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Preparation, Water-Redispersibility and Water Resistance of Self-Crosslinking
Redispersible Styrene-Acrylate Copolymer Powder

ZHU Zu-wei', ZHOU Li-zhuang’, SITU Yue', HUANG Hong', LAN Ren-hua', CHEN Huan-qin'
(1. School of Chemistry & Chemical Engineering, South China University of Technology, Guangzhou 510640,
China; 2. Zhuzhou Times New Material Technology Co., Ltd, Zhuzhou 412007, China)

Abstract: Self-crosslinking redispersible styrene-acrylate copolymer powder with both excellent
water-dispersibility and good water-resistance was prepared via spray drying by adding self-crosslinking
monomer, N-Methylolacrylamide (NMA), to the shell of the latex particles. FT-IR, TEM, SEM, Malvern
particle size analysis and AFM were adopted to characterize the original emulsion, polymer powder or
redispersion emulsion. The neutralization, spray drying and redispersion process of the emulsion were studied
respectively and the mechanism of the emulsion having both the properties of water-redispersibility and water
resistance was investigated. The self-crosslinking styrene-acrylate emulsion possesses uniform nano-scale soft
core/ hard shell structure. The particle sizes of redispersible polymer powders are in the range of 2~20 pum,
whereas the average latex particle size of dispersion emulsion is 182 nm, which indicates that the polymer
powder possesses excellent water-redispersibility. Thicker “hairy structure” and hydrated shell are formed in the
neutralization process because the hydrophobic interaction is weekend by adding NMA monomer into the shell
of styrene-acrylate latex particles. During the transient drying process, fusion and crosslinking between different
latex particles are impeded because of longer physical distance, and therefore better redispersibility is obtained.
The water absorption of polymer film made from self-crosslinking redispersible polymer powder is lower than
that of unmodified polymer powder by 40%. Hence both water-redispersibility and water resistance of
styrene-acrylate copolymer powder can be improved by the self-crosslinking modification of NMA.
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MRS IR 3 PR S T P 43 ECFLIR R IR O B R R, A PR BT SO R T K A6 A PR i HE R A
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WEFEEER, AT E PRI IMNTIR(AA). FEE TR (MAA)Z S5 K A LR JE S5 K 20 Bt HIX Rl K
PR AW K AR 22, PR ARSI 7K o0 U5 30 BN 7 P 356 2 S A DA TP i 1) S i)

1 A I R LA =5 0l PR i rp ] s A BRAC IR R, T vk I A AS T P S e Kk v, (B
AT SR FH - 1) T 00 UL RN B ARSI E AN IR FLIRORR AK o0 B A mr e . S8 FLIBAHEL, R FL
(PSAE)FLIBRE (KGR /K 46 A 1 P S, T A 2 AR, /KA 2, 8T B b FLIRORL 25 5 & 2 Rl A 1
TR FR e, BRI, 6N FLBK (PSAE-powder) FRIZK 20 BUME FEAS AR, BN [ AZ e 2 4 LI R Rl
£ LA FLBERY (R 7K o3 BV AT AT 500, 2 15 o DRI A 2 A TSR I A ol 58 A 2R, 1 o IAH DR (R 04
IN- 4 FF 2 P 945 I e ONMLA) A2 2 TR SLVBCHS FH ARG B, ARHIF 90K NMA I FURRE 52 2 4 i A A%
FeLE FI AN FLIB(CPSAR), I8 3k 155 55 45 1l B 7K 43 H0 B P HEC P R e PR 7 12 350 75 380 S A T 1 A
RN FLEKY (CPSAE-powder), ik ) L A% 48 28 A FL KD (PSAE-powder) I CPSAE-powder 1]/ H £
K KAMEORE . RSO 30 S K PE, #8F T CPSAE-powder 17K 43 B 55T 7K Pk 1K) Bip o) B A LB

2 KIEES
2.1 RAFIRER

NMA, RERFRA) T, o8 MAA, REREBRUARFERAE, ofral; FERG
1% RE(MMA). AR IE T BE(n-BA) NGRS+ BE(2-EHA), 104 H A AL Bidl 22 24 w] i, Tk,
A FH A Ok 2K AR 4l B FLAGR T e SRR B R — 4 (DSB), VA Rhodi 2w, Tolkgk; JEE1
FUA ) SR A M R (OP-10), Bl Wb 2 i A BRA =], 0 B4l o i f B0 (KPS) ik 192 &4k
(NaHCO3). S ALEI(NaOH), #4T MAL A 728, odrdl; R OIEREPVA, 99%, TS 205MB);
HARRIEA R 287K, Afl, H5$%<0.057 pS-em™.
22 FLEWIERK

