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1.3 P(AA-co-MDO) & &

¥ H NaOH #4r  Fn iy AA (R A1 EE 80% ) |
MDO F1PU T 3 R4k B (TBAB) i 310U H B ik,
I AU S, LB i (458 4 38 3 400 v/min) AR5
28 1% 1 I A R Bl (APS) RIRI Ay AA JKIE U, 1E
8OCHIE T ERE RN 8 h, R 455, IR G W

HIZE 40 ~ S0°C , 13t it 19 74 R 7 49 vk 34 0B Tk
B BB 7 60°C 028 TR AR b T 4%, 15 51
e B4 [ 1, H) P(AA-co-MDO) SE B4y, JEZ 4
BB L 1 (0 25 R G5 MDOm,
m fCk MDO 15 AA i 7 4 1)

Table 1 Feed composition for P(AA-co-MDO) copolymers
Code AA (g) MDO (g) APS (g) TBAB (g) H,0 (g) Yield( % ) Sfuno (%)
MDOO 7.200 0. 0000 0.4320 0.2880 28. 8000 92.31 0. 00
MDO4 7.200 0. 2880 0. 4493 0.2995 29.9520 90. 64 3.21
MDO6 7.200 0.4320 0.4579 0.3053 30. 5280 88.73 5.13
MDO8 7.200 0. 5760 0. 4666 0.3110 31. 1040 87.25 6.89
MDO10 7.200 0. 7200 0. 4752 0.3168 31. 6800 85.96 8.54

* The mass content of MDO in P(AA-co-MDO) copolymer.

1.4 P(AA-co-MDO) By R 1E
L4 1 S5HRAE

ffi F§ Bruker AVANCE AV-500 # % 4L 4R i
1, LA D, 0 s 550 52 ' H-NMR % . >R ] KBr J& A
%, FH Nieolet380 fi 37 I 21 4 A8 4 S i A3 ) 21 4
T &
1.4.2 il

{#i 1 3% B Brookhaven 7 &) ) BI-200SM i 5t
DGR 5 I 5 W 1 34 03
1.5 P(AA-co-MDO) B4 g il
L5 1 ek ag ik

A%+ Mettler Toledo DSC882e Y 22 /1% 1 4
L (DSC) P 5 e 5 W i) e s Ak 5 28 UL R, A
S 200 mL/min, FHEJEE -70°C £ 160°C , T}
TR Z 20 K/min. [l#i 1 Mettler Toledo 2\ 7] f{) 34
HOPHTAL (TGA) il & 31 5 W i A ARS8 1, AR
i3 200 mL/min, Fhii 8 [l % 5 2 620°C, TR 3
# 10 K/min.
15,2 #ifmtereii

fdi F Riga D/max-2400 %I X-2& 37 S04 4t
RW i X-L A5 AR A6 A 100,240k 4420 70°,
R AN 4(°) /min.
1.5.3  AGES IR

FRELZ) 0.10 ~0.20 g LR Y E F 50 mL 28
TR, I 3 ~ 4 3 FR B4R R ), SR JE AT 0. 10
mol/L 1) CaCl, b HEV W & , 277 A K AME A &
DUE M & 5. 3% F R B A s 8 5
(C(Ca)).

C(Ca) =100.08 xcV/m

K, e S CaCLAREIR WK FE (mol/L) 5 V i i

I #E CaCl, bR HE S WA AR R (mL) sm g #E i BT
H#H(g).
1.5.4  Jracheaeiik

H1.00 g F R Y # T 100 mL &8 oKk,
FA 10 mL 4380k 10% 19 Na, CO, K% W,
FH 0.5 mol/L ) NaOH /K& 0K pH HIH = 11. 0,
L 0. 25 mol/L Z RS 7K 15 Wi 5 28 T AN T 0B
WA AE /8 fE £ (CCDC, mg/g) =25 x Z TR 55 7%
T FE 22 B
1.5.5 B8 2% vh Jy 0y

0.1 mol/L NaOH ¥ W ¥ 0. 1% t B4 7k
W 100 mL 3 2 pH = 10. 0. SR J5 Z i M A 0. 1
mol/L i) HCL ¥ W, W % % W pH 1 10.0 7% 5|
8.0 [f,0. 1 mol/L () HCI 75 #E i = 7H %%, B - o
Gz b 7y,
1.5.6 YR Atk e i ik

FeSCER L1 ] 7k, AR RS2 g vk ) 1 L 2R
Yy 1) A= ) I fie P g

2 #HR5ITR

2.1 MDO #1 AA FIRLEHIE

Jin Z£8F5% 7 MDO 19 H B A A RS HLHE,
W98 & B, MDO 97 38 R 5 T8 i r B 1< A fh 2
A A A Ak B EEE R TR, 2 KA
PR 0, B B R I L Rk
AL T-EE RS AR B AR A R i BRI RR e A R
FER Sy o AR AA SR A il 5 A TR S RE Y LR
R R S W A X K S VAV S A B S E
S, AR o RAY AA SRR A Bl & A T AR Sk
FIERY), WoR B 1 AERIE & AW o 7 N &



