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Abstract: Austenite reversion heat treatment is a proven strategy for enhancing the mechanical properties of
300M steel; however, the phase transformation mechanisms governing austenite evolution during this
process remain inadequately understood. This study employs in-sizu electron backscatter diffraction
(EBSD) to systematically investigate the microstructural evolution and crystallographic characteristics of
300M steel during high-temperature austenite reversion. Results demonstrate that during isothermal
holding above the austenitizing temperature, martensite transforms into two distinct austenite
morphologies: needle-shaped austenite (7)), which retains the orientation of the original martensite, and
spherical austenite () with a random orientation. Notably, y,, preferentially nucleates and grows within
the grains, maintaining a Kurdjumov-Sachs (K-S) orientation relationship with the surrounding martensitic
blocks. Consequently, most of the vy, phase shares the same orientation and size as the initial austenite
phase, hindering the refinement of the final microstructure. In contrast, Y., has a small grain size and
nucleates at the grain boundaries of the original austenite as well as within the newly formed y,, crystals.
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Y lacks a K-S orientation relationship with the untransformed martensite and adopts a random

orientation, playing a crucial role in refining the final microstructure. Furthermore, heating temperature and

duration exhibit significant control over the completeness of martensite-to-austenite transformation, with

Y@ propagating into the matrix wvia diffusion-driven growth Kkinetics. These findings elucidate the

dual-phase transformation pathways and their distinct roles in microstructural evolution, offering a

mechanistic foundation for optimizing heat treatment protocols to achieve tailored microstructures in 300M

steel.
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Table 1 Chemical compositions of 300M steel

(mass fraction/ % )

C Mn  Si Cr Ni Mo V P S Fe
042 0.77 1.62 0.82 1.78 0.38 0.09 0.0035 0.001 Bal.
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Fig.2 Evolution of austenite phase content in 300M steel
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Fig.4 Crystallographic analysis of y(,, and adjacent martensite after partial transformation at 770 °C

(a)phase composition map; (b)corresponding IPF ; (¢)corresponding {0011 pole figure of y,, and martensite phase
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Fig.5 Crystallographic analysis of GBy,;, and adjacent martensite after partial transformation at 780 °C

(a)phase composition map ; (b)corresponding IPF ; (¢)corresponding {001} pole figure of GBy(;, and martensite phase
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Fig.6 Crystallographic analysis of partially transformed austenite and adjacent martensite at 790 ‘C

(a)phase composition map ; (b)corresponding IPF ; (¢)corresponding {001} pole figure of y(,, and martensite phase;

(d)corresponding {001} pole figure of IGy,;, and martensite phase

W58 K I IGy o) I R 5 858 IR AR I R AEAE —
K25 Hr 300M B TE 790 “CEE IR FE P 1Gy o Bifi
i (] A28 A Y s EBSD U, an &l 7 fos , He 8 08
FRFERMAMA, A AN MR L
Bt [ — 037 I T 1 TGy ) B8 25 18 Tk o T8 ) iE <
BRI, AW U TR . T g B AR
BT B 2 B 5 LR Y 3 56 A8 TR e mT LAy
X TGy A4 K 52 B [RR I A AR IR i s il . 59 4b,
L7 Hal LA A AR B B 1Gy )
e /b i 2R (E 7(a) ), B SE IR TR A 2B TGy ()
() it - ) PR 28 3857 1) DU ] S A%, S 0BT 1) 22

Al o

UL, 5y AR TS AN R IGy o BB AZ YT
AR AL o X R W IGy o) B SRR B/ B
() L 3R T AR B T C 45 0 3 I IR A ) B8 IR A
B IR Yoo A Gy o BB T AR, B 1Gy o5
BICEANEA K-SKR, FIIEE Gy MIEZ KK
T SRR S] RV A s B B B2 (790 °C) .
R FEAER MR ET v SR BEZ KR,
IGy o WZBTEZK KK 7). 7340, B T HGE
RGNE I H Gy 5 558 [ Z (0] BA AN [F] A L]
PRI PR B S TGy o) B9 it R ROST B/ |, BEGES B 4046



53 12

300M 44 B FC AR J5A T R 11 B EBSD 430 #t

273

B 7 790 CF AR AR IR ] IPF [

Fig.7 1PF diagrams at 790 °C for different holding time

REHLGUNIERT. HAh AT BE 5 R L AR 5 Y
B LCAAAR ELAT o B B A AR SR 5 , TR MG ik 2 g o
HER R AT N B AR S TGy 6 JEAZ Y BK B) )

