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ABSTRACT

Noble metal based catalysts being 0.8
wt.%Pd and 0.35 wt.%Pt supported on HZSM-5
zeolite were subjected to the investigation.
Physico-chemical characteristics of catalysts
were determined by the methods of nitrogen
physi-sorption, SEM, XRD, TEM, NHs-TPD,
TPR, and Hydrogen Pulse Chemi-sorption
(HPC). Activity of catalysts in the isomerization
of n-Cg and n-Cs + n-Cg mixture was studied in a
micro-flow reactor in the temperature range of
225 — 325 °C at pressure of 0.1 MPa and 0.7
MPa; the molar ratio Hy/ hydrocarbon: 5.92,
concentration of n-Cs or n-Cs: 4.6 mol.%, GHSV
2698 hl. The stability of catalysts was also

determined. The obtained catalysts expressed
high acid density, good reducing property, and
high metal dispersion with the cluster size in the
range of nanometer. They were an excellent
contact for isomerization of n-hexane or n-Cs +
n-Ce mixture with high conversion, selectivity,
and vyield. At optimal temperature, n-paraffin
conversions were as high as 57 — 63 % and
selectivity was 90 %. Pressure had the positive
effect to the catalyst conversion, selectivity, and
stability. At 0.7 MPa, both catalysts produced 66-
69 RON liquid product containing friendly
environmental iso-paraffins which is superior
blending stock for green gasoline.
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1. INTRODUCTION

The production of gasoline for automobiles
has been becoming challenged in the aspect of
environmental concerns. Being toxic tetraethyl
lead, MTBE, benzene, and its derivatives are
banded or gradually eliminated from the gasoline
pool. In order to meet the strict gasoline
specifications refineries have been forced to find
out new processes and new catalysts to produce
good blending stock for green gasoline.

Isomerate is rising as one of the excellent
replacements for the required characteristics.

The skeletal hydro-isomerization of n-
pentane + n-hexane mixture is an essential
process to produce iso-pentane and iso-hexane
for low aromatics gasoline. Bi-functional
catalysts consisting of noble metals supported on
micro-porous materials have been widely used
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for this reaction. Among the available supports,
HZSM-5 showed to be superior [1]. However, it
has been found that isomerization over Dbi-
functional catalyst is influenced by the H,
spillover phenomenon [1]. The H, migrating or
spilling over from the noble metal sites onto the
acidic support is responsible for the promoting
effect of H,. However, this effect has been
observed on limited numbers of catalysts.
Therefore, finding out new catalyst with superior
H, spillover effect is evaluable for isomerization
reaction. Metals like Pd and Pt have been found
to be good active components for hydrogen-
dehydrogenation functions as well the H;
spillover effect. The easy dissociation of
hydrogen on their surfaces is responsible for
those abilities. This work dealt with Pd and Pt
catalysts supported on HZSM-5 for hydro-
isomerization of the mixture of n-pentane and n-
hexane. Several experiments had been conducted
in order to find out the active catalysts.

Most of the studies on isomerization are
carried out at pressures higher than atmospheric
[2], [3] in order to be correlated with the
industrial operation (20-30 kg cm2) [4]. Neither
a systematic study nor the selection of this
parameter can be found in the literature although
there are papers indicated that hydrogen is
necessary for the isomerization reaction [5].
Allain [2] proposed the reaction order with
respect to hydrogen is -0.7 and that can be
explained by a kinetic bi-functional mono-
molecular model while Iglesia et al. [6] reported
n-heptane isomerization rate showed positive
hydrogen kinetic order. This study was
conducted in order to study the actual effect of
pressure to the catalyst activity and stability.

From those points of view two zeolite
supported catalysts based on Pt and Pd were

subjected to the investigation for the
isomerization of n-pentane and n-hexane mixture
at elevated pressures.

2. EXPERIMENT

(NH4)ZSM-5 (Zeolyst International (USA))
was calcined at 500 °C for 3 h to obtain HZSM-
5. The metals were loaded to the carrier by
impregnation method at the concentration of 0.8
wt.% for Pd and 0.35 wt.% for Pt according to the
result of our previous works [7], [8]. Catalysts
were assigned as follows: Pd/HZSM-5 means 0.8
wt.% Pd on HZSM-5; PtYHZSM-5 means 0.35
wt.% Pt on HZSM-5.

