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Mechanism of Molecular Oxygen Activation Mediated by Hydroxyl
Groups on the Surface of Red Clay
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Abstract The activation mechanism of molecular oxygen (0,) by surface hydroxyl groups(Me-OH, Me=Al, Si, Fe)
of natural clay minerals is still unclear. In this study, red clay (R-Clay) was heat-treated at varying temperatures in
N, to adjust the number and shape of Me-OH sites on its surface, thus activating O, to different degrees for tetracy-
cline (TC) degradation in water. As the temperature increased, the kaolin structure in R-Clay was gradually
destroyed, and the Fe,O, structure became more prominent. Among them, Me-OH on the surface of red clay
(R-Clay,,,) exists in the form of Al-Al-OH and Al-Si-OH, which efficiently degraded (86.36%) and mineralized TC
(40%, 6 h). Under visible light irradiation, both oxygen atoms and TC molecules on R-Clay,,, Si-O-Al can be used
as electron donors to transfer photogenerated electrons (e”) to O, adsorbed on the surface of R-Clay,, to form
superoxide radical (“0; ) and singlet oxygen ('0,) , thus achieving efficient degradation of TC. Here, the surface
Me-OH, used as the Bronsted site, adsorbs O, by hydrogen bond, which promotes electron transfer rather than
traditional electron donor. This study further clarified the activation mechanism of clay minerals to O, and promoted

the development of related research fields of mineral-based materials.
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TARIZRES oy DR HA i T s FLEA MR i RE R L 2 S5 T 48 32 G . B H 0™ Wi S i 3R
H Si-O PUHIAFT AL-(O, OH) TR I, &hJZ A1 REME B n] AR ()2 K, FLZ R 38R B a1
(Fe™, AI*, Ca™, Mg™) ZCHef 1. X SERERRER 25T AL K IR Lewis R . RO TE (LA HLTS YL
YL E T EEAER . W Fe (1) -5 B A1 AENSH 13 F 11 Lewis BROZ 1 [ Fe (1) 1) T FKH} (PCP) HE T FALHL
THA%, RS R PCP, AT A2 #E T PCP 7E 38 vh 1 43 BC A& AR SN + 1 Lewis B8 037 5
(Si/A1-O") i UFRZE (TC) 43 FH R Z FEFNEY L 22 57, ek T /K TC REfg . R, VR —FhBE
Lo HAT ZIEMECLS I RARATRL, 2 RBG 10  Cak 12 F T A T e il i,

I3 FAE0,) RE BB m RS LS B s AL R A AU SN R 2 — . O,1& LRI el . &8
ME Y BOCEERT, 0,0 FAL 7 Ul FWASEATI B AT T & A B T . B
I, BB EREE L O, AR 22345 325 (1) M A HIAESL (COFs) 2, 3E i i LA -2 1 (D-A ) 2514
TSR A>F- AT EE RS, et O, BTG AL ARE 117, Qnnhesk COFs o Zn> MM AL SE T B S 110 —H S
WAL, NP5 AR SE T30 BROR T i B 81 T X IR R 1 78 1 O, 78 7]
DLIERESS T T 435G R 'O, R 058 5 (2) B Ak 128, Sl b T8 BTG fh 3 4 BEAR A I M Aok i 4L
0,, {1 Fe/MnO, 55T AL 7 2 1 1Y Fe (0=0)Fe YR REPLHE IE AL 0,75 (3) &)@ A b,
NaH,PO, &M 1) TiO, 44 K KL T, 38 2F SU5E AH BV A I 55 Ti-0 B, D75 48025 60 TR i, LT B
Ti-O-P LA EJH T 48023 (37 (1 L T2, 00 7 O, 3 AL iR L TPt 6 8 o T g, NI EdE T 0,19
TEAEL DA BTG MIL T 2538 o A A 750 6 P mp O S A A 22 1] %) Ao B B R 2 O, i L 245 L TR I
FEAEAL TR 2 18 A BTG fL AR SR B T2 B A0 A Bt 72 . &R R B S5 2 07
TR, T % Y RE S RS AL O, A AR & PR RE DS 4TI H iy Te i 1 2 R Pk 2.

