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ABSTRACT  

Quenched and partitioned steel is a promising grade of advanced high-strength steel "Third Generation" for industrial applications 

such as the automotive industry. This research aimed to develop a novel ultra-high-strength quenched and partitioned steel with 

good ductility from a novel alloy with the composition of 0.37C- 3.65Mn- 0.65Si- 0.87Al- 1.5Ni-0.05P, wt.% which is non-

standard. This quenched and partitioned steel was developed by inter-critical austenitization followed by quenching to a temperature 

below Martensite start temperature (80 and 120 oC), then partitioning at 450 oC for different times (20, 40, 60, 100, 140, and 180 s). 

Scanning electron microscope and X-Ray diffraction were utilized to investigate the microstructure and retained austenite character-

istics. The tensile properties of developed Q&P specimens were also investigated. The results demonstrated that the specimen 

quenched at 120 oC and partitioned for 180s achieved a maximum strength elongation balance of 26 GPa %. Both the specimens 

quenched at 80 and 120 oC displayed a decrease in strength values with extending holding time due to the tempering of primary 

martensite. Increasing partitioning time for the specimens quenched at 120oC led to enhancing elongation, where a maximum total 

elongation of 19.7% was achieved for the partitioning time of 180s.  
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INTRODUCTION 
 

Advanced high strength steels (AHSSs) have attracted signifi-

cant attention for automotive applications in the last years. This 

is because they have superb mechanical properties that promote 

producing lighter vehicle parts and contribute to solving 

environmental and energy issues. AHSS steel displays better 

strength and ductility than high-strength steel (HSS) [1].  

Quenched and partitioned (Q&P) steel is a recent grade of 

third-generation advanced high-strength steel which has been  

first developed by J. Speer [2]. Q&P steel is characterized by 

its exceptional tensile properties over other AHSS types[3].  

The outstanding mechanical properties of Q&P steels are a 

result of their structure which consists of ferrite, martensite 

lathes, and retained austenite [4].  The martensite phase in the 

Q&P steel microstructure enhances the yield strength while 

ductility and work hardening are improved due to the transfor-

mation-induced plasticity (TRIP) effect of retained austenite  

[5].  The gradual mutation of stabilized austenite in quenched 

and partitioned steel postpones occurrence of necking during 

straining and consequently improves the ductility [6].  Addi-

tionally, C. Zhouet al reported that existence of retained 

austenite in ultra- high strength steel structure  enhances 

cryogenic toughness [7].  

In order to acquire a Q&P steel microstructure, it is essential to 

choose the convenient composition and processing conditions 

that attains the stabilization of retained austenite during pro-

cessing, restrain carbide precipitation, and formation of sec-

ondary [8–11]. Alloying elements of Silicon, Aluminum, and 

Manganese are added to Q&P steel to slow carbide precipita-

tion and enhance the retention of a high proportion of retained 

austenite in the final microstructure [2,12].  Moreover, some 

elements such as Carbon, Manganese, Silicon, Molybdenum, 

and Copper increase the yield strength of ferrite in steel [13].  

The two-step heat treatment process for Q&P steel consists of 

quenching the prior austenite phase or austenite-ferrite mixture 

to a quenching temperature (QT) below martensite start (Ms) 

and above martensite finish (Mf) temperatures, followed by 

partitioning at the same quench temperature or higher, and 

finally quenching to room temperature [14,15]. The carbon 

content in martensite decreases during the partitioning process, 

and it diffuses from martensite into primary austenite, which 

did not transfer during the first quench. Consequently, the Ms 

temperature decreases to be below room temperature and 

untransformed austenite becomes more stable [16,17].  

The mechanism of  carbon diffusion from martensite to austen-

ite is still under research and debate among scientists [9,18,19]. 

J. Speer et al. reported that carbon diffusion from martensite to 

untransformed austenite is controlled by the constrained carbon 

equilibrium criterion (CCE) [10]. Another study indicated that 

this stage follows two suggested pathways where the carbon is 

first dispersed into untransformed austenite from supersaturat-

ed martensite; thereafter, the carbon enrichment of austenite is 

aided by the produced carbide-free bainite [15]. 
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𝒂 = 𝟑. 𝟓𝟓𝟔 + 𝟎. 𝟎𝟒𝟓𝟑𝒙𝑪 + 𝟎. 𝟎𝟎𝟎𝟗𝟓𝒙𝑴𝒏+ 𝟎. 𝟎𝟎𝟓𝟔𝒙𝑨𝒍 + 𝟎. 𝟎𝟎𝟎𝟔𝒙𝑪𝒓 

