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(R R T ARFSE T, LA 100190)

T OE 3 LA D R A K H I kR R £ PP R D TR T S D) R LA R S IR SR R IR G T
Eiila T RALREWIROR . BEE T BALA R S OR i LA | R TR R SR, H P B A B
Y R (S E 8=9.7 (cal/em®)"?) AR R (IEFBE 6=10.3 (cal/em® )" i L1484k, BALIRI 1A
VAR SROT IR 9. 89 ~10.09 (cal/em®)'?) | B BOFLA 55 545 W) 2 1) 345 it 2 22 EL A B0, ek i 4L
T BB Z MG R T AR T Rk 3 RSSO AR IR 3R S0 M AT A D BT B 1 54 JZ2 e A BB, AR 23-# 12k
FUEE 0 A T) FLAR B0 0Bk B0 45 T PR BB, L AL AR O 257 nm B9 A0 A7) BE AR 45 B 10 3h A B A i
(45.1 mg/mL) W IALAN e g 3 f2t 70 B 2 AN TR A AR )

KEIF BULN,; BWESE, KILMER, EAk,; 4B
1 5| 5§

AT A=l 5 5R H AR B0, A (A8 40 i 245 2 7 SN I B I, 2] o A b SR AT A5 K 19 2
Py i, 2 T R 8 AEALHOR T TR B B PRI i v i 1) 0 5 0 B 5 IR AR AT o 2 BT AT BAE R
— M EREARTEE (sl rh oA EEAL, b gk R BUR 0 B AR R L, YT AR
FETR A BN Tz B A AR A 0 A R M v A 0 AR (E Bl = AILBRRI 1 T s A 22 (3 <
0.3 MPa) FLAE/N Y (FLARVEREIZE 3 ~ 50 nm ZJ8] ) , JUHAE 5> 85 RRHEY) 40, i 3 20 7 J0kL
If, LB B AR Gl NN . TR RALES R RS Y 2 A BOALRR & (AT TN 52 10 MPa LA
R AUERSER(>100 nm) |, BE3EA R RST 73710 1% BT, BE 6% I e PRk | vapil 5 73 2 2l AL i 7oK, mT
PRAMIBEAR L

PABUIEHE N B 5T 1) A7 ot 22 LU TR B HY B3R 1l AL, 42 i fsk 45 44 DT 264 i LA il 2 M A
T U AR AR B RO P A I A ST A RRAE 14 R i SE0RE(POROS R 41) Y Ho i K AR A
[ HAT B AL (500 ~ 800 nm) A1 HIAL (20 ~ 100 nm) , FEPREHE F1 507 PR A% 5 7] i HAT B
MEE 2, XA BT A R P ST A KRL T, SR J5 L ) A P 3R DT A5 38 SR FL ARk , PR HC AL
FLRR AT T ME AR A 42 Y . Sun BF ST 400 SR Ak R A AR R A ML IS A Sy B0AL ) A 4 R AL
PGMA TER 135 HA 10° nm fLARGBER H B T IHUBRL 5 GRS AR S PR 2% | T ok i B
FUARG B 51858 5 Zhou 5575 FFE T LA A s K 125 vl SR 7R s T G 2 RN s 288 5 I 1y R AL 2
Bt DL WIRR 5 ¥ 24 i i B AN Rl RO B, AT A5 508 FL 5 . 2R AL R G W Iokoxt
FI RS FA B BT A BTk Re (B[R] B JHE L 3R a0 AR s W 3 BRI, 2T 10 m?/g, 40 BT A 2 1 4t X
DISRTE10) S AR A7) AR vh R R 56 8 A el 3 3G O U o5 AL R IR IR 28 ek, LA
200 ~300 nm FYBEEFL " [ ELA 5 R A L R, 7 I s AL AR B b3 AR A Ao AR e B AL
Xof TR EA A (14 52 0 5 Ry {2, B S e KL AR ARG — 2D A 5T
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RIFRGRE S RGEWIE T BALFN S B ER ) 25 GG FLAR RN | LR R B
B SFAYRE  RR T IR S ORI Z R R RO R

2017-10-07 Yk ; 2017-11-21 $232
AL RALATTT F AR 4 (No. 2162013) A ATTTHZ AL I 1301 H ( No. KM201710017003 ) 1 2017 It 5T 5 452 4 5 7K A A28 X
R st 35 H (No. 17032021006 ) % Bh

