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The use of carbon nanofibers in industries is increased due to the improvement of the mechanical properties
of composites. In the present research, by an extensive experimental program, the effect of adding carbon
nanofibers to the single-lap composite bolted joint made of glass/epoxy on the mechanical properties of the
joint was investigated. The failure mode of all joints was the bearing failure mode based on the ASTM
D5961 standard. In this research, the factorial design was employed for the design of experiments. The
stacking sequence and the volume fraction of carbon nanofibers were considered as the control factors and
their effect on the stiffness, strength, and energy absorption of the joint were investigated. Also, a 3D finite
element method was presented to investigate the effect of adding carbon nanofibers on the stiffness of
single-lap composite bolted joints. To achieve this aim, four layups with different 45-degree layers were
investigated. The present FEM model was validated by the experimental results and available theoretical
model.
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Fig. 1 An illustration of single-lap composite bolted joint (all
dimensions in mm)
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Table 2 The increase in the mechanical properties of the single-lap
composite bolted joint with addition of carbon nanofiber
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Fig. 6 Improvement in mechanical properties of single-lap
composite bolted joint due to adding carbon nanofiber (%)
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Fig. 5 Bearing stress-strain curve of Joints a) JI, b) JIN, c) JII, and
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Table 4 Analysis of variance for the single-lap composite bolted joint
for the stiffness
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Table 5 Analysis of variance for the single-lap composite bolted joint
for the energy absorption
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Table 3 Analysis of variance for the single-lap composite bolted joint
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Fig. 8 Results of finite element model for single-lap composite
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The use of Taguchi method for mix-design optimization of polymer concrete
with high resistance against mode I crack growth
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Abstract

Epoxy polymer concrete, Optimum mix-
design, Taguchi method, Mode | fracture
toughness and Fracture energy, Single
Edge Notched Bending (SENB)

Manufacturing polymer concrete (PC) with suitable performance against cracking is an important issue
for using these composite materials in practical applications. Fracture toughness and fracture energy of
such randomly distributed aggregates inside the matrix of polymeric resin is affected by the mix design
and percentages of PC ingredients. In this research, the optimum composition of epoxy base PC mixture
made of four ingredients (epoxy resin, fine and coarse silica aggregate) was obtained using a L8 Taguchi
design of experiment method. Some fracture toughness tests under mode | were conducted on Single edge
notched bending specimen according to design of experiment suggested by Taguchi method. The initial
range for each PC ingredient was selected as: 25-31% fine aggregate, 21-23% epoxy resin, and 46-54%
coarse aggregate, and it was found that the mixture containing maximum resin (23%), maximum fine
filler, minimum percentages of fiber and coarse aggregate can provide the highest fracture energy and
fracture toughness values.
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Table 1. Mechanical properties of resin
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Table 2 Ingredients of aggregate.
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Al,O3 0.51-1.65
CaOo 0.4-0.7
Na,O 0.03-0.08
K0 0.09-0.15
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Table 3 Arrays and selected levels for performing the Taguchi
optimization of PC mixture.
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Fig. 1 Single edge notched bending (SENB) sample used to test mode |
fracture on polymer concrete mixtures.
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Fig. 2 Finite element model of SENB specimen created in ABAQUS
software.
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Table 4 Design of Taguchi L8 experiments and fracture toughness and
6000 L fracture energy values of mode I.
é 4000 (1) cudys aloSaw (1) oy A (L) oSl 025, I,>
o]
1]
o 54 25 21 1
- 2000 52 27 21 2
50 29 21 3
0 L L L ) 48 31 21 4
0 200 400 600 800 52 25 23 5
Displacement (um) 50 21 23 6
48 29 23 7
(a-) 46 31 23 8

(9

Figure 3 (a) An example of a load-displacement curve, (b) SENB
testing setup for conducting fracture test on PC mixture, and (c) the
failure path and crack growth
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Table 5 Design of Taguchi L8 experiments and fracture toughness and
fracture energy values of mode I.

ot oSie S Sl o)
Syl eSS gyen gy o T
& (MPa.m?%3)
281 3.02 54 2 21 1
5.12 419 52 277 21 2
247 228 50 2 21 3
3.26 3.48 18 31 21 4
191 2.25 52 25 23 5
3.38 2.06 50 27 23 6
5.63 4.43 48 29 23 7
7.09 455 16 31 3 8
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Table 6 Ranking with the mean of means for (a) fracture energy and (b)
Fracture toughness of tested PC mixtures under mode I.
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Fig 4 Effects of the main parameters obtained from the Taguchi method
on mode | fracture toughness.
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Fig 5 Effects of the main parameters obtained from the Taguchi
method on mode | fracture energy.
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Prediction of damage propagation in cross-ply laminated composites subjected to
uniaxial tensile loading

Bijan Mohammadi'*, Arezoo Fallah!, Iman Bayat?

