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ELECTRODES AND CONSUMABLES FOR WELDING
The purpose of this module is to acquaint the student with the major types of electrodes and

consumables available and their characteristics. Completion of this modules should provide
the student with a knowledge of: : _

1. The major electrodes covered in various CSA and AWS standards.
2. The main groupings of electrodes.
3. The function of electrode coatings.
4. Materials used in coatings.
5. Requirements of various standards.
6. Operaﬁﬁg charactenstlcs ‘of_ electrodes.
7. Solid and flux cored wires for welding.
8. Submerged arc wires and fluxes.
9. Alloy and stainiess steel electrodes.
10. Other conm:.mabhs for welding.
In most types of welding operations, additional “filler meral” is added to the joint to complete
the weld. In consumable electrode electric ar¢ welding, this comes from the melting of the
electrode itself which may be a rod, or a "stick electrode” or a contimuonsly fed wire. In non-
consumable electrode welding, or gas welding, the filler metal is added as a separate rod.
Apart from providing filler metal, the electrode may also introduce other materials such as
- fluxes which affect the welding operation. Electrodes can therefore be complex, a wide 1ange
of operating characteristics and weld metal properties may be acheived with different

electrodes. As a result of this, many specifications have been written by the American
Welding Society, the Canadian Standards Association and organizations in other countries for

' za wide range of filler materials. The most important of these will be discissed in the module.



Fundamentals of Welding Technology

Covered Electrodes

Covered electrodes for shielded metal arc welding are the most widely used type of elecirode. They
comptise a core wire, or rod, which is coated with a layer of flux and other ingredients which
provide the specific ‘operating characteristics and properties. Covered electrodes have had a long
history of development starting from the original bare electrodes, progressing to the lightly dipped
electrodes having a thin layer of lime, to the asbestos wrapped clectrodes, and finally to the modern
electrode with a relatively thick complex coating.

The main features of the covered electrode are shown in Fig.1. The heat of the arc melts both the

core wire and the coating, the latter, in some electrodes, melting at a slower rate, thus forming a -

collar around the arc and allowing the elecirode to be dragged on the work piece. The molten slag
separates from the molten metal and solidifies as a hard layer on the weld. It flakes off, or is
chipped off, after welding. The weld metal is protected from contamination from the air by gases
from the flux, and by the molten slag in contact with the metal.
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Fig. I — Covered Electrode




Electrodes and Consumables fér Welding -

Cére Wire

In most covered electrodes, the core wire is made from rimmed steel. Electrodes having a variety
of properties are obtained by alloying from the coating rather than changing the core wire, When
timmed steel is made, 2 crust of pure iron forms on the outside and the carbon and impurities
segregate to the centre. A typical analysis of rimmed steel is given in Table 1. A wire drawn down
from a rimmed steel ingot will have a cross section as shown in Figure 2. A core wire made from
rimmed steel would have the following features:

@ The pure iron outs:de has better conductxvxty and the current passes more easﬂy in
the exterior part of the rod ‘

@ Rimmed steel overheats Iess than killed steel.

® The centre of the rod melts faster that the outside giving improved metal transfer and

finer droplets.
Typical Analysis of Rimmed Steel
Carbon ' 0.10%
Manganese 0.50%
Sulphur 0.02%
Phosphorus 0.02%
Table 1
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Fig. 2 — Electrode Core Wire



Fundamentals of Welding Technology

Manufacture of Electrodes

The various steps in the manufacture of coated electrodes are shown in the block diagram in Fig, 3.
The coating is applied by an extrusion process whereby a paste of the coating mixture is squeezed

‘around the core wire to form a concentric covering. A simplified diagram of the extrusion process

is shown in Fig. 4. Electrodes are usnally produced in standard lengths, the most popular being 147
and 18”, and diameters from 3/32” to 1/4” although other sizes are available. The diameter refers
to the core wire, not the overall electrode diameter.

CORE WIRE ‘ | - .. COATING
Hot rolled to about 3/8 in diameter. ' Forzﬁula proportion weighed |
Drawn to final diameter Dry mixed
Straightened : Binder addéd and wet mixed
Cutto ‘Ie:ngth_ (e.g. 14 in) 1 . o | Slug prepared ;’ j%

Uniform concentric coating extruded onto core wire

Coating removed from contact and hoider end

Electrode dried in oven at suitable temperature

Electrode stamped with identification -
|

Packaged for shipments

v 'ﬂ'q'n‘t'

Fig. 3 — Steps in The Manufacture of Covered Electrodes
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Electrodes and Consumables for Welding

The thickness of the coating depends on the type of electrode.
Lz:ghtly coated electrodes have about 10 to 20 percent electrode weight in the coating.

Medium coated electrodes comprise about 20 to 35 percent electrode weight in the coating
and iron powder is usually an important constituent of the coating.

Heavily coated electrodes may have up to 55 p'ercent electrode weight in the coating and
have a high iron powder content. This contributes to a high deposition rate and these are
popular electrodes for production welding in the flat position.
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Fig, 4 — Extrusion of Electrodes




Fundamentals of Welding Tecknology

%Funcﬁons of Electrode Coatings M LY S ceron

The coating on the electrode may perform 2 wide variety of functions depending on the composi-
.tion. The major function is the protection of the molten metal from contamination by the air
through the formation of shielding gases and a molten slag. Several other functions may be
important depending on the type of electrode and application. Among the more important func-

tions, the coating can: :
® Protect the molten metal by gas and slag formation.
e Actasa binder for chemical products and minerals.

® Influence the arc characteristics such as striking, ionization, stability, arc force, side
arcing.

e Influence bead shape.

o Aid slag removal.

e Influence operation of electrode such as fluidity, ability to weld out of position, elec-
trical polarity etc.

e Influence the penetration.

“ @ rAdd alloying elements to ﬁe weld metal

® Increase deposition rate.

e Control chemical and mechanical properties of the weld metal.

e Control the hydrogen introduced into the weld metal.

¢ Influence the ease of>manufacture such as extrudability.
Functions of the Slag
The chief function of the molten slag that is formed from the flux coating is to protect the liguid
f weld metal from contamination from the air. It does this, both by forming a physical shield or

- barrier, and also by reacting chemically to reduce the gas content of the weld metal. The main
functions of the slag may be summarized as follows:

i @ To protect the weld metal from contamination.

® To aid in the removal of oxygen and other impurities from the weld metal.

Gl _\,3-
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To control the bead shape and smoothness.

@




Electrodes and Consumables for Welding

Specific Materials in Electrode Coatings

Having seen the functions of electrode coatings; it is of interest to examine the functions of specific
ingredients. The materials used include various organic materials, minerals, chemical compounds,
clays and ferroalloys. Among the more important materials used are the following,

Gellulose This is a product of wood pulp, or reprocessed paper, which disinte-

grates in the arc to form carbon dioxide and hydrogen which provide
2 protective gas shield to the weld metal. The penetration character-
istics of the electrode are also increased.

Calcium Garbonate Calcium carbonate (found as limestone, calcite or marble) is an

- important ingredient in low hydrogen electrodes. It breaks down
in the are to produce carbon dioxide which shields the weld metal
and lowers the hydrogen content of the arc atmosphere. The resuit-
ing slag helps to maintain low oxygen levels in the weld metal, giving
sound deposits with good properties.

Fluorspar Fluorspar {or fluorite) is the natural form of calcium fluoride and is
used to control the fluidity of the slag and allow gases to escape. It
is widely used in low hydrogen electrodes where it also helps to
maintain a low gas content in the weld metal.

Rutile Minerals containing titanium dioxide such as rutile and ilmenite
help to make the arc stable and form a fluid, quick freezing slag,
This results in a fine, smooth finish to the weld.

Potassium Compounds A number of different potassium compounds such as potassium
feldspar and potassium titanate may be used in electrode coatings.
Potassium aids in ionization and therefore helps to stabilize the arc
and facilitate reignition. It is often used in electrodes intended to
operate on altemating current. '

Ferroalloys : Where additional alloys or deoxidizing agents are required, these are
often added in the form of ferroalloys. The common additions are
ferromanganese and ferrosilicon, both of which act in weld metal
deoxidation and can control the strength of the weld deposit.

Sodium Silicate  Also known as water glass, this is a liquid binder which is used to
hold the flux components together when baked.

Iron Oxide 7 Iron oxide in the form of ores, such as magnetite and hematite, is
included in some electrode coatings principally as a slag former.

Iron Powder _ In some electrode coatings, iron powder may be added, sometimes to
' 50% or more. The main purpose is to increase the deposition rate of
the electrode since the iron powder melts and adds_to the weld
metal. It may also influence the bead appearance and the formation
of the cup at the electrode tip that allows a “drag” technique to be
used. .




Fundamentals of Welding Technology

FUNCTIONS

Coating Constituents Primary Secondary
Cellulose Gaseous Protection Arc Force
Calcium Carbonate Gaseous Protection Fluxing .Agent
Fluorspar Slag !;'ormatiqn Fluxing Agent
Delomite Gaseous Protection | Fluxing Agent
Slag Formation Arc Stabilization

Rutile (Titanium
Dioxide)

Potassium Titanate
Feldspar
Mica

Clay

Silica

Asbestos
Manganese Oxide
fron Oxide

iron Powder

Ferrosilicon

- Ferromanganese

Sodium Silicate

. Potassium Silicate

Arc Stabilization
Slag Formation
Extrusion Aid

Extrusion Aid

Slag Formation = -

Slag Formation
Siag Formation

Slag Formation

Increases Deposition Rate

Deoxidation
Alloying
Binder

Arc Stabilization

Slag Formation
Arc Stabilization
Arc Stabilization

Slag Formation

Extrusion Aid

Alloying

“Drag” Technique
Alloying
Deoxidation
Fluxing Agent

Binder

Summary of Main Functions of Electrode Coating Constituents

Table 2

. B



Electrodes and Consumables for Welding

A summary of the functions of specific ingredients is shown in Table 2. Most coatings would
employ about six to twelve different ingredients with one or two of them dominating. This allows
an electrode to be characterized by the principal ingredients in the coating, e.g. cellulose type or
rutile type. ’

Classification of Electrodes

The large number of electrodes available, and the wide range of operating characteristics and proper-
ties than can be achieved, has led standards organizations and societies in many countries to issue
standards and specifications for welding electrodes. In the U. S. A., specifications are issued by the
American Welding Society (AWS), and in Canada by the Canadian Standards Association (CSA).
The Canadian standards are similar, but not necessarily the same as the AWS specifications. Other
U.S. organizations such as the American Society of Mechanical Engineers (ASME) adopt the AWS
system. The AWS system is in Imperial units, whereas the CSA Standards, originally in Imperial
units, are being replaced by standards in SI (metric) units. There is a two year period after the
publication of the SI version during which time both standards are in force. Following this, the

SI version supersedes the Imperial version. :

- B . = - CSASTANDARD | .
WELDING PROCESS - FILLER METAL | CURRENT (METRIC) | - AWS SPECIFICATION ‘
Shielded metal arc Covered electrode W48.1 (W48.1—M) ) A5.1
welding (SMAW) :
 Gas metal-arc welding Sofid wire electrode | W48.4 (W48.4—M) A5.18
{GMAW) {on spools, etc.) '
Gas tungsten arc Solid wirerod - W48.4 (W48.4—M) ‘ A5.18
welding (GTAW) {usually in cut
lengths)
Flux-cored arc Flux-cored wire W48.5 (W48.5—M) A5.20
- welding (FCAW) | electrode (on coils,
etc.)
Submerged arc welding Solid wire electrode W48.6 (W48.6-M) A317
(SAW) - (on coils, etc.) ‘ ,

Specifications and Standards for Mild Steel Electrodes

Teble 3




Fundamentals of Welding Technology

A complete list of the available AWS and CSA specifications for electrodes is contained at the end
of this module. The most widely used are those for mild steel, and the relevant standards are
summarized in Table 3.

The AWS and CSA classification systems are established according to weld deposit strength, type
of coating, position of welding, and type of current. The standards describe the various tests that
have to be carried out and list the requirements that must be met. An electrode may only be
designated under one classification. Each classification has a code number and this number must
be imprinted on each electrode near the grip end so that it is properly identified. Proper identifica-
tion is of great importance since the use of an incorrect electrode could be extremely dangerous.

YEAWS and CSA Classification System for Covered Electrodes

i/ oow | HiS. :
f

The symbol used to designate the classification of the electrode comprises the letter E (denoting
a covered electrode) followed by four digits (or five digits in the SI version).

The first two digits (three in higher-strength classes) denote the minimum tensile strength of the
deposited weld metal in the as-welded condition in units of ksi (i-e., thousands of pounds per
square inch). In the SI version, the first three digits denote minimum tensile strength in mega-
pascals. For example, the symbol E7018 indicates that the electrode has a minimum tensile
strength of 70 ksi or 70,000 psi (pounds per square inch). In the Si version {metric) the symbol
£48018 indicates an electrode with 2 minimum tensile strength of 480 megapascals.,

The minimum specified tensile strength is dependent on the elongation measured in the tensile
test. For an E7018, the minimum specified tensile strength is 70 ksi if the clongation is 24% or
more. If the elongation is 22% (the minimum specified) the minimum specified tensile strength is
72 ksi.

The third digit (i.e., the one following the strength group), gives information on the welding posi-
tions in which the electrode may be satisfactorily operated.

= all positions (W48.1—-M only)

0=
1 = all positions, except vertical down
2 = ilat and horizontal fillets

- 3 = flat only '

4 = flat and vertical down only

10
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Electrodes and Consumables for Welding

The welding positions are given the following abbreviations:

F = flat position

H = horizontal

V = vertical (vertical up progression)
OH = overhead
VD = vertical (vertical down)

The final digit signifies the type of coating.on the ele.ctrode and the type of electrical current that
the electrode is designed for, as follows:

0 = cellulose, DC

1 = cellulose, AC or DC

2 = rutile (titania), AC or DC

3 = rutile (titania), AC or DC

4 = rutile (titania) + iron, AC or DC

5 = basic, DC

6 = basic, AC or DC

7 = iron oxide + iron powder, AC or DC
8 = basic + iron, AC or DC

Table 4 summarizes the meaning of the symbols for covered electrodéS.- As an example consider the
symbol:— ' ' '

E7018

This indicates an electrode with 2 minimum tensile strength (as-deposited weld metal) of 70,000 psi
or 70 ksi. It is designed for welding in all positions, except vertical down, and has a basic coating
with iron powder added. It can be used with AC or DC.

