INTERNATIONAL ISO
STANDARD 14919

Third edition
2023-10

Thermal spraying — Wires, rods and
cords for flame and arcspraying —
Classification and technical supply
conditions

Projection thermique — Fils,\baguettes et cordons pour pfojection
thermique a I'arc et au pistolet dans une flamme — Classlification et
conditions techniques‘d‘approvisionnement

Reference number
1SO 14919:2023(E)

© IS0 2023


https://standardsiso.com/api/?name=ce5ded43b3a6d98b7c045e0d70d3f1d0

ISO 14919:2023(E)

COPYRIGHT PROTECTED DOCUMENT

© 1502023

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 ISO’s member body in the country of the requester.

ISO copyright office

CP 401  Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

ii © 1S0 2023 - All rights reserved


https://www.iso.org
https://standardsiso.com/api/?name=ce5ded43b3a6d98b7c045e0d70d3f1d0

1SO 14919:2023(E)

Contents Page
FFOT@WOTM.........cccocveveveesesee st iv
1 SCOPI@ ... 1
2 NOTIMATIVE F@FETEIICES .........ccccocoovvovrieoesse st ss st 1
3 Terms and AefINITIONIS ...t 1
4 CLASSTEICATION.........ooocc s
41 Classification according to the manufacturing process and resulting structure...
4‘.2 CldbbifiLdLiUll dCCUI dillg LO II1dLCT ldl sI0UpS dlld Lht!lllil,dl LUlllpUbiLiUll
5 SIZE@S AN LOLETANCES .....ooocccooss s s s 10
o0 (0] 013 (=SS OSE SO RN IR 11
6.1 MeChanical PrOPEITIES ... g e e 11
6.2 Y €= oL 0] 0] 0 1<) o (=SOSR o S S 11
6.3  Workability — WiIinding of WiTes ...t e oo, 12
7 DESIZNATION........occcciiiiiieeesiieees s KT e 12
Technical SUPPLY CONAITIONS ... Y oo | e 12
8.1 Forms of delivery
8.2 [A@NTITICATION ..ooc s S
8.3 Packaging and StOTAZE ... B e 14
9 Inspection documents

© IS0 2023 - All rights reserved

iii


https://standardsiso.com/api/?name=ce5ded43b3a6d98b7c045e0d70d3f1d0

ISO 14919

:2023(E)

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 14919:2023(E)

Thermal spraying — Wires, rods and cords for flame
and arc spraying — Classification and technical supply
conditions

1 Scope
This|document specifies requirements for classification of metal and non-metal wires (solid and cored),
rods] cords processed by means of thermal spraying, especially by arc and flame spraying.
2 Normative references
The following documents are referred to in the text in such a way that-some or all of their content
constitutes requirements of this document. For dated references, only-the edition cited [applies. For
unddted references, the latest edition of the referenced document (including any amendments) applies.
ISO 344:2017, Welding consumables — Technical delivery conditiofis for filler materials and fluxes — Type
of prpduct, dimensions, tolerances and markings
[SO 10474:2013, Steel and steel products — Inspection documents
3 Terms and definitions
No t¢rms and definitions are listed in this docufitent.
ISO gnd [EC maintain terminology databasesfor use in standardization at the following addresses:
— IS0 Online browsing platform: available at https://www.iso.org/obp
— IEC Electropedia: available athttps://www.electropedia.org/
4 (lassification
4.1 | Classification according to the manufacturing process and resulting structure
The thermal spray materials are classified according to the manufacturing process and the resulting
strugture, as'given in Table 1.
Table 1 — Classification of thermal spraying material and resulting structure
Number Term Manufacturing process Structure
1 solid wire/rod |metallurgical manufacturing and forming homogeneous
composition
2 solid wire/rod |powder metallurgical manufacturing and forming homogeneous
composition
3 cored wire filling up a metal tube and compressed by means of forming |seamless metal
(tube shaped shell with powder
wire) filling
4 cored wire forming a metal sheet with powder filling, binder and com- metal shell with
(folded wire) |pressed by means of drawing powder filling
5 cords simultaneous extruding of powder, binder and organic sheath |plastic shell with
powder filling

© IS0 2023 - All rights reserved
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Table 1 (continued)

Number Term Manufacturing process Structure
6 oxide ceramic |extruding and sintering respectively drying of ceramic mate- |porous rod con-
rods rial sisting of bonded
ceramic particles

4.2 (Classification according to material groups and chemical composition

The material groups are given in Table 2. The chemical composition shall conform to Tables 3 to 10.

