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Property Evaluation of Breathable Blend Fabric of MPCE Copolymer
and Wet Coagulated Polyurethane
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Abstract: The phospholipid-based MPCE(2-Methacryloxyethyl Phosphoryl Chlorine) copolymer was mixed with wet
polyurethane for coating of nylon fabrics. The substitution rate of water in coagulation bath with DMF was changed
under control of the size of formed hydrophilic microporous cell enable to manufacture excellent breathable, anti-bacterial
and moisture control fabrics. Biocompatible property, vapor permeability, hydrostatic pressure, moisture management and

anti-bacterial property were investigated for treated nylon fabrics.

In result, increased moisture transmission rates,

decreased water resistance and outstanding moisture control property could be confirmed by enhanced hydrophilicity of

wet-coated nylon fabric with MPCE copolymer.

Keywords: MPCE, phospholipid, microporous, vapor permeability, water resistance, moisture management

1. M

A2 U ofmo] AZmE AgEoRe] AR
B7F 20149 7% 3HY FRE FEHAR 292
Agsta glom, olHet AgFme ARAS w
gstEo] olgmEolg Hgare 714H EdEL
Ao A4S 27sHe Aol HEAH

2

h
)
oZ
o
l
R
olN
N
rr
a
é
Bl
|o
N

=54e

fl

of

ZEHE- Eaﬂ q]x%xig] SFAF
3k i, ol ﬂ%ﬂ—t—
AM FRAHE= WedT 4
8,000g/m*24hr 0] A}<] 5_;5_5_;: 3

"Corresponding author: Jin-Seok Bae (jbae@knu.ac.kr)
Tel.: +82-53-950-7281 Fax.: +82-53-950-6617

(©2014 KSDF 1229-0033/2014-12/322-330

322

J1Q

3]'7"]]’]‘ (<) -vga
| AsEE o

o o>
i gy T OF
nﬁimﬁiﬁrlrz
®
z

=~

M2 K P 2% oox 30 Hr o
oo of o

e 2 ol 4@
LY o

tyt

E'
oz
o

W

lo
ojf o
Loy Y
oX,
file

R
rg
=
foi M
_,>i

o Egstel AL
o)A Hol 2
TS A9

Fol Basi)

3o,
o, L
ofr
ol
B
=
oX
2

o]

iy rﬁL‘



MPCE copolymer®} &4 Za|2z||Ete| SHIC0| o|st S5 L

E oA 283 MPC(2-Methacryloyloxyethyl
Phosphoryl Chlorine)= ™o 3Edl= 449
U ET 4449 Aoz o]0l AU o
SolA Qlol AR FrEHo] S
BAE GUA Atk ok AES, UR o33
Ag FERZA B, =R, T 59 7154
9t kg yol AEEl gt

webd] AAAY lipidue FEAE H§7HEol
AR £ QEE AW 2 ohofst Sx A 5o
ATHI Ao HI B AF 7HA A
o] =3t = g9 Ffoe AAE &9
Hol ik A7 BAFo R JUPHI o, =
Wolls oFA7AA] AdfraAoll diet 7Pi 2 A
Wt A7 vAEty &A= AFeE Aot
T g, MPCE AT A t ez, #
=2 AR 5o ZA-l Ao

2 dFdAE oldd ddE Myl A
3] MPC9 oS Ethyl7]|2 X]&A]Z] MPCE
(2-Methacryloxyethyl Phosphoryl Chlorine)S $HAJ 3}
of MPCo| Hlg &3tel =4 A2 4
g B5Ae AA-EA copolymers 33Tt

