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LOAI AL BANG MO Hi_[\lH BAY POSITRON CO TiNH PEN
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TOM TAT : Bdng cdch dp dung mé hinh by positron cho kim logi Al vdi swcd mdt
ciia Monovacancy, divacancy ¢6 tinh dén  hiéu ung thodt bdy ciia positron ddi
vdi  monovacancy , ndng lugng hinh thanh monovacancy va divacancy trong kim
loai Al da dugc tinh. Ap dung gid tri ndng lugng hinh thanh divacancy trong Al trong
truong hop téc dé huy khéng phu thuéc vao nhi¢t d¢ la Ef =0,956 +0,120 (e V) néng do
tuong  déi divacancy xudt hién trong Al & nhiing nhiét dj khdc nhau da dwgc chi ra.
Nhiang két qud tinh dugc la rdt c6 y nghia trong viéc khdo sdt cdu tric bén vitng
cda kim loai va hgp kim ciia kim loai Al

I. MO HINH BAY POSITRON TONG QUAT TRONG KIM LOAI VA HOP KIM

T6c do bdy clia positron dugc quyét dinh qua hai 4nh hudng :

- Positron phdi di chuyén t6i trang thai biy, 3 nhiét d di cao positron da
bi nhi€¢t héa chuyén dong trong moéi trudng c6 thé duge mo ta bdi sy khuy&ch tin

- Khi positron dén bdy thi j thi positron phai nhdy vao trong biy vdi t&c do
biy 1a oj va sau d6 ciing c6 thé thoat ra khdi bdy véi t6c do thoat by v;. Xdc
sudt hiy ciia positron vdi sai hong loai j 1a A

Trong nhitng nghién citu vé kim loai vdi sy sai s& cho phép va don gian
héa bai todn ching t6i gid s ring chi ¢c6 monovacancy va sy két hgp hai
monovacancy ldn cdn hinh thanh divacancy c¢6 trong miu, M6 hinh biy tong

qudt cta Brand[1] cho sy bi€n thién clia s§ positron t do n(t),s& positron n; tai

loai biy j.
d u 5
_nf_z—chCjnf(t)+ZVjﬂj(t)—ﬂrkr (1)
| S j=
dn, 7
d—:zojCjnf-(Vjﬂlj)",(f) (2)
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Trong d6 C; 12 ndng d cla sai hdng loai j
Céc t6c do hiy tai trang thdi sai hdng va trang théi ty do c6 thé dudc tinh tif

dai lugng nghich ddo clia thdi gian sGng.

Ap=— M e (3)

Vi 1y 12 thai gian sdng cla positron ty do, 7; 12 thdi gian sng cla positron
trong trang thdi biy j.

11 AP DUNG MO HINH BAY POSITRON TiNH TOAN CHO KIM LOAI Al
1. Tinh Niang lu¢gng hinh thanh monovacancy trong kim loai Al

Gia s ring, trong miu chi ¢6 monovacancy, khi d6 phudng trinh (1) (2) trd

thanh
-d—ni=—lfnf—o',C,nf+vvnv 4)
dt
) sz ==d. n +0,C n—-v N, (3)
G day :
n,, n,:s0 positron & trang thdi ty do va trang thdi by tai thdi diém t
o, : t6c d6 biy ciia positron tai monovacancy([1][2]
o,=6, 1" {(x=-120,12) (6)
C, : ndng dd bdy monovacancy
Ay, Ag : toc dd hiy cla positron tai bdy monovacancy vd § trang thdi
ty do

N&u nhu thong lugng clia positron phat ra tif ngudn 13 khong ddi theo thdi
gian (thdi gian ban hly clia ngudn 14 16n so vdi thdi gian chi€u ) thi theo trang

thdi cin biang thdng ké clia Doyama ta c6:

dn, dn
b v
—L=—=0 7
de dt 1)
it it A (8)
ToI+1, A4, +v)+4,0,C,
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IV AV VV CV
¥y = = 9)
I +I, A,A4,+v,)+4,0,C,
Thoi gian s6ng clia positron d6i vdi m loai bdy cho bdi :
TETy 40T, ()
J=1
Thdoi gian séng clia positron tai monovacancy :
- /1“+VV+O'vC, _ r]‘[1+(vv+o-vcv)rv] (11)
A’f(/lv+vv)+ﬁ'vo-.vcv B l+o—v rv+rj'o—v Cv
3 day :
1 AP
e B . e 12
e ol B =y ) (12)

Né&u nhu v, 14 nhd khi d6 su thodt biy cé thé bd qua chiing ta 6 :

T—Tf

=7,0,C, (13)
T, - T

Theo [4] trong trang thdi cdn bing nhiét thi ndng dd monovacancy cho bdi:

v

S E
C= el il i 14
,=exp( K, Jexp( k,,T) (14)

