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Introduction                                                                      

Biolubricants have significant advantages 
compared with common lubrication products; 
they are non-toxic and biodegradable [1,2]. 
Using them, it is not necessary to add anti-
oxidants, viscosity index improvers, stabilizers, 
or detergents [3-5]. 

In addition, they can lubricate over a wider 
temperature range because their viscosity does 

not vary with temperature [6].

The main raw materials for biodegradable 
lubricants are of vegetable origin. Synthetic 
biolubricant can be prepared by esterification of 
free fatty acids (FFAs) derived from vegetable 
oils; with alcohols in the presence of catalysts. 
The esterification reactions are commonly 
catalyzed by acidic based homogenous or 
heterogeneous catalysts, using principally 
sulphuric or phosphoric acids. The heterogeneous 
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catalysts are more favorable to overcome many 
problems facing the homogenous catalysts, like 
vessel corrosion and catalyst separation [7]. 

Several solid acid catalysts have been reported 
to produce esters from vegetable oils [8-13]. In 
the present work, biolubricants were synthesized 
from esterification reaction of FFAs and methanol 
using sulfated zirconia as a heterogeneous catalyst. 
The surface acidity of SZ is strongly dependent 
on the crystallographic phase of zirconia. In the 
sulfated state, tetragonal zirconia exhibits higher 
surface acidity and catalytic activity than the 
more stable, monoclinic zirconia. Surface acidity 
is the determining factor for the initial activity of 
heterogeneous FFA esterification catalysts [14, 15].

The SZ system offers the notable advantage 
of high selectivity for FFA esterification even 
in the presence of excess alcohol. The use of 
excess alcohol in FFA esterification promotes 
side reactions such as alcohol dehydration (to 
form dimeric ether). It is known that SZ exhibits 
a relatively low activity for alcohol dehydration 
and high selectivity for esterification in the 
presence of excess alcohol, and is thus suitable 
as a catalyst for reactive-distillation-assisted FFA 
esterification, in high alcohol/ acid ratios [16].

A common approach for improving the 
activity and durability of SZ is forming mixed 
oxides with other metal oxide components. Jiang, 
et al. [17] reported significant enhancement 
of the esterification activity and sulfur-
leaching resistance of SO4

2-/ZrO2 by forming a 
homogeneous mixture of oxides (MoO3–Nd2O3. 
MoO3–Nd2O3) species mixed with ZrO2 that 
stabilize the tetragonal ZrO2 phase.

In the present work, we apply Cu/SZ catalysts 
using Copper as transition metal which is 
introduced by two different methods, and explain 
the effect of the introducing method on the 
acidity, surface area, stability of tetragonal phase 
and intensities of oxides and sulfates groups in the 
prepared catalyst and accordingly the conversion 
percentage of esterification reaction.  

Experimental                                                                  

Preparation of the catalysts
The catalysts were prepared using zirconium 

iso-propoxide (70%) purchased from Aldrich 
Chemicals, Iso-propanol (99%) and H2SO4 
(96%), purchased from Gomhoreya chemicals 
and Copper acetate, purchased from Merck.

SZ600 catalyst
Preparation of the catalysts has been carried 

out according to a modified method [18] by 10 
cm3 of zirconium iso-propoxide (70%) in 12.5 
cm3 iso-propanol (99%) was mixed slowly with 
0.25 cm3 H2SO4 (96%). The mixture was placed 
in a conical flask and stirred for 30 min at room 
temperature. The weight ratio of Zr: S was 
1:0.038. A solution of 30 cm3 iso-propanol in 1.6 
cm3 H2O was added drop-wise with stirring to 
carry out the hydrolysis and gelation. The gel was 
aged for 1hr  at room temperature then dried for 
12 h at 120OC. The end step is calcination in static 
air at 600 OC for 3 hrs.

Cu/SZ/ (sol) catalyst
This catalyst was prepared by the procedure 

used in preparing SZ catalyst, but there was 
another addition during the first mixing step, 
that was the precursor of copper (copper acetate) 
(Fig.1.a). 

