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RHEOLOGIC STUDY ON THE VISCOELASTIC PROPERTIES OF FLOWABLE AND
CONDENSABLE RESIN COMPOSITES
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250, P-60) and two condensable(Synergy compact, SureFil) resin composites.

System(ARES).

and volume % were measured by means of Archimedes principle using a pyknometer.
The results were as follows

higher than that of Z-100.

The phase angles. §, ranged from 30.2~78.1° at w=10 rad/s.
3. All composite resins represent pseudoplastic nature with increasing shear rate.

able method that represent the viscoelastic properties of composite resins.

ume % or weight % and the viscosity of the resin composites.

domain phasor plot

The purpose of this investigation was to observe the viscoelastic properties of five commercial
flowable(Aeliteflo, Flow it, Revolution, Tetric flow, Compoglass flow). three conventional hybrid(Z-100, Z-

A dynamic oscillatory shear test was done to evaluate the storage shear modulus (&), loss shear modu-
lus(G ”), loss tangent(tan ¢) and complex viscosity( 7*) of the resin composites as a function of frequency -
dynamic frequency sweep test from 0.01 to 100 rad/s at 25C - by using Advanced Rheometric Expansion

To investigate the effect on the viscosity of resin composites of filler volume fraction, the filler weight %

1. The complex viscosity 7* of flowable resins was lower than that of hybrid resins and significant differ-
ences were observed between brands. The complex viscosity 7* of condensable resins was higher than
that of hybrid resins. The order of complex viscosity 7* at @=10 rad/s was as follows, Surefil, Synergy
compact, P-60, Z-250, Z-100, Aeliteflo, Tetric flow, Compoglass flow, Flow it, Revolution. The relative
complex viscosity of flowable resins compared to Z-100 was 0.04~0.56 but Surefil was 30.4 times

2. The storage shear modulus G and the loss shear modulus G'* of flowabte resins were lower than those

of hybrid resins but those of condensable resins were higher. The patterns of the change of loss tan-
gent, tan ¢, of resin composites with increasing frequency were significantly different between brands.

4. The complex shear modulus G* and the phase angle § was represented by the frequency domain phasor
form, G* (@) =G* €?=G" £§. The locus of frequency domain phasor plots in a complex plane was a valu-

5. There was no direct linear correlationship but a weak positive relation was observed between filler vol-

Key Words : Complex viscosity, Condensable composite, Flowable composite, Viscoelastic, frequency-
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Table 1. Composite resins used in this study

Brand Code Resin component Filler% Batch No. Manufacturer
AEliteflo AF 60wt. % 079157 Bisco
USA.
Flow it FI Ethoxylated Bis-GMA 70.5wt.% 880910 Jeneric/Pentron
TEGDMA US.A.
Revolution RT BisGMA 62wt.% 909775 Kerr
(46vol.%) U.S.A.
Tetric flow  TF BisGMA, UDMA 67.8wt. % B11828 Vivadent
TEGDMA Liechtenstein
Compoglass CF UDMA, TEGDMA 66.8wt.% AQ3343 Vivadent
flow compomer (41.8vol.%) Liechtenstein
Z-100 71 BisGMA, TEGDMA 85wt.% 9EJ 3M
(66vol.%) U.S.A.
Z-250 Z2 BisGMA UDMA 9AK 3M
BisEMA 60vol% U.S.A,
P-60 P6 BisGMA, UDMA 9AF 3M
BisEMA 61vol% US.A,
Synergy SC BisGMA T4wt. % 7838 Coltene
compact, TEGDMA (59vol. %) Swiss
SureFil SF urethane modified 82wt.% 545112 Densply
BisGMA (66vol%) U.S.A.
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Table 2. Storage shear modulus(G’) of composite
resins at various frequency

composite (&) (dynlen)
resin - 00 01 1 0 100
AF 2600 2564 6850 175 16716
FI 1579 1366 2519 3358 3911
RT 340 911 1190 1666 2860
TF 153 - 1881 3180 5192 10282
CF 872 1100 1284 1399 1623
71 7190 15842 26474 46294 78012
72 4493 10560 22128 44319 67548

P6 10180 21027 41321 76687 108150
SC 68603 54977 68882 86332 86056
SF 493670 697320 1002245 1417850 2030100

Table 3. Loss shear modulus(G’") of composite
resins at various frequency

composite (G dynfom)
wein - 700 01 1 10 100
AF -8833 11250 23709 24593 24924
FI 1897 1900 2360 3102 6270
RT 294 462 667 1725 6518
TF 157 1138 2245 7838 36118
CF 1850 1847 2757 6661 = 26561
71 6759 8413 13060 27755 78208
72 5256 8255 18866 54913 212020

