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F) B - 32 M A% TR RS P A L T2 T Ak AR
Y EELs K . Bakouri % HF I T A B T A b R
A 7 HR T B ) AT AT . Vinco SR R ES F 52
A i DA 55 7 Bk 2% S5 ) R T PP e R L, 3
F U, A B 5 SR B 7 2 4 BE T NTO 19 1811l
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X F] NTO HA 55 /R 1 /) 45 55 (pKa=3.67) 1",
B 1 1) B B8 1 S8 4 W RS 4 A B A 0 W B PR B . AR5
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SAF, DU IR BB AE B NTO [ . 1 e 7E# S
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1.1 KF 5%

JERE: D30T K ALK &4 & 55 v B 8 1 52 e it
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Ji Y i Bk B 2 1 A e i L i ) AL 2R EE AR A R
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R1 BIEhAEIE R IR

Table 1 Types of resin functional groups

resin D301 D201 D311 IRA402

functionality —N(CH,), —N"(CH,), —N(CH,), —N"(CH,),

T ok B R, 24 4R PRk 2 R b s A FR A D
AN, Ak 2 R e A RS A SRR R
2R A BRA R 5 4R TR, 7 B Ak 2l 50 4y
FHIRAF VL E R ra. 3-fi53E-1,2,4- =15
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F el

A% - 95 [ 282K K EVOLUTION 220 %8 4h Al UL 43
6ot B AL s bV F BE PHS-3E pH it T U8 B ¥
QHZ-98A 1H I 7& % 15 I 46 o
1.2 EIEEE
1.2.1  RIE KE F

FAF I FREUNTO 3 F 100 mL A & FK
PiPE 2 NTO S8 2V R 49 B0 [k B B K . FE
HP VR IR 8L K v BE 24 R 16 mg-mLT fb 2R i A i
4 6000 mg-L7"',
1.2.2 BRI

P41 mL AR PR S B R TR 100 mLAR Y
JB K HE TR O o R A T R A IR IR IR B R
930 °C, HIE B R 120 r-min™' IR 24 h, HURER: B
JE L A 6Ot B A H A NTO 19 & & . IR X
NTO (1~ 5 W B 12 =X (1) k5

V, X(c, - c,)

=" (1)

A, g, A2 i B L, mgemLT VR TR B AR
mL; ¢, & I W B W8GR BE , mg-mL™; ¢ & P i vk
mg-mL™"; VIERRA IR AR, mL.

R W 55 00 G Tk B X 6 A B 0% 5 ), DL BE Oy
0.5,1,2,3,4,6,8 mg-mL" [l Z 5 % ) & 7K N 52 5
X4
1.2.3 B 2 W B % At Bf

$ 10 mL B AL B S {B A R 2 A NAE R 13.4 mm
R B A v, HE R AU, b il T A SRR B 1k A AR A
3. IR T ONTOKE W A Lii T, DA 2 #m i,
3 B AR T VR A I Lk A B A U i £k

FAWEFE pH X R 2l 25 MR 52, 1T R Y HC
o, NaOH B 1 AU 0L 2E 7K 1) pH 43 530 98 5 R 1.21
4.21,5 pH R 2.2 B9 FBLHLE K FE 47 XF b . 3 415K
B AE 6 BV -h™ 375 5 T W Fff .

Sk 2 SR AL K )00 Gy R T AR i 3l 2 T B 1
M), K AR RS 4D B K 2R AT 22 AR B, 3 il A B VR B
16.8.5 mg-mL" ABLILE K . 3HILH 7L 6 BV-h
4 O T I

Ry I 5 S 7K ENT AR R B 25 W B 2 e 2 B 4
AU SR A HEAT R LG, 4308 9.6.3.2 BV-hT' TE |
RS T A5 B A A AT R

PEHL 5% . 10%NaOH, LA &% 10%NaCl+1%NaOH
VA B3R L 1.5 BV - h" (10 9 88 3 3ot e 1 2% R T I
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NTO fy e B E - WP 26 1F B AE PR 327 nm &b
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2 HR5iTR

2.1 FRAS R B
2.1.1 AEZEEFBIEE X NTO 5525 K Bt 69 221
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IRA402 Xif 1 RS 8L 132 7K ) - 17 Wi BfF Ak, 245 SR ) 1 Joe
Ne HEAE W B ER IR D301 A1 D311 (1 i
W B 2 2 AR T 5 B PR A4 IR D201 FATIRA402. 43 # ik
SRy, 555 B AR T A T A ) B 3 R S (—N(CH,) )
W B HY R N ARG A REHEAT B T 28k  iX K
KAZHE T NTO it 25, F) 44 )1 19 W B

