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Numerical Analysis of the Complex Permittivity of MWNT added
Epoxy Depending on Agglomeration Size
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Chun-Gon Kim***", Woo-Yong Lee****

ABSTRACT: This paper predicts the complex permittivity of MWNT added epoxy depending on agglomeration by
numerical analysis. 1wt% MWNT added epoxy specimen is prepared using 3-roll-mill method and its complex
permittivity is measured in X-band (8.2~12.4 GHz) using freespace measurement system. The analytic model is
comprised of cube epoxy and perfect sphere agglomeration. The complex permittivity of the agglomeration model is
predicted by complex permittivity mixing rule using the measured complex permittivity of epoxy and 1 wt% MWNT
added epoxy. Commercial electromagnetic analysis software, CST, is used to obtain S-parameter of the analytic model
and MATLAB code is used to calculate complex permittivity from the S-parameter. It is confirmed that the complex
permittivity increases when the agglomeration size decreases.
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Fig. 1. Three-roll-mill (dispersion equipment)
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Table 2. Volume ratio

Material Volume ratio (vol%)

MWNT 1 wt% 100 75 50 25 0
Graphene 1 wt% 0 25 50 75 100
Graphene 1wt%-Epoxy (vol%)
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Fig. 2. Complex permittivity depending on volume ratio
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Table 3. Complex permittivity of materials (10 GHz)

Material ¢ "
Epoxy 3 0.03
1wt% MWNT added Epoxy 6.19 1.08
Agglomeration(estimated value) 11.14 2.71

Table 4. Analysis model dimensions

Type d (mm) W X H X D(mm)
2
1
Type 1 05 2X2X2
0.1
0.05 2X2X0.5
Type 2 0.01 0.1X0.1X0.1
0.005 0.08 X 0.08 X 0.025




194 Jae-Hwan Shin, Hong-Kyu Jang, Won-Ho Choi, Tae-Hoon Song, Chun-Gon Kim, Woo-Yong Lee

7] 4 me el CSTE Algato] 7t mEloA 9] -
parameter Z7] U 9IS AL 4= QAT Fok4 foe

X-band t} & © 2 4] A of| A = 8~12 GHz 7 7+& AH&-3}
t}. S-parameter~= ThA] MATLAB =& /\]-—&8}01 R
e g Hglon, dof A7]of mhE 54af4e Fg
5 9 Fig. 63} 72},
Fig. 5 9 Fig. 6] 4|9} Zo] Haga0] A4k o 5
B mE do] 2|7k Zob el mhet Zrkehe mgg wof
7.0
L —=—d=2 —e—d=1 ——d=05
6.8 - v—d=0.1 < d=0.05 > d=0.01
66 —e— d=0.005
6.4
£ 62
> 6.
E I jag 2=y "::::::“‘M
E 60 st irraes
& 58 g
S 56l s
T
o 5_4- Adadabaana, mfz:"%v‘ DD
L it e T AAdddddshniapas
52 s E2000000ad
501
8 9 10 11 12
Frequency (GHz)
Fig. 5. Real permittivity (analysis results)
20 - T
] —=—d=2 —e-d=1 —4—d=05
1.8 v—d=0.1 —<— d=0.05 —>— d=0.01
16L-ivlz®zd=0005 _______________§
:‘; 14[ o Pessnee *e90000, .
bS] 1.2 I B I SR,
IS I
g 1.0 -
E‘ 08 + s s 2 SN TEEEEET——— "»»»’N>»>>»».
s ! SDPPPPDPPE PPDPPPPPIE PP .
'5‘)0-6_ 1000000008 000000000000000000000000000¢
£ oaf
02/
ool
8 9 10 11 12
Frequency (GHz)
Fig. 6. Imaginary permittivity (analysis results)
Complex pemiittivity Vs. d (@10GHz)
7.0 Rea 20
—m— Real permittivity
6.8 l—A— Imaginary permittivity f 18
6.6 1.6
6.4 A 14
:? 6.2 1.2 g
> 6. 25
£ -\ 8
€ 60 1.0<
E
8 s8 = 08 &
s P 3
S 56 A i 0.6
& o A =
54 - 04 é-
52 02
5.0 0.0
0.01 0.1 1
d (mm)

Fig. 7. Complex permittivity of the analysis results at 10 GHz

Z9it}. o] 7+ oFo] MWNTYZ} A7 dete $-3o] 3
710 whet B fdEo] Mk ¢ QlaS HojFar ik
def oA dof WE HEARHES] WItE AHEYA
d=0.05 mmojA] d =0.01 mm& 7438} o] E0 80| A
oA 2 F7F7E e AL, 8] 4= d = 0.01 mmoj A
d=0.005mm= 7+AT uf T4 276k B4 oF 4= Qi)

Fig. 7.2 Z4150}4=9] 10 GHzo| A 2] W3S Arm i 1

Hzolet. B4 0] AR W RH BE A7 22
ol we SR mHE HAd 4
5.8 E

2 @) A MWNT $3) 27]o) 112 B4 8]

