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Foreword

99(E)

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through 1SO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1SO, also take part in the work. 1SO collaborates closely with the International Electrotechnical

Commission (IEC) on all matters of electrotechnical standardization.

International §

Draft Internat
Publication as

International
SC 2, Prosthda

Attention is d
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This second ¢
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— the scopg

— arequire
have beg

btandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part' 3.

onal Standards adopted by the technical committees are circulated to the member bodies
an International Standard requires approval by at least 75 % of the member.bodies casting

Standard 1SO 9693 was prepared by Technical Committee ISO/TC.'106, Dentistry, Su
dontic materials.

SO shall not be held responsible for identifying any or all such patent rights.

dition cancels and replaces the first edition (ISO 9693:1991), which has been technically re
erences between this second edition and the first edition are:

 includes metallic materials (not only alloys) processed by casting or machining;

ment (4.3.3) and a test (6.3.3) on the debonding/crack-initiation strength for the metal-ceral
n added, replacing the previous reguirement and test related to metal-ceramic bond charag

for voting.
a vote.

hbcommittee

awn to the possibility that some of the elements of this International Standard may be th¢ subject of

vised.

mic system
terization.
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Introduction

Dental metallic materials and ceramics are suitable for use in fabrication of metal-ceramic dental restorations.

Specific qualitative and quantitative requirements for freedom from biological hazards are not included in this
International Standard, but it is recommended that, in assessing possible biological hazards, reference be made to
ISO 10993-1 and ISO 7405.

Requiremepts and test methods for tarnish and corrosion resistance for the components and for the’netal-ceramic
system will|be included in the future when they are available.

© 1SO 1999 — All rights reserved \
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Metal-

ceramic dental restorative systems

1 Scope

This Intern
casting or
together wi

The requir|
combinatio

2 Norm

The followi

ptional Standard specifies requirements and test methods for dental metallic materjals
machining, and for ceramics suitable for use in the fabrication of metal-ceramic denta
h requirements and test methods for the composite structure.

ements of this International Standard apply to the metallic materials and-ceramics
h, and compliance may not be claimed for either metallic materials or for geramics alone.

[ative references

ng normative documents contain provisions which, through reference in this text, constitute

this International Standard. For dated references, subsequent amendments to, or revisions of,

publication
investigate
undated re
maintain re
ISO 3696:1
ISO 6872:1
ISO 6892:1
ASTM B 26

ASTM B 34

3 Term
For the pur,
3.1

alloy/metal

process of

3.2

5 do not apply. However, parties to agreements based onthis International Standard are ¢
the possibility of applying the most recent editions~0f the normative documents indicats
ferences, the latest edition of the normative document referred to applies. Members of
gisters of currently valid International Standards;

987, Water for analytical laboratory use —{Specification and test methods.

995, Dental ceramic.

998, Metallic materials — Terisile testing at ambient temperature.

5-95, Standard specificatior for titanium and titanium alloy strip, sheet and plate.

8-93, Standard specification for titanium and titanium alloy bars and billets.

5 and definitions

poses-of this International Standard, the following terms and definitions apply.

processed by
restorations,

vhen used in

provisions of
any of these
encouraged to
bd below. For
ISO and IEC

conditioning
treating the metal substructure to enhance the bonding of ceramic to metal

coating agent

bonding ag

ent

substance which, when applied to the metal substructure and fired under appropriate time-temperature conditions,

improves a

NOTE

©1S0 1999 -

esthetics and may enhance the adherence of ceramic to the coated metal surface
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Examples of such substances are electroplated layers, or agents containing ceramic and/or alloy particles.
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3.3

dental dentine ceramic
slightly translucent, pigmented dental ceramic used to impart the overall shape and basic colour of the ceramic part
of a metal-ceramic restoration or prosthesis

