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N o u/ltn(Jlltc n~view apl'ear~ to be a\'ailah/e in 
literatIP':e 011 pol.dmides. Afllollg llIany known 
aromatic hetcrncrclics, illlid(~ derivatives arc 

c"aractr~rizcd II)' hi~h lilelting "f)illt~ and ~tahjJit~! 
tn"'ards drastic treatnwnts with "ciob. haSt'S and 
oxidizing ag'~ntsl-I. A polymer p"ssI'",ing a recurrillf! 
C\'Clic illlide unit is also expectrd t" tlxhibit 
high IH~at stability. It is p',ssible tn Imild 111' 
I'''/ril ll idcs in which ('aell nf til" at"IIIS pf'!!sr'nl 
ill [/,0 Il1olt'cllle is part or arolnatic or 1\f'lr~llIcrclic 
rings or at least stabilized /)\, resonance. As this 
tn)e of structure affords high thermal stability, 
extensive studies have been mad(' to de\'('lop thes(' 
pol~'lllers for commercial exploitation. 

PolYlIlcrs hased nn r('curring illli(l" nuclei :IrPo Ilf 
recent origin. Thollgh intensivc Wl!l'k in this field 
has becn in progress for the P:lst t\\'(1 hi three 
dccades, the majority of the available data 011 the 
de\'elopments in this field are (ar from cOlllpleteH. 
Particularly, the vast amount of work c0nducted 
b.v Russian workers, subseqll(,llt to Bogert and 
Renshaw's9 first paper, has not received due atteJltion 
and hence this review. Some of the salient points 
like mechanism of fnrmatinn anrl dt'/)(,I1/IeIJC(~ (If 
propcrties QIl .molecular structure /rave yd to hPo 
C')ll1pletcly understood. In view 'If thc vastllc!'s 
of tI,e literature on imide pr)IYllll.!rS, attr:nli"ll WI/ul(1 
be confincd to specific areas in which substantial 
advances have been made. 

acid decreases. Almost in all cases, 15-20·C is the 
"pi illllllll reaction temperatllr(' at which a high mole­
clliar w('ight polyamic acid is obtained. For example, 
p .. lycflllflensatinn22.23 nf isnphthalr'yl chloride and/')r 
I,·n;pll(halylrlichlori<ie with 4,4'·t1ihrdroxy.3,3' -di-
allliliotlil,lreily/sulplli1nn in N-mclhyl.2-pyrrolidone 
solution :It tlrc tr.lllpcratlln~ pf liqllid nitrogen ga\'(~ 
p .. lyalllic acid, which on (IIrther heating at 330-500C 
ill \'aCl/lirn gav(' a high llIelting polyilllidc. This 
"wtlt",t/ /tilVC polym<:rs of 1IIi1leclilar weight rallgin/; 
{rflm 25,000 to 2,66,000. 
Zak()~hchiknv et «1.16 repnrted that all attempts 

to condense p·diamillodiphcnylsulphone and di­
anhydrides ill the solvent <Iimcthrlsulphoxide failed 
t .. yicl,1 a polymer, whereas sulphllnc ether diamille 
(SED) gave a high mdtillg po/yimide with di­
anhydrides. Following this SlIccess, Zakoshchikov 
ct «1.16,18 and other workers 26,27 svnthesized several 
ncw polyimides \Ising variuus soi,'ents. 

Preparation of Imide Polymers 

Generally, polyimides are synthesiZl~d in two 
stages. First a diamine (I) is reacted with a 
dianhydridPo (II) at relatively low temp,~ralures to 
obtain a soluble polyamic acid (Ill). This is thclI 
cast into a film, heated to' 300·C tn eliminate water 
al1rl cyclized intn a prrlyimide (IV) (Chart J). The 
latter pr'Jcess, imidatiolJ, is carried I/ut 1l1,,:;tly by 
h('atillg III' snmetimes thn.l\lgh the usc ,d "IJitable 
catalrsts and water aC()~(lt()rs to rid" Iligh lIlol!:cu/ar 
w.,igltl linnar por.villJid,·s. 

Tllest! ,,',I.I'ill1id,~s can 11" Immdly da",.;/i,·" into 
tw" t,Y"t~s: (i) all all,ollt aliphatic "'i:dn, :rlld (ii) a 
strrlcturc containing' arolll;ltic ,,"d/./I 11I'1""":~'dic 
units along the chain. . 

Solll tion Polycondensatiolll~-27 

Rccently, attempts have been made to modify 
aromatic polyimide chains by introducing different 
links, such as amide and es'ter links into the main 
chain. Thus, polyester imi<ies28-36 and polyamide 
;1Il;o/es36-17 were synthcsized using appropriate 501-
\'(:lItS. 

Melt J>olycondensat/on 

Edwards and Robinson f8 were the first to ''t1)urt 
the preparation of aliphatic polyimides by melting 
a diamine with tetracarboxylic acid. In general, 
this method consists ill heating equimolal' amounts 
of the reactants in nitrogen atmosphere and when 
the melt has changed to a more oc less solid mass, 
subjecting thc reactants t" high vacuum at the 
r/~acti"n temperature. Nikolac\' amI ZhcJohac\'a21 
synthcsized the copolymer ~-hydmxyethylphthal­
irnidemethacrylate, in the presence of varinlls cata­
Iy-;{, like azohisisohut.vnmitrllle (AIBN), benz"yl 
peroxid!' (BPO), CUIll<::lIe peroxide, t-butyJpernxide 
lIll,1 CIIIII'~IIr:hydrop('n'xidr., 

X -1':1 \. a lIal\',-;i, sh' ,wcd (,hal' f.lw <1111 .. ,.,.,111 illS product 
"loI,,;n,'d "a.( a !'tnlct.llrr· ;r1I'ntical with that IIr lh,' 
1'·'"d,,1'I. ""',,in':" 1,\' tilt, soil/lion JlH't1,,,,, in till' 
Sr,h't'lI( djcldlJ'-OIlH~'-"'ill'" ""jug IJl'IIJ:..:idf· inil.iat"J:-.2·1. 
Tl,;.; Ill'" !,I,d did nl,t lind mllCl, w;e in tlf(~ pr"l'ara­
li",., ,,( illl;.-)" 1',,/.1'1111.''''', ,ince it rt''1l1ifl~S th,~ ,,<,' "f 
hi;" II ''';11/'''''.'11'1'''''' \I'l,;,'" .'Ire nnl ('.nn,lw:i\'" ,,, 
(i,., ("'III'Iti,," .,( Ili;~11 1I1"1','CIII,,,. w"i,r:ilt 1'''1~''"lIit; 
acid. 

