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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 24234 was prepared by Technical Committee ISO/TC 106, Dentistry,”Subcommittee SC 1, Filling and
restorative nlaterials.

This Interndtional Standard cancels and replaces ISO 1559:1995, ISO 1559:1995/Cor.1:1997 | and
ISO 1560:19B5.

A number of] technical revisions have been made as improvements or as a consequence of combining the
International|Standards that have been replaced.

— The scdpe of this International Standard applies to alloys for dental amalgam and dental mefcury,
whether|provided individually or together.

— The clayse permitting a deviation in the“composition of alloys for amalgam has been removed.
— Guidande on biocompatibility asseSsment has been introduced.
— Alimit op the presence ofdarge alloy particles has been introduced.

— The reqliirement forloss of mercury from predosed capsules has been removed, since it is a requirgment
in 1ISO 1B897.

been reyised.

— The vaI:res for the requirements on creep, dimensional change and compressive strength at 1 h|have

— The criterion for compliance with the compressive strength requirements has been revised.
— Provisions for packaging and marking have been revised.

— Markings required for mercury safety warnings and precautions have been revised to conform to
ISO requirements and the United Nations Globally Harmonized System of Classification and Labelling of
Chemicals (GHS). They are no longer dependent upon national or regional requirements.

— Procedures for corrosion testing have been added as normative annexes.

iv © ISO 2004 — All rights reserved
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oduction

Dental amalgam alloy and mercury are the essential and only components of dental amalgam restorative
material. This International Standard combines the requirements and the test methods for the alloy with those
for the mercury in a single standard, of which this is the first edition. Formerly, these were contained in two
separate standards.

Sped|
Interr
mads

fic qualitative and quantitative requirements for freedom from biological hazard are not ing
ational Standard, but it is recommended that, in assessing possible biological hazards,
to ISO 10993-1 and ISO 7405.

To ephance the safety of dentists and support staff, it would have been preferred tg limit the sc

the U
amal
this i
in th
stren

Inclu
given
requi
norm
poss

jam alloy and mercury are supplied in bulk form in some parts of the world\where, for econg
5 necessary for the provision of dental treatment. Therefore requirements, for these products
s International Standard. Safety precautions relating to marking, dabelling and packagin
gthened in this revision.

in ISO/TS 17576. However it was decided that the data available were insufficient to justif]

fement in this International Standard, and as a consequence the test methods alone 3
ative annexes. A requirement for the corrosion resistance will be set and incorporated a
ble date.

luded in this
reference be

ppe solely to

se of predosed capsules of alloy and mercury. It is, however, recognised‘ and accepted that both

mic reasons,
are included
) have been

sion of a requirement for corrosion resistance was considered, ‘using the procedures for corfosion testing

y a corrosion
re given, as
t the earliest
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INTERNATIONAL STANDARD

I1ISO 24234:2004(E)

Dentistry — Mercury and alloys for dental amalgam

WARNING — The use of this International Standard may involve hazardous materials, operations and
equipment. This International Standard does not purport to address all of the safety problems

asso

appr
prion

1 3
This

the p
requi

It is @pplicable to alloys supplied in the form of either a powder in bulk, or a powder compresg

table

It is @pplicable to dental mercury supplied either in bulk guantities, or in predosed sachets, o

caps

This

This
nor ig

ppriate safety and health practices and to determine the applicability or regulator)
to use.
Bcope
nternational Standard specifies the requirements and test methods for alloys and for mercuf

reparation of dental amalgam, together with the requirements and testmethods for that ama
rements for packaging and marking.

, or a powder in predosed capsules.

les.
nternational Standard does not exclude the supply of alloy or mercury separately.

nternational Standard is not applicable toe alloys intended for use with liquid metals that are
it applicable to liquid metal alloys.

2

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

refer
docu

ISO 4
holes

ISO

ISO

3310-1,Test sieves — Technical requirements for testing — Part 1: Test sieves of metal wirg

ormative references

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

and shafts

to establish
y limitations

y suitable for
gam and the

ed to form a

in predosed

not mercury,

t. For dated
b referenced

86-2, ISO system of limits and fits — Part 2: Table of standard tolerance grades and limit gleviations for

cloth

3585, Borosilicate glass 3.3 — Properties

ISO 3696:1987, Water for analytical laboratory use — Specification and test methods

ISO 3864-2, Graphical symbols — Safety colours and safety signs — Part 2: Design principles for product
safety labels

ISO 4793:1980, Laboratory sintered (fritted) filters — Porosity grading, classification and designation

ISO 6344-1:1998, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test

ISO 7488, Dental amalgamators

© IS0
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ISO 8282, Dental equipment — Mercury and alloy mixers and dispensers

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

ISO 13897, Dentistry — Amalgam capsules

Globally Harmonized System of Classification and Labelling of Chemicals (GHS). United Nations, New York

and Geneva,

3 Terms

For the purpgses of this document, the following terms and definitions apply.

