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¥ NDMA Ry RAEF e, R &AM 0, 8
ARCOLUV) BEFBARENE NDMA 584 .
I, Gl SR A B O5 Ab R T v UDMH 174 1
NDMA Ak HETRR S Oy/UV HAR B .

SCRRRGHGE T, Z RIS 0V BEH
A E— 2 FE R L3R T K TR LTS Y 0 2 B Ak
% . ;f%ﬁﬁ F3203/'y -AlL O, 5 0,/UV E%ﬁﬁﬁﬁxﬁgﬁ
UDMH (R KEAT T A AL B ST | 45 R0, fi
EF5 OyUV B RENS 35 12 = X & 7K H UDMH
(1) 58 Ak 3 R0 ELREAR b A ] NDMA (1) 4 BN
fE3F NDMA RYEALTERR . 7RI RO 600 F L
I 60 min, AL AR EE A 50 me/L () UDMH JE7K
() TOC F#A3) 0.5 mg/L LU, NDMA (13 BE R 5
0.5 mg/L LA'F . ATIEX} UDMH AL R I v 50 1
ST TS, INAS T R FEHCN 0.542 min™,
R AF A — RN . A4 8 IR IR 74
E AT R v . IR S R R &
AR AL -05/UV B FH 4% R X & UDMH J% 7K 4k # A
R AIE M, 25 A 3R T B 19 04/UV Ab 2
HoAR .

1 SLIGERS

1.1 K 51{¢EE

FATIE F A PRI 38 Ry oA i, i R A a2
Tt —B b . kT R T A FR BT
ISalBRAE | 4l 99.5%.

TU-1810 28 4P AT UL 43 ' 56 BE 3H( b 5 35 A 38
FHA S A BR 2 7] ) 5 Shimadzu Essentia 15 25 7 AH £
WERG(HARH), A% i ZORABAX SB-C18
(4.6 x 150 mm, 5 pm, Agilent ); 7890A-5975C <, #H
0,135 5t 3% ¢ A ( Agilent ) ; multi N/C2100 %Y TOC
I A (5 FE B %2 ), FR224CN U HL 1 K 5P (L 52 1
IS ABR D), PHS-3C 530 pH 3T (_IERE) , O,
& 2L 5T TR AR 3S-T ), RG-185T Al 5 X i 1 55
LCIHLC R SRS O AU ES A BR 2 ] ), smartlab-
SE X §H28 7 ST XRD, H A bkt 23 ),
ESCALAB 250Xi % X 5 £k % i+ fE 1 1L ( XPS,
ThermoFisher Scientific ), Magix PW 2403 %l X i} 2k
PENIETEIL( PANalytical A H] ).

12 BUFIRHE S

HEALR 43202 ik il 4, BRI 20 3R a0
T« RE—E B A PR, I TS R KB K
HC B TR A 4 LR R 19% BRSO

PR — 2 BRI R R DA R P, R
JEIET 105 °C HET, 7E 400 CH5H% 8 h, T =0 -
HET - S5 b B 5 R RIS AR 5256 T A AR 77 . ik
X HHER DG | AL A I 141 53 Fe,0,
B & RN 1%.

13 KWRERFE

S R FH a) i sy =i AT, i 500 mL 3%
BEEARE N SN2 | BEE UG AL B UDMH BEAUL%
W 300 mL. Oy &= 4% AL AT [ AR 3S-T, f= 4 3~110
mg/min, AJ I . EANT A 8 W JC AR | KT I [ b
W2 12 em.

KB < SR P — R kS B ik o

S SERE < B BCHIEE 300 mL UDMH J& 7K fim A
F R bebr 38 A S, SRR E Tl
AR, VIR E K 200 mL/min, 5LAEHR BEE T HL R
ANAT . R SR AMDEIR SR 3 8 W LR
RIZHMT R 10% NaOH % 10% HC1 780
5 pHAE . NIFAR |, BT EORE |, s B0 e BUE TR
AT AT . MR SR 2K, TR 2 AR O/UV BXH]
SEG A — R B AT
14 WA E

J& 7K i UDMH [ B 2 BESCIRR FH 4 6 B
PRI A A O Bk . A
H1iY) UDMH A1 NDMA fifi I <0AH €8 - BRI A A 7
SETESHT, 30T EL B IR TREE 70 eV, ik 4
VLR A 29 ~ 180 m/z, B TR 230 C , A
FEAAS, WA 1 mL/min, S-S | SRR
TIN5 70 2 o5 B N B w3 o (1 S = AW 9
250 °C; P FHE : FIIRHE 40 °C, F-A4F 2.5 min,
M5 LA 30 °C /min W3R THE 2 220 °C, #F 220 C
1BYE 4 min.

