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XA BARES BEoE REyH

BAEILB RS AR MALTERE R R
IBEEEVNENEAFR, 70 FRwH, XH
Lehigh X %¢ # Ugelstad, El-Aasser #l Vanderhoff
F—fEE RETHONTFRENE —AETR
# (Submicron) B A B E BB F R T A
#L 3 (Miniemulsion ) B A FHAR .

HMABERER—MHFPIABRRSTE B
AR AT ZE SIREAGNAE S NETH.
ARHESHEAR TEAARESY . AR TF
A K B 3 T I A R R0 K B A B I R Y BCEL M
( Microemulsion) B 4041 M H R PF o7 45 8k
B HABRG S EEAN ARG NENREKER
H 5| AT HF, bW (Cosurfactant ), H R T A
1k, (Miniemulsification) T 7, , X = i [F B E B &
1 R B T B S B A Y TR . B R B T
MAEZKYLE 100 ~400nm Z 0], 5 & 8 3 w4
AR THBERAKTRABEKRER(EEAR
40~ 50nm) /b ¥ AERHE (E2 250 1000nm) , 3
BREREETRAEEEREAERER, UK
REAFEMAANEE SIS A EHAERE
EOERRAEERME D, B R R A R
CEIE3 5 EX -2 R

Har, o THI BRI AE AETRE Tl

AEAY MERBTIIREAN, MAMEY
2, BB A 5 A, X0 T LU R &
FEEARILEN o ERN AN AR K
VLR R R OV BRIE. AT RN
Ba RN, SR A [(NH, ),S,05/NaHSO; ] 4, tb-i8
SR, KB THRET (25T ~45C ) WAL K
BE M, ARBTEY, A TR TR
BN FREV BRI ER K.
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#5347 (SDS) 3 3L 4L (HDE) i 120mL

1.1

* 1998.12-01 W ,1999-06-28 BR:; EHX AR ¥ E & FEIMEE(ESS B040101) ;

w BAEH M. JE R 81 {58 3 4, BEBL SRS - 100095

184



2| MELBE WL EEREIRELB/ARTEAARARSINF S REILBOHE 185

FEAKRE, —CRETHHE 10min, FHEREE
HBERET &0 IC3 RSB B (T4
BWFE 26kHz + 3kHz, i LTI 2 0~ 250W, 10% &%
g BELER, MARSEE St/BA (St,
BA % 20g) , BA—FHBE THHE 10min, FHEH
FRABBSER AL E—BEH.
1.3 ARAEWE

HEHRDNHAI B HEA N, 45min, MAB &
#, TR 6~8h, B HIL K.
1.4 RE
1.4.1 HEBEEAPELGT BABRELIBE
—FE S E, &£ ¥# B Malvern Auto Sizer Loc-
FO63 RS R LME.
1.4.2 KHETEBIACAKENNE BRIAK
30.0mL THHEELILE P, ME, £ Beckman
L860M H #E B -4 Hl £, B 4 40min (2000 ¥/
M) BTFTEAKMEA 10.0mL, A= AEIES,
A S0mL ZWAKRE, 0 15mL EHE 2 (1% )R
REEBR (0LOSY)BAEWAMLE R 15mL
CHCl;, ¥ E 2 Smmol/L B+ et R4k gk
BEHMBB CHCL B2 BRIFHEIE R IETH
A% vy

[8]=0.5Vy(mmol /L)

1.4.3 $IERMBE MBI &M AFIGiTH,
BR— R HRE EREENE.

2 SR5ie

2.1 HARBEEHAZE

RENPTRERT AXREMNINEEE
F1(NH,),50; 5 NaHSO, R ER I, E A
R EA =1.33:1(mol/mol) BFIT i .
21,1 RAMBEME®R SDSEEHR
10mmol/L,[HDE]/[SDS]1 % 4,3 K R KE N
0.5% (E F/KH). 4814 5T 10T .25C .45C
THIZHILBE(HAREAEESIZR R — 4
Kol RABER, HTERKETSIZ) XBE
B ST i 5L BE 10h R 51K, R 5h 5 ,10C M %
MR 10% ,25C M 45T T #9 R RT E)-$5 1k
Rk LA L.

