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Study on Transformation Features of Carburizing Cr-Mo Steels.

Synopsis:

Hirooki NARAJIMA and Toru ARAKI

Isothermal transformation and continuous cooling transformation diagrams were plotted for a 0:2%
C-Cr-Mo steel and the steels carburized to 0°5, 0°7 and 1:0%C respectively.

In order to investigate the effect of carbon content on the transformation behaviour, hardenability,
hardness, etc., a carburizing method was employed to increase the carbon content without any change

.of other alloying elements.

Acicular ferrite forms in the upper range of bainite transformation for steels containing carbide form-

ing elements, such as chromium and molybdenum, and it accelerates pearlite transformation. Thus,
the mechanism of these transformations was discussed from the viewpoint of kinetical theory.

Steels having the same carbon content were prepared by both carburizing and melting methods.
Differences between both steels were studied on the transformation behaviour and mechanical properties.

The results are surmamarized as follows:
(1) In general,

markedly affected by the formation of proeutectoid products.

pearlite transformation is accelerated by an increasing. carbon content. It is

Proeutectoid cementite has a much

greater effect on the acceleration of pearlite transformation than proeutectoid ferrite.

(2) In the upper bainite range, initiation of pearlite reaction is markedly accelerated. It is con-
sidered that the main factor of acceleration is the increasing carbon content, caused by the formation
.of bainitic ferrite, and kinetic data of pearlite reaction conform to the equation of nucleation and

growth.

(8) Hardness of the structures formed isothermally is increased with an increasing carbon content

in pearlite range.
hand, hardness of steels which were transformed

But it is less affected by the carbon content in the bainite range. On the other
under continuous cooling conditions is much more

affected by the cooling velocity and carbon content in the range of bainite formation than in that of

pearlite formation.

(4) Effect of carburization treatment on the transformation behaviour is primarily the annealing

effect, with exception of increasing carbon content.

Homogenizing effect of carburizing process narrows
an interval between beginning and end of transformation.

No difference could be found between

mechanical properties of carburized steels and melted steels under isothermal transformation.
(Received 10 Feb. 1966)
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Fig. 1.

— — — austenitized . at 950°C.

(a) 600°C, 5sec
Photo. 1.

(b) 600°C, 30sec
Proeutectoid ferrite and bainitic ferrite
precipitated at 600°C (0-29,C~Cr-Mo
steel). X 500(2/3)
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Isothermal transformation diagrams of carburized Cr-Mo steels.
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500°C, 840sec
Photo. 2. Formation of pearlite following bainitic

ferrite precipitation.
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Fig. 2. Nose-temperature and -time of ferrite, pearl-
ite and bainite for isothermal transformation.
Figures indicated show carbon content.

FREERD T =54 VERIRFEDOHINE & b
LLEND. N—F 4 PEREIATHEEALD T TRELY
B A3, ST DL LT m v RESh, &<
CRBBRICHPEAET S ESWRFELLRESNS.

N4 F4 VERRIIREEOEME L HITEN, Lird
IR ENC BT 5 . 850°CTH—AFTF 4 MLl 1°0
%CEIDF —2 5 F 4 MRFREZT07%CHMEIDbHE
WIZ B b5, FONA F A4 MEREORBIISEE
FA—Tdhsb. 2O i, EBEINTIEIRA F 1 bEED
RGHBRALICE > TRESNS ZEEZRLTVS. &
L, N—54 VERROBEFTEZL {3k,

AR CHLHER SN L O, 7 =74 PRIOXA
F A PEEPREEOEIMCIOTELLIELSIND L
LVI% DR EO—FH L CHRDT VDL IATHEHN
=54 MEREIC R JIETIREEOREIC OV TIRIED
E D LR TTWIRW.

BB L Tid, DavexeorTDX 0-54, 0-89, 113
% CDREEMTOWT, 1$—F 4 FZEREDBIIAIIEIT
bl R, X U CHLNTH, ETOIRCL S
LLTwh. K, 49893 0-28, 0°40, 0°68, 0-95,
1:109 C D RFEMCOWT, N—TF 4 P ERREEXET
REEOYPEIPE T L, BIHTHICE D T I
LIZEAEELRVEWV S RERE X T 5 . NIcHOLSON®
IS Fe-C &4 X% Dicees OF — 4D BIK
0-2, 04, 0°6, 1'29,CiiFR L7 1-88% Mn DT
— 5T, TR D ORERE MRER O
LB~ 4 PEEREND L VHFRERITOWVWT, N

1065
800
G e -7
Q
~ 700
O
L.
2
N
[ 02%C
Q.
§
~ 600 P~
NN \\‘ \+4—0.5%C
NN N\t or%e
(850°C)| (950°C)
500 L 1 1 1 2 1 i i 1 1 1 Lol
10 10 103 104

Time ( sec )

Fig. 3. Beginning curves of pearlite transformation
in carburized Cr-Mo stec's.
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Fig. 4. Hardness of the structures after isothermal
transformation.
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Fig. 5. Continuous cooling transformation diagrams of carburized Cr-Mo steels.
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029 C-Cr-Mo steel. - x1000(2/3) (b)). CHIZHWT T = 7 4 b OERBEORME & bITR
' LREA — AT F 4 D ORRIREPEINT 5720 TH 5 -
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RBE DB P T BT H L, e zid
C%DYWT7 = T 4 b3ER LB ORERES —2F F
A b DRFBREIK 0°65% HMT 5 Liciks.

