G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

- — -

7
f”; RS

A L f;!, / J T
'\ o k\ Wy f e v
—\, R I h o
TN LLOT.D
ID/E}U‘. 5:;/{ i.l]pV‘?

17 February 1970
Joitd Matons Industnial Developront Lrpana sbon ORIGINAL: UNGLISH

i e N —.

froesserronn] tetree . ool Svoonuniun o the PET.SYXP. C/7
I s Yapnent of the io.rochennic.s Industries in
Vs loping Countraor

v.'m, USER, 21- 31 October 1969

THD PETRCCHEITSTAY CF HIGH TE. TSRATURS RESISTANT POLYKERSA/

by

H. lark
Polyiechnic Institute <f Brooklyn
Brocklyn
United Statee of Lnarica

S.H. Gtles
Bronx Cointunity College
United States of Anerica

S W

..xvieus and cpinions expiressed i1n this paper arz those of the authors
~ " do nat nacessarily reflect the views of the secrctariat of UNIDO.
s decwnent bas been reproduced without forial editing.

1d.70-383




We regret that some of the pages 1n the microtiche
copy of this report may not be up to the proper
legibilitv standards, even thouph the best possible
copy was uscd for preparing the master fiche.




Tue to the recent demnids in aeronnice and c*h?“ technological arcas

icerahle mrogress nan von roGa e Al urolxc.lm of hign f\'\mp(:rutur’a

wotiate oorticn ol Do sl G 21 eliidal an? thérmal’ 1rudTuuloa, gaskets,

ST e tubir o St dhams curron byt foom omm,ﬂ*“ nolymers

D, e

L : . [ ST U N o, My Ayn e
S0 To.m of fitocs, tilagg webs, TO La AanL iolatn Gugetis. More are

(o abially ey oy ol ~ thols ovaiialle to achieve thoe principle of .
Glain sbiffeniac: weloean oot ol crcb ooty dai bt o

\. Polyeon ace inano tio imoortont advontage of easicr control of
+h: rerctisn bt o Galcuan toe e tho mrenert tdne that both tho monomers

4 Aol and the rooce ot el s memeannd GXoen zive,  The following types

Cf hooh wasiotoat T o o] oreduct s cre cvesently ia an advanced
P “4:[:, oy [2EaNts \]_Or,vr‘x .

. R ) s . VT, _ s .
/'“113: - Peornatia volvimides ere dorivod from aroratic dian-

Lt mn end n*w*lt?c Ciomeg e {oey socnntis comanundsg cecontaining both

T ol oo ooeeadride soours The nlghls it ontatle nsture of the

P - - S % PR Tl N AT e e o 2 e g )
- \:'\,“'j: - ‘th:x‘ﬁ) ;\‘v:‘:"‘\\ RGN Uu»\‘ R AP oty e atioal ;'}.nd SU.CCGS.’:‘.ful
S ‘
. . e . [ . e (S - A N N NN -
s ten Ipta ogroa anoaul arn nlas s fibren, Tilnoy tubos ant shoets,

N e I"?Cf'.ltl",’ tieos hel pooan ~soncidoraolee RISRTI SN i B ""‘*.D sig and

-1
C e tiay ol dhaxe ottt LU Si to th e Tollesing reasons:
. R e S e s U = T S SR, PR 1
ooe. gh molierulol vl DAL D 00T o s De Rl stenwilse by
- et a golu™ o sl othne oy A ctoil s nelvanic-ns? precursor, and

B o= ey mol nlar wel it el Wi - eorviarn o be prepared by

_G] R TnenaiuTe noty e dono=tloa in soaut Lot
i " : RPN S AL o A s
I.1ms, coatlngs, riurch ~17 othe obi2ets aoe made rom “ho polycmic-

.o - - . - - -~ . - e Yo i C . o N
ad S".‘ltlc-ﬂ:‘ Lol thao ~hneds I R e L T U VI cervoerted o ths p@ly"

$-d0. Gz obu Tand Jenpany o rooancing oopeiyen e = Tapren - vhich
At Lg cunoll zyn clectric? ol reelanical proneriics ot siovatoed tem-
©ootares o.en afto lerg nenlods of eiiag. TnocAditior thiceo rfavourable
Locption ame cotalael sher subiected to the Lavicortientes of high
¥ +
e B ned Y padiation. bigh vecuum, crynginic conditions, and hot

oo oate solvente,

. 1 e - . -,
~. 1 ) wels . i,
- v om kS a CERY - £ +
.
. ’ At
e e L PN PO o




f Ly i

Vo

RETAVE RIS
United Naiions Industrial Devaiopment Organization . ' .

