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Abstract

Samples of Pt/NaMOR (Pt/NaM) and Pt/HMOR (Pt/HM) were prepared through ion exchange of MOR with {R4[(ND3)> and
subsequently treated with calcination at 723 K in air and reduction at 673 K.iTke segregation of Pt in the prepared samples during
the treatment was monitored with different characterization techniques. Transmission electron microscopy results showed that platinum ir
freshly exchanged and in calcined samples stayed dominantly in channels of MOR. However, a significant portion of platinum in channels
segregated to and sintered at the external surface during the reduction. Kja¥p; ratio of 0.80 in 0.5Pt/NaM compared to that of 0.55 in
0.5Pt/HM in hydrogen chemisorption suggested that the segregation of platinum was partially retardédibysNa NaM. Xenon tended
to physisorb on reduced Pt particles in the channels of Pt/NaM and caused a downfield '&¥fiftatdNMR peak. The shift revealed that a
fraction of segregated platinum (or a fraction of Pt retained in the channels) remained constant for Pt/NaM samples with different Pt loadings.
Pt particles retained in channels of highly loaded 5Pt/NaM blocked pdres)(70 nm) and thereby substantially blocked the diffusion of
gas molecules. Consequently, a low uptake of both hydrogen and xenon in 5Pt/NaM was observed in isotherm measurements.
0 2003 Elsevier Inc. All rights reserved.
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1. Introduction including temperature-programmed reduction (TPR), trans-
mission electron microscopy (TEM), hydrogen chemisorp-
Mordenite (MOR) is a zeolite with 12-membereddd x tion, and X-ray diffraction, have been employed to study the

0.70 nm) channels. They are in parallel to each other S€gregation of Pt particles.
along thez direction and interconnected by 0.48-nm deep
8-membered pockets (Fig. 1). Platinum-dispersed morden-

ite is a bifunctional catalyst, active for isomerization of W
n-alkanes and aromatization of paraffins [1,2]. Activity of
Pt samples depends on platinum distribution and dispersion, 2=u
which are often affected by segregation and agglomeration . 4 \
of platinum during pretreatments, viz. calcination and reduc- ),
tion. =¥ | £
Segregation of Pt in zeolites is a phenomenon involving | _l' ; %
migration of Pt from channels to the external surface. Gen- F LA -
erally, segregation is assessed from the change in size or ‘ e
location of Pt particles. In the literature, several techniques, —
2.05 nm
msponding author. Fig. 1. Lattice structure of MOR showing parallel channels~00.7 nm
E-mail address: ctyeh@mx.nthu.edu.tw (C.-T. Yeh). size inz axis and the interconnecting pockets of 0.48 nm &xis.

0021-9517/$ — see front mattét 2003 Elsevier Inc. All rights reserved.
doi:10.1016/j.jcat.2003.09.008


http://www.elsevier.com/locate/jcat

S Yuvargj et al. / Journal of Catalysis 221 (2004) 466473 467

Table 1 To the best of our knowledg&°Xe NMR has not been used
TPR data published in the literature for supported Pt catalysts to study the segregation of platinum particles. In this work,
Sample Pt T, Location Precursor Refs.  129%e NMR is proposed as an indirect method for assessing
species  (K) segregation of platinum. Variation &of xenon is monitored

PUAlL,O3 PO 323 External PGl [12,13] with respect to Pt density in the channels of Pt/MOR.

POy 373

Pt-aluminate 493
PUSIQ» PO 223 External  [Pt(NH)4]Cly [12,13] i

PeO; 293 [PH(NH)a](NOg)7 2. Experimental
Pt/NaY  PtO 373 Super cage [Pt(NHy](NO3)2 9]
PUKL PO 298 External  [PYNH)4]Cl2 [10,11] 2.1. Preparation of samples

PO 353 Channel
PN DS 223 Extemal  [PUNHINO2)2 [0 NaMOR (SYAl = 9.6; 4.0 wt% N& ions and sur-

