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Abstract

This paper describes in brief the 
Hard Surfacing Processes and 
Consumables with more emphasis 
and details on "Tubular Stick 
E l e c t r o de s "  wh i ch  are  now 
cons ide red  as more Techno- 
Economic Products for Hardfacing 
of components against Wear in 
preference to "Conventional Solid- 
Core Stick Electrodes". The present 
International trend in using THF 
e l e c t r od e s  is ga i n i ng  more  
popularity for techno-econom ic 
advantages associated with such 
Products.

The construction of "Tubular 
Hardfacing Stick Electrodes"
includ ing its sa lien t features, 
advantages, economics & also the 
manufacturing process have been 
described in th is article.
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1. Introduction

1.1 "W ear" is an ins id ious 
problem that makes the machinery 
or component useless after only a 
very small amount of the initial 
weight of the component is lost. 
The reduction in life of com ponent/ 
machinery because of such wear 
involves costs. Hence, application 
of tribological principle through 
'Wear Resistant' coatings on such 
worn-out components by weld 
deposition is most w idely used. The 
'W ear Resistant' coatings are 
usually 'Hard'. Hence such type of 
welding is called 'Hardfacing'.

1.2. The present trend is to 
develop better wear-resistance 
surface having "Carbides" rather 
than "Martensites". Such Plain 
Carbides / Complex Carbides in 
weld-metal need high alloying 
elements. To achieve such weld- 
metal having very high alloying 
elements ranging from 20% to 
more than 45% the most Techno- 
Econom ic Process is through 
Powder-Metallurgical method i.e.,

"Tubular Electrodes" having very 
thin outer flux-coating containing 
no alloying elements in preference 
to "Solid-Core Electrodes" having 
very th ick outer flux coating 
containing all the high alloying 
elements.

2. HARDFACING PROCESS AND 
CONSUMABLES.

2.1. To c o m b a t  w e a r  o f  
components different processes of 
Hardfacing along with general 
na tu r e  of  c on s uma b l e s  are 
described in the chart given below.

2.2. Among all the processes of 
Hardfacing the most common & 
w i de l y  used p r o c e s s e s  are
(i) Manual MetaD Arc Welding
( i i )  A u t o m a t i c  / S e m i -  
Automatic Open Arc Welding &
(iii) Submerged Arc Welding.

2.3. Manual Metal Arc Welding 
is more versatile since welding 
on assorted jobs in positional 
welding is possible at sites. Also, 
l a r g e r  v a r i e t y  o f  w e l d i n g  
consum ables are availab le at 
reasonable and competitive prices. 
This process is also less expensive 
since it involves cheaper Power 
Source.
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PROCESS CONSUM ABLES

1) Oxy-Acetylene
Alloyed Wires 
Cast Rods 
Cast Inserts

2) Manual Metal Arc Welding Solid-Core Electrodes 
Tubular Electrodes

3) Submerged Arc Welding
Alloyed Solid Wire and Fused Flux 
Solid Wire & Alloyed Agglomerated Flux 
Alloyed Flux Cored Wire 
Wire-Wound Flux Coated Wire

4) Automatic / Semi 
Automatic Open Arc Welding

Alloyed Solid Wire 
Alloyed Flux Cored Wire 
Self-Shielded Alloyed Flux Cored Wire.

5) TIG Welding
Alloyed Solid Wire Cut Lengths
Cast Rods
Flux Cored Rods

5) Spraying
Oxy-Acetylene Flame Spraying 
Arc Spraying 
Plasma Spraying

Alloyed Wire in Coils 
Metal Powders 
Composite Rods 
Carbides
Refractory Oxides

4.1Schematic drawing of Tubular Hardfacing Electrodes.

Manual Metal Arc Welding is 
also commonly used because of 
its versatility with respect to 
weld-chemistry, hardness etc.
which can be altered as per 
requirements of the Users. Even a 
s m a l l  q u a n t i t y  c a n  b e  
manufactured econom ically for R & 
D tria ls required by different 
Research-Institutes.

