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Abstract

In recent years, biomedical materials and medinatrument
industry has been considered a future key induatrg thus
receiving a special focus with the Taiwan governimemding

program “Two Trillion& Twin star”. There arseveral efforts to
support and promote Taiwan's biotechnology sectdhe

government declared the medical equipment and aake
material sector a primary focus for future industmpport. Taiwan
iIs most proud of its four traditional main industrglds; namely
semiconductor, TFT-LCD, LED and solar sector, theg¢ now
facing serious challenges. So innovation, reseatahd

development and improvement of new fields are ‘damaintain

the existing strength and enhance product comyetiéss of
Taiwan’s industry.

In general, biomaterials are divided into four gatges: metals,
ceramics, polymers and composite materials. Cutvearhedical
metallic materials are mostly used in surgical rinsients,
orthopedic external fixation devices and medicaligeent. For
ceramic materials dental fillings and implantechoptedic devices
are the main application.

Most countries are now facing a shift in population pyramid
towards higher number of older people. In highly developed
countries, such as Japan the elderly population is the fastest growing
share. In 2030, the proportion of elderly population will exceed 30%.
Developing countries, such as Russia, also have a very high
percentage of elderly population. The growth rate of China’s, Brazil’s
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or Mexico's elderly population is almost exponentially.

Recently, due to the global economic progress and industrial
development, the quality of medical care is substantially improved,
increasing the overall life expectancy. Thus, the demand for dental
prosthetic materials is also increasing.

A survey conducted by the National Health Council revealed, that
for persons older than 12 yeras the average number of missing teeth
is up to 5.6. For people over 65 years old, this number increases to an
average of 14.8 teeth. As a whole, damage to teeth by aging and
teeth loss creates an increased demand for dental restorations.

The world market of dental supplies is in the raofy&5 billion
USD p.a.Since 2000, Taiwan's dental medical material ingare
responsible for a substantial amount of growthngdort value.

In 2009 imports equal 28 billion NTD. For nearlgecade now
the annual compound growth rate is 13.5%. Thereftwoad health and
dental prostheses is a very important field thatdseo be faced.

Zirconia (ZrO2)ceramics are bio-inert materials with the
following characteristics:
* Bio —compatibility

e Corrosion resistance

Electrical insulation

Wear resistance

Thermal stability

High modulus of elasticity with low density

Because oits excellent mechanical propertiasdunmatched
aesthetic outcomearconia isthe most suitabldentalceramic
material.

Over the past 10 years, CAD / CAM technology hanhesed to
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produce Zirconia ceramic crowns and bridges, wheove been
widely used in clinical practice with very satisfaiy outcomes. With
the dental implant technology maturing and peojiMalsy standards
and aesthetic requirements continuing to increhsee will be higher
requirements and standards for implant materiatsodia material
with its excellent properties will be the first ¢b@ To restore
maximum functionality and best aesthetics has beceammodern
dental prosthetics goal. Maxillary dental prostisedee to their high
visibility and impact on the face perception, oftailed the "aesthetic
zone", demand not only well-functioning implantsdentures, but
also require high standards in terms of color agardgnalized style.

Current Zirconia abutment sintering technology amanufacture
processing has not yet fully matured. Domesticichhdemand of
Zirconia abutment is mainly satisfied with impoatsd thus dominated
by foreign ceramic manufacturers leading to a highkt level. This
undoubtedly hindered the widespread clinical usalb€eramic. To
solve the above problems, this study was to adapardese and
Chinese raw material nano-Zirconia powder applyoaid isostatic
pressing CIP) and ceramic injection molding (CIM) procesideed
by sintering. The scope of this work is to optimite processing
parameters to manufacture Zirconia abutment byrohteng the
mechanical, physical and micro-structural propsrtiellowing the
standards given in ISO6872 and 1SO13356, respégtive

Key words : Bio-ceramic, Zirconia (ZrO2), Ceranabutment,
Cold Isostatic Pressing (CIP), Ceramic Injection
Molding (CIM)
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T £,V Ceramic Abutment 'filjurp? it

2.2.1 “3M ESPE” Vi, F'q‘?ﬁ'Z-8°

2.2.2 "BioHorizons” DR, bR 2-9 -

2.2.3 "Zimmer Dental” LR, bR 2-10 -
2.2.4 "Dentsply Friadent” [/, Eiﬁ%ﬂ 2-11-
2.2.5 "Nobel Biocare” LR, bR 2-12
2.2.6  “BIOMET 3i” Vi, Fiq‘%ﬂ 2-13 -
2.2.7 “Straumann” DR, bR 2-14 -
2.2.8 “Bego” Vi, Eiﬁ%ﬂ 2-15-
2.2.9 "Ziterion” YR, bR 2-16 -
2.2.10 “Dentsply Implants™ /T, Eiﬁ%ﬂ 2-17 -

10



2.2.11 “Camlog” VR Eiq%ﬁ' 2-18 °
2.2.12 "Z-systems” Vs, BUR2-19 -
2.2.13 “CeraRoot” Vs, LR 2-20
2.2.14 “Bredent Medical” [/, Eiq%ﬁ' 2-21

3M ESPE

Website http://solutions.3m.com/wps/portal/3M/en_US/3M-ESP
E-NA/

Country USA

Trade Name Lava™ Zirconia

.

Abutment System

Zirconia with Ti seating ring/post

Connection with
implant

&

Internal screw

Ceramic Material

Y-PSZ

Color

whitish

Comments

Standardized abutments

“3M ESPE” V{ij A

il 2-8.

BioHorizons

-

Website http://www.biohorizons.com/laserlok-abutments.aspx
Country USA
Trade Name Laser-Lok®
Abutment System All Zirconia/Zirconia with Ti
seating ring T

Connection with
implant

Internal screw

{!—
7]

Ceramic Material Y-PSZ
Color whitish
Comments Standardized abutments

BioHorizons™ V[ /7

i 2-9.

11



Zimmer Dental

era

Website | http://www.zimmerdental.com/eblast/may07contourc
micabut2.htm

Country USA

Trade Name Zimmer® Contour

Abutment System

Connection with
implant

Zirconia with Ti seating ring ’
Internal screw —

(

Ceramic Material Y-PSZ
Color whitish
Comments Standardized abutments

q.%.‘y'Z-IO. Zimmer Dental” M/

Dentsply Friadent

Friadent Cercon®

Abutment System

All Zirconia

Connection with
implant

Internal screw

Ceramic Material

Y-PSZ

Color

whitish, dentin

Comments

Standardized abutments

Website | http://www.dentsply-friadent.com/692.htm |
Country Germany |
Trade Name Cercon® Balance,

qa‘y'Z-ll. “Dentsply Friadent” Vst



Nobel Biocare

Zirconia

Abutment System

“MZ” = Metal in Zirconia

Connection with
implant

Internal screw

Ceramic Material

A
-
@1

Y-PSZ

Color

white, light, medium, intense

Comments

Standardized and
individualized CAD/CAM
abutments

ﬁ%‘.‘y'Z-lZ. “Nobel Biocare” [/t

Website http://www.nobelbiocare.com/en/products-solutiobs/a
utments/final-individualized-abutments/default.aspx

Country USA/Sweden

Trade Name NobelProcera Abutment

BIOMET 3i

D7

Website http://biomet3i.com/Index.cfim?Pageld=619381328
1&CFID=15918368&CFTOKEN=98830259

Country USA

Trade Name ZiReal®

Abutment System

Ti seating post

Connection with
implant

Internal screw

Ceramic Material Y-PSZ

Color white

Comments Standardized abutments L
ﬁEﬁIZ-13 . “ BIOMET 3i~ ;'fE%Tﬁ
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Straumann

Website http://www.straumann.ca/ca-index/products/prodacts-
rown-bridge-prosthetics/products-rn-wn-synocta.htm

Country Switzerland

Trade Name RN synOcta® custom abutments

Abutment System Ti seating post

Connection with Internal screw ‘

implant

Ceramic Material Y-PSZ

Color white

Comments Individualized CAD/CAM
abutments

[fi! 2-14. “Straumann” V@i

Bego

Website http://www.bego-implantology.com/de/produkte/cadca
m-loesungen/

Country Germany

Trade Name BeCe®CAD Zirkon XH !

Abutment System Ti seating post

Connection with Internal screw 7

implant '

Ceramic Material Y-PSz

Color Five colors available

Comments Individualized CAD/CAM & ¢ )\}
abutments W

ﬁ%‘.‘y'Z-lS. “Bego” M/



Ziterion - belongs now to Dentsply

Friadent
Website http://www.ziterion.com/
Country Germany
Trade Name Zit-vario Z
Abutment System All Zirconia
Connection with Interlocking connection
implant
Ceramic Material HIP Y-PSZ
Color White
Comments Only system without internal screw

B'2-16. “Ziterion” Jfiyft

Dentsply | mplants

Website http://www.dentsplyimplants.com/Digital-solutions&D
cover-ATLANTIS/Introduction
Country USA
Trade Name Atlantis ™, ZirDesign™
Abutment System All Zirconia
Connection with Internal screw
implant j
Ceramic Material Y-PSz ’ W
Color White, four different shades
Comments Atlantis™ is an individualized
CAD/CAM and ZirDesign™ a
standardized abutment

ﬁ%ﬂ'2-17. “Dentsply Implants” Vs

15



Website http://www.camlogus.com/professionals/products/cera
mic_abutment.php

Country USA

Trade Name Camlog®

Abutment System Ti base (Tube in Tube®)

Connection with Screw retained

implant -

Ceramic Material Y-PSZ -E

Color white

Comments Standardized abutments

lﬁ' 2-18.  “Camlog” V{#y /i

Website http://www.z-systems.biz/de/ceramic-implants/praduk
e.html

Country Switzerland

Trade Name Z-look3 evo, Z-look3 evo rapide

Abutment System One piece system

Connection with -

implant

Ceramic Material HIP Y-PSZ

Color white

Comments Implants with different shaped
abutment

f12-19.  "Z-systems” i/

16



Website http://www.ceraroot.com/products/
Country Spain

Trade Name CeraRoot 11 (12, 14, 16, 21)
Abutment System One piece system

Connection with -

implant

Ceramic Material HIP Y-PSZ

Color White, Al

Comments Five different implant types

[fi12-20. “CeraRoot” JV{/fi

Bredent M edical

Website http://www.bredent-medical.co/en/medical/produc
nformation-v2/20007/

Country Germany

Trade Name whiteSky

Abutment System

One piece system

Connection with

implant

Ceramic Material HIP Y-PSZ (?) S
Color White

Comments -

ﬁ%ﬁ'Z-Zl. “Bredent Medical” /i
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2.3 I R R RdAbutment V7ERH
2.3 AP R IR

PR R

Implant Cervical — HEEPFISFTATEH

AT AT T

e

SIS SRS e

Al 2-22. APIRPRRERT RIRT
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2.3.2 AR LI
AR

Straumann Astra

e

Biomat / 3i Zimmer |

65 )

p
H
Xl !
& ﬁs : 'ﬂ =
H ! ]
. :
%
#% LV
r
5| 250 | wemma | VEEE | musm | awvim
# | B

5725375
% 5879161
# | 6626991 5084680 | 5449,291
® | 6733201 | #984570 i 6217331 4,960,381
& | 6447295 6287116

6394809

B 2-23. AR AR

2.3.3 Platform Switching

Platform Switching

——
1-2mm bone loss if no Bone remodel_linqwilh
platform switching used platform switching

[ﬁ[2-24. Platform Switching
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2.3.4 Abutment FEX

