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MacroiniferE ©] &3 PUY AR

1. Polyurethane-Polyacrylic Acid Multiblock Copolymer

Fig. 19l PU-polyacrylic acid(PAAc)®] multiblock & &A1 A A=
Jet ™. DMFE €92 PEG(Mn=2000 g/mole)®} #&e] MDIZFE NCO%
@ prepolymerE LAt ©g WL TE 35TE W iniferter?] TPED®
prepolymers HAZAIZ 22X PU macroiniferters §A43 At 7] acrylic
acid monomer(AAc)E F YA AAct iniferter sited] H71EH, AAHE=
PAAc block®] Zol& wH-&AIZh vlddte] F743ko)

Fig. 2¢l= PU-PAAc multiblock 3% %4 ¢ FTIR spectraZ YeEFA T}

Fig. 3a, b, c& EEZTFTEY W& A103% &9 conversion, £NHE L 47

F BAFge PO F/H4S 2 4 v B3 wLAQd we FyTRB
of AYF7e A+ ZAE PU-PAAc 5 guHLo] living 7] 7o) @
& om o

Fig. 4= PU-PAAc ESITFEAY FEATA W& cast filme DSC
thermogrameol™. &3 A7t F719} tEo] PEG segment®] ZAE8H(JHy)
2 AL EL E(Tm)7} F3lo] ZAade WY, Tge 5o 78S & 4+ 9
th olE PAAcS EEZo)7F ZdojAo wal PEG segment®t PAAc block7Fe]
T2 Fdd “}T_— &84 F7tel 7113t

Fig. 59l& ®E&AIZte] w@& PU-PAAc EE2FF349 20CAAY E4¢
(water uptake)s YEIH HRo=Z uwh&A7He] Z71el t]Bo] filme] F44E% -
BRYrFol ZdaFE B & Utk o= PAAc B2 Zo|7t Z713te) wat
segment®t PAAc segmentitel]l F2Z%o] F715o] PAAcY OHYY grBE
PEG7} AR oz2M A4 B4AE o7l e Aot

Fig. 69+ PU-PAAc multiblock &% %49 HEd45&
HEtd ez 2EF7H tEo 5ol FATLS B
segment®] LCST(Lower Critical Solution Temperature)
etherd polyol2 lEzﬂgP HEol 2o gk &3xr) :
T Aol 50T 2ol A Aol H(point of inflection)S X O]Etﬂ °]&= PEG
segment®] Z2 48§ (Tm)ol] 7] Fc}.
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NCO terminated prepolymer
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DBTDL
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70°C, 24hr in DMF
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R
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Fig. 1 Reaction scheme of PU-PAAc multiblock copolymer.
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Fig. 2 FTIR spectra of PU acrylic acid multiblock copolymer.
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Fig. 3a Time-conversion plot for the copolymerization of acrylic acid
using PU macroiniferter.
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Fig. 3b Time-viscosity plot for the polymerization of acrylic acid
(20wt% solution) using PU macroiniferter.
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Fig. 3c Mn and polydispersity vs. time for the polymerization of acrylic acid
using PU macroiniferter.
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Fig. 4 DSC thermograms of PU-PAAc block copolymer
for the different reaction times.
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Fig. 5 Swelling behavior of PU-PAAc multiblock copolymer.
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Fig. 6 Equilibrium water content of PU-PAAc multiblock copolymers
in water for the different temperature.
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2. Polyurethane-Polymethacrylic Acid Multiblock Copolymer Dispersions

Table 191 PU-PMA £ZFTEA 49 71249 formulation} GPC data
£ YeE A PUMIY feed ratio’} 57} &2 block copolymerd] $g&o] =
7kt ol PUMIZE 7HAIAl HE& 3t7] w&olt) ofg8] PUMI fGEd ratio
7kt dE° Mn € Mw7h #Zastsd ole &uz S MAAY do
T7HE meE Aol Hade A AT wd, FFANY g ol
conversion®] Ay o2 F71eg Hola Ut}

