5 IR W
SPECIAL STEEL

Vol. 45. No. 1
January 2024 * 111 -

S 4 & Xt 18CrNiMo7-6 5% £ Hr 3z Z= 497 0
15 55 14 BE B 22

B A, ¥R, i 3, TEK
CRRTIFE S B A5 B RIS SR AR B 5T 1% , AL 50 100081)

 E:Llw[S]N0.002% (%S & &) F10. 022% (7 S & &) B Al 18CrNiMo7-6 Ui e K N AIFFE Xt 42 , 2 BR UG 48 #h ik
P2 3A5 P il b, IR I 2= P B | 0 21 2 55 PR RE RN o3 A0 AT T 3 B R AE . 45 AR W], P i
SEAN R B AR AN 24, T S A R B0 AR AT B 0 BB PR AR bl i o EL R SR 5% 57 B A A TG S
Fr R IR AN, S0 L R 0. 445 R 51 0. 479, S 7 i W E Y A P A S 28 A AT DL < 1K S B iR B0 AN R S 24 LA
MnS-Oxide 2y &, B HED , [A] I R T 17 S & il N e 4 W) L CaS-MnS-Oxide 545 B e ) oy 3, B 42
SR B ERSHE RN S S IR AN SR ] Ca Ab 38T 2550 e 2 b A e v, e 2 ISR S 4tk , A3 7 T
B IR PEBE T, FF RO 95 PR

KRR : 18CNIMoT7-6 Ve 4N s Ji2# kR JET7PERR; AR BIe Y ; mis i

DOI:10. 20057/j. 1003-8620. 2023-00091  HEHHKS:TF142.3

Influence of Sulfur Content on Inclusion and Fatigue
Properties of 18CrNiMo7-6 Gear Steels
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Abstract: In this paper, two kinds of 18CrNiMo7-6 gear steels with sulfur content of 0. 002% (low sulfur content) and
0. 022% (high sulfur content) were studied. Pseudo-carburizing samples were obtained by reference to gear heat treatment
process, and the effects of sulfur content on mechanical properties, microstructure, fatigue properties and inclusion distri-
bution of the steels were investigated. The results show that the strength of the two steels is basically similar, while the
steel with high sulfur content has better plasticity and low temperature impact toughness. Meanwhile, its fatigue limit and
fatigue life are better than those of the low sulfur content steel, the fatigue ratio increases from 0. 445 to 0. 479. Sulfur con-
tent significantly affects the distribution of inclusions in steel, the inclusions in low sulfur content steel are mainly com-
posed of MnS and oxides with less quantity but larger size, while the inclusions in the high sulfur content steel are mainly
complex inclusions composed of Cas, MnS and oxides with more than doubled quantity but smaller size. By employing Ca
treatment technique, the inclusion size of high sulfur content steel is obviously refined, which favors better mechanical
properties and fatigue performance of steel.
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Table 1 Chemical composition of experimental steels %
W C Si Mn P S Cr Ni Mo
C-Q 020 025 0.52 0.008 0.002 170 145 0.26
C-S 0.19 029 049 0.006 0.022 1.60 1.44 0.26
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Fig. 1 Heat treatment processes of the experimental steels
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Table 2 Mechanical properties of the experimental steels

156 R, /MPa R ,/MPa A% 7/% KV,(-40 °C)/J JE3E (R, ./ R,)
C-Q 1168 860 12.5 61 36 0.736
C-S 1120 808 14.0 60 44 0.721
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Fig. 2 Optical microstructure of the experimental steels : (a)

C-Q steel , (b) C=S steel
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Table 3 Average prior austenite grain sizes and grades of
the experimental steels
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Fig. 3 Rotating bending fatigue S=N curves of the experimen-

tal steels
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Table 4 Statistics of types of fatigue crack initiation
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Fig. 4 SEM fractographs of fatigue specimens of the experimental steels :

C-S steel , 0,=530 MPa , N=1. 02E06

(a, b) C-Q steel , ,=520 MPa , N=1.43E06 ; (¢ , d)
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Table 5 Statistical results of inclusions in experimental

steels
C-QH C-SHH
> 1
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Oxide 19 16.7 29 10.9

Mn$S 19 16.7 33 125

MnS-Oxide 74 64.9 10 3.8
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Fig. 5 Distribution of inclusion equivalent diameter (a) and length—diameter ratio (b) in the experimental steels
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Table 6 Analysis of large inclusions in C—Q experimental steels

SR Sk A%*ﬂ‘ii:? fﬁ:jr_fn% f‘ﬁ?iﬁ% A%IEE?T:%E\
TE AHe  TE AW TE AW TR A%

7.0 MnS - Oxide Mn 50 S 37 Al 8 Mg 2
7.2 MnS - Oxide Mn 38 Al 28 S 28 Mg 4
7.3 MnS - Oxide Al 46 S 16 Mn 14 Mg 13
7.6 MnS - Oxide Mn 54 S 37 Al 8 Cr
7.7 MnS - Oxide — CaS Mn 41 S 38 Ca 9 Al
7.7 MnS - Oxide Mn 50 S 34 Al 13 Mg
8.0 MnS - Oxide Al 59 Mg 14 Mn 14 S 10
8.1 MnS Mn 59 S 40 Al 1 - 0
8.5 MnS - Oxide Mn 49 S 36 Al 10 Cr
9.2 MnS - Oxide Al 34 Mn 30 S 24 Mg 10
9.6 MnS - Oxide Mn 45 S 31 Al 22 Cr
9.9 MnS - Oxide Mn 53 S 38 Al 6 Mg
10.7 MnS - Oxide Al 46 Mn 18 S 16 Mg 15
10.8 MnS - Oxide Al 48 Mn 17 S 16 Mg 15
11.5 MnS - Oxide Mn 42 S 35 Al 11 Mg 4
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Table 7 Analysis of large inclusions in C—S experimental steels

AR p—— H—FLR B oFIE BoEHE CHUETW 3
JLE i He/% JLH i He/% TR 4 He /% JLHE i He /%

7.0 CaS—(ALLMg)O S 49 Ca 35 Mg 8 Al 4
7.0 MnS-CaS—(Al1,Mg)O S 53 Mg 16 Ca 14 Mn 12
7.1 MnS-CaS—(Al,Mg)O S 52 Ca 23 Mn 12 Mg 10
7.2 MnS-CaS—(Al,Mg)O S 52 Ca 23 Mn 12 Mg 10
73 CaS—(ALMg)0 S 46 Ca 36 Al 6 Mg 6
7.4 CaS—(ALLMg)O S 47 Ca 38 Mg 5 Al 4
7.5 CaS—(ALLMg)O S 46 Ca 34 Mg 8 Al 7
7.5 CaS S 50 Ca 44 Mn 2 Mg 2
7.6 CaS-MgO S 50 Ca 40 Mn 5 Mg 4
7.6 MnS-CaS—(Al,Mg)O S 52 Mg 16 Mn 12 Ca 11
8.1 MnS-CaS—(Al,Mg)O S 49 Ca 35 Mg 7 Mn 4
8.9 CaS S 50 Ca 47 Mg 1 Cr
9.7 CaS S 49 Ca 44 Mg 2 Cr 2

(a) (b) (e) (d)
20 pm 20 pm 10 pm 10 pm
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Fig. 6 Optical and SEM micrographs of inclusions in the experimental steels : (a , ¢) C—=Q steel , (b, d) C-S steel
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