SEBR b, KRR 0P A 1G4 O, BB ), (& M3 RIS . 4ne K PH OGS 3 K Bk 2= 1fi
Fe(I/ID) A bR JFEER R, R Fe(1D) 25 0, R AR L TR (IET) £ 770,12 i8S 8k
Byl B 07 AR SE A L COH) . S ek [Fe (V) |3 S LI FIORKEfEA M5 Y. 5
B WAIE, B 250 W TE Ak O, 1 BE 7 T 32 B4 T H R, AFE A Si-O-AL FIZR I Me-OH P2
FEP T Si-0-ALEE P SRR FBOGTE L, KRS AR - R 1 O,, AT A0, F"OH, fi
HET 2 S e T T e 1] 2 SRR R I HEAED5 10 Ogawa 25 7R HE Y B R0 F L S8R5 BE A8 M Si0, FP R H
L P HRGE S, HE R 18 Me-OH [RIAE AT B FHMA R Rr: , (02 A I A B3 0 SE R0 500 Re A uF X 4
HEe . TELIEAHE T, 35+ 3T Me-OH 3% L) Bronsted B2 1:F SV W2 B4, AnZ2 08 - 7E /K M
BRI T HL 1T Mle-OH 3 1ok 0 SRR oF 5 ZRCU L RE 2 1B B S vy 0 - 38 3 R 17 Me-OH 45 575 2 1 k¢
TV U R R S 2R DK G AL AR, S aF ALK A (H , RIA Me-OH 7E05 1L 0,10 FEH, J2
1§24 Bronsted BRI SEAE Iy L FHUAS ST RE , HARHLEIA FFER ARG .

R SCE A A [ 0L A B 4 T 21 %86 - 2 1T Me-OH B S5, 4h BT 22 1H Me-OH 454 J2 HLiE 4k O,
R TC R BE T 5 SR FH RS 18 S S L AR 21 AP35 (In-sitw DRIFTS ) FHMMRE IR B 52 56 46 T B oY
T 0 Me-OH XF O, WS AL ML . 38 528 5250 T Bk B T 210386 1 10 Me-OH 037 s R BE B EAE by s Tt A
T4k O,, 1MZAEN Bronsted B IZET O,. %5 by m kst G n 2 L 25 AL R A T R it T — 2 i e
A .

