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1) 32J7 a= b= ¢, a= B= v= 90°, ao= 0.509
0 nm;

8 AR LI Zo™ A (DA R Bk B
#): (0, 0, 0), (1, 0, 0), (1, 1, 0), (0, 1, 0),
(0, 0, ), (1, 0, 1), (1, 1, 1), (0, 1, 1);

6 AN B Zo™ {0 B A (LA R S A
WHE): 1/2(1, 1, 0), 1/2(1, 2, 1), 1/2(1, 2, 0),
1/2(1, 0, 1), 1/2(0, 1, 1), 1/2(2, 1, 1);

8 AN O B (UL RMER EON A HE . 1/4
(1, 1,1),1/4(3,1,1),1/4(3,3,1),
1/4(1, 3, 1), 174(1, 1, 3), 1/4(3, 1, 3), 1/4(3,
3, 3), 1/4(1, 3, 3).

2) IEJS a= bZc, a= B= v= 90°, ao= 0.512
0 nm, co= 0.525 0 nm;

8 M Lt Ze*™ fLE K: (0, 0, 0), (a, O,
0), (a, a, 0), (0, a, 0), (0, 0, ¢), (a, 0, ¢),
(a, a, c), (0, a, c);

6 AN B Ze™ AEE R 1/ 2(a, a, 0), 1/2
(a, 2a, c¢), 1/2(a, a, 2¢), 1/2(a, 0, c), 1/2
(0, a, ¢), 1/2(2a, a, c);

8O LB N: 1/4(a, a, ¢), 1/4(3a, a,
c), 1/4(3a, 3a, c), 1/4(a, 3a, ¢), 1/4(a, a,
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3¢), 1/4(3a, a, 3c),

1/4(3a, 3a, 3c),

1/4( a, 3a, 3c¢) .

(c)
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Fig. 1 Three kinds of crystal structure of ZrO, and change of their structural parameters

(a) —Cubic; (b) —Tetragonal; (¢) —Monoclinic
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Fig.2 Arrangement of O°” ions around a
Zr** ion in crystal structure of ZrO,
3) R aZbFce, a= Y= 90° ZB ap= 0.514
5
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AR SCHRL 6] S 4 B« BEEE 227 T Y
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| <0.05(a= A, B, ..., M), A\ 4P EEHY
TR A B FAE S Zr « O B & TH T A #R SE2 B iR
A AE g Yo TR, SRR D ng Ol LTSN
PUTEARRNIER 1 haH, BB R(T) Mg
AMETHNETFXEH n. 7T HCHER[ 6] T . XFE
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R IH, Eﬂ?*ﬁ%&iﬁ#ﬁmfﬁ%@, 241
th, € Ze b FHZEE 15 B, 0 kbFH A

nm , by = 0.520 7 nm, co = 0.531 1 nm, B = 99, 20if ﬁ:%?%ﬁ%é&ﬁﬁ%z

8N B 2o RLE A (0, 0, 0), (a, 0, 0),
(a, b, 0), (0, b, 0), (0,0, ¢), (a, 0, ¢), (a,
b, ¢), (0, b, ¢);

6 ANy 1/ Ze™ ALE N 1/2(a, b, 0), 1/2
(a, 2b, ¢), 1/2(a, b, 2¢), 1/2(a, 0, ¢), 1/2
(0, b, ¢), 1/2(2a, b, ¢);

80 fiEN: Ud(a, b, ¢), 1/4(3a, b,
¢), 1/4(3a, 3b, ¢), /4(a, 3b, ¢), 1/4(a, b,
3¢), 1/4(3a, b, 3¢c), 1/4(3a, 3b, 3c), 1/4(a,
3b, 3c) .
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Table 1 Covalent bonds in crystal cell of tetragonal ZrO,

No. Bond name 14 D nq equation DEng Theoretical covalent bond distance D" nq equation
A Zr —7Zr 2 co 0.525 00 Dny= 2Rz[ i]- Blg(ny)

B Zr—7r 4 a 0.512 00 Dny= 2R [ i]- Blg( ny)

