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.. : EFFECT OF, ADDITIVES ONT~E;'M~CHANICA.r;:PRhpER~iESC OF 
.' . i. 

POLY ACRYLONITRILE FIBRES' 

NANDI JOSEPH, A. K. MURTHy~,:;K;>:i.·JOSEP}l&·M.SANTAPP.A··· 
Central Leather R(Jsea,ch/lnstjLU/(!;Mad,a~~;~'.',:, .. ;;;.,.:::· 
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i' .~eqcivcd~ln·Feli~~~f~·9,;)981· 'f ,.,:. :-,;L,.;··· .. 
" ::(f •. 

. • J nspinning of::~yntlle(iC :Ilbers, ~evera(iidditives arc': uscdroi:v~ri(lu~" ; . 
- ;',purposes .. Some.:orga~ic corI1Pounds'ar~ .. knownto. rcducc·';'';;scosity:'and': , . 

. facilita(e many techrii.caloperations'beSides: increa'singsolid 'contc'nt: oC:'ihc ., .. 
dope in wet spinning jJrocess. Gelation ifpreccdedby, phase separation 

. Increases: the mechanical properties' of.ihe.fibre,,·;The.: ~ffecCor orga'nic .. , .... . 
:, additives and gelatirlg agents (of inorganiC,.comp~iUl4sand ;'1l0~7solvents) 1:00:).;;:, ...... . 

... 'the I-nechanicalproperties ofihePAN .• fib~~s:;have been'reporiod ;.here;{The;· . 
. ; organic additives decreased both Ihenloduhisa'i1(J'ihc strcng'th'.ti~~·lnorgalli~ .... , ... 
. .addi lives increase thelll whereas non'soivc'ni'hasno '~'rrect."Wheli all:thc' 

. tlddltlvc~ ur" udd<ld I he:. ovcmll strengtllon'd iil0dulusor Ihe ftbets.lncrctls:as> , 
compa~ed 10 the'fibreswithout any additive. Carbon' fibers from the pAN 

... fibers produced in th'e presence of all the additives have comparable mechanica I 
properties with those of some of the industrial fibers carbonized al IOOO°C. 

. I" Numerous soluble and insoluble additives·Som.e· organic .additives'arc,rcportedto . 
are used for various purpose!> in most of reduce viscosityandfaciJitatc'many technical 

. the synthetic fibres. _operations· such as . dissolution, filtcra.LioJl, 
..de-areation and increase the solid content of 

.. Dull or s6;;i-dulJ fibres arc de~lustered with the dope. AdditioJl or non-solvent is knoll'lI 
,TiO,.i:'"Colo·ured fibres may be 'produced by to reduce viscosity and hasten the gelation of . 
. thtdncorporation of either insoluble pigments thepolymer. It isreporlcd in.iitcraturc thllt 

orsolu1?Je :;cationic dyes.' Flame resistance. ,additives such ascol1gorcd,& borax or boric 
?Qrcfibrbjs increased. byadditiy~sconlaining al;id 6 stimulll tegeJation.· 
·/i~h)p.rin~;,~.btohljne or;phosphb~ous/·.;\nti-, •.. ..' '. .., '. 
.:cm6ily,,?;:compounds~are, used for· ·.sYnergestic'.·:'·','X'~(s.i;i 
::effect!ohflameresistailce :in'fibres.cont~jning·;'r~~p?,n'ell .: 
;-I;h'~!6gen:"" .'.;' .····.·"i~\;:.··.·."j~';·:~\):~~~~~~}~e .. 

added~Jo miniinise i'deslted'd 
.to· 

knowil, is a three 

er,s9lvcnl anJ 
• .. " ..... ~.'" •• "u' 'sitibns . occur -

. dn.~·'Toachicvc 
"S!:fibrc:struct~~c 
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on Ih, mach~nical JOP"lic' or:h, fib"" 
Their effect on cross section of the fibres is 
reported elsewhere.' 

Experimental· 

Polyacrylonitrile-co-methylacryJate (6 pt!r 
cell t) was, prepared I iil lhe laboratory at 
69-~00C using redox Ttalyst system. • 

DImethyl formami<je (DMF) is useu as· n 
solvent for'· making ,. the spin Solulion and 
DMF-H26 (55-45 perl cent) is u~ed as the 
coagulation bath', 

. Organic, 

Inorganic:' 

~on~~o.,iye~~.: 
\~!~~i~i~aJY ; 

, Organic(;dditi~'e~; like hydrochlorides:.of. 
ncyl, alkyl scc.'ondaryafnines of <malar grade 
were made use of from 0.5 to 5 per cent. 

. They were ,added lQDMF while making ,the 
spiilsolutiori .. 

, ',,' ie': ,:,,:, .'.~. . -C-'-"'--:-'-:-::-"7:'":":-=:";-;:'-;i7:~~,...,... __ :, 

,With~~t~~;:additj~'b~ ," 
ofPAN"fibres. is .0.75X'i;]O"psL,':,:When':.an 
organic':'iidditive is 'add'cd> ;111c< ~16dulus 
decrease~·.· ti.O:6 .:<. IP'psL:'Inthe:,prescnce 
of n<?n~soIye~t, th,!rcls n()~,m:l;Ichora change 
in: the lpodulusvalue"whereas,'when an 
inorga. n iC,,:a,dditivc .isad~ed;_/ihe:mod u I us 
,risesio<L2.<Jn the presen~~>d( all: the 
'additlve(;;t~e,;,'modulus js'le~;;thanwhat is' 

. . ,:,\,,' 

,~. ;. : 

The folloWingtabie 'shows the .effect of the 
udditives onthe: modulus f the PAN .fibres,. 
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: oqs~rvcd,;ith;jj}organi(;:,lId,(iiiiv~~~)Howevcr. 
there 'is' aii,'ovcr 'all iiicr,c'ase;;J'i6~k,~O.75· to 

1 ° XlOc'PliL .' :', ._-'~:i:':':~,'-~;:':':' 
>:?,::':" .' .:; :;','. ;.~'.:~.' .. ;.~ .. <:;·:;?::}~:tl.~:. '.: . 

