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Abstract: Hybrid emulsions consisting of polyurethane and acrylic polymer were prepared by emulsion poly-
merization of acrylic monomers and polyurethane water dispersions (PUD) as an emulsifier. At first, cationic
type of PUD was synthesized with IPDI, PTMG1000, MDEA, and acetic acid. Then, acrylic monomers, such
as MMA and n-BA, were copolymerized with the PUD without adding further surfactant. The tensile properties
and water resistance increased with increasing acrylic monomer ratio. The hybrid emulsions showed better
properties than the emulsions simply blended with the PUD and the acrylic emulsions.
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< o]2A 87| FRe wel A= PEGS #

A4 Z2Y&S ©]83 Hlo]24, 22-dimethylol
propionic acid, 2,2-dimethylol butanoic acid & carbo-
xylate E}S  ©]&38t 5o]24), N-methyl diethanol
amine, N-ethly diethanol amine 5 amine E}YS ©]-&-3F
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2. M =

FEA ZP 9 e isopron diisocyanate (IPDI,
Aldrich), polytetramethylene glycol (PTMG1000, Aldrich,
M = 1000 g/mol), N-methyl diethanol amine (MDEA,
Acros Organics), acetic acid (AA, T 3HANE AFE-3}S
t}. PTMG1000, MDEAT vacuum’gE]oll A $=2-& A
Asta AH&stATh ol g o|E @R A= AFEAd 9
7}A= methyl methacrylate (MMA)S} FA4S 7R =
n-butyl acrylate (BA)E F 3 JEjolA] distillationd} <]
AHESEATE ol olE TEkAle] Fitel g A
AAZ 84 7WAIAIR] 2,2-azobis(2-methyl propiona-
midine) dihydrochloride (V-50%)7} A}&EAch odA
oA BAME FRFE 28 wet HFS AL
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Table 1. Materials used and their structures

Name Structure

OCN

H
Isopron diisocyanate (IPDI) H3C qcih‘ co
H,C Ha

Polytetramethylene glycol

(PTMG1000) HO—FC.Hs—-OH
M=1000 g/mol
AL zH40H
Methyl diethanol amine (MDEA) HsCN_
CzH4OH
1,4-butandiol (1,4-BD) HO—C4Hg—OH

Dibutyl tin dilaurate (DBTDL)
[H,C .

Acetic acid (AA) H+C—C—0OH
3

O=~c—0—CHj,

Methyl methacrylate (MMA) HEC=C“‘*{:H
3

H.C=C—Tr O
n-butyl acrylate (BA) H o EaH?
2,2-azobis H; Ha Ha i,
(2-methylpropionamidine Cri+ N—N +|Cr
HN Gy, CHg NH

dihydrochloride) (V-50)

S3F9 T Table 12 A AL8E EF9 o]g3 +
ZE A3 Aol

ol 4 Z89-#E(PUD)S prepolymersAd
TR AW wsith FAIFHSE IPD,
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Al e dxrt 343504 SUhsHAl Hed old
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Figure 1. Reactions of cationic PUD synthesis.
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Table 2. Sample names and compositions of hybrid emulsions
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Z2 #g9lsr] Y3te] FT-IRS o] &3t AHeH
FT-IRS Perkin ElmerA}2] Spectrum 10002 ©]-83}}
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soluzl= gl A B2Ae 48] 94
2] universal testing machine (Hounsfield Co, model
H25K)S A8ttt SAWMHOR fejdd ¥vhg=
= FI"HEt AxAIZ F AJ#e A7]E length : 50
mm, width : 10 mmZ A ZsFH 2 UTMS] Head speed
£ 50 mm/minE G35t 47 e AlAE SA
stef 7o) BERe TRk

233, A% 2 GEAZPD) S3

A S48 213141 gel permeation chromatograph
(GPO)E °]&3ltt A = AFHE-E columns
PLGEL (10 pm, MIXED-B, 300 x 7.5)3} o]&A} &uj=
+ tetrahydrofuran (THF)S A|ZFE 1 mL/minZ 3}
30°Co| Al SA43FH T T3 GPC calibration polystyrene
standards S ©]-&-3t] AAISAT

234. €38 KA

QARG HS LolR 7] 93A]  differential scanning
calorimeter (DSC, TA Instruments Inc. DSC2010)E A}&-
stk 2= E -50~200°C, heating rate 5°C/min,
Nitrogen purging’d Bl ol A4 =23} th.

