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a b s t r a c t

In this work tubular commercial α alumina and mullite (M1 and M2, respectively) ceramic mem-
branes were impregnated with copper nanoparticles and characterized aiming at their use in the 
disinfection of waters. Copper nanoparticles were obtained by the dissolution of Cu (NO3)2∙3H2O in 
a poly (vinyl alcohol) solution (PVA) 5% (m/v) followed by chemical reduction of the copper ions into 
metal particles by the use of sodium borohydride. The colloidal copper dispersion was impregnated 
into the commercial membranes by dip-coating and then the impregnated membranes were calci-
nated at the temperature of 600°C for PVA removal. In order to assess the bactericidal efficiency of 
the prepared membranes microfiltration and inhibition tests were carried out using Escherichia coli 
as indicator microorganism. As a result, copper-containing membranes had bactericidal efficiencies, 
approximately, between 88.7 and >99.9%,and inhibition zone between 10 and 13 mm, approximately. 
On the other hand, copper less membranes resulted in low bacterial retention efficiencies, between 
40.3 and 73.7%, and were devoid of any inhibition zone. The ceramic membranes without copper 
presented low efficiency due to their variation in pore size. The M1 membrane presented pores size 
between 0.1 and 3 µm, while the M2 membrane between 0.03 and 4 µm. According to the results, 
it was possible to confirm the importance of the presence of copper in the membranes. The results 
obtained in this work show that copper impregnation into tubular ceramic membranes was efficient 
and provided bactericidal effect.
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1. Introduction

The contamination of water bodies and the deteriora-
tion of water quality is a public health concern. According 
to the World Health Organization (WHO), nearly 80% of 
diseases are caused by water contamination. WHO states 
that any water directed to human use should contain zero 
CFU (colony forming units) of Escherichia coli by 100 mL 
of sample. Countless chemical and physical processes are 
provided aiming at the microbiological decontamination of 
water, such as the use of ozone and free chlorine, ultraviolet 
radiation and filtration. However, some of these processes 
can bring undesired consequences to human beings, such 

as color changes, taste, visual aspect, insufficient efficiency 
and formation of carcinogenic chemical products [1,2]. 

Among the water process treatments, membrane sepa-
ration processes (MSP) are considered as one of the most 
innovative technologies [3]. MSP are processes which are 
quick, economic, occupy shorter area space, being highly 
selective, flexible and compatible, most of the time with 
other treatment processes [4]. However, according to 
Sawada et al., (2012), one of the trickiest problems of mem-
branes is permeability reduction throughout their use due 
to scale from organic matter contained in raw water and 
microorganisms which adhere to the microporous mem-
brane or within the pores [5].

In the selection of materials for the manufacture of 
membranes, ceramic materials (alumina, zirconia, titania 
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and silica) as compared with polymeric materials have 
advantages such as longer useful life, high mechanical 
strength and easy cleaning [6]. However, these materials are 
very costly to obtain and most of times are not selective in 
the withdrawal of low molecular weight particles. 

Several studies present new materials aiming at the 
withdrawal and disinfection of water pathogenic microor-
ganisms. The bactericidal effect is reached many times by 
employing bactericidal materials such as metallic nanopar-
ticles (NPs), such as copper and silver. Table 1 lists the 
bibliographic search on the effect of some NPs on the inacti-
vation of pathogenic microorganisms.  

Copper as nanoparticles is being increasingly employed 
as antimicrobial agent by the textile industry, in hospital 
equipment, wood preservation and anti-scale paintings. 
The copper bactericidal effect for a wide range of gram-pos-
itive and gram-negative bacteria has been reported by vari-
ous authors [10–12,15,16].

Copper nanoparticles (NPCu) require higher concen-
trations relative to silver nanoparticles (NPAg) to exhibit 
a bactericidal effect. The bactericidal capacity of NPs has 
shown that these release ions which cause pH and con-
ductivity changes in a liquid medium. Cu2+ ions are able to 
disrupt bacterial cell membranes and their entry through 
the membranes interrupts the enzymatic function. The 
indirect effects exerted by the environment can also have 
impact on the efficacy of metal nanoparticles against 
microorganisms [15]. 

