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Phosphorus-Doped Biochar Activates Persulfate to Eliminate Paracetamol

with the Assistance of Sodium Thiosulfate
Hu Kai',Nie Liyao',Li Congyang®,Wang Haorui' ,Wang Guoxiang', Shi Chenfei'

(1.School of Environment, Nanjing Normal University ,Jiangsu Key Laboratory of Environmental Change and
Ecological Construction, Nanjing 210023, China)
(2.School of Computer Engineering, Nanjing Institute of Technology, Nanjing 211167, China)

Abstract:In recent years, much attention has been attracted in the eliminate of emerging pollutants such as personal
pharmaceuticals and care products. In this study, phosphorus-doped biochars were adopted to activate persulfate ( PS) with
the assistance of sodium thiosulfate (TS)to eliminate paracetamol (PAT) ,which was one of commonly used antipyretic and
analgesic drugs. The phosphorus-doped biochar alone could not activate persulfate effectively,and the elimination efficiency
of PAT could be improved significantly after the addition of TS, indicating that a significant synergistic effect existed
between PS, TS and phosphorus-doped biochar. The source of phosphorus exhibited a significant effect on the performance
of biochar. In contrast to diammonium hydrogen phosphate, disodium hydrogen phosphate modified biochar showed better
activation effect on PS. The degradation and elimination efficiency of PAT could reach 80% within a certain range of
chloride ions concentration(0-10 mmol-L™")and pH(4.0-10.0). Quenching experiments, electron paramagnetic resonance
(EPR) measurements and sulfate ion analysis indicated that free radicals(SO, ~#1-OH)and singlet oxygen('0,)were not
the main reactive species in the system, and non-radical pathways such as electron transfer may be responsible for the
degradation of PAT. This study might provide a new idea for the degradation of PAT and the development of advanced
oxidation process.
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WY UL, A5 B AU R BN A B BB 2 A W 6 A TR B P A P B

AR, BEHN, PAT 38 Al i B W AR K SRR 42 B SR AR, Kl v] g 5 800 20 W Z5 LA — 2
MR HATEN X PAT BYRBRA ZREAR AR B g fh e 2 R pi ). o
FEIEACEAR (AOPs) AT LASEIR PAT 9 85K 2o B SRR SR (PS) i PR AL B AR & — Bl 24 1 B 95
fEE AR, B AACR LA (2.5~3.1 V) i 3l pH 8 B 58 S iS ME R AE TG B IAD (30 ~ 40 s ) 22048
A5 TRl A B R R OR AT PR, SOIR AT b AT R AL, SRR OR, IR R AN
P S R 4 R AR S A B ER R A B SO, . LA (R AERE . S (O MR I TG AL T A 2
K.

A= iR el A A ) ST AR B AR A AT A — S kL. BIFSE R A, 2R AR Wk v AR S 3 TR
RIS AL AR A DTS G, O H DR [RIZE R (%) 28 ) S5t S bbb Joe il 1 26 ) e 1 RE A e T S AP AR BRI 22
SO TS AR A R AR SO R HORT R Lk R A W SRR RL , AR ASGR BN BRI Y H Y, 1R g
PRI IHLE REAVRRAE | o 5 252 10 B 0 VR A I P Al . (ELJR: ) S e Ak B %) A 0 e — it L 2 T AR LR 341, 3%
PO D PRI IS A e 22 , i ot 2 B Bl 2 2 R T8 Al sk R A TS AL R R . Bl —Fh i L
A4 B ICE 5 R EAMFE A M 5, B 8B40 R E T Tt A SRR my ™. shani, 6T
WEAB B A 1 Al Bt R R B e 15 G ) ) BF SRR B 5 /0. B ARBR R BN (TS & — T & Bt i Ji 511, 9 IR
IR ER R G AR 2R B SR 2 A0 2L BRI A SR 9T & B, 7 e A ) e TR AL B R AR R R TS 1Y
ISR REL R SO, ST S e — A A 0E T A WL A . FR SR 2R 1 ISR MILTR i AT 28, A Rtk — 2

PRIt AS B9 DA R 3 A 0 A DRk ok v R AR T 28 T B 2 e W e T AT A A PR T R
TEMFERS [ BF9E T PS WREE (TS Wk EE AR Aot | B IR BE AW 4e pH 558 SN A5 XT PAT BRI 5%
M), 38 43 S5 S AR S HTARZE &, % PAT AR AR DL T 53 B7.

