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1 The improvement in '.llCChlJltiCItI propertics of 
.It. •. malcrill'~ has becn r,cnr.rlllly centered on 

various vilal fields :;lIch U~ nr.fr",'11 C{', lIyri"q/r'l"', 
~potr.~ cnginl'cring, nlcdi(illr ctc . 

strength. With isotropic IIllilcrill/1; like nlflily 2. PrrCllrflflrfl for Clt.holl FihrCfI 
melllls only' ~lrel1gth cnn hc irnprovc(!; Oil· Ihe . 

. other hand withnllisolropic materials like graphite 
lind organic polymers both slrength lind. modullls 
can be .. \·aricd. by chnnglng prcfercd oricrilalion. 
WillI deplelioil of JillllJral mincral sourcrs it is 
ncce~~nry' to develo·p~tjitnblc oltrrllative lIlalerials 
for .vnrious· struclural npplicati(lflS esscntially tn 
niplace' metals. . The strength and .mridulus orgrll­
phile hasillade ita suitable s\lbs!illlic ror strllc­
tural materials with the II((cndllnt advantage of 
lightweight. 

/.1 Ca,.ha" arid Graphitc 

2.1 The pyralyUe d('c"mrJl~iti(\!I of (If)1;1II i,' [, .. Il'· 
llIers provides a Il"~fl',, method p/ prcp;JriPIl'I":I;:d 
types arid physic;Jlforms or carb"n. In ll1:illV 

CI1~'CS the shape l)r physic;]1 forlll ,\1' lit,· (\q~;!<lic 

prcclirsor is retnincd during high IClllp,~rHttJrC' t[':i11-
. ment or carl)(\f1isatiOIl. This prillcirk h;i~ .hr:rll 
appliedc~tcnsi\'cly in the rrcp;tf:llion "f rillh"/I 
ftbrcsfrol1l fibres of cellulose, r:l)'('rl, p,)I\';ICI "<.1. 

nitrile iuid olherpolYnleric Jlln(C'rinls. III J:':l1cr.iI, 
·thc suilability of materinls (or the prO"lIl'lilll) "r 
carbon fihres should satisfy Ihe fo II em i fI!'.· h",ic 
requirements: -

b. 

The fihrous' fnrnl sh()ul<l be rcfaiflt:d tlll 
pyrolysis, i.c. Ihe matc.riaf 111W,I. :Jp( l1'cit <'I 

derorm whcn. heated, 

The carhon s~elclon ~;jl(111Id he' .. -;ql:\/-'/<:\'( 

bring readily changcd i;lln (\\'.' dilllcn·:itlil;iI 
grnphite structurc, ,lilt! 

The cherili~ts and technologists, (herefore, h,ivc 
ttied voriOIlS precursor 1n;1 teria Is for Ihe prod tlC( ion 
of carbon Or grarhilc essentially ror high (rmpera­
(ure reactors, g..IS ttlrhif1"~, high !.pccd acrosp;lcr. 
vehicleS, clc. The rrl'dnmitlrt.n! faclor hillding 
rurlher dc\'elopfllcnl i~ the limil:ilion imposed by 
(he mcdwnic:l1 and physicnl propc.rlics or currently 
:1Vailablc malerials parlkul:lfly fnr usc al high c. The pyrolysis shr)ldd (;lkc p!;;l'C ".il!;,,"l 
lemreralllrcs'._ The'T'crractnry nature and chcrniclil apprc(,jablc lo~;:; or \.(.1.1Ii1 .. '-:IT],,·,:) 1;'11' 

inerlilcss of carbon h~~- provc<i valllable in upplica- . poonds. 
tions' such ll...S insula(ofs, p:h:king matcrials;catalY6t These requiremcnts are ~ilti,<'fird hy ;'r."I1!""~:·' 
supports, eleclrical heating demcnts· for special and cross-linkablc polymers ~lJclt ;1\ pnh;J,',yi!), 
environ ments etc. In recenl yea rs an entirely new nil ri Ie (PA N). The reawn' ror I hr i I II i i~h I iI,.! I 1111: 
lise, has .emcrgc.dfor carbon fibres as an 'ahlnlivc lempcrattrres is Ihal rclntivrly,.I,ol1g I;JI/'fl'il>ii'llIhl 

. mill t'ria I to resist very high temperature/; developed forces inhibit molecular ·1110111'11. ! !(~'.\..: ':<1. I;, 

on're-entry of space vehicles into the earth's· cause' of Ihese forces Clrc diffcrelll if1·lhc fl'" ,',d, 
atmosphere. mers-PAN lind cellulose. In I'M'~, hil:.hil i,,,111 
1.2 . Composit(!J cyallide groups causc strong t/ipolc-dip/'ie fl\j«(\ 

. - 10 ol')erlltc beiwcen mol('cllics. wherca~ ill celillfn/,c 
'the - most recent use for the carbon fibre re- II·· t 'I (10(+) I "'1 I· lC repea Un!. . -g UCQse lIIlII. I~ ., IfI_.,IJ:1 qc, '.y 

: info~ced plastics (CFRP) or oven metals ;& in. the alcohol, so' that I.hcinlcrrnokctllar fl1ll:c,' rnl!lI.,;;;.~. 
preplI':~tion of corripo~ile~ of cxceplioh.aJly high from hydrogcn bonding infen\cti(lJ1:; .-helwcc/l 
lipecific stit]'J)es~ and slrenglh. The busic:collcepl hydroxyl gr~)uJls and adjAcent Jllolecular chiJ1I1'''-
or Hbrc reinrorcement' is the rro!iuction'-()r a Iwo 
phll~e composite iitructure in which deformntion or The othcr polenlial candidate wilh promising 
the matrix i!i used .10 traI16fer'Slre~~es by· mC;iJl~·{l"· pl.'ospeClll, hoth in price as well n~ ill pcr(llIll1nllc~, 
6h~arlracljons at the fibre matf'i~iiJlerrace to theMe the pitch fibres. The pitch fib,es Hre n:clt ~I)tlll 
cmbcdded:high, strength Jihrcs. Provided (he·· from Mesophit!ic pilch derived from sr.vcr;11 ~O\lrce~" 
length· of .the fibre _is sumcielit, the lalter shOUld like'coRltar', 'PVC' pitch lInd 'coal'. Mesoph;)se 
then becqnstrained to lake up the ~ilmo dcformR.pitch is nothing hut the liquid crystal stille of pitch 
(;on as the mal rixover the greater part .of their hellted to temperatures abov~ 350". rt;~ I hen mel/. 
length a.nd thus effectively reinforce mafrlx. Cnr'hoh spun, Ihermoset and cnrbonised at tempernll/res of 

fib . f· 1500·3000"a.a. . ' ..' or graphite, I re rein arced compo~itelij)r6vide an . -
eq~jvalentr.tilTneS$lOsleel for only 'one-fifth of the . . The other polymeric precursor materials include 
Olasit lind hviCe.the stilTness of aluininitim. for onlv lignin', polyVinyl alcohol g, p-polypropylcnc 0, roJ y_ 
balrthe m;iss. With tbese properlies, carbon· fibre phenylenc10, phellolhc;'{urnine thermo·;'!r rc~;n lind II 

reinforced' plastics· find exten~;ve applications In cured nC)volllc phenolic resirl u , polyimide~' t, pil~h 
.... 
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t. ll'lflt1,N <:llf1M. ~fl(': •• vnl.. 1.1"\(, ~IAf1f:!I 19!1? 

or p{llyvinyl chloride l ' elc AHempts ore IIlsn 
b~ingn:ported for mokinr. cnrbon flhre direelly 
fromh yel rocRrbon~\ t. . 

" AllhoughthcAO high perfort.I1,llIce :lIId spcc.illlily 
tlhre~ are coiled by the generic IeI'm cllrboll,liurcs, 
two types of such, "carhon ond grllphitc fihres", 
depending on the heot Ireollll~lIt lemperatllres hnve 
been ide:l1litle(! : 

1~l'p(! T, Carbo" fibre', Wcll defined grllphi(e 
'/flgh Modllfll,~' struclure with 99,9',"., CllIUull 

content is oiJluillcd IVhen 
tibn:s are heated III 2000', 
(Tensile slrength 200,]011 
x IO· p~i ; Youngs modu, 

,Ius : ~5-tiO x 10 ft psi), 

1)IP(' u: Carboll fihre, The gra pililc ery~tlll!; which 
• IIlgla-Strength' lire nol well defillcd ... nd 

wil h 90·98'~, carbon (:011-
tent arc forillcd whc·1l Ii brcs 
are helll Ireated to 12lle)". 
(Tensile strength 35(1·450 
x lOll psi; Youllgs illod 1\-

Ius: 35-40 'X 10" psi). 