NDMA ()9 3 R FH i 2500 AH €0 38 b 1 T A h
LPME | MRS - ARl 30 °C, #FFERE 20 L,
FHHEE © K =15 = 85 (V/V)ERH S R sh M
TN 1.0 mL/min ), SRAMEINES (R 230
nm ). JEK BT AR FHK o B A HLER(TOC )
SRR TOC MR TOC 43 {SGHAT

2 #BERETE

2.1 O/UVEL& 73T UDMH S FEEH 7
AR E LK, 05, UV 83 0,/UV Be G
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J g 3 A e R] LA G i UR 4% 3] UDMH ¥ BE 1) T R
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PP o b R B /K V5 9 P i UDMH &, {2 UDMH
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B NDMA (1948462 [ UDMH (1948040 RMERS £, X
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RS | J& UDMH 58 4 S L 24 45 3 v 1 45
AL O B SCEREE A W], NDMA 2R
ZIK AN IR B E A=), BARAREERT IR AT HL
W) S0 ) B L 2 KRS B AT L HLJE: NDMA f1Y
WeREEN IR SR SR KW, NDMA 1
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AU, B AT UDMH Y KR b B
WA PR AR SN, 3k AR TP A Y NDMA R
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SEA A AT .
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AR K AT T B AL SO T , SEI e 2,
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Fig.1 Concentration of UDMH, NDMA and TOC versus reaction
time in the O;/UV system
Reaction parameters: wastewater volume 300 mL, initial
concentration of UDMH 50 mg/L, pH=7, O; dosage 20 mg/min,

UV power 24 W, mechanical stirring 500 r/min

FEAR—EL. TOCH TR R E L UDMH IR T B2
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Fig.2 GC-MS results of NDMA formation during the UDMH
oxidation by O,/UV
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Fig.3 HLCP results of intermediate products during UDMH
oxidation by O5/UV
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55 SCHR 8 1 LB W 4R TN AE e R A R
H NDMA 2B J 45 1A B s R B K v
UDMH S AL R ETE NDMA izt .
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Fig.4 Concentration of UDMH, NDMA and TOC versus reaction
time in the O5/UV+Fe,05/A1,0; system
Reaction parameters: wastewater volume 300 mL, initial
concentration of UDMH 50 mg/L, Fe,0,/Al,05 content 10 g/L,
pH=7, O; dosage 20 mg/min, UV power 24 W,

mechanical stirring 500 r/min
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NDMA [ A 5 B A U o A7) B4 S 36 A B T
K& 5), Folp ik BE R RE T 33.5%, HA LA NDMA
A A B S R . SN 18 min, NDMA ¥R
B %50.55 mg/L, 52 %F R, ARG AL B[] — Fef
[] 5 44 25 H NDMA Y€ 8 31,1 mg/L. SEIA & B2
1 60 min I, FI4AY NDMA 7] 5¢ 443 .

22 O/UVhE &ML S UDMH KRB

22,1 WWMIMRpHAE ORI 4G pH A AR
S O, TEARAL TR T L Ao S 5 Ak, BRIz a4
TR . R T BRSE HT 0./UV B[R] 22 AR AL 4R
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Fig.5 Comparison of the concentration of NDMA versus reaction
time in the O5/UV system and the O5/UV+Fe,05/Al,05 system
Reaction parameters: wastewater volume 300 mL, initial
concentration of UDMH 50 mg/L, Fe,0,/Al,05 content 10 g/L,
pH=7, 05 dosage 20 mg/min, UV power 24 W, mechanical stirring
500 r/min

B[ 7F UDMH %] 4 & £ 50 mg/L. 05 # il 4 20 mg/
min ., Fe,0,/ALO, 7RANHR 10 o/, 24 W UV 4T BEST . #L
BEAREFE: 500 v/min i Z50F T, I W 09T 4G pHAE
R 3. TN, LI TOC 2 bR RN 48 bR, %
Z2 7 pHAEXT Hp [l Ak S AR AR 2 UDMH A B
(K 6). SCI 25 LR W, LEWS I i pH=3 1) 5%

