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Research Progress in Organosilane Modification of Clay Minerals

SU Linna
(School of Applied Chemistry and Biological Technology, Shenzhen Polytechnic, Shenzhen 518055, China)

Abstract; Clay minerals have attracted considerable attention in basic research and practical appli-
cations due to their unique layered nanostructure. However, the hydrophilic surface of clay minerals
makes it difficult to improve the properties and limits the application of materials. Therefore, the sur-
face modification with organosilane is one of the effective methods to improve the surface properties of
clay minerals. The clay minerals modified by organosilane possess dimensional stability, adsorptivity
and barrier properties of clay minerals, and high reactivity of various functional groups in organosi-
lane molecules. Therefore, the modified clay minerals have wide applications in materials science,
environmental engineering and carrier materials. Accordingly, they have attracted much attention in
mineralogy and material science in recent years. This paper reviewed the research progress in or-
ganosilane modification of clay minerals with different types. The influence of clay mineral type, or-
ganiosilane species and reaction conditions on the structure of modified clay minerals was discussed,
and the main research directions of organosilane modification of clay minerals were prospected.

Key words: clay minerals; montmorillonite ; kaolinite ; organosilane ; modification

N BT IRAIR 5255 S L4 K 3T A B 2
5l 5 S T DL B A A RO ERE 2 b
CERETAIRELT o T B LT WRA  RERBRIES . RS L5 & L Bk

«  UgFS HEF:2018 - 06 - 28
BEETE : IR A B BHIF 3L 4> (6017 - 22K210169991)

YEB R : I (1984 — ), Lo, R = WA 1 4 UFE, RN ET MBS Y% - Fm RS, E - mail;
sIn0598 @ 126. com



3906 H 1

TR - 3 0 WA LA AR S 2 - 125 -

PeFERE 0/ REWE SR T 5%
B Z EAFAE AR HE T 19 5180, AT BR ] 7 40 K 52
BAEHERESE S . Ut B W R A AL AT
FEIIE Tz R B YA HLSE 322 PRl
FEATT 1 AU JZ SO R A HURE ek . A
AU SO 7 i ok 8 S 4 SR R A T 25 5
XCRAPLE T SRR AP TIRAR L5 Y2
]2 NG 0T W0 R SR L. (s
1 B TSR W A L) 23 R S A s 2
Gy RN Z A A U RE PR , L
FATHLRE L0 W) ORI AR G PRI FAPE REAS
o P, P R R TR PLEELE MR 07
AHURERE R PRI R, B e K 7 A T PR
Ry 2 1w M I — ALOH - SiOH. 25 5 A1 44
BRI FEES 1, T AN 360 3 g B 0 5 L A T
F VB M SR T R R AR B T AL
R ETE T o S R A HLE
Bl C T TIRARIBESE, G T — 24k WA
B ER 1 AR S gk TR R A )
AMUEELE SR AT ST 2 JE , [R]85 W0 A BLAE
B MEARR I FEIT M4 TR EE

1 350 pLeEbesc v v HLER

A HLAESE (organosilane ) , FR A RERERECH ( si-
lane coupling agents ) , 7] DL H# L Y - R - SiX, 3,
(8 SiX, ) Fomo b, Y = SRR AL, AT LLFnAG
UIRZ I INIIR SR R SRR C A 7/ BUEE 5 S
FIARHEI AL (2O SRk ) (PR R
ik SRS, R ORI, X - Al K fig
el ,Si - X Gy K g A Sy Si - OH, W] 5 ALY &
TH R AL G L AR E 1Y Si- O Shpvei . # ILAY -
X ALHE PR e A R AR | SRR AR RS

B WA HLAE e I 45 fr e (N e S8 ki
e L SN EERERESE ) 5 R Y R A R
i ( —SiOH) GRmE( — AIOH) KR I LA g , AT
TEREIE AT HLUE REA, S i A LA RO RR E . A7
PLEESE 5 25 Yy m DAL BIE S & i el
DA miph gLz

1.1 K RpEYEEREREIE
A B ALY S - X LSS 5K T
VERIK I AL St - OH, A= J i Si — OH 2 Ja] Jii 7K 4
BT Si - OH MR be. S ULIRImE, Si - OH
o 5% W2 I R R AR K 4 S SN, A

IMAERE 0 )R LK St - O - Si SLfd (18 1
)P A BB S IO R I R —
B, R RIS Si - OH s 5 H Al Ak e 1) Si -
OH i, i PRI BUIRZS . & KA P ke 2
()R 45 5 TG ] 14, DRI ek ot Ik 2 2 PR JEE
IR RE WAL o L, BFFEE 51 AH HLEE ),
M A A AL SR R KR R DL AR
E[ZZ,B] .