This research aims to develop ultra-high strength quenched and 

partitioned steel from the alloy with a chemical composition of 

0.37C-3.65Mn- 0.65Si- 0.87Al- 1.5Ni- 0.05P, (wt.%) and heat 

treating by inter-critical austenitization then applying a two-

step quenching and partitioning process. The innovation of this 

study is to develop quenched and partitioned steel from a novel 

chemical composition which is nonstandard and depended on 

reducing the percentage of silicon and adding other alloying 

elements.   Hence, it is important to determine the proper heat 

treatment conditions for the recent alloy in order to achieve 

optimal mechanical properties and galvanize-ability. The 

appointed objectives are investigating the impact of processing 

conditions encompassing quench temperature (QT) and parti-

tioning time (Pt) on morphological changes, retained austenite 

characteristics, and tensile properties.  

  

MATERIAL AND METHODS 
 

Developing ultra-high-strength steel with excellent ductility by 

quenching and partitioning process depends firstly on deter-

mining the proper alloy chemical composition and choosing the 

convenient heat treatment conditions. Table 1 displays the 

percentages of the alloying elements in the studied alloy, 

including Mn, Si, Al, P, and Ni. An induction furnace was used 

for producing the alloy from steel scrap, and ferroalloys of (Fe-

80% Mn), and Si (Fe-75%Si) while Ni and Al were added as 

pure metals. 

The as-cast alloys were machined to sections with dimensions 

of 200mm×60mm×40mm, then homogenized at 1250oC for 

2hrs, followed by furnace cooling. The dilatation test was 

implemented before the heat treatment process to allocate the 

actual transformation temperatures by using Gleeble 3500 

machine, so some homogenized sections of the alloy were hot 

forged into bars then the specimens for this test were prepared 

according to Gleeble's standerd.  The dilatation curve of the 

alloy is shown in Figure 1 where transformation temperatures 

of AC1, AC3, and MS are determined to be 720, 810, and 260 
oC, respectively [10]. The other homogenized sections were hot 

forged to plates with a thickness of 7mm, then hot-rolled at 

1100 oC to sheets with 1.8mm thickness through four passes. 

Then, the developed steel sheets were machined before the heat 

treatment process into small specimens (for microstructure and 

XRD investigations) and tensile specimens, which followed the 

ASTM E8 standard with a total parallel length of 32mm and a 

width of 6mm. 

 

Table 1 Chemical composition of the investigated alloy, (mass, 

%) 

C Mn Si Al Ni P S Fe 

0.37 3.65 0.65 0.87 1.5 0.05 0.015 Balance 

 

Figure 2 indicates the implemented quenching and partitioning 

heat treatment cycles of the specimens. These cycles are 

composed of inter-critical austenitization at 780 oC for 10 min, 

then quenching at two different temperatures of 80 and 120 oC, 

where about 84 and 75% of prior austenite (which forms above 

AC1), respectively, are expected to transform into primary 

martensite during the first quench. These percentages are 

calculated by the K-M relationship  (Eq. 1)[14].  The quench-

ing stage is followed by partitioning at 450oC for different 

holding times (Pt) (from 20 to 180s).  
 

𝒇𝑴 = 𝟏 − 𝒆−𝟎.𝟎𝟏𝟏∗(𝑴𝒔−𝑻𝒒)                                   (Eq.1) 
 

Where:   fM- volume fraction of primary martensite 

Ms- martensite starts temperature, and quench tem-

perature.  

Tq- quench temperature 

 

 
Fig. 1  Dilatation curve of the investigated steel alloy [10]. 

 

Prior to studying the microstructure and X-Ray Diffraction 

(XRD) of the quenched and partitioned specimens, they were 

metallographically prepared by grounding on an abrasion 

machine, then polishing using alumina paste. The specimens 

were finally etched in 2% nital to investigate the microstructure 

by FE-SEM. Cu target X-Ray Diffraction (XRD) was utilized 

at 45 kV and 40 mA to measure retained austenite percentages 

and its carbon content in the developed Q&P specimens. The 

volume fraction of retained austenite (Vγ) was calculated from 

Eq.2,   

 

𝑽𝜸 =
𝐈𝛄𝐤𝛂

𝐈𝛄𝐤𝛂+𝐈𝛂𝐤𝛄
                                         (Eq. 2) 

 

Where:   

Iγ - the average integrated intensity obtained at the 

(200)γ,   (220)γ, (311)γ, and (200)α, (211)α diffraction 

peaks 

Iα- the average integrated intensity obtained at (200)α, 

(211)α diffraction peaks 

Kγ are the reflection coefficients of austenite phase  

Kα- the reflection coefficients of ferrite phase 

The average carbon contents in retained austenite for the 

specimens are calculated from equation 3 [14,20,21]. 

