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1- Fabrication, Characterization, and Measurement of
Some Physicochemical

Properties of Znic Oxide Nanofluids

2-Prediction of Excess Thermodynamic Functions and
Activity Coefficients of Some Polymeric Liquid Mixtures
Using a Simple Equation of State
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Fabrication, Characterization, and Measurement of Some Physicochemical
Properties of Znic Oxide Nanofluids

Infroduction
Nanofhridsare a new kind of fuids containing a very small quastity
of nasoparticles hat are wnifornaly and stably suspended in a iquid.
Choi [1] coimed the term “nanofluids” for his ew class of
solidliquid. suspessions, developed primarily for heat transter
applications. The impact of nanofluid technology i espected to be
significant, considening beat transfer performance &5 vial in
‘mumerous multbilion dollar indusies. Nanofluid techzology will
thus be an exciting new techuology of 21t century.

Thermal conductvity of radinonsl heat ransfer fluids such as
Iubricants, enghnes coolants, and water are inherently low. Metals
and metal oxides in solid fom have orders-of-magninde higher
thermal conductivities than those of fuds. The thermal
conductiviy of fluids that contain suspended solid metalic particles
‘could be significantly higher than that of conventional heat trausfer
Sids. Undoubtedly, the most important property of nanofiuids 1s
thermal conductivity. A large number of investigations have been
seported for themal conductivity of different nanofluids 2-4] but
Just  ite work s been mad on other propertis such s viscosity
[5.6] and surface tension of nanofhuids. The wse of nanofhuids
other applicaions s under developing. for example, some
nanofluds such 2s TiO; and ZuO can be also used as antbacterial
media [15]

Experimental Sction
Zuo nanopariles were prepared sing the thermal decomposition
of zinc acetate. The sructure and morpology of the products were
characterized by xay diffacion (XRD), scaming_clecron
microscope (SEVD, and rapsassion eectron microscopy (TEM.
ANl the peaks in the XRD patte vere indexed to the knovm
hesagonal vtz stncture of Z50 with latice constants of = b

22 A and = 5205 A wih fine crystallingy. There &s £o
diffaction peaks from oter species except Zu0 in XED pattems
which indicates that all precursors bave been completely
decomposed during the decomposition process. According 1o e
Sl width 2t balf-mavizum (FWEM) cf toe diffacion peaks, the
average size of the paricles can be esimated £om the Scherrer
equation:

ke
D=t »
" G cont, o
where Dus i the parice size perpendicular to the normal line of
QD) plane, & is & constant (it 5 0.9), By 1 the full wideh at balf
‘mainmm of the (i) difraction peak, 6, s the Brage augle of
(kD) peck aud A is the wavelength of Xoray. The mean size of
720 nanopastcles was caleulted using Eq. (1). The peak position
and the FIWEM were cbiained by fiting the measured peaks with
w0 Gaussian curves in order to find the frue peak position and
width carresponding fo momochromatic Cu Ko radistion. The mean
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particle sizes for the crystallographic planes (101), (002), and (100)
ere 60.69, 60.38, and 59.96 . espectvely.

750 nanofluids have been prepared by dispersing Za0
manoparticles im the ethylene glycol and. glycerol as base fluid.
Anmonhum citrate, 35 a dispersant, has been used to improve the
dispersion of nazoparticles and suppressing formation of paricle
clustes to obtan stable suspensions.

‘The particle size distrbution of Za0 nanofluids was measured by
MALVERN Naso-Sizer. The mean paricle size is 67.17 am. This
value s 1n a good accord with that of obtained by XRD using the
Scherrer equation.

Results and Discussion
‘The thermal conductivity of Zn0 nanofluids have been measured as
a function of the volume fraction and temperature. The thermal
conductivity of ZuOEG aud ZaO/glycerol nanofluids increzses
nonlinearly up to 10.5% and 7.2%, respectively, a5 the volume
Saction of particles increases wp fo 3 vol%. The themual
conductivity of a Za0 nanofiuid icresses noulineatly with
increasing the femperatre at & constant volume faction of
‘nanoparticles.

For the firs time, we have measured the viscosity and surface
tension of Zu0 nanofluids. The tiscosly raio of nanofluds
increases wifh increasing concentraion and decreasing e
temperature. The surface tension atio of suspensions containing
solid paricles incresses with increasing the volume fraction of the
solid particles.

The experimental dats for thermal conductvity and viscosity have
been conpared with some exiting theoretical models.
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Nanofluids are a new kind of fluids containing a very small quantity of nanoparticles that are uniformly and stably suspended in a liquid. Choi [1] coined the term “nanofluids” for this new class of solid/liquid suspensions, developed primarily for heat transfer applications.
   ZnO nanofluids have been prepared by dispersing ZnO nanoparticles in the ethylene glycol (EG) and glycerol as base fluids. Ammonium citrate, as a dispersant, has been used to improve the dispersion of nanoparticles and suppressing formation of particle clusters to obtain stable suspensions.    

   Undoubtedly, the most important property of nanofluids is thermal conductivity. A large number of investigations have been reported for thermal conductivity of different nanofluids [2-4] but just a little work has been made on other properties such as viscosity [5,6] and surface tension of nanofluids. The use of nanofluids in other applications is under developing, for example, some nanofluids such as TiO2 and ZnO can be also used as antibacterial media [7,8].                                              
   The thermal conductivity of ZnO nanofluids have been measured as a function of the volume fraction and temperature. The thermal conductivity of ZnO/EG and ZnO/glycerol nanofluids increases nonlinearly up to 10.5% and 7.2%, respectively, as the volume fraction of particles increases up to 3 vol.%. The thermal conductivity of a ZnO nanofluid increases nonlinearly with increasing the temperature at a constant volume fraction of nanoparticles.       

   For the first time, we have measured the viscosity and surface tension of ZnO nanofluids. The viscosity ratio of nanofluids increases with increasing concentration and decreasing the temperature. The surface tension ratio of suspensions containing solid particles increases with increasing the volume fraction of the solid particles.   

   The experimental data for thermal conductivity and viscosity have been compared with some existing theoretical models.   
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