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Abstract--Intercalation compounds of styrene and quaternary ammonium montmorillonite were prepared 
by immersion of the clay in styrene monomer. The intercalation of stearyltrimethylammonium 
(CHa(CH~)lTN(CHs)a+)-montmorillonite and styrene showed an expansion of the basal spacing to a constant 
value of ~32 ,~ after immersion for 10 days. After polymerization, the amount of polystyrene in the inter- 
layer region was determined by thermal gravimetric analysis. Styrene adsorption initially increased with 
increasing quaternary ammonium cation and then became approximately constant when loading of the 
quaternary ammonium cation exceeded 100 meq/100 g clay. The volume resistivity of the stearyltrimethyl- 
ammonium-montmorilionite-polystyrene complex, which was determined with a high resistance meter, 
was greater than that of both the quaternary ammonium-montmorillonite and the montmorillonite, and 
increased in proportion to the amount of polymer adsorbed. These data indicate that polystyrene improved 
the insulating properties of the clay films. 
Key Words--Electrical properties, Intercalation, Montmorillonite, Polystyrene, Quaternary ammonium 
complexes. 

INTRODUCTION 

The study of the electrical properties of clay minerals 
has dealt mainly with clay particles packed in a con- 
ductance cell (Oster and Low, 1963; Cloos and Mort- 
land, 1965). However ,  self-supporting clay-mineral 
films are more useful than powders for the study of the 
structure-property relationships of clay minerals and 
their organic complexes. To obtain reasonable currents 
from insulators, samples should be thin and of high 
area, and the applied potential should be large (Seanor, 
1965). Hence,  clay films are ideally suited for this mea- 
surement. In addition, it is useful to determine the elec- 
trical properties of clay films because they have poten- 
tial industrial application as insulators. 

Kato et  al. (1979) have already reported the electrical 
properties of various homoionic montmorillonite films 
and their polyacrylonitrile complexes. However,  poly- 
mers with a high resistivity,  such as polystyrene,  
should improve the insulating properties of clay films, 
and attempts have been made to prepare such mont- 
morillonite-polystyrene complexes. Friedlander and 
Frink (1964) reported the intercalation of styrene on 
the basis of a slight expansion of the 001 spacing and 
the charring of heat-treated samples. Blumstein (1965), 
however,  questioned styrene intercalation because no 
increase in the basal spacing could be detected. Pezerat 
and Vallet (1973) prepared a complex of acid-montmoril- 
lonite with polystyrene by swelling the montmorillonite 
in polar solvents which were miscible with styrene and 
then polymerized the styrene on the surface of the acid- 
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montmorillonite. Thus, it seems that the preparation of 
montmorillonite-polystyrene complexes is rather dif- 
ficult and no standard methods of preparation have 
been established. 

The fact that non-polar molecules such as benzene 
can be adsorbed by montmorillonite treated with qua- 
ternary ammonium cation was reported by McBride et  

al .  (1977) and Komarov e t  al.  (1976). Based on these 
findings, the alms of this study were to prepare quater- 
nary ammonium montmori l loni te-polystyrene com- 
plexes, to investigate the variation of the amount of 
polystyrene adsorbed as a function of the amount of 
quaternary ammonium cation, and to determine the rel- 
ative contributions of the polymer and the quaternary 
ammonium cation to the insulating properties of the 
films. 

EXPERIMENTAL 

M a t e r i a l s  

Montmorillonite from the Aterazawa mine, Yama- 
gata Prefecture, Japan, was used in this study. After 
repeated elutriation, no crystalline impurities were de- 
tected by X-ray powder diffraction. The cation-ex- 
change capacity (CEC) of this starting material was 
102.8 meq/100 g clay, as determined by the Schollen- 
berger and Simon (1945) method. Reagent grade me- 
thylamine hydrochloride (HaCNH2HCI), tetramethyl- 
ammonium chloride ((CHa)4NCI), dodecyltrimethyl- 
ammonium chloride (C12H2sN(CH3)aCl), and stearyl- 
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trimethylammonium chloride (C~sHs~N(CH~)3Ct) were 
used. Styrene monomer was purified by distillation un- 
der reduced pressure after the removal of t-butyl cat- 
echol with 10% NaOH followed by washing with 
water. 