Ar high temperalures I he order of graph it i/.ul ion 
in carbon layers, incren~e~ and approaches ide:i1 
grllphite slr\ll.:ture. The layers glide down alltl Ihe 
slrength decreases, 

(h) C(1I/.""icrttin" nut! I{ro,:lIIfI:lllil'l1 '\(In 
pywlysis Ihe Ilhrcs are carhllll17Cd uptn IIlfl'l 11,,,lrr 

tcn,ion,n-,". The temion i~l(1 hI' inercII<;';;,! {"I' 

higher tcniperalllrc, 17~()', \(J thnl 1111 of('n~i()I' ;,1 
30I'~,:, tllkes pl;lcc" alld (i\H{\ wilh rIIodll!!! ,r 
SOx 10 ft psi areobtRillcd. 

Disadvanlllges of Ilti~j PIIlCCSS arc: 
(i), It givc~ (I le,w curbonizalion ; low YldoJ I)! 

curbun fibre and lukc~ long lilnc for Ihi" 
The theMet iClI I weighl loss i II I he pi occ~~ 
of cllroonizulion i~ S5':(,; but in pr"qic(: 
lite weight losses ure 70-90;,:,. " 

(ii), The, cro~s'section is not of a rq;uliH ,lillI''' 
bull.ig I,j\~". " 

(iii). Stretching at hi/!h ICll1peralUrc~ at 2250 
illvolves high energy requiremC:III illid 

thcrefore uneconomical. 
The developmenl or carbon iihrcs f(OIIl p()ly'~ .', 

acrylonilrile fibres al low temperalllrcs \Ia!. led 1(. 
replacement of cnrbon fibres from c("lIl1ll.~e, 

2,3. Po/yal'fy/onUri/e (PAN) 
2,3.1, One 0(, Ihe lllo~1 sllccc';,flli (11(;1: 11 1 ~"r 

Illuteriah for lilallufnclllring hi~h ll1odulll'> ;11111 Ili(:11 
orienlation cillbon fibres is PAN, II ltii'!!l1l ali, 
carhon bllcldn'ne and ~i\'e,\ greater yid.t', <.1' l'lilholl 

I han CCllll\Il~C, II sl ahilt~c\ whtn healed I" ,'fln no 
in oxygen, The chl'nli~try of lite: rtaClion, III 1'.\f'1 
pyrolysis arc well studied OInt! dot:III1lCIlIC:d'·· ' •. 

The first ~\Iccessflll fllaiclialll~cd for lite prodllc- 2,3,l. USI' o( ('I'III"""r/I,'rs: MO.,l COIIIIIl<:IL'IHI 

tiol1 ofCllrbon fi.bres ifi c.:l11l\05e in ils origilltll PAN libre prcci.Jl'~o(s for carbon fihres 1'011111111 

'1.2. Cr/lulM(, 

form as well as, in Ihe regcnerated form, It was CllfllOllomcrs, slIch as lIlelhyl acryillte (lite 11 ... ·'1 
EdisllO (18HO) who developed carbon lilaillellts widely lI~cd). methylfllclhucrylalc and villyl ilccl,llC 
(rolll cellulose forincalldescl:1l1 lalnps, Thl~ tillile elc. Thesc IIrc copolymcril,cd wilh llcrylllllit(ile In 
Iellgth of cellulo~c in ilH lliitivI: fornl hil:; h:d In Ihe increase Ih(: ~(\llIbilily ol'.\he C()'POIYIlI~( ill various 
<Icvc\ClpOlent nfregencrutl'll ccllulo~l: or rllyoll wilh :'lllvt:llh ,lIdl liS 1)1\·11-', nM,\C, lIil(I,' jit'l,j I'll', 

Illlprove!1 physiculllnd IIH:c1lllllical prurellies' ."1 ", SnlHll illIlOlInls of (lldinic 1I10ilOJll~'r, ill I: P"~" 
'1'" 1I .rld" 0 111. 'I' I 111'1,1,' I' I WI I. included, u~llall\llllonll willi II nClltud 1I11'IlIJIlICr, III 

ullo I ' ,IIC n CIHflCI 011 II C 'C II ny. J t> inlhc cl\rOOnis8tioll of cellulose precursors. They enhunce dycllhility, Although Ihc(\[I~li(,dly I Itt:: 

prop ed Ii It 'l 1 cl un' I ( r .Ile' IV" strenglh IIlld mndulus of curbl)jl libl'l", 1',hCd "" 
PAN hOflll"polYI1lIH shlluld lie high, ,<'>lIIPnOfllCh os mu IS IIge 11 C I Iloll lJ COl CI - -

sion of cellulose 10, carbon. The Iibre 1Illderguct. . phy~icaillod chemicill chunges dllring the Ilellling<,lire'lI.fi:~Wr()f elise ,of ~~rllcess,illg alld St)lubililY· 11th 
." cycle froni 100'_10 the fiulIl slll"e nfcltrboni1,lIlion; cOlllofioi/lcr cOJ)lel!ll~ us high liS 15',\.111 llie 1('~llk 

700 to \{K.}O', ' grnde PAN whii'i: .. il i~, (I'X. f'lr carhofl, Ii bl'':,), 
\lIformulion is ~(lInIY ,regllrdilW, the C'lr~t,t, 01 

(u) Pyrofy,fis: oxidario/l : 
I)f Slage (i). l·hYbicnl dCborplinll 

(25-1 ~Il"). 

wUle( 

Sta~c (ii), 

SIIIIl'" (iii), 

SIIl~O (iv). 

Dehydrulloll from IltijUl:(:1I1 tJ illlt! 

011 groups of celluh)se uuit 
(I 50-24CI'), 
Thel'J\lul c1clI\'ugc tlf (he i:ydil: 
Ilnkllge Hlld bcissklll of C· .. 0 bOllds 
and bOl1le C .. C bllollti viu Ircl~ 
flldical rcudiolls (240-400') leadillg 
10 forllluliull of C, CO lind CO, elt:. 

A!o!lIl\ti~l:Ilion u( above 4Ut} und 
forlllation of fused ring or Iilddcr 
structure6. 

COIliOIlOlller~ Jllritlg 'the' curhOllil.Ulioll (If i' t\t,~ 
libn's. Filtc."r IIrlll hit\i:o·v\;or,k('r~·o-"" halT 11I1I1l.f 
Ihut lhe oplimum C(lIll":lI\1)lrl'Cf~,(!n.IIICIlI ilfnllll,l .1'", I~ 
bCllcliciul for \lIllh l(!lsil., ~Irenglh and 11111(\1111,:; "I. 
C-tl Ilfes. -

2,3.'3, 1'1 .. ' JI(IICI',Hc'J: lhe :.IC'p~ Ihid k'lIl I .. 
grupililil.Utioll of 1'/\ N iibrcs <lie (,I) ,,'Idatioll, 

(b) carhnlli/,lIlioH Ililli (.:) grllphiliollillilo 
'flle!: tibr~:, ,irC glvcU II ~trcl<;h lId'lIt: IIHoy itte 

lIxitiised IIlId qcli~rtlilt 7tl,ll1l'I', nlC illig .:1()~ljfC 
lllke!; pille.: "I· Ii l(:lIlp"l'atllre "I' 1110,2:11 k"dlnji. I,'. 
thernHllly stahle polymer. N(~.\I ~\Ilg(' i~ ",lfill/ililil' 
lion ill inr.rt alllli)Sphl:I{', from )1)().!I',lj" I "Itik",,;! 

linn und cll}s~'lillkilig lakcb pl,II:!! Wllh Ii!, ,'!I,IIII'" 

lion'of hydlot!en cYUllitle, HllllliOll1U IIlId ,1, • .\1'1 ;.1,'; 



I 

I 

II 

forlllatioll . of hexligonal, pos~ibly nronllltk, 
~IrllClllrcs. Boyond '100' uplo 1000' fibres slill COIt­

luin 7"{,'of llilrogcllllllfholllo hydrogen bllt Ihe type 
of physiclllnnd chclI1icirl bondillg is 1101 known. At 
150() curb!)" !'brcs of high !;Ircllglh lire formed. 

uplllke. "'hl~S(' clearly :;holV that the carhll\y/ ,,',: 
Illining group Jelinilcly plll),s'J key Il'k ill ;11.11'.· 
cyclislltioll .. T"c~e resulls arc; ~,('ell III t,'rl:I'. I 

oxygen IIP(III;~ wilh (nidatioll ill air 'I' .' J,I) \'.1, •. : 
Coudellc 1I1lt! ()rloll lihrcs ore C(llllPIIICd. WI:<:; 
they are vacl/urn pre-helllcd IIl1d (liell ".~idi·;c\l. 
COl/rlel/e fihre did nol show flllJ-:h dilrrr('n'-',~ I,~' 
o·~ygen uplake hul Orion did. Tlii.'. ,h(lw~ I h:u III 
rhe Cour(cllc librc ihe oxidalioll, lIie ,:\·,:1,.',:1111.'/1 
and ladder slrllelurc fOrl1111tioll5 IIIC :lid;·.J 1,\· rhl' 
carboxyl COl1l01l1)I1lerS during ·\,aClllllli 1'".'11(",( I";.'. 

slagc. 

