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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.
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Introduction

Specific qualitative and quantitative requirements for freedom from biological hazard are not included
in this International Standard, butitis recommended that in assessing possible biological or toxicological
hazards, reference be made to ISO 10993-1 and ISO 7405.
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Dentistry — Ceramic materials

1 Scope

This International Standard specifies the requirements and the corresponding test methods for dental
ceramic materials for fixed all-ceramic and metal-ceramic restorations and prostheses.

2 Normative references

The fpllowing documents, in whole or in part, are normatively referenced in this [docurhent and are
indispensable for its application. For dated references, only the edition cited applies. |[For undated
refergnces, the latest edition of the referenced document (including any amendments) applies.

ISO 3696, Water for analytical laboratory use — Specification and test metheds
ISO 1942, Dentistry — Vocabulary

[SO 13078, Dentistry — Dental furnace — Test method fortemperaturé measurementwith separatethermocouple

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1942 and the following apply.

3.1 |Material

3.1.1
additlion ceramic
add-gn ceramic
corrgction ceramic
dentall ceramic material which is'fired at a reduced temperature and is normally appli¢d to restore
contart areas on a dental restoration or prosthesis

3.1.2
aesthetic ceramic
denta| porcelain (3:15) or glass ceramic (3.1.10) having appropriate translucency and cqlour used to
mimi¢ the opticalbproperties of natural teeth

3.1.3
chromatic'dentin ceramic
dentill:le ceramic having a high strength or saturation of the hue (color)

3.1.4

dental ceramic

inorganic, non-metallic material which is specifically formulated for use when processed according to
the manufacturers’ instructions to form the whole or part of a dental restoration or prosthesis

3.1.5

dental porcelain

predominantly, glassy dental ceramic (3.1.4) material used mainly for aesthetics in a dental restoration
or prosthesis

3.1.6

dentine ceramic

dental ceramic (3.1.4) material used to form the overall shape and basic colour of a dental restoration or
prosthesis simulating the natural tooth dentine

© IS0 2015 - All rights reserved 1
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3.1.7
enamel ceramic
dental ceramic (3.1.4) material used to overlay, either partially or wholly, the dentine ceramic (

3.1.6)

and also, to form the more translucent incisal third of a dental restoration or prosthesis simulating the

natural tooth enamel

3.1.8
flame-sprayed dental ceramic
dental ceramic core or substructure layer formed via the technique of flame-spraying

3.19
fluorescent ceramic

dental ceramjc (3.1.4) material that absorbs radiant energy and emits it in the form of radiant efxe
a different wapvelength band all or most of whose wavelengths exceed that of the absorbed energy

EXAMPLE Absorption of ultraviolet light with emission of blue light.

3.1.10
glass ceramijic (dental)

dental ceranfic (3.1.4) material formed by the action of heat treatment on a‘glass in order to
initiation angl growth of a wholly or predominantly crystalline microstructure

3.1.11
glass-infiltrated dental ceramic

dental cerarhic core or substructure layer which is porous and\is subsequently densified b
infiltration of specialised glass at elevated temperature

3.1.12
glaze ceramic
dental ceramjc (3.1.4) material which is overlayed and fired at a lower temperature compared to d
ceramic (3.146) or enamel ceramic (3.1.7) to producé€ a thin coherent sealed surface, the level of
being deternpined by the firing conditions

3.1.13
liner

rgy of

cause

y the

bntine
gloss

dental ceranmic (3.1.4) material used enrall ceramic substructure forming a layer that provides a

background folour upon which dentine-or opaceous dentine can be applied to achieve overall aest

uid

3.1.15
modifying enameéel-ceramic

hetics

form

enamel cera

3.1.16
monolithic ceramic
dental ceramic (3.1.4) that is substantially made of a single uniform material

Note 1 to entry: A thin layer of glaze (3.3.4) (staining technique) can be applied.

3.1.17
opaceous dentine ceramic

dental ceramic (3.1.4) material having a higher opacity than a dentine ceramic (3.1.6) material, but which
can still be used to contribute to the overall shape and basic colour of a dental restoration or prosthesis

simulating the natural tooth dentine

2 © IS0 2015 - All rights reserved
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3.1.18

opalescent enamel ceramic

enamel ceramic (3.1.7) material that scatters shorter wavelengths of light (e.g. blue) and transmits longer
wavelengths of light (e.g. red)

3.1.19

opaque dental ceramic

dental ceramic (3.1.4) material which when applied to a metallic substructure, according to the
manufacturer’s instructions, acts to bond to the metal surface forming a layer that provides a
background colour and interface upon which other dental ceramic materials can be applied to achieve
overall aesthetics

3.1.2

shoulder ceramic
margin ceramic
dental ceramic (3.1.4) material used to form shape and colour at the marginal area ¢f the dental
restoration or prosthesis simulating natural tooth dentine in this area

3.1.2

stain|ceramic
dentdl ceramic powder or paste which is normally intensely coloured and which is fornpulated to be
used either internally or externally during the build-up of a dentals'estoration or prosthesis to simulate
details within or on the surface as are found in natural teeth

3.1.22
substructure (core) dental ceramic
preddminantly, polycrystalline dental ceramic matetial that forms a supporting substriucture upon
whicl} one or more layers of dental ceramic (3.1.4) ordental polymer material are applied, either partially
or totially, to form a dental restoration or prosthesis

3.2 [Processing

3.21
air firing dental ceramic
firing of dental ceramics (3.1.4) miider ambient atmospheric pressure

