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Abstract
In this study, the impact of two compatibilizers, ethylene terpolymer (C1) and maleic anhydride grafted polyethylene (C2), on 
the mechanical, thermal, and tribological properties of 30% glass-fiber-reinforced polyketone (PK) and polyketone/polyamide 
6 (PK/PA-6) blend composites was investigated. In the case of 30% glass-fiber-reinforced PK composites, the mechanical 
test results showed that C2 significantly improves the impact resistance (over 48.8%) and elongation at break (over 13.3%) 
values due to the enhanced compatibility between glass fibers and the PK matrix, attributed to the maleic anhydride func-
tionality. The tensile and flexural properties of the 30% glass-fiber-reinforced PK/PA-6 blend composites were determined 
to be between the values of pure PK/GF30 and PA-6/GF30 composites, which were its constituent components. Notably, 
these blend composites displayed higher impact resistance (19.6 kJ/m2) and elongation at break (4.86%) values than the pure 
PK/GF30 and PA-6/GF30 composites. The SEM images suggested that C2 creates a better interface between glass fibers 
and the matrix, resulting in a more cohesive structure. Differential scanning calorimeter analysis revealed two distinct glass 
transition temperatures, indicating the existence of two phases, and reflecting the immiscibility of the two polymers. Tribo-
logical studies showed that the friction coefficients and specific wear rates of PK/PA-6/GF30 composites were improved by 
increasing PK segment. The PK-25/PA6-50/GF30-C2 sample exhibited a friction coefficient of 0.341 μ and a specific wear 
rate of 1.15 10¯6 mm3/Nm. Overall, the C2 proved to be a more suitable compatibilizer than C1, offering valuable insights 
for tailoring high-performance materials with enhanced properties.

Graphical Abstract

The influence of two compatibilizers, ethylene terpolymer (C1) and maleic anhydride grafted polyethylene (C2), on the mechanical, thermal, 
and tribological properties of 30% glass-fiber-reinforced polyketone and polyketone/polyamide 6 blend composites was investigated. Based on, 
mechanical, microscopic, thermal, and tribological results, the C2 was found to be a more suitable compatibilizer than C1 for improving the 
interface between glass fibers and the matrix
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1  Introduction

Aliphatic polyketones (PKs) are high-performance engi-
neering thermoplastics produced from relatively inexpen-
sive starting materials α-olefins (especially ethylene) and 
carbon monoxide as an air pollutant. Two types of PKs, 
including copolymers and terpolymers, whose chemical 
structures are presented in Scheme 1, are commercially 
available. They are produced by alternating copolym-
erization of carbon monoxide with either ethylene or a 
combination of ethylene and propylene. Incorporating 
propylene into the copolymer reduces both the structural 
regularity of the chain and the melting and processing 
temperatures. Compared to other common thermoplastics, 
the PKs exhibit high heat resistance and can withstand 
elevated temperatures without significant degradation, 
making them suitable for applications requiring thermal 
stability [1]. In addition, they can be easily shaped using 
conventional processing techniques like injection molding, 
extrusion, and blow molding that enhance their potential 
uses in various applications. While polyketones possess 
numerous desirable properties, they also have some draw-
backs, such as moisture sensitivity, long-term stability, 
adhesion and bonding, aesthetics, and limited availability 
and color range that should be considered in their applica-
tion. Owing to these drawbacks, they can be blended with 
commercially available polymers to enhance their prop-
erties, performance, expand their application range, and 
achieve cost saving. In the literature, polyketones are fre-
quently blended with other synthetic polymers [2], includ-
ing polyamides (polyamide 6 (PA-6) [3–9] and polyamide 
12 [10]), polypropylene [11, 12], polylactic acid [13], 
polyvinyl chloride [14], ethylene vinyl alcohol copolymer 
(EVOH) [15], and polycarbonate [16, 17]. The melt blend-
ing by extrusion is an efficient process that offers many 
advantages in terms of material quality, productivity, and 
cost-effectiveness, creating novel polymeric materials with 
a combination of desirable characteristics [18–20]. In the 
case of PK, the PA are partially miscible with PK, which 
makes it an ideal candidate for the melt blending with PK 
toward high-performance materials [21]. The PK exhibits 
higher chemical resistance (surpassing PAs by more than 

