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EffEct of NitratE acid trEatEd dolomitE oN thE tENsilE ProPErtiEs of Ultra-high molEcUlar 
WEight PolyEthylENE (UhmWPE) comPositEs

ultra-high Molecular Weight Polyethylene (uhMWPe) polymers have been used in biomedical applications due to its bio-
compatibility, durability, toughness and high wear resistance. to enhance the mechanical properties, various types of minerals are 
commonly utilized as fillers in uhMWPe. one of the minerals is dolomite, which has been recognized as a valuable mineral with 
versatile applications, particularly in the field of biomedical applications. this paper presents the tensile properties of uhMWPe 
composites that filled with dolomite and treated-dolomite at various filler loading (i.e., 1-5 wt.%). Nitric acid and diammonium 
phosphate were used to treat the dolomite. From the results, the peaks of the Ftir spectrum displays carbonate (Co3

–2), phosphate 
(Po4

–3) and hydroxyl (oh–) groups in the ct-dolomite powder sample while the Xrd pattern reveals that using dolomite treated 
with 1M nitric acid resulted in the presence of calcium hydroxide phosphate (Ca10(Po4)5(oh)) and Mgo. For tensile strength, 
uhMWPe/ct-dolomite composites show better tensile strength than the pure uhMWPe composites. treated improve the dolomite 
filler and resulted in significantly better matrix-filler interfacial interactions and improve the properties. 
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1. introduction

Polymer-based composites have garnered significant inter-
est across various industries, including construction, automo-
bile, electronics, packaging and biomedical applications. due 
to their direct contact with the human body, polymers utilized 
in biomedical applications must exhibit biocompatibility and 
non-toxicity. Additionally, they should meet specific essential 
requirements, such as comfort and protection of human tissues 
[1,2]. uhMWPe polymers have been found to be beneficial 
in biomedical applications due to its biocompatibility, durabil-
ity, toughness and high wear resistance. As a result, it’s often 
employed in joint arthroplasty, artificial hip and knee implants 
as a bearing material [3,4]. the characteristics of polymers are 
frequently altered by the addition of fillers. 

Various types of minerals are typically utilized as filler 
dispersions in polymers to enhance their mechanical proper-
ties. Among these minerals, dolomite has been identified as 
a valuable natural resource with a wide range of applications, 
particularly in the field of biomedical applications [5]. it was 
commonly used in industry due to mineralogical properties and 
has a high hardness, making it a good filler for low-hardness 
polymer compounds [6]. dolomite (CaMg(Co3)2) is utilized as 
a filler in various applications due to its chemical composition, 
which is abundant in calcium carbonate and magnesium. When 
subjected to a temperature of 1000°C, dolomite can undergo 
a transformation into calcium oxide. this calcium oxide can 
be effectively used as a precursor for the production of calcium 
phosphate, specifically Ca10(Po4)6(oh)2 [7,8]. 
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the wet method can be employed to synthesize 
Ca10(Po4)6(oh)2 using various techniques, including chemi-
cal, hydrothermal, and hydrolysis methods. in this approach, 
an aqueous solution is utilized as a crucial component [9]. the 
chemical method offers several advantages in the synthesis of 
Ca10(Po4)6(oh)2, including the production of highly chemically 
reactive powder with a large surface area, cost-effectiveness, 
fine particle size, and the use of low processing temperatures. 
however, there are also drawbacks associated with the chemical 
method, such as the potential formation of nonstoichiometric 
powders and insufficient formation of Ca10(Po4)6(oh)2.

typically, the chemical method involves several steps. ini-
tially, calcium and phosphate reagents are mixed in accordance 
with the molar ratio required for Ca10(Po4)6(oh)2 formation. the 
ph of the solution is then adjusted to an alkaline level, and the 
temperature is maintained within the range of room temperature 
to the boiling point of water. the solution is stirred for a period 
of time to facilitate aging. this results in the precipitation of 
Ca10(Po4)6(oh)2, which is subsequently washed, filtered, dried, 
and subjected to calcination at temperatures between 900°C and 
1200°C. these steps are necessary to prepare calcium phosphate 
with well-crystallized structures and ultrafine particle sizes [10]. 
Finally, the precipitation of Ca10(Po4)6(oh)2 is crushed into 
powder form. hA crystal formation can be induced through the 
precipitation process using a range of calcium precursors (such as 
Ca(No3)2, CaCl2, Ca(oh)2, and CaCo3) and phosphorus precur-
sors (including (Nh4)2hPo4, k2hPo4, Nah2Po4, and h3Po4). 
the control over the characteristics of the resulting product is 
achievable by adjusting parameters like the sources of phosphate 
and calcium, the Ca/P ratio, temperature, ph, precipitation and 
aging duration, and the method of drying [11,12].

