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Table 1 The experimental conditions of N-doped TiO, induced by shock wave

Impact velocity Shock pressure  Shock temperature

Sample Precursors 000/ (g/cm®) 000/ po /Clm/s) /(GP) K
937 P25 TiO, +C, N, H, 1. 64 0. 50 2.25 13.0 1810
987 H, TiO; +C, N, H, 1. 68 0.51 2.74 16.2 2020
997 H, TiO; +C, N, H, 1.73 0.52 2.25 14.0 1980

2.2 [EE R

Ph A BRAE RIS L 25 RORE ImSORE il & 30 OF BB FE s 58 20 R B 5 o XA o AT SRAE . 43 31 R T
Rigaku D/MAX-2500 & X ST FHL (Cu ¥ K, f8 5T, B & 40 KV, L 200 mA, HFH B 4°/min) |
Hitachi-800 %% 5t i, 7 i %% ( Transmission Electron Microscopy, TEM) 3 [E ASAP 2020 kb2 R
MY ( Brunauer-Emmett-Teller 77 7). Shimadzu UV-Vis 250 IPC & %8 #ph-7] Il 5% 3% ¢ & Thermo
ESCA LAB 250 # X 46 H 7 68151, X [nl WORE ity (4 9 A0 45 4 JB0RE B2 K JE 350 L L 2 T AR 58 oh- 1] L
18 61 e BB 2 U R HEAT 0 B Horh A8 2R B2 DL N s 455 BB X 7 1) 80 il 1 ¥ B2 A 7
2.3 REHFEETESN

K 500 WA fRUET B 481 BE G o LA L 35 (Methylene Blue, MB) f1% P+ B (Rhodamine B,RB)
Sy HARBE AR % i B AR 2% TiO, BOCHEALTEEFEAT PO . KO IR HE TS A6 b, 5 S W T A9 R B
RFFFE 15 cm, FREL 50 mg whdi e S R ANE] 100 mL MB 87 RB B /K& W R 34 10 mg/L) 1 B g
PEPEGE 2 78 o0 e fh . ek SR FF AR T . |5 S 30 min, i MB 5] RB 7 4 £k 71 2 1 ik 21 W B8 B 7 17
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Fig.3 TEM photos of the recovered samples
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Table 2 The experimental results of N-doped TiO, induced by shock wave

Sample Precursors ax/ V) Sger/(m*/g) Anp.ads AMB, photocata ARB. photocata
937 P25 TiO, +C, N, H, 8. 88 4,45 0. 83 0.77 0. 96
98~ H, TiO, +C, N, H, 2.72 98. 96 0.76 0.71 0. 82
997 H, TiO, +C, N, H, 3.93 352.42 0.59 0. 81 0.91
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4 M JER P25 TiO, K 3 B HBCRE & 1 48 Sk~ 2.0
A ULOEI RS . 4 R JEORE P25 TiO, B 1k — IBTO,
FRAE S AR T R R A g B
L CRE R R R MR 037 RES IS £ b
Fe 3 R W AL 400~550 nm AU AU 4k IR < oal
Lk K 550~800 nm FY 5 1 W W . i A1k Wi K ot
Qoo =710 nm) AIHE H AT FEE E, N 1. 75 eV, goo 300 400 500 600 700 800
5 P25 TiO, R E,=3.1 eV (Auor =400 nm) 4 Wavelength/(nm)
FEL /N T 1035 eV i A H, TiOs J JFURE i B4 ] R 4 ST T I

(987 997 FE i), LB IF AT i, (H SR 400 ~ Fig.4 UV-Vis spectra of the recovered samples
800 nm Y T 15 W WAL, 12 WM R A 45 T wp ok 35 5 Bl
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3.3 AR EAFEEEN

XF 3 AL RE S BEAT T AT OB AL BE A MB & RB IR L S5 R 5. K 6 Kk 2 s, mhiiig
FRE ST MBI Ak R fife 28 80 HH B S A 7 B3 X R A L BT 15 min 19 W% B ( Adsorption) e H 5 B G 4L
[%f#% (Photocatalytic Degradation) , AR ¥ W B /5 A9 W 6 BE 5 470 U W6 B B9 EUAE (A /A, 11 B 45 21 1% [
TEMEN Apoadess® = Astbade.os® > Anoadnos® » 5 HFR AT AR LF A XTI 5C & 5 (LA 5 1% 6 A 1k R3 i 305 14
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IO T A2 T A B TR (0 — SR R I 80 1 25 SR R BE R TG ME N Aripiotocaianss® = ARbphorocata. 9 = ARp.photocata.03% o
AL UL R 987 Xof 1 i Rk # ELAT BT 1 T IO AL R AR A . 45 AR 2 s R AL RE Y 987 Y L e
FRUE S0 4B Ak B IR AR R Sl e o, el T P R e PR I R A Ak v M T RE S o
H i T A 0 Bl B v A 6, X A T EAT IR AR5
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H 2% 2 AJ AL X T LL P25 TiO, Rk oh i 48 2208 i (937 ) LA BE T LGS 31 8. 8806 . i i T8
Bk, 454 XRD YA 2 M vl 0, BR JEA 10 BBk i A A 4 20 4 A A6, 937 BE S sR iR T8 1 T 8 i
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di) L, B SE R AH THO, A B AARAS B 24 Mk B AR . i TARAR S TP i 40Kk TiO, bk AR Mk
PR op i B AR, B DL P25 TiO, R JE0RHE b o 48 2% 3222 DL b i F 520k 2 SR 0 RE 9 Ll 2R 1 R
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H, TiO, B i % S & A=Ak 2 U8 B H, TiO, ——Ti0, +H, O, 43 i BB A7 B2 /N 42 14 v 43 155 4l 8 Bk
A TiO., SRR AR A 5~7 nm, [8] B 7E ob o 028 09 & 8w TR VR IR B0 A= i A 7K Bl 46 31 98 K
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Fig. 5 The photocatalytic degradation of Fig. 6 The photocatalytic degradation of
different samples to methylene blue different samples to Rhodamine B

