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" STUDY OF HEAT RESISTING ‘STEEL (IX)

. t
Synopses:

Kiichiro Asano ’

The influences of added C, Mo, and N contents on precipitation hardenmg were investi-
gated. There were 23 kinds of samples with varying chemical comp051t10ns of C, Mo, and
N. For the purpose of studying the influence of varied contents of added elements on
precipitation hardening, 13 groups were made by various combinations of all samples.
After hot forging to bars, all samples ‘were solution treated at 1200°C for 1 hour. Then,

they were aged at 800°C up to 150 hours.
15, 30, 50, 75,. 100, and 150 hours.
observed.

Hardening Wasjmeasured by hardness . at 1, 3, .
" And, the microstructure of such aged samples was also

It was concluded from this expériments as follows;
(1) "Carbon contents had more remarkable influences on precipitation hardening than Mo

or N contents:

If the carbon contents increased, hardness was raised and phenomena of

double peaks on hardening process became more evident.
(2) Although influence of Mo contents was not found immediately after solutlon treat—
ment, more Mo meant more hardening when it was aged at 800°C. If Mo content was much
less than 69, softening was indicated after 150 hours aging at 800°C. ‘
(3) In the experiment of Reports (IX), the influence of N content on precipitation har- -

dening was not apparent.
details.

I. 4

Timken 16-25-6. ﬁé@?ﬁb‘iﬁ%%c:ﬁbﬂ;, v-3
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%ﬂ%%h{ﬁo (EYBRETHAHEELLND .
T, WHCEDL. RIMHHAERELTO 16-25-6

This was already investigated in Reports (V)

"in much ‘more -

a@icEHs CE, Mo &, NEOERIEORFED
EE(LIC & D> THEE ngﬁ%’%ﬁ 3%;{)5‘%7{ BB. FED
<, Zliﬁ'(.‘f 4% C, Mo, Ngi)ﬁ‘%& @Z)L‘éi)z
%a%f%@%ﬁoﬁ.
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SEENCEEL 72 5 3EHE Table 1 123513 5 23 DR
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Table 1. .
Sample Chemical components 95
No. C Si " Mn Ni Cr Mo N ; Fe
] .

. & B4 ; 0°10 0°54 1°24 24-82 16°00 5-89 0°160 Balance
g B6 0-04 0-75 1°33 | 24432 1743 6°22 0°103 ”
g Bo 0-03 0°99 -2t | 25466 18°15 6°82 denitrified |- -7
2 C1 014 1-09 1°28 | 2362 1687 5491 denitrified ”
2C3 0°20 1:02 1°32 25°74 1758 564 0+08 %
2 Cxs 0°15 1°06 130 24753 1665 6701 012 4
g Cs 017 1-12 1°31 2529 1594 535 014 %
g C7 | 017 1°10 1+32 2380 17+46 . 5-78 0-04 %
gCs | 018 217 1+45 25761 15°58 422 008 4
g Co |, 015 1°13 1°26 24°82 . 16°08 549 012 %
2 Ci0 i 0°19 2723 154 25°08 . 16°00 468 014 4
£ Ci1 i 0°23 2715 1°37 24°54 . 17°06 525 denitrified 4
g Ci12 | 022 2°09 1°42 24*36 | 17-12 4026 | 0-04 4
2 Ci13 i 0+23 2+03 1°38 2394 16°68 440 0°08 ”
# Cl1a © 0-23 231 1°62 2609 17°12 478 0-12 4
g Cle ; 0°20 2+05 1°36 24+06 16°84 5°41 denitrified 4
£ Cis . 0°05 075 1427 2532 - 17°67 523 0°10 4
4 Cl1g ' 004 0°77 1436 2532 | 17°55 533 0°16 4
g C20 | 007 10072 1°36 2521 . 17-44 526 denitrified 4
g C21 | 009 071 - 133 | 2564 17413 553 0+04 4
¢ C22 0°11 071 . 122 | 259 1753 | 566 0°10 ”
g C23 | o011 0-78 1+29 25°10 | 17+42 ! 526 0°16 y
5 C24 | 0704 0-81 1*44 25°53 | 1751 | 546 - 0°10 7
£ C2s 004 0°80 127 2596 ' 17°72 |  3°93 | denitrified #

BFOLDTHB. ThdHOEEE 16-25-6 5&OFHE
BRSO 3D2aHT C, Mo, N BE2RABAIZLODT
7 DfdB%5 Ni, Cr, Si, Mn E@ERAN E LT
HB. LRBNE Ti T, BN Ti

DL EENTNE LD EBEDNS.

