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Preparation of Nanosize PZT Powders and Piezoelectric Properties of PZT/
Sulphoaluminate Cement Composites

WEI Xue, LUO Jianlin, LI Qiuyi, ZHANG Shuai, WANG Binbin, LI Lu
(School of Civil Engineering, Qingdao Technological University, Qingdao 266033, China)

Abstract: The influence of different reaction conditions(concentration of CH; COQ), Pb, precursor solution, pH,
reaction time and calcination temperature) on crystalline degree and grain size of PZT powders were investigated
with the orthogonal experimental method. PZT piezoelectric ceramics and PZT/sulphoaluminate cement based piezo-
electric composites were prepared by pressing method. Range analysis and variance analysis methods were employed
to characterize influences of reaction condition on crystalline phase and granularity of PZT powders, piezoelectric and
dielectric properties of PZT ceramics and composites,and the best preparation process were obtained. Results show
that, the optimal reaction conditions were (CH;COQ),Pb concentration of 15% , the pH value of 5. 0, the reaction
time of 2 h, the calcination temperature of 600 ‘C. The calcination temperature has the principle effect on piezoelectric
and dielectric properties of ceramics and composites. The piezoelectric constant ds; and relative dielectric constant e,
of PZT ceramics were 38.5 pC/N and 1. 3,respectively. However,ds; and e, of composites were 4, 4 pC/N and 29. 4
respectively,accordingly, which mainly attributes to insufficiency of cement hydration and uncompacted structure of
composites,
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FE  wE/% PO E mE/m mE/C
A 10(D 4(1) 2(1) 600(1)
A, 10(1) 5(2) 3(2) 700(2)
A, 10(1) 6(3) 4(3) 800(3)
A, 15(2) 4(1) 3(2) 800(3)
A; 15(2) 5(2) 4(3) 600(1)
Aq 15(2) 6(3) 2(1) 700(2)
A; 20(3) 4(1) 4(3) 700(2)
Ag 20(3) 5(2) 2D 800(3)
A 20(3) 6(3) 3(2) 600(1)
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RS 10% R R H5FE, 3 BUE B R /R 1 R
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PZT AR S ERRE . HA BHRES KE
WRANERER T BE £ — B ¥ VR 7 AE IR W 0 3 B A% i i
WHERSHS.7E 60 CHRM 0.5 h 5, R8N
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800 CTF#uib# 2 h, BRI 15 B 44K PZT ik,
1.1.2 PZT #ykd: g i
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Rise-2202 &) & 5 3 #%hL BE 43 B {0 & #5344 1 kL
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ARBEERTHE _MHERESALEH., MELRY
RN HEREEHMERY PZT HHITER
PEEMEBR A ERWE 2.3 Fin.

% 3 PZT #4k(110) % & XRD e 7 # o4& R

3 AmE FHEM HWEF  FEH p
A 2 1727 864  5.65
B 2 305 153 1.00
C 2 755 378 2.47
D 2 1176 588  3.84
B 2 305 153

H:Foos(2, 2)=19

B2 ML BB LR 10% , pH="5, ) B it
F] 3 h, B HeiR BE 800 C, &l &40 Bk PZT ¥k
RN, HEEE 1M BRREN 600 ChHY,
TCHH B R Z% AR H B, T 7E 800 'CHY , 3 HH BLRR 1Y
B R GAT S04, B BE T 0E(E 433, AT ST e A 43
25 07 A R AR R, RR A AR X UARAL T RE
AT PR RERE IR . SR A U B R, B R4
B PZT MR B B AR BT LA - P VR 10 %0, Bt be iR
B 600 'C, J piEtE 3 h,pH=5,

Bk, - EREANBEZREEENTE,
F%& &4 T Bl PZT 549 RS EEH . HER
7 v B W T BB R AR B R T AR AR LYE , SR
B B PZT BB RABINGEHY &Eld
FHRLU s pH H B BT FE< 8 R R R A4 BT R B
%, pH=5 B}, RRIRFE 5B, AR T PZT Rfe 48
RE R BT AT H S AR SSY REY
BE&: R NEEA 3 h B, BTl & PZT #k
BT REIE BB K, R AR 5 W& R K
BARE, EZAREARER PZT, M R4 — &
B B, S R 45 489 &) PZT W2, K RE B[R]
KB PZT Bk B R, 4 BUEM, AR F PZT
PR RZ5 8 B R REAE RIAE 45 4k 97 8 PZT #
BEAERRERERZNELT ASBRERESR
FI T4 A PZT W R HREASE ARSI

