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POLYIMIDES FROM 

DIANHYDRIDEAND AROMATIC DIAMINES 
2,3,3',4'-BJPHENYLTETRAC~XLIC 

CROSS-REFJBENCE TO RELATED 
APPLICATION 

This application claims the benefit of US.  Provisional 
Application No. 601373,342 filed in the United States Patent 
Office on Apr. 5,2002. 

ORIGIN OF THli INVENTION 

This invention was jointly made by employees of the 
United States Government and a contract employee during 
the performance of work under a NASA contract which is 
subject to the provisions of Public Law 95-517 (35 USC 
202) in which the contractor has elected not to retain title 
and may be manufactured and used by orfor the government 
for governmental purposes without the payment of royalties 
thereon or therefor. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to polyimides. It 

relates particularly to novel polyimides prepared from 2,3, 
3',4'-biphenyltetracarboxylic dianhydride and aromatic 
diamines. 

2. Description of the Related Art 
Since 1960, more attention has focused on polyimides 

than any other high performancehigh temperature poly- 
mers. This is due primarily to the availability of polyimide 
monomers (particularly aromatic dianhydrides and 
diamines), the ease of polymer synthesis, and their unique 
combination of physical and mechanical properties. A sig- 
nificant amount of technology has been developed such that 
polyimides Eave found wide spread commercial use as 
adhesives, coatings, composite matrices, fibers, films, 
foams, membranes and mol&$gs. Although there are many 
merent  synthetic routes to pqlyimides, the most popular is 
the reaction of an aromatic dianhydride with an aromatic 
diamine to form a soluble precursor polyamide acid (amic 
acid) that is subsequently chemically or thermally converted 
to the polyimide. 

Over the years a tremendous amount of work has been 
performed on structure/property relationships in polyimides 
to obtain fundamental information thatkould be used to 
develop polyimides with unique combination of properties 
for demanding applications. More recwtly, nanoparticles 
(e.g. clays, carbon nanotubes, inorganic nanoparticles, etc.) 
have been incorporated within polyimides to enhance tertain 
mechanical and physical properties. 

The National AP,~~MU~~CS and Space Administration has 
several space applications that currently use or are evaluat- 
ing polyimides. These include thin films as  membranes on 
antennas, concentrators, coatings on second-surface mirrors, 
solar sails, sunshades, thermdoptical coatings and multi- 
layer thermal insulation (MLI) blanket materials. Depending 
upon the application, the film will require a unique combi- 
nation of properties. These may include atomic oxygen 
resistance, W and VUV resistance, low color/low solar 
absorption, electron and proton resistance, tear/wrinhle 
resistance for packaging and deployment, and high mechani- 
cal properties (strength, modulus and toughness). Atomic 
oxygen resistance coupled with low color and UV stability 
has been introduced into polyimides by using phenylphos- 
phine oxide containing monomers. 

2 
A sigdicant amount of work has concentrated on the 

polyimide from the reaction of pyromellitic dianhydride and 
4,4'-oxy&ardine. Several products are based upon this poly- 
mer [poly(4,4'-oxydiphenylenepyromellitimide)] such as 
Pyre ML@ wire enamel p. S. T. (MA) ~orporation], com- 
mercial films @Sapton@ produced by Du Pont and Apical@ 
produced by Kaneka) and a Du Pont molded product, 
Vespelm. Another well-known film made via a polyamide 
acid from the reaction of 3,3',4,4'-biphenyltetacarboxylic 
dianhydride (s-BPDA) and 1,4-phenylenediamine is 
Upilex@. S produced by Ube Industries, Ltd. 

Despite all of the known polyimides'with good properties, 
there exists a need for a novel polyimide having low color, 

l5 good solubility, high thermal emissivity, low solar absorp- 
tivity and high tensile properties. 

It is therefore a primary object of thi: present invention to 
provide novel polyimides with excellent properties. 

