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Carbon Fibres®
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The improvement in mechanical propertics of

o materials has  been  pencrally  centered  on
steength,  With isofropic materials like many
metals only” strength can be improved ;

and organic polymers both strength and modulus
can be. varicd -by changing prefered oricntation,
With depletion of niatural mincral sources it is
necessary -to develop suitable alternative materials
for various . structural applications essentially to
replace” metals. -
phite has.made it a suitable substitute for  Struc-
tural materials with the n(lcmlnm advantage of
light-weight.
L. Carbon and Graphite

The cherists and technolopists, therefore, have
tried various precursor materials for the production
of carbon or graphite essentially for high tempera-
ture reactors, gas turbines, hiph specd acrospace
vehicles, ete.  The predominant factor holding
further development is the limitation imposcd by
the mechanical and physical propertics of currently
available materials pacticularly for usc at high
temperatures*. . The chrm'(nry nature and chemical

iner(iness of carbon Hag proved valuable in . applica- |

tions such as insulators, packing maltcerials, catalyst

supports, _
cnvironments "ctc. In- recent years an entirely new

use, has emerged for carbon fibres-as an ablative

'mn(crlnl (o resist very high temperatures developed
into the c.\r(hs-

on.re-cntry ‘of. space vchlclcs
atmosphere.. _

1.2 " Composites

‘The -most recent - use for the carbon fibre re-

“inforced plastics (CFRP) or oven metals is in_the

preparation of composites of exceptionally lugh
specific stifness -and ‘:lrcng(h The basic concept
of fibré reinforcement?® is the praduction. of a two

‘phase. composltc structurse in which deformation of

the matrix is used to transferstresses by -means “of
shear ‘tractions at the fibre matrix ibterfuce to the

embedded  high-: strength fibres,
length - of the fibre .is sufficient, the lalter should

-then be constrained (o take up thre samo dcforma-

tion ‘as thc matrix over the greater part.of their
length and thus efMectively reinforce matrix. Carbon
or -graphite_fibre reinforced composites prov:dc an

cquivalent stiffness to steel for only one-fifth of “the ..
: hgnm' polyvinyl alcohol®, p- polypropylenc®, poly-

* phenylenet®, phénol hexamine thermosef resin and u
'curcd novoluc plicnolic resin®?, pol)mudcs" pitch

masy. and twice-the stiffness of aluminium. for only
balf the mass.” With these propertics, carbon’ fibre

'~_remf0tccd plas(lcs find - cﬂcnmve applvc.n(uons in .

on.the -
“other hand willi'anisotropic malcrials like graphite

“ment-oc carbonisation.

The strength and modulus of gra- .

nitrile and - other polymeric materials.
‘the suitability of matcerials for the production. of

clectrical heating clements for special

" lo operate betwecn moleciles, whereas in colinlose

‘are the pitch fibres.
Provided . the from Mcqopllmc piteh derived from several sources -

various vital hcldc such as acrospace, upricultire,
apot(s cn{unccrmg. medicine cte.

2. . Precuranes for Cavhaon Fibren

2.1 The pyrolytic decompaosition of organic pely-
mers provides a useful. method of prcparing spavin
types arid physical forms of carbon. In ‘many
cases the shape or physical form of the orpanic
precursor is retained during high temperature treat-
This principle has heen
applied “extensively in the preparation of carbon

fibres from fibres of ccllutose, rayon, poly-acivio
In pencral,

carbon fibres should satisfy the following, hasic

Lrequirements ¢

a. The fAbrous form should be retained on
pyrolysis, i.e. the material must not meit or
deform when heated, :

h. The carbon skclcton should he o
being readily changed iiate two dimensiohal
graphite structure, and

c. The pyrolysis shonld (ake p!:sc-:
appreciable foss of volatile  carhan com
pounds.

These requirements arc salisficd by celfulang?

and cross-linkable polymers such ay polyvacivio.
nitrile (PAN).  The reason® for theic hieh mieltiny
temperatures is that relatively stroag intersioleeniae
forces . inhibit. molecular motion.  However, 1h:
cause’ of these forces arc different in-the two poby
mers«~PAN and cellulose.  Tn PAN, highiv pol
cyanide groups causc strong dipaole- (ll[\t‘u forees

(;HM:;.:{

et

the repeat unit, AD(-)-glucose unit, is a ll‘i_’{l,\ﬁLIRi_L‘.
alcohol, so that the intermolecular forces rosnllade.
from hydrogen  boading interactions helween
hydroxyl groups and adjacent molecular chiting,- -

The other potential candidate with promising
prospects, both'in price as well as in performance,
The pitch fibres are niclt spun

like ‘coal tar’, ‘PVC’ pitch and ‘coal’. Mesophasc

~piteh is nothing but the liquid crystal state of pitch
“heated to temperatures above 350",

{t is then melt,
spun, thermosct and, cnrbomscd at tcmpcmturrx of

1500-3000° %8, . ,

“The other polymcnc prccursor matcrnls include

_¢-Adliarya:J. 0, Ukiosh Momorial Locturo (1071) dollvorod uudor tho ouup(oea ‘of ﬂxs Indion Ohomloslbwlo.y om ATth - .

