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VA 7% M B 4 48 (Activated carbon fibers. ACFs) 4 4 4L # 4k . ] & & i # »& 9k % (8-hydroxyquinoline

iron, QuFe) # 1% 1t # # QuFe @ ACFs, & A #& # # 4 195 (RR 195) M A F AL &4, i — s Bt & 3%
(Peroxymonosulfate, PMS) % £AL F #4741 B AL £ 3, K £ QuFe@ACFs £ R B B &t 9L E R P, £k
SR AP QuFe f BB ERB L4 L4 KL S LA E R £ PMS A /£ 8, QuFe@ACFs £ A R4 69 3 4 4
Mgk ;% PMS Al & 4 0.5 mmol/L B, QuFe@ACFs/PMS 4k 2 #9 AL E M3 m, 22 % PMS A SR FTR4A &
0.5 mmol/LB , QuFe@ ACFs/PMS 444 7 M M Ak ; T & R B B 69 A &, 3T 44 RR 195 ka3 b, A B £
WHHEHE KA M3 QuFe@ACFs/PMS 4k 2 d 9 A2 £ A WA OIDF AR A b & (SO ), 53 7T 4k #
TACEAC R B A, QuFe@ACFs A s 7 k@ 2. % AR, BT A% 5L F E PMS 8 pH 4 A E B, ik

GG B THELPMSE AR FEN ZRF LA,
KB ARk BB % PMS E AL
FE 4SS TS195. 644

0 51 &

T 22 AF kK 78 A X B i A BIL IR K S
FRHS (SO, T Z 8ok 2 1y e, 5§
R SRR AR T A FE AR OH,
E°=+1.8~+2.7 V/NHE) M I, Bi e 4 A i 5
(SO, LE"=+2.5~+3.1 V/NHE) B & &
AALRE T RELUE L TH B M 5 R 28 Aa W
KAEEACR I H SO, v LAl i & Ao s Ak —
R A e A i B R & £k (Peroxymonosulfate,
PMS) 75 i T — M2 B, 5 T 47 s i, 76 2R
B Hhop 6 e B R S L K i PR A, H A AR Dt A
(1.82 VIt H,O, (1. 776 V) & . B It PMS 75 4b 3
M A it AT ML K 400388 ke B 32 L . AR R TR ALY
1G0T PMS X oAt A BLY 04 4 Ak RE T 2 A B Y
TEWE AL B 200 F W PMS 20 M = A4 SO, B3 2 Hofth

YR BT 2016 —08—19 W 2% R H 1. 2017 —12—11
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5% B R AR S AL BE 7 L RE DR SR AL B AR TS B
P, T2 T B A 3R A 85 1) PMS 35 467 X
SEMATHE R A Z — . HAETBESEE 2 1 PMS i
P77 30 AL AL L B 4 R I AT AN
I P SR — R X L e 2 (8 A9 0 16 T X BE DR AG
1t PMS 7 A 38 (9 15 P 4P SO, A - OHY o]
DABR FCA 3 Ak 7 306 5 ok 4 55 1% Ak PMIS B8
{ELJ2: 5 1 S0 H I S T SlE 2 0 0 R A R
RZ PG m W ER AR R SRR AT I Ak PMS 7
Az — BB S AR SR A 35 R AL A, Co® " X PMS i fk
HOR AT HR Co™' /PMS ALK 5 v A2 75 4 25
TIC kWA A T 3 A RS e A RN, Ll T
BEE T AR O E AN R 2 R e NI i
JE

Bt i W WA B @ OLR Z — il T HR GH
L300 A5 R MR T A e A A S
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AR BB W) iz T s AL PMS i 4k 1k
LG YO R, 5 AL PMS #) 5 Z B
pH 5200 . HBETE R M 25 18 T A7 (H 2 3R 58 iy
pH 452300 T PR Bl Ik B PR B R S - 23 RK TR SR
AR I A 7K il S5 7 T T J8T 0 38501 A4 1 5] 355 2 e A1
HERRETEM. WA R EEwR TR A K&
BRI IR 45 T ik L R TS G ik BR A AN RS
i1k PMS ik — 2 & i,