1 SRSy
1.1 #RFRF

A2 1) A S I R (R DN ) s FNRER (AHEE =98% ) (WEIR A A (STl (L B R
BCorpral) R (IS Fmie & g (o3 ral) ¥ B B 5 BAL SRR AT BRA Al & A AR oK
Ao B ER N AL E RBRIR | TR FR S A2, 1 A e Ak 2F R e A R W 5 B R (e ik 2f) 1
AREERC A R 52,2,6,6- VU HIBL-4-IRIBERE (TEMP) 5,5~ " F B - 1- Mt & - 469 (DMPO) 1 [ 7R 1~
2B (i) A BRA A 5 5250 FH/K Y ok Atk
1.2 EYREH&E

ARSI DAWE i AR W BV A OB 38 A BRSNS IR 0t e e TR A 1 R R B R R A W k. S
Bl 2 mmol - L™ FHEIR 2 —ANIATR 50 mL, FEFREL 8.9 o FUTE SR AN AR, FE 215 7E 50 C 4444
TR 16.5 h, RETER(MELHA 200 mL-min™" ) ST 550 C (FHEHEE 5 °C -min™" ) ## 1 h. B4
BEIWE BBl ar it B Sk ve 2 kBT WS i 100 H @ B, 12k CPB. AR 25 B il &
) TR) VA W IR Sl — B ORI AR e, 18 o CNP. FH4l/KIR I il 2 B A= 9 e o0 CB.

1.3 YRR

KA B AR B 2T /G {X (FTIR , Nicolet IS5, America) %A ¥ 7k S I B RE M HEA T RAL , A H] X S48
oL FHEIEY (XPS, ESCALAB Xi+, Thermo Fisher Scientific, America ) %A= 4 7% 2% [ 41 )8 F1 0T Z Ak 2R 45
HEATRAE.

1.4 PEFEKLS

B 0.05 mmol - L' 1 PAT W, R A 1 mmol - L' EEALE R 1 mmol - L7 B9 TR R 15 W& 8 15
pH. [a] PAT & KU —E = 1) PS F1 TS, IR, SR G A — & s A Wik, 25 °C 5&0F T TE iR IR
(120 remin™") , A 15.30.60.90 120,180,240 min i} [aI[E] B EEE 1 mL, F 0.22 wm 5 HLYE BT 38
Je PRATF A TR /N A
1.5 SHFE

K HH s RO AR .38 (HPLC, Agilent 1290, America ) Wl 22 %5 Wi H PAT BY MR B, (385 # 4 C18 #E
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(Poroshell 120 SB-C18 4.6x100 mm,2.7 wm) , JisliAH4 H EEF 0.1% H R KA, B L 12:88, i s 4H
TN 0.9 mL-min™", F:IR K 30 °C, HEFERE N 10 wL, #0038 243 nm. 38 i B 0 g 3 9% O % 4
(EPR,ES500, America ) il 2 A& & W vl REAEZE I A 3 PR S |GG MED A, DMPO  TEMP 4354 R A
F (SO, " F1-OH) FRLASAMIIF. RAE 7 @15 (1CS900, Dionex , America ) I % ¥ W HP A BR AR 125+
PRV
NIRRT LE R BEIE N ¢o(mmol - L) AR EIC R ¢ (mmol - L") | LA ¢/ ¢, Rmis Y i) KBRAL
L. >R H Origin 2018 X SCI BRI T AT 25 &, S8 U — K3 J) 2 BERIXS PAT R figp it B E AT 808065
U
In(cy,/c,)=kt, (1)
K o (mmol- L") Ky PAT ISR BT HAHE FE | ¢, (mmol - L") A 7E ¢ I 1A] B3] A3 BE |, ¢ (min ) 2 S 7 IF ] &
(min71 ) AN TR R

