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Acetaminophen degradation with non-radical based reactive oxidants

generated by chloride activated peroxymonosulfate system

TAN Chao-Qun, DONG Yu-Jie, ZHONG Yi-Jie, CHEN Jia-Feng, HE Xue-Feng ., ZHANG Hao-Chen
(School of Civil Engineering, Southeast University, Nanjing 210096, China)

Abstract: The degradation of acetaminophen with non-radical based reactive oxidants generated by chloride acti-
vated peroxymonosulfate system was investigated. The performance of PMS/Cl™ system was also compared
with traditional NaClO system in respect of oxidant dosage, pollutant concentration and pH value. Results
showed that pseudo-zero-order kinetics model is more suitable to describe the degradation of acetaminophen in
PMS/Cl™ system nevertheless pseudo-first-order kinetics model is more suitable to NaClO system. A maximum
removal of 76. 7% was achieved in 120 min when m(APAP), was 10 mg/L, [PMS], was 0. 4 mM and [ Cl],
was 50 mM. In either PMS/Cl™ or NaClO system, higher oxidant dosage, lower acetaminophen concentration
and lower pH favored removal efficiency. HCIO was the main oxidant responsible for organic pollutant removal
in both PMS/Cl™ and NaClO system, while the HCIO was produced more slowly in PMS/Cl™ system. In the
future, chloride anions would be an alternative choice for elimination of residual oxidant and continuous disinfec-
tion in PMS based oxidation processes.
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MNP E R (Acetaminophen, F 3CH fH“APAP”
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Tab.1 Selected physical and chemical properties of APAP
PPCPs £ fe# o2 454 5 T hE/(g e mol™t) WM/ (mg - L7120 T) log Koo pK.
H
AL . N
CsHoNO; 151.2 1.3x10* 9.38 0. 46
(APAP)
HO

2.2 SWAE

APAP % HPLC (Waters 2010, 3£ E) #:47E
£, Bl Waters Symmetry C18 #: (N X KB iR
R R 4.6 mm>X 250 mm,5 pm) Al UV Af UL GG I
F5. WLBHARR H 25 (15%6) Ak (85 %) o A6 I % K
242 nm, i # 1. 0 mL/min, K35 25 °C L K600 i8] K 8
min, R [E] R 3. 92 min"*. W pH R H ' #
PHS-3G 4 pH T+ #EA7 I % . S5 45 2R JH 10 mM #
TR 2% v fin ot R 8 L A8 A A 0 pHL (AL

2.3 RW@H*

B 200 mlL F — 2 Ve B ¥ B 19 BE R A
250 ml 7 VU G £ 0 i 35 1) 3% B8O v, 4R 5 R B
SR A1 TR TR R KA B e R R R IR R
GeH 2 i T L O BE H G $E 8 (180 r/min) i
WEYR A 34 5]. B S 1) 45 3 58 SO P i A — i i
1 & AL F] (NaClO . PMS/Cl 5% % PMS) , )z Jii - i
THEF. ZE46 € B SN B [ o 5 mL {3 5 45 HORE 2
mL, 57 Bl &3t 0. 22 pm [iff B2 21 4 55 3 06 Sk 2 98
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3.1 SEFEERMm
3.1.1 PMS/Cl” 2% SERMWIHEWE 10 mg/
L BB IR I R A 0. 1~0. 4 mM () PMS,
50 mM ) NaCl, pH {6k 7. 0, I i 15 )& ¥ i 78
25 °C. 43 W7E 0,5,15,30 F1 60 min BUEE, Ml 5E AN
[Fi) i ] 4 D A 29 e B ) 2 b1 O B 7 & SR A
Fros. B 1 sl DUE B PMS 420 i 1 1
s 7K A b A B 25 B S A N 4R L 7R 120
min N 0.1,0.2,0.3 0.4 mM [PMS], $hnna] 4
SR 2 B 20. 7% ,40. 6% ,58. 9% 1 76. 7 % (b
B (HCsh 122803 2). IR T LUE
FINR R TR B S R SR AR G R AR A IR R
TR T S g A5 SR R Ak 0. 1~0. 4
mM [PMS], XF b # B 19 L BR R /8 F 526 (&
2) Ui CU WA AE B AR 2 T PMS X444 B
(R I A FINHA S I fik e A 2 B 2 0 e g ) AR AR
Wit —2 W T & 8 7 N BB IS PMS 7 4 i 4
Btk A (SO, « FOH « X5 4L 19 48 1k 52
— R Fy AR 0 R G I R B ) R
2B B UL (3D F ().

t=]—de/ky, = (1/ky) (co—0c) (3)

