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ABSTRACT 

There are many of industrial plasticizers materials used to improve mechanical properties of 

polypropylene. In this study chlorophyll, natural pigment is used. Its eco – friend and not 

toxic material, extracted from plants. The chlorophyll, natural pigment is extracted and mixed 

with polypropylene with following weight percentages (0.0, 0.1, 0.25, 0.5, 0.75, and 1.0), then 

extruded as a sheet by screw extrusion machine. The mechanical properties of specimens are 

examined by mechanical testing, such as (Tensile test, Impact test). 

The results showed improvements in mechanical properties of polypropylene plasticized by 

chlorophyll. Where it gives ultimate tensile strength of (32.64, 33.972, 44.63, 40.633, 33.306, 

and 45.962) Mpa, the modulus of elasticity of (439.27, 1040, 1195.63, 700, 1785, and1525) 

Mpa, the maximum elongation % at fracture of (24.46, 16.182, 19.632, 61.584, 17.587, and 

12.121) mm/mm %, and impact strength of (0.1, 0.2, 0.25, 0.355, 0.24, and 0.2) Joule, 

respectively with each chlorophyll addition weight percent wt%. 

The polypropylene blend consisting chlorophyll of 0.5 wt % presents significant 

improvements of mechanical properties, high ductility,  and impact strength, suitable ultimate 

strength, and modulus of elasticity.  

KEYWORDS: PP; Plasticizer; Chlorophyll; Natural pigment  

  

mailto:malmosawi1953@gmail.com


56                 Abdulawahab A. Sultan et al. 

  

 الخواص الويكاًيكيت للبولً بروبوليي الولدى بالكلوروفيل

 عبد الوهاب عبد الرزاق سلطاى  

 الجاهعت التقٌيت الجٌوبيت

 محمد حسي علً الووسوي

 البصرة -الكليت التقٌيت

 هٌاء كاظن هوسى

 الجاهعت البصرة كليت العلوم 

 الخلاصه

الصٌبعُت لخحسُي الخىاص الوُكبًُكُت للبىلٍ بزوبُلُي. فٍ هذٍ الذراست اسخعولج صبغت  الولذًتهٌبلك العذَذ هي الوىاد 

الكلىروفُل الطبُعٍ، اًهب هبدة صذَقت للبُئت وغُز سبهت   اسخخزجج هي الٌببحبث، عىهلج وهشجج هع البىلٍ بزوبُلُي 

شكل صفبئح بىاسطت هبكٌت بثق لىلبُت، اى الخىاص ثن بثقج علً   (0.0، 0..0، 0.0، 0..0، 0.0، 0.0)ببلٌسب الخبلُت 

 الوُكبًُكُت للعٌُبث حن فحصهب ببلاخخببراث الوُكبًُلت )اخخببر الشذ، اخخببر الصذم(.

اظهزث ًخبئج الاخخببراث ححسي فٍ الخىاص الوُكبًُكُت للبىلٍ بزوبلُي الولذى بىاسطت الكلىروفُل حُث اعطً هقبوهت 

، 0030، ....34) وهعبهل هزوًت ،MPA (.2..30 ،44.402، 30.244، 33.2.4، ....44، 23..4) شذ

00...24 ،.00 ،0.50،00.0)   MPA 20.053، .24..0، .02.05، 3.32.) واقصً اسخطبلت قبل الكسز ،

0..05. ،0..0.0)MM/MM%   (..0، 3..0، 0.400، 0..0، ..0، 0.0)وهقبوهت الصذمJOULE  علً الخىالٍ هع

 ..% WT كلىروفُل وسًُت اضبفتكل ًسبت

ححسي هلحىظ فٍ الخىاص الوُكبًُكُت، هطىلُت  يكلىروفُل ابذ  % WT 0.5اى خلُط البىلٍ بزوبلُي الوحخىٌ علً 

 .لُخُي واقصً هقبوهت شذ وهعبهل هزوًت هٌبسبخُيبوهقبوهت صذم ع
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1. INTRODUCTION  

Mechanical properties of plastic parts depend on material construction, chemical composition, 

structure, and added additives. The changes in mechanical properties are influenced by 

several factors, such as the amount of plasticizers added, and type of plasticizers used 

(Behalek and Bobek, 2010). 