; Modulu~!~aluesare chbscn.f()(:comparison 
.' of,the>fibres,:bccausc modulus'~-is, m'cas'urcd 
'. \vhentlie'fibre<has, noti.JndergOh~[a::drastic· 
.:. challge jn:'the:inifiar~.: structurc':;'::9Strc'ngth 

vailies :, are;, no:t.:re]jable',':ibe'c'atisb;;:;;th'e'~fibre: , 
.', breaks .. -after;,corisidenible>;-;ir/ectN~:r~'bJe' ~:or 
'pe~manent;-deformaiion,aJid;hen~er:lindei'g~es 
~~:~~Cr~:haj~g~from' th(;i~lti,i(lI;:r~~r!u§lutc ····of 

.Jtc;ln.b:~~';;~~n·· fro~;;;\~L:!,;~1tti(rit~nsije' 
strength' bLiPAN'fibre.~is'indre~sed . by 
inorganic.iudditive;' dccrciiiicd';: by>iorgnnic 
additive and that l1on-sofvent'docs'<noi :]UIVC 

. much ,effed.: ,\ThiscomplL:ri'son';-~J~q:;::'ie:veals. 
the presel)~e)(,:probatile ftaw~'iti:":tl~e fibre. 
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The stresses woulJconcentrate at the flaws 
and with the decrease of gauge length the 
fibre breaks. Higher the sll~ength, lower is 
the number of llaws ' 

TAlllE 2 
'r 

~trect of additives Oil the ~trellgth and elongafion 
of I' AN fibres 

Additive 
Elol/ga- Tel/sile k' 

strel/gth 13rt!a './lg 
tioll X 10' psi st/'{/III 

4 ._. __ -___ 

Organic 5.7 26.35 0.113 

Inorganjc 4.9 46.28 0.098 

Non-solvent 5.73 34.17 0.113 

Without any additive 662 36.66 0,132 

Mixture of all additives 5,73 43.98 0.115 

-- -------.--.--~------- --.-.. '--'~-"-----'---"----

Not~: The concentration range of the additives given 
abuve is thc'sam~ as givcll in Table 1. : 

'[he diamelres or all these libres have been 
quite high and they h:l\,(', becn stretehcu in a 

::,e)~,ralc process. 

During stretelllllg, the fibre is heated above 
its glass transition temperature, and so the 
surface flaws would be annealed and not the 
voids. The maximum strength and modulus 
of the fibres in the presence of illlthe ddditives 
after stretching has been 109 x 10' psi and 
1.85 x lOe psi respcctivciy~ " 

These fi bres when heated to IOOO°C 

TABLE 3 

COlllparision of tbe mechanical properties of 
PAN fibres corbonized lit lOOO°C 

Primar), YO/lflj!l'J 

Precursor 
YOllnges Stl't!flgth 

II/tJdll/II,r 
lIIodulliS ;<10' psi ;,10' psi 
XIO· psi 

, Courtclla );35 300 28 

Beslon 1.23 230 25 

Toray (T,l 1.08 230 23 

Toray(T2) 0.63 140 13 

Hercules " , 0.78, 
! 210 '. 16 

J~G (CLRI) 0.87 188 19.1 . .8 

The cross section of the PAN fibres was 
found to be of bean shape ill the presence of 
organic additives and, the mixture of all 
additive. It was rouridin the ather cases. ' 

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

'by the results 'reportedby,Grobc .ind 
'Gieske.e The detai.ed -discussions arc 

reported elsewhere. 

,Toconfirmlhe' mecha,nislicrolc of (he 
additives onthe,mechariical 'properties of the: 
PA~fibres; detailed studies areunder.way: 

.... \:; ... 
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produced carbon fibres and their mechanical 
properties are compared with those of other 
industrial PAN fibres trealed in similar way.' 

Theellect of theadditivesontliemeclwnical " ',:',,': 
properties 'of PA Nfibre~j:show.:th~lt:viscosity 

The rllsults in table 3 reveal that PAN modlfierslikeorganicadditives{d~creasethe 
fibres produced in the presence or all the strehgth and the modulus,wherca~whcll an ' 
additives (lta) possess incchanical properties inorgullicadditivcls'uddcd wh,iclliss~pp6sed' ' ' 
higher than those of Toray (Ttl and to some tOPfomote gelalionduring::,coaguhition 
extent nearer to the properties of Hercules 'increa's'esboth strengt~:and:mclduius>'The 
libres treated in similar way. '" However; the non2'solvent ," in .thJ,)0,;conce,ltr~tjonininge, ., 
carbon' fibres from Jot were' found to be 'employed iil. these)/ekperirnellfS,'ho\vever, 
brittle may be due to largerdiiimeter than doesilot show any remiukable'etTect;, 'Hi the 
those or imported PAN fibres. presence of all the additives, the stccingth and 

179, 
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the modulus values are hig lcr than found ill 
the caso of addition of orgaI~ic or non-solvent 
or in the a'bsonce Of any additive. but it is less 

, , I 

than what has ~een observed in the presence of 
inorganic additivc. Furtherl,by the rcduction 
of rhe diameter of the fibres tluough additiona I 

I 
s.tretching process thc I1lccl~anical properties 
of the c~rbon fibres may be improvcd. 
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