2 RSN

2.1 EEEVRMRERIE

3 FhAEY A FTIR 25 324018 1 Frzn. P88 3 4101 590 cem™" FiFIT 0 W2 UL 06 43 59 %oF 7 8 6L 235 g v £
O—H P4EHRBNH C =0 PR30 > ; %K 936.1 038.1 075.1 116 cm™' B i (WL i 06 43 51 Sy P—OH $§ 5
P—O #E5 .C—P ¥&3h P =0 #E5h>>1;500~900 cm™ BT 095 149 25 45 30 7l Gk 5 A A AL 224 i 28 e
HX. aLIEH, 5 CB #LL,CPB Hl CNP ) O—H #Rah&(5 54 I, C =0 WEig 5 0 B34 n. CPB
WAL T CB 1 CNP. X LLZE SRR, 945 22 A BRI B 1Y e BB R 11 RB A A2 T —
S5p=AUT

CB.CPB #I CNP 1) XPS iGN 2 fiis. 45 REH] ok A& A BRI 3 FhA: 9y R m iy £ 2T
K. Hp CB P EAMICE (350 V), (HBHACHE G | X I 165508 55. CPB &t R & A o= B
BB ANITER (497 eV). 3 FEYIA Y O/C ¥7E 0.20 DL I, Ul B A RL 3R 11 7T BB A B2 1 & AU B RE
A1 ,3iX 5 FTIR Z55—%(. CB.CPB F1 CNP 3 Fi A1k} 8 T 2 & 700l 1.24% . 1.95%F12.26% , 1315
FAb B AP R TS AT 2 B

Cls Ols
Nls CB
P2p f
ZNoLy . CPB 3 Ca2p,,
i piioo ‘ I CPB
= B
; ‘ CNP
- | C= O-H
. C-pP=07 | | | | J I | | | J
500 1000 1500 2000 2500 3000 3500 4000 0 200 400 600 800 1000
WBU/em™ ZEE e leV
1 CB.CPB i CNP  FTIR & 2 CB.CPB #1 CNP & XPS % &
Fig.1 FTIR of CB,CPB and CNP Fig.2 XPS spectra of CB .CPB and CNP

X Cls N1s Fl P2p #EATHE—2 A or g fi0 & 45 R e 3 fios.

Cls 7 284.6,285.8 ,287.2 11 289.2 eV A AT AL T 43y 4 AN 4355t ¢ =C,C—0/C—P .C =0
1 O=C—O0(K 3(a—c)). AIEH CPB fl CNP *h C—0/C—P Y& 21N, R BA SOh B 2224 R
o JFE R E REA LR 254k CPB Z3d 1 IRE R A G, C—0/C—P WY& 2 M i LU R R

Nls AI7E 398.7,400.5 Fl 401.2 eV A2 A7 AMARLF M ALIE 4 ol e 250 LI 220 47 BB R 3 M0 >0 (181 3(d—f)).
CB.CPB 1 CNP F 47 SBA R & 10910 2.58% . 12.49% 1 26.07% , 22 F8 K ; B J5 9 CPB 7 B4
F BB R 1S |, Lg% 1 T .

P2p A3 4 (133.3£0.2)eV(C—P =0) . (134.2+0.4) eV (C—P—0) . (135.0+0.3) eV (C—O—P) Fll
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(13620.0)eV(P,0,) (E 3(g-i)) ¥, 5 FTIR " &8 HRER A& . #8445, CPB Al CNP fY
C—P—O HIA RN, CPB H1 ) C—O—P # L8 =& 5 s CNP i FA T PO, 38 C—0—P 11
Lb A1) 5 208 /0 CPB i) C—P =0 $ Y LL W] AKX T CB A1 CNP; EEEJ5 /9 CPB 1 P & & W] i T R, 136
B R B R P BT FE , JF H C—O0—P Fr o Lb IR MR /0. fh ULl & Y, B8 220 A= W e 16 Ak it i R 4k
Rfig PAT A5 50 B 2 A 520

CB [ [ CNP
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C=0 o-c-0

{ E_\_ CPBEHE 5

1 1 1 1 1 J 1 1 1 1 1 J 1 1 1 1 1 J
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5 /(a.u.)
S0 /(a.u.)

