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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
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h-governmental, in liaison with 1SO, also take part in the work. ISO collaborates closel
ernational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization;

brnational Standards are drafted in accordance with the rules given in the ISO/IEC DireGtives, Pa
b main task of technical committees is to prepare International Standards. Draft\International
ppted by the technical committees are circulated to the member bodies fer voting. Publica

brnational Standard requires approval by at least 75 % of the member bodies.casting a vote.

other circumstances, particularly when there is an urgent market .fequirement for such dog
hnical committee may decide to publish other types of normative doéument:

an ISO Publicly Available Specification (ISO/PAS) represents'an agreement between technica
of the parent committee casting a vote;

an I1SO Technical Specification (ISO/TS) represents<an agreement between the members of
committee and is accepted for publication if it is approved by 2/3 of the members of the commit

a vote.

ISO/PAS or ISO/TS is reviewed after thfée years in order to decide whether it will be confi
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ention is drawn to the possibility that some of the elements of this document may be the subjeq
nts. 1SO shall not be heldesponsible for identifying any or all such patent rights.

D/TS 17576 was prepared by Technical Committee ISO/TC 106, Dentistry, Subcommittee SC 1,
torative materials;
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Introduction

The development of this Technical Specification is the result of worldwide demand for test methods to
determine acceptability of dental amalgams for oral restorations in relation to corrosion and mercury vapour.

The test methods described in ISO 10271 are intended for dental metallic materials and are not suitable for
amalgams, due to the risk of formation of precipitates during the test. Furthermore, ISO 10271 does not cover

measuremient of mercury vapour liberated during corrosion of amalgam.
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TECHNICAL SPECIFICATION

ISOITS 17576:2004(E)

Dentistry — Corrosion tests for amalgam

1 Scope

This—Fechnical-Spesification-provides-two-test-methods-and-concomitant protocolsto-determine-the corrosive
belhaviour of dental amalgams and their tendency to release mercury vapour during corrosion._The methods
medasure 1) the integrated current in a potentiostatic corrosion test and 2) the amount of reteasef ions and
mgrcury vapour in a static immersion test.

This Technical Specification is not intended to set limits for the relevant parameters in, the‘'two tests described.
2 [ Normative references

The following referenced documents are indispensable for the application of this document. |For dated
references, only the edition cited applies. For undated references, the’ latest edition of the peferenced
do¢ument (including any amendments) applies.

ISO 1559:1995, Dental materials — Alloys for dental amalgam

ISQ 3585:1998, Borosilicate glass 3.3 — Properties

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

ISO 10271:2001, Dental metallic materials — Cortro'sion test methods

3 | Terms and definitions

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

31

anfalgam

allgy of mercury with one or more other metals

3.2

cofrosion

deferioration of an-amalgam by chemical or electrochemical reaction with its environment

NQTE This deterioration is manifest in the loss in mass of the amalgam, with a release of constituent elements or the
for-]wation of-an adherent film of reaction products.

3.

electrolyte
liquid that contains ions whose combination allows the conduction of electricity

3.

4

immersion test
test in which the sample is exposed to a corrosive solution without application of variable mechanical stresses
to the sample

3.

5

potentiostatic test
test in which the electrode potential is kept constant
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4 Test

methods

4.1 Potentiostatic corrosion test for dental amalgam

411 Specimen preparation

Prepare an amalgam specimen of the type for the measurement of compression strength, in accordance with

ISO 1559.

Attach an i

Condition in air at (37 + 2) °C for (7,0 £ 0,1) days.

nsulated lead to the specimen for connection to the potentiostat.

Cover the
material, p|
15 °C. This

Wet-grind
surface ab

Eliminate {

The testing laboratory may develop its own method of specimen preparation, provided the above procedu

are include

4.1.2 Repgents

41.21

Make up @ fresh solution of NaCl [¢(NaCl = 0,154 mol/l)] byvadding (9,0 £ 0,1) g analytical grade NaC

600 ml wa
413 Ap
41.31

Use a thrg
and an ine

4.1.3.2
controlled

4133

referably by casting in epoxy resin. The temperature rise during setting of the resin shall not excq
material shall not dissolve in or react with the electrolyte.

the exposed end of the specimen uniformly to ASTM 600 or FEPA 1200 using-silicon carb
rasive paper. Wash with distilled water.

he crevice between the amalgam and the embedding materials by casting-or masking.

d and the conditions are met.

Electrolyte, of volume > 300 ml.

er (ISO 3696, Grade 2), then make up this solution to (1000,0 = 0,5) ml.
paratus
Corrosion cell.

e-electrode corrosion cell holding the specimen (working electrode), a reference electrode pro
It counter-electrode (platinum, or carbon is recommended).