Grllphiliz.lllioll ill illcrl IItllHlsphcrc Ilikes place 
ut -1800-JOOO" ",ilh the eliminution of ull Ihe 
elemenls olher th.iln cllrboll, Molccillar rc-urrU/lge­
Il1clIl~ lukc plnce giving graphilc cry~Ial slruclure 
resulling ill high IllnJulus fihrcs. 

(a) O.\'i.-i(lfinl/: Examillatioll of these ~Iagcs ill 
deillil rc\'elll Ihe ill1porti11lr.c of oxidalioll slep which 
i~ hI converl thc, IIcrylic polymer into a Ihermally 
stHblr ladder polymer. 

The oxidalion ~itep is a very illlpOrlill1( 011(' ,,\ ir 
produces an oxidi1.Cd polYllIcr sfrucll1re appro.\ ,oo 

111;rlely parallel to the lihre axis wllidl 111".'.' roc' 
regllrded as n lcmplalc for Ihe fOI'Ill:llioll (II' (1li' . .'lIlrd II does not lilldergo chain scissio/l rcaetions 

whell IH~:rtcd stroll)l.h'. Chitin s('i~~il1n :rnu rcraled 
l1Ioleclilar disorienl'"iioll wOlild h:lve catllstr\lphic 
e/rcet 011 Ihe .te~tllre of Ihe resulling cllrhon lihres 
nnd hcm'c 1111 IhCir llIeChlll1il:nl properties. 

The cycl iS31 iOIl by whit'h the 'Iadder P()/YIIH~r is 
formed is the-nrst rC:Iction to occur afrerlhc ncrylic 
pO/YI\ler is he:lteu abo\'e ils second order transit'ion 
lemperature. The increa~cd 1110lecular llIotion· 
1I/I[)\\'5 the adjacent cyllnide grOllp~ II) approach 
ci,)se cnou!(h for renclion looccllr IJdwcen them 
induced by Iheir dipolcs. The new bOlld i~ rormcd 
after·/he migratiOIl of nn electron puir fHIIlI cyanide 
triple bond. [n view of all cfJ'el'live/y greater 
negative chnrge 011 the nilroge.n atoln, further ring 
closurc occllrs wit II c(lfre~rolld ing casco 

UI:l~sie81 postuillted thaI cydisution can also he 
initiated hy the pre~ence of an acidic group which 
may be incorporated liS the dye site. 

.The 11l0q illlporlant type~ of reactions during 
Ihermal treatment of I'A N are 'dehydrogenul ion' 
and ·c)'c/isation'. M11ny investigators suggested the 
courscof reactions in which cyclisalioJl precedes 
dehydrogenation. -, he other possibility is based 
011 the assulI1pl ion thaI especially in I he presence of 
air dchydrogeniltion occllrs prior 10 cyclisi\(ioll. 
From lhc resulls of other authors it can be con­
cluded Ihat cyclisatioll lind dchyllrogenatioll occur 
simul!:lncously. Fitzer and Muller~· frolll the IR 
Ilnd /) fA IlIcasurelllcnl5 fayour the combined' 
llIeChalli~11I wil h dehyd rogenalion prccetl ing eyclisa­
tioll. They conclude that at the elld of cycJi6111ion 
Ihe dehydrogenation is nol complete. 

Watt anti Johnson 08 oxidised Iwo sets of /ib/'es 
- one, terpolymer wilh 95, 4.6 lIlId 0.4 '11101 % of 
8.crylonitrile, methyl aerylaleand vinyl acidic com­
'pound (vinyl acidic compound is added to aei as a 
dye sile); Ihe othcr, (I copolymer with 95.4 and 
4.6·:~ of acrylonitrile and mcthyl acrylale. Wben 
thc)' were oxidised liS such Ihe oxygen uptake with 
limc wali very poor io the cu~e of Ihe second 
without acidic COf11onomer as compared' 10 the 
firsl with acidic cornonomcr. When Ihey wero 
vacuum prehented and then oxiclised, the lirst one 
did nol show any improvemcnt 011 oJlidaliOIl with 
regard to. oxygen uptuke wherca5 Ihe sccOIlI.l 

. copolymer showed 11 marked increllsc in the o~ygclI . 

c;r rholl Ii hrc. ' 

To oblain I/lla/ily maltri"r it is IICI:C.',Silry tli 

cOlllrol Ihis polymcrizatioll through I)xid:rlioll and 
st ahilir.at inn."" o. 

Chemical reactions involved durinR oxidalil)1l 
Rrc: 

( i). 
( ii). 

(i i i). 
(iv), 
(v). 

initiation of nilrile polYflleri7.alioll, 
proplIgation of nitrile polyrncrizali('n. 
oxygcn uplake, 
dehydnlgclHltio/l, and 
minor loss of volatile materials. 

The eliact stnrc(lIre of Ihir; oxidisr.d polY/llcr is 
not clear allh(lugh 101 of work has hel'II c;rrrrcd nllL 
The inrrared speclrtlfl1~' shows the di~;lpp(ilr'l/lCC 
of -C=N -' and formation of --C" N··C"N·· 
conjugated double boods. The din'erlll(iilllh~'l'Ilial 
analysis shows decrea~cd exotlttrm wil h t he [or 111<1-

tion of partially oxidised lillll~ indicating 11"lt Ihe 
stabilization is achieved by oxidalioll (I lid 
cyclir.alion. 

The ~ig!li/icant contribution is due to Shindo'· 
who thougbt Ihat oxidation preceded carhonil:atiolJ. 
Wall, Philips and .Iohl1~onl7 introduced lloe concept 
of holding the lihre under controlled ten~iO/l Juring 
the oxidation stage. This meanl the necc~sil)' 10 
maintain alignment of Ihe original (illlYlller mole­
cules prior to carboniz.ation, IIIIlI thcrefore attain­
men! of truly high strength, high modtllu~ libre~ 
during oxidation itself witholll Hie Ileed for str('tch­
lug during graphitizlIlioll 6tage. 

(II) C(lr/JolI;znt;OIl: After oxidation thc fibre 
is sligbtly reduced in diameter and becoll1e.~ hl.ild. 
Fibres are carbonized ullder load (Iension) "vcr 
many hours to j SOO' 10 drive olr mosl clcmcnts 
other than carbon_ The smalllllolecllies like Nil • 
HeN lind H 80 arc removed and "igh SI rCIIglil 
fibres result. 

(c) Graphili:afioll.' l':M Ilpe I CMboll libres 
the graphiti7.Ulion lemperlltllr.: is u~uilll)' from IHOO 
to 3000· in the pre~ence or argon. Thal! i~ ;,n 
incrcHseiil the prcfcred ori~ntalioll vI' tlte cI;:,la­
Hites with increasing grapilllil:lliull telilper.llllcc 
which ilccounts fot the inc(C'u5cd 1I10tiOIl. 
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I. rr-lOIAN CIlr~1. ~(!C., VOl .• LtX, M.\RCtt t9~'l 

tn ordr.r 10 iml'fClVC Ihe strenglh :H1d modulus (If. 
c.arb(lo nbre~ Morelon and \\'I\IIH t'llrriccl oul 
~rinning ('{ 1'/\ N flhrc~ under cle:", room cOIl(Ii­

ti(',,~ ill orJer 10 minimise the impurities which 
delcr Ihe cnrholllibre properlirs. The~' ~tiplIl;llc:d Ihe 
clea" roolllcolldilion III less Ihnn lOll pilrlides/ft" 
which could be IIchieved using !.IIIIIIlar lIow lillers 
abtl\'C' (he ~pilllling 1011C. .JOhll~lH' and Thofllc· o 
hlive invesl igllled I he fraClure surface of carbol) 
fiures wilh SEM and conclllded Ihal il\lp\lfilic~ ill 
the I'AN precursor wcre the IIwin Cilllse of flaws in 
CIt rhun fi bre. 

