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He (TPU)o2 /dd Z|7lave|E (PC)e 928 54& DSC, GPC ¢ FT-IR2 #AFs}
Hoh A Al gepe] 2 TPUSY T2 #A vehgtes, PC/TPU Edl=oA HS #akl] A
glo] gdAe] 2mef TPU ko] Z7gk uiel PCY T2t At ol Ixgd ©e @
7t TPUEES] dEal dado) 7108 A, PC/TPU-35 EA== 240 ColM, PC/TPU-
532 250 Tl #ZH T DSC2 € d&d] =& GPC o3 Bd= 24 By
BxEk Bye 9 A5 2o 2n 2B}l PC/TPU-3591 PC/TPU-53¢] % 7lx] Ead=
B gEs £x9 A-FdA 71dE X882 FT-IRz 2438 Ay, PCY slznd ~=dae
1774 em™, TPU%E 17329} 1704 em oA Uelgon, Bacd e & 712 FHEA EXT
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ABSTRACT: Thermal degradation of thermoplasitc polyurethane modified polycarbonate has
been investigated by means of DSC, GPC and FT-IR techniques. The polyurethanes used in
this study are TPU-35 and TPU-53 containing 355 and 53.4 wt% of hard segments,
respectively. The more content of hard segment, the higher the glass transition tempera-
ture (Tp) of TPU was observed. On the other hand, the T, of the TPU modified PC decreased
with the content of TPU and the annealing temperature regardless of the hard segment con-
tents. The latter behavior may arise from the thermal degradation of TPU upon annealing
process: the observed thermal degradation temperatures were at 240 and 250 C for the PC/
TPU-35 and PC/TPU-53, respectively. The molecular weight, molecular weight distribution
and viscosity agree well with the DSC measurement, which implicates a thermal degradation
of TPU. In addition, thermal stability of the TPU modified PC linearly decreased with an in-
corporation of TPU. Transesterification or any interaction was not observed using FT-IR: the
evidence was no frequency shift or any variance betwere the carbonyl stretching and NH
group. For the specimens prepared below the degradation temperature, the enhancement of
the thickness dependent impact strength of the PC/TPU blend was observed, and the mor-
phology of the two blends was compared.

Keywords: thermoplastic polyurethane (TPU), polycarbonate (PC), annealing, thermal degrada-
tion, molecular weight, viscosity, phase morphology.
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Table 1. Physical Properties of TPU and PC Used
in this Study

polymer
PC TPU-35TPU-53
specific gravity (g/cm?) 1.20 1.20 1.23
shore A hardness - 85 98
tensile strength (g/cm? 680 430 540
elongation at break (%) 120 650 510

characteristics

T tan & 173 -26 -4
(,C“) E” 162 -32 -18
DSC 152 -34 -26

Agojty. TPU A9l lojA] AksdgA 2 14-
butanediol g AMg-slEet. A (TPU-35)= F3A
AbE &efo] 35.5 wit%olxl, F2H(TPU-53)= 33
A §o] 534 wi% Q) AlBolth. ol FHHPEE
o] Fz2)& Table 29 ‘4‘5}14121‘:}-

= ICJ PCe} TPU Ed=x PCE NAY 5

o2 REE7] Wi, PC “H-E—"ﬁ]i‘:c’ﬂ Al @7}
24 ‘f:""éiﬂﬂ A7kEe EFuE FH|E 100/0,
95/5, 90/10, 80/20 ¥ 70/302= A F 7
TFAES £%L Brabenderile] ®9 PL-2000&
/\}%—3}04 e T g 200, 210 220 °C, 2& A3%

& 50rpmo 2 33t &-§ dFEyd B
°&°i AT

8 M. Polymer LaboratoriesA} m¥l®l DMTA
MK-M& AHg-3le] 755 1Hz, 32558 4/
minZ 39 -150014 200 ‘C 25HejolA A
A& (E), £4e+48 (E”) ¥ damping tan 0%
3 (bending) 2$=9] o8] FAMEg . DMTA
AL A% AHe HEZrolA 3500 psie] 4™
7} 200 C £=AA 5E ¢4FAHRE F IS
A Yzale A3t

TPU &= 2 7lgex o o €4 ¥sly &
A& Perkin-ElmerAle] DSC-7& o]&-3le] =ALs}
At HA DolF& AAB] st BE AR
&t 132 A2eA W= 22712 20 C/min
2 $2A1A 57 /MEA v, 7R Fv98t
o o] L&A 158 ¢ FAAI gE 119} 5
A8 2702 71Es] fFYHolE B2dAe &
g fola9] WstE BAYY.