Scheme 19l EEFFEA ionomer ¥ nonionomer 4+ A Z#HAL e
Wt WA PTMG(Mn=1000 g/mole)$} o] MDIZHE NCOZG
prepolymerE ¥4, TPEDZ #93A#A PU macroiniferter® §A43tgc}. oL
MAE %7}3td PU-PMA multiblock EF#A8 A8 o] TFTAEZ
DMF°ﬂ =1 § Bo] BEAHA17]9¥ nonionomer -r—*PO] Ao, MAS -COOH7]

% triethylamine©. 2 332171 § DMFe| *o]x Eof EAA7]¥ jonomer 4
°] Fozt,

Fig. 1°l= PU-PMA EEF 5 @AM E2r#o] conversiond fBo] ¥y o
2 /e HAFa oy, o|2REH PUMIE o]£3 MAY EE23Zd o

living 717l 9%s ¢ 5+ I

Fig. 2= PUMI9| feed ratio’t PU-PMA EZEF% %A dispersion® U7 2
HEo s FFo2X PUMI feed ratio’} 71 wat A3 Hes) vs
S 7}+8le anionomer dispersion®] nonionomer dispersion®] ]3] Y7AL zAm A
Ex Z A & F Utk dHoz 59 nFEE FFME YA HAEH
THEH AHo] Frtste HErt Frhddh ey 99 ASE QAT Az
Aujste 2ol EAZ BT F PUMIY Z71e} tEo] 229 Ex}ao
Za, EAA AN A breakupol §oldted Y7ol Basin, FERAE PUMI =7}
of }E AAHAHA 254 F7td 719 Ro 2 Holw AN Zstrt QAR
ofol B}t AujAHQl 9AYL & 5 k.

Fig. 3& T80 1& 47 2 A9 ¥ss ey oz 33 A
7k el AF 2 HES FI] 29SS B £ Q) o Al
7tgtell met Bapgol Frhslke] 12k breakupo] ol# YA 3
72 QY 2R AHELY F7te 71Q3ty YA o %—7}‘?_ Aog HQ
T, FHAE F7ksk &) PMAS #Fo] Zrtstm olee] Uxbe Ay
°of F7hRTh AL ke A Fast okgy £ o FEe ==
7t &g, a3y 9 data°ﬂ/\1 BA A% F7lel ©E breakupe o Lo
PMA incorporationo]l W& 44 ZF7lRc 13 ZAA AwHA gt olx
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ATt
Fig. 491 PMAS F3lxo] g ¥4 9474 2 &

Cl g Jehgled Fshes}
74 met 4R #FAdn HE 2

A =S
T7HES ¢ & 3t PMAS -COOH~]

=

£ TEAZ F3AI7IH -COO ionol ¥olAH iond EAA Ao 7]|9sd
HAol ZAIH ofgF BEFNME YAl AL5E FHFH HHo) =78}
o A&7t F713

Fig. 5= PUMI feed ratio®] W& cast film¢ IFER S Jeld A
o] gFo] Frt ¥4E FE L Ago] FUEL B

PUMIC sla] 82 st 71A% o} 38 jonomers nonionomero] H]&] Z=
723 A€o g4 AFE B 5 e ol AN jon7ld 3 Z}
7103 Aoz B,

Fig. 62 PUMI feed ratio’} 7} &4 cast filme 7] @4 &0 Za2gd<
BoFa Jed ole PMAZE PURT ZA$d 7|3l o128 ionomer7}
nonionomerdl} B3 & %x7] &A1 &S YelWE=d o= ionomerd 7]E EAQ
Coulomb®] 1] 7@t B & gon Fix Z7ld B %7 4§ =
7t E ol Al & ¢ gl

Fig. 7€ 857} 571 €55 AF3AEE F716lH AdA&L 2428L 5o
T3 Y= ol ionomerd YHHEHQA EA o)t}

Fig. 82 %% Aol @& cast filmel 7|AEA S Uehilzn ded 34
ko] F7hstel wet PMAS 3ol FratdA ZE 9 mgalge] zhas Sur
€ ¢ 4 3tk =3 ionomerE nonionomerd] Bl ZE7 1 Algo] oo

