Sal héng hoa hoc trong oxit
Kim loai
(The defect chemistry of metal

oxides )
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Cac tinh chat lién quan dén sai héng defect

¢ Tinh chat vé cau tric: lien quan dén tinh hoan hio
ctia tinh thé

¢ Tinh chat dién: lién quan dén trang thai cia defect
trong cau truc ving dan

¢ Tinh chat hoa hoc: lién quan dén thé hda hec ciia
defect, defect tham gia nhw thé nao trong cac phan wng

hoa hoc
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¢ Tinh tan xa: lién quan dén viéc twong tac cua
defect véi cac phan ti (nhw phonon, photon,
electron, positron,...)

¢ Tinh nhiét dong: lién quan dén sw hinh thanh
enthanpy, entropy, sw twong tac nang lwong, sw

chuyén doi ning lwong.
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Cac loai sai hong trong vat liéu ran

¢ Sai héng diém
¢ Sai hong duong
¢ Sai hong mat

¢ Sai héng khoi

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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|. Sai héng diém (0 chiéu): & sai héng xuat hién tai 1
diém trong tinh thé, gom c6 2 loai:
¢ Sal héng néi tai (intrinsic defects )

¢ Sai hong do tap chat (extrinsic defects)
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1. Sai hong noi tai O

- Ntt khuyét (Vacancy) O

Fig. 1.23: Vacancy defects

©

-Tu xen ké (Interstitial) O

Fig. 1.24: Interstitial defects
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Trong sai hong noi tai co hai loai

a. Sai héng Schottky: 1a nat kKhuyét (hay 1 cip nut
khuyét) trong chat ion
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Sai héng Schottky: gom Sai héng Anti-schottky:
1 ciip nGt Khuyét gom ion xen ké trong
tinhthe
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b. Sai héng Frenkel: 1a 1 ciip 16 trong va 1 nguyén tir
xen ké dwgre tao ra khi 1 ion di chuyén vao vi tri xen ké

dé lai nat kKhuyeét.
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Sal hong Frenkel: nguyén Sai héng Anti-Frenkel:

tir Xen ké la ion dwong nguyén tir Xxen ké la ion am
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Thuec té cho thay sai héng Frenkel (ion dwong di vao vi
tri xen k&) pho bién hon sai héng anti-Frenkel (ion am
di vao vi tri xen ké€). lon dwong co kich thwéc nho hon
ion &m do d6 dé dung hgp hon & cac vi tri khoang

trong giira cac n(t mang
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Sai hong do sw khong hop thirc

(non-stoichiometric defects )

- Thira kim loai (Metal excess defect)
- Thiéu kim loai (Metal deficient defect)
- Thira oxy trong hop chat oxit (Oxygen deficient oxides)

- Thiéu oxy trong hop chit oxit (Oxygen excess oxides)
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Thura kim loai:

¢ do nit khuyét ciia ion Am (thwong doi véi halogen

kim loai kiém NaCl, KC(Cl....)

¢ do sy dw ion dwong trong vi tri xen ké
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Thiéu kim loai: do thiéu 1 ion dwong hoic sy hién dién

cia 1 ion dwong co hoa tri l6n hon
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¢ Thira oxy trong hop chat oxit

Do su co mat cua oxy tai cac vi tri xen ké.

¢ Thiéu oxy trong hop chat oxit

Do su ton tai nit khuyét oxy

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Tap chat (impurity defects)
- Xen ké béi nguyén tir tap chat

- Thay thé

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Tap chat
Tét ca cac chat ran déu co 1an tap chat. Tap chat cO thé
do sén c6 trong tinh thé, hosic do chii dong dwa vao dé

lam thay doi tinh chat ciia vat lidu.

Vi du: sat chiva mét lwong nhé carbon dwa vao sé tré
nén curng hon. Khi pha tap B hodc P vao Silic sé lam

cho Silic tro thanh loai p hodc loai n.

