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AP DUNG MO HINH BAY POSITRON
cO TiINH DEN SU THOAT BAY
TiNH NANG LUQNG HiNH THANH MONOVACANCY
TRONG MOT SO KIM LOAI

Chéu Vin Tao, Mai Vin Nhon, Pham Anh Ti
B§ Mon Vit Ly Hat Nhan — Trudng Pai Hoc Khoa Hoc Ty Nhién
(Nhdn dugc ngay 18/03/1998)

Tém tit: -

Positron bj biy tai trang thdi vacancy trong mdt s& kim loai cho chiing ta tinh
dudc ning lugng hinh thanh vacancy trong trang thdi cin bing nhiét, di li¢u c6
dugc d6i v6i phép do tuwdng quan géc khe di trong Al, Cd, In, Zn, Pb dugc tinh
todn qua md hinh by trong di€u kién khdng c6 sy thodt bAy va c6 sy thodt biy.
Niing lugng hinh thanh vacancy khi khong c6 thodt bdy phd hgp véi cdc két qui
di dudc tinh todn gan ddy dugc trinh biy bdi Doyama va R.R.Hsiyuti, cdn ning
lugng hinh thanh vacancy khi tinh d&€n sy tho4t biy thi phi hgp véi sy dy dodn
dudc cho béi P.Hautojarvi va C.Corbel.

L M hinh b4y 4p dung cho monovacancy trong kim loai

T6c do biy cia positron dugc quyét dinh qua hai 4nh hudng:

- Positron phdi di chuyén tdi trang thdi biy, tai nhiét do dd cao
positron di bi nhiét h6a chuyén dong trong moi trudng c6 thé md td
bdi su khuéch tdn

- Khi positron dén biy thi positron phdi nhdy vao trong biy véi toc do
by 1 oj va sau d6 ciing c6 thé tho4t ra véi tdc do thodt by vj.

Trong mdt s& cong trinh nghién cifu vé ning lugng hinh thinh monovacancy
trong kim loai thi ngudi ta thudng tao ra cdc miu ma theo sy tinh todn thi né chi chita
monovacancy ( thong thudng 12 nung miu 1én khi d6 s6 monovacancy s& gia ting theo
nhiét d6), véi m6 hinh biy mot loai by ( chi c6 monovacancy ):

oy —An, -0, Con; +v.n, +N ¢))
dt
d:;tv =_.-an\1 +chvnf =v,n, (2)

& day : ng, n, : s6 positron & trang th4i ty do va trang th4i by tai thdi diém t

Gy, Vy : tc d0 bAy clia by monovacancy va tdc do thoat biy cla positron tai
biy monovacancy.

C, :ndngdd bidy monovacancy

Ay, Af :toc d6 hiy cilia positron tai biy monovacancy va & trang théi tu do
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N : thong lugng positron tif ngudn

Theo didu kién tic dong dén trang thdi 8n dinh cda Doyama néu nhu thong
lugng ciia positron phat ra tif ngudn 1a khoéng ddi theo thdi gian (thdi gian ban hiy cia
ngudn 12 16n so vdi thdi gian chi€u) thi theo trang thdi cin bing thong ké:

o, & @
dt dt
I sl )
Yy S = ()
I+1, A/, +v,)+A,0,C,
I A v, C,
Tf - v = vV Vv (6)
If +Iv A‘!’(?\‘v +Vv)+kvcvcv
Thdi gian s&ng clia positron ddi vdi m loai by cho bdi:
T=TeYe + QT (7
: e
Thdi gian sOng clia positron tai monovacancy:
e A, +v, +0,C, _ 'cf[1+(vv +O'V_Cv)‘[V] @)
A, (A, +v,)+r,0,C, l+o,1,+10,C,
3 day
1 1
T, =— : = 9
f » T . 9

i) N&u nhu v, 12 nhd sy thodt biy c6 thé bd qua chiing ta c6:

T— T,

=1,6,C, (10)
T, T

Theo [3] trong trang thdi cin bang nhiét thi néng d6 monovacancy cho bdi

S B
C, =exp| -~ |exp| —— 11
ool a8
G aay : Ey :ning lugng hinh thAnh monovacancy
kg : hiing s6 Boltzmann
Sy : entropy hinh thanh monovacancy, theo mgt s6 cong trinh

nghién cifu thi Sy = 0,6 kg trong kim loai fcc va Sy = 2 kp trong kim loai bee T quan hé
nay thi ning lugng tao thanh mono vacancy c6 thé dugc do, n€u xem positron ¢4 hai
trang thdi hiy 12 trang thdi hiy ty do va trang théi hiy tai biy thi theo Connors [1]
tham s h ciia syt phdn bd géc sé 1a:

I L

h=hjyj+h‘,~{‘,=h,Tf+thv (12)
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SO (13)
h,-h nA; +nA,
Do d6 ta co su tudng quan sau:
- h-h A
T Tf - f - nv v (14)
T,—T h,-h n;+nA,
- Khi oy 1a khong phu thudc nhiét do:
h _ v
Ln by =—E—F+const (15)
h, -h kT
- Khi oy phu thudc nhiét do theo T':
h-h B
Ln——i=—-—i+anT+const (16)
h, =h kT 2
ii) Khi v, 1a di 16n 8¢ do thodt by khong thé bd qua tit phudng trinh (8)
thi:
Tv _+vv) = trO'va (17)
T, =T 1%,

T phuong trinh (10) va (17)

T~

2

v T, -1 1

C_:= T—T; 1 =l+tvvv
T
1,-1) |1, +V,

C, : Nong d6 monovacancy dugc tinh khi khong c6 su thoat biy
C,: Nong do monovacancy khi tinh d&n sy thoit biy (ndng do

(18)

o) day

monovacancy thit sy trong miu)

T : thdi gian sdng clia positron tai monovacancy
Vy : tc d9 thoat biy cla positron tai bdy 12 monovacancy né dudc
tinh qua cOng thdc cia Seeger (1973)
kT €
v, =——exp| - —= (19)
h kX

G aay : €y :ninglugng lién k&t clia positron tai trang thdi biy
H : hing ¢6 Planck

IT Tinh niing lugng hinh thanh monovacancy

Né&u nhuf positron hiiy trong trang thdi biy va trong trang thdi tu do thi thong s&
hdy h trong cdc phuong trinh ma thyc nghiém do dudc s& c6 gi4 tri khdc nhau ddi véi
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céc thong s6 dic trung clia mdi trudng hgp hiy, h 1a dai lugng vat 1y c6 duge tit thuc
nghiém nhu xung lugng positron, sy phin b thdi gian sdng, twdng quan géc hodc tif cic
dédc trung khdc ctiia qud trinh hiy phdt ra. Péc trung clia hg va h, 12 khdc nhau, trong md
hinh cla phudng trinh (15) va (16) chiing ta gia si riing sy thay ddi ctia h chi phit hgp
vdi cdc sy thay d8i clia vacancy con dnh hudng clia cdc qud trinh khic (nhu 1a giin nd
nhiét ctia miu) 1a khong ddng ké hoic bd qua. Tif theo dbi dai lugng h s& s liéu thuc
nghiém don gidn Positron di vdo vit chit, bi nhiét héa va hly véi cdc electron ty do
hoidc cédc electron 10i ion.

1. Ning lugng hinh thinh monovacancy khi khéng tinh d€n tho4t biy:

Do dif liéu c6 dudc 1a tdc d6 d€m tai © = 0 trong phép do tuong quan géc do d6
thong s& hy, hy, h 12 cdc gid tri s6 d€m do dugc khi positron hdy tai trang thdi tu do, hidy
tai monovacancy va hlly trong toan khd&i. Tir cdc phuong trinh (15) va (16) qua mét s&
bi€n d6i don gidn ching ta bi€u thic tinh toin ning lugng hinh thanh monovacancy
trong trudng hgp o, phu thudc nhiét d va khdng phu thugc nhiét dd nhu sau:

- P6i véi trudng hgp o, khdng phu thude nhiét do:

v KOT, T, -10)][1(G)-1,]
B [ 0E e | I

- N&u nhi o, phu thudc nhiét do theo T thi:

o= Sl ) e

J déy: T;, T; 1a nhié€t d¢ tai hai lan do khéc nhau tudng ttng vdi s& dé€m 12 I() va I(j)

