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Abstract
The fabrication of polypropylene composites using various types of Received: 3 January 2021
reinforcements to improve the mechanical properties has received Accepted: 18 February 2021

much attention in recent years. In this paper, enhancing the PR TR 2665

mechanical properties of polypropylene composites by adding
different classes of natural and synthetic particle and fiber
reinforcements were reviewed. Accordingly, it was found that the
fabrication of polypropylene composites leads to an increase either
in the strength of samples and corresponding mechanical
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properties. Moreover, surface modification and processing Keywords:
reinforcements, especially natural fibers via chemical and physical Composite,

methods were studied. The results show an increase in the Polypropylene,
adhesion of reinforcements surface inside the polypropylene, which Sufface Modification,
results in strength enhancement and improving the mechanical Reinforcement

properties of polypropylene composites. The evidence from this
study points towards the idea that the increased use of modified
natural fibers in polylropylene composites and those natural or
synthetic reinforcements which form hybrid composites provide
promising research topics in the future.
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Table 1. Mechanical properties of some thermoplastic polymers [10].

density

Composite (glem®) ©C)

polypropylene (PP) 0.91-0.90 175
polyethylene (PE) 0.95-0.91 115
polyvinyl chloride (PVC) 1.38 212
polystyrene (PS) 1.05-1.04 240
High density poly 0.97-0.94 137
propylene

melting point

Mechanical properties

Elongation at break Young Tensile
) modulus strength
(GPa) (MPa)
50-145 1.1-1.6 20-40
450-1300 0.3-0.5 25-45
25-58 3 38-53
- 2.5-3.5 35-60
- 0.5-1.1 30-40
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Table 2. Natural and synthetic reinforcements for application in polypropylene-based composites [15-24].

Reinforcements Shape Examples
Fibers Sugarcane fiber, sisal fiber, coconut fiber, flax fiber, wood fiber, basalt fiber
Natural reinforcements
Particles Kaolin, calcium carbonate, montmorillonite, talc
Fibers Carbon fiber, glass fiber
Synthetic
. yn Carbon Graphene, carbon nanotubes
reinforcements
Nanoparticles Aerogel, silica nanoparticles, metal oxides, metal nitrides
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Figure 1. Different fibers used in polypropylene-based composites.

Sl plygs 1 35 et Sligios 51 (S gy p 4 dslol jo

din) A ou S Cosll Sl 3938l 1 0 sabaisle sladigal

ol 00U d.».’>|.)).o (5"1""5)Jk51)

b srousis a9 (4393811-Y
loslosiz 45 a8, LIS 4 ab Sl 5 BLII (CusAS a5 lix
Ol iagh BMle o Cwl SSUsS slags 5 s whagn b
assS ol Lal sl 00,8l 055 a5 Jlaz sl 50 1) (g 5knms
g 2ol il cnlie (Swig b5 rdlas Jodoay (SLI
Wg o o3liin] 0aiS Cu sl plprear ilbes Gl 5l gy 5 Wi
20 S5 sy QU slddasiine plu (Sl oly
$9) = (Sdgh 90 Cige) oy D355 (09381 J1 Liwl) (e
335 oy [OYT S0 5 T30, T1, ()bt il (slojlusniz
aile 6,8 slataish oo Sige 5 (orrmy b 5l gk cnl 5o
Ly ol 5o o ool sntipdlol 5 b suiizdlol &5
eresb Lo S dlol b saipdlol o3 g5l slaiges g
0,08 Gl an Liogs Sl st Sl pls il
o b laouiSENal 5l (59 a3 B (098 L iz
5 latS Jsace yolie ol Jlo o lojloniz cloaiges

45 acal Cwoty JICWbBe YAY g AV ol 5y diges plSoxiul

Lo S el 985 Wi o,Lil T an 55 YL j0 45 e b yles
o 90 4 Laojl_wasz a 568 o ol o a s, LS a
g Gl 0yl g 0,5 sloalyd gl s BLI p S SLI el
L S50 a8 ccl | b &l,3 5 BT &y 3late pgo diws
Ivo-vYAlecul o2 5 S w@ilaals (LS gz Sl o
@ o oamb BU alox 5l ol slvossS o slas 5y
5 Gy Jaoeo L cwlin (6 )55 o loonisS oo i
wele (e joban .arul oyl cced (LS o cdljl eulls
9 mbin s Jlocms 5 A5 QLS Sola ol SLIT (SIS
[va-vylecu alos cliogas sl aces GLIL anlio o
sleojlwas el jo caiiSCagd g5 opl 5l oolainl b as
9095 labd 55 ol 5L mlio )0 exig-Soslainl
Al 3 p3n 45 sl o oo G5z S 5 Jols sl
Lol jo oad e coll Jolu joa bag] piis a5 it (s0lg0
B 5 3y oy s (F) Jgas o [Y¥-val as)ls
Gl 4ol slwojlwaiz jo ouboslaiwl bo LS4

