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Abstract 
 

This paper presents an examination of the production of copper air filters via the Hydraulic Pressing (HP) method. 

Processing conditions examined included powder particle type (spherical and dendritic), varying compaction 

pressures (635,  714, and 793 MPa) and different pore forming (polyvinyl alcohol (PVA)) concentrations (1, 2, and 3 

wt.%). Following compaction, the samples were thermally sintered in a two stage sintering regime at 200 ◦C and 750 

◦C. The morphology, porosity, and mechanical properties of the sintered samples          were characterised. 

Morphological analysis demonstrated better consolidation and over-lapping of the copper powder particles in 

samples with a higher weight percentage of the PVA. Highest porosity was achieved in the sample produced using 

the dendritic copper powder mixed with highest weight percentage of PVA. As the samples were very porous, the 

hardness of the samples varied greatly. Samples prepared with spherical powders at high pressure demonstrated 

the highest hardness. The results in this study show that copper filters with 14%e26% porosity can effectively be 

produced using spherical and dendritic copper powders by controlling the compaction pressure and PVA 

concentration. 
 

 

 

 
 

 

1. Introduction 

 
Minimum scrap losses and near net shaping are benefits of 

powder compaction which make it a widely utilized sustain- 

able commercial fabrication process. Metal powder processing 

can be performed by different techniques such as Hydraulic 

Pressing (HP), spark plasma sintering, and via laser or electron 

beam-based additive manufacturing. Metal powder processing 

is utilised in different engineering fields such as in the auto- 

motive [1], aerospace [2,3], healthcare [4], tooling [5], and oil and 

gas [6] industries. Compaction based powder metallurgy is a 

three step process, including preparation of the powder feed- 

stock, compacting the powder in desired shape, and consoli- 

dation via sintering at high temperature [7e13]. Powder 

metallurgy can be used to fabricate filters with predefined po- 

rosities by mixing and processing the metal powder with a 

porogen. These porogens help the metal powders to move 
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during consolidation, the metal powder particles to bind and 

act as temporary space holder. During high temperaturedslu 

sintering, these porogens are decomposed, thereby creating a 

porous structure. Polymers such as polyvinyl alcohol (PVA), 

polymethyl-methacrylate (PMMA), paraformaldehyde (poly- 

oxymethylene), and inorganic salts, such as sodium chloride 

(NaCl), magnesium chloride, ammonium bicarbonate, calcium 

chloride etc. Have been used as binding agents and porogens 

aim of study was to produce porous copper pallets and 

perform mechanical and morphological characterization. 

These porous copper pallets can further be used for air filtra- 

tion as copper has antibacterial properties. Variations in the 

level of porogen, compaction pressure, and powder 

morphology were investigated. The density and integrity of 

the produced porous copper filters were examined. 

[14-16]. The selection of porogen is based on meeting of certain    

criteria, such as decomposition temperature and residual 

contamination (if any), and shape and size of resulting pores. 

The presence of voids and high porosity in metals is widely 

utilized in various industrial applications such as electro- 

chemical sensors, catalysts, energy storage, and metal filters 

[17-21]. Porous metals demonstrate durability and high energy 

absorption characteristics when subject to impact loading. 

Copper is a good candidate material for structural applications 

due to its good structural strength and energy absorption 

capability [5,22,23]. Vincent et al. [24] investigated the effect of 

porosity on the overall thermal conductivity of copper pro- 

cessed via powder metallurgy. The copper powder was com- 

pacted and sintered by hot-pressing at 650 ◦C. The relationship 

of pressing time and pressure was studied presenting the vol- 

ume percentage of porosity. Application of pressure for 20 min 

lead to approximately 3% porosity. Ros et al. [25] utilized hot 

isostatic pressing technique and prepared porous copper using 

NaCl as space holder. NaCl was added up to weight percentage 

of 40% and decomposed by sintering process. Highest porosity 

of 27.96% was achieved while thermal conductivity was 

reduced by 64% comparing to the pure copper. Abu-Qail et al. 

[26] fabricated copper-tungsten composites using the cold 

compaction techniques under pressures ranging from 300 to 

1200 MPa. Increased density was achieved at higher pressures 

and copper content. Moreover, improved homogeneity in the 

structure was observed for longer sintering times up to 2 h. 

