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Accelerated Weathering of Carbon Fiber/Epoxy Composites

Jong Shin Park®, Hee Cheol Kang™™ and Bal Jung™*

ABSTRACT

Atlas Ci65/DMC Weather—Ometer was used to simultaneously simulate and accelerate outdoor
weathering conditions for the prediction of the outdoor durability of carbon fiber/epoxy composites.
The test methods for monitoring the effect of artificial weathering included scanning electron
microscope, flexural strength measurement, and interlaminar shear strength measurement.

Reproducible and clear crazing phenomena were observed after long exposure to Weather-
ometer and the mechanical propei‘ties were decreased gradually by the Weather-omether ex-
posure.

An attempt was made to predict the safe service life of the composites in a real outdoor
conditions by introducing a Kamal’s equation and an acceleration factor.
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2-1. A &

BoodFol)] AM-El AlBE T300/AD6005EA] ¥
ol wl@el A filament winding method® Azt
slglth. X B+ 25 longitudinal, 3 plyEA] A&
Table 13} Zrc}. Al#2] Ao ZF 70mmx120
mmx2mme]}.

2-2. Weather-Ometer 2]

A18-% Weather-Ometer+ Atlas Electric Device
Company 9} model: Ci 65/DMDRE4 A3 F4le
6,500 watt®] Xenon Arcel9ith. BE AEE Sa-
mple holder<] 723} Xenon lamp?] F£$8 &7
e AEr) ws ZAlER] dAsHA HEE hol-
der7} AR 9lch. A9 black panel temperature®}
e Tge] 25 50T 64T ¥ 9] Uo) gldh
AR wpg AEg 2AE7] #1894 Weather-Ome-
tert AR 7 ol E Aol o 24] 7ko)e)

1884 E¢ EAlElEE program& AREEch.
2-3. SEM &4

Weather-Ometer® 8] F2] AFd] A|zhzql ¥

b dex 2HE7] 484 JEOLE AR model:
JSM-35CF F4F At duj7des f#gsigich. u)
£-2 1000:H2F 54004 o] 3wt

2-4. FIA= F4

ASTM 790%] <}3ted @7H9] 70mm*120mmx2
mm panelZ5-E 67142 F=F A¥H-E& Diamond
saw® Fekdle] T (Fig. 1. ] A8 In-
stron®] 3-point bending fixture $Jo} ¥ A7}
9] noseoll 35 Fo] AdAZIHFig. 2). ol
support span+- 50mm”} HA 9 crosshead
FEE 2mm/ming ZAAZ oA sHE-A%
FAo2HE] HoslE-g Fale] ok Aol o}
flexural strength(S)& T-8+5ich

5= 2L (kgf/mmd)
where P = miximum load (kfg)
L = support span (mm)
W= sample width (mm)
T = sample thickness (mm)
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Fiber Direction

Fig. 1. Dimension of Specimen for the flexural st-
rength measurement. (values are in milli-

meters)

Fig. 2. 3-point loading diagram({L=support span)
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Table 1. Sample thickness and weight

Sample| Exposure | Thickness Weight before Weight after Weight gain Weight gain

number| time (hr) (mm) Exposure (g) Exposure (g) (2 (%)
1 0 2.251 27.4941 27.5563 0.0622 0.22
2 0 2.410 28.6732 28.7367 0.0585 0.22
3 0 2.212 27.1035 27.1941 0.-636 0.23
4 100 2.389 29.0288 28.9640 —0.0648 - 0.22
5 100 2.385 28.5363 28.6261 0.0898 0.31
6 200 2.349 28.5278 28.6138 0.0870 0.30
7 200 2.312 28.5581 28.6208 0.0627 0.22
8 200 2.220 27.0499 27.0976 0.0477 0.18
9 300 2.440 29.4289 29.4931 0.0652 0.22
10 300 2.328 27.1839 27.2457 0.0618 0.23
11 300 2.412 28.5173 28.5808 0.0635 0.22
12 400 2.445 28.8298 28.7938 —0.0360 —-0.12
13 2.370 28.7012 28.6621 -~ 0.0391 -0.14
14 400 2.310 28.0660 28.0330 - 0.0330 -0.12
15 2.321 28.0734 28.0502 - 0.0232 - 0.08
16 500 2.081 25.7973 25.7786 - 0.0187 —-0.07
17 2.291 27.3068 27.2721 —0.0347 -0.13
18 2.269 27.6892 27. 6587 - 0.0305 ~0.11
19 2.459 29.5300 29. 4946 - 0.0354 -0.12
20 2.325 27.7082 27.6716 —0.0366._... -0.13
21 700 2.361 28.8814 28.8380 - 0.0434 -0.15
22 700 2.030 25.6511 25.6323 —0.0188 - 0.07
23 700 2.419 28.7792 28.7366 —0.0426 -0.15
24 800 2.231 26.5747 26.5349 - 0.0398 —-0.15
25 800 2.151 26.5288 26.4965 -~ 0.0323 —-0.12
26 800 2.212 26.9130 26.8868 ~0.0262 —0.10
27 900 2.221 27.1891 27.1814 - 0.0077 -0.03
28 900 2.089 26.1405 25.9583 —0.1822 -0.70
29 900 2.265 27.5705 27.5677 —0.0028 —0.01
30 1000 2.248 26.9502 26.9294 —0.0208 —0.08
31 1000 2.221 26.7557 26.7482 - 0.0075 —0.03
32 1000 2.198 26.1010 26.1005 — 0.0005 - 0.00
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2-5. ABADZ=(LSS) =7

ASTM D3846%1 £)s}e] @719] 70mmx120mm
x2mm panel& Fe3sle] 10mmx60mmx2mm pa-
nel®] A|EHA 1470148 whE9ck(Fig.3). Zhzhe)
AP #E oHA] diamond saw®E YEwdl] F7e] vk
% notch® 7HESIT). ©1 Instrondl] ¥ Q1
58 oA 9 notch Alolell A Axgho] Yoji}A)
stod ohE A3 o] AWALRE=E Aabsleir).

