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Fig. 1 A schematic diagram of PI preparation and carbon particle dispersion using self-degradated low molecular PAA as an impurity-

free dispersant
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Table 1 Properties of various PAAs used

Sample code Solvent Solid content (wt% ) Molar amount of PA ( mol) Apparent viscosity (mPa-s) [n] (dL/g)
PAAL NMP 10 0. 00832 565 1.10
PAA2 NMP 10 0. 00200 1460 1.42
PAA3 NMP 10 0. 00100 4200 2.60
PAA4 NMP 10 0 31700 3.30

Table 2 Properties of various master batches ( MB)
MB code Composition of MB Ratio of dispersant/CB Content of CB (wt% ) Apparent viscosity (mPa-s)
MBO CB/NMP / 6.06 22
MBI1 CB/PAA1/NMP 4/15 6. 06 23
MB2 CB/PAA2/NMP 4/15 6. 06 25
MB3 CB/PAA3/NMP 4/15 6. 06 28
MB4 CB/PAA4/NMP 4/15 6. 06 35
6000
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Fig. 2 Raman spectra of (a) CB-0 and (b) CB-PAA4

1723 em™ g R T C = 0 #R3hE
A, 1502 em ™" Ah I A 04 J2 TR IR IR S
1374 em ™" Ab I i i J2: P T SR Ik M R A T Mg it
RV A6 T2 B A T I e B rh i) C—N PR B 5
AL ,1236 em ' FTL111 em ™' Kb W ke 04 2 bl T S Tk
JHie T B8 5% T S i v 1) ik 5 C—O Mz ig 515k, 723
em ™ b IE ) C =0 25 PR sh5 1. CB-0 41



8 3] KBS RN impurity-free” POt K HCAE SR L g 5 b 1) 23 BCRR PERIT 7S 879

AT £R BT 1722 em ™ b € = O [ IR I
W, G A A A A A .

Table 3 Raman spectra data for CB and CB-PAA4

Peak location Peak Intensity
Sample In/1g
(em™h) mode (peak area % )
1318.4 D 62.5
CB-0 1515.2 A 12.3 2.5
1606. 6 G 25.3
1320.1 D 80.3
CB-PAA4 1526.9 A 7.4 6.5
1607.0 G 12.3
CB-0
o 1722
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1 1
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Fig. 3 IR spectra of CB and CB-PAA4
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Fig. 4 UV-Vis spectra of CB-0 and CB-PAA4 in NMP
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Fig. 5 TEM pictures for (a and b) PI/CB-PAA4 (10 wt% ) films and (c and d) PI/CB-0 (10 wt% ) films
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Fig. 6 (a) Elongation at break and (b) tensile strength of various PI/CB films
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Fig. 7 Electrical resistivity (p) versus CB content for

various PI/CB films

Fig. 8 TEM pictures for PI/CB-PAA4 (12 wt% ) (a and b) and PI/CB-PAAl (12 wt% ) (c and d) films
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Fig. 9 Variation in (a) elongation at break and (b) tensile strength for PL/CB (12 wt% ) films with CB modified by PAAs of different

molecular weights
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Fig. 10  Influences of CB modified by PAAs of various

molecular weights on electrical properties of PI/CB (12
wt% ) films
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IMPURITY-FREE MODIFICATION AND NANO-DISPERSION OF
CARBON BLACK IN POLYIMIDE FILMS

Xing Liu, Dong-ge Zhang, Yue Wan, Guo-zhang Wu
( Shanghai Key Laboratory of Advanced Polymeric Materials, School of Materials Science and Engineering ,
East China University of Science & Technology, Shanghai 200237)

Abstract Carbon black ( CB)-filled polyimide (PI) composites were prepared using self-degradated low
molecular poly(amic acid) (PAA) as impurity-free dispersant. CB and PAA/N-methyl-2-pyrrolidone ( NMP)
solution were milled in ball miller. The impurity-free dispersant was prepared in the process of in situ
degradation of PAA by high-energy milling process, which was active to carbon black (CB) surface. The effect
of PAA modification on the CB particles was researched by Raman,IR and UV-Vis. TEM observation showed
that the PAA modified CB particles dispersed uniformly in the mixtures with an average CB size of about 200
nm. The toughness, tensile strength and the reproducibility of resistivity for resulted CB/PI composite films
were greatly improved. The elongation of resulted CB/PI films was raised at least 50% ,and sample-to-sample
variation of elongation was decreased from 17% to 11% . The tensile strength variation range was reduced from
12 MPa to 5 MPa. Resistivity variation range was decreased from two orders down to an order. The molecular
weight of PAA added in milling progress played an important role on the dispersion of CB. The dispersion
uniformity of CB in PI matrix was greatly improved as the increase of PAA molecular weight.

Keywords Polyamic acid, Carbon black, Nano-dispersion



