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ABSTRACT

RHEOLOGICAL PROPERTIES OF RESIN COMPOSITES ACCORDING TO THE
CHANGE OF MONOMER AND FILLER COMPOSITIONS

In-Bog Lee, Jong-Hyuck Lee, Byung-Hoon Cho, Ho-Hyun Son, Sang-Tag Lee, Chung-Moon Um*
Department of Conservative Dentistry, College of Dentistry, Seoul National University

Objectives. The aim of this study was to investigate the effect of monomer and filler compositions on the
rheological properties related to the handling characteristics of resin composites.

Methods. Resin matrices that Bis-GMA as base monomer was blended with TEGDMA as diluent at vari-
ous ratio were mixed with the Barium glass (0.7 um and 1.0 um), 0.04 um fumed silica and 0.5 um round
silica. All used fillers were silane treated. In order to vary the viscosity of experimental composites, the
type and content of incorporated fillers were changed.

Using a rheometer, a steady shear test and a dynamic oscillatory shear test were used to evaluate the vis-
cosity (%) of resin matrix, and the storage shear modulus (G”), the loss shear modulus (G”), the loss tangent
(tand) and the complex viscosity (7% of the composites as a function of frequency @ = 0.1-100 rad/s. To inves-
tigate the effect of temperature on the viscosity of composites, a temperature sweep test was also undertaken.

Results. Resin matrices were Newtonian fluid regardless of diluent concentration and all experimental
composites exhibited pseudoplastic behavior with increasing shear rate. The viscosity of composites was
exponentially increased with increasing filler volume%. In the same filler volume, the smaller the fillers
were used, the higher the viscosities were. The effect of filler size on the viscosity was increased with
increasing filler content. Increasing filler content reduced tand by increasing the G~ further than the G”.
The viscosity of composites was decreased exponentially with increasing temperature. (J Kor Acad Cons Dent
29(6):520-531, 2004)
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Table 1. Monomers and inorganic fillers used to make experimental composites and commercial composites.

Monomers
Bis-GMA 2,2-bis-(4-(methacryloxy-2-hydroxy-propoxy)-phenyl]-propane
Manufacturer: Aldrichi, Germany
TEGDMA Triethylene glycol dimethacrylate

Manufacturer: Aldrichi, Germany

Inorganic fillers

Filler Type

1) 0.7 um barium glass irregular

2) 1.0 um barium glass irregular

3) 40 nm fumed silica round
(Aerosil OX-50)

4) 0.5 um silica round

Commercial Composite

7100 3M, USA
Charisma Kulzer, Germany
Clearfil Kuraray, Japan
Denkil Vericom, Korea

Abbreviation
0.7 um Ba
1.0 um Ba
0.04 um Silica

0.5 um Silica

Manufacturer
Schott, Germany
Schott, Germany
Degussa, Germany

Youthtech, Korea

A Z3| A= Table 13 2t}

250 cc9l Hlo]Al Bis-GMAS} TEGDMAS] F-Aw] 7}
2474812 7:3,6:4,5:52 HE&RE F Fo| 30 go]
HEE 9 & 348 £37] (Lab stirrer, Poonglim

a) = o]-&3ate] 3000 RPMe] £=2 TAIZF Bt
T:r%lohﬂ 3o &, AdA 7|27t A g7 71t
A o Hed 23 SR Az AFskg

2) Fillere| silane 2| (preparation and charac-
terization of fillers with silanazation)

| 2o @A 71d 2wt
QE a7 40}04 Table 1°] 7|9 F7]
2 ﬁller-J <
< silane Aol Z
5=
X =A/w=f
f = amount of filler (gm)
w = wetting surface of silane (m*/g)
A = surface area of the filler (m%/g)

silane A 2lste] 28kalgiet. 74 filler
283t silane®] & Tha 2l 9Jal +

X = amount of silane coupling agent in gm
needed to obtain a minimum uniform coverage
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250 cc HlolAd FF/FF 70 ccot ethanol 30 cc
(Aldrichi, Germany)E 2ol T33a & oA Aitd
silane ((3-(methacryloyloxy)propyl)trimethoxysilane,
Aldrichi, Germany) X gm¥} acetic acid (1.029N soln.
in water. Aldrichi, Germany) X/4 gm < 31 339
=}E O]*QL 5,000 rpm, 25 TollA 1 At Bk &3

WS AIZATE, 7] S0 filler 20 gme 30 &l A4 =
=4 A7het ? AIZE B AS T2 AT HE
S T A AR E At HHAA Zho] &
S v & 2AAZ7] (FD5510, €413, Korea)dl ¥
36 AlIZE Bt AZAAY. AZE fillerE 120 CE A