2IBOMSHE, Mo, N i 1FF LT L TCL DR |

230, CN ZZRYELICLT Mo ROED 6D
C, Mo #%12YAUKLTNEDEDI DO
— F%{EhH, Table 2 OfHL 13 7‘)V—’7°}Z,ﬁ§ib-/>£.
B3 ERIgEhEIT X o T 10mm EiEE L, ok
b BK R BT L 1s . EEMEALIEI: CROBH O 0 43
PR EENTVHDT, i g 1200°CX 1h ik U
TEGEAS RIS Ute . LSS, BIE 2R L
e tgits, 800°C TR LIz, JER 1h,
3h, 15h, 30k, SOh, 75h, 100h =T Z®d DEKEL
THREE % JIEE, B %GR LT 150h 35R5%H L
BRMEHI 2 B L 1C- ' _

1II. RBERRUZOEER

(1) Bz RizdCROPE

VEHR(LALFE (1200°C X 1h) EEOBEER, 2ME9x
BRI UTiaC BRSO ABED. T 1~7 J v
FILBNT, B CED SR, -

C 16 DEE P 800°C 2 T B L 1o B A OBLihR %

AR T EBWBELIZBDTL S TER—HBOHIZR UL
HOBERMABEET . S~ 7 1 TRCEMSL
FHH DT b o D THEENE VDS, BEAUER)>
5OBELEDE L b Biud, CROBVHBHOEE
M7 BHCESE L, 7 OHiE, CEIELHDORED
BLEbAE S D, AN s 150h BB TREILORII
AA. Dt O IICEERERST D 16-25-6 G4 Tid, 800°CxX
150h DB T 3L 2RI N OHBHZVDS, TI TR
N U8p i zn L b ey BEbnings, &
NIERcsE (1) T A LNIUTH 3.

Fig. | @7 v— 721843 0T, HEERZCRDS
W BC 4 W THIRE VDR TR 8C 4 B5Z DR
1 DB ORI T, £0®%IRCiRoI §B 6D
FHLHAEL>T5. §C4 & §B6 OCEDH
Rehzd 5 §C22 13, BECERT 3 WEDRRZ/RL
Tua. CIk@Fu §C4 TR 1h L T—REE(LDHY
ik (B0 HEEbh, 30h EHEEMLEL T
%53, 75h Ll TIRRILORITTADTL 57 —F3
t # 20, §Cle, 3C11 o 3 EOSHEITOVLTREL I
30THY, ru—7F1 LRLL Ti THENLTH 5D
Mo BEhis —F1 L) BHHNIzDs, T B8

