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Tém tit: Cac tinh chat cdu trac va nhiét dong cua tinh thé Ceria pha tap Gadolinia (GDC)
dugc nghién ctru bang phuong phap thong ké momen trong vat 1y thong ké lugng tir. Céc
biéu thirc giai tich tuong minh xac dinh héng sb mang, h¢ s6 gian nd nhi¢t va cac nhiét dung
dang tich va dang ap c6 tinh dén cac hiéu ung phi diéu hoa ciia dao dong mang tinh thé dugc
thiét 1ap. Nghién ctu xac dinh dugc sy phu thudc cua khoang cach lan can gﬁn nhat, hé sb
gian nd nhiét va cac nhiét dung vao nhiét d¢ va néng do6 tap chét. Cac két qua tinh toan dugc
so sanh véi cac két qua thyc nghiém.

Tiwr khéa: khoang lan can gﬁn nhét, hé sd gian nd nhiét, nhi¢t dung, Ceria pha tap Gadolinia,
phuong phép thong ké momen.

STUDY OF STRUCTURAL AND THERMODYNAMICAL PROPERTIES
OF GADOLINIA DOPED CERIA USING THE METHOD OF MOMENTS

Abstract: The structural and thermodynamic properties of Gadolinia-doped Ceria (GDC) are
studied using the method of moments in quantum statistical physics. Explicit analytical
expressions determining the lattice constant, thermal expansion coefficient and the isochoric
and isobaric heat capacities consider the anharmonic effects of the established lattice
vibrations. The study determines the dependence of the nearest neighbor distance, thermal
expansion coefficient and heat capacities on temperature and impurity concentration. The
calculated results are compared with the experimental results.

Keyword: the nearest neighbor distance, thermal expansion coefficient, heat capacity,
Gadolinia-doped Ceria, the method of moments.

1. GIOI THIEU cdu tric mang fluorit 1ap phwong gdm céc
) cation Ce*" va Gd*" nam trén mang lap
phuong tim dién (fcc) va cac anion O* chiém
cac vi tri ciia mang 14p phuong con. Thay thé
cac ion Ce*" boi cac ion Gd** tai cac nut
mang trén mang fec s& tao ra cac nit khuyét
oxy v&i nong do cao dé duy tri su can bang

Ceria (CeO») 1a mot loai vat liéu hip
dan véi cac tng dung pho bién trong cac chit
xuc tac, vat li¢u dién phan, sen xo khi, va cac
bd nhé truy cap ngau nhién tir dién tror [1-4].
Tinh thé Ceria pha tap Gadolinia (GDC) c6
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dién tich ciia mang tinh thé. Su tao thanh céac
nat khuyét oxy dwoc xac dinh boi phuong
trinh (1) v&i ki hi¢u Kroger -Vink [5]

Gd,0, = 2Gd,, +30)+ Vg . (1)

Nhiéu nghién ctru thue nghiém da duoc
tién hanh dé tim hiéu vé cac tinh chét cu tric
va nhiét dong cua tinh thé GDC. Sir dung cac
phép do nhiéu xa tia X, M.G. Chourashiya va
céc cong su [6] da tim dugc hang sb mang cua
cac mau GDC10, GDC20 and GDC30 & cac
nhiét d6 nung tir 1473 K dén 1773 K. Két qua
cho thiy hing s6 mang ting 1én ctng v6i nong
do Gd,05. biéu nay xac nhan sy hoa tan cua
tap chit Gd,05 vao mang tinh thé fluorit ctia
Ce0,. Bo rong t6i da tai nira cyc dai (FWHM)
da duoc xac dinh ¢ cac néng do tap chat khac
nhau (GDC 10, GCD 30, GDC 50, GDC 70)
va nhiét d§ khac nhau (673 K - 873 K) sur dung
cac phép do btrc xa synchrotron Elettra [7]. N.
Stelzer va cac cong su [8] da do dugc nhiét
dung dang ap ciia GDC trong khoang nhiét do
tir 300 K - 1200 K véi hai diéu kién 14 1am mat
va nung nhiét. Nhiét dung dang ap ting cling
v6i nhiét 6 va co sy khac biét nho vé gid tri
giita hai diéu kién 1am mat va nung nhiét. T.
Hisashige cung cac cong sy [9] da tinh toan
dugc hé sb gian n¢ nhiét va nhiét d6 Debye
ctia CeO, va CeO, pha tap cic nguyén tb dat
hiém st dung phwong phép ddy siéu am. Ho
chi ra rang hé s6 gidn né nhiét cua CeO, pha
tap cac nguyén t6 dat hiém ting cing v6i ndng
d6 tap chét va co gia tri 16n hon so véi CeO,.

