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CHUONG 4: CAU TRUC CUA KIM LOAI & HQOP KIM

4.1. Cau trac kim loai

Trong céc kim loai, cac kiéu mang tinh thé dic trung va thuong gap nhat Ia:
- Lap phuong tdm khéi: Bee: Body — centered cubic.

- Lap phuong tam mat: Fcc: Face - centered cubic.

- Luc giac xép chat: Hep: Hexagonal — close — packed.

4.1.1. Lap phwong tim khdi: Bcc

a. O co so
Hinh lap phuong canh a, 8 nguyén tir & 8 goc, 1 nguyén tir & tam khoi.
b. S6 nguyén ti trong 6 co' sé, n
= Nguyén tir & goc la chung cua 8 6 co s6 = 1 6 ¢6 1/8 nguyén tir = 8 goc c6 8 X
1/8 nguyén tir.
= Nguyén tir & tdm hoan toan thuoc mot 6.
n=1/8 x 8§ + 1 =2 nguyén tu.
c. S6 sap xép K (S6 lwong cac nit bao quanh gan nhat (BQGN) hay sé phai tri)
= MOi nguyén tir duoc BQGN béi 8 nguyén tir véi khoang céch #: K =8 (xét
cho ca nguyén tir ¢ dinh va & tam).
. ﬁMSi nguyén tir con dugc bao quanh boi 6 nguyén tir khac vai khoang cach a = ¢o
thé¢ xem K =8 + 6.

N

2

d. Khoang cach hai nguyén tir gan nhat:

e. Hinh chiéu 6 co sé trén mit phiang ngang

(0.1) y Biéu dién hinh chiéu 6 co sé xudng mit
0 phdng ngang xoy theo gia tri x, y va ghi
toa dd z bén canh cac nit mang.

‘1/2
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f. Mat d xép
= Do cac nguyén tir dugc xem 1a hinh cau hoic gan nhu hinh cau nén giira ching sé
c6 khe ho. Bé danh gia mirc do sit chit = dung mat do xép cua mat M, va mat do xép
thé tich M,. D6 1a ty s6 % dién tich (thé tich) cua tat ca cac nguyén tir trén 1 ving cho
truéc va dién tich (thé tich) caa ving do.
B ns“r2 B n':nrg
M= x 100 % M, = x 100 %

S v

s Vv
ns: S6 nguyén tir trén dién tich S caa mat da cho.
n: S6 nguyén ti / 6 co so,

r: Ban kinh nguyén tu.

V: Thé tich 6 co s6.

= Pdi véi Bee: cac nguyén tir chi tiép xic nhau theo phuong < 111>

a\/g A:
4r=a3= r=
4
4 a3, 111]
2x —Tx( )
M, = —2——% %100 % =68 % >
a

[110]
X

Mit c6 mat 6 xép 16n nhat 1a {110} chtra phuwong

2 <111>
; S=a’2 r:a\/g

4
S6 nguyén tir trén mit S

1 A s
n,~ —x4%1% 2 nguyén tu
4
a3,
2.7( )
- 4
M e S—
s{110 }
a2

g. Mat do thang, mat do phing, 6 lap lai

= Mat d6 thang (linear density): LD = sé nguyén tir trén doan thing /chiéu dai doan
thang (ngtu/cm)

= Mat d6 phing (planar density): PD = sé nguyén tir trén mat phang S /dién tich mat
phing S (ngtu/cm?)

= Do lap lai (Repetition spacing) theo mét phuong: khoang cach gitra cac nguyén ti
trén phuong do.

