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TOM TAT

Montmorillonite (MMT) voi bé mét duoc
bién tinh bdi block copolymer cé chira phén
ter tao lién két ngang véi nhwa nén cla
composite nha khoa duoc dung lam chét
dén nano dé cai thién co tinh va tinh da
chiéu ctua composite. Block copolymer chira
hai khéi chirc ndng duoc téng hop béng
phuong phép trung hop séng. Mot khoi cé
chtra 2-isocyanatoethyl methacrylate (IEM),

khéi con lai duoc céu tao tir poly(4-vinyl
pyridine), (P4-VP). Sw twong tac cua 4-VP
v6i bé mat MMT va sw tdng khodng céach
gitta khoang sét duoc khdo sét bang phd
nhiéu xa tia X (XRD) va phé héng ngoai
chuyén déi Fourier (FT-IR). Két qué cho thay
dé co ngot cta composite gidm, trong khi dé
d6 bén nén va dé bén udn dwoc cai thién.

Ter khéa: montmorillonite (MMT), block copolymer, composite nha khoa.

MO PAU

Phuong phap bién tinh bé mat 1a mot phuong
phép hiéu qua dé thiét ké va thay doi tinh chat
cua vat liéu. Pdi vai vat lidu nanocomposite, ddy
1a phuong phap quan trong dé ngin ngira su két
tu va ling dong cua cac vt liéu kich thudc nano
va gop phan ting d6 phan tan dong déu vat liéu
trong polymer nén, ting cuong nhiing tinh chat
uu viét cta vat lieu nanocomposite [1-3]. Vi
muc tiéu trén, phuong phap bién tinh bé mat da
dugc st dung rong rai dé bién tinh bé mat khoang
sét montmorillonite (MMT), mét trong nhirng
chat don nano dugc nghién ciu va sir dung rong
rii, dé chuyén bé mat 16p MMT tu nhién tir than
nudc sang than hiru co, tao diéu kién dé MMT dé
phan tan va tao su tuong hop tot trong polymer
nén. Ngoai ra, MMT bién tinh con c6 khoang
cach giita hai 16p sét dugc nong rong tao didu
kién cho cac mach dai phéan tir caa polymer chui
vao, gilp phén tdn thém cac lop sét trong

polymer nén, dong thoi 1am ting mot cach dang
ké tinh chét co 1y cua vat liéu.

Trong linh vgc nha khoa, nanocomposite
nhan dwoc nhidu sy quan tam tir cac nha khoa
hoc [4, 5] véi nhitng tinh chat vu viét nhu ting
tinh thaim my, ting d6 bén composite nha khoa.
Ngoai ra, ddi v6i nanocomposite (ng dung trong
nha khoa, d6 co khi trung hop ciing 1a mét chi
tiéu quan trong dé giam qua trinh hinh thanh vi
k& dan dén ring bi hu hong tré lai. Do d6, dé
giam do co ngot, gitta bé mat lién pha cua chat
don vo co va nhua nén can co lién két chat che,
didu nay c6 thé thyuc hién thong qua thiét ké cu
tric hop chat ding dé bién tinh bé mat MMT
thich hop. Tuy nhién, chét trg tuong hop trén thi
trudng ¢6 cau tric héa hoc gidi han, va thuong
khong tao lién két bén viing véi nhya nén nha
khoa, 2,2-bis[4-(2-hydroxy-3-methacryloyloxy
propoxyphenylpropane (bis-GMA).
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Pé khic phuc sy han ché nay, block
copolymer ludng tinh, poly(maleic anhydride-co-
styrene)-block-poly(styrene-co-4 vinyl pyridine)
chac hdéa voi 2-isocyanatoethyl methacrylate
(MMSP) duogc tong hop bang phuong phap tring
hop géc c6 su hd tro cua gdc bén nitroxide
(nitroxide-mediated polymerization, NMP) lam
chat tro twong hop dé bién tinh bé mat 16p MMT.
MMSP c6 tinh chat vuot troi vi MMSP ¢ kha
nang chén vao gitta cac I6p MMT theo phan Gng
trao d6i ion cua 4-vinyl pyridine (4VP) véi ion
Na* gitta bé mat cac 16p MMT, mat khac, do dai
cua khéi con lai vira ¢ tac dung tang khoang
cach giira cac [6p MMT gilp cho su khuyéch tan
cua bis-GMA vao trong khoang sét, vira c6 thé
tham gia phan &ng quang ddng trang hop vai bis-
GMA, lam ting lién két trén bé mat pha giita
MMT véi nhya nén va giam do co trang hop.
Trong gisi han cua bai viét nay, muc tiéu cua
nghién cau la nghién cuau sy tuong tac cua
MMSP véi bé mat MMT, su thay doi tinh chat
MMT bién tinh va tinh chét ciia nanocomposite
nha khoa c6 sir dung MMSP-MMT.