3.2.2
dent3l CAD/CAM
complter-aided design/eomputer-aided manufacture (CAD/CAM) procedures to manufacfure a dental
restoration or prosthesis normally including the following stages: a) a digital scanning progedure of the
mode], wax-up, or‘intra-orally to produce a 3D data set; b) software manipulation of the 3D data set to
desigh the prosthesis; c¢) a computer-directed machine tool that performs the manufacturing process

3.2.3
condensation of dental ceramic
powderprocess whe

sintering

owder prior to

3.24

injectable, castable, or pressable dental ceramic

dental ceramic (3.1.4) material, normally in the form of a pellet or ingot (often pre-sintered), designed for
use in a specialised furnace which enables the ingot to be injected/cast/pressed into a mould prepared
through the lost wax technique

© IS0 2015 - All rights reserved 3
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3.2.5
sintering of

015(E)

a dental ceramic

process whereby heat and potentially other process parameters, for example, mechanical or gas
pressure, are applied to a ceramic powder or powder compact in order to densify the ceramic into its
required form

Note 1 to entry: “Firing” and “sintering” are used interchangeably in this International Standard (“firing”

connoting the

3.2.6

application of heat to drive sintering).

vacuum firing dental ceramic

firing of dent

al ceramics (3.1.4) atreduced pressure (i.e. under vacuum) to yield the required density and

associated a¢

Note 1 to enf
entrapment o

3.3 Prope

3.3.1
class of dentf
classification

3.3.2

fracture tou
conventional
(propagatior

3.3.3
glass transi
approximate]

3.34
glaze
surface appe

4 Types,
For the purp
— Typel: Q

Type II:

Ceramics arf

sthetics especially the degree of translucency

ry: Dental ceramics for vacuum firing have a specific particle size distribution to“redu
porosity.

rties

al ceramic
of a dental ceramic (3.1.4) material according to its intendedfunction

ghness
fracture mechanics parameter indicating the resjistance of a material to crack exte

)

fion temperature

arance obtained when thegloss is clinically and aesthetically acceptable

classes, and theiridentification
pses of this Interfational Standard, dental ceramics are designated into two types.
eramic products that are provided as powders, pastes, or aerosols.

\1] other forms of ceramic products.

ce the

nsion

midpoint of the temperature range over which a glass transforms between elastic and
viscoelastic hehaviour characterized by the onsetof-a rapid change in its coefficient of thermal exp3

nsion

p ‘divided into five classes according to their intended clinical use and according {

o the

descriptions in Table 1. If colour is added to a ceramic powder for identification purposes, the colour

coding given

in Table 2 is recommended.
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Table 1 — Classification of ceramics for fixed prostheses by intended clinical use with required
mechanical and chemical properties

Class Recommended clinical indications Mechanical and chemical properties
Flexural strength
[MPa] Chemical solubility
minimum value for [ng/cm?2]
mean (see 7.3.1.4)

a) Monolithic ceramic for single-unit anterior 50 <100

1 prostheses, veneers, inlays, or onlays
adhesively cemented
b) Ceramic for coverage of a metal framework 50 £100
or a ceramic substructure.

2 a) Monolithic ceramic for single-unit anterior 100 4100
or posterior prostheses adhesively cemented.
b) Partially or fully covered substructure ceramic 100 <2 000
for
single-unit anterior or posterior prostheses
adhesively cemented.
a) Monolithic ceramic for single-unit anterior 300 4100

3 or posterior prostheses and for three-unit
prostheses not involving molar restoration
adhesively or non-adhesively cemented.
b) Partially or fully covered substructure for sin: 300 <2 000
gle-unit
anterior or posterior prostheses and for
three-unit prostheses not involving molar
restoration adhesively or non-adhesively
cemented.

4 a) Monolithic ceramic for three-unit 500 1100
prostheses involving molar restoration.
b) Partially or fully covered:substructure for 500 <2 000
three-unit prostheses invelving molar
restoration.
Monolithic ceramie for prostheses involving 800 1100
partially or fully eovered substructure for four or

5 more units,ex fully covered
substructure’for prostheses involving
four or mere units.

Table 2 —~Recommended colour coding for the identification of type I dental ceramlic powders
Material Colour rnding

(e.g. translucent, clear)

Dentine ceramic Pink
Enamel ceramic Blue
Fluorescent ceramic Yellow
Highly chromatic dentine ceramic Orange
Opalescent enamel ceramic Blue-green
Modifying enamel ceramic Purple

© ISO 2015 - All rights reserved
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5 Requirements

5.1 Uniformity

The inorganic pigment(s) used to produce the colour of a fired dental ceramic and any organic colorants
(for colour coding) shall be uniformly dispersed throughout the dental ceramic material and in powdered
ceramic products, no segregation of the pigment(s) shall take place when the powder is mixed as in 7.1.3.
Check by visual inspection.

5.2 Freedom from extraneous materials

5.2.1 Dentaljceramic materials shall be free from extraneous materials when assessed by visual inspgction.

5.2.2 Dental|ceramic materials shall not have an activity concentration of more than 1,0Bg-g-1 of 238U.
Test in accorflance with 7.2.2.

5.2.3 Any colorants used to colour code the ceramic powder, as per Table 2, are recommended to be{food-
quality orgarjic materials.

5.3 Mixing and condensation properties of type I ceramics

When mixed|as in 7.1.3 with water or the modelling fluid recommended by the manufacturer, a dental
ceramic powgder shall neither form lumps, nor granules, when assessed by visual inspection.

The paste fojmed shall be suitable for making the indicated restorations and prostheses by condensation
of successivq layers. When the paste is condensed as in Z1\4, it shall neither crack, nor crumble,|when
assessed by yisual inspection during drying.

