,

« ) LESSON 1
() ?
History - .
C ) ?
-1 ( ) ?
2. ()= ()

20 ON-LINE




Part « ) ? «C ) ? LESSON 1

-1 ( ) ? |

« ) ?

>

> ( ,Iron) ( , Steel)

>

> 2.0%
) 2.0% ( , Castiron)

0% 2.0% C
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a ,0 Y

Boby centered cubic(BCC) Face centered cubic(FCC)
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1536 |
d BCC

1410 o
vy FCC

010
a BCC
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>
>o 910 v
>y 910 a
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> 2.0%
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1)
> ( )
> a o A , Ferrite)
>y A , Austenite)

o ( , Ferrite)
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2)

?

4-fold
(tetrahedrab—
BCC : 6-fold 112 , 4-fold 12, 1 68%
FCC : 6-fold 4 | 4-fold 8 , : 74%
FCC
- FCC . 0.104nm
- BCC : 0.072nm
- 2 0.154nm
- BCC : 0.002%C( , ), — FCC : 2.1%C( , 1,147 )
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3) Fe-0.45%C

> ( ):0.45%
> ( ):0.45% 0.02%

> 0.43% ?

31 ON-LINE




Part « ) > ( ) ? LESSON 1

4)
> >
> ) Fe-0.45%C
(850 ) :
(723 ) : +
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5)

- Ar’, Ar’

Ms
C

chauffage (
refroidissement (

) ? LESSON 1

(Ay) - (210 )

A, - 723  (Acy, Ar)

(A,) - (770 )

A, 910 910~730 (Ac,— Ar,) < g

A, | 1410 1410 (Ac,, Ar,) < 0

A - 730—1145  (Ac,,, Ar.) :
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SAHUOIE
(y 2= H)

e+ EchO|

. Fe-C
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> Fe-C
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Part ( )

4) Fe-0.5%C

» 850
> A3 (820 ):
> Al (720 ) :
) >
) (Pealrlite)
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5) Fe-C

> (Martensite)

> (Bainite) :
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(peritectic reation)
1495

(0.53%C) + & (0.09%C) —g (0.17%C)

(eutectic reaction)

1148
(4.3%C) ———»g (2.08%C) + Fe,C(6.67%C)

(eutectoid reaction)

| C0) |
| | L
723
@ 05081 4 4 oRL g (0.8%C) —» a(0.02%C) + Fe,C(6.67%C)
-— 2 =g —
. Fe-C
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Part

2)

L
=
-
I
Z
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3)
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10.

VVYVYY
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Part ( ) ? ( )>- () LESSON 2

-2. ()- () e
1.

>

- ( + )

- ( )

- ( )
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> “000 (ite)’

Ay - Ps. Pr
A - Fo Fe
A - Ps, Pe
A.. - Mg, Me
AB - Bs’ BF
* S : start, F : finish
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(Cutting)

(Grinding)
(Polishing)

(Etching)

(Microscopy)

) )
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o ol

Boundary 1

a7 htp://ce.gsnu.ac.kr/metals
i — > S



Part ( ) ? ) ) LESSON 2

=i
HEAD - - - i )
ST T T L
o+ R 1 e ™
'::‘: T “_--‘! Lo :_ __;_ I f?lll v} ¥ = { .J_
P e ] i j : IIIII.'.I' Tpd !
fatr | | Ty '
.Im |" .. 1_\ .._1_‘- - _.__:—-g_ i“l I.I':,J% 1 ..-"T
| I itz e I /s
1= I i Nl "‘h{.ﬂ’ EI0|8 |
1 ! I i
I : Lo | | 1
154 { !
hﬂ'—ﬂ:ﬁl[i‘ﬁ I TR e T TR
mm "
at F : ‘.I' :
“ r I ——

(a) ~>

(b) > ty 2y + > +

(c) > ty 2y

(d) > +y 2>y 2>y + > +
*) >y o+ > +

48 ON-LINE




Part ( ) ? ) ) LESSON 2

1) (Ferrite)

- Ferrite

- (BCC)

