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LWL H T R RRE 5 TR bR . S SR bR S TR [ 507 I & TR SE0 5, BUM 3100185 2.7
LA TLARGI SR B L, 2% 312000

W B YR EM R (nanoscale zero-valent iron, nZVI) 7E M EFEH 5 FI 5 . 5 Bl AL FIHE DISCAE [l , SRAT LR
AR, ke @ M i T A 4T 4 (activated carbon fibers, ACFs) /EM#kA, LIE " WHIERHN (Na,S,0,) TE A Hifkik
7, e i M e £ 4 7 3 Tk 4K B A 8 B & B #) (activated carbon fibers supported sulfidized nanoscale zero-valent
iron, ACFs-S-nZVI), J%% 7 B &M e iGtbid — MR (peroxymonosulfate, PMS) [ i = & 751 (trichlorophenol,
TCP) ikt pE . SN HLEE R B &2 A R 68 . MPBERAEZE SRR, Gk AU LLZE G nZVI B4k, 0] LUk
nZVI (WL FAERE S, M5 A ACFs R4 U M K42 & T itk Ak ZE 40 8k (sulfidized nanoscale zero-valent iron, S-
nZVI) (AR E M . Sl AR SRR R I, YN AR BCE R S/Fe L 0.3 i 25 °C. pH=6. fEALFIBINE
0.5g:L", PMS & 0.5 mmol-L™"' i}, ACFs-S-nZVI/PMS &R F I H f AL TERE , 78 30 min PYRIAT 2555 99.14%
10 pmol-L™" 4 TCP, WM TARUHERIRES . LA, IR R BARTEN pH(2~10) R . M5 7 TIRE 1L
Koty o i B A I VERE . H TG 2L 4R % (EPR) A A |y BR AR S 25 5L R W], AR A ik COH) . BRI FI g 2
(SO, M A H L (0,7) 25T ACFs-S-nZVI/PMS &R WAL R . 25 LA, ACFs-S-nZVI B b eI 5
FoE M . PR I MR SO AS, ZEMEARIEAR A LT S Je J H R B B R P R

KR  SHURE; BRALAURFTMN R, I —BRRRER; TR Y

HGRNSAEAFHEERI SIS RIS, KT Gl Ss EHE2m NS0 A arfdhle . B2l e Kk
DLROMERR S DA A Eis Yz —, Hrh =%78H;) (trichlorophenol, TCP) K H St MEUmIEE g3 A
rhAe N RSN AR SIS . 56 EIAE AP & RN A A AR L el e H ok . B, APy
G ik FEAOCREARE | AR AR SRR, SR, DR ER A B, A F i A
W FFRAEADBRAICREL 22, Sl s e AT T S v a2 31— R B A PR

VAR, BTG S W FP (reactive oxygen species, ROS) ) 5 2% 8 1k 3 R (advanced oxidation
processes, AOPs) [FIHFRVERI ML, SO E . X E 2 LA/ NETL S 2 2 AR 2 R, &
SIS kR B ATRESE 5 0 H i A S PR B AR Z —, FERIA Fe(1) S5id AL A (hydrogen
peroxide, H,0,) [RIFYS A EATSRAE AL AL H HiZE COH), MIMXT &AM TA S HE 0, B7E
PR ZR o, AR SR FEME . SO FTRT pH SZRR . OB S 7 A IR G 2 18 1 i G A ) R A
FEXTIRLEERRG, WIEE IR & A B AR R R UG S A i i TR TS FHorp, gk%E
Hr8k (nanoscale zero-valent iron, nZVI) BATRIERESI0R, WAL, EAAFEMAS, B —FhEAR rE A
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E—1EE: KT (1999—) , Z, WEHFAE, 202130302215@mails.zstueducn; RRBEEE: B4i45 (1991—), B, W+, @l
WFIE L, wylv@zstu.edu.cn


mailto:202130302215@mails.zstu.edu.cn
mailto:wylv@zstu.edu.cn

3258 ok L B ¥ W EEAVE S

HEAERIAE S SR, nZVI ok RIHERRE S . R tE2Eim oy kAR IR FEIfL, X FECEIEIERE T 1%, i
HWEX nZVI S TE RGN, DRSS nZVI Faet e e,

