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Effect of Water Quenching Pretreatment on Structure and Mechanical
Properties of Bearing Steel for Railway Locomotive
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Abstract: Forging stock of bearing steel used for railway locomotive was pretreated by water quenching. The
forging stock and water quenching pretreated steel were subjected to austenitizing and isothermal quenching. The
effect of water quenching pretreatment on the microstructure and mechanical properties of the bearing steel was
studied. The results show that the microstructure of forged bearing steel was composed of pearlite and ferrite, and
after water quenching pretreatment was composed of martensite and a little ferrite. After austenitizing and
isothermal quenching, slender bainite slat bundles and massive martensite/austenite (M/A) islands appeared in both
forging stock and water quenching pretreated steel. The bainite slat bundles in the water quenching pretreated steel
were smaller, and M/A islands were more in amount and smaller in size. The tensile strength and yield strength of
the water quenching pretreated steel after austenitizing and isothermal quenching were 8.68% and 17.07% higher
than those of the forging stock, respectively, and the impact energy was also higher than that of the forging stock.
But the elongation after fracture of the two was similar.
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Table 1 Chemical composition of tested steel

JLE C S Mn P S Cr Ni Mo Fe

JREE/ % 0.18 1.69 1.28 0.010 0.004 1.82 0.50 0.36 4%
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Fig.1 Shape and size of tensile (a) and impact (b) specimens
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Fig.2 Microstructures of forging stock (a) and water quenching pretreated steel (b)
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Fig.3 Grain morphology of forging stock (a) and water quenching pretreated steel (b) after austenitizing treatment
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Fig.4 Microstructures of forging stock (a,c,e) and water quenching pretreated steel (b,d,f) after
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austenitizing and isothermal quenching treatment: (a—b) OM images; (¢—d) SEM micrographs and (e—f) EBSD micrographs
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Fig.5 Size distribution (a) and area fraction histogram (b) of M/A island in forging stock and water quenching preheated

steel after austenitizing and isothermal quenching treatment
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Fig.6 TEM morphology of forging stock (a) and water quenching pretreated steel (b) after austenitizing and isothermal quenching
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Fig.8 Engineering stress-engineering strain curves of bearing steel

after austenitizing and isothermal quenching

F2 HEREFUHEEZFNACEGHAMER R
Table 2 Room temperature mechanical properties of bearing

steel after austenitizing and isothermal quenching

o JEIRGREE/ ViPiaRE/ WEME ohdish/
g _
MPa MPa /% Jeem D
R 7035  1463+4 17.940.2  80+£5
TP TIAL FRAR 823+6  1589+5 17.540.3 9745

HIBEASE B8 3 B2 S 22 fhok A DA T 3 1o 28 1 A
BN SRERAR L, B A+ AR R b S
IRAFTAL AR ) DU FG A A 2% R AR AR TR R A
PRBUM RO AT . 1 T ICRR AL DL AR i DL
TAH S SRR T A Aok TR b K VR A 34894 11
SR EE SR TR R EEAARAS . BeAh KL
A M/A B R 3 2 HRGE S, DA AR
AR A SN A /N, SRS R B AR R
KU IF By J & AR R i s 2
PR, P K TR B £ e o B e

3 & it

(1) il AR AN BB B0 A S8 T 2 2R BRI + Bk R
A K ETAL B A BARZE 200 5 [k 4 Dk R
1A s 205 B ECAR AR A FLI | B R R 7 4R T Ak AN 1) 3
¥ ik RT3 3k 35.7,8.7 pm,

(2) BIRARAL + S5 IR K AL RS  BIR TR T
FoUAh FRAN R34 BT A DL EC AR 25 SRR Btk MY/
A By KT AS B P DT EC AR Bl A5 RRE 4 /N, MY/
A B E L2 ARSFHEN,

(3) BLIRAARAL 4 25 T VAR K Ab F S 7K T3 33 Ak B
AR T B 5 R M 5 R A HR R Ay R T
8.68 %01 17.07 Y0 » PR 2 4 W i it 4 38 AH 3T 5 7K PR Tl
Ab PR Y o D i TR R

S 30k

(1] Ebp A%, 52, 4. MR NI s SR 3Ok R # L], ERG
4,2020,30(9):119-128.

WANG K, HU F, ZHOU W, et al. Research status and
development trend of bearing steel [ J ]. China Metallurgy,
2020,30(9):119-128.