 

(Eq. 3) 
 

Where: a (Å)- average lattice constant of (200)γ, (220)γ, (311)γ 

diffraction peaks xC, xMn, xAl and xCr- weight percentages of 

C, Mn, Al, and Cr, respectively.  

 

 
Fig. 2 Heat treatment cycles for the investigated alloy. 
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The tensile properties of heat-treated specimens were measured 

at room temperature using the uniaxial tensile test (LFM-L 20 

KN) at 1 mm/min crosshead speed.  

 

RESULTS AND DISCUSSION 
 

Microstructure of studied Q&P specimens 

The scanning electron micrographs of the specimens heat-

treated by inter-critical austenitization at 780oC, then quench-

ing at 80 and 120 oC and partitioning at    450 oC for 20, 100, 

and 180s are shown in Figures 3 (a-f). It can be observed that 

both ferrite, tempered primary martensite (M1), a small percent 

of retained austenite (RA), and other secondary phases, which 

include bainite (B), blocky martensite (M2) are existed in the 

microstructure of all specimens. The deficient partitioning of 

carbon during the partitioning stage from formed primary 

martensite to unconverted austenite is involved in the for-

mation of secondary phases. Moreover, the microstructure of 

the specimens quenched at 120 oC for 100s and 180s is finer 

than the microstructure of quench temperature 80 oC, which is 

partitioned for the same time. 
 
Retained austenite volume fraction and its carbon content 

of studied Q&P specimens 

 

Figures 4a and Figures 4b demonstrate the peak intensity of 

phases for developed Q&P steel specimens, quenched at 80 and 

120 oC then partitioned for different times (from 20 up to 

180s). The XRD patterns confirm that the FCC structure phase 

is present. 

Tables 2 and 3 demonstrate calculated retained austenite 

volume percentages and their carbon content of heat-treated 

specimens. It is noticeable that the percentages of the retained 

austenite fractions are relatively low and do not exceed 4% for 

both quench temperatures. The low quench temperature of 80 
oC achieved the highest retained austenite value of 4% for 

partitioning time of 100s, while the retained austenite values 

for other partitioning times (20, 40, 60, 140, 180) ranged 

between 1.1 and 2%. On the other hand, the short partitioning 

time of 20s at a quenching temperature of 80 oC resulted in the 

formation of maximum retained austenite percentage (4%), 

while a further increase in holding time at partitioning tempera-

ture above 20s slightly affected the fraction of stabilized 

austenite where these values are between 2 and 2.7%. 

The values of carbon content in retained austenite for the 

specimens quenched at 80 oC for different partitioning times 

are lower than the values for quench temperature 120 oC, which 

partitioned for the same time except for the partitioning time of 

the 60s and 180s. The specimen quenched at 80 oC and 120 oC 

then partitioned for the 60s achieved a maximum carbon 

content about 1.12%. The carbon content values for the speci-

mens quenched at 80 oC then partitioned for different times are 

very close or nearly the same of 120 oC values except at 

partitioning time 20s. 
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Fig. 3 Scanning electron micrographs of specimens quenched at 80oC (a, c, and e) and 120 oC (b, d, and f), then partitioned at 450 
oC for (a and b) 20s, (c and d)100s, and (e and f-180s). 

 

 

 
Fig. 4 XRD diffraction peaks of specimens quenched at (a)80 oC and (b) 120 oC then partitioned at 450 oC for different times (20s 

up to 180s). 

 

Table 2 Volume fraction of retained austenite, % for developed 

Q&P steel. 

Pt (s) 20 40 60 100 140 180 

QT  80oC 1.1 1.3 2 4 1.3 1.6 

QT 120oC 4 2.4 2.1 2.7 2.5 2 

 

Table 3 Carbon content in retained austenite, % for developed 

Q&P steel. 

Pt (s) 20 40 60 100 140 180 

QT  80oC 0.62 0.9 1.13 0.93 0.8 0.9 

QT 120oC 0.9 0.9 1.12 1.04 0.97 0.89 

 

It is evident from Tables (2-3) that applied conditions of 

quenching and partitioning regimes resulted in low values of 

retained austenite with lower carbon content, especially at 

quench temperature 80 oC. This may be due to the occurrence 

of side reactions that resulted in the formation of bainite, 

martensite, and precipitation of carbides (see Figures 3 a-f). 