) 00 o, Ll

2. Arbelaiz

1. Organic

(16:+) 0342 9 30 0 )losd — iy JUw = Ylral (Fousd (s g aiss

—~

slaesiS s glhol 5 19T Jos slagbss i 29,00
YE-5Y o — oylSan 5 03l s19m0

-



—

e SB2ILS w5 Mol 9 (Su9lJos S DI 2 (S19

508 50 b GLI jlocie [ial38l L aS ol (aseie odelCawsd
S e (S ol 5 (i (S Gl sall ane
(F) Jgoz jo ailossn Ladiges canslls Job puii do o ials
oo aizlw slojluwais ladiges sod (g, Sojlall plg >

el a8 313

YF—5Y oo — ol )02 g 00l 290

olie dy Cus oo, FIF 5 YY s0u> 0 i 5 4 polie ol

el ails w‘)ﬁ‘ ua.]l? LJ'L"’j)"GL 6L&b 449.0.1 B OMTWQA;
ol iy SlSe ol (O] em o ' Sy (5,500 aios o
B)me Lr’)‘)} 6)|A_:l4 9 L)M_;—l )—’lj" BL u_AﬁLM o ol

@l 5w (yp ) Sl LI 00da o8 Hlagn b

[Jghie Suditadguan g caaals SLll glaShag oy ¥ g2

Table 3. Characteristics of some common natural and synthetic fibers.

Elongation

(%)

density Young modulus Tensile strength
Reinforcing fibers @/md) (GPa) (MPa)
Glass fibers E series 2.5 70 2000-3500
Glass fibers S series 2.5 86 4570
Carbon 14 230-240 4000
Aramid(Kevlar) 1.4 63.67 3000-3150
Sisal 1.33-1.5 9-38 400-700
Cotton 1.5-1.6 5.5-12.6 287-597
Kenaf 1.3-1.46 1.-30 393-800
Jute 1.4-1.5 27.6-80 345-1500
Coconut 1.2 4-6 175-220
Hemp 1.4 70 550-900
Basalt 2.8 40-89 872-2800
Nylon 1.3-1.45 5.5-5.17 400-800

2.5-3
2.8
1.4-1.8
3.3-3.7
2-14
3-10
1.5-1.8
1.2-3.2
15-30
1.6
3.15
15-30

[36-39]
[36,40]
[41,42]
[39]
[39]
[39,40]
[39,43,44]
[39-45]
[46]
[39,47]
148-50[
[44,51]

1OVl 3l LI Ly ouadicns 683 (rhas g oy by (sl jluusiay (sladl gas ) osalcsuady (SlSs sladdlfa ¥ Jgan

Table 4. Mechanical parameters obtained from basalt fiber reinforced polypropylene-based composite samples [53].

Mechanical properties Poly PP composite with 10 Variation PP composite with Variation
prop propylene wt.% basalt fiber 20wt.% basalt fiber
Tensile strength (MPa) 12 18.79 56.6 22.91 90.8
Young modulus (GPa) 1.3 4.23 225 5.40 315
Yield strenght (MPa) 16.2 16.56 6.3 20.47 26.3
Elongation (%) 85 2.70 -96.8 1.23 -96.8
1. Wang

&\ Iranian Chemical Engineering Journal - Vol. 20 - No. 117 (2021)
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Table 5. Investigation of various mechanical parameters obtained from polypropylene composite reinforced with aerogel particles [58].

Tensile strength Young modulus Elongation | Stress at break

(MPa) (GPa) (%) (MPa)

Neat PP composite 28.4 2.35 34.18 23.55

PP composite with 1wt.% aerogel 29.3 2.4 11.75 21.86
PP composite with 3wt.% aerogel 28.17 2.7 7.91 21.13
PP composite with 5wt.% aerogel 22.53 2.9 4.11 18.14
PP composite with 7wt.% aerogel 22.18 4.7 3.19 15.39

1. Kordani 2. Zhou 3. Kiss 4. Nobe 5. Wang
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Figure 2. SEM image of polymer-based composite containing carbon fibers [64].

1. Unterweger
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Table 6. Weight percent of the components of fabricated composite specimens [67].

