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Abstract 

This paper focuses on the modification in overlay welding in the industries. Industries have increased the possibility of severe 

corrosion and wear in process pressure vessels. The industries must upgrade the corrosion and wear performance of these main 

important parts. It is essential to surface non-alloyed or low alloy base materials with high-alloy cladding. The Electro slag strip 

cladding (ESSC) or Electro slag welding (ESW), Gas metal arc welding (GMAW) processes are appropriate for applying welded 

deposits over large surface areas. The paper indicates how the modification helped in order to improve the production rate as 

well as corrosion resistance properties, hence improvement in the quality of the weld overlay. How production is increased with 

the use of Electro slag strip cladding instead of Gas metal arc welding is discussed in this paper. Material used for Electro slag 

strip welding is also discussed.    
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 Overlay:  A.

Deposition of weld metal to the base material by means of welding in an effort to improve the corrosion resistance properties of 

the surface of the base material. OR It is a process of applying layer of high quality material on low quality metal for increasing 

the properties of base metal with the help of welding is called as overlay. Corrosive Surface of CS (carbon steel) or LAS (low 

alloy steel) is Cladded with Corrosion Resistant Weld Metal (SS, Inconel, Nickel, Brass, Bronze) by Fusion welding Process. 

Corrosion-resistant weld overlays are often used to improve the service life of components made with an otherwise corrosion-

prone material. To meet the requirement of process industries it is very important to have the material used for equipments are of 

corrosive resistant. It is very costly to use corrosive resistance material to its full thickness. Where the materials required to have 

properties in combination of corrosion resistance and desired strength. Therefore the use of cladding material is more economical 

and popular. Cladding is the bonding together of dissimilar metals. In many cases, corrosion resistance is required only on the 

surface of the material and carbon or alloy steel can be clad with a more corrosion resistant alloy. Cladding can save up to 80% 

of the cost of using solid alloy. Clad materials are widely used in the chemical process, offshore oil production, oil refining and 

electric power generation industries. Corrosion resistant alloy clad steel has been available for over 40 years. 

 Weld overlay can be produced with a number of arc welding processes. Shielded metal arc welding (SMAW), Submerged arc 

welding (SAW), Gas metal arc welding (GMAW), Flux cored arc welding (FCAW),Tungsten inert gas (TIG) welding (hot wire 

and cold wire), Electro slag strip welding (ESSC) processes are commonly employed but in this paper overlay welding with 

Electro slag strip cladding is discussed.  

 Electro-Slag Strip Cladding (ESSC):  B.

The Electro-slag strip cladding (ESSC) method was developed in the early seventies to increase productivity by increasing the 

deposition rate and decreasing the dilution compared with the submerged arc welding (SAW) process. The electro-slag strip 

cladding process is development of submerged arc strip cladding process which has quickly established itself as a reliable high 

deposition rate process. It uses reverse polarity that is electrode strip is made positive. It is a combination of both process arc 

welding and resistance welding. 

 Process Principle:  C.

This process relates to the resistance welding processes and is based on the ohmic resistance heating in a shallow layer of liquid 

electro conductive slag that means, it uses the Joule heating of the molten slag. There is no arc between the strip electrode and 
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the parent material. Here fusion of base metal and filler metal is achieved from the heat generated by the electrical resistance of 

the molten slag which melts the surface of the base material and the strip electrode end, which is dipping (submerged) in the slag 

and the flux. Flux is fed from front side only. Weld pool is shielded by the molten slag, which moves along the torch as welding 

progresses. The process is initiated by the arc that heats up the granulated flux and forms the slag. When a sufficient amount of 

flux is melted, because the molten flux has a lower electrical resistance than the electric arc, the current flows through the 

shallow layer of conductive slag, and the arc is extinguished and the molten slag provides the conducting path to the current. The 

process produces sufficient heat to keep the process stable and to melt the strip into the liquid slag, which is transferred into 

molten metal deposited onto the base material. As a consequence, the following must apply: RA => infinity, IA = 0 where RA is 

the resistance in the arc and IA is the current in the arc. The electrode (strip) remains dipped in the molten slag and gets melted 

and deposited as the welding progresses. Molten weld pool will be visible during welding. The use of a conductive slag and 

resistance heating instead of an electric arc permits higher current densities to be used in ESSC without increasing penetration. 