SOllie illlc:re~tillg re~curch findillgs have heclI 
reported recenllyH rc\'c;,lillg the production of 
carbon fibres from PAN at low ttlllpcralurcs slIch 
86 60U·900·. In the proce~s il is described lilal the 
resulling ctlrhOIl fibre-Ii posse:~s strcngth wilh m:'lrly 
,wiee: IhC' Icnsile slrength as cOlllpilrcd 10 the 01.<1 
P'(OCCSS in (ltal. (c;:mpcl:i\l.urc r~l1gc. Tht' process 
c(lll~ists <>f giving \'AN lilm.'s a pre-ireall1lent with 
mohcn bC'nl.oi.c:lld.l at 175' and i,,;dylcllc prillI' (0 

(he OJ<idalioll S\Cp .. This i~ rc:lcrred to as 'moddied 
pru~~ess·. E,dlilllsli\'c {lindalllelllal wOlk hil~ 10 he 
dOI1e' before il cOllld lake a .irlll ~Iillldillg I,' rC'placc 
the old method. 

A good IIlIIount or fundamenlal wprk 011 the 
llhpec(r; oJ'.oxidalioll, cnrbOllizaliolllllltJ graphili/.a­
lion ure rcporced aY - u • Tire ~lrllclllrc of 1'/\ N fibre 
is due (0 Bcnucll und Johhson· R • 

. - Thc\york of Rolls Roycchighlightctl a Illllllilcr 

of itj)PM(lIllt aspects as~()cillled wilh Ihe hcat 
IreaUllent stages. 

.--------------~----------
Tilt( t·'l'" 1>1 A 1'1(1 N 01' O"IU'" N 'I~IU K II : ~IIQ\J I( ",' i( "i' 

1~"KN'f~ '1'11 KfJlfl:1I 11",.,1' 'I"<I(A'I'MK",'" 

'J'O.ul,olatuI8 

(h.,I.llon III 70'IOU~ 
IIIr 

100 :.I'lO· 

L!,ui"HII'AliulI /100-'/00· 
tu IIiNI . 
IILllIo;l'here 

Jf;VUlil 

:-'loiHt)illtll rol""liluH at, HI",':I 
tf:,u!*II.IOII IhlHI'I,HR.L" .. u pn\\'ull/.(;,1 

iJ)' HUI:llduH iii-l'on (,\, iiV,id 11",,1111. 
O)"lllt"utJlI nlHl \)): Idld,j'dl '·'·I~I.:~ 
liUIIIJ. t,""Hu h 10 t.1111rll):\lly uti,Ll.! 
J"dd'!1 1;;,IYIIlI.'f. 
(.:ullIlll'llui,',i,,,. lllHt. cH,-i,,·liul\ii;K 
nt.cu:rl~ilr?~f':"~·ll" lhot,liJ\I,"il.IHtiol1 til 
h)'J(I:'WflJ I:) IlllilLu, H.IHIt,lIqlll, n.1I~1 
w,de.r, il'dl lilt' I.UfU1U,lIu."'of 1-1'1."~.\. 
KI)Ult.1, pll:-l~ibly ILnJlfll\t.ll~ fit·f, I;" 
LUrf'li. . 

(0 work 011 pikh ba,cd curhon fibre,. lh~ work on 
pilch librc~ was ~tartcJ in Japal\"-Ill wilelc caJlJllil 

lihrc~ of low modulus .and ~lrcn~1 II were l".r"t!II\·,:<I 
al earlier slllg.es. UIIIllII Carbide h;" pr(,·01II(,:d I'lidi 
ha\ed carbon fihres whidl ilJlPc,r III p,,,,: ." .. 1 
~:(lIllI't!lllor for the I'AN h:lsed (tll<:. lIu"";\'·I. 

il will 1:11<.<: few nlort: )'ear~ for llie pilch b;,'.,:d; 
precursor to hecollle a polclIll.d COllljl':I!!"r I.); 
I'AN fibres. 

I've was olle or Il.e lirsl iol:.rllllj·, 1I1.llnlal Iu/ 
Ihe pil~h based carholl Iiln,~~. OII;;III'w ji",dulrd 
pilch from I've hy hcaling Ih.: laller III 1I111"ji,':1I 

'a(nw~(lhcrc at 400" for .1() 11111\. 'Ilte co'II'''1I Iilo"". 
were melt SPllll frolll I)ltch Wilidl ".,flelld ;Ii I ',II 

illld Ilirned illlo viscous liquid al ;'(110 '\1''''' t,,,," 
I'Ve'G, coal 1.11·&0 and (;",,1"' af~ II"·,, '" ·d.ir/,/,,. 

/\Iillerillis for pilch ha:.cd cal [}(Ill Id'll"'. 

The Uni'.lfl Carbide inllll.,lc.I II,,: 1' .. ·.""'" ,,/ 
pitch hased carholl lihrc~ b)' . jllln;""""'I~;' I': "'.' 
'wherein coal WI' pilch i, Illildc 1I'l' •• , '"'11'.,01 "I !i .. 
I've pildl. III IlIi\ pr<ll:l'~'~ ,'oalli.1 I,ill" " I.,.LI, ,i 
10 a slage ttl' e"IIITfliug PII.-.il pall h / ••. , iiil''''! 
crystal Of IIH~soph;,~e ~lilll; willl:1I " ..... ,0/. "'"'' 
Jlyro/)'~i, bClweCIl J50·5(10". 1:1'1'1111 I he II.C'.,:".:. ·.V. 

the fihres arc Ilidl Spltll alld Cillb'lIli/':.t .III.' ),1:'1'11" 

tized ~lIhseqll';lIlly. The ~.(fIlCI'IIC ,,( '''>:'.":;/,,, : 
frolll cicdroll 'lIil:foglaph:; .(lhl' I'l\l 1>it:/III,,, .. i II,,' 
anisol fOPIC IIll~s(lpl,asc,; forllled III ".,"" 'I'" I ,,' I', d 
'pitch hy thaI Ircatllieili a. ·IUIl) ;llId Ihe 1I00'.Io' I ,,' 
tilt: II«uid cr)i~lal'lIl::;llphilsc w'lIich L.'I,.,I·.I, "~I 
pJannar pofyarc.'lIla(ic: Ilio/ccllk,,·'· .11,' 1111,·,..··.1"'" 

Mesopha~e ~pli\:ruk!; 011<: r,IIIII.:d hy 011";(;1110'11 ,.:' 

poly cOIHkllscd .11'011'1<11,..: hyJlo! .. ,111"'11', "I"'i!:. 

l;ullellae '11Id hy aCClIlltulalioll III '''Yd., '." II", 
uln:.l"Y have high onkr ill ,h,~ 111"·.1,1'"" .,' .1 .. ··, 
whell drawn ill ~lIl'h a :,Iagt Illl' lill,c., "''''1' .. 10,,':' 
Young'!,I,\(.dlllus. 

l.lllillll ("lIl>jdl~ 11""1'1:1<:<:01 III till' 1".111.,'1 1/:,,'11/,1 

Iyl'-= I', Th"llh'l ~(I .111.1 Tholl 11 ... 1 lilil .. 11", 

:,1;\,1:1;.1 r,T,'IH Icf'.:I':",·.:··. '111:,' ,,,dl'li, II, ..... 1, '. 

fib,c I'fPdUl'l11l11 Ir'.JlII ,.,":i! Ih,.Hq·I, ,iI,: ;" ". < ., 

~olvlIl'I:;I;. I i'l II<: Lie. I II Ii • ./ cu.d. I I" JI" I •.. ". 

of c"i11 l,iV .. tI",·" 1IIIIIing .Illd 'l'llllg " i," I",. 

po I,"kr. [I I'; ":\11 <I(l<:d WIIIl 1".1110'''' ,',,: 
hCII/.elle 11I •• lIlvbl,·. JOOr/IUIi h h,·.,:,o/ .11 ... 1{, 

1()"illlillllpl,,'.I,~U . '1 hI:, Lllillilill .. 'I \ I"., , .. ' ,' •. 

j-I'jltj,·,t 'itlll {)i,lll.tlil 7'~'J .,itl("J 

1(1'11.161111 ;.,I)IIW lq dllln"Jl."j"it 

thu typu til I'lJjtiil:.d/dh·IIlI'~I~1 
IlollctIIlK·l" Hill knJWII. 

(lilch. 1{,'liIlCd plldl III i(s 11"':'''101,.; •. : .. ",. , 

'";"~Pllll. 0.\ III I/.,:d • l:.IIL".>llll.:,) ;H.d '.11 .,,;. '.: 'I·,i ". 
,. 'In prudll':t~· ... 1l It"'1 lilllc_,. I iI,< ""'"1''''' .. " 

II r, .... \1 i~I ... tll>ll 
lu ·I.t"'~ 
.·~'1l0·1·II/~rd 

It.OO· 
IillliJ - ;lOCO· 

Cllrbtl1' litou l)'p'.1 11. 
EllIllllI,\lItIU III nil JII,.I.HIIIILI .. tilll, 
llLlI. l.arl'l'lI. 

