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FI1G. 8.26 Growth of soap cells in a flat container. (From Smith, C.S., ASM
Seminar, Metal Interfaces, 1952, p. 65. Reprinted with permission of ASM
International(R). All rights reserved. www.asminternational.org)



Soguk Sekillendirmede depolanan enerji
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Yeniden Kristallesme

Yeniden Kristallesme Sicakligi; yeni tanelerin 1 saat icinde olusmasi igin
gerekli sicaklik.

K R F °C :
3000} P e TABLE 7-4 W Typical recrystallization temperatures for
7’
1600l y we 1227 selected metals |
’ . . =
T2 Vi Melting Temperature Recrystallization
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= " Cu 1085 200
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0 2000 4000 6000 o W 3410 1200
1 | 1 1 i 1
:} 1000 2000 3000 K {Source: Adapled frorm Structure and Properies of Engineering
Erime sicakhifh (T') Materals, by R, Brick, A. Pense, and B, Gordon, 1977, Copvright

Bekil 2.30. Cesitli metallerin kristalleyme sicakhklar, Yeniden kristallegme sicakhi )

(°K)z%---§ T,(°K). (L.H Van Vlack).

T 1977 The MoGrave-Hill Cormpariies, Adapled by perrission.)




Toparlanma

Kenar Dislokasyonlari

)ii : deformed iron |
?\\\ ‘ 11}4 'fﬂ
VR & ‘ig*'(*/ (" i
£RF ' /i "’;‘ ' I Alt tane (kiiciik agih
At " tane siniri)

Dislokasyonarin diizene
girmesi(poliganizasyon)

Toparlanmada dislokasyon yogunlugu ve mekanik 6zellikler
hemen hemen sabittir.



Toparlanmada dislokasyon bqrg_ﬁ&g;i:
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FIG. 8.12 Both climb and slip are involved in
the rearrangement of edge dislocations
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FIG. 8.1 1 Simple explanation showing why a
vertical array of edge dislocations corresponds to
a lower state of strain energy than does an array
of the same dislocations, all on a single slip
plane. The letters Tand € In (A) and (B) corre-
spond to the tensile and compressive strains
assodated with each dislocation

Ta=* %
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FIG. 8.14 Polygonization in bent and annealed iron-silicon single crystals. All specdmens
annealed for one hour at the indicated temperatures. Note that polygonization is more complete
the higher the temperature of the anneal. All pictures were taken at 750%. (Reprinted from
Hibbard, W.R. Jr, and Dunn, C.G., *A study of <112> edge dislocations in bent silicone-iron
single crystals”, Ada Met. 4 306 (1956), fig. 11, 14, 16 and 19 with permission of Elsevier.
www.sdencedirect.com/sdence/journal/00016160.)
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Yeniden Kristallesme

Kalint: gerilmeler —

ik ——age - —

Dayamm
Sertlik.
Siineklik

. Tane bnyuunca..l.__
VR

Dayanim

Souk gekil degistirmis

Toparlanma ' kristallegme
1

Siineklik

Sertlik

— W ke
" Yeniden

0.3Tm < T, < 0.6Tm
eSoguk Sekillendirme miktarina
eSafliga

(a)

(b)
Soguk islem gormiis metallerin mikroyapilari lizerine tavlama sicakliginin
etkisi. (a) soguk islem gormis (b) toparlanma sonrasi, (c) yeniden
kristallesme sonrasi ve (d) tane biiyiimesi sonrasi

(c)

(d)



(©

Springer Science and Business Media.)
(e)

(B)

15A 293 (1984) with kind permission of
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structure of strain-hardened metal during heating: (a) str
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FIG. 8.22 Schematic drawing of grain boundary nuclei,
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hexagonal subgrains. (From Ray, B. and Hansen, N.,
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Recrystallization tamperature ("C)

*C

Yeniden Kristallesme 0 10 150 m w0 g,
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deformation
| 2.35. % 75 soguk cekilmig saf bakirda cekme dayammumn tav sicakhfn ve siiresi ile degi-
gimi.
/Artan 1 icakhik
Sekil degigtirme miktan sabit
' Silre

Dayanim ve sertlik

| Sicakhk sabit
Siire

Sekil 2.34. Yeniden kristallegme sicaklig) ve siiresi ile soguk gekil degistirme miktarinin daya-
mim ve sertlige etkisi.



