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Treatment of hexanitrostilbene wastewater by vacuum
distillation coupling in micro-electrolysis
Che Ran'? Hao Zhi'® Ye Zhengfang'
(1. Department of Environmental Engineering, Peking University, Beijing 100871, China;
2. School of Environment and Energy, Peking University Shenzhen Graduate School, Shenzhen 518055, China;

3. China North Industries Group Corporation, Beijing 100821, China)

Abstract The hexanitrostilbene ( HNS) wastewater quality was analyzed, which was the product washing

wastewater from the second HNS producing process. The result showed that it contained massive pyridine and va-
riety of bromo and nitro-aromatic compounds. The treatment of HNS wastewater by vacuum distillation coupling
in micro-electrolysis was carried out, and the process parameters were optimized. When it was distillated at
70°C , the TOC removal rate was 44% when the volume rate of the residual liquid was reduced to 86.9% of the
original volume of the wastewater. And the pyridine concentration of the distillate collected before was between
10% ~31.9% (V/V). The vacuum distillation could collect pyridine and reduce the TOC in the wastewater at the
same time. After vacuum distillation, the majority of the bromo and nitro-aromatic compounds were left in the re-
sidual liquid, and it was treated by micro-electrolysis. The TOC removal efficiency of the wastewater reached 33%
under the condition of a 25 g/L zinc dosage, 1:1 mass ratio of zinc and active carbon, after 60 min reaction when
its initial pH was 1.0. The quality of effluent could be improved after multi-stage micro-electrolysis process.

Key words vacuum distillation; micro-electrolysis; hexanitrostilbene; washing wastewater
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ARER TR 4 TR 1 v Ak 2 T ok BB S B
PN e SRR/ R A B NN TR =07 D S e
AT FEAE A3 AT B R AK (7K IS & B R % K & A
o R FEE (R ME W R Pk 2% 188 BUE T [l A i e, S [ i
F&AIE % 7K TOC . COD, fF HNS —BF T 24 55 ~
60 °C L S IV, 7= il FH # K U W 5 1E I SR 1 T
20 R KR A v AT AR R A TR BB AR . 25
BB R T2, e TS S5, RHE K B TOC
COD #— Lk,

1 KBWHAIITE

UG R
HNS Bty /K B A B 8 525 T, LA 4
A & A M, pH = 5.3, COD =17 300 mg/L, TOC
=56 580 mg/L,Br ¥k K 31.6 g/L, 2% T
WA B st 2z R A .
1.2 ZWHE

B 400 mL = Bryk /K T e % 25 R AN 1Y) 75 1 RO
A S AE KV B i Z 70°C . 80°C L 90°C fH i
B, R AT 6k 25 08 WCER TR 0 o XY Ol MR K IR
750 I e e e % R AN N L R RGH S L, OF B2 S5 10
min N, ¥ BB BB 4 W, b e 4 kg
s .

1.1

28 s WA R R T 3 N N R T <
pH =1.0,H 40 mL T 250 mL =i, %A —E
TG PR FVBE R, RV AR R AEHE R LA 200 1/min
AR5 , 1 B () JBORE | 3k 0, R I o 358 1k e T 56 7E
JE K i I 24 h W BT A S a6 rh SR AR R O S
0 g/ LIy 2S5 50 0 T B W B4 HT A T4 o

1.3 KRS 77 3% F X 28
L30T #3544 AL 3 Ao o ik

L COD I fifg m A2 (1R M 0 4% R B AR A ik
¥ E HACH /A #]) ;pH-201 # pH {X ( % K F| Hanna
/NE]) s UVIB00 %841 AT UL 4y J )t B 4 ( H A Shimad-
zu 8] ) ;TOC-V CPN #I TOC i {X ( H < Shimad-
zu A &) ) ; ICS-2500 A B + {4 3% ( 3¢ [ Dionex 2%
Al o RV ARG R I SR R TN K R SR AR
YRI5 436 1 (GB 4918-85)

