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Composite truyén thong 1a vat liéu cé vi cau truc gbm:
- MOt pha phan tan — hat don- roi rac, va biét lap
trong mOt pha khag, la...
- Pha khudn (matrix) — nhwa, ddng nhat

Thi du: composite nha khoa % Q Q@ Q
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T COMPOSITE DPEN COMPOSITE TANG CUONG

%Q:Ikhi ra d&i, composite nha khoa d3 cé nhiéu cai thién,
cai thién co hiéu qua nhat la dwa thém thanh phan s¢i vao composite [] FRC

FRC gidi quyét dwoc mOt sO van dé cla cau truc cd hop kim
[]Giai phap thay thé doi v&i phuc hoi trwc tiép hoac gian tiép

E Mangoush et al.: Comparative evaluation between glass and polyethylene fiber reinforced composites: A review of the current literature. J Clin Exp Dent.
2017;9(12):e1408-17

TU nhirng ndm 1960, d3 cd y kién dung FRC trong nha khoa nhwng dén cudi TK 20
mO’i thwe sw cé6 rng dung |[am sang.

FRCs 1a vat liéu cé cau tric gdm tbi thiéu hai thanh phan:
* TP sgitang cwong cung cap do bén va dQ ctrng
e TP khudn: vat liéu cd thé gia cong va bao vé soi trwdc tac ddng co hoc va vay ban

S Garoushi: Fiber-Reinforced Composites,© Springer International Publishing AG 2018. V. Miletic (ed.), Dental Composite Materials for Direct Restorations,
http://doi.org/10.1007/978-3-319-60961-4_9



Pac tinh cda FRC phu thubc vao:
* Tinh chat cla soi tdng cwdng
« PO bén cla khudn nhua
« PO bén giao dién gilra soi va khung
nhwa dé cé thé truyén tai lyc

Nhirng FRC dau tién:
Thanh phan soi khéng du nhiéu
Cac soi khong dwoc tham resin day du

PO bén khong dat duoc nhw k)‘/ Fig. 9.1 Unidirectional semi-interpenetrating polymer
o ' ' ' network (semi-IPN) resin-impregnated fiber-reinforced
vong composite

TP Sathishkumar et al.: Glass fiber-reinforced polymer composites - A review S Garoushi: Fiber-Reinforced Composites,© Springer International Publishing
Article in Journal of Reinforced Plastics and Composites - June 2014 AG 2018. V. Miletic (ed.), Dental Composite Materials for Direct Restorations,

DOI: 10.1177/0731684414530790 http://doi.org/10.1007/978-3-319-60961-4_9



SC_)’I‘TANG
Cl-FFIQ,erﬁai theo:

1. Ban chat cla soi
v/ SOi carbon, aramid, boron, kim loai
v/ SOipolyethylene hoac s¢i thuy tinh
2. Chiéu hwdng soii
v/ FRC sQi dai lién tuc mOt huwdng (continuous unidirectional)
v/ FRC s0i dai lién tuc dan dét (continuous bidirectional - weaves)

¢/ FRC soi ngan khong lién tuc da hwdng (multidirectional

discontinuous)

S Garoushi: Fiber-Reinforced Composites,© Springer International Publishing AG 2018. V. Miletic (ed.), Dental Composite Materials for Direct Restorations,
http://doi.org/10.1007/978-3-319-60961-4_9



Hai loai sQi cua FRC nha Ribbond

gcgpgolyethylene:

« Bé mat soi dwoe xtr ly bang chiéu xa
plasma dé tang d6 bam dinh v&i resin

Nang long bé mat thap

[ d6 dén dinh v&i nhwa kém Ribbond

Kerr's Connect fibers

E Mangoush et al.: Comparative evaluation between glass and polyethylene fiber
reinforced composites: A review of the current literature
J Clin Exp Dent. 2017;9(12):e1408-17
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V. Miletic (ed.), Dental Composite Materials

for Direct Restorations,
http://doi.org/10.1007/978-3-319-60961-4



Hai loai soi cla FRC nha

Ecglogolyethylene:

« Bé mat soi dwoe xtr ly bang chiéu xa
plasma dé tang dd bam dinh v&i resin

Nang lwong bé mat thap

1 dd dan dinh v&i nhwa kém

Soi thuy tinh:

Cac nguyén liéu tho (thanh phan nguyén

li@u thady tinh) nung dén 16002C

Khoi thay tinh chdy dwoc kéo chudt thanh soii
10— 24 pum.

E-glass fiber thudng dung dé tang cudng

plastic, la mOt calcium-alumino-borosilicate

E Mangoush et al.: Comparative evaluation between glass and polyethylene fiber A 1
reinforced composites: A review of the current literature 16X: bar 1mn."

J Clin Exp Dent. 2017;9(12):e1408-17 oF !

