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E7tEv|o|E £2]&, MDI 2 N-methyldiethanolamine(MDEA)Z 56 Z2|7lRvo]EY QdE 42 §
43til, MDEAS] 43k SR FH3H whgol sl Fole4 ZstuulolE $ye X2 AxsQet. S
QAW o] 2719 FFo] F713e] whel AABE VAL A ZHAOY WS EHHE S HotE=
BFE BAFAY. dEE /B EFEY B Fo] A ZaFRuo|EY e whe] MElg 9
BrRen, olhe 2717 carrier mediated transport mechanisme WER S 2 MzbgC),

Abstract : Cationic polycarbonate type polyurethane was prepared from the quaternization reaction of N-methyldi -
ethanolamine(MDEA) in urethane backbone which was obtained from the reaction of polycarbonate polyol, MDI and
MDEA(chain exetender). Tensile strength and modulus of the cationic urethane resins were increased sharply
with increasing the ionic content in urethane backbone. But hydrolysis resistance was decreased with increasing
ionic contents. The selectivity of the cationic polycabonate urethane membrane for water/ethanol separation
by  pervaporation was about 20. The carrier mediated transport mechanism was considered the most probable
separation mechanism for these membranes.
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2. 1. polycarbonate® glycol®| BHAI[16,18]
polycarbonate® glycold®] #4oll A3 A)FL Ta-
ble 1o} YeRlQlen, £54), awy], #EIFNE
F24 1000mi 37 E&k2 3ol 1,6 - hexanediol 300g(2.
54mole) # diethylcarbonate 285g(242mol) & R Z
SUEF FulE 029320005 wi%) & H7ste) g9
HoZ W% 120T oA oF 3R B9t o i)
23 wgg ANAG (Fig1&2). olF 97T 7
B4 g 8 G5V E BZeln 7 A7) AR
170C 742 AMAM3] 7hdsta A ofxHz odeggs
ol 90% 7HA AASHS wkg-g AAA A}, B
388 EE YA F vk diethylcarbonates} 1,6-
hexanediol =+ oligomer® AA 3l7] $18) 30|
HAA opESE AFsgen HEHoz Znz
AHEE Na °12% AAs 7] A8te 29 HCl 89

Table 1. The Characteristics of Reagent

Reagent molecular bp/mp(°C)|  structure formular

weight
1,6—HD | 11818 | 208/42.8 | HOtCH-}OH
NPG 104.15 | 211/127 |(CHs). C(CH-OH),
14—BD | 9012 | 235/195 | HO(CH,),OH
DEC 11813 | 126/—43 | (CHsCH0).CO
MDI 2502 | 190 % /39 | ocN-¢G)~CHy~{0)~Nco
MDEA 119.16 246/ | (CH3)N(CH.CH,OH)
CAA 9351 /116 ClCHngHz

*!at 5mmHg
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HO—R—OH + (CH:;CH2):CO;
l Na
HO—R—0— (COO—R-0);H

polycarbonate  polyol

MDI
NCO—terminated urethane prepolymer

MDEA

(chain extender)

Chain extended polycarbonate polyurethane

CAA
(quaternization)
Methanol
f‘) 1(:) 0 0
i I
CH;—OCN—R'—NCfO—R—-0CH N—R—NCO—
| [ | |
H H H H
w SH 9 N 0

— CHy— c CH,0—CN—R— cho R-— oc%
| !
O CHz(I“TNHg H H

Cl
0
Cationic polycarbonate polyurethane
CH;
!
R=-(CHy); , —CH,~C—CH,~, -(CHp1

|
R'=-{0)—CH:—{©)— CH,

Fig. 1. Reaction scheme for synthesis of polycarbonate
type diol and cationic polyurethane.

oz AFF o-g 200C, 2mmHg 23N 2412
B ARAA FE €L ZAF S AA}A poly
(hexamethyl carbonate) glycol (13} PHMCG) & &4
3tAh

BEAF(EEE A3 AIdd FExa0d019]
o2 FA77HE A3 (DHoz 1Y HFE &
AFE A& StAHTable 2 FX).