3.1
alloy for der

alloy in fine particles, composed mainly of silver, tin and copper, which when mixed with imercury produ
dental amalgam

3.2

predosed c3gpsule

capsule, as-{supplied, containing measured amounts of alloy powderand mercury for dental ama

separated in

NOTE TH
mercury to co

3.3
amalgam al

quantity of dental amalgam alloy powder that has been.compressed to form a single entity for the purpg

providing a

NOTE D

3.4

tailing
phenomenor
leave behind

3.5

primary conftainer

container or

3.6
dental merc

2003, ISBN 92-1-116840-6

and definitions

tal amalgam

such a way that premature combination is prevented
e separating barrier is broken immediately prior to mixing ,er breaks during mixing, allowing the allg
ne into contact.

y tablet

edosed quantity of the alloy.

ring mixing, the tablet is intended to break apart, forming a fine powder.

which occurs when gmercury that contains impurities moves over a clean surface, tendi
a portion of the liquid;forming an elongated tail as if it were sticking to that surface

package that is in direct contact with the material

Ces a

gam,

y and

se of

hg to

ury-sachet

measured qu

NOTE
contact with th

antity of dentatmercury supptiedimasachet that s suitabte foraTeusabte mixing capsute

e alloy

The sachet is broken immediately prior to mixing, or breaks during mixing, allowing the mercury to come into

© ISO 2004 — All rights reserved
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4 Requirements

4.1

411

General

If the alloy is supplied as a powder in bulk, the product shall comply with

— requirements 4.2,4.3,4.4,4.8, 4.9, and

— packaging requirement 7.1, and

quing rt:mlllirnmnnh 721 a) to f)1 h) i a) JI) and 7.3

4.1.2

If the alloy is supplied as tablets, the product shall comply with

— fequirements 4.2,4.3,4.4,4.7,4.8, 4.9, and

— packaging requirement 7.1, and

— 1narking requirements 7.2.1 a) to f), h) to j) and 7.3.

41.3
comy

If the alloy and the dental mercury are supplied together in, predosed capsules, the
ly with

— all requirements.

414

If the dental mercury is supplied as mercury in bulk,-the product shall comply with

— fequirements 4.3, 4.5, 4.6, and

— packaging requirement, 7.1 and

— arking requirements 7.2.1 a) to d);-fl.and g), 7.2.2 and 7.3.2.

4.1.5

If the dental mercury is supplied in dental mercury sachets, the product shall comply with

— fequirements 4.3, 4.5, 4.6\and 4.7, and

— packaging requirement'7.1, and

— marking requitements 7.2.1 a) to d), f) and g), 7.2.2 and 7.3.2.

4.2

The

(mass

Chemical composition of the alloy

broduct shall

yual to 0,1 %

anufacturer shall declare every element that is present in a concentration greater than or e

be given by

name, with values rounded to the nearest percentage (mass fraction). Alloying elements that are present in
concentrations between 0,1 % and 0,5 % (mass fraction) shall be named without a percentage value.

Test in accordance with 6.1.

The chemical composition shall comply with Table 1.

The total concentration of other elements shall not exceed 0,1 % (mass fraction).

© IS0

2004 — All rights reserved
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Table 1 — Requirements for chemical composition of the alloy

4.3 Biocogmpatibility

See the Intro

4.4 Foreign material and large particles in the alloy powder

When tested

The mass of
for this test.

4.5 Contd
When the pr
by oil, water
within the sp
If the denta

procedures
mercury sha

4.6 Purity
When tested

Small drople
with this sub

Element Mass fraction
%

silver > 40
tin <32
copper <30
indium <5
palladium <1
platinum <1
zinc <2
mercury <3

duction for guidance on biocompatibility.

in accordance with 6.2, no more than five particles of foreigh material shall be found on the

alloy particles that remain on the sieve shall not excéed 0,1 % (mass fraction) of the sample

mination of the mercury by oil, water.and foreign material
pbcedure in 6.3.1 and 6.3.2 is followed,(the dental mercury shall be visibly free from contamir
or foreign material and shall havé a bright mirror-like surface that does not form a scum
bcified period.

mercury is supplied inbulk form and does not have a bright mirror-like surface, the
n 6.3.3 and 6.3.4 shall be carried out. After this procedure has been completed, the ¢

of mercury < Free pouring
accordingto the procedure in 6.4, the mercury shall pour freely and completely without tailin

s not 'coalesced with the bulk after shaking shall not be construed as evidence of non-compl
Clause.

have a bright, mirror-like surface that does not form a scum in air within the specified period.

Sieve.

used

ation
in air

h the
ental

ance

4.7 Variability of preproportioned masses

4.71

For products supplied as predosed capsules

The coefficients of variation of the masses of the dental alloy and the dental mercury in the capsules shall not
exceed 1,5 %, when tested in accordance with 6.5.1.

The arithmetic means of the masses of both alloy and mercury shall be within + 2,0 % (mass fraction) of the
manufacturer’s stated masses, when tested in accordance with 6.5.1.

© ISO 2004 — All rights reserved
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4.7.2 For products supplied as tablets

The coefficient of variation of the mass of the dental alloy tablets shall not exceed 1,5 %, when tested in
accordance with 6.5.2.

The arithmetic mean of the mass of the alloy tablet shall be within +2,0 % (mass fraction) of the
manufacturer’s stated mass, when tested in accordance with 6.5.2.

4.7.3 For products supplied as dental mercury sachets

The coefficient of variation of the mass of the dental mercury in the sachet shall not exceed 1,5 %, when
testefl In accordance with 6.5.3.

The arithmetic mean of the mass of the dental mercury in the sachet shall be within + 2,0%-(mags fraction) of
the manufacturer’s stated mass, when tested in accordance with 6.5.3.

4.8 | Properties of the amalgam

4.8.1] General

When tested in accordance with 6.7 to 6.9, the material shall comply wijth*the requirements given |n Table 2.

Table 2 — Properties of -amalgam

Makimum Permitted dimensional Minimum compressive strength | Minimum compressjive strength
dreep change during hardening at1 h at24 h
% % MPa MPa
2,0 -0,10 to +0,20 80 300
4.8.2 Creep

When tested in accordance with-6.7, either three out of three, or four out of five specimens shall meet the
requifement in Table 2.

4.8.3| Dimensional changes during hardening

When tested in accerdance with 6.8, at least four out of five specimens shall meet the requiremerjt in Table 2.