5.4 Physi¢al and chemical properties

The physicalland chemical properties of ceramic test specimens tested in accordance with the relevant
methods defailed for type I and type Ilcéramics in Clause 7 shall comply with the requirements
specified in Table 1. The coefficient of thermal expansion of the ceramics shall not deviate by mor¢ than
0,5 x 10-6 K- from the value stated by the manufacturer (see 8.2.2). The glass transition temperature of
the ceramics|shall not deviate by more than 20 °C from the value stated by the manufacturer (see §.2.2).

5.5 Biocompatibility

See the introduction for\guidance on biocompatibility.

5.6 Shrinkage factor

£ ] - | £ 1 laialail s o £l sall H | :
The abSOlut dailtuldtly Ul tllC SITHIRAZT laLtUl Uy VWIIICIT tllC UIIIITIISIUILIS Ul tllC pdal tlcllly DllltCl CuUu 111 terlal

is to be divided as provided under 9.2.2 c) shall be +0,002.

6 Sampling

6.1 Typel ceramics

Use retail packages from the same batch containing enough material to carry out the specified tests plus
an allowance for repeated tests, if necessary. Where there is more than one shade in a class of dental
ceramic, perform test with a colour/shade most commonly used. All of the materials tested shall be of
the same lot.

6 © IS0 2015 - All rights reserved


https://standardsiso.com/api/?name=c3b8455843800af5ac24a34028b2f847

ISO 6872:2015(E)

Sufficient quantities of essential modelling fluids shall be obtained if their use is recommended by the
manufacturers. The quantities shall be those recommended by the manufacturer concerned.

6.2 Type Il ceramics

All of the materials procured for testing in accordance with this International Standard shall be of
the same lot.

7 Test methods

7.1 [Preparation of test specimens
For d¢tailed instructions, see the individual test methods.

For type [ specimens (unless otherwise stated or inconsistent with the text), the apparatus detailed in
7.1.2 along with the conditions for mixing, condensation, and firing (7.1.3, Z14, and 7.1.5]) apply to all
the tgst methods.

7.1.1] Components of test specimens (type I ceramics)

The liquid used in the preparation of test specimens shall be waten that complies with the flequirements
for grpde 3 water (ISO 3696) or, when applicable, the modelling£luid recommended by the manufacturer
of thg dental ceramic powder. The required amount of powder shall be taken from the appfopriate pool
of poyder obtained in accordance with 6.1.

7.1.2( Apparatus for mixing

All apparatus for mixing shall be clean and dry.
7.1.2]1 Glass slab or mixing palette.

7.1.2{2 Spatula, made from material that is not readily abraded by the dental ceramic powder (glass
is recommended). Instruments uged for the mixing procedure shall be made of materials that do not
contaminate the ceramic matérial.

7.1.2)3 Openmultipartmould, from which the condensed specimen can be removed withqut distortion.

7.1.2}4 Vibrationsystem (table or mechanical brush), capable of vibrating at a frequendy of 50 Hz to
60 H7 or in aceordance with the manufacturer’s instructions.

7.1.3| Method of mixing

Combine the water or modelling liquid and the ceramic powder in the proportions recommended by
the manufacturer. Avoid vigorous mixing which will tend to incorporate air bubbles with the paste and,
both during and after mixing, examine for compliance with 5.1 and 5.2.1.

7.1.4 Procedure for specimen fabrication

Overfill the mould with dental ceramic paste and vibrate. When excess liquid appears at the free surface
of the specimen, place a paper tissue (or similar absorbent material) on the surface of the specimen and
remove the excess liquid continually by replacing the tissue as soon as it becomes saturated with liquid.
Continue vibration and absorption until no further liquid can be removed and then level the free surface
of the condensed specimen by means of a suitable instrument (a bevelled glass microscope slide is ideal

© IS0 2015 - All rights reserved 7
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for this purpose). After removing the specimen from the mould, place it on a firing tray, dry it, and check
for compliance with 5.3.

NOTE

Other forming methods such as dry pressing are acceptable for specimen fabrication.

7.1.5 Firing

Position the specimensin the furnace so that they will be uniformly fired on a substrate to which they will
not adhere and from which there will be no pick-up of material. Obtain guidance from the manufacturer
forthefiring of test specimens. These specimens should be fired according to manufacturer’sinstructions
so that their final density and thermal history is representative of that found for indicated restorations

or prosthese

7.2 Radiopctivity of dental ceramic

7.2.1 Preyp

7211 Ty

A 50 g sampl

7212 Ty

Mill powder
by radioactiv

7.2.2 Coumting procedure

Use a samplg
activation or

NOTE Th

7.2.3 Asse€

Each sample

7.3 Flexul

Three flexur

a) three-pg

E, as manufactured, is suitable to be collected as described in 6.

Py afio fo b H -t o AR Lol 1d Lo Jd £ P VP GTOND 5 NPNE RSy S Ficac £
SPCCTITCTOT e gTv eI cCS TSP CCTITICTT v I CI COTTCr O C O TCT CTIC T OTIT CITCTITS T aCtTrOTrS 1Q

aration of samples

pe I ceramics

pe II ceramics

Lsing tungsten-carbide milling media or other appropriate media (to avoid contamir
e species). Sieve and obtain 50 g of powder with.aparticle size less than 75 pm.

volume of 50 g bulk powder and detexfine the activity concentration of 238U by n¢
gamma spectroscopy.

pse with gamma spectroscopy techniques should be used to screen for adulteration.

ssment of results

tested shall comply with the requirement in 5.2.2.

ral strength
h] test methiods are acceptable thath are

int beniding,

ruse.

