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Tém tat: Trong bai bao nay, dwa trén md hinh cBQ cla nhiét dong hoc, chling ti nghién céu qué trinh
tw khuéch tan trong kim loai sat. Ching toi da xay dwng biéu thirc giai tich cia mot s dai lwong khuéch

tan nhw hé sb tw khuéch tan, nang lwong ty do Gibbs kich hoat, thé tich kich hoat, entropy kich hoat,
enthalpy kich hoat. Thwc hién tinh toan sé hé sé tw khuéch tan cta kim loai sét (pha a), ching t6i nhan
dwoc két qua phu hop tét vai sé liéu thuc nghiém. Diéu nay khdng dinh sy ding dén clia mo hinh cBQ
trong nghién ctru hién twong tw khuéch tan cia kim loai sit. Ddng thoi, ching téi ciing xac dinh dwoc
gia tri cha cac dai lwong tw khuéch tan trong khoang nhiét d6 tlr 500 K dén 1200 K. Két qua cho thay,
céc tham sé tw khuéch tan trong kim loai sat thay ddi kha cham theo nhiét do.

Tir khéa: tw khuéch tan; hé sé khuéch tan; khuyét tat diém; mé hinh cBQ; kim loai sét.

1. Gi&i thiéu

Kim loai st 1a mot trong céac vat liéu c6 nhiéu tng
dung trong doi séng. Gan déy, sit con duoc tap trung
nghién ciru trong ché tao cac pin thé hé méi [1], [2]. Céc
tinh chat nhiét dong cua sit & 4p suét va nhiét do cao
cung cap dit liéu quan trong cho cac nghién ctu vé tinh
chat dong luc, tinh chit tir, sy hinh thanh va tién hoéa
cua Trai dat [3], [4]. Thong tin vé qud trinh tu khuéch
tan cua sit giup cac nha dia vat Ii hiéu va mé hinh hoa
cac hoat dong dia chat [5]. Ngoai ra, qué trinh khuéch
tan con lién quan tryc tiép dén chuyén dong bién hat va
chuyén pha ciu tric cua cac kim loai va hop kim. Do
d6, khao st qua trinh khuéch tan cé thé gitp nghién ciu
tinh bén viing ciing nhu didu khién qua trinh tong hop
vat liéu nén [6]. Vi vay, nghién ciru céc tinh chat nhiét
dong, dac biét 1a tinh chét khuéch tan, tu khuéch tan cua
sit c6 ¥ nghia quan trong.

O diéu kién thuong, sit c6 cau tric lap phuong
tam khoi (pha «) va qua trinh chuyén pha sang cau tric
lap phuong tam dién (pha y) xay ra ¢ nhiét do khoang
1200 K [7]. Trong bai b&o nay, dya trén md hinh ¢BQ
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trong nhiét @ong hoc [8] chung tdi nghién cau qua
trinh ty khuéch tan trong kim loai sit & pha a (a-sat).
Cac biéu thuc giai tich caa mot sé dai lugng khuéch
tan nhu hé s6 khuéch tan, thé tich kich hoat, entropy
kich hoat, enthalpy kich hoat s& duoc tinh toan sé va
so sénh véi sb liéu thuc nghiém thu thap dugc dé kiém
nghiém Ii thuyét.

2. Phwong phap nghién ctru
2.1. M6 hinh cBQ

Dbi véi quéa trinh tu khuéch tan cua mot co ché
khuéch tan don, hé sb khuéch tan D c6 thé dugc mé ta
boi phuong trinh Arrhenius nhu sau [8]:

gaCt
D= f.g.azvexp£—k Tj, (1)
B

trong do, f 1a hé sb twong quan phu thudc vao dang ciu
trac va co ché khuéch tén, g 1a hé sé hinh hoc, a la buéc
nhay c6 gié tri ¢& hang s6 mang, v la tan s6 nhay tuong
ing c6 gia tri c& tan sb Debye vy, kg la hang sb
Boltzmann va g** 1a nang lugng tu do Gibbs kich hoat.
Nang lugng kich hoat g°" 1a tong nang lugng cua cac

qua hinh thanh (g ") va chuyén dich (g™) khuéch tan.
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Pai luong nay phu thudc vao nhiét d6 T va &p suit P
theo phuong trinh:
gact — h3%t _Tgact

act act act (2)
=& =Ts™ + Pv™,

trong d6: h*' 14 enthalpy kich hoat, £2'1a ning luong

act

kich hoat va &% =~ h®*" & didu kién thuong, s° entropy

kich hoat vav*1a thé tich kich hoat cua qué trinh
khuéch tan.

