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Abstract

The effect of iridium loading on the properties and cataligbmerization of.-heptane over Ir-HZSM-5 is studied. Ir-HZSM-5 was prepared
by impregnation method and subjected to isomerizationge®in the presence of flowing hydrogen gas. XRD and BET atusliow that
the presence of iridium stabilizes the crystalline strietwf HZSM-5, leading to more ordered framework structuré Enger surface area.
TGA and FTIR results substantiate that iridium speciesauts with OH group on the surface of HZSM-5. Pyridine FT-tBdy verifies the
interaction between iridium and surface OH group slightlyréased the Bronsted and Lewis acid sites without chgrigmlattice structure of
HZSM-5. The presence of iridium and the increase of strongit.acid sites on HZSM-5 were found to bring an increase abbdi, 33.2%
and 11.8% in conversion, selectivity and yieldreheptane isomerization, respectively.
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1. Introduction olite are significantly influenced by the presence of metal
Particularly, among the noble metals present in naturey onl
Recently, the increasing environmental awareness has leglatinum, palladium and iridium have high potential to be a
to strong restrictions on gasoline contents in aromatic-comdood catalyst in isomerization of-alkanes [15,16]. It has
pounds. This has caused oil refineries to continuouslyrrefo been reported by several researchers that HZSM-5 zeolite
mulate their gasoline composition in an attempt to keepr thei modified with platinum [11,17] and palladium [18] is able
product quality while minimize adverse effects to men ared th t0 increase the activity and selectivity of the catalysheat
environment. As a result, there is a need to maintain the numthan cracking. However, only a few publications concerning
ber of available octane, which has recently attracted much i the isomerization ofi-alkanes over Ir catalyst loaded on ze-
terest in isomerization process involving alkanes, paldity olite were reported, even though iridium species is one®f th
linear chain alkanes. Many studies show that transitioramet Well-known promoters of catalyst due to its activity towsrd
or noble metal loaded on metal Oxide_[a;]’ mesoporous isomerization [19] and its Stablllty effect through the @ral
[9,10] or microporous [1114] materials possesses high activ- 0f coke-precursor [20]. Yang and Woo [21] reported that
ity for the isomerization of linear chain alkanes. Amonggbo II/NaY showed higher conversion and stability than Pt/NaY
supports, zeolite provides an effective choice for the isem catalyst towards-heptane reforming reaction because of the
ization process owing to their large surface area, highlaer high activity of hydrogenolysis reaction which resultedeiss
stability and resistance towards coke formation. In thieifie amountof coke on the Ir/NaY surface.
of zeolite, HZSM-5 is most extensively used due to its shape-  In addition, detailed study of the properties particularly
selective properties of medium pore-size, high thermélista  structural properties and nature of acidity of iridium ledd
ity and high acidity which are prerequisites for applicatin on zeolite has not yet been clearly reported. Therefordnen t
isomerization reaction. present paper, we reported the properties of Ir-HZSM-5-cata
It is noteworthy that the activity and selectivity of the ze- lyst and also its activity towards isomerization ofheptane.
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For this purpose, XRD, BET, TGA and FT-IR measurementshydrogen stream. A dose ofheptane was passed over the
were employed to observe the structural properties of the ca catalyst and the products were trapped at 77 K before flash-
alyst, and the adsorption of pyridine as a probe molecule wagvaporated into the gas chromatograph. The reaction pt®duc
also performed to identify the acidity nature of the catalys  were analysed by an on-line 6090N Agilent Gas Chromato-
graph equipped with HP-5 column and FID detector. The in-
2. Experimental tervals between doses were kept constant at 20 min.
The selectivity to particular product() was calculated

2.1, Catalyst preparation according to Equation (1)

Si = = (1)
A commercial HZSM-5 (Zeolyst) was used as a catalyst Z Ai = An-heptane
support. Ir-HZSM-5 was prepared by incipient wetness im-where 4; is the corrected chromatographic area for particu-
pregnation of HZSM-5 with aqueous solution of Ig&H,0 lar compound. The conversion afheptane & ,-heptand Was
(Merck) followed by drying at 383 K overnight and calcina- determined by Equation (2)
tion at 823 K for 3 h in air. The content of Ir was 0.1 wt%.