Weight percent of components (%)

Sample No.
Poly propylene (PP)

1 100
2
3

57
4
5

Compatibilizer
- - 0
. 40
5 35 3
10 30 3
15 25 3
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Table 7. Weight percent of components of polypropylene / montmorillonite / polyolefin elastomer composites [70].

Weight percent of poly
propylene
PP wt.%)

Sample No.

1 100
2 92
3 77

Weight percent of polyolefin

Weight percent of

elastomer montmorillonite
(POE Wt.% ) OMMT wt.%)
0 0
0 3
15 3
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Table 8. Mechanical properties of polypropylene / montmorillonite / polyolefin elastomer composite samples [70]

Tensile strength

Sample No.

Flexural strength

Impact strength Elongation at break

(Mpay (MPa)
1 30.9 36.8
2 338 42.9
3 27.2 35.3

kg.m?) %)
6 560.3
10.1 830.6
14.9 270.5
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Table 9. Different treatment and processing methods for natural fibers.

Treatment Fibers Results Ref.
Alkali treatrent Sisal, j_ute, cotton  Increasing surface roughness and removal of lignin, oils and [72]
fibers wax
. . Reducing the wettability of fibers and enhancing the thermal

Acetylation Sisal . . 3-74
Y stability of prepared composites [73-74]

Salinization Sisal, cotton, formation of chemical bonds between fibers and matrix and [65]

palm oil fibers enhancing the thermal stability of prepared composites
Maleate couplin Jute, sisal, banana - . ) . . .
ping . Wettability and improving the fiber-matrix adhesion [75-77]
agent fibers
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Figure 3. Fracture surface of polypropylene composite containing jute fibers: (a) poor interfacial bonding and fiber pull-out,
(b) adequate fiber matrix bonding, (¢) good matrix bonding and (d) excellent fiber matrix bonding [78].
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Figure 4. AFM images of jute fibers with different surface treatments: (a) control; (b) alkali treatment;
(c) ethylenediamine/alkali treatment; (d) acid/alkali treatment [79].
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2. Atomic Force Microscope
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Table 10. Effect of increasing concentration of compatibilizer of maleic anhydride bonded with polypropylene
(grade G-3015) on the mechanical properties of polypropylene composites containing 30% of sisal fibers [97]

Concentration of MAPP

(%) (MPa)
0 29.25
0.3 32.35
0.5 35.34
1 43.66
2 34.55

Tensile strength

Impact strength Flexural strength
(I/m) (MPa)
51.79 48.96
52.45 50.13
57.16 52.44
68.66 62.42
55.30 51.16

Sl Oliee 4 (xhaw slooaS NSl jga> O )j90 3 iz
CawlrodinS Cogds 5l (6 s polie 0938l a4y Jol8 daojluais o
o Lapl Jolas 5 LaoaiiS sl (o 4 4 & ol (l &5
5 SolSo Lples jiolidl el a Sl gl ol e K0Sy

PP S W ..\.Jy ‘_ngo}L».\.:.? rolSz.‘l...al
U318 55 raals Bl (S ipd 5 0 53 55 5 o5 psbslas
3o ISt ol el socwl sgame gy yedas ole e e
o, bl ore ads BLII G510l 4y Lol 40,10 042 55 e giuan SLII
s (IS te Faig b 05 polia ;0 (S5 by s el
el 4 i e ple b BLI Cans S e b (55 JSB
Ly ode o 4 058 e ojlwiiz SIS ples pals
Sl aS alS oY same Dlals jloslal o580 55, (b s
Lo oausS Cogas ol 5l eolaiwl wijls 095 J21s o (g )by o2l
L asl S o SaS oadady Sluls e mals 4 lsas
L Ll calie &Y game adgi 4 10l ado GLIL 51 oolas!
b Sl 59, 1 (st 35 505 5 00l &Bly JLdiul 950
oolawl olonts gla g, 51 BLI ul 23l (sl lasl joas)ls
Jlesl 5 6,10 s 5 de) j0 Jlows sl A e Cdeas a5 0l
OB S oy (6l 1) (gl DMt BLII (59 5 ol 43S 0y
SwoaisSFMal sl eolaiul g, pl 5l cdls pyo (slojluais wlalad
SLI gl L e85 oo plomll (o SLIT 6l i bt
o ol gla g, sl eolainl asl g 1S e egtan
5 ool sloaiyie alox 5l Wi yral S ecel G508

