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Organic modification and characterization of Na- montmorillonite
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Abstract: In order to improve the layer structure of montmorillonite, cetyltrimethyl ammonium bromide (CTAB)
and octedacy trimethyl ammonium chloride (OTAC) were used as organic intercalating cations to modify sodium
montmorillonite. The effects of modification by the type and amount of organic cation added, reaction temperature,
and pH were investigated, and the samples were systemically characterized with XRD, FTIR, TGA, SEM and
TEM. The results showed that OTAC had a better intercalating effect than CTAB. It was found that a reaction
temperature of 80 C and low pH favored intercalation. and the best intercalating effect was observed when the

amount of organic cation added was twice the cation exchange capacity (CEC). Under the above reaction conditions,

ordered and high layer spacing organic nano - montmorillonite was successfully obtained, with a basal spacing of

4,12 nm and even exfoliated parts of silicate layer.
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rROR IV R R . B 2 AT SR ) 459 i R B R
A (P oSke 3t = LR AL 8 (CTAB) 5+ /W 3k =
H L S B COTAC)) X5 52 6+ 47 A HLkc Pk
I H 2 88T &l 45 S5 HLECrE i B2, By
# T AP EIZNEYORAENZER L. 535k, it X
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S CTGAY . 4 WL 58 (SEM) 5 3% 5 H1 B8
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1 £ Iy
1.1 JFER R

B+ (Na- MMT) ;. Wi £l +b TF
BT BHE 738 e %5 i (CEC) 2 90 mmol/100 g,
FiAR<<74 pm, 4 802 ~90% ; N kidk = H 3
RALE (CTAB) . A TAEY TR R AR,
iEE=>99%; T\ ki = H R EA L (OTAC) : E
ITYeuh B A BRA R, 4ifE=>99.5%,
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ACCXRD) XA 3 A7 /N BEAT S A I, CuK, 5F 2k
(A=0.154 nm), & 40 kV, & 40 mA, K
0.02°, FH#E R 1. 2°/min. & 3 [ Nicolet 380
Rl B 280 5 3% A CETTRO A6 0 A 19 °F RE 141 45
A4 . KRR Netzsch sta 449 ¢ B[R] 25 1404
SRS ) A By R 2 M. H A JEOL JSM -
6380LV R4 4 i+ i 45 (SEMD 5 3¢ [E FEI Tec-
nai G2 20 AEM 7433 5} #1555 CTEMD WLEERE i B SO0
B
1.2 BNRBEIEE

B 10 g Na- MMT 5 200 mL % & F /KRS,
BT 80 CEm IR /KB, A HE 30 min J5 .
F 80 CAKET#E 2h, H 18 mmol 47 HLIHE ¥
FAE TR TR BB I O A B 0 52
H K ER 80 CHAE R K, BB 2 h,
BN A IE . EE R 0.1 mol/L 1y AgNO; K

RERIN A CU B fFfE. FFuBPFE T 100 CHEAE
T 24 h, SIEUPERUIEE , o0, &

KA OTAC gt Na-MMT, 58 i3 028 7K i i
B, 4350h 40, 50, 60, 70, 80, 90°C, #EHlHE KX
L S PN R SR % 552 5 A TS P R

FH OTAC gtk Na- MMT, 5] He ) v 4%
PEARAS , fiF] HCL #1 NaOH 3k 8 55 % W 19 pH {8
351k 3.0, 4.0, 5.0, 7.0, 9.0, 11. 0, & pH
(ERSEGNASON AN

S, OTAC AR5 9. 13,5, 18,
22. 5 mmol, Xf Na-MMT #4750, #Hi Hg B b
FAFANAE S KA B BH B R R 5 - Bl

LA

? ERERSHS
2.1 AEENEEFNBEENZIE

K 1J& Na-MMT 5% CTAB f1 OTAC 45
2SS B XRD S5 R B35 . AL AT BoA% & A
2dsing = na @b
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Fig. 1 XRD patterns of the MMT modified with different organic
cations (Na-MMT: unmodified MMT; CTAB-MMT. OMMT
modified with CTAB; OTAC-MMT: OMMT modified with OTAC)

