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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 preparjng International
Standards is normally carried out through ISO technical committees. Each member
body interested in a subject for which a technical cemmittee has been established has
the right to be represented on that committee. International organifations, govern-

mental and non-governmental, in liaison with\}SO, also take part in the work. ISO
collaborates closely with the InternationalcElectrotechnical Commissgion (IEC) on all
matters of electrotechnical standardization.

Draft International Standards adepted by the technical committees are circulated to
the member bodies for approval before their acceptance as Internatiovral Standards by
the 1ISO Council. They are approved in accordance with ISO procedgires requiring at
least 75 % approval by thexmember bodies voting.

International Standard ISO 7490 was prepared by Technical Committee ISO/TC 106,
Dentistry.

Annexes Aand B of this International Standard are for information ¢nly.
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INTERNATIONAL STANDARD

1SO 7490 : 1990 (E)

Dental gypsum-bonded casting investments for gold

alloys

1 Scope

specifies re

uirements for, gypsum-bonded casting invest-

This Interna;{onal Standard establishes a classification of, and

ments toget
compliance

It applies to
dental gold 4
than 1 080 °

er with the test methods to be used to determine
vith these requirements.

gypsum-bonded investments suitable for casting
lloy which have liquidus temperatures not higher

I~
b .

2 Normative references

The followir]
reference in
Standard. A
were valid. A

g standards contain provisions which, through
his text, constitute provisions of this International
t the time of publication, the editions indicated
Il standards are subject to revision, and parties to
based on this International Standard are encour-

agreements
aged to inve|

tigate the possibility of applying the most recent

editions of the standards indicated below. Members of IEC.and

ISO maintaip registers of currently valid International* Stan-
dards.

1ISO 1561: 1975, Dental inlay casting wax.

1ISO 1562: 1984, Dental casting gold alloys.

ISO 3310-1:1982, Test sieves — [Technical requirements and

testing — P
ISO 7500-1:

uniaxial testi

3 Classif

For the pﬁr

rt 1: Test sieves of{metal wire cloth.

986, Metallic <materials — Verification of static
ng machines \=~Part 1: Tensile testing machines.

ication

bonded investments are classified as follows:

Type 1: Thermal expansion type, for casting inlays and

crowns

Type 2: Hygroscopic expansion type, for casting inlays and

crowns

Type 3: For casting complete and partial denture bases

In its classification, a particular material need not be restricted
to only one type.

4 Requirements

4.1 Material

The investment shall be supplied as a powder gonsisting essen-
tially of a mixture of calcium sulfate hemihydrate and silica. The
investment powder may-also contain modifyirLg agents. How-
ever, it shall not contain extraneous material, find shall be dry,
uniform and freg' from lumps. If the instructipns recommend
the use of a mould liner (see clause 8), the recgmmended lining
material shall/be available from the manufactyrer.

4.2 Particle size

The particle size distribution shall be such [that, when the
powder is tested as described in 7.2.2,

not more than 1 % (m/m) is retained onp a 300 um test
sieve,

not more than 5 % (m/m) on a 150 um te[t sieve, and

not more than 15 % (m/m) on a 75 um teft sieve.

4.3 Unset investment

When added to water in the proportions gpecified by the
manufacturer, and mixed as directed in 6.3,| the investment
shall readily form a uniform paste.

The fluidity of types 1 and 2 investments shall be such that,
when tested in accordance with 7.3.1, 2 min after the first con-
tact of powder and water, the slump shall b¢ not more than
40 mm high measured at its highest point.

The fluidity of type 3 investments shall be guch that, when
tested in accordance with 7.3.2, 2 min after thg first contact of
powder and water, the average diameter of the slump shall be
not less than 60 mm.

4.4 Rate of setting
4.41 Working time

4.41.1 Low-speed mixing"

When the test described in 7.3.1.2 (types 1 and 2) or 7.3.2.2
(type 3) is repeated 5 min after the first contact of powder and

1) This requirement applies to mixes prepared by hand mixing (see 6.3.1) or in mechanical devices with a rotational frequency of less than 700 r/min.
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water, the mix shall still comply with the fluidity requirements
specified in 4.3. No spatulation or vibration of the mix shall be
permitted other than that specified in 7.3.1 (types 1 and 2) or
7.3.2 (type 3).

4.4.1.2 High-speed mixing, types 1 and 2"

When the test described in 7.3.1.2 is repeated 3 min after the
first contact of powder and water, the mix shall still comply
with the fluidity requirements specified in 4.3. No spatulation or
vibration of the mix shall be permitted other than that specified
in 7.3.1.

when heated, shall not contaminate alloy cast into it, and shall
not cause pitting, fins, rough surfaces or voids in the casting.

5 Sampling

The method of procurement and the amount of investment
powder needed for testing shall be the subject of agreement
between the interested parties. Powder from broken or dam-
aged containers shall not be used for testing. If the powder
is supplied in bulk, rather than in individual units, it shall be
thoroughly mixed before testing and then stored in a moisture-

proof container.

