LHBHA| 2HEZ5}5] ] :Vol. 29, No. 6, 2004

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*
Department 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 23°C.

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%e’ = E*20.

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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HeHde S48 Slal A
A A5y A=A (verti-
cal oscillation rheometer, VOR)E 28t Al&ste] F7t
AE9] hybrid H3#%31% 2H%9] packable 53# %19
AEe 34 vlastad. & 77E *}*90}04 A3 4
o} WY HEAE AHE, AT "I S 7hste] S 9 A
eV 235 vlwste] & A9 £-8492 Bt sksint

1. 71719 #+Me4et S&Hl2| (Instrumentation)

E3ezlo] o5 AlgA e fdtd S 343 9
al 53] A" 24 A%5Y @ 2HE (vertical oscilla-
tion rheometer VOR)E A& st o] VOR < (1)
=4 fFUE, (2) I92A7] (function generator MXG-
9802A Metex instrument,Seoul, Korea), A& 319
X g 29AE A actuator, (3) 2=4 (BC-
120M, CAS, Seoul, Korea)¥ SAZA3$E (TDS
220, Tektronics, Oregon, USA) & o] Foil %‘ A F
YER F45o] 3t} (Figure 1-a).
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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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714 E'& A3 A (storage modulus) ©]i E”
EAEIAIG (Joss modulus) o[tk AAEAIA = A%

o e e

Q2 A AuAe HEEA B8 PRt
Bag Y48 AHg3te) BHA

g o0 _ i =% (cosS +isind)
g(t) go 0
=E +iE',

7| E'& A A A ST (real storage modulus),
E"e 8 (&4) A4 (imaginary loss modulus), Z12]
il B BABAAS (complex modulus) S 2ln|shy 1

E'o W3t £79] ¥, E/E'E &4 BAE (Joss tan-
gent, tan 0 )2} 3}

Loss tangent = tand = E’/E" = energy loss/energy
stored ¢} o] FojA 1 o] Z S g gk A4
o] H]& oJn|gitt (Figure 3).

B oAd A9 24 FUES] acrylic rod Yol oI
AR HA1 &L 1 olg 3HH 8 ¢ = load cellZ2 4 ¥
3 Fg 9940 Ui F/m” 2 Fol3t} (Figure 1-b).
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Siress
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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)
modulus E’, loss modulus (imaginary) modulus E’,
complex modulus E* and phase angle ¢ in a complex
plane



)3t W8] Alole
oﬂ RN
‘ri-rﬁ (4 1-3
AG B, HAEAA

g 08 Faldih. 2 E g AlE
Pzt 2BlR 4 FUES] 7)8etA W
§ ol &3to] AFRIAG B, S
A E* 28] ¢4 §AE tand & A
24}y rﬂr A% F942 0.1, 1, 2, 3, 5, 10, 20 K2 n}
ol 7h F3 Wgle] w2 Egzle Fed wgs
BT 24L& 23CE 22E A FPE et

VLL

OJ./

2) 3 HAEAE AF3E A Ao B3 et

Ao 23
A Mo o3t Bty =zl ,] =A Hetd ENYS =43}
7] 93l 343 rheometer 91 AR2000 (TA instrument,
Leatherhead, Surrey, UK)& AFH-8tth £ AollA =
SR Aol ZABRE 2] 24 EE Z 8 m plate
£ AHstiTth

Fo Wsle ME 54 e
frequency sweep test): AT ¥g Al B3] ety
= 45t AdE Rt e Hro| WsE Yol
At AlH-E 23TCE 24 E Peltier Yol &2l T4
%’4 plateg 1.5 m7bA] H2AIAT 2k $o] Algpzl

< 18 F plated] WANE 5 %9 Addg o (.1

549 2% (dynamic

20 th W99 FoeE AU AT QUL 7K F plate
o dehke 39 SURHE YA ARATRAL
G AGEARIAS G, A97 0, BAAE TE 34
SFEEES
o139 RE Zge 4 AZA vkl 394 W

Stk

i ;

ik~ T

§

Figure 4. Storage modulus E  increased with increasing
the frequency and showed differences in magnitude
between brands
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t} (Figure 9).
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2| X =5 RheometerE 0|25+ 2812 X0 QL5 AElo

Table 1. Phasor presentation of the complex modulus E* and phase angle (0) of composite resins at various fre-

guencies, E* (dyn/cm?) 26 ()

E* (dyn/cm?) 20 ()

