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Abstract

. Degradation of' high performance pquimide precursor

"rgsins was invéstigatgd by measuring the molecular w?iéht
of the  polymers in solﬁtion, using a membrane osmometer.
it was' found that polyimide-prgchrsor resins éoméosed of

BTDA and ODPA combined with DABP and Mbh were unstable

in DMAC. | '

The degradation rate was found t6 depend upqn ﬁhé'
chemical nature of the isomeric diamine and the-geomeﬁric
structure about the amide linkage. The polym;rs oﬁ,DABP.
were less.susceptible to degradatiﬁn tﬁan_those of MDA
and p,p'-compoupds were more stable thén m,m! -compounds.
These results suggest that deéradation ié correlated with
the basicity of the diamine. That is, the fétenof thél'
degradation,reéction increas.es with the bas'ic:‘i.ty of tl}e
diamine group in thé polyiﬁi&e precuréor‘iesin.

The presence of water and a higher_temperature
increased the degradation rate of the polymers. ‘A linear
relationship betﬁeen the dégradation rate.constant and
water content was obtained in the concentration range
studied. When the solution contained 1l(v/v)% H20, the
rate was three times greatef than that of the anhydroué

solution.



RESULTS' AND DISCUSSION -

1. Degradation of ODPA-m,m'-MDA

. " The resﬁlt'of molecular weight méasﬁiementé made on a
new- polyimide polymer ODPA-m,m'-MDA ig-shown‘in:Table VIII.
The. purpose of the measurements was té determine- the size of
the polymer and the exfent to which chemically' end-capping
the éo}ymer Qith’phthalic anhydride or simpiy adding' phthalic

‘anhydride to the polymér solution retards degradation. The

molecular WELGht of the polyimide polymer which was chemlcally .

end—capped was ‘17600 when measured on the same day the solution
was prepared. The molecular weight of.the.nonvendscappedm.;;'
polymer was- 13300 when measured on the same- day of the prépa*-
ration. .The change in‘mclecu%?r weight due ﬁo degradation of
thalpolymer was observed as 5 function of time.

The experimental results show that the poiyimide polymer
is unstable in DMAC., Chemicalli end—cappiné,the-poiymer'(E—l)
appears to have little effect on the initiai rate of degrada-
tion (see Figure 3).. The rate constant for the initial stage
of d¢yradation was 5.8 x10 ° ' day ‘J However, adding phthallc
anhydride (1% of the Welght of the polymer) to rhe DMAC solu~
"tion' {(U~2) is a simple and effective step which appears to
;lmost complétely stop the degradation proceés. ‘This may be

ngtribdged to the fact that thé_phthaiic anhydride reacts with



o TABLE VIII :

. Change in Molecular Weight Due to Polymer Degradation of
ODPA-m,m'-MDA at Room Temperature

*

Time Eiapsed Molecular Weight of ODPA-m,m'-MDA*, Mn

in Days, t E~1 . .. u-1L. U-2
0 17600 12800 - 13300 -
1 17100 . - -
2 - 11700 -
7 . 14600 10800 -
14 - 11200 -
15 13800 - ‘ -
, 20 . - : 10000 ' -
21 " 10200 -
47 - ' - 12400
50 14200 - -
' 68 . - - 12900
80 12900 - -
* E~1: the end-capped polyimide polymer
U-1l: the non-end-capped polyimide polymer
U-2:

. the non-end-capped polyimide polymer plus l(w/w}$%.
phthalic anhydride .

+
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the water present in the solyent DMAC, assgming that the
presence of'water accelefates degradaéion of thé polymer.:
The degradation rate of the non-end-capped polymer without
phthalic anhydride (U-1) was 3.5 x10°° day '. Assuming that
sample E-1 consisted of only end-capped polymers, the fact
that the end-capped polymer degrades suggests that the C-N
bonds. along the chain backbone are suscepéible;to.degradation

and that degradation need not be initiated at the end groups

of the polymer.