55TV AT eV ZEE eV
(a) (b) (©

MEBER  MEA
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\ < . UB
% CPBEX i ’,/,\,’———’M“'vA
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M E
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S /(a.u.)
g

3 /(a.u.)

1 1 1 J 1 1 1 J 1 1 1 J
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4hifheeV 4hitrhk/ev 4ifheeV
(d) (e) (f)
r CB r r CNP
P-O
?‘5 ? C-P C-0O-P ';
< S ' CPB £
M C-P C-0O-P XY ot NS A ANA M
= H =
P
Il Il Il Il J J J
130 132 134 136 138 140 130 132 134 136 138 140 130 132 134 136 138 140
“iEnheevV S5 ReeV “ihheevV
(8 (h) 0]

3 (a—c)CB.CPB 1 CNP K Cl1s i% & ; (d-f) CB.CPB F1 CNP & N1s i& & ; (g—i) CB.CPB #1 CNP i P2p i
Fig.3 (a—c)Cls spectra of CB,CPB and CNP; (d-f)N1s spectra of CB,CPB and CNP; (g-i)P2p spectra of CB,CPB and CNP

2.2 ARMEEIHIRBRBHERIR

HE 4 ATRLE BB TS XF PAT FEABA LBk 10 S, :
SR BB PS S5, 240 min B PAT 1) 3B K 08 M
4%, F W13 BURR R 1 B4 X PAT 9 %1 % B A Jy 7 sl .
$5. 10 PS I TS [N, 240 min WFAY EBRFE SRR € ] o
7.6% , W 75 F 5 % BB (K R itk — 2 I AR BT R, N
PAT By 348 85 , (LR [l BBk B P 2% PAT 2 e
LA IR K 2ZE . PS/TS/CB 1K & 1E 240 min 1 0 50 100 150 200 250

S H 8] /min
¢(PAT)=0.05 mmol-L™" ;¢(PS)=5 mmol-L™";
p(CB)=p(CPB)=p(CNP)=0.2 g-L7";
¢(TS)=1 mmol-L™' ;pH=4.0;T=25 °C

FBRFRAL N 24.9% ; T PS/TS/CPB F1 PS/TS/CNP 14 £
R R N R B T 85.7% 1 63.8% , X KBB4 AEMS
W SR T PAT BRBRECE. tbAh, SBERR A M 1L, B

PPE S A Sk Tk Vg ST (L
@a%h#’fﬁ‘]ﬁﬁ; A A i U Jﬁl:;ﬁhxiﬁ'ﬁﬁﬁ?ﬂﬁ CPB 4 TR R A
NS EyEEss- A HSE YNGR EAS Fig.4 FElimination effect of PAT in different systems
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2.3 PS/TS/CPB & A SR ERIR

& 5(a) a] LIE L, B CPB A 2,240 min B PAT B9 Z2BRZAUN 5% , 3550 Akt B3t T
PAT AR 25 bR Ve P b 22 X mT B 5 ARG L R 1T AR (22.33 m® - ¢ 7' ) A1 G, B A TS, {R & X PAT
)22 BRACRAT SR A B AR L. XFF CPB Fl PS [RIBH IR R ,240 min B PAT B FEARR A 7.4% , 15
F CPB X} PAT B Fff 28R, B CPB XF PS A& fLVE AR b A 55 . (EA5 A&, £ PS/TS/CPB K &
o, PAT RERE PR L BR 240 min KFRFIEH] 85.7%. LiA LR Hr 4, PS/TS/CPB (R & X PAT My Lk &
R I R AR TS S W R SE BLAY, PS TS AT CPB = & JL 77l LIS B PAT A 5 2% % it 25 k. AR TR 5T A1
UV-LED/NaClO R T 2 B KA 16 et SRR £ i G A M T 251 B RE 3 f% A PAT, {H PS/TS/
CPB KR THAMME R, I H AW et i @ A8 F W g oK A, A RN AR B, 75 & M B ifF oe a8, Ui
A 7 ik LA Se e A At
2.4 PS.TS #1 CPB & MEXT BB EBRARH T