# E-mail; ryzhang@ iccas. ac. cn




52 4 RS BULRIE S 800 RALZ i B 25 52 e AT 52 289

2 SIGES

2.1 UE5iEH
FEI Quantad400F $14#H 7 W i385 ( 35 8 FEI /A H)) 3 Autopore 1V9500 JE 7R AY ( 26 [ Micromeritics 23
H]) , V-Sorb 2800 Lt 3R 1HIFHIN (Y (B Bt 43R5 /A ] ) 5 AKTA Purifier 10 FHZHT RS (£ E GE AF]) .
S T M R A7 7K HM TR ( GMA | 4HRE 98% ) £ B — I BN I BR TR (EDMA |, 26 FE 98% ) (3R LI
(PVA,BEf# L 87% ,FHIREE 1700) R 2 W ( PEL 4312 600 ) ¥4 A 46 (BT hr T F A A )
A5 THS (AIBN, /3 #ral) S B (DCM, 0B 4ll) IE=FBE(OA, /BT all) |+ e 3k A iR 4k
(SDS, 4l 99% ) , FEZ54E M ; 4= 13 A& 1 ( BSA IR, 4l >98% , 35 [F Sigma-Aldrich 23] ) ,
2.2 KWHE
2.2.1 KAREYREBKMEIE NICRHBZEREG G, KRS BRNE 1 R, BAARSLEP 5
W . (1) BEHIKAR . FREL10 g PVA (1.0 g SDS AILA 1000 mL 25577k /KIS I ZE 80°C , 7ERE 11+
T 2RV BGE VI, R B, A (2) BoliAE . FREL 0. 040 g AIBN JITA 25 mL =it
SRGFRUMAC 1.0 mL GMA 1.0 mL EDMA 1.5 mL 4 W 4% 1.5 mL 1IE3£EE, 725 T 15 min
RA¥A, 3) M AR KMET E A2 A KA, 200 v/min BEFE, HMoE RS, THEE
60°C 1 8 h, RASEH G KA TIE , SR e AN R IGHR s, FH N Bl 4 24 h, U 7E 50°C T H
24 b, EIR A, &
2.2.2 BHBEFZHENMEMNITEREFR

0 0
vl LN S )\(0\/\0‘)5‘/% e
HBSMCER[13] k. #RH5.0 g T 0 0
PR B R FL R (PGMA-EDMA ) & T GMA EDMA Bead
250 mL= DUREAT, SR HRUCIIA SO mL gy o 3 4 4K H G ( PGMA ) -2, 8 — I 3 79 4 i
TR S0 g ROMBWRE  TEFEIR  (EDMA) A i) 4 1 B s 25 P
BHAEINIRE 60°C , [ 24 h, LW 58 Fig. 1 Scheme for preparation of glycidyl methacrylate-ethylene glycol
VA IS KT IE ] 258 TOKVEIRE  dimethacrylate (PGMA-EDMA) microspheres
Te SR IG TS Z BT A il I+
e s DY HEAEREITR . (1) %6 30 mL 1.0 mol/L NaOH WA BifE R A -OH B, (2) ¥ 2=
BT KA Z A EVE R B P (3) MERR A 50 mL 0. 10 mol/L MAJZHTAE S, I [
ISR A AR s (4) A2 HTAE TN A 30 mL 1.0 mol/L NaCl ¥k Bt i 82 5 4698 (3) MU SE W &
It (5) FAmRiE HCL 0 i WOAR T AR T =0 A R B T ac e 55 1 Q.

C,V, - C,V.

0 = % (1)
Hrp ¢, i1 ¢, 435 HCL F NaOH BYHERE V) \V, \V, 20BN R A B HCL 9 NaOH 15 AR
2.2.3 HIBSHMEMNEEMNAFEMWEEHE I 1. 0 mL PGMA-EDMA-PEI 4 i 28 A JZ b1 A1 45
(@ 10 mmx13 mm) H B 0EE T4 3 T AKTA Purifier 10 E HZEH RS H, LA 50 mmol/L Tris-HCl 2%
PVA (pH=8.0) J A A, LA 1.0 mol/L NaCl Tris-HCl ZZ /iAW (pH=8.0) Rtk B, I I E- M
A TCH] 1.0 mg/mL BSA VW, GISAIFINT e BB RE R 1. 0 mL/min, KK 4 280 nm, 56°F
MZ A 10 mL(BP 10 AEARFR, 10CV) 885 FEE Sk EAE T XOF AR I B BSA |, 100% Uit 28 J5 75 LA F- A A
PPURENTE B 5 LAVEIL IR B PR B AR 1, AR T SR AR T A T Sh A IR B

