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Foreword

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 ISO
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 ISO, also take part in the work. ISO collaborates closely with the International
Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
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9693-1 was prepared by Technical Committee ISO/TC 106, Déntistry, Subcomm
thodontic materials.

first edition of ISO 9693-1, together with 1ISO 9693-21), cancels ‘ahd replaces 1SO 9693:
porates the Amendment ISO 9693:1999/Amd 1:2005.

D693 consists of the following parts, under the general title:Dentistry — Compatibility testing
Part 1: Metal-ceramic systems
following parts are under preparation:

Part 2: Ceramic-ceramic systems
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Introduction

Dental metallic materials and ceramics are suitable for use in the fabrication of metal-ceramic dental restorations.
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Dentistry — Compatibility testing —

Part 1:

Me

tal-ceramic systems

1 Scope
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part of ISO 9693 specifies test methods for determining the compatibility of metallic and-eerar]
for dental restorations by testing the composite structure.

requirements given in this part of ISO 9693 are applicable to metallic materials.ahd ceramic
mbination, and are not applicable to either metallic materials or ceramics whendsed alone.

- Requirements for metallic materials are given in ISO 22674; requirements for ceramic material
872.

Normative references

following referenced documents are indispensable forsthe application of this documen

(incliding any amendments) applies.

ISO
ISO
ISO

Fort

4

4.1

Speq

1942, Dentistry — Vocabulary
5872:2008, Dentistry — Ceramic materials

P2674:2006, Dentistry — Metallic materials for fixed and removable restorations and applian

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 1942, ISO 6872 and ISO

Requirements

Biocompatibility

ific qualitative and quantitative test methods for demonstrating freedom from unacceptable bi

hic materials

5 when used

S are given in

. For dated

ences, only the edition cited applies. For undated references, the latest edition of the referenceéd document

res

P2674 apply.

blogical risks
Ch biological

are ot ncluded in this part of ISO 9693, but it is recommended that, for the assessment of su
risksT reference be made to ISO 10993-1 and ISO 7405.

4.2

Properties of metal-ceramic system

The debonding/crack-initiation strength of the metallic material and at least one specified (named) ceramic
present shall be greater than 25 MPa. The debonding/crack-initiation strength of the ceramic and at least one
specified (named) metallic material present shall be greater than 25 MPa.

Testi

ng shall be carried out in accordance with 6.4.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=8eccb0e1bb398caae433fe7a56aa5c78

ISO 9693-1:2012(E)

5 Sampling

5.1 Metallic material

The sample shall be adequate for preparing the test specimens in accordance with 6.4.2. All of the metallic
materials procured shall be unused and obtained from the same batch.

5.2 Ceramic

Take a sufficient amount of ceramic (see 6.4.2) to carry out the necessary tests in accordance with this part
of ISO 9693
of each shadle.

6 Test methods

6.1 Linear thermal expansion

6.1.1 Ceramic materials

Test methodis for ceramic materials shall be in accordance with ISO 6872:2008, 7.4.

6.1.2 Metallic materials

Test methods for metallic materials shall be in accordance with IS©,22674:2006, 8.8.

6.2 Glasg transition temperature

Test methods for glass transition temperature shall be in accordance with ISO 6872:2008, 7.5.

6.3 Young’s modulus

Test methods for Young’s modulus shall beyin accordance with ISO 22674:2006, 5.4.4.
6.4 Metal-ceramic bond characterization (Schwickerath crack-initiation test)
6.4.1 App3aratus

6.4.1.1 Flexural-strength testing machine for three-point bending, having a span of 20 mm betyveen
supports and which isicapable of attaining a cross-head-speed of (1,5 + 0,5) mm/min. The supports and bending
piston shall be rounded to a radius of 1,0 mm.

6.4.2 Prephration of test specimens

Prepare six alloy/metal specimens of (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
specimens, observing the manufacturer’s instructions (e.g. cleaning, sandblasting, oxidation).

Before applying the ceramic to the test specimens, calibrate the furnace according to the manufacturer’s
recommendation and test-fire the ceramic material to obtain the appropriate firing grade and surface gloss of
both opaque and dentine ceramic. If necessary, adjust the firing temperatures or holding times.