97| (Drying oven DF-135D1, F2]3%}, Korea) <l
A 2 A ERE SN A BHRES $HIAIZ T

3) =&tefIEle] M= (composite formulation and
characterization)

Filler content, filler size, filler R 2 filler
blending®] &7} H3HZIe] F8H4 Ao wA&
& #Esty] Asl Az =AY FFHIS AxAT
(Table 2). Petri dishel Bis-GMAS$} TEGDMAZ} 6:4
2 39 a3 7143 silane HEHE S AR F712
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Table 2. The experimental composites were made with various types, size and weight% (the unit of the numbers in
the parenthesis are volume%) of fillers added to resin matrix (Biss=GMA 6 : TEGDMA 4).

(1) 0.7 um Ba
50 (30.3), 60 (39.5), 70 (50.4), 75 (56.7) wt%
(2) 1.0 um Ba

60 (39.5), 75 (56.7) wt%
(3) 0.04 um Silica

30 (19.7), 40 (27.6), 50 (36.4), 55.9 (42.1) wt%

(4) 0.5 um Silica
30 (19.3), 35 (23.1), 40 (27.1), 45 (31.3) wt%

(5) 0.7um Ba 70 wt% + 0.04 um Silica 5 wt% - hybrid composite (57.2 vol%)
(6) 0.7 um Ba 65 wt% + 0.04um Silica 10 wt% - hybrid composite (57.7 vol%)
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G & W3 3 Apolof 974 Ao
o] gl BAAIFEA A5 @4
duzle] Hxeln G"& Ase] A4e Uiz =24
£249 dur|e Aoty Gl Hig 79 B.¢G &
£ B E (Joss tangent, tan 0) 2 3t o] & £4 9]
et o gk A4 <] H] (energy loss/energy stored) & <]
n] gt} (Figure 1).

—

7k glof ell|A] &4
< Yehiv A4d

[ r_‘u:

Ol

¢

ofe 2 M® S48 4 A ¢ G777 222 tan
5¢ Fogin ol39 Wash Bye 2 74 Yl

M3} gl 54 2% Alold] 43 A nAsch
= Ao A

Filler volume fractiond] w2 A& 23y
W3S ol ] A v|AE 37| BN S Attt

r.Z2
1) chkA| =d Hstol| E 2 ZIT [ M et

25C9A Bis-CMA ¢} TEGDMAY] H]& W3l w}E
A=W} Table 3 2 Figure 2-a,b,coll e sith =
£ &9 9lo] Shear rated] #A glo] A=r} dH e
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Figure 1. Relationship between shear storage modulus
(G’), shear loss modulus (G”), complex shear modulus
(G™ and loss tangent (tand) in a complex plane.
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3}
£ BoFEh BE filler v &AM 5@3HRE T30t 5
7Fehe A= 748 pseudoplasticdt AAS HolF
t}. 0.7 um Ba filler®] <ol 50 % oA 75 %= 57l
ugt HAHEE Skt Slvk. e FUe FAlA 0.7
um Ba 4l 0.04 um silica filler® 5 %, 10 % &% X
Sew BAHErL 34 S/ BoEt Table 49
Figure 3-bell volume% 57} filler $Ake] 7] 2 FH)
o W& AE] W7l BAlEY e vl BE 279
9] fillerdll %19 filler volume®| 718l we BAHEE
AgHor S71gke HolEth 0.04 um silica filler7}
0.5 um silica filler Y} 0.7 um Ba 2t} E4&H =7} &4
F43] F71gE 2t 0.7 um Ba 75 wt% (56.7
vol%), 0.7 um Ba 70 wt% + 0.04 um silica 5wt%
(total 57.2 vol%), 283 0.7 um Ba 65wt% + 0.04
um silica 10wt% (total 57.7 vol %)& A &HFe 5
&t 0.04 um silica filler 7F 27F AZ} volume% & &
F 7kl 5l A AA STk #E
4= 9tk (Figure 3-b, Table 4).

Aol tigk Yzt 2719] JaE Lot ] 98] 0.04 um
round silica filler$} 0.5 um round silica, 222 0.7
um® 1 um irregular Ba fillerS ¥wa] B 53+ &
A Feft 22 volume%9 fillers &3 53
T YA A7t gAsid EY =2 AR
0.5 um round silica filler® | ZH &3¢%-& 1]5=3 g
o= B3l 0.04 um round fillerE -3+ 252
Hop 44 92 Hes Holh B3 Y2 filler $REY=
& FEAA filler YA sizeoll oe &7} S0} =

il

Table 3. The shear viscosity of monomer blends at 25 C
and 35C.

