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COMPANY PROFILE
Since PAWEL’s founding in 1952, the Tapal
family

business,

coupled

with

dedicated

employees, has grown into a solid, unified and
purposeful entity, which is driven by its founder
Mr. Nooruddin Tapal’s vision, passion and
love.
The vision of the founder was simple, yet
distinctly clear. It comprised of two things
quality and service. He wanted PAWEL to become a leading electrode manufacturer in
Pakistan and then to diversify to unchartered territories and industries. Today we
proudly claim the success of our founder, who through his perseverance, focused
vision and inventiveness succeeded in making his dream into reality and his employees
into dedicated companions as he firmly believed that his company was as good as his
people.

Our goal as company is to build
customer satisfaction through quality,
service and value. We are the pioneers in
manufacturing of Welding Electrode in
Pakistan since 1952. We are Pakistan’s
first ISO 9001 certified Welding Electrode
manufacturer

having

full

range

of

electrodes i.e. Mild Steel, Low hydrogen,
Stainless Steel, Hard facing & Special Maintenance Electrodes, We are committed to
produce high quality products of international standards for our valued customers to
satisfy their needs & expectations through our trained and dedicated team.

PAWEL RANGE OF PRODUCTS
AWS

DIN

ISO

MILD STEEL ELECTRODES
PAWEL 6013
PAWEL CITO BEST
PAWEL OVERCORD S

SFA-5.1 / E 6013
SFA-5.1 / E 6013
SFA-5.1 / E 6013

E 5122 RR 6
E 5122 RR 6
E 5122 RR 6

E 512 RR 22
E 512 RR 22
E 512 RR 22

MILD STEEL SPECIAL ELECTRODES
PAWEL FERROCITO

SFA-5.1 / E 7024

E 5132 RR 11 160

E 513 RR 160

LOW HYDROGEN ELECTRODES
PAWEL UNIVERSE
PAWEL E7018

SFA-5.1 / E 7016
SFA-5.1 / E 7018

E 5143 B (R) 10
E 5155 B 10

E514B26 (H)
E 515 B 110 20 (H)

FINE GRAINED STRUCTURAL STEEL ELECTRODES
PAWEL TENACITO 75
SFA-5.5 / E 10018-G

EY 69 75Mn2NiCrMoB

STAINLESS STEEL ELECTRODES
PAWEL INOX 308 L
PAWEL INOX 309
PAWEL INOX 310
PAWEL INOX 316 L

SFA-5.4 / E 308 L - 16
SFA-5.4 / E-309 - 16
SFA-5.4 / E 310 - 15
SFA-5.4 / E 316 - 16

E 19 9 nCR 26
E 23 12 R 26
E 25 20 B 20
E 19 12 3 R 26

E 19 9 L R 26 16
E 23 12 R 26 17
E 25 20 B20 18
E 19 12 3 R 26 19

DISSIMILAR STEEL ELECTRODES
PAWEL INOX 29/9

SFA-5.4 / E 312-16

E 29 9 R 26

E 29 9 R 26 20

CAST IRON (MACHINABLE) ELECTRODES
PAWEL NIFE-55
SFA-5.15 / E NiFe-CI
PAWEL SUPER NI 99
SFA-5.15 / E Ni-CI

E NiFe BG 1
E Ni BG 1

---------------

HARD SURFACING (NON-MACHINABLE) ELECTRODES
PAWEL MANGAN
SFA-5.13 / E Fe Mn
PAWEL RAIL III
-------PAWEL DUR 650-B
-------PAWEL DUR 80-R
-------PAWEL V1000
--------

E 7 UM-200 KP
E 6-UM-60
E 6-UM-60
E 6-UM-60-R
E10-UM-65-GRZ

------------------------------------

HARD SURFACING (MACHINABLE) ELECTRODES
PAWEL DUR 350
--------

E 6-UM-350

--------

CUTTING ELECTRODES
PAWEL CUT

--------

--------

--------

ELECTRODES FOR BUFFER LAYER
CITOCHROMAX N
CHROMAX 4370 HL

SFA-5.4 / E 307-15
SFA-5.4 / E 307-15

---------------

---------------

E 5122 RR 6

E 512 RR 22

--------

CAST IRON (NON-MACHINABLE) ELECTRODE
PAWEL CI600
E ST –

ELECTRODES FOR REBUILDING ROLLING MILL ROLLS
PAWEL ROLL BUILD
SFA-5.1 / E 6013

MILD STEEL ELECTRODE
PAWEL CHINA
Description:
Medium coated rutile electrode for general purpose use for welding steels of 0.25% or less carbon, light
section iron and steel fabrications, car body work, sheet-metal work etc. excellent all-position weldability
including vertical-up and down, Ideal for fillet welding in the vertical down-position.
International Standards
DIN 1913: E 5122 RR 6

Applications:
Suitable for general assembly work, also

ISO 2560: E 512 RR 22

on lighter gauge sheet. Highly suitable for

AWS/ASME: SFA-5.1-91/E 6013

sheet metal containers, storage vessels
and oil tanks.

Special Precautions:
Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. Hold as short
an arc as possible. Avoid a cold start. Stabilize the arc first
before applying on joint.
In continuing a bead, strike the arc slightly ahead of the
finished weld, stabilize, and bring back to the desired
starting point. Use maximum current practical, checking
the speed of travel to give enough puddle time.
Do not weave wider than twice the diameter of the
electrodes to avoid tendency of lengthening the arc at

Welding Positions

any time.
Weld Metal Analysis %*
C = 0.12, Mn = 0.4, Si = 0.3,
S = 0.03, P = 0.03
*These are typical average values

International Approvals:
An ISO 9001:2000 certified organization

Mechanical Properties*

[BVQI, UK].

Yield strength >305 N/mm2
Impact strength ISO-V (Joule)
+20 C > 65J

Tensile strength 400 - 560 N/mm2
Elongation (5 x d) >22%

*Of All-weld Metal
Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
65~95 A

Ø 3.2mm
90~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
180~250A
1

MILD STEEL ELECTRODE
PAWEL 6013
Description:
Electrode for general purpose use for welding steels of 0.25% or less carbon, light section iron and steel
fabrications, car body work, sheet-metal work etc. Excellent all-position weldability including vertical-up
and down. Ideal for fillet welding in the vertical down-position.
Applications:
Suitable for general assembly work, also

International Standards

DIN 1913 : E 5122 RR 6

on lighter gauge sheet, highly suitable for

ISO 2560 : E 512 RR 22

sheet metal containers, storage vessels, oil

AWS/ASME : SFA-5.1-91 E
Special Precautions:
Use only absolutely dry, completely coated electrode.

tanks and general industrial fabrication.

The bare tips of imperfectly fabricated electrodes should
first be consumed before applying on the joint.
Hold as short an arc as possible.
Avoid a cold start. Stabilize the arc first before applying on

joint. In continuing a bead, strike the arc slightly ahead of
the finished weld, stabilize, and bring back to the desired
starting point. Use maximum current practical, check
the speed of travel to give enough puddle time.
Do not weave wider than twice the diameter of the
electrodes to avoid tendency of lengthening the arc at

Welding

Positions

any time.
Mechanical Properties* Of All-weld Metal

International Approvals:
An ISO 9001:2000 certified organization

*These are typical average values.

Weld Metal Analysis %*

[BVQI, UK].

C = 0.12, Mn = 0.4, Si = 0.3,

Impact strength ISO-V (Joule)

S = 0.03, P = 0.03

+20 C > 65J

Yield strength >305 N/mm2

0 C > 50J

Tensile strength 400 - 560 N/mm2

-20 C > 45J

Elongation (5 x d) >22%

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 2.5mm
65~95 A

Ø 3.2mm
90~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
180~250A

2

MILD STEEL ELECTRODE
PAWEL CITOBEST
Description:
Medium coated rutile electrode for general purpose use for welding steels of 0.25% or less carbon, light
section iron and steel fabrications, car body work, sheet-metal work etc. Excellent all-position weldability
including vertical-up and down
Applications:
Suitable for general assembly work, also

International Standards
DIN 1913 : E 5122 RR 6

on lighter gauge sheet. Highly suitable for

ISO 2560 : E 512 RR 22

sheet metal containers, storage vessels,

AWS/ASME : SFA-5.1-91 E 6013

oil

Special Precautions:

tanks.

Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. Hold as short
an arc as possible.
Avoid a cold start. Stabilize the arc first before applying on
joint. In continuing a bead, strike the arc slightly ahead of
the finished weld, stabilize, and bring back to the desired
starting point. Use maximum current practical, check the
speed of travel to give enough puddle time.
Do not weave wider than twice the diameter of the
electrodes to avoid tendency of lengthening the arc at

Welding Positions

any time.
Weld Metal Analysis %*
C = 0.11, Mn = 0.30, Si = 0.32,
S < 0.03, P < 0.03

International Approvals:
An ISO 9001:2000 certified organization

*These are typical average values

[BVQI, UK].

Mechanical Properties*
Yield strength >305 N/mm2

Impact strength ISO-V (Joule)
+20 C > 65

Tensile strength 400 - 560 N/mm2
Elongation (5 x d) >22%
*Of All-weld Metal

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
65~95 A

Ø 3.2mm
90~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
180~250A

3

MILD STEEL ELECTRODE
PAWEL CORD S
Description:
High coated rutile electrode for general purpose use for welding steels of 0.25% or less carbon, light
section iron and steel fabrications, car body work, sheet-metal work etc. Excellent all-position weldability
including vertical-up and down. Ideal for fillet welding in the vertical down-position.
International Standards
DIN 1913 : E 5122 RR 6

Applications:
Suitable for general assembly work, also

ISO 2560 : E 512 RR 22

on lighter gauge sheet. Highly suitable

AWS/ASME : SFA-5.1-91E 6013

for sheet metal containers, storage vessels,

Special Precautions:
Use only absolutely dry, completely coated electrode. The

oil tanks and general industrial Fabrication

bare tips of imperfectly fabricated electrodes should first be
consumed before applying on the joint. Hold as short an arc
as possible. Avoid a cold start. Stabilize the arc first
before applying on joint. In continuing a bead, strike the arc

slightly ahead of the finished weld, stabilize, and
bring back to the desired starting point. Use maximum
current practical, check the speed of travel to give enough
puddle time. Do not weave wider than twice the
diameter of the electrodes to avoid tendency of lengthening
Welding Positions

the arc at any time.
Weld Metal Analysis %*
C = 0.10, Mn = 0.35, Si = 0.33,

S = 0.03, P = 0.03
*These are typical average values

International Approvals:
An ISO 9001:2000 certified organization

Mechanical Properties*

[BVQI, UK].

Yield strength >305 N/mm2
Impact strength ISO-V (Joule)
+20 C > 65J

Tensile strength 400 - 560 N/mm2
Elongation (5 x d) >22%
*Of All-weld Metal

0 C >50J
-20 C > 45J

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
65~95 A

Ø 3.2mm
90~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
180~250A
4

MILD STEEL SPECIAL ELECTRODE
PAWEL FERROCITO
Description:
PAWEL 7024 is rutile type heavy coated with iron powder, high- efficiency stick electrode with 160%
recovery, suitable for containers and storage vessel construction, filler and capping runs of multilayer
weldments.
International Standards
DIN 1913: E 5122 RR 11 160

Applications:
Suitable for general assembly work, also

ISO 2560: E 512 RR 160 32

on lighter gauge sheet. Highly suitable for

AWS/ASME: SFA-5.1 E7024

sheet metal containers, storage vessels

Special Precautions:

and oil tanks.

Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. It is
recommended that electrodes should be Pre-heated at
3000-350C and maintain it for 1 hour. Hold as short an arc

as possible.
Avoid a cold start. Stabilize the arc first before applying on
joint. In continuing a bead, strike the arc slightly ahead of

Welding Positions

the finished weld, stabilize, and bring back to the desired
starting point. Use maximum current practical, check
the speed of travel to give enough puddle time.
Do not weave wider than twice the diameter of the
electrodes to avoid tendency of lengthening the arc at
any time.
Weld Metal Analysis %*
C = 0.10, Mn = 0.6, Si = 0.45,

International Approvals:
An ISO 9001:2000 certified organization
[BVQI, UK].
Impact strength ISO-V (Joule)
+20 C > 60J

S = 0.03, P = 0.03

0C > 50J

*These are typical average values
Mechanical Properties*
Yield strength >380 N/mm2
Tensile strength 510 - 610 N/mm2
Elongation (5 x d) >22%

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
90~120 A

Ø 3.2mm
120~160 A

Ø 4.0mm
160~220 A

Ø 5.0mm
220~300A
5

LOW HYDROGEN ELECTRODE
PAWEL UNIVERSE
Description:
Basic type universal electrode for applications involving forging work, fabrication, boiler and pressure
vessel constructions. Outstanding welding characteristics in all positions, also weldable on AC. No spatter
loss and no undercutting.
International Standards
DIN 1913 : E 51 43 B (R) 10

Applications:
Suitable for ship building, boilers, pressure

ISO 2560 : E 51 4 B 26 (H)

vessels, structures, shipbuilding steels and

AWS/ASME : SFA-5.1 E 7016

cast steels.

Special Precautions:
Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. It is
recommended that electrodes should be pre-heated at
300-350o C and maintain it for 1 hours. Hold as short an

arc as possible. Avoid a cold start. Stabilize the arc first
before applying on joint. In continuing a bead, strike the
arc slightly ahead of the finished weld, stabilize, and bring
back to the desired starting point. Use maximum current
practical, check the speed of travel to give enough puddle

Welding Positions

time. Do not weave wider than twice the diameter of the
electrodes to avoid tendency of lengthening the arc at
any time.
Weld Metal Analysis %*
C = 0.10, Mn = 0.6 - 1.1, Si = 0.5 - 0.8,

International Approvals:
An ISO 9001:2000 certified organization

S = 0.03, P = 0.03
*These are typical average values
Mechanical Properties*

[BVQI, UK].

Yield strength >360 N/mm2

Impact strength ISO-V (Joule)
+20 C > 60J

Tensile strength 490-610 N/mm2
Elongation (5 x d) >24%

0C > 50J

Impact strength + 200C >65J
*Of All-weld Metal

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
60~90 A

Ø 3.2mm
90~130 A

Ø 4.0mm
130~180 A

Ø 5.0mm
180~230A
6

LOW HYDROGEN ELECTRODE
PAWEL E-7018
Description:
Basic type electrode for high mechanical property requirements and crack resistance. Good for low
temperature impact requirements. Also suitable for crack-resistant joint welds on higher carbon steels.
Excellent all-position weld-ability providing very stable arc characteristics. Electrode manipulation in root
and overhead positions unproblematic. Low spatter loss, ready slag detachment and regular bead

appearance. COD tested for offshore applications.
International Standards
DIN 8529 : E SY 42 76 MnB

Applications:
Suitable for ship building, boilers, pressure
vessels, structures, non-alloyed structural

AWS/ASME : SFA-5.1-91/E7018-1

steels,

Special Precautions:
Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first

fine

grained

structural

steels

shipbuilding steels, cast iron GS-38, GS-45,
GS-52.

be consumed before applying on the joint. It is
recommended that electrodes should be pre-heated at
300-350o C for 2 hours. Hold as short an arc as possible.
Avoid a cold start. Stabilize the arc first before applying on
joint. In continuing a bead, strike the arc slightly ahead of
the finished weld, stabilize, and bring back to the desired
starting point, Use maximum current practical, check the
speed of travel to give enough puddle time. Do not
weave wider than twice the diameter of the electrodes to

Welding

avoid tendency of lengthening the arc at any time.
Weld Metal Analysis %*
C = 0.08, Mn = 1.50 Si = 0.30,

International Approvals:

P = 0.03, S = 0.025

Positions

An ISO 9001:2000 certified organization

*These are typical average values
Mechanical Properties*

[BVQI, UK].
Impact strength ISO-V (Joule)

Yield strength > 400 N/mm2

+ 20 C >140 J

Tensile strength 525 - 650 N/mm2

0 C > 100 J

Elongation (5 x d) >25%

- 20 C >60 J
- 40 C > 35 J

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
60~90 A

Ø 3.2mm
90~130 A

Ø 4.0mm
130~180 A

Ø 5.0mm
180~230A

7

FINE GRAINED STRUCTURAL STEEL ELECTRODE

PAWEL TENACITO-75
Description:
Basic type electrode for high-tensile fine-grained structural steels. Good weldability in all positions. Low
spatter loss. Easy slag removal. Regular seams, high crack resistance. Specific characteristics of double
coating make diameters up to 3.25 mm suitable for root passes and all-position welding.
Applications:
Suitable for ship building, boilers, pressure

International Standards
DIN 8529 : EY 69 75 Mn2NiCrMoB

vessels, structures, heat-treated fine

AWS/ASME : SFA 5.5-96 E 10018-G

grained structural steels

Special Precautions:
Use only absolutely dry, completely coat electrode. The
bare tips of imperfect fabricated electrodes should first be
consumed

before

applying

on

the

joint.

