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## 5172430523 : MAJOR CERAMIC TECHNOLOGY
KEYWORDS : DENTAL CORE / SILICON NITRIDE / CERAMIC CROWN VENEERING
MATERIALS / BOROSILICATE GLASS

RAAYAA WANANURUKSAWONG : PREPARATION AND
CHARACTERIZATION OF SILICON NITRIDE CERAMICS FOR DENTAL
MATERIALS. THESIS ADVISOR : ASST. PROF. THANAKORN
WASANAPIARNPONG, Ph.D., THESIS CO-ADVISOR : PAVINEE

PADIPATVUTHIKUL, Ph.D., 85 pp.

Silicon nitride ceramic is an excellent material that has high strength, hardness, toughness,
and bio-inertness. These properties are interested to apply for dental core material preparation. In
this research, white silicon nitride ceramic was prepared from a mixture of alpha silicon nitride 89 %
wt with sintering aid at a weight ratio of silica : magnesia : yttria as 3:3:5, respectively. The mixture
was ball milled for 24 h using ethanol as a medium and added 1 %wt of polyvinyl butyral as a
binder. After drying, the mixed powder was formed by hydraulic pressing and binder burnout at 600 °C
in air. Specimens were pre-sintered at 1450 "C for 2 h in nitrogen atmosphere for the suitable
hardness before machining to be an artificial dental core shape. The specimens were then sintered
again at 1650 °C for 2 h in nitrogen atmosphere. Firing shrinkage was 19.9% which closed to a
popular commercial zirconia block for dental materials. The sintered silicon nitride specimens
represented the synthetic dental core were paintbrush coated by a veneer paste composed of
borosilicate glass powder (<150 micrometer, Pyrex) with 5 %wt of zirconia powder (3 %wt Y,0, -
partial stabilized zirconia) and 30 %wt of polyvinyl alcohol (5 %wt solution). After coating the
veneer on the silicon nitride specimens, the firing was performed in electric tube furnace between
1000-1200 °C. The specimens fired at 1100 °C for 15 min consisting small amount of cristobalite
which is the effect of zirconia addition. The veneered specimens show good bonding, smooth and
glossy without defect and crazing. The veneer has thermal expansion coefficient as 3.98x10° 0C'l,

rather white and semi opaque, the Vickers hardness as 4.0 GPa which is closely to the human teeth.

Department : Materials Science Student’s Signature
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Crystal form
Property
O - Si,)N, B - si,N, ¢-Si,N,
Space group P6./m No. 176 P31c No. 159 Fd3m No. 227
hexagonal hexagonal isometric
Lattice parameter
a (nm) 0.7604 0.7765 0.7741
¢ (nm) 0.2907 0.5622
PDF Number 33-1160 74 - 0554 51-1334
Density (g/cm3) 3.200 3.174 3.750 - 3.930
Hardness (GPa) (100) plane : 21.0 (110) plane : 22.5 20-43
(001) plane : 13.3 (001) plane : 22.0 HV 0.001

HV 0.025

HV 0.300
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1. UM3INUANUS0UFI (Thermal resistance)
- glow plugs
- swirl chambers
- turbocharger rotors
- exhaust valves
- valve spring retainers
- bucket tappet
2. MUMINUNIUADMITNNTOULAZAANTOU (Wear and abrasive resistance)
- roller
- ball bearings
- oil drilling
- vacuum pumps
- sterilizable and unlubricated dental drills
3. MUMITNUMUADMNTUANHN (Toughness)
- cutting tool
4. Srumsnumudemainfaeunasgamgi TeeRsundunazaimdusefigungh
99 (Thermal shock resistance and strength at high temperature)

- kiln furniture
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Thermal expansion Weight content (oxygen

Material Manufacturer coefficient (ppm/°C) was a balance)
_%_; White Cercon base Degudent GmbH, 10.5 Zirconium 52% to 59%; oxygen 26% to 34%;
8 Yellow Cercon base Hanau-Wolfgang, Germany 105 yitrium 5% to 7%; hafnium 3% to 5%,
g White Lava 3M ESPE, AG, Germany 10.0 trace elements alumina, silica, and
%‘ Yellow Lava 10.0 sodium 0.8% to 1.63%; coloring
3 Procera zirconia Nobel Biocare AB, Goteborg, 10.4 pigments for shaded frameworks:
5 Sweden iron 0.2% to 1.6%, magnesium 0.2% to 0.4%,
@ traces of erbium 66, cerium, and
§ praseodymium
&

Nobel Rondo zirconia Nobel Biocare AB, Goteborg, 93 Fine-grained homogeneous
8 dentine Sweden feldspathic porcelain for
g layering technigue
3 Nobel Rondo zirconia Nobel Biocare AB, Goteborg, 93 Fine-grained homogeneous feldspathic
g base liner Sweden porcelain
§ Cercon Ceram Express Degudent GmbH, 105 Glass ceramic for pressing technique