ELRR I~ 1REL RSN, CEDF $C1

BC20} b BEEEDSE { p>0, I~3h EHEmE ks, —BEK
b, RNRELORIEZRL, 7OBRBUBELL, 100k
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Table -2 A {Mo S66~622%
’ [ R - > . PR 200 - - e H‘J;A; g/.”",a/?% .
Group | Sample Co, Ny, Moo, | x @ﬂgggfggg‘g; N
| g Bo 0°03 | denitrified : 682 2ot PN
C1 014 | “# I 591 K
' 3 i N X
8 Bé6 004 0-10 622 fm
2 g C22 '| .01 0°10 566 g
£ C4 0°15 0°12 6°01 §200
% C20. | -0:07 |denitrified | 526 .
3 Z Cle | 0°20 # 5+41 8 st
# Ci1t . 023 ” 523 $
' '
, | zca 0 0'04 | s5e53- 189
| £ C7 0°17 /x | 578 i
5 C2¢ | o 0°10 - | 546 I ‘ ez :
5 g C22 011 v 5+66 s60 A~ T
£ Cg9 0°15 0-12 . 5°49 < L 3 FRN
‘ 3 y (e dod
% C19 0+04 0°16 - 5+23 §4” I . o L%
6 g C23 |. 011 4 5426 S LT e
g Cs 0°17 . 0°14 5+35 ' §20 A =
- , Pt
.- ] ! 3 - s g
. gCs | 018 ©0°08 422 S . #B6
7 C13 023 7 j 40 X : V2R R S S R R
, ' -~ Aging  Time 4
. 2 C28 0°04 |denitrified | 3-93 .
8 g C20 0°07 4 : 526 © Fig. 1.
2 B9 0°03 ° ” 6+82
; . ' Hy {Mo 553 —-.’977&%
9 # C24 0°+04 " 0°10 546 200 N 004 %
£ Beo 0+04 0-10 - 6722 L /ep Inmedintely after
i ) : - solution {reatment
# B9 0°03 - 'denitrified | 6°82 -0 ’ ) .
0 £ B10 003 004 6729 ,
£ Bo 004 0-10 622 s 20
‘2 B4 ! 0-10 016 5-89 =
T . ) p 5
4 C20 | 0407 |denitrified | 5°26 g L #CU o
i £ C21 0°09 004 5+53 g ‘ ”
£ C24 0°04 0°10 - 546 g e
5C19 | o002 ! o016 523 o 20F : s
: i S . ) 4
S F id
z Cie 0+20 | denitrified | 5°41 N e
12 £2C3 | 020 0-08 564 180 L
£Cs o017 0°14 535 X -
- R - . ————— N - ,/‘ .
s - .~
2Ci2 | 022 | 004 4+26 1605~
13 2 Ci13 0-23 0°08 4°40 - ,
g Ci4 0°23 | 0712 -| 4-78 N ! K
2 C10 0°19 | 0°-14 468 2 #02 o
! M 50 B LQ/Q
N . ™ .
DI CHALBSERC A AU BBD 6N 5. ChuTH L, ] wer P
w . . R N s e
BOE §C20 TREHKABEROTERE D, 37 .
. - o
BB L L, BRLERBRSRMEIEIE ECI1L,EC1e 1) S, g
+~ 3 -
. = 7 .

e = + e ) N it ' L ) ) I Y S}
hT RO, 2Cl16 L3 ¥RAUBEICEEL, %Lk g 7 3 6 /5 50 W0 w0
LidEbin/gw. Fig. 232, Zu—74120 TR _ ‘ Aging  Time. h ;
125 DTYv—7 3 LI EAFIZRL TV 3 L FFig.3 « Fig. 2.
BIN=TORRIBI V=TS, 7LT, ZOERH ~  Phya—7 i~7 KEDTOSBHERL D, 16-
REGRD & D L AREL N 25-6 AEOWHELICRIZTEAE C ROPERHEL
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He lrﬁfo 52~53% > BHE a“%(ﬂ[)ﬁ@r 25D 4EESHPTHEMARD:

1 s Dty wter EBRERTE ¢ OBAEROT TS, CROSHORD
: /) soltion treatment =T, CEBOBELSERGCED 5N, CRH
8 - BOECOBEIELLDODNBL I TLBND LR
Y i, CERODNEDTENMELNL DR, B .
N (DD TIRIE L, C OREHEETREHNIC I
§ 1 »EEDNE.

/80

16H
N
3 >
& i
§ #0223 .;"\‘-
S Z % 3
k) ‘°/'/ 'l’
Y #C/9 o~ HOE
Sa | o L o
E e, L Rew X Ko
< P L0

