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Abstract : Copolymerizations of propylene oxide (PO) and phthalic anhydride (PA) have been performed in the
presence of double metal cyanide (DMC) catalyst as a means of incorporating ester groups in the polyol
backbone. DMC catalyst was effective for the copolymerization and the reactivity ratios measured by modified
Kelen-Tiidés equation were 7(PA) = 0 and r2(PO) = 0.248. Four different polyol samples containing 1.0, 2.1,
7.52, and 11.42 mol% of PA unit were utilized for the synthesis of thermoplastic polyurethanes of their hard
segments of 19 wt%. As the incorporated amount of PA increases, the elongation of the resulting polyurethane
decreases and the tensile strength and the tensile modulus increase. The modulation of the incorporated amount
of PA into polyol backbone was proven to be a feasible way to tune the physical properties of polyurethanes.

Key words : Propylene oxide, Phthalic anhydride, Copolymerization, Double metal cyanide catalyst, Polyols,
Polyurethanes
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Figure 1. Propylene oxide (PO) consumption versus
time curves in PO/phthalic anhydride
(PA) copolymerizations in different [PA]/[PO]
feed ratios of: (a) 0.25, (b) 0.125, (c) 0.0625,
and (d) 0.0315. Polymerization conditions:
temperature = 115°C, PPG starter = 70 g, and
catalyst = 0.1 g.
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Table 1. Copolymerization results of propylene oxide (PO) and phthalic

presence of double metal cyanide catalyst”

anhydride (PA) in the

L L e e onva
0.250 0.129 3100 1.40 25.30
0.125 0.082 4200 1.20 24.29
0.0625 0.022 4600 1.30 23.64
0.0315 0.011 4000 1.12 22.76

Polymerlzatlon conditions: temperature = 115 C, PPG starter = 70 g, and catalyst = 0.1 g (0.4 mmol Zn).

® Measured by 'H NMR.

¢ Measured by Waters 150 gel permeation chromatography operated at 25 C with tetrahydrofuran solvent and

calibrated using polystyrene standards.

¢ Total hydroxyl value measured by titration method according to JIS K1525.
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Figure 2. IR spectrum of the copolymer obtained at a
molar feed ratio of propylene oxid/phthalic
anhydride = 0.0625.

i

_l

3068 cm” ¢} 1599 cm? @ 700 — 900 cm &

%}%—% 9 %al%oﬂ FHEle] g PAS) FRES TH NMR
5 f83to] =43 4 9tk PA/PO E H|S 0.0625%2

sto] A|zst a;aa]%e] "H NMR ~A#E&S Figure 3¢ L}
o] o

,] BA @43} H NMR £4 @ﬂil,ﬂ—

= 9

2ksl = 91Tk o]‘~ H}Oo] OJO]A# r,Hi x]aﬂg]o] 7}23}\1

717} AF welkel] 9)x|ak= HukSo] oJojulx] ke Ao F
BRItk #d7]e) = F49] 3t wE7]e = T4

ST H ¥

%

3]

f=d

| Felgol g4

poi

& Huso] FelSol FREo] 9t PAG PO £ u)E
& ¥ glomd, 3 WA Table 19 JARAT, Al 0
8 70 pac) Bl 155 35

so] Qi PAL] Fgo] Zrhakglon),

kS5 = PA/PO

H] 7} 0.25%1 u Z2]& 5 PA/PO E H|& 0.130]9th

PAS} PO WA= WE Kelen-Tidés 2[19]2 o]-&
o] -8k 4= Q9ith W3 Kelen-Tidés 212 A (2)E LEF
ek

=

(8)
CHs CH3
. oo = £lo
b
o o] o] ) CHs
* ¥ L

u_ I

150

— 100

ppm 5.0

T
0.0

Figure 3. 'H NMR spectrum of the copolymer obtained at
a molar feed ratio of propylene oxid/phthalic

anhydride = 0.0625.



G F
AN T ar e T aar o, O=ExFy)” o)y,

R l =10g(1—§1)’é=W(/~1+X)’§1=Q
T3 A L =N log(1-&)) (u+X) X
ojtk. X} iz WAl 1(PA)F TA] 2(PO) 9 ZH7f W&
I FSEAANAL = vlolal, Wi S, = PO/PA
o] Ex}gF vjojt) X, ¥, W W= Table 194 & 4 itk
PAS] 79 @ F3to] sk =[20] 1i(PA) = 00] &1,
£]9] W3 Kelen-Tiidss 2] T3} 2o] ©=3kA]7Z 4= itk

hoe
n=2(- .

ni= g9 AE WAAlo)7] el = g8 E30] V&7 =NH
12(PO) Fko] 0.2480] FL o 5= 9k

3.2, E2RHE

o) = AAF-9} AHE AAFE FAl] 7HAH, 747t
H|-go] A Z T}E(Table 1) 7lb§b_7} 291 Z&& o] &sto]
F A es Axaglvk Axg Z2lE, pMDI, AREEEAIR]
1,4butandiolS EA]o] F9], ®W-2A]7]= oneshotH O Z
sAdslsic) o] uf Z2]9-dske] A& hard segment) 7} %=
pMDISH A ShabAlel BRHE 19 werh HES also,

of M=ot =4

1.2
1.0 - (e)
o~ 0.8
£
=
= (d)
=< 06 1 (¢)
3
2 (b)
[92)
04 n (a)
0.2 4
0.0 4 T T T T . T . . .
0 100 200 300 400 500
Strain (%)

Figure 4. Stress-strain curves of polyurethane elastomer
films of hard segment content of 19 wt%. The
polyol samples utilized for the prepatation of
the polyurethanes were copolymerized in different
phthalic anhydride/propylene oxide feed ratios
of: (a) 0.0, (b) 0.0315, (c) 0.0625, (d) 0.125,
and (e) 0.25.
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