TECHNICAL ISO/TS
SPECIFICATION 17988

Second edition
2020-03

Dentistry — Corrosion test methods
for dental amalgam

Médecine bucco-dentaire — Essais,de-corrosion des amalgames
dentaires

Reference number
ISO/TS 17988:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=daa3652396a81f5c1ac8e4a55d63b712

ISO/TS 17988:2020(E)

CUFYRIGHT FRUTECUCTED DUOCUMEN I

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=daa3652396a81f5c1ac8e4a55d63b712

ISO/TS 17988:2020(E)

Contents Page
FOT@WOT .........oocccc e85 55858555555855 8 5555 \%
IIMETOUICEION. ..o vii
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Sampling
5 Preparation of dental amalgam test-pieces ... 8 Mo
5.1 [T 1<) - OSSN PN
5.1.1 Temperature.
700 7/ T -« 0 Y .35 OSSOSO 1= ST
5.2 Cylindrical test-pieces for use in the immersion and potentiostatie corrosion tes
PTOCEAUIES ...l e e e
5.2.1 Mass of dental amalgam to be miXed ... S .
5.2.2  Apparatus for the preparation of dental amalgam-eylindrical test-pieces
5.2.3  PACKINE oo e

53 Disc-shaped test-pieces for use in the Hertzian-loading strength-reduction test..
5.3.1  Apparatus for the preparation of dental-athalgam disc-shaped test-piec
5.3.2  Materials and tolerances for construetion of the mould...........ccccoociinen
5.3.3  Packing the mould, removal of test-pi€ce and inspection for surface def

6 Determination of the resistance to corrosion by the immersion procedure
6.1 28 013 o) (= eSO
6.2 Reagents for the test solution and cleaning the apparatus. ...
6.3 APPATATUS .ot St
6.4 Mercury vapour analyser requirements
6.5 Cleaning the GlaSSWATE ... 507 et
6.6  Assembly of the immersiOn corrosion test apParatus ...
6.7 Test-piece ProdUCtiofT.onm ..

6.8 Preparation of the 0,1 mol/1 lactic acid solution..

6.9 Finishing the dental amalgam test-piece.........
6.10  Test procedur,). ...
6.10.1 Firstdetermination ......................
6.10.2 ~Second determiNatiON .. ...
6.11 Analysisto determine the metal ion and mercury vapour release..........ccco.
B.12  T@STTEPOIT ...
7 Determination of the corrosion by the potentiostatic procedure.............ifor, 19
7.1 Principle
7.2 TeSt-PIECE PIrEPATATION ..o e 19
73 Corrosion test Cell TEQUITEMENTS. ...t 20
7.3.1  Corrosion cell

7.3.2  TeMPErature COMEIOL ... .ottt

7.3.3  Volume 0f the €leCtlOIY e ...
7.4 Reference electrode probe requirements.......

7.4.1  Reference electrode and its control........

7.4.2  Temperature of the reference electrode....

7.4.3  Positioning of the reference electrode.....
7.5 Potentiostat reqUirements...........ss
7.6 REAGEIES. ...
7.7 Preparation of the €leCtIOlYTe . ...
7.8  TeSt Procedure. ...
7.9 Data acquisition and processing...................

7.9.1  General...ne

7.9.2  Computer-controlled potentiostat

© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=daa3652396a81f5c1ac8e4a55d63b712

ISO/TS 17988:2020(E)

7.9.3  Coulometer ...
7.9.4  Data-logging and integration .............
7.10 Calculation of the total charge transported
7.10.1 Test-pieces embedded by casting without masking. ... 22
7.10.2 Test-pieces embedded by casting with masking............ci: 22
T 1T T@SE T@POT T ootk 22
8 Determination of the resistance to corrosion by the Hertzian-loading strength-
FEAUCTION TEST ...
8.1 Principle
8.2 Test solution (artificial saliva)
8.2.1  REAGEITS ..ot
8.2.2  StOCK SOIULIONS. ..o o
8.2.3  Test solution (artificial SAlIVA) ... b
8.3 Test-piece production and procedure for test-piece conditioning
8.3 1 APPATALUS ..ot
8.3.2  Control test-pieces ...........c...
8.3.3  Corrosion test-pieces.........c......
8.3.4  Replacement test-pieces
8.4 MEChANICAI EESTIIIE ..o f e
8.4.1  Apparatus for mechanical tESTING ... N T
8.4.2  Procedure
8.5 TreatMENt OF AALA ... eese s
8.6 B TS o =) 00 i OSSO SOOI OS
BIDHIOZTAPIY ..ot A e 30
iv © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=daa3652396a81f5c1ac8e4a55d63b712

ISO/TS 17988

Foreword

:2020(E)

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
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procedures used to develop this document and those intended for its further maijrte|
scribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed
ferent types of ISO documents should be noted. This document was drafted in accordanc
torial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ention is drawn to the possibility that some of the elements of this document may be the
fent rights. 1SO shall not be held responsible for identifying any or all such patent rights.
) patent rights identified during the development of the document wilkbe in the Introducti
the ISO list of patent declarations received (see www.iso.org/patents);

y trade name used in this document is information given for the convenience of users an

bressions related to conformity assessment, as well as information about ISO's adherel
rld Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see ww|
foreword.html.
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is document was prepared by Technical Committee ISO/TC 106, Dentistry, Subcommittee S
1 restorative materials.

is second edition cancels and replaces the first edition (ISO/TS 17988:2014), which
hnically revised. The main changes®o the previous edition are as follows:

The scope has been extended to include products that are within the scope of ISO 20749.
Clause 3 includes additiénal terms and definitions.

Clause 4: quantities required for the production of test-pieces for each of the three test p
are given now as-the mass of dental amalgam alloy per test-piece, in place of the tot:
dental amalgafiralloy for the complete test (i.e. the estimated quantity for all test-pieces
permitted replacements).

5.2.2.24and 5.3.2: the parameter R, has replaced R to specify surface roughness on steel

5.3.27the surface roughness of the tapered hole in the Hertzian-indentation strength
test-piece mould has been revised.

nance are
ed for the
b with the

subject of
Details of
on and/or

1 does not

an explanation of the voluntary nature of standards, the meaning of ISO specific ferms and

hce to the

Ww.iso.org/

C 1, Filling

has been

rocedures
] mass of
including

moulds.

reduction

8.3.1.1 and 8.3.1.2: two additional items have been added to the list of apparatus.

8.3.1.4: blood dilution vials without protuberances on the interior base surface might not be

available. A means by which the required flat surface can be created has been added.

8.3.4 and 8.4.2.2: a technical addition has been made to the procedure. Instructions are given for

replacing test-pieces from which invalid results had been produced. Also, advice is give
the maximum number of permitted replacements at the time that the actual test-pieces ar

n to make
e made (to

avoid a possible 31-day delay should a result be invalid and a replacement test-piece be required).

8.4.2.2: instructions are given to inspect the substrate disc and to replace it if damage is observed.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document gives the practical details of three test methods for the measurement of the resistance
to corrosion of dental amalgam. These corrosion test methods are laboratory procedures for
evaluating the relative performances of dental amalgam alloy products. They are designed to produce
a measurable effect (and differences between products) within a relatively short time period, a time
period appropriate for a comparative laboratory evaluation.

The results of these tests should not be used for any biocompatibility claims, for which their use is

inappropriate
I Ir

Shpuld other corrosion test procedures emerge in time as suitable for application in |comparative
evaluations of dental amalgam products, they will be included in future editions of this)docuinent.

© 1S0 2020 - All rights reserved vii
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TECHNICAL SPECIFICATION

ISO/TS 17988:2020(E)

Dentistry — Corrosion test methods for dental amalgam

1

Scope

This document gives the details of test procedures for evaluating the corrosion resistance of dental
amalgam formed from products that are within the scopes of ISO 24234 and ISO 20749.

