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ABSTRACT

Mesoporous phosphated zirconia (m-PZ) and mesop@bosphated sulfated zirconia (m-
PSZ) were synthesized through condensation methmiisg Zg(PQy), and Zr(SQ), as
precursors, respectively. The precursors, solwsittssuitable molar or mass ratios were mixed
at 100°C for 48 hours to obtain the mesoporous channelox®phosphate process was used to
synthesize the m-PSZ material for improving itshe stability. Some techniques were used to
characterize the materials such as SAXRD, TG-DTA BEM.
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1. INTRODUCTION

The synthesis of MCM-41, a silica with a hexagomaangement of cylindrical pores, the
sizes of which are adjustable from 2 to 10 nm, egldted materials [1] has stimulated a
considerable amount of interest in this new clalssnesoporous materials. Shortly after its
synthesis, different mechanisms were developedptam the formation of this porous material
[2]. The mechanism suggested by Monnier et alirffjlies the possibility of substituting the
silicate with other metal oxides to prepare a widege of mesostructured oxidic materials.
Subsequently, mesostructured surfactant compositéangsten oxide, antimony oxide, and
other metal oxides have been synthesized [3, 4jveder, a major problem of these non-
siliceous materials is the removal of the templatewas neither possible to remove the
surfactant by conventional methods like calcinatimn extraction nor by oxygen plasma
calcination without destroying the pore structuPe exception is the recently described
mesoporous TiO, in which the hexagonal pore strectamains stable even after calcination,
but the BET surface area is only about 208/gm[5]. The thermal instability of the
mesostructured metal oxide composites is probabéy td the different oxo chemistry of the
metals in comparison with silicon. For instanceg thalls in the tungsten oxide surfactant
composite are formed by Keggin ions, and a compietedensation seems improbable [6].
Another reason is probably the existence of sevefalively stable oxidation states of the metal
centers. Thus, during the calcination, reductioriigysurfactant and/or oxidation by air oxygen
could occur leading to structural collapse.
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Mesoporous sulfated zirconia (m-SZ) was also a kaidthe metal oxide derived
mesostructured material exhibiting its high surfacea, superacid sites, and it was a good
potential for widening applications of the traditéd zirconia based acid materials. The major
problem for synthesizing the m-SZ material stilldmged to its low thermal stability leading to
collapse the mesopores during the template renaivagh temperature.

One of the best solution for improving the therrs@bility of the m-SZ material was to
change its surface state through the oxophosphate$s. In which, the oxophosphate groups
could be used to lock the —OH groups attached erzitttonium sites; therefore the zirconium
site could ensure its oxidation state during tHeigation.

In a previous paper, the m-SZ material was syrtkdsthrough condensation method in
alkaline solution [7]. This study considered the texophosphate procedures for enhancing the
thermal stability of the m-SZ material establisthedore and after the sulfatation of the zirconia.

2. EXPERIMENTALS

2.1. Chemicals

Zirconyl chloride (ZrOCJ.8H,0), cetyltrimethylammonium bromide (CTAB), sulfuacid
(H.SO,), ammonia solution were all purchased from Meroll ased as received; deodorizer
distillate collected from the Cailan Vegetable Refiy in Quang Ninh province, Vietnam was
pretreated by heating up to 120 for 2 hours to complete water removal before pdeilled
water was prepared in our own laboratory.

2.2. Preparation of mesoporous sulfated zirconia

Mesoporous sulfated zirconia (m-SZ) was preparedtviby-step procedure including
making Zr(SQ), precursor followed by gradual precipitation ancha@ensation of the Zr(OHl)
portions on the surfactant micelles (CTAB). The ilghprocess was based on a study in a
previous paper [7].