3.4
dental ename

| ceramic

translucent, lightly pigmented dental ceramic, used on a core or a base of dentine ceramic to simulate the natural

tooth enamel

3.5

firing schedul
temperature-t
rate, the final
temperature d

3.6
heating rate
rate of tempe

NOTE Itis

3.7
metallic mate
alloy or metal

3.8
opaque bondi

ceramic proddict that, when mixed with distilled water or otherappropriate liquid, applied to a dental meta|

and treated a
that visibly ma

4 Requirg
4.1 Chemi

411 Metall

For noble me
package labe

For base met
the value sta

me cycle stating the initial temperature, the time period (if any) at the initial temperature;
temperature, the time period (if any) at the final temperature and, in the case of vacuun
f vacuum application and the point of release

ature increase

expressed in degrees Celsius per minute.

ial

suitable for use as the substructure of a metal-ceramic restoration

g dental ceramic

ccording to the firing schedule for the opaque’ ceramic, will bond to the metal surface to f
1sks the metallic colour

ments
cal composition

c material

tal alloys, the)percentage of each alloy constituent shall not deviate from the value sta
or insert byumore than 0,5 % (mass fraction) [see 8.2.2 c)].

Al alloys; the content of constituents present in excess of 20 % (mass fraction) shall not d
ed’on the package label or insert by more than 2 % (mass fraction). The content of g

the heating
h firing, the

lic material
brm a layer

ited on the

pviate from
onstituents

present in ex(

ess of 2 % (mass fraction) but not in excess of 20 % (mass fraction) shall not deviate frofm the value

stated on the

package label or insert by more than 1 % (mass fraction) [see 8.2.2 c)].

The percentage content of nickel, beryllium and cadmium shall not be greater than the amounts indicated on the
package label or insert [see 8.2.2 d)].

Testing shall be carried out in accordance with 6.1.1.

For unalloyed titanium, the grade according to ASTM Designation B 265-95 (strip, sheet and plate) or B 348-93
(bars and billets) shall be certified, i.e. standard specification data apply. A certificate from the supplier of the

titanium shall

be required.

© 1SO 1999 — All rights reserved
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4.1.2 Ceramic

The ceramic shall meet the requirements of ISO 6872:1995/Amd.1:1997, 5.1 and 5.2. Test in accordance with
ISO 6872:1995/Amd. 1:1997.

4.2 Biocompatibility

See the Introduction for guidance on biocompatibility.

4.3 Properties

4.3.1 Meftallic material

The mechgnical properties of the metallic materials as processed shall comply with the requirements gf Table 1.

Table 1 — Mechanical properties of metallic materials

Proof stress of non- Percentage elongation
proportional elongation, after fracture
Roo,2
MPa %
min. .
250 3

The solidug and liquidus temperatures of the alloys shall not deviate by more than 25 °C from the values stated on
the packagp label or insert [see 8.2.2 g)}s

The coeffidient of linear thermal expahsion of the alloys shall not deviate by more than 0,5 x 10-8|K-1 from the
value statefl on the package label.or insert [see 8.2.2 h)].

The density of the alloy as supplied by the manufacturer shall not deviate by more than 0,5 g/cm3 ffom the value
stated on the package label*or insert [see 8.2.2 i)].

Testing shall be carried out in accordance with 6.1.2, 6.1.3, and 6.3.1, respectively. Standard testir)g procedures
shall be used foridetermining the density.

NOTE Horditanium and other pure metals, controlled literature data for melting point, linear thermal expanslon and density
can be used; see e.g. [8].

4.3.2 Ceramic

The flexural strength and the chemical solubility of the fired ceramics shall meet the requirements of Table 2.

© 1SO 1999 — Al rights reserved 3
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Table 2 — Properties of ceramics

Ceramic type Flexural strength Chemical solubility,
loss in mass
MPa ug-cm-2
min. max.
Opaque 50 100
Dentine 50 100
Enamel 50 100

The coefficiern
stated by the

The glass tra
manufacturer

Testing shall

4.3.3 Metald
The debondin
shall be grea
(named) metg

Testing shall

The measure
means of qua

5 Samplin

5.1 Metalli

The sample S

All of the metallic materials/precured shall be unused and obtained from the same batch.

