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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 1SQO collaborates closely with the
International |[Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

International|Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.

The main tagk of technical committees is to prepare International Standards. Draft International Stanflards
adopted by fthe technical committees are circulated to the member bodies for voting.\Publication gs an
International|Standard requires approval by at least 75 % of the member bodies casting-a vote.

Attention is qrawn to the possibility that some of the elements of this document may be the subject of gatent
rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 14356 was prepared by Technical Committee ISO/TC 106, Dentistry,)Subcommittee SC 2, Prosthodontic
materials.
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INTERNATIONAL STANDARD

1ISO 14356:2003(E)

Dentistry — Duplicating material

1 Scope

This

which are primarily intended for forming flexible moulds needed to produce positive refractor

copig

International Standard specifies requirements and tests for the duplicating materials useji in dentistry

s of properly blocked-out master models.

2

The following referenced documents are indispensable for the application of this documen

refer
docu

ISO
ISO ¢
ISO 1
ISO ¢
ISO

ISO 1

3

For the purposes of thiS-document, the terms and definitions given in ISO 1942 and the following

3.1

bloc
to flo
on a
subs

1942 (all parts), Dental vocabulary

11245, Dental restorations — Phosphate-bonded refractory die materials

Terms and definitions

ormative references

nces, only the edition cited applies. For undated references, the latest edition of th
ment (including any amendments) applies.

873, Dental gypsum products
490, Dental gypsum-bonded casting investments

0694, Dental phosphate-bonded casting investments

1246, Dental ethyl silicate bonded casting investments

K out
v or meuld waxes and/or materials such as cements, clays and polymeric materials into ur
master-model, and then shape them so as to leave only those undercuts that are ess
pquent steps in producing a prosthesis that will fit and function optimally

y investment

t. For dated
b referenced

Bpply.

dercut areas
ential to the

NOTE

prosthesis.

3.2

double boiler
container system, usually in three parts, in which the upper container fits into the lower container such that
boiling water in the lower container heats the contents of the lid-covered upper container

© IS0

2003 — All rights reserved
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3.3

duplicating material

elastic material used to make flexible negative copy impressions or moulds of objects (models or casts) into
which a mix of a refractory investment, or another mixture intended for a similar purpose, can be poured to
produce a positive copy of the original object

3.4

non-reversible duplicating material

material which converts from a pourable consistency to a gel or rubber-like state and which thereafter cannot
be returned to the pourable consistency for repeated use

3.5
reversible deIicating material
material whigh can be recycled for more than one use by changing it, by means of heating, from anelastjc gel
state to a potirable consistency, and then returning it to the gel state by cooling

3.6
duplicating process
(for making metal and ceramic objects) method for making positive copies of master(models from a negative
mould

NOTE 1 THe process is carried out according to the following steps:
— master model is blocked out,
— duplicating material is poured around blocked-out master model and allowed to gel or set,

— master nmjodel is separated from the duplicating material, leaving a flexible mould having surfaces that constitute a
negative popy of the surfaces of the master model,

— an invesfment mixture is poured into the mould to formi_a refractory model on which polymeric or wax patteins, or
both, car| be laid down to form the shapes desired intmetal or ceramic castings or on which slurries of porcelaln can
be appliefd for forming desired shapes.

NOTE 2  Gypsum product mixtures or other mixtures may be poured into the moulds to form copies of master nmpodels
needed for other purposes.

3.7
effective sefting time
(for materialg setting at or near.oral or room temperature) time measured from the commencement of nixing
components [of a material together, or otherwise activating the chemistry involved, to the time at which the
activated mdterial has developed the properties (elasticity, hardness, etc.) that will permit it to be used with
optimal effectiveness in.a’'subsequent step or for its intended purpose

3.8
functional life
(reversible du : used
according to the manufacturers mstructrons without Ioss of the propertres requrred to ensure that the materral
is fit for the purpose intended

3.9

gelation

(agar duplicating material) transition of a material from a relatively fluid consistency to a gel state in which the
material has developed the elastic properties needed for its intended purpose

3.10

immediate container
packaging component having internal surfaces in direct contact with the material contained

2 © ISO 2003 — Al rights reserved
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NOTE An immediate container may be a unlabelled container protected by more durable outer packaging, such as a
can, carton or drum. If strong enough to protect its contents without outer packaging, an immediate container can serve as
a primary container on which labelling may be required.

3.1

initial setting time

time measured from the commencement of mixing components of a material together, or otherwise activating
the chemistry involved, to the time at which a test procedure, conducted at a specified temperature, indicates
that the mixture has begun to set at a relatively rapid rate, thus indicating that the effective setting time will be
reached at some predictable time thereafter

NOTE Initial setting times stated in the manufacturer’s instructions are useful to test operators. users, and standards
develppers because:

— they can often be used for determining whether a product is of a quality suitable for testing or use-For gxample, if the
initial setting time found by the test operator or user corresponds closely to that stated invthe instructions, it can
usually be assumed that the product is suitable for testing or use.

— they can be helpful in the development of standards for certain materials if there is-a need for a standdrd to identify a
reference point in time that can be used as a basis for specifying when certain subsequent procedures ghould begin.

