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Abstract— Polyurethane (PU) was synthesized by one-shot process and the PU nanofiber was prepared by electrospinning.
In this study, electrospun PU multi-membranes were prepared with various coating thickness ratio of base resin to top resin,
where the base resin contains melamine curing agent and acid catalyst and the top resin contains water-repellent agent of
fluoro-carbon compounds. The PU nanofiber multi-membranes were analyzed by field-emission scanning electron microscopy,
differential scanning calorimeter, breathability, tensile strenth, air permeability and water resistance. The results showed that
the PU multi-membrane provided excellent waterproof and moisture permeability.
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CH,OH CHy
?
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N—CH,0C4H,
Co
)
HOH,C_ < =€
>N N7 NH

| |
CH,OC4Hy CH,OC4Ho

Iso-butylated melamine formaldehyde

Scheme 1. Chemical structure of melamine formaldehyde curing agent.

HO

RVU 0

i I
R"—OCH,CH,CH,CH; +R'—NCOR" —» R—N—COR" + CH;CH,CH,CH,0H

The cross linking reaction of melamine formaldehyde curing agent

Scheme 2. The crosslinking reaction of curing agent in Polyurethane.
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Scheme 3. Chemical structure of synthesized polyurethane resin.
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SR AL HAZWAF Y webd T
% - W EAS HYR 2ds] 915t isocyanate
o} polyole] 5 9 FulE Jolz FYste] 4
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A, W& H7tst] A71HAF AES APt
Table 1. Molecular weight of synthesized polyurethane
resin(GPC)

Mn Mw P/D

117,411 202,885 1.728

2.2.2 M7|HIIE 0|2
M=

() A (curing agenn): E=}-2- AT £ 73
SHAZ2=  Cytec T7itoA  AAE = melamine
formaldehyde#| Z3IA|E AF&35} A thIso-butylated
melamine formaldehyde 73 3}A|(0]3} MF): Cymel 325].

(2) Zm(catalyst)y Y ¥<A|: melamine forma-
ldehyde HstAlo] Rrlzoz Abgat Eujzi
GEl 2ol A AAEE e AES AgsHe
(At A ZH3HA-& ZHf @ Veoat T202B (4-methy-
Ibenzenesulfonic acid)].

(3) &N vig: A7HAL Aol AHEH A &
ol o] HfjgH|= Table 29} 70| base®} top o2
FEstgen, 2o n&UNE AHgstel A7)

WA PU i -& EH| sk

st Z2|228|Et membrane

Table 2. The recipe of PU compound for electro—
spinning test

Pbw

Chemicals name (Part by weight) Component
PU Resin 100 Polyurethane
DMF Solvent
(Baso) MF curing
Cymel 325 : T202B 3/1 agent/catalyst
(Top) Water repellent
UM651 2 agent
A71HA 270 bead7t Y= #QT A9 Y
= webe A7) 95te] ofa Wl 7|2 A g
EE Qg2 Fotol ANStY A/ YA 20 A
A5l g 00, Figs. 1, 29} 28 A7|AL A3 @ &
e At hi HeE AxSYch PU §
o F=r 15wt%, WA AL 15k, tipd}

=

Polyurethane Lt=4S Multi-Membrane2l MZ= 1111 |

synnge with
polymer solution

t
AN IEEIEE AT

synnge

neadie st
. target
Syfninge pump electrode scraen
high voltage
power supply

Fig. 1. Schematic drawing of electrospinning.

Fig. 2. Photograph of electrospinning equipment.

