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Abstracet

Low-carbon Ni-Cr-Mo-V steels containing 1~59 nickel were subjected to isothermal or continu-
ous cooling transformations and tempering, which led to a variety of microstructure. FEffects of
nickel and carbon on the microstructures and on the tensile properties of these steels were examined
by means of the tensile testing, dilatation measurement, X-ray measurement, and optical and
electron microscopes.

An addition of nickel improved the tensile properties, particularly the ductility of the steels with
the intermediate transformation products as well as the tempered martensitic structures. However,

decrease of carbon content exhibited no appreciable contribution to a balanced improvement in the
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strength and ductility relationship. An increase of the nickel content was found to shift the trans-
fomation ranges of the ferrite and the intermediate products to a lower temperature and to a much
longer time, and consequently, resulted in enhanced. hardenability. ,

The intermediate transformation structure, which mainly consisted of bainite, had a considerably
ow vield strength ratio and low elongation and reduction of arca values. The steels with this
n;trcture were, in general, inferior to those with the tempered martensite. When additional tem-
pering at an appropriate temperature was applied to the steel, the intermediate structure of higher
nickel steels had a trend of marked increase in yield strength (ratio) as well as an increase in
ductility, although the tensile strength decréase.

Most of the intermediate structures were composed of lathlike structures with high density of
dislocations and precipitation of carbides, and their tempering caused both the rearrangement of
dislocations and the secondary hardening, presumably associated with the molybdenum carbide
precipitation which was enhanced by a higher nickel content; this seams to cause an optimum

improvement in the combination of strength and ductility.
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Steel c  Ni cr Mo % Mn Si P S Fe
N1 023 168 097 034 000 136 031 0007 0007 bal,
N15 015 146 099 0.3¢ 010 1.3 025  0.005 0.005
N3 .92 302 Lol 030 010 06 026 0007 0006 v
NaL 006  3.07 0.99 0.3 010 - 133 022 000 0.005
N5 020 505 0.97. 0.3 010 13 026 0006 0.006

NsL 0. 06 5. 05 0.95 0.32 0. 09 0.77 0.18 0. 003 0.009 "
N3R 0.22 3.02 0. 04 0.24 0.13 0. 47 0.27 0. 007 0. 008 "
N3v 0. 20 3.00 0.97 0.33 0.20 1.25 0.09 0. 007 0. 007 "
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Tensile strength Proof stress Elongation Reduction of area
Steel Heat-treatment® 0.2%)
kg/mm? kg/ mm® % %
N1 AC 104. 6 70.2 18. 6 57.4
400B 105.9 65. 2 11.5 37.8
450B 130. 3 65. 3 12.0 25.1
420T 130.7 113.9 12.2 65. 1
620T 106. 0 98. 4 15.5 70. 0
400B 550T 90. 6 63.1 14.1 58.5
400B 600T 85.7 62.1 15. 8 66. 3
450B 550T 98.9 72.7 11.7 56.1
450B 600T 91.0 69. 4 12.5 56. 9
N3 AC 116. 2 80.2 13.7 65. 5
360B 122.1 77.7 9.5 39.4
400B 135.1 68. 3 12.3 33.7
450B 147.1 78.6 11.6 48.7
420T 128.0 112. 2 13.0 64. 3
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Tensile strength Proof stress Elongation Reduction of
teel Heat-treatment* 0.2%) area
kg/mm? kg/ mm?* % %