RSi(OR’); R R R
3H20 @drolysis HO-Si—-0-Si—-0-Si—OH
") \s3r°0H O o0 0
RSi(OH); r I = I I

2RSi(OH)s c ) Clay mineral surface
ondensation 3H20
2H:20 Bond formation (—’
RoRow Rk
. . . | | |
HO-Si-0-8i-0-Si-OH HO-Si—0-Si-0-Si-OH
OH OH OH (I) 6 6
R— .S PR &N
I Hydrogen H HH HH H

QH ?H (I)H

Clay mineral surface

B1 &kNEPEVNREEENEREED
Fig. 1 Mechanism of organosilane grafting in aqueous solvent
1.2 RN RHPEVNEREGEINIE

KA A LKA RE & A K A7 B 40 L)
G R, REE S5 0 MR IR IE RN . HAE,
A3 0T W A A 002 TR e o o
PEATHAC A RE R R 45 4 o BFSE RS Tt Bk
gt BREAMAE R, B nT DU A2 o+ 508
PR AL B kB (3 — RN I = 2R R RE b
APTES) I #E45 & S B R EAT . 840 7 s 4 k58
aof S R A 1 7 SAR A HURE e S 3
RIAR G e UG . K2 FEKA i APTES
AL R

bonding ko) Ko} Kol
. 7 i [

Clay mineral surface

5
5
. 0y < d.>
< > (0]
O\?/O O\Sll/ O\Sli/o
Si OH OH physi ti
== ysisorption > or ?

? Clay mineral surface i NHJ+
NH2 Y H o
APTES 0O 1—1——|

l_l——l
ﬂ Condensation
> 2
2 O O
gH‘ SiZO SiZ0~
o~ B~ Yov H.~ o
/Sl< Curing N IIV
OH QO 0O~ OH == @ H HH
| I | 7
o OH (0} OH

B2 IEKkNRRENEREENERER

Fig.2  Mechanism of organosilane grafting in non —aqueous solvent



<126 - R S5 R H

2019 4F

P R RV LI RERE R ER Y S

2.1 2181+

TEZERAT B2 0 1 BB 0 YA Pk ek
P, A AU b oM S b R B R AR R
AT | PN TR R A0 B
AN TET 0T B A LR Joe 5 R T 6 s g T AN 12E A
R S = N IR -3 S AR L
TR AN g TR 2k A, 8 ) Y 2 ) B B I 4
P02 B PR B e B L A S i
AL VP IE R 7L e L RN i3 1D S A=
GIEAZIE G QR 5w oy ARV 7% 1 b
T Rk Ay T 22 M) AR ELVE (04 TR A
) R L S RS T2 AR O 4
2.1.1 Z 254 KA B AT & 23 BOM 6 %5

o

He 22 WF5E 1 35 L0 W0 00 JsORE X Ak e 1 42
KIGHEE = W) O 25 ¥ 152 . W53 >Rk F APTES
TE LT/ KR G IR R BE 01, A TR
T Y ISR RE e B IR BB A T R
FEP AU REIE A S 0 2 0], AR 2 R & A 48 A
SR, XFF RERFE i, J2 (B ik Joe S WUZ A7 HES 5
A LIRS, 2 AR AT 2 HES

Zh A 2 TTE A AL B (N R U5 AL G Ak Bk
MUBRATE S 15 £k ) BT LA 3% R ity 1A vt B R0 5 1T 9 14 32 141
OB Qin X S [ it 3 4Bt e P Ak TR 1 52 TG
A AT A VUEEE R PE , I X = i) el AR 540 Je
HIE AL FEEAT AR 0 o PAKh R 3 3 2o 5 o 52
i Ay 2 18] K e 2 T e R E e £ 2 (8] (R K R 46 7
AL PRI SENA R EHERR A P P A R
G5 AT ELA A FLES ), T A e RO 2 A R AL
A ELEESE M, Rt R TS 2 [ S AUZHE
i, DR REREIG T R 2 0 1 o
2.1.2  EIRTKAE G E AL 30E 3B Y

