
Figure 5. Sensor Software Flow Diagram

Figure  6 shows the test  model in  use.  In  all  three 
tests,  the  "damaged"  and  intact  regions  of  the 
geofabric  were correctly detected..  Figure  7 shows 
the screen images obtained from these three tests

Figure 6. Test Model in Use.

 (a) No damage (b) Minor damage (c) Major damage

Figure 7. Detected Road Damage.

Future Plans

This paper has described a new geofabric and sensor 
combination.  While  the  sensor  assembly tested  is 
very  similar  to  the  expected  full-size  sensor,  the 
geofabric was tested only by simulation.  Before we 
can begin to use this to build real roads we need to 
test using a real geofabric, and using test roads built 
with  more  realistic  construction  materials  rather 
than styrofoam.

Conclusions

Deterioration  of the subsurface structure of a road, 
highway,  airport  runway,  railway  track,  river  or 
ocean  dike,  or  similar  construction  which  is  earth 
supported can lead to unanticipated collapse, which 
in  turn  causes  expenses  to  perform  emergency 
repairs,  economic  losses  due  to  traffic  rerouting, 
possible destruction of property, injury to people or 
animals, and even death.

Our research demonstrates an early warning system 
which  permits  routine  and  inexpensive  real-time 
monitoring and detection of such subsurface failures, 
before the incipient failures become apparent  at the 
surface.  Use of this  system will  enable  preventive 
measures to be applied at convenient and scheduled 
times, rather than waiting until a catastrophic failure 
mandates emergency repairs.
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Abstract: Thermal barrier coatings (TBC) are com-

monly used in high temperature components of gas 

turbine engines such as blades, vanes and nozzles, for 

aeronautic and energy production applications. These 

coatings consist of superalloy substrate, metallic lay-

er called bond coat, and ceramic layer called top 

coat. The difference between the thermal expansion 

coefficient of ceramic and metallic layers is an unfa-

vourable parameter leading to an extensive usage of 

functionally-graded coatings. In this paper, a novel 

procedure is presented to prepare functionally-graded 

TBC. The process includes spark plasma sintering of 

a nanostructured 8% yttria stabilized zirconia (8YSZ) 

layer (~200 µm) on the top of 738 superalloy sub-

strate. An intermediate layer of 50%YSZ+ 

50%NiCrAlY is utilized. A bond coat of NiCrAlY is 

also used close to the substrate. Microstructural stud-

ies show that the prepared coatings are dense and 

without common defects of conventional coatings 

such as pores and micro-cracks. The grain size of the 

TBC is in the range of 40-50 nm, which indicated 

very limited grain growth of the nanostructured ce-

ramic powder (30 nm) during the sintering process. 

These microstructural features of the bonded area and 

the advantages of the process are presented. 

 

Keywords: Functionally graded materials, Thermal 

barrier coating, Spark plasma sintering, Nanostruc-

ture . 

 

Introduction  

The main function of Thermal barrier coating is to 

decrease the surface temperature and consequently to 

reduce oxidation and corrosion rates of the superalloy 

as substrate. The most common TBC-system can be 

considered as a four-layer material, consisting of (1) 

superalloy substrate, (2) metallic bond coat (BC), (3) 

thermally grown oxide (TGO) and (4) ceramic top 

coating (TC) [1-4] 

Recently, FGM layers with gradual compositional 

variation are employed between the top and bond 

coats, which consist of composing of ceramics and 

metals in various ratios .This kind of coating reduces 

the residual and thermal stresses and enhances bond-

ing strength along the interface of the coating and the 

substrate [5-8].  

The ability of producing full FGM-TBC systems in 

one step can decrease the manufacturing costs and 

research complications. Usage of SPS can cause the 

elimination of multiple process steps. The major pur-

pose of this research is focused on in situ production 

of FGM-TBC coating containing of the nanostruc-

tured top layer. Nanostructured YSZ has been used to 

decrease the sintering temperature and to improve the 

performance of multilayer TBC coatings. 

 

Experimental 

The substrate used for this study was a 30 mm diame-

ter disc, which was made of Ni-base superalloys 

(738). The substrate surface was mechanically pol-

ished using 2000 grit SiC paper and cleaned with 

acetone. 

NiCrAlY (Metco 442) commercial powders with an 

average particle size of 70μm were used as bond 

coat. The top coat was fabricated from high purity (> 

99.9%) commercial 8YSZ (US3630) powder with an 

average particle size of 40 nm. 

A pure Al foil with a thickness of 10μm was posi-

tioned between the %50 YSZ + %50 NiCrAlY mixed 

powders (FGM layer) and the NiCrAlY powder in 

order to generate the Al2O3 TGO to keep the inter-

face flat and homogeneous after sintering. 

For producing TBC coating, at first superalloy disc 

was inserted into a graphite die (with an inner diame-

ter of 30 mm). Then the powders were poured on the 

substrate with a specified order. 

The samples were sintered at 1045 °C, under a pres-

sure of 40 MPa with a dwell time of 10 min by SPS 

(Easy Fashion 20T-10) apparatus. 

The microstructure of the coating samples was char-

acterized by SEM (VEGA//TESCAN-XMU, Russia), 

using a microscope equipped with an EDX system. 

 

Results and discussion 

One step fabrication of complete FGM-TBC system 

Figure 2 shows relation among densification, temper-

ature and pressure. As shown in Fig.2 the pressure 

pattern begins with an initial dwell of 10 MPa, and 

increased to 20 MPa at 600 °C. Then the pressure 

was held at 20 MPa until the final temperature 

reached up to 1045°C, and then it increased to 

40MPa. In this process expansion occurred due to the 
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consolidation behaviour of the green body and ther-

mal expansion coefficient of substrate [3]. 

 

 
Fig. 1.Temperature-Pressure curve in SPS process 

 

FGM-TBC coating which was prepared by SPS has 

five layers are as following: 

a) Inconel substrate b) Bond coat layer with a 100 

micron thickness, c) TGO layer with a 5-10 µm 

thickness, d) 50% 8YSZ and 50%NiCrAly with 200 

µm thickness and e) 8YSZ with a 200 µm thickness 

as a top layer. Fabrication of FGM-TBC coating has 

been carried out in one step by SPS for the first time. 

Sintering temperature difference of materials is a key 

parameter to optimize the sintering temperature, time 

and applied force. 

  

Microstructure 

SEM micrograph of heat treated FGM-TBC was 

shown in Fig. 2. This figure presents formation of 

dense layers and absence of common sprayed defects 

such as pores and micro cracks. 

 

 
 

Fig. 2.BSE image of FGM-TBC system fabricated in 

one step by SPS and heated at 1000 °C 

 

It was observed that the bond coat comprised two 

main phases: Solid solution of γ (Ni) with dark gray 

colour (point A) and β (NiAl) phase with bright gray 

colour (point B).  

Point C of Fig.2 shows the TGO layer of TBC. This 

layer was composed of alumina with small ZrO2 in-

clusions. 

The role of β phase is the Al storage to form the 

Al2O3 protective layer [9]. 

In SPS process, samples don’t contain typical lamel-

lar structure, pores, cracks and inter splat boundaries. 

Thus, elimination of these defects can improve me-

chanical and physical properties of SPS samples.  

 

TGO formation 

TBC life depends on the properties of TGO layer [1]. 

The thin black layer in Fig. 2 is the TGO (Al2O3) 

layer. The formed TGO improves the durability and 

reliability of TBCs by stress concentration reduction 

and thermal fatigue enhancement [3]. In this system, 

TGO grows during the coating process and it is non-

uniform in both composition and thickness [3, 10]. 

In SPS process, initial TGO layer is formed by the 

reaction between the Al with ZrO2 in the top coat [3].  

There are two sources of Al in this coating process: 

Al can be accessible by Al diffusion from substrate, 

BC and FGM layer to TGO layer, and by Al foil [1, 

3]. 

 

Nanostructure of top coat 

Keeping the initial structure of nano powder in the 

top layer is one of the purposes of this research. The 

SEM image in Fig. 3 shows grains size of 8YSZ as a 

top coat, which was fabricated without noticeable 

grain growth and has a nano-structure. Using na-

nometer YSZ as a top coat provides better properties 

than conventional micrometer-sized ones such as 

higher coefficients of thermal expansion, lower ther-

mal diffusivity, higher hardness and toughness and 

better wear resistance [11, 12]. 

In SPS process because of lower sintering tempera-

ture and dwell time, it is possible to obtain nano-

structural layer. Nano sized YSZ is a dense layer 

which remains without cracking even after cutting 

section (as shown in Fig. 3).  
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Fig. 3.Grains size of 8YSZ as a top coat 

 

Conclusion 

By employing spark plasma sintering, a FGM-TBC 

coating based on 8YSZ/%50 8YSZ+%50 

NiCrAlY/Al2O3/NiCrAlY layers on 738 superalloy 

substrate was Fabricated. Sound parts were obtained 

after sintering at 1045°C under 40 MPa pressure. The 

microstructural features of the prepared coatings 

were almost as the same of the conventionally pre-

pared TBCs but the grain size of the top layer was of 

<100 nm. No defects, pores and cracks were ob-

served in the microstructure of the prepared coatings. 
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Abstract  

In our work we studied the luminescence properties of Tb3+ and Mn2+ doped Ca2PO4Cl  phosphor 

synthesized by wet chemical method with extra heat treatment, to understand the mechanism of 

excitation and the corresponding emission of prepared phosphor. Generally for the green emission, 

Tb3+ ion is used as an activator, the excitation and emission spectra indicate that this phosphor can be 

effectively excited by 380 nm, to exhibit bright green emission cantered at 545 nm corresponding to 

the f→f transition of Tb3+ ions. The emission spectrum of Mn2+ ion at 405 nm excitation  4T1(4G)-

6A1(6S) gives an emission band at 591 nm (orange-red) . The observed photoluminescence 

measurements of Tb3+ and Mn2+ activated prepared phosphor indicates that these are the outstanding 

potential phosphor ,suitable for the solid state lighting. The phosphors were used for further 

characterization by X-ray diffraction (XRD), scanning electron microscopy. 

Keywords: - Wet Chemical Method, Solid state lighting, Photoluminescence, XRD,SEM 

Introduction 

Solid-state lighting and phosphor material to produce white light is the recent research focus in the 

lighting industry. It has lots of advantages over conventional fluorescent lamps for example reduced 

power consumption, compactness, efficient light output, and longer lifetime. Solid-state lighting will 

have its impact on reducing the global electricity consumption.[1-2] White light-emitting diodes 

(LEDs) can save about 70% of the energy and do not need any harmful ingredient in comparison with 

the conventional light sources, such as incandescence light bulbs and the luminescent tubes. [3] 

Therefore white LEDs have a great potential to replace them and are considered as next generation 

solid state light devices [4-5]. Rare earth ions are characterized by an incompletely filled 4f shell, 

which can absorb the excitation energy to be at the excited state and then return to the ground state, 

resulting in emitting state in the visible region [6-7]. These feature transitions within the 4fn 

configuration have been found an important application in lighting and display. The syntheses of 

conventional rare earth phosphors primarily focused on the high-temperature solid-state reactions 

providing agglomerated powders. They can allow to readily altering the structural characteristics of 

the powders [8].So in this paper we focused on the preparation conditions and process of the phosphor 

with extra heat treatment because many factors affect its structure and luminescent properties. The 

Tb3+ and Mn2+ doped Ca2PO4Cl phosphor were prepared by  using wet chemical method with extra 

heat treatment and their luminescent properties are discussed in detail and thermal stability, the 
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synthesis processing details and factors those affect the structure and luminescent properties of 

phosphor [ 9] were also studied. 