.100 % ~ 83,3 %
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h. Khéi lwgng riéng (g/cm?®)

M
no
M
d= Mg /V@ = AN - T
Y AN .V
trong do Ms: khoi luong 1 6 co sd, V: thé tich 1 6 co s&

n: s6 nguyén tir /1 6 co so
M: khoi lugng nguyén tir (g/mol)
AN (s6 Avogadro): sé nguyén tir /1 mol = 6,02. 10?* (ngtu/mol)
i. Céc kim loai c6 kiéu mang Bcc la Fey, Cr, W, Mo, V, Li, Na, K...
4.1.2. Lap phuwong tam mat: Fcc
a. O co so
Hinh 13p phuong canh a, 8 nguyén tr & 8 gdc, 6 nguyén tur ¢ gilra cac mat.
b. S6 nguyén tir/ 6 co s&
= 1 nguyén tr & gbc la cua 8 & = 16 ¢6 1/8 nguyén tir, 8 goc cd 1/8 x 8 nguyén tur.
» 1nguyéntromatlacua2 0= 106 cod 1/2 nguyén tir, 6 mat co 1/2 x 6 nguyén tur.
1

1 A o
n=—x8%—x67%4 nguyén tu.
8 2

7

c. S sap xép K

= MOi nguyén tir dwoc BQGN bai 12 nguyén tir voi khoang céch ﬁ: K=12
2

= Pinh: cach déu 4 tam cia 3 mat qua no.
» Tam: cich déu 4 dinh va 8 tdm cia 2 6 co s& ké nhau.

av2

2

d. Khoang cach 2 nguyén tir gan nhat:

e. Hinh chiéu 6 co sé
(0,1) 12 y
o a
(0,1)
o
a

f. Mat do xép
Céc nguyén tir chi xép sit chit nhau trén {111} va tiép xic nhau theo phuong
<110>ndm trén {111}. Do d6 4r = a2 var=a+>2 /4




38

4 a2 |
4x —T x ( )
- 3 4 o = 10
I\/IV 3 X 100 % 74 %
a
a+/3 s a’ 3
\/ = X a X —=
a 2 (111) 2 2 2
_ 1 1
ns(m)——x3+—x3—2
6 2
a2
27 (——)°
_ 4 _
M T ——x 100 % T 91 %
(111)
S a’Af3

2
g. Céch sip xép nguyén tir trong Fcc
= Trong Fcc, thuc chat 1a cac 16p (111) xép sit 1én nhau.
Lop I: Ky hiéu A.
Lop 11: Ky hiéu B xép vao khe 16m 16p 1.
Khoang cach 2 khe canh nhau < 2r.
Khoang cach 2 khe cach nhau = 2r.
Lép 11 Ky hiéu C: xép vao khe 18m 16p 11, twong (g véi khe con chira tréng o 16p

Lop IV: Iap lai nhu 1op 1.
— Ky hiéu trat tu sap xép cua Fcc 1a ABCABC.

h. Kim loai c6 kiéu mang Fcc 1a Fe,, Cu, Ni, Al, Pb
4.1.3. Luc giac xép chat: Hep
a. O co s

Hinh lang tru 6 canh c6 chiéu cao ¢, ddy luc giac déu canh a. Co 12 nguyén tur 0
gbc, 2 nguyén tor ¢ tam 2 mat day va 3 nguyén tir & tdm cua 3 khoi lang tru tam giac
cach nhau.
b. S6 nguyén tir / 6 co s

1

= 1 —_— A 92
n= —x12 * —x2*3% 6 nguyén tu.
6 2
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c. Mat do xép
Céac nguyén tir xép sit nhau theo mit {0001} va tiép xtc nhau theo 2 phuong.
a

" <2110 :trucx; > 2r=a=>r=—
2

= G(- 3,3,3) — 0OG <2203 >
332
2 Za\/g_a\/g

IG = —IL == =

3 3 2 3
OG=2r=a
o=2=%

2

2
1 2 8
£ - a’l” )= —a’= c¢*=-a’
4 3 3 3
2
G L c:2a\/::> Ez1,633
/.’ 3 a
! / Nhu vy diéu kién xép chit cac 16p {0001} 12

/ £ ~ 1633 . Thuc té cac 16p c6 thé xép khong

a

hoan toan sit chat nhau =% 6 thé khac 1,633

a
/ do nguyén tir c6 thé ¢ dang ellip.