Gi4 tri cia E}] dudc tinh dua vao chudng trinh Positron.pas, va céc s6 liéu thuc
nghiém trong [5] ta tinh dugc E} cho cdc kim loai trong trudng hgp oy khong phu thudc
nhiét do va phu thudc nhiét d§ dudge cho trong bang l1a va 1b

Bang 1 Ning ludng tao thanh vacancy trong mot s& kim loai
Béng la Trudng hdp oy khdng phu thude vao nhiét do

Kim loai In Cd Pb Al Zn

~EJ(eV) | 0,56+0,02 | 0,40+0,02 | 0,63+0,02 | 0,66+0,07 | 0,60+0,03

Bang 1b: Trudng hdp o, phu thudc vao nhiét d theo T2

Kim loai In Cd Pb Al Zn

E)Y(eV) | 0,59+0,03 | 0,51+0,04 | 0,68+0,03 | 0,72+0,08 | 0,63 £0,05

2. Ning luong hinh thanh monovacancy khi tinh dén thoét bay

Pé& c6 dudc ndng lugng hinh thanh vacancy chinh xdc hon thi sy tinh to4n trong
phan trude chiing ta phdi xét d€n sy phu thudc nhiét d6 cla Ir, I, va hiéu @ng thodt biy.
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Trong phin nay chiing t6i dwa vao md hinh tho4t by dd dugc trinh bay trong phén I dé
hiéu chinh ning lugng hinh thanh vacancy khi c6 sy thodt by xdy ra.

Gi4 tri bdo hoa I, s& c6 gid tri thdp hon khi hi&u ng thodt biy tdn tai, do d6 néu
tinh d€n sy thodt bdy thi ching ta c6 thé du dodn E) s& c6 gid tri thdp hon d6i véi
trudng hgp khong tinh sy thodt bay.

Khi tinh todn ning lugng hinh monovacancy bao ham ca su thoét bdy tir phuong
trinh (180 va (19) ta hiéu chinh lai ning lugng hinh thanh monovacancy tai mdi nhiét
do tit viéc bién ddi thanh mot ham E) theo EY

EY = EY -kTIn (1 + 7, ) (22)

EY : ning lugng hinh thinh monovacancy khi tinh dén sy thoét bAy.

Véi 1 : 12 thdii gian s6ng cla positron tai vacancy
€wp  :12 ning lugng lién k&t cla positron tai vacancy

Céc gid tr t, va &, dugc sit dung tir [2.3]. Néng Iuvgng hinh thanh vacancy trong
mot s6 kim loai khi tinh dén thot biy dugc trong bang 2.

Kim loai In Cd Pb Al Zn

E} (eV) 0,37+0,02 | 0,32+£0,02 | 0,46+0,02 | 0,49+0,01 |-0,49+0,01

Bang 2: ning lugng hinh thainh monovacancy khi tinh d€n hiéu dng thodt biy
1. Ké&tluan

Ning lugng hinh thinh monovacancy EY khi tinh d&n sy thoat biy dudc trong

bang 2 clia m6t s6 kim loai thi phdt hgp véi sy du dodn cia P.Hautojarvi va C.Corbel
[6]

APPLICATION OF THE POSITRON TRAPPING MODEL WITH
DETRAPPINGEFFECT TO STUDY THE FORMATION ENERGY
OF MONOVACANCY IN SOME METALS

Chéu Viin Tao, Mai Viin Nhdn, Pham Anh Td

Abstract:

By applying the positron model (PMT) without detrapping effect, the formation energy
of monovacancy in metals In, Zn, Cd, Al, Pb is calculated. If the positron trapping
model (PMT) with trapping effect is used, then the formation energy of monovacancy in
metals In, Zn, Cd, Al, Pb are :

0,49 £0.01eV,0.37 £ 0.02eV,0.32 £ 0.02eV,0.49 + 0.02eV  and 0,46 £0.02eV

respectively. From these results, the ratios of concentration monovacancy in estimating
without and with detrapping is shown, these ratios are larger where temperatures are
higher. We can conclude that the trapping effect is non negligible in applying PTM to
study monovacancy in these metals.
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