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Role of Kaolinite Nano—Minerals in Photocatalytic Reactions
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Abstract: Natural nano-clay with kaolinite is widely used in photocatalysis. This review represented research progress on the
photocatalysis of nanoclay with kaolinite as traditional support, functional support and photocatalyst. A relationship between the
structure and photochemical properties of kaolinite was analyzed. In addition, the challenges and future development were also

prospected.
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Fig. 1 (a) Nanosheet morphology of Kaol (KIn), (b) schematic picture of the layered structure of natural Kaol NSs, and (c) crystal

structure of two lamellas of Kaol ¥

j \O:AlO:Si.:OC:HO:Fe /

©




FES0EE 11

WG S5 A ORI I G R (15 *+ 3063 -

1.3 IENFRELEWN

T &4 AL—O0 A1 Si—O0 245 AL A
IR, EAPER BT 2 AR R AEE
Bl 22 R, FRZ NAERFRE S M. Bl 78 mig
A DY AR 2 SO R R, B AR
ORGP i< P 0 T 1K S EZWAN KN =Y BV s o8 S
HHE, HSKHFRIMEERERREZAD, Hik, &
WG F (1 AL—O F1 Si—O 235K P2 i B4,
FI XA AR AR SR K S50, A YL X s
AYK T REHEAT IR S, R SRR B
FRAE, T HIAE Pickering PR I FLAL 7P,
Ub, SXPRIEX ARG R TR I A B ThE ks
(1 B B PR

2 E A TR L B AR A

2.1 fRGHIEK

AR A O IEAT — P DL B SR RO
I RERI T E . W LB R B R s 2
Lo hE, EEE, B, WE, o TRE
FITR AT RLEEROS bRl — o i 42 m e fE Atk
R e AR tE. R RE J1FI O] R BE 7056,
SR R HE LT P e P AL i AT S 10T 0,
2,11 s T

1) BB RS, S m o ik

KZHE A TS A TG R
BRI T m A, ARG AR e
AR MR, F, SeerbR e
iK% PR Ay R THT FR R R 6 e PR S R R e ),
fEALAT R B Ry, RSP RO S fh i R
SEOR NS AT B S e AL T LR TR, I 4
BT AR BV AR R T Y B AR, TR
FeA IR T B RCRWL, HAh, ek R
AEEEREE, 17O EAE R iR e R,
Li 25015270 30 38 v i v e v o) 4% — S8 A Bk gl > i
POATIBUN i I S = R AR Nk R =1 S SEI L S
AR AR RS B RILE 13~15 nme 53N
W FESLFAREL, BRI SRR ST (30 nm) KoK
PN, TR T AR R e A B A A T 70
(CIP)PEfE . Long 25D e w40 4l K Fr S e =
AL RN, KRN 20 nm A4, S4i=40k
TERBIRL(100 nm Ao ) ARLE, RN 3), AT
EEOMEIIPE TR . Li 2530 1 o K e ok
BAL SR AR AL AR i A _EPY, BB R TE
WA R AL BTN RSTFE 70 nm ZeAs,  TTIAH[F] %

R & AR AL SRR 115 nm 2245

(b)

Bl 2 (a) Fe,Oy il A1 &M RHE ST L7 8 3BT I v il (b)
4l Fe, 05 49K STURLA 1 ey 5 1 )

Fig. 2 (a) Transmission electron microscope picture of

Fe,0;—Klnga.3 and scanning electron microscore
picture of (b) pure Fe,0; nanoparticles™

2) YA AR ) 2R T A

R AT = R AR TR R AN R % ] A 7,
B A LA R E R . Zhao P& B,
TE G AT R oI N =08 A RE 5 18 Ak ik
AR R A, T H e AT R R E AR B
AT, MmEELEAYERE. HAh, MATER
HIPY, K CosOq GNK IR SR AE il a0 F, 3@
o A R R IR RS PR Co304 R I ALY
TR 3), (A A TR, A B g
T Co304 IMHEERE
2.1.2 oM RIS IR EE

1) 2 im0 e S

FAR W A A F MR I R T AN v B SR T AR, e
R IR B s N2 A v W A R T T B v R B S 24
PITSAEE o XX R B 1 O PR AR ) [l ) S LAk



.« 3064 - (HERR Sh22 400

J Chin Ceram Soc, 2022, 50(11): 3061-3070

2022 4

BE, P T R SR . T A B R ILR,
U A R — T K AR L, R TR 08 2 5
MR PR I F PR IBA B Rk, i R, B
] B(RhB), FLAA G208, Rk, s a®

= & R R AN, RS E N5 R
[F 3L, FEEE 10 (OID), CIP)E ke i E BEA B
FIEOON, et Htb AT A SOt , M e 1

Co(Oh)**—=Co(Oh)**
Adsorption
—_ >

Calcination
Charge transfer ~———

Full dehydration

Co(Ohy’*—Co(V)*>
Bond shrinking of Co-OH
Support effect from hydroxyl groups of clay

