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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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tee responsible for this document is ISO/TC 106, Dentistry, Subcommittee SC 1, Filling
Materials.

edition cancels and replaces the first edition (ISO 24234:2004), which has been techn
so incorporates the amendment [SQ 24234:2004/Amd, 1. The following changes have
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e of this International Standard has been changed to reflect the content and requirenpents

curately.

ply of dental mercury)in units of greater mass (bulk dental mercury) is no longer w

the scope of this Internatiofnal Standard. Through this restriction on the supply of dental mer

for a p
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foduct to comply)with this International Standard (introduced by ISO/TC 106 SQ
concern about'the environmental impact from the sale of mercury in bulk volumes (f
ions) is addressed.

ithin
cury
1), a
br all

sequeice of the removal of dental mercury supplied in bulk quantities from the scope of this

fional'Standard, requirements for freedom from contamination (by water, oil and fo

reign
d.

bodies)

and free pouring of dental mercury are no longer present in this International Standar

The values for the requirements on the dimensional change during hardening and the compressive
strength at 1 h and 24 h have been revised. “Permitted dimensional change during hardening” is
changed from (- 0,10 to +0,20) % to (-0,10 to +0,15) %. Furthermore, the “Minimum compressive
strength at 1h” is increased from 80 to 100 MPa, and the “Minimum compressive strength at 24 h”
is increased from 300 to 350 MPa.

Provisions for packaging and marking have been revised.
Markings required for mercury safety warnings and precautions have been revised.

Normative annexes on procedures for corrosion testing have been removed from this International
Standard and are now contained in a new International Technical Specification, ISO/TS 17988:
Dentistry — Corrosion test methods for dental amalgam.
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Introduction

Dental amalgam alloy and dental mercury are the essential and only components of dental amalgam
restorative material. This International Standard specifies the requirements and the test methods for

dental amalgam alloy that is suitable for the preparation of dental amalgam, together wi

th those for

the set dental amalgam and the requirements for packaging and marking (including those for dental

mercury), of which this International Standard is the second edition.

Specific qualitative and quantitative test methods for demonstrating freedom from u

nacceptable

biological hazard are not included in this International Standard but it is recommended that, for the
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To ephance the safety of dentists and support staff, and minimize the consequencethat
from|the accidental damage to containers during shipping, the scope is limited solely to den
that s supplied pre-capsulated or in pre-dosed sachets. Both are limited to a masg,stifficient

Safefy precautions relating to marking, labelling, and packaging have been strengthened in

Restricting the scope to dental amalgam alloys with copper contentsabeve 12 % by ma

405.

might result
tal mercury
for one mix.

his revision.

s (i.e. “high

coppr” dental amalgam alloy) was considered, because it is reported thdt restorations magle with such

alloyss, as a group, have a better long term survival rate than those)made with traditione
“low|copper” dental amalgam alloy). This was rejected since therelare a few products with :
conté¢nt that produce restorations that are as durable as thos€produced using some of the
products. (Factors other than the percentage of copper areiiniportant.) Also, it was felt th
prodBcts from compliance should not be done by a change to the composition requirement;
on the basis of a revision to the requirements for the properties that determine performan

Inclusion of a requirement for corrosion resistancewas considered. However, it was agreed {
availpble were insufficient to set a corrosion requtirement in this edition of this Internation
A requirement for the corrosion resistance will be set and incorporated at the earliest pos
is recommended that, in assessing corrosionrresistance of a dental amalgam product (rela
dental amalgam products) reference should be made to ISO/TS 17988.

In the first edition of this International Standard (and before that in ISO 1559) a compress
test yvas used to determine the resistance to fracture of dental amalgam. Such a test, with a
strenjgth requirement, continues to be used in this edition. However, the Working Groug
that dental amalgam, is in-effect, a brittle material and it is evaluating a suitable test prq
produces tensile forces/to-initiate fracture in a way that replicates the clinical process.
the york has not reached the point at which this test (with a requirement) can be incl
revidion of the Intérndtional Standard. When evaluation is completed, consideration will
adding a requirement for fracture resistance that utilizes this test. This will be in the form o
Amehdment.