442 Setting

When the mixeq
the Vicat initial §
setting time stat

lime

investment is tested in accordance with 7.4,
et shall not vary by more than 20 % from the
ed by the manufacturer (see clause 8).

4.5 Compressive strength

The set investm
comply with the)

bnt, when tested in accordance with 7.5, shall
requirements set out in table 1.

Table 1 — Compressive strength
T Minimum compressive strength, MPa*),
ype at room temperature
1 2,3
2 2,3
3 5,6
*) 1 MPa = [108 N/m?

4.6 Expansion

The investment,
a total linear exy
complies with th
thermal expansi
vary by more th

when tested in accordance with 7.6, shall have
pansion (setting and thermal combined) which
e requirements set out-in) table 2. None of the
bn curves produced-according to 7.6.4.4 shall
n + 0,1 % expansion over the recommended

casting range (s
shall agree, witl
casting range,

the manufactur

e clause 8),.and at least one of these curves
in 0,1 % .expansion, over the recommended
ith the.thermal expansion curve provided by
r (see'clause 8).

Table 2 — Total expansion

If a mould liner is recommended and is not.supp
investment, an adequate amount of the recomm
material shall be procured from the investment m

ied with the
ended lining
anufacturer.

6 Test conditions and-preparation of test

specimens

6.1 Test conditions
All mixing and.testing of the investment shall be c43

room free from draughts and under atmospheric
23 °C +-2 °C and (50 *+ 5) % relative humidity.

6.2\ Materials and apparatus

All apparatus and instruments used in mixing and
be clean, dry and free from particles of gypsum. B
and testing are begun, materials and apparatus sh

to ambient temperature. Irrespective of specimen
shall be made with at least 100 g of powder.

6.3 Method of mixing

Carry out the mixing according to the manufactu
tions (see clause 8).

6.3.1 Hand mixing
6.3.1.1 Apparatus

6.3.1.1.1 Clean scratch-free flexible mixing
least 300 ml capacity.

rried outin a
onditions of

testing shall
efore mixing
Il be brought
ize, all mixes

rer's instruc-

bowl, of at

Type Minimum linear expansion, %
1 1,5
2 16
3 1,3

6.3.1.1.2 Rigid spatula, with a blade at least 20 mm wide.

6.3.1.1.3 Electric dental vibrator.

6.3.1.2 Procedure

4.7 Behaviour during casting

The investment mould, when tested in accordance with 7.7.1
(types 1 and 2) or 7.7.2 (type 3), shall not emit offensive fumes

Using the mixing bowl (6.3.1.1.1) and spatula (6.3.1.1.2),
mix at least 100 g of powder with distilled water in the rec-
ommended proportions (see clause 8) according to the pro-
cedure described below.

1) This requirement applies only to mixes prepared in mechanical devices with a rotational frequency of 1400 r/min or higher. These devices include
provision for vacuum investing as well as mixing, and are suitable only for use with small casting rings (types 1 and 2 investments only).
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Measure the mass of the powder and the mass or volume of the
distilled water with an accuracy of £ 1 %.

Pour the water into the mixing bowl. Begin timing from the
moment at which investment powder and water first make con-
tact. Shake or sift the investment into the water over a period
of 15 s, in such a way that entrapment of air is minimized.

During the next 15's, jar or vibrate the bowl. In this period
ensure that the powder is completely wetted, using limited
movements of the spatula if necessary, but avoiding any
stirring movements.

1ISO 7490 : 1990 (E)

7.2.2 Procedure

Add 25 g of investment powder to 100 ml of 2-propanol (iso-
propyl alcohol 95 %) in a 250 ml conical flask. Stopper the flask
and shake for 2 min. Transfer the suspension to the 300 um
sieve (7.2.1.1) nested on the 150 um sieve which is in turn
nested on the 75 um sieve, and wash with 2-propanol until the
washings are clear. When the washings from the 300 um and
the 150 pum sieves are clear, the sieves may be separated to
facilitate washing the residues on the 75 um sieve.

Dry the residues on the sieves at 40 °C + 2 °C. Remove and

Then spatulate the powder and water for 30 s, using a circular
stirring motipn at a rate of approximately 3 r/s. Minimize the
incorporatiop of air into the mix. During spatulation subject
the bowl tq appropriate vibration by means of an electric
dental vibrator (6.3.1.1.3). Complete the mixing procedure in
60s + 2s.

Transfer thg mixed investment immediately to the moulds or
testing appafatus.

6.3.2 Mechanical mixing

6.3.2.1 ATaratus

Mechanical] mixing apparatus complying with the details
specified by the investment manufacturer [see item d) in
clause 8].

6.3.2.2 Proécedure

Using the mjechanical mixing apparatus (6.3.2.1), mix at least
100 g of poyvder with distilled water in the recommended pro-
portion, for|the time recommended by the-investment manu-
facturer [seg item d) in clause 8].

Transfer thd mixed investment immediately to the moulds or
testing appdratus.