HE 5(b) AT EH, BEE CPB A0S S, PS/TS/CPB K & h PAT [ 2= 3B Wi n. CPB 145
0.1 g L7 E 0.3 g- L7, & BB 52.6% 12 90.7% , — %% 5h 124 & %5 (K, ) T
0.002 6 min”' £/ % 0.008 9 min™' X A fEJ& TN CPB i, vl 2o 2 A 18 PEA 4, ik T
PAT AR, & 5(c) FRERE PS FOME M 1.0 mmol - L™ J11%] 5.0 mmol - 17" ,240 min i} PAT FEf#ZM 47.3%
] 85.7% K, M 0.002 3 min™ HEANZE 0.007 4 min™",{HY4 PS HHEE R A —E (H I, H AR SUR 4k
B R A A e BRI AN TS AUV, ASREFR AL A AOTE PR s G ki 5 PS. & 5(d) AT A
LB TS YEEE M 0.3 mmol - L™ 38115 5.0 mmol - L', 240 min BF PAT F&f% 3R I FFUR 1Y 77. 1% 38 K &
85.7% , SR 5 SUZHT N %2 65.6% , IiHTE—E & CPB Fl PS BT, TS AR LR B, i i il TS S ASF)
T PAT WIREARERR. BRSPS TS Al CPB #1251 PAT [REAR , H = Z [IAFAE DRI R

10 ay o o 1.0 —=—0.1g'L" CPB
) 3 2 3 \
\ e 02¢-L" CPB
081\ —=— CPB 0.8 1\ oor
TS/CPE ——03g-L' CPB
- 061 \ PS/CPB ; 00
) —h— (&)
S o4l ko + — PS/TS/CPB ° 04
02+ I 0.2
-
| | | | J | | | | J
0 50 100 150 200 250 0 50 100 150 200 250
S [B] /min SN [E] /min
(@) (b)
1.0 —=— 1.0 mmol-L™"' PS 1.0 —=— (0.3 mmol-L"' TS

—— 1.0 mmol-L" TS
—— 2.5 mmol-L" TS
\\ —v— 5.0 mmol-L" TS

04F N —

—e— 3.0 mmol-L" PS
—— 5.0 mmol-L"' PS

0.8\

0.6 - 0.6 -

cle,
cle,

04r

02 02

1 1 1 | 1 1 1 |
0 50 100 150 200 250 0 50 100 150 200 250

SR A]/min S A ] /min
() (d)
¢(PAT)=0.05 mmol+ L™ ;¢(PS)=5 mmol-L™' ;p(CPB)=0.2 g-L ™' ;¢(TS)=1 mmol-L™! ;pH=4.0;7=25 C
B 5 (a)PS/TS/CPB fkR¥FH A BMAIEMK; (b—d) CPB 32 hnE PS iKEF TS iKEXT PS/TS/CPB & &
EEM AR
Fig. 5 (a)Elimination of PAT in PS/TS/CPB system; ( b—d) Effects of CPB dosage ,PS concentration
and TS concentration on the elimination of PAT in PS/TS/CPB system

2.5 SETFIREMG pH M ARBEBRLRNZM
HE TR BT T, )2 TOKERME P, TEm AR R, S TR S AR IR R A
P R [ ph S I AR — S G 2. ol TS B A A RE D B, 2 S BURA IR R XA LY
R AR AR IPEART . BB 6(a) ATLAE Y, 7E 0~ 10.0 mmol - L™ A& B 0 11 P, 480 10 5028 %o Ak 2R e ik o
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MR/ PAT (R R 25 SR R AR LARFRTE 80% LU L. ST 1t , AN S WA 28 v 2K 4 W At ' FH 40 356 2 4 o i
A L IEAN, AR R T T & i i5 K T PAT 1255k,

