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(Me/FSM-18)

Maged Samir Ghatias®
Catalysis Depatment, Refining Division, Egyptian Petroleum Research Institute (EPRI).
Mear City, Ceing, 11727, Egypl

(Rocaived: 3 Sapramaar 0008)

ABSTRACT

Folded shee! mesaporous malenal FSM-18 has bean synthesized and oaded wih 3 G E B wt W
of iron, copparar siver. Tho powder X-ray diffraction and & serplion charsctenzalions show [had
the porerd FSM-18 and the prepared nine calalyss have wed-onderad Rerdgonsd meso-
sfruclvme, Howswer, parlial loas of cryslalnily ia only observed in calalyals containing & and & wi
%% iron, BET surface area, pore valume and pove diamelar, d (100} spacing and average crysial
e valves decrassed for all the calalysis containing 3 wi % meilal the decroase s in e ordes
Fa < Cu < Ag According lo lemperalure programmad reducton, diferand malal phages ars
detected. In nfrared specira, bande sl 1637, 955 800 and 620 em” are greatly effected by mefal
inading and a new band is only chserved af 1385 e In the malalFSM-16 calalys(s.

Key Wods: Mesoporous matenials;, FaFSM6; CuFSAl1E AQ/FEM-18] physirochemical properties Mebsl
kading.

INTRODUCTION

FSM-16 [1] is 8 mesoporous silicate material which has an ordered one-dimensional large
pore systerm with highly specific surface area similar 1o the mesoporous silicate MCM-41
reported by Kresge et al [2). FSM-16 is synthesized from crystalline single-layered poly
silicale kanemite (NaHSiO:3H:0) with aqueous solulions of organic surfactant molecules,
such as alkyltimelhylammonium jon that serves as iemplaies for tha formation of the pores.
Removing the onganic fractions gives porous silica with uniferm nano-scale pores. Chen ef af
[3] reported that MCM-41 and FSM-16 are formed by different mechanisms and the material
derved fram kKanamite had higher thermal and hydrolhermal stability than MCM-41.

These new mesoporous silicate matenals alfract wide attention as catalysts and calalyst
suppons. Some atlempls have been made 10 enhance the asclivily and physico-chemical
propenies of these matenals by certain modes, for instance, the [somarphous substitution of
hederoatom for silicon In framework position, lgn-exchange with medal ions and impregnation
of meial salis solutions [4-10]

In other work [11], the catalytic activity of the iron, copper and silver supporied on FSM-16
catalysts was studied toward the dehydroganation and dehydration of methanal.

The praseni work deall wilh the effect of metals loading that have different ionic radil on
the mesoporosity of the FSki-16 material,

EXPERIMENTAL

Preparation
The parant mesoporous siica of the FSM-168 type was synthesized by standard procedure [12].

Iron, copper and sdver Impregnated FSM-18 (Fe/FSM-18, CuFSM-16 and Ag/FSM-16)
were prepared by impregnating the synthesized FSM-18 with an aqueous soclution of a
prascribad concantration (3, 8, 9 wi % melal) of the melal nitrale (Akirich, $0%); the slurry
was slired vigorously for 15 min. followed by the evaporation of excess waler at 77°C, The
samples were dried al 110°C overnight, and calcined at 250°C for 4 h in dried air stream,
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Characterzation
The XRD patterns were obiained using 8 Shimadzu XD-3A powder difractometer gmiploying
CuKa radiation, Ni-filter and general aréa deteclor.

A temperature programmed reduction system was manually construcied. Sampl&s of 20
mg were used. The flow rate of the He-Ny mixure (2:20 -..u'-.-]- was 22 cm’ min', The
temperature was raised at a programmed rate of 10°C min''. A thermal mnduntlmiy cedl
detected the hydrogen consumption from the reactant stream.

The texture characterstics of parent FSM-16, iron, copper and sliver loaded FSM-16
catalysts were defermined by standard M, adsorplticn Isolherms at -196 “C. Pore size
distribution and pore volume were calculated by the BJH method. These analyses carmied oul
on a Micrometrics ASAP 2010 automatic analyzer,

FTIR spacira were recorded on a Prospect FT-IR. Midac Corp., USA, and model 1887,
equipped with a diffuse refleciance cell using the KBr disc technique.