Physico-chemical properties of the catalysts
were characterized by methods of BET-N,, SEM,
TEM, XRD, TPR, H. pulse chemi-sorption
(HPC), and TPD. Activity of the studied catalysts
was tested in a micro-flow reactor at the
temperature range of 225 + 325 °C; mol ratio of
Ha/hydrocarbons was 5.92; concentration of n-Cs
or n-Cs was 4.6 mol.%; GHSV 2381 h. The
mixture of reaction products was analyzed on the
GC Agilent Technologies 6890 Plus with a FID
detector, and DB 624 column with 30 m of length
and 0.32 mm of outer diameter.

3. RESULTS

SEM image of Pd/HZSM-5 catalyst
presented rectangular cubic crystallites of
zeolites with dimensions 90 — 263 nm for
catalysts Pd/HZSM-5. Values of HZSM-5
crystallite size (dza) and zeolite particle
dimension (d) varied in the ranges of 29.6 — 31.5
nm and 37.7 — 44.7 nm, respectively (Tab. 1).
Loading metal onto HZSM-5 more or less
reduced the specific area of zeolite may be
because of the pore blockage of the support by
added metal species [9].
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Catalyst Pt/HZSM-5 expressed higher metal
dispersity and smaller metal crystallite size in
comparison with Pd/HZSM-5. Table 1 showed
that Pt has the dispersity of 76.99 % and
crystallite size of 1.5 nm while those of Pd are
23.3 % and 5.0 nm. Pd cluster size (dpq)
calculated by HPC and measured by TEM are
relatively closed; on Pd/HZSM-5, dpq is 5 nm by
HPC and 7.36 nm by TEM (Fig. 1). Occhiuzzi
found that on catalysts 0.88 wt.%Pd/ZrO,-WQOs3
the values 29.3 nm for quantity dpq and 3.8 % for
Pd dispersity (yeq), Were observed [10]. Another
work on 2.0 wt.%Pd/HZSM-5 by Thomson
specified the Pd crystallite size in the range of
12.5 nm with metal dispersion of 9.4% [11]. The
differences between metal dispersion in our work
and those in the others happened because the fact
that, surface area of our catalyst (298 m?/g) is
much higher than that of ZrO,-WQ3 (36 m?/g)
and the metal content of our catalyst (0.8 wt.%)
is lower than that in catalyst in Thomson’s study
(2.0 wt.%). Relatively small metal crystallite
sizes in this work are good for isomerization
reaction [12].

EDS image of Pd/HZSM-5 (not shown)
shows that Pd is distributed on catalyst surface
fairly evenly and the value of Si/Al on the surface
is fairly high about 18.

XRD patterns of catalysts were presented in
Fig. 2. The peaks in the range of 26 =7 -10°and
22 — 25° were identified as peak reflections of
HZSM-5 zeolite [1]. The impregnation of Pd or
Pt onto HZSM-5 did not change the peak position
but slightly increased the intensity of the peaks
and the crystallinity of HZSM-5 due to the

elimination of distorted aluminum sites [1].
These results also indicated that Pd or Pt may
interact with defect sites stabilizing the
crystalline structure of HZSM-5 and making
framework structure to be more ordered. The
absence of characteristic peaks of Pd and Pt may
be due to very small amounts of those species.

The negative peak at 75 °C in TPR diagram
of Pd/HZSM-5 catalyst (Fig. 3, line 1)
characterized the decomposition of palladium
hydride formed through H-diffusion within the
Pd crystallites [13]. While Pt supported on
HZSM-5 is characterized by 2 reduction peaks at
202 °C and 402 °C (Fig. 3, line 2). Maora H.
Jorda"o also showed two reduction peaks at 270
°C and 400 °C for 1.0 wt.% Pt/HUSY calcined at
500 °C [14]. Those peaks characterized the
reduction of Pt** to Pt?* and Pt?* to Pt°.

