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1-he activity and selectivity o f  catalysts based on TsVM (an analog of ZSM-51,  
Beta. and La-H-Bcta  zcotitcs modif ied bv Pt. P t - -Pc ,  and P I - - G a  w0rc studied in 
the isomcrizat ion o f  C 5 alld C 6 l inear a!kanus. ] 'he P t /H r sv ,  1, P t /H-Bcta .  alld 
pt,iL.a-H-[~ctzi catalysis are efficient in n-pcnt:lne isonlcrizati tm, whc,eas the 
P t / H - B c t a  and P t /La - / t -Be t a  are most active in n-hcxane isomerization.  Nearly 
equi l ibr ium isoparafi'}n yield at a selectivity of  at toast 95 - -96% is reached on 
these catalysts unlike o the r  zeol i te  systems. The over-ill $icld of  2,2- aud 
2 ,3-d imcthylbutanes  ix 22 we.%. The hexane isomers arc not lbrmcd over the 
P t / H T s V M  catalyst due to the molecular-s icxe properties o f  this type i,)f zcolites. 

Key words: zeolites, modif ied  zcolitcs,  n -pcn tanc ,  n -hcx:mc,  i~opcntanc, 
isohc• isomcrizai ion. 

The al~pcarance of  highly cltlcicnt zeoli te-based cala-. 
lysts rest i l tcd in i n t c n s i l ] c a t i c m  iof studies o f  n o r m a l  
a lkancs '  h y d r o i s o n l c r i z a t i o i l .  I - 8  tJ i fu i ;c t ioncl t  caL l l vs t s  
based on large-pore zeoli tcs  with strong acidic sites 3-5  
as well as mc~,oporous materials,  strong solid acids, and 
llctcropi,)lyacids ~- I3  arc promising s).SlelqlS fo r  isomcr- 
i za t i on  o f  normal alkancs.  

lh is  work is a imed at thc stud.,, of tile el'feet of  the 
pore structure of  zeoi i tcs  tTsVM, Beta. and La-Bcta)  
and modil~,ing addit ives (Pc, Ga) on the activity and 
selcclivity of l:'t--,-zcolitc catalysis in the ison~crization of 
n-pcntane alld n-hcxanc.  The el'feet of  the Pt concen t ra -  
tion in H-Beta  zeol i te  on the yields of  m e n d -  and 
disubstitutcd isonlcrs o f  hcxanc ~a~, studied. 

Experimenlal 

High-silica zcolit,es ]',;VM and Bcla wilh molar SiO2/AI20~ 
ratios ()1 42 and 25, rcspcctivcly, v, crc tlb.r ;it, H-. NI-]I-. and 
La-(ornls. Procedures for tlxc prcpall:uion of H- and .,N 1-14-f'orm,,, 
of zcolites and ccitalvsts on their basi.-, lilts bt21211 described 
c'lrlicr. Il The ka-form of zeolite Beta was prepared by ion- 
cxeh:lngc of N I-I 4 ~ l 'or  L,13 +" a t  ,1 threc-i'old excess i,lf larllhaimm 
it)llS ill ;in ;.Iql.let)tlS NOll.lliOIl at 80 ~  l~l:lIillUm and modit}.ing 
addili\C.'s IPc 3+. Oa 3~) w,ere sueucs, si',ety introduced lronl di- 
I'itc ai,lllCOUs sokit ions o f  t Pt( N H3)41CI 2 aild lhc corrcspol ld i i lg  
ll itralcs. The solut ion was stored ;it 80%" fi)r 3 - -4  h alld 
~.",':lp~lr:ttc.'(l Oll i.l rotor vaporizer. Samples wcrc dried ;.It 130 ~ 
13 h). calcined in an air flow at 450--500 ~C {3 hL and reduced 
i i l ;.1 hydrogr f low at 350 ~ for I h. I'he PI concentrat ioI1 h'l 
ihc samples wa<; (i.2--(J.5 wt.'%, and that o f  the mod i f ) i l l g  
additives ,.va.s 1.5 we.%. 

t i l e  i~;Oltlt.'rizliliOll o1" tt-pCll l i i i lc al id ~t-hcx;ine wax ct lrr icd 
cell in ,i 11o~.~ :aCltlp ;.ll 210--340 'C ;ll ld ;ill alillilsphcric pfe',MIfL'. 
The calnlyt, I ;(litilnt." w,:i,, 2--~ t i l l ' ; .  Ihe ",P;iet.' veloeky o f  t l),dro- 
ca!'lot)ll (ceding was I h - I ,  i i l ld lhe mo la r  rat ios H~ ; n-Cclll2 
and PI~ : n -C l , | t l4  ,~ere 3 ; I cind 6 : t. rcspecl ivcly. The' 
iC;lr prodtlCt~; were ClllCll.,,zt.'tl by ( ' ]LC I~11 COi1111111 ~, wi lh  
polytl lctt lylphell) lsito'~ci l tC or i.~oquillohllc oi l  Cc l i tc  (_'-22. 

