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1. 974 =

7} BEEY AU A4AY Az

HoAFolA AMEE FUtEEE AEd Ale A At oRA wde|
vinyl7] & &3 A8 polydimethylsiloxane(Silopren U, Bayer, Germany)<
vinylgh &3} Expako] wel 53 FE ERE A S AFES L, 7HaAl 25 vinyl
715 Sl AZAF MEg 2o Si-H 52 3t 2+ Silopren U-230
(Bayer, Germany)& A&t EujAlE A 24 W EY 20 vinyl7]| S &3 W
= B¢ (Silopren U-Pt/D, Bayer, Germany)S AF£3t 1, BZA9 AVMAZE=
Si02(HS-101, Han All, USA)9} AlLOs(Sumitomo, Japan) ¥ FZEE AFE3FH o
o base® catalyst®] ZAIH]E Table 13 o] 3 TE. T3 B o o=
vlo]& el AHEAA Sl nonylphenoxy poly(ethyleneoxy) ethanol homologs(3+
5314, )2 AR L(Fig. 1), ethylene oxide®] &< wa} NP4, NP6, 1@
3 NPI0eZ ®EFaAer HAeAdy J54d9 =3 Fk(hydrophilic-lipophilic
balance, HLB)2 Table 20 “eFHSIth HLB#2 A4 9 HAMNE g 52 i

FAR gol B4 Aol F& veu,

CoHig—( >— — (CH,CH,O). H
o O — (CHLH0), n=4,6,and 10

- J - J
j\/} ﬁ
Hydrophobic part Hydrophilic part
Silicone-loving part Silicone-phobic part

Fig. 1. Schematic diagram of nonylphenoxy poly(ethylene) ethanol homologs.



Table 1. Basic composition of addition silicone impression material

Base Catalyst
(Wt%) (wt%)
Vinyl-terminated 56.3 61.6
Polysiloxane prepolymers
Crosslinking agent 6.7 -
(silane)
Silopren U-pt/D - 0.3
Surfactant - variable”
Si0; 37.0 -
AlOs - 30.0
Diatomite - 6.5

" 05, 1.5, and 25 wt% based on Catalyst part

Table 2. Nonionic surfactants used in this study

Surfactants Formula HLB’
NP4 CoH19CsH4O(CH2CH20) 4H 8.8
NP6 CoH19CsH4O(CH2CH20)6H 10.8
NP10 CoH19CsH4O(CH2CH20)10H 13.2

“HLB : hydrophilic-lipophilic balance from M.Ash, I. Ash, “Handbook of
Industrial Surfactants” Gower Publishing Co., 1993.



RAFEY A2 QYA A AA Dl AHgH
noglE 4FRE $AFEY 4T AgAe BYS wmE g 230

ARERE AES AbEEdd A A2 A AlSEol A tH(Table 3).

Table 3. Commercial hydrophilic addition silicone impression materials used

in this study

Code Type Company
Aquasil XLV AQ light body Dentsply Co., USA
Exahiflex EX light body GC Co., Japan
Silagum SI light body DMG Co., Germany
Perfect-F PE light body Handae Chemical Co., Korea
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Fig. 2. Stainless steel die for testing dimensional change and rubber ring

for stone die.



(2) A7) +HA H7}

oA AEAA H7ME 93 28 (Fig. 294 £99 20 mA (line h)Z2ol = ¢l
A el A B7Rel A S wrEo] 33 FAEATE AL SAHES7E 0.1 m7hA ]
nqAE =4 dAn7 (Mearsurescope MM-II, Nikon, Tokyo, Japan)< ©]-&3F%]
H(Fig. 3).

Fig. 3. Apparatus for measuring linear change of impresssion

materials (Mearsurescope MM-II, Nikon, Tokyo, Japan).