[2] FANG H S,GAO G H,ZHENG Y K,et al. The development
of Mn-series air-cooled and water-quenched bainitic steels in
China[ J ]. Materials Science Forum, 2010, 654/655/656: 57-
61.

(3] RtAE A PR 3 — . = SRR S B R Y
WEFEHERE (1O L] PAEHH A 544, 2020, 41(4) - 67-74.
ZHU Z C,YANG Y T,XU W. Research progress of the first,
second and third generation bearing steel and its heat
treatment technology (X) [JJ]. Heat Treatment Technology
and Equipment, 2020,41(4) :67-74.

[4] BANIS A,BOUZOUNI M,GAVALAS E.et al. The formation
of a mixed martensitic/bainitic microstructure and the
retainment of austenite in a medium-carbon steel during ultra-
fast heating[J]. Materials Today Communications, 2021, 26
101994.

(5] 245, MR, WIMEIT, 25, AM WA D1 EC AR 25 5L AR 78 Fl i3
AL ], BRI 41 2022, 34(4)  380-387.
CAIF,TIANJ Y,HU H J, et al. Effect of AM on isothermal
transformation and microstructure of low carbon bainite steel
[J. Journal of Tron and Steel Research,2022,34(4) :380-387.

[6] LIUN,CHENG G,ZHANG L F,et al. Composition evolution
and deformation of different non-metallic inclusions in a
bearing steel during hot rolling[ J]. Journal of Iron and Steel
Research International.2022,29(4) :552-562.

(7] IVNRER]T ELH G, o s Pl 7R 5 55 R VR T 2

FEL) ] AL TR 5256 45, 2020, 41 (4) - 27-29.
SUN X D, WANG Y G, WANG H W, et al. Research on
isothermal quenching of high hardenability bearing steel[ ] ].
Heat Treatment Technology and Equipment, 2020, 41(4) . 27-
29.

[8] LONGX Y.ZHAO G C,ZHANG F C, et al. Evolution of
tensile properties with transformation temperature in medium-
carbon carbide-free bainitic steel [ ] ]. Materials Science and
Engineering: A,2020,775:138964.

[9] ZHAO J, WANG T S, LYU B, et al. Microstructures and
mechanical properties of a modified high-C-Cr bearing steel
with nano-scaled bainite [ ] ]. Materials Science and
Engineering: A,2015,628.:327-331.

[10] FRANCESCHI M, MIOTTI BETTANINI A, PEZZATO L,
et al. Effect of multi-step austempering treatment on the
microstructure and mechanical properties of a high silicon
carbide-free bainitic steel with bimodal bainite distribution
[J7. Metals,2021,11(12) : 2055.

[11] TIAN]J Y,XU G A,JIANG Z Y, et al. Effect of austenisation

63



ML EH "

&, SEEZE A Lk 3H g5 ~h, 28 04 24 vhs
MATERIALS FOR MECHANICAL ENGINEERING o ARA AT XS ALE A BRI ) A 49 B

,
o8

temperature on bainite transformation below martensite temperature on the microstructure evolution of ultrafine
starting temperature[ J J. Materials Science and Technology, bainite steel [ ] ]. Chinese Journal of Engineering, 2016, 38
2019,35(13):1539-1550. (12):1741-1746.

[12] ZHAOL J,QIAN L H,ZHOU Q A, et al. The combining [16] LI Z Y, LI P F, LUO Y, et al. Effect of austenitizing
effects of ausforming and below-M, or above-M, temperature and prior martensite on ultra-fine bainite
austempering on the transformation kinetics, microstructure transformation kinetics[ J]. Metals,2019,9(12) :1309.
and mechanical properties of low-carbon bainitic steel [ ] ]. [17] ZHOU Y T, HOJO T, KOYAMA M, et al. Effect of
Materials & Design,2019,183:108123. austempering treatment on the microstructure and mechanical

[13] ZHAO L J,QIAN L H,LIU S A, et al. Producing superfine properties of 0.4C-1.5Si-1. 5Mn TRIP-aided bainitic ferrite
low-carbon bainitic structure through a new combined steel[ ] ]. Materials Science and Engineering: A, 2021, 819:
thermo-mechanical process [ J ]. Journal of Alloys and 141479.

Compounds, 2016685 : 300-303. (18] WA Wi 05  ALARTS. S5 IRV JC 0200 o i DL [ {9 2

[14]  FSESE, SR, 340 7 » 55, ARBRAR T K SR BREC 43 HoRLAR DL ZUkReZm ] ], RALRZ 24 (A RBLF /D 5 2019, 40(7)
IR 2 S A K PERe [T ], SNk 58 4, 2017, 29 (5) : 420~ 948-951.