1- School of Mechanical Engineering, Iran University of Science and Technology, Tehran, Iran
2- Department of Mechanical Engineering, Ferdowsi University of Mashhad, Mashhad, Iran
* P.0.B. 19689-36916, Iran, Tehran, bijan_mohammadi@iust.ac.ir

Abstract

The damage state of cross-ply composite laminates subjected to uniaxial tensile loading was examined in
this study. Matrix cracking and induced delamination have been considered as the most common modes of
damage in composite laminates. Using a micromechanical approach and based on Hashin variational
principles, analysis of the stress field and reduced mechanical properties of a material with two symmetric
and antisymmetric patterns have been examined. In order to improve the results obtained from the
variational approach, the ply-refinement technique is used. Using the variational approach developed, the
results of reduced mechanical properties have been compared to two methods: the homogenization method
of 90° layers cracked and the simultaneous analysis method of 90° layers cracked. After, it has been used
from an energy-based criterion to predict the initiation and propagation of Matrix cracking and induced
delamination and also the saturation state of Matrix cracking. By comparing the analytical results and the
numerical results obtained from the finite element software, it was observed that using the ply-refinement
technique has a great impact on the increase in the accuracy of the results.

Keywords

Matrix Cracking, Induced Delamination,
Cross-ply Laminated Composites, Unit
Cell, Variational Approach
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Fig. 6 Point reflection symmetry of the unit cell of staggered outer-ply
cracked laminate [23]
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Fig. 10 [0/90], glass-epoxy laminate under axial stress: distribution of
stresses between two cracks with crack spacing (2a = 4 x 0.203)
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Fig. 9 The energy release rate of matrix crack growth and initiation of
delamination [21]
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Fig. 13 [0/90], glass-epoxy laminate under axial stress: distribution of
stresses between two cracks with crack spacing (2a = 4 x 0.203)
considering the ply-refinement technique
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Fig. 14 [0/90], glass-epoxy laminate under shear stress: distribution of
stresses between two cracks with crack spacing (2a = 4 x 0.203)
considering the ply-refinement technique
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Fig. 15 [0/90]; glass/epoxy laminate under transverse stress:
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(2a = 4 x 0.203) considering the ply-refinement technique
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Fig. 11 [0/90], glass-epoxy laminate under shear stress: distribution of
stresses between two cracks with crack spacing (2a = 4 x 0.203)
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Fig. 12 [0/90]; glass-epoxy laminate under transverse stress:
distribution of stresses between two cracks with crack spacing
(2a =4x0.203)
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Fig. 17 [0/90/0/90], glass-epoxy laminate under a,, axial stress in
outer-ply 0: distribution of stresses between two cracks with crack
spacing (2a = 2) considering FEM and the ply-refinement technique
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Fig. 18 [0/90/0/90], glass-epoxy laminate under o, axial stress in
inner-ply 90: distribution of stresses between two cracks with crack
spacing (2a = 2) considering FEM and the ply-refinement technique
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Fig. 19 [0/90/0/90], glass-epoxy laminate under o, axial stress in
outer-ply 90: distribution of stresses between two cracks with crack
spacing (2a = 2) considering FEM and the ply-refinement technique
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Fig. 16 [0/90/0/90], glass-epoxy laminate under o, axial stress in
outer-ply 90: distribution of stresses between two cracks with crack
spacing (2a = 2) considering FEM and the ply-refinement technique
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Fig. 22 Effect of the number of 90° plies on stiffness reduction versus
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SEo 5l b g0y (s Ol a3 90 slaasY slaw b 2l 22 S
SehoS oz ez 2 il S5

0.98
0.96
0.94
e
<092
=
0.9
0.88
0.86

0.84

Crack density (1/mm)

Fig. 23 Axial stiffness reduction versus crack density for Hercules
[90,/0]; laminate considering FEM and the ply-refinement technique
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Fig. 24 Axial stiffness reduction versus crack density for carbon/epoxy
[90,/0,], laminate with considering FEM and ply-refinement technique
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composite laminates
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Fig. 29 Energy release rate due to matrix cracking and induced
delamination versus crack density for Fibrite [0/90];and [0/90;]
composite laminates
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Experimental investigation of Charpy impact in energy absorption of hybrid and
non-hybrid sandwich structures reinforced with carbon nanofiber

Rezvan Hosseini!, Mahdi Yarmohammad Tooski!*, Ahmad Reza khorshidvand?, Seyed Mahdi
khorsandijou!