TATT HEEEN B BT, Ms [BEERGHNEE &
EBIETL, 5 200°0C ETETTS. 2okbix
FRRE, N4+ 4 PERBORE L FARICREREA — 27
T4 FDORFEOBRFELBEZDND. ZDX 57 Bs &
U Ms {REOETREIIFHREMT DAL L0, KR
FMTHET7 =T 4 MERBEBKE SREREA —2FF4
FORBRFEDE LV OTELILZDBs B3I Ms @
ETFRE0FEL <HEbN%.

4.2 0-59, C$R _

0-5% CH D& HAEEN L Fig. 5 (b) wrd.
COMTIHERZEREDOHE LIS, 7 =54 b DA
BELGBNDBANA F 4 PERBOEHIZT = T4 bD
RN D /NI, Ui DT DI OBE A~
4F 4 PERBIC X OTEZE IS, £ LT 850~500°C
DU HIEED 1400~60°C/ min DJAVEIFHT A F 4
MEREE =V T YA NERBOLBEI D, T =T
4 R — T 4 MIERLZ V.

4.3 0-79% C$H

TCAT X 5 IBIREARTIE, REEoBT X
DTHDOELBETELDIET =54 VERETHS. FL
TRA F A4 MERESHET, N—F 4 FERROBH I
LHREIT S D E S T OEEIVERSEIZERE DB
LB FRETHS. 0°7%CEROEEBHIZLRERNZ Fig.
5(c) WRT. 0°59%CHlIT TN 4 >4 MZERBian
0 ERERECBITLTWER—F 4 MR EAE
TEH. FLTRAFA b+ F 94 MR S
2 7 DU ENEEEEPAVE, 0°7%C $HTiX 180~60°C /
min (850~500°C) L k< 7% . F 2BIRLREROEA &
FRRIT, OINT7 = T4 FOARE R {EHIC/ C—F 4 b
LRENIRE D .

4.4 1-09,C3$A

F — 27 F 4 MLEES 850°C &0 1:05% Cif
OGS HEIZERENZ Fig.5 (d) wind. [EEEROE
TRk ST, RIBMBEIE C—F 4 NERED S
BHFNRAF A MEREBESRET DL, 0079%C
DEGSHIZRER (Fig. 5(c)) LB TB L X <bh
5.
950°C Iz — 2 7+ 4 ML Ui OEEsEIEXN %
Fig. 5 (e) i, MW THIETRL 72 ¥ & »
v a4 N O, BRESRRIC IS W TRILIORT
WX ARMENRDONIRE Ty P LADDTHS.
G — 25 F 4 MLEEED 950°C DA, 850°C o

Table 2. Effect of carbon content on hardenability
of carburized Cr-Mo steels.

Carbon Austenitizing g ;Stitc a15gggl(i}ng(stéicn)'1€ from

content | temperature 99 o/o 509,

s o (4 0
(%) ) martensite | martensite’

02 880 2 20
05 850 15 150
0-7 850 120 300
1-0 850 6 40

BAH XD DLEEIEND. L LT R X & 4 A3

FHT 57291, £ ORI IATIRC i

DERIACRIBE T . coXS5A—ATF 4 Muo
& T RBRRRACPTFET D> B 5 VITTEITEE
LT st & Uit 3 2 Ba B AT E
{5,

45 BAMEIBE

A D Cr-Mo ERMOBEABITTRTRA F 4

ZREIC X O THEEIND - £ L TANA F A b DAERRED
P 5 i >N TSI T T 5.

2999wV YA PBIR 50% < T o4 b &
AFRT HEOBEIREE LY L 850°C 55 500°C %
TOEHHNCET BRI TED T & Table 2 DX 5T
5. AT, BTEIR L %04 F 4 MVERT SRED
BHEETHD. BEEIT7 =94k, $—F4F, ~A4
F A4 b ORBAEKRENRS%ICIELEEOGEEET H 505,
ERICIEFDIEE AEVENS 74 FTH%. Table 27>
5IFMOBEAMENZE L L TN TWDH T &, BEHTH
R B ERERILMAEL SPEAMRETH I &Y
BRI L PP5.

SR, BIEEELES - OBRERD S & Fig. 6
DEHWinD. HTEEGHE OES %, 850°C 75
500°C % TOBENCIE L 7ok OBk & LTy . X
T L %DRA F 4 bHBERLIAED DWEEE, {1
RAFA MBERL7ELBED T =254 bRITIS—5 4
ML D AT 7 BB IENEE Z RS .

BHEER JOREFEEOE(LIT X BB O, 7
=54 b R—=F4 MEREID DA F A RO
FREBHPIKRE V. T EFE LT, X454 b
BIRTE VT U A POBHAFL, W OHERSEHEIE
ERIOCRERCIOTELLER D THSE. 2
CIIREBEOEMT X > TEREA ~2 7 74 bRENL

¥ 2 v A FESNOERBAERYD 1 %I X 0850

GMERT AL EBEERT S, LIZHOT9%is &
K509 <5 v A4 PRRIREBEL -7 54 b
PEINS.
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1000 7
o—— 02%C
Die-- o—o 05%C
D\E*\A\l S
§ i
a | A 9
800 I— [e) | -~ 3 X a———a 07 %C
E’ﬁp \\ '\\ g O%C
’ \ \ (850°C)
| LO%C
2 | B8 (950°C)
&
600 o} T—H“ E
\ \
a Loy
2 R
N 0\‘ ' \:E!\\
o
< o, Pt \
Ol—o0dha
0 400——AK = ng-ag
£ > \ q}@\
S O, “Gh
N ﬁﬂ\ Q =
. %\ \‘\%
1o o
N 3
200 o1
s
c 114 L 1.1k 1 Il Pt 1 L 1 { 1 1 It
/ 10 102 103 10* 10°

Cooling time from 850°C to 500°Cf(sec)

Fig. 6. Effect of cooling velocity on hardness of
carburized Cr-Mo steels. (| : beginning
of bainite, {} : beginning of ferrite and
pearlite only range.)

