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ZnO/Pd 4K UKL, VW Zn™ F1 Pd® 1 BE JK EE 4331
100 :0.5.100 : 1,100 : 2, 7=9ic K bl b2 b3,
AR g o BT

(1) FRELO0.2 mmol f PbCl, fIA 20 mL B2 E
WA 0.3 mL 20K, HZR B KRB 2 2 . JifE 70 °C
Bk 8 10 min % PACL, %% ,75%]0.01 mol - L' [
PdCl, ¥

(2) 7E=A> Teflon % JHH 25 H A 30 mL Jo/K &
B, B4 A — 52 it PACL, W, (A5 W h Zn® A
PA* B EE R L4352 100 : 0.5.100 = 1,100 : 2, %
FPIBE TG ) kg EEFE 10 min fff Zn(Ac), -
2H,0 SEVEM, H 4 M A 0.05 mol NaOH, 4k 4
PEFE10 ming

(3) ¥ Teflon fof JJH %5 & 75 & F S B 22 N, B T 1E
T4, 160 CR /R 12 h,

(4) TN BB RGP sa 6 i i
ZEIRK M TCIK CREVEBBOR o 5 Ja ¥ 125 0 J5 BT AR
BT TIRA D A2 60 CT T4 8 h, &5l
b1 .b2 b3,

2.2 SEMIRIE

RABAME D /max-rB B X BF 4 17 54 47
PIA S5 6 4347, X I 4 A s R ER BB B ) Cu K, 5R
B (A =0.154178 nm) , #AEH JE 40 kV, 4% 50 mA,
T iU 20 SRAEJE [ 2 20° ~80°, 4K 2 0.02°,

K H 77 )SM26700F 7 4 i L 458 W8 5% Uk 1 T2
N kK
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3.1 ZnO/Pd fy%#4
3.1.1 X G478 (XRD) 4347

BT 3 AR S ZnO/Pd (9 X 526 A0 5 3
P 1 AT L BUA PRI S A i . ZnO Al P, i ZnO
FR9ATT 55 066 15 % o €1 3% (JCPDF ;. 89-0510) ™' W 4, J& T
N7 LR S5 (23 ) IR T Pe3mc(186) ) , A5 ff ik
HECa=b=0.3249 nm,c=0.5205 nm, W& H45 U
ZnO [ RS BLAF 5 Pd AT 56 5 4R o 138 (JCPDF .
88-2335) W4y, A5 6] SRR T Fm-3m(225) , 5 ks
HHa=b=c=3.900 nm, F i b1 AT SR
Pd, MR % 15 Pd 93, FE L b2 F1 b3 o Pd By 4%
1 Ve S 7 188 22, 0 B 0 0 0 . 4 PR T R TR
it b1 Pd 5 RAKECE &85 4 BUE ZnO i
A 3 T T A AR DU ok Bl B R L P B i A T Y
Z FES P P SR E W £ H R B R

b1 = Zn0
|- +Pd

b2

intensity (a.u.)

E1 ZnO/Pd iy XRD K
Fig.1 XRD spectrum of different samples of ZnO/Pd
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f1 Debye-Scherrer A" 254 B 1, 15 R
b1 b2 b3 1Rk K /Ny F N 44.23,43.77 ,41.57 nm,
1 AfORL /N AT LU M Bl G 45 P 2B 3E 22, kLB
SRR/ LW T Pd R AE ZnO i A 35 T Y TR X
ZnO kL A KA — E B4R o
3.1.2 PAHBIE(SEM) S #T

2 ARSI R G R d B 2 FTRUE W, B
A YRS AETE A b B R R X, &R URLAR . 43
A ERALR, FEZd T Pd 1L ZnO 94K kL 1
T IFARIE I — 2 58 55, TR IE is F 7%
JIT S, K53 9K UKL Y B AR #RAE 40 ~100 nm Z i),
X5 SO R A A A - 5 2d gl
ZnO #EEAHEE i — 0 UL B 5 4 )8 Pd 7E— & R -
FE 41 ] 24 K ok A9 141 28, 33X AT BB R ZnO ¥
Bl PA* IZEAEIN R T ZnO kLt — 48 A KT i,

c. b3 d. b4
2 FEELHY SEM
Fig.2 Scanning electron microscopy of ZnO/Pd and ZnO

3.1.3 X 54 EEiL (EDS) 47

K3 JEAE AL b2 By X TR REIE I, R FE L S b2
FEARLM . IWE 3 AT LLE B, 5 b2 HE& Zn O,
Pd =Fic &, IBarE A HE 20, diE R m
3.1.4  Z5M-FT LIRS (UV-vis) 217