30%), impact resistance (exceeding PAs by over 230%), 
and abrasion resistance (being 14 times better than pol-
yoxymethylene) to among many other plastic materials 
[22]. Due to the limited chemical attraction between the 
polymeric components, the manufacturing of their blends 
resulted in a multiphase system. To overcome this issue, 
the addition of compatibilizers effectively promotes the 
formation of physical or chemical bonds between the two 
phases allowing finer dispersion of immiscible polymers 
[23, 24]. Recently, the morphological changes of the PK/
PA-6 blend were investigated by Asona et al. under both 
dry and wet conditions. They reported that PK/PA-6 blend 
displayed a complex morphology consisting of crystalline 
lamellae and spherical and cylindrical domains. Surpris-
ingly, the obtained PK/PA-6 blends (PK/PA-6 = 70:30 or 
60:40 wt %) exhibited higher Izod impact strength under 
wet conditions (ranging from 150 to 200 kJ m−2) than dry 
conditions (less than 50 kJ m−2) [3, 4]. In another study, 
melt blending of PK and EVOH was conducted to enhance 
oxygen barrier properties and film characteristics for flex-
ible packaging applications. The resulting PK/EVOH 
blend films not only demonstrate exceptional oxygen bar-
rier properties but also exhibit superior stretching char-
acteristics, which are valuable for food packaging [15].

The aim of this study is to investigate melt blending of 
PK and PA-6 having similar melting temperatures with a 
consistent glass-fiber ratio of 30% by weight. Two differ-
ent compatibilizers, namely, ethylene terpolymer (C1) and 
maleic anhydride grafted polyethylene (C2), are examined 
to improve interfacial interactions between the PK and PK/
PA-6 polymer blend with the glass fiber. Additionally, the 
influence of blend ratios on the mechanical, thermal, and 
tribological properties of 30% glass-fiber-reinforced PK and 
PK/PA-6 blend composites is also investigated by a co-rotat-
ing twin screw extruder. Test samples were manufactured 
through the injection molding method and their mechanical 
properties are assessed through tensile, flexural, and Izod 
impact tests under load. Subsequently, the surfaces of the 
fractured samples following mechanical tests are exam-
ined using a scanning electron microscope to determine 
fiber–matrix interactions. Finally, the thermal and tribologi-
cal properties of the composites are investigated based on 
differential scanning calorimetry and wear tests.

2 � Experimental

2.1 � Materials

The aliphatic PK terpolymer (Poketone, M630A) and 
PA-6 (Durethan B26) used in this study were purchased 
from Hyosung Corp. (Korea) and Lanxess GmbH (Ger-
many), respectively. Their technical data are summarized 
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Scheme  1.   Chemical structures of aliphatic polyketone copolymer 
and terpolymer
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in Table 1. The PK and PK/PA-6 composites were pre-
pared with two types of E-glass fibers added at an amount 
of 30 wt % and obtained from Jushi Group (Zhejiang, 
China): the 534A-type fibers (filament diameter = 11 μm, 
chop length = 4.5  mm, size content = 0.7%, moisture 
content =  ≤ 0.10%) were treated with a silane-based siz-
ing, compatible with poly(ethylene terephthalate) and 
poly(butylene terephthalate) and the 568H-type fibers 
(filament diameter = 11 μm, chop length = 4.5 mm, size 
content = 0.45%, and moisture content =  ≤ 0.10%) were 
treated with a silane-based sizing, compatible with PA-6 
and PA-66.

The ethylene terpolymer (C1, Dow Chemical, USA, 
d = 0.94 g/cm3, melting temperature = 72 °C, and melt 
flow index = 12 g/10 min) and maleic anhydride grafted 
polyethylene (C2, Dow Chemical, USA, d = 0.875 g/cm3, 
maleic anhydride content = 0.5–1 wt%, melting tempera-
ture = 63 °C, and melt flow index = 1.3 g/10 min) were 
used as compatibilizers, while zinc stearate (Akdeniz 
Chemson Additives Inc., Turkey) was used as a lubricant.

