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Abstract — Two different imide oligomers(6FDA-ODA/APA and 6FDA-MDA/MA) having crosslinkable end groups
were prepared by using a solution imidization method and their properties were investigated. Also, semi-interpenetrat-
ing polymer networks(semi-IPN) were prepared using the blends of imide oligomers with polyetherimide Ultem®, which
is used in dual-ovenable packaging materials. The characteristic properties of semi-IPN films were interpreted by using
TGA, Thin Film Diffusion Analyzer, and WAXD. Molecular weights of imide oligomers were successfully controlled
utilizing 2-aminophenylacetylene(APA) and maleic anhydride(MA) as an endcapping agent. Exotherm reactions by
crosslinking appeared and the amount of exthotherm heat was linearly increased as the content of imide oligomers was
increased. For semi-IPNs of Ultem® and imide oligomers, 5% and 10% weight loss temperatures increased as the contents of
imide oligomers were increased. Diffusion coefficient and water uptake of semi-IPNs decreased as the content of imide
oligomers was increased, which might be resulted from hydrophobic fluorine group and high packing density. It was
concluded that relatively low thermal stability and hydrolytic stability of polyetherimide Ultem® were improved by
incorporating new developed imide oligomers.
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Fig. 1. Chemical structure of polyether imide Ultem 1000.

sjstgat

H48H H1= 20104 28

ERE SIS o] = S E o] gste] EelofEl=olv|=ete] 7}

IL7Z(semi-IPN, semi-interpenetrating network)s 342 &5+

[8] &9l 97 B4 w3l agla A EXo) disle] 24
si3ict.
2.4 4

2-1. 00| =2|10H FMIZ=

2-1-1. A% 24

B A8]of] AM-E Dianhydride?} Diamine Y315 ¥318F Aok
T3} 2t} 2,2-bis(3 4-dicarboxyphenyl) hexafluoropropane dianhydride
(6FDA, ChriskevA}), 4,4'-oxydianiline(ODA, Aldrich*}), diamino-
diphenylmethane(MDA, AldrichA}), maleic anhydride(MA, Aldrich
A1), 2-aminophenylacetylene(APA, TCIAF), N-methyl-2-pyrrolidinone
(NMP, AldrichA}), o-dichlorobenzene(DCB, AldrichAh). & -o]]
ARERE BE GRS SEPHS ol8sle] Ao, o= &
vl NMPi= P,05 713 3toll, DCBi= calcium hydrideZ €] S5+
&t ARESITE. 01714 DCB= olv] = &8 arm o] g ofw] =3}
el Fu)ERA o GHTH6,7]. H AelA ARESE EelH]
Z0|u]=3= General ElectricAF2] @7142d5A4] A% Ultem 1000+

Bt BAEF 20 kg/mol, W% 1.27, 21025 250 °C)S AR}
Som, 80 °CollA 24413 R AR F ARSI

2-1-2. Pk 25| (amic acid precursor)2] 3+

oME 717} 71 oFAt AT (6FDA-ODA/APA amic acid)
9} vl ol Atk ATA(6FDA-MDA/MA amic acid)S T3}
o] st A AAISE ODA = MDA W& A2
gATE o] 830, Z1ZE NMPol| Ad-2oll4] ekds] =21 & ALt
¥ %2 APA B= MA BV]E Rlt) $hds] gafje 5, Al
$t 6FDAS 233] Weth 247} 5 opejalel] tislo] 6FDAS) o]
o[71(ODA = MDA), 12|11 WE7](APA T MA)S] EHIE
zdsto] HHEE9] ns 194158 20714 T 557-<] oAk -
AE BT o] HEE-E 24A3T o A&l o, A T
T8 A7) 3ol et

2-1-3. oJv|= 2-2] 31 (imide oligomers) A3

3 b M A RH Y o]n| = SejuH B
o]8-3= g9 o]n| =8 (solution imidizationyS
olm| =P FA #9171 stellA, 71A14] mRb|,
Z}7], oil bath, “12]L reverse Dean-Stark trap®] "]
204 Wi, obalil AFAE 24117F o) I
HESAIZ) -, WS- 84 NMP/DCB 355 90/109)]
55 7leigict. 81 DCBE &9 olw|Esb el 1wl g3l b
ol &gt S AR FRIAIEA ARESL RF2 5 oil
bath} &% 24715 o]4ato] 1300141 180 °C AtolellA] 183l
o, oJu| =3} Hh-g-o] AAE I 2A17F A& At
reverse Dean-Stark trapol|A #2]%= A& #ag

ol olm|=gpHol o3 244K B1t
[SP7FA] 2RI 5 ege] wekES
B GHE AT, §2 AL ojn|E SEjuH $Es

|

(]

[e) ©H -
et o] BHE 7A AE AHE o] 43]]
gl vl A2lslo] k. oA fojR om| = gejun Euks
80 °CoNA 2417t AF ol HZEIALE 2 3

X



7w o= gejuH AF W {4 2HUE £7](Dual-Ovenable Packaging) & ZE|olH|2ow|=0] that 28 oI+ 47

