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Copolymerization of Propylene Oxide and CO, Catalyzed by a Rare Earth
Borohydride-Diethylzinc-Glycerine Ternary System
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Abstract: A ternary catalytic system composed of rare earth borohydrides, diethylzinc, and glycerine has been developed and found to be
effective for the copolymerization of propylene oxide (PO) with carbon dioxide. The effect of catalyst composition and reaction conditions
on the copolymerization was examined through orthogonal experiments. With Y(BHs);-:3THF-ZnEt,-glycerine molar ratio of 3:60:20, the
highest turnover frequency (TOF) of 4 908 g/(mol-h) was achieved at 80 °C and 3.0 MPa of CO, using 1,2-dimethoxyethane as solvent. The
poly(propylene carbonate) had a carbonate unit content of 95.7% and number-average molecular mass of 6.97 x 10°,
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Fig. 1. FT-IR spectra of the product obtained in PO/CO, copoly-
merization. (1) Before purification; (2) After purification.
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Fig. 2. 'HNMR spectrum of the PO/CO, copolymer.
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Table 1 PO/CO; copolymerization in different catalyst systems
Catalyst system (molar ratio) TON (g/mol) TOF (g/(mol-h)) CU (%) M, (10%) PDI (M,/M,)
ZnEt,-Gly (2:1) Trace — — — —
La(BHy);-3THF-ZnEt, (1:20) Trace — — — —
La(BH,);:3THF-ZnEt,-Gly (1:20:10) 402 67 95.0 4.90 2.57
Y(BH,);:3THF-ZnEt,-Gly (1:20:10) 2529 422 97.0 7.40 2.62
Nd(BH,);:3THF-ZnEt,-Gly (1:20:10) 310 52 97.4 4.43 2.63
Yb(BH,);"3THF-ZnEt,-Gly (1:20:10) 337 56 98.2 4.87 2.99

Reaction conditions: [Ln] = 6.67 mmol/L, [PO]/[Ln] = 650; p(CO,) = 3.0 MPa, 60 °C, 6 h, tetrahydrofuran (THF). Gly—Glycerine. TON—Turnover
number defined as the grams of polymer produced by per mole of Ln. TOF—Turnover frequency defined as the grams of polymer produced by per

mole of Ln per hour. CU—Carbonate unit content determined by 'H NMR. M,—Number average molecular mass determined by gel permeation

chromatography (GPC). PDI—Polydispersity index.
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Table 3 Experimental results and extreme deviation analysis of the orthogonal test for catalyst compositions

Run Factor A Factor B Factor C Factor D TOF CU
[ZnEt,]/[Glycerine] [ZnEt]/[Y] [POIY] Solvent (g/(mol-h)) (%)
1 2.0 20 650 THF 1967 91.7
2 2.0 5 300 DME 0 0
3 2.0 30 1000 n-Bu,O 880 88.0
4 1.5 20 300 n-Bu,O 0 0
5 1.5 5 1000 THF 0 0
6 1.5 30 650 DME 0 0
7 3.0 20 1000 DME 3071 95.8
8 3.0 5 650 n-Bu,O 0 0
9 3.0 30 300 THF 433 98.1
Extreme deviation analysis for TOF
ki 2846 5037 1967 2399
k> 0 0 433 3071
ks 3503 1313 3951 880
R 7.71x10° 15.2x10° 6.92x10° 2.81x10°
Extreme deviation analysis for CU

ki 185.0 192.8 97.0 195.1
k> 0 0 98.1 95.8
ks 193.9 186.1 183.8 88
R 2663 2661 564 789
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Table 4 Lo(3*) table of factor-level for polymerization conditions

Level Factor E Factor F Factor G Factor H
Time (h) Temperature (°C) Pressure (MPa) [Y] (mol/L)

1 6 80 10 1.0x107
2 12 60 20 6.67x10°

3 24 100 30 5.0x107°

Reaction conditions: Y(BH,);-:3THF-ZnEt,-Gly (molar ratio = 3:60:20),
DME; [POJ/[Y] = 1000.
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Table 5 Experimental results and extreme deviation analysis of the orthogonal test for the polymerization conditions

Run Factor E Factor F Factor G Factor H TOF CU
Time (h) Temperature (°C) Pressure (MPa) [Y] (mol/L) (g/(mol-h)) (%)
1 6 80 10 1.0x107 2323 92.1
2 6 60 20 6.67x107 2516 95.1
3 6 100 30 5.0x107 2735 82.6
4 12 80 20 5.0x107 1532 93.1
5 12 60 30 1.0x107* 1399 91.5
6 12 100 10 6.67x107 1499 83.6
7 24 80 30 6.67x107 1417 84.4
8 24 60 10 5.0x107 838 87.4
9 24 100 20 1.0x107* 968 71.5
Extreme deviation analysis for TOF
k 7574 5272 4660 4690
) 4430 4753 5016 5432
ks 3223 5202 5551 5105
R 112x10* 1.77x10* 4.47x10* 3.08x10*
Extreme deviation analysis for CU
k 269.8 269.6 263.1 255.1
) 268.2 274.0 259.7 263.1
ks 2433 237.7 258.5 263.1
R 48.9 87.6 1.21 4.86
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