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ABSTRACT : This study was purposed to investigate the effects of surfactants and fillers on physical
properties of hydrophilic polyvinylsiloxane dental impression materials (PVS). Incorporation of surfactants
enhanced the hydrophilicity of the PVS, however, it induced increased viscosity and permanent deformation
ratio, delayed setting, and decreased tensile strength. At high concentrations of surfactant, the tensile strength
was observed to decrease significantly due to the internal pore formation. Especially, the hydrophilicity
of the PVS was significantly enhanced with the addition of Silwet L-77. However, the viscosity, strain
in compression, pore formation, and setting time increased whereas the elastic recovery rate and strength
remarkably decreased. The PVS dental materials containing Span 20 showed the lowest degree of viscosity
increase, delayed setting, pore formation, and hydrophilicity. The delayed setting, pore formation, and
strength decrease caused by the incorporation of surfactant were improved by substituting the crystalline
quartz filler with diatomaceous earth while the contact angle of PVS dental materials increased.
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W, 255 wdge] e nyE Fevolt:
=

WA, 714 A3 (base paste)oll= o]~ Z&]H <]

12719} 7Fuwke-al= 7}alA(cross-linker) 241 Si-H
ko] 4.3 mmol/g(HE 45 cps)?) polymethylhydro-

gensiloxane [Me;SiO(MeHSiO),SiMes]S 3 7}sF3a,

Table 1. Materials Used for the Formulation of Experimental Polyvinylsiloxane Dental Impression Materials

7 z=
2¥x3 43g715 2te 78 A Al(inhibitor) S 3
Zuj 130 (catalyst paste)oll= <

A} WZZw(Pt catalyst)$} polydimethylsiloxane 7}~

7¥etint. Al WA,

A (plasticizer)S 7}t

yl A, 7RV

v o

530 (CABOT Co,,

o

2 trimethylsilanolZ XWX ¥ H|ZHZ
m/g, W3 UE 64l kgm'Q) FAEY A Aeg)
olth. YR A AE mlo]laz Ayt e
UYRE FZE SFSFY (diatomaceous carth; Celite

Korea Ltd., Korea)Z thx|s}e] H7}s}ich

A WA, 3% ARSPAE AREste] AT
S AAEAE o)A AHEAdAZE alkylphenol-

Ingredients Model no. Lot no. Manufacturer
VS 65000 .
(Vi 0.03mmol/g, 6500cps) 11405611 Hanse Chemie Co., Germany
Vinyl terminated VS 2000 .
polydimethylsiloxane (Vi 0.11mmol/g, 1000cps) 21325911 Hanse Chemie Co., Germany
VS 100 .
(Vi 0.37mmol/g, 100cps) 21407411 Hanse Chemie Co., Germany
Cross-linker CR101 (SiH 4.3mmol/g, 45cps) 31404511 Hanse Chemie Co., Germany
o Inhibitor 600 .
Inhibitor (Vi 0.11mmol/g, 900cps) 10411741 Hanse Chemie Co., Germany
Plasticizer KF-96 (100cps) 210416 Shin-Etsu Co., Japan
Catalyst
(Organoplatinum catalyst Catalyst 510 (5000ppm, 500cps) 10408621 Hanse Chemie Co., Germany
complex)
Filler MIN-U-SIL 5 .
Crystalline quartz (average particle size 2.2 um) 15041805 US. Silica Co., US.A.
Fumed silica CAB-O-SIL T5-530 S10C  Cabot Co., US.A.
(primary particle size 10~20 nm)
. SFSF .
Diatomaceous earth . . 6606SC4301  Celite Korea Ltd., Korea
(average particle size 7.9 um)
Surfactant Igepal CO-520 (HLB; 10.0) 17812LO Aldrich Co., US.A.
Span 20 (HLB; 8.6) 9064F Unichema Inc., U.S.A.
Silwet L-77 475086 GE Silicones Co., US.A.