Ferrite

g | T cav i
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2) (Pearlite, )

s Qﬁj\ P
Y

!
A
i

i Iy | EAEE
- [ “pal

> 7(0.8%C) = a(88%) + Fe;C(12%)
>
>
(F) (®)
(phase boundary)

(

- )
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3) (Cementite)

| R:'">‘H
K ’{}
Cementite Cementite

» Fe3C cementite
>
> 12 4
> 6.7w/0
>
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4)
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5)
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6) :

&
°C F TTIT 7 TTTm B |||!|-| T @
8001 [ | A | g

1400 H- S i 1 T
HH =1 - - I,
700 | ' -
. | |
1200 ; T 1¢ |
00 _-J/-. i
1000 \ . ' F+C pil 10 0 )
I.IE_J'_‘-rﬂ-l}'_ ] 1 IA |
) Y TR l 1
Eq}n-— - T - = ' l
: i \ | M | | G .
= .
e 800 A= - 0
3’""}'_ 1
| | ' Sir, = H""--. ' —155
w4+ St
00— 400 r i T il
Mep
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Mo
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100 200 ] T ! | } |
s Jlinaed o 1 HOUR 10AY |lﬁﬁﬁ L
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7)
>
4.0
oyl . b 0.78% C Steel
g e O 0.80% C Sieel
N = 1.{"% Ni Sleel
3.6 T ® 20¢% M Slesl
i W 1.5% Min Steal
= 5 S Y 3 3.5% Mn Steal
. TR | 0O 1.0% Co Steel
dEf—n] 2 ] L ity 2.0% Co Stesl
T 4 . S|
g b, S
v o -\,1?1 -
% '\-\.\‘r
g 5 ¥, Mh:_‘ih | T
§1 ‘“'- A Ola 4§ hd =] ™a o
O, ] e,
» ! + B
32 -
\__"‘5 "
i 't"“._ ) =
3.0 3] 1 ﬂh'\ .
— - <
28
20 40 &0 21 1060 iM C 140
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(1)
Proeutectoid( ) Ferrite Cementite
O "~ da
i3 g T T
LT .&_‘“-'-'-':. PRl |
= '}'J.:"'f:f--:.*iﬁ”fr:‘h.%m "IN Hd

Grain boundary Allotriomorphs: Slow cooling, High temperature
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(2)

Proeutectoid( ) Ferrite

Widmanstatten side plate: Fast cooling, Low temperature
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8) (Austenite)
Austenite  grain boundary
ferrite, cementite, pearlite, martensite site
> ?
- Y
— (FCO)

- 7(0.8%C) = a(88%) + Fe;C(12%)
» Austenite grain size

— sSite

— fine ferrite or cementite, pearlite

- Ms
- martensite packet size - martensite yield flow strength
» Austenite grain size

- site
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(1) Austenite Formation

Pearlite -> Austenite

Pearlite
Ferrite _
Spheroidized cementite I:I> Austenite
Martensite
__ Austenite
e

] 1% m H | .|
THH. B

Fig 7.3 ums gaveant augtaniis feemed fmm peario

In o it sleel i 4 foeebon of fme o » comdan]
sdaniizinp mmparahioe. [Waf 7,101

j rrili (| Ikght hesl From . . .
oo o pobe gy el Incubation or first nuclei

* ferrite(0.02%C) cementite(6.67%C)
0.8%C

59 ON-LINE tp:// Sue



Part ( ) ? ( )>- () LESSON 2

(2) Austenite Formation

<Cementite spheroidized > < >
1@}] p— Ty
* J‘ﬁ-l— __f _,—-__--r\-—'_a—
i :
f o —175
W ||
= 20
=
a —/
o 1] .EI]_ a0 L ] 54 B Tirsd. dwarwis
Fig. 7.6. Austenite formation from a spheroidized micro- b bl o e iy
slriscture a5 a function of time. (Ref 7. 100 F.101
| |
» pearlite austenite
=> peatrlite ferrite cementite interlamellar

cementite
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(3) Austenite Formation

<Cementite spheroidized

{5

L A i - F b
15 Ssc : e, - ':._ l|"'.':l

Fog. 7.5, Foreadicn of ausiesibe ammnd cementiie partl
chisi o sohescidized steed. [Rel 7.1

) )