TEHEALTR RIS AL e ML K

Edehydmtion EVo
1.3-2.2 —0.6-2.4 Supported
Increase I Decrease I
0.7-1.6 2.5-3.6  Unsupported
Co**—Co?*

\&} Proton dlffusm{l4
-

CO}—&_)CO,%-

Reduction . .
——— Easy formation of Vo

Bl 3 CosOu/feil& A7 52 A PHRE IR () 545 My Vi % g i AR p i D)

Fig. 3  Atomic structure evolution and charge transfer of Co;O4/kaolinite interface

2) $EER MR SE YRR

& Al—O TH R TH #2355 10 58 515 A Fh
RAEMBAEA, EERS 7ML E
PENS 1, Tiang TR & 47 g oK A o R R 2 T
B AL 4 /5 U4 F1 (CAS/Kaol) 7 S 45 4, S R B
KA ) CdS/Kaol LA HRIR A 1 CdS/Kaol [
FHEERF (MO L IE YA — e 5 m, (R Z A
B(E 4a), WK AS CdS T FR4E R 5 CdS
FEAEATEYE, ARME— R B S
SRSZIG R, SERTE e 5 Hh ke 21 5 2 M
(Bl 4c). @b X L AL, MBbe g s CdS B
RS AE, HOHA R AR 2 (] 4d). S4h,
IR BT CdS/Kaol B =il A1 & &34, Stk
PEREHAR . X — RAVSLIGH UL, mI& AR TR
MRS RES KK T CdS o tbERE . A

[56]

T 7 T3 5t B S B0 A 1 4R AUAE e U A 3R T 1 Y
B, HBUbe I fa IR e SR T AR R ek (B 4e)
TX 6 8 SRS 150 B e U Ay 1) 3R T B ) AR
TE I A R B — A& R RS, i oK
Mot 7 BAER A B 2R A, IRmERALER )
JeMEAPERE(E] Sa ISR 1), % B R B
(DFT) TS IR 55 1 i 0 A (1) 3 T 2 ik e oo 2
XS B, T L2 T W B 7K R A5 12 ik AR
(R B (1 4e) o
2.2 IhaelkEin
XSO AR, REERR TS
FERRCR IR B R RO MR B HEL s 4E . )
FH 7 5 45 4 ST 1 9 2 FRL I R B R R IR AL P
BEAT R R B, SR, H LRI BAR A R
H RN, RMEAR A FAM B 5 AT B



550 5 11 4 O %

Az

AT GRAT AL SR A S R ) 1

* 3065 -

JRSRIRES, AR BRI I, R
PANINE= S b IO o T R ey VA B A
55, WH RN o T EA A P ARRRE B A B

ez CdS
= CdS+Kaol-mix
mmm CdS/Kaol

0.12 +

Reaction rate/min™'
(=
o
(=2}
T

0.00
MO o1l 4-NP
(@)
Raw
z
g
E
550 C

100 200 300 400 500 600 700 800
Temperature/'C

(©

FURIEAAM R, B0 A A S g,
AN 5 TR AR R A, AT ot g
[ b e o= R A R R 3 TRV

10k Light off ! Light on

0.8

0.6
5 -e-BQ
S 04 | —— AgNO,

—¥— MeOH :
0.2 - —»—No scavenger N
—A—IPA :
0«0 |
-40 =20 0 20 40 60
Time/min
(b)

0.12 . CdS/Kaol
E
£ 0.08L CdS+Kaol-mix
j23
=
- CdS/Kaol-550
S
% 0.04 | CdS+Kaol-mix-550
& Cds

0.00

Top view E.=025¢eV

Side view

K 4

Fig. 4 Adsorption of oxygen on the Kaol surface and the influences of adsorbed O, on photocatalytic performance of CdS/Kao

HR A &R B E R Ak, GBS
FMEA TR A, , A SO @ ik R 1k
WIEPEN), Jang ST A K AL, R
HIMEE T CdS/Kaol SR, HFEBIm
W HYEK R B 2SR, @A SHieR 2 5
REME TR 1T 2 S T 25 46 (] Sa WS sRIEAE D). 23k
RS RBE SR REL B, CdS/Kaol 5 4544 B &
Mg R T CdS AR T B8k, Bk, &R0
CdS/Kaol 557 45 #4) (1) A W66 fhe Ak i 14 A2 4 CdS 1Y

