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Synthesis of Polyurethane Dispersion Including

Siloxane Polyol
Jung-Du Kim

Department of Chemical Engineering, The Graduate School

Pukyong National University

Abstract

Aqueous polyurethane dispersions (PUDs) were synthesized by using poly
(tetraethylene glycol) (PTMG) and a,0-hydroxyalkyl terminated polydimethyl-
siloxane (PDMS) as ether type and siloxane type polyols, isophorone
diisocyanate (IPDI), dimethylol propionic acid (DMPA) and ethylene diamine
(EDA) as a chain extender. The effects of content of PDMS, DMPA and
glycidoxypropyl trimethoxysilane (crosslinker) on the properties of PUD were
investigated. The properties of PUDs were characterized by FT-IR, particle
size, thermal analysis, tensionmetry, and swelling studies.

As the PDMS contents in the mixed polyols increased, the particle size of
PUD was increased, whereas the weight average molecular weight (Hw) was
decreased. Contact angle against water was increased as the PDMS content in
the mixed polyols was increased. XPS results showed that PDMS segments
were predominating at the outer surface of the PUD, and these results
indicated that hydrophobicity of the surface of the PUD was increased. The

tensile strength of PUD was increased, whereas the elongation decreased with

_Vi_



increasing PDMS and DMPA content. As the PDMS content in mixed polyols
increased, the thermal stability and glass transition temperature (Tg) were
increased, but water uptake was decreased.

The crosslinked PUD was prepared by adding silane into pure PUD, its
tensile strength increased from 18.4 kggcm® to 90.2 kggem® with increasing
silane content. Also, the thermal stability was increased with increasing silane
content, but water uptake was decreased due to crosslinking as compared

with pure PUDs.
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Table 1. Characteristics of various polyols [12,15]

Polyols Advantages Disadvantages
- Excellent softness and
* Reduced adhesion to low
flexibility
energy surfaces
* Good hydrolytic figures
- UV & weather not as
+ Cheaper in most cases than
Polyethers good as polyester
polyesters
- Not as tough as polyester
- Low to high molecular weight
* Lower physical properties
available
than polyester
- Better solvent resistance
- Highly polar-excellent adhesion
to low energy surfaces - Less solvent resistance
- Low to high molecular weight | -+ Hydrolytic stability no as
Polyesters | available excellent toughness & | good as other diols

abrasion resistance

* Better physical properties than

the polyesters noted

- Higher raw material cost

than polyethers




Table 2. Melting temperature(T) and glass

of polyols [27]

transition temperature(Ty)

Classification Polyols Tn °C) T; (°C)
Poly(ethylene adipate) 50 -70, -50
Poly(butylene adipate) 46~60 -68
Poly(neopentyl adipate) 37, 80 -
Polyester Poly(hexamethylene adipate) 56 -
Poly(butylene azelate) 38~41 -75, -57
Poly(butylene sebasate) 58 ~67 -57
Polycapractone 53 ~55 -70, -60
Poly(ethylene oxide) 66 -53
Polyether Poly(propylene oxide) 70 -76
Poly(tetramethylene oxide) 36~55 -85
Poly(butylene carbonate) 60 -
Polycarbonate
Poly(hexamethylene carbonate) 60 -




CHj CHj

HzN (CHz)m_(S|_O)n Sl (CHz)m NH2
CH, CH,

a,0-Aminoalkyl terminated polydimethylsiloxane

CHj Hs

I
HN——(CH,),——(Si—O)7 Ti (CH,)=—NH
CHs CH, CHj CHj

a,0-N-methylaminoalkyl terminated polydimethylsiloxane

CHs CHs

HO—(CH,) 7 (Si—0)7—Si——(CHy);7—OH
CHj CHj

a,0-Hydroxyalkyl terminated polydimethylsiloxane

Fig. 1. Chemical structures of a,w-organofunctionally terminated

polydimethylsiloxane oligomers[28].



2. 2. o] & A] o}Y] o] E (isocyanate) 3} & [27,29]
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Table 3. Typical diisocyanates used in the synthesis of polyurethane

Diisocyanate
Aromatics Aliphatics
CHj3
NCO CHs OCN-(CH,)s-NCO
OCN NCO Hexamethylene diisocyanate
(HDI)
NCO
2,4 isomer 1,6 isomer
H4C NCO
Toluene diisocyanate (TDI)
HaC
CH,NCO

H3;C

3
@ 4©—N Isophorone diisocyanate (IPDI)

Methylene diphenyl diisocyanate (MDI)

CH,NCO

CH,NCO

OCNCH,
4,4-Dicyclohexylmethane

CH,NCO diisocyanate (H:;2MDI)

Xylene diisocyanate (XDI)

_12_



Table 4. Characteristics of various diisocyanates [27]

TDI MDI HDI IPDI XDI | Hi2MDI
Molecular weight | 174.16 | 250.26 | 168.20 | 222.28 | 188.20 | 262.00
1.22 1.19 1.06 1.20 1.07
Specific gravity 1.04
(20/4) | (20/4) @y/4) | 0) | (254
Refractive index 1.57 - 1.45 1.48 - -
125 15 3.6 29
Viscosity (cp) 3 solid o o o o
(20°C) | (200C) | (20°C) | (257°C)
Freezing point (°C)| 12~14 | 37~38 -67 -60 - 10~15
Vapor pressure o
10/20°C| 10/25 | 10/25 |3x10/20| 6/151 |7x10/25
(mmHg)
Ignition point (°C)| 132 202 140 163 185 201
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Fig. 2. Crosslinkers for polyurethane[34].
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5
&
—‘ S
1. Temperature controller 2. Condenser
3. Motor 4. Dropping funnel
5. Nitrogen bomb 6. Mechanical stirrer