5.2 Ceram

Take a suffici

t of thermal expansion of the ceramics shall not deviate by more than 0,5 x 10-8 K< ¥ fro
manufacturer [see 8.2.3 €)].

hsition temperature of the ceramics shall not deviate by more than 20 °C from the value st
[see 8.2.3 1)].

De carried out in accordance with 6.2.1, 6.3.1, and 6.3.2, respectively:

ceramic system

fer than 25 MPa. The debonding/crack-initiation strength of the ceramic and at least on
llic material present shall be greater than 25 MPa.

pe carried out in accordance with 6.3.3.

 values for coefficients of linear thermal expansion are compared with the manufacturer’s

g

C material

hall be adequate.t0’prepare the specimens for testing in accordance with this Internationg

c

bt amount of ceramic to carry out the necessary tests in accordance with this Internationg

n the value

ated by the

g/crack-initiation strength of the metallic material and atleast one specified (hamed) ceramic present

e specified

values as a

ity control, but the values cannot provide an assurance that the alloy and ceramic are compatible.

| Standard.

| Standard.

If there is m

antities of

each shade.

re~than one shade of opague, dentine _and enamel m:\rnmir*e, rnepnrti\/nlyl take nqnnl

6 Test methods

6.1 Metallic material

6.1.1 Chem

Use standard

ical composition

analytical procedures for determining the composition.

©1SO 1999 — All r

ights reserved
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For unalloyed titanium, specification data in accordance with 4.1.1 shall be provided by the manufacturer or
distributor of the metal.

6.1.2 Mechanical properties

6.1.2.1

Preparation of test specimens

Prepare six test specimens, as depicted in Figure 1 or 2, in accordance with the manufacturer’s procedure for
processing the substructures for metal-ceramic prostheses. Discard and replace specimens with visible defects.

Preheat the furnace. Place the metallic specimens in the furnace for 15 min with the atmosphere recommended for

ecommended
tory plate and

5t specimens,
anical testing

e proof stress

stress as the

s in millimetres

the metalli§ material concerned. USe the highest temperature allowed with reSpect 1o the ceramic(s
for fusing tp that metallic material. Remove the specimens from the furnace, place them on a refrac
allow them|to cool. Use the specimens for the tests in 6.1.2.2 and 6.1.2.3.
6.1.2.2 Proof stress of non-proportional elongation
Determine the proof stress of non-proportional elongation in accordance with ISO.6892 using the te
processed [and conditioned in accordance with 6.1.2.1. Load the test specimens.ifiVa universal meck
instrument jat a cross-head speed of (1,5 + 0,5) mm/min until fracture occurs.
Determine the values from the resultant stress-strain curves at the 0,2 % offset level and calculate th
on the basip of the original cross-sectional area.
If four or more specimens are found to comply with the requirement in Table 1, calculate the proof
mean valug for those specimens, and report it to the nearest 5:MPa.
If fewer than four specimens comply with the requirements’specified in Table 1, repeat the test.
If again fewer than four specimens comply with the requirement specified in Table 1, the metallic material does not
pass the tept.

Dimension

@ 3 0,1
- /ﬁ?
S T |
Z
1 _[R L min
e 6 min. 1
\D
o 18— =01
42 min.

Key
1 Gaugelength15+0,1

©1S0 1999 -

Figure 1 — Test specimen with conical shoulders

All rights reserved
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18 0,1

$6 0

Dimensions in millimetres

Key

42 min.

1 Gauge length 15+ 0,1

6.1.2.3 Pe

centage elongation at fracture

Figure 2 — Test specimen with radial shoulders

Determine th¢ percentage elongation at fracture in accordance with 1SO-6892 on the specimens fractured in the

test according

If four or mo
mean value fq

If fewer than f

If again fewer
pass the test.

