T Jy 5 Ak O,/Fe (1) %Ak B fif DNT 55 By J& 7K 995

XEHE:1006-9941(2022)10-0995-09

HBE 18 OfFel Il ) RILBERE DNT L BRIE 7K

HEY EERY AXH AR, REE NALE,ESN
(Fdhh¥ BEAMIRABITEHAELALRE, WFIRSHEAFK, UHE KE 030051)

OB CAHIEWIR(DNT)E = T2 = 0 B K HLA 0o B A e A 0 8 1 25 % 0, Ol LA BF 9 482 11 SR B 2 J 9 ik O ,/Fe (1)
ALK DNT SEBR K 09 B 9T T 8 VE S 80504 DNT JBK L BRACR 2 B, /R T # & S 381k O,/Fe( 1 ) S AL 4 f# DNT 1)
FEAL LR, 3B T DNT [ i i B2 o [l 7=y, Hl0 7 JC R il f . 45 B3R W M TR 0 TR 7 A 4 780 A R 17 A 2 1k 45 0 10 TR B A L IR R
pH 25 52 iy 5 40 A4 1 482 S0 1k 1] 2 S Ak BB A B AR 35 Fe (T RO M, (B 5 J1 I 7 B o0 40, Fe( TN ¥ JE S 0.8 mmol-L™", O,
BE R 60 mg- L™ WM Q 80 L-h™' ,pHE J 1.1 M2 F T, )W 60 min fig 3 b5 90 1) 25 bR 3K 60% , tHAT BRVE 451 F L A 324k
B W) B LB S N 2% (BR) O, /Fe( T A& R 42 15 18.30% 5 HL Ik F4 1R P 50 /0% 11 122 201 AR D4 iR J3E | 6 WA 17 F 0k | il 9
(-OH) IFEAE , TE ST W fiff 3k A2 A - OH (1 4 AL HLER 5 8 5% FURLIR (RPB) O, /Fe ( 11 ) MR 28 B fift DNT o 7 A9 o ) 7= g 2 B A7 g 3

SRS | TR R R | T AR AR T AN R ORI 1 FeC D) fE AL R AR AR AL T AR B R R R AR IR AT

KR ME HAR A WAL TS DNT R K ; B ik 72
FESES: T)55

XHERFRERL: A

DOI:10.11943/CJEM2022150

0 315§

TR L TR (DNTO) AR O il 2 55 A A A b —
G R (B R 1R NP2 S IS R @ SEETIN LTI Y R
5 0r T ARRSE AT P AR Y DNT Tl B K i 43
S PR OMERE M PR TS ge E H R BUE
P, 70 W A o AR T AR 25 B 77 A B SRR o ] R
DNT Tolk K Hb B i 5 55 & e AL & 90 i T il B A7 7
A A DR A, L 22 S T [ R S5 AR 4 R (EPA) Al
T I [ Z IR 50 R e s ey 2 — . Wi,
X DNT Tl & K B A 280k B 42 3RO 35 Of 4 B A

LRI, [ PS03 il 2528 2 B /K Ak B 7 3k F2 5547
Py R AL R ) B A A AR IO

Y5 HEA: 2022-06-01; & E H#: 2022-08-07

[ 4% tH kit B 83 : 2022-08-24

E ST HE : 10054 w555 AR R % L 15 & BTE (2020CG040)
FLLPG AR “ 1331 TR 4 5 B AL #1 1HH) (nuc2021-006)
BB A M EH(1996-), B B 0F5 4k, RN BE SRk E
P A A IEAE PR AL B T5 TR BT RFSE o e-mail: 3444624816@qq.com
BEBERA: E4MO981-), 58 4, FENERE hinh2HM
AL S A E R B EGE . e-mail : zbdxjwz@nuc.edu.cn

TG T W B A s A k0 3 R o R W R
o 58 5 b 05 AL HE G AL A IR TE Y Fenton 12 7] 4
oA YRS T R R R R R Y F RS
Yy, A5 R 58 U 0 SR L A ST R ER O A T
105 TR HE T Ay A BT A FE IRCRY S R R K, BE BRI T R
KA f S BT A3 il B R TR A Tk R A R
TE T R AR TR R AR T E i ST A
B2 (B/C) >0.3 iy % /K H 75 22 $2 5 B Al 19 3 B
P35 2R BRIV £ 40 B IR R R i 2, 4- R 3
F2E 38 76 A TR 46 28 R b 2, 4- il 3 W 2R R AT R
fift SE B AR ERE L 40 TR BB A AL L BR 2, 4- TR A H
AR A PR T2 B (R 5 TR A B
FR B PR T T R R v R R R I S K R
AR AL FE DNT JEK , #6348 B 45 48 F Al X% K i DNT A
BB . RAE PA AR R —Fh Fe (T ) 4
b O, 1 o G A 1 BLA SRR RE ) 5 45 4 ) B 55 A
P — R RO XE R AR ALY Y A BRE R BT
(4 F 2 K b BRAT I . O /Fe( ) A Ak ik 72 A 45
O, M B3 AR Fe( 1 )AL O, 7 £ 1 - OH 1Y [H] 4 41
ko F Tl LA A 4 A A i U R R 2R R R
R, O, 1 B4 A Ak 8 P ik, X K A8 i A WL 1