1o U A7 4 T 40 AR PR xSl M A R £ s o 1)

1113

2.6 fi5, FEHAEIR 2 RG 10 Re4EFE R GRVEVER) 80%,
54l CdS (1 )M ELRa e A I B3 m . mid Ay
e SOGHENATE R R 51, 8RR ILTERY
AT Ak 75, 32 v e o1 485 R 0 AR S
%, Jang 252 P25-TiO, FAEAUEALT, @it fA
R T BAA A S 1) Kaol/P25 R 4514
(&l 6a F11E 6b). HT I F5 P25 Z [AITE L 1T AL RE
WEERI IS, ORI, SEHRFA ESR HH
FEHHFRSZIG IR B], Kaol/P25 SJ5 454 B it 5



.+ 3066 - (HERR Sh22 400

J Chin Ceram Soc, 2022, 50(11): 3061-3070

2022 4F

P25 JCAEFIR TR, HAh, LIRSS R DFT
THHEAGESS, SISAR Al—O [ 54Uk A1 H.AEH
TEHUSE R Ti—O—Al # (1 6¢), TMAE Si—O0 NIA
SR, TEBRIEIRRE(550 C)MbiE, XPS H Ti 2p
WA A A RE R 2 B2 (B 6d AT 6€), 15HH
SR S B S R R ERE . T =i A
R KEEAAETRMENRE, £5 S8k
MK Ti—O—Al B, W 8RR ZEAR
T, WA AR T AR I iR R, AR I AT
R 5y ST “PudtEE” (B sb). mikAas

P25 2 [a] 11 BUREHF 45 FA AT AL—O—Ti BEf « Pidim
E” VEH, Kaol/P25 55 45 14 BB 2. 35 b 3 5
e PERE

2.3 LT

231 EHADGAR] RIS ATER G
F BN TR E SR S T R AR LIS G
Wy al64681 - RIZE 1984 4F, Mikami 2575 R, 1B
R R T AR 24 B ST AN i E YR I 2R T 40 AR R
FEHARE . 20 T4 90 £/, Katagi 25V, &
AN, @A R | AR E E

5 (a) CAS/mils £1 F(b) P25/fU A0 5 A S h W A0 9K e A 3 s L 1 32
Fig.5 Proposed mechanism for the enhanced photocatalytic activity of kaolinite NSs for (a) CdS/Kaol and (b) Kaol/P25 HCs !'*3%

. P25
| B Kaol/P25

e
9

B TKaol/P25
N Kaol/P25-T

=3
N5
T

e
=

Reaction rate/min~!

o
o

P25 Pristine 400 'C 500 ‘C 600 ‘C

(d

0.8F
>
Q 1025 T
72l s B
& 04 1020 B
g g
L =
on 0.2 S
2 015 §
El &
A 0.0 . T
5 5 5 5
Y o o o
v &S

(b) ©

6 Kaol/P25 5 & 45 FHIT Al—O—Ti 1L K HXP G AL g () 5 i)
Fig. 6 Interfacial AI—O—Ti bonds and their effect on photocatalytic performance of Kaol/P25 heterostructures

©

[32]



FES0EE 11 VEHE S mIA A URE TR AL SO A A E . 3067 -

Az

RS MR A WLBE S B 77 Ding S N@ I 7¢ 3 i
FE I A R DGR IR KB, A 2 A
3 rgk e 2 EE A R A B AL 3 s
mH, fESEPRrGiTe kR, JulE R mLE L
fe71. Sen SEIOVRIm £t B HEIR BA e FALAL
. Kibanova 25V I i 47 RE WS L AL AR Y bl
MB FIAEZ . Szabo 45UV ik o AR R B 1
FRSREG, I PR Ab B e B R O
STk, Gyorfi V7RIS T — A m A A
W R AT, R RIS, FIE AR IR A
UFIEHEAL AR . Ahmed RIS T 3@ ER A 4 2
R A YK A 10 min JLT-58 4 F#f# RhB, AH

P s ettt g KiRie &, AR e A
TR T RN SRR S e S T 1) 2 i AL
Y. Fang ST T AR RE IO R AR AR EIE A gk
A5, G A E RS R I,
U A K e I HE B R 0 ] O s IF HL
& AR R] LGN BE S A A % A RhB, OI1 F1 CIP
EHNTERYE 72), BH RGHEAMR.
AT E e T ORI, RS TR AR R R s R A A
(R A & ¥, TEREFT TRl NJRAES, JFHIEIN T
R FEE, SO XA
TEPEEA R R L WEE A R AR A
EALIELS T eR i

