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Table 2-1 Chemical Composition of the Alloys(wt%)

Alloy No. c A Ni Mn
1 0.19 1.14 - 0.45
2 0.19 1.04 1.54 0.47

3 0.20 1.01 3.01 0.48
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Fig. 2-1 Orientations and sizes of Charpy V-notch and round
tensile specimens.
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TTT diagram of Fe-0.2C-1V-0.5Mn alloy austenitized

at 1200°C.
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Figure 2-7 Optical micrographs of Alloy 3 isothermally transformed at:
a) 650°C for 20 min(partially transformed)
b) 650°C for 1 hour
c) 550°C for 1 hour
d) 700°C for 1 hour(ausaged),
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Figure 2-8

Transmission electron micrographs of Alloy 1
transformed at 750 C for 1 hour.

isothermally

Y
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Figure 2-9

Transmission electron micrographs of Alloy 2 isothermally
transformed at 750°C for 1 hour.
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Figure 2-11 Transmission electron micrograph of Alloy 3 ausaged at

700°C for 1 hour showing a typical auto-tempered martensitic
microstructure.
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Figure 2-12

Transmission electron micrographs of Alloy 3
700°C for 1 hour.

a) Bright field image

b) Dark field image of VC

c) Drak field image of FesC.

ausaged at
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Table 2-2 Mechanical Properties of 0.2C-1V-0.5Mn Alloys

Austenitized at 1200°C

Isotehrmal Transformation

40

Temperature 9ys Suts € R.A. CVN
(Holding Time 1 h) Re  (kg/mm?) (kg/mm2) (%) (%)  (kg-m)
0.2C-1V-0.5Mn Alloy

750 °C(T.D.) 18 55.7 75.3 6 35 0.3

650 °C(T.D.) 37 94.8 105* 2 0 0.3

550 °C(B) 40 - 108* 2 0 0.3
0.2C-1V-1.5Ni-0.5Mn Alloy

" 780 °C(M) 0 119 136 8 12 2.7

700 °C(T.D.) 26 79.5 98.3 1225 0.8

625°C(T.D.) 35 - 115* 2 0 0.4

550°C(B) 45 - 20¢ 2 0 0.3
0.2C-1V-3Ni-0.5Mn Alloy

700 °C(M) 40 110 136 7 10 3.8

650 °C(T.D.) 35 - 105+ 2 0 0.3

550 °C(B) 44 - 116* 2 0 0.3

*

Fracture Stress

T.D.

Total decomposition product through the upper transformation

C-curve.

Martensite formed through quenching after ausaging.

Bainite formed through the lower transformation regime.
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Table 3.1 Chemical composition of the alloys(wt-pct)
Alloy No. [ v Ni Mn Fe

1 0.19 1.14 - 0.45 bal.

2 0.19 1.04 1.54 0.47 bal.

3 0.20 1.01 3.01 0.48 bal.

4 0.14 0.49 - 0.48 bal.

5 0.10 0.47 3.06 0.67 bal.

53



54

/000

JER VL HH GIN T vt W BE ) 7Ly B d
CTI BB A - 2554 By, L. $9/ho LBEE
MR T L TE B ZF A TLE O LAL 2 BB YL 2 w2

ZFr 41555 . LA B LY EEY 53 UL YW ERNT S
%5&5%/?«6t5°0®%%‘@z%x§1”b, {19 ,@,‘2/57/5/5‘//3133 %/?
DG T TSN L e B A E s 3B E L. YILENZ L F
%ﬁg%,mtﬂmamzmﬁxmbuo

o
Qo>

%5?3‘*«%’75\7—;7"’73,Ué?if?’?kf‘)%?é T v x
FASER 03 AZT ~b s 2075, 1w, W&ﬂ&aevv
»gl\/t/ '\j’ﬁ Eﬂvﬂ/é{%a}’rj;@\ 1%42 _%@i’.%ﬁ‘gzﬂ
2. BN TEILY -
:’jb ?}(k/ ?)\/3'

gL -2 -
ZJ”)%’\«;UO,‘.%'JK/ > )
o 53
3.9.5 BAEHEF

T g 7 gt 4n 48 J/ 2 : L €3 7 o, N2 L 23

Fom e %::-_f\%ﬂ) 5 ‘-97\?4% 5 & ?5 ’?i“u’:,@%ré

3.3. Z%s%
3.3.1. Fe-0.2%C-1%VAE v 293 jp00ct-2F 54 bk
5 a'y— o(—fvc”%r 0% 854 2 Lﬁ%majri“{g
M F:%E5 %
BREML 53 Ve L i BABHEL . 12 Lb AL



£ 5

FREE SRR D3-1~3-30529, 04-2544 KA G/
000CTa F =254 4 b TIGBPTRI S >wh0umr s
/200°C F - 2F T4 LN T Viod Fos-t,

BEN (Fe-0.21C-1hVInZ:2E 680 @2 DL 425
B2-19/200°C 7T -25F4 bsetho ¥ die LN 3 £ - orve
T vl i g @R mE 32 %ﬁ%&(?(é{?’ﬂ‘éozz}) 2 5 L3
U, GBI T < BABBLBAL T 03 - o b3,
H3-2, LU L Z13-3 L T U BA 2 (F-0. 22AC- 14 \- L 5%MND 3
a*v/ééism—oz/c [AV-3%4N D 0 5 BT EEHE DL o v £
%?’32§Z" S vt ZBLUTRBNE (Lt h 3, Yoo ve
%%G@ﬁ@_&ﬁw FRBR(TL v e ) - 2587 «
>3 EERBL), RTHEAED ALY L ET L0 nhion
Th3. TRTEBE LB ABET L ) L% C BB s
PEEE A G TR TS eI N BE e Rt T
LT @ usd e 5B 0cEEZE 29030783
vEZ BRI, BEREAFHR FFhL A< T4 b L aE
NEF Lo T iR haRiPu B LT BE o BR LT, T e
EECERE IS S NSy Y- CRPIOCHER H B
FELE0VANZ T 53 5, ) - e e p G 3EEEG YL U
RIGB xR L 3w TBEINT 513 51 vEBE574 0b
@Z%%%ﬁ%%Sé@mﬂiékqﬁﬁﬁﬁﬁv:t,?évv
HEHL1 2850 Qhdd-vTh3, o tiar Ut
NEARTHI 0 K2 v Tt b oA EEal R LN
BoT5en), 53V 0inBE oy AiiAiseg,
buAg e, & LTk NLraTh ) BEwLBEE.,



