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terborne polyurethane resins

mpound to replace conventional phenol resins used for a

coating material for loudspeaker dampers, which are not harmful to human being. Wa-

were synthesized from two diisocyanate of 4,4'-

diphenylethane diisocyanate and toluene diisocyanate, two polyols of polyester

polyols(PEP), polycarbonatediol(

PCD), including and anionic center of dimethylol butanoic

acid, a chain extenders of ethylenediamine(EDA), and a neutral agent of triethylamine.

Synthesized polyurethane resins

and commercially available bisphenol A type waterborne

epoxy resin were blended in weight ratios of 80:20 to prepare polyurethane/epoxy hybrid

resins. The synthesized waterbo
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rne polyurethane/epoxy hybrid resins were reacted with

aminosilane compound to improve mechanical properties. Aminosilane-treated
polyurethane/epoxy hybrid resins showed better mechanical properties.

Dyers and Finishers Keywords loudspeaker dampers, aminosilane, waterborne polyurethane, epoxy, hybrid resin
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4 ,4'-diphenylmethane diisocyanate(MDI, Dow
chemical), toluene diisocyanate(TDI), poly car—
bonatediol(PCD, MW :2000), dimethylol butanoinc
acid(DMBA), polyester polyol(PEP), ethylenediamine
(EDA), poly tetramethylene ether glycol(PTMEG,
MW:2000), dimethylformamide(DMF), MB—20(cat—
alyst), methyl ethyl ketone(MEK), 1-245C37FA),
ZIKA BS(H7}A), bisphenol A type waterborne
epoxy resin(KEM-128-70), hexahydrophthalic
anhydride(epoxy resin hardener), SN-399(de—
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A3} 3L amino silane compound(MW: 35,000)-
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2.4 Epoxy $X[2t amino silane EEEntel Ut

Epoxy A2} amino silane 3F-=2] AlZ+&= HA
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M A3 Bl ELP%%EL 100C= sk dH
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Oy
4,4diphenylethane ) GDDH_ _
diisocyanate Dimethylol butanoic acid Poly propylens glycol
* « (60°C, 4hours)
s
NGO -~~~ [ ——HyC —lIJ—GHE I
?Hz ] Hard segment
COOH s Goft segment

PU prepolymer

4
(R

< (1hours)
s

T

“' +«— ethylene diamine(60°C, 3hours)

e
* + (defoaming agent)

CHs
I:IMNW'MMMI:I—"HQC—[I:"CHE—:I“““N“““CI
CO0" H'N(Ety);
Waterborne polyurethane

« triethyamine (40°C, 1hours)

Scheme | . Synthetic process of waterborne polyurethane.
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Table 1. The compounds used in polyurethane synthesis
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Compound type Compound name Structure of compound
4 4'—diphenylethane <: > _
diisocyanate NCO CHa @ NCO
Diisocyanate CH3 CH3 NCO
Toluene diisocyanate NCO NCO
NCO
Polyester polyol HO_Ra_COQTRd_COZt RCOH
Polyol
Polycarbonate diol HO—R1+OC02—R2‘]FOH
"
loni Dimethylol HO—HQC—C—CHZ—OH
onic center b ) ) |
utanoic acid
ik
COOH
Neutralization agent Triethylamine (CH3CH2)3N
Chain extenter Ethylenediamine HZN_(CHz)Q—NHz
Defoamer Silicone type SN-DEFOAMER-399
P/ s N/ T Fe
R—S|i—0 Sli—O |Si O>~S|i—R
CHs5 CHj3 m\ CHz n CHj
IPN formation Amino silane (|;

o
H——N—(CHg)o——NH,

e a7k ehelA] A 298 A 1%
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Table 2. Properties data of bisphenol A type waterborne epoxy resin

EEW(g/eq)

Viscosity(cps at 257C)

Non-volatile content(wt%)

