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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.

The
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procedures—tsed-to—develop—thi thtenance are
ribed in the ISO/IEC Directives, Pa eded for the
rent types of ISO documents should be noted. This document was drafted in acéordance with the
rial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
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The
Pros

This
revig

In thiis edition, dental pressable-ceramic investment materials are included in the Scope

time
sam¢

and inlays by casting are relevant (Type 1, according to the classification in this standard).

The
discq
have
react
have
to sdg
Inter

it rights. ISO shall not be held responsible for identifying any or all sueh-patent right
atent rights identified during the development of the document will be in the Introdu
e ISO list of patent declarations received (see www.iso.org/patents);

frade name used in this document is information given for the-éonvenience of users 4
[itute an endorsement.

hn explanation on the meaning of ISO specific termis and expressions related to
sment, as well as information about ISO’s adherence to the WTO principles in tH
ers to Trade (TBT) see the following URL: Foreweo¥d - Supplementary information

committee responsible for this documernt* is ISO/TC 106 Dentistry, Subcom]
thodontic Materials.

ed. It also incorporates the Amendment ISO 15912-1:2006/Amd 1:2011.

These products are intended for the production of ceramic crowns and inlays and,
requirements as those for an investment product intended for the production of met

previous editionn“‘Contained requirements and test methods that had been de
ntinued compesifion specific standards. In recent years products have been intr
other chemistries (for the binder and the refractory phase), specifically to minimi
ion betweén-the mould and the molten casting metallic material. A number of techn
been made to enable all dental casting investment products, regardless of their ¢

natienal Standard should be inclusive, application-driven and not be limited by

cons

s. Details of
ction and/or

nd does not

conformity
e Technical

mittee SC2,

second edition cancels and replaces thefirst edition (ISO 15912:2006), which has been technically

for the first
as such, the
allic crowns

veloped for
bduced that
ze chemical
cal changes
omposition,

ek campliance with this International Standard and maintains the agreed philosophy that this

romposition

derations.

Where appropriate, aspects of the test procedures have been changed to follow the manufacturer’s
instructions for use. The requirement for thermal dimensional change now takes into account the
cooling of some products (after burn-out) to a lower casting temperature. The specification for the
dilatometer has been changed for it to be compatible with the heating — and where relevant, the
cooling after burn-out — of the product to the casting temperature.

The procedure for determining the initial setting time has been revised to harmonize with that
present in the latest edition of the standard for dental gypsum products, ISO 6873:2013.[1] Although
substantially editorial, there are technical changes.

Information for use now requires a statement of the type of refractory phase(s) that is (are) present.
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Labelling requirements for products that contain silica have been revised to comply with the current
United Nations Globally Harmonized System for Classification and Labelling of Chemicals (UN GHS)[2]
and recommendations for silica as a hazardous material.

Containers of liquid must be marked to indicate the use to which the liquid is put.

vi © ISO 2016 - All rights reserved
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INTERNATIONAL STANDARD

ISO 15912:2016(E)

Dentistry — Refractory investment and die material

1 Scope

This International Standard gives requirements and test methods for determining the compliance of
dental casting investment, dental brazing investment, dental pressable-ceramic investment and dental
refractory die materials used in the dental laboratory, regardless of the composition of the refractory

powdler, the composition of the binder, or the particular application.

This
use g

It als

It sp

International Standard classifies such products into types and classes, according-to th
nd the burn-out procedure recommended by the manufacturer.

0 gives requirements for marking, labelling and manufacturer’s instructiens.

bcifies requirements for the essential physical and mechanical properties of the prod

test methods to be used for determining them.

NOT]H
and 4

appli
accor|

NOTIH
If the]
be co

2

The
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refer

ISO 7
Part

ISO 1
ISO 3
ISO 4
ISO 4

1  Compliance with all of the requirements presented in Clause 5 may not be necessary for sd
requirement might not be applicable to a product with a partictlar binder chemistry or be in
Cation in which that requirement is irrelevant. When this is thie/cdse, a clear statement to this ¢
ding to Clause 5.

2 Aspecific quantitative requirement for setting expansion is notincluded in this Internatio
setting expansion of gypsum-bonded investment is'measured, then the procedure given in IS
hsidered — a procedure not recommended, howeyer, for investment materials with other bind

Normative references

following documents, in whole einiit part, are normatively referenced in this documnj
pensable for its application. For’dated references, only the edition cited applies. |
ences, the latest edition of thereferenced document (including any amendments) appl

eir intended

icts and the

me products,
tended for an
rffect is given

nal Standard.
D 6873[1] can
PT'S.

ent and are
For undated
es.

86-2, Geometrical product specifications (GPS) — 1SO code system for tolerances on linear sizes —

D: Tables of standard tolerance classes and limit deviations for holes and shafts

942, Dentistry —<Yocabulary

696, Water far-analytical laboratory use — Specification and test methods

344-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test

872y.Dentistry — Ceramic materials

ISO

601, Data elements and interchange formats — Information interchange — Repre

dates and times

[SO 15854, Dentistry — Casting and baseplate waxes

sentation of

[SO 22674, Dentistry — Metallic materials for fixed and removable restorations and appliances

3 Terms and definitions

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

© ISO
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31

dental casting investment material

powdered particulate refractory and binder system that is mixed with a specified liquid to produce a
pourable fluid that sets around a pattern to form the mould for casting a dental metallic prosthesis

Note 1 to entry: In some products, the binder may be dispersed in the refractory powder and the product is supplied
as a mixed powder. Alternatively, the chemistry of the binder may lead to it being present in a solution (to be used
with the powder that is supplied) with part or none of it being dispersed in the refractory powder, as received.

Note 2 to entry: The specified liquid may be pure water, an aqueous binder solution, or an aqueous solution to
enhance expansion.

