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Tong hop va khao sat tinh chat ctia xi ming
sinh hoc trén nén poly(methyl metacrylate)
gia cuong dat sét bien tinh
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TOM TAT

Poly (methyl metacrylate) (PMMA) va
nanocomposite trén nén PMMA dwoc img dung
rong rdi trong nhiéu linh viee khéc nhau ddc biét la
vmg dung trong diéu ché xi mang sinh hoc, phuc vu
cho viéc tao hinh xwong gid va khép nhan tao.
Nham nghién ciru cdi thién tinh chdt cia poly
(methyl metacrylate), khodng sét thin hitu co di tir
montmorillonite bién tinh bang polyethylene oxide
(PEO) dwoc sir dung gia cwong cho PMMA. Nham
tang t6i da khd nang twong tic giita PMMA va
khodng sét, phwong phap trung hop nhil twong

dang sinh da dwoc su  dung. Theo do,
nanocomposite ¢ cdac ty 1é 1 %, 3 %, 5 %, 7 %
khéi lwong khodng sét so voi nhiea nén c6 tinh
chét co, nhiét vuot tréi hon so véi PMMA nguyén
thiry. Piéu nay da chimg minh cé sy twong tdc
manh giita khodng sét va polymer nén. Ngodi ra,
phuong phdp trung hop nhii twong Pickering [13]
(triing hop nhii tiong sir dung hat rdn bao vé thay
thé chdt hoat dong bé mat) ciing dwoc khao sat dé
doi chiéu véi phwong phdp triing hop nhii twong
thong thwong.

Tir khéa: Xuong nhdn tao, nanocomposite, PMMA, Pickering

MO DAU

Poly(methyl methacrylate) la mot polymer
nhigt déo c6 nhigt do thuy tinh héa T,=105 °C.
PMMA 1a polymer hoan toan vo dinh hinh nhung
c6 do bén cao va d6 6n dinh hinh dang rat tét do
mach polymer cimg, PMMA con c¢6 do trong rat
cao, kha nang chiu thoi tiét tot va c6 do bén va dap
cao. Vi nhitng tinh chat &y, PMMA khong chi c6
rat nhiéu ang dung trong céng nghiép nhu son
noi/ngoai that, son xe hoi... ma PMMA con dép
g tat ca yéu cau can cd caa mot vat liéu polymer
y sinh va la vat liéu polymer y sinh ¢6 tinh twong
thich cao véi cac md trong co thé ngudi, chinh
diéu d6 l1am cho né tré thanh mot vat liéu quan

trong, duoc str dung trong cay ghép va lam céac bo
phan gia.

Bén canh cac pha gia cuong nhu silica [1, 7,
11], hat nano kim loai [14], graphene [4, 8, 10, 12]
thi khoang montmorillonite (MMT) la mét trong
nhitng chat bién tinh li twéng bai MMT c6 cau tric
2:1 nén cac nhém OH khéng niam ngoai. Vi thé,
gita cac 16p (2:1) véi nhau khong co lien két
hydrogen ma chi c6 lién két Vander walls yéu, cho
nén khoang cach gitra hai 16p sét (hay khoang sét)
dé dugc nong rong ra boi cac ion, nuéc hoic hop
chat phan cuc khac. Chinh kha ning nay di lam
cho khoang montmorillonite trg nén hitu dung hon
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cac loai khac. Do c6 cAu trac nhu thé ma MMT c6
c4c tinh chét hoa 1i nhu: kha nidng trao dbi cation,
tinh hap phuy, tinh truong né, tinh acid

Ngoai ra, trong nghién ctru nay polyethylene
oxide dwoc sir dung nhu mot chit bién tinh
montmorillonite, thay thé cac chét bién tinh truyén
thong khac 1a cac mudi alkyl Ammonium hoic
alkyl phosphonium [9] véi nhiéu han ché dugc
phét hién nhu bi phan huay ¢ nhiét d6 cao tao thanh
xuc tac pha hay polymer, lam cho san pham cé
mau; va montmorillonite bién tinh biang PEO duoc
sir dung lam pha gia cwong cho poly (methyl
methacrylate), tir d6 tao ra vat liéu xi mang sinh
hoc [2, 3, 5, 6] ttng dung trong y sinh.
VAT LIEU VA PHUONG PHAP
Héa chét va dung cu