Thus the deposition rate achieved in ESSC is higher than that possible with SASC without increasing the degree of dilution. The 

penetration is less for electro-slag welding than for submerge arc welding, since there is no arc between the strip electrode and 

the parent material (that is the molten slag pool is used to melt the strip and some of the parent material). Flux is used to form a 

molten slag to protect the weld pool from the atmosphere and helps to form a smooth weld bead surface. Exothermic reaction 

takes place when flux fuses to slag. To increase the cladding speed at corresponding high welding currents, it is necessary to use 

fluxes producing a slag of even higher electrical conductivity and lower viscosity. The temperature of the slag pool is about 

2300°C and, if it is not fully covered with flux, it emits infrared radiation. The interior temperature of the bath is in vicinity of 

1925°C. The surface temperature is approximately 1650°C. Melted electrode and the base metal collect in pool beneath the 

molten slag bath and slowly solidify to form the clad. The solidification rate of the electro slag weld metal is lower, facilitating 

the escape of gases and the rise of slag particles 58 to the surface. This reduces porosity and inclusion content. ESSC uses higher 

welding currents than SAW strip cladding so the welding heads used are more heavy duty. 

 Advantages of Cladding by Strip over Wire: D.

1) Uniform Penetration for full weld width.  

2) Very low dilution level from base metal.  

3) Consistent weld chemistry within the weld bead.  

4) Flat and wide weld beads.  

5) Less number of welds over laps.  

6) Uniform thickness over full cladded area.  

7) High deposition rate / High productivity.  

8) Very low hot cracking sensitivity. 

II. METHODOLOGY 

 Techniques Developed:  A.

For overlay welding of nozzles having smaller inner diameter up to 280mm we have used Electro slag strip welding (ESSC) in 

place of Gas metal arc welding (GMAW). For welding in small diameter nozzles we have changed the head of the Electro slag 

strip welding set up keeping all other equipments same as used for other jobs. 

 
Fig. 1: Head of Electro Slag Strip Welding 
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 One of the problems in electro slag strip cladding is undercutting, resulting from the electromagnetic pinch effect as the high 

welding current flows from the strip electrode through the molten pool to the ground cable connected to the base metal. The 

electromagnetic force in the weld pool generates a flow of molten slag and metal from the sides to the centre of the bead, 

resulting in undercutting. These forces are usually counteracted, and undercutting prevented, by applying an external magnetic 

field through a magnetic steering device generating forces in the opposite direction. Magnetic steering is used to reduce the risk 

of lack of fusion at the overlap, and to increase the flatness of the surface of the deposit. But such thing does not happen when 

welding with 30 mm width strip. So the magnetic steering is not used here. Hence, by avoiding the magnetic steering we can 

weld smaller I.D nozzles. 

 
Fig. 2: Showing All Parts of Head of ESSC 

These are the different parts of the head of the Electro slag strip cladding which are necessary for fulfilling the purpose of 

welding. From the spool the strip comes out passing through the strip guider then through the knurling and finally through the 

jaw.  

Strip guider: It guides the strip from the spool to the knurling.  

 Knurling:  1)

After the strip guider the strip passes through the knurling. The knurling applies the pressure on the strip that means it should 

holds the strip so tightly that if we try to pullout the strip it should not come (move) out and at the same time it should not be so 

tight that the impression of the knurling will be formed on the strip. So, the strip should be properly tightened into the knurling. 

For 30mm of strip width, 30mm width knurling is used.  

 Jaw: 2)

 After knurling the strip passes through the jaw. There are two jaws one which holds the strip and the other which supports the 

strip is called as supporting jaw. The strip should always touch the jaw as the current is passed to the strip through the jaw. For 

30mm width strip we use 30mm width jaw.  

 Copper plate:  3)

The copper plate is used to transmit the current to the strip from the positive terminal. To the other end of the strip one end of the 

positive terminal cable is connected which connects it to the power supply.  

 Flux Hopper:  4)

Flux hopper contains the flux in it from which the flux is transferred continuously to the molten pool through the pipe while 

welding. If this flux hopper is removed again smaller I.D nozzles can be welded with ESSC and in that case the welder will have 

to supply the flux manually into the welding.  

 This head is mounted on the boom which controls the to and fro motion (reverse and forward direction) of the head. We have 

weld circular beads (runs) by using this head.  

After taking some trials the parameters are set for overlay welding of nozzles. 