Deepranj et al. [27] performed investigations on the effects of 

sintering parameters on the hardness of the copper alloy pre- 

pared via powder metallurgy. Hydraulic Pressing was used 

prior to sintering the compacted copper while PVA and water 

(wetting agent) were used as binders. They concluded that with 

water as wetting agent a good grain structure was achieved 

while with PVA higher hardness was observed. Akgul et al. [28] 

examined porous forms of Cu/Al composites using the powder 

metallurgy technique of Hydraulic Pressing. They inferred that 

the compaction pressure did affect the porosity level and that 

the Cu samples had a lower cooling rate than Al even for the 

same percentage of porosities. Abhishek and Pushyamitra [29] 

synthesized copper-titanium porous foams using powder 

metallurgy for investigating the effects of porosity on me- 

chanical properties. They determined that a higher bending 

strength of the foams resulted from samples with finer pores. 

In this paper, copper air filters were fabricated using Hy- 

draulic Pressing (HP) method and argon furnace sintering. The 

2. Materials and methods 

 

In this work, spherical and dendritic type copper powders 

purchased from Sigma-Aldrich were used to fabricate the 

filters. The purity of spherical and dendritic Cu powders was 

98% and 99.7% respectively and their particle size was ≤45 mm. 

Further technical and physical properties of both types of 

copper powders are listed in Table 1. Micrographs of both 

powders are presented in Fig. 2 (a, b) which were taken using a 

Zeiss EVO LS-15 SEM. Polyvinyl Alcohol (PVA) powder from 

Sigma-Aldrich was mixed with the copper powders as a 

lubricant, binder, and to create defined levels of porosity in the 

produced filters during the sintering step [30]. 

To achieve different levels of porosities, PVA was mixed 

with both types of copper powders at 1, 2, and 3 wt. %. For Cu- 

PVA samples fabrication, the Hydraulic Pressing (HP) was 

performed using an Atlas Autotouch 40 Ton Hydraulic Press 

Fig. 1 (a). A schematic diagram of the press and die are shown 

in the Fig. 3. PVA mixed copper powders (Cu-PVA) were filled 

into a 20 mm diameter die, reaching 2 mm thickness in the 

die. A 0.1 mm gap was kept between die and fitting compo- 

nents for cleaning purposes. An appropriate range of 

compaction pressures to examine was determined from pre- 

liminary trial experiments. The samples were compacted at 

pressures of 635 MPa, 714 MPa, and 793 MPa. The duration of 

compaction was 9 min for each sample. The experimental 

process and sample characterization flow is shown Fig. 1 (c). 

The full design of experiments is presented in Table 2. 

After compaction, the Cu-PVA pallets were sintered using 

a Lenten Tube Furnace LTF 16 Fig. 1 (b). The samples were 

sintered in an argon environment to avoid oxidation and 

contamination. Argon flow rate was kept constant at 1 ml/ 

min from a 1 bar supply pressure during the sintering. The 

maximum temperature of the furnace was  kept  at  80%  of 

the melting point of the copper to avoid sample melting. 

Sintering at such high  temperature  resulted  in  evaporation 

of the PVA from the samples leaving micro porosity in the 

pallets. The maximum temperature used for sintering was 

750◦C which was achieved using the sintering profile pre- 

sented in Fig. 4. The temperature  increase  and  decrease 

ramp rates used were set at 5◦C=min. The samples sintering 

process was performed in two stages, keeping the sample at 

200 ◦C for 60 min and then at 750 ◦C for 60 min as shown in 

Fig. 4. 

 
 

 

Table 1 e Physical properties of the copper powders employed. 

Product Form Particle Size (mm) Purity (%) Melting/Boiling Point (◦C) Density (Kg/m3) 

Powder (Spheroidal) 

Powder (Dendritic) 

10e25 mm 

<45 mm 

98% 

99.7% 

1083.4/2567 

1083.4/2567 

8960 

8960 
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Fig. 1 - (a) Picture of Atlas Autotouch 40 T Hydraulic Compaction press, (b) picture of Lenton tube heat treatment furnace, 

and (c) schematic of the experimental sample fabrication procedure and analysis. 
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Fig. 2 - Microscopic morphology of the (a) dendritic and (b) spheroidal copper powders. 
 
 

2.1. Morphology analysis 

 
The surface of the samples were imaged at a macroscopic 

scale with a Leica binocular microscope with a 5 mega pixel 

digital camera and the micrographs of the compacted and 

sintered samples were recorded with the Zeiss EVO LS-15 SEM. 

