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Abstract As a coating material for loudspeaker dampers, resilient polyurethane/epoxy
hybrid resins were synthesized to replace conventional phenol resin and examined the
physical properties, which are not only environmentally friendly but also not harmful to
human. Five types of polyurethane resins were synthesized in the step-shot method using
methylene diisocyanate, three polyols such as poly tetramethylene ether glycol(PTMEG,
MW:2000), poly(1,4-buthylene adipate(PBAP, MW:2000), and poly carbonatediol(PCD,
MW:2000), and three chain extenders such as ethylene glycol(EG), neopentyl
glycol(NPG), and 1,4-buthandiol(1,4-BD). The five types of synthesized polyurethane
resins and commercially available bisphenol A type epoxy resin were blended in weight
ratios of 90:10, 70:30, and 50:50 to synthesize 15 types of polyurethane/epoxy hybrid
resins. Among the polyurethane resins, the one that was synthesized using PCD and 1,4-
BD showed excellent tensile strength, 100% modulus, low extension, and relatively high
viscosity. Polyurethane/epoxy hybrid resins with higher epoxy resin contents showed bet-
ter thermal properties and water resistance while those with higher polyurethane contents
showed higher flexibility. The polyurethane/epoxy hybrid resin made by blending the
polyurethane based on PCD and 1,4-BD with a bisphenol A type epoxy resin in a weight
ratio of 70:30 was identified to be the most suitable to be used in speaker dampers.
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Poly tetramethylene ether glycol(PTMEG,
MW:2000), poly(1,4-buthylene adipate (PBAP,
MW:2000), poly carbonatediol(PCD, MW:2000),
ethylene glycol(EG), neopentyl glycol(NPG),
1,4-buthandiol(1,4-BD), dimethylformamide(DMF),
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Polyol Diisocyanate Glycol
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m

Scheme 1. Synthetic process of polyurethane by step shot method.

strument, USA)E AM&-3lo] A4

7|5 stell Al 600C
TH] 524 % 30T /minZ sto] $435

o=
2 6 optle aj 0=|A|.§ =_=|§
UTM(Hounsfield Co. Ltd., UK)E AF&3}o] <l
A= W AAEE o). oy SAXRAL full
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10cm, ¢IASEE 200mm/min®z sFFTH, A= 2] F7

+£0.1mm, & 3cm, ZoJ&= 10cm® 8|8k,
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Table 1. The compounds used in polyurethane synthesis
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Water resistance(%) = W/Wo x 100 ----- 1)
where,

Wo : Untreated sample weight

W : Treated sample weight with 10% NaOH solution
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Compound type Compound name Structure of compound
Methylene B
diisocyanate CO@CHZ @NCO
CH Hs
3 NCO
Diisocyanate dnlglcuyzr;]eate Neo @ NCO
NCO

Hexamethylene
diisocyanate

NCO—(CH,)s—NCO

Polyester polyol

HO—R{—CO,1-R—CO,JR¢OH

Polyol Plycarbonate diol

HO—R{}0C0O,—Ry1;OH

Polytetramethylene
ether glycol

HO-FC4HgO1-OH
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Table 2. Properties data of bisphenol A type epoxy resin

HIol| A== S22 E/0ZAl 5H0|22|E X2 & 43

EEW(g/eq)

Viscosity(cps at 25C)

Specific Gravity(at 20°C)

180~190

700~1,100 1.14
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Figure 1. FT—IR spectrum of synthesized polyurethane by step shot method.
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Table 3. Physical properties of synthesized PU for variable chemical composition
. L . . 100% . Tensile
Samples cgmh:?slft?; n So"?%‘;'eld V'?g::)'ty Modulus EIon(g/oa)tlon strength
(kg - f/cm? (kg - f/cm?)
EH-1 PBAP/NPG/MDI 30.1 65000 255 443 279
EH-2 PTMEG/EG/MDI 29.8 70000 204 575 167
EH-3 PCD/1,4-BD/MDI 30.0 75000 276 343 350
EH-4 PBAP/PTMEG/NPG/MDI 30.4 69000 225 470 258
EH-5 PBAP/PCD/EG/MDI 30.5 71000 260 324 380

.3 E2IRE/AIZA| sto|H2|= £X[e] 3t X
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Figure 3+=
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stretching band”} Ueh Qltt,
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T Aeg TE5HAT o] AAHL films 3§
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oZ: CH oM
b= o 4

NaOH

—_—
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Scheme 2. Synthesis of bisphenol A type epoxy resin.
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Figure 2. FT—IR spectrum of bisphenol A type epoxy resin.