face area= 340 n? g~1) and corresponding HMOR (HM;
_ _ __ Si/Al =10.3 and surface area325 nt g~—1) were obtained
TPR has been shown as a versatile technique to identify from Tosoh Corporation, Japan. Platinum ion-exchanged
the environment of platinum in Pt-dispersed samples [3-13]. \\oR samples with 0.5 and 5.0 wt% Pt were prepared us-
Since segregation of platinum involves a change of environ- jng [Pt(NHs)4](NO3),. Typically for 0.5 wt%, 5x 1072 g
ment, TPRtech.nique'can be conveniently uged to assess segsf [Pt(NHz)4](NO3)2 was dissolved in 500 ml water and
regation of platinum in MOR samples. Platinum species in then 5 g of either NaM or HM was added to the solution,
different environments are reduced at different temperaturesgtjred at 353 K for 24 h, filtered, and repeatedly washed
(T'r) in TPR. TheT\s of Pt-oxides in various environments  jth dejonized water. The washed samples are then air-oven-
in Pt loaded alumina, silica, and zeolites-Y, L afichave  gried at 383 K and labeled as fresh samples of FO.5Pt/NaM
been reported in the literature [3—13] and were summarizedgng F0.5PyHM. The fresh samples were heated in air at a
in Table 1. The Pt-oxides dispersed on the external surface gie of 2 K mirr? to 723 K and then calcined for 12 h. Ta-
(PeO) of zeolites are reduced generally at a lower tempera- pje 3 jists the calcined samples with a prefix C. In a similar
ture (Tr'< 350 K) than thoseT; > 350 K) in channels (RO) manner, the freshly prepared 5.0 wt% Pt samples were la-
of zeolites. beled as F5Pt/NaM and F5Pt/HM. The Pt content of all the

In the Iitgrature, Ptin ;eolite—supporteq samples has .a_lsoprepared samples (Table 3) was confirmed by ICP-AES.
been studied [14-22] with another environment-sensitive

techniquel?®Xe nuclear magnetic resonandé¥Xe NMR).
Table 2 lists the literature ot?®Xe NMR of platinum dis-
persed in KL, NaY, NaEMT, MCM-41, andg -alumina.
Generally, a downfield shift was observed from Pt samples
with Pt loading> 2 wt% [17-19]. A higher downfield shift
was generally found from platinum particles in large cages
(~ 1.3 nm of NaY [17,18] and EMT [19]) than in small
channels{ 0.7 nm of Ng3 [20] and KL [20-22]).

It has been reported that Pt in channels of KL showed a Table 3
linear increase i with its loading in Pt/KL samples [22].  Physicochemical data for samples used in this study

2.2. Hydrogen chemisorption and xenon physisorption

Isotherms of hydrogen chemisorption and xenon phy-
sisorption on reduced Pt particles were obtained at 296 K
from a classical volumetric apparatus. The calcined sam-
ples were ex situ reduced at 673 K in Ifbr an hour at a

Sample Pt Na Pt particle sizépt (nm)  NH/Npt
Table 2 (Wt%o) (%) XRD TEM
Literature-reported chemical shift)(values for xenon in pores of various (average)
supports and in pores of their hydrogen-reduced Pt samples at 296 K HM — 0.02 — — _
NaM - 40 — - -
Sample Pt Pxe __ olpm) Refs. CO5PYNaM 052 B - 2-3 -
(Wt% Pt) (wt%)  (Torr)  Support  Pt/zeolite 5a
Pty-Al03 5.2 675 110 220 [14,15] RO.5PtNaM  0.52 5 12 2-3 0.80
PYMCM-41 20 400 80 141 [16] 18
Pt/NaY 100 400 67 169 [17] R2Pt/NaM 191 3 23 - -
Pt/NaY 40 400 80 126 [18] C5Pt/NaM 4.93 2 5 3-5 -
PYEMT 110 400 74 208 [19] 52
PYKB 0.6 218 71 74 [20] R5Pt/NaM 4.93 2 31 2-4 0.35
Pt/KL 0.6 218 105 105 [20] 307
Pt/KL 1.0 370 106 113 [21] CO0.5Pt/HM 0.48 2 - - -
Pt/KL 0.9 400 118 128 [22] RO.5Pt/HM 0.48 @2 18 3-5 0.55
Pt/KL 5.2 400 118 166 [22] 242
Pt/NaM a5 500 138 151 Present work R5Pt/HM 4.91 002 - - -
Pt/NaM 50 500 138 162 Present work

a Size of the largest Pt particles found.
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heating rate of 2 Kmin'. The reduced samples were de- 3. Resultsand discussion

gassed at 1@ Torr at 773 K for 12 h in a vacuum system.