~ltllt'l·tlll.r ft.1·"rI"'"KIIUhll·l~ HI\'lllij 
ur..,ldtu I'r)' 0 11,1 "1'''''1''16. (Iarbolt 
Illtrll tYI'8 I. 

fA. 0//1", p.rt'cunor.t fur ('MIII",.tilJl/·J 

The ~eurdl for II pr;:<~\Ir:;nr Ih.1I i~ cheap ill Cu~1 
IIlld ubundilill in IIvailahrfll}' hll:. bc\:o til<; rr.quirc· 
lIlent fOf cllrh()n tibce., ill IlUllICrtlm ilpl>/\:illlllllio. 

IIcc~;IUSt of {lint: cOIl~id,~rali"'Il' it pro\'id..:J impcllI:i 

Ihe PAN _lIld pitd. hi,,~d ,'arb"I' i.l.,,·. ·.i,.·,· ,i, 

Ille lalkf iH.l~~':'S illf.:ri"r 1(lhd" .'I,.-,,!;I, Ii .. 
Ille rC:;lIl1:. I(~pllrlcd by 11.11:""";' 1 .. :,i"II, ,!.,. 
lighl Ilil 11.( 11I'IPIIlYCIIlC,iI ni :.1":' •• ,(.11' ',:. 

willt PAN I'a,,:d ,:ildh)11 1IIIl,::. Li ,i"o: .• , '" 

litrllclund ILIW:, l'O~1 WI!,,:. lil,' ",d".;, I.h·: 
pilch ~ho\V Ull edge un;r (lie 1',\1'1 h.I·'·'i "'. 
libre~ ... [ flJ (If high '.tlclIglli ;IIi.; III!'I. I 

carbon litHe!; f,olll ['AN e,y;1 ::;;i\ II> (.. 'I!' d. 
while 11i,,1 of eadlllil lib,,;.,," fr.lIll pll"'l .,: , "'"/,;' 
rahle: ~lrl!lIglh itlld IIIUd'.till:, ,·C,··,I'" IIlIi .. < •. '1. !I' 

Wilh Ihe illl:n::.~.: in I'rddul:li')/l lit .. d',.1 ;, .. ;, ,I 
(·lllliedIlWlI. "'Il<~ pilch litHe, h.IVC .111.1./<1,:.1 " .1;. "~,: ,. 

or hllljng ~Hl·,I.; of )'Idd \)t' ,alfb,\jl d!, ,','1111 l' II , ,., ":1 ,:, 

'.1 
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PAN which h(l~ onlv 50':; I1l1d hold Rood Jlroll1i~c 
fll, futllre /I~ pl'ecur;or~ for enr""" f1brc~. 

The pr'.lce~<;cs for manllfuctllrc (If (IIrholl lihre.~; 
froll1thc thlee IHeclrrsors--cclllll,,·;r. PAN lind pitl'h 
lire Iherclore v('ry int('rc~ti/1g. -

2.~. iJ.·I·clnpmrnl (~r .Witll"',' l"rt'"r.wIJ al ('I,IU 

At:rylollitrile lind its cl'('olvl1\us IIrl.' (ound II.' he 
heltcr·l'rl.'t:m~ors be(,:lllsr. il( their IIlIiqlle pI'~f'crty to 
form /a'.Idrr type or ~Irtlcl\if"r- ::lId hir,h cnrl'nll yield. 
In the I<':~lilc !:lrade PAN-tile Crllllllllom,'r cnfllenl i~ 
high which is not adnlnt:I/ll'('I/' for carh'.HI /ibn's 
for etlfl1Jlt.<;itcs~ Ia. The prodllctiol1 ~lf spcri,oI grllde 
PAN fibre is controlled hv ~c\'cral international 
patcnls;.Ind i~ n dosely g'''lrdcd ~('crc( hy (he fibre 
mllnllflldtlrers. 1IC'1l(,{' it is ncc('<;snry (0 develop 
a suitnnit- method fM the developmcnt of acrylic 
cop{lI.l'l1Icr~ with more Ihlll1 90'\~ J1<;rylonilrilc wilh 
vl1riOIl~ CotnNlOlllers. 

ThC'. preSl'ncc or ·ot;vgen l'olllaining 111001lll11CrS i/1 
thr C(llwh"l1crs of ",'-N fncilililte (1"id:lli~1I1 nnd 
\'arhoni/.ali{lll, I-Icnc(' 11 \';1ri('( \' or c(lr(llymers 
('0111:1 ill il1l'. )., ~'''., C0l1101l0l11CrS wcre prrp;lIcd : 

(aL 1'1lIyauylonilrilc-co-llIclh) I :1L'1yl;llc, 
(h). PflIY[1crylollilrile·('o·hntyl acrylate:. 
(c). l'olyacrylllllilrilr·co-villyII'Yrloliun,\(!, 
(d), l'oIY:H:rylon ii ri le-('CH'i nyl-acc/ale, 
(e). 1'(11 y:icij' lOll i( ri Ic-c~l-rl1cl h)' I 111:1 I aacry laIc. 

Using labornlory devices thr~c p(IIYl11crs were 
le~ted ((If (heir spillllahi/ilv :lnd earhnni7.aii(111 
ch;lr;H(eri~IlCs anu 'n' has heC'1I identified liS n 
po(cntiaf Cilllllidatc. 

J, Fibrr spinning 

3_1. The spinning of thc I'AN copolymcrs can be 
done hy both wet and dry spinning pHlce~sc~. In 
the 'wet spinning' the copolymer is dis~()I\'eJ in a 
suitable !;(Ilvent such as OM F, D MSO, DMAC or 
l1i(ric '1/;1(1 and spun (hrough (he corrcsponding 
dilul.c ... ~.llItion 01 the ~olvellt in WilIer illld slIbse­
quenlly ~lIhjec(ed to washing and ~tretching. In (he. 
'dry bpinning' process, the copolymer is di~solved 
ill solvenlr. ~lJch as DMF or DMAC lind hoI nir is 
blown through the fibres cmerging from (he spinnc­
rclle foce (0 remove the solvents. The solidified 
fibres are (hen subjected 10 further st,elching nefofc 
being collected on frames. An improved form of 
weI spinning of a_crylic libres is (0 hold thc spinncr­
etlc -one COl above I he coagulation bath. This met hod 

: called 'dry jet wet spillning' produced more oriented 
. 'and compact :.tructure". 

Fund amental studies ~uch as C(fec( of coagulalion 
bnth (emperature, molecular weight of the copo­
lymer and additives on the II1cchalllcnl propertiell of 
precursor (PAN fibre) have heen c:!Tried out a( 
CLRf besides spinning fibres for carhoni7.niioll. 
The polymers madc were ciraracterir.ed by UPC, 
viscosity. elemental analy~is and X-raydilrraclion 
methods and the spinning conditionlo Wl',C fixed for 
each polymer depending on (he ~(llubility lind 
molecular weight using a mcchanicnl spinning 

_ ,~ssembly (Fourne, West Gcrmany). 

-> ... 

~.2. tlll'ct nf ctlor,III,}lfr'l/ ht1l11 fOllf)r/tt/lIr" 

The (emperl1l.urr. of th,. CII~'!""Hli"'1 l>:,lil ":11'. 
\'Miet! ('rom If) In Sf) :1\10.1 Ihr 1I11nillllilti lihr'~ 
brt:HkllgC" flllt! hetlcr me,:lifwi,:nl I'flll'UI Ie' \\'~tr 
ohtnincd"' wh(1I (fie cn:lf'.lIllItiotl h,,-Ih 1"1111" !i!IIII( 

Wll~ low. 

