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Isomerization of n-pentane and n-hexane on modified zeolites

7. V. Vasina,® 0. V. Masloboishchikova,” E. G. Khelkovskaya-Sergeeva,”
L. M. Kustov,®™ J. Houzvicka,” and P. Zeuthen®

YN D Zebinsky Institute of Organic Chemisiry, Russian Academy of Sciences.
47 Leninsky prosp.. 117913 Moscow, Russian Federation.
Fax: +7(093) 133 5328 E-mait: Imk@ioc.ac.ru
b Haldor Topsoe A/S,
DK-2800 Lyngby, Denmark

The activity and selectivity of catalysts based on TsVM (an analog of ZSM-3),
Bera. and La-H-Beta zeolites modified by Pt. Pt—Fc, and P1—Ga were studied in
the isomerization of Cy and C lincar alkanes. The PYHTSVM, Pt/H-Beta, and
Pt/La-H-Bewy catalvsts are cfficient in s-pentane isomerization, whereas the
Pti/H-Beta and Pt/La-H-Beta are most active in n-hexane tsomerization. Nearly
cquilibrium isoparaffin yicld at a sclectivity of at Jcast 93—96% s reached on
these catalysts unlike other zeolite svstems. The overall yield of 2,2- and
2, 3-dimcethylbutancs is 22 wt.%. The hexane isomers are not formed over the
Pt/HTsVM catalyst duce to the molecular-sicyve propertics of this type of zeolites.
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The appearance of highty ctficient zeolite-based cata-
lvsts resulted in intenstfication of studies of' normal
alkanes’ hvdroisomerization. =8 Bifunctional catalysts
based on large-pore zeolites with strong acidic sites3—3
as well 0s mesoporous materiais, strong solid acids, and
heteropolvacids®= 13 are promising systems tor isomer-
wzation of normal atkanes.

This work is aimed at the study of the effect of the
pore structure of zeotites (TsVM. Beta, and La-Beta)
and moditving additives (Fe, Ga) on the activity and

selectivity of Pt—zcolite catalysts in the isomerization of

n-pentane and a-hexane. The effect of the Pt concentra-
tion in H-Beta zeolite on the vields of mono- and
disubstituted isomers ot haxance was studied.

Experimental

High-silica zeolites TsVM and Beta with molar S105/A1,0,
ratios of 42 and 23, respectively, were used as H-0 NH -, and
La-torms. Procedures for the preparation of H- and NHy-forms
of zeolites and catalysts on their basis has been described
carlier.™ The La-form of zeolite Beta was prepared by ion-
exchange of NH, ™ for Lat* ar a three-fold exeess of lanthanum
ons man agueous solution at §0°C. Platinum and modifying
additives (Fedt, Ga?™) were successively introduced trom di-
lute agueous sofutions of | PLENH)41Cly and the corresponding
nitrates. The solution was stored at SO°C tor 3—4 I and
evaporated on a rator vaporizer. Samples were dried at 130 °C
(3 . caleined inan air How at 430—=300°C (3 hj. and reduced
in a hydrogen tow at 350 °C for | h. The Pt concentration in
the samples was 0.2--0.3 wt.% and that of the modifying
additives was 1.3 wt.%.

The ixomernization of #-pentane and #-hexane was carricd
out ina flow setup at 210--340 °C and an atmospheric pressure,
The catatyst volume was 2—3 cm’. the space velocity of hyvdro-
carbon feeding was | b7 and the maolar ratios Hy - a-CiHys
and My oooa=CuHyy were 30 Fand 6 0 1L respectively, The
reaction products were anabvzed by GLC on columns with
potymcthylphenvisifoxane or soguinoline on Celite C-22.

Results and Discussion

n-Pentane. The data on #-pentane isomerization over
zeolites modified with Pt and Pt—Fe are presented in
Figs. T and 2. Isomerization is the main pathway of
n-pentanc conversion at 240—=260 °C. The sclectivity 1o
sopentance achicves 93--98% under these conditions.,
Side reactions, viz., cracking, hyvdrocracking, and dispro-
portionation, occur along with isomerization, atfording
saturated Cy—C, hvdrocarbons (predominantly propanc)
and C, hydrocarbons. The yield of the products of crack-
ing and hvdrocracking is at most 2 wt.%. These pro-
cesses are significantly enhanced at reaction tempera-
tures above 280—300 °C. resulting in a decrease in the
seleetivity to isopentane and an mcrease in the vield of
light products up to 20 wt.%.

