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RAEBS) F U AR E 0 A AR K LG 3% —
oA A B AL 5 8 SR AP T AS W 1 s e 4%
n(ODA):n(PMDA) =1:1.02( E/RIt) ¥ PMDA
DM A B A AE K FL P, FE R N 6 h
M 6 mL LIE/ Z BRI (FE/R R 10 1) TR G W
HEAT AL 22 Ak, [ AR BT H 8 I E ) 2 B 0 L R
WO B 20 PT K, JF 4 300 °C iR #uak
LA It Y iz Ak 5 4
1.3 Z 7 PIBRAIRIE

fili Ji FTS-165 £L 4kt 3% A (3£ 7)) X+ 5t F
145 #9 R AE, KBr J& F; #F b 0 #0822 % W
NETZSCH STA409C 4 45 #r A% (72 [ ) I % , N,
PP, TR 2 10 K/min, JH RS B 25 ~
960 °C. {ifi Jj JEOLJSM-6700F 474 s 55 ( H A ) %t
FE S AT R SOUI , 0 2 A R 15 kV/min. i H]
Tecnai GF20S-TWIN % &) 1 7 & {55 ( 2 E FEI
] ) X B S5 R 2E AT UL ff A LeicaEMVC6/
FC6 ¥ U i U1 i 2 40 % Sl Bk 00 47 U0 31 5 4 S
BrRiAR F1 OB A2 3 A DL T 5 2 X B Mastersizer
2000 FOEHRLEE 43 AT AL (D ) B4R & ok S5
¥ H & E Quantachrome 72 &) /4 [ 2 474 60 7Y &
KA, TAEHE J37E 0. 1 ~30000 Pa 2 [ii].
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AT T EALA A CS, 5 F 55 0 AH BAR
ISR SE 32 MRE 2R H GGA-PWOL T I
PRK A DNP (Double Numerical Polarization) i
M, A TR AW 7 4. Smearing % K
0.005 Ha; 45 4 4 1k LA A8 12 A & A1 7 Wi 84CH
US43k 2 x 10 7° Ha,5 x 10 ™% nm #1 4 x
10 ° Ha/A. fif A DFT %8 T. /g, $ 7€ Materials
Studio 4. 4 R {443 1 i Dmol® Btk I 58 AL,

2 HRSIE

2.1 EFLF A3 X RIEK A 3R 60 2 0

K1 ik I CS, Al CH,OH fEEAL A IS PT £
fLER A SEM &L I 1 (a), B 1(d) 2050 8 iR
1000 A5} i) SEM 8], A AT LA, CS, i
BT AT BRI 35 R 4, JC W] 8 RS IBC T
HL o3 A5t L4 — 5 2474k 10000 7% (& 1(b) ) B
AT LIV Wi LR B CS, S AL ROk 3 T O
S, L A G AN I . {E R SR BCFL I (P T
(e)) , Al LU W b & B ek A (OB 30 R 47, i 5
I BT LR LB 25 . D] T 1A RT LA F
CS, NEALFIE (B 1(c)) , BRI R A — 2 5L
SERIE R AH A SR R L 45 A8 L 58, Ho o A AN
F T DA B Sy 5L AR % 48w P R L D (A L
(£)) Bk AR FLAS K TS, FLIE B 38 25, AT Dl
BEAR T CS, A8 B BLACR .

Fig. 1 SEM micrographs of PI porous microspheres prepared with different porogens: (a),(b)and (c¢) with CS,, (¢) cross-section; (d),

(e) and (f) with CH;OH, (f) cross-section
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Fig. 2 The CH;OH interaction with the

possible active site of the main chain
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Fig. 3 Systhesis porous PI microspheres therefrom
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Fig. 4 The CS, interaction with the possible

active site of the main chain
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Fig. 5 SEM images of porous PI microspheres at different drop speeds of pyridine/acetic anhydride (a) 3 s/drop; (b) 2 s/drop; (c¢) 1 s/

drop; (d) 0.5 s/drop

Fig. 6 TEM images of PI porous microspheres at speed of 0.5 s/drop
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Fig. 7 SEM images of porous PI microspheres at different temperatures
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Fig. 9 TEM images of porous PI microspheres prepared with different monomer concentrations
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25, T B 22 L 45 4, 45 B B8R i L 3R m L
V- S5 07 4% ANV AT 35 1] b s BT L Y TRk
L piE CH,OH/LP (i A AR EL i /0N 1 7% 484 K
BARIY A AE 20 ~ 30 wm 2Z ], 32 PROM IR R 5
R, AE M ) 85 U0 7 (R ) 23 HIO3E B A8 kAR
K.