PTARFFE R, nZVI BaRAL %) (sulfidized nanoscale zero-valent iron, S-nZVI) BEA A= nZVI /Y
fEAETE TN R AL R TE nZVI R E—ZHAEEL (FeS), FeS fEABREIAY nZVI, 7T DA%
nZVI F5EALER ; [FRF, FeS ELA MRALALA 1] IS nZ VI (R 15 tERel >, 4R, 7esEPrn i,
S-nZVIISRAFAEZ SR . MERMEEGs . i, AVNER SR e A S AWk, 508k -, o
— R E H R A B R A . TEEACET4E (activated carbon fibers, ACFs) J&—F L miakik, S5H
BRI, HABKRMILRIMN, FErRNEERER (—COOH, C=C. C—OH Ml C=0 %) L\ K
Sy YRR, 7E ACFs L f#k nZVI REA RS nZVI rakE, RIS, SRR REAA 2200
SCARZER, R PR, FESEBRIH T AT AR R PR, i PR AR A T A, K S-nzZVI T
ACFs il 215 3 (1) 16 T o £ 4 0 38007 fh 290 K 244k (activated carbon fibers supported sulfidized nanoscale
zero-valent iron, ACFs-S-nZVI), WA T S-nZVI S . MERMR R, 47 EET; S-zZVI H1iE
MR, (HY24 Mk, ARG KT ACFs-S-nZVI 2S5 RHH T BRI A BTG5 G R HRE o

B, BHIRAIRE ACFs-S-nZVI B GBS SPEREZ MoK, I TG ik — g £k
(peroxymonosulfate, PMS) FEf#E/K Y TCP. ABFRIFAIRIY THREkLL . RNOREE . pH. fEALFIFISA L
RPN ESEXT ACFs-S-nZVIALPERERGEM . [RIET, 38 X H SEI6 AT TR LR 1% (EPR) 4347
BT ACFs-S-nZVI {fifk PMS [ 256k TCP BYSBALHE,

1 MR5REE
1.1 SRR

LK ABRBR W L (FeSO, 7TH,0). i W AR (Na,S,0,) Fl 5, 5- 1 F&-1-MLHE Bk-N-S 1L W) (5,5-
dimethyl-1-pyrroline N-oxide, DMPO) 4 H 152 si AL RHEAIRAF], 2, 2, 6, 6-PUHIEL4-IREERR
(2,2,6,6-tetramethylpiperidine, TEMP) 4 [ 5% B Ak 224 K (B) AR A, BER (H,S0,) Al & 4L il
(NaBH,) 4 F K A2 A BRAA F] . E4E kAN (NaOH) FIJG/K 2 (C,H,OH) W A4tk T, Rk gk
TAEALFINA H R KB, ACFs I F VL5 IRl e BR A F, JEEN 0.3~0.4 cm, RN

900 m*>g ',
1.2 IS
ACFs-S-nZVI RPN HI £ . & 51 ACFs IRARHIRIEK (3 mol'L™), SRISTE 25 °C /KIHFEIR T

&% 24 h, BULEHEBE TKZUEMPES, BT 60 °C HAET T4 18 h J545 M. MEMFRE 100 mL 251
KB =FEa, SRIGTERSINE FIFFIIA 1 g FeSO,-7H,0 1 1 g AHHJEHY ACFs, L) 300 r-min ' %4
PEPE 2 h 5, I 80 mL 1 g NaBH, F1 0.1 g Na,S,0, MIRATAM, AkEeis 30 min 5, BT AL
FIFHEB TOKFIOK CEASRRUEL 20 3 Ik, BERE T 60 C Hastiidh T4 6 h, RGEFIAHuIR B AL
A w2 S/Fe bl 0.3 B9 ACFs-S-nZVI. I, 38 o 4 7] 45 74 il 25 K il Na,S,0, i ACFs-nZVI Fl K il
ACFs ) S-nZV1,
1.3 {E{LPEREsIE