7 Test methods

71 VisuTI inspection

weigh the residues, and report the mass of.egach residue as a
percentage of the mass of the original samplg.

CAUTION — When using 2-prepanol ketap away from
flame, provide good ventilation and aypoid excessive
inhalation of vapour.

7.3 Fluidity of the .unset mix
7.3.1 Types_ 1and 2 investments
7.3.1.1 ‘Apparatus

7.3:¥1.1 Mould, as show.n in figure 1.

7.3.1.1.2 Flat smooth glass or glazed platg, at least 80 mm
square.

7.3.1.1.3 Electric dental vibrator.

7.3.1.2 Procedure

Make a mix of investment, following the apgropriate method

described in 6.3 and timing the test from

the moment of

first contact between powder and water. §tand the mould

(7.3.1.1.1) in the centre of the plate (7.3.1.1.

R) and fill it with

the mix, applying sufficient vibration to the plate so that the
mould fills rapidly. The vibration shall cease nqt later than 110 s
from the start of mixing.

Place the plate and the filled mould on a vibration-free surface.
After 2 min £ 1 s from the start of mixing, lift the mould ver-
tically away from the plate at a rate of approxrmately 10 mm/s

and allow the mix to slump on the plate.

Visual inspection shall be used in determining compliance with
requirements of 4.1 and clauses 9 and 10.

7.2 Particle size distribution

7.2.1 Apparatus

7.2.1.1 Test sieves, round, of diameter 200 mm and of the
following nominal aperture sizes: 300 um, 150 um, and 75 um,
complying with the requirements of 1SO 3310-1.

7.2.1.2 Oven or drying cabinet, maintained at 40 °C + 2°C.

When the investment has set sufficiently, measure the height
of the slump at its highest point.

If in the first test the investment fails to meet the requirement
specified in 4.3, repeat the test two more times and report the
average of the three results as the height of the slump.

7.3.2 Type 3 investments
7.3.2.1 Apparatus

7.3.2.1.1 Electric vibrator with a substantially flat
platform, to which is screwed or bolted a flat smooth glass or
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glazed plate at least 150 mm square. The vibrator shall operate
on a 50 Hz or 60 Hz supply and shall be adjusted so that its plat-
form vibrates with a peak-to-peak displacement of 0,2 mm.

7.3.2.1.2 Cylindrical mould, with an inside diameter of
25 mm £ 0,5 mm and a height of 36 mm + 0,5 mm.

7.3.2.2 Procedure

Make a mix of investment, following the appropriate method
described in 6.3 and timing the test from the moment of

rapidly. The vibration shall cease not later than 110 s from the
start of mixing.

After 2 min £ 1 s from the start of mixing, switch on the
vibrator (7.3.2.1.1) and simultaneously lift the mould vertically
away from the plate. Continue the vibration for an additional
period of 15s + 1s.

When the investment has set sufficiently, measure the largest
and smallest diameters of the slump and record the average of
the two as the slump diameter.

first contact befween powder and water. Place the mould
(7.3.2.1.2) in the|centre of the plate, and fill it with the mix, ap-
plying sufficient|vibration to the plate so that the mould fills

It In the first test the investment fails to meet the|requirement
specified in 4.3, repeat the test two more times atd report the
average of the three results as the slump diametef.

Dimensions in millimetres}
surface roughness value ih micrometres

45=0,1

N

|
l ®30+0,1 i

Figure 1 — Slump test apparatus in brass or stainless steel
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7.4 Setting time
7.4.1 Apparatus

7.4.1.1 Vicat apparatus, consisting of a frame supporting
a rod which is free to move up and down; an initial set needle,
at least 36 mm long, of uniform circular cross-section,
1 mm * 0,06 mm in diameter shall be attached to the lower
end of the rod. The total mass of the rod and initial set needle
shall be 300 g £ 1 g. A pointer attached to the rod shall move
over a scale, graduated in millimetres, indicating the depth of
penetration of the needle into the specimen.

ISO 7490 : 1990 (E)

7.4.1.4 Water bath (for tests on type 2 investments), of area
sufficient to accommodate the test specimen holder (7.4.1.2),
with a depth of at least 35 mm and capable of being maintained
at23°C + 2 °C.

7.4.2 Procedure: types 1 and 3

Line the mould with a single piece of dry lining material
(7.4.1.3). If the instructions (see clause 8) require wetting of
the liner, immerse the lined mould in distilled water for 3 min,
and then allow it to drain in air for 30 s. Attach the base. Do not

7.4.1.2 TeJt specimen holder, consisting of a cylindrical
mould and a| detachable base, with the dimensions shown in
figure 2. WHen the specimen holder is assembled, the base
shall make a|watertight seal with the mould.

7.4.1.3 Mould lining material, as supplied by the manu-
facturer.

allow any free water to collect in the bottom df the assembled
specimen holder (7.4.1.2).

