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azobisisobutyronitrile (AIBN), N, N-dimethylaniline (DMA) =3 N, N-dimethyltoluidine
(DMTD)E &R 4 = A2 benzoyl peroxide (BPO) 5& AAAZ A43gon e
# & methyl methacrylate (MMA), vinyl chloride (VCM), acrylonitrile (AN)& 23}
3 N, N-dimethylaminoethyl methacrylate (DMAEMA)E& comonomer® 5V/V% o] =%
E ¥4 $%9 AxE vzt s TH0A MMA $32 gddAl2E 2 5
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DMAEMAE A}g-8bd 44 nHeel 254 Zn Aol AFHo 24 F7
H9en, 28E FA9 8% Axu Eevst golA o= 43 o & A=

P st 254 TH8L 24 Hyoh 4L zy R FHe] A& dojged, Fx
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ABSTRACT: Present research is concerned with polymerizations of various
monomers on the surface of different clays. The monomers used were methyl
methacrylate, vinyl chloride, acrylonitrile and N, N-dimethylaminoethyl
methacrylate. The clays investigated were halloysite, bentonite, diatomaceous
earth. A talc sample was also investigated for comparison. The clay surfaces
were activated by acid treatment (50% H;SO,) and drying at 120°C under
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vacuum, and the samples were subjected to one of the following three poly-

merization processes; 1) direct single step polymerization in which activated

clay was dispersed directly into a polymerization mixture with an initiator

such as AIBN and benzoyl peroxide,

2) redox polymerization in which N, N-

dimethyl toluidine (or aniline) was adsorbed on the clay prior to the poly-

merization of monomers with a peroxide,

which solvents such as benzene,

and 3) solution polymerization in

n-hexane and n-heptane were used as

diluents, otherwise same to the above procedures. The observations we have

made are as follows: i) Acid treatment activates and acidifies clay surface

such that it improves polymerization yield as well as the amount of tightly

bound polymers.

ii) In solution polymerization the rate of polymerization

dropped generally. When benzoyl peroxide was used as an initiator the best

rate was observed in benzene compared with other solvent such as n-hexane.
iii) Redox polymerization with N, N-dimethylaniline or copolymerization with
monomer N, N-dimethylaminoethyl methacrylate with benzoyl peroxide as
catalysts improved the polymer adhesion to the clay. iv) Polymer~coated clay
containing around 8% of polymer did not sediment in water for prolonged

time period (one month).

v) Acrylonitrile failed to polymerize well on

clay surface. vi) Talc was found to be more active in polymerization than

clays. However the portion of bound polymer was small.
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chloride (VCM), acrylonitrile (AN) £& A}

1. 28 Uy % W=
1 A=

D AE
ZHEE ALY FASANA A4E Sun-
lightZ A}g8lo=] halloysiter} F4Eo 24
Y22 325meshi| & %3},  Bentonitex
montmorilloniter} F4F 024 FF oA
F9 Apel] 4] A A=l bentonite powderZ AH8-F v},
Ao Kanto 15 AFE AHERer] T2EE
AEF2E FYFAAAAA A4 Dialited
A}, o] HEEL 120°CA 347 Az
Az F AR
2) 2xv
Methyl methacrylates} N, N-dimethylamino-
ethyl srethacrylate’= Aldrich A]2f¥} Eastman

Kodak ~eF 1 o] 422 benzoquinoned 4

Z2iH 4349 A 1319799 149

o] 3L JAA 7] aspiratorZ ZHYA T H A
F5 AZ F dAse] BgsbdA AR
vinyl chloridel= Matheson A|Fo. 2 Aat] o]
EoiglE AL regulatoro] ATt AA 3 F
S48 2 fEA7 5 KOH. AARXE F3HAA
A48t} butadiene® W 4 FEArS A
Fol 4] Adr]o] A3 AL regulatore] A7Z
sted A A3 §2A719A4 molecular sieve 4A
columng FHAAA FEL AAZR F AFAA
A23) o H acrylonitrile e FA14-f3td 543
AF AES FHEFAAZ 29 gErYolE: AA
ot AgE T

