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Editorial Note

As my nomination as an Subject Expert and Editor for this Special Issue on Engineering &
Technology 2012, | have worked a lot to make it successful. | do whatever task is at hand to the best of
my ability. | take pride in my work and give hundred percent every time. For those submissions that
were not suitable for publication, we tried to let authors know very quickly of our decision, giving them
a chance to submit their manuscript to another journal if they so desire. | am fully aware that the
prestige and quality of aaiNVIKSHIKI Journal depends upon the altruistic participation of reviewers
and the fairness and promptness with which the review process is conducted. In this regard, | wish to
express my sincere gratitude to all board members for their nice cooperation and sudained ef
However because of the increased number of submissions and the diversity of research fields involved,
we have a dffcult task ahead of us requiring a more rapid tempo of reietie same time, from now
on the authors themselves should assume their own inescapable respondibditeslitor will return
immediately any manuscript that is incomprehensible to reviewers on account of substandard grammar
and syntax.

Finally, it is a pleasure to thank my Editor in chief for their nice cooperation and valuable
suggestion. Noywve all look forward to embarking in a journey that can fIK¥IKSHIKI on to the
next plateau of excellence.

| hope you will enjoy reading this issue and we welcome your feedback .

With best regards
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Jyoti Prakash
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One key request of researchers across the world is unrestricted access to research publications. Open access gives a
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published works. It also enhances indexing, retrieval power and eliminates the need for permissions to reproduce and
distribute content. GJET is fully committed to the Open Access Initiative and will provide free access to all articles as
soon as they are published.
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WELDABILITY AND SPECIALCHARACTERISTICS OF MILD STEEL
—A REVIEW
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Abstract
weldability is a complicated ppetty, as it encompasses the metaliocal compatibility of the metal or alloy with a
specific welding prcess, its ability to be welded with mechanical soundness, and the capacityesfuitiag weld to
perform satisfactorily under the intended\dee conditions. The weldability of steel depends primarily on itdmeability
and this, in turn, depends kgely on its composition t&ls with carbon content under 0.3% aasonably easy to weld,
while steels with over 0.5%eadifficult. The higher the carbon equivalent, the higher thddvaability the moe difficult
the steel is to weld, and the re@usceptible the mimstructure is likely to be to hydgen cracking. If welding under high
restraint, extra pgheat may need to be applied. Some high carbon steels and low alloy steels may also need a post weld
stress elief or tempering. Carbon has theegitest effect on the rdenability of steel, but other alloying elements may be
added to incease its hatenability The addition effectivelyduces the critical cooling rate and the temperatairwhich
the austenite to martensite transformation takes place, making it easier for martensite to form at slower cooling rates.
This paper highlights the weldability and some other characteristics of mild steel.

Keywods: Weldability, Hardenability Carbon equivalent, Hardness, strength

1. Introduction

Welding technology has obtained access virtually to every branch of manufacturing; to name a few
ships, railroad equipments, building construction, boilers, launch vehicles, pipelines, nuclear power
plants, aircraftsautomobiles, pipelinesVelding technology needs constant upgrading and with the
widespread applications @felding, . Due to the intense concentration of heat source of welding,
regions near weld line undgr severe thermal cycleBhe thermal cycles cause non-uniform heating
and cooling in the material, thus generaimgomogeneous plastic deformation, residual stress and a
wide coarse grained region in the weldnteéritGenerally welding is the preferred joining method and

*Research ScholaMechanical Engineering Department (InstituteTe€hnology ) Banaras Hindu Universiaranasi (U.P India. (corresponding
author of this paper( mail ighjpitbhu@gmail.com))

** Professor Mechanical Engineering Department (Institutefe€hnology) Banaras Hindu Universiaranasi (U.P India.

*** Research ScholaMechanical Engineering Department (Institutd@thnology) Banaras Hindu Universitgkanasi & Senior Section Enginger
D.L.W.,, Varanasi (U.R India. 8

© TheAuthor 2QL2,Published by Mpasvo Pre¢sIPASVO).All rights reserved.For permissions e-Mail : maneeshashukla76@neditom.
Read this paper on wwanlineijra.com.