limited research has been conducted on the synthesis of 
Ca10(Po4)6(oh)2 using calcium oxide (Cao) and nitric acid 
(hno₃). some studies have focused on the conversion process 
of calcium oxide into Ca10(Po4)6(oh)2 [13,14]. in their research, 
Jamarun et al. [15] investigated the synthesis of Ca10(Po4)6(oh)2 
through a chemical reaction involving nitric acid. Nitric acid 
plays a crucial role in transforming calcium oxide (Cao) into 
calcium nitrate hydrate (Ca(No3)2·4h2o). Subsequently, the 
resulting calcium nitrate hydrate readily reacts with a solution 
of (Nh4)2hPo4, facilitating the conversion into hydroxyapa-
tite. hNo3 is utilized as an inhibitor to hinder the formation of 
calcium phosphate by effectively chelating with calcium ions. 
Additionally, the presence of hno₃ slows down or even prevents 
the nucleation of Ca10(Po4)6(oh)2 crystals due to the inhibitory 
properties of the compound [16]. using a chemical method, 
luo et al. [17] synthesized Ca10(Po4)6(oh)2 by employing 
Ca(No3)2·4h2o as the calcium source and (Nh4)2hPo4 as the 
phosphate source. the resulting crystals of Ca10(Po4)6(oh)2 
exhibited a complete formation and displayed a smooth surface. 
this finding was corroborated by Pham [18], who observed 
that the chemically treated Ca10(Po4)6(oh)2 powders exhibited 
a single-phase crystal structure with cylindrical shapes measuring 
less than 100 nm in size. Furthermore, the Ca/P ratio in these 
samples corresponded to the ratio found in natural bones. Cur-

rently, it is believed that the chemical method involving calcined 
dolomite and (Nh4)2hPo4 may influence the growth mechanism 
of calcium phosphate.

this paper presents a chemical approach to produce 
hydroxyapatite, utilizing nitric acid as an inhibitor, dolomite 
as a calcium source, and diammonium hydrogen phosphate 
as a phosphate source. the paper includes the characterization 
of the powder, covering phase composition and Ftir analysis. 
Additionally, the study investigates the effect of chemically 
treated dolomite-filled ultra-high molecular weight polyet hylene 
 (uhMWPe) composites to determine their mechanical properties.

2. Experimental 

materials and methods 

in this study, the matrix used was ultra-high Molecular 
Weight Polyethylene (uhMWPe) with a melt index of 4.0 
and a density of 0.903 g/cm3. dolomite was used as the filler 
material, purchased from Perlis dolomite industries Sdn. bhd. 
in Perlis, Malaysia.

methodology

Preparation of treated dolomite using nitric acid

initially, 5.6 g of dolomite was mixed with 100 ml of 1 M 
nitric acid (hNo3). the resulting filtrate was then combined with 
a 100 ml 0.6 M solution of diammonium hydrogen phosphate 
[(Nh4)2hPo4], with stirring at 90°C and at ph 11 for 1 hour. 
to adjust the ph, 20 ml of ammonium hydroxide (Nh4oh) 
was added. Subsequently, the solution was left undisturbed 
for 24 hours, resulting in the formation of a precipitate. the 
precipitate was left to stabilize overnight. Next, the resulting 
precipitate was filtered and subjected to drying at 110°C to re-
move any remaining solvents. After drying, the precipitate was 
ground into a powder and then calcined at 1000°C for 2 hours. 
the same procedures were repeated for 2 M and 3 M of hNo3.

Preparation of UhmWPE/dolomite  
and UhmWPE/ct-dolomite composites

Ct-dolomite and uhMWPe were blended together using 
a stainless-steel ball with a powder-to-ball ratio of 10:1 and 
a revolution speed of 270 rpm. After the ball milling process, 
the mixed sample was preheated to 190°C for 3 minutes and 
then hot-pressed for 10 minutes under a compression pressure 
of 20 MPa. the resulting composite sheet was subsequently cut 
into appropriate shapes for further testing. the same procedure 
was repeated for the mixing of dolomite and uhMWPe. the for-
mulation of the uhMWPe/dolomite and  uhMWPe/ct-dolomite 
composites used in this study is presented in tAble 1.
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tAble 1

description of composite samples

sample description
Pure UhmWPE Pure UhMwPE with no addition of filler
UhmWPE/d-1 UhMwPE filled with 1 wt.% of dolomite
UhmWPE/d-3 UhMwPE filled with 3 wt.% of dolomite
UhmWPE/d-5 UhMwPE filled with 5 wt.% of dolomite

UhmWPE/ct-d1 UhMwPE filled with 1 wt.% of ct-dolomite
UhmWPE/ct-d1 UhMwPE filled with 3 wt.% of ct-dolomite
UhmWPE/ct-d5 UhMwPE filled with 5 wt.% of ct-dolomite

Phase analysis

treated-dolomite powders were characterized by X-ray dif-
fraction (Xrd), bruker d2 Phaser, CuKα) in the 2θ = 10°-90°. 
the obtained data were analysed by using a PANalytical X’Pert 
highScore Plus software for phase analysis. 

fourier transform infrared (ftir) analysis

the treated-dolomite in powder form was determined by 
using a Perkin elmer Spectrum in the range of 400-4000 cm–1. 

tensile test

the samples of the composite sheets were cut into 
dumbbell-shaped specimens using a dumb bell cutter machine 
to the dimensions required in AStM d638. the universal 
testing Machine instron 5569 was used to determine the ten-
sile properties of pure uhMWPe, uhMWPe/ct-dolomite and 
uhMWPe/dolomite composites. the tensile load was applied 
at a 50 mm/min cross-head speed. At the end of each test, the 
results of three replicates of each sample such as average values 
of tensile strength, elongation at break, and young’s modulus 
have been recorded for comparison between samples.

scanning Electron microscope (sEm)

the morphology of tensile fracture surface of pure uhM-
WPe, uhMWPe/ct-d3 and uhMWPe/ct-d5 were examined 
through SeM. A thin layer of platinum was applied to coat the 
sample in order to enhance the quality of the captured images. 
this was to avoid electrostatic charging during characterization. 

hardness test

the hardness was used to determine the ability of a material 
to resist penetration. 3 samples of uhMWPe,  uhMWPe/ct-do-
lomite and uhMWPe/dolomite composites with different ratios 
have been prepared. Shore hardness tester (Syntek) was used to 

measure the hardness of the sample. durometer type d was used 
as an indenter to all samples. the sample hardness was measured 
based on the AStM d2240. the shore d hardness values have 
shown the results of the different mixing ratio. 