2. AU

1) =35 9 A3
B A Aol FA5HE S
oj5te] e gL TS AAk stidl v E
4 Aeg Azxrd Yz 120°C2 3A 7 7+
e A EE ZFAANAY Gz AL s
62 A3 A =5 el A skgiE,

2P 4R x FAE ¥x
-2
[+]

BAEE AzxrdA 12002 A A=A
2l =g P wE og A¥ Az
A 3A7 9k 120°CE AzAA 8L &
3 AA»-E
2) =¥ EY F2459Y vl

ARl Ahgd Ao Fro) weEp nP R
FA5do] ZepAA sHed B Al A
2370 A] 2272 N, N-dimethylaniline(DMA)
2 Abgste] A e Fxol #E Y B Fib

2 DMA=ZE n-hexaned] 3
o]l AT FEE HE % A dE TR

53



3) xPEEo]Ae MMAZE
3-1) gAI &3
MMAsel BPOY} AIBN 0.5mol%E Eo] 4-&
& aAe g 29 EE Y a2 71°1'r"d
A 60°CZ 3027 F¢AZch F3d £
dol gl 2rdE ez FF AANRS
3-2) Redox £
Loj] o] n-hexane ol A
Eo] 25°C2 3A % B¢ FHAA20 F AEY
DMAZ n-hexaneo & F&dtod AAs Zx
AelA S4% ¢2 2% MMASH BPOE ¥
3. 45°C=E 3087 A Z o,
3-3) SRFF (A R
MMAS®] n-hexane £ ]
(0.1315g) & ¥ H9l £
A 247 FAAN F 60°Col A &4 F3Fat
o}, =3 redox 8§94 FYFYeE ool
DMA (0.9mD)E ¥x 4L F AA= ZYE
(SOg)‘-"— ﬁo] }4-.9_0]]/(‘] 3}17‘_} O}- DMA.E’; .‘5‘_.
A7 FBPO (1.729)% %o MMAE ¥ =
°Coll 4} 10 A7+ 5t SAFFISich.
o 7] 4] L9} n-hexane, n-heptane,
< Agstger Bxwe F2E
50% 3 uHol A=t
3-4) DMAEMASLe] &9 A5
A e ZEE (80g)e] MMA (25ml)$+ N,N
-dimethylaminoethyl methacrylate (DMAEMA,
1.2ml, MMA?Y] 5V/V%)E 23 AAAR
AIBN (0.1315g) & 2 n-hexane (75ml)& &
o2 A4gate] 60°C oA 547 SAFTEHA
o},
4) A® Tl M8 VCMFT
4-1) VCM F& wt&718 AR
* Qg AT VOM F3iE
and Porter A}A] pressure bottleg A
Zqiy, A, pAWBE GAs
gk, WSEe grEuake Y& A4GdE A
FrE 3gen, 2EE Jé 1
o] ol FAA Y dHFelA
4-2) 24 %
Z3 wrgrle] AR (5g)¢ AIBN (0.025¢) &

DMA%E A2 23

redox)
AAAZ  AIBN

2HEE dol 4

03
<

A=

LA

20%, 25%,

54

o= 3 the dry ice bathe]4 VCM )
Zgul oo Fdstn AaE Bl &
2y °1“\“'+u Aoy Fd Al AL
£o) 3425,

o
=

i

2,
£y
T =
do ¢
e,

o

e

0 12
2

re
w2
ok
_8.

~~

)

)

[+]

(@]
=2,

4-3) DMAEMAS}e] &4 %%

28 E(5g)s] DMAEMA (0.25ml)$+ AIBN
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Table I. Adsorption of N, N-Dimethylaniline on Sulfuric
Acid-Treated Halloysite

Conc. of Adsorption of N, N-dimethylaniline
H,S04(%) (mole/g halloyslte x 105)
0 4.2
10 8.4
30 9.2
50 9.3
70 9.1
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Table IL.  Solution Polymerization of MMA on Halloysite Surface

Sample* - Solvent for conc. of Polymerization  Yield of unextracted
nuniber Initiator adsorption® MMA (%) Solvent Time (hr) polymer (94 )¢