Dboambor. 1081 ot Modros.
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of polyviny! chloride!® ete.  Attempts arc also
being reported for.mnkinp_- cnrbon fibre divectly
from hydrocarbons® .

. Athough thess high perfotmunce and speciality |

fibres are called. by the generic term carbon fibres,
two types of such -*carbon “and graphite fibres',
depending on the heat treatment temperatures have
been identified : ' N
“T'ype I. Carbon fibre, Well defined  graphite
‘Migh Modulus' structure with 99.9% carbon
content is obtained when
fibres are heated to 2000°.
(Vensile strength 200-300
LT x 10% psi; Youngs modu-
us @ 55-60 x 100 psi).

Type H. Carbon fibre, The graphite crystuls which

‘High-Strength’ are not well defined and
with 90-98%, carbou con-
tent are formed when fibres
are hent treated to (2007,
(Tensile strength 350-450
x 10# psiy Youugs imadu-
fus : 35-40 % 10% psi).

At high temperatures the order of graphitization

in carbon layers. increases and approaches ideal
graphite structure,  The tayers glide down and ihe
strength decreases.

2.2. Cellulose

The lirst successful muterial used for (he produc-
tion of curbon fibres is cellulose in its originul
form as well as.in the regenerated form. It was
Edison (1880) who developed  carbon liliments
from cellulose for incandescent lamps. ‘The finite
length of cellulose in its native form has fed to the
developrient of regencruted celhulose or rnyon with
improved physical and mechanical properties! 07",

Tang and Bacont? curried out much useful work
in the carbonisation of cellutose precursors. They
proposed a multistuge mechanism for the conver-
sion of cellulose to carbon. The libre undergoes

physical ‘and chemical changes during the heating.

cycle from 1007 to the final stage of carbonization ;
700 to 1000°,

(@)  Pyrolysis : oxidation : .
Stage (i). Physical desocption  of  water
(25-150"). -
Stuge (ii). Dehydration from adjucent toand
O~ groups of  cellulose uit
(150-240).
Stage (iii). Thermul cleayuge of the cyclic
. linkage snd scission of C- O bonds
and some C-C bonds viu free
radical reuctions (240-4007) leading
, to formation of C, CO uwnd CO, cte.
Stage (iv). Atomatisation at above 400 und
formation of fused ring or ludder
structures. .

m | -
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(hy  Carbonization and graghittzation AMter -

pycolysis the fibres ure carbonized upto 100D 1ler
lensiont”-%%. The tension is to be incrensed for
higher teniperature, 2750°, sa that nn extension 5f
1 N h
009 wkes place*® and filsres with  modute
' ‘ ’ '
50 % 108 psi are-obtained.

Disadvantages of thiy process are .
(i), Tgives a low carbonization ; low yiehl o

carbon fibre and takes Jong tivoe for this,
The theoreticul weighit Toss in the process
of carbonization is S5 but in praclice
the weight losses are 70-90%, ’

(i), “The cross-section is not of a regulier shape
bul zig zag**. -

(iii).  Stretching at high temperatures at 225G
involves high cnergy requirement and
therefore uneconomical.

The development of carbon fibres from poly. -

acrylonitrife fibres at low temperatures has led (o
replacement of carbon fibres from cellutose.

2.3, Polyacrylonitrile {(PAN)

2.3.1. One of the maost successiul  precisor
materials for manutacturing high modulus and ligh
orientation catbon fibres is PAN. s wn adl
carbon bickbone and gives greater yields of varbon
than cellulose. 1t stabilises when heated to Mo 220
in oxygen. The chemistry of the reactions in PAMN
pyrolysis arc well st adicd wnd documented e’

2.3.2. Use of comonomers :  Most commercial

PAN fibre precursors for carbon fibres  contin
comonomers, such as methyl acrylute (the most
widely used), methyl methacrylate and vinyl aceluic
cte. Fhese ure copolymerized with acrylonitrile ta
increase the solubitity ol the co-polymer in various
solvents such as DME, DMAC, niteie acnd ete
Small wmonnts  of olefinic monomers afd often
included, usually along with a neutral monomer, 1o
enhance dyeability. Although thearetically  the
strength and modulus of carbon fibres busesd on
PAN homupolymer should be bigh, comonomets
_ Tor ense of processing and solubiby. Pl
“comaidiner content is us high as 13% in the eatife
. grade PAN while. il is 0% for carbon  fibwes

laformation is sCunty repurding.. the ey ol

comonomers during he carbanization of AN

fibres.  Fitzer und his co-workers*o=n* have lavnd
. ‘ ‘o 5.

that the opticau comonoines

sontent around Yo

benelicinl for buth tensile strength and wodulus o,

C-fibres, 4
233, The processes © The ateps that lead to
graphitization of PAN fibres are (4} vodation,

(b) carbouization andd () graphitization.