[FIRE , pH 2 = AR R rPosg i 15 e ) KRR EE N R, R R, pH T = & R BURIRR A
A3 S S AN, A R [ 3, JF ELARPE R R AR BRI A R IR T B MACR T
R K 6(b) ATE W, 76 pH=4.0 . pH=7.0 Al pH=10.0 514 F , PAT FURRfRHA32E AR/, &
1k E) 80% LA 1. TLAE A8 SOV AR 3R RIS I R 812 119 pH A%

1.0

0.8

0.6

cle,

—=— 0 mmol-L" NaCl
—e— 0.5 mmol-L" NaCl
—+— 1.0 mmol-L"' NaCl

N v 10.0 mmol-L" NaCl

cle,

1.0
0.8 -\

0.6

04+ 0.4
02 0.2
| | | | J | | | | J
0 50 100 150 200 250 0 50 100 150 200 250
SV Hs) E] /min J N [E] /min
(a) (b)

¢(PAT)=0.05 mmol L™ ;¢(PS)=5 mmol-L™' ;0(CPB)=0.2 g-L ™' ;¢(TS)=1 mmol-L™! ;pH=4.0;7=25 C
El6 (a)@BFREMNERIMABBAIHN; (b) ¥ pH X EBR A ERAIEM

Fig. 6 (a)Effect of chloride ion concentration on the elimination of PAT; (b) Effect of initial pH on the elimination of PAT
2.6 REERFEDFETEE

TERINBRAEHE AL PS A& R BT b, 15 G4 (0 ek A a3t 05 PR T Al BEAE . 4ok, — SRS 4
BT AE A AR R AR ARG RS AR R RS R, AP o VK SR 5 EPR I FHES 14 Bk
WHFE PS/TS/CPB 1A A H1BEAEE A h AP AR 12

FIBEXT PS/TS/CPB R Bk PAT MM ANl 7 (a) Bizn, W1 LA Y, B B8 i AR s AN A 2 68
HIVEHT, 240 min B AR 85.7% B2 79.6% , AHAL TN T BERS (1 23 B 3 AU AR T 6.1% , iX W]
H (SO, " Fl-OH) AN JE A 2 b 4% 3 2/E FT TG A, SR 5 3@ ik DMPO 4 3K #47 EPR &0, 4
& 7(b) fizs , A B RIS = I —2PUESE T FIRHER.

XFTAE A AR BT Ay RS R — R B A R R, AR HE— R T HE
PS/TS/CPB 1A & i B2 S AAAE R AT REME. ANI&T 7 (a) 7, Ta) (A 38 o I ARt ( FREZ SE0R FRR) ) W
T PAT BYRESE , RUVA R rh ] BRAATE R LA . SR, Sl AN 5T A 0 B o] L) 4% SR & i PS
BN, DT U35 VK 22 v AT AILTS G 0 R B e 20 DR b, VAR K S 6 1 285 SRS BB IE B B S U A2 . FE A
TEMP J5 /% EPR 35 & ( 7(b) ) F3%A WAL 2 W 58 () TEMP FlEAZR 28 480 N 7™ A A RRAE 06 | R 1 B2 25
AALAJE PS/TS/CPB KRR h FZ A TG M.

1.0 —=— PS/TS/CPB/AET: i
0.8 —*~ PS/TS/CPB/HIfi PS/TS/CPB+TEMP
) —s— PS/TS/CPB - . -
_06F
O
S o4l PS/TS/CPB+DMPO
MWWMWWWM-WWWW
02+
S W EFE]: 5 min
Il Il Il Il J Il Il Il J
0 50 100 150 200 250 3460 3480 3500 3520 3540
St (] /min Wis%/G