Since the first plastic materials were manufactured, many plasticizers were using natural and 

industrial materials for plasticization purposes. The development of specialty plasticizers 

comes from the extensive use of plastics in a wide range of applications, increased quality 

requirements, the need for materials that meet increasing rigorous product specifications, and 

compatibility problems relating to particular products (Rahman and Brazel, 2004). 

Plasticizers have been known for their effectiveness in producing flexible plastics for 

applications ranging from the automotive industry to medical and consumer products. The 

plasticizer industry has grown with the use of plastics worldwide. Recent plasticizer research 

has focused on technological challenges including leaching, migration, evaporation, and 

degradation of plasticizers, each of which eventually leads to deterioration of thermo-

mechanical properties in plastics (Rahman and Brazel, 2004). 

Plasticizers are additives used to increase the flexibility or plasticity of polymers, and 

occasionally they are used only to facilitate the polymer processing. Several theories have 

been proposed to explain the mechanisms of plasticization action (Nugraha et al., 2005). 

The plasticizers which have been recently used to increase structural flexibility, must be 

examined for environmental and health related problems. The expansion of plasticizing 

compounds to meet new material challenges has also led to significant technical advances. 

The second order transition temperature Plasticizers are actually low molecular weight (MW) 

resins or liquids, which form secondary bonds to polymer chains and spread them apart. Thus, 

plasticizers reduce polymer-polymer chain secondary bonding and provide more mobility for 

the macromolecules, resulting in a softer, more easily definable mass (Rahman and Brazel, 

2004). 

Food legislation, health and industrial safety and commercial aspects play an important role 

and, over last 50 years, have led to the development of the vast range of plasticizers currently 

available. Initially few fatty acid esters, benzoates, tartrates, and chlorinated hydrocarbons 

were available to meet the new safety requirements (Rahman and Brazel, 2004). 

The plastics are extensively used in almost daily activities such as the plastic packaging bags 

produced from polyethylene and polypropylene.  

The products from these polymers cause environmental problems to replace the conventional 

plastics with biodegradable plastic. The parts produced from biodegradable plastic can be 

improved by the addition of plasticizers, which will enhance ductility and flexibility of the 

products (Boonfaung et al., 2011).  

The choice of plasticizers to be used as modifiers for PP is limited by the requirement of the 

application. Only non-toxic substances approved for food contact which can be considered as 

plasticizing agents in food packaging materials. For a low molecular weight plasticizer an 

important demand is miscible with PP and stable at the elevated temperature used during 

processing, thus creating a homogeneous blend. Plasticized PP should be stable all the time 

because the migration of the plasticizer to the surface could be a source of contamination of 

the food or beverage in contact with the packaging or may possibly regain the initial 

brittleness of pure PP (Pavlidou, 2005). 
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Polypropylene was proved as one of the most interesting commodity thermoplastics in the last 

years, after metallocene introduction as a catalyst in its production due to its higher 

isotacticity, enhanced mechanical properties, narrow molecular weight distribution, and 

increased clarity. Despite all these advantages PP has a very serious defect. Although its 

resistance to crack initiation is very high, the resistance in crack propagation is very low and 

when a crack or mechanical failure exists in PP matrix it breaks very easily (Xinping and 

Kok, 2000).  

Maria and Cincu, 2006 studied the influence of the ionic and non-ionic plasticizers on the 

characteristics of thermoplastic ionic elastomers based on maleinized ethylene-propylene-

diene terpolymer elastomer has been determined. The ionic plasticizer has shown filler 

characteristics leading to an increased hardness and decreased elasticity, elasticity modulus, 

tensile strength, and tear strength. The non-ionic plasticizer  has  solvated non-ionizable 

elastomer chains leading to increased elasticity and elongation at break and decreased 

hardness, tensile strength, and tear strength. 