Monomer blends Shear viscosity (Pa.s)

Bis-GMA vs. TEGDMA 25T 2D ©
Bis-GMA only 369 52.6
8 1 2 5.04 1.46
7 3 1.280 0.476
6 4 0.429 0.203
5 15 0.144 0.085
4 16 0.066 0.021
3 7 0.035 0.0213
2 8 0.022 0.014
TEGDMA only 0.0077 0.0068
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Figure 2-a. Viscosity of monomer blends of varying
diluent s concentration as a function of shear rates at
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Figure 2<C. Viscosity as a function of diluent fraction at
temperature 25 and 35C.
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Figure 3-b. The effect of filler size and filler volume% on
the complex viscosity of experimental composites at ® =
10 rad/s.
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Figure 2-b. Steady shear viscosity, 7, and dynamic
complex viscosity, 7%, of Bis-GMA only and Bis-GMA 6
: TEGDMA 4 blend at 25T and 35C.
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frequency.
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Figure 3-c. Exponential regression curve, y = ae™, can

be fitted on the complex viscosity of experimental
composite with 0.5 um Silica as a function of filler
volume fraction.
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Table 4. The phasor presentation of complex modulus G* and phase angle 0, G*®)e’=G*®) 20, and the complex

viscosity 7* of experimental and commercial composites at 25¢C.

Composites G* (Pa) 20 (°) 7* (Pa.s)
o= 0.171ad/s o =1 rad/s o = 10 rad/s o =10 rad/s
0.7 um Ba
50 wt% 177255, 3 436 £58. 1 129.3 £ 72.3 12.9
60 wt% 55.3 £43. 9 81.2 £ 53. 3 205.94 69.5 20.6
70 wt% 486 £ 39. 1 111.8 £ 48. 2 311.2 £ 67.1 31.1
75 wt% 137.5 2 40. 8 280.2 £ 44. 1 610.5 £ 61.1 61.1
1 um Ba
60 wt% 5.3 £50. 2 23.3 260. 9 108.4 2 74.9 10.8
5 wt% 46.7 £ 42. 4 1171 £50. 7 348.1 £ 69.0 34.8
0.04 um Silica
30 wt% 235.0 £ 53. 5 95.9 £62. 9 235.0 £ 71.7 235
40 wt% 240.1 £ 61.34 768.2 £ 57. 9 1274.0 £ 65.1 127.4
50 wt% 1792.8 £ 57. 4 2982.2 £ 48. 6 4179.0 £ 51.3 417.9
55.9 wt% 62029 £ 42. 8 47104 £ 41. 8 6453.0 £ 43.7 645.3
0.5 um Silica
30 wt% 40271. 0 144 279. 0 65.4 £ 83.2 6.5
35 wt% 9.0£68. 9 235275 6 91.9 £ 823 9.2
40 wt% 189 £ 66. 3 429 271. 0 1209 2 81.5 12.1
45 wt% 39.0 £63. 1 74.8 £ 65. 2 169.8 £ 71.7 17.0
0.7 um Ba 70 wt% + 0.04 um Silica 5 wt%
370.3 £40. 5 690.6 £ 39. 0 1299.5 £ 49.3 129.9
0.7 um Ba 65 wt% + 0.04 um Silica 10 wt%
1334.4 £ 35. 2 1683.8 £ 33.32 2600.0 £ 41.2 260.0
7100 288.9 £ 32. 2 9374 £30. 0 2080.0 £ 40.1 208.0
Charisma 1644 2 52. 3 4751 2 54. 5 1449.3 2 64.9 144.9
Clearfil 1006.9 £ 61. 9 1575.7 £ 62. 3 3881.7 £ 135 388.2
DenFil 1881.0 £ 34. 0 3585.5 £32. 3 6525.7 £ 37.1 652.6

Table 5. Regression analysis of the complex viscosity
of the experimental composites as a function of filler
volume fraction. The exponential equation, y = ag™,
was fitted to the data of Figure 3-b. Where vy is the
complex viscosity of composites and x is filler vol-
ume fraction.

