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Starting Materials Conditions Products Particle size (nm)
Ti(OC3H7)4 100400 °C,24 h TiO> 20-115
Ti(OC3H7)4, KOH 350-450 235511_44 MPa, K>TigO13 12.5-20.1
200400 °C, K4NbgO19,
Hbatls, SOH 2-72h KNbO; i
Nb,Os, KOH 400°C, 24 MEg, KNbO; 15.2-42.1
2-24 h

Ti(OCsH7)s, 300—400 °C, 3-25 MPa, :
Nb,Os, KOH 224 h KTiNbOs 1000-3000

400 °C, 25 MPa,
Ta,0s, KOH 243 h KTa0O; 1000-10000
Zn(NO3)a, G Several um in
Mn(NO3), SiOs, 4000 g f"s ’;l’“) B ZnSi0s:Mn length
KOH T (rod-like)
Fe(NO;);9H,0, - -(Fe1Iny )03
In(NO3)35H,0 400 °C, 30 MPa, 4 h ooy In )50 3040
EeSOiL0, iion 1217388 CR3SMPL; 4upney, 1000-2000

10 min—1 h

Ce(NOs)s, 250 °C, 10 min CeO, 5-20
lignosulfate
V20s5,Y(NOs)s, 5
KOH 200-380 °C, 1-10 h YVO, 50-200
Co(NO3)26H,0,
Fe(NO3);:9H,0, 390°C,pH 12<6 h CoFey04 5
(Li, Na,K)OH
Fe(NO3);:9H>0 394 °C, 5-30d Fe>Os 16-36
Y(NO3)36H,0,
AI(NO3)39H,0, 400 °C, 30 MPa, Y3Al504, <3000 in
Eu(NO3)36H-0, 2h,pH 7-11 (YAG):Eu length(rod-like)
KOH
Ce(NO3)3;6H-0, 390 °C, pH 7-9
NaOH 2h Ce0; 5

300 °C, 25 MPa ErOOH, 6000-12000
Er205, NaOH 2-22h Er,OCO3(OH), (rod-like)
MgCl,6H,0, 400-450 °C, 25-32 MPa,
K4P»05, HCI 5-120 min Mgs sH>(PO,)s 20=000
CU(NO3)23H20, o
AI(NO3)3;9H,0, 4001 0?530 MPa, CuAlO, 2000-5000
HCOOH, NaOH e
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Starting Materials Conditions Products Particle size (nm)
. 350—420 °C, K>TigO3, 10 (width),
Tiks0l KO 30 MPa, 2-3 s TiO, 5001000 (length)
ZrO(NO3),, 400 °C, 30 MPa,
ZrO(Ac) 1.8s 20, ks
350400 °C,
AI(NO:); 5540 MPa. 2 bl s y-AlOOH 63473
400-500 °C, y-AlOOH,
AlDIO) 25-35 MPa, 0.063-3 s y-ALO; Ak
. 300—420 °C, 30 MPa, .
Ba(OH)z, TiO: sol 0.1-40 s BaTiO3 13-48.4
s 300420 °C, Tetragonal/
Ba(OH)z, TiOzs0l 4 4o MPa,07-5.1s  Cubic BaTiO; 10
. 400 °C, 30 MPa, Tetragonal/
Ba(OH),, TiO, sol 7ms-2s Cubic BaTiO; 9-32
Ca(NO;),,
Sr(NOs),, 300400 °C, .
Fe(NO3)3’ 30 MPa, 10's CaO.Ser.ZTlleexOB- 20-27
TiO; sol
ZrO(NO3),, 300—400 °C, 30 MPa,
Y(NO3); 0.17-0.35 s 152 i
Zn(CH;CO»),, 400 °C, 245atm,
H,0, 8.9-163 s 20 s
Fe(NOs);,
Co(NO3),, 475'63 _Kz322 NiEa, CoFe,04 13-23
NaOH
Al(NOs);
Y(NO3); 400 °C, 30 MPa,
Tb(NO3)s, 255 (Y27Tbg3)Al504, 14-152
KOH
Zn(NO;3),6H,0 390 °C, 30MPa, 22 s ZnO <10000 (whisker)
Zn(NO:3),6H-0, 390 °C, 30MPa,
LiOH 0.7s 200 lo=a7
Zn(NO3),6H-0, 400 °C, 30MPa, 38 (width),
LiOH 0.03s Zo{}nanomd) 230 (length)
Ba(OiPr),, 330-380 °C, 16 MPa, . .
Ti(OiPr)s, EtOH 119-166 s CabieBaT10; 15-36
(Ba,Sr)(OiPr),, 380 °C, 26 MPa, : :
Ti(OiPr), EtOH 119-166 s S — =l
Mn(NO;),6H,0, 400—420 °C, 30 MPa, ,
LiOH, LiNO; 1040 s LaMO4 =00
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X-Ray powder diffraction