------_._--_._---_. __ ._._---_._.-........ ---... -
Jr,lfJfHCl' nJl HATH 'rJt:'-'t'nn ..... ·rllRr. I)~: I f: :-",:f:,,--:,,!l '.: .. f 

II Uti'" "p, n .. " 

61. 11.1.1, H~r",.,'h Pr"','\lrlloT I ::1 • )'. ~ . 1 (if:'" 

Nfl, t"nlp. r~tI" ·(~t x io' il Y Ill' T,~·\. "- I' 'I 
on pnl pol ",.{ ~ ,.\ ! 

t. 10 I : H qr, 1.~ 110 I': 

!I. ?ll I : 11 7(, 011 (1"1 1'1 

:l. ~o I : /I (,{ o.Q (;q 

3.3. Eifert (If II/olecul(/r weight 

1'.1' 

Varinfion !-If 11()lymcr molecular weighl ;IIld I he: 
Congcqllept di~lrihlJtiol1 by r.h:lllge of the pnfylllri i-
7.at ion (emperll! lIre wn~ stlld ied. The pol \ ll1e r'·_­
wcre [llwlpetl by vi~l'()<;il~' :1nd (il'C. 'r ht' (ii'( 
data clrarly ;lIdio::rlrt! Ihc JlflrrllW Il1Il/rclIl;1( ,,,·il'.I)1 

di~lrib\lli('11 f(.I' Ihc IIIW 1.t:ll1pcraltlrr POh"i"" :illd 
sprcndil1g of l1lolce1llar weight:11 higher IClllpcr;l-

J1Ire,e o , EfTect of I11lliccl1f:lr \l'eif',hf~. 011 fihrr l'l'n· 
rerlies isnl~o \'cry striking, 

V'f-CO!\I'rV ANn GPU ANAI.V.''';' 01' 'I'1IK l'or.v~'J(/"~ 
rRltr~IIr;f) A1' Dp'I'IfR!(N1' TR~'I'I("-~TI.'nll.C 

RI. No. .I·"IYlllnt VI.c".i~.r '·:Inl.h·" vr,llIlIl" 

1. 1" . 2.r,h ;'11 

9. I' • I. 9iJ f, r~r. r}~,r .. ! H 

8. 1', 1.10 fll, f'fl.' V 
4. p. O.!I/j il'l. r,r.,f'O.~ 

FlpJ'Rrl' 01' MOJ.ItC1.J1,,,"R WnHlH'( ON FI8RII I'ROrRI!TlK~ 

8t' No. Polymer St'ol,cli DI~moiN T.n. x 10' ~rodlll,," 
",tlo pot x 10'((1<1) 

I. 
2. 
3. 
1. 
Ii. 

p. 1: 10 )fl 7.~ 1.0'1 
P, 1 : B III 64 J.I ~ 
1'. I : G ~~ flO 1.1(1 

((, 0.80 
~!I 0.60 

\' I: fj \!r. • P, 1: Ii ',/9 

I'ROPRRl'lRS 01' I'Atl-CO-,\IA 01' D'I'I'RR/tN1' 
MOI.geu'.AR WR'GIIT~ 

I'oiy - JntriuRlo l~llItloll ~r,.,;IOlUnl P(ccur,or C.rboll fiure 
mOl VIACOAlty votumo ,,,llluillty 'r.s:x·-~i x lti~ .. :i''-H, x--.i·l-x iO'i 

P, 

" • l' , 
I' 4 

('I) dill! rnt 10' p~I r~i 10' 1',1 1,,1 

~.M>O [il l~.H Gfl.GG I.OA 101 ~o·.n 
1.005 1i0, lIO.ft, 09 19.0 01.G6 O.~OI 110 14.!1~ 
J,I10 In, f,O. 61/ 'l~.O ·19.60 0.7:.!O 'l.~ I".' I) 
O.U~ r,2', ~G, -n.a OO.8A O.iR" 100 IIJ.OO 

60.11 

3.4 LfTrr.1 11/ (/ddilil'l's. W/I'('IIIS f/c:. {III /ihr"/,rlll'l'fli!'J 

Muxillllllll COIKclltr,ltion'·6 o f the polymer ill 
(he \lopc is prcfcrrcu 10 minimise Ihe \'\)Jth ill Ihe 
libres, 'which arcgcneraJly Jrllwn rrorp SOlu11I.l1I of 

,32$ 
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low d')re conc.cnlrill.ion~, To (ufili'nte th~ ·;"ioo­
ing rH'('t;~~~('~ conditiow, lib,: dCI1('rl1lioll, otlll'i(1I', 
;nctcilsC' i fJ~o1id C(llllcnl. (J '\1'1: \' i~co<il y mOlt i fi('.,.~ 
lil;(' an'l (lr alb'l \CC(llldarv :tmin(l "vdrllcl1ll'rjlfe.~ 
h"vc be.l:l1· mad~ u~e I)f- t. The cOliglllfilion hUIIl 
cOlI\i.,g of DMF and wala ttt vuryll13 proportion 
nrtd Ihe' optimum concenlrnlion hll~ been lixed 01 
50'X, DMF·wulrr. 

WeI spinning is II threc componenl sy .. t(~1ll of 
polymer, solvent Ilnd non-solvenl in. wh icll I W() 

IransiliOllh, namely gelalion lind phase scparation. 
occur. Kinetically. gelalion is no doubl a slow 
process cOlllpJrc:d 10 phusc separation blll it is not 
ulwllYs po!.siblc to Je~igll condilions so lhat the 
phl\~e ~eparut iOIl could be preceded by gelnt iOIl. 
However, gelution rute is sensitive to teilipernillre. 
Iherlllni hislory and udditivcs. I\. few stlldie!; on 
Ihe elfect of additive,s (0 IlroulI.::e gelalion during 
spinning were carried 0111". For lhis pllrpo~e. a 
non-soll'enl and It gelling IIgenl - an inorgallic COlli" 

pound _. are IIlIlUe usc 01. TheefTccl of tlte,c .. "<iiti­
\les produced illlerc!Slilig r('~ufrs Oil the ,;,.n';~-scdi"n 
of libre~. nol n:porled earlier. All Ihe Spillllillg 
cOlluitions . being Ihe~afllc, the cross-se';li,'1I or the 
lib,.,: is 'b~lIn' shllpt'J when an orgallil: ull"itive is 
udded. Whcn lUI inorganic addillvc is added. the 
cross'&eclioll is ulrtro-r ·round'. S,III ... • is Ihe case 
in lhe cusco[ udditiOIl or 1I0fl·sol\'l~lIt ilud wilhoul 
uny addilivc·~. Looking lit the 1l\l~ChallicOlI pro­
patles··· or lhe iihre, Ihc tensile strength and 
Youllg's modulus arc lIlillililUIl1 WhCl1 all "rganie 
uJdilive IS aJdeJ aud nlllxillllllil when an inorganic 
·ad,ltli,''': is aJded. III tile case of IIlJn-sl;l\'cnt alld 
without uuditivc, the values IIrc II I III 0:.( Ihe :;am.:. 
When n mixtllre of .tll rhe ildditivcs is added. 1.lh~ 
lelJsrle. slrcngth and IIwdul'us, arc lklillitdy rn()ll~ 
IlIuli Ihoscubtailled withouf ;jll)' additil't: lilld ill 
Ihe p,.c.~ellce of lIoll-solvent. alld an orgullic 
udditive. 

The rOlllld ~hajle of th¢ lib,," is dill! to the 
dl'krcn.:e III Ji/TuslOlI 01 Sll!VCUI anu nUII-~fllyelll 
throllg" tit.: sl!lillifi<!u Skill or th.:: libre aflcr 
cu;,glliatioillilld'';l.hc'r,il': ilt which such diirusioli 
l\CGlin. A~inlliar ·~'ittiatioll Iias:.b.::.:n .::m:uunlcrc"·· 
ill tlte ca~c wh':l1 lIel or ucelit· aeid or oxaliC 
acid i~ uuJ.::.I 10 lh.: "pillilillg 'balh Whl~ll~b)' lhe;: 
fJU ()f Illetipinning bath v;Hic~ t/Olll 2.] to l. Whcll 
'lhe pH of Ihe b'llh ~lJllltillll I~; It;,~ Ilran )" lll~, libn: 
Ullilllh:d . bellll ~1(UClllre \l'hl'n~il:; at· pli:·.,i.'.'it \l'a:. 
(CIUlld. All illll!lIlpl W'l~ iliad.: III .sludy tit.: <::frect 
or pil of· lit.: Jupc ,01UllOli ilnd II was found lil;11 

wllell' an orgufllc additive i~ ad,kd Ihe ,.I I i; 'I: 15 
where Ille b,:u/j ~r\ilpC<l cr(J~s·~e'·lil)1I "I thl' Jii>,(, 
w.\s ob~ef\c:J.u. ":--r 

WheU..lIll inorganic additive I~ addeJ Ihe cro~,,· 
~cdiullal shlipe ib {ounJ al the I'll Il.lJ6 alld ill tlte 
CdSC ·of nou·solvent. lite pH of DMF (used for 
lHlI.krng JOpCSOIUlioll)is II.S~' These villues ~lIow 
tlcui'ly Ihill tht: cro!.s-~cnillflal ~ltiiPC of the lihrc 
is lIqll:.llucnl 011 the pll or the L>MI' wllltioll lI\cd 
lor prepuiillg Ih~ polymer ullpe. 'Whell il IS '''~IJIC 
il b b~illi shup~d ;wd whell-·it ilo bilsiI.: or nelltral il 
.i~ round hh~Il~c:d. 
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P"f I' f( (' Of n " "U Jl f '1' '.')( ~~ ()!. 'r I' It, I' I~ fl J' 't I' or f ~ ~ 
,,~. ,. A 1.< - CO - :,1..\. 