WELDABILITY AND SPECIALCHARACTERISTICS OF MILD STEEE-A REVIEW

most common steels are weldalM¢hen steel is welded, it is heated; the heated portion has a micro
structure that is diérent from that of the baseetal and is called the Heatfected Zone (HAZ)

6, During welding, rapid heating and cooling take plabéch produce severe thermal cycle near weld

line region.Thermal cycle cause non uniform heating aodling in the material, thus generating
harder heat &cted zone, residual stress and cold crackisgeptibility in the weld metal and base
metal”8°1 Bayraktaret al. have studied the Grain growth mechanism during the welding of interstitial
free steels. Observations in the welded joints indicate the presence of gergriins near the fusion

line and these are oriented along the directions of the hedt.fldancerning the welding of low

carbon steels, it has been shown that the grain coarsened zone (GCZ) ariddtedizaine (HAZ) are

very critical since embitterment is concentrated in these atelss also known that the final
microstructures and mechanical properties of welded steel depend on some parameters like percentag:
of carbon and presence of others elements such as sulfur or phosphorus. Low carbon steels that hav
less than 0.25% carbon, display good welding abliigcause they can be generally welded without
special precautions using most of the available processes. Concerning the previous studies related tc
the welding of low carbon steel, there are limited publicatiéfisFor example, Guradt al.*? have

studied the heat treatment in two phase regions anéeittsebn microstructure and mechanical strength

after welding of the low carbon steel. On the other hand, Eroglékasdy®investigated the &fct of

initial grain size on microstructure and toughness of intercritical hésdtad zone of low carbon

steel.

2. \\éldability of $eel
Weldability is a term used to describe the relative eadéfmulty with which a metal or alloy can be
welded.weldability is a complicated propergs it encompasses the metajical compatibility of the
metal or alloy with a specific welding process, its ability to be welded with mechanical soundness, and
the capacity of the resulting weld to perform satisfactorily under the inteseti@de conditiond.ow
carbon steels containing <0.15% carbon and <0.6% manganese generally have good wels #fodity
composition is too lean to give any significant hardenifgcetiuring welding. Howevesteels with
<0.12% carbon and low levels of manganese can be prone to palblsdygh they are not susceptible
to hydrogen cracking.t&els with carbon contents between 0.15 and 0.3% carbon and up to 0.9%
manganese have good weldabjlggrticularly those with carbon content below 0.2P8ése are mild
steels and rarely present problems, as long as impurity levels are képtdgvare all weldable without
preheat, using any of the common welding proce3desse at the top end of the composition range,
above about 0.25% carbon, may be prone to cracking under certain circum3taegesay be welded
using any of the common welding processes, but are best welded with a low hydrogen process such as
MIG or low hydrogen consumabléhick sections magequire preheating to reduce the cooling tate.

2.1 Effect of Wding Parameters on the Peak Load and ggébsorption of steel @ids
To ensure and maintain structural integrity of finished component under a wide range of operating
conditions, for example a crash situation, the remotest possibility of producing even one or two defective
welds in a critical component needs to be eliminaléése requirements, coupled with uncertainties
about weld quality due to the fidulty of applying nondestructive tests to spot welds, are responsible
for the practice of making more spot welds than what is actually needed for maintaining structural
integrity. A modern vehicle contains 2000 to 5000 spot wéldsund 20% to 30% of these spot welds
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are due to uncertainty of the quality of spot w&ld&eld performance characterizations normally refer
to static and dynamic strengilensile shear test is the most usual test for evaluating spot weld mechanical
behavior under static condition both becaustssimplicity and because many of spot welded structures
aredesigned to bear tensile-shear loads. Figure 1 shows typical tensile-shear test load-displacement
curve for a spot weld, schematicalMost researchers have used peak I¢adak), extracted from
load-displacement plot, to describe spot weld mechanical behdwioeveras Zhou et at* mentioned,
maximum enagy (Wmax) corresponding to peak load should be used to describe spot weld mechanical
behavior more preciselyWVmax shows spot weld emgrabsorption capability and the higher Wimax,
the higher the weld reliability isnder impact conditions such as accidents.

