TTT & CCT Diagrams

Lec-5
ABBAS KHAMMAS HUSSEIN 2014



T SCRmnn el T rommridoy peos = &wm é{ :
EX{\O/VW“?"\'Q Detar of TTTCJ""U{CAV\'— ® : :
i - A .sy(e\‘ Schr'm'(" s .f_'nr;} NM?J 4L o
Y B vire ni¥ic Reamge —

Q“fmcbﬁﬁﬂ Aanke c~ We lxCnn SV v Wea, o

;\- 5?‘;C“ mene s &ﬂQwraL . = AYons form G)ar’—’;hig;l
= p«c»rﬂ»\-e \47 \r\n\ul“w\:) Pr o
k/ ) C e v e n Vevorh of UTvnwe - MW Yaols

s ¥ >4

— .-a:z's ;a v\“cv\tﬂﬂmﬂ p Ym_fcmr, x‘?

-$ 3 e
\Mr\ﬁcsrvv-skvmcgl [ RV S 2 S W < o«n\rm)-e-A'
A= Ne~ |, on &Mch‘t/'———s-j =

}\J CevY < § W«—v \o “{;fc\‘\’\f}\*&:} A~
A~ O oM S s X ndLh -

. ’f‘ » 4

oa iy 1,»-




Temperature, °C

10°

| i I
Austenite v
700
——
9 ~ Pearlite
500 H
400 |
\\
\ Bainite
300 | Y+B .
A1, \
200 |— .
Y+ M
100 | _ "
Mf
YVvY YV Martensite
O % 3 4 1 ] 1
101! 10 102 103 10°

Time. seconds



RS s s e 5 ',w - - e 3
et [ =z
SR o RE 1

: : 7&6 i
&asel

MS A
AA4:_ |
’/)’.;(_ L 3N )".‘“(‘E‘ A ’q,.‘ ,- =
= 5 Lw_t 1= SP{‘C\ ')\'\_ s vin .\ov" %mrkm
M" a5 whle X Yo v~ WY e A~ v 3\_“\("\%_ m

A 7 oA e L TR S Cht A N cFGYY"‘\"“W :

Y s & o= ‘mub- Al e ¥ -\—ﬁ;\W
devvy— X S W= CT’"“Q"\"K -6 R-Hes 3 ‘-VL.""D

A= Je yo~ Y-SRI e :5-“\'\ C— Wwe_,
P L o i i~ FF\“)‘NG J) © + mw S

-
'F N woe ——-—\Yu-ﬁn,skavrv\erm

=5 M.‘i\ o v



N RLE Sty o) NA_ov Yraisitre Peeion Svns

=P DWW s3——eni ¥aZeel Ji\faﬂ"-eh_c‘or( Qnrwtf"\&
Ao AT everT om0~ g5 3 Mhr}-enf-&-\( ‘L",

E51 \A_eu\—)——eck. A = )—cwr&e-/ YYR_.. Meaorrxe wsTxe

&Y(\r—\,—j{\*» -

ceoQ el Vool Lo YoommrTemp —=> Tl ¥=—
RS S Aemrr——t

Y € n~ o™ svké P‘-wmy‘\ Y~ =) CZ):YC’)’)'C:_/{_ o

. ) /\/\r*f"”c“"’i/";j‘l
;';A(_\"\\’b _ N~ v v VR ehmfw‘_\k < J
/\/\ oA v ATIE Tty ™ s g e B A
e V4 AN /\Ak Cr e P Ardre o

. Y "M Arw
Vo < ~ o a}—)’h C""C-—-fT\ e - I
o~ .

P <CTHiv cm < c==Xe J_ Tz e
‘{{vv—cj/(_, o~ cn C M TR o AT RNQ"
Ly T v £33 Sdort= € PEHTI ol ) o nd T
T)c"‘M P e ok b)) o r—e ;
| ch < Yo a-tnel  lag YR aneaiier
VWL cWsocAe o3 o 5 B T, T cA’\ TV

A""5‘H fy I T

m,







I————E R e L) oy -

—— AL

| _100.-_4».