Reqyiremeénts and test methods for the capsules used for pre-capsulated products are (¢
ISO 13897.
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INTERNATIONAL STANDARD ISO 24234:2015(E)

Dentistry — Dental amalgam

1 Scope

This International Standard specifies the requirements and test methods for dental amalgam alloys that
are suitable for the preparation of dental amalgam, together with the requirements and test methods
for that dental amalgam and the requirements for packaging and marking (including those for dental

merg

It is

ury).

hpplicable to dental amalgam alloys supplied in the form of a free-flowing pewder i

powder compressed to form a tablet, or a powder in a capsule (i.e. pre-capsulated):

With|
caps
merd
fora
merd
Dent

This
sepa

This

respect to dental mercury, the scope is limited solely to dental mercutywhich is s
Ilated or in pre-dosed sachets. Both are limited to a mass sufficient for one mix. The m
ury in one capsule or sachet shall be sufficient to produce a homogeneous plastic mix,
small or medium sized restoration in a single tooth. This International Standard is not §
ury supplied in masses greater than this in a single primary container (i.e. dental merc
al mercury supplied in bulk volumes will not conform to thisdnternational Standard.

n bulk, or a

Ipplied pre-
hss of dental
appropriate
ipplicable to
ury in bulk).

International Standard does not exclude the supply of dental amalgam alloy or denftal mercury

Fately.

[nternational Standard is not applicable to metallie materials in which an alloy powder

an allloy that is liquid at ambient temperature to produce a solid metallic material intende

restd

NOTH
and n

2

The
indis
refer

ISO 1
Part

ISO 1
ISO 3

ration.

Dental mercury is at least 99,99 % pufe} and as such, it is a metallic element of high comn{
ot an alloy

Normative references

following documents, in-whole or in part, are normatively referenced in this docunj
pensable for its application. For dated references, only the edition cited applies. I
ences, the latest editien of the referenced document (including any amendments) appl

reacts with
d for dental

ercial purity,

ent and are
For undated
es.

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

D: Tables of standard tolerance classes and limit deviations for holes and shafts
942, Dentistry — Vocabulary

310<1§ Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wi

re cloth

ISO 386%-Z, Graphical symbols — Sajety colours and sajety signs — Part 2: Design principles for product
safety labels

[SO 6344-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test
[SO 7488, Dental amalgamators

ISO 13565-2, Geometrical Product Specifications (GPS) — Surface texture: Profile method; Surfaces having
stratified functional properties — Part 2: Height characterization using the linear material ratio curve

[SO 13897, Dentistry — Amalgam capsules

ISO 15223-1, Medical devices — Symbols to be used with medical device labels, labelling and information to
be supplied — Part 1: General requirements
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Globally Harmonized System of Classification and Labelling of Chemicals (GHS). United Nations, New York
and Geneva, 5th Edition, 2010, ISBN 92-1-116840-6

UN Recommendations on the Transport of Dangerous Goods, Model Regulations. United Nations, New York
and Geneva, 18th Edition 2013. ISBN 978-9211931466

3 Terms and definitions

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

31

dental amallgam alloy
alloy in fin¢ particles, composed mainly of silver, tin, and copper, which, when mixed with.dental
mercury, prpduces a dental amalgam

3.2
dental mergury
mercury supplied for use in the preparation of dental amalgam

Note 1 to entry: Dental mercury complying with the scope of this International Standard is supplied eithef pre-
capsulated (3.3) orin a pre-dosed sachet (3.5), with a mass thatis considered suitable-for a single small or mgdium
size restoratjon in a single tooth.

3.3
pre-capsulated product
product supplied in a sealed capsule that contains measured amounts of dental amalgam alloy powder
and dental mercury with masses that are appropriate for thé'production of a mass of dental amajgam
that is considered to be suitable for a single small or medium sized restoration in a single tooth

Note 1 to entyy: The dental amalgam alloy powder and dental mercury are separated by a barrier that is broken
immediately prior to mixing to allow their contact. The.dapsule remains sealed until mixing has been completed.