Results and Discussiou 

nopentane. The data on n-pcntane isomcrizat iou over 
zeolites modif ied with Pt and P t - - F c  arc presented in 
Figs. I and 2 lsomerizat ion is [he main pathw:ly of  
n - p 0 n t ; m e  c o n v e r s i o n  at 2 4 0 - - 2 6 0  ~ T h e  se tcc t i v i i b  to 
i~opc l l t :u le  ach ieves  95--9..'D% u n d e r  these c o n d i t i o n s .  
Side reactions, v ie ,  ClclCkil/g. hydrocracking,  :llld dispro- 
po l l iOna t i o i 1 ,  o c c u r  :lloP.g w i t h  i s o m c r i z a t i o n ,  a t l ' o rd i t lg  
sa tu ra ted  C I - -C  4 h y d r o c a r b o n s  ( p r e d o m i n a n t l y  p lOp; l l l c )  
and Cf, h~drocarbons.  The yield o f  the products  of  crack- 
ing and hydrocracking is :it most  2 wt.%. These pro- 
tosses are significantly enhanced at react ion tempera-  
lures above 2~,()--3()0 ~ resulting in a decrease in the 
selectivity to isopentane and an increase in the yield of  
light products tip to 20 we.%. 

The  m a x i m u n l  yields of  i s o p c n t a n c  o v e r  the 
P t /HTsVM and P t - -Fo /FITsVM catalysts arc 62.2 and 
58.3 ~t .% at selcctb, ities of  95.7 and 89.7%, respectively. 
T h e  P t / H T s V M  catalyst ix most  active in n-pcntane  
isomerization at 240--250<~C and P I - - F e / H T s V M  is ac- 
tive at 280--290 ~ (see Fig. I1. 

I"ubli~hcd in lcvestiya Akademii 3,auk. Ser(va Khimiche~kaya. No. I1. pp. I S66--1~69. November. 2001). 

1066-52S 5/00/4911 - I N3~ $25.00 ,~3' 2000 Kluwer Acadcmic/Plenunl l:'ublishcr~; 



l sorncr iza t ion of  n-pcntarJc Ru.~s.Chem. Bull., Inl.Ed.. Vol. 49, ,'Vo. 11, November. 2000 1839 

) ' (%) S(%} 
I {}1) I- 100 

60 ' ~ ~  i ~ � 9  7 60 

411 [ 40 

/ "  
20 1 �9 20 

/ 
{} / {} t i I I i 

~3 240 2hi} 281) 31)1) >_0 7) < C 

Fig .  I .  The ten'lpcr:lil.irc ct]i.'ct Oil the yield ( } ' )  o f  i',opei/tanr 
(1, 7) d l ld selectivity {5 )  In z/-pCllt; lf lC i so inc r i za t io l l  (2, 
4} OII the C:llilly'4|>, 0.5%PI/ttTsVM (/ .  2} ~llld 0 . 5 % P I -  
I.SC~Fc/H],;VM 13. d }. 

Y{%} .')" 1%) 

The  activity of  the P t - c o n t a i n m g  catalysts based on 
Ihc I- I-Bcia and L a - H - B c t a  zcol i tcs i.', comparablc  to 
flint o f  P t /HTsVM.  The isopentanc vickls over P t /H -Bc ta  
and P t / L a - H - B c t a  arc (,,5.0 and {}3.2 wt.% wi th  sdcc t i v i -  
tic,; o f  98.2 and 97.8%. respcctBc ly .  The v i d d  o f  
Jsopcn tane  011 tile P I - - F r  catalyst is s ignif icantly 
lower than  dmt in the presence  t)f P t - - -Fc /HTsVM and is 
at most 49 wt.% (see Fig. 21. The mod i l l ca t ion  or  
P t / H - B c t a  wi th Fc )~ cat ions t ikelv leads to part ial  b lock-  
ing o f  the acid .,dtcs of  zeoli te  Beta,  which arc necessary 
for n - p c n t a n c  i somcr iza t ion ,  a n d  the activity and selec-  
tivity of  the catalyst decrease.  