Tid .. ; IfIctll'J(1 is extl;n'siv,.fy 1!s,·.1 I., 1""/,,11,. 1".,ly .. 
imides based Oil dianll\'dritlcs of tdracar!.'".\\·Ji,: acids 
(If diffN/'Ht c/;L"='CS anr] arolllatk dialllill('slO,I~. "'!lI.'se 
arc go'ncrall.,· prepar('d hI' comhinillg' tIlt' 1",\1<::1<111('; 
ill a mediull! pf a suitable s"h-cllt which' i, ';~Itli-, 
cient/}' acth'e to propagate the reacti'~'ll l.>vt.\\'eeil 
the.:'.' two reactants. If the ratio) ,,( tlr ... r"acl;,i1t, 
!'\'("'IIlCS n'·ar/.\' f''IllinH)/ar, th"I" is a ·,11:1: I' inci ,.'''s,~ 
III t,II,~ \,;",·" .. :;t\, flf Ihe ,,,Iul;,,". III ;i11 , .. ""ti.,]) 
JH,h-c"Ilr./t'l1sati';ns, the temperature i,< 1I",i;li,;r.ill(:d 
in thp. range -20 tf, +iWC. If tI,,· tt:llIpr-r:dIJl'l! is 
ail,,\'" 70"<:, tile llJolecular w(:igl,t ,,{ ti", Jl"lr;Jlflie 

.. ';\1.eclJanism of Formation 

a ••• ~ 

-; :'5tl!'lic~ "n \I", mechanislll "f fo>nllalion "I illlid,' 
"j)"h-IIICJ's ,,"ere made by se\'t~ral \\,orkr.r513,4'.S\. H,,\\'­
en,r, llI"rc oIdailp.d il1\'Cstig-ati()lls arc n('cc';sary l" 
"II,/to",.;lalld Ih" ;11(/11<'11('" or IlO'at. \'a,""1111 :lIId 
p.':u:ti'"1 CllJlll'tHlf'Jlt:.; 1111 ti,l" IIH:cJl;llJi:~rll 'I( J"",\'IIII'r 
(1Inn:ltj'tll. 

.Lellcl!f!IIX ant! 
1,1,.. 1I1,,,-,halJiSlIJ 

n.;ntlr:rl~O, who firsl in\·<:,tig:o,lr·" 
II{ (',rll,,",i,," "r l"oIyin',itl(·", 
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{lpillCI.I that thr. s~'l1f he~i, ,,( P"!\-;lIllie :l(;id thrllllgh 
billlllkcl\lar acl'iatinll nf ~lllil1l~; illl·"t",," 11,!t:i"',philic 
:libel< lOll t.Il~··al1lin·' l~r.illJ> [,.11"":1'01 "1' 1.1,,, "1":lIill!: 
11/' ,,[ fi,e: a"hvdriolc: rill~ a,lId /.II" [""":ll.i,," III IIII' 
I" oJ 1'1111'1. Tit~ 1I'l'ch:l1l i".h ,,[ ;11 i.in, ,I\',i:; 1 ,f ':;1.' h, ,c;1'i ic 
:wi;1 al1ll1'drides hI' Ilj,"."flllll:f:i";.al :11 II i 1'10'., ;1'.1< 

,;IlIlli,:oI h)' UV ~pcctr,,:+''i'\',''o 
1;,,\\'1'1' :111'.1 ['rll"tV stlloli,'" II", I'ffood ,,( dif("I"liI, 

f:1I:t.ors "II the 1I\I'citani:;ill ,.f {'>llllati"" "'(,I".II';lII1i,· 
!lciol. :\1: I·,w c"nc'~llll\ti,," :,,. tit" tli"nll\:.trioll'. 
t.ltt' ,l·i;:c<.l,it" I.,r the p.l,h'1111·" ',\',IS \'I:lY 1"", and 
did 111)1: c/tange I"','n I,", k""'l'ill'~. :d, ';"'1<;1.:11'" 
fl'''''lI'rahln~ flll- a Iltll;~(":' lllll'", 1:,,1. "'CH-;\''':f' II} ,Ip' 
e"lICI'lli,rafillll Ilf "ial1l'I'<I, iol·, i,I(:lI,,,,,,:I I he ,'i·;.: .. ,il" 
"1' I" a critical ll'I'(,J'I'}"'''lIoi II'I!i,;I, i.l. d"clt'asr,ti: 
I I,,' IlIac;iltllltn \'i';(:n,>itll ' "::t.; 11'''(,'<1 ill all ca'T' 
\'.'111'11 til" oIi.lllhl'drid,' 1',,',,;,. 11':,'; ';li,:IIII\' 10;;:111" 1.10:111 

~"I"illl'da' r;tl.ilJ~ TIll' Iq~ 111:11 iftJl h' a fll.I,,:lIl1ic :wid 
I:tkill!: fi,l; 1"':(1:"',,1.-: ill '!'I'';III"I:lr "II i" i: ,,1"'11'11 ill 
Cliarf. I, 

. ~:cr~,' [HOOCJC('" Co-NH-Il~HH-l 
"1N-R'-NI':! +0" I" /0':'-1 I...,;, 

. 'c he, ,(lC coolt 
11 11: ' 

I 0 11 0 i I III . n, I II -2nH,O . , f l}~~~lJ'H_ ~i 
'':'c~I.....f.'/' , 

II 8 .? IV. 
CHART I 

I 
,I' ' 

\Vr;\';i,oIl" ct 1I1.1~ ~;tlldil!d, ti,,,, IIH:clianisllI allol 
. Idll'~d~,:s ,,,[ the . rcacti .. :1 IJetween l'yrllll1dlilie 
dianliydride am\ JI/.-ph~1\YI<'1\ediami1\c b\' II{ 
spectroscopy, It was fOl1liltl'that the illitial ri:actillJ\ 
occurrccl ill the temperatttre rang9_ -20° to + 70°C 
hy thc nucleophilic attdck of, thti amino group 
to give the polyamic acid, ' 

Bquilibrium in 'the reac'tion system was .attainec\ 
when the concentration lof the dianhyrlride hacl 
reacluxl78 mole %, Tho remaining (ree amine 
rencted, to form a (nylOJl ' type salt through thc ' 
available carboxylic acid groups (Chart 2), 

~CO~NH~NH~ 
~C~H".V· 11 

- rri~>'~N"?l:,~20'»:>-0Nlll 
lItO):~OHV ' • H V 

I , i' f-ONH2 
,:·-,L~;~ .... co - NH'l~NII2111,~ .... ro-NH1f~N1'2 

',' ~.l....COClr§WH3 V -H20 ~f' V 
---'-- NH 

I: H2 i ONH
2 

CHART 2, 

2 

I 

1'()LYI~III)ES -/\ ItEYIEW 

If the n:actQllts WC';'" I'I'I:s"nt III c:quill1 .. lar 
I"·/)p,,;ti·on~, tlw H':),:I i',11 1'''['':''''11 1'\'r"I11<,llili(: 
oIi'II11,':oI, id" alld !.I,,! oIi:lll1i,,,, 11';("11",1' r;,,;i.1. ,\:, till' 
f:f",wl'lIlrati'lIls qf UI~' :L1dl.\·dridl' and alllillll '~I'fllll' 
oI,·cr"<Lsed. th,,! J'I.:adl,,11\ rate I.cnd,'d til zl'r,,' ratt!. 
III. 1.1)(' aIY;I'IIC(! .. [ all utlH"r r(,acti .. "", til>' p',I.";lIl1ii: 
:wld wlllllo! appr"!II;I, a r.,'rLlill lit1lil:i"g ,·:iI,I". 
Iit-I':I'III!II".! 10.\' Lilt' I;IIj .. "I' tl", iH.;Ii;ti ':""'1""",,,1< 
j 1. 11 \\'1'\'1'1', a:-:. t II(~ r:lf<' flf tilt: IIlaill r ,o::Ctiflll d'~I·rl';I":t.d 
~idl' n~:tctil.llI~ (I='~JtnH'd a II1;lj'-!J~ 1'1111'. (1!j';lIil1~ 
1 . ...;".,i!11id,,;-:,l3. The '"a"j"t!:' ~tl.\P-' il1\-ph'l'd art' .:.;.Jt"\\·~1 
III <:ilart 1. 

o 0 I) n 
II " 0 II, It JC(C-oU )CrC-O JC(" ~)CrC ' I ~ I' 0 ~ 1 0 -- I. '0 +H20-@ 