18}

16
i 14}
oL = 0

=z RhB
=[0I
= CIP

V 10%/g-min~'-m>

1.0+
o 80
0.8 %
; - = 60
06 Light off Light on =
) —a— Ol s
0.4 —e-RIB 2 40
—aA— CIP o
0.2 |~¥ O l-blank © 20
—4— RhB-blank
0.0 [2mcblane ‘ ‘ ‘
T30 0 30 60 90 120 Free Fe

Time/min

Fe-AlO

Fe-SiO 600K aol AKaol

K7 Kaol 49K Al—O FI Si—O JZ MM AE Ik 5 44 4 f e L1
Fig. 7 Comparison of photodegradation ability of Al—O and Si—O layers, and Fe doped in octahedron and in tetrahedron of Kaol'¥

232 AEXTRAFEROEE RN RS BT
FAREHENFRIZ S5, RS FE A—O M Si—O0 2 JZ
B A R IARE, i SEmA 2 RA
SRR AR RO T ) . Jiang 251
SIS TR ORI BAE Al—O 1 Si—O
2 EHBRERAAEREER. BT F M A2
M B T 257, 5 Si—0 EAHEL, e T
W EERSE AL—O Zh B, | 7d. & 7e M
B 7f 535l J& Fe, O3 H1[FeOq] \HIALE#, Fe &
WEH Al—O EH 1) AL TE R\ A ZE 1), Fl Fe &
Bemld f Si—O JZH 1 Si 5 R DU iR 25 4 . w]
LI, Fe &4 Al—O ZH 1) Al S\ TH kS5

FA 1 Fe,05 H [11[FeOs] /\ T4 45 44 5 AHABA(F] 7d R
K 7e). BIRTFHEAMIUESE, Fe £ Al—O ZHHB241
T RRE ELTE Si—0 JZ B B N, iR s sd
AT Fe 1 AP 2 [A1 250 (18 T 450 . seigth
K, KIREIS ALK A1 Al—O JZ2 R4k s 15 44
A Si—O WEF R 5 LA (Kl 7b). EE R
600 CHBE s 47 (AKaol), AT LL5E4 255 Al—O
2, 1M Si—O EAZm, A, 600 CHBIEE I
i (600Kaol) & AEVEfE R NI /& Al—O 25 Si—O
EFEINEMER, 1 AKaol R Si—0 EilefEH .
I, GBI EEAE T T 600Kaol A1 AKaol )Gk 2
Re(B 7c), W] LA FE i 08 0 4 oK v R AN 2 T (R



+ 3068 - QEIEN=Ei )

J Chin Ceram Soc, 2022, 50(11): 3061-3070

2022 4

Al—O M1 Si—O0 Z) e tb =R 2 7 . bt seie
#H]: 600Kaol X} RhB. OII #1 CIP b £ Hi A H—1k
(R ARIE SR, 20 )& AKaol () 14, 33 %A1 157 i,
T AR R 2 W 7 R0 73 7l 52 AKaol [ 3.4, 10 Al
5445, XEEHRPLE] SR A 1) Al—O JZ L Si—O0 E A
A BB S TR

Hk, A8 2 BB REGHAERZHA
[, SEIX 2 FEME R AR
AR ER. HHERIY: Fe £ Al—O E$
FEI NI TR REIEIRIZ R, A Si—O FH5 4%
RRIZRES . I, Fe B2 Al—O EHEINAF
FHRAERR MM E. 54, 5 Si—O H#AH
bb, Al—O BRI TEARI AT B E, BB Al—O B 1
PSR, Al—O ZEAMNH M SEE, WE
FMFHRTHOE. B2, 2 EBEERMSEME
RS T EMIAME A E I . T s
FYK P REEHEX OGN, mIE A9k
RO EATS, 2 2R AR e
PR REROIZAEE 2 5, X P B A SEXFR i VR
RGBT IR R ik . Rk
PR SR AR PR A S P R, tn] DAHE 2 H At
FRRERR L 3 T (RVE A, XK B TR R 3
BT R .

3 REHREZE

KRR BARM 51, HWRIAK, g
PEUFEEAL S, MMM EAM B, SR
i S 2 T P2 FE AN BB 8] 58 el ), TR B S 24
AR AR, AL AFIRTER, %
5 G TTE BRTE THA 2 B, A 1 5 2 1) 7 T 45 44
N385 52 A 1k R Ak 2505 1 B AT 7R R,
e U A8 5 L BB AR (A0 TiO,,  ZnO,
g-C3Ny, Fey03, CdS Z5)EME G KL S F H
FUE A R TR T R, HARS WA RIEXNR
& SR A AR & JE ALY i R R 4 A, 1K
FEAMNBE Y BN He fb AR I — 4 S, ST abade ]
RETE A4 . X PRI A AR R E A A
YRR

R A E AT B R, 2 PP i
SR KN R I AP AE , S B G SE am ML A 2R T A
Rk, 7EBF T m R A e A s L B, IR A
EERRE s R, ) B e e AL B s, A2
ST ISR A T S B, BT A A R T R
FEXTFRGE R B Al 0 M S A Rk 2 1

IREH o IX AL RE W 1L BATERIE e A1 1 e 4t
T BARRIIE S, 38 RE T IR N 3 LA i U A0 1)
SRR IR, ARG AL U B T F T 14
WA .

