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Specification for
Solid Surfacing Welding Rods and Electrodes

Issued, 1956; Revised, 1970, 1980

Scope

This specification prescribes requirements for solid
bare surfacing welding rods for use with the oxyfuel and
gas tungsten- ar¢ welding processes. This specification
also covers solid bare surfacing electrodes for use with the
gas metal arc process and solid covered surfacing elec-
trodes for use with the shielded metal arc welding process.

Note: The values stated in U.S. customary units are to
be regarded as the standard, The SI units are given as
equivalent values to the U.S. customary units. The
published sizes and dimensions in the two systems are
not identical and, for this reason, conversion from a
published size or dimension in one system will not
always coincide with the published size or dimension in
the other. Suitable conversions, encompassing pub-
lished sizes of both, can be made, however, if appro-
priate tolerances are applied in each case.

Note: No atternpt has been made to classify all filler
metals within the limits of the above scope. This spec-
ification covers only those filler metals that have ap-
proximate industrial standardization and for which
technical data are available. A list of other commonly
used filler metals is given in Table AI of the Appendix.

It is intended that subsequent editions of this specifica-
tion will incorporate these other filler metals as indus-
trial standardization occurs.

1. Classification and Acceptance

1.1 Classification, Bare surfacing welding rods and elec-
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trodes are classified on the basis of their chemical compo-
sition as manufactured. Covered surfacing electrodes are
classified on the basis of the chemical composition of their
undiluted weld metal. Any welding rod or electrode clas-
sified under one classification shall not be classified under
any other classification of this specification.

1.2 Acceptance. At the option and expense of the pur-
chaser, any or all of the test requirements of this specifica-
tion may be used as a basis for acceptance of the products
covered by this specification. A5,01, Filler Metal
Procurement Guidelines, may be referred to for lot defini-
tions and frequency of testing.

1.3 Chemical Composition Requirements, The chemi-
cal composition of the baré welding rods and electrodes
shall conform to the requirements prescribed for their
classification in Table 1. The chemical composition of the
undiluted weld metal for covered electrodes shall conform
to the requirements prescribed for their classification in
Table 2. The details of the test are specified in 3.4.

1.4 Usability. A test, as described in 3.3, is prescribed to
demonstrate the usability of the filler metals. In order to be
classified under this specification, the filler metals shall be
capable of yielding the following usability test results:

1.4.1 For welding rods, the metal shall flow freely and
smoothly over the surface of the plate without boiling or
excessive activity.

14.2 Electrodes shall operate smoothly and without
excessive spatter when used within the current ranges
recommended by the manufacturer Slag shall be readily
removed with hand tools.

1.4.3 The surface of the test pad, after being ground,
shall be free from defects visible to the naked eye.
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1.5 Retests. If any test fails, two additional tests of that
particular test, as taken from the original test assembly or
from new test assemblies, shall be performed, and the
results of both shall meet the requirements prescribed for
that test.

2. Manufacture

2.1 Method of Manufacture. The electrodes and rods
may be made by any method that will yield a product
conforming to the requirements of this specification.

2.2 Welding Rods and Bare Electrodes — Finish and
Uniformity. Welding rods and bare electrodes shall be of
uniform quality and freg from segregation, oxides, slivers,
seams, or other irregularities that would adversely affect
the welding properties or the operation of the welding
equipment.

2.3 Covered Electrodes

2.3.1 The covering on covered electrodes of all sizes
shall be concentric to the extent that the maximum core-
plus-one-covering dimension shall not exceed the
minimum core-plus-one-covering dimension by more
than 7 percent of the minimum core-plus-one-covering
dimension for wrought core wire electrodes, or by more
than 10 percent for cast core wire electrodes, provided that
in any case no “fingernailing™! shall occur during weld-
ing. THe concentricity may be measured by any suitable
means,

2.3.2 The covering shall be such that it is not readily
damaged by ordinary handling.

2.3.3 The covering shall be such that heating of the
electrode during welding shall not cause blistering or
flaking of the covering within the ranges of current rec-
ommended by the manufacturer.

2.3.4 Core wire and coverings shall be free of defects
that would interfere with uniform performance of the elec-
trodes,

2.4 Exposed Core

2.4.1 The grip portion of covered electrodes for man-
ual welding shall be free from covering for a distance no
less than 3/4 in. (20 mm) nor more than 1-1/4 in. (32 mm)
for making contact with the holder. The arc end of each
covered electrode shall be sufficiently bare and the cover-
ing sufficiently tapered to permit easy striking of the arc.
The length of the bare portion of the arc end (measured
from the end to the point where full cross section of the
covering is obtained) shall not exceed 1/8 in. (3.2 mm) or
the diameter of the core wire, whichever is smaller:

1. This term indicates that the eléctrode covering at the arc end is being
consumed unevenly around the circumference of the core wire, Thus,
instead of the covering remaining symmetncal with respect to the core
wire, it protrudes beyond the core wire in much the same manner as a
fingernail protrudes beyond the end of a finger.
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2.5 Standard Sizes and Lengths. Standard sizes and
lengths of welding rods are shown in Table 3, and standard
sizes and lengths of electrodes are shown in Table 4.

2.6 Packaging. Welding rods and electrodes shall be
suitably packaged to protect against damage during han-
dling, shipping, or under normal dry storage conditions in
bundles or containers of 5, 10, 25, 60 or 100 Ibs (2.3, 4.5,
11, 23, 27, or 45 kg) net weight.2

2.7 Marking

2.7.1 The outside of each unit package shall be legibly

marked with the following information:
2.7.1.1- Specification and classification number
2.7.1.2 Standard size and net weight
2.7.1.3 Lot, control, or heat number

2.7.2 Marking of any or all overpacking of unit pack-
ages with items listed in 2.7.1 shall be optional with the
manufacturer.

2.7.3 Bare electrodes dnd rods wound on spools shall
be identified by the specification and classification
number, trade designation, and size and net weight, with
the lot, heat, or control number placed on at least one
flange of the spool in such a manner that this identification
carnot be readily removed.

2.7.4 For other than oxyfuel rods, all packages of filler
metal, or all individually packaged units enclosed within a
larger package(s), shall carry the following precautionary
labeling or its equivalent, as a minimum, prominently dis-
played in legible type:

WARNING: Protect yourself and others.
Read and understand this label. FUMES
AND GASES can be dangerous to your
health. ARC RAYS can injure eyes and
burn skin. ELECTRIC SHOCK can Kill.

* Read and understand the manufacturer’s instruc-
tions and your employer’s safety practices.

s Keep your head out of the fumes.

» Use enough ventilation, exhaust at the are, or both, to
keep fumes and gases from your breathing zone and
the general area.

* Wear correct eye, ear, and hody protection.

¢ Do not touch live electrical parts.

¢ See American National Standard Z49.1, Safety in
Welding and Cutting, published by the American
Welding Society, 2501 N.W. 7th Street; Miami,
Florida, 33125; OSHA Safety and Health Standards,
29 CFR 1910, available from the U.S. Government
Printing Office, Washington, D.C. 20402,

Do Not Remove This Label

2. Other standard weights are available upon agreement between pur-
chaser and supplicr.
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Table 3
Standard sizes and lengths of welding rods
AWS Wrought ' Cast :
Classification Diameter, Length, Diameter, Length,
7 in, mm? in. mmb in. mme in. mm
RFe5b-A 1/8 3.2 1/8 3.2
5/32 4.0 3/16 4.8
RFe5b-B 3/16 4.8 14 350 1/4 6.4 8to 14 200to 350
1/4 6.4 18 450 5/16 8.0
RFeCr-Al 5N1e6 8.0 28 700 3/8 9.5
3/8 9.5 3/8 9.5
RCOCr-A 1/8 3.2
532 4.0 8 200
RCoCr-B 3/16 4.8
1/4 6.4 to to
RCoCr-C 5/16 8.0
3/8 9.5 24 610
RCuZn-E 1/4 6.4 36 900
1/16 1.6
RCuSi-A 3/32 2.4
ERCuSn-A¢ 1/8 32
RCuSn-D 5/32 4.0 36 200
ERCuAl-A2® 3/16 4.8
ERCuAl-A3® 1/4 6.4
3/32 2.4
RCuAl-C 1/8 3.2
RCuAl-D 5132 4.0 36 900
RCuAI-E 3/16 4.8
1/4 6.4
5/32 4.0
RNiCr-A 3/16 4.8
RNiCr-B 1/4 6.4 810244 200t0 6104
RNiCr-C 5/16 8.0
3/8 9.5

a. Diameters shall not vary more than == 15 percent from the nominal. All classifications are not available in all diameters.

b. Lengths shall not vary more than the following from the standard:
28 jn. (700 mm) andshorter .............. +1/4in. (6.4 mm)
36in. (900 mm) ...... e n e eriaes +3/8 in. (10 mm)

¢. Diameters shall not vary more than =+ 1/32 in. (0.8 mm) from the nominal.
d. Longer lengths, up to 12 ft (3660 mm), can be furnished upon agreement between supplier and purchaser.

