This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Effect of Additives on the Cross Section of PAN Fibers
Nandi Joseph? A. K. Murthy®; K. T. Joseph? M. Santappa®

* Central Leather Research Institute, Madras, India * S. V. University, P. G. Centre, Anantapur, Andhra
Pradesh, India

To cite this Article Joseph, Nandi , Murthy, A. K., Joseph, K. T. and Santappa, M.(1982) 'Effect of Additives on the Cross
Section of PAN Fibers', Journal of Macromolecular Science, Part A, 18: 2, 153 — 158

To link to this Article: DOI: 10.1080/00222338208074414
URL: http://dx.doi.org/10.1080/0022233820807 4414

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338208074414
http://www.informaworld.com/terms-and-conditions-of-access.pdf

20: 43 24 January 2011

Downl oaded At:

J. MACROMOL, SCI._CHEM., A18(2), pp. 153-158 (1982)

Effect of Additives on the Cross Section
of PAN Fibers

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

Central Leather Research Institute
Madras 600020, India

ABSTRACT

Additives are 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 cross section of PAN
fibers. Organic compounds (hydrochlorides of aryl, alkyl
secondary amines, etc.) change the cross 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 cross 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, 2], the polymer content in the spinning dope | 3],
and the pH of the coagulation bath | 4].

Generally the nonround shape of the fiber cross section is explained
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in terms of the solvent-nonsolvent fluxes [ 5] and the mechanical be-
havior of the skin formed in the coagulation process.

Additives are sometimes added to the spin dope to reduce viscosity,
to facilitate many technical operations (such as dissolution, filtration,
and deaeration), and to effect gelation,

Some organic additives [6] are reported to reduce viscosity and
increase solid content of the dope. Addition of nonsolvent is also
known to reduce viscosity and hasten the gelation of the polymer, It
is reported in the literature that additives such as congo red (1],
borax, and boric acid | 8] stimulate gelation and make gelation precede
phase separation for the production of fibers of good mechanical prop-
erties,

This communication deals with the effect of some additives on
the cross-sectional shape of PAN fibers.

Additives of the kind that reduce viscosity and effect gelation have
been chosen for the study.

EXPERIMENTAL

Polyacrylonitrile-co-methyl acrylate (6%) was prepared in the
laboratory at 69-70°C using a redox catalyst system.

Dimethylformamide (DMF) was used as a solvent for making the
spin solution, and DMF-H:0 (55-45%) was used as the coagulation
bath,

Organic additives such as the hydrochlorides of aryl and alkyl
secondary amines of analar grade were used at 0.5 to 5%, They were
added to DMF while the spin solution was 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 distilled water was used as the nonsolvent in the preparation
of the dope solution, The compositions of the spinning solution and
the coagulation bath, as well as the temperature, were the same for
all 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 pH of the DMF is due only to the additives. A Fourne Laboratory
model wet spinning assembly with 48 holes of 0.025 mm diameter
was used to spin PAN fibers., Such spinning parameters as 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 transmission microscope. Their cross-
sections have been photographed.
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FIG, 1. PAN fiber cross section without any added additive.

FIG. 2. PAN fiber cross section in the presence of an inorganic
additive.
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FIG. 4. PAN fiber cross section in the presence of an organic
additive,



20: 43 24 January 2011

Downl oaded At:

EFFECT OF ADDITIVES ON PAN FIBERS 157

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

RESULTS AND 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.

The nonround shape of the fibers is due to the difference in the
diffusion of solvent or nonsolvent in the polymer solution and the
rate at which the polymer coagulates on the surface. This is also
true when the temperature of the coagulation is reduced | 1, 2].

Grobe and Gieseke | 4] reported the change in fiber cross section
from round to bean structure on the addition of HCi, HOAC, or
oxalic acid to the coagulation bath., This has been explained in terms
of a change in pH of the coagulation bath, with the bean shape at
pH < 3 and the round shape at pH > 6.

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,

Turbidimetric titrations were performed and the titer value of the
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coagulant (DMF-H:0) for 25 mL, 1% PAN (DMF additive, organic non-
solvent, and inorganic) solution varied from 6.7 to 8.15 mL in the pH
range of 4.2 to 13.6.

The change in cross section may be due to the strong dope solution
creating a very strong skin on the fiber. The core must remain fluid
for a longer time because the process will be governed by osmosis
rather than by diffusion. Complete removal of solvent may become
exceedingly difficult under such circumstances.

The disproportion between the rate of diffusion of solvent or non-
solvent in the polymer solution or gel on one side and the rate at which
the polymer is coagulated or dried at the filament surface on the other
also leads Lo deformation of the cylindrical form of fibers.,

Detailed studies on the cross-sectional shape of fibers are under
way and the results will be discussed in subsequent publications.
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