¢ & AUk

Fig. 9ol T58A Ao W& cast film9 tands & Vel PUMIY 3
1 80 -> 40%2 ZtAagol wat PUMI dAA9 Tgrt -358 -> -461C=2 7+
e B F 3tk ole PMA EE Zo|7} 718 wel PUZRAATS PMAY
9 &84l F/48w PU dA43} A4 AiE Zrle nE Azyg 2 5
A E, PMA® -COOHYIE 3% otlezd Z3A74A PU HAAT
interaction® F712 | A A 9] Tg7t 2o} ZF4A(-407 -> -42C)8<L =2 F S}
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Table 1 Synthetic and characterization of PU-PMA multi-block copolymers and their anionomer®

PUMI MA Time Triethylamine Yield® GPC results
Wt | Wt | Wt | wt Wt % of
@ 0| @ ] " | @ | neuraizion | 7 | Mn X 10| MwMn
9 90 1 10 12 - - 98.42 5.27 2.15
9 |79 1 10 12 1.18 100 - - -
8 80 2 120 12 - - 92.97 5.62 2.23
8 80 2 | 20 12 2.35 100 - - -
7 70 3 |30 12 - - 87.36 6.21 2.25
7 70 3 |30 12 3.53 100 - - -
6 | 60 1 4 | 40 12 - - 85.63 6.82 243
6 60 4 | 40 12 4.70 100 - - -
5 50 5 150 12 - - 79.89 7.25 2.59
5 50 5 |50 12 5.88 100 - - -
4 40 6 | 60 12 - - 75.63 7.62 2.75
4 40 6 | 60 12 7.05 100 - - -
3 30 7 170 12 - - 73.62 852 2.85
3 30 7 | 70 12 822 100 - - -
2 20 8 | 8 12 - - 57.84 10.75 3.26
2 20 8 | 80 12 9.40 100 - - -
6 60 4 | 40 3 - - 72.21 5.20 2.31
6 60 4 | 40 3 4.70 100 - - -
6 60 4 | 40 6 - - 78.47 5.82 2.53
6 60 4 | 40 6 4.70 100 - - -
6 60 4 | 40 24 - - 99.42 8.14 2.12
6 60 4 | 40 24 4.70 100 - - -
6 60 4 | 40 12 1.17 25 - - -
6 60 4 | 40 12 235 50 - - -
6 60 4 | 40 12 3.52 75 - - -

*DMF = 52.5 ml.

®Yield = (copolymerized MA)/(MA in feed)
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Fig. 1 Polymerization time-copolymer yield-Mn relationship for polyurethane(PU)-
polymethacrylic acid(PMA) multiblock copolymerization [PU macroiniferters
(PUMI)/methacrylic acid = 6/4 by weight].
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Fig. 2 Effect of PUMI feed ratio on viscosity and particle size of PU-PMA
multiblock copolymer and their anionomer dispersions.
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Fig. 3 Effect of time on viscosity and particle size of dispersion of PU-PMA
multiblock copolymer and their anionomer dispersions.



Viscosity (cps)
Particle Size x 107 (nm)

20 [ T | 9
0 25 50 75 100
Degree of Neutralization (%)

Fig. 4 Effect of degree of neutralization on viscosity and particle size of
PU-PMA muitiblock copolymer and their anionomer dispersions.
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Fig. 5 Effect of PUMI feed ratio on tensile behavior of the films derived
from PU-PMA multiblock copolymer and their anionomer dispersion.
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Fig. 6 Effect of PUMI feed ratio and degree of the neutralization on initial modulus of
the films derived from PU-PMA multiblock copolymer and their anionomer dispersion.
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Fig. 7 Effect of degree of neutralization on tensile behavior of the films derived from
PU-PMA multiblock copolymer and their anionomer dispersions.
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Fig. 8 Effect of polymerization time on tensile behavior of the films derived from

PU-PMA multiblock copolymer and their anionomer dispersions.
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Fig. 9 Temperature-tand curves of the films derived from
PU-PMA multiblock copolymer dispersions.
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3. Polyurethane-Poly(methylmethacrylate) Multiblock Copolymer
Dispersions