LESSON 2

o
]
Ay N
ALl it _-. |____—
Cartadn =
iy
|a} Farrila (] Sphatvnidie {of Poasrlite

Fig. 7.7. Mucleation sites for austenit= formation in
microstructures of [a) ferrite, (b) sphercidite, and [c)
pearlite. (Ref 7.11)

>  Martensite
=> Equiaxed type

Austenite 2

austenite grain boundary

=> Acicular type(lath-like type)
: martensite lath

type

l > Martensite —> Austenite
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(4) Austenite Grain Size

N =2n-1
Where N : number of grains per square inch in a microstructure examined
at a magnification of 100X
n : ASTM grain size number

ASTMNo.1 —» fx fiaet 8 508 = he—— ASTM No. 3

ASTM No. 5 —— ASTM No. 7

ASTM No. 9
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(5) Austenite Grain Size

>

o

_—

e T R e D L
= el

oo 7
=1 - &)
- o
IE'I:I o nI:I
r 2 o |
£ | £
E  omt -t
e} I_ L ]
E F ¥
= s |
e F =]
[ ] 1 1
& r o Roberts (Ref 7 3)

o Marder & Krauss (Ref 7.30)

o Swarr & Krauss (Rel 7.2) ]

D_{H:I'||||||| b1 L L L1 mal i i 1 JLJ._L..J'-

0.01 0.1 1.0

-

Pricr austenitic grain size (mimy|
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(6) Austenite Grain Size

Tempering steel Tempering steel

Fig 10 Wb i | R sy syl
AT UM T b e el mwie p— 1 P M 10 e o an F i e ——
08 LN B L e B el b Bl | H O s ) e b —
P S LI | . ko Dowr = s mwwme loees

B p—
I = k. W 1211 e i ol e T

Austenite grain( a)
— in boiling solution of

Austenite grain(
- 80ml H,O

25g NaOH + 2g picric acid  + 28ml oxalic acid(10%)

«C - () LESSON 2
<Austenite grain size >
>
> ferrite cementite
austenite
ferrite cementite

austenite grain boundary

quenching
- ferrite cementite
- austenite grain size

>

+ 100ml H,O for 15min + 4ml H,0O,
and then nital Matrensite (
etching - nital( +
Matrensite ( b)
- nital( + )
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(7) Austenite Grain Size Control

VVVYVY

grain size

e - AGTW Pl

 E
-
- | -
=
I3 frar-t
" .
H
| ) f
T i & il e ] S .

Fip. 7.14.  Acxienite grain sim a6 & fonction of gusten
Ming tamparabam for cowsegrainad dnd finp-gramed
weels. (Rel 7.25)

LESSON 2

() )
Killed steel
- AIN
- AIN  grain growth
- AIN grain size

(grain coarsening temperature)
- killed steel

- Al (Cr, V, Mo, Nb )
carbide nitride grain growth
=> HSLA(High strength low alloys)
- carbide austenite GB
- grain growth

- ferrite ( 7-19 )

\ Rimmed steel

- grain size
- grain growth Si
Al
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Table 7.1. Methods to Reveal Austenitic Grain Size (Ref 7.23)

Method

Comments

Pierie acid solutions

[a) Used for a wide mnge of steels having
martensitic or bainitic structures

[} Hoom temperature etch

fch Unpredictable, does not always work

{d} May give information on unrecrystallized
grain shape

MMeCheaid-Ehn

carburization

(2} Used for a limited range of stecls
{mainly hypo-eutectoid)
i} Lengthy & b treatment at 925 °C (1690 °F)
(e} Mav not reflect true grain size of
as-received steels

w Onddation

(a) Used For a limited range of steels
{mainky hypo-eutectoid)
(b} Heat treatment for 1 h ak 855 *C (1575 °F)
(e) Mav not reflect true grain size of
as-received steels

Vacuum grooving

(a} Used for 3 wide mnge of stesls

(b} Heat treatment for 1 h or less at 800 °C (1652 *F)

i) Fu:ll r-nl!Er:I!I.:l] nad known
id) May not reflect true grain size of
as-received steels