AR o33 6 TR R MR BRI K

F3IEASERX PZT & k45 H B & 1F A
WARE, mT I SR REFE N E &
WIRGE R, BT DA IE 325 2 50 5 RAS K Ay, A g

2) BB SR . RIE WA BTEREE, &
WARZ A HRE LA B TP 3R B B R AR L
PR B RN HF PZT H3 4P s BE 5 W 5 FF
TRRBERTZAN . & RS BT BHRREUR K
INEPEERE R RINE 4 Fin . BRBEMRLSISE

RIK 5 Fim.
F4 PITHRGPHBEERZSNER
mE ¥
Pas A B C D
K, 105. 0 93.0 87.3 63.3
K, 94.3 91.7 102.0 97.0
K, 86. 3 101. 0 96.3 125.3
BREREE 20% 5 2h 600 C
w’= 18.7 9.3 14.7 62.0
He P D>A>C>B

%5 PITRARPHEEFZHMER

ZH HEE FIA Wkl  FEW p
A 2 527 264 3.4
B 2 153 77 1.0
C 2 329 165 2.1
D 2 5 781 2890 37.5 «x
R’ 2 153 77

W Fo 0 (2,2)=19, x F BEHEE.
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BB E 600 C, W WK B 20%, R B BF[H] 2 h,
pH=5 E#l&4k PZT MK RERLL. FEZ
FR A TR BE B35 0, PZT M4 i 2 2500 BE W /)N s 2 pH
HEARTENSEHZEBARKSR, pH=5 B4
BERE R, AT PZT RS REREAR;
LR EF Ry 2 ho B, Bl 45 59 PZT 44 730k
BER/NBBIRE N A B S B RoR B3 K,
B3R 5 BT A, KBoke 1R BE X A A JURL R /N B % e 4 F
BRARE. BERELSE, 280 AW EET
P, A5 — 2 R 7E X MR BERE K KDY,

X4k XRD 557 201 BE 45 RFETH BT
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R fEL, U REF M PZT & 5T gE 20 m R0,

WM E 15% . R M AT A 3 h BB B

600 C.pH=5 HBEFE,

1.2 PZTEHRE.PZT/KRBESEHHEFER
HEBEETR

1.2.2 R HRRIE K45 R0
ARSLEE I WK PZT MR fn PZT /KB 2
S A B RHARE I R HE B das T H B e, RRIE
Bl R s XAk RE. R ZJ-6A Al ¥
BN E N E ds, BN ERF KA 8
W ARG PH(E . S TH2817B &I LCR B H

1.2.1 PZT EHMEH & TZRE
RAEHRBE HTEHRBWOE 2 e,

¥ RV LR BE R TE R TR B2 B 4 T i 8 1 PZT # £6 dyfie MREE

Ak e il L WL P s, WA R e R A L REDY . DU TB a0 %/ oF -

BB RRILAK YR Bk, B PZT ki y h ek, B PZT ELHE PIT EAME PIT ELHE

HHPZT/ K BEERESHE. ETZHEABNRE 3 A, 33.9 4.0 54.6 44.6  46.5 38.0

MEEDBKEER, RIFKRE . =Ct/(ADHEK
oo FHBRBIRER dosl e FRIMEK 6 P,

}5)?/1—'\‘[18] dﬂﬂﬁﬁﬁﬁ%&ﬁ’%‘ﬁﬁﬁo A, 20.5 3.6 61.0 23.5 51.9 20.0
A, 0 0] 0] 0 0 0
Ay 0 o] o] | [ K
Ae 8.3 4,4 1.5 3.5 1.3 26,4
A 27,8 4,7 i 73.56 60,8 63,8
Aq 20,46 3.3 114,90 43,5 G7.0 37.G
B2 PITHEH&RBEE As  16.0 4.2 71.6 61.8  61.0 52.6
A 26,5 8.5 66, 5 3.0 56,6 45.1
'175‘“3' H —_— L TRARET SRS NS EHER. B D EH %
{20 ‘c k.
HIEA25%) ;fa@ 13 i mm} —r BIEERB . LELR T LS RS SE L o

e
&6 RBHRATHI AT REHERE RS
MEEEERFYEEER. RESHEFFEHR

P | i
i Hiare

B3 PZT/KEEEBE&HBHHSREE AR 7.8 i,
RT duEoHER
B2H
|24 A B C D
PZT E&HHE PZT EE#H PZT EE&#H PZT EE&#H
K, 18.1 2.5 18.2 2.4 25.9 4.3 33 5.6
K; 22.1 3 25 4.1 15.7 4 23 3.9
K, 21 5.3 18.1 4.4 19.7 2.6 5.3 1.4
BRRRRE 15% 20% 5 6 2h 2h 600 'C 600 C
B’ 4 2.8 6.9 2 10. 2 1.7 27.7 4.2
HE PZT.D>C>B>A; & # 4 :D>A>B>C