2.2 � Preparation of composites

The glass-fiber-reinforced PK and PK/PA 6 composites were 
prepared by a co-rotating twin screw extruder (COPERION 
ZSK 26). The materials were mixed at temperature profiles 
of 180 to 230 ℃ and processed at a screw rotation speed of 
350 rpm. All details about formulations and sample codes 
are listed in Table 2. Produced composite granules were 
molded by injection process according to ISO 527 and ISO 
179 standards for the tensile, bending, and impact tests. Five 
test specimens were made to determine the average value of 
each mechanical data.

2.3 � Characterization

A universal tester (Zwick Z020 Universal Testing Machine) 
was used to analyze tensile and flexural properties of glass-
fiber-reinforced composites. The load cell used was 5 kN 
and the crosshead speed for the measurements was fixed 
at 10 mm/min. All measurements were performed, at room 
temperature, on dog-bone shaped tensile bars having dimen-
sions according to ISO 527:2019 and ISO 1178:2019 stand-
ards. The notched Izod impact tests were performed based 
on ISO 180:2023 standard with an Instron CEAST 9050 
model impact testing machine. Differential scanning calo-
rimeter (DSC) analyses were performed using Netzsch DSC 
214 in nitrogen atmosphere. The analysis was conducted 
from 30 °C to 250 °C with a heating rate of 10 °C/min. The 
tribological behaviors of all the composites were examined 
by a pin on disk wear test instrument (UTS Tribolog, Tur-
key) followed by ASTM-G99-23 standard. The wear test 
was performed with the pin (size of about 20 mm diameter 
and 30 mm length) at room temperature, room humidity, and 
pressure. The wear tests were carried out under 40 N load, at 
400-rpm sliding speed, and 5000 m sliding distance. During 
the wear tests, wear track profiles of the hybrid composites 
were obtained according to the scanned distance and wear 
depth.

Table 1   Physical properties of PK and PA-6

Parameters and units Test methods PK PA-6

Density (g/cm3) ISO 1183 1.24 1.14
Tensile modulus (MPa) ISO 527-1,-2 1450 3000
Tensile strength at yield (MPa) ISO 527-1,-2 60 75
Elongation at break (%) ISO 527-1,-2 300 15
Flexural modulus (MPa) ISO 178-A 1500 2700
Flexural strength (MPa) ISO 178-A 57 100
Charpy impact strength (kJ/m2) ISO 179/1eA 7  < 10
Melting temperature (oC) ISO 11357-1,-3 222 222
Vicat softening temperature (oC) ISO 306 195 200
Melt flow index (g/10 min) ISO 1133 6 –

Table 2   Codes and formulation 
details of glass-fiber-reinforced 
PK and PK/PA 6 composites

a Compatibilizer 1 (C1): ethylene terpolymer. bCompatibilizer 2 (C2): maleic anhydride grafted polyethyl-
ene. cZinc stearate was used as a lubricant

Sample PK (wt%) PA-6 (wt%) GF (wt%) Comp (wt%) Lubc (wt%) Total (wt%)

PK/GF30 69.7 – 30 – 0.3 100
PK/GF30-C1a 66.7 – 30 3 0.3 100
PK/GF30-C2b 66.7 – 30 3 0.3 100
PA/GF30 69.7 – 30 – 0.5 100
PK-15/PA6-50/GF30- C1 15 49.5 30 5 0.5 100
PK-25/PA6-40/GF30- C1 25 39.5 30 5 0.5 100
PK-15/PA6-50/GF30- C2 15 49.5 30 5 0.5 100
PK-25/PA6-40/GF30- C2 25 39.5 30 5 0.5 100
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3 � Results and discussion

3.1 � Mechanical properties

The tensile, flexural, and Izod impact test results are sum-
marized in Table 3. The addition of ethylene terpolymer 
in the PK/GF30 composite resulted in a decrease in both 
tensile and flexural modulus as well as tensile and flexural 
strength, while the elongation at break and notched Izod 
impact strength were slightly increased. On the other hand, 
the mechanical properties including tensile (7.3%), flex-
ural (7.8%), and notched Izod impact (48.8%) strengths, 
along with elongation at break (13.3%) values of PK/
GF30 were remarkably improved in the PK/GF30 com-
posite using maleic anhydride grafted polyethylene (C2). 
However, its tensile (9.9%) and flexural (19.3%) modu-
lus values were lower than those of the pristine PK/GF30 
composite. As a result, the PK/GF30 composites exhib-
ited a significant improvement in impact resistance over 
48.8% with the addition of 3 wt % C2 compatibilizer. This 
improvement was limited to only 2.4% for the PK/GF30-
C1 sample containing ethylene terpolymer compatibilizer. 
Therefore, it was concluded that the compatibility of the 
C2 was more appropriate than the C1 for the preparation 
of glass-fiber-reinforced PK composites (Scheme 2).