B 20 mL ¥eBEEH 10 pmol L™ By TCP R AHEIERG T, H H,SO, 1 NaOH WM 5% pH, FFImA—
FEH MY PMS Ml ACFs-S-nZVI, fRJE¥H#E S THEERG AT, W R NRE R —EE, &Eks
150 rmin”', 43%0F 5. 10, 15, 20, 25. 30 min BJHUE 2 mL, 48 0.22 um JERENE, SRJ5 HES0RAH
5 (HPLC) M2 S8R TCP M & it . R SCI0i 2 A FPATHE . WMsEasr, RO 45 & o iR
25 °C. pH=6. TCP ¥ 10 pmol-L™" | #ALFIFMIE 0.5 g’ L', PMS $NE: 0.5 mmol- L™,
1.4 SWEE

TCP ¥ B AR A5 (Waters 2 707) 52, 3 shAH A B s 25 8 7KW (V:17=80:20), ik
0.2 mL-min”', H:E 35 °C, #FEE 10 uL, KK 295 nm. R VRS T 1B IR SULAR (KSCN) £24h
SIFEOERERIE, PMS B FIRLEAR (KT) A1 KSCN 25 BREe .
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1.5 HMRIFTEIE

KA R S T 245 (FE-SEM, VltraS5) FIEERHY (EDS) W% S-nZVI M ACFs-S-nZVI IS
FOCE M i . R X BARATFHL (XRD, Ultima IV) XHRES A SIARZER . AU f i, M4~ Cu-
Ka(40 kV, 40 mA), ek Iresh 3 KW, SiifE 20 7 10°~80°, HHGHEEN 5 ©min™' . SRAEHEIM
LT HMDEREY (FT-IR, Nicolet 5700) XFESL AT, 9 H5IECH 600~4 000 cm™, Z3¥HE%EN 4 em™ . SR
FH X BHE6HFREIEIY (XPS, Thermo K-Alpha) XIE e SN HiJ5 26 G2 4SS M A AR A TR &%
538 o
1.6 EUEZESR

FIFHHAL: T AR, (CHI 604E) HEFFHAb~AMN, MACRFH = R SE, LR . IR ATH R B RN
PR AN E X R . S LA TAERmAR, BTN 1 mol- L™ KOH ¥l . Mifil3 8 1% ACFs-S-
nZVI 1 ACFs-nZVI BUHE G BB F , BX 1 mg s8I e A AL R 34 S0 40 BUCERR 1) Nafion W (0.5%,
50 uL) Hr, SRJEHL 24 (43 12 3K, BRHR 2 uL) IRE G HTARas e Tt b, a5 E .

MR (LSV): SR EIAe B, ARG Ve LSV M, BB 7 IX[A] (3~-3 V) Ak
(50 mV-s ") FESE, MERFFG 5 HHORE DGR AR FL T ) s B TR T B 04, Fe A5 ) LR FEL S R
WA AR A 2R B 2 R 221

HLAL2EBHPTEAR (EIS): #5 st fbilialie &, Seifie i, SRR EIS AR HAZ ARl ih
JE, R 3 s SR (100 KHz) . fBAMAIER (1 Hz) DL JARIE (0.005 V) 25585, 495831 A miE
RSS2 RS Z 4l h 2 R R r A 2= BT
1.7 EPR LK

£ 1 mL R INAGE B DMPO =% TEMP /B3R, 1RG5, HBAE BGE SR GBI
HL IR R A, PSSR T 3510 G, FHESEREN 80 G, W% N 9.77 GHz, Th#
4 20.00 mW . FJF] EPR %5 ACFs-S-nZVI/PMS R Z 7= 10 A EM & PrreiEg, Mt —LHWrk Z
=AY ROS.

2 FER5ITR

2.1 MRIERME

KT A% (SEM) % S-nZVI, ACFs-S-nZVI BRS04, 450 mE 1 s, ol
UL, S-nzVI Bk S ERIEFEIRFES] (K 1(a)), AU BHARNS, Bk B2 KLTE 200 nm 47 (B 1(b)).
& 1(c) J&7F ACFs Mtk S-nZVI J5 %) ACFs-S-nZVI %, Il ACFs BALFYBREEH, R nyakik
Bk, H ACFs £ T—)2 S-nZVI ki, FURAHXTEORES) (B 1(d)), TR ARRSG, [EfEE

ACFs-S-nZVI

m&_‘

m ACFs-nZVI
% ACFs
k S-nZVI

l PDF#06-0696:Fe

L 1 1 1 1 1 1 1 1 L 1 1 1 1
10 20 30 40 50 60 70 80 4000 3500 3 000 1500 1000

200(°) Wek/om!
(a) ACFs-S-nZVI, ACFs-nZVI, ACFsHIS-nZVI/{XRDIE] % (b) ACFs-S-nZVIRIACFsAIFT-IR %