Cu/SZ/ (imp) catalyst
The prepared SZ600 powder was impregnated 

in an aqueous solution containing the calculated 
amount of copper acetate. The paste was then 
dried at 110 OC overnight, then subjected to 
calcination in air at 400OC for 3h. (Fig.1.b)

Synthesis of Ester
Materials
Oleic acid (OA), 1-Decanol (DA) and 

P-Toluene Sulphonic acid monohydrate (PTSA), 
were purchased from Aldrich Chemicals, O-xylene 
was purchased from Aduic Chemicals Company.

Experimental set-up and procedure
The reaction was carried out in a four-neck 

glass flask equipped with a stirrer, thermometer, 
nitrogen gas inlet and a reflux condenser. A 
mixture of the free fatty acid OA (0.01 mol), 
alcohol DA (0.011 mol), in practice, excessive 
alcohol is often added since this reaction is 
reversible, [19], with studied catalyst (0.3-3) wt%, 
based on total weight of reactants, was charged in 
the reactor vessel under N2 gas at 140oC for 6 h in 
o-xylene as a solvent.  The water produced via the 
esterification reaction was removed throughout 
the course of the reaction using ‘Dean and Stark 
separator’. At the end of the reaction, the reacting 
mixture was cooled to room temperature, and 
the catalyst was separated from the reaction 
mixture by centrifugation. The reaction was 
repeated under the same conditions by applying 
each prepared catalyst in different concentrations 
(0.3-3) wt% based on total weight of reactants.  
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The collected liquid product was purified and 
its structure was confirmed by Fourier transform 
infrared spectroscopy (FTIR) and Proton nuclear 

magnetic resonance (1HNMR) spectroscopy. Gel 
permeation chromatography (GPC) was used to 
determine the average molecular weight of the 
prepared esters.

Fig.  1. Flow diagram of catalysts Preparation: 

Fig.1.a Cu/SZ (sol)                                                          (Fig.1.b) Cu/SZ (imp)

The esterification reactions require bi-
functional catalyst to play the two steps of 
protonation as the first step and deprotonation as 
the end step of the mechanism as shown in Fig. 

2 [20]. The Cu/SZ catalysts were applied; using 
copper as an active agent in the deprotonation step 
in the mechanism of the esterification reaction. 

Fig . 2. Mechanism of Esterification [20].
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Characterization of catalysts and products
Characterization of the Catalysts
X-ray diffraction (XRD)
All catalysts were characterized by powder 

X-ray diffraction (XRD) for crystallinity 
measurements and oxide content in the solid 
materials, using analytical {X0PERT PROMPD} 
X-ray diffractometer, Cu Ka radiation of 
wavelength k =1.5406 A˚, rating of 40 KV, 40 
mA, step size =0.02 and scan step time of 0.4 s.

NH3 Temperature Programmed Desorption 
(NH3-TPD)

The evaluation of the acidity and its strength of 
the prepared catalysts were achieved by monitoring 
the amount of the desorbed NH3 from the catalyst 
surface after exposing to stream of NH3 for a 
certain period. The experiment involves adsorption 
of a chosen molecule at a low temperature (T0), 
and then measuring its rate of desorption as the 
temperature is increased. The temperature (T) is 
normally increased at a linear rate [21].

Surface analysis
Isothermal nitrogen adsorption/desorption 

method was used to evaluate the specific surface 
area and pore size distribution of all prepared 
catalysts using the BET method. The BJH method 
was also applied for calculating the pore size and 
pore radius as well as the internal surface area of 
the prepared catalysts. These parameters were 
determined using Quanta chrome Nova 3200, 
commercial BET unit at 78 K using liquid N2. Prior 
to the measurement, the samples were outgassed 
in a stream of 30% N2/He mixture while being 
heated to 200 OC for 3 h under a reduced pressure 
of 10–5 Torr to remove adsorbed moisture from 
the catalyst surface.

Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) uses 

a finely focused beam of electrons in order to 
produce a high resolution image of a sample. SEM 
images have a three dimensional appearance, 
which is very useful while examining the surface 
structure of a sample. Solid catalysts’ surface 
topography was revealed through Scanning 
electron microscopy SEM images Model Joel 
3500 electron microscope.

Infrared spectral analysis (FTIR)
Chemical structure characterization of the 

solid catalysts was conducted using a Nicolet iS10 
FT-IR spectrometer.

Characterization of the products
(FT-IR & 1HNMR)
All products from reactions performed in 

this investigation were analyzed by FT-IR in a 

BIORAD-Excalibur Series FTS 3500GX system. 
The method of analysis varied according to the 
characteristics of the products. However, all of 
them were performed with 20 scans/min and 
resolution of 4 cm-1. 

The analyses by hydrogen nuclear magnetic 
resonance (1HNMR) was recorded by a BRUKER- 
Advance 400 (400 MHz) spectrometer operating 
at 9.4 T, observing hydrogen at 400.13 MHz, in 
detoured chloroform solution (CDC13) using TMS 
as internal reference to HNMR chemical shifts.

Viscosity index measurements
Automated multi range viscometer tubes HV 

M472, obtained from Walter Herzog (Germany), 
were used to measure viscosity. Measurements 
were run in a Temp-Trol (Precision Scientific, 
Chicago, IL, USA) viscometer bath set at 40 ºC 
and 100 ºC. The viscosity and viscosity index 
were calculated using ASTM methods D 445-97 
and ASTM D 2270-93, respectively. 

Gel permeation chromatography (GPC)
GPC is a type of size exclusion chromatography 

(SEC) that separates analytes on the basis of size. 
The technique is often used for the analysis of 
polymers. GPC Extension allows flow rate and 
multi-detector delay corrections and includes 
Narrow, Broad and Broad on Narrow calibrations.

Results and Discussion                                                     

Characterization of the prepared catalysts
XRD Pattern of Cu/SZ catalysts
The XRD patterns obtained for the SZ, Cu/SZ 

(Imp) and Cu/SZ (Sol) catalysts are illustrated in 
Fig. 3.The crystal size of each phase is listed in 
Table 1.  

Applying the Scherrer׳s equation,

D = K λ/β cos θ

Where: D is the average crystallite diameter, 
K is the shape factor, θ is the half of position 
angle {Bragg angle}, β is the full width of half 
maximum FWHM of the main peak in radians,

λ is the wave length of X-ray.

From the patterns (Fig. 3), it is clear that 
unloaded SZ and Cu/SZ (Imp) catalysts appear 
more crystalline than Cu/SZ (Sol) catalyst [22]. 
Figure 3a shows the XRD pattern of unloaded SZ 
catalyst, the peaks appearing at 2θ of 30, 35, 50 
and 60° refer to tetragonal crystalline phase  of 
ZrO2 [23, 24], whereas very weak peaks appear 
at 2θ of 28, 31 and 34° indicating the presence 
of monoclinic  phase of ZrO2 in low percentage.
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After Cu loading on the SZ via impregnation 
or sol gel techniques, tetragonal phase of ZrO2 is 
the phase appeared.  This result demonstrates that 
the addition of copper contributes to stabilizing 
the tetragonal zirconia [25]. The intensities of 
all peaks are decreased after Cu loading. This 
lowering in intensities is more significant in 
case of Cu/SZ (Sol) catalyst, implying a higher 
dispersion of Cu ions in the matrix of ZrO2 
rather than the surface of the catalyst. The same 
effect was observed by other researchers at high 
iron loadings [26]. These observations were also 
reported by other researchers [23-25, 27, 28]. 
Additional peaks are observed at 2θ of 36 and 
38 corresponding to CuO monoclinic structure 
(JCPDS:80-0076 card ICSD≠:067850) [29-31]  

In the 2θ region from 34 to 37, the peak 
includes tetragonal phase of zirconia and the 

monoclinic structure of CuO and we can observe 
that there is a small split in the peak of Cu/SZ 
(Imp) catalyst. This splitting becomes clearer in 
the Cu/SZ (Sol) catalyst. The broadening and 
lowering of the peaks of Cu/SZ (Sol) catalyst 
compared with Cu/SZ (Imp) catalyst indicates the 
formation of a composite of CuO-ZrO2. 