1ation

utron

b) four-poi

nt’bending, and

c) Dbiaxial flexure (piston-on-three-ball).

7.3.1 Three-point and four-point bending tests

7.3.1.1 Ap

paratus

7.3.1.1.1 Universal mechanical testing machine, capable of a crosshead speed of (1 + 0,5) mm/min
and an ability to measure applied loads of between 10 N and [1 000 N or 2 500 N] e.g see ISO 7500-1.

7.3.1.1.2 Flexural test fixtures.

© ISO 2015 - All rights reserved
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7.3.1.1.2.1 Fixture for three-point bending, consisting of support rollers (1,5 mm to 5 mm * 0,2 mm, in
diameter) positioned with their centres 12,0 mm to 40,0 mm (* 0,5 mm) apart. The load shall be applied
at the midpoint between the supports by means of a third roller (1,5 mm to 5 mm * 0,2 mm, in diameter).
Rollers shall be made from hardened steel or other hard material having a hardness greater than 40 HRC
(Rockwell C-scale) and have a smooth surface with a roughness less than 0,5 pm R,. It is recommended
that the actual spacing between the support roller centres (L) be measured to within 0,1 mm.

7.3.1.1.2.2 Fixture for four-point bending, consisting of 1/4-point test configuration such that the
test piece is loaded by two inner bearing rollers located at 1/4 of the total span (L) from the outer support
bearing rollers (see Figure 1).

Suppértrollers (1,5 mm to > mm % U,Z mm, diameter) shall be positioned with their centrgs apart such

that I
a har
than

locatd
arra

is mi
L/2 fd
the sy

= 16,0 mm to 40,0 mm. Rollers shall be made from hardened steel or other hardun
Iness greater than 40 HRC (Rockwell C-scale) and have a smooth surface with-a ro
D,5 um R,. The two loading rollers of identical material and size to the support ro
d at the quarter points yielding an inner span (L/2 in Figure 1) of 8,0 mmyto 20,0 mm

ement shall ensure that equal forces are applied to the loading rollersiand that tors|
imized. It is recommended that the actual spacing between the rollen centres (L for
r inner) be measured to within 0,1 mm. It is also recommended thatthe inner span be
pport span to within 0,1 mm.

+L/4EJ;L/Z?}

Figuije 1 — Schematic of the four-point-1/4-point fixture configuration (Note: Momen

7.3.1

7.3.1
Dime
Speci

prefe
cham

2 Preparation of test Specimens

2.1 Test specimen dimensions and test parameters
nsions:

mens forsthree-point and four-point bending testing have a rectangular cross secti
rably \an edge chamfer as per the diagram in Figure 2 and dimensions listed belg
fer-should be ground or rounded lengthwise along the long axis of the specimen so {

erial having
ughness less
lers shall be
. The loading
ional loading
support and
centred over

tarm=1L/4)

on and most
w. The edge
hat grinding

dama

ge and chipping 15 minimized. The edge chamfer can be ground prior to finat sim

within below values after final sintering.

Specimen dimensions:

ering if kept

Width w = (4 £ 0,2) mm (dimension of the side at right angles to the direction of the applied
load)

Thickness b =(2,1+1,1) mm (with 3,0 mm recommended; dimension of the side parallel to the
direction of the applied load)

Chamfer c¢=(0,12 = 0,03) mm [with a maximum of 0,10 mm recommended for small thickness
specimens (b < 2,0 mm)]

Test parameters:
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Test span:

For four-point bending; L in millimetres (centre-to-centre distance between outer support roller, see
Figure 1. In the four-point 1/4 configuration specified, the moment arm = L/4).

For three-point bending; / in millimetres (centre-to-centre distance between support rollers).
Breaking load: P in newtons

Specimen lengths shall be at least 2 mm longer than the test span (L or I) and the ratio of thickness to
length (b/L or b/I) shall be <0,1.

450\/
b

Figure 2 — Specification of indicatéd dimensions

7.3.1.2.2 Type I ceramics

Prepare at l¢ast 10 and preferably 30 specimens of‘dimensions as specified in 7.3.1.2.1. Use a mould
appropriately sized to allow for dimensional chianges resulting from sintering and finishing. Fire the
specimens i accordance with the manufacturer’s instructions modified as needed due to spegimen
dimensions. [arind each specimen so as toproduce a rectangular test piece as specified in 7.3.1.2.1] Final
grind on diajnond-embedded media having a nominal grit size of 30 um to 40 pm and final polish on
media having 15 pum to 20 pm diamond’grit. Grinding of all four long faces should be done lengthwise
parallel to the specimen long axiswherever possible to minimize grinding damage that could alter the
strength. Polishing may not neCegsarily remove prior grinding damage unless the polishing removes
20 pm to 30 pm of the materialyEnsure that opposing faces of the test pieces are flat and parallel within
0,05 mm. Where appropridte; testing of specimen “as fired” (without further grinding at the edge|or on
the surface) may be done.so long as the shape and dimensions are within the limits specified. Thorqughly
clean the tesf pieces.€nsuring that all traces of grinding debris are removed.

7.3.1.2.3 Typell ceramics

Prepare according to the manufacturer’s instructions at least 10 and preferably 30 specimens of
dimensions as specified in 7.3.1.2.1. In the case of ceramic material produced for machining, prepare the
specimens from ceramic blocks made by the manufacturer. Grind each specimen to produce test pieces
using the protocol specified in 7.3.1.2.2. Where appropriate, testing of specimen “as fired” (without
further grinding at the edge or on the surface) could be done as long as the shape and dimensions are
within the limits specified.