Make a mix of investment, following the appfopriate method
described in 6.3 and timing the tést-from the |moment of first
contact between powder and \water. Overfill the specimen
holder with the mix and_level the surface.| Place the test
specimen on the platform ‘of 'the Vicat apparatfus (7.4.1.1).

A_ A Dimens|ons in millimetres

3 holes equispaced ¢n
polycarbonate disc

-

25+

[ T777X77

YAV

Drill and countersink

Figure 2 — Vicat test specimen holder
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When the glossy surface has completely disappeared from the
mix, carefully lower the Vicat needle vertically until it touches
the surface and release it gently, allowing it to sink into the mix
under its own weight. Repeat this procedure at intervals of
30 s, wiping the needle clean after each penetration and mov-
ing the test specimen slightly so that the needle does not enter
the same place twice. Avoid making any penetration of the
specimen closer than 5 mm to the walls of the mould.

Record the setting time as the total time from the start of mix-
ing to the time when the needle first fails to penetrate to within
5 mm of the base of the specimen holder.

it at 23 °C = 2 °C and not less than 95 % relative humidity.
Prepare ten specimens from at least two mixes of investment.

7.5.3 Procedure: compressive strength at room
temperature

Test five specimens, made from at least two mixes of invest-
ment. Start testing the specimens 2 h after making the last mix.

Position each specimen between the loading platens of the
testing machine (7.5.1.4) so that the specimen will be loaded
axially. Use no packing between specimen and platens.

Record the meah of three such tests, rounded to the nearest
1 min, as the npt result. If the mean falls exactly on a half
minute, round it/ to the preceding whole minute.

7.4.3 Procedufe: type 2

Follow the procedure outlined in 7.4.2, but perform the tests on
test specimens placed in the water bath (7.4.1.4) on the plat-
form of the Vicalt apparatus. After the test specimen has been
positioned in th¢ empty bath, carefully pour distilled water at
23 °C £ 2 °C info the bath until the level is at least 5 mm above
the top of the test specimen. If the probable setting time of the
material is unknpwn, start penetration tests 5 min after begin-
ning the mix.

7.5 Compresgsive strength

7.5.1 Apparatus

one or more cyl|ndrical specimens, each having a diameter(of

7.5.1.1 SectioLal mould, open at both ends, to produce
20 mm £ 0,05 inm and a length of 40 mm % 0,05 mny.

7.5.1.2 Two flat glass plates, large enough ‘te\close the
ends of the moyid.

7.5.1.3 Electri¢ dental vibrator.

7.5.1.4 Compiession testing machine, complying with the
machine class 1|requirements_specified in ISO 7500-1 up to a
force of 20 kN.

7.5.2 Prepara]ijn of\test specimens

Lightly oil or gregse-the mould (7.5.1.1), or spray with a suitable

Apply a compressive force increasing continuously at a rate of
5 kN/min + 2 kN/min until fracture occurs,

For each specimen record the load at fracture and alculate the
compressive strength, k, in megapaseals!’, using {he following
formula:

4F
nd?

k =

where

F is the applied)load at fracture, in newtons;

d isthe diameter of the specimen, in millimetrer( =20mm).

For all five“results, calculate the mean, x, and the standard
deviation; o; calculate the coefficient of variation, gxpressed as
a percentage, using the following formula:

100 Z
X

If the coefficient of variation is less than or equal to 15 %,
report the mean; if the coefficient of variation is greater than
15 %, carry out a further five tests and report thg mean of all
ten results.

NOTE — If the testing machine is of the type in whi¢h cross-head
speed rather than loading rate is controlled, it will be| necessary to
undertake preliminary trials to determine a cross-head| speed which
gives a loading rate within the limits specified in 7.5.3. THese trials shall
be made with a specimen in position, which shall suj)sequently be
discarded without further testing. A suitable starting pdint is a cross-
head speed of 0,5 mm/min.

7.6 Expansion

7.6.1 Test specimen

Both setting and thermal expansion shall be meagured on the

mould-release agent. Place the assembled mould on one of the
glass plates (7.5.1.2). Make a mix of investment, following the
appropriate method described in 6.3. Slightly overfill the mould
with investment, applying suitable vibration.

As soon as the glossy surface has completely disappeared from
the mix, apply the second glass plate (7.5.1.2) to the top of the
mould and press it down until the surface of the mould is
uniformly visible through the glass. When the specimen is
strong enough to handle, remove it from the mould and store

1) 1MPa = 108 N/m?2
2) 1kPa = 103 N/m?

same specimen, which shall be 50 mm + 1 mm in length and
of uniform cross-section; the cross-section may be circular,
square or an equilateral triangle. The cross-sectional area shall
be within the range from 78 mm?2 to 276 mm2. The total
measuring pressure exerted on the specimen during setting or
heating shall not exceed 2,4 kPa?. During setting, all sides of
the specimen shall be in contact with the lining material sup-
plied with the investment. If the manufacturer’'s instructions
recommend wetting the liner, this shall be done as described
in7.6.4.
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7.6.2 Test conditions

Types 1 and 3 investments shall be allowed to set under con-
ditions of 23°C + 2°C and not less than 95 % relative humidity.
Type 2 investments shall be immersed in distilled water at
23 °C + 2 °C for the duration of setting.

