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Property Evaluation of Breathable Blend Fabric of MPCE Copolymer
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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.
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E oA 283 MPC(2-Methacryloyloxyethyl
Phosphoryl Chlorine)= ™o 3Edl= 449
UGBTI 4o Ao g o|Fojy AF= o
FoiA Qlo] ARG FHFHHol T
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23513, o] 42 ZA ML MPCE-NIPAMZ:3| 9]
A<l DMFe} E3hel
Aojste] FAHEE cell

E3, BAE Polyurethane filme] cell FAFs3}o]
0 Wed FE= % a4 59 A wEE
wEs A

2. & H
2.1 A2f

A3 ARREE= HE2-E9] 2-hydroxyethyl methacrylate
(HEMA), N-isopropylacrylamide(NIPAM), triethylamine
(TEA), amminopropanoic acid-2 Aldricho]| 4], 2-chloro-
2-o0x0-1,3,2-dioxaphospholane(COP), acryloyl chloride:=
TCIo|A Tske] Mol AT glo] AHEaH
o} S AREE AIBNS o] A glo] JUNSEI
AFS AHEstEtt. &mi2 AREH  tetrahydrofuran
(THF)1} acetonitrile(AN)2  Z+2ZF sodium} calcium
chloride S A7}3}e] 24A)7Fo] A WHIAIA ZE A
a5 BF AAT & ARSI
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2.2 OPEMAZS| &M
500ml o]F AAES %

HhE7] YWHE davtAR

o] ujE dry THF 200mlE

A FEaezo] dAsta

AP 9 wg7)
W1 HEMA 20g(0.154mol)
& =9 F 1087 ukaeh 22T TEA 156
(0.154mol) & F7} EUstL 2087 wHksle] zF H
22 243 N1 T We7lo) LES 0T
YAt Y2zhe wkg-7]of dropping funnels A
2)8}o] COP 24.1g(0.186mol)& dry THF 100mlo] &
A7 gL 147 Bt FaAch FHairh o
BEHE G202 AAS] 52 AlZl T 4A7HESE Bk
AR BE- F2 $ AAE J-EY tiethylammonium
chlorideE ZY "EE E3] A|AST oAHdHS
evaporationdto] et wkgE 9 &S AAZTH
ZHFE2 dry THF 100mlo] &3 A]7]3L 50mle|
diethyl etherE H7}sto] %k triethylammonium chloride
£ AAANG. FdEHE JAES AAs
evaporation}o] A APIES] 200013 2doerhymloy)
ethyl methacrylate(OPEMA)S ¢ =th(Scheme 1)'?.
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2-hydroxyethyl methacrylate

2-Chlore-2-ox0-1,3,2-dioxaphospholane
(HEMA (

TEA C/
dry AN L ‘\ /
i coocuzcﬂzo—r-v\
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2-Methacryloyloxyethyl Phosphoryl Choline
(MPCE)

Scheme 1. Synthesis of MPCE

2.3 MPCEZQ| M

500ml flaskol oil bath®} condenserS dx|s}al wt
S7] WHE d4a2 X@g ¢ g3l dry AN
200ml2 Y1 OPEMA 35.0g(0.148mol)S =918t &
2087 wHkA|A &A1 7Tk 272 TEA 30.0g
(0.296mo)E Est1 ¥Fe7|E wWEsh "Rz
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o CH,CH, m

MPCE polymer

Scheme 2. Synthesis of MPCE homopolymer

2.4 MPCE-NIPAM copolymer?| g

MPCE$} NIPAME 1:59] EH|2 o&-2(MeOH)-
THF E&A(3:7, v/v) 50mlof| &3A1# 647t BH3
AN, o2 gL AT FdstckScheme 3).
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o, YdZ(PA 20/20 plain)dthe] ZE 3}t ol
A7lE MPCE 1EA= £3|= HAE A3}l DMF
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0|5 xHoHY- HHEIAM

At
2.5.2 &4l PUSX|Q| biEt

S429E 93l &4 PUSA F3Fdiu] MPCE-
NIPAM copolymerE 0, 1, 2, 3, 4, 5%& A&
55t g ch(Table 1).

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

Formulation(part)
No.of
Recipe  MPCE .
MP840 CL Fill DMF
-NIPAM e
1 -
2 1.0%
3 2.0%
100.0 2.0 10.0 15.0
4 3.0%
5 4.0%
6 5.0%
2,53 5438 ¥
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Scheme 3. Synthesis of MPCE-NIPAM copolymer
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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-oxo-1,3,2-dioxaphopsoloyloxy)ethyl methacrylate
(yield : 34.9g)

'H NMR(CDCl;): 8=1.95(-CHs, 3H), 4.12~4.40(-CHo-,
8H), 5.61(-CH=, 1H), 6.18(-CH=, 1H).
2-Methacryloxyethyl Phosphoryl Chlorine(yield : 39.6g)
'H NMR(CDCls): 8=1.30(-CH; in N'(CH,CHs);, 9H),
1.95(-CH;, 3H), 3.05(-CH:-in N'(CH,CH:);, 6H),
4.00~4.50(-CH,-, 8H), 5.60(-CH=, 1H), 6.18(-CH=, 1H).
IR(cm’): 1716(C=0), 1635(C=C), 1000~1300 (-CHx-),
970(N"(CH,CHs)3).