1 ATE L, D301 B AR X NTO 1 1 fif W B} 12t
K, IRE T 224 mg-mL™, 1M D311 Ay S i 05 B s
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NTO 1 - i W B 52t 50 A1 22 A5 K, 3 1 B B8 - 28 46 ) g
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Fig.1 Effects of different types of resins on static adsorption
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2.1.3 FERMERER

A 181 2b H 8 - 187 18 BT B 5 08 I ) 0 4 e R 4R IR
Langmuir 5 592" Al Freundlich £ 52 Bl 28 (2) F1(3)
PEAT LG AR 3 s

0.025{ ¢./q.=0.0043¢,+0.0005
=0.99546
0.0204

0.0154

c/q.
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0.000 T T T r T ,
0 1 2 3 4 ) 6
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541 Ing.=0.1847Inc.+3.8993
521  =089601
5.0
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4.4
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Inc,
b. freundlich equation
B3 AR RE

Fig.3 Linear fitting of isotherm equations
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i 2 yA =] .g = = Ho2k
Langmuir & 7 B WTF 1 q. = g, ¥ T+ b 4 M
W
c, ¢ 1

=+ . (2)
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A, g T 0 B2 5, mgemL™ s g, A2 10 R B 2

,mgemLT s e & PR, mg-mL™'; b /& Langmuir
W B ~F- 5 5 2, mL-mg ™',
Freundlich S B F 1 q, = Ko, 7, HZHEIE 74
Inqe=InK+l|nCeo (3)
n

Ao, g T A7 B 45 B, mgemLT; e g o il VR B
mg-mL™"; K, n 43 5l oh S I W B 2 R I R 5 R Y
Freundlich % %L .

i & 3 LA 5T A Y Langmuir S5 7 F2 19 1
BAMER X R %P 0.99546, 1M Freundlich %5 i )5 &
5 P4 0.89601, 148 D301 B IR X R HULE /K i NTO
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B A AR B SE 4 Langmui o508 0 1 R o o 7
i ] T B2 F SRR B . OF BARSE LA O B w] 45 1 D301
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2.2 ZhiSWHt
2.2.1  pH X 3h 25 W% B 30 R B 0

ANTR] pH 448 R8I K B4 38 1 i 4R A 4 i
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il 55 4% B 1 25 A A el /D W B A0SR B AR 2 BE A
A 55 mLYE > K 35 mL. 24 pH 34 A0 4.21 1,
NTO 9 5¢ 2 W B BEAAETE . 3BTk Ry, — 7 & i T
H* 1 80 /0 52 ) 1 ) i 3% T 2 BB R A 1 BT Ak, 5 — T
THT 2 FH T 25 2 3 W) A %o 4 58 4 B 5 - AR e AR S ik
W, I OH M &) 384, 5 NTO T i K 4 T 38
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E |
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= [ ]
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Fig.4 Effect of pH on dynamic adsorption
2.2.2  FIEETR B X Bh AR B R MR
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WE 5 TR o[BS AT AR F R T Y B HLE K Y 2 0 R
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R % 265 mL. BV NTO 094 If e BB/ | 2838 o i
PRAT G, NTO 7T 56 4 1l W B 0 2 A PR R gl R . 30
W 2 37 VA RR B 26 ) G vk 32 ) 398 R M s/ o 1 7k ok R e
1o, A A B g R AR B W RS s T PR A A . X L
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JEKZ 170 mLES A D5 NTO Ui, =35 W RCR
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Fig.5 Effect of initial concentration on dynamic adsorption
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Fig.6 Effect of flow rate on dynamic adsorption
PRI o N o B AR E 4 Ak PR AR
Ko SR ATAE FERCR A PO T s 7 I, FARLER i
F14 5 B ISF [0 R, 38 9RO 15 R0 IR AR 2 78 42 fih , ol 75 94 o
PRI o B R 18 B B K, 5 3 B AR
LRGBS E S 3 BV -h T
2.2.4 @MHETRMEE

