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Single vs Polycrystals

« Single Crystals E (diagonal) = 273 GPa

-Properties vary with ./. a

direction: anisotropic.

-Example: the modulus
of elasticity (E) in BCC iron: ./.

E (edge) = 125 GPa

« Polycrystals

. ol 0
-Properties may/may not {"‘71,-« 200 um-
. . . o J/ ‘:,f"“\\'jl_
vary with direction. - g/ -
-If grains are randomly Al
. . . L et
oriented: isotropic. e e
(Epgly iron = 210 Gpa) | _
-If grains are textured, TR e e

anisotropic. \Lh:ﬂ‘* ;i :’f_;:-}



Tek Kristallerde Sekil Dedigimi

Kristal yapilarda plastik sekil degisimini
meydana getiren 2 mekanizma vardir:
1) kayma 2) ikizlenme ﬁime Sonra

e b} Y Y
¥ s
@ (®)
Tek kristalin sekil degigimi. (a) Sekil degigiminden énce kristal yap1. (b) Kayma. (c)
Mekanik ikizlenme.
12 kayma 3 kayma
SiStemi sistemi




YMK HMK
Ymk: a=60° Hmk: a=90°

Kayma dogrultusu
. |(hacim kosegeni)
V%

Kayma dogrultusu

(yuzey kosegeni) Birim
kafesin kenari

Maksimum kayma
gerilmesi (t)'nin etkili
oldugu dogrultu

Ymk: pmaksimum=45° Hmk: ﬁmaksimum = 541740

o = kayma dogrultulari arasindaki a¢i
B = Maksimum kayma gerilmesi ile kayma dogrultulari arasindaki aci

YMK HMK
Diizlemde kaymanin dogrultusu Diizlemde kaymanin dogrultusu

A4b.... < Ab.« Ab =Asilmasi gereken bosluk mesafesi
----------- S Y . b =Kayma duzlemleri arasi mesafe



(2

Tek kristalin gekil degigimi. (a) Cekmede kayma. (b) Basmada kayma. Cekmede kay-
ma diizlemleri ¢elkkme kuvveti dogrultusuna, basmada ise basma kuvvetine dik dog-
rultuya dénerler. {¢) Cekmede ikizlenme.



.Tek kristalde kayma ¢izgileri ve kayma bantlar1 (10000 atom ¢api yaklagik 10~* mm dir).
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== of a polycrystalline specimen of
——— copper that was polished and
subsequently deformed. 173x.
[Photomicrograph courtesy of
C. Brady, National Burcau of
Standards (now the National Institute
of Standards and Technology,
Gaithersburg. MD).]



Figure 7.12 Schematic diagram showing how twinning results from an applied shear
stress 7. In (b), open circles represent atoms that did not change position: dashed and
solid circles represent original and final atom positions, respectively. (From G. E. Dicter,
Mechanical Metallurgy, 3rd edition. Copyright © 1986 by McGraw-Hill Book Company.
New York. Reproduced with permission of McGraw-Hill Book Company.)

Figure 7.13 For a single

planes crvstal subjected to a shear
/‘;f stress 7, (@) deformation by
slip: (b) deformation by
twinning.
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Tek Kristallerin Teorik Kayma Dayanimi

' | Kaymada, atomlarasi
T mesafenin tam kati kadar
e v .
- Gtelenir.

Sekil 2.8.Kayma.

Kayma icin gerekli kayma P3/> Kayma kuvveti

gerilmesi (t) —kusursuz
kristal igin-

mnb*




Tek Kristallerin Teorik Kayma Dayanimi
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Sekil 2.9. Kusursuz kristal. {ai ki komsu atom diizlemi. (b) Ust diizlemdeki atomlarin hareke-
ti. (¢) T kayma gerilmesinin degigimi.
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2.4 Kristal Kusurlar

Ticari metal ve alagimlarda gesitli kristal kusurlar vardir. Bu kusurlar
agagidaki gekilde simiflandirilabilir:

a) Noktasal (sifir boyutlu) kusurlar: Bunlara ornek olarak bos kafes nok-
talar: (bosyerler} verilebilir.

b) Cizgisel (tek boyutlu) kusurlar: Bu kusurlara dislokasyon denur.

¢) Yiizeysel (iki boyutlu) kusurlar: Bunlara trnek olarak tane simirlari ve-
rilebilir.

d) Hacimsal (ii¢ boyutlu) kusurlar: Bunlara érnek olarak inkliizyonlar (ka-
lintilar) ve bosluklar verilebilir.



