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A Study on the Synthesis and Applications of Waterborne Polyurethane

Dispersions for Surface Coating
Sam cha Song

Division of Applied Chemical Engineering, The Graduate School,

Pukyong National University

Abstract

Since most of the coatings have been prepared by organic solvents, there
are many regulations because of the environmental and health hazards caused
by volatile organic compounds. As an alternative to organic solvent—based
polyurethanes which are broadly used in coatings, waterborne polyurethane
dispersions are receiving great attendance due to their harmless to humans
and environment.

In the first chapter, water—dispersed UV—curable polyurethane acrylates
(PUAs) were synthesized by varying content of reactive silicone which gives
surface hydrophobicity. The physical properties of the synthesized PUAs were
measured as a function of content of silicone. The molecular structure and
physical properties of the synthesized water—dispersed UV—curable PUAs
were investigated by FT—IR and contact angle, surface energy, particle size,
tensile strength, and elongation. The results showed that as the content of
reactive silicone increased, the surface energy of the cured coating decreased
due to the hydrophobicity of silicone. The optimum physical properties were
obtained by controlling content of reactive silicone.

In the second chapter, waterborne UV —curable PUAs were synthesized with
different ratios of 4,4—methylene dicyclohexyl diisocyanate (Hi2MDI) and
isocyanate—functionalized aliphatic acrylic ester (IAAE). Physical properties

of the synthesized PUAs were measured as a function of mixing
X1



ratio. Molecular structure and physical properties of the synthesized
waterborne UV —curable PUAs were investigated by FT—IR and analyzers on
particle size, tensile strength, pencil hardness, and adhesion. The results
showed the tensile strength and pencil hardness of the cured coatings
increased with IAAE while their elongation decreased. These trends would be
due to the high reactivity of TAAE which leads to high curing density. The
optimum physical properties were obtained by controlling the mixing ratio.

In the third chapter, to develop eco—friendly coatings on poly (vinyl chloride)
(PVC), various WPUDs were synthesized by combination of polyol such as
polyester, polycaprolactone, polyether or polycarbonate, hydrophilic
compounds (dimethylol butanoic acid, DMBA), and reactive silicone. PVC is
widely used in car seat covers because of low price and good heat and fire
resistance. The structure and properties of synthesized WPUDs were
characterized by FT—IR, particle size, contact angle, surface energy, tensile
strength, elongation, and adhesion strength. Also, their particle sizes
decreased while tensile strengths increased with increasing DMBA content.
Surface energy and contact angle of WPUDs were strongly affected by the
content of hydrophobic reactive silicone. The optimum properties of WPUDs
were obtained by controlling their compositions, polyol, hydrophilic compound,

and reactive silicone.

Xii
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Figure 1.6. Distribution width and particle size of PUD as a function of
DMPA.
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(A) Amine type

N—Methyldiethanolamine

HO\/\N/\/OH

-

N—Propyldiethanolamine

OH

-~
><N\/\OH

N—t—Butyldiethanolamine

OH

}

N
o/

N—Ethyldiethanolamine

HO
NH
OH

N—Benzyldiethanolamine
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(B) Carboxylate type

OH
OHics1 OH

OH
OH

2,2—dimethylolpropionic acid 2,2—Dimethylolbutanoic Acid

(C) Sulfonate type

Sodium 2—[(2—aminoethyl)amino] ethanesulfonate

Sodium (2—isopropylhydrazino)methanesulfonate

Figure 1.7. Representative ionic compounds that react with isocyanates.
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(A) Isocyanate

Aromatic Aliphatic
NCO NCO
Primary Secondary Teriary

Fast ﬁ Slow

(B) Active hydrogen

anary Secofidry amine Alco Wate Carquyllc
amine hol r acid
NH2z-R" R'NH-R" HC?- H.0 HOOC-R"

R

Fast ﬁ Slow

Figure 1.8. Relative reactivity of urethane raw materials.
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Tablel1.1. Isocyanate reactivity and active hydrogen reactivity

Isocyanate Reactivity

Isocyanat
e
TDI MDI HDI H1oMDI IPDI
Rate
constant
k1 400 320 1 0.57 0.62
k2 33 110 0.5 0.40 0.23

Active Hydrogen(Phenyl Isocyanate in toluene at 99% Stoichiometry)

H Donor

Aromatic =~ Primary Secondary Carboxyli
. Water Urea _
amine OH OH ¢ acid

constant
25C 10—-20 2—4 1 0.4
80T 30 15 6 2 2
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N_ N
4o + o/C; R S
0
c?
ofch\M xHo/?%(OH
| / 0
OH
Ho/\/N\/\CH okﬁ
C’N\/ A° o )
04 N\N/ N=C
oH %
l RCOOH l N(CoHs);
o\
X
i
N P \
/C/ T (0]}
o’ JN\N% QOCR 3 N=C NH(Cz 5)3
0' \\
0
H,N-R-NH, H2N-R-NH2
H,O HZO
o mva/ "OOCR
L
o H §
NH(C2 5)3
Cationic Anionic
PUD PUD

Figure 1.9. Prepolymer mixing process in the manufacture of cationic
PUD and anionic PUD.
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0 0 g TNHR
Hydrophilic Isocyanate-Terminated Prepolymer
-
Ketimine/ketazine
! | Water
RN N K
7 RN
I - \R( OYOWMMMW
1
RO A
AN R’
1T *%% |
. X
L/ /0
NH N N NH MM ot
‘o ‘o ‘e NHR,
e IRA AR
0 0 0

Figure 1.10. Ketamine/ketazine process in PUD manufacture.
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N N
-/ + €7 RT NeCy
0~ ~0

Solvent(Acetone or MEK)

-—

0

0

l DMPA
0 0
O. NH NH .0 o/U\NH’R\NHJ\o/
At
OH
/
0 0 5

1 WATER

POLYURETHANE DISPERSED INTO WATER ACETONE MIXTURE

l Remove Solvent

POLYURETHANE DISPERSION

Figure 1.11. Solution process for DMPA—based PUD manufacturing.
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Figure 1.12. Self condensation melt dispersion process in PUD

manufacture.
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3) UVA3} A|2H
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=71 A AEHQ dFAY FAE] HY] A AE] F0A S E
T o R FTEARE U= AE ov|dt) Figure 1.139] A7) oy A
AAEs Yepgith. UVAS ez /idE AlsEs 394 s, 133,
A714AA SolA 7€ Iz AFel vl&l 53t S-S JHIt=
Zol aHA, AEE dAYe, BIAEAA JAAHHEA UVA =
s ™ F;Hol et YA AFAAe] UVAsbERel Z{iEHu
ATH B3, UVASE 397|e> ZAeS57 w=7] o] ouA &zt
2 v SN T 2 BAIE AMRSEA ge FEAIFol7] wiTel
AEAAA APz AslA HT dA7I7] 9L IT AF, A-H2A,

A s TFe FokrE HEAa e FAlol v [40-45].
UVAs =2 AAEE 2AEFY o+ 32 F7hste] AAIZ o=z did
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Violet Red

Micro | Radio
Waves | Waves

Cosmic|Gamma

s | R X-Rays | Ultraviolet

| Infrareg

0m A10°m 107 10'm ym)

Vacuum | Short Wave UV | Middle Wave UV | Long Wave UV
W (N-C) (UV-B) (V-A)

e

100 185 2541300 305 400
20 20

nm)

Figure 1.13. Electromagnetic energy system.
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Table 1.2. Properties of acrylate oligomer types

Oligomer

Urethane Epoxy Polyester Acrylated

Propertie acrylate acrylate acrylate acrylic
Dilution with Easy Easy Easy Easy
monomer

Viscosity High High Variable High
Viscosity Fair Good Good Fair
reduction

Cure rate Variable Fast Variable Slow
Relative cost High Low Low High
Tensile Variable High Moderate Low
strength

Flexibility Good Poor Variable Good
Hardness Variable High Moderate Low
Chemical Good Excellent Good Good
resistance

FHAZE &8 dxo=2= AurF UF =7 " HEgA
ANAR EQEE RunE AQAEE 24T FA6 WA 4
A E qEgel Fofste] =] UFE FATOEN UVAIAECA 2
o] REgef FrolstA #Hoh

Table 1.32 HESA 3AAZ AlgH:= dds, 2985, o



Table 1.3. Reactive diluent monomers for UV coatings

Type Monomer - Structure
2—Ethyl Hexyl
EHA CH2=CHCOOCH3CH (C2H5)C4H9
Acetate
M 2—Hydroxy Ethyl
ono HEA CH>=CHCOOCH,0H
Acrylate
2—Hydroxy Propyl
HPA CH2=CHCOOCH2CH (CH3)OH
Acrylate
2—Hydroxy
PA-1 CH2=CHCOOCH2CH20PO (OH)2
EthylAcryloyl Phospate
1,3—Butandiol
BGDA CH2=CHCOOCH2CHOC (CH3) OCH=CH2
Diacrylate
1,4=Butandiol
BUDA CH2=CHCOO(CH2)40COCH=CH2
Diacrylate
1,6—Hexandiol
HDDA CH2=CHCOO(CH2)60COCH=CH2
) Diacrylate
Di
Diethylene Glycol CH>=CHCOO(CH2CH20)
DEGDA
Diacrylate OCOCH=CH?2
Neopentyl Glycol CH2=CHCOOCH2C (CH3)2
NPGDA
Diacrylate CH20COCH=CH2
Poly Ethylene 400 PEG400 CH2=CHCOO(CH2CH20)9