2 15T DA RS 00D F i EE do,
fi. % 1A HH, 2 CTAB 5 OTAC st 5 i
SR . A TE B R Eb Na- MMT Bl B 38K, |
1. 258 nm 43 H MK F] T 3.85 nm M 4. 12 nm, X,
WA HLIH 21 2 2 i A 3 52 0 1 0 ik R 268 v 2 1)
TR T o 2 E A P A LS 450 . KA R T
R YA

AR EHAR Na- MMT H CEC= 90 mmol/
100 g, B4 100 g Na- MMT 4 90 mmol [ 7] 28 #e
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FHES 7. 24 Na- MMT 7oK o R 26 18 7K A6 R ik #s
BKANERK G o oA T e B RT3k #) 1. 7 ~4. 0 nm"',
ARV W A HUIH B 7 10 W B R, 7R LR S5
T AVHEFIRE S5 Na' )2 RK G HE T i
7384 o HI T W 1 B 52 4 R Y P B S ok
oIy KALRE Ty B J LK AL AR . BELAS
555 M A (B 4 R B . PRI 2 A ML BH 2 - S ok 31 5
Wt R 2R S P AR ME R A Y S BT s

Tihh s R T EERKFR . & OTAC A5 B
T doo L EE 2 CTAB Ab P 52 i 1 B9 doo {5 K
0.28 nm, X &Kk OTAC b CTAB [y i 3L 35 4>
Z 2 AWHICCH,—) . SAPLHE T /Y& 535
ik ARG 2 e, o B R L 4 B
NJZ, T R 2 0 OTAC 1y be 5L 5t
CTAB £ 2 AW H 3, HEEKH 0. 255 nm ",
It OTAC B4 2 8OR 4 T CTAB, X WIEW 1 18
St )z, OTAC KB ECA i, & DLE RS
IERAIDE: 27

®1 FAEAENEBFLERELH dofE
Table 1 dy, of the MMT modified with

different organic cations

Sample Na-MMT CTAB-MMT OTAC-MMT
20001/ () 7.019 2.293 2.143
doo1 /nm 1.258 3.950 4.120

2.2 BREMNEEMZID
ASTR) 7K I BE o A5 08 A LS i £ XRD
R E 2, A DB do (B T3 2,
i& 2 Z‘Iﬂ7}<;§iﬂl§ﬁﬂ%ﬁ$ﬂ§ﬁﬁiﬂ‘] d()l)l{E
Table 2  dy), of the OMMT with different

temperatures of the water bath

T/C 40 50 60 70 80 90

20001 /() 2,208 2,209 2,175 2.163 2.143 2.163

door/nm  3.997  3.995 4.059 4.081 4.120 4.081

M2 pal &, BEARE TR, SR+
doo (AL AE 3 KGN AHBR b 7 8 R A il B2 Ve
(40 ~90C), A B ME 1 1 il 45 2808 A2 A A
2. fEAPLIH R 5 50 4 R JZ ] #4070 £ A7 I
BEES s A — DR, RN 40 C TR EI 80°C
W 2> TR SR ISR . A LB T 550 A
J2 8] G HEL A7 [8] 19 lE 3 BL 23 35 0. A5 1 A BLFH S 1
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Fig. 2 XRD patterns of the OMMT with different

temperatures of the water bath

KA P T (Na' ) iy sc 4 s 2 f3m . T
F 90 Clf S IRBLA TAPLIH & T 555 L R 20
7R AT 1 1 RS-0 A U B B HLBH S T
K AR s DD T AT LB S T A B AR SE R Y
45 BN SO e B
2.3 pHEMEERFIM