The study by Baek and An (2011) evaluated the bacte-
ricidal effect of CuO, NiO, ZnO and Sb2O3 nanoparticles 
against the E. coli, Bacillus subtilis and S. aureus microor-
ganisms. This study concluded that CuO NPs have higher 
effect on E. coli bacterium than the other nanoparticles. This 
augmented effect exhibited by copper is related to higher 
interaction of copper ions with microorganisms. The effect 
of the metallic ions released by nanoparticles does not 

Table 1 
Toxic effect of different nanoparticles on different microorganisms

NPs Microorganism Diameter Dosage Mechanism of toxicity action Comments References

Ag E. coli 3–18 nm
SEM

1.4 mg∙L–1 Interaction with the cell wall, 
protein oxidation and cellular 
homeostasis disturbance

The Ag NPs interact 
in large proportions 
the smaller the 
particle size

[7]

Ag S. aureus 20–150 nm
TEM

0.107–0.535 
mg∙L–1

Inactivation of the respiratory 
chain, rupture of the cell 
membrane, blocking of DNA 
replication

The Ag NPs interact 
more easily with 
gram-negative 
bacteria because 
of the thin layer of 
peptidoglycan

[8]

Ag S. aureus 2.8–6.7 nm
TEM

– – –
[9]

Cu S. aureus 50–70 nm
DLS

1.875–3.75 mg∙L–1 The copper ions in contact 
with the target interrupt 
the biochemical processes, 
inactivating enzymes

The copper NPs have 
similar mechanisms 
to silver NPs

[10]

Cu E. coli 100–600 
nm
SEM

10 and 65 mg∙g–1 
of Cu/paper

The copper NPs cause 
irreversible damage to the 
bacterial membrane by 
increasing of the membrane 
permeability and destabilizing 
cells

The action of copper 
NPs can cause 
inactivation of 
microorganisms in a 
few minutes

[11]

Cu Pseudomonas 
spp., E. coli, 
Bacillus spp., 
Staphylococcus 
spp.

9–32 nm 
SEM, TEM 
and XRD

– The copper NPs cause the 
inactivation of proteins and 
enzymes, leading to cell death

The inactivation of 
proteins occurs due to 
the interaction of the 
nanoparticles with the 
sulfhydryl groups

[12]

ZnO E. coli 15–70 nm
TEM

210 mg∙g–1 
of chitosan/
bentonite

Bacterial affinity by 
electrostatic interaction, free 
radical generation and disturb 
of the permeability

The toxicity effect 
is lower on gram-
positive bacteria 
due to the thicker 
peptidoglycan layer

[13]

TiO2
E. coli 50 nm

TEM
62.5 mg∙L–1 Decomposition of the outer 

bacterial membrane by ROS*
The TiO2 NPs haven’t 
toxicity in the absence 
of light

[14]

*ROS: Reactive Oxygen Species.
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depend only on the metal used, but also on the microorgan-
isms which is exposed [16].

Copper toxicity on bacteria depends on the combination 
of several factors such as temperature, aeration, pH, NP con-
centration and bacteria concentration. The increase in tem-
perature and aeration and pH reduction diminishes copper 
agglomeration and raises its toxicity. Reduced agglomera-
tion favors more surfaces available for interaction with bac-
terial membranes and copper ions solubilization, leading to 
higher toxicity. Still, metallic and ionic copper forms yield 
hydroxyl radicals which damage essential proteins and 
DNA [17,18].

In this context, the development of materials which 
would render possible the separation of water impuri-
ties while providing bactericidal effect with low manu-
facturing cost and physical and chemical characteristics 
inherent to the treating process is seen as a promising 
alternative to water treatment. On the basis of this con-
text, this work aims at preparing and characterizing 
tubular ceramic membranes impregnated with NPCu 
and the application of the proposed materials for the 
microbial inactivation of E. coli – contaminated waters. 
To attain these goals inhibition and microfiltration tests 
were carried out. 

2. Experimental

2.1. Materials

Tubular commercial alumina (α-Al2O3) (M1) and mul-
lite (Al2O3-SO2) (M2) ceramic membranes were supplied by 
Tecnicer Tecnologia Cerâmica Ltd a (São Carlos – SP, Bra-
zil). These materials are of tubular and microporous struc-
ture, having average pore size between 0.40 ± 0.17 µm and 
0.60 ± 0.17 µm, for M1 and M2, respectively. Table 2 lists the 
information on the dimensions of the membranes used in 
the present work.