It

is

recommended that electrodes should be pre-heated at
300-350o C for 2 hours. Hold as short an arc as possible.
Avoid a cold start. Stabilize the arc first before applying on

joint. In continuing a bead, strike the arc slightly ahead of
the finished weld, stabilize, and bring back to the desired
starting point, Use maximum current practical, check the
speed of travel to give enough puddle time. Do not

Welding Positions

weave wider than twice the diameter of the electrodes to
avoid tendency of lengthening the arc at any time.
Weld Metal Analysis %*
C = 0.06, Mn = 1.50, Si = 0.50,

Cr = 0.40 Ni = 2.1 Mo = 0.40

International Approvals:
An ISO 9001:2000 certified organization

*These are typical average values

[BVQI, UK].

Mechanical Properties*
Yield strength > 700 N/mm2
Tensile strength 780 - 880 N/mm2

Impact strength ISO-V (Joule)
+ 200C>100J

Elongation (5 x d) % >17

- 200C>80J

*Of All-weld Metal
Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
65~95 A

Ø 3.2mm
90~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
185~250A
8

DISSIMILAR STEEL ELECTRODE
PAWEL INOX E 312
Description:
Austenitic-ferrite all position stainless steel electrode depositing weld metal of 29% Cr-9%Ni, for difficult to
weld steels and for surfacing of dies and hot working tools. The weld metal of the Inox 29/9 is highly crack
resistant and therefore suitable for difficult to weld steel and joining dissimilar steel, e.g., high alloy and
non-alloyed steels. Also suitable as stress compensating buffer layer on parent metals susceptible to
cracking. Unalloyed steels with C-content>0.25% has to be pre-heated to 150-300C
International Standards
DIN 8556 : E 29 9 R 26

Applications:
Welding of dissimilar steels, such as

AWS/ASME: : SFA-5.4 E 312-16

stainless steel to mild steel or low alloy steel

Special Precautions:

and for buffer layers on mild steel before

Use only absolutely dry, completely coated electrode. The

hard facing.

bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. It is
recommended that electrodes should be pre-heated at

200o C and maintain it for 2 hours. Hold as short an arc as
possible. Avoid a cold start. Stabilize the arc first before
applying on joint. In continuing a bead, strike the arc
slightly ahead of the finished weld, stabilize, and bring
back to the desired starting point. Use maximum current
practical, check the speed of travel to give enough puddle

Welding Positions

time. Do not weave wider than twice the diameter of the
electrodes to avoid tendency of lengthening the arc at
any time.
Weld Metal Analysis %*
C = 0.12, Mn = 1.0 - 2.5, Si = 0.7,

International Approvals:
An ISO 9001:2000 certified organization
[BVQI, UK].

Cr = 28 - 32, Ni = 9.
*These are typical average values
Mechanical Properties*
0.2 proof strength >450 N/mm2
Tensile strength >660 N/mm2
Elongation (5 x d) 22% min.
*Of All-weld Metal

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
50~85 A

Ø 3.2mm
75~130 A

Ø 4.0mm
120~160 A

Ø 5.0mm
140~200A
13

CAST IRON ELECTRODE (NON-MACHINABLE)

PAWEL CI 600
Description:
For welding of cast iron, repairing and joining of various cast iron products. Also suitable for underlying of
hard-facing, well deposit non-machinable.
Applications:
Suitable for repairing of various kinds of

International Standards
JIS : DFC Fe

cast iron products.

AWS : E St
Special Precautions:
Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. Hold as short
an arc as possible. Avoid a cold start. Stabilize the arc first
before applying on joint. In continuing a bead, strike the
arc slightly ahead of the finished weld, stabilize, and

bring back to the desired starting point. Use maximum
current practical, check the speed of travel to give enough
puddle time. Do not weave wider than twice the diameter
of the electrodes to avoid tendency of lengthening the arc
at any time.

Weld Metal Analysis %*
C = 1.34, Mn = 0.43, Si = 0.65 Fe = Bal
Welding

*These are typical average values

Positions

Mechanical Properties*
Yield strength > 700 N/mm2
Tensile strength 780 - 880 N/mm2

International Approvals:
An ISO 9001:2000 certified organization

Elongation (5 x d)% >17

[BVQI, UK].

*Of All-weld Metal
Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
65~95 A

Ø 3.2mm
90~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
185~250A

14

CAST IRON (MACHINABLE) ELECTRODE

PAWEL NIFE
Description:
A high grade special purpose electrode with Ferro-nickel alloy core rod [Fe 45%, Ni 55%]. It is designed
for all-position joining and surfacing of cast iron, malleable iron and ductile iron to itself or dissimilar
metals such as mild steel, stainless steel, wrought alloys or high nickel alloys.
Applications:
PAWEL NiFe is especially suitable for

International Standards
DIN 8573 : E NiFe-1 BG 22

welding heavy sections such as motor

ANSI/AWS : SFA-5.15-90/E NiFe-C1

blocks, housings, machine parts, frames,

Special Precautions:
Prior to welding, remove all traces of paint, grease, oil,
rust and dirt. To avoid cracking induced by residual
stresses or shrinkage, welding should be done at intervals

defective castings and sugar mill rolls. Most
suitable for cold welding of ductile cast iron
[nodular cast iron]

with frequent interruptions. Slight hammer peening of the
2

cm

long

bead

immediately

after

welding

is

recommended. Castings should not become more than
hand hot, therefore short, narrow beads should be
deposited without weaving. Frequent interruptions are
necessary when the deposited material gets too hot.
Under no circumstances cooling should be accelerated by
additional air movement [e.g. blowing with compressed
air]. On the contrary, care should be taken to protect the
cast part from draughts. Bigger cast iron pieces should be
cooled carefully and slowly and finally covered with hot
sand.
Weld Metal Analysis %*
C = 1.00, Ni = 55, Fe = 43

Welding Positions

International Approvals:
An ISO 9001:2000 certified organization

*These are typical average values
Mechanical Properties*

[BVQI, UK].

Tensile strength approx. 450 N/mm2
Hardness approx. 220 HB

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
45~80 A

Ø 3.2mm
90~110 A

Ø 4.0mm
110~160 A

Ø 5.0mm
160~200A

15

HARD-SURFACING NON-MACHINABLE ELECTRODE

PAWEL MANGAN
Description:
A high recovery AC/DC electrode for wear resistant hard facing. It gives a tough nickel alloyed austenitic
manganese steel, which work hardens during cold working.
International Standards
DIN 8555 : E 7-UM-200-KP

Applications:
Hard facing and repairing worn parts made

AWS/ASME : SFA-5.13 E Fe Mn-A

of austenitic manganese steels e.g. dredger
buckets, excavator teeth, crusher plates,

Special Precautions:

Crushing Hammers, etc.

Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. It is
recommended that electrodes should be pre-heated at
200o C and maintain it for 1 hour. Hold as short an arc as
possible and hold the electrode almost vertical. Avoid a

cold start. Stabilize the arc first before applying on joint. In
continuing a bead, strike the arc slightly ahead of the
finished weld, stabilize, and bring back to the desired
starting point. Use lowest current practical, to keep

Welding Positions

dilution low and weave only slightly.
Weld Metal Analysis %*
C : 0.5-0.9 Mn : 11-16
Si : 1.3(max.) Ni : 2.8 - 6.0
*These are typical average values

International Approvals:
An ISO 9001:2000 certified organization
[BVQI, UK].

