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[Abstract]

Manufacture of paste opaque porcelains using glycols
as a solvent and evaluation of their physical properties

Sa-Hak, Kim
Department of Dental Laboratory Technology, Dong-U College, Sokcho 217-711, Korea

In this research, we manufactured the paste opaque porcelains using Propylene Glycol (PG) and
Buthylene Glycol (BG) as a solvent, and compared the composition of solvents, the coefficient of
thermal expansion, the particle size distribution, the viscosity and bonding strength to metal, and
the tone with those of the commercial products(Duceram Plus, Duceram GmbH; VMK 95, Vita
Co.; Noritake EX-3, Noritake Co.)used in the clinical field.

The results of the research were as follows:

1. The result of solvent analysis indicated that the solvents included in the paste opaque
porcelains of the control group were mainly composed of Glycols.

2. From the Coefficient of thermal expansion measurement, we drew out the following results;
testing group: 14.&10%°Cc, Duceram Plus: 13.910%°c, VMK 95: 14.3x 10%°C, and Noritake
EX-3: 13.3x10%°C.

3. Seen from the result of particle size distribution measurement, the experimental group was
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similar to the control group inigh below, but the experimental group marked the highest
distribution of 61% in the case of betweem Bnd Sm. Between om and 1Qm, they showed
relatively similar distribution, and Noritake EX-3 was turned out the highest distribution of 29% in
10um above.

4. From the result of viscosity measurement, Duceram plus showed the highest viscosity
throughout all the measurements followed by Noritake Ex-3, experimental group and VMK 95 in
decreasing order.

5. The result of bonding strength measurement was EX 35.53 RA, DU 40.88 RA, VM 39.43 RA,
and NO 35.39 RA, and no significant difference was found between the experimental group and the
control groups(P>0.05).

6. The measurement of the tone indicated that the L* value of the experimental group was 86.89
0.63 in average, which is higher than the control group in its brightness. In the case of the a* value,
Duceram Plus, VMK 95 and EX-3 showed positive value, whereas the testing group was turned out
negative value. In b* value, Duceram Plus proved the highest.

From the results of this research, the paste opaque porcelains using Propylene Glycol (PG) and
Buthylene Glycol (BG) as a solvent did not make differences from the commercial products that
are actually used in the clinical fields. Therefore, it is possible to utilize Propylene Glycol (PG) and
Buthylene Glycol (BG) for the paste opaque porcelains of P.F.M crown. It is also recommended
that further researches concerning the compositions and forms of powder, the types of organic
solvent components and the ratio of mixture proceeded in order to improve the level of productivity
in the future.

« Key Word : Dental Paste Opaque Porcelain, Glycol, Coefficient of thermal expansion, Solvent,
Viscosity, Bonding Strength, Color.
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Table 1. The composition of organic liquids

Organic Liquids Manufacturer Centent(wt.%)
Propylene Glycol Samchun Pure Chemical, Korea 48.8
Butylene Glycol Kanto Chemical, Japan 48.8
Glycerine Duksan Pure Chemical, Korea 24
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Germany), VMK 95(Vita Co., Germany)2}
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Table 2. Paste opaque porcelain used in this study

Name Shade Cede Let Numiser Manufacturer
Duceram Plus A3 DU 0241/1 Ducera Dental GmbH, Germany
VMK 95 A3 VM 3203 Vita Co., Germany
Noritake EX-3 A3 NO (06B)0591 Noritake Co.,Limited, Japan
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A4 += W5 A ™7 (Instron co.,
Hounsfield, Australia)E AR5l 3% #3

AW or sty on At Ato]9] span

46 « CEtRIT7 =SSR

A2t 22 AlE 9] body porcelaing:

HS7] $131e] disc® trimmingdtal A 24}

length® 20mmo]3 At} 7}t pistone

1.0mn9] R 0.2 5274 sH3.

3] Hbz| ok Zof QAE AJHO] TR 2o

7F LE5 Vs A7 AR 2%

O



At

B

F (1.5£0.5)mm/min® cross head speed® 3} k& st 38ttt ojuff A= k= Fig 3024
T= 7koto] wjE Wi 9] sk 7|Sstieh 248 B 5 e 54539 7 dMY 5459
ZF 67]2] Al gt B85 Fa(N)-= A2kl Young' s modulus Evoll &J3 A4 €t & o]
9] 3& Fof|A dojif= debonding crackell H =7 duol] et k 7HS ¢17] st WA A
ofsf == AlH| tis) SAsIR o, =A At B gholl iz A4S Aeet qg FA du
Y S7rolA cracke] WASh= B9 F7k= ol diEshe k dhe FEth 2 Aol ARESE
Al AZtsto] A &7g5k3AehFig 2). o] gHdE-2 209.66mO] ME},
AR A 29 o] st Fraoll A
Debonding/Crack—initiation Strength, 7v = k - Frai [2]
y J Load call
o - b
y ,
' Watal 25 mm I
Fig 2. Schematic diagram of three point bending test.
(4) SAIXz=
AAAY +E ARE AT E2 FHdd -
o E=H ZF* 4hE 5}93‘:} a8 OI%‘ =

Kruskal-Wallis TestS
HAAHoZ Tukey s
om HE FAAY= 95%

grouping A5 =
A5kt

SRR EE P

Fig 3. Diagram to determine the coefficient
k as a function of metal substrate thickness
dM and Young's modulus EM of the metallic

material (ISO 9693:1999).