collector 2}2] AT 15cm, AR T &£ =
0.06 mL/h, collector drum®] 3| A& == 110m/secE
A7 S AASHAT o] AR oA AHEE A7)
WAL B2 AubA QL one shot W= EE &
o) 20| T2 27k712] PU 9 base 2|9} top
FAE 47 g8 FA H&<l 100, 7/3, 5/5, 3/7,
/1022 ZA3tA 50ime] A A= HANSH
o 259 & 24 7121 PU A7]HAL Yie web
& Az shedth. oloh Lol H7WAE Fo Aol
A PU e web o] Wbl shmAlel 4k 2o
AN mekskm glonz ol Aate Al7lY] Yot
o Mathis Z27]& AH&8H] 150T 2] =04 1+
302 5 A stk
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PU membrane 9] fiber Eﬁ g g
5317] A3ho] gold ZH F
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microscope, FE-SEM, JEOL)E A&}t
(@) AAZEAFLLA: K2} %A differential
scanning calorimetry, DSC, SHIMAZDU DSC-50)&
ALg3te] =431 O™ heating rate= 5C/minZ2
iE HO = -100C ~40C 2 5o AR 2] thermogram
2 At} soft segmento] S AHo|lLE 2AHS B
°]’°1 T8 2}2] & 8 (morphology) S &213t Tt
() €F5FEA7]: 5 FE47](thermogravimetric
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759 33g 9C T A7 60cm Z7)E ZHYAR
£ dAdste] 29 Ho] 9= s FF=H
et HX] A]7] 3L AL} sealing rubber2 &5}
F2-F570 HY Hdol = FI=F
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279 Fe W57 ZANA 1 A HA 7 5
—‘?—7415 S HH Sl S7HsHA =i olu)
o SF= W2ztal EAJSIH o] FF9| ZolF of
Aot 22 Aol st AistA HE =¥

.—%

15.0kv x5.0k

Zo BEEEE 54T 5 Utk
WVP(g/m’ 24hr) = 24h t x (W, - W))/S )]
WYVP: water vapor permeability
Wi: initial weight after conditioning
W,: measuring weight for 1 hour after
conditioning

S: dimension of sample (= 02826m)

(5) QA= A& T o] 2AHL ZWICK Z505
(Zwick GmbH., Germany) AAZ = A7 5 A&
3ho] ASTM D882 Wrwj o & =Asl )

6 37150 =: A7|HAF & Yl webo] 7%
FE = FX3300I Z7|E3%E AF 7] (Textest Co.,
Swiss) & ARg-51e] JIS L 1096-A ¥PH o 2 A5tk

(7 Wk A718AF 8 Uile webe] B4 &
AL sl W4d =F7](Textest Co., Swiss)S
AFE31e] ISO 811 o2 =454

3. Zu Y ma

3.1 PU webQ| Z7|dtA}

Base®} top ZEE PU X & A& ttE FFH]
2 Este] A71%A & PU webd] EW} Gl
< FE-SEMZ o] &3] oadt 23 Fafvlof w
2t Ao FE7E g2A FEEH Fg 3@=
base ¥4 PU AT A 7|AE A2 479
A 7ol oF 0.7~0.16m FE2 HAZF ASHA LrEr
Hom WARRFe] Blsto] Ao EA{FFo] vy
Z 3itt. Fig. 3(b)= top 2% & PU AT A7
AHE AAISHE L Fig 3@)<h ¥l stS o A
Moz 4g Y7ol Hsn IS Hhol 5

(a) baseftop = 10/0

(b) baseftop = 0/10

Fig. 3. SEM photographs of electronspun PU web depending on changing base/top resin ratio: (a) base PU resin

(10/0), (b) top PU resin (0/10).
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Fig. 4. SEM photographs of electronspun PU web(base/top resin = 5/5).

Ago] vlwZ Wkt 1 o]f+= base AL
A= top ARG FA| &= D PUE HvlA
7k A et oo At pH gt 29 ZHAF o7 &
F Z2AstE R o] g Atz Wgtrt A7 At
FFZ A= AR FHHEh 2 o] it
o] 2l wWiF & Y37l A= FF F7HEQ
Ago] @astth FE-SEMS 53] 24 = PU web
W Afe Ha 72 baseftop = 10/09] 73 -$(Fig.
3a) ¢F 160~700nm ¥ $jo]|™ base/top = 0/109] 7
< (Fig. 3b) 140~500nm ®H{Z ZA =t} base
9} top9] Bl &S Eg 3] WALEE base/top = 7/3,
5/5, 37 A EES W AR 10/03 Zo] top 4=
A7} )R 912817 W EF FAR oS
Holmg o] =Fo A& base/top = 10/0 A|=ETE
Fig. 3¢ Y St} Fig. 40+= base®} top L&
A9 FEFH|7E 5/5Q A7HA PU webe] @ H
A& UEHH A S 2 baset top 2 59 AA