56

"0,0000 3e paziiiusysne AO||® UW%S 0-A%L-2%2°0-94 40 weuabeip |]

t-€ aunbry
GEIETN]
w0l 0l 201 0l l
! | | ) |
- — 00%
- — —
D
31INIVE , 3
: / R
g a
B | a
< , 009 &
o
B IA + L1943 B m.m
— 3LINILSNY — 008
| | l |




57

")_000L 3° pazLlyLualsne AO||® UWG 0-LIN%G L-A%L1-0%2°0-24 Jo weabeip 1]

2-¢ aunby4

(08sS) W] |
moﬁ .No_ mo_ | No_ ol- l
| I I T
B —100Y%
— ILINIVE . -
[ —009
A+ 31L1¥Y34
= JLINgLSNY _loosg
_ _ _ - |

(D,)a4njosadwa]




"'],0001 3® paziiiudisne AOL|® UWZG 0-IN%ZE-A%L-0%2°0-94 Jo weuabeip ||) £~¢ a4nbiy

CESEIN
0l 0l 0l -0l 0l l
[ ] | |
- —00Y
/
i JLINIVE ,
— JA + 3118434 , , —009
— _4 3L IN3LSNY ]
— | —008
_ | |

(D,)9injotadwa |



Table 3-2  The effect of austenitization temperature on the
transformation temperature range and the time
required to start and finish the transformation

at the nose temperatureL

Transformation Transformation
temperature range(°C) time range{sec)
Austenitization 1200 °C 1000 °C 1200 °C 1000 °C
Alloys{No.) Ty Ty Ty T ts tf ts tf
0.2%C-1%V(1) 820 600 810 | 590 10 90 5 30
0.2%C-1%V-1.5%Ni{2) | 750 580 780 | 580 10 | 100 10 80
0.2%C-1%V-3%Ni(3) 680 | 590 700 | 580 200 | 800 70 | 200
Austenitization
a3
o
-
=
e Isothermal Holding
[« %
=
Lt
'.._
tf
-~ l
=
O
= s
< !
—
= ! — T .
TIME
3-4 Schematic representation of dilatation curve showing the procedure

to determine the transformation star

t and finish points.
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Table 3-3 Mechanical Properties of 0.2C-1vV-0.5Mn Alloys
Austenitized at 1000°C

Isothermal Transformation
Temperature

(Holding Time 1 h) _Sﬂ (:g}émz) (ké?ggZ) (;) ?i?. (E;¥m)
0.2C-1v-0.5Mn Alloy
750°C(T.D.) 51 38.4 50.5 27 84 ~32.4
650°C(T.D. ) 55 53.0 72.5 20 76 1.1
550°C(8) » 61 73.2 90.6 10 35 0.7
0.2C-1V-1.5Ni-0.5Mn Alloy
786°C(M) 72 112.9 132.4 12 30 5.4
700°C(T.D.) 53 18.8 68.3 20 79 5.1
625°C(T.0.) 60 66.2 87.1 18 70 0.5
550°C(B) 64 87.1 105.2 16 45 0.5
0.2C-1V-3Ni-0.5Mn Alloy
700°C (M) 66  105.9 131.0 14 32 7.7
650°C(T.0.) 58 62.7 82.2 22 80 17.6
600°C(T.D. ) 60 72.5 92.0 18 65 0.5
550°C(B) 64 92.0 115.0 15 38 0.8

T.D. : Total decompos1t1on product through the upper transformation C- -curve
: Martensite formed through quenching after ausaging
8 : Bainite formed through the lower transformation regime
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|
Figure 3-8

Optical micrograph of Fe-0.2%C-1%V-3%Ni alloy isothermally
transformed at a) 650°C, b) 550°C for 1 hour after
austenitization at 1000°C.
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igure 3-9

Transmission electron micrographs of Alloy 1 isothermally
transformed at 750°C for 1 hour(austenitization at 1000°C).
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Figure 3-10

Transmission electron micrographs of Allo i
r y 3 isothermally
transformed at 650°C for 1 hour(austenitization at 1000°C).
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Table 3-4 Mechanical properties of 0.1C-0.5V-0.5Mn Alloys
Austenitized at 1000°C

Isothermal Transformation

Temperature Ry oYs TUTS R.A. e CYN
(Holding Time 1h) (kg/mm?) (kg/mm<) (%) (%) (kg-m)
0.1C-0.5V-0.5Mn Alloy
(Alloy 4)
750°C(T.D.) 52 38.4 58.2 84 21 2.4
700°C(T.D. ) 53 41.8 59.9 78 20 3.5
650°C(T.D. 55 41.8 61.3 76 20 0.8
600°C(T.D.) 60 50.9 66.2 - 78 - 20 0.5
550°C(B) ' 63 83.6 90.6% 0 9 0.3
0.1C-0.5V-3Ni-0.5Mn Alloy
(Alloy 5) | |
750°C (M) 63 20.6 110.0 45 36 6.1
700°C(M) 68 96.2 112.9 28 1G 7.0
650°C(T.D.) 57 55.8 78.1 76 21 7.8
600°C(T.D.) 56 66.2 82.2 61 22 0.8
550°C(B) 63 87.1 98.3 38 20 0.5
*Fracture stress
T.D. : Total decomposition product through the upper tranSfoEmation C-curve
M : Martensite formed through quenching after ausaging

8 : Bainite formed through the lower transformation regime
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Figure 3-15

Optical micrographs of &) Alloy 4 and b) Alloy 5 both
isothermally transformed at 650°C for 1 hour.
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Figure 3-16

Transmission electron micrographs of Alloy 4 isothermally
transformed at 750°C for 1 hour.
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Figure 3-17

Transmission electron microgra
transformed at 650°C for 1 hou

phs of Alloy 5 isotherma]]y
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Fig. 3-21

Fractographs of isothermally transformed Alloy 4
and Alloy 5.

a) Alloy 4 transformed at 750°C for 1 hour

b) Alloy 4 transformed at 600°C for 1 hour

c) Alloy 5 transformed at 650°C for 1 hour

d) Alloy 5 transformed at 600°C for ] hour
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ig. 4-1

Optical micrographs of Fe-0.2%C-1%V-1.5%Ni alloy austenitized
at 1200 °C for a) 15 min, b) 30 min andc) 1 hour.
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Fig. 4-4

Optical micrographs of partially transformed Fe-0.2%C-1%V-1.5Ni
alloy.

a), b); isothermally transformed at 600°C for 85 sec.

c), d); isothermally transformed at 710°C for 85 sec.