The  P t / l F c l - B c t a  catalyst ,  in which  g o ;  ca t ions  
wcrc in t roduced durinl7 direct  cry4 ia l l iz :n ion o f  the zeo- 
l i te, is character ized by l ower  nci iv i ly  in n-pcntanc 
isomor iz : / t ion as compared IO Pi-  al',,d P i - - -Fc-mod i l i cd  
zcol i tcs w i ih  an a iuminos i ! icatc  f ramework .  The #l-pcn- 
t:.llle convcrs ion  o~cr this sample  at 240--340 ~ is :it 
most 16% and the isopci l tal lC y ie ld is 14 wt.%. 

Thus.  the yield o f  isopel l ianc on the calat.~,st.-, u n d e r  
s tudy changes  in the fol lowing sequence :  
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Fig. 2. T11r tr el'it:or on lhc yield (Y)  of isol~}cnLlilt. ' (;. 
3. ~) LIIId selectivity {.S') in ll-pcnl;lllC ixolllcril;itioll (2. 4. 6) 
oil tile catalyst,, f) 5!2. }t"t I-Bcla (/,  2). (}-5%1)I - 1.5<?~ Pc/It-Beta 
{.7', 4 ) : i i l d  0 5<';Ih/IFcl-13eta {5. 0). 

I)t.,'lt-Bct~ ~ Ih/ItT~VM ;, PI--Fc/HTsVM > 

> Pt--Fc/14-Llcta >> PU'lFci-Bc;a 

n- I - lexane .  The ~icld o f  i sohcxancs  in n - h c x a n c  
i s o m e r i z a t i o n  over  P t / H T ~ V M  in [l-it ICIFt|'}CT[IIIATt2 

rallgc of  220--300 "C passes t h rough  a irulximum at 
2 6 0 - - 2 7 0  ~ and reaches 55 .4 - -55 .7  wt.%. Tile sclcctiv- 
it,,' (it" i somcrizat ion at 2 2 0 - - 2 6 0  ~ is higher  thnn 8{}e,{- 
and drops  with the t e m p e r a t u r e  (Table I. Fig. 3). At 
t e m p e r a t u r e s  of  >260 <'C. the role o f  side reactions,  viz., 
c rack ing  and  d i sp ropor i iona t ion ,  tha t  atTord mainly sa tu-  
rated hydroca rbons  C 3 -  C 5 s igni l ]cant ly  incrczmcs. 

The mod i f i ca t ion  o f  the T s V M  zeol i te-based Pt cata- 
lyst w i th  Fc > cations results in inh ib i t ion  o f  sccondaD 
processes and an increase in the select ivi ty o f  n-hcxnnc 
i somcr iza t ion  over thc whole  t e m p e r a t u r e  range s tudied 
(scc Fig. 3). The muximtlnl  yield of  isohcxallcs on  
P I - F c / t t T s V M  reaches 60.5 wt.% at a selectivity o f  

Table I. o-tlc>,:inc isomerizatlon ,Oll the IllOdil]r zcolitc~; "I-sVM alid BcI:.I (<,pace vclocily I h -~. molar ratio I-t 2 n-C~H:4 = fl �9 I) 

Cmatyst 7],s'C .'r .S "~ Yield {~I%} 

% CH~-C414 m ECsI-112 i.~~ 14 

2.2-1)MB' 2,3-1)MB '~ 2-MP e 3-MP; -riso-C~,lthi 

{}.5"~ Pi/'14 t-sv M 240 49.9 88.0 4.4 1.6 
2(}0 68.7 8o.6 9.~ 3.5 
27{} 74.8 74.5 14.)4 4.3 

fl.5q. Pt-- 1.5%Fc/HTsVM 241} 37.9 93.7 1.7 0.7 
280 73.2 82.7 1I).2 2.5 

I) 5%Pt-- 1.5%Ga/I-ITsVM 300 49.6 I 1.5 33.5 10.4 
0.2% Iq/14- Beta x' 250 82. I 9b.0 2.5 0.8 
{}.5% Pi/ll-13eta~ 250 82.4 95.';' 2.7 0.8 