 
2.2. Porosity measurement 

 
Archimedes principle [31], which is widely used method for 

density measurement, was used to measure the final density of 

the compacted-sintered Cu-PVA samples. The governing equa- 

tion for density calculations are presented in the Eq. (1) while Eq. 

(2) was used to calculate the percentage porosity of the samples. 

sample in air, ml the mass of samples in the liquid, and 4 is the 

percentage porosity. For each sample three measurements 

were taken to determine the porosity values. 

 
2.3. Hardness measurement 

 

The resilience of the samples to the mechanical deformation 

was measured by the Vickers hardness method. A diamond- 

pyramid-square shaped indenter with an enclosed 136◦ 

angle between vertex faces was used. The indentation force of 

9.81 N was applied for 20 s on the surface of the samples and 

the resulting diagonal lengths of the indent were measured. 

Readings from the diagonal lengths provided the Vickers 

Pyramid Number (HV) which further lead to the hardness 
value when used in the Eq. (3). 

      rl  

rs  ¼ ma
m  — m 

 rs   

(1)  
HV 

1:854 P 

d2 

 

 

(3) 

4ð%Þ¼ 
r
 × 100 (2)  

where, HV is the Vickers Pyramid Number, P is the load 

where, rs and rCu denote the resulting density of sample and 

density of pure copper respectively, ma is the mass of the 

measured in Newton, and d denotes the mean diagonal of the 

indentation. 

 

 
 

Fig. 3 - Detailed schematic diagram and picture of the hydraulic press. 

Cu 
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Further characterization of the samples was performed by 

indentation testing using 5 mm protrusion indenter on the 

Zwick Roell, UK universal testing machine (Z005, T1- 

FR005TN.A50).  This  test  set-up  has  been  previously  pre- 

sented [12,13]. The indentation phenomenon was performed 

at a loading velocity of 1 mm/min. The radial stress (srÞ and 

tangential stress (st) were calculated via Eqs. (4) and (5) pre- 

sented using the following equations [32]: 

 
3F R 

sr ¼ 
2pt2 

ð1 þ nÞlog 
x 

(4) 

 

s ¼
 3F 

 

ð1 þ nÞlog 
R 

þ ð1 — nÞ

 

(5) 
 

where F denotes the vertical load at centre point, x is the 

indenter diameter, t is the thickness of the sample, n is the 

Poisson ratio, and R presents the radius of the samples. In 

current investigations the axial stress is neglected in com- 

parison to the radial and tangential stresses [33]. 

 

3. Results and discussion 
 

 

 
The hardness values were taken at five different locations 

on the samples as illustrated in the Fig. 5. For each location on 

the sample three values of hardness were taken and the result 

was averaged to reduce the ambiguity. 

3.1. Morphological analysis 

 
3.1.1. Spherical powder 

The compacted and sintered samples were all robust  and 

stable in structure, see Fig. 6: Sintered samples fabricated 

from (a) spherical and (b) dendritic copper powder. Fig. 7 

 
 

 
 

Fig. 4 - Furnace sintering parameters for the compacted copper powders with temperature ramp up, hold, and ramp down 

timelines shown. 

Table 2 e Powder shape, porogen percentage, and 

pressure level parameters investigated for powder 

compaction. All samples were compressed for 9 min and 

sintered at 200 ◦C for 60 min and 750 ◦C for 60 min. 

Sample 

Number 

Powder 

Shape 

PVA 

(wt. %) 

Pressure 

(MPa) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

Spherical 

Spherical 

Spherical 

Spherical 

Spherical 

Spherical 

Spherical 

Spherical 

Spherical 

Dendritic 

Dendritic 

Dendritic 

Dendritic 

Dendritic 

Dendritic 

Dendritic 

Dendritic 

Dendritic 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

1 

2 

3 

635 

635 

635 

714 

714 

714 

793 

793 

793 

635 

635 

635 

714 

714 

714 

793 

793 

793 
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Fig. 5 - Locations on the surface of sample selected for 

measurement of Vickers hardness. 

 

 

compacted at a pressure of 714 MPa. The SEM image of 

sample 4 (i.e., 1 wt. % PVA) shows that copper particles were 

partially melted and consolidated with each other. The 

overlapping of melted particles was higher comparing to 

sample 1, and the formation of small pores was observed. 