Frequency (Hz) Composite
71 72 P6 SKE
0.1 Hz 88,524 « 46.2 109,522 « 48.1 166,609 « 37.3 3,262,206 £ 6.8
1 Hz 123,644 £ 51.6 247,793 « 44.1 566,826 £ 26.1 4,104,263 £ 7.2
2 Hz 168,419 £ 49.3 363,836 £ 36.0 808,077 « 22.7 4,246,091 £ 94
3 Hz 191,179 « 46.8 465,587 « 33.3 1,003,456 £ 21.4 4,430,582 £ 11.5
5 Hz 255,963 £ 43.2 711,240 « 33.6 1,300,336 £ 24.6 4,743,748 £ 14.4
10 Hz 750,283 « 39.6 1,473,085 £« 32.4 1,978,212 £ 30.6 6,386,246 « 18.0
20 Hz 1,831,307 £ 35.5 2,792,553 £ 36.0 3,900,518 £ 28.8 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?) £ 0 (°)

G* (dyn/em?) 26 ()

Frequency (Hz) Composite
71 7.2 P6 SKE
0.1 Hz 4431 £ 474 6,833 £ 57.0 15,301 £ 51.0 2,126,703 £ 10.7
1 Hz 13,848 £ 46.5 31,139 £ 63.4 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
5 Hz 26,515 £ 62.0 95,021 £ 744 134,556 « 68.4 1,605,553 « 43.7
10 Hz 40,848 2 77.2 162,894 « 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 EHWS AL ()’ = |GFw)| 28 ¢ 8
Bl = Wbl Table 29k 2o, 24 Hqz19] Adia e
Z dotry] e w = 2 He oA Z1o tjdt
AT B E Gotiw 72, P6, SF7F 247 2.68, 4.46,
<7Fettt (Figure 9).
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2 & 7]F22 39t (Figure 9). Figure 9 °lA & 4
e vhe} o] HZ 4 |zt AAelA de AHSE HA 4
TA|H —’F%*g hybrid E#%1¢1 Z19] HEASATE 7]
TOZ 39S A AUEd BEASAISY] HE 216 ~
25 2190tk 3M 3|AtellA 719 & mdz HEQl A3
5 &8 %ﬁ%ﬂﬂﬂ 72% 71%3t} °k7¢ Herb =& 2.169
oA A= Fdon FAF AE YR Pee F
o =o}f DW\ HH 7]'77]"1_'.‘ 4.809] A4 A=E et
packable S SF= F& 25.2149 H=E EY
o B A7ATA & & e vk 2o 2 T/ &
g zlolet @A gx 1 Hr9 Aol wj§- FS & F
ole HATIHH & o8t FEdRlY A A
£ %7}t Bayne 579 723t Y| gt
4L%°§ Al e AgsEe F2 gzl 7142 ¢k 9l
] filler?] slip =& rolling &4l etk npa=
dot, a2y JdeA FHE 52 packable
I 22 AT YRS A4 A AHEse o$S BEelA
171 714 kA fillers Atel9] AHA FE
St npae o 2 R 7190 b5 A o8 Heidol U

ruru\ﬂm

U (A o o S (o) r[r
I
l o
o M N

n
e

VORZE 44 5 A% A
A AR 20002 AR Aehal?
w=2H 4zt 754 (Z
A Yehtoy Sk 3.50 2 ~7§ﬂ°ii} Table 1 and
2). Azgh npef o] k5 Q1 Al fillerd] 234 FEol
o) npEA g At A fillere] v (slip) & 78
(rolling) &7l ga npEe Hop 2 Aog 4EA o

02 5 Ad f5dME 24 A 72 4 (tum-
bling) JJr %‘ﬂur—t— A (stretching)o] LA = 2ol Hl3]
45 AR fFedMe FEE € Bode FE =4 42t

Z3fs Hﬂo]ﬂur solue ¢ stretchmgﬂr = Ae d
(aligning)©] A gLD‘r Aze 43 5% (weak flow) ©]
strong flow)©] 5“’/} L O A
]-r7} AgAle] &

offl Om
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hollen back carver 5= ©|4¢ At (shearing), plug-
gers ©]83t 4= (pressing =+ packing), flowable |
23} e syringed, 28]1 &8 ©| 43t brushing 5 47}
A2 FHEY B AT A" VORS 5, I3 E &
FHR& AHEste] AT F5 A FE o] &HE U5
25 FUUl7]o A3t ﬂ g A== flowable resin
= AHEst 5 A 8- & E7] (apply and drag) &
Ul 5 gle A dd 5.%“% Aoz Al

E3x1e oheket Hetd 4dE ekl Jehdla A7
Ho 7 gaste] FHE groupings G4 7] S8k 7t
Az BARAS 79 947 08 47]—”“01]’\1 TE
AHEEHE HolA RAYO R E*w) = E'’= E*20 % 2
o] YEhH® Table 13 21 0 = 2 1Y v 0|2 F2E
doll =AM Figure 103 2t} o7 9¥o2RH 7}
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