VAT LIEU VA PHUONG PHAP
Vit liéu

Poly(maleic anhydride-co-styrene)-block-
poly(styrene-co-4-vinyl  pyridine) (MSP) va
poly(maleic  anhydride-co-styrene)-block-poly-
(styrene-co-4-vinyl pyridine) chitc hoa vai 2-
isocyanatoethyl methacrylate, 1IEM (MMSP)
dugc téng hop theo phwong phap nhu di duoc
cong b truée day [6]. Cac hda chat khac nhu
Na*-MMT (Cloisite), HBr (Aldrich), dimethyl-
formamide (DMF) dugc st dung khéng qua qué
trinh xt ly ndo khac. 2,2-bis[4-(2-hydroxy-3-
methacryloyloxy propoxyphenylpropane (bis-
GMA) and triethylene glycol dimethacrylate
(TEGDMA), camphorquinone (CQ, chat khoi
mao quang) and N,N“dimethyl aminoethyl
methacrylate (DMA-EMA, chit hoat héa quang)
dwoc mua tir Aldrich. Chat don kich thudc
micromet, Ba-glass v6i duong kinh hat trung

binh 1 um dwoc mua tir Schott va pyrogenic
silica nanofiller, duong kinh hat trung binh 40 nm
nhan duoc tir Degussa. Cac chat don vo co dugc
xt ly vé&i y-methacryloxypropyl-trimethoxy
silane (y-MPS, Aldrich) trugc khi dung.

Phwong phap

MMT duoc bién tinh véi MSP va MMSP
theo phuong phip dung dich (Hinh 1). 5 g
MMSP duoc hoa tan hoan toan trong 45 mL
DMF, sau d6, 0,5 mL dung dich HBr dugc tiém
vao dung dich polymer. Dung dich chata 2,91 g
Na'-MMT da dugc truong no hoan toan trong
15,1 mL nude duoc nhé giot vao dung dich ban
dau. Han hop dung dich dwoc khudy déu & 70 °C
trong 15 h. Trong thoi gian khudy, dung moi
DMF duge déu din thém vao. Két tua tring cua
MMT bién tinh dugc thu nhan qua qua trinh ly
tam. San pham duoc rira nhiéu lan véi nuéc da
loai ion. Cubi ciing, san pham duoc siy thing hoa
trong vong 48 h.

MMT truong n&
trong nuGce trong HBr 7
1h {/
. “‘)MMT/W
Rot
cham Hoa tan
MMSP trong

DMF
MMSP/DMF
N +HBr
B sung 60mL 70°C
DMF d&u dan
S|
4+ Na'_ MMT

HBr, DMF
70°C, 15hrs.

I

I

Sy thing hoa

Hinh 1. Quy trinh bién tinh MMT bing MMSP
(MMSP-MMT).

Cau trdc cua block copolymer, cia MMT
dugc bién tinh boi block copolymer dwoc Xxac
dinh dwa vao phé hdng ngoai (FT-IR); khoang
céch gitra cic khoang sét dugc xac dinh thong
qua nhidu xa tia X (XRD); tinh chit bé mat MMT
trudc va sau khi bién tinh dwoc khao sét théng
qua do goc tiép xlc; d6 mai mon duoc khao sat
thong qua may do bién dang 3 chiéu (3D
profilometer); do bén nén dugc xac dinh theo tiéu
chuan 1SO 9917 va d6 bén ubn duoc xac dinh
theo tiéu chuan ISO 4049. D6 co tring hop duoc
xac dinh theo nhu mé ta trong bai béo [7, 8].