235 FAYAEE

Spoluels WA Foltele FFUAREES
golr 7] 934 Otsuka electronicsAFe] dynamic light
scattering (Photal PAR-)S ©]&3}e] =AsAuch =
AHWH-2 clock rate at 8 usec, corr. channel 1024,
accumulation times 200°.2 =73} T}.

Monomer Ratio (wt%)

Monomer Ratio (wt%)

A-1 MMA : BA : PUD = 25 : 25 : 50
A-2 MMA : BA : PUD = 30 : 20 : 50
A-3 MMA : BA : PUD =35 : 15 : 50
A-4 MMA : BA : PUD =40 : 10 : 50
A-5 MMA : BA: PUD =45: 5:50
A-6 MMA : BA : PUD = 50 : 00 : 50
C-1 MMA : BA = 70 : 30 (DX-405 5%)
BL C-1 : PUD = 50 : 50

B-1 MMA : BA : PUD =63 : 27 : 10
B-2 MMA : BA : PUD = 56 : 24 : 20
B-3 MMA : BA : PUD =49 : 21 : 30
B-4 MMA : BA : PUD =42 : 18 : 40
B-6 MMA : BA : PUD =28 : 12 : 60
B-7 MMA : BA : PUD =21 :09 : 70
B-8 MMA : BA : PUD = 14 : 06 : 80
B-9 MMA : BA: PUD= 7: 3:90
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Figure 2. FT-IR spectra of hybrid emulsions with different
PUD content.
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Figure 3. Maximum strength and maximum elongation ten-
sile test of hybrid with different PUD.

2.3.6. Water swellability
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Figure 4. Stress-strain curves of hybrid (A-3) and blend
(BL)
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Table 3> PUD, 3lo]B = oEdz} olm ol
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Table 3. Molecular weight and PDI of prepared emulsions

Mn (g/mol) Mw (g/mol) PDI

PUD 27,800 36,900 1.327
A6 18,400 19,300 1.049
] 962,100 1,018,00 1.058
A5 18,200 21,600 1.187
905,400 944,000 1.043

A4 18,300 25,800 1.410

1,130,000 1,145,000 1.013

A3 17,900 19,100 1.067
706,400 778,300 1.102

A 16,300 19,300 1.184
559,000 598,200 1.070

Al 18,800 22,000 1.170
772,700 813,600 1.053

C-1 348,000 783,100 2.250
-0.30 . ; : .

.0.35 4

&) -0.40

= 045 —BL
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o 0551

]

T 060 M
065 -__q__‘“"“-—————_____________“
0.70 1 — : -

40 50 60 70
Temperature(°C)

Figure 5. DSC thermograms of hybrid emulsions.

peake PUD®| Aol U2 o2 AztEojx]1
2 BEA e peaks olZ o= 1EAFY EA# peak
2 A7, w9 v AFS 93 Hlo]2 AHEA
AE ol&ste] Tt oladHolE oAEHAY FH+
B2 348,000 g/molE =4 At}

34. 98 4=y

Figure 5 DSC @] o|t}. BLS} C-12 <F 50°Col
A otaddEelE aEAtY fejxe]l =7 YEhtA
W PUDS} A-3& 50°ColA Fejzde] &=7b e
@itk o)F S3f stoluel=® A-12 PUDSH o} Y
HolE AT T4 wEE dol A4z feldd
oleE=g vehd A=) FEI A ¥3 W 2
B2 o] Ao oladdole mEA Fe
o] £E7} Yeh}A ke Aog Azl

3.5 Xl 37| &3
Figures 6, 7 PUD9} 3folBg]= o|E 9 =

o

i 4

100

80 4

60 1 ./\
- e S
40 1 \\

\\_.d__,-‘

Particle size(nm)

20 1

10 20 30 40 50 60 70 80 90 100
Content of PUD(%)

Figure 6. Average particle sizes of hybrid with different
PUD content (%).
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Figure 7. Average particle sizes of hybrid with different
MMA ratios.
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3.6. Water swellability test

Figure 82 A-3, BL, C-19] water swelling ratios
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A-39} BL9 swelling ratio= BLETF A-37} ©A UE}
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