Experimental 

Sample Preparation 

Phosphors with compositions of Ca2PO4Cl explained prepared by a wet chemical synthesis method 

with extra heat treatment. The constituent raw materials was all from A.R. grade from merk such as 

Ca(NO3)2 ,NH4Cl and NH4H2PO4, Tb4O7 and Mn(NO3)2with purity 99.99 %. Tb4O7 is converted in to 

nitrate form by mixing of appropriate amount of dilute nitric acid. All the mixtures were mixed 

according to stochometric ratio. Take an appropriate amount of distilled water to dissolve all the 

compounds. After dissolving all the mixture put it on magnetic stirrer for complete the dissolve 

process. The resulting solution is then transferred into a hot oven maintained at 1000C for 24 hrs. After 

that the solid compound was formed kept it out of oven and crush it for 15 to 20 minute and then a 

homogeneous compound was formed which was further heated at 3500C in case of Tb3+ for 8 hrs and 

with reducing atmosphere of charcoal treatment at 4500C for 12 hr duration in case of Mn .The final 

product obtained is in the powder form, which is used for the further investigations.The resultant 

powder was formed which was collected and used for the further analyzed. The same amount of 

sample was used for each measurement. Emission and excitation spectra were recorded using a 

spectral slit width of 1.5 nm. 

Results and discussion:- XRD phase analysis 

 

FIGURE 01. XRD-pattern of Ca2PO4Cl phosphor 

In order to explore the crystal phase structure, the XRD phase analysis was adopted. The typical XRD 

patterns of Ca2PO4Cl phosphor are shown in Fig. 1. For the obtained phase, it is carefully observed 

that there are no peaks of raw materials. It is found that the main phase is in good agreement with 

standard JCPDS data file available i.e. file no.72-0010. 

 SEM Analysis 

The surface morphology and crystalline sizes of the synthesized Ca2PO4Cl phosphors was observed 

and shown in fig 02. It can be seen that all of the phosphor powders consisted of irregular  grains with 

an average size of about micrometer range and have surface morphology of crystalline grains i.e. looks 

like sharp edge chip .  It is seen from the micrographs that the crystallite sizes vary from a few 

microns to several tens of microns.  
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Figure 02 SEM of Ca2PO4Cl phosphor 
Photoluminescence Measurements 
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FIGURE 3 . Excitation spectrum of  Ca2PO4Cl:Tb3+ phosphor at λem= 545 nm 

FIGURE 4. Emission spectrum of Ca2PO4Cl: Tb3+ λex 380 nm  
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FIGURE 5 . Excitation spectrum of  Ca2PO4Cl:Mn2+ phosphor at λem= 591 nm 

FIGURE 6. Emission spectrum of Ca2PO4Cl: Mn2 λex 405 nm  
 

As shown in fig 03,the excitation spectrum observed at 545 nm emission wavelength of Ca2PO4Cl 

activated withTb3+ consisting of a broad band as well as some sharp lines. Some peak observed due to 

f-d interaction while sharp lines are due to f-f transitions. The emission spectrum fig 04 has sharp lines 

on account of f–f transition of Tb3+ ions. The emission spectrum usually has major contribution from 

5D4–
7FJ (J= 6, 5, 4, 3) and peak due to 5D3–

7FJ(J= 6, 5, 4, 3) can also be seen. The nature of 5D4 → 7FJ 

transitions is governed by the selection rule ∆J = ±1 for electric dipole and ∆J = 0, ±2 for magnetic 

dipole transitions respectively. The emission intensity of 5D3 level is very weak and weakens further 

with increasing Tb3+ concentration, followed by the enhancement of the emission from the 5D4 level, 

occurs due to non-radiative cross-relaxation via the resonant energy transfer process between 5D3 and 
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5D4 levels. As the concentration of Tb3+ is changed, the cross-relaxation effect becomes stronger, 

which enhances the intensity of green emission at 545 nm. The other reason that has been assigned to 

weak luminescence from 5D3 level is the lack of phonon energy of the host. The smaller the phonon 

energy of the host at diluted concentrations of terbium ions, the lower will be the 5D3 emission 

intensity and vice versa [9-10]. Fig. 05 shows that Ca2PO4Cl: Mn2+ had a orange-red emission around 

591 nm, ascribed to the spin forbidden 4T1(4G)–6A1(6S) transition of the Mn2+ ion for different Mn2+ 

concentrations. The excitation spectrum of Ca2PO4Cl: Mn2+ contains a number of bands, and the 

strongest excitation at 405 nm corresponds to the transition from the 6A1(6S) ground state to the 

excited states [4E(4G), 4A1(4G)]shown in fig 05. [11-12]. The emission intensities increased with 

increasing Tb3+ and Mn2+ concentration, reaching a maximum at 2 m% and 10 m%. 

Conclusion 
 

Tb3+ and Mn2+ activated  Ca2PO4Cl phosphor was prepared successfully by the wet chemical synthesis 

with extra heat treatment. The SEM indicated that the particle size of the phosphor is in the sub-

micron range .The crystal phases of the prepared particles were analyzed by Xray diffraction (XRD) 

pattern which is exactly match with standard JCPDS data file. The emission spectrum of 

Ca2PO4Cl:Tb3+ (at 380 nm excitation) has intense bands cantered at 545 nm and which correspond to 

the green regions and under the excitation around 405 nm, the Ca2PO4Cl:Mn2+  phosphors show the 

orange-red emission 591 nm from Mn2+ ion. The result indicates that Ca2PO4Cl: Tb3+ and Mn2+ 

phosphor is a good promising green emitting phosphor while Mn2+ is the orange-red emitting 

phosphor for solid state lighting. 

ACKNOWLEDGMENT  

One of the author, VRP thankful to, Dr.K.R.Dixit (Director), Dr. P.A.Potdukhe  (Principal). Shri. 

Santosh Shrigadiwar (Registrar), NCET,Gadchiroli for their kind support during this research work 

References 
 
[1] W.J. Yang, L. Luo, T.M. Chen, N.S. Wang, J.of.Chem. Mater. 17 (15) (2005) 3883–3888.  

[2] I.M. Nagpure, V.B. Pawade, S.J. Dhoble, J. of. Lumin. 25 (2010) 9–13. 

[3] Y. Karabulut ,A.Canimoglu ,Z. Kotan ,O. Akyuz, E. Ekdal ,J.of Alloys &Compd 583 (2014) 91–95 

[4] H.A. Hoppe Angew, Chem. Int. Ed. 48 (20) (2009) 3572–3582. 

[5] T.S. Chan, R.S. Liu, B. Ivan, Chem. Mater. 20 (4) (2008) 1215–1217. 

[6] D.M. Burland, R.D. Miller, C.A. Walsh, Chem. Rev. 94 (1) (1994) 31–75. 

[7]L.Hesselink,S.S.Orlov, A.Liu,A.Akella,D.Lande,R.R.Neurgaonkar, Science 282 (1998) 1089–1094. 

[8] A.M.G. Massabni, G.J.M. Montandon, M.A. Santos Couto dos, Mater. Res. 1 (1)(1998) 1–4 

[9] Nag, A.; Kutty, T.R.N.; Mater. Chemi. Physi.  2005, 91, 524   

[10] Chang,Y.S.; Lin, H.J.; Li, Y.C.; Chai, Y.L.; Tsai, Y.Y.; J.Sol.State Chemi. 180 (2007)  3076  

[11]C.H.Huang,T.M.Chen,W.-R. Liu,Y.-C. Chiu, Y.-T. Yeh ,S.-M.Jang,ACS Appl. Mater. Interfaces, 2010, 2, 

259. 

[12]W.R.Liu, C.-H. Huang, C.W. Yeh, Y.-C. Chiu, Y. T. Yeh andR.-S. Liu, RSC Adv., 2013, 3, 9023. 

Smart Materials and Surfaces for Energy and Environment Proceedings



Development of Through-Silicon Stacking Technology for 

Capacitive Acoustical MEMS Resonators 
 

 
N. Belkadi,1,* B. Dulmet, 1, T. Baron1 

1FEMTO-ST Institute, Time and Frequency Dpt., 26, chemin de l’épitaphe – 25030 Besançon Cedex, France. 

nesrine.belkadi@femto-st.fr  

 

 

 

Abstract: This article describes the key process 

to realize conductive vias in silicon MEMS 

resonators. Cancelling out the resistance of 

interconnections in micro-acoustic resonators 
structures is mandatory to improve their 

performances because electrostatic generation of 

elastic waves results into relatively small values 

of the electromechanical coupling factor (Ivan et 

al.; 2012). Via techniques so-called TSS 

(Through-Silicon Stacking or Thru-Silicon 

Stacking) are the cornerstone of 3D integration. 

The achievement of TSS consists of two main 

steps.  First, the holes are etched through a low 

doped n-type silicon wafer using Deep Reactive 

Ion Etching (DRIE). After dry etching, the holes 
can be filled by a conductive material. An 

"electrochemical" approach was explored because 

of its low manufacturing cost compared to dry-

chemical techniques. We propose here a brief 

description of these two steps while stipulating 

technology issues for each of them, as well as 

some examples of widely used methods. 

Introduction:  

The three-dimensional (3D) silicon integration 

brings many advantages regarding the device 

performances for everything concerning the 

homogeneous integration (known as 'Moore Moore'), 
as well as multiple opportunities in terms of 

heterogeneous integration (known as 'More than 

Moore'). The 3D integration as defined today 

represents a new integration schema of multi-level 

systems, where different layers of components are 

stacked and interconnected by vertical vias through 

the silicon floors. These vias of a new kind - they 

pass through the silicon - are commonly known as 

TSS, for "Through-Silicon Stacking", by the 

scientific community. 

The Through-Silicon Stacking “TSS” technology is 
the key parameter for 3D integration allowing 

through-silicon connections. It must be stressed that 

the vertical dimension is a recent trend in the 

evolution of electronics and plays a leading role in 

the development of MEMS, NEMS and Micro-

sensors. Mastering TSS technology is especially 

promising to micromachining capacitive Bulk 

Acoustic Wave (BAW) resonators with out-of-plan 

mechanical displacements.  

The physical constitution of these conductive vias 
generally consists of a set of four generic steps. First, 

the holes are machined by Deep Reactive Ion 

Etching (DRIE), most often with the help of the 

Bosch process (Laermer et al., 1996). DRIE is the 

most widespread technique to elaborate structures 

with high aspect ratio and optimally vertical edges. 

This technique requires both chemical and physical 

silicon attacks (Laermer et al., 2010) to achieve 

anisotropic etching of silicon. 

An initial alkaline etching in KOH bath (B. Kim et 

al.,) can be performed in order to decrease the depth 
machined by DRIE, step which allows the 

achievement of non-through holes. The backside of 

the sample is etched through a SiO2 mask and also 

uses wet etching to meet the limits of the previously 

drilled holes of the front side in order to avoid 

manufacturing technology issues. 

This etching step represents somehow the skeleton of 

the TSS. Once it is achieved, it becomes necessary to 

prepare the edges for subsequent operations. The first 

step of this preparation consists in achieving an 

electrical insulation of the via sidewalls from the 

silicon substrate in order to prevent any risk of short 
circuit. After this insulating coating, a barrier 

material is deposited to prevent atomic diffusion by 

substitution.  

The ultimate step in the realization of the TSS 

consists in filling the via hole by a conductive 

material. Electrochemical deposition is a well-suited 

technique to perform this step in the frame of silicon 

resonators development. The electrolytic solution 

mainly consists of additives determined by the 

influence on the deposition kinetics. We briefly 

describe their role and their deposition conditions as 
well. A compound metallic seed layer is deposited on 

the backside of the silicon wafer in a view of a 

"bottom-up" filling. The main goal of this step is to 

improve the uniformity of the electrodeposited 

copper filling. 
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1 Through-Silicon Stacking Etching  

 

To achieve Through-Silicon Stacking, n-type, 

380 µm thick, 110 cm resistivity, (100) silicon 
wafers were employed. The TSS may be etched in 

silicon by several techniques. Deep Reactive Ion 

Etching process known by the acronym DRIE 

commonly known as Bosch process is the most 

widespread technique for producing high aspect ratio 

(HAR - High Aspect Ratio) of TSS. It was patented 

by Mr. Lärmer and Mr. Schilp. 