----------------- i Peak load

Load (kN)

Energy —
absorption

Displacement (mmm)

Figure 1Schematic of tensile-shear test load-displacement curve

2.2 Shielding gases for welding of mild steel(Refer to BOC Mé&fual

2.2.1 MAG welding :MAG welding is the most common process for welding carbon and low alloy
steelsThe high productivity obtained by this semi-automatic process makes it ideally suited to the
construction and manufacturing of steel structures and compoAemisi-based gas mixtures are
commonly used to weld carbon and low alloy steEtese mixtures contain additions of active
gases, oxygen and/or carbon dioxide to improve welding performance. How much of these active
gases is added depends on the application.

CORGON 10 A good general purpose shielding gas for use in dip, pulse and spray trEmsfer
amount of spatter and slag islands produced by this mixture are low making it ideal for applications
where minimum post welding cleaning is required

CORGON 552This three component shielding gas is designed predominantly for welding thlnner
materials.The addition of oxygen increases arc stability minimizing the amount of sdtier
makes the product ideal for welding components that are painted or powder coated after welding.

CORGON 18CORGON 18 produces welds with very good penetration and Sidewall fusion, especially
when welding thicker materialshis mixture performs very well in both dip and spray but is on the
upper limit of CO content for pulse weld1lng
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CORGON 1252A PREMIER, three-component mixture designed for maximum performance. Ideal
for semi-automatic, automatic and robotic applications, the gas produces smooth flat welds with
good penetration and sidewall fusion as well as low sp&tedding speeds are high over a wide
range of welding conditions, making it the first choice product when productivity is important.
CORGON 10He30rhis is a PREMIER gon, carbon dioxide mixture to which 30% helium has been
added, increasing the fluidity of the weldlowing even faster welding speeds than those base
shielding gases makes it ideal for mechanized and robotic welding applications.

2.2.2 Flux-coed and metal- ced arc welding

Flux-cored arc welding and metal cored arc welding processes are similar to MAG welding, except that

the welding wires are tubular and contain flux powders and/or metal powders rather than being solid

Consumable manufacturers blend their wires to suit one or two shielding gas mixtures; check which are

recommended before commencing welding.

CO,:This gas is suitable for use with many brands of flux cored wire. Generally produces more spatter
and particulate fume.

CORGON 25For use with flux-cored wires recommended for use with ‘mixed gas’. In general it gives
lower fume and spatter levels than pure carbon dioxide

CORGON 10Generally recommended for use with metal-cored wirbs. relatively low level of
carbon dioxide in the mixture produces fewer surface slag islands and lower oxide inclusions than
shielding gases with higher carbon dioxide levels.

2.2.3 TIG welding
TIG welding is not commonly used for carbon steels, but it is used more for welding low alloy steels
where high precision Joints and excellent surface finish are more important than high productivity
Since theTlG process uses a non consumable tungsten electrode, which is susceptible to damage by
oxidizing gases, fofIG welding these steels are usually limited to pugemor agon/helium mixtures.
ARGON:Argon is the most common gas 106G welding both carbon and low- alloy ste@gc initiation
is easy but welding speeds are relatively slow
VARIGON He30 and He50rhe addition of helium to gon creates a more fluid weld with better
penetration, improved fusion and faster welding spdddshigher helium mixtures should be used
on thickersection materialsSfhese mixtures are widely used on automatic welding s tations where
high welding speeds are the pr i mary concern.
MISONAr : The addition of small amounts of NO can lower the emission of ozone from the arc
compared with using puregaon.

2.3 Factors Influencing weldability
In terms of avoiding weldability problems, particularly hydrogen cracking, when welding carbon or
low alloy steels there are several factors that demand consideragse.include the amount of hydrogen
generated by the welding process or consumable, the heat input into the weld, the combined thickness
(heat sink) of the joint, and the level of preheat applied to the components prior to welding. Joint
configuration and restraint are also important factors woesidering weldability
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2.3.1 Wlding Heat Input
The heat input from the welding process plays a major role in the heating and cooling cycles experienced
by the weld and parent plate during welding. For a given plate thickness, a high heat input is likely to
result in a slower cooling rate than a low heat input, and will therefore produce a softer microstructure
in the HAZ that idess prone to hydrogen cracking.

