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ABSTRACT : Polymer has low mechanical strength than metal. In particular, the impact strength is very weak. Impact
modifier reinforced polymers are frequently used. Impact strength of reinforced polymer is changed according to content
and distribution of impact modifier. In this study, izod impact test has been simulated to analyze the mechanism of impact
modifier reinforced Nylon 6. Computational results were compared for numbers and distributions of impact modifier. As
the total volume of rubber particles decreased, the stress at the notch increased for the simulation model that the volume
decreases as particle number increases. As the surface area of particle sphere increased, the stress and difference of principle
stress increased for the simulation model that the total surface increases as particle number increases.
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Figure 1. Specimen for Izod impact test.
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Figure 2. Arrangement of impact modifiers at notched section,
as show in cross section at A-A' in Figure 1.

Table 1. Specimen modeling for computer simulation of Izod
impact test.

Case | Without impact modifier (only Nylon 6)

With impact modifier

Case Il (volume and particle distribution changes)

With impact modifier

Case III (surface area and particle distribution changes)
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Table 2. Material properties used in the computer simulation
of Izod impact test.

. Impact
Specimen modifier Pendulum
. Alloy for tool

Material Nylon 6 Rubber (AISI D2,STD 11)
Elastic
modulus 2.7 0.04712 209.9

[GPa]
Poisson’s 0.35 0.42 0.30

ratio

Density 1,120 900 7,670
[kg/mS] s )
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Pendulum

Rubber particle
. > : Bonded with matrix
Fixed condition

Fixed condition

Figure 3. Boundary conditions for computer simulation of Izod
impact test.
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Table 3. Variations for specimens according to number of rubber
particle (Case II in Table 1).

Number of | ) 4 4
rubbers (Distribution-1) ~ (Distribution-2)

Radius of rubber

article [mm] 0.53 037 0.26 0.26
p (100)  (71) (50) (50)
(%)
Total cross-section
Clrr:t‘:liclrfe;‘;ﬁiilgf 333 470 6.65 6.65
[mm] (100) (141) (200) (200)
(%)
Srﬂif)zr:em:]n 1.06  0.56 0.21 0.71
0 (100)  (53) (20) (67)
(%)
Total surface area
of rubber particle 3.52  3.52 3.52 3.52
[mm’]
Total volume of
rubber particle 0.62 044 0.31 0.31
[mm’] (100)  (71) (50) (50)

(%)
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Figure 4. Comparison of von Mises stress according to number
of rubber particle and particle distribution while the surface area
of rubber particle is fixed.
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Figure 5. Comparison of maximum principal stress according
to number of rubber particle and particle distribution while the
surface area of rubber particle is fixed.

Table 4. Comparison of maximum von Mises stress and
principal stress according to rubber particle number and particle
distribution.

No. of Max. von Mises Ma).;. max
. Volume principal
particles stress
stress
3 7.776E+8 9.172E+8
1 0.62 mm N/m? N/m?
5 29% 11% 9%
decreased increased increased
4 50% 15% 12%
(Distribution-1)  decreased increased increased
4 50% 15% 11%
(Distribution-2)  decreased increased increased

2343536

Figure 6. Measurement points at notch surface.
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Table 5. Variations for specimens according to number of rubber
particles (Case III in Table 1).

Number of | ) 4 4
rubbers (Distribution-1) (Distribution-2)
Radius of rubber 3 45 033 033
particle [mml 100y (70) (63 (©3)
(%)
Space between
rubber particle 1.06 0.50 0.10 0.61
[mm)] (100) (47) (10) (58)
(%)
Total cross-section
area of rubber 0.88 1.11 1.40 1.40
particle [mm] (100) (126) (159) (159)
(%)
Total surface area
of rubber particle 3.52 4.43 5.59 5.59
[mm?] (100) (126) (159) (159)
(%)
Total volume of
rubber particle 0.62 0.62 0.62 0.62
[mm’]
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Figure 8. Comparison of von Mises stress according to number
of rubber particle and particle distribution with the total volume
of rubber particle is fixed.
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Table 6. Comparison of maximum von Mises stress and principal
stress according to surface area and particle distribution of rubber
particle.

Max. von Max. max
No. of particles Surface area Mises stress principal
stress
1 3.52 mm? 778 MPa 917 MPa
26% 18% 15%
2 . . .
increased increased increased
4 59% 20% 15%
(Distribution-1) increased increased increased
4 59% 18% 13%
(Distribution-2) increased increased increased
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Figure 10. Comparison of average maximum principal stress at
the center of notch surface according to total surface area of
rubber particle and particle distribiton while the total volume
of rubber particle is fixed.