Q FiC, CF, o
TOCQ + w OO+ ™
o ]

6FDA ODA APA

0 RO R g ” FC, CF, 0
HC= ; =CH
_ _ oH Q ’ Q . L 0 L

H

NMP/ DCB

Solution imidization

0 FiC, CF, 0 Q FiC, ,OF )
rere OO O O OO~y
o ) o )
5

(a) 6FDA-ODA/APA

H Q
M +
o

6FDA MDA MA

l

] FiC, CFs o

i FiC, ,CF,
TSI NS 0 > SRS [
I L
1~ HO--Ory
H L ) OH 4 Ln Y
NMP/ DCB
Solution imidization

o

o

I—0

(b) 6FDA-MDA/MA

Fig. 2. Synthetic schematic of imide oligomers prepared by solution
imidization.
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Table 1. Compositions and designations of semi-IPN systems

Semi-IPN system Compositions Designations
100:0 Ultem
Ultem®+6FDA-ODA/APA 90:10 UAP-9010
(n=1) 75:25 UAP-7525
60:40 UAP-6040
100:0 Ultem
Ultem®+6FDA-MDA/MA 90:10 UMA-9010
(n=1) 75:25 UMA-7525
60:40 UMA-6040
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Fig. 3. FT-IR spectrum of imide oligomers; (a) 6FDA-ODA/APA and
(b) 6FDA-MDA/MA.

Table 2. Molecular weight of imide oligomers and amount of exotherms
by DSC analysis

M MY MM Amount of exotherm

n W W n (mJ/mg)
6FDA-ODA/APA(n=1) 3900 4300 1.1 86.9
6FDA-ODA/APA(n=5) 6900 9200 1.3 47.7
6FDA-ODA/APA(n=10) 9200 13800 1.5 30.8
6FDA-ODA/APA(n=15) 11100 19600 1.8 23.6
6FDA-ODA/APA(n=20) 12800 22000 1.7 212
6FDA-MDA/MA(n=1) 3700 4400 1.2 349
6FDA-MDA/MA(n=5) 6700 9400 1.4 244
6FDA-MDA/MA(n=10) 9000 16200 1.8 17.2
6FDA-MDA/MA(n=15) 12000 20000 1.7 14.7
6FDA-MDA/MA(n=20) 15900 30200 1.9 9.1

*Measured in 0.1 wt% THF
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& A0 oA, ol AelelNe] 3 k) Fo) T Tx
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Table 3. Solubilities* of imide oligomers and thermally treated films

Solvent

Systems Status NMP DMSO THF DMAc
6FDA-ODA/APA(n=1) Powder** @) O O @)
Thermally treated film*** x X X X
6FDA-ODA/APA(n=10) Powder @) O O @)
Thermally treated film X X X X
6FDA-ODA/APA(n=20) Powder @) O O @)
Thermally treated film X X X X
6FDA-MDA/MA(n=1) Powder @) O O @)
Thermally treated film x X X X
6FDA- MDA/MA(n=10) Powder O O O O
Thermally treated film X X X X
6FDA- MDA/MA(n=20) Powder O O O O
Thermally treated film X < X X

*Performed at room temperature; O: soluble, X : insoluble

**Imide oligomer powders (before crosslinking) prepared by the solution imidization

***Thermally treated film at 400 or 350 °C (after crosslinking)

NMP: N-Methyl-2-pyrrolidinone, DMSO: N,N-Dimethylsulfoxide, THF: Tetrahydrofuran, DMAc: N,N-Dimethylacetamide
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n=1
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1))
52
=
E %
&
[T
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@©
(3]
I
1 1 1 1

150 200 250 300 350
Temperature (°C)

Fig. 4. DSC analysis of imide oligomers; (a)6FDA-ODA/APA and
(b)6FDA-MDA/MA.
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Tk ZEAIAoF et GaldS Zhe ou| = A& Ao] 7hesit.
w2bA, DSC 232 5E 6FDA-ODA/APA oF4k 4= 180 °C,
6FDA-MDA/MA oF1AF A7) 79+ 130 °CE &) ow]| =3}
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718] 7}ur}t F53) o] Fold 47 YE= 6FDA-ODA/APAS} Ultem®
9] E3HE-L 400 °C, 6FDA-MDA/MAS] 73$- 350 °CE 9A] &
55 A5t
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T} 7ty FERE A AREES] AteluA] AfolE v, DSC
AIE o] gsto] AheFe] Alto] 71535t Table 29] Wd=-2
DSC Wdu]70] WA o2 HE 3t Aot} F FH BF o
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T AR, ol W12 A <ol Tkl wht o] W A
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AZ3 o|n|= | Vil 3 1 AR DA Zeolu]
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Fig. 5. TGA analysis of semi-IPN films; (a)6FDA-ODA/APA(n=1)
and Ultem®, (b)6FDA-MDA/MA (n=1) and Ultem®,
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Table 4. Thermal analysis and water sorption results of semi-IPN films
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