e. These classifications are also available wound on spools in conformance to the latest edition of AWS AS5.7, Specification for Coppef and Copper Alloy
Bare Welding Rods and Elecirodes.
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Table 4
Standard sizes and lengths of covered electrodes
AWS Wrought core wire Cast core wire
Classification Diameter, . Length, Diameter, Length, .
in. mma _in. mmb in. mmd in. mm
EFe5-A 1/8 3.2 1/8 3.2 8to 14 200 to 350
EFe5-B 5/32 4.0 14 350 3/16 4.8
EFe5-C 3/16 4.8 18 450 1/4 6.4 10to 14 250t0.350
EFeMn-A 1/4 6.4 28 700 5/16 8.0
EFeCr-Al 5/16 8.0 3/8 9.5
1/8 3.2
5132 4.0
ECoCr-A 3/32 2.4 12 300 3/16 4.8
ECoCr-B 1/8 3.2 14 350 1/4 6.4 1010 14 2500350
ECoCr-C 5/32 4.0 13 450 5/16 8.0
3/16 4.8 18 450 3/8 9.5
ECuSi,
ECuAl-A2 3/32 2.4 11 280
ECuAl-B 1/8 3.2
ECuAl-C 5/32 4.0 14 350
ECuAl-D 3/16 4.8
ECuALE /4 6.4 18 450
ECuSn-A
ECuSn-C
5/32 4.0
ENiCr-A 3/16 4.0
ENiCr-B 1/4 6.4 8to 14 200 to 350
ENiCr-C 5/16 8.0
3/8 9.5
a. Diameters shall not vary more than the following from the nominal:
5/32in (4.0 mm) and smaller .......... +0.003 in. (0.08 mm)
Over5/32in(4.0mm),............... +0.004 in. (0.10 mm)

Diameters given are for core wire for covered electrodes.
b. Lengths of wrought core wire shall not vary more than =+ 1/4 in. (6.4 mm) from the nominal.
c. Diameters shall not vary more than +1/32 in. (0.8 mm) from the nominal.
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2.7.5 For oxyfuel rods, all packages of filler metal, or
all individually packaged units enclosed within a larger
package(s), shall carry the following precautionary label
or its equivalent, as a minimum, prominently displayed in
legible type:

WARNING: Protect yourself and others.
Read and understand this label. FUMES
AND GASES can be dangerous to your
health. HEAT RAYS (INFRARED RADIA-
TION from flame or hot metal) can injure
your eyes.

* Read and understand the manufacturer’s instruc-
tions and your employer’s safety practices.

¢ Keep your head out of the fumes.

¢ Use enough ventilation, exhaust at the flame, or both,
to keep fumes and gases from your breathing zone
and the general area.

¢ Wear correct eye, ear, and body protection.

¢ See American National Standard Z49.1, Safety in
Welding and Cutting, published by the American
Welding Society, 2501 N.W. 7th Sfreet, Miami,
Florida, 33125; OSHA Safety and Health Standards,
29 CFR 1910, available from the U.S. Government
Printing Office, Washington, D.C. 20402.

Do Not Remove This Label

2.8 Electrode Identification. All covered electrodes
shall be identified in accordance with the following:

2.8.1 At least one legible imprint of the applicable
AWS classification shall be applied to the electrode cover-
ing as near as practical to the grip end of the core wire, but
not more than 2-1/2 in. (65 mm) from that grip end.

2.8.2 The numbers of the imprinted electrode classifi-
cation shall be of bold block type and of sufficient size to
be legible.

2.8.3 The ink used for imprinting shall provide suffi-
cient contrast with the electrode covering so that the num-
bers and letters are legible, both before and after normal
welding applications. -

2.8.4 The prefix letter E in the electrode classification
may be omitted from the imprint of the electrode covering.

2.9 Rounding-off Procedures. For purposes of deter--

mining conformance with this specification, an observed
or calculated value shall be rounded off to the nearest unit
in the last right-hand place of figures used in expressing
the limiting value for other values in accordance with the
rounding-off method of ASTM E29, Recommended Prac-
tice for Indicating Which Places of Figures are to be
Considered Significant in Specified Limiting Values.3

3. ASTM Standards can be obtained from the American Society for
Testing and Miterials, 1916 Race Street, Philadelphia, PA 19013,
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2.10 Certification. For all material furnished under this
specification, the manufacturer certifies (by meeting the
requirements of 2.7) that the material, or representative
material, has passed the tests required for classification by
this specification. When required by the purchaser, the
manufacturer shall furnish a copy of the results of those
tests.

3. Details of Tests

3.1 Required Tests. The tests specified in 1.3 and 1.4
shall be conducted in accordance with the requirements of
this Section 3. Usability tests and chemical analysis may
be made on welding rods and electrodes of any size.

3.2 Materials for Test Plates. The base metals for both
the usability test and chemical analysis shall conform to
one of the following specifications or their equivalent:
3.2.1 ASTM Specification A285, Pressure Vessel
Plates, Carbon Steel, Low and Intermdiate Tensile
Strength, Grade A or equivalent
3.2.2 ASTM Specification A36, Structural Steel

3.3 Usability Test

3.3.1 A test pad shall be prepared using techniques,
position, and other factors as specified by the manufac-
turer.

3.3.2 The surface of the pad shall be ground smooth
and clean, after which the surface shall be visually exam-
ined.

3.4 Chemical Analysis

34.1 Chemical Analysis of Bare Welding Rods and
Electrodes. An adequate sample of bare welding rod or
electrode, sufficient for retest if necessary, shall be ob-
tained to make the prescribed chemical analysis.

3.4.2 Chemical Analysis of Covered Electrodes

3.4.2.1 All surfacing on the chemical analysis pad
shall be done in the flat position.

3.4.2.2 For covered clectrodes, the test pad shall be
prepared as-shown in Fig. 1, using the welding procedures
specifed by the manufacturer as to factors not covered
herein. The full length of each covered electrode shall be
used, with the stub length not to exceed 1-3/4 in. (45 mm).

3.4.2.3 The top .surface of the test pad shall be
removed and discarded, and an adequate sample of weld
metal, sufficient for retest, if necessary, shall then be
removed from the test pad by any appropriate means.
Postweld heat treatment may be used to soften the test pad
to facilitate removal. Metal for the sample shall not be
removed closer than 1/4 in. (6.4 mm) from the base metal.
No qil or other lubricant shall be used when removing the
sample. '

3.4.2.4 Chemical analysis may be made by any suit-
able method agreed upon by the manufacturer and the
purchaser.
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Fig. 1—Chemical analysis test pad

S| Equivalents

Jn_ mm
34 19

11/2 38

13/4 44
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Appendix: Guide to AWS Classification of Surfacing Welding
Rods and Electrodes

Al. Introduction and Classification
System

Al.1 Introduction. This guide is appended to the spec-
ification as a source of information,; it is not mandatory and
does not form a part of the specification.

The specification itself is intended to provide both the
manufacturer and the purchaser with a means of produc-
tion control and a basis of acceptance through mutually
acceptable, sound, standard requirements,

This guide has been prepared as an aid to prospective
users of the welding rods and electrodes covered by the
specification in determining which classification of filler
metal is best suited for a particular application, with due
consideration to the particular requirements for that appli-
cation.

A1.2 Classification System

A1.2.1 The system for identifying welding rod and
electrode classifications used in this specification follows
the standard pattern used in other AWS filler metal spec-
ifications. The letter E at the beginning of each classifica-
tion indicates an electrode, and letter R indicates a welding
rod. The letters ER indicate a filler metal that may be used
as either a bare electrode or rod. The letters immediately
after the E, R, or ER are the chemical symbols for the
principal elements in the classification. Thus, CoCr is
cobalt-chromium alloy, CuZn is a copper-zinc alloy, etc.
Where more than one classification is included in a basic
group, the individual classifications in the group are iden-
tified by the letters A,B,C, etc., as in ECuSn-A. Further
subdividing is done by using a' 1,2, etc., after the last
letter, as the 2 in ECuAl-A2.

A1.2.2 Some years ago, the committee designated sur-
facing filler metals as shown in Table A1.

The correlation between these old designations and the
new classifications covered by this specification is indi-
cated in Table A2,
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Al.3 Ventilation during Welding

A1.3.1 Three major factors in arc welding that govern
the amount of contamination to which welders or welding
operators may be exposed are:

A1.3.1.1 Dimensions of space in which welding is
to be done (with special regard to height of ceiling)

A1.3.1.2 Number of welders or welding operators
working in that space

A1.3.1.3 Possible evolution of hazardous fumes,
gases, or dusts according to the metals and shielding gases
involved )

A1.3.2 American National Standard Z49.1, Safety in
Welding and Cutting, discusses the ventilation that is
required during welding and should be referred to for
details. Attention is particularly drawn to Section 8,
“Health Protection and Ventilation.”

A2. RFe5 and EFe5 High-Speed Steel
Filler Metals

A2.1 Introduction and Applications. The RFe5 welding
rods and BFe5 electrodes have proved very popular for
applications where hardness is required at service tempera-
tures up to 1100° F (595° C) and where good wear resistance
and toughness are also required. These filler metals are
essentially high-speed steels, modified slightly for
welding applications.

The three classifications are approximately inter-
changeable, except that Fe5-A and Fe5-B (with high car-
bon) are more suitable for cutting and machining (edge-
holding) applications; EFe5-C (with lower carbon) is most
suitable for hot working and for applications requiring
toughness. Some typical surfacing applications are cutting
tools, shear blades, reamers, forming dies, shearing dies,

guides, ingot tongs, broaches and other similar tools.