Optical micrographs of fully transformed Fe-0.2%C-1%V-1.5Ni

alloy.
a), b);
c), d);
e), f);

i

i
i

e
e L
.

c
e

sothermally transformed at 710°C for 420 sec.
sothermally transformed at 650°C for 420 sec.
sothermally transformed at 600°C for 420 sec.
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ig. 4-6. Transmission electron micrograh of the ally partially transformed
at 710°C for 85 sec.
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Fig. 4-7 Transmission electron micrographs of the alloyApartia11y transformed
at 710°C for 85 sec.
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Fig. 4-8 Transmission electron micrographs of the alloy partially transformed
at 710°C for 85 sec.
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ig. 4-9

//

Transmission electron micrographs of the alloy partially transformed
at 710°C for 85 sec.
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9. 4-10 Bright and dark field micrographs of the alloy completely transformed
at 710°C for 420 sec.
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Fig. 4-11

[T SRR R NI S O A SR NE 3 35 7%

Transmission electron micrographs
at 710°C for 420 sec.

of the alloy completely

177

transformed
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Fig. 4-12 Transmission electron micrographs of the alloy completely transformed
at 710°C for 420 sec. Dark field micrograph shows VC dispersion in
ferrite.
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ig. 4-13 Bright and dark field micrographs of the alloy completely transformed
at 710°C for 420 sec showing the presence of micro-twins in ferrite.
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ig. 4-14 Transmission electron micrographs of the alloy partially transformed
at 600°C for 85 sec.



ig. 4-15 Composite transmission electron micrograph of the alloy partially
transformed at 600°C for 85 sec.
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4-16 Transmission
at 600°C for

electron microgra
420 sec.

phs of the alloy completely

transformed

) 2b



ig. 4-17 Bright and dark field micrographs of the alloy completely
) at 600°C for 420 sec showing VC on dislocations.

/2!

transformed

-
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g.-4-18 Bright and dark field micrographs of the alloy completely transformed
at 600°C for 420 sec, showing VC on dislocations and at ferritic
boundaries as well as in the matrix.
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Fig. 4-19 Transmission electron micrographs of the alloy isothermally transformed
at 650°C for 420 sec.
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A typical interphase precipitation in partially transformed
Fe~0.2%C-1%V-1.5%Ni alloy.

Austenitized at 1200°C for 30 min and isothermally transformed
at 710°C for 85 sec.
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Fig. 5-2

A schematic representation
of interphase precipitation.
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Fig. 5-3

VC morphology in ferrite in Fe-0.2%C-1%V-1.5%Ni alloy
isothermally transformed at 650°C for 1 hour.
Austenitization at 1200°C for 1 hour.
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Fig.5-4  VC morphology in ferrite in Fe-0.2%C-1%V alloy isothermally
transformed at 650°C for 1 hour.
Austenitization at 1200°C for 1 hour.



Fig. 5-5 VC morphology in ferrite in Fe-0.2%C-1%V-3%Ni alloy isothermally
transformed at 625°C, below the nose of the C-curve, for 1 hour.
Austenitization at 1200°C for 1 hour.



Fig.5-6

VC morphology in ferrite in Fe-0.2%C-1%V-1.5%Ni alloy iaothermally
transformed at 625°C, below the nose of the C-curve, for 1 hour.
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Table 6-1  Chemical composition of alloys(wt-pct)
. "iﬂomfnal (wt-pct)
Alloy C v Ni Mn Nb Fe
Al 0.1 0.5 1.5 0.5 0.025 bal
B1 0.1 0.5 3.0 0.5 0.025 bal
A2 0.15 0.75 1.5 0.5 - bal
B2 '0.15 0.75 3.0 0.5 - bal
A3 0.2 1.0 1.5 0.5 - bal
Actual (wt-pct)
Alloy C v Ni Mn Nb Fe
Al 0.12 0.53 1.49 0.46 0.02 bal
81 0.12 0.53 3.05 G.44 0.03 bal
A2 0.15 0.75 1.51 0.47 - bal
B2 0.17 0.74 3.00 0.51 - bal
A3 0.20 0.95 1.49 0.48 - bal
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Table 6-2 Tensile properties of continuously cooled Fe-C-V-Ni
alloys.
Aust. Cooling Yield Tensile

Alloy Temperature Rate Strength  Strength  Elongation  R.A.
°C Kg/mm Kg/mme % %
Al 900 25.4 mm* 42.C 51.8 33 73
A2 300 25.4 wmm 42.7 52.5 37 78
A3 500 25.4 mm 43.4 5.0 35 7¢
B1 c00 25.4 mm 53.2 63.0 31 70
B2 300 25.4 mm 54.6 65.8 32 74
Al 1000 25.4 mm 51.8 66.5 22 64
A2 1000 25.4 mm 65.1 81.2 24 64
A3 10G0 25.4 mm 62.3 74.2 28 75
Bl 1000 25.4 mm 7¢.1 81.7 22 60
B2 1000 25.4 mm 95.2 107.1 18 46
AT 1006 slow 42.0 53.9 31 71
A3 1600 slow 51.1 60.2 34 75
B1 1600 slow 57.4 72.1 2¢ 58
B1 300 fast 45 .0 62.3 30 69
B2 cco fast 52.5 67.9 31 72
A3 €00 fast 44.8 52.5 34 75