2. Degradation of a Series of BTDA polyimide Precursor Resins

Degradation rate as a function of the chemical nature and

structure of diamines. The change in molecular weight due to

degradation of polyimide precursor resins composed of BTDA

combined with DABP and MDA was observed as a fﬁnétion pf time -
(Table IX). It was found that the degradation -rate k kday_lr;
depended upon the natufé.of the isome;iC'diamines and the geo-

metric structure- about the amidé'linkage. The degradaticn

" rates calculated from the slope of the plot of 1/Mn vs. t in

Figure 4 were 19.8 x10 ! for BTDA-m,m'~MDA, 12.8 x10"° for
BTDA-m,m'~DABP, 9.9 x10™ * for BTDA-p,p'-MDA, and 4.4 x10 ° for

BTDA-p,p'-DABP. The ratio of the k's is 4.5 : 2.9 : 2.2 : 1

' in the same order. Comparing the basicity of the diamines,

the strongest is m,m'—MDA due to the effect of its electron-
donating CH, group at the meta position and the weakest-is

P.p'-DABP due to its electron-withdrawing C=0 group at the

., para position. The degradation rate was greatest with BTDA-

m,m';MDQ and smallest with BTDA-p,p'-DABP. If the degradation

]
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TABLE IX -~ continued

Vo Batch II
Time Elapsed BEDA—p,E'—DABP BEDA-m,@'-MDA
in Days, t Mn 1/Mn x10" Mn ‘i/Mn x10%
0 9860 l.01 11200 0.893
3 10300 0.971 10100 0.990
6 - - 9250 1.08
7 9430 1.06 - -
1l - - 8130 1.23
14 . 9280 1.08 7390 1.35
21 - - 6330 1.58
+ 22 8270 1.21 - -
28 8360 1.20 5550 1.80
slope
(k/Mo x10") 0.0082 0.033
intercept
{1/Mn(0) x10") 0.987 0.876

rate constant_
(k x1.0%) (day ) 3.3 13.6
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Figure 4. Change in molecular weight due to-degradatioh of
polyimide precursor resins as a function of time at 27°C



+ rate is correlated with 'the basicity of. the diamine in sich,
a manner that the more basic the diamine, tha- faster degra-
dation occurs, then the-followiﬁg would be observed:

>k and k > k From the

k DABP m,m'-compound

MDA p,p'-ébmpound'

data obtained, it can be seen that lk'is greater for the MDA

polymers than for the DABP polym§r§= kp;p!-MDA/kp,p'-DABP 1s

2.2 and k is 1.5. It is also seen that

m,m'—MDA/km,m'—DABP'
the p,p'-compounds degrade less rapidly than the m,m'-

compounds: k is 2.9 and k

m.m'wDABP/kP:P'“DABP m.m'-biD.A/kp.p'-

MDA is 2.0. Thus, the degradation rate-is correlated’'with
the basicity of the diamines for polyimide precursor resins
studied. |

It has been reported L that, in the preparation of
éol&imidc polymers from isomeri& dinmines, the more Eﬁéic Fhe
amine gioup, as a general rule,.the more reactive it is
toward other ﬁonomers,'for exagple, aéomaticEdianhydrides.
The result of the present study suggests that diamines which

" favor the polymeri;ation reactiop also favor degradation- of
the products. . |

Figures Sg and.b and Table IX. show the|results of degra-
dation studies on polymers-from two different batches. The
degradation rate of BTDA-p,p‘-DABP'(batch.ir) was 3.3 xlo_?
and that of BTDA-m,m'-MDA was 13.6 x10 ?. Both of these

Qalues are somewhat lower than those for.baich I. The un-

éextainty in k'was.estimatéd qraphically from the error bars.?s

The results of the analysis are

¢3) | . - -
P. R. Young and H.-M. McNair, Anal. Chem., 47, 756 (1975).

L
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Figure S5a. The change in.molecular weight due to degradation
of BTDA-p,p'—~DABP at 27°C ' '

*




K
o
r~
Y]
.g -
-
0.5F -
. 1 L 1 g
0 10 . 20 30 40
: t (days)

Figure Sb. The change in molecular weight due to degradation
of BTDA-m,m'-MDA at 27°C



k xl0® . '

BTDA-p,p'-DABP (batch I) 4.4 £ 1.0
BTDA-p,p'-DABP (batch II) 3.3 £ 1.0
| BTDA-m,m'~MDA {batch I) 19.8 + 4.0 '
' ' BTIDA-m,m'-MDA (batch II) 13.6 % 3.0

»

The results suggest that there is a small effect of the poly-
merization conditions on the rate constant k. Variation in
the amount of exposure to moisture during synthesis is a

possible cause.

