Mukavemet (DAYANIM) Artiricl
Yontemler




HATIRLATMA

*Dislokasyonlar, hareketli olan ve kayma gerilmesi uygulandiginda kafes boyunca hareket edebilen cizgisel kristal
kafes hatalaridir (kusurlaridir).

*Malzeme 6zellikleri Gizerinde son derece dnemli etkileri vardir. Ozellikle mekanik dayanim tizerinde, ciinki
malzemelerin akmasi ve plastik olarak deforme olmasini saglayan mekanizmadir.

*Dislokasyonlarin hareketini zorlastirarak metallerin dayanimi artirilabilir.
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Neredeyse bitlin mukavemet (dayanim) artirici ydntemlerdeki esas asagidaki kurala
dayanir:

DISLOKASYON HAREKETLERINI SINIRLAMAK VEYA ENGELLEMEK _
MALZEMENIN DAHA YUKSEK SERTLIGE ULASMASINI VE DAHA YUKSEK
DAYANIMLI OLMASINI SAGLAR

COK SAYIDA YONTEMLE BU SAGLANABILIR

1. Kati Cozelti (Ergiyik) Sertlesmesi

2..Tane Boyutunu Kicultme

3. Soguk Islem (Deformasyon) Sertlesmesi

4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
5. Dispersiyon Sertlesmesi



1. Kat1 Cozelti (Ergiyik) Sertlesmesi
Metalik malzemelerde kati ¢ozelti olusturmanin en 6nemli etkisi kati ¢ozelti sertlesmesidir.

Kati ¢dzeltinin mukavemet artirici etkisi, dislokasyon hareketlerine direncin artirilmasi sayesinde
olusur.

Cu-Zn (Piring) alasiminin saf Cu’dan ve Fe-C alasimi olan celigin saf demirden daha mukavemetli olmasi kati ¢cozelti
sertlesmesi sayesinde olur.

HATIRLATMA:

KATI COZELTI (ERGIYiK): Malzemeler yapilarinin icerisinde, belli oranlarda farkli atomlari ¢ézebilirler. Bu durum
“kati cozeltiler” olarak adlandirilir. Bir ¢ozelti ¢c6zen ve ¢ozlinen olmak Uzere iki bilesenden olusur.

COZUNURLUK: Yabanci bir atomun farkli bir elementin kristal yapisina yeralan veya arayer atomu olarak
yerlesmesidir. Cozunurlikte meydana gelen yapidaki elementler kendi 6zelliklerini kaybeder ve olusan cozelti tek
bir yapi gibi davranir.

A)Sinirli Cozunarlik

B)Sinirsiz Cozuinurlik (Kurallari var: boyut faktord, kristal yapi, valans elektron sayisi, elektronegatiflik)



1. Kat1 Cozelti (Ergiyik) Sertlesmesi

KATI COZELTI (ERGIYIK):
Malzemeler yapilarinin icerisinde, belli oranlarda farkli atomlari ¢ozebilirler. Bu durum “kati ¢ozeltiler” olarak
adlandirilir. Bir ¢ozelti ¢ozen ve ¢oziinen olmak Gzere iki bilesenden olusur.

COZUNURLUK:
Yabanci bir atomun farkh bir elementin kristal yapisina yeralan veya arayer atomu olarak yerlesmesidir.
Cozunurlukte meydana gelen yapidaki elementler kendi 6zelliklerini kaybeder ve olusan cozelti tek bir yapi gibi

davranir.

A)Sinirli Cozunarlik
B)Sinirsiz Cozunurlik (Kurallari var: boyut faktord, kristal yapi, valans elektron sayisi, elektronegatiflik)

Yeralan
atomu




1. Kat1 Cozelti (Ergiyik)
Sertlesmesi




1. Kat1 Cozelti (Ergiyik)
Sertlesmesi

Cu-Ni




1. Kat1 Cozelti (Ergiyik)
Sertlesmesi




1. Kat1 Cozelti (Ergiyik) Sertlesmesi




1. Kat1 Cozelti (Ergiyik) Sertlesmesi
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KATI COZELTI SERTLESMESININ ne kadar
etkin olacagi iki faktore baglidir;

1. Ev sahibi ve misafir (yabanci) atomlar
arasindaki yaricap farki ne kadar fazla
ise (yeralan atom icin) olusan
mukavemet artisi o kadar buyuktar.