-
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¥4k

of 4 ZYd A&k, ol A =4
MPCE-NIPAMZ:7] 9] 2= H&doz ol
§Al DMF&F Eto] &=

Aolste] FAEE celld] 27|12 2Fsch £F
A= Polyurethane film2] cell FAHI} o) wE

Hed BEE 2 24 59 AW wss B
ahgich

2. 4 9
2.1 A|¥

Ao ARE-E= HR3-E2l 2-hydroxyethyl methacrylate
(HEMA), N-isopropylacrylamide(NIPAM), triethylamine
(TEA), amminopropanoic acid-2 Aldricho]| 4], 2-chloro-
2-0x0-1,3,2-dioxaphospholane(COP), acryloyl chloride
£ TCIlA 2ske] WEe] FATY o] AHE
stelth. Saol AH8E AIBNS WEo| HA| glo]
JUNSEI AlZ& ARSI fajl2 ARH tetrahydrofuran
(THF)1} acetonitrile(AN)2  Z}2ZF sodium} calcium
chlorides 718t 24A17kolA; mubAlA & AL
42 wE AAT = AFESIRT
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2.2 OPEMAZS| &M
500ml o]F AAES %

HhE7] YWHE davtAR

o] ujE dry THF 200mlE

A FEaezo] dAsta

AN 9 i8]
YT HEMA 20g(0.154mol)
o =qIgt ¥ 1087 mukeith 1T TEA 15.6g
(0.154molyS 7} FAstal 2027 wykste] zh vk
SES &H3] AT F g7 25 0CE
YAt Y2zhe wkg-7]of dropping funnels A
2)8Fo] COP 24.1g(0.186mol) dry THF 100mlo] &
ANZ gL 14§ ASpAT b @
2EY Loz AT $& A T ATES BE
Aliek ¥k F2 $ AAAPE JHEQ triethylammonium
chloride2 79t BEE B3] AAHT ofnalg
evaporationsto] FEHY WHSE U SoiE AT
A2ES dry THF 100mlo] AjL3] A7]2 50mle)
diethyl etherE H7}sto] %k triethylammonium chloride
£ AAANG. FdEHE JAES AAs
evaporationdt o] FE A A XA E 2l 2-(2-0x0-1,3,2-
dioxaphopsoloyloxy)ethyl methacrylate(OPEMA)S &=t}
(Scheme 1)"?.

B /CHB 0\5/0
HL—C
\ccoc:HZCHpH ¥ [ o/ AN

2-hydroxyethyl methacrylate
(HEMA)

=
TRl

2-Chloro-2-oxo0-1,3,2-dioxaphospholane
COP)

TEA i C/

—
N
dry A coocuzcﬂzc—P/ :l

2-(2-ox0-1,3,2-dioxaphospholoyl-oxy)ethyl methacrylate
(OPEMA)

TEA
s} CHzCH
o B " zc_c/ 2CH;

dry AN ||
coocuzcw:—r-* ——QCHCHy—N* —CH,CHs

CHzCH,
2-Methacryloyloxyethyl Phosphoryl Choline
(MPCE)

Scheme 1. Synthesis of MPCE

2.3 MPCEZ2| &

500ml flasko] oil bath®} condenserE A X8}t Hb
7] YRe ez Agach 9 wsslel dy AN
200mlE Y3 OPEMA 35.0g(0.148mol)S& EJst &
2087 WEAA SAIT. =7kE TEA 30.0g

(0296moyE Esta g71E WRwTh WRH
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Methacryloxyethyl
Lt}(Scheme 2)".

Phosphoryl

e “ o L B

CH;,
H,C= C i CH,CHy
CDOCHZCHZO—P—OCHZCHZ—N* CH.CH3;
o CHZCH;,
2-Methacryloyloxyethyl Phosphoryl Choline (MPCE)

AIBN sy —I
- H,C—C
MeOH/THF /

o CHaCH3
COOQCH,CH,0— P—OCHZCHZN CH,CH;
o CHcha m

MPCE polymer

Scheme 2. Synthesis of MPCE homopolymer

2.4 MPCE-NIPAM copolymer?| €

MPCES} NIPAME 1:5¢] EH|2 u|e-2(MeOH)-
THF &3H(3:7, v/iv) 50mlo] §3fA1AH 6¥7E ¥k
A, o2 By AT SAstrhScheme 3).

