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Nylon 6-clay hybrid

Arimitsu Usuki

oooo

oobOoeOOOOOOObOOOOODOODOOO
gboboooooboobooobobooooobooon
00600000000 (NCH)OODDODOONCHO
goooooooooooOooOooooooooooag
gobooobebbCUOOCOODOOUODOOODOOOOO
o0O0XoooooooooooNcHOOOOoDoOoO
O2-s5wteDO0OO000O0D0OOCOOOO0ODOOOO
ooDoo0oo00o00000000b0ONCHODOO
goboooO0ooboobOob0oo4b00000D00OD
gooooooNCcHOOOOOOOOOOOOOO

O0D00O0O0O0ONCHDOOOODODOOOOODODO
O®N-NMROOODOODOOOODDOOOOODO30
0000000000000000000000000
0000600000000 000O0OODOODO
00000000000 000NCHOOODODOODO
0000000000 0000000000000
000000000000 000000000000
000000000000 000000000000
000000000000000000000000
00000000000000

Abstract

We developed a new type polymer nano-composite
named Nylon 6-Clay Hybrid (NCH), in which clay mineral
is dispersed in nylon 6 matrix at amolecular level. We
observed the dispersed state of the clay in NCH by
transmission electron microscopy (TEM), and analyzed the
molecular structure and crystal structure of nylon 6 by mass
spectroscopy and X-ray diffraction, respectively.

NCH shows good mechanical properties and a high heat-
distortion temperature in spite of the low content of the clay
mineral. Inaddition, the NCH film has low gas
permeability.

Comparing four types of NCH using montmorillonite and

other three kinds of clay, the NCH using montmorillonite
was superior in mechanical properties to any other hybrid
material. Thisis because of the ionic interaction by which
montmorillonite strongly interacts with nylon 6 as revealed
in the ®N-NMR results. Synthesis method of NCH was
modified: The diamine added in NCH controlled the
laminated state of clay, and the one-pot synthesis
shortened the synthesis process.

NCH has already been applied to automotive timing belt
covers, for thefirst time as an engine part in the field of
polymer nano-composite.
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Fig. 1  Structure of Montmorillonite.
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Fig. 5 Microphotographs of the surface of NCH &

NCC.
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Fig. 6 A Photograph of TEM.
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Table 1 Mechanical properties of NCH.

Properties NCH* Nylon 6
Tensile 23°c 97.2 68.6
strength/M Pa 120°c 323 26.6
Elongation/% 23°c 7.30 >100
Tensile 23°c 1.87 111
modulus/GPa 120°c 0.61 0.19
Flexura 23’c 143 89.3
strength/M Pa 120°c 32.7 125
Flexural 23°c 434 1.94
modulus/GPa 120°c 116 0.29
Heat distortion 152 65
temperature/ c

*Clay content : 4wt%
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Fig. 7

Transparency of NCH & Nylon6 films.
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Table 2 Mechanical properties of NCH using 4 type clay.

Properties NCH NCHM  NCHP NCHH Nylon 6
Clay Montmorillonite Mica ~ Saponite  Hectrite none
Tensile 23:C 97.2 93.1 84.7 89.5 68.6
strength/MPa  120°c 323 30.2 29.0 26.4 26.6
Elongation/% 23°c 7.3 7.2 >100 >100 >100
Tensile 23:C 1.87 2.02 1.59 1.65 111
modulusGPa  120°c 0.61 0.52 0.29 0.29 0.19
Heat distortion 152 145 107 93 65
temperature/ ¢

*Clay content : 4wt%

Table 3 N-NMR chemical shift of intercalated compounds.

Compounds

Chemical shift* (ppm)

CI-NH;"CH,COOH
Montmorillonite-NH;"CH,COOH
Mica-NH,; CH,COOH
Saponite-NH;'CH,COOH
Hectrite-NH;"CH,COOH

Hexametylene diamine

15.6
112
9.4
8.4
83
7.0

*ppm relative to *NH,NO,
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Table 4 Mechanica properties of diamine modified NCH.

Properties Units NCH NCH-1/2h NCH-1h Nylon 6
Tensile 23:0 IMPa 97.2 93.6 89.9 68.6
strength 120°c 32.3 314 314 26.6
Elongation 23°c 1% 7.30 78.8 >100 >100
Tensile 23:0 /GPa 1.87 1.80 1.65 111
modulus 120°c 0.61 0.46 0.56 0.19
Flexural 23’c IMPa 143 134 125 89.3
strength 120°c 32.7 30.3 27.9 12.5
Flexura 23°c /GPa 4.34 3.96 3.55 1.94
modulus 120°c 1.16 1.09 0.95 0.29
Charpy impact IKIm? 525 87.1 100 >150
strength (no notch)

Heat distortion fc 152 143 142 65
temperature
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Fig. 8  Automotive timing belt cover.
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