3 g

(1)300M #4175 B8 AR JEtid R v, B AR 1] BRLIG
PRI ASTE P 28 B < (R 455 i 0 B DR MR I 1] ) )
DL R 7E T 0 B8 EC A iy SR 9 B 0 3R 2 I £
Yeor» FeH v A 2 A RAR Y B8 QAR AR I B2 26 1F 1
(770 °C)Hi B,

(2) fin Al B2 R PR it o [1] 22 2 52 0 B LA i T )
TERE AR PR v R i P TR A, PR AR ) B IG
%%%ﬁ@?ﬁﬁ}, EIE'EIE?”Y(G)&HEH ] wmﬁ/‘ﬁiﬂ’ﬂﬁfﬁﬁﬁi
R I Hoyo) BEAE PRl o 18] O SE A T 20 4R

(3)GBy o5 A6 B FR AR oA B ) A — 2, I
I A BAT K-S U OG5 TGy o) B AR ER ) 5 iR
BRIAAATE], 5 ] B 5 IR A B K-S K&

%30k

[1] LIUJ, LIUY G, LIN H, et al. The metadynamic recrystalliza-
tion in the two-stage isothermal compression of 300M steel [J] ,
Materials Science and Engineering: A, 2013, 565:126-131.

[2] TOMITA Y. Development of fracture toughness of ultrahigh

strength, medium carbon, low alloy steels for aerospace applica-

tions[J]. International Materials Reviews, 2000, 45(1): 27-37.

[3] WENDX, YUETY, XIONG Y B, et al. High-temperature ten-

101

(2)20 min; (b)30.5 min; (¢)42 min

[4]

[5]

[6]

(7]

(8]

[9]

[10]

[11]

(a)20 min; (b)30.5 min; (c)42 min

sile characteristics and constitutive models of ultrahigh strength
steel[ J . Materials Science and Engineering: A, 2021, 803: 140491.
HE X, YANG X, ZHANG G, et al. Quenching microstructure
and properties of 300M ultra-high strength steel electron beam
welded joints[J]. Materials &. Design, 2012, 40: 386-391.
LIU F, ZHANG W, LIN X, et al. Effect of isothermal tempera-
ture on bainite transformation, microstructure and mechanical prop-
erties of LSFed 300M steel [J]. Materials Today Communica-
tions, 2020, 25: 101452.
ZHOU T, XIONG Y, CHEN Z, et al. Effect of surface nano-
crystallization induced by supersonic fine particles bombarding on
microstructure and mechanical properties of 300M steel [J]. Sur-
face and Coatings Technology, 2021, 421: 127381.
TOMITA Y, OKAWA T. Effect of modified heat treatment on
mechanical properties of 300M steel [J]. Materials Science and
technology, 1995, 11(3): 245-251.
PIERMAN A P, BOUAZIZ O, PARDOEN T, et al. The influ-
ence of microstructure and composition on the plastic behaviour of
dual-phase steels[J]. Acta Materialia, 2014, 73: 298-311.
YANG D P, WU D, YI H L. Reverse transformation from mar-
tensite into austenite in a medium-Mn steel[J]. Scripta Materialia,
2019, 161: 1-5.
LIK, QIAN L, WEI C, et al. Effect of prior austenite grain size
on austenite reversion, bainite transformation and mechanical
properties of Fe-2Mn-0.2C steel [ J]. Materials Characterization,
2024, 215: 114134.
WANG X L, WANG X Y, LIU Z P, et al. In-situ high-
temperature EBSD study of austenite reversion from martensite,
bainite and pearlite in a high-strength steel [J]. Journal of Materi-
als Science &. Technology, 2025, 217 268-280.



274

FHRLT A2

2025412 A

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

FEITOSA A L. M, RIBAMAR G G, ESCOBAR J, et al. Pre-
cipitation and reverted austenite formation in maraging 350 steel:
Competition or cooperation? [J]. Acta Materialia, 2024, 270:
119865.

PENG F, WEI Z, DAI F, et al. Insight into austenite reversion
and mechanical behavior of quenching and partitioning steel inher-
ited hierarchical structure of martensite [J]. Materials Character-
ization, 2024, 207: 113583.

LIU F, LIN X, SONG M, et al. Effect of tempering tempera-
ture on microstructure and mechanical properties of laser solid
formed 300M steel[J]. Journal of Alloys and Compounds, 2016,
689: 225-232.

MATSUDA S, OKAMURA Y. Reverse transformation of low-
carbon low alloy steels [J]. Tetsu-to-Hagané, 1974, 60 (2) :
226-238.