N . X -
Qui uwdc —= 1,57 1,64 = Mang x€p chat.
a

Vi du: Kim loai cla
Be 1,57 xép chat
0 Mg 1,62
Ca 1,64
Zn 1,86 khong xép chat

Cd 1,89
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2 2
6a \/g _ 6a \/gaZJEZSaS\/;

n==6 Vv = .c .
4 4 V3
4 a_,
6x —".()
= 3 2 =
M, —————x100 % 74 %
3
3a\/;
_a a\/g_azx/gj _6a2\/§ _1 b= _a
i T X - (0001)— ns——x6 1= 3 r- —
2 2 4 4 3 2
a
3x T(—)°
_ 2 _
= = =
M ——x 100 % 91 %
(0001 )
a3
6
4

d. Céch sip xép nguyén tir trong Hep
Thuc chat 1a cac 16p (0001) xép sit 1én
nhau.

= Lép L: ky hidu A.

= Lép II: ky hiéu B: xép vao khe 16m
16p 1.

= Lép HI: 1ap lai 16p 1.

— Trat ty sip xép 1a ABAB.

Cha y: Néu 16p 11T xép vao khe 16m 16p
IT nhung khong tring véi 16p I = Kiéu
ABCABC = Fcc.

A sites

B sites

A sites

Fcc Hep
e. Hinh chiéu trén mat phang ngang

f. So sap xép

= M&i nguyén tir bao quanh gan nhat bai 12 nguyén ti véi khoang cach a = K = 12.
(Nguyén tir ¢ tam day c6 6 nguyén tir Xung quanh, 3 nguyén tur ¢ trén, 3 nguyén tir &
dudi).

= Néu # 1,633 thi khoang cach dén 3 nguyén ta phia trén va phia dudi s& khéc
a

khoang cach dén cac nguyén tir xung quanh nén K = 6 + 6.
g. Kim loai co kiédu mang Hcp la Ca,Mg, Be, Co,, Tiy, Zn, Cd.
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4.1.4. L§ héng trong ciu tric
C6 hai loai 16 hong trong céu trac: LS hong khédi 8 mat (octahedral site) tao boi
6 nguyén tir va 15 hong khdi 4 mit (tetrahedral site) tao boi 4 nguyén tir. Ky hiéu vong
tron mau tring 13 tAm céc 16 hong, vong tron mau den 13 tAm cac nguyén tir.
L5 héng khdi 8 mit

N X7 (o)
45
’/// \I
s |
o] [e]
Hcp

Hcp

Cau L3 hong khéi 4 mit | L hong khoi 8 mit | S6 16 khdi | So 16 khoi
8 miit / &

tric I3 / Mnguyén tir 15 / Vnguyen tir 4 mat /o mat
Bcc 0,291 0,155 12 6
Fcc 0,225 0,414 8 4
Hcp 0,225 0,414 12 6

4.2. Cau tric hop kim

Khi cho cac kim loai ¢ trang thai 16ng hoa tan vao nhau hodc voi mot vai a kim
nhu: C, H, B, N, sau d6 1am ngudi tr& vé trang thai ran ta s& thu duoc hop kim. Mbi
kim loai goi 1a mdt nguyén, vi du hop kim hai nguyén Pb — Sn, hgp kim ba nguyén Ag
—Au—-Cu.

Tuy thudc vao ban chat cac nguyén tb va nhing diéu kién bén ngoai ma hop kim
c6 thé tao ra hai loai pha khac nhau: dung dich ran va pha trung gian.
4.2.1. Dung dich rin
4.2.1.1. Tinh chat chung

= Trong dung dich ran, nguyén té c6 luong chira nhiéu hon goi 1a nguyén té dung
méi, cac nguyén té khac 1a nguyén té hoa tan.
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= B hoa tan trong A thi ky hiéu la A(B) hoac dung a, B, ...

= Mang tinh thé cua dung dich rin giéng vai kiéu mang cia nguyén té dung mai.

