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Investigation of the Effect of Graphene Nano Plates and Carbon Nanotubes
on the Improvement of Mechanical Properties of Aluminum Matrix
Nanocomposites

Abolfazl Babazade, Mohammadjafar Hadad*, Majid Safarabadi

Department of Mechanical Engineering, College of Engineering, University of Tehran, Tehran, Iran.
*P.0.B. 14155-6619, Tehran, Iran, mjhadad@ut.ac.ir

Keywords Abstract

Graphene, One of the methods to improve and achieve superior properties, is to modify and optimize the
Composite, Manufacturing Process and to consider the use of nanoparticles as reinforcements in these materials. In
stir casting, this regard, stir casting method is considered as one of the methods of distribution of refractory particles
nanotube carbon, in the melt and three percent by weight of 0.01, 0.05 and 0.1% of graphene nameplates and carbon

nanotubes as reinforcements particles added to The primary alloy A356, due to the properties of carbon
based nanoparticles. The optimum conditions, including the rotational speed of the graphite mixer, 500
RPM, were obtained for one-minute mixing in a row, at 740°C. The results of elemental, phasic and
microstructural analysis, confirmed, the distribution correctly of reinforcements nanoparticles in the
composite matrix. The tensile test showed, an increase in yield, ultimate and fracture strength, and also
strain, so that the maximum increase in strength and strain using 0.1 wt.% graphene, was 28% and 2.6%,
respectively. Also, by using 0.1 wt.% carbon nanotube, the nanocomposite hardness increased to 88.4
Vickers, indicating a 33% improvement in the ratio of non-reinforced alloy.
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4 Particulate-Reinforced Aluminum-Metal Matrix Composites
5 Isotropic

5 Stir Casting

1
2

1198

0359408 (5 9US 9 pgle &y puis



2940l 59U 9 pole &y puiss

OlEea 5 03bl Juaallgil

e PI9A o 2 ) 25853 5 LS wlmaio i 3l w2

S (Sl slagygasl 6585 05Ky Sl (s paie T (WS
5 on b el 03 SIS le g s)lSlan, LT 5 iS5 i

adgl 3391 9 3UIT 3lwoslol g s —2-1

b slopslie Glaie 4 (815 1001 5 )5 e b 00 Sl (hagh cnl 5o
el oo oolaiwl 1 Joaz j0 00l )53 Slasin

Slepglie sloyog Slasie 1 Jgus
Table 1 Characteristics of reinforcement powders
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Table 2 Chemical Composition of primary A356 alloy
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Fig. 2 A: Graphite mixer and cylindrical mold. B: Mixer and power
generation setup.
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Table 3 Weight Percentage of reinforcement powders
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Table 5 Dimensions of Tensile Test Sample According to ASTM ES8.

aiges 5, 35pb 4 Jgur
Table 4 Naming samples

304 3 39 3
. “, !
] T ]
Y
3

! Caand J5b

3
3
Y

Slwpglio (J3g due s

&y
0.01 0.05 01
CN
CNT-0.01 CNT-0.05 CNT-0.1 .
GRF-0.01 GRF-0.05 GRF-0.1 GR .

G D R A B E ol
ol
36 9 8 45 25 14.4
(mm)

31.25 Kg Jlecl 55 b Koopa UV-1 Jow 5,505 s8ew oKws

(Sl sl oad ags ladise gy, p B osejl el sl
oY el (ST (S ‘abul 45,08 L).«-iﬂL«.A ouds &l c_lb.n 2 ool
52 ) ealises glaslupglin (958l Sl anslio 5 cwyy Sz ol S3 4
Jb o ooliiw] oBw g (iS5 egilsS slagyge;] lp diges 6
39 3 Byo e 5 oSl andl bl (&S Soigesl sl Sl
Bged 98 ol obl s .cwl ooy oolaiwl GRF-0.1  CNT-0.1  aiges
298 ke G F el eslial 5 (gasl 9 nl o (o5 polie 4 5l pae

Joloi g gl =)

38 9 spaie Glaom) 2 -3-1

ssbolen 058 co 0aalie 6 Jgaz ;0 (5 5%egblsS (s paie (905 @l
e oS5 sregllsS seil s ead Ol s S oS
O SF 4 2 b S e patiie |) oad adg glacy jenalS il
g Soo Blgioe iged b 1 )3 (gomsl (Sh9 203 4 ()5 paie polie
ey polie iz (8,5 ami |y Cujsrligl wlg Slles (twys
aS Bl ol Sad 42 Jaas cadyl )l...ﬂ 39 e e b anslio o
(oS blod Il jlupslis o jon 4y alld o5 05 09580 51 L5
39az adgl ST @ o 0l oy slayjelS Bl HO puiwie e
Ll 51as ] Jl «2.55% oSiloo 4 0.35% i l380) caidly jiol331 2.2%
o) ey jeeliel oadg o was o plid aslie cpl (Sl
L olyor jete BN (28 gl 5 (85 lajlupglio b (cositeos]
S5 w4 S arg el wedge e Jlade cnl (A1
Sade GBlul pac g (Soop Jdo 4 C8F a4l gl ee (obend
o aasin b o5 ol,m ol tad ody slodiges )0 tpgmdiw
sl 035y yige g deho I yolie misi 0 oie Bloj 5 i,z Sy

