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Foreword

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

ISO 28319:2018(E)

Dentistry — Laser welding and filler materials

1

Scope

This document specifies requirements and test methods for laser welding and the filler materials
thereto used in the dental laboratory for welding of metallic restorations and appliances.

For

filler materials used in Taser welding, this document also specifies the information

instrjuctions for use, marking and labelling.

2
The

Normative references

following documents are referred to in the text in such a way that sonte or all of t

constitutes requirements of this document. For dated references, only(the edition cited
unddted references, the latest edition of the referenced document (including any amendme

ISO

1942, Dentistry — Vocabulary

ISO §344-1, Coated abrasives — Grain size analysis — Part 1: Grain size distribution test

ISO
ISO

10271:2011, Dentistry — Corrosion test methods for métallic materials

15223-1:2016, Medical devices — Symbols to ‘be used with medical device labels, I

information to be supplied — Part 1: General requirements

IS0 42674:2016, Dentistry — Metallic materials for fixed and removable restorations and app

3

For

Terms and definitions

the purposes of this document, the terms and definitions given in ISO 1942, ISO 22

following apply.

ISO gnd IEC maintain terminological databases for use in standardization at the following ¢

3.1

IEC Electropediazavailable at http://www.electropedia.org/

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

laser welding

metHod fer joining similar or dissimilar metallic materials, using a laser beam as the heat
or wiitheut a metallic filler material (welding rod), which produces coalescence by melt
zones of metallic material components thereby creating a common fusion zone

3.2

biven in the

heir content
applies. For
hts) applies.

hbelling and

liances

674 and the

ddresses:

source, with

ng abutting

filler material
<laser welding> metallic filling material used for laser welding (3.1)

© ISO 2018 - All rights reserved
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4 Requirements

4.1 Chemical composition

4.1.1 Metallic materials to be joined

The metallic materials to be joined shall conform to ISO 22674:2016, 5.1 and 5.2.

4.1.2 Filler material

41.2.1 CHK
For all elem|
0,1 % (mass

Any elemen
1,0 % (mass|

4.1.2.2 Pq

For silver o
0,5 % (mass

For base-ms¢
shall not de
Those prese

from the value stated in the instructions for use by more-than 1 % (mass fraction).

4.1.3 Hazardous elements in filler material

4.1.3.1 R

For the purposes of this document the elements nickel, cadmium, beryllium and lead are designat

be hazardoy

4.1.3.2 Pdg

The filler m
If the filler 1
the amount

4.2 Biocd

jemical composition
ents that are present in excess of 1,0 % (mass fraction), the percentage by mass'of e

fraction).

[ that is present in a concentration in excess of 0,1 % (mass fraction), but not in excq
fraction), shall be identified either by name or symbol.

rmitted deviation from the reported composition

" noble-metal elements in filler materials, the percentage‘shall not deviate by more
fraction) from the values stated in the instructions foruse.

tal elements in filler materials, all elements, present with more than 20 % (mass frag
viate from the value stated in the instructions*for use by more than 2 % (mass frac
ntin excess of 1 % (mass fraction) but not in ex¢ess of 20 % (mass fraction) shall not de

tcognized hazardous elements

s elements.

rmitted limits for hazardous elements

hterial shall contain no more than 0,02 % (mass fraction) of cadmium or beryllium or
haterial contains more than 0,1 % (mass fraction) of nickel, the percentage shall not ey
indicated\on the package or label or insert.

b

the constituent elements shall be declared by the manufacturer and shall be reported tota, precisi

h of
n of

ss of

than

tion)
Fion).
viate

ed to

lead.
ceed

mpatibility

Specific qualitative and quantitative requirements for freedom from biological hazard are not included
in this document, but it is recommended that, in assessing possible biological hazards, reference should
be made to ISO 10993-1 and ISO 7405.

4.3 Mechanical strength of laser welded joint (tensile strength)

If the 0,2 % proof strength of both of the metallic materials to be joined by laser welding is more than
350 MPa, the tensile strength of laser-welded specimens shall be at least 350 MPa.

If the 0,2 % proof strength of either one or both of the metallic materials to be joined by laser welding is
below 350 MPa, the tensile strength shall exceed the lower 0,2 % proof strength of the two.

Testing shal

I be carried out in accordance with 7.3.

© ISO 2018 - All rights reserved
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Corrosion resistance

4.4.1 Staticimmersion test

When pieces of a single metallic material are joined, the metal ion release shall not exceed 200 pug cm—2
in a time period of 7d + 1 h.