PC/TPU 8d=9] 484 BHATE 2413
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Table 2, Chemical Structures of the Constitu-
ents in TPU

0
soft PBA | "
segment (M,,=2000) H (CHz)rO——é—(CHz)rC
hard HDI 0=C=N—(CHy)e—N=C=0
¢ 1 i butane-
segment . 0—(CH,),~OH
diol
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Figure 1. DMTA thermogram of PC/TPU-35 blend.
(a) Storage (E” ) and (b) Loss modulus (E”).
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Figure 2. DMTA thermogram of PC/TPU-53 blend.
(a) Storage(E’ ) and (b) Loss modulus(E”).
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Figure 3. Glass transition variations of polycarbonates

in the blends according to the annealing temperatures.
(a) PC/TPU-35 blend and (b) PC/TPU-53 blend.
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Figure 5. Molecular weight variations of PC/TPU-53
blend according to the annealing temperatures at (a)
220, (b) 240, and (c) 265 C.

Figure 6(2)¢} 6(b)& Az wWe &£59%
PC, TPUS} ¥ o2 10%9 TPU7 a3 &
A=o] 3% BT EAH Je d3kE 47 =48
Aot AA, 5 PCo AL dxz] 2x Wald
upe} Aoy Fx Wshyt Yelga] go}l d3o
2 ¢Ege yehhz ¢tk TPU-35¢ TPU-532)
734 Exe 2571 2407 250 T2 Z7HE) wal
g A= 2E 24ds A& 228 5 Ao
EF 265 Co EAE A o]F F Bd] B
AgH e BT FANA Zage 2L + A
. BdedAae #xdog & xo)E YeuyRlE
BRoU o] F 2EE VIHos FosE B¥E U
Bilch Teioz dAed osf E&i$ TPUs
PC sjEgxd] XA 2 2435te] PCY Fejrlol

& #2A2e 88 PC/TPU Bd=9] 37 82
B3 SAH T BolER, B BEXESE YolR
o2 Bd=e s e AFgdsAoh

319



110000
—8—TPU-15
100000 *———-_ o TRU-35 10%
—A—TPU-53
90000+ —9—TPU-53 10%
—~ PC
) eooooi -
£
S 70000
> 60000
= 50000 n
—
400004 7
so000{ < =
220 230 240 250 260 270
Annealing temperature (C)
(a)
0.30 —8-—-TPU-35
0.28- nalits iy
TPU-53 10%
5 0’ e
i 0.241 -\ \
> 0.221 -
2
g 0.204
2
S o184 —o-—
0164 T
0.14

220 230 240 250 260 270
Annealing temperature (C)

(b

Figure 6. Molecular weight and viscosity variations
of PC, TPU, and the blends according to the annealing
temperatures.

Figure 73} 8& FT-IR-& o|&3lkd PC/TPU &4
= 3 EAE F e A Aoy Exlg &
Tof me} doid 4 e dlaH= 2] 7heA
& ZARE Aot} gA AFEIGSe] PCol= 7R
d7]Ql o—c| -07}, TPUd = $-gEv]|d If—(cgl -0-
717t ARl gleng ol F #@EU] Alolg
F22% 5 A 43342 FeAE v ¢
2ttt Figure 7(a)®t 7(b)dl= PC/TPU-35 &
=& 4z} 2203 265 ColA 7}E% AR FT-IR
2¥EY Z Flard A% (1850~1650 cm™) 3}
N-Hy O-H <9 (2800~3450cm™) e EAI8Y
t}h o] adoA BHRe], PCY stzrd AF JF
& Yehis Helzzlt 1774 cm'AlM  YEhd:,
TPUE 17329} 1704 cm™ oA Awsbd dehta
AT BASAME 2AHEY A8 T o ol

320

3
[}
[3]
(=
&
€
[%]
g - PC 80%
& e PC 70%
'—
02+ teyas
(220%)
0.0 v

3400 3200 3000 1800 1700
Wavenumber (cm™?)

(a)

R
Q
o
< O.G-J P
2 q - PC 95%
€ 04 —PCI0%
S —---PC 80%
= —— PC 70%
029 —TPU-35
(2657)
0-+— r ——/ - ——
3400 3200 3000 1800 1700

Wavenumber (cm™})
(b)
Figure 7. FT-IR spectra of PC/TPU-35 blend ac-
cording to the annealing temperatures. N-H and car-
bonyl stretching vibrations annealed at (a) 220 and
(b) 265 C.
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Figure 8. FT-IR spectra of PC/TPU-53 blend accord-
ing to annealing temperature. N-H and carbonyl
stretching vibrations annealed at (a) 220 and (b) 265 C.
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Figure 9. TGA thermogram representing weight loss
of (a) PC/TPU-35 and (b) PC/TPU-53 blends.
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