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Extended abstract 

Unmodified short and long polypropylene (PP) fibres are a standard used in 

constructional composites. The PP fibres used as reinforcement in construction 

composites to induce reduction of cracks propagation, increase of flexural and 

bending strength, improvement of impact resistance. Their advantages are a very 

good chemical resistance and low sensitivity to moisture [1]. But, its non-polar 

hydrophobic physical and chemical inactive polyolephinic character does not provide 

for creation of chemical nor physical intermolecular bonds between concrete matrix 

and fibres a low affinity of PP fibre to the cement matrix resulted from. One of the 

disadvantages is mainly the decreasing of absorption ability of deformation energy 

during the load of the concrete composite in flexure and bending strength and the 

increasing of the release of fibres from the composite instead of the deformation of 

fibres as the composite component is became [2]. 

The other disadvantages of PP fibres are also their low elasticity module as well as 

significantly higher density in comparison with the fresh concretes, which causes 

imperfect dispersion of fibres in the composite volume. Special hydrophilic 

treatments of PP fibres can decrease these undesirable effects and provide their 

more complete dispersion in water environment. The modification of polypropylene 

fibre surfaces leading to the increase of their wettability by water is very significant. 

One of possible modification of PP fibres for improvement of the chemical and 

physical interaction between of fibre and the concrete matrix is a modification with 

nanoparticles of inorganic fillers. If the particles were incorporated in the fibre 

surface then the interactions between the inorganic particles in fibre surface and 

inorganic concrete matrix would cause the increase of significantly stronger bonds. 

Some knowledge in application of PP fibres in concrete composites with nano-SiO2 

particles is interesting. It was presented that physical and chemical effects of 

nanoparticles are helping to reduce of water film around PP fibre and nanofillers 

decrease porosity at the interface fibre/matrix. The results also showed that nano-

SiO2 improves the mechanical parameters of fibre-concrete composite [3]. 

It was demonstrated on the base of knowledge from literature that the nanoparticles 

added to concretes as active mineral additive effect their nucleation centres at the 

formation of hydration products, which helps to increase of strength and durability 

of construction materials [4 - 6]. An increase in effectiveness of disperse PP fibre 



 

 

reinforcement in concrete composite on mechanical parameters at presence of 

nano-SiO2 was also presented in the literature [9]. 

In this work the effect of two types of inorganic additives on the thermal, thermo-

mechanical and mechanical properties of filled PP fibres without and with 

stabilization was studied. 

A blend of SiO2 with pimelic acid (PA) and acetone (AC) concentration ratio 

SiO2 : PA : AC = 5 : 1 : 0 (SiP) was used. These blends were mixed for 1 h with a 

mechanical stirrer in the water bath in the ultrasonicator. After treatment of 

inorganic additives, the acetone from prepared blend was evaporated at the room 

temperature for 6 h. 

The PP/Si modified fibres were prepared in two steps – preparation of masterbatch 

and preparation of modified fibres. PP masterbatches with 5 and 10 wt% of additives 

were prepared. The isotactic PP was compounded with various amounts of 

untreated SiO2 (Si) and treated SiO2 (SiP) inorganic additives in twin-screw extruder 

LabTech Engineering Company Ltd. with diameter φ = 16 mm at extrusion 

temperature 240°C. The extrudate was cooled and pelletized. The pellets of 10 wt% 

masterbatches were mechanically mixed with the PP so that mixtures with required 

concentration of additives in modified PP/Si or PP/SiP fibres (1, 3 and 5 wt % additive 

in fibres) were obtained. The undrawn modified PP fibres were prepared from 

individual mixtures by classical spinning using a laboratory pilot line with single screw 

extruder having φ = 16 mm, and equipped with a nozzle containing 13 holes, at the 

spinning temperature of 250°C with fibre take up speed of 150 m.min-1. The undrawn 

fibres were drawn using laboratory equipment at 120°C with the maximal drawing 

ratio. The characteristics of prepared modified PP fibres are summarized in Table 1. 

 
Table 1. Characteristics of unmodified PP and modified PP/Si or PP/SiP fibres 

 
 

CA is concentration of SiO2, LN – is linear density, X is SiO2, XP is SiO2 treated PA 

 

DSC 7 apparatus Perkin Elmer was used for the evaluation of thermal properties of 

unmodified PP and modified PP/Si and PP/SiP fibres. From melting endotherms of 1st 

and 2nd heating were determined the melting temperatures (Tm) and enthalpies 

Samples CA (wt%) λmax LN (dtex) 

PP 0 5.1 136 

X 1 4.5 107 

X 3 3.3 165 

X 5 2.6 254 

XP 1 4.5 124 

XP 3 2.2 319 

XP 5 2.2 318 



 

 

(∆Hm). The actual melting enthalpy ∆H100 is related to enthalpy of weight fraction w 

of PP 
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where w is the weight fraction of PP in the modified PP samples. 

From the obtained results at the 1st heating it is shown that the effect of SiO2 

concentration on the PP crystallisation is various (Table 2). The addition of 1 wt % 

SiO2 without as well as with pimelic acid does not affect the PP crystallisation ability. 

The melting enthalpies of these PP/Si and PP/SiP fibres are almost identical with the 

calculated melting enthalpy. The increasing of SiO2 concentration in the PP/Si and 

PP/SiP fibres causes the decreasing of PP crystallisation. The results from an 

evaluation of crystallisation at the 1st heating present the supermolecular structure 

of prepared fibres than oriented system. The effect of deformation is higher than the 

effect of SiO2. 

 
Table 2. Melting temperatures (Tm) and enthalpies (∆Hm) of unmodified PP and 

modified PP/Si and PP/SiP fibres with various amount of inorganic 

additives SiO2 drawn at 120°C obtained at the 1st heating and 2nd heating 

 

Fibre 
CA 

(wt%) 

1st heating 2nd heating 

Tm1 

(°C) 

Tm2 

(°C) 

Tm3 

(°C) 

∆Hm 

(J/g) 

∆Hmv 

(J/g) 

Tm1 

(°C) 

Tm2 

(°C) 

Tm3 

(°C) 

∆Hm 

(J/g) 

∆Hmv 

(J/g) 

PP 0 - - 
168.5 

173.7 
90.5 90.5 149.5 162.1 168.7 79.9 79.9 

X 1 - - 173.5 97.6 98.6 149.6 163.7 - 87.8 88.7 

X 3 - 160.3 
168.5 

171.7 
88.6 91.3 149.8 163.9 169.0 80.6 83.1 

X 5 - - 
167.3 

169.6 
88.6 93.3 149.8 163.5 169.4 84.6 89.0 

XP 1 157.5 - 
172.5 

173.7 
95.8 96.7 150.0 163.7 169.2 89.7 90.6 



 

 

XP 3 - 165.5 - 83.9 86.5 151.4 164.4 168.0 96.1 99.0 

XP 5 - - 166.5 84.2 88.6 151.0 161.6 168.0 100.1 105.3 

 

CA is concentration of additive, X is SiO2, XP is SiO2 treated PA 

 

The results from 2nd heating present the effect of only SiO2 addition to PP (Table 2). 

From these results we can see that SiO2 addition to the PP does not change 

crystallisation ability at an elimination of deformation effect. The melting enthalpies 

are lower than the calculated melting enthalpies. But at the PP crystallisation in PP/Si 

and PP/SiP fibres, multiple modifications with various melting temperatures are 

formed. 
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