Journal of the Korean Crystal Growth and Crystal Technology p-ISSN 1225-1429
Vol. 31, No. 4 (2021) 166-173 e-ISSN 2234-5078
https://doi.org/10.6111/JKCGCT.2021.31.4.166

Phase stability of TiO, synthesized by Sol-gel Method at various pH and
calcination temperatures
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Abstract The rutile phase of TiO, forms a stable phase at high temperatures compared to anatase phase, but the stable
temperature range of anatase changes depending on the synthesis conditions. In this study, nano-sized TiO, was synthesized
by the Sol-gel method using TiOSO, and a mixed solvent of ethanol and distilled water, and the phase change of anatase
and rutile according to pH and heat treatment temperature was investigated. Changes in the ratio of anatase and rutile were
observed by changing the pH (3, 5, 7, 9) and heat treatment temperature (500, 600, 700, 800, 900°C) conditions of the
prepared TiO,. As a result of observing these changes through XRD and FE-SEM analysis, anatase TiO, at 500°C and
rutile TiO, at 900°C were observed. According to the pH, at these intermediate temperatures of 600, 700 and 800°C, the
ratio of anatase and rutile changes. At 700°C, it was concluded that pH=3~5 had a larger ratio of anatase TiO,, and
pH =7~9 had a larger ratio of rutile TiO,.
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Fig. 1. Preparation procedure of TiO, by a sol-gel method.
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Fig. 2. XRD peak (25~31°) according to pH (3~9) and temperature (500~900°C) change. (a) pH 3, (b) pH 5, (c) pH 7, (d) pH 9.

tometer, XRD, Bruker, D8 Advance A25)5 &3}
20 =25~31°4 #A41S 3t AzE Tio,e] W
M+Z2E AASFAFE U (FE-SEM, JEOL, JSM-6700F)
S AR 10 kVelld 243819

Figure 2= T pHel E4E] =004 AxE TiO,
] XRD 314 sj8lg YeRHIL Aot Anatase TiO,
o (101) 3AAe 20=252%4 FZE anatase
TiO,2] JCPDS 7}=93(21-1272)¢F L X819

Rutile TiO,2] (110) 384 20 =27.4%]4 et
™ JCPDS 7}=W3(21-1276)2F & LI TH13].

3.2. Anatase-Rutile “3do](@*8] &%= 2 pH ¥F)

Figure 2014 H3o] 4 §4e] pHell #AIRle]l ¢
A TiO, 2 500°Ce] A20X+= anatase 3|&A
T AR, ALt 600°CE F7FEH  rutile
sgo] BE7] AFsla, A8 2=t UeY Sk

Al =4 rutile 3849 FErt HeE ARS & 5 2
ot 3 8] pHZE 49l pH =3~500 H|sted FA4
T oFdE]9l pH=7-9914 FA%E TiO,7F 600°Ce
dAg] 2z Bl 73 rutile 312 peakS Holw,
o]= pH=7~9A TA4E TiO,2 rutile “3°] pH=3~
514 3/3E TiOel Hlste] A-2o0x FYES ojn|gict,

Hu S[14] W=, TiCLE ATAZE ARgsle] A
HO g Az TiOs SAE 255 2¥ pH7l =of
Z4E anatase?] H|E0] rutile?] W]EHTF =the A
AFNE HoF), olef wil= B A Axs pH7F 7
I 92 F7FEE 23R rutile “del Fig. 2(c-d)°]
600°C2] XRD PeakollX] & 4= Sl&o] A2olA F4H
S HojETh W, pH7F 33 59 Agole el
rutile “3°] Fig. 2(a-b)llA] YERFRO] 700°C ©)/d =
oF XRD Peakol|A] rutile §AHES & 4 ot

3.3. A% =Z7](Crystallite size) HsH(E*2] &= 2 pH
)

A% A7](Crystallite sizey= Fig. 2°] XRD peakZF
E] Eq. (3)2] Scherrer equation[15] ©|-8-3}of 34T}

D =0.9-A/(B-cosb) 3)



Phase stability of TiO, synthesized by Sol-gel Method at various pH and calcination temperatures 169

Table 1
Crystallite size of anatase and rutile according to pH and temperature
500°C 600°C 700°C 800°C
A (101) A (101) R (110) A (101) R (110) A (101) R (110)
pH 3 32 61.7 105 82.3 121 - 121
pH5 37.6 64 108 84.8 123.3 130 123
pH7 325 55 95 78 125 - 124
pH9 33 59 101 79 121 - 124
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tion of heating temperature (a), and pH value (b).
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Fig. 7. (a-d). SEM images of TiO, powder synthesized at pH =3 and calcined at 500°C (a), 600°C (b), 700°C (c) and 800°C (d).
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