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of hours. FlKe;ample, m--13iSm of thc best kaown and 

i n c l ~ n l a l i v e l y e a s y p r o c e s s i n g , ~ ~ y l o w a c o s t s ,  
ami excdalt pmpaty rrtention at devatcd tcmpamm, 
comparedtootkcommraall * yavailablchigbtcmpcratlpe 
resinmaterials. 

The preparation of polyimides from mixaaes of mmo- 
meric diamines and esters of polycarboxylic acids is 
disclosed,faexampIe,mU.S.Pat.No.3.745.149.Patentee 
disclosed that plyimiacs canbe pmcesd from a mixm 
of moMlmeric reactants using lower alcohols to estaify an 
anhydride endcap and an aromatic dianhydride. These 
monomeric readants when combined with an aromatic 
diamine in the molar ration, of N diester-diacid/N+l 
dmnnd2 esta-acid endcap, form a moWmaic miXtrrrr: 
which at high temperatm polymerizes to a polyimide. This 
procedure was the evolrnim of the terminology PMR 

most ~ d e l y  used PMR polyimide. PMR-15 attributes 

. .  

cantly adds to rk final CWt of PMR composites. In 
comparison, thc high-solids polyirclide pnansar xmmmner 
soluticmof this invention is based on aprorms that si@- 

9 cantiy retards aging of the PMR so~utions and PMR 
pprcg& lather than being based 011 the rigid temperaturt 
controls as evolved and pract iced in present= tecw- 
ogy. Moreova, the instant pmczss extends to othea maw- 
faCtrning procffses such as solvent assisted RTM and resin 

SUMMARY OF THE INVENTION 

precursors (monomers) having a solids content ranging from 
60 about 80 to 98 percent and preferably from 85 to 98% by 

weight of said polyimide prcnnsors in lower molecular 
weight alcohols i.e. aliphatic alcohols having 1 or 2 carbon 

sors comprise e f f d v e  amounts of at least one ammatic 

55 infusion. 

This invention relates to stable solutions of polyimide 

atoms. Tbc COIlcentrated solutians of the polyimide precur- 

(polymerization of moaomeric reytants). 

use of a 50-70% solid amtent of monomer reactam in 

6s diamine, H least one dianhydride selected f r ~ m  the group 

acids ie. mow and dialkyl eStm of llT0matic dianbydrides 
MOR. specifically, U.S. Pat. NO. 3,745,149 d i ~ ~ l o s e ~  thc con~ktiag Of aromatic dianhycfride~ and 10wer -1 estcr- 



SolVera d r c s i n  muskrmolding (SKIM). 
T b e s e a n d o t h a ~ a f t h i s ~ w i u b e a n n e  

apparmtfmmafurtfiaImdrmmedetaileddacriptiooofthe 
inVentim 

D ~ O N O F ' I H E P R E F E R R E D  
EMBODIMENTS 

This i n v g l t i o n m  tohighly camntratcd soiutions d 
polyimidepreclasors (monomrs). andthe Llsc of said am- 
centrated solutions for the pnparation of polyimidc 
prepregs. More speciiically, this invention rclatcs to the 
process of preparing highly concentrated p r t c u r ~ ~ r  
(moaomer) solutions with 8048% by weight solids in lowex 
alipharic alcohols. Ihe polyimide preansor solutions com- 

an aromatic ciiamim ami a monofimctional endcap texmi- 
nated either with a rmnoamine or a di- or mrmoesta-acid 
along with other d v e  aadcmshkabkunits wherein the 
alkyl radicals of the ester-adds an derived fnnn low 
m o l d a r  weight of alipmic alcobds. The high solid 
content monomer solutions solidify at room tanpaatun and 
essentially iIMYhlm .. allthcmavlma- - -Y 

prise mixtures of alkyl ester-acids of aromatic dianhyddcs, 

pxepgfb, mllanol isprefanedovamttfiaml in& instant 
~ ~ t h e m t h y l a r t w o f s n h y d r i d e r r a d *  

cthylcsras,whid!lerdstoafkan 
y*-evaporatesfasmthan 

than tbeccmqodq 

ethand anduharderto yicld arepcatcd unifomcontrol m 
the pmccM of this invention 
The unique fatm of the instant proccss is tk usc o f a  

stable high solid amtent (80-9896) monomer solutions for 

apolyinride preansclrsolufion in solidfonn which can be 
stond at room tmpmtm indefinitely, and easily shipped 
witbollt dry ice while also eliminahg the hazard of trans 
pomng flammable liquid alcohoL The solidified mollomer 
solution can be prepared to the desirable concentration 
suitable for resin infusion and solvent assisted RTM, the 
pnpregging process or adhesive formulations. 'Ihe solid 
mixture of precll~fi cau be warmed up quickly in a short 
perioa of time without aging thc resin solution. Due to the 