Sulfation increases the BET area and improves 
the thermal stability of zirconia, preventing the 
reduction during high-temperature applications 
[32]. The TPR study for SZ prepared by sol-gel 
method shows that the reduction of the catalyst 
begins at ~700°C [23, 33, 34], so CuO- ZrO and 
Cu2O can’t be reduced during calcination step at 
600°C. The CuO- ZrO composite is green in color 
(as the color of Cu/SZ (Sol)), and may be assumed 
to be the main contributor for the higher activity 
than that of the Cu/SZ (imp) catalyst.

 Fig. 3. XRD patterns for the prepared catalysts: (a) SZ, (b) Cu/SZ (Imp) and (c) Cu/SZ (Sol). 
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Temperature Programmed Desorption (TPD)
Figure 4 shows the TPD curves obtained 

for the unloaded and 10% Cu loaded catalysts 
prepared via impregnation technique (Cu/SZ 
(imp)) and sol-gel technique (Cu/SZ (sol)). 
The unloaded SZ exhibits the most pronounced 
ammonia desorption capacity, particularly during 
the high temperature region (400-500°C) which 
indicates that the metal loading achieved by 
both techniques (sol-gel and impregnation) has 
drastically decreased both density and strength of 
the acid sites in the unloaded catalyst all over the 
TPD range under study. The TPD peaks correspond 
to weak acid sites only (50-320°C) appear in the 
Cu/SZ (sol), but corresponds to somewhat higher 

Fig. 4. NH3 temperature-programmed desorption for SZ & Cu/SZ samples.

desorption temperature (50-450°C) in case of Cu/
SZ (imp) catalyst. This succession of ammonia 
desorption temperature is well correlating with 
the strength of the prepared catalysts as follows: 
Cu/SZ (sol) ˂ Cu/SZ (imp) `˂ SZ. This decrease 
in acidity may be due to the high copper loading 
in impregnation technique and due to interaction 
between copper metal and zirconium oxide in sol-
gel technique. The amount of S content affected 
the physicochemical properties of the catalyst 
and its acidity, leading to different activity for 
esterification [35].

Surface Properties of Catalysts:
The study of the surface of the prepared 

Fig. 5. Pore size distribution for Cu/ZS catalysts.
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catalysts highlights the effect of preparation on the 
textural properties as shown in Table 1. Roughly 
speaking, the textural properties are lowest for the 
impregnation prepared catalyst but highest for the 
sol-gel prepared catalyst.

The pore size distribution calculated according 
to the BJH computation (Fig. 5), shows that the 
pore size distribution for the unloaded is like sol- 
gel catalysts, but different in the pore volume. 

The wider pore distribution in the range of ~ 40 
Å is a significant property in case of impregnation 
prepared catalyst. This difference can be attributed 
to a partial filling of the pores with copper oxide 
particles and accordingly to the decrease of the 
surface area from 111 to 18 m2 /g (Table 1). It 
is worth noting that Cu/SZ (sol) acquired the 
highest activity as a result of the large surface area 
(153.239 m2/g).

TABLE 1. Textural properties of the prepared catalysts.

Catalyst SZ Cu/SZ(imp) Cu/SZ (sol)

Surface area (m2/g) 111.8 18.3 153.239

Average pore diameter  (nm) 0.43 0.44 1.7

Total pore volume (Cc/g) 0.2 0.0503 0.186

Crystal  size (nm) 22.6 51.8 16.9

Color white Black green

Scanning Electron Microscopy (SEM) analysis

Fig. 6. Scanning Electron Microscopy (SEM) images.
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Figure 6 shows the SEM images for the 
prepared SZ catalysts. The current catalysts 
exhibit different structures and colors after 
calcinations. The unloaded SZ has regular 
particle sizes and shows a high porosity white 
color. The impregnated Cu/SZ catalyst has also 
regular particles distribution, but possesses black 
coloration and low porosity. The third catalyst, 
Cu/SZ (sol), is found to be of low density and 

spongy in nature with high porosity in green color. 
The black color of the impregnated sample is 
referred to the presence of CuO which has a black 
color, mostly on the surface of the catalyst. But, 
the green color of the sol-gel catalyst may due to 
the incorporation of the Cu ions in the matrix of 
zirconia forming the CuO-ZrO2 composite. This 
result is compatible with the XRD results.