AWUS A5.13 &0 WM 2595512 000938k b W

10/ SoLID SURFACING WELDING RoDs AND ELECTRODES

Table A1
Surfacing filler metals
(old designations)

I. Ferrous
A. Hardenable alloys
1. Carbon steels
a. Low (0.19% C max)
b. Medium (0.20-0.60%C)
c. High (0.61-1.50%C)
2. Low alloy steels
a. Low carbon
b. Medium carbon
¢. High carbon
d. Cast-iron types
3. Medium alloy steels
a. Medium carbon
b. High carbon
c. Cast-iron types
4. Medium high alloy
a. Low carbon
b. Medium carbon
c. High carbon
d. Cast-iron types (1.5% C min)
5. High-speed steel
B. Austenitic steels
1. Chromium and Cr-Ni
a. Low carbon
b. High carbon, low nickel
c. High carbon, high nickel
2. High manganese
C. Austenitic—not usually heat-treated
1. High chromium iron
2. High alloy iron
a. 1.7 percent carbon
b. 2.5 percent carbon
c. Very high alloy
H. Colbalt base alloys
A. Low alloy
B. High alloy
III. Carbides
A. Inserts
B. Composite
C. Powder
IV. Copper base
A. Copper-zinc
B. Copper-silicon
C. Copper-aluminum
V. Nickel base
A. Nickel-copper
B. Nickel-chromium
C. Nickel-chromium-tungsten-molybdenum
D. Nickel-chromium-boron

A2.2 Hardness. The Rockwell hardness of the undiluted
ReS5 filler metals in the as-welded condition is in the range
of C 55 to C 60. Where a machining operation is required,
hardness may be reduced to approximately C 30 by an
annealing treatment.

Table A2
Surfacing filler metals
(new classifications)

AWS classification Old designation
FeS .. IAS
FeMn .....ooiniiiiiiinniinanns 1B2
FeCr......oovviiiviiiniiinane, IC1
CoCr-A ..o iiiiiiiiiiie i, A
CoCr-C.vvvnin i iiieie e IIB
CoZn ... IVA
CuSi.....ooviiiiiiiiiiiiinn, IVB
CuAl ... ... i ve
NiCr....ooiiiiiiiiiie e VB

A2.3 Hot Hardness. Hardness a¢ elevated temperatures
(hot hardness) is a very important property of weld de-
posits of these filler metals. Tungsten and molybdenum are
probably the most influential elements present in obtain-
ing this property. Due to the large size of these atoms and
their low diffusion rates, the carbides do not coalesce but
stay in very small particles. At temperatures up to 1100°F
(595° C), the as-deposited Rockwell hardness of C 60 falls
off very slowly to approximately C 47 (448 Brinell). At
higher temperatures, it falls off more rapidly. At about
1200° F (650° C), the maximum Rockwell hardness is
about C 30 (283 Brinell).

A2.4 Tmpact. The Fe5 filler metals as-deposited can only
withstand medium impact without cracking. After tem-
pering, the impact resistance is increased appreciably.

A2.5 Oxidation Resistance. Deposits of the Fe5 filler
metals, because of the high molybdenum content, will
oxidize readily. When heat treatments are required, a
non-oxidizing furnace atmosphere salt bath or borax coat-
ing should be used to prevent decarburization.

A2.6 Corrosion Resistance. The Fe5 weld metal can
withstand atmospheric corrosion, but is not effective in
providing resistance to liquid corrosion.

A2.7 Abrasion. The high-stress abrasion resistance of
these filler metals, as-deposited, at room temperature is
much betterthan low carbon steel, but they are not consid-
ered high abrasion resistance alloys. Resistance to defor-
mation at elevated temperatures up to 1100° F (593° C) is

their outstanding feature, and this may aid hot abrasion

resistance.

A2.8 Metal-to-Metal Wear and Mechanical Prop-
erties in Compression. Deposits of FeS5 filler metals are
well suited for metal-to-metal wear, especially at elevated
temperatures. They have a low coefficient of friction, and
the ability to take a high polish and retained their hardness
at elevated temperatures. The compressive strength is very
good and will fall or rise with the tempering temperature
used.
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A2.9 Machinability. These filler metals, after deposi-
tion, often have to be annealed for machining operations.
For machinability, when thoroughly annealed, they are
rated at 65, as compared with a 1 percent carbon tool steel,
which has a rating of 100. Full hardness can be regained
by heat-treating procedures discussed herein.

A2.10 Identification. The Fe5 filler metals, in the hard-
ened or as-desposited condition, are highly magnetic.
When spark tested, they give off a very small, thin stream
of sparks approximately 60 in. (1500 mm) long. Close to
the grinding wheel, the spark is red; at the end, it is a straw
color.

‘A2.11 Metallography. The Fe5 filler metals, when de-
posited, contain highly alloyed tetragonal martensite,
highly alloyed retained austenite, and undissolved com-
plex carbides. Molybdenum has been used to replace
tungsten found in many other high-speed tool steels such
ds the 18-4-1 grade (18 percent tungsten, 4 percent
chromium, and 1 percent vanadium). Molybdenum forms
the same type of complex double carbide with iron and
carbon as does tungsten. Since molybdenum is an element
of smaller atomic weight than tungsten (approximately
one-half), it will produce twice as many atoins of alloying
elements in the steel as will tungsten when added in the
same weight percentage. This appears to be a partial
reason for the fact that 1 percent molybdenum can be
substituted for approximately 2 percent tungsten.

The carbon content of high-speed steel is usually fixed
within narrow limits. Carbon as low as 0.5 percent will not
permit maximum hardness because of the presence of
appreciable amounts of ferrite. As the carbon increases,
the quenched hardness increases because of the absence of
ferrite and because of the increased amount of carbon
dissolved in the austenite. Chromium is present in this
deposit at 3.0 to 5.0 percent, as this appears to be the right
percentage for the best compromise between hardness and
toughness. In conjunction with the carbon content,
chromium is mainly responsible for the great hardenability
of this deposit.

A2.12 Heat Treatment. A summary of the heat-treating
data follows: :

Preheat. Preheat is usually used, although in some
instances, no preheating is required. When a preheat is
used, the minimum is 300° F (150° C).

Annealing (1550 to 1650° F) (845 to 900° C). This
treatment is applicable only when dictated by machining
requirements.

Hardening. Hardening is necessary. only if part has
been annealed for machining.

Preheat. 1300 to 1500°F (705 to 815° C).

Harden. 2200 to 2250° F (1200 to 1230° C), air or oil
quench.

Double Temper. 1025° F (550° C) 2 hours air cool to room
temperature; 1025° E (550° C), 2 hours, air cool to room
temperature,

Due to the high molybdenum content of these filler
metals, weld deposits are susceptible to decarburization at
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high temperature. Consequently, in heat treatment and
annealing, care must be used to prevent decarburization.

A2.13 Welding Characteristics. The procedure for ap-
plying Fe5 filler metals is similar to that employed for
other surfacing materials. The work must be carefully
cleaned of all foreign material prior to welding. All
cracked or spalled metal should be removed to ensure
sound fusion of weld and base metals. Definite welding
instructions depend upon the specific job and welding
process to be employed. Preheating, although generally
recommended, is not used in all surfacing applications
but is dependent upon the shape, size, and composition
of the part to be surfaced. Peening of each bead after
deposition is sometimes employed to reduce stresses in
the weldment.

A3. EFeMn Austenitic Manganese
Electrodes

A3.1 Introduction and Applications. The two classifica-
tions of EFeMn electrodes are substantially equivalent ex-
cept that the yield strength of EFeMn-B-weld deposits is
higher than that of EFeMn-A. For track work, the higher
yield is considered an asset.

The applications where surfacing with EFeMn electrodes
are most appropriate are those dealing with metal-to-metal
wear and impact,- where the work-hardening quality of the
deposit becomes a major asset. Soft rock crushing opera-
tions, involving limestone or dolomite, for example, can
also benefit from such protection. Abrasion by angular
quartz particles does not seem to be altered in laboratory
tests by work-hardening manganese steel. Severe service
with quartz abrasion is best dealt with by using manganese
steel as a tough base metal and surfacing with a martensitic
iron. Under very high-stress conditions, such as those in a
jaw crusher, experience may demonstrate that all wear-
resistant metals except manganese steel are too brittle.
Surface protection then becomes a matter of replacing worn
metal with more EFeMn filler metal, which is common.
Railway frogs and crossings are also reclaimed in this way.
Extensive areas, as in crushers and power shovel parts, are
usually protected with a combination of weld deposits and
filler bars, which are flats and rounds of manganese steel,
welded in place. Such protection may be applied up to 3 in.
(76 mm) thick, which is near the upper thickness limit of
common surface protection methods.

A3.2 Hardness. The normal hardness of these weld
deposits is 170 to 230 BHN, but this is misleading, since
they work-harden very readily to 450 to 550 BHN,

A3.3 Hot Hardness. Reheating above 500 to 600° F (250
to 315° C) may cause serious embrittlement. Thus, hot
hardness is not a property that can be exploited.

A3.4 Tmpact. The EFeMn electrodes, as-deposited, are
usually considered the outstanding engineering materials
forheavy impact service.
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A3.5 Oxidation Resistance and Corrosion Resistance.
The EFeMn weld metal is similar to ordinary carbon steels
in this respect and is not oxidation or corrosion resistant.