#

Tk bt B9 7K A BE AT A TRl 2 i 26 0 W A
MLECPEREEE . Herrera 57 & B, SR H— A~ /K i B fig
A RERE AT 5O | BEBETE B PR 2 ik e 7 5 72 3 1
W Wyl , FEARERE—2 77 A 46 R O, DR el P ZE
LA A E LA AR . BEEIR I I
L AR SE 7 2R 37 B -0 W) o 36 S 1 PR
il REGE T B A, SR = AN K AR B RE AT R e

O, 5 i B, B K AR 2
SEREBEE— B A 5 R I, K T B
DI, RERK I BRI, R A 2 2R
B9 T R — AR 2, R 2 B SR 15
Fhb 0P R U 14 B R I e ()2
(B TRk AR KL LI, R P K A P R
BN B+ PR L, B S B e L Bk
P SR, Sepehri 55 4175 51 A7) 9
L5, Sepehri S FH B A K B BRI (—HIIEL
WS = A KR B DA 0 B (2050 =
SRS BOHESE AT . BRI S 0 ]
R SRR AR I, — > 156 2 K S R
TR 5 — SR AR, AT 4T L%
BT A R RIS, T — 1 A0 = Sk
Ke s T T L5 A S0 L R R, O LI Bt b
RS S P R , ARG WL
WL R R B BT A . ph T 123
SRR L A 210 = GURE 2 0 6E B 2 (052 0 11 2
S, TR K AR B T SO P15 B2 1T
e
2.1.3 BIRGAEEL f &K E A A8 Y
4

REBEHOSE A RS 15 B B L 02
I AT B Su %5 B LR
YK AR 2 PR 5 57 R ISP BL 2B 4 45 S
BRI 25 5 G, 7E A LR B B
PERERE, BERE S T BRE B o 4 A B T3 4t
PRI A S 20, (S R LB . 5
BRI 3 A2 I 00 B b 5 52 7 R 2 b 18
SR A TIRHE LR 4 KR A TRk
KK AR A B B L S TR A e, 1B
BT T 1 A, 60 e SR (S 4
PRI -0 —Si - AR T L B2 0N
SR . R I2 1B A RO R R B
SETF RIS A (R, M TG 2 B 5 4 44
KA BRI MERE 3 (53— 7 T, LA B A R
B4 BB KRS 00 7 5 R B B0 60 B 545
S EUAS LT B AR T
214 BRI R AR 8

5 9 9 B 2 O R IR
ST AR I 2 11 IR
BIA AR + (1) B BRI 3+ H 2 85



3906 H 1

TR - 3 0 WA LA AR S 2 - 127 -

Wi b5 (2) 3R 28 AZE L2 13X A4 1 e Bk
TR FE BN BRI R RE . 7R REY
F e kot 5 28k o TR 3 2 A SO 5 16 15 22 T E VA
e REREE ARE B2 R o 8 A T R 2 1w RE X
T o i WO FF e 118 2 M) iz R P B o 5 741) ) % T
A T HE T, i B B o s ) 1) 3 T e 3 A AL
T e W o 7 552 0t A 2 T AT 2 00 2 [B) 1 5 et B
Z N, A LS A 2 A R

Nik 26270 DI FIBR 04 #0885 5 00 0 o 1 A
PUREBE IR 3 A SZ R, 2R X CO, W B B4 2 3ok Bk 42
FEMIEAT VY . WRSE 2 BRI IR A L RO
Wi R e IR 1) T2 BE PR 2R, SR T AS [ 9 711 1) 8 B
RERE G | LR A B FLAR U /NS e K X
AV A 79 g e 1 L i R, A B RE R B
LA /N, CO, W K A, PR 57 H
IR P I B A, EE R BUE K, CO, 1y it
B H R, Su SRR R A HLIE A
FNAY I, WF A HLIE R X APTES BOPESE I A
(IR o AF 98 25 S0 B, e PV 79 v A WL WA 1)
et 0 AR B AIG, J2 (B 2 Ak 2 5 e i A e TS B
AR s ARSI I oA MLSE A B RE e T 2k 5
R REBEAE /2 R 45 58 R ek b, 5 58 i A T
TR —Si—0-Si-" M Bk S A )2 e, il
e I (I 3) 0 BB o Ak o A 2
(1) 52 M) BT B DA A AR A 5 741) m s SR A A58 1oy 4 s 551 43—+
W AERE £ R AR A2 R R
AT P14 507 3 A Ah T R IR A BELAS A ot 18 42 I 17 1)
AT HULRES, R 0T 455 5 R 2 LY iR
SV, RS AR T R FRUIE A R BB
FEG R R AR AR, MR R R A
B RE LR 3 8, AR Rk B o T i it — 25 45
Hro AWM FIAN L BORAR, A SR LR
AT PR3 P 3 A1 7 A TS AR B8O, T8 7 40 F 5 RE e 4
T Z A A7 A S5 A L, A R T 8 4 ) g i
7770, Qin R RERS I 1 AL 48 2/ HEHE 19 52
O, AR REEE . ToK SN R kb
I A, I ) H A v A B SR T AR B R
IFLARER ; 30 O ot IR B ke e B o 1, I ™
YL AR A LARFRER B /N o 86 1) )2 1) B g e
TV 3R 18T RE AR M RN 2 AL A3, 5 52 A R T g
FHEL , 2 T REAR B AH 45 1 75 790 B8 25 2 RS2 B A, DA
T {ufF HL St TG 7 7 19 35 5 1T LA AN LA e Bt
Song' ™' R €, Hy,SiCl, F1 C,H,,Si( OMe), PS5