The reagents used in the synthesis of the nanoparticles 
of this work were poly(vinyl alcohol) (PVA, Vetec, MM = 
89 kDa), trihydrated copper nitrate (Cu(NO3)2∙3H2O, Sigma 
Aldrich) and sodium borohydride (NaBH4, Merck). For the 
preparation of colloidal dispersions ultra pure water was 
used (Milli-Q/Millipore system).

For the microbiological analyses was used, as culture 
medium for growing the E. coli microorganism,the medium 
Broth nutrient (Merck) and agar nutrient (HIMEA). Further, 
sodium chloride (NaCl) (Merck) (for dilutions and plating) 
and sodium hypochlorite (3% v/v) to carry out the disinfec-
tion of the microfiltration system before and after the micro-
filtration process were used. 

2.2. Obtention of copper nanoparticles

The obtention of NPCu was performed in an aque-
ous medium starting with the chemical reduction of Cu2+, 
using as reducing agent sodium borohydride. To stabilize 
the NPCu a dispersion of PVA was used. The procedure for 
obtaining NPCu can be viewed in Fig. 1.

For obtaining copper nanoparticles at first 5 g PVA 
were dissolved in 80 mL water under constant magnetic 
agitation and at the approximate temperature of 80°C. 
Thereafter, 10 mL of a trihydrated copper II nitrate solu-
tion of 1.07 mol∙L–1 concentration was prepared and then 
this solution was added drop wise (1 drop per second) 
to the PVA solution, previously prepared and cooled to 
the approximate temperature of 23°C. After the admix-
ture of these two solutions, 10 mL solution NaBH4 of 185 
mmol∙L–1 concentration was prepared and added drop 
wise (1 drop by second) to the copper II nitrate solu-
tion and PVA under constant agitation. At the end of 
this procedure the color of the dispersion was dark red.  
After complete reduction, the solution was stored in a 
refrigerator (at 5°C and in the absence of light) for further 
characterization.  

The estimated copper nitrate concentration at the end 
of the procedure was approximately 25.75 g∙L–1. The con-
centration of copper present in solution was determined 
by atomic absorption spectrometry in an atomic absorption 

Table 2 
Dimensions of the ceramic membranes used in this study

Dimensions (cm) M1 M2

Length 19.6 19.6
Wall thickness 0.16 ± 0.04 0.15 ± 0.05
Internal diameter 0.80 ± 0.01 0.81 ± 0.03
Area (cm2) 49.25 ± 0.61 50.30 ± 2.31

M1-Aluminae M2-Mullite.
Fig. 1. Procedures developed to obtain copper nanoparticles.
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spectrometer (AANALYST 200) at the Laboratory of Envi-
ronmental Analyses and Researches (LAPAM) of the Uni-
versity of Caxias do Sul (UCS) (RS/Brazil).

2.3. Characterization of copper nanoparticles

Powder NPCu samples were analyzed in a Shimadzu, 
model XRD-6000 X-ray diffractometer with CuKα radiation 
and λ =1.5406 Å. To obtain the powder samples the copper 
colloidal dispersions were centrifuged in a Bio Eng BE-5000 
centrifuge at 4,000 rpm for 30 min. After centrifugation sam-
ples were washed with commercial acetone and dried in an 
oven for 24 h at approximately 70°C.

Images of the NPCu were obtained in a Transmis-
sion Electronic Microscope (TEM) JEOLJEM-1200 Ex II. 
The equipment was operated at the voltage of 80 kV. The 
copper colloidal dispersions samples were diluted (1:10) 
and treated in an ultrasound system for 10 min for better 
nanoparticle dispersion. Thereafter, a drop of the NPCu 
dispersion was deposited on a copper grid with Formvar 
(300 mesh) film and left under vacuum at the temperature 
of 23°C for 24 h. 

The NPCu-containing dispersions were analyzed in a 
Termo Spectronic (UV-Visible) ultraviolet Genesys spec-
trophotometer 10 mV, at the wavelength range situated 
between 250 and 800 nm using a poly (methyl methacry-
late) cell of 10 mm optical path. 

