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e, W A AN B R A, Ak A, =K,
O, LA 3500 38 Sk a3 b 2, p il [ 2 4R P R I
Sn,O FHL B (FTO) , B 14 Q, B HF 90%, H A
R E R S e A

A8 AT 6 IR (CEL-HXF300) , 4t 50 th # 4 R
HARRAFE 623 (CEL-NP2000-10) , db 5t # 4
TRRHH A RS w5 58 4001 W4y 6 BE 11 (UV-1800) ,
H A By He 2 | 5 20 AE A% A (1260 BY) | 36 H
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3 I e v B 4 2.000,1.000,0.250,0.125 mg- L' (4
NDMA #7578 32 52 19 HPLC A& 2% 140 T i s o
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% ) FH AT UG SR B i UDMH B 2B 48 S BF O 80O 5
B 1 % i b B i AR B 4P o X 2 Ol TIO, NRAs/
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Fig.4 Time-degradation rate curves of UDMH at different
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CdS/Au & 4 M T UDMH fY [ i Rl 7 147 8 10 A
R — 7 I [R] N 52 RO A A ik 2 7 A i T 1 PR R
B AR

3.3 AR pH T UDMH & 7K i 3t 8 4k B% fi#

53 0 AR AT NaOH % ¥ .12 mol - L7 (19 ¥ H,SO,
P UDMH JE /K90 i pH {2 3.5 .9 A1 11 (A 28 90 fit
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Fig.6 Time-degradation rate curves of UDMH at different
initial pH
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CAS/Au K 4 M B XE UDMH 114 ¥ i 50 5 B 4, 7T %
TR 180 min i UDMH 14 [ f# #87] 35 51.52%. T
WIth pH=3.5.9 1 11 i, FIRE 41 N UDMH 1) e fif 5%
I35 AT 16.93%.21.17% .30.85% F123.87%. H Ik
AL, TiO, NRAs/CdS/Au & £ B A AL % fif UDMH
JE K 1 e A pH=~7.2, 90l pH {8 R A% 5 /55 B8R 1) 1
I E T RS AR B 7 B T 10 R 4 P R B R VS K
8 A 1 D16 A Ak 5 i S8R D T 1R P 19 16 A8 b I ik
R HIEHE PRI . MMKMAET CASHES A",
Jf B OH [ - OH % AL By e B2 # K, S 3 TiO, NRAs/
CdS/Au B & W B A AL ™ A2 09 T P A H SR B el
UDMH I B ff 5 N B o 10 24800 b pH (B & s, R h
MK OH 5 UDMH 43 F7E TiO, NRAs/CdS/Au i &
ISR TR ™ A 58 4 MR, [ AIR U DM J3 1 19 W B 3,
M52 0 H P @ 5UR . 5 Fenton & AL AL B UDMH %
K T T 1) TR 1k 4 A B 78 R S A AL B i A 2R TE T
XF UDMH JE 7K B0 16 pH B 247 9835, 76 TR R FH v
BA BRI
3.4 HMFIFER UDMH E KB KL ERE

AT TR AR T B A 2 SAA RS 5T TiO,
NRAs/CdS/Au & £ HE A Ak B il UDMH JE 7K 1931
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A BRI - O, A AR B . SIS, A R AN A
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Fig.7 Time-degradation rate curves of UDMH when differ-

ent additives added
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BUT BEAE N - OH 4K 57, B T3 31 #E ' i fb 2 A 7 A=
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kb W i A5 WL 3 72 b - OH TR B9 1 T 1 6 AR 25 o s
AN, IR Pan' S AF ST A5 R — 3K

SN S UDMH 09 B Al 238 7 A 5 /N BE 3G
S 180 min B G [ fif 6 L1 25 (14119 155 8.06% , iX &
PR A S 28 S 7oK R R R S L S04
TR A R A Y - O, B g — A A
B OHM™ 52 4 T RS A Ak A A2 v ™ A (936 4 A
LB B, AR R AR ) B R T s A S0 Al
UDMH [ B i 8 BEAR , X 02 I s AR SR K h
4D 5 fifk 4, 00 Y A HL R K I SRR N A R i AR
(AR E iUy
3.5 UDMH [ #% i1 72 v H &5 7 ¥ NDMA 1 FDMH
B i ZE

AREFEE S T NDMA Bl E

A3 SHE BT DL R HLK OGRS TiO, NRASs/

3.5.1
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Fig.8 Degradation curves of UDMH and its product NDMA

under different light sources

i & 8a ] UL, A UL BESR R SR 12 h BF UDMH
1) 5 B % 3K 97.23% , B 481 K BH G S [ W 10 h i
UDMH )2 Bk R 1k 99.33% , I F G I8 B8 4 F B /K
UDMH By & &3 2 s AR bR fE . B & 8b ' NDMA
WA AL 2R ] WL, A U DMH Bt #2977 NDMA
M9 B2 S BRI T L5 AT DO BRI AR L, B
K BH G RS B NDMA (19 33 Fif 28 Ak 35 b, ok 228 2
H A 8L K B BE B 45 74 T TiO, NRAs/CdS/Au & &
WA AR R 0 AL R i e ) B . — 7 T, B
K B BE BT I TIO, NRAs/CAS/Au & 4 3 I8 6 Ak 7=
A= AR PR PR F AR 3 B AT DO BR S B g 22 (LR
3.0 AR ) 5 o5 — 7, B K BH O A Y € A Ot Xt
NDMA i FLA5 558 1) B At g 12
3.5.2 AEXERS T FDMH B E