Mechanical Properties*
Hardness (as welded) : 160-180 HB
After Work Hardening: 45-50 HRC
*Of All-weld Metal

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 3.2mm
120~140 A

Ø 4.0mm
140~190 A

Ø 5.0mm
190~250A

16

HARD-SURFACING NON-MACHINABLE ELECTRODE

PAWEL RAIL III
Description:
Rutile electrode, gives extremely hard surfacing to machine parts subject to severe wear conditions. Crack
and pore free deposit, which can withstand shock and impact. Economical for making hard overlays in all
positions. When hard facing difficult to weld steels, particularly austenitic manganese steel, a tough buffer
layer deposited with the citochromax electrode is required
Applications:
Hard facing on: Crusher hammers, cutting

International Standards
DIN 8555 : E 6-UM-60

and forming tools, bucket teeth, conveyor
Special Precautions:

screws, crusher jaws, drilling bits, punches,

Use only absolutely dry, completely coated electrode. The

dies, cold shear blades and also for

bare tips of imperfectly fabricated electrodes should first

manganese steel parts subject to high

be consumed before applying on the joint. It is

abrasion.

recommended that electrodes should be pre-heated at
150o C and maintain it for 1 hours. Hold as short an arc as
possible. Avoid a cold start. Stabilize the arc first before
applying on joint. In continuing a bead, strike the arc
slightly ahead of the finished weld, stabilize, and bring
back to the desired starting point. Use maximum current
practical, check the speed of travel to give enough puddle
time. Do not weave wider than twice the diameter of the
electrodes to avoid tendency of lengthening the arc at

Welding Positions

any time.
Weld Metal Analysis %*
C = 0.5, Mn = 0.7, Si = 0.7, Cr = 6.5

International Approvals:

*These are typical average values

An ISO 9001:2000 certified organization
[BVQI, UK].

Mechanical Properties*
52-58 HRC
[In as-welded condition]

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 2.5mm
65~95 A

Ø 3.2mm
95~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
180~250A
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HARD-SURFACING NON-MACHINABLE ELECTRODE

PAWEL DUR 650 B
Description:
PAWEL HB 650 is a basic type electrode, gives extremely hard surfacing to machine parts subject to severe
wear conditions. Crack and pore free deposit, which can withstand high shock and impact. The electrode
is very easy to use and gives a smooth surface finish.
Applications:
Hard facing on Farm Equipment, Forestry

International Standards
DIN 8555 : E 6-UM-60

Tools, Loading Machines, etc.

Special Precautions:
Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first

.

be consumed before applying on the joint. It is
recommended that electrodes should be pre-heated at
150o C and maintain it for 1 hours. Hold as short an arc as
possible. Avoid a cold start. Stabilize the arc first before

applying on joint. In continuing a bead, strike the arc
slightly ahead of the finished weld, stabilize, and bring
back to the desired starting point. Use maximum current
practical, check the speed of travel to give enough puddle
time. Do not weave wider than twice the diameter of the

Welding Positions

electrodes to avoid tendency of lengthening the arc at
any time.
Weld Metal Analysis %*
C = 0.5, Mn = 0.65, Si = 0.8, Cr = 10.0

International Approvals:

*These are typical average values

An ISO 9001:2000 certified organization
[BVQI, UK].

Mechanical Properties*
55 HRC

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
65~95 A

Ø 3.2mm
95~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
180~250A
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HARD-SURFACING NON-MACHINABLE ELECTRODE

PAWEL DUR 80 R
Description:
Rutile electrode, gives extremely hard surfacing to machine parts subject to severe wear conditions.
Crack and pore free deposit, which can withstand shock and impact. Economical for making hard
overlays in all positions. When hard facing difficult to weld steels, particularly austenitic manganese steel,
a tough buffer layer deposited with the Citochromax electrode is recommended.

International Standards
DIN 8555 : E 6-UM-60-

Applications:
Hard facing on: Crusher hammers, cutting
and forming tools, bucket teeth, conveyor

Special Precautions:

screws, crusher jaws, drilling bits, punches,

Use only absolutely dry, completely coated electrode. The

dies, cold shear blades and also for

bare tips of imperfectly fabricated electrodes should first

manganese steel parts subject to high

be consumed before applying on the joint. It is

abrasion.

recommended that electrodes should be pre-heated at

.

300 - 350oC and maintains it for 1 hour. Hold as short an
arc as possible. Avoid a cold start. Stabilize the arc first
before applying on joint. In continuing a bead, strike the
arc slightly ahead of the finished weld, stabilize, and
bring back to the desired starting point. Use maximum
current practical, check the speed of travel to give enough
puddle time. Do not weave wider than twice the diameter
of the electrodes to avoid tendency of lengthening the arc
at any time.
Weld Metal Analysis %*
C = 0.55, Mn = 1.3, Si = 0.5, Cr = 6.5

Welding Positions

*These are typical average values
Mechanical Properties*

International Approvals:

52-58 HRC

An ISO 9001:2000 certified organization

[ in as-welded condition ]

[BVQI, UK].

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 2.5mm
65~95 A

Ø 3.2mm
95~140 A

Ø 4.0mm
140~185 A

Ø 5.0mm
180~250A
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HARD-SURFACING NON-MACHINABLE ELECTRODE

PAWEL DUR 64
Description:
Heavy-coated rutile type electrode for highly wear resistant overlaying on parts subject to frictional
abrasion. Clean and Smooth bead appearance with minimal under cutting. Machinable by grinding only.
International Standards

AWS A5.13-80 CLASS E FECR-A1

Applications:
Surfacing applications on parts subject to
mineral abrasion such as coke chutes, steel

Special Precautions:
Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. It is
recommended that electrodes should be pre-heated at
300-350oC and maintain it for 2 hours. Hold as short an
arc as possible. Avoid a cold start. Stabilize the arc first

mill guides, sandblasting equipment, brick
making machinery, conveyor screws, mixer
blades, concrete pump parts, stirring and
agitator components, slurry pumps,
excavator ,bucket, edges etc.
.

before applying on joint. In continuing a bead, strike the
arc slightly ahead of the finished weld, stabilize, and bring
back to the desired starting point. Use maximum current
practical, check the speed of travel to give enough puddle
time. Do not weave wider than twice the diameter
of the electrodes to avoid tendency of lengthening the arc
at any time.
Weld Metal Analysis %*
C = 3.0 - 5.0%, Mn =4.0 - 8.0, Mo= 2.0%(max)

Welding Positions

Cr =26.0 - 32.0%, Si =1.0 - 2.5%,
Fe = Remainder
*These are typical average values

International Approvals:
An ISO 9001:2000 certified organization
[BVQI, UK].

Mechanical Properties*
Hardness (as welded) : 51-62 HRC

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 3.2mm
120~140 A

Ø 4.0mm
170~190 A

Ø 5.0mm
220~250A

Ø 6.0mm
270~300A
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HARD- SURFACING MACHINABLE
PAWEL DUR 350
Description:
HB 35, is a basic type electrode designed to give machinable weld metal deposits for buildup / surfacing
of machine parts, exposed to metal to metal wear.
Applications:
Buildups on caterpillar track components,

International Standards
DIN 8555 : E 1- UM-300

roll driving shafts, conveyor roller bearings,
machinery and gear components.

Special Precautions:
Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. It is
recommended that electrodes should be pre-heated at
300-350o C and maintain it for 2 hours. Hold as short an
arc as possible. Avoid a cold start. Stabilize the arc first
before applying on joint. In continuing a bead, strike the
arc slightly ahead of the finished weld, stabilize, and bring
back to the desired starting point. Use maximum current
practical, checking the speed of travel to give enough
puddle time. Do not weave wider than twice the diameter
of the electrodes to avoid tendency of lengthening the arc
at any time.
Weld Metal Analysis %*
C = 0.08 - 0.15 % Si=0.8-1.2%

Welding Positions

Mn=3-5%
*These are typical average values

Mechanical Properties*
Hardness in the as-welded condition
approx. 30 - 35 HRC

International Approvals:
An ISO 9001:2000 certified organization
[BVQI, UK].

