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Preparation and Characterization of Black Titanium Oxides with Large Surface Area
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Abstract: In this paper, the precursor hydrazine titanium succinic acid was first prepared by pH value controlled
precipitation method, after that, the titanium black pigment, namely, black titanium suboxides with large surface
area were prepared by thermal decomposing the precursor. The black titanium suboxides were characterized by
Brunauer-Emmett-Teller (BET) surface area, Energy dispersive x-ray spectrometry (EDS), X-ray Photoelectron
Spectroscopy (XPS),X-ray diffraction patterns (XRD), high resolution scanning electron microscopy (HRSEM),
nitrogen sorption analysis, laser particle size analyzer, and color i5 colorimeter spectrophotometer. The
composition of black titanium suboxides was determined as 2TiO,-Ti,03, and its surface area is 53.854 4 m*-g™.
The influences of acid source, the amount of hydrazine hydrate, acid/TiCl; ratio, reaction time, pH, NaOH
concentration, the calcination temperature and various reaction parameters on the particle size, the distribution
uniformity and blackness of black titanium suboxides were discussed. The composition of the precursor with its
molecular formula as [Ti(C4H,04)5]08s - 2Ti,05 -6N,H, -3H,0 was analyzed by Elemental analyzer and plasma
spectrometer. From these data, the formation mechanism of the black titanium suboxides was deduced. These

provide an important basis for the preparation of novel mixed—valence material black titanium suboxides.
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Fig.1 XRD pattern of the precursor
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Table 1 Indexation results of X-ray powder diffraction pattern of the precursor

Peak No. 20/ () D (theoretical values) / nm D, (measured values) / nm hok, 1 1%
1 24.538 03625 0.362 48 -2,-2,0 114
2 25.720 0.346 2 0.346 08 -2,-2,2 72
3 28.359 03145 0.314 45 0,3, -3 114
4 29.600 0.301 5 0.301 54 -2,2,3 100.0
5 31.917 0.280 2 0.280 16 -3,-1,3 155
6 35.959 0.249 5 0.249 54 -1,4,3 15.5
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Table 2 Fitting peaks and its peak areas of the Ti2p peaks of the titanium oxide

Ti2p in(Ti0,) Ti2psn(Ti0,) Ti2p 1n(Ti,05) Ti2p3(Ti,05)
Binding Energy / eV 463.84 464.49 458.06 458.45 462.53 463.21 457.67 457.22
Peak Area 2 567.269 1 299.081 5 208.559 2 132.745 1 163.698 2 121.32 5 878.697 2 004.330
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Table 3 BET surface area of typical sample

Sample Surface area / (m*-g™)
Products of Japan's Mitsubishi 250131
S-1 36.160 7

S-2 53.854 4
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Fig.5 XRD patterns of Titanium Oxides synthesized by

different acids
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Table 4 Color parameters of samples synthesized by different acids

Chrominance dataAcid source L* a* b* AL* Color
Standard sample 63.83 0.86 3.99 0 black
Oxalic acid 53.53 0.74 5.09 -9.30 black

Formic acid 68.82 0.57 3.31 4.99 dark gray

Malonic acid 71.57 0.79 3.90 7.74 dark gray
Succinate acid 53.04 1.41 5.52 -10.79 black
Tartaric acid 66.79 0.56 3.21 2.96 gray
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Kl 6 A [H] 2 U8 T 1l 4% Bk 48 46 ) 19 HRSEM
P, ph P AT pR AN ) T o 5 ) 2 € Ak SR Ak W R

ARG, B d 0o B e, B R 1
300~350 nm; &l a B 28 HCHE H R R dE KA TE 450~
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(a) oxalate acid; (b) benzoic acid; (¢) malonic acid; (d) succinic acid; (e) tartaric acid
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Fig.6  HRSEM images of Titanium Oxides synthesized by different acids
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Fig.7 HRSEM images of samples prepared under different calcination temperatures
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Fig.8 XRD patterns of Titanium Oxides synthesized by

different amounts of Hydrazine hydrate
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Fig.9 HRSEM images of Titanium Oxides synthesized by different amounts of Hydrazine hydrate
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Table 5 Color parameters of samples synthesized by different amounts of Hydrazine hydrate

Colorimetric parameter Hydrazine hydrate dosage L* a* b* AL* Color
standard sample 63.83 0.86 3.99 0 black
6 mL 68.53 0.93 4.05 470 white gray
8 mL 63.92 1.34 533 5.09 light gray
10 mL 57.86 0.89 -12.26 -5.97 black
12 mlL 58.22 1.63 -10.37 -5.61 black
15 mL 58.85 1.36 -12.11 -4.98 black

2.4.4  FREK L B0 B[] 4 5 k)

& 10 J& A [F PR BK Lb 45 1 T il 15 i Bk Ak P iy
X SRS E R EFRATT LA YRR /N T 2
BF, P2 A XRD B OR H R 20 7F 18.32° 34.92°
37.08° .39.74° 51.88° .62.70°F1 75.07°4k i Ti,0; H#

IR 506 | L7E 20 4 25.28° 36.93° 37.80° 47.97°
51.89°,54.98°F1 62.63°4k H BLELER A BY TiO, #H L ¢
TEATT S 08 5 17 24 PR K LR 45 T 2 B, 7™ @ 9 XRD
P& e ) B 20 7E 18.32° ,34.92° 37.08° 39.74° |
51.88°.62.70°F1 75.07°4k 19 Ti,0, F#AF AT 55 06 | H-7E
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Fig.10  XRD patterns of Titanium Oxides synthesized by
different acid/TiCl;ratio
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Table 6 Color parameters of samples synthesized by different acid/TiCl;ratio

Color parameters Acid titanium ratio L* a* b* AL* Color
standard sample 63.83 0.86 3.99 0 black

1.6:1 69.13 0.75 4.88 5.30 gray

1.8:1 68.97 0.87 6.12 5.14 gray

2:1 49.37 0.78 8.91 -14.46 black

2.2:1 52.36 1.22 5.69 -11.47 black

2.4:1 48.79 1.44 6.52 -15.04 black

(a) n;ny=1.6:1, 1.5 h; (b) n,;ny=1.8:1, 1.5 h; (c) niny=2:1, 1.5 h; (d) niny>2:1, 1.5 h; (e) ning=2:1, 1.0 h; (f) niny=2:1, 2.0 h
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HRSEM images of Titanium Oxides synthesized by different acid/TiCl;ratio through different time
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Table 7 Elemental analysis of resulting precursor molecules at different reaction times

Reaction time Molecular structure of the precursor N% C% H% Ti%
05 h [Ti(C4H04)5]017+ 2T1,05- NoHy Theoretical values 6.64 3.87 2.69 47.47
3H,0 (M=421.63) measured values 6.68 3.71 2.62 46.15

' [Ti(C4H04)5]0s+ 2T1,05+ 3N H, - Theoretical values 15.49 8.85 3.32 39.85

H,0 (M=542.09) measured values 15.47 8.90 3.19 40.00

L5h [Ti(C4HiOu)sloss* 2Ti1,05- 6NH, - Theoretical values 21.76 10.57 4.77 30.15
3H,0 (M=772.15) measured values 21.63 10.55 4.72 30.00
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(@) Craon=0.5 mol - L™ pH=4.5; (b) Cy,i=0.5 mol-L™" pH=4.0; (¢) Cx0n=0.5 mol-L™; pH=3.5, (d) Cnion=1.0 mol-L™" pH=4.0
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Fig.12 HRSEM images of the prepared samples at different pH value and NaOH concentration
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