Céac loai hoéa chat dwoc sir dung trong bai
nghién ctu nay bao gom: dat sét montmorillonite,
MMT (N7s7, Merck), methyl metacrylate, 99 %
(Merck, da dwoc loai chat wc ché hydroquinon),
benzoyl peroxide, BPO (Sigma-Aldrich), N,N-
dimethyl-p-toluidine, DMPT, (Sigma-Aldrich),
sodium sulfat (Trung Quéc), sodium hydroxide
(Trung Quédc), methanol (Viét Nam), ethanol (Viét
Nam), sodium dodecyl sulfate SDS (Sigma -
Aldrich), NaHSO; (Trung Quéc), Na,S,0g (Trung
Quéc), sodium chloride, NaCl (Viét Nam),
azobisisobutyronitril, AIBN (Sigma-Aldrich), poly
ethylene oxide, PEO-10000 (Sigma-Aldrich). Cac
loai héa chit nhu dat sét N;5;, PEO, SDS,
NaHSOs, Na,S,05 va NaCl déu dugc luu trit trong
binh hat 4m (dessicator) dé tranh tinh trang bi hat
am trude khi sir dung.

Céac thiét bi sa dung trong thuc nghiém va
phan tich bao gom: may siéu &m (UP400S-Drc),
méy nhidu xa tia X D8-ADVANCE - Vién dau khi
Viét Nam, may phan tich nhiét trong lugng Q500
va may phan tich co li dong Q800 V20.24 Build 43
thudc Trung tdm Ky thuat Nhya Cao su & Pao tao
Quan ly Nang lugng.

Bién tinh dit sét MMT bang PEO

Can chinh xac 10 g N7 va 3 g PEO
(M,=10000). Tron hdn hop dat sét va PEO voéi cac
ti 1€ duoc khao sat gitta MMT:PEO la 10/1; 10/3
va 10/5, dung cdi va chay nghién hdn hop trong 1
gid dé hdn hop ddng nhit va tang dién tich tiép
xlc gitra PEO va dat sét. Sau d6 hon hop dugc
nhiét & 90 °C trong 24 gid va qua nghién ray (véi
ray c6 kich thuéc 12 0,1 pm). Trong giai doan nay
PEO chay ra va hip phu vao trong cac khoang
sét va lam nong khoang. Tiép theo, hdn hop duoc
rira bang nudc cat dé loai phan PEO nam & ngoai
khoang sét va ly tam thu san pham da duoc rua.
Ngoai ra nham so sanh hiéu qua ciia phwong phap
bién tinh ndng chay thi dat sét Nys; cling duoc bién
tinh PEO (6 ty 18 10/3) bang phuong phap dung
dich véi quy trinh dugc thyc hién nhu trong cong
bd trude day cua nhém tac gia M,

San pham sau qué trinh bién tinh néng chay
duoc phan tich nhidu xa tia X (XRD) nhim lya
chon ti 1¢ bién tinh t&i wu nhat.

Trang hop nhii twong PMMA tring va
composite PMMA/MMT-PEO

Polymer PMMA  va nanocomposite
PMMA/MMT-PEO dugc tong hop theo quy trinh
sau: can 2 g chit hoat dong bé mat SDS, khudy
trong 200 g nudc cat cho dén khi SDS tan hoan
toan. Trong trudng hgp tao nanocomposite thi
MMT-PEO (chiém 1 %, 3 %, 5 %, 7 % wt theo
PMMA nén) dugc phan tan vao trong hé dung dich
nay cho dén khi tao hé huyén phu déng nhat. Cho
hén hop trén vao binh cau duoc 1am lanh va thém 5
g monomer MMA (d4 dugc chung cat dé loai chat
trc ché) vao hé va khuay déu. Ké tiép, thém 0,05 g
chat khoi mao Na,S,05 (1 % so véi khdi lugng
monomer) va 0,005 g NaHSO3 (0,1 % so voi khdi
lwong monomer). Khudy déu han hop trén ¢ 80 °C
bang hé khudy co trong vong 8 gio.

Sau khi két thac phan @ng, san phim duoc
déng tu bang methanol. Phan két tia cho vao phéu
loc rira bang nuwéc 4m nham muc dich loai chat
hoat dong bé mat con du. Va sau cung, san phim
di sdy khd hoan toan ¢ 70 °C.
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PMMA va composite PMMA/MMT-PEO siy
khd dang bot sau dugc phan tich phé héng ngoai
IR va sic ky gel GPC.