VEREMEATIEAA, S A e IR R PG
LT RS AL, BT R AL S
VBT RETSRRE TS, Bk, HEr& A
A B 2 AR o A IS5 i A A A (A B A
PLI5 BRI E A SR B 1) o WA R AR IR
A ETEVE RS /L PRI, R SCEl &
EACN A oRBE . Forp, Rl Ay EXS RO Ab A 1k
FEAEAF HE RRUEN o ST XA ARRI AR A5 2K
RL, U AT oK B Al BEAE SLIBT H AL, SRS 1
A A RN B R L TR S T T REAT I 3K 28
REARF AL RS BT T T

SE R

(1] FFAL, M4, sk, 55wl KD ae ot B ms R B2 A ().
R4 5 FIH, 2019, 39(6): 69-76.

MENG Yuhang, SHANG Xi, ZHANG Qian, et al. Conserv Ultil
Mineral Resourc (in Chinese), 2019, 39(6): 69-76.

[2] A= RE W LIF R IR &S A ET5]. P EAESET T
k51, 2016(2): 8-9+19.

WANG Xiansan. China Non-Metal Minerals Ind (in Chinese), 2016(2):
8-9+19.

[3] fR4ER, RBEIE, BB, . F LT YUK S S B R
FUHEIRT]. BHRHTR, 2021, 35(23): 23192-23204.

XIE Weimin, LIANG Xiaozheng, ZHAO Xiaoguang, et al. Mater
Rep (in Chinese), 2021, 35(23): 23192-23204.

[4] ZHAO B, LIU L, CHENG H. Rational design of kaolinite-based
photocatalytic materials for environment decontamination[J]. Appl
Clay Sci, 2021, 208: 106098.

[5] LIU J, ZHANG G. Recent advances in synthesis and applications of
clay-based photocatalysts: A review[J]. Phys Chem Chem Phys, 2014,
16(18): 8178-8192.

[6] BAZmBE, PR, B, 5. b 5 G RHE G AL U R
BIRTFCHERELT]. A T2, 2022, 51(1): 170-184.

ZHAO Yunpu, CHENG Hongfei, CAO Zhou, et al. J Synth Cryst (in
Chinese), 2022, 51(1): 170-184.

[7] CAO Z, WANG Q, CHENG H. Recent advances in kaolinite-based
material for photocatalysts[J]. Chin Chem Lett, 2021, 3(9): 2617-2628.

[8] LOW J, YU J, JARONIEC M, et al. Heterojunction photocatalysts[J].
Adv Mater, 2017, 29(20): 1601694.

[9] JIANG D, LI X. Advanced photocatalysts with nanoheterostructures[J].
Mater Focus, 2015, 4(1): 14-19.

[10] LU A, L1 Y, DING H, et al. Photoelectric conversion on Earth’s
surface via widespread Fe- and Mn-mineral coatings[J]. PNAS, 2019,
116(20): 9741-9746.

[11] GOURNIS D, KARAKASSIDES M A, PETRIDIS D. Formation of
hydroxyl radicals catalyzed by clay surfaces[J]. Phys Chem Miner,
2002, 29(2): 155-158.

[12] WU F, LI J, PENG Z E, et al. Photochemical formation of hydroxyl



5 50 B2 11 W 5

Az

AT GRAT AL SR A S R ) 1 .

3069 -

[13]

[14]

[15]

[16]

[17]

[18
[19]

[20]

[21]

[22]

(23]

[24]

(23]

[26]

[27]

(28]

[29]

[30]

radicals catalyzed by montmorillonite[J]. Chemosphere, 2008, 72(3):
407-413.

GRANADOS-OLIVEROS G, GOMEZ-VIDALES V, NIETO-
CAMACHO A, et al. Photoproduction of H,O, and hydroxyl radicals
catalysed by natural and super acid-modified montmorillonite and its
oxidative role in the peroxidation of lipids[J]. RSC Avd, 2013, 3(3):
937-944.