A — Apn
Xn-heptane= Z ZA' ePa® % 100 (2)

2.2. Catalyst characterization
The yield of n-heptane Y,-heptangd Was determined by

The crystalline structure of the sample was determinedEauation (3).
with X-ray diffraction (XRD) recorded on a Bruker AXS
D8 automatic powder diffractometer using i, radia-
tion with A = 1.54184 at 40 kV and 40 mA in the range of

26 =20-22. 3. Results and discussion
The BET surface area and total pore volume of the sample
were determined by Nadsorption-desorption isotherm using .
a Quantachrome Autosorb-1at 77 K. Prior to the measuress'l' Structural properties of HZSV-5 and Ir-HZSM-5
ment, the sample was outgassed at 573 K for 3 h. ) o
Thermogravimetric analysis (TGA) was conducted by In order to determine the crystallinity of HZSM-5, the cal-

the Mettler Toledo TGA/SDTA 851. Temperature was pro- ibration curve of crystallinity against average peak ils_zttgn
grammed from the ambient to 1173 K at a heating rate ofVas pIottgd ba_tsed on the ph_yglcal m!xture of pure;Sadd
10 K/min under N flow. HZSM-5 in which the crystallinity of Si@and HZSM-5 was

0 :
Fourier Transform Infra Red (FT-IR) measurements Wereassumed to be 0 and 100%, respectively. The XRD patterns

carried out using Perkin-Elmer Spectrum GX FT-IR spec- of five samples with different HZSM/Si©ratios are shown

trometer. KBr pellet technique was used to determine the Figure 1(a). Peaks in the range ¢f 27°—10° were iden-

functional groups of catalyst. IR spectroscopy of adsorbeclIlflecj as reflections of HZSM-5 zeolite [24]. No peak was

- . -observed at HZSM-5/Si®ratio of 0: 4, indicating that the
pyridine was used as a tool to evaluate the protonic and Lewis ; L : .

L . .sample was 0% in crystallinity. The intensities of the peatks
acid sites. The catalyst was activated before the analysi

following the previously reported procedures [4]. A self-
supported wafer placed in an in situ IR cell with Gakin-

Siso-h eX Xn-h
Yn-heptane: eptar;lho 0 eptane (3)

ﬁZSM-S/SiOZ reflections were increased significantly with
the addition of HZSM-5. The calibration curve of HZSM-5

dows was pretreated with hydrogen stream at 673 K, foIIoweaShown n Flgure_l(b) was determined by comparing the aver-
age peak intensity of five samples. The calibration curvega

by outgassing at 673K for 3h. The measurement of onri-Iinear equation of = 2.14x 102z, wherey is the percentage

dine adsorbed on the catalyst was conducted according to the . S ' 7 : i
. : : . of crystallinity andz is the average peak intensity of the sam

method described in the literature [22]. The activated-cata -7 9

lyst was exposed to 2 Torr of pyridine at 423 K followed by pIesFai\t fr; 72 sr?(:lves&th.e XRD pattern of HZSM-5 and Ir-

outgassing at 623 K for 15 min. The spectra were recorded a|t_|z 9 P

SM-5. The introduction of iridium on HZSM-5 slightly
room temperature. In order to compare the surface coverage - - od the intensity of the peaks as well as the percenta
of the adsorbed species between different wafers, the ove Y P b 9

r- s .

- 0, 0,
tone and combination vibrations of MFI between 2100¢m of crysta_\lhnlty of HZSM S from_ 10.0@ o 103'44)' Thls_r_esult
and 1550 cm* after activation were used [23]. may indicate that iridium species induced the interactigth w

structural defect sites so as to stabilize the crystallinecs
] ture of HZSM-5 and led to more ordered framework structure.
2.3. Catalyst testing Generally, the introduction of metal species on zeolitepsup
will change the intensity of the XRD peaks as well as the per-
Isomerization ofz-heptane was done in a microcatalytic centage of crystallinity of the support. Bhavani et al. [25]
pulse reactor at 623 K under hydrogen stream. 0.2 g catalydbund that the addition of Ni into Pt-HY decreased the inten-
was activated in oxygen stream for 1 h followed by hydrogensity of the XRD peaks which was caused by the pore blockage
stream for 3 h at 673 K and then cooled down to 623 K in of support materials with Ni species. In contrast, Shen.et al
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[26] reported that the addition of iridium into Fe-USY didtno

change the XRD pattern of Fe-USY, which can be ascribed tahe introduction of Ir.