As another example, consider the following electrode which is included in W48.1—-M (ihe standard

in SI units):—
E41600

This designates an clectrode with a minimum tensile strength of 410 megapascals (MPa) for a
minimum elongation of 24%. It can be used in all positions, including vertical down, and has a

cellulose coating. It is not designed for AG welding.
The complete list of mild steel electrodes classified under the AWS and CSA systems éré shown in

Table 5. Table 6 summarizes the chemical requirements and Table 7 the mechanical property
requirements. :

11




Fundamentals of Welding Technology

EX O X X (EXXOXXin W48.1—-M)

E = electrode

coating and polarity

0 = cellulose, DC

1 = cellulose, AC or DC

2 = rutile, AC or DC

3 =rutile, AC or DC

4 = rutile + iron, AC or DC

5 = basic, DC

6 = basic, AC or DC

7 = iron oxide + iren, AC or DC -
- & = basic + iron, AC or DC

o .
X0 = minimum tensile strength

(e.g. 60 = 60,000 Ib/in
70 = 70,000 Ib/in?)

W48.1-M: XXO0 = minimum tensile ' ' ' ‘ ‘
strength -

(e.g.- 410 =MPa

480 = MPa)

l véelding positions

0 = all positions (W48.1—M only)

1 = all positions, except vertical down
2 = flat and horizontal fillets

3 = flat only

4 = flat and vertical down only

Examples: E7018 (E48018 in W48.1—M)

E6011 (E41011 in W48.1-M)
E£1000

Meaning of Symbols for Covered Electrodes
- Table 4

12
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- Electrodes and Consumables for Welding

CLASSIFICATION Welding (1)
W41 . W48 1—M Type of Coating Positions Current
As.1
—— E41000 Cellulose, sodism F,vU,vD, Q,H dec
_— E48000 Cellulose, sodium F,VU,VD,0,H de
E6010 E41010 Cellulose, sodium . F,VU,0,H dc
E7010% | E48010 | Cellulose, sodium F,VU,0,H de
E6011 "E41011 Cellulose, potassium F,VU,O,H ac or dc
E7011% E48011 Cellulose, potassium F,vu,0,H ac or dc
E6012 E41012 Titania, sodium FEVU,0,H ac or de
E'/‘O'IZ{ZJ E48012 Titania, sodium ' F,VU,O,H - acor de
E6013 E41013 Titania, potassium F,VU,0O,H ac or dc
E7013? | E48013 Titania potassium | F,vU,0,H ac or dc
E7014 E48014 Titania, iron powder F,vU,0Q,H ac or de,
E7015 E48015 Basic, sodium F,vU,OH de
E7016 E48016 - Basic, potassium F,VUO,H ac ordc
E7018 E48018 Basic, iron powder F,VvU,O,H ac or de
E6022™7 | E41022 | Titania, iron powder F,H—F ac or dc
| E48022 Titania, iron powder F, H—F acordc
E7024 E48024 Titania, high iron powder F,H-F 2c or dc
E6027 E41027 Iron oxide, high iron powder F,H-F ac or d¢
E7027 E48027 Iron oxide, high iron powder | F,H—F ac or dc
4 3 . E7028 E48028 Basic, high iron powder F,H-F ac or de
P -} E7048 'E48048 _Basic, iron powder - - | F,vb acordc
Abbreviations:
F=Flat
| VU= Vertical: Progression upwards
; VD= Vertical: Progression downwards
‘ O = Overhead
H = Horizontal
~ H—F =Horizontal (Fillet weldsonly) ~  ° .
ac = alternating current ’
de = direct current
| - Notes: ,
: (1) The specific code should be consulted regarding correct polarity, positional fimitations for dc and positions
in which tests must be undertaken.

- (2} These appe&r in CSA W4S.7 but appear in AWS A5.5 (low alloy steel electrodes) as E 767 CA7T etc,

(3] AWS A5.1—1978 only

| ' AWS A5.1—78, CS4 W48.1--M Covered Electrode Classifications
i ‘ Table 5 |

13




Fundamentals of Welding Technology

CLASSIFICATION CHEMICAL COMPOSITION — MAXIMUM PERCENT
W48.1 wagi-m | ¢ Mn Si Ni Cr Mo v
AS.1
_— E48000
E7010- E48010
E7011 | E48011 : - |
E7015 48015 | 015 | 12500 | o090 | 030() | 0200 | 030() | .08
E7016 E48016 ‘
E7028 E48028
E7048 £48048
E7018 E48018
E7027 48027 | 012 | 1.60@ | 075 | 030@ | 02002 | 020@ | 005 .
S E41000
E6010 E41010
E6017 © | E41011
E6012 | E41012 .
E6013 E41013
E60223) | 41022 NO CHEMICAL REQUIREMENTS
E6027 E41027
£7012 E48012
E7013 £48013
E7014 E48014
— E48022.
" E7024 E48024
Notes:

(7) The total of all these elements shall not exceed 1.50 percent,
(2} The total of alf these elements shall not exceed .75 per cent,
(3) AWSAS.7only

{

AWS A5.1—-78, CSA W48.1 and W48.1—M
Chemical Requirements (Deposited Metal)

Table 6

14




Electrodes and Consumables for Welding

Yield
Electrode Tensile Strength Elongation in. Charpy
Classification Strength 7/ {min) (7 2in. (50 mm) | Impact Requirements
ﬁsﬂ- W48.1-M ksi MPa ksi | MPa | (minimum %) {fe.lb.@°F| j@°c
—— | E41000 _— S »
E6010} E41010 | 62min. | 430min. | 50 | 340 22 20@-20 | 27@-30
E60T1| E41011 |
E6012| E41012 . ) .
E6013| E41013 [62min. % | 430 min. %7 | 503 | 3403 17 NONE
=—— | E41022 :
E6027{ E41027 | 62min. | 430min. | 50 | 340 25 20@-20 | 27@-30
—— | E48000 _— S—

'E7010| E48010
E7011] E48011
E7015| E48015 | 72-92(2) | so0—650(2) | 60 410 22 20@-20 | 27@-30
E7016| E48016
E7018 | E48018
E7048 | E48048

E7012| E48012
E7013 | E48013

E70144 E48014 | - 72lmih. - 500 min. 6G » 410 ’ 1 7 - _ NONE
—— | E48022 o
E7024 | E48024
E7027 | E48027 72-92 {2) S00 min. 60 410 25 20@-20§ 27@--30
E7028 | E48028 | 72-92¢% | s00—650% | 60 | 410 22 200 | 27@-20
Notes:
{1) For each incfease of one percentage point in elongation over the minirﬁum, the tensile strength or yield strength, or both,

2
3

may decrease 1000 psi {16 MPa) to a minimurm value 2000 psi (20 MPg) below thot listed,

For example, the minimum tensile strength of an E6DT0 sho wing 22% elongation is 62 ksi, but the minimum for arr E6010
shewing greater than 24% elongation is 60 ksi,

Similarly an E48600 showing greater than 24% efongation fas a minimum iequ.r‘r'ed tensile sirength of 480 MPa.
AWS AS5.1-78 does not bave a maximum on tensile strength.

AWS A5.71-78 requires 67 ksi {460 MPa} and 55 ksi (380 MFa), for tensile and yield strength respectively, for E6012 and
E60i3 electrodes.

it should be noted that all similarly numbered electrodes in each series have the same operating characteristics, Their only
difference would be in the mechanical andfor physical properties of the weld deposit. For example, an EGQIQ would have
the same type of coating and operate in the same way as orr £E8070. .

Generally specking, the electrodes in the E80 and £700 series are restricted to efther g celiulose or basic coating, and the

higher tensile rods in the £110 and £ 120 classes are virtually alf basic types., This is mainly because basic coatings, by
nature fend themselves to the transfer of olfays te the deposited melal, for better than any other ype.

AWS A5.1-78, CSA W48.1 and W48.1—M Mechanical Property Requirements
Table 7

15




Fundamentals of Welding Technology

Characteristics of Covered Electrodes

In this section, the characteristics of individual electrode
electrodes can be divided roughly into four class

dominant component of the flux as shown in Table 8.

s will be described in more detail. Covered
¢s depending on the type of flux covering and the

ELECTRODE TYPE

System AS.1 & W48.1 Was1-M .
Celiulosic EXX10 EXX000
: EXX11 EXX010
EXX011
Rutile EXX12 EXX012
EXX13 EXX013
EXX14{7} EXX014(7/
Exx24(7) EXX022(7/
EXX024(7)
Iron Oxide EXX20 EXX027(7)
' ' Exx22(2/ c
Exx27(7)
Basic EXX15 EXX015
EXX16 EXX016
ExXx18") Exxo18/"/
Exx28(7/ Exxo28/7/
EXx38(7/ (3) Exxo48(7/
g XX 45( 3)
Exx4g(’/
Nofes:
(1) Contains iron powder
{2) AWS A5.1-78 only
(3) CSA W48.1-1976 only
The more importent of these electrodes are described in detail,

Four Classes of Covered Electrodes
Table &

16
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Electrodes and Consumables for Welding

E6010 and E7010 — (Cellulosic)
Electrodes of this type are used on DC current, electrode positive (reverse polarity) only.

The flux coating is high in celluiose and is usually white or grey in appearance. High cellulosic
content is designed to produce large volumes of gases such as carbon dioxide, carbor monoxide and
kydrogen which effectively protect the molten metal passing across the arc.

The combination of coating constituents causes considerable liberation of heat in the base metal
(negative pole) with resultant deep penetration. Care must be taken to ensure that the operational
procedure is correct because the deeply penetrating arc can give rise to undercutting with careless
handling of the rod. ' '

Because of its high organic content, the slag volume is low and in many cases it does not cover the
weld deposit completely. The slag is fast-freezing and for this reason it is ideal for welding in the
vertical and overhead positions. Being porous, light and friable, it is easily removed but its effect
on bead formation is only slight and the bead is comparatively rough.

With the core wire melting before the coating, a cup (frequently up to 1/16” deep) is formed at the
end of the rod and this enables the operator to hold the rod very close to the work without it stick-
ing. Holding the electrode close gives added protection against oxidation and decreases the spatter
loss. Any increase in arc length or excessive current causes high spatter loss in this type.

The soundness of metal.deposited is of very high order. Porosity is usually negligible and the
ductility is high, usually ranging from 22 to 30 percent. Until the development of the basic type

N electrode, the EXX10 produced the soundest and most ductile deposit in the vertical and overhead

positions. This electrode has long been considered to have a high degree of tolerance for detri-
mental factors, such as poor storage and faulty manipulation.

Because of its good quality metal and deep penetration, the E6010 is favoured for much work
where 2 high standard is required. Welding of pipelines and much storage tank work is carried out
with this electrode. It is particularly good for the joining of square groove butt joints where 100
percent penetration is required and for welding galvanized material. Although of high penetrating
characteristics, it may be usefully employed where fit-up varies. Also, because of its penetrating
properties, it is often used to ensure deep fusion and high quality in the first and most critical run,
while other electrodes are employed for subsequent runs,

The electrodes are made in all of the standard diameters, 3/32” to 5/16” and generally in 14 inch
lengths only, although some larger sizes are made in 18 inch lengths. Deterioration of the coating
due to heating of the core wire may occur during welding. Cellulose decomposes at temperatures as
low as 180°F, and it is unwise to use high current densities with this type. Moisture also plays an
important part in the coating, and care should be taken to prevent either absorption or loss of mois-
ture through unfavourable storage conditions. Excess moisture results in arc instability and.
increases spatter loss, while excessively low moisture reduces penetration and causes pinholes and

.- blistered craters,

E6611 and E7011

With the advent of alternating current welding came the demand for an electrode having all the
good qualities of the EXXI10 electrode and yet capable of being used on the AC transformer,

17




Fundamentals of Weldz'ng Technology

Combining these requirements is almost an impossibility because ingredients which aid one charac-
teristic oppose another. However, electrodes which meet code requirements have been developed
by making a slight compromise, mainly in the matter of depth of penetration.

The cellulosic content is usually lower and easily ionized materials, such as potassium feldspar, are
added to increase arc stability at low open circuit voltage and low welding currents. Spatter with
the EXX11 electrode is generally finer and readily removed. When used on AC the arc can be
recognized as being so~ewhat noisier than an EXX10 on DCEP, ,

The electrodes are used on work similar to that indicated for EXX10 and, as stated above, the
characteristics are very close to this type. Usually, ductiity, tensile strength and yield strength are
higher than those obtained with EXX10 electrodes. : - o

E6012 and E7012 - (Rutile)

Commonly known as the general purpose rod, almost every welder will have used this type. Usually
tan or light brown in colour, it is made in all diameters up to 5/16” and in lengths varying from 9”
to 187, depending on the diameter. Originally developed for use on direct current electrode nega-
tive, most rods can be satisfactorily operated on AC and DC.

Rutile is the main coating constituent with clays, silica, feldspar, etc. being added to aid extrusion,

arc stability and slag characteristics. The cellulose content is quite low, protection for the molten

metal being afforded by the shield of molten slag.

The slag is usually rather heavy, bluish black in colour and very fast freezing, making the electrode
easy to use in all positions. It is fairly easy to remove, although it tends to cling to the upper edge of
horizontal fillet welds, and is a little harder to remove when deposited in 2 downhand fillet, These
slag characteristics produce single pass fillets which are slightly convex, the edges of the bead being
sharply defined. The bead is smooth and bright with fine ripples and ends in a shallow dense crater.

Penetration is decidedly lower than either E6010 or E6011, but this factor enables it to be used on
jomnts where “fitup” is poor and deep-penetrating rods would tend to burn through. For this
reason it is good for the welding of sheets and light-gange material. Undercutting is rare.

It is used to advantage for welding low-alloy steels .and those of relatively high carbon since the
admixture with the parent metal, or what is called ‘pickup’, is low due to little penetration.
Consequently, the effect of carbon or other hardening alloys is reduced. The lower heat input of
this rod reduces distortion to a minimum.

The electrode is quite easy to handle in any position, has a fairly high buming speed combined with
low spatter loss and is very economical. A cup is rarely formed in the mtile type and thereis a
slight tendency to sticking if the arc is held too short. Decomposition of the coating {away from
the arc) during welding is rare even at high current densities.