It,is another object of the present invention to provide 
n o v e l  p o l y i m i d e s  made  f r o m  2,3,3 ' ,4 ' -  
biphenyltetracarboxylic dianhydride and aromatic diamines. 

It is yet another object of the present invention to provide 
25 novel polyimides having low color, good solubility, high 

thermal emissivity, low solar absorptivity and high tensile 
properties. 

It is a further object of the present* invention to provide 
30 novel polyimides suitable for thin lihs as membranes on 

antennas, concentrators, coatings on second-surface mirrors, 
solar sails, sunshades, thermakptical coatings and MLI 
blanket materials. 

10 

'' 

I 

SUMMARY OF THE INVENTION 35 

According to the present invention, the forgoing and 
additional objects are obtained by synthesizing novel poly- 

" 

imides with -2,3,3t,4t-biphenyltetracarboxylic- dianhydride , 
(a-BPDA). 

Specifically, the novel polyimides were obtained by react- 
ing a7BPDA -and'* diamine selected from the group consist- 
ing of: 

45 
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-continued- HzNa -contiliuf$ 
wherein RI is CF3 and R, is H, and 
wherein R1 is Hand Rz is CF3; 

I 

and 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
15 invention, including its objects and attending benefits, ref- 

erence should be made to the Detailed Description of the 
Invention, which is set forth in detail below. This Detailed 

. 2o FIG. 1 is a table providing monomer information. 
FIG. 2 is a table providing further monomer information. 
FIGS, 3,4,5 and 6 are tables presenting various polyim- 

FIG. 7 is a table presenting properties of a-BPDA poly- 

FIG. 8 is a table presenting properties of s-BPDA poly- 

FIG. 9 is a table presenting thermogravimetric analysis of 

FIG. 10 is a table presenting solar absorptivity and 

FIG. 11 is a graph representing light transmission of 

ide structures and their properties. 

rriers and films cured at different temperatures. 

mers and films cured at different temperatures. 

25 

wherein X is selected froin the group consisting of: 
SO,, C(CH3),, C(CF,), C(CH,)phenyl, C(CF,)phenyl, 
3,4'-0, 33-0 ,  30 films in nitrogen. 

thermal emissivity of polyimide films. 

35 a-BPDNlJJ-APB film. 
r r  -o-c-c-o-, 

r r  -c-c-> 

FzC-CFz I t  
FK-CF2 3 ,  

I I  
DETAJLED DESCRIPTION OF TJE 

0 INVENTION 
Novel polyimides were made from a-BPDA and various 

4o aromatic diamines. The properties of a sample of a-BPDA 
polyimides were compared with those of polyimides pre- 
pared from the reaction of s-BPDA with the same aromatic 
diamines. Films of the a-BPDA polyimides had higher glass 
transition temperatures (Tgs) and.less color than the corre- 

45 sponding s-BPDA palyimide films. Light transmission at 
500 nm, sola absolrptivity and thermal emissivity were also 
determined on certain films. Films of similar polyimides 
based upon a-BPDA and s-BPDA containing meta linkages 
and others containing para linkages were each cured at 250, 
300, and 350" C. The films were characterized primarily by 
Tg, color and tensile properties. The a-BPDA meta linked 
polyimide films had tensile strengths and moduli higher than 
films of the s-BPDA para linked polyimide. The same 
phenomenon was not observed for the s-BPDA meta and 

R 

- p  

' wherein R is phenyl and CH, 

I 1  

wherein Y is selected from the group consisting of CH,, 55 para linked polyimides. 
phenyl, chloro and bromo; Monomers and ot 1 

0 spthesis houses or of 
and FIG. 2 were obt m 

monomer 10 is described below. Anhydrbus (99.8%) N,N- 
. 60 dimethylacetamide (DMAC)was obtained from Aldrich and 

used as-received. Meta-Cresol was obtained from Fluka and 
redistilled under a nitrogen atmosphere. All other chemicals 
were obtained from commercial sources and used 
as-received. 

