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(35/75, )& 1k) 45 PU, % B #H64 B AL As 2k
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FTHAILESRT 2 FF 42900 89 o, 0-=(3-5
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Scheme 1

1.3 FSPUU &4 &%

g 1 P37 degBes, % PTMG F2 MDI Am A
B RAMRY Fe LRI F 69 100 mL vy o 4%
o, HHima T0CBATR R . A =BT kil
o kEmE NCO 22X 3| b 1h )5 , 4% L R R
KA Fp )G N N, N-— 9 2 2 Bk gz (DMAc)
T %, 35 wt% 9 TRIE M8k, RJG e Pk L &
T oW HAT Y 48 R R b Ae FPS (T 5805
F DMAc ), & & 10 min &, F i@ #m & = B
(EDA) #t 47 B f. &z Jg 7R %) 70°C gk 4 it 4 1
h,1238|E 4% 4 15 wt% ) PUU k. h it
0, FPS g k4 PUU v FSPUUX & &, & X 4%
KPSt E4 2.

Table 1 Recipes of different PUU specimens®

Molar ratio Siloxane  HS
Sample Type of SS content content
MDI EDA  SS (Wi% ) (wi%)
CPUU PTMG 2.1 1.05 1 0 22
MSPUU PIMG/X2-161B 2.1 0.75 1.3 17 18
FSPUU7 PTMG /FPS 2.1 0.95 1.1 7 19
FSPUU15 PTMG /FPS 2.1 0.85 1.2 15 17
FSPUU24  PTMG /FPS 2.1 0.75 1.3 24 16

*HS means hard segment; MDI + EDA; SS means soft segment.

VR A 2T AR5 AR A PTMG 4%, 89 PUU Fe
it i PTMG/X22-161B &A% B A .49 PUU 42 b

BPR AR BEELANEAEA T EA(mF R
S AL ) aEEE ).
¥ 31.5gD,F2.47 g AT #20. 15 g pie i fh —
WAk (W PR RCRAC M) 22 B 35 An N AR B ) BE
BORAKY K E AR E 49 100 mL w2 BE AR
¥, %) 90°C K5 18 h, &K & 73 ) 140°C 7
1 h Ao, K13 2000 = R & 8 F Rk
ZpH=7,% )5 # 100°C #= 1 kPa & F Bisk 120
min, {32 FPS. =& B 1 5] T FPS 14 & kit 42,
CH
F:CH,C, .|

Si—Q
O/ \ ~CHj

Si
A\ O/ ~C,H,CF,

Si—
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3L H 0, CH,
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C,H4CF3 CH,
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Synthesis of a,w-bis(3-aminopropyl) -poly[ (3,3 ,3-trifluoropropyl ) methylsiloxane |

iy i H &, 4 ) AR CPUU f= MSPUU.

F PUU ik 244 2 3k 354 AL P, 2 80T i 44
¥R 24 b, £73] FE %5 200 wm 69 1%, B T A
AER N IR B e F R X

¥ PUU g kb e ik B A s b, Ak Hke
AT, ARG A O0C A b T4 24 h, 173 7
JE A 20 wm 6 FE R, R T i R Ao K.

1.4 a4
FPS ¢4 5 A A #5: 78 ASTM D 2074 | %, 5+
TR T2 (M,). XA 92 9h B 3% £ Nicolet
5700 A 2r 5h R g AL Ll 2, ] F 69 A Sb 42 KBr 3
b BRI 6 7 Ko &5 o R4 sh bk (ATR-
FTIR) il 3% B, BURE o % B2 B 09 2 A48 fik @ 947,
R AR 2 ZnSe. 4 569 ' H-NMR & 4% & Brucker
500 A Az kAL Bl 2, it A CDCL 4F A i 5],
vy ¥ K ab ke (TMS) 45 J 79 A% 4 fik A 0l X 42 JCJ-
2000 A 3= ik A w2 AL b BE AT, W 9K 3R BE R B
23°C. XA 09 b & F 48 3% (XPS) 4 47 /£ Kratos
XSAMBO0 st %, F 3 AL k3t 47,40 eV F & & )&,
MgKaX 525, N4F /8 4 45°. X AR eg 128 ¥ 45
(SEM) M2 £ JSM-6360 #3244 &, F 2 f 48 b it
AT, #f o R\ TR AT 2 AL 2. XAF R R £ 434
F# o (DSC) f£ TA2910 A k4 47 AL £ 3 47,
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Fig. 1 '"H-NMR spectrum of FPS