THEXRETEEL72DTH5H. 1'09% GO I
P207% CHIOZN LD 7 VRV DX, ZOZ &R
KEBFEEEZRLTCWE EEZ2LNS. SLITEIRERE
DETHRRIZXS5ENAF4 FOFEXE -4 bXD
LAFIBREOEEL KELS5T5DT, B3DHEAEEL
THEEES TCREZZORRIC I DTN F 4 4k

FRIBEPAELZET 5 2 &by 6ns. HR, M

H® X 0°3% C A4S OB HIZERRIC IS W T, N
4 F 4 - OERBRIBESE L LR EESIIMET T3
ZERWBMELTVS.
IBIRZTEEDBED/R— T 4 MEFKE WD 7 =5 4
PRI E2 A4 VEETD) TBTHEIE, REE
BEWIEE, ERARREMRWVIE ETEINT % (Fig.4) .
SRS ANEIE O AL, WIRGHEEEOEKT L LB
CETLTWS. £ L TREEOFECOVTE, B
AT E CRRBEOHME & ICEEML Tw5 23
WHATRR S TR E D DX 2 TRTFLTWS. &
DRERIIBIRLREOBELFEL TV ELITHZS.
F L CAERIBEOEERZIIOE) ¥ LD, N—7F
4 NEREOBIGIRE L X OBRE kD H L Fig. 7 O
Xowis. bbb, MEIE/0—7 4 bOARIBE
BhEEE<, BERERELLTVS. £, M—0%
REERAGIBEIC DWW CHB L 725 &1iE, BIIREED
BEANE X BN L TWH . LicpdoT, [EEZEOE

420
380 0% C
BN >0
\ ~ \/t (950°C) .
o}
A\ N
340 < \\
e N N
07%C  ON\a EN
v 300 =
0 ~ N
2 \D\ N
.E O N ®
2 N N
260 G5%¢ A
5
% O
= /™o
220 o 0%¢C
(850°C)
180 0.2%C \
1
o o
140520 660 680 700 720

Beginning temperature of pearlite (°C )

Fig. 7. Relationships between hardness and beginning

temperature of pearlite transformation in
continuous cooling of carburized Cr-Mo

steels.

(a) Austenitized at 850°C,
Hv 223

Austenitized at 950°C,
Hv280

Photo. 5. Pearlite structure of 1:09, CG-Cr-Mo
steels austenitized at 850°C (a) and
950°C (b). X500 (2/3)

Ll LTREBP ORI THS. ik, 850°C
WA —2FF4 MLL7z 1:09% CEROBEEX 007% G
MWE D b0 TEVS, THILREBRE R —F
4 ORKILEREL /272D TH B - Photo. 51T 1'0%
C4i% 850°C 3 X Of 950°C A —x7 44 Ml
B, ¢ — 5 4 MEAE RS . BEEER VT LB 60
°C /hr (850~500°C ¥HE5E 21,000sec) TH
5. WHFCEVCTEHRREBFELLEATYS Z & oh>
%. 0°29 CHITII ¢ —5 4 FNEPDIRV(25%) DT,
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7= A b O IR ORFENN S < ERO AR
V.

5. LEEBARAFAMEIECBIFEINLF4
MEEBES—-F5 4 FEREICDVT
51 EROHE '

Cr 2 Mo ic EDRALMAERTE L A TMD <4 4
MEICR T D LRI I D T, %< ORI SN
TV, WEDNAF A4 MET =T 4 N EBALED» DK
SMETHS. Linl, Cr £ Mo 24Tsld LE~4
T A METI, REML ST H SN RIC A E T
WEIRD T = 54 F3ERTS. LT ZOgHkT =5
4 MZ¥E, X-constituent, acicular ferrite, probainitic
ferrite, bainitic ferrite 7t EDLIRBEOTENTWS.
AER4ETUE bainitic ferrite WL LitT 5.
DAvENPORTD |3 SAE 4140 #, 4340 48, 29 Cr $W7r

EDRALIAE RTTE % ST 35\ T, 500°C /2D L

B4 T4 METC 2 O DBM OB B T LR B
Tz Tlebb, g1 DEPETIEENIR 7 =54 b (X-
constituent £33 72) MARKL, BEORKEL L bIC
17 5 5> DI H % P 72> € % 72 5 Ik (speckled appearance)
BETD. TUTE | BRESKOBICE 2 B 02558
DIEED, BYDF —ZFF 4 MIREWMDOSA F4 b
TR BRSNS LR ZRET 5
Ricker, Curron, BERNHART, MILLKIN® i BSE D
Mn-Cr-Ni-Mo i3 X8 Mn-Cr-Si 4 ZoWnT, 540
~480°CIT I\ T, BAD < BbH & Bobi B ik
EEUERDT = 54 MHARLL, oS TR
BRSNS ERT 5 o L 28 L. F1 TiE
DLAERBRIARRE ZRERICEEA L Tw 528, Thii—fgic

N= T4 NEREDIERAR X D b IER (] 1ChE LTy

A,

LoriA, SHEPHERDIDZ I % ), 0:694,C-Cr-Mo~-Mn
D/ — T 4 b EREIREEIT OE Tic 351 5 2508 TR
WWERT D DEENRT =54 T, FOlic: vFHEN
TNSTERARI BRI IS XA —2FF 4 FTh 5.
T U TERIBESEVIE ERIL ORGSR oF —
AT FA MR T = 54 b DB L CE 7 RER
PHEL , BRI = 74 N & RALWOIRE W53 5 .

