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Effect of Cryogenic Environmental Condition upon Flexural Properties of
Aluminum- Epoxy/ Basalt Fibers- Glass Fibers Laminates
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Keywords Abstract

Fiber-metal laminate In this study, the effect of stacking sequence and cryogenic cycles on the flexural behavior of fiber metal laminates
Cryogenic cycling (FMLs) including glass and basalt fibers were investigated. The FMLs were composed of two aluminum 2024-T3
B_asalt fibers sheets as metal layers and epoxy matrix composite as the polymeric layers. The polymer composites consisted of 4
Fibers arrangement layers of basalt and glass fibers. These composites were prepared in 5 different laminates sequence by hand lay-up
Flexural properties method. To improve the adhesion strength between aluminum and polymer composite layers, the surface of

aluminum sheets was treated by electrochemical treatment (anodizing). Each cycle was carried out for 3.5 min
between -100 and 25 °C. The FMLs were cycled for 40 times and their flexural performance was evaluated before
and after cryogenic cycle. To characterize the failure mechanism of specimens, the scanning electron microscopy
(SEM) and optical microscopy were used. Results of flexural tests indicated that the flexural strength and modulus
values for FML samples with basalt fibers (BFML) were higher than those of FML samples with glass fibers
(GFML). This phenomenon can be attributed to the weak mechanical properties of glass fibers in comparison to
basalt fibers. After cryogenic cycles, the highest changes in the flexural properties was for BFML samples, while
the lowest changing was for GFML samples. In fact, the increase percentages in flexural strength and modulus of
BFML samples were respectively about 6% and 4.9%. On other hand, in the case of GFML, the increase percentages
in flexural strength and flexural modulus were respectively 2.5% and 1.6%. In fact, when the hybrid FMLs were
subjected by cryogenic cycles, due to the overcoming of the pressure stress mechanism on delamination between
composite components, an enhancement in flexural behavior is observed
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Fig. 1 SEM images of (a) etched aluminium surface, (b)
anodized aluminium surface.
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Fig. 4 Different types of failure modes of failed flexural FML
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Fig. 2 The effect of stacking sequence of fibers and thermal cycling
on the flexural strength of FMLs.
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Fig. 3 The effect of stacking sequence of fibers and thermal cycling
on the flexural modulus of FMLs.
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Fig. 6 SEM images of the fracture surfaces polymer composite
containing of a) glass fibers, b) basalt fibers.
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Fig. 5 SEM images of polymer composite containing of a) glass
fibers, b) basalt fibers.
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Fig. 7 SEM images of cross-section of FML containing of a) basalt
fibers, b) glass fibers.

(o b SUI (G Jols FML siges alaiia ehans 51 SEM g V S

. £
SEM MAG: 1.50 kx Det: SE

SEM HY: 15.00 kv WD: 7.8763 mm 20 pm
Date{midiy): 08/21/117 Vac: Hivac

& S a4

CoigalS 2 Gioloju S g SLl bz Gloszr 23U ol 3o o
Oby) 4 oad (xlaw o) 2024-T3 pgregll slod)s Jolis 56 -SLI
s 5 L BLITL oad Coght (Sl dina) (5 yonly Caj9nalS 5 (s
Wl 505 2y 4 ez Gl 5l ol ol @l (285 8 sy 0550

547

S L FML Cojgpeld (lws (plgs p lalojw JSow p3U —6-3
SN d
sladises (s il p Gialep JSm g SUI plonz (302 IS
LML Ggladiges jo o iolo o S Jlos! 5l any a2s oo lis |, FML
g soles shas oSl i 5 il G| Gl clolodsr
255 95 b yigle yus JSews ¢ ISl o el a8l Sgugy inlejl o550
Pl 69y Saiels Gzl o Gl s 6)lad wlewy 25 ol
O oz (6)led Wl i addllas (pl )3 08 (oo 36 (SIS
S el o ia Ll Ltaljdl el 5 00,5 Al jonelS (gl32]
5o a8 aib e 731.53 MPa « isle s JSos 5 axy BBBB igei (oo
los Lil58l aoy0 6 sgu> (687.56 MPa) S gy ailine 93 b aslin
IS 5102 GGGG wigas pinnd plSontnl a5 el > j0 cpl il on S
IS g alie £95 b dnlio o a5 wil 0 609.28 MPa « _iole yus
el 05,5 oy ial38l sy 2.5 sg0> (593.73 MPa)