* A cooling rate corresponding to the center of a slab of 25.4 mm thick
subjected to air cooling.
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6-10 Yield and tensile strength, and upper-shelf energy of
continuously cooled alloys as a function of carbon contents.
Austenitized at 900°C followed by cooling at the rate T.
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6.13 Yield and tensile strength of continuously cooled
alloys as a function of carbon content.
Austenitized at 1000°C followed by cooling at a
rate T.
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Fig. 6-22 Optical micrographs of

. a) Alloy Al austenitized at 1000°C, cooled at the rate T.
b) Alloy Al austenitized at 1000°C, cooled at the rate S.
c) Alloy A3 austenitized at 1000°C, cooled at the rate T.
d) Alloy A3 austenitized at 1000°C, cooled at the rate S.
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Fig. 6-27

Transmission electron micrographs of Alloy Al austenitized
1000°C and cooled at the rate T.

a) Bright field image

b) Dark field showing vanadium carbide precipitates

at
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Fig. 6-28

Transmission electron micrographs of Alloy Al austenitized at
1000°C and cooled at the rate T, showing pearlite region.

a) Bright field image

b) Dark field showing pearlitic cementite.



o
T
fSiva)
N

¢

o
(Uag
e
o)
S
@
g
(*04
oL+
W
SRS
{$1a]
-
s

2
=) >3 X
\
)
<
3
Y
T
D
e
g
50
:25})
A
.——-0
OR
S0
A
W<
™
an

o)
<
K
313&
>
{3
o
S
)
&
(D
SRRV
Y
) 3 g‘j ) )
T
o
B
o
< “;Q& e
3
N
RS
Yo
oc

ﬁm%%/hmeQQvamwk?ﬁvhg G
T L% Fe-00%C-0.5%\V, 2 FVU F-0.0506C-0.715 %V
FAU L o027 C—%hVAE L L ShANEFMULLAZ ] -2k
Fo-0.01%C-05%V > Fu Fo-0.05%C -0.157\ A& .
MWLLRZT -2Th %, CAl 2

AN

W

\

pc%r’rk SRS NS

b

(To

{

\Q’ AL

3 ¢
22 8

A

-

<

AN

|

Ny

i 0N

{3

(s

SR

&

WD

[NV

&)

AN

e
Fo-0.1%C-0.5%\h4& Fu
| vb%iﬂ@ﬁ“lu’fﬁﬂ/irv%4FﬁQQVWt%ﬁE%
=R zfﬁo oaS/mwbkm L. GEeod-2F4 4 LicA

&

A%

A, 0. 5%V eIRE 33,

3Ly so00°C
LY 3 Ve a BRGS0,

r
o
%*.
Aty
S
Q)Q ?-\u;} . \UﬁJ‘
e
o
S

V%UZﬁ~lfﬁ<F¢

oo :%’&S},%

o
o

S L AB 33 R-C-V3IZLAA

A

A"'“%o/j"f - A

o

9

71 A /07"”’&3527’}4\—“?\15/511%6 ST W VE
TTANTABET Ol HC-0.5%, &%u%ikl?@%;z



)

AESBY LY 3B -2 Thie b k. 862 45 g
Fo TG iAo L, CCTHERL U fouave
&@wz%¢a0,76Ukv%k}B%ﬁa%uc&%q
T 2 ®WAETI ST hdd. 13 L 2y 3000
3%, RET 0 cr iU VEE®HBY -394 b ~q
ttervBae ’GX%%PZQ“’X‘I%ILE‘%P&@ S RN

bde, "YT—oarve & gg.léiv:/gz, ETE ~ F VE e F L F T AL T
CI a3, Tae@, 5% T - 2544 FitBET T -2

%4@%»@1&%&5%M%o %7%%%@%ﬁm%wém@
cA -2V AnmiEL F), RBMEIBE L 093 BRI R L %
%k%%:bv_}azl&nw%%cﬁz:tvf}%o
Y= otve TEBER 5% Fo L
CAFY, 3LNiEFmLLY B - 2AAL puT 4
LRI - 2206 e THREDLT Lo EE N (35

y Fwd il 403 v g4 D, S WG N B

\/\% b"!ﬁﬁ"f):’d’\g :\C\/J%}l}, ﬁtué’l'?[z/ﬁgt d’)ﬂ )7
 1:7{F‘,\/Cﬂfﬁéﬂﬁk”)f}@ﬁfOZR%Q%VL}”Z@F
g-‘ gq@?f/%%v53z @ﬁ@i@



>/

D

<z
v

-

s
=

2.

5

-

vt%b"“@ w e A

3

5 NIE

s.M:, Voo B 40 A C B WY e SRR ol . " u\(,M -
NS N qﬂ 8 . G bl o fm . — N em
o I T A SR SRS R L T S & K T m
& N I N\ S R VST T £ Y s <
£ e 0 g B 2 e B el e T S o S
W N S I S & B VA A S S M S eTR 3
2 I S I R I A ok S @@
™~ O Ey e e o2 L BTSSR R S o AW W W e o 4
" T e R U ST c B L S W e
> R S S S BN N e b o R
a B T S R N R T S S R D
< A v P e B o ot B oy 2§ 4o A
X s O A B W W O Amwd mmw v R e Ty AW S e U M/_
G0 O e s w0 o R e ® > ek — o ¥ O
N % M =~ Wu oA Wﬂ = Y = S SN WA - W < - .ﬁ@ < »
AN R T S S AR N L SR e 0
I N T T eV R N
& W W \_ TN N Y 8 U X] e o N 5 ) < g 2
L N T - e N S Al o 8K
e V> o e O e @ A T e o e ¢ 4R g W
Y ﬂhhm e €N v & Do RN N W mvm & oo
& Yo @ o o w2 o ol T S S T RV G I
I N IR S R A N N e R S T
Bo® €y 0 S kel A I = IR I
S N A T R S R L
S G N S O TS L N S NG CECRES W (e
© K.iv, T . N &R < g\ ot Bt ,Miw., e S o ¢ ¥ o~ e
W}h -~ o o® - - ./m...n,\. &~ )7/@ \,y% e § - Vﬂu e Mw_nm 5 B | v
S Cowe e 0w s froad S R R
s W N - I S e e e P~ e 8