45 unlimited shelf-life of the solidikd mono- solutiom 
these solid solutions can be made in large quantities in pilot 
scalc to lowathe cost of pllxludmandqualification tests 
as compared to thecurrent prior art production of smal l  d e  
SOlLUiOlE3. 

.. 
30 af&4w-~- 

35 the FqmlatialI of PMR pOlyimi&s. Thispn.xX35 produaK 

preventing the aging p n m ~  of the solutions induced by U) A p f d  embodiment of this invention comprises the 
chemical reactiom among tbe reactants. The high solid composition and process of mixing and refluxing an aro- 
monomer  solution^ can bc stared and shipped at room matic dianhydride and a reactive monofunctional anhydride 

such as the nadic anhydride or 4-phenylethynylphthalic 
need of shipping ~OMMT solutions with dry ice. U p  anhydrideasacrosslinkableendcapinminimumamMlntof 
warming to near the boiling pints of thc corresponding 55 ethanol in any ratio to from the corresponding estas and 
alcohols, the solid monclmer solutions melt into liquid form adding the aromatic diamine slowly to the wanned (70-140" 
which ciin be adapted to solvent assisted resin transfa C.)concentratedmonomersolutiontoreachthc809%%solid 
molding (SaRTM) a d  resin infusion as well as the pnam% umteau. Alternatively, the dianhydride can be converted to 
process to fabricate aerospaoe m v  and adhesive itseslerandthenmixedwitheitheranaromaticdiamincand 
formulations. 60 a monofunctional amine endcap such as 3- or 
To enable the P M R  polyimides to adapt to the resin 4 p h ) ' l t h y n y ~  at v a y  high concentration (about 

infusion process and the solvent assisted resin transfer 80-9896 solid contenf) in various ratio. In addition, concen- 
molding (SaRTM), a highly concentrated monom~ solution trated p~tcursor solutions of polyimide copolymers can be 
(80-9896 solid content) in alcohols such as etbawl or prepared~thmonthanonearOmaticclianhydrideandmae 
methanol, yield solid monomer reactants at room tempera- 65 thaa One aromatic diamine by the s a m ~  process U p  
m. The solid monomer solution immobilizes all the IIYHHF Cool@ the himy colacentrated monomed reactant solution 
m a  reactants and prevents the aging pmcess which is solidifies and therefore can be stored and shipped without 

temperature with unlimifprl shelf-life; thus eliminating the 
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The Director of the United States 
Patent and Trademark Office 

Has received an application for a patent for a 
new and usefil invention. The title and descri' 
tion ofthe invention are enclosed. The require- 

has been determined that a patent on the in- 
vention shall be gmnted under the law 

---A- -f I - . .  I----  I-..- ---..1:*,3 ..,;+L nnA ;+ mms luw Iu(vc (K;CIL L U f l b # / b b C U  VVbbIb, UfW bb 

k f o m ,  this 

United States Patent 
Gmnts to the person($ having title to this patent 
the right to exclude othersjbm making using 
ofering for sale, or selling the invention 
throughout the United States of America or im- 
porting the invention into the United States of 
America for the term set forth belw, shject 
to the payment of maintenance fees as provided 
by law 
r f  this application was @led prior to hne 8, 
1995, the tern of this patent is the longer of 
seventeen years from the date of grant of this 
patent or tweng years j v m  the earliest efec- 
tive US. filing date of the application, subject 
to any statutory extension. 
I f  this application was j led on or after June 8, 
1995, the term of this patent is twenty years firm 
the US, filing date, subject to m y  statutoy ex- 
tension. r f  the application contains a specific 
Teference to an earlierfded application or up- 
p1icr;tion.s under 35 II3.C. 120, 121 or 365(cj, 
the tern of the patent is twerq years .$.om the 
date on which the earliest application wasjled, 
subject to any stahitoiy extensions. 


