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Abstract: Semi-aromatic polyimides have received much attention due to their accessibility to low-
dielectric materials with high thermal stability. However, in the synthesis of poly(amic acid) (PAA)
derived from an alicyclic diamine and an aromatic dianhydride, the significant salt formation
between generated oligomeric PAA and the alicyclic diamine tends to inhibit the polymerization. By
adopting the seed polymer and two-stage methods without using additives such as carboxylic acids,
we successfully prepared a highly viscous PAA solution by copolymerization employing 4,4’-
diaminodicyclohexyl methane, 4,4’-diaminodiphenyl ether, and pyromellitic dianhydride in N,N-
dimethylacetamide with suppressing the salt formation in the polymerization.
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Scheme 1. Synthesis of PAA by ternary

copolymerization between PACM, ODA, Figure 1. [Illustration of a possible
and PMDA in DMAc. mechanism for the suppression of hardly-
soluble low-molecular-weight salts by
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53

Seed polymer i % F\> 7z PAA DA AE R % Table 1 1</~ , 9. seed polymer RV <
—RED 25 Wt%IC72 5 X D ICERIM L., iR TPAADEARTT o7z (PAA-L), Z DFHHE,
ARSRA ROCHED 5 8 IR ICTERICHER L, En GRS R o, 7z,
HAMWmEL 0-5°CIC N5 2 &, HOHEMIC 24 2 H T2 b 0D, @R
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Table 1. Seed polymer i£IC X % PAA D& K

Sample Addition method Se’; i?gll-ﬂer PI-:E;VI wtgl))A Dia(r;;:iynem;:/.,N)I PA ninrll:glf.lzl?Aa SI;)IE\-AO"f

PAA-1 e r_p:lymer (Zg'fvf% ) 100: 0 50 : 50 0.36 sw;g%uhwed
PAA-2 See{;ig‘;gmer (2;'3\,?% ) 100: 0 50 50 073 Sagilg%;:ed
PAA-3 Seeég‘;gmer (2?3?% ) 50 : 50 50 : 50 067 San:fg?;iwed
PAA-4 Seed r_p;)lymer “ g'fvf% ) 50 : 50 50:50 073 Sag%:%f:ed

aninn values of the resulting PAAs were measured at 30 °C in DMAc at a concentration of 0.5 g/dL.

bSolubility of PAA at the concentration of 20 wt% in DMAc. @ ; always completely-soluble during polymerization, O ; completely-soluble
after 24 h of the polymerization time, A ; mostly-soluble after 24 h of the polymerization time, X ; insoluble or mostly-insoluble after 24 h
of the polymerization time.

3.2 ZERREEZ L PAA DE R

Seed polymer %13 5-Y v 5T seed polymer OFHHBMLECTH % 720, HliE TREHEME
Ehb, £ZC, VVARY PCTE/~—DME BT 52 8T, —EBHIC in
situ TA V) I —FFRY) =% LK T S &ic kY, seed polymer i & [FIBR IC AT
i ESEARE I NG, B L 22 & 399 55T 3 ODA & PMDA & % —EkFSH ¢
A, 1FHEAS S, FY) I~v—/FK)~v—{LL 7%, PACM2E 5K Y O PMDA %iBIRT
% L TPAA /K EST - 72 (Table 2), 9. ODA/PMDA (33:67 mol%) % Jill 2. 72 #. PACM
ZIRZBICMZ 72 PAA-S 3 B4 Y o'~ —SETER) CRIERI RGNS 2@k L 7z, Zhids
BEOD PACM ZREICNA S Z LT, KO TEOBEMIT Lz EZLNS, LL,
ODA iZxf LT PMDA %EBFIEM V2 LERH Y, R INE A4 ) I~ —KiiD /7L
R NVELCKKIED PMDA DKM OFE % Z T2 iz, B F DORIKOREUL A &4