REBAL1u TRy k3,

T - 27T +4 bieo

o 0 C



S /AR

640, LREBEE 5o e T
)  FHEHEB 9. 5 1 A
ERARIPER T THI MY "9254 4+ v @s - o,
PAPAEARTRL T B LTI Ln> v aFEDcid 3o
Pl o FE L33 £la FO LY D,
M B -2F T4 HEBEEN2<33FE, 3502 4 3
T4 FURE BSEA e M T ed £ ¢ Lom3
."g o
uh) 2‘%5 '?’(ﬁg /c%/g ""’j(D- 6 v 13y 7 1 /}%F@fgg\i NRS
) oE]

3 :@{'z
- - ¥ = \/\:r = o (é: b 1
BOIA, 0o )@ AR EE LT 042 - ooibg L v- s
P~ P - & %
LT % Lo LT b SR 2R AR gL e ALk g

- ;&’3 v e -
391 Ra AR v el N g

tIPEnRETA 1t AWER 2B v BBk 05 4 b
53 A L4 4 4 }-)d)*ﬁé%@ {\;3/(/’(,'\,?}9(@6{ éZ)%%V
T N N AR Sk SR IO | NS

I 4 +ABEAB L ?ufﬂ%keﬁ\v/\%ﬁﬁj/? REATUE 5, ¢ 9 1 4%
ABHVIRIT, LLn, T EERE RT3 T, 54t g
ﬁmm%c,v@%%@v%@zﬁ~lvﬁ<k&b * MZE
A BAETIEL - 2774 FPHE eMDET - v, 1243
o Tl B esLyd 3, @&ékﬁL%P@A 3acecT



> /53
th T wE B A AIPAR LT LT Y atve BB

Sl A pﬁc%%zr//ooocxzj——li—?ﬁ%ith%cns@
WER T &“w,i%% RN

53}’ﬁ?§(?3~5%mi%
%, L io MBHME t4he 2 ®ed 53V
A A f'hf}tjfb j’@/r‘f@ NEIR

04

% €N
mﬁﬂfﬁkﬁh@ 3%, -HvAIPEREVEA, bk
IN- 54, AFo Al T4 FAGELEARe f) B T3
®, 2170 Fe LT ccTHREAL v 2254t eveail
%n%ﬂ%ék%ﬁﬁ@‘_%uz%% 3V C o A5 v A S
B ¥lE el N3,

300CTH -2F 44 L vRAEAZ 2 A
Tg A% w17 B 1 S N U A S I Ol pumdh s w13 ¥ kT o H
HARGACMRrs) D= vhF L1003, 120L=dinq
10w fmy, Ty CMEBIL v 1L Lk Dbk 3 H
Hi3A33 0 BLREEAFERF ST 5 5T 2ol
v G 3 L~L F00°¢cH - 2
T, AN TARE N ~nBET A - 2T 41 FvEB L35
Ve VEF )Tl A ERe Ry Lwajzi@bptﬁm
ﬁﬁz,am%§w>nwvo PR tiMd 33 ve oA %
Nvier EREAHK TR T I L E LD M. Ré 2 @
T~ TR BT E o, RITART VARAP LLAKA 2 &

3
'y
o)
N
(g o)
o
P
J
A
Q



LN T M)u%dmcu%&%az"@ v ¢
\—

i G Bder vy, BB o A - B, %
13 203 m LT3 . 1o :zx%%@z%};v”%gﬁmgz
FyetHBLTHTE Y —dr VO BRI 3 3 ve malEaT

Lrebdiyow et i< F5%3%3Lta1TH%2,

ﬁé’?\’&, /%@55.5\1/ /Q%?zif‘;%g i L1o0% ) BHlL Ty 3,

C LB RTE Y B TAE . F, TTRET S5 3 b 3.
Bb2Ti0TEr 0y, /000°CTT-2F 44 b LAl e
BraRkiTd R Eﬁuimm?gﬁkﬁa/ﬁ}@g 20 RIPEE Tl A
ERARANTER LKl T 3. LU ANEE Tu 2 E
BAB BRI E - 414 AL A £ A3TUET 2 5 ¢

7
NI
“

A3 S GHEL Ve N )R LB R LT B 427 Tt R
Uhs FHryvw Ty LigLID @Qé;éin‘mﬂéiékﬁ\Lzu%D S
mJb?fEl;éu” B4y Sl Gl 1@ e 2% 0 vt b33 BRI
TFy - Lt icultBenien$3F0 ay
%8 e -333%,

)



d /&

5.5 v 1B
V/IC BFt s, 5B wiFy | %C, 0.5 C, &
FU o0.2%hC 24% 3

3 B -FaNLAFE
/. s“/M*k@;mwﬁ\; 3)-22) « 3% NiEHw L AL
(B 210-2) 2tth3 %y, LB BAN iR 1) - 2w
L\’CBHE}?%"@U

\‘-/}*?C & 3 e ;
FEE INIE A aDD»FHsz\ﬁ,?d«%o TVEE A E R A
3 B3 VLVE R SRS

C
O A O 2 Hta?azf%i%/oooctu fO"cvi%‘f;‘c 75
T et % L

@7 _tr}
T~ 0
T o

4

Ho BT (L & z%%%%?o717fkﬁm$;m -9,

1At e HBLT ) o0 F -2 T4 bk a s D\QC,T&)
BesndEedge Lo 3,

®) ;‘M:a\ el P Taw Qi}’@ﬁgﬁ@’c*"tf—%afvc'@\
ER% o, HEe53 965 3, F2-02%C-1%\V-1.57 N A4 (



he e A N - W T
~ O S s BRY) - S N L oy D3 L o
4 K T S PR o8 j 3T e s ® s o &
W £l v e @ AR e L e S« ow
A N N QW i S S 5 NN o
e oA e & o oy B Y o o W @
S g 2 Ay e R Y e e 4T 2w
V N A =B e W) oy s O T HR e Sro® 4 an
o I S P g - U= BN B RN S R
© o 8Om0 ™ 2 A g Nl e o
ol R O SRR SR S L T SR BT G RO
& O T T = S i Y = = B
L S ! 7 W N~ g s A R > 5 O
e O I =7 S U R S P 10
~ N A . T -
- P e & oo oo @ T o w v_o N
i o F o N Y e B m R g v T e e e e
o< v B u o N R 4 E o 8 Dy e o A0 ek ¢
, B T WO vt U S S S SRC USRS S S S
AN R T LT o O S o B T U TS o A
Qo e e \ Rw ﬁ_ > <L L <€ Ab 8 3 -MM o %,
o A N e m TSRS WY b G BRoAd R 4 & oo el
O @ T o £ o 0o H Qe A T 4wy O g
N S T~ O T B N T SR S b
§ W Y e g T 2 2 Qg e ) E e
A S e o 0 o wov R e s e § o
R AN @ ~ lﬁ_q Ny e SN TANEIRC U R 3 ,@WW nmw <) N I &
S 4o Ak oo & Qo T E M e s o9 > R Y

