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Abstract: Hydroquinone bis(trimellitic anhydride) (HQ-TA) was synthesized from trimellitic anhydride chloride and hyd-
roquinone. Poly(amic acid)s (PAAs) were synthesized by reacting a HQ-TA with six different diamines, which were
cyclized to yield polyimides (PIs) containing ester linkages by chemical- and thermal-imidization methods. The various
Pls were synthesized from structurally different aromatic diamines. The glass transition temperatures (7},) were in the
range of 167-215 °C, and the decomposition temperatures (7}') were in the range of 364-451 °C. The maximum improve-
ments in coefficient of thermal expansion (CTE) and barrier to oxygen permeation were observed in Pls using TFB
(3.23 ppm/°C) and 4,4-ODA (<107 cc/m?/day), respectively. The PI films possessed a transmittance of 65-89% at 500 nm
and had a yellowish color with a yellow index (YI) of 3.01-69.52.

Keywords: polyimide, hydroquinone bis(trimellitate anhydride), thermal property, optical transparency, gas permeation.
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Scheme 1. Synthetic route of dianhydride (RBAB).

aminobenzoate)RBABY= A &AM 2H 48T} A
% RBAB®| M-S tha) 22t} 941 250 mL A+ &2
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Figure 1. Chemical structures and abbreviations of monomers.

Table 1. Heat Treatment Conditions of PI Films with Various
Diamines

HQ-TA/TFB Temp. (°C) / Time (hr) / Pressure (Torr)
PAA 0/1/760 — 25/18/760
Chemical 25/0.5/760 — 80/2/760
PAA hybrid 50/1/760 — 70/1/1 — 80/1/1
Thermal 100/0.5/1 — 130/0.5/1 — 160/0.5/760 —
imidization

190/0.5/760 — 220/0.5/760 — 250/0.5/760

Aojzl PAAGH ] 514 on=slE QJEl FEld 0.0997 g
(1.26x10%)3} oMH E F-=E 0.1286 g(1.26x107)S HolF1L
&2l A 304, 80 °CollA] 2A17F Ft wRES AlAFET PI
55 471 Fl8l 3 olm=sirt ghaE 89S AE F
el floll FHE"E AL Aas 7R A2l 2417F, 50 °C
oA 1A17F B2F 2Fg3AIZITE 80 °CollA] 1A17E, 100, 130 °C
oM 3088 NFE o} A §uiE AAGT A
712 160, 190, 220, 250 °C7HA] 3054 HA 2| & Fal|A
94 olu|=stE $7 A1, mAL Bl Yol BFL 77
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f S ALE-3E &) 2}7] ¥ £537](nuclear magnetic resonance,
NMR)(BRUKER, AVANCE III 400)Z 3}3sle] =7g313it}.

Azd 5o 24 S-S Ak flsto] AlRF FAF 4
& Al (differential scanning calorimeter, DSC)(SINCO, S-650)
o} & F% 24 7](thermogravimetric analyzer, TGA)(TA,
Q500)5 AH&sIAL, Aa Bo7|® 52 3 W e B
g 20 °CE 27353t € B ATE S5 28 & 7]
Al 2 7](thermal mechanical analysis, TMA)(TA, TMA-
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o
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2940)F AHE3FRAAL, 0.1 N9 3t 2 9 5°CE 524
718 12} 7FE9S 30~200 °C, 23} 71L& 40~200 °C7HA] Zkzt
SABIAL, & =wolle 23F 7= dojxl 50~150 °C 71t
o] ARt & BATH

A B4 wEslr] fleke] 27t 60~81 um FA1©] 2
55 $HI8}o] AR (spectrophotometer)(KONICA MINOLTA,
CM-3600D)E X< (vellow index, Y.I)Z =439, &
Jst AIZZ UV-Vis. spectrometer(SHIMADZU, UV-3600)E
AREsle] 3 39} cut-off]l Y (A,)S BHISIITE Ak
TIPS Gotrr] ffsir ki F3= 547 (oxygen trans-
mission rate tester, O,TR)(MOCON, OX-TRAN Model 2/
612 A1e-slqTt.
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Figure 2. FTIR spectrum of RBAB.
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Figure 3. '"H NMR spectrum of RBAB.