Preparation of organoammonium-montmorillonite 
and polystyrene complexes 

Clay suspensions (10 g clay/500 ml water) were mixed 
with 2% quaternary ammonium solutions (50 or 100 
meq/100 g clay) and stirred for 1 hr. The mixtures were 
allowed to stand for 1 day and then washed with water 
until free of Cl-. After drying in vacuo (100~ 5 hr), the 
organoammonium-montmorillonites were ground to 
pass 100 mesh. Five-gram samples of the dried organ- 
oammonium montmorillonites were immersed in sty- 
rene monomer, stirred for 1 hr, and allowed to stand 
over CaClz for as much as 25 days at room temperature 
in a light-screened desiccator. The samples were air- 
dried, ground to pass 100 mesh, dried in vacuo for 1 
day, and examined by X-ray powder diffraction (XRD), 
using Ni-filtered CuKa radiation, and infrared spec- 
troscopy (IR) using KBr discs. 

For the stearyltrimethylammonium-montmorillon- 
ite, after immersion for 10 days the air-dried samples 
were polymerized under a stream of nitrogen at 80~C 
for 5 hr using 0.5% benzoyl peroxide as the initiator. 
The polymerized complexes were washed with ben- 
zene in a Soxhlet extractor for 6 hr. The amount of or- 
ganic materials absorbed by the montmorillonite was 
determined by thermal gravimetric analysis (TGA). 
The heating rate was 10~ to 800~ the sample 
weight was 100-200 nag. 

Electrical measurements 

Films of organoammonium montmorillonite and its 
polystyrene complexes were prepared by air-drying 2- 
3% suspensions in benzene on a mirror plate. After vac- 
uum drying at 15 torr at 30~ for 1 hr, the resistance of 
the film was measured at room temperature, using an 
applied potential of 250 V. The measurements were 
made with a Yokogawa-Hewlett-Packard 4329 A high 
resistance meter; surface conductivity was eliminated 
by the use of an apparatus described previously (Kato 
et al. 1979) which uses the guard ring technique (Sean- 
or, 1965). The volume resistivity of the sample was cal- 
culated from the following equation; 

pv = (A/d) • Rv 

where pv = volume resistivity of sample ([lcm), A = 
effective area of the center electrode (cm2), d = aver- 
age thickness of sample (cm), and Rv = volume resis- 
tance of sample ([l). Volume resistivities of polyeth- 
ylene film, nylon film, and polystyrene film measured 
by this apparatus were 10 TM l~cm, 1014 ~C~cm, and 10 ~8 
l)cm, respectively, in good agreement with standard 
values. 
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Figure 1. Basal spacings of organoammonium-montmoril- 
lonites immersed in styrene monomer (conditions of prepa- 
ration are listed in Table 1). 

RESULTS AND DISCUSSION 

Preparation of organoammonium-montmorillonite- 
polystyrene complexes 

Table 1 lists the organoammonium-montmorillonites 
which were immersed in styrene for different periods 
of time up to 25 days. The variation of their basal spac- 
ings is shown in Figure 1. No increase of d(001) with 
time was observed in these ammonium montmorillon- 
ites except for sample 4. The basal spacing of sample 
4 ((ClsH37N(CHa)a-montmorillonite; CEC = 100 meq/ 
100 g clay) increased with increasing immersion time 
and became approximately constant after 10 days. 

Pronounced IR absorption bands corresponding to 
spontaneously polymerized styrene were found only in 
products prepared from sample 4. The styrene bands 
were very weak in products prepared from samples 3 
and 6 and completely absent in the rest. The IR spectra 
of  ClsHatN(CHa)3-montmorillonite (sample 4) and the 
polymerized sample immersed in styrene for 10 days 

Table 1. Organoammonium montmorillonites used for the 
intercalation of styrene. 

Sample Complex 

Quaternary 
ammonium 

cation added 
(meg/100 g 

clay) 

CHaNHa-montmorillonite ! 00 
( CHa)4N-montmodllonite 100 
Cl~H2~N(CH3)a-montmorillonite 100 
ClaH37N(CH~)a-montmorillonite 100 
Cl~H2~N(CHa)3-montmorillonite 50 
ClaH3~N(CHa)a-montmorillonite 50 
Original montmorillonite 
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Infrared spectra of (a) C1aH37N(CHa)3-montmorillonite and (b) C~gH3rN(CHa)3-montmorillonite-polystyrene com- 

are given in Figure 2. The spectrum of the polymerized 
sample, which had been washed with benzene, showed 
the characteristic bands due to CH-stretching (-3025 
cm-9, CC-skeletal in-plane vibration (1600 cm-L 1495 
cm -~, 1455 cm-1), and CH out-of-plane deformation 
(755 cm-L 690 cm-9. Therefore, the C~sH37N(CH3)3- 
montmorillonite was selected for the preparation of 
quaternary ammonium-montmorillonite-polystyrene 
complexes. The high intercalation of styrene into the 
C18H37N(CHz)z-montmorillonite may be explained by 
the greater hydrophobic nature of long chain alkyl 
groups in the interlayer space and van der Waals forces 
between styrene and the hydrocarbon chain. 