Then, samples were in situ reduced at 673 K with hydrogen,  Fig. 2 compares high-resolution TEM pictures from
again degassed at 773 K, and then cooled down to 298 K, forfresh, calcined, and reduced samples of 0.5Pt/NaM, 0.5Pt/
both hydrogen chemisorption and xenon physisorption mea-HM and 5Pt/NaM. Fig. 2a shows a homogeneously tinted
surements. All the reduced samples were designated with arEM picture of FO.5Pt/NaM. This picture is similar to that

prefix R in this paper. of a blank NaM (not shown). However, fresh F5Pt/NaM dis-
plays (Fig. 2b) finely distributed Pt complex grains, mainly
2.3. Transmission electron microscopy in subnanometer sizes. These subnanometer-sized precur-

sors should be inside the channels in view of the cation-

About 5x 103 g of reduced P/NaM sample was soaked €Xchange capacity (1700 pmol N?_l) of pores in MOR
in ethanol, sonicated for 10 min, and then allowed to settle @nd the loading 250 pmol Pt g) of Pt precursorinthe
big zeolite particles. A clear supernatant liquid was dropped S@MPle- The insets in Figs. 2a and b are diffused ED patterns
on a carbon-coated Cu grid and dried under vacuum. A JeolCharacteristic of amorphous platinum complex particles.
TEM 400-keV machine was used for taking photos. In ad- 1 EM picture of calcined C5PtNaM (Fig. 2c) showed a
dition, the machine is also equipped with in situ electron 10t Of moderate particles, witd ~ 3-5 nm, certainly on

diffraction (ED) and energy dispersive X-ray (EDX) facil- the external surface. During calcination at 723 K, Pt precur-
ities sors are decomposed [Eq. (1)] and a minor fraction &f Pt

should have been autoreduced [Egs. (2) and (3)] by freed

. . ia ligands [4,11,24-26]:
2.4. X-ray diffraction ammonia ligands [ ]

[Pt(NHg)4]>" — PE* + 4NHs, (1)

X-ray diffractograms of the calcined{ ~ 723 K) and ex + +
situ reduced (at 673 K with a heating rate of 2 K miy Pt PEY 4 2NH3 + Oz — Nz + 2H,0 + Pt+ 2H', (2)
samples are recorded in a Philips XRD machine with Gu-K 2P + 4NHg + xOp — 4NO; + 4H,0 + 2Pt+ 4H™. (3)

(= 1.5404 A) radiation and compared with blank MOR. A portion of the reduced Pt-particles might be segregated

] out from channels and then agglomerated on the external

2.5. Temperature-programmed reduction surface as moderate particles [27]. The presence of reduced
Pt particles is also confirmed by ED of a selected portion
About 5x 1072 g of a calcined sample was taken in a shown in the inset of Fig. 2c.

U-shaped TPR cell. The platinum species in the sample was  Fig. 2d displays TEM pictures from the reduced R5PY/
then reduced in hydrogen at 673 K with a heating rate of NaM. The picture showed large Pt particle clustersSQ nm)
2 Kmin~! and subsequently recalcined at 723 K to PtO  along with many tiny particles typically in a range of 2—
species under £He stream. The recalcined (with a prefix 4 nm on the external surface of MOR. These particles may
RC in this paper) sample was then cooled under nitrogenbe formed during the reduction treatment by hydrogen:
gas to 163 K and thenNgas was replaced with a reducing
gas mixture of 10% b/N». The TPR spectrum was recorded PtO; + xHz — Pt+ xH20. (4)

at a heating rate of 5 Kmirt in two steps. First, the tef“‘ A close examination of the large Pt clusters revealed
perature range from .173 to 500 K was recorded using a g, ot they are actually aggregates of moderate partidles (
low-temperature routine and the procedure was descr|bed3_5 nm). During reduction, these aggregates might have
elsewhere [12,23]. formed at the pore mouth of the channels because of a se-
vere segregation of Pt particles. The tiny particles scattered
2.6. 129Xe nuclear magnetic resonance spectroscopy on the surface of mordenite might result from reduction of
platinum ions at the external surface. The ED of this sam-
About 0.5to 1.0 g of ex situ reduced Pt/MOR sample was ple showed ring patterng (~ 0.26 nm) characteristic for a
placed into a NMR tube with 10 mm in internal diameter. crystalline platinum (111) phase.
The tube was connected to a vacuum system and degassed Despite the severe segregation to the external surface,
at 723 K at 10 Torr for 24 h. Before xenon loading, sam-  a large fraction of reduced Pt might have retained in the
ples were again hydrogen reduced in situ at 673 K, degassed¢channels and deposited on their wall. Fig. 2e displayed
and then cooled down to 296 K. Xenon loading was done at a fringe pattern 4 ~ 0.5-0.7 nm) from R5Pt/NaM and
a predetermined pressure using enriched (82%%e gas. is consistent with the channel dimension6®x 0.7 nm)
129%e NMR has been recorded at 296 K in a Bruker DSX of mordenite. Similar patterns have also been found from
400 operating at 110.5 MHz with 15-us pulse and 0.5-s recy- R0.5Pt/NaM in this study (not shown) and also reported on
cle delay. About 25,000 scans were acquired and the spectrdPt/KL zeolite [27—-29]. The fringe pattern has been described
were referenced to xenon in bulk gas mixed with 1-29 O in the literature for platinum in channels.
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(e) ®