Abutment7E%

=
=

Healing Rigid Transfer Angled Cast-on
abutment abutment abutment abutment abutment

uumq‘-
E ety

[fif 2-25. Abutmenteii

2.4 Ceramic EIHHESY ] (C.L.P)V R/

C.1.P( Cold Isostatic Press) » ~BLAIEL rubber press }Iﬁj’ﬁrﬂ#éﬁ
Koo R I AGR LS o R AR (DL 2-26) » FIIRIR
B<]UR = 400 Mpa fio7f gzt,l PESERS T > *'Fk‘%gﬁ lgm*;ygﬂfi S ) o
S{[OHS] A ] Rl P9 < FP S ] s R
1~ FlHHpvE ffi'%f@ﬁq =N eSS Jjﬁm‘ =3 ri%ﬁiﬁﬂ A Hﬁilﬁl Fﬁly‘ﬁ'

B o P JJ%‘EF&H 5 R
2~ %rﬁuﬁ%;&ﬁ“ IR Pt r i U T

fiE SRS R @FF#I ;
4 %rg 19 2k R P st T B O (S o

PRI P 2[R 2 A TR ur%fﬁl;[—gﬁl U PRFE'F[ vy B N }Eﬁq?’
LR EISRFVSEEIIAV R IE - 8 D BRI N A
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REH=1/.L28Y

Huliboer immolad

Eoah S
Powdered imaterials
A LBYS,— L,
=calings tape lor
rabber mnold

.z
@2

=

[fi 2-26. FIHESSE](C.L.P) PSR

2.5 Ceramic K& EIFF S E] (C.LMDV RS
FHENS BIPS BRI = o S f % R AN > )
R U SRR AR TR ﬁwlﬁww iy f'#mzt
FFASRT T E R PR ] POt S babyplast
(bLiE2-29) - HE ™ VIR
® IR AR PO CRERT R A
BN (AR DAS 0.1 o) POl i » Ty ek
FUGFL T T BRI R Y T AR
S*E"*F“ff‘iflﬁsﬁl ENE = Ji [ﬂiﬁl =8 10mm) i
HE NG Al R BT (BTSN
Li TR 10 1) (o RS 1 25mm 5 Al
F B A ke T R
AR R TR TR
ﬁlf’\ﬁ” J:‘rgf”f&gfﬁa[ EI E ;fyfwjp‘&% IF bl ﬁ;{a[p@f“ »;wmj
”h%} SRR R “E:F PLA PRIV (=5 E]
F'*‘“H?ﬁfmﬁi i RV AR (BUR2-27) > B[
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R R [ ] {HESEPRORISI TR | e N Rl TR
Bl N FEERORALEPITTR) pORUE R 1%

S 5 R PARTIOTERE - SRR - SR
RER B £ & S e » S R e o & s g

PRI SR et - b IR [ R e [l e
BES

AR R FORI PO (R » A 100-150 fu

HUETRD)

A G B 3-5 5 6
PR U
PRI ( Eiﬁ%‘.' 2-26)

\
‘ Plastification Piston ‘

Heating Zones

Metal Balls

q‘%ﬂl 2-27. heating Zone

22



BABYPLAST #A

i 2-28. RS
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Babyplast

890

1100

960

All dimensions are in mm.

qia‘\' 2-29. 7 babyplast”

W S
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2.6 NE[FRZAAPRATRI RS IR (IS0 13356)&77 E[FZILET i (10
6872) A TEA
2.6.1 JHRIFRZAERATRFIE T (IS0 13356) VAREEE > JlA 2-1

A 2-1. WEIFEZAAPEAPRESFH T (10 13356)

Table 1 — Limits for material propertles

Property Unit Requirement Test method according to
subclause
Bulk density gicm? = 6,00 4.1
Chemical composition:
Zr0s + HfO + Y204 =990
Y204 ) >45t0<6,0
percent mass fraction 42
HfO, =5
A|203 =05
Other oxides = 0,5
Microstructure: "
grain size pm Intercept distance < 0,4 4.3
Microstructure: N Standard deviation < 0,18
amount of monoclinic 437
phase = 20 %
Strength =
biaxial flexure or MPa z ggg jg
4-point bending :
Cyclic fatigue limit stress at MPa - 390 46
10% cycles )
Radioactivity Bg/kg < 200 4.7
Accelerated aging:
maximum amount of
monoclinic phase =25%
after accelerated
aging 4.8
residual biaxial flexure = 500 MPa, and decrease
strength not more than 20 %
residual 4-point = 800 MPa, and decrease
bending strength not more than 20 %
= Measured on a minimum of 10 samples.
b The radioactivity, defined as the sum of the mass activity of 228U, 226Ra, 232Th and detemnined by gamma spectroscopy on the
ready-to-use powder, should be equal or less than 200 Bg/kg. This value will be reviewed at the next revision of this International
Standard and will be based upon the radioactivity data from implant ceramic manufacturers.
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2.6.2 Fﬂf‘%’%'[‘%@?ﬁifﬁl(lm 6872) VRYER » LA 2-2&2-3

*2-2. 7 RIBZIEEEE i (1S0 6872) 0 ek

Table 1 — Classification of ceramics for fixed prostheses by intended clinical use

Mechanical and chemical properties
e e Flexural strength Chemical solubility
Class Recommended clinical indications minimum (mean) fiaslificat
MPa pgom2
a) Aesthetic ceramic for coverage of a metal
or a ceramic substructure.
1 _ 50 100
b) Aesthetic-ceramic: single-unit anterior
prostheses, veneers, inlays, or onlays.
a) Aesthetic-ceramic: adhesively cemented,
single-unit, anterior or posterior 100 a) 100
. prostheses.
b)  Adhesively cemented, substructure
ceramic for single-unit anterior or 100 by 2 000
posterior prostheses,
3 Aesthetic-ceramic: non-adhesively cemented, 300 100
single-unit, anterior or posterior prostheses.
a) Substructure ceramic for non-adhesively
cemented, single-unit, anterior or
posterior prostheses.
4 300 2 000
bj)  Substructure ceramic for three-unit
prostheses not involving molar
restoration.
Substructure ceramic for three-unit prostheses
b involving molar restoration. 500 <000
Substructure ceramic for prostheses involving
6 four or more units. il ey
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#2023, T RIFEZIERT (] (1S0 6872) itk
Table A.1 — Classification of ceramics for fixed prostheses by intended clinical use, with
recommended fracture toughness values

Fracture toughness
Class Recommended clinical indications
MPa+/m (minimum)

a) Aesthetic ceramic for coverage of a metal or a
ceramic substructure.

b) Aesthetic-ceramic: single-unit anterior
prostheses, veneers, inlays or onlays.

a) Aesthetic ceramic: adhesively cemented,
single-unit, anterior or posterior prostheses.

b) Adhesively cemented, substructure ceramic for
single-unit anterior or posterior prostheses.

Aesthetic ceramic: non-adhesively cemented, single-

3 unit, anterior or posterior prostheses. 20
a) Substructure ceramic for non-adhesively
cemented, single-unit, anterior or posterior
4 prostheses. 3.0
b)  Substructure ceramic for three-unit prostheses
not involving molar restoration.
5 Substructure ceramic for three-unit prostheses 35
involving molar restoration. X
6 Substructure ceramic for prostheses involving four 50

or mare units,

27



o

jJ_: fFTI /l

ez

AFFIARD 1A ALY Y203-2102@TZ-3YSB-EGEATED) 5
@TZ-3Y- E(%iﬁ#%w O 1 Y203-Zr02-IN-1 (4 3EhHg ) « 1 Ry
%‘E‘j f' %1’?@ A & Y203-7r02 HEEE E = 'J =5 };rlﬂ; GER LT B

YRR

R

(1)57@%%9?1@ LP)yHz RM A" T2-3YSB-E™ » AT R
Py B~ SR  BEHEE B REET SEM T T [ 1S0 6872
&1S013356" LV Ha{=1E 5347 > JifS il el £ Zr02 Abutment PV 75
sy BI(C. 1P Sl i
() FESFH AR (C. 1. M)]ﬁ—?”' 430 Y203-7r02-TZ-3Y-E =l 18
7 Y203-Zr02-IN- 1 F[M]©59%6+95% @10%+90% @100% - "/iﬁvl
o Ff I OFFZ0HGR @FfiA K] @M‘ﬂﬁ’%p ORIy OFGHE"
el > s FepTT SEMT % [ 1SO 6872 & IS0 13356 J#(™ [fk
JIFT o S rﬁﬁlzl Zr02 Abutment " [ VHEHFHI(C. I M) V'QJ T3

B

PRE
PHE]
PHE]

| T e T e T e T e B e T e B e T e R e R | —
. . -

M 5
MASE]
MR
MAE]
MAE]

RS (IR
.PwﬂV@@,#@gﬁ@y%ﬁ?%
.%tyﬁ%i

P g xfﬁ}r%{
.Pwm’wy@wﬁwﬁﬁ@w%%o

ShOEEVE Bl SAE fURY 2 -
?@@ﬁ@ﬂﬁuﬁi $@ﬂW¢3w%§
?ﬁ@ﬁ%ﬁ%@ﬁ%@ﬁ@u

FIEdRURL” FHBROR]” J/ﬁ%‘#éﬁj?ﬁiéﬂ&ﬁf’ﬁm'ﬁ °
LR wgqﬂﬁf[ﬁlﬁk .
IR RE

TR 2HAET

R S

PHE] & C.1.M E%fgja?nr“ﬁ:ﬁj/%ﬁ%z FHEE -

PR & C.T.MWBELLY SEM AT

[.PAE] & C.IMAE] [#1S0 6872& IS0 13356 IV #1{=1% 5547 o

28



3.1 Y203-Zr02 B TRlZH

3.1.1 F'45]Y203-72r02 > Grade: TZ-3YSB-E
AR DR 3-1

3.1.2 FI'45]{Y203-72r02 > Grade: TZ-3Y-E
o pts o A 3-2

3.1.3 fl¥E] Y203-Zr02 > Grade: HN-1
o pts o A 3-3
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Certificate of Analysis
Commodity : Y203-ZrO2
Grade : TZ-3YSB-E

#3-1. P14 5] Y203-Zr02 > Grade: TZ-3YSB-E sk #5

Unit Specification Result of Analysis

Zr(HHo2 % [ >94 9472
Y203 % J495<=~<=535]530
Al203 % 015 <=~ <=035[0247
Si02 %o 1< 002 0002
Fe203 % < 001 0.002
NaZO % 1< 004 0.014
Ig-loss % J27<=~<=39 (343
Crystallite Size A ; 370
D50(Before spray-dryinglum <004 003
BET Surface Area m*/g (722 8
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Certificate of Analysis
Commodity : Y203-ZrO2
Grade : TZ-3Y-E

% 3-2. 14 8] Y203-Zr02 » Grade: TZ-3Y-E # lﬁﬁ 53

Unit Specification Result of Analysis

Zr(HHO?2 % >90 9.1

Y203 wi% A< =~< =535 (536

A203 wt% 1015<=~<=035 |028

Si02 wt% <002 < 0.002

Fe203 wt% (< 001 < 0.002

Tg-loss wit%h 3T7<=~< =43 383

D50(Before spray-drying) fum <004 0.03

BET Surface Area m?/g 1613 18
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Certificate

