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» MECHAN[CAL:PR»OP _RTIES OF-.

NaND! JosepH, A, K. MURTHY::

In. 5p|nnmg of
urposes: Some’; orgamc compound : ;
acilitate many techmcal opcrauons -besides - mcrcasmg solid contcnt othc'
"dope in wet spinning process. Gelauon.ll‘ prcccded by phase separauo
increases {the mechanical “properties” of the: fbres. =T ‘ol
;addmves and gclatmg agents (of: morgamc compounds and non—
“the mechanical ‘properties ‘of the PAN fibre ‘have bcen reported:
. organic additives dcereased both the m ‘ |
- -additives increase. - them whereas non solvem ‘has no “effécts When “all thc‘
. udditives are udded the overall steength and modulus of the fibers': lucrcns. as.’’;
-~ compared, to the ﬂbrcs wnthout any additive. Carbon fibers from the PAN: -

" fibers produced in the presence of all the additives have comparable mechamcal
' '-propcrlles with thosc ‘of some of lhc mdusmal fibers carbomzcd at. 1000°C

Gl

.
!l Numcrous soluble and msolublc qddmvcs Somc orgamc 'xddmvcs‘ are sreported o
-are“used for various purposcs in most “of reduce viscosity. and’ facilitate’ many technical
4 “the synlhetw fibres. : .operations - such as. dissolution, filtcration,
W B ' ) ‘de-areation and increase the solid content of
oo Dull or semi-dull fibres are de- lustcncd with " the dope.  Addition of non-solvent is known
| . < TiO,.1- -Coloured fibres may be :produced by (4 reduce viscosity and hasten the gelation of |
l the mcorporatlon of either insoluble pigments. - the polymer. It is reporlcd in literature that
5 “ . or:soluble jcationic dyes. - Flame resistance - additives such as ‘congo red,*, borax or l)oru.
is ncredsed by 'lddmvcs contammg
’ Antx-

ac:d‘ stnmulatc gelation. " -

tﬁbiliz'erq

are. added ‘to . minimise




on the machanical plropcrucs of the fibres.
Their effect on cross | section of the fibres is ..
reported elsewhere.?

Experimental -

Polyacfyl'onitrile—co—methy Facrylate (6 per
cent) was .prepared | in the laboratory -at
69-70°C usmg redox catalyst system

Dimethyl formami_co (DMF) is used as a
solvent for“making' the spin solution and
DMF-H,0 (55- 45 per cent) is used as the
codguldtlon balh B el

'Orgdnic .lddm\es like hydrochlorides:of.
aryl, alkyl sccondary amines of analar grade . . ;
were made use of from 0.5 to 5 per cent. - Wuhout .any dddmvc,added thc‘m‘dulus. :
- They were added to' DMF_while making " the of PAN: ﬁbres is: .0_75 X 10 _DSl

spin soluuon ;
_ In the _presence

cof non solvent lhcrc is not much ol'a clmngc

lnorgamc addmvcs like calcium sulls,
m the modulus value'

borax and boric’ acid éetc., were used - in“the _
ooncentrallon__rangc off 0.1 to 2.0 percent.
0.1101.0 pe ccnt of distilled water is used -
‘as.non- solvent n thc prlapaumon ol’thcldopc _‘ '
so]utlon The: compositions of the “spinning
i : coag ‘bath and tempera-

“all the oxpcrimcuts_

7 _ ' o Modulus valucs are choscn .l'o companson

T ,;-ol'thc fibres,
model wet ‘spmmn;,._ ‘:
fvdmmeter 0 025 mm

ich as the volume Tate
."composmon of the

, ::-lch ratios; were kept,

expcnmcnts. Thc

inorganic addmvc dccn cascdv “by rgumc'
' ' = y S addmvc and that non sol\ent docs not havc

'I’he followmg table’ shows the eflect of the , ) ris reve

additives on the modulus of the PAN fibres.  the prescncc of: probable. ﬂdw. lin“ithe- fibre.
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The stresses would concentrate at the flaws
and with the decrcase of gauge length the
fibre breaks. Higher the strength, lower is
the number of flaws -

A TABLE 2

Effect of additives on the strength and clongation
of PAN fibres

Tensile

- Elonga- Breaking
Additive tion ;\[ ;eo':“;""l strain
Organic ) 26.35 0.113
Inorganic ’ 4.9 46.28 0.098
Non-solvent 573 34.17 0.113
Without any additive 6 62 36.66 0.132

Mixture of all additives 573 43.98 0.115

Note:  The concentration range of the additives given
abuve is the'same as given in Table 1. -

The diametres of all these fibres have been

quite high and they have been stretched in a

5C}erxtc process.

During stretching, the fibre is heated above
its glass transition temperature. and so the
surface flaws would be anncaled and not the
voids. The maximum strength and modulus
of the fibres in the presence of all the additives
after stretching has been 109 x 10° psi and
1.85 x 10° psi respectively. A

These fibres when heated to 1000°C
produced carbon fibres and their mechanical
properties are compared with those of ‘other

industrial PAN fibres treated in similar way.

The rusults in table 3 reveal that PAN
fibres produced in the presence of all the
additives (J,,) possess mcchanical propertics
higher than those of Toray (T,) and to some

extent nearer to the properties of Hercules.

fibres treated in similar way. - However, the . non:solvent
“employed-‘in these

carbon fibres from J,,. were found to be
brittle may be due to larger diameter than
those of imported PAN fibres.
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P'fl'ma’f ?' Strength Younges
_Courtella 1:35 - 300 28
Beslon . 1.23 230 25
_Toray (T). 1.08 . . 230 23
Toray(T,). 063 140 13
Hercbles- 078 21000 16
N, (CLRD 087 1887 1948

by the -results reported by Grobe und
" Gieske.* - The delavi{ed’Y'discu‘ssions- are

' additi"Vc_S‘on:thc‘me_ch’zu_ﬁcal ‘pg'_d‘peilics of the -

“increases-both strength- and -modulus: * The. .-

-does fiot show anyvrem'éx'rk:ibl'e‘_‘feﬂect';'lfIn"-'thc' :

TABLE 3

. Comparision ol(thc mechanical properties of
PAN fibres corbonized at 1000°C

The cross section of the PAN. fibres was
found to be of bean shape in the presence of
organic additives and -the mixture of all
additive. It was round in the other cases. B

The change of cross sectional shape from
round to bean is dependent on the pH of the
dope solution. These findings arc supported

reported elsewhere.
‘To-confirm the:- mechanistic ‘role. of the

PAN fibres, detailed studies are-under way:-= - -
Conclusions . . _

The effect of the additives on the mechanical -
properties of PAN fibresi show: hat: viscosity
modifiérs like organic'additives “decrease-the -
strength and the r_nodp]us,;.Wh_'crqas‘-f_wl_xcn-:an,' L
inorganic-additive is'added which is supposed-
to. -promote gclalion‘-‘;:jduring;e,coa‘g‘d]:’xtionA

concentration®.:range " -

non:solvént ~ in’ 'th _
xperiments;:-however, . SRR

presence of all the additives, the strength and




the modulus values are higher than found in
the case of addition of organic or non-solvent
or in the absoncc of any’ additive, but it is less
than what has been obqerved in the presence of
inorganic additive. Further by the reduction
of the diameter of the fibres through additional
stretching process the mechanical properties
of the carbon fibres may be improved,
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