Before this deep etching step, the samples must be 

immersed in an aqueous solution of potassium 
hydroxide “KOH” which will enable us to initiate the 

deep etching holes. This etching is often performed 

through a mask (Generally a silicon dioxide mask) 

identified by a photolithography step (Figure 1.a) 

which is chemically etched in a BHF "Buffered 

Hydrofluoric acid" bath. The crystallographic 

orientation of the silicon wafer will determine an 

inverted pyramidal form of the etching (Figure 1.b). 

However, to avoid the step of thermal grown of the 

silicon dioxide, it is preferable to use double-ride 

oxidized wafers. 
 

 
 

 
 

Figure 1 :     Opening of the front side oxide mask. 
    Front side alkaline etching. This leads to initiate 

the formation of non-through-silicon vias. 

This localization of the holes is a preliminary step to 

the real deep etching, i.e., the deep reactive ion 

etching which must stop execution before reaching 

the threshold of the backside (Figure 2).  

This technique is based on the interaction between 

the plasma containing the fluorinated agent and the 

silicon surface. This process involves the cyclical 

repetition of two steps; the first step is a chemical 

and ionic etching of the silicon substrate, assisted by 

a fluorinated gas ‘   ’, the second is a sidewall 

passivation step using a polymer with the help of a 

‘    ’ gas. After successfully etching of the silicon, 

    gas is immediately pumped out of the chamber 

and we inject the      gas which generates a deposit 

of    . This thin layer of Teflon is deposited mainly 

on the already etched portion and acts as passivation 

layer, including the sides and bottom of the TSS's 

making the etching unidirectional. Then, once again 

we inject     gas and the cycle repeats.  

 
 

Figure 2: Deep Reactive Ion Etching leading to non-

through-silicon vias.   

The advantage of this method is that it allows the 

etching of various patterns with more or less straight 

sidewalls. The etched structures can reach aspect 

ratios of up to 30 (Dixit et al., 2008). It is mandatory 

to take into consideration the presence of ripples on 

the sidewalls of the holes during the elaboration of 
this step (Figure 3). These ripples, often denoted 

“scalloping effect” result from the isotropic etching 

and the passivation of the sidewalls to obtain high 

aspect ratio via. They can create stresses and be 

responsible for deposition-conformity defects. This 

method is very expensive because it does not allow a 

parallel processing of wafers, to the inverse of the 

electrochemical way. 

 

 
 

Figure 3. MEB image of through-holes created by 

DRIE with an example of etching defect: scalloping, 

(Garrou et al., 2008). 

After etching the oxide mask situated on the backside 

preceded by a photolithography step (Figure 4.a), 
two methods are possible for achieving the through 

holes to eliminate the residual silicon layer in oxide-

free regions (Figure 4.b): 

 Either the withdrawal by RIE 'Reactive Ion 

Etching',  

 Or by alkaline etching 'KOH bath'. 

The second process is chosen because it presents a 

definite advantage over the twin-plan; economic (low 
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cost way) and physical (reduced surface roughness). 

The advantage of this step etching is summed up in 

search of the best way to avoid the edge defects. 

 

 

Figure 4:     Opening of the backside oxide mask. 
    Backside alkaline etching. This leads to 

formation of through-silicon vias. 

At this level of the process, the holes made in this 

manner are not ready to be filled with copper to form 

TSS. Other treatments are necessary for the 

achievement of these last one. 

2 Through-Silicon Stacking Filling 

TSS INSULATION SIDEWALLS 

Once etch is performed, the samples are annealed 

under oxygen in order to grow an oxide layer of a 

several hundred nanometers of thickness (Figure 5). 

This layer electrically isolates the silicon from the 

electrolyte where it is immersed during the copper 

deposit. The isolation is performed by conformal 

deposition of a dielectric, generally an organic 

silicon type TEOS (tetraethylorthosilicate or 

tetraethoxysilane           ) giving a silicon oxide 

‘SiO2’ after deposition. In most cases, the deposit is 
carried out by 1SACVD if the temperature allows it 

(400 °C) or 2PECVD if the thermal budget is lower 

(Note that for PECVD, lower is temperature, less 

compliant is the deposit. One study showed good 

compliance of the deposit SACVD at 400 °C with a 

level of residual stresses rather modest (Chang et al.; 

2004). The two extreme values of deposit thicknesses 

of oxide are 0.05 µm and 0.5 µm. The minimum 

value corresponds to the thickness limit not to be 

exceeded for reasons of reliability (A thinner deposit 

could cause important insulation defects), while the 

maximum value is a technology recommendation to 
avoid increasing the diameter of TSS. 

 
1
SACVD: Sub-Atmospheric pressure Chemical Vapor Deposition. 

2
PECVD: Plasma-Enhanced Chemical Vapor Deposition. 

3
PVD: Physical Vapor Deposition. This generic denomination 

includes all types of physical processes deposition. 
4
CVD: Chemical Vapor Deposition. This is also a generic 

denomination that includes all chemical vapor deposition. 

 

Figure 5: Silicon thermal oxidation. This leads to 

electrically isolate the silicon from the electrolyte. 

BARRIER MATERIAL DEPOSIT 
 

Atomic diffusion by substitution is a well known 

physical phenomenon in microelectronics: metal 

atoms may move to another material by exchanging 

their respective places in the crystallographic 

structure. This physical phenomenon is activated by 

temperature. In the case of silicon, the copper 

diffusion is facilitated, which may lead to a certain 

quantity of copper in the silicon, thus making him to 

lose its semiconducting properties. To prevent copper 

diffusion into silicon, we employ the said barrier 
material, whose function is to block literally copper 

atoms diffusion (Figure 6). These materials also 

prevent parasitic copper growth on the sidewalls of 

Si, thus localizing the growth from a metal base 

situated on one side of the sample. Details about 

implementation of this step will be explained 

subsequently. The commonly used materials are 

generally the nitrides, such as titanium nitride (TiN), 

tantalum nitride (TaN) or tungsten nitride (WN), 

deposited in most cases by 3PVD or by 4CVD, but 

the ease of implementation as well as its low cost 

makes sputtering a much appreciated technique for 
the microelectronics industry. 

 

Figure 6: Barrier material deposition. This leads to 

stop the copper atoms diffusion and limits the 

parasitic copper growth on the sidewalls of silicon. 

It has been demonstrated, as part of TSS, that the 

SiO2 insulator deposition using PVD technique 

significantly improves barrier integrity. This material 
presents the advantage to be conform (homogeneous 

thickness) on structures with high aspect ratio and 

makes the surface of silicon more hydrophilic. Thus, 

the penetration of the electrolyte inside the pores is 

facilitated. The two layers of materials are therefore 

complementary (Zhang et al., 2005). 
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The required characteristics of these materials are a 

low resistivity and stability at a temperature 450 ° in 

order not damage the doping of the substrate, hence 

the interests of the called ‘Seed Layer’. 

SEED LAYER DEPOSIT 

In parallel to the deposition of the copper barrier 

diffusion; a nucleation layer; commonly known as 

Seed Layer, will be deposited by PVD. This base 

consists of a bilayer of Ti/Au, or Ti has the function 

of facilitating the adhesion of gold to barrier 

material. In our case ‘Through holes’, this layer must 
be deposited only on the backside of the holes and 

not on the sidewalls (Figure 7), and is essential to the 

growth of copper from the backside for a ‘bottom up’ 

filling. It's on its surface that occurs the cupric ions 

reduction to copper metal; contrary to the non-

through-holes where the hole is completely covered. 

The sample is then ready for filling.  

 

Figure 7: Backside Seed Layer deposition. This 

ensures the metal electrochemical bottom-up filling. 

 

The function of the Seed Layer consists to initiate the 

electrolytic deposit; it is made necessary by the high 

resistivity of the barrier materials which induces a 

considerable ohmic drop during electrolysis and does 

not allow thus a uniform deposition of copper on the 

surface of the silicon wafer. 

All these steps constitute an obliged passage to a 
successful filling of the structures by copper using an 

electrochemical way. 

 

COPPER FILLING BY ELECTROCHEMICAL WAY 

 

As mentioned in the introduction, the filling of 

vias will be done essentially by electrochemical 

deposition of copper due to its low production cost. 

This deposition is carried out by immersing the 

sample in an aqueous solution of copper sulphate 

‘     ’, sulfuric acid       to which will be added 
three additives whose denomination comes from the 

impact they have on the kinetics of deposition: 

 The accelerator, 5SPS, whose role is to favor 

the growth of Cu from the bottom of the holes. 

 

 
5
SPS: SulfoPropyldiSulfite. 

6
POE: PolyOxyethylene lauryl Ether. 

7
JGB: Janus Green B.  

 The suppressor, compound of 6POE and 

chloride ions which is absorbed in the surface of 

the sample, but few or no into the holes which 

limit thus the growth of copper on the sample 

surface. 

 

 And finally, the leveler 7JGB whose role is 

to limit the growth of Cu vias at the exit. 
 

 

Figure 8: Schema of the impact of additives 

(accelerator, suppressor and leveler) on the holes 

filling. 

On the other hand, the quality of filling holes is 

conditioned both by the nature of the electrolyte and 

the deposition conditions. However, the solution 

must be adapted for High Aspect Ratio (HAR) 

structures in order to limit the risk of inclusions voids 
during the filling (homogeneous copper growth), this 

risk is exacerbated when the nucleation layer covers 

the walls of the holes leading to premature closure 

causing thus low conductivity copper filling. 

A chemical mechanical polishing or CMP step is 

required at the end of filling in order to remove the 

metal base on backside of TSS, allowing then the 

mutual insulation (Figure 8). 

 

Figure 9: Backside Chemical Mechanical Polishing. 

This leads to the separation of through-silicon holes. 

 

 

Conclusion: 

In this paper we have described the realization of 

TSS involving a process where the first step is 

performed by both KOH and DRIE leading to the 

formation of the via holes. Then, the holes were 

filled by copper electromechanical deposition. 

  

Accelerator 
Suppressor 
Neveler  
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Abstract: While the world’s need of energy is 

rising with a decrease of fossil  fuel supplies, it be-
comes crucial to develop smart materials that can 
supply clean and sustainable energy to meet the needs 
of the future. Thermoelectric materials are currently 
investigated as a promising pathway, they allow the 
conversion of temperature gradients into electricity, 
which provides power generation without refrigerant 
or moving parts. During last years, nanostructured 
sil icon demonstrated a great potential to ameliorate 
thermoelectric figure of merit ZT (Lee et al., 2008). 
In addition, porous sil icon (por-Si) exhibits interest-
ing properties, such as good features of electrolumi-
nescence and photoluminescence in the visible and 
IR spectra (Hamadeh et al., 2008 and Fauchet et al., 
1996). A lot of effort has been devoted to boost the 
material’ s figure of merit, however, in a realistic de-
vice, metall ic contacts are needed to extract electric-
ity. Those contacts could gradually lower the result-
ing current, in the case of high electrical contact re-
sistivity. Therefore, optimizing the metall ic contacts 
grown on Sil icon is of a high interest, toward their 
integration in thermoelectric applications. For exam-
ple, in Complementary Metal-Oxide-Semiconductor 
(CMOS) technology, transition-metal sil icides are 
used as contacts between metal interconnects and the 
Si (source, drain, and gate of the transistors). 

Sil icides offer major advantages such as contact 
resistance as well  as excellent process compatibil ity 
with the standard Si technology. The production of 
sil icides occurs during the reaction between a thin 
metal film and the Si thanks to the Salicide (Self -
aligned sil icide) process. The contact used nowadays, 
is the Ni monosil icide (NiSi), but PtSi is presented as 
a very good candidate to be used as a realistic con-
tact. 

In this work we present a study of the effect of 
several metall ic contacts on the figure of merit, using 
a new process, and comparing the dif ferent factors 
influencing the electrical and thermal conductivities. 
Besides, a thermoelectric micro-generator was pro-
duced, and several masks were used in order to opti-
mize metall ic contacts on thermoelectric elements 
(Figure 1). 