3 didy E} :ning lugng hinh thinh monovacancy
kg . hing s& Boltzmann
S, : entropy hinh thanh monovacancy , theo [3] thi S, = 0.6kg
trong kim loai fcc va S, = 2kg trong kim loai bee. Tif quan hé nay thi néﬂg lugng
tao thanh monovacancy cé thé dugc tinh, Khi v, 12 di 16n t6c d thoat bdy

khong thé bd qua tif phuong trinh (8) thi :

T —I'f

r (4, )7, 0, C (15)
T

v

Ty—T

Tir phuong trinh (13) va (15)

r—%;
C =
E‘_v:z =g =3 z-1 =1 : ey
I e L et 170 B
T, —T Ty
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g day :

C, : ndng do monovacancy dudc tinh khi khéng c6 sy thodt by
C. : ndng d6 monovacancy khi tinh d€n sy thodt biy (ndng do
monovacancy thit sy trong mau)

7, : thdi gian s6ng cla positron tai monovacancy
Wy & t(‘?'c d¢ thoat bgy clia positron tai by 12 monovacancy né dugc tinh

qua cOng thifc clia Seeger (

kT £
V.= - 17
e k,,T) a7
J day

¢,, : ning lugng lién két clia positron tai trang thi by

h : hiing s& Planck
Trong trudng hgp khdng c6 sy thodt by ti [3] [5] ta c6:

gr = KI0; g 1P ALY L T (18)
L=T; Al® Al T,
Trong trudng hop c6 tinh d€n sy thodt biy tir [5] ta c6 :
r _ KT\T, M}'” ALY T,
E = fn——2dxin-t+ind] (19)
L-1,° AP A% T

Véi Al (0) = 1(0)-I; (0)
Aly (0) = 1(0)-1v (0)

o R v(‘,:’
A, +vi
Kim loai Al c6 cdc gid tri 1,=237.10""%s va €,,=0.28ev [4 ]
V6i céc s8 liéu tir [4 ], 4p dung cdc phuong trinh bdy tdng quaét, ching toi

da thu dugc céc két qua dudi diy

EF = EF + 20Ty, 4 > R
v v 7’!‘ -.—.Tz
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X E, (ev) Ef (ev)
-1/2 0.719+ 0.051 0.416 + 0.010

0 0.671 +0.013 0.368 + 0.011
Vs 0.751 +0.014 0.320 + 0.023

Bdng 2: Cdc gid tri ndng lugng hinh thanh monovacancy trong kim loai Al

2. Hi¢u chinh nang lugng hinh thanh monovacancy tinh ning lugng
hinh thanh divacancy trong kim loai Al :

Trong tinh todn[ 1] chi ra khi ti s6 ndng d monovacancy vao khodng 10°%
thi c6 10% s& positron bi biy, do dé khi ndng d6 monovacancy ting lén vao
khodng 10™* thi hdu nhu toan bo s& positron di vio mdi trudng déu & trang thai
biy. Di€u nay néi lén ring gid tri I, dic trung cho qud trinh hly tai trang thai
bdy monovacancy sé& ti€n d&én mot gid tri hiing khi ndng d6 monovacancy dat
dén gid tri bdo hoda vao khoang 10 [6]. Tit nhiing tinh todn cho thdy ring khi
nhiét d6 vao khodng 400°C thi ndng d6 monovacancy di dat d&n gi4 tri bao hoa
10", Tuy nhién theo 8 liéu [4] thi s d€m vin ti€p tuc ting. Pidu nay dudc giai
thich tai nhiét d§ cao khi ndng d monovacancy dat dén gid tri 10, khi d6 c6
xdc sudt hai monovacncy lién k€t vdi nhau tao thanh divacancy s€ ting lén va _
positron bi bdt va hily tai cdc divacancy s& déng gép cho su ting 1én cla s6 d&€m.
Do dé, sy hinh thanh divacancy trong viing nhiét d§ cao cdn dugc quan tim.
Chinh nhitng 1§ do trén ching ta s& tinh todn lai ning lugng hinh thanh
monovacancy trong khodng nhiét do bé hon 400°C va ning lugng hinh thanh
divacancy trong khodng nhiét dd cao hon kém theo cd hiéu t@ng thodt biy ciia
monovacancy. Bay gid, ching ta di tim bi€u thic cda ning lugng hinh thanh
divacancy. N€u ching ta goi I 12 thong s6 hily clia divacancy. Khi dé, ta c6 biéu
thic sau.