& 4 J& ZnO/Pd 54 ZnO 14 48 4 -A] 0L 0 4k 6 1%
K. MIE 4 AT LLE A 5L b1, b2, b3 W U S i 1
BoAE n] DOG X B 5 2 K R 46 &, 76 400 ~900 nm (1 %
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B, Bl R I 1, W s B BOR BOK . 7E 200 ~
400 nm [ EAMX L BR T b1 AW 5 #8 A, b2 il b3
MR WS 35 R A 2088, A & Pd 8 A5 ZnO (1 it
FAREZL 15 B . b1 b2 b3 iy fe K Wk I K 43 9l
330,336,344 nm {H 2 54l ZnO ($5 KW Ui Kk
358 nm) A Lb A W] W B, Ui W] M ORERL AR K K

/J\[”]O
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Fig.3 EDS spectrum of sample b2
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4 ZnO/Pd Ff14li ZnO fy UV-vis ¥

Fig.4  UV-vis absorption spectra of ZnO/Pd and pure ZnO

ZnO/Pd e n] WL DX IR AT AR 3 1 W i, s 224
A, A S E ) % 1 ZnO/Pd BR & Bl Pd 45 7%
IO, B HTN TR , AT LAHED & A7 T IOt X
M ZnO/Pd 1 [ B B A 5K WO 1wl
WL DX 3G ¥ i, S o B R WO B 9 £0 %5, Pd A
ZnO Z [a] 35 2 A & 187 HL 1 1 A e 51 R IR U B 2L B
MOARASIN 2 o 78 AT L X 39 1 W S T 3% 1T 46
TN, SR Pd B35 A T A BROK BE 9 = 19 2F
TR (ZnO) Fe# B PR RERAR Y Bt & J@ Pd, 2 ik 5k
T P P T B 2 A R S T RO B4 B B
Pd 2 19 5 T, WRZ WAL 5 J3E AR
3.2 EMEBEZFBEKTR
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3.2.1 EAMKTHRENIER

FEWRAM T, H100 mL EHlY 30 mg - L7 i
FPECUDMH) 7K it A 200 mL (B b i, i A — &
A ZnO/Pd By oK, 7E AL 8 75 20 13 min 3 i 165
FEVE WP A B 5] . 72 15 WA AMT ISR OB IR
PR 10 cm ), G B Ak 9 d — PR K, i AR5
MR 0.1 g+ LT AR Y pH , 256 45 1
mE 5 iR .
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Fig.5 UV light catalytic effects of ZnO/Pd on UDMH

HE 5 8] LLFEH,bl b2 b3 ¥£ 2 h j5 X} UDMH
T K 1 B 1 4y B 3E 5 72. 2% 76.8% .68.4% ,
IR A4S Pd BB A2 PA 5 Zn BEEIR LE
1:100, %448 Pd 8 A 20, A F|F Schottky fE 42 1)
JE K, ZnO HHF 364 F I BE BE A H R 2, B 7 A
ORI KRR 2y 87 M4k id et &
fifi i ) Pd R 28 - TR A L, IS R B
1R o
3.2.2 KMAXTREWLIER

R PHOETF 1 6 Ak 52 36 4 7 36 4 5 A1 A 0 I b
05, FoA R 2 QR AR RS . O T IR ABIE S4B 4%
B AL AR 78 S50 R A R 26 ZnO 72 K BH 6
Tt UDMH J2 K fifonf B o 5256 24 KA K A0 0
B (GBI 20 107 lux) , AN 30.5 °C,

Kl 6 & ZnO/Pd 1 K FHE T X i — FF k% 7K 19
SEHEAL RO, Hodr 4l ZnO 76 KRG F &3t 2 h
FEAR LW AR, TR 5L b1 b1 R0 b3 FE R
40 minf i SRECH, 7E 60 min B A 3k B 7 i, H
Hob2 16 60 min I M B0 R R RE i B
72.5% . 23t 2 h R FHOEIR S, b1 (b2 b3 Xt g —
JUE B B it 224 ik F] 74. 6% .80.5% \78. 8% , 15 4
HMETT R AR AR L (B 5) ¥4 B B i 4 e, X 2
ZnO/Pd & & b e KB R, Wl 1% 4 J2 5 T DL
At
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ot , AT RASE o0 F TR BH G A 1 A 75 ey, Frp b3 AE
R BHOE T i — FBFR 2 h [ R P AE SO0 T S
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Fig.6 Natural light catalytic effects of ZnO/Pd and pure ZnO
on UDMH

