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R L-FLIR( Poly L-lactic acid PLLA)EﬁEEE’JTVﬁﬁH’JEE%MﬂZ— B PLLA Jifd , i = 214 F 55
P WS AL HLR PRI AL AR IR (T,) A%, #VBE 22, BRI 1 LR IO B o J 4 SRR
RILmR @7?/55‘4%%754# PLLA #E47 %%H%?E%m‘ o TR At AL A5 1 (Atom transfer radical
polymerization, ATRP) i % 1 & {1 ﬁfﬁﬁ%@ﬁ? I MR-2R L-3L BR-5 WY Ak 9 4% IR P iR ( PMMA-b-PLLA-b-
PMMA ) jix BE R, DL i R e 1 o (H= ) vk B A AR 68 Cu 851, SRR IR SR 5 W n FA e i
S o UL R AR B T IR BT I AL O, JRHTAE T R - BT sk
RS 45 Kokorin 45 SR T /K IR & v Si0, XS Cu 55 Bipy (2,2'-pyridine) | o-F B ML BERR
TRV BRER Cuo SRTAT, H HT i AT STHRIRGE R FH VR UE -2 0% 22 Br ATRP 2001 PLLA =4 b iy
Hi RS o ASSCHER T3 AL O, J2 AR RIS IV f-UTvE 2 Py s 5BR Cu B HYZCR SO0 R G WieR
SO, IR TR VR IR - 2R 0 LRI Y Cu 38 ik
P
1.1 K54

PMMA-PLLA-PMMA , 52855 [ fl 3 L-T4 5C B (L-lactide ,LLA) , 2 HESCHR 15 ] )y 45 oz fle ', 4
B >99% ;a-IRABER ,1,4-T %, Jo/K LB (EOH) , — & H % ( Dichloromethane , DCM ) , 2, 2" -B i, g
(2,2'-Bipyridine, Bipy) , Al, 05, CuCl, , EA_E 35013 2 53 #r 4l CuCl 28 36% £ Wi vk 28 1 10, L IE Uk
2 R VELAS TS (0 5 F B P R P I ( Methyl methacrylate , MMA.) {5 HI i 2R 28 44k 5 U 00K g ( tetra-
hydrofuran, THF ) ( 8 [E Burdick & Jackson fL2/8 ] ) |, A4l

BEI 3 5 0354 ( 3£ [ Dionex NH]) , it N PL gel ( Polymer laboratories Inc. ,5 pm,300 x7.5),
TAEIRFE 25 °C; FishAf THF, Jii&E 1 mL/min, 7253475 B 2 1 FRAE ( Polymer laboratories Inc. ) YEAHXT 73
TR ME ; PMMA-b-PLLA-b-PMMA SEFEIR L 5 ¢/ 1L; TAS-986 A5 1M/ttt
1.2 SLEHE
12,1 ABALA] 69 5 e 52 5 23 SI7E SO mL HEJE R b, & IBCIA 0. 0036 g CuCl,0. 0036 g CuCl,

2010-03-15 Wit ,2010-08-26 {4 Ja]

E &K EH AR & R (<8637 1141) (2007 AA027200 ,2007 AAO6 A402 ) %5 B3 H

THIEE R XNBET, #(4%; Tel :025-83587347 ; Fax:025-83532182; E-mail ; xiaoningliu@ 163. com; 5T 77 [ : =40 T A RIS B &
RO 53 B AR A BN
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0.0110 g Bipy £10. 0036 g CuCl +0.0110 g Bipy, %Il A 10 mL DCM EtOH F1 H, O, 4z 37 WAL iR O
1.2.2 Hfg-itimkrk Cu M IMA 0.1 g Hl PMMA-b-PLLA-b-PMMA J% 10 mL DCM 5¢ 4= %5 fif
J&  AE K CRERYITE , R IR DIVEY) R UIE 3 . BB EATE 60 CF B T4 2 i e
FE o SRR (Y% ) FBR Cu % (R% )

