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The Diffusional Transformation of Plain Carbon Steels
and the Precipitation of Cementite
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Fig. 2. Temperature-composition regions where

the various morphologies are dominant.
GBA=grain boundary allotriormorphs;
W =Widmanstitten plates; M=Massive
ferrite (AARONSON®9),
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Profile of developing Widmanstitten
plates (TownsenD and KIRKALDY2D).

Fig. 4.
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Bain distortion for a face-centred cubic
lattice transforming to a body-centred
cubic structure (WECHSLER, LIEBERMAN,
and REeap*®).

Fig. 5.
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Fig. 6. Isothermal transformation diagram for

the hyperentectoid steel austenitized at
1185°C for 30 min (HeckeL AND
PaxTon®).
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The habit planes of cementite plates,
determined in specimens transformed
during cooling at (a) 1/4°C/sec and
(b) 5°C/sec (HEckEL and PaxTon3®),

Fig. 7.
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Table 1. Table of crystallographic directions.
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Fig. 9. Nucleation and growth of gpearlite.
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Fig. 10. Calculated shape and growth rate of

pearlite with different interlamellar
spacings (HILLERTS®).
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The 0°819,C-Fe alloy transformed at
650°C™,

Photo. 1.
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Fig. 11. Stereogram showing the Kurbpjumow-

Sacus, PrrscH 6/y, BAGARYATSKII, and
IsAlcHEV orientation relationships with
a common close packed direction.

RYATSKID QBMRICAR D 2 EMBEG b5, Licnk>
T, TIZTER=54 MTET2RERSRERE IS,
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Frerrd4 MEFO—FHIIELDTIWVEEZLLR
5, LpdbFd—RFFA4 N, 7274 FBXT, A
& A METORFESFMBA—HTLHEEELTCE—2F
4 7254 DR, F—2FF 4 bE X H4
r Oz #HFh KurpjuMow-SacHs DB {3, PrrscH
ORAEOEEETHE Fig. 1l KRTXS5ET=54 b
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Eb T =354 h&tx x4 5L T (co-opera-
tive W) AR L7z & {RE T 1T IsaicHEVIO D BILED 12 7x
513 5 HS BAGARYATSKIL DBRD X D #H-EH L. FE,
72— F 4 +OHIRIEEE F- B4, Photo. 280, 4 Z &3
HLTws. Thbb, B L Bacarvarsku O ERD%
W erE [001]e & [112], WRFEFICL3ITTHD
25 OREFHRTIEE 3°5° ¥ Cis b IsaicHEV DB§f%
802 LFREINSEII—FH LTS, BAGARYATSKII D
BA@RDZTRT /0~ 74 FOSEEEICE L Tk Bowpen &
KELLY™ 35 J OVEEH 5700 & %% 8 E T RIS,
MORGAN & RALPH™®IT X 5 7 1 — v K 4 F BRIMEEIC
X BWFEH 5. BowpeEN SO HEFEIAS (001)., 54

(o)

(b)
A
2224
Photo. 2. (a) Selected area electron diffraction

pattern from the lamellar pearlite
showing the IsAICHEV orientation
relationship.

(b) Its schematic representation.s

5780 (101)e, Morean 57013 [010]. CYEFFT
103 OELHITIESDWT WD EHME L—F Uk
BRrALh T, L LasssEEs Ay THIRH
BEFHEI 2T 256, BETFHROASFFmEmM? ¢~ F
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Tt (331), 7° from (332)., Pirscu DEHMEDTIX
(111), 4° from(213),, WHEKL KD LEINS52O0D
e B LR BGRO R BINE M 5EESRD S, it
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ORI MOER®IGER T 2 0THD. D
BEOHVEWVEIE MoRGAN BLODFE, 74— KA F
CEAMESIC X AEENLIRED L DEIT LR TIT VW 558
Kz ORI OBEE T TRIZE T AE BB T i 7 o ¢ —
54 FEREREE S D@ r VR T/~ 54 b
PERTOVERSHD, TOETEA 24 T3
4 PP FHCBE LT OE Y LcmBE LITKELTW
T ESPIERAE S, ZhIXES OERE R ITHR
DOESL>ERHHZ 103 THRINRLS. ThiTx
LEH 5™ix 650°C T fEDEIR TR 0T 5
FELA— T4 bPERAVETFBREIICE T S5 LDV
FWR BRIV S DT _THRrE L7z BT BAGARYA-
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Habit plane of the pearlitic cementite
lamellae with the BacArRyaTskil rela-
tionship™>.
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Fig. 12.
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O Fe atom on two-layer {001,
® rFectomona (112},

Fig. 13. Locations of iron atoms on the (101)]|

{112}, plane separating ferrite and
cementite with the IsaAlcHEV orientation
relationship?®.
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OEITED 2 HEOEFOEZNX Fig. 13 KRT X5
{112}, L EHLDTHEULARTEITE OBmmss —5
THITERWEAIZMRE = 2 v ¥ -2 dOmE LT
— 74 FOREITFHE Tl & LR AEER DLW

O, L d D 2HD LT BR RILT 5 5
A, 7=54 h&t2 24 biXBAGARYATSKIIOD BIED
Tls {IEFEIE [010]e o %b hIiTHHINTH 3°5° F
Nz IsaicHEv DORGEHESOIZ e Photo. 2 oD [E$F{ED S
BoNSERC—BLTWS.

