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OBSERVATIONS ON CATALYSTS FOR CRACKING
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La, Nov. 22, 1940
Ray Examinations

Synthetic magnesium silicates have e montarillonite
‘structura, like . terrana.A‘ o 2 - .

Bgnthetic alum;num silicates. ere amorphous under z-rayao

- Msgnesium silicate catalysts of varlous manufacture shov
various zizes of crystallitos; the finest cryatallites are*the
most act ve.\ »

Héq!x Hetal in Cracking Catalzsts
=

' Heavy'mbtal in split%ing ceta.yata produces much gaa under
cradking congitions, vhich, as s rule, consists of about 80%
Hp. At the same tiwe the splitting deteriorates. : :

Zine -

- - Zine {abt. 10%) Hg-silicate catalyst already produces
cenaiderable gaas (90% 23) at 400-430°C, However, the product
ie 13%ttle dehyarogenated; rsther, 2 corresponding part of the
0il is coked., Smsll zinc aaditiona tend to retard the

[ty

Iron

. Terpsna produiees less Splitting-than~euper-£1lterol but"
_ more ges: irom content, ,

’Alkali Addition to Gracgggg Gatalxgts

Hhen alkali (K) 4s =daed, the split product centains,
“less low-boiling constltuents. -

Is - 1n Crecking

_ T Cracked gasolineAfrcm.Blseratherﬁoil over- -Mg-silicate
“has & motor methed octane number of 72-T4 8 25% aromatics and
. 1ittle unsaturated (1% according to HpSOy method, abt. 10%
accoraing to ioaine nnmber}. This.causes«isomezizavion

Hitrogen Sansiziyi~x
. {
Mg-silicate is resiatant against 0.1% anilineo




-

Bon-3ilicate Cataixpts'in Cracking

Activeted slumine splits considerablx iess than silicatesd,

but 1s iﬁiorian% for - splitting of .peraffin to unsaturated middlie
0118 o ’ .
{

"Activated carbon splits - about as super-filterol, ‘but
yields less lov-boiling (0303)°

» it yields"a greater ges voiume and in this respect
resembles terrana and cetalysts- containing hasvy metals¢

'_znthatic Garriers for Apomatizatior . .

_ siifcates: Hhile silicates (Alvgg Hg) precipitated.rith
sumonie are inactive, precipitation 1ime or, better still,
vith Mg-carbonate yielded active silicates, yhich vere 1mprov-
ed by the: addition of Fe and Mn. %gh

L~

Actlvated Alumina yields catalysts vhich\are superior
in the processing of products contalning cresol, and probably
~also nitrogen, becsuse the silicate catalysts polymerize
counounds cantaﬁning'oxyganAand nitrpgen too rapidly. ‘

cqmb.ned Results of the~8tudy of atélysfé for the bonversione
of H;ﬂrOJCarbons = oy

The. studies of catalysts in various fields, such as .
splitting, cehydrogenation, isomerization, cyclization ang -
noivmerization, mey be summarized gsbout as follows: .

) SQuttgg

L The most active basic vatalysts (mbno-subs
”catalysts) are silicic acid =nd carbon, Both-
almost s pure spliitting reaction {witkhout add ons), as
2.2, the decomposition of a paraffin molscule of average
chein length into paraffin + oiefin of shorter chain, With
these. catalysts, the splitting takes place about the middle ,
of the chain snd, vith the use of & gas oil fraction

(mol - wt. = 200}, yields gesoline (mol - wt. = 100), which
is n=lf paraffin‘c and hz1f olefinic {lodine number = 100).
- Thére 1s very little gesification here. The nev formation

T of mromatics could not be‘aeggrminea. CoT e o

' By activating 3102, or carbon with Al or Mg, the

spIitting capacity is increéesed considerably, 1.6. visﬁ_fhe
sgme conversion either the thruput.may be increased; shorten-
ing -the contact time and yielding the same reaction products -
es beforse” (paraffin + olefin from paraffin}, or the conversion.
‘may be incressed with the same thruput, yielding other prod- :
vets of resction. Insteed of sabout equal quantities of
paraffin + olefin a parafinnic gasolire (iodine number = 30-60))
is produced in this case, because the SiOg—catalybts activated
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with Al or Mg not only spilit the peraffin dbut also polymerize
the olefin, Both rsactions take plece successively, splitting
a8 primary and polymerisation secondary. Gesification 18
higher here than in a pure splitting reaction. - :