5 Delineation by
ferrite or cementite

{a) Used for a range of hypo- and hyper-
eutectoid steels

{(h) Heating above Acy, followed by
cantrolled cooling

fel Used for some as-received steels
{earbon compasition range limited)
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9) (Martensite)
> (Adolf Martens)
> o, o
> (BCT)
>
>
>
>
> Sueface Relief( )
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Sueface Relief

( )

Polishing

Etching Polishing + Etching
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Part

Fe-1.8%C alloy

/1

t

ON-LINE
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(1)

(Martensite)

(

)>- () LESSON 2

Lath martensite

Plate martensite

0.6% 0.6%
{111} varients 4 {225} 12 varients :0.9%~1.4%C
Habi {259} 24 varients : 1.78%C
abit
plane
Crack Crack
, grain ..
e , grain size

70
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L] F ‘:,E:
1600 v v - . ' B71
1400 F ¥ GRENINGER (&) 4 780

O TROIAND AND GRENINGER 10)
@ COHEM ET AL (24)
1200 B DIGGES (25) 4 649

& GAENINGER AND TROIAND 28)
O KALIFMAN AND COHEM (27}
"7 ESSER ET AL (28) 1538

CEIBBY AND PARR (23)
W

7

M; TEMPERATURE
[= =]
=
I

"]
T,
G500 'I:r‘ 4 316
7-
400 | 4 204
LATH ﬁﬁ E‘-HE\\_R
MIXED =
200} o doa
/ PLATE
(4] 1 i M i R a
4] 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16

WEIGHT PERCENT CARBON
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Plate Martensite

Ok - :

C()- ()

Lath Martensite
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(2) (Martensite) (M) (Mo
>
M,
) M¢(°F) : 1000-650(w/0 C) - 70(w/0 Mn)
g M, - 35(w/0o Ni) - 70(w/o Cr)
& — 50(w/0 Mo)

win O
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50 |- ]
a5t .
a0 | .
35t B .5 AROBERTS (Rel. 3 10) _
30 b @ MARDER AND KRAUSS (Ref 311) @ .

25
20
15

10

VOLUME PERCENT RETAINED AUSTENITE

L [ | i d
0 0.2 0.4 0.5 0.8 10 .2 1.4 16
WEIGHT PEACENT CARBOMN

74 ON-LINE




Part ( ) ? ) ) LESSON 2

)
G %%
i
< 50 Zm m EE_‘?Z
2 SR
9 100 s e
w L ]
m ™ . ‘\q-‘.
% — . VA STEVEN AND HAYNES (Ref. 3.17) B
'z — — — HARRIS AND COHEN (Ref. 3.21) J a\
E -
W 200 |- .sess KOISTINEN AND MARBURGER (Ref. 3.22) ! ‘\
E l ’ | ‘ | I - !
i (I |

0 10 20 30 40 50 - 60 70 80 80 100
MARTENSITE %

1
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10) (Bainite)
> (E.C.Bain)
>

> Pearlite martensite

>
- ( )1
- ( )’
> Bainite
- : ferrite + cementite
- - Midrib dislocation
>

) )

, 550—350

, 350~250
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(1)

" & ﬂ-"*"'l--r.r
E.J'Er?m;
q!

Optical Micrograph
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Part

(2)
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Part

12)

(Troostite)

(Troost)

400

(Sorbite)

(H.C.Sorby)

500~600

) )

79

LESSON 2

htp://ce.gsnu.ac.kr/metals



Part ( ) ? ) ) LESSON 2

Sorbite

00
tempering

Troostite

empering

Martensite

(Quenching) (Tempering)
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> Fe-C
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Part ( ) ?