Temperature control; consisting of a jacket and temperature control/circulator, or a temperatd
bath, capable of maintaining (37,0 £ 0,5) °C in the cell.

Reference electrode and its control.

Use any s
hydrogen
at 25 °C,

andard réference electrode with a stable potential of known potential difference from a stand
lectrode~(SHE). Control the potential at (0,000 + 0,002) V vs. a saturated calomel electrode (S(
uivalent to (0,2415 + 0,002) V (SHE).

connecting lead junction and all surfaces except one end of the specimen with an insulatling

bed

ide

res

to

ard
CE)

The reference potential values for some other common reference electrodes and corresponding values for

he

control potential settings are shown in Table 1. Other electrodes can be used based on their known potential
difference from SHE.

41.3.4

Electronic potentiostat, capable of a current output > 100 mA, a voltage output > 10 V, and a
potential control accurate and stable to + 1 mV.

The hardware/software used shall allow either recording the current for 24 h or integrating the current for 24 h.
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41.4 Test set-up
41.41 Temperature of the reference electrode

Measure the temperature of the reference electrode (4.1.3.3). If necessary, adjust the temperature to
(25 £ 1) °C by the control potential using the temperature coefficient for the given electrode type.

Temperature coefficients and examples of potential correction are shown in Table 1.

Table 1 — Potential settings for different reference electrodes and temperatures

of-thereference-electrodes
Reference potential Control potentigl setting
Temperature /V (SHE) IAY
Reference Reference coefficient!!]
blectrode type electrolyte when the temperature of the | when\the tempejrature of
VIK reference electrode is the reference elgctrode is
18 °C 25°C 37°C 18 °C 25°C 37°C
S"‘t“ra(tsegg;a'ome' Saturated KCI | _7,50 x 104 | 0,2468 | 0,2415 | 0,2325 | —0,005 | 0,000 || 0,009
1,0 M calomel 1 mol/l KCI ~2,40 x 1074 0,2817 | 0,2800~ 0,2771 -0,040 | -0,039(| -0,036
0,1 calomel 0,1 mol/l KCI ~7,00 x 102 0,3342 | ;3837 | 0,3329 | -0,093 | -0,092|| -0,091
0}1 silver chloride 0,1 mol/l KCI 6,50 x 1074 0.2927{. 0,2881 0,2803 | -0,051 | -0,047|| -0,039
4.1.4.2 Positioning of the reference electrode
During the polarization part of the procedure;iplace the reference electrode probe close to the working
electrode (amalgam) surface without touching the surface or shielding substantially the specimean surface.
Aldo, the electrolyte of the reference elegtrode shall not contaminate the electrolyte in the vicinity of the
amalgam. This is commonly achieved.by placing the reference electrode in a separate compaftment and

usi
fille
tes
out

4.1

Fill
cel

Us

ted surface. The tip of the capillary should be at a distance from the amalgam surface equal to
er diameters of the tip.

.5 Test proceduré

the corrosion-cell (4.1.3.1) with electrolyte (4.1.2.1). Leave the cell open to the atmosphere. Hg
should be covered with a lid to prevent excessive evaporation of the electrolyte.

ng thetemperature control (4.1.3.2), heat the cell and maintain at a temperature of (37,0 £ 0,5) °

Ins

hg a “salt-bridge” between the reference electrode compartment and the main cell. The salt-bridge is a tube
d with the electrolyte and ending‘in a capillary (“Luggin capillary”), the end of which is placed dose to the

about two

wever, the

~
.

eftthe specimen, connect the specimen and electrodes to the potentiostat (4.1.3.4) (no potentjial control)

and wait (10,0 £ 0,T) min. During this potential stabilization it is advisable o sfir the solufion, e.g. using a
magnetic stirrer and a stirring bar in the cell.

Record the potential at the end of the (10,0 £ 0,1) min exposure period. Stirring also may be used during this
open-circuit potential measurement.

Set the potentiostat to the appropriate control potential (see Table 1) and time (24 h). Apply the potential and
record or integrate current for (24,0 £ 0,2) h. During this polarization part of the test, the solution should
remain stagnant (no stirring).
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4.1.6 Data acquisition and processing

a) Coulometer method

A convenient method of data acquisition is to use an electronic current integrator (coulometer) in the
circuit between the potentiostat and the cell. The reading of the coulometer after 24 h of polarization is the
anodic charge.

b) Comp

An egua G

poten
on the

c) Data-l

If neit:[:

The i
currer

measlirements was constant), or using any other suitable and accurate integration method.