3. results and discussion

X-ray diffraction (Xrd) analysis

the Xrd pattern depicted in Fig. 1 illustrates the influ-
ence of different concentrations of nitric acid (ranging from 
1 M to 3 M) on dolomite. Analyzing the Xrd pattern revealed 
that using dolomite treated with 1 M nitric acid resulted in the 
presence of calcium hydroxide phosphate (Ca10(Po4)5(oh)) and 
a phase containing Mgo. this Mgo phase exhibited a chemical 
composition similar to hydroxyapatite (hA). the Xrd pattern 
of the treated dolomite with 1 M nitric acid displayed intense 
peaks corresponding to Ca10(Po4)5(oh), indicating successful 
synthesis of hydroxyapatite with magnesium incorporation 
through the chemical treatment method using pure dolomite.

the presence of Mgo can be attributed to the chemical reac-
tion between dolomite (CaMg(Co3)2) and nitric acid (hNo3). 
Additionally, the precipitation and filtration processes led to 
the formation of calcium phosphate. the precipitate contained 
several compounds, including magnesium oxide (Mgo), hy-
droxyapatite (Ca10(Po4)5(oh)), calcium hydroxide (Ca(oh)2), 
and calcium oxide (Cao). the formation of these compounds 
occurred due to the acidic conditions during the precipitation 
process. this phase formation can be described by chemical 
reactions, specifically equations (1)-(3), and (4). upon breaking 
the bonds in Ca(No3)2, compounds such as Cao, No2, and o2 
gas are produced. the reaction between Cao and h2o gener-
ates Ca(oh)2. As for the Cao compounds, they are unstable and 
readily react with atmospheric moisture (h2o) in the air.

 CaMg(Co3)2 + 2hNo3 → Mgo + 
 + Ca(No3)2 + 2Co2 + h2o (1)

 Ca(No3)2 → Cao + no2 + o2 (2)

 Ca(No3)2 + 2h2o +6Nh4hPo4 + 
 + 8Nh3 → Ca10(Po4)5(oh) + 20Nh4No3 (3)

 Cao + h2o → Ca(oh)2 (4)

hydroxyapatite, possessing a mineral phase resembling that 
of human bone, is an exceptional biomaterial. Jamarun et al. [15] 
suggest that the addition of calcium oxide enhances the quality 
of hydroxyapatite. therefore, there is strong encouragement for 
the utilization of hydroxyapatite filled with magnesium oxide, 
as it offers numerous advantages for body implants and extends 
the lifespan of the implants. Additionally, the incorporation of 
magnesium into hydroxyapatite slows down mineral degrada-
tion, fosters bone growth, and enhances metabolic activity. this 
combination of hydroxyapatite and magnesium exhibits potential 
as a bone substitute material with improved mechanical strength 
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[19,20]. this is corroborated by the research of bystrov et al. 
[20], who observed that the presence of magnesium in hydroxya-
patite (hA) affects how it interacts with living bone tissue when 
used as a filler for bone defects or as a coating for implants.

Fig. 1. Xrd pattern of treated-dolomite with various concentration of 
nitric acid: (a) 1 M; (b) 2 M; and (c) 3 M

ftir analysis

Ftir analysis was carried out on the treated dolomite 
samples to investigate the chemical bonding in the synthesized 
hydroxyapatite. the resulting spectra are presented in Fig. 2. 
the graph clearly shows that the treated 1 M dolomite exhibited 
the essential hydroxyapatite functional groups, which are crucial 
for this study. these findings provide further support to the Xrd 
results, which also identified diffraction peaks characteristic of 
hydroxyapatite in the powder. the Ftir spectrum confirms the 
presence of carbonate (Co3

2–), phosphate (Po4
3–), and hydroxyl 

(oh–) groups, thereby confirming the successful synthesis of 
hydroxyapatite (hA) [21]. 

in Fig. 2, the absorption band observed around 
 3446-3699 cm–1 indicates the presence of the hydroxyl (oh) 
functional group. Additionally, the Ftir spectra displayed 
characteristic absorption bands in the range of 560-1050 cm–1, 
which are attributed to the Po4

3– absorption, further confirming 

the presence of hydroxyapatite. the absorption bands for these 
functional groups were observed at approximately 565, 616, 880, 
1033, and 1071 cm–1. lastly, the presence of Mgo was indicated 
by moderate peaks at 443 cm–1 [22].