(3) Amste] Wy A

VGAE AAsEL 300 Zaet ¥, Fig. 29| rubber rings °]&3ko] 4is
FYatdth. Al#E = IVE A GL(FUJIROCK GC. Co., Japan)g& 4 50 g F3t4
ot Aas AFelA SHF 3023 EFEAh 5719 AGAE 3 Abgtel] 93
vibratorE o] &3te] A1 E dZE Fo|A] Fo] 30xQtd TIE & Zoz Iy
N2 FA3G 20 m M AA AEAAEE v)g wEojR s F wel BEREd

tH(Table 4).

fuirt



Table 4. Scoring Criteria (Compatibility with gypsum)

Score Criteria

continuously and precisely reproduced 20 pm line
continuously reproduced 20 gm line, but imprecisely

reproduced 20 pm line, but discontinuously and imprecisely

o o W >

not reproduced at all

4) A= A4

sar, izl U
thools} e A
skod

Fig. 4. Apparatus for determining consistency.
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A7 A7

L A&7 37t
7h AREAFAY s TR WE HEH

Table 59 Fig. 514 & § %ol AMBAAES FHsA XL dxza9 A4
Aol M= HE7Zbol 1049°2 F313 254 S YR

NP4 AWREGA ] s HSAA Az A AdA HE7S S43
A3 05 wt%H7F Aol 74.3°%

Astth7b 25 wt%dlME 339°5 dERddth mEka, AMEgAe] st
d5E HE7To] FoA A HeolxE AIE BITHP<0.05). 1Y 1.5 wt%7t
Ao F TV AEY e #ATE AAARE 25 wt%el s HELS
st ot FAA R frojdel gl AAE B ATHP>0.05).

TEE WIAA Az HdE QA HELS AT
A= 05 wt% H7F AolE 77.3°15 wt%d A dlE 40.9°25 wt%ol A&
3B.8F et AMEAEA ] w7t FAEFE JFZo] Fod A ZetAnt
(P<0.05).

NP10 A4 o] =g WAA Az e
Aol A= 05 wt2 F7F Aol 83.2°15 wt%d 7FA o= 68.3°, 25 wt%ol A=
50.8°8 uEldol AMEAAA ] w7t FUHEFE JFZ0] FoA A #ebxl
THP<0.05).

NP4, NP6, NP10S 3hHfrgh A& dAlelA 5 22 #5015 wt)= A

QYA AELGE 54

o

gl

S Hbstds W AEFZS vlug 23 NP4E sk deld A olA
7P ek AE57s B v(Fig. 6).
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Table 5. Contact angles of deionized water on silicone impression materials

after 2 minutes

) Surfactant Advanced contact o
Surfactant  Experimental ) Statistical
. S . Concentration angle(, ) Analvsi
e amples nalysis

P b (wt%) Mean+SD Y
Control S-0 0.0 104.9+1.74 C
S-NP4-0.5 05 74.312.51 A
S-NP4-1.5 15 35.8+1.64 B

NP4
S-NP4-15™ 15 36.7+0.82 B
S-NP4-2.5 25 33.9+1.21 B
Control S-0 0.0 104.9+1.74 D
S-NP6-0.5 0.5 77.311.84 A
S-NP6-1.5 15 40.9+1.41 B

NP6
S-NP6-1.5™" 15 425+1.31 B
S-NP6-2.5 25 35.8+1.02 C
Control S-0 0.0 104.9+1.74 D
S-NP10-0.5 05 83.2+£1.07 A
S-NP10-1.5 15 68.311.55 B

NP10 .

S-NP10-1.5" 15 70.6£1.93 B
S-NP10-2.5 2.5 59.8+2.52 C

N This group was not contain fillers

_13_



120 -

100 -

Contact angle (°)

Fig. 5. Contact angles of probe liquid (D.I.water) on silicone impression

materials incorporated with different amount of NP4, NP6 and NPI10.
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MNA .-

(a) S-0 (b) NP4-1.5
(c) NP6-1.5 (d) NP10-1.5

Fig. 6. Photographs of contact angles of deionized water on the impression

materials at 2 minutes.
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AstE AYE QA AlHe] "olefEs "Wy S weo HEF7Z Hyt Ay
Table 6 3 Z& 235 BAY 7|E AFE T 7P HJ520] 22 3 PEQT
)R, HE=7Zo] 7hE =& AL AQU34°)UtE AQE SIS oAt flla
(P>0.05), EX¢} PEE F937F §l o (P>0.05), AQ,9F SI& EX9 PE| Hl3]
A =S HEZ4S YERIATHP<0.05).