620T 107. 0 86.0 16 °9 68. 9

550TS 113.1 102. 1 17.6 66. 6

550TL 108. 8 99. 2 16. 4 66. 0

400B 550T 108.9 81. 4 16. 0 59.2

4008 600T 104.9 82.5 16. 6 63.3

450B 550T 11.1 84.7 15. 4 64. 0

450B 600T 104.9 85.5 17.7 71. 4

N5 AC 145.7 95.8 12. 4 48.3
330B 135.0 68.0 12.2 38.8

320MT 164. 3 104. 0 12. 6 60.7

320MT 520T 120.9 98.5 15.5 66.9

420T 126. 5 110.9 13.5 64. 8

550TS 116.1 100. 4 18.9 66. 8

550TL 11175 101.6 18.8 66. 8

620T 107.9 93.5 19.3 68.9

N3R AC 101.7 70.8 16.1 51.1
450B 104.5 61.6 15. 8 68.3

420T 137.7 118.8 12.5 62. 8

550T 123.3 105. 6 14.1 62.7

620T 99.9 85.4 15.0 67.6

N3v AC 120.7 89.0 13.2 66. 4
N15 AC 95. 4 70. 2 18.8 60. 9
450B 112.6 61.7 17.4 44. 6

500B 110. 3 56. 6 14.5 71. 4

200T 137.8 99.7 12.2 68. 1

470T 114.7 102. 8 14.7 67.3

520T 94.2 76. 0 12.6 70.6

450B 550T 97.0 76. 0 16. 0 65.5

450B 600T 93.6 77.8 17.1 68. 8

500B 550T 96. 1 80. 3 14.7 68. 2

500B 600T 87.4 74.6 14.3 71.9

N3L AC 91.6 56. 4 18.1 74.4
500B 95.6 55.3 17.9 75.0

200T 111.6 84.1 12.2 72.2

740T 98.0 89.7 15. 2 71.5

400MT 97.1 67. 8 16. 2 75.0

500B 550T 96.7 73.2 23.3 76. 2

500B 600T 92.4 67.5 17.0 69.0

NsL AC 113.9 74.0 16. 5 69.9
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Tensile strength Proof stress Elongation Reduction of
Steel Heat-treatment* 0.2%) area
kg/mm®* kg/mm®* % %

N5L 4508 118.5 75.3 9.6 34.5
0Q 114.3 83.5 13.6 67.8

200T 113.7 88.1 13.4 671

470T 102. 8 86.5 15. 6 68.7

400MT 104. 4 65. 5 15. 2 ‘ 64.7

450MT 109.7 79.9 13.7 66. 0

* AC; air cooled
B: © x24hr isothermally transformed
0Q; as oil quench
T: € xlhr temered after quenching
TS; ¢ X30min tempered after quenching
TL; € x8hr tempered after quenching
MT; ¢ martempered
Numeral; treated temerature respectively

3-2 SIRMmEESL BREEE
3-2°1 Rl (KT Mkt
#3112 BT #49 MER MEIES SHES 2EMKS Yeli o
TR AR M (R AME £ 800~400°C RIS o = % 0. 26deg/sec, [E3-1e) Mo
B FORT WEEID) E Hler] Bekel o e - slhige REAA RN ebilg #3413
3 ko] "ok REEE Nioh RS SHERA AL WISk REME, HmkHES 2] Wik
ke & o Aok REEHEC] 4 ede) NiGARS B BRIEE MmetA debtEy)

h=A

Watel, fREGAARe] waae NiGAate] wie WEFRES Rl BEgsA e,

180
NS
woo{—/- “
F
o
N 73
100
2
o 1000 — A\ \——\\— E3
< S
(-]
° i
]
C=0.2%

ELONGATION 2%

3:13 REGHEHZ Jehd [EH-E g

2 PSR Wm
SR el BT

o159 ME > ?%3314 2,



fER%E A& AURIEA Uk an
a) N1 iA#teE M pearlited FA diiB M MLERe] =, & N3 U2 4440 bainiter} &
G R EYREE ] T, 9 N5aREE A9 43~} (auto-tempered) martensite flfko# = 9
(5 3.2 FilEel £y EFHMASEGRR) £ REi] ¥ Ak d(N15),e(N3L), f(N
BLYSl A & Ni &4l et K7 ferritefte]
whebal RAMReR A i

—fE o Nig Hib#pdd E447b4 @
Aol A SRl B A T, s]H KR
AR A Aol A Hsl BEREREEC] st

A BEie AL, EpmibsdZE BN ferrite
o) WS giEstd disBRESRERIRE S K
TAA THAME BAEA 7l =9l Nizt Giist
£ AR AAHAL, mEEEY  RETERE
E Nig] @l cr Cell (KT LBk BE<]
sastA ek gieh (13138 8)

Magees}t Davies' & Fe-Ni-C& 48] martensite B5E<ol A, C, Nizl martensite®] JPfiol &
e Ni 9 Crb ¥& Hifkol 4 & lenticular-tetragonal v 3 & packet-cubical martensiter} %
KA FES e, AR HeedA e ZHlo2 #EY FE lath ;f'n«] g o et

