
　 Fig. 3 Absorption spectra of so lid

sample, thickness in 0. 27 mm, ( a)

epoxy , ( b ) composites (E = 0) , ( c)

PT powder and( d) composites(E=

400 V /mm)

spect ra of the composi te is thought as sum effect o f

epoxy matrix and PT powder a s show n in Fig . 3( b) .

When ex ternal field is 400 V /mm , the absorption edge

o f the composite shi f ts tow ard long w aveleng th appa r-

ently. How ever , no observ able shi f t of abso rption edge

fo r epoxy has been measured experimentally. The gap

energ y calcula ted by ex t rapolating the abso rbency to ze-

ro shif ts f rom 2. 95 eV to 2. 75 eV under ex ternal DC

electric field. In PT suspension system, the shif ting o f

abso rption edge tow ard long wavelength is also ob-

serv ed when ex ternal elect ric field is applied.

　　 The field induced ligh t scat tering is about 50% ,

w hi le transmi tted light can be increased by 60% with

increasing of ex ternal field applied on PT suspension.

Optical abso rption edge is shif ted f rom 2. 95 eV to 2. 76

eV in nano PT composi tes. Al l experimental resul ts in-

dicate that there is a st rong interaction betw een PT pa r-

ticles and dispersed systems under ex ternal AC and DC electric field. All optical properties

can be modified by applying elect ric field on composi tes.
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电场对 PbTiO3超微粒子 0-3型纳米复合材料性能的影响

周歧发
 　张进修　陈忠阳　张良莹　姚　熹

摘　要　将溶胶 -凝胶工艺制备的 Pb TiO3超微粒子分散在液体和环氧树脂中 ,研究这类 0-

3型复合材料在不同电场作用下材料的光散射和光透过率以及材料吸收边的影响规律 .
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Abstract　 PbTiO3 po la r ultr afine powder deriv ed f rom sol-gel pro cess is disper sed in liquid

and epoxy mat rices. Elect ric field-induced light sca ttering and transmission of 0-3 nano-compos-

ites a re investiga ted. Changes of abso rption edge o f the compositions under applied electric field

ar e measured.
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Recently , there has been a significant increase in new and mul ti-functiona l nonlinear

optic, elect ric-optic materials to meet v ery rapid development of elect ronics and optoelec-

tronics. Fine composi te material is a v ery impor tant choice to so lv e the problems in single

pha se ma terial w hen optimizing i ts fig ure of meri t fo r certain applications. Because of v ery

short w aveleng th of ex ci tations to avoid penal scat tering, nanometer composi te is re-

quired. There are tw o kinds of size effect for nano materials, they are thermodynamic size

ef fect and quantum size effect
[ 1, 2 ] . It is w el l know n that the proper ties of nano ma terials

a re qui te di fferent f rom thei r bulk materials. New and better properties might be appeared

through sum and product ef fects by manipulation symmetry and connectivi ty of each com-

ponent of nano-composite materials
[3 ] .

So far , a lot of w ork ha s been done on prepa ration of fine composite materials. Ul t ra-

fine Pb TiO3 ( PT) powders in the size o f 20～ 80 nm were dispersed in various liquid condi-

tion. Experimental results indicate that optical properties of the dispersions are able to be

modified by applied elect ric field. The abso rption edge and epoxy matrix a re also ob-

serv ed. Changes of scat tered light , t ransmi t ted ligh t and light abso rption o f the compos-

ites under ex ternal elect ric field are carefully studied under va rious of PT dispersions shif t s

tow ard long w aveleng th. A study of electric field effect on properties o f the composi tes has

been carefully ca rried out.

1　 Experimental
Ultrafine PT powder was successfully prepared by sol-gel method

[4 ] . Pow der obtained
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is in sof t agg regation, the size o f ag grega tion is about 200～ 300 nm. Ult rasonic t reatment

is used to deaggrega te PT powders. The deagg regated PT powder dispersed in liquid is in

the range o f 20 to 50 nm. Liquid dispersants are dibuty l phtha la te, tributyl phosphate and

acetophenone, etc.

