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Optical properties of vinyon copolymer fibre 

I. M. FOUDA,  K. A. E L - F A R H A T Y ,  K. A. EL -SAYED 
Physics Department, Faculty of Science, Mansoura University, Mansoura, Egypt 

Birefringence for vinyon fibres have been investigated. The principal refractive index parallel 
and perpendicular to the stretch direction were found. Double-beam and multiple-beam inter- 
ferometry methods were applied. The double-beam technique was applied to the mean bire- 
fringence and the mean refractive indices for plane-polarized light parallel and perpendicular 
to the fibre axis. The diffraction of a He-Ne laser beam was used to measure the dimensional 
parameters, transverse sectional shape, and area of the fibre. The fibre area was used to cal- 
culate the principal refractive indices. The Becke-line method was used to measure the refrac- 
tive indices of the outer layer of the fibre (skin) for polarized light parallel and perpendicular 
to the fibre axis. The results were found to be in good agreement with published data. 

1. I n t r o d u c t i o n  
The preparation of multifilament drawn yarn gener- 
ally proceeds in three stages (1) spinning of the fibre 
from a melt (2) drawing the spun fibre, and (3) heat 
setting of the drawn fibre under tension. The spun 
fibre was produced by forcing a melt through a small 
die hole and keeping it under tension while it was air 
quenched. A combination of the normal forces in the 
swollen liquid at the die and the tension maintained 
during the air quench caused the resulting spun fibre 
to be oriented, as is attested by its birefringenee. Bire- 
fringence is a measure of the total molecular orien- 
tation of a system. The refractive index, in turn, is a 
measure of the velocity of light in the medium and is 
related to the polarizability of the chains. Thus the 
final measured birefringence is a function of contri- 
butions from the polarizabilities of all the molecular 
units in the sample [1]. 

Thus optical properties of fibres can give a clear 
indication of the structural characteristics of these 
fibres. The values of refractive indices and birefrin- 
gence for each layer of the fibre are useful in this 
respect. One of the serious problems in fibre science is 
the accurate measurement of these values. 

Different techniques of double-beam and multiple- 
beam microinterferometry are given, together with 
their application in the investigation of fibre pro- 
perties. The use of the polarizing microscope in 
this respect is also given [2]. In this paper double- 
beam and multiple-beam interferometric methods 
were applied to determine the mean refractive indi- 
ces and birefringence for each layer of the vinyon 
fibre (a vinyl chloride-vinylacetate copolymer) having 
two layers (a core surrounded by a skin). Also the 
fibre diameter and the geometry of the transverse 
section were determined from the diffraction profiles 
of single fibres. 

2. Theoret ical  considerations 
2.1. Determination of the fibre diameter 
To determine the fibre diameter [3] the following 
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formula is used 

d = 4- M/x (1) 

where d is the fibre thickness, 2 = 632.8nm the 
wavelength of the He-Ne laser used, x the distance 
from the centre of the pattern to the first minimum 
and l the distance between the fibre and the screen on 
which the diffraction pattern is produced. 

2.2. De te rmina t ion  of the  refract ive  index 
For the determination of the refractive index using 
multiple-beam Fizeau fringes the following formulae 
are used. 

(i) For a circular multiple skin [4] 

dz _ 4 ~  
h 2 Ak (2) 

k=0 

where dz is the value of the fringe shift, h the distance 
between any two consecutive straight-line fringes, 2 
the wavelength of monochromatic light used and 

A k ~ -  ( t l  k - -  F / k + l ) ( F  2 - -  X2)I/2 

where nk is the refractive index of the layer k of the 
fibre, nk+t is the refractive index of the medium in 
which the fibre is immersed, r k is the radius of the 
skin of order k from, the core, and x is the distance 
measured from the centre of the fringe shift at which 
the fringe shift tends to zero. 

(ii) The mean refractive index, n~ of the fibre, 
having a core of nc surrounded by a skin with ns was 
determined using the following formula [5] 

Ic Is 
n, = no~ + n~-tr (3) 

where tf, to and ts are the thickness of the fibre, core 
and skin, respectively. 

(iii) For multiple-beam Fizeau fringes considering 
the area enclosed under the fringe shift we use the 
following formula [6] 

F /t, 
n~ = n L + ~ 2---~ (4) 
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Figure 1 Radius of different angular orientations 
of vinyon fibres. 

where F is the area enclosed under the fringe shift, A 
is the mean cross-sectional area M the magnification 
and %, n L and ,i are as previously defined. 

2.3. Determination of the mean refractive 
indices and birefringence 

For the determination of the mean refractive indices 
and birefringence the Pluta [7, 8] polarizing inter- 
ference microscope was used for the double-beam 
technique and the following formulae [9] were applied. 