.:;\:’la”.\‘l‘» "‘ N
nvoreesronnl Potrocacinin sl S tin [N A S A

h e .y i R N . SN
Fetlrochemle | fnaactriee in

of Hl :

SUMMARY

vy

P
L1y
-

THE PETROCHEMISTRY OF HIGH TEMPELRLTURE RESISTLIT P(\LYJ\TERS-L/

il, Ik
Polyteshnic institut. of Frooklyn
United 4 ites of Laorico
p;a a A.\.TI'H‘;
Brores Commmne vy 0 Liogs
United Ttalor o gwrica
Duc tr the rccort dlarnds o cerespace ad other technoligricndl aroens

considerable vrogross b Leon pode o the prolduction of hizsh toempepsture

e
L.

naterinls particulariy oy oyes s saoirionl omt chorriel oyt Lon vasketo
Slexible tnoins and L bier Ttone cooronbly ot 1o veie oo lviers i
the form o7 by D A Lo i it Lo Sy ThHe o r ami rges
tinlly twe ornithobt om0 ay oy lar L cletne i orriac i Iochoan
gtiffonivss podos ordoe ty el ar Ty ddit e
This poper coerioon anhor g olvestb g thoeose bwo types ofF
procees to th. aynlhose Cohont porsietoot o lynicra,
Ll g e g —— Ee
1/ The Jiow PR SR TE A bre this naner cre those of the suthors
et L Tooennener iy orofloey the viens of the cocrctariat of UNLDO
$OLE Aot o vl roorofused withovt Doroed ditire,
é}“ PR






S

-~
|

ID/WG. 34/31 oKev.]
Page 3

The synthcsis'of poiyimide is carricd out by allowing pyromellitic
dianhydride to recact with an arcmatic diaminz in dimecthyl acetamide at
25 ¢ to yicld a soluble polyamic acid. Such a solution can be used as
an enamcl on o substratce or dircctly to cast a film which is then theormally
converted to tho mors hont-rcsisinnt polyimidce by heating at 300 OC. Th:
thormel stabil-ty of polyimidcs as mcasurcd bty TGA indicates ~ 10, weight
loss in holium or air at about 600 °C. Results of isothormal weight loss
gxporiments conductcd at 450 °c in ho'' um show only a 5% weight loss in

more then 16 hours.

Synthosis of Polyimids
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Solubtl . nolyomic nelad

ingoluble polyimile

The DuPont polyiiidda products include tho following materials.

Form

Prepreg

Form Nama
Film Kapton-Polyimide Milm
-$olid Yeospcl-Precision Parts frem
Folymer 37
Liquid Pyre-!, L. “namals and
varnisaoes
Fiber No nam: yot
i Polyimide/Glnss Mo name yct
T™bric and Roving

No name yct
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Yapton Polyimide Tilm. Kapton tyne V has been used successfully

tomporature rzngc -269 °t to 400 °c. At room

in applications over the
tylnr polyestor film arc similar.

tempe rature bho pron rtics of Uapten and

o over, as the tomp norstura 1o incroascd or deereased the properties of

PREFAY
Vanton aee less atflectod thon thosc of lylar. Thore is no known organic

vt e infunidle and flams reosistant.

e ot fer teor rilmo
L

:7\,pt,QY\ f 1) oo boend e ‘UJ
by other filmar 1t ona also be lominnted, metalized,

Wdhosives to itscolf, moetals, wood, plastic

gioo b, manr, onlobe any o 3

vl ant fermzd, The polvimide allicsives show the oxccllent thermal =
i Tite o the murent polUnooty WU thiz frr alhosive bonds which have ‘

Lind SOl 4 oure

Loa ebtaincd Lnd ghiear stronsthe lowor than the comparable commercial

1, -
the

vovynhioaclics.  He oV plyimide bonds retainad over £0,- original

) opethoatier cnosure bt 330 "5 for 1000 hours, whorens 211 other

i

adhesives lose all siroamth after only 150 hours. Tn the samo vein

et . s

Slyimidos sotaincd a1 enso of 0L original bond strongth after 24 hours
o . 4 .