59 CNT-0.1 5 GRF-0.1 aigei 95 (sl w50l ansl (il 9031 ol
Jolis GRF-0.1 g 500059l « il iz Gillas 098 oo ovlie 4 o
A osls auid Al(a), Al7Si, Fe2Si, C16 (Graphene), slajls

1201

odalie a3 & o (olo)F g Sais, 5l el cujselSsil

b S, 5l Jolo sladises il laggesl elmil sl 9550
oS5 eyp Slp wad Lo 5SS clihd 4 gl o) 5l eslarl
Slasaddys gy come l pliebl 5 euld wdg Slale el gl (pleent
slp .cwsl oog Hitachi High-Tech FOUNDRY-MASTER Smart
b (55 oolans 5 Loaigal ghaito 5l (028 (3 bl L 0oo3] ol (g3losle]
w3 UK ab gey] el Lge MelS diges gl 1000 e ooliows
Sleslainl b g SOl andl ily (g, 5l cCajemelSaeil jo oad JSis
(3 oge3] lp oo solel (sladiges 5l .o eslazul Brucker Jows olKws
S8 3y 3 eolaiwl b 05"’)] ol b s oolazwl 3.5 u&*")i ol .aL?u‘ sy
3 e oS gl LS lus; oy jelate 4 .o Lo XPert High Score
B lal o bedige a5 &jgo pay ad oolatul ool 00 abads (slddiges
(S il oo 5l eolazwl b O § 00D (55 o8leews 3000 i
WWidss e 5 b bl idg Olles (pgaste il eslaul
Sz 55z S bl g S 15 Liagll IS Jolore (230
28l aebsl ity oldes adds 30
b s MeijIMT7530 o (55 oSy So 5l ooliisl b g by, sl

Ode 4y g 039y 4ddS 490 150

sor Sl Ny S g GRS Slapsei] b ool 100 (oleiS )5
b glae wd ad)F 5 @ oad oy lacajselSsil (SOl ol
oS a3l bl slp 5L 0550 sladiges [27] E8 ASTM o laikiul
SANTAM  Jow Jlujguigs olKiws b el cpl o ool § (6,315
S iz-3 IS o plesI Bmmimin 25,8 #5659 5 5 <ud b L SAF-50
ol olal ams o Lz 1) ygesl cnl (gl oads agd sladiges -3 IS 4

Ll odalie B S5 Jgaz jo 6

Fig. 3 A: CNT-0.01, B: Samples prepared for XRD, OES and Hardness
Test C: Scheme of standard sample for Tensile Test D: Sample
prepared for Tensile Test.

odd LS)L“°°L°-‘ Sldiges o {CNT-0.01 oo gl ‘;‘.\)Hlfyl; | SJL::
¢ iS5 laslinl diges sled iz ¢ (S (6 ogileS (WSOl axil Sy (6l
S 03] gl oo colel diges



OlEea 5 03bl Juaallgil

e PI9A o 2 ) 25853 5 LS wlmaio i 3l w2

58 ol e yo sl jasine g LSlug, el (o g, SO, L aS ooy
w0l ool Rgas &l o ;_ii) olew )Le R .l A356 LgL:b)L..”
O 0,098 T g dxg s 0,5 Alwgopee Old 6l &dly 4o aS
Jloasl el jo gdly 5o sl oo Kijo 5 56 ol JoKitd o l,3430
pgbar jo cdo a andlaisd LSis JLslug, 50 Wl 0,eelST OIS ol
45 el oo oadline G (35,500 050kl U (o3, lew &lyd LSy,

2,18 slupslie Olyd canlive bowws ma3e5 51 olis

3000 i
-
)
@ Cl6
2000
o
% A gsi
K
h 1000 “ i ﬁ FuSi
| i I ¢
| i
-m
u'm‘« FL’ . ' * J
0 LN LK il \
0 1 0 30 40 50 0 k0 [ %
20 (degree)
(a)-t
(EE 200
*
A
= A asi
» O o0
g 1000 - m Al(g)
E A ¥ Fess
*
A b .1 I
0
0 )\‘MWJU- I A * A L
] 0 20 30 40 50 60 0 £l €N

20 (degree)

Fig. 4 XRD Patterns a: GRF-0.1 b: CNT-0.1
CNT-0.1: & GRF-0.1 : il « oS0l 6550 ol (55501 4SS

(b)-o

100pm] P :
Fig. 5 Microstructure of CNT-0.1 nanocomposite prepared by
optical microscope at 100X magnification.

10 69 95wy Sae b oo angs CNT-0.1 o jelSoil Jislog, 5 S

100 L5,

ol 3lg bt 55l mie 1yl oy 6 90
Table 6 Chemical Composition of produced Nanocomposites.