1- Department of Mechanical Engineering, Islamic Azad University South Tehran, Tehran, Iran.
* P.0.B. 11365-4435, Tehran, Iran, m_yarmohammad@azad.ac.ir

Keywords Abstract

This paper aims to identify damage mechanism and the amount of energy absorption of sandwich composites under
the Charpy impact test. Each of the samples are made of a core with P\VC foam and faces with different materials
consisting of Innegra, carbon, and hybrid Innegra/carbon. All the faces are comprised of 4 layers reinforced with
modified epoxy resin by carbon nanofiber (CNF) which are located on the top and the bottom of the core. CNFs are
added to the epoxy resin with a weight ratio varying from 0 to 0.5 percent. The samples were prepared based on
ASTM D256 standards and then loaded. After the Charpy impact test, the samples were photographed to evaluate
the induced damage severity. The results showed all samples reinforced with CNF have higher energy absorption
than the virgin ones. The increase in energy absorption of CNF added Innegra sandwich composites is significant
in comparison to the other samples where the Innegra sandwich composite with 0.5 percent CNF shows the highest
energy absorption. This was not same for the other samples and CNF adding didn’t affect energy absorption
considerably. Comparing the induced damage mechanism showed that delamination was intensive for the hybrid
samples, showing that Innegra and carbon are not an appropriate combination to stand impact loading

Charpy impact test,
Sandwich composite,
Innegra synthetic fiber,
Carbon nanofiber
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Experimental investigation of mechanical properties, corrosion and bio-
compatibility of TiI/RGO composite made by the combined method of spark
plasma sintering and simple shear extrusion
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1- Department of Mechanical Engineering, Birjand University of Technology, Birjand, Iran
2- Department of Materials Engineering, Birjand University of Technology, Birjand, Iran
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Keywords Abstract

Considering the high importance of pure titanium in the medical industry and the weak mechanical and physical
properties of this metal, in this research, in order to develop mechanical properties and at the same time improve
biological properties, pure titanium composite reinforced with regenerated graphene oxide nanoparticles using
the method SPS was fabricated and subjected to severe plastic deformation at room temperature by a simple shear
extrusion method. The effect of plasma sintering, severe plastic deformation process and placement in a body
simulating solution on changes in the mechanical, corrosion and biological properties of this titanium grade was
investigated. As a result of adding 0.1% by weight of RGO to pure titanium and then fine-granulating the
produced composite structure, with a simple shear extrusion step, the amount of calcium (bone formation) in the
body and after 28 days in the body simulating solution, more and it has a higher quality than the pure sintered
sample. Also, the tensile strength of this sample after 28 days in the body simulating solution was higher than the
pure sintered sample, so that the tensile strength of the pure sample and the sample with fine-grained RGO were
recorded as 750 and 1089.4 MPa, respectively.

Titanium, Spark plasma sintering,
Corrosion, Simple shear extrusion,
Biocompatibility
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Deleterious Effects of Seawater, Acidic water and Alkali water on Mechanical
Properties of Nanocomposite adhesives
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This paper aims to compare the detrimental effects of different environmental conditions including seawater,
acidic water and alkali water on the mechanical properties of nanocomposites. Nanocomposite adhesive
specimens were fabricated by the inclusion of different weight percentages (0, 0.1, 0.3 and 0.5) of multi-
walled carbon nanotubes (MWCNTS) into an epoxy adhesive. Then, the specimens were immersed in three
types of water including seawater (from Persian Gulf), de-ionized water acidified with industrial
hydrochloric acid (HCI) and de-ionized water alkalized with industrial sodium hydroxide (NaOH) for 360
hours. The experimental results showed that adding MWCNTSs reduced the water uptake and consequently
improved the mechanical properties of the adhesive. However, this improving effect depended on the
environmental conditions. The nanocomposite adhesive specimen containing 0.1 wi% MWCNTSs presented
the lowest water uptake and the highest mechanical properties for different environmental conditions.
Amongst different environmental conditions, the acidic water imposed the most deleterious effect with the
highest water uptake. In seawater, the water ingress was lower than acidic water due to the existence of
alkali metal oxides. Finally, the lowest water ingress and destructive effect was found to be for alkali water.