Computer Simulation of the Effects of Content and Dispersion of Impact Modifier on the Impact Strength of Nylon 6 Composites 291

An7Ae 7k F4g5E TAade] Zheka A 1 8
o Rt F7kHITh. ol FANAA Fhgo] AP
)

A7 & F97F FATeE §Eo] A EEGoH
Ho 7399 A7% F7HE A o= AR 35 ket
tha Ak a7k F A WA o wepA e 3L
TR e] F xAZo] F7FES von Mises 6 7 765
o 717} S7FsISlET ol AAL Aol st Azfolrt, o]
gk atol= aAld arele 7S] A7)7F A vhel AR
G Eh A7) wiite] dRAEC] YAISHA] kobA] yERG
Aolet wheket) BEg AN e skt - Aol
A FzEsE AI7EY] AH L AARE A E0] Ao AY
gteto] H QS 7hsAdol Ak mEkA Aol 22 34
RAS T2 2709 @S votshet frad AR wdy]
3 71 o]0 AAE ' A9 ARGl st A a1
galof & slow JetkEn)

AR 2

B A= Agey)ersty wd seede] A Qo s

FaE 5

References

1. C. B. Bucknall, D. R. Paul, “Notched impact behavior of
polymer blends: Part 1: New model for particle size depend-
ence”, Polymer, 50, 5539 (2009).

2. R. J. M. Borggreve, R. J. Gaymans, J. Schuijer and J. F.
Housz, “Brittle-tough transition in nylon-rubber blends: effect
of rubber concentration and particle size”, Polymer, 28, 1489
(1987).

3. R. J. M. Borggreve, R. J. Gaymans, and H. M. Eichenwald,
“Impact behaviour of nylon-rubber blends: 6. Influence of
structure on voiding processes; toughening mechanism”,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Polymer, 30, 78 (1989).

. JJ. Huang, H. Keskkula, and D.R. Paul, “Comparison of the

toughening behavior of nylon 6 versus an amorphous poly-
amide using various maleated elastomers”, Polymer, 47, 639
(20006).

R. A. Kudva, H. Keskkula and D. R. Paul, “Fracture behavior
of nylon 6/ABS blends compatibilized with an imidized acryl-
ic polymer”, Polymer, 41, 335 (2000).

. Meredith N. Silberstein, “Mechanics of Notched Izod

Impact Testing of Polycarbonate”, Massachusetts Institute
of Technology (2005).

Y. Kojima, A. Usuki, M. Kawasumi, A. Okada, Y. Fukushima,
T. Kurauchi, and O. Kamigaito, “Mechanical properties of
nylon 6-clay hybrid”, J. Mater. Res., 8, 1185 (1993).

. D. R. Holmes, C. W. Bunn, and D. J. Smith, “The crystal

structure of polycaproamide: Nylon 6”, J. Polym. Sci., 17,
159 (1955).

. G. X. Chen, H. S. Kim, B. H. Park, and J. S. Yoon, “Multi-

walled carbon nanotubes reinforced nylon 6 composites”
Polymer, 47, 4760 (2006).

K. Dijkstra, J. Ter Laak, and R. J. Gaymans, Nylon-6/rubber
blends: 6. Notched tensile impact testing of nylon-6/(ethy-
lene-propylene rubber)blends”, Polymer, 35, 315 (1994).
A. Gonzalez-Montiel, H. Keskkula, and D. R. Paul, “Impact-
modified nylon 6/polypropylene blends: 2. Effect of reactive
functionality on morphology and mechanical properties”,
Polymer, 36, 4605 (1995).

Y. H. Park, M. Y. Lyu, D. R. Paul, “Computer simulation
of Izod Impact test for impact modifier reinforced Nylon 6”,
Elast. Compos., 48, 172 (2013).

“Standard Test Methods for Determining the Izod Pendulum
Impact Resistance of Plastics”. ASTM International

A. J. Oshinski, H. Keskkula and D. R. Paul, “The role of
matrix molecular weight in rubber toughened nylon 6 blends:
2. Room temperature 1zod impact toughness”, Polymer, 37,
4909 (1996).

Y. Kayano, H. Keskkula, and D. R. Paul, “Fracture behaviour
of some rubber-toughened nylon 6 blends”, Polymer, 39,
2835 (1998).

R. A. Pearson, A. F. Yee, “Influence of particle size and par-
ticle size distribution on toughening mechanisms in rubber-
modified epoxies” J. Mat. Sci., 26, 3828 (1991).

N. J. Mills, “The mechanism of brittle fracture in notched
impact tests on polycarbonate”, J. Mater. Sci., 11, 363 (1976).
R. A. Deblieck, D. J. M. Van Beek, K. Remerie, and 1. M.
Ward, “Failure mechanisms in polyolefines: The role of craz-
ing, shear yielding and the entanglement network”, Polymer,
52, 2979 (2011).

A. J. Oshinski, H. Keskkula, and D. R. Paul. “The role of
matrix molecular weight in rubber toughened nylon 6 blends:



292 Jeong Woo Woo et al. / Elastomers and Composites Vol. 49, No. 4, pp. 284~292 (December 2014)

1. Morphology”, Polymer, 37, 4891 (1996).
20. T. D. Fornes, P. J. Yoon, H. Keskkula, and D. R. Paul, “Nylon
6 nanocomposites: the effect of matrix molecular weight”,

Polymer, 42, 9929 (2001).