2. Alasim elemntinin miktari arttikca
olusan mukavemet artisi o kadar fazla
olur.




1. Kat1 Cozelti (Ergiyik) Sertlesmesinin SONUCLARI

Kati ¢ozelti sertlesmesi ile MALZEME OZELLIKLERI DEGISIR;

HwnNE

| Egrinin maksimum noktas: |

Gerilme, o

Cekme mukavemeti
Ust akma nok.

/

Surekli akma

Sureksiz akma

Akma mukavemeti,
g, !
Alt akma noktas:

Uniform uzama —>

Boyun olugmaya baslar ]

-' Kopm:

| (akma dayamim)

e Kopma uzamas)
Dusik karbonlu cgelik icin gerilme-birim uzama egrisi

Birim uzama, ¢

Malzemenin akma dayanimi, maksimum ¢cekme mukavemeti ve sertligi artar, alasim yapmanin temel felsefesi budur.
Malzemenin stinekligi diiser (sadece ¢ok 6zel durumlarda (Cu-Zn alasimi, hem mukavemet hem de slineklik artar)

Malzemenin elektrik iletkenligi saf malzemeye goére dislktir
Malzemenin siirinme mukavemeti veya yuksek sicakliktaki mukavemeti 6nemli derecede azalmaz.
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2. Tane Boyutu Kiculttlerek Mukavemet Artirma

~ Ancak cogunluk

sinirinda durur.
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Saf metallere ve alasim
metallere uygulana bilen bir

mukavemet artirma
yontemidir.

Yiksek sicakliklarda etkisini
kaybeden bir
mukavemetlendirme
yontemidir.



2. Tane Boyutu

T « Grain boundaries are Grain boundary-.
KGcultUlerek barriers to slip. 0000000
« Barrier "strength” OO00O0O0O0O0
Mukavemet increases with Slip planeﬁg-g-%-% QOQ—O
Artirma Inpregsmg gngle of 0000 O
mISOFIenta.tIOI'.l. 0000 0000
« Smaller grain size: Grain A
more barriers tO Sllp Adapted from Fig. 7.14, Callister 7e.

(Fig. 7.14 is from A Textbook of Materials
Technology, by Van Vlack, Pearson Education,
Inc., Upper Saddle River, NJ.)

Hall-Petch Equation:

B ~1/2
o0 O'y — O'O -|‘kyd

o0 12

Figure 1. Representation of a Dislocation Stopped by a Grain Boundary (Red Line).
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2. Tane Boyutu Kiculttlerek Mukavemet Artirma
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2. Tane Boyutu Kucultllerek Mukavemet Artirma

* Hall-Petch Equation: For many materials,

Grain size, a Imml

10 10== 5 x 103

Yield strength varies with grain size as .o | T

d: average grain diameter
oy and k, are material constants

_ -1/2
o,=0,+k,d

Hall-Petch equation is not valid for very
large and extremely small grain materials
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2. Tane Boyutu Kiculttlerek Mukavemet Artirma
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2. Tane Boyutu KUgUItUIerek Mukavemet Artirma
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2. Tane Boyutu Kuculttlerek Mukavemet Artirma

> Karbon celiginde Hall-Petch iliskisi
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2. Tane Boyutu Kuculttlerek Mukavemet Artirma

Angle of mizalignment

L~ Highangle
grain boundary

Low-angle
grain boundcary

Angle of misalignment

Ficone 4.7 Schematic
diggram showing low-
and high-angle grain
boundaries and

the adjacent atom
positions.



* High-angle grain boundaries
* Dislocations may not traverse grain boundaries during

2. Tane Boyutu deformation
KGcultllerek * A stress concentration ahead of a slip plane in one grain may
Mukavemet activate sources of new dislocation in an adjacent grain.
Artirma

* Small-angle grain boundaries
* Not effective in interfering because of slight misalignment

* Twin boundaries
» Effectively block slip and increase the strength of the material

* Boundaries between two different phases
* Impediment (obstacle/barrier) to movements of dislocations
* Important in strengthening complex alloys



3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi

 Room temperature deformation.