F ]l 2 

,~ = nL + T M--5 

F a )~ 
�9 - -  - -  ( 5 )  n~ = nL + h M A  

F Ff - F �9 2 
A n  - h M A  (6) 

where n~ and n) are the mean refractive indices of the 
fibre for light vibrating parallel and perpendicular 
respectively to the fibre axis, An~ is the mean birefrin- 
gence and M the magnification. 

3. E x p e r i m e n t a l  r e s u l t s  
We used the methods discussed in previous work to 
produce optical diffraction profiles [3], Beke-line 
method [11], Pluta microscope [8, 9], and multiple- 
beam Fizeau fringes in transmission and in reflection 
[5]. 

3.1. Cross-sectional parameters of vinyon 
fibres 

About 25 fibres were used for diffraction measure- 
ments. The mean values of the experimental results 
for the diameter and the ellipticity of the transverse 
sections for vinyon fibres are given in Table I. 

Fig. l shows the relation between the diameter and 
the orientation angle with respect to the fibre axis for 
each fibre. It is clear from these figures that some of 
vinyon fibres give straight lines and some show wave 
character curves. These data have been plotted to 
determine graphically the shape of the fibre cross- 
section by plotting the fibre-radius vector against 
the angle of rotation of the fibre around the centre. 
Fig. 2 shows the experimental results pertaining to the 
shape of the transverse sections of vinyon fibres. From 
Figs 1 and 2 it is clear that some fibres have nearly 
circular cross-sections and others have irregular shape 
cross-sections. 

The mean value of the transverse-sectional areas 
measured from Fig. 2 are also given in Table I. 

3.2. B e c k e - l i n e  m e t h o d  
We have used the Becke-line method to determine 
the refractive indices n~ and n~ of the skin of vinyon 
fibres for light vibrating parallel and perpendicu- 
lar to the fibre axis, respectively. Birefringence of 
the fibres Ans were calculated, and results are given 
in Table II. The wavelength of the light used was 
546.1 nm. 

TAB LE I Geometrical parameters of vinyon fibres measured by the diffraction method 

Average mean Maximum mean Minimum mean Average (K)* Average 
diameter (gin) diameter (a) diameter (b) b/a cross-sectional 

~um) 0~m) area (~tm 2) 

15.23 18.4 12.1 0.658 I82 
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T A B L E  II  Principal refractive indices (n~, n{) and birefrin- 
gence Ans for vinyon fibres 

Temperature n~ n{ An, 
(~ ( + 5  • 10 -4 ) ( ~ 5  • 10 -4 ) 

20 1.5402 1.5337 0.0065 
29 1.5380 1.5317 0.0063 
32 1.5373 1.5311 0.0062 

3.3. Application of double-beam technique 
Fig. 3 shows microinterferograms for the duplicated 
image of the vinyon fibres using a pluta microscope 
[8, 9]. White light vibrating parallel and perpendicular 
to the fibre axis, respectively, was used. The refractive 
index of the immersion liquid n L = 1.4841 at 18~ 

To determine the mean birefringence of the fibre 
directly, the differentially sheared (non-duplicated) 
image of the fibre was used. 

The results of the mean refractive indices n~ and na 
for plane-polarized light vibrating parallel and per- 
pendicular to the fibre, respectively, are given in Table 
III. The mean birefringence Ana of these is also given 
in this table. 

3.4. Application of multiple-beam Fizeau 
fringes 

In this work vinyon fibres are considered to have 
circular transverse sections at one time and irregular 
transverse sections at another time. The results are 
compared with each other in every case. 

Fig. 4 shows transmission multiple-beam Fizeau 
fringes for light vibrating parallel and perpendicular 
to the fibre axis. Monochromatic light of wavelength 
2 = 546.1 nm has been used. 

Fig. 5 was produced by applying multiple-beam 
Fizeau fringes at reflection to a vinyon fibre using 
plane-polarized light of wavelength 2 = 546.1nm 
vibrating parallel and perpendicular to the fibre axis, 
respectively. 

�9 An~,n II n{,Ans, Table IV gives the values of n~, n . . . .  
~ ,  nc ~, Ant using Equations 2, 3 and 4. 

3.5. Application of multiple-beam Fizeau 
fringes to the calculation of the 
constants of Cauchy's dispersion formula 
for vinyon fibres 

The calculated values of the refractive indices and 
birefringence for different wavelengths of light are 
given in Table V. 

Fig. 6 shows the relation between (n~, n~, n~ and 
n �9 1/22); while Fig. 7 shows the relation between ( s , n~, 

�9 and 1/22). These relations were constructed to na 

angle of ~ .  rot~ 

Figure 2 The graphical cross-sectional shape of vinyon fibres. 

evaluate the constants A and B of Cauchy's dispersion 
formula 

n = A + B 2  -2 

The values of A and B are shown in Table VI. 

