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Abstract. Commercially available polypropylene fiber (PPF) samples with relaxation heat
setting for 30 minutes in a drying oven at various temperatures (room temperature, 90 °C,
100 °C, 110 °C, 120 °C, 130 °C, 140 °C, 150 °C, respectively.) were prepared for measurement
of their sonic velocity, orientation degree, orientation angle and modulus. According to the
obtained data for the PPF molecular orientation before and after the relaxation heat setting, it is
found that, with the increasing of relaxation heat setting temperature, the sonic velocity in PPF,
orientation degree and modulus decreased, while the orientation angle increased. The result
may be helpful to choose proper working temperature for PP hernia patch fabrication.

1. Introduction

Polypropylene fiber (PPF) has been extensively used in the manufacture of synthetic hernia meshes [1].
It is necessary and interesting to find the corresponding detailed process condition. In this preliminary
study, we aimed to gain a better understanding of the molecular orientation of a commercially
available polypropylene filament. So that it may be of benefit to choose proper working temperature
for PP hernia patch fabrication.

2. Experimental

2.1. Starting Materials

Commercially available polypropylene fiber (PPF) was derived from Nantong NTEC Monofilament
Technology Co. Ltd., China. For the PPF, diameter d = 0.16 mm, density p=0.91 g-cm™, linear density
x=18.3 tex i.e., =165 den.

2.2. Preparation of PPF Samples

PPF samples with relaxation heat setting for 30 minutes in a drying oven at various temperatures
(room temperature, 90 °C, 100 °C, 110 °C, 120 °C, 130 °C, 140 °C, 150 °C, respectively.) were
denoted as starting PPF, 90 °C PPF, 100 °C PPF, 110 °C PPF, 120 °C PPF, 130 °C PPF, 140 °C PPF,
150 °C PPF, respectively. All data are the average from 5 samples by the machine.

2.3. Measurement of Molecular Orientation in PPF Samples

A sonic velocity orientation degree, angle and modulus tester for fibers (model SCY-1V, Shanghai
Donghua Kaili New Material Technology Co. Ltd., China) was employed. The preload of 20 g was
loaded on each PPF sample with a linear density of 165 den, so the pretension was 0.12 gf/d. The
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value of C, (sonic velocity of completely unoriented fiber) for PPF is 1.45 km/s. As shown in Fig. 1, a
PPF sample (line in red) tightened as a pretension of 0.12 gf/d was applied by a counterweight of 20 g.

Figure 1. Schematic for the sonic velocity orientation degree, angle and modulus tester for fibers.

Firstly, sound propagation time in PPF samples from 0 to L; was measured and denoted as T
(including the delay time AT caused by the machine itself); Secondly, sound propagation time in PPF
samples from 0 to L, was measured and denoted as T, (including the delay time AT caused by the
machine itself). When L,=2 L, (for example, L,/L;=10 cm/5 cm, 20 cm/10 cm, 30 cm/15 cm, 40 cm/20
cm, respectively.), A4T= 2T, ;- T\, Then, in PPF samples, the exact sonic velocity C=L/(T_-4T), where
the unit of C is km/s, the unit of T, and 4T is ps, and the unit of L is m.

The sonic velocity orientation degree, orientation angle and modulus for PPF samples were then
calculated by the following formula:

(1) The Moseley formula [2]: F=1-(C,/C)?, where F is orientation factor, or orientation degree,
without any unit; the unit for C, and C is km/s.

(2) The Hermans formula [3]: F=[(3cos?0)-1]/2, where F is orientation factor, or orientation degree,
without any unit; the unit for orientation angle is (°).

(3) The modulus E=11.3C? where E is the modulus (MPa) for PPF, p is the density (910 kg/m®) for
MPP fiber, and C is the sonic velocity (km/s) tested in PPF samples. For more simplification,
E=11.3C? (The unit of E is gf/d, and the unit of C is km/s).

3. Results and Discussion

3.1. Effect of Relaxation Heat Setting Temperature on PPF Molecular Orientation

The sonic velocity (C, km/s) in PPF, orientation degree (Fs), modulus (E, gf/d) and orientation angle
(6, °) under a pretension of 0.12 gf/d are shown in Tab. 1. According to the obtained data for the PPF
molecular orientation before and after the relaxation heat setting, it is found that, with the increasing of
relaxation heat setting temperature, the sonic velocity in PPF, orientation degree and modulus decrease,
while the orientation angle increases.