29



Diacrylate DA COCH=CH2

Hydroxy Piperidinoic

CH2=CHCOOCH2-C(CH2)2—-CH20CO-C(CH2)2—
Acid Ester Neopentyl HPNDA

CH2
Glycol Diacrylate

Thrmethylol Propane

TMPTA  GH2CH2-C(CH20COCH=CH2)2~CH20COCH=CH2
Triacrylate

Pentaerithriritol

Multi PETA  HocH2-C(CH20COCH=CH2)2-CH20COCH=CH2
Triacrylate

Dipentaerithritol
DPHA [(CH2=CHCOOCH2)3CCH>].0
Hexa Acrylate

ARMAZ = FFTIARAAZS AL =
GO Table 1.48F Zo] o8 T/ JFAAAZ Ald= L 3
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Table 1.4. Initiators for photopolymerization

_ - Absorption
Type Chemical name Phase Solubility Wavelength
(nm)
Diethoxy
Liquid Excellent 240~350
Aceto Acetophenoine
phenone 1—Phenyl—2—hydroxy—
2—methyl—propan—1— Liquid Excellent 200~300
one
iso—Butyl—benzion—ester Liguid Excellent 240~260
Benzion
Ester iso—Propyl—benzoin—
Solid Good 240~271
ester
2,2—dimethoxy—2phenyl
Solid Good 250~350
Benzil acetophenone
Ketone Hydroxy—cyclohexyl—
Solid Good 240~390
phenyl
Benzophenone Solid Good 240~350
Ketone
2—Chloro—thixoanthone Solid Fail 200~400
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Figure 1.14. Curing of UV—curable coatings.
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2. 4%

1) Aok & 717

(D Aok 2 As

2 Ao AFE3E polyol> polycarbonate diol(PCDL-5651, Mw:
1000, Asahi Kasei, Japan)= AFgstsiod, wbgA AEZ FM-—
DA26, Mw: 10000, Chisso corporation, Japan)< A}F&3I30H,
olAd Y olE @A+ 2-Hydroxyethyl acrylate(2—HEA, Mw: 116,
Nippon Shokubai, Japan)& A3t o] LA|oFH|o|E= 44—
methylene dicyclohexyl diisocyanate (H;2MDI, Covestro, Germany) =
ARSI o XA oler|E Es7] $8Fe]  dimethylolpropionic
acid(DMPA, GEO, North  America) &AMt FAZRE
triethylamine (TEA) = A3 a1, = e Dibutyltin
dirauylrate (DBTDL) S A}g3}%th. Polycarbonate diol(PCDL—-5651,
Mw: 1000, Asahi Kasei, Japan)< 100 TolA 12A13F &3t &5
A A = AMEE9Tr. 2—Hydroxyethyl acrylate (2—HEA, Nippon
shokubai, Japan)+ A2 glo] U2 A&3tglod, FHAAE
para—methoxyphenol (PMP, Aldrich) S A8 $lo] AME-3Fict, mg oA
A ZA =45 E BINA A= Acetophenone Al¥<el Hydroxy dimethyl
acetophenone (Micure HP-8)= ©|¢¥ AHAHIEZEYH Aol A

slo] Akl
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(2) 717
D FT-IR: Frontier (Perkin Elmer)
KRS=5° A5E Rxste] &4 A & 4,

@ Viscometer: Gardener Bubble Viscometer.

HEgel NEE A F AU Mm% 53,

@ H=7ZF =4 7]: Phoenix—MT(T) (SEO)
Al flef] A4 1S "ojrtdd & &4 WE3 AlH e
& SA4%

@ Tensile strength tester: DST (Daesung Tester) VFD—M, Z71:
L% 256+1C, Al F% 50*£2% x7stelA BHEE 5
mm/min.
® DMA: DMA 8000 (Perkin Elmer)
Material pocketoll & Al¥HS 7[IZxAHZ 3x0.5 cm Z&f
gol &. &% -50~70 T HHlolAd 3 T/minE S&
stHA 57

® Laser particle size analyzer:
LS 13320(Beckman coulter).

@ UV Curing system: JKP—-0502—CCN,

Seimyung Vactron.
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2
Table 21° A}% 45 =459 3s 7340, Table 2.2= 94
A9 A5 24 WY =AvE yEkd Zola, Figure 2.12 F3#A4
Zegde FAE Y F JAEE 9 JHAriE SHske dAEA
Zd] (Laser particle size analyzer, LS 13320)¢]t}. Scheme 2.1
FEAE 2] 473318 polyurethane acrylate?] &4 83 YeERAT
T EoAade] wRby], EA, B2 A4 FYV1E dESaL Polyol,
Reactive silicone, DMPA, ©]A&A|olH|o]EE HEg Eu]2 FQ1s &
80 T=Z H=3ted 12 WS JYssivh. Fwel  dibutyltin
dilaurylate 50 ppm F88sl=d], oju HdAdtSo] FRiEER 2%
-] F7F e7@H FT-IR 535 &3l NCO 54 939 Fi&o]
5=

OJZR(BAIZE Wk ol =EHW 1ANES TR WU 2EE
60 CTZ U3 & FgFA]#|1 PMPS 100 ppm—% Flslar, 1087 ik
ol oA ] E ﬂ%‘cxﬂd 2-HEAES F313} st

3tAll TEAE FSlske] 308t DMPAS] COOHIH#% vwlﬁﬁ‘r

o]|% 2L 5 40 TolgtzE W+ %4 (Deionized Water)E A4 3]
wetdA 14 FRATHE Aol nFEol 309U FEA
73

3} polyurethane acrylate (UV—curable WPUA) & 3Ad 513t
sk El UV—curable WPUAe] F7)A| A2l Micure HP—-8% 4 phr

3ot IPIAE  Axsiith. fEds VIAE ARES o,

applicatorE AFEste] 100 me T2 ZY 3 AZx7]o)A 100 ColA

30-aqt Axd 5, Auojo] MEY o)A A3 (JKP-0502-CCN,

Seimyung Vactron)& ©]&3to], 2 me WEE 10

SN 7IHA AT AstA] AREE %‘E-‘E LT HTSHIEA,

FEke 400 ml/em?® Al7]E 200 mw/cm?o]al

280~360 nmellA 7 stAl At}
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Table 2.1. Structures and molecular weights of raw materials

Molecular
Raw material Structure _
weight
4,4 —Diisocyanato O=C=N
dicyclohexylmethane 262.35
(H12MDI) NE
o
Hydroxy ethyl acrylate o
H 116.2
Polycarbonate diol ?
(PCDL) HO—}(CHy)g——O —C—O (CH2)g OH 1000
Reactive sili diol i 0 B
eai: Ve %I - S HO—éi—O—ééi—O}—éi—OH 1000
( Bi—terminated 2RS) Siy o, 0,
Hydroxy dimethyl o
acetophenone(HP— ©)S<CH3 164 .2
8) HO CHs
Reactive silicone diol i o OH 1000
( Mono—terminated “‘B“'%"°+%"° S:‘i/\/\o/\E\ 5000
Me Me n Me OH
RS) 10000
OH
H,C
Di hylol ioni
imethylolpropionic HO o 13413
acid (DMPA)
OH
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Figure 2.1. Laser particle size analyzer(LS 13320).
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Table 2.2. Formulations for synthesis of WPUAs

Composition of prepolymer (Molar ratio)

DI
Sample code Reactive 2— (Wt%)
HioMDI PCDL DMPA TEA
silicone HEA
WPUA—-RSO 1.000 0.510 - 0.319 0.342 0.319 70
WPUA10000—
1.000 0.491 0.004 0.328 0.354 0.328 70
RS5°?
WPUA10000—
1.000 0.470 0.009 0.339 0.364 0.339 70
RS10
WPUA10000—
1.000 0.423 0.019 0.363 0.390 0.363 70
RS20
WPUA5000—
1.000 0.413 0.038 0.357 0.384 0.357 70
RS20
WPUA1000—
1.000  0.339 0.171 0.319 0.342 0.319 70
RS20
WPUA1000—
1.000  0.339 0.171 0.319  0.342 0.319 70
2RS20°

x and y in WPUAx—RSy indicate RS’ s molecular weight and wt%,
respectively.
®2RS is bi—terminated one.
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CH,
o
HO-R-OH + HOH,C-C-CH,0H + ReactiveSilicone +  Solvent
I
COOH

(PCDL) (DMPA) (RS)
OCN - Ry=NCO (H,,MDI)
0 0 0 f& % 0 ﬁ
I I Il Il
OCN—m—¥co1RS%0C¥—R;NCO—H;—$—CHf4x¥—R;¥co—R;oc§—R;Nco
|
H H H COOH H H H
NCO-Terminated Pre-polymer
0O H
[T
HOH,C,- OC~-C=CH, (2-HEA)
0 0 0 CH; 0 0 0 0 0H
Il [ II I Il | I I [ I [
&C=C-CO—QH:OC¥-&—¥C01RSFOC¥—&-NCO—Hﬁ—C—C&-OC§—R;TCO—RFOCT-KrTCO-Hﬁ;OC—C=CH
: | |
H H H H COOH H H H H
N(EV); (TEA)
11 %Rl NG s Ty 8
| I Il [ I I
mC=C-CO-QHrOC¥-&-$€O%RSFOC§—&-TCO—Hﬁ—g;C&—OC?—R;TCO—RrOCT—Rrvco—ﬂﬁ;oc—c=cm
H%, H H H coo- |H H H /H
N*H(Et);

UV-Curable Waterborne Polyurethane Acrylate

1) Water Dispersion

1) Solvent Removal

Silicone Modified UV-Curable Waterborne Polyurethane Acrylate

o CH, CH, CH cmon
i e . 1 | I ]

Ry= -R+0-C-0R% Reactive Silicone 1(RS I, Mono-Terminated) = k-ﬁ.-o{s'.—o)_-i.—c,n,muﬁ—c:u.