C = o kgt 4)
K, o F e R Fh AR B0 b B 20 R ¢ B 220 vk

(mM) ¢ R 52 v B [8] (min) » kg, R Z 2% 2 v %

(min™ ).
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Fig. 1 APAP removals at different dosages of PMS
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Fig. 2 APAP removals under PMS oxidation alone
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Tab. 2 Reaction conditions and results in paper

[PMS],/mM [Cl~Jo/mM  APAP/(mg/L) NaClO/(mg/L) pH, PN S P/ min~! R?
0.1 20.7% 0.18x102 0.99
0.2 40.6% 0.35%x102 0.99

50 10 7.0 ~ )
0.3 58.9% 0.51x107¢ 0.99
0.4 76.7% 0.66x10"2 0.99
10 5.4% 0.05x10* 0.99
20 17.6% 0.16Xx102 0.99
50 47.4% 0.54x1072 0.99

0.2 10 7.0 )
100 90. 1% 1.93x1072 0.99
150 94. 2% 4,88x10°2 0.98
PMS/CI™ & 4¢ 200 94.6% 9.20X 1072 0.99
2.5 95.8% 0.85X102 0.99
5.0 62.7% 0.53Xx10? 0.99

0.2 50 7.0

7.5 45.0% 0.38x107? 0.99
10. 0 35.4% 0.30x10"2 0.99
5.0 46.9% 0.42x1072 0.99
7.0 45.5% 0.41x1072 0.99

0.2 50 10 )
9.0 41.5% 0.36x1072 0.99
11.0 2.5% 0.018x10 2 0.99
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(8E%k)
[PMS],/mM [Cl” Jo/mM APAP/(mg/L) NaClO/(mg/L) pHo R ks /min ! R?
2.5 63.9% 0. 85x1072 0.99
5.0 14.4% 0. 53x10°2 0.99
i 4.0 7.0 3

7.5 23.3% 0. 38X10°2 0.99
10.0 28.6% 0. 30X10°2 0.98
0.5 7.0% 0. 19%x10°2 0.92
1.0 14.4% 0. 72X1072 0.92

NaClO %% 10.0 7.0
aClO R 5% 1.5 23.3% 1. 30X10? 0.95
2.0 28.6% 1. 87x10 2 0.96
5.0 45.7% 4.18x1072 0.98
7.0 38.5% 3.19x10 2 0.98

10.0 4.0

9.0 29.5% 2.19%x10 2 0.99
11.0 8.9% 0.12x102 0.991

cre,

[CI],=10 mM, R=0.99
[CI7,20 mM, R*=0.99
[CI],=50 mM, R*=0.99
[CI],=100 mM, R'=0.99
[CI1,=150 mM, K= 0.99
[CI1,200 mM, R*=0.99

0.0

k., =0.0073¢'¥77 00076

-0.54
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Fig. 3 APAP degradations under different dosages
of [Cl” ],
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WG pHAE R 7.0, SOni i EE R IAE 25 °CL 4
FIAE 0,5,15,30 F1 60 min BRI 22 B & S N B
V] 745 A D IR R TR 1 AR AR L. N 25 SR 3
FR.
3.1.2 NaClO &% MM T &A 10 mg/L
Bl e BE A F PR BRI W I A 0. 5~2. 0 mg/L
MR TR BN, 45 pH A R 7.0, SR i BE 45 ] 7E
25 °C. g5 R AanE 4 s,

FEZ5 8 B IR RN B R R GR VR R LK
FI A SR Y v B I I ) 5 DAL TE IR SR B W) IR X
Bk 0.5,1.0,1.5 Fl 2.0 mg/L (444 F 120

min N 0] 4> 9 B 7. 0%, 14. 4%, 23, 3% A
28. 6 W N ESE. I PMS/Cl &4 b R &
¢ I AN TA] » NaClO 484k 2 46 7 Fh 34 B0 10 B 1R
ok i 1 A 2 IRADL— R I PR RRAE S U — B0 ) 2
O 4 256 5 AR A AR L (6) ~ (8T

1.0947
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T
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O 074 oo — -
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Fig. 4 APAP removals at different dosages of NaClO
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GRS TR B BRI T L ke ORI 15 min YA
IR v FE RS D) B o T S T A P
a4 NG ED . @G ke 5 CETR BN
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[ 4 AL ] PMS 8¢ NaClO it 24 X & H
P 22 40 v B g o 28 () 4 Ak 70 45 5 1 BE A 43 i)
5. 48X 1077 F1 1. 13X 10°% min~ ' /mg. P8,
NaClO % gt H & 4k 57 48 52 % F 0 288 9 1 2% BR &L

AR 2L T PMS/CL R 40 b A4k R 7 R
JHCHE Sy 2 18 o DRI T 3 5 R 2 1 ¥ e A o v
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3.2.1 PMS/Cl" 2% =il PMS ]l ity
0.2 mM,Cl ¥ &} 50 mM,#15 pH 7. 0,5 &
25 C &AM 56 B 0L W 4y R 2.5,
5.0,7.5 F110. 0 mg/L (MR BIR % - %5 52 A )
FNERCEL R WD b6 v BE X B A RICR B B e, 45 2R L
K 5.

