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Carbon nanotubes have special importance due to unique properties as an amplifier phase.
In this paper, the effect of multiwall carbon nanotubes on water absorption and fatigue life of
poly methyl methacrylate is investigated. To this end, nanocomposites based on polymethyl
methacrylate, containing 0-1.5 weight percentage of multiwall carbon nanotubes are produced
with screw and injection molding process. The morphology was studied, using scanning
electron microscopy. Microscopic images examination showed that carbon nanotubes have
been well released in the field of polymer. The fatigue testing of each of the prototypes was
carried out under identical conditions. Based on the results of fatigue test, nanocomposite
fatigue strength containing 0.5% carbon nanotubes increased than base polymer. Also, based
on the results of water absorption test, the existence of multiwall carbon nanotubes in polymer
field decreased absorption water of the samples.

Keywords Polymethyl Methacrylate; Multiwall Carbon Nanotubes; Injection Molding; Water

Absorption; Fatigue Life

CITATION LINKS

[1] Polypropylene/calcium carbonate nanocomposites-effects of processing techniques
and maleated polypropylene .. [2] The effect of temperature and nano-sized calcium
carbonate on tensile properties of medium density ... [3] Polymeric nanocomposites, theory
.. |4] Evolution of collective damage in a polyamide 6-silicate .. [5] Experimental
determination of mechanical properties of PMMA reinforced with ... [6] PMMA/CB and
PMMA/MWCNTSs nanocomposites: Assessments through ... [7] The electrical conductivity
and electromagnetic interference shielding of injection molded multi-walled carbon ... [8]
Experimentresearch of environment effect on mechanical ... [9] Fatigue and biocompatibility
properties of a poly(methyl methacrylate) bone cement with multi-walled carbon ... [10]
Incorporation of MWCNTs to PMMA bone cements: Effects on fatigue ... [11] Analysis of
fatigue life of PMMA at Different frequencies based on a new damage ... [12] Influence of
processing condition and carbon nanotube on mechanical properties of injection molded
multi-walled carbon nanotube/poly(methyl .. [13] Experimental study on mechanical
properties of ... [14] Prediction on fatigue life of U-notched ... [15] Effect of organoclay
modification on the mechanical, morphology, and thermal propertiese of injection molded
polyamide6/polypropylene ... [16] Effects of surface quality and loading history on fatigue
life of laser-machined poly ... [17] Study of fatigue properties of PMMA with typical ... [18]
Performance and anti-wear mechanism of CaCO3 nanoparticles as green additive in poly-...
[19] Water absorption of poly(methyl methacrylate) measured by vertical interference ...
[20] Mechanical performance, water absorption behavior and biodegradabilit of
poly(methyl methacrylate)-modified ... [21] Experimental study on the water absorption
and tribological properties of PA6/CaCO3 .. [22] Water absorption of poly(methyl
methacrylate) containing 4-methacryloxyethyl ... [23] Fatigue resistance of denture teeth
|24] Mechanical behavior of materials: Engineering methods for deformation, fracture, ...

Copyright© 2019, TMU Press. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform,
and build upon the material) under the Attribution-NonCommercial terms.


http://www.expresspolymlett.com/articles/EPL-0001592_article.pdf
http://jips.ippi.ac.ir/article_761_en.html
 https://www.hanser-elibrary.com/doi/book/10.3139/9783446418523
https://www.sciencedirect.com/science/article/pii/S0020768305004580
https://www.sciencedirect.com/science/article/pii/S1359836816302323
http://jips.ippi.ac.ir/article_565_en.html
https://www.sciencedirect.com/science/article/pii/S0008622311008906
https://www.scientific.net/AMM.387.208
https://www.ncbi.nlm.nih.gov/pubmed/22023747
https://www.scientific.net/AMR.971-973.1013
https://www.hindawi.com/journals/mpe/2014/352676/
https://onlinelibrary.wiley.com/doi/full/10.1002/app.43738
https://www.researchgate.net/publication/316512176
https://onlinelibrary.wiley.com/doi/abs/10.1111/ffe.12507
http://www.malrep.uum.edu.my/rep/Record/my.usm.eprints.13528/Details
https://www.sciencedirect.com/science/article/pii/S0261306914007018
https://www.scientific.net/AMM.387.212
https://www.sciencedirect.com/science/article/pii/S0301679X09000383
https://www.ncbi.nlm.nih.gov/pubmed/22799564
https://link.springer.com/article/10.1007/s13233-013-1088-4
http://mme.modares.ac.ir/browse.php?a_id=2861&sid=15&slc_lang=en
https://www.sciencedirect.com/science/article/pii/S0142961202005215
https://www.ncbi.nlm.nih.gov/pubmed/26406585]
Not Found 