7.3.1.3 Procedure

Measure the cross-sectional dimensions of each test piece to 0,01 mm. Then, place a test piece centrally
onthebearers ofthe test machine so thattheload is applied to a4 mm wide face alongaline perpendicular
to the long axis of the test piece and determine to +0,1 N the load required to break the test piece. Use a
crosshead speed of (1 + 0,5) mm/min. Repeat the procedure with the remaining test pieces.
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7.3.1.4 Calculation of strength

7.3.1.4.1 Three-point flexure

From Formula (1), calculate the flexural strength, o, in megapascals and report the mean and standard
deviation of the strength data. Means should equal or exceed the requirements listed in Table 1. In
addition, if at least 15 specimens have been tested, the Weibull characteristic strength and Weibull
modulus may be reported as well, per Annex B.

oo 3PI2 (1)
2wb

where
P| isthe breaking load, in newtons;
I| isthe test span (centre-to-centre distance between support rollers),in‘millimetres;

w is the width of the specimen, i.e. the dimension of the side at right'angles to the direction
of the applied load, in millimetres;

b| isthe thickness of the specimen, i.e. the dimension of theside parallel to the direcfion
of the applied load, in millimetres.

7.3.144.2 Four-point flexure

From|Formula (2), calculate the flexural strength, o, in'megapascals and report the mean gnd standard
deviafion of the strength data. Means should equal or exceed the requirements listed in Table 1. In
additlon, if at least 15 specimens have been tested, the Weibull characteristic strength{and Weibull
modullus may be reported as well, per Annex By

~ 3PL

4wb
where
Pl istheload at failure, in newtons;
L| isthe centre-te>centre distance between outer support rollers, in millimetres;
w is the width-of the specimen, i.e. the dimension of the side at right angles to the difection
of the applied load, in millimetres;
b| isthe thickness of the specimen, i.e. the dimension of the side parallel to the direcfion
of.the applied load, in millimetres.
NOTE Formula (3) can be used if the spans are such that the loading points are not exactly at L/4.
3P(L,—-L;
c= —( 2 5 . ) 3)
2wb
where

Lo isthe outer loading span;

L; 1isthe inner loading span.
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7.3.2 Biaxial flexure test (piston-on-three-ball test)
7.3.2.1 Apparatus

7.3.2.1.1 Universal mechanical testing machine, capable of a crosshead speed of (1 £ 0,5) mm/min
and an ability to measure applied loads of between 10 N and 2 500 N (+1 %).

7.3.2.1.2 Biaxial flexural strength test fixture. For the support of the test specimen, three hardened steel
balls with a diameter of (4,5 + 2) mm positioned 120° apart on a support circle with a diameter of (11 + 1) mm
shall be provided. The sample shall be placed concentrically on these supports and the load shall be applied

3 1 adal - Ll 4 1 0.2 1 il - L I 22
with a flat puprchrwithadtanreterof tH4+ 6,2 mmrat thecentreof thespecimen{see Figure33-

1

2
Tt
it 3

7 '""/
—t Ll | 4
T |+
8
5
9
16
10— |
Key
1 12,5 mm pteel ball
2 precision|ball bushings
3 upper bushing holder
4 ram, hardened, precision ground’'rod
5 hardened| precision grouridydowel pin (1,4 + 0,2) mm diameter
6  three (4,3 £ 2) mm steelballs 120° apart on (11 * 1) mm diameter circle
7  top plate
8 three sephratorposts
9 sample holder

10 bottom plate

Figure 3 — Schematic of a piston-on-three-ball test fixture

7.3.2.2 Preparation of test specimens

7.3.2.2.1 Typelceramics

Prepare at least 10 and preferably 30 discs having a thickness of (1,2 * 0,2) mm and a diameter of
(14 + 2) mm. Use a mould appropriately sized to allow for dimensional changes resulting from sintering
and finishing. Final grind each specimen through diamond-embedded media having a nominal grit size
of 30 pm to 40 um and final polish on media having 15 um to 20 pm diamond grit. Ensure that opposing
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faces of the test pieces are flat and parallel within 0,05 mm. Thoroughly clean the test pieces ensuring
thatall traces of grinding debris are removed. Where appropriate, testing of specimen “as fired” (without
further grinding at the edge or on the surface) may be done so long as the shape and dimensions are

within the limits specified.

7.3.2.2.2 Type Il ceramics

Prepareaccordingtothe manufacturer’sinstructionsatleast 10 and preferably 30 discshavinga diameter

between (14 * 2) mm and an approximate thickness of (1,5 * 0,5) mm. In the case of cera
produced for machining, prepare the specimens from ceramic blocks made by the manufa
each specimen so as to produce a test piece of thickness (1,2 + 0,2) mm and a diameter of

mic material
cturer. Grind
(14 £+ 2) mm.

Grind[and finish specimens using the protocol specitied under 7.3.2.2.1. WHere approprig
specifnen “as fired” (without further grinding at the edge or on the surface) may be done-4
shapd and dimensions are within the limits specified.

7.3.2{3 Procedure

For the biaxial flexural strength test, a fixture as shown in Figure 3 may be ised. Measure th
of eadh test piece and of all other relevant variables to £0,01 mm. Then;place a test piece ¢
on the supporting balls of the testing machine so that the load is applied at the centre of t
Place|a film of non-rigid material between the supporting ballsland the specimen and
between the loading piston and specimen to evenly distribute contact pressures.

EXAMPLE Polyethylene sheet, thickness 0,05 mm.

