a3 %6 b7 N - S DU | A = - S Vol.43  No.6
2024 4 12 H JOURNAL OF TIANGONG UNIVERSITY December 2024

DOI:10.3969/j.issn.1671-024x.2024.06.008
B 32 #R 0 R 208 2R i 1 2 AE W ik SR Ak R B

ZHRIF 2 AN 23 0 R & 12
(1. KRBT R MERIRIE S TR, KHEE 300387; 2. REETA R 48 3Rt 43 s I 55 5 75 [ 40 J A S0 0
=, KHEHE 300387; 3. KTl K2 fb2a TRESHIRZARE, K 300387)

B ARG b R R s BR BE (APC) 8 T b &-05 ik 3575 FeAn S ae AL 09 M A, R A — 4%k, AR Bl AR BR = ) K B
For B4k T TUBEAE Sy 4 BB K MRk 4 R & APC R 7T (5 TAZ AL, BF R R 8k B = AR B AEAL AN AF £ |
ALK R RN SHRBE AE —UHSRTHFREZNS APC ZHTFH T RER T RGY w0, 4L
WG R TL Tt = ey A ) AR BEAT RAE . 25 R AW AT LA A 35— W 85 (DMC) A= 1,4
TZBAEAGRER CEBARREABR LR EA 1,4-T B WA T 1.4% TRR R L7
4.5 h 45 RIEJE LB 245 °C, s 5o T AT R &A% B T = B3 85 (PBC) 69 £ 3 5F i £ 15 2] 38 KA My=4.04x
10* g/mol , /= %34 %) 82.0%; % %1 K A DMC/1,4-T =B .DMC/1,5- /% =585 .DMC/1,6- T =B 4] &4 3 # APC
8 0% o FRLIR 3K B 250 °CvA L, FT vl RAR R 6948 R B A

FERR: SRR e AR IR B 5 A B b AL B A4k A R R IR aR s Rk

hE 4SS TQ316.4;T0320.62 XHEARE: A XEHS: 1671-024X(2024)06-0051-10

Preparation of aliphatic polycarbonate by ester exchange melt condensation method
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Abstract: In response to the high pollution and energy consumption issues of traditional industrial preparation methods for
aliphatic polycarbonate (APC), using a one pot method with different alkyl carbonates and linear diols were used
as condensation monomers, and APC type degradable engineering plastics were prepared by melt condensation.
The influence of different types of dialkyl carbonate, catalyst types, catalyst dosages, prepolymerization times,
temperature and the number of carbon atoms in diols on the My and yield of APC products was studied. The con-
densation process was optimized and the structure and thermodynamic properties of the prepared product were
characterized. The results indicate that the optimized process conditions are dimethyl carbonate (DMC) and
1,4-butanediol as condensation monomers, lithium acetylacetonate is used as a catalyst and its dosage is 1.4%
of the amount of 1,4-butanediol substance, the pre—polymerization reaction time is 4.5 h and the condensation
temperature reaches 245 °C. The weight average molecular weight of the prepared polybutylene carbonate reaches
My=4.04x10* g/mol, and the yield reaches 82.0%. Using DMC/1,4-butanediol, DMC/1,5-pentanediol, DMC/
1,6-hexanediol, respectively, three types of APC are prepared and its initial thermal decomposition temperature
reaches above 250 °C, which can meet the corresponding temperature conditions for usage.
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Fig.1 Preparation principle of aliphatic polycarbonate by melting method
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Fig.2 Reaction device for preparing APC by melt

transesterification
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Tab.1 Influence of time, molecular weight and productivity

in different carbon source

i I T /h
i ——F M,/(10* g-mol™) PDI TER %
1st” 2nd”
DMC 4 6 2.33 1.49 82.03
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Fig.6 Effect of polycondensation temperature on APC
products prepared by different acyclic glycols
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Tab.3 Comparison of molecular weight and yield of three

aliphatic polycarbonates

BAY ﬁ TC M;} (Oi(f;g M“rln(olg)g' PDI J75/%
PBC 40 70 245 404 270 150 82.03
PPC 45 75 255 294 160 184 7823
PHC 5.0 7.5 265 3.38 1.75 1.93 73.69