The metallic materials to be joined and the laser welded specimens shall conform to ISO 22674:2016,
5.7. Testing shall be carried out in accordance with 7.4.

Mag
corr

Testi

4.5

Spec

N

5

The j
prep
Furt

If the
to be
be u
streq]

6 1

6.1
The

ified visual comparison prior to and after corrosion testing shall not reveal any tisi
sion in the vicinity of the laser weld.

g shall be carried out in accordance with 7.4.

Laser welding process

fic information about the laser welding process is given in Annex A.

bampling
metallic filler material and the metallic material each.shall be from one lot. It shall be

her samples and packaging materials shall be made available for inspection in accordaj

e proof strength values of 0,2 % non-propoftional extension of the one or two metal
joined by laser welding are available from a test report according to ISO 22674, the
bed. If not, perform the tests according-to ISO 22674 to determine the required val
gth of 0,2 % non-proportional extension.

Preparation of specimens

General

Epecimens consist of the metallic materials joined by laser welding either with or w

a filler material aeCording to the instructions for use. For casting alloys to be tested

test
recol
Use
proc
aids

Epecimens by the “lost wax process” of investment casting. Methods other than cas
mmended-by the manufacturer for the metallic material to be tested for suitability for 14
uch a method, if recommended by the manufacturer. Follow the instruction for use re
pssing’of the metallic material(s) and if applicable the filler material including the use
hid, casting and welding equipment.

ble selective

sufficient to

hre the specimens as required in 6.1 and 6.2 including provision for a second set for tensile testing.

nce with 9.2.

ic materials
bse data can
les of proof

ithout using
prepare the
ting may be
ser welding.
lating to the
bf necessary

Specimens with visible defects shall be discarded and replaced. Specimens shall be separated from
sprues, casting beads/runners, fins and other projections. Surface contaminations shall be removed.

The specimens shall be in the metallurgical state(s) appropriate to their intended application(s).

If a heat-treatment is recommended by the manufacturer, perform the tests in the heat-treated state in
accordance with the instruction for use.

If laser welding is recommended following ceramic firing, the simulated ceramic firing of the specimens
shall be in accordance with ISO 22674:2016, 7.2.3, and shall be applied before laser welding.

© ISO

2018 - All rights reserved
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6.2 Specimens for tensile testing

6.2.1 General

Prepare six specimens of the metallic material(s) to be laser welded which conform to either Figure 1 or
Figure 2. Cut the specimens of the set at right angles to its long axis at the midpoint of the gauge length
using a fine saw.

Replace specimens that have visible shrinkages, defects or porosities.

Dimensions in millimetres

a  Gauge lepgth.
b Rotation|symmetrical section of test specimen.

Figure 1 — Test specimen with'conical shoulders

Dimensions in millimetres

®3 0,1
<
[
Al
| no
4 _@_._ 4] [+
= S
28,5 15 0,12 28,5
T 18 0,10
! |
242

a  Gauge lehgth.

b Parallel section of test specimen.

Figure 2 — Test specimen with radial shoulders

6.2.2 Procedure

Support the two halves of the specimens and align them in an investment or a rigid jig. If two different
metallic materials are to be laser welded, use one of each for the two halves. In case the recommended
filler material is used, follow the instruction for use (see Clause 8).

Weld the specimens with a laser welding unit in accordance with the instructions for use.

4 © ISO 2018 - All rights reserved
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After laser welding, ensure that the diameter of each tensile specimen is within the tolerances given in

Figure 1 or Figure 2, and does not show visual evidence of radial run-out when rotated.

6.3 Specimens for corrosion testing

6.3.1 General
Platelets for preparation of specimens are prepared according to ISO 10271:2011, 4.1.6.

For corrosion testing of a laser-welded joint, two test specimens measuring 33 mm x 11
shall be prepared (see Figure 3)

mm x 1 mm

Platdlets of each metallic material to be joined are cut, to create four narrow parts (0f.1] x 8,25 mm

each). Once the platelets have been cut, the parts shall be laser-welded in the combination

to be tested

following the specifications of the manufacturer of the metallic materials (either AAAJA or ABAB;

A = material 1; B = material 2). Following laser welding, remove at least 0,1 mm from al

surfaces of

the spmples using standard metallographic procedures ending with wet silicon carbide paper of grade
P1200 in accordance with ISO 6344-1. Use the same piece of grinding paper,solely for the preparation of

specimens of the same combination.

