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Abstract—The morphology and barrier properites of HDPE/Nylon blend were studied. By changing the proces-
sing conditions, the blends show various morphologies having spherical, cylindrical and laminar dispersion.
The unusual barrier effects obtained with a small amount of the barrier material (Nylon) are formulation of
the ingredients. In the case of laminar morphology, Nylon is distributed as large thin sheets parallel to the
flow axis. The permeability of the HDPE/Nylon blend having laminar dispersion is much more reduced than
that of the finely dispersed isotropic blend. These Nylon platelets act as barriers to the perment diffusion
by providing a long tortuous path. Computer simulation for the permeability of the HDPE/Nylon blend was
carried out. Permeability of HDPE/Nylon blend having different morphologies was calculated by GRM(Generali-
zed Rayleigh Maxwell) relationship. As the Nylon platelet width is increased and the thickness is decreased
at a constant volume fraction of Nylon, the estimated permeability shows large reduction. The simulated results
are compared with the experimental values.
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Fig. 1. Typical morphology of the HDPE/Nylon bi-
nary blend.

Fig. 2. Typical morphology of the HDPE/Nylon/com-

patibilizer ternary blend.
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Fig. 3. HDPE/Nylon blends with laminar morpho-
logy.

(b)

Fig. 4. Comparison of the tortuous path for the va-
rious morphology.
(@) spherical dispersion
(b) platelet dispersion
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Fig. 5. Cross-sectional view of the permeation cell
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Fig. 6. SEM micrographs of the binary and ternary
blends prepared under high shear mixing.
(a) HDPE/Nylon=_85/15
(b) HDPE/Nylon/Compatibilizer®MAH wt%=
0.8)=75/15/10 wt%
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Fig. 7. Comparison of the B.F. (Barrier Factor) for
the blend with various morphologies.
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Fig. 8. SEM micrographs of the uniaxially stretched film.

(a) HDPE/Nylon=94/6

(b) HDPE/Nylon/Compatibilizer(MAH wt%=0.8)=93/6/1 wt%

higher barrier polymer lamellae
{eg.nyion)

e R T ]

%
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Fig. 9. Morphology change of the HDPE/Nylon/Co-
mpatibilzer ternary blend in an extruder.
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(b)

Fig. 10. SEM micrographs of the biaxially oriented film.
(a) HDPE/Nylon/Compatibilizer(MAH wt% = 0.8)=95/3/2
(b) HDPE/Nylon/Compatibilizer(MMAH wt%=0.8)=75/15/10 wt%
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Fig. 11. Examples of shapes of generealized paralle-
lepipedic particles (“unit cell” shown by
broken lines).

Simulation of Permeability

Theoretical Basis :

Maxwell Relationship )
; Spherical particles in a matrix

3R-1V;

R=1-——
(R+2)1+2(R-DVy

Form Parameter

Rayleigh Relationship )
5 ; Infitely long cyfindrical fibers in a matrix
B
F=—1= 2R-DVy
A C R=1-

(R+D+(R-1)Vy

L~ Generalized Rayleigh-Maxwell Relationship for
Parallelepipedic Particles

F+DR-DV;
R=}-—m—
(R+FI+FR-1DV;

R : Po/Pu Dispersed phase - Matrix Permeability Ratio
R’ : Pw/Pc Matrix - Composite Permeability Ratio
Vi Volume Fraction of Dispersed Phase

Fig. 12. Structure-property relationships of Genera-
lized Rayleigh-Maxwell(GRM) model [15].
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Fig. 13. Generalized parallelepipedic particles in a
regular array (“unit cell” shown by broken
lines).

(a)

(b)

(c)

Fig. 14. Schematic representation of Nylon platelet
arrayes.
(a) No overlap
(b) Overlap
(c) Coextrusion
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Fig. 16. Estimation of the Barrier Factor for the va-

rious Nylon morphologies (D.0.=Degree of
overlap).

B BA oA - AFE - AHH 133

cello] %EﬂELH AlA BZ 2ol
Hol7] wfo|ch & o)Fd4ilE IF
2+ 7t Nylon Zvit} o8& dAlAx
23t Nylon 25-2] wld-& 7144 =z we}r
7HAgt o] Al WA vk zpelz) lA ok

Fig. 18%-E] Fig. 207}X] unit cell®] o={7}#] A

£ W3A A7 BFEE AA4lsted Hgfr) Unit

e e e e pepe—p—ep—-n Leminar
100 D.0.=100%
Laminar
£ B
O D.0.=0%
Pt
© —
© [o sphere |
Fxs | v Cylinder|
o 1 ® Laminar .
Lo Cylinder
S
Sy
[}
m

Sphere

i ncmeg pvepet S S NN T - L.
01 2345678 9100112151415
Nylon Volume 7

Fig. 17. Comparison of the theoretical and experi-
mental Barrier Factors (D.0.=Degree of
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Fig. 18. Effect of unit cell width (A* C*) on the Bar-
rier Factors (constant B=2 pym, B*=8 um).
(D.0.=Degree of overlap)
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Fig. 19. Effect of Nylon platelet thickness on the Ba-
rrier Factors (constant A*=C*=1000 um,
B/B*=1/4).

(D.0.=Degree of overlap)
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Fig. 20. Effect of Nylon platelet thickness on the Ba-
rrier Factors (constant A*=C*=1000 um,
B*=4 ym).
(D.0.=Degree of overlap).
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