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BRia DT NI VR UBREAY OGS, AU A 2K (PIIx) 28K L, oMY
AR LT, RY A X FOT T ZAERIEE (Tg) 1% 270~353CTH Y, Hfi2=v |k
NICZ—FT LA E 2 O T 5EEED YT I 44-E2 4TI ) 7= /F) b
Tz=APHDRY A I RPI2) LV ELS, AF T T 2= bR BERORE SN,
T—T A ORBRELE L T D 2 EAVRR I N, £, HRELIMAT L L
T, 7 FREEFICAETH -T2,

S BxlL, 22T 2V ER N Y IAF A TFAREERATL 44T VT
TNV —=T PO AEERY A I FE2A L, #E L TW5H[1-3], 2.2 O@E#ED
FEDTD, RVA I FORBBBENIRELSRoTWAZ ENRBRINT, Al XLV
HHEEARZWEEZEZONDIAT T T 2o AR B UBKREAT LRI A I FEed
B LZOMWEZRE LT, fHonzRY A I NiE, Bfiiz=y P REA I FEESR
PR, EEE (o) MELS 2D 2 E b s iz,
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Y (af) Z SRV T I R (PAALX) & L, ZO®WIKRE T 7 AR EICF v A2 ML,
INEEIERE . BUE FCESLE (100 C-1h., 200 C-1h, 300 C-1h) LT, RVUA
S RT7 4NV LB/, AU T I FBRORRETOE AKX 0.79-092 TH Y (Table 1),
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Scheme 1. Synthesis of polyimide P11x and structure of P12x.
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Table 1. Synthesis of polyamic acid PAALX.

Polyamic acid PAAla PAAlb PAAlc PAAld PAAle PAALf

Yield /% 95 95 94 97 95 94

N i /dLg” 0.84 0.92 0.79 0.90 0.86 0.91

% Polymerization was carried out with 1.00 mmol each monomer in 10.0 ml NMP at room
temperature for 24 h under nitrogen. ° Measured at 0.5 g dL -1 in NMP at 30 °C.

FEREBE 2 TORUA I K Plx OBWME 2 REEREES (DSC) &, B\l

=0 (TGA) . BRUKEHMEHIE (DMA) 1T XY REF L7, £f0) PIlx [ZIEME &5
Z HAL, DSCH|ETIX, Tg DALl S 7=, Table2 2 P1lx @ Tg, 10% & & iR
JE (Tyo). PI2x D Tg 2757,

Table 2. Thermal properties of PI11x and Tgs of P12x.

Polyimide Plla Pllb Plic Pl1d Plie PI1f
Tg® / °C | 352(256") | 308 (230") | 319 (220 ") | 293 (232"°) | 289 (258") | 308 (288 ")
Tw® /1 C 565 575 575 555 560 545
T /1 C 610 617 622 605 608 584

® Determined by DSC in nitrogen at a heating rate of 10 ‘C min *. ° Tg of PI2x [5].
®Temperature at which 10% weight loss was recorded by TG at a heating rate of 10 ‘C min™ in
air.  Temperature at which 10% weight loss was recorded by TG at a heating rate of 10 °C
min " in nitrogen.

FEHPIC, =—T I, IAR=), AF LR EOEEREAETLIRI A I RO Tg ik
HAE O RHRFERE - R L ¥ — (RESEEOR Z LI &) IEWikED ERE SN TE
Di6]. EHOIL, HixZe¥t (m=0~4) OT7 ==V EKERT LT N7 VR B
Kb z—T WEREREREFETHYTIVNEDORI A I RO Tgld, 7o=L DK
Th <, =—7 VEREOBWKFT 2 2 L 2®E L TWwD (Figure 1) [7].