3 ERSITH

3.1 BrFL s 4E 43 B bl B 3 R 5 B 2 i
BULRIX Z AL R AL G EAIME . e %8 1 AL Hh R 2 23 O AS (5] B 4L
TR IE S0 B 52 0, [ 7 25AL AR B A AR R A 0 R 4 o =2 e B B AL, HE R S T BE ( DCM,
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8=9.7 (cal/em®) ") R, IEFEL(OA,8=10.3 (cal/em’®)"?) AR, PGMA-EDMA Bk A%
i P B S IR R LN AR TR TS ILE S 9. 3 (cal/em® ) 2 LU AT IR S S0 2 ISk [ 15 ] B0, B
LA B AR R B L 2300 201 10 1 12 1.5 1 2 ORI AV A B S 80K R 9..89,10..0.,10..06,10. 09
(cal/em®)"?) R[RIHGA) R B R ETE A AR AL AN 2 i, DCM/OA 24 2: 1 B (A1 F1 A2) Sk s, JLTF-
Jofl; PR DCM At ,DCM/OA A 1:1 BF(B1 F1 B2) , Ok F RG2S RS , R 5000 £%5 R i SEM £
(B2) HHFL 100 nm LI RAFL ; QELERFHR DCM F&E, & B 1:1.5 B (C1 F C2) , Bk F mi i FLAL
K2 200 ~300 nm; FfiF DCM AR —2000, 24 FRE DCM/OA =1 : 28 (D1 F1 D2) |, fcbk 5 i RS J3E
B2 KA S 4] BN, £ 8] 38 2 24 n s 462208/ DCM. () I (DCM/OA =1 :3) |, SRk
i, TERIRETE S TR AN R OA HEE A3 R R FL AT R 2E7E L, i R %5 71 DCM A7
TR T R A ok B LSRR 38 (R 80, DR 9 5353 14 2 FL R B bRl s LA AR

P2 B S G A SE BN R L T B A (L, 2) (B(1, 2) \.C(1, 2) \D(1, 2) %)
ARG RE SRR B 2:1 151 ,1:1.5.1:2

Fig.2  The morphology of PGMA-EDMA microspheres by porogen with different ratios of dichloridemethylene
(DCM) and octyl alcohol (OA)

A(1,2),B(1,2),C(1, 2)and D(1, 2)are corresponding to volume ratios of DCM and OA of 2:1, 1:1, 1:1.5 and 1:2,

respectively

3.2 HAFGERNBBESEXRMIKABEMAZM

AN H A9 A 5L AR 2R 75 A P S5 A R P ket L BBk ) FL AR % LU R T AR AN SR 1 s . LRI R
HI I EE S50 9. 89 (Cal/em®) 2 HEAN%] 10.09 (Cal/em®) 2 B i BYTHERFLAR S 18 Kok | fe K2
FLARN]IK(257.0£0.2) nm, 0, XN LR TR FREE S N (134x1) m’/g FRERE(47+1) m*/g,
W H AR AP 25U 5 V5 R 1 75 i B S B T B A Wit 1) T e 7 3oL
FIK R 5 PGMA-EDMA FRER 22 8] A 74 i B 2208 B R SUFL A 5 PGMA-EDMA AYAHZS RN 45 , 308 17 5% i 3
BROVEEA A — g 52 , Hp i DU 3 IR 4, FE i B2 S 802518 AS XL By 52 i 35 &1 (1 3) AT L,
Bl 2 22 (B 3G TR A LA 2 T s i LU SR T BN AR i 5t a3 (1 4 ) o g8 LR IR i B 22
1B AS B, BALH 5 R GV Z M AR AP 2 FE R G AR b A iU RG9SO LR Z TRI A AH 53 15
AR R IR A Y e R AT A% LAk S AR K T R SRR IR RO ST |, 3R 4 B0k R b A D) 4
] 19 2 Bt B 2 35 0, BRI , feJe T A TR LA . 5 e RT e, SR A AR IR A D Xof 7 Yy b 6 T
TR RRAIG , iR i) B2 T VAR S A R R

F 1 BALFE A E L PR AR 1 FLAR /N S H R T AR
Table 1  The surface area and pore size of PGMA-EDMA obtained by porogen with different ratios of DCM and OA

e DCM/OA (V/V)
Parameter 2:1 1:1 1:1.5 1:2
F-¥1fL4E Pore size ™ (nm) 210.2 73+0.2 124+0.2 257+0.2
H Y Surface area™ * (m?/g) 134+1 911 67+1 47+1
TEAE BB Solubility parameter ( Cal/cm® )12 9.89 10.0 10. 06 10.09

