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Development of a Catalytic Process for the Synthesis of Polyurethane Intermediates from CO,
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Abstract

Utilizing carbon dioxide (CO,) as a resource and converting it into high-value-added chemicals
represents a promising approach for the chemical fixation of CO,. We developed a catalytic process
for synthesizing polycarbonate diol, an intermediate for high-grade polyurethane, through direct
copolymerization of CO, and diol. Using a semi-batch reactor with a cerium oxide (CeO,) catalyst,
the target polycarbonate diol was obtained in high yield and high selectivity from atmospheric
pressure CO, and 1,6-hexanediol, without the use of hydrogen or dehydrating agents.
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Outline of direct synthesis of polycarbonate diols from CO, and diols
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Reaction of CO, and 1,6-hexanediol over CeO, with two
different reactors: (a) CO, flow semi-batch reactor under
atmospheric CO, flow and (b) sealed batch reactor un-
der 7.5MPa CO,. Reaction conditions: (a) CeO, 0.10g,
1,6-hexanediol 2.0 g, triglyme 38, 473K, CO, flow rate
200mLmin~'. (b) Ce0, 0.10g, 1,6-hexanediol 2.0g, tri-
glyme 3g, 473K, CO, 7.5MPa.

24

H A& # 8 B W #4275 (2026)

FBIGEZ BT 5 473K O KA CO, TP ILER 13
0.01% Al L HEE S B0 BRI N Y T ULEO IUBRE
WM DK EA RIE 600~700ppm TH Y, TiuidEITHER
VAER L7238 K AHEH) & 7 — AR A — MEBUIHED
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Reaction of flow CO, and 1,6-hexanediol over various
solid oxides

Sger Conversion Selectivity (%)
Entry  Catalysts -
(m%g) (%) Dimer Polymer Others
1 R R R R R R
2 CeO, 84 17 89 11 <1
3 7-Al,0, 95 40 <1 <1 >99
4 SiO,-ALO; 405 32 <1 <1 >99
5 Sio, 453 <1 - - -
6 MgO 38 <1 - - -
7 Zr0O, 45 <1 - - -
8 TiO, 55 <1 - - -
9 ZnO 12 <1 - - -
10 Y,0;, 40 <1 - - -
11 La,0, 107 <1 - - -
12 Gd,0, 60 <1 - - -
13 PrO,, 105 <1 - - -

Reaction conditions: Solid oxide 0.10g, 1,6-hexanediol 2.0 g, CO, flow
rate 200mLmin ™!, triglyme 2 g, diphenyl ether 3 g, 483K, 4 h. Others in
the case of y-Al,O; and SiO,-AlLO, are linear ether from bimolecular
dehydration of 1,6-hexanediol and cyclic ether, 5-hexen-1-ol and its
isomers from unimolecular dehydration of 1,6-hexanediol.
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WIS % &, Triglyme HAl (3.8%) X 1) b @izl (4.1
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Effect of reaction parameters: (a) relationship between
the water affinity of solvents and the conversion, and (b)
solvent effect.

Marks in (a) and (b): O, Conversion. Mark and bar in (b):
[], Diol balance; bar, conversion. *The ability of solvents to
retain water under the reaction conditions. Reaction condi-
tions: (a) CeO, 0.10g, 1,6-hexanediol 2.0g, solvent 3g,
CO, flow rate 200mLmin~', 473K, 1h. (b) CeO, 0.10g,
1,6-hexanediol 2.0g, triglyme 2g, 2nd solvent O or 3g,
CO, flow rate 200mLmin~', 473K, 1h.

(a) BEOFBK M E&LED

TR —DERAHERTE, 483K ¥ bifbanv e <,
R —OEBREOEINT 5 2 Ldvbhroiz. TR,
PG i ¥\ EBURAR 2 6 DK BRE D S 1,
TR Y 7 b LTI E 2 b 2 & 2RIk
LTWh, 72, CO, MEDHE LR L, AO T RA T —
WV CIE, 200mL min™! @ CO, HLHEA R T 5 Z £ DD Ao

