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Physical and Mechanical Properties of The Lignin-based Carbon
Nanofiber-reinforced Epoxy Composite'

Won-Jae Youe® * Soo-Min Lee’ - Sung-Suk Lee? * Yong Sik Kim?'
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2 AFolA= Blad 7t EEotad =Y ol E-(polyacrylonitrile, PAN) S35TAS A7ARSHo] Ui
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§ HECIEA B o EA pAIot GARE AR AT HolT gl v fEHolLEL 1069TE &
AEA| 5279 2 HOI (T, 90.7TH} T & AFOR Ueht 97 ool FE Ans AlrE 21
d 7)uk 25EA 2 5 PANC R THE Uik AG mlES) QI EE 247 72 W 94 MPaZ UERFon, 21
o 7N gk g E/C|EA] AR AR 43.0 MPaR ekt ol Ushad g tE/CIEA] B
A RONA o] ZA] $=2] MEE X(matrix) WollA Wt f7F S A (reinforcing filler)®= 283 Bt oF 689
WYYE PG WAk QPAE 24 F AR HereolH Lhesta g A9 22 AFPEWATSS MPa) B o
A Sx)9ke] okt ARMAEA ] 7]lehs Ul o] BalaAo] Wt

ABSTRACT

The lignin-based carbon nanofiber reinforced epoxy composite has been prepared by immersing carbon nanofiber
mat in epoxy resin solution in order to evaluate the physical and mechanical properties. The thermal and mechanical
properties of the carbon nanofiber reinforced epoxy composite were analyzed using thermogravimetric analysis (TGA),
differential scanning calorimeter (DSC) and tensile tester. It was found that the thermal properties of the carbon
nanofiber reinforced epoxy composite improved, with its glass-transition temperature (7,) increased from 90.7C (7, of
epoxy resin itself) to 106.9C. The tensile strengths of carbon nanofiber mats made from both lignin-g-PAN copolymer
and PAN were 7.2 MPa and 9.4 MPa, respectively. The resulting tensile strength of lignin-based carbon nanofiber
reinforced epoxy composite became 43.0 MPa, the six times higher than that of lignin-based carbon nanofiber mats.
The carbon nanofibers were pulled out after the tensile test of the carbon nanofiber reinforced epoxy composite due
to high tensile strength (478.8 MPa) of an individual carbon nanofiber itself as well as low interfacial adhesion
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between fibers and matrices, confirmed by the SEM analysis.
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Table 1. Properties of epoxy resin and hardener used for experiments

Epoxy/hardener Viscosity Epoxide equivalent weight
(Wt%) (cps at 25T) (g/eq)
Epoxy YD-115] 100 150-500 175-194
Hardener VESTAMIN IPD 25 15 42.6
2. xHE ELJ hgtlld'l (DMF, J.T. Baker, USA) £90] 17 wt%9] sE==
H7kste] 60°COIA] 24 h B WULAIA WAG S
21, AR Az 5 34 =ZUE 47: 086 mm)o] F2HE

dad-Sefolad ol =g FEUA (1Y
PAN FFTAE AAAT Wow Azsle] &
Al)o]| ARSIt Youe et al., 2016); PAN 32
93l 250 mee] T EFekiAo| ofmadRYolEY
(AN, Aldrich, USA)¥} ¥ 7HAJA| 2 A] @,a’-azobi-
siso-butyronitrile (AIBN, Aldrich, USA) &3}&2
dimethyl sulfoxide (DMSO, J.T. Baker, USA)%}
A H7eE 3 WESA 200 rpm O E wHESHH A
15 min 5¢F A Aeks AAs A7) W=
= 70C F2fxolA 2 h BEEAIY ok, gad
(methanol-soluble lignin)@} Z7}A|S DMSO2} 3H|
A7Fete] 15 min Fob Wlgh & A spam A3
SkaL 70C F2r2ollA 24 h FQF BEEAIA #ad
-PAN F5AIE Azt

ETA RO 7|R 2 AR oFA] A= bisphenol-
A7) gt NA| A=A AL vighA] 7]
AS 2 A4Sst7] Y8l BGE (butyl glycidyl ether)
2 s|4ate] AR BAS 7+ YD-115] (Kukdo
Chemical Co. Ltd., Korea)?} ZSHA|ZA cyclo-
aliphatic diamineZ] VESTAMIN IPD (Evonik Korea
Ltd, Korea)5 AFE-8FGITE 2 AF ol AHEH of FA]

oF ZsiA|e] B4 Table 1o Yehfich

Al
=

2.2.

il

ape
221, LI-MR HE MZE & &St &2
A7ARE &8 g4t WEY Alxs

MPAL v o g A xPth(Youe et al., 2016);

2] 1d-PAN N,N-dimethylformamide

TsEAE
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FAZIGS moell gar A7EAPEA (ESR200-R2H,
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reflectance)©] AF2FEl FT-IR (Nicolet iS10, Thermo
Fisher Scientific, USA)S 0]83}0] 4 cm™¢] sjAt=
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Ao AZFEA7|(TGA SDT Q600, TA Instrument
Inc., USA)E o]-&3to] oF 3 mgo] Ajzof tfsf A&
oA &7 10T $2&ER 600T7HA] 7HEs}to]
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=] Wske A|XIEAFAZA(DSC Q10, TA instru-
ments, USA)YE o]§slo] A 29)7|oA £ 10T
2 523t0] 30 ~ 250TC He7HA] 245

gad 7]eh gk f E 9 o FA] E3ka
Aol sy EAL FARAE U AH(EM-30 mini
microscope, COXEM, Korea)S =3 zs1qich
Ton sputter coater (KIC-1A, Lehi Tech, USA)E o|-&

Carbon nanofiber mats/
epoxy composite
Carbon nanofiber mats

Thermal stabilized carbon nanofiber mats
Lignin-based nanofiber mats
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Fig. 1. FT-IR spectra for lignin-based nanofiber
mats, thermal stabilized carbon nanofiber mats,
carbon nanofiber mats, and carbon nanofiber
mats/epoxy composite.
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Fig. 2. TGA curve of cured epoxy resin and carbon
nanofiber mats/epoxy composite.
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Fig. 3. DSC diagrams of cured epoxy resin and car-
bon nanofiber mats/epoxy composite.
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Table 2. Tensile properties of carbon nanofiber

Uaeera il §

mats and carbon
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nanofiber mats/epoxy composite

Max. strength E. modulus Tensile strength
[N] [MPa] [MPa]
Lignin-based carbon nanofiber mats 2.5 (0.7) 1644.2 (633.8) 7.2 (2.5)
PAN-based carbon nanofiber mats 2.7 (1.0) 2063.7 (640.2) 9.4 (2.7)
Carbon nanofiber mats/ 53.0 (3.3) 2258.0 (546.7) 43.0 (7.1)

epoxy composite
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Fig. 5. SEM images of the lignin-based carbon
nanofiber mats and epoxy composite; (A) carbon
nanofiber mats, (B) carbon nanofiber mats surface
reinforced with epoxy resin, (C-D) cross-section of
carbon nanofiber mats reinforced epoxy composite
after tensile strength tested.
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