960 B0 C I 2012 4f:
/\
_O—CH,—CH, ,}”o\—CHQ—CHZ
H,C=C RH,C—CE
O—CH,—CH, O—CH,—CH,
i
RCH,COCH,CH,CH,CH,*

MDO

1,7-H-transfer

(@

i i
— CH,COCH,CH,CH,CH,CH,COCH,CH,CH,CH,*
1

1,7-

i
— CH,COCH,CH,CH,CH,CH-

GOCH,CH,CH,CH,

®

COOH

i
—CH,COCH,CHCH,CHyCHACH,CHY,

1,4-H-transfer

GOCH,CH,CH,CH;

d O

i i
— CH,COCH,CH,CH,CH,CH,COCH=

|
(@  CHCHCH,

O QOOH

i i
— CH,COCH,CH,CH,CH,CH,COCH-CH,CH, +,

|
CH,CH,CH,4

©)

Scheme 1 Polymerization mechanism of MDO and AA
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Fig. 1 FTIR spectra of P( AA-co-MDO) with diffiderent
amount of MDO
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Fig. 2
MDOS8

"H-NMR spectrum of P( AA-co-MDO) copolymer
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Table 2 Properties of P(AA-co-MDO) copolymers

Code M, x107* T,(C) T,(C) C(Ca) (mg) C(CDC) (mg) Buffer of pH (mL) Degradation rate (% )
MDOO 1.22 96. 61 418.73 542.86 141.98 1.75 4.9
MDO4 1.58 90. 92 417. 42 538.92 138.36 1. 68 15.6
MDO6 2.34 80. 37 416. 37 535.78 135. 82 1.64 40.3
MDOS8 2.19 68.77 415.32 531.32 133.03 1.62 61.2
MDO10 1.45 67.26 398.03 520. 65 121. 46 1.57 69. 6
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LR AR IR (T,) , R 2
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Fig. 3 DTG curves of P(AA-co-MDO) copolymers
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Table 3  Buffer of pH of MDOS with different neutralization degrees

Neutralization degree ( % ) 100 80 0

Buffer of pH (mL) 0.91 1. 62 0.89
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TWE, R W2, 32 M, BEE MDO & &1
WA, IR Y AE 28 KB A W A R N X R A
S MDO 5 &8 43 f F ) AA JF 3R 46 5 A Rk
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Table 4 Performance comparison of detergent builders

Detergent builders C(Ca) (mg CaCO, 'gil )

C(CDC) (mgCaCO5-g - Buffer of pH (mLHCl-g~")

P(AA-co-MDO) 531.32
BASF product” 539. 87
STPP® 270. 82

133.03 1.62
121. 56 1.75
101. 34 1. 49

* Sokalan PA 40 powder; " Tripolyphosphate sodium

HI % 4 AT %1, P(AA-co-MDO) 1) 55 % & J1 Fl
ST 43K B BASF 7= 5K, 5 STPP #H H , 2
& J17& STPP WYL 2 £, 3 # WAk T STPP,3X 3£
BRI SR Y 4 F i oA R R B AT B
T o F AR E OV Y R R T AR A, B S
Ca’ " #5451 B Al B B A1 A0 BAOIR 45 5 00 i B A A7 A
Tk

.LA

E
W AHEREGEM T —F E5 X AR
B EE LA RE N o LRy, L T, b
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SYNTHESIS AND CHARACTERIZATION OF BIODEGRADABLE
COPOLYMERS AS NON-PHOSPHOROUS DETERGENT BUILDERS

Jian-wei Guo', Qian Ma', Yi-hua Cui', Sa Liu®, Jin-ping Peng'
(" Faculty of Chemical Engineering & Light Industry, Guangdong University of Technology, Guangzhou 510006)
(* College of Material Science & Engineering , South China University of Technology, Guangzhou 510641)

Abstract A cyclic ketene acetal of 2-methylene-1,3-dioxepane (MDO) was prepared and undergone free-
radical ring-opening polymerization with acrylic acid ( AA) to produce biodegradable copolymers P ( AA-co-
MDO) which had ester groups in the backbone and carboxyl as pendant functional groups. The structures and
weight-average molecular weights ( M) were characterized by Flourier transform infrared spectroscopy
(FTIR ), nuclear magnetic resonance ('H-NMR) and multi-angle laser light scattering measurements
(MALLS) . Obvious changes of molecular weight could not be observed when the ratio of MDO to AA was
varied. The thermal property of the copolymers was investigated by differential scanning calorimetry and
termogravimetric analysis. It was found that the copolymers showed evident glass transition temperature. The
thermostability of the copolymers declined as the MDO content increased, but still maintained at a high level to
meet the requirement of production process of detergent builders. The X-ray diffraction results indicated that
P(AA-co-MDO) copolymers were amorphous and these copolymers may have good biodegradable performance.
The degradation experiments of copolymers in activated sludge revealed that the more MDO content was in
copolymer, the faster degradation rate of the copolymer was. The performance of the copolymers and other
detergent builders was studied and the results showed that the copolymers possessed high chelating capacity,
good dispersancy and favorable pH buffer ability,and therefore were ideal detergent builders.

Keywords Detergent builders, Copolymers, Biodegradability