S= P% (kgf/mm?®)

(kfg)
(mm)

where P = miximum load
W= sample width
D = distance between two notches (mm)
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Fig.3. Dimension of specimen for the interlaminar
shear strength measurement.
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FEFE TFIW T300 /AD6005 BgAlge] =
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Table 2. Flexural strength as a function of Weathr-Ometer hours

: Sample #1 | #2 | #3 | #5 | #5 | Ave. St GV %
Exposure time(h) Dev. | (%) | change to control

Control 165 161 168 165 161 164 | 2.69 | 1.6 0
100 158 163 155 158 153 157 | 3.38 | 2.2 —-4.3
200 164 159 160 169 158 162 | 4.05 | 2.5 - 1.2
300 155 159 157 150 147 154 | 4.45 | 2.9 -6.1
400 145 182 141 150 148 153 | 14.7 | 9.6 -6.7
500 154 153 155 153 153 154 | 0.80 | 0.5 -6.1
600 167 155 158 | 159 156 1589 | 4.24 | 2.7 -3.0
700 161 154 156 164 159 159 | 3.54 | 2.2 -3.0
800 164 160 127 162 168 156 | 14.8 | 9.5 —4.9
900 153 158 155 158 159 157 | 2.25 | 1.4 —4.3

1000 151 148 | 151 | 160 | 151 | 152 | 4.07 | 2.7 -7.3
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Table 3. ILSS as a function of Weathr-Ometer hours

Exp—fi%ple #1 | #2 | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10] Ave. DSt' (C%\; 7 changg

time(h ev. to contro
Control |1.23/1.33|1.32 | 1.46 | 1.31 | 1.29 | 1.50 | 1.55 | 1.32 | 1.42| 1.37| 0.10] 7.3| o0
100 1.32 | 1.48 | 1.60 | 1.60 | 1.45 | 1.49 | 1.47 | 1.42 | 1.26 | 1.37|| 1.45| 0.10] 6.9 + 5.8
200 1.27 | 1.47 | 1.37 | 1.24 | 1.11 | 1.41 | 1.40 | 1.34 | 1.48 | 1.17] 1.45| 0.12] 9.0! - 2.9
300 1.60 | 1.33 | 1.06 | 1.45 | 1.35 | 1.43 | 1.53 | 1.45 | 1.32 | 1.14] 1.37| 0.16] 1..7] o
400 1.33 | 1.25 | 1.39 | 1.42 | 1.21 | 1.47 | 1.57 | 1.49 | 1.40 | 1.24| 1.38| 0.11| 8.0| + 0.7
500 1.59 | 1.58 | 1.63 | 1.30 | 1.05 | 1.11 | 1.85 | 1.30 | 1.15 | 1.02| 1.36] 0.27] 19.9] - 0.7
600 1.31|1.28 | 1.33 | 1.21 | 1.34 | 1.43 | 1.23 | 1.37 | 1.29 | 1.29] 1.31] 0.06| 4.6| — 4.4
700 1.36 | 1.06 | 1.33 | 1.31 | 1.16 | 1.30 | 1.36 | 1.27 | 1.30 | 1.21| 1.27| 0.00| 7.1| - 7.3
800 1.18 | 1.35 | 1.41 | 1.21 | 1.18 | 1.22 | 1.26 | 1.28 | 1.35 | 1.23] 1.27] 0.08] 6.3 - 7.3
900 1.21]1.11 [ 1.08 | 1.22 | 1.08 | 1.20 | 1.19 | 1.19 | 1.27 | 1.27 1.18] 0.07| 5.9] —13.9
1000 1.10 | 1.27 { 1.18 | 1.17 | 1.31 | 1.05 | 1.31 | 1.09 | 1.13 | 1.28] 1.19| 0.09| 7.6| —13.1

PA4E 2 e

Y:AeBt .................................... (1) 160

where Y = property under consideration
= exposure time

A, B= constants called ‘Exposure Parameter’ ~

Eqn(D) 9] Apddis~5 Hshd

log, ¥ = log, A+Bt

—t

EHEEE Vel ¥ Weather-Ometer =347}
(ty) & toll Y3l Linear regressionshd A4
A,B7} AA= I Ao e o3 2o

A =160
B=-3.55 x 10°°
r = —(0.49

weba] (DAL FH7ksel st
Ye= 160 e 3.55%10 %ty

o} zreo] 3 graph® @]9 Fig.59 Zo] ¥},

°]71-2- Weather-Ometer<] time scaleg! t,(Wea-
ther-Ometer time)d] & B4 #sle] 2ojmg
ol AAl 9% 79 time scale?! t,(natural

=

Flexural Strength (kfg/mm?)

-
[$1]
o1

g

-
.
o

7

A 1, 1 1 i [} r3 1 i
0 100 290 300 400 500 600 700 800 900 1,000
Weather-Ometer Hours

Fig. 5. Flexural strength as a function of Weather-
Ometer hours.
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