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THE MECHANISM AND KINETICS. OFJPtAT- 
•■  FORMING REACTIONS OF HYDROCARBONS. 

..•'.•-,    '-PART IV   . ■■■ ■■'■'. , 
ON THE DUAL PROPERTIES.'OF4; 

'      PUTFORMINÖ CATALYSTS* • 

-"V ■      ' ■ - COMMUNIST , CHINA ~      . . ,   ..;,;' ; 

/following is the translation of an'article 
entitled "The Meohanism and Kineticsof 
Platformlng Reactions of Hydrocarbons.  _■ 
Part IV.    On the Dual Properties of Plat-   * 
forming Catalysts"* by Chang Yen-ch ing 
(1728 2518 3237)   and I. V,: Kalechits, 
Institute of Petroleum, Academia Sinlca, 
in .Tftn-liaö Hsueh-pao (Aota Fooalia Sinica), 
Vol. 4, No. 2,  Shanghai,  April 1959,  pages 
127-132>_y     r 

Abstract AbStr-|ydro6enatlons are carried out with fourKinds of 
isolated hydrocarbons,  cyclohexane,  cyclohe^n^el^ffi;ö : cyclopentane and -methylcyolopentene,  etc.    by usin| thres 
kinds of catalysts,  Pt-A1A0„ HF-Al^,  and ^^'^^3' 
it i« found that Pt-HF-Al-O^ is superior in its dehydro.*. 
gUucnTiB^eriLtion.^ 
etc*    properties than the other two -types of catalysts.    It 
S also found that both Pt-Al^  «^.HP-Ayj^^*      ;• 
single function catalysts possessing eitn?Vehy^r°6®*j4°*+a or isomertzation properties only, but dual functi^^catalysts 
SosseSsinR poorer activities.    When HF Is added to Pt-Al*0^, 
o?^ir!s^ddSd to OT.Al.bi,  the resulting catalysts are 
dual faction catalysts with ^^J^t^^'^ups (or on these findings, we have assumed that active groups tor      .. 
polyactive centers)   are formed by Pt ahd HF on the , suriace 

♦Received 15. Sep 58.    See Vol. 4,  No. 1. 41 and 42 (1959) 
for part II and"III. 
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of the catalyst. Moreover, based on this ^Pjj*"£" g* ■ 
the result» of experiments, we have proposed the transform- 
ation stages of aromatiaation of methylcyclopentane and, 
among these, the isomeriasation ©f methyloyolopentene is the 
slowest process. 

Under the conditions adopted in most reforming 
prooesses, platforming catalysts, such as small «J«*» 
of Pt and HF supported on 12*0,,, possess good dehydrogenation 
and isomerization activities. They also show good cracking, 
coking properties and are less susceptible to poisoning, 
thus fairly satisfactory to industrial requirements. In 
connection with this type pf catalyst, having Jj^gW«*1*»' 
both metallic and acidic, and polyfunctlonal, the Houdri- 
forming" catalyst has been chosen by Kills« etc., in their 
study«8. Tests have also been carried out by Kuo Hsleh- 
hslen (6755 3610 6343), etc., of this institute on laboratory 
prepared platforming catalysts with isolated hydrocarbons, 
suoh as methylcyclohexane, methyloyolopentane, n-heptane, 
etc., as starting materials and the assumption concerning 
the reaction mechanism and the dual activity centers of 
catalysts has been madelair. However, the pre'■«* ^f^i» 
information related to this complicated and important problem 
is far from sufficient. Consequently, in order to gain an 
insight into the function* of Pt and HF in the catalysts 
and the transformation mechanism in the aromatiaatlon or 
certain cyclic paraffinie hydrocarbons, such as methyl- 
oyolopentane and oyclohexane with platforming catalysts, 
three kinds of catalysts have been prepared, Pt-Al^O,, 
HF-Al^O,, HF-Pt-AlxO*. Four kinds of isolated hydrocarbons! 
such as methylcyclopentane, methyloyolopentene, oyclohexane, 
cyolohexene and a mixture of cyclopentane and cyolohexane 
(1:1) are used in the investigation of reactions occurring 
with these catalysts. 
Xper "catalysts used; Pt-Al.0., containing Q.3# Pt. and 

'HF-Al-A,, containing 1.5# HF. These were the catalysts 
used in platforming. t .    ^     ' ...,-.. 