Thlis document is not applicable to other metallic materials in which an alloy powderea
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Thf following documents are referred to in the text in such a way that,seme or all of the
stitutes requirements of this document. For dated references, only'‘the edition cited applies. For

1id alloy to produce a solid metallic material intended for dental restoration.

Normative references

Hated references, the latest edition of the referenced document (including any amendment

286-2, Geometrical product specifications (GPS) — ISO code system for tolerances on line
rt 2: Tables of standard tolerance classes and limit deviations for holes and shafts

1942, Dentistry — Vocabulary
3585, Borosilicate glass 3.3 — Properties
3696, Water for analytical laboratory use — Spécification and test methods

4287, Geometrical Product Specifications (GRS) — Surface texture: Profile method — Terms,
 surface texture parameters

6344-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test
7488, Dentistry — Mixing machines for dental amalgam
13897, Dentistry — Dental\amalgam reusable mixing-capsules

24234, Dentistry — Pental amalgam

Terms and definitions
the purposes of this document, the terms and definitions given in ISO 1942 and the follow

andEC maintain terminological databases for use in standardization at the following ad

rts with a

ir content
5) applies.

nr sizes —

fefinitions

ing apply.

lresses:

ISO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

31

dental amalgam alloy
alloy in fine particles, composed mainly of silver, tin and copper, which when mixed with dental mercury
produces a dental amalgam for dental restoration

[SOURCE: ISO 20749:2017, 3.1]

© IS0 2020 - All rights reserved
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3.2

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

[SOURCE:
3.3

ISO 20749:2017, 3.2]

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 the production of a mass of dental amalgam

that is con

Note 1 to ¢
immediate

[SOURCE:
3.4

dental amalgam alloy tablet

quantity

purpose d
dental me
or mediur

Note1toe
[SOURCE:

3.5
dental m
measured
mass that
of dental
single too

Noteltoe
with the dg

Note2toe
[SOURCE:

3.6
immersid

sidered to be suitable for a cing]n small or medium size restorationina cing]n tooth

ntry: The dental amalgam alloy powder and dental mercury are separated by a barrier that is.brol
y prior to mixing, allowing their contact. The capsule remains sealed until mixing has been Complet

1SO 20749:2017, 3.3]

f dental amalgam alloy powder that has been compressed to form.a single entity for
f providing a pre-dosed quantity of the alloy that, when mixed with-an appropriate mass
rcury, produces a mass of dental amalgam that is considered totbe suitable for a single sm
h size restoration in a single tooth

ntry: During mixing the tablet is intended to break apart, forming’a fine powder.

ISO/TS 20746:2016, 3.4]

prcury sachet

quantity of dental mercury supplied in a-sachet (for use in a reusable mixing capsule) i
when mixed with an appropriate mass ‘of dental amalgam alloy powder, produces a m
hmalgam that is considered to be suitable for a single small or medium size restoration i
Lh

htry: The sachet is intended to rupture during mixing to allow the dental mercury to come into conf]
ntal amalgam alloy powder.

htry: The dental mercurysachet is also known as a dental mercury pillow.

ISO/TS 20746:2016;.3-5, modified — Note 2 to entry added.]

n corrosion test

test in w

temperatyre) for'a‘defined period of time to determine quantitatively the elemental release into
solution ahd thereby allow a comparison of the corrosion resistance between this and other product;
a similar fype

ich a test-piece of known surface area is immersed in a specified solution (at a specif

kKen
ed.
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na
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na
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3.7

potentiostatic corrosion test
test in which a test-piece of known surface area is immersed in a specified electrolyte (at a specified
temperature) with a set potential applied for a defined period of time during which the corrosion
current is recorded, integrated and then normalized by the anodic surface area and time to produce the
total charge transported per unit of area in a unit of time [units C/(cm?2.d)]

© IS0 2020 - All rights reserved
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3.8

Hertzian-loading strength-reduction test

test in which a test-piece is immersed for a defined period of time in a specified solution (at a specified
temperature) in a way that creates crevice corrosion conditions on one surface, after which it is removed
from the solution and fractured with the force to do this then compared with the force to fracture an
identical test-piece subjected to ageing in air at the same temperature

Note 1 to entry: Fracture is initiated from the surface subjected to crevice corrosion conditions and proceeds by
radial crack growth.

3.9
raglial cracking
frdcture pattern of a Hertzian-loaded test-piece in which (more or less) planar cracks fornr ajong radii,
nofmal to the face of the disc shaped test-piece, thus dissecting it into two or more sectors

Nofe 1 to entry: Such radial cracks initiate on the test surface of the test-piece and propagate through| the disc to
prqduce approximately equiangular dissection in most cases.

EXAMPLE Some radial fracture patterns in disc shaped test-pieces are illustrated here.

DD @B

[SQURCE: ISO/TS 20746:2016, 3.8]

3.10

top surface
surface of the disc shaped test-piece thathas been produced by carving back unset amalgam that is
abpve the level of the mould until the surface of the test-piece is flat and level with that mould surface

[SOURCE: ISO/TS 20746:2016, 3.6]

311

tegt surface
sufface of the disc shaped-test-piece that has been produced by contact with the polished glass plate
when the mixed amalgam’is packed into the mould

[SOURCE: ISO/TS,20746:2016, 3.7]

3.12

mixing machine for dental amalgam

DHPRECATED: amalgamator

echtrically powered mixing machine that operates using an oscillating action for mixing dental
algam alloy and dental mercury (in a capsule) to produce a dental amalgam l|

a

4 Sampling
Products shall be procured in packages that have been produced for retail.
For pre-capsulated dental amalgam products, procure a sufficient number of capsules from a single lot.

For dental amalgam alloy in the form of a powder supplied in bulk or as dental amalgam alloy tablets,
procure sufficient dental amalgam alloy and a sufficient number of dental mercury sachets from single
lots. The dental mercury sachets shall conform to ISO 24234.

NOTE In this context, “sufficient” is deemed to be the quantity to make the required number of test-pieces
and the maximum number of test-pieces allowed to replace any that are rejected.

© IS0 2020 - All rights reserved 3
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For the immersion corrosion procedure (see Clause 6), at least 1,5 g of dental amalgam alloy is required
per test-piece.

For the potentiostatic corrosion procedure (see Clause 7), at least 1,5 g of dental amalgam alloy is
required per test-piece.

For the Hertzian-loading strength-reduction procedure (see Clause 8), at least 3,5 g of dental amalgam
alloy is required per test-piece.

5 Preparation of dental amalgam test-pieces

5.1 Ger

51.1 T¢

Prepare tg

jeral

Pmperature

pst-pieces at (23 + 2) °C.

5.1.2

For a denfal amalgam alloy product supplied either as tablets or as a freé-flowing powder in bulk,

ratio by miass of the dental amalgam alloy to the mass of dental mercury should be that recommended
the manufacturer. Use a reusable mixing-capsule (with a pestle, if needed) that conforms to ISO 138
Use any ofther mixing accessory that is required, as recommended’ by the manufacturer. If more th
one mix iy required to make the test-piece, produce these mixes-simultaneously using equipment of

ixing

he
by
97.
an
he

same typ¢ for each mix. However, if the last mix can be produeed within the working time of the first

mix, mixi
For pre-c
or sequen

mixing of
only a por

Use a mixing machine for dental amalgam that conforms to ISO 7488 and that is recommended for mix

the denta
mixing m
amalgam

5.2 Cyl
procedu

g these masses sequentially on a single piece of equipment is permitted.

ially on a single mixing machine for defital amalgam. (The latter is permitted, provided

tion of the dental amalgam mix from’one of these capsules.

amalgam alloy product with* dental mercury or mixing the pre-capsulated product. Use
hchine settings and mixing time that are recommended by the manufacturer of the den
hlloy or pre-capsulated\product (for the mass of dental amalgam alloy that is being mixed).

ndrical test-pi€ces for use in the immersion and potentiostatic corrosion test
Fes

5.2.1

Mix a masfs of the dental amalgam at least sufficient to make a cylindrical test-piece (8 + 1) mm in leng

after packingintothe die shownin ltgure 1

ss of dental amalgam to be mixed

psulated products, use as many capsules asiare needed. Mix the contents of the capsulles
either sintlltaneously using the same number of mixing machines for dental amalgam of the same ty|

pe,
he

the last capsule is completed before the end of the working time of the first.) If necessary, fise

Ing
the
tal

rth

NOTE

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

5.2.2 Apparatus for the preparation of dental amalgam cylindrical test-pieces

5.2.2.1

General

Use the apparatus as shown in Figures 1 to 4.