HULTGREN!DID T £ { DA STk T 58 ELERE I
WTRERAZS I IE A AT TR O 7o kE R, BERN A 4 METI
DAvVENPORTDHREHEE L 72 X S 1CER 7 = T4 P 3EFS
R DDTELLT, $HRD7 =5 4 Mgk ER
DIRORAF A MBERTEE L. X4 F 4 MIT =
T4 M XD TEARL, HERESETE, Rt

TORBMERERC &, REOHERERAZED D
A—ATF A MTHBT 5 2 & DDk DT =5 4
I (probainitic ferrite L 44-31372) 1 57 D DK X X
CETHEEL, ZLTEOBTRAFA Pt 5 &
AL 7=

SCHRADER, WEVER!®}X 0°489, C-Mn 4o Bk
ZEREHIRR 2 T T REMSSEIZS Lo 5, & PRI ek Y
=74 MPERL, TIHLIL TERREDDIC
7 =74 PORAMICRBIREOE A —~2F F 4 b3 T
%5.%Lf:@ﬁ—z%%%bmﬁﬁﬁﬁ@M®f,
RBT7 =74 P BIOCRILICHiET S & L.
JIRVINE, ProkeriNG!®pi{E; C-Ni-Cr-Mo s>V,
HBEImIE (600~550°C) TiXE F4HRO7 =35 4 +
DEERRL, LD —2F7 54 pBREDVEENS. T
DIREETVIRR OPRENI 72 D BB Tbi, 7 =5
A POREDELTHS . HUKIRGO0°C) iz &,
REB DI B LN ERHTRNDT, $Hk7 =54 b
CEDTEDVEENIZA —2AF F 4 MIEEVIROR
IEmEET5. S5CEER 450°C) wind s, & —
AT F A4 PPIRT D RECIEHAIZSSIETT DD
T, 7294 PCELEF—ZFTF 14 NORBEENS
S0 7 =74 FORFVHEIET B . L L TRIbIIE 7
=54 MRIITHTS X515 & L.
ZDXITEERAF 4 MRICKTEHE 1 BRED A
F 4 PEREBICOW TSI D % { ORI T
505, 2 B OZRRIC O W TIRIAE BT\, £ DZE
R k¥ % DAVENPORTDVINA S 4 b T id7n Win k3
Z 7Dt BIETHE—KIT S —F 14 b ERRINTVD.

Temperature —=
o

Carbon content
Fig. 8. Schematic diagram for explanation of
bainite transformation.



Cr-Mo B R#OEREEICET 2%

1071

ZLTHRITONA F A MR X TRESND Z &8
HE SN THE®D. AECIR IS EROWEEs L O
AHADORERICEDNT, EEHAA F4 MRICHT BN
A FA MRS KO 8~ 5 4 MERRICDO W T
F& LT kinetic G0 bEREME S LICT 5 -
52 NAFA TR

EEARA 74 METIET = 5 4 b & BRI BT
HT50TRELT EFEMCEIRDOT =5 4 a3
L, TOT7 =54 M VHENRIZA~RTF A4 D
RBREIZ7 = 74 PO CERRBCISCE
5. ZLTCZDORBZOERE LA — 25 F 4 M,
BRI ENE T2 20w oE2 L, 7=-54 h+HL
MCHBTHENSIELLBDS.

Fig. 8 1Cifiy e Fe-Fe,C HDA; ST O
IRIRRER 2 7R3 . BicH\WC GSF 137 =54 b,
ES CRIIR IO BT % . CSF DIFo &
VIR —5 4 FBERKTES. Bs AT TIENA F 4 -
ERENR T 5.

L@ Shiet — 2 5 9 4 M Bs SLFieH b
Ui RGO L Tl fafncisv o, 350
NA F A MEREEEICI D7 =54 bbb bainitic
ferrite ZERT5. FLT7 =J4 b OIEEIL TS/
. RBOIDIT, REEA —2F F4 b OREREITE L

% . EREIRED T LEOBEICX, +—2FF4 k
DIRFRED S CHiz & 2 T LI AU R 2 87 H
THLEITRDHH, ERICIE RIS IR TV OihEL
FERRE L Lo b RT3 T 5 8B FE A 72 1
kinitic iTi3 4 —2AF 7 4 MILEDEETH D EN%
y V. —F, ZORBIIN—T 4 b OEBIRT b HDHO
T, BROERERICI S — 5 4 NERER ST 5. 2
JREREL R 5 ON TREDIEEREIIIET
U TREEEA — AT F 4 b DREIRE L
PNICIRMEL S <7D, LardRibcdd s
EEAIE D K EL B DO TRILIASEKL 5
{7eh. R, $¢k7 =74 bick>oT&
DEENTNEEF—~ZF F4 METIRZD
ZEBEZD G, T LTRERTE LD
N4 F A NERER I X B EREE T %
—, N—F 4 PERBIREBCREI DE#EL K
L 5. '

ZEREIREEDS Te DIT OBAIIE,
Herrite DAFRIC XD TREBEDIRMEL 7oA ~ 2
Fo4 NI, SCEECXTIMERE T
WAD . ZOBRE, REREBF -7+ 4 bD
BRRREER ISR IO THE 0

bainitic

(a) 500°C, 500sec

Photo. 6.