~ C-NH- A C-NH- ~ X ...,; C"" 

g 11 ~ -IfN 'OH -.-~-
o ' II 

~c, kA /O+-N~ 
C 

" o CIWlT 1 

_+_'7._ I" __ ,© "'0 :ceCOOII 
~ COOtl 

:\'T"rciing t .. Cllal'l 3, 'trlll,:!.III''' (I) i~ illll" 1I101i:ol .. 
in lItt: lIlain ill1idiz;ttioll I"actio'l (;\), which "t 
rll"''1\ temperatttre i,; slow all,l incn:r:;ibl.. and 
",~cn'lll'S t.h .. ~ mail1 \'("'el ion after a I""g inl.l:l"':al. 
Tilt! ol.h!T pr,w,'';'. a ";"(:oli,1 irrO:\'f'r.'ihl,' r"ac! i"" 

_ (i';I>illliol" formati'!II). '\'I,iell tal;(:, plac" illtlw·'y"l'.'H'., 
j, r(,p"~:iI,"t,'d I,y 1'>1, (I:), StFlIdllf(: (2) ',',I/,In:s 
watcr, isoilllid(; alld 'III alllilll> 1;1""111' "with !III! 
("rmation of the ani1vcirit\e. which ill the l'ro";"lIcI: 
til water forms a dicarlinxylic acid according t" 
reaction (C). 

The process of conversion of p"[Y;lInic neic\ til 
polyimitlcs (second stage o( the synthesis) is thc 
imiclization reaction (cycJodehydration) and invoh'cs 
intramolecular evolution of water from the polyamic 
acid with the formati',ln of a cyclic polyimidc. 
The imi(lization reaction may be conducted in two 
ways - thennn\1l,12,U and chemicalt :!,U,62. " 

The mechanism of formation of the polyamic acid 
by thl' rcaction between pyromdlitic dian hydride 
iUld tr.tramethyl p-phel1ylcneuiaminc was studied by 
EPR61, Since pyromcUitic dianhyuJide is an electron 
acceptor, and aromatic dinmines has a low ionization 
potc'ntinl. cmnplexes llIay he Conned with chargc 
transfc,r hetween lhe reactillg compounds. A typical 
in,t.ic:l:ti',111 of the complex formation was the intense 
coloration which appenrctl when pyromelIitic di­
anhydric\e wns aclded tt) thc cliamine solution, . How­
ever, the colON rapidly disappeared, since the 
complex formation was -accompanied by rapid 
proton tran~fer fr,)m the amine to the anhrdride 
grnup (Chart '4). indicativc of the formati?n 9f 
amide bond bctween the dianh)-dride . and ,'the 
cliamine, as expected from the reactions-depictc,d'Jn ' 
Chart 1. ' 

Recently, Gordina cl al.63 and other workers6H1.6 

confirmed the formation of charge transfer complexes 
of some aromatic polyimides b.!Sed on electron 
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~:II{Tr!'hC!I(l,\'. II. 11I:1.\·d,I!' i,d!'rlt'" fr"IIJ 1/1" :tll'I\' 

1Ir:1I. tlJl' (j'st i"t,·imi'.-!,i;d,· ill II,,' !".,,,,,,tti,,,, .. I 
p"h-an,ic ac.id is all auii<l,·. 

Efrec:t of Structure on Polymcr' Pl'Oper" iI'S 

To) I'r('par(~ high l11<oknJf:u \\"·i.c:hl. i,nid"p,,JI'IIl''I":' 
\\,1.1.10 I I,~ "('sIn!" .Pnol"'I(i!'s .i" '''''P''e( ,,[,;, dld,ilil I'. 
'1If···.""tI s(alniIt.y, t""glll]!,';';. rd,'''' i, 'II "f "·II·,i·I,· 
',1'1'111;1.1, :ol Iligl",r (1'11'1,,·,,11,,",. ""' .. <liff,""'" ",,,O/i 
fiLii i. III" ill 1.10" S"I'/I'{,," sl rord,!I" • ,f p' ,iI·i,,,i. I,·" I'.'" ,. 
".;,,1,· lI'il" a vie", (" s(II,h·ill1Z. 'III' . "'''01 i(>II"I,ip 
11I'1\\'l"'II til(' stl'IJcture and till' Pro)I",'f:i,·., ,,( I h(' 
1" oiYIlI"1'. The above )ll'''pr,tic,; nr ililiol,· 1"'1\'1111'1'.'; 
~et'lIl hI del?end primarily ('11 the rigidity ,;f the 
p"lymer cham/backbone. The flllidanwlItal skektnl 
structllre. (Fig. 1) of imide p,.,lymers offcrs wide ~cl'pe 
for effectmg several modifications. 

J~' = (CH2),., where ,,= 6, 7, 8, 9, 10, etc., 
dll?henylelle-m~thane, isopropyldiphenylelle sulphide, 
OXide, sulpha:.xlde, ftC. 

Fig. 2 

The order of solubilities is the rCI'ersc of tl,is. 
The introduction of heterocyclics like pyridine rings 

and (1-, /11- and p-phenyl('nedioxy linkages58,59 jnt,., 
the diamine component resulted in fairlv high 
molecular weight polyiinides. This substituiion im­
r,m'cd thc solubility of the imide in a wide range 
of s<,lvents . 
. ~ The introduction of simple chains like -CUg 

g~OUI?S hctw~en the two ben~e!le rings in the 
dlamme can Improve the soluhlhty of polyimides 
markcdly without causing notahle rcduction in the 
11I"I"clllar weight. A numbcr of imide polymers 
have heell prqJ:\red hased Oil diaminodiphcnyl­
nlcthane (DA))PJ\()12,l~"G()-G1. 

When polyalllide3G-n or p(Jlyester28-36 units are 
introduced in the main chain of thc imide polymer, 
the mixed polymers so formed are of intermcdiate 
molecular weights and Ijossess the usual disadvan-
tages of polyamides and polyesters. .: . ~ons;dering the diflcrent types of modifications of 

Imide polymers that ha\'c been achieved so far, 
they could be conveniently classified as follows: 

(I) The diamine component can either be diamino­
benzene or diaminodiphenylmethane or even an ether 
or sulphone group containing diaminobenzene. 

(2) The tetramine component can be tctramirio­
lJenzene, tetraminodiphenyl mcthane (TADl\I). or 
e,,:cn an ~t1.ler or snlphollc group containing tetra­
rnmohenzHhne, wlwre tlw!;e groups an' inserted in 
lJetwecn the phenyl groups of the tetrmnine. 

(3) Th~ acid dian hydride component can be varie(1 
ovcr: a Wide range: aliphatic, aromatic and hr.f:ero­
cycltcs. 
B~se? on. the above possibilities, several novel 

polYInudes have been prepared and their properties 
evaluat~d to establish relationship between the 
pr~JpertJes. and structures of the polymers. Poly­
IIl11des denved from different diamines ancl tetramines 
have been .~v~luated extensively. The superior 
thermal sta!)Jlrtres of DAB polymers have made them 
commercially acceptable. 

It may be concluded that imide polymers -derived 
from aliphatic units arc less rigid than those having 
aromatic units. By a combinatitlll of rigid aromatic, 
lu;terocyc1ic?r methylenc groups, imide polymers 
With the deSired properties can perhaps be tailor­
made. In many cases, the effort has centred 
around the modification of the anhydride portion 
of the molecule through the introduction of a 
flexible segmcnt, such as carbonyl, sulphone, phenyl­
enc, etc. The locatioll of such a lIcxihilizing segment 
relative to the imide ring is important in deter­
mining the ultimate performance of the polymer 
system. The various groups can be arranged: 'in 
the decreasing order of thermostabilities shown· in 
Fig. 3. 

