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i OE EREEREMARRESHEATRENRARTRE-FEAMBRTPE-WAEBRIEREY[P(BA-MMA-
AAVTIO VKT S . REFFR TAMFERE &R Tio, BN EAMEREMARRS RV WE. &
R A AMEERN . BEE o, AEMMR, BA LN E KM . TEM,SEM 1 FTIR E3X T P(BA-
MMA-AA) LS K TiO, ¥l ,3#5 Ti0, W FAKRAME/EM . A DSC.GPC MI'H-NMR RIEL T ™=, LA
B TiO, MM A St B4 TR, L ML P BA BTH AN M, SBRS YA TR ERK.

@R BEER, LBEES, A&, RESHH

AW/ THNKRE SVRENS . &TF. .1
RAOEPERSEHBAE AEAWR,ERAN
KRB TR E"Y HEsTERE, W
AT EEEY EERSY AR MILE
B4V ENABREA" S EULBEAHEHN
BAY9EFRRT /N ARHBE . aEEE,E
GEEBAE BREAS HHBBET BA-S
BIFLE R 7 r-HRIN BB RS HFN £ R Ag
kB F . RETRARKNTFHOSUERSY
EFE P P(BA-SU)/Ag W RE Ak . E3H] EMW
A 205 S B A B0 W BB AL O S
REVE T8 Ret, 51 &R BEETTLARR
FEEES, HET -RIRAR-TEMNEA
VU HLE &L, I PMMA/SIO, .PBMA/AL O, %,
TEM 4 R BB TFRUMARBERELSBT
EANEP, RETHBEWEMATXTEARE.
AXHABERASR R .ELFIREEE
YEF L I H Y K Tio, ZEM M F AR G B R
i, B[Pk BAMMA R ERBREAMNIIERE
K AA BRIALB B S, #1187 B E W P(BA-MMA-
AAVTIO, EEAB . METEWESRNWEE
R TiO, B A=W SHENER,

1 XREHs

1.1 FEFREMEHE
Pi¥ e T liE (BA) O B T R 7 A5 (MMA),

FaR T, o874k, A 10% NaOH K # i
EEEN, 2R EARERE, BERBHA NS
BRCAA) , RE M B TR, s T i
HEREN(SDS), # O 43 %, S Hrdk; R RE SR AR
KH-560( y-k HBERE=FREER) &
g HJ3-0630 Bl Tio, FKN T, fr L8 A 95K
ARERAF EEL

B I K 4 3%, VC-1500 (Sonic & Materials
Co.), ¥ % 20 kHz, B KT 1500 W, 8 7 ij i 2h
A, AL EE B TRt
1.2 #MmEE
1.2.1 #BFE K % P(BA-MMA-AA)/TIO, 84K
AW H—TE To, Yk T Ak
BRMARNER, BEER 10 nin; FEE, E—E
b B0 A B4k (BAMMA 1/ & AA) i N, 10 min
HREEFH O, BABBSREIZREGRN.
RRAEPRFERBEG0£2)CHN, EX{E
EEFEREDREREE 0 BERR -
SERTIE) S, RN .
1.2.2 HEXE R—E2EAHNHR AL
W, WE, BAREKERREALN, BEET
BE.ETREMBFRPLIFAWERME 72 h, 3
BREAKPEETHREEA.
1.2.3 P(BA-MMA-AA)/TO, KX BT RS
MEEE  BLERHMIEELL 3 x 10° r/min E
B, K 30 min, I8 FEFHA 0.5 pm KT,
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ARKEFEERE.HE. AT TESAGE KSR
..
1.3 i 5FRE
1.3.1 HEHALENME 7 [ Rt R
AREAE, BRI 2 oL, ERFRFE 50C
HEMTEEE BETUME B aEgh .