the well-controlled deposition of iridium to Fe-USY.
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Figure 1. (a) XRD patterns of different samples with HZSM-5 : Siftios
of (1) 0:4,(2)1:3,(3)2:2,(4) 3:1and (5) 4:0; (b) Caliboaticurve of
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Figure 2. XRD patterns of HZSM-5 (1) and Ir-HZSM-5 (2)

The BET surface area and total pore volume of HZSM-5
and Ir-HZSM-5 are listed in Table 1. The small increase in

the surface area and total pore volume of HZSM-5 may be

479

related to small increase in the crystallinity of HZSM-5 by
The change of the textural proper-
ties of HZSM-5 zeolite caused by the introduction of metal
species was also reported by de Lucas et al. [27] for molybde-
num loaded on HZSM-5. They reported that the introduction
of molybdenum prepared by impregnation method decreased
the textural properties of HZSM-5, which can be attributed
to partial blockage of the pore system caused mainly by the
presence of metallic oxides and extra framework aluminum
species localized in the interior of the pores and chantels.
addition, M'Ramadj et al. [28] reported that the addition of
CuO into HZSM-5 prepared by impregnating HZSM-5 with
aqueous solution of copper nitrate decreased the BET surfac
area and total pore volume of the catalyst, which can be at-
tributed to the blockage of a portion of the micropores in the
catalyst with CuO species. In contrast, Shen et al. [26] re-
ported that the BET surface area and total pore volume of
Ir/Fe-USY were almost similar with those of Fe-USY, which
indicated that the addition of iridium into Fe-USY does not
change the textural properties of Fe-USY.

Table 1. Structural properties of HZSM-5 and Ir-HZSM-5

XRD BET
Catalysts crystallinity surface total pore
(%) area (m/g) volume (cn¥/g)
HZSM-5 100.0 437 0.27
Ir-HZSM-5 103.4 458 0.39

Figure 3 shows the TGA curves of HZSM-5 and
Ir-HZSM-5 catalysts. The TGA results explained the phe-
nomenon of weight loss, which results from heating the sam-
ples in nitrogen flow. The curves for both catalysts showed
a weight loss region in the range of 298 to 523 K, indicating
the loss of zeolite water content. The weight loss percastag
of HZSM-5 and Ir-HZSM-5 were about 8.60% and 7.94%,
respectively. The introduction of iridium species slighdle-
creased the weight loss percentage may be due to the removal
of OH groups by the interaction between iridium and HZSM-
5 support, which was in agreement with the XRD results. In
addition, none of the catalyst experienced the formation of
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Figure 3. TGA curves of HZSM-5 (1) and Ir-HZSM-5 (2)
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intermediate compound upon increasing the temperatureng on metal ion species [31,32]. A band at 3610 ¢nis
Similar result was observed on the vanadium loaded USY zeassigned to the Bronsted hydroxyl associated with briglgin
olite reported by Pérez et al. [29] in which the mass loss inhydroxyl groups (Si(OH)AI) located inside the zeolite stru
the 589-635K range was less pronounced when the zeoliteture, whereas the weak band at 3520 ¢ns associated to
contains vanadium. the perturbation of OH groups through the surrounding by lat
Figure 4(a) shows the IR spectra of HZSM-5 and Ir- tice defects or extra lattice oxygen [30]. There is no change
HZSM-5 in the region of 1600400 cm . The region of in the intensity of the band at 3740 cf indicating that non
1600-400 cn? is attributed to the stretching and bending acidic terminal silanol groups does not interact with iniuh.
modes of the FO units of the zeolite lattice. The most However, the presence of iridium led to a decrease in the in-
prominent band at 1250950 cn? is assigned to asymmet- tensity of the band at 3610 crhand developed a new band at
ric stretching of intra-tetrahedral mode, while a weak bahd 3665 cn1?, indicating some exchange of isolated acidic hy-
820-750cm ! is assigned to symmetric stretching of inter- droxyl groups with iridium cations. In addition, the band at
tetrahedral mode. The band at 6800cn ! is assigned 3520 cm! decreased slightly with the addition of iridium.
to double ring of inter-tetrahedral mode, while the band atThis may be due to the existence of iridium bonded to the
500-420cm! is assigned to OT—O bending of intra- framework of HZSM-5 through the surrounding by lattice de-
tetrahedral mode [30]. The IR spectra of both catalysts werdects or extra lattice oxygen.
almost similar, indicating that the introduction of iridiudoes The change of the ZSM-5 structure caused by the metal
not change the lattice structure of HZSM-5. exchange was also observed on Fe loaded on ZSM-5 as re-
ported by Guo et al. [33]. They reported that the introductio
of Fe slightly decreased the intensity of the band at 3610'cm
and developed a new band at 3670¢min which the new
]o.z (a) band is assigned to the hydroxyl stretching oi*Fspecies
(Fe—OH). The reduction of the band at 3610¢nand the
development of the new band at 3670 chwith the addi-
tion of Fe species indicated the displacement of Bronstat a
protons by Fe ions. Significant change of the structure was
also observed on zirconia based catalyst in which the intro-
) duction of metal oxide, W@on ZrO, developed the bands
at 1021 cmrt and 1014 cm?!. The band at 1021 cnt is as-