Fig. 2. Ftir spectra of treated-dolomite with various concentration of 
nitric acid: (a) 1 M; (b) 2 M; and (c) 3 M

tensile properties

tensile test was conducted to determine the tensile strength, 
elongation at break and young’s modulus of the materials. 
tAble 2 summarizes the tensile properties of the pure uhM-
WPe, uhMWPe/ct-d1, uhMWPe/ct-d3, uhMWPe/ct-d5, 
uhMWPe/d-1, uhMWPe/d-3 and uhMWPe/d-5 composites. 
Fig. 3 illustrate the effect of ct-dolomite and dolomite filler load-
ing on the tensile strength and elongation at break of the pure 
uhMWPe, uhMWPe/ct-d1, uhMWPe/ct-d3, uhMWPe/
ct-d5, uhMWPe/d-1, uhMWPe/d-3 and uhMWPe/d-5 com-
posites. the tensile strength values of uhMWPe composites 
increase with the addition of both ct-dolomite and dolomite. 
the tensile strength of pure uhMWPe is 23.181 MPa, and 
when treated with ct-dolomite, the tensile strength improves 
to 23.513 MPa (uhMWPe/ct-d1), 23.769 MPa (uhMWPe/
ct-d3), and 32.120 MPa (uhMWPe/ct-d5). Similarly, when 
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treated with dolomite, the tensile strength further increases to 
33.509 MPa (uhMWPe/d-1), 37.659 MPa (uhMWPe/d-3), 
and 39.297 MPa (uhMWPe/d-5). the incorporation of both 
ct-dolomite and dolomite enhances the tensile strength of uh-
MWPe composites, with higher improvements observed with 
dolomite compared to ct-dolomite.

tAble 2

tensile properties of uhMWPe, uhMWPe/ct-dolomite  
and uhMWPe/dolomite composites. the data presented here are  

the average results of three specimens for each sample

sample tensile 
strength (mPa)

Elongation 
at break (%)

young’s 
modulus (mPa)

UhmWPE 23.181 197.92 326.72
UhmWPE/ct-d1 23.513 229.86 360.3
UhmWPE/ct-d3 23.769 236.81 306.9
UhmWPE/ct-d5 32.120 337.81 187.2
UhmWPE/d-1 33.509 295.67 315.52
UhmWPE/d-3 37.659 308.00 285.28
UhmWPE/d-5 39.297 307.50 216.76

to achieve a strengthening effect, it is crucial for composite 
materials to exhibit a strong interfacial interaction between the 
filler and matrix [19,23]. the results indicate that the addition 
of ct-dolomite and dolomite at filler loadings ranging from 1 to 
5 wt.% successfully improved the tensile strength of uhMWPe 
composites. this trend suggests that the strength of uhWMPe 
composites was influenced by the incorporation of ct-dolomite 
and dolomite fillers. Among the composites, uhMWPe/ct-d5 
exhibited the highest tensile strength at 32.12 MPa compared 

to pure uhMWPe, as ct-dolomite contains calcium phosphate 
and magnesium, which directly enhance the mechanical prop-
erties of uhMWPe composites. however, uhMWPe with 
a 5 wt.% dolomite filler demonstrated a higher tensile strength 
of 39.297 MPa compared to uhMWPe/ct-d5. this can be at-
tributed to the rock-like characteristics of dolomite, indicating 
its high strength and hardness [6]. 

the elongation at break of uhMWPe composites also 
shows a significant increase when ct-dolomite and dolomite are 
added. the elongation at break of pure uhMWPe is 197.92%. 
When treated with ct-dolomite, the elongation at break improves 
to 229.86% (uhMWPe/ct-d1), 236.81% (uhMWPe/ct-d3), 
and 337.81% (uhMWPe/ct-d5). Similarly, when treated with 
dolomite, the elongation at break further increases to 295.67% 
(uhMWPe/d-1), 308.00% (uhMWPe/d-3), and 307.50% 
(uhMWPe/d-5). the incorporation of both ct-dolomite and do-
lomite results in a notable enhancement in the elongation at break 
of uhMWPe composites, with higher improvements observed 
with ct-dolomite compared to dolomite. Wypych [24] studied 
that elongation typically parallels tensile strength, indicating 
that an increase in tensile strength of a filled material generally 
leads to an increment in elongation [25]. Moreover, the inclusion 
of fillers in the matrix restricts the movement of chains within 
the polymer matrix, leading to an increase in deformation when 
the composite is subjected to an applied force [3].

From Fig. 3, it can be observed that the young’s modulus var-
ies for different uhMWPe composites, depending on the type and 
concentration of the fillers (ct-dolomite and dolomite) added to the 
matrix. Comparing the young’s modulus values, it is evident that 
the pure uhMWPe exhibits a young’s modulus of 326.72 MPa. 

Fig. 3. the tensile properties of uhMWPe, uhMWPe/ct-dolomite and uhMWPe/dolomite
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When ct-dolomite fillers are added, the young’s modulus tends 
to increase, resulting in higher values for the composites. For 
example, uhMWPe/ct-d1 has a young’s modulus of 360.3 MPa, 
uhMWPe/ct-d3 has 306.9 MPa, and uhMWPe/ct-d5 has 
187.2 MPa. the trend shows that the young’s modulus increases 
initially with the addition of ct-dolomite, but as the addition of 
the filler increases, the young’s modulus decreases. Similarly, 
when dolomite fillers are incorporated into uhMWPe, the young’s 
modulus also shows variations. uhMWPe/d-1 has a young’s 
modulus of 315.52 MPa, uhMWPe/d-3 has 285.28 MPa, and 
uhMWPe/d-5 has 216.76 MPa. the young’s modulus ap-
pears to decrease as the concentration of dolomite increases.