1 SEIGEH

1.1 RF S5

PUFRZE (TC) . SNEE(IPA) | AR (BQ) . 4HZMR (His) . DEVGION AW (T4« A5 /) . 6
IKBRER A (Na,S0,) . ZEALEN (NaOH) FIERFR (HCD) 4 K43 Mral , [ 24545 AL AR R A BR A w5 k%
K A (2R 1. 0 wS/em, Milli-Q HX7000 SD R4l /KAY , fE [ 2R e 4 1) 5 R-Clay FEE F AT I
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FEX, Hs 9 T STOLA S Hi5 4).
£2690 1 &5 24 i AH (4 3% L (HPLC, 32 [E Waters 28 7] ) 3 JSM-7500F %414 37 % 5 114 ti 7 &8 64 B
(SEM, HAJEOLZAH]) ; D/max 2500 4 X SR A5 (XRD, H A< Rigaku 24 F]) 5 1850 U fe B A5 46 21
AR (FTIR, 3£ [E Nicolet 24 H] ) 5 F-4600 B¢ /6 EETH(PL) L UV-3010 B 48 4h-1] ULIE S 5 4356
Y6 JE 4t (UV-Vis DRS, H AN Hitachi 23 7] ) ; SCALAB 250Xi %I X 5} 28 56 i 7 68 1% (XPS, 2 [E Thermo
Fisher Scientific /A7) ; 1010E B Ak 2% T AESR , 92 [ Interface /A 7] 5 XPA-7 BIYE WAL, ZRHMYL (AL
TORHEA R AL JW-BK 112 89 LR TH AL A X [BET, JWGB (W [E) 28| |5 HQ30D Y46 AY,
% [E M AN 7 5 Innova 577 i8S (AFM) F1 A300 %Y Bt T RE/ A e 2e4R 1% I (EPR/ESR., EPR Y
REE R PO RS 0. 34867 T; HITERI0. 01 T; S 100 kHz, T 10. 02 mW) , 7 [
Bruker 2N H] .
1.2 KR
12,1 #AFE 2 g R-Clay BioR & T, 2480 b F NS R 78 28, 220 °C/min (1)
ST T % 300, 400 #1500 °C, 38473 h, FSRBHGHU, BERE, FIASARKER AR R B Ry
AR R-Clay #L5h , 23 HHCAHE R-Clay,y,, R-Clay,,, F1 R-Clays,.
122 FEKRAE TSRS SRS, 7£260 R 5°~90° LI A LA 10°/min (2R RIS T 9
I XRD 35 . R SEM UK T #A4b B R-Clay £ 5 TE SR AR
K FH FTIR XS AE i BRI ZL AN GRS IR A T 1 3RAE , A5 2L AMEC B Drife M AE 5256 73 A7 A i 2R 18T R 7
JEIY @R R AL AT AE—196 CHIN, S FIFFE 1 LR 1 L (SSA) FIFLAR 43 A 1 B .
FE R B TR R AE 250 ~ 700 nm JEFE A, LA BaSO, N2 BRY) , 3 1ok 7E L 45 FR 43 3R A UV-Vis DRS ik
7. HE Taue J5FE CF 2O THE R S AT SERE 4051 R 2. 41, 2,28, 2. 00 F12. 20 eV.
ahv=A(hv—E )n (1)
Kt o ARSI ho(eV) T RER; E,(eV) WA TERE ; AR n LGS
123 @ g fERAbsE TR b B e R £ (GCD ) AR A TAE R . S22 % i S i
R NS AR AR — F i R G T A 240 &, KT FH 9 HL A7 54 100 mL 0. 20 mol/L Na,SO,
IKEEW, A o B ORI F AR R TR AL 70 P ot — 28, R A UAeT e i 28 B T TS s I 8 1, AR LT
AU 0. 196 cm?.
124 R-Clay,, M & &k @& 60 8 Ba il SRS FE B k- 70 , 0. 05 g FF 5 43 L
£ 107 mol/L %) NaF i, Bt 3 h 5l 3802 U B, SRIERVREE 107 mol/L 19 25 (8 PR LA b & 1H]
B, RIOARE SR RIS B E .
125 TC AR FERITHET , 20 5l & A A [R)i BE HAAE PR 1Y) 20 mg R-Clay #1140 mL 24 mg/L TC
IKEEHIMASE RIS T, BOAREFE T, 3 b5 ik B0 - WP . P A 300 WX TH2(E A S5, i
ANBEW R, HARRE 420~780 nm 3 Bl N AT DG . i 1 v UK AEFRZRR S AL BN BHRA7E 20 °C, FEANIH]
AR ] B PR ERORE . FH 0. 22 pum 105 2o s 8 LA 22 B B AARA R 7], SR8 40- 1T L4366 BE TG |
JZE WA TC 54, e R, K A=360 nm, Al PR 4 0. 5 mg/L, LG : 0. 5~50 mg/L(R*=
0.999) (ST, WASCZHHFEE ). M c/e~t L hIFEM SN 122 Lk, TR LBRE (%), R T LIE5 R
WERYE , A SEIR RS T 3 IR, B . IRE AR AT SE P E A A PR |
n=(c,—c Ve, X100% (2)
s e, File,(mol/L) 4351 k7 O il ¢ Bk Z At TC R IRV B
12,6 EMHA NN R EPRXER NSRRI AR EECOH) | A H HZECo;) flssk
BECO,) AR HEAT T 281 . oK NG 53 3B & 5, 5- H JE-1- ik i mk-N- 446 4 (DMPO,
0. 4 mol/L)VE MM, R FH EPR 22 TC Bt B2 19 OH 10, 5 LLZRSBLE 17 2,2,6,6-PU H ZLIR IE
(TEMP, 0. 2 mol/L)VE A, M2 TC FEAF L FRH Y 10, 5506 ZEZRIR T (25 °C) il ot kT 7
5k, DG : Quanta-Ray ND: YAG ik ik (10 ko840 OE R 58 (A=532 nm; 10 Hz).
127 BwmETHFE EARDKBQ, O, 355 ) (20 mmol/L, 40 mL) . 4] % & (His, 'O, i 3K 57 )
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(20 mmol/L, 40 mL) FlI5 P B (IPA, "OH 4K 7] ) (20 mmol/L, 40 mL) 43 )il A E| R-Clay,,/TC & & i,
XA AL 3 R v RT BB AR A TS M RN (ROS) #EA T AR SE IR B0 F . A A 3L 5Tk R (%) il T =8
T,