B 32 whHMe i KT BTEBMEERAY alND), b(N3), c(N5)% RAEEH R
High 2 Akl A s SEEE S el &4 o2 WiEe filst sled e,
d(N3L), e(N5L)% mRafie] Be AdAE o] % pemel Ad BRAA @+ A #
el e sgch Ni R4re] w& NI, N3 skt sfeie] Aiken Wy F77F A4 bainite
BRETIS Yebd el sk, Ni 5% N5 #ktel A& $hike = st sifbre] Widmanstat-
enfte® 12089 MES A w BN NS g, ks A% 2 awo-
tempers lathZ! martensite &S ebdch Ni 3%¢ 1% 7 —‘3: 313 B3-29 CCTHE
2R HEWAA, BHTY W ferritert WAA RS A o2 A Z4HE bainiteflfifiel el A MK
Heol g

Bi3-14v Ni &HE) 1% N1 getel lolAl, ##f Bl KT 5IREHES (#LE:
Bl Aelth b, ¢c9 temperingd} d, e9] bainiteZ HiEdt= ¢ B 620°Col A 1B&E temperingd mar-
tensites} dH] 400°C ol A 24F3[H] 257AS8AEA 7] bainite® FIERIETE A8 F—dd= Azt
bainitebfe] RE(RMEE EESHA (LT A7ol EMHES Aok, = banitedzRike Lzt
o] 98] 450°C ol A1 £E§Uﬂ etfE FlEREA glo] 420°Cel Al tempering§l martensite®fQl o4} A
o L, BREES H 50%4d FHtL BHEREs @,

BE 332 ol & #R XEBEHEEBEC T o =4HE 319 B Rrd HsH

a Nt
b N3
£ N5 AR oDl
& R
& HWEL

WE 3-2 Hd KT BhH BT BEEER



12 1976 41 BBIRIFEKE W3HE B4

L))
\
"
w3
a
10004~ f~— | — | ——— A =\ - —
L3
] g
a3 [ soi
[ a air cooled
b 420°Cx1Hr tem.
¢ 620°Cx1Hr tem.
d 400°Cx2Mr LT.
N @ 450°Cx24Hr LT.
- ELONGATION —a%
3:14 N1¥fo] HpRmEel K3 M7 g0 R KR 3-3 N1#o] i

e w2 ol o, Bk ferrite®) HMITH PRIBMEMAL = e, b= quenching £
420°C ol A —WR  tempering@A, cx 620°C ol Al 1B temperingdt A o 3 Fif#kc} tempered
martensite ffke] k. b, ¢t FebA] d,e9 bainitefligS HT AR S e, 450°Cel A
WIBA 7] e 24K0) HHMERAA KB austenited] A BT T martensite & BE
i gloh, WEel k3 BFEEMRIEBZEEE  tempered martensitebfoll 4] lathiell Widmanstat-
tenfRo® 3o HMS R, Fmel =t ZA Ao M i 2 AT
B ol A 98l s JbfEsl L3, bainitedrol A = ARE AR = 355%ET bainitic ferrite
o} FF lathiif kol —iETh habit( ) = Mest & Rk =& FiEol HiBd R 3 tem-
pered martensitefrol JERFEA S e HEES Hi2 Hdde A& Uk A
—fEhow AT YE EHEMAA M £ bainite FE4rol W= o £KIEEIE 400
C THE 450°Col A& L# bainiteo] Mol m, dHEAA FTo R AFIE ferrite #ikdRS) Abe]el
Plbpe) HiistA =k, {KRFERS Mol = MR T bainited] “EbE AF AL ce-
mentite <] ferrite lath Aol —E el =FebA MM Afe] JebddP . g A 3
o ol E MRS ARAEMelA ] BEY + A2 Fsl 500°Col A £EKE dainited) 0B
oA = FIt Mol FEVE MRS BHE 345 o —fIEA EEEs} w2 lathyh F
72 KHIS 3 o] lath®] Ze]9) HREst # 60 AR Z BT Kitws BRET 571 A

3+2-2 quenching-tempering 8%

56%& quenching & #HRY KEES temperingd=l =2 @l =eb@(bels FES v
3,158} o] Hoh, WEE KEAHR 24 HRHo] QA temperings] (kT HEES Sk
T KEEAEC] WS MR BESR 0.06%CHANY 1 ##ke olF Ao



B3R FE S S BuRBARAT 5IREE (13)