This interpretation is matched with the finding of some previ-

ous studies [9,16,17,22], which showed that partitioning of 

carbon is not completed due to segregation or clustering or 

enhancement of carbide formation. The carbide precipitation 

consumes the available carbon in the martensite, which diffus-

es to untransformed austenite during partitioning 

[9,16,17,22,23]. Podder et al. [24] reported that the tempering 

stage of the bainitic steel which composed of bainitic ferrite, 

martensite, and retained austenite firstly resulted in martensite 

tempering and cementite precipitation from supersaturated 

austenite. This stage leads to decreasing retained austenite 

percentage at room temperature. After the previous transfor-

mation during tempering, the austenite is transformed into 

ferrite and another amount of carbides [24]. As previously 

mentioned, the side reactions during partitioning, which result 

in carbide formation, usually are not averted despite  the 

existence of high Si and Mn content in the composition of the 

alloy [25].The slight rise in the volume of retained austenite 

and carbon content of specimens quenched at 120 oC compared 

to specimens quenched at 80oC may be attributed to the 

formation of a higher amount of bainite at this temperature 

which involves with primary martensite in stabilizing austenite. 

This  is congruent with the results of preceding research which 

demonstrated that  formation of  bainite during partitioning for 

high quench temperatures participated with martensite to 

enrich carbon in austenite and increased its  retention [26]. 

 

Tensile properties of studied Q&P steel specimens 

 

Figures 5a and 5b demonstrate engineering stress-strain curves 

of heat-treated specimens. All the specimens exhibited a 

continuous yielding behavior. This may be attributed to the 

presence of some nitride-forming elements, such as Al and Si, 

which decrease carbon and nitrogen interstitial atoms that 

impede dislocation movement [27]. Consequently, the mobile 

dislocation density is increased [28].  

a b 
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Fig.5 Engineering stress-strain curves of Q&P steel specimens quenched at (a) 80oC, and (b)120oC, then partitioned at 450oC for 

different times (from 20s up to 180s). 

 

 

 

 
 

Fig. 6 Variation of a- ultimate tensile strength and b- total elongation with partitioning time for developed Q&P steel quenched at 

80 and 120 oC. 

 

Figures 6 (a-e) show the change of yield and ultimate tensile 

strength, total and uniform elongation, and strength elongation 

balance with partitioning time for developed Q&P steel 

quenched at 80 and 120 oC.  The yield and ultimate tensile 

strength showed the same behaviour where they declined with 

increasing partitioning time. The YS of the samples quenched 

at 120oC sharply declined from 1161 to 973 MPa with increas-

ing partitioning time from the 20s to 60s; then, it gradually 

diminished to 922.7MPa with excess partitioning to 180s. In 

comparison, quenching at 120 oC then partitioning for different 

times (20s to 180s) resulted in a gradual decline of YS from 

1071.4 to 933.7MPa.  
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The ultimate tensile strength (UTS) of specimens quenched at 

120oC is slightly larger than these values of specimens 

quenched at 80 oC and partitioned for the same time except at 

partitioning time 20s where the specimen quenched at 120oC 

for 20s achieved a higher UTS more than QT 80 oC partitioned 

for the same time by about 40 MPa (Figure 6 b). For QT 120 

and 80oC, the UTS went down from 1412 to 1322MPa and 

from 1375 to 1319.8 MPa, respectively, with an increasing 

holding time from the 20s to 180s. However, increasing Pt 

from 60s to100s at QT 120 oC slightly affected UTS.  

The total elongation (TEL) of specimens quenched at 80oC 

firstly increased with increasing time until 100s to a maximum 

value of 19.3%, then it decreased to 12.6% with further in-

crease in Pt to 180s, but the TEL of specimens quenched at 120 
oC gradually increased to a value of 19.7% with further in-

crease in Pt to 180s (Figure 6 c). Moreover, the uniform 

elongation (UEL) of specimens quenched at 120oC demon-

strated higher values than quench temperature 80 oC at all 

partitioning times as well as the values of UEL for specimens 

quenched at 80 oC are lower than values of their total elonga-

tion (Figure 6 d). The UEL for two quench temperatures (80 

and120 oC) increased with increased partitioning time; then it 

decreased where the UEL for QT 120 oC went up to a peak 

value of 16.3% until Pt 60s, then it slightly decreased with 

further increase in holding time. 