‘The libres are given u streich belore they e
oxidised amd eyclised at T0-100°,  The iy closwie
lukes pluce Wl w temperature of 100-220 Jeading to
thermully stable polymer. Nest stage is carhonizue
(ion in inert atmosphere from 300- na Cenderns
tion und cross-linking takes place with the chana
tionrof hydrogen cyanide, amuionia wudd Wwater aded

o]
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foration  -of  hexagonal, possibly  aromatic,
structures.  Beyond 700" upto 1000 fibres still con-
tuin 7¢ of nitrogen wnd*some hydrogen but the type
of physical and chemiciet bonding is not known. At
1500  carbon fibres of“high strength are formed.

Geaphitization in jnert atmosphere takes place
at ~1800-3000° with the climination of all the
elements other than cacbon.  Moleculur re-arrange-
‘ments tuke place giving graphite crystal structure
resulting in high modulus fibres.

{a) Owxidation ;  Examination of these stages in
detail reveanl the importance of éxidation step which
is o convert the, acrylic polymer into a thermally
stable ladder polymer,

It does not underga chain scission reactions
when heated strongly.  Chain scission.and related

molecular disorientation would have catastrophic

cllect on the texture of the resulting carbon fibres
and hence an their mechanical properties.

The cyclisafion by which the ladder polymer is

formed is the tirst reaction (o occur after the acrylic
polymer is beated above its sccond order tragsition
temperatute. The increased molcculnr  motion-
allows the adjacent cyanide proups (o approach
close enough for reaction to occur hetween them
induced by their dipoles.  The new bond is formed
alter-the migration of an electron puiv from cyanide
In view of an cllectively greater
negative charge on the nitrogen atom, (urther ring
closure occurs with corresponding casc,

Grassic®! postulated that cyclisation can also be
initiated by the presence of an acidic group which
may be incorporated as the dye site. :

The most important types of reactions during
thermal trcatment of PAN are *dehydrogenation’
and ‘cyclisation’. Many investigators suggested the
coursc -of reactions in which cyclisation precedes
dehydrogenation. ‘The other possibility is based

-on the assumption that especially in the presence of

air dchydrogenation occurs prior (o cyclisation.
From the results of other authors it can be con-
cluded that cyclisation and dehydrogenation occur
simultancously, Fitzer and Muller®® from the IR
and DIA measurements fayour
mechanism with dehydrogenation preceding cyclisa-
They conclude that at the end of cyclisation
the dehydrogenation is not complete.

Walt and Johnson®® oxidised two sets of fibres

.~ one, terpolymer with 95, 4.6 and 0.4 ‘'mol % of

acrylonitrile, methyl acrylate and vinyl acidic com-
pound (vinyl acidic compound is added to aci as a
dye site) 3 the other, # copolymer with 95.4 and
4.6% of acrylonitrile and methy! acrylate, When
they were oxidised as such the oxygen uplake with
time was very poor in the case of the sccond
without acidic comonomer as compared to the
first with acidic comonomer. When they wero
vacuum preheated and then oxidised, the first onc
did not show any immprovemcnt on oxidation with
regard (o oxygen upluke whereas the - second

_copolymer showed a marked increasc in the oxygen

the combined -

uptake. These clearly show that the carhovyl Con
tnining group dJefinilely plays a key rofe in andie.
cyclisation. " These tesults are scen in
oxygen uptake with oxidation in wir ut )2
Courtelle and Orlon libres wre compurcd. Whes
they are vacuum pre-heated and then  oxidised,
Courtelle libre did
oxygen uptake but Orlon did. This shows that in
the Courtelle libre the oxidation, the cyehisation
and ladder structure formations are aided by (he
carboxyl comonomers during -vacunm prehenting
stiage. :

The oxidation step is a very important one as it
produces an oxidized polymer structure approxi-

e

mately parallel to the fibre axis which may he-

regarded as a template for the formation of oriented
carbon fibre. i

To obtain quality material it is nccessury (o
control this polymerization through oxidation and
stabilization®¥.n0,

Chemical reactions involved
are :

(i). initiation of uitrile polymerization,

(ii). propagation of nitrile polymerization,

(iii). oxygea uptake,

(iv). dchydrogenation, and

(v). minor loss of volatile matcrials.