In a) and
current. Fq
exported a

4.2 Imn
421 Ap

4211
necks and

421.2
length app

4213
range 0 m

421.4
0,3) ml/min

4.21.5

4.2.1.6
detection @

uter-controlled potentiostat method

iostatic control ich allows po gration display
screen’).

pgging and integration method

tegration then can be performed by averaging all the current data and multiplying the avere
t, in amperes, by the total exposure time, in seconds (assuming that the\time between curr

D) make sure that the integration procedure uses the true values ef current rather than the log
r instance, if the current is strip-chart-recorded on a logarithmic scale, or the results have bg
s a text file showing logarithms of the current, the data shall bé.converted to true values.
ersion corrosion test for dental amalgam
paratus

Flask, of borosilicate glass in accordance:with 1ISO 3585, round bottom, 250 ml with 3 pars
ground glass conical socket joints.

roximately 150 mm.

Flowrate tube, of borosilicate glass in accordance with ISO 3585, with glass float. Measurem
min to 10 ml/min.

Peristaltic pump,variable speed, to operate up to 20 r/min to provide an air flowrate of (5,
through the inlet tube.

Gold foil mercury vapour dosimeter?) with a collection capacity of at least 1 ug mercury.

Mercliry-vapour analyser3), compatible with the selected dosimeter, and having a lower limit
f 10,Ag-or less and measurement accuracy of 1 ng.

for
ed

er a) nor b) is available, record the polarization current using any available data ‘acquisition syst¢m.

ge
ent

of
ben

llel

Inlet tube, of borosilicate glass in. accordance with ISO 3585, internal diameter (4,0 + 0,2) mim,

ent

for

1) EG&G 252/352 software for the Model 273x, 283 potentiostats, Perkin Elmer Instruments / Princeton Applied
Research, Oak Ridge, Tennessee, USA equipment and software combinations are examples of suitable products
available commercially. This information is given for the convenience of users of this Technical Specification and does not
constitute an endorsement by ISO of these products.

2) 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 Technical
Specification and does not constitute an endorsement by ISO of this product.

3) The Jerome mercury vapour analyser, Arizona Instruments Inc., Phoenix AZ, USA is an example of a suitable
instrument available commercially. If this instrument is selected its dilution module is required. This information is given for
the convenience of users of this Technical Specification and does not constitute an endorsement by ISO of this product.
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4.21.7 Liebig condenser, of straight water-cooled borosilicate glass in accordance with ISO 3585, at
least 20 cm in length with ground glass joints.

The lower cone end of the condenser shall fit one of the outer necks of the flask.

42.1.8 Conel/screw-thread adapters, three, of borosilicate glass, in accordance with 1SO 3585, to fit
outer and centre necks of the flask (4.2.1.1) and the socket end of the condenser (4.2.1.7).

4219 Suspension rod, of borosilicate glass in accordance with ISO 3585, diameter (4,0 + 0,2) mm,
length approximately 150 mm.

4.21.10 O-ring, of neoprene, internal diameter < 3,8 mm, to fit suspension rod (4.2.1.9).
4.21.11 Sewing thread, nylon, single ply.
4.21.12 PVC tubing, plasticized, of internal diameters 3,2 mm to 6,4 mm, as required.4)

4.21.13 Reduction connectors, of borosilicate glass in accordance with /SO 3585, of numbegr and size
asrequired.

4.21.14 AAS or ICP-OES analytical instrumentation.

4.21.15 Waterbath, with temperature control to maintain (37,0.%0,5) °C.

4.21.16 Beaker, of borosilicate glass in accordance with SO 3585, of capacity 250 ml.
4.2.2 Reagents

4221 Lactic acid, analytical grade, purity approximately 90 %.

4.22.2 Water, in accordance with ISO 3696, grade 2.

4.22.3 Nitric acid, spectroscopic grade.

4224 Ethanol, analytical grade.

4.2.3 Specimen preparation

Pr¢pare four cylindrical-specimens of the type used for compression strength measurement, in gccordance
with ISO 1559.

Condition the speeimens in air for (7,0 £ 0,1) days at (37 = 2) °C.

Medasure the'length and diameter of each cylinder to an accuracy of + 0,02 mm. If handling the specimens is

unavoidable, this should be done wearing previously unused latex surgical gloves.
4.2[4—kad$seeié—sow4$eb—preparatien

Twenty-four hours before the start of the 4-h immersion period, make up a 0,1 mol/l solution of lactic acid
(4.2.2.1) using water (4.2.2.2). Measure the pH. If the pH value is outside the range 2,3 + 0,2, discard and
remake the solution.

4) Tygon® R-3603, Norton Performance Plastics, Akron, Ohio, USA is an example of suitable tubing available
commercially. This information is given for the convenience of users of this Technical Specification and does not constitute
an endorsement by ISO of this product.

© 1SO 2004 - All rights reserved 5
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4.2.5 Corrosion test cell set-up

Using the apparatus specified in 4.2.1, assemble the corrosion test cell as shown Figure 1.