As clearly in Figure 6 e, the strength elongation balance (SEB) 

for QT 80 and 120 oC also shows a similar trend to TEL.  For 

QT 80 oC, it ascended to the peak value of 25.8GPa. % with 

increasing holding time to 60s, then gradually decreased to a 

lower value of 16.6 GPa.% at prolonged Pt of 180s. The SEB 

of specimens quenched at 120oC is gradually increased to the 

maximum value of 26 GPa.% with increase in holding time 

during partitioning to  Pt 180s. 

Figures 7&8 demonstrate the relation between logarithm true 

stress and logarithm true strain for the developed Q&P speci-

mens, which were quenched at 80 and 120 oC and partitioned 

for different times (20 -180s). The fitting line represents the 

strain hardening exponent (n). It is obvious that all the speci-

mens have two n-values and the strain at which the n-value 

changes is called a critical strain, where martensitic transfor-

mation starts at this point. 

  

 

 

 

 
Fig.7. Variation of true stress with true strain for Q&P specimens quenched at 80 oC then partitioned for a-20s, b-60s, c-100s, d-

140s, e- 180s. 

 

Tables 4 and 5 comprise the n-values and the critical strain for 

developed Q&P specimens heat-treated at different conditions. 

As shown in Table 4, the specimens quenched at 80 oC and 

partitioned at times from 20s up to 140s resulted in high n1 
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values, which ranged between 0.07 and 0.11, while Pt 180s 

exhibited the maximum n1 value of 0.13.  The n2 value for the 

same specimens gradually increased with increasing holding 

time to the peak value of 0.2 for Pt 100s; then, it decreased 

with further augmentation in holding time. Whereas the short 

partitioning time of 20s and 60s resulted in high critical strain 

above 5%, then it gradually went down with an additional 

increase in partitioning time where it achieved the lowest value 

of 3.2% after the longest holding time of 180s.  

It is noticed from Table 5 that the n1 value of specimens 

quenched at 120 oC and partitioned for a time more than 60s is 

slightly affected by increasing partitioning time, where it is 

about 0.1, while the short partitioning time of 20s resulted in a 

lower n1 value of 0.06. At the same time, the n2 value for all 

specimens quenched at 120oC is considerably higher than any 

other quenched and partitioned specimens (equal to 0.2 or 

above). This value is enhanced from 0.2 to a peak value of 0.28 

with increasing holding time from the 20s to 60s, then it 

diminished to reach 0.2 again with further increase in partition-

ing time to 180s. 

Although the developed quenched and partitioned specimens 

attained relatively lower percentages of retained austenite, they 

exhibited good tensile properties.  This assures that not only 

the retained austenite volume fraction and its carbon content 

are the main affecting factor on the tensile properties of the 

developed quenched and partitioned specimens. But, the 

formed structure and size of phases also play a critical role in 

the tensile properties. The decrease of yield and ultimate tensile 

strength with increasing partitioning times for the specimens 

quenched at 80 and 120 oC is a consequence of primary mar-

tensite tempering after the partitioning step [10].  As previously 

reported, extending tempering time results in declining strength 

of steel due to reducing the carbon content in martensite and its 

solid solution strengthening [29].For specimens quenched at 80 
oC, the formation of the small amount of retained austenite 

(less than 2%) with lower carbon content (less than 0.9%) for 

short partitioning time (20s and 40s) and prolonged time (140s 

and 180s) have an effect on the regressive of TEL and SEB for 

these conditions compared to long partitioning time of 60s and 

100s which has a relatively higher percentage of retained 

austenite and its carbon content (See Tables 2 and 3).  Fur-

thermore, the incomplete tempering of martensite for a short 

partitioning time and the formation of a higher amount of 

blocky and islands secondary martensite, as well as increasing 

its size at extended partitioning time (above 100s), are involved 

in decreasing TEL and SEB for these specimens. These factors, 

which affected the TEL at short Pt (20s and 40s) and prolonged 

Pt (140s and 180s), consequently affected the n2 value, which 

has a lower value (equal to or less than 0.17) than the n2 value 

for partitioning time 100s (equal 0.2), i.e., decreasing material 

capacity to be work-hardened.  