In all cases, one end of the specimen shall set against a heat-
resistant alloy plate, 1 mm thick, of the same cross-section as
the specimen, which will form part of the specimen during the
thermal expansion test and which will distribute the measuring
force of the thermal expansion apparatus uniformly over the

1ISO 7490 : 1990 (E)

7.6.4.2 Preparation of lining material and apparatus

If the manufacturer’s instructions require wetting of the mould
lining material, this shall be done as described below.

Place a suitably sized piece of rubber sponge in a container,
and add distilled water until the sponge is immersed to half its
height. Lay each piece of lining material on the wet sponge
until its upper surface is completely wetted.

If the manufacturer’s instructions do not specify wetting, use
dry lining material.

cross-sectiofial area of the specimen.

During heating, the sides of the specimen should not contact
the thermal gxpansion apparatus; the heat-resistant alloy plate
is used to transfer specimen expansions to the moving parts of
the measuripg apparatus. Frictional forces in the measuring
system sholild be confined to the actual measuring device
itself; it is inportant that these frictional forces be as small as
possible. The temperature of the specimen shall be measured
by a sheathgd thermocouple the hot junction of which is in-
serted to a depth of 15 mm in an axial recess drilled in the base
of the specifmen.

7.6.3 Apparatus

7.6.3.1 Setting expansion apparatus

Any apparafus can be used which complies with the general
requirement$ set out in 7.6.1 and 7.6.2 and which can be ad-
justed to afply a measuring force of 0,6 N + 0,1 N to the
specimen oyer a range of movement of 1 mm, and which
produces a [specimen that can be used for the subsequent
measuremerjt of thermal expansion. The equipment shall be
capable of njeasuring the specimen expansion with an‘accuracy
of + 5 um. A suitable form of apparatus is described in annex A
and illustratgd in figures A.1, A.2 and A.3,

7.6.3.2 Thermal expansion apparatus

Any form of] thermal expansion‘apparatus may be used which
will accept d specimen of the dimensions specified in 7.6.1 and
which comgllies with the .other requirements specified in 7.6.1
and 7.6.2. The equipment shall be capable of measuring the
specimen eXpansion.with an accuracy of + 5 um. A suitable
form of apgaratusis‘described in annex B and illustrated in
figure B.1.

Line the side walls of the trough with Awo
material and place the triangular platé)verti
fixed end wall of the trough so that its'spigot

pieces of lining
tally against the
projects into the

mould space, and its edges rest on.the liners

7.6.4.3 Procedure for determining setting expansion

Make a mix of investment, following the apgropriate method
described in 6.3 and\timing the test from thel moment of first
contact betweefizpowder and water. Pour of vibrate the mix
into the trough up to the top edges of the tWo liners and the
triangular,_plate. Then gently place the third piece of lining
material on~the upper surface of the specimen.

For.types 1 and 3 investments, place the lid ir[ position on the
dry*bath. For type 2 investments, pour sufficignt distilled water
at 23 °C £ 2 °C into the bath to cover the tgp surface of the
specimen to a depth of at least 5 mm.

Zero the recording apparatus or take an initial reading. Deter-
mine the expansion of the specimen to the nearest 0,01 mm
over a period of 2 h; express the setting expantion as a percen-
tage of the original length of the specimen, ex¢luding the thick-
ness of the end-plate (i.e. gauge length = 50 mm).

7.6.4.4 Procedure for determining therrnrl expansion

After a period of 2 h, drain the water bath, free the set
specimen from the trough and carefully remoye the liners from
its sides. The end of the specimen furthest from the triangular
plate will become the base of the specimen diiring the thermal
expansion test. Drill a hole in the centre of the base, at least
5 mm in diameter and 20 mm deep. Then positjon the specimen
vertically in the bottom of the dilatometer so that it fits over the
specimen thermocouple and stands free of the sides of the
outer tube.

7.6.4 Procedure

7.6.4.1 General

The instructions specified in 7.6.4.2 to 7.6.4.5 apply specifically
to the use of the setting expansion and thermal expansion ap-
paratus described in annex A and annex B, respectively; they
may have to be modified if some other form of apparatus is
used.

1) An office sponge or moistener is suitable.

Position the inner tube of the dilatometer so that its pointed
end rests in the recess in the centre of the triangular plate.
Place the heat shield over the upper end of the outer tube so
that the inner tube passes through its central hole without
coming into contact with it, and then position the expansion-
measuring device so that it locates the inner tube in a vertical
position. Turn on the water cooling to the dilatometer head,
and the exhaust system; zero the measuring system or take an
initial reading.
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Raise the furnace temperature at a rate of about 5 °C/min.