4940 S 45 # )3 & 4o F:6 =2.6(t, H,N—CH,—
CH,CH,Si),1.95(m,SiCH,—CH,—CF,) , 1. 6(t,
H,N—CH,CH,CH,Si ), 1.4 ( m, H,NCH,—
CH,Si), 0.7 ( m, Si—CH,—CH,CF, ), 0.5 (t,
H,NCH,CH,—CH,—Si),0 ~ 0.1 (m, Si—CH, ).

— ¥ 44 'H-NMR B ig3t 5138069 M, , 5538t
s R EM R M, B, e R 2 B A LS
BERER,CAERT a,0-=(3-BARA)-E
ZRAATRAERN.

Table 2 Yield and molecular weight of FPS

Yield M,
Sample
(%) From end group titration From 'H-NMR
FPS 89 2990 2890

2.2 k@M

#3517 KRR PUU ek @mitst, 1 &
A2 38 it M B AP S 4e R IR A 69 AT R AR
(KRAn L =BF) R f o9 T B4k A, Badad o
K(3) ~(5)itstmae ™.

d_d P.pP
(1 + cos,)y, = 4( 3/175 -+ ;yl% p) (3)
Yi +ys Yi +75

d_d pP_p
(1 + cosd,)y, = 4( LY. 1Y ) (4)
Y2 +’YS Y2 +75

Y. =yl + oy (5)
AF,0, F= 0, 53 A KA T =85 £ PUU & |
WHERRA vy Fo vl AR PUU B & @ A &
EBRBES SR ERS T vV Ry 2R RKH
A @A LMY T e 83 (! =21.8 mN/
m,y} =51.0mN/m) 5y, \y5 Fo '}’2 SRR LB
EEEL A LM S TR % F (y) =29.3 mN/
m,y5 = 19.0 mN/m).

Table 3  Surface properties of different PUU films

Contact angle(°) 7! v V.
Sample ‘
Water  FEthylene glycol (mN/m) (mN/m) (mN/m)

CPUU 76 64 8.8 24.0 32.8
MSpPUU 105 80 16.6 4.4 21.0
MSPUU7 96 79 9.0. 12.3 21.3
FSPUU15 105 82 14.2 5.2 19.4
FSPUU24 106 84 13.0 5.4 18.4

A3 b HIEL T CPUU 69 & @ % K MR,
7 MSPUU i & @ & 3L th 1R 45 49 % K M. R R
FSPUU & @3 2 3L th 52 Kbk, 5F BLAK fE A1 H &
Mk AR E FPS 430 mmits. £3
W HIEE AN, M & FPS 4% 69 3w, FSPUU &
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At (y,) AR B A y! B AT 3l ALy, &4a,
A R B S A @A R AR £,
A e 7T R E PUU ¢ ATR-FTIR & 4%, 7] T B
2. KA 1595 em ™' 4k 84 3K IR IR B BOKIEAE B R AT
ié ¥k B2 (Si—0—Si,1020 em ") &4 Bk 7%
EoA 5 Z 34708, 7T A T & @ e AR 6 Si—
O—Sijkg#iTtacE, 2R Tx4 Hi4
ST, Fi A FSPUU % & Si—0—Si #9483 5 F
Ak ekl A& FPS 4693t & FSPUU Ik @ 5 K
i8] Si—O—Si Ag2f &2 49 £ 38 )y, i MSPUU
Bk E A Atk S—O0—Si A FEZFR K, 5
FPS/#8 ¢ 2 1a) 64 48 ZAE A AT =150

1595 cm™!