« Common forming operations change the cross
sectional area:

-Forgin force -Rollin
9 g g
Ad
A H ink Aol !
Adapted from Fig. @
11.8, Callister 7e.
-Drawing force -Extrusion
dic I o
d die holder
tensne
container die




3. Soguk Sekil/ I§Iem (Deformasyon) Sertlesmesi
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3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi

* Slnek bir metalin plastik deformasyon sirasinda
sertlik ve dayaniminin artmasi peklesme olarak
adlandirlir. Bu olaya, peklesme yani sira
deformasyon sertlesmesi adi da verilmektedir.

* Peklesmenin gerceklesmesi icin metallerin, ergime
sicakliklarinin (Kelvin cinsinden) kabaca yarisindan

daha dustk sicakliklarda sekillendirilmesi, yani soguk
sekillendirilmesi gerekir.



3. Soguk Sekil/ = Bazi durumlarda plastik deformasyon derecesini ifade

Islem
(Deformasyon)
Sertlesmesi

etmek"igin birim sekil degisimi yerine daha kullanisli
olan yiizde soguk sekil degisimi ifadesi kullanilir. A,,
deformasyon dncesi ilk kesit alani ve A, ise

deformasyon sonrasi kesit alani olmak iizere soguk
sekil degisimi ylzdesi (% SSD),

Yiizde soguk sekil
degisimi—ilk ve
deformasyon sonrasi
kesit alanmiyla olan
iliskisi

L3

o 'A,\_ ,
% SSD = ( ‘A : ’) X 100 (7.8)

olarak tanimlanir. ‘



3. Soguk Sekil/
Islem
(Deformasyon)
Sertlesmesi

i 'v.
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3. Soguk Sekil/
Islem
(Deformasyon)
Sertlesmesi
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3. Soguk Sekil/ > Soguk sekil degistirmis yapi,
i lem deformasyon sertlesmesinin
3 giderilmedigi (0,0 - 0,5 Tm) bir

(Deformasyon) sicakhk bolgesine plastik
_ deformasyon uygulandiginda
Sertlesmesi meydana gelir. :

> Soguk sekil degistirmis yapi ~
108-10'¢ mm “ dislokasyon
icerirken, tavlanmis yapi, ~ 10°
104 mm-? dislokasyona sahiptir.

» Dislokasyonlar soguk sekil
verme sirasinda birbirleriyle
takilir/karisir. Bu nedenle
dislokasyon hareketi daha zor

hale gelir.




3. Soguk Sekil/
Islem
(Deformasyon)
Sertlesmesi

Stress Concentration at Dislocations

<~ AN R

F L/ \

!

Compression

&b b SEL L L L] Tension
AN VAN VAN VAN VAN VAN VRN V)
(DM My DD
\\“J NNZERNP AN VRN VARN VAN VAN V)
JanWart = aaWanWa
QJ ANZERN VAN VARN VRN v
WAL 4L WAL /‘\/;
“J VY L Adapted from Fig. 7.4,
Callister 7e.




Effects of Stress at Dislocations

3. Soguk Sekil/ c c

i§|em @ Repulsion @
(Deformasyon)  75%aeere o -
Sertlesmesi < E ) ( 9 )

Dislocation
annihilation

(Perfect crystal)
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3. Soguk Sekil/ |
islem D slokasyon yogunlugu artar, bu da akm
(Deformas -’}3 nlmlnda bir artisa'yol agar: Malzeme
Yon) f.:ui jr. 4%
Sertlesmesi . Siineklik ve gekme dayamml da arta
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3. Soguk Sekll/ I§Iem (Deformasyon) Sertle§me5|
A
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3. Soguk Sekil/ Islem
(Deformasyon)
Sertlesmesi




3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi

* What are the values of yield strength, tensile strength &
ductility after cold working Cu?

D nDg

JT
Copper %CW = —4 4 %100
Cold n:D2
...YYf.r.k... 4
2
_ Do Dd x 100

Do =15.2 mm Dy=12.2 mm D

(15.2mm)? = (12.2 mm)?