The copper nanoparticles size distribution was assessed 
in a NANO-flex® 180° DLS equipment. For the analyses, 
the operation range of 0.8–6500 nm was used. Samples of 
copper colloidal dispersions were diluted (1:10) and treated 
in an ultrasound system for 1 min aiming at dispersing the 
nanoparticles. 

2.4. Obtention of copper-recovered ceramic membranes

Fig. 2 shows the process utilized for copper nanoparti-
cles impregnation in the interior of the commercial ceramic 
membranes. 

NPCu were impregnated into the M1 and M2 ceramic 
membranes by the dip-coating method. To this end, cop-
per colloidal dispersions were added to the interior of the 
ceramic membranes, one end of which was closed. In order 
to avoid nanoparticles oxidation by atmospheric air during 
the dip-coating process the other end of the ceramic tube 
also remained closed.

The impregnation process lasted 2 h and at the end 
of this period the excess solution contained inside the 
 membranes was removed and drying in an oven was car-
ried out for 40 min at approximately 70°C. The purpose of 
drying was to promote adherence of PVA-containing metal-
lic nanoparticles to the interior of the ceramic membranes. 
The impregnation process was repeated two more times, 
the total impregnation period being 8 h. Finally, the cop-
per-recovered ceramic membranes were thermally treated 
at 600°C for 4 h for PVA removal. 

2.5. Characterization of copper-recovered ceramic membranes

The presence of copper on the internal surface of the 
ceramic membranes was assessed by scanning electronic 

microscopy (SEM) in a TESCAN model MIRA3 field emis-
sion scanning electronic microscope (FE-SEM) coupled to 
an EDS detector. In this same instrument the presence of 
copper was assessed by energy dispersion spectroscopy. 
Membranes were fractured and metalized by cathodic pul-
verization with a fine gold layer. 

In order to assess the approximate concentration of 
metallic copper in the ceramic membranes an atomic 
absorption spectrometer (AANALYST 200) was used. 
In order to carry out the analysis, the copper-containing 
ceramic material samples were macerated in a mortar/
pestle. The copper amount released in liquid medium from 
the ceramic membranes was analyzed in an inductively 
coupled plasma optical emission spectrometry (ICP-OES) 
equipment. According to the methodology of Lv et al. the 
samples of copper-containing ceramic membranes were 
added to 50 mL of ultra pure water and immediately after, 
ultrasound was performed for 15 min [19].

2.6. Inhibition tests

In order to carry out the inhibition tests, 100 µL of auto-
claved distilled water containing E. coli (~106 UFC∙mL1) cells 
were added over the plates and uniformly spread. Then, 

Fig. 2. Procedures for obtaining ceramic membranes impregnat-
ed with copper. Where: M1-Cu is copper-containing alumina 
membrane and M2-Cu is copper-containing mullite membrane.
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samples of the M1, M2, M1-Cu and M2-Cu membranes 
were placed on the solidified agar gel, as well as on the neat 
PVA films and aluminum foil. PVA film and aluminum foil 
were tested as control. 

Aluminum foil was used as surface for impregnating 
PVA dispersions containing the NPCu. This method was 
used since PVA is solubilized in the presence of humid-
ity and by temperature increase, rendering difficult visu-
alization on the plates. Finally, plates were incubated at 
35°C for 24 h for later analysis of the inhibited bacterial 
zone.

2.7. Microfiltration tests

Experiments were carried out on the copper-impreg-
nated and non-impregnated ceramics in a laminar flow 
exhaust hood which had been sterilized with ultraviolet 
radiation for 15 min to avoid possible external contamina-
tions. 

Tests related to the (E. coli) microorganism were carried 
out for 1 h under transmembrane pressures of 50, 100, 150 
and 200 kPa. During the microfiltration tests feed and per-
meate samples were collected every 20 min in order to per-
form plating and cell counting tests.

The method used for counting bacteria was the spread-
plate. Escherichia coli was selected as an indicator of fecal 
contamination of water(~106 UFC∙mL1).The nutrient Broth 
and agar nutrient were used as the growth medium. Was 
collected samples 1 mL of permeated and feed. The bacte-
rial suspension collected of E. coli was diluted to 10–1–10–6 in 
10 mL distilled water. This process was performed in tripli-
cates and for all pressures under study.

