Porous Structure of Biaxially Drawn Polytetrafluoroethylene Film

It has been reported that drawing! and rolling? of unsintered polytetrafluoroethylene (PTFE)
(coagulated dispersion PTFE), results in a porous fibrillar network structure. The microstruc-
ture, orientation, and mechanical properties of uniaxially drawn films of sintered PTFE have
been investigated.’** However, there is no report on the formation of a porous structure by
drawing of sintered PTFE films.

In this study, sintered PTFE films were drawn biaxially, and the structure of surface and
cross-section of the drawn films was observed by a scanning electron microscope (SEM).

EXPERIMENTAL

The polymer used in this study was granular PTFE (Polyflon M-12) with a particle size of
about 25 um. The PTFE films were prepared by preforming the PTFE powder (granular PTFE)
into a cylindrical shape (520 mm in outside diameter, 200 mm in inside diameter, and 620
mm in length) by compressing in a die at room temperature at 20 MPa. The preformed PTFE
was sintered in a circulating-air oven kept at 370°C for about 20 hours, and then cooled slowly
to room temperature. The PTFE films were obtained by skiving the sintered PTFE to 200 pm
thickness.

In order to remove the residual stress in the skived films and to obtain two kinds of samples
with different thermal histories, the skived films were heat-treated in the melt at 350°C for
2 hours, and then cooled rapidly or slowly. The crystallinities of the rapidly cooled and slowly
cooled PTFE films were 55 and 65%, respectively, and were estimated from density measure-
ment.

These PTFE films were cut to square samples (210 x 210 mm) to fit into a biaxial drawing
machine (Iwamoto Seisakusho Co., Ltd.) which was used for the simultaneous biaxial drawing
of the PTFE films. The films were drawn biaxially by about twice the original width at a
drawing rate of 5 mm/s at 250°C.

Observation of the free surface and the cross-section of the PTFE films was carried out using
a SEM (Akashi Seisakusho Co., Ltd.).

RESULTS AND DISCUSSION

The scanning electron micrographs (a) and (b) in Fig. 1 show the morphologies of the free
surface of the PTFE films which were heat-treated in the melt at 350°C for 2 hours and then
cooled rapidly and slowly, respectively. It is noticed that granules with a diameter of about 3
wm grow over the surface which is smooth before the heat treatment. Both the number and
the diameter of the granules increase with increasing time of the heat treatment. The origin
of the granules has not been sufficiently investigated yet. For the higher crystallinity PTFE
sample in Figure 1(b), randomly oriented bands with a diameter of about 0.3 pm are observed.
This morphology is similar to the sheaf-like band structure of the coagulated dispersion PTFE
(Polyflon F-103) reported by Yamaguchi.b

The micrographs (a) and (b) in Figure 2 show the morphologies of the free surface of the
films which were obtained by the biaxial drawing of the heat-treated PTFE films of Figures
1(a) and 1(b), respectively. Both of them show a porous structure. These structures are similar
to the fibril structure of high-molecular weight polyethylene reported by Sakami et al.® For
the lower crystallinity sample obtained by rapidly cooling from the melt (as seen in Fig. 2(b)),
net-like fibrils are formed by the simultaneous biaxial drawing. In the study of the uniaxially
drawn PTFE by Davidson,? it was found that the noncrystalline regions showed substantially
lower orientation than the crystals at all strains and no indication of reaching a limit in
orientation at these strains. Considering his results, it is considered that the fibrillation in
the biaxial draw ratio in this study is incomplete and the PTFE samples contain more non-
crystalline regions. On the other hand, the micrograph seen in Figure 2(b) shows ivy-like fibrils

Journal of Applied Polymer Science, Vol. 32, 5685-5689 (1986)
© 1986 John Wiley & Sons, Inc. CCC 0021-8995/86/065685-05$04.00



5686 JOURNAL OF APPLIED POLYMER SCIENCE, VOL. 32 (1986)

ay g 10} D,0G€ 18 JUIWIBaI) 189 I8 ‘A|MO[s Pajood (q) pue L[pidex
Pa00a (e) ‘swyly HIJ Patealy-jeay Jo adeyIns aaij Jo syderdosotwt uospoaje Suuuedrg 1 Sy




5687

NOTES

(T 314 Jo wy oY) Jo Juimesp [erxeiq (q) ‘(e)T ‘814 Jo Wy Yy jo Suimeip
[BIXeIq (B) ‘sWly AL UmeIp A[[erxerq Jo s2elms Ja4j Jo syderforotu uorps[e Juuuedg -z 3

(e)




5688 JOURNAL OF APPLIED POLYMER SCIENCE, VOL. 32 (1986)

sjuesardal moxre Yy, ‘(q)g Sid Jo Wy 3y} Jo
-85010 (B) ‘SUI[ AL UMBIP A[[BIXRIq JO UOTIOS

"UOTJI.ITP MBIP S} 03 UOTJIIIP [BITMBA 8}
U01109s-85040 (q) (B)Z "B1d JO W] 9Y3} JO UOI}098
-58040 Jo syderdoorur uoxjoore Suruuedg ¢ 81

(B)




NOTES 5689

which are stretched sufficiently because of high crystallinity of this sample. However, the
granules are only slightly broken by the biaxial drawing.

SEM observations of the cross-section of the biaxially drawn films indicate that the porous
structure also exists inside the specimens. As seen in Figures 3(a) and (b), the porous structure
exists inside both samples. However, the difference in the porous structure between the two
samples is scarcely recognized. This indicates that the degree of crystallinity inside the spec-
imens may be mostly independent of the cooling rate studies, that is, the cooling rate may be
more effective at the surface. It was also found that porosity is composed of open-celled networks
since pressurized water was able to penetrate this porosity at room temperature.

SUMMARY

Polytetrafluoroethylene films, which were obtained by rapid or slow cooling after heat treat-
ment at 350°C for 2 hours, were drawn biaxially by about twice the original width at a drawing
rate of 5 mm/s at 250°C. The structure of the drawn PTFE films was observed using a scanning
electron microscope. Growth of granules with a diameter of about 3 pm was observed on the
surface of the heat-treated PTFE films. By the biaxial drawing of the heat-treated PTFE films,
fibrillation occurs and a porous structure is formed. The granules are only slightly broken by
the drawing. In the lower crystallinity PTFE films, the fibrillation is incomplete and occurs
on its surface.

The authors wish to thank Mr. M. Asaka for his valuable information and to Nippon Valqua
Industries Ltd. for permission to publish.

References

1. S. Yamaguchi, Kobunshi Ronbunshu, 41, 407 (1984).

2. T. Haneda, J. Takahashi, H. Nomura, and M. Kurokawa, Kobunshi Ronbunshu, 41, 397
(1984).
Davidson, Polym. Sci. Technol., 12B, 775 (1980).

. T.
. E. R. Hengel and G. Hinrichsen, Coll. Polym. Sci., 262, 780 (1984).
. S. Yamaguchi, Kobunshi Ronbunshu, 39, 493 (1982).

. H. Sakami, S. Iida, and K. Sakaki, Kobunshi Ronbunshu, 34, 653 (1977).

S
H

SHIGESOU HAsHIDA*
SusuMu HIRAKAWA**
HrrosHt Namio*
* Technical Center of Fluoro Plastics
Nippon Valqua Industries Ltd.
Atugi City, Japan
** Department of Applied Physics

Faculty of Science

Fukuoka University

Fukuoka City, Japan

Received October 24, 1985
Accepted February 15, 1986