B 1 #4458 SEM BISFITT RAGTEIS
Fig. 1 SEM images and element mappings of the catalysts
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R, ZethakletE I R BRI ek, EZEHAE 20 nm Z247, 6 ACFs XF S-nZVI 28] T 845195
BOAEITER], XATHE T ACFs BARmE MR 5 LA Z M ROV ERER, REAAL
W B4 J O o AR R AR E A i U eAh, HOTERBURES R (B 1(e)~() FT W, Fe. S. CHl O JLHRTE
ACFs R0, LT S-nZVI ELFAER RS k.

K X MARATHHL (XRD) XHFES A S IARZER . AUSaEA T, 253 an1&l 2(a) Bizs. AL, ACFs 7F
26=22°~28°AMAFAETCE RIBR AT ST, 1138 nZVI J&, ACFs-nZVI 7E 260=44.6°F1 65.0°4b 3L T H IR 5
g, A3BIX T a-Fe i [110] A1 [200] S, #F—AE T 527E ACFs KWK T Feo HATER
PR, BfbidBm nZVI REJERL T FeS P2, nTARANE o-Fe %k, (HEEHARWEES Smibs
WIAHSCHE, RTRESE PRI Sl gl AR, Ak, 5 S-nZVI APEMHELL, ACFs-S-nZVI #1%} o-Fe 4§
TR AT SR A5 o X T ACFs XF S-nZVI HA A A& ErfER, SRSl T ACFs-S-nZVI #
BTN AR, FEIUPPRISE SR, X5 1(b) . 18] 1(d) T aisletm iRk AR 280 N
WL

IS LTSGR (FT-IR) 4347 T ACFs-S-nZVI Fil ACFs IO B RER . 1nI&l 2(b) i, 1E 600~
4000 cm™ P, ACFs-S-nZVI Fl ACFs Y FT-IR Jtiii-F—%, #Jf7#7F—OH (3441 ecm™), C—OH (2 858,
2932cm™), C=0(1640cm™"), C=C (1557 cm™) fl C—H (1425 em ") 4 ¥R5) . {H5 ACFs L,
ACFs-S-nZVI7E 1 118 em™' H1 1 031 cm™ Ab L 7T BRI, 23 30XH0 T SO, il S=0=S My fiZifi
8, XF—UESE S-nZVI BRI ET ACFs £,

ACFs-S-nZVI

m&.ﬁ

M ACFs-nZVI
% ACFs
A S-nZVI

l PDF#06-0696:Fe

L 1 1 1 1 1 1 1 1 L 1 1 1 1
10 20 30 40 50 60 70 80 4000 3500 3 000 1500 1000

200) Welr/em™
(a) ACFs-S-nZVI, ACFs-nZVI, ACFsHIS-nZVIf XRD&| % (b) ACFs-S-nZVIHIACFs{FT-IRY:i%

B2 A XRD BHEA FT-IR il
Fig.2 XRD patterns and FT-IR spectra of the catalysts

2.2 ACFs-S-nZVI j&{t PMS [£f#% TCP

S-nZVI HiEh & B H NS A EES S, R, AT %EE T AR S/Fe X ACFs-S-nZVI/PMS
1R ZREBRUE A 10 pmol- L™ TCP AYSMR, 455UNE 3(a)~(b) Fizs. BEZE S/Fe HLIIMEIN, TCP HyEERZF
SN R B T R SR FRRA A SORFUN IS B2 R, nZVI REJEM T FeS, HEA
[t nZVI1(4.06 eV) T & A HLAL (5.02 eV), FFMHEE TIRRNE FHRBESR, il EmibsHFe K
nZVI I —ARACIEER (FeS,), T FeS, AFBEL (0.95 V), 2IsZe T feiddli=, JEmpHAT 1 TCP /Y
BRI AR, 24 S/Fe HLA 0.3 BF, AT A BUAMEALFIZE TCP A BRI HP B T Befhi) R
(99.14%) 1 J 07 38 8 8 (kp=0.148 min', JFHE L (1), B, JEEMFE R 24T S/Fe el
0.3 W4 ACFs-S-nZVI MEHER AL 3T