The maximum viclds of isopentane over the
Pi/HTsVM and Pt—Fe/HTsVM catalysts are 62.2 and
58.3 wt.% at sclectivitics o1 93.7 and ¥9.79, respectively.
The Pt/HTsVM catalyst is most active in p-pentane
isomerization at 240—-2530°C and Pt—Fe/HTsVM is ac-
tive at 280—290 °C (sce Fig. 1.
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Fig. 1. The temperature effect on the vield (F) of isopentane
10 and selectivity (5)Y in os-pentance isomerization (2
4) on the catadvsts O03%P/HTSVM (10 2 and §.5%Pi—
13%Fe/HTSVM (3 4.
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Fig. 2. The temperature eifeet on the vield (V) of isopentane (4.
A0y and selectivity £5) in p-pentane isomerization (2. 4 0)
on the catalysts 0.3CPUH-Bera (F, 2. 0.5%Pr—1.3%Fe/H-Beta
(o, 4y and 03P Fe]-Beta (3. 6).

The activity of the Pr-containing catalvsts based on
the H-Beta and La-H-Beta zeolites is comparable to
that of Pt/HTsVM. The isopentane viclds over Pt/H-Beta
and Pt/La-H-Beta are 63.0 and 63.2 wt.% with selectivi-
tics of 98.2 and 97.8%. respectively. The vield of
1sopentane on the Pt—Fe/H-Beta catalyst is significantly
tower than that in the presence of Pr—Fe/HTsV M und is
at most 49 wi % (see Fig. 2). The moditication of
Pt/H-Beta with Fed™ cations fikely leads 10 partial block-
ing of the acid sites of zeolite Beta, which are necessary
for a-pentane isomerization, and the activity and selec-
tivity of the catalyst decreasc.

The Pt/|Fe]-Beta catalyst. in which Fe? cations
were introduced during direct crystallizavion of the zeo-
hite, s characterized by lower uctivity in s-pentanc
isomernization as comparcd to Pt- and Pt—Fe-moditied
zeolites with an atuminosilicate framework. The »#-pen-
tane conversion over this sample at 240340 °C is at
most 6% and the isopentance vield is 14 wt.%.

Thus. the yicld of isopentane on the cotalysts under
study changes in the following sequence:

Pr/H-Beta = P/HTSVM > Pt—Fce/HTSVM >
> Pt—Fo/H-Beta »> Pr/fFej-Bera.

n-Hexane. The viceld of isohexancs in s-hexanc
tsomerization -over Pi/HTSVM in the temperature
range of 220—300°C passes through o maximum  at
260—270>C and reaches 534357 wt.%. The sclectiv-
ity of isomerization at 220260 °C is gher than 80%
and drops with the temperature (Tabie 1. Fig. 3. At
temperatures of >260°C. the role of side reactions, viz.,
cracking and disproportionation, that atford mainly satu-
rated hydrocarbons Cy— Cy significantly increases.

The modification of the TsVM zeolite-based Pt cata-
lvst with Fe?* cations results in inhibition of secondary
processes and an increase in the sclectivity ot u-hexanc
isomerization over the whole tempcerature range studicd
(sce Fig. 3. The maximum vicld of ischexancs on
Pt~Fe/HTsVM reaches 60.5 wt.% at a selectivity of

Table 1. #-Hexane isomerization on the moditied zeolites TsVM and Beta (space velocity 1 h™% molar ratio Hy i n-CeH. =61 1)

Catalyst 1eC X 5 Yicld (wt.%)
% CH_;--C_;H',“ EC;H]} i.‘,()-(:bHH
2.2-DMBC 2 3-DMBY .M pe 3-MP Siso-CoHyy

0.53%P1/HTSVM 240 499 88.0 4.4 1.6 Traces 1.0 32.4 1.5 439

260) 68.7  S0.6 9.8 3.5 0.1 21 383 149 354

270 74.8 74.5 148 4.3 0.1 22 37.6 158 33,7
0.3%Pt— 1. 3%Fe/HTsVM - 240 379 937 i.7 0.7 0.4 239 9.3 333

230 73.2 82.7 in.2 235 0.1 419 18.5 603
D3%PT—1.3%Ga/HTsVM - 300 39.6 1.3 335 10.4 - 3.9 1.8 37
0.2% Pt/H-Betad 250 82.1 96 .0 2.5 0.8 12.9 9.0 348 220 758
0.3 Pt/ H-Beta? 230 824 937 27 0.8 13.9 hit 34.5 21.7 5.9

“ n-Hexane conversion. ? Selectivity to isohexanes.
A

€2 2-Dimethylburane 9 2.3-Dimethylbutane.