4.8.4) Compressive strength at 1 h

When tested in accordance with 6.9, at least four out of five specimens, or eight out of ten spgcimens shall
meetTthe requirement in Table 2.

4.8.5 Compressive strength at 24 h

When tested in accordance with 6.9, at least four out of five specimens, or eight out of ten specimens shall
meet the requirement in Table 2.

4.9 Appearance of the mixed amalgam before setting

When the alloy and mercury are mixed according to the manufacturer’s instructions and tested in accordance
with 6.10, it shall form a coherent plastic mass, with a shiny surface.

© 1SO 2004 - All rights reserved 5
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5 Sampli
At least 50 g

At least 50 g

6 Testm

6.1 Chem

ng

of alloy of the same lot in packages produced for retail shall be procured.

of mercury of the same lot in packages produced for retail shall be procured.
ethods

ical composition of the alloy

Use a reco
composition
coupled plas

For other el
elements, su

6.2 Foreign material and large particles in the alloy powder

For alloy sup
(ms).

For alloy su
(10,0 £ 0,1) g

For alloy su
tablet in the
ISO 7488, s
mixing the al
any other ac
this using a

of 0,001 g ar

Place the po
ISO 3310-1.
gently again
maghnificatior
material part

Remove any
accuracy of
that have a s

ma spectroscopy (ICP) is a suitable example.

bments that are detected at levels greater than 0,01 % (mass fraction), but|are not all
M their masses and report the sum as the “mass fraction of other elements”¢

:

of the alloy for the elements declared by the manufacturer in compliance with 4.2.(ndug

plied as a powder in bulk, weigh a (10,0 £ 0,1) g sample to an accuracy of + 0,001 g and r

pplied in predosed capsules, select and open a sufficient number of capsules to obt
sample of alloy. Weigh this sample to an accuracy of0,001 g and record (mg).

plied as tablets, place a tablet in a reusable capsule that complies with ISO 13897. Bred
capsule to its constituent powder particles using a mechanical amalgamator that complieg
t at the machine setting and at one-half the'time recommended by the alloy manufactur
oy and dental mercury in accordance with-7.3.1. If the manufacturer's recommendations in
ion to break-up the tablet (e.g. use of-a-pestle), incorporate this at the appropriate point. R
sufficient number of tablets to obtain (10,0 + 0,1) g of powder. Weigh this sample to an acc
d record (mg).

wder sample on a sieve of mesh size 150 ym and diameter 76 mm. The sieve shall confo
Hold the sieve assembly.(¢onsisting of collecting pan, sieve and cover) in one hand and
5t the other hand at_a rate of approximately twice a second for 120 s. Inspect the sieve

of x 10 for any remaining foreign material and alloy particles. Record the number of fg
cles.

foreign material and then transfer the remaining alloy particles to a balance. Weigh

gnized, instrumented analytical procedure that has adequate sensitivity to determineL the

tively

bying

pcord

hin a

k the

with
br for
clude
bpeat
Liracy

rm to
tap it
at a
reign

O an

D,001 g a@nd record (m,). Calculate the percentage (mass fraction) of alloy that occurs in paiticles

ize greater than 150 pm, as follows:

ﬂ><10
mg

where
my
mg

w

is the mass of alloy particles remaining on the sieve;
is the mass of the powder sample;

is the percentage (mass fraction) of alloy particles greater than 150 ym in diameter.

© ISO 2004 — All rights re;
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6.3 Contamination of the mercury by oil, water or foreign material

6.3.1 Preparation of the sample

6.3.1.1 Dental mercury supplied in bulk form

Take a clean small flask made of borosilicate or similar glass (100 ml is a suitable capacity). Rinse with water
(in accordance with 1ISO 3696:1987, grade 2) then with 3 mol/l nitric acid (analytical grade). Once more, rinse
thoroughly with water (in accordance with ISO 3696:1987, grade 2), dry at 100 °C and allow to cool to room
temperature.

Oper
6.3.1

Take
(in ad
thoro
temp

Seleq
a tec|
powd

6.3.1

Take
(in ad
thoro

a new bottle of mercury and pour approximately 5 g of mercury into the flask.

2 Dental mercury supplied in predosed capsules

a clean small flask made of borosilicate or similar glass (100 ml is a suitable capacity). Rin
cordance with ISO 3696:1987, grade 2) then with 3 mol/l nitric acid (analytical ‘grade). Onc
ughly with water (in accordance with 1SO 3696:1987, grade 2), dry at 100,°C and allow to
rature.

t a number of capsules sufficient to obtain 5 g of mercury. Remove'the mercury from the ca

e with water
B more, rinse
cool to room

bsules, using

hnique that prevents contact between the mercury and the alloy. (For this test, even tracé amounts of

er dissolving in the mercury will act as a contaminant). Empty/the mercury into the flask.

3  Dental mercury in dental mercury sachets

a clean small flask made of borosilicate or similar glass (100 ml is a suitable capacity). Rin
cordance with ISO 3696:1987, grade 2) then. with 3 mol/l nitric acid (analytical grade). Onc
ughly with water (in accordance with 1SO 3696:1987, grade 2), dry at 100 °C and allow to

e with water
P more, rinse
cool to room

tempgrature.

Seleg¢t a number of dental mercury sachets”’sufficient to obtain 5 g of mercury. Open the sachefs and empty
the mercury into the flask.

6.3.2| Initial assessment

Conduct this evaluation immediately after opening the bottle, or exposing the mercury from predoged capsules
or sachets. Use visual inspection, without magnification, to determine whether the dental mercury is free from
contgmination, has the‘féquired appearance and that the surface remains scum-free for 20 min. Carry out the

inspgction at an illuminance of at least 1 000 Ix and at a distance not exceeding 250 mm.