In(C,/Co) = —konst M
St LI, ming G, TR AYIE, umol-Ls % ¢RI
umOI'Lil; kobs %ﬁg&ﬁ]ﬁiﬁgﬁ% ) minilo
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1.0 0.15 1 ,§
08} o S/Fe=0 0.12
—0— §/Fe=0.1 Q
—a— §/Fe=0.2 § § Q
A 0.6 —v— S/Fe=03 e 0097 Q
3 —o0— S/Fe=0.4 £
© 2
04| < 0,06}
02} 0.03 f
oL . . . . : 0 .
0 5 10 15 20 25 30 0 01 02 03 04 05
J2 )3 s} ) /min S/Fe
(a) S/FeXI SR TCPI I (b) TCPfJ Ik 535 Kk,
12, 2:ACFs-SnZVI/ Pl\fs,‘bf/fpsfzw PMS; 0.18 1 a:ACFs-S-nZVI/PMS;b: ACFs-nZVI/PMS ;
¢:S-nZVIPMS ; d. kit & bHEHPMS ; oL SnZ VLIPS d FE1E 2 A b ELPMS:
L0 ¢:ACFs-SZVI;f:Fe,0,/PMS; g: PMS o5k ¢: ACFs-S-nZVI; f;Fe,0 /PMS ;g; PMS
08} 0.12
- E
S o6t E 009
o s
< S
04 F 0.06 N %
b —=&— U < & ﬂE
02F ¢ 0.03 f § 2 gz
——d —©o—e¢ =N ) "
——f g
oL L e N
0 5 10 15 20 25 30 0 4 ¢ d e £ g
SV A ] /min
(c) RIEALIZ R 50 2 TCP T (d) TCPHY R R Kk,

3 ACFs-S-nZVI i) S/Fe LE SREMEN R A FRITZERR TCP BISZAT
Fig. 3 Effects of ACFs-S-nZVI with different S/Fe ratios and different catalytic reaction systems on TCP removal

HE—EH, ABFFEIAERSIE T ACFs-S-nZVI/PMS. ACFs-nZVI/PMS. S-nZVI/PMS. Iron-carbon/PMS .
ACFs-S-nZVI, Fe,0,/PMS Fl PMS A AR 2 ZBR¥EE R 10 pmol- L™ TCP (HERE, 41&l 3(c)~(d) FizR o
30 min N, FABREY) PMS Fl ACFs-S-nZVI /R R {UEE LR 10.26% F1 37.97% (1) TCP, Ifif ACFs-S-nZVI/PMS
R ZXF TCP 1 L BRFTTIEH] 99.14%. B MR BSZ, ACFs-S-nZVI/PMS (& R TE 5 min PRI AT £ BR
62.15% ) TCP, TiAHEIIEIN, S-nZVI/PMS F1 ACFs-nZVI/PMS & 2 % TCP 153N 38.41% Fil
30.72%, ULHIRABZLHILL ACFs VEREUATT DL E T nZVI BfEAerERE, X nTIHBETHAE I T nZVI 1Y
HL PGB %, 1 ACFs 1E R 28R AT LIXT nZ VIS 3] 43 8RR e VR =, (HASE = /&, ACFs-S-
nZVI/PMS & & £ B TCP 13 R 5 ¥4 (0.148 min™") 43512 S-nZVI/PMS & F& (0.055 min™") Al ACFs-
nZVI/PMS {£Z (0.096 min™") /7 2.71 1 1.54 £, HIELS5TRLALR Iron-carbon/PMS {4 (0.038 min™") Fl
Fe,0,/PMS {AZ (0.011 min™") i, WRIH THRKMEHE, X#tE—HUi T ACFs-S-nZVI/PMS (KR EA
PR e PERE
2.3 RNMBHI ACFs-S-nZVI #EHME MEERIE