O N1t
l_ l l | aN3
T = a Ns
X N5
3 V N3L
T I\g\ O NSL
1 x— A
X*—-\x h
| I\v\I \X\x\l
O o> [ V\v\l Ix
. 0% T, - T R 300 %00 500 600
@ N1 4O0Cx2br © NIS S00°Cx2hHr TEMPERING TEMP °C X 1HR.
B W15 GEOCX2AHS d N3 450°CR24Hr
RE 3-4 Ha9<] bainitedilh 315 temperingiBBE<l K3 BEEES] #{k

Hollomon'' & 0. 20~0. 40%CS] Ni-Mn—Si & AA 7% PHHHRAA tempering Gl =
2 Bl Mol A D REAHR] pETa BRSged, R e
£ 4 martensite®] B A4 RS temperingol KT BRUNILES SMbel 27 BEE Rl A

% Roberts9} Owen” & Nigidoll A Ni®l #in 5%7HA & &ilsl 0.2%Me) 1 le] e,
2 ko] H9 @EgAA s Ae wel I gk APEM A S Nio) pEe ahk] A2 (A
~39) ol A = WIEetA GARE 5%k A9 e ARl BRS¢l TRBEMIG] HEht
500~550°Col 4] 7H4 A Ao oA Niel (R KHRIHIT MBS AHILIEADER
o} #F9 %5 austeniteo] BB E Al 44T FIF A+t

Xigol k3t B austenite®) ERERS WS el [#3-16(N5 420T), [ 3-17(N3 OQ),

«(110)
{
i
-
§

e Tess Pese  NIQQ
o 7 Termes "
brvond bt ; Tilver >
Teireg v Tane >
Count l..l.’“ Currest 16wt
M-'m e ount Pull Scxle Lk/s
- e Time Constant 1sec.
bt allond Beanning Spess 2 Yata.
Chart Speed 2on/uin,
o o Divergenay
Teceiving 2148 O.lmm

¥
Receiving Blit  O.lem

#(200)

«r200)

§
s

rain

25 30 35
20 25 26 30 kL] 20 26

M 3-16 N5 30kl Xigmirig 3:17 N3 RA¥S XEriR
B 3-18(N5L 450B)9bzke] oj Aol vk 3%LITY fhitomom 2% UIAES gebisl 95
t}.
B 3-19% EHBElel Fe Mg pEst Ni Gfh4s BEE ZRg A @
b8} 524 quenchingbf& 420°C x1 hr tempering3t kel A= Ni GHES £T A9 &5 o



(14) 1976 47 WEIGEAS WXE H11E

N1 (NET)
s: ::-'n- utau weeeee== N 3 (NI I'%)
g -2 oo F\ ——— N5 (NISW)
Comst Pall Seale 1x/q
fivbreeiirl
P il 2
§ Meseiving K11t dlem
~ H = o 1000
500
20 25 20 » a
20 ELONGATION —a2%
@ 3-18 N5L gktel XfREIT{R 3:19 EHBRrfiRe] = 2 = BURIEHBR

NigHEe w8
A%k, ¢9] 620°C X1 hr tempering Mol A& JEHS] wkol HRMA Nio) P8 P53 o
B Sleh 2 fREe] BBES HA = hRREERY A& Higstd, 3°13 ¥ [#3-14¢l"
Bel= upepzke] N1 Glbell A = BEREREEZF M358 HelAa N3 aBedA = BREsE S
JEfRZR ] o] Al e},

)59 Bt~ temperingel] KAl BERHES JEMEE ET KET S Qo
3:19a9] HRBMEESS temperingZt A A= Ni% 3% %A= EA quenching#f9 Al 7}
79t A& B ok @Elest o] 620°CE temperingTt BUBS FIEHREC] #WE BRRERES)
{5iR temperingffell Hidted ¥& A EAL] TS celliR1Le] HfTl kdzlelezt A=

o] 5 MRRETIES FIS FHE 350 Rk Wil wheRzke] Ni GAiEtel w2 ke ERe
28 A BEstA JEiv dA @k 620°C temperingel]

: g:. 4207
A EEe #EA WA Al martensite MRS ae sz01
H{vsl Wikz Ak -1
T\o\o
R s
| GEm—
> .
1001 — ! - 18
T, ¥ -
A 5
80 z
s g @
&~ 14
o
z
A i
SEPCXINY Lo, €. GRCRIHr tem, 0 %

50
Ni %

BE 3.5 ZURHd K3 KEREREEMR @ 3-20 iRl K3 FIEEES B0 2%C 15H)
Ni gl ke 3IEHERS) LS tempering WAEHIZ wol= [E3. 209 el IR



ERE B4 GRS FEBEARS FIEEE (s)
5 (on), W RBRIE (0,.0, 0. 2% M§7) SF2=1 Nigl AATitel = Ao A ga, 620CAA tem-
peringt Bl os7b Nisl GRS HHE e e e MAbEE Zfihes o3ld
WA= dvba el Niol e fis] Ak 2 ke Bel A Ni g el 9l
she Niodkel Hpnsl v e EMZRS HES Hngke.