= Sy sip xép cua B trong A néi chung 1a khong c6 quy luat, trong mét sé diéu kién
nhét dinh, sy sip xép nay tré nén c6 quy luat tao dung dich rin c6 trat tu.

= MJi lién két trong dung dich ran 1a lién két kim loai nhu trong nguyén té dung méi.
4.2.1.2. Phan loai:

= Dung dich rin xen k&: nguyén tir caa nguyén t hoa tan chen vao nim ¢ céc 16 hng
4 mit hodc 8 mit trong mang tinh thé cua nguyén té dung méi.

= Dung dich rin thay thé: nguyén tir cua nguyén té hoa tan thay thé nguyén ti cua
nguyén t6 dung méi & cac ndt mang.

57
& o

Dung dich ran thay thé Dung dich ran xen Ké

4.2.1.3. Mirc 49 hoa tan:

= Dung dich ran hoa tan v6 han: B hoa tan trong A véi lugng bat ky.

= Dung dich ran hoa tan c6 han: B chi hoa tan trong A dén mét gidi han.
4.2.1.4. Dung dich rin xen ké

No6i chung dé tao dung dich ran xen ké& thi nguyén tir ciia nguyén t6 hoa tan phai
nho hon déng ké nguyén tir ciia nguyén t6 dung moi (vé duong kinh). Ngoai ra kich
thudc cta nguyén tir hoa tan phai nho hon hodc bang kich thudc 16 hong trong mang
tinh thé cua dung moi. Tuy nhién do nguyén tir khong phai 1a mot hinh cau nhu gia
thiét, nén trong mot sd truong hop, dung dich ran xen k& van duoc tao thanh du kich
thude nguyén tir hoa tan 16n hon kich thuée 16 hong.

Vi du ban kinh r(C) = 0,077 nm va r(Fe) = 0,124 nm trong ciu tric Bcc.

Ty s6 1(C) / r(Fe) = 0,077 / 0,124 = 0,62. Tuy nhién ti s6 gitta kich thudc 16 hong
va ban kinh nguyén tir trong mang Bee 1a k /r < 0,155 d6i véi 16 hong 8 mat va k /r <
0,291 d6i véi 16 hong 4 mit. Nhu vay theo 1y thuyét thi cacbon khong thé tao dung
dich ran xen k& v6i Fe dugc vi ¢6 kich thudc 16n hon kich thude 16 hong. Diéu nay trai
v6i thuc té (su ton tai cua gang, thép), d6 1a do trong 1y thuyét chung ta di gia sir cac
nguyeén tr c6 dang cau.

Khi tao dung dich ran xen k& thi s6 nguyén tir / 6 co s sé ting 1én nhung kiéu
mang tinh thé ctia dung méi khong thay doi.

S6 luong céac 16 héng trong mang la c6 gidi han, vi vay dung dich ran xen k& ludn
ludn 1a dung dich ran hoa tan c6 han.
4.2.1.5. Dung dich ran thay thé

Theo quy tac Hume — Rothery, dé tao dung dich ran thay thé thi cac diéu kién sau
day phai dugc thoa man:

a. Chénh léch duong kinh gitra nguyén tir dung moéi va nguyén ti hoa tan phai < 15%.
b. D6 am dién cuia hai nguyén té phai xap xi nhau.
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c. Hoa tri cua hai nguyén té phai giéng nhau.
d. Cau truc tinh thé caa hai nguyén té phai gibng nhau.
Diéu kién d chi ap dung khi muén tao dung dich ran hoa tan vo han. Piéu kién
nay co thé bo qua khi tao dung dich rin lodng (ham luong nguyén té hoa tan rat nho).
Vidu: r (Ni) = 0,128 nm, r (Cu) = 0,125 nm, A d=2,4%. Ngoai ra d0 4m dién cua
Cu 14 1,9 va ciia Ni 1a 1,8. Hoa tri ctia Cu 1a +1, +2, con ctia Ni 13 +2. Ca Cu va Ni déu
¢6 cAu tric Fee. Ca 4 diéu kién déu thoa nén Cu — Ni ¢6 thé tao dung dich ran thay thé
hoa tan vo han.
4.2.2. Pha trung gian

