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© ~ /fFollowing ‘is the translation of an article
- Tentitled "The Mechenism and Kinetic¢s of
-Platforming_ReaCtionsﬂbf”Hydrqcarboﬂs;-~”ﬂ Lo e
-~ Part IV On the Dual Propertles bfﬁPlat—zi*c;g o
‘?'forming;Gatalys#s“?[by“Chang Yen-ch'ing "~ - ¢
i(-172,&251&3237)vgndx,.,_y..:’xalecmté-,t{f-~; e
. Institute of Petroleum, Acedemia Sinica,”’ .
in Jen-liao Hsueh-pao (Acte Focalla Sinica),
“Vol. 4, Np. 2, Shanghal, . April 1959, pages '
f*‘-’127-132b_7f;,f' D S IR

~~ Hydrogenations are carrie W
ysolated hydrocarbons, cyclohexens, ‘eyclohexene, methyls .
cyclopentane and -methylcyclopentene, etc., by using-three
kinds of catalysts, Pt=-AlaOa, HF-A1,03, and Pt-HF=Al,05."
It is fourid that Pt-HF-Al,03 1g superior in its dehydro=- -
genation, isomerizstion. and { somérization-dehydrogenation,
etc., properties than the other two types of catalystss ‘It
ig also found that both Pt-Al,04 end HF=-A1,05 are-not - . .
‘singlo:functioﬁ_oatalyats-posseas;ng either ﬁehyﬁfagenaﬁion
‘or ipomerization properties only, bul dusl function catalystis
possessing poorer activities. WheanFﬂis“adde@'to-Rt-Al.Q,,
or Pt is added to HF-Al,0g, the resulting catalysts are )
dusl function catalyste with excellent activities. Based
én these findinga&»wékhave assumed,th@maétive groups (or
polyadtive centers) areé. formed by Pt -ahd ‘HF on the .surface
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of th;”citéljstgv Moreover, based on this hypothesis and
. the results of experiments, we have proposed the transform-

ation steges of aromatization of methylceyclopentane and,
smong these, the isomerization of methyloyclopentene is the
slowest process. : ‘ ' ‘

Under the conditions sdopted in most reforming
procesees, platforming catalysts, such ag small smounts
of Pt and HF supported on Al;0,, possess good dehydrogenation
‘and lsomerlzatlon activities. They algo show good oracking,
coking properties and are leas susceptible to poisening,
thus fairly satisfactory te industrial requirements. In
connection with this type of catalyst, having dual properties,
both metallic and acidic, and polyfunctional, the "Houdri-
formins" catalyst has been chosen by Mills, etc., in their
study ), Tegts have sleo been cerried out by Kuo Hsleh-
neien (675% 3610 6343), ete., of this institute on lsboratory
prepared platforming catalystis with isolated hydrocarbons,
such as methylcyclohexané;?methylcyclopehtano, n-heptane,
etc., as starting materials and the assumption concerning
the reaction mechanismvﬁgy_thefdual activity centers of
catalysts has been made . However, the present avallable ,
information related to this complicated and imporiant problem ‘.
1g far from sufficient. Consequently, in order to galn an
insight into the funotions of Pt and BF in the catalysts
end the transformation mechaniem in the aromatization of
certain cyclic paraffinie hyarecarbons, such as methyl-
eyclopentane and cyclohexane with platforming catalysts,

. three kinds of catalysts have been prepared, Pt-Al,04,

HF=A1,05, HF-Pt-Al,0ge Four kinds of isolated hydrocarbons;
such as methylcyclopentane, methyleyclopentene, cyclohexane,
cyclohexene and a mixture of cyclopentane and cyclohexane
(1:1) are used in the investigation of reactions cccurring
with these catalysats. , C
Experimental ‘ = . _
Catalysts usedj = Pt-Al,0y, containing 0.3% Pt. and

"HF-Al,04, containing 1.5% HF. These were the catalysis
used in platforming. L L :

Starting material, isolated hydrocarbons; oyclo-

. hexane, b.ps 80-81", refractive index of np = 1.4262, sp.