Fig. 3. Apparatus for the preparation of PUD.
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Table 5. Chemicals used for the preparation of PUD

Name Abb. Structure Supplier
POly(tetramethylene) PTMG HO-(CH,CH,CH,CH,-0-),H Aldrich
glycol

CHj (|3H3
a,0-hydroxyalkyl PDMS | HO-~0~5i-0),-Si -~ ~0-~~OH Doxiv
polymethylsiloxane Corning
CH; CHj
CHs, NCO
Isophorne IPDI CHy TClI
diisocyanate
CH,NCO
CHj
CHs
Dimethylolpropionic | )\ p HOCH,—C——CH,OH LOJIT
acid
COOH
Dibutyltin dilaurate | DBTDL [CH3(CH2)10C02],SN[(CH,)5CHz], LOJIT
Triethylamine TEA (CH5CH,)3N Junsei
OCHj
Glycidoxypropyl Silane |CH;0——Si—CH,CH,CH,0CH, Dow
trimethoxysilane N / Corning

OCH,

_20_



Table 6. Recipes for the preparation of PUD

Amount (mol)

Sample
No.
PTMG | PDMS | IPDI |DMPA | EDA TEA
PUD-1 0.0145 | 0.0145 | 0.060 | 0.011 | 0.020 | 0.011
Variation of | PUD-2 | 0.0130 | 0.0130 | 0.070 | 0.0206 | 0.0234 | 0.0206
DMPA PUD-3 | 0.0125 | 0.0125 | 0.075 | 0.025 | 0.025 | 0.025
contents PUD-4 | 0.0115 | 0.0115 | 0.080 | 0.0303 | 0.0267 | 0.0303
PUD-5 | 0.0105 | 0.0105 | 0.092 | 0.0403 | 0.0307 | 0.0403
PUD-6 | 0.0250 -
PUD-7 | 0.0200 | 0.0050
Variation of
PUD-8 | 0.0150 | 0.0100
PDMS 0.075 | 0.0250 | 0.0250 | 0.0250
PUD-9 | 0.0100 | 0.0150
contents
PUD-10 | 0.0050 | 0.0200
PUD-11 - 0.0250
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Catalyst

OCN—R——NHCOO0 OOCHN—R—NCO
CHs
HO——CH,—C——CH,—OH

COOH
CHs

s OO CHN—R——NHCOO——CH,—C——CH,——0OOCHN—R——NHC QOO m—

COOH

Et;N (TEA)

CHj
O O CHN—R——NHCOO——CH,—C——CH,——00OCHN—R——NHC OO mm—
COO ™ “NH Etg

Water / Diamine

Waterborne polyurethane dispersion

Fig. 4. The preparation process of PUD.
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3.3. 54 % ¥4

PUDe A oF<} 3184 F X+ fourier transfer infrared spectro-
scopy (FT-IR, Perkin-Elmer, Spectrum GX)<& AF8&3}o] 4000~400 cm™ <
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A4 E PUDS #4132 gel permeation chromatography (GPC, Waters

7
=
(e
Jj
il
S
o
ol
&
J[N'
O_L;
of
-
32
iy
)
~
@
AN

A Al &A% polymers 04 g/LE
THFo =< % A& on, H#FHLS polystyrene EF 8 A4S AE3ho

ZAdslFdY 25 5= 1 mL/ min® 2, 7<7]E refractive index detector

z
=
Ll
>~
>
oo
off
ol
32
K
e
=]
-
(¢}
@
.
N
(¢
N
)
[y
S
[y
o
[y
(e}
[y
o
>
-0,
I
)
lo
@
@
~
-
i*)
)]
[¢)
J—
Y
@

< AHESES T dAA 7] 9 #3E = particle size analyzer (SHIIMADZU,
SALD-2001)E A}-&3} , AT Fo ARE AFS 2olerE 1

w
wt% 2 348 24t

4 FAZ PUDE MEW & &, Z2oA 24 h ¢ 23 5§ 80 °ColA
oAl 3hF BF Az3se F7 02+0.02 mm, ¥ 5 mm, Z°] 20 mm¢<l ¥
UTM A}& A] gauge lengthe 20 mm, cross-head
speed= 50 mm/ minZ 3} T}
PUD ZE& H&E7Z =47)(CTA400, SEO)S Atg3te] Zo thak H=
7S 543 59 Young-Fowkes-Good equation[39]¢] W o2

HUAE A2ttt PUD filme &elol= Zet2o PUDE ¢ =2 A7

>~

% dry ovenol A 1243t F<¢F TE3] AEAA 23 &% &§AE ¢43]