2.5 MPCE 1 2XI§ g8t SA3E

251 A2

SAFEHZ 9%t A HSZ NEOBRES MP-840
(FAEEA, ()7EEHd), NN-dimethylformamide
(DMF), CL(Z}xLA]), Filler(TiO; Toner)E Hj g3} H L
H, 4UZ(PA 2020 plain) Yto] ZE3IHTE 9]

0|5 #oHY - bHElA

DMFe] ¢413]
£ gt
2.5.2 &4 PUX|| gt

SATYE A8 £ PUSA FFoul MPCE
NIPAM copolymers 0, 1, 2, 3, 4, 5%2 A AL
vl &3 g th(Table 1).

23} 5]&= MPCE-NIPAM 1:5 copolymer

Table 1. Formulation of PU resin mixture blended with
MPCE-NIPAM copolymer

Formulation(part)
No.of
Recipe  MPCE \peio cL Filler DMF
-NIPAM
1 .
2 .0%
3 .0%
100.0 2.0 10.0 15.0
4 0%
5 .0%
6 5.0%
253 &M2Y 2
Q) Table 1904 thepdl 270 ueh vighE
69 FE LA E knife over rollf4]S ALE-3}d
20mme FAE UJdE 20D o 7 HEdH o

gl Y5 =Eshget
A7t w2 ABE 25°C Bo| WY $u
2o 2087 FA 5 S92 :

=
22 WA ¥
60Co) A 387 13-z AX T 170°Co) A 120

i

] H7}¥l MPCE 1EAE= L3= gHAE Axt 27 9482 A3t}
H
CH3 /
HyC=C_ " CHaCH; p  HEETE
CODCHzCHzD—F;—ocnchZ—N\*-cnzcm ,f_’f_c{"
0" CH,CH; 0O H CH;
MPCE NIPAM
AIBN FHs \ —I {( H ]
—_— H,C—C / kCHz-q H
MeCH/THF 0 CH,CH, QI—NI'{—L}—CHs
COOCH,CH,0 P ~OCH,CH,N" CH,CH, 0 CH;
0 CHQCH]

MPCE-NIPAM copolymer

Scheme 3. Synthesis of MPCE-NIPAM copolymer
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2.6 &4 PU/MPCE-NIPAM 3 Z=ME0| T
£ sxmvt
+4 3835 MPCE-NIPAM E3E v &o] wE
Hure HA9dE WEe) FE ARYE, AFE
9 B ee ZHstgn
BEo| ARPEES Z33t7] 8] Gage length

50mm, width 15mm, thickness 100/me] XA S Z X]
HHL AZshel QA (Instron 5566) A&}
o Aol ZHsHgon, 30mmmin] L ER
53] oA &H3dlo] FI A stress-strain curveol| A QI
H7FE, Modulus(100%), A173ek4 82 24aheic

2.7 SA3EIXE
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2,71 IR =, HH cell Y Tt

HITACHI S-3200NE ©o|&3}e =¥
Wi} ¥HE SEM(Scanning Electron Microscopy)
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3. ZW Y 1

3.1 AX|EA 12X By

MPC= 2-(2-ox0-1,3,2-dioxaphopsoloyloxy)ethyl methacrylate
(OPEMA)&} trimethyl amine(TMA)S] A4S E3)
e 4 otk oY TMAL Rale] $EX7|A=
BEAo] 287°Co)7] W&ol 204 7IA= &A
skl Aol Qlol FHFol Itsieh AAl ¥4 o
HAME el er1s dAsob shul 20°Ce] L%
£ Ak B 5 Atz 2AH AT
I} triethyl amine(TEA)= TMA®] H|3| o <F
@ 54 7K BEzol 89.7°Colnz FFol
golaiey,

oA TMAS TEAR tAstd Hoh $4h3te
AolA g & 4 e OPEMASL TEAS S3f
YHEE MPCEE MPCS A9 FARY ohs} 728
23 9ol $AR BavlAel AgEE Holt
(Figure 1, Figure 2).

BN

Abs

Figure 1. 'H-NMR spectrum of OPEMA.

