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In current research, in order to manufacture reinforced polypropylene composite with carbon fibers and
CaCO; nano-particles, polypropylene granules were fed to an extruder with specific percentages of maleic
anhydride compatibilizer and calcium carbonate nano-particles and then extruded compound granules were
hot-pressed inside a mold. After generating resin sheets from these granules, they were sandwiched between
carbon fiber plain fabrics and heat-pressed, consequently samples of nano-composite are prepared. Standard
mechanical tests of tensile, bending and impact were performed on prepared samples of both types of
reinforced polypropylene composite with carbon fibers containing nano-particles and without nano-particles.
Results showed that composite specimens containing calcium carbonate nano-particles endure 87% more
tensile strength, 26% more bending strength and 40% more impact strength than specimens without nano-
particles. The maleic anhydride compatibilizer, due to formation of polypropylene-calcium carbonate co-
polymer, improves the uniformity of the compound and increases adhesion between polypropylene and
calcium carbonate phases. Because of higher elasticity modulus of nano-particle compared to the
polypropylene matrix as well as the possible nucleation of nano-particles in the polymer matrix, the overall
strength of the nano-composite sample has increased. Also due to the symmetric shape of the quasi-spherical
calcium carbonate nano-particles, these particles have isotropic properties in different directions and lead to an
increase in the level of crystallinity in the polymeric matrix and the strength of the nano-composite. The
dispersion of nano-particles in the polypropylene base causes the impact energy to be spread across the whole
cross-section and thus the energy absorption capacity increases before fracture.
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Table 1 Technical properties of polypropylene HP552R (Z69S) [22]

3 laiti! a>lg ol Ple>
ASTMD1238  gr/l0min 25 e by pasls
ASTMD1505  grem®  0/9 SE=
ASTM D790 MPa 1500 e Jgde
ASTM D638 MPa 32 S St
ASTM D638 % 13 Job obasl asye
ASTM D256 Jm 30 (23°C 0 ozl ogpl) o casglie
ASTM D785 Kg/m? (Rscale) 100 (JsS1)) oxsem
ASTM D1525 °C 152 (10N) Soisp, aki

ASTM D3012 hours 150

(150°C 1) sloysS (5 e o

[23] plain 200 S BLI| Sl g (o5 Slasein 2 Jguo
Table 2 Physical and mechanical properties of carbon fiber, plain 200
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Table 3 Physical and mechanical properties of calcium carbonate [24]
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Table 4 Physical and mechanical properties of compatibilizer [25]

slade el
eyl Selle b 03,955y b Sl SNEE g ST
12 g/10min (MF1) Gldwe )b > Lasls
0/9 g/em® S
160°c oS alak

390l sLraiges cSlu syl -2-2
sladiges colo glp Sl 0y50 (o> 5 Sy slane,s
sl (3515 0306 5 el Sy S S350 (5505) (2 ppnals
Gillae (4,0 5 Ghes (2iS) (Sle olis glagse]
peedS” DL, Oly365L slads o il sul bl S Jgo
L 65l Gais el cilo jo oyl Sl 5 g
532 >y J20 .19 .16] ol plo alie SYlEe o)y

ol ol (PN () 252 s slaws 10 559

Sl S5 sl oS eanS Cygis SUI
3590 Co9melS sy il b cwlite e Lo 150x150
)55 Gh e Bute D)pe 4 k)l e o

0,85 5O S DL, SIS layl aisel sas 6l
a>,0 30 slos ,o @ids 60 ow 4 M luls o S
S oS gt 4 ool and (g pSush, WSl
Shas olpe el GiledslS Grizen 5 adsilS
Slge D Jgaz & x5 b wys8 hawgs )b gl (S ugh,
Slle 5 plasnol eelS SloS Sliisl) 5 3,50
byle 5008, b (Sule Sjge 4 g odd (9 (a0l
198 ST ol8505 31 00liul b ouds bglses claaziensl .ailons
el 58 sl ‘1)“%‘)% G5 L L oS gunen 93,k 9o
oo 4 A0 b 4 Jsb s 520 mm g0l ylas L
D oS 5 ep b olde

S5l sladiges cle sl S slaae,0 D Jgur
Table 5 Weight percentages for manufacturing composite samples

39 M0 (9 Moy slaws

S slay olows
e SRS s obegnl Coj9elS g5
KURPV] POV L SR - N =9 st
7 phr 0 4y 3 WA s S lgn
S SUIE -
PUUM L CAEAR QAR
! Brabender
5



2R6IL S jug 15 Lasl g Sexo

S lip 5 13936 9 (8 B L 03 el (lags Mok e I98elS 93l Sl ol dulie 9 il

Ohegph oad asle CujsmlS 45 90 2 5| ASTM D256
B8 g ol iy S 356 g5l 0,8 BUI L e s
MNC-S1000 Jue CNC 5,8 olfiws 5l solazwl b wl,d450
5 S rtoshen B 58 b (i 53 0 5 LT o5, sl

W (g 5lwoslel g (6580 o lasliul Billae HSS i

1 . . K1 . .
S 59031 Julexd g plxil -3
oolawl ris Qyoﬂ 3l oole cinS plSorinl s jglaie 4y
S-a S 0gd a0, o )18 0,90 SO aiS L
30 (G pl yo 4, S (5iS el olKiws sasms Lis
S a5 3lweslel (sladiges .ol o diges Cond ux
oBiws pl b g YU lacSE g0 alsdS s o
wall =5 s cd S 13 maS cou g ooad (g ISl
Ol Glalojenls a8 S IF pis cov glaaiges
5 peedS ST B3 S s5l>) (S SBUI L e ol
s o LS 1) GieiS olKsws o (l,3456 03l
2 5l g oud CuSh lz (pme (8BS 9 Jlosl 5l
Ohd gl gyl> diged aS (Shge 50 clewl odd alxlS
A (LS Gy Lo g a0 oo liS 093 Sl (6 iy Cueglie
G loges 10gd co TSl g (SieenS Hl>o 6 5YL ol
Cangh ) GRS (slocigni] ol A1 Jol i S
5 Ll sl Cujseels slaaises ly ((JuS! 2,5
ol 00 431 b ISy &l,3gl w3l

Fig. 4 Nano-composite sample of polypropylene reinforced by carbon
fibers and containing calcium carbonate nano-particles
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Fig. 5 Tensile testing machine and composite samples after tensile test
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Fig. 6 Stress-strain diagram of two composite samples after tensile test
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Fig. 8 Composite samples after bending test
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Fig. 9 Stress-strain diagram of two composite samples after bending test
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Fig. 10 Charpy impact test machine and composite samples after
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