Perspns makifg)the inspection shall have nominally normal visual acuity. Corrective (non-magnify
lensgs may.be worn.

ing) untinted

6.3.3L_Preparation of the mercury supplied in bulk form

This preparation procedure shall be applied only to dental mercury that is supplied in bulk form if the
appearance seen at the initial assessment, 6.3.2, does not meet the requirement.

Filter approximately 5 g of the mercury through a sintered glass filter that has a pore size in the range 16 um
to 40 um (porosity grade P 40 as defined in 1ISO 4793:1980) into a borosilicate (or similar) glass collection
flask that has been cleaned as described in 6.3.1.1. Apply a slight vacuum if necessary.

Take a small flask, made of borosilicate or similar glass, that has an accurately fitting ground-glass stopper or
a polytetrafluoroethylene-lined screw cap (100 ml is a suitable capacity). Rinse with water (in accordance with
ISO 3696:1987, grade 2) then with 3 mol/l nitric acid (analytical grade). Once more, rinse thoroughly with
water (in accordance with ISO 3696:1987, grade 2), dry at 100 °C and allow to cool to room temperature.

© 1SO 2004 - All rights reserved
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Transfer the filtered sample of mercury to the flask. Place the stopper or cap securely (do not use grease) and
shake the flask vigorously for 5 s.

6.3.4 Seco

nd assessment of the mercury supplied in bulk form

Examine the mercury prepared following 6.3.3. Use visual inspection, without magnification, to determine
whether the dental mercury is free from contamination, has the required appearance and that the surface
remains scum-free for 20 min. Carry out the inspection using conditions of lighting and visual acuity given in

6.3.2.

6.4 Free-

ouring of mercury

Take the me
visual inspeq
inspection ug

6.5 Deter

6.5.1 Pred

Weigh the al
mercury in 2

In order to s
capsule desi

all material f:ch)

the mass of

Determine th
alloy.

Calculate co

24100
X

where

s s th

x isth

Cy isth

rcury sample produced to determine compliance with requirement 4.6. Pour the mereury

ing conditions of lighting and visual acuity given in 6.3.2.
mination of the variability of preproportioned masses

psed capsules

oy and the mercury separately, each to the nearest 1 mg. Deterfnine the masses of the allo
b predosed capsules. Record each value.

pparate the alloy powder from the mercury and prevent premature combination, several dif

m the capsule and avoids contact between mercury-and alloy. It may be necessary to me
ercury in one set of 25 capsules, and the mass of alloy in a different set of 25 capsules.

e arithmetic mean and the standard deviation for the mass of mercury, and then those f¢

pfficient of variation C,, as follows:

=Cy (%)

e standard deviation;
e arithmetic\mean;

e coefficient of variation.

Use

tion to observe whether the mercury pours freely and completely without tailing. Carry odit the

y and

erent

jns have been developed. Use a technique appropriate to the capsule being tested that renjoves

asure

r the

6.5.2 Ama

gam alloy tablets

Weigh 25 tablets individually to the nearest 1 mg.

Determine th

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

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

6.5.3 Dental mercury sachets

Determine th

e mass of the mercury in 25 sachets.

Remove all mercury from the sachets and weigh the contents individually to the nearest 1 mg.
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Determine the arithmetic mean and standard deviation.

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

6.6 Preparation of test specimens to determine compliance with the requirements for creep,
dimensional change and compressive strength

6.6.1 Temperature

Prepare specimens at (23 + 2) °C, unless specified otherwise.

6.6.2| Mixing

Mix g mass of the amalgam sufficient to make a test cylinder (8 + 1) mm high after condensatiop into the die
shown in Figure 1. If necessary, adjust the height of the cylinder by condensing only aportion of the amalgam
mix into the die.

For qlloy supplied either as tablets or as a powder in bulk, the alloy mass and the mercury mass|to be mixed,
the ¢apsule, the pestle (if needed), and any other mixing accessory\required shall confdrm to those
recornmended by the manufacturer in accordance with 7.3.2 and 7.2.1 ). Use dental mercury fhat complies
with fequirements 4.5 and 4.6 of this International Standard.

For pgroducts supplied in predosed capsule form, use as many capsules as needed. If more than| one capsule
has tp be used, mix them simultaneously using equipment of the.same type.

Use an amalgamator that complies with ISO 7488. The manufacturer of the amalgam product, in accordance
with 7.3.1 b), shall specify the amalgamator’s setting and the mixing time.

6.6.3| Apparatus for the preparation of test specimens for determining creep, dimensional change
and ¢ompressive strength

6.6.3|1 General

Use the apparatus as shown in Figures 1 to 5.

6.6.3|12 Materials and tolerances for construction of the apparatus

Makg the holder, the spacers and the cap of cold-rolled or stainless steel. Make the die and thé plungers of
hardgned tool steel ©r)hardened stainless steel. Hone the working surfaces of the die and the plungers to a
core [roughness depth (Rk) not greater than 6,3 um when tested in accordance with 1ISO 1356%-2. Limits of
cleargnce between the die and the plungers shall be F7h7 in accordance with ISO 286-2.

6.6.3|3 < Assembly of the apparatus

For production of creep and compressive strength specimens, assemble the holder, spacers Nos. 1 and 2, the
die and plunger No. 2 as shown in Figure 1.

Particular measuring instruments used in the dimensional-change test (e.g. interferometers) may require an
impression on the end surface of the specimen that is produced by the cap that is shown in Figure 5. For
production of dimensional-change specimens, 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.

© 1SO 2004 - All rights reserved 9
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Key

N OO g~ W N =

The dimensipns for each of the components are given in the figures that follow.