Heat input ‘Q’" may be calculated as:

kxVxlx60
Q = k] / mm R (|
S x 1000

where ‘V'is arcVoltage (V), ‘I'is welding current, and ‘$$ welding speed in mm/min.
‘k’, the thermal eficiency factor for the welding process, to give an gpenput that takes the
efficiency of the welding process into accouiytpical thermal dfciency factors are:

‘k’ = 1.0 for submeyed arc welding

‘k’ = 0.8 for MIG / MAG MMA, flux-cored and metal-cored arc
welding
‘k’ = 0.6 forTIG and plasma welding

2.3.2 Hadenability and Hadness
To become hardgesteel must undgo a phase changghe starting point is austenite, so the steel must
first be heated into the austenitic temperature range .Austenite, quenched valbioé/transformed
into martensite, a hard but brittle phase .A slower cooling rate will promote formation of bainite and
other softer phases Cooled even more slpa/oft structure of ferrite plus cementite cajhedrlite,
results.

Figure 2 Martensite, Empeed Matensite and Heavilyéimpeed Matensite

2.3.3 Carbon Equivalent
Carbon has the greatedieet on the hardenability of steel, but other alloying elements may be added to
increase its hardenabiliffhe addition dectively reduces the critical cooling rate and the temperature
at which the austenite to martensite transformation takes place, making it easier for martensite to form
at slower cooling rateélloying elements that have the greatest influence on the hardenability of steel
are manganese, molybdenum, chromium, vanadium, nickel, copper and silicon, but they have a much
smaller efect than carboriThe efect of these elements on the tendency to form HAZ martensite, and
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hence the likelihood of hydrogen cracking, is expressed conveniently as a carbon equival@higCE).
basically describes the influence of each element on hardenability in terms éé¢héhat carbon has.
There have been manyfdifent formulae derived to express carbon equivalent, but the one quoted here
is the International Institute &¥elding (1IW) equation that iapplicable to carbon steel and is widely
used:

Carbon equivalent (CE) =

G . zél:n . {«'GNI;*S%CU} N (%C"*'%SMC'*%W ............... )

The equation is only valid for certain maximum percentages of each element and these percentages
can be found in the technidékrature.The carbon equivalent is used mainly for estimating preheat.
Preheat is necessary to slow down the cooling ratieisutly to reduce hardening in the HAZ of welds
in susceptible carbon and low allsteels.

2.3.4 \WId and HAZ Cracking
With steel, poor weldability often manifests in a reduction ofélsestance of the steel to cracking after
welding.

Baze Metal
. Hear Affected Zone
B Weldmetal

Figure 3weld and HAZ Cracking
The main causes of cracking in steel are:

High levels of carbon and other alloy elements, resulting in brittle zones around the weld

High cooling rates after welding increasing the hardness, which increases the susceptibility to cold cracking
Joint restraint preventing contraction after welding, leading to cracking

Hydrogen in the weld bead or HAZ, leading to hydrogen induced cold cracking

Contaminants like sulphur and phosphorus, resulting in solidification cracking

Lamellar tearing due to inclusions layering during rolling, resultirdgterioration of the through-thickness properties

V'V VVVYY

3. Modes of Fatigue Failer*
Several modes of fatigue failure are:
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Low/High-Cycle FatigueThis fatigue process covers cyclic loading in two significantliedéint regions , with diérent
physical mechanisms of failure. One region is characterized by relatively low cyclic loads, strain cycles confined
largely to the elastic range, and long lives or a high number of cycles to failure, traditittiigyas been called “high-
cycle fatigue."The other region has cyclic loads that are relatively high, significant amounts of plastic strain induced
during each cycle, and short lives or a low number of cycles to fallbie region has commonly been called “low-
cycle fatigue” or cyclic strain-controlled fatigughe transition from low- to high-cycle fatigue behavior occurs in the
range from approximately 10,000 to 100,000 cycles. Many define low-cycle fatigue as failure that occurs in 50,000
cycles or less.

Thermal FatigueCyclic temperature changes in a machine part will produce cyclic stresses and strains if natural thermal
expansions and contractions are either wholly or partially constrdihede cyclic strains produce fatigue failure just
as though they were produced by external mechanical loadihgn strain cycling is produced by a fluctuating
temperature field, the failure process is termed “thermal fatigue.”