The C18H37N(CH3)z-montmorillonite-polystyrene 
complexes were washed with benzene in a Soxhlet ex- 
tractor for 5-20 hr to remove non-intercalated polysty- 
rene. Disorder in the XRD patterns and a decrease in 
strength of the characteristic bands due to polystyrene 
in the IR spectra of the complexes were observed after 
washing times greater than 6 hr. Therefore, the poly- 

Table 2. Volume resistivity of clay films. 

log p. 
Sample (l~cm) 

Montmorillonite 9.87 
C,sH37N(CHz)3-montmorilionite (100 rneq/100 g clay) 12.7 
ClsHarN(CH3)3-montmorillonite (100 meq/100 g 

clay)-polystyrene complex 15.5 

merized samples used for electrical measurements 
were washed with benzene for only 6 hr. 

Electrical properties of the 
ClsH3rN(CHa)3-montmorillonite-polystyrene complex 

The volume resistivities of montmorillonite, 
C18Ha7N(CH3)3-montmorillonite (100 meq/100 g clay), 
and its polystyrene complex are given in Table 2. The 
resistivity of the stearyltrimethylammonium-montmo- 
rillonite-polystyrene complex was higher than that of 
stearyltrimethylammonium-montmorillonite which was 
higher than that of montmorillonite. These data indicate 
that intercalation of organic compounds increases the 
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Figure 3. Basal spacings of (a) ClsH37N(CHa).~-montmoril- 
lonite and (b) C,gHaTN(CH3)~-montmodllonite-polystyrene 
complex. 
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Figure 4. Volume resist ivi ty of (a) C~sHa7N(CHa)3-mont- 
mori l lonite and (b) C~aH37N(CH3):montmorii lonite-polysty- 
rene complex and the amount of polystyrene intercalated (sol- 
id triangles) as a function of the amount of C~8Hz7N(CH3)3 + 
cation. 

resistivity of clay films. To clarify the effect of styrene, 
the variation of the resistivity with extent of complex- 
ing was measured. 

Figure 3 shows the variation in the basal spacings of 
the ClsH37N(CH3)3-montmoriUonite and the polysty- 
rene complex as a function of the amount of quaternary 
ammonium ion present in the montmorillonite, deter- 
mined by TGA. The basal spacing of the quaternary 
ammonium complex was not greatly affected by the 
amount of quaternary ammonium ion present, but a 
marked dependency of the basal spacing of stearyltri- 
methylammonium-montmorillonite-polystyrene com- 
plex on the quaternary ammonium ion content was ob- 
served. It increased initially with increasing ammonium 
content and then became approximately constant at 
values greater than 100 meq/100 g clay. 

Figure 4 shows the variation in volume resistivity of 
the quaternary ammonium-montmorillonite and its 
polystyrene complex as a function of quaternary am- 
monium content (curves a and b). It also shows the vari- 
ation in polymer content as a function of quaternary 
ammonium content, determined by TGA (solid trian- 
gles). The amount of intercalated polystyrene increased 
initially with increasing stearyltrimethylammonium 
content, but became roughly constant, or decreased 