3.2

dental reerctory die material
powdered pjarticulate refractory and binder system that is mixed with a specified liquid to prodjice a
fluid that sets (and is designed specifically) to form of a hard die, suitable for the production of a dental
ceramic progthesis using the sintering technique

3.3
dental brazing investment material
powdered pjarticulate refractory and binder system that is mixed with a spegified liquid to prodjice a
fluid that sefs (and is designed specifically) to form a cast upon which metallic components are held, or
are partly emmbedded, accurately in place while they are joined by brazing

Note 1 to entfy: The cast may be referred to as the model, though that is.a deprecated term.

34
dental pregsable ceramic investment
powdered particulate refractory and binder system that.is mixed with a specified liquid to prgduce
a pourable fluid that sets around a pattern to form a@mould into which a dental pressable-ceramic,
softened byl|heating, can be forced under pressure

3.5
special liquid
liquid, othey than water, supplied by the manufacturer for mixing with the dental casting investment
powder for the purpose of increasing the'expansion of the mould

3.6
slow- or stgp-heating method
heating method in which (at‘@time after setting that is recommended by the manufacturer) the
dental casting investment-fmould, or dental pressable-ceramic mould, or dental brazing investment
cast or denfal refractory) die is placed in a burn-out furnace set at room temperature, after which
the temperature of the~furnace is increased to the end temperature in a series of stages and| at a
programmefd rate reeommended by the manufacturer

3.7
quick-heatingmethod
heating method in which (at a time after setting that is recommended by the manufacturer) the dental
casting investment mould, or dental pressable-ceramic mould, or dental brazing investment cast, or
dental refractory die is placed directly into the hot burn-out furnace that is set and held at the burn-out
temperature recommended by the manufacturer

3.8

burn-out temperature

<Types 1 and 2 materials> temperature to which the mould is heated to burn off the pattern material
and expand the mould

3.9

burn-out temperature

<Type 3 material> temperature to which the cast is heated to burn off any material used for shielding
and accurately locating the components to be brazed, and to expand the cast

2 © IS0 2016 - All rights reserved
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3.10
burn-out temperature
<Type 4 material> temperature to which the die is heated initially to burn off the pattern material

3.11

casting temperature

<Types 1 and 2 materials intended for casting a dental metallic material> temperature of the mould at
which the molten metallic material is forced into the mould

3.12
ceramic pressing temperature
<Ty e—Hnvestmentmatertalsntendedfor-tuse-with-dentat Pt essable-ceramtes tc1u}JC1 atyire at which

the mould and ceramic ingot are taken and at which the ceramic is pressed into the mould

Note|l to entry: The mould is placed in a burn-out furnace at a lower temperature and held at this|temperature
beforfe the pressable-ceramic ingot is placed in the crucible of the mould, after which both are trangferred to the
presding furnace, that is at, or is raised to, a higher temperature to soften the ceramic inngot

3.13
green state
condjition of the material immediately after setting before structuralchanges are brought about by
aging or burn-out, changes that produce increased strength or further dimensional changef

4 (lassification

For the purposes of this International Standard, dentaleasting investment, dental brazing|investment,
dentpl pressable-ceramic investment and dental refractory die materials are classified into the
following types, according to the intended application:

— Type 1, for the construction of inlays, crowns and other fixed prostheses;
— Type 2, for the construction of complete or partial dentures or other removable appliances;
— Type 3, for the construction of casts used in brazing procedures;
— Type 4, for the constructionief refractory dies.

In addition, the materials are-divided into two classes: Class 1 is recommended for burn-ofit by a slow-
or step-heating method;-Class 2 is recommended for burn-out by a quick-heating method.

5 Requirements

5.1 | General

If a thanufacturer claims suitability for both classes, then the material shall satisfy the r¢quirements
wher—it+s DubjCLth to—both hcatius tCl,}llliblutb. This applica to IC\,luil ements—S55—and 5.6 and, if
appropriate, requirement 5.7.

5.2 Material consistency and freedom from contamination

When examined in accordance with 7.1, the powder shall be uniform and free of lumps and foreign
matter. If a special liquid is supplied, it shall be free of sediment.

5.3 Fluidity

When measured in accordance with 7.2, the fluidity shall not vary by more than 30 % from the value
stated by the manufacturer [according to 8.3 a)].

© IS0 2016 - All rights reserved 3
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This requirement does not apply to silica bonded investments (i.e. products in which an alcoholic
solution of ethyl silicate is used in the binding system).

5.4 Initial setting time

When measured in accordance with 7.3, the initial setting time shall not vary by more than 30 % from
the value stated by the manufacturer [according to 8.3 b)]. If the manufacturer gives a range for the
initial setting time, then the measured initial setting time shall not vary by more than 30 % from the

mid-point of this range.

5.5 Comp

When meas
70 % of the

5.6 Lined

When meas
by more tha
gives a rang
vary by mor

When meas

+h

pessive-streng
ired in accordance with 7.4, the compressive strength of a test-piece shall not be-léss
alue stated by the manufacturer [according to 8.3 )] and in no case shall be lower than 2

CIT

r thermal dimensional change

ired in accordance with 7.5, the linear thermal expansion, for all four Types, shall not
n 20 % from the value stated by the manufacturer [according to 8:3°d)]. If the manufac
e for the linear thermal expansion, then the measured linear thermal expansion sha
e than 20 % from the mid-point of this range.

ired in accordance with 7.5, the linear firing shrinkage fer a Type 4 material shall not

by more than 15 % from the value stated by the manufacturer [according to 8.3 e)]. If the manufac

gives arang
more than 1

e for the linear firing shrinkage, then the measured.Jinear firing shrinkage shall not va
5 % from the mid-point of this range.

5.7 Adequacy of expansion of Type 1 and Type Z'materials

When cast i
with 7.6, thd
pattern fron

a) nosma
b) nosma

This does 1
material, Ty

|

n accordance with 7.6, the diameter of the cast metallic disc, or when pressed in accord
diameter of the pressed ceramic disc\(as is appropriate) with respect to the diameter ¢
h which it was made, shall be

er than 99,5 % in case of adype 1 material;
er than 99,0 % in case of a Type 2 material.

ot apply to eitherCdental brazing investment material, Type 3, or dental refractor
pe 4.