R=1- —"""%]100% (3)
kblank

T 2 koo T s SR I AT AR AIAS IR AR R-Clay o0 FAAF TC 1435 565 50

1.2.8 AL O,-DRIFTS % SR 1E Sl B AR 52T /DTS (DRIFTS ) (Scheme 1) 4347 T 0,477
T R-Clay,, #EALFI T Me-OH 544 . DL 4 em™ 53 B3 RAE T 1500~4000 em '35 il A Y DRIFTS Stk . i
FHITE 25 CEZ T AT 30 min, SRS OGP LA 28 . Rk BB i 7E N, AU R TiAb B 60 min, SR
SRR NAURITTSEMT, SRR O, G 0. 2107 L/min) M3 90 min, SRJ5 EH O, <HTT, AN,
A 100 min, R FHLLIMNEE AL ESHE 5

o ) Ultraviolet
Positioning piston Lens bracket _,light source

W/) Chamber cover

Y 1

Ellipsoidal njirror
 closed position

/ \\‘ 2~ Infrared beam

Open position of
ellipsoid mirror Sample room

Scheme 1 Schematic diagram of diffuse reflection Fourier transform infrared spectroscopy (DRIFTS) device

1.2.9 JEALak % -DRIFTS %% DAMERE AHRE 53+, R DRIFTS WY T R-Clay,o, fHE AR 9 2R THTFR 7 10
A RAEWFRN L, @ NSRS A GG R EZE S, IELEA R AW B ) R R AR T 41 . 45 1R Al
WE, HIEA NS, REBM T RPS . 7EFE R 1300~1800 em™, 43 HF K 4 cm™.

12,10 H,O, 8940 HBREMM 0. 5 mL, FHZEIB/KFGRE 2 445, FEINA 50 WL 0. 2 mol/L A% K i 7l
W, %35, IRE 10 min J5, A 1 mL 0. 1 mol/LNaOH, JH PL N E#E S B HEEREE , 266615 S
BOSRE BB 300 nm, &G 400 nm®.

2 GRS

2.1 #ALIE R-Clay U425 4L

Bifi 5 P4 3R B Y R, R-Clay 208 B i R 1 0 €8 728 i 214565, (300, 400 C) , i 28 K e (8
(500 °C) (FES2, WA FEE ). F SEM A AFM MEL T il & RE 5 B TE SAFAE , 4558 871, R-Clay
RIZDGHARI [ 1(A) ], JEELE770~1150 nm 2 8] (E S3, WA F:EE), SHA, $ubis
i R-Claysgy, R-Clay,q, Fll R-Claysg, (15 B2 53 598 2 T 499, 813 #1696 nm (&l S3) , 14l , AT LLFE 2,
R-Clay o Fl R-Clay ;o0 FF- it A 2822 100 nm LLN /N2, 3% AT REJE BT FAAb RS FF i 1 /K 2340 2k 3K
HEERE AR ERGSA T , HARARK 25 AR N 20/ )2, I R T2 S PR A 2
5 . R-Clay IV AT 45 R R W, 16 258 "CZ AT F 20 ML E W B 7K | 258~400 C22 fA] = 2 25 2 1)K
400 “CLAJF WG 25 T Alds 56358 (KT S4, AR SCEZRE(E B 2420 BERH R-Clay,g, F1 R-Clay,o i 25 T IR 7K
JEIAIZK, R-Clayso, U 25 1T HZBRK . 2RI KR i

AL S 1Y R-Clay Bl & 7K 43— 19 i 25 5 SO 2 il £ o Bifi 22 38 K (40. 0°<79. 07<96. 5°<119.0°)
(S5, WASCZFHER), ME s KR, 2RI, X 5 SEME5 AT . K v a5
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3 R-Clay B4 B FEA , A3 B T 88 0 b 2 1 ARy BET M4l 3 (692, WAL G H) Al A, 5
R-Clay #H It , R-Clays,, i [t 2 101 FR 58 25 8800 1 34. 513 m¥/g; (H R BE ok &, 3R 45/, 950
R-Clay,,, 11 R-Clays,, Ht R-Clay.,, 73 51980/ 10. 336 121, 156 m*g. SI[EE, R-Clay 26 323 (-OH) B %L
ERER T T sites/nm? Y/ 24 10 sites/nm?, 1% 3= 252 HAb PRS2 (W /28] ) K X (g ) 72
R (K S4).