S Garoushi: Fiber-Reinforced Composites,©
Springer International Publishing AG 2018.
V. Miletic (ed.), Dental Composite Materials

for Direct Restorations,
http://doi.org/10.1007/978-3-319-60961-4



Table 1 Types of glass fiber [1]

8 loai s¢i thuy tinh trong cong nghé FRC

Type Manufacturing Composition Characteristics Application
A-glass Produced from cullet Alkali-lime with little Not very resistant When alkali resistance
glass (often bottle) or no boron oxide to alkali is not a requirement
to fiber
AR-glass Resistant to alkali When alkali-resistance
1s required
C-glass From used glass staple Alkali-lime with high boron Resistant to chemical When higher chemical
(T-glass) fibers oxide content attack and most resistance to acid is
acids which dissolve required, for example
E-glass for glass staple fibers
D-glass Borosilicate High dielectric constant When high dielectric
constant is preferred
E-glass Alumino-borosilicate Not chloride-ion Mainly for glass-reinforced
with less than 1 wt% resistant; E-glass plastics; originally for
alkali oxides surface is soluble electrical applications
E-CR-glass Alumino-lime silicate with High acid resistance When high acid resistance
less than 1 wt% alkali is required
oxides
R-glass Alumino silicate without Good mechanical properties With high mechanical
MgO or CaO requirements
S-glass Alumino silicate without CaO Highest tensile Aircraft components and

but with high MgO content

strength among all
types of fiber

missile casings, when high
tensile strength required

M Zhang & JP Matinlinna: E-Glass Fiber Reinforced Composites in Dental Applications

Silicon (2012) 4:73-78 DOI 10.1007/512633-011-9075-x



Chiéu huwdng cua
Hg'ng cla si tang cd’ng anh hwdng dén dac diém co hoc
Hiéu qua tang cwdng tinh theo % (yéu tO Krenchel)

1

t

J

Fig.9.2 Reinfo
right) unidirectio
bidirectional fib«
fibers 90° to the

Soi tang cvong mOt hwd'ng lam tang do cyng va do
bén co hoc bat dang hwdng (anisotropic) clia
composite theo huwdng cla sQi

"] Thich hop dé dung cho cau trac d3 biét tredc hwdng
(’ng suat cao nhat; Krenchel = 1,0 (100 %)

S Garoushi: Fiber-Reinforced Composites,© Springer International Publishing AG 2018
V. Miletic (ed.), Dental Composite Materials for Direct Restorations,
http://doi.org/10.1007/978-3-319-60961-4_9
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Hwong cla

BQ'dng cla s@i tAng cwdng anh hwdng dén déc diém co hoc
Hiéu qua tang cwd'ng tinh theo % (yéu td Krenchel)

0.5 0.25

SOj tang cwdng hai chiéu (dan) tang d6 bén theo hai huwdng: (trwc e
hwong - orthotropic)(Krenchel = 50 hoac 25 %), XK
cé tac dung nhw tac nhan ngdn sy lan vét nirt (crack stopper), [

thich ho'p cho cau truc chiu lwc chwa biét tredc.

t fficiency (Krenchel’s f:

rection of the load . o . P ~ . A () ~ A
ecnciae s SO tang cwo’ng hwd'ng ngau nhién: tang do bén theo —_— o dEdeati
. ’ < ’ . . A « A ~n X 7 A \ | n of the load, bidirect
mOi hwd'ng (dang hwdng - isotropic), khong lién hé dén 2
hwdng cla luc L
(Krenchel = 20% theo 3 chiéu; 38% theo 2 chiéu) |
S Garoushi: Fiber-Reinforced Composites,© Springer International Publishing AG 2018 ‘

V. Miletic (ed.), Dental Composite Materials for Direct Restorations,
http://doi.org/10.1007/978-3-319-60961-4_9 g e



Cac phwong phap ché tao IPCs:
— Tham nhap mao dan vat liéu dd nh&t thap thanh mang lwdi trong vat liéu 16

ro
— Tham nhap dwdi ap luc
— Phwong phap phan (rng tai chd gbm:
— Phan tng kim loai tham nhap bang cach thay thé oxyt chdng &n mon
— Phan trng tdng hop tw lan dan dwdi nhiét dd cao
— Phan &ng ép ndng dang tinh

— KY thuat phan hly spinodal hé thong pha glass tach biét
(spinodal decomposition of phase-separated glass systems)

— Phivyno nhin tan mai nhanh (in ha ~hidn)
J.J. HARRIS, P. M. MARQUIS: Comparison of the deformation and failure characteristics of morphologically distinct metal-glass

interpenetrating phase composites JOURNAL OF MATERIALS SCIENCE 37 (2002) 2801 — 2810



Thanh phan nhwa khung
Trong FRC theo cau trdc mang lién tham (interpenetrating polymer network structure - IPN)

Hai loai polymer dwo'c

dung: . n
Polymer lién két ngang (cross-linking ~): polymer nhiét ceng, multifunctional: dimethacrylate

Polymer mach thang (linea ~) polymer nhiét déo: monofunctional methacrylate

Phan rng dong clrng gOm

Phan rng trung hop, tao thanh polymer do cOng hop cadc don phan va ngwng tu

Phan ng lién két ngang tao thanh céc lién két ngang, 1am céc chubi polymer ndi vé&i nhau
triee tiép hodc théng qua nguyén tir, ion...