PCD7} 3-8 Ao] S-3t Ao &2 Yepygtt, o] 3t
A= PCDO 4% PTMEGET) 71 A2 ¢l E40] &
solal o A 2EEEE B Aol 92517 i

olgt Ayztect,

EH-39] §A418 Ze|9-dgt 4]0 o &A £=2&
oF 30% blending¥t -7} WE I} /o] FH ==
- ghe] e at o A Y] H e VA= AR AT
o Ao ekt

3.6 Z2ISHEH/OIZA| sol=als $X|2| et 224
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A A FAL filmE FHAA -10ToIH 23
44 2747 2712 Table 60 YERAh,
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Figure 3. FT-IR spectrum of polyurethane/bisphenol A type epoxy hybrid resin.
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Table 4. Softening points of polyurethane/epoxy hybrid resin for variable epoxy resin content ratio

ar

[u]
et

r

40

Epoxy resin content ratio

Samples
10% 30% 50%
EH-1/epoxy below 220°C 220°C~250C above 250C
EH-2/epoxy below 220°C 220°C~250C above 250C
EH-3/epoxy 220C~250C above 250C above 250C
EH-4/epoxy below 220°C 220°c~250C above 250C
EH-5/epoxy 220°c~250C above 250C above 250C

ahgieh, ole} 2 Azt Sewo] Fhx: Gy
ether 27} 7HA)= B4 wjiol Aoz Mziec).

29 AL Hujo] AT JrEA ¥ 22 7
A 4ol Bt g Ao QIAof 37k ¢l
oYz} &4 30| St A 2 A5 9]
2] - gt/ o FA] stolHe|E 2| E sk
FA Y EAES A o5t 22 AEE Aol

Z7 e 342 methylene diisocyanate@}

E2]&2 poly tetramethylene ether glycol(PTMEG,

2
N
L=

5 3559} chain extender24]+= ethylene glycol(EG),
neopentyl glycol(NPG), 1,4-buthandiol(1,4-BD) &
9] 3FHE A&} step shot WAl 02 552 4
CIi=

et 559 8-t =2 Al bisphenol A
type®] olFAl #A9 FFHE 90:10, 70:30,
50:502.2 H;E3sto] 1552 2] L5t/ &A] 5}
o|HZE A5 AT

Z 8] eh2 polyol 24+ PCD, chain extender
X+ 1,4-BDS AHESEe] Rt A&7 I =
€} 100% modulus7} ¢-3kaL Aol Hom | w7}

H LA 27 tebe,

MW:2000), poly(1,4-buthylene adipate(PBAP, Z YR/ FA] Slo| HelE pA|= o FA] 4]
MW:2000), poly carbonatediol(PCD, MW:2000) o] ehFo] 2545 GHAT YR 45k,
Table 5. Water resistance of polyurethane/epoxy hybrid resin for variable epoxy resin content ratio
Epoxy resin content ratio
Samples
10% 30% 50%
EH-1/epoxy 70%~80% 70%~80% 70%~80%
EH-2/epoxy 80%~90% 90%~100% 90%~100%
EH-3/epoxy 80%~90% 90%~100% 90%~100%
EH-4/epoxy 70%~80% 80%~90% 90%~100%
EH-5/epoxy 80%~90% 80%~90% 90%~100%

Table 6. Flexibility resistance at low temperature of polyurethane/epoxy hybrid resin for variable epoxy resin

content ratio

Epoxy resin content ratio

Samples
10% 30% 50%
EH-1/epoxy above 3000 times 2000~3000 times 2000~3000 times
EH-2/epoxy above 3000 times above 3000 times 2000~3000 times
EH-3/epoxy above 3000 times above 3000 times 2000~3000 times
EH-4/epoxy above 3000 times above 3000 times 2000~3000 times
EH-5/epoxy above 3000 times 2000~3000 times 2000~3000 times
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