3.6. Variation of the principal refractive 
indices and birefringence along the axis 
of vinyon fibres 

Fig. 8 shows transmission multiple-beam Fizeau fringes 
for light vibrating parallel and perpendicular to the 
vinyon fibre axis wit~"n L = 1.5318 at 31.5~ and 
2 -- 546.1 nm. There'were observable changes of the 
refractive indices along the axis of the fibre as indicated 
in Table VII. 

3.7. Determination of the thermal coefficient 
of the refractive indices for vinyon fibres 

The thermal coefficients of the mean refractive indices 
d n a / d T  of vinyon fibres were determined by forming 

T A B L E  I I I  The measured values of the mean refractive indices and birefringence of vinyon fibres 2* = 550nm, 
temperature = 18~ A = 182 x 10 -6 mm 2, M = 510 

n L Area enclosed hmm r/~ n~ An a = r/~ -- r/a ~ An a 
under fringe shift from differentially 
(mm 2) sheared image 

FII F • 

1.4841 80 72 8 1.5434 1.5374 0.0060 
1.5339 21 - 9 1.5477 - 0.0067 

*Taken as the average value for white light. 
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Figure 3 Photomicrograph of totally duplicated image of a vinyon fibre using white light vibrating (a) parallel and (b) perpendicular to the 
fibre axis. 

Fizeau fringes for the same section of the fibre when 
immersed in a silvered liquid wedge at two tempera- 
tures TI and T2. Table VIII gives the estimated values 
dn~/dT using light of wavelength 546.1 nm vibrating 
perpendicularly to the fibre axis. A knowledge of 
these thermal coefficients is very valuable in order 
to explore the transmissivity and reflectivity of the 
fibrous medium. 

4. Discussion and conclusion 
Part of the modern trend in fibre research is to alter 
fibre properties; one of the methods for property modi- 
fication involves the formation of copolymerization at 
the resin preparation stage. 

It is generally more difficult to chemically charac- 
terize copolymers which consist of more than one kind 
of repeated unit along the backbone and also to 
correlate with their physical properties [10]. 

Vinyon HH and CF (American viscose) is vinyl 
chloride-vinyl acetate copolymer (HH unstretched, 
CF stretched form). Vinyon has a different microscopic 
appearance depending on the manufacturing process 
and on the degree of stretching after spinning. The 
stretched fibre (usually a continuous filament, CF) 
has an irregular shape in cross-section, whereas the 

_-tq 

unstretched fibre (usually the staple fibre, HH) is 
circular in cross-section. 

Recent mathematical formulae are applied to esti- 
mate the basic optical parameters for the skin and core 
of vinyon fibres with irregular and circular cross- 
sectional shape. The measured values for the refrac- 
tive indices and birefringence are in good agreement 
with the values that have been previously published 
[11]. The slight variation in the obtained results with 
respect to the published data has been due to the 
drawing and spinning process and the technique used. 

In conclusion the recent mathematical expressions 
provide a solution to, and accurate results for a 
fundamental problem for copolymer fibres encountered 
by the final product characteristics involved with 

T A B L E  VI Values for Cauchy's dispersion formula constants 
for vinyon fibres 

Layer A B 

AII A • B LI (nm 2) B" (nm 2) 

Mean value 1.5341 1.5291 3110.7 2719.1 
Skin 1.5325 1.5275 3059.7 2748.4 
Core 1.5350 1.5296 3076.6 2726.1 

--'- tg 

Figure 4 Transmission multiple-beam Fizeau fringes for light 
vibrating (a) parallel and (b) perpendicular to the fibre axis. 

3532 

Figure 5 Reflection photomicrograph of multiple-beam Fizeau 
fringes for light vibrating (a) parallel and (b) perpendicular to the 
fibre axis. 
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tg T A B  L E VI I  I Determination of the thermal coefficient of  the 
mean refractive index of vinyon fibre 

Temperature n L na a- d • 
na  o 1 (oc) ~ (  c- ) 

30.5 1.5350 1.5386 
32.5 1.5340 1.5370 --8 x 10 -4. 

Figure 8 Multiple-beam Fizeau fringes in transmission for light 
vibrating (a) parallel and (b) perpendicular to a vinyon fibre axis to 
show the variation of  (n~, n~, n~, n{, n{ and na ~) along this axis. 

irregular and circular skin and core cross-sectional 
fibres. 

The birefringence is not characteristic of the material 
itself but subject to a great variation within the same 
fibre due to skin (0.0055-0.0062) and core (0.0062- 
0.0066) orientation. 

Finally, the practical importance for the present 
study lies in emphasizing the importance of measuring 
the optical concept of copolymer fibre orientation and 
its behaviour with temperature and different wave- 
lengths. Hence, the radiative properties of the medium 
used must be properly defined with respect to the fibre 
orientation, size distribution and optical properties 
[12]. The structural properties must also be correlated 
with other physical properties. 
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