by mlio )0 cuz G 5l Gl (9 55S 50 Cudgasme 4y e 0dd 9> doudio -1
Gl g ke oy 0 055 5 e oy, Sl (S sl 0als s 31 sblye s 4 calizes lakad Jlas! (gl con 5l osliial o35

3loe talejl plail ogbye gladame )3 o SVl Lo 15 g g e 5 @ cber Sl wile Jlail slasss, nlo &
Sl Al slacys, leslatul (s yedy slocyjeels cole (o s bl Sy Jdo a4 oSl 00,8 oy psF LS el
Suaglie 5 ()l g Sl cwlie ol s 4 i wlio 00 L Gsb e b 4 Sread Glacis Conles aile (s VL]

Please cite this article using:

1S oolatul 5 @)l 5l llie 4 gl> ) 6l

Shamsaei, Z., Khoramishad, H., “Deleterious Effects of Seawater, Acidic water and Alkali water on Mechanical Properties of Nanocomposite
adhesives,” In Persian, Journal of Science and Technology of Composites, Vol. 9, No. 1, pp. 1927-1936, 2022.
https://doi.org/10.22068/JSTC.2022.560628.1799


https://doi.org/

)M;dwol&)

S9pal 5l Slaumn SKle JI8) 3 6JL T 5 sl ST Lps DT oy il

2 e il S slaalglgil (0938 a5 wisls 5l Lagy] xSl
70.3 o538 Sl 5 a5 555k & 0)ls (Sl (35 steS 5 S2ES Pl
S 40 S e Iy 0500 728.3 oyl sties plSoil ()8 dlglsil s
ol 55 dedgil cilisue £g5 90 230 [10] ° ) Kan g 0uS K anlllas
LE*‘JL“‘5&5""°">L)0‘5’> ﬁi;'){c..u Jole b o C)La‘gd,:..u‘lga.xi)
318 ol oy T aalllas s 5,8 syt 1y oSl 1,5 B g prals
Slalslsl g5 55 1o 35380 il 45 bgjemels cisls 5 fed ol o5
S oo Iy (592 3gae (RS

SUNSURVVINSR PRI PENE
ol it 5l g e llls Ll s oo oy jnals (Sl ols>
4,50 aslllas S5 )0 0,00 D92y 5 el jaalS (S ol (555 52 ool
Pl S5y 2 S Sdsdsl (o938l b oy n @ [11] oS
as ols plias byl gl axsle il die) b el S SIS
e Jode g (e plloiul (15 sladlgdall (o538l ST e 4z S
S ole 50 St Ll oo B a2y JB ok 4 ladiges
D9 god odplive lodiges

cilizee 339 ooy 5l [12] GlSan 5 g8 (aios S o
Jole bls Jole S ladgsl 5 o s S slaallsl
5 soseiesll otz o Jlail B Pl 55y 2 LT eSS
as wols oyl oyl .058,8 pwyp (oS ladcd B 205900l oo
5 ol eizmen o ls bl Jsb a4y (S 205 dglgil o S
S syl S35 115 g3l b slad VLl ooy plSioil wis,S
a5 Il 55 TLE By o U 4o s e el 81740 350
eIl g diged 4y Camnd (o plSoxiwl w9 oolazwl lo fuSgs S 0 lax
oS syl a5 0 5 ams byl b e alS 722 sgas )5
S5 & o (5 5ol Jsb sl 355 gy s & Jole 5y
055 5l ik prle ;0 sy 9, Nes Azl o g s oud Gl Jele

Cagb, Gdz e ( BEisles] gy 5l eolitwl b pol> Gudss o
Sl (o)l mds ) by Of g5 aw 0 a5 Co5elS sl o> sladiges
ool 4 Brae p gt wul bl oS5 ead aldy e Jbes
Sl lead oS ead ) o sk ol 5 (HOL ) wesl Sl 5000
)L:T 9 0 Ty (NaOH ) \.\:.MSS)A:.Q S (""“"" L Cxo yo dfa.e].’
S5l 23y Sl 5585 » Ol 50 25250 slaosisd > 5l fol> o5
Cogd g5 sldggl Gl J59 sloaw o b beaise a5 > 0
38,8 oo Judow ciloass
Cagh) d9di p 3l -2