A3.6 Abrasion. Resistance to high- and low-stress abra-
sion is moderate against hard abrasives like quartz, as
shown by the following:

Wet Quartz Sand Abrasion Factor —0.75 to 0.85 (as
compared to SAE 1020 Steel as 1.00). _

Dry Quartz Sand Eresion Factor — 0.41 to 0.56 (as
compared to SAE 1020 Steel as 1.00).

The assumption that ahrasion resistance increases with
hardness has not been confirmed with carefully controlled
testing using quartz as an abrasive.

A37 Metal-to-Metal Wear and Mechanical Properties
in Compression. Metal-to-metal wear resistance is fre-
quently excellent. The yield strength in compression is
low, but any compressive deformation rapidly raises it until
plastic flow ceases. This behavior is an asset in battering,
pounding, and bumping wear situations.

A3.8 Machinability. Machining is very difficult with
ordinary tools and equipment; finished surfaces are
usually ground.

A3.9 Identification. Because of the unusual response to
heating of the EFeMn weld metal, correct identification
before welding is very important. A small magnet and a
grinding wheel usually suffice, since a clean ground sur-
face is substantially nonmagnetic, and grinding sparks are
plentiful in contrast to the nonmagnetic stainless steels.

A3.10 Metallography. The chief constituent of EFeMn
weld deposits is austenite, the nonmagnetic form of iron
that can hold considerable carbon in solid solution. Aus-
tenite that is nearly saturated with carbon is responsible for
the properties of these filler metals.

The austenite is not entirely stable. It will reject some of
the carbon at intermediate temperatures or during defor-
mation. This takes the form of manganese-iron carbides as
fine particles, as films at grain boundaries, as flat, brittle
plates, and in pearlite. Carbide precipitation in any of these
forms leads to increased hardness and brittleness. Defor-
mation (work-hardening from pounding, etc.) raises
hardness most effectively with the least loss in toughness.
Carbide precipitation, caused by slow cooling from the
completely austenitic range or by reheating the tough
structure, is undesirable.

The normal tough structure of manganese steel is pro-
duced in manufacture by water quenching from above
1800° F (980° C). Weld deposits depend on modified
compositions to approximate this toughness after air-
cooling from the welding temperature.

A3.11 EFeMn-A (Nickel-Manganese). Nickel additions
to the standard grade of manganese steel produce no
appatent changes in yield strength, but there is a distinct
trend toward higher elongation. The quenching rate is
perhaps less critical, but quenching is still necessary to
obtain the maximum toughness.

A lower carbon content is much more effective in con-
ferring toughness without quenching. As added nickel
seems to prevent the lower infrinsic toughness of the
straight 12 percent Mn steels with low carbon, an alloy of
0.50 to 0.90 percent carbon and about 3 to 5 percent nickel
has become popular for welding electrodes. This alloy
exhibits greater resistance to embrittlement from reheat-
ing up to 800° F (425° C) than the standard grade.#

A3.12 EFeMn-B (Molybdenum-Manganese). The ad-
dition of molybdenum to manganese steel tends to raise its
yield strength. Like nickel, it increases the toughness of
the lower carbon types and can be used interchangeably to
produce a satisfactory welding electrode. Either approxi-
mately 3 to 5 percent nickel or 1/2 to 1-1/2 percent molyb-
denum will stabilize the tensile strength of the low carbon
type near the standard level of 120,000 psi (827 MPa) after
heat treatment. The associated elongation with 1/2to 1-1/2
percent molybdenum is not so high, but it has a compen-
sating higher yield strength. Depaosits of EFeMn-B elec-
trodes have given satisfactory performance in such exact-
ing applications as railway switches and frogs, where
battered down castings are rebuilt with molybdenum-
manganese weld deposits.

A3.13 Heat Treatment. Weld deposits are usually not
heat-treated, since the filler metals are formulated to be
“air toughening.” However, it sometimes may be advisa-
ble to heat-treat a weldment to restore the toughness of a
manganese base embrittled by too much reheating, Water
quenching after 2 hours at 1850° F (1010° C) is usually
sufficient for this purpose. The weld deposit should be free
of cracks if this is to be done; otherwise, oxidation of the
cracks may cause considerable structural damage and can-
cel the benefits of the toughening heat treatment.

A3,14 Welding Characteristics

A3.14.1 If EFeMn filler metal is deposited on carbon or
low alloy steel, the transition zone may be too low in
manganese and, thus, develop a martensitic structure,
which can permit spalling of the weld deposit because of
brittleness. Such use of an austenitic manganese steel
overlay for abrasion resistance is generally not recom-
mended, since an air-hardening steel or martensitic iron is
usually more satisfactory. )

A3.14.2 Manganese steel is so popular for battering
metal-to-metal wear that it has seen considerable service
as an overlay on carbon steels despite its tendency to
develop martensite. For many years, it has been used as an
overlay on large steel mill coupling boxes, pinions, spin-
dles, and other items working under heavy impact load.
Cracking has been observed, but since the contacting faces
are enclosed, highly stressed edges are avoided, and,
perhaps because large surface areas are in contact, the
surface protection technique has been considered satisfac-
tory. Four layers of the manganese steel overlay are rec-
ommended.

4. Specification for Austenitic Manganese Steel Castings (ASTM De-
signation: A 128)
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A3.14.3 Not all users of this procedure may be so
fortunate in avoiding trouble from the brittle fusion zone.
One way to avoid cracking is to “butter” the carbon steel
with a layer of austenitic stainless sfeel, This blends well
with carbon or low alloy steels and manganese steel with-
out forming brittle structures. The EFeMn filler metal may
then be welded on top of the stainless steel deposit without
sacrificing the toughness of austenite.

A3.14.4 Bare EFeMn electrodes are sometimes used.
Acceptable welds can be produced with sufficient power,
and the high melting rates are considered an asset. Cov-
ered electrodes permit the use of lower power, are easier
for an inexperienced welder to use, and minimize annoy-

~ ing short circuits in restricted space, but generally have a

lower melting rate. Direct current, reverse polarity is pre-
ferred for both covered and bare electrodes.

A3.14.5 While manganese steel has high ductility
when strained in one direction, the two- and three-
dimensional stresses that occur in weld deposits can and
frequently do cause failure with no apparent ductility. The
undesirable weld bead tensile stresses that develop on
cooling can be changed to compressive stress by peening
the deposit. Such peening, preferably with a pneumatic
hammer, flows the outer surface, and the deformation
relieves the tension that would otherwise cause cracks.
The opening, for which a machinist’s ball peen hammer is
suitable, should be done promptly after deposition of one
or even half an electrode. In no case should a bead longer
than 9 in. (230 mm) be left without immediate peening.

A3.14.6 The weld metal is weakest while hot. Since it
is easiest to deform at red or yellow heats and since
cracking is most likely to occur above 1500° F (815° C), it
is advisable to peen the bead as quickly as practicable.

A3.14.7 There is experimental evidence that arc power,

arc length, bead size, and melting rate are related to bead
cracking. Unless the beads can be quickly and properly
peened, arc power above 3.5 kw or melting rates above 12
in./min (5.1 mm/s) should be avoided. In any case, a
weaving bead that has a cross-sectional area greater than
0.18 in.2 (116 mm?2) (for example 0.8 in. {20 mm] wide by
0.2in. [5 mm] high above the base; which may mean about
0.40 in. [10 mm] thick) is desirable. These conditions may
not prevent underbead cracking, butthey should minimize
fissuring in the weld. )
A3.14.8 Much use of surfacing with EFeMn electrodes
is to build up worn manganese steel parts, To avoid em-
brittling this base metal, it should be kept below 500° F
(260° C) within 2 in. (51 mm) from the weld by water
cooling, intermittent welding, or other procedures.

A4. RFeCr-A and EFeCr-A Austenitic
High Chromium Iron Filler Metals

A4.1 Introduction and Applications. The RFeCr-A
welding rods and EFeCr-A electrodes have proved very
popular for facing agricultural machinery parts. Arc weld-
ing is used on heavy materials and large areas; oxyfuel
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welding is used for thin sections. Plowshares can be con-
sidered as a typical application because these filler metals
flow well enough to produce a thin edge deposit, and the
wear conditions in sandy soil are typically those of erosion
or low-stress scratching abrasion. It is significant that the
FeCr-A filler metals become unsuitable in very rocky soil
because of the associated impact. Industrial applications
include coke chutes, steel mill guides, sandblasting
equipment, brick making machinery, etc.

A4.2 Hardness. The as-welded hardness when deposited
by oxyfuel welding will vary with carbon content. The
average Rockwell hardness of 104 production quality con-
trol tests was C 56,1 with an observed range of C 51to C
62, representing a range of 4.3 to 5.2 percent-carbon.
Macrohardness values, such as Rockwell or Brinell num-
bers, will increase slowly as carbon increases. Such fig-
ures reflect the greater proportion of the hard carbides in
the softer matrix but do not reliably indicate abrasion
resistance.

Since dilution is not expected in normal oxyfuel weld-
ing, the chief variable is carbon pickup from the flame
adjustment. With a 3 X feather-to-cone reducing flame, a
pickup of 0.4 ‘percent carbon has been observed if the
welding rod is on the low side of the carbon range. On the
high side of the carbon range, a neutral flame can slightly
decarburize the deposit.

The austenitic matrix can work-harden somewhat under
impact, but since the consequent deformation leads to
cracking, impact service is avoided.