Cercon Ceram Express Hanau-Wolfgang, Germany 105 Feldspathic porcelain
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*Total of 47 volunteers : 8 males (mean age = 29.5), 39 females (mean age = 29.0) older than 19-year-old
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M3197 4.3 AsBaIMIz sz Iaanaunuuag Jaqnas UAINH UM B Qungl

A9
Tensile Bending Strength Mode
Firing Temperature (°C)
(MPa)
1000 0.6 Interfacial
1025 1.1 Interfacial
1050 1.6 Interfacial
1075 2.1 Interfacial
1100 - -
1125 1.3 Cohesive
1150 - -
1175 1.4 Cohesive
1200 - -
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. (36) Y o = 1 = 1 1%
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TAAAADUAITHAN Tﬂa‘vhmiwﬂﬁauﬁ’aauiaﬁﬁxﬁugamﬂ (Microtensile bond strength)
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IPS

Cercon® PSEmpress Eris Empress 2 Vita
Core 339.5 (58.7) 124.3 (38.3)* 124.3 (38.3)* 68.4 (6.0)
Veneer 28.7 (4.7)%® 27.0 (12.5)® 24.2 (3.4) 31.0 (4.5)

Core/Veneer 29.1 (13.7)%¢ 4.6 (9.1)F 37.2 (10.8)°¢ 32.2(7.8)P
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FeCl, FeCl, TiO,
0.5 wt% 0.5 wt% 0.5 wt%

1 wt% 1 wt% 1 wt%

2 wt% 2 wt% 2 wt%

3 wt% 3 wt% 3 wt%
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FeCl, FeCl, TiO,

0.5 wt% 0.5 wt% 0.5 wt%

1 wt% 1 wt% 1 wt%

2 wt% 2 wt% 2 wt%
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Veneered samples with filler (Y%owt) L a b

FeCl, 82.74 -5.18 8.10

0.5 FeCl, 85.47 -6.16 7.74
TiO, 82.01 -4.94 8.25

FeCl, 83.35 -5.23 7.77

1 FeCl, 85.65 -6.13 9.35
TiO, 80.66 -4.61 11.35

FeCl, 79.38 -5.17 10.84

2 FeCl, 80.16 -6.06 12.76
TiO, 69.32 -4.68 12.59

FeCl, 74.67 -4.77 13.04

3 FeCl, 76.42 -5.19 12.44
TiO, 74.93 -5.37 13.64
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MANHIN A

1. lelaezunsuvesszuy Sio,-B,0, (No. 00515)

1600

1200

T."C

300

B.O; +Llg. |

=
[
=
o
(=]
(=]
=

80

2. wla'laozunsuveeszul Na,0-8i0,-B,0, (No. 02444)

100
Bs

79



NMANHIN 3

ueae JCPDS masguilfufFouiion

1. Cristobalite JCPDS No. 77-1315

Partern: 01-077-1315 Radiation = 1.540598

SiO2

Silicon Oxide
Cristobalite low, syn

Lattice : Tetragonal Mol. weight=80.08
S.6.: PH1212 (92) Volume [CD] = 169.231

a= 485700 Dx= 2357

c= 689030
Z= 4 Ifeor= 4.91

ICSD collection code: 047219

Temperature factor: ATF

Remarks from ICSD/CSD: REM  TEM 10,

Additional pattern: See POF 38-1425 and PDF 82-1556.
Data collection flag: Mon ambient temperature.

Fluth, J.J., Smith, J.\., Faber, J., J. Appl. Phys., volume 57, page 1045 (1985)
Calculated from |CSD using POWD-12++ (1997)

Radiation : CuKa1 Filter: Not specified
Lambda : 1.54060 d-sp : Calculated spacings
SS/FOM : F30=1000(0.0001,30)
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2. Quartz JCPDS No. 80-2147

Pattern : 01-080-2147

Radiation = 1.540598

o-Si0Oz
Silicon Cxide

Cuartz

Lattice : Hexagonal
S.G.: P3221 (154)

a= 515390

c= 579810
Z= 3

Mol. weight= 60,08
Volume [CD]= 133.38
Dx= 2244
Dm= 2660

WMeor= 288

ICSD collection code: 070006

Hyp Structure th tically
Test from ICSD: No R value given,

Test from ICSD: Al least one TF missing.

Remarks from ICSD/CSD: REM  PRE Mentioned.
Additional pattern: See POF 46-1045 and PDF 5.-490.
Test from ICSD: Calc. density unusual but tolerable.
Data collection flag: Ambient.