Hop kim 14 hén hop c6 chi dinh véi thanh phan gom

nhiéu kim loai lam thay déi cac tinh chat cta kim loai.

ongThanCong.com https://fb.com/tailieudientucntt
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Hoa tan ran: (Solid solutions )

Hoa tan rin thay thé (Substitutional Solid Solutions)

Hoa tan rin xen ké (Interstitial Solid Solutions)
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Hoa tan rin thay thé

1) Kich thwéc nguyén tir: sai khac vé ban kinh nguyén tir
ciia chit nén va chat hoa tan khoang ~15%.

2) Cau tric tinh thé chat hoa tan va chat nén giong nhau
3) Pj Am dién ciia chat hoa tan va chat nén xap xi nhau
(néu khong cac pha kim leai trung gian intermetallic sé
dwoc tao thanh)

4) Sw hoa tan 1é6m nhat khi chat nén va chat hoa tan co

ONi

Vidu: Hoa tan cua Cu trong Ni . Cu

cung hoa tri.
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Hoa tan rin xen ké
Céac yéu to cho dd hoa tan lén: Véi cau trac FCC,
BCC, HCP, cac khoang trong giira CAC nguyén tir nén
twong doi nhé — ban kinh nguyén tir ctia chat hoa tan
lai cAng can nhé hon nhiéu ban kinh nguyén tir cia
chat nén. Nong d¢ chat tan thwong < 10%.
Nguyeén tw C

hoa tan

trong Fe cau

Vidu: 2% C-Fe tric BCC
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Thanh phan — Nong dd
Phan trim khoi luong (wt.%) = Khéi lwgng chat can
tinh chia tong khoi lwong hop kim. Poi véi hé hai thanh

phan, wt.% ciia chat 1 1a:
m 1
C. = x100

1
m, +m,

Phan tram nguyén tir (at.%) = s6 mol chat can tinh
chia tong s6 mol hop kim. Poi véi hé hai thanh phan,

at.% ciia chat 1 1a: N
C! = x100
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Chuyén doi thanh phan

at % —»> wt %

C1'A\1
Clz ’ ’ x100
C1A1+C2A2

!

C._ A
C. = S x100

2 ' ’
C1A1+C2A2

wt % —> at %

’ C1'A\2
C1 = x100
ClA2 +C32A1
' C_A
C. = 2 2 x100
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Tinh s6 nut khuyét (vacancy) can bang dwoec tao thanh

do dao dong nhiét

Q,
N = N_exp| -
K T

B

N  p
A

Ng: $0 nguyén tik dinh vi tri tgi nit mang N _ =
kg: hang sé Boltzman

Q,: nang lweng hinh thanh nat khuyét trong tinh thé
T: nhiét dp


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Vi du: Tinh s6 nat khuyét ciia Cu ¢ nhiét dé phong

N = N_exp (

ke = 1.38 x 1028J/K = 8.62 x 105%eV/K |

T=27°C+2/3=300K

Q, =0.9eV/ngt

N, =6.023 10% ngt/mol

p=8.4 g/lcm?3

Ac, = 63.5 g/mol
N = 7.4x10

7

cm

Q.
T

kB

ke T =0.026 eV

NAp
S— ; A

N =

— - 8x10 “ ngt/cm

-3
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Sai héng duong (1 chiéu)

- Léch mang (dislocation): co hali loai : lIéch mang bién
(edge) va léch mang xo:iin (screw)

Léch mang bién: do s Khong lién tuc ciia cac mat trong
tinh thé giéi han béi dwong léch mang. Vecto Burger

vuong goéc dwong léch mang.
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an trong

an ¢

h mang xodn: Sw xoay ctia hai phan |

Léc

tinh thé theo dwong

léch mang. Vecto Burger song

h mang.

song duwong léc
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Sai héng mit 2 chiéu
Sai hong mat la do sw khong lién tuc cua cac mat trong
cau tric. Gom 4 loai

- Bién hat (Grain Boundaries)

- Bién hat nghieng (Tilt Boundaries)

- Bién hat sinh doi (Twin Boundary)

- Vét nirt giy (Microcracks)
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Bién hat (Grain Boundaries): do sw phan chia mang
tinh thé thanh cac vung, cac ving khac nhau cé dinh
hwong tinh thé khac nhau (thwong goi 13 hat-grain).