53l sy Ay (AR 4O G [aa] ), Ko Al o0l
5 g wsz oyl gleea S b plagndy b s
3 Gt ol j0 a2l 5 (B0B cjelS) w3l
P P BN PP RO Vi WP PE-X PUVIR VIR V| N Ve | Py XYL g L5 W
9 ) Olyd Gz pads Sl el 1) o s a5 wis S
3,1 Galasl ol jo i S lgie ojluais Cole fu )0 g
F oV ke g0 ,0 MAPP 60uS 5 5Le bole oy Fr Jigh o
oy ) oy D13 gl gl el polas ol penay S5 do o
e Jade g (o g (LAET Sueglite vy D)5 GU gl L
0958 51 (o 2 A (398 B 5o ol ogdle 2Bl I8
a5 o aseiee g A0 5 oy ,al Sl ) el glavs o
Oili8lan s onie care slaoslail jo caiS MLl £65 pl (0458
i BT 51 (6 piian polie 09380 Lol g oo (SilSa Lolg
Slojlwaizr slaasse 55, = 75 e Lo idgim (o) 2
soaS Mol 51 Ss5LeS glgil of ponay il BLINL outig i
Ll o a5 jg b yles sl 00,5 oLl BLII xlans
sleojlusiz ) odaw sboaisSZMal 5l come Jlade 0433
093581 Dy5m0 50 5 whon dgte ] (Sle olys i 050
S wly oo ol Toase SLlSe _olys oS Lol o 5l i
Sl oo 50 ol iy lime 0 ,STow dlis ol o

Can 6)9)_.0 LQO)L»;M ) Go&.’u-u‘ QG‘P UJ)...QA Jl.‘)ul

(16:+) 0342 9 30 0 )losd — iy JUw = Ylral (Fousd (s g aiss

—~

S B23LS w95 2ol 9 59l Jos SR 2 (SI9.00

Y5y e — ol )50 g 00l 290



—

e SBRIALS a9 Zuol 9 (591 Jos S B9 2 SI90

Y5y e — ol )02 g 00l) 290

o\

Call 3l Such ol Sl by udicn 585 Sl g el slao i (Sailse (ol g3 oy MY Jgua

Table 11. Mechanical properties of polypropylene composites reinforced with modified basalt fibers.

Surface
modification

Composite

Neat polypropylene - -
PP+10% Basalt fiber - -

PP+10% Basalt fiber PP-g-MA 5
PP+10% Basalt fiber PP-g-MA 10
PP+10% Basalt fiber PP-g-MA 20
PP+20% Basalt fiber - -
PP+20% Basalt fiber PP-g-MA 0.4
Pure homopolymer i i
polypropylene
PP+5% Basalt fiber +
5% carbon MEAH 9
PP+7.5% Basalt Fiber+
MAPP
7.5% Carbon 3
PP+10% Basalt fiber+
MAPP
10% Carbon 3
PP+ Basalt fiber - =
PP+6% Basalt fiber Silane -

percent of surface
modification (%6)

Yield Impact

strength strength elongajuor;
(MPa) (i/m) (Elongation%o)
29.5 6 17.5
27.1 25.2 13.8
29.8 28.5 11.9 [100]
31.2 32.6 11.6
35.5 32.8 10.8
26.5 2.19 - [101]
30.2 2.33 k/m? -
28.7 77.3 ki/m? More than 200
55.6 27.9kJ/m? 2.6
68.7 33.2kJ/m? 2.5
[102]
73 25.9 kJ/m? 2.3
24.4 41.9 B}
8%/Y 45 -
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Figure 8. Comparison of various flames of electric discharge in terms of gas and electron temperature [114].
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Figure 9. Tensile stress of Abaca natural fibers after treatment and modification by atmospheric
plasma with different application times [119,125].
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Table 12. Advantages and disadvantages of chemical and physical plasma fiber modification and treatment methods.

Method Results Advantages Disadvantages
e Removing surface
impurities, .
. e Simple and useful
e Surface  chemical . .
. process for various e Toxic and hazardous
modification, . .
Chemical Increasing  surface applications, G
° | u .
g e Applicable on e Hazardous [128-130]
treatment roughness, . .
. industrial scales, wastewater,
e Good adhesion, . .
. e Wide range of e Expensive
e Improving . . .
. industrial applications.
mechanical
properties of fibers.
e Removing  weak
surface layer .
CED e Non toxic and : :
e Formation of new . Necessity for using
. hazardous chemicals, .
functional group, . high-tech
Plasma ) e Environmentally .
e Improving . instruments, [112, 131]
treatment mechanical friendly, Not-applicabl f
q .
. e Cost-effective, © .a pplicable of
properties, . continuous process.
. e low processing time.
e Improving surface
adhesion.
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