(HLB; EO7-10.2 / EO8-10.9)
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ethoxylate] Igepa1® CO-520, sorbitan esterl| Span®
20, 2 siliconeZl Silwet® L-778 ARE-5}%THTable
1, Scheme 1).
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Nonylphenoxypoly(ethylenoxy)ethanol (Igepal CO-520,
Aldrich, USA)
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Sorbitan monolaurate (Span 20, Unichema Inc., USA)
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HsC— Sl*O Sl*O Sl*CHd

(OCH2CH2)7~3
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CHjs
Polyalkyleneoxide modified heptamethyltrisiloxane (Silwet
L-77, GE Silicones Co., USA)

Scheme 1. Chemical structures of surfactants used.
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Table 2. Compositions of Experimental Polyvinyl-
siloxane Dental Impression Materials

Base Paste Catalyst Paste

Ingredients (parts) (parts)

Vinyl terminated

polydimethylsiloxane”
Surfactant” Variable Variable
Filler: Crystalline quartz

100 100

(Diatomaceous earth)” >0 0
Fumed silica 10 10
Cross-linker 16 -
Inhibitor 1 -
Plasticizer - 15
Catalyst - 2(5)‘”

a) 3 types of prepolymers were blended.
b) Variables 1) type of surfactant - Igepal CO-520, Span
20, Silwet L-77
2) 0, 2, 4, 6 parts per 200 parts (100 parts
per each paste) of paste
c) For diatomaceous earth containing groups, 10 parts
from 50 parts of crystalline quartz were substituted by
diatomaceous earth
d) For surfactant-containing groups, 5 parts of catalyst
was added to compensate the slow rate of curing.
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Table 3. Test Groups with the Variation of Surfactant and Filler

Surfactant Addition

Filler

Variables
Groups Type

Amount
(parts per 200 parts of paste)

Substitution of Qu with DE”

No-S -

1G-2
1G-4 Igepal CO-520
1G-6

SP-2
SP-4 Span 20
SP-6

SW-2
SW-4 Silwet L-77
SW-6

1G-4-DE

G-6.DE Igepal CO-520

Yes

SW-4-DE

SW-6-DE Silwet L-77

(10 parts from 50 parts of Qu
was substituted by DE)

(=X N N Ko I K22 T S \S N o N S \S Ko N SN S ) K]

a) Qu: crystalline quartz; DE: diatomaceous earth
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A AARS Lifshitz-van der Waals®} Lewis acid/
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UX] A4HS 918+ Lifshitz-van der Waals$} Lewis

RdoXs AU AIE HISA e
7 "™(Lifshitz-van der Waals 43 2-8)9} 4 A&
7 P(Lewis 2-97) 528)9) oz Yehd
ok o7]elA %= AR (electron acceptor)
3} ARF A (electron doner) A9 Fo] AlF

o] 25 #3 FholthEquation 1).

acid/base

ol

y = YLW+yAB

where, LW: Lifshitz-van der Waals interaction;

AB: acid-base interaction

Y™ =2/ (i)

Equation (1) Lifshitz-van der Waals and Lewis acid/

base model of surface free energy.

Table 4. Reference Liquids and Their Surface Para-
meters(in mj/mz)34

LW AB +

Liquid 7 V4 7t 7
Distilled Water (polar) 72.8 21.8 51 255 255
Formamide (polar) 58 39 19 228 39.6
Diiodomethane (non-polar) 50.8 50.8 0 0.72 0

Yovi (L +c0s0) = 2{\/(“/:\)v YLV1 ) + \/(Y: Yovi) \/(Yq Yivi )}

Yoy (1+c0s9,) = 2{\/(Y Yva ) + \/(Ys Yiva) + \/(Ya yva)}

Yivs(1+cos@;) = 2{\/(7 YLV3 ) + \/(Ys Yivs) T \/(Ye Yiv3 )}
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where, LV1: distilled water;
LV2: formamide;
LV3: diiodomethane
B: contact angle (8 =contact angle of solution 7)
7 s: surface free energy of sample surface
Equation (2) Surface free energy calculation of inter-

facial Lifschitz-van der Waals and polar interactions.
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Table 5. Means and Standard Deviations of Paste's Viscosity, Elastic Recovery, and Strain in Compression of
Experimental Polyvinylsiloxane Rubber Impression Materials Fabricated with the Variation of Type and Content
of Surfactants

Viscosity of paste(cps) Elastic - . o
Groups o Strain in compression (%)
Base paste Catalyst paste recovery (%)
No-S 54,332+ 891" 66,383 + 1502° 99.82 + 0.04* 5.30+0.06"
1G-2 129,080 + 6002° 146,875 + 8552° 99.62 + 0.06" 5.87+0.13°
1G-4 142,460 + 3605° 161,799 + 6636° 99.44 +0.11% 6.51+0.27%
1G-6 168,146 + 1180° 173,628 + 3905° 99.38 + 0.07% 6.55+0.17°
SP-2 79,229 + 3558° 94,409 + 6513° 99.58 + 0.08"° 5.50 + 0.04>°
SP-4 84,589 + 2830°" 91,431 +2358%" 99.47 + 0.04°%¢ 5.65+0.09°
SP-6 87,568 + 4661" 84,995+ 1137 99.48 + 0.06°° 548 +0.16™
SW-2 120,861 + 4628¢ 119,647 + 1894¢ 99.51 +0.13°° 5.94+0.07°°
SW-4 159,054 + 2746" 138,996 + 7251° 99.51 +0.07° 8.89+0.37
SW-6 163,120 + 1841%" 159,162 +2761° 99.32 + 0.08" 7.34+0.34¢