Starting material, isolated hydrocarbonsjoyclo- 
.   „ M     w   _     Oft-oi»     «kf«»Af4v. im/lA-r of n*T* 1.4262.   SB 

gr« 
Index i      nm 'm J..TAW»   «»*'•  Oä *   *** ~~ ■—"■ • '      f "   i 
tone, b.p!°64-68# and 74.8-77.8*, all of its three isomers 
being present, refraotive index of n?* 1.4267,  sp.'gr. 
&%= Q.T70H    oyolopentene, b.p. 82-83*, refraotive index 
of"n?- 1.4460,  sp. gr. d**« 0.800.   Methylcyclopentane, 
methyloyolopentene and cyolohexene were all laboratory 
prepared. 



Reaction conditions» temperature 420 ,  pressure 
20 atms., space velooity 3#0 volume per volume per hour, 
nole ratio of hydrogen to hydrocarbon 6>!• 

The methods used for product analysis were similar 
to those employed in analyzing the products of methylcyolo* 
pentane and oyclohexane when these were used as starting 
aateriala and the methods described in Part II and Part III 
of this project» The products obtained from methylcyolo- 
pentene and cyclohexene were analyzed according to the 
following scheme. 

Determination 
of Bromine «♦> 
value. 

Liquid Product 
Determination of 

n A* 0 9 

Sulfonation (Sulfonated aromatics & 
1     Alkenes washed out) 

Cyclic Alkanea &  Alkanea|   

Fractional Distillation 

Results•    The results obtained were tabulated in 
table 11    Reforming Results of Hydrocarbons Using Three 
Kinds of Catalysts. 
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piaousalon Iß0merlzation of «ethyleyclopentane occura 
slightly when HF-A1*03 and Pt-Al^are used, but »©je 
extensively by using Pt-HF-AlaP*. *°* .«JO!? Jh*ÄS3!" ation of cyclohexane and aromatlcs by isomerizlng metnyi- 
cyclopentane t 

g—D+;0 
The extent of isomerlaation Is ^ßj»6JF-A1Ä0| 1B 7.2* 

and 1.0* in the ease of Pt-AlaP3 but, 21.2* when Pt-HF- 

MX0S i|1^®yjJ;ultfl are obtained In isomerlzlng methyl- 
cyclopentene, i.e., reaction Is small when using HJ-AJaPs 
and Pt-Alap3» but more Intense in the case of Pt-HF-AliOg* 
For example,  the formation of cyclohexane and aromatlcs by 
isomerizlng methylcyclopentenet 

y-0 + 
The rate of isomerizatlon is 9.2* u*in§J.BErAl*02* 

7.7* with Pt-AlaOs» and 35.0* in the case ?* ^-^-JJ^ga* 
Basically/the Isomerlaation of cyclohexane with the 

formation of methylcyclopentane does »°* *£%J1*J* 5y0™ 
use of HF-AlaO*. or Pt-Alapa* However, when Pt-HF-Alx03 
is used, the methylcyclopentane formed in the products 

rö&0h9dThese results show that the isomerizatlon properties 
of either HF-Al^.03 or Pt-Alapa are poor and that Pt-HF-A3o.03 
possesses prominent isomerizatlon properties. 

(2) The dehydrogenation of oyclohexane forming 
benzene basically does not take place when W-AJaPSf is used, 
'and only to a small extent, 36.5*, by using pJ-AJ;aP3» 
However, dehydrogenation takes place readily in^the presence 
of Pt-HP-Ala.03 and the aromatlcs formed reach 71 *P* 

Similar results have been obaerved in the formation 
of benzene by the dehydrogenation <>t eyclohexene.    Aromatlcs 
formed using HF-Ala03 amount to 31.3* and for ?J-A1^, 
49.7*, but they reach 72.8* in the cas* f ^"^laO-f' 

These results show that both HF-A1*P3 and Pt-Ala.0 3 
are poor in their dehydrogenetion properties and only 
Pt-HF-AlaA» is outstanding in this respect. 

(3) The Isomerizatlon, dehydrogenation of a«thyl- 
cyclopentane and methylcyclopentene with the formation or 



'       n~ - .4-ii*p to the above result».    That 
benzene are »ore er £•«« «^Jf with either HF-AUO3 or 
it, little J»;«*1™ SSiS« is more intense in the case of 
lt&tll£t ISu^S shown that Pt~HF-Al*03 1B a new, 
p0WV,l3£iSaiS*8"t^ above three points, Jt-HF-Al^ 

7?_-* tt r,y onMrlor to the properties or eltner 
ts VX*1^ » 5l!o.    «aMOhanloal mixture of these 
Sof^ther^Ä".«", aehydrogenatlon er U«er- 
iiatl.nId.hydr.«.n.tlon, etc. ^^ 

eingl. ruction oat.lyot.^ For «wie, *»££$£• 

formation ©f benzene, e.g., 
i^-AläÜs 6.8$ 

When HF-AU03-1« **ed» ^esidee the isomer 12 at ion 
reaction^ some dehydrogenation takes place, e.g.. 