If the investment does not contain cristobalite (see note
below), maintain this rate for the whole of the heating cycle. If
it does contain cristobalite, slow the heating rate to approxi-
mately 1 °C/min over the temperature range from 200 °C to
300 °C. In both cases raise the furnace temperature to the mid-
point of the manufacturer’s recommended casting range (see
clause 8), and maintain at that temperature for the rec-

ommended time.

NOTE — To perfor
investment contain;
apparent from the
amining the therm
(see clause 8). If thg
defined isothermal

During heating, i
tinuous graph of
of expansion and
thermal expansio

At the end of th¢g
to the nearest 0
a percentage of
men, excluding

length = 50 mm].

m this test, it is necessary to know whether the

7.7.1.1 Apparatus
7.7.1.1.1 Inlay casting ring and matching sprue base.

7.7.1.1.2 Centrifugal casting machine.

7.7.1.1.3 Electric burn-out furnace, fitted with a pyrometer
accurate to £ 10 °C at 700 °C.

7.7.1.1.4 Dental casting gold alloy type I, complying with
1SQ 1562

hame of the material, it can be established by ex-
hl expansion curve supplied by the manufacturer
investment contains cristobalite, it will show a well
BExpansion at about 250 °C.

an X-Y recorder is being used, make a con-

thermal expansion; otherwise, make readings
temperature at intervals of 30 °C, and plot a
h curve.

heating cycle, determine the final expansion
01 mm; express the thermal expansion as
the original length of the unset speci-
the thickness of the end-plate (i.e. gauge

7.6.4.5 Expression of results

Add the values fo
sum to the neareg
measurements, a
the total expansig

F setting and thermal expansion and round the
t 0,1 % total expansion. Carry out three such
nd report the average of the three results as
n of the investment.

Check each ther

al expansion curve to ensure that the.percen-

tage thermal exp@nsion does not vary by more than\+ 0,1 %
over the recommended casting range and that the\thermal ex-

pansion curve pr:
not deviate, withi
at least one of th
these tests.

ided by the manufacturer (sée clause 8) does
the casting range, by more than 0,1 % from
e thermal expansion curves produced during

7.7 Behaviour during casting

7.7.1 Types 1 dnd 2 investments

7.7.1.1.5 Typical mesio-occluso-distal inlay-pattern, made
from wax complying with ISO 1561, with a>sprug former at
least 2,5 mm in diameter attached to the.centre of|its occlusal
surface.

7.7.1.2 Procedure

way that the pattern‘will be situated in the centrall axis of the
casting ring (7.7,4:1.1), with its highest part 8 mm * 2 mm
from the open.end of the ring.

Mount the sprue former (7,7.1.1.5) on the sprue baLe insuch a

Line the ring\with a single piece of dry lining matefial supplied
by the.manufacturer; this should be 6 mm narrowler than the
height of the ring and long enough to overlap slightly where its
ends ‘meet in the ring. Position the liner so that if is short of
both ends of the casting ring. If the instructions reqgiire wetting
of the liner, immerse the lined ring in distilled water for 3 min,
and then allow it to drain in air. Attach the casting ring to the
sprue base.

The disposition of the sprued pattern and liner|within the
casting ring is shown in figure 3.

Make a mix of investment, following the appropriaite method
described in 6.3, and invest the wax pattern fol|lowing the
manufacturer’s instructions [see item k) in clause §].

At the time recommended by the manufacturer, femove the
sprue base and sprue former, and place the mould in the fur-
nace (7.7.1.1.3), with the sprue facing downwards, in such a
position that some part of the mould is within 10 mm of the hot
junction of the furnace thermocouple.
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Dimensions in millimetres

1 _J -
r—
oS )
) | 8:7_

Heat the motild to the mid-point of the recommended casting
temperature fange (see clause 8), following the manufacturer’s
instructions [for timing of the burn-out procedure. During
heating, notg any evolution of offensive fumes attributable to
the investmeht. If it is uncertain whether such fumes are at-
tributable to the investment or the wax, repeat this part of the
test using a ¢asting ring filled with investment only.

After the molild has been heat-soaked at the casting tempera-
ture for the |recommended time, transfer the _mould to the
casting machjine (7.7.1.1.2) and complete the casting. After the
casting has peen recovered from the mould, inspect it for
defects attrijutable to the investment.

Report the rgsults.
7.7.2 Type|3 investment
7.7.2.1 Apparatus

7.7.2.1.1 Denturelcasting ring.

Figure 3 — Arrangement of mesio-occluso-distal inlay pattern and liner in casting ring

pattetn shall be sprued with multiple wax spriies in a manner
consistent with accepted dental practice and [suitable for the
particular type of casting machine to be used.

7.7.2.2 Procedure

Line the ring (7.7.2.1.1) with a single piece of d
supplied by the manufacturer; this should be

y lining material
6 mm narrower

than the height of the ring and long enough tq overlap slightly

where its ends meet in the ring. Position the |

iner so that it is

short of both ends of the casting ring. If the insfructions require

wetting of the liner, immerse the lined ring in djstilled water for
3 min, and then allow it to drain in air.