B 19,45C T AR M 2 I 25T MR, 6h
Bt 45C TR ML EIEL 90.6% ,25C THRIFLE
X5 66.8%. AE 1 AIEW, EN KRS HAAR
K, XEMABRSINFHEZ— HANXHML
MEATREBRAHBTEHENHEA FR

WAEFMERK. BRI BRT, 5 RREA E S
@it , b £ - 3 B A R RBER B Z AL, H A
- ERGIEREGRRR TR,
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Fig. 1 The effect of different temperatures on

polymerization
St/BA=1/1,[SDS] = t0mmol /L, [ HDE]/[ SD5] = 4,
[1]1=0.5%
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Fig.2 The effect of different initiator concentrations
on polymernization

St/BA = 1/1, [SDS] = 10mmol/L, [ HDE ]/[ SDS |
=4, T=25C
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25C F YR AR T X ff 0, BB SCB R o
TR R B A5C PR AL
2.1.3 FAbmMEMER HEREN 11,9
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240 T W, 8% b 3 e - gh 2% WL 3.

1001 & 5 mmol/L

o 10 mmol/L
- = 15 mmol/L

%’*%

Conversion (%)
.
[
T

20

L 1 1

1 1
0 50 100 150 200 250
t{min)

Fig. 3 The conversion-time curve with different

emulsifier concentrations
St/BA=1-1,[HDE] = 40mmol/L, T = 45T,
(11=0.5%

ME 3 AT F R B 4 RE L 10 700 o 52 0 08

T3 0. 243 AR TR B KT 10mmol/L i, SR
JE B A B B, W36 85% L L, 2 SDS
HIYK HE 9 Smmol/L &, ZEAH B BRI, LR R
Ho68%,EEH HEREFABEAHE. bk
AR, AAARESREERE —EEm. BRI
fp e 2, o I AG B R R R/, B A B B B
BRL Wk hadL R, BT LR i i
.
2.1.4 HFAFEENERE SBERK 11,5
ERWHE R 0.5%,[SDS] A 10mmol/L, HDE &
% FE 43 B0 3% 20mmol /L., 40mmol/L , 60mmol /L
& AP R SR R AL - i V] i 2K A0 A 4.

MEATEEERAIABRBRAERRERTHALR
BAER MAREASY,[HDE]/[SDS] N 2/1
i, 57 % I, I R B A 4 [ HDE /[ SDS]
Bas1 88, BERERE 2/1 BFAHR, Y [HDE]/
(SDS1% 6/1 Bf , i X T B, B RTF 21
MEER rUmERB_EMERERE, [HDE])/
(SDS]=4/1 &, & R &R, [HDE] /[ SDS] =271
i fz 1€ , [HDE 1/ SDS]1 = 6/1 B} 2 R 3 4[5
.

% HDE] M 20mmol/L 1 it ¥ 40mmol/L
B, 5 R 4 FR A9 SR A o 3 el T 3R 3L Ak R B 3 Ao
T, X/ N A, I e A EAILR

AT, {5 R SR 4 K, T 24 HDE ¥ 3 9k 2238 I
B, TFHREMELIERY AR LEHFBEH
1EZBORE , LA B i3 i A #E R o B o BE T RE L BU(E
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Fig. 4 The effect of co-surfactant concentration on
polymerization

St/BA=1/1,[SDS] = 10mmol/L,[11 =0.5%,
T=45C

Table 1 The number and size of monomer droplet with different

ermulsifier concentrations

HDE/3DS 2 4 6

Monomer drop diarneter{ nm) 176.1 145.4 141.6

Monomer drop amount{ % 10*°) 6.0 9.8 10.2
BEEWBE A B ()HTHEFE:
N = Vm/%nff (1)
V., BREEE, D AR PR E (B AR
VRGBS BRY)

#£1 5,4 HDE]/[SDS]=2:1 B}, & &
B¥EAL6.0x10°4,[HDE]/[SDS]=4:1 kY,
WHEBER 9.8 <104, BATEK 1%, M5
HDE/SDS=6/1 Bf , BB HE 10.2x10° 1, It
9.8x 10 M E W In. Fr L 43k KT 40mmol/
L Bt , 300 HDE B, kBB B TR X,
HDE Xt B sy 2t 59 38 A B9 BLFS 16 A 3 3 ¥ B
T EFHAL.