Key

o N o o

11
12
13
14
15

16
17
18
19
20
21

Dimensions in millimetres

solutiop

round bottom flask. 250 ml, 3 parallel
necks,|ground glass joint

conical ground glass joint with a
cone/sprew-thread adapter to create
and maintain the seal with the glass
rod or fjube

glass tpbe (inlet tube)

PVC tgbing (1 000 + 100) mm length
peristajtic pump

PVC tybing (250 + 50) mm length
gas flow-tube

PVC tybing (150 + 50) mm length
glass rpduction connector
directign of gas flow

glass reduction connector
dosimgter

PVC tybing (500 + 50) mm length

water-¢ooled Liebig condenser with
ground glass joints

solid glass rod (suspension-tod)
conical ground glass joint
neoprgne O-ring to fitthe glass rod
nylon threads

test sppcimens

waterbpth.at*(37,0 £ 0,5) °C

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

Figure 1 — Example of corrosion test apparatus

© ISO 2004 - All rights reserved
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Before assembly wash all inner surfaces of the glassware with water (4.2.2.2), then with 20 % nitric acid
(4.2.2.3). Rinse with water (4.2.2.2) and shake off residual moisture. Rinse with analytical grade ethanol. Allow
to dry in air.

When assembling the apparatus, use new PVC tubing to connect the condenser to dosimeter, the dosimeter
to the flow-tube and the flow-tube to the glass inlet tube. Use tubing with an internal diameter which will
produce a tight fit when it is pushed over the ends of these components. It may be necessary to use a range
of tube diameters and glass reduction connectors. At this stage, do not add the solution or the amalgam
specimens.

Th o . . . .
covﬁdenser should be sufficiently low to prevent condensation of water (from vapour in the recir¢ulpted air

the

Th

dosimeter.

e mercury vapour is collected on a gold foil dosimeter (4.2.1.5) and analysed by a goldoil merc

rough the
) in

ury vapour

antlyser (4.2.1.6). Instrumentation other than the gold foil dosimeter/analyser may belused if it hag similar or
befter accuracy and specificity, and permits the collection of mercury vapour from air\as it is recirculated at a
flowrate of 5 ml/min.

4.2.6 Test procedure

4.2.6.1 Pre-corrosion procedure

Suppend two cylinders by nylon thread (4.2.1.11) in a clean{ 250 ml glass beaker (4.2.1.16) |containing
(20,0 £ 0,1) ml of the lactic acid solution (4.2.4). Immerse thespecimens and adjust the length of the nylon
sugpension threads such that the specimens do not touch:each other, nor the wall nor the base of the

comtainer. Cover the beaker to prevent evaporation. Pre-corrode these specimens for (24,0

(37

NO
the|
relq

4.2

In
to

At
(4.
(20
wa
he
adj

Th

,0£0,5) °C. Discard this solution when the specimens are removed. (see 4.2.7.1)

TE This procedure is carried out because the rate of release of the mercury vapour decreases substar
first 24 h period, and the rate of release after this initial burst is considered to be more representative
ase.

.6.2  Preparation of a reference-solution

brder to measure the metal iontcontent of the solution, it is necessary to establish the backgroun
mpurities in the solution and-contamination from the glassware.

(18,0 £0,2) h after the\start of the pre-corrosion procedure, add (200,0 + 0,1) ml of lactic ad
P 4) to the flask (4.2-171). Set the glass inlet tube vertically and adjust so that the end is at
+2) mm. Place (he glass rod (without specimens attached) in the central neck of the flas
ferbath [maintained at (37,0 + 0,5) °C] around the flask until the surface of the lactic acid is a
ght as the suiface of the water in the bath. (10 + 2) min after this action, turn on the peristaltic
ust the speed to give a flowrate of (5,0 + 0,3) ml/min.

b babbling of gas through the lactic acid solution can produce fluctuations in the flowrate. Th

1 0,2)h at

tially during
bf long-term

i level due

id solution
a depth of
. Raise a
the same
pump and

€ average

val

ueshould be calculated by reading the flow-tube at 10 s intervals over a period of 1 min.

After (5,0 £ 0,1) h, lower the waterbath. Disconnect the dosimeter and measure the mercury vapour it has
collected by using the gold foil mercury vapour analyser (4.2.1.6). Using a recognized procedure with

adequate sensitivity (i.e. 0,1 x 1076 or better), analyse the solution for the ions Ag, Sn, Cu, Zn, Hg. (For this,
ICP or AAS are acceptable procedures).

Pour out and discard any acid solution remaining in the flask.

NOTE It is convenient to analyse the reference solutions (obtained in 4.2.6.2 and 4.2.7.2) and the specimen solutions
(obtained by 4.2.7.1 and 4.2.7.2) at the same time. Therefore, the reference solutions may be stored in clean, covered
borosilicate glass containers while the specimen solutions are being produced.
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