3. Results and discussion

3.1. Copper nanoparticles

Atomic absorption spectrometry results led to copper 
concentration in solution of 7.97 g∙L–1. This value is close to 
the theoretical value (8.7 g∙L–1). 

Scanning of the copper colloidal dispersion had an 
absorption band around 265 nm. As for the NPCu, sur-
face plasma resonance values depended on nano particle 
shape (triangular prisms, elongated particles, cylinders 
and spheres). However, the lack of homogeneity in size 
and shape of the samples and the absence of control 
on inter particle distances resulted in enlarged surface 
plasma resonance values, suggesting that NPCu do not 
constitute an ideal plasma material as compared with 
NPAg [20].

According to Dhand et al. and Tiwari et al. metal-
lic nanoparticles exhibit an optical phenomenon called 
uncommon surface resonance plasma due to the collective 
cumulated oscillation of conduction electrons at the metal 
surface in phase with the incident electromagnetic radiation 
[8,20]. This property is a function of the particle kind, size 
and shape as well as of the chemical environment [20,21].

Fig. 3 shows DRX patterns of NPCu tested on the basis 
of the copper powder formed. DRX for the illustrated sam-
ple had diffraction peaks located at 2θ = 36.3°, 42.2°, 52.4°, 
61.2°, 73.5º and 77.2º, corresponding to the CFC copper 

crystalline phase. This result corroborates the existence of 
metallic copper. The DRX pattern result was compared with 
the ICSD n° 43493 crystallographic chart. 

Fig. 4 a depicts the TEM images of the NPCu. TEM 
of the copper nanoparticles colloidal dispersion shows 
spherical shaped nanoparticles of average diameter 
around 100 nm. In Fig. 4b the distribution histogram for 
NPCu obtained by TEM images can be seen. According 
to the histogram, NPCu have average diameter of 95 ± 
20.54 nm.

DLS analyses of NPCu size indicated average size of 
15.01 ± 3.58 nm, with maximum intensity peak at 12.77 nm, 
Fig. 4c. The difference between values shown by the meth-
ods employed in the assessment of copper particle sizes 
can be attributed to the period involved in the analysis. 
The light scattering method provides quick results (a few 
minutes after obtention of copper colloidal dispersions). 
On the contrary, for TEM results around 48 h are consumed 
between sample preparation and image obtention. For this 
reason, over time and by atmospheric air contact copper 
nanoparticles tend to agglomerate and form larger parti-
cles, which influence the difference exhibited for particle 
size results among the methods employed [22,23].

3.2. Copper-impregnated ceramic membranes

The presence of copper in M1 and M2 membranes can 
be observed in Figs. 5 and 6. It can be evidenced that cop-
per may have recovered the analyzed material. Copper 
dispersion on the membrane M1 surface was not good, 
Fig. 5. On the other hand, as can be seen in Fig. 6, mem-
brane M2 surface exhibited good copper particle disper-
sion. Besides, the presence of copper can be confirmed 
by atomic absorption spectrometry data. The amount of 
copper was approximately 1 g copper by kg of ceramic 
material for M1 and approximately 0.7 g copper per kg of 
ceramic material for M2. 

The interaction between the ceramic materials and 
copper is entirely physical. The use of PVA was crucial to 
promote adherence of copper to membranes. The M1 mem-

Fig. 3. Images of powder and diffractogram obtained by XRD of 
copper nanoparticles.
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brane presented less roughness when compared to mem-
brane M2, which can justify a greater agglomeration of 
nanoparticles.

3.3. Inhibition zone tests

Table 3 lists the results for inhibition zone tests exhib-
ited by control materials and by M1 and M2 ceramic mem-

branes into the structure of which copper was impregnated. 
It can be observed that no influence of PVA, aluminum foil 
and ceramic materials was exerted on E.coli growth. These 
results demonstrated that in the absence of copper these 
materials do not bear any bactericidal effect. On the other 
hand, by impregnating these materials with copper they 
exhibit a significant inhibition zone [24,25]. The fact that 
no occurrence of bacterial growth was observed around 

Fig. 4. (a) images of copper nanoparticles obtained by transmission electron microscopy, (b) size of copper nanoparticles obtained 
by transmission electron microscopy, where N is the sample number and (c) size of copper nanoparticles obtained by dynamic light 
scattering (c). 

