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Reactive Processing of Polyethylene Powders Treated With
Atmospheric Pressure Glow Plasma and Nylon 6

Kaoru KATAYAMA, Keiko KOGA, Youichi SANO,
Masaru MATSUMOTO, Kenji YAMADA, and Motowo TAKAYANAGI

Abstract: Polyethylene (PE) powders as polymerized were treated with atmospheric pressure
glow plasma in He and N, mixture gas in order to attach amino groups or imino groups to their
surfaces. Then the plasma treated PE and nylon6 (NY6) were blended by reactive extrusion. The
blend contained 10% to 50% by weight of NY6. For obtained PE/NY6 blend, tensile test and
measurement of the temperature dependence of dynamic modulus were carried out. Plasma
treated PE/NY6 blend showed improved mechanical properties and heat resistance compared to
the untreated PE/NY6 blend. From the results of SEM observation, we inferred that the
improved properties resulted from the co-continuous structure formed by inter-sphere-links

among PE spheres dispersed in NY6 matrix.

Keywords: reactive processing / atmospheric pressure glow plasma / polyethylene / nylon6 /
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Fig.1 Apparatus for plasma treatment under

atmospheric pressure.
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Fig. 2 ESCA spectra of PE powders. (a) untreated,
(b) plasma-treated with coaxial cylinder type.
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Fig.3 SEM micrographs of PE powders.
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Table 1 Soxhlet extraction resuits.

PE/NY6* remaining Yield
residue (g) (%)
5/5 0.086 8.6
8/2 0.1572 15.7

*Sample weight is 1g.
3. 3 IA—EHMR
Hir L FE 7S5 X< B4 L7ZPE/NY6 L
v RO — B4R % Fig4lo &Y, PENY6D
BEEHiT@S5/5. (b)er, (¢)7/3. (d)8/2, (e)9/1
ThbH, DX, 7T A<0HEE L TWRWPEL



160 JUMBERER Tt 425

NY6DO TV RTChD,

Stress (MPa)
e >Rh BN EH B

Strain (%)
(1) PE was untreated.

25

Stress (MPa)
- N
n o
e

0 10 20 30 40
Strain (%)

(2) PE was treated with atmospheric pressure
glow plasma by parallel plates type aparatus.

Stress (MPa)
B R 845 8

[T
[ |

(=2 |

Strain (%)

(3) PE was treated with atmospheric pressure
glow plasma by coaxial cylinder type apparatus.

Fig.4 Stress-Strain curves for PE/NY6 blends.
The composition ratios of PE/NY6 were (a) 5/5,
(b)6/4, (c)7/3, (d)87/2 and (e)9/1.
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Table 2 Mechanical properties of PE/NY6 blends.
(1) PE was untreated.

Yield stress  Ultmate Young’s Elongation
PE/NY6 (MPa) strength modulus at break
(MPa) (GPa) (%)
5/5 133 11.7 0.394 8.91
6/4 13.2 13.0 0.402 7.09
7/3 9.19 8.89 0.428 5.45
8/2 9.52 7.18 0.396 15.5
9/1 9.95 7.46 0.337 144
(2) PE was treated with plasma. (parallel plates type)
Yield stress  Ultmate Young’s Elongation
PE/NY6 (MPa) strength modulus at break
(MPa) (GPa) (%)
5/5 21.6 20.9 0.704 10.3
6/4 18.1 17.4 0.650 7.11
7/3 14.2 13.8 0.571 8.17
8/2 11.3 6.37 0.485 26.8
9/1 8.53 5.85 0.419 26.3

(3) PE was treated with plasma. (coaxial cylinder type)

Yield stress  Ultmate Young’s Elongation
PE/NY6 (MPa) strength modulus at break
(MPa) (GPa) %)
5/5 29.1 27.9 0.700 16.3
6/4 252 24.7 0.712 11.2
7/3 17.6 16.7 0.775 10.2
8/2 15.5 10.7 0.379 249
91 11.7 9.54 0.227 135.0
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Fig.5 Dynamic modulus  vs.temperature  for
(a) Nylon6, (b) plasma treated (using parallel plates) 1 1- 4 é
PE/NY6=5/5, (c)untreated.PE/NY6=5/5 and (d)PE. _ +
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Fig.6 Dynamic modulus vs.temperature for
(a) Nylon6, (b) plasma treated (using coaxial cylinder)
PE/NY6=5/5, (c)untreated.PE/NY6=5/5 and (d) PE.
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Fig.7 Takayanagi model.
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Takayanagi model
Plasma treated PE/NY6=5/6

Fig.8 Two phase model of PE/Ny6 blends.
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(a) Plasma treated PE/NY6=5/5 (b) Untreated PE/NY6=5/5

Fig.9 SEM micrographs of fractured surfaces
of PE/NY6=5/5 blends.

(a) Plasma treated PE/NY6=5/5 (b) Untreated PE/NY6=5/5

Fig.10 SEM micrographs of PE/NY6 blends.
Samples were stained with Ru.
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