6 Sampling, testconditions and mixing

6.1 Samp

ling

than
MPa.

vary
furer
I not

vary
furer

ry by

ance
fthe

y die

Use material from a single lot in packages that have been produced for retail. Use only sealed,

undamaged

packages (i.e. packets and containers) that have not exceeded the “use before” date.

6.2 Test conditions

Carry out all testing in a controlled atmosphere: (23 + 2) °C, (50 + 10) % relative humidity and free
from obvious draughts.

Holding the material and all test equipment under these controlled conditions for a minimum period of
15 h prior to testing is recommended.

© ISO 2016 - All rights reserved
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6.3 Mixing

Mix according to the manufacturer’s instructions. When a special liquid is supplied, use it at the
manufacturer’s recommended dilution according to 8.2 d). If water is required, use water that complies
with Grade 3 according to ISO 3696.

If a range is given in 8.2 e) for the powder to liquid ratio, or in 8.2 d) for the dilution of the special
liquid, use the midpoint of this range to produce a mix for determining compliance with requirements
5.3,5.4,5.5 and 5.6.

6.3.1 Apparatus

The following items may be needed, depending on the manufacturer’s instructions:
a) mixing bowl, clean, dry, flexible, for hand mixing;

b) spatula, rigid for hand mixing;

)] vacuum mixer with an appropriate clean and dry mixing bowl;

d) timer, capable of measuring time to an accuracy of 1 s.

6.3.4 Procedure
Meaqure the required mass of powder and the recommended volume of liquid, each to an acciiracy of 1 %.

Pour|the liquid into the mixing bowl and add the powder. Commence timing when liquid and powder
makg first contact.

Hand spatulate and/or mix mechanically *(with a vacuum, if specified) for the appropiiate period,
according to manufacturer’s instructions:1f the manufacturer recommends a range of mixing times,
use the mid-point of the range.

7 Test methods

7.1 | Material consistency and freedom from contamination

7.1.1 Test procedure

Exarpine the/material, as received, visually without the aid of magnification. Use eyesight that has
nominally nertal visual acuity. Corrective (non-magnifying) lenses may be worn.

7.1.2 ““Test report

Report whether the product meets, or does not meet, the requirement for material consistency and
freedom from contamination (5.2). If it does not meet this requirement, state the reason.

7.2 Fluidity
7.2.1 Apparatus

7.2.1.1 C(lean and dry cylindrical ring mould, having a length (50 £ 1) mm, an inside diameter of
(35 + 1) mm that is made from a corrosion-resistant, non-absorbent material.

7.2.1.2 Flat square glass plate, with a glazed surface and measuring at least 150 mm x 150 mm.

© IS0 2016 - All rights reserved 5
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7.2.1.3 Dental vibrator.

7.2.1.4 Scale or ruler, graduated in millimetres and at least 150 mm in length.

7.2.1.5 Mould-release agent, such as silicone spray or silicone grease.

7.2.2 Number of test-pieces

Make two te

st-pieces from two mixes of the material.

toct mincac (Fr A o oot d s f b ol £

Three more
meets the rq

7.2.3 Test

Coat the ins

Mix accordi
that is suffiq

vibrator platform. Vibrate the mix into the mould until it is slightly overfilled. Vibrate for a fu

(20 £ 2) s. 4
the excess f
smooth acti

quirement spec1f1ed in 5.73 and the other does not.

procedure

de of the ring mould with a thin layer of mould release agent.

hg to 6.3, using a mass of powder with the appropriate volume of liquid to produce §
ient to fill the mould. Centre the mould on the glass plate and pla¢€the plate on the d

\fter this time, do not vibrate. Level the mix flush with the’top of the mould and rej
Fom the plate. 30 s after the end of mixing, lift the mould<vertically from the plate us

pn over a period of 5 s to allow the column of mix to sluinp onto the plate. As soon als

piece

mix

ental
rther

mnove
ing a
the

material hap set, measure the largest and smallest diameters onsthe base of the set test-piece fo an
accuracy of [l mm, and record the average value as the first resylt:

Repeat the fest and record the second result, being the average of the two measurements made op the
second test-piece.

7.2.4 Evaluation of results

If both resu
If neither re
If the result

If the result

Otherwise, {t fails to complyy

7.2.5 Test

Report

ts meet the requirement (5.3), theyproduct complies.

sult meets this requirement, then the product fails to comply.

5 of all three of theseadditional tests meet the requirement (5.3) then the product com

report

the res

a)

of one test meets this requiirement and one fails to do so, repeat the test three more times.

blies.

it for every test conducted in accordance w1th 7.2. 3 lncludlng those for addltlonal

that comply w1th the requlrement (5 3);

the value for the fluidity given by the manufacturer according to 8.3 a);

a statement that the product meets or does not meet the requirement for fluidity (5.3).

© ISO 2016 - All rights reserved
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7.3 Initial setting time
7.3.1 Apparatus

7.3.1.1 Needle penetrometer, an example of which is shown in Figure 1, meeting the specifications
of 7.3.1.1.1 to 7.3.1.1.5. The total mass of all parts that move (i.e. penetrometer needle, rod, scale and
compensating weight) shall be (300 £ 1) g.

7.3.1.1.1 Penetrometer needle (1), circular cross section with a squared-off end: length (50 * 1) mm,
diameter 1,00 mm with a dimensional tolerance of h6 according to ISO 286-2.

7.3.1.1.2 Rod (2), of approximate dimensions 270 mm long and 10 mm in diameter.
7.3.1.1.3 Additional (compensating) weight (3).

7.3.1.1.4 Scale (4), graduated in millimetres.

7.3.1.1.5 Base-plate (6) of plate glass, measuring about 100 mm x $00 mm.

7.3.1.2 Ring mould, made from a corrosion-resistant, non-absorbent material, of which afe two types.

7.3.1.2.1 Large conical mould, with an inside diameter 6£70 mm at the top and 60 mm at the base, and
a height of 40 mm.

7.3.1.2.2 Small cylindrical mould, with an insidediameter of 30 mm and height of 25 mm.

For effective utilization of resources, the smaller mould may be used in the place of the larger mould. The
user|will need to be aware that the lesser/area of the small cylindrical mould allows fewer|indentation
sites|(according to 7.3.2) and as a conseguence greater attention should be given to the timg¢ (relative to
the anticipated setting time) of the first indentation.