Commodity : Y203-ZrO2

Grade : HN-1

of Analysis

% 3-3. [l Y203-Zr02 » Grade: HN-1 # st ks

Item Unit Specification Result of Analysis
Zi(HHO?2 % ([>94 943

Y203 % D53+/-02 54

Al203 % - [0.2520.05 027

Si02 % 11<0.02 0.005

Fe203 % :1=0.002 0002

Na20 % 1 1=0.005 0.005

Ti02 % 1 1=0002 0002

D50(Before spray-drying) [um 01-02 01

BET Surface Area m*/g 2 114-18 16
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3.2 BRI BRI
3.2.1 SIS EH 0 (C.T.P R E])
3.2.1.1 PHZETES(C. 1.P)RS BV s~ s ﬁé&/xg\ﬁi

T SETEEC LPY R [ 55 EL O RS @ pUES OFIE EJV (TR
H g
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FURSEA R 5 B = (WP - SRR RS
OOE LTt N 1 A R E T E S U= L A
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T
HUESHARY = (TR 12 R L ) 2
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2~ B
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FURTEI A
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#3-4. C.1.P #[[FEYI5L (200MPa)

Step F| [ B % (Mpa) E%'j‘ £ (Sec) E{é%ﬁ%’j t1l(Sec)
1 0 —100 30 30
2 100 keep 10 40
3 100 = 0 15 55
4 0 keep 10 65
5 0 — 200 40 105
6 200 keep. | 10 115
7 200 > 0 Tommg, \ISYE\ 145
8 0 keep 10 155

C.LP ] [ B350 (200MPa)

250

200

i (l\;&’a)

HG

)
=
s

HI

wn
o

55 65 105 115 145 155
E\ﬂj’ 1 (Sec)

i 3-1. C.1.P | [#HIl55( 200MPa)
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#3-5. C.1.P #[[FEYI5L (250MPa)

Step +| [ I8 (Mpa) [Hfil(Sec) E{é;;fﬁﬁijéFJ(Sec)
1 0 — 100 30 30
2 100 keep 10 40
3 100 — O 15 55
4 0 keep 10 65
5 0 — 250 50 115
6 250 keep 45 160
7 250 - 0 100 260
8 0 keep 10 270

C.LP # Bl (250MPa)

300

250

ﬁOO

G
wn
o

— FIF

00

50

0 30 40 65 115 160 260 270

55
IEBJ: [t (Sec)

B 3-2. C.I.P 4| Bz 250MPa)
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%.3-6. C.1.P 4 FESIIEL (300MPa)

Step F| R R I8 (Mpa) R ftl(Sec) BAR I EI(Sec)
1 0 — 100 30 30
2 100 keep 10 40
3 100 = 0 15 55
4 0 keep 10 65
5 0 — 200 40 105
6 200 keep 10 115
7 200 — 0O 30 145
8 0 keep 10 155
9 0 — 300 60 215
10 300 keep 45 260
11 300 = 0 120 380
12 0 keep 10 390

C.I.P +| [ E5lizEL (300MPa)

30 40 55 65

log%'jfls

115

145

i (Sec)

155

215

260

380

390

[ 3-3.
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#3-7. C.I.P #[[FEYIL (350MPa)

STEP F| [ 5 5 (Mpa) [l (Sec) E{%?rﬁ\ﬂ]‘ ftil(Sec)
1 0 — 100 30 30
2 100  keep 10 40
3 100 = 0 15 55
4 0 keep 10 65
5 0 — 200 40 105
6 200 keep 10 115
7 200 = 0 30 145
8 0 keep 10 155
9 0 — 350 70 225
10 350 keep 45 270
11 350 — 0 140 410
12 0 keep 10 420

C.LP #] B Eilis8e (350MPa)

400
350
300

£250

200
150

100

50

0 30 40 55 65 105 115 145 155 225 270 410 420
E\ﬂj fti] (Sec)

ﬁgﬁl 3-4.C.1.P #[[#HENNFEL (350MPa)
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#3-8. C.1.P s

STEP JEVE B C) FEEIMin) | BEH I (Min)
1 RT  150C 150 150
2 150°C 380°C 1500 1650
3 380C 450°C 240 1890
4 450C  Keep 120 2010
5 450°C 700°C 360 2370
6 700°C 850C 120 2490
7 850°C Keep 120 2610
8 850°C 1100C 120 2830
9 1100C Keep 120 2950
10 1100°C RT Natural

1200

1000

-

%’ 600
5
Pl A

200 // \

7 -

0 300 600 900 1200 1500 18002100 24002700 3000 3300 3600 3900 4200

Time [min]

i 3-5. C.1.P hSssp
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#3-9. C.1.PE&pIrsu!

STEP G B C) FiHIMin) | BLEFR ] (Min)
1 RT 800°C 480 480
2 800°C Keep 60 540
3 800°C 1000°C 120 660
4 1000°C 1350°C 540 1200
5 1350°C Keep 120 1320
6 1350°C RT Natural

1400

1200 ‘\

1000 \
5)
= 800
o
=)
2 600 /
= ]/ \
(0]
~ 400

200 /
0 \\

Time [min]

0 300 600 900 1200 1500 1800 2100 2400 2700

%'3'6' C.I.P%ﬁagn;%,
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3.2.2 FERFHAS B (C.T.MASE])
3.2.2.1 (C.I.M)%ﬂ"ﬁ‘)ﬁjiﬁﬁ@ﬁ'(ﬁlﬁ'3—8)
3.2.2.2 7 FUBIRCR = HIBUER PR re
e T AR ﬁﬁ%’@ﬂ@ﬂﬁ?ﬁﬁﬁﬁﬁf@éﬁ%%@ﬂﬁ * ik
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A Y203-7r02 fol it 200°C {51 Biz7k 2 /11
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SRR LR o T BEENELSOEPHE 1 R S S
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g:,;{[;% 0
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FEFEE IRV = 78 TYPE / ipd:

® [ 1F] TZ-3Y-E(G %)+ HN-1 (95%)

® [ 14K TZ-3Y-E(10%)+ 1] HN-1(90%)

® [ I1F TZ-3Y-E(100%)

(258 U B Z0ERE: 15 = TERELE], BB VTR
(Feedstocks) ©

3.2.2. 3«H“"?W'J¥*§1Vﬂﬁ‘ﬂrmj'“ '
A R EO L R R A - 2 RS Heating Zones
RfRRIF IR o e S ) B oo A ORI A
5 i Al PSR HLP I F’??ﬁ‘/’?‘}ﬂ R N Ly
FIp - rfﬁ“ﬂﬁ‘ﬂi*%‘ﬂ/ P RS~ ASLEEE - 2 ]~ UESERG ]
P g ] ?*/h‘iifj*é‘fﬁ@ b TEETRRVEY - SR ffY
R 2 AR
HVES] s Jﬂvé{‘“ﬁ’?‘fiﬂlﬁ”@
F A IR = 78 TYPE I S5 B =2
® [ R] TZ-3Y-E(5%)+[1EF] HN-1(95%) (jF 3-10)
®  [IAF TZ-3Y-E(10%)+f 3R HN-1(90%) (bl 3-11)
® IR TZ-3Y-E(100%) (Fl% 3-12)
Earecs U/Bé%f%?"/ﬁ”’?f%?i I TYPE V4 fF Fli =5 i
FEEY AR SR RV R (PR 3-13) 2
EIFFLIFIT R T PRI 3-10)

3.2.2 4 MR R AL

IR AR PRE T CIN S B SRRy
SRR 755 Bt — TR - B3~ e BN SRR
A VRIS SRR SRS R PR )
O PBER BRSO 1 e YRR AR R - B
AI > TR > OB S AP0 igﬂfi ﬁf’%pﬁﬂjup IR s
[Hphik £ R - “EW Sl

7[:?4%%J¢J/igﬁ‘ﬂﬁ E'I@E‘(&aﬂ' 3-9&% 3-14),5L#(3-15)
IR AN~ R L VAR E R
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FRER BB 3-11) -

3.2.2.5 BV 2R il

ﬁﬁﬁ’ipﬁfﬁ—j’?ﬁ' PRI QR R A 8 ) i
F RTINS = R RS B
frre ﬁ%ﬁﬁﬁ;ﬂ*@ﬂ SIS AR EE R R URLUPIE - PR TR R R
T e S T B 2 Rk R B
5T PUTSRAE A, q;::qupﬁ[ 35 e qﬁqﬁ SYER (RRNEV S USE - 5T R
LB 1 2ok 58 e ) ol i 2

b EV RV AL 3 12&%# 3-16) > JLAG-1DERTR
e B ;[E. < U o

3.2.2.6 Zd
*;Tm’é% B2 RRLI IR AR N R B SRR A,
B R 2 S L AP e 2 S Zﬂz 2 E
E“*E‘\T SR Y VS [H] o BEAIN T Zr02 U= RATERP AR
(8 DRI « Bg el A fy o ot TR o R A
T (SR QRS FAIAET o [N R R IR R
Yo T AR o DO ARRRE -

F UL SRR 3-13&F 3-18).48 S R EfRARL Y
PR £,
1~ PR TZ3Y-EG%)+HBH HN-195%) 5 %5 1% 6.0881 glent
2~ VAR TZ-3Y-E(10%)+1 1B HN-1(9096) : %% £ 6.00714g/cnt
3~ BRI TZ-3Y-E(100%) %78 £% 6.0897 g/cm
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3.2. 2 SEHGFH S EN(C.TM A E])
3.2.2.1 (C.L.MF S ERAFHEE (SLIE 3-8)

C.LMEH A AL B

Y203-7:02
1. TZ-3Y-E

2.HN-1

BhsA

B

bl

VIR IR

1. HARTZ-3Y-E (5%) +HEHN-1(95%)
2 HATZ3Y-E (10%) +HEIHN-1(90%)

3. BARTZ-3Y-E (100%)

rE T atautal

Pre-drying

B A

ERIAG

B

nl

FE fimigil]

o

W3-8, C.LMF sy B A
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M R

* Ej:[:’:l:[[[ = %ﬁl”

* T 3.5 04,5 x 35 m

K ORI FIRRIT) + BRI (H) @ 5% © 95%
K SRS TR

< 3-10. [FZ RS B2 | VR RI(T)+HIBUR[(H) 5% * 95%
(OIREEE:

Hl SuEELL, 150°C

H2 piiiE i 148°C

H3 JnEE 145°C
(OB E:

AR FAREE40C

ENEIRE EIZARI8TC
()RR BT R TR '

(DR Skp

() 40%
4) RS

TEEVE 30mm

FErAIHEFE 35§

E— B 95bar

H— EYER 328

5 _ERE K 85bar

E e 3.38

R 3.0mm

B BB 35%

BB 30%

BB 3.3mm
()RR R R i

MR 15%

B S 1"

AL g 25bar

AR 0.50F

AR ] 0.4%%
(OB N EAE

BT 75mm

s T0bar

TR 47bar

(BB E 23.2mm

SIEEED) 20%

CHEHE Q) 229

EWEREHENE Omm

FOLEE 20%




BRI TR
ko E gL & fh‘%iﬁﬂ?ﬁl"i
* T 3.5 %x 4.5 x 35 mn
* ?lﬁ@[tfjfﬁ: FIARI(T) + FHEBEI(H) @ 10% 2 90%
K PP EY BEE R
F3-11. P2y B3 b [ 1A R (T)+f BOE] (H) 11096 :90%