Trung hop nhii twong Pickering PMMA/MMT-
PEO

Véi cac ti 16 MMT-PEO/MMA tir phuong
phép tring hop nhii twong c6 dién, sau khi khao sat
mirc d6 phan tan trong nudc, chon ra ti 1€ 5 %
MMT-PEO/MMA dé tién hanh trung hop nhii
tuong Pickering.

Can lan luot 5 g MMA, 0,25 g N757-PEO va
180 mL H.,0 cho hdn hop vao danh siéu 4m trong
1,5 gio, ddng thoi 1am lanh. Cho hdn hop vao binh
cau 3 ¢6 va sau @6 thém vao chit khoi mao AIBN.
Stng dung hé khuay co thuc hién phan ung trong 8
gio & 80 °C. Hé nhii Pickering sau phan tng duoc
dong tu va say kho dén khdi luong khong doi.

San pham thu dwoc chup anh TEM dé kiém tra
mirc d0 phan tan cling nhu mic do tao hat nhii
gitra polymer va su phén tan cia cAc manh sét.
Téng hop xi ming sinh hoc

Bot PMMA tring (ciing nhu cic mau
composite ti 1¢ khac nhau va mau Pickering) dugc
sdy kho dé loai nuwéc hoan toan. Can 2,7550 g
PMMA; 4,8002 mL MMA; 0,0949 g BPO va
0,0600 g DMPT. Tron bot PMMA va BPO, DMPT
vé6i pha long MMA. Han hop trén duoc khuiy déu
dén khi & dang keo sét va san phidm dugc dong ran
sau 20 phat.

Qua trinh trén dwoc ap dung twong tu cho cac
mau composite ¢ cac ti 186 1 %, 3 %, 5 %, 7 % va
mau Pickering.

Cac mau sau khi ép duoc do co 1i dong trén
may DMA.

Céac phwong phap phéan tich

Céc mau dit sét bién tinh dwoc phan tich cu
tric bang XRD trén may D8—Advance, dién ap 40
KV, cudng d6 dong 40 mA, birc xa Cu—Ka (dung
tam loc Ni), téc do quét 0,03%gidy tir goc 20 = 30°
véi khdi lwong mau bot phan tich khoang 1,0 g/ 1
Ian. Phan tich nhiét trong lugng (TGA) nham xéac
dinh khdi lugng mau vat liéu mat di (hay ting 1én)
theo nhiét d6. Cac mau PMMA tring, mau
composite PMMA/MMT-PEO & céc ti 1é va mau
Pickering PMMA/5 % MMT-PEO duoc phan tich
TGA bang may Q500 (trung tam k¥ thuat nhya-
cao su & dao tao quan ly nang lugng) trong moi
truong khi tro (nitrogen), vai toc do gia nhiét 10 °C
/phat, tir 30°C dén 800 °C.

Phan tich co ly dong (DMA) 1a phuong phap
dung dé nghién cau tinh chat co—nhiét cua vat ligu
polymer. St dung may DMA Q800 V20.24 Build
43, phép do duoc tién hanh trong méi truong khi
N, nang nhiét tir 40-150 °C (Trung tam Ky thuat
Nhya-cao su va Pao tao quan ly nang lugng).
Phuong phap dugc thuc hién bang cach cho mau
chiu tac dung luc dao dong vai tan sé va bién d6 cb
dinh dong thoi thay doi nhiét do. Két qua thu duoc
cac gié tri modul tich G’ modul thoat G” va G* =
G’ +1iG” 1a modul phirc. Ngoai ra, tand =G / G la
thudc do ty s6 cua do tan ning luong dudi dang
nhiét chia cho nang lugng cuc dai tich trong vat
lieu trong mot chu ki dao dong. Quan trong nhat
phuong phap DMA con la phuong phép nghién
cau nhiét d¢ thuy tinh hoa T, va cac sw chuyén pha
thir cdp trong polyme. Trong nghién ciru ndy céc
mau xi mang sinh hoc tir PMMA tring, c4c mau
composite va mau Pickering duoc sir dung dé phan
tich co 1i dong.