Table 6. Contact angle of deionized water on commercial silicone impression

materials after 2 minutes

Advanced contact angle Tuckey

(s ) MeantSD grouping
AQ 43.4+2.0 B
EX 31.3£3.2 A
SI 39.3+0.6 B
PE 279+1.8 A
NP4-1.5 35.8£1.6 B
NP6-1.5 409+1.4 B
NP10-1.5 68.3£1.6 C

NP4, NP6, NP10S A& AdAl 22 FE2(1.5 wt%) H7bste] Axs 5,
71E AFEY A&7 vwdS w, NP49F NP6S H71eh A& A= 7]
EAE T SI, AQS F3F Ao]E Holx ktHP>0.05). £33 NP10S 3+
g A A AE VIEAEFY "JEAH vn Al o A = ReHP<0.05)

(Fig. 7).
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Contact angle (°)

120

100 —

[e]
o
1

D
o
1

N
o
1

20

NP4 NP6 NP10
S-0
15 15 -15

AQ EX Sl PE

Fig. 7. Contact angles of deionized water on silicone impression

materials after 2 minutes.
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2. 357 9F S WA= & #HI}

b AREAGA BAar) A

ARNGAAANES AT pre-polymer ol #AAIZl & FEAakg

AA7IE B Avh NP4e] ke dAAr) 7 7bd #ha s

(b)

()

ARBgA e 9
Ao vepyth

Fig. 8 Dispersion features of (a)NP4-1.5, (h)NP6-1.5 and (c)NP10-1.5.
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U AREEAY EHFE

AAE ANEA e gz ARSYA AAHE W BHy F Aot
VERUEA] okt NP4 oA = AWEAAE AAT & w2 Fo] veEbSaL, NPI0
AE doH o s gute] vl o] 2M, EHoA AHEgA e
NP4ell A 7Hd =& Ao = VERtHFig. 9).

I
_\,L

(a)S-0 before extraction (b)S-0 after extraction

(c)NP4-1.5 (d)NP10-1.5

Fig. 9. SEM images of surfaces of surfactant-modified polyvinyl siloxane

impression materials after extraction of surfactants.
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o 29 MU HS5Z vA= 9F

TEZ2(15 wt%) FH7Fste] Az A

Mo

NP4, NP6, NP10 AlH& A& 2+ 2 =
g QA BB Ak 1F% BASRA G e gEAS W
A3k BASHQ freat wARA grol Wl A Egel vAE G@ol

= Ao =2 YEwTh (P>0.05)(Fig. 10).
80
ry
(o))
c
o
°
[1°]
€
[e)
(&)

NP4 NP4 NP6 NP6 NP10 NP10
15 -A5NF 15 -15NF 15 -1.5-NF

Fig. 10. Effect of filler on contact angles of silicone impression

materials.
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2. AUEAREAY HEZ FF
A A Aol A44dL Table 29] HLB#EolA £ 4 %o NP10°o] 713
AARE QUEA AEAe] HEAS FAHT AdelA= NP4A7E 46.1°= NP6
NP10°l Hl&f #od UAA 7HE oS HE52HS B vHP<0.05)
Table 7. Contact angles of nonionic surfactants on silicone impression
materials.
Contact angle of surfactants of silicone(, )  Tuckey
Surfactants .
Mean(+SD) grouping
NP4-15 46.1(+1.10) A
NP6-1.5 50.9(+1.64) B
NP10-1.5 54.8(£1.04) C
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(1) AQ (2) EX

(3) SI (4) PE

(5) NP4-1.5 (6) NP6-1.5

(7) NP10-1.5

Fig. 11. Detail reproduction of silicone impression materials.
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Table 8. Linear dimensional change of silicone impression materials

NP4 NP6 NP10

AQ EX SI PE
-1.5 -1.5 -15

Mean

249238  24.9590 24.9626 24.9610 24.9618 24.9620 24.9629
(+SD)

(£0.0653) (£0.0075) (+0.0033) (£0.0045) (+0.0050) (£0.0032) (£0.0075)
(mm)
Tuckey