218 yastams yool g lE5ljasalyl Sle WAY.

oyorly cagdi (gly L]To.},ﬂ oXiSy ey LQ;T U osd cxel
b Slad JSb perly S ¥y Slieditaly Maisd 2 she
wliosas ol des l cal wslhe (SlSe wlatie
Blewl YU it 5 psS6sS slalsn g T 53 g5 cuglie
55l glesw glgiedy ol Jlo 00 51 oo @ Sbiediiely
95 o2l 51 3Se LB eslaswl 390 (Sdpolas g Sy
SloenjorelSisil g youly ol G iz g Sws (olss Gy
Jo s phle 5 (ieg/ el Jlyssy I casal 1 ol
Slozwl plosw @ijlecun; 5 Siws (olg> Yy
b GRS olgssiz gladglsil b eadbylie ity S lediiosh
B o glonoys 5 |y i slodslsil xslsls aellbe g0
i (9051 9 2335 LI Gilgaial Glasms 4 (55 20y,
¥ G o pieS Y GuilS b gy Singj oliws dbuoge
ats 53 a5 4 Jlasl ladigad 4 JSwbBePY (565 o ypidas o
O GRS sladslgil % shls Slgdiul plaw of
YOr Jlo ps Llaisls lid 393 51 1y (Siws olSxiwl igl3sl
S olgassiz sladlgdgili 13U 3590 55 dmgly 93 5 o/
el et Slediioly Slsrinl gloagw (Siws oy 5
Ol 4 Hig doydelfg oV slasoyy L ladglgil aisls
oS Gy uilSd b (Sud el g 30 wlal ilgsel
3 ISPy (i it 5 JSwlbEerl¥ Jlacl i3
23 39 e (S 305] @S 0 Ly 4l Jles! Ladigas
S o)sg.).).l.? Sodgdgib %N hls  Slexiwl  losw
G YA¥ ‘JL» 3 ul)m 9 gﬁ!@m OxoR YRV RISV 98
JOVITRRNE CO Y S U3 .5 I TR LS RV Sy
o8 Vg S 515 0 )3 ladigad by withy St daite Sl
Uil b s jadie o5 s L3 LiolesT a9 walizes
obles § jdipei Ml adly (ol 55 (Sws oe (uils)s
Loyl 5 oS olgdviz gladgdsil (39380 23U e @
sloegjoelisl Sl paled gy sl
LD beajeelall johio g aisSlyy @b Stedutosh
oﬂsg.).).’ug Sdgdgilb 51 %V g ) /B Hho g slvaoyd
S8 astllae 3,50 1y T (olss o s ((E 55 (5,8 B gy
5 olis 1121 55 oLl ladlglgil cdale iuli3l b ladigad 45y
ohleh 3 GRS olsesuiz ladgleil 23U oy 4 5320
39 B b leeajsrelSeil & cudyi pal 4 asslay
O S oﬂsg.).).’ug Sadgdgib 51 V0 g )V /O he
9 395 (JUblBoAs g 5o G255 Lt 93 b Gy 65l
wd)S 18 dalllae 390 i Hebd Wil Sk polss o
syl 1 %) (sol> digas ape @lSoxinl 5 o Ll
Gl lie prer Gl 5wl jeuly @ cawd GRS
o @Sl S gladdall 1 %A (gal> cajsselSail
olsie b Gdmgh ohlea g s hudl Blewl iagh
el gy U ghls PMMA daxio (Sius o imioion
1381055 53 39ame ladl (g5ludind i) 51 Ghegly ol 53 2330
J)J Ady g )LCT as sl ULI.MJ okg R uJ' A eslaiwl (_}usfb.[
5 ) GRS cawd 3l yidas GLE PGS cawd 5 (Siws
iy @hls Jae ples 51 iden FIO (AT jSyel (o
2l U ssame ladl g5l 51 ol auls el ¥ Lt
Uhgis 5 [ Gidly Gilgten oo b (Vb cowd 4y oz