Fig. 2. High-resolution transmission electron micrograms of Pt/NaM samples: (a) FO.5Pt/NaM, (b) F5Pt/NaM, (c) C5Pt/NaM, (d) R5Pt/NaM, (eltéinge p
from R5Pt/NaM, and (f) RO.5Pt/HM. Insets in 2a—d show electron diffraction pattern of the concerned samples.
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Fig. 4. Hydrogen chemisorption isotherms at 296 K for reduced samples.
Fig. 3. X-ray diffraction profiles of fresh (F), calcined (C), and reduced (R)

samples of Pt/NaM and Pt/HM.
obtained between strongly chemisorbed hydrogén)(on

Fig. 2f displays TEM picture from the reduced R0.5py Metalsites, i.e., Ptsites noted in Fig. 47, ~ 0.1 kPa [31]
HM. The picture showed that the average Pt particles are in@nd the amount of platinunipy) in a sample.

a range of 3-5 nm on the external surface of MOR. Surely 1 he obtainedVy/Np values for the reduced Pt samples
these particles are larger than those on the R0.5Pt/NaM sam@'€ listed in the sixth column of Table 3. At a low loading
ple. The ED pattern of the sample well matched with that of !€Vel of 0.5 wt% platinum, the higher ratio obtained from
R5Pt/NaM. Notably, the fringe pattern is not observed from RO-SPUNaM (Viy/Np ~ 0.80) than that ¥1/Npt ~ 0.55)

the RO.5PYHM sample and this absence suggested that thd"oM RO.5P¥/HM confirmed the retardation of platinum seg-
abundance of Pt particles is not high enough in the chan-egation by sodium ions. But at a level of 5.0 wt% platinum
nels of HM. Most of the platinum reduced in the channel asin RSPUNaM, the ratio considerably decreased @35.

of PYHM might have segregated out. Obviously, sodium This iS contrary to TEM results that showed a similarity in
cations in RO.5Pt/NaM sample are more effective in retard- Siz€ (2—4 nm) of the average Pt particles on the external
ing the segregation than protons in RO.5Pt/HM. surface of R0.5Pt/NaM and R5Pt/NaM. Therefore, the low

Fig. 3 compares the XRD profiles of NaM, FO.5Pt/NaM, NH/Nptratio for R5Pt/NaM indicated a severe pore block-
C5Pt/NaM, R0.5Pt/NaM, R5Pt/NaM, and RO.5Pt/HM sam- 29€, which may prevent the access of platinum in pores by
ples. A diffraction peak aroundi2~ 40 for reduced Ptpar-  hydrogen moleculed, ~ 0.3 nm). Similar inaccessibility
ticles is detected from the calcined and the ex situ-reducedOf Ptin the channels of 0.5Pt/KL by CO gas [11] and that of
samples but is absent from the fresh sample. The peak fromPt in the sodalite cages of 5.8Pt/NaY [34] has been reported
the calcined sample confirmed the prevalence of Pt autore-in the literature.
duction proposed from the TEM results. The distribution of platinum in reduced samples has been