Determine to 0,1 N the load required to break the test piece. Use a crosshead speed of (1 +
Repedt the procedure with the remaining test pieces.

7.3.2{4 Calculation of strength

From|Formula (4), calculate the flexural stfength, o, in megapascals and report the mean 3
deviafion of the strength data. Means shallequal or exceed the requirements listed in Table

te, testing of
o long as the

e dimensions
bncentrically
he test piece.
another film

,5) mm/min.

ind standard
[. In addition,

if at lg¢ast 15 specimens have been tested, the Weibull characteristic strength and Weibull modulus may

be reported as well, per Annex B,

o|=-0,2387P(X -Y)/ b*

where
ol isthe makimum centre tensile stress, in megapascals;

P| isthetotal load causing fracture, in newtons;

(4)

X|=(%0)In(r, /r3)% +[(1-0)/2](r; / 13)*

(5)

Y =(1+0)[1+In(r; /r3)%]+(1-0)(r; /13)?
where

v is Poisson’s ratio (if the value for the ceramic concerned is not known, use
Poisson’s ratio = 0,25);

r1 isthe radius of support circle, in millimetres;
ro is the radius of loaded area, in millimetres;
r3 isthe radius of specimen, in millimetres;

b isthe specimen thickness at fracture origin, in millimetres.

© ISO 2015 - All rights reserved
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7.4 Linear thermal expansion coefficient

7.4.1 Apparatus

7.4.1.1 Equipment, for making bar specimens from type I and type Il ceramics.

7.4.1.2 Dental ceramic oven, for firing Type I ceramics and controlling thermal history for type I and
type Il ceramics.

7.4.1.3 Cal

ibrated dilatometer.

7.4.2 Prep

Prepare fourj
cross-sectior
pressure in g
in air. Multip
not influence
perpendiculz

7.4.3 Dila

Place each sy
is at the sam

Setthe sampl

Perform an ¢
or 50 °C and
as required)
the linear ex
curves or reg

7.4.4 Asse

Report the ay
specimens (f]
coefficient of

7.5 Glass

7.5.1 Opel

aring of test specimens (type I and type Il ceramics)

test specimens in the form of rods or bars having a length between 5 mm and)50 mm y

ir and the other two specimens three times in vacuum and once at atmospheric prd
le firing is not obligatory for materials where the linear thermal expansion coeffici
d by multiple firing. Grind the ends of the test specimens so that they are flat, paralle
r to the axis of the test specimens.

fometric measurement

ecimen in the dilatometer’s oven at room temperature’and wait 15 min so that the s
b temperature as the oven.

e's “preloading” to the value specified by the instrument manufacturer for measuring cer:

xpansion measurement of the test specimen at 5 °C/min to 10 °C/min between either
approximately 500 °C (or approximately 30 °C above the Tg; lower or higher than 5
sufficient to determine Tg graphically-(as per Figure 4). For each test specimen, dete
pansion coefficient between either:25 °C or 50 °C and 500 °C (or Tg) by referring to p
orded values indicating the expansion in relation to temperature.

ssment of results

rerage value and standard deviation of the linear thermal expansion coefficient for th
red twice and fqurtimes) between either 25 °C or 50 °C and 500 °C (or Tg). Report the
thermal expaqision rounded off to the nearest 0,1 x 10-6 K-1,

fransition'temperature

rating procedure

with a

)al area not exceeding 30 mmZ2. Fire two specimens once in vacuum and onge'at atmospheric

ssure
ent is
], and

hmple

Amics.

25°C
00 °C
‘mine
otted

e four
mean

Graphically, determine the glass transition temperature (Tg) for each specimen (where applicable) by
referring to the expansion curves obtained in accordance with 7.4.3 (as illustrated in Figure 4).
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Temperature (° C)

Figiire 4 — Typical dilatometry curve demonstrating graphical method of determining glass
transgition temperature (Tg) (Ts is the dynamic softening temperature of the ceramic under the
dilatometer load and heating rates used)

7.5.2| Assessment of results

Reportthe mean and standard deviation of the glass transition temperature measurgd in 7.5.1 in
degree Celsius.

7.6 Chemical solubility

7.6.1 Reagent

Acetic acid (analytical grade), 4 % (V/V) solution in water of grade 3 as specified in ISO 3696.
7.6.2 Apparatus

7.6.2.1 Balance, accurate to 0,1 mg.
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7.6.2.2 Drying oven, capable of being controlled at (150 + 5) °C.
7.6.3 Preparation of test specimens

7.6.3.1 Typel ceramics

Prepare specimens using the powder collected as per 6.1. Fire these specimens in accordance with the
manufacturer’s instructions modified as needed due to specimen dimensions. Prepared specimens shall
provide at least 30 cm?2 of exposed surface area freely accessible to the test solution.

e Il ceramics

7.63.2 Ty

Prepare spe
surface area
glaze or give
to simulate t

7.6.4 Prod

Wash the sp¢
them to the

several 100 ml Pyrex glass or plastic bottles with 100 ml acetic acid{fanalytical grade) and 4 %

solution in W
bottle. Close
grade 3 as pe

7.6.5 Calc

Calculate thd
with the req

8 Inform

8.1 Infory

8.1.1 Geng

At least the f
in accompan

8.1.2 Type

imens according to the manufacturer’s instructions providing at least 30 cmZ2ef‘ex
freely accessible to the test solution. If applicable, fire the specimens to achievea mg
an appropriate surface finish using polishing procedures as specified by the manufag
he surface finish used for clinical indications.