WAA ;i3 (Y o5lad 09 oy98

s pee 9 ol i G asllhe
PMMA/MWCNTS (glacay;sselSsil

MSc olf.)b‘o..“uhbﬂ L:'I‘

jl)‘T o&adls Gapd Soly cGuwdige g 9 eaSidly (Sl wsige 09)§
ol 35 oot

PhD * 518 jid020 y2ol

jl)‘T o&adls Gapd Soly (puwdige g 9 eaSidly (Sl wiige 09)§
ol 35 oot

[}

Jl eaisSiegeds SU glyiedy yddppamio (olys Jubsa S (sLWsJa;L"
olgssiz oS ladlglyili 3 dlie oal )3 Miws o955 slojzy coeal
o2t 3550 )13 aslllae 390 My Sliadiiteh (Kiwd jee 5 0T Cizy
Sl gslo ol Sia it 4l » lbcuipselSsls il i
ErS B 5 dzungs 39518 (gt Gijg 2010 B jho olsassiz GiusS
Joslinal b osiady glbcujerelSsl Jlisle Ssdie ssi G
S (25509,S0 gl Gy 358 usp Gilie Jawd S Sae
09a5] Wlesd Gldy perly dinej 2> i S sladlslgll &S eag o 5l
S Gib S el LSy bl x4 ladiged 5l S5 5o (sl (Sius
olsassiz Gy ladlslsili jl %10 (s5l> cayspelSaill (S o gej]
spaz Ol Oz sel 2l Gululy uizean .8l 35100 4l youly 4 s
» ol Gl pals cel (grealy dine)  glssniz (oS ladglyil
A 1 5epelSeili sladiges

P 6xSB ¢ olssier G Gladslil oty Slie el aeflysals
S yoe ol i

WAY/E [ bl )l
WAV NIV s Gy )l
a.fattahi@iaut.ac.ir : Jgiuwe sdiunss”

doddo -\
S GalaeEs ddsdy s renly locnjorelSeil sl slalo 5
4298 390 aAlle Glajerly 4 cowd 395 didlidguy olss
»3lie (39381 L .2ilad)S i3 ol Simie 5 o Simgd 51 (55l
wlyd sbba (sl ubde ;3 (Sise (_;lmx\.zS)g 51 oS
e g b pinle Lolsd pleie S 5 HesSue
SISy jebay whhd & el ehigdy anditu 39 | ayesdy
395 S 1am 4 (olgs (Sudlisguy igd oaiSlyy (s yeuly w53
i3S IS 4 iU slal U oSy 51 salixe glyil apw) sinlss
slodylsil il ollgl 45 olgine T gl I o wilosd
whigh o ooy SB b gy ol (oS
039381 28 oLl S linyS by oo oo 51 35 L
ladilez Gialidl cuw (5ybdess (slapady 55 caiiSyy w3l
O3 3S2S s ogde gy ol 1 g e slezdl pKim )3 ()9h
Sexe 9 So9k LBl azys (ialisl cerse (s osl sladils o1l
S S eyl Btlasiioe (g panly dinej 3 GHSI5ise
odle (pl &5 aslis eSU pin &S cwl (53130 u_\)JﬁSa.w.w
Blecl 5918 g puledl ceudlS o 00 slacigigh 51 S
sladglyili b ol sl phlSen 5 L4 VAF Lo 51 e
Sxoak laguyile 53 0aiiSyy Slse plyieds | GuS olgsiz
Silwdse e el (555 ol gl (U3)S (820
uLuasm (6], el o8y )S)A.x.c Ualm)‘.«?‘.w O UJL»LM» 9
Gt e (ol I8 dlax I (S ladslsil bl
of Jsemopt dicsidl Joto 9 D> dS cuwglie Y

