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Green preparation of polycarbonate with melt transesterification method and its antibacterial modification
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Abstract : In order to reduce the environmental hazards during the synthesis of polycarbonate (PC) by phosgene gas method,
and to solve the problem that the PC synthesized by melt transesterification has low molecular weight, diphenyl carbonate and
bisphenol A were used as raw materials and the molecular weight of PC was increased through the control of polymerization
process. Moreover, in order to enhance the antibacterial effect of PC as well as improve the heat resistance of the antibacterial agent,
quaternary phosphonium salts modified by perfluoroalkyl chains with different fluorocarbon chain lengths were synthesized, and PC
antibacterial films were prepared by hot-pressing molding. Taking the molecular weight of PC as the target, the polymerization
process of PC was optimized, the structure of PC and antibacterial agents were characterized and the thermal stability of the antibac-
terial agents were tested, the light transmittance and antibacterial properties of the PC antibacterial films were studied. The results
show that the optimal process for synthesizing PC is 10 min of transesterification time, 40 min of polycondensation at 250 °C, which
can lead to PC with a number average molecular weight of more than 12 000. The antibacterial quaternary hexafluorohexyl phospho-
nium salt has good thermal stability, and it can be blended with PC for preparing antibacterial films with the highest transmittance of
89% by the hot-pressing method. And the PC film containing 4 phr quaternary hexafluorohexyl phosphonium salt has the optimal
antibacterial effect, with antibacterial rate of 95% against Staphylococcus aureus and 94% against Escherichia coli. The synthesis of
antibacterial PC film is green and environmentally friendly with excellent antibacterial performance, providing a safer solution for
food packaging.
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transesterification method
1.4 3H A 6 H &

R B2 1 A i 4 & 2 O 3 SR
(QHPS) 5 Z= i 2 L i £ (QDPS), 4 5.25 g — St
J#(0.02 mol) 55 8.92 g 4= ) FE AL (0.02 mol) ¥ fif
£ 8 mL [ LRI 76 75 °C R I FE 48 he N
S5RE ,40 °C R EZE R & OGS R, 56 H kv
GAHL=HI 3K, 35 °C F A T8 h #5351 9.69 g 7=
) QHPS (772 68.4%). QDPS (194 15 QHPS 4
BT 3, FURHG A R O R e 40 B 4RSS A
b

~ o
(= el — et
I Ay

n=9 (QDPS)
%12 QHPS I QDPS 4 £k
Fig. 2 Synthesis routes of QHPS and QDPS
1.5 H PCHERAH &
K FH IR 2 £ PU R PC RS . 19, 40 TR
HU1,2,3,4 gAY QHPS 5 QDPS 4 100 g /Y PC IR &

B F BTG IE908 16 2 405 34y 440, IFAE
FLoS TR 80 °CTHE 12 he SR TIFE R AR {3
AR ] £ PC 5 HU e 7 1Y R, 3 T5 R 50
r/min, JE R F[E] 4 10 min, 2508 B~ 200 °C, i
J& K AR Y E TR AL, 7E 12 20 MPa
IR N 210 °C  FUE T E] 5 min B8] 15 min ()
ZHCT TR IS ENE R 150 wm 245 AN AT
R ES I (9 QHPS/PC 1 QDPS/PC JHifist
1.6 HAEMX
1.6.1 #HHpFEMEF*
FKHASREEEMNEPCH THE, FERT
Mark-Houwink £ 5523 (DA T & #k M-H 2852 20), UL
(1)
n = kM® )]
Kb ey FREREG Mo F it k5 a ¥R TE
— B —E R AW, U S — i R A AR
ArF R R ) M-H 28560 0 H 40
0, B AR XS EEE, FL SRR R Ry 1 O R LK
).
n. = nn, = tht, (2)
Kb WA FIREE ;o0 PC I AN e
S [CR R B AR T F AR T A B[] 5 1, — 54
F e TR TRTE 2 EQ R BE T R A v A SR Jitad A s 1)
., PRI LERREE , F0R I R B s 7 2
AR, SRR O R W (3).

