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ABSTRACT 
Micro-structural study of two different grade-60 steel samples, the ordinary and Quenched and self-
tempered steel (QST) has been carried out. Ordinary steel is cooled in air right after it comes out of final 
pass or finishing stand while QST steel is quenched by intensely spraying water for very short time span 
after the final pass. Consequently a thin martensitic layer is formed on the surface while the core remains 
hot and austenitic. After this, the exterior is self-tempered by the heat flow from the interior. Thus the 
micro-structure of QST and ordinary steel is same in the interior while it is different in the exterior region. 
Interior of both steel bars comprise ferrite-pearlite, but exterior of QST steel is tempered martensite and 
ferrite-pearlite for ordinary steel bar.   
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INTRODUCTION: 
Production of steel with the same raw material 
(Iron, Carbon and other elements for alloying) 
did not change much with time but modification 
in processing has significantly improved the 
quality of steel. Main demand of the customer is 
to purchase high quality steel mostly for 
structural applications at economical prices 1. 
This is only possible by developing and using 
new methods of steel production because in the 
old methods (e.g. hot rolling), one of the two 
demands i.e. price or quality must be 
compromised. Micro-alloying can also be used 
but it involves addition of metals like Vanadium, 
Nickel, Molybdenum, Chromium and Niobium 
which are very expensive although they can give 
excellent mechanical properties to an alloy.  
 
Instead of alloying, processing should be 
preferred to reduce the cost of production of 
steel. Nearly 90% of the steel is produced by hot 
rolling which is a type of Thermo-mechanical 
Treatment (TMT) in which heat and deformation 
are applied simultaneously. Both these 
processes (heat and deformation) change the 
shape and refine the microstructure. 
Deformation brings about repeated re-
crystallization as a result of decomposition of 
original grains and formation of new fine grains. 
In this process, the temperature must be kept 
low enough to control grain growth, which is 
always undesirable, and hence suppress the 
grain refinement 2, 3. 
 
High temperature deformation being a traditional 
steel production process, is either used to 

produce low quality steel or used in the initial 
stages of steel production. Nowadays, controlled 
TMT or other new methods are used 2, 4. 
Quenching and Self-Tempering (QST) is one of 
the new processes which made possible the 
production of good quality steel at economical 
cost to a great extent. In this process, very rapid 
cooling (approx 200oC per second) of the 
exterior of steel bar is done in a water cooling 
system right after it comes out of final pass at 
about 1000oC. This changes the microstructure 
of exterior of steel bar from austenite into 
martensite while its core is still in the hot 
austenitic form. Furthermore, when this steel bar 
comes out of the water cooling system, the rim 
gets self-tempered to form tempered martensite 
by the heat flow from the core due to the 
temperature gradient 5. During heat treatment, 
quenching is one of the most important process 
steps that produce high thermal gradient and 
rapid phase transformation rates. Due to these 
rapid phase transformations, it becomes difficult 
to experimentally investigate the sequence of 
events during quenching, such as evolution of 
phases and changes in internal stress state. In 
order to investigate these rapid changes, heat 
treatment simulation software packages have 
been developed which include HEARTS, 
DANTE, TRAST, SYS WELD AND DEFORM-
HT 6. High and super high heating rates of 103 to 
104 K/sec for austenitization as well as for 
tempering after quenching were developed in 
1950s and 1960s. These methods of rapid 
electro-thermal treatment produce favorable 
effect on the strength of steel bar 7. Figure 4 
shows how a steel bar changes its 
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microstructure from austenite to martensite and 
then from martensite to tempered martensite 
when subjected to different processes. 
 
Mechanically, martensite is very hard and brittle. 
It has negligibly small ductility8. Dislocation 
density in martensite (rim) is higher but when it 
is tempered to form tempered martensite, the 
dislocation density is lowered and it becomes 
relatively soft 4.  
 
Table 1: composition of QST steel. 

Element Composition
(moles percent) 

Carbon ( C ) 
Silicon ( Si) 
Carbon equivalent (Ce) 
Sulphe  Sulphur (S) 
Phosphorus (P) 
Iron (Fe) 

0.25 
0.35 
0.42 
0.05 
0.05 
Balance 

 

Abdollah-Zadeh et al9 have shown that 
mechanical properties of tempered martensite 
microstructure are generally favorable to 
mechanical properties of ferrite-bennite-
martensite (FBM) micro- structure. Some 
researchers have also worked on repetitive TMT 
(consisting of conventional cold rolling and 
annealing) and produced nano-crystals of 
100nm which showed dramatic mechanical 
properties by having strength, greater than 
1GPa and elongation greater than 30% 10.   
 
EXPERIMENTAL 
Sections of QST and ordinary steel bars were 
obtained for micro-structural analysis using a 
cut-off machine, employing a thin disc of suitable 
cutting abrasive, rotating at a very high speed. 
During the cutting operation, the samples were 
kept cool by continuous supply of water. Rough 
grinding was done to remove the deep 
scratches. In the intermediate polishing, the 
surface to be studied was polished using a 

Figure 1: Micrographs of exterior of both steel types; (a) and (c) show exterior of QST steel 
while (b) and (d) show exterior of ordinary steel.  
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series of abrasive papers of grit 180, 220, 320, 
400 and 600. Here too, continuous water supply 
was made available to avoid heating of samples. 
Final polishing was carried out using diamond 
paste to get a scratch free shiny surface. 
Finally, the samples were etched in 2% Nital 
{2ml Nitric acid (HNO3) and 98ml Methanol 
(CH3OH)} and washed with distilled water.  
 