e SuilSe usige hbghs - (sale dolinle



AYY PMMA/MWCNTS (slacajgumlSgl s yoe g Gl iz e dallbe

ASTM D6110 3yl g K i (sl ASTM D638
LE TERIRVALY] o)gbﬁ.} JSea oLinb &hu 9 uT Gl cwd (gl
A5 5 GoF bl b edggil (g jemeen sl joliied @i
3 B o pralsaSieus L o 5is oy Blas ais)S
ad)S s 53 B (59 55 58 IS sla U (G oum
el lalols sy «Syxie g cals Saly Jols B 0
it (3051 (sladigad ¥ IS ol 2,55 Gbgs 9 Leisly o
Y dssz umde glis |y OF Qiz el (sladiged ¥ S
ool jpis iy ey peluly sxbadsi (sladisal

30 gl |y e jonelSeili )3 1) (S olgassiz

1 =)
o

St (glodiged (Y JSb

iz el sladiged (¥ JSb

olsassiz sladlydyil sop pulul s GlaleT ladisad gais aws (¥ Jsaz

9 SwilSe (olgs 51 ety STlio Lol (551085 ededy yol>
e 3 GRS olgsniz sladgyl jeas 25U up S
il johaie o cwl i) peuly O Qi g Ss
Db Msi GALE S TIB Ghgya laleyl (sladiges
e g 2l Qlz oy GS olasie gleddsil L6 Guw

3550 )18 aelllae 350 (2 jebay LT 51 S e (S

Loy, g Slge - ¥

J|5A -\-v

PMMA (gl U b e STleuite youly 51 Gads ol 5o
\agr/em? gesaxe gjs b olali Gesd <SHd Jyame
53 oddosliiwl wlydgil Ll osd oalisiwl die; )A.A.L\ olgiea
eSyb Jypame GRS olgsaiz gladilell Glagh ool
vl ) ISl Gulliyie Gygel wilaSTyiulgil oyl el
ol b oS olgssiz sladglyil 51 gyl oSy Sue
V Jgaz 55 adslslge (Swille 5 (Sjud wlasdn ple w30
sl odil H53

A stz sladslsil 5 SEM g5 () JS5

adgl slge (Sl g Ko wlasie () Joaz

sS olgassiz sladlglgil el S Tlo ol

S
sz slo dgloill 5y w0 ey i wop S
o)l i) o
. Yoo PMMA+0%MWCNT
N ERVIA PMMA+0.5MWCNT
\ a4 PMMA+1%MWCNT
VO RVNIA PMMA+1.5MWCNT

Yhgr/cm3 JE> Vhagr/cm3 I8
Qe-\Vem2/g g oo JSl oYY i oSl
Voor TV i dy Job o 10°C Ligd (gles

%30 Logl> Loy 20°C 5y Gyl (sles
-\o U'?)l" 9 U_bb)ks —Jl.iwlﬁlin\ﬂ” U.m.wSLJg.\A 9 mg[{m
Sraikele-0v: a0 JSWbISSYIA

e S 1989 a0 - ¥ ¥

GeloeSal ¥ e Jao Gilase JruS 058y Sae olKiws |
31 Sl (s lapmsai sl sl isllie oty 55 Sl
ol o o3lital iy 3palSsil ,lislo dslliae jshiiedy ladigel
3955 53 135 52 Vgl psSug Se 53 ladigad (3lolyd 1 Gl
s LSl gaz 5l Clinl (gl Wil cailord 4tuSd sule
slaguly 51 s Ssl> jshiieds Gig Sl colam (2l uizan
A 23Sy Wb bawgi ddiged cunSl 2o (A3

Modares Mechanical Engineering

lovdigai (g S5 -Y-¥
5 ronly otimgly Suody oI5 )3 J5 350 (slacaS)s ass
wygody cudd B g0 wlaSy b el gl Geadispo
oK bugi (993 d>ye SO UT)| o9 bglxo (SlKe
03Sbelxo I 8 . au g 4.'2_\_\)14 93 ))fsw 339 yiwS |
S8l 6595 53 el £ wisods Ae°C (slod 53 dlgo soled cslge
oMl Jadsty (SElSe Sy aloye 53 M (g pSeagh,
of b 4 ladslsilb (s pSeashy I Gl el (b
B So Sl GRjepelSeil wilehd @i Gy Sz
loluwl Blhe royis> sl cwl oass odliiwl (gloyamgs

