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The FSP is a method for solid state processing of metal alloys. FP4M milling machine and non-
consumable rotary-tools were used to create the necessary heat and further mixing of copper with
titanium-dioxide powder. The base plate is made of copper with a purity of 99.9%. The heat created
during the process on the copper piece and the titanium-dioxide nanoparticles in the groove leads to
metallurgical changes in the microstructure of the base metal and leads to changes in the size and shape of
the grains. The samples were subjected to metallography and microstructure investigations by OP, XRD,
corrosion and wear tests. The results showed that in the HAZ and SZ area, the grains were in the form of
a ultrafine grain structure. The average friction coefficient in the base copper wear diagram is lower than
pure cupper that showed FSP weakened wear properties. Comparing corrosion graphs of base copper
sample with FSP sample, showed no evident changing in corrosion resistance.
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Fig. 1 Schematic diagram of initial part preparation for friction stir
processing.
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Fig. 4 Microstructural investigations by optical microscopy
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Fig. 2 The tool used and its interaction with the part in the friction stir
processing.
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Fig. 5 Schematic of the four zones of a friction-stirred processes
sample, including: A - Stirring zone, B - Thermomechanical zone, C -
Heat affected zone and D - Base metal
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Fig. 6 Composited area.
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Fig. 7 Wear Test samples marked with numbers 01 and 08 Cupper
Specimen with and without FSP.
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Fig. 9 Microscopic structure of copper solid solution grain in the
base metal (a), in the heat-affected zone near the base metal, (b) in
the heat-affected zone near the line process (c) in the process area
(d), in sample 022.
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Corrosion rate. tafel slope

ba (V/dec) = 279.310 mV/dec

be (V/dec) = 228.630 mV/dec

Ecorr, Calc (V) =-284.260 mV
Ecorr. Obs (V) =-283.970 mV

jeorr (Alem?) = 11.0420 pA/em?
icorr (A) = 5.10090 pA

Corrosion rate (mmiyear) = 0.11257
Polarization resistance (QQ) = 10.7040 k
E Begin (V) =-348.820 mV

E End (V) =-211.030 mV

Fig.13 Corrosion chart (tafel) of base copper sample.
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Corrosion rate. tafel slope

ba (Videc) = 211.290 mVidec

be (V/dec) = 262.540 mV//dec

Ecorr, Calc (V) =-295.850 mV
Ecorr, Obs (V) =-295.530 mV

jeorr (Alem?®) = 11.3410 pAem?
icorr (A) =5.09110 pA

Corrosion rate (mmiyear) = 0.11561
Polarization resistance () = 9.98680 k
E Begin (V) =-401.310 mV

E End (V) =-177.460 mV

Fig. 14 Tafel Corrosion diagram of copper friction-stirring sample.
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Fig. 11 wear diagram of base copper zone.
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Feasibility of using lead-acid battery separators as reinforcement in polyethylene

composites

Ali Ghasemkhani!, Mohammadreza Shojaei?, Gholamreza Pircheraghi®
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2- Institute for Nanoscience Nanotechnology, Sharif University of Technology, Tehran, Iran
* P.0.B. 11155-1639, Tehran, Iran, pircheraghi@sharif.ir

Keywords Abstract

Lead-acid batteries are a significant part of the global battery market; however, due to limited life of these batteries,

E:g?ﬁggi% battery we are faced with major environmental challenges associated with lead-acid battery waste. One of their main
Composite components is the separator. In addition to polyethylene and silica, the separator of these batteries also contains
Mechanical properties lead compounds. In this _research, lead-acid battery separator and poI_yetherne were used as a matrix for preparing
Polyethylene a composite that could improve polyethylene's mechanical properties due to the presence of silica. Samples of