B, FHEMINCIEEFTIHRTY = 54 b+ RILWIC 5
L, SR oCRIb a2+ 5 C ik
%. L L kinetic 121X, REDERGESEVENCE 1T
THEENBI LR VEST, TiRicEL TRIEEITH
TH5LLDD. L L TRBORBENLCNITEKRE L
S HRICIEE D T35 & T AT, »5REMORKIC
7 =94 MR GET B THS S

IrviNE, PrckeRINGIOJI{E C o> Ni-Cr-Mo g 500°C
Tk 5 ZR8 T, bainitic ferrite |2 X Y FENI/ NI TR
X —ATF4 MIRIEWEFTEL, EEeRC LEVR
Eld —AT A MERRIIRICT =54 b+
ST EEBELTVWS. F72, $HRT7 =T 4 b8
B oEE L hic (20K 2823 %525 Da-
VENPORTD ODEIZZIY, THZBRTCLBTR{LZITHL
7= D E 3 2 54, bainitic ferrite DA FRICHEVTE S
BIRDANA F 4 b2ERKT S &V 5 HULTGRENIDOEHES
i, TRERCIET7 =54 b+ RILERBE LD
DEZEZDLND.

AWFED 0:29% C-Cr-Mo fiics\»TiE, #7 500°C
D) b CVE bainitic ferrite DARKICEE VT, EREEORE
FrBic/ 8 — 5 4 ~ ZHRE 23R 5. 500°C T bainitic
ferrite DERKES, KL —~AFF A4 MEZLPEDEK
{EmaiE L, SBRDLED—F 4 baedEkTd.
Z LTk 450°C DITFin % &, A4 o#T HiYZ bainitic
ferrite DAERICT SHENT, ERBEE AL RFHCTR
s, 0°59, C-Cr-Mo iz VT HIFFERERT,
500°C X 0 &IE T 118 bainitic ferrite 24k 7z
BTt O HIE E A SR &7, D HERORKE
BITR—F 4 MERERIAE S . 500°C TIARF OREE &
LRI O PN S, TRER T LRk

3 K

(b) 475°C, 30sec

Bainitic ferrite without carbide (a) and bainite with
carbide (b) of 0.52; C-Cr-Mo steel (extraction
replica). % 10000(5/9)
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(a)(b) 600°C, 900sec

(e)(f) 500°C, 800sec (g)(h) 450°C,

(c)(d) 550°C, 200 sec
100 sec

A bERT.
53 x—54 bEHEE
LA F A4 PHTEIRDT = 54 MK
WTAERT 5 B BEE SN G AR O
T, DAVENPORTD|INA 4 M Tl &
% % 7-. RickeT, CUTTON, BERNHART, MIL—
LIKIND G, & DA FMEAEZE L TWEHR, Th
BT TH L E VDT LR DHE T EIXT
Elhpolk. BETR BRI S—54 b &F
ZBNTWBED, o0& LT nb
T WD,
AR TIEET, TOERBEIREL RS
ERETHDH Z &, J¥P LB TFHEMEHSE
CEDRERBEND, TOEBMIT/ N—T 4
NCHB T L EFHR LIz, Photo. 7 (e),
(f)ic 0-59, CG-Cr-Mo §fld 500°C iz
%bainitic ferrite & Z D% — I 4 MEREEZ T
T. T LTHEDDIZ, (2), (b)kIW
(c), (d) iz 600°C 35 X% 550°C iz 351
58— 5 4 MR, £1L T (g), (h)
4w%ﬂ%H5N4%4hﬁ@%%?-
LERARA A4 METIEAR 4 4 PERBICER
WU~ T 4 NEREDIRE D . ﬁﬁiﬂj@iib:
~MKN~§4F§&&P DI K>
TIRE XN D OT, bainitic ferrite @éig}juc
EDTCREREL —2ATF 4 FORFRREIE
{IebH &, =54 PEREIIEESND L
PSS . FEEw Cr © Mo &9
TZDZ EDHE SN TV EHO1.
— i — T 4 NEREVIREE K & BB &
DT T bivd DT,
X =1—exp(—bt™) -voeveeeernenn (1)

DIIODITLHES . T TXIERER, t TR
B, &, miZEHTHS. Licid>Tlog log

Photo. 7. Isothermal transformation structures of 0.59; C-Cr-

Mo steel (austenitized at 1000°C for 10 min).

%500  (1/2)
% 10000(1/2)

(a)y(c)(el(g)

(b)(d)(f)(h)
LRI I DI EFEZ DA . £ L TELIERRE
T8 — T A4 NERENIRE D . IHITKIR (Fy 475°C DA
T) b &, T LEIIE LS N4 >4 bk
BT 55, TR TEAERF TSI I ERT I A
O, FRBEEIRCAD 2 b 0 2E2LND.
Photo.6 (2) X 059 Cifo 500°C (T is\F 5 LHET
AU R O 2 /e do7a vy bainitic ferrite %
SRL, (b) 1X475°C k% BALMOWH L7z A4

1/A=X) x5 log t @7 5 7 &2 B EREE
sz b5 Z LT/ s . 0°59%C-Cr-Moif,
D= F A4 NEREIZOWTIZ Fig. 9 0ok 5
BT INZLNS.
BERGREE (N) 2SN & < ZEREDFEE AL B