34
dental amallgam alloy tablet
dental amalgam alloy powder that hasdheen compressed to form a single entity for the purpoge of
providing a pre-dosed quantity of the alloy that when mixed with an appropriate mass of dental merfcury,
produces a inass of dental amalgamthat is considered to be suitable for a single small or medium pized
restoration |n a single tooth

Note 1 to entfy: During mixingsthetablet is intended to break apart, forming a fine powder.

3.5
dental mergury sachet
measured quantity‘efdental mercury supplied in a sachet (for use in a reusable mixing capsule] in a
mass that, when tmixed with an appropriate mass of dental amalgam alloy, produces a mass of dental
amalgam thatis considered to be suitable for a single small or medium sized restoration in a single footh

Note 1 to entry: The sachet is intended to rupture during mixing to allow the dental mercury to come into contact
with the dental amalgam alloy.

4 Requirements

4.1 Chemical composition and purity of the dental amalgam alloy

The manufacturer shall declare every element that is present in a concentration greater than, or equal
to 0,1 % (mass fraction). All alloying elements present in concentrations greater than 0,5 % (mass
fraction) shall be given by name with mass fraction values rounded to the nearest whole percentage
point. Alloying elements that are present in concentrations between 0,1 % and 0,5 % (mass fraction)
shall be named without a percentage value.
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in accordance with 6.1.

The chemical composition shall comply with Table 1.

The total for other elements presentin concentrations greater than 0,01 % (mass fraction) butbelow 0,1 %
(mass fraction) that are not declared as alloying elements, shall not exceed 0,1 % (mass fraction).

Table 1 — Requirements for chemical composition of the dental amalgam alloy

Element Mass fraction

%

silver =70

tin <32

copper <30
indium <5
palladium <}
platinum <
zinc <2
mercury <3

4.2

This
along

Whe
the s

Foreign material and large particles in the dental amalgam alloy powder

requirement applies to all products with the exception of products in which dental mer
 are supplied.

h tested in accordance with 6.2, no more than five particles of foreign material shall
feve.

Cury sachets

be found on

The nass of alloy particles that remain on'the sieve shall not exceed 0,1 % (mass fraction) of the sample

used

4.3

4.3.1

The
many

The (
teste

4.3.2

for this test.
Accuracy and variability of pre-proportioned masses

For dental mercury sachet products

hrithmetic mean”of the mass of the dental mercury in the sachet shall be within +}
Ifacturer’s stated mass, when tested in accordance with 6.3.1.

oefficientof variation of the mass of the dental mercury in the sachets shall not exceed
d in aceordance with 6.3.1.

For pre-capsulated products

.0 % of the

1,5 %, when

The arithmetic means of the masses of both dental amalgam alloy and dental mercury in the capsule
shall be within £2,0 % of the manufacturer’s stated masses, when tested in accordance with 6.3.2.

The coefficients of variation of the masses of the dental amalgam alloy and the dental mercury in the
capsules shall not exceed 1,5 %, when tested in accordance with 6.3.2.

4.3.3 For dental amalgam alloy tablet products

The arithmetic mean of the mass of the dental amalgam alloy tablet shall be within #2,0 % of the
manufacturer’s stated mass, when tested in accordance with 6.3.3.

The coefficient of variation of the mass of the dental amalgam alloy tablets shall not exceed 1,5 %, when

teste

© ISO
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4.4 Properties of the dental amalgam

This requirement applies to all products in which dental amalgam alloy is supplied.