As c~uld l~e e::,pected, t1~e intn?duction of recurring 
aromatic Ulllts m the main challl of the polyimides Fig. 3 
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Reaction Condition,s I (iIi,~·dillklhda(d:lIni",-) "f oliff"r,·,,!. t1.".:n:<.:~ "f 
111 1/11,. ffl., rl1aXiUlillllllllllt!,!·r.,1 ;~\"'r;I,~:" ,;.<,1,., 111.11' 

. III ,I'li -lli"llt.:·I,.", ,l'! I· 'r il 'I:' 4',1111 11 1 ",, i,I'\.(lI \\l·i~~11f L\JfJ = .;5.UIIOI ;llHi :11': ILlIr"\\·,· ... l IUI.I.'j'lIl,ll' 

1111,1l1.11d r,d,- III lhl-,II\ pill ,I. "I 11111.[. 11(.j\ III. 1.... '\\'I·i!~ltl ('~i"'ll'iIIUti"lI (.\h\",'.\tu = 2,3 1)) \\"t'rt ... ld;tillt' l ! 
t'1') 1:1,,< !"/ ttl .. ':, :ifill' 1;;+\':11. ,',' '1l1. H.; ,·;i!~!i;·" illl' ill ilt·· Gl~(' nf h,.:icn,.:;,.:n("t)n·~ P"IYD,tuJ"n:-.,di"JI 

'·il'·.' I."j Ih·· r;tll,. <>1, 11!'·."I"rII1l!' r',,·;t":I>.II'=-. .. lI Ill'; ,01 r":'.::·!llts (,f I'llrti':nlalh' hi:'1 1 Pllril\'. UJ, Ii ... 
1',tI\,~II'''' II, tit,· VI.;,· .. -,I,· .. I'll" , .. I",II.'lh ,of '·;"III:rl'r.I!lI'i'I':!ll.I.":"Llrm.i'-:h(", .. "g"(:\I\\'~III>.;) 
1·,,/1 ... 11;" ;"'id, "\lril."~·'I'I·;:· 1'''l'IlIali'lI :!.1I0I ,',n i· ... )01,,111<'(1. ii tit,: ~ .. h",!tl I;", Ii.l' h"I'lI'I,",i/l,oI 
1\:·d"!l~:',.1 ·\:.:Illdlll~, III 1II'f i':t:'· ~d P;·I.··qlh·III!I~.~ ;llId '.'.111:11 a :~nIHt.iflll flf tl,·- di,tndl,f' j., ~t,lchd til IiI" 
,It ,,,I,·.·,II'!.I,· "lid ·1:1- ··ItI,,:LII':I"IJ,·oll:l1l11lt'·, 1/:,·\' ',"':'l- >.,Inl.i"" ,,[ lh,: t1i:lldl\·drid, .. 
·1. 1,1·,J ill:d ti,,,: "1"ilJ)il!l1 .J;jllllnd;id .. ·.Ji,i!llilt:-· rafill (7, l.',r!l:alllif: <lei.l...:· art' ~;,·!t ... -;itj;· .t l 'lI\','li"i :" 

i; 1"11.;, l·tl~'~ j", .lIid;~il1ill··'11Ii 'i, "' .j .. ~ !'!,If ':" .. i.:'l! I' ,1\:i'11i,I,:,..; ill 1\';'" \\';1\· ... ·: l'II:·~·II1.\( ;Qil'! ,1"llti, .,1, 
!,d·"IIII!'.,,"I'1 IIJlwl'·' ,;~l I;' ',:11 ii, 'lirfil"I,.r Ilt"111 ilu;d IIr"lhIIlI'H,li".;",tll::"'III'.i.,I',illlll"Iir:;, 
,'.,,', .. '" i' lit,· .I, '1'11I,I,id I' ,,1.,-:, .:. :1,,' ",i,·,j i,·d"·,ll!)i.· ." i,1. II", ,i_,· ill 'l'Ilti"'I:\I", .. 
\'1 ,j,i!\' ;!!ld Ii 'I:' \ lit III ,I" :1'" \ r ,II ;1:· i",j!!" :.Tilt.llI,d :.'1- ,":'!j·jlwj ... ,_, IJni(jiz;ltif'll at ;":ll-' 

I' ;i~\"lllll" a""l 1 .... 11',1,. I lh·r:l.';I)I:;'_", ;t·j .... ,.I\ ... : 201,: .. : i·~ "')Hlli .. :1t,,) ill \";,,'1111111 '01 . 

. (.~I Th·, .;"j"".!i'll ,./ ':1 d\' II: ti ' ;,J.t\ Ii' :l~1 ;;1\'11 IIl,·d1.II11, Til.· (·!r··rnk;t! lI~f"II'·ill:"I.f •. 1,' 
t!I,:II1I!;lll! 1' .. 1,: 111 !Il" r";l·'!!'I!1. "1 IIi,·, j\"j 111.11 il 1t idil.;!.!j·!11 '.<Ill. .. j,·:,,: in 1n';'!ill;: III!' 1,,,I~';IIII'i, .,.' id 
di.;I·,II· ... I"tlldl"xi,J .. :. 1I-./li,:·I; i.,111 '''!>I·'': Iti'~!"': I·i'· .. ";l·' ""',\'01,.1' "l', Iii 111 lI·i,,, ,J,.III·dr:t1ill'.: "'~'·1l1.-, >'1!. 
·,,,1\-"111. \'i,'loI, a i'"h:;;·;iJi": :t.:id lI'il" ;'. Ili."I[, r ;·I·.:\,lll- ar" an'li.: :lJlill·dri,.l.: "I' 1."I;",lri", .. " or "li"T 
1l1'\L~"llldr \\,,·i:.,:ht lilll.1I it,.' ~,X~dillJ!·ijl\·l[lInll,!ll1itll~ 1,',wI'!' t'id!.,· ,I\·id .... :--Il;'!r ;t'; 1'1'''pil'lli,', V:llt-li,. t':,I', 

:111,) .\,'i "illle~·'n~:i.I'·"I:lllIiol,.I.';"O, , ~\." .. ~ilil;,.\·1'! ,,,."0 T.'l'li,:I\' lunil"'" aI'" ;':"II"l'al'" '·111111"1·,·d :~~. ' .. :nil'", 
I""I"'I',~,I 1' 011 ,1'1111111, .. , 1 ... ·:,·01 ";,1 ,! .. ,,~.It·tl'ldl,'n\:111'lr:l- 'hlrin.c: ,·II'·IUi,';." illli,jil.:tfi,,": '. . 
';,11'1.".\ \'lie :, "id dialllm lri, t.: Ill"l h"llzi, lill.· . If' 'I;f' -di- l'l'opertie!i . .' .' 
.:IIlli1l'l.-jil'it(JlI·lq1"'!itali I. \\,it~i1 tlii.'· r. ,.\,'li''11 11':1' 