Fig. 7. IR spectra of prepared catalysts.
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Infrared spectral analysis (FTIR)
The IR spectra obtained for the prepared 

calcined catalysts:  SZ, Cu/SZ (Imp) and Cu/
SZ (Sol) are shown in Fig. 7. In the hydroxyl 
group region, stretching vibration band appearing 
at 3746 and 3390 cm-1 refer to the terminal OH 
group of ZrOH [23, 24, 36-38]. The broad band 
between 3000-3600 cm-1 and centered at ~3400 
cm-1 is assigned to bridged Zr–OH groups.

In case of the Cu/SZ (Sol) catalyst, it is 
noticed that this broad band is of high intensity 
and shifted to a lower frequency (from 3390 to 
3427 cm-1) relative to the corresponding peak. 
The reason for this shift is attributed mainly to 
the decrease of acid strength and the difference 
in preparation technique [39] intensities of these 
groups reflects the order of acidity of the different 
samples of catalyst. This is consistent with the 
TPD data in Fig. 4.

The sharp peak at 1630 cm-1 is assigned 
to hydroxyl deformation of adsorbed water, 
indicating incomplete dehydration. Also this peak 
affected by the degree of acidity, so, it is small in 
case of Cu/SZ (Imp), and long in the second case. 
So, we can say that the OH stretching vibration 
band decreases by the increasing percentage 
loading of SO42−. This behavior may be attributed 
to the successive formation of H2SO4, HSO4− and 
SO42− from water sensitive SO3 groups. In Cu/

SZ (sol) catalysts, the sulfate region gives sharp 
bands at 1128, 1054 and 977 cm-1 which are 
clearly attributed to S–O bond vibrations [39-41]. 

Moreover, the strong broadening of these peaks 
is attributed to the generation of an amorphous 
phase coating the particles of SZ as a result of the 
different preparation method. Sohn and Park have 
prepared 1.5% NiSO4/ZrO2 catalyst, they reported 
that bands at 1270, 1147, 1081 and 1034 cm-1 are 
attributed to the bi-dentate sulfate ion coordinated 
to Zr+4 and Ni+2 metals [42, 43].

The sulfate peaks for Cu/SZ (imp) catalysts 
were much larger than that of the Cu/SZ (sol) 
catalysts by integrating with TPD analysis, it is clear 
that tri-dentate sulfate ions coordinated to zirconia 
at low sulfur contents, while a 2-fold coordinated 
configuration was formed at high sulfur contents, 
i.e. the catalysts with low sulfur contents had a 
higher coordination configuration [33].  

The  absorption  bands  appearing at 430, 
507, and 606 cm-1 are attributed to the  Cu-O  
stretching  mode in  the  monoclinic  phase  of  
CuO nanostructure for Cu/SZ (imp). The highest 
intensity is observed for the Cu/SZ (sol) catalyst 
at the 1000-500 cm-1 range due to introducing of 
Cu ions in the zirconia structure [44]. Peaks of 
zirconia at 642.3 and 449.4 cm-1 can be observed 
in case of impregnation [44].