Table 2 — Properties of the dental amalgam

Maximum Permitted dimensional Minimum compressive Minimum compressive
creep change during hardening strengthat1h strength at 24 h
% % MPa MPa
2,0 -0,10 to +0,15 100 350
4.4.1 Cre¢p
When tested in accordance with 6.5, either three out of three, or four out of five test-pieces‘shall meet
the requirement in Table 2.
4.4.2 Dimensional changes during hardening
When tested in accordance with 6.6, at least four out of five test-pieces shall viieet the requiremgnt in
Table 2.
4.4.3 Compressive strengthat1h
When testedl in accordance with 6.7, at least four out of five test:pieces, or eight out of ten test-pjieces
shall meet the requirement in Table 2.
4.4.4 Comlpressive strength at24 h
When testegl in accordance with 6.7, at least four Qut of five test-pieces, or eight out of ten test-pjieces
shall meet the requirement in Table 2.
4.5 Appeprance of the mixed dental amalgam before setting
This requirgment applies to all products in which dental amalgam alloy is supplied.
When the dlental amalgam allay)and dental mercury are mixed according to the manufactyrer’s
instructiong and tested in accordance with 6.8, the dental amalgam shall form a coherent plastic mass
with a shiny surface before-packing and remain a coherent plastic mass after packing.
5 Sampling
Procure conftainers of capsules (pre-capsulated products), or dental mercury sachets, or dental amallgam
alloy powderer dental amalgam alloy tablets of the same lot in packages that have been producegd for

retail.

For products supplied as free-flowing dental amalgam alloy powder or dental amalgam alloy tablets, at
least 50 g of dental amalgam alloy is required.

For pre-capsulated products, the number of capsules required depends on the masses of dental amalgam

alloy and de

ntal mercury in each.

For dental mercury supplied in sachets, 25 sachets are required.

© ISO 2015 - All rights reserved
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6 Test methods

6.1

Chemical composition and purity of the dental amalgam alloy

Use a recognized, instrumented analytical procedure that has adequate sensitivity to determine the
composition of the dental amalgam alloy for the elements declared by the manufacturer in compliance

with

4.1.

For other elements that are detected at mass fractions greater than 0,01 %, but are not alloying elements
(declared as such by the manufacturer in compliance with 4.1), sum their mass fractions and report the
sum as the mass fraction of other elements.

NOTH

6.2

For d
accu

For (¢
ISO 1
(that

amalgam alloy manufacturer for mixing the dental amalgamalloy and dental mercury in

with
use d
to ob

For
samyj

Placd

asseimbly (consisting of collecting pan,.sieve, and cover) in one hand and tap it gently agair

hand
for a
mate

Rem
sieve
dent

=

Inductively-coupled plasma (ICP) spectroscopy is an example of a suitable analyticalprd

Foreign material and large particles in the dental amalgam alloy-pewder

ental amalgam alloy supplied as a free-flowing powder in bulk, weigh a,(20,0 + 0,1) g s
acy of +1 mg and record (ms).

lental amalgam alloy supplied as tablets, place a tablet in a reusable capsule that co
3897. Break the tablet in the capsule to its constituent powder(particles by using an a

7.3.1. If the manufacturer’s recommendations includerany other action to break-up th|
fapestle), incorporate this at the appropriate time. Repeat this using a sufficient numH
tain (10,0 £ 0,1) g of powder. Weigh this sample to@n accuracy of #1 mg and record (m

re-capsulated products, select and open a sufficient number of capsules to obtain a (|
le of dental amalgam alloy powder. Weigh tliis sample to an accuracy of +1 mg and red

the powder sample on a sieve of mesh'size 150 pm that conforms to ISO 3310-1. Hd

at a rate of approximately twice a second for 120 s. Inspect the sieve at a magnific
hy foreign material and remaining dental amalgam alloy particles. Record the numb
rial particles.

bve any foreign material.and then transfer the dental amalgam alloy particles rema
to a balance. Weigh\to an accuracy of +1 mg and record (my). Calculate the mass frg
h] amalgam alloy.that occurs in particles that have a size greater than 150 pm, as folloy

L= 100 (%)

S

cedure.

ample to an

mplies with
malgamator

complies with ISO 7488) at the machine setting and at one-half the time recommended lyy the dental

accordance
e tablet (e.g.
er of tablets

5)-

10,0 +0,1) g
ord (ms).

Id the sieve
st the other
ation of x10
br of foreign

ning on the
iction of the
vS:

@)

is the mass of amalgam alloy particles remaining on the sieve;

is the mass of the powder sample;

expressed as a percentage.

is the mass fraction of the dental amalgam alloy particles greater than 150 pm in size,

6.3 Determination of the accuracy and variability of pre-proportioned masses

6.3.1 Dental mercury sachet products

Select 25 sachets at random.

© ISO
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he mass of the dental mercury in each of these as follows.