) A A A A A A A

grouping

. Azstel WA A Y

ATH(EHE] BAAA F& vALd Ad)e] M Be A AE EX9 NP4AS)
. Uy AHs+E F PEQ NP10S ASHol 7F8 Ha@2h), C7F 7 wol(2
N) o2 Al Hs Adgo] WolAE Ao R vERgth DER(MAA Ad ol
o] o] XA P& FT)e ou g AN E YERA] % rH(Table 9).
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Table 9. Compatibility with improved stone and detail reproduction

A B C D

AQ 3 1 1 0
EX 4 1 0 0
SI 3 1 1 0
PE 2 1 2 0
NP4 4 1 0 0
NP6 3 2 0 0
NP10 2 1 2 0

% AFE A3

A= 54 23 EXvlo]l gAE I vlas] & o FoatA =2 HAFEE B
I(P<0.05), NPAIE AARSAZAE st A2 A= AR FASE dF5E

B At (Table 10)(Fig. 12).
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Table 10. Consistency of silicone impression materials

NP4 NP6 NP10
-15 -1.5 -15

AQ EX SI PE

Mean(+SD) 45.07 35.23 48.58 45.08 44 87 41.89 42.94
(mm) (£3.85) (£0.35) (£1.94) (£1.06) (+1.24) (+0.46) (£3.18)
Tukey

. A B A A A A A
grouping

50 =

40 =

Consistency (mm)

AQ EX SI PE NP4 NP6 NP10
-1.5 15 -1.5

Fig. 12. Bar graph of consistency of silicone impression materials.
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Fig. 13. Schematic diagram of crosslinking mechanism:

(a) Condensation silicone rubber impression material

(b) Addition silicone rubber impression material
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Abstract

Effect of nonionic surfactant on the physical properties of

addition silicone impression materials

Soo-Young Hwang

Department of Dentistry
The Graduate School, Yonsei University

(Directed by Professor Kyoung—-Nam Kim D.D.S., Ph.D.)

Surface activation of addition silicone impression material is important to
acquire dimensional stability and accurate gypsum die. This study was
investigated hydrophilic effect of nonionic surfactant on additional silicone
impression materials.

Nonionic surfactants were added to catalyst part of impression material
composition when they were mixed. The surfactants were used
nonylphenoxy poly(ethylenoxy) ethanol homologues of varying ethylenoxy
chain length. These homologues were designated NP4, NP6, and NP10
according to the mole number of ethylenoxy group of 4, 6, and 10
respectively. The contact angles of silicone impression materials were
measured using deionized water. Manufactured materials were compared with
commercial addition silicone impression materials, that were Aquasil
XLV(Dentsply Co.,USA; AQ), Exahiflex(GC Co.,Japan; EX), Silagum(DMG
Co.,Germany; SI), and Perfect-F(Handae Chemical Co..Korea; PE), to cons-
-istency, dimensional stability, detail reproduction, compatibility with gypsum
and contact angle measurement.

The results were as follows :
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1. The incorporation of nonionic surfactants into addition silicone rubber
impression materials enhanced their hydrophilicity and
consequently resulted in the reduction of the contact angles.
Especially, the contact angles were significantly reduced when
1.5 wt% NP4 was used (P<0.05).

2. Contact angles of the impression material included NP4(1.5 wt%) and
NP6(1.5wt%) were significantly lager than EX and PE(P<0/05), but
those were not significantly smaller than AQ and SI(P>0.05).

3. Dispersed particle size of surfactants in NP4 was smaller than in
NP6 and NP10. Moreover, the surface concentration in addition silicone
impression materials was higher NP4 than NP6 and NPI10.

4. Filler addition to impression materials didn't significantly affect
on contact angles of addition silicone impression materials(P>0.05).

5. The contact angle of NP4 on addition silicone impression material

was lager than NP6 and NP10.

6. Detail reproduction, dimensional stability, and consistency were

not different significantly all testing materials(P>0.05).

7. In compatibility with gypsum, NP4 and Exahiflex appeared most

precisely detailed reproduction.

According to these results, it was concluded that size and surface
concentration of surfactant seemed to be of major relevance for the surface
activation in these surfactant-modified addition silicone impression materials.
So it can be developed new impression material that improve clinical

practice in dentistry.

key words : addition silicone materials, hydrophilicity, nonionic surfactant,

dispersed surfactant size, surface concentration
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