The interaction between the glass fiber and the PK 
matrix was investigated by scanning electron microscopy 
(SEM) from the fractured surface of samples after the ten-
sile tests (Fig. 1). In all SEM images, it was observed that 
the glass fiber was randomly dispersed in the PK matrix. 
When comparing the SEM images of PK/GF30-C1 with 
PK/GF30-C2, it was evident that the surfaces of the glass 
fibers were coated with a thin layer of the matrix mate-
rial when C2 was used as a compatibilizer. As previously 
noted, the compatibility between PK matrix and glass 
fiber was inherently restricted due to the distinct nature 
of their surface properties. During the melt blending, the 
maleic anhydride functionality of C2 could react with 
the hydroxyl groups on the glass fiber, thereby reducing 
its surface polarity. Therefore, the interfacial bonding 
between glass fiber and the PK matrix as well as their 

compatibility, were significantly improved with the use of 
the C2 compatibilizer (Scheme 2). [25]

The melt blending of PK with polyamide 6 (PA), rein-
forced with 30% glass fiber, was also investigated in the 
presence of C1 and C2 compatibilizers. Two different 
blending ratios of PK/PA-6/GF/compatibilizer were utilized 
with weight percentages of 15/50/30/5 and 25/40/30/5. The 
effects of the type of compatibilizer and blending ratio on 
the mechanical, thermal, and tribological properties of the 
resulting composites were investigated. The mechanical 
properties of the 30% glass-fiber-reinforced PK/PA-6 blend 
composites obtained from tensile, flexural, and Izod impact 
tests were summarized in Table 4. The tensile and flexural 
modulus, as well as the tensile and flexural strength values 
of PK/PA-6/GF30 blend composites were within the range of 
values observed for both the neat PK/GF30 and PA-6/GF30 
composites. The maximum improvements in tensile and flex-
ural modulus were recorded as 9.3 ± 0.12 and 7.5 ± 0.27 GPa 
for the PK-15/PA6-50/GF30-C2 sample, respectively, repre-
senting approximately 31% and 32% increases compared to 
the control sample (PK/GF30). However, these values were 
significantly lower than the values of the neat PA-6/GF30 
sample. On the other hand, all blend composites showed a 
remarkable increase in impact strength and elongation at 
break values. The Izod impact values of the neat PK/GF30 
and PA-6/GF30 composites improved by 139% and 74%, 
respectively, following the formation of the PK-15/PA6-50/
GF30-C2 sample. In contrast, the maximum elongation at 
break value was determined as 4.86 ± 0.04% for the PK-25/
PA6-40/GF30-C2 sample, which was approximately 115% 

Table 3   Mechanical properties 
of 30% glass-fiber-reinforced 
PK composites

All tests were conducted five times to confirm reproducibility

Sample Tensile 
modulus 
(GPa)

Tensile strength 
at yield (MPa)

Elongation 
at break (%)

Flexural 
modulus 
(GPa)

Flexural 
strength 
(MPa)

Izod impact 
strength (kJ/
m2)

PK/GF30 7.1 ± 0.21 82 ± 1.33 2.26 ± 0.42 5.7 ± 0.08 116 ± 3.78 8.2 ± 0.24
PK/GF30-C1 6.5 ± 0.07 53 ± 0.67 2.43 ± 0.22 5.2 ± 0.21 83 ± 0.78 8.4 ± 0.11
PK/GF30-C2 6.4 ± 0.23 88 ± 2.13 2.56 ± 0.11 4.6 ± 0.03 125 ± 3.55 12.2 ± 0.24

Scheme 2.   Proposed intermolecular interactions between glass fiber, 
C2, and polyketone matrix
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and 62% higher than the values of the neat PK/GF30 and 
PA-6/GF30 composites.