RESULTS AND DISCUSSION 
Micro-structural results for both steel types are 
given in Figures 1, 2 and 3. In these three 
regions are mainly zoomed in, exterior, interior 
of both steel types and interface of exterior and 
interior regions of QST. Fiure 1(a) & (c) show 
exterior of QST steel while (b) and (d) show 
exterior of ordinary steel. Exterior of QST steel, 
after emerging from the final pass, is austenite 
but when it is sprayed with water, its micro- 
structure transforms to martensite. When this 
steel bar, with martensitic microstructure comes 

out of the water cooling system, it heats up due 
to temperature gradient between core and the 
rim to form tempered martensite. But the exterior 
of ordinary steel, which is cooled in air, consists 
of alternating light and dark lamellar structure 
with a dark background matrix. The plate like 
lamellar structure is pearlite (α ferrite + Fe3C) 
while the background matrix is pro-eutectoid 
ferrite, also called primary ferrite. Close 
observation shows that pearlite consists of iron-
carbide (Fe3C) plates surrounded by ferrite, an 
example of dispersion hardening. Cementite (a 
hard  and  brittle  phase)  is  dispersed  in a 
relatively soft and ductile ferrite. Pearlite 
appears in the form of grains in which lamellae 
are arranged in the same direction. These 
directions of lamellae vary from grain to grain. 
 
Figure 2 (a) and (c) show micrograph of interior 
of QST steel while (b) and (d) are micrographs 
of ordinary steel. 

Figure 2: Micrographs of interior of QST and ordinary steel samples at different 
magnifications; (a) and (c) are micrographs of QST steel while (b) and (d) are micrographs 
of ordinary steel. All the samples have plate like lamellar structure with light and dark 
colonies and dark background matrix. 
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Figure 3: Interface of QST steel, showing clear 
difference between exterior and interior; (a), (c) and 
(e) are micrographs of exterior while (b), (d) and (f) 
show interior of the same steel sample. 
 
All these micrographs resemble each other, i.e. 
they consist of lamellar structure of pearlite with 
a dark background matrix of pro-eutectoid 
ferrite. So it is confirmed that interior of both 
steel types possesses the same microstructure 
and hence their properties will also be same. A 
very clear difference between exterior and 
interior of QST steel is visible in Figure 3.  
These are some micrographs of interface in 
which (a), (c) and (e) show the exterior while (b), 

(d) and (f) show the interior of QST steel. Such 
an interface is not found in case of ordinary 
steel. However, the regions of lamellar structure 
in ordinary steel are much coarser in 
comparison to QST steel. 

 
Figure 4:  Showing change in microstructure during 
different stages of processing. 
 
Summary: The whole process is summarized as 

follows: 
 

 
Figure 5: Showing change in microstructure during 

different stages of processing. 
 
CONCLUSION  
Since, the way in which QST steel is processed 
is different (i.e. first its exterior is quenched 
shortly and then immediately tempered to form 
tempered martensite in exterior with ferrite-
pearlite in interior) from ordinary steel (which 
has ferrite-pearlite throughout),  therefore 
mechanical properties of QST steel will also be 
different from ordinary steel due to the difference 
in microstructure. This difference in Micro-
structure can also be observed in micrographs 
of Figures 1, 2, 3 and phase transformation is 
schematically shown in Figure 5.  
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Sayings of The Prophet Muhammad (S.A.W) 
Compiled By: Fazal Ghani, Editor JPMS 

 
- That which is lawful is clear, and that which is unlawful is also quite clear. Between these two is 

that which is ambiguous, which most people do not know. One who avoids the doubtful 
safeguards his faith and his honour. Riyadh-us-Salaheen, Hadith 588. 

 

- The best earning is that coming from a man’s work with his hands and every (lawful) business 
transaction. Al-Tirmidhi, Hadith 846. 

 

- Make your character good for the people. Al-Muwatta, Volume 47, Hadith 1 
 

- Do good deeds properly, sincerely and moderately and know that your deeds will not make you 
enter Paradise, and that the most beloved deed to Allah’s is the most regular and constant even 
though it were little. Sahih Bukhari, vol. 8, hadith 471 

 

- It is better for a leader to make a mistake in forgiving than to make a mistake in punishing. Al-
Tirmidhi, Hadith 1011. 

 

- Indeed, an ignorant man who is generous is dearer to God than a worshipper who is miserly. Al-
Tirmidhi: Hadith 580. 

 

- None of you truly believes until he wishes for his brother what he wishes for himself. Bukhari and 
Muslim. 

 

- He will not enter Paradise whose neighbour is not secure from his wrongful conduct. Sahih 
Muslim, Hadith 15. 

 

- Those who work for you are your brothers. Allah has made them your assistants. Bukhari 
and Tirmidhi. 
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