Remove all dental mercury from one of these sachets and weigh this dental mercury and the empty

sachet indiv

idually, to the nearest 1 mg.

Weigh the other 24 sachets individually, to the nearest 1 mg. Subtract the mass of the empty sachet to
obtain the mass of dental mercury in each of these sachets.

Determine t

he arithmetic mean and standard deviation for the set of 25.

Calculate the coefficient of variation:
N

Cy :§x100 (%) (2)
where

s s tIe standard deviation;

x isthe arithmetic mean;

Cy is the coefficient of variation.
6.3.2 Prejcapsulated products
Select 25 capsules at random.
In order to deparate the dental amalgam alloy powder from*the dental mercury and prevent premature
combination, several different capsule designs have been.developed.
If the capsu]e contains the dental mercury in a sachet'that can be removed from the capsule without
rupturing the sachet, the procedure used for dentakmercury sachets (given in 6.3.1) can be used.
If this is not|the case, use a technique appropriate to the capsule being tested that removes all the dental
mercury (frpm each of the 25 capsules) that avoids contact between dental mercury and dental amallgam
alloy powddr. Similarly, use a technique appropriate to the capsule being tested that removes all the
dental amalgam alloy powder (from each of the 25 capsules) that avoids contact between the dental
amalgam alloy powder and the dentalmercury.
Determine the masses of the dénbal amalgam alloy and dental mercury in each of 25 capsules. Weigh the
dental amalgam alloy and the“dental mercury separately, each to 1 mg. Record each value.
Determine the arithmetic means and the standard deviations for the masses of dental mercury and
dental amalgam alloy powder.
Calculate thle ceetficients of variation for the dental amalgam alloy and dental mercury according to
Formula (2)
NOTE It might be necessary to measure the masses of dental mercury and dental amalgam alloy in two

different sets of 25 capsules.

6.3.3 Den

tal amalgam alloy tablet products

Weigh 25 tablets individually to the nearest 1 mg.

Determine t

he arithmetic mean and standard deviation for the mass of the tablet.

Calculate the coefficient of variation according to Formula (2).

© ISO 2015 - All rights reserved
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6.4 Preparation of test-pieces to determine compliance with the requirements for

cree

p, dimensional change during hardening, and compressive strength

6.4.1 Temperature

Prepare test-pieces at (23 + 2) °C.

6.4.2 Mixing

Mix a mass of dental amalgam sufficient to make a cylindrical test-piece (8 * 1) mm in length after

pack

For 4
ratio|
mani
acces
with
than
of th
first

For f
caps
contq
caps
the d

Use

ing into the die shown in Figure 1

dental amalgam alloy product supplied either as tablets or as a free-flowing powder
by mass of the dental amalgam alloy to the dental mercury should be that reComme
1facturer. Use a capsule (with a pestle, if needed) that complies with ISO 13897.Use any

sory thatis required to conform to the recommendations given by the manufacturer ir
7.3.1. Use a dental mercury sachet product that complies with this Interndtional Stand
one mix is required to make the test-piece, produce these mixes simultaneously usin
b same type for each mix. However, if the last mix can be produced-within the workin
mix, mixing these masses sequentially on a single piece of equipment is allowed.

1les using the same number of amalgamators of the same&brand and model, or sequent
ent of the capsules on a single amalgamator. (The latteris allowed, provided the mixin
1le is completed before the end of the working time 6fthe first.) If necessary, use only
ental amalgam mix from one of these capsules.

hn amalgamator that complies with ISO 7488; and that is recommended for mixin

amalgam alloy product with dental mercury or mixing the pre-capsulated product. Use the a

setti
caps

NOTH

6.4.3
duri

6.4.3

Use t

6.4.3
Makd

hg and mixing time that are recommended by the manufacturer of the dental amalgam
1lated product (for the mass of dental amalgam alloy that is being mixed). (See 7.3.1.)

The mass of a 4 mm diameter{amalgam cylinder 8 mm in length is approximately 1,2 g.

Apparatus for the preparation of test-pieces for determining creep, dimension
hg hardening, and compressive strength

.1 General

he apparatussas/shown in Figures 1 to 5.