%CW = 5
(15.2 mm)

X100 = 35.6%

35



3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi

« What are the values of yield strength, tensile strength &
ductility for Cu for %CW = 35.6%"7

— ~ 60—

y 700+ X 800+

> = -

< = < 40

© 5007 © 6001 =

o ) £

2 300 MPa % E=

o 300 © 4001340 MPa 3201

= 2

(0]
100 4+ 1 b 1 *03200 I T 76) L II L
0O 20 40 60 0 20 40 60 0 20 40 60

% Cold Work % Cold Work % Cold Work
5, = 300 MPa TS = 340 MPa %EL = 7%

Adapted from Fig. 8.19, Callister & Rethwisch 4e. (Fig. 8.19 is adapted from Metals Handbook: Properties
and Selection: Iron and Steels, Vol. 1, 9th ed., B. Bardes (Ed.), American Society for Metals, 1978, p. 226;
and Metals Handbook: Properties and Selection: Nonferrous Alloys and Pure Metals, Vol. 2, 9th ed., H.
Baker (Managing Ed.), American Society for Metals, 1979, p. 276 and 327.)

36



3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi
c-¢ Behavior vs. Temperature

SOGUK ISLEM SONRASI

* Results for

TAVLAMA iLE MUKAVEMET Polycrystalline iron:

SUNEKLIK ILISKISI

Adapted from Fig. 6.14,

Callister 7e.

800 | I |

-200°C

B (o))
o o
o o

Stress (MPa)
>
o

0 0.1 02 03 0.4 0.5
Strain

* oy and TS decrease with increasing test temperature.
* %EL increases with increasing test temperature.

 Why? Vacancies
help dislocations
move past obstacles.

3. disl. glides past obstacle

2. vacancies il il ey 2
replace

atoms on th

disl. half obstacle
plane disl. trapped

"~ by obstacle”



3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi

Effect of Heating After % CW

SOGUK |§|_E|V| * 1 hour treatment at Tanneal...

SONRASI TAVLAMA decreases TS and increases %EL.
) « Effects of cold work are reversed!

ILE MUKAVEMET

SUNEKL]K |L|SK|S| annealing temperature (2C)

100 200 300 400 500 600 700
0 60

8 60 1 | | 1

(a .

= tensile strength —~
-

~— 50 W

% 500 X

c 40 >,

= =

o 400 30 S

7 - ©

= ductility >0

* 300 | | ] | |

* 3 Annealing

stages to
discuss...

Adapted from Fig. 7.22, Callister 7e. (Fig.
7.22 is adapted from G. Sachs and K.R. van
Horn, Practical Metallurgy, Applied Metallurgy,
and the Industrial Processing of Ferrous and

Nonferrous Metals and Alloys, American
Society for Metals, 1940, p. 139.)




3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi

Recovery
SOG UK i SLEM SONRASI Annihilation reduces dislocation density.
. » Scenario extra half-plane D
TAVLAMA ILE MUKAVEMET S 1 tra half-pl oo
. C ... of atoms PP Dislocations
SUNEKLIK ILISKISI Results from CHE annihilate
diffusion atoms MO
. d1»< and form
diffuse IS
to regions o, atpeﬁect
of tension alomlc
extra half-plane piane
of atoms
» Scenario 2
3. “Climbed” disl. can now = TR

moveonnewslipplane - ——Rle - - - - - € - -

2. grey atoms leave by O > o> *( < < T
vacancy diffusion O
allowing disl. to “climb”
1. dislocation blocked; @ v Obstacle dislocation

can’t move to the rignt = 9 -7

4. opposite dislocations
O meet and annihilate




3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi
Recrystallization

SOGUK iSLEM SONRASI * New grains are forme.d that: . .
TAVLAMA iLE MUKAVEMET -- have a small dislocation density

.. Lo -- are small
SUNEKLIK ILISKISI -- consume cold-worked grains.

Adapted from
Fig. 7.21 (a),(b),
: Callister 7e.
. (Fig. 7.21 (a),(b)
- are courtesy of
= J.E.Burke,
: R S General Electric
> .”\ .n"( Company.)