A4.3 Hot Hardness. Hardness falls slowly with increas-
ing temperatures up to about 800 to 900° F (425 to 480° C)
and thereafter falls rapidly and also becomes strongly
affected by creep. At 900° F (480° C), the instantaneous
Rockwell hardness is about C 43, and 3 minutes under load
will cause an apparent drop to near C 37. At 1200° F (650°
(), the instantaneous value may be no higher than C 5, and
the apparent loss due fo creep in 3 minutes may be as much
as 45 points on the “C” scale. However, the loss of hard-
ness due to tempering is negligible in comparison with
many martensitic alloys, and the drop in hardness shown
by hot testing is practically recovered on cooling to ordi-
nary temperatures.

Very little is known about the resistance of these filler
metals to thermal shock and thermal fatigue.

A4.4 Impact. FeCr-A deposits may withstand very light
impact without cracking, but cracks will form readily if
blows produce plastic deformation. These filler metals are
seldom used under conditions of medium impact and are
generally considered unsuitable for heavy impact where
cracking is objectionable. Dynamic compression stresses
above 60,000 psi (413-MPa) should be avoided.

A4.5 Oxidation Resistance, The high chromium content
of these filler metals confers excellent oxidation resistance
up to 1800° F (980° C) and they can be considered for hot
wear applications where their hot plasticity is not objec-
tionable.
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A4.6 Corrosion Resistance. The matrix chromium con-
tent of the deposited FeCr-A filler metals is comparatively
low and, thus, not very effective in providing resistance to
liquid corrosion. These deposits will rust in moist.air and
are not stainless, but are more stable than ordinary iron and
steel.

A4.7 Abrasion. Resistance to low-stress scratching abra-
sion is outstanding and is related to the volume of the hard
carbides. Deposits of FeCr-A will wear about one-
eighteenth as much as soft (SAE 1020) steel against
rounded quartz sand grains and against sharp angular flint
fragments. As stress on the abrasion increases, their per-
formance declines. As deposited, FeCr-A is only mediocre
under high-stress grinding abrasion and is usually not
advantageous for such service.

A4.8 Metal-to-Metal Wear. Low-stress abrasion pro-
duces a good polish with a resulting low coefficient of
friction. Where the polish is produced by metal-to-metal
wear, performance is also good. Resistance to galling is
considered better than for ordinary hardened steel because
tempering from frictional heat is negligible. Austenite
alone is prone to gall, and its presence may lead to unfa-
vorable performance. Also, the hard carbides can stand in
relief through wear of the austenite and cut or cause
excessive wear of a mating surface. Therefore, metal-to-
metal service should be approached cautiously. Rolling
mill guides have been found to be appropriate applica-
tions.

A4.9 Mechanical Properties in Compression. In com-
pression, the deposited FeCr-A filler metals are expected
to have a yield strength (0.1 percent offset) of between
80,000 and 140,000 psi (551 to 965 MPa) with an ultimate
strength from 150,000 to 280,000 psi (1034 to 1930 MPa).
They will show about 1 percent elastic deformation and
tolerate from 0.5 to 3 percent additional plastic deforma-
tion before failure at the ultimate. Like other cast iron
types, their tensile strength is low, and tension should be
avoided in designs for their use.

A4.10 Machinability. The FeCr-A deposits are consid-
ered commercially unmachinable with cutting tools and
are also very difficult to grind. For machine shop use, the
recommended grinding wheels are aluminum oxide abra-
sive with a 24-grit size, hard (Q) and medium space
resinoid bond for off-hand high-speed work, and a slightly
softer (P) vitrified bond for off-hand low-speed use.

Ad.11 Identification. When welding rods are mixed, the
FeCr-A filler metals can frequently be identified by (1)
brittleness of the cast rod, (2) nonmagnetic behavior, (3)
their very dull, lifeless spark that is short and produced
with difficulty, and (4) sometimes by the presence of fine
needle-like Cr,C, crystals on a fracture section. A spot test
for cobalt (see A5.11, “CoCr Identification™) will distin-
guish it from the somewhat similar CoCr-C filler metals.
The magnetic permeability is about 1.03 with a magnetiz-
ing force of 24 oversteds.

A4,12 Metallography. Deposits of these filler metals
consist of hard carbides of the chromium carbide (Cr,C,)
type dispersed in a matrix of austenite that is stable during
slow cooling. The FeCr-A classification does not apply to
those high chromium irons that are subject to pearlite
formation, martensitic hardening, and other manifesta-
tions of austenite transformation.

The Cr,C, carbides have a diamond pyramid hardness
(DPH) or Vickers pyramid number (VPN) of approxi-
mately 2000, are harder than quartz, and, thus, confer
resistance to scratching abrasion by most common mate-
rials. The austenite matrix is softer (about 450 DPH) and
somewhat plastic. It can be eroded from around the car-
bides and may not give them competent support under
conditions of high-stress abrasion. The austenite is rich in
dissolved carbon as welded. Much of it separates out as
spine-like crystals of Cr,C, during cooling; some crystal-
lizes as smaller particles, and some remains in solid solu-
tion. The hard carbides are brittle and fracture readily.

A4.13 Heat Treatment. The austenite, which is stabi-
lized partly by dissolved chromium and partly by man-
ganese, does not transform by usual steel hardening reac-
tions. It can precipitate some carbon in dispersed form
during aging heat treatments, but this hardening is minor
and is neglected in practical surfacing operations.

A4.14 Welding Characteristics. In oxyfuel gas welding,
fiat position welding with a 3 X feather-to-cone reducing
flame is recommended. The coefficient of thermal expan-
sion is about 50 percent greater than that of carbon steels
and irons. Contraction stresses are prone to crack the
deposit, and, while these cracks may do no harm, they
may be minimized by preheating and postheating tech-
niques. The use of a flux may be helpful in dealing with
dirt, scale, and other undesirable surface contamination;
but on a clear, bright metal surface such as grinding pro-
duces, flux is ordinarily unnecessary. A good bond can be
produced on all iron base materials, provided the base
metal is not damaged by the high temperature-conditions
of welding and weld cooling. In arc welding, the proce-
dure for applying FeCr-A filler metals is similar to that
used for other surfacing electrodes.

A.5 RCoCr and ECoCr Cobalt-Base
Filler Metals

AS.1 Introduction and Applications. The contact sur-
faces of exhaust valves in aircraft, truck, bus, and diesel
engines are frequently surfaced with the softer alloys.
Much CoCr-A filler metal is used for this purpose. Its
success is attributed to its combination of heat, corrosion,
and oxidation resistance. It is also used for valve trim in
steam engines, on pump shafts, and on similar parts sub-
ject to corrosion and erosion, The higher carbon filler
metals, CoCr-B and CoCr-C, are used in those applica-
tions where greater hardness and abrasion resistance are
needed, but where impact resistance is not mandatory.
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AS5.2 Hardness. The usual hardness ranges are shown in
Table A3. CoCr-A filler metal is usually employed as a
precise oxyacetylene welded overlay with little if any base
metal dilution. When so deposited, it is likely to be near
Rockwell C 42 in hardness.

Table A3
Usual hardness of cobalit-
base weld deposits (70° F) (21° C)
7 Hardness, Rockwell C
CoCr-A CoCr-B CoCr-C

38t047 45t049 48to58
23t047 341047 43t058

a. Lower values can be expected in single layer deposits due to dilution
with the base metal.

Oxyfuel gas welded
Arc welded

CoCr-C filler metal may be used for wear resistance in
rougher service where precision and quality are less im-
portant but hardness and carbide volume may be signifi-
cant. Oxyfuel gas deposits are expected to be near
Rockwell C 55, which is comparable to the hardness of the
austenitic chromium irons (FeCr-A). Arc welded deposits
are much more variable. Some experience with these is
shown in Table A4.

Many surfacing alloys are softened permanently by
heating to elevated temperatures. CoCr filler metals are an
exception. While they do exhibit lower hardness while hot,

_ they return to approximately their original hardness upon

cooling and can be considered immune to tempering.

AS5.3 Hot Hardness. Elevated temperature strength and
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hardness are outstanding properties of this group. They
are generally considered superior to other surfacing alloys
where these properties are required above 1200° F (650°
C). In the range from 1000 to 1200° F (540 to 650° C), their
relative advantage is not always clear, and below 1000° F
(540° C) other classifications may be better. The hot hard-
ness expectancy is shown in Table AS.

Creep, which is plastic flow that occurs under sustained
loading, is ordinarily a high temperature problem. In weld
deposits, it appears as a slow yielding; in hardness tests,
this shows as an apparent lowering of hardness as the time
period of a hardness indentation is increased. Evidence of
this is shown in Table A6. -

At temperatures above 1000 to 1200° F (540 to 650° C),
weld deposits of these CoCr filler metals have greater
resistance fo creep than other commercially available sur-
facing alloys for which data are available. This distinction
and their hardness at 1200° F (650° C) and above are the
primary reasons for their selection for use in many applica-
tions. :

A5.4 Impact. Resistance to flow under impact increases
with carbon content in this group. CoCr-C weld deposits
are quite brittle and crack readily when impact flow does
occur. CoCr-A deposits, while they deform more easily,
can withstand some plastic flow under compression before
cracking. However, a tough martensitic steel is considered
superior in both flow resistance and toughness.