Marcelo et al., 2009 tried to obtain a modified polypropylene (PP) by the incorporation of 

pro-oxidant agents, and the influence of plasticized starch (TPS) to iPP. TPS was obtained by 

the incorporation of glycerin (sub-product of biodiesel). IPP was added  using a masterbatch 

contained, individually, calcium stearate (CaSt) and magnesium stearate (MgSt). The addition 

of TPS progressively decreased the mechanical properties for all the blends (Marcelo et al., 

2009).  

(DeLeo et al., 2010) investigated to evaluate the possibility of developing renewable 

elastomers based on starch. Potato starch plasticized with glycerol (called plasticized starch, 

or PLS) was melt-blended with small quantities (5 wt % or 15 wt%) of maleated 

polypropylene (MAPP). The Maleic anhydride groups of the polypropylene are expected to 

react with the hydroxy groups of starch under melt blending conditions. The resulting blends 

of MAPP and PLS were characterized by mechanical testing. The materials showed rubbery 

properties as judged by a low glass transition temperature (50ºC independent of 

polypropylene content), and the tensile properties are also characteristic of elastomers. 

The main objective of this study to improve the mechanical properties of polypropylene with 

the addition of the chlorophyll as biodegradable plasticizer which enhances strength, ductility, 

flexibility of the new polypropylene plasticized produced material.      

2. EXPERIMENTAL 

2.1. Materials 

Chlorophyll the natural green pigment extracted from plants. It is one of the most important 

     compounds in nature; it has the molecular formula              with molecular 

weight of 893.5 g/Mol. There are several forms of chlorophyll structure one of form 

chlorophyll is: 
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A polypropylene presented in this study is provided by a SBCO company, Saudia Arabia of 

specification MI = 2.3 g/10 min (at 210 ˚C) with a density of (0. 932 – 0.943) g/   . It has 

molecular formula     , with a molecular weight of 42.08 g/Mol, it has chemical structure is: 

 

 

 
A chlorophyll was extracted from Chard (Beta Volgaris Subsp Cicla) leaves using method 

published in Ritchie, 2008.  

Polypropylene was mixed with different percentages of chlorophyll (0, 0.1, 0.25, 0.5, 0.75 

and 1.0) wt%, extruded by extrusion machine Haak Rhechard Torque Rheometer type  

attached Mixer – 600,  (maximum quantity of 40 – 60 g), Temperature controlled, raising 

from room Temperature to 500 ˚C at 15 minutes   in petrochemical complex – Basrah. 

2.2. Mechanical properties 

2.2.1. Tensile and Impact tests: 

The mechanical properties of plastic materials, tensile properties, are probably the most 

frequently considered, evaluated, and used throughout the industry. These properties are an 

important indicator of the plastic material's behavior under loading in tension. Tensile testing 

provides these useful data; tensile yield strength, tensile strength at break (ultimate tensile 

strength), tensile modulus (Young's modulus), and elongation at yield and break.  

The specimen dumbbell shape type was used in tests of the PP plasticized by chlorophyll. 

The testing apparatus used for specimens tension testing is the universal testing machine, 

GUNT model Wp300 Computerize Universal Material tester, 20kN.  The load magnitude 

supplied by the testing is reading from a load cell inside the machine, and the strain is 

recorded using an extensometer with 25 gauge length.  

Impact test measures the resistance of polypropylene – chlorophyll, natural pigment blend 

material to the impact. Using the Izod impact testing method to measure the toughness for 

different pp – chlorophyll blends wt% by impact tester type CEAST, 6546000 from TORINO 

Company, ITALY. The notch cut on the samples with cutter (CEAST 6530). 