6)
a)
(z

1209 Fo-0.2%C-1 %\ -

- 25 AR (Eh Q5 Umm B R

/Z
i

]

1%

X
3

.";—)d’"‘go
,t”;'

)
4 _95°C T 5

7

T H13 v

A

e 7]
22 74 kG

& 7
J

/19.
7 DRTT (%

313

E:



7£/~

Jore

T - 2754 it

\
—

A

O.ﬁﬁv
M



et
it



FH -2 T51 FaEs

{7
2
o

£y

td 31 P AR LR

":\C;}F:

wL

3

AN

7

-5

2
Z
7

K
B

oy
Pt
{

N

AR AL P N SN A S I N
O g e = W AR e g e e I
sl ‘\/,.W\ 4?@ S e //wul, 3 O o L. Aﬁb . ww.w:,
R - ) _ &
Tag &g & a8 oo & N v do o v K
[ N . « § o T S A
x5 e W i R T -
B . y fonj g
S S S A
W D o N g ey Wy g Y Lo D~ o
,vA.,‘ YRS s WM., ,//.m»/ww < ok J/“ﬂm Lo nm.vfm,w ‘= @ A~ N
N A I G g
L o5 4A.m Wwe Lﬁv AR o MWJ < av, RIS S S o G
w TmOS - | o B @ R 2 s - flw_. e
i IR - R £~ ¢ & oy LW
R W o Lo @ YW o B0
QG S e T %M 10NNy Lyt AQ A@ < 70 w oC wa
T S ﬁlﬁ%,nvwﬁkm%
o oy S om0 > e T
’ - O y )
D oA R s Y . R P o~ R
Tor \
o Yy oS N s T 2 @ e ST e e
A 08 T R R i S S
o A . i
I R I T S e B
e L 0T W R e T w® W ef o 0 b o8
Qe of ¢ W op Doy a8 o IS % B W e
dewhe o W o2 - 0§ ow ¢ - & B¢
W S en W@ EL & el TR N Y e R RS
oo w) e 3 4E W — oo W gl o el 9 e
& £ MMM \ s & fp w2 G e o oy o ol
Y A K & o N 4o ey 30§
[ENE NI UREE S A Byt S fad o = B
B ke Ao S B N w D cfl w2l

~ U

s

e__v!, A

L <

Za)

/

%

h%(/_g?lf’%gd’b

2
&

j023

D
Fury

D
2

% 5B

\

g
&

2 0F-2394% 0%

%

v

i

[}

%
2 (X Aave) BB LAY



.

0% F5he AL 3%%1»434%{6»\9/;&1@‘\/ Rt RS
' i

1%t EMI A Ve AT A4
LT LR vt horaTE e c3AEL Ve 532 L poof

e T3 VCAaBAVTSE

LR T Lo w1 BN e 3T hY, R-02%c-1v%Y A&
F o271 e A EAGRcA Ve B3 e,
Z g f”kﬂ t%e s0006% f/,}}u‘ﬂ 3VC N BMEBRA e 5
Fo-0.1%C-0.5%\ « (1%

o
rdx-l pd (\I

7
g
Ly

5
0 nwTikN L, %9 H%E

@\7

S AR L j000°CTF - 2

Z 8 L v B A Bh il T

5 Wy "T— o+ Ve fﬂéfé&%@
v -

A, naBEBR ALtz i -8 L RNYIBGANEY
dh

3

‘F&

@ 000 CTH - 2 TT A5t LY Fo-0.2%C- 1AV AA LK
VT IERER DL 73 4- 2544 Latphcibd 1073,
THLTF 0T 23 BhLBE BN, A Ab B



220
=% Zz T = T ¢
48T FeC-VARART - 2534 Laim@BEL mnT
P A o : . 2 2 pE o NE P iR i T
fla A B8 33 AtHVC 2B BHEHE L T, ZRBLE

LSANIBE € 7200°C TF - 2F T4 b AMAEL 1
@ﬁlb/ﬂﬂkﬁﬁg%VCA%ﬂ“%;@M%a%%
N"5HR, Ro Lol o T, v,

2
) BEABT Ao Ve MBEGEEBRE. 553 24l 2 ubd
4 7)

JIBEmA AT A, VWA FDzoBENL Ven By 502 b o
> Lo

22T 548 E,, 518 54 5 T4 ar el
) Fimg LB D154 FF L3 d<c X Huiis]
A YR RBLET Ik, T fH TR RE GG ERA
AETFTer b LBLT UL, vl TLidhdd f—oaB8 w4 w7

> 34T ﬁ%’&mﬁ% L Ve~ ZFRr (2
. L

o
7
P
-
<
S
o
\
Y
o
@<
TP
[qzie)
T} ’NS
«
D
-t
§ W
e
A
3
)
SRS
x)
i~

5% "Fo-C-VAA 313 F- 2571 LaginBREx
Fo 133 Vet v B3 A L 2y EERE A b
TV, Nb, O, Mo, Ti, Wi EAB 33 oc-X 3334403
BEB a3 Yo+ Bd A E B F14HL Ny 3 ¥
Tr A b s a5 A b d RS L Femoe ) B3

MR S0TEE e Y, L, 419%%e LT Cqa,
' Ced3uwid Mo A H 32 RC-Y32A8TECHBS 1M
Tu3BER LB LT ¥ FE b3 3RS ﬁ%nﬁm%@Rlc