Noktasal Kusurlar

Ficure 5.2

Schematic
representations of
cation and anion
vacancles and a cation
Interstitfal. (From W.
G. Moffatt, G. W.
Pearsall, and J. Wulff,
The Structure and
Properties of Materials,
Vol. 1, Structure, p. T8.
Copyright © 1964 by
John Wiley & Sons,
New York. Reprinted
by permission of John
Wiley & Sons, Inc.)

FIGURE 5.3

Schematic diagram
showing Frenkel and
Schottky defects in
lonic solids. (From W.
G. Moffatt, G. W.

Properties of Materials,
Vol. 1, Structure, p. 78.
Copyright © 1964 by
John Wiley & Sons,
New York. Reprinted
by permission of John
Wiley & Sons, Inc.)
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Ficure 5.1 Two-dimensional
representations of a vacancy and

a self-interstitial. (Adapted from

W. G. Moffatt, G. W. Pearsall, and
J. Wulff, The Structure and
Properties of Materials, Vol. I,
Structure, p. 77. Copyright © 1964 by
John Wiley & Sons, New York.
Reprinted by permission of John
Wiley & Sons, Inc.)

A scanning probe micvograph
(2 d using a
microscope) that shows a ( l")-type
surface plane* for silicon. The arrow
points to the location of a silicon
atom that was removed using a tung-
sten nanotip probe. This site from
which an atom is missing is the sur-
face analogue of a vacancy defect—
that is, a vacant lattice site within
the bulk material. Approximately
20,000,000. (Micrograph courtesy
of D. Huang, Stanford University.)




Dislokasyonlar
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Kenar Dislokasyonu
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Sekil 2 14. Burgers ¢evrimi (kenar dislokasyonu i¢eren kristal).

Sekil 2.13. Kenar dislokasyonu.



Kenar Dislokasyonu
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Figure 7.3 Representation of the analogy between caterpillar and dislocation motion.

Slip plane+

Edge
dislocation
line

(a) (b} (c)

Figure 7.1 Atomic rearrangements that accompany the motion of an edge dislocation as it
moves in response to an applied shear stress. (a) The extra half-plane of atoms is labeled A.
(b) The dislocation moves one atomic distance to the right as A links up to the lower portion
of plane B;in the process, the upper portion of B becomes the extra half-plane. (c¢) A step
forms on the surface of the crystal as the extra half-plane exits. (Adapted from A. G. Guy,
Essentials of Materials Science, McGraw-Hill Book Company, New York, 1976, p. 153.)



Kenar Dislokasyonu

Kenar Dislokasyonu,
burgers vektoriine
diktir fakat ayni
yonde hareket eder.

Ficure 5.10 A transmission electron
micrograph of a titanium alloy in which the
dark lines are dislocations. 51,450x.
(Courtesy of M. R. Plichta, Michigan
Technological University.)

Kaymanin meydana geldigi diizleme kayma diizlemi; kayma diizlemi
icinde kaymanin meydana geldigi dogrultuya kayma dogrultusu denir.

Bir kayma diizlemi ile bir kayma dogrultusu bir kayma sistemi olustu-
rur.

Bir kristalin, kayma diizleminin bir tarafindaki kisminin diger tarafta-
kine kiyasla, kayma diizlemi i¢indeki kayma dogrultusu boyunca, bu
dogrultudaki atomlararasi uzaklifin tam kat1 kadar stelenmesine kay-
ma denir.
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Dislokasyon Hareketi

Direction
of motion

3_.—

Edge dislocation

Screw dislocation



Figure 7.4 Regions of compression
(green) and tension (vellow) located
around an edge dislocation. (Adapted
T from W. G. Moffatt. G. W. Pearsall, and
J. Wultt, The Structure and Properties of
S Matertals, Vol. 1, Structure, p. 85. Copyright
l‘ © 1964 by John Wiley & Sons, New York.
Reprinted by permission of John Wiley &
Sons, Inc.)
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Figure 7.5 (a) Two edge dislocations of
the same sign and lying on the same slip
plane exert a repulsive force on each
other; C and T denote compression and
tensile regions, respectively. (b) Edge
dislocations of opposite sign and lving
on the same slip plane exert an attractive
force on each other. Upon meeting, they
annihilate each other and leave a region
of perfect crystal. (Adapted from H. W.
Hayden, W. G. Moffatt, and J. Wulff, The
Structure and Properties of Materials,
Vol. Il1, Mechanical Behavior, p. 75.
Copyright © 1965 by John Wiley & Sons,
New York. Reprinted by permission of
John Wiley & Sons.)
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Dislokasyon Olusum Mekanizmasi (Frank-Read)

Engel

Dislokasyon kaynag

b 1 < 1 N LL% —P@
Kayma diizlemi
7 | -

Sekil 2.19. Dislokasyonlarin bir engel éniinde yigilmas.
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Engel dogrultusu 9
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cizgisi
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Taneler ve Tane Sinirlan

Tane; kafes dogrultusu ayni ve tek olan kristal
Cekirdek; sivi metal icerisinde var olabilecek en kiigiik atom toplulugu

(a) (d)
xS
&£
& i | = I
Sekil 2.20. Siv1 metalin katilagmasi ve tane simirlarimn olusumu (gematik). Amorf
Tek kristal metaller anizotrop
Polikristal metaller izotrop Kristal Hatalari;

Ergime sicaklgi, 6zgiil 1s1 etkilenmez.
Akma siniri, elektrik iletkenligi etkilenir.