Mang tinh thé cua pha trung gian khic véi mang tinh thé cic nguyén td tao
thanh. Cau trac cua cac pha trung gian phu thugc vao kich thuéc nguyén tu, hoa tri va
vi tri ctia nguyén t6 trong bang phan loai tudn hoan.
4.2.2.1. Hop chat hoa hec hoa tri thwong

Tao thanh gitra cac nguyén tir khac loai theo mét ty 1€ nhét dinh véi dang lién két
chu yéu la ion hoac cong hoa tri.

Vidu: Mg,Cu: lién két cong hoa tri: pha c6 dac tinh kim loai.

MgCly: lién kétion: pha c6 dac tinh mot mudbi.

Trong tinh thé ctia hop chét hoéa hoc, cac nguyén tir khac loai sip xép xen lan
nhau theo mét trat tu nhat dinh tao thanh mang tinh thé riéng cuia hop chat hoa hoc.

Vi du: Mg,Pb c6 kiéu mang CaF, nhung MgS c6 kiéu mang ctia NaCl.
4.2.2.2. Pha xen ké

Cac a kim nhu: C, H, B, N khi tao hop kim véi cac kim loai chuyén tlep c6 thé
tao dung dich ran xen k&, nhung ciing c6 thé tao ra cic pha trung gian c6 kiéu mang
tinh thé khac véi kiéu mang cua dung moéi (kim loai).

Khi d(4 kim) / d(kim loai) < 0,59 thi cac 4 kim s& nam trong 16 hong cuia mang
tinh thé kim loai, vi vay pha trung gian duoc goi 1a pha xen k& va c6 cong thirc phd
bien [a MX, MX.

Vi du Zr ¢6 ciu trac Bee nhung ZrH, ZrH, c6 cAu trtc Fec.

Mic du % & kim twong ddi 16n, nhung cac pha xen k& déu mang tinh kim loai (c6
anh kim, dan dién, nhiét tét), c6 nhiét do nong chay va do cung cao.
4.2.2.3. Pha dién ti
a. Nong d6 dién tir: s6 e hoa tri tinh cho mét nguyén tir, Ky hiéu Cgy;

Kim loai nguyén chat: Cy = hoa tri kim loai

Hop chat CCqt =2 Vi X

(vi- Hoa tri nguyén t6 i, x;: phan nguyén tir nguyén té i)
b. Pha dién ti:

Khi’ Cu, Ag, Au tao hop kim 2 nguyén v6i kim loai khac sé& tao ra cac pha co kiéu
mang nhat dinh khi tang thanh phan cau ti thu hai.

Trong hé Cu- Zn, ngudi ta thdy khi % Zn tang 1én sé& tao cac pha khac nhau

Pha a (< 50% Zn) tao dung dich ran thay thé c6 kiéu mang ctia Cu

Pha B (50% Zn) tao pha CuZn

Phay (61% Zn) tao pha CusZng
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Phae (75% Zn) tao pha CuZn;y
Xem Cu c6 hoéa tri 1, Zn ¢6 hoa tri 2 thi nong do dién tir
_1x1t2x1 _ 3 _1x5*T2x8 _ 21
Cqgt (Cuzn )= ——= — Cgt(CugzZng)™ ——= —
2 2 13 13

_1x1t2x3 _ 7
Cgt (Cuzn 3) = ——— = —

4 4
Khi nghién ctru cac pha tao thanh trong hang loat hé khac, ngudi ta thiy rang
ching cling tdn tai V(")’i cac Cy 3/2, 21/13, 7/4 va cb kiéu mang cﬁa pha B, y, € nhu
trong hé Cu-Zn. Sy ton tai cac pha nay c6 li€n quan dén tri s6O nong do dién tor nén

dugc goi la pha dién tir. Cac pha dién tir con dugc tao thanh trong hé kim loai chuyén
tiép néu xem cac kim loai ndy c6 hoa trj = 0.