JIANG D, WANG J, GAO R, et al. Contrasting photochemical activity
of two sub-layers for natural 2D nanoclay with an asymmetric layer
structure[J]. ACS Appl Mater Interfaces, 2021, 13(49): 59431-59439.
JIANG D, LIU Z, FU L, et al. Efficient nanoclay-based composite
photocatalyst: The role of nanoclay in photogenerated charge
separation[J]. J Phys Chem C, 2018, 122(45): 25900-25908.

JIANG D, JING H, LIU Z, et al. Natural halloysite nanotube as a
spatially improving  photocatalytic
performance[J]. J Phys Chem C, 2021, 125(28): 15316-15323.
YUAN P, TAN D, ANNABI-BERGAYA F. Properties
applications of halloysite nanotubes: Recent research advances and
future prospects[J]. Appl Clay Sci, 2015, 112-113: 75-93.

. BT A IM. e A ok AL, 2017: 1-3.

ZHANG Q, YAN Z, OUYANG J, et al. Chemically modified kaolinite
nanolayers for the removal of organic pollutants[J]. Appl Clay Sci,
2018, 157: 283-290.

ZHAO J, HE M-C. Theoretical study of heavy metal Cd, Cu, Hg, and
Ni(II) adsorption on the kaolinite(01) surface[J]. Appl Surf Sci, 2014,
317: 718-723.

LIU Y-L, WALKER H W, LENHART J 1.
illite

confined nanoreactor for

and

Adsorption of
microcystin-LR  onto  kaolinite,
Chemosphere, 2019, 220: 696-705.
BHATTACHARYYA K G, GUPTA S S. Adsorption of a few heavy
metals on natural and modified kaolinite and montmorillonite: A
review[J]. Adv Colloid Interface Sci, 2008, 140(2): 114-131.

GHOSH D, BHATTACHARYYA K G. Adsorption of methylene blue
on kaolinite[J]. Appl Clay Sci, 2002, 20(6): 295-300.

HOUNFODJI J W, KANHOUNNON W G, KPOTIN G, et al.

Molecular insights on the adsorption of some pharmaceutical residues

and montmorillonite[J].

from wastewater on kaolinite surfaces[J]. Chem Eng J, 2021, 407:
127176.

SONG W, CHENG M, MA J, et al. Decomposition of hydrogen
peroxide driven by photochemical cycling of iron species in clay[J].
Environ Sci Technol, 2006, 40(15): 4782-4787.

CHENG M, SONG W, MA W, et al. Catalytic activity of iron species
in layered clays for photodegradation of organic dyes under visible
irradiation[J]. Appl Catal B, 2008, 77(3): 355-363.

YAN Z, FU L, ZUO X, et al. Green assembly of stable and uniform
silver nanoparticles on 2D silica nanosheets for catalytic reduction of
4-nitrophenol[J]. Appl Catal B, 2018, 226: 23-30.

CHEN G, LI X, ZHAO H, et al. Revealing the mechanisms of mercury
adsorption on metal-doped kaolinite(01) surfaces by first principles[J].
J Hazard Mater, 2022, 431: 128586.

ZHANG J, CHEN A, WANG L, et al. Striving toward visible light
photocatalytic water splitting based on natural silicate clay mineral:
The interface modification of attapulgite at the atomic-molecular
level[J]. ACS Sust Chem, 2016, 4(9): 4601-4607.

DING W, WANG Y, YU Y, et al. Photooxidation of arsenic(IIl) to
arsenic(V) on the surface of kaolinite clay[J]. J Environ Sci, 2015, 36:
29-37.

311

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[43]

[46]

TIAN H, GUO Y, PAN B, et al. Enhanced photoreduction of
nitro-aromatic compounds by hydrated electrons derived from indole
on natural montmorillonite[J]. Environ Sci Technol, 2015, 49(13):
7784-7792.

JIANG D, LIU Z, FU L, et al. Interfacial chemical-bond-modulated
charge transfer of heterostructures for improving photocatalytic
performance[J]. ACS Appl Mater Interfaces, 2020, 12(8): 9872-9880.
WANG G, LAI' Y, PENG C. Adsorption of rare earth yttrium and
ammonium ions on kaolinite surfaces: a DFT study[J]. Theor Chem
Acc, 2018, 137(4): 53.

WEI P, LUO Q, EDGEHOUSE K J, et al. 2D particles at fluid—fluid
interfaces: assembly and templating of hybrid structures for advanced
applications[J]. ACS Appl Mater Interfaces, 2018, 10(26): 21765-21781.
HIRSEMANN D, SHYLESH S, DE SOUZA R A, et al. Large-scale,
low-cost fabrication of janus-type emulsifiers by selective decoration
of natural kaolinite platelets[J]. Angew Chem Int Ed, 2012, 51(6):
1348-1352.