BTk £ 4 AT 25 2R 28 4 55 H A 2F 48 A0 L, 36
W44 (Activated carbon fibers, ACFs) B L &1
FROR LA 3 A5 2 20 10 45 550, T B ACF's O 21 4k 45
5 5 T A T 2L S P 2 M Rk (QuFe)
P AH b i AR R L AR SO R AT Ml T 4
LSRN TS o N [ S
QuFe@ACF . %% QuFe@ACFs {fift. PMS ZBR 1%
PEHAZL 195(RR 195) {9 1 AE K% iR X &K L I B4 20
5% QuFe@ACFs {4k 2 b AL EE

1%

L1 SEm 54

TR 4E (1600 m* /g, V175 3 Bk 2F 4 A FR
NED s S AN (AR, L 5o A B A BRA 7DD 5
YR MEHIZE 195 (RR 195) CTlk i 17 b X8 5 B
FEYRE T A BR AR 55, 5- B JE-1-40 £k ik 1% ohk
(5, 5-Dimethyl-1-pyrrolineN-oxide, DMPO) (AR,
HRIBEH A BRAFD s KA E AR T — B R A
B (KHSO; + 0.5KHSO, » 0.5K,S0,).% N AR,
r BTz TR0 A R 2w O ) $23E  TE K O
SN, 508 AR, R HE K R AR 24 R A BR A
AR AL STE0 F K O A R BT K.

Yk S L B (JSM-5610LV, H A JEOL 2
"D JR T IRBOE % L (Sollar M6 , 2 [E #4H, ( Thermo)
N s ZEANAT WY (Hitachi U-3010, H A Hitachi
28D 5 B AAVIE IR SO T R AR (DHG-9038A, | K
TGV A B DD s K 1H R 4R % 4% (DSHZ-
300 AL VLR ER B S 45 A B wD s pH 1 (FE20-
FiveEasy Plus™, &i+ Mettler Toledo /A ) ; B 51
TPk A% (SH23-2,, - Vi A 250 7 43 v 43 2 i 3t A7 BR 2
CIDS
1.2 QuFe@ACFs [l &

$#1.35 g FeCly « 6H,O F1 2. 18 g 8- ks
(Qu 43 S A€ 50 mL Al 250 mL Jo/K £ B,
WA AR A FeCly » 6H,O By 2 B VA Wi 3% % fin
AF Qu W L IR W B HE L 153 3 QuFe (Cyr Hyg

okt

1 LI

FeN; O ) W FRHL 5 g T PER 47 4, 4 H R & T
QuFe % & i B WL 24 b, TR 3E PERR 4 4,
TooK CBE KB FRVEEREOR BT 60 °C T4
W FAF AR AL TS PR 2T 48 (QuFe@ACFs)
1.3 QuFe@ACFs YA
1.3.1  JEFmRpobiE

A SRR F WG % I F QuFe@ ACFs /7 Fe
5 i

HERIFRE: 0.5 ¢ QuFe@ ACFs £E5%, BT 10 mL
WS TR AW, %8 24 h, ' 1l mL BB E
25 mLZ5 s 25 R, A7 W o' i ) K 2k
TCEM &,
1.3.2 3k 544 i B AR 154X

¥ ACFs Ml QuFe@ ACFs F 5 oy s 76 T ¥
MRE A b a3 & R s R AT IE S, T
fEH R0 1 kV, EDS A8 fill £ 75 1% 5 4 1 i B8
FHIA]
L4 Ak RE I
1.4.1 QuFe@ACFs b 2 B G Ak 9 1 e I

QuFe@ ACFs fii 4k 2 B G okH 9 PE GE M i 4n
PEAE S A TE 40 mL B3R R R AT, ) H R oim A
—E A RR 195(RR 195 A4 4 (56. 75 mg/L) |
AL PMS 259 3, 78 H SRO6 00 T IR E
T KT HR 5 25 4 ) S I T B 3 3 58 A0 1T UL 4 ot
FETFIE RR 195 78 HURFAE I8 531 nm &b 1Y W% O6 B2
AR AL . FEMEAL SN i FE AR RS 1 min BURE SR 5 U
HW G, 454 Lambert-Bill & &, %W W T 1 RR
195 M) A % (C/Co) Al L i DL AR (D 45
Ed