CH, CH, CH CHOH

CH, CH, CH,

i . . i | I
R,= .O.cu_. _O Reactive Silicone 2(RS 2, Bi-Terminated) = Ilulhtg()ll,(‘,—s:-()-(s.-()t.\i:-(',Imx';ll,nll
2 I |
CH, CH, CH,

Scheme 2.1. Synthetic process of silicone modified UV—curable
waterborne polyurethane acrylates.
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3) FEA EEe-Hes B4
(1) Tx24
FT—IR (Frontier, Perkin Elmer)< ©]&3}o] Table 2.2¢] e
ZA o7 A% NCO terminated prepolymer % ol =g o|E A =2
capping® F#4t UV-—curable® PUAS #57] FXEAES 31¥om,
R Lt Hs7lxE A s TEENE Tl

prepolymert] 9] m]HES- NCO7] 9] ¥H&z o] 2 &lstglt).

BN

(2) A=573 YA
%7 574 7] (Contact angle & surface tension analyzer, Phoenix—
MT, SEO)& A&t 2eA S7+E Sul 84 F Head down 3o
AE2o| dropping ¥ (drop & 5x)0Z FJE9 Eo ust H=7 4
EHAYAE SH s

(3) A JAZAE

DMA (dynamic mechanical analysis, DMAS8000 )& AF&3le] A3}
Tt AeAd el S48 SAsTE AlHe A7)+ 4] 30 mm, Y
5 mm, 74 0.2 mm=z A &35S S| tensile mode® frequency= 1 Hz,
strain 0.15% % 73sta, —50~70 CTY &% WA 3 C/minE T2
st A ST

A3 ute] QA= =48 universal tensile strength tester (VED—M,
DST )& Akg&sto] Astemte] 3 AsEs B7Eeraitt. A8 27+
Zo] 50 mm, YH 5 mm, 77 0.2 mm=Z A& on, 2% 25+1T,
AEE 5012% zAseld FEEE 5 mm/min®  QFA 7 EA
ANAZE 9 AAES vl FHrhskait.

(4) d==27] FX% A=
b4 A @58 WPUAs9 dAa7]E 4% 47| (Laser
particle size analyzer, LS13320, Ensol instruments) )& A}g3}¢]
=4 skl

- 44 -



T
A=

Z}zko] WPUDsE
BYK Gardener) & ©] &3}

Ax

=7 7] (Gardener Bubble Viscometer,
Y 22(250) oA Ak
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3. 4% 9 nz

1) x84 9 UvAs

F8AF UV—curable®] PUAS S@egtdde]l A =W AR E
gelaly]  ¢ske] WPUA10000—RS20¢ FT-IR A EFS  Figure
2.2°0 YEFSEE. Figure 2.2 (a) & Whs 1A13F &, (b) & HEE 3AI7F &,
e HEFE ¥, (v UVASSY AdFEHS yekd Zolth
Figure 2.3 WH&A Ag& &vo] w& WPUAsS FT-IR A9
etk kg o] wEka] 3340~3400 cm' oA el NH
bending ¥ 1720~1770 cm™! oA ¢ C=0, 1000~1050 cm™! oA 2]
Si—0-Si bending, 2240~2270 cm ! °]A<¢ NCO stretch =7}
Aadte RS g, UVAEE F+ 1600~1650 cm™! o442 C=C
T A37F &3] Al AE ACZHE UVASIE AFHor o|Fdxl A
SN d=

1 m
o
o
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Transmittance (A.U.)
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4000 3000 2000 1000
Wavenumbers (cm )

Figure 2.2. FT—IR spectra of WPUAT10000—RS20 during reaction and
after curing: (a) 1 hour reaction, (b) 3 hours reaction, (c) end reaction,
(d) after UV curing.
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Figure 2.3. FT—IR spectra of WPUAs with different contents of RS during
reaction: (a) WPUA—-RSO0, (b) WPUA10000—RS5, (c) WPUA10000—
RS10, (d) WPUA10000—RS20.
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N

(a) 0= 89° (b) 0= 95°

M

(c) 0=95° (d) 6= 102°

N

(e) 0=102° (f) 0= 104°

>

>P D

(g) 6=106°
110
—a— Contact angle
—e— Surface energy 35
105 -
w
> 5
P D
EO 100 - L 25 ;:
< e
8 o2
z 95 4 <*— =
S =
- 15 S
, AN =
90 -
85 S5

(a) (b) (c) (d) (e) (f) (e)

Figure 2.4. Contact angle images (top) and surface energies (bottom)
of WPUA films: (a) WPUA-RSO, (b) WPUA1000-2RS20, (c)
WPUA1000—-RS20, (d) WPUA5000—RS20, (e) WPUA10000—RS5, (f)
WPUA10000—-RS10, (g) WPUA10000—RS20.
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3) AV AFFE

Figure 2.5= Wb A2l 7o) Astwmme 7AH =4 vA=

b uERdl Zlolth Figure 2.56014 & F Qo] WA Ag 9
=

FE oW RAge] Fhgel med Anmsk Fsle a3y

(

o of
e

Figure 2. & | o

Figure 2.6°14 & 4 S1%o] w34 AgZ9 g=Fo] F7hghel whebA
A7 AL FROE, QEXHORE olgastal glo] Tgrl HAl wmopxlow,
tan 6 #&E HA Fobd A Raeie] HlE HAA RaEdA ghol
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35 A
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WPUA 10000-RS5 3

= WPUAL0000-RS10
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+ WPUA1000-2RS20
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Figure 2.5. Mechanical properties of WPUA films with different RS

contents.
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0.06 —a— WPUAS5000-RS20

—e— WPUA-RSO
—A— WPUA10000-RS10
0.05 —y— WPUA1000-RS20
07— WPUA10000-RS20
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Figure 2.6. Tan delta of WPUA films with different RS contents.
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4) A=Y A=

Figure 2.7 WA Ao I WPUAsEHRS dAarl&
vebd Aytoltt. wkAl AgEe] E9HA 42 WPUA-RSO0]
JdA=71= 60 nmz, FAT WPUAsTAAM 7H A, H&—S—H
AP ZRSD) & o] F7MEFE, sdefetrzoA Exp=e] AdF
A=A717F S7bekATE ol WESA AR AFAol wi¢ 371
ol g AR (RS o] S-S AWeA =3 Hake
AFA WAS Hasletes AFor YAV AXE Ao AL
71Eel  dubAel FEtxE bRl WESA AEE RS2 =¥
WPUA1000—2RS20% 64 nm9] H 1735 YeERit

HES-A] Ag]&o] =95 A 42 WPUA-RS0S Gardener &+
CE 7 £8a, Alxd REgA A8 (RSD Y FFo] 17}%?#%, Y
gt xoA Aol AdgsE e FARIAY 2w W A
elgith  Table 2.3°] Alx® WPUAs® 71 EA4&FEHE, pH
Appearance) &2 UYEHS AL, Figure 2.8 A% WPUAs9 thx A<l
4EFY] £ AdEie] Abdolth. wbgA A (RS1) 9 ol TS E,
Y9 RN EAZo] AAFE, Hd YAV SRR
SHo grrt Frtete] FHA (FiE)o] "otk o AZIth Table
2.4v dAzAS A tord Wow ZHEHI e % (Brookfield
AE, Gardener A%, Fordecup % )8 W3z =N, AH ZSH3HA

oly Hlw tido] Hi FEol ekl Ay dEs seld 4 9t}

O:

[‘
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Figure 2.7. Particle size of (A) WPUAs with different RS contents and
(B) WPUAs with different RS: (a) WPUA—RSO, (b) WPUA1000—-2RS20,
(c) WPUA1000—-RS20, (d) WPUA5000—RS20, () WPUA10000—RS5, (f)
WPUA10000—-RS10, (g) WPUA10000—RS20.
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Table 2.3. Properties of WPUAs

Gardener Solid
_ _ Appearance PH
viscosity content(wt%)
Translucent—
WPUA—-RSO B-C 8.0 30.2
Transparency
WPUA10000
A Opaque 7.8 30.3
—RS5?
WPUA10000 Opaque—
Al 7.6 30.2
—RS10 Cloudy
WPUA10000 Opaque—
A1 7.7 30.1
—RS20 Cloudy
WPUA5000— Opague—
A1 7.7 30.1
RS20 Cloudy
WPUA1000—
A Translucent 7.8 30.3
RS20
WPUA1000—
A—B Translucent 7.9 30.5
2RS20°

x and y in WPUAXx—RSy indicate RS’ s molecular weight and wt%,

respectively.