9 
0 

Although both HF-A1*03 and Jt^laPj^PJJMJJfunction 
genation and isomerlzation properties, f°* JfJ^untT 
Sa?alysts poor * theseParties, ^smal^amo^t^ ^ 
Pt is added to HF-AlaQ3 ®r ** ^ *" , . f with «ood 
both of them become P^^n^fprÄJes. 
isomerlzation ^J^e^^6^tnls! 5e set forth our hypo- 

Based on the above P0*»™»™",ö  Doivfunotional 
thesis regarding PggjWj center^^^ 
active groups) of Pla™0™1^ i? «, «re distributed on the 

The Pt and HF in ^-^-^£3 ^^interrelated, but 
eurface of Pt-HF-Al*^, ^ef^e grotps possess excellent 
forming active 6™*P0' ^*£!c£tnrisomerization, dehydro- 
catalytic properties uponftJ*J* J?JtJ™ hydrogenolysis, genation, isomerijatlon-dehydrogenationj ny     ^ ^^ 
etc., of hydrocarbons are mainly oarrxea «^    iSOmer- 
groups the dehydrogenation •£*£* «J*£%  the presence 
izatlon property of HF are ßreatay catalyst may contain 
of each other. The surface of the oa^a-ty»* >» 3 



ungrouped Pt and HF, both of which posses» weak dchydro- 
«enation and isomeriaation properties Just like the Pt in 
ft-Al^Oa and the HP in HF-Alap*, playing a minor role in 

The dehydrogenatlon taking plaoe ©» Jk« actlvi£y ; 
groups is still mainly attributed to the effects •»***, 
by Pt>^ Similarly, isomeriaation occurs under the influence 
of HF*'*' 

The dual activity centers theory of Platf?ffln«  fiTlfl 
catalysts as suggested by Mills, Heinemann» etc.CO ,**£*• 
in nature from our conception. First of all, ^cy jMuaea 
that the Pt and RF are distributed on the surface of plat- 
forming catalysts without any interrelationship. The 
difference of the two assumptions is illustrated below. 

©x 

©  & 

*     t 

0 
© 

ox 
©x 

«X     ©X 

<•> <, x 
ox 

Mills, Heinemann, etc.      Author 
Illustrations Showing Activity Centers 

©represents Pt; X represents HF I »X represents 
the activity group. 

! 
Secondly, their interpretations of HF-Ala.03 and 

Pt-AlaP, are mechanical, i.e., HF-AI3P3 is a «-agio     > 
function catalyst having only isomeriaation and no dehydrj- 
«enation properties and Pt-Ala03 *■*  als0 a single function 
fa?alys? having only dehydration, but without isomer- . 
laation properties. The isomeriaation PW^illiS«*?^ 

*A1-JO-*. as explained by them, is caused by the residual   ; 
tctPin She^atalyst/not washed out in the course of its ; 
©reparation. Their explanation for the formation of 
benzene by the catalytic action of HF-Ala.03 on cyclohexene 
and »ethylcyclopentene is due to hydrogen transfer reaction 
attributed to the catalyst, rather than Its dehydrogenatlon 
properties. This explanation is difficult *J confirm^by 
our results because if benzene Is formed by the hydrogen 
transfer reaction, 

•0—0 * 0 



+V,«« tv>« >«fttto of benaene to cyclohexane in the product - 
SSlf S. 1*K Howe?er* the amount of oyolchexane obtained 
Sow product is far less than the amount obtainable in 

the »i^«uJJSÄVSf iSh«i« of the aromatUatlon 

°f ^^SSTtÄi!."Äfannr^o., and Oonikber* <** 
the rev ^le^aemeJitation ^«^« >M^1;^S»tT 
cyolohexane under the influence of the us^l acidic or■ , 
metallic catalysts is a. transition stage of .dehydrogenation- 
T-ft«,«.»4 *>*t4nri i»«.. isoaierlä&ation follows the aenyarogena- 
tl£ *£"°V^ree S£ them en this point, ^rthermore, 
our findings shoTthat little, cyolohexane is formed by the 
isomerination of methylcyclopentane using ^rA^» f* 
cyolohexane does not undergo isomerlaation when HP-AljOs 
is used,. However, aromatlcs resulting from the l*™*^z*r 
itoS It methylcyoiopentene under the influef;*** ^F-Al*S% 
«nd the methvloyölopentene formed by the isos:risation^ 
of cy^oÄe using HF-AL^are comparativeXy more sub- 
stantlal. These facts all serve as minor evidences s^ing 
SS tfi de^rogenation precedes £-«5J;f"«• »^ °n 
"thi« no'Lnt and the assumption of the activity groups 

of methylcyclopentane using platforming catalysts IB as 
follows« 

Reactions within the brackets are •«^•J°u* !*,„■♦ 
the activity groups situated on the surface of the catalyst. 
The reacllons outside of the brackets take place* in the 

gaseous phase.        ^^ illustrated transformation 

Bta*es a «reater amount of aromatics should be formed 
Jf^he'intSrmSdiates of the later stages, me thy ley clopentene 
and cyclohexene, are: used as starting materials then if the 
Sermediates of the first stages, methylcyclopentane, 
la used! The results obtained are in accord with this 
dSductton: methylcyclopentane, methylcyoiopentene and 