65 Preparation of [2,5-bis(4-aminophenoxy)phenyl] 
diphenylphosphine oxide (monomer 10). Into a flame dried 
2 L three neck round bottomed flask equipped with a 
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mechanical stirrer, nitrogen gas inlet, pressure equalizing A 30,000 &mole endcapped polyimide was also prepared 
addition funnel, and drying tube were charged as follows. The polyamide acid was prepared as descnied 
p-benzoquinone (30.16 g, 0.2790 mol) and toluene (750 above by upsetting the stoichiometry in favor of the diamine. 
mL). Diphenylphosphine oxide (56.42 g, 0.2790 mol) in After stirring the polyamide acid solution in a nitrogen 
toluene (250 mL) was added dropwise over 0.5 hour to the 5 atmosphere for about 24 hours at ambient temperature, a 
stirred solution at room temperature under nitrogen. The stoichiometric quantity of phthalic anhydride was added as 
solution color changed kom a dark brown to yellow with the the endcapping agent and the reaction was stirred for 6 hours 
formation of a gum. Upon further stirring, a grey solid to yield a polyamide acid with an inherent viscosity of 0.55 
formed. n e  Solid was isolated, washed with toluene and dL/g, n e  polyamide &d.was thermally converted to poly- 
then diethyl ether, and dried at 110" C. in flowing air to 1o imide as &=$bed in the "WS" section below, 
afford 74.0 g (85% crude yield) of an off-white solid. pol+& Preparation in Meta-Cresol. Polyimides were 
Recrys ta l l iza t ion  f rom e thanol  afforded 2,5- prepared directly in m-cresol because the DMAC solutions 

curing at 250 or 300" C. The polyimides indicated in FIGS. (62.86 g, 73% nicovery), m.p. 216-218" C. 

0.0890 mol), l-chlom-4-nitrobenzene (28.05 g, 0.1780 a catalytic amount of isoquinoline and stining 
mol), potassium carbonate (28.00 g, 0.2026 mol), DMAC 
(150 mL) and toluene (130 mL) were charged into a under a nitrogen atmosphere for about 0.5 hour at room 

stirrer, nitIogen inlet, and a Dean-&& trap. The mixture added, the solids content Was adjusted to 20.0% ( W h ) ,  the 
was heated to a reflux ,+,bile removing water via 2o reaction was heated ta 200" C. and stirred at 200" C. under 
azeotropic distillation. After 4 hours, the toluene was a nitrogen for 4-6 hours to form a viscous 
removed from the reaction and the resultant solution heated solution. The cooled Polyimide solution Was diluted with 
at -165" c. for -16 hours. The reaction mixture was cooled m-cresol and poured into' methanol in a blender to'precipi- 
to room temperature and then poured into water with vig- tate a fibrous solid t h t  was isolated, subsequently washed in 
orous stirring to afford a light brown solid. The crude solid 25 boiling methanol twice and dried in air at 150" C. for 4 
was collected via filtration, washed twice with hot water, and, hours. The polyimides were dissolved in DMAC for inherent 
air dried in an oven at 110" C. to afford 47.6 g (97% crude viscosity measurements and film casting. Polymer charac- 
yield). Recrystallization from 2-ethoxyethanol afforded terization is presented in FIGS. 5- and 6. 
[2,5-bis(4-nitrophenoxy)phenyl]diphenylphosphine oxide Films. Thin films (0.025 to 0.076 mm) were cast from 
as a yellow solid (39.21 g, 80% recovery), m.p. 239-242" c. 30 polyamide acid and polyimide solutions in DMAC generally 
'H NMR @MSO-d6) 6: 6.8 (1H, d), 7.3 (1.5H,m), 7.5 (4H, at 20% solids ( w h )  content. In some cases the solutions of 
m). 7.7 (2H, m). 8.05 (1H, d), 8.3 (IH, d). I3C (DMSO-d6) highly viscous polyamide acid solutions were diluted to 
ppm: 117.705, 118.186, 125.652, 116.325, 126.516, 10-15% solid contents to allow bubbles to escape from the 
126.820, 128.646, 128.808, 130.993, 131.296, 131.432, solution prior to film casting. The solutions were generally 
132.107, 132.144, 132.410, 142.638, 142.903, 151.402, 35 centrifuged and the decantate doctored onto clean, dry 
151.577, 152.194, 152.226, 161.091, 162.177. And. Calcd plate-glass and dried to a tack-free form in a low humidity 
for G&,N,O,P C, 65.22%; H, 3.83%; N, 5.07%; p, air chamber overnight at room temperature. At 20% solids 
5.61%. Found C, 65.27%; H, 3.93%; N, 5.08%; P, 5.07%. content, a wet film of 0.64 mm was doctored onto the glass 