2.2 ENARREHAHE

R XHFETARBLLRAERSHIEN
S FL R AL A, B o6t A R R R B L LR
ARG THREN, SEARFTBERMILE. L
TR HEHIEES I NIRRT,
2.2.1 BlAEMKENEW HAERH 1:1,
[SDS] = 10mmol/L, 5| KR E 25| R 0.2%,
0.4%,0.6%,0.8% BF, W15 89 5T 57 5% 1k 32 -1 (8]
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Fig. 5 The effect of initiator concentration on

polymerization for conventional emulsion

polymenzation
St/BA=1/1,[SDS] = 10mmol/L., T=45T
O0.8%,.40.6%.00.4%,[30.2%

MBS A LAE W, 91 2P BB, BN
g WA B ZAEREFENLBRESH
B ML R
2.2.2 HfeRMEMER RERCH 1:1,51 %5
WEH 0.5%,SDS B K &+ 8 A Smmol/L,
10mmol/L, 15mmol /L, ¥ & 2 1 i ¥ ft -1 (7] ffy
2 WA 6.
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Fig. 6 The conversion-time curve with different

emulsifier concentrations for conventional emulsion
polymerization

S5t/BA=1/1,[11=0.5%.T=45T

O Smmol/L, & 10mmol/L, [J 15mmol/L

ME 6 BT E L, PLALTR W B A, S R R
. T E, #8260 B T B4 R R 8 AR b A EL W
h I EEN
2.3 MABEANERIEREBYE
2.3.1 ETHCEESR MWMREREN1:1,5(%
M BEE X 0.5%, [SDS] = 10mmol/L., [ HDE ]/
(SDS]=4/1 BABE SN IERLRFEA.
FMAFEKEMA AR REHATIUE .
BT R
C(t) =-5.21178 + 0.227692x + 3.3 x 107*?

-1.69x10%23 +1.7 x 107 %*
REU LR, KX -FR. R, 2
) 4tk 2R - [m) iy 2% R0 D B A oA R] b 2. S5 R L
7.

 (min)

Fig. 7 Polymerization rate and polymerization acceleration
rate

St/BA=1/1,[SDS] = 10mmot/L,{ HDE]/[SDS] =4/1,
[1]=0.5%,T=45TC

M 7a W] F & B RN (R A 36 I, B B
JLFRFETRMG REERMYMEHR ME
EEABES XEEZEN. B 70 EXEH N B
AT R G BREE AR A 3 R AL AR O, AT
BHEDPA=ZAX . E] X, HFHENT 0%
B, B2 7 o 4 B o a8 hn , BB ke O LB B
PR R S R, A USR]
Ko, 4L 3% 30% ~ 60% B, R R R4 TF
e X EEHAARTRABBERFLARSYRT,
W 2 B R R AT LT B R R R T T R, B LA
RN RE X T SN AR KA, (R R it
AL S B (KRR B I, BRSSO T B B
EMSEMZIEEL BERNERFEN ES
RAILBHNBAINERLETAEEETAA
WAL EAE 30% — 60 % B, 2N b o BE 8
T 0, 1k 7R i S i i 3 JLOE 1B 2 MRS 0L . H B 40 AL
BHERIKBRSHNERUENER A AREH,
WA EEEAHMESAE.