Loyl oyl T i 4y iled a5 ool glaisfay b yarly Sl conle
iz b gla JeSIge Jlisla 50 (OH) * JonS g jud (sloog 57 sl s &
Cask 09,5 {13, 14] wiS o )13 " 355 )00 Sladinn ol sl JsUse
S o Dyge gk alyd Al 4y yarly o

6 Silane

7 Carboxyl

8 Hydroxyl

9 Hydrogen bonds
10 piffusion

S5y e 5l odd i sy sl 03,5 iy Slsld 05 mliens
cow 1 bl 5,5les Sl 4y 5 000 b oS gyl SilSo 5 oS3 olss
godle Al )0 55k GAE el Ll Cush (nl sl 18 b
e bume STong joky [1] o) (J5SUse sloo iy oS > (ld
bz WS s |y 9090 Comlus Wiy g0 aily ails supnl conle
ezl (5 arly Slalab y oFee slalagzme (o 55 Sl (g 4 Bl
SLI cajorals T oge 10 )55 05y 225 ooy p 4 [2] O Sen 5 308
Slraigel oyl oSl gapl (Sod g Cow il s of dpe SO Al
10 55200 Sl sloosl jo el jl |y ad g0 0,8 S5 45
oy T sols 1,3 798 <y y3ilgus sl 5l o angs 555 720 slowo o i
SIS e Il Jleel b baigad )0 Ll caSs (Sojir lals
Ay Egph CunSh (Kejiz uds digy Wil lagl ol egdle .ais S
GialS L oo a2 ;5 o 5l ey 5 005 (SRl3i] S ygon Jgl ain 5 0 S 5
Silodae s syn @ B] (oolis 5 0ls (oo )3 ool 005 ol pon 425 LB
o 3 o il o VLT 45 ] 3,y T B985 e il
ez &Y B Cogb, @i Il gl (Beion ool )0 wiiSle (5 pey
Cogh, b bz 3 55,90 560 30 alizee (5,138 5,20y slaglej yo 1,
O30 otz amb Jas 5l oolail b s .050,5] s 47100
Pl g oS (giluand | lidee slagle; 5o lad S5 Jlasl s
ol iz oliee 5l [A] sl 5 el 535 a3 1, T g0l
b oadicusil 5ok slace gl (o2eaS plSoctul S Slss (ols> 2
Ol 50 Olyss auidly jo la oy aiols )18 o) 5 8 50 alg> ST atl BLJI
218 (j9ealS olge (S0 S g (Se el (595 2 Sleg Sl Cugh,
g Blujensls (Sl el g slagts, 5l (S
s pludl g glgl liizs sl 56 Bl 5] ealital ] 035y egmcns
S sl 13 syt 5 ool 350 |, ciliske sladwain 5 iz b b
Sy (Gl (Sl Dlarie a4 arg b n)S Gledlgdsil ol o)l
SB] il Sam g (I SuSlsy sl 00g0i il 055 41 1) gloyg azgs
ool Sl () (SeilSo )18 D942 sl o)l iz ()5 sladlglyil
Aol ()5 sladlglsl Sjs 70.04 y0g58l L axiilys Loyl .aisgas
Jose (oS bodlglsil (539 70.06 (o098 L 5 112 B 1) cn) (o228
1) S el £1[6] "o St 5 Ki pmy ims il /11 b 1, Sl
or oS Vgl Gl lons s sl CujealS Bl (SS ole> 2
oo plSoxiasl 215317264 S alglgil 55 70,1 35381 L g wisges
Cows 4 | chas g Lialiil 7243 5 _nsS alSoial Liglil 722
Sl ols> 1y )5 gl S1T] T s 5 ) Sl a0l
120 o g2)S dlglsil (359 10.24 (0933l (sl g Woged sy S jerelS 5L
30 g] s @y 1y Kb Jgae iol381 714 5 anS plSoul ol 53
delsil g wile Lilize Jalse & ()5 sladlglsl (5,30
Crizmed 5 Syoeh aine) 090 ol iy e (ol Oliee ssS
o [T ohen 5 g5l sl L8] o)l (S (syeely driey Conle
862 oSyl 13y SlSe s> (55, 2 5 Sladlylsl b o

Ly Li,Retal
2p.N. Wang et al
S W. Lietal

4 Zhou et al

5 Kimetal

1928

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



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

o 9 (plweds o))