43 S HE BT UL SRR FUK FHOE F RZ I TiO, NRASs/
CdS/Au i & Wi EOC AL i UDMH i 72 b A 3 7 )
FDMH 48 46155 B0, Hoi UDMM A 9% i 45 0 20 5] 8a
Ji7R , NDMA B R fif 5 0 an &1 9 BT o
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Fig.9 Time-concentration curves of FDMH under different

light sources
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Fig. 10 Concentration changing of products NDMA and

FDMH under visible light after pumping O,
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JEE O, 3 A Bf NDMA fie KA i it (0.274 mg-L™")
2652 (W 3.1735), ATRg R H B8 O, 5 7=k K
& - OOH, - OOH i 5 UDMH 4y 7 & 1k 4= Wi K =
NDMA, iX 5 8 PSR 40 & 10 #9858 25 SR M
£, ] g RO R AN A (1) ~(6) Fros o IbAk , 3EA
O, i NDMA 1 $5c K 2B i it $2 0, 2202 Ko O, il
T UDMH 1 & Ak B fie EF2 L B IS L FESE A1) O,
JeAE Ak = A R A A E A i SRR RE R AR
NDMA 8 Ui 73 f# . B 0L Al UL, 8 A O, 1 B T TiO,
NRAs/CdS/Au & A i BG4 1L B i UDMH JE K o
HhAG 774 NDMA (4 B s T 155

O, +H,0+hy—0,+H,O, (1)
H,O, + hy > 2-OH (2)
H,0, + :OH— -OOH + H,0 (3)
(CH,) ,NNH, + :OH — (CH,) NN'‘H + H,O  (4)
(CH,),NN'H + :OOH — (CH,) ,NN(H)OOH  (5)

(CH,) ,NN(H)OOH — (CH,) ,NNO + H,O (6)

FAS UDMH R fiff o 752 5 A6 0 2 7= 4 FDMH, 1]
BEJR A& — Jr L 8L A O, fff UDMH $: 4k 42 il NDMA
By JLEAE K, 3 T UDMH (5] FDMH By %64k 5 5% — 7
I, 5% A O, 138 T TiO, NRAs/CdS/Au & £ ¥ 5 1 48
T R fi RE J1 , 72 ) FDMH Bl i 431

4 4

(1) TiO, NRAs/CdS/Au & £ v B i 0% F) FH w0
SR UDMH J 7K, B UL BER R &R 180 min B
UDMH Ay B #2835 51.52%, J)Z 7 12 h B H 2 B Rk
97.23% , FI FH AT UL B Mg £ w8 1 B 1 ik e K BH B A
I

(2) ¥ UDMH ¥] i ¥ B2, TiO, NRAs/CdS/Au
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Photocatalytic Degradation of UDMH Wastewater by TiO, NRAs/CdS/Au Composite Thin Films

GAO Xin', ZHU Zuo-ming', GAO Ying', GENG Kui', WANG Qing-bo', HAN Jun-jie', LIU Xiang-xuan’
(1. Rocket Force Institute, Beijing 100081, Chinas; 2. Missile Engineering College of Rocket Force Engineering University , Xi'an 710025, China)

Abstract: To reduce the energy consumption and avoid the secondary contaminants caused by the use of additives during unsym -
metrical dimethylhydrazine (UDMH) wastewater treatment, a kind of TiO, nanorod array (NRAs)/CdS/Au thin film photocata-
lyst with visible light response was prepared. Results show that TiO, NRAs/CdS/Au composite film can degrade UDMH using visi-
ble light, and when using the simulated sun light as light source. the degrading effect of composite film on UDMH was better
that of composite film on UDMH when using the pure visible light as light source. The degradation rate of UDMH decreases grad-
ually along with the increase of initial concentration of UDMH, but the total degradation concentration increases. The suitable
pH for the photocatalytic degradation of UDMH wastewater by TiO, NRAs/CdS/Au composite film is about 7.2. Addition of hole-
capture scavenger, hydroxyl radical scavenger and pumping nitrogen gas all make the degradation rate of UDMH decrease,
while pumping air makes the degradation rate of UDMH increase. The TiO, NRAs/CdS/Au composite film can degrade the toxic
substances, nitrosyldimethylamine (NDMA) and formaldehyde dimethylhydrazone (FDMH) , which are produced during the
degradation of UDMH when the irradiation of simulated sunlight and visible light respectively, but the degradation effect of the
simulated sunlight is better and pumping ozone can help the rapid removal of NDMA and FDMH.

Key words: unsymmetrical dimethylhydrazine (UDMH) ; photocatalytic degradation; TiO, NRAs/CdS/AuTiO,; nitrosodimethyl-
amine;formaldehyde dimethylhydrazone
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