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Abstract: To deeply investigate the effect of rare earth (La/Ce) on inclusions and fatigue properties of 20CrMnTi gear
steel, the inclusions in 20CrMnTi and 20CrMnTi-RE gear steel treated with 0. 002 7% rare earth were analyzed and
characterized by various analytical and testing methods, the change of fatigue property was compared and analyzed.
The ultra-high weekly fatigue test was carried out and analyzed the change of fatigue properties. The results show that
rare earth can react with O element in gear steel to form rare earth oxides, and co-exist with other inclusions such as
CaS and MgAl,0,, which become the core of TiN, the complex phase of CaS-MgALO,-(MnS) -TiN is transformed into
the complex phase of CaS-MgAl,0,- (MnS) -RE,O,-TiN. After addition of rare earth, the amount of inclusions in
20CrMnTi steel decreased significantly, and the inclusions with size over 30 wm basically disappeared. In addition,
rare earth improves the anti-fatigue property of gear steel. The fatigue limit of gear steel with rare earth is 26. 6 MPa
higher than that of gear steel without rare earth at the condition of 50% failure probability for 10" cycles, with better
anti-fatigue performance.
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Fig. 1 Schematic diagram of fatigue sample size

K FH TG4 B 2R AR B R -9 R B (FIB-
SEM) /3 Hr AR DL K4 A shAE & R I 4 i R 50
(OTS) S ARV He N h Je Ze W A8 B Fn 2l
AT T RAE X 2B AR £ HTJS , 20CeMnTi #
I a ARk

FH 95 57 156 W03 1) Y 9% 57 3 3 LY 5O
INSTRONS8O1, #5z K 28 faf 4y SOKN . 355 451440« 1E
SEUE b ER =R RO A ) =1 R 15~
25 Hz &M FH4r 107, 2 R ARME GB/T 24176—
2009 H AR 7 vk HEAT 9 55 R 00 O AR A5 8 55 1
FFAT o AT TFBEIEARATIE 55 R, HAH R A 2 0
K1 1 18 7 DRI 4 17 AV I 0 AS B 2 1) 2 % 504 A5
28 B0 A FRAS 3] 2 SO R P=50% 1 98 95 B PR L S-N
2R K S-N 2 R A i ek =K.

2 #R5ite

2.1 AN o
2. 1.1 R Je g2

20CrMnTi 1 % 4K Hh e e ) 26 B ROIR 285 3 it ke
L TR B AR 454 EDS 2B 3545 , tn &1 2 e, 4%
B3I Z I RS T WL 2. T 2(a) e 22 R )
WK, KEBTE 20 pm DL b 3R HIESK 7. 45652
ATLLE B 2 (a) H R S e 224 4 CaO il CaS Je 4+
Yy e FLE A B I 24 s sl E K AE I MnS 5 CaO 11
BAIZY . B 2(b) hHEE e 24P RF BN, R
HBTE20 wm AT o B 2(b) Y 22 4 5 26 2 it
Al LUE H, B2 ) MgALO, . CaO Fll MnS () & 4 3 2%
YLLK TiN Fl CaO 4RI A I 244 .

F1 RERMHOUFR S (FRESE)

Table 1 Chemical composition of test steels %

A C Si Mn p S Cr

Al

Nb Ti V B (0] Ca RE

20CrMnTi 0.21
20CrMnTi-RE

0.244 1.144 0.0277 0.0203 1.245 0.0182 0.00274 0.0538 0.005 0.00133 0.0012 0.0006 0
020 0.245 1.142 0.0275 0.0202 1.244 0.0185 0.00276 0.0535 0.005 0.00134 0.0010 0.0005

0.001 0
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Fig. 2 Non-destructive extraction of inclusions in 20CrMnTi
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Table 2 Non-destructive extraction of inclusions in 20CrMnTi gear steel by EDS analysis %

T C 0 S Al Mg Ca Mn Ti Fe e85
18 - 50.97 21.62 - - 26.88 - - 0.53 100
19 - 51.48 21.08 - - 26.44 - - 1.00 100
20 16.54 4.32 28.24 - - 0.73 47.9 - 2.27 100
21 7.20 55.59 16.48 - - 20.25 - - 0.48 100
22 6.74 49.26 19.44 - - 24.08 - - 0.48 100
24 3.79 32.44 14.63 13.26 7.13 18.56 2.78 2.26 5.15 100
26 0.69 10.50 1.54 - - 34.22 - 39.98 11.97 100
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Fig. 3 SEM observation and analysis of inclusions in 20CrMnTi gear steel: (a) TiN inclusions, (b) composite inclusions, (¢) TiN

inclusions distributed along grain boundaries
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Fig. 4 FIB-SEM analysis and characterization of complex inclusions in 20CrMnTi gear steel: (a) ellipsoidal complex inclusions;

(b) spherical complex inclusions before FIB cutting; (c) spherical complex inclusions after FIB cutting
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Fig. 5 FIB-SEM analysis and characterization of complex in-
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Table 4 The partial slant S—N expression and fatigue

limit of 20CrMnTi and 20CrMnTi-RE specimens under

high cycle fatigue at room temperature
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