HDPE and LLDPE with 5% to 15% lead-acid battery separator were prepared and their mechanical and thermal
properties were evaluated and compared. By analyzing the DSC results, the type of polyethylene in the battery
separator, HDPE, was determined. By adding the battery separator to HDPE matrix, elastic modulus increased by
about 22% and bending modulus by about 55%. For LLDPE elastic modulus increased by approximately 35%.
The yield strength of the sample, with HDPE matrix containing 15% separator has increased from 25.1 MPa to
28 MPa, and for the sample, with LLDPE matrix containing 15% separator, yield strength increased from 11.9
MPa to 13.7 MPa. Hardness and modulus for 15% of the separator are at maximum value. Consequently, 15 wt.%

separator is an optimal value to improve samples' mechanical properties.
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Ghasemkhani, A., Shojaei, M., Pircheraghi, G., “Feasibility of using lead-acid battery separators as reinforcement in polyethylene composites,” In
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Fig. 1 The structure of a battery, including: cathode, anode and
separator
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4 Cross-linking network
° High-density polyethylene (HDPE)
5 Maleic anhydride grafted polyethylene

2077

—op 5L laoaiSlaz (2bjh g S8bsL a0 (Sl slaragy
e c8lsl p biegh ded S e el odd pladl ol
Ly ot plosl imgs 5o Jie lp el oog Silowy sbroaniSTax
sazme cole gl ead cdbil Kbew 5 2] o 5en 5l pm
Loy S iogh 10 b el oo oolaiwl sl Gy (5 5L slroaSTlas
oo oolitul (s pouds 2 j9elS Sl sl low 51 [12] ) Kan 5 o
S olKen g [13] el lawgs onds abl iyl 50 Coizpd .ol
iz a el oad ssliiul (S slaojuel clo sl 8L 5L Kl
6k sleoasSlaz 5l Gk 8Lk lp oud plxnil iy des b
Groely i b ol o 4 Lol sl 009y Sreliciise sk
Odged odlitl Cle (es 4 il ge Sos 4 hemecen) shte D]
Sl sz 3,805, Wl oo alide lacyjeeals )3 osiSlaz peiiies
Sy JBlas 4y e 5 s 45 0l dileay op! 5l eolizul

ks -2

ohilh (SHo (olgs 5 Bobow 51-1-2

114] cslss ) oy cn b pann 5 loondlsl y sie on e obslh
St b3l Jols Bl s Map il S 1 loslyls apLsl
o iy ad (55 6l yarly oot | jresls 45 g yobody el (glosbes
e Ol il obsS )T Jsb g o5 O (il sleo ez ol
3929 JoSge o slald g Sl Gl 13 1358 o0 oansli (o Ll L)
Sl 5l G Sl olgs ) pedin (s plal o)l

[16,15] 555 oo a5lu 5ol5) s sobul slasls ohsl b Lol glasls

P yeb 4 Wlg o v cadpMol Kdlowgl Ol)d 51 oS Jlade
Sgnte [, 2 808 (s Gl (Soskz 5 plSotinl b (15 ¢ Jote
Sl ;o 0w 4 by (IS le )0 g ey i
Ol SocusslS 5 (sl ool esabin B 55n S5 L Jano
e (nl el oads (5135 (559 duo 0 4 ks i ylaie S8 o>
Beh lajenls )3 (p9zadie g Py axg BB dge el Wi
@ oliws Gl yieg S o3l b @ld 5l as )0 20 51 i (IS jsbay
P hB so e i Sl jlade cwl LS 5 e aline o Slee
Sk 133l c0 CojamalS i 4 a5 Jlo o S ol obmyl elg> o

L1171 518 e 31 Loy jauelS SilSo oles p 0o s 8 (VL
59 22 3 Ly wbiee SRl ek Gadol; b 4o plSou
oealS Bodow Jlade iy Gl L s sy o0 095 Sl a4 G Lw
b Jlail 5 ais) 45 asn STy Ll ¢ oS e b il oo
s Qg3 g0 e D3 (Y 4yl G s oo L dwey b g
3B cpl pogdle S m ud acy jeelS jo 1S Cod | S 5 SIS
gl @ Jaits (J3Sg0 9,5le sloe 2 5114 0uisS g dine) G (b
S35l 9 Sz 551 i Wl oe S o )18 A ot by jerelS
Ol WS oS gl (6500 JSB et ($551 4 S 5 S5 0, 165
S (6580 Gmalidl el ole g0 ol oS o GBsie 1) oS 5w,
L hlio ;0 a0l oo (ial58l iy jemels cansls pllotinl doxs )0 .digd o
O ot gy 4 aulg oo a5 I 5 sbasglS lade Sl gl il
! Thermoplastics