In accordance with the manufacturer’s instructions, apply opaque ceramic over a length of (8 + 0,1) mm
symmetrically on one 3 mm-wide side of each specimen.

Add dentine ceramic to each specimen to form a total ceramic thickness of (1,1 + 0,1) mm after firing (see
Figure 1). The ceramic layer shall have a rectangular shape.
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If necessary, add additional dentine 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.
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Figure 1 — Test specimen configuration

Procedure

.1 General

fired specimens are placed in the bending apparatus [the distan¢e between the centres of thg

0,1) mm and the radius of the bending piston is (1,0 = 0,1) . mm)] with the ceramic positioned s
e side opposite the applied load. The force is applied at a.constant rate of (1,5 + 0,5) mm/min g
ntil failure. The fracture force, Fiaj, expressed in newtons, is measured for specimens that fg
Hebonding crack occurring at one end of the ceramiC\layer. Specimens failing as a result of
le of the ceramic layer shall be replaced until sixappropriate specimens are obtained.

.2 Assessment of results
Hebonding/crack-initiation strength, m,(is calculated using the following equation:
b =k X Ffail

coefficient, &, is a function of‘the thickness of the metal substrate, dju, [(0,5 + 0,05) mm], and
g’s modulus, Epy, (determined in accordance with 1ISO 22674), of the used metallic materia

of Em, then read’the value & from the picked curve for the thickness dy.

r specimens‘aut of six (66 %), or more, comply, the system passes the test. If only two, or fe
ystem fails, If three pass, repeat the test with another six specimens. If five or six of the ney
, the system complies.

e supports is
ymmetrically
nd recorded
il as a result
cracks in the

the value of
. Coefficient
r the proper

wer, comply,
V specimens

6.4.4

Alternative procedure

6.4.4.1 General

The debonding/crack-initiation strength, 7, can also be calculated numerically on the basis of the flow chart
shown in Figure 3.

6.4.4.2 Assessment of results

The metal-ceramic system passes the test if four or more specimens comply with the requirement specified in 4.2.

If four specimens out of six (66 %), or more, comply, the system passes the test. If only two, or fewer, comply,
the system fails. If three pass, repeat the test with another six specimens. If five or six of the new specimens

pass

, the system complies.
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Figure 2 —

Dimensions in millimetres
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Diagram to determine the coefficient t as a function of metal substrate thickness, d,/and
Young’s modulus, £\, of the metallic material
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( Begin )

Input data:
Ew (GPal, dy (mm), Fey (N)

Calculation of & at dy (1) = 0,44; dy (2) = 0,5, dy (3) = 0,56

for the actual value of £y

K= T818 < 10> Fg — 1873 x 102 Fy + 7,802
k(2) = 1,695 x 107°-£,2 - 1,521 x 1072 £y + 6,131
k(3) = 1614 x 107°-£F - 13 x 1072 £y + 4,986

Calculation of the coefficients A, B, C of the parabola approximafing
the dependence of k on dy for fthe actual value of £y

Definitions: D1 = dy (1, S1 = 4« (1)
D2 = dy (2), S2 = k(2)
D3 = dy (3), S3 = k (3)
DET = D2.D3-(D2 - D3) + D3.D1(D3 - D1) + 01B2.(D1 - D2)
A = 1/DET-ID3:S2 - D2:S3 + D1.S3 - D3.S] «D2.S1 - D1S2)
B = 1/DET-(D22.$3 - D3%2.52 + D32.51 - DT&S3 + D12.52 - D22.91)
C = 1/DET[S1-D2:D3:(D2 - D3) + S2-D3DID3 - D1) + S$3-D1.02.(D1 - D2)

Calculation ofdthe bond strength 7
7s0= Frai (Ady + B-dy + (I

Output data:
7h (MPa)

Figure 3.~<Flow chart for numerical calculation of debonding/crack-initiation strength

7 Testreport

The test report shall include at least the following information:
a) tested materials;

b) results obtained from the crack-initiation test, in MPa;

¢) linear thermal expansion of the tested materials;

d) glass transition temperature of the ceramic(s) tested;

e) name of the responsible person and the testing laboratory;

f) date of the test report and signature of the responsible person.
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