':''1pld,;t"d ill o.lim·'·lh'.'ll"rtn,.n\j".,:tt .ill-lilll·C. '1' ,k· Tit" illlill" i' .1.1'I1l"'" :U'" ;;"Il"r:dll' ,' .. I"lIl!" 111:',:'" 
".tld,·. ,,-"id' "I' \'''1'\,' 1 .. 11' 111·1".·.·,tI,t!· \I.·i."ill., \',"1'" Ii.d' r:lll!:ill" frlllll li:,I,1 1"11 .. ,,, I .. da": ,1'l"\',P, 
,>I.!:>.i,,,:,[ (·i)w-:::(}·tlif). II'ld"llll11""" I •• · "".' III IIII' .\ J',.\I' :,r '111"111 ""Ifil.il . ·,11,,'1' 11I"ifill." 1',.i,,1 , 
!"'" ;'"I)ilill, .. f lit" '''IIIi· l, ',: "I-ii,j: oIi"lt1I.'-'''li'''' ,·;,·!t.,,,tllr, 11'11"" 11""1.,.,, '" hi::11I'1 1"1I11",al,"" 
\I';:', I Iii' ',·,II','"l, I Ligh III .I" 1l1:11' \I"'iglll 1"''''111''1', (7511"(:), th(l\' 11:.".:'1111'.: ill'-"11I/,I,, ill .lil ",1\"'11' .:. 
,·· .• ld\i Ii", ouluill('(L 'ill {lilllt.tl\.I·i,lIll'hoxi(k, a 'l11un~ sll.Jwill,~ that' crosslinking prcce<les mol.ting of t hc . 
highl~' i_lrllar solvent than (1iJ1;leth~'1 formal11irlr atHl POI.I'111I.'r. 
<lin\('lhylal:"lal11id~: th"'l' rt",\t1I, an' ill agn"'lIlorlit ";"/III.ilil-,,-~-TI1l! ahilily "I' I h." imit.ll: p"IYI1I\'r" I" 
witit I h.",: flf F!'(Ist t!f al .. I", IThi' allOw-IlWlll.i'lll("d .1'''1'11\ "laillo. cUJlt:cntral.o,1 solulions is III ~rcat 
p"lar ~olvellts arc us(,rl h,)t h ;Holle and ill comi.lina- practical imJlortanco in th!! laudeal lUll of these 
tillll with bellzenc, bCIIWJ\itHlc, dioxalle, x\"lone, lIuterial,. These polymers arc g('llcrally soluhlc in 
tllltWIIC.· c\·d(ih(l:-.all~. ctc. 1 'll1lCOll\·"ntiollal SOh'Cllts, SllCh as. COliC. sulphuric acid 

,tJ) ,TIll)' reaction for t: he PI' :parati{jll of l)o)l~"\1nic all.tl !timing nitric acidO&,08. , , 
lIell'l IS w:nerallv condllctecl hetween -21J°C and Vitl'lgradova ct at. tO prepal'cd scvel'al polylmldc5 
+ 70'C. If': tlf!( tcmperature is IIbwc 7f1'C, thc ~Dluhlo·in th'.! solvents dl~rived fr()ln diamines, such 
m·)Icr.:ul~r I\'ei~ht of thc p;!I):a11lie l~dtl rl(!crea~es. I\,'; bis-4-amilllJphcnylphthalidc ILnd bis-(4-amino-' 
AI1l\".;t III all cascs, IS-20°C I, Ith!: Ilptlllllll11 J'(,ai:!11)1\ ph(~Jl\'I·)Jlhlhalillli(le. More symmetrically oricntl'd 
t',IIIP 'r:~lnn·. ·a~ .. Whi.:!l a hilh III .Je ... :1l!:tr ,,·,d .. :hl di:im'iIH:s m~lt1tr:ll.ill great or {,rystaHinity ami dccrcn~-
p .1\',111111: a':I,I' I'; "hlalll;,rl. II "d ;;ql'ti.hilily· "r Ihl: ',,01.1'1111:1'. Fill' install!:r!, lIui-
. (·1) /.J i, slf1.(!;(o.;llOr\ '1 hat. rli,t1r1I\·.lri,lr, ,;Jl"ld,[ hlO iJ11h\, 1",I~.m·:I'~Yllllll'siif."r\ fr"JJ1I/1'ph"n~II"II('(liarnitl"" 

a,l,hl 'i 1.11 \\'1.\' all.1 ~I'!:ldil~' [ .. Ilhl' di:l1lli"" in "1'(\')1' 1II-)(yl(,IJ.I.'(\ialOil\r~. dt;" (1I'llkh i~ all1iJl'phoHS) is 1II01'l! 
I., .~'ll high 1I1"lccnlar W(.ig'll lnlvmers. H, fur soluble ill a wide range (Jf,soIVents than the para­
ill.;lall':!', the addition sCjfllWII:O of 'tilt: rp.ag")JJts i~ ~1lb~titutcd pulymer. Polyimidcs (Icriveu from ali-

. <.:hal\~ed. say. 510wly adding tile ~oll\ti(Jn 'If diall1iJlp. phatic diamincs arc gcnerally soluble in a widc range 
t., fill: (liallhydridc, or if thr! rcaW!Jl'ls ;in~ lI1i:\cd of solvents, 
lr1o:d her in, cquhnol,al' prollJftions. the vi:!cosity III anattcinpt to increase thc snlubilitv of imid(! 
of I h~' ~l)luti!)n will be vel'\" I()\\,. JlolvJll<'r~. Rns~ian wnrkers~9,58.G8,70 stndlcd mixed 

(5) 7.; d,.,~I\(:hik()\' r.t al. 15,l8 IShUliecl the sJlecillc . Jltll)timidr.s derive(l from a mixttuo of isomers (If 
I'i"t,,,siti,,~ of tlte p()lyall,lic ae ds all'\' their (!epr)lI- aroJnatic diamhwlI and aliphatir.: diamincs with 
d )111:(: (111 the C'JIIC(!lItraJ.IIJI\S I) lIw n:agp.llts 111. 1111:, val'ious·dianhydridcs. Christian c/ aZ.71 synthesb .. ed 
soll'ullt. There is all "ptilllllll1 COllcentratioll at p'JI.l'imides by cVlHkmsing aromatk diamines with a 
whkh t h(' r',"ultin:; high JI"lh1lel' hil!' I11:1Xi11l1Un tf:tra"il1'ill)x\,lic acid mixturc consisting of 1O~90% 
visr:f .• sit.y. HllIICC. it is sll.~.'.('l.;I:!r'd. f h'll. t h,: 1'!~acl i'JII hicI'l'III-(2,2.i)-oct-7-eiwlolracarboxylic dianhydric[(J 
be fIlll ,ill. 11 particular 1I.JIl'11111llof I "r~ SIIIV(:III. , ... 'a1l.d p-diamiuodiphcllylll1e1lmnc ill cresol al:'.140-

(~,) It i~ 11 f.:ommon ob.'>cn'ati?JI Ihat thl! dcgroo of 170'C, Thesc imidcs are soluble in most of the 
punty of m'ml)mcrs to a largr: ext,ent determiJles the sl,lvenf:s. .,; '. , 
JII')i<:t:ular woight antI the: 1ll')li.~r:l.llar \\"C'ight rtislri- 1\1lrita ct at. 3D,58 llllt! ·.J(otOIt an<l coworkrr~"'?O 
hlllio1l of tile pm<lucts. \Vallad\R7 s[mli;'<1 t:l samples prepared snlnble polyilllif'\(:s from diamillc~ hli.vin~ 
of I 1.1 ly:un it: -add" obtained b'1!' h\JIII",~i~lIe01l~ and p,ITidiJW rillgs (0-, 1Il- all(1 p-phenylcnedioxy Iinkp,gc's) 
1\'.~kf'()gcne"ll!< p:.lycolldcnsation of (tiffercnt samples by condcnsing them with bCllzophcnonctclrnr,'lrb'-
IIf tI\l~ diflllhydridc and thc diaminc in a. s()lvcnt oxylie acid dianhy<lritl(', . 
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S~VA RAAlhREDDY. ,I-Iii.: POLYIMIDES -A REVIEW 

Recently, attempts have bCl'n madc to modify 
aromatic polyimide chains by introducing differ..,llt 
lillk'. main'" amide and ester link':. inlo the 111aill 
chaill: tl/l' j.rlldncls han: illll'r"n:d ",.llIhilily 1'1'1'­
p(~rf i(,S2~I!1G.~717!!"13. 