2.3.2 HENENET BoEPSRNEE.
FAWEE S| RS A ALK ES — RPN
ZUBETYHXLR AHETALBRRGEHA
LRESTEAAHE, IXRAEESII AR,
EFEEGXEMULE B RRAERSS
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Fig. 8 The relation of polymerization rate and
initiator concentration

St/BA=1/1,[SDS] = 10mmol /L,

(HDE]/[SDS] =4, T=45C
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Fig.9 The relation of between polymerization rate
and emulsifier concentration

St/BA=1/1,[HDE] = 40mmol/L, [APS] =0.5%,
T=45C

@ niini, & con

ME ST E N, AR R’a 7R T &ZPIHE
S5RAGHEENXZREAHE AAENE
0.56, % MALBI R 0.40, B R (mini)oc[1]%%,

R, (con)oc[1]%4° {3 B 51 A 781 v A % 38 5 B )

EHERAREATENHE MAILREEN
FEEENAXRFRADEFHER  HHBHA
0.7, WAL M A 1.1, 8 Rp(mini)C’C[S]G'm,Rp
{con)oc[S]H IBMAH L RIEEN KN EEZNE
FEFMABRBRAFEXNIE . X5FEFFAM
BENEG X HRARERFERZY ., H R
R &%) BN R MR RAR K.

FR A T ERERITIE, AR
R KT R W T CMC BB TIR R
BT B, (B A R HEBR KR & A Pl itk
R HAMEE R BPO M3 EM, WA KBS
RN HQ # T A MRS, M2 % L3R 8f W] gy
2,0E 10 AETTEL . MA HQHWAARES
BN, R B B KT R HQ #9F 8 X i8]
EHEH HQHENSBSI E R FEME L8R
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Fig. 10 The conversion-time curve for miniemulsion

polymerization and bulk polymerization

St/BA= 171, [SDS] = 6mmol/L, [ HDE]/[ SDS] = 4/
1,{HQ]=3%,{I]=0.5% , T=45C

O mini, O bulk

KT FH N, EREAOHEALE T (<10%), A
HQ MAABRE AR AR EHFA LG THE
EESHBAEME T80 XHHARESFT,
HABREGHE WA BEAEUTAKES. HAL
BEGHEERR/PTAERGH. IR THS
HQZ#A SRR, B T 5B & % 38 4 BPO i#
ATKH] 6 B8 ok v by e B G , WO 527 i
TR X--MWHER ERLBER RN, *
EYRER, SX GRS RUIEMR. b L ATH
M AABRRSCELEEAREBRAR . 51351
MR HYT NI EERG RN RE.
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STUDY ON KINETICS AND NUCLEATION MECHANISM OF St-BA
MINIEMULSION POLYMERIZATION WITH REDOX INITIATORS

TAN Bien
( Material Science and Engineering College , South China University of Technology , Guangzhou 510641)
ZHANG Hongtao, HU Fang, LI Jianzong
(Chemistry and Material College , Hubei University , Wuhan 430062}

Abstract Miniemulsion of styrene and butyl acrylate with sodium dodecyl sulfate {SDS) as surfactant and
hexadecane ( HDE ) as cosurfactant was prepared under ultrasonification, then the miniemulsion
copolymerization was carried out with a redox initiator ((NH,);S$,0g/NaHSO;) at lower temperature. The
effects of temperature and concentrations of surfactant, cosurfactant,and initiator on the polymerization rate
and conversion were determined. Under the same conditions, the polymerization rate of miniemulsion was
lower than that of conventional emulsion and the initiation period was much longer. Polymerization rate
increased with the increase of recreation temperature and the concentration of initiator,and surfactant. In a
certain range,the polymerization rate increased with increasing HDE concentration. However, beyond that
range, it decreased with increasing HDE concentration. By using computer treatment of the experimental
data,a mathematical model was established for miniemulsion kinetics, then studied the kinetics characters in
detail. By comparing with the results of conventional emulsion,a “monomer droplet nucleation” mechanism
of miniemulsion was proposed.

Key words Miniemulsion polymerization, Kinetic characterization, Nucleation mechanism



