w th the- workin of Rogsini end
. other meriohn’ autlhors.' 2,2~ Dﬁmethylbubane is only rurely foymd in |large
- |concenbration in oreoked‘gasomme. /‘ocordi\ng to” 'quil:ll\brium 4‘>alou1ctiona o
| he . pewrcente‘ o 'in the totel he: ane fraction would| be 24“ “In catalx Hically-'
-'"‘oracked gesoﬁine t‘he stm%ight-c hain cé»omnoxmds are'predm inent; ' o
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4,2 . Butylenes ' .
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1.0 Hoxenes
___Traces benzene
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: .5 Xylenes (about 5% ethyl- _ - '
bonzene) : S
e TT Ms/decms rrrrrrrr = S
646 . 1.4 Nonenes/decenss - 1.4 1.0 4.1
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i+ TABLE ’ T

& <" Hiothylnaphthaisne
~ Cracking products, % by wt. of charge’

H . - Tilgher :
€,~Cg < 4684°F(240°C) . Methylnaphthalene . Polymorss . Coke.
0.6 T ;Mﬂ,ze,g__- e 100 e T

#) The fraction contains dimethylnaphthalene and/.?-ﬁ’-diquhtyl.

TABLE 8
- Diphenylmethane
. Cracking products, % by wt, of charge
284-392°F  392-482°F > 518°F
Xylenes, (140-200°C) (200-260°C) (270%%) -
<176%F(80°C) Ethyl- mainly / -methyl- Diphenyl- anthra=-
Cq=Cq Benzene Toluens benzenes aromatios naphthalene methane cene Coke
1.6 61.0 19.7 " 847 4.8 6.1 2.2 1.3  10.6
TABLE 9
Durene

Cracking products, % by wt. of loharge

Toluenet Trimsthyl-

H, Xylemes  benzemes. . . o ‘ 0 e

"2 (mainly  about 90%. Durene+ . Pentamethyle Hexamethyl-
C1-Cq Xylenes) pseudocumene iso-diirene Prohnitene bengeme - benseme. - Coke .
0.1 3.0 | 218 | 6062 36 o 1248 . o R 186l
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olefins: :

0.7

Traces

Traces

saa-aw
(180~150°)

179

Alkylated bengenss
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8.0 0.4
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: n-Hexanz
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0.6 - 2.8 .

Cyolohexane

"Benzene

36.6% by wto
o 0.6
6.8 .
3.0
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