Elemental analysis of the differeni metal (iron, copper and silver) was performed by the
inductively coupled plasma atomic emission spectrometry, using ICP-AES Shimadzu ICPS-
7500 (Japan). Thase Analyses were carried out in the Catalysis and Surface Chamistry Lab..
Fac. Eng.. Secul Natl Univ., Seoul, South Korea.

RESULTS AND DISCUSSION

Powder X-ray diffraction

X-ray diffraction patterns of the paren and Fa, Cu and Ag modified FEM-18 are presenied
in Fig.1. The presence of four lines at 28 = 2 — 10 for all samples indicates the presence of
hexagonal amay in thesa matenals.

The preservation of small angles x-ray diffraction after the copper and sitver laading Fig.1 (B and
C) i5 an indication for the absence of structural collapse of silica support during the sample

preparation, However, ihe d spacing (100) becomes relatively broades for catalysts containing & and
9wt % Fe Fig. 2A, whilst the other peaks are nol very ciear. This indicates that there is a partial loss

of crystallinity of modified samples after iron loading.

The observed dacrease in the line intensily afler the impregnation especlally of high
ordered refleciions at d spacing (100) can be ascribed to an overall decrease in Lhe eléctron
densily difference between the silica wall and the pore due lo the distibution of the metal
species within the suppon pore systam [10]. This |s greatly observed for calalysts comaining
6 and 9 w1 % Fe (Fig. 1A).

Mo additional characieristics of crystalling medal cxides for iron, copper and SiEver were
observed in XRD pattern (not shown); indicating the presence of highly dispersed metal oxide
particles [10].

The sharp decrease in intensity of ling at (100} for the Fe/FSM-16 catalysts (Fig.1A) in
companson to Cu/FSM-16 (Fig.18) and Ag/FSM-18 (Fig.1C) catalysis may be atiributed 1o
the presence of kron ions within the hexagonal amay according 1o its smalier ionic radius 0.63
A than that of Cu fons = 0.71 A and Ag lon = 1,08 A. So that the larger sitver i0as are present
in tha outside of the hexagonal pore system and the intansity of their x-ray reflection |s almost
not changed greally as in the parent FEM-16

The unit cell parameter a, of the diffarent catalyst samples is calculated from the peak with
Rk = 100 by the formula @, = 2 dip'™ 3 (5], The loading of different type of transition metals
(Fe. Cu and Ag) on the FSM-16 parent is reduces the a, valug a3 shown in tzale 1.
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The lowering of ao value of all catalysts prepared after metal loading, compared to that of
parent material (Table1), indicates that the metal lons are present in the extraframaork and
not incorporated in the FSM-16 silica.

Al the same time the larger a, value was observed for the sample containing silver kons
than copper and iron ons according to the ionic radius of each.

Texiure Propartias

The M, adsorption = desorptlon isotherms of parent material (FSM-18) and the Fa, Cu and Ag
loaded over FSM-16 (Fig. 2 A) is a type IV with H4 hysteresis loop as defined by IUPAC [18],
which is typical for mesoporous materials with hexagonal amay that has farge pare size with
narrowed size distributien [19]

Tha sudden increase of the amount of N adsorbed is due to the capillary condensation in
mesoporous obsorved in the range of PP = D.27 ~ 0.48 for the parent FSM-18. A similar
behavior was obsarvad for iron, copper and silver medified FSM-16 catalysts at a little higher
and a wider range. The capillary condensation region becomes shallow and greatly affected
as metal loading increases from 3 - 8 wi % metal and as ionic radius of element decrease in
this manner Fe < Cu. In contradiction, the adsorption-desorption isotherms Fig. 2A and pore
size distribution Fig. 2B of silver’FSM-16 are pariially affected by silver loading on FSM-16.
This behavior was clearly observed in the constancy of the pore diamater, d {100) spacing,
average unit call and the wall thickness by increasing the silver loading (Tabse 1)