The mechanical properties of blend composites with 
C1 compatibilizer, including tensile modulus and strength, 
elongation at break, flexural modulus and strength, and Izod 
impact strength, were relatively consistent when increasing 
the PK feed ratio from 15 to 25%. In the SEM images, it 
was observed that the glass fibers were randomly distrib-
uted throughout the polymer matrix in both the 15% and 
25% PK feed ratio samples (Fig. 2). This indicated a well-
mixed blend, and it is clear that the glass fibers effectively 

contribute to the composite’s strength. However, the 
interface between the glass fibers and the polymer matrix 
appeared relatively smooth and exhibited weak bonding 
leading instances of local fiber debonding. Consequently, the 
presence of fiber pullout suggested that the interface strength 
could be further optimized, potentially by changing the type 
of compatibilizer.

After the use of maleic anhydride based-compatibilizer 
(C2), a highly uniform and well-dispersed distribution 
of glass fibers within the PK/PA-6 matrix was observed 
(Fig. 3). All fibers were randomly distributed, demonstrating 

Fig. 1   SEM images of PK/GF30-C1 in 100 µm (a) and in 40 µm (b), and PK/GF30-C2 in 100 µm (c) and in 40 µm (d)

Table 4   Mechanical properties of 30% glass-fiber-reinforced PK/GF30, PA-6/GF30, and PK/PA-6 blend composites

All tests were conducted five times to confirm reproducibility

Sample Tensile modulus (GPa) Tensile strength at 
yield (MPa)

Elongation at 
break (%)

Flexural 
modulus (GPa)

Flexural 
strength (MPa)

Izod impact 
strength (kJ/
m2)

PK/GF30 7.1 ± 0.21 82 ± 1.33 2.26 ± 0.42 5.7 ± 0.08 116 ± 3.78 8.2 ± 0.24
PA-6/GF30 10.6 ± 0.18 168 ± 2.67 3.00 ± 0.09 8.3 ± 0.16 266 ± 2.65 11.3 ± 0.18
PK-15/PA6-50/ GF30-C1 8.2 ± 0.08 123 ± 0.89 3.76 ± 0.04 6.8 ± 0.13 197 ± 2.08 16.5 ± 0.31
PK-25/PA6-40/ GF30-C1 8.2 ± 0.17 126 ± 1.11 4.50 ± 0.13 6.9 ± 0.07 218 ± 0.58 16.5 ± 0.30
PK-15/PA6-50/ GF30-C2 9.3 ± 0.12 144 ± 0.44 4.26 ± 0.35 7.5 ± 0.27 225 ± 2.00 19.6 ± 0.10
PK-25/PA6-40/ GF30-C2 8.4 ± 0.14 130 ± 0.44 4.86 ± 0.04 6.5 ± 0.01 200 ± 2.08 17.3 ± 0.23
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effective mixing during the blending process. The interface 
between the glass fibers and the matrix appeared highly 
cohesive, resulting in minimal instances of fiber pullout. 
The strong fiber-matrix interface and overall microstruc-
tural integrity significantly improved the impact strength and 
elongation at break values of the composite. The mechanical 
test including tensile, flexural, and Izod impact showed that 
the PK-25/PA6-40/GF30-C2 composite with a 25% PK feed 
ratio exhibited distinctly lower mechanical properties com-
pared to the PK-15/PA6-50/GF30-C2 sample (Table 4). A 
change in the blend ratio could alter the interaction between 
the two polymers, potentially affecting mechanical proper-
ties of the composites. In the PK-25/PA6-40/GF30-C2 sam-
ple, the higher proportion of PK resulted in a stiffer and 
less ductile matrix, potentially leading to reduced tensile 
and flexural strength.