Wgod &y Cod BBBB wiges cias plloxiul dgugp doyo o9 YU
S ol 5 el o & isles S Jlas! 5 2 GGGG
O e slapledaz (o 5o Sl SIlL BUN e o 4t
5o a5 wil 0 BBGG flosuz b diged 4y by po (sies alSxinl 1o 09up0
681.11 500,05 o3 S (s Sl 4y S o s0ly IS cll>
Slas e plSotiul Sgup oo a5 = o ol 0 649.54 MPa 4
3 BGBG sloleayz L FML @gai 50 2 sl (sl pur SIS Jlos!
3985) CujseelS oy sloayY aS pla azgi b ail oo 0o 0 3 BGGB
il bl BL i 51 (85 (gdoe (585l Josie s il
3l an BBGG wiged ;b (e 4 taims oo (i 1) (65 (ot L3,
BGBG 3 BGGB (sladiges 45 s 5 5Yb 0gupe doyo yinlo pus S
RESHIREN

Sladigal (Lied Jodo 2 Ghaloyw S 5 U plesez 363 S
Aoy a8 ols lad s« Giale ju IS Jlosl 3l amy ams oo las I FML
S g5l wigas 5l i Sk LIl gl FML o (piias Jgoe o900
— o T159 GPa cljly LI L o a3l e sdias Jsko sl did
5 Sguy w0y 5 (68.12 GPa) U o0 alice g5 4y Cos a5 WL
a8 2l e 61.96 GPa ais BLIIL ool Coghs diges 10 s Jgde
Hlas 1) Sguge duoy 1.6 «(60.96 GPa) S (g0 alice £45 4 s
oz 3l S )b Jemie slaaY LFML g0y e sladigas 10 0100 o0
el b s U i §) )l Janie (slaesY 5 <l BLI
b diged 0 Jlie (sl ool axdly (iol58l sorgr doyo csiolo e S
oy 45l s S ek Cll a4y S Jgde 090 BBGG oo
Sl b slotigai s (s Jpia spuge 3oyt o o 55 il e
4oy 2 53 ply sy 4 S e b 4 cos BGGB 3 BGBG
oW
FML jLSlo iy 0 o lo yw S piG —7-3
wges JLSluy, -7 JS& g BBBB wgas jbsluy, w7 JSo
255 -100 les o3gume ;o (yinle s JSs 40 Jlos! 5l asy 1, GGGG
il BLINL ouds o eis FML aigas )0 aimo o ylis of 5 il ax o
035 gllae &jg0 (Sl 05, b 2l BLIN Saigd 5 (A1 -7 JS2)
el 38,5 plonil (Sl (o 43915 (9 ey 5 UL S o g



O 9 aslyT (5 p20l (23 )8

[7] Subagia, I. A ,Kim, Y., Tijing, L. D., Kim, C. S. and Shon, H. K.,
“Effect of Stacking Sequence on the Flexural Properties of Hybrid
Composites Reinforced with Carbon and Basalt Fibers", Composites
Part B: Engineering, Vol. 58, pp. 251-258, 2014.

[8] Botelho, E., Pardini, L. and Rezende, M., “Hygrothermal Effects on
Damping Behavior of Metal/Glass Fiber/Epoxy Hybrid
Composites”, Materials Science and Engineering: A, Vol. 399, No.
1, pp. 190-198, 2005.