VE 0 R ITHRA I 70 SRy P Ao T 437 R I O 4
SRR s M, M, 53504 T 40 R B RO 50 F R B

PR LT B T 100%55 10 R EE A g 17 1
RERIRER Y FIS(EM E . i3k 3 n L3 Ff APC
f)7= 3% PBC>PPC>PHC, H =% 5 F 70%. APC RH
AR, mR S R A SN B 2 R IT
ST AH L (9 SRR AR R 58, I EARR WA =il = &
A OERE SON PR & 4 T AR S RGN
APC =/ 100%. WIS 7 15 S B R ik 14 43 7
Jo e B A3 EORE TT LA AT AR < AR ST B ) SR Al e i
MARHE 23 BT A i, Forh PBC 94 BT i iR
M,=4.04x10* g/mol , M,=2.70x10" g/mol, XFTHR
W B PR RE , BEE I H LA T 4, Br A ik
() APC [0 8L PDI /N TF 2, bR Hoor i
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Fig.7 Infrared spectra of aliphatic polycarbonate

FH & 7 AT, 2 965 em™ FlT 1 398 em™ Ak Ay 3
1) H 1 55 (O—CH,) Hh C—H S i 4 K 25 ith 48 30 e
5| A IR AU S 1 727 em™ b S T R TG S Ak AR RUAE
(C=0)Z [afh4a 4 gl 51 8 1 g, 1 231 em™
1 025 em™ J& Tk R Fi Lk A L (O—C—O0) I R 3
SR A, I FREE B —BRIR T EIN 2, H
TRA BB LR e 2 A= T I g . AR DL
WU FR A7 B S o BT 25 S, T AR EL =435 R APC fig
il UIALR
222 HEEEIREEST

P AR HLIR A% 'H NMR (400 MHz, DMSO—d6)
XTEE LY APC AT Z5 M RAE, RS i an &l 8
Fim o

i3 E18 HIRAE 5 43t H bR 4 PBC.PPC.,
PHC 507 B 254, 4558 00°F

(1) PBC(AL243i%% 6) :4.07(s,-0-C(0)-0O-CH,—

—PBC oo »
PBC \(7+C\“/\|/]\a/ﬂ";

I

—PPC . ¢ a
i A J\ \(7+(}\(7/v\|/\(7,]:

DMSO "A g
S L 01 =) \J\\ ]

—PHC J oo A0y
\

DMSO b

5 p 3 2 i
8
B8 Bghiik BREAER B RE IR S

Fig.8 'H NMR spectra of aliphatic polycarbonate
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CH,), 1.63(m, -0-C(0)-0-CH,-CH,-CH,-CH,-0-C
(0)-0-)

(2) PPC( fb2A1i %% 6):4.05(1,-0-C(0)-0-CH,—
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0-CH;),1.63-1.58 (m,-0-C (0)-0-CH,~CH,—~CH,-
CH,-CH,-0-C(0)-0-),1.37-1.30(m,-0-C(0)-0-
CH,-CH,-CH,-CH,-CH,-0-C(0)-0-)

(3) PHC(fk2#43i %% 6) :4.04(1,-0-C(0)-O-CH,—
CH,~CH,~CH,~CH,~CH,~0-C(0)-0-),3.34(s,-0-C
(0)-0-CH;),1.54-1.58 (m,-0-C (0)-0-CH,-CH,-
CH,~CH,~CH,~CH,~0-C (0)-0-), 1.25~1.29 (m, -
0-C(0)-0-CH,-CH,-CH,-CH,-CH,-CH,-0-C(0)-
0-)
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Fig.9 PXRD patterns of aliphatic polycarbonate
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Tab.4 Thermal properties of aliphatic polycarbonates

APC n T,/ T,/ T.IC
PBC 4 -22.4 65.3 -10.3
ppC 5 -30.6 59.4 -11.7
PHC 6 -39.1 55.1 -15.5
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Fig.10 Three TG curves of aliphatic polycarbonate
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