] hé thOng lién két virng chac

M Zhang & JP Matinlinna: E-Glass Fiber Reinforced Composites in Dental Applications. Silicon (2012) 4:73-78 DOI 10.1007/s12633-011-9075-x



Resin dung trong FRC

Monomer Abbreviation Role in FRCs
bis-phenol-A-diglycidyldmethacrylate bis-GMA Cross-linking monomer in matrix
Methyl methacrylate MMA Linear monomer

Urethane dimethacrylate UEDMA Cross-linking monomer
Triethylene glycol dimethacrylate TEGDMA Cross-linking monomer

Ethylene glycol dimethacrylate EGDMA Cross-linking monomer
Hydroxyethyl methacrylate HEMA Linear monomer
Camphorquinone CQ Photo-sensitizer

N, N-cyanoethyl methylaniline CEMA Reducing agent

Hai loai monomer trong EverStick

M Zhang & JP Matinlinna: E-Glass Fiber Reinforced Composites in Dental Applications Silicon (2012) 4:73-78. DOI 10.1007/s12633-011-9075-x




Thanh phan va céng nghé ché tao céc

[l W

Mdad Manufacturer Fiber orientation Composition
Ribbond Ribbond Inc, Seattle, WA, Woven Polyethylene fibers
USA
everStick Stick Tech Ltd, Turku, Unidirectional Pre-impregnated silanized E-glass fibers with
Finland Bis-GMA, PMMA
everStick net Stick Tech Ltd, Turku, Bidirectional Pre-impregnated silanized E-glass fiber with
Finland Bis-GMA, PMMA
Stick Stick Tech Ltd, Turku, Unidirectional Pre-impregnated silanized E-glass fiber with
Finland porous PMMA
Construct Kerr, Orange, CA, USA Braided Polyethylene fibers
Connect Kerr, Orange, CA, USA Braided Polyethylene fibers
Interlig Angelus, Londrina, Brazil Braided Pre-impregnated silanized E-glass fibers with
Bis-GMA
DentaPregSplint ADM a.s., Brno, Czech Braided Pre-impregnated silanized E-glass fibers with

mixture of dimethacrylete

E Mangoush et al.: Comparative evaluation between glass and polyethylene fiber

reinforced composites: A review of the current literature.

J Clin Exp Dent. 2017;9(12):e1408-17



Thanh phén va cong nghé ché tao céc FRC (con’t)

CT,USA

GLASSSIX Post Harald Nordin SA, Braided Pre-impregnated silanized glass fibers with
Switzerland epoxy resin

Vectris Ivoclar-Vivadent, Schaan, Braided Pre-impregnated silanized R-glass fibers with
Liechtenstein Bis-GMA, TEGDMA

FiberKor Jeneric/Pentron, Wallingford, Unidirectional Silanized S-glass fibers

Estenia C&B EG fiber

Kuarary Medical, Tokyo,

Unidirectional

Pre-impregnated silanized E-glass fibers with

USA

Japan TEGDMA
Fiber braided BTD, Australia Braided Polyethylene fibers
Fiber ribbon Angelus, Londrina, Brazil Pre-impregnated silanized E-glass fibers with
Bis-GMA
Postec Ivoclar-Vivadent, Schaan, Unidirectional E-glass fibers with mixture of dimethacrylete
Liechtenstein
UniCore Ultradent, South Jordan, UT, Unidirectional E-glass fibers with mixture of dimethacrylete

PMMA, polymethylmethacrylate; Bis-GMA, bisphenol-A-glycidyl dimethacrylate; TEGDMA, triethylene glycol dimethacrylate.

E Mangoush et al.: Comparative evaluation between glass and polyethylene fiber

reinforced composites: A review of the current literature.

J Clin Exp Dent. 2017;9(12):e1408-17



J Am. Ceram. Soc.. 75 [4] 739-59 (1992)

Interpenetrating Phase Composites
COMPOSITE PHA LIEN THAM

MOt pha phan tan, r0i rac, va biét l1ap

trong mOt pha khag, la...

Nhirng phat trién gan day cla khoa hoc vat liéu hién dal da cho phép kha nang
tao ra co chu y vat liéu composite trong do ...

