
New scientific results - Theses 
 

The following theses can be drawn on the basis of the results of the research work [1-16]: 

 

1.a  I determined the critical fiber length of basalt fiber (lkrit=1060µm) in PP matrix with 

the method of fragmentation in case the examined fiber length was lf=25 mm.  

1.b  I determined the parameters of the function that describes the average tensile 

strength[1,2,9,13]  (σf,i)  for basalt fibers (in the range of lf=5-25 mm) in the following 

form: 
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(that turned out to be σf,c=419 MPa, q=3.6817 in case of lf=25 mm fiber length). 

1.c  Using the method of acoustic emission (AE) I determined the limit amplitude that 

characterizes fiber breakage. It turned out to be 35 dB with a correlation coefficient of 

R=0.9685.  

 

2. I compared several different composite processing technologies (compounding in an 

inner mixing chamber followed by pressing, compounding in an extruder followed by 

injection molding, carding and needle punching followed by pressing) and found that 

in case of loading parallel to the carding direction the best mechanical properties in PP 

composites reinforced with 35% basalt fiber are obtained if the production technology 

is carding followed by needle punching  [1,2,8,10,14,15]. 

(σH=35.72 MPa, EH=2.61 GPa, σF=81.24 MPa, EF=3.48 GPa, KIC=4.72 MPam1/2, 

KICi=3.93 MPam1/2, GCi=6.32 kJ/m2, aCN=4.73 kJ/m2) 

 

3. If waste PP is recycled and surface treated in a twin-screw inner mixing chamber 

during compounding (in-situ), provided that the optimized processing conditions are 

realized (the revolution per minute of screws is 15 rpm, the processing temperature is 

210 °C) [10], and organosilane coupling agent has vinyl functionalities (3-

(trimethoxysilyl)propyl methacrylate, 1.25%) and peroxide (Luperox F 90P, 0.005%) 

catalyst are applied, a PP matrix composite reinforced with 50% basalt fiber with the 

following bending (σF=53.78 MPa, EF=4.98 GPa, εF=0.68%) and tensile (σH=31.09 

MPa, EH=4.41 GPa, εH=1.55%) strength properties and the static (KIC=1.90 MPam1/2) 
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and dynamic (KICi=3.64 MPam1/2, GCi=5.36 kJ/m2, aCN=3.29 kJ/m2) fracture 

mechanical characteristics determined in static and bending impact tests, respectively 

can be produced with injection molding (zone temperatures: 175-210 °C, injection 

pressure: 13.5 MPa, packing pressure: 11 MPa). 

 

4. I modified the fiber-matrix interfacial connection in basalt fiber reinforced (45%) PA-

6 matrix composites with silane based surface treating agents. I concluded that the best 

mechanical properties were achieved in case of composites produced with extrusion 

(zone temperatures: 240-260 °C, screw rotation per minute: 25 rpm) followed by 

injection molding (zone temperatures: 230-260 °C, injection pressure: 6.5 MPa, 

packing pressure: 4 MPa) if trimetoxy [2-(7-oxabyciclo[4.1.0] hept-3-il)-ethyl]silane 

(1%) was used[5,11,12]. 

 (σH=81.40 MPa, EH=4.62 GPa, εH=5.59%, σF=129.94 MPa, EF=3.33 GPa, εFH=1.98%, 

KIC=4.42 MPam1/2, KICi=5.72 MPam1/2, GCi=4.44 kJ/m2, aCN=4.10 kJ/m2) 

 

5. A PP/PA-12 (80/20) blend matrix polymer composite reinforced with 20% basalt fiber 

and surface treated with 5% PP-g-MAL can be produced with extrusion followed by 

injection molding (185-200 °C extrusion temperature range, 20 rpm processing speed, 

180-200 °C injection molding zone temperature range, 13.5 MPa injection pressure 

and 11 MPa packing pressure) and it has the following mechanical properties [6,16]. 

(σH=30.41 MPa, EH=2.45 GPa, εH=5.67%, σF=64.67 MPa, EF=3.15 GPa, εFH=6.07%), 

KIC=2.79 MPam1/2, KICi=4.54 MPam1/2, GCi=2.31 kJ/m2, aCN=4.54 kJ/m2) 

 

6. With the help of tensile tests and optical stress investigations of fiber and fiber head 

models I concluded that if the direction of loading is the same as the longitudinal axis 

of fibers, the fiber heads act as stress concentration places. Cracks initiate from the 

inflexion points of the fibers heads and result in the catastrophic failure of 

composites[1,2]. 
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