HREWCDTE S, Lrd N

N =Kt eeeeveneneniiniin e (2)
DORITHES & Xk, (1) Romix
Wik %O, U LA REEN B RS WIEEIC

X, EREORGE AL ORI EE EXEE X < I

TN
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SR p P PELDEEZLND . —CERNIC I T 5
g8 8 8 B HEHOC X B IRERIRRIE

04 [ o o j /_99 _ e -
FH & e (CG—Co)/(Cs=Co) =1~ ¢ (x /21/Dt )

o J'l fl /:/,://;7 /',/_/ 1o & . e (7))
I jj»if y lot  TRDBIBW. 2 TCREBERE D O
s P17 S o 5 BT BRERE, CoBLEot—27 7
- LA / 1 § AL EBUBREEE G B7=54 b2
St Modified curve V’;/ / / ./ {10 g BAMICET 54 —XFF4 NORERE, D
s . mmm7%/4 f z/ s & BA-AT A MR DREOEHIRE, ¢
i A / I IR, A YR DBERBTH S . ERO
e f/j / | ZRECIIERT =94 LA —RFFA b LED
i (s'e’?i" ! BRI T 5 £ & BRI OB EREE S

Fig. 9. Pearlite reaction curves of 0-59, C-Cr-Mo steel.

2. & L CHAROS, 1 FERAm, 2) 3fEdh
RO, 3) AEEMRORE, DVITH THENIT X
o (1) RomFFhrh 1, 2, 3 1Kkd &FZD

d B 11,
Fig. 90/ 9 7% 5% L, 700~600°C TIEMRDMH

M m=47 Finbt n=07 TH5B. Lih>T
Z O TIRZARRORAIIBA BEEIC B S S . L
1 550°C 1% &, ZRERAKY 50% ETiIm=3"2
FRLEIE m=12 Lo Tw5b. LEkdD T
LTV, ZEREORSEIEE S bR ORI SRS SR
<D, LihFORERE, ZEREORTY: TIkiMRAL
B, BETIRERRRE TS KOs LD
ns. DEOEE»D, ANEBRD Cr-Mo §ij T 600~
550°C TZRERENC WAL 5 L H 2 HiLD . Cann'®
VIR T C OZ UL 660°C fhETRIAILE
FELTVS.

500°C TII¥) 609% o bainitic ferritie H3AFKT % D
T, DT =254 PRFEAERBEZGEELVTLID
BAL O S W E T 5L, REREA—RT T4 D
REBIP 12 ICEmEL LIRS, Rose, PETERZD
13 0:49%C OVHlRET, 474 FERBBRICRERES
—ATFF A PORERET 1 %L ECRD EHEL T
3. REBOBEINC L DT/ —T 4 MEEEIERBRIC
BATHEDOT, TOXSCLTREEDOE L2 F —
2FFA MPBDI~TF 4 FERRITIRL LB EFELLN
% . ERSZ 500°C T8 — T 4 hZEREII AT D KERERE
TIES>TVW5%S, Fig. QOMiRE 55 L2 Rk >
TWBET T L T OMBOBIRNRE S TS T Lo
b, ZORERREFOS2EDIHS>EEZLND.

P 11, 500°C T4 —AF F 4 MO KEDIL
AR I E DALV DT, REBREC,ILD DA

FETRWZ LR EDRDI, FETRIoR%E
BRATERVITNE DL, KEOREARZMS
ZEWRFTES. WE, C=05%,Cs=1"29, 500°C i
FiF5H D=10"10 cm2/sec?® L35 L, [TIF/8—F 4 b
ZRED BHIAREATICAEYS 3% t=500sec 23515 4 — 2 F
F4 FOREFIREL, 7 =94 bEDERLD 2pEin
HEH9 0°9%, Sp BENB LK 0°69% iiss. LiH
DT, bainitic ferrite 234k L B ORETRESF — 2 7 F
4 PORESRKRESP e L ETHD 05, 500°C i
BT HRERES —AF F 4 N DRBIREICIIN T D O
B seFE20N5. Lo T (1) XERF—D
FHCEERIBICHAT 2 C L3 TER. FRERE
CHETHEHCD ETVGERA LRSS . R
Miofkid s & i, ZRREIETREREOE VS5
BE D RBCRBREORERSZBITTS. Lo
T — 75 RFRIREE DB A T A TR © 25 R8BS H3
BB, 2T Fig. 9 Tl Ekogificcs o
LT, EREREE®MC—%TS.
DSOEOHMEE, INETOBLITH 129 0 —
AT F A MRFBRED, EIRZEEEORBEREACH VW
TZBNBETIERNEWVWS T ETHS. HBHI0°5% T
ot R EIREDS, bainitic ferrite DA FRIT LTSV B
DR & & DR T COREBIZE L 272D T
HhH. LI oT—F4 MEREIIEED ETIETS
VEMRRE (PRIBHD) 13, B 5 1°295C o — 25+
A FNOBEIDLELALDEITTHS. LB 2T
A OLEREN, HW»D 1'2%C OF —2F7 74 bDXx
NI A —ERHLY (EEOREMOZET) B
BleBEF L TfTabnb &b, I log 24 —
NMEF oy b EUE, & IRTEERIRTE L < L
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Fig.10. Isothermal transformation curves of remelted
and original Cr-Mo steels. ‘

Table 3. Chemical composition of samples (9,).