gr. 43°= 077854 methyloyclopegtane, b.p. 7T1-72%, refractive
index of nj5 = 1.4100, sp. sr.-d,l= 0.7482; methylcyclopen-
tene, bepe 64-68° snd T4.8-7T7.8%, all of its three isomers
being present, refractive index of n3% =z 1,4267, 8p.’gre
a%°=9,7701; oyclopentene, beps 82-83°, refractive index

of n% = 1.4460, sp. gr. 43°= 0.800, Methylcyclopentane,
methyleyclopentene and cyclohexene were all lasboratory
prepared.
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Resction conditions; temperature 430°, pressure
20 atms., space veloolty 3.0 velume per volume per hour,
mole ratio of hydrogem to hydrocarbon 6:l. . =~ :
" The methods used for product enslysis were simllar
to those employed in analyzing the products of methylcyolos
psntane and syclohexane when these were used as starting -

materials and the methods described in Part II and Part III L

of this project. The products obtained Ifrom methyleyoclo~
pentene and cyclohexene wsere analyzed according to the
following scheme. o ' ;

N N . 4 . X .
Determination , : iy - D@términation of
of Bromine -«w——— Liquid Product——> 1%, oL°

value. ' ' -

sulfagation (Sulfonated aromatics &
- : Alkenes washed out)

Gyolic Alkenes & Alkanes

Fractional Distillation

2G| Imee| [cH
Regults: The results obtained were tsbulated in

table 13 - Reforming Results of Hydrocarbons Usi Three .
Kinds of Catalysts. - wigar_ (Vs Predvar)
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S tsomerization of methyleyclopentane occursa
slightly when RF-Alaf3 and Pt-A1303 are used, bul more

~ extensively by using Pt-FF-Alz03. For example, the form-
ation of cyclohexane and aromatlcs by isomerizing methyl-

cyslopentisne: : . _ :
=00

The extent of isomerization is using HF-Al;03 18 7.2%
end 1.04 in the case of Pt=-Aly03 but, 21.2% when Pi-HF-
Alq0g is employed.

Similar results are obtained in isomerizing methyl-
cyclopentene, i.e., reactlon is small when using HF-Al1203
and Pt-Ala03, but more intense in the cage of Pt-HF-Al;03z.
For example, the formation of cyclohexane end aromatics by
1pomerizing methyleyclopentenet

The rate of lsomerization 1is 9.2% using HF-A1;03,
TeT% with Pt~Ala03, and 35.04 in the case of Pt—HF-Al:S;.
Basically, the lsomerization of cyclohexane with the
formation of methyleyclopentane does not take place by the
use of HF-Aly0z, or Pi-Al;03. However, when Pt-HF-Al303
ia used, the methylcyclopeniene formed in the products
resched 18.3%. '
Thege results show that the isomerization properties
of either HF-Aly03 or Pt-AlzOgz are poor and thatl Pt-HF-Al;03
possesses prominent igomerization propertles. _
(2) The dehydrogenation of cyclohexane forming
benzene basically does not take place when HF-Al,03 is used,

‘and only to a small extent, 36.5%, by using Pt-Al;03. _
However, dehydrogenation takes plece readily in the presence
of Pt-EF-A1203 and the aromatics formed reach 71.0%

similar resulte have been observed in the formation

_ of benzene by the dehydrogenation of cyclohexene. Aromatlcs
formed using HF=-Al303 smount to 31.3% and for Pi-Al:03,
49,74, but they reach 72.8% in the case of Pt-HF-A1203 .

: These raesults show that both HF-Al;03 and Pi-A1303
are poor in their dehydrogenetion properties and only
Pt-HF-Al203 is outstanding in thils respect.

"(3)  The isomerization, dehydrogenation of methyl-
cyclopentane and methylcyclopentene with the formation of

i




penzens areé more or less gimilar 1o tne above results. That
is, little reaction takes place with either HF-Al,03 or
Pt-Al;03 and the regction is more jntense in the case of
Pt-HF=Al,0g. Thus, 1t 18 shown that Pt-HF=Al,03 is & new,
polyfunction catalyste. o

“jocording to the above three points, Pt~-HF=A1403

as & catalyst is far superior %o the properties of either
© Pt=Al;03 or HF-AlqQD3, Or & mechanical mixture ef these

two, whether in isomerization, dehydrogenatlon or isomer- -
jzatien-dehydrogenation, atce _ = S

' (4) Either Pt=Ala0zor HF-Al;03 are not strictly
single function ocatalysts.  Feor example, when Pt~Al,03 18
uged in the following regsction, besides dehydrogenation,
a2 small extent of i somerization alec lskes place with the
formation of benzene, 6.8 : , ‘

. ih/g{;]rvauh t:} sag

When HF-A1,03 is used, besidéa*the'isomerization

- ‘pesction, some dehydrogenation takes place, 8.8«

: : Ll H¥-ALOy @ '9'2%,

oL . S
. ,.f AR

OMO 5%

Although both HF-Al303 end pt-Alz03 possess dehydro=
genation and isomerization propertles, they are dual function
catalysts poor A these. properties. If a small amount of '