Fig. 1 SEM images of R-Clay(A), R-Clay,,,(B), R-Clay,,,(C) and R-Clay, (D)

S XRD S 0B RE it 1 SR AR ZELAE, 401 2(A) R, AT AL, 7E R-Clay Fll R-Clay,, F9(001), (111),
(201), (221), (151)F0(331) Fhiai 4550 B0 T 85 090 1o 04 4 R AE A S 0, JGebr, (201), (151) 0

(331) T XTI Fe,O5 FRFAE I . Bifi 2 AL B9 BE B TH S, R-Clay,o, I R-Claysg, %% 14 25 U4 77 R AE 77 5
W43 2%, T Fe,0, 0828 F5 2380, DA F&5 Ui, 1@ 1) 400 CLA E#ALFE, R-Clay H i 4 254 2571
92, T Fe,0, i AR5 5 V5 Bl .

(A)*Kaolinite(PDF#74-1784)-Si0,(PDF#78-1253) (B) .
o aa i
A s -:AFezps(PDF#SS-O987) 1001680 795

at

3
>

c

-
aa A A

s r»
> g-y
> >

b\-.* M). W, &AM o :

©OOD) 1 T113-Q01) - 131y s N

O 65 YOS EE S

4 A * ‘911 '

a 519—527

1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 10 20 30 40 5350 60 70 80 90 4000 3500 3000 1500 1000 500
20/) o

Fig.2 XRD patterns(A) and FTIR spectra(B) of samples
a. R-Clay; b. R-Clay,; c. R-Clay,: d. R-Clay,.

K FTIR E— 22 0 7 AS [a) 35 2 $44b R A1 J5 R-Clay 26 101 B BE A1 8925 4k . R-Clay #% 50 7E 911
F11001 em™ Kb F4 32 W Wi 0 43 501U J8 T Si-O B 1 Si-O-Si 8 (4 A 4 % 21 [ 18] 2(B) ]. 5 R-Clay A Ft
R-Clay,, 1 R-Clay o, /317 7E % Si-O BN Si-O-Si B AW G, T R-Clays, FE di 228 3543 Si-O FE 2k

[FAF, R-Clay # 5 7€ 680 1795 em™ Kb W )& T A1-O SR 45 o 25, $ALBESS , R-Clayy,, Fl
R-Clay,, 115 77 7E 3% P AN W5, 17 R-Claysy, F 31 25, 35 B R-Clay,y, F1 R-Clay,,, H A1-O 88 4 SR 7775, T
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R-Clays,, ' Al-O B2 EBWTZL . A1, R-Clay FESETE 519 ~ 527 em™ ALY IE V)R T Fe,0, | Fe-0 8 (1945
Pesh. DL EZERS XRD 55—, FRUER T @A 25/ e, LA Fe,0,1FTE .

B T 21 Me-OH FUFETE . R-Clay 7E 3447 F13556 cm™ &k 1143 5117 J& T H-OH Fl Fe-Fe-OH F fif
ArPRsh 7 XA IELE AL 3 (300 ~ 500 C)JRTHZR, SE TR —30, SHUbI S T R-Clay
JZE ] RN AR FR I 2k . (AR 1 B &, 3617, 3650 F13695 em™ &b (1) 3 4~ 1445 51 U J& T f 48 2 3
(Al-Fe-OH) FIZRHIF2 5L (AL-AL-OH, AL-Si-OH) FYfRZRHR 3. R-Clays, FIX 3MEELHZE , T R-Clayy,
HR-Clay, o FATAEAE , UEBHIX PIASRE S R A AR A S AS PR SRR 0, I P AR 2 5 (Al-Fe-OH) &2
BELLN AL 55 1 Fe (D A AERT, FESEBEAHEZR Y, —GIEMENEET ([Ru(bpy) 17 ) 52 i B 3 280KG
(MV>) RO S 2 B Fe (DK, XS Clay HAT fh 5 5L (Al-Fe-OH ) , {H23 K Fe (111
AEAEPR K i -, BT TS L O, S T3 HERR A R IEMIPE T, 23 HT T R-Clay,o0 M A SN TS 1Y
XPSTEE . AHXT AL(1. 12%) F1Si(0. 52%) fIoC R K, Fe LR IR/ NI T 0. 07%, 2 S3, WA
SHHER), UERH R-Clay,, Fl R-Clay,g, 7 [ 5 3& (A1-AI-OH FI A1-Si-OH ) J& = B Ab 7 45
2.2 iEWO,EMETC