edure

bcimens with water of grade 3 as per ISO 3696, dry them at (150 * 5) °C for 4 h, and
hearest 0,1 mg. Determine the total surface area to the nearest 0,5 cm?2 . Use a 250

ater of grade 3 as specified in ISO 3696. Preheat to (80:+.3) °C and place specimens in

the bottle and place it in an oven at (80 + 3) °C for 16.k. Wash the specimens with wa
r ISO 3696, dry them at (150 * 5) °C to constant.m@ss, and reweigh the specimens.

lation and assessment of results

mass loss in micrograms per square.céntimeter of the specimens. Check for comp
lirements stated in Table 1.

ation and instructions
hation

bral

pllowing inforatation supplied by the manufacturer shall be included on the contain
ying literature.

b | Ceramics

......

bosed
dium
turer

wveigh
ml or
(V/V)
ko the
ter of

iance

ers or

A time-t

a)

be held, and the rate of heating and cooling) and, in the case of a vacuum-fired ceramic, the vacuum
level and timing of application.

b)

The glazing temperature.

8.1.3 Typell ceramics

Detailed informationregarding the handlingand treatment of the material. In the case of ceramic material
produced for machining, information on recommended type of grinding and polishing equipment.

For partially sintered ceramics and glass ceramics that require further heat treatment, this shall be
specified by heating rates and holding times with temperatures and times assigned permissible ranges
appropriate to furnaces calibrated according to ISO 13078 or equivalent.

16
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Instructions for use

8.2.2 The following information shall accompany the instruction materials:

Instructions for the processing shall be made available to the purchaser by the distributor.

a) thetrade name or the brand name of the ceramic;

b) name and address of the manufacturer and/or his authorized representative;

c) thetype and class of dental ceramic;

d) the coefficient of thermal expansion between either 25 °C or 50 °C and 500 °C (ef*T}) and the Tg
(Wwhere applicable);

e) the shade as identified in the manufacturer’s shade guide (if applicable);

f) ahy special storage conditions;

g) a|general warning regarding the potential health hazards (if any);for example, asspciated with
imhalation of ceramic dust.

9 Packaging, marking, and labelling

9.1 |Packaging

Dentdl ceramic powdered and non-powdered products shall be supplied in sealed containers that will

not cgntaminate nor permit contamination of the/cContents.

9.2

9.2.1| The following information shall be clearly marked on each container or on a l
attachjed to the container:

f)

Marking and labelling

lot number or combinatioi of letters and numbers which refers to the manufacturer
e particular lot or batch of ceramic;

o)

(=3

the manufacturef’s name and/or his authorized representative (or the distribut
privately labelled);

the shade as‘identified in the manufacturer’s shade guide (if applicable);

producttrade name;

bel securely

s records for

or's name if

theminimum net mass, in grams, of the contained ceramic powder, the net volume in

millilitres or

the number of dose units such as preformed ceramic tablets, or ceramic blocks;

a general warning regarding the potential health hazards (if any), for example, ass
inhalation of ceramic dust.

9.2.2 The following information shall be clearly marked on ceramic blocks for CAD/CAM:

a)

b)
A

ociated with

a lot number or combination of letters and numbers which refer to the manufacturer’s records for

the particular lot or batch of ceramic;

product trade name;

for partially sintered ceramic materials, the shrinkage factor by which the dimensions of the

partially sintered material is to be divided shall be quoted as a factor to three decimal

© ISO 2015 - All rights reserved
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9.2.3 The following information shall be clearly marked on pressable ingots:

a) the shade asidentified in the manufacturer’s shade guide (if applicable).
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Annex A
(informative)

Fracture toughness

Fracture Toughness

A.1.1| General

Fract
and c

popul

ceranpics used for structural purposes. Numerous methods are in use thatyprovide good

fracty

This International Standard recommends the Single-edge V-Notch Beam (SEVNB) method i

with
unde

and accurate (see References [1] and [11]). According to 1SO~23146, the SEVNB method

shoul
than
obtai

ire toughness is an important property of dental ceramics since itis often “inherent” tq
hn be used to predict other properties such as strength (which is sensitive to flaw ¢
ation). Therefore, fracture toughness values allow meaningful compdrisons to be

[re toughness and vary in their degree of difficulty to execute.

SO 23146 or alternatively, by a simplified version as described in A.1.2. The SEVNE
gone international evaluation for standardization and was found to be user-friendly, ¢

the material
ize and flaw
made among
estimates of

h accordance
-method has
pasy, reliable,
states that it

d not be used to measure the fracture toughness of fiite grained materials with grain sizes of less

| um since the interlaboratory test exerciselll].stiéwed that most participants wer
n sharp notch-tip radius with the razor sharpening method. The majority of fractu

data

stateg in Clause 1 that the method should not be-used for yttria-tetragonal polycrystal zirc
of the difficulties in forming sharp notch-tipatadius.

Alterpatively, fracture toughness can berévaluated by the following methods in accorda
TC 2Q6: single-edge precracked beam_(ISO 15732), surface crack in flexure (ISO 18756)

notc

zirconia. Each of these methodshas pros and cons and some experience may be needed tor

preci

Fract
wher

indenltations).

A.1.2

A.1.2

verestimated the true fracture toughness. due to notch bluntness[11] Also, ISO 2314

dbeam (IS0 24370). The SERB, CNB, and SCF methods can be used for yttria-tetragon:

e and accurate results.

ire toughness shotild 'not be estimated by methods relying on indentation crack
e toughness is estitnated based on the surface crack lengths associated with the corne

Singlé-edge v-notched beam method-apparatus

1" Equipment, for producing parallel-sided beams by firing or machining followeq

e not able to
re toughness
b specifically
onia because

nce with ISO

or chevron-
1l polycrystal
padily obtain

lengths (e.g.
brs of Vickers

| by grinding

and p

lishing

A.1.2,

2 Diamond saw, for cutting a starter notch in one surface of the beams.

A.1.2.3 Single-edged razor blade, and diamond polishing paste to refine the starter notch.