However, Automatic / Semi- 
Automatic / Submerged Arc 
Welding in case of large and or 
repetitive jobs become more cost 
e f f e c t i v e  b e c a u s e  o f  h i gh  
productivity due to mechanisation. 
These processes are mostly used in 
d o w n - h a n d  / h o r i z o n t a l  
position.

3. Concept of Tubular Electrode
3.1. The advent of Solid-Core 
Electrode for joining took place 
about 100 years ago. Then came 
S o l i d - C o r e  E l e c t r o d e  f o r  
Ha rd f ac i ng  s in ce  hi gh a l l oy  
contents in the weld-metal were 
the prim ary conditions to impart 
wear-resistant surfaces on base 
me t a l .  S i n c e  h i gh  a l l o y i n g  
elements need to be transferred 
across the arc to the weld-metal 
the thick flux coatings of such 
Hardfacing Solid-Core Electrodes 
became the necessity. As a result of 
such th ick  f lux coa ting  the 
characteristics like i) high 
operating current ii) high slag 
volume iii) spatter etc were 
i n v o l v e d .  A l s o ,  p o s i t i o n a l  
welding with such thick-coated 
S o l i d - C o r e  E l e c t r o d e s  is 
difficult.

To get over such difficulties of 
o perations the concept of 
m a k i n g  of  h i g h - a l l o y i n g
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e l e m e n t s  c o n t a i n i n g  
electrodes through Powder- 
Metallurgical method came to 
the minds of Developers, which 
has finally given rise to the 
p r e s e n t  f o r m of  T u b u l a r  
Hardfacing Electrodes.

4. Construction of Tubular 
Electrode.
Specially formulated metal alloy 
powders, m inerals, chem icals etc., 
are densely compacted into a thin 
steel sheath. There Is a thin outside 
coating composed of m inerals, 
chem icals etc. This thin outside 
coating is non-hygroscop ic in 
nature. Such coating is imparted to 
bare electrode by the process of 
Dipping.

6. A d van tag es of T u b u lar  
Hardfaing Electrodes.

The inhe ren t construction  of 
Tubular Hardfacing Electrode gives 
many practical advantages over 
Solid-Core Hardfacing Electrodes, 
which are enumerated below.

6.1 Low Operating Current-The  
lower operating currents used with 
Tubular Hardfacing E lectrodes 
ensures less heat-input which 
causes less distortion of the base 
metal. It also reduces the risk of 
burn through while welding on thin 
section. The dilution of base metal 
in case of Tubular Hardfacing 
Electrode is around 15 to 20% 
against 30 to 35% in case of Solid- 
Core Hardfacing Electrodes.

6.2 High Deposition Rates and 
High Yield - The construction of 
Tubu la r H ard fac ing  E lectrode  
ensures that v irtually ail of the 
electrode is the available alloy. No
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5. Manufacturing Process

heavy slag is produced; no 
wastage created and there is no 
need to de-slag between runs. 
Hence, application is fast and 
efficient.

At 100% duty cycle the weld- 
metal deposition with Tubular 
Hardfacing Electrode (8.0 mm 
X 450 mm) is around 4.0 Kg / 
Hr as against around 2.5 Kg / 
Hr in case  of  So l i d-Core  
Electrode (4.0 mm x 450mm).

Thus, high metal recovery and 
very low slag content enable 
multiple-layers to be welded 
without de-slagging between 
r u n s .  T h i s  m e a n s  f a s t e r  
deposition, less wastage and 
ve ry  high a l loy  c ont ent s  
generally unobtainable with 
c o n v e n t i o n a l  S o l i d - C o r e  
Electrode.

6.3. No Pre-drying before 
use & No-need for Special 
Storage - Since outside coatings

of THF electrodes are moisture 
resistant these do not require pre­
drying before use and also do not 
requ ire  spec ia l sto rage . The 
coating will not flake-off when 
damp and it will resist mechanical 
damage due to rough handling in 
use because of good bond.