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 3.2mm
105~135 A

Ø 4.0mm
140~180 A

Ø 5.0mm
170~240A
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CUTTING ELECTRODE
PAWEL CUT
Description:
PAWEL Cut is used for gouging and cutting in all metals, steel, stainless steel, cast iron and nonferrous
metals. The electrode can be used in all positions; i.e. flat, horizontal, vertical down and overhead, but not
vertical upwards. The grooves are very even and smooth and welding can be followed without further
preparation..

Benefits:
For intermittent gouging of short welds the work is

Applications:
PAWEL Cut is used for beveling, for weld

simplified considerably, since the same equipment can be

preparation of cracks and for back gouging

used and only the electrode need to be changed. PAWEL

of root runs. The electrode is particularly

Cut

used for back gouging of welds when

is

indispensable

for

all

kinds

of

repair

and

maintenance welding.
Procedure:

welding onsite steel structures, storage

Use DC negative pole or AC. The arc is struck with the

gouging is impractical.

tanks etc., where equipment for carbon arc

electrode perpendicular to the work piece, where after the

electrode is pointed in the direction of travel at an angle
of about 15-20o and pushed forward . Gouging speed
100-150 mm/min depending on the depth of the groove.
Deep grooves can be made by repeated gouging.
Welding can follow without further preparation, but when
gouging in stainless steel a thin layer having increased
carbon content is obtained, which should be removed by
grinding. When using PAWEL cut indoors, it is necessary
to have very good ventilation or fume extraction.

Welding Positions
Gouging / Cutting Speed:
100-150 mm/minute depending upon plate thickness
Note:
PAWEL Cut is not designed for giving a weld metal

International Approvals:
An ISO 9001:2000 certified organization
[BVQI, UK].

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 3.2mm
160~200 A

Ø 4.0mm
200~280 A

Ø 5.0mm
280~350A

Ø 6.0mm
300~375A

Ø 8.0mm
400~550A
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ELECTRODE FOR BUFFER LAYER & JOINING DISSIMILAR STEEL

CITOCHROMAX N
Description:
Basic type high-alloy resistant to cracking electrode particularly suitable for difficult to weld steels, as well
as for joining dissimilar steels and manganese-alloyed steels. Also suitable as a buffer layer when hard
facing.
Applications:
Suitable for difficult to weld steels, e.g. non

International Standards
ISO 3581 : E 18 8 Mn B 20

alloy and alloyed high-strength steels as

AWS/ASME : SFA-5.4-93: E 307-15

well as high-carbon steels. Joining of
dissimilar steels and manganese-alloyed

Special Precautions:
o

At temperatures above 300 C, manganese hardening
steels begin to lose ductility. Therefore, note the following:

steels. Hard facing and as a buffer layer on
steels that are difficult to weld.

In order to obtain a perfect joint on broken manganese
alloyed steels, carefully bevel the weld groove by grinding:
clean off rust, oil and dirt. Draw thin beads only, without
weaving. Deposit short runs. Use thin electrodes. Weld at

the lowest possible amperage.
Weld Metal Analysis %*
C = 0.12 (max.), Cr = 19-22, Ni = 9-11,
Mn = 5-7, Si = 0.2-0.7
*These are typical average values
Welding Positions
Mechanical Properties*
Yield strength >350 N/mm2
Tensile strength 550-690 N/mm2
Elongation (5 x d)% >40

International Approvals:
An ISO 9001:2000 certified organization

*Of All-weld Metal

[BVQI, UK].
Impact strength
+ 200C >100J

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 3.2mm
95~120 A

Ø 4.0mm
110~160 A

Ø 5.0mm
170~230A

Ø 6.0mm
210~310A

Ø 7.0mm
290~340A

Ø 8.0mm
3400~400A
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BUFFER LAYER ELECTRODE

CROMAX 4370 HL

Description:

Cromax 4370 HL is a high-alloy electrode with high crack resistance. Suitable for difficult to weld steel as
well as joint welding on dissimilar steels and on high manganese steel. Also suitable for buffer layers
before hard facing to increase wear resistance.
International Standards
DIN 8556 E 18 8 Mn 6

Applications:
Cromax 4370 HL is highly recommended

AWS/ASME SFA-5.4 / E 307 – 16

for Buffer Layer on CRUSHING HAMMERS

Special Precautions:

& CUTTING KNIVES prior to hard facing.

Use only absolutely dry, completely coated electrode. The

Also suitable for rebuilding rails and train

bare tips of imperfectly coated electrodes should first be

wheels, hot steel mills rolls, etc. Good for

consumed

difficult to weld steels and manganese

before

applying

on

the

joint.

It

is

recommended that electrodes should be pre-heated at

steels.

200-250o C and maintain it for 2 hours. Hold as short an
arc as possible. Avoid a cold start. Stabilize the arc first
before applying on joint. In continuing a bead, strike the
arc slightly ahead of the finished weld, stabilize, and bring
back to the desired starting point. Use maximum current
practical, check the speed of travel to give enough puddle
time. Do not weave wider than twice the diameter of the
electrodes to avoid tendency of lengthening the arc at
any time.
Weld Metal Analysis %*
C = 0.08, Cr = 18.0, Ni = 8.0

Welding

Positions

Mn = 6

*These are typical average values
Mechanical Properties*
Yield Strength > 350 N/mm2

International Approvals:
An ISO 9001:2000 certified organization

Tensile Strength > 580 N/mm2
Elongation > 40%

[BVQI, UK].

Hardness ~ 200 HB
*Of all-weld Metal

Welding Parameters: Recommended amperages: AC or DC (Pole -)

Ø 3.2mm
80~120 A

Ø 4.0mm
120~160 A

Ø 5.0mm
150~190A
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ELECTRODE FOR REBUILDING ROLLING MILL ROLLS

PAWEL ROLL BUILD

Description:

Heavy coated rutile high-efficiency electrode with 160% recovery. Suitable for steel rolling mill rolls,
container and storage vessel construction; filler and capping runs of multi-lay weldments. Goods notch
toughness, automatic striking and restricting, bead can be drawn out. Excellent de slagging characteristics.
Applications:
Rutile heavy-coated, iron powder

International Standards
DIN 1913 : E E 51 32 RR 11 160

ISO 2560 : E 513 RR 160 32
Special Precautions:
Use only absolutely dry, completely coated electrode. The
bare tips of imperfectly fabricated electrodes should first
be consumed before applying on the joint. Hold as short
an arc as possible. Avoid a cold start. Stabilize the arc first
before applying on joint. In continuing a bead, strike the
arc slightly ahead of the finished weld, stabilize, and bring

back to the desired starting point. Use maximum current
practical, check the speed of travel to give enough puddle
time. Do not weave wider than twice the diameter
of the electrodes to avoid tendency of lengthening the arc

Welding Positions

at any time
.
Weld Metal Analysis %*
C = 0.08, Mn = 0.60, Si = 0.35
S = < 0.02, P = < 0.02
*These are typical average values
Mechanical Properties*
Yield strength > 380 N/mm2
Tensile strength 510 - 610 N/mm2
Elongation (5 x d) >24%

International Approvals:
An ISO 9001:2000 certified organization
[BVQI, UK].
Impact strength ISO-V (Joule)
+20 C > 60
0 C > 50
- 20 C > 30

*Of All-weld Metal

Welding Parameters: Recommended amperages: AC or DC (Pole -)
Ø 2.5mm
90~120 A

Ø 3.2mm
130~160 A

Ø 4.0mm
160~220 A

Ø 5.0mm
300~360A
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WELDING GUIDE
Defects
Fibrous Structures

Causes
There are columnar structure

Preventive Measures
1.S elect the electrode suitable

present in fractured part of

to base metal.

weld metal, and arises when

2. Make the travel speed to be

the properties of weld metal

slower, and avoid the rapid

are inferior (rich C,P and S)

cooling of weld metal.

and the cooling rate of weld
metal is too fast.
Cracks of weld Metal

There is one kind of crack

Do not use excessive current.

which is caused by shrinkage

2. Avoid rapid cooling of weld

of metals accompanying

metal.

cooling of metals. When the

3. When the rigidity of joints is

properties of steels, restraint

great, preheating and

of joints and shape of bead

peening is required. As

are inferior, or when the

another method it is

cooling rate of weld metals is

considered to change

too rapid, or improper

welding order.

electrodes are used, these

4. Select the electrode suitable

defects are liable to arise.

to base metal. Especially
when Si and C are rich, use
the low hydrogen type
electrodes.
5. Don’t use the electrodes
which absorb moisture.