Conversion (%) = [{(W, - W,)/

(W, - W,) - Al/B

P, W EHRBEARE. WV, ERERESIEN
EE.W, RRERSTERARE, A BRILKES
PRERASHABA T, B RAKETF R
EERERE T
1.3.2 EAARMELREEENIR BER
MARFKGTHENE S BER, £ 800 B
LHLH, BL 4000 ofmin 43 3 B 4 60 min, 120 min
B BRI TRFR. TEHEYERS
HBMEESEPH ST EETRBARON
BEElk XM ERA REPIBERESHER

= NHERE P(%) = (TSNRYRBR/MKE

8B x100%
1.3.3 =&t 3% A Nicolet560 4T #h ¥t
BL,MERMAE TIo, KR TERAEEHEMNE
1, = ESRAETEER SRR 20K, 85
2 2 cm™' . R A Unity Inova 400 4% 8 4% 6 55X
W s 4 R 4 ) H-NMR J6i%, LA AR #4045 (CDCl, )
SHEER SR 2k 400 MHz, 18 20°C.
1.3.4 LN FIESH ST * F JEM100-CX
& BT e T B 1345 (JEOL Co. ,Japan) ZEME T
A FUBR F 4R, MR R 100 kV.
BRBESHEAIABENR LEER S,
3% H H Z Hitachi 4% 7] LTDX-650 33 i F B 7 8%
M H IR, W R 20 kV.
1.3.5 =HYaTFEEHSM % A Agient
1100 24 % & 2 1% 5 3% {4 ( HPLC/GPC, HP Co. )&
HEHY P(BA-MMA-AA) WA TR EH 44, DL
SEEBEELB AR, R THF HHE KX 1.0
mL/min, MR EH 35C. '
1.3.6 TR 3% B NETZSCH DSC204
BMARNUERGYEBAHTRYE, ASH#E
# 50 mL/min, A7EE - 60 ~ 150°C, 7B # = 20
K/min.

2 HZR5E

2.1 ERAXTO, FET  EEEREMSIEZA
BERERE

BERE—FEEN 2x10° ~5x 10" Hz B9
DUMRBR 3h 18 . 24 8 75 B R MR AR A B P B A, AR
SAERAT U4 A R EAEERARS A
BEEA FRBAE SN RS
B EEFEER, ELR TO, LILAKETF
PR SFER R, EF M mAET RN, BEER
SIRARBERREETRECARES, BT
FEMB TR P(BA-MMA-AA)/TIO, HKE ST
B ARBFHROABARGENEEHABEWY
BEX HMFTFEMKBREAATAER, FAMEATIR
FWENABRESHEREYWEINARREFE
EHHRBRETHER.

B 1B TOo, MRBFHFET,.BHFF AR
BREYEECARE ST E-HLRBER
Hetm- Rl AETL, BFFERALK
REedmhl B AEED, QA8 5
B, 5HARREH N ERUEAM, SRR
FABREETHAARS XRE MBS SHE
AN =4E e dE, R EEERER XY IE
FATE , FLIR AP O B0 B 4 VR IR 9 3T #8650 ~ 100 nm
METHREXODEE , FRASLBRRET
BN, EEPEESBEHAMEE, BAARE
FE 2 N A 1B TR A . A 8 I 0 P BB F O i
P, LR SR A T v ok e e L, R R S AR RS L
EHAHAS AR TFTHERKERESRE
EHRBTFGETRE.

& 2(a)& P(BA-MMA-AA)/TiO, ( HJ3-0630) &
ARFHTEM MR BB THRELA, RMNERE
BeY AEEAALEF Tio, TR, TiO, 1
GRASH EH2bER - HUEHBRERE
F.EEHBMTEIM BR, 5B 2(a) HE TiO, &
HHBHRSYER AR TFEENEREG T

HENEEY T, KT EER, 7 TEM B S H AR

MEAEBP, AR FTEBRETENRN. 5B
A, E 3(a)Tio, [EB K SEM B RA R, A5
A TO, AARMBE; RWE3bL) , HEG3
W SEM BREH KRS RRE, REFkH
BR 50 nm A B BRIE 2L BORE T4 Ry 3% R,
TiO, (HAK/DE) UFR B B EESH
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Fig. 1 Conversion versus time {a) and polymerization rate versus
time {(b) curves for ultrasonically initiated in situ emulsion

polymerization

0.03 g TiO, ; 3 g total monomers; mp,/myyy =150.05 g AA,60 mL

2 wt% SDS aqueous solution, power out: 600 W

W, 5SRERAHEFIBEK TEM B A HE,
P G R R ERENERE 2()FH TiO,
HRA XTERHE TROACEINEHNTESY

e e
3 i 200_nm

Fig. 2 TEM micrographs of P{BA-MMA-AA}/TiO,
composite latexes obtained through ultrasonically initiated in
situ emulsion pelymerization

a) Before stained; b) After stained

Fig. 3 SEM micrographs of bare TiO; (a) and P(BA-MMA-
AA}TiO; composite latexes obtained through ultrasonically

initiated in situ emulsion polymerization (b)

