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Abstract: Using Ti and Ta powders as raw materials, carbon black as the reactive template, the nanosized
carbide coating of TaTiC, were grown in situ on the surface of carbon black by molten salt reaction. And using
the as-prepared TaTiCy/C composites as the carbide precursors, the hollow Ta,0sTiO, composite photocatalysts
were prepared by the controllable oxidation. The morphology, microstructure and pore structure of as-synthesized
photocatalyst were characterized by X-ray powder diffraction, scanning electron microscopy, transmission electron
microscopy, UV-Vis diffuse reflectance spectroscopy (DRS) and N, physical adsorption measurements. With
methylene blue as the aimed degradation pollutant and mercury lamp as light source, The photocatalytic activities
of hollow Ta,05TiO, composite photocatalysts were evaluated by the photocatalytic degradation of methylene blue
solution. Results indicated that the carbide coatings synthesized by molten salt reaction have uniform thickness

(20~30 nm). TaTiC, was the main crystalline phase of carbide and had nanosized particle size. The hollow TaO/
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TiO, composite photocatalysts have hollow macroporous structure of about 200 nm and mesoporous structure of

about 10 nm in the shell. The existence of hollow macropores and mesopores can improve the adsorption of as-

prepared photocatalysts for methylene blue. In addition, the coupling of electronic energy band structures of TiO,

and Ta)Os can enhance the separation efficiency of photogenerated electrons and holes remarkably. Furthermore,

the photocatalytic activity was improved observably. When the nyiny, is 2.5:1.5, the corresponding hollow Ta,05/

TiO, composite photocatalyst exhibits the highest photocatalytic activity, and the ultraviolet light photocatalytic

degradation rate for methylene blue is up to 97%.
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Table 1 Sample of the carbide precursors and

oxidation products”

Sample g Temperature / °C Time / h
TTC-1 2.5:0 1 030 4
TTC-2 3.5:0.5 1 030 4
TTC-3 3:1 1 030 4
TTC-4 2.5:1.5 1 030 4
TTC-5 2:2 1030 4
TTC-6 0:1.5 1 030 4
TTO-1 2.5:0 550 5
TTO-2 3.5:0.5 550 5
TTO-3 3:1 550 5
TTO-4 2.5:1.5 550 5
TTO-5 2:2 550 5
TTO-6 0:1.5 550 5

‘ne(nntng)=6:4
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¥ H Philips X'Pert MPD Pro(fif =2)X 5 £ 41 5
ASORE A 5 1) i AH 25 K R 20 B HEAT 408, PR Cu 8
Ka $126(A=0.154 056 nm) A & 515 3 fL e F A
T A 40 KV AT 30 mA , FHEFIA 10°~90°, SR
F Nova400Nano(SEM , FEI & ¥ 41 FR 2\ w) 74 37 A& 45
A L GO R S R A, R JEM-
2100UHR(TEM , H 7<) %4 375 S5} 18, 7 1§ 55 R AE A b
1) 2 SOF S M S5 4 SR FH H AR I 28 |) UV-2550 7
2 Hh— 0T UL A3 S B T R Y 58 -] 1B
SGIE(DRS), A 1fE BaSO, I 2 e, HHEEH S 200~
700 nm, 38 i Kubelka-Munk 72 # 15 21 B Y Ot i
K HH 26 18 22 5020 B ASAP2020 7Y 47 3 W B A 3
AT N, W B — 58 BE 3 | R 6 /USO8 250 C
A58 4 FRTEMR AR E 77 K T P47 W2 BAF— 38 B i
55, @ BET J7 2 A BJH AL 3R 5 i b 3R
L A3 BT AE S FLES
1.3 RELEETEN