3.12
investment
(cast|ng) powdered refractory material containing a binder, to be.mixed with a specified liquid to[form a slurry
that ¢an be poured into a mould made of duplicating material:where it is allowed to harden to[form a heat-
resisfant positive copy of a master model, or which can be¢poured around patterns to form a heat-resistant
moulfl used for forming ceramic or metal objects

3.13
master model
definitive cast
(fixeq and removable denture construction) pesitive copy of the hard and/or soft tissues of a| dental arch,
usually made by pouring a gypsum productslurry into an impression made of a dental arch

3.14
melt
(agar reversible duplicating material) change a material, by heating, from a gel state to a pourabld fluid state

3.15
outer package
wrapping or carton whieh is used to cover one or more immediate or primary containers in preparation for
retail| marketing and-*which may be required by law or International Standard to bear specified labelling
information

3.16
pourjng temperature
(duplicating material) temperature of the material designated in the manufacturer’s instructions fdr pouring the
material around an object to be duplicated

3.17

primary container

retail marketing packaging component which may or may not be covered by an outer package and which may
be required by law or International Standard to bear specified labelling information

EXAMPLE Bottle, carton, drum, jar, or tube, etc.

NOTE A primary container may also be an immediate container, and vice versa.

© 1SO 2003 — Al rights reserved 3
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3.18

refractory

material that retains its effective shape and composition when heated to the maximum temperature required
for its use

3.19

slurry

(ceramic, gypsum or refractory investment) mixture, consisting of a powder and water, or a powder and
another liquid, having a consistency that will allow it to be poured around patterns or into moulds, or to be
otherwise applied, and then be allowed or caused to harden so as to form a desired shape

3.20

storage
holding of a material in an immediate container in a protected environment before the container isopengd for
the first use, jand between subsequent openings of the container

3.21
store, verb

(melted agaf reversible duplicating material) to hold a material at the temperature specified in the
manufacturef’s instructions for keeping it at pouring consistency
4 Classification by types

There are twp types of duplicating material:

— Type 1:[Reversible duplicating materials

— Type 2:|Non-reversible duplicating materials

5 Material characteristics and properties — Requirements

5.1 General

In order to afrive at an objective evaluation of a duplicating material, it is necessary to review Clauses|9, 10
and 11 beforg any further steps in.the evaluation are begun.

5.2 Melting temperature.— Type 1 materials

When tested in accordance with 8.1, the melting temperature shall not exceed the maximum stated in the
manufacturef's instruetions [11 ¢) 2)].

5.3 Pouripgtemperature — Type 1 materials

The manufacturer's recommended maximum pouring temperature [11 c) 4)] shall not exceed 54 °C.
5.4 Component colours — Type 2 materials

Different components intended for use in the same mixture shall be supplied in contrasting colours in order to
provide a means of determining when the components have been thoroughly mixed.

5.5 Detail reproduction
When tested according to 8.2, the duplicating material shall copy line b scribed on the test block (Figure 1), as

a positive reproduction, for the full length of the distance between lines d, and d,, both of which shall also be
completely reproduced.

4 © ISO 2003 — Al rights reserved
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5.6 Compatibility with refractory investment (and gypsum if applicable)
When tested according to 8.3, the duplicating materials shall impart a smooth surface to, and separate cleanly
from, the investment or gypsum product poured against it. The investment and gypsum material poured

against the lined surface of the duplicating material specimen shall copy line ¢ for the full length of the
distance between lines d4 and d, (Figure 1).

5.7 Elastic recovery

When tested according to 8.4, the elastic recovery shall be at least 96,50 %.

5.8 | Tear strength

When tested according to 8.5, the tear resistance shall be at least 0,3 N/mm for Type 1 material§ and at least
1,0 N'mm for Type 2 materials.

5.9 | Resistance to fungal growth — Type 1 materials only

When tested in accordance with 8.6, the specimens shall exhibit no fungal growth.

6 $ampling

Samples of material to be tested shall be procured from a single manufacturing batch as packdged for retail
markgting.

NOTH Amounts of approximately 7,51 of Type 1 materials and 3,7 | of Type 2 materials are usually enough for
condycting all of the tests and for the considerable practice that may be necessary for the test operajor to become
proficlent in specimen preparation and testing.

7 Test methods — General

7.1 | Laboratory conditions

Unlegs otherwise specified in_this International Standard, all specimen preparation and tesfing shall be
conducted under ambient(laboratory conditions of (23 £2)°C and (50 £ 10) % relative humidity. Unless
otherwise specified in this) International Standard, all equipment and materials used in the tests shall be
brought to ambient temperature before use in specimen preparation and testing procedures.

7.2 | Verification of apparatus function

ine allaccessories, instruments and equipment before they are used in order to determine whether they
acceptable working order. Perform whatever calibration steps are necessary to ensure that the items
' i ificati ' i ' id any related

supporting standard.
7.3 Specimen preparation and testing

7.3.1 General

Unless otherwise specified, prepare and manipulate the materials to be used for forming the test specimens
employing the equipment, and following the procedures, recommended in the manufacturer’s instructions [see
11 b), 11 c)and 11 d)].

Time the schedules for specimen preparation and testing using a timing device such as a stopwatch accurate
to + 1 s over a 30 s period.

© 1SO 2003 — Al rights reserved 5
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7.3.2 Preparation of Type 1 materials

Use the double-boiler method for melting Type 1 materials. The amount of melted material prepared for
testing purposes at any one time shall be approximately 700 ml. Melted material remaining after the
preparation of one set of specimens may be used for forming other sets of specimens to be formed and tested
on the same day, providing that the material can be kept at the recommended temperature and consistency
for pouring without re-melting.