Tabla 1. Physicochermscal proparbes of the parent FEM-16 slica and supporind
with on. copper and Sier cataiysts

| [Tp— ETen AT PO, ey o il ihickness *
= [ W3 might | etghe | e | ™0 | a
FEM-16 2 521 1609 | a6 | wowr | 03 | g3 183
yafs 298 | onr lgas lom | 2 | 0 | 1
FFs 5.68 TH | @ BES e 0.3 = 0 []
FaFa 701 (] | @5 247 ooss | 0 BT 14
Yala .02 i) | Rims | zas | paer B | @ 147
.
L = 5.0% el araxy | D4 8,13 5 b s ] B&
PACa 81 e ess3 | =2 | sam 0 8.1 153
L) 2% s | e |22 |eaw | o3 | as | 84
ﬂ-'!_ a5 o iz 3.2 K] ~] 35 41 8 184
Wilg B 30 0758 .2 o7 5 4186 18.4

¥ ifetal conienl dala from I1GE

S VEtace Bea caiculaied lrem BET equation, | Pore velume caiculated from The
sdsorplien beanch of (he (sctheem ot P/P,=1, * Pore cdameter calcuated from the desceplion branch of the isotherm
s=cording b BJH method, * Value comespanding 1o the maemum pore radivs i Fig3, ' Calcutated using farmalx

B = 2 chao'V 3 l1een KR0S ], ¥ Difference between 0. and pare dareter,

Both BET surface area and pore velume (Table 1) were decreased and changed by silver
loading because siiver lons cccupled the surface oulside the hexagonal pore systermn. Bul in
ather cases. metal ions are present inside and outside the hexagonal pore much more for lron
catalysts than in case of copper ones.

In case of iron catalysis, pore diameter and pore size distribution were affecied greally by the
penetration of inon lons inside the pore system as Won content Increases (Tabie 1 and Fig. 28).

i conclusion, the texture propenies (BET surface area and Pore system) was affecled by
loading of different transition metal as in the following manner Fe > Cu > Aj. This is greatly
dependent on the ionic radius of each metal lon (Fig. 2A and B).

Deka J. S¢i 2006, 30, 230
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3.3, Temperature Programmad Reduction Analysis (TPR)
TFPR profiles of Fe/FSM-16. Cu/FSM-16 and AQ/FSM-18 catalysts are reported in Fig. 3.

Fig. 3B consisis of two peaks, one appear at 270°C. for sample containing 3 % Cu, which
is assigned to the reduction of Cu®* ion {low temperature peak) [13]. The intensity of ihis peak
increases as copper conteni increases from 3 — 9 % Cu that can be explained Bssuming a
different size distribution of CuO erystalite is observed. One can delect the presence of
shoulder at 229, 239 and 245'C for 3, & and 9 % Cu containing catalysts. This indicates the
formation of easily reducible species and assigned to CuO crystallites of differant dimensions.
The second H; consumption peak is characlerized to the reduction of Cu’ lon (high
temperature peak) [13] which appears at 316'C for 9 % Cu sample and becomes faint as Cu
contani decreases.

The TPR profile of Ag/FSM-16 (Fig. 3C), consists of two overlapping peaks at 143 °C and
168 °C, for sample contain 3 % Ag. The firsi cne may be due io the reduction of AgO; 10 Ag:D
and the second 1o the reduction of Ag-O to Ag” [13, 14]

As silver content increases the overlapping disappears 2nd two distinct peaks are detected
especially for sample contalning 9 % Ag (15t appears at 162°C and 2nd at 177°C).

Fig. 3 A shows the TPR profile of the Fa/FSM-16 catalyst. First reduction consumplion 15
characterized 1o the reduction of Fe™ to Fa™ and the second is comesponding to the reduction of
Fe' to Fe*. The reduction behavior of these catalysis seems 1o be less reductive than the oiher
calalysts (copper and sibver catalysts). Each has a littie H; consumgption, This may be due 10 the
stabilization of iron cations inside the hexagonal amay of FSM-16 and strongly held with silica
framenwerk of the parent materal. Therefore, both of kron species (Fe™ and Fe™) are reduced at
higher reduction temperaiure (318 — 323 °C and 398 = 410°C) compared to the other species of
coppar and sihver.