Si substrates were cleaved from Si(001) epi-
ready wafers, the chemical cleaning of Si surfaces 

was done in two steps: the first was the rinsing in 
acetone and ethanol solvents to eliminate hydrocar-
bon contaminants due to storage of the substrates in 
air ambient. The next step was etching the contami-
nated Si native oxide layer in a diluted HF solution 
(10%) for several minutes. These cleaning steps of 
substrates was done prior to their introduction into 
the deposition chamber of the PECS set-up, exhibit-
ing a base pressure better than 2.10-6 Torr, and e-
quipped with high purity Ni and Pt charges (mini-
mum of 99.99 wt. %). 

  
 

 
Keywords:  thermoelectricity, metall ic contacts, po-
rous Sil icon, figure of merit, thermal conductivity, 
electrical resistivity. 

 
 
 
 
 
 

 
 
Figure 1: Figure il lustrating the mask used in order 
to realize low resistive contacts on thermoelectric 
elements. 
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Abstract: The synthesis of an epitaxial ferro-

magnetic sil icide or germanide, exhibiting a high 
Curie temperature, is an important issue in order to 
efficiently inject spin-polarized currents into standard 
semiconductors (Dietl et al., 2010). Among the dif -
ferent compounds, the Mn-Ge system presents a par-
ticular interest since it provides many phases with 
dif ferent magnetic properties. The most interesting 
phase is the intermetall ic phase Mn5Ge3, which has 
been shown to epitaxially grow on germanium (Olive 
Mendez et al., 2008) and has a Curie temperature at 
room temperature (Sawatzky et al., 1971). Hence, it 
is opening the road for spin injection into group IV 
semiconductors. The phase diagram of the bulk Mn-
Ge system contains a number of phases: Mn3.4Ge, 
Mn5Ge2, Mn7Ge3, Mn2Ge, Mn5Ge3 and Mn11Ge8, but 
data on thin films in the Mn-Ge system are relatively 
scarce. Therefore studying the phase formation se-
quence is of high interest. Furthermore, the current 
microelectronic technology uses the self -aligned sil i-
cide (SALISIDE) process (Chen et al., 2008), to es-
tablish sil icide contacts on sil icon by solid state reac-
tion. In our case, the reaction between a thin Mn 
metal layer and the germanium substrate gives a 
phase formation sequence of only some Mn ger-
manides. In fig. 1, we present First results of in-situ 
X-ray dif fraction measured during thermal annealing 
of 50 nm thick Mn layer deposited on 150 nm amor-
phous Ge are presented (Figure 1). The annealing 
temperature range was from 30 °C to 280 °C. These 
in-situ XRD measurements indicate that the Mn layer 
is stable on the Ge film until a temperature of about 
130 °C, beyond which Mn starts to be consumed. The 
first phase to be observed is the Mn5Ge3 one, which 
appears in the phase sequence diagram. After that, at 
about 210 °C, we observe peaks characteristic of the 
Mn11Ge8 phase. 

Numerous characterization techniques, including 
in-situ X-Ray Dif fraction (XRD), Atomic Force Mi-
croscopy (AFM), and Transmission Electron Micros-
copy (TEM), were combined to study the sequential 
formation of Mn-Ge phases during reactive dif fusion. 

  
A 120 nm thick SiO2 oxide grown on Si(100) 

was used as substrates, which served as support for 
amorphous Ge deposition. The substrates were 
cleaned chemically with an ultrasonic rinsing in etha-

nol and acetone, in order to eliminate hydrocarbon 
contaminants, prior to their introduction into the 
deposition chamber. This chamber exhibits a base 
pressure better than 5.10-9 mbar equipped with an 
evaporator set-up and high purity Mn and Ge charges 
(~ 99.999 wt.%). By the mean of electron beam 
evaporation, a 150 nm thick film of amorphous Ge 
film (a-Ge) was first deposited, than 50 nm thick Mn 
layer topped the sample. Both depositions were exe-
cuted at room temperature, with a rate of 0.2 nm/s. X-
Ray Reflectivity permitted to determine the thick-
nesses of the Mn and Ge layers. 

 
 
Keywords:  intermetall ic phase, Mn, Ge, reactive 
dif fusion, Spintronics, in-situ XRD dif fraction, sur-
face and interface characterizations. 
 
 

 
 
Figure 1: Figure il lustrating the planar view of dif -
fraction peaks corresponding to sequential formation 
of Mn5Ge3 and Mn11Ge8 during thermal annealing 
reaction of 50 nm thick Mn film with 150 nm thick 
film of amorphous Ge deposited on SiO2/Si(001) 
substrate. 
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Abstract: During last decade, external confinement of 

concrete using different uni-directional fiber rein-

forced polymer composites (FRP) is proved succes s-

ful to enhance strength and ductility of concrete. FRP 

are high strength and low weight compared with steel 

and concrete. In contrast to the uni-directional FRP 

composites, sprayed glass fiber reinforced polymer 

composites (SGFRP) are comprised of randomly dis-

tributed chopped fibers. In SGFRP, the fibers are 

sprayed using spraying and pumping equipment.  

In this study the behavior of concrete confined with 

SGFRP is evaluated in terms of strength and ductility 

enhancement. Both circular and square concrete cyl-

inders externally strengthened with different SGFRP 

thickness and fiber length in SGFRP were investigat-

ed. A total of 20 concrete cylinders including SGFRP 

strengthened and un-strengthened were tested under 

axial compression loading. The experimental investi-

gations clearly show that SGFRP are significantly 

effective to enhance strength and ductility of con-

crete. There is found momentous increase in load 

carrying capacity and ductility with an increase in 

thickness of SGFRP. However increase in strength 

and ductility is more significant for circular specimens  

compared with square specimens. 

Key words: SGFRP; strengthening; cylinders; 

strength; ductility. 

 

1. Introduction: In recent years, strengthening of 

concrete columns by wrapping and bonding of fiber 

reinforced plastic (FRP) sheets, straps, belts or pro-

cured shells around the column has become increas-

ing popular.  Nanni and Bradford (1995) investigated 

the behavior of FRP encased concrete with three dif-

ferent types of fiber wraps; namely, braided aramid 

FRP tape, filament wound E-glass, and preformed 

hybrid glass-aramid FRP shells. Dai et al. 2012 has 

investigated the behavior of concrete confined by 

FRP jackets (PET and PEN) with a large rupture strain 

(LRS). LRS FRPs can enhance the ductility of con-

crete substantially with a much smaller associated 

increase in compressive strength compared with low 

strain fibers. In addition to the experimental investiga-

tions a large database is available in which models are 

proposed to predict the compressive strength of con-

crete confined by uni-directional FRP (Lam and Teng 

2002).  

In contrast to the lamination and wrapping tech-

niques, a new technique using sprayed glass fiber 

reinforced polymer composites (SGFRP) has recently 

been used to strengthen RC structural members (Ban-

thia and Boyd 2000). In the SGFRP technique, 

chopped fibers of a controlled length are sprayed 

with a polymer matrix using a spray gun that is 

mounted with a chopper unit and epoxy containers. 

Once the sprayed fibers reach the required thickness, 

a ribbed aluminium roller is rolled across the sprayed 

fibers to remove any entrapped air. The result is a 

mixture of randomly distributed chopped fibers with 

resin.  This paper presents an experimental study on 

behavior of concrete confined with SGFRP. Plain 

concrete specimens of circular and square shape were 

strengthened with different thickness and fiber length 

in SGFRP and tested under uni-axial compression 

loading.  

 

2. Material properties 

2.1 Concrete Mixture 

A single concrete mixture (cement = 265 Kg/m3, sand  

= 689 Kg/m3, gravels = 1086 Kg/m3, water = 172 

Kg/m3) was sued to achieve the desired range of un-

confined compressive concrete strength (28 days 

target strength = 25 MPa).  

 

2.2 SGFRP Material 

The glass fiber roving used in this study was an as-

sembled glass-fiber manufactured by Jushi Group 

Co., LTD. The resin system that was used to spray 

glass fiber over the concrete surface was the polyes-

ter resin made of two parts, resin and hardener.  The 

resin and hardner was manufactured by the QualiPoly 

Chemical Corporation, Taiwan and AkzoNobel Poly-

mer Chemicals, respectively. The mechanical proper-

ties of SGFRP material, including tensile strength and 

modulus were obtained through tensile testing of flat 

coupons. The tensile coupons where prepared and 

tested following the ASTM standards (ASTM D638, 

1999) with slight modifications in the size. Prior to the 

testing, strain gauges were glued at the middle to 

record strains.  The tensile coupons were cut from 

SGFRP rectangular of 3 mm and 5 mm. The sheets 

were prepared by spraying glass fibers onto the pla-

nar surface. For both 3 mm and 5 mm SGFRP, a total 

of 10 tensile strips were prepared for tensile testing.  

The density and the fiber-volume fraction were meas-

ured using ASTM methods D792 and D2584 (ASTM 

D792, 2000; ASTM D2584, 2002). [Tensile strength = 

63-75 MPa, tensile modulus = 8.4-9.5, density 1.43-

1.47 and fiber volume fraction = 30-40%].  
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3. Specimen Preparation 

Two series of experiments were performed to investi-

gate the behavior of plain concrete circular and 

square cylinders confined by SGFRP.100 mm-diameter 

by 200 mm-height of cylindrical specimens and 100 

mm by 100 mm in width and depth along with 200 mm-

height of square specimens were used in this study. 

Prior to the SGFRP strengthening, the corners of 

square columns were rounded off by corner radii of 

20 mm to avoid rupture of SGFRP at corners. Further 

in this experimental program, the surface of circular 

and square cylinders was roughened using a chisel 

and a hammer prior to the application of SGFRP (Fig-

ure 1) to increase the bond strength of SGFRP to 

concrete surface. Details of test matrix are given in 

the Table 1. 

 

Figure 1: Typical roughened surface of specimens 

Table 1: Test matrix 

Specimen  SFRP 

thickness 

(mm) 

Fiber 

length 

(mm) 

Specimen 

numbers 

Circular-0-0 - - 2 

Circular-3-13 3 13 2 

Circular-3-26 3 26 2 

Circular -6-13 6 13 2 

Circular -6-26 6 26 2 

Square-0-0 - - 2 

Square-3-13 3 13 2 

Square-3-26 3 26 2 

Square-6-13 6 13 2 

Square-6-26 6 26 2 

 

4. SGFRP Strengthening 

After 28 days of curing, SGFRP were applied to the 

specimens by spraying glass fiber with polyester 

resin. Prior to the SGFRP strengthening an arrange-

ment of steel stand and end plates were prepared to 

continuously rotate the cylinders during the spray 

process (Figure 2). During SGFRP spraying process 

skilled labor continuously monitored and controlled 

the fiber loading and thickness of applied SFRP. Once 

glass SFRP was sprayed, an aluminum ribbed roller 

was used to remove the entrapped air and to obtain 

uniform thickness of sprayed fiber.  

 

Figure 2: SGFRP strengthenin process  

 

5. Test Setup and procedure 

The both circular and square specimens were loaded 

under a motonic uniaxial compression load up to fail-

ure. The compressive load was applied at a rate of 

0.24 MPa/s and was recorded with an automatic data 

acquisition system. Axial and lateral strains were rec-

orded using three different vertical and horizontal 

linear variable differential transducers (LVDTs), re-

spectively. Prior to testing, all SGFRP strengthened 

cylinders as well as the un-strengthened cylinders 

were capped with sulfur mortat at both ends. Addi-

tionally, in SGFRP strengthened specimens, a steel 

plate of 5mm thickness were provided in between 

sulfur mortar and loading plate to avoid compression 

load over the SGFRP shell.  

 

6. The Experimental stress-strain relationship 

The experimental results are presented by the axial 

stress strain relationships. The stress strain behavior 

of SGFRP confined circular and square cylinders 

along with un-strengthened specimens are presented 

in the figures 3-5. The experimental results are sum-

marized in the Table 2. As seen in these figures, both 

compressive strength and ultimate axial strain are 

increased significantly as a result of SGFRP Strength-

ening. 