Y=my/m,x100% , R=(1-w,/w,) x100%
i, mo i m, 5350 Ry 25 Cu ZEFRHFT 5 PMMA-b-PLLA-b-PMMA (15T 5 (g) ;10,1 w, Ry 25 Cu ZLFRFTfG R G
Yrrp Cu 15 & 70 4 (mg/kg) o
1.2.3  ALO, EArteid 4z ik ir Cu  FERDISBEIEAT AT B G i AL O, il B 10 em 42 1.5 em E’J%L
FRARRE . ZERETENE A 0. 1 g 4 PMMA-b-PLLA-b-PMMA , ] 20 mL DCM {i Hoyzs it . Bzl ikt i, 4
K 10 mL DCM GRS A 1 3 Wk AR IEIR , EhE 28 R IR AR 2.2 5 mL, 72 K & CEEhITLE , 1§
HULEY), B TR R T EBCR (Y% ) MR Cu 38(R% ) .
1.2.4  #RiB-FEBokr Ca FEHEIEMF A 1.0 g 1 PMMA-6-PLLA-b-PMMA , ff| 20 mL DCM f{i 22 5¢ 4>
Vil e A 250 mL 20 Sk, 1T 50 mL 25251k S iR /K % 7 (50 mmol/L HCL) ZE MR IR, feJa il
£ DCM AU VR 47 22 5 mL, 72 K EJOK CBEhU00E, 08 B TR R, HHE IR (Y% ) FER
CuR(R% ),

2 iR 5vhe
2.1 BRE-TUEER Cu ol

CuCl,CuCl, \Bipy LA} CuCl/Bipy & [ {4550 78 JLAR o s PR e, 45 R L3R 1, 2 1 ml A,
CuCl 7£ DCM PR/ , FL CuCl 38 7K A= R PE Y 3 ([ 7R CuO ,CuCl, -3H,0"") | Fil DCM #4574
Fof T e A Y ik 2 B — R A AR ) L Bk B AR A S 228 CuCL, T Bipy &2 Cu/Bipy,

%1 CuCl.CuCl, 71 Bipy 7£ JLHUR fEF Fh B R M RE
Table 1 Dissolubility of CuCl, CuCl, and Bipy in various solvents

Solvent
Sample
DCM Ethanol Water
CuCl Insoluble. CuCl appeared as white Insoluble. CuCl appeared as white Partly dissolving. Gradually, the CuCl
powder. Changed a little in 2 days. powder. (white powder) turned yellow in the solvent.

CuCl, Partly dissolving, and further dissolved  Dissoluble. And the solution turned  Dissoluble. And the solution turned light
while adding more solvent. The solution  blue green. green.
was pale green(almost colorless) .
Bipy Dissoluble. The solution was colorless. Dissoluble. And the solution was Partly dissolving. The solution was colorless.
colorless. A small amount of white powder at the bottom;

While completely dissolution of adding solvent.

CuCl/Bipy Partly dissolving. There was a small Partly dissolving. And the solution Partly dissolving. But there were both
amount of white powder at the bottom. turned black green. while there was  some yellow powder and a litter white
The solution was brown. After 1.5 h, a small amount of green powder at powder.

the solution turned pale green. At last  the bottom.

the green precipitation appeared.

Note :4CuCl +4H, 0 + 0,—— 3Cu0 + CuCl, -3H,0 +2H* +2Cl".

FHf-UI0E I RBRAR XS 2 Bty 90317 (GPC 35) ) PMMA-b-PLLA-b-PMMA i Bt 25 4 H Cu
RCR LR 2, WK 2 ATDLE W, GRS (T7% ), H Cu £ERFHA 92% , Cu 1Y 5% B & ik
54.26 mg/kg, WAL, BT AEH KA HLIA
2.2 ALO,E#ftEi&RR Cu 5347

AL O, 12 17 ELAT YK B AL—OH S5 P 640 14 T 467 A6 A i EL A AR A W R P 5B PMMA-b-
PLLA-b-PMMA 1 Cu (YRR L 2,

B 2 R GEAR YT TC R Ve, S8 PMMA-PLLA-PMMA Ui %4 K 52% , P B AL, O, X} PMMA-
PLLA-PMMA {fE7EAR SR AN T W BFEVE o e, s A AN TS T Tl Ak AR 7™
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Table 2 Comparison of Cu removal by different methods from the copolymerization of PMMA-b-PLLA-b-PMMA

Method Y/ % w, (Cu) /(mg’kg’l) R/ %

Dissolution-precipitation method 77.10 54.26 92.0

Alumina column chromatography method 52.14 5.55 99.2
Washing-extraction method 83.07 ~0 100

Note: M, pymaspirasemmay =90317 (by GPC) ; the original mass fraction of Cu-ion is 681.27 mg/kg in the sample.