HM1 AIBN n-Hexane 20 n-Hexane 10 14.8

HM: AIBN n-Hexane 25 n-Hexane 10 16.6

HM3s AIBN n-Hexane 25 n-Hexane 5 17.7

HM4 BPO(DMA) n-Hexane 50 n-Hexane 4 3.8

HMs BPO(DMA)  Benzene 35 Benzene 11.5 15.1

HM6 BPO(DMA) n-Heptane 20 n~Heptane 10 2.0

HM7 BPO(DMA) n-Heptane 50 n-Heptane 10 15.5

Polymerization condition: halloysite 80g,

AIBN 0.1315g or BPO 1.72g,

DMA 0.9m/

DMAEMA 5V/V% of MMA, 60°C.

a: 50% HySO4-treated halloysite
b: Adsorption at room temp. for 3hr.

c: After solvent extraction the yield was calculated from the following equation:

amount of unextracted polymer in PMMA-encapsulated halloysite

amount of halloysite in PMMA-~encapsulated halloysite

d: Comonomer DMAEMA

I8E FHHAML VCM
Table Wt Nell A Fatzzdel w2

9 H3le By ed A= AL g A
o FEFgo] FrMHlerd A4 3
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Table III. Polymerization of Vinyl Chloride on Halloysite Surface

Sample Initiator Comonomer? Time (hr) g.let;suogr? (l;gb%{nﬁ{;vyﬁg) U’E%t?‘f;%%c cpglv)smer
HVO AIBN - 24 - 0 -
HVIs AIBN - 24 + 3.0 2.1
HV2 AIBN DMAEMA 24 + 6.0 2.4
Hvs: AIBN DMAEMA 24 + 16.6 5.8
Hv4 AIBN DMAEMA 24 - 9.6 2.9
HV5 BPO(DMT) - 20 + 8.0 3.9
Hver BPO(DMT) - 12 + 11.2 4.8
HV7s BPO(DMT) - 20 -+ 31.2 11.2
HVS BPO(DMT) — 20 - 9.6 4.2
Hv9g BPO(DMT) Butadiene 12 - 4.4 3.2

Polymerization condition: balloysite 5g, VCM 10m/, AIBN 0.025g or BPO 0.05g, DMTD 0.015m/, 45°C.

a: 509% HySOs-treated halloysite
b: 2.5% (V/V) Vinyl chloride
¢ : Extraction with cyclohexanone

Table VI. Polymerization of Vinyl Chloride on Different Clays

" Polymer Unextracted® polymer
Clay Initiator vield (% W/W clay)
Acid-treated halloysite BPO (DMT) 11.2 4.8
Bentonite BPO (DMT) 1.7
Diatomaceous earth BPO (DMT) 35 0.16
Tale BPO (DMT) 25 7.8

Polymerization condition: Clay 5g, VCM 10m/, BPO 0.05g, DMT 0. 015m/, 5atm (N3), 45°C, 12hr.

¢ : Extraction with cyclohexanone
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4 JAste ez F4Ar

0\-0
o
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S

Table V. Color Development by Redox Reaction of
Benzoyl Peroxide and N, N-Dimethylaniline
on Clay Surfaces

Clay Color
Halloystite Bright green
Acid-treated halloysite Dark green
Diatomaceous earth None

Tale Light green

Aluminium oxide None
Dark green

Light green

Aluminium chloride
Zinc chloride

Reaction condition: in benzene at 20°C.
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Table VI. The Viscosity of 209 Surface Modified
Halloysite Dispersions in Paraffin Oil

Halloysite# Viscosity* (poise)
Halloysite 10.8
Acid treated halloysite 13.8
PMMA-encapsulated halloysite 6

# Dried at 120°C for 1hr.
* Measured at 21°C at 30 rpm using spindle 3 on
a Brookfield viscometer
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Figure 1. IR Spectrum of PMMA-encapsulated halloysite.
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Figure 2. IR Spectrum of PVC-encapsulated halloysite.
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Figure 3. Thermal analysis of polymer-encapsulated halloysite.
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