Occurrence of blow holes.

There are two types of

Use the correct welding

blowholes. One which arise

current.

inside of weld metals, the

2. Make the arc length proper

other arise on the surface.

3. Remove the rust, oil and

If the arc length is not proper,

moisture which adhere to the

excessive current is used, dirty

base metals.

or inferior base metal is

4. Use the correct electrodes

adopted and improper
electrodes is used, these
defects are liable to occur.
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WELDING GUIDE
Fish eyes

Inclusion of slags

These defects are the silver

Avoid rapid cooling of weld

grey parts of fish eyes which

metals.

appear in the fracture parts of

2. Don’t use the electrodes

weld metals, they are

which absorb moisture.

produced when moisture

3. Use the low hydrogen type

absorbing electrodes are used

electrodes.

and cooling rate is too fast.

4. Pre-heat the job.

These defects are the

Raise the welding current.

condition that the slags are

2. Operate with proper

included in the weld metals or

welding

between weld metal and the

speed.

base metal. They are

3. Widen the root interval.

produced when welding

4. Select the proper

current is low, speed of

electrodes

manipulation is improper and
groove configuration or root
interval are improper.
Undercutting

These defects are deeply cut

Use the correct welding

groove. When welding current

current.

is too excessive, manipulation

2. Select the proper

method of electrodes is

electrodes.

improper, they are liable to

3. Avoid the excessive heating

occur.

of base metal.
4. Make the arc length correct.

Overlapping

They are produced when

Use the correct welding

welding speed is too slow at

current.

the state that weld metal does

2. Use the correct

not melt with base metal

manipulation

sufficiently and weld metal put

speed.

over the surface of base

3. Select the proper

metal.

electrodes.
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WELDING GUIDE
Poor Fusion

Too low a welding current.

Increase current with plate

Improper weaving. Incorrect

thickness.

electrode size.

2. Weave sufficient to melt
sides.
3. Use electrode small enough
to reach the bottom of the
vee.

Porosity

Too fast a travel speed.

Puddle molten so gas can

Excessive weld currents.

escape.

Moisture in electrode coating.

2. Use recommended current
values.
3. Protect the electrode as per
instruction of manufacturer.

Poor weld Surface

Slag Inclusions

Improper weaving of

Use a more uniform weave.

electrode.

2. Reduce current.

Excessive Current.

3. Keep work at lower

Overheated work.

temperatures.

Using extremely short arc.

Use medium arc length.

Improper electrode

2. Obtain ample molten metal

manipulation.

puddling.

Too low a current.

3. Use recommended current
at moderate weld speed.

Weld cracks

Welds too small.

Use a larger weld between

Rigid joints.

heavy plates.

Improper penetration.

2. Use design that does not

Fast cooling of weld metal.

have rigid joints.
3. Avoid stringer beads for
heavy welds.
4. Ensure good fusion.
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WELDING GUIDE
STORAGE AND HANDLING OF ELECTRODES
Manufacturing
MMA electrodes are manufactured by extruding

properties. Dried electrodes are hydroscopic

alloying agents, slag formers, extrusion agents

surroundings.

and silicates on a core wire. The electrodes are
dried at different temperatures depending on

kind of electrode. Analysis of weld metal,
moisture content, mechanical properties and

and have to be protected against damp
Acid,

rutile

and

cellulosic

electrodes are not as sensitive as basic but they
will all pick up moisture if left unprotected.

welding performances are checked. Standard

Relative humidity
Relative humidity % RH is a measure of actual

packages Standard packing is a paper box, air

amount of water in air compared to maximal

tightened by shrink wrapping. Standard packing

amount of water that can occur in air at a

for unalloyed electrodes is a paper box put in

certain temperature. At 100 % RH water will

shrink plastics. Plastic boxes are mostly used for

condensate at a drop in temperature. The same

alloyed electrodes.

mechanism that gives fog. Relative humidity is

Tin cans are used for cellulosic electrodes. Tin

strongly dependent on temperature and if the

capsules are used for basic electrodes in the

temperature drops the % RH will increase and

tropics.

vice versa. This is the reason for using heating

Vacuum

extremely

low

packages
hydrogen

are
values

used
for

for
stick

quivers and cabinets. At elevated temperature
and constant amount of water in the air the

electrodes.

relative humidity decreases and the moisture
Different types of electrodes
When manufacturing electrodes, a binder that

absorption of the electrodes decreases.
TEMPERATURE

consists mainly of water is used. Minerals used
also contain water. An electrode directly after

extrusion before drying contains approximately
10 % water. Acid, rutile and cellulosic electrodes
are dried to a water content of 0.3-5 %
dependent

on

kind

of

electrode.

Basic

electrodes are dried much harder and the final
moisture content can be as low as 0.05 %.
Because of the risk of cold cracking it would
have been good to entirely remove the water
but this is not possible because the high

temperatures that would be necessary would
ruin the binding properties of the binder, oxidize
the alloying elements and destroy the welding
29

WELDING GUIDE
Porosity
When acid, rutile or cellulosic electrodes give
pores the coating moisture can be either too
low or too high. When having too much
moisture acid and rutiles shall be redried
according to conditions given at the package.
Cellulosic electrodes shall never be redried.
If the % RH is very low the acid, rutile and
cellulosic electrodes can be too dry and give
pores. Remoistening can in these cases help.
Before the introduction of LMA in the basic
electrodes

porosity

was

a

much

greater

problem. If a basic electrode gives pores the
most probable reason is moisture in the coating
and redrying according to instructions at the

Then they are stored in a heating cabinet. The
welder uses a storage bucket that has a
temperature around 100 C. In this the electrodes
can be stored for 8hrs. If this time limit is
exceeded the electrodes shall be redried in
oven. It is not recommended to redry the same
electrodes more than 3 times because the

alloying elements will oxidize and analysis and
welding properties will be influenced. Electrodes
in small packages of aluminum-laminate are
dried if the package is unbroken when it is
opened.
LMA
LMA stands for low moisture absorption and

package shall be performed.

developed for basic low alloyed and alloyed

Protection of Basic electrodes
The plastic wrappings protect the electrodes

content in the coating and to slow up the

electrodes in order to have low initial moisture
absorption rate of the coating.

from the surroundings but when it is broken the
electrodes ought to be put into a heated

Moisture absorption

cabinet at 40-50 C.
In climate of 25 C, 70 % RH electrodes with LMA
properties can stand for up to 8hrs after the
package has been broken without the moisture
content in the coating reaches dangerous levels.
Basic

electrodes

ought

to

be

stored

in

storehouse in climate of minimum 15 C and max
RH 60 %. Acid, rutile and cellulosic electrodes
also ought to be stored inside but the demands
of the climate are not as tough as for basic
electrodes.
The demands for low hydrogen are high due to
cold cracking risks. Recommended procedure

for redrying is printed at the electrode packages
The electrodes shall be redried at a maximum
temperature between 350-450 C for 1-2hrs.
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WELDING GUIDE
Cold storing
If electrodes are stored in a place where it is colder than at the place where the welding takes place
water will condensate at the electrodes if it has a lower temperature than the surroundings (the
same phenomena as dew.) This problem especially occurs during winter and especially if the
electrodes are stored outside. Electrodes ought to be taken from the cold store into the welding
shop and allowed to get the same temperature as the surroundings, before opening the package.
Standards
DNV prescribes for storage and treatment of consumables for welding of offshore constructions.
Basic low alloyed electrodes corresponding to AWS 5.5 must be redried 1hrs between 370-430 C it
they are not taken directly from an airtight package. All electrodes redried or taken directly from a
fresh package must be stored at 120 C if not used immediately. Damp electrodes are not allowed to
be used. Another standard: AWS A5.1-78 AWS gives the following directions:

DESIRABLE STORAGE AND REDRYING PROCEDURE FOR COVERED ELECTRODES:
AWS-norms

Drying Procedures
Standard

Drying cabinet

Drying*

E6010,E6011

Surrounding

Not recommended

Not recommended

E6012,E6013

80±20 0F

20 0F (11 0C)

275 25 0F

0

E6020,E6022

(30 10 C)

to 40 F (22 c)

(135±15 0C)

E6027,E7014,

50 % max. rel humanity

Above surrounding

Under 1hrs

E7024
E7015,E7016,

0

0

temperature
80±20 0F
0

50 0F(28 0C)
0

475±25 0F
0

E7018,E7028

(30±10 C)

to 250 F (139 C)

(245±15 0C)

E7048

50 % max. rel humanity

Above surrounding

Under 2 hrs

temperature
*Manufacturer to be consulted
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WELDING GUIDE
Guide to AWS Coding:
First two digits (in four digit numbers) refer to minimum ultimate tensile strength; example
E45=45,000 PSI (Ibs/sq.in), E 60=60,000 PSI. Third digit refers to position; I = all positions,
2 = horizontal and flat position, 3 = flat position only. Fourth digit refers to current and indirectly
to coating:
Fourth Digit
0

Power Supply
*

Quality
High

Type of Arc
Digging

Penetration
Deep

1

Ac or Reverse

High

Digging

Deep
Moderate

Polarity DC
2

AC or DC

Moderate

Medium

3

AC or DC

Moderate

Soft

Light

4

AC or DC

Moderate

Soft

Moderate

5 = DC reverse (Lime or titania sodium low hydrogen)
6 = AC or DC reverse (Titania or lime potassium low hydrogen)
7= AC or DC either (iron oxide and iron powder
8= AC or DC reverse (low hydrogen, iron powder)
* Fourth digit, power supply:

E - 6010 = reverse polarity DC
E - 6020 = AC or DC straight
E - 6030 = AC or DC either

Having learnt the significance of the various digits used in the nomenclature, it is relatively
simple to use the classifications. For example, an E-8010 electrode would have the following major
characteristics:
1. The minimum tensile-strength requirement in the stress-relieved condition is 80,000 PSI.
2. The electrode can be used in all position.
3. It operates satisfactorily only on reverse-polarity direct current.
Notes:
Polarity of welding current is generally spoken as straight or reverse. In straight polarity, the
electrode is negative and the work positive - When polarity is reverse the electrode is positive and
the work negative.
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STANDARDS AND CODES GUIDE TO THE ISO CODING
Mechanical Properties
Electrode

Tensile

designation

strength

Type of coating
Minimum
elongation
on L=5 d

Temperature

A = Acid (iron oxide)

for minimum
impact value

AR = Acid (rutile)

of 28 J )

2

N/mm

C

E 43 0

430 to 510

-

-

B = Basic

E 43 1

430 to 510

20

+20

E 43 2

430 to 510

22

0

C = Cellulosic

E 43 3

430 to 510

24

-20

E 43 4

430 to 510

24

-30

E 43 5

430 to 510

24

-40

R = Rutile

E 51 0

510 to 610

-

-

(medium coated)

+20

O = Oxidizing

E 51 1

510 to 610

18

E 51 2

510 to 610

18

0

RR = Rutile

E 51 3

510 to 610

20

-20

(heavy coated)

E 51 4

510 to 610

20

-30

S = Other Types

E 51 5

510 to 610

20

-40

1) Upper limit tolerance: +40 N/mm2
2) 1J = 0.102 kgf.m

Example:

E 51 3 B 160 20

H

% Metal recovery for

Low hydrogen electrode

not less than 110 % recovery

Current Conditions
WELDING POSITIONS
1

all positions;

2

all positions, except
vertical downwards;

3

flat butt weld,

Direct Current
Symbol

(0 )

flat fillet weld,

1

horizontal/vertical

2

fillet weld;

3

4

flat butt weld,

5

as 3 and recommended

5

for vertical downward.

6

flat fillet weld,

Note : In the example given above, it will be seen that E 51 3 B
is compulsory, the remainder optional

4

Alternating current

Recommended

Minimum open

polarity

circuit voltage V

+
+ or -+
+ or -+

50
50
50
70
70
70

7

+ or -

90

8

-+

90

9

90

Symbol reserved for electrodes used exclusively on direct current
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WELDING OF STAINLESS STEEL
Introduction
Stainless steels are so-called because they do

2. Welding current.
Stainless steel is used as the core wire in the

not rust and remain unaffected by most

stainless steel electrodes, its electric resistance

chemicals except under extreme conditions. The

becomes very high during welding, so the

alloying element mainly responsible for this

temperature of core wire exceed 10000 C

resistance

is

sometimes because of burning of electrodes by

chromium, which is present in all types of

to

oxidation

and

corrosion

excessive current These facts are injurious to the

stainless steels in amount ranging 5-30%.

compositions of weld metal and obstruct the

Chromium oxidizes readily in air forming a

welding operations. Therefore use the specified

tough surface layer of chromium oxide which

current suitable for the electrodes. When the

protect the metal from further oxidation or

electrodes which can be used for both AC and

chemical attack. Nickel is the other major

DC, it is recommended to use DC current. It is

alloying element present in the more common

desirable to use current which is 10 percent

stainless steels. Depending on the type, from 6-

lower than the current range used for AC

36% nickel added to give the desired austenitic

current.

crystalline structure to the alloy at room

temperature. Austenitic stainless steels, besides
being highly corrosion resistant, posses high
tensile strength, ductility and impact resistance.
They are non-magnetic, or only slightly so, and
become harder under repeated blows.

3. Welding cracks of stainless steel electrodes.
The cracks produced in Cr-Ni stainless steel
are called as high temperature cracks. It takes
place during cooling until 900oC after welding is
characteristics of this phenomenon. The causes
of this phenomenon are as follows; slag

Care on usage of stainless steel Electrodes
1. Re-drying of electrodes.
If the stainless steel electrodes absorb moisture,

inclusions gather between the austenitic grains
and lower the melting point of boundary. There
are many cases of crater cracks and bead

there are some cases in which blowholes tend to

longitudinal cracks. Therefore crack sensitivity is

take

the

lowered by adding some ferrite structures in

removal of flux from electrode & therefore it is

austenitic structures of weld metals for austenitic

desirable to dry at 150-200o C for 30-60

stainless steels. It is more advisable to avoid

minutes before use. If the drying temperature is

continuous welding, and keep the interpass or

exceeded from this temperature range, cracking

interlayer temperature under 150oC in order to

of the flux is produced owing to the large heat

minimize the high temperature heating of

expansion coefficient of the core wire, thereby

the welding parts.

place.

This

phenomenon

causes

the part of flux may fall off from the electrode.
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Corroded conditions of stainless steels
and preventive measures
1. Uniform Corrosion
When the surface of stainless steel contacts to
corrosive environment and then total surface of
contact is attacked uniformly, it is called uniform
corrosion. In such cases it is necessary to select
the proper materials suitable to corrosive
environment and to
considering

its

select the electrodes

corrosion

resistibility.