3.2 � Thermal properties

The thermal behavior of the PK/GF-30-C1 and PK/GF-
30-C2 samples was investigated by DSC with a heating rate 
of 10 ºC/min between 0 and 250 ºC under nitrogen atmos-
phere. The neat aliphatic PK terpolymer (Poketone, M630A) 
and PA-6 (Durethan B26) exhibited 15 and 52 °C as the glass 
transition temperature (Tg) and 222 °C (hangisi için?) as the 

melting temperature (Tm), respectively. After the preparation 
of 30% glass-fiber-reinforced composites in the presence C1 
and C2 compatibilizers, a slight decrease was recorded in 
both Tg and Tm values of PK/GF-30 and PA-6/GF-30 sam-
ples. The addition of compatibilizer increased the segmental 
mobility of the polymer chains and the free volume between 
the polymer chain, resulting in a slight decrease of the Tg and 
Tm values of PK/GF-30 and PA-6/GF-30 samples.

The influence of feed ratio of PK/PA-6 and type of 
compatibilizer on the Tg and Tm values of 30% glass-
fiber-reinforced blend composites was also investigated 
by DSC. As shown in Fig. 4a and Table 5, the Tg of the 
PK phase increased slightly, whereas the Tg of the PA-6 
phase decreased from 50.4 and 49.9 °C to 48.7 and 48.5 
°C, respectively, as the PK content increased from 15 to 
25%. The presence of two distinct Tgs indicated the exist-
ence of two phases and reflected the immiscibility of the 
two polymers [26, 27]. It was also noted that the effect of 
the C2 compatibilizer on Tg change was more pronounced 
compared to the C1 compatibilizer. This could be attributed 
to the presence of maleic anhydride functionality in the C2 
compatibilizer promoting better adhesion between the two 
phases. In the case of Tm 30% glass-fiber-reinforced blend 
composites, a single peak for the Tm was observed, because 
the Tm values of the two phases (TmPK and TmPA-6 = 222 °C) 

Fig. 2   SEM images of PK-15/PA6-50/GF30-C1 in 100 µm (a) and in 40 µm (b), and PK-25/PA6-40/GF30-C1 in 100 µm (c) and in 40 µm (d)
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were very close, and both peaks overlapped (Fig. 4b). Addi-
tionally, no significant change in Tm values was observed in 
all blend composites.

3.3 � Tribological properties

The wear factors and friction coefficients of the 30% glass-
fiber-reinforced PK/PA-6 blend composites were measured 
using the UTG Tribolog brand test device in accordance 
with the ASTM-G99 standard. The wear test parameters 
were set at a 40 N load, a 400-rpm sliding speed, and a 
5000 m sliding distance. The wear test results including the 
friction coefficient and specific wear rate were obtained by 
selecting a specific section from the plates and were sum-
marized in Table 5. A relationship between the friction coef-
ficient and sliding distance of PK/GF-30, PA-6/GF-30, and 
PK/PA-6/GF30 blend composites with a constant abrasion 
velocity is plotted in Fig. 5. As can be seen in Fig. 5, the 
friction coefficients of all samples were stabilized after a 
sliding distance of 1500 m. The friction coefficients of PK/
GF-30-C1 and PK/GF-30-C2 composites determined as 
0.340 and 330 μ, were higher than the friction coefficient of 
neat PA-6/GF30 (0.289 μ) sample. After the melt blending 
process, the 30% glass-fiber-reinforced PK/PA-6 blend com-
posites exhibited friction coefficients ranging from 0.286 

Fig. 3   SEM images of PK-15/PA6-80/GF30-C2 in 100 µm (a) and in 40 µm (b), and PK-25/PA6-40/GF30-C2 in 100 µm (c) and in 40 µm (d)

Fig. 4   DSC thermograms of PA-6/GF30, PK-15/PA6-50/GF30-C1, 
PK-25/PA6-40/GF30-C1, PK-15/PA6-50/GF30-C2, and PK-25/PA6-
40/GF30-C2 samples
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to 0.341 μ. Compared to the neat PA-6/GF-30, the friction 
coefficients of the PK/PA6/ GF30 blend composites were 
generally increased by PK ratio from 15 to 25%. The PK-25/
PA6-40/ GF30-C1 sample only displayed a lower friction 
coefficient than the neat PA-6/GF-30. This could be due to 
the insufficient performance of the C1 compatibilizer, stated 
in the SEM results. On the other hand, the PA-6/GF30 sam-
ple displayed higher wear resistance compared to the PK/
GF30-C1 and PK/GF30-C2 samples. The Tg of PK (15.2 
°C) was lower than that of PA-6 (51.8 °C), causing the PK 
to begin softening before the PA-6 under the wear test condi-
tions. Therefore, the PA-6 had the capability to generate an 
adhesive transfer film during sliding, which prevented direct 
contact between the surfaces of PA-6/GF30 and metal pin. 
This mechanism reduced abrasive action, resulting in high 
wear resistance [28, 29]. Therefore, the specific wear rates 
of PK/PA6/ GF30 blend composites gradually increase upon 
addition of the PK, and the lowest specific wear rate was 
obtained for the PK-15/PA6-50/ GF30-C2 sample (1.14 10¯6 