—_

1

IININMN)

NHIVMINW

DININNN)

33

Key
1 metallic plate
2 lpser welded seam

Dimensions in millimetres
All tolergnces: + 2 mm

Figure 3 — Specimenfor corrosion testing, consisting of four platelets fused by las¢r welding

6.3.] Seam geometry

Therg arefour possible and permitted seam geometries: V-seam, [-seam, X-seam and Y-sea
in Figures'4 to Figure 7. The initial letters V, I, X and Y before “~seam” in the names de
geonpetries.

m, as shown
scribe these

Prepare the ends of the specimens to the recommended seam geometry.

2 N\

Figure 4 — V-seam

© ISO 2018 - All rights reserved
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7 Measu

7.1 Visug

Prior to tes
seams for t
spots overl

Visually ins

7.2 Chen

Determine
appropriate

permitted limit.

7.3 Tensi

7.3.1 General

Determine

Figure 7 — Y-seam

rement and test methods

l inspection

ting the specimens for tensile strength or€orrosion resistance visually inspect all
e presence of cracks, cavities (voids), defects regarding the lack of side wall fusion 3
p adequately and evenly. Record and report these observations.

bect to check that requirements specified in Clause 8 and Clause 9 have been met.

jical composition

the composition of the“filler material using analytical procedures with sensitiy

weld
nd if

rities

to concentration gfteach element and its permitted deviation from the stated vallie or

le testing

bd in

Lhe/tensile strength in accordance with ISO 22674 on six test specimens preparsg

accordance with 6.2. Load the test specimens in tension in a mechanical testing instrument at a cross-
head speed of (1,5 = 0,5) mm/min until the specimens fracture.

Calculate the fracture stress on the basis of the original cross-sectional area, using the force for
elongation at fracture derived from the force/elongation diagram.

7.3.2 Evaluation of tensile testing results

If four, five or six test specimens are found to exceed the minimum requirements given in 4.3, the laser
welded joint satisfies the tensile strength requirements of this document.

If two or fewer test specimens are found to conform to the minimum requirements given in 4.3, the
laser welded joint fails the tensile strength requirements of this document.

© ISO 2018 - All rights reserved
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If three test specimens are found to conform to the minimum requirements given in 4.3, repeat the test
with a second set of six test specimens.

If, in the second test, five or six test specimens are found to exceed the minimum requirements given in
4.3, the laser welded joint satisfies the tensile strength requirements of this document.

If four of fewer specimens in this second set exceed the minimum requirement given in 4.3 the joint
fails the tensile strength requirement for this document.

7.3.3 Calculation of tensile strength

. ecimens of
rst test, or, if applicable, of those three test specimens of the first test plus those fivle or six test
mens of the second test, that are found to conform to the requirements given in4:3; and report to
the nearest 5 MPa.

7.4 | Corrosion resistance by static immersion test

7.4.1 Reagents

Use 1leagents in accordance with ISO 10271:2011, 4.1.3.

7.4.2 Apparatus

Use apparatus according to ISO 10271:2011, 4.1.4. The sensitivity of the water-pH metgr should be
+0,05 pH units.

7.4.3 Test solution

Preppre a fresh solution for each test according to 1ISO 10271:2011, 4.1.5.

7.4.4 Testprocedure

Detefmine the surface area of each test specimen to the nearest 0,1 cm2. Immerse the specimens in
ethahol or methanol and clean\for 2 min in an ultrasonic bath.

Rinsg the specimens in_watér and dry them with water-free and oil-free compressed aif. Place each
specimen in a separaté’borosilicate glass container and follow the test procedure dccording to
1SO 10271:2011, 4.1:%

Use gn additionalcontainer to hold a reference solution to be maintained in parallel with the solutions
containing thie specimens, as specified in [SO 10271:2011, 4.1.7.

Record the pH value of the solution. Add the solution to each container sufficient to prodyce a ratio of
1 ml|ofsolution per 1 cm?2 of specimen surface area and to fully immerse it. Record the vpolume used,
to anaccuracy of U,T ml. Close the container to prevent evaporation. Hold at (37 £ IJ°Cfor 7d # 1 h.
Remove the specimens and record the pH value of the residual solution.

7.4.5 Analysis

Analyse each test solution quantitatively for constituents of the metallic filler materials as specified in
8 a) and the constituents of the metallic material to be joined, as specified in ISO 22674:2016, 4.1.8. In
addition analyse for nickel, cadmium, beryllium and lead.