3500 3000 2500 2000 1500

Wavenumber (cm ™)

1000

Fig. 2 ATR-FTIR spectra of different PUU films
a) CPUU; b) MSPUU; c¢) FSPUU7; d) FSPUULS;
FSpUU24

e)

Table 4 Relative siloxane contents of different PUU films

Siloxane content

Sample
Surface Bulk
MSPUU 2. 68 1.02
FSPUU7 2.32 1.53
FSPUU15 2.72 1.77
FSPUU24 2.81 2.12

— % 2t CPUU Fe R B 2tk PUU 2 & & it
477 XPS 5 #7. @ 3 %) & 7 CPUU, FSPUU24 #o
MSPUU & C, B3, K A & 870675 ik st L3t 47
SYET IR ERE R e AR (B 3 P ELK
B . P CL B3P ,284.7 eV 4 #9942 CHx
(x=2~3) B = A #9,286.2 eV &b 9% 2 B Bk 4%
B C—O P = 4 64, & FSPUU22 ¢4 C, B i& P,
293.0 eV 4 #9942 CF, Bf = A 84, kW] FPS 44 px
B TEER®E. & C .S, N, Fo O, 894 d AR
SIFE A ZARS T RS AS PHER T, R
R FSPUU j % & Si i%@\%i@f&f MSPUU, 12
% FPS 4869425 ,FSPUU &4 @ F 543

2 %3G, £ FSPUULS 4= FSPUU24 £ & F
FEETHIL b T A AT LA 8 X22-161B 5
FPS AL AR 69 4% B K B, B LT DUARSE R & Si
AFESEH T RIIEB MR B R
. 5 MSPUU gk, & % FSPUU & & a2 B &
TR T AFHEEARRSZ T ET
84 18 AR

CPUU

285 290

280 295
1 1
280 285 290 295
Binding energy (eV)
1 1
280 285 290 295
Binding energy (eV)
Fig. 3 C,, spectra of different PUU films
Table 5 XPS results of different PUU specimens
. Atomic composition (% )
Sample - -
Si C (0] N F
CPUU 0 72.6 25.6 1.8 0
MSPUU 23 51.5 25.5 0 0
FSPUU7 3.2 58.9 31.4 0 6.5
FSPUU15 7.1 56.5 20.2 0 16.2
FSPUU24 9.5 52.1 20.2 0 18.2
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2.3 BEL4EM

S B B Ly B S EMI RN i
A, PUU R st B A £ %%a, M shbi
AR IR A EAEAT AR AT B A T
CPUU #Fo R ) gtk PUU f2 25 2K B0 X 3% (1620 ~
1750 em ") ¢4 FTIR @£ ,3) T A 4.

1 1 1 1 1
1800 1750 1700 1650 1600
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Fig. 4 Carbonyl adsorption region of different PUUs
a) CPUU; b) MSPUU; ¢) FSPUU7; d) FSPUUIS;
e) FSPUU24

INE 4 F T A B, b A R EE B A R R
B TOK R R, BT A PUU XA LT % 80K
M, T AR it v AT AT e )2 B de R 6
B R R A2 B (X, 0 ) R A A A
BB (X, o) JRBEETF ESEARE (X )
Fo R BE AR B L (X, i) BEAX(6) .
(7). (8)F=(9) A3+ F A7 5], R 7 T AT
Table 6  Assignment of adsorption bands in carbonyl region of the

FTIR spectra for PUUs

Wavenumber (em ™)

Assignment

1630 ~ 1645 Ordered hydrogen bonding of urea carbonyl
1650 ~ 1680 Disordered hydrogen bonding of urea carbonyl
1680 ~ 1695 Free urea carbonyl
1695 ~ 1725 Hydrogen bonded urethane carbonyl
1725 ~ 1740 Free urethane carbonyl
2 Area(bonded)
Xy =