the changes in young’s modulus were identified for pure 
uhMWPe and uhMWPe composites, as shown in Fig. 3. it was 
found that the young’s modulus was decreased after the addition 
of 1 wt.% of ct-dolomite from 315.52 MPa to 216.76 MPa. the 
addition of filler increases the stiffness of the composites which 
in turn increased the elongation at break. the stiffness of polymer 
matrices increased by the incorporation of rigid particulate filler 
as well as the interfacial contact that exists between the filler and 
matrix [26]. the decrease in young’s modulus demonstrated 
that ct-dolomite had the capability to increase the rigidity of the 
composites. this improvement can be attributed to the higher 
interfacial adhesion and better dispersion of ct-dolomite filler 
within the matrix, which in turn led to an enhancement in both 
the tensile strength and rigidity of the composite. this finding 
is consistent with the study conducted by Chang et al. [26], 
which also suggested that the presence of a rigid filler in the 
matrix was the primary factor responsible for the increase in 
composite stiffness.

microstructural analysis

Fig. 4 shows the fractured surfaces of pure uhMWPe, 
uhMWPe/ct-d3 and uhMWPe/ct-d5. the tensile-fractured 
surface of the pure uhMWPe in Fig. 4(a) exhibits flat matrix 
tearing. When a tension force was exerted on the pure  uhMWPe, 
the crack propagates along the boundary interfaces. SeM mor-
phology of uhMWPe/ct-d5 in Fig. 4(c) shows smooth edge 
and better bonding between ct-dolomite filler and uhMWPe 
matrix compare to uhMWPe/ct-d3 in Fig. 4(b). Ct-dolomite 
that were added in the 5 wt.% uhMWPe/ct-dolomite composite 
has improved the dispersion of fillers throughout the matrix. 
therefore, at 5 wt.% filler loading, better stress transfer from 
matrix to filler which result in increasing tensile strength. this 
observation is in line with the explanation given in Fig. 3, which 
shows that a composite with well dispersed of 5 wt.% of ct-
dolomite demonstrated good tensile performances.

hardness test

tAble 3 shows the hardness properties of uhMWPe com-
posites and Fig. 5 illustrates the average hardness of uhMWPe 

composites containing ct-dolomite and dolomite fillers. the com-
posites exhibit higher hardness compared to pure uhMWPe. 
Notably, the uhMWPe/ct-d5 composites demonstrate a higher 
hardness value compared to uhMWPe/ct-d1 and uhMWPe/
ct-d3, with an average force of 13.78 N. tian yang et al. [20], 
suggest that materials with greater surface hardness tend to have 
improved wear resistance. this enhancement can be attributed 
to the incorporation of hydroxyapatite (hA) with magnesium, 
which enhances the mechanical properties of the uhMWPe 
matrix, particularly hardness, resulting in a significant increase 
in resistance to indentation. Additionally, the high aspect ratio 
ct-dolomite fillers exhibit strong adhesion with uhMWPe, 
enhancing the polymer matrix’s load-minimization capabilities. 
yusuf et al. [27] reported that hydroxyapatite particles act as 
rigid points against the counterface, reducing the normal load 
and shear stress on the polymers and consequently increasing 
the hardness of uhMWPe composites

From Fig. 5, it is evident that the presence of ct-dolomite 
and dolomite contributes to the increased hardness of uhM-
WPe composites compared to pure uhMWPe. Among the 
composites, uhMWPe/ct-d5 exhibits the highest hardness 
value, measuring 31.0 (Shore d), followed by 33.0 (Shore d) for 
uhMWPe/d-1 composites, whereas pure uhMWPe has a hard-
ness of 26.2 Shore d. According to oleiwi, gh., and othman 
[28], the addition of hydroxyapatite to polymers generally leads 
to increased hardness and roughness. lai, ishak, and ishiaku 
[29] state that hA plays a crucial role in polymer composites 
by stiffening the overall structure when added.

Fig. 4. SeM micrograph of uhMWPe/ct-dolomite composites
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tAble 3

hardness properties of uhMWPe composites

sample
hardness (shore d) average 

force (N)1 2 3 average
UhmWPE 27.5 25 26 26.2 11.64

UhmWPE/ct-d1 28 29 28.5 29.5 12.67
UhmWPE/ct-d3 29.5 30 29 28.5 13.11
UhmWPE/ct-d5 31 30 32 31 13.78
UhmWPE/d-1 33 26 26 28.3 12.59
UhmWPE/d-3 26 26 34 28.7 12.74
UhmWPE/d-5 35 37 27 33.0 14.67

Fig. 5. Average hardness of uhMWPe/dolomite and uhMWPe/ct-
dolomite composites with different filler (wt.%)

4. conclusion

in conclusion, hydroxyapatite (hA) was successfully 
synthesized using the chemical treatment method on dolomite 
without the need for calcination. based on the Xrd analysis, 
the hA produced with Mgo was found to be associated with 
1 M of hNo3, and this finding was further confirmed by Ftir 
analysis. the mechanical properties of uhMWPe composites 
improved after the addition of the filler, showing an increment 
in both tensile strength and hardness compared to pure uhM-
WPe. these results demonstrate that the addition of the filler 
has a significant impact on the mechanical properties, including 
hardness.