231 3.6 524 quenching # 420°C S+ 620°C el Al tempering%+ o) I T RS R o]
o} a%h b o] N1 kS 420°Cel A 1ghi tem-
pering%  flfge] ™, sl KfESHE lathFE <
zay oW fEs E5111e] lath7k BIESL YL
sieael M-S lathe) Fumel FLAISL EEERAR
Q17 3 lathifi ol #ifcs Qe sz T 5 4
o, ® [ lathol 4= @{UEEZL WK ¥
o was e o] s AEAE B
= ok, ¢] B gh HiRRS temperingiifES 620CE
sz =4S o lathE Al & bt we]d A=
¥o¥ 3+6 quenching-temperingfllfiRe] fHHOL SAEme Wike] FosEeA BT KRS 2

TR (0. 2% C) )
o) I BMMHEEE KT LS & T Tk

Busheh Kelly™ = #iii#isike] sfbst 3ET A ZARE, sl ke ZEE = il

ThE el Tike v BiRigEiRe] TR ﬁ%’if— AAA Ak fihdl  RIGEo R
sk W, A ERYS BhEEe) BRER] 2 7 enE, o] Hiidpel afndikel b

o a 2007 LS U NS O A D
R —— s #htkol e WA AR
- \ FEES b ee N5 RBS £ 420CS 620C=E 1B
Em T < il tempering P& wHe] Mkelch. N1 3k gt
= | [ ‘l*’”*f sl A Ni Gfiel (k¥ ERE W ARAE 4%
g R .
’ B 3-21¢ WEAHES] 0.06~0.15% 7 B2 marten-
* W -4 '°§ site BEtol A o] tempering & SF Ni G kael Bk
il §  denaAclTh Nioafilel NS osoh A
S |TF et ni o i B CREG) debde =
#_/ ’ N RAA L FAE Niol whe} MRS s g
L“%’l—%‘——‘é“ Pefhim g = 470°C o A tempering THA ¢} 200°C ol A {IKif
| e ® empering® ek HE e 14 & 3159 tem-
3421 Negfiliel @ BIHIETS] 4
{£(0. 15, 0. 06% C<] i) peringi ol A £ 5 QlEubsbae] temperingel &



(16) 1976%F 47 WEHGRERIS sk Bl
T R BRI R iRl o RSHE (0. 06%C) Skt e E B Kl —
KBEEBRC] — BHHI A 470°C tempering o 2 M ikERES ol R Q2 ",
ol = RS MR T BMEIEE) ®a s N3L, N5L o] -3 lathe] Aoz kot
ko] Wgol & RIS e— RS T Hipe] BEiy.o o Hebt ot B 3.7¢ o —
el MRS whHY MBS B 329 d, e BGA L W—3 lath#le] bainiteZk:
A= o] AL e BRIAA oo

quenching-tempering #igel 1A 0.2%<F 0.06%9 REGHRS 2E X2 3o 2R
E A BE BEE v Qdow, SRk kit RERIREES LR, ovbelsl  Hethig
o BERBIRG WO L)Y 2402 waeld,

3:2:3 *féﬂﬁﬂﬁﬁﬁ 2:; U N3L ‘3‘;2&:5 _g:.
ONS ONSL g 3308 ——&
bainiteffl %5 (S4B ferrite®) 2 AR o RiEL RS HLick A
ol 4 GlaRE M2 [@l3.229) Zo] B oh o] A6} £ B “//s E ]

A 24TERY SEESBEA A A A —HalA g 0 e 120

“ i
/ g 18
C

Xg/mme

100
x
- wraL 16
o L3
= m
Jul
= w0 A 2
- @
- e tu 3
%
S ¥ =
oo Ga ]
€0 L
A

e
o 2
Be - A 10 3 e
> %
a.b NIL 200°CKIHr tem,
cod o NSL ZO0PCxINr tem

WW 3:7 quenching-tempering MRS WILE T 3-22 RRIRFEAIRS 3IEEE
RBEIF (0. 06% C)

