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(57) Abstract: The purpose of the present invention is to
provide a case-hardened steel that is capable of preventing
the occurrence of abnormal grains in surface-hardening
heat treatments such as carburizing and carbonitriding.
This case-hardened steel contains predetermined amounts
of C, Si, Mn, P, S, Cr, Al, N, Nb, and Ti and is character-
ized in that: the density of carbides and carbonitrides that
contain Ti and Nb and that have a circle-equivalent dia-
meter of 10 nm or more but less than 200 nm is 10
pieces/um? or more; the density of carbides and carboni-
trides that contain Ti and Nb and that have a circle-equi-
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Carbides and the like that centain Ti and Nb and that are less than 10 nm

Carbides and the like that contain Ti and Nb and that are 10 nm or more but less than 200 nm
Rough (200 nm or more} precipitate containing Ti and $

EE Present invention
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valent diameter of less than 10 nm is 50 pieces/um? or
more; and the density of precipitates that contain Ti and S
and that have a circle-equivalent diameter of 200 nm or
more is 0.20 pieces/um? or less. The case-hardened steel is
capable of preventing the occurrence of abnormal grains
during carburizing.
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SHER | 48 |BuE A/ 1 m2) (Ti. %gtﬂ% KENEERR
No. | No. |&#% - ) 1%
10nm3k i 21000nnnr:1i% B/ umd | 830°C | 9s0C | esoc

1 1 A 149.9 246 0.12 FAELGL | FELL| BELGL
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3 3 A 212.3 27.1 0.01 FELGLU|EAELGL | RELGL
4 4 A 226.5 415 0.11 FELL | BELGL | BELL
5 5 | A 252.1 48.2 0.07 FEGL | BELL RELGL
6 6 A 169.6 458 0.02 FELGL | BELGLI RELGL
7 71 A 183.7 16.8 0.13 FELL [ FHEAELGL | HELGL
8 8 A 133.8 39.9 0.11 RELL [ FELL | BELL
9 9 A 258.4 20.5 0.19 FELL | FELGL | EELL
10 10] A 154.6 44,5 0.17 FELGL | BELGL | RELL
1111 ] A 209.7 36.4 0.08 FRELGL | BELGL| RELL
12 |12 ] A 172.1 58.2 0.08 FHELL | EBELGL| RELL
13 113 A 218.5 18.2 0.10 X IAUETXIANETINT
14 1 14| A 192.8 32.1 0.13 REGL | BELL| RELL
15 | 15 | A 178.1 19.1 0.08 EEIANEEIANETLINT
16 | 16 | A 170.8 28.2 0.10 FELL| EAELL | BELGL
17117 A 184.3 26.2 0.09 RELGL | BELL| RELGL
18 [ 18| A 132.8 22.3 0.06 FAELL | EELL [ RELL
19 [ 19 [ A 152.1 40.5 0.10 FRAELGL| FBELGL|RELL
20 | 20 | A 121.3 315 0.07 FRELGL | BAELL | REGL
21 [ 21 | A 142.1 34.4 0.16 FELGL | FEALL| BELGL
2 [ 221 A 128.3 18.2 0.19 FELL| BELL | BEGL
23 [ 23 | A 142.9 33.8 0.1 FELGL | BELRL[REGL
24 | 24 ] A 171.2 39.5 0.13 FELGL | BELL RELGL
25 | 25 | A 141.3 48.2 0.07 FEELL | BELL | BEGL
26 | 26 | A 172.2 38.2 0.10 FELU | FELL | FEAETL
27 | 27 ] A 115.3 28.1 0.17 X IAREXIANE LI
28 | 28 | A 142.3 425 0.17 FEGL | BELL [ RELGL
29 | 29 | A 171.2 32.8 0.06 FELGL | BELLI REGL
30 | 30 | A 124.2 40.8 0.12 EXIANEEIANEEIAW
31 |21 | A 252 9.7 0.32 RELL[RERGL] EE
322 [ z2] A 48.2 7.8 0.12 RELGCL | BAELGL| RE
33 [ Zz3] A 126.8 8.8 0.22 FELGL| EE HE
34 | z4 ] A 0.3 0.1 0.13 24 HE HE
35 | Z5 | A 221.2 9.2 0.08 FRELGL | BELGL|] RE
36 1 B 189.2 8.9 0.30 FKELL | HEELGL| RE
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40 8 C 172.1 8.8 0.18 FELLU| RELGL| RE
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42 7 D 283.9 9.2 0.30 FELL | HEELGL] RE
43 1 15 | D 190.8 8.1 0.35 L] EE Fi3ad
44 | 27 ] D 161.1 9.2 0.30 FRELL| REE 4
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[553KIR3]

iR DEIH

C :0. 10~0. 30%.
Si:0. 01~0. 50%.
Mn:0. 80~2, 00%.
P :0%#. 0. 030%UT.
S :0%i#BE. 0. 030%MUTF.
Cr:0. 50~1, 50%.
0. 01~0. 10%,
0. 0010~0. 010%.

Nb:0. 040~0. 150%,

Ti:0. 040~0. 150%
EEB L. BRESRKROCRTBEAMYTH > T,

TiRUNbZSETHIHELEE1IOnmULE200 n mRBEDK
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MOBEEHS OF, um2h ETHY, EIC

TikRUSEZEETHIHELUR200 n mULOTEMOBEESL O
. 20 um2ATFTHD I EEHFHRET IRIKUIBRFFOEBNFE
= AN AT B8 7 BLASESR.

BIC. BEBTUTD (a) . (b)) OVWThNMIBT S 1EUL
EEHFY HFEKIE 1 ICEHOANGEHE,

(a) Mo : 0%, 2. 0%

(b) Cu:0%#. 0. TO%UTRUN I : 0%iBE. 3. 0%
UTFLYRBENLBERINDS 1FELLE

EKRIE1 G 2ICEEONREHEEZAVWTE LN, RENRKL
BINTWLEBEBEERTH>T. BREDCIBA —ZATF+1 MHE
BEDOR/MEN 6. OULETH DI &5FHME T 2EMESIER,
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