7.3.1.3 Mould release agent, such as silicone spray or silicone grease.

© IS0 2016 - All rights reserved 7
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3
2
4
~N —
RIS | 8
N ™~
\\\A/‘////S
S x%/
NN
X R — 7

Key

1 penetr¢meter needle

2 rod

3 additiopal’(compensating) weight

4 scale

5 scale adjustment locking screw

6 base-plate

7 stand

8 indicator

NOTE A ring mould is shown in place on the base-plate.

Figure 1 — Example of needle penetrometer

8 © IS0 2016 - All rights reserved
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7.3.2 Procedure

Adjust the vertical position of scale on the penetrometer for the indicator to read zero when the needle
is in contact with the base-plate and then lock the scale in this position by using the scale adjustment
locking screw. For this design, the scale is adjustable to allow zeroing (the zero point on the scale is at
the upper end). The scale is attached to the rod and moves (relative to the fixed indicator) when the rod
is raised. An alternative design is possible and permitted if it produces the same relative movement
between the scale and indicator, to record the movement of the needle.

Coat the inside of the ring mould with a thin layer of mould release agent and place the mould on

the base-plate.

Mix
prod
If the
inafi
quary

Cont
as th

With|

uce a mix that is sufficient to fill the mould.

rhe material according to 6.3, using a mass of powder with the appropriate volufie

larger mould is used, add 400 g of powder to the manufacturer’s recommended quan
hixing bowl. If the smaller mould is used, add 100 g of powder to the manufacturer’s re
tity of liquid in a mixing bowl.

nue to run the timer that is used during mixing after mixing is compteted. Use the tin
e reference time for subsequent timed actions.

the ring mould positioned beside the needle, overfill the rimg mould with the mix ar

of liquid to

Lity of liquid
commended

ne displayed

d then level

the qurface to be flush with the top of the mould. Beginning'at a time that is before half the initial

settipg time given by the manufacturer [according to 8.3 b)];make the first reading as follows.

a) Raise the rod for the needle to be above the surface of the mix. Reposition the mofild to allow

enetration of the material at a site which is at:[east 10 mm from the wall of the larger mould, or
mm from the wall of the smaller mould.
b) Bring the needle tip into contact with the surface of the mix and hold.
c) Release the rod gently and record the-time of this release. Allow it to sink through the material
nder the force from the 300 g mass. Raise the rod as soon as the needle has penetrated a depth
that is within 5 mm from the base-plate.
NOTE It is not necessary\to wait until the needle has touched the base-plate. Readings|are taken at
15 *+ 1) s intervals and fof this to be achieved there must be sufficient time after raising the|rod for steps
7.3.2 d) and e) to be completed before the rod is released for the next penetration, 7.3.2 f).

Take| subsequent readings, at (15 * 1) s intervals after the release time recorded for first reading, as

follows.

d) VWith the rodraised above the surface of the mix, move the mould to allow the next penetration to

e on a_hew area, which is at least 10 mm or 5 mm from the mould wall (as is appropjriate for the
ould:size) and 5 mm from any other penetration mark.

e) ipe the needle clean and then bring its tip into contact with the surface of the mix. Hold.

f) At the appropriate time, release the rod gently. Record this time. Allow the needle to sink through
the material (under the force from the 300 g mass) until it has penetrated to a depth within 5 mm
from the base. Then, raise the rod.

g) Record the setting time as the total time from the start of mixing to the time at which the needle

fails to penetrate the mix to a depth within 5 mm from the base plate.

7.3.3 Number of determinations

Determine the initial setting time twice. Use the procedure in 7.3.2 with freshly-mixed material for

each
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7.3.4 Evaluation of results

If both results meet the requirement (5.4), the product complies.

If neither result meets this requirement, then the product fails to comply.

If one result meets the requirement and one fails to meet the requirement, repeat the test three more

times.

If all three of these additional results meet the requirement (5.4) the product complies. Otherwise, it
fails to comply.

7.3.5 Tes|
Report

a) the inif

accordance with 7.3.2;

b) the initi

c) astaten
(5.4).

7.4 Comy

7.4.1 App

7.4.1.1 onle or more sectional or split moulds, the ends of which shall be parallel to within 0,05

made from
(20,0+0,2)

[ report

ial setting time for every test (including additional tests) (to 0,25 min)“conductg

al setting time or setting time range, given by the manufacturer aceording to 8.3 b);

hent, that the product meets, or does not meet, the requirement for the initial setting

Jressive strength

aratus

a corrosion-resistant material to produce cylindrical test-pieces having a diamet
mm and a length of (40,0 + 0,4) mm.

bd in

time

mm,
br of

7.4.1.2 For silica bonded investments, alone,Jone or more sectional or split mould extensions, nade

from a corr(
(20,0+0,4)

7.4.1.3 Wax: sticky wax and sheet'moulding wax, to be used as appropriate.

7.4.1.4 Fl

7.4.1.5 Dg

7.4.1.6 Uy

sion-resistant material and having an internal diameter of (20,0 = 0,2) mm and a leng
mm.

it glass plates; glazed and sufficient in size and number, to cover both ends of all mould
ntal vibfator.

jiversal mechanical testing machine, 10 kN capacity and capable of measuring force

accuracy of

th of

to an

- 0,5 N, with attachments for compression testing.

7.4.1.7 Mould release agent, such as silicone spray or silicone grease.

7.4.1.8 Micrometer screw gauge or similar measuring instrument, for measuring to an accuracy of
0,02 mm over a range from 0,00 mm to 25,00 mm.

7.4.1.9 for silica bonded investments alone, dental trimmer.

7.4.2 Number of test-pieces

Prepare five test-pieces from at least two mixes. Make a maximum of three test-pieces from a single mix.