A=

WSS ot 7] flsto] HEHA 9 o ZA] Yol 51| §
Bl = 33 = o ‘il% MWNT S-S 7Hg sttt MWNT
< 2 Three-roll-millS A}—Q—o}oﬂ A ZFst
MWNT 1wt% 3} 4 R A]J:u HAQALS 23
o] HERALE H] 2 2 3 wA2 A
Eote potutch 5191 08 AU ARS L
CST MWSE A} &-3}o] 29 3712 g3t mndelo s
parameter®] =7]|9} YAS LRIt 18|31 MATLABS A}
£35}4] Nicolson 4] © & S-parameters E24-FA&2 2
Aste IES THEo] Belo) BAGHES AktehAct

HEHon Uaso| ne Baguge) vs Auns

Ho| 7|7} AHLAE =0 B A0 490 oo 2 9lo

% T T T ATT L—%E = T AXRT

2 o 4 Qlgleh. WE oA o EAle} $4 0] Haju|i

2 R  DERC

olek. 2, thie k2] o] g 9)

S5 ohuet A%/ 5 B4
]

REFERENCES

1. Park, J.Y,, and Kim, J.Y., “The Role of Nano-particles on the
Material Properties of Epoxy/Fe,O; Nano-composites,” Journal
of the Korean Society for Aeronautical & Space Sciences, Vol. 30,
No. 5, 2002, pp. 88-93.

2. Lee, S.E., Lee, WJ., and Kim,
erties of Multi-Welled Carbon Nanotube/Epoxy Composites,”
Journal of the Korean Society for Composite Materials, Vol. 17,

C.G., “A Study on Tensile Prop-



Numerical Analysis of the Complex Permittivity of MWNT added Epoxy Depending on Agglomeration Size

195

No. 6, 2004, pp. 1-7

. Kong, ] W, Chung, S.S., and Kim, TW,, “A Study on Mechan-
ical Properties of Carbon Nanofiber/Epoxy Composites with
Dispersion Methods,” Proceeding of the Spring Conference of
the Korean Society for Composite Materials, Pohang, Korea,
Apr. 2004, pp. 151-154.

. Sandler, J., Shaffer, M.S.P, Prasse, T., Bauhofer, W.,, Schulte, K.,
and Windle, A.H., “Development of a Dispersion Process for
Carbon Nanotubes in an Epoxy Matrix and the Resulting Elec-
trical Properties,” Polymer, Vol. 40, 1999, pp. 5967-5971.

. Kim, H.C,, Lee, S.E., Kim, C.G., and Lee, J.J., “A Study on the
Dispersion of Multi-walled Nanotube of MWNT/PMMA
Nanocomposites,” Proceeding of the Fall Conference of the
Korean Society for Composite Materials, Daejeon, Korea, Oct.
2003, pp. 29-32.

. Li, C.C, Lin, J.L., Huang, S.J., Lee, ].T., and Chen, C.H., “A New
and Acid-exclusive Method for Dispersing Carbon Multi-
walled Nanotubes in Aqueous Suspensions,” Colloids and Sur-
faces A: Physicochemical and Engineering. Aspects, Vol. 297, No.
1, 2007, pp. 275-281.

. Ausman, K.D,, Piner, R., Lourie, O., Ruoff, R.S., and Korobov,
M., “Organic Solvent Dispersions of Single-walled Carbon
Nanotubes: Toward Solutions of Pristine Nanotubes,” The Jour-
nal of Physical Chemistry B, Condensed Matter, Materials, Sur-
faces, Interfaces & Biophysical, Vol. 103, No. 38, 2000, pp. 8911-

10.

11.

12.

13.

8915.

. Patole, A.S., Patole, S.P,, Kang, H., Yoo, J.B., Kim, T.H., and

Ahn, J.H., “A Facile Approach to the Fabrication of Graphene/
polystyrene Nanocomposite by in situ Microemulsion Polym-
erization,” Journal of Colloid and Interface Science, Vol. 350, No.
2, 2010, pp. 530-537.

. Pang, H,, Chen, T., Zhang, G., Zeng, B., and Li, Z.M., “An Elec-

trically Conducting Polymer/graphene Composite with a very
Low Percolation Threshold,” Materials Letters, Vol. 64, No. 20,
2010, pp. 2226-2229.

Shen, J., Li, N., Shi, M., Hu, Y., and Ye, M., “Covalent Synthesis
of Organophilic Chemically Functionalized Graphene Sheets,”
Journal of Colloid and Interface Science, Vol. 348, 2010, pp. 377-
383

Rosca, I.D., and Hoa, S.V., “Highly Conductive Multiwall Car-
bon Nanotube and Epoxy Composites Produced by Three-roll
Milling,” Carbon, Vol. 47, No. 8, 2009, pp. 1958-1968.

Lee, S.E., Park, K.Y, Kim, C.G., and Han, ].H., “A Study on Per-
mittivity of Multi-walled Carbon Nanotube/Epoxy Compos-
ites,” Journal of the Korean Society for Composite Materials, Vol.
17, No. 3, 2004, pp. 38-44.

Nicolson, A.M., and Ross, G.E, “Measurement of the Intrinsic
Properties of Materials by Time-Domain Techniques,” IEEE
Transactions on Instrumentation and Measuerment, Vol. 19, No.
4, 1970, pp. 377-382.