Table 2 — Classification according to material groups

Code number Term

tin and tin alloys

zinc and zinc alloys

aluminium and aluminium alloys

copper and copper alloys

iron and iron alloys

nickel and nickel alloys

molybdenum

X (N[ |V D W[IN |-

oxide ceramics

Table 3 — Tin and tinalloys

Code Symbol Alloying elements Other elements Manufacturjng
number % (mass fraction) % (mass fraction) process
1.1 Sn99 Sn > 99,95 total <0,05
Sb <0,02
Ag <0,01
Bi <0,002 1
Cu <0,01
Fe <0,01
Pb <0,02
Al+Cd+Zn <0,002
1.2 SnSbCu84 Sb 7to8 Pb <0,35
Cu 3to4 As <01
remainder Sn -
Bi <0,08
Fe <0,1 1
At <6;6+
Zn <0,01
other:
total <02

2 © IS0 2023 - All rights reserved
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Table 4 — Zinc and zinc alloys

Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
total <0,010
Pb <0,007
Cd <0,004
2.1 Zn9999 |Zn 299,99 Pb+Cd <0,011 1
Sn <0,001
Fe <0.005
Cu <0,002
other:
total =012
total < 150
Pb 20,05
Cd < 0,005
Pb+Cd <0,06
Sn <0,001
22 Zn99 Zn 299 Fe <0,01 1
Cu <0,7
Mo <0,01
T <0,16
Mg <0,01
Al <0,01
other:
total =012
Zn 84 to 86 total <0,17
Al 14 to 16 Pb <0,007
Cd <0,004
2.3 |ZnAll5 Pbred =001 1
Sn <0,001
Fe <0,02
Cu <0,01
Si <0,12
7n 97,5 t0 98,5 total <0,17
Al 1,5t02,5 Pb <0,007
cd < 0.004
04 InAl2 Pb+Cd <0,011 1
Sn <0,001
Fe <0,02
Cu <0,01
Si <0,12

©1S0 2023 - All rights reserved 3
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Table 4 (continued)
Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
Zn 95,5 t0 96,5 total <0,17
Al 3,5t04,5 Pb <0,007
Cd <0,004
25 InAl4 Pb+Cd <0,011 1
Sn <0,001
Fe <0,02
Cu <0,01
Si <0,12
7n 77 to 79 total <0,17
Al 21to 23 Pb <0,007
Cd <0,004
2.6 /nAl22 Po+Cd =5 1
Sn £ 0,001
Fe < 0,05
Cu <0,01
Si <0,12

Table 5 — Aluminium and alumifiium alloys

Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
3.2 Al99,5 Al >99,5 total <0,3
Si <0,25
Fe <0,40
Ti <0,02
Cu <0,02 1
Zn <0,07
Mn <0,02
other: <0,03
particular
3.3 AlMg5 Mg 4,5t05,6 total <09
e 005 t0 020 % <030
Ti 0,06 to 0,20 |Fe <040
remainder Al Cu <0,10 1
Zn <0,10
other: <0,15
particular
3.4 AlZn5 Zn 4,5to 5,1 total <1
remainder Al Si <0,30
Fe <0,40
Cu <0,05 1
Sn <0,20
other: <0,05
particular

4 © IS0 2023 - All rights reserved
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Table 5 (continued)
Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
3.5 AlSi5 Si 4,5t06,0 total <1
remainder Al Si <0.30
Fe <0,80
Cu <0,30
Mn <0,05 1
Mg <0,05
Zn <0,10
Sn <0,20
other: <0,15
particular
3l6  |AlSi12 Si 11,0 to 13,0 |total <1
remainder Al Fe 20.80
Cu <0,30
Mn <0,15
Mg <0,10 1
Zn <0,20
Ti <0,15
other particular: <0,05
other total: <0,15
Table 6 — Copper and copper alloys
C:lde Symbol Alloying elements Other elements Mahufacturing
number % (mass fraction) % (mass fraction) process
41 Cu99 Cu >999 other <0,01 1
4.2 CuZn37 Cu 62,0 to 64 Al <0,03
remainder Zn Fe <01
Mn <0,1
Ni <0,3
Pb <0,1 1
Sb <0,01
Sn <0,1
other: <0,5
total
4.3 CuZns9 Cu 56 to 62 N1 <15
Sn 0,5to 1,5 Mn <10
Si 0,1to0 0,5 v
remainder Zn Fe <0,5
Al <0,01 1
Pb <0,03
other: <0,2
total
© IS0 2023 - All rights reserved 5
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Table 6 (continued)

Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
4.4 CuSn6 Sn 5,0 to 8,0 Fe <01

remainder Cu Al <001
Zn <0,1
Pb <0,02 1
P 0,01 to 0,4
other: <04
total
4.6 CpAI8 Al 7,5t09,5 Mn <18
remainder Cu Ni <08
Fe <0,5 1
Si <0,2
7n <0,2
other: <05
total
4.7 ChwAl10 Al 8,5to 11 Ni+Co <1,0
Fe 0,5to 1,5 Pb <002
remainder Cu N
Si <01
Mn <0,03 1
Zn <0,02
other: <0,3
total
Table 7 — Iron and iron alloys
Code num- Symbol Alloying elements Other elements Manufacturjng
ber % (massfraction) % (mass fraction) process
5.1 10Mn C 0,04t00,12 Si traces
Mn . 0,42 to0 0,68 cr <0,15
remainder Fe
Cu <0,20 1
Ni <0,15
P <0,030
S <0,030
5.3 80MnSi C 0,8 to 0,85 P <0,035
Si 0,15t0 0,35 S <0,035 1
Mn 0,50 to 0,70
remainder Fe
5.6 T110MnCrTi5-5 C 0,97to 1,25 I 0,13t0 0,35
Si 0,12t0 0,38 p <0,025
Mn 1,76 to 2,27 S <0,025 1
Cr 1,65to0 1,95
remainder Fe
5.7 X45Cr13 C 0,3to0 0,50 P <0,045
a) with Cu plating |Si <1,0 S <0,030
b) without Cu Mn <10 1
plating Cr 12 to 14
remainder Fe

a  Material is similar to that in brackets. Different limit values are underlined.
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Table 7 (continued)

Code num- Symbol Alloying elements Other elements Manufacturing
ber % (mass fraction) % (mass fraction) process
5.8 X20CrMo13-1 C 0,17 to 0,22 Ni <1,0

Si <10 P <0,045
Mn <1,0 S <0,030 1
Cr 12 to 14
Mo 09to 1,3
remainder Fe
5.9 X 6CrAl22-4 C <0,055 P <0,040
Si <0,65 S <0,025
Mn <045 1
Al 3,5t05,5
Cr 21to 23
remainder Fe
$.10 X6CrNi19-9 C <0,06 P <0,030
Si <15 S <0,020
Mn <2,0 1
Cr 18 to 20
Ni 8,5t0 10,5
remainder Fe
$.11 (X5CrNi- C <0,08 P <0,045
Mo17-12-2)a Si <10 S <0,030
Mn <2,0
Cr 16,5to 18,5 1,4
Mo 2to 2,5
Ni 10,5t0 13,5
remainder Fe
$.12 (X12CrNiMn18-8-6) | C <020 P <0,040
a Si <10 S <0,025
Mn 5,5 to 8,0 14
Cr 17 to 20 !
Ni 7,540'9,5
remainder Fe
$.13 X12CrNi25-20 C <0,15 P <0,025
Si <15 S <0,020
Mn 1,5t0 3,5 1
Cr 24 to 27
Ni 19 to 22
remainder Fe
14 X25CrCuB26-3-3 {C <0,3 other <1
Cr <26
Mn <1
Si <0,3 3,4
Cu <3
B <3
remainder Fe
5.15 X25MnAlSi7-5 C <0,3 other <1
Al 4to5
Mn 6to8 3,4
Si <1,0
remainder Fe
5.16 X39CrMo17-1 C 0,33 to 0,45 P <0,040
. . Si <1,0 S <0,015
a) with Cu plating Mn <15 )
b) without Cu Cr 15,5t0 17,5
platlng Mo 0,80 to 1,3
remainder Fe
a  Material is similar to that in brackets. Different limit values are underlined.
©1S0 2023 - All rights reserved 7
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Table 8 — Nickel and nickel alloys

Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
6.1 NiCu30Mn3Ti Ni > 62,0 Al <0,5