Water effect. The effect of the presence of water in the
solvent DMAC on degrédatioh of polyimide precursor resins was
investigated and the results are shown in Table. X and‘F@gﬁres
6a and b. The water content of anhydrous DMAC was checked by
Hewlett;Packard %320 Research Gas Chromatograph{%) and was |
found to be less than 0.05%. In order to examine the water
effect, L{v/v)% of H:0 was added to £he solvent when ﬂhe poiy-
mer solutions were prepared. T?e degradation rates obtéined
were 12.8 ;lO“"fo: BTDAep,p'—DAéP (Qatzh I) and 31.8 xlo-’.
for BTDA-p,p'~-MDA (batch I). These results show phat the
présence of water increased the dggrédation rate;.of ?TDA—p,pJ-
DABP and BTDA-p,p'~MDA about three times (2.9'for.BTDA"p,p'-
DABP and 3.2 for BTDA-p,p'-MDA). :

Table XI and Figure 7 show the results of a detailed

investigation of the degradation of BTDA-m,m'~DABP (batch II)

(2) A 6' x 1/4" column packed with Porapak Q (80/100 mesh)
was used for the. seperation of water from DMAC at 250°C.
Porapak Q is prepared especially for good water-seperation.

A linear calibration curve for water content was obtained frem
the peak heights of water added to the solvent in the amounts
of 0.1 and 1.0(v/v)% of the solvent.

'
+

L



TABLE X -

A Ef fect 'of Water on Degradation of Polyimide Precursor Resins
(Batch 1) in DMAC' Containing l(v/v}% H,0 at 27°C

nnnnnn

Time Elapsed ~ BTDA-p,p!~DABP

BTDA-p,p!-MDA

in Days, t Mn  1/Mn x10% . Mn 1/#n x10*
0 8330 1.20 » 10800 . 0.926
3 , 8660 1.15. 8020 1.25 .
. ‘ 7 7290 1.37 6020 l.66
' 14 6780 1.47 4870 2.01
22 5310 l1.88 - -
slope . !
(kM. xl0*) 0.032 0.077
intercept
(1/Mn(0) x10"%) 1.12 1.00
' rate constant
12.8 '+ 3.8

(k x10°%) (day *)

ki & Atan ne ot oL S Sl EAEC PRI R TR BT P
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" Figure 6a. Effect of water on degradation of BTDA-p,p ~DABP
in DMAC contalnlng L{v/v)% H30 at 27°C .
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- Figure 6b. Effect of water on degradation of BTDAmp,p'—MDA
in DMAC containing 1(v/v)% H,0 at 27°C
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Figure 7. Effect of water on degradation of BTDA-m,m'-DABP
(Batch IX) at.27°C : -

1) result of Batch I
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Figufe‘B. Flot of the degradation rate constant of BTDA-
m,m*~DABP vs. the amount of water added to-the solvent DMAC
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in DMAC containing different amounts of water. Polymer solu-

tions containing 0.1, 0.3, and 0.5(v/v)% H,0 were prepared

by adding water to the solvent. The degradation rate increased
[ ) ’ . -"

with the larger amounts of watexr: ko.lzuzo was 15.2 x10 X

ko 3%H26’ 21.3 x107%; and k 27.3 x107%., In Figure 8

0.5%H,0' _
the degradation rate for each solution is plotted against the

*
*

amount of water added. The-observed linear relationship
suggests that the degradation rate is proporﬁiopal to.the
water content in the concentration range studied. From Figure
8 it can also be seen that the results-are consistent w?th the
rate constant, 12.8 x10 ?, obtained for BTDA-ﬁ,m'-DABP of -

batch I in anhydrous DMAC containing less than 0.05% of water.
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TABLE XII

Effect of Temperature on Degradation of BTDA-p,p'-DABP(Batch II)

L T e L R

Time' Elapsed Temp. _. 217°cCc* ' _  37°C

in. Days, t Mn . 1/Mn x10* . Mn © 1/Mn x10*%
0 9860 1.0l 9730 1.03
1 - - 9180 "1.09
3 10300 0.971 - 7920 ©1.26
5 : - - 7620 1.31
7 9430 1.06 - -
11 - - 5080 1.97
14 9280 1.08 - -
22 . 8270 1.21 - =
28 8360 . 1.20 - -
slogpe ’ ' :
(k/Mg x10%) " 0.0082 g "0.0849
intercept : . .- :
(L/Mn.(0) x10%) 0.987 0.993
rate constant_. ' : ‘ :
(k x10%) (day *) . 3.3 | 34.1

* the same:result:in' Table IX
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