Aclllltiv. CDIlr.nll· r':I,ollq.- T,f1. y. IDf ;.f 1)(, 'II 'I" t..l h' \' '. 'If 

LrAlloli t.J,," p!!..l " 10' tI.ll Ii ~,\ n 

':f. I,", 1,,1 

A, (OCRolllc) 0.6-6 r,,7 ~(I,ar) 0.11 11f'~1i 

A.(loorg&111,,) 0.1-~ .,9 4IJ,~~ I.~ J1(IIII,<1 

A ,IUOU-bolv6111) 0.1-1 0,7 11(.17 0,7 H'II'" 11 
O(wlt1.out. 
.dtltllv41;'j 1l,Il :lIl,'i~ 0./0 1(11111.11 

~1(lUlxlur6 'of 
'. all o.dtllllv",) (,,7 .U.lltj I,W I!~ a I, 

I'll VAI.(Jl\~ 01' 11~H' AN" AIIIJI'rIVIt Bo'.IIT'''''' 
t:loluLloli 

1J~l1<' 
DM J' + 1':(, w.io( 
lj~ll~'+ b6-'ir,'X-, wf\lec 
D\n'+Urg'il,j~ .,,11, 
n ~t I" ·i~ T 1IC)',.p." Ie 6n II 

I'll 

11.7 
II.~ 

~.I,', 

J L'J., 

The ,(rdch hath,; mainly l:I)II~I:,IC,j '"~ ". ,,\0:1 

Water acts iI'; pla~lic.izn dUl'illg ',lr,:Il.'i'I",', .,111:,. 
libre. Wilit the hyuropl\(1\llc r<':/,III"i(>:1 ,.; (i l(' !,!t;" 

it mighl b.: ,"rprising 1(1 ,,~c pla',jici:,IIl[! ,1'.:11,", ,,; 

water. IItl\ OllCt" rree. \'Oitlll}" h;I" 1),:,'1\ ,'r",II,,f i,' 

Sll'ilill or tClllperillui"~ tn ,!I I 011' rIlU;",..'; ,,: \\,,1,1 

into the libre. il ilcts a.', ,trollg pL1',1 \C'IiI'I;' ,I,." I';, 

I'la~(icizall')11 here is nlt':llIt 10 1I .. 'IIl>l<.: .]<','(,;1',,' Ii' 

the resistalll'e Dr the lihrl~ I() all itnl'()"~""II';·. ,.; I':: 
the liqllid walei'. I'fa:.lici/.<llillli h ,:{O' ,1'-11, ,I I., .".IIilr 

eXlellt b~' till: liillkl:lIl.lr \'1.I1111111! ;lIld .IIi"';" 1, .. '11, '"I 
or the 'Iiquid, It':m:c, 10 111':1<:01',\' 1'1.,'''''.'1';111,,'; 

some ,unOIlIlI or UtvIF.i~ aisli .. dd;:d III ,\',d,', III fl .. : 
slrl!lell balh:" .. Htt:r lit.; Ii 1111.' p,"'"." 1I.,."li·i, 11..' 
~Irddl balhs. thl~ I.>lvl,; UIIlI'~1I1 in Il,,' 1;1,;,,: I', '."f, 

~idaai/ly n:dul.'l'u bllt Ihc lill,,' 1".11". I'""""" 1'.1"', 
illg over to I he godd hCilla. IIII' Ii 1<,,' "Ii ,ll'I/:",' , 

'col/apse pr()cr~s, till' pIHOU~ natllre: \,f I ii, ,:' .. ,,, ,', 
o:iilllillat.:d "no the Ihlnlll' slrlll:llIl~ \'. .ill 1 •. '01,;.'.','1 

evident. Thi~ is iutlucllccd by till' IIIO"lill" l:,'o/ll, ,,' 

ill thc libr,~, lernperlltlln~ III thl' g(ldc::1 I,,·,lid ,111\1 

limc 01 contact ut' Iltt Illrre, 

COlisiderahk eilllrt~ were 1'"1 rUlllllII 1I,,"~I:'o'C 
'thi: .Iibre properties hy "1~I"gillJ:!. (lie:. ,.n:.:; ,I Ill'" "I 

'~rjilllli"g alid a ,'iLl'Olld !;t',igC Illli ,,11,'1,1111,,' .:1", " 

Ill, 

N ... 

I. 
~, 

II. 

•• 
~, 

II. 
7, 
B. 
!l. 

((I. (r'.rl'll)) 
II, (IIvl~"J 
u. (lI.di<lll) 
1M, (Jto("\lI~,,) 

1'1. r .. 
'JIJ ,r' 
II!.',!:, 
IA,r, 

1'/.0 

IU 'J.I. 

I'J,1 J 
H 
III 
lU 

'l'e;I' i I,,~ '·11111 'K t I. 
t( 10' l!;. I, 

;j , ~, 

I'.J I '; 

}ill,:1 \ 

I! 't. iJ 

IU~ .. , . 
1111\ .'{'. 
it/i 1(;' 

ll.:i.td 
It'.! IJ 
hll,U 

',Ii {I 

ur..(J 
;)'/. 'I'J ----_._----------_ ..... -_ .. 

j " 

I'·.:. 

I I':' 

1'1 
, I 

l:, j 

'/' , 



Ii,,' .. j 

'r: 
,}. 

i· 

.',' .. 

'r-

100" lIsing differenl ~Irctch hnlhs ~cplIl'nrcl}'. The 
fihr(' properties improved (lnd ill ecrtnill coscr. 
{'~r('lfed even O\'C'r Ih(' ;mpnrt('cl /lhrc.~. 

perclltlll1CQUR fcnd~, def1/nl':ll1d ;'.'Illt j'lll,hllh. I h,-
1i10s1 slriking SIlCCC~S or 1l10llnli'liie c:':'''Oll i.: ". !"'. 
ved with It~ apr1icnlif1n :1~ he;.rt \'011 r: "!llllpn;;,'''!'. 

The nl1i~oliopic rorm of pnlYlllri ir CM hlf} Ii ,;,'" 
cnn he npplicd for rl"plncclIlC'111 ,,( lillfllll~I"~" ~pd 
Icndnn~. The infrriflr \'01';(/\' ,,(' cfld"'n li""",ri',d 
Iheir II~'~ ;11 rhe: mallllfil(:r,,~(' nr ,,',lI!': "'''.'.!'. 1,\ .•. 
hndminton lind /c'l1ni'; l·il,·'1"""'. ~''''I! ,·,,,1,.. ./: i 
,.ncilll~ hir.v'·k~. 

Snlll(' of (he nt)rc~ hov(' hecn cnrbolliT.ed lit In '0" 
Illld Ihe rropcrlie~ of such Cllr"(111 fibrcs nrc CO/ll­

pnrllble 10 l!lO~e Ohllll~l~d frolll imporled PAN 
finres IIl1der ~Imr/nr c0ncJIIIOII~. . 

----------------.. ------~ 
l'I\Clrl[/('riR~ ", (l\lll.np,: FI"nrt~ "'"'/., (Jr.ftl I'/ll{':l!"~,,t\.'. 

1'1. T~""". ~h'1)"Rlh ~JO(ll1l,,' C"'''OI1 T/~I'l 
No. " IP' (f"'i) >( 10' ,,,ol) 
I. 40.77 1.9(1 
~. "7.M' n.nl1 
.q. 1l2.7') ; . l.r.t: 
I. r.~·nr.-·'r 1.0 I 
r,. (i9.70. 10.711 
n. 70.!lO IR.MI 
7. 7(i.BO 1 ~.P(J 
fl. 77.70 10.11 
9. flO. f,n Ill.! r. 

10. i).lO·, lR.OJ 
11. !l4.~0 Ifl.N) 
Ill. !lRl.O 10.0(1 
18. 100.00 ~O.?o 
H. IOU. fO,'lo 
Jr,. 171,.~ --'A'l,,)!,; 
Ir.. Ill,J.n I!I.I n 

/l11.li 

5. 