Make a mix of investment, following the apptopriate method
described in 6.3, and invest the cast (7.7..2.1.p) and wax pat-
tern in the ring following the manufacturer’s i:rstructions.

At the time recommended by the manufacturer, place the
mould in the furnace (7.7.2.1.2), with the sprugs facing down-
wards, in such a position that some part of thelmould is within
10 mm of the hot junction of the furnace thermocouple.

7.7.2.1.2 Electric burn-out furnace, fitted with a pyrometer
accurate to + 10 °C at 700 °C.

7.7.2.1.3 Dental casting gold alloy, type IV, complying
with ISO 1562.

7.7.2.1.4 Dental casting machine, large enough to accept a
denture casting ring (7.7.2.1.1).

7.7.2.1.5 Cast, made from the investment to be tested, bear-
ing a wax pattern for an upper partial denture base with
bilateral saddles. The pattern should include retention grids on
the saddle areas, clasps on the abutment teeth, and the con-
nector shall be in the form of a palatal plate at least 15 mm wide
in the mid-line of the cast and not more than 0,5 mm thick. The

Heat the mould to the mid-point of the recommended casting
temperature range (see clause 8), following the manufacturer’s
instructions for timing of the burn-out procedure. During
heating, note any evolution of offensive fumes attributable to
the investment. If it is uncertain whether such fumes are at-
tributable to the investment or the wax, repeat this part of the
test using a casting ring filled with investment only.

After the mould has been heat-soaked at the casting tempera-
ture for the recommended time, transfer the mould to the
casting machine (7.7.2.1.4) and complete the casting. After the
casting has been recovered from the mould, inspect it for
defects attributable to the investment.

Report the results and specify the type of casting machine and
the method of sprueing used.
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8

Information to be supplied by manufacturer

Instructions shall accompany each package of the investment
powder, and shall include the following information:

10

a) the classification of the investment (see clause 3);

b) the max

imum alloy liquidus temperature for which the

investment is recommended;

c) the recommended water/powder ratio of mixing ex-

pressed as a

single value only;

9 Packaging
9.1 Packaging

The material shall be supplied in strong moisture-proof
containers. If the powder is supplied in bulk, rather than in
individual units, the container shall be capable of being effec-
tively resealed.

9.2 Mould lining

If the instructions recommended the use of a mould liner (see

d) details ¢f the recommended method of mixing: if
mechanical mixing is specified, details shall include the size
of the mixing vessel, the rate of rotation of the paddle, and
the time of rixing;

e) if a mould liner is recommended, a statement indicating
whether it is|to be used wet or dry;

f) the setting time determined in accordance with 7.4;

g) the sett
7.6.4.3;

hg expansion determined in accordance with

h) a typical thermal expansion curve determined as

described in

7.6.4.4;

i) details off the recommended burn-out procedure: these

details shall
heating can
temperature
tage thermal
and the leng
temperature

include the minimum time to elapse before
begin, the rate or rates of heating, a casting
range of at least 100 °C over which the percen-
expansion does not vary by more than = 0,1 %,
h of time the mould shall be held at the casting
before the casting is made;

j) recommgnded storage conditions, including astatement

that gypsum

bonded investments will deteriorate if exposed

to the atmogphere, especially if the humidity is high;

k) details of the recommended investing procedure.

tlause—8);theTecommernded-tining—materiat-shaty be available

from the manufacturer.

10 Marking

Each container shall be marked clearly with at lea$t the follow-
ing information:

a) name and/or tradesmark of the manufactdirer;

b) classification/(see'clause 3) — in its classififation, a par-
ticular material-néed not be restricted to only pne type;

c) net mass.of the contents;

d) lot identification which refers to the manufacturer’'s
records for the particular lot or batch from which the
material came;

e) date of manufacture (year and month),| either as a
separate item or as a recognizable part of thg lot identifi-
cation;

f) recommended storage conditions, including a state-
ment that gypsum-bonded investments will Heteriorate if

exposed to the atmosphere, especially if the humidity is
high;
g) date (year and month) beyond which [the material

should not be used without retesting, if it hag been stored
under recommended conditions.
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Annex A
(informative)

Apparatus for measuring setting expansion

A suitable form of apparatus is illustrated in figure A.1 and con-
sists of the following equipment.

bore of the transducer. The housing of the differential
transformer and the shaft shall be of non-magnetic material.

A micrometer screw allows fine adjustment of the position of

A1

one end clo

Brai or stainless steel trough, of V section, with

d, supported inside a small water-bath which has

a closely fitting lid. The other end of the trough is fitted with a

movable pg

ytetrafluoroethylene (PTFE) partition which is

rebated to fit into the end of the trough. When this is fully in
place, the internal length of the closed trough shall be 51 mm.