7. Some Misconception About 
THF Electrodes.

7.1 SIZE.

7.1.1. T H F  E l e c t r o d e s  a r e  
normally manufactured in large 
(most common) sizes like 6.0, 8.0 
& 11.0 / 12.0 mm whereas SCHF 
E l e c t r o d e s  a r e  n o r m a l l y  
manufactured in 3.15, 4.0, 5.0 & 
6.3 mm sizes. This gives an 
impression to the users that while 
Hardfacing sm aller jobs possibly 
these large sizes of THF Electrodes 
will not be suitable.

7.1.2 It may be kept in mind that 
the current required for THF
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Electrodes is much less than sim ilar 
size of SCHF Electrodes. It is now 
commonly accepted in the industry 
that 6.0mm of THF Electrode 
(current required 75 to 110 amps) 
is equivalent to 3.15mm of SCHF 
Electrode; 8.0 mm of THF (current 
required 100 to 140 amps) is 
equ ivalent to 4.0mm of SCHF; 11.0 
mm of THF (current required 130 to 
180 amps) is equivalent to 5 . 0/  6.3 
mm of SCHF.

7.2. Relief Checks

7.2.1 THF Electrodes are mostly 
used for H igh-Alloy containing 
weld-metal to increase Wear-life. 
In such cases Reiief-Checks on 
Weld-Metal are sometimes wrongly 
interpreted as Cracks. Infact, 
these Relief-Checks should not 
be considered as Cracks as in the 
cases of Joining Electrodes.

7.2.2. These Relief-Checks are 
associa ted w ith high a lloy ing 
elements and high hardness of 
weld-metal which do not have 
Toughness Property. It is also be 
noted that such Relief-Checks are 
Superficia l in nature i.e., restricted 
to su rface  on ly and do not 
penetrate into the base-metal.

7.2.3. S u c h  R e l i e f - C h e c k s  
should occur perpendicular to 
the direction of Welding &
should not take place on the 
surface in different orientation.

7.2.4. In f a c t  it is  n o w  
un i ve r sa l l y  a c c ep t ed  that  
Relief-Checks in W eld-Metal 
deposited with THF Electrodes 
are desirable to reduce thermal 
s t r e s s e s  d u r i n g  / a f t e r  
welding.

8 . W e l d - C h e m i s t r y  a n d  
Metal lurgical  S t ruc t ure  of  
W e l d - m e t a l  wi th  T u b u l a r  
Hardfacing Electrodes.

8.1. Since Tubular Hardfacing 
Electrodes are made with thin 
sheath of steel along with thin 
unalloyed outside coating (7 to 8% 
of total weight of electrode) the 
w e ld -chem istry  has high and 
uniform alloy- concentration which 
in most cases is composed of 
Chromium Carbides / Tungsten 
Carbides / Complex Carbides of 
C h r o m i u m ,  M o l y b d e n u m ,  
Niobium, Vanadium, Tungsten 
/ Borides etc., in Austenitic / 
Martensitic Matrix. Sometimes 
such high alloy containing weld- 
metal becomes difficult to achieve 
th rough So lid -Co re  Hardfacing 
Electrodes.

In most of the cases these 
extrem ely hard alloys impart 
outstanding resistance to W ear 
due to Abrasion / Erosion / 
Friction or their combinations 
both at ambient and elevated 
temperature upto 1000 deg C.

8.2. However, in case of W ear 
du e  to I m p a c t  the w o r k  
hardening types of weld-metal 
d e p o s i t  c o n t a i n i n g  h i g h  
M a n g a n e s e  o r  h i g h -  
M a n g a n e s e  w i t h  h i g h  
Chromium in Austenitic matrix 
is also obtainable with Tubular 
Hardfacing Electrodes.

8 .3 .  T he  t o u c h - t y p e  T H F  
Electrodes for direct - arcing of 
Sugarcane Crusher Rolls both in 
dry and ju ice-on conditions are 
now manufactured which was 
thought impossible in earlie ryears.

For Cold-welding of Cast Iron 
(joining & surfacing) Iron-Nickel 
electrode conforming to A.W.S. 
5.15 ENi Fe- CI ;  A.W.S. 5.15 E 
Ni Fe-Mn-CI are developed in 
Tubular Electrode form.

