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Chapter 5. Defects in Solids
D E M= = ZAg(defect or imperfection)g K|

Crystalline defect ~ ¥ XF2| & (interstitials) or 33& (vacancies)o|
olafl HIXEl 2 Fxte| =23

Point Defects in Metals (502 H &)
» Vacancy (33, or vacant lattice) ~ HXt 2| £ 4lof| 2|8 2l S 7t

e Self-interstitial (At7[& ) ~ B™EE Fdst= BA7F ZH ALo|<e|
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- Number of vacancies at equilibrium (B&&E 0| He| 32| ), N, :

No. of vacancies Vacancy formation E

o /

Ny _ exp —Qy

_»N KT

No. of atomic sites / Temperature
Boltzmann's constant

(1.38 x 10 23 J/atom- K) or
(8.62 x 10° eV/atom- -K)

> N,= T &7t0d [t X[+=HMo 2 &7t
I.'.H—,——-—__ =24 N,/N~10* HE

(Ex. 5.1) Cull N, 7|4k
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Point Defects in Ceramics
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- M7|™ & (electroneutrality)

= ISAZ|7] flsl 220l ¥o= &

* Frenkel defect ~ a cation vacancy & cation interstitial pair
« Schottky defect ~ a cation vacancy & anion vacancy pair
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Impurities in Solids (ZA|0|Me| E=E)
Impurities in metals

AN 2
> =550

[T}
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ek
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ex.) Sterling silver (& 2: 23 PrEE= &3
1 925%Ag & 7.5% Cu &2 > =22Ct dx 57t

solvent (£ 0H) solute (& &),
or host atoms guest atoms, or impurity atoms
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Solid solutions (L&)

> Solute atomO| host atom0 &7}& [ hoste| ZHFEE FX|

223

Substitutional (%|&H&d
Interstitial (£ &)

Interstitial
impurity atom

Fig. 5.5 x|2E & &S == HAL 2XHH HF L.
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e X|EHYE 1 &A:

i) Atomic size ~ HAF Bt X|& A0|7} 15% O|LH

i) Crystal structure ~ 2&9| 28 =7l 8¢
iii) Electronegativity ~ 2&2| M7 87t Hl%
iv) Valences ~ HA74 7t =2 50| & SsiE

ex.) Cu & Ni (bronze, 88): ZE HI0M L8XE Y

< A EFX|[E | AF(0.128 nm & 0.125 nm)
¢« ZFFCCZEZE TZ
€ TIISHET (1.9&1.8)

& #XE7F (Cu +1 or +2, Ni +2)
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) E=& ™A= host atomECH &M EFofof &

—_ = —
i) 2= DAL %/ {18 sE= = 10% 0|5t
ex.) Cin Fe (steel, &)

& CO| &AFHFXR|E 0.071 nm < Fel| & A} BFX|Z 0.124 nm

& CoO zf s 2%
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Impurities in ceramics

o
o
ET=E2 FHAL| 0|2 7|2 Mat7| HxsHof Bfo| x|&HE

|0I

ex.) x| M2telol of: A= 0| B Caz*et 0= Na*et CI-E xI&
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Defects in Polymers (£ X0 ML 27

. Screw dislocation
(ramp continues
to spiral upward)

{\ﬁﬁ

~ "ﬁ
Crystallite A Vacancy
boundary o Impurity Branch
\J
Dangl_ing "'ﬁf Noncrystalline Edge dislocation (extra plane)
chain region
Chain
ends
Z3dx42| i
LGOSE/ Fig. 5.7 1= At Z7d &l (crystallite)

o
chain O-”A—I AOH7EI _/I\_ OAII_ 74 o|'
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Specification of Composition (24 E7|)

— weight percent : m,
(Wt %) C, = X100
m, +m,

m, = mass of component 1

— atom percent : C' nm1 100
at % 1= X
( ) nm1 T r]m2

N1 = humber of moles of component 1
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Composition conversions (£ #i&h)

|.

rtOI-

wt % = at % 29O A B

C, = % 100
CA +CA

, = C2A 100
CiA+CA

> S (Ex. 5.4)

A: R
{ C,+C, =100
C, +C, =100
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Ex.5.5) wt % > at % 29| = g4&t
97 wt % Al & 3 wt % CuZ O|F04{Z! alloy2| at % ?
(A, = 63.55 g/mol, A, = 26.98 g/mol)

Solution

Ca=97, C =3

= CarAcy +CcyAn
B (97)(63.55g/mol) <100
(97)(63.55g9/mol) + (3)(26.98 g/mol)

=98.7at%

Cn +Cq, =100 . C., =1.3at%
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Dislocations — Linear Defects (19 — 4 28D