FH R 5 AT, FHE R 1 R Ak o 6 2 A B

HIJ T v JBE ) S T AR K A S B ) VAR R TR N
(2.5~10. 0 mg/L)F) b5 #e BE B AIK . 120 min PYFHFA
R AR RS, YN BRI R E N 2.5
mg/ L, ZBRA T L F] 95. 804 . 10 24 4 4 b A4 &L
iR W G e R 2 v ) 10. 0 mg/ L BF L, KBRF TR BN
35.4%. XEFNTE— &M EFIRE T, &g ™
Az (i SR AR T T R B B R D v R s
W) 5 4 9 A 75 B TR A S i) 8D T s A R S e ) R
S ol A N S % I D e A

1.004 Gﬁ._g
0.754 8 ™
0.50
O 0254 oo
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Fig. 5 APAP degradations at different m(APAP),

3 2 2 (3D FC4) X AN [] Fb 28 5LUIR 0 B vk B R
S TR R e BEATIR B, YN R R W) 46 VR
ARIR 2.5,5.0,7.5 F110. 0 mg/L &4 K, it
AP ko 43 51 R 0. 85X 1072,0. 53X 1072,0. 38 X
10 2H10. 3010 2 min '. A LA A ] $h
IR 0 T VA S S 1 g R B R, B IR
iR ) T VA EE G I SR AR BT B S (R D IR G
mrRRA:

by, = 0.0124e mAPADOSS 0 0022, R*= 0.99
(10)
ZERUNE Wy e 2 ) s 7 i 3 A i HROC R AR AE
Fe;O, 1 CoFe,O, i% b PMS # &4 th W ¥ A
B
3.2.2 NaClO 2% TEWRARMBINEN 4 mg/
L. 91tk pH Ry 708 25 CRAMAT 50 i & W
U4y R 2.5.5.0,7.5 F1 10. 0 mg/L (M4
SR VRS W 5 A (] A SR 0 s W B X A i 28R
[ 52 e, 25 5 LI 6.

1.04 @
\“is\

0.045]
[u} B\ﬁ\g
—0— m(APAP) =2.5 ppm

g

£ 0.030{
0.04 = —v— m(APAP) =5.0 ppm
0.015 —O— m(APAP) =7.5 ppm
—A— m(APAP) =10.0 ppm

0.5

¢ &>

B 4

B <4 eP

cre,

kglv
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m(APAP) , mg
T

-0.5-"— T T T
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B 6 M CB SR AT 4G R B 5 e R R R 6 % R
Fig. 6 APAP removals at different m (APAP), in
NaClO system

H1 &1 6 AJ AT, £ NaClO F 45 24 5008 19 B
fiff 3 238 527 F D PRI W TR R ) 5 e K L A S B
SE B BE S Y (2. 5~10. 0 mg/L) . b3 B IR )
AU BRAIG, 120 min Y RBR S, 7EFMNR W
IR EE Ry 2.5 mg/L i, ZBRR AT iLF] 63. 9%,
125 ) 4 +b $4 098 90 46 Wk B2 92 5 31 10. 0 mg/L
i JeBRF R AL 7060, X RIFEE T —E Ak
RV EE TS » & G0 7 A= 1 v SR Ak B3 1 TR a4
[F] o v e B2 118 75 Y ) 5 4 I e 5 68 T Y B ] A
7T S5 38 3R AT 25 B A

i 3 3 C6) ~ (8) X A [l $p B B8 0 o e JEE R
S TR AR e EATIR R, YN AR DR W) 1 v
5k 2.5,5.0,7.5 F1 10. 0 mg/L & T . iHA
W Ry, 43 81Kk 0. 042, 0. 043, 0. 037 F1 0. 033
min . B T7E 2.5 mg/L )45 b SR W B SO
15 min Ji5 % W 8R4 I F R R R (<1 mg/L)
22 30T YR € 5 SRS T B o T O A T S 1 e B (1R
ZERRHOTE Y ko (H 1R 2 WK, XTFA G
JRURMRIE 5.0~10. 0 mg/L &4 F 5 H 1 ko,
(B B AL A ko, 5N IRV IRV BEm (APAP),



824 Wl K FROERAFF IR

%55 %

EMEAMTREHEXRR = 0.960) . BEFH LR
Kh:

by = 0.0525—0. 00196 m(APAP), an

e = (10) AT (1) /] %1, 76 NaClO & 48 b
R ) T v B T S PR IR 10 2 BR ROCR 52 i 8
3 M AE PMS/CL R 45 v by 8 28 5 500 Hh 44
BURWE 2R TR, X Wi — 2 3 Na-
ClO &4 PMS/Cl™ & Go B il ity Ak Pk X 7 3 32
ANTH].