Pha khuon (matrix) dong nhat
Thi du: composite nha khoa

David R. Clarke*
Composite truyén thOng la vat li€u cd vi cau tric gom:

QQO@O
Q@Q
%Q
@OO

mOi pha déu lién tuc va xuyén tham vao nhau & murc vi cau tric
David R. Clarke: Interpenetrating Phase Composites, j.Am. Ceram. Soc., 75 [ 4 ]739-59 (1992)



Composite pha lién tham dworc coi la composite da pha
Trong do, toan bO moi pha, vé mat cau hinh lién két*,
két nbi v&i nhau** & mirc cau trac vi thé

interpenetrating phase composites = multiphase composites

Composite pha lién thAm = composite da pha

* topologically

David R. Clarke: Interpenetrating Phase Composites, j.Am. Ceram. Soc., 75 [ 4 ]739-59 (1992) ** interconnect

Cac vat liéu da pha, trong dé cac pha thanh phan:
- lién tuc vOi nhau, va
- két ndi v&i nhau theo ba chiéu
composite pha lién tham (interpenetrating phase composites - IPCs).

J.J. HARRIS, P. M. MARQUIS: Comparison of the deformation and failure characteristics of morphologically distinct metal-glass
interpenetrating phase composites, JOURNAL OF MATERIALS SCIENCE 37 (2002) 2801 — 2810



UU DIEM cla

FR:C . A X ’ ’ w ’ X
So vO’i composite truyén thong cac FRC c6 dac tinh co hoc tot hon:

* d0 bén udn (flexural strength): ctbng hon
« d0 bén gay (fracture toughness): it don hon
e ty sO d0 bén /khdi lwong cao hon hau hét hop kim: nhe hon véi cling thé tich
* khong bi an mon
* kha trong, gidng mau rang
- dé dan
e 6 thé slra chira
e C6 thé thwe hién trwe tiép hodc gian tiép
] C6 tiém ndng cao trong nha khoa phuc hdi va nhiéu chi dinh khéc: nha chu, chinh

hinh... R
Sw phat trién cua FRC dwa lai cho BS co’ hdi thwe sw

dé tao tac nhirng cau truc phuc hinh bang composite
S Garoushi: Fiber-Reinforced Composites,© Springer International Publishing AG 2018

V. Miletic (ed.), Dental Composite Materials for Direct Restorations,
http://doi.org/10.1007/978-3-319-60961-4 9



everStick®

Strength like , k
never before

everStick®PERIO
o1.2mm (2000 fibres)

k*POST @
everStick°ORTHO
20.75mm (1600 fibres)

everStick®POST

20.9mm, 1.2mm, 1.5mm




everStick® fibres — the beauty of composite | everstid'C8B (7

Cot 16i Béng sang ché (patent) cUa everStick® fibres IPN technology '
la nhédm s thly tinh gdm 4000 so'i E-glass dwo'c tam silan va thadm nhép resin

Sti k'PER‘O 3

sk (_ everStick®C&B
X D~ L . . A ©1.5mm (4000 fibres)

SU ho’p nhat gilka sQi va resin tao thanh moOt

IPN e’

« d6 bén cao, . everStick®ORTHO O over
everStick®PERIO
21.2mm (2000 fibres)

* tham my,
S =

e dadungva
everStick® ORTHO
:k’POST ‘2 @ . 20.75mm (1600 fibres)

o dé diing

everStick®POST
20.9mm, 1.2mm, 1.5mm




Cong nghé& composite mang ban lién tham
(semi-IPN) cua StickTech (GC Corp):

Dung Polymethyl methacrylate
(PMMA)-dimethacrylate (bis-GMA)

|BE& mat cla FRC tai hoat hda, dat s dan cao v&i
mo rang

Ché tao theo cach tham nhap nhwa [ cho phép
nhwa thAm nhap trng soi

FRC v&i glass tién thAm nhap, khi st dung, dworc
quang trung ho'p cung I&’p composite

] composite mang lién tham (da pha)

PK. Vallittu: Some Aspects of the Tensile Strength of Unidirectional Glass fiber-Polymethyl
Methacrylate Composite Use in Dentures. Journal of Oral Rehabilitation, 1998, 25: 100 - 105
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Cong nghé& composite mang ban lién tham
(semi-IPN) cUa StickTech (GC Corp):

Flexural strength of FRC products

st

Strength (MPa)

0 100 200 300 400 500 400 700 _ 800

A Silanated E-glass fibre * Polyethylene fibre. Not a trademark of GC Corporation.
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PK. Vallittu: Some Aspects of the Tensile Strength of Unidirectional Glass fiber-Polymethyl
Methacrylate Composite Use in Dentures. Journal of Oral Rehabilitation, 1998, 25: 100 - 105