Ngoai ra, cAc mau dat sét bién tinh sau khi
danh siéu 4m va mau Pickering duoc chup anh
TEM trén may JEM-1400, 100kV dé khao sat mirc
do tach boc cia MMT.
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KET QUA VA THAO LUAN
Két qua bién tinh MMT bing PEO

Céu trdc cia MMT trude khi bién tinh bang phuong phap nghién o duoc khao séat bang gian d6 XRD &

Hinh 1.
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Hinh 1. Gidn dd XRD cta N757 chua bién tinh

M6t miii dic trung cua dat sét N757 c6 d001=
11,129 A tai 26 = 7-90. N757 sau khi duoc bién
tinh theo phuong phap nghién u véi PEO theo cac
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Hinh 2. Gian d6 XRD cua N757 bién tinh bang PEO
bang phuong phap nghién u

Sau khi duogc bién tinh bing PEO véi cac ti 18
10/1, 10/3, 10/5 khoang sét dugc nong rong lén
dén cac gia tri dooy 1an luwot 12 14,03; 17,58 va 17,81
theo thir tw nhu trong Hinh 2A, 2B, 2C. Két qua
cho thiy ti & gitra MMT/PEO tang tir 10/3 1én 10/5
thi kha nang nong rong khoang ting khong dang
ké, co nghia 1a ti 16 10/3 da dat dén gia tri bdo hoa
ciia PEO chui vao khoang sét, diéu nay phu hop
véi két qua nghién cau cia Zhigi Shen[15]. Sau

lohs jols)
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ti 16 14 10/1, 10/3 va 10/5 ciing dwoc phan tich bang
gian d6 XRD. Két qua cho thay cau tric khoang
sét ¢6 sy thay doi.

Fos. [*3Th.]

Hinh 3. Gian d6 XRD ciia N757 bién tinh bang PEO
bang phuong phap dung dich

khi khao st va so sénh gitra 2 phuong phap nghién
u va dung dich & cuing ti 1¢ 10/3, két qua cho thay
bién tinh bang phuong phép nghién u (Hinh 3B,
do0:=17,58 A) 12 téi wu hon so v&i phuong phap
dung dich (Hinh 3A, dg;=17,37A).

Téng hop PMMA tring va composite
PMMA/MMT-PEO biang phwong phip tring
hop nhii twong c6 dién
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Két qua phan tich IR mau PMMA tring
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Hinh 4. Phd IR miu PMMA tréing

Miii xuét hién ¢ s6 séng 1731 cm™ twong ting
v6i dao dong co dén cua lién két —-C=0. Ngoai ra,
cac day este trong vung 1300-1150 la mot mdi doi
cia mot miii doi dic trung cho PMMA, chang han
miii 1191 cm™ twong tng voi dao dong co dén cua
nhém —C-O-. Miii xuét hién & sb séng 2998, 2953,
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Hinh 5. Két qua do GPC miu PMMA tréng

Wilog WD

2844, 1480, 1444, 1389 la cac miii dac trung cho
lien két C-H. Pac biét, sy ving mat cua mili tai s6
séng 1640 cm™ dic trung cho lién két C=C cho
thiy da c6 sy chuyén héa MMA thanh PMMA
(Hinh 4).

Két qua do GPC dugc trinh bay ¢ Hinh 5 va 6.
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Hinh 6. Két qua do GPC mau composite PMMA/MMT-PEO

Bing 1. Két qua GPC mau PMMA tring va composite PMMA/3 % MMT-PEO

Mau M., (g/mol) M.,,(g/mol) D
PMMA tring 138,400 1,107,600 8,0026
PMMA/MMT-PEO 860,450 3,830,800 4,4520
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San pham composite PMMA-N.s,/PEO ¢6
phan tir lwrong trung binh s6 va phan tir lwong trung

pham composite thu duogc c6 d6 da phan tan thap
hon so v6i mau tring (Bang 1).

binh khdi cao do duoc tring hop bang phwong
phép nhil twong. Trong qué trinh trang hop, c6 thé
chit gia cuong N7s;/PEO da gilp polymer han ché
tait mach va truyén mach ngau nhién, do d6, san

Trung hgp nhii twong Pickering PMMA/5 %
MMT-PEO

Gian dd XRD mau dét sét bién tinh PEO ti I¢
10/3 sau khi danh siéu @&m (Hinh 7)
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Hinh 7. Két qua XRD miu MMT-PEO sau khi d4nh siéu am

Anh TEM ( Hinh 8) miu MMT-PEO sau khi danh siéu 4m, két hop v6i két qua phén tich XRD, anh TEM gitip Xac dinh
cac 16p sét da duoc tach boc thanh nhitng manh don (mdi manh khoang 1 nm) hay tap hop cac 16p (4-5 16p), con goi la
tap hop tactoid.

