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Table 1 Seeded emulsion polymerization recipe

Ingredients [s)(g) MMA(g) EA(g)

MAA " (mol % )

APS (g) Crosslinking agent™* (wt% ) H;0 (g)

Seeded latex 20 17.68 0.93

8.0 0.20

0.0~3.0 113

* MAA is expressed as the mole percentage to all monomers
** Crosslinking agent is expressed as the weight percentage to all monomers

1.3 WaH

¥ 10 mL FELBEA 90 mL KBS MARF
BB KRB R MRE TN 250 mL A
Wisp FrahtiE R, WA R A 450 /min.5 min
BIMASmL TR, S%ZEZRTHH 15 min. A
5% ) NaOH KB AR pH AFF) 11.0 /5,9
RERBAKBFRE S0OCHITHALFE, 9 min
ERERNE RELHZEEZR.FAH 5% M HQ
KIEBEERE pH ERE P #, BRI HLE
HE.
1.4 R

IRESRAEEENE  ARITHERAKHE
L3 A H-800 BYa% 5f L 1 B 08 R AE A BOR
MES MNBR EBRTETHARNARINEZ
(D), FHAHERE () SRR EBZH(/D,)
ERIBRMSH R, RERD, ETEY—.
LB BERI N, (L) B kit E .

HEYZERE TB(P IR ETERINY 2
cRAYTUBACHERHRENBEH(W,) P,
ERHRE(W,), IRKRRFLUUP ERFEMRK
48 h RETEREE(W,), ETRXIHERSYTHK
B

P, =[(W, - W)I(W, - W,)] x 100%

WEA AR EREATE S R(AVET
LHE:

AV = (D - D})ID} x 100%

Kep, D, # D, 551 KA BTG ILBRRRE.

2 5R5iHi

21 XTHBREEM

A B P(MMA-EA) # - F 3L B [S]BS iy B ik ¥ 1k
EH91.74% HFABMBERF LA, K
RN E S HEHS, KER 335 nm, FE R
THHRESHEK.

600 nm

Fig. | TEM photograph of P(MMA-EA) seed latex particles
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moEENAEE T 1.5%E, P, LA RS ALK
M REEHBE D EEXTRANE, X5
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Table 2 Influences of EGDMA amount on latex properties

EGDMA Conv. P, Dy(nm) N, x10"™(L™")

diD

P

(wi%) (wt%) (wi%) Theo. Expt. Theo. Expt.

0.0 9%.48 0.00 672 671 8.778 B.817 0.022
0.5 97.34 16.76 672 670  9.044 9.125 0.021
1.0 98.15 59.63 671 670 9.160 9.201 0.023
1.5 9528 80.53 670 667 8.932 9.053 0.026
2.0 96.54 8534 671 663 9.009 9.340 0.029
3.0 97.11 87.68 671 655 9.063 9.743 (.039

B2 XA ECDMA fift AL 2H 4t 25
B B A, AT U R B P 2 EGDMA A

BT O0.5%6  XKEBERT 17%, 2B EILE
NEFEEH( ~31MZEAF)(E 2a,2b), %
&Vi%ﬁﬁ—ﬁ*%émﬁ,EMkJJ\'—iﬁ?%L&ﬁ
HYE. XMEFILEAKKSRERHFUILE
HERBEARTEENL S hERERESILAE
B(ALBELAJLHHRBEE NSO,
EGDMA FHE®INA 1.0%8,P, EE T 59%,X
REALERERABRFEEZASH(E 20); U
JabEE EGDMA AR M, REXFHEWEL
¥, AABai KR EBRTAET T E(AV)
H 8 g /b (F 2d,2e) .

Fig. 2 TEM photographs of P{MMA-EA-MAA) latex particles using different amount of EGDMA after alkali treatment

a) 0.0%; b) 0.5%; ¢} 1.0%; d) 2.0%; ) 3.0%

B3NE2 () FEALEMARRERBK
FERTHEERAE . TLIEL, X EGDMA FHRE
it 2RGEE-RIABNPLSER ST ES
N 7 N 3: 517 & (W

& 4y EGDMA Fi & 58.4b 3 5 3L B bR 12
(D )FARRE BT EAV)ZHHEXR
phek B SE 2% P, AR XEK, TUEHHE
B AR, B P, 3N, D, 70 AV EH
AN ETBERBARAT 2.0%5, XEEEEMA
Z AVE/PBRER TR, ABRNESEL