424, YAO CX,LAN H F,DU L X. Effect of austempering process
TIAN Y Q,ZHANG M S,DONG F T,et al. Granular bainite on microstructure and mechanical property of ultra-high
microstructure evolution and mechanical properties of low strength bainitic steel[J]. Journal of Northeastern University
carbon steel in quenching isothermal carbon partition process (Natural Science) ,2019,40(7) :948-951.

[J7. Journal of Iron and Steel Research, 2017, 29 (5): 420- [19] LIUE Z,LI Q G, NASEEM S, et al. Effect of isothermal
424, transformation times below M and tempering on strength

[15] BNAam, %, e, SRR B X 40 D1 G A4 20 23 73 A8 and toughness of low-temperature bainite in 0.53 C bainitic
AR LT ], TAERA244. 2016, 38(12) : 1741-1746. steel[J]. Materials, 2020,13(10) : 2418.

WU H B, JU B, CHE Y J. Effect of austempering

MEANEN NN MO NENNEA MO MO NENNEANEANON MO RO MO NEN MO MO NENNEA MO NENNEN MO MO NEN NN NONNENNEN MO MO NEN NN NONNON MO MO MO NEN MO MO NON NN NON MO NG,

(E#EE 445D
[9] CAO F J,CHEN S J.DU C C. Investigation of hot-wire TIG 2021,29(1) :59-65.
welding based on the heat-conduction[ ] ]. Energy Procedia, [13] Bk@E R, FHCH, T4, % S8 TRERIMMN RS WC
2018,144.9-15. TR B B R R L GURIEREL) ). & Jm $A KR B 2022, 47
[10] PAI A, SOGALAD 1, BASAVARAJAPPA S, et al (2):200-205.
Assessment of impact strength of welds produced by cold ZHANG M L, TANG W B, LI B Q,et al. Microstructure and
wire and hot wire gas tungsten arc welding ( GTAW) properties of additional and in situ synthesized WC particle
processes| ] ]. Materials Today: Proceedings, 2020, 24: 983- reinforced iron-based coatings prepared by plasma cladding
994. [JJ. Heat Treatment of Metals,2022,47(2) : 200-205.
(110 Z=4, B, PR TS 08 55, 55 OB & TR 45 B - ITCAR A5 0 1o [14] kv AR, BE0E. TR RORXT R B G S RO A 2 H U
FEPEH LT, BN T T2, 2018,47(5) - 182-185. RERYSEI LT ], IO, 2016, 36(3) : 259-264.
LI T, HUANG ] K, CHEN X ], et al. Analysis of droplet ZHANG Y, SONG B H, XUE F. Influence of dilution on
transfer characteristics in bypass double-electrode micro- microstructure and properties in Ni based laser clad coating
plasma arc welding[ J]. Hot Working Technology, 2018, 47 [J]. Applied Laser,2016,36(3):259-264.
(5):182-185. [15] F2. A% R, 55 BOEmM %k & UEE CrooNt &4
[12]  xUigde, @i, sk L 45 BB S I EN R HoRSE & 7 h i T3 S ASE B SR 3 B [ . R4 AR 2020, 49(7) :311-318.
IREE T[T AR 5 1.20,2021,29(1) :59-65. WANG S G,SHI T,FU G Y, et al. Analysis of dilution rate
LIU H H.ZHAO T,ZHANG Z C, et al. Numerical analysis and single channel morphology of high-speed cladding Cr50Ni
of micro-plasma arc under the action of transverse steady alloy by laser inside-beam powder feeding process[J]. Surface
state magnetic field[J]. Materials Science and Technology., Technology,2020,49(7) ;311-318.

R N R R P N N P N P R R P R R P P N N N R P N R R N N R N R N R N R R R
SN\ LN W W W W N NS 2R

2)

" =N NN =N =N (O NN =N == NN =N =N (O IN =N =N == (O S S Ml et 0 0 ) 0 N
Y )
% Y
N o o o Ky o prey N
( R R A i 17 )4 R - F) B JT
& G = [=] &
S 3
[ 2
e IS

Al Al Al A Al Al Al Al Al Al Al A A Al Al A Al Al Al A Al Al Al A A Al Al A A Al Al Al Al - Y, Y, A

0 TANTANTANTANTA 0 NN 0 INTANTANTANTAN TN TN () D= () INTANTANTAN - - -

>

NSNS ON AN

»
o~