AE. U LELENBREERG R FRAILBER
AEATREFAREERANESYTAK

TiO, B 7K .

2.2 BFRERFREIAARAERENEELMEA
*

2.2.1 FALFAEBENERE Bk, NER

FARINA SDS B, JLF R KM ; BE SDS ¥R B A 3
1,60 min BT Y B E B LEAERER, B SDS
EEFRBERUARRSRNTEEERNE
HERAHEFERREHAHEFENETER
B . EHE" DR Stoffer &) g MR T
FNERARMNMEBETERBSREHERT

100
80
g
5%
&
Z 40r
Q ) —=— 2 wt% SDS
201 —e— 1 wt% SDS
—i— 0 wt% SDS
0 e Fe re e ik
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Fig. 4 Conversion versus time curves for ultrasonically
initiasted in sty emulsion polymerization at different
surfactant levels

0.03 g Ti0, , 3 g total monomers; m;Afmm,\ =1,0.05¢
AA; 60 mL SDS aqueous solution; Power out: 600 W
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i IS BE 2, BE SDS ¥R B 1, T S R0 B SR 3K
B, G E, B ShEENFERE
MEFAEE, REFLREFHRE NN, REAIH
- Ege £yl

2.2.2 BESEMER B 5 AT 4, B Bk
BHAEEM,60 min B 8B EEARER. THE
B, EEAWE, —FH.KEHEAIERER
RE—#E, FALR W — o), B R BB R,
R 5 AL A LR A, SRR PR IR IR R T 1
K BERBD  RAZHETRE L FHERD,
SERSEETR.5—FE, BESLEREA,
AT E K R ERAES B 8 &, B
AR N SH 5= RN, B EERF AN
M FE N, SRR RER K, Brhs LRE
B AMTFEREHEN =, EREERBFEE.
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Fig. 5 Conversion versus time curves for ultrasenically
initiated in situ emulsion polymerization at different
monomers levels )

0.03 g TiQ;, 3 g total monomers; mgy/mmms = 1, 0.05
g AA; 60 mL 2 wt% SDS aqueous solution; Power out:
600 W

2.2.3 TiO, HEMWER & 6 7] 1, B Tio,
BB 0, 7E 48 [l 5 R A (] po ot 3R R A Rl 2R
B XEENKRETFHREARK, ZWARE
A mE s G EE -
AWAmE, FHI RABERRERE, AMFRRGER
T i EBA AR EAIEF. B
MBEAEENTEREZZ -BAFERE BENF
¥ EHE, A ARERNS R AEBERN, 5 R
H5EAEBERFELREXR, T A dr 84 fEE
HazfBEMX, DR F R SRS ER
& HTO, AR, AR EE
ZACERAB/D, A b B AR, AT R

AR
100
80
g
E 60 -
g
z 40F
© —a— 1 wi% TiO,
201 —o— 3 wt% TiO,
—A— 5 Wi% TiO,
0 N | ! | ! 1
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Fig. 6 Convemsion versus time curves for ultrasonically
initiated in situ emulsion polymerization at different TiO,
amount

3 g total monomers; mps/mya =1, 0.05 g AA; 60 mL
2 wt% SDS aqueous solution, power out: 600 W

224 AAFEMEMR ABRB(AA AT
BEM,TSZMEEREAZR, KBITXRNES
WA, EBE = REVIRERE, ARET TR K
BEHEHSRENEREALYRRE D . B TFK
BHRN AAETHm TFoAER FREANER
B, iR A BERSKNAEE. FRTRGIR
HEEsE .