C/lIOIlll IIhrc, Cjlll hr prn<iJlf:rd II' :' ~I'''''c.,~" ,': 

Will'S f[oll1 11 \'l1ri("'.' of qllrliTlH IIIPI,'/ i ,1. ;'!l.: ,'c.' 
clllirnclr.r j.; :'lr()I1~;i}' illnl.l(,:l·:::d I,·, I!,c iiI:!::',!:.. I;:, 

ing Icchlliql/('~ clllpln)'cd. I he drl1;;/II,j (,oJ.::" 1:,. 

libres is growing .1pncc, OOIi! ill tr:rTlI, "I' 'I";lr"i:', 
I1l1d are:1 of applicnUon. COII\tlll1j1lj'l/1 ,e .. iln<'I'I!'. 

IIround 4'iO tOI1Il('~I.V(,;tr illncn~i/lg ;11 "1'f'I'I'.;!)!;!!.":'. 
50 pCI' CCllt pC'r yell 1' • .,hCI','(J/ld 111:1,)."1 ;'. lit.,,! ... I .. 

rench IOno to"IlC~/ycllr in 1(IIjI.iP :11,(1 (',. I'!' 
spects thenceforth look ('Ixt/cIllch· ;:'.'n"· '. (". 
tinllcd development in aero',p'lel' ;jU" II,oil!.I, ,.:/ " 

ill likely 10 push .11111f11r/ prodlli:fj"" 1'."I"""IiI"'!" 
lIpto ~everlll I hOIiSII lid t nn lies. Prnr/ I/cl j"" :. , .. ,' I' I".: 

Considerable il1lPHl\'clIlcnl cOlllanc :lchicvcd 
hy reducing Ihe- diameter or Ihe prccl/rsor fibres 
dlJring Ihc SCC(ll1d sta1!c or hn( drawing :t~ \\'c/l as 
spinning l/l1qcr c.fc:ln rool/l COlic! i! ions. 

I1fninl.v ill Ihrec Cotllt/ric!;. vito Japnn, f.'S.\ "lid 1.1 ;, 

wi!1I 010 per cent world OU(rut (rf1ll) fl.'.;!\. 

India Ind:IY r:I/lI-;., fore-IIl"'f :towns:: lit.' dl'\~'f"i' 
inlt COUll/ric!;· ill rc~ill proc/odinn. f Illrc! ",<"'. 
phcllolic lIIl1trlding powder w;,/\ tlit: "fill' 1':1 ... 

Itlnlerial ""fllc ill India. Telbv. we hn\'f.· ":\'el:t! 
ullits fol' Ihe production of v;'/riQlIs typcs of "Ia" .,',: 
such liS polyelhylenc, Po/ycsler, nyloll ('fl'. Af 
prescl1( a Il1l'ge scalc IIlili~a!ioll of Ihc~c p/aqil,:\ all~ .. 
cllvis:Jgc<l for thc produclion of compo';ifes. If " 
illlper:tl i ve that the chemists a lid tech IlOln!, i\! ~ 
~hou/d jointly ventllre! for new ;'I'plicntinll "r rt:;n-

4. Applle.alions of ('arhon flhrl.' rrinforrl.'d JlIARtl~1I 
-

There- ;·enlllins. no douht, Ihat carholt fibre rein­
forced polYl1lcn (CP'RP) wilh (heir exlrcmely !ligh 
stiffllrs~and low den~ily will replace mc(als ill /11os/ 
future applicalions where wright slJving is Ihe "will 
gua/. The only problem is tll;tl manufac(uring of 
cnrs fro lit Inclal h highly raliolluli,.cd in indus(ria­
lized counlries, \\'hercns the prese/JI production 
mel hods of composiles f:till ClItlses high I/lbour 
COSls. Carbon fibre is availuulc ill the market in 
different forms. such as ·mal~. tapes, Iree fibre in a 
low, chop strand mats, fellS, springs etc. The receol 
applications of CFRP are in Ihe aeroplanes and 
aerospace vehicles. The composite technology 
olrers therefore a great chance for deVeloping COun­
lries wilh high labour capncily. 

. forced plastics for vH·riOIl.~ applicatin,,~. 1/ j,. th~ 
chemist's parI 10· develop suitable P"('I:III :,01 
materials and llie lechnologisls par( 10 design 
suitable processes for the production of carbOIl 
fibres fOr various applicntions. 
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In buman surgery also, carbon fibre reinforced 
compO'Sile will play an impo/'(Ilrif role jll fulure. 
Rone plales in olileosynthesi6~'-". Ilre one example 
hecAuse oflbe p056ihilily (0 lltilor Ihe Incchlln;clIl 
properties and Ihus (0 malch the special /lore! COil­

trol/ed by tbe elastic behaviour of bOlles. In eA~e 
of CFRP 'as material for lools in . surgery, one 
ulilises the addilional advAnlage Ihlll neither carbo/) 
nor polymers absorb X-rays and improved X-ray 
images can be laken iN situ during operation. .The 
isolropic form or polymeric carboll. the . glossy 
carbon, is a cOtrosion resisls", impervious material. 
This malerial is u~ed in h umun medicine bccau6c 
of its outslanding bio~ompatibili(y, ItS clectrode~, 
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llld. Ho •. I".t. I{YII."R. No. IV. In·l. 

J. I •. W,il·rH. ,~""'.par.o H .... o'l. NI. 1'. H. '0(1'I4 IUhO .0'. 
I 1!)'{1 

H. J;.\l''-'~. J'hll. ''/'rll''" U. ~'fJr.. l~tI,.;,o". JV':iO, ,.\l\l4, t) ... :. 

J. Il~. f\1l'1 ~'r, H Ii. «(JllfHI)UlI,1 ':tlUl.lllllnk"t1uIIJ. 

OAN(;'''' H .... I>Ht\KUISIlN.~N. I\:. '1'. ,III~K.·U Ilpd \1. 
S.\N·rA.~·v .... I'llP()( prt),Jefl1.etl at i·~M,il)II .. 1 f;elllll"i( flf! 

Now rl1du~lrial !'olyltlol,.,. AG tlqlli.,ti&, ~I!tdf.", l~hJ 
( .. \I U""r-.:t·;A HA UH.\l(l/.If>II>:'\N. 1\. 'I'. Jl1';hl'll ,'\lld ,\1 

BI\.!'t·rA .... 'A. (,~tllh~,. ,';Ct., tIll i'r(l~'!). 
,/,1', \('''IIISflN, 1'ut. lit .•. J,. )(11;1. J4. ~I:;:I. 
N. ,/U:II(I'II, A. Ie ~ltJ"TII\', 1<' '[' . .111.,'1"11 .,,01 {I 

H,MAt .. A,·I'U\l;, l'Ui-'l:r I'rl1dl'litnd iiL Ild.'rll:\llllplj,j 

BPll1Hlril1llf\ 011 '!'if;W ifrnul.iMH in IJ(;lywllf hdllllf·t, 1101,,1 

I:C"Ylllor AI'I,ll'l4l1"II.'. "B,l'A". 1·.'iIO. 
N. J",u"Il, A. 1\' ~I""'rll\,. Ii.. T .. III.,lt'" ..... 1 \/, 

SA l"T.\ ""A, .1, i1!,h:r(:tlhll. I)·n. C/lel",. (lu prb, ... ), 
tl. ,1",,"1:" .• ~_ 1<' ~[I'I<'I'''\', j: 'I'. "".o;HI'1I a .. J ~" 

[HN·(AI'rA. r •• of/h" S"'. I!I"I, lX. I'/'i . 
V. tiH,uUH hUel H. (iIlC:ciI{a. /",UeriOf,,(h 'l't:.dlltt!duu.J.., 

1 !Hi~JI 20. nu. 
Heolll<fl:h I.'mjc.t 1)1. V<l I iliA. I'.JiIWrl~11' C"", 1''''1'1",:,,1 

b)1 dnfU\1I11 q,H'fIIlUl!"'lll t\\lFT. 
II. HU.'ljl'I"MANN, 'J'lIn·Jill,. t.:UI\'€'ll"I,,'; ul t\4r1"'ld./J, \·'Ie,"\' 

flf\fllll .. I •. y, 1 ~"I~I 
t·;. l"n'l.l(J~, \V, {Ii.lf'j'lutu II, ,1'Jtj~,I".)' "-HIt f. ';I.t.Y.." 

ftlpri;ll , I·UI. I;illlni,d ~:(;,d, Ujl C"dI\JlI, "1:1111 "j,.ill 

Ulilvur:1it.y, 1\1':11,)1, :,1) 
I'; M. 'el\I!WI N, .';I •• IL J,,'I~, .. ,,·), W'IlJ, J, H. 

. .t#Il' 

·J1~;ft)it~ 