L300 W i FE R AT (F 3K 365 nm) G,
7. R B B (1] 24 4 AT Ak 2 A IR A | 43 B 2l Ry
HAri5 4%, B 80 mL M A 10 mg- L™ (Y3 F AL
Wi E TE A T I IA 50 mg A
JEAEAL T kSR B 30 min, B RN I TR
TR B W B PR BRSP4 SRS FT T 58 A TR R 2
VST A AL R i 5256 BB 0.5 h BURE — 3k, I
LB E B, Lk X3PC B RS -TT L

3G EE TR HT IS AES A B 2 R A A
e KW KA (665 nm) WG | AR 4R BT - LR
SEFEAT AL C,/Co=A 1A o, 56 A AL T 10 D 11 AL R i
BOR () AT TR A
c,-C A,-A,
="¢ x100%= i, x100% 1)
K, €, Fr R R Y B W BT IR VR FE (mg - L), C,
R G BNE ¢ I S W B (mg - LY, A W R
ok it e BRI R R0 BR T O BE A, SR DGR i S ¢
YRS W RO B

2 SRS

2.1 ZEHIRIE

1 %5 T AR ngging, BB HTIRAA TaTiC,
/C W XRD B, Y nying,=2.5:0 B | & 1(a) BT 19 BT A
AT 535 W 34 U9 J& T B — 7 J5 fb & TiC (PDF#03-065-
8807)fAH, SIAD R &EEB G, B nying,=3.5:0.5
i, B 1(b) S BE T 5277 d & TaC(PDF#03-065-7930)
A1 TiC(PDF#03-065-8807) i W5 AH 4H 1, 73 il A 4%
I RRAEATT S 06 AR SE3E K nping, R 301, 1(c)
TiC A RFAE AT 55 W A8 75 AR XE 43 BF |, TaC 1 FRAE AT S
WY %, [T 3T OBOAE TaTiC, MRFIEAT 5 6 A
it EEZLH TIC 1 TaTiC, MIAHZ L, 482234 K Ta #Y
Py ot 1) 1t 5350, AL L(d)~(e) T |, B i TR TiC
F TaC AH Y FEAEATT S 06 10 B 102 A B — TaTiC,
B AL, b 6 EEEL 1(e) R () AT AT, TaTiC, B
FRAEAT S WAL 5 TaC 1Y Re AR A7 5 0 437 L 45 3
A HULHEET, TaTiC, A2 TiC & ] [ %5 2 TaC
A A% O B R . AL 1(b)~(e), 42 )8 50 7 54

¢ ® :TiC ok : TiTaC,
@ :TaC A : LiTaO,
A
A

® J Myt | ¢ .
© N s
(d) N .
(©)
o %
(@) N ., .. . °®

10 20 30 40 S0 6 70 8 90
20/)

(a) TTC-1; (b) TTC-2; (¢) TTC-3; (d) TTC-4; (e) TTC-5; (f) TTC-6
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Fig.1 XRD patterns of carbide precursors with different

molar ratios of nqng,
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(f) TTC-6

3 A ngng WAL RTYRAR TaTiC,/C 1) SEM F A
Fig.3 SEM images of carbide precursors with different

molar ratios of nying,
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Fig.4 SEM images of Ta,05/TiO, composite photocatalysts
with different molar ratios of nying,
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Fig.6 N, adsorption-desorption isotherms (a) and the corresponding BJH pore size distributions (b)

of oxidation products Ta,0+/TiO, with different molar ratios of nyiny,

x2

H = Ta,04/TiO, E & K EUF K FLEREIE

Table 2 Pore structure data of hollow Ta,05TiO, composite photocatalysts

Sample Sper / (m?+g™) Pore volume / (cm®-g™) Average pore size / nm
TTO-5 21 0.059 0 11.18
TTO-4 22 0.053 3 9.86
TTO-3 25 0.065 9 10.73
TTO-2 13 0.046 3 14.03
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Fig.7 UV-Vis diffuse reflectance spectra of Ta,05/TiO,

composite photocatalysts
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Fig.10 Schematic diagram of photogenerated electron-
hole transfer mechanism of hollow Ta,05TiO,

composite photocatalysts
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