7.3.3 Preparation of Type 2 materials

For Type 2 materials, use mass/mass proportioning of the components to be mixed. A volume of
approximately 20 mI shall be prepared for each specimen tested.

7.4 Pass/fail determinations
ise specified in this International Standard, the minimum number of specimens requirgd for
pass/fail detgrminations is either three or five, as indicated by an entry appearing beside the related speg¢imen
preparation qr test procedure title.
Unless otherwise specified, the following rules apply.
— For a thfee-specimen minimum, make and test a series of three specimens initially. If at least two ¢f the
three specimens comply with the related requirement, the material passés. If none complies, the material
fails. If pnly one specimen complies, make three additional spécimens. If all three of the additional
specimgns comply, the material passes; otherwise the material fails.
-specimen minimum, make and test a series of five'specimens initially. If at least four of thg five

specimgns comply with the related requirement, the material passes. If only one or two specimens
the material fails. If only three specimens comply, make a series of five additional specimgns. If

ssion of test results

Report the number of specimens tested, the number complying with the specified requirement, and whether
the material passes or fails.

8 Specifjc specimen preparation and test procedures
8.1 Melting temperature test — Type 1 materials only

8.1.1 Apparatus

8.1.1.1 Céramic, glass or stainless steel double boiler system (3.2) having a component that will
accommodateavotumeof atteast 706 mtof themetteddupticatmg materiat:

8.1.1.2 Temperature-measuring device, such as a calibrated 76 mm immersion thermometer having
graduations of 0,1 °C, or equivalent.

8.1.1.3 Heat source, to provide the temperatures needed for the melting process.

8.1.2 Test procedure (one test)
Observe the rate of melting for the specified volume of material (7.3.2). When the material approaches the

final stages of melting, use the device (8.1.1.2) to measure temperature of the material periodically until the
moment at which the entire volume is free of lumps and granules. Record the temperature for this occurrence.

6 © ISO 2003 — Al rights reserved
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8.1.3 Pass/fail determination
Compare the melting temperature recorded according to 8.1.2 with the maximum temperature stated in the

manufacturer's instructions [11 ¢) 2)]. Then record whether this temperature complies with the requirement
stated in 5.2.

8.2 Detail reproduction test

8.2.1 Apparatus and materials

8.2.1.1 Test block (see Figure 1)

8.2.1]2 Ring mould and ring-mould retainer (see Figure 2)

8.2.1{3 Putty-like material for covering external orifices of holes in the ring mould so gs to prevent
escape of the fluid duplicating material.

8.2114 Flat glass or metal plate, approximately 50 mm x 50 mm and at least 3 mm thick.
8.2.1}5 Temperature-conditioning unit (oven, air cooler or water“bath), capable of providing an
envirpnment in which the specimen-forming assembly (8.2.1.1, 8.2.2.2) ¢an be conditioned to thg temperature

specified for the master cast [11 b) 3)] at the time duplicating materiakis poured against it.

8.2.1{6 Circulating water bath, (for Type 1 materials) set\te the temperature specified in the instructions
for cqoling the poured duplicating assembly [11 b) 4)].

8.2.1{7 Microscope, capable of x 4 to x 12 magnification and low-angle illumination.
8.2.2| Specimen preparation (3 specimens)

8.2.21 Initial preparation

Use & compatible and effective solution™ih an ultrasonic cleaner to clean the test block (8.2.1.1)[prior to each
specimen preparation. Then use the microscope (8.2.1.7) to inspect the lines scribed on the blogk surface to
verify whether they have been cleared of contaminants.

Seat |the ring mould (8.2.1.2))in the recess of the ring-mould retainer and use the putty-like matgrial (8.2.1.3)
to coyer the exposed extetnal orifices of the ring mould.

Seat[the two assembled parts on the test block to form the specimen-forming cavity.
For Type 1 materials, adjust the level of the water in the circulating water bath (8.2.1.6) so that it will be

appréximately 5 mm below the bottom of the ring-mould retainer when the specimen-formihg assembly
(8.2.1.178.2.2.2) is placed for cooling.

Then condition this entire assembly, along with the flat plate (8.2.1.4), at the specified temperature (8.2.1.5)
for at least 15 min.

8.2.2.2 Procedure for specimen formation

Immediately after removing the specimen-forming accessories from the temperature-conditioning environment,
begin filling the mould cavity by introducing the fluid duplicating material, at the pouring temperature specified
in [11 c) 4)], down along an internal surface of the ring mould so that the material will first enter the lines a, b
and c on one side of the test block surface and then flow evenly in the lines as it moves across to the opposite
side of the mould cavity. Slightly overfill the mould cavity and then, with minimal pressure, push the flat plate
down through the excess material and into contact with the top of the ring mould.

© 1SO 2003 — Al rights reserved 7
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Air-cool the assemblies for Type 1 materials for 5 min and then transfer them to the water bath (8.2.1.6) for an
additional 15 min cooling period. Allow assemblies for Type 2 materials to set for the time, and at the

temperature,

specified in the manufacturer’s instructions [11 b) 4)].

Within 1 min after completion of the effective setting or gelation process, separate the duplicating
material/ring-mould assembly from the test block and flush it with distilled or deionized water. Use a gentle air

stream to cle

ar away remaining surface moisture.