Fig. 5. Images of the mapping of alumina ceramic membrane composition containing copper. (a) With copper, (b) without copper 
and (c) mapping of composition.
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the copper-containing materials confirms the antibacterial 
property of the nanoparticles present on M1 and M2.

These results show that the slow release of copper ions 
provided efficient antibacterial activity. It is important to 
stress that the choice of the E. coli microorganism as object 
of investigation of microbiological contamination does not 
exclude similar experiments which should be conducted on 
other bacteria, such as S. aureus [11,19].

3.4. Microfiltration tests

Fig. 7 shows results of the efficiency of microfiltration 
tests shown by commercial ceramic membranes (M1 and 
M2) and by the copper-impregnated commercial ceramic 
membranes (M1-Cu and M2-Cu). As can be seen, ceramics 

impregnated with copper in their microporous structure 
exhibited bactericidal potential.  

Commercial membranes M1 and M2 have shown bac-
teria retention efficiency, approximately, between 40.3 and 
73.7%, respectively. On the other hand, by copper-impreg-
nating membranes, they exhibited, besides retention, bac-
tericidal capacity between 88.7 and <99.9%, approximately. 
These results corroborate the efficacy of the nanoparticles 
impregnation process on the internal surface of commercial 
ceramic membranes. 

Membranes M1 and M2 did not show any bactericidal 
character and they presented low efficient in retaining 
bacteria. The combating against E. coli with the mem-
branes occurred only by a physical factor, although the 

Fig. 6. Images of the mapping of mullite ceramic membrane composition containing copper. (a) With copper, (b) without copper and 
(c) mapping of composition.

Table 3 
Results of inhibition zone tests presented by materials with 
and without copper

Materials Inhibition 
zone (mm)

Standard 
deviation (mm)

PVA film with copper in 
aluminum paper

23.67 3.21

M1* 0.00 0
M2* 0.00 0
M1-Cu 11.67 1.52
M2-Cu 10.00 1
PVA* 0.00 0

Aluminum paper* 0.00 0

* Controls.

Fig. 7. Efficiency results of commercial ceramic membranes with 
and without impregnation of copper.
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alumina and mullite materials did not exhibit bacteri-
cidal influence or inhibition. For these membranes a fil-
tration mechanism carried out by physical exclusion of 
particles exceeding the material porosity was observed 
[4]. Therefore, bacteria are constantly being retained and 
re-circulated as process feed and the amount retained in 
the pores and on the membranes surface can be associ-
ated to the reduction of bacteria in the feed throughout 
the experiments and to the permeated material. Ineffi-
ciency data exhibited by commercial membranes M1 and 
M2 could be interpreted as being due to the heterogeneity 
of the membranes pore size object of this study. In other 
words, the M1 membrane presented pore sizes ranging 
from 0.1 to 3 µm, and the M2 membrane presented pore 
sizes between 0.03 and 4 µm. These results corroborate 
the associated mechanism and the low efficiency of the 
membranes under study.

In the study by Dankovich and Smith (2014) the bac-
tericidal efficiency was from 61 to 97%, using copper 
particles impregnated into absorbent papers. It could be 
observed that the copper efficiency against E. coli is related 
to the amount of bacteria and the amount of particles. For 
a bacteria amount of 5x106 the efficiency observed was 
of 87 and 97%, for a copper amount of between 10 and 
65 mg∙g–1 of absorbent paper, respectively. And, for an 
amount of bacteria of 4x109 an efficiency of 61 and 92%, 
for a copper amount of 10 and 65 mg∙g–1 of absorbent 
paper, respectively was observed. The higher the amount 
of bacteria in liquid medium the lower will be the toxicity 
of the copper particles. On the other hand, the higher the 
amount of copper which contacts the microorganism the 
higher will be its toxicity [11].

In this work, efficiency >99.9% with the copper-im-
pregnated M1 and M2 membranes was reached. These 
results are comparable to those of the literature [11,26,27].