Corrosion Fatigue:Corrosion fatigue is a failure mode where cyclic stresses and a corrosion- producing environment
combine to initiate and propagate cracks in fewer stress cycles and at lower stress amplitudes than would be required in
a more inert environmenthe corrosion process forms pits and surface discontinuities that act as stress raisers to
accelerate fatigue crackinghe cyclic loads may also cause cracking and flaking of the corrosion bayerg fresh
metal to the corrosive environment. Each process accelerates thematkieig the cumulative result more serious.

Surface or Contact FatigueSurface fatigue failure is usually associated with rolling surfaces in contact and results in
pitting, cracking, and spalling of the contacting surfaces from cyclic Hertz contact stresses that cause the maximum
values of cyclic shear stresses to be slightly below the suffae&yclic subsurface shear stresses generate cracks that
propagate to the contacting surface, dislodging particles in the process.

Combined Ceep and Fatigueln this failure mode, all of the conditions for both creep failure and fatigue failure exist
simultaneouslyEach process influences the other in producing failure, but this interaction is not well understood
.Fatigue is tested on fixtures that are unique to the application. Such tests should account for all modes of failure,
including thermal and the presence of corrosive elements.

4. Hardening Teatment oftsel

Direct Hadening:Through hardening is applied to medium and high carbon parts that poseiensuf
carbon content for hardening through the entire depth of théparparts are heated and quenched
(cooled) to fix the structure of the part in a hardened state.

Indirect Hadening:Case hardening (or indirect hardening) is applied to low-carbon content steel parts
to increase surface hardness. During case hardening, carbon molecules are introduced to the part via
solids, liquids, or gases in a process known as carburidirgmolecules penetrate the surface of
the part, forming a casement, which is identified by the case depth (x) and surface hardness (y).More
exacting specifications will identify anfettive case (z) or a specific hardness requirement at a
particular depth. Case hardness cannot be measueetivefly using a Rockwell test. Readings
must be taken from a cross section of the part using a micro hardnes¥ tester

Effective Hardness

Heal
Laritor .i IKA|
[P _{:__,.t&w II
Lk

Figure 4Case hadening of mild steel
Carburizing:A process in which carbon is introduced into a solid iron-base alloy by heating above the
transformation temperature range while in contact with a carbonaceous material that may be a solid,
liquid, or gas. Carburizing is frequently followed by quenching to produce a hardened case.
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5. Different Types of mild steel

1018 Mild $eel Alloy 1018 is the most commonly available of the cold-rolled steels. It is generally
available in round rod, square pand rectangle balt has a good combination of all of the typical
traits of steel - strength, some ductiliznd comparative ease of machining. Chemicdllg very
similar toA36 Hot Rolled steel, but the cold rolling process creates a better surface finish and better
properties.

A36 Mild Seel :ASTM A36 steel is the most commonly available of the hot-rolled steels. It is generally
available in round rod, square baactangle baas well as steel shapes such as I-Beams, H-beams,
angles, and channelEhe hot roll process means that the surface on this steel will be somewhat
rough. 1018 - this means that it will bend much more quickly than will 1018. Fimelthining this
material is noticeably more difult than 1018 steel, but the cost is usually significantly lower

1144 (Sress poof-equivalent) steeThis material is actually pretty cool, at least for steel. It is a higher
strength alloy than 1018 886, but in addition has improved ductility as wéhe chief feature of
1144 steel, howevegis that it has very low distortion or warpage after machining due to a combination
of its chemistrymethod of manufacture, and heat treatment. Firidk is relatively easy to machine,
with a machinability rating of 83% @&fISI 1212 steel.

12L.14 fee machining steeThis alloy has lead added to the mix in order to enhance its machinability
In fact, it is rated with a machinability of 160% AFISI 1212 steelThe addition of lead does,
howeveyreduce the strength of this all@jthough it is generally stronger than 1018.

A653 Galvanizedt8el: Galvanized steel is simply hot rolled steel to which a zinc coating has been
applied for protection against corrosion.

A366/1008 teel: This alloy is generally used for “commercial quality” cold rolled steel sheet. It is
known for its very good formability and comparatively high strength. It has a very good surface
finish that is far superior to hot roll&86.