3.2.3 UDMH EKHUFERENHT

R T 2 b FIAIE S A B B e R PR
Wi, 2% GB11914-1989 , i) JH 0 4% R 40 1=
M E UDMH &K ()b 2 75 A it (COD) . A 5256 %k
FXT UDMH 9 B f# 2R B 10 FE 5h b2 {1k % fi
UDMHJ% 7K (30 mg + L™") , 4:F& 20 min Bt 20 mL /K
FEAYHT, Horh W1 16 /K BB 19 COD ik 56.1 mg - L',
R 4f 000 Y 25 S5 i COD £ BRI 7 iR o
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Fig.7 Comparison of COD Degradation rate of UDMH with

sample b2 under UV and sunlight

M7 AT L 4t 120 min (18 % 4 1L R i
FER G T X COD 1 PR R AIEF] 75.7% , T 1F 5
MG R 58.2% , B 4155 5 1 s — H kI K ) COD
BAME RN 13.6,23.4 mg - L', e fbid &
i R 0 A T AR B S L R A 1 /)
Ay F W0, I A I KM B AR A fi R A
18 3 B KK & o COD B £ B A BHIIE, MK
SEIRX LA T AT LR H, ZnO/Pd 76 K FHJE T RE 5 1
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T KT D — H I 20 Ak )G/ o0 1 W 5, B SR A O T A
I i 3 P2 PR R B

4 % B

(1) B & B 5l Bh K S8 3% i s o R0RC IR /9
ZnO/Pd, HA£AE 40 ~100 nm Z[a], j= ¥y ) 4L FE4F , 45
i L o AT HCZE ZnO, ZnO/Pd i 58 4 X 34 A AR 5 1Y
WA, T L R WA B A R 30 AT L S DX, % A B JE
K, ZnO H TR BHOEAE A 0k e IO A AL % A A BIL
T Qe P it 1 BRI

(2) FIH ZnO/Pd 73 5 16 55 Sh 56 F0 K FHOE T Ot
HEAL I it i — W DF I K, ZnO/Pd A K BH G F X —
P A D A A 9 A 0OR B AE SR AP T B4, M b2
(PdFl Zn fEE/REE R 1 2 100) 7 2 h Jm %) 4 — 1
(4 i R BEIA 2 80. 5% , M b3 (Pd Al Zn fYJEE /R He oAy
21100 ) 7E R BH G T %0 i = Uk A e fife 32 L AE 52 A0
TS T 10.4% o ERFHOET B s R g, B %
fife #¢ FE AR o
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Photocatalytic Degradation of UDMH Wastewater with Nano particles of ZnO /Pd

JIA Ying, HE Ya-nan, LIANG Feng-hao, LIU Tian-tian
(603 Section of the Second Artillery Engineering University, Xi'an 710025, China)

Abstract: The nano ZnO/Pd particles with the crystallite size about 41 -46 nm were synthesized by hydrothermal method and etha-
nol-assisted hydrothermal method with Zn**and Pd**molar ratio of 100 : 0.5,100 : 1,100 : 2. The samples of ZnO/Pd were char-
acterized by X-ray diffraction( XRD) , scanning electron microscopy (SEM) , energy dispersive X-ray spectrometry (EDS) , ultravi-
olet-visible spectroscopy (UV-vis) and were used in the photocatalysis of unsymnetrical dimethylhydrazine (UDMH) wastewater
under UV-light and sun light. Results show that the UV absorbtion property is extremely expanded by doping Pd, and ranged to
400-800 nm in visible light district. The maximum degradation rate of ZnO/Pd in sunlight is 80.5% and under UV-light is 76.8%
in 2 h. The variation of the photocatalytic middle-product under different light sources was analyzed at last. It is found that the mid-
dle-product is decomposed more quickly and throughly under sunlight, with COD degradation rate of 75.7% , which is better than
UV-light of 58.2%.

Key words: enviromental engineering; unsymnetrical dimethylhydrazine(UDMH) ; photo catalysis; ZnO/Pb; visible light
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