BEol K BRI M) Lot e & &5 Qv 09 0,,909 EIb Tos st
REAHZS, WIHEgHEZC] Bl FRSIT. MRS Bl R 261 LY W HL#5% )
HALR Aol Y3, —@MoR MM BEHS AT BHE) S Wik 2L 3E A
HRL WEAA FRBEA 2 MRS B 29, e me kEd TTT &) wK
bainite 40BN WEEC) AR, —MAYER KA EEEA BAEA A ) EH Kol A 8
RBATL A3} 05, 04, hAEe] Eo] el Q)

SIFE Bl FEBEA LA C] 2 WG Mshol 7% BEEA BiEs ) ] o]
bainite SIS BEEITIC] 23 My EREISChl MBS 2T 52 bainiter) ol gl
Wsted, miel A SFEEA A & bainite LREERBEA Sy kS BEEe =
A A ] REE austeniter} martensite = auto-tempered martensite Al =l dol e A

p-T1Y



BiE EaeMe] BuEmEMm=t 5IE S an
grel =t sbgle
PUNBEEER ol (R 3 WISl £3h<] martensite TFi[iTol 77k zho ¢] bainite RIS HEEO
Aelel fFeEshese] #iEs <l 9o o] martensitefly FLATS] 2ol 4eal Al BREESL Bi— bainite
Mok dgne gl s sk WEEkEe] 90k, Bushel Kelly!V = bainitefii] MmibBsRES] —uR
FAE 0. 1% 793 0. 21% 74 A 9 {EA4He] 914, bainite kel ferrite TR <) otE
TR BRI ORI AR S 9tk = Irvines} Pickering!!, 192 bainite®] LB O =
DALMY, W01, ferite WIRES] RIfE, [MigfBo] kel MMENLS i QAR o
& bainite {I&ke] NS chabe] PLBEREEA (Ei°] tempered martensiteq] 17y ch o] x| 7
A3 FEAMAke] o]l A4 HER oz A= 5 9ot
AR W e % RS WMETRMESRS B 38
ol Moleb 1pm Wi#sel (13 10¥pmpl k9 Ze] & 7}
# = lathf ferrite £}HS Jiftz stz M= ¢8 #AL
oF fkib#pe] Srfke] Bk s ke o W%, TR
PrEVLE S 2fEstet. Rl =HebaA sbechEA Hifel
A= RIS JliolA £RE A s HEy (Kl
Al SBTET: BORlol & RS A ?s‘*&‘:]'. lath HEipyel =+
A Skl Ml B, o IR et 9
Eubeb o], BLIEMCl Fistn Q&4 o8 P24
nh, RFGHEC] A& difdAE A9 Fol 5 ¢
BR 3-8 hRIBRERMS] Wi K3 o] rhiBRREERCA = 2o s FIREEY HWY
EFERSER .. .
FERBREE Y2, = oA 5% bainite#fiifiol 7H7t
i A HES Y. K, TSR & Ni KAEMd A JEHke] #ET bainite A =
St PRS- BI9Este] bainite #e] 2} o] 2R 3 LA R, KM &R ket m—
bainite #ffc] ZEHE Lol A MWEHFD GUAC] dEbdAl ga glen, 238 o5& Fmime
A A A martensite?} o] EAMAECZ S, X tempering Aoz ulEm z A RS, jEHEo] o}
zre] Wit & &5 A
3:2-4 PRPREARES| &iBtempering
o ] BB SRIE S 3Atel & bainite, auto-tempered martesite 4+ 2.5 7%5] austeniter} FEfEEr=
Pel ek o] & ke e M FARET R nz, zan3) s @hs o)
T TREHEe] =eh. TRBMEIRES oFF sbbd BER tempering $1& o o) SIESHEEMLS) B
E dold [@3.235% o] ®Hoh. g Bl et £K EENA  SEHEATAH, b
]2 & 550°Cell Al 1R tempering A 7121 ¢] 3, c& Z¢] 600°Col A tempering® A o]}, 400°C
o Al £KA 7] bainitet 450°Cel A KA 71 bainite 2.5}, 65, 0. 7} W& AL FIEGT o) 2o

. B
frs



(18 19764 473 WBGHGIEREE N3 H1LH

ol N 22M —a
A\ B
[ ® A 4508
LN | e
) 7, »p
/ //
H /4/‘ -
77 knd
: V4
C a e
|/
'\",'/ 12
' 10