3 E5ULIY ANTGIY B4R e
o gApsTtn & 4 9tk
3.2 gEM

iy |

Base/top 4=A] H]&o| Z+z} 10/0, 7/3, 5/5, 3/7,
0/102 A|zH PU webd] G4 AFS goti7] ¢
slo] DSCeF TGA &4 A& Fig. 59 Ye
th DSC &4 23} (Fig. 5a)°l| 4] base ZF-& 54
o] gFol F7ietol kAl Az PU webd| Tg
7F A3 wobde £ 4 ok Base A 7F A A
o2 BwE 4 Tgrt %2 olf= Edl 7tuA et
Zufjo| &3 PU W39 hard domain®] 377}
7hete] Z=7t S7HE] WE d4 fEed Aew

7Lt TGA &7 ZTHFig. 5b)of| 4] baseftop =
v ol W2 182 o] W3t base A9 FEF
o] F7Igtel weEtA HF FA Hl&o] SIS
E 4 Utk 250Co| AR e &7t dojuhr] A%
o 300C HZoA 20%2 +A #4AE BT
U Th baseftop =2 9] FF FA vl &2 ol
AFF=o] PU W9 hard domain®] =7]7}

-

Base/Top = 10/0
Base/Top =7/3
Base/Top = 5/5
Base/Top = 3/7
Base/Top =010

Tg =13.07

Tg=13.80, Td=14.61

Endo

Tg=12.59

Tg=12.84

T T T T T T T T
-80 -40 -30 -20 -10 o] 10 20 30
Temperature(°C)

120

100 4

80 4

60 A

40 o

20 4

0

200 3(‘)0 4:)0 550 600
Temperature (°C)

Fig. 5. DSC data (a) and TGA curves (b) of electronspun

PU nano webs with various coating weight ratio of

base/top resin.
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W2 2714 @]04 7] o] ZA| oz
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cup method®} inverted cup method 18|31 £ ¢ @
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H S EEE S48 A vATs 29 BF5E
Hol 71 H3kat upright cup W] AFEQL TS
L1099 A-18(H stz &8)e AHL5tAT i web
9]\ A thEE R (micro-porous structure) 2] g
etnl FwA|sh A Zoje Eaket base 28 T
ol 1op Y o] Blse] AHOE WL 43
A7l Al felsehn & - glou
AAH B4E T o) & i $2A op
conting 2-9] ¥|go] BT HHo| Az B >

AT oﬁ—,}
4% PUS] A& oAud J7HA = 535t
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Iy o L

ol
FU ofit
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0 T T T T T T
10/0 713 5/5 37 0/10 Pure

Fig. 6. Breathability of PU nano web with various
coating weight ratio of baseftop resin.
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900 web URof beadZk 7] § yame] A
E7h FAFOIL YR A HEE $A59
web BF WRY Fr7t ¥3L A58 5 Utk
I3 base K ¢X|9t HALSH base/top 2
H|& 10/0%1 A& 9] 78‘—?*h FHAH o2 B A=
Wa WA G BHES dehyen ok BE
Wiol WEA 3 olATE a0 2 e 5
AT bead7} R1& 7Ps A0l oD HAE o] 3
Ao AESL FD QHeA e oJula

34 QzzE

Base®} top 288 PU £ & 2 ZFu| & 7}
F o =2A A7) FAFSE PU web9) stress-strain curve
B Aok Fig 70l depsick Aoz o
T, Azt e Uk web? EEZFe EAAL
ﬁﬂr 320 AFT €34 ST THE HAE 7
o2 webl base 2] 2] ol top 4| 9] A=F
Ho Ay oezg 27} 42 e Z7sty Al
& gasts Eos 4L Rolm Yk o9
B top $:X19] o] S7het AEE $715
U Bk grasts A% Btk neb B4
FE| 82 A Yk webZ A x3H7] A
A AAe FEot AES Bt AEuTA,
o, WEA, Wt 55 FASHL o9 54
o ZAARoZ 7o) HeEgol 322 basel}
top®] H|&o°] 73, 5/5¢ W 7 A A7|FA
U= webo] TEES AT 4 USdTh

o?;‘_, _ll)ll N

100

—— (a) Base/Top = 10/0
b) Base/Top = 7/3
c) Base/Top = 5/5
) Base/Top = 3/7
) Base/Top = 0/10

80 A

Stress(kgficm?)

0 100 200 300 400

Strain(%)

Fig. 7. Stress-Strain curve of PU nano web with
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