Unfortunately the mechanical properties of the weld metal are the poorest displayed by any coated
zlectrode. Porosity is quite common, particularly in the root of fillet welds, and codes require an
2longation of only 17 percent in 2 inches although this is often substantially exceeded. These
nechanical properties and the lack of deep penetration prevent it being used with confidence on
~eldinents and structures where fatigue siresses are anticipated. It is excellent for building up mild
steel shafts, fabrication of sheet metal, machinery, tacking, general repair work, etc.
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- Electrodes and Consumables for Welding

At one time it accounted for a large percentage of electrodes used,but heavily covered electrodes,
with their higher deposition rates and excellent mechanical properties, have replaced it to a great
extent. -

- E6018 and E7013 ~ (Rautile)

Use.of this type of electrode has steadily increased with the use of AC welding. The coating is
similar but usually thicker than that on the E6012 rod and may be tan or brown in colour, often
with a reddish hue. Because of the relatively high cellulosic content of this rod, rutile is present in
larger proportions in order to produce steady operation when the current is in the reverse polarity
phase of the altemnating cycle. Ionization of the arc atmosphere, to facilitate easy striking and
maintenance of the arc under all conditions, is achieved by additions of potassium—bearing
compounds such as'potassium titanate and potassium feldspar. : '

The rod can be held very close to the work, spatter loss is very low and the metal flows smoothly
across the arc in any position.

The. slag produced is slightly heavier and slower freezing than the E6012 type, but it is still satisfac-

tory for all-position welding. Slag removal is almost perfect, in many cases peeling itself from the

weld deposit. Beads are flat, shiny and evenly rippled, having straight, clearly defined edges.

In depth of penetration, most mechanical properties and uses, this type is almost identical with the
E6012 electrode. Ductility is somewhat improved by the higher cellulose content, although most -
codes require a minimum of only 17 percent as for E6012. High current densities are not
recommended because of coating decomposition. Root porosity in fillet welds made with this type
of electrode is virtually eliminated, and it is well suited for single-pass welding. Weld metal is
usually freer of slag-oxide inclusions than E6012 and E7012 and slag removal is somewhat better
for the small sizes, 1/16”, 3/32” and 5/64"".

E7014 — (Rutile)

This electrode is essentially of the E6012 and E6013 type with the addition of approximately 30
percent iron powder. The amount of coating and the percentage of iron powder in the coating are
usually less than those of an E7024 electrode. E7014 is not quite as fast as E7024 in the flat posi-
tion, but is faster than E6013. Slag removal is usually better, arc characteristics are smoother, and
less sticking occurs with the small sizes than with similar sizes of E6013. The bead appearance is
improved and the deposition rate is higher than E6013, but it is not as high as obtained with an
E7024 electrode. The amount and character of the slag permits the E7014 electrode to be used in
all position welding and it is therefore more versatile than the E7024 electrode.

The E7014 electrode is suitable for welding mild and low alloy steels. Penetration is approximately
the same as E6012, which is advantageous when welding over gaps due to poor fit-up. Currents are
higher than for E6012 and E6013 deposition.

E7024 — (Ratile)

The E7024 classification electrode has a covering with fluxing ingredients similar to E6012 and
E6013, together with a high percentage of iron powder. As a rule, the coverings on E7024 elec-

trodes are very heavy, usually amounting to about 50 percent of the covered electrode weight. The
core wire is identical to that used in types E6010 or E6012.
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Due to the thick covering and deep arc cup produced, the E7024 electrodes are used more exten-

sively with the covering in contact with the parts being welded, i.e., with a “drag” technique. This

consists of keeping the electrode covering in contact with the workpiece (both legs of fillet welds)
at all times, which makes for exceptionally easy handling. However, sometimes an open arc techni-
que is preferable in groove welding.

The E7024 electrode is well suited fer fillet welds in mild steel. The welds are slightly convex in
profile, with a very smooth surface and extremely fine ripples approaching the appearance of
machine-made welds. The electrode is characterized by 2 smooth quiet arc, very lew spatter, low
penetration and czn be used at high lineal speed.

This electrode operates with AC or DC, either polarity. The E7024 electrode, although most

generally used on mild steel, also produces satisfactory welds on many low-alloy, mediumn and high-

carbon steels.

Originally it was possible, because of the conductive nature of the coating on this type of electrode,
to strike the arc through the coating in practically all cases when the electrode was hot and in some
cases when the electrode was cold. Further developments now provide an electrode where the
coating is insulated, both hot and cold, but where the restriking characteristic has been retained,

E6020 and E7020 — (fron Oxide)

The E6020 electrode is limited by the volume and natare of its slag for use in two positions 6nly,
horizontal fillet aad flat. The rod operates well on direct or alternating current, straight polarity
being preferred on DG because it produces a flatter bead contour. '

Generally referred to as mineral coated, this rod has a heavy coating usually black or red in colour,
depending on which iron oxide predominates in the coating. Although it is manufactired in all the
standard diametes, by far the greatest proportion consumed is in the 3/16”, 1/4” and 5/16” dia-

meters. These three sizes are nearly always produced in 18 inch lengths.

The heavy coating, composed mainly of iron oxides, manganese oxides and siliceous materials,
provides a mechanical shield of molten slag to guard against oxidation in the arc. F erromanganese is
used as the main deoxidant and sodium silicate is used a5 a binder.

When solid, the slag is usually shiny black and extremely porous. This porosity makes it very friable
and easily removable. Its fluid nature and wetting power influences the freezing weld metal by
forming a concave bead, whose edges are ideally flared into the plate. )

In depositing horizontal fillets at high amperages there is a tendency to undercut the vertical plate,
but this can be overcome by holding the rod at an angle of 60° to the horizontal plate.

Penetration with this class is good and can be increased by the use of high amperages. The coating
will withstand exceptionally high temperatures without deterioration.

The weld metal has excellent mechanical properties' with elongation in 2 inches being in the region
of 30%. Porosity is negligible and most joints fabricated with E6020 are perfect under X-ray

examination.

Before the advent of the iron powder electrode, EXX20 was in wide use for heavy weldments such"

as machine bases, centre sills on railway cars, pressure vessels etc. However, the increased
deposition rate of the iron powder electrodes, together with the high quality obtainable has resulted
in a steady decrease in the relative mmportance of this type. The EXX020 classification does not
appear now in CSA W48.1-M, ) :
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E6027 and E7027 (Iron Oxide)

The EXX27 classification has 2 covering similar to that found in E6020 electrodes together with a
high percentage of iron powder. The coverings, as with E7024, are very heavy, amounting to
approximately 50 percent of the total electrode weight. A deep arc cup is formed and the “drag”
technique is usually used with the open arc technique sometimes used in groove welding.

The EXX27 electrode is designed to produce satisfactory fillet or groove welds in the flat position
with AC or DC, either polarity, and will produce flat or slightly concave horizontal fillet welds with _
either AC or DC electrode negative.

This electrode has a spray ,type of metal transfer and deposits at high speeds. Penetrition is medium
and spatter loss is very low. The covering on this type produces a heavy slag, honeycombed on the
under side, which covers the weld deposit and is quite friable and easy to remove, particularly in
deep groove joints. Consequently, because of the wash-in of the weld metal combined with the ease
of slag removal, X-ray quality welds are readily made in deep groove joints in very heavy sections,

Welds produced with the EXX27 electrode have 2 flat, to slightly concave profile with a smooth,
fine, even ripple and with a good metal wash up the sides of the joint. The weld metal possesses
excellent radiographic quality. Current ranges for the various diameters are high since a consider-
able portion of the electrical energy passing though the electrode is used to melt the covering and
the iron powder contained therein.

The EXX27 electrode has had wide usage in the pressure vessel and structural field but, as with
other electrodes, there has been a tendency for it to be replaccd by the ]ow-hydrogcn, iron-powder
types such as the E7028."

E7015 and E7016

The recognition that the presence of hydrogen in the weld metal was a prime cause of cracking led
to the development, about 30 years ago, of electrodes that produced low, controlled levels of weld
metal hydrogen. This allowed carbon and alloy steels to be welded without cracking, often without
the need of preheating, reduced problems in welding sulphur bearing steels and produced weld
metals of improved toughness. Traditionally, these electrodes have been known'as Tow hydrogen’
electrodes, but now they are formally referred to as basic’. The term ‘basic” refers to the chemical
character of the coating which has a high content of lime or calcium carbonate. The breakdown of
this coating produces carbon dioxide gas which minimizes the amount of hydrogen in the arc atmos-
phere. Ingredients such as cellulose that can produce hydrogen are not used in the coating mix.

Basic electrodes require different handling from other types in that the arc is somewhat hesitant.
Higher current densities are required for suitable operation,and whipping techniques are not
recommended. Penetration is medium and there is little tendency to undercutting.

In the vertical position, the slag is rather fluid and heavy, and the maximum diameter rod
recomniended for this position in 5/32 inch. A smooth, evenly rippled bead is produced in all posi-
tions, spatter loss is low but the slag is not very easily removed. A deep arc cup is formed aHowmg a
‘drag technique’ to be used. -

E7015 is de51gned for DC electrode posztlve welding, whereas the E7016 contains potassium com-
pounds promoting ionization and allowing AC to be used.
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E7018 - (Basic)

Although still used, the E7015 and E7016 have been largely superseded by the E7018 type. This is

a basic type with iron powder and its higher deposition rate and ease of handling make it the pre-
ferred electrode for many applications.

The coating of this electrode is slightly thicker than that of the E7015 and E7016 type. The iron
powder in the coating usually amounts to between 25 and 40 percent of the coating weight.

It can be used with DC electrode positive and AC but the highest speeds are obtained with DC. It is
designed for the same applications as the E7015 and E7016 electrodes. In common with all basic
electrodes a short arc should be maintained at 2ll times. ‘ .

In :addition to its use for mild steel, the E7018 electrode is well suited for fillet welds in high-'
strength, high-carbon or alloy steels. The fillet welds made in the horizontal and flat position are

slightly convex in profile, with a smooth or finely rippled surface. The electrode is characterized by

a smooth quiet arc, very low spatter, low penetration and can be used at high lineal speeds.

E7028 — (Basic)

The E7028 electrode is in many respecfs very much Iike the E7018. The E7028 differs from the

- E7018 in the following respects:

1. The E7018 is an all-position electrode, where fhe E7028 is suitable for horizontal fllet and
flat position welding only. ' ' ' .

2. The coating of the E7028 electrode is much thicker than that.of E7018; the coating of
E7028 electrodes representing approximately 50 percent of the weight of the electrode,
The iron powder content of the E7028 coating is higher than that of the E7018. Asa
consequence, in horizontal fillet and flat position welding, the E7028 gives a higher deposi-
tion rate than the E7018 for any given size of electrode. The iron powder content of
the E7028 coating represents about 50 percent of the weight of the coating, compared to
25—40 percent for E7018. :

8. The E7028 has a spray type of transfer; the E7018 transfer is globular.

4. - The ratio of the weight of the weld metal to the weight of the core wire consumed is about
1.05 minimum for the E7018 and about 1.30 minimum for the E7028.

5. The weld metal toughness of the E7018 is usually better than that of the E7028.

Summary of Electrode Characteristics

The characteristics of the various electrodes described in detail in the preceding sections are
summarized in Tables ¢, 10 and 11. Following W48.1—M,the S.I. (metric) designation is used but
the tables apply equally well to the equivalent electrodes using Imperial units.. For example the
comments for EXX018 electrodes apply- to W48.1—M electrodes such as E48018, and also to A5.1
and W48.1 electrodes such as E7018.
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CLASSES

INGREDIENTS

EXX027

EXX000, EXX010, EXX011

EXX012, EXX013

EXX014, EXX024

EXX018, EXX028, EXX048
EXX015%, EXX016*

iron oxide, silica, manganese oxide,
feldspar, clay, mica, asbestos,
carbonates, sodium silicate, ferro-
manganese, ferrosilicon,

cellulose, asbestos, rutile, carbonates,
silicates

rutile, feldspar, clay, cellulose, silicates,
ferromanganese

rutile, iron powder, feldspar,
carbonates, cellulose, ferromanganese,
silicates

fluorspar, carbonates, iron powder*,
ferromanganese, ferrosilicon,
silicates

* EXXO015 and EXX016 do not contain iron powder

 Principal Ingredients in Electrode Coatings

Table 9

0-10% 10-20% 20-40% 40-—60%
EXX000 | - EXX048 EXX014 EXX022
EXX010 EXX018 EXX024
EXXO011 EXX027
EXX012 EXX028
EXX013
EXX015
EXX016

Iron Powder Content of Coatings
Tuble 10
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. Classification. Deposition Penetration ‘ Soundness Buctility
EXX000 4 10 ] 6
EXX010 4 10 6 6
EXX011 4 9 6 7
EXX012 5 6 -3 4
EXX013 5 5 5 5
EXX014 6 6 7 6
EXX015 4 7 -9 10
EXX016 4 7 10 10
EXX018 6 7 "9 10 .
EXX024 10 4 8 5
EXX027 10 8 9 10
EXX028 8 7 9 10
EXX048 5 7 9 9

Note: The figures are not measured quantities but are used to give an approximate indication of
performance on a scale of T to 10. The actuaf electrode performance will depend on many
factors such as welding conditions and skill of the welder.

Performance Comparison of Electrodes (10 Maximum)
Table 11

3%/ An Example of Electrode Selection

In order to select an electi'ode, the job for which it is being chosen must be carefully considered,
and at least five or six of the most essential characteristics listed.

As an example of such consideration, take the fabrication of a heavy excavator frame or base of
0.25 to 0.30% carbon plate.

Although perhaps unusual in a shop where such work is performed, it can be assumed that no
positioning equipment is installed and therefore an all-position clectrode must be used. Also,

only AC is available.

From the nature of the job and anticipated service it can also be assumed that:

1.

+ :h bo

o >

The frame will be subject to fatigue and alternating stresses and therefore sound weld metal
of high impact and ductility values will be highly desirable,

Since the plate is fairly high in carbon, an electrode low i sensitivity and of low or medium
penetration would be best,

Good fit-up may be anticipated.
A straight-to-concave fillet contour will be best for fatigue performance,
Good bead appearance is of course desirable but not really important.

Low electrode cost is to be desired but is relatively insignificant in a job of such importance
and high overall costs. :
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Since an electrode high in impact value is desirable, this would lead the selector to E7018, 7016,
7014 or 6011. Minor cost factors would favour both E6012 and E6013 about equally. Both would
have a smoother bead than E6011 and between the two, E6013 would have the better finish and
contour.

However; in a job of this nature, weld qualities of impact, ductility and soundness must be given
preference and the choice will fall on type E7016 or E7018.