6.1.3 Solidu

Determine th

t0 6.1.2.2.

r those specimens, and report it to the nearest 1 %:

S and liquidus temperature

method of equiivalent or better accuracy:

6.2 Ceram

6.2.1 Flexun

6.2.1.1 Prd

cs
al strength and chemical solubility

paration of test specimens

Prepare the

pur specimens comply with the requirement spégcified in Table 1, repeat the test.

pecimens far testing of flexural strength and chemical solubility in accardance with 1SQ

e specimens are found to comply with the requirement in Table 1, calculate the elongdtion as the

than four specimens comply with the requirement specified in Table 1, the metallic material does not

b solidus and liquidus temperatures by differential thermal analysis (DTA) or another pstablished

72. When

water is required for mixing ceramics, it shall comply with Grade 3 in accordance with ISO 3696.

6.2.1.2 Fle

xural strength

Test for flexural strength in accordance with ISO 6872.

6.2.1.3

Chemical solubility

Wash the specimens with water of Grade 3 in accordance with I1SO 3696, dry them at (150 + 5) °C for 4 h, and
weigh them to the nearest 0,1 mg. Calculate the total surface area to the nearest 0,5 cm2. Use a 250 ml Pyrex
glass bottle with 100 ml acetic acid (analytical grade), 4 % (volume fraction) solution in water of Grade 3 in
accordance with ISO 3696. Preheat to (80 + 3) °C and place the specimens in the bottle. Close the bottle and place

© 1SO 1999 — All rights reserved
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it in an oven at (80 + 3) °C for 16 h. Place the bottle on a bench and remove the specimens when the bottle has
cooled to room temperature.

Wash the specimens with water of Grade 3 in accordance with 1SO 3696, dry them at (150 +5) °C to constant
mass, and reweigh the specimens.

6.2.2 Assessment of results

6.2.2.1  Flexural strength

Calculate the value of flexural strength in accordance with 1ISO 6872. To pass the test, at least eight of the
10 specimgns shall meet the requirements for flexural strength stated in Table 2.

If five or leps pass, the material fails. If six or seven pass, test an additional 10 specimens.Of)these, 10 or nine
respectively shall pass, i.e. at least a total of 16 specimens shall pass.

6.2.2.2 Chemical solubility

Calculate the mass loss, in micrograms per square centimetre, of the specimens.“Check for compliance with the
requiremert stated in Table 2.

6.3 Metal-ceramic system
6.3.1 Lingar thermal expansion

6.3.1.1 \pparatus

6.3.1.1.1 | Equipment for manufacturing dental metah framework , in accordance with the manufacturer's
processing|instructions.

6.3.1.1.2 Dental ceramic furnace.

6.3.1.1.3 | Calibrated dilatometer.

6.3.1.2 Preparation of test specimens
Follow the processing instructions concerned, and prepare two metal specimens and four opaque, foyr dentine and

four enamgl ceramic specimens. Prepare the specimens as rods or bars having cross-sectional areas not greater
than 30 mm2. Grind the €nAds of the specimens flat, and parallel and square to the specimen axis.

6.3.1.3 Procedure for metallic material

Heat-treat |[specimens according to 6.1.2.1. Make dilatometric measurements on each of the twWo specimens
respectively-ata freating Tate of (5 = 1) “Cfmim, up to 550~"CDetermmine the Toeffitient @35 ¢ 1o 500 °c) Of linear
thermal expansion between 25 °C and 500 °C for each specimen from plotted curves or recorded values of
expansion versus temperature.

For titanium and other pure metals, see note in 4.3.1.

6.3.1.4 Procedure for ceramic

Prepare the four opaque specimens and the four dentine and four enamel specimens by firing two specimens of
each type of ceramic once in vacuum and once at atmospheric pressure in air, and firing the other two specimens
of each type three times in vacuum and once at atmospheric pressure in air in accordance with the manufacturer’s
instructions.