SHAN A Y, GHAZI T I M, RASHID S A. Immobilisation of titanium
dioxide onto supporting materials in heterogeneous photocatalysis: A
review[J]. Appl Catal A, 2010, 389(1): 1-8.

SRIKANTH B, GOUTHAM R, BADRI NARAYAN R, et al. Recent
advancements in supporting materials for immobilised photocatalytic
applications in waste water treatment[J]. J Environ Manag, 2017, 200:
60-78.

RANA A, SUDHAIK A, RAIZADA P, et al. An overview on
cellulose-supported
purification[J]. Nanotechnol Environ Eng, 2021, 6(2): 40.

MISRA A J, DAS S, HABEEB RAHMAN A P, et al. Doped ZnO
(clay): A

nanocomposite for photocatalytic disinfection of multidrug resistant

semiconductor  photocatalysts ~ for  water

nanoparticles impregnated on kaolinite reusable
enterobacter sp. under visible light[J]. J Colloid Interface Sci, 2018,
530: 610-623.

ZOU Y, HU Y, SHEN Z, et al. Application of aluminosilicate clay
mineral-based composites in photocatalysis[J]. J Environ Sci, 2022,
115: 190-214.

KIBANOVA D, CERVINI-SILVA J, DESTAILLATS H. Efficiency of
clay—TiO, nanocomposites on the photocatalytic elimination of a
model hydrophobic air pollutant[J]. Environ Sci Technol, 2009, 43(5):
1500-1506.

MAMULOVA KUTL4KOVA K, TOKARSKY J, PEIKERTOVA P.
Functional and eco-friendly nanocomposite kaolinite/ZnO with high
photocatalytic activity[J]. Appl Catal B, 2015, 162: 392-400.

LI C, SUN Z, SONG A, et al. Flowing nitrogen atmosphere induced
rich oxygen vacancies overspread the surface of TiOy/kaolinite
composite for enhanced photocatalytic activity within broad radiation
spectrum[J]. Appl Catal B, 2018, 236: 76-87.

TUN P, WANG K, NAING H, et al. Facile preparation of
visible-light-responsive kaolin-supported Ag@AgBr composites and
their enhanced photocatalytic properties[J]. Appl Clay Sci, 2019, 175:
76-85.

WANG C, SHI H, ZHANG P, et al. Synthesis and characterization of
kaolinite/TiO, nano-photocatalysts[J]. Appl Clay Sci, 2011, 53(4):
646-649.

LI C, SUN Z, ZHANG W, et al. Highly efficient g-C3;N4/TiO/kaolinite
composite with novel three-dimensional structure and enhanced visible
light responding ability towards ciprofloxacin and S. aureus[J]. Appl
Catal B, 2018, 220: 272-282.



3070 QEIEN=Ei )

J Chin Ceram Soc, 2022, 50(11): 3061-3070

2022 4

[47] MAMULOVA KUTLAKOVA K, TOKARSKY J, KOVAR P, et al.

[48

[49

[50

[51

[52

[53

[54

[55

[56

[57

[58

[59

[60

]

]

]

]

]

]

]

]

]

]

]

]

Preparation and  characterization of photoactive
kaolinite/TiO,[J]. J Hazard Mater, 2011, 188(1): 212-220.
NIU J, WU A, WANG D, et al. Coloading of TiO, and C3;N4 on

kaolinite

composite

nanotubes for obviously improved photocatalytic
performance in degradation of methylene blue dye[J]. Mater Lett,
2018, 230: 32-35.

ZHANG Z, YATES J T. Band bending in semiconductors: chemical
and physical consequences at surfaces and interfaces[J]. Chem Rev,
2012, 112(10): 5520-5551.

ZHANG Y, GAN H, ZHANG G. A novel mixed-phase TiO/kaolinite
composites and their photocatalytic activity for degradation of organic
contaminants[J]. Chem Eng J, 2011, 172(2): 936-943.

LI C, ZHU N, DONG X, et al. Tuning and controlling photocatalytic
performance of TiO/kaolinite composite towards ciprofloxacin: Role
of 0D/2D structural assembly[J]. Adv Powder Technol, 2020, 31(3):
1241-1252.

LI C, SUN Z, DONG X,

TiOy/kaolinite composite photocatalysts with enhanced photocatalytic

et al. Acetic acid functionalized
performance through regulating interfacial charge transfer[J]. J Catal,
2018, 367: 126-138.

LONG M, ZHANG Y, SHU Z, et al. Fe,O; nanoparticles anchored on
2D kaolinite with enhanced antibacterial activity[J]. Chem Commun,
2017, 53(46): 6255-6258.

