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1.1 XERH

BRI B R P B (MMA), s i él, K4k
FiRA =T s RIBMB IR (EA) L2k, LR
WAL AL R (AA) feF 8, b 5T iz FlF A4k

FRABRAE; M LR RN SR EREEFH .2
DiRee (APS), frbrd, L ERAALA A
FETFKESRAREGHEHRH. kKA
{NH,HCO, ), ¥l , bbb ik ¥ R E R A
A BTRKEI AR FK.
1.2 ZEAHES

AEAWHS IRLER.N, BEEER
HRAFEE I 250 mL BT HBEIH
Bl 5EA 100 mL LB F 7K, N, 5 min J5 0 A
RAESE AEH MRS AKE, TFRIBF M
P ARET 4ol kb YEZFREAERE
EAEREM EARFRXMA APSEHR . EE4K
MFEFTEI 75hi, BEREEAE 0CEHER
N 0.5 h, 5 1k KOG .

Table 1 Emulsion polymerization recipe { Unit:g)

MMA EA AA APS NH, HCO, H,0

19 1 Variable Variable Variable 124

1.3 FAWmEse

FBEZRAERENE ARHTE LK
R ALBAIESH H-800 R AN B TFEBHEN
EHE AR ERATETAREKESRE
(D), FFRmERE () SRR BRZH(8/D,)
18 o LR B9 77 8RB R /D R T
AIBRIBERE V(L") B FRHES .

N, (L") = 65/(r x D, x p) x 107

* 2003-07-02 BB ,2003-08-06 585 ; E K 863 iR BIRE (T H S 200144242041) ; =+ AREKFEA
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AP, AARBIIR(%), D, HKRBHHIR
B(nm), o0 FEBRNEFE (gor’ ), n HEFE.
BHEMRENE D, .t BN NESBER

(Poly. Index) F 3 Yt B JE & Zeta Wi fif 4 #7 1Y
(Malvern 3000HSA) M 5E .

2 GR5iie

2.1 SIEZAMAFRNER

EFEEERP, 43 ZARA—-KEHEMA
B (APS HHE X 0.285g) , 7 75C F 8 h 9 HLik
WE LK 87.36% . X EEL M F APS 7£ 75CHt
MEEHEE, MXBI RS MR XH
MEK . BERMEHEEREHSIZAES L
BEGETTRE ATRERESAR, RAT 2
A APS MIF B (£ 2).

Table 2 Addition modes of initiator

Addition amount of APS (wi% )

Mode Time(h) 0 2 4 [
33.3 25.0 25.0 16.7
B 66.6 - 16.7 16.7
C 83.3 - - 16.7

HRAB.CHRRAFWE. Z K MH KM
B ER S R E 3.2 &R FF R A K FE 4 i
APS B (= B MF R C), 75 KM 9788 BD &1 i A%
KEHBEEP O, XEREPOCRNE L, § 78
BERREI RS, AL RWEE A
FARXBHALRES MY, B2
K,FAABN (MU REK. ERBEHRET R
PLEAHRDPHET R B APSITABI RS &K
.

Table 3 Effect of addition modes of initiator on monomer conversion and

latex properties "
APS Cony. Poly. Dy, ¢
Mode
(g) {wt% )} Index (nm) (mV)
A 82.94 0.0765 388.3 -31.6
0.285 B 89.74 0.0045 401.8 -32.6
C 91.79 0.0336 361.9 ~30.3
A 83.86 0.040 397.0 -32.8
0.425 B 93.57 0.0169 385.9 -36.4
C 94.39 0.0279 384.6 -34.0

* AA=1.00 g;NH,HCO, =0 g; T=75C

2.2 SIZMARNMER
APS FIB X AL E MRS m S
RINTRATLUEFEL, APSHEN0.102g N, 8B

KELEN ol 80 MEEKERRABRE LUF
BEE APS FHE MMM, 51 R EE ik, B ik
BENFE, Y APS FHEMMB| 0.425 g B, B4k
AL B IA P B K(E(99.65% ), A B th B 48 5E . APS
REEHENe RS MR RERY BAE
EHEE.