Table 191+ PU-PMMA E23ZgAH #49 formulation 2 GPC dataZ,
Scheme 19+ ¥4 # #4ExE Yt PPG(Mn=1000 g/mole), MDI =
DMPAE 47 flaskdl Y3 DBTE ZulzZ 70ColA S, NCO%©
prepolymer& ¥A3tAth &, TPEDE d7ste 9447 & TEAZ DMPA
¢l COOH7IE F&AA ionomerstd F B #Hrlstd FEAAZT. o7
MMAZS F98to] QdANE=Z F4A7 98 TPED w99 FHAA radical
717 Wk MMAE BE FE2FAAC

Fig. 20)= 919 253 W&ol A w1 ke]
e, 474 A2z Frte G, %

& YEhin Utk wgAnT HEol Yol

< WA 2574 Ul BE BE5e Pgadl oo wa 2=
o 7103 Aoz Bt

Fig. 32 PU macroiniferter(PUMI), PU acrylate(PUA), PU-PMMA &

A 2 PU-PMMA in-situ 23 =9 TEIAY A4de Yz g, PUMI
=5 B3EAY AY @A go] PUA 2 Zdc=o Hls) =& R o .
= PUMI® Tg(15C)E= PUA(20C)o) H] & 2$2d o]= TPEDY 73 3% bulky
groupR ot Atgel AL FH(PUA)Cl Rl YIHE Zgazne o <= AT
=% T3HAH % in-situ BA=o N PUBZY Tg: 77} 40 2 20C A

PUMI % PUAC| vl8] =t} = EZTTYAY Tert Bd=ng 22

3 ZAdel 283 APRY LAY B3 s AoZ R o]
PMMAS Tg7l Edcrt BE2Z2§A A B} ge doA e & 5 ot

Fig. 4= 34139 @& PU-PMMA 28 22349 DSC thermogrameo] t}.
PUMI®} Tg & wr&AI7e] 2884 943} PMMA Z2£¢ Tg= ATt
F7tgel wet Frksle, ols £ AP W PMMA =59 doj7t 2
ol Ro ZYAHE fATL on sy,

Fig. 5= PUMI, PUA, PUMI-PMMA E2& +F¥A 2 PUA-PMMA Ea=
o 93AET S Yehz 9t PUMIE PUART Oa ko gAET e gu
A&E UEd=d o]& TPEDS A 7108k, 85 A/} Bz
3 R 2 ZEe 94e Jvede o 5 g
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Fig. 6& S @& PU-PMMA 2% F33A9 AR AZ|Y 27 &
g, QBZE FEALOl F7Hse wet F718kn] FFAI BE 249 7<1
&3 F7he FF Y0 living radical 717l 2g& A& HFm Qo

Table 1 Characterization of PUMI/PMMA Block Copolymer

PUMI MMA GPC Results
Time | Yield

W WepWep Wi (") | Mn x 10® | Mw/Mn

@ | %) | (& 1 ()

6 | 60 | 4 | 40 0 0 4.82 2.82

6 | 60 | 4 | 40 3 14.2 5.43 2.65

6 | 60 | 4 | 40 6 27.8 6.15 2.52

6 (60 | 4 | 40| 12 51.1 7.3 2.35

6 | 60 | 4 | 40 | 24 94.5 9.26 2.15

HOMMAAAAN~QH . HO~CH.— C—CH OH - '@' ®_

COOH

70°C
DBTDL
CH;

OCN c NCO

COOH
NCO-terminated prepotymer

HO—C——C—OCH

HN(CH;CHy)3 Cily Scheme 1
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Fig. 1 Polymerization time-yield-Mn relationship for PUMI/PMMA
block copolymerization(PUMI/MMA=6/4 by weight).
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Fig. 2 Effect of polymerization time on particle size and viscosity of
PUMI/PMMA block copolymer dispersion.
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Fig. 3 Storage modulus and tan d of PUMI, PUA, PUMI/PMMA(6/4) copolymer
and PUA/PMMA(6/4) in-situ blend dispersions(reaction time; 24hrs).
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Fig. 4 DSC thermograms of PUMI and PUMI/PMMA block copolymers
prepared at various reaction times.
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Fig. 5 Stress and strain curves of PUMI, PUA, PUMI/PMMA (6/4) copolymer,
and PUA/PMMA(6/4) in-situ blend(reaction time; 24hrs).
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Fig. 6 Stress-strain curves of PUMI/PMMA block copolymer dispersion
cast films vs. reaction times.
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