- s AL }-". \ ‘ A AR R .\." _‘ ot
33% cold New crystals
worked ' nucleate after  §SRas N
brass 3 sec. at 580°C. g 5



3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi
Further Recrystallization

- All cold-worked grains are consumed.

SOGUK ISLEM SONRASI
TAVLAMA iLE

MUKAVEMET SUNEKLIK
ILISKISI

&1 Adapted from

<& Fig. 7.21 (c),(d),
Callister 7e.
(Fig. 7.21 (c),(d)
o are courtesy of
J.E. Burke,
General Electric
Y " Company.)




3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi
Grain Growth

SOG UK iSLEM SONRASI » At longer times, larger grains consume smaller ones.
I  Why? Grain bound d theref
TAVLAMA ILE MUKAVEMET 4 ?Ieduc:aa(;r? oundary area (and therefore energy)

SUNEKLIK ILISKISI

Adapted from
Fig. 7.21 (d),(e),
Callister 7e.
(Fig. 7.21 (d),(e)
are courtesy of
J.E. Burke,
General Electric
Company.)

. Empirical Relation: coefficient dependent

on material and T.
exponent typ. ~ 2 _
grain diam. ~_, \An o~ ©lapsed time
at time t. d" d Ostwald Ripening



3. Soguk Sekil/ Islem (Deformasyon) Sertlesmesi

SOGUK iSLEM
SONRASI
TAVLAMA ILE
MUKAVEMET
SUNEKLIK ILISKISI

Cold-worked

Tensile strength (MPa)

Annealing temperature ( F)

400 600 800 1000 1200

600 T | T 1 160
| I
Tensile strength l
| | |50
500 i |
I l — 40
l l
| I
| I
400 : : 30
|
I . I
! Ductility :
| | 20
300 ; — — 1
Recovery | Recrystallization | Grain growth

and recovered —f AT

grains

Grain size (mm)

7 y

0.040 [—
0.030 [—
0.020 [—
0.010 |—

Ne_w
grains

100

200 300 400 500 600
Annealing temperature ( C)

700

Ductility (%EL)

(o]

Tr = recrystallization
temperature

Adapted from Fig.
7.22, Callister 7e.




SOGUK iSLEM SONRASI TAVLAMA iLE MUKAVEMET SUNEKLIK iLISKiSI

Recrystallization Temperature, T

I == recrystallization temperature = point of
highest rate of property change
1. Ty => Tr~0.3-0.6 T,, (K)

2. Due to diffusion - annealing time—> Tg = f({)
shorter annealing time => higher Tg

3. Higher %CW => lower Tg — strain hardening

4. Pure metals lower Tr due to dislocation
movements

[J Easier to move in pure metals => lower Tg



SOGUK iSLEM SONRASI TAVLAMA iLE MUKAVEMET SUNEKLIK iLISKiSI
Diameter Reduction Procedure - Problem

A cylindrical rod of brass originally 10 mm (0.39 in) in
diameter is to be cold worked by drawing. The
circular cross section will be maintained during
deformation. A cold-worked tensile strength in excess
of 380 MPa (55,000 psi) and a ductility of at least 15
%EL are desired. Furthermore, the final diameter

must be 7.5 mm (0.30 in). Explain how this may be
accomplished.

45



SOGUK iSLEM SONRASI TAVLAMA iLE MUKAVEMET SUNEKLIK iLiSKiSi

Solution
What are the consequences of directly drawing

to the final diameter? i . i
Cold
Work

Do=10mm Df =7.5mm

%CW =(A0_Af)x100=( Af)xmo

) 0
=Df /4

02 aD2 /4

2
100 = (1 (%) ]x100=43.8%

46



SOGUK iSLEM SONRASI TAVLAMA iLE MUKAVEMET SUNEKLIK iLiSKiSi

. T T T T 1 T 1 T T T ' T 71 T 17 T 1
O u IO rl —120 900 [ |
800 |— 1040 Steel 60 (- —
. 1120
—~ 700 00 o0 —
& 7 % 1 e _*r 7]
S 600 1 x 2700 : foT 2
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Percent cold work Percent cold work Percent cold work
(a) (b) (c)
° o] - o Adapted from Fig. 8.19,
For A)CW 438 A) Callister & Rethwisch 4e.
— o,=420 MPa
— TS=540 MPa > 380 MPa
— %EL =6 < 15

