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Abstract

Piezoelectric properties of cement-based piezoelectric composites affected by water-to-cement
ratio (w/c) were investigated, in which the inclusion is piezoelectric ceramics (lead zirconate titanate,
PZT) and the binder contains cement and silica-based materials. Specimens were made with 0.1~0.35
water-to-cement ratios and 80MPa compression, after that, 1.5k\VV/mm was applied to the specimen for
40 min. at 150°C to obtain piezoelectric properties. Experimental results indicated that relative
dielectric constant (g;) and piezoelectric strain constant (ds3) grow with the material age, and will
become steady after 28~50 days depending on w/c. The values of piezoelectric voltage constant (gss)
also show stably after the age of 21 days, and no age effect for electromechanical coupling coefficient
(o). Adding silica-based materials to cement-based piezoelectric composites can rise g and ds; from
96.7 pC/N and 434 to 108 pC/N and 527, respectively, and decrease the measured values of
impedance in impedance spectra. Although the frequency at minimum impedance and at maximum
impedance has less affected by w/c, higher w/c will lower g, and ds; and slightly increase k; and gss.

Keywords: Water content, Piezoelectric properties, Lead Zirconate Titanate, Cement,
Impedance spectra
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BT AL TG B 04 T F Bc(dielectric constant) > 2 B 5 A4 A s 2] i B @SR
2R LB ORE P KB IF R P E(sensors) 2 3k & F (actuators) o § B A F 2R
BLERBEREFRY LRRD P DT RIETHFE > FIRALT BRI DT o
F1(acoustic impedance) ¥ Wﬁ #& T4 (volume stability) £ £ 42~ > & FRGE L & L RIRL M 5
GFRENE RS IERE FERBABERG BONPRAAPFILD & o 5 d
BT AL R GRS hdp F PR AL 0 F) 82002 E B4 0-3 ACKE R T AR & H8(0-3 type
cement-based piezoelectric composites) s7vi# & [1] o

ARR R TAE S HORERR RS RTAF & A (matrix) > BT ML AR
(inclu3|ons) Tz Rz FANEI LG KA > BE A ¥ E* &4 4 (PZT, lead zirconate
titanate) B T 14 % o = AR TILF o 24 WAREM-K R & 2 S4B 1 (polarization) 2. PZT #5 % 7
ARE B MG REAN RS FERUSLRERTAFEMN P SET IR L
RS @’*’ P Y R RTA S M AR R R SR A F L[24]
GARY B Rk 2 RE G S AE] FIRIEBRTATEHALE G @?#ﬂiﬁ?’kiﬂiﬁ&%iﬂ 2

el £ 2 (compatibility) » s /2R F RIR D S DR RGRT > T g sRhip L 2 0 B
2 AZER AR SR 7; s g o
BF < F%#g MO BRTRMATRE 7 EHAARTAEHLARTET » wwBT RE T #

dss (piezoelectric strain constant) = /& T & % ¥ #c gss (piezoelectric voltage constant) 3 %+ 32 38
[6-10] > # ¢ Chaipanich [8]4 ficst @ B en PZT ok ik B2 & » JEE PZT ik + 2. dpdxF hid
wo 2 Li[9]F § 8 inenkdh TR E IRISAR S ch PZT #r ¢ ' i< A T % #ice, (relative dielectric
constant) ; Li [10]# ¥ 2 4 4% 7 £ 35%~80%: PZT % A 3pdia s RT A F > B3 PZT 7 £4x 7%
HFUREBRTAEEHE T RE hdsE e ¥ FHAEFRLZ BPERF §RBRTEFT 4§
Bt ER T ETREDRTEFT MR PR E AR € Flie & #(domain switch)
M3 I3t F dyg [11] 0 e Frat S4B 18 T 8 & Tk dic i (electromechanical coupling coefficient)
[12] - f& it prenfm it R 2 € B4R T 1 > Dong [12] 12 20°C ~ 90°C ~ 130°C ~ 160°C & it ;8
REEFHEF R > FRRFBOCERT MER DR oo F HERERFOREE > Huang [2]4
Dong [12] # %] 12 2.0~5.0kV/mm 4= 1.0~6.5kV/mm 3 B ¥H4p e PZT 7 £ KA BT A4 & i
FA Y o I A RF AR T B 493 4 dyg o Wang [13]v s f & E ook £ EH dy
Fo @R FRREE T RF Ddy AR 38 X 2L FF B A Bl AR R
LRF KRBT ORILT 0 BRLAFT T R WAaz414] - i iR
HED N0 TR EIRRE 7 2 B AE B REAFES N R RRERTAE S ML
Cheng [15]# * 482 k& (sulphoaluminate cement)¥2 PMN (lead magnesium niobate)/® % 4 % °
Hunpratub [16]# * BZT-BCT B % 1§ LB PZT k4% B desfr /i T % #icg, o ¥ 7 > 2 5 A-RER
A& ﬁﬂ‘ii?,’]t 4o 2 (carbon black) [17] » % i sellfE 7 £ 1.0%%% 2 pF e dg B i 5 Gong [18]
7 e % # ¢ (CNT, carbon nanotube) i » 7 4c k4% 7 € 0.3% 7 8 A F 2 iz fr gsz 2% Bdd o
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Mok S IER R ARERTAF E MR RKRZRIIEE - B3 Chaipanich [19] & 2007 & * 77 %
B it 5% 10%me<;f~?f_i‘. I EGEME I S L X S FRH AP A EA AR IT VK
g e R HIE B dgrck 7 A chH s Pan[20] 2 4 FA MK R A BT E A 0 A Y B R
KR 20%%8 A% 0 g ?i%iﬂ‘ 4v e 50VOLYPZT 2 -k ik BT A4F & HAL N > BB 4 1~14 < B
RALF @I AR K2 J\«ﬁ@aﬁw‘ib%ﬁiﬁﬂdsw Foek bodd o e B E R AR
TG 2 KRR T AE S M gt e B (trigger time) g A F it 2w g o