+ NaBr
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KET QUA VA THAO LUAN

CAu tric block copolymer MSP duoc thiét ké
va trung hop thanh cong thong qua phuong phap
trang hop géc séng vai su hd trg cua goc bén
nitroxide (NMP). Phuong phap NMP duogc lya
chon trung hop block copolymer do tinh twong
thich sinh hoc cua phwong phép, trong khi do,
phuong phéap tring hop gdc chuyén nhuong
nguyén tir géc tw do (ATRP) c6 chira kim loai
xuc tac doc hai va phuong phap tring hop kiém
soat boi su chuyén mach cong hop-phan manh
(RAFT) bi han ché boi mau sic cua tc nhan
RAFT, khéng phil hop véi mau sic tu nhién cua
men ring. Sau d6, IEM dugc tac dung véi MSP
thdng qua phan tng vaéi phén tir maleic anhydride
dé chuc héa MSP tao thanh MMSP véi néi doi
C=C ¢0 kha ndng tham gia phan &ng trung hop
quang véi nhua nén cua composite nha khoa sau
nay. Céu tric hda hoc cua block copolymer tong
hop dugc trinh bay trong Hinh 2, va xac nhan
thdng qua phd hdng ngoai hap thu (Hinh 3).
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Poly(maleic anhydride-co-styrene)-block-poly(styrene-co-4-
vinyl pyridine) _ MSP
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Poly(maleic anhydride-co-styrene)-block-poly(styrene-co-4-
vinyl pyridine) with 2-isocyanato ethyl methacrylate _ MMSP

Hinh 2. Céu trac hoa hoc cta block copolymer dugc
thiét ké dé co kha nang bién tinh bé mat MMT, vira c6
kha nang tham gia phan ting quang polymer hoa voi
nhwra nén cia composite nha khoa.

Phin tich phd FTIR ciia MMT dwgc bién tinh
bé mit véi MSP va MMSP

Hinh 3 thé hién phd hdng ngoai (FT-IR) cua
MSP va MMSP da cho thiy c¢6 cac miii hap thu
dac trung cta dao dong C-H mach chinh tai 700

cm™, dao dong C-H cua vong benzene va vinyl
pyridine tai 3050 cm™ va dao dong kéo dan cua
nhom methylene (vC-H, 2930, 2920 and 2850
cm?), dao dong cua C=C cua vong thom tai
1600, 1560 cm™. Ngoai ra, dao dong cua 2 nhdm
carbonyl ciia maleic anhydride (MA) ciing c6 thé
quan sét tai 1780 va 1860 cm™, dic trung cho dao
dong kéo dan ddi xing va bat ddi ximng cia nhom
C=0. Tuy nhién, dao dong tai vi tri 1730 cm™,
dac trung cho dao dong cua nhém C=0O trong
carboxylic acid, cling duoc thu nhan, cho thay co
sy hién dién cua nhom carboxylic acid, diéu nay
c6 thé duoc giai thich 1a két qua cua phan @ng
thay phan mot phan cia MA. Miii hap thu rong &
3500 cm™ dugc giai thich 12 do dao dong cua
nhém OH, ngudn gdc cua nhém nay cé thé tir
carboxylic acid hoac do Iép nudc hap thu vao
mach polymer théng qua lién két voi phan tir
4VP c6 cuc. So séanh véi phd hdng ngoai cua
MSP, phd FT-IR cia MMSP cho thay c6 su xuat
hién ciia miii hap thu dac trung cua dao dong kéo
ddn C=C tai 1640 cm™ (miii tén trén phd FT-IR
ciia MMSP). Diéu nay chirng to IEM di tac dung
véi MSP va tao thanh block copolymer cé chira
lién két C=C.

Phé hdng ngoai MMSP-MMT cho thiy c6 su
hién dién cua hop chat hitu co lién két véi bé mat
c4c tim MMT qua cac dao dong dic trung cua C-
H tai 2850, 2920 cm™ va 3020, 3060 cm™. Mii
dic trung ctia C=C trén IEM van con ton tai sau
khi bién tinh MMT véi MMSP, tao tién dé tao
lien két gitra MMT véi nhwa nén. Ngoai ra, su
tuong tac cua block copolymer trén bé mat 16p
MMT tao dong luc cho MMSP chui vao gitta cac
khoang nén s& lam thay ddi tuong tic giita CAC
I6p MMT, didu nay c6 thé nhan thiy qua hinh
dang va vi tri ctia miii dao dong Si-O cia MMT
tai vi tri 1046 cm™. Vi tri s6 séng cua dao dong
Si-O cua MMSP-MMT léch vé bén phai chiing to
nang luong lién két cia dao dong Si-O giam, do
la do su giam nang lugng tuong tac gitra Si-O
trén bé mat cac 16p MMT lién k& nhau [9-12].
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Hinh 3. Phd hong ngoai ciia MSP, MMSP va Na-MMT, MMSP-MMT.