Into a 250 mL Parr hydrogenation flask were charged plate. The films were stage-cured in forced air ovsns by 
[2,5-bis(4-nitrophenoxy) phenylldiphenylphosphine oxide 40 heating for 1 hour each at 100,150,200, and 25 
(5.4 g, 0.0098 mol) and 1,440xane (100 mL). The solution some cases for an additional hour at 300" C. 
was warmed to effect dissolution with subsequent cooling to hour at 350" C. No attempt was made to control the heatup 
room temperature upon which 10% Pd/C (0.59 g) was and cooldown rates of the ovens. In most cases, the, thin 
added. The mixture was degassed prior to the introduc~on of films were removed from the glass by immersion in water. 
hydrogen gas. The mixture was agitated under a hydrogen 45. Specimens (15.2 cm long, 0.51 CJ.U wide, 0.038 to 0.056 mm 
atmosphere for -24 hours at room temperature. After degas- thick) were cut with 'a JDC Precision Sample Cutter, 
sing the solution, the Pd/C was removed by filtration and the Thwing-Albert Instrument Company. The tensile properties 
solution added to stirred water to afford an off-white solid. were determined following the general procedure in ASTM 
The crude solid was collected via filtration, washed with D882 using four to five specimens per test condition. The 
water, and dried at room temperature to afford 4.1 g (76% 50 test specimen gauge length was 5.1 cm and the crosshead 
crude yield). Recrystallization from + aqueous ethanol speed for film testing was 0.51 cm/minute using a Sintech 2 
af forded  [ 2,5 - b is( 4 - a m i n o p  h e  n o  x y ) p h e n  y 1 ] instrument with an Eaton Model 3397-139 11.4kg load cell. 
diphenylphosphine oxide as a tan solid (3.2 g, 80% Other Characterization. Melting points were determined 
recovery), m.p. 205-208" C. Anal. Calcd. for C,&&@,P: on a Thomas-Hoover capillary melting point apparatus and 
C, 73.16%; H, 5.12%; N, 5.69%; P, 6.29%. Found c, ss are uncorrected. Differential scanning calol-imetry (DSC) 

Polyamide Acid Preparation. The polyamide acids were with the sample sealed in an aluminum pan. Glass transition 
prepared by placing the diamine in DMAC in a nitrogen temperatures (Tgs) were determined with DSC at a heating 
atmosphere and stirring at room temperature to form a rate of 20" C./min with the Tg taken at the inflection point 
solutios or slurry and subsequently adding a stoichiometric 60 of the AT versus temperature &e. The crystalline melting 
quantity of the dianhydride as a solid or in some cases as a points (Tm) were taken at the endothermic peak. Inherent 
slurry in DMAC. The solids content was adjusted to 20.0% viscosities (qM) were obtained on 0.5% (wtv) polyamide 
(weight to weight, w/w) by the addition of DMAC. The acid and polyimide solutions in DMAC at 25" C. Dynamic 
reaction was stirred at ambient temperature for about 24 thermogravimetric analyses (TGA) Were determined on 
hours to form a viscous solution of the polyamide acid. The 65 films using a Seiko Instrument SSC 5200 at a heating rate of 
inherent viscosities of the polyamide acids are presented in 2.5" C./min in a nitrogen atmosphere. Elemental Analyses 
FIGS. 3-6. were performed by Desert Analytics, Tucson, Ariz. The % 

dihydro~phenyldiphenYIPhospbine Oxide as a white ''lid of the poly-& acids would not form fiemile films after 