-rnlccs I0  32.4 10.5 43.9 
0.l 2.1 38.3 14.9 55-I 
OI 2.2 37.r 158 55.7 

"~ ~ 355 0.1 __.} 9.5 
0. l 41.9 185 605 

- -  3.9 I.:S 5.7 
12.9 9~1 34.8 22.1 7,~8 
13.9 8.8 34.5 21.7 78.9 

" n-Hexanc converhJom j~ Selcclivjl:y s isohcxancs. 
< 22- Dinlcthylbunme '/2,3- Dimethylbulane. 
:' 2-Mcthylpcl'~t:n'~c./3-Methylpcntanc. x Tcmpcr:~ture of zr calcination is. 50B "C. 
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F i g .  3 .  -l'hc total yield ( ) ' )  of inohc'<anes, /. 3.  5 )  and ~clectivit~,. 
( I~" )  ( ) I  I lhcir formation (2. 4. 0 ) ;is a ['tlllClWql (It" the reaction 
tcmpur;iturc o',r the cataly~;ts 0.5% Pt,,'ll+l's~ M ( l 2). 0.5% 121 -. 
{.55~f:c,.'Hl'sVM (.;'. 4). and ).5%Pt--l .5%Ga/fITsVM (5, 6). 

,"12.7%. Oppos i te ly ,  the i n t r o d u c t i o n  o t 'Ga  3' ca t ions  i n t o  
P t / H T s V M  marked ly  decreases t i le catalyt ic ac t i v i t y .  
n - H c x a n c  convers ion on P t - - G a / H T s V M  at 230- -300 ~ 
is 17 .8 - -49 .6%,  and h. , ,drocrack ing and c rack ing  o f  
n-he'<ane to form C ~ - - C  5 hydrocarbons  arc the ma in  
reac t ions  proceeding  on  th is  catalyst. The i sohcxane  
yield is :it most 6 wt.%. Tile selectivity of  n - h e x a n e  
isomcr izat ic ,  n on P t - - G a / H T s V M  is 5--8 [i111CS l o w e r  
than t ha t  on P t / H [ ' s V M .  The  low activity o f  the  
P I - - G a / H T s V M  catalyst in n-hcxane  isomerizat ion can  
he doe to local izat ion o f  g:.lllitlm cations on the zeol i te  
ex terna l  surface and h a m p e r e d  'access of n-hexal lc  mol.- 
ccules  to the zeolite ChaFHlCIS. IS 

The main products o f  n -hexane  isomer izat ion ove r  
all the catalysts based on  zeo l i te  HTsVM arc 2- and  
3 - m e t h y l p c n t a n e s .  Disubs t i tu ted  isohcxanes and 2,2- a n d  
2 , 3 - d i m e t h y l b u t a n c s  are v i r tua l ly  not formed over  the  
TsVM zcolitcs. This  is due  to the  features of the nlolccul- 
iar-sievc propert ies  of  zcol i te  Z S M - 5 .  z,'lA6 The pore size 
in Z S M - 5  zeolite is 0 . 53 •  nrn and 0.51 x0.55 a m ,  17 
and this hampers  the I b r m a t i o n  and  diffusion of b r a n c h e d  
molecu les  in zeolite pores. Tak ing  into account  tha t  the  
acti , , i t ics of  P t - c o n t a i n i n g  catalysts  based on zeo l i t t s  
HTsVM and H-Bc ta  in n - p e n t a n e  isomerizat ion arc 
close,  one  can conc!ude  t h a t  the  molecular-s ieve effect  
b e c o m e s  not iceable  in the  i somer iza t ion  o'f no rma l  al-  
katlcs con ta in ing  more tha t  five ca rbon  atoms. 

The  catalysts based on  the  large-pore zeolite Beta are 
cha rac t e r i zed  by high ac t iv i ty  and  selectivity in n - h e x a n e  
i somer iza t ion .  File m a x i m u m  yield of isohexanes  ove r  
PL/H-Bc ta  is close to the  equ i l ib r ium yield and is equa l  
to 7,~.9 wt.% at a s e l e c t i v i t y o f  95.7% (see Table I). T h e  
ma in  p roduc ts  of  n - h e x a n e  isomcrizat ion over the Pt 
cata lys ts  based on zeol i te  Beta arc 2- and 3 - m e t h y l -  
pent : rues  and  2,2- a nd  2 ,3 -d ime thy lbu tanes .  U n l i k e  
pentasi ls ,  the yield o[  d i subs t i tu t ed  isomers (2,2-  a n d  
2 , 3 - d i m c t h y l b u t a n e s )  ove r  Pt , /H-l}eta is one o rde r  o f  
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210 22o 2:~) 24o 25o 260 /','~ C 