Phin tich nhiéu xa tia X

Gian d6 nhidu xa tia X (Hinh 4) chang to
rang, khoang céch giita cac khoang sét sau khi
bién tinh véi block copolymer da tang tir 0,24 nm
véi goc 20 = 7,46 1én 1,16 nm (goc 26 = 4,2).
Diéu nay chang to loi ich cua chét tro twong hop
céu triic block copolymer lam ting khoang céch
gitra cac khoang sét lam giam nidng luong tuong
tac giira cac 16p MMT dan dén giam ning luong
cia dao dong cua lién két Si-O va lam thay dbi
phd hdng ngoai cua MMSP-MMT nhu di quan
sat trén Hinh 3. Mit khéac, khi khoang cach gitra
cac khoang sét tang 1én s& thuan loi cho su
khuéch tan cua cac monomer nha khoa nhu bis-
GMA va TEDGMA vao gilra cac khoang sét,
tang cuong sy lien két gita MMSP-MMT véi
nhya nén khi qua trinh quang tring hop dugc tién
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Tinh chit bé mat cia khoang MMT truéc va
sau bién tinh dwoc khao sét boi goc tiép xtc. Co
thé thay trén Hinh 5, Na*-MMT c6 tinh wa nu6c
(géc tiép xuc vao khoang 10,8 ©), nguoc lai, nhua
nén c6 tinh ki nudc véi goc tiép xic 65,1 °. Sau
khi bién tinh bé mat MMT v&i MSP, tinh chét bé
mat cia MMT da thay dbi, tinh than hiru co ting
lén véi goc tiép xac tang tr 10,8 lén
45,7 °. So v6i MSP, str dung MMSP dé bién tinh
bé mat MMT di lam ting tinh ki nuéc cuia MMT
(g6c tiép xuc tiép tuc ting dén 72,6 °). Viéc thay
d6i dac tinh bé mit MMT lam ting kha ning
tuong thich cua chit don vé co MMT véi nhya
nén hiru co va xac nhan su két hop giita block
copolymer véi bé mit MMT.
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Hinh 4. Gian d nhiéu xa tia X cua Na*-MMT and MMSP-MMT.
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Hinh 5. Anh chup goc tiép xtic ciia monomer nha khoa, Na*-MMT, MSP-MMT va MMSP-MMT.

Truéc khi tng dung MMSP-MMT vao
composite nha khoa, déc tinh cua vat liéu cling
da duoc khao sét theo tiéu chudn 1SO 7405-1997.
Do MMT dugc phén loai la phu gia an toan
(GRAS), va phuong phap tong hop block

copolymer cling duoc lya chon theo phuong phap
c6 tinh twong hop sinh hoc, két qua cho thay vat
liu don khong co tinh doc, cd thé s dung lam
vat liéu sinh hoc.

Bang 1. Két qua kiém tra doc tinh cia MMSP-MMT

Negative Positive Experiment | Experiment
control control 1 2
37°C
72h
0/0 3/5 0/0 0/0
50°C
72h
0/0 2/5 0/0 0/0

Composite nha khoa duoc téng hop, thir
nghiém do do mai mon cua composite su dung
MMT bién tinh véi block copolymer va MMT
hitu co thuong mai (cloisite 30B) cho thiy do
mon do mai mon va d6 mon do cao xudc cua
composite st dung MMSP-MMT lan luot 14 3,1
+ 1,3 um va 22,7 = 3,7 um (hinh 6). Gia tri nay

nhé hon composite sit dung MMT thuong mali
(Hinh 7) véi d6 mon do mai mon va do cao xudc
43,9 1,5 um va 32,5 + 4,1 um. Két qua nay
ching to tinh vuot troi cua chét tro twong hop
duoc thiét ké tao lién két bén viing voi nhya nén
S0 Vi chét trg twong hop thong thudng.
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Hinh 8 14 anh TEM cua composite nha khoa
dbi chiing (Hinh 8A, 8B) va composite nha khoa
st dung MMSP-MMT (Hinh 8C, 8D). Anh TEM
cho thdy cac tim MMT dwogc nong rong trong
composite, va mot phan MMT tach béc gan nhu
hoan toan.