(NiCu30) Cu 27,0 to 35,0 C <015
Mn 1,0 to 4,0 _ -
Fe 1,0t02,5 Si <10
S <0,02 1
Ti <10
Nb <25
other: <0,5
total
6.2 N{99 Ni > 99,2 Cu <0,1
C <0,25
Fe <0,4
Mg <0,15 1
Mn <0,3
S <,0,005
Si 0,2
6.3 N|CrFel5-20 Cr 14 to 19 Cu <0,5
Fe 19 to 25 <
Ni =59 ¢ 015 1
Mn <25
Si <20
6.4 Ni|Cr20 Cr 18to 21 Cu <0,5
rgmainder C <0,25
Ni
Fe <0,5 1
Mn <1,2
Si <0,5
S <0,015
6.5 N]AI5 Al 4,5t05,5 Mn <0,3
re_malnder Ti <04
Ni
Si <0,5
1,3,4,5
Fe <0,3
Cu <0,08
C <0,005
6.6 N{AlI20 Al 18 to 22 Fe <0,3
fgmalnder Mn <03
INT
Si <0,5 3,44
Cu <0,1
C <0,25
6.7 NiAlMo5-5 Al 45t05,5 other <1
Mo <5
. 3,4
remainder
Ni
a  Filling is typically performed by a solid wire.

8 © IS0 2023 - All rights reserved
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Table 8 (continued)

Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
6.8 NiCrAI20-6 Al 6to7 other <1

Cr 18to 21
Mo <5 3,4
remainder
Ni
6.9 NiFeAlCr20-14-3|Al 14 to 15 other <1
Cr 3to5
Fe +7+to23 3,4
remainder
Ni
6.10 NiCrBSi Cr <9 other <1
Fe <3
Si <3,2
B <16 5
C <0,3
remainder
Ni
6.11 NiCr22Mo9Nb Ni <58,0 C 0,03 to 0,10 1,4
Cr 18 to 23 SI <0,5
Mo 8to 10 Mn <0,5
Nb 3,15 to 4,15 TiAl <0,2
Co <0,1
Cu 1,5to0 3
P <0,02
S <0,015
remainder
Fe
6.12 NiCu30Mn Ni <63,0 C <0,15 1
Cu 26)5 to 34,0 SI <0,50
Fe 1,00 to 2,5 Mn <2,00
S <0,020
Ti <0,30
Al <0,5
a  Hilling is typically perfornred by a solid wire.
Table 9 — Molybdenum

Cade Symbol Alloying elements Other elements Mahufacturing

number % (mass fraction) % (mass fraction) process
711 Mo Mo >9995 other <0,05 2
Table 10 — Oxide ceramics
Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
8.1 95Zr0,-5Ca0 Zro, =92 Al,04 <0,7
Ca0 5to7 Sio, <04
Fe,04 <0,04
Ti0, <04 56
Na,0 <0,02
MgO <0,07
8.2 70Zr0,-30Ca0 Zr0, =68 Al,04 <0,7
Ca0 28to 31 TiO, <04 5
Na,O <0,02
MgO <0,07
© 180 2023 - All rights reserved 9
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Table 10 (continued)
Code Symbol Alloying elements Other elements Manufacturing
number % (mass fraction) % (mass fraction) process
8.3 Cr,04 Cr,04 >90,0 Al,04 <4
Ca0 <0,2
Sio, <5
Fe,0, <0,3 56
Tio, <0,3
MgO <0,1
8.4 Al,04 Al,04 >98 CaO <0,2
5165 <6;8
Fe,0; <0,09 56
TiO, <0,03 ’
Na,0 <0,06
MgO <0,3
8.5 97A1,05 -3Ti0, Al,04 >94>3 Ca0 <0,2
TiO, Sio, <1,0
Fe,0, <0,5 5
Na,0 <0,04
MgO <0,5
Mn;0, <,0,05
8.6 87A1,05-13TiO, Al,0, 85to 87 Ca0 <)0,2
TiO, 13to 15 Sio, <0,5
Fe,04 <0,3 5,6
Na,0 <0,2
MgQ <0,3
8.7 60Al,05-40TiO, Al,04 58to 60 Ca0 <0,2
TiO, 40 to 42 Sio, <0,5
Fe,0, <0,3 5,6
Na,O <0,2
MgO <0,3
8.8 70Al,05-30Si0, Al,0, 724078 CaO <0,2
Sio, 22'to 28 Sio, <0,5
Fe,0; <0,3 5
Na,0 <0,2
MgO <0,3
8.9 70Al1,05-30MgO Al503 76 to 82 Ca0 <0,2
MgO 18 to 24 Sio, <0,5
Fe,0, <0,3 5
Na,O <0,2
MgO <0,3
5 Sizes dnd:tolerances
Standard sizes—and-toeleranecesof-dismeterinrmittimetresfor-thermat Spray W €5; rodsand-cords are

given in Tables 11, 12 and 13. If required, smaller ranges of tolerances can be agreed between the
customer and the manufacturer/supplier. The straightness of the rods shall allow the spray material to
be fed satisfactorily.