For

example there are some cases to use 308 type,
or under certain circumstances to select ferritic
stainless steels for strong oxidizing acid such as
nitric acid. But for the nonoxidizing acid or
reducing acid such as dilute sulfuric acid or
acetic acid the 316 type electrode in which Ni is
increased, or Mo or Cu is added can be used.

environment,

and

its

surface

8000C temperature range especially 650-7000C,
chromium

carbide

precipitates

in

grain

boundary. Because of this phenomenon, grain
boundaries

are

sometimes

preferentially

attacked by a corrodent or become to be

embrittled. To this corrosion it is needed to
dissolve completely the carbides in austenitic
structure by quenching from 10500C or to use
the very low carbon electrodes or stabilized
electrodes in which Nb or Ti is added to stabilize
purpose.
4. Stress-corrosion Cracking
Stress-corrosion cracking arises from the stress
which is remained in base metal or is applied

dynamically. For example it arises in the

2. Pitting Corrosion
When surface of stainless steel contacts to
corrosive

3. Intergranular Corrosion
When austenitic stainless steel is heated to 550-

is

attacked locally and corroded dottedly or
pinhole like, it is called pitting corrosion. In
this case the other part is relatively unattached.
This is produced because of incompleteness of
passive coat of the stainless steel surface to be
resistant to corrosion.
If it happens, it is necessary to do complete heat
treatment and to remove the effects of strain
and precipitates. Sometimes surface cleanliness

corrosive environment where chlorine ion is
present. In these cases it is effective to do the
stress-relieve treatment (rapid cooling from
8000C) or to use the high Ni containing
austenitic steel.
5. Crevice Corrosion
If the foreign materials or scales remain in the
contact surface between materials,

oxygen

deficiency arises in that part, then corrosion
arises by locally deteriorating the coat of passive
state from galvanic action. It is resemble to
pitting corrosion, so that it is necessary to keep

steel are usually the safest ways of avoiding the

the surface clean as well as pitting corrosion.
6. Corrosion Fatigue
When the part is subjected repeatedly to

problem.

stresses, cracking sometimes arises according to

and adoption of high Mo containing stainless

the

severances

of

stresses

or

corrosive

environment, after short period usage. In these
cases it is necessary to keep the stresses within
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WELDING OF STAINLESS STEEL
the fatigue range of the materials, and taken

remedied by adopting the suitable welding

care. Do not make the notches which may be at

method and welding rod.
Arc welding procedure of cast iron.
There are two welding procedures for welding

original points of fracture.
7. High Temperature Oxidation
When the metals are red-heated at high

of cast iron, one is hot welding method which is

temperature range, scales are produced in their

conducted by heating base metal to 500-6000C

surface and peel off. It is one variety of

and other is cold welding method which is

corrosion and called dry corrosion. In general

conducted without preheating or with local low

high chromium steel, ferritic stainless steel are

temperature preheating.
1. Cold welding method
In this case the electrodes with pure Ni, NiFe or

used. But some austenitic steels are widely used
as heat resistant
steels.

Ni-Cu core wire are used.

ARC WELDING OF CAST IRON.

the base metal.

Welding of cast Iron is still considered to be very

Remove the oil, sand and dust on the surface of


the

current

difficult even today owing to its metallurgical

lowest
with

practical
thinner

welding

electrodes

without weaving.

characteristics. The reasons for it are mainly as
follows.

Use



Relieve the heat stress by using short

(1) When cast iron is rapid cooled from molten

bead, or using symmetry or stepping

state, it becomes white cast iron and more

stone method avoiding continuous
welding.

brittle. Moreover as white cast iron zone has
much different expansion coefficient compared



Reduce the strain or residual stress in

to grey cast iron, it tends to crack by cooling

the

shrinkage. This tendency is promoted by the

peening each bead after welding.

slag inclusions especially oxygen and sulphur

owing to becoming white cast iron.
(2) Generation of CO2 gas tends to produce
blowholes in weld metal and to make worsen
the weldability.
(3) There are many dangers of cracks outside of
welding zone owing to deficiency of ductility for
cast iron itself and residual stress during casting.
(4) There are tendency of lack of fusion and
defects of welding in the cast irons which were



welding

parts

applying

the

Preheating at 100-2000C produces

better results.
2 Hot welding method
In this case electrodes with cast iron or low
carbon steel core wire are used. Preheat at 5006000C whole part or locally.
Weld with weaving method continuously.
After welding keep it at 6000C for an hour, then
slow cool it.

heated long time and in which its graphite is
made coarsened. As weldability of cast iron is
not so good as above points, it can be
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ARC WELDING OF CAST IRON
Welding of cast Iron is still considered to be very

1. Cold welding method
In this case the electrodes with pure Ni, NiFe or

difficult even today owing to its metallurgical

Ni-Cu core wire are used.

characteristics. The reasons for it are mainly as

Remove the oil, sand and dust on the surface of

follows.

the base metal.

ARC WELDING OF CAST IRON.

(1) When cast iron is rapid cooled from molten



the

current

state, it becomes white cast iron and more

lowest
with

practical
thinner

welding

electrodes

without weaving.

brittle. Moreover as white cast iron zone has
much different expansion coefficient compared

Use



Relieve the heat stress by using short

to grey cast iron, it tends to crack by cooling

bead, or using symmetry or stepping

shrinkage. This tendency is promoted by the

stone method avoiding continuous
welding.

slag inclusions especially oxygen and sulphur
owing to becoming white cast iron.



Reduce the strain or residual stress in

(2) Generation of CO2 gas tends to produce

the

blowholes in weld metal and to make worsen

peening each bead after welding.

the weldability.

(3) There are many dangers of cracks outside of
welding zone owing to deficiency of ductility for
cast iron itself and residual stress during casting.
(4) There are tendency of lack of fusion and
defects of welding in the cast irons which were
heated long time and in which its graphite is
made coarsened. As weldability of cast iron is
not so good as above points, it can be



welding

parts

applying

the

Preheating at 100-2000C produces

better results.
2 Hot welding method
In this case electrodes with cast iron or low
carbon steel core wire are used.
Preheat at 500-6000C whole part or locally.
Weld with weaving method continuously.
After welding keep it at 6000C for an hour, then
slow cool it.

remedied by adopting the suitable welding
method and welding rod.
Arc welding procedure of cast iron.
There are two welding procedures for welding
of cast iron, one is hot welding method which is
conducted by heating base metal to 500-6000C
and other is cold welding method which is
conducted without preheating or with local low
temperature preheating.

37

HARD-SURFACING
Hard-surfacing may be defined as the deposition of a more durable or longer lasting filler metal
on a metal surface. This process is widely accepted in maintenance as well as fabrication work due
to the economies obtained. Manufacturers can cut costs by using less expensive base metal and
overlaying with the more expensive alloy of the desired properties. Repairmen can extend the life
of worm-out machine parts at less cost and usually in a shorter time than would otherwise be
incurred by total replacement of the part. Surfacing is generally prescribed to increase resistance
to wear. Excluding corrosion or chemical attack, wear may be considered as various combinations
of abrasion and impact. The conditions of wear may be classified under the following headings:
1. Abrasion with severe impact. Ex: crusher jaws, hammers, mill liners, mantles and bowls.
2. Abrasion with medium impact. Ex: Pulverizers, coal, crushers, bucket teeth, bulldozer blades.
3. Abrasion with slight impact. Ex: pump housings, grinders, conveyors
4. Abrasion without impact. Ex: chutes, wear plates, plowshares, steel mill guides.
The ideal material would be one which is equally high abrasion and impact resistant. However,
the higher the abrasion resistance or hardness of the metal, the less its toughness or resistance
or repeated blows. Thus, the choice of electrode reduces to adopting one which gives a metal
deposit with correct balance of hardness and toughness and/or compressive strength demanded
by the service conditions. For homogeneous material hardness is the main criterion in
determining resistance to scratching or abrasive wear. Only a harder substance will scratch or
wear away another substance. Hardness is commonly measured by either the Brinell (BHN) or
Rockwell (HRc) scale. The basis of both methods is the depth of indention caused by a hard
pointed material (or ball) on the specimen under the given load. The hardness number is in
inverse relation to the depth; thus the higher the number, the harder is the substance, Increasing
the carbon content of steels result in greater hardness. In the presence of other alloying elements
such as tungsten, chromium, molybdenum and silicon, still harder carbides are formed. The
comparative resistance to cracking under impact is determined by the use of pounding machine.
In most cases the ductility or % elongation of a metal serves as useful guide in determining its
toughness – the more ductile the metal the greater is its resistance to fracture.
High manganese and austenitic stainless steels are the most common surfacing alloys for
toughness. They have the added advantage of work-hardening becoming harder under
repeated blows. In hard surfacing just sufficient preparation to obtain complete fusion is desirable
to minimize dilution with the softer base metal. To obtain maximum hardness three or more
layers should be applied. However there is greater tendency for cracking in multiplayer deposits
such that preheating and the use of low hydrogen electrodes are recommended in many
applications.
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