®2RS is bi—terminated one.
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Figure 2.8. Appearance of WPUAs with different RS contents.
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Table 2.4. Relative viscosity conversion table
(For Newtonian Fluids, @ 25C, D=1)

Gardener Poises Ford Cup Krebs
Holdt #4 Stormer

A—5 0.01

A—4 0.10

A—3 0.15

A—2 0.22 13.6

A—1 0.32 15.3
A 0.50 19.0
B 0.65 22.0
C 0.85 27.0
D 1.00 30.0
E 1.25 36.0
F 1.40 40.0
G 1.65 46.0
H 2.00 50.0 52
I 2.25 55.0 54
J 2.50 68.0 56
K 2.75 74.0 69
L 3.00 81.0 61
M 3.20 86.0 62
N 3.40 91.0 63
0 3.70 99.0 64
P 4.00 107.0 65
Q 4.35 116.0 66
R 4.70 125.0 67
S 5.00 133.0 68
T 5.50 146.0 69
u 6.30 167.0 71
V 8.85 199.0 78
W 10.70 270.0 85
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WPUA-RS0¢] {127l 60 nm=z, & AFolx
FoA 7 A, Rk A ZRSD S ##ol FHETE, FY
st xolA  EAFCl AAFEF Adeld =3 AHske WA
Hastelel= A wldol dAA717F Sk Ao ®m oAAXT. o]t
Ao A & 4 %0] Reactive silicone®] &S =4 (WPUA10000—
RS20) o zA HAAEALS UEdl= S St
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Chapter I
Synthesis and Properties of Waterborne UV—
curable Polyurethane Acrylates using Functional

[socyanate
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A 7
71574  olkAloHo|lE E{] ALAAFE FEA
T 494 =4

1. A&

A AFREI Qe ZEAL FES F7IEAFeIH, ol
/7154 (volatile organic compound, VOCs) ol 23t 37 3 747} o
el wEe B2 AE w2 Stk FUEAE ARSI -9
Azak AskE w2k QIAgE Ao Faid = AFES I&AHZA] F
%3] @ ¥k (waterborne polyurethane dispersion, PUDs)2 <7-9}
& dig #Ael FuiEa UAtH[64,65]. AFEA Y FHERS

o

U U

[

o o

—

o

_—

|

TEAAZ17] B E FEAIE FEll =2 ddEHo®E Al fF3AI7IAY,
polymer ZAle]l X144 segmentE =1k WElo] Stk a8y, HT

JRgaAS ol4e AAl SEHe AR 4 @ 23 9o
247 Qo] AL ARgSA  @m, BEedw Rz A= o

1o

15744 (Hlo] 24 2 o] 2A]) segmentE L dste WHo] FE o] &3
th FEAE 2 9dEre] EAAS AFEShs o]aAlotYolEgL E7] g9
TR ot vhekst Wole A8 £ ok66—72].

A543 segment =81 W Tl Hlel2A PUDsS A% 94
42 FARE 7174114 ZE, 39, J3Y 59 2 B4 o4
’d PUDs7} FHtoll 2 o] g¥H
2 EZoA 100 nm
o] 5} ‘?JZ} size®  ®AbE AL 714 %%9—4011 PJ%H Q+g st
@oh75,76]. et olgk J
PUDs& 714141 A=y &4
AAE HAA Ho Eolv ¢3Sy 22
AFAE Fol "ojxl= FAIde] k. oldd FAE A3 fst
vl A 7hAol Aatn, WokEd, ud, Wl 39 Fol 5%
olaUYClE wEFAE PUDse| Z8lsks A7 &3] s



ATH[77,78].
AT A= isocyanate—functionalized aliphatic acrylic ester,

polycarbonate polyol, 4,4—methylene dicyclohexyl diisocyanate,
dimethylol butanoic acid, triethylamine, 12|31 o} o|EGZAE
AbEste] FEAF A9 polyurethane  acrylate (PUA) &

H FAR ARl AstE PUAS &84 5A4S
o]iAlof|ol E FEFe] ShmA SA s e st Ao g

4% FT-IR, 9427 ¥4 2 A43%3=
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2. 4%
1) Al € 717
(1 Aok 2 A=

2 AFoA AFE3 polyol polycarbonate diol(PCDL—-5651, Mw:
1000, Asahi Kasei, Japan) = AF£3I3 o, ofaHYolE W= 2—
hydroxyethyl acrylate(2—HEA, Mw: 116, Nippon Shokubai, Japan),
pentaeritritol triacrylate (PETA, Miwon chemical, Korea) & AF&3F3it}.
olAAlotd|e]E= H,MDI (Covestro, Germany) & AFESF O™, A9t
o] ~AJo}d|o| E+= isocyanate—functionalized aliphatic acrylic ester
(IAAE, BASF, Germany)& AFE38It. I4A o275 =381
$)3}e] dimethylolbutanoic acid (DMBA, Jiangxi Nancheng Hongdu,
China) & AH&3l3ith. FAZE triethylamine (TEA)S AFE-3H31aL,
=u| 2 = Dibutyltin dirauylrate (DBTDL) S A}£3}3it}. polycarbonate
diol== 100 TCelA 12AxF &t FiE= AASTE = AREsEith
pentaeritritol triacrylate % 2—hydroxyethyl acrylate:™= Az §lo]
IR AMESI o, F3F A A= para—methoxyphenol (PMP, Aldrich)
=  AAF  glo]l  AFEskith. R AAEA EEHE FAAE
Acetophenone Al¥<¢l Hydroxy dimethyl acetophenone (Micure HP-—
8)S vl AT EHERE Algutel FA|Glo] AHEstSITh.
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(2) 7171
@® FT-IR: Frontier (Perkin Elmer).
@ Viscometer: Gardener Bubble Viscometer.
(® Tensile strength tester: VED—M.
@ DMA: DMA 8000.
® Laser particle size analyzer.

® UV ZAF7]: JKP—-0502—CCN.
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2) ALAREY FEAF S 3
Table 3.1 AHgd A5 =459 3t x240H, Table 3.2 44&
$st fuaEd 2AvE vERH Aol Figure 3.1 F73to] A%
UV ZAF7] JKP-0502—CCN, Seimyung Vactron, Korea)©|™, Figure
3.2v wRVY], &&A, BA7I7F #&E whg7lE yERSla, Scheme
3.19] FEAF 294738 polyurethane acrylate? 34 AL
R ITE 490 Eefaae] wwby], 254, B2, AAFUIE 94
A ZA e polyol, DMBA, o]AAJotH|o]EE HEg &4 (Table 3.2)%
T4 & 80 CT= S&sto] 1awkE 733@‘3}95\‘:}. =1l DBTDLS
LxA Fo7F e EH
|39 F3Eo] o] E2F (3 AIZF
£ 60 T2 U4
R 100 ppme Fska, 102 uREF
ol dH ol E ©FAQl PETA, 2-HEAS Fsta 23088 X3ttt
Aol st dF 3ol
= AIANFPH. HeFIEHS . FT-IR
o|AAJotdlo|E H a7t S| AR 2
I% 2EE 55 TR W3y, F3HA
DMBA?®] COOH I&= T3AZTH o]F 255 40 1
<% (Deionized Water) & A1A3] %
18031, o] 35%%1 FHAF AFejA 7 8+
"éﬁ TFaAl Ael s PUA F7NAIAIQD Micure HP—8& 4 phr
gsto]  IEAS ARG FE¥s VAR AREsglod,
applicatorE AFE3le] 100 pme FA=Z AHIE
100 TeolA 30+ &<k X3t & AwojojHESY =}
o]-§sto] AIAIZAT ﬁﬂ*] AREE HEZE R TS
ME Zol= 2 m, F#HFE 400 mJ/cm? Al7]= 200 mw/c
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Table 3.1. Structures and molecular weights of raw materials

. Molecular
Raw material Structure _
weight
4,4 —diisocyanato O=C=N
dicyclohexylmethane 262.35
(H12MD1) %
o
Isocyanate— .
functionalized | Va
\)ko o)v 560
aliphatic acrylic Yc=0
ester(IAAE)
¥ o
Polycarbonate diol -
HO—(CHby)g o —Cc—o (CH2)g OH 1000
(PCDL) n
Hydroxy ethyl o
acrylate CH 116.2
zvj\o/\/OH
(2—HEA)
Pentaeritritol Hzcvio OLCHz
triacrylate b1 b e 298
(PETA) o
Hydroxy dimethyl o
acetophenone(HP— ©)S<CH3 164 .2
HO CHs
8)
Dimethylolbutanoic 7
;4§3f;>><§kw>H 148.16

acid (DMBA)
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Table 3.2. Formulations for synthesis of acryl—terminated waterborne

polyurethanes

Composition of prepolymer (molar ratio)

Sample DI
designation 2— (Wt%)
Hi-MDI |AAE PCDL DMBA PETA TEA
HEA

WPU-H-P 1.0 - 0.453 0.405 0.284 - 0.405 65
WPU-H-H 1.0 - 0.453 0.405 - 0.284 0.405 65
WPU-L1—

5 0.9 0:1 0.453 0.405 0.284 — 0.405 65
WPU-L2—

5 0.8 0.2 0.453 0.405 0.284 - 0.405 65
WPU-L3—

5 67/ 0.3 0.453 0.405 0.284 - 0.405 65
WPU—L4~

5 0.6 0.4 0.453 0.405 0.284 - 0.405 65
WPU—-L5—-

5 0.5 0.5 0.453 0.405 0.284 - 0.405 65
WPU-L6—

5 0.4 0.6 0.453 0.405 0.284 - 0.405 65
WPU—-L7—

5 0.3 0.7 0.453 0.405 0.284 - 0.405 65
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Figure 3.1. UV Curing system.
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Figure 3.2. Apparatus for the synthesis of waterborne polyurethane

dispersions.
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WCL cH Lo T \ _CHy C
Hﬁ Q ; \ O ——C —— N vy Cmmananns N —— C O\CH’ 5 [0] ﬁH
CH, 2
CHy HaC, ==l CH> H,C
\ /
0 / o
/ HO AY
o=C /C:O
\CH HC
i A\Y
H,C CHy
N(Et), (TEA)
H,C=CH CH=CH;
[orm"' O0=cC
/ HaC Y
o Qo o
ﬁ 3 Ho o H CHy H [e) HZC/ Il
c CHy / [T v CHy C
He” o~ ~ - _B_I\I]mnnmvammwmmN— —O. Rod 0~ CH
i hd cH CHz N [l
CHz 2 5 COO"N(Et),H* o 2 HaC
\
O:C/ CcC=0
N HC/
/;"’H Waterborne polyurethane acrylate \
H,C CH;