10
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If a sufficient number of moulds and glass plates (and if required, with mould extensions) are available,
more than one test-piece may be made from a single mix.

Five more test-pieces (from at least two more mixes) are required if three test-pieces meet the
requirement (5.5) and two do not.

7.4.3

Preparation of test-pieces

7.4.3.1 Products other than those that are silica bonded

Coat the inside surface of each mould with a thin layer of the mould release agent. Place each mould on

agla

Mix 4
mix {
using
soon
top g

Rem
temp

7.4.3

Coat
Placq

Mix §
mix {
moul
befol
at th
trim
recol
gring

Rem
temp

If thd
the t
and 4

If giv
priof

5s plate.

iccording to 6.3, using a mass of powder with the appropriate volume of liquid that w
ufficient to fill a minimum of one mould. Slightly overfill the mould, while applying lig
b the dental vibrator. Stop vibration before the glossy surface has disappeared from
as the glossy surface has completely disappeared from the mix, place a'Second glass
f the mould and press it down until the glass contacts the mould.

bve the test-piece from the mould (60 * 5) min after the start\ef mixing and hold
erature of (23 + 2) °C and a relative humidity of (50 + 10) %.

.2 Silica bonded products

the inside surface of the mould and the mould extension'with a thin layer of the mould r
the mould on a glass plate. Add the mould extensiof’to the top mould surface and attach

iccording to 6.3, using a mass of powder with'the appropriate volume of liquid that w
ufficient to fill a minimum of one mould with the mould extension. Slightly overfill th
d extension with the mix, while applying light vibration using the dental vibrator. St
e the glossy surface has disappeared from the mix. Remove the mould extension fr

1l produce a
ht vibration
the mix. As
plate on the

| in air at a

blease agent.
it with wax.

1l produce a
e mould and
bp vibration

the mould

0
P initial setting time indicated by thé manufacturer [according to 8.3 b)]. Using the derﬂ?al trimmer,

the specimen to be flat and levél with the top of the mould. If given, use the trimmir
mmended by the manufacturer'in the product information. Finish using an appropriatg

Ig technique
scraping or

ling procedure, such that top:surface is flat and parallel with the bottom surface, to within 0.05 mm.

bve the test-piece from-the mould (60 * 5) min after the start of mixing and holg
erature of (23 * 2) 2C.and a relative humidity of (50 + 10) %.

manufacturepstates [(in 8.3 b)] that the initial setting time of the product exceeds 65
bst-piece from-the mould at the time given in 8.3 b) and hold in air at a temperature o
i relative humidity of (50 £ 10) %.

en, follew the manufacturer’s instructions on the treatment of the material following
to’heating the mould to the burn-out temperature.

| in air at a

min, remove
f (23 +2) °C

setting and

NOT

For example, immersion in aresin or oven drying are treatments that may be advised following setting.

7.4.4 Testprocedure

Prior to testing, measure and record the diameter of each test-piece to an accuracy of 0,02 mm.

Commence the compression testing of each test-piece (120 + 5) min from the start of mixing.

If the manufacturer’s instructions on the treatment of the material following setting (before it is heated
to the burn-out temperature) includes an action that leads to a time in excess of 125 min from the
start of mixing before it is possible to apply the compressive force, commence the compression test
immediately after the treatment has been completed. Record the time at which the force is applied.
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Position the test-piece between the compression platens of the universal mechanical testing machine
such that the test-piece is loaded in an axial direction. Do not use padding between the test-piece and
the platens. Apply an increasing compressive force at a loading rate of (5 * 2) kN/min until fracture
occurs. Record the compressive force at which fracture occurs, to the nearest newton.

7.4.5 Evaluation of results

For each test-piece, calculate the compressive strength as follows;

_4F

S=——
nD2

M

where
S isthe compressive strength (the maximum stress) in MPa;
F  is the force at which fracture occurs (the maximum recorded force) in N;
D  is the diameter of the test-piece in mm.

If the results for four or five test-pieces meet the requirement (5.5), the product complies.

If two or fewer results for test-pieces meet the requirement (5.5) the product fails to comply.

If only threq results for the test-pieces meet the requirement (5.5);umake a second set of five test-pjieces
(in accordance with 7.4.3) and load all five to fracture according‘te’7.4.4.

If all the refults in this second set meet the requirement (5.5) the product complies. Otherwisg, the
product fail$ to comply.

7.4.6 Testreport
Report

a) the compressive strength (to a precision of 0,05 MPa) for every test-piece (including those from the
second set, if these were required)eaded to fracture in accordance with 7.4.4;

b) the cor:]f)‘ressive strength given'by the manufacturer, according to 8.3 c);

c) ifamanufacturer’s recommended post-setting treatment resulted in testing at a time after 123 min
from thg start of mixing;the time at which the test-pieces were loaded to failure, as well as de¢tails
of procddures that caused this increased time before the application of force;

d) astatenjent thatthe product meets or does not meet the requirement for compressive strength (5.5).

7.5 Linedrthermal dimensional change

7.5.1 Apparatus
7.5.1.1 Dilatometer.

7.5.1.1.1 General: An instrument that exerts a measuring force to produce a stress on the test-piece no
greater than 10 kPa. It allows the measurement of the change in length of the initial length of the test-
piece to an accuracy of 0,02 %, over the temperature range 23 °C to the highest temperature to which the
test-piece is taken. The accuracy for temperature measurements shall be better than 5 °C.

7.5.1.1.2 For Class 1 materials: an instrument that can heat the test-piece at a rate of (5 £ 1) °C/min
over the range 23° C to the highest temperature to which the test-piece is taken.
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7.5.1.1.3 For Class 2 materials: an instrument that can heat the test-piece at a rate of (25 + 5) °C/min
over the range 23 °C to the highest temperature to which the material is taken.

7.5.1.2 Mould, made in a corrosion-resistant material for producing a cylindrical test-piece of a size
that is compatible with the dilatometer. The test-piece shall have a uniform cross section along its length.
The minimum length of the test-piece shall be 20 mm. The maximum size of the test-piece shall be 50 mm
in length and 12 mm in diameter.

