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Perchlorate Wastewater
JIANG Jin-feng, = CHEN Wei-yu, XIN Hao, AO Jian, WU Yang-tao,
BU Ling-jun, ZHOU Shi-qing
(Hunan Engineering Research Center of Water Security Technology and Application , College of
Civil Engineering , Hunan University, Changsha 410082, China)

Abstract:  Addressing the pollution issue of perchlorate (ClO,”) wastewater in the fireworks
industry, the removal efficiency and engineering applicability of D201 strongly basic anion exchange
resin for Cl0,” were investigated. The effects of adsorption time, initial concentration, temperature, pH
and coexisting anions on adsorption behavior were examined through static adsorption experiments. The
adsorption mechanism was explored using kinetic, isothermal, and thermodynamic models. Dynamic
adsorption column experiments were performed using actual wastewater from a fireworks factory, to
analyze the resin’s breakthrough characteristics and regeneration performance, and continuous flow pilot-
scale tests were conducted to verify engineering performance. The results showed that the maximum
adsorption capacity of C10,” was 262.7 mg/g at 25 “C under static conditions with a resin dosage of 0.4 g/

L, with high adsorption performance maintained at pH 5-11.The inhibitory effect of coexisting anions
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followed the order of SO,”> NO;> Br> CI". In the dynamic adsorption column experiment, the dynamic

saturated adsorption capacity was 176.4 mg/g and a regeneration efficiency of 90.12% was achieved using

75.68 BV of 10% NaCl solution. The productive test demonstrated that the resin tank could operate

continuously for 231.8 BV with a saturated adsorption capacity of 175.2 mg/g, while the effluent quality

met discharge standards. This study indicates that the D201 resin exhibits efficient and stable removal

performance for C10,” in fireworks wastewater, along with good regeneration performance.

fireworks wastewater;
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perchlorate;

D201 resin;

dynamic adsorption
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D201 5 Gl P B 25 - 22 4 A ) B AT N 4 AR
NEASEA PR A, HEEHS AT B2 gh il
N - CARHRILRY)  IEEHE A Ry FE e
TR E 4 0. 65~0. 73 g/mL, i 28 A>3, 6
mmol/g, ki B K 0. 315~1. 250 mm, & /K & K 50%~
60% , ¥R FL 1 EBRAR TR

R T A 2E 1R AL 5 — /K = SR 8 (NaClo, -
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LA (KBr) &R (HCL) , ¥ R a0 dral . o, £ R
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S K . o, JFUUK ) Cl0, 2 834. 7 mg/L CI7
925, 64 mg/L..SO, 4 79. 80 mg/L. \NO, 4 3. 766 mg/
L.NO, 4 0.417 mg/L. 2 A} 0. 559 mg/L. &\ Ky
0.022 5 mg/L,COD K 35.37 mg/L. B, 5% K 1. 52
mS/cm  pH K 7. 49, =L PLIE H /K 1 Cl10,A 240. 0
mg/L.CI"4 32. 61 mg/L..SO,” A 73. 14 mg/L. \NO, A
1. 824 mg/L. \NO, 4 0. 399 mg/L . A& 4 0. 205 mg/L.
BB 0.013 0 mg/L.COD 7 31. 60 mg/L HL 53Ry
1.29 mS/cm\ij'ﬂT 65,
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Fig.1 Perchlorate wastewater treatment equipment
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VR, IR 6 h R SRR Ak k=TT, O
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1.5.2 S ph s
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R A, 7E 25 °C 140 rv/min 55 3 T 4R 3% & 36
ho IBEFXF LR 2T R Clo, W B 9% « DpH 5200
IR 4h pH A 3~11, 2R FH 0. 1 mol/L R 5 &
EAL BN ORI AR pH, AR BSINZE 0. QWL 2l
J1EE e, ClO, iR YR FE 43591 4 20 F1 50 mg/L, 7E
AN [T ] A5 (30~2 160 min) BURE . G B 25 3 28 it
5w, ClO, W 46 Wk B2 35 Rl R 5~300 mg/L. (DN 4
F12 R0 R R R 25,35 .45 C. OFLFE TR
Wi 328 56 H 43 531 % 1 20 . 100 5 200 mg/L (#) C17.S0,>
NO; 5% Br o ©WE B/ A AE PR 050 b, A% S I B 24 h
Je B Al K wh Pk T4, Bl & T 10% NaClE
FEAE 12 b B R BB IR 2o 4l K bk s , E AT —
Jeil A i B, AR EAT IR A RN 45 R S
U5 mL E3E W, ST EDZR 0. 22 om BERE I 3, 0 22 ik
A CIO,WRE
1.5.3  haSMEE /MR

S VEAL D201 B BB 7E 7 L2 A% 1 T b B S BR IE
K R W B 55 A M R AR SR T T R B A W B A 2
B G VMRS o WA I K D A T A I
B, KR A 2.5 mL bW TR A FRSE T
L& ClO, WA Ef . WA 2T S50 T -
B R 5T & R 74. 63 g, BE ELAE N 20 mm, R IR N
320 mm, AR 100 mL. MBI BE A9 s 47 5518 -
55 15 Wi 14 N 49 mL/min, K 7 5 R 15,61 em/
min , 25 PRIZ A E] 4 2. 04 min.