Fig. 3 Amplificatory TEM photograph of P{ MMA-EA-MAA} latex
particles using 3.0% EGDMA after alkali treatment
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Fig. 4 Influences of EGDMA amount

a} EGDMA and the size of the latex particles{ D,) after
alkali treatment; b) EGDMA and the volume expansion of
the particles (AV)
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FLRRGFEEEN, SRR TR ZILEN.
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BRSSP FARERERELIR, ARERTESE
Hi/NMEEM AR MEHES, SBELRBENT
M AL, LA RS
2.3 DVBHMIEM

DVBXRA RN IR FENERER
5 EGDMA AR (% 3), THE LKA RS
R EEAEME T AMTRAMGE R B
DVB JHE M I, ZBKE L K, FLER K EZEZ
W RS HAHEME(ES). A P, HTEL
EW LT AT KR, DVB 4 32 B M B 38 BE
EFE T EGDMA.

Table 3 Influences of DVB amount on latex properties

DVB  Conv. P, D,(nm) Ny x107"(L"")

diD

(wt% ) (wt%) (wt%) Theo. Expt. Theo. Expt.

0.0 9%.48 0.00 672 671  8.778 8.817 0.022
0.5 95.58 24.78 670 669 8.960 9.000 0.023
1.0 9%.72 65.95 669 667 9.107 9.190 0.024
1.5 98.83 84-1-‘69 671 664 9.223 9.518 0.027
2.0 97.9% 89.94 671 658 9.142 9.695 0.035

3.0 98.31 9%4.9 o671 649  9.175 10.140 0.054

b = 00 nm

Fig. 5 TEM photographs of P{ MMA-EA-MAA) latex
particles wsing different amount of DVB
a) 1.0%; b) 3.0%

B 6 K AR DVB £ Fr i3 3L Bos 2 W 4L 5
JEW TEM B e Gl 5E 3 T s, AU &R,
EEPRIA 0.5%DVB REAEFILRRIE SR &
BB AL, R Rk S RN E
LM X ERPAYF BB A DVB B LG, BPfE
BEMXE OLAFEHBRLEIBRHERR
HNRAPHEBEMABRBERENTIH, B AR
BAERTARD, SREHNEERELEN . HE
¥ DVB R B, P, #t— 41K, LR AR
A E 2, TR R B B LAY R B R B
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Fig. 6 TEM photographs of P(MMA-EA-MAA) latex particles using different amount of DVB afier alkali treatment
a) 0.5%; b) 1.5%; ¢) 3.0%
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{100 2 A5 R Al ECDMA R B iR %
{30 L B TR DVB RSB M Bk R BB
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Fig. 7 Influences of DVB amount

a) DVB and the size of the latex particles( D,) after alkali
treatment; b) DVB and the vol pansion of the particl
av)
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INFLUENCES OF CROSSLINKING AGENT ON THE GENERATION OF VOIDS AND
MULTIHOLLOW INSIDE SOAP-FREE P(MMA-EA-MAA) SEEDED LATEX PARTICLES

KANG Kai', KAN Chengyou', DU Yi', LI Yuzhong’, LIU Deshan'
(' Department of Chemical Engincering ., School of Materials Science and Engineering , Tsinghua University, Beijing 100034)
(* Agrometeorology Inssituse , Chinese Academy of Agricultural Science , Beijing  100081)

Abstract Narrow size distributed soap-free P(MMA-EA-MAA) latex particles with different crosslinking degree
were synthesized by seeded emulsion polymerization of methyl methacrylate { MMA }, ethyl acrylate (EA) and
methacrylic acid(MAA) ,and voids and multihollow latex particles were obtained after undergoing alkali treatment .
Influences of kind and amount of crosslinking agents on the polymerization, particle properties and particle
morphology were investigated . Resulls showed that the monomer conversion increased slightly in the presence of the
crosslinking agents. The size of particles decreased slowly as the amount of crosslinking agent increased , and the size
distribution of the particles broadened at a higher amount of crosslinking agent. Divinyl benzene ( DVB) was more
effective than ethyl glycol dimethyl methacrylate (EGDMA) to make polymer crosslinked. During alkali treaiment
process, void latex partic]e;s can be obtained when no DVB or less than 0.5 wt% of EGDMA was used, while
multihollow structure was generated when DVB or more than 1.0 wi% of EGDMA was introduced. The volume
expansion of the particles decreased with increasing the amount of crosslinking agents.

Key words  Soap-free latex particles, Crosslinking agent, Void structure, Multihollow structure, Methyl
methacrylate