Hién nay, da sé cac nghién ctru vé
cac tinh céac tinh chit ciu trac va nhiét
dong cua tinh thé GDC 1a cac phép do thuc

kCe,Gd,O = E Z { au

J
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oLyt
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nghiém [6-9]. Trong nghién ctru nay, toi
st dung phuong phap théng ké momen
(PPTKMM) d¢é tinh toan cac dai lugng lién
quan dén cac tinh chit cdu trac va nhiét
dong cua tinh thé GDC, d6 1a hing s
mang, hé sb gian no nhiét va cac nhiét
dung dang tich va ding ap. So sanh véi cac
phuong phap 1y thuyét khac, PPTKMM sir
dung cac biéu thuc toan hoc khong phirc
tap co thé tinh toan dugc mot cach toan
dién céac tinh chit vat ly cua céac vat li¢u
[10]. Tuy nhién, chua c6 nghién ctru nao
st dung PPTKMM dé nghién ciru vé cac
tinh céc tinh chat cdu tric va nhiét dong
ctia tinh thé GDC. Cac két qua tinh toan c6
dugc trong nghién ctu nay chi ra sy phu
thudc cua héng b mang, h¢ sd gian nd
nhiét va cac nhiét dung dang tich va dang
ap vao nhiét do va néng do tap chét.

2. LY THUYET

Sb hmng cac nut khuyet oxy tao ra boi
pha tap bang mot nira s6 luong cac ion tap
chit nén cong thirc téng quat cia tinh thé
GDC tinh dén su c6 mat cta cac nat khuyét
oxy la Ce;,Sm,0;.p, vOi x 12 néng do cua
cac ion Gd*".

Trong PPTKMM, tinh thé Ce,.,Sm,0,.
w2 dugc dac trung béi cac dao dong diéu hoa
cua cac ion Ce*", Gd**, va O% véi cac hing
k., . k. , cAc tan s6 dao dong @,

b luc &

Ce > "7Gd >

, @, , @, va cac tham so phi diéu hoa p,

Ce Gd O Ce Gd (0)
7/1 :7/1 :7/1’]/2 :7/2 a;/2a7/Cc77/Gda

7o [10,11,12,13]
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_ 4(7/1Ce,Gd,O " yZCe,Gd,O )’ (4) véi a

Y ceGao

=X,y orz, U,,l,; lacac toa d) D¢ cac cua

d6 doi cua ion thir j, ¢;;e (or ¢Zd or ¢j°0 ) 1a thé
tuong tac gifta cac ion thir 0 va cac ion Ce**
(or Gd*, or O%) thtr j, m 1 khéi lugng ion
trung binh.

Nang luong tu do Helmholtz cia tinh
thé Ce;.,Gd,05.,» duoc xac dinh [10,11]

Y= \PCeoz,x2 +LPGd _N(;duocC _TS:a (6)

v, =E(§Ie +3Nce9[sCe +ln(1—e—2scc )]_,_ 3N, {k_22|:7/2 S
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are total

where ¥, and N,

Helmholtz energy and the number of Gd**
ions, respectively, in Ce;,Gd,O,.,, crystals,
S*

C

Gd

is the configurational entropy of this

Ce . . .
crystal, and u, is the average interaction

potential of a Ce*" ion in Ce,.,O,., crystal
that determined through the Helmholtz free
energies of Ce*" and O* ions [10].

Trong PPTKMM, nang lugng ty do
cua cac ion Ce*", Gd*" and O* dugc xac dinh
boi cac cong thire
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nang luong tr do cua cac ion trong cac
o phuong trinh (7) - (9). Do d6, nhiét dung
Oce a0 12 cac tan s dao dong clia cacion, I g3ng tich duoc xac dinh bai biéu thire [10,11]

véi 0 =k,T, k, lahang s Boltzmann,

. N 4 Ce Gd O 1. r e
is hang s6 Planck and £°, E*, E; 1acac Cy = O+, CF +¢,Cy, (15)
thé ning tuong tic cua cac ion Ce*', Gd*",
and O ¢ vi tri can bang.
2 2
D6 doi trung binh cua cac ion Ce*', Cge :_T(ﬁ IIICe], C\ffd =—T(%],

voi

Gd*", va O* ra khéi vi tri can bing ¢ nhiét do or* or?
T dugc xéc dinh boi cac cong thire [11] o*y
& =T\ 5

