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Abstract
Nanocomposites prepared by casting method with different percentages of nano magnesium oxide (0, 1.5, 3, 4.5 and 6) wt%.The structural and electrical properties of (PAA-CMC-MgO) nanocomposites were studied.The experimental results of Scanning electron microscopy shows the surface morphology of the (PAA-CMC-MgO)  nanocomposites where many aggregates or chunks randomly distributed on the top surface, homogeneous and coherent.The D.C electrical conductivity for (PAA-CMC-MgO) nanocomposites increased with increasing of temperature and magnesium oxid nanoparticles concentration, while activation energy decreases with increasing of the  magnesium oxid nanoparticles concentration.The A.C electrical properties show that the dielectric constant and dielectric loss of the nanocomposites decrease with increasing the frequency of applied electrical field and they increase with the increase of  the concentration of the magnesium oxide  nanoparticles. The A.C electrical conductivity increases with increasing the concentration of magnesium oxide nanoparticles and also increases with the increase frequency, as well as almost constant at high frequency.The results of sensor application showed that the electrical resistance of (PAA-CMC-MgO) nanocomposite decreases with increases in pressure.
1. Introduction
Nanotechnology is interdisciplinary technology that has been booming in many areas during the recent decade, including   materials science, plastics, electronics , optics, mechanics, energy, medicine  and aerospace. Its profound societal impact has been considered as the huge momentum to usher in a second industrial revolution [1]. Nanotechnology involves is the science which includes the investigation and design of materials or devices at the atomic and molecular levels.nanotechnology deals with structure 100 nanometers or smaller, and involves developing materials or devices within that size [2,3]. Norio Taniguchi The term “nanotechnology” was first coined in 1974, in Japan , as follows: “Nanotechnology mainly consists of the processing of separation, consolidation and deformation of materials by one atom or one molecule [4].This definition encompassed a multitude of rapidly emerging technologies, based upon the scaling down of existing technologies to the next level of precision and miniaturization, that is to say technologies offering a precision manufacture of materials with nanometer tolerances [5].The “nano” in nanotechnology comes from the Greek word “Nanos” that means dwarf  refers to 10-9 m and is too small to the extent that the smallest objects can only be shaped as molecules or conglomerates of atoms or molecules in the quantum world . The applications of nanotechnology increased in the recent years, the highest potential application is in the field of materials, followed by electronics and medicine. Potential applications of nanotechnology:  Ultra-light weight, high strength, barriers for thermal and optical application, faster, smaller and more efficient semiconductors and micro-processors, Nano-composite polymers and thin protective coatings for structural and electronic applications, low voltage and high-brightness displays,filters for cost-effective desalinization of water,miniaturized computers, non-volatile memory, antibacterial dressings and coatings,miniature thin film photovoltaic solar cells for cost effective power generation for applications ranging from laptop to automobiles, micro sensors and diagnostics for more effective treatment and highly effective drug compounds and perfectly targeted drug delivery [6,7].Sensor technology is one of the widely used technologies for applications in the industry and medicine. It can be used to measure pressure, temperature, quality, and amount of energy, and to monitor health. Various types of sensors have been fabricated from polymer matrices such as pressure , thermal/infrared , vapor, humidity , gas , electrical , and temperature/thermal sensor. Piezoelectric sensors divided into two large groups depending on their fundamental physical effects: (i) Sensors in the first group use a straight-line piezoeffect. They are used for determining dynamic and quasistatic pressure, linear and vibrating accelerations, as well as parameters of sound and ultrasonic fields, etc. (ii)A second but no less general class of sensors concerns the so-called resonant piezotransducers, which use the return piezoeffect. They are resonant sensors from piezoelectric resonators, and they can also make straight-line piezoeffects. (These are resonant piezoelectric transformer sensors). In addition, other physical effects can be used, e.g., thermosensitivity, acoustosensitivity,etc [8].
2. Experimental part:
Polymers nanocomposites have been prepared by casting technique by adding magnesium oxid (MgO) nanoparticles to 20% of poly acrylic acid (PAA) and 80% of carboxy methyl cellulose (CMC) with different weight percentages (0,1.5, 3,4.5 and 6) wt% in 30 ml of water , by using magnetic stirrer.The resistivity was recorded by temperature from (30 to 80)0C by using keithley electrometer type (2400C) .The dielectric properties of nanocomposites were measured using LCR meter in the frequency(f) range100Hz-5MHz at room temperature.The piezoelectric application of nanocomposites investigated by measuring the resistance between two electrodes on the top and bottom of the sample for different pressures range (80–180) bar.The volume electrical conductivity σV defined by[9]:

                           (1)

Where: L is length polar , R is a resistance and  A is a guard electrode effective area.
The activation energy was calculated using equation [10]:
σ= σ0exp(-  )                          (2)
Where: σ is electrical conductivity at T temperature , σ0 is electrical conductivity at absolute zero oftemperature, KBis Boltzmann constant and Eact is activation energy.
The dielectric constant(ɛ')can be calculated by using the followingequation [10]:
CP =(3)
Where: Cp is capacitance, d is sample thickness, εois permittivity of free space or vacuum permittivity (8.85*10-12 F/m) and A is surface area of the sample, whereas for dielectricloss (ɛ'')can be calculated using equation[10]:
Tanδ =  = (4)
Where:tanδ is dissipation factor, Ipis conduction current and Iqis capacitate current.
The AC conductivity σaccan be calculated by the following equation [11]:
σA.C = ωɛoɛ''                                (5)
Where:w is the angular frequency.
3. Results and Discussions
3.1 Scanning Electron Microscope (SEM) Measurements
Figure 1 shows typical SEM images of the (PAA-CMC-MgO) nanocomposites films without and with different concentrations of magnesium oxide nanoparticles content. Image (A) in figure1 found it more softer, homogenous and coherence. While, with increasing nanoparticles ratio step-by-step in polymer blends in the figure1(B,C,D,E)  leads to changes in the surface morphology.Thenanocomposites films show many spherical particles aggregates or chunks distributed and spread densely on the surface, this may be indicating the occurrence of a homogeneous growth mechanism[12]. The results indicate that the MgO nanoparticles tended to form aggregates and  good dispersed at  (PAA-CMC-MgO) nanocomposites films as shown in the Figure1 (B,C,D and E).When adding 6 wt.% of  MgO  nanoparticles to (PAA-CMC) composites, it form a continuous  network   inside  the  polymer[13,14].
[image: ][image: ]
Fig. 1.SEM images of (8988X): (A) for (PAA-CMC), (B) for 1.5 wt% MgO, (C) for 3 wt% MgO, (D) for 4.5 wt% MgO,(E) for 6 wt% MgO.

3.2The D.C electrical properties(PAA-CMC-MgO) nanocomposites
Figure 2show the variation of D.C  electrical conductivity of  PAA and CMC as a function of magnesium oxide (MgO) nanoparticles concentrations. From this figure, the electrical conductivity increases with the increase of  the concentration of (MgO)  nanoparticles.The increase of conductivity can be explained as follows: at low concentration, the MgO nanoparticles  are located in separated groups or cluster inside the polymer. when the concentration reaches to 6 wt.% for (PAA-CMC-MgO) nanocomposites, the nanoparticles  form a continuous  network   inside  the  polymer .This network has paths where charge carriers are allowed to pass through the paths that have low electrical resistance[15].

Fig.2.Variation of D.C electrical conductivity with MgO nanoparticles concentration for (PAA-CMC-MgO) nanocomposite.
Figure 3 show that the electrical conductivity increases with increase of the temperature of (PAA-CMC-MgO) nanocomposite this is means that resistance decrease with temperature increased. The explanation of this behavior is the polymeric chains and impurity ions act as traps to make charge carriers moving by hopping process this attributed to two main reasons the first one is electronic charge carriers and the second, mobility of these charges [15]. 

Fig.3.Variation of D.C electrical conductivity with temperature for   (PAA-CMC-MgO) nanocompoites.
Figure 4 show the variation of Ln D.C electrical conductivity with inverted absolute temperature of nanocomposites. The activation energy was calculated by using Eq. 2 as shown in figure (5).The activation energy has high values at low concentration because of the creation of local energy levels in the forbidden energy gap which act as traps for charge carriers while at high concentration it has low values as a result of the increase of local centers and the formation of a continuous network of  MgO nanoparticles that contains paths inside the nanocomposite and allows charge carriers to pass through [16].