Ahs

Figure 2. 'H-NMR spectrum of MPCE.
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Figure 3. FT-IR spectrum of MPCE-NIPAM copolymer.

2-(2-oxo0-1,3,2-dioxaphopsoloyloxy)ethyl methacrylate
(yield : 34.9g)

'H-NMR(CDCL:): 8=1.95(-CHs, 3H), 4.12~4.40(-CHy-,
8H), 5.61(-CH=, 1H), 6.18(-CH=, 1H).

2-Methacryloxyethyl Phosphoryl Chlorine(yield :
39.6g)

'"H-NMR(CDCls): =1.30(-CH; in N'(CH,CHa);, 9H),
1.95(-CHs, 3H), 3.05(-CH;-in N'(CH,CH;);, 6H),
4.00~4.50(-CH,-, 8H), 5.60(-CH=, 1H), 6.18(-CH=, 1H).

IR(ecm™): 1716(C=0), 1635(C=C), 1000~1300(-CH-),
970(N"(CH,CHs)3).

3.2 CIx|XI5Fs MPCE 2|2 &M

N-isopropylacrylamide(NIPAM)-2 Q1A 213}/ do] A
28 2424 onzopd Yol AgHT Ut F

2 5312 Yoz AgEo] AATT Hopo] ol
g Az Wapgol 9o} okE A AAde] w
42T AgHET

Table 2. Copolymerization of MPCE and NIPAM

MPCE®} NIPAMO] 353 & fofx &
A=A olet JAANEMS 7HE 4= itk NIPAM
oA Eoh2 7IE2EAZZ AA7H By 2 &
ST BEFL A AoR 7]EHHEHFigure 3).

2-hydroxyethyl methacrylate(HEMA)= 244 3
24 AAZsHd ol Heolu o7, 3HFE, AF AF
SolA ZgEta Qe A=olth ’“Zﬂ o
1 7hA 9 FREIGo] Holu AYE=, <
TTAA T & FE Bz 4 wo] Ag
g ot = HE A QA RFgo] glo] F
A TBA 5 mEolME de AMgE ot
ArwE vle} o] ALAAT QA RSHA
o] A%¥® HEMAS MPCES} B33 A|7|W QX
AA ZYH ] So|=EEATE FA4T 4 A =

H

—

0
r

. olEgt Fo|EFAIE FaddE a-mo}oq
MPCEQ] A& zto] ZEEHE= A A52-&7
tEo] B FAHAI= i‘rf‘”—‘] olgior zg3t

t}. watA] copolymerd] A, HESA, AR AT
4 #utk oty et 7H5A 34‘3} Fo= FEstA 2
_g_@_q_l(),ﬂ)'

Composition(g)

AIBN Solvent Time Yield

Polymer o
MPCE Monomer (mg) (MeOH/THF) (days) (%)
MPCE 10.0 - 49 3/7 3 82.7
MPCE-NIPAM(1:5) 1.7 2.8 49 3/7 6 64.5
MPCE-NIPAM(1:1) 5.0 1.7 49 1/1 6 72.8
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2 AFoHE MPCES NIPAME 7HA] I Q1A
d 1EAE FFHsHI o, Table 20 TFA <
FFe AAA AEFE 2Elste] IE copolymer

£ A8k

IR(cm'l): 3300(-NH- stretch), 1728(C=0), 1652
(-NH- bend), 1300~1000(-CH>-), 966(N'(CH,CH)3).