AAT & Ao, 21ga PUD ZTESY HW 94 #4L Xray



photoelectron spectrometer(XPS, THERMO VG SCIENTIFIC, MultiLab
2000)E At&3te A3k

g A 542 differential scanning calorimeter (DSC, PERKIN-ELMER,
Pyris 1)E ©]&3t4 -60 °ColA] 200 °C7A] 10 °C/ min®] $2&=2 HAA
9718t A 42 ®3E ZAsAo. PUDS dBAS S8t <l
thermogravimetric analyzer (TGA, Perkin Elmer, Pyris1)E ©|& 3t 3|
€52 Z4AY 2aese AR oM &5 10 °C/ min,

LT W 50 ~ 600 °CE 3t =AH3IA

o

PUD Z &9 g82 1SO 62-1980(E)dl < Asle] A3t on, d5S
25 °C &9 24 h 2+ 24 A7 o5 ZF@20 x 40 x 1 mm)d FEFA

(W)E DA A F Bol F5HE BEY FAMYE Pl 4 @) 2ol

Wiso = —————1— %100 (1)
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4. 2% 39 @

4.1. PUD9 #}A ¢ Fx

4% PUD® FZ< FT-IRS Ar&3ste] #43191ew, 1 A%E Fig.
59} 6ol UElNSATh Fig. 55 £ Aol A £ PTMGS
PDMS, 183 o] ¥ ZLS 112 EF3t] Ax3F PUD-39 FT-IR ¥
2 AxZ Jebd Aotk Fig. 5(c)olAd RE ulel o] PTMGY A&
3450 em oA OH &4 39 1113 em oA 3 C-O 32 Y
1, Fig. 5(b)°] PDMSE 1024~1100 em oA Si-O-5i Aol 71913 &4
73, 802 em™ ol A Si-CHzoll 71918 &4 3=, 3460 em™ oA OH7]el 7]
A T4 FJ=Z7t 2z JEbE T Fig. 5(a)v PTMGS} PDMSE 1112 &3

3ol A e PUD-39 FI-IR Z2#E Ugd ASZ 1021~1122 cm ol A

<
4=
S [eXige) S S 2=
St YLe s £ Tt

tHd A =33 PUDY FT-IR

of

Fig. 6> PTMG¢®} PDMSe E3HE 2
272 vebd Zolth. el B whel o] 3360 em™e) NH 39}
1730 em oM 9] C=0 WA2H A7/t FHES A & 57 AAT
PDMS $t#Fo] 71842 1021~1122 em ™ol A Si-0-5i 239 &4 339
802 em™elq CHsSi 2Fe §54 WA Zo] ZTrlste 2L B F AN

=
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NH
c=0 Gi-O-6i SiCH3

OH

Si-O-5i SiCH3

Transmittance (%, arbitrary)
G

OH

4000 3000 2000 1000

W avenumber (cm™)

Fig. 5. FT-IR spectra of (a) PUD-3, (b) PDMS and (c) PTMG.
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Transmittance (%, arbitrary)

4000 3000 2000 1000

Wavenumbers (cm™)

Fig. 6. FT-IR spectra of (a) PUD-6, (b) PUD-7, (¢) PUD-8, (d) PUD-3,

() PUD-9, (f) PUD-10 and (g) PUD-11.
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4.2. PUDY A =7 2 X% W3

Fig. 7% 8& ZZ} PTMGS} PDMS HlE 1:1, NCO/OH H & 15% 1%
3lal DMPA &S 1HES 71F0 7 2 wt%olX 8 wthE WH3A 7] | A
3% PUDS fr3td74de] ®iste 1o & 2= 9] #AE YEhd A
o]t} Fig. 7oA X ule} o] DMPAS & &Fo]l 2 wt%olA 8 wt%7HA
T/NEFE F3AA] FAelAe AR YEyTh o277t ¥ PU

prepolymer o] Zo] E¢HE 7)ot ol &gt o] ¥t

|

o]
water-in-polymer o2 o] FAAH 9 H7I7F ¢ P wet A
T A dEo Aol doAuA Hed o W HEVF 2Ee Fo] ¢

A aEA =2l Z4bd] BAE e dEdS AT wekA o]

b

&
o
i

gt A AFAA o719 FEFo] HES AF, prepolymerd A7 o]
A3 wAFe] FouF Aozt &oldA dojuA Xaty] Wi 3
Y7ol AXG A & £ dow, R o]7|9 FEgFo] HolAsrE

4ol #old Ao|t}, 181 Fig. 8o Y

Bl DMPA o] E EXEE AuHw, Az oz DMPAL $hako
ul

Fig. 9 DMPA &3S 5 wt%, NCO/OH Bl E 152 133 & PTMG

o} PDMS HE WHIlAI A7 3FA43 PUDY #3tddHstEs Jeld Aol

t. PTMG®} PDMSE @5 Z &2 AME3sto A3 PUD-63 PUD-119]
T3P 4L 247 146 nm, 145nm=Z Lo F ) FH PTMGS} PDMSS] &3
2SS AHEste A= PUDS #3 U742 PDMSS 3FaFo] 40 mol% <+

60 mol% & w Z+7zF 200 nm ¥ 210 nm=Z I A Z7}3t9 . o] PDMS
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o) 244 47 uEd PDMSY FFo] =SLHS AWN B3 Fahe
o]

Az F3YPde] AAe AosE A4dy. a8 o]