W B R A, SR 3 3 O =X (A B a0 K
) A0 5 ) PEAT U A 5 . R L) 25 mL/min
) I 8 2 AW BREAE: , it PR 5 770 6245 109% NaCl.5%
NaCl+5% NaOH fI I NaCl & FeCl, 7. Hrf FeCl,”
W H 0. 35 mol/L FeClL ¥ 5 2 mol/L HCI ¥ i 1
A e A

2 #R5#
2.1 R KEFRS PRI

I AR A, B Bl g2 P A
2% pH IE FH Y RN 5 £ 55 07 T AR D201 A
JEXT ClO, 1 L BR1ERE .

2.1.1 WM3h I

TE 20 F1 50 mg/L W Fh 4] 45 MR BT, ZE W) LR B B
(0~720 min) , D201 K4 5 X C1O,FrY W B 3 3R A e, W%
B TE . B ANTE 20 mg/L 25 F T, 720 min N
[ % B 35 31 34. 27 mg/g. B (720~2 160 min) T

B 3 3 B J U 2, (E I B AT FE SR AR 4 . R
iy 5 W BFSF- #7 BsF [] 4 2 160 min (36 h) , F T )5 284
5. ClO, W1 4A Wk B (9 Tt e b 2 4 o8 T A B 1) °F- £y
W it 25 (), 249 M\ 20 mg/L 3G N3 50 mg/L i},
g 43,71 mg/gBEME]91. 91 mg/g.

R GE W B 2ok AR 1 B 3 2 LR R I — 2R
HE R E) ) 2 BRI B A T AR AL, U
HSBER L, U GRRY], fE—98h )il
(R 514°0. 938 0 Fi10. 981 8) Fllifk 4 5l Jy 2445 1Y
(R3990, 942 2 F110. 974 9) 24 e 5t 47 i 5 3R 1 o
AR SR — 2 7 2E A A TSRS 3 1% S WAL FfT
i (Q,) 5 5 H 0o 42 35 (A XS 1% 25 3. 89%~
12.28%) . X FW] D201 5 X C1O, 1 W B ik 72 3
BLZ WY BOE R

&1 D201 MRS AT EN S FE B & S H
Tab.1 Fitting parameters of two Kinetic models for
D201 resin
o HE—2 ) g i HEZzh )y 2l
| Q/(mg- | OMmg- | KfMg-mg'-
(mg-L™") . K, /min . .
g') g) min”')
20 45.41 0.001 5 60.42 2.149 8x107°
50 103.20 0.001 2 148.30 6.091 5x10°°
2.1.2  WEfFAEIREL

2JEINT 25.35 F145 ‘CEAF , D201 #4 g %
C10, [~V Wz B 25 1 (g, ) BEP- AR (C) 9724k

400F oo .
035°C
300
"0
£ 200
=

100

50

100
C/(mg-L™")
B2 AEEET D201 #BEXT Cl0, Fy %R R M bl & ih &%
Fig.2 Fitted curve of isothermal adsorption of ClO,” by

150 200

D201 resin at different temperatures
K H Langmuir A1 Freundlich 25 7 A5 1 #5456
Bt (% 0 18] 2 i g S R 2R ), 5 S HUIL
2, Langmuir #5535 157 J57 W JfJ 4 T 523 12 of 3
1, MBI W B 5.4 B HLRE & ) — ; 1] Freundlich £
U255 77 #8227 Freundlich
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BRI (R? A 0. 985.,0. 984 1 0. 988) #H X Langmuir £
RI(R?2M 0.923.0.933.0. 944) H A W& A4 B,
FW] ClO, 7€ D201 W A L 1% W B B4 5 22 )22 W B 4
fIE o FH Langmuir £ 8 358015 3] (9 55 P10 M BfE 25
i (Q,,) Bl PRI IR B T MG, A 25 R Y 262. 7
mg/g BETNE 45 “CHFY) 427. 5 mg/g.