Bién hat thwong xuat hién trong vat liéu da tinh thé.
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Bién hat nghiéng - Tilt Boundaries

Bién giira hai hat 1éch nhau it — gan twong tw nhw léch

mang bién.
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Bién hat sinh déi - Twin Boundary

Xuat hién khi nhitng tinh thé & 2 phia ctia 1 miit giong
nhau.
Mt bién giita nhitng tinh thé sinh déi la mit don
nguyén tix khong co sal héng. Nhirng nguyén ti bién

thudc vé ca hai mit sinh déi.

(101) Twin Plane
I

©¢00%t00 .9
00000:00000
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Vét niet gay - Microcracks
> Xuat hién khi cO nhirng lién két bi dirt gay trong qua

trinh hinh thanh nhirng mat méi.
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miit vat ran hon bén trong khoi.

Sai héng nay giup xac dinh dwec chat ran sé bi dit gay

nhw thé ndo va & vi tri ndo.
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Sai héng khoi 3 chiéu

Sai hong thé tich 1a cac 16 héng (voids)

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Cac loai lién két
- Lién két cong hoa tri
- Lién két ion

- Lién két kim loai
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Lién két cong hoa tri 14 lién két dwoe hinh thanh giira
cac nguyén tir bang mot hay nhiéu ciip dién tir electron

dung chung.

Vi du: Sw hinh thanh phan s H,: Nguyén @i H ¢ ciu
hinh electron 1a 1s!. Méi nguyén ti# H goép chung 1
electron tao thanh 1 cgp electron trong phan sz H,, nhw
vdy, trong phan tir H,, méi nguyén tir co 2 electron, giong

bén vitng ciia Khi hiém heli.
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Lién két cong héa tri
«— N X
khong phan cuc phan cue

La lien két giira nguyén  La lién két gitra nguyén tir

tir cia CAC nguyén td cd  ctia CAC nguyén to co do am

d$ Am dién bang nhau dién khong bang nhau

4 4
cac cip electron chung cac cap electron chung bi
khong bi nghiéng vé& bét nghiéng vé nguyén tir cé
cir bén nao do am dién lé6m hon

Vi du: Lién két cong hoa tri gitea H va Cl: Méi nguyén iz gop chung
1 electron tgo nén 1 lién két cong hoa tri, dp am dién ciia Cl 1a 3.16,
lon hon ciia H 14 2.2 nén cdp electron chung bi nghiéng vé phia Cl,
lién két bj phan cuc.

https://fb.com/tailieudientucntt
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Tinh chat ciia lién két cfng hoa tri
Cac chat ma phan tir chi co lién két cdng hoa tri 1a
> chit rin nhu: dwong, lwu huynh, sit, ...
> chat léng nhw: nwéc, rwou,...
> chat khi nhw: cacbonic, clo, hidrd,...

Cac chit chi co lién két cdng hoa tri khong cwe khong

dan dién & moi trang thai.
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Lién két ion 1a lien két héa hoc c6 ban chat la lwec hit
tinh dién giira hai ion mang dién tich trai dau, 14 lién két

giira cac nguyén ti phi kim véi cac nguyén tir kim loai.

» Cac nguyén tir kim loai (cé 1, 2, 3 electron 1ép ngoai
cing) c6 @6 &m dién nhé, dé mat electron tao ra ion
dwong (cation).

» Cac nguyén tir phi kim (c6 5, 6, 7 electron lép ngoai
cung) c6 d Am dién 16n, dé nhan electron dé tao ra ion

am (anion).
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Tinh chat ciia hop chat cé lién két ion

% Piém ndong chay cao do lién két ion twong d6i bén

% Dan dién & trang thai nong chay va trong dung
dich, ¢ trang thai ran thwong khong dan dién.