I=yd, +y I +y,l, (21)
Vi ¥, vy va v4 14n luge 13 xdc suit hly cla positron & trang théi tu do,
trang thdi by monovacancy va trang thii biy divacancy. Bdi vi tdng x4c suit

clia qué trinh hiy 1a 1 nén ta cé.
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Yetyytra=1 (22)
Céc xdc suit hiy dugc xdc dinh trong phuong trinh (22) .
A'!‘(A‘v + vv)

o o v, % kg (O B 7. J94C el
Ao C
vz ) vy vy 24
L )k 0.C 0. FVJ0,C, 4
A, +v, )o,C
,Yd ( v v) d™~d (25)

Ak, % )4 X8, C, # [k, +¥,)6,C,
Vi Cy la n6ng d6 divacancy & nhiét dd T . Ta cé thé viét C, dudi dang

sau,

=
Cq =CMCXP(~—E:"[-) (26)
T&c d bdt positron o, clia divacancy & diy chiing ta gid st ring 1a mot
dai lugng phu thudc vao nhiét dd nhu 1 t6c dd bit cia monovacancy.[1]
Gy, =06,T" (27)
Tt cdc phuong trinh (21) dén (25) ta ¢6 thé thu dudc tdc do d€m I(0) khi
tinh d&€n hiéu ¢ng divacancy

Ae(Ay + v, ) (0)+4,6,C,1,(0)+ (A, +v,)0,C,I,(0)

1(0) =
Ai(A, +v,)+A,0,C, +(A, +Vv,)o,C,

(28)

Pua cdc phudng trinh (26),(27) vao ( 28) va tinh todn tai hai nhiét do

khac nhau ta thu dugc bi€u thitc xdc dinh ndng do divacancy .

EF
BYAIY +exp(- —)ALY
kT,
In = +1
B®AIY +exp(- —L)AIY
f p( sz) v

% kT.T,
T! = Tz

£ A | (xv + v

n + In|
0) (2)
Al A, +V,

] (29)

g A

Céc chi s6 (1),(2) tudng ing vdi hai nhiét dd T, va T, .
Cédc dai lugng trong (29) l1a nhu sau:
Al =1(0)-1,(0)

AL, =1(0)-1,(0)
AL, =1(0)~1,(0)
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auy _ AR, WL
Aa.CuT;

od “(1).(2)

B

Tén s6 thodt biy ciia monovacancy trong cic bi€u thif trén.

|
v _ (@) exp(~

' h kT(l).(2)

) (30)

K&t qud tinh todn ning lugng hinh thanh monovacancy va divacancy

dudc tinh todn tif s§ liéu trong [ 4] va phuong trinh (29). K&t qud dugc cho trong

béng sau.
St phu thudc ciia tdc dd E: (eV) c6 tinh dén sy
= -a - F *
bay vdo nhiét dd. E v (eV) Ez (eV) thodt bﬁy clia
monovacancy
-1/2 0.626+0.045 3 0.337+0.101 0.984+0.150
0 0.578+0.054 0.289+0.198 0.956+0.120
172 0.546+0.020 0.242+ 0.096 0.923+0.118

Bang 3. két qud nang lugng hinh thang monovacancy va divacancy trong Al

3. Méng a6 divacancy tuong ddi xuét hi¢n trong méu kim loai Al :
Vi k€t qua tinh ning lugng hinh thanh divacancy trong bang 3, chon gié tri
itng v6i trudng hop t6c dd biy khong phu thudc vao nhiét do két hgp véi phuong

trinh (26), chiing t6i c6 bang sd liéu sau:

T(°C) | 400 450 500 550 600 650 700 750 800 850 900

CdCus | 7.2.10° 2.3.107 6,0.107 1.4.10° 3,1.10° 6,2.10° 1,5.10° 2,0.10° 33.10°" 53.10° 8,0.10°

Bang 4. Nong dé tuong dbi ciia divacancy trong Al vdi ndng lugng hinh thanh
divacancy EE =0,956 (eV)

1L KET LUAN

Tai nhiét d6 400°C khi ndng dd monovacancy trong Al dat dén gi4 tri 10
thi t6c do huy positron bao hoda nhung trén thuc t€ tdc d huy van gia ting, Iy do
¢6 thé 12 khi ndng d6 monovacancy dat dén gié tri bdo hoa, cdc monovacancy
gAn nhau c6 thé lién két lai tao thanh divacancy, theo két tinh cda bing 5 cho
thdy ndng do divacancy trong kim loai Al ting nhanh theo nhigt dg, chinh vi Iy

do d6 sy hinh thanh divacancy trén khodng nhiét d6 ndy cdn dugc quan tim
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trong qué trinh tinh todn. N6i tém lai khi tinh todn ndng do hinh thanh vacancy
tai nhiét do cao ching ta cin phdi quan tim d€n higu Gng divacancy vi cac
divacancy ndy sé& 4nh hudng manh dé€n cu tric va tinh bén vitng clia kim loai.
STUDY OF CONCENTRATION OF DIVACANCY IN METAL Al BY APPLYING OF
THE POSITRON TRAPPING MODEL WITH DETRAPPING EFFECT

OF MONOVACANCY
Chau Van Tao - Mai Van Nhon - Le Tan Hau - Phan Quoc . uy

ABSTRACT: By applying the positron trapping model ( PTM ) for metal Al with
monovacancy, divacancy, detrapping effect of positron for monovacancy, the formation
energy of monovacancy and divacancy are estimated. By using the value of formatton
energy of divacancy in the case with the trap rate depends on temperature is E = 0,956

+ 0,120 (eV) the fraction of concentrate of divacancy is estimated at differently
temperatures. These results are  available for researching stable structure
of metal Al and its alloy
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