2yc Gdez
(7)) = |4 (10 :
Yeeaa (T) \/ 3higa (10) Nhiét dung dang ap duoc xac dinh tir

mdi quan hé [10,11]
2y,6° 1 6726
Vo & / ;23 4, _3/’ +E(1+7§+J C, =C, +9a*BV'T, (16) 6 day, B, ki
0 Yo higu modun khéi ding nhiét ciia tinh thé GDC.

1 7,0 2p° < v 2 N
128 x _1y- () 3. KET QUA VA THAO LUAN
33K 277k

Dé mo ta twong tac gitra cac ion trong
ceria pha tap, nghién ctru nay sir dung thé
Coulomb va thé Buckingham gdm cac tuong
tac ngin [14]

Khoang céch 14n can gan nhét giita hai -
ng}lyén tr & nhiét 30 7 duge xac dinh boi ¢ (r) _ 4.9, +4 e B _ C’Z" , (18)
biéu thirc r

V6i Apgq VA A, dugc xac dinh nhu

trong cac tai liéu [10] va [11].

01 ¢m, g» la cac dién tich hiéu dun
(Y 4 4 8

TN=r(0)+ T)+ )+
A(T) rl( ) CeeleeT) + CoaYu(T) C%Jlig c4c ion thir m va thir n,  1a khoang cach

(12) giita cac ion, va cac tham s thé 4., By, Comm
Heé s gidn nd nhiét cia tinh thé GDC  duoc trinh bay trong Table 1.
dugc tinh toan dwa vao cac dong gop hé sb Bang 1. Céc tham s6 ciia thé Buckingham
gidn nd nhiét cla cac ion Ce*, Gd**, va O* trong tinh thé GDC [14].
10,11
[10,11] Twong 6

A V o o
a(T) = CCCaCC (T) + CGdaGd (T) + COaO (T s téc " (e ) B’”” (A) Cmn (eV A )

(13) V6i cq,s Coq5 €o 1 nONE @0 ctia céc ion | O~ 0% | 9547,96 | 02192 | 32,00
Ce*, Gd*", va O* va

ky Veegao(T)
a Ty=—2, >
Ce,Gd,O( ) }"1 (O) 89

Ce**- O*| 1809,68 |0,3547 20,40

. (14) Gd** -

o* 1885,75 10,3399 20,34

Cac  nhiét dung dang tich Hinh 1 chi ra hing s mang cua tinh

CSE, C\C,;d, C\(,) ctia cac ion Ce*', Gd*", va 0>  thé GDC ¢ nhiét d6 phong 1a mot ham cua
c6 thé duoc xéc dinh bing cach iy dao ham  1Ong do tap chat. Co thé thay rang hang s6
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mang 16n hon khong nhiéu so voi hing sb
mang cua tinh thé CeO, (x = 0). Hing s6
mang cua tinh thé GDC ting 1én khi nong
d6 tap chit ting. Su gidn nd mang bai pha
tap sinh ra do ban kinh ctia cac ion Gd** 16n
hon so véi ban kinh ctia cac ion Ce*". Cac
tinh toan 1y thuyét cta toi phu hop tét véi
cac két qua thuc nghiém [7]. Céac két qua
hing s6 mang co dugc tir thuc nghiém ting
nhanh ciing v&i ndng d6 tap chat & x < 0.1
nhung lai bién d6i cham khi n6ng do tap
chat gan t&i gidi han tan, x = 0.4,

5.50 T T

s g
GE = o
e | il J
%, 545 e

55 - |

5

c P

@

£
“Q

—a— PPTKMM
40 A C

2 5 & C. Artini va cac cong sy [7]
0

=

5.35 T T T
0.0 0.1 0.2 03 04

X
Hinh 1. Sz,t{)hu thuoc cu’q hdng 56 mang
C}Za tinh thé GDC vao nong do tap chat.
Cdc ket qua thuc nghiém cua C. zjlm'm' va cdc cong
sw [7] dwoc trinh bay dé so sanh.