(DM E:
Hi ngviil 150°C
H2 S 148°C
H3 AEE 145°C
(QFBGRER E:
TERRE R (D40°C
IR Bk (DI8C
()RR B
(DR ¥
(DHEE 40%
() BB 2 EE:
FEfE 30mm
P AR 358
B — EH 05bar
5 ERIE R 3.28%
o ci ) h) i 85bar
B R 338
RE 3.0mm
B — ERH 35%
R 30%
BB 3.3mm
(S) MR s i
FER R 15%
R 12K
AR 25bat
N AR R 0.50%%
A (7 R 0.4%
(6)SERE JT B o i
BRI 75mm
1o JEE 70ba
LS 47bar
N A 23.2mm
SRR 20%
SR () W%
B S R B Omm
FHIEERE 20%
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B S B
G T R f“‘%ﬁﬁﬂ%]"ﬁ
* E}&Ffﬁ#[t\[ﬂ: 3.5 x 4.5 x 35 mm
*%%@ﬁ:ﬁ¢ﬂ@)ﬂ%
K ST SRS B[
%03-12. BZSHH SR [ R (T) 100%

(DR ERE:
H1 hOERLE, 150C
H2 JmEE 148°C
H3 e 145C
()FERER E:
EERE LB (D35C
B Ak (DI18C
()RR IR S P
(DI 5
(2pHRE 40%
(4) SR T E e
R 30mm
Al 18%%
£—HEE 85bar
B — BRI 3.05%
PR 65bar
£ ERIE 2.3%%
iR 3.0mm
2 — Byl 28%
B BRI 22%
BBl 3.3mm
(SRR B
M 15%
HRISREL 1%
FRASEIRE 1y 25bar
HREERERA 0.50%%
A ] 0.4%5
(ORI AR
FIATIE 75mm
R 70bar
ZEEH 47bar
{ERRATE 23.2mm
SR 20%
S () 22%
ERaEEEIE Omm
FEATH 20%
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* FFRRIRSR

F3-13. FHFHRS g
HA%3100%
R 5 = rea{mm) HE() T (g/cm3)
FRil 47.47 5.98 4.73 3.9515 2.942933371
Frn2 4741 5.96 4.74 3.9680 2.962627889
B3 4745 5.97 4.73 3.9088 2.917237321
4 4746 5.96 4.73 3.9000 2.914939012
RS 4745 5.98 4.74 3.9545 2.940192988
6 47.47 5.97 4.5 3.9445 2.930250765
K7 47.46 5.96 4.74 3.9573 2951526180
T8 47 45 5.96 475 3.9622 2.949580867
A 4747 597 4,76 3.9587 2.934621368
BEhl0 47.46 5.95 4.74 3.9451 2.938212196
i 4745 . 5.96 4.74 3.8763 2.938212196
HAR10%+HEH0%
R E 4 = (mm) HE() HEE (g/lem3)
Tainl 47.57 6.01 4,75 3.9494 2.908237625
B2 47.57 6.01 4.74 3.9570 2.919981401
Feimd 47.56 6.00 4,74 3.9510 2.921027137
Bl 47.58 6.02 4,76 3.9535 2.899705294
RS 47,56 6.01 4.75 3.9633 2.919086872
FEAh6 47.58 6.01 4,74 3.0525 2.916047723
7 47.55 6.02 4.76 3.9600 2.906305212
i 47.56 6.01 4,74 3.9544 2.91867634)
FRin9 41,57 6.00 4,75 3.9476 2.911757004
=10 47,58 6.02 475 3.9433 2.898312969
i 47.56 6.01 4,74 3.9532 2.911913758
HA% 5%+ 848395 %
T lid = =, Ei(mm) EERACS) P (glcm3)
(ALl 41.55 6.01 4.75 3.9700 2.924636555
T2 47.56 6.00 4,75 3.9611 2.922328951
3 47.55 6.01 4,74 3.9604 2.923719585
AN 47.55 6.02 4.73 3.9673 2.930130000
RS 47.56 6.01 4.74 3.9728 2.932257073
) 47.57 6.00 4.75 3.9633 2.923337353
7 47.55 6.02 4,73 3.9715 2.933231996
EEALS 47.56 6.01 4,74 3.9618 2.924138158
At 47.55 6.01 4.75 3.9733 2.927067613
10 47.57 6.02 4.75 3.9670 2.916345329
754 47.55 6.01 4.74 3.966% 2.925719261
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C. TM AIB R flasE e
#3-14. C.IM ipFIIRR s E A

STEP BB (C) [Tl (Min) BARHIFH (Min)
1 RT 30C 360 360
2 30C 35C 420 780
3 35C Keep 420 1200
4 35C 45C 420 1620
5 45°C Keep 420 2040
6 45C 55°C 420 2460
7 55C Keep 360 2820
8 55C RT Natural 0

100
"
80 | R

N AR,

o
2 5] \
© i / \
S
% 40
[0) 1 L—T
e 30
../
20
10
0

0 240 480 720 960 1200 1440 1680 19202160 2400 2640 2880 3120 3360
Time [min]

CIM solvent debinding
[ 3-9. C.T.M g s
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* TR
2315, PRI

HA¥100%

i i £ =t Ei(mm) HE( 222 (g/cm3)
Bl 47.59 6.04 4.73 3.9212 2.884066100
2 47.62 6.04 4.72 3.9255 2.891523015
B3 47.60 6.03 4.73 3.9245 2.890672746
A 47.61 6.03 473 3.9275 2.892274838
TS 47.58 6.02 471 3.9285 2.911956757
KR 6 47.59 6.01 471 3.9262 2.914481714
Yo7 47.59 6.04 4.73 3.9257 2.887375877
At 47.61 6.03 473 3.9252 2.890581081
Fimo 47.61 6.03 4.72 3.9245 2.896188610
10 47.59 6.04 4.72 3.9232 2.891650538
e 47.59 6.03 4.72 3.9252 2.895771280
H 7585 10%+ R[5 90%

97 E g =i(mm) HE() B (gfem3)
Easl 47.80 6.09 4.76 3.9255 2.832975637
2 47.78 6.08 4.75 3.9285 2.846973490
Bl 4781 6.09 474 3.9295 2.847232387
Khd 47.79 6.07 A6 3.9275 2.844353168
Bend 47.79 6.06 4.6 3.9277 2.849191902
K6 47.78 6.05 4.75 3.9258 2.859124329
AT 47.77 6.08 4.76 3.9266 2.840212857
iR 47.78 6.09 4,76 3.9273 2.835461056
9 47.79 6.09 4.74 3.9265 2.846249301
Sl 47.80 6.08 4,74 3.9279 2.851350494
i 47.78 6.07 4.75 3.9272 2.845312462
H 875 %+ P BI95%

T pe &, = (mm) HE(g) FE (g/em3)
] 47.79 6.04 4.77 3.9388 2.860695159
e 47.84 6.04 477 3.9355 2.855311063
T3 4717 6.06 4.76 3.9338 2.854811633
TR 4785 6.06 4,76 3.9389 2.853733649
LS 47.83 6.07 4.75 3.9378 2.855426417
EEohb 47.78 6.08 477 3.9366 2.840881930
7 4779 6.09 4.77 3.9358 2.835047366
RS 47.79 6.04 4.74 3.9330 2.874561705
At 47.81 6.04 4.77 3.9399 2.860297046
BEA10 47.76 6.03 4.77 3.9381 2.866729600
Ty 47.80 6.05 4,76 3.9368 2.855749557

52




2.98
2.96
294 -
ol M

2.90 - -

—10

2.88

2.86

2.84

2.82

2.80
1 2 3 4 5 6 7 g 9 10

[Fﬂr 3-10. FfkiER g f&ﬂﬁ?ﬁ'

294
292

2.88

2.36 -
2.84 7@%’4 —10

2.82 :

2.80
2718
276
214

311 VRS % e
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C. LM BV IEGE
#.3-16.  C.1.M ZVRRHIRSE LGk

STEP VR B C) E\ﬂj ffl(Min) E{c\[?’rﬂﬁ fif](Min)
1 RT 100°C 200 200
2 100°C 250°C 750 950
3 250°C Keep 150 1100
4 250°C 500°C 1100 2200
5 500°C Keep 150 2350
6 500°C 900°C 200 2550
7 900°C Keep 200 2750
8 900°C RT Natural

1000
900 -
800 / \
700
EZ 600 - \
% 500 - \
@© i
é_ 400 ////
2 300 ] \\

100 1./ \\\

_ N
0

0 300 600 900 1200 1500 1800 2100 2400 2700 3000 3300 3600 3900

Time [min]

CIM thermal debinding

B 3-12. C.1.M BV
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* BT

317, B

HA$100%

B - Ei(mm) EE() B (glem3)
el 44.22 5.96 4.70 3.06 2.470350466
ETIY) 44.50 5.98 4.7 3.09 2.465337470
3 44.30 5.97 4,70 3.12 12.510028650
A 44.75 5.97 4.69 3.08 '12.485937850
BT 4428 5.96 4,72 3.11 2.496689400
HZA%710%+ - Bi#5390% |
Ao = = Er(mm) HE(QE) FFE (g/em3)
Bl 43.22 5.91 4.66 2.99 2.512405468
E2 43.50 5.92 4.67 3.02 2.511187250
i3 43.40 5.91 4.67 3.01 2.512883780
B4 43.30 5.90 41.68 3.02 2.525929240
EEEnS 43.60 5.89 4.66 3.01 2.515236310
H ¥ 5%+ TP 95 %

Haf E B =i (mm) H () FE (glem3)
] 46.50 5.90 4.64 3.22 2529489766
ana?) 4649 5.90 4.63 3.2 2.539321752
B3 46.45 5.91 4.64 3.25 2.551480070
Bl 46.60 5.89 4.65 3.28 2.569920440
Hs 46.50 5.92 4.64 3.26 2.552260260
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C.T.M %adiflasdp
# 3-18.  C.I.M ZGIAYE

STEP VS Bl C) [ ] (Min) BAFF Eﬁ ftil(Min)
1 RT 1000C 420 420
2 1000°C 1200°C 210 630
3 1200°C Keep 90 720
4 1200C 1400C 210 930
5 1400°C Keep 60 990
6 1400°C 1450°C 120 1110
7 1450°C Keep 150 1260
8 1450°C RT Natural

1600
1400 -
\

1000 \

)

o

2 | /

= 800

o _ / \

8

= 600

(&}

'_.
400 / \
200 N

\\
0

0 240 480 720 960 1200 1440 1680 1920 2160 2400 2640
Time [min]

%\'3-13. C.I.M f%’ﬂgc,gng%[
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3.3 W
YR LT R R LR AR - B
(#3-19)
3.3.1 ngEW§J(C.I.P)%§,ElQ%'3—14
WP AR T ST B 3-14
3.3.2 JVEES,
30T, P17 =t g s LI 3-15
3.3.3 KA s ONC Pt lIFT 145
“ARDENTA” DV250-4A ;Eiﬁ%ﬁ' 3-16
3.3.4 R ONC 156K £ 45
“ARIX” TAM42C ;Elﬁ%ﬂ'3-17
3.3.5 MRS
“babyplast” The micro injection moulding machine;
Elﬁ%ﬁ' 3-18
3.3.6 ?ﬁjﬁ iwi’ﬁ?ﬂﬁﬁ’iﬁ*ﬁ
ARG A E U SR 3-19
3.3.773@5qu|}1§&
“Nabertherm” ;Ei%ﬂ' 3-20
3.3.8 Tk SEH
“Nabertherm” ;Elqia‘\' Sl
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#3-19. WERTEH- Bk

o Bk et

PR A T REHVINIE 7S i [&3-14
il 30T, B T3at s f&3-15
FEFRHECNCAEEAIHL L8| "ARDENTA",DV250-4A [&3-16
FEEESHCNCE S E &1 "ARIX", TAM42CC [&3-17
AR "babyplast" [E3-18
fEh=pisaeesci ity "%JIE%%M%%W%’TE&E” f&3-19
EIR ST "Nabertherm" &3-20
BRI "Nabertherm" & 3-21
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B 3-14. SISESHE|(C.T.P)H B 3-15. JfESH

[l 3-17. RSl ONC fligkha (i
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Ip' 3-18. BRI

 NGBETTREFT

Al 3-20. EVRIRE [p 3-21. RS
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3.4 ks — A
WY ARERBLR ST () 1S0687241S013356 VB AA TR )
T’T??ffﬁﬂ 'ﬁ%’fﬁf‘iﬂ/ %%E'?I’TFJ , 3 3-20
3.4.1 FH e BN SH (SEN)
“Hitachi-4700" ;Elq%ﬂ'?v—ZZ
“Instron” E1000 ;Elﬁ?ﬁ'&%
4.3 BOTHTR
NETZSCH” ;Elﬁ%ﬂ' 3-24
4.4 ﬁ;ﬂﬂﬁ;@%@%ﬁ;
“Belimed AG ;Ei%ﬁ' 3-25
45 TR RS
“Rockwell ;Elqieﬂ' 3-26
4.6 R R
“CHANNEL” ;Eiqgﬁ' 3-27
4.7 *%i‘%f?ig'j\j‘
“PRECISA” ;Eiﬁ%‘l' 3-28
4.8 35-5_'[5}]‘ (ETHS
“RAOEYE” 1320 ;Elq%‘\'3-29
3.4.9 PUEPIAES
“BVEHKER” ;Elq%‘l' 3-30

3.