.2 Materials and tolerances for construction of the apparatus

e the.holder, the spacers, and the cap of cold-rolled or stainless steel. Make the die and {

of ha

rdened tool steel or hardened stainless steel. Hone the working surfaces of the die and

in bulk, the
nded by the
ther mixing
accordance
ard. If more
b equipment
r time of the

re-capsulated products, use as many capsules as needed. Simmultaneously, mix the contents of the

ally mix the
b for the last
a portion of

b the dental
malgamator
alloy or pre-

@l change

he plungers
he plungers

to a core roughness depth (Rg) not greater than 6,3 pm when tested in accordance with ISO 13565-2. Set
the limits of clearance between the die and the plungers at F7 and h7, respectively, in accordance with
SO 286-2.

6.4.3.3 Assembly of the apparatus

For production of creep and compressive strength test-pieces, assemble the holder, spacer no. 1
and spacer no. 2, the die and plunger no. 2 as shown in Figure 1.

Particular measuring instruments used in the test for dimensional change during hardening (e.g.
interferometers) might require an impression on the end surface of the test-piece that is produced by
the cap that is shown in Figure 5. For the production of test-pieces for the measurement of dimensional
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change during hardening, include the cap in the assembly if this is appropriate for the measuring
instrument that is to be used. In which case, position the cap on top of the plunger no. 2.

——6

——5

/_4‘

—h

/_2

A

5%
Q\\Y//V

727

/_1

.

Key

1 holder 5 test-piece

2 spacernp.1 6 die

3  spacernp. 2 7  plunger no. 1
4  plunger fo. 2

NOTE The dimensions for each of the components are given in Figuies 2 to 5 that follow.

Figure 1|— Vertical section through the apparatus formaking dental amalgam test-pieces,
showing the assembled apparatus with a test-piece in place
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Dimensions in millimetres
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Figure 2 — The holder

Dimensions in millimetres

2,001

25,001
|
|
|
[

k3,001

R12,5£0,1

6,0+0,1

Figure 3 — Spacer no. 1 (left) and spacer no. 2 (right)
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Dimensions in millimetres
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into the die, f]
lines canbes

to the scribedl lines are measured) is to be in contact with the dental amalgam. Though such datum lines af

mandatory, t

NOTE 2 Tle diameters of the plungers are subject te,a shaft (or in this case a plunger) clearance (W
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and 4,000 my
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assist the operator in judging whether the correct quantity~of dental amalgam has been ins
pr the test-piece to be within the permitted range for length’[i.e. (8 + 1) mm], circumferential d
cribed at 9 mm, 11 mm, and 13 mm from one end of plusigér no. 1. This end (from which the dist

heir use is recommended.
h7 according to ISO 286-2. For a plunger that is nominally 4,000 mm in diameter, its diameter

pm and 18 pm less than 4,000 mm. Thus, the diameter of the plunger is to be between 3,98
n.

erted
atum
hnces
e not

rith a
shall
P mm

NOTE3  The diameter of the hole in the ‘die’is subject to a clearance (with a tolerance) of F7 according to

ISO 286-2. Fq
more than 4,

r a hole that is nominally 4000 mm in diameter, its diameter shall be between 10 pm and 2
00 mm. Thus the diametér of the hole is to be between 4,010 mm and 4,020 mm.

Figure 4 — Plunger no. 2 (left), the die (centre), and plunger no. 1 (right)

0 pm
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Dimensions in millimetres

S
=
+
®0,50 0,01 S
N
S, ;
2 |
0
2 ®L,0 -0,018
o
NOTH This cap is to be used in conjunction with the apparatus shown in FigureA ifthe measurirlg instrument

requires a small indentation at one end of the test-piece.

Figure 5 — Cap used for the production of test-pieces used for the measurement of djmensional
change during hardening

6.4.4 Packing

Placg the coherent mass of mixed dental amalgam onfep of the die cavity and insert immediately with
several thrusts of a hand instrument for amalgam.packing that is slightly less than 4 mm [in diameter.
Do npt express mercury during this insertion: Then, insert plunger no. 1 and proceed, following the
schedlule in Table 3.