T] - 7’]0 - to
s - =" = N - 1 3
N, 770 " Ui 3

UV R LR ¢ TCRR BT T 0 ), 5S4
R R C R IL(4).
n =n,/c (¢c—>0) (4)
K — Rk AL A US| IS BRI RO
ik, Wa(5).

n="/20n, - Inn,) )
FLH B 58K F o 3 5 12.3%10° 5
0.83, L [RAR IR HEN(S) , 15 PCIRR
(B m S T8 PR MH 28 5 75 7 R ) 52
Sl TR PC IR 4 Foik
162 HHMBREES HTE N RE LM
3
GPC 53#7 : LA N, N-— W 3 H e i (DMF) Ry i 2l
L TUE P 5 7R
FTIR 7387« K PR AL B T vk il 2 R i, 94



30 AR

2024 4E %5 52 4 45 6 1

T FE A 400~4 000 cm ™', 23 8% K 4 cm ™,

Rt 3R 3 ('H NMR)SHT < Sef R 9 i
fift £ CDCL 7 H , I LA DY B e A Je (TMS) A P9 A
W) AEAL GRS A T R AT

TG 5307 : 76 N, 0BT 4 il D v B 1 161 oy 50~
700 °C, FH #2410 °C/min,

SEM ML : Xif PC 78 A5 114 o 388 1 Acb 1447 i 4 Ak
P 5 7E SEM T W5 Bt b 771 78 FE A0 R i 43 A
T

25 61k BE 23 T« 7E 190~1 100 nm 14 % K 3 Bl
P, A 1 PC AR 5 45 25 BT 1A PC AR 11335 O
PERE.

1.6.3 08 M fk K

Hi PEBES IR GB/T 31402—2015 Wizt , 5% J1°F-
M AT B PC ¥ B I AT 1R (Escherichia
coli, fij F E.coli)-t5j 4 %% %5 %45 BR I (Staphylococcus
aureus, fAIFK S. aureus) HTEA R . 5, K PIFP &
AR PR R PC I S KT 4
BB BRI 95 24 b LR FRES RS X RS T
10 fE 5 LUAR B IS TP e B B R 10°,10° 5 10°19 3
AR o BT RIS I TR 53 R A B B AR L
BCE T 37 CCI RIS A R 5% 24 h, a1l sk B
T B2 T 1 B P4 B0 T4 B X (6) T TR BRI P B PC
T IR

R= % X 100% ©6)

K RAPUHR , 50371 % ; C 25 [ PC Ry
DA, 5057 CFU/mL; C, At IR PC R 1) RV B
Fifif CFU/mL.

2 #ER5i
2.1 JEmRES kA PC A RA SN

MURIRZR T Mg s 8 B 1] | 4 2R s (1) 11 4 3R Ut 32
X PC T B2, MR 3 i .t B 3aF Y, i
ZE B A% PC 2G40 T3 M, s /0N, B g 7=
Y ARER Y . TR AC B 18] 247 10 min, SR 4R
RIS, B 30 F Y, YA T ] 40 min B 45
BN 4> T8 A 8 SIS PCIR R Y . o), 24Tk
A A 8] A 10 min , 45 2 B5F 8] & 40 min A, Fy 14 3¢
F il PC R o1 REBE S 40 SRR M FH R Mg ok,
5 RIRE N 250 °CHY , PCEEY 4 F 1M 12 011, X
R AR EBEIRET ,PCRAERAMNBER N,
DTFEDYE, BATEPCHRIRAER . W5
¥14yFaR 12 011 /9 PC 3147 GPC R, 75 21 & Y

o112 087 FE IS 19 627, 2478
FE(PD) A 1.62. L, R A S A B A 1]
10 min ., 4 2 B[] 40 min 45 2@ 250 °CHY, A Eb
TG Falt i A 4 1 ) 45 19 PCY, AR5 S 1 SR &
T AN 7 e = 43%.

8000 -

7800+

7600 -
=

Qo
7400 -
9
72001
9

7 ()0()0

. . )
5 10 15

Transesterification time/min

(a) Transesterification time

90001

C
8 5007/
9

8000
75001

7000} >
T

6500 ! ! )
30 40 50 60
Condensation time/min
(b) Condensation time

12500
12 0001 °
11 500} /
11000-
= 10500
10 000+
9500
9000 /
)
8 500 1 1 1 |
230 235 240 245 250

Condensation temperature/°C
(c) Condensation temperature

B3 R[ERG AP #  PC B 71-ht M Bk

Fig. 3 Variation of viscosity-average molecular weight M of PCs

prepared under different polymerization conditions
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