~

w
~

w
~

w
~

w
~

w
~

w
~
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[t 3-25. 16k Ay e [p' 3-26. TR A
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—

329, FHT B 3-30. PUEPOES
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4.1 Ry BJES]SApS B pUR S

l.

S4700 10.0kV 13.8mm x500'SE(U)

(e 4-1 ZH 4-8 19 SEM(Hi tachi -4700) [HH#FEE] » b BJHEs] s
SER RT3 Y 300MPa [ I
SEE - 1 i 52 325WPa IV RUPIRLEN ER S BB 1
300MPa [ LR © F I SR 102 s 4 4y
FFl |53 < 300MPa K9 I ES 1 -

G 4-1 2[R 4-8 Ko ORI O i PEIEETE  s TR L
 OlliRh A A ST e J‘J'J'%%Uﬁ[’?&f;JE’fJJT RLE > 32
| LSS ST RS AEES  E RSSO L )
YRS W s o

! SA70010.0kV. 18, Brmm:x1:00k SE(U) z

[p' 4-1. HSEJES] 325MPa fiuF o1 SEM fiH

t : : 5
$4700 10.0kV 13.7mm x500 SE(U) Bl 5 $4700 10.0kV 13.7mm x1.00k SE(U)

[l 4-2. W EIES]s 325MPa [T SEM i
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$470010.0kV 10 1mm x500 SE(U)

[l 4-5. BYEJES] 250MPa o1 SEM FH
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S4700 10.0kV 10.7mm x500 SE(U)

S$4700 10.0kV. 10.2mm x500 SE(V) $4700 10.0k\f1d:2mm x1.00k SE(U)

S4700 10,0V 10.6mn %500 SE(U)

$4700 10.0kV 10.6mm x1.00k SE(U!

[l 4-8. HYEVES] 200MPa [IUE1 SEM I
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3.280
3.260 -

' 4-9. TRl

BB sy B (g/ cm')

67

3. SRS SR ST SRR 41 A 4-9) -
Fo4-1. PRI BRSPS EIHE (g/cm')
325MPa 300MPa 250MPa 200MPa
1 3.437 3.418 3.376 3.341
2 3.442 3.413 3.386 3.347
3 3.438 3.412 3.390 3.331
4 3.436 3.419 3.389 3.351
5 3.437 3.419 3.395 3.345
6 3.437 3.416 3.378 3.371
7 3.442 3.415 3.392 3.357
8 3.437 3.418 3.386 3.362
9 3.437 3.420 3.377 3.352
10 3.438 3.415 3.373 3.341
= 3.438 3.417 3.384 3.350
3.460
ESZ 3.840 A ———— ——— S
B 3420 e— ——————— —_
7 3.400 - FRUER F3(MPa)
B 3380 o . ' ——325MPa
B 3.360 -~
/ 3340 - /\/_\/\-—-—‘\ ——300MPa
[ 3.320 | 250MPa
m 3300 - —200MPa
3




4.2 FAEUN SR Y -
Zr02 Abutment P 3R~ FIEE CNC T%‘-;"F, EEF R  W
ﬁiﬁa%@cm@mv@,mﬁ%ﬁiﬁﬁﬁﬂ%ﬁ$@’miﬁﬁ
B0 O IR Y R AR ERT ONC 1T e
o PIET T W RIS R SRR B B T ISR AR EE SR
(72N 0 25°C~250C @558 2°C > 250C~400C 2 5584 0.83°C >
400C~FBE% 255812°0C > *ﬁ‘jiﬁl 2 'J‘E\ﬂjE » FIIRIERIRD)
1 Sk sab R ] g R Ffsragiis < PR R (Pl 4-2
ﬂlﬁgﬁl 4-10) °

F 420, T ASEES] 155 300MPa [ ik SHE S sy -

FEHRE (C) Jot (%)

950 0.21%0.02

1000 1.740.02

1050 3.3940.02

1100 5.69%0.02

1150 8.1920.02
14
12 +

(= M8 2=
®© o

6 -
4
2 4
o -
950 1000 1050 1100 1150
FRBELE(C)

il 4-10. 7 S5 IEHE )55, 300MPa 5 T ISk S % Shisaghst gy -
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2~ PJT gk v A RII]EL 300MPa R 4T [l SR B
FAVRYEY o R 1E-950 ] 1150C » g,fmﬂ@fu&_ 1100CF
SR E A B AR 20960 (BUA 4-3 AR 4-11)
T e SRV B 1100°C 10T -

Fe4-3. TRy BIEC]IET 300MPa [ T il kSR PRI Ry -

F25E% (C) SREHEAES (%) TS ES (%) L SHEF (%)
950 0.21%0.02 25.19%0.02 25.4%0.02
1000 1.7£0.02 23.49%0.02 25.19%0.02
1050 3.3920.02 21.75%10.02 25.14%0.02
1100 5.69%0.02 19.5%10.02 25.19%0.02
1150 8.1910.02 17.02%0.02 25.21%0.02

35
*
P 30 -
®
By 5o |
P
&
g 20
#E
$
- 15 -
G

950 1000 1050 1100 1150
FEBEE(C)

[ 4- 11 75 7 BIES]0EL 300MPa PO ™ 7 [l S0 & EPSRG [AR pURy 2 -
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4.3 SRR A RS s AU U

CEARAIGEL : DSC~RREE BT 2°C > FHIR 3 P F > FIIRERE)
L~ S RIS A RS BT B BE e B g
Hi S BT 3 300MPa Ff » WS BRI MATRL » 0 ) s BB
FE 2 DS TR W B O N (Sl 4-4 AR 4-12)
2~ ] I SRR PR B S I R
G T 1350°C T M RL > PIELSIRAIRA S A o gEl s AT

FIZE 1360CHI0C FPEAEREOSEHE S (B3 4-4 A1 4-12) -

F 4-d. T[S T S P (of on') OBy

S T (Pa)

%ﬁzﬁ;@ 200 250 300 325
1310 5.957%0.005 | 5.96910.005 | 5.978%0.005 | 5.984%0.005
1330 5.978%0.005 | 5.98910.005 | 5.99620.005 | 6.0010.005
1350 5.988%0.005 | 5.998%0.005 | 6.005£0.005 | 6.007+0.005
1370 5.989£0.005 | 5.999+0.005 | 6.005%£0.005 | 6.007+0.005
1390 5.9920.005 6%0.005 6.00520.005 | 6.007%0.005

70




15 6.04
# 6.02
B2 6 R S1(MPa)
B %—
— 598 / —_ 200
g =
/ 596 - 250
¢ 594 300
'“3 5.92 325
~ 59 . . . . :

1310 1330 1350 1370 1390

EERE(C)

B 4-12. 7 7 VSERRB S S T SRR S (g om) OB

3 M BRSSPSR ]+ WG 300MPa [ » 55 B
PRL o PRSI R SRR LR 4-5 A 4-13) -
4~ Wik SR RS 5 1350 CHEEHR R 1350C &M &

~ B (GA 4-5 AT 4-13) -
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A 45, 7 I T R SRk (96 PRy

RS T (1Pa)

ZEHRIEER (C) 200 250 300 325
1310 20%£0.02 19.29%0.02 | 18.79%£0.02 | 18.63%0.02
1330 20.52%0.02 | 19.8%0.02 | 19.31%0.02 | 19.15%0.02
1350 20.7£0.02 | 20.01£0.02 | 19.5%0.02 | 19.34%0.02
1370 20.71£0.02 | 20.02%0.02 | 19.51%0.02 | 19.35%0.02
1390 20.7120.02 | 20.02+0.02 | 19.51%0.02 | 19.35%0.02

215
21
205 /___....-——
W 20 — S
fE 195 : REBESINMPe)
£ 1 f/—-’:‘: —200
% 185 = 250
o 300
17.5 325
17
1310 1330 1350 1370 1390
BRASRE(C)

i 4-13. % T[RRI 2 I St (96 ) oy
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4.4 GERREVE SRR B

1 11384 1 SR HR G PRI AL P S 7
#1350 Cﬁjjﬁtﬁ‘%{ FalkEAL S irﬂﬁ'zﬁ [;EPI » S 1350Cmﬁtﬁ‘§p
SRk AEA ﬁ«[ﬁxﬁ&lOOOMPa 5. OMPanI "(ﬁf"@p@ﬁ?ﬁ%&
Shimadzu EZ Test-L) °

F4-6. & TIAREVE ~ S EES]EL 300MPa ™ AUTEET -
PIPRIEET
HuideiE (MPa) 821%154
1310
FZEE (MPay M) 6.310.19
HABIE (MPa) 1057138
1330
FZIEE (MPay M) 9.50.19
HABIE (MPa) 1135%155
1350
EEE (MPay M) 10.3%0.15
HABIE (MPa) 1121+136
1370
T (MPay M) 10.1%0.21
PRI (MPa) 10824116
1390
FIEE (MPay/ M) 9.840.17

4.5

C.IPARI&C. T.MA B3 5 [ e

oAb B R A R RRED T AT (I 4-14) - (HRUR
Pk (CF75 » FEET) 3l Y203 AT g 5o A [ S O #
([ 4-15) » 073k 140 " > T2hr fO-HGES ¥ gl AREHRIE [~
fég%%;}é‘ [ A OH ™~ B@ i YO(OH)3 » AR 3574 & it
Rlfip 5 B LD RBRAELHTA R > f e AT R L
R b B NI [ 8 > S s l’“iﬁ,l/g;ﬁ tw%ug&f

FPHRFRI TG ES CETRUR] R R B S 5
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(A1203>99.9996) 85 =1 A5 f“‘%ﬂ/ﬂl@!ﬁﬁ Y-TZP/ALO: =+ ¥ (k5
* *1‘“&"*f“’?ﬂfﬁfﬂhﬂf’%ﬁf”ﬁﬁﬂﬂéﬁ P PRI IR S g S 5
o 7 B PR e e