Acestone removal

Waterborne polyurethane dispersion

Scheme 3.1. Synthetic process of waterborne polyurethane acrylate
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Table 3.3. Viscosities and appearances of acryl—terminated waterborne

polyurethanes

Sample Gardener Solid
designation viscosity Appearance PH conter)wt(wt%
WPU—-H-P E Translucent 7.8 35.2
WPU-H-H E Translucent 7.8 35.2
WPU-LI-P G Translucent 7.7 35.2
WPU-L2-P H Translucent 7.8 35.1
WPU-L3-P K Translucent 7.9 35.1
WPU-L4-P M Translucent 7.8 34
WPU-L5-P @) Translucent 7.7 33.5
WPU-L6—-P R Translucent 7.8 33
WPU-L7-P T Translucent vy 33
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3) ALNXA3E FEAL 2w B4

(1) =34
FT-IR(Frontier, Perkin Elmer)& ©]§3t°] Table 3.2¢] e w3t
2 E dE ol otlolE zelEEn 49 olgHYolE WA R
cappingd FAb AL]AA Y PUAS #s7|7x2iAlS SFlon,
Agtd =9 #AeFERE A4S Agssith FxREAS Sl
prepolymert] 2] wREE o]AAJof|o] EV] ] REE X3R5 FAbstal

G,

ol
% o

(2) d==27] FX % A=
olaAlotdlo]|E FH|E FAE  FEAF A8 7E SIS polyurethane
acrylate?] Y E= light scattering= ©| &3t 4% 4 7] (Laser particle
size analyzer, LS 13320, Ensol instruments) ) & A}&3to] =743t}
A= 747k o|&AJoyo]lE EH|E YAE FEA AHdA st
PUAE A% =74 7](Gardener Bubble Viscometer, BYK Gardener) &
o] &35t EFE2E(250) A SA3ISiH

(3) =4
ASTM D 3359[79]ell <Ast] Astel z® Tl cutter® w53

Bool E& i F 1 Yo 3M Ho]ZE F TAAA dA3 Fo=z
73] dojdo] YIS AL FAAS Hrredith m"E 1A
T 1 mm HACE 11x1182 HAAFgow ZHS Yo 100719 A
WS wrEa, 1 9o HolXE RS F sl o] w ¢
9 J47F 100709 5B, 95 7 o] 4B, 857 o] 3B, 657
o] 2B, 3570 ©]’42 1B, L ©]dti= OBZ YER QT

(4) AFA=
A3} Euke] oY% 542 universal tensile strength tester (VFD—
M, DST)& AR&3stel Astmmte] JIFAES B7iekith. AlHe 27+
Zo] 50 mm, YH] 5 mm, 7 0.2mm=Z A&t oen, % 256%£1 C,

—’lN‘
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5 mm/minZ A FA7]HA

Dynamic mechanical analysisE AFg3to] 3t Two] Herid =zl
EAS St Al|e A7]= 4ol 30 mm, YH] 5 mm, 77 0.2
mm= A 23S 0.1 tensile mode® frequency+ 1 Hz, strain 0.15% %
agstal, =50~70 €9 XS NAM 3 T/min=2 F=shdr SH s

(6) 924 =
AZHE 5747](pencil hardness tester)e] AIAE SAHEL ALE&
45" w2 7193, AT ke (1 kg) & 7heka, WA S48t H-
9H, HB, B-5B &9 4%%& YE= Mitsubishi 938< ARE-sH3i
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3. 4% 4 1&
1) 784 9 UvAast

Faab A7 sty PUASY  sEsbdde] Y 9 AR E
gQlstr]  fsted WPU-L5-P9 FT-IR AFEHSE Figure 3.3
Uehdek. Figure 3.3. ()& UVA3 & (b)E WHEE 3 (0
g A F, (D& WS AR 39 AFER S YEbd A0 2 Wk
A&g=o] webq 3340~3400 cm 'ol4 9 NH bending¥ 1720~1770

!

X

cm A el C=05 Yetdo A Zfdrke] FAFHASS ¢
1600~1650 cm ' el4 e C=C 3=, 1200~1250

cm oA e C—0 I3 Fel, 2240~2270 cm™! ¢4 2] NCO stretching
s shelallal, UVA SIS+ 1600~1650 cm ™ oA 9

C=C 97} ¢kd3] A& ACZRE UVASIE J34or o]Fofzl

Ae sl
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% Transmittance

© 2250cm’

iy 650cm’

' 810cm’

T I L) l T I ‘| I T ' T I T
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm’™)

Figure 3.3. FT—-IR spectra of

acryl—terminated waterborne

polyurethanes during reaction and after UV curing, WPU—-L5—P: (a) 1

hour reaction, (b) 3 hours reaction, (c) WPU, (d) after UV curing.
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2

—a—\WPU-H-P
—o—WPU-H-H
——WPU-L5-P
—v—WPU-L6-P
20 ——WPU-L7-P
g 15
0}
£
=
o
S 10
5
0 ; — ; -
0 100 200

Particle Diameter (nm)

Figure 3.4. Particle size distributions of acryl—terminated waterborne
polyurethanes.
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2) A=A A=
Figure 3.4% 7] (H,,MDI) 3 IAAE®] &(90/10, 80/20, 70/30, 60/40,
50/50, 40/60, 30/70)& WSIAAZIHA dofxl FEAE 2 A7 3
PUAE N QA4S vebdl Aylolt), 71 (H MDD 54~55 nm9]
A7l Helorm, TAAES &EH](50/50)7HA& 713 FARS
54~55 nm®| B AAAE YERUTE T8, TAAES] $%o] 50%
o]l &Hl (40/60, 30/70)°lA+= ZZF 60 nmet 120 nmOo®
BAAda717F 0 F7keklk. 1 olfr= TAAES]  FE7buaEe
71tk dkE ok v g o2 7]E (H12MDD EFl el PETAU Al 2—
HEAZE CappingtlZl 8 (WPU-H-H) & 7]&3% HA}3sE 54~55 nm9
B da71E YER QLT

IAAE7} =¢%x &e WPU-H-P % WPU-H-H® Gardener
AEE EE P %3, JNAES @&ol F71er5, JE71 =54
7Vt 43S Rolth Table 3.3¢ AlZ£¥ WPUAsS 712 EAH(EE,
PH, Appearance) 4t= LE AT}

3) ¥ JdLARE

Table 3.4% IAAE EH] F7tel webd g=24 A" F
x}ﬂﬁﬂﬁ}‘%‘ Z8-5Hg ofadu ol ESE JIAA fE71wde T
Hrdge Ray dodATE =33 Aol

SRPERS] ABFEE TAAE =7 S7hgel weEbd HellA 3H7HA
=
[l

KU

¢

7Vt ol= TAAES EFsttxAr C=C EBx3 2543t
ot Q7] wWiEel 7tuErt SUEstoRA AGAEVE SERzktta
FetEch E Fgrure] B2 JAAE EH|ZF 50/50 (mol%) 7HA =

S Avs mgov, 1 oAkl =8 (40/60, 30/70) A :
ABE FAAo] 2w "olA= A¥E EJUHh o= TAAES EH[7F 50
¢ = Zhn EEVE AESHA S RA
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4) JAZB=
Figure 3.5% TAAES] o] Astewte] 1A %o WX e JaFs
vebd Zlolth  Figure 3.5¢14 & 4 Sl%o] IAAES] &&Fo] F7Hge
weba] QJIGAE7F FUFsta AAES FActe ATE R a1y y
2-HEA® capping ¥ WPU-H-HE #5717 7] wf& 9
3

—

ZhndEEAgo] Hojd dAARES FAstog A AFYTE= Hadta
A Frhshs A%e Wl
5 A&

Figure 3.6 TAAES] 3 HetAol viA= o4&
APAE JdL2 A3 E R B 150 S =
=49 Hys 25 =1 = A A€ = (storage
modulus, E' B G ), €484 & (loss modulus, > =& G )
mechanical damping (tan 6 =E” /E = G /G ) & T -
A3, TgE AT + Yok
Figure 3.6= tan ¢ #<= Y Zo=, Tgx IAAES] ¥Fo]
S7bstHA 0 T oA 22 CT7HA F7kst=dl ol Ztuwd=e F7ist
Tty doEo

2 Y o,
w o) $ato] WAl

-79 -



20

15 4

10 4

Stress (MPa)

T TR T T T R T T T

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Strain (%)

Figure 3.5. Mechanical properties of UV—cured WPU films with

different isocyanate ratios.
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Figure 3.6. Tan delta of UV—cured WPU films with different isocyanate

ratios.
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Table 3.4. Adhesion and pencil hardness of acryl—terminated

waterborne polyurethane films

Sample Capping Pencil _ Particle
designation HieMDVIAAE monomer  hardness Adnesion size (nm)
WPU—-H-P 100/0 PETA H =95 55
WPU—-H—H 100/0 2—HEA HB =95 55
WPU—-LI-P 90/10 PETA H =95 54
WPU-L2-P 80/20 PETA H =95 55
WPU-L3-P 70/30 PETA 2H >95 54
WPU-L4-P 60/40 PETA 2H =95 54
WPU—-L5-P 50/50 PETA 3H =95 54
WPU-L6—-P 40/60 PETA 3H >85 60
WPU—-L7-P 30/70 PETA 3H =65 120

* |ndicating the number of remaining eyes after detachment of tape

from coatings.
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4. A&

H,,MDI, TAAE, polycarbonate diol, dimethylol butanoic acid¥d®E
o] -§-a}o o] Alotdlo]l E T EeHE s = Zke
o] aAloldlo]|EV]E o} ™  wEEA|Ql  pentaeritritol triacrylate, 2-—
hydroxy acrylate® cappingAlZl ©+ triethylamine®® Z39%