A \ O\

SUR—————— g

>

>
]
l

\ i
140‘ 14‘)" Mamns’te 350 \:30 0.01°CS"

'_fio-';: >

, L
ECRT 10° 10* 10

Time. seconds



Austenite-to-Pearlite Isothermal Transformation

+ Eutectoid composition, C; = 0.76 wit% C

« Beginat T>727°C
« Rapidly cool to 625°C

« Hold T (625°C) constant (isothermal treatment)
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Adapted from Fig

1M.14, Calhster &
Retfwisch de. (Fig. 11.14
adapted from H. Boyer
[Ed.] &flas of Isothermal
Transformaton and
Coalng Transiormation
Cvagrams, Amarican
Society for Metals, 1957,
p. 28.)
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Example

Using the isothermal transformation diagram for an iron—carbon alloy of eutectoid composition
(Figure 10.22). specify the nature of the final microstructure (in terms of microconstituents
present and approximate percentages of each) of a small specimen that has been subjected to the
following time—temperature treatments. In each case assume that the specimen begins at 760°C
(1033 K) and that it has been held at this temperature long enough to have achieved a complete

and homogeneous austenitic structure.

(a) Cool rapidly to 700°C (973 K). hold for 10* s, then quench to room temperature.
Solution

Below 1s Figure 10.22 upon which is superimposed the above heat treatment.
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After cooling and holding at 700°C for 10* s, approximately 50% of the specimen has
transformed to coarse pearlite. Upon cooling to room temperature, the remaining 50% transforms to

martensite. Hence. the final microstructure consists of about 50% coarse pearlite and 50% martensite.

(b) Reheat the specimen in part (a) to 700°C (973 K) for 20 h.
Solution

Heating to 700°C for 20 h the specimen in part (a) will transform the coarse pearlite and

martensite to spheroidite.



(¢) Rapidly cool to 600°C (873 K). hold for 4 s, rapidly cool to 448°C (721 K). hold for 10 s.

then q‘LlEIlCh to room temperature.

Solution

Below 1s Figure 10.22 upon which 1s superimposed the above heat treatment.
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After cooling to and holding at 600°C for 4 s, approximately 50% of the specimen has
transformed to pearlite (medium). During the rapid cooling to 448°C no transformations occur. At
448°C we start timing again at zero time; while holding at 448°C for 10 s, approximately 50 percent of
the remaming unreacted 50% (or 25% of the original specimen) will transform to bainite. And upon
cooling to room temperature, the remaining 25% of the original specimen transforms to martensite.
Hence, the final microstructure consists of about 50% pearlite (medium), 25% bainite. and 25%

martensite.

(d) Cool rapidly to 398°C (671 K). hold for 2 s, then quench to room temperature.

Solution

Below 1s Figure 10.22 upon which 1s superimposed the above heat treatment.
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After cooling to and holding at 400°C for 2 s, no of the transformation begin lines have been
crossed. and therefore, the specimen i1s 100% austenite. Upon cooling rapidly to room temperature, all

of the specimen transforms to martensite, such that the final microstructure 1s 100% martensite.

(e) Cool rapidly to 398°C (671 K), hold for 20 s, then quench to room temperature.

Solution

Below is Figure 10.22 upon which is superimposed the above heat treatment.
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After cooling and holding at 400°C for 20 s. approximately 40% of the specimen has
transformed to bainite. Upon cooling to room temperature., the remaining 60% transforms to

martensite. Hence. the final microstructure consists of about 40% bainite and 60% martensite.

(f) Cool rapidly to 398°C (671 K). hold for 200 s. then quench to room temperature.

Solution

Below 1s Figure 10.22 upon which 1s superimposed the above heat treatment.
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After cooling and holding at 400°C for 200 s. the entire specimen has transformed to bainite.
Therefore, during the cooling to room temperature no additional transformations will occur. Hence, the

final microstructure consists of 100% bainite.

(g) Rapidly cool to 575°C (848 K), hold for 20 s, rapidly cool to 350°C (623 K). hold for 100

s, then q11€11¢11 to room temperature.

Solution

Below 1s Figure 10.22 upon which is superimposed the above heat treatment.
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After cooling and holding at 575°C for 20 s, the entire specimen has transformed to fine
pearlite. Therefore, during the second heat treatment at 350°C no additional transformations will occur.

Hence, the final microstructure consists of 100% fine pearlite.

(h) Rapidly cool to 250°C (523 K). hold for 100 s, then quench to room temperature in water.

Reheat to 315°C (588 K) for 1 h and slowly cool to room temperature.

Solution

Below 1s Figure 10.22 upon which 1s superimposed the above heat treatment.
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