S9pal 5l Slaumn SKle JI8) 3 6JL T 5 sl ST Lps DT oy il

ol ok @) abuly aib o 50T bl 5 dlod & 395 g po (Sl
ibge g9o9e

D = Doexp (- %) @)

e il o boo T 5 lojls b R g (g3l Jlud 65,1 Q o)1 5o &5
slooiy 8 o e Sl o i il b s G Cagh
Jo 4 J&e all coge gy cnl 5l 0g8ies Sl Les (IR L (J9SUge
e il crge peely o slid aaliEl ol Sedie 5y blu
2 50 del 52 ) e oo s [22] 535 n e8] Sl s,
[23] sl oo asbo, 3585

458 T 5l sl ol e Sl i 3 pacly S 5 ol
S8 305 395 o e 0 oyl 5 WS on dr Cshe, (6 7108 laie s
sy g it o] i e "asgs o sl yerly o lio 4o e
1 (6 398 p2

P ez S oed ol 13 L oS w2 [24] VS 5 e
7.2x101 Ms oo 5l 398 oy ¢ o Cugb, Lial3dl L 50°C sles
Cagb, 7100 50 14x10 M2fs Jlaie 4 oo (oo Cugb, 723 5o
St gldl el cush) jlade Grizmes wboo il bare o
b e soli8l 39 72.1 Jlaie 4 S35 70.54

gLsl 23z Cugb) p (aSel ), 4 end 00l o le lade
oz okt g g, oyl b )y 423] ) Kes 5 e el HIOS
Cugby i iojle e (il L wis S saalie 5wl ,, DGEBA
ber Gl Bl s o bl

Sl ol 098 oo pouds JlSlo 10 (6 )l Sl bl o O
126] oS i, 25] 55 sl ] e 2l T o el
s ok 3 abord sla el 5o 5 [27] J5Use sloo oy 5
[28] sxal pibes b pdyeas sl e i ()

oo olie jordy (S el 50 ks D90 4 Cush) S9i b
3T Jyte sy Sl erh i Cagho, e o alSia 55
Joie T3 i (24, 29] wlge S ok 8l it
Dye Gl @ g, (Sailely (iS5 Cugb, 394
ool g il gy -3

BS EN 1S0 527-2 1996 s Jastiul ;o 1BA o 31 solizl | It
ass 1 S 0gd e aidle Vo o) oo ofiws biwgs [l o 50 LB
ool iz 5l eslaiul 050 CIB a2 o Lis |y oolainl 890 ez diges
ol 0 00l L5 2 S 0 a5 ably e (PTFE) oLl jotls 15 Ly

9 Hydrophilic

10 Brewis et al

u Hardner

12 piasticization

13 Micro Cracks

14 Elastic Modulus

15 vield Stress

6 ene

17 Poly Tetra Fluoro Ethylene

1929

($Lab 5 J5Slge (slo s Lamgt o Jll LS i 39 5| yach

o oy JJs a olj slad se>g [14] et oo R a‘j
Cnly (6 youdy 00le G 2l @ uT 3685 )l 5me MLSA S yonly oo ,0;
Lad ol (liee 4z 52 45 5y5b 4 wlise 0 50 9T gL i il &
Vb lingls ) a4 ol ey (el iy Cugb ) QA Wb g
S 5 500 [15, 18] Wl g i o slasSIge s5ee (sl 3T o>
L o131 &y & ailsn yasly 515 & 03,5 S5i5 ol 45 s ol [17]
sl 5 2l o stleord sladisn ST ail ey slasSIse 4 Juate
4 ol3T %00 5 sl o Jate yocly 4 Of SlaJsSge S jp0 (nl 0 900 ¢,
of3T slad 55 dgz 50 T slo JoSge a5 ol > jo ol aiily pod 5 >
@il cpier @lp e S Jae @l 4 LS 5 58

@O 5 Wl 1y serly b Jlasl 51 s i Jlazal a5 T (sl J5SUse
3588 pyile ol sy eyl 1) sl b (sloons iy Sl Jlazs a8
[18, ool 23,5 18 ol 5 gm0 8590 Oliions ) (5 s Laogs ushs,
Al 53 4 3550 ot S8 058 ool 1 Lnyask 5 Caghs, 35 19]

ol 0l QL.: @
_ ac
F=-D P @

Cusb, clale Cucush) S92 D g, JL8 F alal, (ol po oS
Sgd5 4 pe 3l b ey stﬁ%yﬁam.mb@q#)wfdml)xs
iz wilg e S Sugh, lade i [20] wsb e 1 X 10713 m2/s
M sls b g oads by oud gLl Cugbs, olsie b 358 (5 posy o3le G
Olye 4 VW 0ad iz Cugb, lade g Sgh) cypo Dgd oo sl
shin 3,5 1 byl )5 Cugh, S585 Lol slaaaiis
Cagh ) dgd5 y1 oo Jolge-1-2

