HWAHAK KONGHAK Vol. 38, No. 2, April, 2000, pp. 249-254
(Journal of the Korean Institute of Chemical Engineers)

AlE ZEZ0| WE E2|0j0jE wate] & & 7S
O|Pt} - MBH - MES - §i8lT
A et I3t slskg st
(19994 8¥ 25U A4, 19994 129 171 A=)

Water Sorption Behaviors in the Polyimide Thin Films with
Various Chain Rigidities

Anna Lee, Jongchul Seo, Jongho Jeon and Haksoo Han

Department of Chemical Engineering, Yonsei University, 134 Shinchon-Dong,
Seodaemun-Gu, Seoul 120-749, Korea
(Received 25 August 1999; accepted 17 December 1999)

o OF
i =

Zglon|= wtuke] AriErd W E 4 7152 Thin Fim Diffusion AnalyzeE ©]&3le], M2 th& A& 743

55 7= Wl 7 2o gigte] Z4sIth: rigid poly(1,4-phenylene pyromellitimide(PMDA-PDA), semi-rigid poly
(1,4-phenylene biphenyitetracarboximide(BPDA-PDA), semi-flexible poly(4,4-oxydiphenylene pyromellitimide(PMDA-ODA), flexible
poly(4,4-oxydiphenylene benzophenonetetracarboximide(BTDA-OBAJE, X-A 34 248 =3 ubuke] Jejsts] 4

(morphologyyt freldelREs o]gate] A3t Bl Y=o 428t AFS
E78I3L Fickian E4F 2ol z A= AdlEze] Haldx &l AT =
olm|=e] xe}l FAgle] M¥H oz Zrlsidnt.
BPDA-PDA < PMDA-PDA < BTDA-ODA~PMDA-ODA?] <42 Hlom, ubet U=
PDA < BTDA-ODA~PMDA-ODA < PMDA-PDA?] A2 Z7}18130t). o213k 1o 3k
Ee] A et widd, il Ak ARE7 W2 (mean intermolecular distanced) 3]

o whe} BEE el e

p—

=
=

uhke] B st AiiFE Zold=
Lgsta e, dliFEsE S71
EE Fof ol wE B AlF
" e ¢ BPDA-
ZEoln= A&

03k

f

Abstract — Water sorption behavior was gravimetrically investigated as a function of relative humidity and chemical struc-
ture for four polyimide thin films with various chain rigidities: rigid poly(1,4-phenylene pyromellitimide(PMDA-PDA), semi-
rigid poly(1,4-phenylene biphenyltetracarboximide(BPDA-PDA), semi-flexible poly(4,4-oxydiphenylene pyromellitimide(PMDA-
ODA), flexible poly(4,4'-oxydiphenylene benzophenone tetracarboximide(BTDA-ODA). In addition, the morphological struc-
ture of the films was characterized by x-ray diffraction together with glass transition temperature. The water sorptios isother
for the polyimide films were reasonably well fitted by Fickian diffusion model, regardless of morphological heterogeneities
and relative humidity. The diffusion coefficient varied little but the water uptake increased with increasing humidity. The dif
fusion coefficient for different type polyimide thin films was in the increasing order: BPDA-PDA < PMDA-PDA < BTDA-
ODA~PMDA-ODA. The water uptake was in the increasing order: BPDA-PDA < BTDA-ODA~PMDA-ODA < PMDA-PDA.
The water sorption behaviors in films were closely related to the chain rigidities, in-plane orientation, and mean intarmolecul

distance, in addition to the chemical affinity.
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Fig. 1. Schematic of polyimides prepared from their respective poly
(amic acid) precursors; (a) synthesis and (b) chemical structure.

sfetzst N3sH M2 20004 48

sion Analyzer(CAHN Microbalance D-200; sensitivity of 0.1 microgram for
1.5 gram mass capacif) ©]-83ste] A7) s d&How =4
SIATHB-9]. dehigEel thet FS S8k flotd A2 T/ A
I} FRTE o188 H[25], Table B YERASITH