T T EEg AEAoE A9 & Aded, oY HEEe F EYE
o g3lx AFgel 98 HridEd. PDMSS &= AFik(6)e 7.3~7.5

cal’? em™?2 PTMGY] €315 4572 6§ = 9.2~99 cal’em™?®mtt H &
244 EAS ®BAY[40]. wetd PTMGSE PDMSe £33 Z 27 ¢ A
PDMS®] 3ol F713tH F Z8 &9 &3 Atold gt AFAdge] T
2ol AdEAY F ZF Lo EAZ e 3 F3UdAc] AA= A=

At Eth o]elg A3 = Ahn S[12]¢] E 113 poly(butyl adipate) glycol

flo

(PBAG)%} poly(tetramethylene oxide)glycolPTMG)®9} #o] &Aool 4
=& EYEAANME PIMG @& S7Hg+5 731 474 dA3s] 7t
StAARE, olet= € Cho S[15]2 poly(hexamethylene carbonate)

v EY EYLANN T E

)

glycol(PHMCG) 9} PTMGS} #o] AF-g 4 o]
o] FF Wste] mE f3tdAY Wzl A9 AT AHRrE AR
373 At
$tH PTMGSF PDMSS] @5 Z2&=2 FA3g PUD-63% PUD-119] 3}
U742 PTMGS PDMSS] 2154719 Zpolo o3 {31517 9 o7t A&
Aoz A7t AT Fig. 9914 oF 145 nmE HS3H4 YeEya gled], o
= PDMS2] EA#o] 1,800 2 PTMGS EA-#21 2,0008. ¢} 2Hx|qt, F=2

A

29 EAR ®bdo] AT o F FFS A= A
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Fig. 7. Change of particle size of PUD as a function of DMPA

content.
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Fig. 8. Plot of polydispersity of PUD as a function of DMPA content

; (@) 2 wt%, (b) 5 wt% and (c) 8 wt%.
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Fig. 9. Change of particle size of PUD as a function of PDMS

content.
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SheES 2 wt%ol A 8 wt%E WHIA 71X A Z3 PUDY

vAES UEtd Aot addA Ee Bkl 2ol DMPA &&e] 2 wib

X
®
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-
IS

2 274l wet 2% 9F BAZEM.)o] 21,0000 4 16,0002
2 Zaste o Z UEnth oleh Zo] BAE wsyb dojue olfE
Hg-o] BojdtE [OH]7Iol £ HE polyol?] [OH]S o] Aizle g zb
233l DMPA® [OH]Y o] S7Hgel wel £xh&e] 42 DMPAS <&
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2 AA4ET7].

Fig. 11> DMPA &#& 5 wt%, NCO/OH HIE 152 1A4% F
PTMG¢9} PDMS HIE RISAIAZIH @43 PUDS #£AF ®sE ved

Aolth. PTMGS PDMSE Z+7 @& Z3&2 A3 PUDS EA e

23,0003} 15,0002 2 UElSTh. 28y PTMGS PDMS &3 Z8 &2 A%
ol PDMS9 o] T/NE5FE EAFL #astes 4TS BRI ot
PTMG”} PDMSel| Hl3l] ddido =z FEx&Fo] a3 FE 23t vl 8AHS

& Jste] PDMSe =] fH e 2 IS A5 Wl FEFel St

2 B gadte AoE Ay
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M,, of PUD (10° g/mol)

28

24 |-

12 |
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DMPA content (wt%)

Fig. 10. The effect of DMPA content on M, of PUD.
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of PUD (10° g/mol)
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Fig. 11. The effect of PDMS content on ‘M, of PUD.

_35_



4. 4. PUD9 HZ2Zt 3 #doyA W3l

Table 72 prepolymer®] NCO/OH ®lE 1.5% 1133 ¥, DMPAY %
F3 PTMGS} PDMSe] d@FrlE 2estn] @43 PUDS HE43 #H
A s veErd Zelth

Table 704 3 WA Z&el Yeld DMPA § W3sto] we dFS

N

Fu R PUDS HE543% YA DMPA #de] S71845 154

o 72sa gd@dURAE Zrtste o2 UEwT Fig. 128 8 ®W
o] FTIR-ATR S Z3%E Uegd Zo=Z# DMPAS ol F71E8+5
DMPAS] 722277} 7tA3 Q& C=09 A7} 1650~1720 cm ol A]

Z7b8ba, 1021~1122 ecm oA Si-O-5i ZA¥o] F4 o)=L} 802 em ™ ol A]
CHySi A%e §5 dolazt fekAe AL FAF 4 AUk Table 79
5 A ZH YeEld PTMGSF PDMSY] &3S Z7AZo] wE g
AW &7 Wate PDMS ol Z71gol wet WIS Fhs
A3 EHAIAE oA

Fig. 132 PTMG¢®} PDMS ©= Z2 A2 A %3 PUD-6, PUD-113%

PTMG¢} PDMSE 112 &E£¢ste] Ax3 PUD-3 T AAl HF2 ol
A5 Yetd Zoltk. PDMS &Fo] ZT7d4E HEF7bo] Srhste AL
PUDY] FAlEo 254 A4S 71 PDMSe ko] F71gd wet ol &
o] £Hol Hjgst HEZAES FUlete o E AsET E3 oA E

o BW B2 BAFORA FAsch
Table 8& XPSE ol &3te] PUDS| Hwel 928 24T A%E Uy
9 lolth. PDMS @eFel F7hgel wet W ALE FFo| Fse