%8 PITERMEERR¥ R T ZHNER H g T A ) T R R SR KR B, YR

B AmE FHA  BF  FEW p 15% 0}, B TR RS H A PZT S B’
A 2 25.29  12.60  1.00 & RER/N, BILTER % & T R 00 E d i B
B 2 94.31  47.16  3.74 N _ - ‘
C 2 159. 43 79.72 6. 33 H[ ] ﬁ pH g HT EEE ﬁﬁ%jﬁ ﬁ#EEﬁ ﬁ
D 2 1174.54 587.27 46.61 = ﬁE%H pﬁ%fj Hj‘ Ij E‘Jigilﬂ EE EB» w ﬁ%m/‘l\

B 2 25.29  12.60 R, YR MEEA 3 hit, ERERERE. BRSE

= MARGRT GBS ERS , HEXWHAA S
AR AR SR G5t T HLH B 3, R & 3 AR

#E:Foos(2, 2)=19,

B2 7 AL A0, BE R < R R B B 38 A0, PZT [k
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BRJe AR R i PR BE T [ BT TE B 20 BT P RO R R
BEAR T %, B 5 18 RRL B[R] B 2 el » B 8 5
RAERBIN HEER 2 h, BEREBENAS,
PZT Ji v My B 1A B T v 250 M7 0B /0 » i vl 4%
Ap, BB HEIRE N 600 CHt, it RE R4, L&
WERTH K 2 5 @MAF. B3R 8 WAl A, B RiR
BEXT PZT R MER ds MERERBARE. 5

RTOHMER-H.

MR 9 TR, YT ok MR AR R BE 2000, pH =
4, BEE ] 2 ho BB B 700 C R, Bl &
B PZT R MR R R, R AR, &
10 BA#W PZT R MEMBARNRERERER
N BRI , F YOI PR BE

®9 e MESNER

B2H
WEST A B C D
PZT E&HHE PZT EE#H PZT EE&#H PZT EE&#H

K, 32.8 19.3 47.8 25.0 56.1 51.5 34.8 37.5
K, 20.7 31.1 30.1 28.8 36.2 21.7 69.9 40. 3
K; 71.5 44,9 39.2 36.3 32.8 22.1 20.3 17.5

BHBERRE 20% 20% 4 6 2h 2h 700 C 700 C
|mE 50. 8 25.6 17.7 11.3 23.3 29.8 49.6 22. 8
HF PZT:A>D>C>B; E & #4:C>A>D>B

%10 PZITEREREANNBERTZ0HER

3 AmE FHEM HWEF  FEH p
A 2 4226.60 2113.30 24.60 x *
B 2 171.78  85.89  1.00
C 2 956.30 478.15  5.60
D 2 3903.87 1951.90 22.73 x

B 2 171.78  85.89

EiFoos(2, 2)=19, » » A EEEHEE.

& 6 AT AL, BTl PZT//KIRE R & BHAHE
i das B R/, SERMEHEEZB K e, WAHNRD,
HORTE XN AT I 24001, PZT//KREE & # K
EERES B M/, — 5 H, B TKRBAGREZIL
L, 2 e, BAKRKEA TR
R AL, TR e B s 4 B85 55 — 5 T, ARL N 2
EMESARRASIL S /A, B GE

R PR BB
2 H#i

D ZF858 PZT Biiai Y 5k E . PZT i
BhH X PZT/MBREKRE M B ER S48
HELER. S RERLAIZBRBIKE 15%,
pH=5, X BB} ] 2 h, & FEIRBE 600 C, BB HIR B
X R A AR R A B .

2) #HE DEARNRE LT, TR AR 2
KE, HEM &M PZT W% H EB MR T, &AL
FEH B dss =38. 5 pC/NL, X B B e H1. 3,

3) PZT/ KR EHRE ¥ dis =4. 4 pC/N,

FAXT A B B e = 29. 4, X AT BE R 1 T K AKALAR
For s AN BUE TR
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