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Effect of the Alignment of Milled Carbon Fiber Dispersed in
Various Solvents
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ABSTRACT: In order to efficiently control the heat generation of electronic devices, many research has been
conducted on thermally conductive composite materials. In this study, milled carbon fiber was dispersed in four
solvent to investigate the relationship of carbon fiber alignment according to dispersion by solvents, and carbon fiber-
reinforced composite material(CFRP) was manufactured using vacuum filtration. To evaluate the arrangement of
CFRP the arrangement of the prepared specimen was observed under an optical microscope, and thermal conductivity
was measured by Laser Flash Analysis. The Through-plane thermal conductivity of CFRP using NMP and Ethanol
was 10.79 W/mK and 10.57 W/mK respectively, which were improved by 218% and 209% compared to the In-plane
thermal conductivity. The high viscosity of the solvent greatly affects the shear of the fluid, and it seemed to
determine the alignment of the filler.
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Fig. 1. Procedure of vacuum filtration (a) Filtering process of CF/
Solvent mixture, (b) Aligned CF on Filter, (c) Filtering pro-
cess of Epoxy-Hardener mixture through CF structure, (d)
Composite of CF/Epoxy
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Fig. 2. Direction of Through-plane and In-plane

2.3 CF/Epoxy S¢&ixl| sino|d Z+&n TGA 24

Al ] CE A2 Bhelal] 91sl A wnl
(PRESTIGE 1.7x - 660x, TAGARNO)S ARg3}o] A|Ho| ot
B2 WS AH ) CE G 245 $13) TGA
£42 Qs

2 o

w

3.1 80|Zd &t TGA
A= Ao e WS Blsh] S8l Awe)

110

100

a0 4

Weight (%)
=

Temperature (T)

Fig. 4. Result of TGA analysis for CF/Epoxy composite of each
Solvent

e Wkl Fig 3= F 7HA] R = st Al o
1] Aglo|c. #lu| 7.0 2 AT Alre] TS CF e
o] Z}Z} In-plane?} Through-plane ¥3Fo & v = o] 9JS
= g1 4= QU

In-plane

Acetone

NMP

DMF

Ethanol

Fig. 3. CF Alignment of CF/Epoxy composite in each solvents



50 Sung-Kwon Lee, Sung-Woong Choi

Fig. 4= 47}A] Solvento] tsl] TGA £4& % “?} A=
sl of 200°Co|A] Fa7) Al2tE T
] weight 71227} 714 B H40] Urepg] o
JE|Z 213t weight loss TAFO 2 L-of w}E F235t } 7]
=717F Uehde & 4= 3tk Solventd 7158 Al 2| weight
percenti= solvent F-7-of whet thE WS E Ak A4
O F CF gFo] oF 37~46 wt.%2] HYE ¥l 1 5 DMF
S ALgA AITE OF 46 wiw%E Wich

3.2 ¥M¥MEr &3 42

Table 1-& A& o] ARR-E 47}%] Solvento] th3] = 7}A] HF
o g =45 dAEEE e 22 ¢l ) Through-plane
2 In-planed] H|3l 52 GHAEEE 7[R solvent B In-
planex} Through-plane®| Z3F/do] v]3t A & 4= 9l
t}. Acetone, NMP, DMF %! Ethanolo]| A A|Z+= A]H 9]
Through-plane & A &= = = In-plane &7 == ¢} H] W 5}
Z¥7} 172%, 218%, 151%, 209% SRAHE ZHS HolZgich =
A3 AH x 710 4] Solvento] whet FH = ghojl 2ko] 7}

ZA8l= Ao 2 Kol AIZ FA = solventZ} CF v o] &
3&% = AolZkal Hekdk 4= Qo Fig. 49] TGA HAit&
X DMF= CF7| 9F 46 wt.%©]| 11 E} solvent= 2F 40 wt.%
£ Ho|E= DMEF| CF ghgo] ¥ & Z& & 4= Qlth 4
Awd S49 gFo] w0 1o met 2 GHEE gk
<& 7HAl= Zo] A5 DMF A|#H 9| CF 30| B solvent
Hrh oF 6 wt.%p =2 GHEE Sl & Fo] Y=
Zl o= Kol v]=3t CF ghgof|A= CF Hjdo] dHEE 3F
ol Al e gelski.

Table 2= A}83%F Solvent?] EAX| & HojFal Qo &
AJZ] = NMP, Ethanol, DME, Acetone &0 2 A%V} =2 7
2 3018t 4= @it} Solventd 713-E A|HO ATV} 7}
Z=o NMPQ} Ethanol®] 7, Solvent®] A %=~} CF v
o8k u|Hthal 1&E 4= It} Filtration I} o] 4] CF
g2 filters S¥ohe 3404 B2 9 e

4], solvento] EAHE CF2| 742 solvent -F-A|of] &J3F o]

A

lo 2

Table 1. Thermal conductivity of in-plane and through-plane
direction

Acetone | NMP DMF | Ethanol
In-plane (W/mK) 2.77 3.39 3.21 3.42
Through-plane (W/mK)| 7.54 10.79 8.06 10.57

Table 2. Properties of solvent at 20°C

Acetone| NMP DMF | Ethanol
Surface tension (mN/m) | 25.20 40.79 37.10 22.10
Viscosity (mPa-s) 0.30 1.67 0.79 1.07
Density (g/cm”) 0.79 1.03 0.95 0.79
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