Yeniden Kristallesme

0.4
o 973K _ .
| L 873K FIG. 8.24 Variation of the rate of nucleation
@ | ° 773K Igc’”wﬁ;?fi;‘;fg (N), the rate of growth (&), and their ratio
= 0.3 I A T23K (N/G) as a function of deformation before
= AL E?3KJ annealing. (Data for aluminum annealed at
o |\ 350°C.) (From Anderson, W. A., and Mehl,
E 0.2 : o R. F., Trans. AIME, 161 140 [1945].)
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on the temperature of recrystallization.

(Smart, J. 5., and Smith, A. A., Trans.

AIME, 152 103 [1943].)



Recrystallization

Yeniden Kristallesme

Fi1G. 8.25 Effect of impurities on the recrystal-

lization temperature (30 minutes of annealing) : .
: TaeLE 8.1 Increase in the Recrystallization

of aluminum cold-rolled 80 percent. ‘{ an‘;r Temperature of Pure Copper by the Addition
Perryman, E.C.W., ASM Seminar, Creep an of 0.01 Atomic Percent of the Indicated
Recovery, 1957, p. 111. Reprinted with Element.*

permission of ASM International(R). All rnights

reserved. www.asminternational.org) '"“E‘as’? i”_
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Yeniden Kristallesme (6zet)

Annealing temperature ( F)
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Yeniden Kristallesme

Figure 7.21 Photomicrographs showing several stages of the recrystallization and grain
growth of brass. (@) Cold-worked (33% CW) grain structure. (b) Initial stage of recrys-
tallization after heating 3 s at 580°C (1075°F): the very small grains are those that have
recrystallized. (¢) Partial replacement of cold-worked grains by recrystallized ones (4 s at
580°C). (d) Complete recrystallization (8 s at 580°C). (¢) Grain growth after 15 min at
580°C. (f) Grain growth after 10 min at 700°C (1290°F). All photomicrographs 75x.
(Photomicrographs courtesy of J. E. Burke, General Electric Company.)



Soduk. Yan Sicak ve Sicak Sekil Degigtirme

160}~ Sofuk gekilmis
e ( Orta karbonlu gelik {1000
= (v °
& 1205 s Sicak ve soguk islemde
é Sofuk haddelenmig = .
I soo Yiizey durumu?
= 80H
% Sicak haddelenmig
—
40 //'Qailmigwmlanmq ——-"\ Lopo
0 | | | | ] ]
a 0.05 0.10 0.15 0.20 0.25 0.30 0.35

Birim gekil degigtirme

2.38. Sicak ve sopuk gekil degigtirmenin, orta karbonlu geligin cekme diyagramina etkisi
(6lgii boyu 8 in = 203 mm), Elastiklik modiliiniin degigmedigine dikkat ediniz.

Yari Sicak islem o s
_’g’ .
@ :
% N 0.02_
®)
g. L5}
~10
)
(©) :
1.0 5 |
0 0.5 1.0
Gergek gekil degigtirme
uk gekil degistirme ( %
Souk gekil dedist (%) Saf kurgunun basma deneyinde, farkh sekil degistirme hizlari icin, gercek geril-

Soguk sekil degigiminin cesitli mekanik zelliklere etkisi. me—gercek sekil defistirme egrileri. Parametre:sekil degigtirme hizi, dakika?, (8.
(a) Cekme dayammi. (b) Akma sinir. (c) Siineklik. Kobayashi, Trans. ASME, J. of Eng. for Industry, 81, 1959, p. 232).



Sicaklik

Soduk, Yarn Sicak ve Sicak Sekil Degigtirme
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Sekil Degisiminde Hasar

(a) (b) (e) (d)

Y
T
| IS

tlak

-~

Hasar tipleri. (a) Siinek malzemelerin ¢ekme deneyinde biiziilme ve kopma. (b) Sii-
nek malzemelerin basmada burkulmasi. (c) Gevrek malzemelerin basmada kirilma-
s1. (d) Basmada, siinek malzemelerin figilagmus yan yiizeylerinde ¢atlak olusumu.

V
|

fal

Figure 8.1 (a) Highly ductile fracture in
‘ | which the specimen necks down to a point.
(b) Moderatelv ductile fracture after some
necking. (c¢) Brittle fracture without any
plastic deformation.
(b) (c)




Gevrek Kirilma

Diisiik Sicaklik ve yuksek sekil degistirme hizi gevrek kirilmayi tesvik eder.

g

| 2

Gevrek malzemelerin basing etkisi altinda, basma kuvveti ile 45° ag1 yapan diizlem
boyuneca larilmasi.