3. RESULTS AND DISCUSSIONS 

The mechanical behavior of   PP plasticized by chlorophyll under the effect of tensile load 

described through the stress – strain curves shown in Fig. 1  according to the weight percent 

additives of chlorophyll, natural pigment plasticizer. It is clear from the Fig. 2 that the 

maximum tensile strength (ultimate stress) of PP little increased with increasing of plasticizer 

addition.  
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Fig. 1. Stress - Strain curves of PP plasticizer by 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Maximum tensile strength 
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wt% up to 0.25 wt% chlorophyll, then reduced with increasing of chlorophyll wt% in the PP 

blend at 0.5 wt% and 0.75 wt%, respectively, until it was reached the minimum tensile 

strength to be 33.306 MPa at 0.75 wt% chlorophyll addition. 

When the plasticizer chlorophyll wt% increased in polypropylene the ultimate strength 

increased again to gate maximum stress of 45.962 MPa at chlorophyll of 1.0 wt%. As 

illustrated in the Fig. (3).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Modulus of Elasticity of 

 

The modulus of elasticity increased with the increasing of chlorophyll plasticizer wt%, of 

439.27 MPa for pure polypropylene and for the blends contained plasticizer of (0.1, 0.25, 0.5, 

0.75, and 1.0) wt%, Which had modulus of elasticity are (1040, 1195.63, 700, 1785.7, and 

1525) MPa, respectively.  

The results of tensile tests for different blends of polypropylene chlorophyll plasticizer wt% 

ratio, showed decreasing in the elongation percent with increasing of chlorophyll wt%. Where 

the elongation% for (0.0, 0.1, 0.25, 0.5, 0.75, and 1.0) wt% are (24.646, 16.182, 19.632, 

61.584, 17.587, and 12.121) %, respectively, see Fig. 4. Note that, except the elongation% of 

0.5 chlorophyll, wt% was sharply increased, since the specimen of this ratio elongates out 

range of universal materials testing machine as shown in Fig. 5.  

The polypropylene – chlorophyll pigment blends suffer to impact stress as shown in Fig. 6. 

Impact strength first increased with increasing of chlorophyll wt% addition reach maximum 

value 0.355 J at chlorophyll of 0.5 wt% and with increasing chlorophyll (natural pigment) 

percent, impact strength will decreases. That belongs to the relation between groups in 

pigment structure with PP which are saturated in this percent (0.5%) and chlorophyll act filler 

upper addition of 0.5%. that agrees with the results, and it’s the positive pollute here in order 

to consumes minimum amounts of chlorophyll natural pigment. 
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Fig. 4. Elongation percent at fracture of plasticized PP 

 

 

 

 

Fig. 5. Ductility of PP 
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Fig. 6. Impact strength of plasticized PP 

The tensile strength, modulus of elasticity, elongation at break %, and impact strength were 

affected by the amounts of chlorophyll plasticizer wt% as illustrated in Fig. 7. By adding 

chlorophyll into the polypropylene matrix can be decreased rigidity and ductility because it 

works as filler penetrates between the polymer chains and inter molecular forces which cause 

the lower polymer chains cohesion [4]. Except that the effect of chlorophyll of 0.5 wt% 

addition, where works as plasticizer which connect between polymer chains, increases their 

length of pp which appears more plastic as ductile material due to this action. 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Tensile and impact testing results for plasticized PP 
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4. CONCLUSIONS 

1. The addition of the chlorophyll plasticizer causes decreasing of tensile strength, 

modulus of elasticity, and elongation% at break except the effect of 0.5% chlorophyll 

addition. 

2. The PP – chlorophyll 0.5 wt% blend had super plastic behavior. 

3. The mechanical properties of PP – chlorophyll 0.5 wt% are improved, where the 

tensile strength was not much reduced than that of pure PP, increased an elongation% 

at break and formability. 

4. The PP – chlorophyll blend is healthy because not toxic and eco – friendly to the 

environment, can be used in the food industries. 
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