Wik L VRN ERL (0.25wt90 ) S e I LD iy
IS I“%ﬁﬁ#;ﬂ’?‘/ibﬂéffdﬁ‘ﬁﬁ?@ﬁ% (oIS 4-16 & 4-18) © T
Iz s T IR e e e e W SR U L e e
Emﬁf[#ﬁ’nj s = T‘i’%ﬁ%iﬁ}%ﬁl v S f%gﬂxf QI ER f%%@ &SN (R
BB E ] 2 S G l”ﬂff’%ﬂ e IR e R
(58 S D A L5 3 (R A R S g e T
3% X-Ray %Fﬁ#lﬁﬁ"? v g %‘J’TEHCIFE#I[F[ (m-ZrO2)ﬁJrh§[;@(q§ﬂ
4-17) - FeE WA T 7 Eﬁﬁiﬁﬂsliﬂt'EEH\EFTEH’JFE#[’FE' Sl SEN
[FICH 4-19) 7K~ 3 PSRV RANETS - gy o T 3t 2
T YA & BRI -

3Y

3Y

3Y

[fsﬂ‘ 4-14. RN

3Y

3Y
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i 4-15. # (=R

Booo

7000

6000

5000

4000

3000 |

2000

1000 l

10 15 20 25 30 35 40 45 50 55 60 65

[ﬁ[ 4-16. TJ‘T‘\JJDf%"'(*Ei A1203 7 Y203-Zr02 ¥ [“[ZED X-Ray E?E'%Fﬁgli?ﬁ

2500
2000
1500 i
1000 M |
500 \\N g
0

10 15 20 25 30 35 40 45 50 55 60 65

A 4-17. HFIFUEEEN AL203 1 Y203-2r02 # [“HIEED X-Ray Ao i 47
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5700 15,0k T
ﬁ?ﬂ[ 4-18. 37J‘T‘\JJDfﬁ" 1 A1203 7 Y203-Zr02 # (= H]EE) SEM q"aﬂ'

[ﬁ[ 4-19. ﬁ»?fﬁ[lfﬁ"g'n A1203 7 Y203-Zr02 # [=3[ZE1 SEM q"aﬂ'
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4.6 C.I. P’?‘}F’J&C I. M’?‘ﬁc' 47 SEM q%ﬂ' A
@[;\ﬁb‘,%%—%b%’i ! £ ﬁ*[ﬁj[ﬂrj ﬁgﬂ:ﬂf %I%[I Fu i_’JI
FERPR S = ELpuEL R RV~ R ”'”['%41"@7JT’?FU“‘3”EPA§@@‘

Erl lipl%ﬂ%{i]ﬂ?ﬁﬁﬂi @lﬁﬁdﬂlrﬂ%@?#ﬁr’% i LA 5T e r%(@

ARG R LAY o T ERHRGE EQE'FEJ‘“ TE@%&%T%JP'F”E 72 BN

;\ﬁ*\lﬂjﬁf’g Er' s E L "’é [ﬂ:ﬂj;@\ s E *EIFIQFE#

EYREE=N Vﬁ’?@?ﬂi% e % ek AP T@%&%ﬁ EARd
LD 12 ) S e g
L LR T 1 VR S - A 1
T, Fﬁ#lﬁ”ﬁﬁﬁﬁ“ E| 2 -

2~ LR % Fﬁmﬂ CERi AR Al e i P“F'f | R
Fﬁ#yﬁﬁ'?ﬁ“ﬁ Jf*cf“[ bh g & ﬁ’r%JEJEIZJZ}%QT, Bl — EV3E & P58
%ﬁgﬁpﬂhﬂ ERaaEiE AN %Fﬁﬁlﬁﬂﬂiﬁrp@%'ﬁﬁ o AT T
i

3~ Y203-Zr02 EVARRETEARI VR TR A & A R A B
Pj?ﬁ?ﬁ SR BE S (Scanning Electron Microscope ,SEM)fLi% (=

g ?E)J%ﬁﬁu/[ﬂé ?U’E ARV PR CLLPT B7200&

250&300& 350Mpa A1"C.I.M" BYE|{# 5% F 14 RB+95% IR &

1096 F' 2 R[+90% 1Rl & 10096 FI A BIEH prEfff] » & (&

Pre-Sintered & Sintered, polished and thermally etched surface,

(7 [l SEM B0 R RS AL

(1) SEM @15 F 14 Y203-Zr02 'FUR| » Grade:TZ-3YSB-E it C.1.P
200Mpa f%{F™ - #%< Pre-sintered & Sintered i+ 500&

5000 & 50000 Iﬁ}ﬂfﬁl:’% ! (i/[[ﬂ%ﬁ[ 4-20)

(2) SEM #1174 Y203-Zr02 'FUR| » Grade:TZ-3YSB-E it C.1.P
250Mpa {%{F™ - #%< Pre-sintered & Sintered i+ 500&
5000&50000 fﬁﬁ*"’@t e/ E‘:ﬂ[ 4-21)

(3) SEM #1174 Y203-Zr02 'FUR| » Grade:TZ-3YSB-E it C.1.P
300Mpal ™ 5 B Pre-sintered & Sintered 7t 500&

5000 & 50000 Iﬁ?ﬂ’@%ﬁ ! (i/[[ﬂ%ﬁ[ 4-22)

(4) SEM #1174 Y203-Zr02 'FUR| » Grade:TZ-3YSB-E it C.1.P
350Mpa 5[4 ™ » #% Pre-sintered & Sintered it 500&

5000 & 50000 ijﬁj“ NG E-g (i/[[ﬂ%ﬂ[ﬁl 23)

(5) SEM#1% Y203-Zr02 F' £ FUR| > Grade:TZ-3Y-E; 5%+ 18Rl
] HN- 1,95/3151“7[9 o 7k C.LM ™ » B%< Pre-sintered &
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Sintered, polished and thermally etched surface i+
1000 & 5000 & 50000 [ﬁ}ﬂ/ﬁl‘? ! (?['ﬁ%ﬂ' 4-24)

(6) SEM #1% Y203-Zr02 F! £ FUR[ > Grade:TZ-3Y-E;10%+ 185"kl
s PH\I—1;90%3Eiﬁﬂ s T CLLMEF™ > #% Pre-sintered&
Sintered, polished and thermally etched surface i+
1000 & 5000 & 50000 [ﬁ}ﬂ/ﬁl‘? ! (?['ﬁ%ﬂ' 4-25)

(7) SEM ¥ Y203-7Zr02 |4 'RUk] > Grade:TZ-3Y-E;100%, 7 C.I.M £
™ » 1% Pre-sintered & Sintered, polished and thermally
etched surface 7 1000 & 5000 & 50000 fﬁﬁ%j/ﬁl%% ! (i/[[[ﬁﬂ‘ 4-26)
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$4700 10.0kV 10.6mm X500 SE(U).

2% 200 MPa 500x

S 200 MPa 5000x

28 200 MPa 50000x 55 200 MPa 50000

[f'4-20. "C.I.P" 200Mpa, % & S SEM
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S4700 100KV 10, 7mm xso.olq*sﬁ(lﬁ){).

%5250 MPa 50000x %55 250 MPa 50000x

fr4-21. "C.I1.P"  250Mpa, 25 & BAl “SENT
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4

S4700 15:0kV. 13.8mm x500 SE(U):

%5 300 MPa 500x

%5300 MPa 5000x

%300 MPa 50000x S5 300 MPa 50000x

f'4-22. " C.I.P" 300Mpa, % & S “SEM”
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%325 MPa 5000x S 325 MPa 5000

L

: 1 i [ i
$4700 15.0kV 12.7mm x50.0KSE(M) 0 / 12.0mm x50.0k SE(M)

%325 MPa 50000x %55 325 MPa 50000x

fir4-23. "C.I1.P" 200Mpa, 25 & BAl “SENT
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%%, fracture surface 1000x %57, polished and thermally etched surface
1000x

%5, polished and thermally etched surface

5000x

$4700.20.0kV 9.8mm x50.0k SE(M)

S5, fracture surface 50000x %57, polished and thermally etched surface
50000x

lﬁ'4-24. CIM 5% Japanese / 95% Chinese Powder, %= & %5 “SEM”
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CIM 1096 Japanese / 909 Chinese Powder

% ¢ 9l

$4700 20.0kV 10.6mm x1.00k SE(M)

%557, polished and thermally etched surface
1000x

$4700 20.0kV 10.6mm x5.00k SE(M)

%5, polished and thermally etched surface
5000x

S5, fracture surface 50000x %5, polished and thermally etched surface
50000x

ﬁ%ﬁ'4-25 CIM 10%7Japanese/90%Chinese Powder, %= & %Z&5& “SEM”
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$4760 200KV 10.6mm x1.00k SE(M)

%%, fracture surface 1000x %%5% , polished and thermally etched surface
1000x

%%5% , polished and thermally etched surface

5000x

$4700 15.0kV 16.5mm x50.0k SE(U)

S5, fracture surface 50000x %%5% , polished and thermally etched surface
50000x

%‘4-26. CIM 1009 Japanese, 7%& & %5 “SEM”
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EASGE{ %%’Fﬁ%
Eﬁ%ﬁ%}{ﬁ%% ISO 6872:2008 #ldw » Y& PUFE (A~B~C~ D)~ 5t [“‘%

ALY i TR ~ AU IR RO - (SRR - 2 150
13356:2008 4 - 57D (A~ B~ €+ D)~ 4 [“HIZ AL HrHERER -
R T B P (R ¢ BT B DR R AL e

e o

5.1

PYUET(A~ B~ C~ D)= & [“EEIRABRRAE R g

@ C.1.P.%%E]> rgnﬂjﬂz;ywsl TZ-3YSB-Z » 755 BJE] 185 300MPa »
FAEEEVE L 1100°CE10C WASHRIEE £ 1360°CE10°C e Bt B
VWFE Zr02 fE=>A JREE -

@ C.TMAE] > (RFIE AR TZ-3Y-E(596)+[ 1B HN-1(95%)
=>B J[FE (% -

@ C.T.M.ASE] - L1 8] TZ-3Y-E(1096 )+ 1B HN-1(90%)
=>C HIEE

@ C.T.M.AE] IMFIIETH R TZ-3Y-E(10096)=>D &4 1%

Bl lilc e

IR 67 - g s f%%ﬂéﬁiﬁ%lﬁi
WIS I EIRS © p e fhiRs
S EISST L Y203-2102
W X1 - 2R
E AL 03 mn x4 mmox 35 mm ([
Efglﬁ#ﬁﬂ?’? A: C.I.PAYE[ Japan

B: C.I.M 5% Japan

C: C.I1.M 10% Japan

D: C.I.M 100% Japan
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5.2 Y203-Zr02 FRZAT R I 0 =14 55 FrifEs 4 k=l i
5.2.1 Wt
%Eﬁ IS0 13356:2008 7 4.7 Radioactivity’ ﬂJE'J%Eﬁl’ET@H%(Ei
B 3-29)258 = IRV BT o A RHRTERRIF] Y AT R
il FIERRITEARIE 2 SR R - drRee v Reh 5 -

251, WS )

MR 2L 73 FTAH N A&
1 C.1.P. -AMEEf% 0 Ba/kg =200 Bqg/kg
2 | C.I.M.-BHE%(5%]Tapan) 0 Bq/kg <200 Bq/kg
3 C.I.M.-CH[Z £ (10% T apan) 0 Bg/kg =200 Bqg/kg
4 | C.I.M.-DHIFEE£(100%] apan) 0 Bq/kg <200 Bq/kg
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5.2.2 [“Eifiek
=