8.5 Typical Microstructures of Weld- 
metal with THF.

X  200 magnification 
Chrom ium Carbide in 

Austenitic Matrix

X  200 magnification 
Chrom ium Carbide in 

Martensitic Matrix

X 200 magnification 
Complex Carbides in 

Austenitic Matrix

It may be noted that there is uniform 
Carbide distribution in Periphery and 
Center.
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9. Status of Tubular Hardfacing 
Electrodes.

9.1 Past Scenario

9.1.1. The Manufacturing Technology 
of THF Electrodes was very much 
restricted to few Companies in the 
World.

9.1.2. Various types of THF Electrodes 
required for different applications in 
industries were not available.

9.1.3. There was also a restriction in use 
of THF Electrodes which were suitable 
in Down hand and Horizontal Position 
Welding only.

All the above factors have made THF 
Electrodes unpopular In earlier 
years.

9.2. Present Scenario

9.2.1. More manufacturers in the world 
are now manufacturing THF Electrodes.

9.2.2. Wide range of THF Electrodes for 
all types of wear mode in different 
industries are available.

9.2.3. THF Electrodes can be used in 
All-Position welding & also for Touch- 
Type welding.

All the above factors along with 
Techno - Economy have now made 
THF Electrodes more popular than 
earlier years.

10. C o m p a r is io n  of Tubular  
Hardfacing Electrodes Against Solid- 
core

10.1. Constructional Features

8 00mm 0

T U B U L A R

Un iversa l G rip  of 
6.0m m  for a ll s ize s  of 
6.0. 8 .0 ,11 .0  mm

D ense ly Com pacted 
and S intered M ixture 
o f A lloy Powder

Thin StOGi Sheeth

Non-Hygroscop ic 
Cu ter F lux Coating 
having N o  A lloying 
Elem ent.

S O L ID -  C O R E

10.2.Nature of Outer Flux Coating

SCXJrmn 0

T U B U L A R S O L I D -  C O R E

• Nwi-Hyoroscopic Coating • Hygroscopic CosDno
, '/  , /

• No Pro-Oryiog Rcqwred • Pre-Drying Required
A

• Longer Shetf-life • Limited ShdM ifo
i- .

• L e s s  F rag ile • More Fragite

■ J

• N o A llo y iiiu  
Elon iont

• All Alloying Elan«nt

'  A round 6  to 7 %  of 
w eight of E loctrodo

« A round  3 5  to 4 0 % of 
W oiytit of E le c tiw le

4.00mm 0
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10.3 Base-m etal Diltuion

Cost Reduction by 40.0%  at sam e price of THF & SCHF

T U BU LA R SO LID - C O R E

— * Deposition • Deposition
Efficiency-83% EfTiceincey 48%

* 120 Kg of Electrode • 2.0 Kg of Electrode

• PricQ per Kg - 10.0$ (say) * Price per Kg -10.0$ (say)

.  Cost of 1 Kg Weld-Metal • Cost of 1 Kg Wel(l-IV1ot.->l
Doposit = $ 12.0 Depoist ■= J20.0

8 00mm 0 4.00mm 0

Conclusion

1. Tubular Hardfacing Electrode is
■ practically an Alloyed Welding

Rod of desired Weld Chennistry 
and M eta llu rg ica l s tru c tu re  
wh i c h  g i v e s  an O ve r - A l l  
Economy.

2. THF Electrode can impart high 
Alloying Elements to the Weld- 
Metal which are not easily 
o b t a i n a b l e  t h r o u g h  
conventional Extruded Solid- 
Core Hardfacing Electrode to 
increase Wear-life.

3. T H F  E l e c t r o d e  p r e s e n t l y  
ava ilab le in the M arket is 
suitable for A ll-Position Welding 
& also forTouch-Type Welding.

4. All the above factors have now 
given rise to an Universally 
A c c e p t e d  Fac t  t h a t  THF  
Electrode has almost Twice the 
Value for Money of Extruded 
C o n v e n t i o n a l  S o l i d - C o r e  
Hardfacing Electrode.
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