*2 AELEET D201 KAERT ClO, H% iR R ME R A

S
Tab.2 Fitting parameters of isothermal adsorption
model of ClO,” by D201 resin at different

temperatures
Langmuir 1574 Freundlich #5 7!
REE/C J(mg- K /[(mg-g™") -
fim )32 KL/(L'mgfl) Q (_1 g ¥ g_lg_l/) "
g) (mg-L7)™]
25 0.036 0 262.7 30.72 2.541
35 0.027 8 345.1 35.00 2414
45 0.0379 427.5 52.40 2.527

2.1.3 IS5

W B Ao R ) AR ) 2 SRS A A W B e AR
(AG) & 78 (AH) AV AS (AS) |, 38 13 W B 40 i 22 X
(K, Hi Langmuir 5 20 K Al 58 I 4K 38 Van "t Hoff 77 2
THEASRAGN . AE 25 35 F145 CF , WM i 2R AG
Y1k G0H, 43 9 A -5. 569 . -5. 793 . =7. 367 kJ/mol,
248 XoF {18 it 38 B v T K, B AH S IE{E (21, 00
kJ/mol) , & B D201 B fig X C1O,” Y W B i A2 [ &
), HLTF R A R TR R R AT . AR R
88. 42 J/(mol - K) , & W 7 W R iz 7 v [ 9 23 18 1) 5%
GrRHALPER 0
2.1.4 Y1tk pHXF ClOL W B Y52 1R

M pH 2 3.5.7.9 11 B, B i X CLO, 1 1 Jf 25
051 38.32.45. 00,46. 24 . 48. 11.,43. 02 mg/g,
RIVAE A B 4 pH 3 BB (S~11) PN W o 2 k0 i 3 /N
T 12% AAE pH 2y 3 I W2 BiF 225 AR A AR . DALt
D201 1 g 7F 55 B8 2 5 14 24 5% (pH & 5~11) T Xf
ClO, HATE R e B e
2.1.5 A7 B X W B A 1 5

K HCI L SO,” NO,™  Br 485 UL BH 5 1 X D201
B i W B C1O, Y 5 i DL I 3. ] L T A 00 1) 4
FEBF S 7 3455 CLO, R B 7™ A= 0 il 4 T, 40 i e o
FF 4 :90,>NO, >Br>Cl . 4IL17 BB ik ik 5]
ClO, ¥ 5 14 5 4% (100 mg/L) B, B4 JIig W o 725 2 52 R
TR, Hp, S0 W i iR 135 S e

71, B HHR EE R 200 me/L(C10, ¢ BE 14 10 £ ) 15, A4
&R C10, Y W [ 25 K 22. 92 mg/g, HHAX T TG 354
BT AT IR (43,52 mglg) FRET 47.34%, X £ T
KT SO, HA 5 e 14 R far 2% B AR 7K 65 85 1
Hir, SRR EA E RS A RE S . NI, 7R SR
TR BE SO, Y 2K iR FH D201 B il 25 Bk €10,
B, 75 % 18 SO, 1 sa il Ve

50 I 20 mg/L B9100 mg/L 1200 mg/L
~ et Jo T YA :43.52 mefg
w40

g

=

~ z
= 30 £3
EE =

= 20 .

=

S 10

0
r 80,2 NO, B~
IAr

B3 FAEFRS D201 RASH M CIO, B &M
Fig.3 Effects of anions on adsorption of Cl10,” by D201
resin

2.1.6  BIRHIIEIAME H S FAERE

K H1 10% 19 NaCLES VR AE R R MR, X W2 B A
AR RE AT PR A AL 30 . 78 3% L =AW B — A= 116 31
th, D201 B4 fig X C10,™ Y W B 25 2 AW IR (1) 246. 4
mg/g 53 T B 2 213.7.205. 8., 198. 8 mg/g, 5 =K
A J5 MR M 19. 3% X #2HH D201 A fig A 5%
L B PR AR M 5 T E A R, B AR SR T R R
FRE e i B2
2.2 KBREKENEWRM SEE R

