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Abstract: Quenching and partitioning (Q&P) offers a route to combine strength and ductility in martensitic stainless steels
(MSSs) through carbon- and nitrogen-stabilized austenite. In this work, two X12Cr13 steels containing 0.005% (steel A) and
0.13% (steel B) nitrogen were Q&P treated with partitioning at 370 and 450 °C and a range of initial quenching temperatures
(Tg). The stabilized austenite fraction rose to a maximum and then fell with increasing Tq. Raising the nitrogen content
lowered Ms and M¢ by about 62 °C, shifted the optimum T4 from 270 to 210 °C and increased the maximum, stabilized
austenite from 13.4 to 15.9%. Compared with steel A, steel B (partitioned at 370 °C) showed a 14% higher tensile strength
(1342 vs. 1178 MPa) and a 7% higher elongation (19.6 vs. 18.3%), attributed to austenite stabilization via the TRIP effect
together with grain refinement and nitride/carbonitride strengthening.
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1- Introduction

Stainless steels with 13% Cr are widely used for turbine blades, valves, shafts [1]. Nitrogen additions refine the prior-austenite
grains, replace M23Cs by M2N and raise strength and hardness [2,3]. Q&P, produces a multiphase martensite—austenite
microstructure in which austenite is enriched in interstitials (C, N) during partitioning and retained at room temperature; it
then improves ductility and toughness through the TRIP effect [4]. Despite this, the combined effect of nitrogen and Q&P
parameters on stabilized austenite and tensile behavior of 13% Cr martensitic stainless steels has not been clarified, since
nitrogen studies mostly concern austenitic and duplex grades'[5]. This.work therefore examines the effect of nitrogen content,
initial quenching temperature and partitioning temperature on the'stabilized austenite fraction, its C/N enrichment and the
resulting tensile properties.

2- Experimental Procedure

X12Crl13 steel was used as base material. Nitrogen was introduced by adding 170 g of low-carbon nitrogen-bearing
ferrochrome (65.6% Cr, 7.0% N) to 7 kg of AlISI 410 scrap.in.a vacuum induction furnace (VIM); A contained 0.005% N
(0.129% C, 12.41% Cr) and steel B 0.13% N (0.121% C, 13.01% Cr), the N levels being chosen from the ASTM A479 limit
(0.03%) and the N solubility limit (about 0.2%). Critical temperatures were determined by dilatometry and empirical
equations [6]. Samples of each steel were Q&P treated with partitioning at 370 and 450 °C. Tensile tests followed ASTM
A370 at room temperature (Zwick Z1600E;120 t). Sample codes: A15/A25 (0.005% N, T4 =270 °C) and B15/B25 (0.13%
N, Tq =210 °C), where 15 and 25 denote partitioning at 370 and 450 °C.

3- Results and Discussion

3-1- Microstructure (EBSD)

EBSD gave 9.8% austenite. for steel A (T4 =270 °C) and 11.5% for steel B (T4 = 210 °C), both partitioned at 370 °C, i.e.,
the same ranking as XRD (13.4 and 15.9%). The lower EBSD values are attributed to very fine austenite grains below the
EBSD resolution [5]. Steel B had a finer mean grain size and a smaller share of coarse grains, which is ascribed to
nitride/carbonitride pinning of grain boundaries [11].

3-2- Tensile properties

Table 1 and Fig. 1 summarize the tensile results together with the XRD austenite fraction (y). Within each steel, the sample
with more stabilized austenite (A15, B15) had lower yield strength but higher elongation than its 450 °C counterpart (A25,
B25), since TRIP-induced gradual transformation of austenite to martensite raises the work-hardening rate, delays necking
and increases elongation [11]. The higher UTS of A25 and B25 is attributed to more martensite and to carbide/nitride particles
obstructing dislocations, at the expense of ductility. Contrary to most Q&P reports, where more austenite gives higher
ductility but lower strength [8], the nitrogen-alloyed steel improved both.
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Table 1. Stabilized austenite (y) and tensile properties of the Q&P-treated samples.

Sample v Rpo.2 Rm El Z
(%0) (MPa) (MPa) (%) (%)
Al5 134 738 1178 18.3 47.2
A25 12.1 760 1270 16.5 43.6
B15 15.9 1053 1342 19.6 40.8
B25 15.1 1089 1551 13.1 25.1

Comparing B15 with A15, Ry, rose by 14% (1178 to 1342 MPa), Rpo.2 by about 43% (738 to 1053 MPa) and elongation by
7% (18.3 to 19.6%), while reduction of area decreased (47.2 to 40.8%). Nitrogen therefore acts twofold: it increases the
stabilized austenite fraction and, through grain refinement (Hall-Petch) and nitride/carbonitride strengthening, compensates
the strength loss caused by extra austenite [11].
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Fig. 1. Stress—strain curves (strain in %).of A15, A25, B15 and B25.

4- Conclusions

(1) XRD showed a maximum stabilized austenite of 15.9%.in the 0.13%. N steel versus 13.4% in the 0.005% N steel
(partitioning at 370 °C); the optimum T4 decreased from 270 to 210 °C because nitrogen lowers Ms and My by about 62 °C.
(2) Raising the partitioning temperature from 370 to 450 °C reduced the stabilized austenite in both steels, owing to less C
and N available for enrichment.

(3) More stabilized austenite lowered yield strength and raised elongation via TRIP. Nitrogen gave simultaneous gains in
strength and ductility, and B15 showed the best strength—elongation balance.
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Influence of Nitrogen Addition.and Q&P Heat Treatment on the Microstructure and Tensile
Properties of X12Cr13 Stainless Steel

Quenching,and partitioning (Q&P) heat treatment comprises thermal processes to achieve desired microstructures
and mechanical properties:iin'13% chromium martensitic stainless steel (MSSs). This study investigates the effect
of nitrogen addition and‘Q&P heat treatment parameters on the fraction of stabilized austenite phase and the
mechanical properties optimization of 13% chromium stainless steel. The results showed that increasing the initial
quenching temperature led to a rise in stabilized austenite fraction, reaching a maximum before decreasing at
higher temperatures. Furthermore, with increasing nitrogen content from 0.005 to 0.13%, the maximum fraction
of stabilized austenite increased from 13.4 to 15.9%, attributed to the synergistic effect of nitrogen and carbon on
the stability and enrichment of stabilized austenite. The tensile testing results of the heat-treated samples showed
that by increasing the nitrogen content to 0.13%, the tensile strength enhanced by 14% and the deformability
increased by 7% compared to the sample containing 0.005% nitrogen.

Keywords: Quenching and partitioning (Q&P); Stabilized austenite; Martensitic stainless steel (MSS);

Mechanical properties
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