© IS0 2020 - All rights reserved
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/7

%7

6

N N 4
11— N 77N
=
‘% s |
3 L —1
Key
1 | holder
2 | spacerno.1
3 | spacer no. 2
4 | plunger no. 2
5 | test-piece
6 | die
7 | plunger no. 1
NOTE The dimensions for each of the components are given in the figures that follow.

Figure 1 — Vertical section through the apparatus for making dental amalgam cylindyical test-
pieces, showing the:assembled apparatus with a test-piece in place

© IS0 2020 - All rights reserved 5
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Key
1

slot

Dimensions in millimetres

826 +0,1
| |
N I —
¢/ I R = I N R
[¥a]
S A s
e ——
) ~N
e |
i i
1 ; ;
| |
©32 0,1 -
-
+l
(o)

26 0,1

Figure 2 — The holder
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Dimensions in millimetres

6 0,1

$25 £0,1

2 +01

R3 #0.1 |

25 01
|
I

6 +0,1

Figure 3 — Spacer no. 1 (left) and spacer no. 2 (right)

Dimensions in |

+0,01
0

4,01

0
oL -0,018

0
$Le-0,018
|
@
[

$25 £0,1

12,5 20,1

millimetres

25 0,01
26 £0,01

13 £0,01

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

© IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=daa3652396a81f5c1ac8e4a55d63b712

ISO/TS 1

7988:2020(E)

To assist the operator in judging whether the correct quantity of dental amalgam has been inserted into
the die, for the test-piece to be within the permitted range for length [i.e. (8 = 1) mm)], circumferential
datum lines may be scribed at 11 mm and 13 mm from one end of plunger no. 1. This end shall be
in contact with the dental amalgam. Though such datum lines are not mandatory, their use is
recommended.

The diameters of the plungers are subject to a shaft (or in this case a plunger) clearance (with
a tolerance) of h7 according to ISO 286-2. For a plunger that is nominally 4,000 mm in diameter, its
diameter shall be between 0 um and 18 pm less than 4,000 mm. Thus, the diameter of the plunger shall
be between 3,982 mm and 4,000 mm.

The diamleter of the hole in the die is subject to a clearance (with a tolerance) of F7 according

ISO 286-2

20 um mojre than 4,000 mm. Thus, the diameter of the hole shall be between 4,010 mm and 4,020 mi

5.2.2.2 Materials and tolerances for construction of the apparatus to make test-pieces

Make the
hardened
to a rough
clearance

5.2.2.3

Assemble

5.2.3 Packing

Place the
several th
diameter.
cavity ang

If plunger

For a hole that is nominally 4,000 mm in diameter, its diameter shall be between 10 um 4

holder and the spacers of cold-rolled or stainless steel. Make the die‘and the plungers

ness, R,, not greater than 6,3 um when tested in accordance with-1SO 4287. Set the limits
between the die and the plungers at F7 and h7, respectively, in accerdance with ISO 286-2,

Assembly of the apparatus

the holder, spacers no. 1 and no. 2, the die and plunger-ho. 2 as shown in Figure 1.

Coherent mass of mixed dental amalgam on top of the die cavity and insert immediately w
rusts of a hand instrument for dental amialgam packing that is slightly less than 4 mm

proceed, following the schedule given in Table 1.

from the

After ejecfion from the mould; the test-piece should not be trimmed.

Inspect thie surfaces of thetest-piece for any defects. Use visual inspection without magnification. Ca
out this ifspection at@n-illuminance of at least 1 000 lux and at a distance not exceeding 250 mnj.
person making thednspection shall have nominally normal visual acuity. [Corrective (non-magnifyij
non-tinted lenses‘may be worn.] If the test-piece is defective, replace it.

Table 1 — Schedule for the production of a dental amalgam cylindrical test-piece

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

to
nd

n.

of

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

of

ith

Do not express dental mercury during bhis process. Then insert plunger no. 1 into the fie

no. 1 has circumferential datumilines scribed on its cylindrical surface (at 11 mm and 13 mm
end of the plunger that is in €ontact with the dental amalgam), the test-piece will be within
the permifted (8 + 1) mm range fogplength if the 13 mm datum line can be seen and the 11 mm dat
line cannqt.

ry

ng)
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5.3 Disc-shaped test-pieces for use in the Hertzian-loading strength-reduction test

5.3

5.3

.1 Apparatus for the preparation of dental amalgam disc-shaped test-pieces

.1.1 Mould as shown in Figure 5.

5.3.1.2 Flat glass plate, with a polished scratch-free surface and square with an edge length greater

tha

n 30 mm.

5.3

b
g
e

5.3

The mould shall be made of hardened tool steel or hardened stainless,steel. The upper
surfaces shall be flat and parallel, and have an arithmetic mean roughness value, R,, not gr

6,3
an
dia

For example, it may be honed to an arithmetic mean roughness value, R, of 6,3 um (whern

acd

NOTE1 For convenience, to distinguish between the two surfaces during test-piece productig
engraved mark (set away from the hole) can be made on ore of the mould faces.

NOTE 2  The angle of the taper, (7 £ 2) °, is the included angle. The wall of the mould is at an angle of

wit

.1.3 Microscope slide, glass, to provide a straight edge to carve back the dental amalgams:
.1.4 Hand instrument for dental amalgam packing.

.2 Materials and tolerances for construction of the mould

um when tested in accordance with ISO 4287. The hole shall have a‘taper of (7 £ 2) ° tg

hnd lower
bater than
allow the

algam disc to be ejected without undue force when this is appliedto the face that has the smaller

meter. The tapered surface shall be smooth enough not to ifipede the ejection of the

ordance with ISO 4287).

h the centre line.
®30 =1

test-piece.
tested in

n, a small

3,5+1,0)°

3 0,01

$10,37 £0,10

$10 I*;0,01

Figure 5 — The mould to produce disc-shaped test-pieces for the Hertzian-loading strength-

reduction test
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5.3.3 Packing the mould, removal of test-piece and inspection for surface defects

Place the steel mould on the glass plate with the side that has the greater diameter for the tapered hole
in contact with the plate.

NOTE1 The surface of the glass plate acts as a matrix for the test surface of the test-piece.

Mix a mass of the dental amalgam sufficient to make a disc-shaped test-piece that is 10 mm in diameter
and 3 mm high after packing into the die shown in Figure 5.

NOTE 2 The mass ofa 10 mm diameter dental amalgam disc 3 mm in height is approximately 3,0 g.

Pack the dental amalgam by hand, overfilling slightly. Carve back using the edge of the microscope'sljde
to product a flat surface (on the dental amalgam) that is level with that of the mould.

Allow the dental amalgam to set for 10 minutes. Carefully eject the test-piece from thé&’mould |by
applying light finger-pressure to the surface of the test-piece that had been carvediback (the “tpp”
surface), yhile holding the mould in the other hand. Check visually that the test surface is defect-ffee
everywhelre, other than possibly at the margin. Use visual inspection without maguification. Carry put
this inspeftion at an illuminance of at least 1 000 lux and at a distance not exceeding 250 mm. A pergon
making the inspection shall have nominally normal visual acuity. [Corrective-(non-magnifying) npn-
tinted lenfes may be worn.] If a defect is detected, reject that test-piece and nrake a replacement.