The exact structure of this oxidised polymer iy
ot clear although lot of work has been carricd out.
The infrared spectrum®* shows the disappearance
of —C=N = and formation of --C= N- C::N -
conjugated double bonds. The diffcrential thermal
analysis shows decreased exotherm with the {orma-
tion of partially oxidised lilms indicating that the
stabilization is achieved by oxidation and
cyclization. '

The significant coutribution is duc to Shindo?*
who thought that oxidation preceded carbonization.
Watt, Philips and Johnson®* introduced the concept
of holding the libre under controlled tension during
the oxidation stage. This meant the necessity 1o
maintain alignment of the original folymer mole-
cules prior to -carbonization, and therefore attain-
ment of (ruly high strenpgth, high modulus fibres
during oxidation itself without the need for streteh-
ing during graphitization stage.

(h) Carbonization :  After oxidation the fibre
is slightly reduced in diameter and becomes black.
Fibres are carbonized under load (tension) over
many hours to I500° to drive off most clements
other than carbon.  The small molecules like NH,,
HCN and H;0 are removed and high strength
fibres result.

(c) Graphitization :  Lor lype | carbon fibres
the graphitization temperature is usually from 1800
to 3000" in the presence of argon. There is an
increase i the prelered orientation ol the crysta-
lites with increasing  graphiization  temperatuce
which accounts for the incressed motioa,

during oxidation

323
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{n orderto improve the strength and modulus of
carbon fibres Moreton and Watt?® carricd  out
spinning of PAN fibres under clean room condi-
tions in order to minimise the impurities which
deter the carbon fibre properties. They stipuliated the
clecan room condition to less than 100 pacticles/{t?
which could be achicved using Laminar low filters
above (he spinning zone., Johnson and Thorne®®
have investigated the fructure surfnce of carbon
fibres with SEM and concluded that impurities in
the PAN precursor were the main cause of luws in
carbon fibre, :

Some interesting research lindings have been
reported recently®® revealing the production  of
carbon fibres from PAN at low temperatures such
a5 600-900°,  In the process it is described that the
resulting carbon libres possess strength with nearly
twice the tensile strength as compured to the old
process in that temperature range. ‘The process
consists of giving PAN fibies a pre-treatment with
molten benzoiciacid at 7% and acetylenc prior (o
the oxidation step. . This is releered to as ‘modilied
prucess’,  Exhaustive fundamental work has to be
done belore it could take a tiroy standing to repluce
the old method.

A good amount of fundamental work on the
anpects ol oxidation, carbonization and graphitiza-
tion ace reported®¥=¢5, The structure of PAN (ibre
is due (o Benuet and Johhsont®,

“* The work of Rolls Roycc highlighted a number
of important aspects associated with  the heuat
treatment stuges,

THK FORMATION O GARBON Pruri : SKQUKNCI i
R NTS Tawousi HRAT TREATMRENT

Proocsss Tomporatnre Kvont
Oxldution fn 70-100° Moluoular rolncablon nt gluas
ale R Leans L don tomnpeiabuvy provantod
by Buewting iibwon o Figid fron,
160 24u* Uychmation aod vy idatinng rea-
. tioon, bud g to thoemably ati bl
Jadder polyaer.
Cuebonieation  300-700° Condnisintion wud crod-dnkii:g
tu tneet roath A it the ebitsiuation ol
atmosphere e cyuhiide, amsaonie nnd
. water, and the tartnation of hosa
gonal, pos-ibly ncomntle dircoe- -
L tures. .
RV Fitned setd oondarn 7% adto R

the Gy po ol pliysicalfchembon
bondbug ls vot keowii,

: . . 1000° Curbon tibes Ly g 4L,
Cieaphitication  1800-3060°  Ihandnattanu of whl sbonisnts oihor
htery < vt tiachon.

wiiaowplisre Motoculnt rowrsnngminoat giviny
geapbito cryainl etractuce, Usrbon
fibro Lype 1.

-

“2d. her precursors for carbon fibies

The search lor a precursor that s cheap in cost
and ubundant in availabibity has been the cequive:
ment for ecarhbon fibres su numerouy apphications,
Because of theat conviderations it provided Tmpetus

EY U
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to work on pifch based carbon fibres. The wnrk on

pitch fibres was started in Japan* ™= *% where carbon

fibres of low modulus and strength were produced

at carlier stages, Union Carbide has produced puck

based carbon fibres which appear (o pose an

competitor {or the PAN based one. However,

it will take lew more years for the pitch bansed .,
precursor to becoime w polential competdor tog”
PAN fibres.