Size of large Pt particlesdf; > 5 nm) formed in the ~ €xplored with a TPR study. Fig. 5a compares the TPR
calcined and the reduced samples may be estimated fronProfiles of calcined samples, C0.5Pt/NaM, C5Pt/NaM, and
full width at half-maximum g) of a broadened Pt peak C5P¥HM, with profiles of blank NaM and HM. In the pro-
(111) using Scherrer's equatiodpt = KA/Bcosy, where  file of NaM, two large peaks in a wide range of temper-
K = 0.9) [30]. The estimated sizes are listed in Table 3 atures, i.e., 183-220 and 220-340 K, are observed along
along with other physical parameters. The size of Pt parti- With six minor sharp peaks in both positive and negative di-
cles from RO.5PtHM had a largép (~ 18.0 nm) than that ~ rections. Recently [23], these large and minor peaks have
(dpt ~ 12.0 nm) from RO.5Pt/NaM and also thatgf ~ 5— been assigned for a replacement of nitrogen by hydrogen
6 nm) from C5Pt/NaM samples. The variation in the cal- and molecular chemisorption of nitrogen on sodium—oxygen
culateddp; values confirmed that the extent of segregation ionic pairs at different locations in NaM, respectively.
during pretreatments depends on the cation of the zeolite. In addition to the peaks described above, profiles of
Despite of the retardation to segregation byNans, a high Pt/NaM samples in Fig. 5a also displayed two distinct peaks
dpt~ 31.0 nm is noted from the highly loaded platinum sam- at ~ 300 and~ 360 K. These two peaks are assigned to
ple of R5Pt/NaM. reduction of PtQ in different locations, i.e., RO on the ex-

Fig. 4 displays the hydrogen uptake isotherms of three re- ternal surface+{ 300 K) and PO in the channel{ 360 K),
duced samples—R0.5Pt/NaM, R5Pt/NaM, and R0.5Pt/HM in accordance with the literature [3—13] on similar Pt-loaded
at 298 K. In Fig. 4, it is noted that the chemisorption profile samples of KL, (Na, K)-beta, Nay, silica, and alumina (see
tend to become smooth whety, > 0.1 kPa. This indicates  Table 1).
that a weak chemisorption may be caused by molecular ad- Fig. 5b presents the TPR profiles of recalcined samples.
sorption of hydrogen [31] on weak sites in the support and In addition to peaks observed with calcined samples, these
also by spillover of hydrogen, especially in the case of alkali- recalcined samples showed a pealat 390 K. This peak,
containing zeolites [32,33]. Therefore, a ratioldf;/ N pt is in accordance with the literature [3-13], is assigned for the
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Fig. 5. Temperature-programmed reduction profiles of Pt samples (a) cal-

cined and (b) recalcined.

reduction of P4O, in the channel. Noticeably, a consider-
able enlargement of the peakat300 K in the profiles of
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Fig. 6. Xenon adsorption isotherms measured at 296 K for calcined (C) and
reduced (R) samples of Pt/NaM and Pt/HM along with blank samples of
NaM and HM.

Table 4
Data obtained from xenon physisorption arfdXe NMR studies for blank
NaM and HM and their Pt-loaded samples

Sample Nxe Sc 30 Slope Channel
100 (ppm) (ppm)  (ppn volume=
atomsg?l (~500 1 slope1,
(~500  Torr) atomsgl) (1020 atoms ¢
Torr) ppm)
NaM 108 138 84 4.91 0.20
R0.5Pt/NaM 10 151 88 4.93 0.20
R5Pt/NaM 87 162 101 6.95 0.14
HM 53 1674 — - -
RO.5Pt/HM 80 176 - - -

@ Shift for the coalesced peak.

cates a strong pore blockage probably by a large fraction of
platinum remaining in the channels. This is in good agree-
ment with the present hydrogen chemisorption results.

In the literature 12°Xe NMR spectra of NaM samples at
296 K displayed two broad peaks at chemical shiftgpof
220 andsc ~ 90 ppm. They have been ascribed to xenon in

recalcined samples confirmed the segregation of platinumthe pocket (Xg) and in the channel (%¢of mordenite struc-

particles from the channels of Pt/NaM and Pt/HM. The seg-
regation during reduction is severe in RC5Pt/HM, whose
TPR profile indicated that only a small fraction of platinum
remained in channels.

Fig. 6 compares xenon uptak¥ ¥e) isotherms, obtained
at 296 K, of blank samples, HM and NaM, with reduced plat-

tures, respectively [35-41]. Thi increases withPxe be-
cause of increasing Xe—Xe interactions. Howevyg Vir-
tually does not affedip since the pocketd ~ 0.48 nm) can
accommodate only a single xenah+{ 0.44 nm) atom [35—
37,40,41]

The similar two-peak pattern d£%Xe NMR spectra of

inum samples. Observed uptakes in blank samples shouldNaM is also observed for R0.5Pt/NaM samples at 296 K and

have come from physisorption of xenon. In general, NaM
exhibited a higher uptake at all xenon pressures than HM.
Table 4 reveals that the xenon uptake on NaM &00 Torr
(Nxe ~ 10.8 x 10?% atoms g?) is about twice that xe ~
5.3 x 10?0 atoms g1) of HM (with a similar SyAl ~ 10).
Conceivably, xenon physisorption on the sodium ion in NaM
is greater than the proton in HM.