Pt 1s added to HF-Alz03 or if HF 15 added to Pt-Ala03, then
both of them become pelyfunctional'catalysts with good

jsomerization and dehydrogenation propertles.
o Bagsd on the sbove polnis, we aet forth our hypo-
thesis regarding polyactive centers ( or polyfunctional -
active groups) of platforming catalyats as followss

The Pt .and HF in PL-HF-Ala03 sre distributed on the

gurface of Pt-HF-Aly0s, not without being interrelated, but

forming active groupe. These sctive groups popsess excellent
catalytlc propertles upon which the 1 somerization, dehydro-
genahion,'isomorizaxion-dehydrosenation. hydregenolysis,
eto., of hydrocarbons are msinly carried out. Within these
groups the dahydrogenation'activity of Pt and the lsomer-
1zation property of HF are greatly'anhanced by the presence
of each other. The surface of the catalyst maey contain
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" ungrouped Pt and HF, both of which poasess weak dehydro-
‘genation and isomerization properties just like the Pt in .

- Pt-Al303 and the HF in HF=Alz0g, Playing a minor role in

catalysis. : A o , : :

The dehydrogenation taking place on the activity
groups is still meinly attributed to the effects exerted
bg ﬁ{?ts) Similarly, isomerization occurs under the influence
O () : ¢

The dusl aotlvity centers theory of platforming

o :
" oatalysts as suggested by Mills, Helnemsnnm, eto.0l), differs

An nature from our conception. First of all, they assumed
that the Pt and HF are distributed on the surface of plat-
forming catalysta without any interrelationship. The
difference of the two assumptions is 11lustrated below.

. N %
| e A ,‘ .
.0 L ex |
x . ox X ST ox {
@ ‘ o . e ' !
K k . .'@ SN i X ] X E
Mills, Heinemann, etic. Author

T1lustrations Showing Activity Centers

@ represents Ptj; X represents HF; @ X represents
the aotivity group.

Secondly, their interpretatlions of HF-AIQOg.and

. Pt-Al1,03 are mechanical, 1.e., HF-Al,0g 18 a single !
. funetion catalyst having only jgomerization and no dehydro-

genation propertles and Pt-Als03 is also a single function

~ ocatalyst having enly dshydrogenation, bui without isomer- .

ization properties. The igomerization properties of Pt-

'»A1203, &8 explained by them, is caused by the residual ;
; e0id in the catalyst, not washed oul in the course of 1ts:

preparation. Thelr explsnatlon for the formation of

~ benzene by the catalytie action of HF-Al,03 on cyclohexond
~ and methyleyclopentene is
" attributed to the catalyst, rather than 1ts dehydrogensiion
 properties. This explanation 1g difficult to confirm by

due to hydrogen transfer reactien

our results because 1f benzene is formed by the hydrogen
transfer reactlon,

0—0-0

6‘




then the ratio of benzene to cyclehexane in the product. -
should bhe 1:12. However, the apount of oyclohexane obtained -
in our product is far less than the amount obtainable in . .
the hydrogen transfer réaction. = S A
T The question ef the mechanism of the aromatizetion
of metnyleyolopentans is dipeussed below. ' SRR T
. jooording to Mills, Hainemann,*etc;g“anduﬂomndwrz (4%l
the reveraible igemerizatlon between methyloyolopentane and
cyclohexsns under the influence of the usual aocidioc or . .
metsllic satalyets is a transition stage of dehydrogenation-.
jpomerisation, 1.8., lsomerization follows the dehydrogena-
tion stage. We agree with them en this point. Furthermore,
our findings show that little cyclohexane ips formed by the
igomerization of methyleyclopentane using HF-Alp03, and

‘ayclohexans does not undergo 1aemer12ation»when~HF-A1293

18 used., Howsver, arematics resulting from the isomeriza~-
tion er.methyleyplopenteneiundar the influenca of HF-AlaO3 .

" and the methyloydlopentene formed by the iscurrization.

of cyclchexene using EF~A1;Q3are:qomparativmiy more sub=

. gtantisle. These facts all gerve as minor evicences showing

that the dehydrogenation precsdes 1gomerization. - Based on .

‘this point and the assuwsption of the activiiy groups
.mentioned above, our propesal on the aromatization mechanism

of methyleyclopentane using platfprming-patalysts is as

fallows: '

BT 4

Remctions within the brackets ere carried out on .

the aotivity groups situated on the surface of the catalyét."