4ASFE ST TC 1 LB RE 45 5 W I 3 (A). FEWE L 2514 F , R-Clay, R-Claysy, R-Clay,y, I
R-Clay o, XF TC (W B R0 58 7. 75%, 22. 41%, 38. 84% H120. 16%. HHr, R-Clay,,, % TC W i} 5 5
K, XA RE 5 R-Clay,, 72 I £A7E 1 Al-Al-OH Fl AL-Si-OH W RS BB 86 06 . 1A WGBS 41T, 5
R-Clay fH ., $AAEBRIS ) 3 AFE 50X TC I FEFRRE 1 3 . Jorp, R-Clay,g, B LR FRRE T, 76
6 h RN 86. 36%. i) — 98l 1 LG54 WoR [ 3(B) ], R-Clay,q, 1Y 3445 £ 0. 3380
h', 435128 R-Clay (0. 1228 h™"), R-Clay,,, (0. 2168 h™) Fl R-Clay, (0. 2577 h™) 2. 75, 1. 56 ¥ 1. 31 4% .
Ui B B IR 4% T R-Clay | 1 Me-OH v £ 0 (3% S2) , fii & 43 Al-Al-OH F1 Al-Si-OH 7 il 2 5 1)
R-Clay,, A TE4L O, 1 RE

WSS

$ 0.6 s Blank ¥ ' S -LoF
S —o—R-Clay \\ ‘ S A
0.4+ +R-Clay300 k T S ‘
~¢—R-Claysoo e L5 eBlank ,
—+R-Claysoo \ _ ®R-Clay: k=—0.1228, R*=—0.99
0.2k . ) \ 2.0 FAR-Clayse: £=-0.2168, R*=—0.990 ¢
Dark Visible light ©R-Clayioo: k=—0.3380, R*=—0.993
_| *R-Claysoo: £=—0.2577, R*=—0.979
O 1 1 1 1 _2 5 1 1 1 1 1 1 1
—4 -2 0 2 4 6 0 1 2 3 4 5 6
Time/h Time/h

Fig. 3 Degradation Kkinetics of TC(A) and first order dynamics fitting diagram(B) of samples
¢,(TC)=24 mg/L, m(catalyst)=20 mg, pH=5. 6+0. 2, (=25 C.

P4 7R T ARTR] pH S [ AR 9] S RAS [R] S vk i 45 TR 28 56 R-Clay o0 P TC BUSEMR . 7 pH=S,
TRIOMISAET , TC HIREAR 243 R 64. 15%, 75. 37% F183. 13% , J2 W 3 285 5043 %4 0. 156, 0. 230
F10.234 h' [ K 4(A)FI(A) |, UEBH TCLERRMEASIF T 3 5) R A= A, LI DRI AE T 0P 2544 F TC A BE /R
WO R BOE A R0 AT OGRS, fEE T TC BB .

MNP 4(B)FI(B) AT WL, Bt 5 44k 77 F B A 36011 (10, 20 mg) , TC (1) F4 i A Fifi =22 3 K (80. 88%,
89.26%). {HYfifb I FHHEHE NS 30 mg B, FLFEAR 44(93. 80% ) 5 20 mg fHZEA K, XA RESE R Rid £
HEALFIRIINA, 5200 T TC X ] DGR IR, SO R e 5805 I A A7) P 1 34 o o 22 B0 48
B

E4(COFI(C) Brn T TCHEEXT HFEAFRCR A2, o] WL, B TC YR 134N (20, 30, 50 mg/L),
HLFEA# R (87. 65%, 88.80%, 82.35%)I8/IN T 5. 3%, 3% Ui TC 1 & ) HFE AR R Ak . K S6( i