2)

> (Lever rule)

l w1 W2 i

L1 L2

W1xLl=W2xL2

W1 =12/ (L1 + L2) W1 =12/ (L1 + L2)
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L2/ (L1 + L2)

L1/ (L1 + L2)

Part ( ) ?
3)
> (Lever rule)
T v + v
L1 L2
C
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4) Fe-0.5%C

] LA | || e |
o gm\“ :F | = = - 1 1 -
E BO0 |- 1 | ;
B ff__‘i_f’ N VN GO OO OO . N 0 O I ey o
E 700 are I | i i:l?:r 1_ i il 2
Y N 4ttt 11=05-00=05
| L] 3 | | 12=6.67-05=6.17
I I
I '_-.._[- F=12/(L1+L2)
o o O =6.17 / (0.5 + 6.17)
B Y PR . A S
T - C=L1/(L1+L2)
- T - !| I =0.5/ (0.5 + 6.17)
4} Fr | I _]I —h \!
Fs 19 1% 20 25 A0 A8 0 45 50 55 60 65 TO0
Winighi Par:nr-ﬂagc%bﬁ'l
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5) Fe-1.0%C

A
5 “””1'-:“:\ T,ji'— t | ' 25
ﬂ ': ——"q" —————— —L — L Lm—'!——— ——————— et B T —-I
E jl'w_l g | | ir | G i
T e o1 11=10-00=10
| ! | | 12=6.67-1.0=5.567
BN =} S | | . | + — 1 N I
g | | 1] |
- ' F=12/ (L1 + L2)

=5.67 / (1.0 + 5.67)

C=L1/(L1+L2)
=1.0/ (1.0 + 5.67)

———1 P — o
1% 20 25 30 35 0O 45 50 55 60 B5 7O
Waight Percenlage Garban
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1)

Fe-C

> Fe-C

(

)_

()
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Tempasalati. C

1/
TR —_ e —_ | i ¥
| ?
Ll | I 1 | _.JII.
| | y
w11 | 1 | i
"'1'.!"‘“« T T
tacofase g L el L L LR
|
| |

| | [ [ 1 H
| |
1 —— ! 1 | — 1. § ! ‘ | - -
I

. H - . H H - i 1
Fe @4 10 1% @0 % ap 3% &0 af B GBE RO 6R
Wrgsl Pipisibage Caitae

Temperature, C
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Temperature, C

900

800

600

70" -~

—_——— ——

0.77

C()- ()
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C()- ()

(723 )

4) +
| | ﬂ'?

. 0.68 / A3

2 [\ ./
5 800 Ly ,-

@ / > Al
m e —
E“ 700 0.77 0.77%(
2 >

0.02%
600 v 0%
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) )

>
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&
5 800
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®
E‘ 700 0.77%( )
: >

600 -
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6) Fe-0.5%C

> 850
ZEILHE > :0.5%
(w D2 A El
el > A3 (820 ):
alo |~ -
&Lh > +
o et > : 0.5%
P 4. > © 0.01%(~0%)
: w AIREHIE > Al (720 ) :
n+ ZH2HWE |13 mmoe > + ( )
- e > - 0.77%
: > : 0.02%(~0%)
0 0.5 21 > - 6.67%
C (%)
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7) Fe-0.9%C

)

a1o

2AEH L E
(D2 H) El
r . 1_,'5?
A, :
o+ w Fe,C +y
2 n 3 . E
m EJ-IIEIEHIIIE
— — +
o+ D20E |5 - gaoe
C
0.5 .1
)

() )

» 850

» A3

LESSON 2
:0.9%
(810 ):
+
- 0.9%
1 6.671%
(720 ):
+ ( )
- 0.77%
: 0.02%(—~0%)
1 6.67%
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(Fe;C) , 1%C  15% Fe,C

- (Kg/mm2) =100 %C + 20
- ( )=20 %C + 20
0.2%C , 0.2—0.3%C : , 0.3—0.5%C :
0.5—0.8%C : , 0.8—1.5%C :
- 0.8%C +
- 0.8%C
- 0.8%C +
- Ms Mf

Fe C
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Part

LESSON 3

(S1), (Mn),  (F), (S)
©
(Si) 1/10
(Mn)
(P)
(S)
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Part

LESSON 3

) ?
3.
SS, SM 14
S-C, SCr, SCM 83
SK, SKS, SKD, SKH 52
SUS, SUH, SUP 92
Austenite Mg, Ni
i : i Austenite
Ferrite Si, Cr, Mo, TiI, W
Carbide Ti, Mo, Cr
i
§ 1100
;1'.1'.!'. t
E L
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Part

LESSON 3

Mn(

Cr(

Mo(

Ni(

V(

W(

Co(

B(

Ti(

Cu(

crack

, 0.4%
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