slightly at levels greater than 100 meq/100 g clay. Figure 
4 also indicates that the volume resistivity of the 
ClsH37N (CH3)3-montmorillonite-polystyrene complex 
varied in proportion to the amount of polystyrene com- 
plexed, and that the effect was much greater than that 
of quaternary ammonium ion alone. This shows that the 
improvement in insulating properties can be mainly at- 
tributed to the amount of intercalated polystyrene. The 
intercalation of polystyrene may strongly hinder elec- 
trical conduction by water, in addition to the effect of 
the stearyltrimethylammonium groups. The latter make 
the intedamellar space hydrophobic, reduce the con- 
ductivity somewhat, and allow intercalation of the 
polystyrene. 
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PealoMe----l'Ipoc~o~KH cTnpeHa H qeTBepTHqHO/RMMOHH~-MOHTMOpHJI.rlOHHTa 6bIYlH npHrOTOnJIeHhl nyTeM 
ttMMepCHH rJInHhl a MOHOMepe CTHpeHa. Hpoc.TIOfiKIt CTeapHYlTpHMeTHJIaMMOHH~I (CH3(CI-I2)ITN(CH3)3+) - 
MOHTMOpHJUIOHHTa H CTnpena nocae HMMepCHH a TeqeHne 10 ~ie~ noKaaa~n pacmHpeHue OCnOnHblX 
npoMe)KyTKoa ~0 nocTommofi BeflHtlHHbI ~32 /~. IIocne nonnMepuaamm KOJIHtleCTBO noYmcTHpena s 
MC>KCaOfiHO~ 06~aCTH onpe~eminocb nyT~M TepMorpasHMeTpnaecgoro aHa.rm3a. CHaqaaa a~cop6tma 
CT~lpena yaenaqnna~acb BMecTe c yseJIrlqHSalolRnMCa KOJniqeCTaOM qeTaepTrlqHoro raTnona aMMOI-n, Bt 
n ocTavaaacb npnraaarrreymno neaaMennofi, Koran zonnqecTao aToro KaTaona npeBblma.ao 100 
Mar~/100 r rmmm. O6a,~'unoe y~eabnoe conpoTnanerme KOMmaeKca cTeapaaTpHMeTRaaMMOrmfi-MOHT- 
MopamaonnT-nonacTHpen, onpe~enermoe npn nOMOtt~ npnropa abICOKOrO conpoTManemis, 6btno 
6o~bme, t~eM ~ qeTaepTHqno-aMMOHnfi-MOnTMOpnYLqOnnTa n MOHTMOprULaOHHTa, e OHO yaeymqRsa~ocb 
nponopUr~ona~bHO KOYlRqecTBy a4acopraponannoro nonnMepa. DTH ~armble yKa3blBalOT HO TO, qTO 
noancTnpeH y~yqmn~ n3onmmonnbIe cao~cTaa r~InnnCThlX qbrtabMOn. IE.C.] 
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Res/imee---Eintagerungsverbindungen yon Styrol und quartern/irem Ammonium-Montmorillonit wurden 
mittels Immersion yon Ton in monomerem Styrol hergestellt. Die Einlagerung von Styrol in Stearyltri- 
methylammonium (CH3(CHz)l~N(CHa)3+)-Montmorillonit fiihrt nach einer Immersion von 10 Tagen zu ein- 
er Aufweitung des Basisabstandes auf einen konstanten Wert von etwa 32 A. Nach der Polymerisation 
wurde der Gehalt an Polystyrol in den Zwischenschichten mittels thermogravimetrischer Analyse bes- 
timmt. Die Styrol-Adsorption nahm zu Beginn mit zunehmenden quarterniiren Ammonium-Kationen zu 
und wurde dann, wenn die Beladung mit den quartern~en Kationen 100 m,~qu/100 g Ton fiberschritten 
hat, ann~ihernd konstant. Der Gesamtwiderstand des Stearyltrimethylammonium-Montmorillonit-Polys- 
tyrol-Komplexes, der mit einem hochohmigen Mel3geriit bestimmt wurde, war gr6Ber als der des quarter- 
n/iren Ammonium-Montmorillonit und der des Montmorillonites und nahm mit der Menge des adsorbierten 
Polymers zu. Diese Daten deuten darauf hin, dab das Polystyrol die Isoliereigenschaften der Tonfilme 
verbesserte. [U.W.] 

R6sum6--Les compos6s d'intercalation de styr6ne et de montmorillonite ammonium quaternaire ont 6t6 
pr6par6s par immersion de l'argile dans le monom6re styr6ne. L'intercalation de montmorillonite st6ar- 
yltrimethylammonium (CH~(CH~)~TN(CH~)~ +) et de styr6ne a montr6 une expansion de l'espacement de 
base/t une valeur constante de 32 A apr6s immersion pendant 10jours. Apr6s la polym6risation, la quantit6 
de polystyr6ne dans la r6gion intercouche a 6t6 d6termin6e par analyse gravim6trique thermale. 
L'adsorption de styr6ne a initialement augment6 proportionellement h l'accroissement du cation ammo- 
nium, et est ensuite devenu/t peu pr6s constante lorsque le chargement du cation ammonium quaternaire 
exc6dait 100 meq/100 g d'argile. La r6sistivit6 de volume du complexe st6aryltrimethylammonium-mont- 
morillonite-polystyr6ne, dctermin6e par un compteur h haute r6sistance, 6tait plus 61ev6e que celle de ia 
montmorillonite-ammonium quaternaire, ainsi que de la montmorillonite, et angmentait proportionellement 
/~ la quantit6 de polym6re adsorb6e. Ces donn6es indiquent que la polystyr6ne a amelior6 les propriet6s 
isolantes des films d'argile. [D.J.] 