Table 3 — Schedule for the preparation of the test-pieces

Time in seconds

Procedure Time
End of mixing at 0
Insert the mixed mass into the die cavity, then plunger no. 1, and
apply a foxce/of (176 + 13) N to produce a pressure of (14 = 1) MPa 30
at
Release the force and remove spacer no. 2 at 45
Reapply the force at 50
Re-release the force at 90
Carefully remove excess mercury and eject the test-piece at 120

After ejection, the test-piece shall not be trimmed.

Inspect the surfaces of the test-piece for any defects. Use visual inspection without magnification. Carry
out this inspection at an illuminance of at least 1 000 lux and at a distance not exceeding 250 mm. A
person making the inspection shall have nominally normal visual acuity. [Corrective (non-magnifying)
untinted lenses can be worn.] If the test-piece is defective, replace it.

Transfer the test-piece to air maintained at (37 + 1) °C.
NOTE1 Ifplungerno.1 hascircumferential datum lines scribed on its cylindrical surface and the cap (Figure 5)

is not present in the assembled apparatus, and the 13 mm datum line alone can be seen, the test-piece will have a
length thatis (8 + 1) mm.
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be seen but the 9 mm line cannot, the test-piece will have a length that is (8 + 1) mm.

6.5 Determination of creep

6.5.1 Preparation of the test-pieces

Prepare the
Make five te

Inspect the
perfectly fl
remove any

according td
NOTE EJ
piece.

Store these
record it, to

6.5.2 Pro¢

Directly aftg
over the cyl
length of thg
accuracy of

Calculate th
o
ZO
where
Al istl

Test no mor

test-pieces in accordance with 6.4.

st-pieces.

If the cap (Figure 5) is present in the assembled apparatus and both 11 mm and 13 mm datum lines can

ends of each test-plece. In general, the ends of a test-plece will not have flash and_ w
it and orthogonal to the cylinder axis, producing an acceptable test-piece. If nece§
flash with a gentle rub on wet, coated abrasive that complies with microgritssize P]
ISO 6344-1. Do not grind. After this, check that the ends are still flat and parallel.

cessive abrasion can produce uneven removal, and as a consequence, the need\to’replace thg

at (37 £ 1) °C for (7,0 £ 0,2) d. Prior to testing, measure the length of each test-piecq
the nearest 0,01 mm, as the original length.

redure

br measuring the original length, apply a stress of (36,00 0,2) MPa normally and unifg

test-piece between (1,00 = 0,05) h and (4,0 £ 0,1} h{after the stress had been applied)
0,01 mm.

e creep strain to the nearest 0,1 %, as follows:

100 (%)

e change in length between 1 h and 4 h;

11 be
sary,
1200,

test-

and

rmly

linder ends, continuously for 4 h at a temperature-of*(37,0 £ 0,5) °C. Record the chanige in

to an

(3)

t the

e than five test-pieces.

6.6 Determination of dimensional change during hardening

6.6.1 App

aratus

To measure the change in length during hardening, use an instrument that does not subject the test-
piece to a restraint greater than 20 mN during the test and with which the change in test-piece length
can be measured to an accuracy of 0,5 pm.

12
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6.6.2 Preparation of the test-pieces
Prepare five test-pieces in accordance with 6.4.

Inspect the ends of each test-piece. In general, the ends of a test-piece will not have flash and will be
perfectly flat and orthogonal to the cylinder axis, producing an acceptable test-piece. If necessary,
remove any flash with a gentle rub on wet, coated abrasive that complies with microgrit size P1200,
according to ISO 6344-1. Do not grind. After this, check that the ends are still flat and parallel.

NOTE Excessive abrasion can produce uneven removal, and as a consequence, the need to replace the test-
piece.

6.6.3 Procedure
Maintain the test-piece at a temperature of (37 + 1) °C during the 24 h test period.

Plac¢ each test-piece in the instrument immediately after its production. Meéasure the flimensional
change that occurs between (5,0 = 0,1) min and (24,0 £ 0,1) h from the end, ef mixing, to an accuracy
of 0,% pm.