mm3/Nm) [28, 30]. Additionally, the blend composites pre-
pared with C2 compatibilizer exhibited lower specific wear 
rates compared to those of C1 samples, irrespective of their 
compositions. These results indicate that the compatibility 
of C2 was more appropriate than that of C1, as supported by 
mechanical, thermal, and SEM data.

4 � Conclusions

Herein, we demonstrated the effect of PK/PA-6 feed ratio 
and compatibilizer type (C1 and C2) on the mechanical, 
thermal, and tribological properties of 30% glass-fiber-
reinforced blend composites. The mechanical properties 
of the PK/PA-6/GF-30 blend composites were recorded in 
between those of the PK/GF30 and the PA-6/GF30 compos-
ites. The tensile, flexural, and impact tests results indicated 
that the C2 was more appropriate than the C1 to enhance 
the compatibility between glass fibers with PK and PA-6 
matrix, attributed to the maleic anhydride functionality. 
The SEM analysis revealed that the formation of a cohe-
sive interface between glass fibers and the polymer matrix, 
with minimal fiber pullout, demonstrated the effectiveness 
of C2 in improving interfacial bonding. Thermal analysis 
demonstrated a slight decrease in both Tg and Tm values after 
the incorporation of the C1 and C2 compatibilizers. The Tg 
changes were more pronounced with C2, attributed to its 
maleic anhydride functionality promoting better adhesion 
between glass fiber and two phases. The tribological analysis 
highlighted the stabilized friction coefficients of all samples 
after a sliding distance of 1500 m. Additionally, the friction 
coefficients and specific wear rates of PK/PA6/GF30 blend 
composites were improved by increasing PK segment. The 
PK-25/PA6-50/GF30-C2 sample displayed a friction coef-
ficient of 0.341 μ and a specific wear rate of 1.15 10¯6 mm3/
Nm. These results indicated that the compatibility of the C2 
was more suitable than the C1, as supported by mechanical, 
thermal, microscopic, and tribology analyses. In summary, 
the type of compatibilizer enhanced the performance of 
glass-fiber-reinforced PK and PK/PA-6 blend composites, 

Table 5   Thermal and tribology 
properties of 30% glass-fiber-
reinforced PK/GF30, PA-6/
GF30, and PK/PA-6 blend 
composites

Tribological test was conducted three times to confirm reproducibility

Sample Tg1 (oC) Tg2 (oC) Tm (oC) Friction coef-
ficient (μ)

Specific wear rate 
(10–6 mm3/Nm)

PK/GF30-C1 15.6 – 219.6 0.340 1.83
PK/GF30-C2 15.2 – 221.3 0.330 1.81
PA-6/GF30 51.8 – 222.7 0.289 1.11
PK-15/PA6-50/ GF30-C1 15.3 50.4 222.1 0.298 1.55
PK-25/PA6-40/ GF30-C1 17.4 48.7 222.0 0.286 1.43
PK-15/PA6-50/ GF30-C2 15.6 49.9 221.9 0.302 1.14
PK-25/PA6-40/ GF30-C2 17.7 48.5 221.9 0.341 1.15

Fig. 5   The friction coefficient as a function of sliding distance for 
PA-6/GF30, PK/GF30-C1, PK/GF30-C2, PK-15/PA6-50/GF30-C1, 
PK-25/PA6-40/GF30-C1, PK-15/PA6-50/GF30-C2, and PK-25/PA6-
40/GF30-C2 samples
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providing valuable insights for the development of high-
performance materials with tailored mechanical, thermal, 
and tribological properties.
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