2 Linear low-density polyethylene (LLDPE)
3 Bridge-connection



Sl Sk Sl ) 9aolS ) 03 w985 Wlgie Ay Suwh-o (5 3k SIS Jl okl s\l

S g -3

adgl olge-1-3

Pl S9ute (51 00 g g 4 a0 (5 5L (sloosnSlaz 3T
D37 Q09) JSreS s 5 EX3) Sy ol g5 539 SlSe
2 (S elst ds Ny g (S (S plSotiul (GlutST e
Sl 6T el Caz (e eaiiSTae R Gjg slane
1000 ppm 50 4 Irgafos168 oSl ol 5l basls o> ladiges
2 oolaiwl

@ b oads oolaial 5 o5l s (6 5b saSlax Sl ol gk )
ol o ool a3 3590 CojaeelS Sl (gl 00950 sl Ko S le
gy b beaSTus o Jleis! slo bl Gis sl cl 53 4 ppY
losds (g5l Al 5 sl [2] )8 5 (212 soleiin

o jgpol8 dntd b9, -2-3

Brabender «.5,s cosle ® Ush (Shalse 5l lbaises &jlwosle] 5l
sy g 018 Ol daz 0 180 slos jo biasges LMzl ol colazl
sl S 0,8 a8lal 5l Gy ol plodil dids 5 Sae &4y 9 60 IPM s >
5 b eols ol 4o 3 IS it il o3 b IS LI
P93 i oy yr (Sl it AL BodiSTas s 535S S 90 g
3 oSz g diged S Ol £95 5l canglie sl 4 5 (Sl
180 (slos yo T g lid 6, S dB 3, 3l oolatasl b Ladiged o 03 4rg3
ozt i salel o liliul glacdB L L 200 Lzé o of bl ax o
sl 2 5 1 Jshaz gllas laiges (5,li8ak

Iz Ok A b owds angd sladige oS 5 1 Jgua
Table 1 Composition of samples prepared with HDPE matrix
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* surface-initiated polyhomologation
2 Core - shell

3 Internal mixer

4 Compression molding
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 Melt flow index (MFI)
2 Differential Scanning Calorimetry (DSC)
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Fig. 2 a) Flexural strength and b) flexural modulus of HDPE samples
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Fig. 5 The results of the melt flow index test of a) HDPE and b)
LLDPE samples
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Fig. 4 Hardness test results of a) HDPE and b) LLDPE samples
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Isocyanate modification of rice husk for using in polyurethane foam composite

Mohammad Barmar*, Shervin Ahmadi
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*P. 0. B. 14975/112., Tehran, Iran, M.Barmar@ippi.ac.ir.
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Polyurethane foam