acknowledgements

the authors of the present work wish to acknowledge the funding by Fun-
damental research grant Scheme (FrgS) (grant no.: FrgS/1/2019/tk05/
uNiMAP/02/8) sponsored by Malaysian Ministry of higher education 
(Mohe). Special thanks to those who contributed to this project directly 
or indirectly.

reFereNCeS

[1] i. id, Applications of Polymers in the biomedical Field. Current 
trends in biomedical engineering & biosciences 4 (5), (2017). 
doi: https://doi.org/10.19080/ctbeb.2017.04.555650

[2] k. Chong, A.F. osman, A.A. Ahmad Fauzi, A.A. Alrashdi, 
k.A. Abdul halim, the Mechanical and thermal Properties of 
Poly(ethylene-co-vinyl acetate) (PeCoVA) Composites with 
Pristine dolomite and organophilic Microcrystalline dolomite 
(oMCd). Polymers (basel) 13 (18) (2021). 

 doi: https://doi.org/10.3390/polym13183034
[3] M.hussain, r.A. Naqvi, N. Abbas, S.M. khan, S. Nawaz, A. hus-

sain, N. Zahra, M.W. khalid, ultra-high-Molecular-Weight-
Polyethylene (uhMWPe) as a Promising Polymer Material for 
biomedical Applications: A Concise review. Polymers (basel), 
12 (2) (2020). doi: https://doi.org/.3390/polym12020323

[4] d.l.P. Macuvele, J. Nones, J.V. Matsinhe, M.M. lima, C. Soares, 
M.A. Fiori, h.g. riella, Advances in ultra high molecular weight 
polyethylene/hydroxyapatite composites for biomedical applica-
tions: A brief review. Mater. Sci. eng. C Mater. biol. Appl. 76, 
1248-1262 (2017). 

 doi: https://doi.org/10.1016/j.msec.2017.02.070
[5] d. Mandrino, I. Paulin, M.M. Kržmanc, s.d. Škapin, Physical and 

chemical treatments influence on the thermal decomposition of 
a dolomite used as a foaming agent. Journal of thermal Analysis 
and Calorimetry 131 (2), 1125-1134 (2017). 

 doi: https://doi.org/10.1007/s10973-017-6699-0
[6] A.o.A. Ajayi, o.o. imosili, Characterization and evaluation of 

mechanical properties of dolomite as filler in polyester. Chemistry 
and Materials research 3 (8) (2013).

[7] M.V. Nikolenko, k.V. Vasylenko, V.d. Myrhorodska, A. ko-
styniuk, b. likozar, Synthesis of Calcium orthophosphates by 
Chemical Precipitation in Aqueous Solutions: the effect of the 
Acidity, Ca/P Molar ratio, and temperature on the Phase Com-
position and Solubility of Precipitates. Processes 8 (9) (2020). 
doi: https://doi.org/10.3390/pr8091009

[8] A.i. hakem, Al b.A. Mohd Mustafa, S.M.A.A. Mohd, y. Sorachon, 
r.r. Abd, M. rosnita, b.M. Simona, the investigation of ground 
granulated blast Furnace Slag geopolymer at high temperature 
by using electron backscatter diffraction Analysis. Archives of 
Metallurgy and Materials 67 (1), (2022). 

 doi: https://doi.org/10.24425/amm.2022.137494
[9] Mohd Pu’ad, N.A.S., r.h. Abdul haq, h. Mohd Noh, h.Z. Ab-

dullah, M.i. idris, t.C. lee, Synthesis method of hydroxyapatite: 
A review. Materials today: Proceedings (2020). 

 doi: https://doi.org/10.1016/j.matpr.2020.05.536
[10] g. Ma, three common preparation methods of hydroxyapatite, in 

ioP Conference Series: Materials Science and engineering (2019). 
[11] h. Ait Said, h. Mabroum, M. lahcini, h. oudadesse, A. barroug, 

h. ben youcef, h. Noukrati, Manufacturing methods, properties, 
and potential applications in bone tissue regeneration of hydroxya-
patite-chitosan biocomposites: A review. int. J. biol. Macromol. 
243, (2023). doi: https://doi.org/10.1016/j.ijbiomac.2023.125150

[12] A. Zima, hydroxyapatite-chitosan based bioactive hybrid bio-
materials with improved mechanical strength. Spectrochimica 

https://doi.org/10.1016/j.msec.2017.02.070


288

Acta Part A: Molecular and biomolecular Spectroscopy 193, 
175-184 (2018).

[13] S.e. Cahyaningrum, Synthesis and Characterization of hydroxya-
patite Powder by Wet Precipitation Method. international Confer-
ence on Chemistry and Material Science (iC2MS) (2017). 