[siomc SR

1.08am

MAU_N757_|
JEM-1400 100

Két qua cho thiy mii ddc trung cua dit sét sau khi dwoc PEO nong rong khoang c6 doo; = 17,58 A
khong con xut hién. Diéu do cho thay cac I6p dat sét da bi tach boc va cau tric khoang khdng con 6n dinh
nita nén khong cho tin hi¢u XRD. Tuy nhién, dé biét ré rang cac I16p sét cd tach boc that su hay khéng co
thé khao st bang cach chup anh TEM mau dét sét trén.
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Manh sét
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Hinh 8. Két qua TEM miu MMT-PEO sau khi d4nh siéu &m
Ddng thoi théng qua anh TEM mau PMMA/5 %MMT-PEO sau khi tring hop nhil twong Pickering ciing X4c dinh cac
16p sét da duogc tach boc (Hinh 9).

100050151

20.0nm MAU_PICKERING
B 5

JEM-1400 100

Hinh 9. Anh TEM mau Pickering PMMA/5 %MMT-PEO
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Két qua anh TEM cho thiy c4c manh sét da
bao boc quanh bén ngoai 18i poly (methyl
methacrylate) hinh thanh nén cac hat nhii. Ngoai
ra, mau Pickering ton tai 2 trang thai chinh: dan
xen (intercalated) va tach boc (exfoliation) bén
canh d6 van con trang théi tap hop. Tuy nhién, di
& dang dan xen thi cac 16p sét ciing khong on dinh
ma hoi nghién khoang, léch cau tric (do polymer
chui vao). Cho nén, trén gian do6 XRD, ta khéng
thiy miii nao xuit hién. Nhin chung, da ché tao
thanh cong nanocomposite c6 ciu tric “semi-
exfoliation” (ban exfoliation).

Nhu vdy, MMT bién tinh bing PEO theo
phuong phap trung hop nhil tuong Pickering hoan
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toan c6 thé tung dung dugc trong linh vuc
nanocomposite va mé ra huéng mai day trién vong
cho linh vuc ché tao xi mang sinh hoc.
Két qua do dd bén nhigt TGA

Gian d6 phan tich nhiét trong lugng cua céc
mau PMMA tring, composite PMMA/MMT-PEO
va mau Pickering (Hinh 10) cho thdy nhiét do bét
dau phan hay cia mau composite & cac ti 1& déu
ting so voi mau tring (tang 31 °C) va mau
Pickering ciing ting dang ké so véi mau tring
(tang 45 °C). Bong thoi d6 sut giam khéi luvong cua
c4c mau ¢ mat pha gia cudng c6 do sut giam khdi
luong thap hon so v&i mau chi c6 polymer nén
(Bang 2).

—PMMA trang
—PMMA/1MT-PEO
—PMMA/3MT-PEO
—PMMA/5MT-PEO
—PMMA/7MT-PEO

Pickering PMMA/5% MMT-PEO
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Hinh 10. Gian @6 TGA miu PMMA tring, cac miu PMMA/MMT-PEO va Pickerin

Bang 2. Két qua phan tich TGA miu PMMA, c4c mau composite PMMA/MMT-PEO va Pickering

Mau Nhiét do bat dau Do sut giam Nhiét do bat dau
phan huy (°C) khéi luong phan hay
(%) (%)

PMMA tring 167,13 99,783 398,72
PMMA-1 %N-s,-PEO 198,82 98,897 427,72
PMMA-3 %N-5,-PEO 200,31 97,201 427,72
PMMA-5 %N-s,-PEO 199,77 95,057 420,89
PMMA-7 %N-s,-PEO 213,44 94,511 428,48
Pickering 212,47 95,173 411,01
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Téng hop xi méang sinh hoc