Table 1. Molecular orientation data measured by sonic velocity method for PPF samples under a
pretension of 0.12 gf/d.

Li/Lo(emicm)  Tio(us) AT (us) C (km/s) F 6(°) E (gf/d)

Starting PPF  20/40 3190 2134 3.79 0.85 18.2 162.1
90 °C PPF 20/40 3180 2084  3.65 0.84 189 150.5
100 °C PPF  20/40 3208 2116  3.66 0.84 189 1516
110 °C PPF  20/40 3220 2088  3.53 0.83 196 1411
120 °C PPF  20/40 323.0 2102 355 0.83 195 1421
130 °C PPF  20/40 3286 2142 350 0.83 198 138.1
140 °C PPF  20/40 336.8 2136 3.25 0.80 214 1191

150 °C PPF  20/40 353.2 2144 2.88 0.75 24.3 93.8
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For example, the effect of relaxation heat setting temperature on PPF molecular orientation degree
is shown in Fig. 2. Between 110 °C and 130 °C, when just below the PP softening point (~ 140 °C), it
may be the proper working temperature for PPF postprocessing and fabrication in mesh form.
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Figure 2. Effect of relaxation heat setting temperature on PPF molecular orientation degree under a
pretension of 0.12 gf/d.

3.2. Effect of Pretension on PPF Molecular Orientation at Same Temperature
The sonic velocity (C, km/s) in PPF, orientation degree (Fs), modulus (E, gf/d) and orientation angle
(0, °) under a pretension of 0.18 gf/d are shown in Tab. 2. Similarly, according to the obtained data for
the PPF molecular orientation before and after the relaxation heat setting, it is found that, with the
increasing of relaxation heat setting temperature, the sonic velocity in PPF, orientation degree and
modulus decrease, while the orientation angle increases.

Table 2. Molecular orientation data measured by sonic velocity method for PPF samples under a
pretension of 0.18 gf/d.

Li/Ly(em/em)  Tio(us) AT (us) C(km/s) F 0(°) E (gf/d)

Starting PPF  20/40 318.8 213.8 3.83 0.86 18.0 1659
90 °C PPF 20/40 318.6 208.2 3.62 0.84 191 1483
100 °C PPF  20/40 320.2 210.2 3.64 0.84 19.0 1494
110 °C PPF 20/40 323.8 211.8 3.57 0.84 194 1441
120 °C PPF  20/40 323.8 210.4 3.55 0.83 195 1421
130 °CPPF  20/40 328.2 209.8 3.38 0.82 205 129.0
140 °C PPF  20/40 337.0 212.6 3.22 0.80 216 116.8
150 °CPPF  20/40 354.4 213.6 2.84 074 246 91.2
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For example, the effect of relaxation heat setting temperature on the sonic velocity in PPF under a
pretension of 0.12 gf/d and 0.18 gf/d is shown in Fig. 3. Between 110 °C and 130 °C, when just below
the PP softening point (~ 140 °C), it may be the proper working temperature for PPF postprocessing
and fabrication in mesh form. Moreover, when the value of the pretension is between 0.1 to 0.2 g/d, it
is proper to measure the molecular orientation.
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Figure 3. Effect of relaxation heat setting temperature on the sonic velocity in PPF under a pretension
of 0.12 gf/d and 0.18 gf/d.

4. Conclusions

The data for the PPF molecular orientation before and after the relaxation heat setting showed that,
with the increasing of relaxation heat setting temperature, the sonic velocity in PPF, orientation degree
and modulus decreased, while the orientation angle increased.

5. Acknowledgements
This work was supported by the project of Hubei Provincial postgraduate workstation (2016).

6. References

[1] Li X., Kruger J.A., Jor JW.Y., Wong V., Dietz H.P., Nash M.P., Nielsen P.M.F. Characterizing
the ex vivo mechanical properties of synthetic polypropylene surgical mesh. J Mech Behav
Biomed Mater 2014, 37: 48-55.

[2] Moseley W.W. The measurement of molecular orientation in fibers by acoustic methods. J Appl
Polym Sci, 1960, 3(9): 266-276.

[3] Hermans, P. H. Contribution to the Physics of Cellulose Fibres, Elsevier, Amsterdam, 1946, p.
195.