A2E7E 7K= F5Ed U ol TS o] &3t Eglon= HE 621
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-C-H Y3 1618, 1491 cm™ & 3201, 3098 cm™ollA] 2zt ot
Elgt) SRS A ECIAE Fol B = gld -NH, ol
T|Z= 3418, 3495 cm oA UERITE. RBABS] 'H NMR 2
HEZ-S Figure 3o YERAITE 710l e Ak &
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E 3 F 5 2% 6 T/ P19 T, 3ol 22 167215 °C Afo]
olA Yeldth At B +E2E F97F & -CF, 727 =95
o BAARES] 22 YS Wallet] w2 T, a2 UEiiS=
tl, A28 AlE 725 7R Al BlE B 2= oF 120°
2 w2 FH=E 8 77 F o WA vElkit) ¢ FEE el
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Table 2. Thermal Properties of PI Films with Various
Diamines

Monomers OT g sz wi™ - CTES 0, zTRd
C) 4©) (C)  (ppm/°C)  (cc/m/day)

A 215 430 62 3.23 63.2
B 213 420 57 39.99 887.7
C 171 451 63 27.83 <107
D 167 364 37 > 100 32,5
E 178 426 57 70.03 715.3
F 179 390 51 52.85 4756.5

“Initial decomposition temperature at 2% weight loss. "Weight residue
at 600 °C. “Coefficient of thermal expansion for 2nd heating is
50~150 °C. “Oxygen transmission rate.

Endotherm.

50 100 150 200 250
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Figure 4. DSC thermograms of PI films with various diamines.
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Figure S. TGA thermograms of PI films with various diamines.
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B,C, D, E% FEF 6% PIo T, % 364-451 °C Alo]
A YERTE CrRolA 7 2 Ty #hel Yeb=T,
o= V9] fHE 27t Jol= B8l FAREl o
H A7 2SR 2 A= A7t o)¢) viE 7
97} & -CF, 7+27F =45 7P &2 T, wtol Yehdd
A, B X2 53], A 729} o] A3 Al Y=
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Ty %ol Uehd zlez Awd 4= glth. D +2& Adide
2 z7)d w37t AlAkEE wEd 27 29E] Slo] 7h
7wk 7 o] Vb, E F2E 2709 dElE 27}
Aol B8l EAFe] WHETS] Ujof] Ko} W gk
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T2 VHe] o &H FER7F oE AFA S oju| = 29
3 & Pgdo] "olA Aoz vre Ty gho] YRt
t}. 600 °ColX 2] ZH5-FH w0y RE 127t Ty 3 59
gk A3 ks 7= AoE YERTEOY

TMAE ©] &3t & - 74 B4 ag=e} geld A4E
Figure 63} Table 20| Z}z} R th 50~150°C Alo]9] &%
T 22} 7FE FAe] A3 7> D R E A9S BE
Pl 229 & % AlS7T 3.23~70.03 ppm/°C Al0]9] & 1.
A=l BE 72 T FAREC] WiAlvte ® A Eo] Ars)
o A== X872 Q8] Ak AFE2] vl ¥ (orientation)©]
golstaL, AFEF AME Ato] 2] 2l ¥ (chain-chain interac-
tions)°] ¢ A 727} AR 3.23 ppm/PCe] 7Y W=
d W Al ol YER e, B Aol FARKEo] e
T-Z2 Ja) ¥]F A8 P2 oA R FARE Al

R
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Figure 6. TMA thermograms of PI films with various diamines.
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7P gk Azl ke B9tk D 70 Agole vg x
of Mdel 725 IS YA T EA} WHE 9] i)
1 AR Zol7t ol 24l ANg PRl Fr=(HQ-TA)S
qgo] o FA 2310 32.5 co/m?daye] A} gro] veksk
t}. oo ¥lal, BoF E 730 A4 B/ & A3 =Y
I AAH o7 & 22 2lal H]ZA% (amorphous) A2 0]
ZtEo] z}7; 887.7 2 715.3 co/m?day®] A3} gro] VrERt
L, olgl d2H 7]E JHAE F 729 A= 9A 32 T
Z=2 Hojlo] 7P E& 4756.5 cc/m¥day?] A3} gko] UE}
Wk,

&8t B4, 7} 7o wt FA4E Pl 59 B 54
2 cut-offel 3F(4,)# 500 nm Fgol| o] Fxhg L yiel
o3 A 4= itk £ Aolx uv 4 elze} Az
® A= Figure 72 Table 39 zHzF Btk C +X2Z A
Qg E FxolM %7] T3S YERE cut off wavelength
(A) %ol 400 nm ©|a}=, 7M. G o]Hellx Bls £
a17] A&BRS & £ 2Tk 500 nmollA o] TS CS} F
T-Z(65%)5 A9t BE A 80% ©)de] w& T3}

e ngded, 55 A P2E 0%l 29T 1 Be

100 1
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60 1

Transmittance (%)
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Figure 7. UV-vis. transmittances(%) of PI films with various
diamines.

Table 3. Optical Transparencies of PI Films with Various
Diamines

. . a trans

Monomers Film (ﬁl:lf;( ness (n):)n) 50(;;3_1 YI1?
A 60 375 89 3.92
B 81 370 86 7.13
C 80 440 65 69.52
D 66 355 86 3.01
E 77 390 82 9.17
F 60 390 65 29.98

“Cut off wavelength. *Yellow index.
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Figure 8. Photographs of PI films with various diamines: (a) TFB;
(b) BAMF; (c) 4,4-ODA; (d) m-XDA; (¢) m-BAPS; (f) RBAB.
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