PYC was onc of the lirst starting material fos
the piteh based carbon fibres.  Otan*Y produoced
pich from PVC by heating the Litter 10 mirogen
“atmosphiere at 400° for 30 nn. The cabon Tibyee
were melt spun from pitch which softead o 150
and turned into viscous Liquid at 200 Apat fron
PYCe, coal tart® and coul®' acd tsed wn stirtine
materds {or pitch bused carbon hibrew,

The Union Carbide improved the posnon o
pitch based ciarbon libres by “intraducog: o pro -
‘wherein coal e prteh is made use of s of i,
PYC pitch. o this process coal tar patchi v Licatd
to a stage of converting piteh partly (o . Piigine!
crystal or mesophase stite which
pyrolysis between 350-5007 From the mesonia-e,
the fibres are melt spun and carbonized and praplie
tized subsequently, The strnctare of pcaoniig
{eom clectron micrographs (the FM pactuies of the
anisotropre mesophases formed i voteopn peod
‘pitch by that trcatment at 400 ) and the model o
the Liquid crystal mesophase  which  conami, o
plannar polyaromatic wolecules®® are intere-ting
Mesophase sphicrules ace Tonmed by orentuwn of
poly condensed  wromutic hydiocabons abey
tnellae wand by accumulition we Jayers i tlies
already have high order in the meoplia.w i
when drawn in such o stage the e posece bagh
Young's modulus.

[RISCRRTS IS NRN P

Union Carbide i placed i the ovarber el

type 1, Fharel S0 and Thovoel 00 a5
sevead recenurctarcnces that oothne ine i
libre production from coul through the o o

solvalyse luquetachion ol coul. Fhe pie o
ol coul wvolves nalling wad sioving a0 a0
powdee. b s exttacted  with bonzews at o
beuzene innobible portion v howtod a0 ow
O i uptonddt T his contama oo e Lo

Cpsteh Refined pateli sn ils wieanpdia e oo o

t Lospun, oxidized, carbonized
gea sand scias by dvogesThit o

ot o :|-€'- HO

1o produce varbon fibees.  Ehe Coonpan ot
the PAN wad pitch based vaebon o wivee e
the Tulter posseas inlerior teasde stieagl fioe,
the resultn peported by Bacoa™ vecsainy ot
light on the smprovement ol st « o 1o
with PAN based carbon ntues by cioge o0 -
structural laws  Cost wine, the caibon nit.
pitch show un edyge over the PARL baeg oo,
fibres -1 b of high strenpth wod Lt o, o
carbon fibres trom PAN cost $35,1b . 17 b
while that of carbon fibrey Trow puch ol o
rable strength and modaluy cout®r gy
With the dncrease in production te coal oo o
comedown, Thie piteh libees have winadded o e
ol huvipg 80 ol yield ol curbon wy connpan b wr

»
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PAN which hasonly 504 and hold good promise
for Tuture ns precursors for carhon fibres,

The processes for manufoacture of carbon fibres
from the three precursors—cellulase, PAN and pitch
nre therelore very interesting. )

2.5, Develapment of suitable precursors at CLRI

Acrylonitrile and its copolviners nre found to be

- better precursors beeause of their unigue property to

form ladder type of structire znd hiph carbon vield.
In the textile grade PAN-the comnnomer contenl is
high which is not advantageous {or carbon fibres
for composites*®™. The production of specinl grade
PAN fibre is confrolled by several international
patents and.is a closely guarded secret hy the flibre
manufucturers. Hence it is necessary to develop
a suitnble method for the development of acrylic
copolyirers with more than 900 acryloniteile with
VATIONUS comonomers. ’
The presence of -dxygen containing monomers in
the copelvmers of PAN facilitate oxidation and
carbonization,  Heace a varicty of “copolymers
containing -1, comonamers were preparved .

(al.
{b).

Polyacrylonitrile-ca-methyl acrylate,
Polyacrylonitrile-co-butvl acrylate,

(c). Polyaceylonitrile-co-vinyl pyrrolidone,
(d). Polyvacrylonitrile-co-vinyf acelaic,
(e}). Polyacivlonitrile-co-methyl mataacryfate,

Using laboratory devices these polymers were
tested for their spinnability  and  carbonization
characteristics and ‘a” has been idetilied as a
potential candidate.