To prevent any damage to the test surface during ejection, placing a thick soft pad, such as a number of
dental napkins, under the mould to “catch” the ejected test-piece isxecommended.

After ejecfion do not grind or polish the surfaces of the test-piece;

6 Determination of the resistance to corrosion by the immersion procedure

6.1 Principle

Static immersion corrosion tests, of which this’is one, are used extensively in the metals industry] to
assess th¢ corrosion resistance of diffepént alloys to a specific potentially corrosive environmgnt.
In its simplest form, the weight loss from a test-piece (immersed for a specified time at a defined
temperatyre) is measured. The compwosition of the test solution is relevant to the intended applicatjon
but modiffed to yield a measurable'effect in a period of time very much less than the expected servijice
life. (It is an accelerated test.) It isreliable as a screening test for uniform surface corrosion resistaince
under conlditions that are static-A static immersion corrosion test does not measure the effect of pittjng
corrosion| crevice corrosion'or other local corrosion processes.

The test procedure givenhere was developed specifically for dental amalgam from the staticimmersjon
test used for dental.metallic materials (specified in ISO 10271) in which the release of metal ions into
the electrolyte is measured quantitatively by using spectroscopic analysis. (This replaces measurement
of weight Joss,)\For dental amalgam, the apparatus is also modified to collect any mercury vapour that
might be feleased. Because dental amalgam has a lower corrosion resistance than, for example, derftal

gold al]oy\ , the n]ar‘frn]yh: r‘nmpncuhnn is less aggressive

The data collected is processed to give the release of metallic elements in micrograms per unit of
exposed surface area of the test-pieces and in nanograms of mercury vapour released per unit of
exposed surface area.

6.2 Reagents for the test solution and cleaning the apparatus
6.2.1 Lactic acid solution = 85 9% grade.

6.2.2 Water, to Grade 2 as specified in ISO 3696.
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6.2.3 Nitric acid, spectroscopic grade.

6.2.4 Ethanol, analytical grade.

© IS0 2020 - All rights reserved 11


https://standardsiso.com/api/?name=daa3652396a81f5c1ac8e4a55d63b712

ISO/TS 17988:2020(E)

Key

Bw N R

12

12

Dimensions in millimetres

@ ext. 4

waterqbath at.(37,0 + 0,5) °C
0,1 mql/tlaetic acid solution

)

round-bottomed ftask, 250 mi Capadacity, three parallel necks with ground-gIass JoInts

conical ground-glass joint with a cone screw-thread adapter to create and maintain the seal with the glass

rod or tube

glass tube (air inlet tube)

PVC tubing (1 000 = 100) mm in length
peristaltic pump

PVC tubing (500 * 50) mm in length
variable area air-flow meter

PVC tubing (150 = 50) mm in length
glass reduction connector
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12 direction of gas flow

13 glass reduction connector

14 PVC tubing (150 = 50) mm in length

15 gold-impregnated silica tube mercury vapour trap

16 PVC tubing (150 + 50) mm in length

17 conical ground-glass joint with a cone adapter to create and maintain the seal with the glass tube
18 water-cooled Liebig condenser with ground-glass joints

19 solid glass rod (suspension rod)

20 comicat ground=glassjoimnt

21| polychloroprene? O-ring to fit the glass rod
22| nylon threads

23| test-pieces

a Neoprene® is the trade name of a product supplied by Dupont Performance ElastomersL.L:C., Dupont de Nemours
Ind, Wilmington DE, USA. This information is given for the convenience of users of this'document arjd does not
copstitute an endorsement by ISO of this product.

NOTE The peristaltic pump recirculates the air during the test.
Figure 6 — Immersion corrosion testapparatus

In [Figure 6 the use and positioning of reduction connectors is intended to be schematic| Use such
copnectors in such numbers and with sizes as required-to‘attach tubing with appropriate digmeters to
the components of the apparatus.

6.3 Apparatus

6.3.1 Flask, of borosilicate glass (in aceordance with ISO 3585), having a round bottorh, 250 ml
cajpacity, with three parallel necks and ground-glass conical socket joints.

6.3.2 Inlet tube, of borosilicate, glass (in accordance with ISO 3585), with an internal dfameter of
(4,0 £ 0,2) mm and approximate\length of 150 mm.

6.3.3 Variable area air-flow meter, of borosilicate glass (in accordance with ISO 3585), wiith a glass
flopt and a measureméntTange of 0 ml/min to 10 ml/min.

Other flow meastiring instrumentation may be used if it can measure air-flow within the samje range.

6.3.4 Peristaltic pump (variable speed), to operate at up to 20 r/min, to provide an air-flow rate of
(50 = 0,3y ml/min through the inlet tube (6.3.2).

6.3.5~ Atomic fluorescence mercury vapour annlycpr that is rnmpnfih]p with the selected mercury

vapour trap (6.3.6)1).

6.3.6 Mercury vapour trap (four in number), a commercially manufactured gold-impregnated silica
tubular trap?).

1) PSA 10.525 Sir Galahad mercury vapour detector by PS Analytical, Orpington, Kent, UK is an example of a
suitable product available commercially. This information is given for the convenience of users of this document and
does not constitute an endorsement by ISO of this product.

2) Quartz Amasil 30 mg filled by PS Analytical, Orpington, Kent, UK is an example of a suitable mercury vapour
trap available commercially. This information is given for the convenience of users of this document and does not
constitute an endorsement by ISO of this product.
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6.3.7 Liebig condenser, straight, water-cooled, of borosilicate glass (in accordance with ISO 3585),
and at least 20 cm in length, with ground-glass joints. (The lower cone end shall fit one of the outer necks
of the flask, 6.3.1).

6.3.8 Cone screw-thread adapter (three in number), of borosilicate glass (in accordance with
ISO 3585) to fit the outer and centre necks of the flask (6.3.1) and the socket end of the condenser (6.3.7).

6.3.9 Solid suspension rod, of borosilicate glass (in accordance with ISO 3585) with a diameter of
(4,0 £ 0,2) mm and approximately 150 mm length.

6.3.10 “Q” ring, of polychloroprene3), with internal diameter < 3,8 mm, to fit the suspension rod {6:3[9).
6.3.11 Thread, nylon, single-ply, sewing.

6.3.12 PVC tubing, clear plasticized, with internal diameters (3,2 mm to 7,8 mm) and lengths, both| as
required.

6.3.13 Reduction connector, of borosilicate glass (in accordance with ISO3585). Number and sizq of
these as r¢quired.

6.3.14 Analytical facility, AAS, ICP-OES or ICP-MS.

6.3.15 Whater bath, with a temperature control to maintain (3,0* 0,5) °C.
6.3.16 Be¢akers (six in number), of borosilicate glass (in.accordance with ISO 3585), 250 ml capacityj
6.3.17 Pglyethylene gloves.

6.3.18 Vglumetric flask with stopper, of borgsilicate glass (in accordance with ISO 3585), 1 1 capac

—

Y
6.3.19 Beaker of borosilicate glass (in accordance with ISO 3585), 500 ml capacity.

6.4 Mercury vapour analyserrequirements

Use a tubtlar gold-impregnatéd silica mercury vapour trap with a collection capacity of at least 50 mg
of mercury. To measure-thé mercury vapour it has collected, use a compatible atomic fluoresceince
mercury yapour analyser’' with a lower detection limit no greater than 1 ng and accuracy no wofse
than * 1 pg. Before ‘the trap is used all mercury from a previous recording must be discharged| in
accordande with the/manufacturer’s instructions.