FHIFHIMALE AA SERPAREIERIA R
RE. XA EEESE THEAKN AA 5 BAMMA LR
ERTRAERMERKFREAS T, Y TH
MTERTHAAFSE, FREFEELERAR
RBE BRI EEXS FREESLERKY
RE.ZHEBEZHMEATHEBRKRT FAH
BB ARARN, R EEARER |
BHEENE, ERPEAE SDSH ,EEMAT AA,
15min LA BREHZARMDAT, BKHEHAT SDS
MBEEEG AR BAMMA B BESEL AT 4
.

Table 1  Effect of AA on conversion of monomers

AA (g) SDS (wt% ) Conversion (% )
0 2 . 18
0.05 0 1]
0.05 2 75

0.03 g TiO, ; 3 g total monomers; my,/myy, = 1,60 mL SDS aqueons

solution; Power out: 600 W; Reaction time: 15 min

2.3 P{BA-MMA-AA)/TIiO, S &HHKHEHE
{i

2.3.1 FTRAMF E7()REBFRBARE
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EH A& LT A P(BA-MMA-AA) B 41 5p 6 3%
B ,1730 em™ ' BHE R IR C = O 4R3I R
¥ 7 3400 cm™ ' B 35 55 1 58 0 R AT BE R L
4 2Z —FEH b —CoOH EH H—O0H Mk .
A 7(b) £ FEH Tio, WL A6 EE, EAT 1L,
3430 om ™" BT A0 TR A0 1634 om™ ' Ab IR Wi M 4y
%t F TiO, 72 1E W MK #-—OH f g3 Ik 31 F05
1R B ; 7E 400 ~ 700 om™ ' Y5 B B ¥ T 3 B9 R UK
WX R AH R TO, BISER K. & T
JFK TiO, 2 RESEIRBL | KH-560 Zb i, Br LATE
1093 em™ ' FHE BT Si—0—Ti A {45 ¥ 3 W 1R
s B 7 () BRAWMMIE 72 h, TIO, WMAER
50% (% F 24k ) B P(BA-MMA-AA)/TIO, &Y
WAL M i, AE BB, 7 1733 em™ ' BHEH R
THA C— 0 WEBRI R, 575, & 2950
em™ ' FT 1450 em™' L 1380 em”' AL i) 1 F0 5% & {0 48
1R 3 A 25 il PR 5h R W 0 AR B B MR LTI L, B G
P(BA-MMA-AA)/TiO, B &# M B R & i K 8]
2, Tio, #E LA B-A4Y P(BA-MMA-AA) B
B AEESYWS o, MAERMAMEEIER.

a
b

[+)

1 1 1
3000 2000 1000
Wavenumber (em™1)

Fig. 7 FT-IR spectra of pure P(BA-MMA-AA} {a) ,bare TiO,
(b) and P{BA-MMA-AA)/TiO; composites prepared by

ultrasonically initiated emulsion polymerization (c)

2.3.2 DSC4F  MESWLIEH,BFEHE&
B4 3R & M A0 AR 7S ) 4 I P(BA-MMA-AA)/TIO,
EaMB Lt EmOREUHBRAE - HHELR
AP, X ZHHEEERS & BAMMA f1 AA LR R
WY REHEWHEY, MIEKRED.

PBAK) T, £ - S0°CA 4, T PMMA F PAA
M T, B 10CESR . KRYTH BARENE
YEREL,MMA 71 AA IR AW T, T4 %A, E
ISR EEERE. BT AAMMARNTA
HEEN 2%, EX T, HEWRNIEL~2CT2H,

Glass trasition:
Onset: 13.07 a

Mid: 23.06

inflection:  24.26

End: 33.04

Delta Cp*: 0.355)/(gK)

b

Glass trasition:
Onset: -1.70
Mid: 15.61

Inflection:  16.15

End: 92

Delta Cp*: ¢.4031/(g-K)
I I

Endo

=50 0 50 100 150
Temperature (°C)

Fig- 8 DSC curves of pure P{BA-MMA-AA) prepared by
ultrasonically initiated emulsion polymerization (a) and
polymer in P(BA-MMA-A4)/TiQ; composites (b)