Diffraction type: D8 avance broker

A=1.5406 "A
<l 4y olSws F-)-Y
a5 ol 5 slaSis b Sl s olfiws L leaised (31> 5L
Model: STA 409 PC Luxx Rate: 10 deg/min
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' Fourier Transform Infrared (FT-IR)
¥ Ultraviolet-visible (UV-VIS)
¥ X-Ray diffraction (XRD)
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4 god odlo (eny > CC) cdlT glod
B1 Ba(OBu), + Zr(OBU)a Jybsn b
B2 Ba(OBu), + Zr(OBU)4 Jylisn Ve
B3 Ba(OBU), + Zr(OBu)4 Jelis-n Vo-
B4 Ba(OBu); + Zr(OBu)s Jsbsn Voo
B5 Ba(OBu), + Zr(OBU)a Sl Jebisn b
B6 Ba(OBu), + Zr(OBu)s Sl Jebisn Voo
B7 Ba(OBuU), + Zr(OBU)4 Ol Jbsn Vo
B8 Ba(OBu), + Zr(OBuU)4 Ol Jbsn Ve
Ba(OCH2CH,OCH2CHs3); + ]

B9 (OcH:CH, ) Jybl oS5l b
Zr(OCH2CH20CH,CHs)q
Ba(OCH2CH20CH,CHj3), + .

B10 (Ock; Jybl oSl Voo
Zr(OCH2CH;0CH2CHs)s

a1l Ba(OCH,CH,0OCHCHj3), + bl S5 \A-
Zr(OCH2CH20CH,CHs)s
Ba(OCH2CH20CH,CHj3), + e .

B12 ( Jybl oSl Voo
Zr(OCH2CH;0CH2CHs)s
Ba(OCH2CH,OCHCHs3); + I )

B13 (0CH:CH; ) O35 bl (oS 551 o+
Zr(OCH2CH20OCH,CHs)s
Ba(OCH,CH,OCH.CHz)2 + | . . .

B14 (0CH: O399l Jgll (oS 551 Ve
Zr(OCH2CH20OCHCHs)s
Ba(OCH2CH,OCH2CHs3); + .

B15 (OCHCHA0CH:CHs) O399l Jgll (oS 551 VO~
Zr(OCH,CH;0CH2CH3)s
Ba(OCH,CH,OCH.CHz)2 + | . . .

B16 (0CH: O35 bl (oS 551 Voo
Zr(OCH2CH20OCH,CHs)s
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Abstract

In this research, we have been used hydrothermal-assisted sol-gel processing for
the preparation of nano-sized BaZrOz and CaZrOs ceramics using alkoxide
precursors. The influence of several synthesis parameters such as temperature,
solvent and precursor have been investigated on the morphology, crystalline size
and purity of the produced powders. Fourier transform infrared spectroscopy, X-
ray diffraction, TG/DTA analysis and scanning electron microscopy have been used
for this purpose. The results showed that the single phase BaZrOs with 10 nm
particle size, has been prepared by hydrothermal hydrolysis of barium
ethoxyethoxid and zirconium ethoxyethoxide precursors in ethoxyethanol at 100
°C. In addition, XRD and IR showed that highly crystalline single phase CaZrOs
has been prepared by hydrothermal hydrolysis of calsium ethoxyethoxid and
zirconium ethoxyethoxide precursors in the 1:1 mixture of ethoxyethanol and
toluene at 50 °C. The band gap of the produced barium zirconate powders have been
determined by the method proposed by Wood and Tauc in the rang of 4.78 and 5.08
eV. The B1 samle (single phase barium zirconate with the smallest particle size
according to the scherrer equation) has been tested in the photocatalytic degredation
of methylene blue. The UV-Vis spectroscopic results showed that the maximum
adsorption (19.5%) of this pigment was obtained after 75 minutes in the 5 ppm
solution in dark. The irradiation of this solution under the UV-light has been

degraded up to 40% of the methylene blue pigment after 60 min.

Keywords: sol-gel, alkoxide, hydrothermal, methylene blue, band gap
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