Loading metal onto HZSM-5 resulted in the
depression of acidity (Tab.1). This result was also
announced by Ho Si Thoang [12] and Villegas
[15]. This may be because of the replacement of
proton H* of silanol group of HZSM-5 by the
metal [16], [17]. Pd/HZSM-5 possesses relatively
higher total acidity and acid strength compared to
Pt/HZSM-5.

In the reaction of pure feed (Tab. 2) or
mixed feed (Tab. 3) the activity of Pd/HZSM-5
and Pt/HZSM-5 are comparable but the lifetime
of Pd/HZSM-5 is a little shorter than Pt/HZSM-
5. This may come from the fact that the higher
acidity of Pd/HZSM-5 leading to the stronger
cracking reaction and the shorter lifetime of
Pd/HZSM-5 compared to PtYHZSM-5.
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500C [ TEM ]

(a) SEM of Pd/HZSM-5 (b) TEM of Pd/HZSM-5 (c) TEM of Pt/HZSM-5
Figure 1. SEM and TEM images of catalysts

Table 1. Surface area (Sget); HZSM-5 crystallite size at 7.9° (dz0); zeolite particle dimension by
Scherrer equation (d); Pd clusters size by TEM (dvem), Pd clusters size by HPC (deq), Pd dispersity by
HPC (yrq); and acidity by NH; TPD

Acidity
d d: d;
Catalysts Seer | Greot Crmr | Cra | JRa (mmol NH3/100 g catalyst)
i m?/g nm nm nm nm %o
Weak Medium Strong Total
206°C - 435eC
HZSM-5 353 29.6 37.7 - - -
80.96 - 60.69 141.65
206°C 273=C 462:C
PdHZEM-5 2980 315 447 736 50 2330
T7.62 10.05 47.06 134.73
210eC - 414eC
Pt HZSM-5 3050 305 437 1.63 1.5 76.99
58.44 - 52.53 11096
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Figure 2. XRD pattern of catalysts Figure 3. TPR diagram of catalysts
1) HZSM-5, 2) Pd/HZSM-5, 3) Pt/HZSM-5 1) Pd/HZSM-5 and 2) Pt/HZSM-5
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The higher selectivity in the reaction of
mixture compared to pure Cs one leading to the
catalyst stability is much improved. The lifetime
of Pd/HZSM-5 and Pt/HZSM-5 catalysts
increased from 1 h and 4 h in case of the reaction
of pure Cs to 7 h and > 30 h in case of a mixture,
respectively. This fact can be explained by the
lower concentration of Cs in feed [18] and the
apparent energies of activation of cracking
decreased with increasing chain length of the
hydrocarbon [19].

Increasing pressure of the reaction from 0.1
MPa up to 0.7 MPa helped to increase both
catalyst conversion, selectivity, and, as a result,
is the lifetime of catalyst (Tab.2 and Tab.3). The
lifetime of Pd/HZSM-5 catalyst increased from 1
h (pure feed) and 7 h (mixed feed) to over 30 h
when the pressure was brought up from 0.1 MPa
to 0.7 MPa. And those of Pt/HZSM-5 catalyst
increased from 4 h (pure feed) to over 30 h.

It seems that high pressure has a good

impact to the catalyst conversion, selectivity, and
stability. Iglesia and co-workers [6] found that
isomerization rate has positive hydrogen kinetic
order. They proposed that the reaction takes place
via hydride transfer step which terminates the
isomerized carbocation by hydride transferred
from the neutral species.

They called those by the bi-functional bi-
molecular mechanism which sounds in contrast
with  the  conventional =~ mono-molecule
mechanism. By proposing this kind of
mechanism they also specified the rate-limiting
step is the desorption of the intermediate. The
same observation was made by Manoli and co-
workers [20]. They found the maximal activity of
Pt/SZ in n-hexane isomerization with increasing
hydrogen partial pressure. At high hydrogen
partial pressure, hydride ions are provided for
rate-limiting desorption step leading to the
improvement of catalyst activity.