FEE APS BRI, KM+ 8 B2 84
AR, REEEME, L D, B E/,
RXEERILBERSP5 AR /NI HES
R APS AEMIAKE TR /0, BHIR
A A 1 BT LUE RS AL BB Y B H AR
B[4 APS HREM AN BEEXSTERE
WME—SO; ML, XERHEATEALRES
., —HEERRN ¢ AR K, S — AR
TEBRRE 57K 22 J8] 89 5 1 5K 7, BA T 48 3L ok
s E I

Table 4 Effect of amount of initiator on monomer conversion and latex

properties ©

APS (g) 0.102 0.208 0.285 0.320 0.425 0.528

Conv.(wt%} 61.80 91.36 97.51 97.61 99.65 93.63
D, {(nm) - 321 306 302 29 293

3ID, - 0.04 0.012 0.009 0.010 0.0LI
Nox107"

- 7.4 980 9.9 1085 11.04
(Y
£(mV}) - =302 -38.1 -41.7 -44.8 -40.0

" AA=1.00 g; NH,HCO, =0 g; T = 80°C

300 nm

Fig. 1 TEM photograph of P{ MMA-
EA-AA) latex particles using 0.320 g
APS
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P iR Ntk , R R AR KE P EREN K,
KHEFHHMKEZEROHEK, FHRGER
R, REEAEA R REENE /D . S0CH , #
LR EAT 97.51%, BN B R B o/Dp &
ANAS WA 2 RETLUE L 80°C B BT 8 FLE K
B —.

Table 5  Effect of tempemture on conversion and latex
properties
T(T) 65 70 75 80
Conv. (wi%) 69.63 90.24 93.57 97.51
D, (sm) - 353 kx ") 306
3/D, - 0.026 0.028 0.009
N, x 10" (L") - 5.82 7.13 9.80
¢ (mV) - -30.6 -40.6 -38.1

" AA,1.00 g; APS,0.285 g; NH,HCO,,0¢

Fig. 2 TEM photographs of P{MMA-EA-AA) latex particles at
different temperatures
a) 70°C;b) 80T

AAMEN

RAITE 3 S-MMA-AA R E AT IR, &
Mg AA BB IRER A N EE fpak
AR, A RREALBRARERE. BRI MMA-
EAAABREZNARERE LREREER . X

24

F MMA-FA-AA ZEABEAGHR HAKARE
FERHEAHERENART BEKEE AR
BRI N, AA B Z A LM, BB EFE R
mtRSHESRMEHAE M, EXbEG—
EHERT ERANERFAENARTNLER
L TEZL:0F A

MEOMUBFEH, Y AA HEPT 1.2 g8,
R RET, RN EPREERYERL,
BiE AA HBAEmM, REEAEENFAR. 4
AAFIRMINB 12, BRELBIH L REEE
PR BE AA B A, BOROR B Z & B
/NE 81D, HER/D, XS ERIFTIR AR
E TEM M BERESRENER (B3)—H.
Table 6 Effect of amount of AA on monomer conversion and latex
opetic ‘

AA(g) 0.60 0.70 0.830 0.90 1.00 1.20 1.40
Conv. (wi%) 93.79 94.89 95.35 96.48 97.51 96.85 96.81
D, (nm) 333 321 316 310 306 298 283
8D, 0.010 0.011 0.009 0.0i1 0.009 0.013 0.016
Ne 7.19 8.13 8.67 9.15 9.80 10.50 12.02

x 107 5(L"Y)
t(m¥) -38.7 -38.4 -42.9 -35.7 -38.1 -41.2-9.6

* APS=0.285g; NH,HCO, =0g; T=80T

Fig. 3 TEM photographs of P{ MMA-EA-AA) latex particles at
different amount of AA
a)0.6g:;b) 1.2¢
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2.5 NH,HCO, Hh¥MN

NH,HCO, — 77 [ 8] LA f1—COOH & K , f# &
RpHEAR, A& RO FRERN. B
L, B E NI HCO, AR M, APS K8
LR 7R R BB A R I R — B A%
BT . REMBARFAENER TRERS5 iR
BpHEMERYE AETHRETUESH. Y
NH,HCO, HEHE F 0.4¢g PG, REE KT &
MMPEFFLERFTRER YEARMMB 0.8 L
B AR ECET 90% .