A

c si Mg e
0.0100 7.281 2.019 CNT-0.01
0.0492 8.407 2.066 CNT-0.05
0.0988 8.215 2.749 CNT-0.1
0.0097 8.232 2178 GRF-0.01
0.0482 9.417 2625 GRF-0.05
0.0977 8.425 3.000 GRF-0.1

Sols aovg 3T ol 1 (8 AL (@) (soseiesl] s 56
Olisogs elosl o 5l ieS 6oz ;0 el ools ;ylis (3LT yolie Koo
5 4l &5 pl @z byl jeas sl Jole ©jge 4 6 Gl o
St BB c55alS 5l 5 5B (al j5am o0 sesies] adsl SLIT ol
S otas o s 5B cpl a4 LS pe D0l (S b Sy e S
Sogo &y AlTSI, Fe2Si o3b o slale oyl 5B cpl og Ll
5 b3l ol og>g Fe g Siyolic wojo axgi b aSy oo olulid sguowe
5B AITSE 5B ks —paiiagll slaslIT jo il 00 i BB
Xpert 1380 5 50 a5 315 08 51 [28] 04 0 ogmzme 00 plSeiul
5B o ogame S 4 5 coad aslis €16 (g lais! ol L High Score
5B 8 50y axgy BB aSs el oul ol Cu3eeS el cpl jo 99290
5 Sygel (i 4 hlod (oo 51l b b e slacSy oS ool (I C16
P BT &S ogdie (AU Ll olas pal s e S 9
Dloie [islo b (656 ol b g sl (gamige LSl glyls (5,5 &8ly
oy aS > il andle SOl asdl Bl wilg ged cgamge S 4
osalice 45 jsbilen Jlo ol b ol (s sl 5L b e 55
w25 3l (b Wlg oo g 0l 00ld e €16 (315 5B 4y Sl Sy 998 o0
sl S 5 (slalh 5 C16 b el 56 slacSy 25
olas 1) ONT-0.1 Coj5.0lS6il Gl axisl ol (6631 o-4 S
Al (), AlZSi, 5B aw jpa> 55 o ol o (L8 (5 wiges aiile o205 oo
sl &S pl 4 azg bl sad plull alie SIS g LYo L FesSi
©obais oles a5 C60 51 jga> wog ()5 sl jlupglan sl)ls diges
alio yo (Jlo (nl b el Bpdy JB g ilaie ol (G085 aigil 1
13 0og (Jbws S gam aw Jlisle lyls €60 5B (L3 5 agei b
Ol 0 e a2 I Bjgel ooguse 4 bles 5Bl Sy
odgazme a1 GRF-0.1 jls 1315 o jamalSgl BN 5 «ojamlSgil
SV QUNCI TN JONNISREIR - NNPUC JV-ENC
2 IS5 pa oo b gl 90 52 50 Bysel eoguome sl (31,58 5]

olis 100 laiSy5 5o 1) ONT-0.1 cujomelSsl Jlisloy, 5 S

il sl Wl Cojeligl pl ol Lol b Glhe o2 co
a3 Al(0) 5B el oals ool las JSG j0 aS il 09> dastine

1202

0930l (5 )9US 9 pole &y puiss



035940l (509US 9 pole Ay s

OlEea 5 03bl Juaallgil

e PI9A o 2 ) 25853 5 LS wlmaio i 3l w2

S o o Al el (s abE GByaa A el TS5 sllas
Sl ST Bl 3 ool Stdly JS5 oS 5,5 5 bl
ol odp; Gl a4y oole (€ alaii j3 5 ol ol jgy osle LS
Solii 3 52 bl ggame g « Sl ddhain oaiws lis 1 ddlais
Dygeo 4y digad S i 3 ddlaie a4y o 8)ls b Lol weogy o lenSy JS
G5 e plSmial i e 8 S el oolis] s nge
boaesse Gl s @il 5 08 CojenalS sl wiges 28 sl |,
3 S gl 5l Jel plottal (oS @S da goie cl 5l ool
ool osalin B8 Joaz ;3 155 oo mli 97 Joor

[A—cxt oot ] ’—-—C.\'T»O.l |

(a)- & \

I—.— CNT- 0.05|

200

150

100

Stress (MPa)

50

0.0 05 1.0 L5 2.0 25
Strain (%)

—— GRF-0.01/

®)-<

|—.— GRE- vosl -@D- GRF- 0.1

210

180 (-

120

Stress (MPa)

90 -

60

30

0 . 1 1 1 1 1
0.0 0.5 1.0 1.5 2.0 25
Strain (%)
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Fig.6 Microstructure of GRF-0.1 nanocomposite prepared by
optical microscope at 100 magnifications.
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Table 8 Results of Strain Tensile Test
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Fig. 9 Trends of Changes in Tensile Test Components a: Strength b:
Strain. 1: CNT-0.01 2: CNT-0.05 3: CNT-0.1 4: GRF-0.01 5: GRF-0.05
6: GRF-0.1
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Table 7 Results of strength Tensile Test
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Table 9 Results of Vickers hardness Test.
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0.86 85.10 GRF-0.1
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