() (®)
¢(PAT)=0.05 mmol+L™";¢(PS)=5 mmol-L™! ;p(CPB)=0.2 g-L™';
¢(TS)=1 mmol- L™ ;e( FE¥) = 988.5 mmol - L' ;¢ (BfFE)= 1 mmol-L7";
¢(TEMP)= 0.1 mmol-L™" ;¢(DMPO) =1 mmol-L™" ;pH=4.0;T=25 C
BE7 (a) REEFAMREEXY PS/TS/CPB {k R KRR MARBAISEND; (b) PS/TS/CPB {4 % i) EPR & E
Fig.7 (a)Effects of methanol and furfuralcohol on the elimination of PAT in PS/TS/CPB system;
(b)EPR spectra of PS/TS/CPB system
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25 L RTIR, A AL (SO, Fil- OH) FIEALR A4 AE Ry i PE W A 1) AT BE P HEBR | DRI J5 2200 5% o e B ik
T HRFHBMEAE A IR, R — LI AE T PS/TS/CPB IR R v, Wit 7 R £k i % Ak N 54
MU 3 F 2500 G, BRI, AR B SEE 88 1 B R [ AR B 1Y 3 i 288 (X il 28 1 ( PNP ) L Fh AR
(PAT) MRS (PHL) ) VR HERTS Y9, R 43 Baom PS TS #9757 5X, 43 ARG T W B S ok gk st R xof 3
M ) 2 BRAE . Qi 8 (a) Fiow , CPB Xf 3 A 284 o it M B P B B AT — 2 1 22 5. 5 PHL A1 PAT ML,
PNP W45 55 W B 7E CPB 6. AT A W PRI 7E 60 min B IA R F-EARIRAS  PNP PHL Fl PAT Y545
FO AR 22.3% 1.4%F 3.9%. BEJGASIN TS, By it i) 25 BR G HVIE LA K. 120 min BFJITA PS, 3 Fip 2
YT BRI B T W35 25 5. PAT AYSBRR M 5.6% 2 [ T+ 5] 87.5% , PHL [ BRF M 10.1% I
THE 25.1% , 1l PNP {53 LT-BA 281k, =3 (0 A o 25 503 34 0.011 9.,0.000 1,0.001 6 min™",
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R, X it — DU T PR HLRITEAR R 48 T VR eAh, &l 4 R, PAT 78 PS/TS/CPB Fil PS/
TS/CNP (&R P BRI & T PS/TS/CB AR BB A e i Tt B rp R 45 T 2R H. AR
¥ Strelko 251 (I FT , B4 2% T LATACAE B A 6k PR 30 110 MG T 20 A 8 2R 5 Ml 5 AT 58 %) 9] T 3 5 i oA
L TS HBE 7, 33X 1] RE 5 PAT 78 PS/TS/CPB & 2 B AR50 3 B e 1 SR P

i 3 AL 2 S N H T B ML HEAT BRI, NI 8 (o) B, R ECHE R A9 A B EAT IR BR AR 22 3,
(CV), TR EH,CPB BT BRI AT AR T CB, FWMES CPB BYBHPTREAE. X HRE 8(d) B
FERZ M (LSV) AT E ), FEARR R T, PS FITS BUMASE & TR R TR ; 78 PAT fE7ERIR R i
T HE— 0 AR B E. CV A LSV AR LI, SRR VAR R T A TR A, 28 LTk i
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Fig. 8 (a)Elimination of different phenols in PS/TS/CPB system; (b) Concentration of SO2™ in the solution;

(¢) Cyclic voltammetry test; (d) Linear scan voltammetry test
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(1)PS/TS/CPB A& Z Al UM £ KK 1 B PAT, 7E ¢ (PAT) = 0.05 mmol L™ ;¢(PS)=5 mmol - L',
p(CPB)=0.2 gL' ;¢(TS)=1 mmol - L™ ; T=25 °C;pH=4.0 54 F, 240 min IF PAT f4) [ i % 1k 3]
85.7%. Wits 4 Ab PG IR (9 BEREAR X A= ok BTG AR MR RE = A T — /2 152 ).

(2)PS.TS Fl CPB Z[MIAFAE M RIME T, 76— S8 TR (0~ 10.0 mmol - L") FIA [ H] 45 pH (4.0~
10.0) T ,PS/TS/CPB 1A & Xt PAT ¥4 80% L Iy,

(3)PS/TS/CPB K R IERH ARK: Y A H13E (S0, " Fl-OH) MIBALE A4, PAT (R LA S5 E A 3t
R TR .
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