Table 2. — XM I1C X 5 PAA DERK

ODA : PMDA N
. PACM: ODA Diamine : PMDA Sol. of
Sample Addition method (by mol% ) N o Ninn? [dL/g] b
1st stage (by wt% ) (by mol%) PAA!
2-stage O
. . . Salts
PAA-5 3-mer oligomers pre-formed 33:67 50:50 50: 50 0.87 dissolved
after8h
2-stage . . .
PAA-6 10-mer oligomers pre-formed 55:45 50:50 50: 50 0.61 A
2-stage . . 5
PAA-7 20-mer oligomers pre-formed 53 : 47 50: 50 50: 50 0.81 A
2-stage o
. . . salts
PAA-8 30-mer oligomers pre-formed 52:48 50:50 50: 50 0.79 dissolved
after24h
2-stage
PAA-9 High-molecular-weight 50: 50 50: 50 50: 50 0.98 A

polymers pre-formed

3 Nin Was measured at30 °C in DMAc at a concentration of 0.5 g/dL.
o Solubility of PAA at the concentration of 20 wt% in DMAc. ©; always completely-soluble during polymerization, O; completely-soluble after 24 h of
the polymerization time, A; mostly-soluble after 24 h of the polymerization time, X; insoluble or mostly-insoluble after 24 h of the polymerization time.
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o 2= D seed polymer Z BT X & 7-1%., & D PACM &%) © PMDA & %R L 7=,
Z OfEFR. 30 BERD seed polymer % 5B T 2 % (PAA-8)D A 23 LRI & W EE IR 3 %
L7z, SoNfER X0, I T % seed polymer 285 2 FLE S0 FEBIRTH 5729,
R DOMIEMEME T L, Ao bicomdo- e #HEE I N3, —75. seed polymer
DBESTEALEE 2 L, BRE/ v— L ORAESE VD2, H—aBEAER?MES
h3, ZEEICMA 2%/ v —[B0O LTRSS T ROV HES, HIHIERS I3 L A
ERMI NG rozEZLNS,
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Fo PAA OMMEA I FfLick b, KV A IF P74 Mok fBGzt%, TGA KU
DSC HI7E 1T X b BReld: % 574l L 72 (Table 3), TGA HIE DR, £ToOH v FicH T
438 °C %8 72 % S%HEEELIRE (Tesw) 2R L, ENAZMEVEERZR L2, 72, HEEST
IVDODAZB0W%EAT LI LICLD, Tewd5-15°CH L7z, —F., o7z KY
A 2 FIZMIE 2358 < . DSC HI5E O iR EHPH T3 77 7 A M R B B S k-
72o BERNOFBIEEDOMUE DR, 120 °C/1 FHOWREL T, £ToH vy Iricks
WTC 3T OHEIME WIEELREZ R L 72, FFic. PACM % 100 wt%fH\»7= PAA-2 TI3%E
3 2.66/75E 1EHZ 0.0023 (Hutiz &) oENZFFEREEZ R L 72,

Table 3. Pl 7 4 v 2D BV S VK B4 E

Dry condition Normal condition

i Diamine T. T. T, T L o o,
Sample Thon s Ty T, T. (120°C, 1h) (24°C x 50%RH, 72 h)
P (dL/g) (by wt%) (C) (C) (C) (C)
Dy D; Dy D¢
PAA-2 073 P‘:‘&M 438 NIA NIA NIA 266  0.0023 274 0.0067
PAA-3 0.67 PAgg’_';%DA 443 N/A NIA NIA 298  0.0024 3.11 0.0093
PAA-4 073 PAgg’_'g%DA 449 NIA NIA NIA 206  0.0023 3.08 0.0088
PAA-5 0.87 PAgg’_';%DA 452 N/A NIA NIA 299  0.0023 312 0.0091
PAA-8 0.79 PA‘S:S’_';%DA 453 NIA NIA NIA 207  0.0024 310 0.0089
=D
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AWFgECld. Ny FCEEL 72 PAA 2N LEG T 5 FiE (seed polymer i) K U
J < —DRME BRI T CEAT L FE CEBRBER)ICX Y., BWET 3 v e 5ERE
=MW & D HERIED PAA DEICHIN L7z, B4 I Flbic X v o7z PL 7 4 L A
2. BN ZEVE: (Taswe > 438 °C)2H L TH Y, HREGETTOFND 3 U TORKVIEE
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