There is no broad peak at higher temperature (> 450°C) for all catalyst samples,
corresponds 10 metal oxide species (silicate or hydrosilicate). This means that there is no
interaction of the lron cation with the sikca framework of FEM-16 which is difficull 1o be
reduced, This behavior i accompanied wilh the presence of large pore size of the parent
FSK-16. Since some authors [15 = 17] stated that as the pore size of the Suppon Increases
the interaction of Iron oxide species with the suppon becomes weaker and reduces al low
reduction tlemperalure,

FTIR analysis

The FTIR spectra of parent FSM-18, iron, copper and silver supponied an FSM-16 are shown
in Fig. 4.

The band at 1637 em’ |s associated with & Si0-H, and ils intensily increases as metal
conten! increases. This may be due to the metal nifrate precursor is highly oxidizing agent, it
oxidizes Si-OH group into Si0-H [20], since FSM-16 properties resembles that of amorphous
silica [21], conlains large number of sidanol groups at the surface of their channels. As the
metal content increeses (due to increase of metal nilrale precursors) the intensity of this peak
increases, The same behavior was observed for NIV/FSM-16 and Co/FSM-16 catalysis
eontaining different nickel and cobalt contents (5. 22].

The band at 1385 om’ is ascribed for the metal oxide not for the support. This band may
be attributed to the vibration spectra of Me = O or MeOQ - OH present in the certain bond
finkage with the framework of FSM-18, This band is closely sdentical for thal present in
NI/FSM-16 [5] and Nimontmorillonite K10 {23]

Daln J. Sgl, 2008 30, 2123
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Some authors [24, 25] reported that the weak band at 355 cm’' is attibuted 10 the
strefching wibration of Si-0 of silanol group (B2 SEOH) in MCM-41. it disappears by
silicification. On the other hand, this peak was assigned to the bending vibration of Si-0-Ma in
metal incorporated MGM-41 [26 = 30). Schwarz et al. [31] also reponied that the band at - 250
em’ is attributed 1o a superposition of the Isolated Si-O-T! stretching and it Is hydrolyzed to
SIOH-TIOH counterpant upon the S0 stretching of silanol OH, In this study the weak band al
855 cm’' is correspanding to Si-0 of (2 Si-OH) present in the parent FSM-18. The intensity of
this band enhanced by loading of differant metal (Fig.4A, B, and C) may be due to the
formation of an isolated Si-O-Me (Me: Fe, Cu and Ag).

The bands at 800 and 622 cm™' are ascribed 1o the symmelnc vibration of Si-0-5i bridge
[32] which are more pronounced for the paremt FS8-16 and becomes wesk with meisl
loading. This may be, due to the crowdness of metal oxide around SiH0-5i link, 50 it resircls
the motion of symmetnc siretching of S-0-3i bond in the parent F2M-16.

CONCLUSION

Paren FSM-18 and s medified iron, copper and silver catalysts have well ordered hexagonal
array except catalysts containing & and § wi % iron, a partial loss of crystallinty takes place.
Alsa the iron spacies are distribuied within the hexagonal sysiem of the FSM-18 according 1o
the smaller iron jonic radius (0,63 A) in comparison to Cu ions {0.71 A} and Ag ion (1.08 A).
Metal ions ara present in the axraffamwork and nol incorporatad in the FSM-16 sdica
accordng to the smaller value of a, (unit cell paramater). Differen! metal ons ane detected as
Fe™, Fe”" in the Fe/FSM-16, Cu™, Cu’ in CWFSM-16 and Ag™, Ag' in AQ/FSM-18, Iron
phases have a higher reduction lemperalure compared with copper and silver phases, This
may be due o that the iron ions inside the hexagonai array of FEM-16 are strongly held with
silica framework of the parent material. The jexiure properiies and mesoporasity of the parant
FEM-16 affected strongly by loaded transition metal dependent on the metal ionic radius of
each Fe < Cu < Ag. The uniform mesopores amray and high suface area specified to the
FEM-16 structure are aliributed to the high dispersion of the suppored meial species [33].
Metal phases formed during the catalyst preparation may be in the form of Me — O or MeD — OH
and present In the certain bond linkage with the FEM-16 framewark.
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