[14] S. Santhosh, S. balasivanandha Prabu, thermal stability of nano 
hydroxyapatite synthesized from sea shells through wet chemical 
synthesis. Materials letters 97, (2013). 

 doi: https://doi.org/10.1016/j.matlet.2013.01.081
[15] N. Jamarun, Z. Azharman, Z. Zilfa, u. Septiani, effect of Firing 

for Synthesis of hydroxyapatite by Precipitation Method. oriental 
Journal of Chemistry 32 (4), (2016). 

 doi: https://doi.org/10.13005/ojc/320437
[16] Z. Amjad, Calcium phosphates in biological and industrial sys-

tems. 1998: kluwer Academic Publishers.
[17] J. Zhou, J. luo, J. Chen, W. li, Z. huang, C. Chen, h. gong, tem-

perature effect on hydroxyapatite Preparation by Co-precipitation 
Method under Carbamide influence. MAteC Web of Conferences 
26 (2015). doi: https://doi.org/10.1051/matecconf/20152601007

[18] t.t.t. Pham, t.P. Nguyen, t.N. Pham, t.P. Vu, d.l. tran, h. thai, 
t.M.t. dinh, impact of physical and chemical parameters on the 
hA nanopowder synthesised by chemical precipitation method. 
Advances in Natural Sciences: Nanosciences and Nanotechnology 
4 ( 2013). 

[19] d. laurencin, N. Almora-barrios, N.h. de leeuw, C. gervais, 
C. bonhomme, F. Mauri, W. Chrzanowski, J.C. knowles, 
r.J. Newport, A. Wong, Z. gan, M.e. Smith, Magnesium incor-
poration into hydroxyapatite. biomaterials 32 (7) (2011). 

 doi: https://doi.org/10.1016/j.biomaterials.2010.11.017
[20] V.S. bystrov, e.V. Paramonova, l.A. Avakyan, N.V. eremina, 

S.V. Makarova, N.V. bulina, effect of Magnesium Substitution 
on Structural Features and Properties of hydroxyapatite. Materials 
(basel) 16 (2023). doi: https://doi.org/10.3390/ma16175945

[21] N.A.S. Mohd Pu’ad, J. Alipal, h.Z. Abdullah, M.i. idris, t.C. lee, 
Synthesis of eggshell derived hydroxyapatite via chemical pre-
cipitation and calcination method. Materials today: Proceedings 
42, (2021). doi: https://doi.org/10.1016/j.matpr.2020.11.276

[22] A. Farzadi, F. bakhshi, M. Solati-hashjin, M. Asadi-eydivand, 
N.A. osman, Magnesium incorporated hydroxyapatite: Synthesis 
and structural properties characterization. Ceramics international 
40 (2014). doi: https://doi.org/10.1016/j.ceramint.2013.11.051

[23] A. Simon, d. lipusz, P. baumli, P. balint, g. kaptay, g. gergely, 
A. Sfikas, A. lekatou, A. karantzalis, Z. gacsi, Microstructure 
and Mechanical Properties of Al-WC Composites. Archives of 
Metallurgy and Materials 60 (2015). 

 doi: https://doi.org/10.1515/amm-2015-0164
[24] g. Wypych, Physical properties of fillers and filled material, in 

handbook of Fillers – A definitive user’s guide and databook. 
2016.

[25] N. Jamarun, Synthesis of hydroxyapatite from halaban limestone 
by Sol-gel Method. research Journal of Pharmaceutical, biologi-
cal and Chemical Sciences 5, (2016). 

[26] b.P. Chang, h.M. Akil, r.M. Nasir, S. Nurdijati, Mechanical and 
Antibacterial Properties of treated and untreated Zinc oxide filled 
uhMWPe Composites. Journal of thermoplastic Composite Ma-
terials 24 (2011). doi: https://doi.org/10.1177/0892705711399848

[27] y.b. Apriliyanto, S. Sugiarti, S.g. Sukaryo, enhancing thermal 
and Mechanical Properties of uhMWPe/hA Composite as tibial 
tray. indonesian Journal of Chemistry 20 (2020). 

 doi: https://doi.org/10.22146/ijc.44086
[28] J.k. oleiwi, i.F. gh., F. othman, A study of mechanical properties 

of poly methacrylate polymer reinforced by silica particles (Sio2). 
engineering & technology Journal 31 (2013). 

[29] k.l.k. lai, Z.A.M. ishak, u.S. ishiaku, effect of Polyethylene 
and Polyethylene blend reinforced by hydroxyapatite. Journal 
of Applied Polymer Science. 


	Hao Lin￼1*, Haipeng Geng￼2, Xifeng Zhou￼2, Leiming Song￼1, Xiaojun Hu￼1
	Investigation on Mechanical Properties of MAR-M247 Superalloy for Turbine Blades 
by Experiment and Simulation

	Hao Xu￼1, Rui-Bin Gou￼1*, Min Yu￼2, Wen-Jiao Dan￼1, Nian Wang￼3
	The Influence of Short-Term High Temperature Environment on the Non-Uniform Distribution 
of Ferrite Grain Size in 40 mm-thick Q345 Steel

	Aiyong Cui￼1*, Haodong Liu￼1, Shaodong Gao￼2, Huakai Wei￼1, Jialei Zhao￼2
	Laser Weld Seam Curved Path Effect on 6063 Aluminum Alloy Strength 
and Temperature Distributions: COMSOL Numerical Simulation

	Fei Huang￼1*
	The Effect of Addition Amount of Chromium Iron on the Bonding Strength 
between Alloy Steel Surfacing Layer and Steel Base Metal

	Chari V. Srinivasa￼1, Suyog Jhavar￼2*, R. Suresh￼3
	Optimization of Surface Finish of Plasma Metal Deposited Stainless Steel 316L Parts 
by Utilization of Plasma Beam Remelting (PBR) and Taguchi Methodology

	B. Jeż￼1* 
	Influence of the Cooling Rate on the Heterogeneity of the Structure 
in the Rapid Quenched Fe – Based Alloys with the Si Addition