HEAT TREATMENT

3:23 pRIEMEMEL-S tempering I HEB S
gl E e gk

NOILYONOI3

Ak, o] A& temperingstl  os LPK3l (KT
B Ni 1% 400°C s#iERtake] 45T
(ETsA vk Ni 3% 3%l A& IXHE ZRUME
ez Hhnsta ohA EEE sk 2
ok gl
— o BRG] b BfRshE MLAK
o] skl whobA JCANZE LTS Ak, o]
39 Nist Mo, C%9 MR F1iel M
ol stdAA o7 st o, R
o SET = EMEY HEET B vb s
W o] vhebd A& WEI FEe o

SEAL 0y,

b1

SHE REESH R A2 N15,N3Le gl A =, 500°Col Al 4 A 7] bainitefilfiol Slel ¢l
A & 550°C, 600°C & tempering¥roll w2}, osE KT e FEb AR o FTINE VERY

o, H%E B MES Hirste B

X

&y

2 Qo o) e EMEES T BLE AR

5 9=e, 600°C oA tempering % N3L BHEE AW MEfhaRS) HnE dEda g
e e AR 0299 WA NLN3 Gpelde —Eetw gor, A= w
Ni 39 el el GEbERC] AWe Mmshn Qe ] Fife] e sl

50 3-9 temperingX rRRHERS AR

i 3-9% HiBRE#ARS]  tempering®l
JHEETE F ks B 0 2, bainite®] lath H(&
SRR el [EIEBLGe] fAfES T glem,
#re] FHRFIOl (KI HHET Aoz =
o 98& vt gk v T
3@, Irvine®}t Pickering!®e¢] #Hffst 3 2
& bainite®] FLERAAA L ARREAIEEE
o] SMEbIs RS el A=, B
wrile) sie) MEsEMbE  ETREBEE
gzoll A WIffEs] &7k §l Sl

Irvine'" - {IC44:41¢] bainiteS- tempering

S, EEel BESH EAMEE e BEme el (KelA i ETSE Jhel, St
ALt TS RS A BRRIREZL 8 Axle) B Jish 9LA 2, tempering
e @il BAAS VRS $iA sheh. ® Busheh Kelly' " bainitet] tempering iR E
To0CE @ H, e S TE e BT Bk skl ket Aoz, Rk
wel B el 9o whaba sleh, et o B8 el & AU SEle R Ni-Mos)
—8 6 —



EiRE EALMe BURAEAR SRR 19)

HILEM el et 2l om A2 d & Wil ZREEH S 457 990
AWFgR A = MRS 8T WIS RES 7 Lo, kel WD MMe Wik
imell A A dEmEel vt BaEetr] o Ham, = XEBNEY fEFel (KT B austenite
it tempering JifEol wheb AEG el 3%LITRA —EHA o2 Bastd, e B A

O w2

LR, PR B RS RS ATl {KSlA o7 RSEHE WRENES Y LE

eleled Bil CriVst VIV s GAidke] A oA TREMbe WHEIGERS 42T F7F dh
R W] (KA eHAA S Mo KE4 HZkikibaa RESHTHA G Y= H@E7h gL,
I Irvines} Pickering®' el 4ol fkalAl, LAEENS] Mopsr 2.2 500~600°C 2] tempering
dfgel RS A, Mo,Col BeAT Ml KT LB S e A3 9l ow Niol #E7ee] kA ¢

Vb= 9% whelke] At A Ao

ARl gelAdel Nie] frfrsho R4S LME#EE Bkt 2o KRS BEEBITES
martensite®] A zoln] [l JEMEMIEZNRAY Insl A A EES EMS BfEe mEA7
FiiERel 53 %4quenching 755 bainitef#fke] tempering#°] BEARKEE o FEd HahdA )

fhanAl & 77k Sleh

4. #& W
Ni G HifRE 1~5%% 8bA 7 {KKHE Ni—Cr—Mo— Vilile] BERES HIEsto, dilEHs

BBt qenching-tempering Mk 2 ZEviel FsA, 7R BHK BIRE B
o & HwSs A9+

L AGMMES) MRS FHBRSRLAR quenching-tempering g, Zrwifke] =5 HEEst
B2 lathflff e F= st BRMel KB, N ShfEd et X2 e amREs}s #
{este] o #IRAY HEC BEE 1A o)d REEHREE 0.06%E ETAAR BES} ik
] ﬁ%‘l%ﬁ_"_ﬁ 2OEY HEE TRl BEETE Yok L RIS e [RIREESLN
A=, 1425 5%Ax Ni fFEE BmsteeA, ferrite ¥ IRMEAKS) RS
{ERERRIMel 81T A quenching R E wkslx HEHRE WA