) signed to the stretching of the W=0 which is connected to cus
et Zr** through O, while the band at 1014 ctis assigned to
1600 1400 1200 1000 800 600 400 the stretching of the W=0 which is connected to the other W

Wavenumber (cm™') thl’OUgh O [34]

Absorbance (a.u.)

{ 3.2. Acidic properties of HZSM-5 and Ir-HZSM-5
05
(b)

The type of acid sites in HZSM-5 and Ir-HZSM-5 was
qualitatively probed by pyridine molecule of which the ad-
sorption was monitored by IR spectroscopy. Figure 5(a)
shows the IR spectra of pyridine adsorbed on activated
HZSM-5 and Ir-HZSM-5 at 423 K followed by heating in vac-
uum at 623 K. Since the catalysts were outgassed of 623 K
after exposure to pyridine, the acid sites under considera-
tion are only strong acid sites that can retain pyridine rgfai
outgassing temperature of 623 K and below. The band at
1545 cmrt is ascribed to pyridinium ions (pyridine adsorbed
on protonic acid sites) and the band at 1445 s ascribed
to pyridine adsorbed on Lewis acid sites. Both catalysts
possessed strong protonic and Lewis acid sites, though the

The changes in the IR spectra of hydroxyl groups for amount of protonic acid sites was dominant for both catalyst
both activated HZSM-5 and Ir-HZSM-5 catalysts are shown  The amount of strong acid sites in HZSM-5 and Ir-
in Figure 4(b). There were four bands observed in this re-HZSM-5 are more clearly seen in Figure 5(b), in which the
gion. The narrow band at 3740 crhis assigned to the non absorbance of the bands at 1545 and 1445'care plotted
acidic terminal silanol groups (SIOH) located on the exter- in a bar chart. The introduction of iridium species influedc
nal surface of zeolite [30], while the shoulder band at appro the acidic properties of HZSM-5 as well as the generation of
imately 3665 cm® may be associated to the hydroxyl stretch- small amount of protonic and Lewis acid sites, which may be
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Figure 4. (a) FT-IR spectra of HZSM-5 (1) and Ir-HZSM-5 (2); (b) FT-IR
spectra of activated Ir-HZSM-5 (1) and HZSM-5 (2)
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due to the interaction between iridium and lattice defects 0 WOs3-ZrO, reduced protonic acid sites and generated Lewis
extra-lattice oxygen. This result was inconsistent witit ie-  acid sites [3]. In contrast, the introduction of sulfate gem-
ported by Aboul-Gheit et al. [35] for IfHZSM-5 prepared by erated strong acid sites and decreased the weak and medium
impregnation method of HZSM-5 with aqueous solution of acid sites due to the stabilization effect of sulfate ion loa t
H»IrClg-6H,0 followed by drying at 110C and calcination metastable tetragonal phase of zirconia [4].

