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&2 258, 8 20.00 g (20.00 mmol) By DL1 Fi
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A NCO 1 & it I 11 5555 A 3 3 550 1E T B 7

H(GERPER NCO i) . IR RIRERFER
A JE A BT IE T e, FH & 60°C Ji5 [ R 1
h,FEZEZEEMA BA (53.42 g) MMA (53.42
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P A = 70 DE TR S TR AC B R A
#TAEBBE R PSU-AC =08 & LW ; i A {8 1%
I HEA BAIE T /e, ROV J& FE A AC ik il £
TEEA PSU-H-AC =0 &AW % & 513
WPEREHEAT T RAE &5 5K 73 315 F 3R 1 Rk 2.
5 (I 78 K R 6 A = oo i A FLICAD HoA R 4r i
e, E AR AR LA WAL, g 1 ]
UL, AN PMTS [ AEM BRI PU-AC (% 1 471)
T FLIR R A% R 120, 3 nm , XF 3 19 & PMTS (1)
B EE PSU-AC = JC & 51 7L FL IR 42 #R A
FRRus /IS AR FL I RLRL AR 5 0 FH g PMTS 1 43 ¥ &
Z AT B O &, Al AR [ 4 7 it PMTS il %
1) L 0 LR BLARTE 110 ~ 117 nm 22 [8] i 5.

Table 1  Properties of tricomponent PSU-AC latexes prepared using PMTS of different molecular weight
PMTS molecular Solids Particle size Surface tension Viscosity
Sample PDI
weight (% ) (nm) (mN/m) (mPa-s)
PU-AC" N/A 29.21 120. 3 0.172 36. 63 18.0
PSU-AC1 1149 29.09 114.5 0. 190 30.70 18.0
PSU-AC2 1556 29.00 110.9 0.197 30.29 19.3
PSU-AC3 2027 29. 06 116.9 0.228 28.34 18.7
PSU-AC4 2572 29.82 114.8 0.210 27.40 20.0
PSU-AC5 3095 28.94 115.7 0.257 25.52 19.3
PSU-AC6 5088 29.56 109.7 0.201 25.24 18.7
PSU-AC7 5988 29.92 109. 5 0.197 25.50 18.0

* Without PMTS, PU-AC binary hybrid latex obtained with AC monomers polymerized in the presence of PU prepolymers and without coupling agent

Table 2 Properties of tricomponent PSU-H-AC latexes prepared using PMTS of different molecular weight and HEA as coupling agent

PMTS molecular Solids Particle size Surface tension Viscosity
Sample PDI
weight (%) (nm) (mN/m) (mPa-s)
PU-H-AC® N/A 29.16 85.05 0. 096 41.90 25.3
PSU-H-ACI 1149 29.24 80. 30 0. 083 41.31 25.3
PSU-H-AC2 1556 29.17 76. 62 0.081 41. 36 26.7
PSU-H-AC3 2027 29. 14 79. 16 0. 098 41.49 25.3
PSU-H-AC4 2572 28.76 79. 80 0.130 41. 40 26.0
PSU-H-AC5 3095 29.30 83.51 0.132 41.65 25.3
PSU-H-AC6 5088 29. 08 83.96 0. 157 40.99 26.3
PSU-H-AC7 5988 29. 87 84. 67 0.173 41.07 25.3

* PU-H-AC binary hybrid latex prepared with AC monomers polymerized in the presence of HEA-reacted PU prepolymers without PMTS
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FLBKLKLAE (120. 3 nm) RFPrf & PMTS ) =0
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PMTS 5 PU il 38 {A 2 [a] = AR Ak 2 8 ) /5 — € F&

JE AR > PU BE B ia) K ARG 5K 3% 2
HRAUFLW N & PMTS (13X PU-H-AC 3L i
Kikife (85.05 nm) [A]#£ K F & PMTS ) =JCFl
W, AH IR PMTS (9 47 78 -5 B0k AR 78 /)N 1 F2 B2 g
ANT AR R FL . AR, K R B9 £l A PAC
5 PU Z [ SE 1 A2, SRk PU KA 9 9
B2 3] PAC §5 B B, 6 PMTS X 7K 1k 2L 5 AL