Basma dayanimi > Cekme dayanimi
! | Aynima
diizlemi

45°
Sekil 2.41. Ayrdma kirnilmas.

M

Sekil 2.43. Burulmada, silindir bigimindeki gevrek bir malzemenin kirilmasi.



Siuinek Kirillma

M

Oksit, siilfiir, karbiir, silikatlar
Dokiimde olusan gézenekler
MnsS ?

Sekil 2.47. Burulmada, silindir bigimindeki siinek bir malzemenin kirilmas:.

Odoo
fal b)
Fibrous

(d)

fe)

Figure 8.2 Stages in the cup-and-cone
fracture. (a) Initial necking. (b) Small
cavity formation. (¢) Coalescence of
cavities to form a crack. (d) Crack
propagation. (¢) Final shear fracture at a
45° angle relative to the tensile direction.
(From K. M. Ralls, T. H. Courtney, and

J. Wulff, Introduction to Materials Science
and Engineering, p. 468. Copyright © 1976
by John Wilev & Sons, New York.
Reprinted by permission of John Wiley &
Sons, Inc.)



(a) (b)

Figure 8.3 (a) Cup-and-cone fracture in aluminum. (b) Brittle fracture in a mild steel.



Tanelerarasi ve Tanelerig¢i Kirilma

SEM Micrograph

Grain boundaries

1

Path of crack propagation

Grains

[\

(a)

Path of crack propagation

[

Figure 8.7 (a) Schematic cross-section profile showing crack propagation along grain
boundaries for intergranular fracture. (b) Scanning electron fractograph showing an
intergranular fracture surface. 50X. [Figure (b) reproduced with permission from ASM

Figure 8.6 (a) Schematic cross-section profile showing crack propagation through the
interior of grains for transgranular fracture. (b) Scanning electron fractograph of ductile
cast iron showing a transgranular fracture surface. Magnification unknown. [Figure (b)
from V. J. Colangelo and F. A. Heiser, Analysis of Metallurgical Failures, 2nd edition.
Copyright © 1987 by John Wilev & Sons, New York. Reprinted by permission of John
Wiley & Sons, Inc.]



Gecis Sicakhgi

o
®
5 ol ) ' ' T ] Mikroyapi
/ Mo(p.r) Cr(pr) Bilesim
- = W(p.r) -~ “Si(pr)
§'£ / (' i Tane boyutu
q-: _ [~ Yumusak , Yii d
g E, - ~ [ qelik (c) uzey aurumu
- g 50 Yumusak " Yéonlenme
gelik (p, r) Be(p:) Geometri
E | j 1 Sekil deg. Hizi
Y. Kristal yapi
0 200 400 600 800
Sicaklik (° C)
An oil tanker that fractured in a britde manner by crack propagation around its girth. YM K met a I IE r
(Photography by Neal Boenzi. Reprinted with permission from The New York Times.)
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Sekil Degisimi Yaglanmasi. Mavi Gevreklik

A atomlan ana

Sekil 2.51. Arayer kati cozeltisi.

Ust akma siun

All akma smin

l

Sekil 2.52. Arayer atnﬁﬂarmm, kenar dislokasyonunun altindaki bolgede toplanmas:.



Sekil Degisimi Yaslanmasi

'

e

Sekil 2.53 Sekil degigimi yaglanmasinin ¢ekme diyagramina etkisi.



Mavi Gevreklik

200 370

Siineklik

—400  ~700
Sicakiik ( °F)

Sekil 2.64. Mavi gevreklik.



Yeniden Kristallenme (YK) Kurallari:

Cekirdeklenme ve bliyiimenin itici qlici depolanmis
deformasyon enerjisinin termal olarak aktive edilmesidir.

YK icin gerekli minimum deformasyon miktari

Ne kadar kiiciik deformasyon o kadar bliyiik YK sicakligi

Tavlama siiresini artirmak YK sicakligini diistirtir

Y.Kristallenmis tane boyutu temel olarak deformasyon oranina bagl
YK hizi, deformasyon ve sicaklik artisiyla artar

Yeni taneler deforme edilmis tanenin icersinde bliyiimuyor

YK’den sonra tavlamaya devam etme tane blyimesine neden olur.
Belirli bir deformasyon oraninda daha duisiik isitma hizi YK sicakligini
ylikseltiyor.
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