Zhitxt L Prrser QEMEDICHEWTSH 7= 54 bk
A4 4 EESODTEL LA Fe RToitEE2 T
TEBHELNTVAD, COFEEDF~-2FF+ 4 MLt
A E A4 FOMOEERAMERD SLEESWYR ITX DT
BAaGARYATSKII DR DS & AFMILERSB N &
BFRBEIRTWERWERL+HRFIHENT VS &R
Wik { BAGARYATSKII DBMRDIES D X ST F — R F
4+ 7234 F, €254 bo 3O OHTFARGE
PHR—5 4 FPOERBPLRINCIAFHFTEDIZ LS DD
TV LichS>T PitscH OFREDERT /¢~ 5 4
FOF—2FF4 FRTCORERGTRBFICT = 54 F,
X HA L, A—RFF 4 b 3OS S RBEFRINE
BICHRESI N D ECTRLOLERBBORFTIIEETHS
5. 7275, ANDREWSSD LS L O 5 & 5 Z O BB
CETFDT7 =54 h{125} e 2o &4 Fo (001),
Mo Fe [RFDEFNE LD TELLTW S (Fig. 14>
Ty IEXEPHT 72 =54 PBA—RFF4 PRRRTE
ET5L &0 {125}, W LT epitaxial & x> & 4
PBRERLNS— T4 FEERT 5 LD TFRINDOLT
L% Bacarvarski DRMEDD & &0 X 5 g oA
LedF2 LTI VOTRELS 5. SEREICE

@ Fe otom ona (00I)

O Fe atom on two loyer (215)

Fig. 14. Locations of iron atoms on the (001).]
{125}, plane separating ferrite and
cementite with the PrTscu orientation

relationship™®.

— 132 —



REBORMLERL AV ZA4 FOWH 1571

THERBRIIWTRD (00D, || {125}, TH5HZ &
ERLTCHED ERORFCTFERETIOHEE7=74
x4 POBDO S VEVOSEY, ThbbLRE
THRAF—DEVEELTEDORAESHATE LS.
3.4 BLS—54Fb

3-4-1 B —F 414 FOJERE

ZZTHES— 5 4 k&S5 EBEIT degenerate pear—
lite$?, pseudo pearlite88> divorced pearlite38> semi-
pearlites®f "D AARIEIR E L TEHEBIHA T W5HHD
Ter 24 MERTHFEEETERENSE L
MRiEiET b0 LT 5. 72771, GRANGES 5T k2T
HMEINRFEFLEEDIC I OTHERE I N/ Photo. 1 12
AUz X DB EIR S~ T 4 P ERIBE» 20 &
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WITHI O R E LTI TWSR, T TR—EZ
DX I BEIEN L VDb D B9 —F 4 NEREX DB
XN REETCER S5 Photo. 3 TR X 5 AT
[RETS. ZoMBDIEBIRI—-F4 bOBELFRULLF
— 27 F 4 MRERBOTIRIFERRO IR & LT#
AR UBEZONBOBED 7= 54 MR LICHHE LA
e 2 v 24 MREFATVE™. Fikex 24 b

The degenerate pearlite in the 0°79%
carbon steel transformed at 525°C.

Photo. 3.

The 0-812; C-Fe alloy transformed
for 10sec at 450°C™.

Photo. 4.
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7’3:689)91)_

(b) <4 F4 PEEOBAZ RO T Cliiie
7 LIRRIRE, Bs 25, FHET 5.

(¢) <AF4 MNEERTLF P4 O E FRR
7RIk (surface relief) %2 ff 599,

(d) A4 F4 MI—fFIC 350°C ZERCIERENS R
D BRI L OTEARA F 4 PTHEI B,
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MBI ETH— 2754 MRALLEIR? = 54 Ms&
T HWIDLED afr REIC 2 ZA MHBHFHLD
SWTERT =94 FEV O EEIKAZRIL (AARONSON
51Xz sympathetic 2RI LTV 59%) JERLSh
2§55 Photo. 6 iRt X H sl 7D, T DLEERAN
£+ 4 MIBBETERLZECY VTV A MZEDD
TEL L TR DD, ZDEH LB C ORI E LT
T . 54 MAEEREIC AR T LD EE X HR 5.
—F, 7234 AR TR L RO LEARA F A b
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The upper bainite in the 0°5% carbon
steel transformed at 400°C for 10 sec.

Photo. 5.

> < g

The 0819, C-Fe alloy transformed
at 450°C for 10sec.

Photo. 6.
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Fig. 15. Schematic representation of the selected
area electron diffractions from upper
kainite laths, The diffractions from D,
and D, will not show a specific ferrite/
cementite orientation relationshipsi.
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Photo. 7. The bainite formed in the

lower
0°79%, carbon steel at 300°CU%,
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Fig. 16. Results of bainite habit plane deter-

minations made at 100°C and¥200—
250°C (BowLes and KENNON!09),
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Planar
interface

Fig. 18.

(habit plane) L/y

100
Stereographic summary of the two
crystallographic solutions for the bainite
transformation. Note for §=0-988 and
dy=[1011y, the shear plane normal lies
midway between (111)y and (10])7
(SriNIvasan and WAYMANIOD),
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Schematic representation of shape in-
homogeneities in the interface pattern
of a bainite plate caused by the car-
bides along the striations (SRINIVASAN
and WAYMANIOD),

Table 2. Comparison of the experimental and

theoretical orientation results!o?,

Interplanar angles

Vectors and plane (deg)
normals Theoretical Experi-
Austenite Bainite §=1'000 6=0-988 mental
(111 (001) 0-39 0-75 0-5
(133) (123) 3-53 3-28 3-2
(01D) 112) 620 6-00 6-0
©021) i 3-85 3:60 36
(131) (121n 1-60 1-4 29
[1o1] [111] 3-50 290 ~4'0
[o11g [111] 7-01 7°69 ~6'5
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{112}, || (001). 75 % % implicit ITRE LTV 3)
THHELTVBHDITH L SHACKLETON 5100105 (Mo-
BEE) < fEHOUD (RFEH, Fe-C A4 X1 Emb
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