100 - —*—pH=3 . ol
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s 80 f P /
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>
e
an 60 ‘/
M ]
g —
L
g 40 r :/'_—_—F—_
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6 ¥R an pH {EXT UDMH Ak S RE Y 5
Fig.6 Influence of initial pH value on degradation efficiency
of UDMH
Reaction parameters: wastewater volume 300 mL, initial
concentration of UDMH 50 mg/L, Fe,0,/Al,05 content 10 g/L, O,
dosage 20 mg/min, UV power 24 W, mechanical

stirring 500 r/min
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R, K TOC £ BRECRIAL . K HF 4R 6 min
J& , KHTOC Z2BR RAUA 2.36%, 24 W it 475 12
min i, KA TOC 2B H 32.67%, 2 )5 bt SO it
17, TOC ZBRFE MBS, ) 60 min 5 TOC Z: Bk
FAGAFN 50.97%. 4 pHAESE INE] 715, K TOC %
B3R KR FEHETE, S 6 min TOC 25 5 55k 145 3
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A AE DN R A R R, W i pHAE N 7
SR /K H UDMH R ff s R fe A1 pH 2544

222 ALK E NN RATHEET AR
EEAL TR Jin 22 X6 Oy/UV Hip 7] 22 A1 48 Ak S8 Ak A & X
UDMH FEA#PERB IR 520 (7). NSEBSE5 AT LIE H,
223 60 min YN, 7K H TOC 2 BRF8BEE 1L )
R B BE AN O 1210 o/L) Wi N, 7e 44k Em
N 10 gL T, TOC B EBR R ik 100%. #E—
AARTHIN N 215 o/LAT, UDMH B A 350 0 S P
W R IR KUV 6 minJ5, TOC ZEBRFR K 31.86%,
1o T A s T] AR A 10 o/ L2451 F TOC 2%
B, (HBEJS B985 BUORE K H TOC 2B FIET 10
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Fig.7 Influence of catalyst content on degradation efficiency of
UDMH
Reaction parameters: wastewater volume 300 mL, initial
concentration of UDMH 50 mg/L, O; dosage 20 mg/min, pH=7,

UV power 24 W, mechanical stirring 500 r/min
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FITOC 2 5 3 K 88.65%, O, £5% il 4 14 /il 2 20 mg/
min I}, 2% 60 min J5 TOC 2[4 3835 3] 100%; 11 4k
S JNK O3 %048 5 30 mg/min, BRI 9 Bt
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Fig.8 Influence of O; dosage on degradation efficiency of UDMH
Reaction parameters: wastewater volume 300 mL, initial
concentration of UDMH 50 mg/L, Fe,05/Al,0; content 10 g/L.,

pH=7, UV power 24 W, mechanical stirring 500 r/min
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UDMH £ BRECR A B, O 80 & i34 m ae7e—
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ARG 05 W BRI 2 20 mg/min.
2.3 O/UV 1B S 4L UDMH R M 3h 105

Ry T i — 20 LA AR R 89 5] XS UDMH A1
NDMA FEfREERE 225, FRATIHEAIRTSE T A JofiEfk
FIAEAE 44 F UDMH 1 NDMA 1 O0/UV B & 4E
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Fig.9 Kinetics of UDMH and NDMA oxidation reaction

Reaction parameters: wastewater volume 300 mL, initial concentration of UDMH 50 mg/L, Fe,05/Al,0; content 10 g/L, O,

dosage 20 mg/min, pH=7, UV power 24 W, mechanical stirring 500 r/min

% 1 UDMH #1 NDMA P& 23 115 E 404
Table 1 Kinetics data of UDMH and NDMA oxidation reaction

) Reaction rate constant/
Reaction system
.-l
(min™")

0,/UV+UDMH 0.464 0.99291
0,/UV+Fe,0,/ALO,+UDMH 0.542 0.977 23
0,/UV+NDMA 0.031 0.999 77
0,/UV+Fe,0,/ALO,+NDMA 0.055 0.979 19

24 BEUFINESERERE

TSR Fe,0,/A1,0, HEAL T 7Y R E Tk R 1EAH
] S0 25428 F % 60 min, 2 UMDH %7K b TOC
M RBRR . BRI S , WHA, FRE 2lK T Uk
PEALFBOR G EAT N —% UDMH JE /K AbHSCE | 4
110 7, |if 5 g UDMH JEKH TOC £BR

IR 100%, W 6 WAHEIR LR TFR , TOC LBR3E
WL TSRO B ZEIRIMETEE 8 IR, TOC £BR
FAT R IE 98.0%. X L i — 0 R B Fe,0,/AL0,
HEALFITEBR] O4/UV %84k UDMH 3 72 BAT 5L
SRR ETE .