8.2.3 Test procedure

Immediately after clearing moisture from the specimen surface, use the microscope (8.2.1.7) to examine the

specimen fo compliance with the requirement specified In 9.0. L.omplete the examinaton within 5 min

separating the specimens from the forming assembly. Then, for Type 1 materials only, re-wet the lined,su

of the speci

NOTE C
filters, or botH
surfaces of thg

8.2.4 Pass

Carry out the
8.3 Testf

8.3.1

8.3.1.1
with 5.5 after

8.3.1.2 )
duplicating

8.3.1.3
closing the s

Use of the {
the investme)

|

en to keep it moist pending its use in the compatibility test (8.3).

lour differences of the materials may make it necessary to use different light intensities\or-different
, when viewing specimens, in order to determine whether the required lines have . been reprodu
duplicating material or to evaluate compatibility with investment or gypsum specimens.

fail determination and expression of results

pass/fail determination and record results in accordance with 7.4.,and 7.5

pr compatibility with refractory investment (and gypsum if applicable)

Appdratus and materials

Detail reproduction test specimens, prepared;according to 8.2.2 and found to be in compl
examination according to 8.2.3.

Any mould-treating agent that mayibé recommended in the instructions for treatin
aterial mould before an investment or\gypsum product is poured into it.
it.

lit mould requires the-mould to be clamped so that the slit will be closed during formati
ht or gypsum specimen. Later, the clamping force is released to allow the slit to ope

easy remov
a strain-at-el
reduction in i

8.3.1.4
(8.3.1.3) and

8.3.1.5
8.3.1.6
8.3.1.7

8.3.2 Spec

8.3.2.1

| of the specimen.\The brass alloy of which the slit mould is made should therefore
stic-limit sufficiently high to permit closing and opening of the slit without significant perm
s width.

ould-release agent, such as silicone grease, that will be non-reactive with the slit 1
theinvestment and gypsum products.

after
rface

Colour
ed in

ance

j the

Blit mould (see Figure 2), withya clamping mechanism, such as worm gear hose clamp, for dise in

on of
n for
have
Anent

nould

Gypsum product, in accordance with 11 b) 10), if required.

Microscope, in accordance with 8.2.1.7.

imen preparation

General

Prepare three specimens for each different bonding category of investment (8.3.1.5) identified in the
instructions and three specimens for a gypsum product (8.3.1.6), if such a product is identified in the

instructions.

© ISO 2003 — Al rights reserved
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8.3.2.2 Initial preparation

Before using either the investment (8.3.1.5) or gypsum product (8.3.1.6) in the compatibility test, evaluate
each product for compliance with the “setting time” requirement specified in the related International Standard
listed in Clause 2 of this International Standard. Product batches which do not comply with the related
requirement shall not be used in the compatibility test.

NOTE

The “setting time tests” described in the International Standards listed in Clause 2 are not for determining

“final” or “effective” setting times. Instead they are for determining “initial setting time” as that term is defined in 3.11 of this
International Standard.

Trea

moulfl-release agent (8.3.1.4) and use the clamping mechanism to close the slit in the mould.

Immegdiately before separating the duplicating material specimen from the specimeniformin
propgrtion the ingredients (powder and liquid) to be used for forming the investment,or’gypsum
the rItio specified in the instructions provided by the manufacturer of the investment-or gypsum,

ther

8.3.2|13 Procedure for specimen formation

Com

At 45 min after the setting time (initial setting time) determined for the investment or gypsum (8.3

the dlamping mechanism from the: slit mould and separate the investment or gypsum specimen from the

mou

8.3.3| Test procedure

Use

compliance with the requirement stated in 5.6 (see Note in 8.2.3).

8.3.4| Passl/fail determination and expression of results

Carryouf the pass/fail determination and record results in accaordance with74 and 7 5

8.4

the internal surfaces of the slit mould (8 3.1 3) including the slit surfaces with a thi

n fiim of the

quirements of the related International Standard [see 11 b) 9) or 11 b) 10)].

$eat the specimen, lined surface down, in the recess of the:slit mould so as to form the mod
vhich the investment or gypsum material is to be poured.

Invert the mould cavity assembly and begin mixing\the proportioned ingredients.
Introduce increments of the mixture, via mechanical vibration, down into the slit mould alon
gurface, so as to first cover the ends of<the raised lines (a, b, and ¢ in Figure 1) on on

pecimen surface, and then be directed-to gradually cover the lines to their opposite en
adding increments until the mould is-slightly underfilled.

I cavity assembly.

he microscope (8.3.1.7), with low-angle illumination, to examine the lined surface of the

g assembly,
specimen to
according to

blete the following three steps within 5 min after completing examination of the duplicgting material
specimen (8.3.1.1) for compliance with the detail reproduction requirement (5.5).

Id cavity into

g an internal
p side of the
ds. Continue

2.1), remove

specimen for

Elastic recovery test

8.4.1 Apparatus — Type 1 materials

8.4.1.1 Specimen-forming mould (see Figure 3)

8.4.1.2 Polymeric ring flask (see Figure 4, Key item 9), such as a segment of plumbing
approximate dimensions of height 35 mm, inside diameter 38 mm and wall thickness 3,7 mm.

8.4.1.3 Glass baseplate, approximately 50 mm x 50 mm and 6 mm thick (see Figure 4).

© 1SO 2003 — Al rights reserved
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8.41.4

6 mm thick (see Figure 4).

8.41.5

Circulating water bath, in accordance with 8.2.1.6.

8.4.2 Apparatus — Type 2 materials

8.4.2.1

8.4.2.2

Split mould with fixation ring, for forming specimens (see Figure 5).

top and bottom surfaces of the specimens.