1.3.2 HPLC wtvz 4 n)

SR HPLC A 0 Ji 7K B 48 43 v itk B 1 v B
HPLC 3 #r{¥ #8 7 3£ [E Agilent /A %] 1 200 series, Ex-
tend-C18 AU (A 34, BEAE 5t 20 L, i g AH Ky 30% HI
M. 70% 7K , R 1 mL/min, §1 i 35°C , DAD & i)
XFE 254 nm PRI it bR R I A A
B 0,0.5,1,2,10,20,100 mL/m® [ 5 4T K
T 220 M o v il 2, 9 X KR Hhomk e vk B R AT R
A
1.3.3  GC-MS A #LL0 5 5 #F

FHLL 5 K H GC-MS (U 28 0E 4758 P #ro K
S A BELL 100: 5 (9 PR B EE 43 500 76 T 1k v 1
B 3 AT A BUE KT ALY, Z R &AW
RS G, EARZE 1 mL, 0 R A% E
Agilent 24 7] GC 6890/MSD5973 N #I % DB-5MS £
AR, BERERD 1.0 L, FEAE IR 75 ) b i 22 40°C
TR 5 min, Z 5 Ph 2°C/min [y 3 B
280°C , 344 #F 10 min,

2 HRMIFE

B E BRI R K RIstRE T

400 mL — Bk 7E 70 .80 F1 90°C 3 A i B 4%

PR AT 258 S A 2 1908 o R R4 i Ol 361

365 Il 364 mL, JE 45 It 43l 24 90. 3% 91. 3% F

91.0% . JF/K K 4% 1% 20 19 COD TOC .pH I

B VA TR LG W B (NACs) L& 1,
25 LR R ZE AR Bk R B T &

K% 100% , COD [ 25 15 & 7E 86. 6% L) I, Ti

2.1
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TOC 1 2 4 R AE 48. 4% % 56.7% 2 [a], i % 16 ¥ T+
&, COD Fil TOC # A FrBEAR. 1840 8w iy TOC 6
W Z B e K A 7E 5y ¥ R A HLAL 3 ] 77 AR 3R R R
TOC, Jf H W 5% MR #1 B & U COD I, AN 15 31 5¢
S %, BT LA COD JEIE LT TOC {6, %5 &
H o m B o 1 i B B A G VR R ARAIR, 2
42 AE 99.3% 5] 97. 6% i), 70°C {8 ik 7 18w}, 18
g3 EEH B G R AR
1 FEARERET®ES K COD. TOC,pH,

REF.SEFTHELHEEALSYIRE

Table 1 COD, TOC, pH, concentrations of bromide ion,

chloride ion and NACs in wastewater and its distillates

COD TOC H Br~ Cl- NACs

(mg/L) (mg/L) P (mg/L) (mg/L) (mg/L)
YAk 1 17304 56577.8 5.3 31637.1 618.5 121.5
70°C 2324 29 8 0 0 0.8
4 197. 7.5 .
80C
s 2324 26217.8 1.3 0 0 2.1
90°C 1971 24467.8 7.2 0 0 2.9
i ' '

2.2 RKFBHKRRESN

2.2.1 vk M EF 4

HNS A 772585 Z 38 A 77 T2 2 5 I 1 5 3%
KA UL A A E A 2 I AR K oy Hoag K
=BT — BEUk K v B4 B 15 S 21 43 e, M RORE £
TEPEATE PRI . 12 FR B 1 000 £ )5 &2 HPLC £
I S B — AN A U U S [ 5 E A A
Hh R I I ) — B, B IE TR .