300< 1=0 {@} )@J[
2000 =3 xx@oo@}

50— . . .
0 1 2 3 4 m

Figure 1. Dependence of Tgs on the number (m) of pheylene units and the number (I) of ether
units.
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- TPIIX EPIXIZELL L HN 2=y M —T )LEfERLZ 2 OFT 5D T,
FIEHELWTgERT EEBEXLND, LLENRG, PlIX O TgIZPI2x D Tg L0, i
H0ZE <, FRIZ Plla , Pllb TIEFEHY 3% Pl2a . PI2b LY % 80°Cir\ &V Vil %2 R
LoAF 7 2= bR B U EEORE SN —TF VG RoRiRES 2 1E L 0D
ZEMNRBENT,

DMA #HIETi%, £ TDOPIIx ® Tg7s Tand B'— 2 & L THUI S v, Tg £ TRpjEHt
PR (B”) OIRE EFIC X DT L < 72 5 O = #u7-, Figure 2 |2 Plla ,Pllb,
Plle ® DMA JIEFEREZRT, H T RAEBTO EOK T HEEWICER T 5 & K
a2y MghHO Plla 23 b/ E <, Pllb, Plle i, 1ZEE Lo, HT A
B TO B FOEAWE, Plla LIS TiE, 1T & A EBREE KW OREE [ TIKFE L7
Molz, BHCHFT DT ZNVEBEKD NS DR A 2 FiX Tg LA EOIREE T E 28 10° Pa
UTICETIETT20D008Z 0, PllelX10° Pall LD B AR LTz, KERpA~FH 7
TR BUHEOBNEN, R A 2 ROBIFPREEMARE I BB S T,
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Figure 2. DMA curves of Plla, Pl1b and Plle.

Table 4. Comparison of solubilities of P11x with those of P12x.

Polyimide Plla Pllb Plic Pl1d Plle PI1f
NMP +++ (- %) ++ (-9 ++ (-9 (-8 | (-0 | A (D)
DMACc +++ (- %) ++ (-9 -(--9 4+ (-8 | (D) | A (D)
DMF | ++(9 | () | -9 [ ) [ ) [ )
m-Cresol ++ (-9 ++ (-9 ++ (-9 ++ (-9 ++ (-9 ++ (++9)
Pyridine | -9 | () | -9 | -G [ -G [ @)
THF - - - - - -
Methanol | —(-=9 [ -9 [ -9 | -9 [ -9 | -9
Solubility: +++, soluble at room temperature; ++, soluble on heating; +, precipitation
after cooling hot solution; -, partially soluble on heating, --, insoluble. Abbreviation

of solvent: NMP, N-methyl-2-pyrrolidone; DMAc, N,N,dimethylacetamide; DMF,
N,N,dimethylformamide; THF; tetrahydrofuran. a Solubility of P12x [5].
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AU A I RPIIX & PI2x OIEfEPED L2 Table 4 1279, PI2x (%, PI2f O BB T
RBEREE, m-27 LY — VIR 2 DIk LT, PlIx (%, KT XU v Mo D
Plla, 7 b7 ZVAR Ul K ERE R 24595 Plld, Plle . PI1f 28 NMP, DMAc
ICRIRTAETH Y . o Pllb & PllciZ NMP, DMAc &4+ 2% = &L CTIafiE L=, =+
7o BTHINET S5 T m-7 LY — VISR L, REDRAFY T 2= _ B g
KORNFDS, TFEPEIC BT,

RUA I RT 4L LD 656 nm EOJEHE (n) ZHEL, Re=11n°050 ¢ 255
L7z, Table5|Z PIlx DA I RIEEHHE, (Hfii=y MDA I NEDFE=140"
Hffr=v b)) x100, & efizrnd, Bfiz=y FRIZED L1 I REOHIA
DEN=D, KW e fEEZRL, Frlic~F 7 vtuasyrFav)F K2 fF79 5 PILf
D bIRVMEEZ R LTz,

Table 5. Imide group content and ¢ of PI11x.

Polyimide Plla Pllb Plic Pl1d Plle PI1f
4 I FEEHER 15.0 13.9 12.1 135 13.7 12.1
eFEER (o) 2.83 2.76 2.74 2.77 2.80 2.68

FLW AFPT o ARUPUEHEET T RS TS LIEED T L )%
AL, ZNEEA2DOT b T DNVERVBREAY EOGSE, RV A FERAKRL, 20
HWEEZBG Lz, RV A ROHT AGBIEE (Tg) 1% 270~353CTH V., TN
HTg L0 bm<, BRELITIMATHZ LT, 7 FRBEFEICAIETHY | ~F
T 2= ROBUEBRORE SPNBFEICRY A 2 FoMEICHEN-, £7-, Bilz=v
MRIZED DA I REOEIGNELS 25720, IRWEFERELZ R L2,

BE R
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