NH,HCO, HEXMI RN EAEEEH M
B4 mTLES, D, 5 NH,HCO, Z R EHiFMLE

tEX R, BEE NHHCO, FIEM MM, p, kK7t
B.OXEmTFHEF NHLHCO, AHEMM K, K& P
—COOH # PR —COONH, WEEBHEL , H TS
—COO MEHEERENEKERANE—
COOHHIEH# AR EN K, EB T —Co0” MiF
HEAREMNKHP T HERYIEREREX,
MMEKEREEEER, BESHARNRER
WA 55, T NH,HCO, A & &fE APS
AOREF, RS HKARZEERN TREDE
FLERR 2K . XA P(MMA-EA-AA) BB R K
MIERERHRET —FERNRE.

Table 7 Effect of NH,HCO; on monomer conversion and latex properties

NH,HCO; (g) 0 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.9
Conv. (wi%) 97.51 96.70 97.23 95.22 95.77 94.66 91.40 90.68 89.30 83.37
D, (nm) 306 317 367 . 383 391 420 461 517 525 585
/D, 0.009 0.011 0.014 0.015 0.008 0.006 0.017 0.012 0.017  0.019

N,x 1075 (L") 9.80 8.34 5.53 4.79 4.51 3.38 2.55 1.85 177 118

£(mV) -38.1 -31.3 -36.5 -38.7 -44.4 -49.5 -39.4 -40.6 -40.6 -40.9

" AA=1.00g; APS=0.285g; T=80T

650

00 02 04 06 08 10 12
NH,HCO; (¢)

Fig. 4 The relationship between D, and amount of

NH,HCO,
Table 8  Effect of stiming rate on monomer conversion and latex
properties *
Stirring rate {rpm) 200 300 400 500
Conv.{wt% ) 9.61 97.51 94.67 90.93
D, (nm) 294 306 318 325
&/n, 0.013 0.009 0.010 0.016
Nyx107%(L7")  10.73  9.80 8.7 7.84
&(mV) -369 -38.1 -36.6 -40.6

"AA=1.00g; APS=0.285g; NH,HCO; =0g; T=80C

B s %t TARF NHHCO, HE T B AR
BETEM BA.SERTPERRESEER /D,
AR S, RGN EA, LR R E

Fig. 5 TEM photographs of P(MMA-EA-AA) latex panticles using
different amount of NH, HCO;
a)0.50g; b) 0.90 ¢
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CONTROL OF PARTICLE SIZE AND ITS DISTRIBUTION IN
SOAPFREE EMULSION COPOLYMERIZATION OF MMA-EA-AA

KANG Kai', KAN Chengyou', DU Yi', LI Yuzhong®, LIU Deshan'
(" Department of Chemical Engineering » School of Moterials Science and Engineering , Tsinghua University, Bejjing  100084)
(* Agrometeorology Instinte , Chinese Academy of Agricultural Science , Betjing  100081)

Abstract The control of particle size and its distribution has become more and more important both in theory and
in practice in emulsion polymerization field . In this study,emulsion polymerization of methyl methacrylate (MMA),
ethyl acrylate (EA) and acrylic acid (AA) was carried out in the absence of emulsifier, and the influences of
ingredients and conditions on polymerization, latex particle size and its distribution were investigated, and latex
particles with narrow size distribution as well as with carboxyl groups on their surface were synthesized . The results
showed that the high monomer conversion and narrow latex particle size distribution were obtained when large amount
of initiator { APS) was introduced into the polymerization system at the beginning in three-step addition process.
With the increase of APS and AA,the particle size decreased and the monomer conversion increased , and a similar
result was also observed with the temperature increase . It was found that NH, HCO, is a key material for the control
of particle diameter (D,). D, increased with the increase of amount of NH,HCO, ,and the D, of monodispersed
P(MMA-FA-AA) latex particles can be well controlled in the range from 300 to 600 nm by adjusting the amount of
NH, HCO, used. Moreover, latexes with high monomer conversion and narrow partticle size distribution can be
obtained when a moderate stirring rate of 300 r/min was selected.

Key words Soap-free emulsion polymerization, Particle size and its distribution, Particle size control, Methyl

methacrylate based copolymer