WA, G0 A T RO S A ) EE S TR AR = ] S A T
T, TR e LA A B (0 R 35 S8 A A i
— OH 5 ol MR A 7 55¢ i A0 S0 2 10, e acd 7 e
AR el e 00 0 BT SR BEPEAE o AR V1)
X SOV AR A B R T e e AN [ AR £
FETRIR A U R 2 ) 3 I ) I S 4%
Jr =X, B A PR R I

Ethanol or  sissieyimisisii
Isopropanol M BARIAARARL
S & ’
F‘,«, : ‘
\"\o“ 3 « ¢ <
oo oW
oAb A A A4
N ¥
A AA A Ap
Montmorillonite 763 ‘
8/'/
Vigs:
6{,0,7
Toluene or

Cyclohexane s
Al A MM AN ANAMNNNANANA

3 ZBAERERMEEN PEEREETER
Fig.3 Illustration of organosilane grafting of montmorillonite

in the solvents with different polarities

2.1.5 4T A 6948 ZAE R 3B A e

IFEBFFE 4 R R /Ny T AL Z 3
02 ), A BB R T 2 (2 (] BB, T Pis-
citelli ZEWFFEHY R EERERE - A R RIS Z AR .
ABLSERE AT A2 (8] -5 28 B fek o 19 B I JE G, = J
NS KOIF BT AR AR B2 B3 A A5 B A 1 )2 1)
BRI P S R e A3 TR < R 5
AR JRIBE , R RS2 2R B A HL
R 5 XS ST B3 )= 2k o R, B R Ak e
— SR IO FH P47 J2 BRI R 14 £ B2 25 T X I L
RAFTREYNI . Sitben &AW a5k
N, BR[0T 7 R Ak ot 0 [ ol B A i K A
AT, DT 3 B0 HLEE B S0 A7 12 T] BB
I3 —J5 i, RS — A - NH, BT 2 S ot 4
Gy oy B S W 2 AR A R Z BRI (A
PLSEAT 2 A EE B R
2.2 11 8B#ITTY

11 R Wi BACRIE R R e, oA
HLBCHE = WA 5 73 T AR S5 RERE BB A1 R 25 45
BURR T E RN AR i T R 2
ANEA N SRR T, R 5 R Z A TR R R A
FEVEHT, 5l IR PG L0 A LL , w41 A P =



<128 - R S5 R H

2019 4F

o N T AOPE FU AR IR M o AR 08 41 A MLRE Bt e 1
e ke 32 5 DL S 5038 D) B of A A
TRl AR, YA AR B 2 K o Jo-
hansson 2" 73511 5% K F G K 2 % 9 15 1), R 3+F
AR S SIS A R RONYE . FEKEE TTK L
P REE K i A P, IS0 2 (A1 46 B T8 BORE St
5 RY) 5 5 A A R SN, PR 7 A s g AL
PR30, DR S A PR e 4 SR = B2 L) 4 B o
s S ERN T A TR A R, IR Ra 5
T A A e TR ST B AL A e
2.2.1 S o HEBEAT R BO 6 R e