3.3 pHEZM

3.3.1 PMS/Cl” 2% fEFb B WI Rk E 10
mg/L,PMS # fii& 0. 2 mM, Cl™ £ in& H 50
mM, I BE 25°C 250 L 43 BIE T 10 mM (%
iR 2% wh I B e sl S A A R R T pH (A FE RS TR
pH Wi 25 N b AT . SCae g R 7 s,
4 pH, 2 5.0 B, 120 min Py FhFA R R B i 50CR i
U RBRFRAT IR E] 46. 9%, 1fif pH, oA 11. 0 A, 120
min P b BRI B R R0 3 R R, K BR R AU
2.5%.

HRAEASF pH 45140 T 20 508 B A 00 Tk B2 5K
RN ko {824 pHo 43510 5.0,7.0,9.0
F 11,0 B ko (B 4> 5 R 0. 42X 10 2,0, 4110 %,
0.36X10 2F10.018x10 % min ‘. Wi pH, Ay
1R R B AR B B RR AR H e B K ko KA TE
pH, 4 5.0 Bf. pH Xf PMS/Cl™ &% 1 5% % /b
FIAE 2 4071 5 A A PMS BAEFETE A D
Koz F 8 208 M AE TR A, FNAEE pKL (B
9. 38" FEW I pH 43 B /N FHKF 9. 38 1,
INABR EEUS FEMAEFSELGAET R
geh. i A AL T PMS Hof 808 4 HSOs 1) — %%
BB pK < 00 2B 5 pK.o 9. 4.
HY 24 pHEKT 9.4 B &+ HSO, &
A B R ON L e BB SO BT
REh; MY RS pHE/NT 9.4 B W
HSO; 2k — B g I IF Fe 4 Lh HSO;
ML AT R G h.

M pH KT 9.0 B, — RS HSO, &
D R AR D AN AR Cl M HOCL 5 &
Wb, KABREN pK, Hoh 6~8 Z Y, A I A g
) Cl, s pH By 52w L1 OCL JE 38y 3, %t
[ HOCL By &k 2 (28 12). i g OCL B8
XA LY A A RE 1 55 T HOCL . 55— J7 T
FhRAR R DL B M B A A DR () e e A R Y
YEFIASRE A R0 R A AL 70 25 6 O & A2 g« IR ot >

pH KT 9. 0 B BUHE AR AT T HM AR Jra B A 25 3 K
i R IR

1018
0.8
- 0.6
@) 0.00¢
O ~
'S 0.004]
0.4 E O pH=5,R=099 ™
< 0.002 2
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Fig. 7 Reaction efficiencies under different pH,

NaClO + H,0«<>NaOH + HCIO (12)
M4 pH < 7.0 B R AR B A AL 7 F 2L
HCIO JE XA 7E - HAMR BRI & UL oy F B A7
fE. AR R ) B3R 1) HCLO 8 A 3L 45 & Fh 4
SRLi R N
3.3.2 NaClO 2% 54 PMS #in& 4 0. 2
mM,NaClO #& &N 4 mg/L. ¥4 pH & 5. 0~
1L O JERE N IR EER 25 °C &1 T AT, B EEARRH
Wt pH S5 4 T B i 8OR 1 52 e, 25 2R DL 1AL 8. iE
AEXTANE pH G4 T F AR SR B A 1 ko (HHEAT 1T
L83 pH, 44518 5.0,7.0,9.0 F 11,0 B, k.,
B4 514 0. 042,0. 032,0. 022 F1 0. 0012 min .
BEE pH, 0938 5 Lk, A G 30 5 30 5 18 s sk 2>
) e R ko KAZAE pHo 2 5.0 . pH X} Na-
ClO &G m & D AELE 3 4 1fi - NaClO /)77
FEIEAS (FNA R P AR AE TR 25 DL ST i & A= 1 1R
S

P 552 00 45 SR T R A R R M R R SRR b
DR 5 U TR B B AR X E A L T P g 55 TR
PESAE T RO ZE R AR 2. R A A Ak S N 3
FF B HOCI 8/ 7 F AR L. [F
FEY pHAEHR T 9.0 B FM VB FEH DA E 8
WA AFLE Tk i pH > 9.0 BF, % W
OCl” i3 £, HOCI iy > (5K 12). ik pH
X NaClO & 4t (1 5% i [7] PMS/Cl 250, b & pH
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