in air at 530°C for 3 h. The NR-TPD results showed that the

addition of 0.35 wt% iridium to HZSM-5 slightly decreased 3.3. |somerization of n-heptane

the value ofAH from 98.4 J/g to 87.5 J/g, indicating a small

decrease of acid sites may be caused by the coverage of a por- Figure 6 shows the isomerization of-heptane over

tion of the acid sit_gs .With iridium. Similar pheno_men(_)n Was 17sM-5 and Ir-HZSM-5 catalysts at 623K in a microcat-
also observed on iridium loaded on Mo/HZSM-5 in which the alytic pulse reactor. The outlet was composedsofheptane,

addit.ion of 0.5 vv_t% iridium has caqge_d a decrgase.of all thecracking-products (6-Ce) and residuah-heptane. The pres-
species of acid sites. In this report, iridium species éffety

. 4 with ked ) fth id s h ence of iridium species resulted in a substantial increase i
interacted with (or masked) a portion of the acid sites, thus, ;i and selectivity tdso-heptane fon-heptance isomer-

decreased the amount of acid sites [36]. In previous worky, 4t in the presence of hydrogen. The introduction afiri

we have reported that the impregnation of nano-Zn speciegn, intg HzSM-5 catalyst increased about 4.1%, 33.2% and
into HZSM-5 eliminated weak and medium protonic acid sites 1 1 gos in conversion, selectivity and yield ofheptane iso-

and generated significant number of strong Lewis acid site
in which these Lewis acid sites provided by?Zncation ex-
changed in zeolite [37].

$nerization, respectively. Whereas no activity was obsgrve
for the reaction in the absence of hydrogen (not shown). The
increase in activity may be caused by the increase of the num-
ber of strong Lewis acid sites and the presence of iridium,

which facilitated the formation of protonic acid sites thgh
@ hydrogen spillover mechanism [3,38]. The iridium acts as a
0.04 specific active site for dissociation-adsorption of maolec
3
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Figure 5. (a) IR spectra of pyridine adsorbed on activated catalystg2aK, H
followed by heating in the vacuum at 623 K for HZSM-5 (1) andHESM-5 [
(2); (b) Absorbance of IR bands at Bronsted and Lewis atés $or HZSM-5 ol

and Ir-HZSM-5 after removal of pyridine at 623 K Conversion Selectivity Yield

The change of acidic nature caused by the intl’oductiorf:igure 6. (a) Conversion, selectivity and y?eld afheptane isomerization
f | b.g | id | g d . over HZSM-5 and Ir-HZSM-5 at 623 K and different pulse nunghépb) Con-
of metal on binary metal oxide was also observed on ZICO-grsion, selectivity and yield ai-heptane isomerization over HZSM-5 and

nia based catalysts. We have reported the addition of Pt int&-HzSM-5 at pulse number 6
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hydrogen and the Lewis acid site stabilizes the protonid aci [8] Triwahyono S, Yamada T, Hattori HAppl Catal A, 2003,

site formed by neutralizing the electron. In fact, almosiswe 250(1): 65
mer products were observed over Ir-free HZSM-5 due to the[9] Wang W, Wang J H, Chen C L, Xu N P, Mou C ¥atal Today,
absence of active sites to generate active protonic a@, sit 2004, 97(4): 307

though HZSM-5 possesses strong Lewis acid sites. Yang arld®] g(i)%rzins‘z)_vvlgumar N, Salmi T, Murzin D YCatal Commun,
Woo [21] found that Ir/NaY showed higher conversion and o : . )
stability than Pt/NaY catalyst towardsheptane reforming [11] Fujimoto K, Maeda K, Aimoto KAppl Catal A, 1992, 91(2):

reactlon_. They repqrted that the_ activity of Ir/NaY cafcalys [12] Jiménez C, Romero F J, Roldan R, Marinas J M, Gomez J P.