* Within same column, mean values with the same superscript letter are not statistically different (p>0.05). Sample size for
viscosity data are n=3, and those for elastic recovery and strain in compression data are n=5.
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Figure 1. Viscosity (cps) of experimental polyvinyl-
siloxane rubber impression materials.
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Figure 2. Elastic recovery (%) of experimental poly-
vinylsiloxane rubber impression materials.
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Figure 3. Strain in compression (%) of experimental
polyvinylsiloxane rubber impression materials.
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Figure 4. Working time and setting time (s) of expe-

rimental polyvinylsiloxane rubber impression materials.
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Table 6. Contact Angles Formed by Standard Solutions, Surface Free Energy, Working Time and Setting Time
by Using Vicat Penetrometer after Mixing of Experimental Polyvinylsiloxane Rubber Impression Materials
Fabricated with the Variation of Type and Content of Surfactants

Groups Working Setting Contac.tv angle (degrees) : Surface free; Tensile strength
time(s) time(s) D.W diiodomethane ~ formamide energy(mJ/m") (MPa)
No-S 900" 220434.6"°  97.14x0.01° 5736£0.99°  89.97+1.44°  26.80+0.79°  2.68+0.13°
1G-2 600" 27040 62.43+2.19°  46.80+2.60°  82.42+0.95° 4335+0.84°  2.23+0.42"°
1G-4 70+17.3* 410+17.3 53.13+3.14° 46.54+1.43°  7733+1.53°  47.34+0.93° 1.63+0.08°
1G-6 600" 410+17.3¢ 51.2240.54°  48.46+1.86™°  8320£1.70°  42.27+1.44° 1.76:£0.12°
SP-2 600" 150+0° 84.46+134%  48.8042.00°°  78.58+1.20° 33.3741.26°  1.89+0.14%
SP-4 600" 150+0° 67.30£035°  46.11x0.81"  71.75£0.16" 43.93+029""  1.74+0.09°
SP-6 600" 180+0%° 65.60:£1.48° 46.98+0.70°  68.69+1.81° 44.18+0.93"  2.07+0.23°°
SW-2 90:£0"° 3000° 65.10£0.48°  48.51£0.59"°  82.69+0.88"  42.34+0.36" 1.76£0.41¢
SW-4 160£17.3°  1240+183.3°  45.63:0.98"  52.89+0.59%°  74.25:0.89°  48.90+0.55° 1.00£0.12°
SW-6 200+34.6° 2160+0" 1337+0.37°  47.31+£3.84° 72434374 52.13+4.09"  0.53+0.04°
1G-4-DE 600" 170+17.3" 59.60+0.36"  54.54+0.68*%°  78.10+0.52° 43.59+0.26>"  2.40+0.19°
1G-6-DE 600 1800 53.70+1.07°  5132+1.17%%  79.60+1.54°7 4453096  2.06+0.24°°
SW-4-DE  80+17.3"° 300452 5148+2.16°  55.53+3.71%  81.86+1.68""  41.75+1.46" 1.77+0.16"
SW-6-DE  110£17.3° 430173 19.01£039"  51.84+0.84°°  73.17£028'  50.95+0.30 1.72+0.09

* Within same column, mean values with the same superscript letter are not statistically

different (p>0.05). Sample size

for tensile strength data are n=5, and those for contact angle, surface free energy, working time, and setting time data

are n=3.
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Figure 5. Water contact angle (degrees) of experimental
polyvinylsiloxane rubber impression materials.