Molecular Weight=(2 X 1000 X 56.11)/OH value---(1)

FA33, A198 A1E, 1990

Lo+ A -

AL

EY3 W 2. 2 neopentyl glycol™® 1,4-butanediol &
Z}Z} wrg-AlA poly (neopentyl carbonate) glycol (PN-
PCG) 2 poly (tetramethylene carbonate) glycol (PT-
MCG)E A3t
Table 2. Molecular Structure and Molecular Weight of

Polycarbonate Glycols

Molecular Structure
HOXCH20t COO{CH2%s0%H

HOCH2— C(CH3),CH2— 0 —
£C00 CHy—C(CH3)2CH2—03H

HOf CH340ECOO£CH %03, H

polyol | MW | mp(°C)
PHMCG [1095( /40

PNPCG |826 | /90

PTMCG |1185| /55

2. 2. polycarbanate 20|24 ZEz2|RaEt X2
84

110C, 25mmHg3loll A 30 #3+ g4¥ PHMCG &
A A€ DMF 2 &3 A1#th. NCO-Z'& prepolymer £
AzE7] Y5t HSLEE 0C 2 2 F F
Fds ueiste 28 MDIFE B39 Hrlsty
o § 271F9FE AAFY 60T = ey =
715 F 2 A3 BA vk ARl F USRS F948d
4 A1zt F7F ¥HE-A1Z ok NCO-2% prepolymer £
€ 40C=2 Y#F b MDEA £8%% H7)18ld
HE2EE 60C 2 FXFEA 3AES 92AZ
F ZEYTtRVIEY Ze9Hw £ []8PUPH-
MCG), PUPNPCG), PUPTMCG)] & &A3tqit.
NCO-prepolymer A&A] NCOS} OHS ¥hg &1
(NCO/OH) = 12, 15, 20, 30, 4028 W3AF|HA
¥HeAIZ e AX [NCOMDI/OH (glycol®l OH +
MDEAS| OH)]& 1.05:1 2 :2837] 913t prepoly-
mer Z+2to]l tf 3t MDEAS] #7132 polycarbonate gl-
yool®] ¥H-g-Z4¢ tdted 02, 05,10, 20,30 2 W] &=
AT olF 10mL WEES st oo
NCO-71& WE7]|2 X &3 B Y&A7|2 o3},
Az 3gen, ol $agA )3 CPUPH-
MCG), CPUPNPCG), CPUPTMCG)] € 9ol A A=
3% fE& $XE DMFI £3A1FE wgd
A+8-¥E MDEA 9 22 E49 CAAE A8l 60
T oA 3083 WAA 43 gRFYgsputgoz
O] 2BAFE Bo &, ARAA ARsHYT)

g

2. 3.
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A= polycarbonate glycol & ¥ATFZEE FT-IR
(Nicolet Model 5DX) ¢} P-NMR(Varian, EM-360) & &
A stgen, HFHo= FAHF PU 2 CPUY &
A& gel permeation chromatography(GPC,Shimazu
LC6A) E ©] 43ttt GPC &A3A AM&3 &d=
THF o $4% polymer & 04wt% 2 UF ALE-3)
fon, AFML polystyrene EEENE ALl
A& Prt. EFEHEE lmY/min, 2EE 40T oA
UV detector & AH&-3ch, BEFe) o] A1H-E unive-
rsal testing machine (TOYO Baldwin UTM-4-100) &
o] g3td JAFZ =Y AFEE FAHsALH, o
dEAIHe A7le F4 50-100um, F 1lem, Z°] 3
cm 2 A9t A Wik $3020]
& YEUHY 7 AHS BUEE 100% 2% 70C
oA 3617 HAF AFAEE FAEF 5YF W
Hoz &A%Y Zxe A I=E WriFEHAY
A2 AHESgth. 93 432 54L& DSC(Du pont
9900 thermal analyzer) & ©]-83t f-2] 3] 2% (Ty),
£ 4SE(Tm), Fdd AR E ZAHA

2. 4, F3nt 3Y Ag

Fol2A fHE FAY F=E Bwt% =R =
At Az LAE AARF FET ol ALH- o
AerF 65C, 110torr 3HollA 48 A1 ARAA AZ
ST B3 29 29 2o, fE o dEe
2598cm?ol™ 2 8H-o] tE 35torr B A3
i, FFYY 22 23C 2 §A}GT. F3E
7= ALY Fel trapol J3A trapping
3ttt FIRE&E (2 Aol oA ALrett

T gf?