Sample 5 (Fig. 7 (e)) shows better consolidation of the copper 

particles with similar pores as observed in sample 4. Inter- 

estingly, in Fig. 7 (f), it was noted that the powder particles 

consolidated very well with each other. Large and small sized 

pores were observed. Fig. 7 (g) demonstrates the morphology 

of the 1% PVA mixed copper compacted disk produced at die 

holding pressure of 793 MPa. Powder particle overlapping can 

be seen as well as small pores. Fig. 7 (h) shows uniform pores 

of equal size with less overlapping, compared to Fig. 7 (g), as a 

result of increasing PVA concentration to 2 wt. %. A further 

increase in the PVA wt. % in the copper powder to 3 wt. % 

resulted in better consolidation of the particles which 

resulted in very few small pores. 

 

3.1.2. Dendritic powder 

   The samples compacted and sintered from the dendritic 

copper powder showed a different pore size and porosity 

presents SEM images of the samples produced with the 

spheroidal copper powder and using three different per- 

centages of the PVA and three compaction pressures. Fig. 7 

(a) shows that the lowest percentage of PVA in the copper 

pellets that was compacted at 635 MPa (i.e., sample 1) 

resulted in small pores. It was observed  that  the particles 

were not fully consolidated into each other and a low level of 

overlapping of melted particles was achieved. Keeping the 

compaction and sintering parameters the same and 

increasing the PVA concentration to 2 wt. % for sample 2 

resulted in more consolidation of copper powders and me- 

dium sized pores on the surface were observed comparing to 

the sample 1 (with 1 wt.% PVA). In Fig. 7 (c), with the 3 wt. % 

PVA, it can be observed that powder particles were fully 

melted and consolidated into each other. This resulted in 

overlapping of melted particles and formation of small pores 

due to removal of PVA during sintering. Fig. 7 (d, e, & f) pre- 

sents SEM images of 1e3 wt. % PVA mixed with copper 

trend comparing to that from the spherical shaped powder. 

Fig. 8 presents the SEM micrographs for these samples. Fig. 8 

(a) presents the micrograph  of the powder compacted with 

635 MPa and 1 wt.% of PVA. This sample contained a good 

consolidation of the particles with significant number of pores 

present. Increasing the PVA to 2 wt.% as shown in Fig. 8 (b) 

resulted in a very uniform particle consolidation and distrib- 

uted porosity. The SEM micrographs for samples prepared at 

714 MPa pressure for 9 min and sintered at same parameters 

are presented in Fig. 8 (d), (e), and (f). Fig. 8 (g, h, & i) shows the 

SEM results of the dendritic shape copper sample pressed at a 

compaction pressure of 793 MPa. Fig. 8 (g) presents 1 wt. % PVA 

mixed copper pellet compact at the highest die holding pres- 

sure used in this study. The increase in pressure resulted in a 

high density in the pellet. Small sized pores also appeared on 

the surface of the pellet. The powder particles melted and 

bonded well with the other particles. In Fig. 8 (b), the PVA 

concentration was increased to 2 wt. %, which resulted in the 

 

 
 

Fig. 6 - Sintered samples fabricated from (a) spherical and (b) dendritic copper powder. 
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Fig. 7 - Micrographs of the compacted and sintered filters produced using the spheroidal powder. 
 

 

 

Fig. 8 - Micrographs of compacted and sintered filters produced using the dendritic power. 
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formation of some pores on the surface of the pallet. In Fig. 8 

(c), with the addition of PVA to copper, there was more 

porosity as anticipated. 

 
3.2. Porosity measurements 

 
Different percentages of PVA were added in the copper pow- 

der to intentionally introduce porosity in the final compacted- 

sintered copper pellets. The density of the samples measured 

using Archimedes principle was subsequently used to calcu- 

lating the percentage of porosity in the samples. The per- 

centage of porosity for the samples produced using the 

spheroidal powder under the different operating parameters, 

 

 

Fig. 9 - Porosity of the Cu-PVA samples produced with 

spheroidal powder. For samples 1 to 9; n ¼ 3; error bars are 

95% CI. 

Table 3 - Hardness results measured from the surface of the copper disks produced with the spherical and dendritic copper 

powders. 

