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Fig.1 Typical distribution curves of the characteristic X-ray intensities for different ions versus
the measured distance

diffusion conditions: 1250°C/2h
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Fig.2 Concentration distribution profiles for diffusion ions at 1250°C

(a) 120mins; (b) 240mins; (¢) 360mins; (d) 480mins

o

(a)

T 800

(b)
Nb
Zr
Ni
Ti
0 2. 260

Nb (c)

U

Zr

Ti

0 1. 800
Scanned distance /mm

B3 ME D E) A R B A B R R S A R T R A
Fig.3 Concentration distribution profiles for diffusion ions
(a) 1200°C; (b) 1250°C; (c) 1280°C for 240min

SOEREBFEREAHERL ARWEF HEFBEBEERAR. £HRTEERE. RF



184 PV B T 13%

PRRE T, & FRESA EPMA BB SmAE 2 Brn. WEFITUESE, BRI B
B, BTy BEEESN MHETENE, ARTHEET, FREMEFRESTREH
WEME 3 fx. MEVHBEAS, BFMELTBEEFHEM LEE2, 3TEE, &
KRERY B RAARREYTET BHZEEENN, HEENFERERENEXRES.
3.2 BFRESMPBEERM

HMTFEYVBENEELY BEAMNASEVIEERE/NES, Bit, TUET HAENE
FEHIHEF-XECRAXROREET . RELT BETERT EHETHOMBRE
S 4 B, MR RERETRRN

C=Co, X<0, t=0
{ (€' > Co) (1)
cC=C", X>0 t=0
cl HHE Fick's § 28, BT HyBRTx
o ocC 0 acC
o} B oL 0 0L
,' '. ot~ 08X (DGX) (2)
:; EETHTMERD 568 X %,
G S 5: W (2) X FE M
H i
! A aC el
= —l X o = Paxe ®)
—A

EXSOWKR, yEEFKREYS

B 4 JEMEA-BHEMTEEFWHERE
SHREHE

Fig.4 Schematic diagram of the initial concen-
tration distribution for a certain diffusion ion

in the A-B diffusion couple
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Fig.5 Comparision between the normalized concentration distribution curves of Nb®*, Ni?* Zr*+ and
Ti** ions numerically simulated by computer and that obtained from EPMA experiment

Diffusion conditions: 1250°C/2h

MABTHWERES T SE 48R, WLRFEER

CIC(), X>0, t=0
{ (C' > Cyp) (9)
cC=C'" X<0, t=0
HH AV B B R B R A C(X, 1) WA K
. C'—-Cy 3 X
C(X,t)=Co + — 1 erf(——2\/D_t)] (10)

i (8) 3 (10) R H 5B TW BEAM A B (C(X,0). % C(X,0) R T Co B, i (10)
R erf(35)=1. EREERETH ;25 =280, I X, ¢ SHEN T8 T 05 1 Z




186 b/oR | R ¥ B S 13 %

WD, ERMELFR HES ARSI HUSH NV L Nt | Zo't f1 T BT A
—ALWE AT, E TS E T EPMA LR MBERENNL, ZHEENE. BAE
SR LIAEN, EPMALB#HENT HERE, KAERKETIESINTRERE .
R THEERIEI L RS, REFEEEM BT 80 B R SRyE, a7
MR Z BT AR, (AN TRERESTHE, EERRES THETRER
HH, VEREBRESET FLEBREMBPHE T, TREE THKRES A X,
B 5 B & AR N s (R, S S) MY 8y a%. B FrEEsSay
BOLE . BRI B R E U ByLH, BAS L P SL bR B T 5 BOl T B AR B8 .
HHE IS BETT T BREE LSRN ELX.

F1 FBETHERE

Table 1 Properties of the diffusion ions

Diffusion  Diffusion coefficient®  Diffusion rate constant® Ionic radius Field strength  Activation energy

ions D/10~1?m?.5~1 k/10=12m?2.5~! r/A of Dietzel E,/kJ-mol~1
Ni2+ 33.8 21.3 0.69 / 94.4
NbS+ 22.6 17.5 0.70 1.13 171.7
Tit 10.8 15.0 0.68 0.92 257.5
Zrit 9.9 9.3 0.80 / 325.8

* Diffusion condition: 1250°C
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Ionic Interdiffusion of Functionally Gradient Piezoelectric Materials in
PNN/PZT System

ZHU Xin-Hua
(National Laboratory of Solid State Microstructures, Nanjing University ~ Narjing 210093 China)

XU Jie MENG Zhong-Yan
(School of Materials Science and Engineering, Shanghai University ~ Shanghai 201800 China)

Abstract

The ionic interdiffusions for Nb3*, Ni?* | Zr**+ and Ti** ions in the PNN/PZT functionally
gradient piezoelectric materials were investigated as a function of diffusion temperature and time
respectively. The ionic compositional distribution profiles were examined by electron probe mi-
crobeam analysis (EPMA), from which the thickness of the interdiffusion layers were determined.
Based on a diffusion model of the overlapped diffusion solute from thin slub, the numerical simu-
lation of the ionic concentration distributions for Nb®+, Ni2*, Zr4*+ and Ti't ions was carried out
by computer, which was in agreement with the EPMA experimental result. The ionic diffusivities

and apparent activation energies were estimated, and discussed.

Key words ionic interdiffusion, compositional distribution, piezoelectric materials, PNN/PZT

system, functionally gradient materials