Principles of Electrodes Selection

It will perhaps be found helpful, in electrode selection, to keep the following principles in mind:

1. If a deep groove is to be filled or 2 heavy fillet weld made, these would, wherever possible,
be arranged for downhand or horizontal position. Economy would dictate the use of an
iron powder electrode with its high deposition rate would lead to the choice of E6027,
7024 or 7028. Design requirements would rule as to whether or not the E70 series was
needed and questions of preheat and type of steel would determine if it were necessary or
desirable to have low hydrogen weld metal, with the choice then pointing to E7028

2. If high production on light-gauge metal is sought, an electrode which can carry high currents
and move at fast speeds while still retaining satisfactory bead size and shape would give the -
best answer. This would be an application for E6012. In the automotive industry this elec-
trode is being used for lap welds at 60 inches per minute welded with as much as 48 inches
of joint with one electrode. o ' : '

3. Vertical and overhead welding and horizontal butt welding require that the metal stay in
position by solidifying rapidly. All the XXIX electrodes are designed for this, with E6010
the first choice unless low-hydrogen weld metal is called for, when E7016 or E7018 would
be chosen. ,

4. When 'the steel is high in sulphur, carbon or phosphorus, or is thick enough to cause rapid
quenching, or is of low-alloy composition, the best assurance of crack-free welds will come
from the use of low-hydrogen electrodes. These would be E7016, 7018 or 7028 if there.
were no necessity to match the plate composition. Otherwise, oné of the compatible low-
alloy electrodes would be the choice.

Detrimental Action of Moisture and Hydrogen from Electrode Coatings

Moisture is a component of all electrode coatings just as much as any of the chemicals and should
be maintained within certain desirable limits as with other ingredients. This is not easy since some
coatings absorb moisture in varying degrees, depending on the atmospheric conditions. If a coating
takes up excessive moisture, it can be dried, but here again some electrodes fail to function properly
if they are too dry. '

permitting the welding current to pass through it for a short period, moisture may be driven off as
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Moisture will have a tendency to produce porosity in the weld, but more important, it can break
down into hydrogen gas and this can be seriously detrimental to a weld, and lead to cracking in or
near the weld. These cracks are originally microscopic but may well develop and result in failure.
See Figure 5.

>

<

A%

Fig. 5 — An Example of Cracking in the Weld due to Hydrogen

It is for this reason that low hydrogen electrodes are used and for the same reason it is of the

utmost importance that the coatings of low hydrogen electrodes be kept dry.

. Considerable research has been undertaken on the effects of hydrogen which can be partly

explained as fellows,

Hydrogen from the electrode coating is absorbed by the molten metal during the welding process.
The solubility of hydrogen in iron diminishes with decreasing temperature and at the solidification
point it even drops abriptly. Thus the absorbed hydrogen will be partly released during the cooling
process. The thicker the metal from which the gas is to be released and the lower the temperature,
the longer the diffusion process will take. Hence, if the metal 1o be welded is very thick, a large
quantity of hydrogen will be retained, in the first place owing to the long distance it has to travel t6
the surface in the diffusion process and in the second place by the rapid cooling caused by the
thickness of metal. This retention of hydrogen encourages cracking both in the weld metal and heat
affected zone of the parent metal. ’

Welding with conventional types of electrodes with non-basic coatings may be expected to lead to
the absorption of relatively large amounts of hydrogen and its entrapment as above. Figure 6 shows
the phenomenon called “fisheyes” on the surface of the fracture after test bars welded with such
electrodes have been broken.

Fig. 6 — These fisheyes are normally associated with inclusions or voids where hydrogen collects
and are generally considered evidence o f the presence of gaseous hydrogen.
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torage of Arc Welding Electrodes

To obtain the best possible results from arc welding electrodes, it is essential that they should be
stored in suitably dry conditions. This is partlcularly so in the case of low hydrogen electrodes,
which are more hygroscopic than other types, i.e. they readily pick up moisture.

Electrodes are manufactured so that the proper level of moisture, consistent with the covering type
and the electrode strength classification, is in the coverings. These electrodes are then nommally
packaged in a container which has been designed to provide the degree of protectlon appropnate to
the type of covering involved.

Under proper storage conditions (normal room temperatures, 50 percent maximum relative
humidity or holding ovens) the electrodes can be maintained for many months. However, if the
original containers are damaged, improperly stored, or for any reason the clectrodes are exposed to
high moisture conditions, the coverings of the electrodes may absorb excessive moisture.’

If there is a possibility that the electrodes may have picked up excessive moisture, they can be
restored by rebaking as indicated in Table 12. Such rebaking may well be required when low
hydrogen electrodes, purchased in non-hermetically sealed packages, may have been exposed to the
moist air. :

The low hydrogen (E7015 and E7016) and low hydrogen-iron powder (E7018 and E7028)
electrodes are the most critical types for moisturc absorption. When a container is opened, only
sufficient electrodes {or use In 2 four hour period should be removed and the remainder returned to

the storage oven. These types of inorganic covered clectrodes are designed and developed to

contain the very minimum of moisture in their coverings and as such should be handled with the
utmost care. This care should be extended partxcularl; to ficld welding where the danger of
moisture absorption is greatly increased.

E6010 and E6011 electrodes should not be rebaked because the coverings for these types are
designed to have moisture levels of 3 to 7 percent and excessive drying may substantially affect
their operation, :

Fitler Metal Storage Temperature a Rebaking Temperature
- l ]

OC OF OC ’ OF
cellulosic electrodes 2540 | 75100 NOT RECOMMENDED
basic electrodes 106-150 . | 200-300 350425 i 650-2800
other electrodes 2540 75-160 120-150 250-300
flux—cored wires 20-150 70-300 NOT RECOMMENDED
solid wires 12040 70-100 ' NOT REQUIRED
submerged arc flux 100-150 | 200-300 400-450 I 750-350

Storage and Rebaking of Filler Metals (A fter opening package)
Table 12
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Fig. 7 — Electrode Storage Ovens Fig. 8 — Portable Electrode Storage
stacked for space saving . Oven serving on site

When a package of basic electrodes is opened, the electrode should be placed in a holding oven
heated to 100-150°C. A typical holding oven is shown in Fig. 7. An oven holding basic electrodes

.. should not contain anything else, or even any of other type of electrode. When removed from the

oven, basic electrodes must be used within a certain period of time (4 hours for mild steel elec-
trodes). If this is exceeded, the electrodes should be rebaked at a higher temperature and this
usually requires a different type of oven. Electrodes that have become wet should be discarded.

Store rooms for electrodes should have a controlled humidity of less than 50% (relative humidity)
by using a dehumidifier and sealing the room. Smaller quantities of electrodes may be stored in unh
unheated containers that use silica gel or other material to maintain a dry atmosphere. Small
portable containers will also be effective in keeping electrodes dry (Fig. 8). '

Low Alloy Steel Arc Welding Electrodes

All the electrodes described in the preceding sections produce, essentially, mild steel weld deposits
(although the manganese and silicon content may vary between electrode types). Weld material of
higher strength, however, may be obtained by using low alloy electrodes where additional alloying
comes from components of the flux. Electrodes of this type are covered by specifications AWS
Ab.5-69 and CSA W48.3-1976. There are differences between the American and Canadian
standards, although the types of electrodes included are the same. A major difference between
these standards, and those for mild steel electrodes, is that the low alloy steel electrodes are usually
tested in the stress-relieved condition to determine mechanical properties. Increased strength may
be obtained by a variety of alloy elements and the chemical composition of the deposited metal of
similarly classified electrodes may not necessarily be the same. If specified properties, such as
corrosion resistance or high temperature strength, are required, care must be exercised in choosing
electrodes not only on the basis of their strength but also on the chemical composition, -

When making the weld deposit for the purpose of testing the electrodes to the appropriate standard,

the preheat, interpass temperature, and stress relief time and temperature are specified. These may
be different for the various classifications. It is important to note that these temperatures (particu-
larly those of preheat) may not necessarily be the same as those used on the job for the same
electrode. Tables 13 and 14 summarize the types of low alloy steel electrodes covered in the AWS
and CSA standards,
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Fundamentals of Welding Technology

CSA ‘ CHEMICAL COMPOSITION, PERCENT? (MAX)
AWS-ASTM - - ‘
Classification C Mn P s Si Ni Cr Mo v
) ' Carbon-Molybdenum Steel Electrodes
E7010-A1 - { 060 1f o040
E7011-A1 0.60 0.40
E7015-A1 0.90 0.50
E7016-A1 0.12 0.90 003! 0.04 0.60 0.400.55
E7018-A1 0.90 : 0.80
E7020-A1 0.50 0.40
E7027-A1 ‘ 1.00 0.40
Chromium-Molybdenum Steel Electrodes
ES016-B1 : 0.60
ES018-B1 } g.12 0.90 0.03 | 0.04 0.5 10.40-0.65 | 0.400.65
E8015-B2L 0.05 050 | 003] 004 1.00 . 1.00-1.50 | 0.400.65
E£8016-B2 0.60
£5015.52 0.12 090 f003| o0s [ {0} 1.00150 | 0400.65
ES015-B3L | 0.05 0.50 003 | 0.04 1.00 200250 | 0.901.20
ES015-B3 0.60 '
E9016-B3 } 0.12 0,90 0.03 | 0.04 { 0.60 2.00-2.5G | 0.90-1.20
E9018-B3 ‘ 0.80
ES015-B4L 0.05 0.50 0.03 | 0.04 1.00 175225 | 0.40-0.55
E8016-B5 0.07-0.15 | 0407 | 0.03| 004 | 03085 0.40.6 | 1.00-1.25 | 0.05 min’
Nickel Steet Electrodes , .
E8016<CT - N A 0.60 L ' E
£8018.01 } 0.12 - 1.20 003 | 0.04 { 0.0 2.002.75
ES016-C2 0.60
Eg018.Co } 0.12 1.20 0.03 | 004 -{ 0.80 } 3.003.75
I
z 2 :
: £8016-C3
E201843 } 0.12 | 04000 | 003 | 003 0.80 0.80-1.10 0.5 0.35 0.05
Maznganese-Molybdenum Stee! Electrodes
£9075-D1 - 0.60 } { ,
ES015.D1 } B RY 1.25-1.75 | 0.03 | 0.04 { 0.80 } . L 0.25-0.45
£10015-D2 0.60
E10016-D2 0.15 1.65-2.00 | 6.03 | 0.04 0.60 0.250.45
E10018-D2 0.80
. All Other Low-Alloy Stee! Electrodes’
-4
EXX10-G
EXXI1-G
EXX13-G 3 . 3 3 3 3 3
‘ EXX15G 1.00 min 0.80 min 250 min 0.30 min 0.2C min 0.10 min
| EXX16G
EXX18-G
EXX20-G
‘ EQOIS-MZZ 0.10 . | 0.60-1.25 | 0.03 | 0.03 0.30 1.40-1.80 0.15 035 0.05
; E10018-M 0.10 0.75-1.70 | 0.03 | 0.03 0.60 1.40-2.10 0.35 0.25-0.50 0.05
E11018-M 0.10 1.30-1.80 | 0.03 | 0.03 0.60 1.252.50 0.40 0.30-0.55 0.05
E12018-M2 0.10 130225 | 003 | 003 | 0.60 175225 {030-1.50 | 0.300.55 0.05
Table 14 — Chemical Requirements See * Notes to Table 14” following page.
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Electrodes and Consumables for Welding

Notes to Table 14
1 The suffixes A1, B3, C2, etc. designate the chemical composition of the electrode classification.

2 These clossifications are intended to conform to classifications covered by US military specifica-
tions for similar compositions.

3 In order to meet the alloy requirements of the G group, the weld deposit must have the mini-
mum, of only one of the specified elements as indicated. '

4 For determining the chemical composition, DC, straight polarity only, may be used where DC,
both polarities, is specified. : '

5 The letters “XX” used in the classification designations in this teble stend for the various
. strength levels (70, 80, 90, 110 and 120) of electrodes.

The chemical requirements with respect to CSA Standard W48.3—1976 are similar to AWS
Ab5.5—69 except that the following three electrodes have been added to the table.

E8018-B2L The chemistry is identical to that of electrode E8018-B2 except that the carbon is
now reduced to 0.05%. The L means low carbon, Nommally the carbon is set ata
maximum of 0.12%C. - L

E9018-B3L  This is similar to E9018-BL except that carbon content s set at 0.05%.

E8016-B5 This is a completely new addition. This electrode having the following chemistry;
0.07-0.15% C; 0.40-0.70% Mn; 0.03% max. P;0.04% S; 0.30-0.60% S5i; 0.40-0.60%
Cr; 1.00-1.25% Mo and 0.05% min. V.

For the test welds used in certifying low alloy electrodes,the preheat and interpass temperature is
specified. With the exception of the following electrodes the mechanical properties are obtained
from welds which have been stress relieved:

e E8016-C3
E8018-C3
ES018-M

E10018-M
E11018-M
E12018-M

These electrodes contain vanadium and have a tendency to become embrittled when held at temper-
atures of about 1,000°F (540°C). ' '
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Moisture and Hydrogen Tests

It was pointed out that electrodes with a basic coating are designed to provide a weld deposit with

a low content of hydrogen. If the moisture level of these electrodes is too high, they will not be

capable of producing low hydrogern deposits. The term Yo hydrogen’ is relative since it is not
possible to eliminate the hydrogen completely, and different countries have adopted different levels
and test methods to define Jow hydrogen’, '

In the AWS specifications for low alloy steel electrodes, a moisture test is required. The weight of
moisture 2s a percentage of the weight of the elecirode must not exceed a specified value. Special
apparatus is required to conduct the moisture test which involves heating some of the flux to drive
off the moisture which is removed by a gas, collected, and measured, -

In the CSA standards, basic electrodes (low alloy and mild steel) are required to undergo a hydrogen
test. Fig. 9 shows-a diagram of the apparatus used. A weld bead ig deposited on a small plate and
then ccoled rapidly in water. It is then placed immediately in a tube under glycerine and the
hydrogen allowed to bubble off. The amount of hydrogen collected is measured and hydrogen
content of the weld metal is calculated.

Other countries employ a similar method but use mercury for the confining liquid. The mercury
method is covered by an ISO standard 3690-1977 (E). The two methods can lead to different
results since, with glycerine, 2 foam of very tiny bubbles can form which does not float up. The
measured hydrogen may therefore be less than the total amount evolved from the specimen. It is
most important, therefore, when testing to a standard that the specified method be followed.
Typically, the glycerine method may show values 60—70% of those determined by the mercury
method.