was maintained dunn_g the r\_eacnon b_ecal_Jse of the high ac- Appl Catal A, 2003, 249(1): 175

tivity of hydrogenolysis reaction resulting in less amooht [13] Blomsma E, Martens J A, Jacobs P ACatal, 1997, 165(2):

coke on the catalyst surface. Finally, it can be concludatl th 241

the presence of iridium enhanced the activity and selégtivi [14] Cafizares P, de Lucas A, Dorado F, Duran A, Asenciappl

to iso-heptane im-heptane isomerization by facilitating the Catal A, 1998, 169(1): 137

formation of active protonic acid sites from molecular hydr [15] Gault F G, Amir-Ebrahimi V, Garin F, Parayre P, Weisang F

gen. Bull Soc Chem Belg, 1979, 88(7-8): 475

[16] Gault F G.Adv Catal, 1981, 30: 1

[17] Cahizares P, De Lucas A, Valverde J L, DoradtnB.Eng Chem
Res, 1997, 36(11): 4797

[18] Canizares P, de Lucas A, Dorado F, AguirreMicroporous

The structural properties studies show that iridium specie Mesoporous Mater, 2001, 42(2-3): 245

may interact with structural defect sites through surfate O [19] Aboul-Gheit A K, Awadallah A E, Aboul-Gheit N A K, Soly-
which stabilizes the crystalline structure of HZSM-5, lead man E S A, Abdel-Aaty M A.Appl Catal A, 2008, 334(1-2):
to more ordered framework structure, high surface area and 304

total pore volume of HZSM-5. The interaction between irid- [20] Sinfelt J H. US Patent 3 953 368. 1976

ium species and surface OH is substantiated by the decrea€d] Yang O B, Woo S 1Sud Surf Sci Catal, 1993, 75: 671

of the weight loss percentage corresponding to the water cof?2] Triwahyono S, Yamada T, Hattori Catal Lett, 2003, 85(1-2):
tent, and the decrease of the hydroxyl group is in the regio 109

1 R - &3] Jentys A, Mukti R R, Tanaka H, Lercher J Microporous
of 3800-3500cm*. The IR studies indicate that iridium Mesoporous Mater, 2006, 90(1-3): 284

species !oadgd on HZ_SM-5 sllghtly increases both proton|f24] Zheng SR, Jentys A, Lercher J ACatal, 2003, 219(2): 310
and Lewis acid sites without changing the lattice structfre [25] ghavani A G, Karthekayen D, Rao A S, Lingappan Ghtal
HZSM-5. The Lewis acid sites and iridium, then play an im- Lett, 2005, 103(1-2): 89
portant role in the isomerization efheptane. I(/HZSM-5is [26] Shen Q, Li L D, Hao Z P, Xu Z PAppl Catal B, 2008, 84(3-4):
found to increase about 4.1%, 33.2% and 11.8% in conver- 734
sion, selectivity and yield of-heptane isomerization, respec- [27] de Lucas A, Valverde J L, Rodriguez L, Sanchez P, Garcia M
tively. Appl Catal A, 2000, 203(1): 81
[28] M'Ramad] O, Zhang B, Li D, Wang X G, Lu G Z] Nat Gas
Chem, 2007, 16(3): 258
Our gratitude goes to the Ministry of Science, Technology an [29] Pere_z Y O, Forero L AP, T.orres DV C, Trujillo C Aher-
Innovation, Malaysia through E-Science Fund ResearcleBr¢jo. mochim Acta, 2008, 470(1_'2)' 36
03-01-06-SF0564 and 03-01-06-SF0289), and the Hitacholgch  [S0] Lercher JA, Jentys A. In: Cejka J, Van Bekkum H, Corma A,

ship Foundation for the Gas Chromatograph Instrument Grant Schuth F ed Introduction to Zeollt.e Science and Practige, 3
revised Edition. Amsterdam: Elsevier, 2007. 452

[31] Zecchina A, Geobaldo F, Lamberti C, Bordiga S, Palon@n®,

4. Conclusions
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