Fig.4.Variation of D.C electrical conductivity with inverse absolute temperature of (PAA-CMC-MgO) nanocomposites.


Fig. 5.Variation activation energy for D.C electrical conductivity with nanoparticles MgO wt.% concentration for (PAA-CMC-MgO) nanocomposites.
3.3 The A.C electrical properties of (PAA-CMC-MgO) nanocomposites
Figure 6 shows the variation of the dielectric constant of (PAA-CMC-MgO) nanocomposites with the frequency. From this figure the dielectric constant decrease when increasing the frequency.This is attributed to decreasing of space charge polarization with respect to the total polarization .The ionic polarization reacts slightly to the variation in the field frequencies compared with electronic polarization; this is because the mass of ion is greater than that of the electron. The electrons respond even to the high frequencies of the field vibrations. The low mass of electron makes the electronic polarization was the only type of polarization at higher frequencies, this makes the dielectric constant approximately constant for all samples at high frequencies. The dielectric constant is increased with the increase of the weight percentages of magnesium oxid nanoparticles which due to increase the charge carries numbers which is increase the electrical conductivity of polymer matrix [17,18], as shown in figure (7). 

Fig. 6.Variation of the dielectric constant of (PAA-CMC-MgO)nanocomposites with frequency.

Fig. 7. Variation ofDielectric constant with concentration of magnesium oxide nanoparticles wt.% for (PAA-CMC-MgO) nanocomposites.
figure 8 shows the dielectric loss as a function of the frequency of (PAA-CMC-MgO) nanocomposites. From this figure the dielectric loss decreases with increase  thefrequency.This is due to the mobile charges within the polymer backbone.This is attributed to the decrease of the space charge polarization contribution when increasing the frequency. While the dielectric loss increases with the increasing of the concentration of  MgO nanoparticles due to increase the numbers of electrons in nanocomposites [19], as shown in figure (9).

Fig. 8 .Variation of the dielectric loss with frequency for (PAA-CMC-MgO) nanocomposites.

Fig. 9. Variation of  Dielectric loss with concentration of magnesium oxid nanoparticles wt.% for (PAA-CMC-MgO) nanocomposites.
Figure 10 show the variation of A.C electrical conductivity of nanocomposites as a function of frequency.As shown in figure the A.C electrical conductivity is increased with increase of the frequency, this is due to the space charge polarization. While the conductivity is increasing with the increase of the MgO nanoparticles concentration due to increase charge carrier density in polymer matrix [20], as shown in figure (11).

Fig. 10.Variation of A.C electrical conductivity with frequency for (PAA-CMC-MgO) nanocomposites.

[bookmark: _GoBack]Fig. 11.Variation of A.C electrical conductivity with magnesium oxid nanoparticles wt.% concentration for (PAA-CMC-MgO) nanocomposites.
3.4Piezoelectric Sensors Application
Figure 12 shows the variation of electrical resistance for (PAA-CMC-MgO) nanocomposites with different pressure. The electrical resistance decreases with increase the pressure because the crystal contains of multiple interlocking domains consisting of positive and negative charges.These domains are symmetrical within the crystal. When a stress is applied to the crystal this symmetry is broken so the domains will reorder themselves in order to restore the symmetry, through this process, will generate a current and the resistance will be decreased [21].


Fig. 12.Variation of electrical resistance with pressure.