M T A 2 2 ) Bl o S A, ez
RN, A LR e AR MRS 22 (] S T, RA s
AN Can — B FE AR H P e IR 45 ) S s
YA BERRZHEAZ ) R B, e T
Set )2 LAG K IZ R R 98055 = e A J2 A S E T T
A BEHEAT 2 B fE e 1 4 R WY Tonle 4504 5%
FH = F AR TS 47 )23 v 0 Ay, 47 )2 T R A A 58 4
ToKEAE N AT AE 2 G 3 APTES, fESe 542 )5 =
WA )ZMFEH 0. 71 nm 3K E] 1. 64 nm, b 5 5
W AR TE NI DAL B A IE R Es & v
AL AR o Yang 2510 SR — Y S R 90 206 3
JZ =W A PR TRERE IR , 81T T APTES X =508
JZ TR I G O ALER , | BEGE I DN I H e = 18
JETHFRE b DT w5 U A )2 () Jft R 9B X I
RO AT W2 52, A MLRE e B i DA b i
M REGE LAY T B IR A A TSI A 2 ] A
T AU R A5 PR A5 T, A sk 7 v 1
A )2 ]I ¢ Jr i — 4G 15 B K2
BRGHE. mA TERE R G B T SRk F W 3R
U2 BRI L 5 = 0 A AR S5 40 I A & R AR
KA, FORZRIFERE R, TRl R N fe v, W3R
WIS S T A OV I IHFE T35 3R 725
3 AR e LA AN SR SCAEAE T I8 A R 0T, AN 2%
SO PR BA R R R E
2.2.2  RBBAR R STARIR BOME 0 R R

TH A A S PR R LR AL T Y R Y R
H, BT e 2 (B o S A E R BOA PURE e 16 1
il 8 BN A5 AFAR D LA 21, — R TE TR AR
SHUT AP R rh ik T, SO i B A BE
TRAFAE , BN BUR F LA 1), I HLOwE B[] 4K
(48 ~72 h) B3 VIR B 3k 195 €900

R HAHE A PN T )5 RERE L A 07, 7 1 Hh 4
JZA L FAERERE IR R IR A7 A, A ML AR E
PEAR™ o ABRSE & LA HILRE e 23 15 780 04 £ 0 1T —
OH SR T I A A 88 , 7= 40 vh A7 LAk e 1) A R PEAR
B FEAT AR BUK AR S BER  wi £ i 8
2 AL-0.Si - O b (st ) K HOKAL R
R EREE (AL - OH) fi ke (Si — OH) 45 2 K P 3
PHZH A, S A BILAE Joe B8 128 B I )3 1R X3 (el T
eI A et AU, — SRR B R B P V2 S T T AR RS
BN, AT v BT PO AT AR A R D T
SR R A i T PR 2 T 1 A 9 B, A T
FEH NS W e Ay AT 5 AR R A 2L, 8 T e 06 A 3 1 2
i VT AT 3% i o ) 196 P82 6, AT DL 3 i v A P
ot L U A 2 T (1 dee e B AT HLA R >
()R], 38 B AN TR AR e s oz 38 70 o 17 A v e 7 35
T e Ao B 4 AR 52 M AL B, R SRR 1 ) v A AL v
A7 IR SR A8 AR, AR AR P 7 79) v ik b 97 28
HL SRR PR R 8

3 REiHE

APLEELE R HATA RO R 3k ik vk
Ik —  AMURESE i B L Wy A AU B RS
P, T EL AT DL A L ) D RESE AT, il 24
R7/ESE SEg7/biibe i LI 7 s i N TR RV €
HEAPRITERE . L, AL R )
TERE WA A RS BA BRI K 1 o

B L0 WA HLEE e SO R o e PEREAN R &
BRI SR B A1 B 0 P A LA ot ek
WS, ARRBLZM LT ILATT 5 & - (1) $m %k £
BT 2 5 A U e SO 3 PR 6, 42 A BL
ERERPE R RCR SRR (2) RABE T £ 5
AU SN LB, e P e AR A, SE B
XA AL ) 2 T ek e K % R )= M) T K A 1
5 (3) i — P F e PR Jh -0 WP 3
IAAEE e S

S 3Lk

[1] Shi K, Liu Z, Yang C, et al. Novel biocompatible thermore-
sponsive poly (N — vinyl caprolactam)/clay nanocomposite hy-
drogels with macroporous structure and improved mechanical
characteristics[ J]. ACS applied materials & interfaces, 2017,
9(26) :21979 -21990.