Measurement Location S1 S2  S3 S4 S5  S6 

 
Spherical; Compaction at 635 MPa 

 
Spherical; Compaction at 714 MPa 

 

L1 75.4 71.9  62 68.8 68.3  48.2 

L2 68.3 57.1  89.2 57 52.4  71.3 

L3 49.8 55.1  84.3 51.5 98  116 

L4 70.2 53.1  67 70.5 96.2  46.7 

L5 89.6 67  61 67.3 61.3  49.2 

Avg. 70.7 70.6  72.7 63.0 75.2  66.3 

 S7 S8  S9 S10 S11  S12 

 
Spherical; Compaction at 793 MPa 

 
Dendritic; Compaction at 635 MPa 

 

L1 61.3 95.8 
 

100 68 105 
 

84.3 

L2 53.3 74.2  63.6 74 111  90 

L3 118 116  114 71.3 55.1  98.5 

L4 57.1 105  61.5 68 95.8  90.8 

L5 66 101  91.6 67.8 100  83.9 

Avg. 71.1 98.4  82.75 69.8 93.4  89.5 

 S13 S14  S15 S16 S17  S18 

 
Dendritic; Compaction at 714 MPa 

 
Dendritic; Compaction at 793 MPa 

 

L1 95.8 83.9 
 

95.8 48.2 97.6 
 

66 

L2 86.9 74.2  100 57.1 95.8  55.1 

L3 68.6 71  98 95.8 74.2  80.2 

L4 95.3 96.2  102 55.3 87.6  54.2 

L5 86.1 98.9  94.9 51.5 88.4  61.3 

Avg. 86.5 84.8  98.1 61.6 88.7  63.4 
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as listed in Table 3, is presented in Fig. 9. An interesting 

phenomenon observed in Fig. 9 is that the porosity was 

increasing with the increase in the PVA concentration for 

each set of samples, which was also previously reported [34]. 

For first set of the samples (i.e., S1-S3) the percentage 

porosity achieved was 21.57% with 3% PVA. For samples 

S4-S6, the porosity increases almost linearly with increasing 

PVA content. Moreover, for the maximum pressure (i.e., S7-

S9), the porosity increased from 15.96% to 21.43%. 

Similarly, Fig. 10 presents the porosity results for dendritic 

type Cu-PVA samples prepared and sintered using the same 

compaction and sintering operating parameters as for the 

spheroidal samples. In the dendritic type samples, the 

percentage of porosity followed the same trend as in the 

spheroidal samples in terms of 

 
 

Fig. 10 - Porosity of the Cu-PVA samples produced with 

dendritic powder. For samples 10 to 18; n ¼ 3; error bars 

95% CI. 
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Fig. 11 - Average hardness values with error bars at 95% 

confidence intervals shown for S1-S9, n ¼ 5. 

 
 

 

 

Fig. 12 - Average hardness values with error bars at 95% 

confidence intervals shown for S10eS18, n ¼ 5. 

its increase with increasing PVA concentration. It is inter- 

esting to observe that for the compaction pressures of 20.5 T 

and 22.5 T (i.e., S10-S12 & S13-S15) the increase in the 

porosity follows an almost linear trend. Within this study, the 

maximum average porosity of 26.25% was found in the 

spheroidal sample S6 which was produced at the highest PVA 

content and intermediate pressure level. 

 

3.3. Hardness results 

 
Mechanical integrity is an important aspect to measure when 

designing porous material which can be measured by me- 

chanical testing methods such as Vickers hardness test. In the 

present study, the Vickers hardness was used to measure the 

hardness of the Cu-PVA sintered samples. The hardness 

values were taken at five different locations on each sample as 

illustrated in the Fig. 5 and the results are summarised in 

Table 3. Among the five locations on the sample surface, the 

hardness values change abruptly which suggests that local 

porosity had a significant effect on this macroscopic hardness 

measurement. The SEM images confirmed also that porosity 

was well distributed with in the samples. For example, in 

sample S1 (spheroidal powder sample), the hardness values 

ranged from 49.8 HV in the middle to 89 HV toward the sample 

edge. However, for S5, the middle locations had highest 

hardness (98 HV) for the sample compared to a much lower 

hardness at the edge (61 HV). Similar observations were also 

made by Cherry et al. [35] where more porous samples showed 

lower hardness. Varied hardness values across the sample are 

also noted and reported in Table 3 for the samples produced 

from the dendritic copper powder. Considering the compac- 

tion force, the samples produced with the spherical powder 

demonstrated comparatively higher hardness at 793 MPa 

compaction pressure whereas in dendritic  powder samples, 

the highest average hardness was measured from the samples 

compacted at the intermediary compaction pressure   of 

714 MPa. The lowest and highest hardness values measured 

were 48 HV and 118 HV (i.e., S12 and S13 respectively). Overall, 
 

 

 
 

 

Fig. 13 - Samples after indentation testing produced from (a) spheroidal powder samples (S1-S9) and (b) dendritic powder 

samples (S10-S18). 
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Fig. 14 - Experimental results for indentation testing of 

spheroidal samples (S1-S9) for tangential stress with error 

bars at 95% confidence interval. 