Area(1690 em™) + Y Area(bonded)
(6)
Y Area(1635 cm™)
Area(1690 cm™) + 3 Area(bonded)
(7)

> Area(1650 ~ 1680 cm™)

X =
o Area(1690 cm™) + 2 Area(bonded)
(8)
Z Area(bonded)
Xb,UT = )
Area(1732 cm™ ) + Z Area( bonded)
(9)

T &8, 7 F PUU ¥ &8s 5k 09 241042
FEAERK, R EEGEBRR 27, Bk 254
BT MBIk 09 A4E4T . CPUU A= MSPUU w i 3
BREAVUH AT X AL, T BB AF 0 R
BA A &. FPS 3I N PUU B s, &
AT R ESACHR A, IF LK & FPS &% )39
A W B A S A AR R AR, X T4 55 FPS
7 CFy, A H 5 WA ey NH 2 8 R &4 Hh
#50 d F FPS ey CF R 5 B 2% 4k ) 6
Q4 [T T MR A A4 R, B LARIR T
MR AR ERG s B AT SP 4 F 5 24 2900 ¢4
o,0-=(3-HARE)-RZRARETREEERK
Mg PUU Ag3b™ K S pr A7 FSPUU 64 X, 4%
(LESE- SN AN E SE LN S Ch o Y 8

Table 7  Least-squares-curve-fitting FTIR spectra in the carbonyl

region for different PUU specimens

Peak area (% )

1650 ~ 1680 ~ X(),UA X(I,L'A Xl),UA Xb,UT

Sample
1635 yeg0 1605 (%) (%) (%) (%)

(em™")

(em™") (em™")

CPUU 100 0 0 100 0 100 41
MSPUU 100 0 0 100 0 100 42
FSpUU7 79 21 0 78 22 100 43

FSPUU15 67 33 0 67 33 100 41
FSpUU24 62 32 6 62 32 94 39

B 5 46 555 & T PIMG,FPS L & R )
PUU ¢4 DSC a4y &, L4225 R 5] T £ 8. &8

AH
XU B AHm,PrM(; X Ws,PTMG (10)
X, W, e 1 R Bl PUU % PTMG # 5% 57 &b 09 R
B8, AH, e 2 M, %5 2000, %5 & £ % 100%
45 PIMG 4 25 8 5 a8 (201 J/g) 1.

% 8 2,5 MSPUU #g1t, =~ R FSPUU & 5
BACE TR (T,) R R K, 12 PTMG & &89 4
an ik im B (T,) ¥ e ARiE 7 45 . R e, JUAY
FSPUU  PTMG #k Bt #4 45 & /£ 3 /& T MSPUU #=
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Fig. 5 DSC scan curves of PTMG (a) and FPS (b)

-100  -50 0 50 100 150 200 250
Temperature (°C )

Fig. 6 DSC scan curves of different PUUs
a) CPUU; b) MSPUU; ¢) FSPUU7; d) FSPUU1S;
e) FSPUU24

5 38 10£T'

CPUU, 5t B X, A& ey 8 & FPS 5| N 493§ An
T, 39 FPS 3] X PUU K 4T 4 5 2 R 69
PTMG #prdn = A2 7 —E %"m. DSC 5 4R 5
Lk FTIR B 3% 09 5 #7452 — 35, 8t — F 5L 9
FPS 5INPUU K5 F 4 )5, %@ T PUU o) S4247
A Fa S FTE 7

Table 8 DSC scan results

Sample 7,(C) T, (C) AH,, (1/g) X (%)

PTMG 27 129. 11 64
FPS =75
CPUU -67 6 19.24 12.1
MSPUU -68 5 12.57 10. 1
FSpUU7 -72 -5 8.75 6.3
FSPUU15 -69 -6 7.28 5.7
FSpuU24 -70 -6 6.29 5.5

2.4 RALAE M

B 7 7| 7 CPUU,MSPUU #= FSPUU24 3¢
ok FACA I 0 SEM IR . AT A4 5 B8 R
AR B AT AR T R A R TE A2 2 ad A ik B A AL
)5, xR AL 49 CPUU = MSPUU #5 % & L3 i
T EEGIFEL, m FSPUU24 & @ 2 sk ).