FVIREE . pH . AT EALHI R P A FIPERE AL ZL 2420 anlE] 4(a) 7R, BEEIREER T
f, TCP(10 pmol-L™") [ LB R g, B T A AT RO T, SRR AT s v] LA
IngyF-lalmiAE A, BETIE T PMS AUTG1L, TCP BYERRFWEEZ =R, FnF, MRS 27
TN TR AERE (Ea) M 12.03 KI-mol (K] 4(a) #[&), 1581 ACFs-S-nZVI/PMS 1K Z AUHEALPEREXT K20
TR BE BRI N, AN, SERRBRKAEAER M 2%, pH JERIEY, I pH & MR 2 8 SR
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-1.35 —o— PJtHpH=2
: L —
-1.50 —— YIhHpH=6
\ - - 8 —— PIipH=8
0.8 | = -165 0.8} \ 2 6 —— YIthpH=10
E=13
-1.80  £=12.03 KJ - mol"! R 4
06 r R2=0.981 06 r 2 5 3 3
% -195L 1 R -
o 3.1x107%3.2x10-33.3x10733.4x 103 L ¥ItE0 5 10 15 20 25 30
04 T-1/K-! O 04 J52 o7 B[] /min
25C —0—35%C —v— pH=8
02} 02} —O— pH=10
0k . , . —sh Ok , , , : i
0 5 10 15 20 25 30 0 5 10 15 20 25 30
SV 8] /min SV [ /min
(a) IR EBRTCPRYFEI (b) pHXF ZBRTCPHFZ M
1.0
0.8 F —0— 0.25 mmol - L'
—o— 0.5mmol - L!
06 | —4— 1 mmol - L™
S —— 2 mmol - L!
o>
0.4
02}
0k X
0 5 10 15 20 25 30
SRV B[] /min SN B[] /min
(c) HEAEF X L BRTCPAY S i (d) PMSH Xt LBRTCPAY S M

4 BE. pH. BUFIFEF PMS iREXT ACFs-S-nZVI/PMS &% %R TCP RIS
Fig. 4 Effects of temperature, pH, catalyst dosage and PMS dosage on TCP removal in ACFs-S-nZVI/PMS system

P EESSER, Mt PMS SR RN SR pH RAEARERY, BRI, ABIFSE i Jei58 TR
pHTE 2. 4. 6. 8 Fl 10 B, SAIA pH MR A9ASFk, 25 R ANE 4(b) IR E iR vl 0L, 7EARRWILG
pH T, ACFs-S-nZVI/PMS {&% pH TENNA PMS J5 3 T 1%, X4¥04h pH o 2. 4 Fl 6 B, AR pH FE e
1.99, 3.55. 3.83 Z&47, HHIhh pH 2350 8 Al 10 BF, 1RZ pH 2848 ETHE 4.01 A1 4.85, A5E3fRM:. TCP
Ffst R (1 4(b)), 40046 pH i 2 3513 10, ACFs-S-nZVI/PMS 1R Z X% K 10 umol-L™" TCP 1
FBRFAIREIAE] 98% Aidy, WIUL, Rl PMS 5| AR R WIS pH B FRE, (B ISRV IR
T ACFs-S-nZVI/PMS & R ATl SEBUHG YA 50 2: bk, Ui ACFs-S-nZVI/PMS 1K £ 3% pH 15244
AN, TER TR AR RS AR X AT RESE P MR ALY nZVI A L TR nZ VI BAG T A IARE
PE, WL ACFs-S-nZVI 7256 pH JEF A A B R R g PE

HEAL T H B X BE R 10 pmol- L™ TCP B9 25 B R A2 i 4 1&] 4(c) Frn, 24 ACFs-S-nZVI H & i
0.2 gL' #4505 gL' Bf, TCP MEBRRBBEZ 25 . X —BR UL IABEE AR R A, E2
AIEPEN SRR, NIMREE T PMS (19iE (LT TCP IFEAEEY, Ak, 4 PMS B 0.25 mmol-L™ 34/
#] 0.5 mmol-L™" i, TCP(10 umol-L™") [ EFRERAMZEIE N (& 4(d)), K10, BlEE PMS R4 m
% 2 mmol-L™' i, TCP (12 bR BRI A I 55 o X2 R R P A el | PMS, Hy=A: i k&
ROS KA T AR, 330 PMS $ICHAHFE, MIMHIE] T TCP BIREE "
2.4 ACFs-S-nZVI/PMS {AZAVFRE MRS AR