« This doesn’ t satisfy criteria... what other options are possible?
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Adapted from Fig. 8.19,

For TS > 380 MPa

For %5EL = 15

—
R

>12 %CW
<27 %CW

Callister & Rethwisch 4e.

our working range is limited to 12 < %CW < 27
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Cold work, then anneal, then cold work again

S | i  For objective we need a cold work of 12 < %CW < 27
OIUTION e’ 11 use 20 %ew

« Diameter after first cold work stage (but before 2nd
cold work stage) is calculated as follows:

2 2 0
%CW = 1-Df22 x100 = 1-Df22— HCW
Doo Do2 100
Dy (, %CW\*° _ ppp=— D2
—1< _ |1 = %, C\W 0.5
Dos 100 (1_ = )

0.5
Intermediate diameter = Dgq = Do = 7.5 mm/(1 - 20) =8.39 mm

100
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Solution

Stage 1: Cold work — reduce diameter from 10 mm to 8.39 mm

%CW =

1_ 8.39 mm
10 mm

2
) ]x100=29.6

Stage 2: Heat treat (allow recrystallization)
Stage 3: Cold work — reduce diameter from 8.39 mm to 7.5 mm

e Fig8.19 [ o, = 340MPa

2
%CW, = 1-(—) x100=20 =
( 8.49 TS =400 MPa
Therefore, all criteria satisfied %EL =24
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Rate of Recrystallization

logR = -logt =logR, - %

B 1
logt = C + —
gt=C+— .
note:R=1/t

[0 Hot work - above Tg

Cold work = below Tgr
Smaller grains

B stronger at low temperature
B weaker at high temperature

O O




4. Yaslanma veya Cokelme/Cokelti Sertlesmesi

Uniform olarak dagilmis nanoboyutlu koherent parcalarin daha yumusak ve siinek matriks icine cokelmesi
esasina dayanir. Yaslanma ile malzemenin akma siniri ¢cok kolay isil islemler yardimiyla malzeme yogunlugu
artmadan yikseltilebilir. Ornegin aliiminyumun akma dayanimi 20.000 psi’dan 60.000 psi’a cikarilabilir (3

katina).
YASLANMA ISIL iSLEMI

1. Basamak: Soltisyona alma
2. Basamak: Sogutma
3. Basamak: Yaslandirma

1. Solisyona alma isleminde alasim solvus sicakligi lzerinde ve o6tektoid donusim sicakliginin altinda bir
sicaklikta tutularak homojen bir alfa o kati fazi olusturmasi saglanir. Bu basamakta alasimin icinde daha
onceden ¢okelmis tiim (0) fazlari alfa iginde ¢ozulir ve yapidaki segregasyonlar giderilir.

2. Sogutma: Sollsyona alma isleminden sonra tamamen alfa (o) fazi iceren yapi hizli sogutulur. Hizli sogutma
sirasinda o icerisinde kati ¢ozelti ¢ozunurliginden fazla olan alasimlarin cekirdeklenerek ¢okelmesi icin
zaman taninmadigi igin (0) fazlar olusmaz. Soguma sonrasi yapi asirt doymus (o ) fazidir ve termodinamik
olarak dengede degildir (kararsiz yapt).

3. Yaslandirma agsamasinda asiri doymus (o) yapisi, solvus sicakliginin altina isitilir. Bu sicakhkta atomlar sadece
kiicik mesafelerde diflize olabildigi icin klicik ¢okeltiler olusur. Bu sicaklikta bekleme suresi artarsa o
icerisindeki fazla alasim elementi ¢ozeltilere dogru diflize olur ve ¢ozelti parcaciklari buyumeye baslar.
Yaslandirma sonrasi elde edilen nihai yapi o+ 0 fazidr.
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
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The aluminum-copper phase diagram and the microstructures that may develop
curing cooling of an Al-4% Cu alloy.
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
Al-Cu &l