A

Ae & 5 glor, olg gxHoR At FFL 2% Fadt Ao
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Table 7. Contact angle and surface energy of PUD film

Surface energy
Sample No. | Contact angle(°)
(mN/ m)
PUD-1 75.28 28.1
PUD-2 73.80 29.7
Variation of
PUD-3 73.61 30.3
DMPA contents
PUD-4 72.50 31.5
PUD-5 71.68 32.1
PUD-6 67.18 35.1
PUD-7 7211 31.7
Variation of PUD-8 73.16 30.2
PDMS contents PUD-9 74.15 28.2
PUD-10 75.41 27.9
PUD-11 75.44 27.9
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Transmittance (%, arbitrary)

4000 3000 2000 1000

Wavenumber (cm™)

Fig. 12. FT-IR(ATR) spectra of (a) PUD-1, (b) PUD-3 and (c) PUD-5.
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(a) PUD-6 (b) PUD-3

Contaat Ancale © 75 446
Left Arcle : 74.ATEH
FRight Ancle TE.ATE

(c) PUD-11

Fig. 13. Contact angle images of the synthesized PUD film.
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Table 8. Element composition data for the surface of PUD film

Atomic percentage (%)

Sample
No.
Carbon Oxygen | Nitrogen Silicon
PUD-1 57.41 27.83 2.03 12.73
Variation of PUD-2 57.12 28.75 2.04 12.09
DMPA PUD-3 57.44 28.30 2.15 12.11
contents PUD-4 56.51 28.94 2.54 12.01
PUD-5 55.67 29.64 2.81 11.88
PUD-6 61.15 35.34 3.51 -
PUD-7 58.70 28.83 0.90 11.57
Variation of
PUD-8 57.51 27.59 3.07 11.83
PDMS
PUD-9 55.12 28.92 2.21 13.75
contents
PUD-10 52.46 31.18 2.04 14.32
PUD-11 53.03 30.27 2.15 14.56
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4. 5. PUD? QAZ= 2 AAEF W3}
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Fig. 14. Mechanical properties of PUD as a function of DMPA content.
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Fig. 15. Mechanical properties of PUD as a function of PDMS content.
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4. 6. PUD® €A E5A W3}

Fig. 167 Fig. 172 prepolymer®] NCO/OH HIE 152 1A 3}alA]
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Fig. 16. T change of PUD as a function of DMPA content.
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Fig. 17. T change of PUD as a function of PDMS content.
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4. 7. PUD 9] EAAAA W3}
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ZHZ5EH PDMS ©= &

AC)

&2 A 23 PUD-11°] PTMG @5 ZZ &2 A
Z3 PUD-6 Kt €4 Aol svde AS & + Ut

Fig. 19 DMPAS &#E 6 wt%, prepolymere] NCO/OH B Z 1.5%
1A sa, PTMGS PDMS2] £3HIS 0, 20, 40, 60, 80, 100 mol% & &}
FA4 3 PUDS TGA 34 Z34E detd Zolth 2" BHe uke 2o

3 229 AFAE %27 B3 = PUD-6% mx7FAE 220 °C F
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Temperature (°C)
Fig. 18. TGA and DTG curve of PUD-6 and PUD-11.

(a) TGA of PUD-6, (b) TGA of PUD-11

(c) DTG of PUD-6, (d) DTG of PUD-11
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Fig. 19. TGA curves of PUD as a function of PDMS content.

_52_



DTG (%/min)

500 600 700

100 200 300 400
Temperature (°C)

Fig. 20. DTG curves of PUD as a function of PDMS content.
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4. 8. PUD9 W44 W3l

Fig. 21> PTMG®} PDMS®| &3& 11, ZgZgvte] NCO/OH HE
152 1A 5, DMPAS &3S 2, 4,5 6 @ 8 wthZ HIAI71HA T
3 PUDY &&S yeld Aot IdolA B+ upe} o] DMPAS
gol T/NEFE FFEe UMt o= Y. ol IF4 #F
7191 COOHZE 71X 1 &= DMPAQ o] Zrtstdr &9 &5
7hste] yetde e s AZHE

Fig. 22+= DMPA®] & %S 5 wt%, prepolymer®] NCO/OH Hl & 152

7% & PTMGS} PDMS HIE WH3IAAZIH A3 PUDY 4+&S o

‘_,

Bl Zolth WA g5 FEL9 A5 AHEY PDMSS H7bshA &2
PUD-6% &L 215 %°= YUeyi, PDMS ©= Z&2 F43
PUD-11¢] &5&L 99 %2 PTMG ©5 ZZ2xRt g4&°] ¥A el
Yok, PTMGS} PDMSe] &3 Z &2 $A43 PUDY &S Z¥HRd
PDMS7} 20 mol% ¥ W& 58S 28 %2 =4 UEelyta, PDMS7F 40
mol%o]del e F5&o] Fadle A2 YEyt. PDMSS i Zol
20 mol% ¥ W FFEo] FUtste AL ddME AdFHAS<] PTMGS Z

Xé}\é% PDMS7]’ UHEE‘UJDE_‘TE’_ ?_]_”ETH PTMG %;{]—ZJ‘Q/] ?_E’_:!% Xi»g]_}\]ﬁ %374—_‘-2]