LUO H, SHI J, WANG C, et al. Experimental and numerical
analysis on formation of stable austenite during the intercritical an-
nealing of 5Mn steel[J]. Acta Materialia, 2011, 59(10) : 4002-
4014.

NAKADA N, TSUCHIYAMA T, TAKAKI S, et al. Variant
selection of reversed austenite in lath martensite [J]. ISIJ Interna-
tional, 2007, 47(10): 1527-1532.

NAKADA N, MIZUTANI K, TSUCHIYAMA T, et al. Dif-
ference in transformation behavior between ferrite and austenite
formations in medium manganese steel [J]. Acta Materialia,
2014, 65: 251-258.

ZHANG Y, ZHANG C, YUAN X, et al. Microstructure evolu-
tion and orientation relationship of reverted austenite in 13Cr su-
permartensitic stainless steel during the tempering process [J].
Materials, 2019, 12(4): 589.

CHEN R, ZHENG Z, LI N, et al. In-situ investigation of phase
transformation behaviors of 300M steel in continuous cooling pro-
cess| J]. Materials Characterization, 2018, 144. 400-410.
NASIRI Z, GHAEMIFAR S, NAGHIZADEH M, et al. Ther
mal mechanisms of grain refinement in steels: a review [J]. Met-
als and Materials International, 2021, 27: 2078-2094.

ZHANG X, REN 'Y, ZHANG J, et al. Effects of prior austenite
grain size on reversion kinetics of different crystallographic austen-
ite in a low carbon steel [J]. Materials Characterization, 2022,
190: 112025.

HU H, XU G, NABEEL M, et al. In situ study on interrupted
growth behavior and crystallography of bainite [J]. Metallurgical
and Materials Transactions A, 2021, 52: 817-825.

JANDA A, EBENBAUER S, PRESTL A, et al. In-situ high-

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

temperature EBSD characterization during a solution heat treat-
ment of hot-rolled Ti-6Al-4V [J]. Materials Characterization,
2022, 192: 112207.

TAYLOR S, MASTERS I, LI Z, et al. Influence of elevated
temperatures on mechanical properties and microstructure of C106
copper investigated by in situ heated stage EBSD analysis [J].
Metallurgical and Materials Transactions A, 2019, 50: 4493-
4497.

OURA N, FUJIWARA K, KAWANO K. In situ SEM/EBSD
observation of the reverse transformation behavior of austenite
from lath martensite in C-Ni steels[J]. Metallurgical and Materi-
als Transactions A, 2023, 54(8): 3101-3111.

NAKADA N. Direct observation of martensitic reversion from
lenticular martensite to austenite in Fe-Ni alloy[ J]. Materials Let-
ters, 2017, 187: 166-169.

SAITO G, NAKAYAMA T, SAKAGUCHI N, et al. Austen-
ite memory during reverse transformation of steels at different
heating rates[J]. Materialia, 2019, 7: 100409.

NAKADA N, FUKAGAWA R, TSUCHIYAMA T, et al. In-
heritance of dislocations and crystallographic texture during mar-
tensitic reversion into austenite [J]. ISIJ International, 2013, 53
(7): 1286-1288.

DOS SANTOS L P M, BERES M, DE CASTRO M O, et al.
Kinetics of reverted austenite in 18 wt.% Ni grade 300 maraging
steel: an in-situ synchrotron X-ray diffraction and texture study
[J].JOM, 2020, 72: 3502-3512.

VOGRIC M, KOZESCHNIK E, SVOBODA J, et al. Kinetic
modeling of grain boundary cementite evolution[J]. Metallurgical
and Materials Transactions A, 2022, 53(10): 3759-3773.

LI T, WANG L. Precipitation behavior of y’ precipitates in
21Cr-32Fe-41Ni heat-resistant alloy at different aging tempera-
tures[ J]. Journal of Alloys and Compounds, 2023, 958: 170405.
PANOV D, KUDRYAVTSEV E, CHERNICHENKO R, et
al. Mechanisms of the reverse martensite-to-austenite transforma-
tion in a metastable austenitic stainless steel[ J]. Metals, 2021, 11
(4): 599.

EETIE RIETLE I BHEI R IO H (20232XI04A02)

fs BHE . 2024-12-23; R A B 2025-01-22

BIRAEE  FBIT(1987—) , 55, IE G TR, 1, DA 25 A R 55400
Sl v o B AR R, 106 AR bk < U TR VE X LR G IR 95
ERWFST S BE R 2 (100081 ) , E-mail : hanshunfa@126.com

(AT g FHE)