TEAA A FRAE A7 SE PUAE A4S TH TAAEEH| o whE
olzpREA W B AIAAE Zo] ZELue EAS RA

=

= T17o, - -
o}, H12MDIS} TAAE EH]o] wE
q

ol

g Be dAns 49l
2247 sE PUAZE AuAoz =T TAAES] EH|7}
s 7Fskell weba Al 29l sl PUAS Hr A&7 54 nmellA]
120 nm& Z7}stgd e, TAAE®Sl 8|7} 50/50(mol%) 7hA &= 54—-55
nm% 713 Edst o, TAAES ko] 30/70014 Hizkel 120
nm< YERSITE IR S FIRAARL HP-8S ES§iste] R
ol TR Lo EuEe JAIAEE TAAES EH[7F S71eH
utebA] HellA 3HE F7bstes B3-S Bt TAAES =17 F7Hstel
et JAAAE7E Skt AA &2 Fase AE B a1y,
2-HEA & capping® WPU-H-Hx 7Ztudxrzr UF  yolx
NE2 Sk AdE YERISITh
7}ste] whebA storage modulus
Frol E7vekiar, Tg7h 0 °CollA 22 °C7HAl S7bet= 28 gelakqith
olAol Ao & F gl%o] IAAESH HuMDIS E%E 50/50004
HA ol EAE el AS gl

ML ooxl Ml
ol
=

ofN ¥ N o A
2/

N

:

L

AgAdo g AP EE= 7L/\o].jy_,

o r&

A 542 TAAEY Pl
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AV
PVC 3" & &4 ZE-¢day 343 &4

Chapter IV
Synthesis and Properties of Waterborne
Polyurethane Dispersion for Surface Coatings on

Poly (vinyl chloride)
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AV
PVC ¥ 3R E& T&EA Z5des 43 &4

1. A&

Zeledue sedon WHSA(-OME HHu gt Eelew

o] AJoF|o] EV] (=NCO)E 7FA 3L Q&= foliA]oy|o] EL] H7IRES- 9
8

oste] HAEE A TS bl aEAEEHEC|THR0,81].
ZY$dee T34 AFEHE tolaAlopdolE 4 Z8 &9 FRHo a4
el wEb okt 7z "W SAS uEhdy] wiEe] AR, E,
detA~EH, IH, FFA 9 =859 T Tkt FHE d AMgEHT
ATH82-84]. F4
M o AT
TAAZ1 7] SBl A e FEAlE B8
Zgv Al A5 AIHEES
HIo = EFIAAE ol Al f3= AR kHAY L o)z
249 EAZE A AY AEEA Ga, A AME
(o] 9 Hjo]&A) IFS PU AREel E9i8te] T2 AHE-SoH[87 -
92]. olgldt HFA ol27|E E9ldte] A|x¥ PUDsE ZA}%J s}&}
of wet &4 9 ZIAARE, YT 2 untEA o] -4381tH[93, 94].
g

o A4S EdEE oA oHolE Bl iﬁliiﬂ el

-]
, =
it
B
N

j &

o é’g

o 3

:

i)

1

o

pe

Jo

e

>

)

X

+

il
rl
—O.L'
rir
o oF
¥
s
il
ias
=
30
o
&

2
S

o
i
A
o
0

o gy Sy e EAo] o]zt

A

My (0 o2 N M Mo
off b & oo o

3717} 100 nm ©o]ste FA7|ZE EAkEH o]

Hof 93] st TH95,96]. o] Ak

/‘éol o, i} A& o272} SAVIE FAlel 7HA AL 9l
_(,34

gloll o)) Thekst iAol mHol] A &g o]
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AH FaAFHo] HgErnzE 53 UAF BAS yeERdh
YA PVO) & 7148 =4, 7 AF 7, A"d 7
yad 9 dishde grow Qa sk WA LAz dy AREE A
At BE A= v|#y B35 EFRow 3E Ay sl=d PVC, PUA
2AE AHsAE WA ARger] AElAE B I'R A7 Basie &
Aol A= PVCY] 187 EHIYAE 7Nket7] Sl @l
Z s (ZHdaHzE Z8e, ZYUtzEgE s, ZEdHE Z9

%F/]?}Eﬂlol‘f Z92), 154 3IEE (HuE Bk DMBA) 2 HRS-A]
S J WPUDs+

55|
=

IR, d#=Z7], HFZ, xEdduA, AEs SAsH
FA0 . Ay EYESFOAA  ZHFEMOlE EZEes THE
WPUDZF BlZd & JAZAEE Zedtde AS A8t =3
DMBA 3¢3o] F7igte] wet dA=3Z7|7r Fasks v I3 AEE
Z7tslE AL Qg WPUDsS ZdoyA s HE=7HS 254
HHgA A2 el A 9T WSkt WPUDse] PVCel st 24
EAL 259 24U EF&, 54 sSF3E 2 B dgE € #%S
Aojgrozn dojFch
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2. 4%

1) Al € 717

(1 Aok 2 A=

oA AFE3F polyole polycarbonate diol(PCDL—-6002, Mw:
2000 Asahi Kasei, Japan) & A28l 9, polyester polyol(SS—206,
Mw: 2000, Songwon Industrial, Korea) 2 AF£3}%1 9™ caprolactone
polyol(Capa—2200, Mw: 2000, Perstop), polyether polyol(Poly THF
2000 S, BASF)= AbRgstglon, WA de&2 (FM-DAILl, Mw:
1000, Chisso corporation, Japan) = AF3l3 o™, ALEAXA = bis—
(p—amino cyclohexyl)methane (PACM, Evonic) < AHE-3FS T}
o] ~Alo}d|o| E+= isophorone diisocyanate (IPDI, Vencorex)<
AFESIF o XA o] 275 E]18H7] 98] dimethylolbutanoic acid
(DMBA, Sigma aldrich)& AHESIAH.  F3HAIZ+=  triethylamine
(TEA)S AF&sI%y, A¥AZE Tego Foamex 825(Evonic)<
Abgshgl o, Zuwl2% DBTDLS AME-3klth polyol 100 TellA
12A)13F ot 2 2] 2] s} ALE-513 T} bis— (p—amino
cyclohexyl) methane (PACM, Evonic) = AA & glo] 1z A3}
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2) 7171
@O FT-IR: Frontier (Perkin Elmer).
@ Viscometer: Gardener Bubble Viscometer.
@ Tensile strength tester: VED—M.
@ DMA: DMA 8000.

(® Laser particle size analyzer.
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2) T EeHey ¥4

Table 4.1 AH8d d5=459 32240, Table 4.2= 440
g A5 E4 wgulE yeRd Aol Scheme 4.1 waterborne
polyurethane dispersion(WPUDs) ¢ A S T=2433 Aol 49+
b wRby], ZRA, B2 Y], A AN, Aa —Zr‘ﬂﬂ oﬂﬁé}oﬂ

Polyol, Reactive Silicone, DMBA, IPDIE HF-& EH|Z F9 > 80 CT=
T=oto] 1xREbg& 213 skgitt. vl DBTDLS 50 ppm F§i38td
u}od ¥}-2-o) :raygmi ew A F7} 2F¥h FT-IR 4L £3)
olaAlotHlo|E 54 u79 FIEo] o|Eg(3AIZF whF)eol] meEw
Hhe& TR o|AAJotylo|E L E Y E Attt & E
F3A1717] fI8A 255 50 TR W51, ?@rxﬂd TEAS F9] 30%
&<t DMBAS COOH I3+ S3ARAN o & 255 40 T o=
FF23 2E&FE AAT FASIEA IE FRATH S XSt F4ko]
e ™ /\}%od%xﬂo] bis— (p—amino cyclohexyl)methane (PACM,

s F 1A% &k fA v, AFEE 302
WPUDsE Azttt #Ax7F HZAE PVCAEC Z&F IHAE
Azst7] QaEiAde Ads 9 vAgEA HAUMAE EYTOEAN,

i =
YA g4 9 EAsy, AR 2L 2HE Aot 53
FE< PVCEE x#e 548 FEel =:A dEhrl wEel
TFAGECRE 2HEI|7F AJHiL, &FAE A=A, obH™ matt

PUDE AMgaild Fel s 2A3Th T3 Sz 2555 AFEE7] wio
FAL] AxRIE 9 BAA AF B EAFe] wAT
uebA, FAE AZe] WPUDse 7]# 24%87HFEEA, 427,
Row, F7tE Z47Ee] WPUDsel A 2 &4l
3 L= WUl Akl HIMA (BAkA|, wE A, AXLA,
EAEHA 5)E £3e] I NS A X3 WPUDs (30 wt%), matt
PUD (30 wt%), 255 (30~40 wt%), ¥4k (BYK 190, 0.1~1.0 wt%),
g A (TEGO 482, 0.2~2.0 wt%), 23¥A (TEGO F-825, 0.2~1.5
wt%), Silicone agent (TEGO G—410, 0.2~2.0 wt%) 52 HZ 2] H7HA

FFe AdAYstol ZHAS Az FAE(fabric layer)7F H2#E
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Table 4.1. Structure and molecular weight of raw materials

Molecular
Raw material Structure _
weight
Isophorone HH;?Q Noeo —
diisocyanate (IPDI) A NCo '
Polyester diol o
O n
Caprolactone diol 0 0 2000
0 0 0.
(Capa—2200) H NV H
Polycarbonate diol ?
(PCDL—GOOQ) HO—(CHby)s O —C—O = (CH2)e OH 2000
Polyether diol HO\P/\/\
oOtH 2000
(THF 2000 S) }"
Bis—(p—amino
cyclohexyl)methane /O/\O\ 210.36
H_N NH,
(PACM)
Reactive silicone . | ol N OH
diol "-Bu—s:i-OJ[S:i‘o S:"/\/\O“E\ 1000
(FM DA 11) Me Me n Me OH
Dimethylolbutanoic 5t
T e = 148.16
acid (DMBA) >3 <>
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Table 4.2. Formulations for synthesis of WPUDs