Volume 19, Issue 7, July 2019



218 yasdamma yiol g o5l psalyl le VAYY

Olse (S olgassiz sladglyil aeys il b g osd O
Olgicse ly GEalS ol e ol @bl LEolS 50 ladiged Lo
sl s ek LEalS el G olssie slbdsll

[20-23 160530 0 0T iz @line (LS 4z 53 g peuly

v 4.0 v
SEM MAG: 20.0 kx Bet: infleam SE 2 um
Vi floid: 10.4 jim | Dategemidly) e munc

05 yasly J) 3550 s Sae s (F JS5

Sladlslgili %10 (551> wayopalSaili 5l (e Sl QsSug S noa (B JSb
oylsasniz

i Ly
SEM HV: 4.0 kV
SEM MAG: 40.0 kx

GRS oylssviz

SEM MAG: 40.0 kx Det: ini

View fleld: 5.19 pm _ Date{mid’y 16

Sladlslgili %0 (55l wayopelSaili 5l (oSl QsSuwg ) Sue sgal (Y JSb
GRS oylsasniz

WAA ;a3 (Y o5ladd 19 oy98

Sl iz geil -F-¥
38 elail ASTM D570 bl eod cushy wis osel
Gz gsesl pldl (sl )5 5e yluilial ) el plejese
&S i eamline GialeyT b (g -l ead (53 el VF cugh,
G amsge plal (o3l OF Qi ladigad glojese ool 5
Wl Of Giz e wld gl B Sk Glalel came guen
ol Lis ol weclo YE Slos 6L 5 o9Ve g5 oyl 51 0 oals
b (xSl 545 59, VP9 VB ¥ Siley Juolgd 53 Indiges
695 5 Gl IS Ll ool b adiged (uled b Giolél
Ol 018 als 418 T plas J51 53 Goww glaolauss
2> x589 L8 ndiged (55 (535651401 b caghy i
Lo ialesT el Jsb 53 o el )53 0lls a8 cuze T plas
9 wudls 8 o b ales Jalsi 53 ¥e°Ca¥ gles 33 O pla>
oslitul Wndiged 3,559 sl @5+ s b Jlozns (5903 5]

s (9051 —O-¥

SAF-250 (g9 sSiwd cwd oo Uhegh ol 5
Giio oiils j3 glly (VO cudl b oliw eSi eol
JwLEele g Y OO dindion (il b cod b oslaiwl Gy
69 (4,5 (5,180 F) 55,0F LuilSd g ko (I (e
ool 51 oslitl ()l ol bl wde .ub Jlocl Lndigad
69 4l (ISL FueSilho jobds pugz Joe ol
I oyl Sl K ede 1515,8 00 el lnglus
116171563 a3 38 wlidisd dy dogi

Gy g @Lu -y
ewlid JS& ¥
» dgac a.h.a.c ab.w 5! oAATc.;u.u)ag sglai ¥ B P gl IS
L &S amsie glio |y eadadss glacajsmlSsil 355 sl
ooyl eIy (i 5 i slaallaili WL (LS
‘QSI)J 4S.u| dg>g L ML (_ghbm)) 3 RO il de
45315 cogots B Ly ot 3Uj s el 5 Lol
S oyl Josb (BIE iy oximsglts o Spal s,
amw)f)b;p le)u a5 A.\LA.IL,A ul.u| )JngJ U..M RO
eolio Loyl i JiSS 31 cojonelSails a3 pshaiads
)l banJyL! Qgﬁ;u‘o O&Lﬁmﬁsw)) 45(5)9bol.4@ el 0393
g (50 bwl 09l UJI LS aS" ol [OF)3} d.!b ucl.m.u &E.Q.A
e sl 32,55 slih U silsa Lolslyil (s pSeg
sl ;3 esalie (15 slsa b 5 K050 b oalglytl (oS58
31 st 5 Lol (s bl sy s 5eShie 3 ol
18, 19]&“]).’&.&09)5,5.40/YQ
ol Qi -y-¥
Cdz gl &5 w30 plid |y cwd 3l Jols slbesls o) jlagad
i ledglyil 1oy o L}‘”IA)T 59y SuS&S @ |y lndiges %‘T
53 3B diged 41936 0y My 5 diged 4dgl o) My ST 0230
4 9de dlme ) dbaly b diged OF Qi plise wige ol
sl oai 030y i ¥ Jgus 5o C)T C.JLU