1'01,\'irni,II" havill.!; all dlt':r linka~(! citJlPr hc.tw('1'1I 
lhe IWd irnide grllups or between the phenyl gl'l'lIpS 

,,( lIl" ,lialllinc moid\' sho\\'rd high soluhilily pro­
I'l'rl ies. Th,~ imide 1" ,lynH'r d..,rin·d fro III slllphllllC 
',:! h"r di,lInill'! :tlld iJO:Ilf.·'l'h.:lIOII,·t,·lrill.':Irho:(\'lic: acid 
di;(ltiIl·.[ri,l<: i" p;tn i;d": "oInl.!,· ill .IHI (, U'II' 
"tllI/lllrio: a"i,1 alld fI111lill.!.! lIil r;" ·a .. i,!. Silln: II,.. 
ill!r'ldtt,:ti'lli (If It\:\-; . .!"I'11 :11'1111 IlI"h\",-I-" llJ1' ifnid,' 
",,; I.; ill ""'il"''; I I,.. .;, .1" hi IiI" "f t I,·, 1" .!\·trIO : ". 

was as low as 400-420°C. In those cases whcre 
t he rings were connect,£:d with an ethcr group, a 
mdhylene group or an cthykllc group, decomposition 
tle'·I.lrred ahove 480<C. For polymcrs containin#? side 
dlalll methyl groups, such as polyimides dt'ri\'l~d 
fmm 2,2-bi.>(4-aminophl'!nyl)prupanc, dccomposit k.J1 
,,,cc11ITi::d at 330·C. If the uI:IlZenC rings in the 
l\iallliJlc componcnt were separatcd lJy functknal 
group", thc nature of t he functional group detcr­
l11i 11"1\ the stal,ilit .1'. TI", p"lyimide containing a 
,;,,11'''''11': grllllp as till: .... "IH:ctiJlg gnmp in till,: 
"i;1I"illl' dc-rump(IS"" at 32W'c' \dl':rl:as thn~(' ".11-
f;1 il!ill;~ all f·j "f~r :t ..... t JII: f:UJlIIt;("l illg 1_:,-/111,. \n·n- :.,1 ;d,j(; 
I'i' :' I 4UO-:C. Tlw conk" (,If d"cr('a~(' ill f-ltj'rllIlI­

".,I.iii:,· i·; ::i\"'11 ill Fj.'~ .. 1. ;t1lt'1111"'" \\','1/' l11ad,' ,I' .1luh Ilw .. ,III/,ili!\" ,.j 

I' oI,:,illli,I," ""Ilt:';lIill;~ a'I'1 ,."11""""" I ill 1::1.::' , .• 'il I,. ; 
;11'!\\",:"1l th· irnidf' '"l,-j,.i Id" IlI'i\\'''''1l till.' ,dl\'::\-! 

~:"''''I' ,,[ I II',' dLllllin!: "1,i."ly"",'.'7.71. SII,h 1,,,1.1'11" 1· 

:I, .. I'ariiaill' ,,,111101,· in /):\1:-;(1. /)~I/; alld P":\( 
i'/i'ml,r! "/i/III·lil." Ili:·I, 1"1111"·,,,111'" 1'"'''11''' 

,11" '·'II,·I·il;.! III IILtillt;,il1 111C:ir 1110': I!.llIi,-,d II/oIlw1 I it-. 
Ii" .. : ri~i"il'·' I,"hil" ,IrfO",,:'II, .11101 illll' , .. 1 "I"'I",!" 

a,,". tll:'r'·("rI·. it i, (",,·lId;,! Ill.eI till'" "" 11"( llli·II 
III' .lr.1 ;Iil';lll\' 11Illit'rg., ,It·('QIlI,:,,·iti.'I1· in IILl1 II.Tli 

11.-;' 1,'111"'- J;lll:.:". 11.1'11"", lh,' !.·l.l,;i"II,.llill 1"'(\\1 '"II 1/;1 

II, ""1.,! ,"'hilil \. OIf i<lli·I·· 1'·01"',1<:,' 'II,,, II" i: 
, ,,[,,'1,,1'0' It.t" 1"';'11 -;llldi,·,l ill d"lail 'Ill" 1I1,·lit,,'( 
IFill"i!,;"h' ""II,ists ill lII:dnl :ti"ill!~ I it, ,,, .. 1,1'111','1: ill 
;til' ,,/" lIilrf).!~"11 allll'"sph.:n· 1.,,- a '1"-/ iIi.·,! t illl'.' :dld. 

,·;!iIlILlill~ lit',' P"ITr.'1I I a.:!" I .. :;<i" 11·,·i:~J". 1;"'I'·r"I"'. 
III',' l,'," in 1I·,'i,~ltt 01 I",' 1':'"'1111''' iI!' nil 1'1",,' II 

at.ln ~~J'h:T" \,·,t, CQ llll\lr;ll i\·(·I~· I,,;..;~ Ilt;tJl ;11 ;1 :!", 
T'l,.~nn )gr;l\'illl(~tric ill\·(·"ti.~.!.lillll e.l' 11)1'''';'1,' irni,I,' 
I' '''',n:''' -;ItOlIl't'" I.Il.at Ill<' fir",,,,,,,,,, ;llid 11.,1,"" lOt a 
'~'l~),~tiIIH'n'- ill thl~ ~i,l(' "itaill "I !III' Illd,;'r;:!Il"I,t:;'!d" 

;tll ',': ;! ",,",~I\, lit .. I it"rilul '':II,ilil " "I ,,,.' !'''''·I1I·'I'. 
1'11:1'. ,dipl'"IC i'l1i,[.o·; """IJ,I,.I,·I·,· ;1"("'111;"'"'' i ... I,.\\' 
350 C. \\'/til,· 11tt· arlllll.'.l i: Ill-I'" d·:{-'.'Jll1HJ'';l.~ ;tI. 
.'lIiI (,:;11'(; ;11"1. ill "'111' ,·;t"·'. 1:1',·11. at 111111)'(. 
j It,~ rI'·'·'1I1JjI".;i! j'HI i~ 11111\' :ti''':J1 ~Sf:,:" '1'11',- l!i.::,h 
I It· 1'111:.1 "hl,ilil,' ,,[ I II".;.· 1.·"·.-ill1i.(,·.; i; '''II-.i",1:'''·'' 
1.1'''' ,1111: If) lit;, ar'IJll;I.'j,' II tlltl'" "f ,I'JI~ p"h',JlI,!:J'. 

;\:'f,lIll l i,' I'di.·illdd,,·\ Irl"" :1'" II :-:Itl·li"d ,,:.;1':1,-

; I: I \'. wit" I"tl'l i"11 J r I "'II) '!"l .i; 'III Il",jf" 1111'1 ilL' J 

Ir'll I ,,'j"1J,1;',;,:'.n,,,I';.'L1ti 7,11. ",,'\ i",id" d··, i~:,·d fr"rll 

·Ii "i"i".:·. :\1,01 1'\'I,"",:IIil i,' di".,iI,·"lr'idc.: ill \l'I,i, I, II,·' 
'[i 1II1ill'~ ':'1ll1P"I!"lll lI'as /'-1'1,.·".':10-",'. "1·pit'·".I'I'·I,'. 
"·lt7.illifli.·75 . \)i,-(4-al11illllp""II"I) "I 1t"If,$ ;,wl 'I,Y -di· 
,llllill"I""'II\,i'''lll'ph'lIl(,':'!J ,·\'I,il,il"d :t ~:lla!"!l ill':r,';' .. ! 

ill I hI' r;t{t' of \\'I,jflll' III ,''; alllt\"" :';1111 '(' 11111", ... ·,·" 1,\, 
1,·\·,·IIi".): "If all,,)' ii';{. IIf. III<' i"i! i,;III·"i;:I,1. h:td IH"" 
1,,:;1.. 'U''''IInd tltis, I 1t;·'·~n .. -idlJ'·' :,It",,,·,, alln",·i 
1111 1V •. :i~ltt [II'" HI' In. IOIIII'(. lh' ""Il!r;[,I. "II 
h,,,t'in!: ill air il' III""" tl'·l1ip,'r;i,lllrc:'. 1'11,,,,<' I'"rli"lIl:tr 
;l"·'''l.tl if' 1'""·ill1i.[,·,, aI'" ·,1,,\\,1,1' hili ""'"I'Ir:I"h' 
o"id,il.l'd. . 