LI X, FU L, OUYANG J, et al. Microwave-assisted synthesis and
interfacial features of CdS/kaolinite nanocomposite[J]. Colloids Surf A,
2014, 443(20): 72-79.

ZHAO Q, FU L, JIANG D, et al. A nanoclay-induced defective g-C3Ny4
photocatalyst for highly efficient catalytic reactions[J]. Chem Commun,
2018, 54: 8249-8252.

ZHAO Q, FU L, JIANG D, et al. Nanoclay-modulated oxygen
vacancies of metal oxide[J]. Commun Chem, 2019, 2(1): 11.
ABD EL-LATIF M, EL-KADY M, IBRAHIM A M,

Alginate/polyvinyl alcohol-kaolin composite for removal of methylene

et al.

blue from aqueous solution in a batch stirred tank reactor[J]. J Am Sci,
2010, 6(5): 280-292.

ADEYEMO A A, ADEOYE I O, BELLO O S. Adsorption of dyes
using different types of clay: a review[J]. Appl Water Sci, 2017, 7(2):
543-568.

CHEN H, ZHONG A, WU 1J, et al. Adsorption behaviors and
mechanisms of methyl orange on heat-treated palygorskite clays[J]. Ind
Eng Chem Res, 2012, 51(43): 14026—14036.

OZDEMIR O, CINAR M, SABAH E, et al. Adsorption of anionic
surfactants onto sepiolite[J]. J Hazard Mater, 2007, 147(1): 625-632.

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

(721

(73]

741

CHEN R, LAI D, WANG D, et al. Enhanced photocatalytic activity of
kaolinite-TiO,-graphene oxide composite with a porous stacking
structure[J]. J Alloys Compd, 2021, 889: 161682.

XIAOHAN AN, YING WANG, JINJIN LIN, et al. Heterojunction:
important strategy for constructing composite photocatalysts[J]. Sci
Bull, 2017, 62(9): 599-601.

DUNLOP P S M, MCMURRAY T A, HAMILTON J W J, et al.
Photocatalytic inactivation of Clostridium perfringens spores on TiO,
electrodes[J]. J Photochem Photobiol A Chem, 2008, 196(1): 113-119.
LIU Z, WANG A, ZHANG Q, et al. Visible-light-driven photocatalytic
activity of kaolinite: Sensitized by in situ growth of Cu-TiO,[J].
Environ Prog Sustain, 2021, 40(1): e13479.

KIBANOVA D, TREJO M, DESTAILLATS H, et al. Photocatalytic
activity of kaolinite[J]. Catal Commun, 2011, 12(8): 698-702.
EL-SHEIKH S M, SHAWKY A, ABDO S M, et al. In a novel
nanokaolinite photocatalyst for degradation of P-nitrophenol[C]//2017
IEEE International Conference on Manipulation, Manufacturing and
Measurement on the Nanoscale (3M-NANO), 2017, 8(7-11): 367-370.
MIKAMI N, IMANISHI K, YAMADA H, et al. Photodegradation of
the fungicide tolclofos-methyl in water and on soil surfaces[J]. J Pestic
Sci, 1984(9): 215-222.

KATAGI T. Photoinduced oxidation of the organophosphorus
fungicide tolclofos-methyl on clay minerals[J]. J Agric Food Chem,
1990, 38(7): 1595-1600.

SEN KAVURMACI S, BEKBOLET M. Specific UV-vis absorbance
changes of humic acid in the presence of clay particles during
photocatalytic oxidation[J]. Desalin Water Treat, 2014, 52(10-12):
1903-1910.

SZABO P, ZSIRKA B, FERTIG D, et al. Delaminated kaolinites as
potential photocatalysts: Tracking degradation of Na-benzenesulfonate
the dry
nanostructures[J]. Catal Today, 2017, 287: 37-44.

GYORFI K, VAGVOLGYI V, ZSIRKA B, et al. Kaolins of high

iron-content  as

test compound adsorbed on surface of kaolinite

photocatalysts: Challenges of acidic surface
modifications and mechanistic insights[J]. Appl Clay Sci, 2020, 195:
105722.

SHAWKY A, EL-SHEIKH S M, RASHED M N, et al. Exfoliated
kaolinite nanolayers as an alternative photocatalyst with superb
activity[J]. J Environ Chem Eng, 2019, 7(3): 103174.
BALTRUSAITIS J, HATCH C, ORLANDO R. Electronic properties
and reactivity of simulated Fe’" and Cr’* substituted a-Al,O; (001)
surface[J]. J Phys Chem C, 2012, 116(35): 18847—18856.

FU L, YANG H. Structure and electronic properties of transition metal

doped kaolinite nanoclay[J]. Nanoscale Res Lett, 2017, 12(1): 411.