Specimen top-surface-forming plate, a flat polymeric plate approximately 25 mm x 25 mm and

Two glass or metal plates, approximately 50 mm x 50 mm and at least 3 mm thick, to form the

8.4.2.3
specimen).

8.4.2.4

8.4.2.5

8.4.3 Appdratus — Type 1 and Type 2 materials

8.4.3.1
8.4.3.2
8.4.3.3

The dial indig
of the test pl
test instrume

8.4.4 Spec

8441 In
Adjust the le
the top of thq

When the n
duplicating
specimen to
Do not condi

Mould-release agent, such as silicone grease.

rlaterial around’ity’condition the specimen-forming mould (8.4.1.1), the ring flask (8.4.1.2), an

Polyethylene sheets, wrinkle free, approximately 50 mm x 50 mm and 0,035 mm thick (tw

[emperature-conditioning unit in accordance with 8.2.1.5, asmay be applicable.

Glass or metal test plate, approximately 15 mm x 15 mmand 2 mm thick.

[est instrument, for example as shown in Figure 6.

ator shall be accurate to 0,01 mm and shall have'a capacity for contributing, along with the

hte (8.4.3.2), to application of an initial force-0f (0,6 £ 0,1) N onto the specimen. The stop 0
nt shall be set to limit compression of the.specimen to (4 £ 0,1) mm.

men preparation — Type 1 materials (5 specimens)

tial preparation

el of the water in the circulating water bath (8.4.1.5) so that it will be approximately 15 mm 4
baseplate (8.4.1.3) when the specimen forming assembly (8.4.4.2) is placed for cooling.

-surface-forming plate (8.4.1.4) in the temperature-conditioning unit (8.4.3.1) for at least 15
ion the glass baseplate (8.4.1.3).

8.44.2

Prlocedure for specimen formation

C-clamp, having a minimum screw opening of 40 mm and a minimum throat depth of 30 mm.

O per

mass
n the

bove

hanufacturer's dnstructions specify warming or cooling the master cast before pouring the

d the
min.

Complete the following five steps in rapid succession.

flask on

the baseplate.

Pour the fluid material into the ring flask until the flask is slightly more than half full.

Remove the specimen-forming components from the temperature-conditioning unit and centre the ring

Push the specimen-forming mould (8.4.1.1) down through the duplicating material so as to seat the

bottom of the mould in contact with the centre of the baseplate, and so as to force the material up through
and above the bore of the mould.

10
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NOTE Seating the mould into contact with the baseplate can be made easier by using a relatively large forceps,
tongs or tweezers to grasp the rubber band encircling the mould (Figure 4, Key 8) so as to direct positioning the mould.
The same instrument can be used for positioning the top surface forming plate as required for the step to follow.

— Push the specimen top-surface-forming plate (8.4.1.4) down through the material extruded above the
mould until the plate is centred against the top surface of the mould.

— Pour additional material to cover the top-forming plate and to slightly overfill the ring flask (8.4.1.2)

Allow this specimen-forming assembly to cool in air for 5 min and then immerse it to cool for 30 min in the
circulating water bath (8.4.1.5) as shown in Figure 4.

Withip 40 s after completion of the specified cooling period, separate the specimen from the‘agsembly, seat
the specimen on the base of the test instrument (8.4.3.3) in preparation for testing, and centre the test plate
(8.4.3.2) on top of the specimen.

8.4.5| Specimen preparation — Type 2 materials (5 specimens)

8.4.5|1 Initial preparation

Coverr one side of each glass or metal plate (8.4.2.2) with a polyethylenecsheet (8.4.2.3).
Apply a thin film of mould-release agent (8.4.2.4) to all surfaces of-the’ split mould and fixation ring (8.4.2.1).
Seat|the fixation ring on one of the polyethylene-covered-plates and, if there is a requirement for the
tempprature of the master model to be above or below room temperature, place this assembly, glong with the

two gplit halves, in the temperature-conditioning unit (8:4.3.1) to condition for at least 15 min at [the specified
tempgrature.

8.4.5|12 Procedure for specimen formation

Propgrtion and mix the components and thén‘complete the following five steps in rapid successio

=

— Pour the mixed material into the fixation ring until it is slightly more than half full.

— Press the two split halves-of-the mould, together, down through the duplicating material unti| their bottom
gurfaces are in near contact with the polyethylene covered baseplate, and so as to force| the material
above the top surfaces.of the split halves.

— IPress the second)polyethylene covered plate through the material extruded above the top purfaces and
into near contact with the top of the split mould. Then use the C-clamp (8.4.2.5) to force the plates into
¢ontact with,the top and bottom surfaces of the split mould.

NOTE [f~glass plates are used instead of metal plates, metal back-up plates may be used between the glass plates
and t}re €-clamp parts to minimize scratching or breakage of the glass plates.

— Allow this assembly to set for the time/temperature cycle specified in the manufacturer’s instructions for
obtaining effective setting of the material [11 b) 4)].

— Within 40 s after completion of the setting period specified in the manufacturer’s instructions, separate the
specimen and seat it for testing as for the Type 1 specimens.

8.4.6 Test procedure — Type 1 and Type 2 materials
Use the test instrument to conduct the test in accordance with the following time schedule, where ¢ is the end

of the time allowed for water-cooling Type 1 material specimens, or the time specified in the manufacturer’s
instructions for setting of Type 2 materials [see 11 b) 4)]
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— t +45 s: Gently lower the dial indicator spindle contact point to rest on the test plate positioned on top of
the specimen.