SIR A ST 1w 6 AT S ROCHT, 45 154k O,/Fe(ID) S AL FF fif DNT 52 R B K ). & i #1F,2022,30(10):995-1003.
MIAO Fu-ming, REN Gao-miao, WU Wen-li,et al. Degradation of Actual Wastewater Containing Dinitrtoluene with O,/Fe(Il ) Oxidation Process Enhanced by
High Gravity Technology[Jl. Chinese Journal of Energetic Materials (Hanneng Cailiao),2022,30(10):995-1003.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2022 % %304 % 1048 (995-1003)



996

W R AR R KOG, TR R A

AR, Fe( D) HEAL O, A /Y - OH Al LIXS A W4 E
frook FEvE ooy MR S LA LTS Qe 4w K 19 2%
PR SR, FE M Oy/Fe (11 ) i 2% A A0 vk Ak B K
IR 7 A S BN B 4 HR A A B SR A R AR R R
A T B4 TR, S B Ak R K I R A AP G O, PR
TR AL B A TG A R e R TR T R T
18

) HARAE Sy — R A T AR SR AL BOR T
Ji B M EURL IR (RPB) Hh g 3 i@ & 1) SE0R} e 1
7 A R 37 WA v ) R R T AR AR
BRI U1 7, 25 i ) 1 8 8 RS A AR /D B J TR
7 A R L DR BRI ) AR SR T, B RS S v AR
35 SR AL O ) A% BT A RO R
T O,/FeC I ) R fift i AR B 7K, % G R BE48L R 7K, HLAY
Xb T AT AL , AT Xk A AL 2R I e I 2R 547
58, R AR5 4 Hh DL RPB kg I 266 &, LA AR 7= 52 B
DNT 7K g BF 58 % &, >R J 5 T 5 4k Fe ( 11 ) fiEfk
O, K Z WL DNT 57K 1Y [ it 2 RE 5 18 FHT HL 7 I /2 3
PRUE S s T TR AL O, /Fe( 11 ) A AL R f# DNT
i e G - OH B A AL LB 5 ) A0AH (3 - 3% 36
ILCGC-MS) 73 #r T DNT B figg 1o A2 v 6] 7 49y, I 4F )
R R A W B Dy s ik O, /Fe (D) 481k 4%
ARAE i DNT A2 )™ 5 K B TR 7 4 Bk il i 40 A1
I S 4

1 LIGE S

1.1 XFE5&EE
S K < S8 B K O AL T $R g DNT
AR OK S B AR L AN 1 TR .

£1 DNTEAKEM

Table 1 DNT wastewater situation
mass concentration .
Colour  pH B compositions
of DNT /mg-L
major: DNT.
Other:sodium sulfate, sodi-
yellow 1.1 200

um nitrate, nitrobenzene,

dinitrobenzene, phenol.

5256 i FH A : NaOH (43 Fr 4l , Kt i KOs A
W) s H,SO, (A3 Hr 4l va Bl Ak T A PR 7)) 5 46
(99.99% , 178 ZE e AR A FRA FD ) s HA U 8
Pa e

SO EE B4 pH T, FE28 Y MR TR £ 4
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Table 2 The device parameters of rotating packed bed

features parameters

packing type Stainless steel wire mesh

rotor outer diameter 45 mm
rotor inner diameter 15 mm
packing height 60 mm
the specific surface area of packing 1138 m™
packing density 7.9 g-cm™
packing porosity 0.73
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Fig.1 Process flow chart of oxidative degradation of DNT
wastewater by RPB-O,/Fe( I ) system
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Fig.2 Removal efficiency of nitro compound under RPB-O,,
RPB-O,/Fe( 11 ), BR-O, and BR-O,/Fe( Il ) systems(pH=1.1,
C, =60 mg-L™", B=40, Q=80 L-h™", C;,=0.8 mmol-L™")
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Fig.3 Effect of pH values on the removal efficiency of nitro
compounds(C, =60 mg-L"", B=40,C,,;,=0.8 mmol-L"", Q=
80 L-h™, =60 min)
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Fig.4 Effect of high gravity factor B8 on the removal efficiency
of nitro compounds (pH=1.1, C,=60 mg-L™", Q=80 L-h™,
Cio(1)=0.4 mmol-L™")

M 35% HE NN E] 46% o X2 P R fE ) G AR
iR A A T 422 fl e AR, DR S8 104 3R 1D T I 8 4 45 AH
B (8] 4% o 45 2 58 Ak, B 2 0 SN ARG WO L A
FI T DNT % /K (9 8 B2 AL R % . RPB & B 1Y 3
K VAR B B T oA T 22 410N T L T TR, R
V2 ik T AR S K, R BSOS I o) — T, W
A1 T 20 B2 B2 38 A R T BRI A% T, T e A R
LG HRBRFER I, YEESHEFBKRT 400,
RPB ik 1A 455 B ) Ii) 2 I 2 ok 385 o g B3 IR, B
I 1) 47 2, O ) T A R A RO, A R AR A i &
B R R REAR . e, T DA R iE e R O B
¥k 40,