PR AR pH E BT il A5 B9 A FLSE B £ . XRD
FlgmnE 3, haU(D IR 4o 185 T3 3,

%% 3 A[E pH Eﬁﬁ?%ﬁ*ﬂ%ﬂiiﬁ‘] doo E
Table 3 d,), of the OMMT with different pH values

pH 3.0 4.0 5.0 7.0 9.0 11.0

20001 /(%) 2.100 2.107 2.128 2.151 2.169 2.192

door/nm 4,206 4.190 4.148 4.104  4.070 4.027

3500+ (001)

Intensity (counts)

20/(°)

B3 ORI pH (5 A BLS B+ ) XRD i
Fig. 3 XRD patterns of the OMMT with different pH values
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SM s H 54 8P i OH £ H, O,
il 52 JE 7 A A B R ep . O R 7 S 3 E R PR Y R
d, S LB A OH S4B iy HY 256 4K
H, O, T 52 B 4 2 it b OF f g . AR SO 58 45
REH . SUBEAN T ERIETE . X OTAC (4628 2
A M . ZEA R pH=3 B}, A HLIE )2 R
BAFs WY pH=11 B, doo &/ . PAEXFL
PRGN 408 . FEBME ST . FRi b e 7 2 3
T 70 P A7 F 5 ) T WO B V2 A R O, 5 BCH PIL PR
B RN 2 B M R R K AR R A T, A R
P (14 75 4 B 1 A2 0 1 IE R T HE SR . AR S LR A
FNZEW AR 20, BUCK GBS T, 7R TR
MR 2 ROR . B, B O R T LR & 1
=
2.4 EHHEEFMAEXNEEZG

P4 R AS TR BH S 7 i A& TS A HLSE I L
XRD 3%, 2 (O3S doo (B8 F % 4.

x4 FEOTACMAEMBENRELH do (&
Table 4 d,y, of OMMT with different amounts of OTAC added

n(OTAC) /mmol 9 13.5 18 22.5

20001/ (") 3. 347 2.572 2.143 2. 140

doo1 /nm 2.638 3.432 4.120 4.125
Ad*/nm 1. 687 2.472 3. 160 3.165

* Ad=doo1 — 0. 96 (0. 96 nm is the thickness of montmorillonite

single layer)

5 WA R A AL %) R B A - A2 48 W B A g 7K
R 2 Bl AR A PLH B N T e S T 52
Jiit 45 CEC Bl 9 mmol B, Fr A /Y BH S+ Fe A< [ #F
T B A A R B A S B A Y 2 TR R, B A
B RE A AR R b, A AR M R A L BH B
T HHLE B R K T4 CEC 1,
CAATE T 52 I 1 J2 8] 09 A AL B 85 38 5 i 7K B 1 fff
VWO A ALY . WO )2 70 R R R B 200 00 B O A
KRB, M 2B R B =, A LS
IS T AR N 2y N M [ (1 A 1 (R S Vg e o

4000}
(001)
3500
_3000F |
§ 2500 ', l'. (002)
= 2000} ' 4 22.5 mmol OTAC
Z \ (003) (004)
2 1500F ~ o i
—= 18 mmol OTAC
1000_ e ttiiseanaaes N
- ooh 13.5 mmol OTAC
500f s
o WQB&M 9 mmol OTAC
2 4 6 8 10
20/(°)

Bl 4 R[E OTAC hn At i34 L5 5+ /) XRD E %
Fig. 4 XRD patterns of the OMMT with different
amounts of OTAC added