C/C,=A/A, (D

Hrr.Co 2 RR 195 MW IR BE 5 C S SR — 5 B[]
A RR 195 ¥ A, i RR 195 MR WOLE LA A
N —E BN AY RR 195 B OGEE

2 HRSWR

2.1 AL Y A RAE

R A 3 48 B B W28 31l ACFs Ml QuFe@
ACFs R TIE S, 45 R WK 1 fros, B 1(a)
ACFs R B SGH 10 B 1 (b) Hf 27 2 3% 1 A8 15 6
B 2% WA VF 2 R B /N UKL B . ACFs il
QuFe@ACFs HILR T R 3£ 1 iR, QuFe@
ACFs W3R A Fe LR AFTE, X KY] QuFe E &
#HH| ACFs b, R JEF WS 20 2 QuFe@
ACFs BT R it Ry 99. 30 pmol/g.
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{(b) QuFei@ACFs
1 ACFs il QuFe@ ACFs 1) FE-SEM &4
% 1 ACFs 1 QuUFe@ACFs RJ EDS REiL##E &

/051 TLE OEEHES/ % FFAESL/ %
ACFs C 91.76 93.69
O 8.24 6.31
QuFe@ACFs C 83.18 89. 00
O 12. 46 10. 00
Fe 4. 36 1. 00

2.2 QuFe@ACFs X} RR 195 L fig

LI RR 195 HREHEE Y % %8 QuFe@ ACFs
MIHEAL P fE . TEAUA QuFe@ ACFs 5 # ACFs ff
R T .30 min PIHA KL 10. 2% F1 8. 9% 1
RR 195 9 KBk (& 2), FLJE A AT REJE T ACFs 19
W RV L 5 e oRE RR 195 43 7 MK % Wk 5 7% %)) &F
4t b, MAEALAH PMS fEFERT .30 min WHA 7.4 %
) RR 195 # 2 5: (& 2) B Bl i) PMS JE A fig
% RR 195, 4 PMS il ACFs 3t [f] ££ 7€ i, 30 min
RR 195 BB F 8 11, 1%, X £ W 50 ) ACFs
JLT-ANRETE 6 PMS ANHE L BR RR 195 (& 2), 4
QuFe Fl PMS & [F] 77 £ Bif . 30 min 44k RR 195
(R BRFIAF] 24. 6%, £ QuFe 7F — & 2 & I g
WAL PMS £ 44k RR 195, T4 QuFe@ ACFs
1 PMS 2[5 72 76 if . 8 min P RR 195 25 5 R &
597, 4% (| 2) , KW QuFe 75 5] 16 M ok 45 4 L,
FoffetERe R K . LR A RS2 QuFe 2k 5]
TEPERRET 4 b A HE A QuiF e 3l 53 T 1 ik 21 4k 1)

FIA L KK T QuFe 143 #bE 58 55 4 1k 1 B8
ACFs 0 H 7 1% 8 45 QuFe, IR T
QuFe" | QuFe" Y 5 1k, ik 17 $2 i 2k A4 1k 95 27 3
R A A TG

100

80

S
zi 60 —&— PMS
5 | —e— ACFs
T 40l —&— ACFs/PMS
= —¥— QuFe@ACFs
—&— QuFe/PMS
20 —<— QuUFe@ACFs/PMS
oL e
0 3 6 9 12 15 18 21 24 27 30