[2] Sehaqui H, Kochumalayil J, Liu A, et al. Multifunctional
nanoclay hybrids of high toughness, thermal and barrier per-

formances [ J]. ACS applied materials & interfaces, 2013, 5



3906 H 1

TR - 3 0 WA LA AR S 2 - 129 -

(15) 7613 -7620.

[3] Hu P, Yang H. Polypropylene filled with kaolinite — based con-
ductive powders[ J]. Applied clay science, 2013, 83 -84(5) .
122 - 128.

[4] Kochumalayil JJ, Bergenstra Hle — Wohlert M, Utsel S, et al.
Bioinspired and highly oriented clay nanocomposites with a xylo-
glucan biopolymer matrix: extending the range of mechanical
and barrier properties[ J]. Biomacromolecules, 2013, 14(1) .
84 -91.

[5] Wang J, Cheng Q, Lin L, et al. Synergistic toughening of

[}

bioinspired poly ( vinyl alcohol) — clay — nano brillar cellulose
articial nacre[ J]. ACS nano, 2014, 8(3):2739 -2745.

[6] Zare Y, Rhee KY. Multistep modeling of Youngs modulus in

[}

polymer/clay nanocomposites assuming the intercalation/exfoli-
ation of clay layers and the interphase between polymer matrix
and nanoparticles[ J]. Composites part A: applied science and
manufacturing, 2017, 102,137 - 144.

[7] He H, Ma Y, Zhu J, et al. Organoclays prepared from mont-
morillonites with different cation exchange capacity and surfac-
tant conguration[ J]. Applied clay science, 2010, 48(1-2) .
67 -72.

[8] He H, Zhou Q, Martens WN, et al. Microstructure of HDTMA
— modified montmorillonite and its influence on sorption charac-
teristics[ J]. Clays and clay minerals, 2006, 54 (6) :689 —
696.

[9] Huski¢ M, Zigon M, Ivankovi¢ M. Comparison of the properties
of clay polymer nanocomposites prepared by montmorillonite
modified by silane and by quaternary ammonium salts[ J]. Ap-
plied clay science, 2013, 85:109 - 115.

[10] Piscitelli F, Posocco P, Toth R, et al. Sodium montmorillonite

silylation: unexpected effect of the aminosilane chain length
[J]. Journal of colloid and interface science, 2010, 351(1) .
108 - 115.

[11] Takahashi N, Kuroda K. Materials design of layered silicates
through covalent modification of interlayer surfaces[ J]. Jour-
nal of materials chemistry, 2011, 21(38) :14336 — 14353.

[12] f iy, =W, 0k, 55 vy - AN = Rk
(APTES) 5 7 J22 [B) 5 1T F B 1) dk B S LS ]
W4k ,2012,32(4) 468 — 474,

[13] Khosravi H, Eslami — Farsani R. Enhanced mechanical prop-
erties of unidirectional basalt fiber/epoxy composites using si-
lane — modified Na ™ — montmorillonite nanoclay[ J]. Polymer
testing, 2016, 55.135 - 142.

[14] Mg, RES, IR i 2. y - RN HE T W Ik L A ke 12
M52 R At be A 52 - Ay M RE [T ). Ak L3k, 2014,33
(1):178 -252.

[15] He H, Tao Q, Zhu J, et al. Silylation of clay mineral surfaces
[J]. Applied Clay Science. 2013, 71(71) ;15 -20.

[16] Tao Q, Fang Y, Li T, et al. Silylation of saponite with 3 —
aminopropyltriethoxysilane[ J]. Applied clay science, 2016,
132 -133:133 - 139.

[17] Yuan P, Southon PD, Liu Z, et al. Functionalization of hal-
loysite clay nanotubes by grafting with y — aminopropyltriethox-

ysilane[ J]. Journal of physical chemistry C, 2008, 112(40) .
15742 - 15751.

[18] Park A =Y, Kwon H, Woo AJ, et al. Layered double hydrox-
ide surface modified with (3 — aminopropyl ) triethoxysilane by
covalent bonding[ J]. Advanced materials, 2005, 17(1) :106
-109.

[19] Ruiz — Hitzky E, Fripiatt JJ. Organomineral derivatives ob-
tained by reacting organochlorosilanes with the surface of sili-
cates in organic solvents[ J]. Clays and clay minerals, 1976,
24(1) .25 -30.