Fig. 7 SEM photographs of different PUU films before (left column) and after (right column) oxidative treatment

a), b) CPUU; c),d) MSPUU; e),f) FSPUU24
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S PUU P R B4R ) 2 B A ALt B B 2k
Wk m R h T EF R R B E
1, M Z T R E PUU jE 2 i A1k & 72 )5 49 ATR-
FTIR B 3, e B 8 Ff . £ F7 A B % ¥, 1170
em ™ AL H B I B, Rl TRAM T o B A
FEIER P EE YR EER TN AL RN
BB, 1110 cm ™' 4 C—O0—C 44 3k 3 Bk b 2% &
A R BVALJE 4G Ak, AL 3P PTMG 3k 8 42 Btk
SRR P Z B T AR ek BAL A AT )G R F
PUU p ¢y ATR-FTIR M & + & & 4 (C—0—C,
1110 em ™) sBolk w09 3% & 3 47 SL 4%, T A 46 5L
PTMG # gt ik &7, 51 F 4 9. 49 27,
23t 21 Rjmik RAL £ 3G, sF XA CPUU A=
MSPUU #4 4k B4R & 5 5 #1318 %) 65% F= 40% ,
R FSPUU fi% 89 3k B 47 & % 35 4% T MSPUU, 5
H FSPUU ¥ PTMG #k ¥ 69 i % &4 & FPS A%
938 & ma 4K, 5L FPS 31N PUU X 9 F 44 J& 3%
3% T Ak e RACAE .

1110 cm™

w
a

1170c1{f1

b Mw\
RN (V)
d ._M*_AWM/VW
e w

1 1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)

Fig. 8 ATR-FTIR spectra of different PUU films after
oxidative treatment

a) CPUU; b)MSPUU; ¢) FSPUU7; d) FSPUUIS;
e) FSPUU24

Table 9 Loss of soft segments in different PUU films after oxidative

treatment

C—O0—C content Soft segment

Sample
Untreated After treatment loss ratio (%)
CPUU 5.32 1. 86 65
MSPUU 4.63 2.77 40
FSPUU7 4.37 2.97 32
FSPUU15 4.33 3.18 26
FSPUU24 4.21 3.59 15

Schubert'"® % #f % 7 PTMG # PUU # &4t
& fEHLER TN A BACHE B o R R A P e b ik
T e IR B Ao e R RO R KRR, T At A

Fok a9 Kk F= H,0, A2 3] T 45 A4 A & K69 4E
. Ak, &AM 2 T CPUU 4o R R #oit PUU B
FKA20% H,0, P egipkF, 5 T £ 10. £ 10
b3 2w, 5 CPUU A8k, MSPUU &4 % pk % %
AR TF %, mAR FSPUU gt H,0 Fo 20%
H,0, % 8 75 ik % 34 4% F CPUU #= MSPUU, 5 A
IR F R A FPS 42 69 38 o 4K, BLAA FPS 7]
AN PUU X5 F 45 R Y T #4x H,0 = H,0,
ST eyl BE—F w7 R R PUU B a4 if kig
F, 5] F4&10. dy & 10 F 57 I, R FSPUU gt
o9 R ik Rl ¥ T MSPUU, 5t H.i% /K & 64 4K
FEL FPS 93l NF A £. T I, FPS 5] A
PUU K o F 4455 , A 2R T Hy0 244+
MR A9 P RTSEMEE S AR E KR
AR AR FHYEA— 5, JLA H,0 A4 P58
ik B Fa i kR0 AT b 2 BALAS T MG IR e £
BRI AT BT R, FPS #em T IR AR L Z ) 69 &
VR AR T SK-AR B 1) 69 SAR IR, T AR 3 TR
T RA B FPS 4 BT R EBRAE BRI AE R, B
#edk FSPUU B2 275 3 445 64 wf AL 4 A M A