Tinh chat co 1y ciia composite nha khoa ciing
dugc xac dinh va trinh bay trong Bang 2. Két qua
do cho thdy ich loi cia MMSP-MMT trong viéc

r—
§

Yt (mierenn)

ancmanio

Hinh 7. B mon cua composite nha khoa st dung MMT (Cloisite 30B).

giam d co tring hop ciia composite, cu thé do co
trang hop khi bé sung MMSP-MMT nho hon
composite  khéng bé sung MMSP-MMT
(2,91 %), va voi ham luong MMSP-MMT ting
dan, do giam do co trang hop ciing ting dan
chang to sy anh huong cia MMSP-MMT [én
tinh chat composite. Ngoai ra, tinh chat co 1y cta
composite (46 bén ubn va do bén nén) dong thoi
tang.

Hinh 8. Anh TEM ctia composite nha khoa (A, B) & cac d6 phong dai khac nhau va ciia composite nha khoa sir
dung MMSP-MMT ¢ cac d6 phong dai khac nhau (C, D).
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Bang 2. Thanh phén tao miu composite nha khoa va két qua do do bén cuaa vat liéu

. X DPbi MMSP-MMT/nhua nén (wt%)
Thanh phan chimg 0oL | 02 | 03
CQ 0,5
DMA-EMA 1,0
Monomer
PDRC | (is-GMA: TEGDMA = 235
(wt%) 7:3)
Nano filler 5,0
Ba-Microfiller 70,0
Do bén nén (MPa) 283+10 | 295+6 307 +1 307 +10
Do bén udn (MPa) 119+10 | 125+4 134+ 9 128 + 10
Do co trung hop (%) 2.91+0,07/276+0,02] 2,73+0,05 | 2,69 +0,05
KET LUAN

Tir két qua thu duogc cho thiy block
copolymer v&i cu trac dugc thiét ké dé vira tham
gia phan (g trao ddi ion trén bé mat MMT, vira
tham gia phan tng dong trang hop vai nhya nén
nha khoa, poly(maleic anhydride-co-styrene)-
block-poly(styrene-co-4 vinyl pyridine) chac hoa
véi 2-isocyanato ethyl methacrylate, MMSP cé
thé dung dé bién tinh thanh céng bé mat MMT tur
than nudc sang than hiru co, dong thoi lam ting
khoang céach gira cac 16p MMT tir 0,24 nm 1én

1,16 nm. Piém wu viét cia MMSP 13 c6 thé tao
lien két cong hoa tri voi nhua nén, tir d6 cai tién
tinh chat cua composite nhu lam giam d¢ mai
mon, giam do co tring hop dong thoi gia ting do
bén nén va do bén ubn cua vat liéu.

~ Loi cam on: Tac gia xin chan thanh cam on
den gido su Hong Sung Chul tai trwong dai hoc
Sejong, Han Quoc da tin tinh hwéng dan va cong
ty INHH Vericom, Han Quoc da tai tro' dé tai va
ho tro phan tich.

Application of MMT modified by block
copolymer in dental composite

e Nguyen Thai Ngoc Uyen
University of Science, VNU-HCM

ABSTRACT

Montmorillonite (MMT) of which the
surface was modified with a block copolymer
with crosslinkable units was incorporated
into dental composites as nanofiller to
improve  dimensional and mechanical
properties. A bifunctional block copolymer
was prepared through controlled/“living”
radical polymerization technique. One block
contained 2-isocyanatoethyl methacrylate
and the other block contained poly(vinyl

pyridine) units. The interaction of the 4VP
units with the surface of MMT layers was
examined by using X-ray diffraction
spectroscopy (XRD) and Fourier transform
infrared spectroscopy (FT-IR). The results
showed that the polymerization shrinkages
of the composites decreased as well as the
compressive and flexural strengths of the
composites were also improved.

Keywords: montmorillonite (MMT), block copolymer, dental composite.
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