60 000 [ eAsER 4 60 000
~ 50000 450 000
E |
2 40000} 40000 3
i ] 2
& 30000} 30000 5
& ] o
= 20000} 20 000

10 000 10 000

X4
B
%!

oU 4 0
90CIE

70°CHES 80°CIEY
IKEEATR
TR K A TR R AR A v ni W v 3 RN
= A B T TOC (52 TOC

Concentration of pyridine in wastewater and

K1

Fig. 1
its distillates, theoretical TOC and measured TOC

i A I, W WE Y B RN TOC 2 Ja] i £k P G
AUT

TOC =0.8715 x C, —0.0149 (1)
e C, Rk bE Wk FE (ML BE vk BE7E 1 ~ 50 mL/
m® ), M B e B R HL 7 A B B3 TOC 92 TOC [ 4%
WK 1, 25887, KK A g e By 7= A4 5 8
TOC g5 TOC 119 92. 4% Wy — B YK i) = 2L
15 QLR ke |, JF BB A IS B A P AR
MHEIE o 70°C 458 43 v b e e 8 e 15 o
2.2.2 UV a4 %
PL70°C 18 53R 8], o — BE U 7K K AR 43 & B¢ 100
i )5 , 76 190 ~ 1 100 nm G F N7 4, 45
wE 2 frs . BPE/KAE 280 ~ 500 nm P K3l N
A5 P W ML, TR R G I I K Y L PN B R O B
0, U BH 7E 12 4K 3 BBl A R 20 e I B A HIL A A
B LB R AR AW AN IRE T I o
B 28 A1 AT UL W B AR EE A R T E B A
TE, B PR K AR 43 FE S 7E 190 ~ 280 nm i K 3 [F]

B B AR 5
20F
— 70CHSY
—--- k2
15F
B0k
= |
1>y '\
(X1 S
0 K St
300 200 500 500 700
PK(nm)
2 TBEVRAK A TOC I 43 1 8 A1 mT DL R i 1

Fig.2 UV-vis absorption spectra of

wastewater and its distillate(70°C )

2.2.3 HAHMSH GC-MS 5 #F

TRETRAKOK R AR 8 K I 20 Z2 b AT LY,
R R IR T RE , 29k 91.5% 5 ok
JE1,3 5- SRR X E S e 4.6% , WA 3
g 1,

F2 0T T BEYEAK RN T0°C BB 4 1 GC-MS 43
Mrad o 25 WoR | 20l R 2% 19 AL BRLUS  nH i A fal B
(9 2-H BE I E (BR CL R A5 A ML HE AR b, 1,3,
5-CAHER 1 ,4- T 2-REIR-R T R
H2,6- R 1-H 32 4- TR R DR 1,28
F R T TR = Fe 5% B8 78 JE /K o 80°C 1 90°C 1 43 11
B LY A I 25 5 5 T0C 18 4% 1 285 9 — 30, A X
H A R 2200
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5%

500 000

400 000} 70°CHSY
#X 300 000
H# 200 000
100 000}
i L L | ;
10 20 30 40 50 60 70 80
Hsf ) (min)
500 0001 — By
400 000 —Bek
300 000
x
% 200 000}
100 000} 1
oMl .
10 20 30 40 50 60 70 80
HsfTE)(min)
B3 ZEEPEK A T0°C 4Ry GC A

Fig.3  Gas chromatogram of HNS wastewater

and its distillate (70°C )

TR K B FEES YR I E el 2 L
2R DA AR I WE 25 B HC o R 43 B i B S W .
70°C i I 9 1 7% 18 T A5 08 o3 T R VIR IR B
0 mg/L, G5 HEAL A W) 00 He FE SR AR, Mt WE ok 2 e v
WA R B A
2.3 BEHBESERAES

P 70°C f8 I ol 281 A B P, B 1 ~ 2 min i
A& —URAR 43, I G0 00 I [10) 188 43 R 8% 2% VAV e bk W ik
JEF TOC, 25 UL 4 FE 5, 2448 5 W i 4 )
1.64% [ B /K M BUIE, 488 2 b B ik meE vk B 8 ik
31.9% (V/V) . i —BybKk bk g 28 &, — B
PEIK B TOC M REAR 518 2 i IR FRL 53 2 22 it %)
13. 1% 22 J& , FIT 75088 4 1) Atk I e J3F o s A, 4 29
TOC 3% Wi ik T 5% 4% & 7K 19 TOC, & /K I 4 o 46 , H
TOC WESIE 30 5 1 1a A7 Jr 10l T 2% 08 3 2 7K 75 18
Ji TOC 1 2 B, 3% B 18 0 1k R R 2 7K 1R B Y
13. 1% B 452 1B 80 28088 , 3R AR I 7K ik AT vl il L 20