10

holder
spacer N
spacer N
plunger N
test spec|
die
plunger N

Figure 1 — Vertical section through the apparatus for making amalgam test specimens,

D. 1
D. 2
0.2

men

o.1

showing the assembled apparatus with a specimen in place
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Dimensions in millimetres

@26
LN r~
~ —
LN
~
(|
%
1
$32
0
~

Key

1 glot

Figure 2 — The holder
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Dimensions in millimetres

®25 ~

Fr

/ ;
N

a) Spacer No. 1 b) /Spacer No. 2

®6

25

6
4

Figure 3 — Spacer No. 1 and Spacer No. 2

Dimensions in millimetres

Pk

Pk

b
S
N
Ul

26

D5

13

a) Plunger No. 2 b) The die c) Plunger No. 1

To assist the operator to judge whether the correct quantity of amalgam has been inserted, to give a specimen that is
within the permitted range for length, i.e. (8 + 1) mm, three circumferential datum lines should be scribed at 9 mm, 11 mm
and 13 mm from one end of plunger No. 1. This end shall be in contact with the amalgam. Though such datum lines are
not mandatory, their use is recommended.

Figure 4 — Plunger No. 2, The die and Plunger No. 1
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0,5
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Dimensions in millimetres

This (
inden

6.6.4

Empt
thrus|
Insert

ap shall be used in conjunction with the apparatus shown in Figure 1 if the measuring instrument re

ation at one end of the specimen.

Figure 5 — Cap used for the production of dimensional-change specimens

Condensation

Table 3 — Schedule for the preparation of test specimens

Time in seconds

Procedure Time
End of mixing 0
Place mixed mass into the'die, insert plunger No. 1 and 30
apply a load to produce-a pressure of (14 £ 1) MPa
Release load and remove spacer No. 2 at 45
Replace load at 50
Release load at 90
Catefully remove excess mercury and eject specimen at 120

y the coherent mass of the mixed amalgam on top of the die cavity and insert immediately,
s of.an amalgam condenser slightly less than 4 mm in diameter. Do not express mercury du
plunger No. 1 and follow the schedule in Table 3. The specimen shall not be trimmed. A

quires a small

Ising several
ring insertion.
fter ejection,

trans

NOTE

er the specimen to air maintained at (37 £ 1) °C.

If plunger No. 1 has circumferential datum lines scribed on its cylindrical surface, they will provide reference

points to determine whether the amount of amalgam inserted will give a specimen that is within the permitted range for
length. The lines are at 9 mm, 11 mm and 13 mm from the end of the plunger that is in contact with the amalgam.

If the cap (Figure 5) is not present in the assembled apparatus and the 13 mm datum line alone can be seen, the
specimen will have a length thatis (8 £ 1) mm.

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

9 mm

© IS0

line cannot, the specimen will have a length that is (8 £ 1) mm.

2004 — All rights reserved
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6.7 Determination of creep

6.7.1

Preparation of test specimens

Prepare the specimens in accordance with 6.6. Make five specimens. Store these at (37 +1)°C for
(7,0 £ 0,2) days. Prior to testing, grind the surface of both ends of each specimen plane and perpendicular to
the axis using wet, coated abrasives that comply with microgrit size P1200, according to 1SO 6344-1:1998.

Measure the

length of each specimen and record it, to the nearest 0,01 mm, as the original length.

6.7.2 Procedure

Apply a stregs of (36,0 + 0,2) MPa normally and uniformly over the cylinder ends, continuously for 4h at a
temperature | of (37,0 + 0,5)°C. Record the change in specimen length between (1,00 + 0,05)h| and
(4,0 £0,1) h fo an accuracy of 0,01 mm.
Calculate thg creep strain, to the nearest 0,1 %, as follows:
Al 10d= s, 3)
lo
where
Al is the change in length occurring between 1 h and 4 h;
lo is the original length;
& Is the creep strain, as a percentage.
Test three sgecimens. If all three results meet the requirement in Table 2, it is not necessary to test the [other
two specimeps.
If one of the three specimens fails to meet the requirement in Table 2, test two more specimens.
Test no morg than five specimens.
6.8 Determination of dimensional change during hardening
6.8.1 Prepgration of test specimens
Prepare the $pecimens in‘accordance with 6.6.
6.8.2 Procedure
Place the speeimen in the measuring instrument. Do not subject the specimen to a restraint greater| than
0,02 N duringthe test. Maintain the specimen at a temperature of (37 £ 1) °C during the test. Measure the

dimensional change that occurs between (5,0 £ 0,1) min and (24,0 £ 0,1) h from the end of mixing, to an
accuracy of + 0,5 um. At (24,0 + 0,1) h measure the specimen length to an accuracy of + 0,01 mm.

14
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Calculate the dimensional change, to the nearest 0,01 %, as follows:

Alg
d

x100 = £4(%) (4)

where

Alq is the dimensional change occurring between 5 min and 24 h;

lg is the length at 24 h;

44 is the dimensional change as a percentage.

6.9 | Determination of compressive strength

6.9.1| Preparation of test specimens

Prepare the specimens in accordance with 6.6.

6.9.2| Procedure
Determine the compressive strength by means of a suitable mechanical testing machine. Dufing the test,
mainfain the specimen at a temperature of (23 + 2) °C. Apply, the'load normally and uniformly over the cylinder

ends|at a crosshead speed of (0,5 = 0,1) mm/min. For each,specimen, record the compressive sfrength to the
neargst 5 MPa.

6.9.3] Compressive strength at 1 h
Detefmine the compressive strength of five specimens at (60 + 2) min after mixing.

If only three specimens meet the requirement for compressive strength at 1 h in Table 2, determine the
compressive strength of five more specimens.

Test ho more than ten specimens.

6.9.4] Compressive strength at 24 h
Determine the comptessive strength of five specimens at (24 + 1) h after mixing.