© HHSREINE S BFF-fLAR s AU ik A i e T AR

* . The average pore size is determined by mercury intrusion method; * * . The surface area is measured by nitrogen adsorption method
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Fig.3 Relationship of A§ and pore size of microspheres Fig. 4 Relationship of A& with surface area of
microspheres

3.3 AEEHFEERNERHTHENE

B AR FLAR B ROERAT AR I il 25 75 21 BA 25 1 32 41 J5 ( PGMA-EDMA-PEL) |, 73 Bl 52 1 H 8 5 52 4
MBS EARRE, K2 AT B BRI (21 ~257 nm) , 8 T ACHAEREA TR, 3
BT TR MR AR, Bl B R s I PEL BCAEAY HED (B2 T A B3, A B B T
HA R IIRIFTE 0. 35 mmol/mlL AL AT BEJE A BT Y b 2 Th1 AR SR R ARG, (ELAR IO Fr) FLASS A 384 i 3 A1
T RG> T HCEE PET AL 5T LK S R B, i fre 206 1B PET AR AT W 38 5

%£2 AFELIEZHIK PGMA-EDMA-PEL (R B85 T 2cHe 75 RIS A 3R 11 40
Table 2 lon exchange capacity and dynamic binding capacity on PGMA-EDMA-PEI with different structure

BH DCM/OA (V/V)
Parameter 2:1 1:1 1:1.5 1:2
SE3FLAZ Pore size (nm) 21+0.2 73£0.2 12420.2 257+0.2
H AR Surface area (m*/g) 134+1 911 67+1 47+1
B 1324254 Ton exchange capacity (mmol/mL) 0.398+0.002 0.373+0.002 0.370=0. 002 0.35520. 002
hEEE Dynamic binding capacity( mg/mL) * 61.4+0.1 50.2+0.1 48.2+0.1 45.1+0.1

# . B EREE N 50% i ZHH The dynamic binding capacity was obtained by 50% breakthrough.

Fefs TR FFLARZ5F9 1) PGMA-EDMA-PEL (1) sh 253k it il 5 A B FLAR 1Y 386 KR Rl 8 R4 T
1L R i F H T B R AIG, 2R A 2 it S5 AR, AR 2 TN, A B ) sh A B Rl A FLAR M B N 2 R R
PO 61.4 mg/mL FREZE 45,1 mg/mL, FREIEE N 26. 5% ,(HiE /N T R AT MR (64.9% ) , %
IR o — R L ARSI R R g,

4 %8

ABFFER TR R A Tk il a1 2 N I 4 /K H TR S 5 2 — 1 — W R DR A T R 3 2R 110 R AL ok
B, BT B MR S RO ORGSR, 5 R R B AL A RER) L R B
BRI FLARREZ B A, [ R AR R BT e s, B R S5 R E Y Z R i SRR MU i3
EREGALARH)N, FER T BGBOR MR A R . AN R G R B H s Rt T 2%
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Effect of Porogen Solubility Parameter on Structure of
Chromatographic Supports with Large Pores

LAN Meng-Fei', AN Ning', ZHAO Ying', CAO Wei', LI Heng', ZHAO Lan’, HUANG Yong-Dong®, ZHANG Rong-Yue *'
"( Beijing Key Laboratory of Fuels Cleaning and Advanced Catalytic Emission Reduction Technology/ College
of Chemical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China)
*( National Key Lab of Biochemical Engineering , Institute of Process Engineering,
Chinese Academy of Sciences, Betjing 100190, China)

Abstract The macroporous microspheres were prepared through suspension polymerization and based on a
copolymer of glycidyl methacrylate and ethylene glycol dimethacrylate. The effect of porogen on the
microspheres structure was evaluated in terms of pore size and surface area. Porogen contained
dichloromethane (8=9.7 (cal/cm’)"?) and N-octanol (8=10.3 (cal/cm’)"?) which corresponded to a
good and poor solvent, respectively. The solubility parameter of porogen was controlled in the range of 9. 89—
10.09 (cal/cm’)"?. The pore size of microspheres increased with the difference value of solubility parameter
between the polymer and the porogen. On the contrary, the surface area of microspheres decreased in this
study. The anion exchange media was prepared through coupling poly ( ethylene imine) in the microspheres,
and the proteins transport was determined by frontal analysis method. The macroporous microspheres with
257 nm pore size could still afford a high proteins capacity (45. 1 mg/mL). These macroporous supports
showed a large potential in a rapid separation of proteins.

Keywords Porogen; Solubility parameter; Macroporous microspheres; Protein; Separation
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