Chem. J. Chinese Universities, 2024, 45(3), 20230422 20230422(6/11)
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(A) —= pH=3 (B) m(R-Clayioo)/mg:10 (©) - ¢(TC)/(mg-L 13120
p 10 vaClaMUo/mg 20 1.0 = —o(TC)/(mg-L~'):30
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Fig. 4 Removal of TC in the presence of R-Clay,,, at different pH(A, A’), with dosages catalysts(B, B'),
TC concentrations(C, C)
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Fig. 6 O, XPS spectra of R-Clay(A), R-Clay,,,(B), R-Clay,,,(C) and R-Clay,,(D)
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U, TEMP-'0, 1 DMPO-"0, A B B 115 1%, 177 DMPO-"OH A W {5 506 . B R-Clay, /& & H ™
AR R EEEE B SR 10,8170, FAN, FERIRI AL 2R (His, i3k '0,) FIXARER (BQ, gk 0;) e
SR, R-Clay,oo % TC R A3 28 H U [RIFE B I FEAR LRI 7(B) |, UESE R-Clay,o0 /& 277 A & TE I Fh
0,105, MSEMEL(IPA, i3 OH) BIIIAXT TC B R e WA [ 7(B) 1, FRRIGE TR R
AFELEOH. ILAh, 3t 438 ROS XJ TC FEAR A AR XS BTk (161 S8, WA HFF B, R0, F1 0, (A XT
TR 3R 64. 28% F135. 72%. HE—HULBHTEAL 0,25 B 10, A0 &1 i TC R 3222 ROS.
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Fig.7 EPR spectra of R-Clay,,, in light(A) and capture experiment(B) of samples

232 FEHEHEMe-OH W FE 0,7 AALE R TR O FEILHLER, HEAT T IEAL O, W B 9 DRIFTS 5255 .
B 8(A) iR T R-Clay,o, i A 7E 1500~4000 cm™ 3 Bl 9 J537 O,-DRIFTS Ji . 7 3622 F13697 cm ™ 4kt
PR B 06 5 TR F Me-OH () 1 48 4% 212" 3% & B F R-Clay,g, I Me-OH 5 0, % 4= T 4L < W I}, £
Me-O-H 5 HL 175 5% J P AT/ i, SEB Me-OH 5 O, Z [0 HL T 2= 25 (O F5 RS . RIS, 1648 em™ &b i) 04
&R 0,/ 0 5 Me-OH ) H IS fi PR 8, X2t FHRT 2% ENEESEENRE. 2N,%H, &
M Me-OH 5 0, Z[[37 F 3622, 3697 em™ b H) 57 ZCIEFN 1648 em ™ b A4 IE IS I EEAS T 2% (181 89, AR
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Fig. 8 In situ O,-DRIFTS spectra of R-Clay,,, samples(A), O,, XPS spectra of R-Clay,,,(B), ir situ
pyridine - DRIFTS spectra of R-Clay,,, samples(C) and current response under different
conditions of samples(D)
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N, R-Clay,o 5 o0 KAECAE T2 7000 B, 70 B D6 A v TR T M B O, 33, 77 4E0510)). 45
DRIFTS 5256, #E—2P3RW] R-Clay,, HIBBEGS 1 i THEATE AL O,, ERTHALVE I £ 20 Si-0-ALHY O
JEFTEE Me-OH (15 017, ite8h, Sy 1AW TCHER] WLOGHEUL T REAdo A AR 2, i 1 A [ 42
VEZEATT R-Clay o, T HRL IR WL T [ 1518 (D) . & BB R-Clay 00 1 HL R AESRFAEBARAYEL, 200 s S5 15 ]
IGHR, R-Clay,, 1 HL U B3G5, BERT T R-Clay,,, 76 °] WOGHIEUL T H 55 R s AR, FRER] T
R-Clay o, {0 L FHEA TG4 0, 400 s 7 FRAIITC, & B R-Clay, o, XoF L 3L A4 00 137 345 135 58 25 38 00, E ]
T TCHI R-Clay,o ZMAFAER L4675 J381, INATC 51 R-Clay,, 19 EIS 28 45 Rl A2 ] /T
R-Clay,, 1 (1 S13, WASCCHHFR). 5, EIS S Wil E R 2 A2s)y, o BB, 5t i fir f%
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16.0,. AL, BRI SE R R (I S14, WA SRR, AL, R-Clay,, BESHL & A= /iR
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Scheme 2 Mechanism diagram of molecular oxygen activation by the Me-OH sites on the surface of R-Clay,

3 & i
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PO Me-OH 5 /K. R-Clay,g, % TC EAT 5 5 22 BR#8(86. 36%, £=0. 3380 h™") Fl 477 L R
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R-Clay,, F1 TCE R 1L R B GA L FAE 05, "0, it — 208584k R '0,, SEBL T TC YRR . ABESE i —
AT 25 P O, 3G AEALEL, et T 1 WA LA SR 7 ST .
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