At (24,0 = 0,1) h, after the test-piece has been removed from the instrumént used to measurg the change
in le:[gth, measure the test-piece length to an accuracy of 0,01 mm.

Calcylate the dimensional change to the nearest 0,01 %, as follow's:
Al
gq=—3x100 (%) (4)
lq
wherte

D

I/q is the dimensional change between 5 min and 24 h;
Iy isthelength at 24 h;

44 isthe dimensional change as‘a’percentage.

Test pll five test-pieces

NOTH During the 24 d-test period, the test-piece can remain in the measuring instrument a‘lld the length
monifored continuously; 0i"it can be removed from the measuring instrument after the first measyrement, held
at 37|°C without an appliéed force, and then returned to the measuring instrument for the second mgasurement.

6.7 | Determination of compressive strength

6.7.1 _Preparation of the test-pieces

Prepare the test-pieces in accordance with 6.4.
Make 20 test-pieces.

Inspect the ends of each test-piece. In general, the ends of a test-piece will not have flash and will be
perfectly flat and orthogonal to the cylinder axis, producing an acceptable test-piece. If necessary,
remove any flash with a gentle rub on wet, coated abrasive that complies with microgrit size P1200,
according to ISO 6344-1. Do not grind. After this, check that the ends are still flat and parallel.

NOTE Excessive abrasion can produce uneven removal, and as a consequence, the need to replace the test-
piece.
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6.7.2 Procedure

Measure the diameter of each test-piece to an accuracy of 0,01 mm and record the value. Determine the
compressive strength by means of a suitable mechanical testing machine. During the test, maintain the
test-piece at a temperature of (23 + 2) °C. Apply the force normally and uniformly over the cylinder ends
at a crosshead speed of (0,5 £ 0,1) mm/min. For each test-piece, record the force that produces failure
and calculate the compressive strength to the nearest 5 MPa.

6.7.3 Compressive strengthat1h

Determine the compressive strength of five test-pieces at (60 * 2) min after mixing.

If only thred test-pieces meet the requirement for compressive strength at 1 h in Table 2, deterniinfe the
compressive strength of five more test-pieces.

Test no morg than 10 test-pieces at 1 h.

6.7.4 Compressive strength at 24 h
Determine the compressive strength of five test-pieces at (24 + 1) h after mixing.

If only thre€ test-pieces meet the requirement for the compressive strength at 24 h in Table 2, determine
the compregsive strength of five more test-pieces.

Test no morg than 10 test-pieces at 24 h.
6.8 Appeprance of the mixed dental amalgam befotre setting
6.8.1 Apparatus

6.8.1.1 Glass plate, with an area of at least 50:nm x 50 mm, a thickness of at least 5 mm and having
glazed surfafes.

6.8.1.2 Mould and ejection components, comprising spacer no. 1, the die, and plunger no. 1 qf the
apparatus fqr making amalgam test-pieces that are specified in Figures 3 and 4.

6.8.2 Pro¢edure

Place spacef no. 1 on the glass plate. Upend plunger no. 1 in the centre hole of the spacer. Place the die
over the protruding endof plunger no. 1, thereby creating a 5 mm deep cavity into which the dental
amalgam will be packed.

Prepare theltest-pieces at (23 + 2) °C.

Mix accordingto 6.4.2. Use the amalgamator machine setting and the mixing time (for the mass of dental
amalgam alloy present) that are recommended by the manufacturer of the product under test (see 7.3.1).
Use as many capsules, or dental amalgam alloy tablets, or as much free-flowing dental amalgam alloy
powder as is needed to produce a cylinder that is 4 mm in length. Simultaneously, mix the contents of
the capsules using the same number of amalgamators of the same brand and model, or sequentially mix
the content of the capsules on a single amalgamator (The latter is allowable provided the mixing for the
last capsule is completed before the end of the working time of the first.)

NOTE The mass of a 4 mm diameter dental amalgam cylinder 4 mm in length is approximately 0,6 g.

Use visual inspection without magnification to determine the appearance of the surface of the mixed
dental amalgam and whether a coherent mass exists initially, immediately after mixing. Record this.
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