3. Fibre spinning

3.1. The spinning of the PAN copolymers can be
done by both wet and dry spinning processe:. In
the ‘wet spinning’ the copolymer is dissolved in a
suitable salvent such as DM, DMSO, DMAC or

nitric wexd and spun - through the corresponding

dilute <ointion of the solvent in waler and subse-
quently subjected to washing and stretching. " In the
‘dry spinning’ process, the copolymer is dissolved
in solvents such us DMF or DMAC and hot air is
blown through the fibres cmerging from the spinnc-
rette face to remove the solvents. The solidified
fibres are then subjected to further stictching before
being collected on frames. An improved form of
wet spinning of acrylic fibres is to hold the spinner-
ctte onec cm above the coagulation bath, This method

ccalled ‘dry jet wet spinning’ produced more oriented
“and compact structure®?,

Fundamental studies such as cllect of coagulation
bath temperature, molecular weight of the copo-

‘lymer and additives on the mechanical propertics of -

precursor (PAN fibre) “have been carried out at
CLRI besides spinning (ibres for carbonizalion.
The polymers made were characterized by Gre,
viscosity, clemental analysis and X-ray dilfraction
methods and the spinning conditions wére fixed for
cach polymer depeading on the solubility and
molccular weight using a mechanical spinning
assembly (Fournc, West Germany), -

SANTAPPA ! CARRON FinRgd . .

N2, Efect of coagulation bath temperature

The temperature of the coapntation buth wae
varied from 10 to SO and the ounimum hbee
breakage and better mechanicnl propertics were
obltined *® when the coagulation bath tempornture
was low. :

e pRCT OoF RATH TRAMPRRATURR 022 ] s rctpsan vy

tlarnon Finax

81, Iath  Hiraleh Pracureor Caohen fitpn

Nno tamp. mtle 5 xq0r Uy 0 VA w0 e e
0 paf pl Pt e

1. 10 f:r an 1.4 110 1

2. 2 1:8 0 0n " 1

3. a0 1:8 nl 0.8 ) .

3 Effect of molecular weight

Variation of polymer molecular weight and the
consequept distribution by change of the polymeri-
zation temperature was stadied. The polvinere.
were analysed by viscosity and GPC. The GPC
data clearly indicated the narrow molecular weipht
distribution for the low temperature polyvaee and
spreading of molccular weight at higher tempera-
sture®®e, - Liffeet of motcewlar weipghts on fibre pro-
pertics is-also very striking.

Viscositv AN GPC Anarnyais o¥ Tur Porvaigns
Prrearin AT DIveRrRRNT TRMPHRATIR IS

Al No. Uniymer Viaengily finticn vobumun
I " 966 )
2. r, 1.906 50, H9.5. 1R 3
8., v, - 1.10 R, 00D
4. r, 0.96 49, H6,A0.5

Brerer o MOLRCULAR WRIGHT ON FIBRK PROFRRTIRS

81, No. DPolymer Strelch  Diamolar T8, x 10% Modutus
ratlo : pri x 104 pal)

1. | 1:10 J6 73 1.02

2, P, 1:8 1% 64 319

3, P, 1:6 99 56 110

4, i 1:5 pis W 0.80

h P, 15 93 29 0.60

PROPRRYIRS 0¥ PAN-CO-MA oF IMPFRRRNY
) MorrcurnLar WRIGHTS
Poly- Intriuslo Blution Maximum  Precursor  Carbon fibre
viaconlty volume aolnbility g, x M x 10LT.H. x M x 10*

mer
(n) dllg ml 10 pal pei 10 pab pal
P, 2.560 51 19.14 H8.66 1.0R 10t~ 209
P, 18065 £0,58.5,69 19,0 6168 0506 00 Jenw
P, 1.110 81,00, 60 4220 19.60 0.740 b1 1900
Py 095 0%, 16, 7.0 80.99 0.486 100 10,00
' 60.5 B

P, U, 1, and Iy are prepared al 80, 45, 60 and £0° reapactively,

3.4 Effect of additives, solvents cle. on fibre propertics
~- Maximum concentration®® of the polymer in

~thie dope is preferred to minimise the vords in the

fibres, ‘which are generally drawn fram solulion of

32§
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low dape concentrations,  To fucilitate the spinn-
ing piocesses conditions like descration, extrusion,
increase in solid content, dope viscosity madifiers
like aryl or alkyl secondary amine hyvdrochlorides
have been made use of*t,  The congulation bath
consists of DM and water at varymg proportion
and the optimum concentration hus been fixed ot
50% DMF-water.