The reactions outside ef“npe-brapkqta“take%place‘Ln‘thg

gaseous phase. .

socording to the above 1llustrated transformation

. stages, & groater amount 'of arematics should be formed
4f the intermedlates of the later stages, methylcyclopentene

and cyclohexene, are:used'aa‘starting-materia;s than if the

intermediates of the first stages, ‘methylcyclopentane, . .

15 used. -The results obtalned are in sccord with this .
deduction: methylcyclopentane;‘ﬂethylcyclopanténe and

7
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“eyoionexsne were reacted separately using Pt-FF-Ala03 and.

4t was found that the benzene formatlon was in the 1nereaq1n5
order of 14.14, 18.8%, 72.8% in each case. When Pi-AlsO3
was used, the benzene formed was 1.0%, 5.3%, 49.7%. - When |
HF-Al,03 was used, ihe benzene formed was 0.2%, 9.2%, 31Ja$.
It is ciearly shown by the above results that in the fore=
mentioned transformation stages, the igomerization of i
methylcyclopentene with the ormstion of cyclohexene is |
the most difficult stage to-be brought about and kept under
control. This ie due to the fact that the rate of benzens

1

. formatlon when gyclohexene 'li used as a starting material .
' greatly exceeds that prevalling when methylcyclepentene
" or methylcyclopentame are used,  Thus, it is clear that
 benzene forms readily after the lsomerizatlon stage. '

According to the dual cenhkers assumption proposed -
by Mills, Heinetaann, etc., the mechanism for the formation

. of benzene by isomerization, dehydrogenation of methyl-
. cyclopentane or the dshydrogenation of cyclohexane 1ls

11llustrated below.

o %059*0“0‘\ ‘

‘fhe vertical reactions teke place on the igomerization
centers snd the horizontal reactlone take place on the i _
dehydrogenation centers. In other words, methylcyclopentane
ig firat adsorbed on the dehydrogenation center forming |
methyleyclopentene.  The latter ls then transferred to thq

. 3gomerizstion center and converted to cyclohexene which

is agaln transferred to the dehydrogenation center where- .
upon benzene 1s formed is formed by stepwise dehydrogena- !
%*4on. It is thought that such numerous repeated transrorﬂ
of the intermediates between the two kinds of activity !
centers would slow down the rate of reaction. However, in
fact, the rate ef arometization proceeds briskly. At the !
gsme time, such repeated transfers between the aoctivity

' centers would also be accompanied by the repesated process |
~ of detachment and adsorption. Thus, intermediates such as

methyleyclopentene or oyclonexene would be found in the .
products. However, no such hydrocarbone have been isolated
from our experiments. Although the reaction mechanism

~ propoged by us also invelves dehydrogenation, {igomerization,
 etc., stages, these reactions a1l take place on the same

e b o romtre et ke e st i a1
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activity groups in a very convenient mannelr. And the -
intermediates forgo steps of deporptlon and readsorption
on the surface of the catalyei. Therefors, our mechanism
should correspond more slosely to the experimental results
. than the one proposed by Mills, Heinemann, etc.
- Lenclusion : S _

~ . 1. Hydrogenation is carried outl with four kinds
~ of isolated hydrocarbens, methylcyclopentans, methylcyclo-
' pentene, cyclohexane and ¢yclohexene, etc., by using three
- kinde of catalyste, HF-Al,03, Pi-Aly03, and PL-HF-A1203 « .
It is found that Pt-HF-«Al;0z 18 puperior in its dehydrogen-.
atien, isomerization and ipomerization-dehydrogenation, o
et6., properities then the other two iypes of catalysts.
: ) 2, It is alse found that both Pt-Al;0s, and
HF-Aly09 are not strictly single functlion catalysts, but
dusl function cataelystis pessessing poorer sotivitles. . When
CHF is 8dded to PL-Ala0z or Pt 1s added to BF«£240p, the
resulting catalysts ers dual functional with exzcllent
properties, ) , . _ '
o + ‘"he assunpiion was propoged that £ and HF may
form actlive groups {or polyfunctlonal gotive cooters) on
.the surface of platforming catalysts. '
: 4, BSuggeations wore made concerning the transform-
ation stages of the aromatization of methyleyclopeniane
under platforming conditione. Among these atages, the
isomerization of methylcyclepeniens forming cyclohexene 1s
the plowest. - . , , ‘ : ' : -
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