
INTRODUCTION

METHODS AND EQUIPMENT

METHODS AND EQUIPMENT

RESULTS AND DISCUSSION

ACKNOWLEDGEMENTS

REFERENCES

The increased bacteria resistance to drug treatments is becoming a
challenging problem for biomedical and wastewater treatment
applications as higher dosages and more powerful drugs are required for
an efficient antibacterial treatment. The influence of the electrical
current on bacterial viability is a direction of research for wastewater
treatment [1-3]. Copper [4, 5], [6-9] is an example of a metallic material
that can act at the nanoscale level, inhibit the growth and deactivate
different types of harmful microorganisms from the environment. This
research investigates, for the first time, the antibacterial effects of using
copper thin films deposited on water filter papers in conjunction with
DC electrical power applied to the metallic coated structures to treat
harmful bacteria from water. The application of electrical power
enhanced the bactericidal effects of copper thin films. The temperature
was monitored and maintained at constant values.
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∙The thickness of deposited structures were in-situ monitored using a crystal
quartz microbalance and ex-situ measured using a profiler.
∙Copper coatings with a 300 and 1000 nm thicknesses were deposited using
DC high vacuum magnetron sputtering system on 3M Home Water Filtration
Paper.
∙Digital and Scanning Electron Microscopy (SEM) were used to observe the
surface morphology of the deposited structures and thin films adhesion to the
substrate
∙Chemical composition of deposited structures was characterized using X-Ray
diffraction analysis
∙Pristine, coated samples, and coated samples with electrical potentials were
tested against bacteria following standards to observe their antibacterial
performance.

Figure 2:  Membrane filtration technique

(A
)

Figure  4: Kurt J. Lesker Nano 36 Sputtering System

∙Copper thin films deposited by DC magnetron sputtering system offered a good coverage of water filter papers fibers and exhibited good
adhesion at microscopic level to the paper fibers as observed by digital microscopy and SEM examination.
∙The filter fibers provide a high area of exposure to contaminated water for metallic nanoparticles resulting in an enhanced antibacterial
performance.
∙Copper coated filter papers showed high antibacterial performance and gradually removed both E. Coli and total coliforms
∙No noticeable difference in antibacterial effect of the metallic thin films with 300 nm and 1 µm thickness showing that a higher coating
thickness was not more efficient.

Figure 5: Digital optical microscopy image of the water 
filter paper fibers coated with 300 nm thickness copper 

(200 X magnification). 

CONCLUSION

Copper thin films were uniformly deposited on water filter fibers and

coatings adhered well to the fibers’ surface. The resulted metallic coated

structures were composed of interconnected micrometer size conductive

fibers that were conducting electricity across the surface. The

morphologies of the metallic coated structures were ensuring large area

of exposures to bacteria from contaminated water. The antibacterial

effects of control, copper coated structures were compared to

antibacterial effects of copper coated structures under incremental levels

of DC electrical power. The copper coated structures showed good

antibacterial performance. The electrically activated copper coated

structures showed enhanced bactericidal effects against both E. coli and

total coliforms from contaminated water that increased with higher

electrical power applied to structures. Accordingly, the time required to

deactivate bacteria was shorter for higher electrical powers.

(A) (B)

Parameters during Deposition Process:
Base Pressure: 9.0 x 10-6 torr

Pressure during deposition: 2.5 x 10-3 torr
Target Power: 250 W  & Argon flow: 40 sccm

Figure 3: Schematic view of the set-up used to test antibacterial performance of electrically 

activated metallic coated water filter papers Figure 9: The antibacterial effectiveness for E. Coli (A) and total coliforms (B) of the copper coated filter paper and various electrical power applied.

RESULTS AND DISCUSSION

Figure 7: Paper fibers coated with 1 µm thickness copper: (A) Scanning electron microscopy and (B) Digital optical microscopy
(5000 X)

(A) (B)

Figure 6: Paper fibers coated with 1 µm 
thickness copper SEM cross-section of the fiber

Figure 1:  Wastewater

∙The copper coated filter paper with no power applied to
structure showed lower antibacterial performance compared to
filter paper with applied power.
∙The structure with 0.035 W/cm^2 applied power showed the
highest antibacterial activity.

Figure 10: Digital optical microscopy showing (a) Total coliforms colonies (red) and E. Coli 
(blue) (20 X magnification), (b) development of one colony of coliforms (red) (500 X 

magnification), and (c) development of one colony of E. Coli (blue) (500 X magnification)

Figure 8: X-ray diffraction for 300 nm 
thickness copper coatings on water filter 

paper.

1', , n ,. 
• •::I!" • 

DP Ji) Po,,, r ' uppE)· 

,1od · ,I 16iS ' ·, 
C!l• l!C!I '\ " arod 10-18 · 

+ -
XI 1-...,,...----s -.Clq•J 111011 ' •• i i 

ne ' DCOUiplc 

~I lali co,ated Plier 
p per(IO X m) 

o: •a mJD &'IINII a.nd 
D - o• bi d 'lo\' ttr 

re: 

100 

]0 

] 

O!.] 

0 

', ·-.;, 
- . 

-.. 

-

;' •· 
··• 

I I e~ker t(urt • ,;;;, 

30 

··, . 
-w" Iii 'II • • •• • 

"'" ruu 

-~ 
• 

\ 
·• 

l"ime ( min), 

, .. 

90 !1.20 

.,,,,. .,. Cont.col 

, El Copper 

.. ,l•, Copper O.Oll \\f/cm"'2 

, a Copper 0.035 \\1lcni" 2 

• • 

•• 
' 

,, 
• • • • • • • • • • • 

I .. 

• . . :1 

' • 

] 
Q 

E-, 

100 

10 

I 

10.l 

,o 

• 
'!II!+ .. • ~-

30 

·• ' 

1000 

""' 

§ 600 

'"' 

(111) 

1200) 

(220) 

(311 ) [222) 

""' L.:::__.:::......:::=====::::=::.,,.:::::.~,~, = 
45 55 65 75 ,, 

2 Theta 

,6(), 90 

i::::::::, .,. ,con tro I 

,.. El ,Copper • •• 
· •··. •·•·· ,Copper0.0] '\V/cm"'2 ~--... 

' 1--":...• -r.------!lo,,i;;:------4•1" ,Copper 0.005 \1V/cm"'2 
.• '-• ....... iii ,., ., • 

, , . "'·•· . -
•Iii "' • 

. ·-.. 
• 

•• • •• 
' ···a. .. .... ..... "'• 

• 
' . . . 

._ ...... 
- iii' ' 

Ti:me(miin) 

• 

(a) • 

MERCER 
ENGINEERING 
Different by design 

(b) 

• 

• • 
• - • • . • • • • 

. • • • • • • 


	Slide Number 1