A
N\
2 it

X LA P25 TiO, S JFURK A whifi A i H (18 - W BE AT 3k 8. 8800, HAT WY i iy mT LS W i, REHE 98

FEREARE] 1. 75 eV, R E L T 720 & Srilankite & A7, 1 LL H, TiO; A JFORNAG s R85 HE A B 22 ik
BN 3% ~4% , BEMr S8 B A AL /N i T H R A b o IR K IR ML L 6 L R AR, oh i BB 2R
fn Xt MB A RB 45 55 5 50 W% B A1 RT DL G AHE A % f 05 o, Horp s KO 3 B AL B RO A T B T & AL A 1L
[ fi 06 Pk

References:

(1]

[2]

(3]

[4]

(5]

(6]

7]

[8]

Graham R A. Solids under High-Pressure Shock Compression: Mechanics, Physics and Chemistry [ M. Translated
by He H L. Beijing: Science Press,2010:179. (in Chinese)

Graham R A. [5G i il R 4 - J1 28 W BERIE 2 (ML BRED 58 2% dEat Bh22 . 2010179,

Thadhani N N. Shock-induced chemical reactions and synthesis of materials [J]. Prog Mater Sci,1993,37(2):117-
226.

Yang S Y,Jin X G,Wang J X, et al. Shock loading technique and the application in materials research [J]. Chinese
Journal of Materials Research,2008,22(2):120-124. (in Chinese)

Bt 2N, A S e B R R B H AR R g T i R L. AR SY 34 . 2008, 22(2) :120-124.

Thadhani N N. Shock-induced and shock-assisted solid-state chemical reactions in powder mixtures [J]. ] Appl
Phys,1994,76(4) :2129-2138.

Asahi R, Morikawa T,Ohwaki T,et al. Visible-light photocatalysis in nitrogen-doped titanium oxides [J]. Science,
2001,293(13):269-271.

Fang X M, Zhang Z G,Chen Q L. Nitrogen doped TiO, photocatalysts with visible-light activity [J]. Progress in
Chemistry,2007,19(9) :1282-1290. (in Chinese)

Jr e K I T L BRI AR FLCAT DO G M ) BB A AR BB AR [T faE kR . 2007.,19(9) : 1282-1290.

Gao X,Liu J J,Chen P W. Nitrogen-doped titania photocatalysts induced by shock wave [J]. Mater Res Bull,2009,
44(9) :1842-1845.

Gao X,Chen P W,Liu J J. Enhanced visible-light absorption of nitrogen-doped titania induced by shock wave [ J].
Mater Lett,2011,65(4) :685-687.



56 R W # ¥ iR %27

[9] Linde R K,de Carli P S. Polymorphic behavior of titania under dynamic loading [J]. ] Chem Phys,1969,50(1):
319-325.
[10] Ren R M,Yang Z G,Shaw L L. Polymorphic transformation and powder characteristics of TiO, during high energy
milling [J7J. ] Mater Sci,2000,35(23) :6015-6026.
[11] Gao X,Chen P W,LiuJ J.et al. Effects of shock doping on the energy gap of TiO,[]J]. Mater Sci Forum,2011,673:
149-154.

Shock Synthesis of N-Doped Titania and Its
Photocatalytic Activity under Visible Irradiation

LIU Jian-Jun',ZHANG Hong-Ling' , CHEN Peng-Wan?,
GAO Xiang®,CUI Nai-Fu?

(1. Faculty of Science sBeijing University of Chemical Technology ,
Beijing 100029 ,China;
2. State Key Laboratory of Explosion Science and Technology ,
Beijing Institute of Technology ,Beijing 100081 ,China)

Abstract : Shock transformation and shock-induced chemical reaction in materials can lead to their obvi-
ous changes of physical and chemical properties. In this paper,the powder mixtures of nitrogen-rich of
C;N,H, and P25 TiO, or metatitanic acid were shocked by the impact of flyer plates driven by explo-
sive detonation,and the recovered samples were characterized by X-ray diffraction, transmission elec-
tron microscopy, X-ray photoelectron spectroscopy,Brunauer-Emmett-Teller (BET) surface area anal-
ysis and UV-Vis spectra and evaluated by the photocatalytic degradation of methylene blue and Rhoda-
mine B. The results indicate that the doping level of nitrogen-doped TiO, reaches 8. 88% (atom frac-
tion) using the P25 Ti0O, as raw materials which exhibits obvious absorption in visible region. Its ener-
gy gap decreases to 1. 75 eV together with the formation of srilankite high-pressure phase. The doping
level is 3%-4% (atom fraction) corresponding to the small variation of the energy gap using the meta-
titanic acid as raw materials. The specific surface area of the sample increases dramatically due to the
unique shock dehydration-expansion mechanism. The nitrogen-doped TiO, have better adsorption capa-
bility and photocatalytic activity under visible irradiation for the degradation of methylene blue and
Rhodamine B,among which treated at higher impact velocity shows the higher photocatalytic activity.

Key words: titania; shock synthesis;nitrogen doping;photocatalytic degradation
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