10 3] FE A R e SR T R TR A R R = U A 5 FLIP M BRI TR R TR AR T 1211

ROH (52 m g 55 . 6 2R 1 R 2 b i ok A% B i
AJHT, JC IR A PMTS, ff FH AR I R HEA (1931
TR0 LI AR 0 B 8 /N T %o 7 4 A A B T L. T
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YHE B 1 (a) A A PMTS (9 3E 3 B8 — 72
PU-AC W K/, 1(b) F#& 5 wt% PMTS (4 F

a) PU-AC

it 2027, 3 1, PSU-AC3) Wy AR R 2 = o ZL W Y
TEM B& R, & FLI R R F# RN — 2 £ 41
M 5 55 % BB B X L, R HEA 145 19 R &
PMTS ) Z o #. ¥ PU-H-AC (& 1(c)) % 5
wt% PMTS (43FHE 2027, 2, PSU-H-AC3) 1y {8
A =ou A FLM (B 1(d) ) 19 JBORL 3 A B 2 78
TR A 2L

FATXF AR B X A PSU-AC % ff Bk A PSU-H-
AC =JuHE GFM R AR EY T PSU 5 PAC 4%
R R PEAT LML A A A A TP PSU 5
PAC MR IEIE TF, MM AL 53 WD
PSU 5 PAC 4R 90% . 3X S A 3L & Tl Ik
FIA AT LAE0 ) PU 4% Bt ) 7K AH (4 375K, 4 90
75109 2L ISR 1) 2% WRE AR 8 /N ) 25 B e A T
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Fig. 1 TEM micrographs of latex particles in hybrid latexes prepared with or without PMTS and HEA
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V2 — 25 A R 5 TR 2 7 LV T A I A A
T, PR b R T8 AR K, ) KA o R R RS
(1) 3R A5 ) 7K s P g BE 386 . AH G TS & PMTS
TIOCE AT, FE 1 b A PMTS By AR =0
524 7L PSU-AC 1y 2 18 K 1 W AR R 1% mT 05 F o
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Ji R 2 R OO T Y 2k F R B T 3. AT LA
A A7 A, B A A rp JL il A% 1) PAC ZLIBOAE

I TR i B 28 K IR Y 5 A — s R i, o R &
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BEE2REEMGINZEES PU S FEER PAC 1E

T 3k R R AT DA AR B AR R OT A0 B X
A, PMTS 5 PAC ML %S, BT & 5 PU AR &M

(7.5% ), PMTS J5 g B J¢ 848 /I, JE H 2 Y
W2 e PMTS W i id (1-F 48 3L 2- R L TN &

PMTS 73 & K T 2027 J&, iz & 41 4E il Bk =t
PSU-AC JK I 2k B Z T B9 7 T 6% B 22 4. 3%
PATR . 55 AR e 280 i JBEJE n & B X L, in A HEA

il 45 B (8 BB TR e MBS 8 K 3 72 b S BRGSOk R
R I 7K AR AR B B AR A & PMTS 1) PU-H-AC Ji¢

AT K R0 19. 7% , il A PMTS 5 12 B A {8 1B
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Fig. 2 Effects of polysiloxane PMTS and coupling agent HEA on the morphology of the latex films

Table 3 Water absorptions of tricomponent latex films prepared using PMTS of different molecular weight with (PSU-H-AC) and without ( PSU-

AC) coupling agent HEA

PMTS molecular weight N/A 1149 1556 2027 2572 3095 5088 5988

Water absorption (% ) 18.3 16.0 14.1 14.1 19.3 20.0 17.8 18.0

PSU-AC Weight loss (% ) 7.5 6.4 6.2 6.9 4.3 3.4 3.0 3.6
Film appearance Whitening at 12 h immersion, water becoming turbid

PSU-H-AC Water absorption (% ) 19.7 10.0 12.5 11.4 12. 1 12. 1 11.7 12.5

Film appearance Whitening at 24 h

Transparent at 15 days

Whitening after 10 days

= 0 52 A I FRE 1 W 7K S8 TR R AR 2 12.5% 2
T LA 4 SR e WY A B A e JiE v PMITS ) 47 7E
6 e 1 T 7K A5 8 4

UL Ak, BT AT AR AL ZL R IR K 12 h i I 4R
s TR B A ZLRCRSE , i F 3K PU KR Y 5
PaK M PAC 7= 2 B, e RS 17 it 7K 4 B G 3 .
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Table 4 Water contact angle of latex films prepared using PMTS of different molecular weight with (PSU-H-AC) and without HEA (PSU-AC) as

coupling agent

PMTS molecular weight N/A 1149 1556 2027 2572 3095 5088 5988
PSU-AC 83.3 92.3 92.5 92.8 93.2 92.2 93.5 93.2