Cross section-NY20D A Surface-NY20D A

3.3 ZEx|Zo| ttH 3 5MH SEM &F (MPCE-NIPAM 0%) (MPCE-NIPAM 0%)
Figure 4% ket MRz ACR S428 &
JE HEol vel 2 FWY SEMEYATNE e}

MPCE-NIPAM copolymer®] 3tFo] Z7}ste]| wh
o feke] TWON FHUFE colle] BIFE AR
o ERolME X0 97 L Wge 277 A

AL pASAt,

Z <o A &H21dt MPCE-NIPAM copolymer?] #7712
olFA] E&rol 271 9 Y4=¢to] ZrAse AL Cross section-NY20D B Surface-NY20D B
g RE9 cell B FAro] AT Blstgch (MPCE-NIPAM 1.0%) (MPCE-NIPAM 1.0%)

FIF

Moo

3.4 &4 PU/MPCE-NIPAM E3IE Z!29|

=
Table 32 MPCE-NIPAM copolymer®] S H]
gol weh Au Bt g FARE FYD
o]t}. MPCE-NIPAM &3Fo| 5.0%9] Film F 7$
MPCE-NIPAME #H7}3}%] 9FS Film A%} H] @ a}ed
Tensile stress= 36.9%, Tensile strainS 54.3%, Modulus
(100%)= 68.3% &0z FZA3] AstErt o=

SEI 150KV X1500  10jm WD 89mm

227 =ANo| Lm B2 A DMFS E1} 233t Cross section-NY20D C Surface-NY20D C
— - gl
MPCE-NIPAM 2.0% MPCE-NIPAM 2.0%
Al R&A B9l MPCE-NIPAM copolymer7} 482-& ( o) ( )
S5t HAl o cello] A2 WFoR F=0] Figure 4. Cross section(left) and surface(right) of breathable
ZolA filme Aut EAo] tA ASlEE AR coating Nylon 20D fabric which is blended with MPCE-
gohE o NIPAM copolymer by SEM(x200/x1,500).

Table 3. Physical properties of polyurethane film blended with MPCE-NIPAM copolymer

No.of Bl/:}z(jdE;dNI;ﬁl:[ Thickness Tensile stress Tensile strain Ni(:)%l:,l/:ls
Film % (um) (kgtf) % (kgfrri)
A - 100.0 76.1 302.8 18.9
B 1.0% 100.0 394 189.6 16.8
C 2.0% 100.0 353 182.4 14.7
D 3.0% 100.0 32.7 174.8 14.7
E 4.0% 100.0 323 167.9 14.4
F 5.0% 100.0 28.1 164.4 12.9
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Figure 5. Vapor permeability of breathable coating Nylon
20D fabric coated with MPCE-NIPAM copolymer.

35EA

Figure 5= MPCE-NIPAM copolymer?] £d H]&
of the e TRHE] BHES e Aol

E& T = MPCE-NIPAM copolymerE 1.0% E#
9 A nHEHED unstd 13.8% Z7stgo
Arlgo] ZAEAE B&wEsl FAH, S0% 2
A9 A9 EaEs mFbED @A 33%
st $tH, MPCE-NIPAM copolymerE 6.0%
ol EdY A, FAMFLAANA dHBAol T
ot FAdT =27F FAHA FHoch

3.6 LHgf

Figure 62 MPCE-NIPAM copolymer®] &3 H|-&
of WE BHUE FRAR] §4ee vehd Rolth
durHoz E&Trt FrEY Wage dad
o ZRA=E 0% 2dY A
o) g Z 29 7400mmH,0 H| @3] 61.4% =FO

MPCE copolymerE 1

0|5 #oHY - bHElA

8000
7000 A
6000 -
5000

4000 -

Water resistance (mmH,0)

0 1 2 3 4 5 6
MPCE-NIPAM Blended ratio (%)

Figure 6. Water resistance of breathable coating Nylon
20D fabric coated with MPCE-NIPAM copolymer.

2 343 AsEYe 0% EAAE 50.0%
Szo7 AstE

B &4 9] MPCE-NIPAM copolymer7t ¥ & 4=
9 SHExA HH F DMFeF A& A] Ha
Aol 7+g MPCE-NIPAM copolymer7} Xt} @2
FEE T celld] FAlo] NELFoE AR
B o2 ols) FFo| AR EF EHS AHA
RS EAE FEFo] FobdSE RHY AT,
Age) 2717k FEel Mo agro] e
He 4oz EHIH