AS.5 Oxidation Resistance. The presence of over 235
percent chromium promotes the formation of a thin,
tightly-adherent protective scale under oxidizing condi-
tions. For deposits of these filler metals at temperatures up
to 1800° F (980° C), this means a scaling rate below 0.10

Table A4
Arc welded deposits

Room temperature hardness data on CoCr-C arc welded deposits

Average hardness Average hardness by layers
Sample Carbont, Rockwell Brinell Brinell Rockwell C
percen C 1 2 3 1 2 3
B 2.28 47 465 489 497 509 41 48 53
G 1.83 40 391 328 399 444 32 43 47
H 2.12 49 437 368 455 489 44 51 53
E 2.95 47 448 381 433 528 42 46 53

Range of hardness abserved from 3 coupons for each sample, 3 readings
for each of 3 positions on each of 3 layers

Brinell hardness Rockwell C hardness

1 2 3 1 2 3
357 to 440 443 fo 557 390to 640 33t046 38t050 4810 56
29710353 37310415 42910478 27t035 381045 441050

32410384 41310483 450to 514 41t045 41to53 51to56
351t0 443 322to 514 46510578 371045 34t053 50to 55

Sample

mEmow
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Table A5

Instantaneous hardness values
CoCr-A CoCr-C
Rockwell C for sample Rockwell C for sample
Temperature, number given number given
°F °C B G H-a H-b E B G HJ E
650 345 296 333 265 29.8 41.0 437 357 412 46.1
850 455 243 26.8 21.5 28.5 36.6 41.0 319 38.0 406
1050 565 20.0 21.8 19.1 22,7 322 35.6 29.8 351 30.5
1200 650 159 19.7 164 21.8 258 299 243 29.0 27.9
1400 760 46.8" 45.8% 44.7% 49.8% 49.8* 53.9° 53,0 53.4% 51.3%
a. These are Rockwell A values.
Table A6
Average hardness with 1- and 4-minute holding times
Time CoCr-A CoCr-C
under Temper- Brinell hardness for Brinell hardness for
load ature, sample number given sample number given
°F °C B G Ha Hb E B G H E
lmin 850 455 297 320 291 309 388 381 319 426 429
4min 850 455 307 350 269 306 376 394 304 409 422
Imin 1200 650 250 274 221 250 304 363 268 326 328
4min 1200 650 235 243 237 220 278 363 234 296 298

in. (2.5 mm) per year in common oxidizing atmospheres.
Scaling resistance to combustion products of internal
combustion engines is also generally adequate, even in the
presence of lead compounds from “doped” fuels.

AS.6 Corrosion Resistance. CoCr filler metals, as de-
posited, are recognized as “stainless” and are frequently
useful where both abrasion and corrosion are involved.
They can be considered corrosion resistant in the less
severe media, in foods, and in ait, and they may even have
good resistance in some corrosives such as nitric, acetic,
citric, formic, lactic, sulfuric, sulfurous, and trichloracetic
acids. However, if an application that involves corrosion is
under consideration, general statements about corrosion
should be confirmed by a field test, if possible. It should
include all service factors, as minor variables are some-
times decisive. In any event, a recognized authority in the
field of corrosion should be consulted.

AS5.7 Abrasion. Carbon content has much to do with the
response to abrasion. At 1.0 percent carbon (CoCr-A), the
performance is inferior to that of carbon steel; at 2.5
percent carbon (CoCr-C), the resistance to high-stress
grinding abrasion is good. Undey the low-stress conditions
of scratching abrasion, laboratory tests indicate that
CoCr-C oxyfuel gas welds may wear at one-twentieth the
rate of carbon steel, while for CoCr-A deposits, the rate is
near one-fifth.

There has been considerable field use of CoCr-C filler
metal to withstand abrasion. Some of this experience dates
back to the time when the cobalt-base filler metals were
practically the only surfacing materials available. It should
be noted that equivalent performance can currently be
obtained with iron-base filler metals if heat and corrosion
are unimportant service factors.

AS.8 Metal-to-Metal Wear. The CoCr filler metals are
well suited for metal-to-metal wear because of their ability
to take a high polish and their low coefficient of friction.

AS5.9 Mechanical Properties in Compression. Some
reported properties appear in Table A7,

AS5.10 Machinability. None of the deposits from these
filler metals is easily machinable, and the difficulties
increase along with increased carbon content. However,
CoCr-A deposits are regularly machined, preferably with
sintered carbide tools. With deposits of CoCr-C classifica-
tion, grinding is the accepted method of finishing.

AS5.111dentification. Filler metals of these three classifi-
cations may usually be distinguished by their relative
hardness and brittleness. They are nonmagnetic and thus
may be screened from the magnetic iron-base alloys. The
spark test will differentiate them from austenitic man-
ganese steel, FeMn. However, the austenitic chromium
irons, FeCr-A, are so similar to the CoCr-C classification
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Table A7
Compression properties of cast cobalt-base alloys

Yield strength (0.1 percent offset), ksi
Ultimate compression strength, ksi
Plastic deformation, percent

Brinell hardness

Appendix | 17
Co-Cr-A CoCr-C
64 to 76 85t0 110
150t0230 250t0 270
5t08 1t02

350t0420 480to 550

a. Cast values are included because weld metal data are not available.

SI equivalents
64 441 85 586 230 1586
76 524 110 758 250 1724
150 1034 270 1861

that the following test or some other test may be necessary
for differentiation.

Identification Test. Clean 1- and 2-in. (25 and 51 mm)
lengths of the filler metal and place in 250 mL beakers.
Cover with dilute HCI (one part concentrated HCI and one
part water), and heat. In a few minutes, the following may
be observed: -

Filler metal Color' of Dissqlving
solution action
CoCr-A blue slow
CoCr-B » blue slow
CoCr-C blue slow
FeCr-Al green fast

AS5.12 Metallography

AS8.2.1 These filler metals contain 25 to 33 percent
chromium, which confers oxidation resistance, and 3.0 to
14 percent tungsten, which promotes elevated temperature
strength, while the cobalt base gives corrosion resistance
and provides a stable solid solution matrix. Carbon is an
important élement that contributes strength and, in com-
bination with chromium, forms hard carbides that may
provide abrasion resistance. Different levels of carbon and
tungsten are responsible for the distinctive properties of
the three classifications.

A5.12.2 The solid solution matrix of CoCr weld de-
posits is harder than the austenite of the iron-carbon
system and the chromium-nickel-iron stainless steels. In
the matrix, complex carbides appear that increase the
overall hardness and brittleness. In CoCr-A deposits,
these may be small and weli dispersed. In deposits of
- Cocr-C, characteristic spines and pseudohexagonal crys-
tals, related to the Cr,C; carbides of the high chromium
irons (FeCr-A), are plentiful. They may be associated with
many fine carbides, and complex eutectiferous structures
are common. Structural complexity increases with carbon
content as well as with other elements, such as iron, that
mingle from base metal fusion.
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A5.12.3 Oxyacetylene welding may .increase the car-
bon content of the deposit, while arc welding tends to
reduce carbon and at the same time dilute the CoCr deposit
with elements from the base metal. These changes will be
reflected in the structures.

A5.12.4 The solid solution matrix has a hardness near
40 Rockwell C. The Cr,C, type carbides may be expected
to show a Vickers microhardness between 1500 and 2000
VPN. However, despite the hard carbide crystals, the gen-
eral hardness (as measured by Rockwell or Brinell tests)
seldom exceeds Rockwell C 60 or 600 BHN because of the
softer supporting matrix.

AS5.13 Heat Treatment. The CoCr filler metals are not
‘subject to hardening transformations like steel and have
negligible response to heat treatment. Occasionally, a
stress relief treatment may appear advisable to minimize
cracking, but usually they go into service in the as-welded
condition.

AS5.14 Welding Characteristics. For oxyacetylene weld-
ing, a 3X feather-to-cone reducing flame is recommended.
Preheating the cleaned surface with a neutral flame up to
800° F (425°.C) is advisable for heavy sections. For
shielded metal arc welding, dc reverse polarity is used,
witha short arc. For a %-in. (6.4 mm) diameter electrode,
a current of approximately 190 to 200 A is recommended.
All deposits should be cooled slowly to prevent cracking.

A6. Copper-Base Alloy Filler Metals

A6.1 Introduction and Applications. The copper-base
alloy filler-metals classified by this specification are used
to deposit overlays and inlays for bearing, corrosion resis-
tant, and wear resistant surfaces.

ERCuAl-A2 filler metal and ECuAl-A2 electrodes are
used for surfacing bearing surfaces between the hardness
ranges of 130 to 190 BHN as well as corrosion resistant
surfaces. The ERCuAl-A3, RCuAl-C, ECuAl-B, and
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ECuAI-C filler metals are used primarily for the surfacing
of bearing surfaces requiring the higher hardness ranges of
140 to 290 BHN.

Classifications RCuAl-C, RCuAl-D, RCuAl-E,
ECuAl-C, ECuAlD, and ECuAl-E are used to surface
bearing and wear resistant surfaces requiring the higher
hardnesses of 230 to 390 BHN, such as gears, cams,
sheaves, wear plates, dies, etc.

The RCuSi-A and ECuSi filler metals are used primarily
for the surfacing of corrosion resistant surfaces. Generally,
the copper-silicon deposits are not recommended for bear-
ing service.

The copper-tin (CuSn) filler metals are used primarily
to surface bearing surfaces where the lower hardness of
these alloys is required, for surfacing corrosion resistant
surfaces, and, occasionally, for wear resistant applications.