{·"'111.1~'il'lillt·~. ~11("1 ;1'" ;IIJli{I,··inlitl",.,. ~':--l"r-iJ!tit,~, ~ 
:>",: 1i\'dr"zidt·-iJl1i,[,-~ "II' 1"I'<'II,d I" I.,' 11I:llk,dil' 

i'l:«'~'i"r In till' hOJlIIII'nlyifI11d( .. ~'~·51, Tilt, j,,\,tJ/lll"l;.,1 
".,i 1,1 I .. ·.:; ai .lOll (' [,,' ill" I'"kalllid, .. in';d.· i'. lil 
di,llItillilJWJI7,:\I)ilid,' ;tI,,1 1'.\Tf:IIII·lIilil' fli;u:II.\·df;t!f!:':': 
\\';t:- ,,f Ill'"I t Ilitf' l/tat I"r till' I'''/yillli.k. !I; III 
~. V .. diamillodil'llI"lly/cl lli'l fo8. 

Spl:['/nd Slullics 

'11" Jl{ s/,'er/ra ,,[ intid, " di 1''''':' : .. ~:t,." I' .. :J 
\\i:l, ihlj~\.' (lr IllPfkl t'('J1q''-'1fJII~:-: :1111.1 :-.1111\\' ,I,:,:.,'· 
1"li;1i,' alt~"l'l'li,.J1 I>"IIl" r,.r 111,,' i1l1id,' t:rc'lIl,iJi;""'. 
F .. ,. .·"allll'l, .. IllI' /1\ "l'cc:inllll'oI th,· 1,,·hi!!I;.1,· 
of,·! i,,·" [rum +.+'-di,,,"i,,,,dil·I"·IiI·Ic-1)I<" 111,,1 'f.,I"ICi· 
i! ", i I:.·d i 1'''''" \. bllll'hid,' \I'i II, 1'\T(OI11,·1I it h di;,,, III 0/: i, i., 

11"\,\"4'" ~~h:lra('t(~ri:-;1jt' al"!l11,1j"11 inlidt· h;,llC! .... ~·I 
:;'(13 :111,1 l~'X p.. Tht, cnlnplt~t1' ('11)1\'4'1':--11111 .I,f 

i",h';[rni,' acid \1'<-1' id")iliJi('" ">' tIl<' di~a/'I"';l1;!Il"" 
.,j :I" .• 1t;,.ral:I(·ri~ti,: - j>,1/ /,;,,,,1 al :;'(1:0-: p. :,I'<i II,.· 
"1':'" ";~!I"',' ,,[ tit,· .. harad,·,.i'·.i,· illlid .. 1I;'IIIi.· "',1 
.,.(,'; ;,wl D·); (I .. 

1'1 'ldill.1 ('I fir":' :tlld ,,111"1' "·11 rk,,p·r,f'-5r. ,;~~·i 
;,I"I.! 1"1 "ti,,: '''1 WI t f"O:-;f 'n I' ,\' t I I 111-11' ~ I))',' r:d, 1:- 1111' 1"I'j", I ! i, !: 

f.f , h;,rrl~ t ran'..;(.-, "01111""'":,,,,", 1,..1 \\'("'11 1,1. I t It'll 

of,,,,,01 i,'1: 1",llillli<\,'" (l;i1:·)I). I':) ;tl'" I.,,,, 1i, .. I.·. ,;I.;., 

.I<'i.:.;,[ "/"':1r"l1 a''''''pl"", IiI;<,· /""'I",,ralii! IF), 
7.;' S, ~;I -t{~l r;tC\';I.Jl' .Ifl'l iJI('fliJTlf't II~ 11(', t,f r, 

. TJw t hcrmal ~tahilil" .. or ar(l1ilatic. Jlnlyimid('~ ita~ 
al"d}f!eii ;;tudlcd extcllsi\'ch' h\' diff('l'enlial thermal 
analysis. both in air and ;'11 an innt atmosphcre. 
Nishb;aki and Fnkami67 found Illat in nil rog('n 
atm,)spiterc. ;ill aromatic polyitni~lJ;s sito\\' cll.-an·lIt 
endothermic reactions; thcse wcre'belicvcd to be 
due to decomposition. In thosr casps \\'hrrc the 
bell'zenc' rings or thc t.Iiamine component were 
C''tIlncctcd with functional groups. snch as slliphon(! 
and isopro[lylidinc, tlte decomposition tempcratnre 

II'here X = NH. -l\;\ll', l\}'h. S, 0, CH2 
Y = S02' 0, C ... 

Th ... P(lsitiOlls of t hc 
cOlllplcxes Ilf polymcrs 

ahsorption maxima of I he 
wilh (F), and those (of the 
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• . . . SIVA RAlIlI ~EDDY et al.: POLYIlIllDES'2;'j. ~REVIEwr;;;:~:D"-Y~'- :'~,/'.f.\'',i~~ilf''f4,f~~~(!;;'.,.'\~11.~,\-t~;·i/. ", I '. '~," ' , ·7', "", ,,-:.;""':" ;'~'::"(';\'~'1':><.·, .. ." 'I, 

cnlllplcx.~s 01 til" C01T"::I'P1Hlin!; .pphenyl cOIllI",I1J:<ls often hn~akdowndue to the adherence o( coal dust' " ,.- '. , 
wilh (l') were IhH'ady r"lat .. !!; to 11..- i"lIizati"Jl to the windinsul. . 
of the diphcnyls, Tht! ~1"I"'s illl IIf,lll .th .. gr:q,hs C tI d :., 

were tlw same, indicating th~t the il1lrnluctitn oa n&s .. ' 
ollhe donors :into the polymeric!chain 1,,wer1.d 1 hdr Of al! the polymers. the polYlmldes ar? the 
i()nizati.~n potentia;1 by ~()·3 {:~\ The c(}lour (,( the' 2ne5. winch have b(:<:n s;nost thorough!y.stu~dled.as 
polymerll' cOlllplex('s was altnt~lit(d to the charge coatmgs, bot~ a;; WITe cnamols. and as coatmgs ~or 
~ ransler iJ\t"raction het wel'n the; cledr<'n acccptingpal~crs. Polyun!des l~a~'~ sptclal features to resist 
Imide chain' Ira~mr.nts ami Ihe electron (\c.nating mOl~ture and .msen.sltivlty t? solvents, greases, 
,liphelld frar;mcllts. I Illbncanl~, exotic flUids and aCids. A geneml com-

. ' . . . parison of the initial properties (If wire coated wilh 
FabdcalioJ1 . . . I' . l'olyimidcagaiilst UI~se.o( ()thcrcolllm~rc!al ~I!amcls 