Table 2. Comparison of the activity of Pd/HZSM-5 and Pt/HZSM-5 catalysts in n-hexane isomerization
at 0.1 MPa and 0.7 MPa (concentration of Cs: 9.2 mol. %)

Pressure Tont X | Siso Y RON T
Catalysts
MPa °C | % | % % h
0.1 250 | 57| 87 50 50 1
Pd/HZSM-5
0.7 250 79| 98 77 66 >30
0.1 250 | 59| 85 50 47 4
PUHZSM-5 - . - .
0.7 275 76 | 99 75 63 >30

Table 3. Comparation of the activity of Pd/HZSM-5 and Pt/HZSM-5 catalysts in isomerization of
mixture* at 0.1 MPa and 0.7 MPa (concentration of n-C5 = n-C6 = 4.6 mol.%)

P T X Si Y T
Catalysts * RON
MPa, °<C % % % h
0.1 250 57 89 51 63 7
Pd’HZSM-5
0.7 250 69 99 68 68 >30
0.1 250 63 95 60 69 >30
PUYHZSM-5
0.7 300 77 73 56 69 >30
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At low hydrogen partial pressure, there are
less hydride transfer phenomena leading to the
longer lifetime of surface intermediate. In this
situation, cracking and oligomerization will
dominate at short residence time; polymerization
and coke formation will dominate at long
residence time leading to the depression of
catalyst lifetime.

4. CONCLUSIONS

Catalyst Pt/HZSM-5 expressed higher metal
dispersity, smaller metal crystallite size, and
lower acidity in comparison to Pd/HZSM-5. The
advantage of Pt based catalyst over Pd based
catalyst is that its lifetime is little higher than that
of Pd catalyst at atmospheric pressure.

The presence of n-pentane in the mixture
elevated reaction conversion, reaction selectivity,
and catalyst lifetime.

Pressure had a positive effect to the reaction
conversion, reaction selectivity, and catalyst
lifetime. At 0.7 MPa, Pd and Pt supported
catalysts produced 66-69 RON liquid product
containing friendly environmental iso-paraffins
which are superior blending stock for green
gasoline.
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Nghién ctru phan ting hydro-isomer hoa n-
paraffins nhe trén xuc tac ludng chirc nang

O ap suat khac nhau

e Dao Thj Kim Thoa
e Luwu Cim Loc
Truong Dai hoc Bach khoa, PHQG-HCM

TOM TAT

Xiac tac 0,8  %kl.Pd/HZSM-5 va
0,35 %kI.Pt/HZSM-5 dwoc téng hop bdang
phirong phdp tam wét. CAc tinh chdt ly-hda cua
xiic tdc dwoe xde dinh bang cde phirong phép:
hdp phu vat Iy N2, SEM, XRD, TEM, NH3-TPD,
TPR, va chudn dé xung (HPC). Hogt tinh ciia xtc
tac cho phan sing isomer héa hon hop n-pentane
Vva n-hexane dirgc nghién cizu trén thiét bi phan
ng dong vi lugng trong khoang nhiér do tir 225-

325 oC ¢ 0,1 va 0,7 MPa; ty Ié¢ mol H2/
hydrocarbon la 592 véi ty Ié n-pentane: n-
hexane ld 1: 1 twong ¥mg Véi nong dg méi chat 1a
4,6 %mol. Xiic tac c6 dé acid cao, dé khit, va do
phan tan kim logi cao véi kich thudéc hat kim loai
vao khoang nm. Xic tac c6 hogt tinh cao cho
phan ing isomer héa n-hexane va hén hop n-
pentane + n-hexane trong diéu kién khao sat. O
diéu kién ap suat 0,7 MPa hoat tinh va dé bén
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Clia xiic tde dwot cdi thién dang ké so véi dieu
kien 0,1 MPa. Cd hai xiic tdc déu c6 hogt tinh 6n
dinh va cho san phdm c6 chi sé octane trong

khodng 66-69 va char lwong cao dé pha xang
than thién voi méi truong.

Tir khoa: isomer héa, paraffin nhe, Pd/HZSM-5, Pt/HZSM-5, &p suat.
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