Tk s RS 71 Eons vhuke] Hejsky 54 alelE
=471 918l X-Ray lefractometer(RIGAKU, Model XRD: D/MAX)
A2 20 #oll e 3 FE o] &ath. T3 dEF WAL
Hol| tiste] FAsI50mM, F9 CuKot()\ 1.54 A), 8l B
ZHelHE ol&3slyer, X A AXE 35kV, 40 malA s
3l AEE US0E slo] 235om, 5-60°(20) M$lE 0.3-0.57
min scars=, 0.02°(20) A’ 7HHSE sl IBMIPC ATE ©]8-31]
A& Xﬂ%ﬁbﬁﬁ}.

al
=

3.z % Da
ket Al
a3 BTDA- ODA Zgo] ]E
Az oH, ikl o
25°C, 22- 100%z\m4*E Bl
Fig. 2= BPDA-PDA EFA

LPEME} EE]O]

73 =5 7F1 PMDA-PDA, BPDA-PDA, PMDA-ODA,
e 97 ojul=shy e ol §stel
2 4vins] sAsted

s
s

0.8,

l
olv]

o] = (Fick's Iaw)g
ojd F Jon, dAs 747:1]
o A2 o

)

9

o, M(t)= AIZE ellA] ekt e 324
B Y A (=e)eld 2 gE g

.

33

[11,12]. & A7olx AR83 Zejoln]= ‘#‘%‘% *omﬂ*i ?"““’
2 7+8#<l A (ordered state} = i‘ﬁ% 3l (disordered state)

2 o]Fo)A UvH13, 15]. 28}, © nA1E BFUAE B
313, Fickian Etmdlel] & F3= 3 E} A, SHEH 2 &
T 2] (1) o83t s3I, ol olgdty AT E
st9em 2 A3E Fig. 3% Table 2 YeRAiTh

BPDA-PDA Zg]oln|= uluke] Sl 111010 1.7<1071°

?_



Felolols uise] 5§ A% 251

1 1 ] 1 ]
100 } Wm GOy 4
of -
= -
8 60} & 4
R © BPDA-PDA
;} & O  100% RH
1 v A 87%RH
40 i © v T71%RH .
& 52%RH
» v  31%RH
20 -; ® 22%RH J
Or 1 1 L 1 1

0 200 400 600 800 1000 1200
tm/L(cmmsec'l x 0.01)
Fig. 2. Isotherms of the water sorption for BPDA-PDA films measured
over 22-100% relative humidity at 25°C.
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Fig. 3. Effect of humidity on the diffusion coefficient of polyimide thin
films over 22-100% relative humidity at 25°C.
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Table 2. Diffusion coefficients and water uptakes for polyimide thin

films
Polyimide  Relative humidity Diffusion coefficient Water uptake
structure (% RH) DX 10 (cn/sec) (Wt %)
PMDA-PDA 22 3.6 1.09
12.20um 31 3.8 1.46
52 3.6 2.57
71 3.7 3.37
87 4.1 451
100 3.6 5.80
BPDA-PDA 22 14 0.28
15.23um 31 11 0.47
52 11 0.84
71 1.6 1.02
87 1.3 1.37
100 17 1.46
PMDA-ODA 22 9.2 0.44
11.97um 31 9.5 0.69
52 9.6 1.27
71 9.7 1.85
87 9.0 2.69
100 9.4 3.06
BTDA-ODA 22 8.8 0.56
10.98um 31 9.4 0.80
52 9.0 1.36
71 8.9 2,01
87 9.3 2.69
100 9.0 3.25
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Fig. 4. Effect of humidity on the water uptake of polyimide thin films
measured at 25°C.
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Fig. 5. Isotherms of the water sorption for polyimide thin films with
various chain rigidities at 25°C and 100% relative humidity.
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Fig. 6. WAXD transmission patterns of polyimide thin films with vari-
ous chain rigidities.
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Table 3. Characteristics of polyimide thin films 2t A}

Polyimide Thickness Mean intermolecular distance
structure (Hm) Transmissiof(A)  ReflectiorP(A) B Aqs a=ale A th(@ AW S 1998-001-E01258) <174
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BPDA-PDA 15.23 4.81 4.82 360
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28
BTDA-ODA 13.02 5.23 4.88 285

8Calculated from the peak maximum of amorphous halo in the transmission
WAXD patterns.
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