J2 3 B} T8)/min
& 2 NS 4T RR 195 BT A2 BE I 18] 48 1 i 28
2.3 QuFe@ACFs fi#fb M BE 1Y 52w K 2R 73 B
2.3.1 PMS 150
AL PMS 119 FH 2t X5 A 16 b4 RE 1) i Ak 1 fig
AN RZ -, B, AR SCE SR PMS 1Y H A
0. 05 mmol/L#| 5. 0 mmol/L % QuFe@ACFs 1k
TERERYSZ ), 25 SR a8 3 Frzs . MAIEL 3 rhal 1, PMS
F3E M 0. 05 mmol/L # %] 0. 5 mmol/L Y3 £
B, 8 min I B B P RR 195 [ 2% B SR 14 7 14 K,
1M 24 PMS i Fi & K F 0.5 mmol/L i, & PMS
JHEE A K .8 min W ZE I 0] Y RR 195 19 25 R &
WU /N L I R 7 AR 1 SO, 2 i PMS R T
FET AT SO S EBUR R MY B RR 195 KBRF R
fi%. Ak — 2 Ui B PMS FH &t 4 6 M 68 19 52
TE 3 1y LAl I, 5k QuFe@ ACFs/PMS K R 1E
ANTF] PMS a0 SO0 A, g5 R a8l 4 R, |
4 FJ A1, 7£ QuFe @ ACFs/PMS {& & 1, PMS
oA 0.5 mmol/L B 22 Bk RR 195 S i 3 2R ik 3] %
B, 8 0. 46847 min ', ., £ QuFe @ ACFs/
PMS & &, e B4 K57 PMS I # 0.5 mmol/ L,
——0.05mm ——0.7mm

——0.10mm —<—1.0mm
—&— 0.30mm ——5.0mm

100

80

° —¥—0.50 mm
s |
& 60f
g L
_{'_\& 40
201

0 . . .

0 2 4 6 8

J2 W B E)/min
3 K[E PMS T X RR 195 2= &



148 W B T Kk % % R

2018 4F % 39 %

0.4F
03F

02F

R H/min™

0.1F

0 1 2 3 I 4 5
REE /(mmol « L)

A4 AF PMS HE T4 RR 195 X FRAY R
2.3.2 LIV BE Y RE

Tk JBE X8 A A TR0 1 A Al Pk BRI 2 DG EE A AR
FAU AR Sk — 25 % 2R X QuFe@ ACFs/PMS £
RIRZ A5 R 5 Frn . B S AL, YRR
25 CHF.RR 195 78 8 min M 5 B [8] P JL-F 9k 5¢ 4= 2=
Bk MR T R 35 CHFLRR 195 7£ 5 min PJLF
OB F bR IR — 2B TH s B 45 CHFL RR 195
TE 4 min WHESE 2255 IR A F] 55 “CL.RR 195 #E
£ 3 min NRSE R 2Bk, SO 45 R B, B iR 1Y)
FHE L RR 195 (L BREA ML, WK 6 Fros , 4R 45
e B B OF (2D i E S F QuFe@
ACFs/PMS & Z 4k S N 36 AL BE R 32. 5 kJ/mol,

100

o 80F —a— 25T
;% L ——35T
4’% 60 | —— 45 C
E L —¥—55C
%’.‘g 40

R
20

J W B} [)/min
K5 EEX) QuFe@ ACFs ik Bk RR 195 B9 5 M

1.0
3 Ea=32.5 kJ/mol
0.5F

0.0F

k.
|
e
93
T

-2.0 . I
0.0030 0.003 1

00032 00033 00034
1/TIK™)
¥ 6 QuFe@ACFs/PMS Ik ZRTEARFIREET

In ko, B 1/ T 89784k

T2 RAFMMIALARMIGIEE. 5% 2 P& &R
I 4 @ AL R R H . QuFe@ ACFs /PMS {4
ZIGALRE AR . 2 W] QuFe@ ACFs /PMS {& & 1] )
R X BEAIG A I ET R AT

1nk:—%%+1nA 2)

Lrh Ea R RBEALRE R 2@ R HEGT 2R
I s A AR ATA T
®2 AREEFREREWLRE

=

AL HHLY TEARRE/ (k] - mol ') 2% SCHR
Co; O, Phenol 66. 20 [16]
CoFe, O,/TNTs Rhodamine B 70.56 [17]
Mn, O, rGO Orange [l 49. 50 [18]
NG(N-rGO) Phenol 96. 65 [29]
Co*’ Biphenol A 52.10 [20]
QuFe@ ACFs RR 195 32.50 A5