Fig. 2. Pervaporation test system.
components include 1) feed tank,
2) circulating pump, 3) sampling valves
4) membrane test cell, 5) cold traps for
sample collection, 6) absorbent trap,
7) vacuum pump.
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Fig. 3. IR spectra of polycarbonate glycols.
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Fig. 4- NMR spectra of polycarbonate-type diols.
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1745cm ™9} 1267cm” oA el m e, PN-
PCGY] 7% —CHaol 213 1385cm ™! F 5t = el st
T At EF Fig49 NMRAFEHA 5§09 2
338ppm ¢ —CH; ¥ —CH,— 9] 932 2 Ah 7
dHo] 642 PNPCGE ¥ 4 9loH, §4ppmel
FRYle|E 18 —CH,— 9 s=igh & 1.4ppmoil A 2]
Wi —CH,— 9] 9 =0] o8] PHMCGYU S #91% 4
ATh. PTMCGS] 99l % § 4ppm H-2] 7R Y|o] E
dd —CH—9 Aa9 W wWAA719 §16 ppm
FFHAE 9% 5 AU} o5 A 229 polycar-
bonate glycol& MDI ¥ MDEAS} ¥+g-A]#H Qo =
LRV EY ol &4 PUS IRAHEHE Figs

THsE, A14d A13, 1990

2w - gAE

CPU(PHMCG)
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Fig. 5. IR spectra of polycarbonate-type cationic polyu-
rethane.
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3. 2. Pilycarbonate 0|2 PUL| 7|H| XA Z
Fig 6 = & d¥8X 3FF9 polycarbonate glycol &
ARg-8ted 4% ol &4 PUS| &8 H 3} wgg oAl
QA= Wsls HIZAZ A7I MDEAS 3
7bg Wt wel FAF Aolt), Fig7L ojs $
g 219 A48 WS MDEAY M7}k what
Hebd Aotk CPUPHMCG)A 2 CPUPTMCG)®]
3F PN Q3R =7} 30Kg/cm? ol A MDEAS]
H7bge)l S7heel wet 120Kg/em’ o2 QAR ES
S7HEE € UL 10 Wk Fig 7ol ME AR g e
MDEA 9] 7}%o] Z71gtol wal 1400% 914 2k 600
%2 7243k3 910] hard segment 24 MDEA & &
W7 AFA o2 YL sS4 4 Utk w8
CPUPTMCG) o1 X} MDEA 9] #7}#o) Zr}sw 7
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@:CPU(PTHCG)
: CPU(PHNCG)
A :CPU(PNPCG)
at break point

300 [ O:cPu(PTHCG)
D) CPU(PHACG)
A :CPU(PNPCG)
at yleld point

Tensile Strength(kg/mm?)

02 05 1 2 3

MEDA contents (mole ratio)

Fig. 6. Tensile strength of polycarbonate polyurethane
according to the MDEA contents.

1400

@:CPU(PTHCG) series
H:CPU(PHMCG) series
A:CPU(PNPCG) series

ELONGATION (%)

Q2 as 1 2 3
MDEA / POLYCARBONATE-TYPE DIOL (mole ratio)

Fig. 7. Elongation of polycarbonate-type polyurethane
according to the MDEA contents.

& 50Kg/em? A 300Kg/em* A= F7HE 32 JleH
ANA&E CPUPHMCG) A%t 2o 16- hexanediol®l
stako) whel whule] A AAHD ot AL

ZAago] 393 IS ¢ + Atk 2y CPU
(PNPCG) ¢] 7% MDEA 9] 3 7}ekol whatr] F7he-&
Ho|u} CPUPNPCG)—15°178A &3] o#{2A
& Zg]2< PNPCG7} MDEA S} #o] haed seg-
ment £ 71981 &S 9vske Holth. & PN-
PCG AA 7} BATZE SN WS R side
group < 7HA 3 917] wjEeleti AztEnh, 12y
Table 39141 €4 %A%l CPUPNPCG) 9 @2 &
Ak o8 JTE AT 5 Ut o] T2 BF

Fig.7 9 44§ ¥so A= et MDEA ¢ 37}
W 3slol] wal CPUPNPCG) 9] 4AlA-&o] §73H
A3%tE Ao 2 Ko} neopentyl group AA 7} hard seg-
ment 242 AFL YT YL ¢ 5 Ath
a2y Table 3914 @ 4 A%l CPUPNPCG) 9
wo Baiee] o9 g¥gE Bu geE & F A
Fig.8 & o]& 3% 52 PU | 31°1A] MDEA ¢} polyca-
rbonate glycol & 87} 05/1 Yufe] HHFZHL &Y
—Hy ST AT Aojuh, CPUPNPCG) 9 A% &
©3 PNPCG ol 7108 271ed &) wig & gtez
FAHT oen, #4943 PHMCGE °l43% CPU
(PHMCG) 8] 2% Z71e4d &0l gov H¥z 39
o] BAV A FRFoz wEHsI Qo] FAsL
AA% o] FAH T Y& ¢ F Ak I CPU
(PTMCG) &} ¢ 24722 A 2ol A4 &<
o8 Wy FejE CPUPHMCG) Ale} At
U §9A4e Ze wiZare ZHol Xolz A