© ISO 2018 - All rights reserved 7
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7.4.6 Microscopic inspection

Perform microscopic inspection of the laser welded joints with a magnification of at least x10 prior to
and after corrosion testing in accordance with 7.4.4. Record the surface of the laser welded joints by

appropriate

7.4.7 Rep

micro-photography.

ort

Describe the analytical method used, and give the detection limits for the elements under investigation.
For all elements found in each test solution, record the values in pg/cm?2 separately. Calculate the total
amount of leached ions for each test solution and report the mean.

8 Instru

The instruct

ction for use

ion for use for a metallic filler material (welding rod) for laser welding shallicontain at

the followinlg information about applications and processing of laser welding:

a) all alloy

least

ing elements, present in excess of 1 % (mass fraction) shall be stated quantitatively and all

other alloying elements present in concentrations between 0,1 % and 1 %-(mass fraction) shall be

mentior

b) ifthem
informg
nickel.”;

c) a geney
metallig

d) instruct

e) metallig

9 Markij

led either by name or by symbol;
tion regarding its potential for adverse reactions andthe text: “This product con
dust;

ion(s) for fabrication and processing;

materials and/or the combinations, réeommended for use with the filler material.

hg and labelling

The direct
and the mat|

9.1 MarlIng

9.2 Label
The label or

ackaging of metallic-filler material shall be clearly marked to identity the manufac
erial.

ling

the insert’in the package shall be marked at least with the following information:

a) name of

manufacturer or authorized representative and/or trademark and address;

ptallic filler material contains nickel in excess of 0,1 % (mass\fraction), adequately detpiled

kains

al warning regarding the potential health hazavrds associated with the inhalatign of

furer

b) trade name or brand name of the filler material;

c) lotnumber;

d) minimu

m net mass, expressed in grams,

e) all alloying elements, present in excess of 1 % (mass fraction) shall be stated quantitatively and
all alloying elements present in concentrations between 0,1 % and 1 % (mass fraction) shall be
mentioned either by name or by symbol;

f) if the filler material contains more than 0,1 % (mass fraction) of nickel [see 8 b)], a caution
symbol in accordance with ISO 15223-1:2016, 5.4.4, Table 1 (a triangle within which there is an
exclamation mark).

© ISO 2018 - All rights reserved
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10 Test report

For documentation of suitability of metallic materials for laser welding in the context of this document
a test report shall be prepared. The test report shall contain at least the following information:

a)
b)
‘)
d)
e)

f)
g)

batch number of fused alloys and batch number of filler material;
seam geometry used for testing of tensile strength and corrosion;
filler material, if used;

the laser welding equipment that was used;

arameter settings for laser welding (pulse energy, current, pulse length, frequency, fgcal settings,
rotection gas);

feported results for the tensile strength and corrosion resistance in accordance with (lause 7;

mame of the test house.

© ISO 2018 - All rights reserved 9
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Annex A
(informative)

Laser welding process

A.1 Work station and equipment

The laser w{

Welding sh3
accordance

Both weldin
welding uni

tlding unit available shall be suitable for the welding job at hand.

1l be conducted with argon as shielding gas [Group I argon, Code No. 1 (purity 999
with 1SO 14175].

g energy and performance shall be controllable through appropriate settings on the
[ (e.g. pulse voltage and pulse duration).

A microscope presumably with protection to prevent laser light reaching the eyes of the obsery

needed and

A.2 Prot;q

A.2.1 Gen

All prescrih
measures reg

A.2.2 Per

Functionalit
intervals.

A.2.3 Per

An operatio

A.3 Main

should provide for not less than 10-power magnification.

rctive device and safety measures

eral

ed protective devices shall be in place during the welding procedure, and prote
quired shall be observed.

sonal protection against laser radiation

y and effectiveness of laser radidtion shielding (e.g. shutter) shall be checked in re

sonal protection against dust and fumes

hal exhaust systentshall be in place and adequately maintained.

tenance and operational state

A.3.1 Maintenanece of welding equipment

Welding eqy

ipment shall be maintained in regular intervals in accordance with the laser manufacty

9) in

laser

rer is

ctive

bular

rers’

instruction

foruse. Maimtenance shait be docurmented.

A.3.2 Operational state

Prior to welding check the operational state of the laser welding unit.

A.4 Selection of materials

Select the appropriate materials. The combination of materials used, including additives, shall conform
to the requirements for suitability for laser welding, as specified in this document.

10
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