“ 2-Methylpentane. £ 3-Methylpentane. # Temperature of zeolite calcination is 300 °C.
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Fig. 3. The total vickd (V) of isohexanes /., 30 3) and selectivity
(5 of their formation (2. 4. 9) as a tunction of the reaction
temiperature over the catalysts 0. 3% PUHTIVM (£ 2 0.5%P—
FA3%Fe/HTSVM (5 1, and 0.3%P1—1.3%Ga/HTSVM (5, 6).

82.7%. Oppositely, the introduction of Ga'* cations into
Pt/HTSVM markedly decrcases the catalytic actvity.
n-Hexane conversion on Pt—Ga/HTsVM at 230—300 °C

s 17.8—49.6%. and hydrocracking and cracking of

a-hexane to form C,-—C5 hydrocarbons are the main
reactions proceeding on this catalvst. The isohexanc
vield is at most 6 wt.%. The sclectivity of n-hexane
isomerization on Pt—Ga/HTsVM is 3—8 tumes lower
than that on Pr/HTsVM. The low activity of the
Pt—Ga/HTsVM catalvst in u-hexane isomernization can
be duc to localization of gallium cations on the zeolite
external surface and hampered access of n-hexane mol-
ccules to the zeolite channels. 13

The main products of n-hexane jsomerization over
alt the catalysts based on zeolite HTsVM are 2- and
I-methylpentancs. Disubstituted isohexanes and 2.2- and
2. 3-dimethylbutanes are virtually not formed over the
TsVM zeolites. This is due to the features of the molecu-
far-sicve properntics of zeolite ZSM-3.2418 The pore size
in ZSM-3 zeolite is .33%0.36 nm and 0.51%0.35 nm, 17
and this hampers the formation and diffusion of branched
molccules in zeolite pores. Taking into account that the
activitics of Pt-containing catalysts based on zeolites
HTsVM and H-Beta in #-pentanc isomerization are
close, one can conclude that the molecular-sieve cffect
becomes noticeable in the isomerization of normal al-
kanes containing more that five carbon atoms.

The catalysts based on the large-pore zeolite Beta are
characterized by high activity and sclectivity in #-hexane
isomerization. The maximum yicld of isohexancs over
Pt/H-Beta is close 1o the cquilibrium vicld and is cqual
10 78.9 wt.% at a sclectivity'of 95.7% (sce Table 1). The
main products of n-hexane isomerization over the Pt
catalysts bascd on zeolite Beta are 2- and 3-methyl-
pentanes and 2,2- and 2,3-dimethyibutancs. Unlike
pentasits, the vield of disubstituted isomers (2,2- and
2. 3-dimethytbutanes) over Pt/H-Beta is onc order of
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Fig. 4. The wmperature cettect on the vield (¥) of the sum of
isohevanes (/. 2) and of disubstituted ssohexanes (50 4) and
seiectivity (8 in a-hexane 3. 6) on the Pt-contamning catu-
bests hased on the zeotite Bera thermally pretreated at vartons
temperatures: 200 (70 30 3yand S00C (20400

magnitude higher and close to 22 wi.%. A variation of
the platinum concentration in the Pt/H-Beta catalyst
from 0.2 1o 0.3% virtually does not affect the vields of
mono- and disubstituted hexances.

The etfect of the temperature of zeolite NH;-Beta
preliminary calcination on the catalvtic propertics in
a-hexane isomerization is shown in Fig. 4. The proper-
tics of the catalysts based on zeolite Beta pretreated in o
current of air at 200°C and 300 °C are close. The
maximum yicld of isohexancs (78 wt.%) at a sclectivity
of ¥3--96% is observed ar 230—-240°C.

The stability of the catalyst 0.2%Pt/H-Beta was tested
under conditions providing the maximum yicld of the
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Fig. 5. Stability of the catalyst 0.2%Pt/H-Beta in »#-hexane
isomerization: the vield (¥) of the sum of isohexanes (/) and of
disubstituted tsohexanes (2) and sclectivity (5) ().
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products of a-hexane isomerization (230 °C, space ve-
locity of m-hexanc | h™!' molar ratio Hy : #-C H|y =
6 1). The findings are presented in Fig. 3. The catalyst
relained the activity and selectivity for 30 h of con-
unuous opcration. The total vicld of isohexanes s
78.8=77.8 wi.% at a sclectivity of 96.6—96.8%.

Thus, the Pt/H-Beta and Pt/HTsVM zeolites are the
most cfficicnt catalysts among the zeolite catalysts for
n-pentanc isomerization studied and the Pt sysiems
based on zeohte Beta arc most cfficient for n-hexane
isomerizatton. The catalyst 0.2%Pt/H-Beta is character-
ized by high activity, sclectivity, and stability in #-hexane
isomerization.
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