Steel (C)Si Mn P‘S Cr |[Mo | Cu | Ni v gf’l'{Nfo
Original 0-20, 0-22 | 071 | 0-010! 0-0 ( 1-01 | 0-22 ] 0-15 0-13)<:o-02 0-032| 0-010] 0-004
Remelted 0-21 1024 | 075 | 0-010{ 0-005/ 1-03 | 0-24 | 0.18 | 0-13 <0-02| 0-005| 6-015' 0-011
Meltd 1 0:52/1 022 | 0-74 | 0-010| 0-0 i 1-01 | 022 | 015 | 0-13 k<o-o2|o-011 0-011| 0-005
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Table 4. Comparison of time required for isothermal transformation in original and remelted
steels at 675°C before and after carburization.

Sed | Corburiadon | G | QERUEST | DeEmig o [T End of pelic
o | o | 8% | & 5 %
Remeed | o w | 0B o
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I I I N R B AN AP0 - -
700~ Ac '//,,—;i;j};” 6-3-2 ;%Eﬁ'*ﬁrg | _ ,
VNS 850°C T 10min FELIBEDF — 2 5 3 4 MGk
S eoob— 4 \\ NN BEVE, PSBUENTIX 1045, BEMATIE 93 ThHDH. —f
) ”/;;ES%- S CHIREED A <155 & BEMBAERATIIC BT
§ s00 5 - 50T, EHRMOERMEISEL TV ERO 1 ik
g k& 5 /}%%?SF"’ DTWBEVZD. L LIBEEHDIE BT O SkE A
§ 00l Ve . 94 THHZENDLDE, TDXD InkkREDHEK
\, \ e {ERBRAT OB S & LF O TV ETH DT,
soolnie \\ N | = Melted!052%C) | FEHHLRIC X 5 HEITPS 0 EE L ONB
' WY - e 6:3:3 BRI KB E LPR
TR T ,,.f, L R RIS S HE E L OB RAFARL 720, 3
200, 10 © 102 10° 10* /95

Time ( sec)

Fig.11. Isothermal transformation curves of carburi-
zed, melted and homogenized Cr-Mo steels.
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Carburized Melted Homogenized Fig. 13. Hardness of isothermal transformation
Fig. 12. Segregation of alloying elements in Cr-Mo structure of carburized and melted steels.

steels after various treatments, with X ray
microanalyzer.
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(1) FRMIBEIHNTEL ETRDR. (2)
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WEBLREREEZONS. XbiT, ZRIMIEEM
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Fe-Cr-C o 3 ILIRREN 2> 5, HBEOEIC REBEHE W
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Bbiviz Bl ORI, REUEICID XD bl A5
IRETDEMOMEBIC I D TREVEEL S /-0 kv
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R R TIIHY 550~475°C DT ER S — 5 4 RS L
HERFBMANCZZH L TW b . RIS B T VI A BN &
DHLEERA T4 N OERBEERFE DI, - 4
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N4 F 4 PERBIZOWTIE, BBITIZE A TS
2%, RETIRRRIMOL AR X 0 B o>70 b B> (Fig.
11). 8T Cr, Mn, Mo 75X DA 4 hZhE
BB DY D E4ETLRY DRITIEL VW (Fig. 12) 720,

5. (3) Ly LRRMEEEHE Tlny, ke b E
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Table 5. Mechanical properties of carburized and melted steels.

450°C 310°C

0-29, proof| Tensile [Elongation|{Reduction |0°29, Tensile Elongation Reduction

stress strength of area |proof stress strength of area

(kg/ mm?)|(kg/ mm2)|  (9) (%) 1 (kg/ mm?)|(kg/ mm?)| (9,) (%)
Carburized steel 79 108 13 48 146 185 0 | s
Melted Steel 8L | 111 12 ] 99 | 16 | 18 | w0 | s

— 40 —



Cr-Mo & p8li D 2R BA 9 5 5

1077

BLED X510, RRAFEOZEREH IS JETRE T
DV, BRRVEAFODIODOEERR W LEL, &
RSB E LSIRBERTH S . L LRI
M OB IRREOEEEFICDEFE L VEELZIS LE
L, $BGREOBRICAE T LB 2O 5 54TTHE ORI
X5 RMET T
64 RIRM S FRMOBMHME

FZRECHISEBELBK TR O € v d—2AWS%
Fig. 13 Wid. MEOBSITTE AEENLL, 7
JREB I OVEE ORI X SR ITEEO .

DEIW, EEANRA F A4 MRETEHRANA F A MEHOER
E ks TEIBERE S IR E T o7 WA
O, FATEROERESS 2:0mm, £ 10mm T
H5. FOERAL Table 5 z77+. 310°C ZRETIX
450°C Iz R Tt s L OB RIS IFEL < ERL, L
DB D X0 TwE . —RITEENRA F A
N OBMIIEERERRAF A P XD 3T hTnD
B3, AEMD X ST EEARAF 4 METEHKRT =T 4 FD
ERT AT, COEFELCELVOTHH®. L
P UIR R E VAN & ORIICIIEZ RO B LIETER
.

o

7. %5

0-29, C-Cr-Mo iz Xo'chz 05, 07, 1:09%C
TR R L7 OEIRZSAE N 3 X OB SN ZRRE Y 2 1F Ak
L7z, FLTEEFEHCRIETREEOUEITONVT
NWAENWEEENPSERLI. BT EEANA F 4 Mic
BIDHRAF A LRI ION—F A FERBICOWVTH
IR EERINZ T £, RRB IOVERIC X o TR
L7z —REREOINC 351 5 ZEREXEF DR ICO VT
L. 2bNBIREREIOZEDLEVITHS.

(1) RE|EEOWEINIT =T 4 PEEBIONA F 4
FERER L GRESED, -5 4 PERRICk XE

BE AR ANEDP TR D NI .