Wet spinning is a three component system of
polymer, solvent and non-solvent in .which (wo
transitions, namely gelution sad phase separation,
occur. Kinetically, gelation is no doubt a slow
process compared to phase separation but it is nol
always possible to design conditions so that the
phuse separution could be: preceded by gelation.
However, gelution rate is sensitive to temperature,
thermul history and additives, A f{ew studies on
the etfect of additives (o produce gelation during
spinning were carcied out®t,  fFor this purpose, a
non-solvent and a gelting ngen! - an inorganic cont-
pound - are made use of. The effect of these wdditi-
ves produced interesting results on the cross-section
of tibres not reported earlier. All the spinning
conditions being the same, (he cross-section ol the
fibre is *bean® shuped when an organic additive is
udded. When un inorganic additive is added, the
ccoss-section is ulmost *round’.  Swme is the case
in the case of uddition of von-solvent and without
uny additive*®. Lookiag at the wechanicsl pro-
perties®® ol the ifibre, the tenstle steength  and
Youug's modulus are minimom when an organic
additive s added and maximum when an anorganic
additive is added.  In the ciase of non-solvent and
without additive, the values are almost the sume.
When a mixture of all the additives is added, the
tensile strength and modulus are detinitely morc

than (hosce obtained without any additive ind iu
the presetice of non-solvent and  an  organic
additive,

The round shape of the libre is due to the

ditference 1n dilTuston ot solveat and non-solvent
through  the solidified skin ol the fibre alter
coagulation wnd Fiher rute at which such diilusion
oceurs.  Assimidar sitiiation has.been encountered ot
" the case when HC or acetic acid  or  oxalic
acid s udded 1o the spinning bath whereby the
pH of the spinning bath varies from 2.3 (o 7. Whea

‘the pH of the bath solutivn us less than 3, ; the libre
attamied  bean struciure wherdis al pll £ wits
round.  An attempt wus mmade to stady the effect

of pit ot the dupe solution wnd it was tound  thu
whenan orgamie additive is added the pllis 4715
where the bean Shaped cross-section ol the Jibre
was observed®d, -

When an inorganic additive 1u added the cross-
sectional shipe is round at the pH 1196 and in the
casc ‘ol non-solvent the pH of DMF (used for
nking dope. solution) is 11.5." ‘These vulues show
Clearly that the cross-sectional shape of the libre
is dependent on the pl of the DM solution used
for preparing the polymer dope. "When it s acidic
it is bean shaped and when-iis basic or neutral it
is round shaped.
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B

Frviee oy ADDITIVKE 0% Y0 'rarnp Tian
or PAN-CO=MA

Additive Coueon- Flouga- T.6. % 10* Modalua Yhap of

tratlon tion pad 72 10° tha fitnn
“ ‘N pat

A {ocganic) 0.6-6 6.7 246,40 0.6 Ieat

Ag{inoeganic) 0.1-2 4.9 408.9% 1.2 Hoand

A (nou-solvent) 0.1-1 0.7 8417 0.7 Houud

O(witbout

sdditiven) oo u.6 30,649 0.70 Hound

M (mixture of

all additives) oo 0.7 48.40 1 Hoaw

pH YarLuxs ov DMEP ano Anbitive BoLuTions

Holution pll
DM 1.7
DM 14 watee it.h
LME - 66-15'%, water T8
DM+ Organic solt 40
DM 4 Tuorpante anll §1L4n

vl
vl

!.!»;'v‘

The streteh baths mainly consisted i
Water acts as plasticizer during strerchiong
libre.  With the hydrophiobic repulvion i the
it might be sueprising to see plsticizamg auiioen i

water.  But once {ree volume his been created e
strain or temperators to alfow  entoanee ol waley
into the fibre, it acts an strong pldcrng agd,

Plasticization here is meant (o denole decrai i
the resistitee ol the libre to an imposed
the liquid wiater. Plasticization in poveenad to sotie
extent by the molecutar volume wnd drjrels il
of the hiquid.  tHence, o mwieane plasiisiatnea
some winount ol DME s wlso wddad tooawader o ihe
streteh baths, Altec il libee Haoupie sl
streteh baths, the DM content 1athe hibie vcon
siderably reduced but the libie fook porai s
ing over (o the godet heater, the fitue

St by

Jrasaes

‘collupse process, the porous natuce of the nie o

ehinunated and the porous struciuce oo bonge
evident. This is unthuenced by the imontuee oo
in the libee, temperature of the godet heaic

time ol contact ol the Libre.

Considerable

“the fibre propertics by chunging thic conitien . o
Sypioning and asccond stige or aticicnne e
Prorpxrrins oy OLRE ACuyeic oo e s
i, hwinoter Pensibe slvangtl I
Ho. - < 10% ¢ e,
i, 1.6, R i
4. . S P .
hN 1.0 HIENE! B
[N 18.0 VoL h i
0. .- P04l o
o 1.0 T ST
1. . EUTRI (PR
.8, lu ‘lh 14 h (I
1, - [FRT NIRE
10, (Paresy) 1214 ni) o
Vi A Dotan) 1 o 1
149, {(Haslou)} 14 65h.U v
18, (Horvulen) 1 RYRY! SRR

\lii\'k‘l).'-u' s

REARY]

. . ',‘ . .
citorts were pul fovth o anipiose
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{

1007 using different strefeh baths seporately.  The

fibre propertics improved and in certoin cnscs

excelled even aver the imported fibres.