FAaZAF g ANA7] WEFeZ AZEY. 283 40 mol% o] el A
o] HolAe AL a8 54ES 7HA = PDMSY  silicone
chain®] X W wigE 1, S S7He] ALrt FolAHA S F4
Agtol F7hs] WA FNAM EY HUFE Folgoz sty Fgo] ol
Ae ez Azttt o] A7 25 E PDMS £ &9 H/E Qs &
A ZElsE gy deAde F4 AZ F dS e AndEh
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4. 9. 7} 3tgk PUDS £4

Fig. 23~26> PTMG¢®} PDMS®| &S 11, ZEl&Eve] NCO/ OH
HZ 1.5, DMPAS &HE& 5 wth2 1ZFuAM 7tuA¢l  silaned}
prepolymer2] COOHS] H]E 0.5, 0.7, 1.0, 1.322 WA 7|HA T3 7}
ws® PUDY AAA=¢ AFAE, TGA curve, DTG curve % &S

e Aol

Fig. 239 Q1A= A5 F4 A34E HF¥EWA, &5 PUD 7t
g PUDY ARZAEE zH7 184 kgf em® 90.2 kg/ em® 2 UEOH, 7}

w3tk PUDY /A=Y ¢F 4¥] AT F7hete o2 eyt 28i
7} 33k PUDOI A COOH/ silane?] 5 7] BIZF 1A7bA] AAZ=7F F
3 Z7FeThrE 1.30014 9utdk 712 Bon, AR EL JtuAS Hrg
o we FAS FAE YEA

Fig. 24°] TGA Z# &5 ®H 7tuwAE FH7FskA ¥-& PUD-39 Z7|&3)
AL EE 220 °C FZoA dojuvtar glew, 7tustgk PUDY X 7]E 3
T 240 °C F2oA doyes ez Yelyt. 123 Fig. 259 DTG 2
HE ey A WA BaldAdA PUD-3% 7t dtst PUDS Ealex
T 747} 318 °C, 330 °CellA] YEtua glow, T ®iAl @A A PUD-3S
420 °Coll A 7t 33 PUDE 420~433 °CollA yEelya g, o] Ayzy
B PUD-3Xt} 7} 83k PUDS] Aol S718les 2AS & = Aok

Fig. 26> 7tu3lg PUDS &S yveld Zlolth. 284 Be wl
¢} #Zo] Silane?t COOHO| HI7} F7HE45 o] Fidte ez U
et o= 4 #5710 COOHE epoxy$t ®EGA|

A
TEZ HAANA =R AFAES FaA AR A4 Y,
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Fig. 23. Mechanical properties of PUD as a function of silane content.
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Fig. 24. TGA curves of PUD as a function of silane content.
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Fig. 25. DTG curves of PUD as a function of silane content.
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Fig. 26. Water uptake of PUD as a function of silane content.
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4. 4 B

2 dFdA = Z2YAEHZ 39 poly(tetramethylene)glycol(PTMG), &
AEZ2 9 a0-hydroxyalkyl terminated polydimethylsiloxane(PDMS),
IPDI, DMPA, A& 41¢1 EDAS 22 Abgsto] 244 Zeed@

(PUD)S Alz39d. 283 PDMS9t DMPA, 7FuAle] o] AxH

PUDS f4xtz7], 8954, 7148 54, €454, W4 S nAe 9
gFoll it ZAFSEA O
1) £ ZYE&A A PDMS & Fo] S7td+E dAarie F7Fst AR

BAge gaste 2oz dedd.

(2) PUD x99 Eo tig FH%£72 PUDYA PDMS o] S7184=

S7hetH e XPSE ol &3 dWSo] daEd 23 PDMS AIWEV &
A3 F2 EAFLEHA, WY £2FA4S STHIHS ¢ F dAG
(3) PUDY A=+ PDMS9 DMPA o] Z/N85=2 AAREE F

7vetga, whde] g ES gasdtduh. 183 PDMS o] SE8¢E

FPdol e dANPAL S Free Fasdth

(4) A=x3 PUDO 7tuAQl d&ds EAGste] Axg 7tastst PUDY

o,

%
ol
b
rr

E AT FEFS 2 wet 184 kg em’ol A 90.2 kg em’E

F7betdeh. 283 7tasgk PUDS EAUARAE LS &4 PUDRET Hobx

_63_



—~
o

—_—

0

ToR
oI
H

el

i

"
™
w

R

¢

o
]

~

el

0

i

o)
Uo

_64_



References

Lee, J. E. and H. J. Kim, "Synthesis and properties of water
dispersion polyurethane containing fluorine", Polymer(Korea), 29(2), pp.
172~176 (2005).

. Kim, H. T. and M. C. Lee, "Study on the preparation and properties
of polyurethane-acryl emulsion resin", J. Korean Ind. Eng. Chem., 16(1),
pp- 39~44 (2005).

. Park, S. D, I. K. Kang, Y. M. Lee and Y. K. Sung, "Synthesis and
physical properties of biocompatible and biodegradable polyether-
urethaneurea", Polymer(Korea), 17(5), pp. 580 ~588 (1993).

. Kang, S. G,, J. S. Jang, C. J. Park and H. I. Ryu, "A study on the
effect of chain extenders on the properties of TDI-based aqueous
polyurethane adhesives", J. Korean Ind. Eng. Chem., 12(8), pp. 902~907
(2001).