2.3. Oxophosphate processes
The oxophosphate processes were established thtwoghethods as following described:

2.3.1. Synthesizing the mesoporous phosphatechiarco

4.1284 grams of ZrOgBH,O were dissolved in 100 ml of distilled water folled by
gentle stirring to form a homogeneous solution Aceftain volume of ammonia solution 25%wt
was dropped wise into the solution A to complefglgcipitate zirconium hydroxide Zr(OH)
The zirconium hydroxide was then washed througldatithe distilled water until the pH of the
waste water became neutral. The precipitate ZriO)y dissolved again in an excess volume
of HzPO, solution to form ZgPQO,),4 solution at pH ranging from 3 to 5. Then A preaseount
of CTAB was dissolved in 100 ml of distilled watietlowed by pouring this solution into the
Zr(SQy), solution to form solution B. The solution B wasrsid vigorously and heated to 0
and aged for 48 hours to maintain the condensagastion of the precursor on the CTAB
micelles. The precipitate was then filtered to reencesident acid, dried at 120 for 12 hours
to evaporate surface water and calcined at°@5fr 4 hours to eliminate the CTAB obtaing the
mesoporous phosphated zirconia (m-PZ).
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2.3.2. Oxophosphate process of the m-SZ material

The m-SZ material was sinked into 20 ml solutiorHgO, 1M in combination with well
stirring. The mixture was maintained for 24 hourambient temperature; then the precipitate
was filtered and dried at 12Q overnight. This dried powder was then calcinaied50°C for 6
hours to obtain mesoporous oxophosphated sulfateoha (m-PSZ).

2.4. Characterizations

Powder XRD of the samples were recorded on a D8Ade Bruker diffractometer using
Cu Ka (A = 0.15406) radiation with two techniques suchraalsand wide angle. TG-DTA was
measured on NETZSCH STA 409 PC/PG. TEM images weterded on a JEM1010-JEOL
TEM operated at 80 kV.

3. RESULTS AND DISCUSSION
3.1. TG-DTA analysis

The m-PZ and m-PSZ samples before the calcinationdd be estimated their thermal
behaviors through TG-DTA analysis; then the resilticated the thermal stability of each
material. Fig. 1 and Fig. 2 showed the TG-DTA dsegrof the m-PZ and m-PSZ materials.

The TG-DTA analysis results of the m-PZ and m-PSatamals showed three ranges of
weight loss including processes occurred duringctieinations such as water removal, template
(CTAB) decomposition under heated air and hydraxylup condensations. For instance, the
TG-DTA curves of the m-PZ material showed an enelatlic peak at ~100C of the water
removal, a group of exothermic peaks at ~4Q0of the template decomposition, and an
exothermic peak at ~55C of the mesostructured collapse correspondingeoneight loss of
~1.5 mg, ~4.5 mg and ~0.5 mg, respectively.
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Figure 1. TG-DTA diagram of m-PZ material.
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Figure 2. TG-DTA diagram of m-PSZ material.

There were some differences in the TG-DTA analgsithe m-PSZ material. For instance,
the TG-DTA results showed an exothermic peak at0~E90of the template decomposition, a
small exothermic peak at 45 of the tiny changes in the mesoporous structilifee
decomposition temperature of the template was neshthan that of the m-PZ material could
be assigned for the more difficult condition reqdirfor burning the template when using
Zr3(PQy)4 as precursor instead of Zr(99

On the other hand, the intensity of the exotherp@aks responded for the mesoporous
collapse in the m-PZ were much higher and cledr@n that of the m-PZS material, so it could
be said that the thermal stability of the m-PSZ higber than that of the m-PZ.

3.2. XRD patterns

Small angle X-Ray diffraction (SAXRD) technique wased to characterize the
mesoporous structure of the m-PZ and m-PSZ maddviedause of finger print peaks appeared
assigned for (100), (110)... planes. Figure 3 exbibihe SAXRD patterns of the two materials.