A.1.2,

4 Three-point or four-point test fixture, as described in 7.3.1.1.2.

© ISO 2015 - All rights reserved
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A.1.3 Preparation of test specimens

A.1.3.1 Five beam specimens, are used to measure fracture toughness in accordance with this method.
Specimens have a rectangular cross section as per the diagram and dimensions listed below and in
Figure A.2. The edge chamfer specified for strength test specimens should not be used.

Specimen dimensions:
Thickness w=(4,0%0,2) mm
Width b=(3,0£0,2) mm

Specimen lerjgths should be at least 2 mm longer than the support span used for testing. Note that this
specimen is fested 90° to strength test specimens.

A.1.3.2 Starter notch formation and refinement

Mount five specimens and two dummy specimens (used to protect test specimens during saw clitting
and polishing of the starter notch) as close together as possible onto a flat holder‘that allows unfiform
cutting in your diamond saw. Face one 3 mm wide side up to receive the starter notch (this side will be
in tension dyring the fracture test). Draw a pencil line along the measured‘centre of the beam lengths
for orientatign of the saw cut.

/ Pencil line

dummy

3mm 2

ﬂ

’ dummy

Figure A.1 — Starter notch formation

Mount the h¢lder in yourdfamond saw. Use a blade having thickness as close to or only slightly larger
than the thidkness of4hé razor blade used in order that the blade is well-guided during polishing of the
notch (described below). Saw a starter notch along the length of the pencil line to a uniform deptl over
all specimenf ofapproximately 0,5 mm. Clean the specimens, especially the notch, following the sgw cut
to remove dgbFis prior to polishing the notch.
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Folloyving cleaning, fill the notch with diamond polishing paste having a-maximum grain
3 umfnd 6 pm. Put razor blade into starter notch and apply light forice (5 N to 10 N) and g
gentl¢ back and forth motion as straight as possible. Using a lightmicroscope, examine bot
V-notfh occasionally for evenness of depth. The final V-notch/depth shall be uniform ang
0,8 mm and 1,2 mm. The final V-notch depth should be deeper than the starting notch de
a - ¢ p b as shown below. Remove the specimens from the’holder and clean them with 2

Figure A.2 — Formation with diamond wheel

Specimen holder

ultragonic bath. Dry the specimens well, for example, by‘heating to 110 °C for an hour.

5ize between
olish using a
h ends of the
lie between
bth such that
cetone in an

S
a) b)

Key
a 08mmupted2mm
b  approximately 0,5 mm
¢ width of razor blade,a-b < ¢
B  approximately 30 degrees (°) or as small as possible
S V-notch width

Figure A.3 — Schematic geometry of V-notches: (a) notch width and angle measurement and (b)
interpretation of notch root shape from ISO 23146

© ISO 2015 - All rights reserved

21


https://standardsiso.com/api/?name=c3b8455843800af5ac24a34028b2f847

ISO 6872:2015(E)

c)

@)
\
Cs)\

Figure A.4 -+ Examples of acceptable and unacceptable notch geo@es: (a) an acceptable notch,
)

(b) notchjimproperly centred, (c) poor notch development, a% notch insufficiently sharp

SEVNB method from ISO 23146 (Paragraph 6.5): \\S\QJ

selected test|pieces using a magnification of about 50x 0f-greater if the notch tip is not resolved gt this
magnificatiop. Control the V-notch geometry with tb\@le p of the photograph. Report any deviatior] from

the geometry shown in Figure A.3.
o

-

Select two tgst pieces from the set of five for testing. I:h%:é@raph the V-notch on one side of each pf the

Photograph the V-notch tip on the same two te(t?}eces with amagnification approximately 300x. Melasure
the V-notch gngle and width in accordance with Figure A.3. Report the V-notch angle f and width §.

The notch wi{dth, S, should be of the@e order as, or smaller than, twice the average grain size pf the
test material. Notches of width gr&sa than 20 pum are not acceptable in any test material irrespective
of grain size, %

.

NOTE1 The average graild-ﬂ can be determined by a linear intercept method such as that descriped in
References [7] and [10]. Q~

NOTE 2 It is helpf %;termine the acceptability of the notch width on the outermost test pieces pefore
removing them fro mounting plate. This allows the notch honing process to be continued if the notch|width

is too large. &

A.1.3.3 Mechanical testing

Specimens will be tested for fracture toughness in four-point bending (preferably) or in three-point
bending using a fixture as described in 7.3.1.1.2.

Place the 3 mm width face with the V-notch down. Load the specimens with a crosshead speed of
0,5 mm/min at room temperature in air. Record the fracture load to three significant figures. Record
the width (b) and thickness (w) of each specimen from measurements made using a micrometer capable
of measuring to three decimal places. The depths of the V-notches are measured using a calibrated
microscope with a magnification 250x. Read the depth, aj, az, and a3, to three significant figures. Check
to ensure that fracture started at the bottom of the V-notch over its entire length (if this is not the case,
the test is invalid). On the fracture surfaces, examine the notch root for any evidence of stable crack
extension prior to fracture. If stable crack extension occurred and can be measured, include the stable
extension in the calculations below. Inspect the load-displacement or load-time record from the fracture
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