2.4 QuFe@ACFs % RR 195 A Ak 1 68 2 br
2.4.1 QuFe@ACFs (i fb v fE
FE Tl FH o A Ak 700 0 5 252 i Ak 2 A B —

AMEAL T EZ AR B, AR SCIR T LT SR
KF# 4 QuFe@ACFs M FFLefiEfbBE . 7E B IR X
N 285 RIS [ SR R FR RO A — 52 & 1 RR 195 FI
PMS. i H: 5% 4 i RR 195 F1 PMS ¥k B2 48 [ , 4
WEE 8K, QuFe@ACFs #4241k £ % RR 195
MR AN 7 s . AT, QuFe@ACFs 7 7 IR
PEI G X e Bt RR 195 2 BR 4684 5] 80 % DL I,
XRUITE PMS HEM ST QuFe@ACFs A
SE MRS AL PE BE

100

80

60

RS %

1 B H ] fmin
K 7 QuFe@ACFs %1t PMS 21 RR195 H52: 4 fb v fig

2.4.2 QuFe@ACFs f¥ J5 o7 A= 1 fig

QuFe@ACFs 7EW Ff 4e s RR 195 3 35 1 AR
BIEFMA PMS By JE A7 F A PERE . 45 SR an 181 8
N. B8 AIAL fE Hil QuFe@ ACFs A, 10 min
J& RR 195 W9 5 BRAFIEALT 526, B & I 8] iy 35 fm
RR 195 ZBRBEAR LA X UL QuFe@ACFs
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Xt RR 195 (W il e 7 & Bk Mtk &, ik,
7 QuFe@ACFs W fft RR195 10 min BT A — 5 H
() PMS, J ¥ s RR 195 A4 #e B P F K, 18 min
Ji RR 195 [ RBRF R L 099 LA b, Fikgs R &
147 PMS B 15 00 F » QuFe@ ACFs fig 44 W% it £ 2T 4
)RR 195 A7 %0 A6 48 AL, IF BOR LT 1K &
Bk It QuFe@ ACFs HA K 451 Bt 47 A g

100
80

60

TR A2 /%

40

| —e— 10 min/SHIPMS

20

0 L 1 L 1 L 1 " 1
0 5 10 15 20

SR [E)/min

8 JmA PMS T RR 195 [ [a] i) 4 & 745 1k
2.5 QuFe@ACFs/PMS % % YLk} HL B F 5T

FHEFE QuFe@ ACFs/PMS 1A & 2Bk RR 195
(ML, 7 S0k 4 B I (MLAD FlLSE I B (TP A 5 Ff [
LR . IPA J&2— R R« OH i3k 50, ifi
I IPA,MA BERIH#IZE « OH A1 SO, 1, K
9 & IPA X} QuFe @ ACFs/PMS & % 4 5 Wi, 24
IPA LA B Ak SR, A Ak B 0z 32 310 B b i 40 il
JFHBEE TPA W EE A9 T, 40 0 2R s ) &, X 3R
B QuFe@ACFs/PMS & & 7E 1L 22 5k RR 195 1)
KR ATREFE A« OH, MA % QuFe@ ACFs/PMS
R, 85 5 mE 10 s, Mz R A
MA J5 . HH R B R L A MA A TPA B fig 47
il 4 Ak R N 1 EAT . B Pl WL, QuFe@ ACFs/PMS
TR R AEHEAL 25 B RR 195 A9 R AR = SO,
R R FP], QuFe@ACFs/PMS £ & 774 « OH
SO,

100

80

—m— No scavenger
—o— (.2 mol/L IPA

60
—&— 0.4 mol/L IPA

JURHRIARE %

40 +
L —¥ (0.8 mol/L IPA
20
O -
1 1 L 1 1
0 2 4 6 8

J W7 B T8)/min
B9 SEPTEEXT LB RR 195 (5200

MO 4 ¢ 0 P T 4 AR OB I 16 PMS A e b 5 .