[20] Shanmugharaj AM, Rhee KY, Ryu SH. Influence of disper-
sing medium on grafting of aminopropyltriethoxysilane in swell-
ing clay materials[ J]. Journal of colloid and interface sci-
ence, 2006, 298(2) :854 —859.

[21] Voort PVD, Vansant EF. Silylation of the silica surface a re-
view[ J]. Journal of liquid chromatography & related technolo-
gies, 1996, 19(17 - 18) ;2723 -2752.

[22] He H, Duchet J, Galy J, et al. Grafting of swelling clay mate-
rials with 3 — aminopropyltriethoxysilane[ J]. Journal of colloid
and interface science, 2005, 288(1) :171 —176.

[23] Shen W, He H, Zhu J, et al. Grafting of montmorillonite with
different functional silanes via two different reaction systems
[J]. Journal of colloid and interface science, 2007, 313(1):
268 —273.

[24] Herrera NN, Letoffe J - M, Putaux J - L, et al. Aqueous dis-
persions of silane — functionalized laponite clay platelets. a
first step toward the elaboration of water — based polymer/clay
nanocomposites| J|. Langmuir, 2004, 20(5) :1564 — 1571.

[25] Herrera NN, Letoffe ] - M, Reymond J — P, et al. Silylation

of laponite clay particles with monofunctional and trifunctional

vinyl alkoxysilanes[ J]. Journal of materials chemistry, 2005,

15(8) :863 - 871.

Park M, Shim I =K, Jung E - Y, et al. Modification of exter-

nal surface of laponite by silane grafting[ J]. Journal of phys-

ics and chemistry of solids, 2004, 65(2 -3) :499 -501.

[27] Nik OG, Nohair B, Kaliaguine S. Aminosilanes grafting on
FAU/EMT zeolite: effect on CO, adsorptive properties [ J].
Microporous and mesoporous materials, 2011, 143(1) :221 -
229.

(28] RERAE 5@l A2 5. BULIIE AT vy - HNEE =2
SSERERECERT L) ). 524, 201232114 - 21.

[29] W, M R, . AN = SR AR IR RS
At s S RAELT]. Blor @ik, 2008,53 (21) : 2624 -
2629.

[30] Qin Z, Yuan P, Zhu J, et al. Influences of thermal pretreat-

[26

s

ment temperature and solvent on the organosilane modification
of Al13 - intercalated/Al - pillared montmorillonite[ J]. Ap-
plied clay science, 2010, 50(4) :546 —553.

Sepehri S, Rafizadeh M, Hemmati M, et al. Study of the

modification of montmorillonite with monofunctional and tri-

—
(O8]
—

[a—

functional vinyl chlorosilane[ J]. Applied clay science, 2014,
97 -98(4) :235 - 240.
[32] Su L, Tao Q, He H, et al. Locking effect; A novel insight in



- 130 - R S5 R H

2019 4F

the silylation of montmorillonite surfaces[ J]. Materials chemis-
try and physics, 2012, 136(2 -3) :292 —295.

[33] Su L, Tao Q, He H, et al. Silylation of montmorillonite sur-
faces: dependence on solvent nature[ J]. Journal of colloid
and interface science,2013, 391.16 —20.

[34] Burgentzlé D, Duchet J, Gérard JF, et al. Solvent — based
nanocomposite coatings: 1. dispersion of organophilic montmo-
rillonite in organic solvents[ J]. Journal of colloid and inter-
face science, 2004, 278 (1) ;26 —39.

[35] Song K, Sandi G. Characterization of montmorillonite surfaces
after modification by organosilane[ J]. Clays and clay miner-
als, 2001, 49(2) :119 —125.

[36] Yan Z, Fu L, Yang H, et al. Amino - functionalized hierar-
chical porous SiO, — AIOOH composite nanosheets with en-
hanced adsorption performance[ J]. Journal of hazardous ma-
terials, 2018, 344 .1090 — 1100.

[37] Zhang Q, Yan Z, Ouyang J, et al. Chemically modified kao-

linite nanolayers for the removal of organic pollutants[ J]. Ap-

plied clay science, 2018, 157:283 —290.

LKA, XVBRCHT, AL IFE, 2. e - LRI Z E S

A SRAELT]. MR ER#4R ,2015,43(4) 511 - 518.

[39] BERGAYA F, LAGALY G. Handbook of clay science: first edi-
tion [M]. Amsterdam; elsevier, 2013 707 —719.