Hib U TR FHEBHEEHTE PRAG T ELA
HOEADRM AA SERE/E MMA # 8. H1E 8(a)
AR, @Y T, R 24.26C, H FTREMILE
WK T, — AT P B4 2 18] 3 FE AT 89 48 4
AR AR AL, B LAY U AG 36 B A 7S A A ol
FEHPTBAEMMARTTHERERLA N 1. XS
EREmEmE L EERE B AWM ERER 1 8
WL T, B & 8 P(BA-MMA-AAY/TIO, & #
KR RAWME T, H7E 16.15CHE, HEME TS
Beyw T, . REEFHIER.(DAaXR2Y
GPC BT M, Ti0, IMASEEH BRI LI
BEAHENREYNS FERGESH BN,
HYNESFERIEDNTHEANGER. ()]
¥ P(BA-MMA-AAYWM 43 FEXT 7, WA K, B E
AMBEECERSYH T,(16.15C) /ALt
BRSSP BAS MMA BT RE AN 1.3,
XRARSYSTHEBANSEERTARE
9B T, R

Table 2 Effect of TiQ, on molecular weight

M, (x10°)  M,(x10%) MWD

Pure P{BA-MMA-AA) 2,03 2.29 1.1264

Polymer in the extracts 1,43 2.02 1.4119
'2.3.3 'H-NMRAHF  EIREEHANAR

AYNEAMBTESYH HNMR A, R &
B1REAFHENESHEDESYHBEEILER
HFEREMANNER WES 6=7.26 4 H A
THFRREH KT &AWL ERNE. 5
ST AAMMARDTHRELRM 2%,6 =
11.02 A BB EAT H, M{ESRS. P



9 1 T A% RUR LB R A 5 & P(BA-MMA-AA)/TIO, 40K E &AM BT 1043

BES=4.03.6 HMNART BA R TEREPS
BEEBAEN TR H, B MMA B TEEF
FEW H,, BT REZ L LIBIES
HEMEBRSYURESHATREYHNBA S
MMA BITRBESREL , 47§18 0.76 76 0.86, Ep i &
Lh# K 0.97 f1L.10, MBI RE LR 1,
XULHAZE TiO, FETF, ARSI ED P BA
B P ERTEENSNAERY P BA BT

1 1 1
10 8 6 4 2 0

o, 3R] LA B A 4 B FE ] S R A R R
TEBTEAMNSH_RYM T, 15 H'H-
NMR i+ H BB E S PHEDH BA 5 MMA
BILRER LA EETRBS TEEMFLT DSC
MAEEE 1.3, REAEAHE PR REDE BA # &
FHEE DSC MMM 4L, AL T, KRR

5 FRAFEARIEHERNER .
b
4
1I0 8I tIS ;4 é 0_
§

Fig. 9 'H-NMR spectra of pure P(BA-MMA-AA) prepared by ultrasonically initiated emulsion polymerization (a) and polymer in P(BA-MMA-AA)/

Ti0; composites (b}

g 3.64

H,CO 0 HCO s o OCH,CH,CH,CH,
](-:I;,\ng 182 f Iélz\]/ Hﬁ/}lz
C c c
NG N N e N e

C
’ 2.28

1.33
H;CH,CH,CH,CO 0
a b ¢ d
096 1.59

1 h 13
4.02 CH,

C C
190 H | 1
COOH

CH,CE,CH,CH,

H'11.02

'H-NMR

Scheme 1 'H-NMR resonances for polymer in P(BA-MMA-AA)/TiO, composites prepared by

ultrasonically initiated emulsion polymerization

2.4 P{BA-MMA-AA)/TIO, M S A EBEE M
FRZGHTHEWE SRR LREES
RAE3I.R3F PRAAENEAMTIER, &
NERSEAAMLESEZL . PERAERY
EAABRBARE NEFATUEY & TEY
AN BLEEEREMBER, HASESE
BEMILEREFEHENE S (PTIO2U
0 PTiO0SU) B A E & 9 B L #8 7€ 1, 4000 1/min
FEAELC2hEHRRAFLEIEEN; W Tio, %
2t B A 30 min, FEEES WAL BRRE T

Table 3 Centrifugal stability of P{(BA-MMA-AA}/TiO, composite

emulsion

P(%) at P(%) a Charged

60 min 120 min Ti0, (%)
PTiO02U 0.66 0.70 1.64
PTiO05U 1.55 2.10 4.00
 PTi0OSC 3.90 4.12 4.00

B & E A I (PTIO05C) , B4 L h, TR
BEE T 9% Ti0, HRINE ,FA LR ERER
JLTER BERENESIEBDELN 5,5
ROV ERYA T B .