A513 (alloy 1020-1026)t&el: This alloy is generally used for DOM tubing. Its higher carbon content
means higher strength, but lower weldability and machinability

8620Alloy Seel This material is characterized by a hard outer surface, combined with a ductile interior
for higher strength.

5.1 $ress — strain behavior of mild st&el
The stress-strain curve for steel is generally obtained from tensile test on standard specimens as showi
in Fig.(5) The details of the specimen and the method of testing is elaborated in 1S: 1608Th695).
important parameters are the gauge length dral the initial cross section area $be loads are
applied through the threaded or shouldered enhus.initial gauge length is taken as 5.65 (So) 1/2 in
the case of rectangular specimen and it is five times the diameter in the case of circular specimen.
typical stress-strain curve of the tensile test coupon is shown in Fig.(6) in which a sharp change in yield
point followed by plastic strain is observédter a certain amount of the plastic deformation of the
material, due to reorientation of the crystal structure an increase in load is observed with increase in
strain. This range is called the strain hardening raddter a little increase in load, the specimen
eventually fracturedAfter the failure it is seen that the fractured surface of the two pieces form a cup
and cone arrangemeiitis cup and cone fracture is considered to be an indication of ductile fracture.
It is seen from Fig.(6) that the elastic strain is up, followed by a yield plateau between straiynarml
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e,,and a strain hardening range star{ged the specimen fail af evhere ¢ €, and ¢, are the strains
at onset of yielding, strain hardening and failure respectively
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7 > "'" Area=5,.
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Figure 53andad tensile test specimen
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Figure 6 Sress 8ain curve for mild steel
Depending on the steel used, ash generally varies between 5 andvith apaverage value of 10
ay typically used in many applications. For all structural steelsptitkilus of elasticity can be taken as
205,000 MPa and the tangent modus at the onset of strain hardening is roughly 1/30th of that value or
approximately 6700 MPa.

5.2 Notch toughness
There is always a possibility of microscopic cracks in a material or the material may develop such
cracks as a result of several cycles of loading. Such cracks may grow rapidly without detection and lead
to sudden collapse

J Soction B2
o G2t [

Figure 7Test specimen for notch toughness test
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of the structure.To ensure that this does not happen, materials in which the cracks grow slowly are
preferred. Such steels are known as notch-tough steels and the amoumgyaheryeabsorb is measured

by impacting a notched specimen with a heavy pendulum as in 1zod or Chargytigstsal specimen

used is shown in Fig.(7).