R BRI X NTO B S5 B 1 0 0% B 2, 54001 7K
TE JIT 45 d AE 25 08 8 24T 20 25 W B 46 R B il £k n
K7 iR, 40 BV Y8 mg-mL™"  pH A 3 L% /K LA
3 BV - 0 I A A R s B AR I R R 2 0
PR 16 BV, Xt il 247 B A3 Ak B, S B R TR B
R M 205 mg-mLT, 55 I 1 I B AR T, SR R
g AL FE 5%
2.3 EhASRR M

T e B NTO, 5 1 £ — > 18 A 1R 59
AERE B I 5 4 19 NTO S ] fiE 9 46 b i i 78 /N B
2 R S P A v S NS I T N <0
5%NaOH, 10%NaOH, 10%NaCl+1%NaOH i & i
B3 2352 76% ,98% , 88%

10%NaOH #y it it B R AL T 5%NaOH. 53 #r ik
9, BN A 2T BRS39S R o 4 A S B S
ity IR 5 v Ao B — T W R A R B T ke i S

—_ —_
(==} o

o
o

concentration / mg-mL"

o
=]

Chinese Journal of Energetic Materials, Vol.30, No.10, 2022 (988-994)

8 pu-gEEEs
w
2 7
2 .
= l—l/
=] 4 v
5 ]
c
g 2 /
8 o
0 ; L : :
0 100 200 300 400
volumn / mL

7RI A i £&

Fig.7 Saturated adsorption curve
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Fig.8 Dynamic desorption curves of different desorbents
[0 75 —J7 BEAT , DR 0Hg 3t B 70 e B 52 g ] o e A BN

Hi P 8 1T UL, FH 10%NaOH BEFH i, B 58 48 T 2k 11
NTO 4 73 fii 76 T Hi 2 BV . R A 1%NaOH
9 10%NaCl i BB Jig iF, 35 it o0 . N2 i T3 1
SCH AR Xt 0 R A TR S AT AN TR A SR AT 58
PR i Xt B B 1 B9 R D ORI S8 T I, I ik
NaOH 4b B A4 IR P25 3808 B4

g5 b, R 10%NaOH A1 S i B 5, A A AT 2L 58
3 B B BREARY A i ELE B £ AR R 22 [l
2.4 WIEBEREMNTEERNTO R EIL

oMb B2 R A AR A BRI 4 TR AR R E T
NEE FEEFERLI AR, RIS K 1 e
8 mg-mL™',pH N 3, W K 3 BV-h'i, #E47 B LK
IKAIEPR S H, 25 R AR 9 iz o i K9 T Y, IR i
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Fig.9 Resin regeneration stabilization
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Recovery of 3-Nitro-1,2,4-Triazole-5-One (NTO) from Wastewater by lon Exchange Resin

GONG Sai-hua', LU Zhi-yan®, LI Zhi-hua®, CAl Chun'
(1. Chemistry and Chemical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China; 2. Gansu Yinguang Chemical Industry
Group Co., Lid., Yinguang 730999, China)

Abstract: In order to treat the harmful acid wastewater from the refining process of 3-nitro-1, 2, 4-triazol-5-one (NTO), the basic
ion exchange resin was used to treat the wastewater and recover NTO. The resin with better adsorption effect was screened
among four commercial resins(D301,D201,D311,IRA402), and the effects of adsorption time and initial concentration on the
adsorption of NTO by the resins were studied. In the dynamic adsorption experiment, the pH, initial concentration and flow rate
of the simulated wastewater were screened to obtain the best adsorption conditions, and the desorption agent with better effect
was screened. Five repeated experiments of adsorption and desorption were carried out under optimal conditions, and the de-
sorption solution was acidified and extracted to recover NTO. The results show that D301 wet resin has good adsorption capacity
for NTO, and the adsorption curve conforms to Langmuir equation. The theoretical saturated adsorption capacity can be inferred
from the equation to be 232 mg-mL™". When the initial concentration of the simulated wastewater is 8 mg-mL™", the flow rate is
3 BV-h™', and the pH is 3, the adsorption effect of D301 is the best, and the saturated adsorption capacity is 205 mg-mL™". The
resin is desorbed by 10% NaOH solution, and the best desorption rate can reach 98%. In repeated experiments, the recovery
rate of NTO is 82%—-88%, indicating that the resin has stable performance and can be recycled. In conclusion, the method of us-
ing basic ion exchange resin to adsorb NTO in wastewater is feasible and has practical application prospect.
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