' SEALED TP

1r B r‘/
- NECK GRADUATED IN TENTHS OF A
1 MILLILITRE, APPROX SML CAPACITY
B
EJ
TR T 1OMM DIAMETER APPROX
4
o W PrEXGLass o
' gg — SOMM DIAMETER _ GLYCERIN LEVEL
25 APPROX. -~
[ _ <
" SHEET METAL OR PYREX
GLASS CONTAINER LANGE
ENQUGH 10 HOLD REQUIRED

NUMBER OF EUDIOMETER
150 MM TUEES

APPR(X

&
=
5
JL m—— \l_—l—wﬁ__ —_— _J

HOTPLATE OR OTHER
MEANS TQ MAINTAIN
TEMPERATURE AT 45°C

Apparatu: for Determining Diffusible Hydrogen in Weld Metal (from CSA W48.7—-M1 977)
Fig. 9
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Fundamentals of Welding Technology

The approximate relation between the moisture content and the hydrogen level {(measured by the
mercury method) is shown in Fig. 10, and the effect of exposure of an electrode to a humid atmo-
sphere on the resulting weld metal hydrogen content is shown in Fig. 11. It is therefore obvious
why it is important to keep electrodes dry and to rebake them if they have been exposed to the air
too long, '

Continuous Wires for Welding

Continuous wires are used in the gas metal arc, submerged arc, electroslag and electrogas welding
process and when cut into rod, are used in the gas
tungsten arc process. In contrast to covered
electrodes which are made from rimmed steel,
continuous wires are usually made from steel
- containing some alloy. elements. The general
L Descale, Pickle | sequence %or the mz'mu}f,acture of wires is shiwn in
Fig. 12.

[ Hot Rolied Steel Rod ]

| Copper Electroplate J
| - Many wires have a thin coating of copper electro-

L Draw to Size ] plated on them which aids in the drawing

operation. It may also assist with current pick-up

| Wind-on Spool, Package | in the welding nozzle and prevent rusting of the
wire when stored.

Fig. 12 — Sequence in the Manufacture Continuous wires are available in a wide range of

- of Wires for Welding sizes and can be supplied in coils, on spools or

o _ . : large drums, and pay-off-packs. The sizes of wires,
and the dimensfons and weights of spools etc., are specified in relevant specifications or standards.

Cast and Helix

An important aspect of coiled wires is the unrestrained shape the wire takes up after it comes off
the coil. This can have an important effect on the welding operation, affecting arc wander or 2 mis-
placed weld bead. The cast is the diameter that a single loop of wire assumes when a length is cut
from the coil and placed unrestrained on a flat surface. It will be larger than the diameter of the

- coil, and the minimum value is specified in some standards, The helix refers to the spacing between
two loops when unrestrained. It is defined in the standards by the maximum distance from any

joint on the wire to the flat surface when a single unrestrained loop is placed on the surface. The
helix for all coils larger than 4 inch spools should not exceed 1 inch (25 mm). Fig. 13 illustrates the

meaning of cast and helix,

Seerron Il

CAST — the diameter of a single HELIX — the spacing between two
loop of wire unresirained loops of wire
Fig. 13
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Tensile Strength

Wires for gas shielded arc welding are usually stronger than mild steel wires because of the effect of
cold drawing and the presence of alloy elements. This higher strength is a useful property, and
makes the wire casier to feed through the guns and conduits of automatic and semi-automatic
equipment. The specifications for wire for gas shielded arc welding specify the minimum tensile
strength that the wire should have. For small diameter wires this is 135,000 psi. Itisimportant to

‘note that this is the tensile strength of the wire as it comes off the coil and must not be confused

with the tensile strength of the weld deposit.

Solid Mild Steel Filler Metals for Gas Shielded Arc Welding

‘Wires for gas shielded arc welding may be used as either an electrode {i.e., forming part of the elec-

trical circuit) as in gas metal arc welding, or as a rod separately fed into the arc as in gas tungsten arc
welding. Although called mild steel, they do contain alloy elements which are used for deoxidation.
These are mainly manganese and silicon but some wires may contain additional elements such as
aluminum and titanium. Deoxidation is particularly important when carbon dioxide shielding gas is
used since this gas reacts with the molten steel. The amount of deoxidation required also depends

‘on the type of steel being welded. More deoxidation is required for welding rimmed steel which

has not been deoxidized than for semi-killed and killed steels. The same is true when welding steel
with rust or scale on it.

AWS Specification A5.18-79 and CSA Standard W48.4-M2980 cover solid mild steel filler metals for

gas shielded arc welding. CSA W48.4-1978 (in Imperial units) covers only wires for gas metal arc

welding but in most respects is similar. The meaning of the symbols used for classification is ex-
plained as follows: ' '

Aimpsning SysTem.

- Kalow
ER480S - X

Electroda

‘l- -L— Chemical Analysis of Wire

Rod (for GTAW or PAW) - Solid Wire

not included in CSA W48.4-1978

480 = minimum tensile strength in MPa {in CSA 48.4M-1980) or
70= minimum tensile strength in ksi (in CSA 48.4-1978 or AWS A5.1 879)

Fig. 14

Note that the welding position is not included in the classification as it is with covered electrodes.
The position is actually determined by the wire diameter, shielding gas and the mode of metal
transfer. :

The chemical requirements for these wires are summarized in Table 15. Minor differences between
the AWS and CSA Standards are to be noted, but are not significant in regard to the behaviour of
the wires. The various classifications differ mainly in the level of deoxidizing elements contained in
the wires. The main characteristics of the wires are as follows.
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4 CLASSIFICATION CHEMICAL COMPOSITION
AS1879 | W4s4 W48.4-M c Mn Si Ti Zr Al
0.90 0.40 0.05 | 0.02 0.05
ER70S-2 E70S-2 ER4805-2 0.077 to to to to to
' : ' 1.40 0.70 015 | 012 | 015
0.06 0.90 0.45 o
ER705-3 | .E70S-3 ER480S-3 to to to —_— —_ —
1 a1s 1.40 0.70 :
0.07 1.00 0.65
ER705-4 E705-4 ER4805-4 to to to — —_ —_—
0.15 1.50 0.85
0.07 0.90 0.30 0.50
ER705-5 E705-5 ER480S-5 to to to _ — to
. 0.19 1.40 -0.60 0.90
0.07 1.40 0.80
ER705-6 E70S-6 ER480S-6 to to to _ — ] -

: 0.15 1.85 1.15 , e
| — - 007 | 150 | 065 | "
§ ER705-7 E70S-7 ER480S-7 to 1o to —_— —_ —

' - 0.15 2.00% 0.857 '
ER705-G E705-G ER480S-G NO CHEMICAL REQUIREMENTS
" 0.06 in CSA W48.4-1978. -
2 0.50t0 0.80in AWS A5.18-79.
3 1.85 in CSA W48.4-1978.
Notes:

aj Single values are maximum, :
b} The maximum copper content is 0.50%, including copper present in the coating.
¢} The maximum phosphorus and sulphur contents are .025% and .035%, respectively.

AWS A5.18-79, CSA W48.4 and W48.4.M Chemical Requirements for Wires
Tablq 15
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E70S-2 (or ER4805-2)

This is a triple deoxidized steel electrode which is capable of making sound welds in rimmed and
semi-killed steels even when some rusty conditions exist. Shielding gases permitted are carbon
dioxide, argon and oxygen (1-5% 0) and argon-COg mixtures. :

E708-3

These are primarily single pass welds but in the case of semi-killed and killed steels they.are satis-
factory for multi-pass operation. Sometimes they can also be used with multi-pass applications in

- the case of rimmed steels.

. The carbon dioxide shielding gas will result in greater loss of alloying elements than in the case of

argon-oxygen (1-5% Oy) applications. This may result in some loss of tensile strength, especially if
high heat inputs are used in test pieces involved.

E7054

These electrodes have slightly more alloying elements than E708-3 and consequently can be
expected to provide slightly higher tensile strength than an E70S-3, if used under identical

situations. -
The Sta.ndard permits the use of argon-oxygen and argon-C0y mixtures even though this electrode
is primarily for use with C0 shielding gas.

E70S-5

These electrodes contain aluminum as a deoxidizer in addition to the elements contained in those
we have previously listed. '
It can be used with COy shielding gas to deposit suck weld metal in situations where the base metal

is rusty or dirty. However, they are not recommended to be used for short circuiting transfer
because of the aluminum content.

The weld deposit is not required to demonstrate impact properties.
E708-6

These have more alloying and deoxidant material than the electrodes with lower suffixes (E70S-3 to
E708-5 inclusive). This will permit the use of higher current and will result in sound weld deposits,
even in the case of rimmed steels when using COg shielding gas.

The increased alloy content, which can be anticipated if argon-oxygen (1-5%) or argon-carbon
dioxide shielding gas mixtures are used, should be given due consideration. The soundness of the
weld deposit will naturally depend upon the amount of parent metal surface contaminants which
are present. -

E708.7

These have a substantially higher manganese content than the E70S-J wires. The increased alloy
content will provide slightly better weld appearance and welding characteristics allowing higher
welding speeds.

These filler metals are recommended for use with argon-oxygen shielding gas mixtures, but they are
usuable with argon-COg and COg.shielding gases.
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E708-G

These electrodes do not have to meet specific chemical bend or impact requirements but ihey are
required to meet tensile and radiographic requirements. The current and polarity which is to be
used is not specified in the Standard.

Welding Conditions and Shielding Gases
The conditions under which the qualification test weld is performed are shown in Table 16. Except

for E70S-G (ER480S-G) which is not specified, all wires are operated with DC electrode positive
and with carbon dioxide shielding gas. -

CLASSIFICATION CURRENT SHIELDING GASES
AND
W4B.4 W48.4-M POLARITY Test Gas Other Gases
Qualified
E7058-2 ER480s-2 deep C_02
E70S-3 ER480s5-3 deep C02 *Ar———02-COz
E705-4 - ER48054 ) deep C02
E70S-5 ER480s-5 decep COz None
E705-6 . ER4805-6 deep co,
*Ar—0,—C0,
E705-7 ER4805-7 deep co,
E70S-G ER4805-G not specified not specified None
*Restrictions: 1. 0y,—ito 596 when present
2. H,may replace A  Up to 5% total gas mixture

CSA4 Standards W48.4 & W48.4-M Welding Conditions & Shielding Gases
Table 16
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Electrodes and Consumables for Welding

Mechanical Properties of As—Welded Deposits

In the American specifications the tensile strength is not subject to a maximum limit as is required

in the CSA Standard. However, the other mechanical properties with respect to tensile strength,

. yield strength and elongation are the same for all types of these electrodes.

The Canadian requirements are as follows:-

Tensile Strength Minimum Yield Strength " Elongation

72 ksi to 92 ksi 60 ksi 22%
{500 MPa) - " (420MPa) - : minimum

As in the case of covered electrodes a decrease of minimum tensile strength (to 70 ksi, 480 MPa)
and yield (to 58 ksi, 390 MPa) is allowed for tests showing an elongation greater than 24%.

Impact Properties

The impact properties are similar in both the American and the Canadian Standards,

Minimum Fmpact Properties
E708-2 :
E705-6 20 ft-Ibs at —20°F or 27] at —29°C
E708-7
E70S-3 20 ft-Ibs at 0°F or 27] at —-18°C
E705-4 not required
E708-5.
E708-G A5.18 — As agreed between supplier and purchaser

W48.4 & W48.4M — not required.
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Flux Cored Wires

The flux cored arc welding process employs wires comprising an outer metal sheath with a core
contzining fluxing and alloying components. Some wires are designed to be used with a shielding
gas (usually carbon dioxide) in a manner similar to gas metal arc welding, whereas others can be
used without any additional external shielding gas. Certain cored wires (composite wires) can also
be used with the submerged arc process, and these will be discussed in a later section,

The sequence of manufacture of flux cored wires is summarized in Fig. 15 and the fabrication
method is illustrated in Fig. 16. A steel strip is passed through a set of rolls which form itintoa V

shape. The flux is poured in and the 'V closed up to make a tubular wire which is then drawn down -

to final size. Sometimes the wire receives a baking treatment during manufacture depending on the
type of wire and flux formulation. The type of closure may vary and examples of various cross-

sections are illustrated in F ig. 17.

Cored wires are not copper coated because there is 2 seam along the wire. Seamless wires, however,
have been made by drawing down seamless tubes filled with flux, and these can be copper coated.
The manufacture of flux cored wires from strip has many advantages over solid wires since a wide
range of electrode compositions can be made by changing the flux. The metal sheath, however,
- would be the same mild steel. In operation the flux cored wires are usually easier to handle than
solid wires, and have a high deposition rate. Some wires contain iron powder in the core which

increases the deposition rate.

Mild Steel Strip | . ‘ E | Core Ingredjenfs

Weigh and combine

Dry mix formula

Fabricate into tubq

Draw to size

Spool and package

Fig. 15 — Sequence of Manyﬁcture of Flux Cored Wires
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Flux Hopper. _

Flux Poured

Drow Die

QS

~~—Reel with Formed

"U” Closing Rolis’

Elecirode

Fig., 16 — Simplified Schematic of the Manufacture o f Flux Cored Wires.

Fig. 17 — Typical Cross-Section of Flux Cored Wires

Cored wires are available in a range of diameters from 1 /8 inch (3.2 mm) down to 0.045 inch
(1.1 mm) with the 3/32 inch (2.4 mm) being the most widely used. The availability of the very
small diameter has increased the use of flux cored wires in positional welding involving vertical and
overhead welds. o

Types of Flux Cored Wires

As with covered electrodes, the operating characteristics and the resulting; weld metal properties
depend largely on the flux and other ingredients used. The two main classes of wires are those
mtended for use with an external gas shield (usually carbon dioxide), and those designed for use
without an external gas shield (self-shielding types). The latter types can be very complex and
contain elements for deoxidation and denitrifying, in addition to ingredients that control the
operating characteristics. :

In the gas shiclded class, most of the available wires can be classed in one of three groups:
® High rutile type (titania)

¢ Lime-rutile (titania)
e High lime (basic type) -
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The fluxes affect the electrode characteristics in a manner similar to covered .electrodes with the’

rutile cored wires producing a slag like that from a rutile covered electrode.

The basic cored wires are more difficult to handle in the same way that a basic covered electrode
is more difficult than 2 rutile electrode.

The flux has an important effect on the properties of the deposited weld metal, particularly the
toughness. Welds made with a covering of a basic slag will pick up less oxygen and have better
fracture resistance than welds made under a ratile slag. Basic cored electrodes, therefore, show
better toughness than rutile cored wires, although the latter have adequate toughness for most
applications and are far more widely used. o

Specifications and Standards for Flux Cored Wires

Mild steel flux cored wires are covered by specification AWS A5.20-79 and by CSA W48.5-1970.
The latter standard is currently under revision (1 981) and a metric version (S.L units) W48.5M will
be published. The meaning of the symbols is explained in Table 17. Certain differences should be
noted in the classification system: *

e The system for denoiing minimum tensile strength. The AWS symbol uses only

one digit to indicate this.