Céc két qua tinh toan cua hé sb gidn
né nhiét cua tinh thé GDC ¢ 600 K dugc
trinh bay trong Hinh 2. C6 thé thay ring
hé sé gidn no nhiét ting tuyén tinh cing
voi sy tang 1én cua néng do tap chit. Su
phu thudc nay chi ra gia tri 16n hon cta hé
s6 gidn nd nhiét cia tinh thé GDC so véi
tinh thé CeO,. Su thay thé cac ion Ce*" bai
cac ion Gd** thiic ddy cac dao dong nhiét
cua cac ion va do do, cac ion dao dong
manh hon duéi anh hudéng cua nhiét do.
Céc két qua do duoc sir dung nhidu xa tia
X [15] duoc chi ra trong Hinh 2. Cac két
qua hé sb gidn no nhiét tinh toan duoc phu
hop tot voi cac két qua thuc nghiém véi
sai s6 chi khoang 3 - 5 %.

13.0 T T T

@ PPTKMM
4 J. Zhang va cac cdng sw [15]

1254 S 5

a (100K
[ ]

12.0 4 T . -

11.5 4 e

0.1 0.2 0.3 0.4
X 7
Hinh 2. Su’phy thudc cua }f-é SO gian no r}hiét
C}la tinh the GDC vao nong do tap chat.
Cdc ket qua thuc nghiém cua J. Zfzang va cdac cong
sw [15] dwoc trinh bay dé so sanh.

Hinh 3 trinh bay cac két qua tinh toan
ctia hé s gian nd nhi¢t cua tinh thé GDC ¢ x =
0.2. Hé sb gian nd nhi¢t tinh toan duoc 1a mot
ham cta n(‘”)ng do tap chat. Hé sb gian nd nhiét
tang khi nhiét do ting. Pang chi y, hé sb gidn
nd nhi¢t tang nhanh trong vung nhiét do cao, T
>2000 K. Tinh chét nay sinh ra tir c4c dao dong
phi diéu hoa cta cac dao dong nhiét mang. P.
Gao cung cac cong su [16] va J. Zhang cung
cac cong su [15] da do hé sd gidn nd nhiét cua
tinh thé GDC sir dung cac phép do nhiéu xa tia
X. Céc két qua do duogc rat gin véi cac tinh
toan cua t6i st dung PPTKMM.

Trong Hinh 4, cc két qua tinh toan cac
nhiét dung ding tich C, va dang ap Cp duoc
trinh bay. C6 thé thay rang nhiét dung déng tich
phu thude yéu vao nhiét do nhung nhiét dung
dang tich lai thay d6i nhanh ciing voi nhiét do
va trd thanh mot ham phi tuyén cta nhiét do.
Cac dao dong phi diéu hoa manh duéi nhiét do
cao 14 1y do chinh dan dénsy tang 1én bat thuong
cta nhiét dung dang tich gan nhiét d6 nong
chay. Tinh chit nay ciing di duoc tim thay trong
cac tinh thé kim loai nhu Cu, Pd, Ag, ... [17].
Céc nhiét dung ¢ cac ndng do khac nhau (x =
0.1; x=0.2) chi ra sy phu thudc vao néng do tap
chit. Céc nhiét dung tré' nén 16n hon khi nong
do tap cht tang.
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Hinh 3. Sy phu thugc cua hé 56 gian no nhiét cia
tinh thé GDC vdo nhiét dp. Céc két qua thire
nghiém cua J. Zhang va cac cong sw [15], P. Gao
va cac cong sw [16] dwoc trinh bay dé so sanh.
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Hinh 4. Sy phu thugc vao nhiét do cua nhiét dung

ddng tich va nhiét dung dang dp cua tinh thé GDC
o0T=100-2000K atx =0.2.

T
0 500 2000

4. KET LUAN

Trong nghién ctu nay, PPTKMM da
duoc sir dung dé nghién ciru céc tinh chét
nhiét dong hoc cua tinh thé GDC. Hé s
gian no nhiét, cac nhi¢t dung dugc tinh
toan 1a cac ham cua ndng do tap chat va
nhiét d6. Sy tang 1én bat thuong ciia hé sb
gidn nd nhiét va nhiét dung dang tich gan
nhiét dd nong chay sinh ra tur cac dao dong
phi diéu hoa cua mang tinh thé. Cac két
qua tinh toan dwgc so sanh vai cac két qua
thuc nghi¢m.
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