SVAREF LA LT E NG 3. v A D, F@CVFQ
‘/9\‘\»16‘9 o R ‘dcﬁ%m’?@\’é%‘% 3

) BRAERE AT g -5 4k BEE L n g CBIAL
%nﬁw*O%%uﬁM%%x%L%u,%mtaxm%ztx/
g Zmrctemtrwi-F074%: e dT4E kL
L3,

@ BEAFTLN»EED Ve LRV T -2T41FcEA%
fec Noacd®%fhhse c353ECHEMLL b, TEA
BI1332A8er w2t EIRLEHAT. v EEH
FEERE- LI FEBT LEAT P e BLEA, LT
@%é%mmm%%bié?giﬁﬁeﬁ@@é%%77 1k
HEOXNEL > R TL 5 T35 DREFTR AL 2 Bu 5o
b %,

%éé fR-C-V b@ﬂﬁézﬂ‘é’%@w%i% :{}’}'CL'L@/M
Ae Bl e iHESME Z nET rwB il ml e ke
FhvEE: ek e 334bREBaB S gth e L 7 HhiE
N BENZRRIPEETE 5y u w THEAR LK RHE T #2e
?’%]f\%o Vz%i%"?%%”@%%{/&ﬂim 25N TdH% o
) e T HEMY T Y sdrVve f%>&f3£8%?g‘;{%ii',mj

TowFE) wihYs THBAL F-2FT4 o A3 ;

Fr Vven®ioe ABL w7253 19+ 3

JIET & 3. AT RARH ) FUFE e ‘ﬁﬁﬁif’%fgoué@

LEN & e L 38R, 25 - 1Ly 3

NTUFT LR o B DdEE B A w53 9 R
2

T4 FCL VYL, 258mm BiRo B



& A 2

R p] J%’\Zfﬁ,/%—(T) z@{é’é VIR D IAN T Bidw o 2
}"\/A‘{“»ﬁ‘&%éfﬁbko TUWEEREECHD LI 71 54 FH .
EEalS TV IR 3 \/CU\.X%?@ b Eu e Yoatve
o

TE ?:r\ Lz Ve oI ME B S 3352y w3 88 L,

@) /oc0’cTH-2F 14 kL oy, ‘/%%f‘% 1 28 %0
GehbvnhBrh o BuoBRIE LY - BEBed L., ADE
Yoi9 8 F) o, T E DG E%QJB’H’ “F Ve A BN E RS
LTw %= b&jﬁ}%v& L.

) ﬁ.vf%z?if%s’tfﬂ?; dtve "By 3, Lot §EpE
Fave 0 ESHMAIARTH, THuHMESE vy Ls Fe-
0.2%C - 19N ~1.5%H N A

Ja

%)

E2 900°CTH-2F 34 ikl wnt
;ff’n Fzﬁgfﬁf%” E:D~EQF«: @J’\-Z\/\%&aOSWL’\/,D

\‘r\



2 2 3
REFERENCES

-t

. W.B.Morrison and J.H.Woodhead; J.Iron Steel Inst., 1963, 201, p.43.
2. W.B.Morrison; J.Iron Steel Inst., 1963, 201, p.317.

w

. J.M.Grey, D.Webster and J.H.Woodhead; J.Iron Steel Inst., 1965, 203, p.812.
b BEFF G TEEE. KR, S)IEE  BALEYA 1965, 29, p.734.
5. M.Tanino and K.Aoki; Trans. I;onVStee] Inst. Japan, 1968, 8, p.337.

6. J.M.Grey and R.B.S.Ye0; Trans ASM, 1968, 61, p.255.

7. K.Campbell and R.W.K.Honeycombe; J.Iron Steel Inst., 1973, 211, p.209.
8. F.G.Berry and R.W.K.Honeycombe; Met. Trans., 1970, 1, p.3279.

9. D.V.Edmonds and R.W.K.Honeycombe; J.Iron Steel Inst., 1973, 211, p.209.

10. D.V.Edmonds; Met. Trans., 1973, 4, p.2527.

11. A.T.Davenport and R.W.K.Honeycombe; Proc.Roy.Soc.London, 1971, 32z, p.191.

12. A.T.Davenport, F.G.Berry and R.W.K.Honeycombe; Met.Sci.d., 1968; 2, p.104.

13. R.W.K.Honeycombe; Structure and Strength of Alloy Stee]; Climax Moly. Co.
Ltd., Villers House 41/47, Strand, London, p.20.

14. wa.K.Honeycombe; Met. Trans., 1976, 7A, p.915.

15. S.Freeman; The Effect of Second Phase Particles on the Mechanical Properties
of Steels, ISI, 1971, p.58.

16. R.W.K.Honeycombe; Scand.Jd.Matall., 1979, 8, p.21.

17. G.R.Purdy; Acta Met., 1978, 26, p.477.

18. G.R.Purdy; ibid., p.487.

19. Y.Ohmori; Trans. Iron and Steel Inst., Japan, 1972, 12, p.350.

20. F.G.Berry, A.T.Davenport and R.W.K.Honeycombe; The Mechanism of Phase
Transformations in Crystalline Solids, Inst. Metals Monograph, No.33,
1969, p.288. 3

21. A.D.Batte and R.W.K.Honeycombe; J.Iron Steel Inst., 1973, 211, p284.

22. H.C.Sutton and J.A.Whiteman; J. Iron Steel Inst., 1971, 209, p.220.‘

23. G.L.Dunlop and R.W.K.Honeycombe; Phil. Mag., 1975, 32, p.61.



2 2 ¥

24, G:L.Dunlop, D.V.Edmonds and R.W.K.Honeycombe; Creep Strength in Steel and
High Temperature Alloys, The Metals Society, 1974, p.222.

25. J.M.Si]cqck and A.W.Denham; The Mechanism of Phase Transformation in
Crystalline Solids, Inst. of Metals Monograph, 1969, no.33, p.59.

26. B.Uhrenius and H.Harvig; Met. Sci., 1975, 9, p.67.

27. B.Aronsson; Climax Moly. Symp. on Steel Strengthening Mechanisms, Zurich,
1969, p.77.

28. A.D.Batté; D.V.Edmonds and R.W.K.Honeycombe; Proc. 2nd International Con-
ference on Strength of Metals and Alloys, Asilomar, California, 1970, p.585.