© 1SO 1999 — Al rights reserved 7
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Make a dilatometer measurement on each annealed specimen at a heating rate of 5 °C/min up to the dilatometric
softening point. Determine for each specimen the coefficient of thermal expansion between 25 °C and 500 °C (or
between 25 °C and the glass transition temperature if that temperature is lower than 500 °C) from plotted curves or
recorded values of expansion versus temperature.

6.3.1.5  Assessment of results

Calculate and report a mean value for a (25 °c 1o 500 °c) for the coefficient of thermal expansion from 25 °C to 500 °C
for the metallic material [8.2.2 h)] and from 25 °C to 500 °C (or from 25 °C up to the glass transition temperature, if
that temperature is lower than 500 °C) for the ceramic specimens fired twice and four times. Report the mean
coefficient of thermal expansion in 10-6 K-1, rounded to the nearest 0,1 x 10-6 K-1 [8.2.3 e)].

6.3.2 Glass|transition temperature

6.3.2.1  Prqcedure
Determine graphically the glass transition temperature for each ceramic specimen from pletted curves o

versus tempefature, prepared in accordance with 6.3.1.4.

expansion

6.3.2.2  Asgessment of results

Calculate and ind enamel

ceramics fired

report the mean glass transition temperatures, in degrees Celsius, for opaque, dentine ¢
twice and four times [8.2.3 f)].

6.3.3 Metal{ceramic bond characterization (Schwickerath crack.inijtiation test)
6.3.3.1  Apparatus
6.3.3.1.1  Hlexural-strength testing machine for sthree-point bending, having a span between supports of

20 mm and cg@pable of a cross-head-speed of (1,5 £:0;5) mm/min. Supports and bending piston shall be[rounded to

aradius of 1,0 mm.

6.3.3.2  Prgparation of test specimens
Prepare six | alloy/metal specimens®.(25+ 1) mm x (3 +£0,1) mm x (0,5+ 0,05) mm in accordance| with the
manufacturer|s procedure for processing the substructures for metal-ceramic prostheses. Condition the gpecimens,

observing the

Before apply

recommendation and test:fire the ceramic material to obtain the appropriate firing grade and surface gl

opaque and b

According to

manufacturer’s instructions (e.g. cleaning, sandblasting, oxidation).
ng the cerafic”to the test specimens, calibrate the furnace according to the marn
ody ceramic. If necessary, adjust the firing temperatures or holding times.

he ’manufacturer’s instructions apply opaque ceramic over a length of (8 £ 0,1) mm symnj

one 3 mm wide_side of each specimen

ufacturer’s
pss of both

etrically on

Add body ceramic to each specimen to form a total ceramic thickness of (1,1 £ 0,1) mm after firing (see Figure 3).
The ceramic layer shall have a rectangular shape.

If necessary add additional body ceramic to obtain the required thickness and shape, and fire it. Carefully trim the
rectangular shape with a disc. If necessary remove ceramic from the side of the metal strip.

Submit each specimen to a glaze firing in accordance with the manufacturer’s instructions.

© 1SO 1999 — All rights reserved
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Dimensions in millimetres

—
o

+l
—
—

0,5 20,05

25 +1

6.3.3.3
The fired
bending pig
is applied 4
for each of

ceramic lay
specimens

6.3.34

The fractu
coefficient
modulus Ej

To read thg
the picked

The debon

p =K
The metal-
If fewer tha

If again fev
not pass th

6.3.3.5

Figure 3 — Test specimen configuration

Procedure

Epecimens are placed in the bending apparatus (distance between supports: 20 mm,
ton: 1 mm) with the ceramic positioned symmetrically on the side oppositetothe applied Ig

it a constant rate of (1,5 + 0,5) mm/min and recorded up to failure. The-fracture force F¢y
six specimens is measured for specimens failing by a debonding«crack occurring at o

er. Specimens failing by cracks in the middle of the ceramic layer shall be replaced until S
are obtained.