FPLY (SRR < YERf) T WZIGRAF A >30 ') »
5 150°C /4 | B Atz R A RS (P BT = 0. 01mg) (BLIR 3-28)
FEETE » RAWHTITARTAR (496 FPRE 1 - fEIHE 8O CHAHPEVE (L
[ 3-27) 1116 [ AR, EE S 150°C HHIZECE = BT RIARE
R EL s FEETPRIEAYZEERE | E B (e glom’) > AHERFI T #e
CHETMEE =100 £ g/cm’) o BERVERTE S -

%5.0, (EvRRER R AT

TE Sy AT 73 P AP B il
1 |C.I.P. -AJEEE 216 mg/cm’ <100 mg/cm’

2 | C.I.M.-BWIZEME(5%Tapan) 16.240.9 mg/cm’ | =100 mg/cm’

3 | C.I.M.-CHIZEMZ(10%]T apan) 26.5%2.4 mg/cm’ | =100 mg/cm’

4 | C.I.M.-DIHIFEME(100% T apan) | 18.7%1.8 mg/cm’ | =100 mg/cm’
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5.2.3° %%

5% 180 13356:2008 . 4.1 Bulk density » 1= ZREATRH4
EOR - AP IR NI R (on') - F LR
R IR BT (P82 0.01mg) (SLI 3-28) FPE2V U ET Rl (2) 2]
EVAILEE (g/em’) o AR R CPESf =6.00g/ cm’) B RV ETEY
5 o

* 5.3, MR AR

Fih 53 ﬁﬁgi@a 75 P AP B il
1 |C.I.P. -AMEEE 6.091 g/cm’ =6.00g/cm’
2 |C.I.M.-BHIE%(5%]Tapan) 6.088 g/cm’ =>6.00g/cm’
3 | C.I.M.-CHIZ4(10%T apan) 6.071 g/cm’ =6.00g/cm’
4 | C.I.M.-DW[F%(100%Tapan) |  6.089 g/cm’ =>6.00g/cm’
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5.2.4 Bl
51 180 6872:2008 1 7.3 Flexural strength > 7| E'JF'JJFJ‘:%EE%
BFCHLIAT 3-23)28 FATRI PR S e BUI - wh U0 [l A A = g
CNRPEL S
B are (o )FHET 2 290 (IR IR kiR )

3PL
~ 2wb?

P = SZ i (N)

L= 7?¢}§i’%ﬂﬁﬁ?‘§ (mm)
w= HEHA L (4 mm)
b = WESBE (3 mm)

]

90



] (N/mm?2)

C.LP

1600
1400 r
1200
1000
800
600
400
200

0
022 027 032 037 042 047 052 0.57

572 (mm)

[ 5-1. BHINFVRRIZED J1- 5 FEflYC. 1.P.)

T (N/mm2)

100% Japan

1200
1100
1000
900
800
700
600
500
400
300
200
100

-100 0017 02 03 04 05 06 0.7 08 09 1

it 7% (mm)

B 5-2. BN R 10~/ FEIIE(100% Japan)
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10% Japan

900
800 |
700
600 |

Esoo -

Z 400 |

@ 300
200 |
100

100 01 02 03 04 05 06 07 08 09 ]

572 (mm)

@%‘5-3. eI R - T R2ER(10% Tapan)

5% Japan

900
800 |
700 |-
600 |

8500

2400 |

L300 |
200
100

—

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

100 °

i #% (mm)

5-4 Fﬂ'lg’l@@ﬂi Vit #2596 Japan)
—_,:7:‘ l—r [%E[[:ﬂa%‘rﬁggﬁ /’_‘E JJ(N/mm )q—ﬂ‘r‘f‘;’%(mm)lﬁ[

i
&

PHEE
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Fe 5-4 PR ER R AL /[“[%E[@F{ (MPa; N/mm’)

i 55 ﬁﬁgjiﬁ; PARMEER A di fifi
1 |C.I.P. -AE¢E 116043 MPa =800 MPa
2 | C.I.M.-BUH[EE%(5%T apan) 722.76x112.41 MPa | =800 MPa
3 | C.I.M.-CHZEEM(10%Tapan) | 821.25%145.36 MPa | =800 MPa
4 | C.I.M.-DW[ZEME(100% T apan) | 1130.16260.89 MPa | =800 MPa

5.2.5 gl

4 1S0 13356:2008 7 4.3 Microstructure » 35173 ek R
fr NS A BN 0 2 RrRLENEAAE RV TV NS (1inear intercept
size) ° W%ﬁﬁ;ﬁl@ﬁﬂﬁk(ﬁ‘ﬁ 3-30)%H i o F[P IRE S IPEVE (L
i 3-24)F RS 1300 % 5EE) 60 530 - IR0 I 2 e
ShF11(x40,000) i1 12 ﬁlﬁgﬁl ) WS IVEFE LY 2 155 @{e&@,ﬁvﬁ’glﬁ NG
A Y R (FEH*[\LJ pum (- BIE"'?FE—”&IHT)) o HrREVRTEL

5
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C.1.P. 100%J apan iyt & A1

ffBr 251 :0.34%0..05 ¢ i 20.1940.03 um

S%Japan A 2 A IO%Japanﬁl* ﬁ[ﬂﬁl[

diEr NS] 1 0.2240.04 um e NG 2 0.2140.05 m

il 5-5. DHRERBRIZILY fit 240 L]

e 5-5. g | R AT Y

i 73 A Sy pRE 11 i)
1 |C.I.P. -AMEEE 0.34%0.05 um <0.4um
2 | C.I.M.-BiIEE%(5%]Tapan) 0.2240.04 um <0.4um

3 | C.I.M.-CHIEE$(10%]T apan) 0.2140.05um <0.4um

4 | C.I.M.-DHIEEME(100%Tapan) 021910.03 m =0.4um
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5.2.6 "t

HE' jf £ % (Rockwe 1 1) RI%

(HRa) * SRR R EPAE*‘*(E‘WS 26)7 S H 7 AR R }H’Eléﬁ‘ﬁ‘*ﬁ&f
[[E*'%’EW%” > H e EVES T AR R IRV e R
EI’EW#@* AL IJ“%UM‘#IM

R I AR

R e A Rl 2 A

T [EISEEYEYARES - I e f:[ﬁ 60 kg o FEERTVEEL 5 o FHNYITN R AT
A PREEE LD HR (T fdlﬁiﬁ”&lr]:)
* 5-6. TRIRHIEES
TFiR i}ﬁqﬁiﬁ? 73 s
1 |C.I.P. -AYSE 93.3%0.7
2 C.I.M.-BHIFEEE (5%] apan) 93.2%0.7
3 C.1.M.-C HZE%(10%] apan) 93.5%1.1
4 C.I.M.-D¥HEEE(100%T apan) 03.240.8
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5.2.7 H{~*

%[l 1S0 13356:2008 . 4.8 Accelerated Aging Test » FIJ"| ikl
VSR (BLE 3-25):E SRR ZIANR# [~ (134°C/0.2 MPa/S h)%iH -
?@i%f;ﬂﬂﬁ']ﬁﬁ:%%%( bLEH! 3-23)2E 7 DRI IEE b BN - A 1
2SO PTRREE [ ) IR » SR R PR (i
il =800MPa) o drf& FEHE 5 -

3PL
ﬁ —
2wb?
P = &g (N)
v = f’/\‘?if?ﬁi’%ﬂfﬁﬁé (mm)
w = HEHA L (4 mm)
b = WIEH B (3 mm)
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C.LP.

1400
1200
1000 |
800 |
600 r
400
200 |

7y (N/mm?2)

0 0.1 0.2 0.3 0.4

72 (mm)

[ 5-6. 52 H (5% 15 BElInfIRR Y |1~ " FEIEL(C. 1. P)

100% Japan

900
300 |
~ 700 |
£600 |
500 |
& 400 |
300 |
200 |
100 |

0

-100 6— 01020304 05 06 07 0809

[fsﬂ‘ 5-7T A [EFENMIERY Jo- 7250 (100% Japan)
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10% Japan

800
700
2600 -
z 500 |
@_5400 -
300
200 [
100
0

100(} 01 02 02 0O-4 05 0O-A 07 O-K 0O-O
- U \V v \V o) AV U0 \VA U7 \vAe) \v e

[l 5-8. A5 (B S EellREe Y 1 - PTG (109 Japan)

5% Japan

=)
NS

0 /o NS TR o W WY Vo U o W0/ R o W0~ 2 W -G o Wo AR o W)
-100 Ut Uz Vo) U4 V) .0 \vpi \vaye)
P72 (mm)

=

|

Q%ﬂ' 5-9. R (TESEAINEIEED -tk F2AIRL (5% Japan)

PRI RS (™ S 5 PRI SRR ] (/) S50 7 (m) B!
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Fo 5-T. PR BRI ZUPAS ("SR i U DRI (MPa; N/mm’)

Tk 3 Aot 3 AR A A fifi
C.1.P. -AJEEf 963+157 MPa = 800MPa
C.T.M.-B IR (5% apan) 644136 MPa = 800MPa
C.T.M.-CH[EEfE(10%]JTapan) 8191157 MPa = 800MPa
C.T.M.-D £ (100%Tapan) |  918+198 MPa = 800MPa
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5.2.8 AEEVRIREE
S 1S0 6872:2008 V' 7.4 Linear thermal expansion
coefficient ° %[ngj*ﬁi?fﬁﬁ}ﬁ%(gi%l S0 R S
ARGER (2 3 G P STRugg A 3 = 800°C) &N > ™ WIS
180 6872: 2008 41| 1ot 0 HBZ AHRI ARG ™ FIp )
HIEL S B VIR 5600 2 T - R VG 5 -

0.6 |-
0,5 |-
0.4 |-

0.3 |-

Kay
X tempevature (“C)

¥ vanation in langih um)

NOTE T, i the dynamic safloning lemperaluee of the corams under the dilslemetor load snd hoesting ralos usod

[ 5-10. 1S09872:2008 4 A0 B W2 FHE £VEAR 176
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dLilo“10-2

by

e T

s

BIZEIAEL(C. 1. P)

204
15 4
10 4 i
] o i
5
I8 ¥] 258 b0 S ikl W' P4
.
0 TOELG me oo ¥ aghchd
i
g 400 800 800 1000 1200 1400
Temperaturs “C
e = R T T T

TS s i

dl/Lo *10-3
0
7 4
64
Temp.°C 1. Alpha/(1/K)

5 ] 25.0,500.0: 12.6389E-06

41

34

2 4

14

[1.1] 100% Japan-4 120810.ngb-di4
—dL
04
T T T T
100 200 300 400 500
Temperature /°C
Main 20120820 1048 User: GF