7.5.1.3 For silica bonded investments alone, a cylindrical mould extension, made in a corrosion-
resistant material with the same internal diameter as the mould and having a length of (20,0 * 0,4) mm.

7.5.1.4 Wax: sticky wax and sheet moulding wax, to be used as appropriate.
7.5.1.5 Mould release agent, such as silicone spray or silicone grease.

7.5.1.6 Micrometer screw gauge or similar measuring instrument, that allews the of megsurement of
test-piece dimensions to an accuracy of 0,02 mm for lengths up to 50,00 ;.

7.5.1.7 For silica bonded investments alone, dental trimmer.

7.5.1.8 Burn-out oven, for use with Type 4 products. When"’set to the burn-out tempgrature, this
temperature is to be accurate to + 5 °C.

7.5.1.9 Glass plate, 100 mm x 100 mm with flat glazed surfaces;
7.5.1.10 Dental vibrator.

7.5.1 Number of test-pieces
Make two test-pieces from two mixes.

Three more test-pieces (from three mixes) are required if the result from one test-piece meets the
requjrement (5.6) and otherdoes not.

7.5.3 Preparation ofthe test-piece

7.5.3.1 Products_other than those that are silica bonded

Coat|the inside)surface of the mould with a thin layer of the mould release agent. Place the mould on
the glass plate.

Mix ac¢cording to 6.3, using a mass of powder with the appropriate volume of liquid that yill produce
a mix that is sufficient to fill the mould. Slightly overfill the mould with the mix, while applying light
vibration using the dental vibrator. Stop the vibration before the glossy surface has disappeared from
the mix. As soon as the glossy surface has completely disappeared, scrape the material to make the end
of the test-piece flat and level with the top of the mould.

Before the earliest burn-out time recommended by the manufacturer, remove the test-piece from the
mould.

7.5.3.2 Silica bonded products

Coat the inside surface of the mould and the mould extension with a thin layer of the mould release
agent. Place the mould on the glass plate.

Add the mould extension to the top surface of the mould and attach it with wax.
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Mix according to 6.3, using a mass of powder with the appropriate volume of liquid that will produce
a mix that is sufficient to fill the mould and its extension. Slightly overfill the mould and extension,
while applying light vibration using the dental vibrator. Stop the vibration before the glossy surface
has disappeared from the mix. Remove the mould extension from the mould at the initial setting time
indicated by the manufacturer [according to 8.3 b)]. Trim the test-piece using the dental trimmer to
be flat and level with the top of the mould. If given, use the trimming technique recommended by the
manufacturer in the product information. Finish using an appropriate scraping or grinding procedure,
such that the top surface of the test-piece is flat and parallel with the bottom surface, to within 0,05 mm.

Before the earliest burn-out time recommended by the manufacturer, remove the test-piece from the
mould.

If given, follpw the manufacturer’s instructions on the treatment of the material following setting
to heating the mould to the burn-out temperature.

prior

NOTE Immmersion in aresin or oven drying are examples of treatments that may be advised following sefting.

7.5.4 Tes|
products

7.5.4.1 G¢
Measure thd

Place the te{
raise the d

(5 £ 1) °C/min for Class 1 materials or (25 + 5) °C/min for Class 2 materials. Record the dilator

readings co
test-piece le
temperaturg

Hold the te
“Instruction

Follow the p

7.5.4.2 S

[ procedure for the measurement of linear thermal expansion of Types 1, 2 and 3

tneral
length of the test-piece to an accuracy of 0,02 mm.

t-piece in the dilatometer. At the earliest burn-out timgrecommended by the manufact
ilatometer temperature to the end temperature [according to 7.5.4.2)] at a ra

htinuously from ambient to the end temperature with the readings for the increase i

e to an accuracy of 5 °C.

s for burn-out”, 8.2 i). (If the end temperature is given without a holding time, hold for 15

rocedure in 7.5.4.2 that is appropriate for the product Type.

ecific procedures for each product Type

urer,
e of
heter
n the

ngth measured to an accuracy of 0,02 % of‘the initial test-piece length and those fofr the

ct-piece at the end temperature for'the time recommended by the manufacturer in the

min.)

7.5.4.2.1 Types 1 and 2 products

s the
ture,
spect
rmal

For Types 1|and 2 prodaets intended for casting dental metallic materials, the end temperature i
burn-out temperature; if the recommendation is to cast when the mould is at the burn-out tempera
according t¢ 8.2 i)-Determine the change in length of the test-piece at this temperature with re
to the initigl length. Use the initial length and this change in length to calculate the linear thg
hrest

expansion al: the'casting temperature expressed as a percentage of the original length, to the ne
0,1 %. Reco i ; i o sting

temperature following burn-out, reduce the dilatometer temperature at a rate of (5 * 1) °C/min for Class
1 materials or (25 * 5) °C/min for Class 2 materials until the specified casting temperature [according
to 8.2 i)] is reached. Record the dilatometer readings continuously during this period with the change
in length of the test-piece to an accuracy of 0,02 % of the initial test-piece length and the temperature
to an accuracy of 5 °C. Determine the remaining length after cooling from the burn-out temperature.
Use this value and the initial length to calculate the remaining linear thermal expansion at the casting
temperature and express this as a percentage of the initial length to the nearest 0,1 %. Record this value.

For Type 1 products intended for use with dental pressable-ceramics, the end temperature is the
maximum recommended ceramic pressing temperature for the investment product, according to 8.2 i).
Determine the change in length of the test-piece at this temperature, with respect to the initial length.
Use the initial length and the change in length to calculate the linear thermal expansion at the pressing
temperature expressed as a percentage of the original length. Record this value to the nearest 0,1 %.
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7.5.4.2.2 Type 3 products
For a Type 3 product, the end temperature is the maximum brazing temperature

Determine the change in length at the maximum brazing temperature [according to 8.2.i)] with respect
to the initial length, to an accuracy of 0,02 %. Use the initial length and this change in length to calculate
the linear thermal expansion at the maximum brazing temperature and express this as a percentage to

the nearest 0,1 %. Record this value.