— ¢+ 55 s: Read the dial indicator, lift the contact point from contact with the test plate, and record the dial
indicator reading as 4.

— ¢t +60s: Deform the specimen (4 + 0,1) mm (as limited by the stop on the test instrument) within 1 s.
Release the deforming force slowly over a period of 5 s. Then lift and hold the contact point from contact
with the test plate.

NOTE Possibility of lateral displacement of the specimen during application of the deforming force can be reduced by
Lt DA abraaiwea o B HAC— N S o oo oo - o e = Lo 2N = ethat

— t+ 170 §: Gently return the dial indicator contact point to rest on the test plate.

— ¢+ 180 §: Record the dial indicator reading as #,.

8.4.7 Calculation of results

Calculate thI elastic recovery K, for each specimen, expressed as a percentage, to the nearest + 0,05 %,
using the equiation:

K :100—[100(MH
ho

where
hg is the height of the mould;
hq s the dial indicator reading at ¢ + 55 s (immediately before the specimen is deformed), and

hy is the dial indicator reading at r + 180s (115 s after the deforming force was removed fron the
spegimen).

Discard valugs obtained for defective specimens.

NOTE Aif inclusion defects in translucent specimens can often be discerned before testing. Such defects in opaque
specimens cgn be detected, after testing, by sectioning the specimens axially into eight approximately equdl size
segments and|then examiningeach segment for defects.

8.4.8 Passlfail determinations and expression of results

Carry out thg pass/fail determination and record results in accordance with 7.4 and 7.5.

8.5 Tear strength test

8.5.1 Apparatus and materials

8.5.1.1 Specimen sheet-forming mould (see Figure 7) having a depth that will provide for a specimen
thickness of (4,5 + 0,5) mm.

NOTE The specimen thickness may vary within the stated tolerance depending upon the capacity of the specimen-
gripping mechanism available for the test. Use of the optional method described in Annex A, for fitting tear-test specimens
for gripping in the test instrument, allows accommodation of any specimen thickness within the specified tolerance.
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2 Polyethylene sheet, wrinkle free, approximately 0,035 mm thick and having

length/width

dimensions approximating those for the mould cavity cover (see Figure 7), one for each Type 2 specimen.

8.5.1.3 Temperature-conditioning unit, in accordance with 8.2.1.5, if applicable.

8.5.1.4 Circulating water bath, in accordance with 8.2.1.6, for cooling Type 1 material specimens.
8.5.1.5 Die (ASTM D624-98, Die C) for cutting specimens to the dimensions specified in Figure 8.

NOTE A specimen-forming mould plate may be substituted for the ASTM Die C as an alternative method of shaping

the specimens to the dimension specified in Figure 8.

8.5.116 Specimen sheet support, on which to place the specimen sheet for precision*dut-out of the
specimen without damage to cutting edges of the die (8.5.1.5).

The fop surface of the support should be flat, soft, and have length/width dimensions dpproximgting those of
the specimen sheet. Thickness of the soft surface, which may consist of layers of Waterproof pgper, polymer
or wgx sheets, may vary depending upon the resistance to cutting exhibited by the'soft surface gnd specimen
sheef materials.

8.5.1|7 Instrument to measure specimen thickness, such as_a dial indicator mqunted on a
conventional support stand.

The
contd
contd

dial indicator shall be accurate to + 0,01 mm and shall be\edquipped with a circular, flat,
ct point. The travel of the dial indicator spindle shall be\regulated such that the force a
ct point during the thickness measurement does not-exceed 22 kPa. The flat speci

broad-based
bplied by the
men support

baseplate on the dial indicator stand shall be dimensionéd such that it will provide support [to the entire
undefside of the specimen (see Figure 8) during the measuring procedure.

8.5.1|8 Test instrument, capable of applying‘atensile test load at a rate of 500 mm/min, and of applying
a brepking load of at least 500 N.

8.5.2| Specimen preparation (5 specimens)

8.5.2]1 Initial preparation

For Type 1 material specimens only: arrange for the water level in the circulating water bath (8§.5.1.4) to be
such|that it will be approximately even with, but not above, the top of the mould cavity base (see Figure 7, Key
item ).

For Tlype 2 materiabspecimens only: adapt a polyethylene sheet (8.5.1.2) to the underside of the|mould cavity
covefl (see Figure>7; Key item 5).

If thg manufacturer’'s instructions specify warming or cooling of the master model, use the ftemperature-

cond

tioning unit (8.5.1.3) to condition the specimen sheet-forming mould (8.5.1.1) including the

cavity cover,

to the

required temperature for at least 30 min.

If the specimen is to be fitted for the optional gripping method described in Annex A, lay out all items needed
for the fitting.

8.5.2.2 Specimen preparation steps (5 specimens)

After completion of temperature conditioning of the mould cavity components (8.5.2.1), slightly overfill the
mould cavity with fluid duplicating material and then press the mould cavity cover down through the excess
material until it contacts the upper extremes of the cavity borders.

Air-cool the filled mould assemblies for Type 1 materials for 5 min, and then transfer them to the water bath
(8.5.1.4) for 30 min to complete gelation of the specimen material. Allow assemblies for the Type 2 materials
to set for the times and at the temperatures specified in the manufacturer’s instructions [see 11 b) 4)].
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Complete the following steps within 90 s after expiration of the time specified for gelation of the Type 1
materials or the time specified for effective setting of the Type 2 materials.