Chelikowsky, J.R., Troullier, M., Martins, J.L_, King, Jr.. H.E., Phys. Rev, B: Condens. Matter, volume 44,

page 489 (1991)
Calculated from ICSD using POWD-12++ (1987)

Radiation : Cukal
Lambda : 1.54060
SS/FOM : F30=1000(0.0001,31)

Filter: Mot specified
d-sp : Calculated spacings
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3. Tetragonal Zirconium Oxide JCPDS No. 50-1089

Pattern : 00-050-1088

Radiation = 1.540598

Zr0;

Zirconium Oxide

Lartice : Tetragonal
5.G.: P42ihmc (137)

Mol. weight= 12322
Volume [CD] = 66.71

a= 3.58840

c= 515200

Dx= 6.134

General comments: t-Phase.

Sample preparation: An ammonia solution was added to a solution of Zr O CI2 to form a gel. The partially
dried gel was slowly heated to 600 C under nitrogen, then guenched to room temperature.

| phase is stable between 1170 C and 2370 C.

General comments: Paﬂe:n taken on metastable phase at room temperature.

Additional pattern: See ICSD 85322 (PDF 88-1007).
Data collection flag: Ambient.

Malek, J., Benes, L., Mitsuhashi, T., Powder Diffraction, volume 12, page 96 (1957)

Radiation : CuKa1l
Lambda : 1.54051
SS/FOM : F18=55(0.0136,24)

Filter : Beta
d-sp ; Diffractometer
Si
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4. Monoclinic Zirconium Oxide JCPDS No. 37-1484

83

Pattern : 00-037-1484

Zr0;

Zirconium Oxide
Also called: zirconium dicxide, Baddeleyite, syn, zirkite, zirconia

Lattice : Monoclinic Mol. weight= 12322
5.6.: P2 (14) Volume [CD] = 140.70
a= 531290 Dx= 5817
b= 521250 beta= 9922
c= 514710
ab= 1.01926 2= 4 Meor= 2.60
c/b = 098745
ple source or fy: Sample was obtained from Titanium Alloy Manufacturing Co. (1990) and was

heated to 1300° for 48 hours.

Analysis: Spectrographic analysis showed that this sample contained less than 0.01% each of Al, Hf and

Mg and between 0.1 and 0.01% each of Fe, Si and Ti.
The of Zr O2 (bac ite) was

confirmed by Smith and Newkirk (2).

Polymorphism: There are a number of polymorphic forms of Zr O2 stable at different temperatures and

pressures

i by McCullough and Trueblood (1) and

of data collection: The mean temperature of the data collection was 25.5°,

kdd]ﬁonalpa!mm To replace 13-307 and 36-420 and validated by calculated pattern 24-1165.
: Pattern d by Holzer, J., McCarthy, G., Morth Dakota State Univ., Fargo,

Morth Dakota, USA, 1C0D Grant-in-Aid (1990). Agrees well with expenmental and calculated patterns.
Additional weak reflections [indicated by brackets] were observed.
Color: Colorless
Additional pattern: See ICSD 18190 (PDF 72-1669); 15983 (PDF 72-597); 26488 (PDF 74-815); See
ICSD 80903 (PDF 78-50).
Data colfection ffag: Ambient.

McMurdie, H., Morris, M., Evans, E., Paretzkin, B., Wong-Ng, W., Hubbard, C., Powder Diffraction, volume
1, page 275 (1986)

CAS Number: 1314-23-4

Radiation : CuKa1
Lambda : 154060
SS/FOM : F30=111{(0.0073,37)

Filter : Menochromator crystal
d-sp : Diffractometer
Internal standard : Ag FFP

Radiation = 1.540558
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5. Zircon JCPDS No. 83-1374

84

Pattern : 01-083-1374

Radiation = 1.540598

ZrSiOs

Zirconium Silicate
Zircon

Lattice : Body-centered tetragonal
S.G.: I4t/amd (141)
a= 660420

c= 597960

Mol. weight=183.20
Volume [CD] = 260.80

Dx = 4668
Dm= 4600
lcor= 5.02

ICSD collection code: 100239

General comments: Cell after pressure release (48 kbar): 6.6027(9), 5.9776(5), compr. coeff.: a: 0.00106

(2), ¢= 0.00057(2)kbar.
from ICSD/CSD: REM  PRE Mentioned

Additional pattern: See PDF 76-865, 80-1807, ao-1éoa. 80-1809,81-568 and 6-266.

Bond distance: Mean T-O: 1.623.
Test from ICSD: Calc. density unusual but tolerable.
Data collection flag: Ambient.

Hazen, R.M., Finger, LW., Am. Mineral., volume 64, page 196 (1979)

Calculated from |CSD using POWD-12++ (1997)

Radiation : Cuka1
Lambda : 1.54060
SS/FOM : F29=201(0.0044,33)

Filter: Mot specified
d-sp : Calculated spacings
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