\ssessment of results

e force Fg,j has to be multiplied with a coefficient*k. Coefficient k can be read from
k is a function of the thickness of the metal substrate dy, (0,5 + 0,05) mm, and the valy
) of the used metallic material.

value k for a certain thickness dy, first pick‘the curve for the proper value Ey, then read th
curve for the thickness dy.

jing/crack-initiation strength 7y, is calculated using the equation:

Rail
Ceramic system passes-the test if four or more specimens comply with the requirement spe|
n four specimensycomply with the requirement specified in 4.3.3, repeat the test.

jer than feur’specimens comply with the requirement specified in 4.3.3, the metal-ceramid
P test.

Alternative procedure

radius of the
ad. The force
| (in newtons)
he end of the
ix appropriate

Figure 4. The
e of Young's

P value k from

cified in 4.3.3.

system does

The debonding/crack-initiation strength z}, can also be calculated numerically on the basis of the flow chart shown

in Figure 5.

6.3.3.6

Assessment of results

The metal-ceramic system passes the test if four or more specimens comply with the requirement specified in 4.3.3.

If fewer than four specimens comply with the requirement specified in 4.3.3, repeat the test.

If again fewer than four specimens comply with the requirement specified in 4.3.3, the metal-ceramic system does
not pass the test.

©1S0 1999 -
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E
E- 8 |
X
EM (GPa)
o
L 80
100

o

120

| 140
160

| 180
> 200

220
[ 240

0

| | | | |
0,44 0,46 048 .05 052 054 0,56
dy, mm

N

Figure 4 +— Diagram to determine the coefficient  k as a function of metal substrate thickness v and
Young’'s modulus Ey, of the metallic material

7 Informaltion andinstructions

Detailed datedl instructions for processing the metallic material, including instructions for brazing or weldjng, and for
preparing thesurfacetoobtaimsatisfactory bonding—to—atteast one—specified~(named)ceramic material shall be
supplied by the distributor of the metallic material, or as regards titanium by the distributor(s) of the processing
system(s) concerned. Detailed dated instructions for the application and the firing schedule of the ceramic material,
together with the manufacturer's recommendation of at least one (hamed) metallic material which can provide
satisfactory bonding to the ceramic material considered, shall be supplied by the distributor of the ceramic.

Detailed instructions regarding precautions shall be given in the package or accompanying literature.

CAUTION — Appropriate protection should be used for all grinding and polishing procedures.

10 © 1SO 1999 — All rights reserved
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Input data:
EM (GPa), dM (mm), Ffail (N)

Calculation of k at dy (1) = 0,k4; dy (2) = 0,5; dy (3) = 0,56

for the actual value of £y
k(1) = 1818 x 105°.F£2 - 1873 x 10°2-F, + 7802
k(2) = 1,695 x 107°-£,2 - 1,521 x 1072-F + 6,131
k(3) = 1,61 x 107°-£7 - 13 x 1072-Fy + 4,986

Calculation of the coefficients A, B, U of the parabola approximating
the dependence of k on dy for the actual value of £y

Definitions: D1 = dy (1), S1 = & (1)
D2 = dy (2), S2 = K (2)
D3 =dy (3), S3 = K (3)

1/DET-(D3-S2 - D2-S3 + D1-S3 - D3-S1 + D251 - D1.52)
1/DET-(D22-S3 - D32.52 + D32.S1 - D143 + D12.S2 - 022-51)
1

D
A
B
C /DET-[S1-D2-D3-(D2 - D3) + S2.03-D14D3" - D1) + S3-0D1-D2-(D1 - D2)

ET = D2-03:(D2 - D3) + D3:D1(D3 - D1) + D1-D2:(D1 - D2)

Calculation of Ahe bond strength
Ty = Ffai[ (A-sz+ B-dM + 0)

Output data:
Ty (MPa)

Figure 5 Flow chart for numerical calculation of debonding/crack-initiation strength

8 Packaging, marking and labelling
8.1 Packaging

The dental ceramic powder shall be supplied in sealed containers that do not contaminate or permit contamination
of the contents.
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