* Some of the fibres have heen carbonized ut 100"

and the properties of such cnrhon fibres are com-
truble to those obtnined from imported PAN

{i’brcs_undcr similar conditions, '

OLRY Prutcvpsana

Coachon tlald

PROF)ICTIRS o9 Ovrnon Finane rpon
Modnlus

Bl Tanatls atrangth
No. X 10° (pai) x 10 (psl)
1. 40.77 1.94 -
2 AT.np 5.00 n4
s, 61.99%° 166
‘4, 6206~ 1.8¢ -
b. 69.70. 10.79 -
G 70.80 18.61 Y]
7. 76.80 19.08 —
‘A, 77.70 10.11
9, . 80.06 19.16 bt
0. 01,09 18.01 n
AN 8 94,90 10.09
19. 98,60 20,00 h.95
18. 100.00 20.20 L3
14. 1044 L im0 BaLG
1n. 170.4 2095
16, 1810 1918 —

Considerable improvement could he achieved
by teducing the diameter of the precursor fibres
during the second stage of hot drawing as well us

spinning under clean room condifions.

4. Applications of carhon fibre reinforced plnnli?n

There remains, no doubt, that carbon fibre rein-
forced polymers (CFRP) with (heir extremely high
stiffness and low density will replace metals in most
future applications where weight saving is the main
goal.  The only problem.is that manulacturing of
cars from metal is highly rationalized in industria-
lized  countries, wherenas (he present production
methods of composites still causes high labour
€osts. Carbon fibre is availuble . in (he market in
diflerent forms, such as mats, tapes, frec fibre in a
tow, chop strand mats, felts, springs etc. The recen(
applications of CFRP are in the acroplanes and
8crospace vehicles. The composite technology
offers (herefore a great chance for developing coun-
tries with high labour capucity, ’

In buman surgery also, carbon fibre reinforced
composite will play” an important rolc in future.
Rone plates in 0slcosynthesis®t 9% gre one cxample
because of (he possibility to tailor the mechanical
propertics and thus (o match (he special noed con-
trolled by the elastic behaviour of bones. In case
of CFRP g5 material for tools in ‘surgery, one
utilises the additional advantage that ncither carbon
nor pelymers absorb X-rays and improved X-ray
images can be taken i situ during operation. T'he
isotropic form of polyneric carbon, the ‘glossy
carbon, is a corcosion resistant impervious material,

his material is used in human medicine becauge
of its outstanding bio-compatibility, as clectrodes,

JANTAPPA ¢ cArRnON PIBRAA

percutancous leads, dental-nnd jotot iniplants,
maost striking success of monaolithic carhon j«
ved with its application as heart valye campe
The anisotropic form of pelymeric carbon
can be applicd for replacement of ltzamenis. and
tendons.  The inferior varicty of cneban fitbree g
their use in the manufacture of pare.
badminton and (ennis rivcgants. anfj
racing hieyeles,

oende fln

R ETRITS I

5. Vuture nrojection

nurhies o

Carban fibres can e produced i a
ways from u varicty of starfing mterinde e
charneter is srongly inftucaced by ihe gt io:
ing techniques employed.  ¥he demandd fon PRSI
fibres is Rrowing apace, both in terme of ity
and arca of application. Consumption i< ourpept!s
hround 450 tonnes/year INCECASIngG af approvinnl
30 per véng per yenr, Theworld mefoet i libelo .
reach 1000 tonnes/year in F9R1-R2 qndd oy freee
spects thenceforth fook extremely good*c (.
tinucd development in acraspace and indusgty el
is likely to push annunl production »
Upto several thousand tonnes. Production - Joeai-.
maialy in three countries, vig, Japan, US\and s
with 40 per cent world output from LJISA .-

N

Tt i g

India today ranks faremost among the develog
g countrics in resin production. Unri sy,
powder was the anly o

pheuolic moulding
material made in India. Foday, we have severn
units for the production of varions types of placio-
such s polycthylene, polycster, nvlon cie. Ay
present a large scale utilisation of these plastics are
envisaged for the production of composites. 1t 1«
imperative that (he chemists  and technologis,
should jointly ventire for new application of rein-
Hforeed plastics for various applications, It i 1he
chemist’s  part 1o ~develop suitable precursor
malerials and the technologists part (o design
suitable processes for (he production of carbon
fibres for various applications, :
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