29. C.Wert; Theomodynamics in Pysical Metallurgy, ASM, 1973, p.178.
30. G.Airroldi and M.Asdente; Phys. Stat. Sol., 1969, 32, p.691.
31. R.D.Bernard and A.J.M.Chivers; Metal Sci. J., 1973, 7, p.147.
32. M.Idnurm and A.F.Brown; Acta Met., 1973, 21, p.1337.

33. R.G.Baker and J.Nutting; ISI Special Report, No.64, 1959, p.1.
34. Y.A.Bagaryatskii; Doklady AN SSSR, 1950, f3, p.1161.

35. G.V.Kurdjumov and G.Sachs; Z. Phys., 1930, 64, p.325.

36. E.Nes and G.Thomas; Met. Trans., 1976, 7A, p.967.

37. D.K.C.MacDonald; Themoelectricity: An Introduction to Principles, John
Wiley, New York, 1962.

38. R.D.Barnard; Themoelectricity in Metals and Alloys, Taylor and Francis,
London, 1972.

39. Y.Ohmori; Trans.Iron Steel Inst., Japan, 1975, 15, p.194.
40. A Barbacki and R.W.K.Honeycombe; Metallogr., 1976, 4, p.277.

41. H.I1.Aaronson; Decomposition of Austenite by Diffusional Processes, Inter-
science Publishers, New York, 1962, p.387.

42, C.S.Smith; Trans. ASM, 1953, 45, p.533.

43. D.V.Edmonds and R.W.K.Honeycomei unpublished work quoted in 14.
44 . V.K.Heikinnen; Acta Met., 1973, 21, p.709.

45, T.N.Baker; Acta Met., 1973, 21, p.261.



46.

47.
48.
49,
50.

51.
52.
53.

54.
55.

56.

57.
58.

59.

62.
63.
64.

65.
66.

J a5

R.W.K.Honeycombe; Commemorative Lecture by the Twenty-Eighth Gold Medalist
of the Japan Institute of Metals, Annual Spring Meeting of the Japan
Institute of Metals, Tokyo, April 1983.

R.A.Ricks, P.R.Howell and R.W.K.Honeycombe; Met. Trans., 1979, 10A, p.1049.
R.F.Mehl, C.S.Barrett and D.M.Smith; Trans. AIME, 1933, 105, p.215.
C.A.Dube, H.I.Aaronson and R.F.Mehl; Rev. Met., 1958, 55, p.201.

M.Hillert; Decomposition of Austenite by Diffusional Processes, Inter-
Science Publishers, New York, 1962, p.197.

¥.C.Liu, H.I.Aaronson, K.R.Kinsman-and M.G.Hall; Met. Trans., 1972, 3,
p.1319.

J.R.Bradley and H.I.Aaronson; Met. Trans., 1981, 12A, p.1729.

H.I.Aaronson, M.R.Plichta, G.W.Franti and K.C.Russel; Met. Trans., 1978,
9A, p.363.

G.J.Shiflet, H.I.Aaronson and J.R.Bradley; Met. Trans., 1981, 12A, p.1743.
G.J.Shiflet, J.R.Bradley and H.I.Aaronson; Met. Trans., 1978, 9A, p.999.

T.Abe, H.I.Aaronson and G.J.Shiflet; Technical Program, 109th AIME Annual
Meeting, Las Vegas, Nevada, 1980, p.242. : '

G.J.Shiflet and H.I.Aaronson; ibid., p.242.

T.Obara, H.I.Aaronson and G.J.Shiflet; Technical Program, TMS-AIME Fall
Meeting, Pittsburgh, Penn., 1980, p.48.

R.A.Grange; Trans. ASM, 1947, 35, p.879.

. RERGE gL 48 1971, 57, p.1562.
61.

Y.Ohmori and R.W.K.Honeycombe; Proceedings ICSTIS, Suppl.Trans ISIJ, 1971,
11, p.1160.

Y.Ohmori, A.T.Davenport and R.W.K.Honeycombe; Trans ISIJ, 1972, 12, p.128.
R.F.Mehl and W.C.Hagel; Progr. in Metal Phs., 1956, 6, p.74.

R.J.Dippenaar and R.W.K.Honeycombe; Proc.Roy.Soc., London, 1973, A333,
p.455.

W.H.Brandt: J. Appl. Pys., 1945, 16, p.139.
E.Scheil; Z. Metallk., 1946, 37, p.123.



=~
]
o~

67. C.Zener; Trans. AIME, 1946, 167, p.550.

68. M.P.Puls and'J.S.Kirka1dy; Met. Trans., 1972, 3, p.2777.

69. Y.Ohmori; Trans.Iron and Steel Inst., Japan, 1971, 11, p.95.

70. Y.Ohmori, H.Ohtani and T.Kunitake; Trans. Iron and Steel Inst., Japan,
1971, 11, p.250.

71. G.R.Srinnivasan and C.M.Wayman; Acta Met., 1968, 16, p.607.

72. REEH : BEAEBEFSE®. 1976, 15, p.93.

73. T.Wada, H.Wada, J.F.El11iott and J.Chipman; Met. Trans., 1972, 3, p.2865.

74. W.Pitsch and A.Schrader; Arch. Eisenh., 1958, 29, p.485.



SCHUIE = AR AU N PR
oo o TN > e e
" - .
v WO 3 # O § e
O o T TR VIR
4o S @ & e % - T W
@S R N A
A D oo & PE oA 2§
o W el T re N 5
e O e B AS K AR
wh 4 KE U A L < & v
s e T NN A
St v AR & oW I D
Y g mwm.z /WJ.A ,x@ g IR ,G\Kv ) /M'mﬂm«
we R ap S ore b T AW
NS o 3 f . 7
MET e 8 o e m o o WO
e TR s & T S S o B Hq/; AO\&.J W
A SR e TS
R A T
N T - o
[ T s o ) - -Deind 4% {n \ //rﬂﬁ\
o o R ol R e e g
x,,wm R < S MM, i e o M ¢ W
e @S w2 N o Y
X p— B
) N X,mm rﬂ%uml ?..Ml &) .munw B~ ) o
of AR K e M@ T e
R
Ve I M L e b
BOUNRER VI S ~ £ § K
P R e -~ g W
W) e D W QN WS