L0 tempoonturns of 3650 7 while eXpoxy- ~honolics had comnlotely deterior-

Av-1 aft p on: hour at this temporatusa,

tpplications for thic nolvimid: film inc’ndo: wire, cable and formed

.1 wiran, floxmble nrinted cireuits, masmct wire, transform:rs, canacitors,

iyt il 1ndrp: esure soensitive tapes, hosa ard tubing. ian7 of thoese

Wand op ' fact that the oxcellert tleoctrical nropertics

i oatiorg oL OaBUL

o0 Uanton such oo dicleetric gtmength and dissipation factos remain nearly
wrtart aver a vido rangc of tcmperttiare and frequency.

¥apton Dan no melting noint, ons can combinu Teflon with

{

Tiraatmuch a8
pelvimids to aivs o L~otogealable structurs for fabricstion HUrpos s.
~ s combinntion is knowa 2s Tanton Mesys M7 In 2ddition o th: hoat-

NN )

quniahle surfens the conting improvas th chomical rasistntl to bagep™ -

Sr 1eids and v oduc.s th: rate of moisturc norma=bility ~and of oxidative

v

Loe samozition.

Vesprl. Thre rigid solid form of the rromntic wclrlﬂlua is callﬂd

nolymep ST oand oarts made of it are sold under th» trndz name of Vasnel in

‘w0 aa)or tvpos: ont 1S formulated to provide lew frictioncl performance in

<.als and boering applicationsi the other in decvices such as brakes and

clutchcs.
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The Pyro-I'.L. "namels represcit the liquid form of aromatic polvimid. a

l
which arc having the zrcatest thermal stability, radiation, solvent and rcryo-
genic resistance of any availablc anamsl. These nropertics have been utilized
in motors, gonciaters, toansformers and other machine parts which orornt.
continucrsly a’ tomneraiures round 220 °0,  Tho thermal stability ana very
slight tcocency to give off volatile materials hag led to its us. in cotlod

relays desira.d for us> in mcuva,

II. Polyamicn - imides - Polyemids-imides erc preparcd vy tho reaction
of dianhydrides with dimmincs centaining po.formed amide grovps, by the
reaction of trimclictic snhvaride rcid chincide uith diamines or by the
reaction of diarnincs vith wathydrides contaimang o proeformed amide sroup,
Also, a2 low wolcculer iight avonatic pelvamice with smin. ond grouns cnn

be reacted vith v aror ico diavhvdride to 1014 o molyemide-imiide.

The Imoco AL polymas s~ material compouod of amide and imide groupings
It ie basad cn 21.CCO trimelli<ic anlydride ~na prevides cxecllent cleetrical
and machanical nron wiize ag well as ontstoding ‘hoermal resistonce. 1t
is boing uscd in lanina‘ s, adhosiv s, moldings, coatings, =nd filws for
high tcemperature nnplications.  The molecular weight nd molocular weipht
distribution cf “his pelvmer is controlled to give ontimwn performance in
coating applications csuch ns magnit wirs and capacitors., “mamels can be
preparcd by aicgolving LT polymer in suitable sclvent W onde. Thoe wire ®
coating is dricd and curcd at high tamperaturcs to form a tough heat

rasistant film.

The baszic structurc or Mestinghousc's Noryl rosins compriscs diph nyl
oxide unite bondad with mathylon. oridges.  The functioral sroun forming
thesce bridiscs is gomemlly an nalkowy-mathvl roun roncting with o orings
hydrogen on an ~lrcady substitutlod ring under th: influcnce of Lowis acids
in liquic or solid ferm. ilomonolymers and copolvmere have been mede,

- Tha resulting materinls arce ueod g varnishes, dry—-iyne transformers,
binders in glass ~nd carbon cloth laminates wnd »s varnish in zlectrical

cquipment for oxtreme servicae pe:rfermance.
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II1. Polybenz: !¢nng .~ - Thosese pelrners ore synthesizod by reacting

na arbrntic tetramine with the inhesyl wster of an saromatic dincid,

v . 3 2 : " IS O 1] : 1
This-reaction is cnr»izd out nt n~wvout 260 “C covolving phoncl and uvater
Ad volatile cousitarun,y L ocertna crser curing 1t eccsiod out at
. . 0p .
tempeoraturces o5 hijh o0 40U C, .
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Tho vAlybrmrd=i =alo AL Jper Adeninatoast s and Ainkonyl ortho- -

o o V. PR S

o o : c . g ;
= alete 13 very storie wp to 500 TC and leocu ouly abecut 204 of its e

. wm O . . - 0 , . .
ettt COC T C dn kBalium ol o hontive varz 07 2.5 ner nliaute. In the -
preoaty of sy houo.ory thermnl cexyrndation is maclh more rapid. .