28— T A4 MERRE—RICRBREOBINC X O TRE S
ND. 20— T4 NERBEYITERM OERRIC XD TEL
WEE AR SIS ARREBEMTLIONNTT = 7 4 DEFE
EARVEECESL D EEIND S, -5 1 FERR
CE IETIERE, AT = T4~ XD BTRIE
MDFRELPCRECEFEZLND.

(2) LERARA F 4 P TU, &) bainitic ferrite
el XIENBERDT =54 bR TS. £ LTE
FUCREL S — T 4 PERBIIE L <BREXND . ZhiIR
ZEREA — AT F A4 ORFIRE O F S LRE & F
z2bhsd. £LT—5 4 MEfEDkinetic 787 — X,

£

55y

:

E
L
Z&T\‘
S

S

7

~ @

EERRIREBICh o> AR E BEORIHES L FH %
bivd .

(3) BEAMRKMTES ETRREEOHEME & BT
AN %25, AR LA ISR D THIMT & X & A4 b2
ERTDEOSCRD L 2OTHATSE . RBHRRILT
PEETHEHETITEEL <E V.

(4) ERZEEHEBOBE XX, —J 4 FERFETEE
BREOET R ICREEDHEME & dEmT 5. ~
A5 A MO SRZERIREORT & & ICEFL {14
IRT %05, REBOBEILIIZEKRE LK.

(5) ERBHERKTHOBESIL, N4+ 4 bk
BT D EEEHFE TR~ 5 4 b OERT B G EEE
HIFA XD D, REESIUCWEEREOHERIC I >TEL
WREE 51T 5.

(6) RERAEESHDOZEREETNT, RKATOMOME I
EOTHELVWEEELSTS.

(7) ZEREEFCH XIETREKABEOZEL, RER
DOEEMDIEHTIEE & U TRRRICHER 5 BEre & L)
BTh5bH. BT LPRTC IO TASTEOWEILIFT
b, ZREOBA LT ORISR LS.

(8) M—RFRCRR LB XOBE L loE
IRZEREMIR O S 5 JO LRI TOVFEANA F 4 b HR%
DEBEME I IR R D .

x 23

1) E. S. DavenporT: Trans. Amer. Soc. Metals,
27 (1939), p. 837

2) Nk, 43 HEASBEFEXE, 6 (1942), p. 145

3) M. E. NicHoisoN: Trans. Met. Soc., Amer.
Inst. Min.,, Met. & Pet. Eng., 200 (1954),
p. 1071

4) T. G. Digges: Trans. Amer.
(1938), p. 408

5) Atlas of Isothermal Transformation Diagrams,
(1951), U.S. Steel Co., Pittsburgh

6) T. Lyman and A. R. TroiaNo: Trans. Amer.
Soc. Metals, 37 (1946), p. 402

7) M. HiLLerT: Decomposition of Austenite by
Diffusional Processes (The Formation of Pearl-
ite), (1962), p. 197, [John Wiley & Sons,
Inc.]

8) FR, WIH: gk, 50 (1964), p. 1431

9) R. L. Ricker, J. G. CurroN, C. B. BERNHART
and J. R. Mrukin: Trans. Amer. Soc. Metals,
35 (1945), p. 22

10) E. Leria and H. D. SHEPHERD: Trans. Amer.
Soc Metals, 40 (1948), p. 758

11) A. Huvteren: Trans. Amer. Soc. Metals, 39
(1947), p. 915 ’

12) A. Hurteren: Kungl. Svenska Vetenskapsakad.
Handl., Fjarde Ser., 4 (1953), 3, Stockholm

Soc. Metals, 26



1078 % & & 2 52 £ (1966) BT B
13) A. ScHRADER and F. WevVER: Arch. Eisenhii- 19) J. W. Caun: Acta Met., 4 (1956), p. 449
ttenw., 23 (1952), p. 489 20) A. Rose and W. Peter: Stahl u. Eisen, 72
14) K. J. IrvINE and F. B. PickeriNg: J. Iron & (1952), p. 1063
Steel Inst. (U.K.), 188 (1958), p. 101 21) L. S. DarkeN and R. W. Gurry: Physical
15) R. F. HEmeMANN and 4. R. Tro1aNO: Trans. Chemistry of Metals, (1953), p. 443, [McGrwa.
Met. Soc., Amer. Inst. Min., Met. & Pet. Eng., ~Hill Book Co. Inc.]
200 (1954), p. 1272 22) C. WEeLLs, W. Batz and R. F. MeuL: Trans.
16) J. W. SprReTNaK and R. SpeisEr: Trans. Amer. Met. Soc., Amer. Inst. Min., Met. & Pet. Eng.,
Soc. Metals, 46 (1954), p. 1089 188 (1950), p. 553
17) J. W. Canx and W. C. HaceL: Decomposition 23) HRE, FEoR: #&44, 51 (1965), p. 1037
of Austenite by Diffusional Processes (Theory 24) A. Rose, A. WiceHER and H. KeTTELER: Arch.
of the Pearlite Reaction), (1962), p. 131, Eisenhtittenw., 34 (1963), p. 617 v
[John Wiley & Sons. Inc.] 25) A. E. FranicaN and R. D. GrasreLp: Welding
18) J. W. Caun: Trans. Met. Soc., Amer. Inst. J., 43 (1964), p. 126s
Min., Met. & Pet. Eng., 209 (1957), p. 140 26) SR oL, (1957), p. 322, [#L.:#]

— 42 —