222 REREQ,

VRV T it R S i VAR A T OB R R Y OB R . W
(NNl o (= Y VA 1 o B v A T N
WA AR R TR A S (2) iR . 5 AN [ T
Pt B A IS W BRI . B 5 T LUE
th, 7E RPB-O,/Fe( Il )& R, YW AK W & f1 40 L-h™
K Z 80 L-h7'Bf, 4 60 min Ji i KAk & 90 00 2 B
KB IEAEN 37% 5 E 50% . X el T ALK
FURHA S /NI B B Ry 3 mP e m 7o h P I A A
BB H 3.54m - m2h" ¥ KE7.08m  m?-h’',
T ORE A9 S5 /N W 9K %% B2, 150 BH JR0RE 78 43 VR L HF R
T HE R AL ) Y O, R R Mk v BB K (HY
WM BB K ) 100 L-h A il 2 Ak A W I i sk
TR REAR, 3X AT 8 TR A A R R, OB
P AWML S RRWAL BT B, T
J5 K1 8 e 80 % Ak B R AR 25 T VR T B Q1B B
80 L-h™" N,
N Lk

www.energetic-materials.org.cn



M )k O,/Fe (T ) %A AL BR it DNT 5 BRI K

999

60
-#12 min -e- 24 min -+ 36 min
S v agmin + 60mn o
= 40
=
30r )
20r ./’//\
10r
40 60 80 100
QLN

Bl 5 iR QX kAL 5 W) E BRI (pH=1.1, C, =
60 mg-L",8=40,C, ,;,=0.4 mmol-L™")

Fig.5 Effect of liquid flow (Q,)on the removal efficiency of nitro
compounds (pH=1.1,C, =60 mg-L",8=40,C,,;,=0.4 mmol-L™")
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Fig.6 Effect of dosage of catalyst Fe( Il ) on the removal effi-
ciency of nitro compounds (pH=1.1,Q,=80 L-h™",8=40,C, =
60 mg-L™")
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Fig.7 Effect of ozone concentration on the removal efficiency
of nitro compounds(pH=1.1,Q,=80 L-h™"',C.;,=0.8 mmol-L™",
B=40)
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Fig.8 Effect of BR-O,,RPB-O,/Fe( Il ) and RPB-O,/Fe( Il )/TBA
systems on the removal efficiency of nitro compounds(pH=1.1,
Q=80 L-h™",B=40,C,,=0.8 mmol-L"",C, =60 mg-L™")
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Possible pathways of the catalytic oxidation deg-
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Degradation of Actual Wastewater Containing Dinitrtoluene with O Fe( Il ) Oxidation Process Enhanced by
High Gravity Technology

MIAO Fu-ming, REN Gao-miao, WU Wen-li, SHANG Rui-ze, JING Jia-xin, LIU You-zhi, JIAO Wei-zhou
(Shanxi Province Key Laboratory of Higee-Oriented Chemical Engineering and School of Chemical Engineering and Technology, North University of China,
Taiyuan 030051, China)

Abstract: The wastewater generated in the production process of dinitrotoluene (DNT) is characterized by complex composition
and difficult biodegradation. In this study, the idea of O,/Fe( Il ) oxidation enhanced by high gravity to degrade actual DNT waste-
water was proposed. The effect of operating parameters on DNT wastewater removal was studied, and the catalytic mechanism
of O,/Fe( Il ) oxidation degradation of DNT enhanced by high gravity was revealed. The intermediate products in DNT degrada-
tion process were analyzed, and the degradation pathway was speculated.The results showed that the increase of the high gravity
factor facilitated the deep degradation of nitro compounds, and the pH of the system affected the direct and indirect oxidation re-
actions of ozone and the concentration of catalyst Fe( Il ). Under the conditions of high gravity factor (8)of 40, the Fe( Il ) con-
centration of 0.8 mmol-L™" , the O, concentration of 60 mg-L™" , liquid flow(Q,)of 80 L-h™" and pH of 1.1, 60% of nitro com-
pounds were removed after the reaction for 60 min. Under similar operating conditions, the removal rate of nitro compounds
was 18.30% higher than that of the bubbled reactor (BR) O,/Fe( Il ) system. The electron paramagnetic resonance spectrum
showed the relative peak intensity of 1:2:2:1, indicating the existence of hydroxyl radical (+OH) , confirming that the degradation
process followed the catalytic mechanism of -OH. The intermediates of DNT degradation in rotating packed bed (RPB)O,/Fe( Il )
system mainly include dinitrobenzaldehyde, dinitrobenzoic acid, dinitrobenzene, resorcinol, malonic acid. The degradation
pathway of Fe( II )-catalyzed ozonation of dinitrotoluene was speculated.

Key words: high gravity technology;ozone;advanced oxidation; DNT wastewater;degradation pathway
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