4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi

YASLANMA ISIL ISLEMI i | . #‘
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi
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4. Yaslanma veya Cokelme/Cokelti Sertlesmesi

ry Y

Birinci fazin matrisi iginde ikinci faz partikillerinin homojen v

dagitilmasina bagh dislokasyonlarin givilenmesine (pining) saglayan~ )
bir islem

Normalde Sert parcaciklarin boyut arahigi (Inm den 1 um

Composite
materials

Hard Powder
particles metallurgy

Ductile

Matrix

Examples:
»14%A1203 in Al- “SAP™ Composite
»1-2%ThO2 in Ni-20%Cr-TD nickel

»WC in CO- Cemented Carbide cutting tools




5. DISPERSIYON Sertlesmesi

= Dispersion strengthening i1s a well

known procedure used for improving | Matrix
the hardness of metallic materials.
= Dispersion-strengthened means of &
strengthening materials where in very
small particles (usually less than 0.1
um) of a hard yet inert phase are Dispeision TiNi

uniformly dispersed within a load-
bearing matrix phase

= Dispersed phase may be metallic or

nonmetallic,generally oxide materials
are used.




5. DISPERSIYON Sertlesmesi
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5. DISPERSIY
Sertlesmesi
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5. DISPERSIYON
Sertlesmesi

Orowan Mechanism

® ©6

Orowan loop

m

dispersed 'U
particle
dislocation

Orowan Mechanism For Dispersion Hardening

CRSS for the Orowan

mechanism (Orowan stress)
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5. DISPERSIYON Sertlesmesi
Orowan Mechanism

(A)

)

Simulated microstructure
resulting from the interaction
between a single slip system
with a random distribution of
carbides. s =75 MPa and ¢ =
1%. The thin foils extracted from
the simulated volume have a
thickness of 0.2 Im and are
parallel to the dislocation glide
plane. The enlargement (A)
shows the formation of dipoles
and multipoles aligned along the
smallest carbide spacing.
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5. DISPERSIYON Sertlesmesi

= Dispersoids can be introduced by a variety of methods but
“Mechanical Alloying” was a breakthrough enabling obtaining
of a homogeneous dispersoid distribution.

» The dispersoids are usually 10-250 nm diameter oxide

particles and are introduced by physical means rather than
chemical precipitation.

* They are located within the grains and at grain boundaries but
are not coherent with the matrix as in precipitation hardening.

* The dispersed particles are sufficiently small in size to impede

dislocation movement and thus improve yield strength as well
as stiffness.
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Requiring of good dispersion hardening

v" Dispersed phase should be hard and

. . discontinuous to prevent crack or load coming
5. DISPERSIYON 5, material.

Sertlesmesi

Crack CD Hard \Qﬁﬁk
VS. (7 @

Soft Hard

Good Poor
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5. DISPERSIYON Sertlesmesi

v'Dispersed phase should be small and much
because of increasing number of absorbing atoms.

@ o VS.




5. DISPERSIYON Sertlesmesi

v'Dispersed phase’s particles should be spherical form
instead of acicular form to absorb occuring fructure

and not to occur any crack or fructure in material.

=
N

¢

P(v>or
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5. DISPERSIYON Sertlesmesi

WETTABILITY

In dispersion hardening, wettabilty is more important to
generate a strong enough interfaceto allow effective

transfer and distributionof a load fromthe matrix to the
reinforcement.

Wettability can be define as the ability of a liquid to spread
on a solid surface and represent the extent of initimate

contact between a liquid and a solid. It can be describe by
the angle of contact between a drop of liquid resting on a
solid substrate.

The contact angle at equilibrium, 8, is determine by the
following equation, often referred to as the Young —Dupre
equation:
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Dispersiyon Sertlesmesi & Cokelme Sertlesmesi: FARKLAR

e
persiyon Sertlesmesiyle Cokelme Sertlesmesi Arasindaki Farkla




Precipitation Hardening VS. Dispersion-Strengthened Composites

Shear T e
Strong Particle Dislocation shears through
>500 nm the dispersion

Dispersion Strengthened

Stress field of
dispersion

Strong Particle
<100 nm Dislocation stopped
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Structure Of TD-NiC
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(d) transmission micrograph of substructure

(a) Stringers of internal oxide (b) large, elongated grain morphology (c) annealing twins and