C Zr—7r 16 (1/2) (agap+ coco) '? 0. 366 66 Dne= 2Ry i]- Blg(ne)

D Zr —7r 8 (1/2)"%a 0.362 04 Dnp= 2Rz[i]- Blg(np)

E Zr—0 16 (l/4)(2a()a()+ coce) 2 0.223 59 Dng= Rzl i]l+ Rol k]- Blg(ng)
F Zr—0 16 (1/4)(2apao+ 9Ycoco) ? 0.433 37 Dny= Ru[i]+ Rol[k]- Blg(ng)
G Zr—0 32 (1/4)(10agaop+ coco) ? 0.425 52 Dng= Ryl i]l+ Ro[ k]- Blg(ne)
H 0—0 16 (1/2)ao 0.256 00 Dnu= 2Ro[ k]~ Blg( nu)

I 0—0 8  (1/2)co 0. 262 050 Dni= 2R o[ k] - Blg( ny)

J 0—0 16 (1/2) (agao+ coco) '? 0. 366 66 Dnj= 2Ro[ k]- Blg( ny)

K 0—0 8  (1/2)"%ay 0.362 04 Dnx= 2Ro[ k]- Blg( nx)

L 0 —Zr 16 (1/4)(2aoao+ co+ coco) '? 0.233 59 Dni= Ryl il+ Ro[ k]- Blg(ny)
M 0 —Zr 8  (1/4)(2apao+ co+ coco)'? 0.233 59 Dny= Rzl[il+ Rolk]- Blg( nu)

R2 0, BETEE TR TEHSH

Table 2 Electronic structure parameters on

crystal cell of tetragonal ZrO,

No. 4 D nq D" n, nq | D noe— D" ngl

0.525 00  0.52533 0. 000 2

0. 000 33

B 4 0.51200 0.512 33 0. 000 3 0. 000 33

C 16 0.366 66  0.366 99 0.037 17 0. 000 33

D 8 0.362 04  0.362 37 0.043 8 0. 000 33

E 16 0.22359 0.22392 0.677 0 0. 000 33

F 16 0.433 37 0.43370 0. 000 8 0. 000 33

G 32 0.42552  0.42585 0.001 0 0. 000 33

H 16 0.256 00 0.256 33 0.041 1 0. 000 33

I 8 0.262 50  0.262 83 0.033 3 0. 000 33

J 16 0.366 66  0.366 99 0.001 1 0. 000 33

K 8 0.362 04  0.362 37 0.001 3 0. 000 33

L 16 0.22359 0.22392 0.677 3 0. 000 33

M 8 0.22359 0.22392 0.6770 0. 000 33

| AD1= 0.000 33 nm; Oz= 15; 0p= 4
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Table 3 Covalent bonds in crystal cell of monoclinic ZrO,

No. Bond name 14 DEnu equation D®n, Theoretical covalent bond distance D" nq equation

A VASS/AY 2 co 0.531 10 Dna= 2Rz[i]- Blg(nya)

B Zr—Zr 2 b 0. 520 70 Dng= 2Rzl i]- Blg( np)

C Zr—Zx 2 ao 0.514 50 Dne= 2Rz[i]- Blg(nc)

D Zr—7r 8  (1/2)(aoao+ coco— 2apcocos B) 2 0.398 26 Dnp= 2Rz[ i]- Blg( np)

E Zr —7Zr 8  (1/2)(aoao+ bobo)“? 0. 366 01 Dny= 2Rz i]- Blg( ng)

F Zr—7r 8  (1/2)(bobo+ coco)? 0.371 89 Dny= 2R [ i]- Blg(nyp)
174 + bobo+ - .

G Z—0 8 (2(1062)((‘0{205)0”2 B 0.23790 Dne= Rzl i]l+ Ro[k]- Blg(ngc)

H 0—0 8 (1/2)co 0.265 55 Dny= 2Ro [ k]- Blg( ny)

I 0—0 8 (1/2)bo 0. 260 35 Dni= 2R [ k]- PBlg(ny)

J 0—0 8  (1/2) ao 0.257 25 Dny= 2R [ k]- Blg( ny)
/4 bob -

Km0 a6 e 02360 Dui= Ralil+ Ra[kl- Pg(ny)

, 1/4 bob = .