. Tang, Y. W., J. P. Sanerre, R. S. Labow and D. G. Taylor, "Use of
surface-modifying macromolecules to enhance the biostability of
segmented polyurethanes', J. Biomedical Materials Research, 35, pp. 37
1~381 (1997).

. Coutinho, F. M. B., M. C. Delpech and L. S. Alves, "Anionic water-
borne polyurethane dispersions based on hydroxyl-terminated
polybutadiene and poly(propylene glycol):synthesis and characterization",

J. Appl. Polym. Sci., 80, pp. 566~572 (2001).

_65_



7. Kim, B. K, S. Y. Lee, J. S. Lee, S. H. Baek, Y. J. Choi, J. O. Lee and
M. Xu, "Polyurethane ionomers having shape memory effects",
Polymer, 39(13), pp. 2803 ~2808 (1998).

8. Ley, D. A, D. E. Fiori and R. J. Quinn, "Optimization of acrylic
polyols for low VOC two-component water reduible polyurethane
coatings using tertiary isocyanate crosslinkers", Progress in Organic
Coatings, 35, pp. 109 ~116 (1999).

9. Frisch, K. C. and D. Klemper, Comprehensive polymer sicience, eds. by
G. Allen and J. C. Bevington, 5, 24, Pergmon press, New York (1989).

10. Ahn, Y. M., "A study on polyurethane treatment of fabric, synthesis
of water dispersion agent, and anti-static and softening finishing", J.
Kor. Soc. Cloth. Ind, 3(1), pp. 42~47 (2001).

11. Chen, H,, Q. FAN, D. Chen and X. Yu, "Synthesis and properties of
polyurethane modified with and aminoethylaminopropyl-substituted
polydimethylsiloxane. II. Waterborne polyurethane', J Appl Polym.
Sci., 79, pp. 295~301 (2001).

12. Ahn, J. B, H. K. Cho, C. N. Jeong and S. T. Noh, "Preparation of
anionomeric polyurethane dispersions and effects of mixed polyol on
the properties of polyurethane", J. Korean Ind Eng. Chem., 8, pp. 23
0~236 (1997).

13. Krieger, I. M., Polymer Colloid eds. by R, Buscall, T. Corner, and I.
F. Stageman, Elservier, New York (1985).

14. Kim, T. K, S. J. Kim and B. K. Kim, "Effect of polyol type and

_66_



15.

16.

17.

18.

19.

20.

21.

composition in segmented polyurethane ionomers", Polymer(Korea),
16(5), pp. 604~608 (1992).

Cho, C. H., H. D. Seo, B. H. Min, H. K. Cho, S. T. Noh, H. G.
Choi, Y. H. Cho and J. H. Kim, "Synthesis and properties of aqueous
polyurethane dispersion based on Mixed polyols ; Poly(hexamethylene
carbonate) glycol/ Poly(oxytetramethylene) glycol', J. Korean Ind Eng.
Chem., 13(8), pp. 825~831 (2002).

Yang, Y. K, N. S. Kwak and T. S. Hwang, "Effects of physical
properties on waterborne polyurethane with poly(tetramethylene
glycol) (PTMG) and polycaprolactone (PCL) contents", Polymer(Korea),
29, 81-86, (2005).

Gunatillake, P. A., G. F. Meijs and E. Rizzardo, "Novel polyether-
urethaneurea elastomers based on a,0,0',a'-tetramethyl-m-xylene
diisocyanate: Synthesis, characterization, processability, and hydrolytic
stability", J. Appl. Polym. Sci., 47, pp. 199 ~210 (1993).

Stark, F. O. J. R. Falender and A. P. Wright, Comprehensive
Organometallic Chemistry, Chaper 9.3, 305 (1982).

Voronkov, M. G., V. P. Mileshkevich and Y. A. Yuzhelevskii, The
siloxane Bond, Plenum Press, New York (1978).

Noll, W., The Chemistry of silicones, Academic press, New York (1968).
Kang, D. W. and W. K. Kim, "Synthesis and characterization of
poly(dimethylsiloxane-b-urethane) block copolymers", J. Korean Fiber

Society, 26, pp. 48~55 (1989).

_67_



22,

23.

24.

25.

26.

27.

28.

Kang, D. W,, W. K. Kim and Y. Shim, "Preparation and selective
oxygen permeation characteristics of polydimethylsiloxane polyurethane
IPN’s membrane", J Kor. Text. Engr. and Chem, 24, pp. 469~474
(1987).

Kang, D. W. and Y. M. Kim, "Polyorganosiloxane modified polymer",
Prospectives of Industrial Chemisty, 2(4), pp. 3~9 (1999).

Dworak, D. P. and M. D. Soucek, "Synthesis of cycloaliphatic
substituted silane monomers and polysiloxanes for photocuring",
Macromolecules, 37, pp. 9402~9417 (2004).

Stanciu, A., V. Bulacovschi, V. Condratov, C. Fadei, A. Stoleriu and
S. Balint, "Thermal stability and the tensile properties of some
segmented poly(ester-siloxane)urethanes", Polymer Degradation and
Stability, 64, pp. 259~265 (1999).

Ma, C. M., F. Y. Wang, Y. C. Du, C. L. Wu, C. L. Chiang and A. Y.
C. Hung, "Intermolecular and intramolecular hydrogen bonding of
poly(dimethylsiloxane)urethane-graft-poly (methymethacrylate) copolymers
based on 2,4-TDI and m-XDI", J. Appl. Polym. Sci, 86, pp. 962~972
(2002).