Sekil 2.21. Bir deney ¢ubugunda taneler ve kafes dogrultular.



Tane biiyiikliigii hesaplama

Tane biiyiikliikleri
ASTM Tane/mm?® Tane/mm?®

-3 1 0.7
-2 2 2
-1 4 5,6

0 8 16

1 16 45

2 32 128

3 64 360

4 128 1020

5 256 2900

6 512 8200

7 1024 23000

8 2048 65000

9 4096 185000
10 8200 520000
11 16400 1500000
12 32800 4200000
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Sekil 2.22. ASTM tane biiyiikliikleri ve karsgiligindaki tane gaplari.

ASTM No.

Hall-Petch Bagintisi

SIip plane ——e

=0, +kd e



Taneler ve Tane Sinirlan

Kiikfirtiin demir icinde ¢oziinuirligi yok denecek kadar az ol-
dugundan, kiikiirtli celiklerde demir siilfiir (FeS) faz: ortaya cikar. FeS | ta-
ne sinir1 maddesini meydana getirerek iki olumsuz sonug yaratir. Bunlardan
biri, demir siilfiiriin gekil degigtirme kabiliyetinin diigiik olmas1 nedeniyle,
800...1000°C arasinda gekil verme sirasinda tane sinir1 kirilmasina yol
acmasidir (kizil sicaklik kirilganlig)] Ikinci olumsuz etki ise, demir siilfiiriin
1200 °C sicaklikta erimesi nedeniyle, bu sicakligin iistiinde yapilan sekil ver-
melerde tanelerin birbirinden ayrilmasidir [(akkor sicaklik kirilganhig)

Alagiml celikler 480...590 °C arasinda 1sitilirsa veya temperlemeden
sonra sogutma yavag yapildig: takdirde yine bu sicakliklar arasinda, katigki-
larin tane sinirlarinda g¢okelmesi sonucunda malzeme gevreklegir. Bu olay
"temper gevrekligi" plarak anilir,




Cok Kristalli Metallerin Sekil Degigimi

1
==

J I
(2)

®

‘Ideal kiiresel cok kristalli bir metalin soguk plastik sekil degigimi (basma). {a) ekil
degisiminden dnce. (b) Sekil degigsiminden sonra.

(a)
® Soguk sekil degisimi ile;
Elektrik iletkenligi |,
Korozyon direncil
Q Yogunluk |
'Sojuk gekil degistirme ( % )

Soguk sekil degisiminin cesitli mekanik ozelliklere etkisi. (a) Cekme dayammu. (b)
Akma sinin. (¢) Siineklik.



Cok Kristalli Metallerin Sekil Degigimi

Sicak
haddeleme

Deforme
edilmemis
kaba taneli
baslangi¢

yapisi 4
Deforme (uzamig)
taneler
S ,1-7 < S 3; (:""' it Figure 12.4. Microstructure of wrought iron (top) show-

;"' A S (L e " ing elongated glassy silicates inclusions and the woody
a5
—N ) yeL ) fracture (bottom) caused by cracking along the inclu-
S, [ AL > o S
= e eremmipemaecs® . | .| sions. From J. Aston and E. B. Story, Wrought Iron and

—

* Co. Pittsburg, 1939.
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Haddeleme dogrultusu

Sekil 2.28, Bilkme ve haddeleme dogrultusu.

= . Its Manufacture, Characteristics and Applications, Byer

Catlak
Fy Haddeleme
— lp——

dogrultusu

Aniz.btrop_ bir sacin, bitkkme kivriminin haddeleme dogrultusuna dik olmamas) halin-
de catlamas: (sematik). Catlagan boyu, haddeleme dogrultusundadir.



Tek Kristal Uretimi
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Fig. 6.1. Typical Material Distribution in Jet Engine

Al
Equiaxed crystal
structure Columnar crystal

structure

(a) (b) (c)
6.10 Turbine blade made with nickel-based superalloy using: (a)
investment casting resulting in a polycrystalline grain structure, (b)
directional solidification resulting in a columnar grain structure and
(c) single crystal solidification resulting in no grain boundaries.
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