— Separate the specimen sheet from the assembly and place it on the soft-surfaced support (8.5.1.6), and
use the die (8.5.1.5) to cut out the specimen shape.

It is very important to handle the specimen carefully during subsequent steps so as to avoid stressing the
notched area of the specimen before the test load is applied.

NOTE If the mould plate (see Note to 8.5.1.5) is used as an alternative method for forming the specimen, the
specimen is ready for subsequent steps as soon as it is separated from the mould.

— Use thefinstrument (8.5.1.7) to measure the specimen thickness at a point just inside the 90° angle'rjotch.
— Align thg specimen and secure it in the instrument (8.5.1.8) for testing.

When fixation of the specimen in the instrument grips for testing is achieved through direc¢t contact ¢f the
gripping surfaces with the end surfaces of the specimen, the following factors should be taken into accoupt.

a) Experiefjce seems to indicate that the optimum airline pressure, for useifh pneumatic grippipg of
duplicating material specimens, is about 83 kPa (12 psi).

b) Depending upon the type of grip surfacing, it may be necessary to cover the gripping surfaces with an
adhesive¢-backed abrasive paper, about 240 grit (FEPA 280), in order to achieve effective gripping ¢f the
specimens.

Fitting of the|specimens for gripping as described in Annex A elimifgates the need for such concerns.

8.5.3 Test procedure

Immediately jafter completion of the last step in 8.5.2.2,-apply the tensile test load at a speed of 500 mm/min
until rupture pf the specimen. Record the load at rupture.

8.5.4 Calculation of results

Calculate thg tear strength using the following equation:

F
TS = ;
where
Ty s the tear strength, in newtons per millimetre of specimen thickness;

F is thedarce, in newtons, required to rupture the specimen;

d is the specimen thickness, in millimetres.

8.5.5 Pass/fail determination and expression of results

Carry out the pass/fail determination and record results in accordance with 7.4 and 7.5.
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8.6 Fungal growth resistance test — Type 1 agar materials only

8.6.1 Apparatus and materials

8.6.1.1 Petri dishes, each having an inside diameter of approximately 60 mm and a depth of 15 mm
(one for the test specimen and one for the control specimen).

8.6.1.2 Fungal culture, such as can be obtained from stale bread having no preservatives; for example,
fungal strains such as Rhizopus nigricans, Aspergillus nidulans and Penicillium glaucum.

8.6.1.3 Sterilized inoculating loop

8.6.1|4 Relative humidity chamber, capable of providing for a relative humidity. (Of (|95i5)% at
laborptory temperature (7.1).

8.6.2| Specimen preparation (1 test specimen and 1 control specimen)
Pour|approximately 25 ml of the fluid duplicating material into each of the Petri dishes (8.6.1.[1), cover the

dishgs and allow the material to cool at laboratory temperature for (30 + 5)-min. Mark the dishgs to indicate
which is to contain the experimental specimen.

8.6.3| Test procedure
After| completion of the cooling period, use the inoculating Jeop (8.6.1.3) and fungal culturg (8.6.1.2) to

inocylate the test specimen. Cover the specimens in both Petri dishes and store them in the relgtive humidity
chamber (8.6.1.4) for 7 days. Then examine the specimensfor compliance with 5.9.

8.6.4| Pass/fail determination

If the|test specimen and the control specimen exhibit no fungal growth after completion of the 7-day incubation
periofd, the material complies with the requirement stated in 5.9.

8.6.5| Expression of results

Repdrt whether the material complies with the requirement.

9 Requirements/for packaging

No ppckaging requirements, other than those associated with labelling (Clause 10) and instrugtions for use
(Clayse 11), are( specified in this International Standard. However, manufacturers should supply the
dupligating material in containers that will protect it from contamination or loss of content.

10 Requirements for labelling

Outer packages (3.15) for the duplicating materials shall be provided with labels giving the following
information:

a) trade or brand name of the product;

b) name and address of the manufacturer, or the name and address of another company authorized by the
manufacturer to distribute the material under a different trade name;

c) identification of the basic generic ingredient which, when mixed with other ingredients, provides for elastic
properties in the material (agar, polyether, silicone, etc.);
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d) type description, to indicate clearly whether the material is reversible or non-reversible;

e) manufacturer’s lot number (batch number);

NOTE

ISO 15223 illustrates standardized symbols approved for use on label entries for lot numbers and serial

numbers, recommended storage conditions, cautionary statements and USE BEFORE dates.

f) storage conditions required to prevent degradation of the material between the time it is manufactured
and the time the immediate container is opened for first use of the material;

g) any cautionary statements that may be necessary to avoid possible toxic or irritating effects that might be

associated-with-use-of the mafnrial;

h) USE BHFORE date (expiry date), identified as such, beyond which the material may not exhibititd best
propertigs. The date shall be expressed as a six-digit number; for example 2001-09, where' the first four

digits indlicate the year 2001, and the last two digits indicate the month of September;

i) net volume of material in each container.