 

6.1 Effect of SGFRP Thickness 

6.1.1 Circular specimen 

For SGFRP strengthened circular specimens (fiber 

length of 13 mm) with the SGFRP thickness of 3 mm, 

the compressive strength and ductility increased 

130% and 278%, respectively while those of 229% 

and 506% increased for the specimens with SGFRP 

thickness of 6 mm. In SGFRP strengthened circular 

specimens (fiber length of 26 mm) with the SGRP 

thickness of 3mm, the compressive strength and    

ductility increased up to 156% and 301%, respective-

ly while those of 259% and 536% increased for the 

specimens strengthened with higher thickness of 

6mm. Stress-strain curves of circular specimens with 

different thickness are shown in Figure 3. 
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6.1.2 Square specimen 

For SGFRP strengthened square specimens (fiber 

length of 13 mm), 89% and 175% increase in strength 

and ductility were observed with thinner SGFRP 

thickness (t = 3 mm), while 188% and 258% increases 

in strength and ductility were recorded by the thicker 

SGFRP thickness i.e. 6 mm. In SGFRP strengthened 

with the fiber length of 26 mm square specimens, 91% 

and 203% increases in strength and ductility were 

observed with the thin SGFRP while the thick SGFRP 

increased them by 206% and 308%, respectively.  

Figure 4 shows the comparison of the stress-strain 

curves of square specimens with different thickness. 

 

Table 2: Experimental results 

Specimen f 'co (MPa) f 'cc (MPa) 

Circular-0-0 23.40 - 

Circular-3-13 23.40 53.71 

Circular-3-26 23.40 59.95 

Circular -6-13 23.40 77.00 

Circular -6-26 23.40 84.00 

Square-0-0 24.50 - 

Square-3-13 24.50 46.21 

Square-3-26 24.50 46.71 

Square-6-13 24.50 70.57 

Square-6-26 24.50 74.94 

 

6.2 Effect of fiber length 

6.2.1 Circular specimen 

The typical stress-strain curves of circular specimens 

with two different lengths of 13 and 26 mm (SGFRP 

thickness of 6 mm) are presented in figure 3 to         

investigate the influence of fiber length on the 

strength and ductility of concrete. 229% and 506% 

increases in strength and ductility, respectively, were 

observed with the SGFRP have short fibers 

(l=13mm), while 259% and 536% increases in those 

of specimens strengthened with long fibers               

(l= 26mm). 

 

6.2.2 Square specimen 

The typical stress-strain curves of square specimens 

with two different lengths  of 13 and 26 mm are pre-

sented in figure 4 to investigate the influence of fiber 

length on the load strength and ductility of concrete. 

188% and 258% increases in strength and ductility, 

respectively, were observed in specimens strength-

ened with short fibers  (l=13mm), while 206% and 

308% increases in those where recorded by the 

SGFRP with long fibers (l= 26mm) in figure 4.   

 

6.3 Effect of shape 

The typical stress-strain curves of specimens 

strengthened with 6 mm SGFRP for both circular and 

square shape are shown in the figure 5. It is evident 

that efficiency of SGFRP strengthening is higher for 

circular specimens compared with square ones. 
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Figure 3: Stress-strain curves of circular specimen 

(effect of thickness) 
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Figure4: Stress-strain curves of square specimens 

(effect of thickness) 
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Figure 5: Stress-strain curves of circular and square 

specimens (effect of specimen shape) 

 

In figure 5, 229% and 506% increases in strength and 

ductility respectively were recorded for circular    

specimens while 188% and 258% increases in those 

were observed for square specimens.  

 

7. Failure Modes 

The un-strengthened circular specimens were failed 

in typical manner by crushing of the concrete at peak 

load. Whereas, SGFRP strengthened circular speci-

mens were failed in three different modes; 1) vertical 

rupture, 2) partially inclined and 3) inclined ruptures  

(Figure 6). While all SGFRP strengthened square 

specimens were failed by rupture of SGFRP at the 

corners(Figure 7). The final failure was sudden and 

explosive preceded by moderate snapping sounds in 

both shapes. 
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8. Comparison of Analytical predictions with exper-

imental data 

The analytical expressions proposed by Toutanji 

(1999) and Shehata et al.(2002) for uni-directional FRP 

confined concrete were utilized here for the prediction 

of compressive strength of circular and square spec-

imens confined with SGFRP, respectively. These ex-

pressions are given in the equations 1 and 2. 

For circular specimen 
85.0

5.31 

















co

l

co

cc

f

f

f

f
   (1) 

For square specimen 

co

l

co

cc

f

f

f

f







85.01    (2) 

Where ccf   and cof  are compressive strengths of 

confined and un-confined concrete, respectively, and 

lf    is the lateral confining pressure provided by 

FRP. 

D

tf
f FRP

l

2
     (3) 

Where 
FRPf  is the tensile strength of the FRP in the  

hoop direction, t is the total thickness of the FRP and 

D is the diameter of the core concrete i.e. confined 

circular concrete section. The comparison of analyti-

cal and experimental results is shown in the Table 3. 

As seen in the Table 3 that both models are close to 

predict the compressive strength of the concrete con-

fined with SGFRP however both models are under 

estimating the predicted values. 

 

7. Conclusions 

This paper present the study on behavior of concrete 

confined with SGFRP. Based on experimental results 

it can be concluded that; 

1. The compressive strength and ductility are         

enhanced significantly when the cylinders are 

strengthened with SGFRP. 

2.  The analytical expressions proposed by Toutanji 

(1999) and Shehata et al.(2002) for FRP confined pro-

duces close results for circular and square SGFRP 

confined concrete specimens, respectively. 

 

Table 3: Comparison of results 

Specimen code 
ccf  experimental 

(MPa) 

ccf  Analytical 

(MPa) 

Circular-3-13 53.71 44.80 

Circular-6-13 77.00 55.60 

Circular-3-26 59.95 46.40 

Circular-6-26 84.00 59.80 

Square-3-13 46.21 33.50 

Square-6-13 70.57 49.20 

Square-3-26 46.71 35.50 

Square-6-26 74.94 53.80 

   

Vertical rupture Partially inclined Inclined ruptures  

 

Figure 6: Failure mode of circule specimens 

 

 
Figure 7: Failure mode of square specimens  
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Abstract 

In this work, Au and Au/Ag nanorod arrays (fibAu_NR and fibAu/Ag_NR) were fabricated by 

focused ion beam (FIB) with low and high ion energy. The formation of AuGa2 alloys on 

fibAu_NR was controlled by ion energy and temperature treatment. On the other hand, 

fibAu/Ag_NR embedded nanovoids were generated with an increase in stress mostly caused by 

the effects of oxidation and heat expansion. In addition, the nanovoids formed in the embedded 

Ag layer. However, Au and Ag interface have different diffusion rates of the metal atoms and 

temperature treatment where atomic diffusion is possible; the interface could be moved and 

produce the alloys and voids in Au/Ag. Moreover, AuGa2 on fibAu_NRs was anticipated to 

increase the localized surface plasmon resonance (LSPR) due to the matched photon energy 

between Au and AuGa2. The embedded nanovoids increased the available space for the 

interaction an analyses with laser light and a strong electromagnetic (EM) field effect is 

generated in and around these nanovoids, creating LSPR. The fibAu_NR and fibAu/Ag_NR 

Surface-enhanced Raman scattering (SERS) properties were investigated using crystal violet as 

molecular test probes. The enhancement factor reached up to 10
7
. Furthermore, an optimized 

fibAu_NR SERS-active substrate was applied to the detection of melamine cyanurate (MEL-CA) 

in milk solution at low concentration (pM). Results show that SERS-active fibAu_NR have 

potential for rapidly detecting low-concentration samples. 

 

Keywords: Focused ion beam; Nanorods; Surface-enhanced Raman scattering; Crystal violet; 

Melamine-cyanurate 

Introduction 

SERS is a label-free and extremely selective spectroscopic tool for analyzing a wide variety 

of chemical or biological species owing to its excellent sensitivity to molecular vibrations (Nusz 

et al.,). The effect of SERS is mainly attributed to two primary mechanisms, namely chemical 

and EM effects. The interaction of noble metal nanoparticles (NPs) or nanostructure (NSs) with a 

laser with a constant wavelength can result in a collective oscillation caused by an excitation of 

conduction electrons and a subsequent electric field in the vicinity of NPs or NSs owing to the 

induction of LSPR. The frequency of LSPR strictly depends on the composition and geometry of 

NPs or NSs as well as the refractive index of the localized environment and that allows single 

molecule detection (Campion et al.,). The optical properties of FIB-fabricated NSs may be 

suitable for Raman-active substrates (Sivashanmugan et al.,). There still occur some drawbacks 

to NSs for use as photonic components. For example, FIB-fabricated NSs are strongly influenced 

by the residual Ga concentration and have a limited aspect ratio (Tao et al.,). In the present work, 

fibAu_NR and fibAu/Ag_NR SERS-active substrates were fabricated using FIB and applied to 

the detection of contaminant molecules at a low concentration in milk. The SERS-active 
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substrates had high enhancement due to a large LSPR effect from the arrangement of hot-spot 

arrays.  

 

Detection of melamine cyanurate in milk  

The rapid detection and identification of toxic substances in food or the environment is one of 

the most important applications of SERS analysis. In order to understand the interaction of MEL 

with CA was studied at a Raman laser wavelength of 785 nm. The spectrum of MEL-CA 

exhibits solid peaks at 680, 705, and 988 cm
-1

. For SERS-active fibAu_NR sample even a small 

amount of MEL-CA produced strong Raman signals at 686 to 705 cm
-1

, assigned to ring 

breathing mode II. The peak area increases with increasing concentration. The reproducibility of 

fibAu_NR sample was confirmed at 25 sampling positions. The SERS spectra exhibit fairly 

consistent peak intensities. As a consequence, the effect of hot spot (figure 1) uniformly 

distributed upon fibAu_NRs sample was anticipated. MEL-CA was detected on fibAu_NR 

sample even at 10
-12

 M. Therefore, the proposed substrates are promising for the field detection 

of MEL-CA in milk products. 

 

Figure 1 Brief description of proposed EM 

mechanism for fibAu_NR and fibAu/Ag_NR. 

 

Conclusion 

The fibAu_NR samples had high SERS 

activity for MEL-CA detection, and thus have 

potential for the ultrasensitive measurement of 

MEL-CA in milk solution. 
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Micro-scale Piezoelectric Harvester from Fluid Flow  
at Low Velocity 
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ABSTRACT 

We have developed a newly designed energy harvester for the 

utilization of energy from water flow with vortices based on 

cantilever beam energy conversion. It converts fluid flow energy 

into electrical energy through the vibration of a piezoelectric film. 

The full wave oscillation of the piezoelectric film was induced by 

vortex induced vibration phenomena to the piezoelectric film sheet 

(polyvinylidene fluoride, PVDF). Variations in the vibration 

frequencies have been created by pressure fluctuations in vortices 

of the fluid flow from the bluff body. The PVDF attachment 

obtained the oscillation from flow kinetic energy. The coupling 

mathematical model of energy harvesting technique and 

experimental data were established. Experiments were carried out 

to verify the validity of the numerical simulation results. It shows 

that the power output and the peak frequency obtained from the 

numerical analysis were in good agreement with the experimental 

results. This approach leads to the potential of hydropower 

harvesting and converting it into electrical energy for powering 

wireless devices. The micro-scale of the output power from this 

harvesting can be improved by increasing the piezoelectric constant 

of piezoelectric materials or by an optimization of the design 

harvesting process. Multiply arrays of this harvester together with 

a rectifier can be made available to be part of a hydropower 

harvesting devise placed into a flowing river. 

Keywords: piezoelectric, fluid flow, PVDF, energy harvesting. 