Tinh chit co nhiét cia cA&c MAu xi ming sinh
hoc tir cac mau PMMA, PMMA/MMT-PEO va
mau Pickering dugc thé hién rd nét thong qua phan
tich DMA (Hinh 11). Cadc mau composite gia
cudng MMT bién tinh PEO déu cho modul tich
cao hon PMMA truéc nhiét d6 T,y Thi du ¢ tai

nhi¢t d6 40 °C, modul tich cia miu PMMA Ia
4500 MPa, modul tich ciia cac mau composite va
Pickering tdng cao hon va cé gia tri tu 4600-5700
MPa. Piéu nay da xac dinh hiéu qua kha ning gia
cudng caia MMT-PEO trén nén PMMA. Khi ham
lugng MMT-PEO cang tang thi modul tich cang
tang va cao nhat tai 7 % MMT-PEO.
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Hinh 11. Gian dd modul tich theo nhiét d6 cia PMMA, composite véi ham luong MMT-PEO khéc nhau va mau
Pickering

Ngoai ra phan tich DMA con cho thay nhiét
d6 thay tinh hoa thong qua 2 cach tinh : theo dinh
modul thoat va dinh cta tand cho ¢ Bang 3. Nhin
chung gia tri Tg cac mau PMMA/MMT-PEO va
mau Pickering cao hon PMMA (82,51 va 117,15

9C) va cao nhit 1a PMMA/5 %MMT-PEO (87,87
VA 118,40 °C). Gia tri Tg tinh theo tan thong
thuong lon hon theo modul thoat va 16n bao nhiéu
thi tly vao cau trdc cua ting loai polymer.

Bing 3. Két qua Tg tinh théng qua gian 6 DMA

Loai M3u T, theo Modul thodt (°C) T, theo Tg 6 (°C)
PMMA 82,51 117,15
PMMA/1 %MMT-PEO 78,60 118,47
PMMA/3 %MMT-PEO 87,72 117,19
PMMA/5 %MMT-PEO 87,87 118,40
PMMA/7 %MMT-PEO 87,62 116,81
Pickering 86,29 117,81
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Chang ti da tong hop dugc composite
PMMA-N75,-PEO bang phuong phép tring hop
nhii trong truyén thong véi céc ti 1¢ chat gia cuong
khéc nhau. Qua phan tich do bén nhiét TGA cho
thiy tinh chat vuot troi cia cac mau composite so
VGi mau trang (nhiét do bat ¢au phan hiy tang 1én
khoang 33 °C). Duéi tac dung cua siéu am, sau khi
cac mau dat sét b tach bdc va khi tién hanh tring
hop nhil twong Pickering thi nhiét ¢ bat dau phan
hiy cua miu Pickering ting lén dang ké so véi
mau trang (45 °C). Théng qua phan tich DMA, cho
thay tinh chat cac mau composite va mau Pickering

vuot troi hon mau tring trong viéc ché tao xi mang
sinh hoc ing dung vao nganh chan thuong chinh
hinh ndi riéng va nganh y hoc noi chung.

Loi cdm on: Nhom tac gia xin chdn thanh cam
on dén suw hé tro vé kinh phi thuc hién cia Dai
hoc Qud'c gia Thanh phé Hé6 Chi Minh va su hé tro
vé thiét bi thi nghiém ciia Khoa Khoa hoc Vit liéu,
Truong Pgai hoc Khoa hoc Tw Nhién, PHQOG-
HCM. Nghién curu nay duwoc tai tro boi Pai hoc
Quéc gia Thanh phé Ho Chi Minh trong khudn kho
dé tai ma s6 C2014-18-13.

Synthesis and properties of bone cement
based on poly(methyl methacrylate)
reinforced by organo-clay

Trwong Thi Diem Uyen

Mai Thanh Tam

Ha Thuc Chi Nhan

Phung Hai Thien An

Do Thi Vi Vi

Ha Thuc Huy

University of Science, VNU-HCM

ABSTRACT

Poly(methyl methacrylate) (PMMA) and
nanocomposites PMMA/nano-clay were widely
applied in many different fields. Bone cement is
one of the important application which makes
artificial bones and joints. The purpose of our
study is the improvement of properties of PMMA.
Therefore, organo-clay modified by polyethylene
oxide (PEO) was used to reinforce the PMMA
resin. In order to increase the interaction between
PMMA and organo-clay, the in-situ emulsion
polymerization has been used to synthesize

nanocomposites.  Accordingly, nanocomposites
with the weight percentage of organo-clay of 1 %,
3 %, 5 %, 7 % increase the thermal and
mechanical properties compared to PMMA. These
were evidence of the good interaction between
PMMA and organo-clay. In addition, PMMA/5 %
MMT-PEO nanocomposite is also synthesized by
in-situ Pickering emulsion polymerization [3] to
compare with the method of emulsion
polymerization.
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