Trong md hinh nhiét déng hoc ¢BQ, nang lugng tu
do Gibbs kich hoat g lién hé véi tinh chat khdi cia
vat ligu boi phuong trinh [8]:

gact — CactBQ , (3)
trong d6, B 1a moédun nén khéi dang nhiét, Q 1a thé tich
trung binh cua nguyén tir va ¢ 1a dai luong khong tht
nguyén, dugc xem la hing sb, khong phu thudc vao
nhiét d6 va ap suat.

2.2. M6t s6 dai lwong khuéch tan

Tir phuong trinh (2), chung ta c6 thé thiét 1ap duoc
biéu thirc c4c tinh chat nhiét dong cua khuyét tat diém

act

nhu thé tich kich hoat V", entropy kich hoat $* va
enthalpy kich hoat h*' cua qué trinh khuéch tan nhu

sau:
act
va“:—(ag ] =caC‘Q{@ —1}, (4)
P ) P,

act
sa“:—[ag_l_ J :caC‘Q{g—_I? + ﬂB} (5)
P

haCt — gact +TS&C'[

P

= ca‘“Q[B -1/ -T Z—B

(6)
T, )

trong do, 8 =0Q7(00/aT|), 1a he sé gian no nhiet

khéi cua vat liéu.

Dé xac dinh cac tham sé khuyét tat diém bang mo
hinh ¢BQ, chiing ta cin xéac dinh dugc hing sé ¢** dua
trén dit liéu do thuc nghiém hé sb khuéch tan. Trong

truong hop chi c6 mét gia tri khuéch tan thuc nghiém

18

act

D; dugc do ¢ nhiét do Ty (hay ap suit P;), tham sé €
c6 thé duoc xac dinh tir phuong trinh (1) khi chung ta
biét thura s6 fga®v . Cach tinh nay thuong s& gap sai s
I6n va yéu cau phai co day da théng tin vé cac dai lwong
f, g, a va v. Truong hop khi ching ta da biét hé sd
khuéch tan thuc nghiém trong mot khoang rong nhiét do
(hoac &p suat), gia tri trung binh ciia ¢ c6 thé dugc
xac dinh bang cach thay phuong trinh (3) vao phuong
trinh (1) va lay logarit hai vé ctia phuong trinh:
2 act BQ
InD_In(fga v)-c o ©)
Tir phwong trinh (7) chung ta nhan thay, ham InD
phu thudc tuyén tinh vao BQ/ksT va hé sé ¢ duoc xac
dinh théng qua hé sb goc cua duong thing InD.

Sau khi da biét dugc hang s6 ¢, ching ta c6 thé

tinh dugc hé sé khuéch tdn D & bét ki nhiét do va ap
suit nao, mién 1a ching ta co dwoc thong tin vé dit liu
dan hdi va gian no cua vat lidu do.

3. Két qua va thao luan

Trong phan nay, ching tdi s& thyuc hién tinh toan sé
qua trinh tu khuéch tan cua a-sit (cdu trdc lap phuong
tam khéi) s dung mé hinh nhiét dong hoc ¢BQ. Tir dit
lieu cia moédun nén khdi B va thé tich trung binh
nguyén tir Q [9] cuia a-sat chung toi xac dinh biéu thuc
phu thudc nhiét do cua B (GPa) va Q (A®) twong tng la:

B =203.92—-0.058T +6.73.10°T?, (8)

0Q=1151+54510"T + 1.10.107T? (9)

Trong tai liéu [10], James va Leak da do dugc gia
tri thuc nghiém hé sé tu khuéch tan cua a-sit. Két qua
do bai James va Leak va ham lam khap theo mé hinh
¢BQ dugc chlng t6i biéu dién trén Hinh 1. Méi twong
quan tuyén tinh gitra InD va BQ/ksT (hé s6 twong quan
R > 0.999) cho thdy sy dung din caa mé hinh cBQ.
Biéu thurc giai tich ham lam khop cua hé sb khuéch tan
D ¢ dang In(D)=34.234—0.1934x(%}. Tur day,