Composition of prepolymer (molar ratio)

Sample D
Reactive
code IPDI Polyol N DMBA PACM TEA  (Wt%)
Silicone
WPUD—
. 1.0000 0.3825 - 0.4419 0.1756 0.4419 70

PCDL-D6
WPUD—

1.0000 0.3825 - 0.4419 0.1756 0.4419 70
CAPA—-D6
WPUD—

1.0000 0.3825 = 0.4419 0.1756 0.4419 70
PTHF-D6
WPUD—

1.0000 0.3825 3 0.4419 0.1756 0.4419 70
PES—-D6
WPUD—

1.0000 0.2919 = 0.5598 0.1483 0.5598 70
PCDL-D9
WPUD—

1.0000 0.2255 - 0.6461 0.1284 0.6461 70
PCDL-D12
WPUD—

. 1.0000 0.3747 0.0109 0.4397 0.1747 0.4397 70

PCDL—RS1
WPUD—

1.0000 0.3440 0.0533 0.4313 0.1714 0.4313 70
PCDL—RS5
WPUD—

1.0000 0.3074 0.1040 0.4212 0.1674 0.4212 70
PCDL—RS10

“x and y in WPUD—-PCDL-Dx and RSy indicate DMBA’ s wt% and
RS’ s wt%, respectively.
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3) FEA ETsHUEY B

(1) x84

FT—IR (Frontier, Perkin Elmer)S ©|£3}o] Table 4.29] uEed

AR FAE 1FE 30%°] WPUDs?| #57] 72845 3 esitt
TEEAE S8 prepolymertf o] W Hbg o]iAloldlo]EV] S wbE
APl -5 glshit.

(2) dx=27] F4% A=
Zalew WA oL Esrey

=

, HEsA A& (RS) e WPUDs 9
]2 7]= light scattering= ©]g€3F X A7) (Laser particle size

analyzer, L.S13320, Ensol instruments) = AFg3to] =743t}
z}zrol wjgk 2AN|E AZ¥E WPUDse BEE A% =47](Gardener
Bubble Viscometer, BYK Gardener) & ©]£3lo] %3+ 2% (25 T)A

S,

(3) A543 1A
=7} 574 7] (Contact angle & surface tension analyzer, Phoenix—
MT, SEO) & AF&ste] A2elx 755 5 ul §4 F Head down 3}
FJEo| dropping WH(drop ¥ 5x)0 =2 Bl Zo fjdt HE7
EdANAE S99

(4) A3 4=

DMA (dynamic mechanical analysis, DMASO000)E A}Fg3lo] H=x
Lukel A Al 54 SAsdv AlEe A7)+ 4ol 30 mm, YH]
5 mm, 77 0.2 mm=z A 2353 S tensile mode® frequency= 1 Hz,
strain 0.15%% 14 3stal, —-50~70 T LWL elx 3 T/min=
SotiaA St AdxETe] JAFAE=S4S universal tensile
strength tester (VED—M, DST)& AFRgste] Heewo] JAFATS
kst Al A7]+= 4ol 50 mm, YH] 5 mm, 77 0.2 mm=
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e,

CH,
1
1I0-R-0OH + HOH,C-C-CH,OH + ReacliveSilicone +  Solvent
’ - ;
COOH
(Polyol) (DMBA) (RS)
OCN- R;~ NCO (IPDI)
CH,
ek
0 [¢] (0] CH, (0] 0 (4]
I Il 1 | 1 1 Il
OCN—R,— 1}1(‘0 —RSH (_)(_fl\llfRf NCO-H,C—-C— CH;*OCIl\I— R~ 1?(‘(_) —R~ ()CITT— R,—NCO
| |
H H 11 COOH 11 H I

NCO-Termnated Prepolymer

N(Eb; (TEA)

¢t
) O 0 CH, 0 0 0
OCN—R,— kllg‘o —~RS)- Oy‘.blI—Rz— T(”() —-H,C— Lll il O% —R— 1}1('_"0 —R— OE‘JT —R~NCO
H I H CoOO™ H H H
N*TI(RD),

NCO-Terminated Tonic Prepolymer

i} Water dispersion
i1y Chain Extension (PACM)
i) Solvent removal

Watcrhorne Polyurcthane Dispersion

0 0
(9]
" H . 3 II )
Ri= —RetO—lmQRF (PCPL) =0~ CiHig=C= 0% Gl =0—CoH40—C—CyH,, =0~ (CAPA)
0
1l
+0—C—R%; (PES)  —0CH—0%  (PTIIR
NCO
HN NH,
NCO
anoocu, o CH CH,OH

I | I [
Reactive Silicone (RS, Mono-Terminated) = 11,C— \‘);1 -0+ Slt -0} Sll = C3H4;()CH7$‘ C:H;

CH, CH, CH, CH,0H

Scheme 4.1. Synthetic process of waterborne polyurethane dispersions.
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(5) 24
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6) A7 wis =4

WPUDs 28 =4 IF= "IAA d= HAdelA #2749
WPUDs (30 wt%), matt PUD(30 wt%), ZT5(30~40 wt%),
A (BYK 190, 0.1~1.0 wt%), d#:HA(TEGO 482, 0.2~2.0 wt%),
2 A(TEGO F-825, 0.2~1.5 wt%), Silicone agent(TEGO G—-410,
0.2~2.0 wt®) 52 HAS HI7MA T&F= At IH A Az,
K2 ¥ (fabric layer) 7} A #¥ PVC A|E @) barcotorg AFE-3hod
50 #mo FAR A¥Y F Ax7|dA 100C, 1% ¢ 4 dx3 F,
80 TollA 24A1%F A4S B4 (A W14 MS—-210, 300, 652)<
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Figure 4.1. FT—IR spectra of WPUD—PCDL—RS5
during reaction: (a) 1 hour reaction, (b) 3 hours reaction, (c) end

reaction.
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-1
Wave number (cm ')
Figure 4.2. FT—IR spectra of all WPUDs at end reaction:
(a) WPUD—CAPA—-D6, (b) WPUD—PTHF-D6, (c) WPUD—PES—-D6, (d)

WPUD-PCDL-D9, (e) WPUD-PCDL-D12, (f) WPUD—-PCDL-RS1, (g)
WPUD—-PCDL-RS5, (h) WPUD—-PCDL—-RS10.

-99 -



2) A=Y A=
Figure 4.3 #&%d, DMBAE®E, w34 Al 3 WPUDs9
Aa71E vER e dAa7l= 70~71 nm= Apolrt
ARom, DMBAEFo] F7Md4E Aol E Hate WS A4
st A wEel YAV AoAXHRE A T o] AFEHE A9
ol 7 gl WEEA A2 RS ol S/MESFE dAII =
S7VeFRTh ol WESA AYEY agAdol wlg =7 wiEe] wEEA
A ZRS) 9 FFo] F7MEFE AWeA EF Hike A5 W4S
AA stee= Aol EAlst] YA AAE ASE A A

Z7=d WPUDs % w34 A& I WPUDs® Gardener
T+ C~D 9 A~BE fAFetled, 44 189 DMBAS o]

S|

“ s

SREE, AFIL Sl Fad el SAReRA, AErt 234
vk A dS B3tk Table 4.3 #Axd WPUDs9 7|2 &4 (F&4,
A%, PH, Appearance) &2 YERA AT
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Figure 4.3. Particle sizes of (A) WPUDs with different polyols and DMBA
contents and (B) WPUDs with different RS contents:

(a) WPUD—PCDL-D6, (b) WPUD—CAPA—-DG, (c) WPUD—PTHF-D®6, (d)
WPUD—-PES-D6, (e) WPUD—-PCDL-D9, (f) WPUD—-PCDL-D12, (g)
WPUD—-PCDL-RS1, (h) WPUD-PCDL-RS5, (i) WPUD—PCDL—-RS10.
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(c) 6=68° (@ og=77°
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Figure 4.4. Contact angle and surface energy of WPUD films: (a)

WPUD-PCDL-D6, (b) WPUD—PCDL-D9, (c) WPUD—PCDL-D12, (d)
WPUD-PCDL—-RS1, (e) WPUD—-PCDL—-RS5, (f) WPUD—PCDL—RS1.
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1) Feys APPE

Figure 4.5+ EE WPUDs A3xure]l AP E W AANES
e STt Figure 4.59014 & 4 Ql%o] Z27IHY|0lE Z &5 &7
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—&— WPUD-PCDL-RS10
—¥— WPUD-PCDL-RSS
—4—WPUD-PCDL-D9
—<& WPUD-PCDL-D12
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—o— WPUD-PTHF-D6
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Figure 4.5. Mechanical properties of WPUD films with various polyol,
DMBA, and RS contents.
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—¥— WPUD-PCDL-RS5
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80 60 40 20 0 20 40
Temperature (C)

Figure 4.6. Tan delta of WPUD films with various polyol, DMBA contents,

and RS contents.
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Table 4.3. Properties of synthesized WPUDs

Solid
Gardener  Appearanc
Adhesion = _ _ PH content
viscosity e
(Wt%)

WPUD—
PCDL-D6 5B C Translucent 7.8 30.4
WPUD—

5B D Translucent 7.8 30.2
CAPA-D6
WPUD—

5B D Translucent 7.8 30.6
PTHF—-D6
WPUD—

5B D Translucent 7.8 30.5
PES—-D6
WPUD—

4B F Translucent 7\7 29.9
PCDL-D9
WPUD—
PCDL—- 4B K Translucent 7.8 29.8
D12
WPUD—
PCDL—- 5B B Translucent 7.8 30.3
RS1”
WPUD—
PCDL—- 5B A Translucent 7.7 30.4
RS5
WPUD—
PCDL—- 5B A—B Translucent 7.8 30.6
RS10
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Table 4.4. Formulations and content of additives