3.7 MPCE-NIPAM E#IE E&H4 FE2ICh|
L+E7S5Y
MPCE-NIPAM copolymer7} T}kl 2Ao=2 &
de H 639 ZF=0 e +2ACIEES B
314t MMT(Moisture management tester) Al 37| &
T3 &4 4= Table 4o st

Table 4. Moisture management properties of breathable Nylon 20D fabric coated with MPCE-NIPAM copolymer

A B C D E F
Time in absorption TOP 143 12.1 11.9 10.6 10.2 10.0
(sec) BOTTOM 120.0 120.0 120.0 120.0 120.0 120.0
Absorption ratio TOP 97.8 246.8 308.6 330.0 3455 362.9
(%o/s) BOTTOM 0.0 0.0 0.0 0.0 0.0 0.0
Max. of radius TOP 5.0 5.0 5.0 5.0 5.0 5.0
(mm) BOTTOM 0.0 0.0 0.0 0.0 0.0 0.0
Diffusion TOP 0.34 0.41 0.45 0.48 0.60 0.61
(mm/s) BOTTOM 0.0 0.0 0.0 0.0 0.0 0.0
Migration on one side(%) -265.9 -220.4 -219.4 -179.2 -174.8 -165.5
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Table 5. Anti-bacterial evaluation of breathable coating Nylon 20D fabric coated with MPCE-NIPAM copolymer
Halo Vinson rate
No. of Sample
ATCC 9144 NCTC 8196 ATCC 9144 NCTA 8196
A None None Observer Growth Not
B None None Observer Growth Not
C None None Observer Growth Not
D None None Observer Growth Not
E None None Not Not
F None None Not Not
MPCE-NIPAM copolymerE 38317 %= A|RA MPCE-NIPAM copolymer X ZAHo| EZ3HE
¢} v]w 3}l MPCE-NIPAM copolymer?} 5.0% 3 F718A4¢] DMFe} $318x 9 E319 X3
f NEFE SEERAC] O 43 FEHAL. =8 Aol clle] 2718 2751, FHE
MPCE-NIPAM copolymer®] H|&o| &% & 49 vA oz 8 AAHNIA E4S 7t

OF Aol pactel ARl e s=e
A2 WA F 5 e 3

!
o SE @ 9T o5HY 5o 4

+re g 33 A
F 94 FAHOR AgSe AWE stech
3.8 &7y

MPCE-NIPAM copolymer7} ZEEH AR 6%9]

FEE 24 ATE Table 59 et
Halol ®E AZoA T2 ekghon], Vinson
rate FF A3} oo A= Aol A3 Lo
FoLAT ZEA TRAAE A, B, C D ABA
Soto2r H=FH A (Observer Growth)2] Hﬂ/&]O]
Qolrow] E FdL #AHEA gtk ole
BAol wigE AAEA EH o FHEA ] ‘?a_*
A7 A= 4.0% o4 i Bl&o] Hojof

T & 4 99k
4. d B

2 dFolAe dA Ao JAAE IEA]
2-Methacryloxyethyl Phosphoryl Chlorine(MPCE) %
N-isopropylacrylamide(NIPAM) 3} 2] copolymerES 43
T 44 BAPHE S B, A
BED 0% YA £47d 2 2
49 A 9Ed UdE %‘X‘%% %*é, 55
4, WEE, +EAEEY 9 5

A},

A DEA R} 7539t MPCE-NIPAM copolyrner

o 2AE vgo] 37184S S

=

o]

r{n

AT

214 2344,

o

ANEIE

=9 = ¢
3} = it} MPCE-NIPAM copolymer”} L}
Hpol TRUS BAT T ALY A

45 9 2EAF F/btn B

A%

2 HE AAZA copolymers: £
Aén Aol

S FAT Al AXEA copolymer
HZL Ao

oxg HAZ 9

g AYe B4, 287 HH4

S <
Soac

A4F o) npola2 TAZ FAste THET
=
=
T gFaAE AT & - Uk
% 47193 World Class 300 AFG2o2

FAI Y (10043171,
15 2

2Ad Yol sDe

= MEE ¢ JAMEE drA=
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