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Evaluation of Durability for Glass Fabric/Phenolic Composites
under Salt Water Environment

Sung Ho Yoon'*

ABSTRACT

Salt water spray and immersion tests were experimentally conducted for over 6 months to investigate the
durability of glass fabric/phenolic composites under salt water environment. Mechanical properties such as
tensile properties, flexural properties, and shear properties were evaluated and thermal analysis properties such
as storage shear modulus, loss shear moduls, and tan § were obtained through a DMA. A change in chemical
structures was analyzed through a FTIR. According to the results, mechanical properties and thermal analysis
properties were sensitive to salt water environment and these properties began to degrade in increasing in
exposure times. However, tensile and flexural moduli started to decrease and then slightly increase as increasing
in exposure times due to plasticization and crosslinking in matrix as well as physical swelling in composites.
Beyond a certain exposure times, these properties began to decrease as further increasing in exposure times.
Also the shape and location of peaks in FTIR curves were insensitive to exposure times, but the intensity of
peaks would be. Finally we found that the durability of glass fabric/phenolic composites were affected on salt
water immersion environment rather than salt water spray environment.
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Table 1 Variation of mechanical properties along the fill direction with
exposed time for salt water spray test

Table 3 Variation of mechanical properties along the fill direction with
exposed time for salt water immersion test

Base 1 month | 2 month | 4 month | 6 month Base 1 month | 2 month | 4 month | 6 month

Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg.
s.n/cv.|spscv.| spicv. | spcv. | spicy. s.n./cv.|spicv. | spev. | spicv. |spicv.

;335113 1430 13.19 13.68 14.51 14.63 T:gsi‘e 14.30 12,93 13.09 13.30 14.53
(G}‘,’a‘)’s 0.597/4.1740.977/7.410| 1.410/10.306]0.772/5.320 [ 0.370/2.528 "‘(Gg‘a;’s 0.597/4.174[0.829/6.411 | 1.111/8.485 | 0.945/7.102 {0.968/6.662

sTtree“;é'ti 175.8 162.1 162.4 153.2 1533 ;reeﬂnsé'& 175.8 164.6 156.0 161.0 1519
Mpay | 337192 [ 111686 | 581358 | 399260 | amiz07 (Mbay | 337192 | 1181721 | 1247799 | 6215386 | 9.406.19

x‘;‘gg:ﬁl 16.28 14.02 12.62 13.38 14.17 Qgé‘l‘:{a; 16.28 13.04 11.78 13.01 12.59
(GPa) [0820/5.037)0.375/2.6741.290/10.218 0.663/4.952[0.819/5.778 (GPa;l 0.820/5.037]0.935/7.165 [0.970/8.230 | 1.696/12.937| 1.606/7.989

‘;‘:’e’;‘"&l 280.4 2752 2383 235.1 2582 ft‘re;;“f&‘ 280.4 240.8 2302 247.4 239.9
8 1 097356 | 9.35/3.40 | 33.81/14.19 |28.10111.95] 11.50/4.49 B N 99713.56 |27.64/11.48]29.46/12.80 25.13110.16 | 21.67/9.03

(MPa) (MPa)

tShe“‘:h 736 673 66.9 65.0 613 Stsr:;?a;h 73.64 6591 63.34 65.51 61.74

S({j'l‘,%) 0901122 | 3161469 | 0941141 | 228551 | 1.402.02 (Mpi) 0.895/1.2155.033/7.636 | 2.808/2.433 | 4.362/6.658 | 2.068/3.349

Table 2 Variation of h

ical prop along the warp direction with
exposed time for salt water spray test

Table 4 Variation of mechanical properties along the warp direction with
exposed time for salt water immersion test

Base 1 month | 2 month | 4 month { 6 month Base I month | 2 month | 4 month | 6 month
Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg. Avg.
s.n/cv.|spscv.| spicv. |spcv. | spicy. s.n/cv.|spscv. |specv. | sbicv. [spicv.
Jensile | 2234 18.66 18.07 1947 18.5 Tensile | 2234 17.44 16.73 18.79 19.00
(GPay | 1:70517.630|0.864/4.628] 0.45412.511 |1.131/5.807 [0.531/2.856 m(%l;‘a;‘s 1.705/7.630 | 0.680/3.886 ] 0.501/2.993 | 0.653/3.474 |0.703/3.698
Tensile | 2505 2402 2317 2325 2130 Tenslle ) 2582 | 2391 234.6 2126 216.8
B0 | 868336 | 1533/6.38 | 9.223.98 | 1243535 | 7.713.62 S | 868336 | 12495522 | 647276 | 9.63532 | 11535532
(MPa) (MPa)
r';'g(’i‘l‘:lfsi 20.10 18.65 17.12 17.65 16.39 :1';3[‘:1'3; 20.10 17.83 15.67 16.44 16.47
(GPa)y |1:171/5.824]0.343/1.839 | 0.284/1.658 |0.499/2.826 [0.636/3.879 (GPay | 117175824 0.348/1.952[0.34072.169) 0.573/3.485 [0.853/5.179
St':;“‘f“ll 382.1 363.9 356.0 3419 31256 ;'ree’;“'t‘ﬁ 382.1 365.3 325.5 340.7 337.0
(MP%) 23.37/6.12 | 2047/5.63 | 14.9214.11 | 17.67/5.17 | 15.15/4.85 (MP%) 23371612 | 17.57/4.81 | 2509771 | 4.87/1.43 | 20.33/6.03
Sgi‘sa:h 77.02 72.38 66.92 70.39 65.91 Stsrs‘fa{h 77.02 7175 74.92 71.08 7162
(Mpi) 3.121/4.052|2.5533.527} 0.942/1.408 |2.901/4.121|2.323/3.524 (Mpf;) 3.121/4.052|3.410/4.752| 2.932/3.913] 3.993/5.617 }3.112/4.345
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Fig. 11 FT/IR results with exposed time for salt water immersion test.
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