11 Instru¢tions for use — Required information

Complete instructions for obtaining optimum performance of the material shall be furnished by the
manufacturef with each package in which the material is prepared “for retail marketing. The follpwing

information shall be provided:

a) Productiidentifying information:

1)
2)

b) Instructipns for use of both Type 1 and Type. 2(materials:

1)

2)

3)

4)

5)

6)

7)

9)

16

trade or brand name of product;

gengric nature of the material (agar, polyether{silicone, etc.);

storpge conditions required after first opening of the immediate container, and between |other
opehings thereafter, to minimize possibilities for degradation of the material or its components;

type of duplicating material,

method and time for conditioning the master model to the temperature required before the dupligating
material is poured areund it;

method, temperature and time for air storage or water cooling, or both, required after pouring, to
bring about eptimum gelation or effective setting of the material;

method of separating the master model from the mould;

time lapse permitted between separation of the master model from the mould and pouring investment
or gypsum materials into the mould;

any treatment of the mould required between the time of separation of the master model and the time
of pouring the mould;

ambient environment in which the poured mould should be held while the investment or gypsum is
setting;

identification, by brand name and bonding mechanism category, of at least one refractory investment
product which the duplicating material manufacturer has found to be compatible with the duplicating
material, and which is in compliance with requirements of the related International Standard listed in
Clause 2;
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10) if the instructions indicate that the duplicating material is suitable for making moulds in which dental
gypsum product models can be made, identification is required of at least one dental gypsum product,
by brand name and type, which the duplicating material manufacturer has found to be compatible

with the material; either one Type 3, one Type 4 or one Type 5, dental stone produc
compliance with requirements of ISO 6873 (see Clause 2).

c) Instructions for Type 1 materials only:

1)

equipment recommended for the melting process;

maximum temperature recommended for the melting process;

iR
~

0]

d) Instructions for Type 2 materials only:

P
2)

3

method for maintaining the fluid duplicating material at the required pouring consistency;
if the material must be stirred continually or intermittently during prolonged storing peri
shall be stated;

pouring temperature range, maximum and minimum;

minimum temperature to be used in bringing about gelation of the material;

storage conditions and any other treatment required for the dupficating material betwesg
of the mould from a duplicated master model and commencement of required subsequs
procedures;

procedures to be followed in order to obtain optimum functional life (3.8) of the material.

mass/mass proportioning for the components;
mixing method and time;
effective setting time (3.7);

factors that can influence_the time the mixed material will remain pourable (i.e. ageing of
variations in room temperature, mixing rate, humidity, etc.).

t which is in

for example,
pds, that fact

N separation
nt re-melting

components,
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Dimensions in millimetres, unless otherwise specified
Tolerances + 0,1 mm unless otherwise specified for surface roughness < 3,2 pm

©29,97 +0,01
~ /Ra0,1
|
|
|
| o
[
L $38 A-A
| 90° 90° 90°
1 (\
(] 1 2 3
2 ] o /]
1] o~
AT d TA 2‘
>// - (50 +8) um (75 £8) um
3 >t__ (20 +4) um
25 25
53
5 5
Key
1 linea
2 lineb
3 linec
4 lined,
5 lined,
Material shall be castior wrought austenitic stainless steel.

@ Lines d, and d, shall be the same width as Tine c.

Figure 1 — Test block for detail reproduction test and tests for compatibility with refractory
investment and gypsum
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Dimensions in millimetres

1

o0

\

ISO 14356:2003(E)

$30 0,02

+0,01
®37,95 0

10

3

a) Ring'mould

\

N

30 £0,01

$38 0,02

PhLi

6,35

b) Ring mould retainer °

Figure 2 — Accessories for detail reproduction test and test for compatibility with refractory
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Dimensions in millimetres

b4

@ 2mmh
rim of recg
width of s

Internal di
Made of p
Made of b

N
(=)
+0,02°
$38 0
?30
m PN

PSS
t before closing

Fass (see Note in 8,3.1.3).

c) Slit mould °

pbles, with bell mouth, two rows of 18 holes-each

olymer, brass, or stainless steel.

Figure 2 (continued)

pmeter of the mould after the clamping mechanism closes the slit.
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Dimensions in millimetres
Tolerances + 0,1 mm unless otherwise specified, surface roughness < 3,2 pm

20 0,2

Matenjal shall be ‘polymer.
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1
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8 \ W 3
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% Y
E— , /] N\ |
/ /
6
Key
1 agar duplicating material
2 top-surfage-forming plate
3 specimeniforming mould
4 cooling water
5 glass basgplate
6 cooling water container
7 specimen
8 rubber bapd (approximately 0,8 mm thick-and 5 mm wide)
9 polymeric]ring flask
Fjgure 4 — Specimen<forming assembly — Elastic recovery test, Type 1 materials
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Dimensions in millimetres
Surface roughness < 3,2 uym unless otherwise specified

0,75

N —
[ e}

3 fi
4 s

20 0,2
18,5 20,5

$12,5 £0,05

®25

0
$20,5 -0,03

El

ht-out, ~ 1,0 mm.x 1,0 mm x 1,0 mm in two places
blit betweeén mould halves

ationting

plit-mould, two halves, no bell mouth in bore

Components shall be made of anodized aluminium, brass or stainiess steel.

@  This is the outside diameter specified for the two split-mould halves (item 4) when they are assembled to fit within the
fixation ring (3). For these components to be related as required for specimen formation, the inside diameter of the fixation

ring shall be 20,5 + 8'03 mm.

Figure 5 — Split mould for forming specimens — Elastic recovery, Type 2 materials
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Dimensions in millimetres

1601

lever for compressing“the specimen
control leVer for dial indicator spindle position
dial indicator

/.

spring

test plate

test specimen compressed (4 £ 0,1) mm
compression limit stop

Figure 6 — Elastic recovery test instrument
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