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ABSTRACT

RHEOLOGICAL CHARACTERIZATION OF COMPOSITES USING A VERTICAL
OSCILLATION RHEOMETER

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

Objective: The purpose of this study was to investigate the viscoelastic properties related to handling
characteristics of composite resins.

Methods: A custom designed vertical oscillation rheometer (VOR) was used for rheological measurements
of composites. The VOR consists of three parts: (1) a measuring unit, (2) a deformation induction unit and
(3) a force detecting unit. Two medium viscous composites, Z100 and Z250 and two packable composites,
P60 and SureFil were tested. The viscoelastic material function, including complex modulus E* and phase
angle 0, were measured. A dynamic oscillatory test was used to evaluate the storage modulus (E"), loss modu-
lus (E”) and loss tangent (tand) of the composites as a function of frequency (#) from 0.1 to 20 Hz at 23C.

Results: The E” and E” increased with increasing frequency and showed differences in magnitude
between brands. The E*s of composites at @ = 2 Hz, normalized to that of Z100, were 2.16 (Z250), 4.80
(P60) and 25.21 (SureFil). The magnitudes and patterns of the change of tand of composites with increas-
ing frequency were significantly different between brands. The relationships between the complex modulus
E*, the phase angle ¢ and the frequency @ were represented by frequency domain phasor form, E* (®) =
E*eio‘z E*Zé‘,

Conclusions: The viscoelasticity of composites that influences handling characteristics is significant differ-
ent between brands. The VOR is a relatively simple device for dynamic, mechanical analysis of high viscous
dental composites. The locus of frequency domain phasor plots in a complex plane is a valuable method of
representing the viscoelastic properties of composites. (J Kor Acad Cons Dent 29(6):489-497, 2004)
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Figure 1-a. Diagram of the VOR (vertical oscillatory
rheometer)
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Figure 1-b. The geometry of measuring unit
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Figure 2. The relationship between strain €(t), stress ¢
(t) and phase angle ¢ in dynamic oscillatory test
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Figure 3. The relationship between storage (real)
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complex modulus E* and phase angle ¢ in a complex
plane
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Figure 4. Storage modulus E” increased with increasing
the frequency and showed differences in magnitude
between brands
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Figure 5. Loss modulus E” increased with increasing the
frequency and showed differences in magnitude
between brands
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Table 1. Phasor presentation of the complex modulus E* and phase angle (8) of composite resins at various fre-
quencies, E* (dyn/cm?) £ 8 ()

E* (dyn/em?) £ 6 )

Composite

P6

SF

Frequency (Hz)
Z1 Z2
0.1 Hz 88,524 « 46.2 109,522 « 48.1
1 Hz 123,644 £ 51.6 2477193 2 441
2 Hz 168,419 £ 49.3 363,836 £ 36.0
3 Hz 191,179 « 46.8 465,587 « 33.3
5 Hz 255,963 £ 43.2 711,240 « 33.6
10 Hz 750,283 « 39.6 1,473,085 £ 324
20 Hz 1,831,307 £ 35.5 2,792,553 £ 36.0

166,609 « 37.3
566,826 £ 26.1
808,077 £ 22.7
1,003,456 2« 21.4
1,300,336 £ 24.6
1,978,212 £ 30.6
3,900,518 £ 28.8

3,262,206 £ 6.8
4,104,263 £ 1.2
4,246,091 £ 94
4,430,582 < 11.5
4,743,748 £ 144
6,386,246 £ 18.0
8,624,179 £ 16.2

Table 2. Phasor presentation of the complex shear modulus G* and phase angle (8) of composite resins at various
frequencies, G* (dyn/cm?) £ 6 ()

G* (dyn/em® £ 8 ()

Frequency (Hz) Composite
Z1 Z2 P6 SF
0.1 Hz 4,431 £474 6,833 £ 57.0 15,301 £ 51.0 2,126,703 £ 10.7
1 Hz 13,848 £ 46.5 31,139 £ 634 56,825 £ 56.8 1,063,731 £ 29.4
2 Hz 18,101 £ 51.2 48,430 £ 68.0 80,631 £ 60.3 1,208,043 £ 35.9
3 Hz 21,869 £ 56.2 67,831 £ 71.0 102,617 £ 64.5 1,343,794 £ 41.7
5Hz 26,515 £ 62.0 95,021 £ 74.4 134,556 ~« 68.4 1,605,553 « 43.7
10 Hz 40,848 £ T7.2 162,894 « 80.4 215,578 £ 74.7 1,937,930 £ 47.0
20 Hz 92,627 £ - 302,600 £ 89.9 373,271 £ 84.9 2,398,952 £ 55.7

phasor FHYE AH83le] G*we’ = 1G*@)| 20 9 ¥
EHE \%E]']’Htﬂ Table 29}’ %‘:} 74' E“Q‘EHZ]A /K]-q]x—] ;qE

4 34 Vet EL E“H HE

3 2849l loss tangent (tand),

% E"/E'®

& golE7] M @ = 2 B oA Z1o] g Fadds
AAS2] v E LolR® 72 PG, SF7F 2472 2.68, 4.46,
66.74 & o2 F718t9t (Figure 9).
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2 kg 7|Fo 2 3t (Figure 9). Figure 9 oA &
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g Rlolgt AxAE 2 F2 Aol ¢ F& & F A
1 ole AV ol &3l f58dxe) A A=
£ %713 Bayne 579 927t dx)3t,

Agd A Yehde dd-gge £2 g3 714 <t 9l

2714 fillerd slip =+ rolling @40l thgh wha=df
3 st 2y 9l FAE 22 packable
3 2o 3% YR HE A AHEste 4F BRA
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ERdt}.

VORE 34€ &% A AlY BaaidAsre A=
A AR 2000 AHE3 A o EARYA TR
w=2HW 2 22754 (22), 9.34 (Z1), 104 (P6)
aA Jepgou SFe 3.5ME AU (Table 1 and
2). A& ukel o] 4= A A fillers] HHFA FE
o g mpAA e A A filler) vl128YA (slip) B &
(rolling) @AY & npdg Hr} & Ro=z A
g2 Z Ag fEdMe B2 YAt 12 ¥ (tum-

L loor

bling) T SoJUHE 4 (stretching)ol EA=E 2o vla)

& AR fEdME FEE 9 Bk 32 B 4Rt
A 2dsAY Hojue 4 (stretching® £ Me 4
(aligning)o] AT AAe A3 7% (weak flow) ©
1 32 2% 4% (strong flow)o] €t whebr] & A
AFAY $78 A% A SHE B2RAFT AP B
AEASET AN 2 glog 239 Ao AlgHd
SFe T2 B3 vlusdled doxgoz Ad Wy A
IR 2 E2SHASTE BY e vl ol A ¥HE A 20t
FE S FINTE AR filler YAt Fel2RE 7I0E A
o] obdr} A H (Figure 9). & shd 5AHQL @44
9242} 67} VOR o 94 4 159 23+ 71, 72, P6, SF
9 oz ZAra oy (R @0 AAeE &
7HHS ou)) Ad A5 A4 72, P6, Z1, SFe| €22
Zsitt. o) Agd w43 Y WEH A WP
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