The hard polyurethane foams are one of the most consumed polymer foams as thermal insulation. Excessive
consumption of these materials and their non-biodegradability is one of the human concerns in the field of
environmental considerations. There are different ways to improve the biodegradability of polymers. The
use of natural biodegradable materials in the polymer matrix is one of the solutions. Here, for the first time,
rice husk, which is one of the abundant agricultural wastes in the country, has been used in polyurethane
insulation foams. First, the rice husks were ground and sieved. Then, these materials were divided into two
groups. One group of these materials was subjected to alkaline treatment. Both alkaline and non-alkaline
treatment groups were subjected to isocyanate modification. For isocyanate modification, 20% by weight
of isocyanate compounds were used. Both alkaline treat mentation and isocyanate modification methods
were investigated using an infrared spectroscopy test. Then, the modified rice husks were added to the
polyurethane foams at a rate of 5% by weight. Finally, the mechanical and insulating properties of the
foams were evaluated. The results showed that both groups of isocyanate-modified rice husks, non-alkaline
treatment, and alkaline treatment improved the compression strength properties of the polyurethane foams
up to 89%. Also, the insulation properties of the foams are improved, too
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Table 1 Density comparison of three samples of pure pu foam (PU),
containing 5% by weight of isocyanate modified rice husk (PURH-20-5)
and foam samples containing 5% by weight of pre-alkaline treat
isocyanate-modified rice husk (PUARH-20-5).
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Fig. 3 Compression modulus comparison of three samples of pure pu
foam (PU), containing 5% by weight of isocyanate modified rice husk
(PURH-20-5) and foam samples containing 5% by weight of pre-alkaline
treat isocyanate modified rice husk (PUARH-20-5).
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Fig. 1 Comparison of FTIR spectrum of rice husk crude with alkaline
treated rice husk.
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Fig. 5. Microscopic images of three samples of pure PU foam (PU) (a),
containing 5% by weight of isocyanate modified rice husk (PURH-20-5)
(b), and foam samples containing 5% by weight of pre-alkaline treat
isocyanate modified rice husk (PUARH-20-5) (c).
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Table 2 Heat conductivity results of three samples of pure pu foam (PU),
containing 5% by weight of isocyanate-modified rice husk (PURH-20-
5) and foam samples containing 5% by weight of pre-alkaline treat
isocyanate-modified rice husk (PUARH-20-5).
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Effect of perlite nanoparticles addition on the mechanical and microstructure
properties of PP/NR blend fabricated by melt mixing processing: Optimizing by
Response Surface Approach
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The present research has studied the effect of adding perlite and natural rubber nanoparticles with various
weight percentages on the tensile modulus and impact strength of polypropylene. For this purpose, different
samples were produced and tested using an internal mixer based on the standards of tensile and impact tests.
Also, by using of response surface methodology (RSM), the role of input parameters on the responses was
investigated in order to achieve optimal mechanical properties and predict these properties with
mathematical models in the form of central composite five-level design (CCD). In addition, the SEM test
was used to observe the changes made in the microstructure of the samples. The results showed that the
addition of 7 wt.% of pearlite nanoparticles to the matrix containing 20 wt.% of natural rubber, the value
of the tensile modulus increased by 11.27% and the impact strength by 52.01% compared to the addition
of 3 wt.% of pearlite nanoparticles to the same matrix. The results of multiobjective optimization proved
that the optimal weight percentage of pearlite nanoparticles and natural rubber was 4.04 and 35.26% wit.
respectively. Is. In this case, the highest value obtained for tensile modulus was 508.04 MPa and impact
strength was determined to be 108.52 J/m. By observing the SEM images, it was concluded that the change
in the size of the elastomeric phase due to the use of different weight percentages of reinforcements has
caused the results of the mechanical properties of the samples to differ from each other.
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Fig. 3 The values of mechanical properties a) tensile modulus and b)
impact strength
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Table 3 The name of the samples based on central composite design
(CCD)

PP (wt.%) NR (wt.%) Perlite (wt.%) bdiges oS @,
70 30 0 PP70/N3o/Po 1
65 30 5 PPgs/N3o/Ps 2
65 30 5 PPgs/N3o/Ps 3
65 30 5 PPes/N3o/Ps 4
61 30 9 PPg1/Nzo/Pg 5
69 30 1 PPgo/N3o/P1 6
45 50 5 PP4s/Nso/Ps 7
85 10 5 PPgs/N10/Ps 8
53 40 7 PPsa/N4o/P7 9
57 40 3 PPs7/N4o/P3 10
73 20 7 PP73/N5o/P7 11
77 20 3 PP77/N2o/P3 12
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Fig. 4 Graphs of a) 2D b) 3D of the effect of interaction parameters on
tensile modulus
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Table 4 The values of mechanical properties of tensile modulus and
impact strength