Table 10  Swelling ratio and water transmission rate of different PUU

films

S, (%) WTR x 10*
Sample
H,0 20% H,0, (g/(mm?* - h))

CPUU 1.7 3.8 42.6
MSPUU 1.5 3.6 3L.5
FSPUU7 1.5 2.7 26.8
FSPUU15 1.3 2.2 19.9
FSPUU24 1.3 2.1 17.6

2.5 gk

& 11 3] 7 RE PUU ey 7y 5k 4k & 11
% ,FSPUUT #= FSPUU15 B = th 4 & 89 454 7%
B A AP K L AT 2R &, £ FSPUU  ,CF, 5
Wi AR B Z R G S AR, 3858 T SR-AR B
Z AR, TRA Y T4 &G A e M
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Table 11  Mechanical properties of different PUU films

Tensile strength Elongation at break

Sample
(MPa) (%)
CPUU 40.3+1.3 640 + 10
MSPUU 3.6 +1.6 420 +25
FSPUU7 38.5+1.3 520 +15
FSPUU15 37.3+1.2 480 +20
FSPUU24 33.8+1.2 470 +20
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SYNTHESIS, CHARACTERIZATION AND IN-VITRO OXIDATIVE
STABILITY OF «,w-BIS(3-AMINOPROPYL ) -
POLY| (3,3,3-TRIFLUOROPROPYL ) METHYLSILOXANE ]
MODIFIED POLYURETHANEUREAS

LIU Cao"*,HU Chunpu'”

("' Key Laboratory for Ultrafine Materials, Ministry of Education ;
*School of Materials Science and Engineering, East China University of Science and Technology, Shanghai 200237)

Abstract  In order to simplify the synthesis procedure, o, w-bis(3- aminopropyl)-poly[ ( 3, 3, 3-
trifluoropropyl ) methylsiloxane | (FPS) was directly synthesized from 1,3 ,5-trimethyl-1,3,5- tris(3’,3",3'-
trifluoropropyl ) cyclotrisiloxane and 1 ,3-bis (3-aminopropyl )-1,1,3,3-tetramethyldisiloxane via anionic ring-
opening polymerization. The FPS modified polyure thaneureas ( FSPUU) were further synthesized with poly-
(tetramethylene ) glycol ( PTMG )/FPS as mixed soft segments, and 4, 4'-methylenediphenyl diisocyanate/
ethylene diamine as hard segments. Surface properties of the polyurethanurea ( PUU) specimens measured by
contact angle measurements, attenuated total reflectance Fourier transform infra-red spectroscopy ( ATR-FTIR)
and X-ray photoelectron spectroscopy ( XPS) indicated that the surface hydrophobicity of the FSPUU films
increased with increasing the content of FPS due to the enrichment of fluorine atoms at the surface region.
Morphological studies through FTIR and DSC revealed that the incorporation of FPS segments into PUU
macromolecular chains induced phase mixing. The oxidative stability of the FSPUU examined in witro by
immersing the films with 200 pwm thickness in an oxidative solution (H,0,-CoCl,) showed that the degree of
degradation for all FSPUU films was lower than that of PDMS modified PUU ( MSPUU ), and the oxidative
stability for these FSPUU films was fairly enhanced with increasing the content of FPS, which could be
attributed to the lowering of swelling ratio in H,0 and H,0, as well as the permeation rate of H,O in FSPUU
films. Furthermore , the tensile strengths of all FSPUU films are higher than those of MSPUU films.

Keywords Polyurethaneurea, Elastomer, Oxidative stability, Surface property, Microphase separation,

Fluorinated siloxanes