[9] Marzuki, H. F. A., Mohamad, M., Ubaidillah, E., Ahmadhilmi, E.,
Nordin, M. N. a., Abidin, Z., Fadzlee, M., Roslani, N., Junos, Y. M.
and Omar, S., “Effect of Anodizing on Strength of Carbon-Fibre
Aluminium-Laminated Composites”, In Proceeding of Trans Tech
Publ, pp. 216-221.

[10] W.-X. Wang, Y. Takao, T. Matsubara, “Galvanic Corrosion-
Resistant Carbon Fiber Metal Laminates”, In Proceeding of The 16th
International Conference on Composite Materials, Kyoto, Japan,
July 8-13, 2007.

[11] Mahdavi, S., “Thermal Cycling of out-of-Autoclave Thermosetting
Composite Materials”, Thesis, Concordia University, 2017.

[12] Abdollahi Azghan, M., Arpatapeh, F. A. and Eslami-Farsani, R.,
“Experimental Study of the Effect of Cryogenic Cycling and Metal
Surface Treatment on Flexural Properties of Aluminum-
Epoxy/Basalt Fibers Laminate Composite”, Iranian Journal of
Manufacturing Engineering, Vol. 4, No. 1, pp. 15-24, 2017.

[13] da Costa, A. A., da Silva, D. F., Travessa, D. N. and Botelho, E. C.,
“The Effect of Thermal Cycles on the Mechanical Properties of
Fiber—-Metal Laminates”, Materials & Design, Vol. 42, pp. 434-440,
2012.

[14] Surendra Kumar, M., Sharma, N. and Ray, B., “Mechanical
Behavior of Glass/Epoxy Composites at Liquid Nitrogen
Temperature”, Journal of Reinforced Plastics and Composites, Vol.
27, No. 9, pp. 937-944, 2008.

[15] Khalili, S. M. R., Najafi, M. and Eslami-Farsani, R., “Effect of
Thermal Cycling on the Tensile Behavior of Polymer Composites
Reinforced by Basalt and Carbon Fibers”, Mechanics of Composite
Materials, pp. 1-10, 2017

[16] Testing, A. S. f. and Materials, “Standard Test Method for
Kinematic Viscosity of Transparent and Opaque Liquids (and

Calculation of Dynamic Viscosity)”, ASTM International, 2009.

[17] Resin, E., “828 Data Sheet”, Shell Chemical Co., sc, Vol. 60, 2005.

[18] Standard Test Methods for Flexural Properties of Un-reinforced and
Reinforced Plastics and Electrical Insulating Materials, “Annual
Book of ASTM Standard”, 08. 01, D 790 — 00, 2000.

[19] Lopresto, V., Leone, C. and De lorio, I, “Mechanical
Characterisation of Basalt Fibre Reinforced Plastic”, Composites
Part B: Engineering ,Vol. 42, No. 4, pp. 717-723, 2011.

[20] Amuthakkannan, P., Manikandan, V. and Uthayakumar, M.,
“Mechanical Properties of Basalt and Glass Fiber Reinforced
Polymer Hybrid Composites”, Journal of Advanced Microscopy

Research, Vol. 9, No. 1, pp. 44-49, 2014.
[21] Singha, K., “A Short Review on Basalt Fiber”, International Journal

of Textile Science, Vol. 1, No. 4, pp. 19-28, 2012.

[22] Jamshaid, H. and Mishra, R., “A Green Material from Rock: Basalt
Fiber—a Review”, The Journal of The Textile Institute, Vol. 107, No.
7, pp. 923-937, 2016.

[23] Najafi, M., Khalili, S. M. R. and Eslami-Farsani, R., “Hybridization

Effect of Basalt and Carbon Fibers on IMPact and Flexural
Properties of Phenolic Composites™, Iranian Polymer Journal, Vol.