25 EUFIRAE

2.5.1 ALY X- FFLATS(XRD) 43 Hr 4 &
L1125 T Fe,04/ v -ALO AL FE SV HiJS 9 XRD
B3 . 75 37.603° | 45.862° F167.032° 4b Wi %< 3] fif
S U JE T AR y -ALOS 1Y FF A 47T 5T 1 (PDF#10-
0425), 43 5 %F W Ty -ALO; f(110).(113) F1(214)
i IAT . 7E XRD Bl 3% H R ULEE 1Y Fe 4 B A0 FH DG AT 55
U, FTRESE: Fe,O5 TEARAAR I 2 T8I 52 J0E AR BY s 3 etk
A A, BRI Fe,04 v -ALO, JEAL 1 (9 XRD 777
SPIGEEA ELH I 1P 25 53, X R R IZ AR AR
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Fig.10 Stability of the catalyst in multicycle degradation of
UDMH by 0,/UV
Reaction parameters: wastewater volume 300 mL, initial
concentration of UDMH 50 mg/L, Fe,05/Al,0; content 10 g/L., O
dosage 20 mg/min, pH=7, UV power 24 W, mechanical

stirring 500 r/min
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Fig.11 XRD patterns of the catalysts
a. Fe,0,/ v -ALOs(fresh); b. Fe,0,/ v -ALO;(used)
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Fig.12 XPS spectrum of the catalyst
a. Fe,05/ y -ALOs(fresh); b. Fe,04/ y -ALO;(used)
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Table 2 The binding energy and surface content of main elements of the catalysts before reaction and after reaction

Binding energy/eV Surface content/%
Elements Name
Fresh Used Fresh Used
Al Al 2p 74.3 74.5 29.3 30.1
Fe Fe 2p 712.2 7114 0.53 0.57
0 0 ls 532.0 531.1 46.0 50.5
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Table 3 XRF results of the catalysts before reaction and after reaction

Concentration/%
Analyte Compound formula

Fresh Used

Na Na,O 0.194 -
Al AlO; 98.314 98.709
Si Si0, 0.142 0.076
S SO, 0.036 0.046
K K,0 0.047 0.011
Ca Ca0 0.074 0.054
Fe Fe,0;4 1.174 1.067
Zn Zn0O - 0.005
Ga Ga,0; 0.010 0.009
Cl Cl 0.009 0.022
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Treatment UDMH Waste Water by O,/UV Heterogeneous
Catalytic Method

JI Zeng-bao', YANG Bao-jun’, SUN Jian-yu', Qian Ling’, LU Gong-xuan”
(1. Xi" an Aerospace Propulsion Test Technique Institute, Xi' an 710100, China;,
2. Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences, Lanzhou 730000, China )

Abstract: The formation of remarkable amount of N-nitrosodimethylamine (NDMA) in the unsymmetrical
dimethylhydrazine (UDMH) waste water treatment by O5/UV method indicates that the O5/UV technology can not
inhibit the formation of NDMA and totally destroy NDMA during the process. In this paper, the new route of UDMH
treatment via heterogeneous catalytic O,/UV was developed, in which Fe,05/ y -Al,O; catalyst was used in O5/UV.
Reaction parameters were studied in detail, and the formation, elimination of NDMA and the decomposition of UDMH
regulations were presented. The results indicated that the addition of catalyst could significantly promote the totally
UDMH oxidation process, i.e., inhibition of NDMA formation and destroy were remarkable enhanced. In addition,
the kinetics of UDMH and NDMA oxidation are compared. The results show that the NDMA produced during UDMH
oxidation can be decomposed rapidly because the heterogeneous catalytic technology effectively promotes the
oxidative degradation efficiency of NDMA in O,/UV. The stability tests showed that the catalyst was rather stable, the
stability was remained even after 8 runs. Therefore, the heterogeneous catalytic O,/UV technology would be suitable
in the treatment of UDMH waste water.

Key words: unsymmeirical dimethyl hydrazine; N-nitrosodimethylamine; heterogeneous catalytic O,/UV oxidation

technology