TR A SRS TR B A — S AR WL T, X Le T S X AR PR R ™ A 171 T2
B2 R, BFSE T LR LAY EHLERES T (SO, . CI', H,PO, . NO, . NH,". K'. Ca®Fl Mg*") FlEsH
fi# (humic acid, HA) X} ACFs-S-nZVI/PMS & & 2B & 4 10 pmol- L™ TCP BYRZM . WAl S(a) Fis,



%5104 TRTIET : IEEBET LSRR AL AR TN B TG AL PMSI it — SR 3263

ACFs-S-nZVI/PMS & ZFE A B+ )5 115 58 25 B
97% L) 1) TCP. UiPATCHLER B T XHZAR R 5
/N, fHMA HA J5, TCP B EBRER T R3]
81.66%, ULH] HA MIFEAERNH] T TCP By ALBR, X
JER R HA & —Rh R RARA WL T, oA
PR 2 55 Y e 4 e R

PRtz oh, b T it —4R5E ACFs-S-nZVI/ -
PMS KR XA NG S E v, T £ 1O,

Pk BLYS ey A7 R BRI S(o) PR, o

0>

0

ACFs-S-nZVI/PMS (KR XS 4-58-3, 5- HIHAE M)
(4-chloro-3, 5-dimethylphenol, PCMX), X} 57K
% (4-chlorophenol, 4CP), 3-H & ¥ & I (3-
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Fig. 6 Effect of radicals quenching on TCP removal and EPR spectra of ACFs-S-nZVI/PMS system
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Fig. 7 XPS spectra of ACFs-S-nZVI before and after reaction
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Fig. 8 LSV patterns and electrochemical impedance spectroscopy (EIS) of ACFs-S-nZVI and ACFs-nZVI
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Fig. 9 Mechanism of ACFs-S-nZVI activating
PMS to remove TCP
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Fig. 10 Effect of cycle times and aging treatment on TCP removal in catalytic systems
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Degradation of trichlorophenol by activated carbon fibers-supported S-nZVI
activating PMS
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Hangzhou 310018, China; 2. Zhejiang Provincial Innovation Center of Advanced Textile Technology, Shaoxing 312000, China
*Corresponding author, E-mail: wylv@zstu.edu.cn

Abstract In order to cope with the problems of severe agglomeration, easy passivation and difficult recovery
of nanoscale zero-valent iron (nZVI) during reaction process, the activated carbon fibers (ACFs) with large
specific surface area and excellent chemical stability were taken as carriers, and sodium dithionite (Na,S,0,) was
taken as the sulfidation reagent to successfully fabricate activated carbon fibers-supported sulfidized nanoscale
zero-valent iron composite (ACFs-S-nZVI). Subsequently, the catalytic performance, reaction mechanism and
recycling performance of this composite catalyst on trichlorophenol (TCP) degradation by activating
peroxymonosulfate (PMS) were further investigated. The results of material characterization showed that the
deposited ferrous sulfide (FeS) during the vulcanization process could not only mitigate the oxidation of nZVI,
but also accelerate the electron transfer rate of nZVI, and the introduction of ACFs carrier substantially
improved the dispersion and stability of sulfidized nanoscale zero-valent iron (S-nZVI). Through operational
condition experiments, it was found that the ACFs-S-nZVI/PMS system exhibited the best catalytic performance
when the reaction conditions were set to S/Fe ratio of 0.3, 25 °C, pH of 6, catalyst dosage of 0.5 g-L™' and PMS
dosage of 0.5 mmol-L™", and 99.14% of TCP with a concentration of 10 umol-L™" could be degraded within 30
min, which was significantly better than that of the unmodified sample. In addition, the system had a wide pH
adaptation range (pH=2~10), an excellent anti-ion interference ability and an outstanding recycling performance.
The electron paramagnetic resonance (EPR) spectroscopy and radical quenching experiments showed that
hydroxyl radical ((OH), sulfate radical (SO,) and superoxide radical (O,") participated in the catalytic reaction
of ACFs-S-nZVI/PMS system. In summary, ACFs-S-nZVI has the advantages of excellent catalytic
performance, high stability, and strong environmental adaptability. Therefore, it shows great application
prospects in catalytic degradation of organic pollutants.

Keywords trichlorophenol; sulfide nanoscale zero-valent iron; peroxymonosulfate; activated carbon fibers
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