Fig. 10 SEM images of PI porous microspheres prepared at different CH; OH/LP volume ratios (a) and (e) 3:4, (b) and (f) 2.5:4,
(c¢) and (g) 1:2, (d) and (h) 1:4

I 7R 125 VOGR4 BT 430X 7 ) L 1 45
P FRL A AT I3, 5 R AR 1 Fros. ol LA ),
BEA T mE/LP A L AELH N, Tk be 2 T AR O, B
24 CH,OH 5 LP (&R Hy 2. 5: 41F, Al 3k 29. 38
m’/ g, 636 K T HAb A 7 % T £ PR 2 L 45 4 A0 7L

Bk. 53 4h,CH,OH 5 LP B H A9 AR [F) 15 21 49 i ek
AR A R ko 42 b & CH,OH/LP [ {A&
T H W/ T 8 7 9 K L B4 43 A 7E 20 ~ 30 pom 2
T, 3302 PR Sk R 22 0 18 8 K, 7 A [ 35 910 1 fal ek
P18 3 T R O, AR kK

Table 1  Effect of various weight ratios of CH; OH/LP on characteristics of porous PI microspheres

Specific surface Micropore Mesopore Macropore Average pore Particle size
Microspheres
area(mz/g) (%) (%) (%) size( nm) (pm)
a — _ — — — —
b 29. 38 33.8 27.5 38.7 160 ~ 170 22.83
¢ 2.23 18.6 19.8 61.6 190 ~ 200 25.86
d 1.21 11.8 16.7 71.5 900 ~ 1000 28. 65

2.5 ZFL PIRBKHELSH

SRR B TR AL R AN T 11 iR AEE K
FUBAR Z b, WA A 15 R % 22 A, ODA I35 i 72
A DMF i E 2 52 (19 ODA/DME ZLR T , X
YA RN AL T RO N A A BCRL R EE R

F T FF AL VA A 1) R A B K T L/ DMF 1
VR EE | T AR 30 43 19 HY B 7 34 SR AR IR A0
Wb A AR 43 0 W TE 43 B DMF A 2 im A
PMDA I}, B4 W A i PAA 85 B, i 7 CH,OH
L —0—15 PAA 4§ | )—COOH F1—NH 5
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2L, Bk 28 o) S 2k R Y LI , e 208 i i
i Z £ P1AIK.
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Centrifugation washing
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Fig. 11  Flow diagram for preparing porous Pl microspheres
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Fig. 12 FTIR spectrum of porous PI microspheres
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Fig. 13 TG and DTG curves of porous PI microspheres
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PREPARATION OF POROUS POLYIMIDE MICROSPHERES
IN NON-AQUEOUS INVERSE EMULSION

Miao-qing Liu, Jian-jun Lu, Li Lin, Wei Huang
(Key Laboratory of Coal Science and Technology Ministry of Education and Shanxi Province,

Taiyuan University of Technology, Taiyuan 030024 )

Abstract Porous polyimide ( P1) microspheres were prepared using carbon disulfide and ethyl ether as
porogens. Porous PI microspheres derived from pyromellitic dianhydride (PMDA) and 4,4’'-diaminodiphenyl
ether (ODA) were carried out in a non-aqueous emulsion system,in which liquid paraffin was the continuous
phase and N, N-dimethylformamide ( DMF ) was the dispersed phase. The morphologies and chemical
structures of the PI porous microspheres were characterized by scanning electron microscopy, quantum chemical
simulation , infrared absorption spectroscopy, mercury porosimetry and thermal gravimetric analysis. The results
indicated that the morphology of microspheres is good ,when carbon disulfide or methanol is used as porogen.
However, if carbon disulfide is used as porogen,the number of microsphere pores is small. If methanol is used
as porogen, clear pore and porous Pl microspheres can be obtained. Hydrogen bonding interaction existing
between polyamic acid and ethyl ether plays a critical role in the pore formation process. The pore morphology
is mainly controlled through keeping the consistency of curing rate and the evaporation rate. The best porogenic
conditions : the temperature of system was 20 °C ,the monomer concentration was 10% , drop speed of pyridine/
acetic anhydride was 0.5 s/drop. The specific surface of the porous microspheres is increased with increasing
the ratio of ethyl ether/liquid paraffin, which can reach 29. 38 m*/g determined with mercury porosimetry. The
average particle diameter is about 20 ~ 30 pm. The resulting samples possess good thermal stability with a
decomposition onset temperature of about 517 C.
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