Lovanbai of nelybenzimideioleos have Lics nrepared,  All tha poly-
Ty prepastd vere coleredy rar g Troa yollon o drk trown:  thoy

e chamanterice by cusol lor hvarcolyvtic oirbility and ~ high degrec

f

of tieranl stabilily., “olybenrimidazole elhesives bPrve not only srhibited

DIovotaiie L 1ap oshonw gtronsths comnacabla to thoso ol epory-phenolica

" -

but live nolyimides they are vectly superior on omosurc to cleated

Launerilutes. T
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B. Molyrddition - As soon s tho prineiplcs fer high hent

regrat onee of
erganic pclymers vora esgtblishod b7 polyecaizne~ i

‘J-:—-.s....:- L], QT‘\‘M?“CYQ' WOy :gf 3
astartcd or noly: Ay Lonoreretiona. Thar mein disadvant e 1a th

e U ieulty

to obta.n ucll crotr 114, Ligh molacul~r Varchts but oonce auch o opo

H 41

1. V;OI‘\'Q’Z} 1V 1rouane vk e s mz)ld Cizi}’ilt":{iﬁ ',ni' moat lm;r)OZ'l";"it' ?;1

mononereg ~r - . rooivo
Rig OiLoul. Ul tads tyne 100 basad an aremati o chrins such -

polypercniur yil wivel cannct fold even At gk temporatures bocaus.

rotati~n -~Yovl s carbhoa-cnohon 3rgiy bonid k,tmown the pars—-combin.d

phenylone sann ens culy 1o e Cifferant =nglos betwoen thy places of

goasacu o Cirgtoout mav 1o on llyt op bond in +NC nrin chain,  In foacry,

roprosont-iives o this Luecios Ars rigi, ligh mtlting, p088e8s a Lronouncad

toadciey to erv-taliizs and nus dnaoalubl s,

Zlready 20 eroc a0 De. Grorgo Goidfinre» publighed
rmihesis csd cheoacs o maticn of roly-p- Y oiylone, g
Fitting v:widor o0 @ i-dicklorobenzeons vith motnilic

and obtrired & borzonoe -colubdla

& paper on the
ugsed the Yurte-
sodium in dicxanc

Jaction ualecn did not m2lt up to 500 OC_
Heaver, i nolecule » “lght of thva ne vmin une only =round 2¢.0C

The latoet ~na best eymthesis o7 poly-p-thenylons wag proeparcd Ly
ntraleltforard palyraciziton of enzene. Fovacic ~nc his 2380ciates have

renn? trat tenz o ot yreasinas it oa s7stm ccasisting of Lowis ~oifl crtrlrat-
cosetrlyst-ord Muirg ~poat, In the rrescnse of sluminun chlorido-rord

ch o?idJ bearmena wos polymerized ander mild
] N

o
{

action conditions (tomp. roturoe
35—50 Cy 15 minates) to & Lrown solid v, to HoL yicl?,

Qacontly anothes mcthol has boon devzlopad by a groun ol chromists ot
tho Mensaato Chowven’s, Lid. in TMeleng, Thev have sucracded to obtain
]

linear poty-rizayle. W the thare-) fcortorition of aromatic sulphonyi

o

m = osubstitution, Do

chlerides, Thoo rasuits » mixturc of 0=, m~ ond
instance 79,0 of 1.0 ed turnhenyls vore obtiinod by dacommesing bonzon -
gulfonyl chlevide (i nmol.) in biph wenyl (15 moles) at 225 S0, An of ficiunt,
catalyst is cun»ous chloride.
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polymer 360 is 3¥'s thesmoplastic molding rosin capable of structural

use ot clovatcd temporaturcs! it consists of linoar macromoloculos com-
posce of biovhenyl ~nd wherrl units linkod togethor by exygon of sulfur

ctous. The polymer is ~heprcterized by the following datas

Specific grovr vy 1,3
Glass Traonsition Temp, 55¢ 1
Colour _ cluar
Water absorptien, 24 aours 1.4/
Flammobility scl(-oxtinguishing

The poly (xylvloncs) belong to @ class of lincar polymors containing
methylena and shonyl .ne groups ith two methylono grouns botwaan connoctive
units. The malting HI7nis «f the isomors arc ns falilowst

&

v

poly-o-xylylans 110 °C
- o}
noly-r—Xy yions 60 C
" poly-n-xylyleon: 400 °C
ihich shows that only the raraisomoer is of sracticel interost. .