Many of the filler metals classified by this specification
can also be used for joining like and dissimilar metals (see
AWS A35.6-76, Specification for Copper and Copper Alloy
Covered Electrodes, and AWS AS5.7-77, Specification for
Copper and Copper Alloy Bare Welding Rods and Elec-
trodes) as well as for casting repairs.

A6.2 Hardness. Deposit hardness will vary with the
welding process used and the manner in which the metal is
deposited. For example, deposits made with the gas metal

arc and gas tungsten arc process will be higher in hardness

than deposits made with the oxyfuel gas and shielded
metal arc processes, because lower losses of aluminum,
tin, silicon, and zinc are encountered in the remelting
process due to the better shielding from oxidation. In
oxyfuel gas welding, excessive “puddling” of the molten
weld metal will cause excessive losses of the hardening
elementg, producing deposits of lower hardness than those
specified. See Table A8 for hardness ranges of these
alloys.

Table A8
Weld deposit hardness
Brinell hardness

AWS of deposit, Welding Process
Classifications 3000 kg load 500 kg load Applicable
ERCuAl-A2 130-150 GTAW, GMAW
ECuAl-A2 115-140 SMAW
ERCuAl-A3 140-180 GTAW, GMAW
ECuAl-B 140-180 SMAwW
ERCuAl-C 250-290 GTAW
ECuAl-C 180-220 SMAW
RCuAl-D 310-350 GTAW
ECuAl-D 230-270 SMAW
RCuAl-E 350-390 GTAW
ECuAL-E 280-320 SMAW
ECuSi 80-100 SMAW
ERCuSi-A 80-100 OFW, GMAW, GTAW
ERCuSn-A 70-85  GRAW, GMAW
ECuSn-A 70-85 SMAW
ECuSn-C 85-100 SMAW
RCuSn-D 90-110 GTAW
RCuZn-E 130 min OFW

A6.3 Hot Hardness. The copper-base alloy filler metals
are not recommended for use at elevated temperatures
since the mechanical properties and, especially, hardness
will tend to decrease consistently as the temperature in-
creases above 400°F (205° C). )

A64 Impact. The impact resistance of CuAl-A2 deposits
will be the highest of the copper-base alloy classifications.
As the aluminum confent increases; impact resistance
decreases markedly. CuSi weld deposits have good impact
properties. The CuSn filler metals, as-deposited, have low
impact values, due to the coarse grain structure and the
lower strength inherent in these alloys. The CuZn-E depo-
sits have very low impact values.

A6.5 Oxidation Resistance. Deposits of the CuAl filler
metals form a protective oxide coating upon exposure to
the atmosphere. Oxidation resistance of the CuSi deposit
is fair, while that of CuSn filler metals would be compara-
ble to that of pure copper.

A6.6 Corrosion Resistance. These copper-base alloy
filler metals are used rather extensively to surface areas
subjected to corrosion from many acids, mild alkalies, and
salt water. The only exception is filler metal of the CuZn-E
classification. The filler metals producing deposits of
higher hardness, that is, 120 to 200 BHN (3000 kg load),
may be used to surface areas subjected to corrosive action
as well as erosion from liquid flow for such applications as
condenser heads and turbine runners.

A6.7 Abrasion. None of the copper-base alloy deposits is
recommended for use where severe abrasion is encoun-
tered in service.

A6.8 Metal-to-Metal Wear. The CuAl filler metals pro-
ducing deposits from 130 to approximately 390 BHN
(3000 kg load) are used to overlay surfaces subjected to
excessive wear from metal-to-metal contact, such as gears,
cams, sheaves, wear plates, dies, etc. For example,
CuAl-E filler metals are used to surface dies, both male
and female, for drawing and forming stainless and carbon
steels and aluminum.

All of the copper-base alloy filler metals classified by
this specification are used to deposit overlays and inlays
for bearing surfaces, with the exception of the CuSi filler
metals. Silicon bronzes are considered poor bearing al-
loys. Copper-base alloy filler metals should be selected for
a bearing surface producing a deposit of 50 to 75 Brinell
hardness numbers under that of the mating metal or alloy.
Equipment is designed so that the bearing will wear in
preference to the mating part. Slight porosity in the de-
posit is sometimes acceptable for bearing service. In fact,
CuZn-E, which is a leaded bronze, was designed to pro-
duce a porous deposit to retain oil primarily for additional
lubrication purposes in the overlay of locomotive journal
boxes.

A6,9 Mechanical Properties in Compression. Deposits
of the CuAl filler metals have high elastic limits and
ultimate strengths in compression ranging from 25,000 to
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65,000 psi (172 to 448 MPa) and 120,000 to 171,000 psi
(827 to 1174 MPa), respectively. The elastic limit of CuSi
deposits is around 22,000 psi (152 MPa) with an ultimate
strength in compression of 60,000 psi (414 MPa). The
CuSn deposits will have an elastic limit of 11,000 psi (76
MPa), and an ultimate strength of 32,000 psi (221 MPa).
The mechanical properties of the leaded bronzes, CuZn-E,
are very low in compression with an elastic limit of about
5000 psi (34 MPa) and an ultimate strength of 20,000 psi
(138 MPa).

A6.10 Machinability. All of these copper-base alloy de-
posits can be machined if a machined surface is required.

A6.11 Identification. All of the copper-base alloy de-
posits are nonmagnetic and non-sparking in the general
sense of the word. In fact, so-called “non-sparking” tools
are produced from some of the hard CuAl alloys listed in
this specification. :

A6.12 Metallography. The CuSi alloys are composed of
alpha (single-phase) producing rather fine-grained depo-
sits. The 5 to 8 percent phosphor bronzes, CuSn, have an
alpha structure similar to alpha brass, but as the tin content

increases, delta particles form. Unlike the CuSi alloys,

deposits of CuSn filler metals have a coarse, dendritic
grain structure unless precautions are taken during weld-
ing to refine the grain through hot peening or subsequent
heat treatment, or both. Deposits of CuAl-A2 filler metals
are composed of light colored alpha crystals in a darker
colored beta matrix. As the aluminum content increases,
light blue gamma particles will appear in the darker beta
matrix in increasing amounts. CuAl alloys may be etched
with either ferric chloride or ferric nitrate etchants. De-
posits of the lead-tin alloy, RCuSn-E, will have an alpha
structure with grey particles of free lead unevenly distribu-
ted throughout..

A6.13 Heat Treatment. Ordinarily, no heat treatment is
needed in surfacing with copper-base alloy filler metals.

A6.14 Welding Characteristics. When surfacing iron-
base metals or alloys with copper-base alloy filler metals,
a minimum amount of dilution from the base metal is
desired.

A6.15 Welding Rods. Generally, a preheat is not neces-
sary unless the part is exceptionally large; in this case, a
200° F (93° C) preheat may be desirable to facilitate the
smooth flow of the weld metal. At no time should the
preheat temperature be above 400°F (205° C) when apply-
ing the first layer. On subsequent layers, an interpass
temperature of approximately 200°F to 600° F (93 to 315°
C) will simplify deposition of the weld metal.

Generally, a deposit thickness of 1/4 in. (6.4 mm) is most
desirable, built up with a minimum of three layers. If
welding rods are used with the oxyacetylene, carbon arc,
or gas tungsten arc processes, dilution from the base plate
can be easily controlled by proper precoating (tinning) of
the surface on the first layer. Excessive dilution from the
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base plate will produce hard spots in the deposit that are
difficult to machine.

A6.16 Electrodes. In shielded metal arc or gas metal arc
welding, base metal pickup can be held to a minimum only
through the use of a fast, wide weave bead technique in
depositing the initial layer. Generally, the initial layer
should be made by weaving passes in widths four to six
times the core wire diameter. Subsequent layers may be
applied in any manner. The deposit should be at least 3/16
in. (4.8 mm) in thickness in order to develop the hardness
specified. Generally, a deposit thickness of 1/4 in. (6.4 mm)
is most desirable, built up with a minimum of three layers.
On large sections, a preheat of 300° F (150° C) should be
used, and interpass temperatures should not exceed 600°F
(315°C).

A7. RNiCr and ENiCr Nickel-
Chromium-Boron Filler Metals

A7.1 Introduction and Application. For the RNiCr
welding rods and ENiCr electrodes, chemical composition
as specified herein does not determine the physical prop-
erties as clearly as it does for the other filler metals clas-
sified by this specification. The overlapping composition
ranges represent current commercial practices. Deposit
hardness increases from NiCr-A to NiCr-C, but machina-
bility and toughness decrease. Selection is generally based
upon consideration of these factors.

Deposits of the NiCr filler metals have good metal-to-
metal wear resistance, good low-stress scratch abrasion
resistance, corrosion resistance, and retention of hardness
at elevated temperatures. A few of their applications in-
clude use on seal rings, cement pump screws, valves, screw
conveyors, and cams.