aw_M2-M1 \
W My Q)
L,u)s o)lgg).\.’\.? (_;UMJngjL} BYV-Lg as A0 ULMJ Cundd C.JLU
Gz oo LEalS el vl Slioiiool (el dingj 53
e SuilSe udige ddghs - (sale dolinle



AYY PMMA/MWCNTS (slacujguwlSl S yoe g Gl Qi e dallbe

Omax = AG
© f
Oa

- Iy
T

Oa

0 |

i 3051 53 o Jlecl (5l IS)L £33 g (A JSb

D7 350 55 4 azsi

_ Ao __ omax-—omin
0y = P 5 M

Gm — GmaXZo‘mln (Y/)
cud o1l 33 092 sl uSile (IS Oy g LS diels 0 oS
o 3 el Yoo byl Oy
0, =0p Q)
s> e Hlanl S jbglen Jols mln gully
Wb sl S olsr p GRS olpsuiz sladgyil
jgalSsil (S oSl (S 4 dzgl b o5 3y 135,50
Qb youly 4 cond GRS olgassiz sladsyili 51 %10 sl
St ool S sl o s ol il 4Bl Gl
rorly 4 e ojlsadaiz sladlalaili 51 %) g5l syl
S oSl cale 3 5wl iz el b
s oSl 4 o Gwgale 3 %0 o jerelSail
sl 43185 4y yeuly
02390 33 (i ashd Sy b esle S5 il slaiges S
b Sid Sp Sy onS 05 nad YelS ogline i S
gae JolS oydd @ ymie g Whoe iS50 ol
39l 1SS VL LT QAT Q) cwd oS Sipge 53 sdie
Oz bl Al Leles yiaS cewsl 4 e glo S jlade
sobiedy Wlgioe wylate (a3 IS guaiz 5l Jeol> slacws
D7 859 s yoe - (A5 ixie 3)Spald
5 Nt cud pladl o8 )3 1) 35selSil digas 4SS
Ao oldd oKtws 3 9 (e 0L Al
Jools SN lsgai cirogi g s | Jols slaosls (gl
23505 oslastl 5 abaily 51 olgSise
o, =A*N{° )
) dhal g cuwd bt dhwgdy o s (gpolie B g A oS
Mg (0 duwlo

a N
o= G *)
aasly 53 T I38 b s 39850 dawlne # a5 B laie
Al e cawd 35 A Llade O
olid ) S psail @l 51 Jol> SN iz ¥ lagas
1030 (59l digad CunSl ghie e JSU (bizen AB3(50
skl Joro pigaali )3 &S a0 i |y S sladglyils (59
9P digal 355 S oo caled 55 5 Siud Sy g
954 oy ol ceddiewd gladigad dos 3 45 039y et
] samlice 13

Modares Mechanical Engineering

6.14

6.12

6.1

6.08

weight(g)

6.06

6.04

6.02

== 0% 0.5% e=tr==10) o150

5.98

o
[N
N
w
~
vl
o
-
=

T iz psesl gl (1 glagas

Ol Dz geail (sladiga 9 el (¥ Joaz

039 @hpmads S glodglgili soy
NRYVS o
RN -/0
of+eVQ \
NRRYAYS \/0

S -Y-¥

GiiapelSail (sladigad (59, oadaisS buld b (Sws ol
390l 0 0313 Lt € Jgaz 53 Jols aulit o 3,3 ol
dials & Sime ud gy EES wwd s ady S Sus
ol Hho g lesl dindon (IS o ladiged (IS @iyl
S8 GlalejT 330 JblBale 5 YV 00 (il 5155 dus 53 Landigas
e jsbdy iy GiS U sho 5l g o osbay b
455 Sl (5355 U 5 £33 o U 35S0 et (URES)
Ao lis 1y GKied cwd )

