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ABSTRACT

Thermal analysis properties and chemical structure of carbon fiber/epoxy composites under environmental
exposure were examined using an accelerated aging tester which can simulate real weather conditions such as
temperature, moisture and ultraviolet. The composite specimens were exposed to combined environmental factors
up to 3000 hours. Thermal analysis properties and chemical structure of the composites were evaluated with
various exposure times through Modulated DSC and FTIR. According to the results of Modulated DSC, the
glass transition temperature increased as exposure time increased due to the formation of network structures in
the composites. Also endotherm peaks of enthalpy relaxation related to physical aging that can affect the
properties of the composites were observed as exposure time increased. From the results of FTIR, it was found
that the location of the peaks was little affected by exposure time, but the intensity of the peaks slightly
decreased as exposure time increased due to the curing reaction in the epoxy group.
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Fig. 1 Chemical structures of the resin in this study.
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Fig. 2 Accelerating aging test equipment.

2.3 Modulated DSC Al¥

AU wEE B3 AW AR EAS B
213 Modulated DSC (Q2000, TA instruments, USA)S ©]&
sttt olE FéllAe E8%F (Heat capacity)y} IR
Reversing heat flowe} &£E=22 (Kinetic) Q49 THE
Non-reversing heat flowo| o3l ARE AL 4= It} ol&
T 459 32 UrbHl DSCE F3dll ¥olx= Total heat
flowo]t}. Total heat flow, Reversing heat flow, Non-reversing
heat flow Atole] A= 4] (1)of Yepdr).

dH dT
e Q,E"‘f(ft) ()

oj7)ol| A dH/dt:= Total heat flow, O AR I8,
dTdts 2%, C;(dT/dt)% Reversing heat flow,
fIt)e w9} A7ke] =2 UElPd Non-reversing heat
flowo]t}. Wtz o2 Reversing heat flowol| A= G2 A o)<}
28 59 AHX, Non-reversing heat flowoA= Qg ¢}
oF 243t Y HEE 4L 4 AUtk gubHQl DSCollA=
Total heat flow?HS 42 4 A4t Modulated DSCofA =
Total heat flow # o}zl Reversing heat flowe}
Non-reversing heat flows FAlo] ¢S 4= 7] wjito] Hg
g A4 B4e) A} sl

Modulated DSC2] AJ&-S 43§3}7] ¢sf4l+= Modulation
period, Modulation amplitude, $24&%= 5 ZAA3slojof gt
t}. Modulation period+= AlA|@} AJH Alolof] o] 2+ 55 4=
QEE ZFHS] Zojok sl Modulation amplituder= A13.9]
EoleS HaAIAl oA REE Y 4 A 2A
A7gsf FFofof Fh & Aol A= TA Instrumentsofl 4 A3
sl AlEzA6]1E AA] APAZFE 133Fe]  Modulation
periodE 40sec, Modulation amplitudeE +0.318C, $&&£=5
25~200C 2] &% Helo] s 3T/minE At EE A
@ Foll ARZH ASEE AL WA 93] Aa 2971l
Al Ak e Azl 2 8~10mgS #8353t

2.4 28T EEYS AE

QA =EE E3A] AH ] EAyH shek
Z W3S A Y38l FTIR (VERTEX-70, Bruker Optics,
Germany)S E3) ATR Z 9|4 BHEHE sas1gict. ofu
4000~700cm™ ool 4] 48] 2ste] Qe WF AHEY

& sk

3. A9 A% 9 w3

3.1 Modulated DSC A|¥

Fig. 39|= g7 2lzte] 50047t =% 7Z-$-2] Modulated
DSC A=7} Yehd Qlch 7)o 2 Total heat flow A1
9] 79 100C FLolA Heat flowr} ®stsh= g0l 1
bt} Total heat flowoAl= G-2]Ho] Aty digty] <3}
Aol A Uehly] wie] ekt ARAS 98] Total
heat flow A=% Reversing heat flow 4=} Non-reversing
heat flow A== &It Fdo] F42 Reversing
heat flow AxofA, gty <3} FARS Non-reversing heat
flow M=o)A geatA BEHC



40 %

A R

0.00 7 -

7Non—Reversing Heat Flow Enthalpic Relaxation -
[ 4 0.02
-0.06

Overlapping Glass Transition

and Enthalpic Relaxation 1

-0.02

-0.04

o
=
3
M
S

Rev. Heat Flow (W/g)

Total Heat Flow

.
&

-0.08 -

)
Q
N}

-0.10

s
S
8
Nonrev. Heat Flow (W/q)

[ Reversing Heat Flow

Glass Transition

Exo up

)
o
R

-0.12 -

Total Heat Flow (W/g)

-0.14 -

-0.16 -

-0.18
40

L L L L L L 0.09
60 80 100 120 140 160

Temperature (C)

Fig. 3 Thermograms of Modulated DSC for the 500 hr exposure.
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Fig. 4 Glass transition of the composites in the reversing thermograms.
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with various exposure time.
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