 

 

Fig. 16 - Experimental results for indentation testing of 

dendritic samples (S10-S18) for tangential stress with 

error bars 95% confidence interval. 
 

 
 

 
considering the 14%-25% porosity in the produced samples, 

they showed good hardness results comparing to annealed 

copper samples which are reported as having 57 HV [36,37]. 

Moreover, the Fig. 11 and Fig. 12 present the 95% confidence 

interval around the average HV value for each sample (i.e., 

S1-S18). 

 
3.4. Results from indentation testing of samples 

 
Fig. 14-17 present the corresponding radial and tangential 

stresses for all samples. Tested samples after indentation 

tests are presented in Fig. 13. Fig. 14 presents the indentation 

test results for Spheroidal type samples (i.e., S1-S9) for the 

peak tangential stress induced on the samples. Observing the 

results, a random peak stress was seen by the samples ranging 

from maximum of 0.082 MPa and minimum peak stress of 

0.044 MPa. Highest tangential peak stress was observed S2 

while minimum peak stress was seen in S1. Further, the radial 

 

 
 

Fig. 17 - Experimental results for indentation testing of 

dendritic type samples (S10-S18) for radial stress with 

error bars at 95% confidence interval. 

stresses were also calculated for samples S1-S9 presented in    

the Fig. 15. The peak radial stresses were significantly lower 

than the tangential stresses. The minimum peak radial stress was 0.044 MPa while maximum achieved was 0.082 MPa for 

same samples (S2 and S1). Peak tangential and radial stresses 

observed in the dendritic type samples (i.e., S10-S18) are 

graphed in Fig. 16, Fig. 17). The dendritic type showed signif- 

icantly high peak tangential stress comparing to the sphe- 

roidal type samples. Similar to the samples S1-S9 a random 

pattern of peak stresses was seen for tangential and radial 

stresses. A peak tangential stress of 0.204 MPa was absorbed 

by samples S17. The peak tangential stresses for dendritic 

type samples were 59.8% higher than observed in the sphe- 

roidal samples. Furthermore, the radial peak stresses in S10-

S18 also showed similar random pattern with the highest peak 

0.077 MPa. 

 

4. Conclusions 
 

Fig. 15 - Experimental results for indentation testing of 

spheroidal samples (S1-S9) for radial stress with error bars 

at 95% confidence interval. 

The copper filters were produced with spherical and dendritic 

copper powders using the HP and thermal sintering. Both 

types of powders demonstrated similar results in morphology, 
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porosity, and hardness profile. However, the change in weight 

percentage of the porogen PVA and use of different compac- 

tion pressures resulted in formation of filters with different 

morphological characteristics and levels of porosity. PVA 

acted as binding agent for the HP produced copper green 

compact and as an agent which was demonstrated to be 

useful for achieving a definable level of porosity within the 

produced disk filters. Due to this dual role, interesting results 

were observed by changing the PVA weight percentage from 

1% to 3%. With increasing concentration of PVA, the powders 

were better consolidated and more overlapping of the copper 

particles was observed in the filter surface micrographs. The 

samples prepared with 2 wt. % PVA demonstrated more fine 

pores as compared to larger pores observed in the samples 

prepared with 1 wt. % PVA. Copper filters produced with 3 wt. 

% PVA demonstrated good overlapping and well distributed 

pores across the samples. Interestingly, the compaction 

pressure had no or very minor influence on the porosity of the 

samples. However, with increasing PVA concentration, higher 

porosity levels were achieved. The highest porosity was ach- 

ieved in the samples compressed at the intermediary pressure 

of 714 MPa and with the highest level of PVA. With the pro- 

cessing conditions used in this study, air flow filters can be 

produced using copper powders with porosities between 14% 

and 25%. Lastly, the indentation testing was performed in the 

samples which revealed the level of peak stresses absorbed by 

the samples. Peak tangential and radial stress absorbed by the 

dendritic type samples was 60% higher on average compared 

to the spheroidal samples. This result is considered to be due 

to the increased interlocking of the dendrite arms and 

resulting better bonding during sintering. Further work to 

improve the strength and perhaps the anti-bacterial or anti- 

viral nature of this filter production method could investi- 

gate the use graphene or carbon nanotube reinforced copper 

matrix composites [38]. 
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