% Cung va dé vor

% Hinh thanh tinh thé, c6 dang rin

% Tinh thé ion thwong khéng mau


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Lién két kim loai 1a lién két bén trong kim loai, 1a suw
chia sé cac dién t& tw do giira cac nguyén tir Kim loai

trong lwéi tinh thé.

Lién két kim loai 1a khong phan cwe, khéng co sw sai
khac vé d§ am dién giira cac nguyén tir tham gia vao
twong tac lién két, va cac dién tir tham gia trong twong
tac nay la tw do trong cau tric mang tinh thé ciaa kim

loai.
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Tinh chat lién két kim loai dic trung cho nhiéu tinh

chat vat Iy ciia kim loai

® Tinh dé dat méng
® Tinh dé kéo soi

® Tinh dan dién

® Tinh dan nhiét

® Tinh anh kim.
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Quy luat hinh thanh s6 oxy héa
Y Nguyén tir hydro co hai s6 oxy hoa:
+1 khi lién két véi phi kim (HF, HCI, ...)
1 khi lién két véi kim loai (ScH,, BaH,,...)
Y Nguyén tir oxy cé hai s6 oxy hoa:
-1 trong peroxides (O,%) (khdong théng dung)
-2 trong cac hop chat thong dung (H,O, Zn0O,...)
Y S6 oxy hoa cua fluorine (F) ludn ludn 1a -1.
Tong s6 oxy hoa ciia tat ca nguyén tir & trang thai trung

hoa bang 0.
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CAU TRUC TINH THE

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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o Cic loai céu truc tinh thé
— Lap phwong don gian (SCC)
— Lap phwong tam khoi (BCC)
— Lap phuwong tam mat (FCC)

— Luc giac xép chit (HCP)
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Lap phwong don gian

a=2R H¢é so6 lap day APF =0.52

S6 nguyén tir trén 1 0

donvin=1

uuDuongThanCong.com https://fb.com/tailieudientucntt
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Lap phwong tim khéi (BCC)
AR Hé so lap day APF = 0.68

a=——
\/g S6 nguyén tir trén 1 6 don vin =2
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Lap phwong tam mat (FCC)

a = 2R \/Z S6 nguyén tir trén 1 6 don vin =4

Hé so lap day APF = 0.74
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Luc giac xép chat (HCP)

Ti 18 ¢/a 1a 1.633

S6 nguyén tir trén 1 6 don

vin=2>6

Hé so lap day APF = 0.74
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Cau trac HCP va FCC giong nhau vé hé so xép chit chi
khac nhau vé cach sip xép mat nguyén tir thir 3
¢ Lop thir 3 xép chong 1én trén 16p thir nhat - 16p ABA
- thudc cau tric HCP
¢ Lop thir 3 xép 1én trén “nhirng 16 trong” ciia 16p thi
nhat sau khi phi 16p 2 (phan 16 trong hé ra sau khi
phii 16p thir 2) - 16p ABC - thudc cau triic FCC

\/\/’\/\/”\/} /”\/\/’\/’\/)
B . ‘ ) Clayér&—> . n

-+—A layer
AN A ) ’ «\\ ) )

\ — }Blayer - - yLBlayer
933335 #3395~

ABA hexagonal close-packed ABC facercentered cubic
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L6 hong (voids) trong céu triic HCP va FCC: 2 loai
Lo tir dién (tetrahedral void): 1 nguyén tir cia lop thir 2

xép 1én 16 ciia 3 nguyén tir 16 thir 1
Ban kinh 16 hong twr dién
tetrahedral hol

H - Ve v4g \'/ <
Vi _ 0275 k\A A ], ,.,3,..- octahedral
XN N NN

" FEE N

Lo bat dién (octahedral void): hinh thanh khi 3 nguyén

tir cita 16p thir 2 xép 1én 3 nguyén tir 16p thir 1
Ban kinh 16 hong bat dién

r-void
= 0414

I
https://f b.corﬁg &d%ntucntt
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Nhirng sai héng nay cho phép cac ion di chuyén trong

tinh thé din dén nhirng phan tng dién hoa hoc.