5.3 Mechanical and wear ppetties of mild steel
The investigation on the mechanical and wear properties of iron and steel component terdat dif
condition have been made by a number of workers. Most of these investigation had been made on
analysis of wear properties a very few studies were made including both the mechanical and wear
properties under the same parameters and cond@ielilset al?® studied the high temperature abrasive
wear behavior of an as cast ductile iron and reported that the high temperature tensile properties were
affected by dynamic strain aging. Serrated flow was observed in the temperature range between 100
and 30C°C. In this temperature regime, tensile strength values were almost invakiadle.400°C,
increase of temperature decreased the tensile strength. Minimum ductility was observe@af600
600°C, higher ductility was observed than that of HDhe also concluded that after the increase
in wear resistance at 50—1UD), abrasive wear resistance decreased with increasing temperature. Dynamic
strain aging caused improvement of abrasion resistdimee highest resistance to abrasive wear is
observed at temperature range between 50 antiCL@@ this temperature range ductile iron exhibited
more than 15% higher abrasion resistance than room tempetatilez.and ®bur?® on his study of
abrasive wear behavior of thfent case depth gas carburizd8I| 8620 gear steel concluded that in
respect with microstructures, samples subjected to longer periods of gas carburizing exhibit greater
case depttKhusidet al>” on his work studied thé&/ear of carburized high chromium steels and reported
that Carburization raises the abrasive wear resistance and allows significant suppression of the adhesior
phenomena under dry slidinguo et al?® studied the éécts of microstructure on the abrasive wear
behavior of spheroidal cast iron and reported that the wear resistance of spheroidal grey cast iron was
inferior to that of steel with a similar matrix. Quenched structures were more resistant to abrasion than
the austempered structures. In addition, the wear performance of quenched iron and steel samples wer
reported to be better than austenized at higher temper@heeesults of an experimental investigation
carried out byAkdemiret al?® on Impact toughness and microstructure of continuous steel wire-reinforced
cast iron composite and reported that absorbedygrdrthe gray cast iron increases basically with
adding the ductile reinforcemeAliso absorbed engy of the composite decreases with decreasing test
temperature since the steel wire in the composite looses its ductility and behaves as a brittle material as
the test temperature was decreaBettlissera and Delgte® studied diects of deep cryogenic treatment
(DCT) on static mechanical properties of 18NiCrMo5 carburized steel and concludEaktisatking
time parameter shows a strong influence on the hardness increase induced by the pre-tempering DCT
and, under the assumption that the microstructural mechanism involves the entire process further
improvements could be possible with a prolonged DCT expoKasali et al*! on his work of high
Temperatur@ensile and\brasiveWear Characteristics és-cast Ductile Irons reported thrstentire
temperature range pearlitic ductile iron exhibited higher strength and lower ductility than ferritic ductile
iron. Kumar and Gupt&>*3carried out extensive studies on low stress abrasive wear characteristics of
carburized mild steels, and heat tested medium carbon and alloy Sheeksuthors found that the
hardness and abrasion resistance of carburized mild steels increased considerably with increase of
carburization temperature and soak time; use of coal tar pitch and quenching oil on mild steel surface
and its subsequent carburization in charcoal greatly improved the wear resistance of carburized mild
steel Bepariet al** studied the éécts of Cr and Ni addition on the structure and properties of carburized
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low carbon steels and found that both Cr and Ni promote the formation of retained austenite in carburized
and hardened steel, Cr being mofe&tfve.Wang and Le# observed that wear resistance increased in
following order: spherodized carbide, martensite, bainite and lamellar pddréteesult also indicated

that the diference in wear resistance of various microstructures were caused byettendés in their
thermal stabilityresistance to deformation, resistance to nucleation and propagation of micro-cracks
etc.

5.4 $eel composition and carsion cracking
Corrosion failures in mild and low-alloyed steel can have great human and financial consequences.
Typical examples include long periods of down-time of electricity boilers because of corrosion of the
evaporator tubes and erosion corrosion in wet steam lines. Inst@den systems operating at high
temperatures and pressuresaf® Induced Corrosion Cracking (SICC) is a very common corrosion
phenomenon. Pressure vessels, such as deaerators and wet steam lines, have been susceptible to SICC
(Pastoors 1986, 1989 and 1990). Extensive research on stress relieving of welds and the influence of
water chemistry was undertaken but the influence of steel composition usually was neglected. Elements
that found to be beneficial in preventing these types of failures are includiaiolénl.
T A B L E 1Elements for mventing failue

Type of failures Beneficial | Non Failure
elements in | beneficial mechanism
C-stesls | elements

Boiler corrosion Mn, P, Cr | Formation of

caused by and Mo | compressive

chloride ingress i stresses in the

under heat flux magnetite layer

conditions |

Erosion Cu,Crand | C Porosity of the

corrosion in wet Mo 5 magnetite layer

steam lines

Mitrate Mo, Cr and | Si, Cu and Intergranular

Intergranular AN | C corrosion

Stress Corrosion :

Cracking |

Strain Induced Mo | C Repassivation

Corrosion | capacity on the

Cracking (in crack tip

deaerators)

SICC (&ain Induced Carosion Cracking)Deaerators in electricity power units show#e$§s Corrosion
Cracking rather often. Unfortunatelyompositional data were available only for a limited number
of steels;(Pastoors, Huijbregts 1992).

Chloride boiler corosion:Under heat flux conditions and chloride contamination of the boiler water
ferrous chlorides can form under the scales on the steel tubes and cause severe corrosion (Huijbregts
1972, 1975,1977, 1981).

On load corosion: High heat flux conditions combined with (too) high pH values often will result in
alkaline boiler corrosion, (Huijbregts 1983).
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Erosion corosion: Erosion corrosion occurs often in wet steam lines, (Huijbregts 1977, 1981, 1982,
1985,1997).