R PEAL D201 44 B X SR Tl 27K C10, /Y 25
FREE ST, SR R ACM T A 77 5 7K (CLO, 10 46 e 5 2R
834. 7 mg/L) JT JE[&] & PR B A5 B — P A= 1 . Bhaks
W B 25 375 1t & an 1] 4 B, i 2 22 e AR (E 4k 3F , PRl
T, R R ES A S, YA B IR #) 230
BV (BV AR R IRAEBD IS, H7K ClO, MR JE 5 K e
FEA—FL,

it AR M 2R 7 T AR (A) I 4 i 2 iE AT
h, K FH Boltzmann #5255 B #4705, AH GG
SHNARI(RH]0.9989), FETIIALERA AT
G5, D201 WEARTE SEBR I K S5 1Y S A AR R B 25
i (q) N 176. 4 mglg, ZITHLEEZE T KW UG
WeRE(C) BB IRIR A (BY ) A A AR
(V) B B0 et (m) o BRAEAF SRR S, il i e fh
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o I o200
s Boltzmann 815 Oyo
T R*=0.998 9 &
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Fig.4 Adsorption penetration curves and Boltzmann
fitting for C10,” adsorption in real wastewater by D201

resin columns
3 SEBRE /KR 25 M 2% Boltzmann B L & S 3
Tab.3 Parameters of Boltzmann model fitting for

adsorption penetration curve of real wastewater

LRIIE 2 Al A2 %0 dBV
HUE -2.584 808.9 154.9 9.154

W2 G481 F , 43 912% FH 10% NaCl.,5% NaCl+5%
NaOH , i Fl NaCl & FeCl, ¥ W AT VEME . 45 9 %
W], 10% NaCl 5 FeCl, W HAE R 5, 53 0AE
1. 944 BV F10. 864 BV 4b H BRI E A st B 0eg , 1575 T4
#E75. 68 BV 10%NaCl 5§, 80. 32 BV FeCl, 1 ¥ Bl v]
SEER90. 12% FN77. 14% (1) C1O, JBERR % by 5 48 [H
T334 9. 012 F1 7. 714, 1 48 F1 NaCl 3% W7 #E
79. 80 BV ik 70. 10% PEME R (E 4R T4 7.010)
5% NaCl+5% NaOH ¥ IH #E€ 74. 70 BV B PE 6%
66. 56% (B AT 7 6. 656) . L5 iR, #EFE 10%
NaCl ¥ WAE R FEA 7, M R 5 B W T i,
A G2 52 4, v e s R p A 5 4 ek .
2.3 HEFFHEBENTWHIER

AP P 2 DA PR IR i AT I, D201 B Al
[ ClO, MR Bt 28 B R AE AN 1€l S Ir /s o FE i b 0. 4
m*/h 25 R$E fil s 1] (EBCT) 2y 37. 50 min  JT3E MR
K2 %% B WAL B S C10, W BE 240 175. 6 mg/L [ 5%
PR LB AT, WA R R B L 19 clo, & BR ik
J1. WA BE(0~231. 8 BV) W IEA: /K ClO, He
FOEMRT 0.7 mg/LGAFRFRAE ) , 2 Ab #1010
BV (252.5 m?) B, 7K v B 5 i K Uk B AR — 3,

R N W B AT . R H Boltzmann A5 Y U5 £ 3
HELA S HAUNT 1 A1 8-0. 585 0,42 7 171.9,20
(5505 05) M 689. 4, dBV (HF1E 56 )% ) Jy 40. 68, R?
9 0.998 2. £t B AR AR A i (q) A
175.2 mg/g. #ULHESR , RG L PriztT R FH = HE &
IRAL T, S AR BT 36 173, 9 m’, AR S IR BE A bR
ZEf718 do

180 i qoo
o Lﬁ:gﬁﬁ ,ﬂ;\r L
150+ — —Boltzmann {4 f
T R*=0.998 2 4
|
;éo 120 ]
- F
B b
ﬁ 60 J
= d
“ 30 F
#
() (380082068088 =0 =0 O — L)
0 200 400 600 800 1 000
KR BUBY

B 5 RiASIEFEAERT SEBRE K 1 CIO, HY R B 27 i35 i 2 B
Boltzmann #l&
Fig.5 Adsorption penetration curves and Boltzmann
fitting for C10,” adsorption in real wastewater by device

resin-filled columns

3 it

O RS T, =W T D201 B X
C1O," 1) 5 FC I B 25 4 35 262. 7 mglg, HA 8 S 10 1%
R4 BE A1 583 1Y pHL I8 IV 7 UL A B B A
TE AT PR S W o g

@ D201 WRRTEZES L~ HA =i 38 g,
XS B 2 7K 4 B A T R B 75 54 176. 4 mg/g

@ 10% NaCl ¥ 1 e B8 H 20 0% 7 A= o B
77, BBEMRAR TN (& R R

@ A HEESAR T, FE T D201 B AR # £
1) — A A Ah B 2R G0 AE — > W o — P A ] 40 P T Ak 3
IR 7K 173. 9 m?® HARTE 1 KK B ik Aw , B E T 1%
FORP) TR ATPE S SEPR AL PR RE

SE -
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