Y ok rlo H

Table 3. Thermal Properties and Molecular Weight of
Polycarbonate-type Cationic Polyurethane

Relative

SAMPLE Tm(°C)|Tg(°C) .| MW
crystallinity

PUPTMCG)—-0 44 —36 100 30000

CPUPTMCG)—12 | 43 —35 80 29700

CPUPTMCG)—15 | 41 —34 72 30000

CPUPTMCG)—20 | 42 —31 65 27000

PUPHMCG)—0 32 —41 100 28000

CPUPHMCG)—12| 33 —39 83 26000
CPUPHMCG)—15| 35 —37 62 31500
CPUPHMCG)—20| 36 —37 77 26500
CPUPNPCG)—12 | 86 —40 100 15500
CPUPNPCG)—15 | 84 28 80 17000
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Fig. 8. Stress-strain curves for Polycarbonate-type catio-
nic polyurethane. [A:CPUPNPCG)— 15, B:CPU
(PTMCG)—15, C:CPUPHMCG)—15]
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kR84S 23317 S8l &5 70T, Ad
FE 100%1A 36A17 % F AAF = WIlE
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ZAFo RN AvHor YrleRAel AsHdn
ASE B 5 Ao F AFEF oj27E 2R gE
FZ 79 leather skin & $-d ¥ X A9} BE YU
7 238 NA 60% A 5% 9 ARRE H
A&S FAY g RE9 oA e FAE
o] Bo} wte §A&& veElln o}, a8y ool
2719 o] EFEl& B9 3449 CPU-30,40
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el % “GFQ} hard segment®] Z7tol 7]<1%t
Zrdo},

_TL*J}

3. 4. Polycarbonate-type 0|24 PUS|
EESPAES|

Fig. 10 & §-3¢ Polycarbonate type %] &4 PUd

FTdss A14E A13, 199

@:CPU(PTMCG) series
- 8:CPU(PHMCG) series

Residual Tensile Strength (%)
8
1
CPU{PHMCG) =15
CPU( PHMCG) -20

1-40

L2
PIMCG) ~12

{PTMCG) -30
»
@

:

ey T —

Fig. 9. Comparison of residual tensile strength(%) after
hydrolysis.
[A:Commercial polyether type polyurethane]
[B:Commercial polyblend type polyurethane]

PU{ PHMCG) ~15

CPU{PNPCG)-15

CPU(PTMCG)-15

1 1 1 1 1 1 1
w0 - W BV 0 w0 D 0 » 0
Temperature.(°C)

Fig. 10. DSC thermograms at 10°C/min scan rate of
polycarbonate-type polyurethane.

2|3k DSC thermograme YEFA ZHolth, o|E ther-
mogram®. 25 Zzte] g A9 g 24
o] LE(Tp), ZH L LE(Tm) R ANEAIE 5L
428t Table 3 EAIBIATH AWEAASE 443
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o= 2-chloroacetamideZ WH&-A)|71 A &2 Zkzbe| H]
o] &4 $H e £ ANFEE FLE . FET
methylene 718 2 PHMCG-MDI Al %¥°l24 PU ¢
AL Tge —39C oldte] & BAHL o
MDEA 9] #7}gko] 713 wet AeHe 3%S
B A 2As e AHE S UEa
ek o]H3 BPL 2L methylene 71E ZEA|T
AR Aol & PTMCG-MDI Al %0]24 PUNAME }
ik, o] AL HMAFA Y MDEA H7HEE F7HAI
Do zA Sd I FErt FUtE o] FRAH F4&
A F F7lo) gM fE Holexrt Fs HA
vk, MDEA S d#Wiel CH; side groupol ]34
B ge s 2] diol dl ARt =T} da
HeAoz Azdc, Al das B8L 74
3= CPUPNPCG) ¢ 7$-ole Tg7t 4Bt &
e el glew, MDEA 9 H7bEel o3 &
A AR vad 24 gaEn deS &+
gtk T3 4R §§& 59 ojA= CPUPNPCG)
o] 7% 80T o)4¢olm CPUPHMCG) 9 %% 36C
B9 7S EASHE, CPUPTMCG) AlY 3%+ 40
T o4 g JvERdTH

3. 5. ot 3¢

Z7 & Aol tetamethylene 7], hexamethylene
7] Z28]3 neopentyl 71& 71X ZE]FlHYOlEY &
dE e FAE N2 945 2T L2 S8
e AESY] 3 FAFLEE 0|83 E-o e
g 2o $-434. =8 3% o199 quate-
rnization o] 9§ ©] &3} wgo 2 Sout £xlo A
FAE TYdL olE Yol TP fE Zzhe
Fole e 44, CPUPTMCG), CPUPHMCG),
283 CPUPNPCG) =e] #8 54 Wstes &A3)
At 25C oA o]E ZAHAFAE Table 40 Ea=
AAE, ol FFER HAFHI.