SCC in carbonate endnmentsin district heating systems, the presence of carbonate in the oxide
scale combined with a high pH value of the water system result in carbonate stress corrosion cracking,
(Huijbregts 2002).

SCC in nitrate envanmentsin condensing waste gases with high concentrations of NO2, nitric acid
and nitrates are formed resulting in igi@mular SCC, (Leferink 2002).

5.5 Cyclic torsion in mild steel pducts
Cold forming is usually associated with the “work hardening” of the material being fofimeavork
hardening behavior of metals subject to complex processing pathigismtifrom that in monotonic
deformation.The results show that, after some initial hardening, there is a possibility that further
deformation will cause softening in the material (“work softenin@hld forming of metals usually
causes their work hardeninfhe magnitude of this hardening depends on the area reduction, on the
temperature and strain rate associated with the processing, and on the way the strain is imposed on th
metal. Keeping all other variables constant, the work hardening of a metal submitted to a sequential
straining under varying directions or offéifent natures is diérent from that resulting from monotonic
straining. Changes in the way the material is deformed can alter the hardening rates and even cause
strain softening of the meté&l'. Recent research resu#¥ show that cyclic straining influences in
various ways the mechanical behavior of annealed and drawn metAhraaledAluminum submitted
to cyclic torsion displays higher flow stresses than the annealed material. On the other hand, cyclic
torsion softens previously draviuminum. Cyclic torsion also softens steel bars previously drawn in
one or two passes and hardens the initially annealed material. Experimental results indicate that the
stress-strain curve and the work hardeningfaoent (n) of steel drawn in two passes and submitted to
cyclic torsion are similar to those for the material submitted to only one drawin@ b&ss.similar to
the case of thaluminum alloy 6063, where the cyclic torsion after two drawing passes eliminates the
hardening associated with the second drawing pass. It is also observed for both materials that their
Ultimate Tensile $rength (UTS) tends to remain unaltered by cyclic torsion, in the case of initially
annealed material, whereas théield Srength (YS) is considerably increased by cyclic torsidme
YS and UTS of both previously drawn materials are decreased by cyclic torsion, with the exception of
theYS of Aluminum drawn in a single pasBhe decrease in these properties is more pronounced after
two drawing passes than after a single drawing pass. Fioglilic torsion increases thensile
Elongation to Fracture of drawn material and decreases this property for initially annealed material.

6. Discussions and Concluding Remarks
The current study indicates that when steel is welded, it is heated and the heated portion has a micrc
structure that is diérent from that of the baseetal. Thermal cycle cause non uniform heating and
cooling in the material, thus generating harder hdati®d zone, residual stress and cold cracking
susceptibility in the weld metal and base metal. Observation of some resesrthenselded joints
indicate the presence of verydargrains near the fusion line and these are oriented along the directions
of the heat flowSome researchers sattat the grain coarsened zone (GCZ) and héattatl zone
(HAZ) are very critical since embitterment is concentrated in these aMasreas some researchers
found that the hardness and abrasion resistance of carburized mild steels increased considerably witl
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increase of carburization temperature and soak time. Few of the researchers studiedtshef €r

and Ni addition on the structure and properties of carburized low carbon steels and found that both Cr
and Ni promote the formation of retained austenite in carburized and hardeneth&etlidy of the
previous work reviews states that a Corrosion failures in mild and low-alloyed steel spdcaatly S
Induced Corrosion Cracking (SICC). Some researchers derived the theory that Changes in the way the
material is deformed can alter the hardening rates and even cause strain softening of tirecezial
research results show that cyclic straining influences in various ways the mechanical behavior of annealed
and drawn metal barBmount of hydrogen generated by the welding process or consumable, the heat
input into the weld, the combined thickness (heat sink) of the joint, and the level of preheat applied to
the components prior to welding are the factors which influence the weldalfi@yighest resistance

to abrasive wear is observed at temperature range between 50 & ADthis temperature range

ductile iron exhibited more than 15% higher abrasion resistance than room temperature. Final
microstructures and mechanical properties of welded steel depend on some parameters like percentage
of carbon and presence of others elements such as sulfur or phosphorus.
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