350 000 300 000
—n— IHEER
300 000 ——TOC 4250000
2 250 000}
£ 4200 000 ~
= =
£ 200000} E)
£ 4150000 E
i’% 150 000} g
= - =~
£ 100 000l 100 000
50 000F 750 000
L 5 10 15 20 25 °
W5 R EU(%)
B4 484 bt e ik AN TOC {A BE 21118

IR R A2 A
Fig.4 Concentration of pyridine in distillate and its

TOC change with cumulative volume rate of distillate

£2 GC-MSMZE#EAMIOCEBLNENAD SINER
Table 2 GC-MS analysis of main organic components

in HNS wastewater and its distillate (70°C)

AR R ER A HL415 AT R ER LA
i 8] (min) (ZBkK) Hif 18] (min) (70°CHg41)
6.0 M 6.0 M
9.9 2- I L 9.8 2- 1 JE I
12.6 SIRH 9.9 R
12.9 R i 13.0 2 il
N-Z,5-N-1IF fifg % N-Z  F:-N-W  fif
13.0 13.3
ii's 2 M
14.6 TIROIE 14.7 IR
17.7 3- PRI I 17.8 3T IE
17.9  A-nigE s 17.9 4-MELIE I
26.4 1 -0 fil§ R 15 26.7 1- 307 A FE R
32.1 3,5- R 32.1 3,5- RN IE
49.6 ABOR —H R — H R 49.4 A2~ H R — R
51.9 2- 1 -6 - il 2R iz 51.6 2-F 3L -6 - L 2K i
1,4-—42-5% 1,2-5 g — (2-
52.2 72.3
iR - FF R P 3 ) g
52.8 T HRAEFE 76.9 3,5- LI
1-H -2 4-—f
54.1
HR
58.9 2,6- R H
64.5 1,3,5- =Ry
1,2-% — H % —
72.5 )
(2-F LN 3L ) Bis
76.9 3,5- RN
1,228 Z W T
77.1 N
15 i

FrAabBE, 5 L wir W5 f9 48 2o it e 94k 8 9 A8 10%

(V/V) VAL, Al e R .
75 000 60 000
70 000 % —=IBEIRE 455000
= 65000F T4 T0C
z 450 000
2 60000F ‘ Q
55000 ) A
- U
% s0000f e
:::’ =
= 450001 435 000
40 000f 430 000
35000 y ;

00 95 90 8 80 75
FRARMIRR BT L (%)

B5 R K ik iE i B2 A TOC Rifi3% 4% R K AR B 43 B0 A8 4k
Fig.5 Concentration of pyridine in residual wastewater and

its TOC change with volume rate of wastewater

2.4 MR
7 70°C 4R I 7K 9 8 TP s e 2 0, 24 W4 A9 1
OB JFOKAR R 13. 1% B 45 1k D8R 78 18 . L
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FEMI A A FR A TR K, 5 FRZR IR AT R KR B 1/ 1 45,000 T Zn My S I WA B0 b, SO AL T

B, 5 HNS 55 =B A = T A = E R R 1T IR &
Wik, =BT A7 AMER TOC 489.6 mg/L, &
TEEEAL G YN 7.6 mg/L,pH =0.7, ZiEG ik
J5 %7K TOC 3 15 221 mg/L,pH =1.0,
2.4.1 o gR A EE SR

76 pH = 1.0, 8¢ BRI h 25 o/ L &AM T,
JEK TOC ZBR AR A] i 22 f T & 6 s o 1k Fa il
JLIEXF TOC 114 25 B3k 23 Fif Fisf [R] 19 24 1 AN T4 /55 , 760 ~
60 min TOC (1 £ BRE R, Bl & I [H] B HEFS , 2F 8y
IR A IS, BELAS: T 150 PR A BN A 47,60 min D)
Ji TOC ZERFARA K WA AR . I8 PR TR #
VERUAS , E4% 60 min VE 4 J5 S 90 (145 B8 B[R]

i(s) I —a—TOCERRE
35| .
of / — .