Filler a b R statistic
0.7 um Ba 1.22 6.81 0.983
0.5 um Silica 1.33 8.18 0.997
0.04 um Silica 8.38 10.39 0.992
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=A< #EE F

Table 59} Figure 3-coll 7} filler 2] S7}ol w2 A& A
3 zle] drmste Bt 37)EAe] 2RE #7]8H%
oy = ae” FE A5 WY 3746l & A3ty
= 28 A £ 901 0.7 um Ba ¢ 0.5 um silica
0.04 um silica®] 2.2 a, b #°] 7Rk A< € 4 Ao

Figure 4-a%= 0.7um Ba filler®o| 71l mel A%
9 EARYA T BT STV AFEAATY] SV o
an filler®e] $7he T2 SR SR St
A7 71998t Yee € T Aok S fillerdol S7Fl
upg} 4 S E (loss tangent, tan 0) ko] HAeS H
ot} (Figure 4-b).



i amegid

Figure 4-a. The change of storage modulus G~ and loss
modulus G~ with increasing filler content in 0.7um Ba

glass.
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Figure 5. Complex viscosity of experimental composites is
exponentially decreased with increasing temperature.
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Figure 7-a. Phasor representations of complex modulus
G* and phase angle, 0, G*¢® = G*£0, of experimental
and commercial composites at ® = 10 rad/s in a polar

coordinate system.

Figure 4-b. Loss tangent (Tand) of experimental
composites as a function of filler volume %.
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Figure 6. Complex viscosity of experimental and
commercial composites as a function of frequency.
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Figure 7-b. Locus of frequency domain phasor plots,
G*w)e"=G*) £0, of composites at @ = 0.1 - 100 rad/s
in a complex plane.
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Figure 62 48402 Axd 5317 714 554
2 AF] W 2A A AR v5gt o = 10 rad/s
|4 Charisma®l 52H%=7t 714 231 Denfile] 7F &=
22 ¢ 4 AUtk 0.7 um Ba 65 wt% + 0.04um silica
10 wt% = 7100 Bt} k7t =31 Clearfil Rtje 92 &
AR EE HolFEr

Figure 7-ax= 3314l AE T340 = 10 rad/s ¥
) AEA Bt Rl 7)1 EskE SRl Ay
Ad G 91737 05 HlolA EEW (Table 4), G’ =
G* 20,5 o] gsto] ©AZo2A filler #o| F7}3o] wha}
EARHIAIG G 91737 07F o9 A WakeA] el &
4913 0.7 um Ba 65 wt% + 0.04 um silica 10 wt%
T 71003 g o s ufg 7h7to] A8k e &
T e},

Figure 7-be HaBH A © = 0.1 - 100 rad/s A
AeA Bl 7] AEsE 5guRe Fua
sl w2 sHo]Ae A& (Locus of frequency domain
phasor, G*®)e’ = G*()£0) & UYERAT. 7 #o]A <]
x5 AvE AGHIAT G =, y-F A5 SAE

% 67 % e,

3] Heg 2 BaRE ek @
2 9 F714 fillerd] o ,
Hrow Ql/do A ALgAlS] AT
upegl B ato]lE Herh &
rheometers 2% st1A} dh=
-3 A wygEe g 7hg
geometry 7+ AlFE o] 3tk =4
e Adgd, AxddedA

=2
BIE, BAYESS BA0 AN 2N

e,

7‘7

AZES]

4
&9 Wgle} FHNA H=r 4
Newtoniand+ 425 Bt} Figure 2-bE FAATEAE
I} FAAEAEY] Blw2A TA2000 rheometer’t &%
& 4 e B R 8l HAAGE A SH A
%3 1% Bis-GMAY] =& dAdE 99& #4404

do= ZHsto] vl A7} steady shear test o &gt
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BAA = 79} dynamic test o 93 FAAE 77 A2 &
Ax| g2 HolFt} Cox-Merz rule™™, 7(7) = |[7*(@)]e
=, M2H MYPHE A F2 AZol|A ] Hets
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(Figure 3-b,c, Table 5).
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o 2-8-3t= hydrodynamic forceo] 27| ¢|E3s17] wjiEo]
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A Abolo] #Al= obd] & L] A et whabA] WA
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9} dx8k9 0t (Figure 3-b,c, Table 5).
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EOM. T3 fillere] %7t 571 & £5 942 2719 &

T 7RI & YAEETt He ASe QA Aleld
*c}s’f—]r%o] oFa7] wjitel iAF 2719 ddFo
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(Figure 3-a,b, Table 4).

dutdogE t2 RE 24
ume fraction°] 245 A&7t $719)
ume% A= YA 2ol +3 (spheres) ( AA
(grains) { 4 (plates) ¢ HE (rods)e] T2 H=7}
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