WAV . BEFEAR AL VF () 500 mL DU DR E T HHEKEH, A 150 g L& F/K. 0.60 g
NaHCO;. 2.50 g ZEFUAIA 0.50 g KoS,05, HFEI S E AW, THEL S 80°C, HURAL AR M)
10% 15 A T AT AW N, WAV, OV 20 min 54330 A58 68 738, i 15 min J5 TG
IRz A, RIS AN 1 g FLAFHIRT 20 g JBTEE 20 ECR 1.25 %01 KoS,0s W, SV 3 h, PR 30 min
JE T N 58 5 BAR R 20 g TR HCN 0.75 %) KoS,O8 W, M 2 h, SRJETHEL S 86 C#k 1 h, ¥4t
JE RN AZ e S MR S I TLI . A HESERC 7 anZR 1 TR .

2.3 BIETREIETHES MY F1 THEERESLRERES

;I% §]+§ W ?L {'fﬁ ﬂ;u 10% H{] gé Z ﬁﬁ @? 7}( {fé* Table 1 Experimental monomer formulation of crosslinking
U, FRTHILLO0020 s, o st
FI5.00% [ NaOH ACHE ORI & FLIE Mo memeniae (uMA) oo P
pH EHMT 4 10.0, #idE 20 min, EI73WF  2-ethylhexyl acrylate (2-EHA) 9.50 7.25
SRR BRI FATR MR SUR  Motnyioryic acd (MAA) Lo 000
REPOVEE THRS TH, THR g et CMA) =

120~140°C, ZFALAHHECH 24000 rs™', A FUBOBY R E XA 125 3% 40 B9 IS ER AP BRI, R HOR AT
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242 FLkIAR AT
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1 (FEE Malvern (A PFRA =)W E FLRRL I RAR 2347 o
243 FURKLS FLBR MO B3 53 B

5 SEFUBOR AT Tk b QR 00.30 %), BBF5 R 30 min, T RE IR SR RS G 6140
EYth, FEL-Tecnail2 4347 807 5l 1 R OB M2 SR FLAR FLIBORLE S0 . SR H A2 S-3700N ZY 44 i1
T WL 52 L IR RO TE 30 55 K42 23 A
244 FLHPAS FEERAE

HBURSLIL S g0 A 45 g BB TIK, RINIRSNZE A1 N NaOH FRUER(0.1125 mol-L™"), Jil pH it
(PHS-3C ZY)SIZ I W IUARE S K R FE AR AL, 8 I IORE IR RRRE 200 4%, SR B ZR STAKRLIE 53 B A3 5E FL
WORLAR 5 A

3 HHETE
31 REBERAREWBILI KL

5r%; CPSAE JRFLW . HAEFLI . LK A
RO LB BEAT LA 6 o T (B 1 7). 5 (a)
WIEFURLL AN G, 3445 cm™ A4 FRIE RIS IR IR I -
OH ({4 R s eI, 3057 em™' N ZK3R CH 45k
I, 2874 cm™ F12958 cm AL (CH3)MI(CH,)

©

R ZEPRBN0E, 1738 em™ R AMEIREEH C=0 MI¥3) @

W, 1610 em™ Dy NMA H NH 25 (i 412 3 W e g, 4000 3300 3000 2500 2000 1500 1000 300
1455 cm™ Kb FEEIMGIR COO IARFAEM i, 1244 RS CEN N S PR S