 

1. INTRODUCTION 
 

Flow energy is readily available in the form of air and water streams 

for in and/or outside the building base. Energy conversion of 

ambient wind energy into electricity for wireless sensor networks 

(WSNs) have been explored by using small scale turbine systems 

[1]-[4]. However, complexity, a complicated fabrication, and high 

maintenance costs due to unfavorable viscous drag and baring loss 

are disadvantages. Moreover, piezoelectric materials propose the 

potential as a flow energy harvester by convert flow induced 

vibrations (FIV) or vortex induced vibrations (VIV) into electrical 

energy [5]. The designed harvester device in this work is proposed 

to show “eel/flag” motion based on an ultralow range of fluid 

velocity (<0.2 m/s). Generated powers of this device were 

estimated on possible harvesters’ dimensions and experiments of 

flow harvesting setup, as well the computational simulation are 

calculated and the results discussed. 

 

2. FLUID FLOW HARVESTING 
 

The piezoelectric flag energy harvester consists of piezoelectric 

polymers attached behind a vortex generator (bluff body) in in 

small channel (pipe line) structure. Fluid-solid interaction induces 

AC voltage generation in the converter. An analytical VIV 

interacted to laminate film has been proposed by finite element 

methods (FEM), and the results are shown in Figure.1. Film’s 

amplitude and frequency oscillation data have been obtained in 

various flow velocities by COMSOL multiphysics software. The 

combination of mechanical and piezoelectric equivalent circuits of 

the converter for electrical energy output is achieved by MATLAB 

Simulink. Physical and piezoelectric properties of film are 

presented in Table 1. Different flow velocities (U) and other 

properties of the elastic film, e.g. density, Poisson’s ratio, Lame 

coefficient, have been used for FEM analysis. 

 

 
Figure 1: Contour diagram of the total displacement of film and 

velocity magnitude in the fluid [6]. 

 

The fluid flow energy harvesting setup is consisting with power 

flow supply, converter, and measurement units. Water flow 

velocity has been controlled by a vale. Open voltage output (Voc.) 

signals of the piezo film were detected by an oscilloscope. To 

calculate the electrical power generated (P) and the energy 

conversion coefficient of the device, principles to fluid flow and 

electrical AC power based calculations can be employed [7]-[8]. 

 

Table 1: Piezoelectric, mechanical properties [9], and the estimated 

power generated by PVDF.  

 

Young’s modulus (GPa) 6.9 

r/o 12-13 

d31 (pC/N) 23 

d33 (pC/N) -33 

k31 12% 

k33 14% 

Volume (µm3) 6400 

P (µW) 1 

 

The piezoelectric harvester generates random voltage amplitudes. 

On the other hand, the DC voltage amplitude depends on the fluid 

flow velocity generated. The maximum Voc. signal at low rang 

velocity that can be observed is about a micro watt. High frequency 

voltages of the harvested signal were from electromagnetic 

radiation of the measurement device. A low passed filter circuit is 

applied to the harvester unit to cut the not related frequencies off, 

which were over 30 Hz. A rectifier by a full wave bridge was added 

as well as a capacitor for energy storage. Energy management 

electronics must be matched to the sleep/measure/wake/transmit 

cycles to achieve maximum efficiency of the whole measurement 

system. 
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3. RESULTS AND DISCUSSIONS 
 

This work presents an energy harvester, i.e. a micro-generator, 

utilizing fluid flow by using the piezoelectric principles. Although 

experiments were not performed at resonance frequency, the device 

can generate the fs oscillation of an ambient system reaching 

resonance frequency by using a tailored fluid velocity of 6.8 m/s. 

The Re number will be 5,000 and the flow can reach unsteady-

oscillating state in order to increase the output power. An outlook 

of possible river flow and small channel energy harvesting 

solutions for powering low power monitoring sensor nodes is 

given. In view of this conclusion, future research will focus on the 

developing of further physical factors as the distance to achieve 

maximum vortex power from the harvester and testing this 

experimentally in real river flow conditions. Power levels available 

by using the considered harvesting solutions will also be 

experimentally estimated as well as the optimization of the power 

management electronics. 
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Abstract: Thermal, morphological and antioxidant 

properties of lignin irradiated with electron beam of 

doses 30, 60 and 90 kGy have been investigated by 

ESR, FITR, DSC, SEM and Spectrophotometer 

techniques. The absorption band at 1604cm-1 reveals 

the presence of conjugated structures whose 

concentration increases with the dose of irradiation. 

Glass transition temperature of lignin decreased 

abruptly at 90 kGy of dose and cracks were generated 

in lignin granules on EB irradiation. Antioxidant 

studies shows that the irradiated lignin with destructed 

particles and high conjugation exhibit high antioxidant 

activity compared to the unirradiated. 

 

1. Introduction 

Lignin, a natural polymer found in the cell walls of 

plants along with the other two major components, 

cellulose and hemicellulose. Lignin comprises 28% of 

the mass of wood-like plants. In wood, lignin consists 

of a family of phenyl-propane type polymers in a 

variety of structural units. In addition, lignin has a 

complex chemical functionality of carboxyl groups 

and alcohols [1]. In fact, due to its non-toxic nature, 

renewability and extreme versatility, lignin 

applications have been increasing in industry. The 

radiation induced modification of biopolymers is a 

feasible method to produce material or to tailor their 

usage. Electron beam (EB) irradiation is a promising 

green tool in this respect and optimized/alternative 

methods to utilize and to improve lignin as a precursor 

in a cost effective manner. The radioactive 

degradation of kraft lignin has been the subject of 

numerous investigations.  

  Barca et al [2] have reported that phenolic 

model compounds recognized as indigenous to the 

lignin structure which possess significant antioxidant 

property. Structures with conjugated double bonds in 

propyl side chains have higher antioxidant activities 

compared to structures with saturated side chains or 

isolated double bonds. Lignin also contains ortho- 

distributed phenolic groups. In addition, ortho-

methoxy groups might provide stabilization to the 

incipient phenoxy radical formed by resonance 

structures.  

In the present study, electron beam irradiation of 

different doses was applied to lignin. Under the 

treatment from an electron beam, lignin compounds 

are known to undergo several radical initiated 

reactions such as aryl hydroxylation, fragmentation 

and cleavage. These reactions leave the compound 

open to interaction with number of resins systems 

which have the capability to change the mechanical 

properties and biodegradability of resulting 

composite. In such cases it is necessarily important to 

study the properties of lignin such as radical stabilities, 

thermal properties and morphology on EB treatment 

which can effect composite properties. Further, lignin 

aromatic structures suggests that it is suited as a radical 

scavenger in existing commodity thermoplastics. Also 

there are limited number of papers dealing with EB 

irradiation of lignin as a source for antioxidant 

activity.  

 
2. Material and Methods 

Kraft lignin in the form of powder was purchased from 

Sigma Aldrich, USA. Three lignin sample packets 

were prepared for electron beam irradiation with 

optimum radiation doses i.e. 30, 60 and 90 kGy. The 

industrial electron beam accelerator is ILU-6 type, 

pulse linear accelerator from Board of Radiation and 

Isotope Technology, BARC, INDIA. In the present 

studies, the dose rate chosen is 5 kGy/pass. Chemicals 

like 1,1-diphenyl-2-picrylhydrazyl (DPPH), 

Methanol, L-ascorbic acid, trichloroacetic acid (TCA) 

and other reagents were purchased from HiMedia 

Laboratories to study the radical scavenging activities.  

ESR spectra were recorded on JES-FA200 ESR 

spectrometer, JOEL at an operating frequency of 9.4 

GHz (X-band). FTIR spectra of the sample pellet 

prepared by adding KBr were recorded on Perkin 

Elmer spectrometer. DSC measurements were 

performed on a DSC-TA Q10 model calorimeter at a 

heating rate of 20oC/min in flushing Nitrogen gas. The 

X-ray diffractograms were recorded on Bruker D8 

Advance XRD. The morphology of lignin was 

examined under TESCAN VEGA 3 LMU with a 

magnification of 750 and 1000. Lignin antioxidant 

capacity was determined by using DPPH scavenging 

activity and reducing power. The methods were 

followed from Mir Gul et al [3] and Qi Lu et al [4] with 

minor modifications. 
 

 

Smart Materials and Surfaces for Energy and Environment Proceedings



3. Results and Discussion  

Unirradiated lignin shows a weak ESR singlet with  g-

value of 2.0035 and it is assigned due to poly-

conjugated radicals whereas the irradiated lignin 

shows a strong singlet with increasing dose assigned 

to two types of radicals (i) poly-conjugated radical (ii) 

peroxy radical. Lignin contain phenols, alcohol, 

glycosidic and acetal oxygen groups. When lignin is 

irradiated with electron beam, dissociation of these 

groups takes place and degradation occurs producing 

primary radicals. Kuzina et al [5] have used D-band 

ESR spectroscopy to resolve the singlets and detected 

the existence of poly-conjugated radicals in lignin. In 

the present studies, ESR spectrum of irradiated lignin 

is a superposition of singlets arising due to the poly-

conjugated radicals and peroxy radicals.  There is a 

gradual increase in intensity of ESR signal with 

radiation dose. ESR spectra are also recorded at RT, 

333K, 363K, 413K and 453K temperatures shown in 

Figure 1. As the temperature is increased, the radicals 

gain thermal energy and begin to interact with 

themselves or with other radicals. It is evident that the 

doublet like structure appeared around 363K is 

disappeared at 413K i.e. around glass transition 

temperature of lignin. The decayed component is 

assigned to peroxy radical. Since the poly-conjugated 

radicals have high thermal stability, the singlet at 

450K corresponds to poly-conjugated radicals. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Absorption spectra of lignin reflects the change in the 

chemical structure induced on irradiation. The FTIR 

studies confirm the enhancement in conjugation of 

lignin on irradiation. These changes suggest that 

cleavage of phenoxy groups on irradiation and 

subsequently led to the formation of unsaturated 

conjugated group. DSC thermograms shows a 

negligible change in glass transition temperature (Tg) 

but at a radiation dose of 90 kGy, the Tg decreased 

abruptly.  The decrease in Tg is assigned to a decrease 

in molecular weight and plastification phenomena in 

lignin which arise due to the intermolecular interaction 

of hydroxyl groups. SEM micrographs shows 

numerous pits on the cross-section surface of lignin 

granule. When the lignin is treated with EB radiation, 

cracks were developed on the surface of the cross-

section view of granule. The antioxidant activity of 

lignin increased on EB irradiation was checked with 

DPPH radical scavenging activity and reducing power 

as shown in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. Conclusion 

Electron beam irradiation of kraft lignin induce both 

physical and chemical changes. Cleavage of 

glycosidic oxygen groups in lignin is occurred 

producing poly-conjugated and peroxy radicals under 

oxygenated conditions. Due to the chain cleavage, 

glass transition temperature is found to decrease. 

Electron beam irradiation also decreased particle size 

with heavy damage of surface. Antioxidant properties 

are also observed to increase due to irradiation of 

lignin.  
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Figure 1 ESR spectra of irradiated lignin at different 

temperatures RT, 333K, 363K, 413K and 453K. 

 

Figure 2 DPPH radical scavenging capacity of unirradiated 

and irradiated lignin (A), Reducing power of unirradiated 
and irradiated lignin (B) 
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Abstract: A facile growth of carbon nanotubes 

(CNTs) was facilitated by the use of direct-current 

plating technique for catalyst preparation. Ni 

nanoparticles (NPs) were deposited on Cu sheet at 

different applied voltages of 1.0, 1.5 and 2.0 V and 

were subsequently used as catalyst for CNTs 

synthesis by chemical vapor deposition (CVD) 

method. Ni NPs size could be controlled by 

electroplated voltage. A voltage of 1.5 V is the 

optimum condition to deposit a uniform Ni NPs with 

a narrow size distribution of  55±3 nm, resulting in 

the synthesized CNTs with a uniform diameter of 

approximately 60±5 nm with graphitic layers being 

parallel to the CNTs axis. Ni NPs with a narrow size 

and a uniform diameter is a key for uniform CNT 

synthesis. Moreover, the CNTs synthesized from 

electroplated Ni NPs shows the potential application 

as pseudocapacitor. 