P6 10791 13947 29373 75191 250460
SC 77078 43393 48595 86332 86056
SF 501187 564000 634110 823590 1720700

8). XE FH<7t @=10rad/s 4 H9 E2A =& RT}
240poiseZ 7V 540l A1 SF7} 163970 poise 7}
d w2 A58 Jgyey 1 «4%& RT, FI, CF, TF,
AF, 71, 72, P6, SC, SF2 M7} F716t5t. 74 glx el
A AEg golr7] A8lM w=10rad/s oA Z19 o
g BAHE HE dolE® £FA HFL 0.044~
0.5609 BHE 21 &4 d2L SCe SFrh 4
2.158, 30.376& eI o™ hybrid @7 729 Pé=
1.307# 1.990°]0tH(Table 7, Fig. 9).
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ez SC A% 23128 hybrid AR ET}H 2 filler
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Table 4. Loss tangent (tan 0) of composite resins at
various frequency

composite tan 9

resin G001 01 10 100
AF 3.40 4.40 3.46 1.40 1.49
FI 1.25 1.39 0.94 0.92 1.60
RT 0.87 0.51 0.56 1.04 2.28
TF 1.03 0.61 0.71 1.51 3.51
CF 212 1.68 2.15 476 16.37
Z1 0.94 0.53 0.49 0.60 1.00
zZ2 1.17 0.78 0.85 1.24 3.14
P6 1.06 0.66 0.71 0.98 2.32
SC 1.12 0.79 0.71 091 2.05
SF 1.02 (.81 0.63 0.58 0.85

758 ¥ 8%

Y BEaEe Herol B8 RHEY o7

Loss tangent (tan §)
3

peddohifod
TELELEEEL

01—
0.01

Frequency frad's]

T
100

Fig. 6. Loss tangent (tan &)

Table 5. Phasor presentation of the complex shear modulus (G*) and phase angle(d) of composite resins at vari-

ous frequency

composite G* (dynfem?) £8()
resin @ = (.01(rad/s) 0.1 1 10 100
AF 9208£73.6 115374772 24679.£73.9 30231£54.4 30011£56.2
FI 2430£51.3 23414543 34522431 45722427 7389458.0
RT 450240.9 1022£26.9 1364.229.3 2398246.0 71184£66.3
TF 2192457 21982312 38332352 9401 256 .5 375532741
CF 2045.64.8 2150£59.2 3041265.0 68072781 26611286.5
Z1 9868243.2 17937230.0 29520226.3 539772309 1104602451
Z2 6915249.5 13404 £38.0 29079.240.5 70567 2£51.1 222520272.3
P6 14835446.7 252322336 506974354 107400244.4 272810£66.6
SC 103190£48.3 700394£38.3 84299352 1164832422 195901 £63.9
SF 703490445 .4 8968562 39.0 1185998.232.3 1639695230.2 2661224 £40.3

Phase angle (5)
{deg]

Frequency [rad’s]

pegdigiiod
P ENLEEEEL]

Fig. 7. Phase angle (§)

Table 8. Complex viscosity (#*) of composite resins at
various frequency

composite 7* (Poise)

resin “{’;2/2)1 0.1 1 10 100
AF 920771 115370 24679 3023 300
FI 243050 23407 3452 457 74
RT 44951 10217 1364 240 1
TR 21929 21979 3893 940 376
CF 204510 21500 3041 681 266
71 986800 179370 29520 5398 1105
72 691480 134040 20079 7057 2225
P6 1483500 252320 50697 10740 2798
SC 10319000 700390 84299 11648 1959
SF 70349000 8968560 1185998 163970 26612
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Table 7. The ratio of G, G” and 7* of composite
— resins to Z-100 at frequency @ = 10rad/s

A composite resins G G” 7
g e AF 0380 0886 0.560
] *:2_] FI 0073 0112 0.085
LF RT 0036  0.062 0.044
£ TF 0112 0.282 0.174
CF 0.030  0.240 0.126
- 71 1.000  1.000 1.000
‘ o o 72 0957  1.978 1.307

Frequency [rad/s]

P6 1.657 2.709 1.990
Fig. 8. Complex viscosity (77) s 1.865 3111 2 158
SF 30.627 29.674 30.376

Table 8. The filler weight % and volume % of com-
posite resins
® composite resins  filler wt % filler vol %
g AF 56.5 311
-‘g FI 62.6 39.5
RT 53.1 325
H TF 66.8 43.3
£ CF 67.2 43.8
= Z1 79.2 66.8
AF FI RT TF CF 21 zz P8 -"SC SF ) 79 78.3 63.9
Composite resins
P6 75.9 57.7
Fig. 9. Relative complex viscosity of composite resins to sC 68.0 51.3
71 at w=10 rad/s SF* 80.5* not determined
SF* was little soluble to aceton and it s filler weight %
was determined by ashing at 700 for 30min.
80 [dog] 800 825 459
e
 AF
o Fl Imaginary
v RT modulus (G")
v TF
. CF .
o z1 \ 225
* 22
o P8 150
& sC
& §F e 1.5
. ; L 00
1e4d  terd  e+5 1o+ ’ ferd for4 laynom) 1S
dyn/om? Real modulus (G")
Fig. 10. Phasor representations of G* and 0(G*¢*=G* 2 Fig. 11. Locus of frequency domain phasor plots, G*
0) of cemposite resins at =10 in a polar (@)e"=G"(@) £0 of Z1 at ©=0.01~100 in a
coordinate system complex plane
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Fig. 15. Direct linear correlationship was not present
between filler volume % and complex viscosity
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