TOCEBEER (%)
88

S o
T+ T T T 7T

sk

H$ i) (min)

6 R[N TOC 25 Bk A 48 1k

Fig.6  TOC removal efficiency at different times

2,42 HMyMaEmeERE LR
I#] 72 B B 25 /LR K B i pH AZE,
AR Zn AR N, 2855 60 min (4 52 5 TOC 1%
BRE 7 FrR . fE Zn RO E RN 25 ¢/L Z
Hi, B 5 B 09 38 TOC 19 26 18 38 43 05 46 1k 4%
o M Zn RN R — L4 BT Zn AR
451

F —a—TOCERRR
a0t

vl
A/

TOCERER (%)

0 10 20 30 40 50 60 70 80
Zn I (g/L)
B 7 AW Zn g K TOC Zpr

Fig.7 TOC removal efficiency with different zinc dosages

ol P i 5 O B A BRRECR  Zn BB TN R 75 /L B
TOC iy K BRA 540 25 o/L B AH2E A K, LA4R N &
h 25 g/ Lo Zn (AR .

FE R KU pH = 1.0, ek 25 o/ L, 41 ik
B bRy 1 1, R B ] 60 min , — S0 A4 LA 1T 25 B
157K 33% 1) TOC . R FH WG % Bl vl A, £ 455 TR) 96 1) 4
B A% o B R S IR, K TOC ] gF — A BRI, 5
TR R TOC KRR AF] 32.3%

2.4.3 (ol R G K PR LA 5 M

X} Bl FiL e b B Y K 54T GC-MS A, 245

W3,

#3 GC-MSMREBLEFEKNEIZEFNASITER
Table 3 GC-MS analysis of main organic components

in HNS wastewater after micro-electrolysis

BT gy | IR AL
i8] (min) B 18] (min)
6.0 i, n 38.2 22- T HIET k
11.7 I H 2 B 51.8 3,3, 4- =Wk
22.6 1,5- 5 Kb 54.5 2,3, 4-=H 3 b
26.0 2,5-WR 5 — i 63.8 2-PR2-H 3 T e
29.8 2-7R-1-28 2, Tl 74.6 4-H B -=E I

SRR R K R A LA o T A A B R e
EMB RS Y o XUl W B A X 8K R B A L)
A B SRR BRI 30 10 A T, o5 A 3 A 1) 55 A Ak &
W) 0 S ) e 78 A X 3 I A/ B IR e
KM RS Y, % ko K B B 3R W 2R

3 &

(1) MERESE HNS Bk b i =235 e, ol
S U R R IR TR A . R A T A B A
M BE Ay =, 5 5 K (0 R A i SR AR A A U
WA h R & A R B T, T0°C W4 vh g 31k & 4
W BRI, M W v e v o

(2) ZBeyk/KAE 70°C T U He 2248, bifi % Mk e 11
ZE M B A 2 K (R L BE W B R TOC il B AR, Y
b ik weE FREAR ] — VR B S 3R AR K I TOC JF
GGt

(3) US4 0 A8 o R H R B TR 7K R R
13. 1% W}, BR a2 R K 19 TOC F AR, I H Z 1 18 43
{14 IH B 6 B E 10% (V/V) LA

(4)FERI LR pH = 1.0, 4% BRI ¥ 25 ¢/
L, 2 L fif ) B 60 min 5, i K TOC 2 BR %K
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