The initial amount of E. coli in the feed was approxi-
mately 106 UFC∙mL–1. Based on the results of the bactericidal 
capacity of the prepared membranes, two possible antimicro-
bial mechanisms can be ascertained: (1) bacteria were killed 
directly by copper ions (Cu2+) released from the M1-Cu and 
M2-Cu ceramic membranes. Copper ions were adhered to 
the negatively charged cell wall, altering cell wall permeabil-
ity. This action, together with protein denaturation induces 
cell lysis and consequently death. Copper antibacterial activ-
ity is also related to its ability to modify DNA replication 
mechanisms, as well as to cause changes in cell size and cyto-
plasmic content, cell membranes and outer layers of more 
sensitive cells. In the second mechanism (2), bacteria which 
flow outside microporous ceramics are contaminated by cop-
per ions but can still survive. However, they cannot grow in 
colonies of plates containing the solid growth medium since 
copper ions affect the cell ability to replicate. Once within the 
cell, ions intervene in bacterial growth [11,28].

Therefore, broadly, bacterial death and inhibition could 
be due to the bactericidal and/or bacteriostatic effect of 
copper ions released from metallic copper-impregnated M1 
and M2 membranes.  

3.5. Copper release in liquid medium

Data related to copper release in liquid medium can be 
visualized in Table 4. It can be observed that the amount 

released is equivalent to less than 0.002% of the amount 
present in commercial ceramic membranes.

According to WHO, the maximum copper concentra-
tion in water for human consumption is 2 mg∙L–1. Other-
wise, copper could cause bitter taste in water and stain 
kitchenware and clothing [29]. According to the Admin-
istrative Rule 2.914 of the Ministry of Health (a Brazilian 
agency), dated 2011, the maximum copper concentration 
allowed for human consumption water is 2 mg∙L–1 [30]. 
Data obtained by ICP-OES indicated copper concentra-
tion of 0.00016 and 0.00062 mg∙L–1 for M1-Cu e M2-Cu 
respectively. Still for the sake of comparison, Resolution 
430 of CONAMA (Brazil), states as standard for liquid 
effluents discharge into hydric bodies a copper concen-
tration of 1 mg∙L–1 [31]. 

Therefore, based on the data obtained, it can be stated 
that copper is being released in liquid medium slowly and 
in low amounts, which can mean that metals are adhered to 
the ceramic material.

4. Conclusion

Copper nanoparticles obtained by chemical reduc-
tion had absorption bands at 265 nm. X-rays diffrac-
tograms exhibited high crystallinity nanoparticles and 
ascertained the existence of metallic copper. SEM and 
DLS data exhibited nano metric scale particles. As a 
result, copper average particle size was around 55 nm. 
Bacteriological results obtained in the present study 
point to the fact that the impregnation method devel-
oped was effective. Microfiltration tests pointed to bac-
tericidal efficiencies for copper-containing membranes 
between 88.7 and >99.9%, approximately. On the other 
hand, copper less membranes resulted into lower effi-
ciencies, between 40.3 and 73.7%, approximately. This 
low retention efficiency of bacteria by membranes (M1 
and M2) can be attributed to variation in pore size, that 
permitted the passage of bacteria E. coli. And, the inter-
action of copper with cell wall was the factor related 
to the increased efficiency of copper-containing mem-
branes. In order to corroborate the disinfection effi-
ciency exhibited by copper-containing membranes 
experiments were run aiming at evaluating the inhibi-
tion zone of these materials. These experiments were 
considered as satisfactory, indicating that the materials 
not only cause E. coli death but also inhibit its growth. 
M1-Cu and M2-Cu membranes had inhibition diameter 
of 10 and 13 mm. Finally, results obtained in this work 

Table 4 
Results of copper release in the water. The samples of ceramic 
material were submitted to the ultra sonication (for 15 min) in 
ultra pure water

Membrane Copper quantity (µg∙kg–1)*

M1-Cu 4.1
M2-Cu 15.8

*The copper release is in microgram of the metal per kilogram of 
ceramic material sample.
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substantiate the use of copper in ceramic materials aim-
ing at imparting bactericidal effect to these materials. 
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