7.5.5 Test procedure for the measurement of linear thermal dimensional changes of a Type 4
product

7.5.5
Meas
For 4

piecd
temp

For

Alter]
the H
piecd

Hold

many

Cool

by th

Whe

The
cooli

the n

7.5.5

Take

.1 Linear firing shrinkage
ure the length of the test-piece to an accuracy of 0,02 mm.

Class 1 material: At the earliest burn-out time recommended by the manufacturer, pl
in the burn-out oven and raise the temperature of the oven from its initial temperatu

h Class 2 material: Follow the same procedure at the higher heating rate, (25 #
natively, if the manufacturer’s instruction is to place the gréen die directly into a heat
urn-out oven at the recommended burn-out temperaturé\according to 8.2 i)] and pl
directly into the hot oven.

hfacturer. (If the burn-out temperature is given yithout a holding time, hold for 15 mif

the test-piece to the ambient temperature, following the cooling procedures that are re
e manufacturer.

h cool, measure the length of the testpiece to an accuracy of 0,02 mm.

inear firing shrinkage is the change in length of the test-piece from its initial value
Ing from the burn-out. Express this as its ratio to the initial length and record itas a p
earest 0,1 %.

.2 Linear thermal'expansion

the test-piece uSed in 7.5.5.1 and place it in the dilatometer. Raise the dilatometer t

to the maximum ceramic firing temperature [according to 8.2 i)] at a rate of (5 = 1) °C/

the d
temy

Hold

many
hold for15

lilatometer-reading continuously to an accuracy of 0,02 % of the initial length and
erature €oyan accuracy of 5 °C.

the tést-piece at the maximum ceramic firing temperature for the time recomme

ace the test-
re (ambient

erature) to the final burn-out temperature [according to 8.2 i)] at a-rate of (5 £ 1) °C/npin.

5) °C/min.
ed oven, set
hce the test-

the test-piece at the recommended burn-out temperature for the time recommended by the

)

commended

to that after
brcentage to

emperature
min. Record
that for the

hded by the

hfacturer [8.2 i)]. (If the maximum ceramic firing temperature is given without a h

olding time,

TITIT. )

The linear thermal expansion is the change in length of the test-piece from its value after burn-out and
cooling (as determined in 7.5.5.1) to that after heating to the maximum ceramic firing temperature.
Express this as its ratio to the length after burn-out and cooling and record as a percentage to the
nearest 0,1 %.

7.5.6 Evaluation of results

7.5.6.1 Types 1,2 and 3 products

If results from both test-pieces meet the requirement for linear thermal expansion (5.6), the
product complies.
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If neither result meets the requirement for linear thermal expansion (5.6), then the product fails to comply.

If the result from one of the test-pieces meets the requirement for linear thermal expansion (5.6)
and the other fails to do so, repeat the test three more times using three new test-pieces, produced in
accordance with 7.5.3.

If the results from all three of these additional test-pieces meet the requirement for linear thermal

expansion (5.6) then the product complies. Otherwise, it fails to comply.

7.5.6.2 Type 4 products

If the resultsfortrearfiringshrimkageandiirearthermatexpatrstonr frombothtest=ptecesnreqt the

requirements (5.6), the product complies.

If the resultp for both linear firing shrinkage and linear thermal expansion from at least one of th¢ test

pieces do ndt meet the requirement (5.6), the product fails to comply.

If the result$ for both linear firing shrinkage and linear thermal expansion from one.test-piece megt the

requirements (5.6) and either:

a) the resylts for both linear firing shrinkage and linear thermal expansion from the other test-piece
fail to meet the requirements,

or

b) one of the results (linear firing shrinkage or linear thermal.expansion) from the other test-piece
fails to neet the requirement,

repeat the t¢st three more times, using new test-pieces produced in accordance with 7.5.3.

If the results$ for linear firing shrinkage and for linearthermal expansion of all three of these additjional

test-pieces meet the requirements (5.6) then the préduct complies. Otherwise, it fails to comply.

7.5.7 Testreport

Report

a) thelength and diameter of the té€st-piece and, since similar test-pieces are used for all measurements,
their averaged dimensions;

b) the continuous recordings of temperature / dimensional change (expressed as a percentage df the
test-piefe length) for.éyery test conducted in accordance with 7.5.4 or 7.5.5;

c) the linefpr thermalexpansion of the test-piece (to 0,1 %) for every test conducted in accordance
with 7.4.4 and<A5%5;

d) a statement that the product meets, or does not meet, the requirement for linear thermal
expansion{5.6);

e) the linear firing shrinkage of the test-piece (to 0,1 %) for every test conducted in accordance with
7.5.5.1, if it is a Type 4 product;

f) a statement that the product meets, or does not meet, the requirement for linear firing shrinkage
(5.6), ifitis a Type 4 product.

7.6 Adequacy of expansion of Type 1 and Type 2 products

7.6.1 General

The test uses a disc form test-piece. The diameter of the disc is measured on the pattern and on the
metallic casting, or on the pressed ceramic made from that pattern. These values are compared. The
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technical procedures used are those recommended by the manufacturer of the dental casting investment
or dental pressable-ceramic investment product. The metallic material used for the casting (base or
noble) shall be one which the manufacturer of the dental casting investment product recommends as

suita

ble for casting into moulds made in the investment material.

7.6.2 Type 1 and Type 2 products intended for casting of dental metallic materials

7.6.2.1 Materials and apparatus

7.6.2.1.1 Equipment for the preparation of the disc patterns for casting, such as a lathe for a non-

wax

7.6.2
0,00]

7.6.2

7.6.2

7.6.2

making disc patterns. The material used for the pattern shall not ¢rack the mould during heg

7.6.2
the c

7.6.2

7.6.2

mantifacturer according to 8.2 h).

7.6.2

7.6.2
Makq

Thre)
from|

7.6.2

polymeric pattern material.