Noh. C. T., The supplying businesses on the preparation technology
of water-borne polyurethane, Report of Ministry of Commerce Industry
and Energy, (2002).

Yilgor, E. and I. Yilgor, "Hydrogen bonding: a critical parameter in

designing silicone copolymers", Polymer, 42, 7953-7959 (2001).

_68_



29.

30.

31.

32.

33.

34.

35.

36.

Kim, B. K, C. K. Kim, Y. H. Lee and H. M. Jeong, "IPDI-based
polyurethane ionomer dispersions : effect of extender type and
content on particle size and physical properties of emulsion cast
film", Polymer(Korea), 15(1), pp. 15~20 (1991).

Kim, T. K., S. J. Kim and B. K. Kim, "Effect of polyol type
composition in segmented polyurethane ionomer", Polymer(Korea), 16,
pp- 604~608, (1992).

Lee, J. C. and B. K. Kim, "Basic structure property behavior of
polyurethane cationomer", Polymer(Koera), 17, pp. 687 ~694 (1993).
Kim, C. K. and B. K. Kim, "IPDI-based polyurethane ionomer
dispersions: effects of ionic, nonionic hydrophilic segments, and
extender on particle size and physical properties of emulsion cast
film", J. Appl. Polym. Sci., 43, pp. 2295~2301 (1991).

Blank, W. J. Non-isocyanate routes to polyurethanes, water-borne and
higher solids coatings symposium, King industries, Inc, New orleans
(1990).

Coogan, G. R., "Post-crosslinking of water-borne urethanes", Progress
in Orgaic Coatings, 32, pp. 51-63 (1997).

Wang, Z. and T. ]. Pinnavaia, "Nanolayer Reinforcement of
elastomeric polyurethane", Chem. Mater., 10, pp. 3769 ~3771 (1998).
Noh, M. W. and D. C. Lee, "Synthesis and characterization of
PS-clay nanocomposite by emulsion polymerization", Polymer Bulletin,

42, 619, (1999).

_69_



37.

38.

39.

40.

41.

Kim, B. H., J. H. Jung, J. W. Kim, H. J. Choi and ]. Joo, "Physical
characterization of polyaniline -Na'- montmorillonite nanocomposite
intercalated by emulsion polymerization", Synthetic Metals, 117, pp.
115~118 (2001).

Noh, M. W. and D. C. Lee, "Comparison of characteristics of
SAN-MMT nanocomposites prepared by emulsion and solution
polymerization", J. Appl. Polym. Sci., 74, pp. 2811~2819 (1999).

Lin. M. F, W. C. Tsem, Y. C. Shu and F. S. Chuang, "Effect of
silcon and phosphorus on the degradation of polyurethanes", J. Appl
Polym. Sci., 79, pp. 881~899 (2001).

Takahara, A., J. I. Tashita, T. Kajiyama and M. Takayanagi, "Effect of
aggregation state of hard segment in segmented poly(urethaneureas)
on their fatigue behavior after interaction with blood components", J.
Biomedical Materials Research, 19, pp. 13 ~34 (1985).

Mclennaghan, A. W. and R. A. Petherick, "Linear segmented
polyurethane electrolytes I. morphology and physical properties", Eur.

Polym. Sci., 24, pp. 1063 ~1071 (1988).

_70_



2

32}e)

sUth AvE s Ade A
AG7A B 5do] AgHUth A

A 2

)= gAgrte

3]

3

A=t 20059

3
o))

Yt

2;5:]1-

al7

o
BK

Ak
=

sHAl B

TC

2 zZAr=gun, 2 AAAE uhis

=
p—

o} & ¢

2 =YY

BIN

—_
file)
i

B!
AR

o
H

nid

el

N

AR

~a

i
T
e

il
™

o
Tor

Ho
or

AE 3}

2
-

=] ©
23&

< 7t

=13
15

Ytk 3 A A

A7A tolA e

# 2

Hlo

ol

)

KA

¥ a8

g Ql0]

dul

s

A



==

k_m

S

AgUch ohe# o

[e)

=

il
M

Bl

.
file)

=3
o

o

o
mir
mir
el
5
il
al

o)

_—

~

~,
__OO

ol

ol ], ofvlu, 121

AR e ARl A ol

3

g A

= AgYeh

-



	표제지
	목차
	초록
	1. 서론
	2. 문헌연구
	2.1 폴리올 화합물
	2.2 이소시아네이트(isocyanate) 화합물
	2.3 이온성기(ionomer) 화합물
	2.4 사슬연장제 및 가교제

	3. 재료 및 방법
	3.1 시약
	3.2 합성
	3.3 측정 및 분석

	4. 결과 및 고찰
	4.1 PUD의 합성 및 구조
	4.2 PUD의 입자크기 및 분포도 변화
	4.3 PUD의 분자량 변화
	4.4 PUD의 접촉각 및 표면에너지 변화
	4.5 PUD의 인장강도 및 신장률 변화
	4.6 PUD의 열적특성 변화
	4.7 PUD의 열적안정성 변화
	4.8 PUD의 내수성 변화
	4.9 가교화한 PUD의 물성

	5. 결론
	참고문헌