[40] Johansson U, Holmgren A, Forsling W, et al. Adsorption of

[38

[

silane coupling agents onto kaolinite surfaces[ J]. Clay miner-
als, 1999, 34(2) :239 —246.

[41] Frost RL, Kristof J, Horvath E, et al. Effect of water on the
formamide — intercalation of kaolinite[ J]. Spectrochimica acta
part A; molecular and biomolecular spectroscopy, 2000, 56
(9):1711 = 1729.

[42] Murakami J, Ttagaki T, Kuroda K. Synthesis of kaolinite — or-
ganic nanohybrids with butanediols [ J ].
2004, 172(1 —4) ;279 —282.

[43] Tunney JJ, Detellier C. Interlamellar covalent grafting of or-

Solid state ionics,

—
~
=

[

[45]

[46]

[47]

[48]

[49]

[50]

[51

[a—

[52]

[53]

ganic units on kaolinite[ J]. Chemistry of materials, 1993, 5
(6) :747 - 748.

Avila LR, Faria EHD, Ciuf KJ, et al. New synthesis strate-
gies for effective functionalization of kaolinite and saponite with
silylating agents[ J]. Journal of colloid and interface science,
2010, 341(1) :186 —193.

Tonlé IK, Diaco T, Ngameni E, et al. Nanohybrid kaolinite —
based materials obtained from the interlayer grafting of 3 —
aminopropyltriethoxysilane and their potential use as electro-
chemical sensors[ J]. Chemistry of materials, 2007, 19(26) .
6629 - 6636.

Yang S, Yuan P, He H, et al. Effect of reaction temperature
on grafting of y — aminopropyl triethoxysilane ( APTES) onto
kaolinite[ J]. Applied clay science, 2012, 62 —63 .8 —4.

Al — Harahsheh M, Shawabkeh R, Al — Harahsheh A, et al.
Surface modication and characterization of Jordanian kaolinite ;
application for lead removal from aqueous solutions[ J]. Ap-
plied surface science, 2009, 255(18) :8098 —8103.

BEEBE AT, BT 4320 IR s ) 2 A B e gt e s i
AT iR Eh 244k ,2013,41(11) 11571 - 1576.

Kobayashi H, Matsunaga T. Amino — silane modified super-
paramagnetic particles with surface — immobilized enzyme[J].
Journal of colloid & interface science, 1991, 141(2) ;505 —
S11.

Tong J, He H, Tao Q. Grafting y — aminopropyliriethoxysilane
onto the inner surface of kaolinite via 3 — step thermal treat-
ment[ J]. Journal of the Chinese ceramic society, 2013, 41
(11) :1571 - 1576.

SRIRER, B A, A5, A U A HLEE BT IR 4k S H AR 3R
SRR IR T]. B RHLBTAR, 2013, 19:49 -50.
TR, TR, TR EAE, 55 DU Bk A T e R il A1
(9BFFEL) ] ERRERIEAI 2017 ,36(3) :942 - 946.

Tao Q, Su L, Frost RL, et al. Silylation of mechanically ground
kaolinite[ J]. Clay minerals, 2014, 49(4) ;559 —568.

39(1):124 -130.

51 AR TR, B L WA AL T R [T ] B g 5 ,2019,39(1) 1124 - 130.

SU Linna. Research progress in organosilane modification of clay minerals[ J]. Conservation and utilization of mineral resources, 2019,

W FRME : http ://kebh. cbpt. enki. net

E — mail ; kebh@ chinajournal. net. cn

R SR ST S S IR I S L SIS ST UL IR e L S S S S IR S S = SIS i e S Spe S S S S Sy S e e e Sy e e S Sy e S = =i

(55 123 30)

(30] ARFHT AR5, a2, 4. — ik B 500k o P AR BF 5
[J]. #542,2014,35(4) :62 - 66.

[31] B &, B, R i, 45 PR ORI 3 Sandioss 7EBE

PURE RS S ATSE (1] 9706 A% ,2015,35(1) 92 -
96.

SRR 2. &0 A B RN AP IR S AR T]. 57 4 51 H,2019,39(1) . 118 - 123,130.
YIN Wanzhong, MIAO Yan. Research status and application progress of environment — friendly leaching agents for gold ores[ J]. Con-

servation and utilization of mineral resources, 2019, 39(1) ;118 =123, 130.

HAREME : htp ://kebh. cbpt. enki. net

E — mail : kebh@ chinajournal. net. ¢n