7z By

2.3 BEEHODEWVIEIZIERFR) Y —SFE

KBS RICERTH B Z Lasbh o7z 2 HEO B IE
(Triglyme 3 £ U Diphenyl ether) ZHuMZ, ZILHOHE
RIE, SUGKEH, &2 WIZEEEZ L OB a2 2 Tias
L7z 213, A UBSEMIC BT 2 BURE (R b=, IR,
WG, FH5Te) 2T Lo, Triglyme 2g BL O
Diphenyl ether 3g DIRGHEBEE H\272, CO, & L6-~NF
Y VF VD 43K BT B BRSSO R (Entry 1, 2),
PUSKEH 96h 12 BV THE EER 95% 12 LY, S 5 IR
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Comparison of the reaction of CO, and 1,6-hexanediol in solvent and nonsolvent systems
Ent Triglyme Diphenyl ether Reaction time  Conversion Selectivity (%) Material M,
Y (© (® (h) (%) Dimer Polymer  balance (%) (g/mol)
1 2 3 96 95 3 97 >99 3500
2 2 3 168 97 4 96 >99 4200
3 0.5 0.5 89 97 2 98 89 7700
4 0 1 96 90 2 98 80 4500
5 0 0 48 >99 0.3 >99 55 5500
Reaction conditions: CeO, 0.10 g, 1,6-hexanediol 2 g, CO, flow rate 200 mLmin™", 483K, 48-168h.
?168h TIIW - Y & A L TEILE97%IEL, P %m
1D 3500 A5 4200g/mol T TLEF L7z, KiEMOE
BA TN 05g A S 7L 2 (Entry 3), WEIL £
HIFRRTHH L 0D, KSR 89h THEALH 97% I L, 260 |
BeF55 T8 (M) 13 7700g/mol £ TIZHEL 720 —77, c
% Diphenyl ether DA T 1g & L7244 (Entry 4) TD, g 40
MBI R R E SO0, KSER 96h 12 TRl S 2
90%, M_ 4500g/mol X THUGHHEIT L 720 SHIZ, HlEZ o
L D4 TIRRT L 7oA R 2 % 2(Bntry $) B X OB 4 127736 0 0 0 20 a0 e
Lo-NFH 2 U F — VOIS L) WEIEE NS DO, b Reaction time (h)
PG 48h THRALE DY 99% LL FIZ# L7z, RUSHIIA 2 10
LZEABIOR) Y —DIERD LA T 55, Sk H
N . F8
R2h DT, RV~ —OPERPFZIZER L BRI
M, BIOGHE M M) 23 A ZPEra< b7 77 4 — 6
(SEC) (2 & 0T L7z (0 4b)o SUSH, ERMIO M B X S
O M /M, 13301 LELT, 48 h 212 M, = 5500 g/mol DK 1)~ — 4
VLN, BRRMORISIZE > TEWI LGOS L5
&, M DEADPEINHELZSTHEY, ZHIERBEWICES
0

WMEMRI > TWEEEZONL, ULOEENS, Eil
R ZNODIERLELFET LI LT, ERT LR
=D FEEHETALZENTETHLI LN b
720

2.4 CeO,MIERE TN CO, & T % — IVDHETERISH
19

CO, BLURY /=5 DRIRY A FIVEBIZET %
JeAT IR0 % 2512, CeO, M BESLTHIIZ BT % CO, B L U 1,6-
ANFG T F =S OREEOFUNERIZOWTHEE L
72 (B5)o (i) 1,6NFH ¥ V% — LD CeO, FH O HEH
WAEIZE D, TaFxy FIGEMAERT 5, (i) 7)VaF
¥R CO, nHRA SN AL, Ce-k FOFIAFY
WA — Rt — MREREDPERT %o (iii) 7T F T R
MOWMFET =4 D Ce-k FOF I AT —KE—
WAEMD I — KA — MERIORKEBES L2 LT, H#H)—
RA— b (ZEE) PESN L, (v) FUSRH A SREIEKD
CO, W ATIUC L o THER SN B Z LT, Pl Y 7 by
o (WERL72Z8&EN CO, BLUL6AFF T,
HHVIIER L EARE SSIIKIST LI ET, Bl
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4 EINYFRIEVRATLIZETS Ce0, ETDCO,
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Synthesis of polycarbonate diol from CO, and 1,6-hexanediol
over CeO, in a semi-batch reaction system: (a) Time-
course and (b) molecular weight (M) and dispersity (M, /
M) profile.

Marks in (a): O, Conversion; <>, dimer selectivity; and 4,
polymer selectivity; marks in (b) [, M; &, M /M . Reaction
conditions of (a) and (b): CeO, 0.18, 1,6-hexanediol 2g, CO,
flow rate 200mLmin~1, 483K, 0-50h.
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ETNA=IVDEHALIHR TDH 5 192
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Formation of the dimer: HO
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@ & %% (i) O Ao
ée’o‘ée/ “Ce f')e’o‘ée’ O‘Ce

? Ho\/\/\/\oko/\/\/\/o"‘ + H0+ ceOceOce

(iv)

External
Diffusion and purge

Polymerization: (Removal)

° by gas flow
HO\/\/\/\O)LO/\/\/\/OH
1,6-Hexanediol + CO,
. . g
o, o HIOSSNANNO o NSO+ () HO
Ce”~Ce” “Ce n

)

5 CeO, b FICHITD COo,&16-~"FH2IA—)
DOHEERISHLED

Proposed reaction mechanism of the copolymerization of

flow CO, and 1,6-hexanediol over a CeO, catalyst®¥

Poly(hexamethylene carbonate) diol

5T EHRFEFREL NVTHEIEL, HIERYZ &I
BRECTERTE LR /ML 72, fk4 BRI %
WS L72fE R, CeO, DA EIHIETH S I LI,
£ Iy F RS Y AT DTSSR B DR 7 K 5 b
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