608 -601 Loy 98 liue) 4 o jleib 6 Als

SR 3y sele a4y s

H}”s @ss 5 pole

http://jstc.iust.ac.ir

u‘/,‘.:»'fuf)‘.e’-%

Sroady S jgols cu y3 oSl Hlg 5w g (S Sl o Judxd

2 . . . 1 s o w1l .
gl Lo jude (6 20N (g il 7 Sl oo

OIS e owsb pallraianlss  Sais olSuils wlge pwdige o 257 Semaile-1
Olts o 5 ple olKils wlge cwdige ) Lutils-2
m_yarmohammad@azad.ac.ir 16846-13114 ., sgaco o5 #

oS Ao SleMb!
98/02/11 :cél;

98/12/14 : 3 4

055 liae e bLS,1 cw) p jei cdnd BLII L odlbosil (6 peudy Cojosls (S0,55 Jl8) dtepo ey Sladios o8 e
el g5090 nl (23l politeds o225 Slarions (Agly (nl )0 Cesl (5950 5ol o) T (SilSe (2ls5 5 B 25, S o Juad
70 °C 3 50 °C 25 °C cabizee gbos au b B9 do,y0 10 ool S50 0 anndl il b sbediges oyglaie oy 09d 0

IR eindie slade ez U Sy Sloy slaojl o Jslome 50lb Sl s boaiged (SilSe (olgs ;0 DlpesS 9 Wigli oo j9abgé olilts
ey bs YL les b Joloms 53 a5 Gloj e(ghjoeals sladiges SOk Jgoo 9 led (o825 plSotal a5 0ls (Li3 gl 35S oo ‘_‘;-;:1» W:;“E
SlapSe S5 & Sllen;) Sie Jad o (53,65 5l B0 S5 sl el b oo SRl S e J1E iy (5 5abed ;};; jﬁs
S50 Jslome S5y 50 il 9 (b SlaS 5 Gl geaalin b il () e B g a8 eals (LaS (g 5ee (Sl sSiss Sie Sl st

2ol o DGM g5 5l 00ls &) conSiis a8 ols lid (1iS yg03T 5 s diges oSl zoban oz (o ib comiimod 285 )13 ol
St Giegn ol 5l Jel> @l cdpdy plosl S Jols S g3le 485 wlil jshaieds (AAS) (ol iz (miwcinds LT Colesyo
ol (5039008 Sladiges S i Juad axl 0 (T8, o, Sg5le olas 5l

Analysis of tensile failure mode and the mechanism dominated over polymer
composite degradation
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Abstract

Despite previous research on the corrosion behavior of glass fiber reinforced polymer composites, the relationship
between the degree of weakening of the resin/fiber interface bond and their mechanical properties is still necessary.
In this research, empirical research is conducted to evaluate this issue. For this purpose, the polyester/glass samples
were immersed in 10% HCI with three different temperatures of 25 °C, 50 °C and 70 °C, and changes in the
mechanical properties of the samples and the apparent variations of the solution at time intervals of one up to four
weeks are examined. The results showed that the ultimate tensile strength and Young modulus of composite
specimens were reduced when placed in a solution with higher temperature or immersion time. Cracking caused by
corrosion was shown in the resin/fiber interface using scanning electron microscope (SEM) photographs, and the
degradation of the polyester resin was confirmed by observing the increase in surface cracks and changes in the
solution color. Furthermore, visual inspection of sample failure surfaces after a tensile test showed that the failure
occurred as DGM type. Finally, atomic absorption spectroscopy (AAS) analysis was performed to prove the
occurrence of ion exchange mechanism. The results of this study indicate the occurrence of corrosion mechanisms
in the interface area of composite specimens.
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Fig. 1 The images of back scatter electron Perpendicular to the fiber
surface (a), in line with fiber surface and (c) resin/fiber interface of
polyester composite.
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Table 1 The chemical composition of composite samples used in this
investigation.
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Table 3 Tensile properties of the composite samples at various exposure conditions.

el S S5 el N ey e oo
27.980 493.691 0.019 0.468 37027 0 aJgl diges 1
25.208 440.802 0.019 0.487 33060 1 HCI (10% wt.)(25°C) 2
25.297 408.934 0.017 0.433 30670 2 HCI (10% wt.)(25°C) 3
23.433 355.270 0.016 0.395 26645 3 HCI (10% wt.)(25°C) 4
22.163 307.011 0.013 0.321 21100 4 HCI (10% wt.)(25°C) 5
23.448 366.892 0.015 0.382 27517 1 HCI (10% wt.)(50°C) 6
23.620 353.484 0.017 0.418 26511 2 HCI (10% wt.)(50°C) 7
22.727 344.640 0.015 0.375 25098 3 HCI (10% wt.)(50°C) 8
22.117 294.676 0.014 0.353 22100 4 HCI (10% wt.)(50°C) 9
22,597 305.201 0.017 0.425 22890 1 HCI (10% wt.)(70°C) 10
22.587 332.552 0.016 0.396 24941 2 HCI (10% wt.)(70°C) 11
22,520 320071 0.016 0.409 24005 3 HCI (10% wt.)(70°C) 12
21.541 274.072 0.014 0.355 20555 4 HCI (10% wt.)(70°C) 13

B HCI, 10%, 25°C BHCI, 10%, 50°C BHCI, 10%, 70°C
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Fig. 4 Young’s modulus retention values of exposed and unexposed
GFRP specimens.
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Fig. 3 Tensile strength retention values of exposed and unexposed
GFRP specimens.
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Fig. 5 The surface areas of the samples after fracture in the length direction. Neat specimen (a, b) and the expo
immersion at 70 °C (c, d).
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Fig. 6 The tensile fracture surfaces of the neat specimen (a, b) and exposed specimen after 4 weeks of immersion at 70 °C (c, d) in the thickness zone.
The middle layer-a mat- (*), woven roving glass fiber layer (**) and outermost mat layer (***).
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Table 4 Three letter codes related to tensile failure modes (based on ASTM D3039).
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Fig. 7 Color change of HCI solution at (a) 70°C, (b) 50°C, and (c) room
temperature after four weeks exposure.
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Fig. 8 Leached and deposited glass fibers from the composite specimen
surfaces.
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Table 5 Concentration of the elements by AAS test.
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Table 6 Element weight percent of E-glass fibers before and after immersion.
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