A7.2 Hardness. The hardness of arc and oxyfuel gas
weld deposits is shown in Table A9, Deposits of NiCr filler
metals work-harden to a greater degree when considerable
iron dilution is present (one layer arc weld) than when
there is less iron dilution (two layer arc weld). These filler

Table A9
Hardness of weld deposits
Oxyfuel Arc weld

gas weld deposit hardness

deposit  of covered and
AWS Number hardness, bare electrode,
Classification oflayers Rockwell C  Rockwell C

, 1 350 40 241029
NiCe-A 2 35t0 40 30to 35
1 45to0 50 30to 35
NiCr-B 2 451050 401045
1 56to0 62 35t045
NiCr-C 2 56t062  49t0 56
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Table A10

Hot hardness of weld deposits
Rockwell C Rockwell C
Loading hardness of hardness of oxyfuel
AWS interval, arc weld gas weld
Classificaion ~ min deposit depaosit

600°F 800°F 1000°F 600°F 800°F 1000°F

(315°C) (430° C) (540° C) (315°C) (430°C) (540° C)

0 30 29

1 30 28

NiCr-A 2 30 28
3 29 28

0o 41 39

. 1 41 38
NiCr-B 2 41 38
3 40 37

0 49 46

1 49 45

NiCe-C 2 48 45
3 48 45

24 34 33 29
21 33 32 26
20 33 32 25
19 33 31 24
33 46 45 42
29 46 44 39
28 45 43 38
26 45 42 37
39 55 52 48
33 54 51 42
32 54 51 41
31 54 50 40

metals are not normally used for their work-hardening
properties, since this would usually imply more impact
resistance than they possess.

A7.3 Hot Hardness. On arc and oxyfuel gas weld de-
posits, the Rockwell C hardness readings shown in Table
A10 were obtained using single specimens, tested con-
secutively at three temperatures without previous heat
treatment.

A74 Impact. Deposits of NiCr filler metal will withstand
light impact fairly well. However, if the impact blows
produce plastic deformation, cracks are certain to appear
in the NiCr-C weld metal and less likely to appear in the
NiCr-A and NiCr-B deposits.

A7.5 Oxidation Resistance. NiCr deposits are oxidation
resistant up to 1800° F (980° C) because of their high
nickel and chromium contents. However, incipient fusion
may occur near this temperature, and use of these filler
metals above 1750° F (955° C) is not recommended.

A7.6 Corrosion Resistance. Deposits of NiCr filler
metal are completely resistant to atmospheric, steam, salt
water, and salt spray corrosion. They are also resistant to
the milder acids and many common corrosive chemicals.
However, if an application that involves corrosion is under
consideration, general statements about corrosion should
be confirmed by a field test, if possible. It should include
all service factors, as minor variables are sometimes deci-
sive. In any event, a recognized authority in the field of
corrosion should be consulted.

A7.7 Abrasion. The high carbon classification, NiCr-C,
of this group has excellent resistance to low-stress scratch-
ing abrasion and is particularly valuable where such abra-
sion and corrosion are combined. Abrasion resistance is

expected to decrease with decreasing carbon content.
These filler metals are not reconmended for high-stress

" grinding abrasion.

A7.8 Metal-to-Metal Wear. NiCr deposits have excel-
lent metal-to-metal wear resistance and take a high polish
under wearing conditions. They are particularly resistant
to galling. These properties are best shown in the NiCr-C
alloy.

A7.9 Mechanical Properties in Compression. Informa-
tion on these properties is not available. However, data
have been reported on some of the properties in compres-
sion of deposits of the NiCr-C filler metal as follows:
Modulus of elasticity psi (MPa) .. .. 32,000,000 (220 608)

Elastic limit, psi (MPa) .......... 42,000 (290)
Yield strength, psi (MPa)
(0.01 percent offset) .......... 92,000 (634)
(0.10 per cent offset) .......... 150,000 (1034)
(0.20 per cent offset) .......... 210,000 (1448)

All tests were run on duplicate specimens and the results
are averaged.

A7.10 Coefficient of Expansion. The average coeffi-
cients of expansion (inches per inch per deg F [mm per mm
per deg CI) for deposits of these filler metals are
as follows:

NiCr-A ..., 0.00000856 (0.00000476)
NiCr-B ... 0.00000841 (0.00000467)
NiCr-C...ovviiiaae 0.00000814 (0.00000452)

A7.11 Machinability. Deposits of NiCr filler metals may
be machined with tungsten carbide tools by using slow
speeds, light feeds, and heavy tool shanks. Deeper cuts
and faster speeds can be obtained on the softer deposits
than on the NiCr-C deposits, They are also finished by
grinding, using a soft-to-medium vitrified silicon carbide
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wheel. They can be ground to between 2.2 and 4.4 yin.
(0.052 and 0.113 wm) AA surface finish.* There is a
tendency to load an aluminum oxide or resin-bonded
wheel.

A7.12 Identification. NiCr deposits are nonmagnetic,
having a permeability of 1.005 with a magnetizing force of
500 oersteds. When spark tested, they give off a short,
dull, red spark without bursting. They have a higher fluid-
ity and lower melting point than the cobalt-base filler
metals, CoCr.

A7.13 Metallography. The microstructure of deposits of
the NiCr filler metals consists of six-sided crystals of
chromium carbides and globular white islands of
chromium borides in a complex nickel eutectic (low melt-
ing) matrix. In many cases, no etchant is needed due to the
character of the constituents. Polishing leaves the hard
constituents standing out in relisf to about the same degree
as a mild etch. To accentuate the degree of relief, cold
concentrated HCI or a mixture of 20 percent cold concen-
trated HCI and 80 percent glacial acetic acid may be used.
The chromium borides have a hardness of aproximately
4000 VPN.

In general, the chromium carbides and chromium
borides are larger in oxyfuel gas weld deposits than in arc
weld deposits. This is probably related to differences in
cooling rates between the two welding processes.

A7.14 Heat Treatment. In order to prevent cracks when
applying the NiCr filler metals to hardenable iron and steel
alloys, preheat and postheat treatments should be used. All
hardenable alloys should be preheated to 600 to 800° F
(315 to 425° C). Water- and oil-hardening alloys should be
slow cooled by placing them in an insulating medium or a
futnace immediately after welding. Air-hardening steel
should be isothermally annealed immediately after weld-
ing.

A7.15 Welding Characteristics

A7.15.1 The NiCr-B filler metal has a broad solidifica-
tion range. This property, together with its low melting
point, contributes to its lesser tendency to warp weld-
ments. Ifit is desired to hot-form some special shape of the
deposit to minimize grinding, the weldment may be heated
to 1800 to 1975° F (980 to 1080° C), preferably by using an
oxyacetylene torch. (1800 to 1975° F [980 to 1080° C]is in
the solidification range of these alloys.) The deposit
should not be held at this temperature, because it will start
to flow. While in this broad range, it may be readily
formed, using a suitable die and pressing by hand. It may
also be shaped by scraping with a file or bar steel. Square
edges on the weld may be made in this manner. The
deposit will hold its contour after this forming and regain
its original hardness upon cooling to room temperature.

A7.15.2 For best results during oxyfuel gas welding,

*ANSI standard B46.1 requires rms surface finish to be expressed as the
arithmatic average (AA). AA = 1,11 rms.
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the piece to be welded should be free from oil, rust, scale,
or other foreign matter. If the piece is to be undercut for
surfacing, corners should be rounded. A neutral oxyfuel
flame is’ recommended for the NiCr-C filler metal and
reducing flames for the softer types, NiCr-A and NiCr-B.
This gives the proper fluidity to the deposit. No flux is
necessary for most applications. It is not necessary to
“sweat” the surface of the base metal. These filler metals
should be applied when the surface of the base metal is at a
red heat. Large sections require bulk preheat to 600° F
(315°C). The application is similar to brazing. The deposit.
will spread evenly and quietly over the heated portion of
the base metal. The deposit should be smooth and should
not have the normal weld appearance of a rippled surface
and craters. Because of their low melting point and the
brazing techniques used, these filler metals may be
oxyfuel gas welded more rapidly and easily than most
surfacing alloys.

A7.15.3 The NiCr filler metals may be applied to cast
iron, steel, copper, and nickel-base alloys: For surfacing of
high chromium steels, the fluidity is improved by using a
slightly reducing flame with a feather approximately the
length of the inner cone. If checking of the deposit occurs,
preheating of the workpiece and slow cooling in an oven or
insulating material will minimize this condition, and may
eliminate checking entirely.

A7.15.4 These filler metals may be applied to low and
medium carbon steels and austenitic stainless steels with
no tendency for the base metal to crack. With high carbon
steels and alloy steels, a preheat and postheat generally are
necessary to prevent cracking of the base metal.

A7.15.5 When arc welding, the surface to be welded
should be free from rust, dirt, oil, scale, and all foreign
matter. The NiCr electrodes may be bare or covered. For
best results, the electrode should be used on dc reverse
polarity. The following current ranges are recommended:

Electrode diameter, in. (mm) Current, A
3/16(4.8) ... 13010 180
/4 64 .....cccviiivninnt. 180 to0 240

A7.15.6 The minimum possible curtent setting should
be used to prevent undue penetration. Preheating or post-

-heating depends upon the type of alloy being welded and

should be sufficient to prevent cracking at the fusion zone.
Arc weld deposits are slightly softer and less wear resistant
than oxyfuel gas weld deposits due to dilution. Hardness
and wear resistance are increased by building up with two
layers instead of one. The bare electrode arc deposit of
these alloys will be much sounder than the average bare
electrode application due to their high boron content with
resultant self-fluxing properties.

A7.15.7 These alloys, when in powder form, can be
deposited by spraying to form a mechanically bonded
overlay (metallizing) and then fused to a smooth, dense
overlay with the same metallurgical bond as that obtained
with welding rod deposits. Fused overlays up to 0.060 in.
(1.5 mm) in thickness are practical on surfaces of almost
any contour. '
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