190~210

1,000~10,000

68-72

2.5 Amino silane 3f&tE %{2|gt epoxy FX|
(ASTepoxy resin)2t WPURt| HtS

Amino silane 3t%= A 23t Epoxy 4A/WPU
hybrid®] A2 HA ASTepoxy A & WPU 4|
£ 1:59] 23 7FE vhg7]ol st wykstH Al gh
ST2Es 60CE L stal HH S| wwksto] 1417k gE
SAZT A " A F 300g0] ASHAl 3%} A

i

0.35%% Wil Z+5] wyksto] filme Al 283l
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amino silane stetEne| S

WPU/Epoxy hybrid %2} amino silane 33}
=39 H-8-2 WPU/Epoxy hybrid A€} amino
silane $E(WPU/Epoxy hybrid A%< 0.5%
W/W) 9| &4 Wh3-7]0l Fskar wrkshH A vt
Sont 100CE AT A3 wukste] 147+
WA T A3

d = A 5 300gel B3A 3%t
XA 0.35%5 ¥l T53] wykste] filme A%
=
2.71REAM

FT-IR(Mattson Instrument Co., LTD, Genesis
2, USA) 7171& AH&sto] @At 29 51eh4] A7

2 shelstgnt,

2.8 ==
H2542 25CAA 31 E=A (Brook field Co.
Ltd. DV-1 prime type, USA)E ©]-&3}o] 431t

A= 9 A4EL UTM(Hounsfield Co. Ltd.,
gotqich, ol A& &A=
0.1mm, = 3cm, 4°]+= 10cmZ FH|sto] A7
£ full scale 10kgf, load cell 50kgf, sample
length 10cm, QA4 E 200mm/min® d+¢Ic}.
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trum& UEH Aolth, Figure 1914 & 4 Q= v}
9} Zo] 3300cm™ ol N-H stretching peak”}
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EA4J7]19l N-C-O0 stretching peak”} YEY ST},
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Figure 1. FT-IR spectrum of synthesized water borne polyurethane.
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1035cm -9 —~O—C stretching band”f L}H—‘/]'
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CHs
| /
HO—@—?—QOH + CH, —\CHZ—CHZ—CI
CH3
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Scheme II.
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peak®l 1700cm™ F<o] C=0 stretching peak%
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bisphenol A typeol|ZA] =29 EA Z<bandq!
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Synthesis of bisphenol A type epoxy resin.
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Figure 2. FT—IR spectrum of waterborne bisphenol A type epoxy resin.

120

100
£0 4

Transmittance(%)

TN

3650 3150 2650

2150 1650 1150 650

Wavenumbers(em™)

Figure 3. FT-IR spectrum of waterborne poly urethane/bisphenol A type epoxy hybrid resin.

2o —O-C stretching band”7} WerY ik,
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A 7He Table 39 Ve 9lTh.
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Table 3. Properties data of WPU/Epoxy hybrid resin

Tensile strength Elongation 100% modulus
(kgf/cm?) (%) (kgf/cm?)
99.57 188 61.48

3.3 Amino silane2& XMz|E 24 E2|L2EL/ofl
ZA| slol=2|= x|t Ftetd xdut =M

Epoxy A2} amino silane $-gHE1+9] B2
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(ASTepoxy resin)2} WPUL} HH--A] 7] =2 YA &L
film o 2 Az} 42]gt IR-spectrum¥}t aminosi—
lane 3+ES Figure 401 YEY AT
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Figure 4. FT—IR spectra of WPU/ASTepoxy hybrid resin and aminosilane compound.

UERQI T 2950cm ™! F29] C—H stretching peak Z¢Y e EA4 &4 band?l 1740cm™ F29

7F Yeh 9low | E3] Si—0-Si stretching vibra— C=0 stretching peak®} 1530cm™ 9] N-H
tion®| 7]1sl= EA4 peak”l 1080cm™, 1030cm™ bending peak”7} WEFL 9131 3300cm™! 19
2o UEY Qlth, E aminosilane SHEES A2 primary amineﬂ N-H stretching peak+ At %]
3t epoxy A 2Fe] BE-S-oll A AHAH ASTepoxy G4 o2 7FAastgal, 2950cm 28] C-H stretching

9} WPUE blenddt hybrid 42419 spectrumof A= peak+ *Jq%%iii 7 el 9lem 1220cm !