T o I B T o VU U O HE

AL E eI+ R 2 Z i HES r XF F
EMRLEE . X2, E = 2. RS ROIE s % £ R e
A e S = B B COTAC) 1 et
Ui ELAZ A 0. 51 nm, JAEMR M B 42 K 0. 46 nm, A4
S ESKEEN 2,86 nm , NFR 4 HdE A AT i
AHLFHE T4 9 mmol B, Ad & 1. 687 nm, it
B OTAC 7221+ R J2 18] (9 HE 50 8 0 A FF Fib
fE =2 (1. 38 nm) 5HAE (<2, 86 nm) Z A1 1Y
MLFH S F 8 & 2 13. 5 mmol B, Ad & 2. 472 nm,
BB OTAC 7652 i+ )2 18] HE 51T 20 0 )28
M 24 A HLFH B F 19 & 4 18 mmol ) 22. 5 mmol B},
Ad ¥]J& 3.16 nm, B OTAC #E 5+ 2 [ Y
Hep B3 R IE 38 (=2, 86 nm), H S+ H
J2 2Z B HE S RS A T I, X — s XRD &
TR Rl DU A S U Sy A ) R B, ELAT
L %A, 1 OTAC 14 0. 9 mmol &
13. 5 mmol B, JCA 5 05 J2 5 BE 2055 19 . 546 1 o
AT 0, U B RO N A A BLEE 1 )2
B EE LR AL, X EZ 2l T OTAC 72 F 2 [ JE
BT P EME =R SR i HES O L X 2 FhHE S
Jr AR E .
2.5 FTIR #&4 %7

B 5 RS+ . OTAC fil OTAC-MMT
() FTIR A 25 5 .

£ 1035 cm 4k Y 5 ZU IR U Dy Si—O—Si i
AR Zh s 7E 800 ~400 em ™' g 52 i + v i 4 Y T A
AR A NI AR B A ER IR B 7E 2919, 2850,
1475 em 'Ab Ry ZE g A BLAR I I o s
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Fig. 5 FTIR patterns of OTAC, Na-MMT and OTAC-MMT

2919, 2850 cm ' A1 W e W 2 4y I 0 8 F—CH;
—CH,— B 45 ¥% 3h 1, 1475 em ' 4b 2 C—H
R g, R AR A WLEE EA T S
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—OHM e 22 B IR vh & it K 4
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i (TGA) 45

100 -~

80F
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Fig. 6 TGA curves of OTAC and OTAC-MMT
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R RERE E, RIE A ENAI R, B
FEIT IR R B A BL T T I B T 55 - R /2 3R T Y
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2.7 SEM 5 TEM # il 4 #7
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BECTEMD ., e PEE S 181K 9829 100 nm,
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3 &
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g5
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2. AVHE T REmARER 2 f5F5 541 H
B ac i,
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HEYW—FHFMEZRE, 4 FTIR 404, iEW T
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HLBHES iy Fa g M. SEM 5 TEM £ 45 5 @
TN S LB T 2 oot IS, 580 1 2 R BE E
WK, HZREAERF Y —, 20 LR MBS, A
MTAENZER -SSR ZENES .
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A:. MATERIAL

aramid fibre

carbon fibre
carbon-carbon composites
ceramic fibre
ceramic-matrix composites
discontinuous reinforcement
fabrics/textiles

fibres

foams

glass fibres

glasses

honeycomb

hybrid

intermetallics

lamina/ply

laminates

layered structures
metal-matrix composites
moulding compounds
nano-structures

particle-reinforcement

KEYWORDS FOR COMPOSITES

plates
polymer(textile) fibre
polymer-matrix composites
(PMCs)

preform

prepreg

recycling

resins

smart materials

strand

tape

thermoplastic resin
thermosetting resin

thin films

tow

3-dimensional reinforcement
wood

yarn
B: PROPERTY

adhesion

anisotropy

buckling

chemical properties
corrosion

creep

cure behaviour
damage tolerance
debonding

defects

delamination
directional orientation
elasticity

electrical properties
embrittlement
environmental degradation
fatigue

fibre/matrix bond
fracture

fracture toughness
fragmentation
hardness
high-temperature properties

impact behaviour

interface/interphase
internal friction/damping
magnetic properties
mechanical properties
microstructure

optical properties/techniques
physical properties
plastic deformation
porosity
residual/internal stress
rheological properties
strength

stress concentrations
stress relaxation

stress transfer

surface properties
thermal properties
thermomechanical
transverse cracking
vibration

wear

wettability
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