Neopentyl 7| & Z+& CPUPNPCG) A$- 2& 2
g3 AR QAR Aste £ 54 FH oy
£ol ogkth. CPUPNPCG)-309] ¢ o AA7}
o)$- brittledl A E2]AdHES WY + AU Table
494 & F ARe] o] &F#Fo] W& CPUPNPCG)-
0159 AS-ol X g 3ol 14—27HE2 B MYz g
el tl. Hexamethylene 71& 7F4 CPUPHMCG) A

Table 4. Pervaporation Separation of Water-Ethanol
Mixture through Polyurethane Copolymer
Membranes(Temp. 25°C)

POLYMERS FEED FLUX a Permeation
CONC Rate
wt%) | (kg/m?hr) (kgm/m?hr)

CPUPTMCG)—0 90 001230 | 238 |04920X1076

CPU(PTMCG)— 15 88 004470 | 439 [3.7995X10° ¢
CPU(PTMCG)— 30 91 002460 | 1860 (22149X10°°

CPU(PNPCG)—0 86 009800 | 267 |55468X10°6
CPU(PNPCG)—15 90.1 | 327475 | 143 {27835X10°1
CPU(PHPCG)—0 89 009800 | 369 [2.2500%1076
CPU(PHPCG)—15 81 589470 | 128 |5.5999%1074
CPUPHPCG)— 30 91 002331 | 977 |22611%10°

o] M= CPUPHMCG)-30 & %% CPUPHMCG)-0 ol
nja) Mexr 3uRE FUtHe] Folvld &%
AEA F4L ¥ 4 Utk Tetramethylene 718
}= CPUPTMCG) Al $-digte] 49 o] 28] o2
der 7B 24 FdEE 2945 Jehda e
$-7) 2 SdekeRo v&) 7 FL& AT
AL F AL ol F wE CPUPT-
MCG) Al Sdggde] Hax ¥ss HES Y3y
CPUPTMCG)-20 3 CPUPTMCG)40 9| 43L& B
%3] 2 AFE Figllol EA38. 2864
o] 2-gHgko] 13} 2410], & PTMCG &2/ 1 mole ol
tsled MDEA H7bsFo] Evl&2 19 2dli9l A%,
Rz} 1804 203 E2 IA FAHT JY&S ¢
vk FFE&EE= g 38X10°Kgm/m?hr 49
TS BAIBLT Qo] o] 28 FF o] WE R 59
Hsls 3A goy Hlol2A H R, CPUPT-
MCG) 09 H|3t 238 B FAHIL ULS
F k. W MY 18209 #He E gL &
g F g FE7 0% < TFNE FHST
Hog RYANALY TR ENAM 9 &S FEE 31
3% E LAEL Jugd. gty S5 AYAdS
N, AEerl g3 BR&EE7) @AY E ol &%
% ¥ CPUPTMCG)-30 -3 etare Mesie &

N e

dm 2o
to I

o,
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Fig. 11. Pervaporation separation of CPUPTMCG)
membranes according to different ion conte-

nts at 25°C.
I S R N B
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g Tz
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£ E
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o
)
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‘\H/"—“ =
O U T T
() 20 © 6 80 100
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Fig. 12. Separation factor and permeation rate of CPU
(PTMCG)—30 membrane according to diffe-
rent feed ethanol concentrations at 25°C.

Y F dge Fx ¥ o2
3ttt Fig 129 359 59 o=

Fdssh A14E A1E, 1990

2 olg

g 4AS

Table 5. Comparison of the Separation Properties by
Pervaporation through CPUPTMCG)—30
Membrane and PUPTMCG) M embrane

FEED | CPU(PTMCG)—30 PUPTMCG)—30
Eﬁ? a Permeation a Permeation
(Wt%) Rate* Rate*

30 209 0.195 112 6.30

50 5.69 0.122 1.73 139

70 12.25 0.225 205 226

%0 18.59 0.222 340 193

* 1 X10°Kg/m*hr
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Fig. 13. Relation between flux and feed concentra-
tions of CPUPTMCG)—30 menbrane.
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