NOTE For‘the convenience of the user of this document, instrumentation manufactured by PS Analyticdl is
given as syitable. It is possible to collect mercury vapour on such a mercury vapour trap operating remote qnd
offline, after which the trap is sent to an analytical [aboratory company that poSSeSSes an appropriate atomic
fluorescence spectrometer and offers a mercury vapour analytical service, to determine the amount collected.
If corrosion testing of amalgam is infrequent, this could offer an economic alternative to the purchase of the
spectrometer. If this option is taken, a minimum of four such mercury vapour traps are required. This information
is for the convenience of users of this document and does not constitute an endorsement by ISO of this product.

3) Neoprene® is the trade name of a product supplied by Dupont Performance Elastomers L.L.C.,, Dupont de
Nemours Inc., Wilmington DE, USA. This information is given for the convenience of users of this document and
does not constitute an endorsement by ISO of this product.
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6.5 Cleaning the glassware

For cleaning the glassware, make up a solution of nitric acid with a concentration of 3 mol/l [using the
spectroscopic grade nitric acid and water (to Grade 2, as specified in ISO 3696)] in the 500 ml beaker.

Rinse all the items of glassware with water (to Grade 2, as specified in ISO 3696), then acid-wash them
with the 3 mol/I nitric acid solution. The surfaces that are to be acid-washed are those that are within the
corrosion apparatus. Follow this by rinsing with water (to Grade 2, as specified in ISO 3696) and shake off
any residual water droplets. Then rinse with analytical grade ethanol. Dry by evaporation in air.

xclude this

WARNING — Care should be exercised when cleaning glassware to ensure that-rinsing with
wdter takes place between washing in acid and rinsing using ethanol. Ethanol-njtric acid
mixtures can be highly unstable and explosive. Keep the two chemicals well'separated during

6.6 Assembly of the immersion corrosion test apparatus

The components of the apparatus required are specified in 6.3, €lean the glassware follpwing the
prpcedure given in 6.5. Assemble the apparatus in accordance with Figure 6. However, Figuie 6 shows
the¢ immersion corrosion test apparatus with the two test-pie€es in place and the solution gresent. At
this (assembly) stage do not add the solution or the amalgamtest-pieces to the apparatus.

Usg new PVC tubing to connect the condenser to the mercury vapour trap, the mercury vgpour trap
to [the variable area air-flow meter and the variable,area air-flow meter to the glass inlet|{tube. Use
tubing with an internal diameter that will producga tight fit when it is pushed over the ends of these
components. (It may be necessary to use a range:0f tube diameters and glass reduction conngctors.)

The temperature of the cooling water flowing through the Liebig condenser shall be sufficiently low to
pr¢vent condensation of water (from vapeur in the recirculated air) in the mercury vapour trap.

6.7 Test-piece production

Mdasurement of the resistancetocorrosion is made by two determinations. Produce two cylindrical test-
pigces 4 mm in diameter and (8 + 1) mm in length, according to 5.1 and 5.2, for the first detefymination.
Th actual diameter of these test-pieces is greater than 4,00 mm as a consequence of the F7|clearance
for the hole in the die-that is used and any setting expansion that takes place after the remgval of the
teqt-piece from the die:

NOTE1 The 4mm diameter cylindrical hole in the die has a nominal diameter of 4,000 mm which is given a
cleprance (withiza'tolerance) for a shaft (i.e. plunger) of F7, in accordance with ISO 286-2. As a consefuence, the
tesft-piece diameter will not be less than 4,010 mm.

At minimum time of 10 h after the start of production of the first two test-pieces, start to prpduce two
mqre-of these test-pieces to be used for the second determination.

NOTE 2  The production of the reference and test solutions for the first determination (6.10.1) takes a minimum
of 10 h to complete. Since the upper time limit for the storage of the second pair of test-pieces is 7 d 7 h and the
second determination (with the production of its reference solution) cannot start until the test solution for the
first determination is removed from the round-bottomed flask (which is then to be cleaned), a delay in the start
of the production of the second pair of test-pieces is necessary.

Store all test-pieces in air at (37 = 2) °C for (7,0 = 0,3) days.

After storage, measure the length and the diameter of each test-piece to an accuracy of 0,02 mm. This
shall be done at the ambient room temperature. If handling the test-piece is unavoidable, this shall be
done wearing previously unused polyethylene gloves.
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6.8 Preparation of the 0,1 mol/l lactic acid solution
Clean the volumetric flask following the procedure given in 6.5.

(6,7 £ 0,3) days after the first pair of dental amalgam test-pieces have been removed from the production
mould, make up 11 of lactic acid solution (¢ |,¢tic acig = 0,1 mol/1) in the graduated flask, using the > 85 %
grade lactic acid and water (to Grade 2, as specified in ISO 3696). Measure the pH of the solution. If the
pH value is outside the range 2,3 * 0,2, discard and remake the solution. If the problem persists, obtain
and use a new bottle of lactic acid.

6.9 Finfshing the dental amalgam test-piece
Clean one|of the 250 ml beakers following the procedure given in 6.5.

Add (200,p £ 0,1) ml of the 0,1 mol/1 lactic acid solution, as a test-piece finishing solution, to.the cleaned
beaker. Immediately after measuring the dimensions of the first pair test-pieces, suspend-them by nylon
threads ir] this aliquant of the acid solution. Adjust the length of the threads to immerse the test-piefes
such that [they do not touch each other, the wall of the beaker or its base. Cover the)beaker to prevent
evaporatipn. Hold the test-pieces in this finishing solution at (37,0 + 0,5) °C for (24,0 + 0,2) h.

Discard this finishing solution when the test-pieces are removed.

6.10 Test procedure

6.10.1 First determination

6.10.1.1 Production of the reference solution

Itis necesgary to produce a reference solution and meagure the content for relevant elements to establjsh
background values for these elements that result from impurities in the solution and contaminatjon
from the glassware. Because mercury vapour (potentially to be released during corrosion of amalgam)
is relevany, it is necessary to establish a background value for it. This is the mercury collected in the
mercury yapour trap during production of the reference solution.

(18,0 = 0,2) h after the start of the test-piece finishing procedure (6.9) for the first determinatipn,
add (200,9 = 0,1) ml of the 0,1 mol/]I lactic acid solution to the round-bottomed flask of the immersjon
corrosion|test apparatus.

Set the glass air inlet tube id-its adaptor and place the latter in position in the appropriate neck of the
flask. Adjuist the tube vertivally, to place the end at a depth of (20 £ 2) mm below the surface of the
solution inp the flask, thentighten the screw-thread adaptor.

Place the glass rod (without test-pieces attached) in its adaptor and place the latter in the centre n¢ck
of the flask.

Add the cpndenser to its neck. (All other connections were completed in 6.6 and now the corrosjon
apparatus tasaclosedenvi Uuulcut.)

Position the flask in the water-bath [which is maintained at (37,0 £ 0,5) °C] such that the surface of the
lactic acid is at the same height as the surface of the water in the bath. (10 *+ 2) min later, turn on the
peristaltic pump and adjust its rotational speed control to give an air-flow rate of (5,0 + 0,3) ml/min.
The bubbling of gas through the lactic acid solution may produce a slight fluctuation in the flow rate.
The average value should be calculated by reading the flow rate on the variable area air-flow meter at
10 s intervals over a period of 1 min.

Clean a second 250 ml beaker following the procedure given in 6.5.

At (5,0 £ 0,1) h turn off the peristaltic pump. However, maintain the water-bath temperature at
(37,0 £ 0,5) °C and keep the cooling water flowing through the condenser. Disconnect the round-
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bottomed flask and remove it from the water-bath. Pour the lactic acid solution that it contains into the
cleaned beaker. This sample of solution is the reference solution. Cover it until it is analysed.

Disconnect the mercury vapour trap. Place it in its transit container and cap the ends of the container.
Retain for analysis.