U G SpEEe] s felsh e 4
HEAS BP0 (p<0.05), FFS7Hl u:}f s}
T SPellAlet LT?_— *E‘El

ABLA S

2

A WiEE 72 Auedde] Ae g T
& (hydrophilic-lipophilic balance: HLB) #t2] =}o]el|
o3 Gt f3o) )@ dol BHos 244
e Aoz Yy

Igepal CO-520-> HLB#©] 10.02.2 1 Fte] 8
2l Span 202 AHE3 AFFEC vl e Zdé
218 BelFo

ARLGAE 7Heel wet A8k 71A% A
A3 A" wgEEE IS EFog ZAY
Ae)7t Y] FF T 20%E FERE Y GiA
Al171 1G-4-DE+, 1G-6-DE<*, SW-4-DEi+ % SW-6-

DET9] 7% 5Ye ARggAs 59 4 ¥
Z}z}e] Hlﬂ?LEOH H] 3| @5740] Z7HE Ak
(Table 6, Figure 5). ©]213t J&F> Feie] ZE7P

uhgol] w1 €] ﬁ‘?ﬂoﬂbﬂﬂﬂ HstE o] 2
e Ao ARHY, ol& Hrsr] fs Fstd
7} A A EHAUAE vt

5. EHOLX]|

A ANk

u.17|.

HAZE HetA 2 o A &

A2 A434A A23, 2008

e o] ¢ uixlﬂl Qtﬂ %j 1 A3t
OﬂL']X](mJ/m )—2— By 4
=S No-Swol 7 &
FHAUA](26.80+0.79 mI/m)E BHPon, HE
o] 71 Gyd SW-612 71 =2 EHo|YXA
(48.90+0.55 mI/m)E HEJt};. SPTEF SWIEES
ARG 0] o] FVVEFE FostAl sHel
UA7E S7Fstdth (p<0.05). 7&?@?%‘ A7t 49
g T 20%E TRE T2
o] A% 1G-6-DET-S A9l 3
AL Y FF D& 479 nagEdd BiE
<0.

olalAl Rl A7 24E 5)(Table 6).

7

Nodo M

%

)

ANAR=E 952 X|ZN(interproximal)
A|-&FH(crevicular) F-9Joll4] QVEAIZE H o]
o] AAF & A7] A Fas Aotk E A3
oA JAFA=E AWTEAE HIBIA
No-S#(2.68+0.13 MPa)°] 7} =2 FX
W, AREAE A AdPaEe
Z7F sl 7HA3F thHp<0.05)(Table 6, Figure
6). Azizs 2] AFANE AWSYAZ H71e A
T QA A A3 A=T) Ao, 7
T Aol dR1e Ayt Ze] W] defs 1
aEAR] AEA ARE Aol JluE

o rlo & %

f
T ool 3@ &8

o,
o njn
o
o

3 A=
ALZA Aol Walstr] wiEolztal Aztst
k.

741 *;ﬂl«l sl e 4w ghe &

W3, Fo] 271l wel Awpa)
S TRE Ueptt



ZH AR X

SWE FollA AR kol 4 part o
o

Q1 SW-ATF SW-6.r9] g SRteET 7|EVh
F3Eo] ASS AT & ANTh ol AWEA

A7F e FEoM= A ¥ A|(antifoaming agent)Z
A EEEH7IE ke v, AE W) x93 o
o] HH V|XE WA “H—E‘ 2 AT =
A ol FFelA= AEE ] ]’ gdeet &
g Atole] Zhus Wefshs 89l fex AlH
el 7127} AsHA st s ‘3% Fagr kst
| ez Az,

A F ol e AWEA HItE A=t 3A

ZaEe TAE fdse WHS 2] S A
7} BH 20%E TFEE(diatomaceous earth) I
Z thAA17] 1G4-DEF, 1G-6-DET, SW-4-DET %
SW-6-DET*9] 7% Td3t T/ AWGHAE
o e H71eE iz AT BlE fosi
=7} 7 A THp<0.05).

el TRV A=, 7128 B A5 v
e JEE olsiEtr] H8) Hele] pHUYIE ] o g
A= (acidity) ST FAPRAA AR B A JAF G
2 9 g Gel o3 B | 71Ed
A s BT 24¥ dgThQu) B TE
EDE) 88 47t 75 el 5% dgdo] =
TE FHIStY pHE 33 ¥ A3 29 Qud
B2 pH 6.39, DEAEHL pH 9.939] & HA3A
th B ATl AREE Fejo vA| 84S AAW
AbE FALAAE W] 7 (FE-SEM; Hitachi S-4700,
Japan) .2 &3 A3} Figure 73 2o HRES

30 (n=5)

}_<

Tensile strength (MPa)
o - - N
o o o (52 o
6.,
% —

2 N > N > e & >E K & &
NI AR $9§P9 >"Q©’

Groups

Figure 6. Tensile strengths (MPa) of experimental
polyvinylsiloxane rubber impression materials.

Figure 7. FE-SEM photographs of filler particles used
in this study. Qu: crystalline quartz, DE: diatomaceous
earth.
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