23, No. 10, pp. 767-773, 2014.

s 55, Jlss Gl cely Rlal (o, 4 portpegl] (b 23lal -1
Gl 35 s 1, o 5055 ol 31yl 3585 5 352 oo ey
Amld )0 45 05 oo Dygo i b JES g ool (Sl Ja8 L8 el

iy o0 dgete 1) (SHe olg
ls b cdlil BN g9l FML dgas «ioloyow SS90 &> j0 -2
68.12 GPa 4 687.5 MPa .55 4 iwd Jsdo 5 plSoxiwl o4

g aied BUl g5l FML wgas b anslin jo 1) sdes (oles on i
g plSocinl a5 g sk a0l a2l g aiels BLI oy yoe FML sladiges

S Aok wey 11 515 i a il U ol aiged cies oo
Sladiges )90 30 .l oo ald SLI (ol Wigas (oies Jgoo 5 plSovin
e Jyde g plSotinl Ll jlo Slas (e (s e S L FML
5 Wged (Sl S 5o L SLI Sl Y 5o a5 coul laigal 4 by
5 plouwl ol a8 3 13 diged oYL Cued jo angd SUIL Ay g

BLI ol diges 5l 5t w04 59 55 4 FML e Jode

et ol S Gy A b e e S el 5 2o -3
G ol FML (cladises b aglio ,o <l BLII gl FML aiges
FML wigoi o (izpan ol VL 2l g 2t SLJ gy 9 2
20y 6 et oSl ol S Jlasl 31 o I SUI (55l
FML agas (o203 Jooo el (5], SIS (g ol ailies aigesd 5| 5 e
Pt %e,3 0 ade 4 5 (chalo e S Jlos! jlamy SIIL SUT 5>
S o3l a3 ol il o UK s il S g5l FML aigas 5|
S el a8 b 5wt SUI (gl slodisai sl S Jlae!

Lol Folo
2 ol yu S5 5l am oy pme SUIL FML lacy 5508 0 -4
slay o il Sl s 5l xS L Jesie glaasy a5 (65)l50
ol (oo (PlsS dgre il alod SL Gz Sl 5 Led b Joomie
ol i bledss plo 4

&=lp -5

[1] Hosseini Abbandanak S.N., Siadati S.M.H., and Eslami-Farsani R.,
“Graphene Surface Treatment Effects on Mechanical Behavior of
Basalt Fibers Epoxy Composites”, In Persian, Iran. J. Polym. Sci.
Technol, Vol 31,pp. 155-170, 2018.

[2] Khosravi, H. Eslami-Farsani, R. and Ebrahimnezhad-Khaljiri, H.,
“An  Experimental Study on Mechanical Properties of
Epoxy/Basalt/Carbon Nanotube Composites Under Tensile and
Flexural Loadings”, In Persian, Journal of Science and Technology
of Composites, Vol. 3, No. 2, pp. 187-194, 2016.

[3] Sadighi, M., Alderliesten, R. and Benedictus, R., “IMPact
Resistance of Fiber-Metal Laminates: A Review”, International

Journal of IMPact Engineering, Vol. 49, pp. 77-90, 2012.

[4] Sinmazgelik, T., Avcu, E., Bora, M. O. and Coban, O., “A Review:
Fibre Metal Laminates, Background, Bonding Types and Applied
Test Methods”, Materials & Design, Vol. 32, No. 7, pp. 3671-3685,
2011.

[5] Abdollahi Azghan, M. and Eslami-Farsani, R., “Experimental
Investigation of Effect of Thermal Cycling and Metal Surface
Treatment on Flexural Properties Laminate Composite of
Aluminium-Epoxy/Basalt ~ Fibers”, =~ Modares =~ Mechanical
Engineering, Vol. 17, No. 8, pp. 369-376, 2017.

[6] Aghamohammadi, H. Hosseini-Abbandanak, S. N. Eslami-Farsani,
R. and Siadati, S. M. H., “Effect of Various Surface Treatment
Methods on the Flexural Properties of Fiber Metal Laminates”, In
Persian, Journal of Science and Technology of Composites, 2018.

548

33)940l5 (5 9US 9 pode &y puini