P1

P2

P3

P4

P5

P6

P7

P8

P9

WPUD—-
PCDL-D6"

WPUD—-
CAPA-D6

WPUD-
PTHF-D6

WPUD—-
PES—D6

WPUD—-
PCDL-D9

WPUD—-
PCDL-D12

WPUD—-
PCDL-RS1”

WPUD—-
PCDL—-RS5

WPUD—-
PCDL—-RS10

Matt PUD

D

Levelling
agent

Slip agent
Antifoaming
agent
Dispersing
agent

30

30

36.1

1.3

1.0

1.1

0.5

30

30

36.1

1.3

1.0

1.1

0.5

30

30

36.1

1.3

1.0

1/1

0.5

30

30

36.1

1.3

1.0

1.1

0.5

30

30

36.1

1.3

1.0

1.1

0.5

30

30

36.1

1.3

1.0

1.1

0.5

30

30

36.1

1.3

1.0

1.1

0.5

30

30

36.1

1.3

1.0

1.1

0.5

30

30

36.1

1.3

1.0

1.1

0.5

&t

100
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Table 4.5. Chemical and physical resistance of formulations

P1 P2 P3 P4 P5 P6 P7 P8 P9 Remark

. MS 210-05(c1)
Light

_ 4 3 2 3 4 4 4 4 3 (350hrs)
resistance
MS 300—
. 31(4.19)
Abrasion
_ 4 4 4 3 4 4 4 4 3 CS—
resistance
10x1kgx2000
cycle
MS 300—
Non—
o ‘el EEY & | E YW 31(4.13)
stickiness
(80 Cx22hrsx5kg)
MS652—14(5.14)
Alcohol Ethanol
_ 4 3 2 2 4 4 4 4
resistance 0.5kgfx10 cycle
round trips
Bally type FLEX
Tester
FLEX
3 5 3 3 3 3 4 4 20,000 cycle
Test )
(Visual
judgment)

1: Very bad, 2: Bad, 3: Usually, 4: Good, 5: Very good.
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Figure 4.7. Light resistance of P8
Test method: MS 210—05(c1(350 hrs)
Xenon Lamp
Weather—o—meter, 84MJ/m? x350 hrs.
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1S VWY 8018
L0 HRN Wi

L
Figure 4.8. Abrasion resistance of P8

Test method: MS 300—31 (4.19)
CS—10 2000 cycle.
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M5 10031

“
(4.13) BO'C ¥ 22his ® Sk

L5 FINVY-BO01D
15 VIV S0

15 oW, 810
ZI5 10w S0 '

Figure 4.9. Non—stickiness of P8
Test method: MS 300—31 (4.13)
80Tx22hrsx5kg.
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Figure 4.10. Alcohol resistance of P8
Test method: MS 652—14 (5.13)
Ethanol about 0.5kgf x 10 round trips.
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Hally Type Flex Teater
200008)

15 FOW-A010 15 1OW-n016
ik FW-1010 04 T owW.a018

Figure 4.11. FLEX test of P8
Test method: Bally type FLEX tester 20,000 cycle.
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4. A&

Isophorone diisocyanate (IPDI), polycarbonate diol (PCDL—-6002),
polyester diol(SS—206), Caprolactone diol(Capa—2200), polyether
diol(THF 2000 S), dimethylolbutanoic acid (DMBA), WA Az
(FM-DA1D)& AR&ste] 133 30%%1 WPUDsE  Alx3sH3ith
Ze &2 &7, DMBA %, RS =] w& 144 %, dAls,
ZHAYA, dx27], FRAAY S ZRER] A4S 4, SHst
22 AdyE d9ltk. IPDI, Polyol(PCDL, CAPA, PTHF, PES), Reactive
Silicone ¥ DMBA f8E& o]&3to] R®EE3SH WPUDsS FAARE
sty fste] IAZHE, 3AIHE, REgS s o SAHAIF whEo
A& webd 3340~3400 cm™! oA 2] NH bending ¥ 1720~1770
cm )49 C=0, 1000~1050 cm 'elA¢ Si—0-Si bending,
2240~2270 © cm 'elA e NCO  stretch I IA7F Fadte RE
geoldto g, WPUDs7F AFHoz o]fojx AL 3

ol th
ZY7IHYolE Z¥&E 3t WPUDZF vlw3d 2 AFJAYREES
et S ol FHR U] EZ]e] Fx4 Qo7 FAF AREo] AFAst

33 oY) WA e R spepd vk Bk DMBA @o] S7hgel ket
AL FastAst 48 ol e A Aol it W
A== Frhsta. FAde dEoA= AHE 4%t WPUDsS

=
o =i
ashe AnE denigch M AU Fel FAEC mebd
AFFE gl Fvketn ANES fasE ARE wyth Bge
Folstn BAS vud A¥ e Aol dere] Fhstel wep
=

20 % o|F3dt Qo] Tgrl Axf oo,

.

Of

tan o #E Ak Fobx wA EaEoiie] HlE HAAE EEUA o]
AbR &S & & AAUTh o1 AA & & QE] WPUDse A
_]

=
o] &7, ¢4 dAege gF B WS4
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4

A ARGTolAY ARdF] I®-AS] e fF71EAF eI, o)+
gk #7) 54 (volatile organic compound, VOCs)el| 23+ 743}
A7 el wig FallAd wEel we qfAlE v Qlok webA, AdA g}
A dFes WA e B AR A A] FAQ FEA
% 2] @ ¥k (waterborne polyurethane dispersion, PUDs) 9] &4 94 PET,

PVC, PU Sheets ThFst Ao A& 7hsst EA st A+7F Sy

e gt
A A

hydroxy ethyl

AN =
(H,2MDI), polycarbonate diol(PCDL—-5651),
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<
ar
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CER
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()
w8

cappingAl 71t
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e
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il
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A Z(RSD) & gFol S7rdsE AN =3 Hote I+A
Hastelel= Aol EAlstel JAAVI7E AAE= o=
ool Ao & 4 31%°]  Reactive  silicone?
24 (WPUA10000-RS20)gte=A  HZAe EAHS UYed+e
g5kt .

FHA Ao A, 4,4—methylene dicyclohexyl diisocyanate (H;2MDI),
isocyanate—functional, aliphatic acrylic ester (IAAE), polycarbonate
diol(PCDL—-5651), dimethylol butanoic acid (DMBA) Y= E ©]&3}o]
NCO terminated prepolymerEs /A3 F o] o]hA|otdo]EV]E
o}= & kA<l pentaeritritol triacrylate (PETA), 2—hydroxy acrylate
(2—HEA) % capping AlZ] YW trimethylamine (TEA)C°.Z <3 &
FEAAIA WPUAsE 73+ Tth new isocyanate?l IAAES] &=H|7}
S7tel wEkq WPUAsS Ba 4A27l= 54 nmelld 120 nm=

2

2
mg X g
= X
i) o

to -

N

7kl oH, TIAAES] ER|7F 50/507H%= 54-55 nm=E 71&%H Y
tglot, 30/709 =rlelA Hdigrdl 120 nms HeERHIT. RS
FAAAD HP=8& =fiste] fef7]dslel Z®sto] dojxl =gl
AAAET JAAES] =n7b Toibehel mEbAd HellM 3HE  S7hshs
e B3tk TAAES &nh Frbetel mebd ARAE7F Fleta
e Aadke d¥%E EQdY 12y, 2-HEAR capping® WPU-

H-HE 7Fnder Ud @2 dduds ATo=A AAZEE UF
S AAES Tk AdE Bodn AEA A 542 TAAES] o
Z7Fske] upehA storage modulus #°] F7Fsklar, Tg7lF 0 ¢ oA
22°C7HA F7veke Al SIS ol AueM & Skl
IAAE¥} HpMDIS EH]= 50/500014 #HAS SA4S vehie A
gl

npxjuto 2 - WA Ao A+= Isophorone diisocyanate (IPDI),
polycarbonate diol (PCDL—-6002), polyester diol (SS—206),
Caprolactone diol(Capa—2200), polyether diol(THF 2000 S),
dimethylolbutanoic ~ acid(DMBA),  ®b&4  AZZ(FM-DAID S
AREste]l ¥ 30%% WPUDsE #Alxskqdch EE7lRVClE 8 &&
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e WPUDZF Wi S AAAES RS ole
FhEvelEds 7)o A QQlo® #AF Abgo] A shal o] o] 7]
A ow spetdt, wd DMBA ko]l Frhghel uwhgt 1xA7]7t
dashArt 44 dFF ol E = Al Apelrh qigith Wb A E=

T7retL BAE "ol AaE A3tk WPUDse] mwefuA] s}
A5 294 kA AuEe] g%l AA dFe St wkeA
A Z(RS) 9] gFo] T7ErE Aol %2 branched alkyl] gFFo]
s7htowA  HEFZte]  Frksta, RWHAUA=  Fxdste ARE
Yebilth, Wk AgEe gFe] kel webd QA =gk
S7bst AANES HAske AHRE EHdo. dEY w984 EAS
gk A3 gk Al @Fo] Tkl wetd. vavF 1o R,
o

A i
¥ e

LEHOE olFsta glo] Tg7k AAF Fotbalow, tan ¢ A= HAF #obA

g Eeesd] dHl&) A4 EEHAS ol Helles & 4 sl

ol Aelx & = SQlko] WPUDs® H3 =42 159 x4
gEee] T, A4 sgee] 99 8 WA A I2s Al geEA
o]

o

(WPUD—-PCDL—-RS5).
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