= sir dung ky hiéu Kroger—Vink dé biéu dién sai héng.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Ky hiéu Kroger-Vink: dwoe sir dung dé mé ta dién tich
va vi tri ctia sai héng trong mang tinh thé.
— % Nguyén tir (Si, Ni, O, CL,...)
A % Nit khuyét vacancy (v) C
* Electron (e) A
% Lo trong (h)

{ e Chi vi tri trong mang tinh thé

S

e i: chi su xen ké
— ¢ Chi dién tich nguyégl to lién quan téi vi tri
trong mang tinh theé
C _ ¢ x: khong tich dién
¢ o: tich dién duong

¢ ': tich dién am

S
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Vi du:

NI

Cu

Ni nam & vi tri Cu trong mang tinh thé,

khong tich dién

Mt nat khuyét Cl, tich dién dwong 1+

Mot ion Canxi xen ké, tich dién dwong 2+

Mot electron
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Dién tich hi¢u dung
Pién tich hiéu dung = dién tich thwe ciia nguyén té & 1
vi tri - dién tich nguyén t6 cung vi tri d6 nhung véi cau

trdc ly twéng.
Vidu:

Mot ion oxi O% o vi tri xen ké (sai hong)
Dién tich thuc cua sai hong -2
Dién tich ciia vi tri xen ké trong tinh thé Iy twéng 0

Di¢n tich hiéu dung: -2 - 0 = -2 0"
I

ongThanCong.com https://fb.com/tailieudientucntt
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¢ Mot nut kKhuyét ion oxy vV,
Dién tich thwce ciia sai héng nit khuyét la 0
Dién tich ciia ion O% trong tinh thé ly twong -2

Dién tich hiéu dung: 0 - (-2) = +2

¢ Mt nit Khuyét ion Zirconium (trong ZrO, )

11

Dién tich thwc cua sai hong 0 V
Zr

Dién tich ciia ion Zr trong tinh thé ly tuong +4

Dién tich hi¢u dung: 0 - (+4) = -4
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 Tap chat
Y3* thay thé Zr** trong ZrO,
Li* thay thé Ni2* trong NiO

Li* xen ké trong NiO

» Sal hong dién tir (Defect electrons)
Electron trong ving dan

L5 trong trong ving héa tri

Zr

Li

Ni

Li
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X

« Ion dwong Mg?* & vi tri Mg?* trong MgO Mg Mo

 lon4m O & vi tri thong thwong trong bat O é

Ky oxit nao

* Vi tri xen ké trong V.
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Ky hiéu Kroger-Vink ciia tap chat trong ban bén Si

- X

« Nguyén tir Silicon trong mang tinh thé Si

X

» Nguyén tir B dwoc pha tap trong Si B,

* Nguyén tir B dwoc pha tap trong Sibiion B
héa thanh B-

Si

- Nguyén tir P dwge pha tap trong Si Psi

« Nguyén tir P dwoe pha tap trong Si bi ion P
héa thanh P*
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Trung hoa dién

Hop chit thwong trung hoa vé dién

Véi tinh thé Iy twéng, dién tich hiéu dung tong cong

truedc va sau khi hinh thanh defect la nhw nhau.

Tong dién tich & 2 vé ciia phan @ng 13 nhw nhau.
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Phwong trinh trung hoa dién 7 : dién tich defect

Z A s z 1=0 s: loai sai hong
A [s]: néng do sai hong

Vi du oxit kim leai MO véi nat khuyét oxy, kim loai

xen ké va electron

2v J1+2M ["1-[e'1=0 or 2v J]+2M ["]=[e"]
Néu nut khuyét oxy trdi hon kim loai xen ké, ta viét lai

don gian hon 2[v ;'] ~ [e /]

Ture la nong do electron gap 2 lan nong do nut khuyét oxy
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