The two materials after calcination at 460both showed major peaks at <“2#hd ~4
assigned for (100) and (110) planes in the mesagostructure respectively. The intensity of
peaks of the m-PSZ was higher than that of the nirRgi¢ating the more ordered structure of
the m-PSZ than that of the m-PZ. On the other dspegas to say that the mesostructure of the
m-PZS was more stable than that of the m-PZ. Thsore for that phenomenon could be
ascribed for the oxophosphate process establislthdtie m-SZ to form the m-PSZ material
while the phosphate groups were directly used asupsor at m-PZ material. The presence of
phosphate and sulfate ions causes a crystallizateday of the amorphous zirconia phase.
Therefore, by stabilizing the amorphous phasentbgsostructures are thermally stable up to 450
°C without loosing their ordered pore structure thar high surface area [8].
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The effect of phosphate groups in the oxophosplpateess was also described in
elsewhere papers [1 - 3]. They trustfully confirmbdt when introducing the phosphate groups
into the mesoporous zirconia, the phosphate grawpsd link to the surface —OH groups
attached on zirconium sites, improve the crosslmglof this group within the mesoporous
structure. The consequence was to stabilize théabgn state and amorphous phase during the
calcination at high temperature.
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Figure 3.SAXRD patterns of m-PZ and m-PSZ materials.

The thermal stability improvement played an impatrtaole for applications of the
mesoporous zirconia materials as catalysts for ntdw@ynical reactions, because the templates
had to be removed after the preparations for aatigats catalytic properties.

The SAXRD patterns were the same as some typicabpoeous materials such as MCM-
41 or SBA-15 which all exhibiting the ordered measasture frameworks [8], so it could be
assigned for the hexagonal ordered structure appge@athe m-PZ and m-PSZ materials.

3.3. TEM images

Figures 4 and Fig. 5 showed the TEM images of th®Zmand m-PSZ materials,
respectively. The two images confirmed the resoftiined from the SAXRD patterns which
indicate the fomulations of the mesoporous charinglse two materials.

The TEM image of the m-PZ showed tiny mesostructcinannels in each material
particles. This structure expanded the applicatairibis kind of material because of enhancing
the diffusion potential of the chemical to the aetsites located on the material surfaces. In fact
there were some applications using the mesopoioteia based catalysts [8].

The TEM image of the m-PSZ showed more considerelbler mesoporous channels than
that of the m-PZ material. This results may be edusy the more ordered mesostructure within
the m-PSZ than that of the m-PZ. Both the m-PSZ mr@lZ materials may be the potential
catalyst candidates for the biodiesel synthesimfrith fatty acid oil and fat, and the results
obtained from this applications were publishechia future.
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Figure 4. TEM image of m-PZ. Figure 5. TEM image of m-PSZ.

4. CONCLUSION

Both mesoporous phosphate zirconia (m-PZ) and noesap phosphated sulfated zirconia
(m-PSZ) possessed high ordered mesostructure fobyezirconia framework. Because the
oxophosphate procedure was applied to the m-PSZhdérmal stability was higher than that of
the m-PZ material prepared by using;(PQy)s. So it was highly recommended that the
oxophosphate process could be useful for improtiegthermal stability of the zirconia based
mesoporous structure materials.
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TOM TAT

NGHIEN CUU TiINH ON BINH NHIET CUA ZICONI OXIT DANG MAO QUAN
TRUNG BINH SUNFAT HOA VA PHOTPHAT HOA

Pham Van Phond, Nguyén Khanh Déu Hong?

Tap doan Diu khi Quc gia Vist Nam, 8 18 Lang H, quin Badinh, Ha N
Pai hoc Béach khoa Ha Bl, so 1 Pgi Co Viét, quin Hai Ba Tung, Ha Ni

"Email: dieuhong bk@yahoo.com

Nghién ¢tu nay bng hop cac \t lidu ziconi oxit dng mao qan trung binh photphat héa

va sunfat photphat hdt tir cac tén chit Zry(PQy), va Zr(SQ); (Ian luot ky higu 1a m-PZ va m-
PSZ). Qua trinhding hop cac it li¢u dugc thre hién ¢ 100°C trong thyi gian 48 gi dé tao ra
cau tric mao gén trung binh, sado vat li¢u m-PZdugc oxophotphat héa B nang cao tinh
6n dinh nhit caa ciu tric mao gén trung binh. Cac ptong phap phan tich héadjrgc st dung
bao @m XRD goc kp (SAXRD), TG-DTA va TEM.

Tir khéa mao qun trung binh, ziconi oxit, oxophotphate hoa, tdnhdinh nhit.
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