Thl~ cOI1l11wrcial methods of preparali,.'n of imio() clearly ~howcd superIorlly o( the polyumdes -. 
polymers ami their fabrication <ire mostly covered 'Glass -Reinforced Laminates 
by patentsBH6. The processing! of polyimides is Fibre gla.'lS laminatcs made with polyimide binders 
11I()re complicaterl than that of standard l;uninating exhibited high temperature resistance. These have 
awl ;l'lIwsh-,' sysl'.)l1\s likr) ph,~n<llio:s, polyesters, etc. high flexural strength superior to that of c.opoly­
Sillr:!' I.h,) high JJl')lecnl:u weight imirle p"IYlT)ers are <Lmirle imidcs. In n[;unent woun" composite slruc­
highly insoluble and inCIIsib\o),1 the development tUr<lS, the polyimides exhibited excellent thermal 
of a convenient method for fabricating p'1lyimiric stability and retention of properties at elevated 
material was considered a pri,!rity requirement. testing temperatures. 
Narmco Plastic Division of \\{hiltaker Corpora- " 
tionB3,Bo,SO and E.!. du Pont de Nemours and Co. Fibre Formulations 
Inc.87,B8, developed methods for Isynthesizing poly- Polyimide fibres with excellent mechanical,.pro­
imide prepolymers having melting: points and solubi- perties, i.e. high strength, have been' : prepared ; . 
lity characteristics suitable (or tile impregnation o( they exhibit good long~term stability· under air 
glass cloth and filament type rcihforcenwnts, Thl! ageing conditions at temperatures above 300°C. 
process for the preparation of tl\() r.repolymer consist!; Hudakov cl al.82 sludied the fibres of polypyromellit-
essentially in interrupting the melt polycondcnsation imide. The use of polyimides results in fibres which 
reaction at a stage when the pro:duct is soluble in have even better parameters. In its intermediate 
moderate s~llvents like DlIiF, Jlyriiline, etc. At this (polyamic acid) form, this polymer can be readily 
stage, the prej>olymers are of higll moleclIlar weight processed into fibres by the cOllventional 'dry' or 
ant! arl! suitable for the convenltional laminating , wet' methods. It is claimed that using the 'dry' 
and adhesive bonding processes. 'I method, polyimide yarns of acceptable properti'cs 011 

Polyimitlo prepolymers can be fabricated either commercial type of package can be produced \vith 
by hot melt or solution coating techniquesB4. The elliciendes of the' order of 80-100%. 
hot melt technique consists in 4rawing the glass Applications 
cloth under a blade heat<.>d to a temperature slightly 
above the prepolymer melt temperature. By con­
trolling the rate of feed of cloth) a predetermined 
resin loading can be obtained and it is possible to 
have high rl!sin content in reinr6rcc/Ilcnt by this 
l~let1~O(l. As thc prepolymcr po~sdses limited solubi­
lity 111 relatively strong solvents. lit is not possible 
to ('blain solutions witl~ higlt ~')l,irll contnnts of this 
poIY11ler. However, \Ism.£( l'yn,111l(: as tit,,! solv1!nt, 
ll:;f:1111 pn:i'l1l'r"~nal("1 hlllil!:tI.;.-; 2:111 "Po 111;1<\,: [r"nt 
111i:-'" IH"I" ,1.':11"'1""', I 
Adhesives and Varnishes 

I 

The unique combinatkn of properties which 
polyimides possess makes them specially suitable for 
a rangf! of important applications in the aerospace, 
electrical and nuclear power and such otherindustrics 
where materials of superior performance are needed. 
They can be safely used' at ~'contin\1ous operating 
lemperatures without any seriolls deterioration in 
pr"perties. J\ lthough t1wy arc still in the develop­
"WI,t sl:tr,'~, th.:y axe now available in solid stOll.! 
lilllI ftll'!!! :-1wl :'3 adhr!sives anrllaminates. The main 
:'1 'ptic:! t ions "f imirlcpolynwf rein [orr;ed la1Hin~lte 
n;,in,; an) ill strnr;lnr:t1 Inrl'; "I hi"h 1'.)rforll1:l1Ir:,) 
aircraft's ",linn) rd';l1l.i"n 01 l1l\)clt"~~kal 1''''I""l.i"s 
,,!, ""n:--!.':,-lll "~I"";nr" I" 1,,::11. i,; n!rjllin),j, lh.) 
"!'l'li,:;tli'lIl'; ilwltl,l" Iti!~" 1.f'II1I,,;r,tI:nn: air...-all. d."ic';r­
(11P:1.~.~, r:1 ItllqllWS. (11:fl(~f'll )/'.", \'~'illg.,,;, t.1I rlJill f : I ":I.III.~:-:. 
p.;-,mtry nose cnnr~s, I\!a,linr~ w.1g';s and ~l1rfa(:':s o[ 
aircla(l:~ and rnissilo:". Tn ,(['!Il"l'al, p .• lyimilies I'''SS')''' 
ttll the n:rplisite pruperli(;,; f .. 1' replacing mdals as 
slTlINl1ral df!ments in airel aft., spaCf! rf),earch, <lIHI 
l1l:n"rial ... ::~earch. . ... , 

],,,h' i mid,) ad IH:~i v,~~ r:x I Ii hi l'~. I 111'( ')" ," :11<;1" '-' I';rt 11:t1 
~l:t,hilil:y or Hl1: p:tn~lIt poly" .. ~r, ;hlll u,,' " .. l1l!!·lil"; 
l"'l1d~ I""par,,,l harl sh,)ar sl .... )'wl.h~.: low"r 11"l!! III'I'''~ 
of cOllll'aralJln cOllJlJlercial ')P')~~'-I'·I"'ll ... li~:~""-. ,. How­
~!n~r, ,t1H) Jlolyimide ';t,lhc,in~ hon'I~lc"t1lrll.l'" "'dain",,l 
,II !":t;h,:r 1'!11lpcratu('()s ovt![' a Iiong pen",\. Til 
8dd,tWII. t1w imide ]l,)lynwr :ulh':si\'f) ',!xhihitt!d 
otltslall<iill(! resi~tance to.! water. dlt spray, iet flld 
h~'lh;ll1lic I)il~~. 'lari(1\t~ y:trn;;:;It .. ~~!10 ~hO\,:~~~i ~ati~­
fad"",· adllt::,jon to al III " ,I :111 ,In,!Lds. 1"'1' II,,; SIIIII 1111!1'Y 
,dilj/:tli"" .. I' 1'"lyil11id" ,·:trtti-:I, .. .l I .. illtl,,-,,;.:,,..I,! 1\.:":'~I;j-, 'ad\,;II1':,:; ill (I,t: lit:ld pi ill1id,' l'"h'I11>'r 
\\'Illtilllg:-; (If I~h~('lrlc IIl<lcililh';';, it i:-: jillqHIT:t;Illt f,tr Uli: :Ht~ n!\'j.:\\-i:,1. \vith p:nt.ictti;Ir n.~rt~I\!I1(;e til thl~ work 
,,:tI'IIish ""I. ,,"ly to h::t\'() a high h,in1ling ]loln!1' but (If S"det ~cielltists, Tlte corrulations establislu:'d 
:ds., ,,,"I' t ... s;,fl-en at elevated tr!lllp,;ratl1reC'. This is . hetween th" stnlctllrGS :J1ld pwp~rtie~ of illli(\t: 
.l':utlClll:lriV IIl1l'ortal11: ill ,It: ':01].),::1. .. \' ,":t"hil1'~:; whklt . p .. IYllwr:-: a .... ) rli.S':l1"''''!. 
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