. The system for denoting welding posﬁ:ioh. The 'AWS use the SECOND digit
whereas CSA W48.5M uses the FOURTH digit. CSA W48.5-1970 does not indicate
welding position.

@ The CSA Standards have a requirement for maximum weld metal hydrogen.,
Chemical Requirements

The requirements for the chemical composition of the deposited weld metal are shown in Table 18
for CSA W48.5 and Table 19 for AWS A5.20-79 and CSA W48.5M. The newer standards have
simplified the requirements considerably, and it should be noted that, although classified as mild
steel electrodes, the weld metal may be allowed to contain some alloy elements. These are added to

the wires to control the performance characteristics, weld metal toughness and, in the self-shielded
wires, oxygen and nitrogen removal.

Mechanical Properties

The requirements for the mechanical properties of the deposited weld metal (in the as-welded

-condition) are summarized in Tables 19 and 20. The various classes of wire differ mainly in their

requirements for toughness as measured by the Charpy V notch impact test. As with covered elec-
trodes, the minimum tensile and yield strength depends on the elongation. For each increase of one
percentage point in elongation over the minimum, the minimum required yield strength (or tensile
or both} may decrease 1 ksi (10 MPa in W48.5M) for a maximum reduction of 2 ksi (20 MPa in

W48.5M).
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CSA W485-1970

Controlled hydrogen

|

- ™
S,
b

Electrode

60 = 60 ksi

Minimum tensile strength }
70 =70 ksi

Tubular wire

Slag system, current, polarity, shielding gas

CSA W48 5M*

- Tubular wiré

E X X 0 X

Electrode

410=4170 MPa

Minimum tensiie strength
480 = 480 MPa

1 = all positions

Welding positions:
2 = flat & horizontal fillets }

T — X — C H

Slag system, currént, polarity, shielding gas

Controlled hydrogen

AWS A5.20 -79

— M
x
— X
-
!
Y

Electrode

6 =60 ksi

Minimum tensile strength } 7
7=70 ksi

0 = horizontal and fiat

Welding Positions:
= all positions }

Tubular wire

Slag system, current, polarity, shielding gas

* This is a committee document not yet published and could be subject to change.

Meaning of Symbols for Flux Cored Wires
Tab£ 17 S
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~.CSA STANDARD W48.5 N

hS

CHEMICAL COMPOS!TION (%)
Classification
Mn Sj Ni , Cr Mo \'4 . Al
E60T-7 150 ‘ 6.90 050 | 020% | 0.30* | o008 1.8
E60T-8 1.50 0.90 0.50 0.20* 0.30* Ho.os* 1.0
E70T-1 1.75 0.90 0.30* 0.20* 0.30% 0.08+ —
E70T-2 NO CHEMICAL REQUIREMENTS
£70T-3 NO CHEMICAL REQUIREMENTS
E70T4 | 150 0.90 0.50 0.20* 0.30% .08+ 1.8 |
E70T-5 as0 | ¢ 0.30% | 020¢ | 030% - 008 —
E70T-6 1.50 0.90 0.80 0.20% 0.30* 0.08* —
| E70T-9 7 175 0.90 0.30* 0.20* 030 | 008* _
E70T-G NO CHEMICAL REQUIREMENTS
CE70T-GT :  NOCHEMICAL REQUIREMENTS
E70T-G2 NO CHEMICAL REQUIREMENTS

* The amount of these elements shall be reported if added intentionally

Chemical Requirements (Deposited Weld Metal )

'

Lo

e
‘,/%"(.

"7 Table 18
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Minimum Minimum Minimum
Tensile Yield Elongation in
Strength Strength 2in {50 mm)
CSA W43.5 ksi ksi per cent
E60T—7 67 55 22
E6OT—8 62 50 22
E70T-X 72 60 22
E70T-2&3 72 . — not required —-—
AWS A5.20-79
E6XT—X 62 50 .22
E6XT--GS 62 —— not required ——
E7XT-X 72 60 22
E7XT-2,3,10 & GS 72 —— not required ———
CSA W48.5M MPa ) MPa per cent
E4T0XT-X 430 340 22
E480XT-X 500 410 22
E480XT-2, 3,10, GS 500 not required ——

Summary of Tensile Requirements for Mild Steel F. lusx Cored Wz’re& ,

. Table 20

CHARPY V-NOTCH IMPACT TEST

Temperature for 20 ft Ibs

Temperature for 27 joules

CSAW4RS

EXXT—1,6,8 0°F

EXXT-5,9 —20°F

EXXT-2,3,4,7,G not required
~ AWS 5.20-79

EXXT—1 0°F
-EXXT-S5,6,8 —20°F

EXXT-2,3,4,7,10,11,G,GS not required

CSA W4B.5M

EXXXXT—1, 6,8
EXXXXT—9
EXXXXT—2,3,4,7, 10, G, GS

-20°C
-30°%C
not required

Summary of Impact Requirements for Mild Steel Flux Cored Wires

Table 21
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Description of the Various Electrode Classifications

T—1 Electrode Classification

"Electrodes of this classification usually have a rutile base slag and are designed to be used with COy
shielding gas for single and multiple pass welding in the flat position, and for horizontal fillets.
Some electrodes in this classification require that joints be relatively clean and free of oil, excessive
oxide and scale, in order that welds of radiographic quality can be obtained. A quiet arc, high
deposition rate, low spatter loss, flat-to-slightly convex bead configuration, and easily controllable
and removable slag, are characteristics of these electrodes. Weld deposits made with these electrodes
have good impact properties. Argon-C0, mixtures can be used to improve the usability, but increas-
Ing amounts of argon may increase manganese and silicon in the deposit.

T~2 Electrode Classification

Electrodes of this classification are used with C0g shielding gas and are designed primarily for single
pass welding in the flat position and for horizontal fillets. Multiple pass welds with some E70T-2
electrodes require an appreciable amount of admixture of the base and filler metals,

- Both the tensile strength and the manganese content of the weld metal are likely to be high in
multi-pass applications. However, when making two single passes {one on each side of the groove
weld) it may be considered as a single pass application because of the weld metal dilution.

The higher deoxidation level will permit satisfactory welding over scale or on rimmed steels.-
These electrodes can be used for welding material which has heavier mi'll-scale, Tust, oi‘_other foreign
materials on its surface, than can be tolerated by some electrodes of the E70T-1 classification, and

still produce welds of radiographic quality. The arc characteristics and deposition rates are similar
to those of the E70T-1 electrodes. ' '

T—3 Electrode Classification

Electrodes of this classification are used without extemélly applied gas shielding and are intended
primarily for depositing single pass, high speed welds in the flat and horizontal positions on light
plate and gauge thickness base metals. They should not be used on material thicker than 3/16”
or for multiple pass applications.

T—4 Electrode Classification
Electrodes of this classification are used without externally applied gas shielding, and may be used
for single and multiple pass applications in the flat and horizontal positions. Due to low penetra-

tion and other properties, the weld deposits have 2 low sensitivity to cracking. The low penetration
allows them to be used on poor fit-up joints. ' :

. T—5 Electrode Classification

This classification covers electrodes primarily designed for flat fillet or groove welds with an
externally applied shielding gas, such as carbon dioxide or argon-C0g mixtures.
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These electrodes have a lime-fluoride (basic) core producing a thin slag which may not completely
cover the weld deposit. They have a globular transfer, low penetration and provide a slightly

convex bead configuration.

The basic flux provides reduced weld metal OXygen content and gives improved impact properties.
The wires are generally more difficult to handle than the rutile cored wires.

T-—-6 Electrode Classification

‘Electrodes of this classification are designed for use without an externally applied shielding gas.

They can be used for single or multiple pass applications and are designed to give good low tempera- .

ture impact values,

In general they are used with DC electrode positive and they have a spray type of transfer.

T—7 Electrode (lassification

Electrodes of this classification are used without extemally applied gas shielding, a.:nd may be used

for single and multiple pass applications in all positions. The weld deposits have a low sensitivity to
cracking, and the slag system is:designed to desulphurize the weld metal. They are used with the

electrode negative,

T--8 Electrode Classification

Electrodes of this classification are used without externally applied gas srhielding, and may be used

- for single and multiple pass applications in the flat and horizontal positions. Due to low
Penetration and to other properties, the weld deposits have 2 low sensitivity to cracking. The weld
deposits have good notch toughness properties. Differences between the requirements of AWS and

CSA standards should be noted.

T—9 Electrode Classification

This classification covers electrodes primarily designed for flat fillet or groove welds with externally
applied COy shielding gas. Horizontal fillet welds can be satisfactorily made, but at lower deposition
rates than that obtainable in flat groove welds. The E70T-9 electrodes can be used in single pass
applications with minimum surface preparation, as described for the E70T—2 electrodes, as well as
for multiple pass work. These electrodes have 2 globular transfer, low penetration, slightly convex
bead configuration, and 2 thin, casily removable slag. Weld deposits have improved impact proper-
ties and meet the same requirements as the T—5 classification. Most T—9 wires have a rutile core.
This classification is not included in the American Standard.

T—10 Electrode Classification

These wires are intended for self shielding operation, electrode negative, and permit high spéed :

welding.

They can be used for single pass applications and for welding in flat and horizontal positions.
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T—11 Electrode Classification

These electrodes can be used on straight polarity (electrode negative) with a smooth type of spray
arc transfer condition. They can be used for either single or multiple pass welding for every
position.

T—~G Electrode Classification

~ - This is a general classification to include those composite electrodes not included in the preceding

classes. The electrode supplier should be consulted for the characteristics and intended use of these .
electrodes. They may be used with or without gas shielding and may be used for multiple pass work

or may be limited to single pass applications. The E70T—G weld metals need not meet chemical,
radiographic, bend test, or impact requirements; however, they are required to meet tension test

requirements {obtained from either an all-weld-metal tension or transverse tension test specimen),

and zall other requirements of the Standard.

T—G1 Electrode Classification

This classification includes electrodes which would normally be classified as ]_E‘.’]OT-G, but do deposit
welds that in addition will meet radiographic test requirements, as well -as impact requirements of
20 foot pounds at 0°F. This is not included in A5.20—79.

T—G2 Electrode Classification

This classification is similar to E70T-G1 except that the electrodes will satisfy impact reqmrements
of 20 pounds at ~20°F. This classification is not inchuded in A5.20-79. .

T—GS Electrode (lassification

This is 2 general classification similar to T-G, but covering electrodes deszgned for single pass
applications.

A summary of the applications, shielding gas and welding current is given in Table 22. Although
the type of flux used in the core is not a requirement of the standards, most wires meeting a certain
classification would have similar principal ingredients. An exception might be where a basic cored
wire is classified as a T—9 under CSA requirements to reflect the improved impact properties,
although most T—9 wires would be rutile cored. A summary of the usual prinicpal ingredients is
given in Table 23.
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Classification Shielding Gas Current and Polarity
T~ 1 (Multiple Pass) Co, dc, electrode positive
. T— 2 {(Single Pass) co, dc, electrode positive
T— 3 (Single Pass) Norne dc, electrode positive
‘T— 4 (Multiple Pass) ‘None dc, electrode positive
T— 5 (Multiple Pass) co, dc, electrode positive
T- 6 (Multiple Pass) None dc, electrode positive
T— 7 (Multiple Pass) None dc, electrode negative
T— 8 (Muitiple Pass) None dc, electrode negative
T— 9 (Muitiple Pass) o co, : dc, electrode positive
T—10 (Single Pass) - None dc, electrode negative -
T—11 {Multiple Pass) None dc, electrode negative
T—G (Multiple Pass) 2 a
T—GS (Single Pass) a a
T—-G1 a a
T-G2 a a
2 = Not specified
Welding Conditions and Shielding Gases : .
| Table 22 o
- SR &
i
Suifix Siag
-1 Rutile
T- 2 Rutile, extra metal powders -
; T—3 Fluorspar, rutile, aluminum
! T- 4 Fluorspar, aluminum
T— 5% . Lime, fluorides (basic)
T-6 Fiuorspar, lime, rutile, aluminum
T=7 Fluorspar, aluminum
T— 8 -Fluorspar, aluminum
T— 9% Rutile
T-10 Fluorspar, aluminum
T-11 Fluorspar, iron powder, aluminum
T-G Not defined
T-GS Not defined
*. notin “’48.$M

t CSAonly

Usual Principal Ingredients of Flux Cored Wires
Table 23
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e 8E Soms on Levee 3
Submerged Arc Welding Consumables Lo 144 “ e

Two separate consumables are used in the submerged arc welding system; the wire and the flux.
The wire is fed from a coil, and the flux, in the form of a granular material, is fed into the welding
arc zone from 2 hopper. Some of the flux melts to produce a slag that covers the weld pool, while
the unmeited flux may be recovered and used again. A diagram of the essentials of the submerged
arc process are shown in Fig. 18. Since the arc is surrounded or ‘submerged’ by the loose granular
flux, it is not visible and this is an attractive feature of the process.

TO AUTOMATIC WIRE FEED
) WELDING WIRE

. WELDING COMPOSITION
FEED TUBE

4 GRANULATED

CIMPOS ITION~RETAINING WELDING.
PLATES COMPOSITION FINISHED WELD SURFACE

WELDING VEE

PLATE METAL

WELD BACKING

Submerged Arc Wires

Wires for submerged arc welding (SAW) are made in the same way as that described for GMAW
earlier, except they are generally of a larger diameter. They are not usually as ‘hard’ as GMAW
wires (i.e. the tensile strength is not as high), since they are not drawn down to the same extent and
generally have a lower level of alloy content. In most 'cases SAW wires are copper coated.
Composite, or flux, or ailoy cored wires are used for SAW, particularly for high alloys and stainless
steels, but also for low alloy structural steels. S

As with GMAW, the cast and helix is important in controlling the position of the tip of the wire as
it emerges from the contact tip, but the specifications do not set limits as they do for GMAW wires.
SAW wires are available as coils without supports, coils with supports, or in drums and pay-off
packs (Fig. 19). Identification of the wire is most important and the outside of each package will
have the following information: -

o Classification and specification numbers
® Suppliers’ name and trade designation
e Electrode size and net weight

e Iot, control, or heat number
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Fig. 19 — Spools, Drums and Coils of SA Wires

In addition 2 coil will have an identification tag attached to the coil and, if the wire is on a liner or
drum, identification will be placed directly on the liner or drum.