2,5-Dihydrox~heny1diPhenY1PhosPhine Oxide (27.62 g, 15 5 and 6 WerLprepared by adding the diamine to m-cresol 

three neck round bottom flask equipped with a mechanical A quantity Of was 

72.87%; H, 5.08%; N, 5.78%; P, 5.64%. 1 was conducted on a Shimadzu DSCJO thermal analyzer 
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light transmission through thin films was measured using a Films. In forming films, all of tlie poiyamide acid and 
Perkin-Elmer Lambda 900 ultraviolet/vkible/near infrared polyimide solutions in FIGS. 3-6.were dobtored onto clean 
spectrometer. Solar absorptivities (a) of thin films were plate glass and stage-dried in a forced air oven for 1 hour 
measured on an Aztek Model LPSR-300 spectroreflectome- each at 100,150,200 and 250" C. No intehtional orientation 
ter with measurements taken between 250 to 2800 nm with 5 was performed although some could have occurred while 
a vap6r deposited aluminum on Kaptona film (1" surface curing on the glass plates. The films were generally removed 
mirror) as a reflective reference per ASTM E903-82. An from the glass plates by immersion in water. In most cases, 
Aztek Temp 2000A infrared reflectometer was used to the film pulled glass from the surface of the plates, resulting 
measure the thermal emissivity (E) of thin films. in wrinkles. Although the Tg of several of the cured films 

Syntl~esis. Polyimides in FIGS. 3-6 were made via the exceeded 250" C., all of the initial films were cured at 250" 
polyamide acids from the reaction of an aromatic diamine because film coldr was of particular interest. Generally 
with an aromatic dianhydride# in D W c  at 20.0% solids polymers are cured beyond the Tg because the molecular 
content (whv) or in m-cresol. Polymers 6-1 motion above the Tg allows tenaciouSly held molecules (e.g. 
FIG. 6 were made in m-cresol containing a solvent) to depart more easily and induces molecular pack- 
of isoquinoliqe becaw, polyamide acids WI t VIS- ing. However, most films described herein cured at tempera- 
cosities 9.40 dL/g Lduld not be obtained. Polymer 5-1/Ain tures >250° c. in air tended to darken slightly in color. Near 
FIG-,5 Was the POlY-de acid but also in m-cresol colorless films turned pale yellow while yellow films often 
in an attempt to obtain a higher molecular weight .version. became more intern yellow to orange. some films were 
The synthesis in m-cresol provided an improvement the a h  cured at temperatures >250° c. Higher cure tempera- 
molecular weight (inherent viscosities in DMAC increased 2o tures generally improved the tensile properties at the sacri- 
frotn 0.72 dL/g for b e  polyamide acid to 0.83 a l g  far the f i . ~ e  of color. Curing in a nitrogen atmosphere would have 
POlyimide). The Pdl*er reported herein (5-1/s) W a s  made been desired and probably would have helped reduce the 
via the polyamide acid and had an inherent viscos;ty in color of some films but the ovens could not be properly 
DMAC of 1.46 dL/g and a Tg of 280" C. rigged to provide a good nitrogen atmosphere. Since the 