- - \
ﬂ el 1 P 3 ) nk L1
73 6 /5 50 W0 20

T b L, BTEKCUHEROEE TX, CEOEN
FWECBNESRD 6 b. Th 800°C THEFL
T E, CHOB S OTI, DB ELL,
M THOBWEDUNCHEL, ROBMTRIKLY, =
RE{EOFERRL, BCs>THEIELTS. Ll
T, % OEEREIRFPORIBITORHC BN TECED
L D EAS,  100h P TIRERILORFIRIC A B EEHS
L. ChRAELT, CEMEEORETHE, ffEotn
X TBEEE DRV Y R LIS 5 IR EME L,
BEERITRFTHN T, 100h LIS & 72-0T & BRIL DR
WADIZRL OB b N2 3 DB, LN BE(L
ANEE R OBEEE L L RFT L TH B &, REIDBE
DEFFHTIR, CHODOFWE O S HFHERLLITRK X VDS
EFNEBTRCEDENIDSBLEDHWRELS.
P2 REEL ITRER TId, —B CEIBU LTS
DROIBKRE L, BELESOY, CEROEWVE TR
B $ HHReBiE T D Bk o< , AMOKBR T
FIRGY, —ETODREE 800°C WRSEHL 2hH3 b ERg
HE2BHL CHEE2HEL, BCRKS2ET 55E
SR UIT 2T A DT, BHZBE X 2 OEEDS
TONHOWHEEZ/RET, ZOERPOAEDLT
WBERBNEITHD. pddBHETE, FXEEOR
FHHUCTED 51 3 BB LOBRIELNILL VN OT

h & HeEERLY, CROBERZHMLTASZL, C
2, AEBOGHERNTRAMDOESE Mo, NEZhsD
Dz, ASSOFHB{LITEL W EEERL, CEM
ik, BERELRY, ZBECoBERGELNEL
3 BD, N IATHELE O DT § 084
Y, ATHEBMORNIBHLL LD ERAS.

(2) BEghicis L33 Mo LidDFsE

Fig. 4 34 v— 7 81T317 B ESEMELal # T 5.
I & &, Mo DG X 258N, BREL
THE 5 DR ITIZ 28 6 N sLy. 800°C OEE Tl Mo
D& BB 91, B OB & b BEEE IR P PEN DS
6h LIZETIE B9 OFNEENEL /L. £, B
LB OTELE O TE, FOREEEITE 3 Bk
EDFEAE VDS, THLE T, Mo &D&u B9
1T BEE LR D —B/EBL. CHIdEERDS T g

wlh {c 003~007%
v N denitridized
/60 = A '
L gk 89
L Mo % A
Inmediately after ',"

Solution treatment

#89
00 S
. X
Vi7) S , ¥
w | K
; AN
% l" ,r /'c\ \
60 B T AR
~ Y
§ #0200 o/
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;20 ot
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‘0 I L1 3 3 DI T W S T
~ 7 ¢ % 30 8 200

,4;//7; Time 4
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Th%. Wb, Ti CTHENUIRETR, 6% Mo 0
4B9 TH 150h DEENITE b BRI LIz 1
DT, BELOHIE S HkRRITH DI O,  52%
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Fig. 5.

Fig. 5. &7 00—F 913 2B (Lt 82 T 5
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~ THE DIMENSIONAL STABILITY OF BALL BEARING STEEL (III)

Synopsis:

 Takashi- Hattori

The author analysed the quantxty of retained austemte employing the integrated intensity
of X ray diffraction lines and Hurlbut counter to quantlfy the results of dimensional
stability of ball bearing steel mentioned in Report No.1 and 2. The results were as follows:

1) The retained austenite increased. w1th higher quenchmg temperature, and repeated’

quenching increased it too.

2) The. retained austenite mcreased by tempering 1mmed1ate1y after quenching. -
3) The retained austenite “decreased’ about 3~49;, by one day of air cooling after
-quenching and prior to tempermg, or by employing secondary temperlng, compared with

specimens tempered nnmedxately after quenching. .
4) The retained austenite decreased by subzero treatment and even after marquenching.

5) The quantity of Spher01d1zed carbide decreased by higher quenching temperature

“and also by repeated quenchmg

6) > The crystal structure before quenchmg affects the diffusion of spheroidized carbide

into matrix.
zed carbide diffusion into matrix.
_crystal structure.

Increase of the-retained austemte was proport10na1 to the degree of spheroidi—
The drmensmnal stability was also influenced by the

7) ‘The quantity of retamed austemte was influenced by the cooling rate according to the:

mass of specimens.

The above results can quantitatively prove the experlments on dlmensmnal stability of

ball bearing steel introduced by the previous two reports.

Moreover, he studied relations.

“between the .dimensional- changes by heat treatment and the retained austenite and magne— -
"tic properties, for further considerations on ball-bearing.steel problems -
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