If only three specimens meet the requirement for the compressive strength at 24 h in Table 2, determine the
compressive-siréngth of five more specimens.

Test hezmore than ten specimens.

6.10 Appearance of the mixed amalgam before setting

6.10.1 Apparatus

6.10.1.1 Glass plate, with an area of at least 50 mm x 50 mm, a thickness of at least 5 mm and having
glazed surfaces.

6.10.1.2 Mould and ejection components, comprising spacer No. 1, die and plunger No. 2 of the
apparatus for making amalgam test specimens that are specified in Figures 3 a), 4 a) and 4 b).

© 1SO 2004 — Al rights reserved 15
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6.10.2 Procedure and assessment

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

condensed.

Mix following

the procedure in 6.6.1 and 6.6.2.

Use visual inspection to determine the appearance of the surface of the mixed amalgam and whether a
coherent mass exists initially.

30 s after thg
should be sU
above the ar
using a hand
the spacer, t

Use visual in

Carry out bof

7 Markin

7.1 Packs

Dental amal
conditions of]

fficient to fill the cavity to the extent that, after condensation, approximately 1
halgam surface remains unfilled. Condense immediately, with 10 thrusts within a period-of
condenser that has a diameter of approximately 4 mm. Eject the specimen at 120 s by rem
nen pressing down the die so that the plunger forces out the specimen.

spection to determine whether a coherent mass has been maintained during condensation.

h inspections under conditions of lighting and visual acuity given in 6.3:2;

g, labelling and packaging

ging

pam alloy and dental mercury shall be packaged: in primary containers that (under n
storage and use in a dental clinic) prevent spillage or contamination.

Dental mercyry that is supplied in bulk shall be packaged in a primary container that, when filled with the

of mercury s
floor. Dental
seals the corf

For shipmen
shipment) pr

upplied, will remain intact without splitting’ or cracking if dropped 0,8 m onto a smooth ce
mercury that is supplied in bulk shall.bepackaged in a primary container that has a top or li
tainer to prevent the release of mérgury vapour during storage.

, these primary containers shiall be packaged in outer containers that (under normal conditig
bvent spillage or contamination.

The packaging of predosed capsules’/shall comply with the requirements in ISO 13897.

7.2 Marki
7.21 Infor

The following

ng
mation

information shall be included in the package or accompanying printed literature:

mm of thex¢

brmal

mass
Famic
J that

ns of

a) the type
b)
c)
d)

e)
capsule;

f)

of material and its application;

the product’s brand- or trade-name;
the name and address of the manufacturer or agent in the country of sale;

the lot number;

dental mercury sachets, or the number of containers of bulk mercury in each package;

16

the mass of alloy in each primary container of bulk powder, or in each tablet, or in each predosed

the number of containers of bulk powder, or number of capsules, or number tablets, or the number of
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h)

7.2.2| Safety precautions — Packs that contain dental mercury

The

beloW and the storage recommendation given in b) below.

The

ISO 24234:2004(E)

the mass of mercury in each primary container of mercury, or in each predosed capsule, or in each dental
mercury sachet;

the nominal recommended alloy-to-mercury mass ratio;

a list of those elements present in the alloy in concentrations greater than 0,1 % (mass fraction). If an
element is present in a concentration greater than 0,5 % (mass fraction), its proportion shall also be listed,
to the nearest percentage point;

a general description of the alloy particle shape(s);

R A se-imacecordance with the

97.

puter pack and the manufacturer’s instructions shall be marked with the wagning labelling given in a)

primary container for dental mercury supplied in bulk form shall carry, this’warning labelling oh the outside

surfage of each primary container, in addition to those on the outer pack @and the manufacturer’s instructions.

a)

b)

The

a warning symbol, the general warning symbol (with the signal word WARNING and supplementary
information texts) and the mandatory action symbol (and_supplementary text). All shall comply with the
requirements of ISO 3864-2. These shall be presented as. follows (see Figure 6):

+ The general warning symbol (an exclamation mark) and warning triangle shall be printeld in black on
an orange triangular background.

+ The mandatory action circle shall be printed in blue on a white circular background.|The general
warning symbol (an exclamation mark):shall be printed in white.

+ The signal word (WARNING) and-supplementary information shall be printed in black.
+ The outlines of the boxesteontaining these warnings shall be printed in black.
a recommendation to store-at a temperature no higher than 25 °C.

breceding instructions’are intended for the safety of the user. For shipment, the containefs of multiple

packs shall be marked in accordance with the Globally Harmonized System of Classification andl Labelling of
Chemicals (United ) Nations). Symbols, signal words and hazard statements shall be applied that are

appropriate for mercury (UN substance number 2809).

7.3

Manufacturer’s instructions

7.3.1 — General instructions

Printed instructions shall accompany each package and shall include at least the following information.

a)

Masses of alloy and mercury

For alloy supplied as powder in bulk, instructions shall include the setting of at least one specified
dispenser that conforms with ISO 8282 and the recommended mass of dental mercury and mass of alloy
for each of several masses of amalgam mix.

For alloy supplied as tablets, instructions shall include the recommended mass of mercury for mixes
made with one, two and three tablets.