Fig.  8. FT-IR spectrum of the prepared esters.
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Characterization of synthesized Ester
The chemical structures of the prepared esters 

were elucidated by FT-IR analysis (Fig. 8). The 
absorptions at 2968 and 2856 cm−1 were assigned 
to the CH3 group; the absorption for CH2 group 
in OA at 1462 cm−1 was obtained in all spectra of 
the samples. On the other hand, increasing of peak 
intensity at 1735 cm-1 which corresponds to C=O 
stretching of ester group, indicates the increase 
of conversion of carboxylic acid groups to ester 

groups by increasing the concentration of Cu/SZ 
catalyst. Furthermore, the appearance of broad 
peak at 1176 cm-1 in all spectra of the samples, 
which corresponds to C-O-C vibration, indicates 
the formation of ester in the prepared oils by using 
any of the prepared catalysts. The absence of the 
broad peak at 3450 cm-1 (OH stretching of COOH 
group) can be also attributed to formation of ester 
group and consumption of all hydroxyl groups 
during the esterification reaction. 

TABLE 2. Pour point (PPT), Flash point (FP), Viscosity index (VI), Apparent Viscosity (AV), Molecular weight 
(Mwt) and Percentage yield values of synthetic ester oils

Samples

Catalyst type Catalyst 
%

PPT, 
ºC

FP, 
ºC

Kinematic 
viscosity 
(mm2/s)

VI AV, 
Cp

Yield, 
% Mwt

Alcohol 
Free 
Fatty 
Acid

40 ºC 100 ºC

D
ec

an
ol

, D
A

O
le

ic
 a

ci
d,

 O
A

SZ 1.0 -9 172 15.9 4.0 157 26.0 85.5 1129

10%Cu/SZ 
(imp) 1.0 -6 185 14.1 3.9 189 21.0 89.1 959

10%Cu/SZ 
(sol) 1.0 -6 126 13.3 3.3 119 20.0 93.9 1013

10%Cu/SZ 
(sol) 0.3 -9 203 12.0 3.7 223 20.8 99.8 1042

10%Cu/SZ 
(sol) 3.0 -9 137 11.2 3.1 144 19.2 89.5 1015

Product parameters
The molecular weights of the prepared esters 

were determined using the GPC technique 
described in the experimental section. The 
resultant molecular weights are listed in Table 2.

The ability of a material to remain in the liquid 
state at low temperatures represents a quality 
base for number of industrial materials, such as 
surfactants, biolubricants, and fuels. The cold 
flow property of plant oils is extremely poor and 
limits their use at low operating temperatures, 
especially those used as automotive and industrial 
fluids. Plant oils have a tendency to form 
macrocrystalline structures at low temperatures 
through uniform stacking of the ester backbone 
[45]. Such macrocrystals restrict the easy flow 
of the system due to loss of kinetic energy of 
individual molecules during self-stacking. Cold 
flow properties of these samples were determined 
using their pour points. In practice, the usable 
liquid range is limited by the pour point (PP) 

at low temperatures and the flash point at high 
temperatures. The PP should be low to ensure that 
the lubricant is pumpable when the equipment 
is started from extremely low temperatures. 
The flash point should be high to allow the safe 
operation and minimum volatilization at the 
maximum operating temperature. For the most 
demanding applications, such as aviation jet 
engine lubricants, an effective liquid range over 
300 ºC may be required [46]. 

The oleic acid synthetic mono-esters described 
above were screened for low temperature 
behavior through determination of their pour 
point (PP). Therein, an improvement of the cold 
flow behavior of the prepared esters was realized. 

The efficiency of the biolubricant in reducing 
friction and wear is greatly influenced by its 
viscosity. The viscosity must always be high 
enough to keep sufficient oil film between the 
moving parts. The Viscosity Index (VI) is an 
arbitrary measure for the change of viscosity with 
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variation in temperature. The lower the VI, the 
greater the viscosity of the oil changes with 
temperature and vice versa. The pour point (PPT), 
flash point (FP), viscosity index (VI), apparent 
viscosity (AV) and percentage yield values of 
synthetic ester oils were evaluated and recorded 
in Table 2.

An important property of lubricants is their 
ability to maintain a stable lubricating film at 
the metal contact zone. Chain length of the fatty 
acid of plant oils is known to provide excellent 
lubricity due to their ester functionality where, the 
polarity of the ester molecule attached to metal 
surface allows a monolayer film formation with 
the non-polar end of fatty acid chains sticking 
away from the metal surface. The ester structures 
offer active oxygen sites that trigger binding on 
the metal surface forming a protective film which 
builds further with time to reduce friction [47, 48].