The movablg
shaft, which
end of the W
rubber diaph
figure A.2.

partition is carried on a horizontal stainless steel
passes through a flexible rubber diaphragm at one
ater-bath. The shaft forms a hermetic seal at the
ragm; one method of achieving this is shown in

The shaft slides in a linear ball raceway, and has a controlled
seating forcg applied to it by a cranked lever, rotating on
miniature ba[—bearings. The vertical arm of the crank bears on a

collar on the
can be posi
figure A.3).

shaft, and the horizontal arm carries a mass which
ioned to apply the required seating force (see

The end of the shaft is reduced in section and carries a fertite

core which 11
transformer

noves inside a linear transducer of the differential
type. The core is located so that it is freevof the

the transducer and is also used for calibration. The output of
the transducer is linearly proportional to(spedimen expansion,
and may be read by a suitable voltmeter. Alternatively, the
transducer may be connected to a.Y-7 recorfler to provide a
continuous graph of setting expansion against time.

Instead of the transducer, a.dial gauge may be|used to measure
specimen expansion. The.measuring force of the dial gauge
shall be adjusted to 0,5\N_+ 0,1 N for the part|of its travel used
in the test. In this case no additional seating force is applied.

A.2 Plate)1/mm thick, made of heat-resigtant alloy in the
shape on.an equilateral triangle with sides of 25 mm. The plate
should:haye a small spigot in the centre of one fface, and a small
conical depression in the centre of the other face.

A.3 Three rectangular pieces, each 51 mMm x 26 mm, of
the lining material recommended for use with the investment to
be tested. When they are used as lining in fhe trough, their
length shall completely occupy the distance bgtween the fixed
end wall of the trough and the inside surfacq of the movable
partition, when the latter is completely seated in position.

"
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.ar transducer

Pivot

Supy

Col Yoke

\ Measuring shaft

T
|
| |
l

Figure-A.3 — Detail illustrating how to apply controlled measuring force

14
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Annex B
(informative)

Apparatus for measuring thermal expansion

A suitable form of apparatus is illustrated in figure B.1, and
consists of the following components.

B.5 Instrument for measuring vertical movement of
the inner tube of the dilatometer, fixed to the top of the
outer tube by a water-cooled clamp. The instrument shall be

B.1 Vitrepus silica dilatometer, disposed vertically, the

outer tube

accommoda
pansion test
normal to th

which has an internal diameter large enough to
e the specimen produced during the setting ex-
The inside surface of the base is ground flat and
b axis of the tube, and the base is perforated by an

axial hole 5 fnm in diameter. This outer tube is positioned in a

vertical tube
the zone of
ported on re
furnace and

The outer ty
water vapou
specimen du
holes are cu
the base.

B.2 Inne
moves relati
made of sm
end closed 3

furnace so that its lower 50 mm is situated within
maximum temperature of the furnace. It is sup-
fractory spacers fitted within the lower part of the
ocated by a clamp fitted to the top of the furnace.

be is provided with an exhaust system to remove
I and other gases which may be released from the
ring heating. To provide adequate ventilation, four
in the side of the outer tube, at its junction with

tube of the dilatometer(the “push rod”’), which
ve to the outer tube as the specimen expands,
bll diameter vitreous silica tubing, with the lower
nd ground to a point.

B.3 Shedthed thermocouple, approximately 3 mm in over-

all diameter,
the base of

which is passed vertically through the axial hole in
the outer dilatometer tube so that it projects up-

wards from

he base for a distance of 15 nim; this thermocouple

indicates spgcimen temperature.

B.4 Secdnd thermocouple, positioned between the dila-
tometer tubg and the furnaceywall, close to the latter, so that its
hot junction|is level with the\centre of height of the specimen;
this thermodouple is cannected to the instrument used for con-
trolling the flurnace temperature.

odpdmmrg'mmm-%rt The instrument
may take the form of a linear transducer, such as a differential

transformer, with its ferrite core fixed o, the
tube. Alternatively, if a dial gauge is' used, i
itioned so that its anvil contacts and.locates th

top of the inner
should be pos-
b top of the inner

tube, and its measuring force s$hould be adjusted so that the

total pressure on the specimen (arising from
inner tube and the measufing force of the dial
exceed 2,4 kPa.

When the specimentis positioned in the base g

the mass of the
gauge) does not

f the outer tube,

and the equipment assembled, there should lbe no contact of

either the spécimen or the inner tube with the
outer tube,

B.6 Heat shield, which can be located ov|
of the outer dilatometer tube, with a central h

nside wall of the

er the upper end
ple large enough

to give a radial clearance of about 1 mm to tlje inner tube.

B.7 Control unit, capable of raising the furnace tempera-

ture from ambient to 700 °C at a constarj
1 °C/min or 5 °C/min, and of maintaining
at any setting between 400 °C and 700 °C,
of £ 5°C.

B.8 Means of measuring the electr

(e.m.f.) of the specimen thermocou:lle;

transducer is to be used for measuring speci
is convenient to connect its output and that
thermocouple to a suitably calibrated X-Y re
graph of thermal expansion is produced direg

t rate of either
the temperature
vith an accuracy

omotive force
if a linear
en expansion, it
of the specimen
corder so that a

tly.
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