 

 

 

 
Fig. 8. Variation of true stress with true strain for Q&P specimens quenched at 120 oC then partitioned for a-20s, b-60s, c-100s, d-

140s, e- 180s. 
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The specimens quenched at 120 oC displayed gradual growth in 

total elongation and strength elongation balance with increas-

ing partitioning time. This is attributed to the morphologic 

changes rather than the retained austenite volume fraction and 

carbon content. 

As shown in Figure 3 b, the partitioning step for a short time 

resulted in the formation of higher amounts of blocky and 

islands of secondary martensite, which deteriorate the ductility 

of steel. With increasing partitioning time for these specimens, 

the chance for more bainitic transformations to occur during 

the partitioning stage is promoted; therefore, the amount of 

untransformed austenite is consumed, and the possibility of 

forming more secondary martensite, which deteriorates tensile 

properties, is decreased. The alteration of retained austenite 

morphology from blocky into inter-lath films between marten-

site lathes at long partitioning time (180s) (Figure 3 f) also 

assisted in improving TEL and SEL balance.  

Although the TEL and SEB have augmented with increasing 

partitioning time, the n2 value has relatively declined for the 

specimens which partitioned for a time longer than 100s. This 

may be due to the decline of retained austenite volume fraction, 

carbon content, and martensite lath's increasing length and 

thickness. Additionally, the high increase of n2 value for all 

specimens quenched at 120 oC and partitioned for different 

times compared to specimens quenched at 80 oC is attributed to 

the refinement of martensite lath thickness which consequently 

enhances the tensile properties.  

 

Table 4 values of n1, n2, and critical strain of specimens 

quenched at 80 oC then partitioned at 450 oC for different 

times. 

Partitioning time (s) 20 60 100 140 180 

n1 0.09 0.07 0.11 0.09 0.13 

n2 0.13 0.12 0.20 0.14 0.17 

Critical Strain (%) 5.3 5.4 4.4 4.9 3.2 

 

Table 5 values of n1, n2 and critical strain of specimens 

quenched at 120 oC then partitioned at 450 oC for different 

times. 

Partitioning time (s) 20 60 100 140 180 

n1 0.06 0.1 0.1 0.1 0.09 

n2 0.2 0.28 0.26 0.22 0.2 

Critical Strain (%) 4.2 6.3 6 4.7 3.2 

 

 

CONCLUSIONS 

This research investigated developing ultra-high-strength sheet 

steel with good ductility via inter-critical austenitization then 

executing different quenching and partitioning regimes. The 

composition of this studied alloy included different alloying 

elements of 0.37C- 3.65Mn- 0.65Si- 0.87Al- 1.5Ni-0.05P, 

wt.%. The influence of quenching and partitioning circum-

stances (quench temperature and partitioning time) on the 

microstructure, characteristics of retained austenite, and tensile 

properties have also been investigated, and the results can be 

summarized in the following points:  

 Quenching for 80 or 120 oC after inter-critical austenitiza-

tion then partitioning at 450oC for different times led to 

forming a multiphase microstructure of primary marten-

site matrix, ferrite, and retained austenite as well as sec-

ondary phases of blocky martensite and bainite. 

 A maximum volume fraction of 4% with a carbon content 

of approximately 0.9 % was achieved for the specimens 

quenched at 120 and 80 oC and partitioned for 20s and 

100s, respectively.  Additionally, quenching at 120oC re-

sulted in a relatively higher volume fraction of retained 

austenite and carbon content than quench temperature 

80oC, which was partitioned for the same time.  

 The yield and ultimate tensile strength of the specimens 

quenched at 80 and 120 oC showed a downward trend 

with increasing partitioning time above 60s, resulting 

from primary martensite tempering. 

 The specimens quenched at 80 oC and partitioned for 

times up to 100s demonstrated better elongation and 

strength elongation balance than specimens quenched at 

120 oC and partitioned for the same time, but the further 

increase in partitioning time above 100s at quench tem-

perature 120 oC resulted in preferable values than 80  oC. 

 Partitioning for longer times (140s and 180s) after 

quenching at 120 oC led to increasing n2 value, elonga-

tion, and strength elongation balance compared to the 

specimens quenched at 80oC due to the grain refinement 

and morphologic change, which comprised forming inter-

lath retained austenite.    

 The specimens quenched at 80 and 120 oC achieved a 

maximum strength elongation balance of approximately 

26 GPa.%. The quenched and partitioned specimens 

achieved a maximum elongation of 19.7% with an ulti-

mate tensile strength of 1322MPa for the specimen, which 

was quenched at 120 oC and partitioned for 450 oC for a 

prolonged time of 180s. 
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