Conclusion                                                                 

The difference in preparation techniques 
revealed significant effects on all prepared 
catalysts ‘characterization. The preparation by 
sol-gel technique produces a stable, high surface 
area catalyst with low-to medium acidity which 
is suitable to apply in esterification reaction that 
needs this degree of acidity and high surface area. 
This method eliminates formation of surface 
sulfates which can, in the presence of water 
produced from esterification reaction, causes 
many problems.  So, it is more suitable to apply 
sol-gel technique in the preparation, to achieve 
high yield and quality of lubricating oil.
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تحضير حفاز من الزركونيا المكبرتة المدعم بفلز النحاس بمقياس النانو و تطبيقه الصديق 
للبيئة في  تصنيع مواد التشحيم الحيوية

العظيم،  عبد  سميرة  الدسوقي،  سمير  دعاء  ابراهيم،  اسماعيل  شافعي  حسين  ابراهيم،  حمدي  امينة 
قدرى أبو الغيط أحمد  نهى 

معهد بحوث البترول المصرى - القاهرة -مصر.

الأحماض  استـــرة  عملية  على  النحاس  بفلــــز  المدعم  المكبرتة  الزركونيــــا  حفاز  تأثيراستخدام  دراسة  تمت 
الدهنية ، وقد تم تحضير ثلاثة حفازات )SZ, (Cu/SZ/ (sol) and (Cu/SZ/ (imp( اخر أثنين يحتويان على 
التشريب الرطب )Cu/SZ/ (imp( و  المكبرتة )Cu/SZ( بطريقة  الزركونيا  المدعم على  النحاس  10٪ من 
بطريقة السول-جيل )Cu/SZ/ (sol (.  تم توصيف الحفازات التي تم تحضيرها بواسطة حيود الأشعة السينية    
)XRD(، و درجة الحرارة المبرمجة لامتزاز الأمونيا  (TPD)، وامتزاز النيتروجين، و مطياف فورييه للأشعة 
تحت الحمراء )FTIR(، وتصويرها بواسطة المجهر الإلكتروني  )SEM(، تحميل النحاس على الحفاز الحالي 
الرباعي   التركيب  تثبيت  الى  النحاس  فلز  تحميل  وأدى  والنسيج.  التركيب  في  كبيرة  تغيرات  إلى  أدى   (SZ) 
للزركونيا Tetragona  الاكثر فاعلية, و أيضا تكوين متراكب من (CuO-ZrO). وأظهرت دراسة دراجات 
بنية  في   Cu ال  أيونات  تداخل   أن   (TPD( مبرمجة  درجات حرارة  عند  الحفاز  امتزازالامونيا على  سطح 
الزركونيا )Zirconia lattice( بطريقة سول-جل قد تسبب في خفض الحامضية أكثر مما يفعل طريقة التشريب 
الرطب .كتطبيق صديق للبيئة ,استخدمت الحفازات المحضرة  بتركيزات مختلفة  عند نفس ظروف التفاعل فى 
 (Cu/SZ/أن الدراسة  هذه  واظهرت  الدهنية  الأحماض  استرة  تفاعل  تشحييم حيوى عن طريق  تحضير زيت 
(sol) الحفاز ذو  الحامضية المنخفضة هو الاكثر فاعلية حتى عند اقل التركيزات المستخدمه , أثبت أنه يمتلك 
المحدد  الحفاز  نسبة 0.3٪ من  استخدام  الحيوية 99.8٪ عند  التشحيم  مواد  إنتاجية  نسبة  وبلغت  نشاط،  أعلى 
المستخدم. كما تم تعيين نقطة الأنسكاب، نقطة الوميض، مؤشر اللزوجة، اللزوجة الظاهرية و كذلك تعيين قيم 

النسبة المئوية للناتج من زيوت الأستر المحضرة.