2.3 BEIR-ZFEEUERR Cu o347

PMMA-b-PLLA-b-PMMA 25 ¥k 3E-ZE BU I B Cu J5, Cu 3% B 2 #200 TF, B Bt AL B Yy i %
(83.07% ) 7E 3 Pk R (W 2) .

AL O, KT Al—OH P PR H SV E AT Cu BB AL A 0t 4T W B, 5L AL, O, W Bk B 45 22
%t HFRF=4) PMMA-b-PLLA-b-PMMA i1 5A5 %8 1 ¢ W BEVE F , AN P b B 5 88 A - 0 T 0 S ) Y R v
VR R AP e TR R R R A R UTEE A, LAk 3 258k Cu 3719 B 1Y, (B KR it
T JRA A 5 T UE - AE O Cu 5 1 T AN 5 0 19 37 70 10D 1 A 2 Sl ik 31 5 Bk H 9 o

PEIE-AE BOUEOR T TV R X B Cu B2 D26 3 138 3 T, SRV IE -AE U, AUH 10 mL 1y
DCM #EHL 5 W5 FrfS 7= i Cu JEARTT LASE 4 KBk ( <10 mg/kg) | i LR AW 00 A/, Toi i
KEAPLIEF, TR, AR, BR85S Y/, B BT A Tl i AT 5

%3 FEURMEA DCM B BAOME-2EEUER Cu R

Table 3 Effects of extracting times and the amount of solvent DCM on Cu removal by washing-extracting method

¢(DCM)/(mL-g=") Times Y/% w,(Cu)/(mg-kg™") R/% ¢(DCM)/(mL-g~") Times Y/% w,(Cu)/(mg-kg™") R/%
200 3 89.18 48.53 92.9 20 5 87.43 ~0 100
200 5  81.85 ~0 100 10 5  86.35 7.03 99.0

Note : M, pyvap-pria-s-puma) =90317 (by GPC) ; DCM as solvent.
:l_: >
3 45 1

VEuE-AEHGE FT A 32 Bk PMMA-b-PLLA-b-PMMA i BER G 9 Cu(JL-F35 5] 100% ) , H " P15
HCE (> 80% ) , AT TR, al 3548 KA HUE, BT T A, i HL > 7 3R8e75 4, HA B Y
b ST o

2 % X M
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Removal of Cu-ion in Block Copolymer of PMMA-b-
PLLA-b-PMMA Prepared via Atom Transfer
Radical Polymerization by Washing-extraction Method

ZHONG Yu, SHEN Jun, WEI Rongqing, LIU Xiaoning "
(College of Biotechnology and Pharmaceutical Engineering ,Nanjing University of Technology , Nanjing 210009 )

Abstract This paper developed a washing-extraction method to remove the residual Cu-ion from the triblock
copolymer of poly( methyl methacrylate ) -b-poly ( L-lactic acid ) -b-poly ( methyl methacrylate ) ( PMMA-b-PLLA-
b-PMMA) prepared via atom transfer radical polymerization ( ATRP). The result is that, when taking
dichloromethane (DCM) as the solvent and water or acid as the extractant, the rate of removing Cu-ion can
reach as much as 99% and the yield of the block copolymerization was more than 80% followed by washing
and extracting 5 times. Compared with other methods, the washing-extraction method can not only save lots of
organic solvent, but is also simple and effective. In addition, the washing-extraction method is a green
technology, which might be used in the industry.

Keywords ATRP,PMMA-b-PLLA-b-PMMA ,removal of Cu ion,washing-extraction method