Liquid suspensions can be easi ly prepared by ult rasonic treatment , the w eight fraction

o f PT powders w as about 0. 05% . To prepa re solid composites containing 1% o f PT pow-

der, ult rafine PT powders w ere dispersed in epoxy ma trix , then mixed wi th C2 H5OH, ul-

trasonic dispersed fo r 30 minutes. The mix ture w as then heated a t 70℃ to allow complete

solvent v olati li zation under stir ring , then placed in a mold. Solid composite fo rmed

through solidi fica tion of epoxy mix ture under applied DC elect ric field. Samples were pol-

ished to ensure that the faces w ere parallel. Tw o kinds of light scat tering have been inves-

tigated on both liquid suspension sample and solid composite sample. They are longi tudi-

nal mode in w hich elect ric field is parallel to the incident light beam and transverse mode in

w hich electric field is perpendicula r to the incident light beam.

2　 Results and conclusions

2. 1　 Scattered l ight

Sca t tered ligh t behavio r depends upon internal st ructure o f material. In our experi-

ment , no observable changes o f scat tered light under ex ternal elect ric field fo r all disper-

sants such as liquid and epoxy have been detected. Therefo re, any change o f scat tered

ligh t o f composi tes is supposed to stem from the change of configura tion of the powder-

matrix system. When ex ternal elect ric field is applied on the sample, change of i ts optical

property is an expression of change in i ts internal ordering configuration. As shown in

Fig. 1( a) , sca ttered light decreases wi th increasing o f DC elect ric field under longi tudinal

mode. When elect ric field is higher than 500 V /mm , sca t tered light has no significant

change. How ever, scat tered ligh t increases appa rent ly wi th increaseing of DC elect ric field

under t ransverse mode. This is mainly due to the dif ferences in scat tering cro ss section a-

long incident light beam under dif ferent mode of elect ric field. During solidi fica tion of e-

poxy matrices the o rdering deg ree and configuration o f PT pa rticles are qui te di fferent un-

der va rious mode and magni tude of DC elect ric field. In PT dispersed liquid systems,

change of scat tered light is the same as above resul t.

Ef fects of DC and AC elect ric field on ligh t scat tering behavior of PT liquid suspen-

sion are dif ferent. Experiments show that the o rdering effect o f DC field to polar particles

is much st ronger than that of AC field. In other wo rds, to establish the same deg ree of or-

dering , AC field should be higher than DC. How ever, PT col loidal pa rticles are negativ ely

cha rg ed when dispersed in organic solv ents. Translational movement of PT colloidal pa rti-

cles takes place under DC electric field, causing agg regation and sedimentation o f particles

on bo t tom and elect rode, which reduce the stability of suspension and spoil the ordering o f

the system. The resul t is giv en in Fig. 1( b) . Compa red wi th tho se under AC field, under

DC field the change of scat tered light is larger in low elect ric field region and smaller in

high one, the saturation field is smaller. So AC field is much bet ter than DC field to inves-

tigate field induced optical proper ties o f PT suspension.
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Fig . 1 Change of scatte red light(Δ Is) under ex te rnal electric field [Δ Is= ( Ise-Iso ) /Iso* 100. Iso , Ise

ar e scat tered ilght w hen field at zer o and E respectiv ely ]

( a ) PT /epoxy composites, sca ttering ang le is 5o , ( 1) Transverse mode(Δ Is) , ( 2) Long itudinal mode
( - Δ Is)

( b) PT suspension under transverse field, ( 1) AC ( 50 Hz) , ( 2) DC

Fig. 2 Change of t ransmitted light under ex ternal elec tric fidld, waveleng th is 630 nm

( a) PT /epoxy com posites at DC field during solidifica tion, thickness in 0. 27mm

( b) PT dispe rsed in acetophenone a t AC field, thickness is 0. 8 mm

2. 2 Transmitted light

Change of t ransmi t ted light a t di fferent w aveleng th under ex ternal elect ric field has

been investig ated, the results of so lid sample are show n in Fig. 2 ( a ) . T ranspa rency o f

composi te sample increases wi th increasing of so lidi fica tion elect ric field. Change of trans-

mitted ligh t is about 30% when solidi fica tion elect ric field is 400 V /mm. Fig. 2( b) i s the

t ransparency curv es o f PT suspension in acetophenone under ex ter nal AC elect ric field.

Experiments show that maximum change of t ransmit ted light in suspension system can be

as high as 60% .

2. 3　Optical absorption spectra

Fig. 3 show s the ult rav iolet absorption spect ra of solid samples in dif ferent conditions.

The potical abso rption curv es of epoxy a re qui te dif ferent f rom that of PT ul trafine pow-

der. The energy band structure of the tw o kinds members o f the composi te is qui te dif fer-

ent. Without applying electric field on sample during solidification, optical absorption
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