© 1SO 2004 — Al rights reserved 17
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b)

7.3.2 Precautionary notes

The manufadg

a)

b)

18

WARNING

Mercury
Toxic by inhalation
Danger of cumulative effects

Corrosive to metals

Mixing

The inst
ISO 748
required
capsule
accesso
such mi
accesso

The inst
such as

Spillage

“Mercur
immedis
Smaller

Waste material and all primary
containers that hold mercury shall
be disposed of as hazardous waste

Refer to safety data sheets

Figure 6 — Warning labelling

Fuctions shall specify the brand and model number or mame of an amalgamator complying
B that is recommended for mixing the alloy with mercury. The machine setting and the
for mixing each of the mixes specified in accordance with 7.3.1 a) or the mix in the preqg
ries (e.g. capsules or other mixing containers.and pestles) that are needed shall be specif

ries shall be given.

ructions shall also provide a desgription of the initial appearance of correctly mixed ama
the initial appearance (reflectivity), texture and coherence.

turer’'s printed instructions shall contain the following precautionary notes:

o

presents- @ health hazard if incorrectly handled. Spillages of mercury should be reni
tely, including from places which are difficult to access. Use a plastic syringe to draw
quantities can be covered by sulfur powder and removed. Avoid inhalation of the vapour.”

with
time
osed

specified in accordance with 7.2.1e) and 7.2\1 g) shall be given. In addition, the nixing

ed. If

King accessories are not included with the_ package, information needed for ordering the nixing

gam,

oved
t up.

Moistur

cohtamination

“If moisture is introduced into the amalgam before it has set, properties such as strength and corrosion
resistance may be affected adversely. If the alloy contains zinc, such contamination may result in an
excessive expansion (delayed expansion). Whenever it is possible, use a dry field.”
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Annex A
(normative)

Determination of immersion corrosion for dental amalgam

A.1 Apparatus

A.1.1 Flask, of borosilicate glass in accordance with ISO 3585, round bottom, 250 ml with. 3>garallel necks
and ground-glass conical socket joints.

AA1. Inlet tube, of borosilicate glass in accordance with 1ISO 3585, with internal diameter (4,0 + 0,2) mm
and gpproximate length 150 mm.

A.1.3 Flow-tube, of borosilicate glass in accordance with 1SO 3585, with @lass float and a measurement
rangg 0 ml/min to10 ml/min.

A.1.4 Peristaltic pump, variable speed, capable of operating up to, 20 r/min, to provide an aif flow rate of
(5,0 # 0,3) ml/min through the inlet tube (see A.1.2).

A.1.§ Gold foil mercury vapour dosimeter’).
A.1.§ Mercury vapour analyser, compatible with the $élécted dosimeter?).

A.1.7 Liebig condenser, straight water-cooled-borosilicate glass (in accordance with 1ISO 3p85) at least
20 cm in length, with ground glass joints (lower cone end to fit one of the outer necks of the flask)

A.1.§ Three cone/screwthread adapters;of borosilicate glass, in accordance with 1ISO 358%, to fit outer
and gentre necks of the flask (A.1.1) ang-the socket end of the condenser (A.1.7).

A.1.9 Suspension rod, of borasilicate glass in accordance with ISO 3585, with diameter (4,0 + 0,2) mm
and gpproximate length 150 mm(

A.1.10 O-ring, of neopreng, internal diameter < 3,8 mm to fit suspension rod (A.1.9).
A.1.11 Thread, nylon,Single ply, sewing.
A.1.12 PVC tubing, clear, plasticized, with internal diameters 3,2 mm to 6,4 mm, as required3).

A.1.13 Reduction connectors, of borosilicate glass in accordance with ISO 3585, of numbel|l and size as
requifed-

A.1.14 AAS, ICP-OES or ICP-MS analytical facility.

1) The Jerome gold foil mercury vapour dosimeter, Arizona Instruments Inc., Phoenix AZ, USA is an example of a
suitable product available commercially. This information is given for the convenience of users of this International
Standard and does not constitute an endorsement by ISO of this product.

2) The Jerome mercury vapour analyser, Arizona Instruments Inc., Phoenix AZ, USA is an example of a suitable product
available commercially. This information is given for the convenience of users of this International Standard and does not
constitute an endorsement by ISO of this product. If this instrument is selected its dilution module is required.

3) Tygon® R-3603, Norton Performance Plastics, Akron, Ohio, USA is an example of a suitable product available
commercially. This information is given for the convenience of users of this International Standard and does not constitute
an endorsement by ISO of this product.
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A.1.15 Water bath, with temperature control to maintain (37,0 £ 0,5) °C.

A.1.16 Beaker, of borosilicate glass in accordance with ISO 3585, of capacity 250 ml.

A.2 Reagents

ic acid, (approximately 90 %) analytical grade.

Water, grade 2 in accordance with ISO 3696:1987.

A.21 Lact
A22
A.2.3 Nitri
A24

C acid, spectroscopic grade.

Ethanol, analytical grade.

A.3 Specimen preparation

Prepare four

cylindrical specimens of the type used for compressive strength measurement, according to

Store the spgcimens in air for (7,0 + 0,3) days at (37 £ 2) °C.

Measure the
unavoidable,

A.4 Prepd

24 h before t
acid (A.2.1)
prepare a fre

A.5 Corro

The apparaty

Before asse
(A.2.3). Rins
Allow to dry i

Assemble th
(A.1.5), the @
an internal d
be necessar

this should be done wearing previously unused latex surgical gloves.

ration of lactic acid solution

he start of the 4 h immersion period, make up*a solution of lactic acid (¢ = 0,1 mol/l) using
and water (A.2.2). Measure its pH. If the(pH value is outside the range 2,3 + 0,2 discar
sh solution.

sion test cell

s required is specified in(A)T and its assembly shown Figure A.1.

mbly, wash all inner“surfaces of the glassware with water (A.2.2) then with 3 mol/l nitrio

e with water (A.2:2) and shake off residual water. Rinse with analytical grade ethanol (A
h air.

e apparatus: Use new PVC tubing (A.1.12) to connect the condenser (A.1.7) to the dosi

solution or th

€ amalgam specimens.