Impact Strength (J/m)  Tensile Modulus (MPa) ladiges oS
66.89 + 0.3 52735+ 0.94 PP70/N3o/Po
7799+ 1.1 627.66 + 3.89 PPgs/N3o/Ps
7749+ 0.6 625.31 +1.27 PPgs/N3o/Ps
7725+ 0.5 627.1 + 2.43 PPgs/N3o/Ps
39.134+0.2 772.36 + 1.46 PPg1/N3o/Pg
9216+ 1.4 563.53 + 0.81 PPgo/N3o/P1
196.48 + 2.1 259.76 + 1.09 PP 4s/Nso/Ps
45454 0.2 875.92 + 2.07 PPgs/N1o/Ps
101.52 + 1.7 531.89 + 2.67 PPs3/Nso/P7
147.46 £ 1.9 368.5 + 2.96 PPs7/N4o/P3
34.87 £ 0.2 836.22 + 1.29 PP73/N2o/P7
60.91+0.3 719.72 £ 1.98 PP77/N2o/P3
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Table 5 The obtained result of analysis of variance for tensile modulus

Poore  Fosl  ololue  Slup gsene b el )y
0.0001> 273.46 69646.36 3.482E +05 Aiged
0.0001>  1166.16 2.970E+05  2.970E +05 N
0.0001> 159.21 40548.00 40548.00 P
0.2018 2.16 549.67 549.67 NxP
0.0104 15.93 4056.19 4056.19 N2
0.0338 8.40 2140.08 2140.08 p?
............ 254.69 7.18 Residual
0.0035 281.06 423.47 7.06 Lack of Fit
R? 0.9927 | R? Adjusted 0.9964
Precision 53.3912 | R?Predicted 0.9633
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Tensile Modulus (MPa) = 973.139 — 9.964 x N — 14.843 x P -0.144 x
N2 +2.632 x P? (2) Actual Eq.

Tensile Modulus (MPa) = 623.23 — 157.32 x N — 58.13 x P — 14.50 x
N2 +10.53 x P? (3) Predicted Eq.
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Fig. 5 Graphs of a) 2D b) 3D of the effect of interaction parameters on
impact strength
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Table 6 The obtained results of analysis of variance for impact strength

Py Fosl  lololuye  oluye ggone b sl
0.0001> 376.91 4699.13 1022.82 Aged
0.0001>  1385.33 17271.81 17271.81 N
0.0001> 211.87 2641.52 2641.52 P
0.0372 7.94 99.00 99.00 NxP
0.0001> 181.49 2262.76 2262.76 N?
0.0135 13.96 174.02 174.02 p2
............ 12.47 62.34 Residual
0.0263 37.13 20.68 62.05 Lack of Fit
R? 0.9947 | R? Adjusted 0.9974
Precision 61.6884 | R?Predicted 0.9723
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Impact Strength (J/m) = 42.536 — 1.458 x N + 7.55 x P — 0.248 x N x

P +0.108 X N2—0.750 x P? (4) Actual Eq.

Impact Strength (J/m) = 77.89 + 37.94 x N-14.84 x P-4.98 x N x P
+10.83 x N?>—3.00 x P? (5) Predicted Eq.
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Fig. 6 Comparison of experimental and predicted data for a) tensile
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Parametric analysis of impact on sandwich cylindrical shells with FML face and

functionally graded core using a new shell theory
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1- Faculty of Materials and Manufacturing Technologies, Malek Ashtar University of Technology, Tehran, Iran.
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In this paper, the parametric analysis of the impact on cylindrical sandwich shells with the FML face sheet
and functionally graded core using a new shell theory is discussed. In this research, two new, simple and
engineering models have been presented to predict the history of the contact force caused by a quasi-static
transverse impact by an elastic and isotropic impactor in the shape of a sphere, with a low speed, to a

composite cylindrical shell. These two models are the half-sine model (or H-S) and the improved mass and
spring model with two degrees of freedom (or IS-M). In the H-S model, the maximum contact force and
contact duration have been extracted analytically. In the IS-M model, first the mass and the effective
stiffness of the shell at the contact point are calculated analytically, then using the successive method and
reaching convergence, the modified contact stiffness is obtained. Validation of the present research results
was done by comparing the theoretical and experimental results of other researchers and the results of the
ABAQUS software, and a good match has been achieved. The results show that the more accurately the
effect of (1+z/R) terms are calculated, the higher the accuracy of estimating the impact response. Also, the
numerical results show that some parameters such as the structure, material and angle of the layers and the
metal volume fraction (MVF) and the ratio of the core thickness to the total thickness of the shell in
FML/Core/FML sandwich shells with FGM core have a significant effect on the impact response.
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Fig. 1 Static loading applied on a small rectangular surface.
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Fig. 2 Transverse shock loading applied to the outer surface of the shell.
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Fig. 4 a) Nonlinear mass and spring model of two degrees of freedom
by Shivakumar et al. [24]; b) Improved linear mass and spring model
with two degrees of freedom (used in this research).
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Table 2 Errors of the main parameters of the contact force history curve