	D.M. Madyira￼1, T.O. Babarinde￼1,2*
	Exergy Analysis of Titanium Dioxide (TiO2) Suspended with R290/R600 as a Substitute for R134a

	D. Woźniak￼1*, S. Żak￼2
	Influence of Vertical Straightener Roller Shape on Residual Stress Level 
in Railway Rails

	Mehmet Bugdayci1,2*, Levent Oncel3, Murat Alkan4, Ahmet Turan5, Umay Cinarli5
	A Comparative Study about Production of Vanadium Carbide via Self Propagating 
High Temperature Synthesis and Reduction

	G.R. Chelariu￼1, N. Cimpoeșu￼1*, P. Paraschiv￼1, B.A. Prisecariu￼2, 
I. Rusu￼1, I. Știrbu￼1, G.I. Sandu￼1, M. Benchea￼3*, C. Bejinariu￼1
	Structural and Mechanical Properties of Hot Rolled CuAlBe Non-Spark Alloy

	A.H. Ismail￼1, A. Kusbiantoro￼1*, L.T. Yian￼2, K. Muthusamy￼3, N.A.M. Mortar￼4
	Acceleration of Early Strength Development in Mortars Containing 
Soluble Silica Extracted from Palm Oil Clinker

	J. Garus￼1, J. Petrů￼2, W. Sochacki￼1, S. Garus￼1*
	Dynamic Stability of the Periodic and Aperiodic Structures 
of the Bernoulli-Euler Beams

	S.F.A. Abdullah￼1,2, S.S. Md Saleh￼1,2*, N.F. Mohammad￼3,4, S.N. Syed Mahamud￼1,2, 
M.F. Omar￼1, H. Md Akil￼5, B.P. Chang￼6, H.R. Saliu￼7, N.H. Rostam￼1 J. Gondro￼8
	Effect of Nitrate Acid Treated Dolomite on the Tensile Properties of Ultra-High Molecular Weight Polyethylene (UHMWPE) Composites

	L.A. Sofri￼1,2*, D. Ganesan￼1, M.M. Al B. Abdullah￼2,3, Chee-Ming Chan￼4, 
M.H. Osman￼4, J. Garus￼5, S. Garus￼5
	The Effect of Recycled High-Density Polyethylene (HDPE) as an Additional Binder 
in Porous Asphalt Pavement

	H. Mohd Hanafi￼1, Khairunisa Muthusamy￼2*, W.A. Saffuan￼2, A.M.A. Budiea￼3, 
A. Kusbiantoro￼4, M. Nabilla￼2, A.R. Rafiza￼5, K. Błoch￼6
	Mechanical Properties of Lightweight Aggregate Concrete Containing 
Unground Palm Oil Fuel Ash as Partial Sand Replacement 

	M. Nadolski￼1*, Ł. Bernat￼2, D. Cekus￼3, P. Kwiatoń￼3, A. Pietrzak￼4
	Analysis of Cooling a Printed 3D Mold Using a Casting and Solidification Simulation 
of a CuSn20 Bronze Bell Casting

	R. Yakut￼1*, H. Düzcükoğlu￼2, H. Akkuş￼3
	Investigation of the Durability and Performance of Gears Made of Glass Fiber, Carbon 
and Bronze-Reinforced Polytetrafluoroethylene Matrix Composite Material

	S. Garus￼1*, M. Kuczyński￼2, A. Kysiak￼2, J. Garus￼1, W. Sochacki￼1
	Influence of PNM-0.38PT Defect on Transmission of Multilayer Periodic 
Phononic Structure

	K. Ramkumar￼1, K.A. Selvarajan￼2, C. Sathiya Narayanan￼2, A. Bovar Herbert Bejaxhin￼3*
	Performance Analysis of Multi-Point Incremental Forming Tool 
using Martensitic AISI 420 Sheet Metals

	I. Uygur￼1*
	Influence of Particle Sizes and Volume Fractions on Fatigue Crack Growth Rates 
of Aerospace Al-Alloys Composites

	J. Nabiałek￼1, T. Jaruga￼1*
	Numerical Modelling of Microcellular Foaming Injection Moulding 

	E. Celik Madenli￼1,2*, Z.I. Ciftci￼3
	Titania Nanoparticles Doped Electrospun Membranes

	M. Nabrdalik￼1, M. Sobociński￼1*
	The Influence of Physical Properties of C55 Alloy on Geometry of Flow 
in the Process of Shaping

	M.H. Osman￼1*, L.Y. Chin1, S.H. Adnan￼1, M.L.M. Jeni￼1, W.A.W. Jusoh￼1, 
S. Salim￼2, Nur Liza Rahim￼3, J.J. Wysłocki￼4
	The behaviour of Reinforced Concrete Beams by Using Expanded Polystyrene Beads 
and Palm Oil Fuel Ash as Replacement Materials

	K. Ścibisz￼1,2*, J. Krawczyk￼3
	Quantitative and Qualitative Evaluation of Non-Metallic Inclusions 
in High-Silicon Steel after Hot Rolling

	M. Trzaskalska￼1*
	Addition of Modifying Agents vs Basic Functional Properties 
of Moldings Made of ABS

	K. Ścibisz￼1,2*, J. Krawczyk￼3
	Magnetic Properties of Fe-Si Electrical Steel after Laser Scribing