P REBRIAFEMEAFTY 5 Ao el @1 F  RBRPUZBRTHEF - &
B AR RE 2 0-3AKERTA S HAL > KRR o ?’Tﬁ‘,i; AH O PZT 54 3
KA (WiC) R it S P R TR R R e KAt 2 %) 5 0.10~0.20+0.25+0.300.35
FHE 0CHEAF AE L 2150 LEKV/IMM T HE TR 40 A4 > &1t 2 7 15 P 56
THRTHT BTN Bl RT TR B gn 1T A e BTMEFE T
A D frresuipsg o

LY
2.1 Hhpgr e

0-3 31Kk BRTAF & HALBREH (A I KFE &~ F T 4 T AEHEREPZITIRT
ML o kiFEAa-kE2P42en A kiR > v & 316 wmA 349mikg ; # 4 1% B4
E29 R Ak R EHA) > A& 20,000m7kg v £ 225 B F#Si0, 5 B A 99.50% ¢ ki
¥ 5 5-20umo it & 5 2,655 A FE * P A v & (Takemoto)z SSP104 33 # #|» i+ & ASTM Type-G
&% PZT £ * Ka 4] & 2 48 > dyz= 470 pCIN, g5=24 mV-m/N, £=2100 > +* & 7.9 » i¥ B~ 75~150
pum AT S AR R T R AR % SYP-4570 ¥ T 4% - RiLE A L 150°C sdF 30 A4 o

0-3 3k ik BELA & e dod 1577 > 00 PZT BT M ¢ R AR 5 ¥ 5 50%

WA AR PP AR A T3] R kR 3R R 50% 0 & kR R
T E P S SR R A KRR THR S R AR R TAE & B R PP R e

A5%-k iR R HHRLB > B B B kR 22.8%R A 0 B A B KR 2220 5 i 4ok
£ % 546k% > T RI0~R20 ~ R25 + R30 v R35 » 4r R10 4 7 -k A+t 5 010> # ¥ -k %
veoer K Bk fess B A E £ e e

%01 KRBT E MR (kg/md)

PR mEL | kA PZT KR B R Kk a8 % A
PP - 3950 1575 - - - -
RO - 3950 866 251 294 - -
R10 0.10 3950 866 251 294 75 15
R20 0.20 3950 866 251 294 159 15
R25 0.25 3950 866 251 294 202 15
R30 0.30 3950 866 251 294 245 15
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R35 0.35 3950 866 251 294 289 15

% 10033k RTAF & Mt ehpe t § e R B4k £ AR S AP 2 B3I o ARPY &
o g-k3a3 R & 18 MTS #5185 40 80MPa B i # #-2f/R & & /2 15mm =h[flo 8 - §
R AR REER R EFTOCHEAKLL -

2.2 &

PR L X BRI R R AP T B R 2mm o R REPS RSl F N F
Fe 1P EREMAG 200 BRFUTRHOTE 2T L0038 FETH
o T 150C 4 30 A48 P RAMH M FFNFEHAG o FEHMI BRI ITR A
FIr AL REPEE AT LFEEY AL G RTEE B PR AR
LR R A 150°C 0 Rt B 5 1.5kV/mm ﬁﬂﬁﬁm40¢ PR R AR TRE S
Rl SRR RTAF ML RILE

2IBELFERAFE

BHAS AR S BB WIEA L BB R E P B E g 98 I RT R
ERREP OB BTRT R B ds BoTI00E & fhfet & 7% S BN R
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2 F fpfobe s Rz B fo B BT B FT0RT U@#ﬁz O3~ AP¥ A T ¥ e foiB 7 48
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RATEAERARTPFATR > UREUETHI RS BT EMHEDRT R
W Hcdgg B o ¥ b R ARG 2 FMPPRO:EFTIRILPE > ek TRIER € 2 TR
EENELFERA AT EFGARNL G MERICAFDTR IRIEUEFT 2 F
FHES 2 TR TNET >V R @ RS FRL S H ok aRE H(R1I0~R35) R 4
FooRAn AR F G A M BB FPF AL A R R AT BRE LY IkV/Imm 1 0 TR
EREOELES D RA BFRE Ao WEET S PR R RS 2 1R
ot XAk i B R e 7 SRl A .
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