6.6.

length and diameter of each cylinder to an accuracy of + 002'mm. If handling the specimgns is

lactic
and

acid
2.4).

eter

osimeterto the flow-tube (A.1.3) and the flow-tube to the glass inlet tube (A.1.2). Use tubing with
ameter that will produce a tight fit when it is pushed over the ends of these components. (If may
tojuse a range of tube diameters and glass reduction connectors.) At this stage do not add the

The peristaltic pump (A.1.4) recirculates the air during the test. The temperature of the water flowing through
the condenser should be low enough to prevent condensation of water (from vapour in the recirculated air) in
the dosimeter.

20
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Dimensions in millimetres

12
1 /
9
10 /
? 13
| —
Key ol
dolution 8
2 rpund bottom flask. 250 ml, 3 parallel
necks, ground glass joint
3 donical ground glass joint with a 7 | 14
gone/screw-thread adapter to create _—
gnd maintain the seal with the glass
od or tube 6 ext L
xt.
4  glass tube (inlet tube) 6 s
5  RVC tubing (1 000 = 100) mm length
6  peristaltic pump i
7  RBVC tubing (250 + 50) mm length 15
/
8 (gas flow-tube
9  RVC tubing (150 + 50) mm length
10 glass reduction connector 16
11 direction of gas flow
12 glass reduction connector
13  dosimeter 18
—
14 PFVC tubing (500 £+ 50) mm length
15 ater-cooled Liebig condenser(with
ground glass joints ] 19
16 dolid glass rod (suspensian rod) t
17 gonical ground glass-joint 1 - 20
18 neoprene O-ring to fit'the glass rod :
19 nylon threads i
20 tpst specimens ] — 21
21 aterbathat (37,0 £ 0,5) °C -

In this diagram the use and positioning of reduction connectors is intended to be schematic. Use such connectors in the
numbers and sizes required to attach tubing with appropriate diameters to the components of the apparatus.

Figure A.1 — Corrosion test apparatus
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A.6 Mercury vapour analyser specification

The mercury vapour is collected on a gold foil dosimeter and analysed by a gold foil mercury vapour analyser.
The dosimeter shall have a collection capacity of at least 1 ug mercury. The analyser shall have a lower limit
for detection of 10 ng or less and measurements shall be accurate to 1 ng.

Instrumentation other than the gold foil dosimeter and analyser may be used if it has similar or better accuracy
and specificity, and permits the collection of mercury vapour from air as it is recirculated at a flowrate of 5 ml/min.

A.7 Test procedure

A.7.1 Pre-¢orrosion

Suspend twp cylinders by nylon threads (A.1.11) in a clean 250 ml glass beaker (AA.16) conta
(200,0 £ 0,1)|ml of the 0,1 mol/l lactic acid solution (A.4). Immerse the specimens and adjust the length
nylon suspemsion threads such that the specimens do not touch each other, nor the wall nor the base

container.

ver the beaker to prevent evaporation. Pre-corrode these specimens for (24,0 +0,2

(37,0 £ 0,5) 9C. Discard this solution when the specimens are removed (see A.7.3.1).

A.7.2 Prep

It is necessa
from impuriti

At (18,0 £ 0,
to the flask.
glass rod (W
(37,0 +£0,5) 9
water in the
rate of (5,0

The bubbling
value should

After (5,0 + (
collected, us

ration of blank solution

s in the solution and contamination from the glassware,

D) h after the start of pre-corrosion, add (200,0 + 0,4)-ml of the 0,1 mol/l lactic acid solution
Bet the glass inlet tube vertically and adjust, to placethe end at a depth of (20 + 2) mm. Plag
ithout specimens attached) in the centre neck,of the flask. Raise a waterbath (maintain
C) around the flask until the surface of the lactic acid is at the same height as the surface

0,3) ml/min.

of gas through the lactic acid solution can produce a fluctuation in the flow rate. The av
be calculated by reading the flow-tube at 10 s intervals over a period of 1 min.

,1) h, lower the waterbath; Disconnect the dosimeter and measure the mercury vapour
ng the gold foil mercury\apour analyser. Using a recognized procedure (e.g. ICP) with ade

sensitivity (i.¢. 0,1 x1076 or bettef);;analyse the solution for the ions Ag, Sn, Cu, Zn, Hg.

Pour out and

NOTE It
at the same i
remainder are

discard any acid/solution that remains in the flask.

s conveniént to analyse the blank solution and the test specimen solutions (obtained by A.7.3.1 and A
me. Therefore, it is permitted to hold these in a clean and covered borosilicate glass container wh
being‘prepared.

ining
bf the
bf the
h at

ry to measure the metal ion content of the solution to establish the background value that r¢sults

(A.4)
e the
bd at
bf the

path. (10 = 2) min after this action, turn oncthe peristaltic pump and adjust the speed to give 4 flow

Brage
t has

juate

7.3.2)
le the

A.7.3 Corrosion procedure and analysis

A.7.31

First determination

At the end of the (24,0 £ 0,2) h pre-corrosion period, remove the two specimens from the solution and rinse
them with water (A.2.2). Do not touch the specimens with bare or gloved hands. Add (200,0 + 0,1) ml of the
0,1 mol/l lactic acid solution (A.4) to the flask. Attach the specimens to the glass rod using the nylon threads
and neoprene O-ring (A.1.10). Suspend the two cylinders in the acid and adjust the lengths of the threads
such that the cylinders are completely immersed and touch neither each other nor the surface of the flask.
Raise the waterbath until the surface of the lactic acid is at the same height as the water in the bath.
(10 £ 2) min later turn on the peristaltic pump and adjust the speed to give a flow rate of (5,0 + 0,3) ml/min.
Maintain the flask containing the two specimens and the lactic acid at (37,0 + 0,5) °C for the duration of the
test.
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