100

. 80

s

Ei 60 —a— No scavenger

N

= | —e— 0.2 mol/L MA

ko sk —— 0.4 mol/L MA

| —¥— 0.8 mol/L MA
20
0 L ' '

5 6 8
S 97 st ) /min
Fl 10 HEEXT 2B RR 195 5200

BT LR B AR LR S R S b R —
AN]BE A HE AL 25 B e B RR 195 HLBE, 40 &1 11 BF
R. ESEYR RR 195 MK W 9 W B 3] QuFe
@ ACFs |, QuFe @ ACFs £ %% & PMS 7= /4=
« OHA SO, M JE A 25 B W B 7 2T 4 L 1 ) e
B RR 195, X Bt QuFe@ ACFs A Wr W [ff I J 47 25
Fryekt RR 195,

(=)
[\

Products

O

Y e
s e A
Products - ""-;..1504 T

ACFs

El 11 QuFe@ACFs ff{b 2% RR 195 A 68 A9 ML 24 [&]

AR SC IR o — BT R O VA & AT B QuFe @
ACFs #4650, I8 FH T 1% 1k PMS K BR Yk}, #5958 —
L1 PR] 2R 0T LA Ak 1 B A9 52 M R 23 B EL A b 2 o G )
M ALEL, 75 DL 2538

a) QuFe TR B MERR LT 24 |, QuFe@
ACFs/PMS 1A & i fi 1L 75 1% , QuFe@ ACFs L H
A ELAF 5 S AL R R A AR AR

b) 7E 25 °C .pH i} 10.0.QuFe@ ACFs H &
H9 2 g/L,PMS Fi# 4 0. 5 mmol/L &4 T , QuFe
@ACFs AJ P 25 B Yok, L BR % &35 97. 4% QuFe
@ ACFs/PMS & 2 19 B A — 4> A X5 8K A 16 g
WAL AE (32,5 kJ/moD) , & ] QuFe@ ACFs/PMS {4
FR AT DLAE AR R SRR A TR RE R BEAT

o) PP AR B AR AT B Y S 56 25 R T DLk
QuFe@ACFs/PMS & Z H i3 HFP A « OH A1 SO,
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Study on activation of PMS oxidation dyes by 8-hydroxyquinoline

iron loaded by activated carbon fiber
BAI Qinghai', SU Jian®, XIE Renjie', LIU Xiudan', YAO Yuyuan'
(1. Key Laboratory of Advanced Textile Materials and Manufacturing Technology » Ministry of Education,
Zhejiang Sci-Tech University, Hangzhou 310018, China; 2. SGS Hangzhou Inc. , Hangzhou 310018, China)

Abstract: Activated carbon fibers (ACFs) was used as the catalytic carrier to prepare the catalytic
material QuFe@ ACFs of 8-hydroxyquinoline iron(QuFe). The reactive brilliant red 195(RR 195) dye was
used as the probe compound, and Peroxymonosulfate(PMS) was used as the oxidant to do the catalytic
oxidation experiment so as to explore the catalytic activity of QuFe@ ACFs under the influence of various
factors. The experimental results show that QuFe was loaded onto activated carbon fibers, which greatly
improved its catalytic activity, QuFe@ ACFs had good sustained catalytic performance in the presence of
PMS. The catalytic activity of the QuFe@ ACFs/PMS system increased when the PMS was 0. 5 mmol/L,
but the catalytic activity of the QuFe@ACFs/PMS system lowered when the PMS usage was lower than or
higher than 0.5 mmol/L. With the increase of reaction temperature, the removal efficiency of dye RR 195
was enhanced. Moreover, alcohol capturing technology was employed to confirm that hydroxyl radicals
( » OH) and sulfate radicals (SO," =) served as the active species in the QuFe (@ ACFs/PMS system.
Meanwhile, the possible mechanism of catalytic oxidation was speculated. The synthesis method of QuFe
@ACFs is simple, and it has strong practicability. At the same time, it broadens the pH range of the
traditional Fenton catalyst activated PMS, and solves the secondary pollution problem in the traditional
iron activated PMS technology.
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