Parylenc is too gonaric nane for mombors of this thirmoplastio
polymc scrics ns they ore taiag nroduce! - tho Union Carbide Corporation,
Onc represcatative is Parylone U, corpletaly linorr, sigh crystalline
poly-para-xylylonz. Prrylone © and 7, two other somoors of th. scrios
comtain on2 viz. two chloriac otoms in 2nch ~reometic ring;  thoy are
s-navhat less crystalline than Parviena !,

The parylencs ~re formad by vAnor nansd polyrsrigation of parn-
¥ylylenc or gubstitut.q p?.I"‘.—X:‘l)’théS' the firs* stcp of tha synthosis
is the dimorizotion of p-xvlena ~t ~bout 950 YCo4n the nrasonca of stoam,
yiclding di-p-xylylenc which ~ftcr severn! staps of surific-tion is 2

white stable,
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orystallinc nowder. Thise dimer is pyrolyzcd ~t 550 % in n~ sublim~*i.. chambor

to yiold ~ monomeric viradier) and dimethylencguinone,

: “‘a< >‘:‘"2
M-CH,QCH,:CH,OM,

Cooling or th  anemos Lones to ~ temnoraturc balou 50 °C results in immediat.

polymorigation snth tho formrtien of lincar poly-n-xylylence,

el Yorw —[el Yo

viadeh las a molcouiar wiight of about 500, 000,

The elactricel proncrtics depend on the substitution on the aromatic
ring. Prrvien U “1e21f con bo classed s~ p rticularly valucble dAi 1 ormde
mtorinl beerucs U oits unusuclly low dissintion factor over ~ wide rong:
of frequonci.g, 111: ~hiering cont~inin~ parviones hove highor diclectric
comptrnts ~n? vk iseipition factors. '

Anotho immoartant o0 to arr.ve ot chnins medo up of condensod
aromatic rings is th: svntiosis of so cillcd "lodder " polvmers.  Tho
firet ioddar volyacr vns prepared by sxposing nelvaecryloniarile to clovatad
tomperctur:s whach ooaey the fornnticn of rows of fused six mcmbored rings

by oloctron pnir lieplaccement:

o0

i\ W W
N N N

;"
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Thigs process 1nVO1vos stiff»ﬂlng, insolubtlity, nnd discolouration.. = - o

Further henting leads to tho cvolution of I and to nromat:zatlon,

:nercby a blcck, commlztel s infusitlc ~rd ingsoluble materinl is obtainod
~-hish in 1ts s»rubquy, cerrect oLty to linuer praphite in which cne
cartsn atom of cvery riag oo tcen ronlaesg by o nitvogen.

Black Orlo:, =~ oyroler-d polyacovlonitrile in fibre form, withstood
-imesvoe to temmerttures of 700 - 300 70 with an npcn flame with cssen-
+iallr n2 loss in Hroportiza. Various polydiang ladder polymers hnve

sl

Pluo. 3 is o memoar of o farily cf new corbou dased fibres monu-
{-~ctiured Ly the 21 To. Plu‘on B dees not melt wihcn cxposed to high
scip.oatures, but rother sublines or anorizcs at ~ rate dencndent upon
1hs swrouncing ~ts oeﬂbz‘e ond ‘xv Jure terpn“"*hr The excollont
“rgh teancroture statility ~nd resistance te corvosion mhtarials indicate
o ualllity of Fluton B in guch avens as high temporcture thoranl insu-
la*jon, packing ond gheieting, ~nd corrosiv: fluid filtration.

1~ 1ier polymors from vinv: isocysnate

——

These structures have been prepared vin tha following two-stop

~vathoetic rcutes: -

- : (@] e e
i\ ! 9

\N/C\‘/ N
CH;=CH-NCO . A~
N XN &

B
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Tho isocyanatc and vinyl groups crn be polymerized under quite
difforont conditions. Tha N-vinvl-l-nylon, preparad by anionic nolv-
merizrtion by using scdium evanide in -l ™7, w-os cyclized to th. 1-dder
polymer wilh ~zshisisebntrronitrils ~al 7.V, light (Pathuny 4).

Polyvinyl ison~r~nats, wvaich caa be nripared by the unc~t~lvzed pole-
morizeticn of wvinyl isocr-nrze in dilute solutions, wns cyclized by
treatncnt wioh x-rays (Pothwny 3,

Tho products from both routcs werz idontical ~nd, basod on chemicnl -~nd
spectrnl d-sn, rppearcd to be loddor polymors of tiuc structurc shown

in tho slidc,