In preparing the various polymers, it was apparent that the 2s presenceof residual solvent and complete conversion of the 
reactivity of a-BPDA was significantly less than that of polyamide acid to polyimide was a concern, a study was 
s-BPDA. Using the same diamine, the DMAC solution performed primarily to evaluate color, Tg, and tensile prop- 
viscosity of the polyamide acid from s-BPDA increased erties as a function of cure temperature. 
substantially within 1 hour of reaction time whereas the AU of &e thin film tensile properties are reported as 
viscosity of the polyamide acid from a-BPDA imeased 30 averages of 4 to 5 specimens. The coefficient of variation 
slowly over several hours and only in a few cases attained ( C O ~  within 4 to 5 specimens for the tensfie strength was 
a solution viscosity comparable to that of the corresponding 2 toi10% while the CoV for the moduli was about 0.2 to 8%. 
s-BPDA polyamide acid. The a-BPDA polyamide acid had The cov for the elongation was high with values rang% 
a higher i d ~ e n t  viscosity than the analogous S-BPDA from 7 to 50%. Film elongation is more sensitive to flaws 
polyamide acid in only one set of polymers (Polymers 4-2/A 35 within the test specimens caused by foreign particles (e.g. 
and 4-US in FIG. 4). gel particles and dust), minor specimen misalignment during 

Glass Transition Temperatures.Al1 of the golyamide acids the test, wrinkles, etc. The 23" C. tensile properties, par- 
in FIG. 3 from the reaction of diamine monomers 1-3 with ticularly strength and modulus, of the s-BPDA based po€y- 
a-BPDA and s-BPDA were made in high molecular weights imide &US were higher, and in some cases significantly 
as indicated by inherent viscositieS of 0.95 to 2.13 dug.  In higher, than those of the a-BPDAbased polyimide films with 
FIG. 3, the a-BPDA polyimides had Tgs higher than the few exceptions. The highest overall 23" C. tensile properties 
corresponding s-BPDA derived polyimides. are those for the film from polymer 6-Q/S in FIG. 6 with 
AU of the polyamide acids in FIG. 4 were prepared in strength of 151.0 MPa, modulus of 4.34 GPa and elongation 

relatively high molecular weights with inherent viscosities of 31%- Polymer4-US had the highest elongation (90%) 
of 0.73 to 2.20 dL/g. The same Tg trend was observed where 45 while polymer 5-1/S gave the highest film modulus (5.18 
all of the a-BPDA polyimides had Tgs higher than the GPa). 
s-BPDA polyimides. The diamines were meta catenated Films'of a 30,000 &mole phthalic anhydride endcapped 
[monomer 4, 1,3-bis(3-aminophenoxy)bemene, 1,3,3- polyimide'of polymer 4-1/Ain FIG. 4 were cured for 1 hour 
APB], meta para connectea [monomer 5, 1,3-bis(4- at 250" C. and 1 hour at 3 0 0 O  C. in air. The films showed 
aminophenoxy)bemene, 1,3,4-APB] and all para catenated 50 slightly lower Tgs as mentioned previously but no visual 
[monomer 6, 1,4-bis(4-aminophenoxy)bemenci, 1,4,4- difference in color when compared with the corresponding 
APB]. films in FIGS. 4 and 7. The thin film 23" C. tensile properties 

FIG. 5 contains information on four polyimides contain- for the 250 and 300" C. cured films were virtually the same 
ing trifluoromethyl groups from diamine monomers 7 and 8. with strength of 100.0 MPa, modulus of 3.02 GPa and 
Again the a-BPDA polyimides had Tgs higher than the 55 elongation of 4.0%. These values compare favorably with 
s-BPDApolyimides. The rigid biphenylene polymers (5-1/A the tensile properties of the corresponding films in FIGS. 4 
and 5-1/S) had Tgs significantly higher than the hexafluor- and 7. 
oisopropylidene containing polymers. Films Cured at Different Temperatures. Films of the four 

Four polyimides containing the phenylphosghue oxide polyimides (4-1/A, 4-1/S, 4-3lA and 431S).were cured on 
group from monomers 9 and TO are reported in FIG. 6. The 60 clean plate glass in a forced air even for 1 hour each at 
polyimides from 1,3,3-APB containing phenylphosphine temperatuks of 250, 300 and 350" C. FIG. 7 contains 
oxide had Tgs abouf30" C. less than polJiimides from'the information on the a-BPDA polyimides while FIG. 8 pre- 
more rigid 1,4,4-APB containing phenylphosphine oxide. sents the data on the s-BPDA polyimides. In FIG. 7, the 
The s-BPDA/1,4,4-APB phenylphosphine oxide polyimide properties 6f two batches of the polyamide acids from 
failed to show any crystallinity apparently because the buIky 65 a-BPDA/1,3,3-APB and a-BPDA/1,4,4-APB and their films 
diphenylphosphine oxide group disrupts the symmetry or cured at dierent temperatures are presented. Two batches of 
regularity leading to ordered regions. each of the two polymers were made to assess the repro- 