Transmittance(%)

“v \ Amino silane compound |

a" e L A T T

atrag et e

‘ WPU/Epoxy hybrid resin
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Figure 5. FT-IR spectra of aminosilane compound treated WPU/Eepoxy hybrid resin and aminosilane compound.
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Aminosilane compound

CH3
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H 3 (CHz}a
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(CHz)2
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stoj=z2|= +X[9of g

33

H,C — CHWA A CH— CH
"\ / N/ =

epoxy resin
il:Hg Cl.‘»Hg
| — | =0 R
gt =
CH3 {?Hzl‘s
FiJ—H
(CHz)z

H =N — CHE_ CH~~~~wmen CH _CHZ_N —H

OH

OH

Scheme lll. Chemical reaction between aminosilane compound and Epoxy resin.

2o N-C-O stretching band7} YEFLY Lo
amino silane 2F3-&& YHg-Al71 ASTepoxy 4=#| 2t
WPU<E blenddF WPU/ASTepoxy hybrid 4=#]+= gt
50 =25 Yt Ao 2 AYZFE T, Tev amino
silane 3+ 2] 2|3t epoxy A (ASTepoxy resin)
o} WPUS} ¥H8-A171 WPU/ASTepoxy hybrid <+4]

E st ZYdE/oFA] slol Bt A F
aminosilane 3t3t&E1+9] HHGAI7] A &S filmS
2 A z35}to] BA%F [R-spectrum¥ aminosilane 3t
Y= Figure 50l BN GITE, E i Abof| 3 A] =4
9} aminosilane3tgE}+9] &etA3tA4-E& Scheme
ol vrebu St

= UHF 74 (brittle) st B4 S oFA okqlct. Figure 504 & 4= Sl vhet 2ol 24k Z9]¢
Table 4. Properties of WPU/Epoxy hybrid treated with various aminosilane compound concentration
Sample Tensile strength Elongation 100% modulus
P (kgf/cmd (%) (kgf/cm?)
WPU/Epoxy hybrid resin 99.57 189 61.48
WPU/Epoxy hybrid resin
+Amino silane(0.5%) 157.68 598 31.87
WPU/Epoxy hybrid resin
+Amino silane(1%) 145.26 547 35.03
WPU/Epoxy hybrid resin 141 .93 477 34.12

+Amino silane(3%)
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Formation of IPN

Figure 6. A typical process for the formation of IPN structure.

g gt/ FA| sfo|Hel =
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out of —plane hydrogen deformation band”} Ugk
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group?] p—disubstitution®] in—phase out of—plane
hydrogen deformation band”7} Yeb Q1= Ao 2 8
Al WPU/epoxy hybrid %2} aminosilane 313-&2
HE-2-A] 7] aminosilane treated WPU/epoxy hybrid
A= BEgo] x5 o] Foixl Ao g AztHd
18] 31 Table 49 aminosilane A& Hxof &

aminosilane compound treated WPU/epoxy hybrid

SH2 oI A 71-2513] 3] A 297 A 15

227} 100% AAHS 1 o] 7%= (100% modulus) 5
9] 24& Ue it

Table 494 & 4= Sli= HFe} o] aminosilane A 2
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lane A 8] & 3 WPU/epoxy hybrid %] 9] Q147 =
e A== "R F7HE S H aminosilane A8 F=
7} E7151H 2518 et Alert BrAasl it
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BAE hAE AA % 74 olake] 7l 1A} 8
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ure 67 22 S5 FE)1 AT T IE 2 (inter—
penetrating polymer networks; IPN)7} &4 & o]
A7t A E AL B FY FkR 7 A A &40l
Z71et Ao 2 AZEC T3 aminosilane A2 &
T7F Z7kshE 251 et At At AL IPN
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2] = 42| (WPU/Epoxy hybrid resin)& gL
A4S Heslr] flsto] opn| e At SkghEa BES- Al
A opu| e Algh A 2|H $EAF ]t/ of| ZA] 5fo)
B 7 & £ A (Aminosilane treated WPU/Epoxy
hybrid resin)& AZ3t1L 71 EAHES ZAKSI] tf&
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