Fluxes for Submerged Arc Welding

The flux performs functions essentially the same as in SMA electrodes, the main one being the
protection of the molten weld metal from the atmosphere. There are several important differences,
however, and these should be noted. ' ' ' : Co

o SAW fluxes do not Eave to be designed to be extruded and, therefore, do not contain
ingredients added to covered electrodes for this purpose.

® SAW fluxes must be capable of handling a wide range of current. In some cases currents
over 2000 amps are used in SAW. '

® SAW fluxes need not produce large quantities of gas to protect the arc as in SMAW,
Organic materials, such as cellulose, are not, therefore used in SAW fluxes.

Fluxes are made from minerals comprising oxides of calcium, silicon, manganese and other
elements. By careful design of the flux formulation, a wide range of properties may be obtained,
The melting range of fluxes is below that of the weld metal so that molten slag can float out of the

weld metal before it solidifies. Slags melt typically in the range 1100 — 1200°C. When the slag

becomes solid, the shrinkage rate should exceed that of the steel so that the slag shrinks faster and
peels off from the weld. A good flux will form a slag that detaches by itsel, leaving a completely
clean weld without the need of chipping or grinding.

Methods for Making Fluxes
There are two basic methods for making submerged arc fluxes. The first involves Sfusing the flux
Ingredients together then crushing to size. The second involved mixing the ingredients together

with 2 binder, then baking. The latter process has variations depending on the baking temperature
and is termed agglomerated or bonded.
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Fused fluxes ate made by dry mixing the ingredients and mielting them together at a temperature of
1500 — 1700°C in an electric fumnace in which the current passes through the fux itself {which
becomes 2 conductor when molten). The molten flux is poured into water, or onto 2 chill plate,
and the glassy material then crushed and sized. The advantages of this type of flux are:

® A uniform product with all particles of constant composition.

s Fused fluxes do not usually absorb moisture.

Agglomerated and Bonded fluxes ave made by mixing the ingredients together with a binder, such as
sodium silicate, then heated in a kiln. - The particles agglomerate to form small balls which are
subsequently ground to size. A temperature of 800 — 1000°C is used in the agglomeration process.
Bonded fluxes are made by a similar process except that lower temperatures are used for curing.

A majbr advantage of this method of manufacture is that oxidizable materials such as ferro-silicon
can be added to the flux, and will remain ‘active’ {i.e. not tum to oxide) after the baking treatment.
Thus, deoxidizing elements and alloys can be included in the flux rather than the wire.

Agglomerated fluxes have a lower density than fused fluxes, and less flux is used in the wel&ing
operation. In a typical application the flux consumption for an agglomerated flux is approximately
20% less by weight than for a fused flux.

Chemical Action of Fluxes

Although the main purpose of 2 subﬁxerged arc flux is to protect the weld metal from the atmos-
phere, the flux itself may react chemically with the weld metal. The two most important conse-
quences of this are:

® The composition of the weld metal will not necessarily be the same as that of the wire.
Some elements may increase in concentration, while others decrease.

o The flux may transfer oxygen to the weld metal.

The extent to which these effects occur depends on the type of flux; those fluxes having little effect
on the composition being called ‘neutral’ in North American practice. European terminclogy is
somewhat different. Fluxes transferring significant amounts of oxygen to the weld metal are
termed ‘acidic’, while those transferring small amounts are termed *basic”,

It is most important to recognize that the flux can influence the composition because it will also
influence the properties of the weld. For this reason, fluxes and wires must be selected as a combi-
nation, and the specifications treat them as such. '

The elements which can change most in concentration are:

e Elements such as manganese and silicon which may be present in the flux.

e Readily oxidizable clements.
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If the flux contains a large percentage of silica (8i09), the silicon level of the weld metal may be
well above that of the wire. Similarly, the chromium content of a stainless steel deposit may be
well below that of the wire, and careful selection of fluxes for stainless steel welding is necessary
to minimize this chromium loss.

It was pointed out that one of the advantages of agglomerated, or bonded fluxes was that they
could contain ‘active’ deoxidants and alloys. These arc uscful, for example, in a flux that is tolerant
to rust and scale on the plate. The amount of these deoxidants transferred to the weld metal will
depend on how much flux is meclted, and this in turn depends on the arc voltage. Some fluxes,

therefore, are sensitive to the welding parameters and in some cases they are only recommended for .

single pass welding. Fig. 20 shows the effect of arc voltage on the weld metal silicon content for
two fluxes, one being an ‘ctive’ flux and the other neuiral”. When selecting fluxes it is important
to study the manufacturers’ recommendations to determine if there are any limitations in applica-
tion, and whether special procedures are required to obtain the best results.

1.2

10

0.8 -

0.4

Flux B «neutral»

0.2~

H 1 ! 4 1

24 28 32 36 40

Arc Voltage

Fig, 20

Graph showing the effect of arc voltage on the emount of silicon transferred to the weld metal for
two fluxes. Both fluxes are of the bonded type, but “A” contains ‘active’ deoxidants whereas “B*
s ‘neutral’.
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Oxygen Transfer

The amount of oxygen transferred from the flux depends on the types of oxides contained in the

~ flux. At the high temperatures involved in welding, some of the oxides may break down to a

limited extent and transfer oxygen to the weld metal. Silica (Si0g) is one of the least stable oxides
used in fluxes, and high contents of silica tend to result in high levels of transferred oxygen. On the
other hand, these components have many desirable characteristics, and the design of 2 flux will
depend on the intended application and the desired properties.

The main reason oxygen in the weld metal is important, is because it can affect the toughness of the
weld metal. . When the weld metal solidifies, the oxygen forms tiny round inclusions of oxides
which are dispersed throughout the weld metal. They are very small {one millionth of a meter in
diameter), but they can reduce the energy required to fracture the metal. An example of weld
metal inclusions is shown in Fig. 21.

Non-Metallic Inclusions in Weld Metal (Magnification X500)

Fig, 21
Where improved toughness is required, fluxes have been developed that have reduced oxygen trans-

fer. Special care should be exercised in the selection of submerged arc consumables whenever there
is a toughness requirement, bearing in mind that many other requirements may also have to be met.
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Specification of Submerged Arc Welding Consumables 7&£57 @‘*“":’S”M’aﬂ
Two separate consumables are used in submerged arc welding; the wire and the flux. Wires can be
specified in terms of the chemical composition of the wire, (as with other solid wires for gas
shielded welding) but the flux is not specified separately. Instead, fluxes are specified in terms of
the properties of the resulting weld metal wher used in conjunction with a specifed wire. The speci-
fication, therefore, refers to a wire/flux combination.
Specifications
Submerged arc consumables are cOveredlby:

AWS A5.17-76 |

CSA W48.6-1977 i ' For Bare Mild Steel Electrodes and Fluxes for SAW.,

CSA W48.6-M 1980
Specification for Wires

The symbol used for specifying wires for. SAW describes the chemical composition in the following
way: : )

- S Y S7TE N,

Electrode ' [

if present, K means a killed steel

Manganese Content
}

L

=low i » : Nominal carbon content
M = Medium
H = High

E#ample:

EM12K represents a wire with medium manganese content, nominally 0.12% carbon, and
is silicon killed steel,

" The full chemical requirements for wires are shown in Table 24. AWS A5.17-76 and CSA

W48.6-1977 are the same, but CSA. W48.6-M 1980 has some slight differences although the designa-
tions are the same. -
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CSA W48.6—1977 & AWS A5.17-76 CSA W48.6-M 1980
Classification c Mn Si c Mn Si
Low Manganese

- EL8 0.10 030-0.55 0.05 0.10 0.25-0.60 0.07
EL8K 010 0,30-0.55 | 6.10-0.20 0.10 0.25-0.60 { 0.10-0.25
EL12 4.07-0.15 | 0.35-0.60 0.05 0.05-0.15 | 0.25-0.60 0.07

Medium Manganese

EMSK* - 006 0.90-1.40 | 0.40—-0.70 Not Included
EM12 0,07-0.15 § 0.85-1.25 0.05 0.066—0.15 | 0.80-1.25 0.10
EMI2K 0.07-0.15 | 0.85-1.25 | 0.15-035 § 0.05-0.15 | 0.80-1.25 | 0.10-0.35
EM13K 0.07-0.19 | 0.50-140 | 0.45-0.70 § 0.07-0.19 | 0.90-1.40 | 035-0.75
EM15K 0.12-0.20 | 0.85-1.25 | 0.15-0.35 j 0.10-0.20 | 0.80-1.25 [ 0.10-0.35

High Manganese
EH14 0.10-0.18 | 1,75-225 0.95 0.10-0.20 | 1.70-2.20 0.10 -

* Notes:

* This class contains other deoxidizing elements specified,

F For alf classes: maximum sulphur 0.035%; phosphorous 0.03%; copper 0.3% (inciuding coating) and some of .
all other unspecified elements is 0.5%.

Chemical Requirements for SAW Wires 7
Table 24

The suffix letter N is used to denote Nuclear grade. Grade N has restricted sulphur, phosphorus,
vanadium and copper, and wires must not be copper coated.

57



Fundamenzals of Welding Technology

Flux-Wire Combination )

The symbol for the flux portion describes the tensile strength and impact properties,

AWS A5.17-76 & CSA W48.6—1977

F X X

Flux - - J

Tensile Strength in 10,000 psi Minimum temperature at which
e.g. 7= 70,000 psi ' - toughness of 20 ft-Ib is met.
Z= no requirement

= 0°F

= —20°F

= ' —40°F

6= —60°F

EXAMPLE: F72-EM12K

CSA W48.6—-M1980

W
Flux - ’
Tensile strength in MPa _ | Minimum temperature at which
e 410=410 MP2 toughness of 27] is met,
Z= no reguirement
2= —20°C
3= —30°%
4= —40°C
5= —50°C

EXAMPLE: F480Z-EM12K
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MECHANICAL PROPERTY REQU IREMENTS
‘ Elongation .
Classification - Tensile Minimum in 2” (50 mm} Minimum V-Notch
W48.6/W4B.6—M Strength Yield Strength {min. per cent) Impact Strength

F6Z/F410Z — XXXX 62-80 ksi 50 ksi NOT REQUIRED
F60/F4102 — XXXX - - o 20ft.1b.@ 0°F/27 } @ —20°C
F62/F4103 — XXXX 430-550 MPa 350 MPa 22 20 ft. Ib. @ —20°F (27 | @ —30%C
F64/F47104 = XXXX 20 fe. 1b. @ —40°F [27 J @ —40°C
F66/F4105 — XXXX 20 ft. ib. @ —60°F/27 } @ —-50°C
F7ZJF480Z — XXXX 72-95 ksi 60 ksi ) NOT REQUIRED
F70/F4802 - XXXX : 20ft.1b.@ 0°Ff27 ] @ —20°C
F72/F4803 — XXXX 500-650 MPa 410 MPa 22 20 f1. Ib. @ —20°F (27 } @ —30°C
F74/F4804 — XXXX ) 20 ft. ib. @ —40°F/27 ] @ —a0°C
F76/F4805 — XXXX _ 20 ft. b, @ —60°F/27 § @ ~50°C

AWS A5.17 and CSA W48.6 & W48.6—-M -
' - Table 25

Mechanical Property requirements are summarized in Table 25. It is important to note that the
mechanical tests used for classification are performed on samples taken from a multi-pass weld, 1
inch thick, made in a standard manner. In practice, however, the flux and wire being tested may
not be recommended for multi-pass use.. The operating characteristics, recommended applications
and other conditons are not covered by the specification and, therefore, choice of a wirefflux
combination for a specific job cannot usually be made on the basis of the specification alone.
Attention must be paid to the manufacturers’ recommendations and often additional testing and

evaluation is necessary before making a choice.

Low-Alloy Steel Elecirodes for SAW

Bare low-alloy steel electrodes and fluxes for SAW are covered by AWS specification A5.23-76. At
present, there is no equivalent CSA standard for low alloy SA consumables. As with mild steel
consumables, the electrodes are classified according to chemical Compbsition, but wire/flux com-
binations are classified according to weld metal composition as well as mechanical properties. Many
types of electrodes are listed in AWS A5.23-76 and these wiZl not be discussed in detail here. Cored-
type composite electrodes are allowed under the specification and are denoted by the letter “C”
following the “E” for electrode. A group of letters and numbers is included to represent the weld
metal composition, and this may differ from the electrode composition depending on the type of
flux being tested. '
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Recommended Reading

Much information on welding consumables can be obtained from the manufacturer’s own literature.
In addition the following sources are to be recommended.