3.2 Qx2S MPCE E&HIQ &4y

N-isopropylacrylamide(NIPAM)-& Q14| 2 3}tAJ o] A
FH SEEA omiokof g AMEEHI Qo F
2 3 Fegz FLEHo] AAF3E &ofof o]&
Hm Al 3ol o FE A A" 1E
A== AHGHT

MPCE®} NIPAMO] F&d= &8 ¥olx 2
A== olzRt dAIRISMS 7HE 4= itk NIPAM
oA T FFEEAVZ AFAIZIH He 2 F

filo
A

Table 2. Copolymerization of MPCE and NIPAM

AT BHgAde 7 Ae= 7|g"tkFigure 3).
2-hydroxyethyl methacrylate(HEMA)= X4 &3
24 Aol Hoy o7, PEE, A AF
SolA 2Rt Qe ARojth AAR F4Eol
344 2 FEIRA] FHoju HAHE-M=, <l

K
N
t

A 59 b Fe Bz MY wol AHE
AT EF HE Al AL §lo] A
A 5 RrEokINE Y] AHgET Yok
oA 4w whel Fo] AeAda AdA e
o] #35d HEMAS MPCE®} £33 Al7IH A
A ZEHe] sl EFA7IE BT & A =
o olF® FolEFAVE F4aETE FAS
MPCES] A& Zto] Ag&e= 244 43528
Heol o2 FPA7I= ety dgeR gt
oh. WA copolymere]l XA, HEA, A
g B otyet 7ha A mu FAg0l= fElehA 2t
_g_?:;l_]:]_m,m.
# dFoA= MPCESH NIPAME 7hA|aL Q1A
d IEAE FFHSHHoH, Table 20 TEFA <
Tt MAA AHEFE 23t @8E copolymer

2

5 Olﬂ 0_>|’_"

H o oj
Iz R4

e

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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£ A5 A

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

Aoz £A3g 3 Cross section-NY20D A Surface-NY20D A
g (MPCE-NIPAM 0%) (MPCE-NIPAM 0%)

MPCE-NIPAM copolymer®] &&Fo| ZF71gto] wh
gt Yt FHoA FARZ celld FF2 AR
o #HA= A9 47 L A& F7)7F AR
A BEsHA
d<zo| A &<lgt MPCE-NIPAM copolymer®] 3
PA B S7F 2 Uiede] dasts
FY A E9 cell BY¥F2 FAo| QA=

fir
2}

7

-

mlorgml

o Cross section-NY20D B Surface-NY20D B
k- (MPCE-NIPAM 1.0%) (MPCE-NIPAM 1.0%)

(O ox Ul

ol

dor e

3.4 &4 PU/MPCE-NIPAM E#lC LZ9|

Table 32 MPCE-NIPAM copolymer®] &
g0 wet Au g Wge FAES Y
o|t}. MPCE-NIPAM o] 5.0%92] Film FQ] 7&-
MPCE-NIPAME ZH7}8FA] &L Film A9} v 1w 3dto]
Tensile stress= 36.9% Tensile strain2 54.3% Modulus
(100%)= 68.3% =02 FZ3| A3t o=
A 240l SagxA DMFe F3t A& Crosssection-NY20D C Surface-NY20D C

Al HE54E9 MPCE-NIPAM copolymerZ} &2 (MPCE-NIPAM 2.0%) (MPCE-NIPAM 2.0%)
Fste wAl B cello] N2 WEFoR FF0

:‘l" ) b e S j = ;;‘ Figure 4. Cross section(left) and surface(right) of breathable
dolA filme] AR Fgo] o AH= ASE e Nylon 20D fabric which is blended with MPCE-
aeE T NIPAM copolymer by SEM(x200/x1,500).

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

No.of D;:}Z(lidE;dNI;ﬁl:[ Thickness Tensile stress Tensile strain Ni(:)%l:)l/:s
il (Y9 (am) (kgf/cr) (Yo (kgf/crr0
A - 100.0 76.1 302.8 18.9
B 1.0% 100.0 39.4 189.6 16.8
C 2.0% 100.0 353 182.4 14.7
D 3.0% 100.0 327 174.8 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 xHoHY- HHEIAM

8000
7000 A
6000 -
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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.
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3.7 MPCE-NIPAM E#IE E&H4 FE2ICh|
LEASEY
MPCE-NIPAM copolymer7} ThoFgt Ao =R
de H 639 =0 i s2ACIEES #
3l th. MMT(Moisture management tester)A] 3 7]
T3 &4 4= Table 4o st

M w2 e

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
(%/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
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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
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o 2AE vgo] 37184S S

=
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214 2344,

o

ANEIE
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Hpol TRUS BAT T ALY A
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A%

2 HE AAZA copolymers: £
Aén Aol

S FAT Al AXEA copolymer
HZL Ao

oxg HAZ 9

g AYe B4, 287 HH4

S <
Soac
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