Ol g loo Gyzan soanie olse 5 lie lojorly 5o Cosh, Soi
Lulys s 00 03 Cushy oy Jelge ol 3l il e baame Cush,
el 00l 4185 18 (o) 2 3590 (AliSe (s Lawgs 39k 5 5 gL
Lolen 5 JaalS g il (glales 1o perdy O Gz los (Sl
0.7 f oz sloay¥ Caalseds w2 b o] .85 18 a2 9,50 [21]
Casby 65030l 3 90°C 560°C 40°C 20°C (slales yo yio Lo 1.3
Jlaie 40 2.43%101 M2/ Jlade 5 345 ey 23,5 saalive woad i
5 oSals b oo ialdl 90°C 5 20°C 5 Leo iul33l L 60.7x1071t m2/s
Sk 1 cualies b oz sladiges a5 alfin w8 oonlive” )] Ko
,1,364°C 344°C . 23°C 4°C Glabes L oo o) g ,bgo o o
e 43 4°C gles ;0 1.26 X 107 M2 /s Jlade 5l 355 ey i S
a5 ol oad Gl w0 64°C sleo ,0 3.23 X 10712 m?/s

L Carter and Kibler

2 Langmuir

3 Fick’s law

4 Diffusion Coefficient
5 Gledhill et al

6 Duncan et al

7 Arrhenius relationship
8 Hydrophobic



o2 9 (plweds 0 )0)

S9pal 5l Slaumn SKle JI8) 3 6JL T 5 sl ST Lps DT oy il

)LW.UHJu‘)J Jwalaso @‘W&j@wlﬁo ob.o.tbA.oAUl).»da ‘Iayfo

GLaglgl (ol bz carge o3, I3 4y Jso 655l 5 Do B8l glgal
5o Lol (ol a3l pas g ey b ceslie LSy (oS

LN

Eig. 3 Mixing of epoxy resin and MWCNTS using a sonication process
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Fig. 1 Model 1BA for manufacturing bulk samples

Fig. 2 Teflon mold
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Table 1 Specifications of multi-walled carbon nanotubes
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Fig. 6 Water uptake of samples immersed in alkali water under 60°C
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Table 2 Water uptake of samples immersed in seawater under 60°C at
saturated condition.

(1) Cugby 0ix Aiged
2.86 e
2.03 0.1- MWCNT
2.375 0.3- MWCNT
2.545 0.5- MWCNT
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slal > 60°C leo

Table 3 Water uptake of samples immersed in acidic water under 60°C
at saturated condition.

(/) Zasb, i gl
3.045 A
2.187 0.1- MWCNT
2.299 0.3- MWCNT
2.362 0.5- MWCNT
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Table 4 Water uptake of samples immersed in alkali water under 60°C
at saturated condition.

() Casb, i gl
2.692 A
1.924 0.1- MWCNT
2.141 0.3- MWCNT
2.226 0.5- MWCNT
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Table 6 Diffusion coefficient of samples immersed in seawater

D (mm?h)  7“Msa %Mi=s Bges
0.007418 2.8619 0.4977 A
0.006279 2.032 0.3252 0.1- MWCNT
0.007240 2.2695 0.3901 0.3- MWCNT
0.007375 2.5460 0.4358 0.5- MWCNT
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Table 7 Diffusion coefficient of samples immersed in acidic water

D (mm?h)  7“Msa %Mi=s Wges
0.01094 3.0459 0.6435 Al
0.001451 2.1878 0.1683 0.1- MWCNT
0.002622 2.2299 0.2307 0.3- MWCNT
0.009052 2.3622 0.4540 0.5- MWCNT

@3k Sl b ol o bt (gladisas S9i ;58 Jgur
Table 8 Diffusion coefficient of samples immersed in alkali water

D (mm?#h)  /Msat %Mi=s Aiged
0.005570 2.6927 0.4058 A
0.002181 1.9244 0.1815 0.1- MWCNT
0.002461 2.1410 0.2145 0.3- MWCNT
0.002659 2.2261 0.2318 0.5- MWCNT
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Table 5 Percentage decrease in the water uptake of reinforced samples

compared to the neat samples at the saturated condition for different
types of water
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Table 9 Percentage increase in the strength of nanocomposite samples at
dry environmental condition compared to the neat sample.