> Y& HAE9| Higo| ®X| gfof A7l M(aRrHM) 2

- Edge dislocation (Z'g &)
: o{ BHEEHO| 7L EHRIE|I7F 2H LM 2 I B7|= M2
HHEMH = 2|0 HAF BiX|7F F0Kd UZ (+or T 2 EA|)

(Fig. 5.8)

- Screw dislocation (L1 T12Y)
: A740] shear stress (B S2) 7t 21 & 5104 A7 |= ™
(Fig. 5.9)

- Mixed dislocation (& T2l
. edge dislocation} screw dislocationO| £ & El SEjo|
(Fig. 5.10)
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Interfacial Defects (7| A&

> 7% TE or AW WIS TEHE 244 T

- External surfaces (2/% £H™
. M= 9 ﬁﬂdﬁ’ ?Eci

EH °47<F =2 HRet S 28 X OL4X| (E) *
EHEES '-*’<7I -r'|3|'| EHME F|As

(e Ax el df= B2 7K

e Grain boundaries (Z™EA)
A8 Mzeo A8 s FENE
AHEZ 2ot 22 BRle ZHEAHE el BHol EX)
(Fig. 5.12)
High-angle grain boundary= small-angle g. b.£2C} E 1
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Angle of misalignment

| High-angle
grain boundary

Small-angle
ﬁ;rain boundary
gl

Angle of misalignment

Fig. 5.12 283 o] HXt Hi x| & high-angle g. b.2t
small-angle g. b.oi| CHEF 7HEFE.
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Fig. 5.17 ZHE/HE BEodF = 1= 9| CtZ2H lead ingot (' &O[) AHEL
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« Phase boundaries (& A4
Ctaf A R 20 M Y 7aE[= ME CHE 4 A0 A
4

=25 222 22 Oltet AH 2'82 2 &30 2

« Twin boundaries (‘4% ZH|)

: Lattice symmetry(Z Xt CHE)E O|F = grain boundary2| &3S
Ut Ol AHBAHECHE A'H E7F Hof &AM =E oHEH

Mechanical twins: FEt=2240] 2|8t &K o| 0|= 0] o|5H A
Annealing twins: 28843 Fo| BX{Z|A| Ao

[
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¢ @ Twin plane (boundary)
® ®
@ ®
Fig. 5.14 Twin boundary
S o FH HXtof Hi

Aloi CHEr FHEFE.

Fig. 5.18 (c) Twin boundaries& E
017 = CHEH brass (€S,
Cu-Zn alloy) A[of CHEH 240
4 AMEL
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« Miscellaneous interfacial defects (1 2| 7| Z2&h

Stacking faults (338 Z4&h
K& 2ol e

e = = =

(0f: FCC 240 ABCABC... ZEMH =AM2| E0i%)

Ferromagnetic domain walls (Zr b4 239 &)
Kb K2 0| A Ata WO
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Surfaces of chain-folded layers (A& H&l &
 DEA M=o B2 Her Z-HAA AL
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Volume Defects (or Bulk Defects, &% Z2%&)

~ Pores (7|%®)
Cracks (&
Foreign inclusions (2|8 &/ &)
Other phases S

KO

i AT e WErECH 28 2717t B

rok

> O|2{et A& Z&2 processing (7+3)
or fabrication (M Z) Bt A0 M =2 2h gt
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Dimensicns of structural feature {m)
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I T I I I T I T I
Subatomic particles |
Atomfion diameters —
Unit cell edge lengths —
Dislecations {(width) —
Sacond phasa particlas } |
Grains | i
Macrostructural features
(porosity, voids, cracks) | | | | | | II | I
10-8 1o 1o L 102 104 Lo8
Cimensions of structural feature (nm)
fo)
Usaful resalution ranges {m)
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SCanning probe microscopas
Transmission electron microscopes |
Scanning electron microscopes I
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Maked ays b
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10-2 1 102 104 108 10%
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(bt

108

Fig. 5.20 (a) 22| =X

M STl ME 271 He,
(b) St L 47} X| SF 2

=i0|E8 S8l mE 5t

.

-
(@)
N



	슬라이드 번호 1
	슬라이드 번호 2
	슬라이드 번호 3
	슬라이드 번호 4
	슬라이드 번호 5
	슬라이드 번호 6
	슬라이드 번호 7
	슬라이드 번호 8
	슬라이드 번호 9
	슬라이드 번호 10
	슬라이드 번호 11
	슬라이드 번호 12
	슬라이드 번호 13
	슬라이드 번호 14
	슬라이드 번호 15
	슬라이드 번호 16
	슬라이드 번호 17
	슬라이드 번호 18
	슬라이드 번호 19
	슬라이드 번호 20
	슬라이드 번호 21
	슬라이드 번호 22
	슬라이드 번호 23
	슬라이드 번호 24
	슬라이드 번호 25
	슬라이드 번호 26
	슬라이드 번호 27