In Al or Mg activateda 3102 catalysts the increased
splitting is combined vith an fsomerization of the split
products, vhich preferably occurs in the shorter split frag-
mente (Ch and gasoline components to about 150° C). The butane
formed in splitting is ‘80-90%- by vol. isc-butane. Isomer-
izstion disappesrs almost entirely above 150° C and the split
B-middle oil shovs no further indication of a . new formation
of isomers (good diesel oil). . —
‘Fatural Fuller's Earth (Bleicherae) (Al or Mg~silicate),
activated with acid, bshaves like S10p-Al or 810,-Kg, but 1s
much wesker, - ‘ : o : . o -

© 17 the Al or Mg in the SiO,-catalysts is replaced By Fe,
“gaseous split fragments appear in lerge volume facilitating
' the separation of the C atome formed. - .

A1203 is much less active a2 a splitting catalyst than
810, or CT Al20 entirely free of slksil will split better
- .than one qggtainzns'alkali,_bqg‘the_split fragments ars gaseous,

No gpprecisble isomerization is noticeadle in the split products.
obtained over Alx0x. ‘ - S S

b). Dehydrogenation

" ¥hen operating with a detericrating catelyst, AloOxmw
_has proved Yo be the best component in combinstion with Mo.”

v
<

—_—

Id

; . The preparation of an especially active form of
Algz03 is dependent upon certzin conditions, vhich are being
" inveStigated at~tho present time in cooperation with Dr. V.
Flner. Besides precipitation and vashing, heating presumably

plags_ggjimportantfpart.j

‘Alp03 entirely free of alkali will produce high splitting
to gaseoug products with relatively iittle formation of . . ‘
aromatics. ~ R . T

Al.0. catelysts formed in an extrusion press show a
-distin unetion in activity.compared to individusl pleces.
- {Presunably because of their lower. contact surface; longer

compared to shorter-plecea-?). S
LY Pgrtialiroplécenenﬁrofiﬁlaoz by Fe203 vill‘érbduco
. %1stin;tly-;gforior dehydrogenatlion catalgsts, Thessggf is
~ true of catalyst containing Mg0 instead of. 0. oth ’
- cgtalysts pr§gu9¢ gesoline of high lodine numge;t__ -
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When Adehydrogensting with a deteriorating catalyst,
heevy gasoline 13 split, dehydrogenated and cyclizasted. .
Isomerization prBEBI?‘takes plece at the seme time, even

_though to a2 lesser degree. Furthermore, low anti-knock,
paraffinic, heavy gasollne components are removed by gasi-
ficatior and olefinic, split gascline components are sztur-
ated at the end of the caltalyst layer by weak hydrogenation.

In tesning various charges of slumins it was found that
strong displacements may occur within the given reactions.
When using variously prepared slumins for the 7360 dehydrogen-
ation catalyst, dehydrogenation gasolines were~ produced from
the seme feed gasoline, which differed very much from each
_other, not only in sromatic content, but slso in the iocdine”
numdber. If suitable a2lumina are usea 1t should be possible.
to produce high performance fuels vith an ioﬂine number<:4 :
without further refining.

- Pure ﬁehydrogenation of naphthenes to aromatics 1s lesast
affected by the Quelity of the alumins. .This reaction is
comparatively simple. On the—contrary, cyclization is very-

~much dependent upon mosification of the slumins. This hes
been shown in experiments with n-heptane, vhich may be. convert-
ed into toluene by catal ytic cyclization.

c) gxclization

.

After mony experiments, together vith Dr. V. Fliner,
a combination of Al 0 snd Cr has been found to be by fer the-
most gactive catalysg These experiments clearly showed- that
the aiumina best sulted for n-heptane cyclizstion are also
the best components of dehydrogenation cstalysts. They slso
showved that various moaificacions.of alumins msy be Vastly
different 1in their cyclization prooerties. :

3). Polxmerization

-The p0¢ymarization properties of 8102-A1303-catalysts
.have.already been mentioned under the heading of "Spliftting',
which properties may markedly influence the nature of the
“split products in < catalytie « cracking*“—SIO—iKI‘U——may also be
used for the polymerigation of zaseous clefins 12to pOlymer’
gasoline, instesd of the normally used catalysts ‘based_on

Ez380}) or Cupyrophosphsate.  Cormpared to _ the latter catalysts,
ge polymerization tekes place without pressure, although the
gosition of the polymerlides in the bolling curve differs from
hose obtailned over Pmcatanysts, they contaln more components
in the m%ddle-oil range.