Fig. 4. lhc Icmpcr41tlrc el'l'~Cl QII the victd ( Y ) of lhc stun el  
isohcxa,,c,,  ( t ,  2) ; ,nd o f  disLtb,,lilLllcd ixohcxiJll,..'s (.?. 4 ) ,ll}d 
sCJCClIViI> (.S') ir ~t-hc".::ulc r 6 )  Oit Ihc I)l-coI/14inhlg c;lI;l- 
ls.",t', based ol1 the zc ' , ' , l i l c  {}c[a lhcrnlii l ly p rc l rca icd  ;it v41Joli~, 
[c{'nl~cr;ituru's: 200 ( I .  3. 51 alld 500"("  (.~. 4, 0 ). 

n~agnitude h igher  and close to 22 ~vt.%. A va r i a t i on  o f  
the p la l i n t lm  eonccn l r a t i on  in (he P t . /H-Be(a  ca ta l yq  
from 0.2 to 0.5% virtually does not a l lcct  the yields of  
m o n o -  and disubs t i tu tcd  hexancs.  

The etl"cct of  the t cmpcra tu rc  of  zeoli te  Nl14-Bcta  
p re l im ina ry  ca l c ina t i on  on t i le ca ta ly t i c  propcrtic.,, in 
/ 1 -hexa l l e  i so l l l c r i za t JOl l  is s h o w l l  ill F ig .  -i. T h e  p r o p e r -  

tics hi" thc catalysts  based on zeoli te  Beta p rc l rca ted  in :~ 
currenl  or air at 200 'C  and 5 0 0 ~  are close. The  
maximunl  yieM of  isohcxancs  (78 wt.%) at a select ivi ty 
of  95 ---96% is observed  a( 23fl--240 ~ 

The stability e l t h e  catalyst 0 . 2 % P t / H - B c I a  was tested 
under  cond i t i ons  providing the m a x i m u n l  yield o f  tile 

)" (!',~) S (%) 

{oi) 3 lOO 

9o ] ~ 9o 

/ ~0 SO e e o e e e  �9 �9 �9 �9 le �9 �9 �9 �9 �9 �9 �9 
[ 

70 ~ 7n 

60 6r 

50 50 

40 40 

3O 30 

20 e e ~  �9 �9 �9 e l  �9 �9 �9 �9 �9 �9 �9 �9 20 
J 

I 0 ~ I 0 

o s . . . . .  ,,.t ,s  - _ %  -'s ,;. o 

Fig. 5. Stability tit fl~e catalyst O.2%Pt/H-Beta in 
JSOIIIr lh,,: yield ()") of the sum of  JS, OheX;. l l lCS 
disubstitutc'd isohcxancs (2) and selccfi,,ib' (.S'i (_?). 
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p roduc t s  o f  n - h c x a n e  i somer i za t ion  (250 ~  space  ve- 
locity o f  n - h e x a n c  I h -~, m o l a r  ratio H-, " t:r-C6Hi4 = 
6 : 1). The  f i nd ings  arc p re sen ted  in Fig. 5. T h e  catalyst  
re ta ined  the  act ivi t , ,  and  se lect iv i ty  for  31) II o f  c o n -  
t i nuous  o p c r a t i o u .  The  total yield o f  i s o h c x a n c s  is 
7 8 . 8 - 7 7 . 8  wt .% at a select iv i ty  of  9 6 . 6 - - 9 6 . 8 % ,  

Thus ,  the  P t / H - B c l a  and P t / H T s V M  zeo l i t c s  are the  
most ef f ic ien t  ca ta lys t s  a m o n g  the  zeo l i t e  ca ta lys ts  for 
n - p e n t a n c  i s o m e r i z a t i o n  stt.ldicd ;.rod the Pt sys tcms  
based on zeo l i t e  Beta arc most  e f t ]c lea t  fo r  n - h c x a n e  
iso merizat  ion.  T h e  catalx, st 0 .2% P t / H -  Beta  is cha  factor-  
ized by high ac t iv i ty ,  select ivi ty ,  and  s tabi l i ty  in n - h e x a n c  
isolllcrizat ion.  
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