' ' 
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ducibility of the polyamide acid formation and polyimide 
Properti=. The *Lent*oSity ofthe Polyamide acids and 
the Tg, color and tensile properties of the films overall 
showed excellent reproducibility. The only large variation 
was the 43.7% elongation of one 350" C.  cured film. As 5 
observed for the same polyimides in FIG. 4 (4-1/A and era1 properties of importance for space appli- 
4-3/A) and previously discussed, the tensile strength and cations are absorptivity (a) and thermal emissivity (e). Solar 
especially the modulus of the a-BPDA/1,3,3-APB f i s  absorptivity pertains to the fraction of incoming solar energy 
we= higher than those of the a-BPDA/174,4-APB films. The that is absorbed by the film or more precisely a measure of 
advantageous effects of Curing at high temperatures are 10 light reflected by a second surface mirror between 250 and 
evident in the increase in TgS €9 both POlPerS and the 2500 m. The (e) is a measure of the iXm to radiate energy 
increase in film elongation for the 1,4,4-APB polymer. from the surface or more specScally a measure of the 
1,474-APB Polyamide and Polyimide and infrared transmission of the film. Both of these properties In FIG. 8, the properties of the s-BpDA/l33,3-APB 

sented. Unlike that of the a-BPDA comparing 

polymer), 85 for 5-1/S, 85 for 6-1/Aand 75 for 6-11s. Again 
the a-BPDA films had better optical transparency than the 
s - ~ p ~ ~ f i l m s .  

TWO of 

are Pre- were measured for in FIGS. 4-6 and are reported in 

values. Depend& upon the space appfiation, the ratio of 
(a) to (e) is important than the individual values 

polymers, the s-BPDA 15 FrG. 10. ~ i l m  fEhas  must be copsi&red 
Polyimides showed the trend With the Polyimide 
from the more rigid diamine (1,494-APB) having the higher 

because it helps to determipe the temperature a fihn will tensile strength and modulus. Overall the properties of the 
250" C. cured h in FIG. 8 compared favorably with the 
properties of the co=esponding polymers (4-1/s and 43/S) 2o 
in FIG. 4. The Tg and the elongation of the 1,4,4-APB 

reach in a particular Orbit. The' Of a to 
minimal changes in these proprties upon eqosure 

film increased with an increase in the cure 
perature. 

Thermogravimetric Analysis of Films. Samples of the 
films in<FIG. 7 were characterized by TGAin nitrogen at,a 2s 
heating rate of 2.5" C./minute. Prior to TGA, the &mi weze 
dried for 0.5 hour at 100" C. in nitrogen to remove absorbed 
moisture. The weight losses at different temperatures are 

2 polymers cured at 250,300, and 350" C.  to determine the 30 
weight loss as a function of curing temperature. As presented 
in FIG. 10, very low weight losses (0.09 and 0.12%) were 
detected at 300" C. for the 250" C. cured films. The Tg of the 
a-BPDA/l,3,3-APB polyimide was 204" C. while the Tg for 
the a-BPDA/1,4,4-APB polyimide was 276" C. Hence cur- 35 
ing the later iXm at 250" C., significantly less than the Tg, 
had virtually no effect upon retention of residual Dh4AC 

350" C. are presumably due to residual DMAC and/or water 
from further cyclodehydratioa of the amide acid to the 40 H 2 N ~ o ~ ~ ~ ' ~ o ~ ?  
imide. Other films were not characterized by TGA because 
it was assumed that the results would be similar. The 
excellent thermal stability of the polym@s is obvious from 
the low weight losses at 500" C. at a heating rate of only 2.5" 
ChinUte. 45 