 

Keywords: Electroplating, Carbon nanotube, 

Chemical vapor deposition, Pseudocapacitor 

 

Introduction 

Carbon nanotube (CNT) shows a great 

potential to apply in various applications to improve 

device properties such as electronics devices, energy 

storage devices and sensors. Chemical vapor 

deposition (CVD) is one of the main methods for 

CNT synthesis. Metal catalyst is an essential 

ingredient for CVD approach (Lee et al., 2002). For 

practical application, facile catalyst preparation is 

strongly required. In this study, a facile growth of 

CNTs was proposed by using direct-current (DC) 

electroplating for Ni nanoparticles (NPs) preparation 

and CNTs was synthesized by CVD using ethanol as 

carbon source. Moreover, for potential application 

demonstration, the supercapacitor based on the 

synthesized CNTs were fabricated and its 

electrochemical properties were characterized.  

 

Experimental 

The 4x20 mm
2
 Cu sheet (Nilaco 

Corporation, Japan) and Ni ingot were connected as 

anode and cathode, respectively. The commercial Ni 

electroplating was used as electrolyte. Electroplating 

temperature, time and distance between electrodes 

were fixed at 45ºC, 5 min and 100 mm, respectively, 

while the applied voltages were varied at 1.0, 1.5 and 

2.0V. The CNT synthesis procedure is described as 

follows. A quartz tube reactor was filled with Ar gas 

at a flow rate of 500 sccm and the Ni catalyst-

electroplated Cu sheet was heated to 800ºC. Ethanol 

(99.9%, Labscan) was vaporized and switched into 

the quartz tube by Ar bubbling for 20 min for CNT 

growth. Morphology of the electroplated Ni was 

characterized by atomic force microscopy (AFM). 

Morphology, diameter and crystallinity of the 

synthesized CNTs were characterized by filed 

emission scanning electron microscopy (FESEM) and 

transmission electron microscopy (TEM). The 

electrochemical measurements were carried out in a 

three-electrode setup connected to an electrochemical 

workstation (Metrohm AUTOLAB PGSTAT 302). 

The synthesized CNT on Ni-electroplated Cu sheet 

with an area of 4x10 mm
2
 was used as a working 

electrode. Pt and Ag/AgCl electrodes were used as 

counting and reference electrode, respectively. 1M 

H2SO4 aqueous solution was used as the electrolyte 

 

Results and discussion 

 Ni NPs could be formed by all electroplated 

voltage conditions. The average size of Ni NPs 

deposited at electroplated voltages of 1.0, 1.5 and 2.0 

V were 120±14 nm, 55±3 nm and 103±12 nm, 

respectively (data not shown). Thus, Ni NPs with a 

controllable size can be achieved under the 

controlled electroplating condition. Figures 1(a)−1(c) 

show SEM images of CNTs synthesized from Ni NPs 

deposited at electroplated voltages of 1.0, 1.5 and 2.0 

V, respectively (hereinafter referred to as Ni1.0-
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CNTs, Ni1.5-CNTs and Ni2.0-CNTs, respectively). 

After CVD process, all Cu sheet surfaces were 

wholly covered with a black powder by visual. All Ni 

NPs could act as a catalsyt to synthesize tubular 

shapes but different in morphologies and structures. 

For Ni1.0-CNTs, the synthesized CNTs were tangled 

in network while the Ni1.5-CNTs were straight with 

high aspect ratio. For Ni2.0-CNTs, the synthesized 

CNTs were curly and agglomerated in cluster 

structure. From TEM observation, it was found that 

graphitic layers of the Ni1.0-CNTs were angle to the 

tube axis wall, while graphitic layers of the Ni1.5-

CNTs were parallel to the tube axis (data not shown).  

For the preliminary test as supercapacitor 

application, the Ni1.5-CNTs on Cu sheet was further 

evaluated their electrochemical properties. Figure 2 

shows the cyclic voltammetry (CV) curves of the 

Ni1.5-CNTs in the potential range of -0.3−0.2 V at 

different scan rates. Every CV curves show a pair of 

redox current peaks, showing that faradic 

pseudocapacitance is dominantly contributed to the 

electrochemical properties (Li et al., 2013). With 

increasing scan rate, the current increased and the 

gap between redox peaks widened while the shape of 

the CV curves were retained, indicating the redox 

reversibility. This psesudocapacitive character may 

arises from the residual Ni NPs used as catalyst for 

CNTs synthesis. The specific capacitance calculated 

from the CV curve at a scan rate of 5 mVs
-1

 is 

approximately 53 Fg
-1

. This preliminary results show 

that the facile growth of CNTs from Ni NPs 

deposited by DC electroplating method was 

successful. The synthesized CNTs shows a potential 

application as supercapacitor electrode. However, 

further detailed works and optimization are needed 

 

Conclusion 

Novel synthesis of CNTs with simple and 

low cost method was proposed by the use of 

controllable electroplated Ni NPs as catalyst and the 

use of ethanol as carbon source during CVD process. 

The electroplated voltages directly affect the size of 

Ni NPs, resulting in the morphology and structure of 

CNTs. The graphitic layers of CNTs can be 

selectively parallel to the tube axis with a narrow 

tube diameter distribution of 60±5 nm. The 

synthesized CNTs show a potential application as 

supercapcitor with a specific capacitance of 53 Fg
-1

  

at a scan rate of 5 mVs
-1

. The optimization of Ni NPs 

structure and the optimum amount of Ni NPs and 

CNTs may improve the electrocapactive 

performance. 
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Figure 1: SEM images of (a) Ni1.0-CNTs, (b) Ni1.5-CNTs and (c) Ni2.0-CNTs. 

 

Figure 2: Cyclic voltammetry curves of Ni1.5-CNTs 

with different scan rate 
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Abstract: In aqueous solutions, biomolecules such as 

enzymes lose their catalytic activity rather rapidly, 

because enzymes can suffer oxidation reactions or its 

tertiary structure could be destroyed at the air/water 

interface, hence making the use of enzyme and rea-

gents both expensive and complex. These problems 

can be minimized considerably by enzyme immobiliza-

tion. By attachment to an inert support material, bio-

active molecules may be rendered insoluble, retaining 

catalytic activity, thereby extending their useful life. 

In view of the above necessity and advantages, since 

the 1960s, an extensive variety of techniques have 

been developed to immobilize biomolecules, including 

adsorption, covalent attachment and entrapment in 

various polymers ( Gupta et al; 2007). In general, 

adsorption techniques are easy to perform, but the 

bonding of the biomolecules is often weak and such 

biocatalysts lack the degree of stabilization and easy 

leakage from the matrix. A biosensor is an analytical 

tool that comprises two essential components—an 

immobilized biocomponent, in intimate contact with a 

transducer that converts a biological signal into a 

measurable electrical signal ( Turdean; 2011). Some 

reports (D'Souza et al; 2012, Marzadori, et al; 1998) 

on biosensors have been published using eggshell 

membrane as a supporting matrix for immobilization 

of enzymes such as D-amino oxidase, catalase, my-

rosinase, tyrosinase and glucose oxidase . The tech-

nique, which mostly used for immobilization of en-

zyme on eggshell membrane, involved adsorption 

followed by cross-linking with glutaraldehyde. In this 

study, a novel immobilization based on adsorption 

method em ploying eggshell membrane from hard-

boiled eggs and fresh eggs as supporting matrice and 

polyethyleneimine (PEI) as a carrier system was in-

vestigated using Jack bean urease as a model enzyme. 

Eggshell membranes were studied differentiation of 

morphology after urease immobilization by SEM. 

They were studied the changes in IR spectra after 

urease immobilization by FTIR. Immobilized mem-

brane was attached with a standard pH-electrode. 

Biosensors of eggshell membrane from fresh egg and 

hard- boiled egg response urea concentration range 

from 7.5 mM to 200 mM. The response time of bio-

sensors was 300 s. Biosensors can be reused more 

than 10 times with no significant decreasing of activi-

ty. The efficiency of urease immobilization on fresh 

membrane is as well as that of boiled egg membrane. 

Keywords:  Potentiometric biosensor, eggshell mem-

brane, urease immobilization, urea biosensor.   

 

1. Introduction  

     Enzymes have been utilized in a large number of 

practical applications, particularly in biomedical and 

bio- technological fields, through immobilization on a 

variety of supports. These immobilized products were 

intended for use in the construction of artificial organ 

systems, biosensors or bioreactors. Immobilization is 

advanta- geous because; (1) it extends the stability of 

the bioactive species by protecting the active material 

from deactivation; (2) enables repeated use; and (3) it 

provides significant reduction in the operation costs. 

Many methods exist for the immobilization of en-

zymes but usually one of four methods is used, physi-

cal adsorption, entrapment, co-polymerization, and 

covalent attachment (Arica et al.; 2001). The meth-

ods and supports employed for enzyme immobiliza-

tion are chosen to ensure the highest retention of en-

zyme activity and its stability and durability. Urease 

hydrolyses urea, yielding ammonia and carbonate. 
Immobilized urease has been widely used in biosen-

sors for diagnostic purposes, in the determination of 

urea in biological fluids, in artificial kidney devices for 

the removal of  urea  from  blood  for  extracorporeal  

detoxification, in enzyme reactor for the conversion 

of urea  present in fertilizer wastewater effluents or in 

the food industry for removal of urea from beverages 

and foods (Cevik  et al; 2011).  A variety of synthetic 

as well as natural polymeric materials have been used 

for the immobilization of enzymes for biosensor prep-

aration. Among these natural materials, especially of 

proteinic origin, have shown promise uses. One of 

these natural materials is the eggshell mem brane. 

Some reports on biosensors have been published us-

ing eggshell membrane as a supporting matrix for 

immobilization of enzymes such as D-amino oxidase, 

catalase, myrosinase, tyrosinase and glucose oxidase 

(D'Souza et al; 2012). The technique, which mostly 

used for immobilization of enzyme on eggshell mem-

brane, involved adsorption followed by cross-linking 

with glutaraldehyde.Glutaraldehyde has been used for 

fixing the enzyme to the support and polyethyleneimine 

(PEI) has been used for increasing the enezyme activity.  

     The study presented here used eggshell membrane as a 

supporting matrix for urease immobilization. A novel 

immobilization based on adsorption method em ploy-

ing eggshell membrane from hard-boiled eggs and 
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fresh eggs as supporting matrice and polyethylene-

imine (PEI) as a carrier system was investigated using 

Jack bean urease as a model enzyme.   

 

2. Experimental  

2.1 Materials and reagents 

 

    Urea (enzyme grade), Jack bean urese (type III)  

with specific activity of 35 units / mg protein was 

obtained from Sigma. Urea (enzyme grade), polyeth-

yleneimine (PEI) were obtained from Sigma Chem. 

Co. USA. All other chemicals used were of analytical 

reagent grade.  

 

2.2 Immobilization of urease on eggshell membrane 

 

     Fresh and hard-boiled eggs were broken and the 

eggshell membrane was peeled off carefully from the 

fresh eggshell. The membrane was washed with mil-

liQ water. Circular pieces (2 cm diameter) were cut 

and were dried in an incubator at 35 °C for 1 h and 

stored at 4 °C in the refrigerator. The membranes 

were soaked for 2 h in 5% aqueous solution of PEI 

(pH 7.0) at room temperature. The PEI-soaked mem-

branes were rinsed with milliQ water, air-dried for 1 h 

and were stored in a petri dish at 4 °C. An aliquot of 

100 μL of jack bean urease (100 units activity) was 

adsorbed on each membrane. The membranes were 

air dried at room temperature for 24 h. The immobi-

lized membranes were washed and immersed in buffer 

(50 mM phosphate pH 7.0) and stored at 4 °C.  

