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2,3,6,7-Naphthalenetetracarboxylic Acid Dianhydride
as a Monomer for Polyimide
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Abstract:

JFE Chemical has developed the thermal transformation of aromatic carboxylates to industrially produce 2,3,6,7-naphthalenet
etracarboxylic acid (NTC) dianhydride. The metal ion-catalyzed transformation was investigated on the influence of the anion
moiety. The probable mechanism of the reaction is the formation of the metal salt of the carboxylic acid as an intermediate of
the transformation. Further, the catalytic activity of the zinc compounds is examined in detail on the transformation of disodium
naphthalenedicarboxylate. By optimizing Znl>-catalyzed transformation NTC yield improved to about 25%, that is almost equal
to that by the cadmium catalyst with high toxicity. Based on this result, a new process for NTC dianhydride is developed.
Polyimides derived from NTC dianhydride are synthesized. Those polyimide films showed high modulus of elasticity, low

thermal expansion coefficient and electrical reliability. They satisfy the required properties of printed circuits with high

performance.
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The reactions were carried out at 430°C for 3 h in the presence
of 75 wt% of Nal and 5 wt% of the catalyst on disodium 1,8-
naphthalate. The initial pressure of CO, was 3 MPa.
PACd: Phthalic acid cadmium salt
NTCCd: 2,3,6,7-Naphthalenetetracarboxylic acid cadmium salt
NDCCd: Naphthalenedicarboxylic acid cadmium salt
1-NMCCd: 1-Naphthalic acid cadmium salt

Fig.1 Catalytic activity of various cadmium compounds on the
Henkel Reaction of disodium 1,8-Naphthalate
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Fig.2 XRD of the typical Henkel Reaction product (1) and
double salt consisted of 2,3,6,7-NTC and 2,6-NDCNa (2)
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Fig.3 Proposed mechanism of the Henkel Reaction of naphthalenecarboxylic acid sodium salt
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Fig.4 Influence of various carboxylic acid potassium salts
added on Znlo-catalyzed Henkel Reaction of disodium
2,6-Naphthalenedicarboxylate
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Table 1 Dianhydrides used for polyimide films

Formula Chemical name Abbreviation
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Table 2 Thermogravimetric analysis and coefficient of linear
thermal expantion of polyimide films

Polyimide T T2 CTEY
°C) °C) (ppm/°C)

PMDA/ODA 576 400< 24.6

BPDA/ODA 530 300 285

NTCDA/ODA 592 400< 17.0

a) Temperature at which 5% weight loss was measured
b) Glass transition point
¢) Coefficient of linear thermal expantion

Table 3 Tensile properties of polyimide films

. . Modulus of
. Tenacity Elongation ..
Polyimide (MPa) %) elasticity
’ (GPa)

PMDA/ODA 98.8 14.1 4.0

BPDA/ODA 100.5 16.4 3.9

NTCDA/ODA 84.6 8.5 6.0
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Fig.7 The relation of NTCDA content, CTE, and modulus of
elasticity
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Table 4 Hygroscopic and water content, surface energy of

polyimide films
i Hygroscopic Water content | Surface energy
Polyimide content %) (mmJ/m?)
(%/50%RH) ’
PMDA/ODA 1.3 2.7 66.9
BPDA/ODA 0.9 1.3 31.1
NTCDA/ODA 0.7 1.2 29.1

Table 5 Electrical properties of polyimide films

Dielectric Volume Dielectric
. breakdown .
Polyimide voltage resistivity constant
16
(kV/mm) (X10"° Qcm) (1kHz)
PMDA/ODA 173.0 3.1 32
BPDA/ODA 172.0 3.0 32
NTCDA/ODA 110.0 5.0 3.1
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Fig.8 Hygroscopicity of tetracarboxyllic dianhydrides

LLUCHATE RV, hTh, PMDA IR ICHUSHEICE
TR, ZORAFREMAE, BRI 5 2 B 3
PG5, £ZTC, NTC HEKRWIZOWTHIRGFLEN %
RS 5 7280, SRAANEE DT NIC A% &4 3
FER OO M — A & B H BGE L, 2 oWaE 2 i L 7
FER%E Fig. 8 IIRT . WS Nk, EmA VARV ER
BB BB ICH W SNz # % % & NTC K 047 %
SEVEB X OBUEPEX, BPDA LARIETH 2 I L A5 0 5.
2%, NTC MK RAFZ e & BUSTEO BT 2 ER
72EECTHD I EDND DT,

3.2.5 HiERkE L TOREREM

KA I FHEBKCTHLEY 73 v 78I, BHIK
SRS 2720, RAEREEIME N E VI AR LTS
D, T, FOUBEAFTLIRTNE Y, KA T
I v 7% 80°C IS CTHULHE L 7= 3 & DMK E & S~
7RERAE Fig. 91 RT 1 %, KU T Iy smE, B

3.00

Z& a O NTC
2.50
z @ 0 o A PMDA
¢ 2000H ] A O O BPDA
Pt Hpta 2 O 0
g A
§ 1.00 [ 0O 0oQg é
o050 F

0 ) 1 1 1 ) Il

0 100 200 300

Thermal treatment time (min)
The polyamido acid were treated at 80°C.
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Fig.10 The reaction mechanism of dianhydrides and diamin
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