1. Modem Welding Technology, by Howard Cary, published by Prentice Hall.

2. Fluxes and Slags in Welding, by C.
December, 1973,

E. Jackson, Welding Research Council Bulletin, No. 190,

List of CSA Standards Covering Consumables for Welding

W48.1-1976. . ... st esssae e Mild Steel Covered Arc-Welding Electrodes (1a)

W48.1-MI1980. ... ...ttt Mild Steel Covered Arc-Welding Electrodes

W4B.2-1877. . ittt Corrosion-Resisting Chromium and Chromium-Nickel Steel
Covered Welding Electrodes '

W48.2-MI980 ... ... ....oiivennn... Corrosion-Resisting Chromium and Chromium-Nickel Steel
Covered Welding Electrodes E ‘

W48.53-1976. ... ietnieieaaane Low-Alloy Steel Arc-Welding Electrodes

W48.4-1978. .. vt Solid Mild Steel Electrodes for Gas Metal-Arc Welding

W48.4-M1980..................... Solid Mild Steel Filler Metals for Gas Shielded Arc Welding

W48.5-1970. ... vttt Mild Steel Electrodes for Flux Cored Arc Welding (1 1a)

WEB.5M. .o i i et it ice it to be published

W48.6-1977 Bare Mild Steel Electrodes and Fluxes for Submerged Arc
Welding

W48.6-MIS80.........ovvvnnnvnn.. Bare Mild Steel Electrodes and Fluxes for Submerged Arc

. _ Welding . ‘

W4B.7-MI1977 . ... it Diffusible Hydrogen in Mild Steel and Low-Alloy Steel

Weld Metals: Test Methods
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Electrodes and Consumables for Welding

List of AWS Specifications Covering Consumables for Welding

ABGO-T78. . ittt i e e Filler Metal Comparison Charts
ABOL-78. .. il Filler Metal Procurement Guidelines
AB.1-78...... et eieeietee e Specification for Carbon Steel Covered Arc Welding
‘ . Electrodes ‘
AZ269. e Specification for Iron and Gas Welding Rods
ABBBY. ittt et e Specification for Aluminum and Aluminum-Alloy Arc-
_ Welding Electrodes
CABAAT . i a e Specification for Corrosion-Resisting Chromium and
’ Chromium-Nickel Steel Covered Electrodes
AB5-89. . ittt e, Specification for Low-Alloy Steel Covered Arc-Wcldmg
: ' Electrodes
A5BAdd. .......ceiiiiitev.t. . 1-77 1977 Addenda to A5.5 Addenda (free with purchase
. of basic document).
ABB-76... ..ot e Specification for Copper and Copper-Alloy Covcred
' ’ Electrodes
- T Specification for Copper and Copper-Alloy Bare Welding
Rods and Electrodes
AB 876, ittt Specification for Brazing Filler Metal
ABS-T77. e e e Specification for Corrosion-Resisting Chromium and

Chromium-Nickel Steel Bare and Composite Metal Cored
and Stranded Arc Welding Electrodes and Welding Rods

A5.10-69. ... .o i, - .Specification for Aluminum and Aluminum-Alloy Welding

Rods and Bare Electrodes

AB11-76. . ittt Specification for Nickel and Nickel Alloy Covered Welding

‘ Electrodes

F N L 1 Specification for Tungsten Arc-We]dmg Electrodes

N R Specification for Surfacing Welding Rods and Electrodes

AB14-76.......... et e e Specification for Nickel and Nickel Alloy Bare Welding

" _ . Rods and Electrodes

T N Specification for Welding Rods and Covered Electrodes for
Welding Cast Iron

ABI6-T0. .. e Specification for Titanium and Titanium Alloy Bare

: Welding Rods and Electrodes

ABAT-T6. ot i Specification for Bare Carbon Steel Electrodes and Fluxes
for Submerged Arc Welding

ABIB-70. i e Specification for Carbon Steel Filler Metals for Gas

, Shielded Arc Welding
A5.19-69. ... . Specification for Magnesmm -Alloy Welding Rods and Bare
. Electrodes

AB20-T9. . it Specification for Carbon Steel Electrodes for Flux Cored
Arc Welding :

AB21-70. .. i e Specification for Composite Surfacing Welding Rods

Electrodes
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AB.22-T4. ..o Specification for Flux-Cored Corrosion-Resisting

Chromium and Chromium-Nickel Steel Electrodes
AB23-T76. e Specification for Bare Low-Alloy Steel Electrodes and
Fluxes for Submerged Arc Welding
A5.23-Add.1-76 ....... S 1576 Addenda to A5.23 Addenda {free with purchase of
_ basic document). o
AB.24-79. . veii e, Specification for Zirconivm and Zirconium Alloy Bare
: Welding Rods and Electrodes -
AB.25-78. ..., e erenaa, Specification for Consumables Used for Electroslag -
_ ‘Welding of Carbon and High Strength Low Alloy Steels
AB.26-78......... beenaas IR Specification for Consumables Used for Electrogas Welding
_ : of Carbon and High Strength Low Alloy Steels
ABZ2TT8. e .. Specification for Copper and Copper Alloy Gas Welding
Rods
AB28T79. . Specification for Low-Alloy Steel Filler Metals for Gas
Shielded Arc Welding
A5.30-79.............. reeneaaean Specification for Consumable Inserts
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ELECTRODES AND CONSUMABLES
FOR WELDING

MODULE 6

Guides & Exercises

To obtain maximum benefit from this module we suggest that you follow this guide and
complete the exercises as indicated. It is important that you work through the text
methodically, studying each section thoroughly before moving on. The exercises are
designed to give you an indication of whether you have learned the material and can move
on or whether you need to go back and study the section again.

Do the exercises honestly. They will not help you unless you take them seriously. I you
get a question wrong go back through the text until you understand where you have gone
wrong and know the correct answer.

- The length of time required to complete the module will vary from student to student. Find
+ your own pace. Do not rush. Remember you are trying to teach yourself something, not

win a race.

Some people like 1o underline sections when they read a text. We suggest that yOu use
caution if you do this. What you think is important first time you read it may be differert after
reading it three times. We suggest you read a section three times thoroughly before
highlighting anything.

The last exercise is designed to give you an indication of whether you are ready to take the
WIC closed-book exams. The exercise questions are of a similar standard to the official
exams. Do not take the exam uniil you feel you are ready and you may wish to study
several Modules before taking the exams on each. The details of the examination
procedures are on a separate sheet.

If you have any difficulties with this Module do not hesitate to ask for help. You may find
you learn more by attending some of the seminars and you should also contact your local
WIGC Chapter to see if they can be of assistance. Remember, if you fail the examination you
can always try again later.
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MODULE &

Guide 1

| Carefully read pages 1 to 10 and answer the following questions:

1. When welding with covered electrodes, how is the weld metal protected from
contamination from the air?

2. Which of the following features would be attributable 1o a core wire made from
rimmed steel?
@ Rimmed steel overheats less than killed steet. . |
b) The outside of the rod melts faster than the inside . .

c¢) The pure iron outside has better conductivity and the current passes more
easily in the exterior part of the rod

3. In a medium coated electrode what percentagé of the weight is coating?

4. What are the three main functions of the slag?

Check your answers for accuracy. i any of your answers are wrong re-study the guide
subject matter until you understand it.
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MODULE 6

Guide 2

Carefully read pages 11 to 20 and answer the following questions:

1. Considering the meaning of symbols for covered electrodes, what symbols would
be assigned to an electrode 70,000 psi or 70 ksi designed to weld in all positions, .
except vertical down, has a basic coating with iron powder added, which can be
used with AC or DC? : . '

2, Covered electrodes can be divided roughly into four classes dependingl on the
type of flux covering and the dominant component of the flux. What are the four

classes?

3. From the following list of electrodes select those which are classed as rutile:

E6010 E7014
E7010 E7024
E7018 E6013
E8027 E7027

4. The 6020 electrode is limited by the volume and nature of its stag for use in two
positions only. What are these positions?

Check your answers for accuracy. If any of your answers are wrong re-study the guide
subject matter until you understand it.
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MODULE 6

Guide 3
Carefully read bages 21 10°30 and answer the following questibns:

1. What is the percentage range of iron powder content in the coating of E7014 and
E70187

2. When weld‘ ing vertical, overhead and horizontal groove welds what would be the
first choice of electrode (in this case low-hydrogen weld metal is not called for)‘?

3.  The moisture in efectrode coatings will have a iendency to produce two problems in
the weld. What are they?

4. When a package of basic electrodes is cpened, the electrode should be placed in a
holding oven. What temperature range should the oven be heated t0?

Check your answers for accuracy. If any of YOUF answers are wrong re-study the guide
- subject matter until you understand it. .
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MODULE &

Guide 4
Carefuny' read pages 31 to 40 and answer the following questions:

1. Electrodes such as E10018-M, E11018-M and E12018-M contain vanadium and
have a tendency to become embrittied when held at temperatures of about: (select

one answer only)

(@ 1300°F . (705°C)
(b) 2100°F (1150°C)
{c} 1000°F {540°C)
(d  800°F (427°C)
(e) 1800°F - {983°C)

2. In the CSA standards, basic electrodes (fow alloy and mild steel) are required to
undergo a specific test. The illustration shows a diagram of the equipment used in
the test. What is the test?

Sealed Top R .

Neck Graduated in Tenths of 2
Mitiilitre, Approx. 5 mt Capacity

| ol =

—*1" [*— 10 mm Diameter Approx.

Pyrex Glass

i Y|

E 5 / .
EX 50 mm Diameter  Glycerin Lovel
§ 2 = [~ Approx.
- -A
" Sheet Melal or Pyrex
Glass Container, Large
Enough to Hold Required
© Nunber of Eudiometar
g Tubss _
B 150 mm
2 Approx,
7]
‘Ai - + J
- .
Hoipiate or Other e 3
Means to Maintain 2 :
Temperatyre at 45°C
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3. Why are wires for gas shielded arc welding usually stronger than mild steel wires?

4. What is the reason that most flux cored wires are not copper coated?

Check your answers for accuracy. If any of your answers are wrong ré:study the guide
subject matter until you understand it.
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MODULE 6

Guide 5

Carefully read pages 41 to 50 and answer the following questions:

1.

Flux cored wires in the gas shielded class can be classed in one of three groups.
From the following select the three groups:

& High rutile type

'b) Low rutile type

€) Lime rutile type
d) High iime type
€) - Lowlime type
f) Low iron type

To what electrode classification does the foliowing description pertain?

“Electrodes of this classification are used without externally applied gas shielding
and are intended primarily for depositing single pass, high speed welds in the flat
and horizontal position on light plate and gauge thickness base metals. They
should not be used on material thicker that 3/16" or for multiple pass applications.”

TG electrode classification. What are the impact requirements which these:

electrodes will meei?

Check your answers for accuracy. f any of your answers are wrong re-study the guide

subject matter until you understand it.
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MODULE 6 -

Guide 6

Carefully read bages 51 1o 62 and answer the following questions:

1.  What are the two separate consumables used in the submerged arc wéiding
system?
" 2. inthe manufacture of fused fluxes what is the temperature at which they are
melted? ' ‘

a 1500°-1700°C
b) 15,000° - 17,000°C
d  500°- 700°C

d) 1800° - 2400°C

3. What is the main reason that oxygen transfer to the weld metal is important?

4. The following symbols represent a submerged arc welding wire—EM12K. What

Ty does the K signify?

Check your answers for accuracy. If any of your answers are wrong re-study the guide
subject matter until you understand it.
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MODULE &
ANSWERS

By gases from the flux and by the molten slag in contact with the metal
(a) and (c)

20% - 35%

* To protect the weld metal from contamination

* To aid in the removal of oxygen and other impurities from the weld metal
~*  To control the bead shape and smoothness

E7018

Cellulosic, Rutile, fron Oxide, Basic
ES013 E7014 E7024

Horizontal Fillet and Flat

20% - 40%

EB010 -

Porosity, hydrogen gas
100 - 150°C

Guide 4

e A

(c) 1000°F (540°C)

Hydrogen test

Because of the effect of cold drawing and the presence of alloying elements
Because there is a seam along the wire

G10
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MODULE &

ANSWERS continued
Guide 5
1. @@
T3
3. 20 ft pounds at —20°F
Guide &

Wire and flux

@

Because it can affect the toughness of the weld metal
Killed steel

ol
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- MODULE 6

TEST

This test is designed to determine whether you are ready to attempt the formal
examination.

Complete the ANSWER SHEET and compare the results with the TEST KEY. If you have
a pass mark less than 70% you are advised fo re-study the material.

1. - Asubmerged arc wire contains 0.12% carbon, medium manganese content and is
made of killed steel. Which of the following designations would be correct?

@ EL12K
b) EH14K
© EL 12

@ EL8K
@ EM12K

2. The thickness of coating on an electrode depends on the type of electrode.
Heavily coated electrodes may have Up 10, electrode weight in the
coating:

(8 35 percent
(b} 80 percent
{c) 55 percent
(@) 75 percent
(e} 65 percent

3. Which of the following steels are generaily used for the core wire of a mild steel
covered elecirode?

@ rimmmed.

{b) killed

{c) semikilled

-{d) none of the above
(e} al of the above

4.  The main function of slag is:

(8 to protect the weld metal from contamination ‘

{b) to aid the removal of oxygen and other impurities from the weld metal
(c) controi the carbon content of the deposited weld metal-

(d) 1o control the bead shape and smoothness

(e} answer(a) (b) and {d)
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MODULE 6

TEST continued

Where there i is a possibility that certain classifications of electrodes have picked up

* excessive moisture, they can be restored by rebaking: 6010 and 6011 Electrodes

should pot be rebaked because the covenngs for these types are designed to have
moisture levels of................... and excessive drying may substantially affect
their operation:

(& 11o03percent
{b} 3to7 percent
() 7to 10 percent
(d) 8io 11 percent
(e} 41o 8 percent

The various classes of wire differ mainly in their requirements for toughness as
measured by:

8 charpy V notch impact test
(b} Vickers hardness test

(c} drop weight test

(d) tensile test

{e) charpy U notch impact test

in consrdenng E43018 electrodes (W48.1-7) the “18” descnbes whach of the
following combinations?

{a) all positions, except vertical down and rutile and iron
{b) flat and vertical down and basic and iron

(c) all positions, except vertical down and basic and iron
(d) all positions, except vertical down and basic

(e) all positions and cellulose .

G13




MODULE §

TEST continued

10

When a package of basic electrodes is opened, which of the following should be
ensured?

{a) slorage is irrelevant
(b} electrode should be baked
{¢} none of the above : ,
(d) electrodes should be stored in a controlled oven, providing no other
- electrodes are present, at 200°F - 300°F and controlled upon removal from the
oven :
(e} all of the above

In considering submerged arc flux designations under AWS A5.17 and CSA
W48.6, indicate the correct description for F74 flux designation.

(@ F =Flux 74 = 70,000 psi tensile, 20 it Ibs at —40°F
{b) F =Fiux 74 = 74,000 psi tensile at ~40°F

{c) F=Flux74=70,000 psitensile, 40 ft Ibs at 0°F
(d) all of the above

(e} none of the above

Which of the foliowing sdfid wire designations meet min. impact properties of 20 ft
bs at —20°F or 27 J at -29°C? e

(@ E70S2-E70S6 - E70S7
(b) E7084 - E70S5

{c) E7083 - E70S4

(d) E70SG-E70SG1

(e) none of the above
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Complete the "Answer Sheet” and compare the results with the "Test Key”. If you have a pass mark less

Canadian Welding Bureau

Answer Sheet - Module 6

than 70%, you are advised to re-study the matetial.

Please circle only ONE letter corresponding to the answer you think is most correct.

|

QUESTION ANSWERS
1 _a b C d e I
2 a b c d e
3 a b c | d e
4 a b c d_ e "
5 a b c d e
6 a b c d e
7 a b c _d e
8 a b C d_ e
-9 a b c d e
10 a b c d e
The answer key below is provided for your use in the event that you wish to retest yoursslf.
QUESTION ANSWERS “
1 a b C d e
2. a b . C d e
3 3 b c d e I
4 a b c d e "
5. a b o d e
6 a b c d e
7 a b c d e
8 a b c d e
9 a b c d g
10 a b G d- e H
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Test Key - Module 6

Compare your answer sheet io this key.

QUEST]ON_T ' ' ANSWERS , "

1 . a b c d - | ‘{ :
2 a b - d e

R @ b c d e |

" 4 4 a b c d

ﬂ 5 a  (» c d e “
6 @ b ¢ d | e "
7 a b @ d e " :
8 a b c e i
9 @ b c d e

-1 10 @ b c d- e b
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