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Abstract: The ceystalline phase of zirconium titanate (ZrTiO,4) white colored
was obtained by hydrothermal method. The zirconium chloride (ZrCly), titanium
chloride (TiCl,) and the alkaline solution of ammonium hydroxide (NH,OH) were used
as starting materials. The precipitation solution was accomplished together, then the
resulting precursor suspension was transferred to Teflon lined stainless steel autoclave
at 180C° for 2h. the product was filtred, dried and burned at 500C* to obtain required
crystals. After that, the sample studied by x-ray powder diffraction method and thermal
differential analysis (DTA). This study appears that the zirconium titanate with
orthorhombic crystal type can synthesized arounnd 500C°.
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CUHTE3 TI0:-ZRO: TNIPOTEPMAJIBHBIM METOJAOM N
NCCIEJOBAHUE EI'O CTPYKTYPbI U XAPAKTEPUCTHUK

Annomauus: [leiicmanuueckas ¢pasza mumanama yuprxonus (ZrTiOg) b6enoeo
yeema OvLIA NOIYYEHA SUOPOMEPMANLHBIM MemodoMm. B kauecmee ucxoomwvix
mamepuanos ucnoavzosanu xaopuo yupxouus (ZrCls), xnopuo mumana (TiCls) u
wenoynou pacmeop euopokcuoa ammonusi (NHiOH). Ocasxcoenue pacmeopa
OCYWecmsnany emecme, 3amem NOAYYEHHYIO CYCHEeH3Ul  NpeouleCmeeHHUKA
nepeHoCUIU 8 asMmoKias ¢ me@roHo8olU GymeposKol U3 Hepacageoujel Cmaiu npu
180C ° 6 meuenue 2 uacos. npooykmsi om@puIbMpoBbIBAIU, BbICYUUBAIU U CHCUSAIU
npu 500C° 0o nonyuenus mpebyemwvix kpucmannos. Ilocie amozo obpaszywvi ucciedyrom
MemoOOM pPEeHM2eHOBCKOU NOPOWIKOBOU Oupakyuu u mepmooughghepenyuarbHozo
ananuza ([{TA). Omo uccredoganue nokazvieaem, u4mo MUMAHAM YUPKOHUS C
OPMOPOMOUUECKUM MUNOM KPUCTNATI08 MOXcem cunmezupogamucs okoao 500C°.

Knioueewie cnosa: 2uopomepm, mumarnam yupxonuss, ZrTiOs.

. Introduction:

Ceramic materials based on zirconium titanate (ZrTiO,) are extensively used in
humidity sensors [1-2], resonators for microwave telecommunications [3], catalysis
[4], and optical devices [5]. Other materials, based on zirconium titanate, have found
applications as high temperature pigments and ceramic composites [6]. Classical
ZrTiO4 synthesis involves a solid state reaction of a stoichiometric mixture of
zirconium and titanium oxides at temperatures above 1400C° [7]. More recently, the
preparation of agglomerated 0.5-3.0 um single phase ZrTiO,4 particles at 1300C° from
the precursor oxides was reported [8]. Solid state reactions involve grinding and
thorough mixing of precursor powders followed by high temperature prolonged
sintering; the results are usually low specific surface area powders. The sol-gel
technology may overcome these problems because highly sinteractive (high specific
surface area) powders may be prepared, requiring much lower sintering temperature

[9]. A number of ZrO,-TiO; binary oxides prepared by the sol-gel technique have been
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reported [10]. Fully crystalline and stoichiometric ZrTiO4 have been obtained with a
crystallization temperature of 400C° by preparing TiO; and ZrO, gels and mixing them
on a 1:1 ratio [10]. The low temperature synthesis of ZrTiO, from different precursors
with a Zr:Ti concentration ratio of 1:1 has been reported [11], with ZrTiO, phase
formation around 700C°.
. Experimental:

Materials:

ZrCly (MERK, 98%), TiCl, (SIGMA-ALDRICH, 99%), NH,OH (SURECHEM
PROUDUCTS LTD, 25%) AgNOs(Medex,99% ).
Synthesis of zirconium titanate :
The orthorhombic ZrTiO, was synthesized using hydrothermal method, calculated
amounts of ZrCl,, TiCl, were added dropwise into an alkaline solution of NH,OH. The
resultant solution was transferred to Teflon lined stainless steel autoclave at 180C° for
2h. The product was filtred and washed three times using water to remove Cl- ions. An
AgNO; was used to check for any residual Cl- contaminants, as a curdy white
precipitate of AgCl would form immediately if Cl- was present. Then the product was
dried and burned at 500C° to obtain required crystals. The powder was characterized
using X-ray diffraction (XRD), Differencial Thermal Analysis (DTA) and IR-
Spectrometer.
The next table show the mass of starting materials

Table (1) mass of starting materials

: C (M)
Volume of materials )
(Ti:Zr/0.1:0.1)
ZrCl4 (gr) 2.3775
TiCla (ml) 11
C NHaoH (M) 0.8
NHsOH (ml) 6

3. Results and discussion:
3.1. Result of XRD:
Fig. 1 confirm the formation of the orthorhombic phase in powders prepared from

the hydrothermal route at 500°C, and the table 2 was shown the results of analysis:
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Fig. 1 XRD of ZrTiO, prepared by hydrothermal for (Ti:Zr=0.1:0.1)
Table (2) result of analysis by XRD:
Number | Peak 20 (190) d (hKI)

1 ZrTiOs | 24.680 | 15.00 | 3.60438 | (110)

2 | zrTios | 30.501 | 100.00 | 2.928456 | (111)
3 | ZrTios|32.910 | 1350 | 2.719389 | (020)
4 | ZrTios| 40398 | 3.10 | 2.23093 | (102)
5
6
7

ZrTiOs | 42.110 | 6.80 | 2.14410 | (121)
ZrTiOa | 52.606 | 16.00 | 1.738363 | (202)
ZrTiOa | 63.247 | 10.10 | 1.46910 | (222)

8 ZrTiO4 | 79.703 | 3.00 | 1.20209 | (330)

Table 2 was shown 8 peaks all of them indicate of zirconium titanate. The values match
with PDF No.; 01-074-1504.

Dimensions of the crystal lattice: a=4.81310 , b=5.43878 , ¢=5.02307

3.2. Results of DTA:

Fig. 2, was shown thermenal behavior of zirconium titanate without dried or calcined.
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Fig. 2 DTA of ZrTiO,4 prepared by hydrothermal for (Ti:Zr=0.1:0.1)
Table (3) result of analysis by DTA

Compound Peak (DTA) Shape Explanation
(T°C)

ZrTiO4 111.2 endo -tearing out molecular
(Ti:Zr=0.1:0.1) of crystalline water
[NH4OH] = 6M -starting

425.3 exo crystallization of

zirconium titanate

3.3. Results of FT-IR studies:
The infrared spectra (IR) of the zirconium titanate (fig.3) show the following peaks:
523.436 cm™ (Zr-O-Ti str), 647.325cm™ (Ti-O str),427.112cm™ (Zr-O str),3426.89 —
1636.30cm™ due to the vibration anddeformation frequency of OH group which absorb
water during sample preparation, 1384.64,1321.00cm™ (M-OH str;M=Ti,Zr).

100

B0

Wl

B0

40
4000

3000

Wavenu

2000
mber [cm-1]

1000

400

Fig.3 FT-IR of ZrTiO, prepared by hydrothermal for (Ti:Zr=0.1:0.1)
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4. Conclusions:

In this work, the zirconium titanate was synthesized by the hydrothermal method, and
the results of the study showed an X-ray that it crystallizes according to the specific
pattern existing at the degree of 500C° and above, and this was confirmed by the results
of the differential thermal analysis that showed the beginning of crystallization at the
degree 425C° as well as the results of the study with the infrared spectrum, which

showed an elongation of return for the association bond Zr-O-Ti.
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