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Effect of Additives on the Cross Section 
of PAN Fibers 

NAND1 JOSEPH, A. K. MURTHY, * K. T. JOSEPH, and M. SANTAPPA 

Central Leather Research Institute 
Madras 600020, India 

A B S T R A C T  

Additives a r e  generally added to spin dope in wet spinning to 
facilitate mechanical operations, increase solid content, and 
effect gelation to precede phase separation. Besides these 
advantages, they have an effect on the c ross  section of PAN 
fibers. Organic compounds (hydrochlorides of aryl, alkyl 
secondary amines, etc.) change the c ross  section to a bean 
shape, whereas a nonsolvent (water) and inorganic compounds 
(calcium salts, borax, boric acid, etc.) retain the circular 
cross  section of PAN fibers. The change in c ross  section 
can be attributed to the change in skin and core effects at  
different pH values of the spin dope in the presence of the 
additives. 

The parameters that control the cross-sectional shape of poly- 
meric  fiber in the wet spinning process are the temperature of the 
coagulation bath [ 1, 21 , the polymer content in the spinning dope [ 31 , 
and the pH of the coagulation bath 141. 

Generally the nonround shape of the fiber cross  section is explained 

*Present address: S. V. University, P. G. Centre, Anantapur, 
Andhra Pradesh, India. 
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154 JOSEPH Err AL. 

in te rms  of the solvcnt-nonsolvent fluxes 151 and the mechanical be- 
havior of the skin formed in the coagulation process. 

to facilitate many technical operations (such as  dissolution, filtration, 
and deaeration), and to effect gelation. 

Some organic additives 161 a r e  reported to reduce viscosity and 
increase solid content of the dope. Addition of nonsolvenl i s  also 
known to reduce viscosity and hasten the gelation of the polymer. It 
is reporled in the literature that additives such a s  congo red 1'71, 
borax, and boric acid [ 8 I stimulate gelation and make gelation precede 
pkase separation for the production of fibers of good mechanical prop- 
e r  t ie s. 

the cross-sectional shape of PAN fibers. 

been chosen for the sludy. 

Additives a r e  sometimes added to the spin dope to reduce viscosity, 

This communicalion deals with the effect of some additives on 

Additives of lhe kind that reduce viscosity and effect gelation have 

E X P E R I M E N T A L  

Polyacrylonitrile-co-nielhyl acrylate (6%) was prepared in the 

Dimethylforrrianiide (DMF) was used a s  a solvenl for making the 
laboratory at 69-70°C using a redox catalyst system. 

spin solution, and DMF-HzO (5545%) was used a s  the coagulalion 
bath. 

secondary anzines of analar grade were used at  0.5 to 5%. They were 
added to DMF while the spin solution w a s  being made. 

Such inorganic additives as calcium salts, borax, and boric acid 
were used in the concentration range of 0.05 to 0.2%. One-half to 
1.5% of dislilled water was used a s  the nonsolvent in the preparation 
of the dope solution. The compositions of the spinning solution and 
the coagulation bath, a s  well a s  the temperature, were lhe same for 
a l l  the experiments performed. 

The pH values of the salts  in the DMF solvent were measured by 
a digital pH meter. 

Because the polymer content throughout was the same, any change 
in pll of the DMF is due only to the additives. A Fourne Laboralory 
model wet spinning assembly with 48 holes of 0.025 mm diameter 
was used to spin PAN fibers. Such spinning parameters a s  the volume 
rate flow, the temperature, the composition of the stretch baths, and 
the stretch ratios were kept constant through all  the experiments. 
The fibers obtained in each experiment were embedded in a polymer 
matrix and examined under a transniission microscope. Their eross- 
sections have been photographed. 

Organic additives such a s  the hydrochlorides of aryl and alkyl 
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EFFECT OF ADDITIVES ON PAN FIBERS 155 

FIG. 1. PAN fiber cross  section without any added additive. 

-" 

FIG. 2. PAN fiber cross  section i n  the presence of an inorganic 
additive. 
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156 JOSEPH ET AL. 

FIG. 3. PAN fiber cross  section in the presence of a nonsolvent. 

FIG. 4. PAN fiber cross section in the presence of an organic 
addilivc. 
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EFFECT OF ADDITIVES ON PAN FIBERS 157 

FIG. 5. PAN fiber cross  section in the presence of nonsolvent, 
inorganic, and organic additives. 

R E S U L T S  A N D  DISCUSSION 

Figures 1, 2, and 3 show the cross  sections of PAN fibers with no 
additive, with an inorganic additive, and with a nonsolvent added to 
the dope solution. Interestingly, the cross  section of the fibers with 
the above additives is round while with an organic additive (Fig. 4) 
and a mixture of the above additives (Fig. 5) the cross  section is 
bean shaped. 

diffusion of solvent or nonsolvent in the polymer solution and the 
rate at which the polymer coagulates on the surface. 
true when the teiiiperature of the coagulation i s  reduced I 1, 21. 

Grobe and Gieseke [ 41 reported the change in fiber c ross  section 
from round to bean structure on the addition of HCl, HOAC, or 
oxalic acid to the coagulation bath. This has been explained in te rms  
of a change in pH of the coab’ulation bath, with the bean shape at  
pH .( 3 and the round shape a t  pH 

It is worthwhile to note that the dope in the present experiments, 
and not the coagulation bath, contained the additive. We expect a pH 
change to take place in the coagulation bath after extrusion of dope 
into the bath, 

The nonround shape of the fibers is due to the difference in the 

This is also 

6. 

Turbidimetric titrations were perfornied and the titer value of the 
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coagulant (DMF-H20) for  25 mL, 1'& PAN (DMF additive, organic non- 
solvent, and inorganic) solution varied froin 6.7 to 8.15 m L  in the pH 
range of 4.2 to 13.6. 

creating a very strong skin on the fiber, The core  must remain  fluid 
for  a longer time because the p rocess  will be governed by osmosis 
ra ther  than by diffusion. Complete removal of solvent niay beconie 
exceedingly difficult under such circumstances.  

The disproportion between the rate of diffusion of solvent or non- 
solvcnt in the polymer solution or gel on one side and the rate a t  which 
the polymer is coagukated o r  dried a t  the filaiiient surface on the other 
a l so  leads  lo deformation of the cylindrical form of fibers.  

Detxiled studies on the cross-sectional shape of f ibers  are under 
way and the r e su l t s  will be discussed in subsequent publications. 

The change in c r o s s  seclion may be due Lo the strong dope solution 
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