4. Conclusions
1- Scanning electron microscopy (SEM) shows the surface morphology of the (PAA-CMC-MgO)nanocomposites films many aggregates or chunks randomly distributed on the top surface, homogeneous and coherent.
2- D.C electrical conductivity for (PAA-CMC-MgO) nanocomposites increased with increasing of temperature and magnesium oxid nanoparticles wt.% concentration.
3- Activation energy of (PAA-CMC-MgO) nanocomposites decreases with increasing of themagnesiumoxidnanoparticles wt.% concentration.
4- The dielectric constant, dielectric loss and A.C electricalconductivity of (PAA-CMC-MgO) nanocompositesincrease with increasingof the MgO nanoparticles concentrations.
5- The dielectricconstant and dielectric loss of(PAA-CMC-MgO) nanocompositesdecreasewith increase thefrequency, while A.C electrical conductivity increases with increase thefrequency.
6- The (PAA- CMC -MgO) nanocomposites have highsensitivity for pressure.
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pure	3.3003300330033003	3.1948881789137378	3.0959752321981417	3.0030030030030028	2.9154518950437303	2.8328611898016982	-20.513617462451908	-20.305216192874902	-19.923848636345788	-19.810519951038792	-19.364232848410371	-18.894229219164632	1.5 wt.%	3.3003300330033003	3.1948881789137378	3.0959752321981417	3.0030030030030028	2.9154518950437303	2.8328611898016982	-20.307004702182429	-20.184295548189979	-19.668829544867478	-19.545215588900298	-19.165725967195403	-18.546686758789182	3 wt.%	3.3003300330033003	3.1948881789137378	3.0959752321981417	3.0030030030030028	2.9154518950437303	2.8328611898016982	-20.193512203294894	-19.857039966673693	-19.582603120971914	-19.34621434290769	-19.036059414603866	-18.247602054239589	4.5 wt.%	3.3003300330033003	3.1948881789137378	3.0959752321981417	3.0030030030030028	2.9154518950437303	2.8328611898016982	-19.895879799989952	-19.672736248675729	-19.449592697361517	-19.161910624909751	-18.874228552457971	-17.775616263789846	6 wt.%	3.3003300330033003	3.1948881789137378	3.0959752321981417	3.0030030030030028	2.9154518950437303	2.8328611898016982	-19.739844993368859	-19.334379885260692	-19.152058328466747	-18.928914777152528	-18.458911147906797	-17.319476864718435	1000/T (k-1)

Ln Conductivity



0	1.5	3	4.5	6	0.39000000000000012	0.34	0.32000000000000012	0.3000000000000001	0.28000000000000008	cocentration of (MgO) Nanoparticles wt.%

Eact  (ev)


pure	100	1000	10000	100000	1000000	2000000	3000000	4000000	66.852991391477801	10.76685019252222	3.518578494288306	2.18151866645875	1.8296608170299189	1.6185461073726211	1.4778029676010886	1.4074313977153214	1.5 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	128.58549146144961	18.130275368751036	3.9747142154569555	2.510345820288602	2.0919548502405032	2.0222230218991526	1.8827593652164523	1.6735638801924018	3 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	194.80130027468897	28.615639281730157	8.6652992191154787	4.5677546271306362	3.358643108184292	3.0227787973658633	2.4853959000563774	2.3510501757290032	4.5 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	335.99225912731237	45.811252254089325	12.922779197204326	5.3629533668397906	3.6183781752172113	3.2306947993010815	2.7137836314129089	2.5199419434548429	6 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	554.65591900872039	87.004850040583563	15.769629069855775	5.65531525263793	3.2083038452465216	2.8820356575943316	2.5557674699421429	2.2838773135653199	F(Hz)

Dielectric Constant



di	0	1.5	3	4.5	6	66	128	194	335	554	Concentration of (Mgo) nanoparticles wt.%

Dielectric Constant


pure	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	179.16601692916058	24.763755442801102	2.9556059352021768	0.61082522660845073	0.18296608170299214	0.12948368858980971	7.3890148380054407E-2	5.6297255908612912E-2	5.277867741432464E-2	1.5 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	218.59533548446421	41.699633348127378	6.2005541761128473	0.95393141170966911	0.23011503352645532	0.14155561153294074	9.4137968260822699E-2	8.3678194009620149E-2	7.5310374608658123E-2	3 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	409.08273057684687	71.539098204325413	11.264888984850115	2.2838773135653199	0.67172862163685898	0.51387239555219677	0.32310146700732906	0.25861551933019056	0.28414120695239115	4.5 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	638.38529234189366	82.460254057360842	18.091890876086055	2.6814766834198966	0.7236756350434429	0.51691116788817304	0.32565403576954915	0.27719361378003277	0.3000000000000001	6 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	998.38065421569672	313.21746014610096	77.271182442293281	10.745098980012067	1.924982307147912	1.1528142630377327	0.76673024098264286	0.68516319406959569	0.64166076904930414	F(Hz)