Water contact angle (°)
PSU-H-AC 82.6 91.3 91.2 91.6 90. 1 92.2 93.0 93.5
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Table 5 Properties of tricomponent PSU-H-AC latexes prepared with different level of PMTS of molecular weight 1556

PMTS level® Solids Particle size Surface tension Viscosity
Sample PDI
(wt% ) (%) (nm) (mN/m) (mPa-s)
PU-H-AC N/A 29.16 85.05 0. 096 41.90 25.3
PSU-H-AC8 2.5 29. 87 78. 89 0.076 41. 31 27.3
PSU-H-AC2 5.0 29.17 76. 62 0. 081 41.36 26.7
PSU-H-AC9 7.5 29.20 80. 45 0. 086 41.05 26.0
PSU-H-AC10 10.0 29.17 75.91 0.084 41.47 27.0
PSU-H-AC11 12.5 29.43 75.03 0. 093 41. 46 27.3

* Weight percentage of PMTS based on PSU prepolymers
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PSU-H-AC10

Fig. 3 SEM micrographs of fractured section of PSU-H-AC latex films prepared using 7.5 wt% (left) and 10.0 wt% (right) PMTS of

molecular weight 1556

Table 6 Water absorption at 72 h immersion and contact angle of latex films prepared using PMTS of molecular weight 1556 and HEA

PMTS level (wt% ) 0 2.5 5.0 7.5 10.0 12.5
Water absorption (% ) 19.7 12.0 12.5 12.1 13.6 13.2
Water contact angle (°) 82.6 89.2 91.5 92.1 93.2 93.6
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IMPACTS OF HYDROXYETHYL ACRYLATE AS COUPLING AGENT
IN TRICOMPONENT HYBRID LATEXES OF
POLYSILOXANE-POLYACRYLICS-POLYURETHANE

JIANG Xubao, ZHU Xiaoli, KONG Xiangzheng
(College of Chemisiry and Chemical Engineering, Unwversity of Jinan, Jinan 250022)

Abstract  Isophorone diisocyanate was first reacted with bis ( 3-( 1-methoxy-2-hydroxypropoxy ) propyl)
terminated polysiloxanes ( PMTS) to attach cyanate groups to polysiloxane chain terminals,followed by reaction
of these cyanate-containing polysiloxanes with poly ( propylene glycol ) to get polysiloxanes modified
polyurethane prepolymers ( PSU) . Hydroxyethyl acrylate (HEA) was then used as coupling agent to react with
the PSU to introduce vinyl groups in order to conduct graft-polymerization with acrylics in the subsequent step
to finally get polysiloxane-polyacrylic modified polyurethane (PSU-H-AC) ternary grafting hybrid latexes. Non-
grafting polysiloxane-polyacrylic-polyurethane ( PSU-AC) ternary hybrid latexes were also prepared under the
same experimental conditions without HEA used. Results revealed that, regardless of use of HEA | the particle
size of the ternary latexes was decreased when PMTS was used. This decrease was more pronounced with a
narrower size distribution in PAC grafted ternary latexes than that observed in the latexes without HEA ,i. e.
PSU-AC series. Higher surface tension in the PAC grafted ternary latexes was also detected as compared with
the corresponding ternary latexes without grafting between PU and PAC. Examination of the latex film
morphology on the intersection by SEM showed that homogeneous latex films without any phase separation were
obtained from the ternary latexes when HEA was used, while aggregates and defaults were observed in the
ternary films without HEA. Both measurements of water absorption of the films and of contact angle of water on
surface of the films indicated that water resistance was significantly enhanced by PAC grafting on PU through
incorporation of HEA during the preparation of the ternary latexes. Employment of PMTS of different molecular
weight in the latex preparation and property characterization demonstrated that,to achieve an optimum for the
performance of the ternary latex films, molecular weight of PMTS should be limited to 2000 and its content
should be not less than 5 wt% in PMTS-PU prepolymers.

Keywords Polyurethane modification, Acrylic monomers, Hydroxyalkyl polysiloxane, Hydroxyethyl

acrylate, Tricomponent hybrid latex