.1.2 Instrument, to measure the diameter of the disc pattern and casting to an
b mm. When a soft pattern material such as wax is used, non-contact measuring shall bg

.1.3 Dental casting equipment, normally used for the manufacture of\déntal casting
.1.4 Grit blasting equipment, using grit no larger than 50 umsize, according to ISO

.1.5 Dental casting wax, that complies with ISO 15854-0r a polymeric material

.1.6 Dental casting metallic material, that complies with ISO 22674. It shall be of a ty
hsting investment product is recommended. It shall'be unused previously and from a sin

.1.7 Rubber bonded abrasive wheel, motinted in a dental laboratory hand-piece.

.1.8 Dental casting ring, made\lin a corrosion resistant material recommen

.1.9 Mould liner, if recommiended by the manufacturer, according to 8.2 g).

.2 Number of test-piecCes
 three test-pieces from three mixes of dental casting investment material.

e additionalfest-pieces (made from three more mixes of investment) are required i
two of thesetest-pieces do not meet the requirement (5.7).

.3 + Pattern

accuracy of
performed;

14

b344-1.

suitable for
ting.

pe for which
ble lot.

ded by the

F the results

Prep

more than 0,01 mm

lises (12,04 1.0) Ny L1505 hick that deviate £ :

, from wax or polymer material (Figure 2).

larity by no

Measure the diameter of the pattern at six positions equidistant around the periphery (30° intervals),
and record the values to the nearest 0,005 mm. Calculate the mean value to the nearest 0,001 mm.
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Dimensions in millimetres

1,5%0,5

Key

1 sprue
2 disc pa
7.6.2.4 Te

Attach a str
rim undamdg

NOTE
select a sprug

Invest a sing

Mix the inv{
produce a 1
when castin

@=12,0+1,0

[tern

Figure 2 — Sprued disc pattern

st procedure

hight sprue to one of the faces the disc at its centre and\right angles to the face, leavin
ged (see Figure 2).

The diameter and length of the sprue are not specifiedsin order to allow the technician the freed

e size that, in his/her experience and in accordange with 7.6.1, results in a complete casting.

le pattern in a casting ring with the position of the sprue along the axis of the casting

ix that will fill the casting ring. I\aspecial liquid is supplied and recommended to be
g the type of metallic material that is to be used in this evaluation, use it in the dil

that is recommended. Invest, burn-out‘and cast following to the manufacturer’s recommendal

[according t

Remove the

7625 M

For each cas|
and measur
nearest 0,0(

p 8.2 g),8.2 h) and 8.2 1)].

cast metallic disc fromythe mould and clean by grit blasting.

pasurement

e in the'same manner as that used for the pattern. Calculate the mean diameter t
1 mm.

Light polish

ingmust be done with great care. Polishing should be minimal and restricted to rem

stment according to 6.3, using a mass of powder with the appropriate volume of liqy

ting, lightlypolish the rim with a rubber bonded abrasive wheel to remove any excrescg

ig the

bm to

ring.

id to
used
1ition
kions

nces
b the

ving

protuberances. Polishing to a high finish that might be considered "normal” for prosthetic production,

or polishing

using greater force will remove metal from the casting and put compliance at risk

7.6.2.6 Calculation

Express the ratio of the mean diameter of the casting to the mean diameter of the pattern as a percentage
and record this value to an accuracy of 0,01 % for all test-pieces.

7.6.3

7.6.3.1

Type 1 products intended for dental pressable-ceramic products

Materials and apparatus

7.6.3.1.1 Pressing ring with crucible former and base former.
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7.6.3.1.2 Dental casting wax that complies with ISO 15854 or a polymeric material suitable for
making disc patterns. The material used for the pattern shall not crack the mould during heating.

7.6.3.1.3 Equipment for the preparation of the disc patterns for pressing, such as a lathe for a
non-wax polymeric pattern material.

7.6.3.1.4 Instrument, to measure the diameter of the disc pattern and pressable-ceramic disc to
an accuracy of 0,005 mm. When a soft pattern material such as wax is used, non-contact measuring shall
be performed.

7.6.3.1.5 Dental pressable-ceramic product, that complies Type 2 Class T of ISO 6872-ahd for which
the ipvestment product under test is recommended. It shall be from a single lot.

7.6.3.1.6 Burn-out furnace.
7.6.3.1.7 Ceramic pressing rod, compatible with the crucible former.

7.6.3.1.8 Pressing furnace, a model that is recommended for use with'the selected dentgl pressable-

7.6.3.1.9 Cutting disc, diamond with dental hand piece.

7.6.3.1.10 Grit blasting equipment, using grit of a composition and particle size that is recommended
for use with the selected dental pressable-ceramic praduct. If a grit size is not specified, usg one that is
no lagrger than 50 um size, according to ISO 6344-1,

7.6.3.2 Number of test-pieces
Makg¢ three test-pieces from three mixes(of dental pressable-ceramic investment material.

Threge additional test-pieces (made:from three more mixes of investment) are required if the results
from| two of these test-pieces donot meet the requirement of 5.7.

7.6.3.3 Pattern

Preppre pattern discs to’the same size and tolerances as described in 7.6.2.3 from wax| or polymer
matdrial (see Figure 2y’

Meagure the diameter of these pattern discs as required in 7.6.2.3.

7.6.3.4 . Test procedure

Attath-a-straight sprue to one of the faces of the disc at its centre and right angles to the face, leaving
the rim undamaged (see Figure 2). However, if this conflicts with manufacturer’s recommendation for
spruing, attaching the sprue to the rim of the disc (with the axis of the spruce in the plane of the disc
and pointed towards the centre) is permitted.

NOTE1 For some products the instruction is to sprue axially with the pattern (which in the present context is
in the plane of the disc) and not at an angle to it.

NOTE 2  The diameter and length of the sprue are not specified, in order to allow the technician the freedom to
select a spruce size that, in his/her experience and in accordance with 7.6.1, results in a complete pressing.

Invest a single pattern in a pressing ring with the direction of the sprue along the axis of the
crucible former.
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