in comparison with Gang's experimental test[18].
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Fig. 5 Comparison of the contact force history obtained from the
analytical method of Matmilola and Stronge [22], the analytical and
experimental methods of Gang [18] and the first model (H-S) and the
second model (1S-M) of the present study.
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Table 1 The geometry and material of the shell and impactor studied in
Figure 5 [18, 20]
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Table 4 Geometry and material of FML/core/FML sandwich shell with
P-FGM core and steel impactor.
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Fig. 6 Modeling of shell and spherical rigid impactor in ABAQUS
software.
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P-FGM core and rigid impactor.
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Fig. 7 Comparison of the history of the impact force caused by the impact
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Fig. 11 The maximum buoyancy of the inner surface of the shell under
the contact point in terms of core volume fraction (here/h) for different
values of MVF in the skins (m=1282.7 kg, vo=1 m/s and N=10).
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Fig. 8 Comparison of the history of the impact force for different values
of core volume fraction here/h (volume fraction of metal in the skins
MVF=0.5, N=10).
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Fig. 9 Comparison of the history of the crust under the contact point for
different values of the core volume fraction hcore/h (metal volume

fraction in the skins MVF = 0.5, N = 10).
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Experimental investigation of the effect of different surface treatment on mode |
fracture behavior of composite/aluminum adhesive joint
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Compared to mechanical joining methods, adhesive bonded joints have uniform stress distribution, good
fatigue performance and better weight reduction effect. Some failures in the adhesive bonded joints are
caused by the presence of contamination and inappropriate roughness in the joint surfaces. In this study,
the effect of different surface treatment on the mechanical behavior of the composite/aluminum adhesive
joint in the mode | of fracture is investigated by using Double-cantilever beam specimen. Surface treatment
has been done with three methods of Peel Ply Processing, Sanding and Laser for composite adherent and
two methods of Sanding and Laser for aluminum adherent. In the laser surface treatment method, the
transverse distance of the grooves and the spots diameter are fixed, and the scanning speed and power of
the machine are variable. The surface roughness measurement of the adherents shows the increase of the
surface roughness up to a certain value of the laser energy density, but after that the roughness has decreased
due to the melting of the adherent surface. The results show an increase of 13.43% and 7.46% in the critical
strain energy release rate of the mode | of fracture using the laser surface treatment method compared to
the Sanding method and the Peel Ply Processing method, respectively. Also, examination of the fracture
surface of the joint shows an increase in the failure mode of fiber tearing at the joint surface with the correct
selection of laser parameters, which has improved the strength of the joint.
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Table 1 Mechanical properties of composite adherent

V12 = V13 = V3 Ess E; Ey
(GPa) (GPa) (GPa)
0.29 7.43 7.43 94.5
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Table 2 Mechanical properties of aluminum adherent and
adhesives [14,15]

v E
(GPa)
Araldite 2015 0.3 1.85
AL 7075-T6 0.33 71.4
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Fig. 2 Double-cantilever beam geometry
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Table 3 Laser surface treatment parameters
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0.085 1500 45 0.17 1000 6 LA-1
0.085 2000 6 0.34 1000 9 LA -2
0.21 1200 9 0.51 1000 18 LA-3
0.21 1000 75 1.14 300 12 LA -4
0.25 1500 135 171 300 18 LA-5
0.37 800 10.5 3.81 90 12 LA-6
0.37 600 12 5.71 90 18 LA-7
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Fig. 1 Results of three- point bending test for composite plate
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