10
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Table 11 — Wire diameters

Size Tolerance
mm mm

1,6 +0;-0,05
1,62 +0;-0,05
2,0 +0;-0,06
2,3 +0;-0,06
2,4 +0;-0,06
2.5 +0:-0,06
3,0 +0;-0,07
3,17 +0;-0,07
3,48 +0;-0,07
4,76 +0;-0,07

Table 12 — Rod diameters

Size Tolerance
mm mm

4,8 +0,05)-0,2
6,3 + 0105; _sz

Table 13 — Cord.diameters

Size Tolerance
mm mm
3,17 +0,1
4,75 +0,1

6 Properties

6.1 | Mechanical properties

The mechanical properties of the wires shall be suitable for trouble-free feeding and pfocessing. If
requjred, the mechanieal properties should be specified among the manufacturer, the supplier and the
customer.

The temper-of/thermal spray wire should be suitable for uninterrupted feeding on thermal spray
equipment;

NOT Very hard, poorly tempered thermal spray wires are difficult to handle, hard to straighten, and cause
excessive wear on vital gun parts such as drive rolls, guides and contact tubes or nozzles. On the other hand, too
soft thermal spray wires (e.g. aluminium, tin, zinc) can cause problems with feeding.

6.2 Surface properties

The surface of the thermal spray wire shall be smooth and free of corrosion products, slivers and splits,
shrinkholes, splices and scales, damages as well as neckings, welds and laps. Moreover, foreign matter
that would adversely affect the thermal spray material’s characteristics or properties of the sprayed
coating shall be avoided.

For arc spraying, martensitic and ferritic steel thermal spray wire shall be protected with a plating
of copper to prevent corrosion during storage. The plating shall cover the whole wire surface without
visible defects.

©1S0 2023 - All rights reserved 11
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For alloys number 5.7 (see Table 7) two variants are available: 5.7a) with copper plating and 5.7b)
with another suitable plating. This condition is also valid for 5.16a) and 5.16b). A very small amount of
lubricant that will not degrade the sprayed coating may be applied to the thermal spray wire to permit

smooth and

low-friction feeding through the thermal spray equipment.

Cored wires manufactured in accordance with Table 1 should not be lubricated or treated by any liquids.

The surface of cords shall be smooth and free of neckings. The surface of rods shall be free of neckings
and without scratches. Rods shall not exhibit end kinks or end-to-end warpage that can adversely affect

rod feed.

6.3 WorkK

Wires shall
bends shall
be marked 5
the rim of tH
of the spool
not contain

7 Desig:Lation

The design

EXAMPLE
in accordanc
formed (see ]

Thermal

8 Techn]

8.1 Form

The product
Rods are de

abllity — winding o1 wires

be wound onto rims, coils and spools or inserted into barrels in one length. Kinks\and
be avoided. The end shall be fastened to prevent unwinding. The beginning ofthe‘wire
o that it can be located readily. The outermost layer on spools shall be atleast 3 mm
e flanges of the spool. The diameter of an unwound single wire coil shall'net exceed 1
s outer diameter but shall not be smaller than the spool’s inner diameter. The wire

ion shall follow the principle given in the example below.

The designation of a thermal spray material made.ef@n iron alloy containing 19 % Cr and 9
e with Table 7, code number 5.10, and a diameter of 1,6 mm, metallurgically manufacture
[able 1, code number 1) is:

spray material ISO 14919:2023-5.10-1,6-1

jcal supply conditions

s of delivery

harp
shall
from
20 %
shall

a twist. An unwound winding shall remain flat when laying on the.ground. Given cajreful
handling, thie coils shall unwind without problems.

% Ni
l and

e15.

s shall be delivered onrims, coils, spools or drums in accordance with Table 14 and Tab
ivered in packagesof-25 or 100 pieces.

12
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