(S s Jol olis (Fssz

S Slass GIB puilsys @I85k digal
s (5552) (JSwly5e) (3039)
Yyeoy 2 \o .

e 13 Y .
O ¢ Yy .
VALY 13 \0 ]
YYAQL 2 \o +/0
Yo. 13 Y. ]
YO 2 Yy +/0
¥y.oY 13 \0 \
Y.v4q 2 \0 \
Y. 2 Y. \
£oYo 2 Yy \
YYYao 13 \0 \/o
VEA 2 Y. \/o
Voo 2 Y. \/o
FYYA 2 Yy \/o

Volume 19, Issue 7, July 2019



B &S ab Guyy GHR Hsbd g oad 03938l by ey
Ngd o ol 2 2rbe Jol>

el grouly dine) 5> GRS olgsaiz sladgleil jeas -
A 59alSl sladigad ;3 O Qi tals

Of Gz e (syealy dinegg )3 ladglgil eys ioli3l L -Y
JGhy el (sl woiaelSsil (Siud jee -V
Bl dgug by pooly 4 o S oylgasaiz (sladlglail

el 03 Gl o Bingh (9w 51 (5290 131015 g St

weaol 0t ol B ingh (om0 51 (5290 1IN gunls

el 03 Gl o Bings (o 5l (5290 @bl (ylas
Saghy (s oxiunsh) Byl (o zoiiuggi pqu
sdiungd) AL jeseme yiol 1(%04) (s lel Slilxil Lol
(%0+) (s Lol Sl SaS Sitmgly (93

RO VA ULu ulf.&.w.uy (594»)'1 TLIEY) UJLA &.!Lm

&lis
1- Fuad MYA, Hanim H, Zarina R, Mohd-Ishak ZA, Hassan
A. Polypropylene/calcium carbonate nanocomposites-
effects of processing techniques and maleated
polypropylene compatibiliser. eXPRESS Polymer Letter.
2010;4(10):611-620.

2- Sahebian S, Zebarjad SM, Sajjadi SA. The effect of
temperature and nano-sized calcium carbonate on
tensile properties of medium density polyethylene.
Iranian Journal of Polymer Science and Technology.
2008;21(2):133-140. [Persian]

3- Bhattacharya SN, Gupta RK, Kamal MR. Polymeric
nanocomposites, theory and practice. Munich: Carl
Hanser Verlag; 2007.

4- Kong X, Chakravarthula SS, Qiao Y. Evolution of
collective damage in a polyamide 6-silicate
nanocomposite. International Journal of Solids and
Structures. 2006;43(20):5969-5980.

5- Banks-Sills L, Guy Shiber D, Fourman V, Eliasi R,
Shlayer A. Experimental determination of mechanical
properties of PMMA reinforced with functionalized
CNTs. Composites Part B: Engineering. 2016;95:335-345.
6- Alizadeh N, Safi M, Yousefi AA. PMMA/CB and
PMMA/MWCNTSs nanocomposites: Assessments through
optical behavior. Iranian Journal of Polymer Science and
Technology. 2012;25(4):255-263. [Persian]

7- Mahmoodi M, Arjmand M, Sundararaj U, Park S. The
electrical conductivity and electromagnetic interference
shielding of injection molded multi-walled carbon
nanotube /polystyrene composites. Carbon.
2012;50(4):1455-1464.

8- Wang JY, Zhang ]Y, Shi XH. Experiment research of
environment effect on mechanical properties of PMMA.
Applied Mechanics and Materials. 2013;387:208-211.

9- Ormsby R, McNally T, O’Hare P, Burke G, Mitchell C,
Dunne N. Fatigue and biocompatibility properties of a
poly(methyl methacrylate) bone cement with multi-
walled carbon nanotubes. Acta Biomaterialia.
2012;8(3):1201-1212.

10- Lin Y, Xu YZ. Incorporation of MWCNTs to PMMA
bone cements: Effects on fatigue properties. Advanced
Materials Research. 2014;971-973:1013-1016.