£>-F ■   ■ • ■■■;!"- 
P...*';:-  .-•■ ■■ :  :'■»;■ 

■Hi!   " ' ' ' V    ' ' ,    ' 

eyolohexenei were reacted separately using Ptr.HF-AljtP3 and 
it was found that the benzene formatien was in the inoreai 
order of lA.tf, U.&9  7M# 1» 

wLCÄ^/^BJ?Wi£ 2 
was used, the benzene formed was 1.0£, 5#5509#P^ *? •»* 
HF-AI3Q3 was used, the benzene formed was Q.2£, 9.2^, 51..». 
It is clearly shown by the above results that In the fore-4 
mentioned transformation stages, the isomerization of 
methylcyolopentene with the formation of cyclohexene is  i 
the most difficult stage to be brought about and kept under 
control» This is due to the! fact that the rate of benzene; 
formation when cyclohexene is used as a starting material . 
greatly exceeds that prevailing when methyloyclopentene 
or methylcyolopentame are used» Thus, it is clear that 
benzene forms readily after the isomerization stage» 

According to the dual centers assumption proposed 
by Mills, Heinemann, etc., the mechanism for the formation 
of benzene by isomerization, dehydrogenation of methyl- 
oyclopentane or the dehydrogenation of cyclohexane is 
illustrated below. 

;0-0-0-0| 
W     1 

The vertioal reactions take place on the isomerization 
centers and the horizontal reactions take place on the 
dehydrogenation centers. In other words, methylcyclopentane 
is first adsorbed on the dehydrogenation center forming 
methylcyelopentene. The latter is then transferred to the 
isomerization center and converted to cyclohexene which 
is again transferred to the dehydrogenation center where- , 
upon benzene is formed is formed by stepwise dehydrogena- \ 
tion. It is thought that such numerous repeated transfer« 
of the intermediates between the two kinds of activity  j 
centers would slow down the rate of reaction. However, ix^ 
fact, the rate of aromatization proceeds briskly. At the ; 
same time, such repeated transfers between the activity 
centers would also be accompanied by the repeated Process , 
of detachment and adsorption. Thus, intermediates such as 
methylcyolopentene ©r cyclohexene would be found in the  ; 
products. However, no such hydrocarbons have been isolated 
from our experiments. Although the reaction mechanism _ 
proposed by us also involves dehydrogenation, isomerization, 
etc*, stages, these reactions all take place on the same 

3 



activity groups in a very convenient Manner.    And the 
intermediate!» forgo steps of deeorptlon and readsorption 
on the surface of the catalyst•    Therefore,  our mechanism 
should correspond- more closely to the experimental results 
than the one proposed by Mills« Helnemann, etc. 
Conclusion 

1. Jiydrogenation is carried out with four kinds 
of isolated hydrocarbons, methylcyolopentane, methylcyclo- 
pentene,  cyclohexane and eyclohexene,  etc., by using three 
kinds of catalysts, HF-Al^Oj, Pt-AljiPs,  and Pt-HF-Alap3-• 
It is found that Pt-HF-^AlaPs is superior in its dehydrogen- 
ation*  isomeriz&tlon and isomerisation-dehydrogenation, 
etc., properties than the other two types of catalysts. 

2*    It is als© found that both Pt-Al^O^,  sn4 

HF-A^.0-3 are not strictly single function catalysts, but 
dual function catalysts possessing poorer activities,    when 
KF ia added to Pt-AlaP3 or, Pt Is added to HF»iilaOs,  the 
resulting catalysts are dual functional with oxoclient 
properties« 

3. ffe.® assumption was proposed that £i, ana HF may 
form active groups  (or polyfunctlonal active oonters)  on 

-the surface of platforming-catalysts. 
4. Suggestions were made concerning the transform-, 

ation stages of the aromatlzatlon of methylcyclopentane 
under platforming conditions.    Among these stages,  the 
isomerisatlon of methyloyolopentene forming eyclohexene is 
the slowest.  ■...'■• 
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