THE JOURNAL OF KOREAN ACADEMY OF DENTAL TECHNOLOGY « 47



T oAl A Z 2470
o] AlH-E AZFsE7] f15ke] 0.6mm plastic sheet
s 2em®] A|=2 AZFsto] 8 gauge wax
2 FAAS B281T S ringoll 6704 Q1A
A &R (HI-temp, Whip—Mix, U.S.A)E A}

&sto] mi=skelct, mi=A A3t 3 Frol wet
Ni—Cr7ﬂﬂ H A & & & & (VeraBond,
AalbaDent, USA)J& ARg-ste] F=235130ch of
SAE AASF 4 F2AHEO] 2em X 2em, F7
0.5 m7} === Carbide burg} AlgldEn|E
tj~3 2 thsa 5o wet sandblasting 2
MAgE 3 ZF AJHE 980T olA 5ETE AHEF A
23kt

(2) 258 =xie| =i

259 A9 =xE= 57 0.2mm, 27 1lmm

o dgow BEW vyt £ 2
AAE plastic sheet ARESFATEH o uf
plastic sheet®] TAE 24 Al £ 2 44
T AutE 133t Eo] 0.3mE AZEtAch
(Fig 4). "]2] AZE plastic sheetE F& ¢
1 ZHEN EEY EAE m23 & g &
Y =A= 7‘1]745P°:1 AT FA L FHE =

x 5]5—1 St & 2AAYA plastic sheetE Al

/\

L]

Aste] 24 ~AlE l ot /gekslthFig 5).
(3) MM
A} S-S A A (Spectrophoto—

meter CM—2500d, Minolta, Japan)& A3}
o] D65 FHstoll A Hurabg 23 w4 l
SCI(Specular Component Included) ZEZ2
71719] 4z} FE22AHS F £ 8 mm—«] el
A AT ol Al HS &8 E3L L a¥, b*
= SAsHel

Fig 4. Schematic diagram of plastic sheet.

48 « CEtRIT7|Z SR



o
>
19
i
AC)
iy
filo
%
==
fu
__>‘~l_,‘
B
<t
re
K
oftt
17
m
oR
4
=
lo
d
X

VM NO

Fig 5. Specimens for color test.

m Z 1} 1300em ™ol A €] 7= 7= 7} Zict,
1. MM BN 2. 2YWENr 5
xwto] Ay E5 =4 el iE & 2 Skl mhE ©eldol] AlEe] dolgiR
uf JEo| FT-1R B4 A= Fig, 69 gty BAEE A1F EFY =4 9% 344e v
H e

L [¢] [e]
Qz7 mE =yHo Aoy o Zozma T Z4 1Y BEY mae] dugAst BX
Qe oF 4= 9J9lom, EXi DU 7} fargt  14.0x10°/C, DU 13.9x10°/C, VM 14.3X10°/
© 2 NO 13.3%10°/C= WeRgTtHTable 3.

<
u
il e
v
o
£
32
o
<
=
1o
ot
o
2,
fr
o
(@)
(@]
¢

Table 3. Results of CTE, paticle size and bonding strength test

. —
Greup a(x10°°/C) m Tig:;le s:z(o/;; Y10 Bending strength(ir)
EX 14.0 12 61 18 9 35.53+4.37
DU 13.9 12 42 21 25 40.88+5.15
VM 14.3 12 42 24 22 39.43%+4.23
NO 13.3 13 38 20 29 35.39+3.61
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Fig 7. Diagram showing the particle size distribution of paste opaque porcelains.
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Table 4. Results of viscosity(cP) test

Greup 0.38 sec™ 0.77 sec™ 1.15 sec™ 1.54sec™ 1.92 sec™
EX 78736 54131 48692 41958 35949
DU 355866 238021 189933 120823 81740
VM 90132 50505 31252 22533 17922
NO 119140 109557 89959 56332 46412
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Fig 10. SEM photograph of the interface between metal and opaque porcelains after firing.
(@EX, (b)DU, (c)VM, (d)NO, M(metal), O(opaque), indicates the porosity in opaque porcelain.
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Table 5. Mean of L* a* b* data of paste opaque porcelains

Greup L* a* "
EX 86.89+0.63 -2.55+0.11 6.69+0.77
DU 76.71+0.41 2.75%x0.44 22.45+0.52
VM 82.72+t0.15 4.50=x0.07 15.31£0.24
NO 76.76x£0.12 5.20+0.21 16.07+0.39
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