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Abstract. The article describes oxygen plasma surface modification of polypropylene (PP) 
microfibers in order to increase coherence with the cement matrix. Five different times of 30, 
60, 120, 240 and 480 seconds of plasma modification were used. Changes on fiber surface 
were detected by SEM analysis, packed cell wettability and weight loss during modification. 
Selected modification times were chosen to produce test samples on which the modulus of 
elasticity was continuously measured, and then bending and compression tests were 
performed. The values were compared with the values for the reference samples. 
 

Introduction 

The major problem with cement composite materials is a fragility and low tensile or bend 
strength. [1] Therefore, the cement matrix should be suitably reinforced. There is possibility 
to reinforcing by scattered fibers. This method of reinforcement has been used for a long time. 
For example, straw has been used in the building industry for 3500 years ago to reinforce 
unfired clay bricks. The article deals with synthetic fibers that have been used since the early 
1990s. [2] One of the most important properties of cement composites is cohesiveness of the 
fiber with the matrix. Cohesion is a property depends on an interfacial transition zone.  
In order to increase (or reduce) the coherence of the fibers with the matrix, plasma 
modification of the fiber surface can be used. Plasma is produced by supplying sufficient 
energy to the gas. Therefore, plasma is referred to as the fourth state of matter. Plasma 
contains charged particles - positive ions and negative electrons and neutral particles. [4] For 
plasma fiber modification process is using low-temperature plasma because of low used 
material temperature resistance. Plasma acts on the surface of the fibers both mechanically 
and chemically. With the increasing time of plasma modification process are changes on the 
surfaces more significant. [5,6] 
In previous works, the fibers have been modified to improve their coherence with various 
binders. Carbon fibers has been successfully modified for their application to the epoxy 
binders and polyetherimide (PEI) composites. [7,8] Polypropylene fibers have been modified 
for better applicability of colors and adhesives on their surface. [9] Plasma modification has 
successfully increased the resistance of sisal fibers in alkaline environments. [10]  
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Materials and Samples 

Fibrofor polypropylene microfibers was chosen for plasma plasma oxygen modification. It is 
a common commercially reinforcement used in the building industry most often for 
reinforcing concrete as a secondary reinforcement. The mechanical properties of the fibers are 
shown in Table 1. 

Tab.1 Fiber properties 

Fibers Company Type Length 
[mm] 

Diameter 
[μm] 

Tensile 
strength 
[MPa] 

Modulus of 
elasticity 

[GPa] 

Density 
[g/cm3] 

PP Fibrofor High 
Grade 19 80 400 4,9 0,91 

 
The fibers were plasma modified in the Tesla VT 214 for 30, 60, 120, 240 or 480 seconds. 
The plasma modification process was in the chamber of the Tesla VT 214 from which the air 
was first evacuated to a pressure of 22 ± 1 Pa and subsequently filled with oxygen at a 
pressure of 60 ± 1 Pa and then the plasma modification process was initiated for a set period 
of time. The low-temperature plasma was produced by radio frequency source with 100 W 
input power. The temperature of the substrate in the chamber gradually increased during the 
plasma modification, reaching the temperature at about 50 °C for the longest time. Based on 
the results of the measurements, fibers with the 60s and 480s were selected for reinforcement 
of the test samples. After modification, the fibers were stored in sealed bags to prevent air 
exchange and some fibers were stored in open bags for 5 days in a laboratory environment at 
22 ± 1 ° C and a relative humidity of 50 ± 2%. (Table 2). 

Tab. 2 Fibers modification 

Designation Fibers 
Modification 

time [s] 
Plasma gas Storage 

PP 60 s PP 60 Oxygen Sealed bags 

PP 480 s PP 480 Oxygen Sealed bags 

PP 480 s old PP 480 Oxygen  Open bags 

 
There were made four sets of samples, each set contains six testing samples. The dimensions 
of the test samples were 40 x 40 x 160 mm. Portland cement CEM 42,5R (Radotin), micro-
milled concrete recyclate and plasma modified fibers were used to produce this samples. The 
composition of all test samples was the same, differing only by the modifications of the fiber 
surfaces (Table 3). 
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Tab.3 Composition of the samples 

Designation 
Cement 

[g] 
Recyclate 

[g] 
Water [g] W/(C + R) 

Fibers [%] 
volume 

Fibers [g] 

PP ref 400 100 205 0,41 2 5,13 

PP 60 s 400 100 205 0,41 2 5,13 

PP 480 s 400 100 205 0,41 2 5,13 

PP 480 s old 400 100 205 0,41 2 5,13 

Experimental Methods and Results 

All fibers were weighed before and after their plasma modification. The fibers were weighed 
by Kern with accuracy 0.1 mg. The highest weight loss was 0.18% of their original weight at 
the modification time of 480 seconds. From the measured data it can be concluded that the 
loss of mechanical properties of the fibers (reduction of the fiber diameter) is almost 
negligible. 
The fiber surface was examined using the Merlin ZEISS electron microscope, which allows 
the observed object to be magnified up to 2,000,000 times. Mechanical changes by plasma 
modification on fiber surfaces compared to reference fibers were observed by electron 
microscopy at time 120, 240 and 480 second (Fig. 1).  

Fig.1 Comparsion of fibre surface, reference – left, plasma modified surface at 480 seconds - 
right 

Fiber wettability was measured by an indirect method similar to the Packed-cell method. The 
fibers were placed into small container with a perforated bottom and lid. Subsequently, on the 
fibres were placed lead weights, consequently the fibers were compressed. The whole this 
container was weighed by Kern with accuracy 0.1 mg and then dipped under water up to the 
top edge for 30 seconds. Subsequently, the container was taken out of the water and after 120 
seconds weighed. The container and lead were also weighed separately. From the measured 
data was calculated the percentage weight of the water in the container compared to the 
weight of the fibers (Figure 2).  
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Fig.2 The weight of water between the fibers 

The values of the compressive and the flexural strength of the samples were determined at the 
24 days. Samples were tested in three-point bending test. They were loaded with a controlled 
displacement in a Heckert model FP100 hydraulic press at a rate of 0.4 mm per minute. The 
remaining half of the samples were tested in pressure test at a rate of 0.8 mm per second. 
Flexural strength in plasma-modified fiber samples increased by 20-25% (Figure 3). In spite 
of the fact that the chemical effect of the plasma modification is not stable over time because 
of air humidity, we can conclude from the experimental results that after five days under 
normal conditions the chemical effect of the plasma modification almost did not degrade. 
Compressive strengths were nearly 75 ± 2 MPa for all sample sets. 
 

Fig.3 Comparison of Flexural strength 

Conclusions 

The plasma modification may suitably modify the surface of the polypropylene (PP) fibers. 
Increased bending strength of cement composite material occurred at shorter times of 
modification and, over longer periods of time, the strength did not increase, despite the fact 
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that mechanical changes were observed on fiber surfaces by electron microscopy over longer 
periods of time. As an optimal modification with a given plasma modifying device setting is 
oxygen plasma modification for 60 seconds. 
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