Dielectric Loss



dlo	0	1.5	3	4.5	6	179.166	219	409.08273057684687	638.38529234189366	998.38065421569672	Concentration of (Mgo) nanoparticles wt.%

Dielectric Loss


pure	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	9.957688888888902E-9	1.3763200000000008E-8	1.6426666666666676E-8	3.3948444444444457E-8	1.0168888888888898E-7	1.4392888888888896E-7	1.2319999999999999E-7	1.2515555555555564E-7	1.4666666666666676E-7	1.5 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	1.214909155555556E-8	2.3175822222222242E-8	3.4461440000000021E-8	5.3017600000000037E-8	1.2789333333333341E-7	1.5734755555555569E-7	1.5696000000000005E-7	1.8602666666666684E-7	2.0928000000000008E-7	3 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	2.2736000000000016E-8	3.976000000000002E-8	6.260800000000004E-8	1.2693333333333341E-7	3.7333333333333366E-7	5.7120000000000024E-7	5.3872000000000005E-7	5.7493333333333403E-7	7.8960000000000035E-7	4.5 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	3.5480177777777811E-8	4.5829760000000017E-8	1.0055111111111114E-7	1.490311111111112E-7	4.0220444444444477E-7	5.7457777777777809E-7	5.4297600000000011E-7	6.1623466666666691E-7	8.3367000000000071E-7	6 wt.%	100	1000	10000	100000	1000000	2000000	3000000	4000000	5000000	5.5488000000000033E-8	1.7408000000000011E-7	4.2945777777777786E-7	5.9719111111111169E-7	1.0698666666666669E-6	1.2814222222222221E-6	1.2784000000000001E-6	1.5232000000000001E-6	1.7831111111111126E-6	F(Hz)

A.C Electrical Conductivity (S/cm)



dlo	0	1.5	3	4.5	6	9.957688888888902E-9	1.214909155555556E-8	2.2736000000000016E-8	3.5480177777777811E-8	5.5488000000000033E-8	Con. of Mgo nanoparticles wt.%

A.C Electrical Conductivity (ohm.cm)-1


pure	80	100	120	140	160	180	12	7	5	4.0999999999999996	2.9	2.4	1.5 wt.%	80	100	120	140	160	180	4	2.7	2.4	2	2.1	1.9000000000000001	3 wt.%	80	100	120	140	160	180	3.2	2	1.2	0.70000000000000018	0.4	0.2	4.5 wt.%	80	100	120	140	160	180	2.7	1.8	1.1000000000000001	0.6000000000000002	0.5	0.3000000000000001	6 wt.%	80	100	120	140	160	180	2	1.5	0.9	0.5	0.3000000000000001	0.2	pressure (bar)

Resistance (MΩ)



σ	0	1.5	3	4.5	6	1.2300000000000011E-9	1.520000000000001E-9	1.6985100000000022E-9	2.2873300000000035E-9	2.5300000000000018E-9	concentration of ( MgO) Nanoparticles wt.%

 Conductivity (ohm.cm)-1


pure	30	40	50	60	70	80	1.2332443435426349E-9	1.5189960816805633E-9	2.224244262460826E-9	2.4911535739561236E-9	3.8924274593064436E-9	6.2278839348903109E-9	1.5 wt.%	30	40	50	60	70	80	1.5162817710588426E-9	1.7142407800581914E-9	2.8703566549811577E-9	3.2480351622155216E-9	4.7471283140072984E-9	8.81609544029927E-9	3 wt.%	30	40	50	60	70	80	1.6985138004246304E-9	2.3779193205944817E-9	3.1288412113085294E-9	3.9631988676574715E-9	5.4043620922601905E-9	1.188959660297241E-8	4.5 wt.%	30	40	50	60	70	80	2.2873319179051705E-9	2.8591648973814615E-9	3.5739561217268256E-9	4.7652748289690991E-9	6.3536997719588018E-9	1.906109931587641E-8	6 wt.%	30	40	50	60	70	80	2.6735865377054382E-9	4.0103798065581521E-9	4.8124557678697813E-9	6.0155697098372339E-9	9.6249115357395676E-9	3.007784854918617E-8	Temperature (oC)

Conductivity (ohm.cm)-1
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