Color, Solar Absorptivity and Thermal Emissivity. In 
virtually all cases, the a-BPDA films had less color than the 
corresponding s-BPDA films. A few of the a-BPDA films 
cured at 250" C. were virtually colorless. The color desig- 
nation in FIGS. 3-43 follows the trend from lightest to most SO 
intense or darkest: near colorless<pale yellow<light 
yellow<yellowcintense yellow<light brange<orange. The 
optical transparency or % light transmission through the film 
at a wavelength of 500 nm (the solar maximum) was 
determined for several films with the values reported in 55 
FIGS. 7 and 8. Film thickness varied from 0.38 to 0.046 mm. 
The thickest film was the a-BPDAf1,3,3-APB polyimide'and 
it had the highest optical trmparency. The a-BPDAiXms in 
FIG. 7 have a higher % light transmission than the corre- 
sponding s-BPDA films in FIG. 8. The films derived from 60 
the polyimides made with the flexible 1,3,3-ApB diamine 
had greater light transmission than those made from thp 
more rigid 1,4,4-APB diamine. Light transmission 
decreased as  the cure temperature of the film increased and 
this is clearly shown in FIG. 11 for the a-BPDA/1,3,3-APB 65 
film in FIG. 7. The % light transmission at 5 0 0 . ~ 1  for 4 
other lightly colored films is 87 for 5-1/A (0.83 dL/g 

to radiation in space is of significant impgrtance. In general, 
the a-BPDA polymeric films exhibited layer as than films 

s-BPDA 

We d a h :  
1. A pol$mide film prepared from reacting 2,3,3',4- 

biphenyltetracarboxylic dianhydnde with an aromatic 
reported FIG. 9. Thk analysis Was  performed Op 6 h S  of diamine selected from the group consisting of 

H2N 
0 

from film casting. The low weight losses at 300 and even 0 

'. 4'1 
4 
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wherein R, is CF, and & is H, and 

H ~ N ~  - e o - a  ; wherein R, is H and R, is CF,; 
NH.2 and 

@/j=O 5 

10 

further wherein the, polyimide film has the following com- 
bination of properties: 

a thickness of froin about 0.02 mm to about 0.06 mm; 
light transmission at 500 MI of greater than about 60%; 
thermal emissivity of greater than about 0.46; 
solar absorptivity of less than about 0.16; and 
tensile strength greater than about 93.8 MPa. 
2. A polyimide film according to claim 1 wherein the 

15 wherein X is selected from the 

SO2 C(CH& C(CF& C(CH3)pbenyl, C(CF~phenyl,3,4'-0,3,3'-0, 

20 -c-c- P i  -0-c-c-o- i T '  
I I  

FzC-CF.2 
I I  

FzC-CFz , 

aromatic diamine is. \/ 
25 

HzN-QI-Q--Q--Q NH2. 

R 

30 
3. A polyimide film according to claim 1 wherein the 

-0- fJ-[-c-o- / aromatic diamine is: 
/ 

HzNwmz' 

35 

wherein R is pheayl and CH,, 
e 3  a 3  

40 
4. A polyimide film according to claim 1 wherein the 

aromatic diamine is: 

45 H z " ~ - Q - ~ - ~ - ~ ~ . 2 .  

wherein Y is selected from the group consisting of CH,, 
gfj=o 

0 phenyl, chloro and bromo; 

50 

5. A coating prepared from the polyimide film of claim 1. 
1. 6. A solar sail prepared from the polyimide film of claim 

7. A sunshade prepared from the polyimide film of claim 
1. 

8. A polyimide film according to claim 1 wherein the 
number average molecular weight is greater than l0,OOO 

H . 2 N ~ ~ ~ ~ z  

R1 R1 

55 
/ 

R.2 &mole. 

* * * * +  


