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Crystallite orientation in heat shrinkable 
polytetrafluoroethylene tubing 

Polytetrafluoretylene (PTFE) tubing has found 
extensive use as a heat shrinkable protective coat- 
ing. The molecular structure of  PTFE has been 
established by Bunn and Howells [1],  and defor- 
mation mechanisms in biaxially oriented PTFE 
have been studied by Young [2]. We report an 
X-ray analysis of  PTFE tubing* and discuss the 
behaviour of  this biaxially oriented material upon 
thermal contraction. 

Fig. 1 shows wide-angle X-ray diffraction 
(WAXD) photographs of  PTFE tubing taken 
before and after heat shrinking at 365~ for 
10 sec. The sharper diffi-action ring corresponds to 
a Bragg d spacing of  4.9 A; the d spacing does not 
change significantly on heating. Evidence of  p r e -  
ferred orientation is seen in the ring; further, upon 

heat shrinking the position of the maximum inten- 
sity shifts 90 ~ in the azimuthal direction. Samples 
having orientation maxima between these two 
azimuthal positions were sought with no success. 
During heating, the tubing underwent a large dif- 
ferential shrinkage amounting to 35% radially but 
only 5% longitudinally. 

To better determine the degree of  crystallite 
order in the axial and transverse directions of  the 
tubing, diffraction intensity was measured along 
chi on an automated four-circle Picker Corpor- 
ation diffractometer (Fig. 2). The orientation 
function f ( x )  was calculated from the intensity 
distribution with the peak maxima assigned to 
90~ [3]. The value off(?() decreased on heating 
from 0.85 to 0.68, indicating not  only a 90 ~ 
change in preferred orientation direction upon 
heating, but also that the material loses about one- 
third of  its molecular order. This calculation is 

Figure 1 Wide-angle X-ray diffraction photographs of PTFE tubing: (a) before, (b) after heat shrinking at 365 ~ C. Tube 
axis direction horizontal. CoKc~ radiation, exposure time 1 h. 
* Kindly supplied by Alpha Wire Company, Elizabeth, New Jersey. 
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supported qualitatively by conoscopic obser- 
vations [4] of the PTFE tubing under a polarizing 
microscope. Before heating, a biaxial interference 
figure with strong polarization colors was seen, 
whereas observation of the tubing after shrinking 
revealed a very weak biaxial figure indicating a 
reduction in differential order. 

Iwato and co-workers [5] recently found simi- 
lar WAXD behaviour during stretching and 
contraction of axially oriented polypropylene 
film. In addition, a correlated change in the small- 
angle X-ray scattering (SAXS) was also noticed. 
These authors concluded that reversible rotation 
of lamellar crystallites could explain the observed 
behaviour. We therefore made SAXS photographs 
of the PTFE tubing both before and after shrink- 
ing to determine if the WAXD changes were due to 
motions of lamellae as these workers had pro- 
posed. The SAXS photographs of the tubing were 
featureless in the 50 to 150 )~ region after 48 h 
exposures on a rotating anode X-ray generator, 

Figure 2 Azimuthal step scans of PTFE 
X-ray diffraction intensity at 18.2 ~ 20 using 
CuK,~ radiation; (a) unshrunk tubing, (b) 
heat shrunk tubing. 

suggesting little or no lamellar structure exists in 
the tubing. 
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