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Copolymerization of Propylene and Polar Monomers by a New Ziegler-Natta
Catalyst System with Diether as Internal Donor
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Abstract:  The functionalization of polyolefins has been an area of scientific challenge and industrial importance for many years because
the lack of polar groups in polyolefins significantly limits their applications. In all of the ways, copolymerization with polar monomers is the
most efficient one to functionalize polyolefins. In this article, copolymerization of propylene with 10-undecen-1-ol and 10-undecenoic acid
using triethylaluminum as the protection reagent has been performed in the TiCl./MgCl,/diether/Al(C,Hs); catalysis system. In the presence
of both comonomers, activity of copolymerization decreases with the increase of comonomer in the feed, but the decadence of polymeriza-
tion activity is less. With increasing polar monomer in the feed, the content of comonomer in copolymer increases. 10-Undecen-1-ol shows
better performance, in terms of not only activity but also the comonomer content in copolymer. With increasing the content of comonomer in
copolymer, both melting point and crystallize temperature of copolymers decrease. The polymerization temperature has less effect on po-
lymerization activity and comonomer content in the copolymerization of propylene and 10-undecen-1-ol.
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Scheme 1. Copolymerization of propylene and polar monomers.
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Table 1 Copolymerization of propylene and polar monomers
Comonomer Activity Comonomer b b Melting Crystallizing
Comonomer n My Mw/M;
amount (mmol) (g/(g-h)) content® (%) temperature (°C)  temperature (°C)
— 210 — 57100 194100 34 159.1 116.9
10-Undecenoic acid 5 175 0.7 46200 175600 3.8 156.5 116.3
10 156 1.2 40500 174200 43 155.8 112.7
15 138 1.9 36700 205500 5.6 154.2 112.0
20 122 25 29100 174600 6.0 153.3 111.0
25 110 3.6 21000 132300 6.3 150.2 108.1
10-Undecen-1-ol 5 183 11 48700 189900 3.9 158.1 115.0
10 172 1.9 42400 165400 3.9 157.2 112.6
15 154 3.2 39800 163400 4.2 156.5 112.7
20 140 3.9 32700 153700 47 156.2 112.6
25 116 5.1 29000 145000 5.0 155.5 112.3

Polymerization conditions: 50 mg catalyst, propylene pressure 0.1MPa, Al/Ti = 1000, 40 °C, 1 h, the total volume of the liquid phase was100 ml.

“Calculated from *H NMR.
°Determined by GPC with polystyrene as a standard.

SR VE MR AR T B 2R 1 50%, & AH % — AN HE
G AR A A P R D AR B A S 2R
I AT R (T 2% S 1 e

1SR R AR A OC R T U
SR I P B L A N B I i PR AL R
(ZIPANS = N 1 el (PR < R i 1
T2 P % P, 32 A DAy AR P SRS £ o N SR A ) 3 1
HRL AR TS T R R P v DT A
FRE P m o B S i K

220

—o— 10-undecenoic acid
—e— 10-undecen-I-ol

Activity(g/(g-h))
=
3
T

140 -
120 -
100 1 n 1 n 1 n 1 n 1 n 1
0 5 10 15 20 25
Comonomer in the feed (mmol)
Bl AESRERERERSELEXER
Fig. 1. Activity diagram for copolymerization of propylene with

different comonomers.
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Table 2 The effect of temperature on propylene/10-undecen-1-ol copolymerization

Polymerization Activity Comonomer in M, M, MM, Melting Crystallizing
temperature (°C) (g/(g-h)) the feed® (%) temperature (°C)  temperature (°C)
30 151 15 43700 161700 3.7 157.8 113.6
40 172 19 42400 165400 3.9 157.2 112.6
50 180 19 42600 161900 3.8 157.1 112.6
60 188 20 42500 165800 3.9 157.1 112.6
70 163 32 42400 173800 41 156.6 112.7
80 142 4.5 42100 16800 4.0 155.9 112.5

Polymerization conditions: 50 mg catalyst, propylene pressure 0.1 MPa, Al/Ti = 1000, 10 mmol comonomer, 1 h, the total volume of the liquid phase

was 100 ml.
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Fig. 2. FT-IR spectra of polypropylene and poly(propylene-co-10-
undecenoic acid). (1) Polypropylene; (2) Poly(propylene-co-10-unde-
cenoic acid).

@)
@)

1711

Transmittance (%)

1

1000

1 L
800

Kl 3(a) /& MG/ — 4 R 35 W 1 TH NMIR i
A DLE LR Ak A0 B S 2.3 fl g (B 43 T AR Sp) 5
V45 —CH,COOH 155 32 JEAH % 1 W7 2% 1 1) i 75
A 0 = A e Ay R TN 0 TR W (B2 TR A S,), Ak 2
P b v B, 23 0 BT 3R A M v ok R L R
AU 3L B 7 (130 3 b7 A 22 A % )
ST B g, A1 A LG O 1:1:4). R kT 45 3
T+ R TR BN (S/Sy) x (184.3/42.1) x
100%.

(@
el
2524232221
1
3.0 25 2.0 1.5 1.0 05
)
(b)
3.33.43.53.63.7
L 1 1 1 N 1 1 1 ]
4.0 35 3.0 25 2.0 1.5 1.0 0.5
)

3 WHIT—HE () MAK+—HE (b) £BYH 'H
NMR i

Fig. 3. Typical *H NMR spectra of the propylene/10-undecenoic acid
(a) and propylene/10-undecen-1-ol (b) copolymer.
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Fig. 4. DSC melt curves (a) and crystallize curves (b) of polypro-
pylene and poly(propylenee-co-10-undecenoic acid). Comonomer
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