B
ching t6i cling xac dinh dugc gia tri cua hang sb
c* cua sit la ¢ =0.1934.
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Hinh 1. Sy phu thudc nhiét do cia hé $6 tir khuéch tan
trong kim logi sat. Két qud thuc nghiém dwoc do boi
James va Leak [10]

Bdng 1. Cac dai lvong tu khuéch tan cia a-sdt

T 9 act Sact h act Vact
(K) €V) (xkg) (eV) (cm3/mol)
500- | 2.379- 6.027- 2.826- |5.565-6.324
1200 | 2.566 6.254 3.026
Thay ¢**, B, Q vao cac phuong trinh (3)-(6) chiing

t6i thu duoc gid tri cua cac dai lwong tu khuéch tan cua
a-sat. Trong Bang 1, ching toi biéu dién gia trj cac dai
lvong khuéch tan cua a-sit trong khoang nhiét do tir
500 dén 1200 K. O day chu ¥ rang, gia tri hé s6 gian no
nhiét khdi cua vat liéu duge xac dinh tir h¢ s gidn no
nhiét tuyén tinh B =3, , véi o, ~5.6124.10° (K1) [9]
va dao ham bac nhét theo 4p suit cia modun nén khdi
dang nhiét 6B/oP = 4.97 [11]. Gi4 tri thé tich kich hoat
trong nghién cttu cua ching t6i 5.565 - 6.324 cm®/mol
khé trang khép véi két qua tinh cia Zhang [7] (5.22 -
5.68 cm3/mol).
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Hinh 2. Cdc tham s6 khuyét tdt diém

cia qud trinh tw khuéch tan trong a-st

Trén Hinh 2, ching t6i biéu dién su phu thugc nhiét
d6 cua cac dai luong khuyét tat diém (gom ning lugng

kich hoat g**, entropy kich hoat $* va enthalpy kich

hoat h*') trong qué trinh tu khuéch tan cua a-sit. Co
thé thay, cac dai lugng nhiét dong nay thay doi nho theo
nhiét do.

4. Kétluan

Trong bai bdo nay, dga trén md hinh ¢BQ trong
nhiét dong hoc ching téi da nghién ciru qué trinh tu
khuéch tan trong kim loai sit. Gié tri Ii thuyét hé s tu
khuéch tan cua a-sit phu hop tét véi sé ligu thuc
nghiém thu thap dugc. Diéu nay khing dinh sy dung
dan cua md hinh ¢BQ. Ngoai ra, chung toi cling thuc
hién tinh s mot sé tham sé khuéch tan khac nhu thé
tich kich hoat, entropy kich hoat, enthalpy kich hoat,
nidng lugng kich hoat trong khoang nhiét do tir 500 K
dén 1200 K. Két qua tinh sé cho thdy, cac dai lugng
khuéch tan bién thién kha cham theo nhiét do. Nhiing
dir liéu khuéch tan nay c6 y nghia quan trong trong mo
phong cac qué trinh hoa li ¢ phan sau bén trong céc
hanh tinh. Két qua cua nghién ctiu c6 thé dwoc mé rong
va phét trién cho kim loai sit & cac pha khac nhau &
nhiét d6 va ap suat cao.

L&i cam on: Nghién ciru nay duoc tai trg boi

Quy Phét trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong dé tai ma s6 103.01-2017.343.
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THERMODYNAMIC CALCULATIONS OF SELF-DIFFUSION PARAMETERS IN IRON

Abstract: In this paper, basing on the cBQ in thermodynamics, we have investigated the self-diffusion mechanism in iron metal.
We derived the analytical expressions of thermodynamic quantifiers, i.e, self-diffusion coefficient, activation Gibbs free energy,
activation volume, activation entropy, and activation enthalpy. Numerical calculations have been performed for self-diffusion of iron
showing a good agreement of diffusion coefficient with experimental data. This confirms the validity of the thermodynamic cBQ model
on the investigation of self-diffusion in iron. Simultaneously, we determined the values of self-diffusion parameters in a-iron in
temperature range 500-1200 K. Our results show that these diffusion parameters are weak-dependent on temperature.

Key words: self-diffusion; Diffusion coefficient; Point defect; cBQ model; Iron.
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