 

2.3 Membrane characterization  
2.3.1 SEM 

  

      SEM observations were carried out on gold sput-

tered membrane samples using JEOL JSM-5410 LV 

scanning electron microscope. Membrane samples for 

SEM studies were prepared by soaking in isopropa-

nol, then in hexane for 3 h and subsequent vacuum 

drying at 40 
o
C. The cross-sections of samples were 

prepared by fracturing in liquid nitrogen.  

 

2.3.2  FTIR study of enzyme immobilized membrane                    

      Membranes were studied by FTIR spectra and 

scanned in the range of 4000–400 cm−1 on Jasco 

(Model FTIR-660 plus) FTIR Spectrometer. The 

membranes were pressed directly onto the attenuated 

reflectance with the sampling unit.  

2.4  Calibration of biosensor using immobilized egg-

shell membrane 

     The standard solution of urea (0.5, 2.5, 5, 10, 25, 

50 and 100 mM) was prepared in milliQ water. The 

standard glass electrode was attached with urease 

eggshell membrane. It was first stabilized with flow of 

buffer as indicated by a stable baseline potential. Sub-

sequently, 1 mL solution of standard concentration of 

urea was injected in the vessel and changes in poten-

tials in mVolts  were recorded. 

2.5 Activity assay 

 

   The membrane with the immobilized enzyme was 

immersed in a 0.1 M solution of urea in 0.05 M sodi-

um phosphate buffer, pH 7.0, 37C. The membrane 

(2 cm diameter) was attached to the tip of the stand-

ard glass electrode with the help of an O-ring and 

then placed in the reaction vessel. The baseline poten-

tial of the sensor was achieved with flow of buffer 

solution (50 mM phosphate pH 7.0). The solution 

was stirred during the measurement on a magnetic 

stirrer. The membrane electrode was allowed to stabi-

lize for 10 min before recording the reading. Between 

measurements, the electrode membrane was washed 

with buffer and used for the next reaction.  

   The relative activity was determined as the ratio 

between the specific activity of a bound enzyme and 

the specific activity of the free enzyme, multiplied by 

100.  

 

2.6 Determination of immobilized urease activity and 

immobilized protein 

 

   The amount of protein bound to the modified mem-

branes was determined by the method of Lowry et al 

(1951). 

 

3. Results and discussion 

3.1 SEM study of the urease immobilized eggshell 

membrane 

 

SEM study of immobilized eggshell membrane 

showed a network- like structure without any aggre-

gation on the surface. Membrane consists of highly 

cross-linked protein fibers and cavities and the obser-

vation was similar to the previous report (D'Souza et 

al; 2012). Surface morphology of eggshell membrane 

showed the  fibers and cavities of the eggshell mem-

brane being occupied with PEI and urease enzyme 

after immobilization (Fig.1). SEM micrographs indi-

cated that enzyme was successfully immobilized on 

the surface of eggshell membrane using PEI. 

3.2  FTIR study of urease immobilized eggshell mem-

brane 

       FTIR spectra of eggshell membrane are shown in 

Figure 2. It is evident that the presence of amino 

groups facilitates the immobilization of the enzyme by 

a covalent linkage to glutaraldehyde-pretreated 

membrane. As it can be seen (Fig. 2). It was observed 

that four new peaks appeared at 3068, 1416, 1070 
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and 983 cm
−1

 after the PEI treatment on eggshell 

membrane, which were corresponding to the=C-H 

stretch of alkenes, -C-H bending of alkanes, C-N 

stretch of aliphatic primary and secondary amines 

(peptide) and C -H blending of primary and secondary 

amines respectively. Results showed the occurrence 

of PEI on egg shell membrane. After immobilization 

of urease enzyme on eggshell membrane. Results 

showed the presence enzyme on egg- shell membrane 

as indicated in term of C-N amide bond in FTIR 

study.The new groups increased the hydrophilicity of 

the initial membrane.   

 

Figure 1: SEM image of urease immobilized on egg-

shell membrane extracted from (A) fresh egg and (B) 

hard-boiled egg. 

 

 
 

Figure 2:  FTIR study of eggshell membrane (A) Only 

eggshell membrane, (B) Eggshell membrane treated 

with PEI and (C) Urease immobilized on the PEI 

treated eggshell membrane. 

  

 3.3 Activity and stability of immobilized urease and 

immobilized protein 

    The general behaviors of urease immobilized onto 

membranes under different conditions of immobiliza-

tion were studied. The activity of both free and im-

mobilized urease was determined by measuring the 

amount of ammonia liberated from the urease-

catalyzed hydrolysis of urea per unit time : 

 

    
     

     The percentages of immobilization are summa-

rized compared with soluble enzyme.The highest ac-

tivity (53-54%) was measured for urease bound to 

egg shell membranes at the optimum conditions: 

0.01% enzyme solution, pH7.3 and 10% w/v PEI  

time 2h, immobilization temperature 4 
o
C and immo-

bilization time 24h. The stability of urease was shown 

by calculating the half-life of immobilized compared 

with soluble urease (the results not shown). The half-

life of immobilized urease was approximately 37 days 

when kept in 50 mM sodium phosphate  buffer (pH 

7.3) at 4˚C compared with a half-life of 28 days for 

the soluble urease under identical conditions. The 

higher stability of immobilized urease can be ascribed 

to the protection of denaturation as a result of the 

attachment of urase onto the eggshell membrane 

cross-linked and adsorbed by PEI. Furthermore, the 

storage stabilities showed good linearity with respect 

to the activity 
 

3.4. Response time, detection range and detection 

limit 

     The biosensor prepared from urease immobilized 

on egg shell membrane was used sucessfully for esti-

mation of urea samples. The calibration curve ob-

tained by plotting the potential difference (mV) across 

the two leads of the separated glass electrode against 

the concentration of urea is shown linearly in Figure 3 

and  the response time with the present experiments          

(0.01 M urea at 7.3) is shown in Figure 4. 

 

Figure 3: Calibration of the biosensor using immobi-

lized eggshell membrane.    

A 

B 

C 
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Figure 4:  Response time of enzymatic activity of 

urease eggshell 

     The response time observed in the present study is 

300 s comparable with those reported for other urea 

biosensor (Srivastava et al.,2001; Schitogullari et al; 

2002). Several parameters move evaluated to ascer-

tain the optimum performance of the base line, slope 

of the calibration curve and reliability of the biosen-

sor. The detection limit in our case is approximately 

7.0 mM. At different time intervals, variation in elec-

trode potential was monitored using 0.01M urea solu-

tion. A little loss of activity was observed over of 4-7 

weeks and the reproducibility of the urea assay for the 

serum samples obtained from our biosensor was ex-

pected to be very good compared with other reports 

(Cevik et al; 2011, D'Souza et al; 2012, Magalhães et 

al;1998).   

4. Conclusion 

    Present communication describes a much simpler 

method of immobilization of urease. Eggshell mem-

branes both from fresh egg and hard-boiled egg can 

be used for the immobilization of enzymes through 

adsorption for biosensor application. Biosensor exhib-

ited sigmoidal responses for the urea concentration 

range from 7.5 to 200 mM. The estimated response 

time of the biosensor was 300 s. A single membrane 

was reused not less than 10 cycles of the urea hydrol-

ysis reaction. The immobilized membranes were sta-

ble for 2 months when stored in buffer at 4
O
C.  

 

References:  

 

Arica, MY.,Kacar, Y., Egene, A., Denizil, A.(2001), 

Reversible immobilization of lipase on phenylalanine 

containing hydrogel membranes, Process Biochem., 

36, 847-854. 

 

Cevik, E., Senel, M., Abasiyanik, M.(2011), Immobi-

lization of urease on copper chelated EC-Tri beads 

and reversible adsorption, Afri. J Biotechnol., 10, 

6590-6597.   

  

D'Souza, S.F., Kumar, J., Jha, S.K., Kubal, B.S. 

(2012), Immobilization of the urease on eggshell 

membrane and its application in biosensor, Mater. 

Sci. Eng.C, 33, 850-854. 

 

Gupta, R., Chaudhury,  N.K. (2007), Entrapment of 

biomolecules in sol-gel matrix for applications in bio-

sensors: Problems and future prospects, Biosens. Bi-

oelectron., 22, 2387-2399. 

 

  Lowry, O.H., Rosebrough, N.J. Farr, A.L., Randall, R.J 

(1951). Protein measurement with the Folin phenol 

reagent. J. Biol.Chem.,193, 265-275. 

 

Magalhães, J.M.C.S., Machado, A.A.S.C.(1998), 

Urea potentiometric biosensor based on urease im-

mobilized on chitosan membranes. Talanta, 47, 183-

191. 

 

Srivastava, P.K., Kayastha, A.M., Srinivasan, F.S  

(2001), Characterization of gelatin-immobilized pi-

geonpea urease and preparation of a new urea biosen-

sor.  Biotechnol. Appl. Biochem. , 34, 55-62.  

 

Sehitogullari, A., Uslan, A.H. (2002), Preparation of 

a potentiometric immobilized urease electrode and 

urea determination in serum,  Talanta. 57, 1039-

1044. 

 

Turdean, G.L. (2011), Design and development of 

biosensors for the detection of heavy metal toxicity, 

Int. J. Electrochem., 2011, Article ID 343125, 15 

pages.    

Smart Materials and Surfaces for Life Science



Needle-less Jet Injection System with Multi-Pore Nozzle for   
Viscous Drug Delivery Applications  

 
Y. C. Jo,1* H. K. Hong,1 Y. S. Choi1, H. S. Kim2 

1Korea Electronics Technology Institute, Medical IT Convergence Research Center, SeongNam-Si, South Korea 
2Korea Electronics Technology Institute, Contents Research Center, SeongNam-Si, South Korea 

 
 
 

 
Abstract: Jet injection is an important needle-free 
drug delivery method for insulin and vaccines[1-3]. 
Jet injections employ a high speed jet to puncture the 
skin and deliver drugs without the use of a needle.  
Although jet injections have been used for tens of 
years and continue to be researched for new applica-
tions. Needle-free jet injection constitute an im-
portant method of drug delivery, especially for beau-
ty treatment. An experimental study was performed 
using a newly developed air-powered needle-free jet 
injector(Figure 1) to investigate the relationship be-
tween nozzle pore variation and delivered viscous 
liquid drug volume. The most important injector 
fuction for beauty treatment are the penetration depth 
and diffusion area which is related with jet velocity 
and nozzle pore number. The driver pressure of the 
air cylinder considered in this work ranged from 6 to 
10 bar provided by an air compressor fitted with a 
precision regulator. Individual nozzle and pressure 
combinations were tested a minimum of ten times in 
order to ensure consistent and reliable results. Devel-
oped injector in this work is the first needle-free jet 
injector prototype with multi-pore nozzle for viscous 
drug delivery upto 12cps, 1% Hyaluronic Acid(HA) 
solution. The proposed injector has three types of 
nozzle structure, such as single pore, 4 pores array 
and 9 pores array nozzles(Figure 2). Experimental 
studies showed that the penetration depth and diffu-
sion of drug into skin continue to decrease as the 
nozzle pore number increase(Figure 3, Figure 4). 
 
Keywords: Needle-free, Jet injector, Drug delivery, Skin, 
High viscosity, Beauty treatment 

 

 
Figure 1: A New needle-free jet injector developed 
in these work. The injector is driven by a air com-
pressor. The nozzle is made of clear thermoplastics.  
 
 
 

     
(a)                       (b)                   (c) 

 Figure 2: Design models of the injector nozzles of 
the proposed jet injector used in these experiments. 
Each nozzle has different pore number. (a) single 
pore, (b) 4 pores array  (c) 9 pores array 
 

 
Figure 3: Sample pictures showing the jet penetra-
tion generated by the air-powered injector with three 
different nozzle configurations(9, 4 and single pore) 
into the 5% gelatin block. All of the pore diameter 
was 100 um in common and 1% Hyaluronic Ac-
id(HA) solution was used for this experiments 
 

     
(a)                      (b)                      (c)                            

Figure 4: Guinea pig skin test results of the proposed 
device using designed nozzle with various pore num-
ber,    (a) 1 pore, (b) 4 pores array (c) 9 pores array 
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