1044 [ T = A R 2006 F

REFERENCES

1 Imai Y,Itoh H,Naka K, Chujo Y. Macromolecules , 2000,33 :4343 ~ 4346
2 Xiong Mingna( PP ) , Zhou Shuxue( F#2#) , Chen Huil Ji#) , Wu Limin{ B F R ) . Acta Polymerica Sinica( Ff 77 %% ) ,2005,(3) :417 ~
422
Decher G. Science , 1997,277:1232 ~ 1237
Zhang Z Y,Yin Y D, Gates B,Xia Y. Adv Mater, 2000, 12:206 ~ 209
Smith A P,Spontak R J, Ade H, Smith 8 D, Koch C C.Adv Mater,1999,11:1277 ~ 1281
Gangopadhyay R,De A.Chem Mater, 2000, 12:608 ~ 622
Wang Q, Xia H §,Zhang C H.J Appl Poly Sci,2001,80:1478 - 1488
Yin Y D,Xu X 1,Xia C J,Ge X W, Zhang Z C. Chem Commun,1998,941 ~ 542
~ Liso Y @, Wang Q,Xia H 8. Poly International ,2001,50:207 ~ 212
10 Suslick K S.Science ,1990,247 : 1439 ~ 1445
11  Kruss P,Patraby T J.J Phys Chem, 1985,89:3379 ~ 3384
12 Biggs S, Grieser F. Macromolecules, 1995,28:4877 ~ 4882
13 Chou H C,Stoffer J 0.] Appl Poly Sci, 1999,72:827 ~ 834

U=T- IR - Y

PREPARATION OF P(BA-MMA-AA}/TiO, NANOCOMPOSITES THROUGH
ULTRASONICALLY INITIATED in situ EMULSION POLYMERIZATION

WNAG Chao, WNAG Qi, QIU Guihua
{ The State Key Lab of Polymer Materials Engineering, Polymer Research Instiaute , Sichuan University , Chengdu 610065}

Abstract A new and simplistic method, ultrasonic irradiation technique was employed to prepared poly( n-butyl
acrylate- co-methyl methacrylate- co-methacrylic acid) [ P( BA-MMA-AA) ]/TiO, nanocomposites. By taking advantage
of the multiple effect of ultrasound, such as dispersion, pulverization, activation and initiation,the aggregates of TiO,
particles can be broken down.The polymerization of monomers BA, MMA , and functional monomer AA proceeded
while TiO, particles were redispersed by ultrasound . The stable P(BA-MMA-AA)/TiO, nanocomposite emulsion was
obtained. The effects of several main factors, such as surfactant concentration, monomers concentration and the
amount of TiO, , on polymerization rate were investigated . The experimental results showed that with increase in SD5
surfactant concentration and decrease in monomers concentration and the amount of TiQ, the polymerization rate
increased . TEM , SEM and FTIR analyses confirmed that polymers were present on TiQ, surface,and there was strong
interaction between TiO, and polymers with carboxylic functional groups. DSC, GPC, 'H-NMR characterizations
showed that with the introduction of Ti0,, the average molecular weight of the obtained copelymer decreasea,
molecular weight distribution became wide, and the BA content of copolymer chains increased compared to that of
the pure copolymer, resulting in lower 7,.This method has the following advantages, (1) aqueous medium, (2)
without any additional chemical initiator, (3) lower reaction temperature, usually near ambient temperature, (4) ease
of operating and (5) the encapsulated polymer layer can be well designed to meet different requirernents.

Key words Emulsion polymerization, Nanocomposite, Titanium dioxide, Ultrasound