cm_l i=A ﬁiﬁé@a‘%@%ﬁj coC E@Xﬂ'ﬁk1$?ﬁf}§ij}m§° Al ., Fig.1 Infrared spectra of crosslinking styrene-acrylate polymer
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REV RN o BE5EAENE 25T R o0 FUBOREE 2 SCHEAE T, 45 6 522 3R 3 /K /K A J2 v i
F s HE RV S R B R R SR AR Rl £, DRI A FUBROB R0 /K 43 1P ] 2 ol PSAE il CPSAE
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MAZIEML T s CPSAE FLESKIANZ B R ez, SeJ2 880 At s], Bl NMA 75222 53t
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2 FNEGWILN TEM
(A) PSAE (B) CPSAE
Fig.2 TEM image of styrene-acrylate latex particles
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BORAREAN: SLi pH WA SSIAMERT, RIEEW RS E sl
IREIRGIE T, RARR AR AR 8 ]
R RBLH, SRS R £ ]
2, HE, SUBRRE R A R A, B3 8
% CPSAE FI PSAE JUIEEKI 76 pH (10745 (150, )
BT AT, PSAE LI 7 b L VR 1 38 o i 2 1 0 A I S A S I
K, pH AHAE 7~10 KAl VI 5E0E, A% 220 o
nm J5 R 5 . S AR I K 4 2 AR T, K 3 S pH (A A TR )
%ﬁ?ﬁﬁ@éﬁ?ﬁ’f’ﬁ)ﬂﬂ]ﬂ?”g@%%ﬁﬁ(ﬂqﬂ@, #IS%{EEEEJZ%{&@ Fig.3 Effect of pH on the average particle sizes of emulsions
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K4 FLEK MBS
(A) PSAE-powder  (B) CPSAE-powder
Fig.4 Micro-morphology of PSAE-powder and CPSAE-powder

3.5 REVIRMEISBERERIE

AP HE SRR FLEOR AR K TR BE A R, I 23 B R A A 5 IR FLIBRAL IR 75 0 AL, A
Uik PSAE-powder 5 CPSAE-powder {73 S REAT 10T BEAIEGT, B 5 oA 4% 1 B LV P90 HSCHL R IR L
oA R, PR R FLIR RS 2 AT R M IEAS 434, PSAE-powder 43 HUCFLIBRAT 73 Al
2 B AN A B0 B I TE A, FURIAEAE 100 nm~10 pm |32 2046, 1B PSAE-powder /N AEMK & J5 F,
LR, X TR 2 M SRRl & E, - BN AR R 2 Kk AR B389 . CPSAE-powder 43 HIFL
WA AT B ERS T, 5IRFLE RS o0 A0 AR, Z P4k 182 nm, s FL A F
B, AR T TR RS RSP RAT, B AR LRAE K T o8 4 20 85, NMA SPEuik 728 9 7L
(R7K 53k . CPSAE FLIR KL I R /K A E TS, FLIBRLZ M AR FFRCOR A BB 55, FLIBORLZ TR 3E LA SR 52
RE BRAT RS, A, DI ARRE T U0 5 (R a8 K 3 B0 s AHFLIORE N 8 I AS IR A R A2 T — s R BE IR AT HE S
T HCFLFLBRL SR SR L se A, DR H PS8 RAR A 1 S LB R Hh R S FL 2 [A]
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Fig.5 Particle size distribution of original emulsion and redispersion emulsion
(A) PSAE, (B) PSAE redispersion emulsion, (C) CPSAE, (D) CPSAE redispersion emulsion

3.6 FLERERW K IMERLE

53 I 7E PSAE FI CPSAE K& 4% H #73 BFL T SR S W WK %, il 6 Jirzs, CPSAE VRIBWRL
IKHN 11.40 %, T BRI K L0 14.30 %, ML PSAE B 570 HUFLIIR B 53 50l FEAIG 44.60% A1
55.30%. HIMHL, SIAACERARMTR A PR IR K B &3S, UIEW CPSAE ZE-A iR IF AT 3 i (1 A2 1k
W O RTACE, P BCL BRI IR 7K Pk 38 B AR T B S, X2 BT FLIB R R AR OR R AR 1 K
TERIGINER B PokkME: 5 PSAE ML, CPSAE VRIS H PR/ HLBOR I I N 7K P 22 5 MR 2, IR 202
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T FEAM LI P FLI T A NMA. 1A TE# Fig.6 Waterabsorption of polymer films from
PR ARBRAL I £ AR, T FLORAL T TLBRY K 3 B prinelemisionsndedipersion emision

M, S5E AT SCIARAE S I 5 AT IWF AU ES 1R T 41, NMA HEHL K 586 B8 & /K o0 5L S /K 4 345 1 1)
AL S5 A

lpum

Tem (A

Ium (B)

K7 REWFBOR 2 BFLIBOAR B AFM AR
Fig.7  AFM characterization of polymer films formed from redispersion emulsion
(A) PSAE, (B) CPSAE
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