It is convenient to analyse all of the samples (the reference solutions, the test solutions and the mercury
vapour traps obtained by 6.10.1 and 6.10.2) consecutively. Therefore, the liquid samples are retained in
separate, clean and covered borosilicate glass beakers until all four samples have been produced before
the analysis is done. Also, the mercury vapour traps are retained until the fourth (and last) collection is

madebefore their mercury contentsare measured

Popir out and discard any of the reference solution that remains in the flask. Return the reuhd;
flagk to its position in the corrosion apparatus. Replace the used mercury vapour trap with g
the¢ second) mercury vapour trap. Reconnect all tubes.

6.10.1.2 Corrosion procedure to obtain the test solution

Atlhe end of their (24,0 + 0,2) h finishing period (6.9), remove the two defital amalgam test-p
the¢ solution and rinse them with water (to Grade 2, as specified in 1S0)3696). Do not touc
pidces with bare or gloved hands. Tie a length of nylon thread securely around each test-pie
lenigth. Add (200,0 = 0,1) ml of the 0,1 mol/Ilactic acid solution to the round bottomed flask. R
glgdss rod from the immersion corrosion test apparatus and attach the test-pieces to it using
theads and polychloroprene® O-ring. Return the glass rodp.its position in the round-botto
Sugpend the two test-pieces in the acid and adjust the lengths of the threads and vertical posi
rogl in the adapter, such that the test-pieces are completely immersed and touch neither each
the surface of the flask. Recheck that the vertical position of the flask in the water-bath is sugq
su

pe

The position of the polychloroprene O-ring on'the glass rod should allow the rod to be raised
the rod through its screw-thread adapter(Figure 6, key reference 4) until the dental ama
pigces are above the surface of the testsolution.

NO

ristaltic pump and adjust the speed to give a flow rate of (5,0 + 0,3) ml/min.

TE Raising the test-pieces follows the immersion period.

C

—

dan a third 250 ml beaker following the procedure given in 6.5.

At
op

gl3
cir

(4,0 £ 0,1) h after the, start of the immersion, remove the test-pieces from the solutior]
ening the flask to_the atmosphere) by loosening slightly the screw-thread adapter and 1
ss rod. Retightef-the screw-thread adapter when the test-pieces are above the solution. C
culate the air-fora further (1,0 + 0,1) h to flush mercury vapour from the airspace above th

At
thd

(5,0 £ 0,1)\H disconnect the mercury vapour trap. Place it in its transit container and cap t
container. Retain for analysis.

Digconnect the round-bottomed flask and remove it from the water-bath. Pour the test solutid
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bottomed
fresh (i.e.

eces from
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ce at mid-
emove the
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other nor
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(without
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bntinue to
e solution.

he ends of

n into the
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6.10.2 Second determination
Make up 11 of a fresh solution of 0,1 mol/l1 lactic acid, following the directions given in 6.8.

Finish the two test-pieces that were produced for the second determination (in accordance
following the finishing procedure given in 6.9. (Use the fourth 250 ml beaker.)

4) Neoprene® is the trade name of a product supplied by Dupont Performance Elastomers L.L.C,

with 6.7)

Dupont de

Nemours Inc., Wilmington DE, USA. This information is given for the convenience of users of this document and

does not constitute an endorsement by ISO of this product.
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Disassemble the corrosion test apparatus. Clean the glassware components according to the procedure
in 6.5 and reassemble according to 6.6.

Following the procedure that is given in 6.10.1.1, produce a (second) reference solution. During
production of this reference solution collect any mercury vapour present on a fresh (i.e. the third)
mercury vapour trap. This reference solution should be retained in the fifth 250 ml beaker (cleaned
using the procedure given in 6.5) and covered until it is analysed.

Disconnect and remove the mercury vapour trap from the corrosion apparatus. Place the mercury
vapour trap in 1ts transit container and cap the ends of the container. This mercury vapour trap should
be retained > second corrosiontest procedure has been completed before its mercury content is
determingd.

On completion of the finishing procedure, subject the second pair of test-pieces to the corrosion test
procedure that is set out in 6.10.1.2. A fresh (the fourth) mercury vapour trap should be used.’After the
5 h period during which air was bubbled through the solution, pour the second test sélution into the
sixth 250 ml beaker (cleaned using the procedure given in 6.5) and cover until it is analysed. Disconnpct
and remoye the mercury vapour trap from the corrosion apparatus. Place the mercury vapour trag in
its transit/container and cap the ends of the container. Retain for analysis.

6.11 Analysis to determine the metal ion and mercury vapour release

cognized analytical procedure (e.g. ICP) with adequate senSitivity (i.e. 10~7 mass fraction] or
better), analyse both corrosion test solutions and their respective reference solutions for Ag, Sn, Cu,|Zn

the dental amalgam alloy in a mass fraction greater than 0,5 %:

Measure the amount of mercury vapour that has been collected on each of the four mercury vapgur
traps by ulsing the atomic fluorescence mercury vapouranalyser.

Subtract the background reading, i.e. the reference solution values, for the specified elements from the
respectiv¢ values obtained from analysis of the ‘corrosion test solution to obtain the elemental release
produced by corrosion. Do this for both determinations. Using the test solution volume, 200 ml, convert
concentraftions to masses.

Subtract the background value for metcury vapour from the corrosion test value for mercury vapgur
collected fo obtain the mercury vapour released by corrosion.

Heterminations, calculate the mass for each element that has been released from the two
lgam test-pieces pep square centimetre of their combined surface area.

Record bq
element (

th sets of restlts. Calculate and record the mean value for the mass of the release of each
ber square centimetre of test-piece surface area).

a) name of the dental amalgam alloy product and its lot number;
b) areference to this document (i.e. ISO/TS 17988:2020);
c¢) name and address of the manufacturer;

d) the mean values of the two determinations for the release of each of the elements Ag, Sn, Cu, Zn, Hg
and any other element declared by the product manufacturer to be present in the dental amalgam
alloy in a mass fraction greater than 0,5 %, in each case expressed per square centimetre of test-
piece surface area, “pug/cm?2in 4 h”;

e) the mean values of the two determinations for the sum of the release of all elements released
measured in “pug/cm?2 in 4 h”;
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f) the value for the release of mercury vapour in “ng/cm? in 4 h” - this shall be the mean value for the
two determinations;

g) name and address of the organization responsible for the testing (e.g. test house, university,
department of manufacturer);

h) any deviations from the procedure;
i) any unusual features observed;

j) date of testing.

7 | Determination of the corrosion by the potentiostatic procedure

7.1 Principle

Berause metallic corrosion is an electrochemical process in which there-is a flow of electrons, the
potential on a metallic material in a corrosion cell can be controlled electronically and the current
mgasured. This is the basis of the potentiostatic experimental proceduné:Here, it is used to chhracterize
the corrosion properties of dental amalgam immersed in an electrolyte relevant to the oral condition.
The “open circuit potential” (which gives the thermodynamic tendency of the dental amalgam to
pafticipate in electrochemical corrosion in its surrounding medium) is obtained. Imposing g potential
anfl then continuously measuring the consequent current over a‘specified time yields the ratg of charge
trgnsfer and gives the susceptibility to corrosion. Advocatés of such testing point to it beihg a rapid
procedure, in general.

7.2 Test-piece preparation

Prpduce one cylindrical dental amalgam test-piece 4 mm in diameter and (8 * 1) mm |in length,
in pccordance with 5.1 and 5.2. The actual diameter of this test-piece is greater than 4,00 mm as a
consequence of the F7 clearance for the hole in the die that is used and any setting expansion fthat takes
plgce after the removal of the test-piege,from the die.

NOTE The 4 mm diameter cylindrical hole in the die has a nominal diameter of 4,000 mm which is given
cleprance (with a tolerance) for a shaft (i.e. plunger) of F7, in accordance with ISO 286-2. As a consequence, the
tesft-piece diameter will not be(ess than 4,010 mm.

Stqre this test-piece in ainjat (37 £ 2) °C for (7,0 £ 0,3) days.