Instrument : NETZSCH DIL402PC File : C\Users\GRDeskopis & 7 atest by MYVErz S 2:100%.100% Japan-4 120810 ngb-dd_
Project : TRIAL1 Samplefload : heating trial (2012-2-1}, 118 mm/25cN | Segments: 14 Sid calib. table = Al203ne scl
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51 25.0,500.0 : 12.5432E-06
4
3 4
2 4
1 4
[1.1] 10% Japan-3 120806.ngb-dl4
——d
0 .
100 200 300 400 500
Temperature /°C
Mein 20120830 10:48 User:GF
Instrument : NETZSCHDIL402PC File : C\Users\GF\DesH opi&: & 52 [ &5\lest by MYVia =% = 5.\10%)10% Japan-3 120806.ngb-di4.
Project TRIAL1 Sample/load : heatingtrial (2012-2-1), 1172 nm/ 25 cN | Segments: 4 Std calib. table : Al203ne. scl
Dateftime: 2012087 £= 100715 |Material: Al203 Modeity pe of meas. : Standard Expansion/sample with correction | Std calib. material : Al203
Laboratory : HUANG Atmosphere:  =no gas=l— Sample holder table:  AlZo3ne.scl Corrim. range: 020500 prm
Operator:  MYWANG Temp. calib. file: TCALZERO TMX Sample holder material : A203
Identity : 10% Japan<4 Range: 255.0(K/miny600 Calibration file: 100% standardngo-cld
Greafeq i NETZSCH Fraeis soflvare
A - % T 3 AN,
! VIR C.T.M-10% T
q*[‘qﬂ 5-13. EY2=NAEYC. 1. M-1096 Japan
dL/Lo *10-3
8 -
n
7 4
G 4
Temp./°C T Alpha/(1/K}
51 25.0,600.0 - 12.9074E-06
41
3 4
2 4
'] 4
[1.115% Japan-5 120728.ngb-dl4
—d
0 4
100 200 300 400 500
Temperature /°C
Main 2012-08-20 1058 User GF
Instrument: NETZSCH DIL 402 PC File : G \Users\GF\Desk op\S; 5 5= faEsitest by MYVES = 2 \5%05% Japan 5 120728 ngo-dd
Project : TRIAL1 Sample'load : heating trial (2012-2-1), 1137 mm/ 26cN | Segments: Std calib. table : Al203ne scl
Dateltime: 2012/7/27 7= 01:5542 |Material : Al203 Modeitype of meas. : Standard Expansion/sample with correction | Std calib. material : AI203
Laboratory : HUANG Atmosphere:  =nogase/— Sample holder table:  AlZo3nescl Corm. range: 120500 pm
Operator:  MYWANG Temp. calib. file : TCALZERO.TMX Sample holder material : AI203
Identity : 5% Japan-6 Range : 25/5.0(Kimin)/500 Calibration file: 1#E 5= standard.ngb-cl4

Created with NETZSGH Profews soffware

EVZIRPIREYC. 1. M-5% Japan)

TN

il 5-14.

102



F 5.8 UEERIF R LY EIRIR TR a s [1¥10°/7C )

20

73 AN

C.I.P. -AJZiE

11.6720.03 & 25-500 [1*10_6/0(: ]

C.I.M.-BHIEEE (5% apan)

12.9320. 18 & 25-500 [1*10_6/0(:]

C.I.M.-CHFEE%(10%Tapan)

12.52%0.34 250 [1%10°/°C )

C.T.M.-DHIEE%(100%] apan)

12.6%0. 14 a 2s5-500 [1*10_6/0(: ]

103




Sy R

6.1 TIRIEAE Y203-Zr02 FURISF Zr02 Abutment (Y4
P YR AR 2T R LAY Tk H YO PO I T AR
T TRURFIR YOSk ISR 53~ b 55 rﬁj%‘:rﬁ iigurj%%p er‘“
R I3 it A R 5 PSR R R AR T
AT i EREIF) Zr02 Abutment Hiﬁﬁl/\ AV
6.2 it DR SHELH R 2102 Abutment I C.LPHA" 28
6.2.1 LT RIS EIES] (200 ~ 250 ~ 300 ~ 325MPa) A1 [FilSEAEHEE (1310 ~
1330 ~ 1350 ~ 1370 ~ 1390°C ) &5 8 FlVsd b ugy s % 0 7
300MPa #1 1360+10°C LI Hioms BIES | AVERREY - 2o e 1
6.005g/cm’ ©
6.2.2 PRI Pguﬁ'fﬂ\ NS NG SN FliLqﬂH[‘FJ R Fl&ES ONC
I AV o AR ISR EEEE (950 ~ 1000 ~ 1050 - 00 1150C)
PRI PO T T RV KT 1100°C R R )
i 20Mffg R o L BRI SRR Y T 1100£10°C Eﬁ?ﬂwﬂ £
19. 5%, EVEGE £ 0 Y203-Z102 fi"idﬁ Ve,
6.3 [ EIRE BR[;@IH,;M -7r02 Abutment V7 C.T.MEIF" 2 g
6.3.1
VRN 10%6 |1 Y203-Zr02 'FUE| TZ-3Y-E+9096 {1 1B Y203 -Zr02 TFUE]
HN-1 W Tl A s gy [ S 2 iy q (1 1S013356 & IS06872 #| # |~ 4
(SRR P A
6.3.2
VR S%E VI Y203-7r02 OB TZ-3Y-E ™ 959 FHBIHI Y203-7r02 R
HN-1 % i SRR S g i3 2 ] £ 15013356 & 1806872 %[ = 4
| ?ﬁﬁﬂ#ﬁ#l VAP - e R AL
AT 1013356 Y ferst P G Wp’dv PG PP RL T HE )
ﬁ#lﬁj Ii P R SR SRR

104



®Y

Y% v R

. Adell R, Eriksson B, Lekholm U, Bra’'nemark P-I, Jemt T. A
long-term follow-up study of osseointegrated implants in

the treatment of totally edentulous jaws. Int J Oral Maxillofac
Implants 1990: 5: 347 -359.

. Adell R, Lekholm U, Rockler B, Bra nemark PI. A 15-year

study of osseointegrated implants in the treatment of the
edentulous jaw. Int J Oral Surg 1981: 10: 387 - 416.

. Ahmad I. Yttrium-partially stabilized zirconium dioxide
posts: an approach to restoring coronally compromised
nonvital teeth. Int J Periodontics Restorative Dent 1998: 18:
454 - 465.

. Albrektsson T, Hansson HA, Ivarsson B. Interface analysis

of titanium and zirconium bone implants. Biomaterials

1985: 6: 97-101.

. Andersson B, Glauser R, Maglione M, Taylor A. Ceramic

implant abutments for short-span FPDs: a prospective

S-year multicenter study. Int J Prosthodont 2003: 16: 640 - 646.
. Andersson B, Schaerer P, Simion M, Bergstrom C. Ceramic
implant abutments used for short-span fixed partial

dentures: a prospective 2-year multicenter study. Int J
Prosthodont 1999: 12: 318 - 324.

. Brodbeck U. The ZiReal Post: A new ceramic implant

abutment. J Esthet Restor Dent 2003: 15: 10-23; discussion 24.
. Chevalier J, Deville S, Munch E, Jullian R, Lair F. Critical
effect of cubic phase on aging in 3mol% yttria-stabilized
zirconia ceramics for hip replacement prosthesis.
Biomaterials 2004: 25: 5539 - 5545.

. Christel P, Meunier A, Heller M, Torre JP, Peille CN.
Mechanical properties and short-term in-vivo evaluation

of yttrium-oxide-partially-stabilized zirconia. J Biomed
Mater Res 1989: 23: 45-61.

10. Deville S, Gremillard L, Chevalier J, Fantozzi G. A critical

comparison of methods for the determination of

105



1.

12.

13.

14.

15.

16.

17.

18.

19.

the aging sensitivity in biomedical grade yttria-stabilized
zirconia. J Biomed Mater Res B Appl Biomater 2005: 72:
239 - 245,

Glauser R, Sailer I, Wohlwend A, Studer S, Schibli M,

Scha rer P. Experimental zirconia abutments for implantsupported

single-tooth restorations i1n esthetically

demanding regions: 4-year results of a prospective clinical
study. Int J Prosthodont 2004: 17: 285-290.

Glauser R, Wohlwend A, Studer S. Application of zirconia
abutments on single-tooth implants in the maxillary esthetic
zone. A 6-year clinical and radiographic follow-up

report. Applied Ossecointegration Research 2004: 4: 41 -45.
Gotfredsen K. A 5-year prospective study of single-tooth
replacements supported by the Astra Tech implant: a pilot
study. Clin Implant Dent Relat Res 2004: 6: 1 - 8.

Guazzato M, Quach L, Albakry M, Swain MV. Influence of
surface and heat treatments on the flexural strength of YIZP
dental ceramic. J Dent 2005: 33: 9-18.

Henriksson K, Jemt T. Evaluation of custom-made procera
ceramic abutments for single-implant tooth

replacement: a prospective l-year follow-up study. Int J
Prosthodont 2003: 16: 626 - 630.

Kohal RJ, Weng D, Ba'chle M, Strub JR. Loaded custommade
zirconia and titanium implants show similar
osseointegration: an animal experiment. ] Periodontol

2004: 75: 1260 - 1266.

Luthardt RG, Holzhuter MS, Rudolph H, Herold V, Walter

MH. CAD / CAM-machining effects on Y-TZP zirconia.

Dent Mater 2004: 20: 655- 662.

McLaren EA, White SN. Glass-infiltrated zirconia /
alumina-based ceramic for crowns and fixed partial

dentures. Pract Periodontics Aesthet Dent 1999: 11: 985-994.
Ralf-J,Kohal,Wael Att,Maria Bachle& Frank ButZ

Ceramic abutments and ceramic oral implants.An update
Journal compilation@2008 Blackwell Munksgaard Periodontology

106



20. Martin Sutter Micro-Injection Molding Puts Ceramics in Top Form
Ceramic industry

21. Robin Carden; December 1, 2010 Virtually Bulletproof ;Ceramic industry

22. OMICHI NOBUKATSU (Tosoh Corp.) KAMIOKA KUNIKAZU (Tosoh Corp.)
UEDA KUNIYOSHI (Tosoh Corp.) MATSUI KOJI (Tosoh Corp.)

OGAI MICHIHARU (Tosoh Corp.)
Phase Transformation of Zirconia Ceramics by Annealing in Hot water.
Journal Title;Journal of the Ceramic Society of Japan

23. =&, (PSS VB GAMEE N 430079) © = LA pipvpted s
International Journal of Stomatology Vol.36 No.5 Sep. 2009
24. Ty IRAVI( VL MRS PR R[S B R D A
AT LR PR AT, 20075 124 ] 55
25. 1 Iﬁ*%ﬁ% FURCASET I Bt SR e, 5
“ = RSP U?' "
26. %JE@%.,\%% TR ‘E‘E‘%:f R Bl A= e = i 2y
27. Straumann,ffﬁJEﬁiﬁ/éiEmibb‘ITISa+ ﬁiﬁﬁ
28. Biomet/ 31 % il pipHy/ = Tyl ITIS 7 3P2E!
29. Zimmer Dental ** Filfiy/ & TiTli— ITIS 7 1E2E!
30. Dentsply Friadent *Tilfiy/ = iyl e ITIS 7z
31. Astra Tech % i/ & Tgfl1-= ITIS 72 #CH
32. babyplast il
3. Mf;g.,gma:aa B ER (T 7 CAEPES)
AL TG Eedini i Shes By I L
34, = 3 U%ﬁlﬁ(ﬁ [ )
%‘@JJEJ'*IJ:" FORIR IS e SRS T AN
35. L7 ) ko p r’?‘ﬁ'ﬁif@ﬂ“ﬁ&j i I
o B A A2 ﬁ*—{ ETRANIIES 5J[g§«l99ﬁ?
36. SRA B, WM«WWJ@ I 3 et s P
I SRR [ A28 ﬁ*# =y H[éﬁ' Sl 98 F
37. PR Zr02 PRI T BIME  IRR VAT 1 SNER fpd
Wuﬂ’ 2009/04/01
38. ﬂiﬁ’"* TERE PR SRR B EE  B A [ E
=, fiEid TUﬂ’ 2007/04/01
39. Implants for surgery-Ceramic materials based on

107



yttria-stabilized Tetragonal Zirconia(Y-TZP),I1S013356:2008
40. Dentistry-Ceramic Materials, ISO 6872:2008

108