3. WRIEM AR quenching-tempering Rl kst FRREREEZL HiZks] oo 5RIRE, IC
el zEe] KT E & Mfe] et

4 AGRFES hRSEYMSELG-S EWY WER temperingdtH WIS KT, WAL (K
MA BIERMRFES KT A7 & R WREBEGH )7 EAsted MR, Bmkfsds FEd
o] vhEbd

5. JLfie] £4&THEST FHTE A 52& banite fifEE ¥ AMem RFI AEH

—87 —



(20) 19764 41 EEBIRIFRE FHzCHE B
 Tshedl e FAGa, o388 MEGIEER KA £RAIL HAMR] #EH =
$ER5R9] marquenching JE¥Iel (k& A], quenching-tempering #ifkol b7t RIFI HHS 94 &
F7F 9lot 5845} quenching-tempering fikel & RiAshot.

6. AfWfiel A Nio fFfeife ¥4 quenching ¥ rhRyBRS SBMKR 4%
quenching ##% (bainite-martensite JLAHM) o KAA Nivh BRGEEES} JEHS) HFFS kA
71 %E A, ¥53) temperingel KA % o] B HARLE [ LA =R el A

2 £ X &

AN

1) E.C. Bain: ASM, 20(1932), p. 385, Factors Affecting the Inherent Hardenability of Steel.

2) # &M, 23(1937), p. 875, SADEEACRITTHMTROLE

3) E.S. Davenport and E. C. Bain: Met. Soc. AIME, 90(1930) p. 117, Transformation of Austenite at
Constant Subcritical Temperatures.

4) &4, T : SHETHM 3(1965), p.279, WRIBHEEMHSR OB ERTEECHT 2P%R

5) i, WU, BIY : JROYEIE —FIBE Symposium, Kyoto (1967), p. 101, MEHUEIRFEN—7 1 .

6) M.J. Roberts and W.S. Owen: Trans. ASM, 60(1967), p.687, The Strength of Martensitic Iron
Nickel Alloys.

7) Metals Handbook (1948), p.611, Amer. Soc. Metals.

8) H.H. Chiswik and A.B. Greninger : Trans. ASM, 32(1944), p. 483, Influence of Nickel, Molybde—
num, Cobalt and Silicon on the Kinetics and Ar// Temperatures of the Austenite to Martensite
Transformation in Steels.

9) C.L. Magee and R.G. Davies: Acta. Met., 19(1971), p.345, The Structure, Deformation and
Strength of Ferrous Martensites.

10) FA : @smF R (1972), p. 175, (L)

11) F.B. Pickering : Symposium of Transformation and Hardenability in Steels, Michigan(1967), p. 109,
The Structure and Properties of Bainite in Steels

12) K%, KB, FER:@E 57(1971), p. 1690, ERFESELHRIWO N1+ 1 b

13) J. H. Hollomon : Transe ASM, 32(19%4) , p. 123, The Effect of Heat Treatment and Carbon Cont-
ent on the Work Hardening Characteristics of Several Steels

14) M.E. Bush and P.M. Kelly : Acta. Met., 19(1971), p. 1363, Strengthening Mechanisms in Bain-
itic Steels

15) K.J. Irvine and F.B. Pickering : Iron Steel Inst., Spec. Rep. No. 93 (1995), p. 110, High—Carbon
Bainitic Steels

16) K. J.Irvine : Symposium of Steel-~Strengthening Mechanism, Zurich(1969), p. 55, A Comparison of
the Bainite Transformation with Other Strengthenirg Mechanisms in High--Strength Structural

Steel
17) MUE, A% : 8240, 47(1961), p. 1532, $ROBRIK(LIBIICH LT TV, W, Mot XU CHBBEMD
we

18) 7, A% AASBREsE 29(1965), p.728, V SMOLRMMARBEO HEHE

19) # REM, ~>ur ORBA

20) K.J. Irvine and F. B. Pickering : JIS], 104(1650), p. 137, Thre Tempering Characteristics of Low—
Carbon Low—Alloy Steels