Mdasure the diameter of the test-piece to an accuracy of 0,05 mm. Calculate the cross-sectjonal area
anfl express thisin)square centimetres.

Atfach an insulated lead to the test-piece for connection to the potentiostat.

Coyer the-eonnecting lead junction and all surfaces except one end of the test-piece with an [nsulating
mdterial, preferably by casting in epoxy resin.

The temperature rise of the test-piece during setting of the resin should not exceed 15 °C. This
embedding material should not dissolve in, nor react with, the electrolyte solution (7.7).

Using light pressure, wet-grind the exposed end of the test-piece uniformly on coated abrasive that
conforms with micro-grit size P1200 (in accordance with ISO 6344-1) to produce a smooth surface
across the dental amalgam and casting polymer. Wash with water (to Grade 2, as specified in ISO 3696).
Examine the surface, to determine whether a crevice is present at the interface between the dental
amalgam and the casting resin (having been created possibly by the casting process).

If a crevice is seen it can be eliminated by masking. If masking is considered essential and applied,
determine the area of the amalgam that is left exposed, to an accuracy of 0,01 mm?2. This area should be
expressed in square centimetres.
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The testing laboratory may develop its own way of preparing the embedded test-piece, provided the
above procedures are included and the conditions are met.

7.3 Corrosion test cell requirements

7.3.1 Corrosion cell

Use a three-electrode corrosion cell holding the embedded test-piece (working electrode), a reference
electrode probe and an inert counter-electrode (for which platinum or carbon is recommended).

7.3.2 Teémperature control

Use a jaclet and temperature control with circulator, or a temperature-controlled bath, cdapable of
maintainipg (37,0 £ 0,5) °C in the cell.

7.3.3 Volume of the electrolyte

Use at lea$t 300 ml.
7.4 Refprence electrode probe requirements

7.4.1 Reference electrode and its control

Use any gtandard reference electrode with a stable potentialvof known potential difference frpm
a standarf hydrogen electrode (SHE). Adjust the control potential to (0,000 + 0,002) V vs. saturafed
calomel electrode (SCE) at 25 °C, equivalent to (0,2415 + 0;0020) V (SHE).

Other eledtrodes can be used, based on their known petential difference from SHE.

7.4.2 Te¢mperature of the reference electrode

Measure the temperature of the reference eléctrode. If the temperature differs from 25 °C by more than
1 °C, adjugt the control potential using the'temperature coefficient for the given electrode type.

Temperatpre coefficients and examptles of potential correction are shown in Table 2.

bele 2 — Potential settings for different reference electrodes and temperatures

Referjnce Reference Temperature Reference potential by | Control potential setting
electrode type electrode coefficient temperature of by temperature of
filling V/K the reference electrode the reference electrodg
Solution V (SHE) v

18°C 25°C 37 °C 18°C 25°C 37 °C
Saturatef@alo- | Saturated KCI -750 x 10~4 0,2468 | 0,2415 | 0,2325 | -0,005 0,000 0,00p
mel (SCE)
1,0 M calomel 1 mol/1 KCI -2,40 x 104 0,2817 | 0,2800 | 0,2771 | -0,040 | -0,039 | -0,036
0,1 M calomel 0,1 mol/1 KCI -7,00 x 10-5 0,3342 | 0,3337 | 0,3329 | -0,093 | -0,092 | -0,091

0,1 M silver chlo- | 0,1 mol/1KCl -6,50 x 10~4 0,2927 | 0,2881 | 0,2803 | -0,051 | -0,047 | -0,039
ride

7.4.3 Positioning of the reference electrode

During the polarization part of the procedure, place the reference electrode probe close to the working
electrode (dental amalgam) surface without touching that surface or shielding it substantially.
Also, incorporate features in the apparatus to prevent the filling solution of the reference electrode
contaminating the electrolyte in the vicinity of the dental amalgam.
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If a salt bridge is used to prevent contamination, place the end of the salt bridge capillary a distance
from the dental amalgam surface equal to about two outer diameters of the tip.

NOTE Prevention of contamination is commonly achieved by placing the reference electrode in
compartment and using a “salt bridge” between the reference electrode compartment and the main cell. The salt
bridge is a tube filled with the solution defined for the reference electrode and ending in a capillary (“Luggin
capillary”), the end of which is placed close to the test surface.

7.5 Potentiostat requirements

7.6 Reagents
7.6.1 Sodium chloride, analytical grade.
7.6.2 Water to Grade 2, as specified in ISO 3696.

7.7 Preparation of the electrolyte

Mdke up a fresh solution of 0,154 mol/l sodium chloride bydding (9,0 + 0,1) g analytical gra

ch
Sp

7.8 Test procedure

Fil
be

Ral

Indert the test-piece, connect the test-piece and electrodes to the potentiostat (no potentig
] wait (10,0 £ 0,1) min. Duxing potential stabilization it is advisable to stir the solution, for example

an
by
(2

Re
all

po

Set the potentiostat to the appropriate control potential (see Table 2) and time (24 h).
fentiaband record or integrate the current for (24,0 + 0,2) h. During the polarization part ¢f the test,
the electrolyte shall be stagnant (no stirring).

po

coptrol accurate and stab at allg
reqording the current for 24 h or integrating the current for 24 h.

5

oride to 600 ml water (Grade 2, as specified in ISO 3696) then make up with water (G
ecified in ISO 3696) to (1 000,0 + 0,5) ml.

the cell with this electrolyte. The cell shall remain open to the atmosphere. However, th{
covered with a lid to prevent excessive«evaporation from the electrolyte.

ise the temperature of the corrosion-test cell to (37,0 + 0,5) °C and maintain it at this temp

using a magnetic stirrer and a stirring bar in the corrosion test cell. Stir at a rate no gr¢
1) Hz. [(120 £ 60) rpm.]

rord the potentialat'the end of the (10,0 + 0,1) min exposure period. After making this mea
bw (5 * 1) ndin~for the motion of the electrolyte to become insignificant before st3
arization partof the test.

a separate

) potential
ws either
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rade 2, as

b cell shall

brature.

1 control)

bater than

surement,
irting the

Apply the

7.9 Data acquisition and processing

7.9.1 General

Several options are available and any one may be used.
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7.9.2 Computer-controlled potentiostat

A convenient procedure is to use a computer-controlled potentiostat with a program for potentiostatic
control and software which allows post-test integration of the recorded current>).

Ensure that the integration procedure uses the true values of current rather than their logarithms. If
the recording is logarithmic, convert the data to true values.

7.9.3 Coulometer

An e uall reanuaniontanthoad ~f A4 S oot oo e o Al ok o s S Tk gt o (o] o At r
q coRvereRtmetnetoraataacqtstoiiste-usearereecreteetrrent Htegator€oHoes

in the circuit between the potentiostat and the cell. The reading on the coulometer after 24 h| of
polarizatipn is the total charge transported.

7.9.4 Dhpata-logging and integration

If equipmgnt of neither 7.9.2 nor 7.9.3 is available, record the polarization current using any availaple
data acqujsition system. The integration can be performed then by averaging alk the current data gnd
multiplying the average current (in amperes) by the total exposure time (in,seconds), assuming that
the time hetween current measurements is constant, or by using any other-suitable and sufficiently
accurate iptegration method.

7.10 Calgulation of the total charge transported

7.10.1 Test-pieces embedded by casting without masking

Divide th¢ anodic charge recorded in coulombs in 7.9, by:the cross-sectional area of the test-piece| in
square ceptimetres (7.2).

7.10.2 Te¢st-pieces embedded by casting with masking

Divide th¢ anodic charge recorded in coulombsin 7.9, by the area, in square centimetres, of amalghm
remaining exposed after the masking has been applied (7.2).