L 0 —Zx 8 (2{106150‘2"[%"172 02 e 0.237 90 Dni= Rz[il+ Ro[k]- Blg(ny)
14 bob =

" braz B éaiclhi?iéz- By 0.21364  Dnw= Rylil+ Rolk]- Plg(nu)
14 bob -

N 0 —Tr g 1P [aoBer Bodyh £oify 0.213 64 Dnx= Ralil+ Ro[k]- Bl ax)

2agcqcos(180- By Y2

B is degree of angle of @ and ¢ axes

3 it
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Table 4 Electronic structure parameters on T4 IS BT / m S LT 1 v 25 B 3
crystal cell of monoclinic ZrO- HOE S RIBR T A KIS AR K B DL
No. Ia  D"ng D" n, na  1D%ng= D" ngl “ ARSI i TR R AR X A A R s
A 2 0.53110 0.53071  0.0002  0.000 39 s,
B 2 0.520 70 0.520 31 0.000 3 0. 000 39
C 2 0.514 50 0.514 11 0. 000 4 0. 000 39 REFERENCES
D 8 0.398 26 0.397 87 0.018 1 0. 000 39
B & LIl i858 G4le 008 [1] CHENG Katjia, CHENG Shiryu. The application of the
¥ 8 0.37189  0.37150 0.0425 0-000 39 theory of YU Rurhuang and TFD model in design of ma-
G 8 023790 0.23751 0.309°8 0.000 39 terials[ J] . Advance in Natural Science, 1993, 3(5): 47 ~
H 8 0.265 55 0.265 16 0.0119 0. 000 39 5.
1 8 R0 SRS 0.0l 00008 [2] XA, FMRE, bk, B i I B S S 1
J 8 0.257 25 0.256 86 0.0156 0. 000 39 %‘S{}E[J] BE22 504, 1995, 40(22): 2040 = 2042.
K Is 021364 0.21325 0.6803  0.00039 LIU Zhtlin, SUN Zhen-guo, LI Zhilin. The electronic
L 8 0.23790  0.237 51 0.309 8 0. 000 39 density of heterophasic interface of austenite/ martensite
M g 0.213 64  0.213 25 0. 680 3 0. 000 39 [J]. Chinese Science Bulletin, 1995, 40(22): 2040 ~
2042.

N 8 0.213 64  0.213 25 0.680 3 0. 000 39

[3] M. CHLAESE MR S AR (T ) [J]. ALK
| AD1= 0.000 39 nm; 0z,= 13; Op= 1
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Valence electron structure of t —m martensite phase

transformation interface of ZrQO,-base ceramics

YIN Yan’shengl’ *, TAN Xun'yanl’ > LIJia" >°
(1. Key Lab of Liquid Structure and Heredity of M aterials, Ministry of Education,
Shandong U niversity, Ji nan 250061, China;
2. Key Lab of Engineering Ceramics of Shandong Province, Shandong University, Ji nan 250061, China;
3. College of Materials Science and Engineering, Ji nan University, Ji nan 250022, China)

Abstract: The covalence bonds in both tetragonal and monoclinic of ZrO, were analyzed and the valence electron densities of inter-
face (100) , I (110) , that has phase relationship after t —m martensite occurred in ZrO, were calculated at one level approximation ac-
cording to the method of Empirical Electron Theory of Solids and Molecules. The results show that the average valence electron densr
ty of (110), in t=ZrO, is 0. 003 720 nm™ 2 and the value of (100) ,, in m~ ZrO, is 0. 003 617 nm™ 2, both are different to a degree of
2.77% . So the average valence electron density of interface ( 100), I (110), after t-m martensite occurred in ZrQ, is consecutive.

Key words: ZrO,; ceramics; interface; phase transformations; electron density
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