A higher xenon uptake is generally observed in Fig. 6
for reduced Pt samples of Pt/NaM and Pt/HM than their
blank mordenites. A small (0.5%) addition of platinum in

is shown in Fig. 7. In order to know the effect of platinum
in channels, the experimenté values from R0O.5Pt/NaM
(Fig. 7) and R5Pt/NaM are plotted in Fig. 8 along with the
3¢ values of NaM againsiV xe at variousPxe noted from
Fig. 6. The plots showed a linear increaseSinwith Nxe
and the slope of the plots also increases with the Pt loading
on MOR.

In Fig. 8,8 at Nxe — 0, i.e.,do, is given by the intercept
of the plots drawn betwees, and Nxe. The §p values for
NaM, R0O.5Pt/NaM, and R5Pt/NaM (84, 88, and 101 ppm,

both MOR samples increased the uptake. However, that therespectively) generally increased with their platinum load-

xenon uptake considerably decreased on R5Pt/NaM indi-

ing. Sincedp is a reflection of the chemical environment
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Fig. 10. Variation of chemical shift is plotted against the amount of platinum

Fig. 8. A linear plot between the amount of xenon physisorbed per gram of in a sample at a constant xenon loading.

a sample § xe) and the chemical shift of xenon in channels.

of the channel surface, the density of platinum particles in With Pxe ~ 500 Torr. It has been established that dgend
the channel of R0.5Pt/NaM is insufficient to bring about a thedp in the profile of NaM coalesced to a single peak in the
change in polarity of the channel surface in NaM. Conse- profile of HM sample [35,38] due to fast exchange of:Xe
quently, theso value of the RO.5Pt/NaM sample had a neg- With Xep. The peak a8 ~ 167 ppm in blank HM is only
ligible variation with that of NaM. On the other hand, the slightly shifted to downfield in Pt samples, indicating a tiny
density of platinum deposited in the channels of R5Pt/NaM amount of platinum remaining in the channel. In addition to
is high and enough to cause a significant increask tof the coalesced peak at~ 178 ppm for RSPt/HM, a minor

R5Pt/NaM sample. peak is also noted at~ 0 ppm. The appearance of the latter
Slopes for the plots of NaM, R0.5Pt/NaM, and R5Pt/NaM peak is probably due to an enhanced sensitivity toward bulk
are noted as 4.91, 4.93, and 6.95 paef® atoms g1, re- gaseous xenon in the presence of lot of metal particles at the

spectively. The slope has been linearly related to local xenonexternal surface.
density or, in other words, has been inversely related to chan- The §c of Pt/NaM and the single coalesced peak of
nel volume [42]. From the slope values, channel volume (see PYHM, from theirt?°Xe NMR spectra, are plotted in Fig. 10
column 6 of Table 4) of NaM (@0 x 10?0 atoms g pprmi) against the platinum loading afye ~ 8.0 x 107° and 50 x
has not been altered by a tiny addition of platinum (as 10?° atoms g, respectively. The linear increase &fwith
in RO.5Pt/NaM) but considerably decreased for R5Pt/NaM the Pt content of the sample suggests that the fraction of plat-
(0.14 x 10%° atomsgppm?). The decrease is a resultant inum in channels of reduced Pt/NaM remained constant. Al-
of a large quantity of platinum retained in channels during though the fraction is constant, large numbers of Pt particles
reduction and might block the diffusion of gases through in 5Pt/NaM should block the access of both hydrogen mole-
pores. The pore blockage has also been envisaged from higtcules and xenon, and the blockage eventually led to their low
8o value for R5Pt/NaM sample and the¥¥Xe NMR re- uptakes in isotherm measurements. This agrees well with the
sults are also in good agreement with the results of hydrogenliterature data on Pt/KL samples [22]. On the other hand,
chemisorption, xenon physisorption, TEM, and TPR studies. only a minor shift of the coalesced peak in Pt/HM to down-
Fig. 9 displayed a single peak in all thré&Xe NMR field suggested an extensive segregation of platinum from
profiles of HM, RO.5Pt/HM, and R5Pt/HM samples at 298 K the channels during reduction treatment. Evidently, protons
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