11- Huang A, Yao W, Chen F. Analysis of fatigue life of
PMMA at Different frequencies based on a new damage

WAA ;a3 (Y o5ladd 19 oy98

218 yastams yrol g olE5ljasalyl Sle WAYF

i s ol (953 (5552053l digad (3 JS&

*0% 05% Al% x1.5%

25

20

STRESS

15 A X

10

1 10 100 1000 10000 100000
N CYCLES

S 095l i J| ol yos ~(2 Gimie (Y olagal

itipgelSl e canh gl iy (1 S0

GS o -F
s jes g @l Ciz p GRS olgsuie gladlylsil 36
io ol GjerelSeil (sladiges j3 oS ety )STlio ol
4 G xS B gy ledlgleil 51 559 1opV 0 ) oo/

e SuilSe udige ddghs - (sale dolinle



AYO PMMA/MWCNTS slacajsualSgils L_,SL..:)A: 3 ol Qi G asllae

Materials. 2013;387:212-215.

18- Zhang M, Wang X, Fu X, Xia Y. Performance and anti-
wear mechanism of CaCOs nanoparticles as green
additive in poly-alpha-olefin. Tribology International.
2009;42(7):1029-1039.

19- N’Diaye M, Pascaretti-Grizon F, Massin P, Baslé MF,
Chappard D. Water absorption of poly(methyl
methacrylate) measured by vertical interference
microscopy. Langmuir. 2012;28(31):11609-11614.

20- Li MC, Ge X, Cho UR. Mechanical performance, water
absorption behavior and biodegradabilit of poly(methyl
methacrylate)-modified  starch/SBR  biocomposites.
Macromolecular Research. 2013;21(7):793-800.

21- Nozad Bonab A, Mohsenzadeh R, Sayyed Noorani MR.
Experimental study on the water absorption and
tribological properties of PA6/CaC0O3 Nanocomposites.
Modares Mechanical Engineering. 2015;15(5):108-114.
[Persian]

22- Unemori M, Matsuya Y, Matsuya S, Akashi A,
Akamine A. Water absorption of poly(methyl
methacrylate) containing 4-methacryloxyethyl trimellitic
anhydride. Biomaterials. 2003;24(8):1381-1387.

23- Heintze SD, Monreal D, Rousson V. Fatigue resistance
of denture teeth. Journal of the Mechanical Behavior of
Biomedical Materials. 2016;53:373-383.

24- Dowling NE. Mechanical behavior of materials:
Engineering methods for deformation, fracture, and
fatigue. 4th Edition. New Jersey: Pearson Prentice Hall;
2013.

Modares Mechanical Engineering

mechanics model. Mathematical Problems in
Engineering. 2014;2014:352676.

12- Navidfar A, Azdast T, Karimzad Ghavidel A. Influence
of processing condition and carbon nanotube on
mechanical properties of injection molded multi-walled
carbon nanotube/poly(methyl methacrylate)
nanocomposites. Journal of Applied Polymer Science.
2016;133(31):43738-43747.

13- Fattahi AM, Najipour A. Experimental study on
mechanical properties of PE/CNT Composites. Journal of
Theoretical and Applied Mechanics. 2017;55(2):719-726.
14- Liu W, Yao X, Ma Y, Chen X, Guo G, Ma L. Prediction
on fatigue life of U-notched PMMA plate. Fatigue &
Fracture of Engineering Materials & Structures.
2016;40(2):300-312.

15- Mohd-Ishak ZA, Kusmono K, Chow WS, Takeichi T,
Rochmadi R. Effect of organoclay modification on the
mechanical, morphology, and thermal propertiese of
injection molded
polyamide6/polypropylene /montmorillonite
nanocomposites. PPS-24: the Polymer Processing Society
24th Annual Meeting; June 15-19, 2008, Salerno, Italy.
Melville: Polymer Processing Society; 2008.

16- Abar F, Abadyan M, Aghazade ]. Effects of surface
quality and loading history on fatigue life of laser-
machined poly(methyl methacrylate). Materials and
Design. 2015;65:473-481.

17- WangJY, Zhang ]Y, Shi XH. Study of fatigue properties
of PMMA with typical damage. Applied Mechanics and

Volume 19, Issue 7, July 2019