Aloiul il58l oo yo ged
29.90 0.1-MWCNT
23.25 0.3- MWCNT
15.85 0.5- MWCNT

S 50 by O jo jeabgd saicugh sladiges plSociul iol3dl ao,0 10 Jeus
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Table 10 Percentage increase in the strength of nanocomposite samples
saturated in seawater compared to the neat sample.

PLCS N SR RW Aged
33.39 0.1-MWCNT
25.08 0.3- MWCNT
18.08 0.5- MWCNT

Caols b Ol o jgabse oaiiushl sladises plloviwl Gialiél asoje 11 Jaus
oAl diged 4 s gLl 2> o gaul

Table 11 Percentage increase in the strength of nanocomposite samples
saturated in acidic water compared to the neat sample.

Aol ial58l oo ys Lyl
35.54 0.1-MWCNT
28.08 0.3- MWCNT
20.11 0.5- MWCNT

Caols b O 0 jgabgé sniiughl gladiges plocinl Liul3bl oo ;012 Jous
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Table 12 Percentage increase in the strength of nanocomposite samples
saturated in alkali water compared to the neat sample.

Aol ial58l oo ys Lyl
30.42 0.1-MWCNT
24.06 0.3- MWCNT
17.78 0.5- MWCNT
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Fig. 11 Elastic modulus of the samples at dry environmental condition.
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Fig. 7 Strength of samples in dry environmental condition
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Fig. 8 Strength of samples immersed in seawater at saturated condition
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Fig. 9 Strength of samples immersed in acidic water at saturated
condition
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Fig. 10 Strength of samples immersed in alkali water at saturated
condition
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Table 13 Percentage increase in the elastic modulus of reinforced
samples compared to pure samples at dry condition.

Sl oo i3l wo o ged
18.39 0.1-MWCNT
16.50 0.3- MWCNT
15.09 0.5- MWCNT

LAl wiged 4y Sl 00ilo 38 gladiges SVl Jodw ioli8l ws 0 14 Jgus
Ly ol 4o

Table 14 Percentage increase in the elastic modulus of reinforced
samples compared to neat samples saturated in seawater.

Sl oo Gialiél as o el
29.31 0.1-MWCNT
25.86 0.3- MWCNT
22.98 0.5- MWCNT

Ol 0 Lalls 4 s oaiu 9l (gladiges StV Jgae (iul3dl asy0 15 Jeus
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Table 15 Percentage increase in the elastic modulus of reinforced
samples compared to neat samples saturated in acidic water.

Sl Jgaw Gialidl as o Aged
3151 0.1-MWCNT
28.48 0.3- MWCNT
26.66 0.5- MWCNT

Ol 0 LA s 0abco gl (ladiges SVl Jgae ial3sl 0o )0 16 Jgus
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Table 16 Percentage increase in the elastic modulus of reinforced
samples compared to neat samples saturated in alkali water.

Sl Jooe iali8l ao o Lged
26.59 0.1-MWCNT
23.93 0.3- MWCNT
21.80 0.5- MWCNT
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Fig. 15 The elongation of samples at dry condition
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Fig. 12 Elastic modulus of the samples immersed in seawater at saturated
condition.
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Fig. 13 Elastic modulus of the samples immersed in acidic at saturated
condition.
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Fig. 14 Elastic modulus of the samples immersed in alkali at saturated
condition.
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Table 17 Percentage change in the elongation of reinforced samples
compared to the neat samples at dry environmental condition.

@l s soye g
-3.78 0.1-MWCNT
-2.25 0.3- MWCNT
-1.97 0.5- MWCNT
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Table 18 Percentage change in the elongation of reinforced samples
compared to the neat samples saturated in seawater.

@bl i s Aged
-4.58 0.1-MWCNT
-3.66 0.3- MWCNT
-2.75 0.5- MWCNT
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Table 18 Percentage change in the elongation of reinforced samples
compared to the neat samples saturated in acidic water.

bl i a0 g
-4.84 0.1-MWCNT
-3.93 0.3- MWCNT
-3.03 0.5- MWCNT
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Table 20 Percentage change in the elongation of reinforced samples
compared to the neat samples saturated in alkali water.

bl i s gl
-4.32 0.1-MWCNT
-3.39 0.3- MWCNT
-2.46 0.5- MWCNT
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