Dimensions of the nozzle:  

Inner diameter = 363.5mm,  

Outer diameter = 433mm,  

Hence thickness of the nozzle = 34.75mm,  

Length of the nozzle = 465mm  

Required overlay thickness = 5mm  

Parameters used for welding:  

Consumable = EQNiCrMo-3  

Flux = EST 201  

Current = 500 – 650A (ampere)  

Voltage = 24 – 26V (volt)  

Travel speed = 160 – 175 mm/min  

Preheat temperature = 100°C, Inerpass temperature = 200°C, Heat input = 6.4KJ/mm  
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Size of the strip = 30mm  

Stick out = 30 to 35 mm.  

Bead overlap = 5 – 7 mm  

Flux height = this height should be equal to stick out.  

Thickness or height = 5mm 

 
Fig. 3: Electro Slag Strip Cladding inside the Nozzle 

Overlay dimension:  

Width of one bead = 40mm,  

Height = 5 to 5.5mm  

Circumference of the nozzle welded = π D  

= 1142mm  

Time taken for welding of one bead = 6.50min 

No. of beads welded = 15  

Therefore, time taken for welding of 15 beads = 15 * 6.5  

= 97.5min  

Time required for maintaining interpass temperature = 15min for each bead.  

Hence, total time taken to weld complete of nozzle = 97.5 + 15 *15  

= 322.5min  

= 5.37 hours.  

Parameters for welding the same nozzle with GMAW:  

Consumable = ENiCrMo-3  

Size or diameter of the filler wire = 1.2mm  

Preheat temperature = 75°C, interpass temperature = 175°C, Heat input = 1.16 KJ/mm  

Travel speed = 215 – 240mm/min  

Current = 130 – 160 A (ampere)  

Voltage = 22 – 26 V (volt)  

Stick out = 10 – 15 mm  

Shielding gas = Argon  

Flow rate of shielding gas = 15 – 25 lpm  

Bead overlap = 40 – 50 %minimum  

Each layer thickness = 2.5 – 3mm  

Overlay dimensions:  

Width of each bead = 12mm  

Height of each bead = 2.8mm  

Time taken to complete one bead = 1.60min  

Total no of beads welded in one layer = 170  

Therefore, time taken for welding of 170 beads = 170 * 1.60  

= 272min 

 Time taken tom start next bead (this includes set up time next bead, maintaining interpass temperature) = 5min. 

Therefore, total time taken for welding of complete one layer = 272 + 172 * 5  
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= 1132 min  

= 18.86hours.  

Hence, time taken to weld two layer (that is barrier and subsequent) = 2 * 18.86  

= 37.8 hours (approx)  

Now, time taken by Electro slag strip welding = 5.37 hours  

And time taken by Gas metal arc welding = 37.8 hours.  

Time saved = 37.8 – 5.37  

= 32.43 hours.  

15 such nozzles were to be welded, hence total time saved to weld 15 nozzles = 32.43 * 15  

= 486.45hours. 

 Precaution taken while welding:   

1) Interpass temperature should be maintained.  

2) After each bead wire wheel should be done (on overlay of stainless steel or inconel SS only SS wire wheel should be 

used).  

3) Stick out should be maintained that is should be same for every bead.  

4) Flux height should be properly maintained so that there should be sufficient amount of flux for the molten pool. 

 Material used for Overlay Welding: B.

EQNiCrMo-3: 

Typical chemical composition:  

Carbon (C) – 0.10, Chromium (Cr) – 20 to 23, Nickel (Ni) – 58 to balance, Manganese (Mn) – 0.50, Silicon (Si) – 0.50, 

Phosphorus (P) – 0.020, Sulfur (S) – 0.015, Copper (Cu) – 0.5, Molybdenum (Mo) – 8 to 10, Fe – 1.0, Niobium (Nb) – 3.15 to 

4.15, Aluminum (Al) – 0.4, Titanium (Ti) – 0.4. 

III. RESULT AND DISCUSSION 

By welding with Electro slag strip cladding (ESSC) we have increased the production rate with superior quality of overlay. In 

total we have saved 486.45 hours for overlay of I.D (inner diameter) nozzles as compare to Gas metal arc welding (GMAW). As 

the deposition rate of Electro slag strip cladding is very high we have welded the required thickness of overlay (5mm) in one 

layer only as compared to Gas metal arc welding which takes two layers to weld the required overlay thickness.  

 Hence, by welding with Electro slag strip welding we have also reduced the defects like porosity (pits and blow holes) by 

almost 15%. 
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