7.11 Tesf report

A test repprt shall be prepared«<Atleast the following information shall be included:
a) name|of the dental amalgam alloy;

b) areference to thisiddocument (i.e. [SO/TS 17988:2020);

c¢) name|and address of the manufacturer;

d) open fireuit potential in V, SHE;

e) the averagerateof thrarge tramsfer perunitarea i the period of 24 i€/ e ad);
f) reference electrode;

g) temperature of reference electrode in °C;

h) applied potential in V, SHE;

i) name and address of organization responsible for the test (e.g. test house, university, department of
manufacturer);

5) A VersaSTAT 3 potentiostat with VersaSTAT300 inbuilt software by Princeton Applied Research, Oak Ridge, TN,
USA, is an example of a suitable equipment and software combination available commercially. This information is
for the convenience of users of this document and does not constitute an endorsement by ISO of this product.
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D)
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any deviations from the procedure;
any unusual features observed;

date of the test.

:2020(E)

8 Determination of the resistance to corrosion by the Hertzian-loading strength-
reduction test

8.]
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" dental amalgam, localized enhanced corrosion can occur in thin crevices filled with*an e
. saliva). This phenomenon exists for many other alloy systems and is recognized to b
failure even when uniform surface corrosion is slight. When comparing aloeys, thei
rformance in crevices should not be taken as similar (though enhanced) to that for unifor
rosion. To do this ignores the susceptibility of a particular alloy to crevice eorrosion. Res
vice corrosion should be determined experimentally.

this experimental procedure, crevice corrosion conditions are creatéd between a flat di
t piece and the base of a container. Over time a significant loss ‘ef‘metal may take place
face and lead to a reduction in the force required to fracture the test-piece when it is sul
rtzian indentation loading. This reduction can be determinéd by measuring the force to fi
ntical test-piece that has been held in dry air. Because thefracture force for different denta
ducts is not the same, the resistance to corrosion under crevice conditions can be con

calculating the percentage reduction.

8.2

. Test solution (artificial saliva)

.2.1 Reagents

reagents shall be analytical grade, with the exception of lactic acid which shall be = 85 %.

.1.1 Sodium dihydrogen phosphate.

.1.2 Potassium chloride.

.1.3 Sodium chloride.

.1.4 Ammonium chloride.

.1.5 <Frisodium citrate dihydrate.

1.6 Lactic acid solution.

lectrolyte
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istance to

sc-shaped
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acture an
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8.2.1.7

8.2.1.8

8.2.1.9

Urea.
Uric acid.

Sodium hydroxide.

8.2.1.10 Potassium thiocyanate.

8.2.1.11 Hydrochloric acid.

© IS0 2020 - All rights reserved

23


https://standardsiso.com/api/?name=daa3652396a81f5c1ac8e4a55d63b712

ISO/TS 17988:2020(E)

8.2.1.12 Water to Grade 2, as specified in ISO 3696.

8.2.2 Stock solutions

Make the following three stock solutions using water to Grade 2, as specified in ISO 3696. Store these
separately in a refrigerator at (4 * 2) °C.

8.2.2.1 Stock solution A

8.2.2.1.1 Sediuvm-dihydregenphesphate—28,0-s/-
8.2.2.1.2 | Potassium chloride 86,8 g/l.
8.2.2.1.3 | Sodium chloride 7,2 g/l
8.2.2.1.4 | Ammonium chloride 11,0 g/1.
8.2.2.1.5 | Trisodium citrate dihydrate 1,1g/L
8.2.2.1.6 | Lactic acid solution 3,5¢g/L
8.2.2.2 Sptock solution B

8.2.2.2.1 | Urea 5,0 g/l
8.2.2.2.2 | Uric acid 0,3757]/1.
8.2.2.2.3 | Sodium hydroxide 0,1 g/l
8.2.2.3 $tock solution C

8.2.2.3.1 | Potassium thiocyanate 12,0 g/1.
8.2.3 Test solution (artificial’saliva)

Immediatgly before making’the dental amalgam test-pieces, make the test solution by placing 500

of water (to Grade 2, as-Specified in ISO 3696) into a 1 | volumetric flask. To this add, in turn, 20
of solutiof A, 40 ml. ef solution B and 20 ml of solution C, followed by a further addition of water
Grade 2, 3s specified in ISO 3696) to make up the volume to within 20 ml of the mark. If necessg
adjust to pH 6,2°by using sodium hydroxide or hydrochloric acid, as required. Then finally, make up

ml
ml
(to

ry,
to

the mark with'water (to Grade 2, as specified in ISO 3696).

8.3 Test-piece production and procedure for test-piece conditioning
8.3.1 Apparatus

8.3.1.1 Air oven or incubator maintained at (37 £ 2) °C.

8.3.1.2 Measuring cylinder with a minimum measuring capacity of 25 ml and accurate to 1 ml (or

similar volume-measuring piece of equipment).

8.3.1.3 Micrometer screw gauge or similar measuring instrument, to measure test-piece thickness to

an accuracy of 0,01 mm.

24 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=daa3652396a81f5c1ac8e4a55d63b712

	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Sampling
	5 Preparation of dental amalgam test-pieces
	5.1 General
	5.1.1 Temperature
	5.1.2 Mixing
	5.2 Cylindrical test-pieces for use in the immersion and potentiostatic corrosion test procedures
	5.2.1 Mass of dental amalgam to be mixed
	5.2.2 Apparatus for the preparation of dental amalgam cylindrical test-pieces
	5.2.3 Packing
	5.3 Disc-shaped test-pieces for use in the Hertzian-loading strength-reduction test
	5.3.1 Apparatus for the preparation of dental amalgam disc-shaped test-pieces
	5.3.2 Materials and tolerances for construction of the mould
	5.3.3 Packing the mould, removal of test-piece and inspection for surface defects
	6 Determination of the resistance to corrosion by the immersion procedure
	6.1 Principle
	6.2 Reagents for the test solution and cleaning the apparatus
	6.3 Apparatus
	6.4 Mercury vapour analyser requirements
	6.5 Cleaning the glassware
	6.6 Assembly of the immersion corrosion test apparatus
	6.7 Test-piece production
	6.8 Preparation of the 0,1 mol/l lactic acid solution
	6.9 Finishing the dental amalgam test-piece
	6.10 Test procedure
	6.10.1 First determination
	6.10.2 Second determination
	6.11 Analysis to determine the metal ion and mercury vapour release
	6.12 Test report
	7 Determination of the corrosion by the potentiostatic procedure
	7.1 Principle
	7.2 Test-piece preparation
	7.3 Corrosion test cell requirements
	7.3.1 Corrosion cell
	7.3.2 Temperature control
	7.3.3 Volume of the electrolyte
	7.4 Reference electrode probe requirements
	7.4.1 Reference electrode and its control
	7.4.2 Temperature of the reference electrode
	7.4.3 Positioning of the reference electrode
	7.5 Potentiostat requirements
	7.6 Reagents
	7.7 Preparation of the electrolyte
	7.8 Test procedure
	7.9 Data acquisition and processing
	7.9.1 General
	7.9.2 Computer-controlled potentiostat
	7.9.3 Coulometer
	7.9.4 Data-logging and integration
	7.10 Calculation of the total charge transported
	7.10.1 Test-pieces embedded by casting without masking
	7.10.2 Test-pieces embedded by casting with masking
	7.11 Test report
	8 Determination of the resistance to corrosion by the Hertzian-loading strength-reduction test
	8.1 Principle
	8.2 Test solution (artificial saliva)
	8.2.1 Reagents
	8.2.2 Stock solutions
	8.2.3 Test solution (artificial saliva)
	8.3 Test-piece production and procedure for test-piece conditioning
	8.3.1 Apparatus
	8.3.2 Control test-pieces
	8.3.3 Corrosion test-pieces
	8.3.4 Replacement test-pieces
	8.4 Mechanical testing
	8.4.1 Apparatus for mechanical testing
	8.4.2 Procedure
	8.5 Treatment of data
	8.6 Test report
	Bibliography

