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Abstract  

One of the most important commercials industrial processes is liquid phase catalytic 

oxidation of p-xylene by oxygen for terephthalic acid (TPA) production. A recent catalytic system 

used environmentally benign N-hydroxyamide as a free radical promoter rather than more 

hazardous bromine molecules. An economical and easily prepared heterogeneous oxidation 

catalyst, nanorods manganese dioxide, was synthesized by ultrasonic technique. The crystal 

structure and morphology of the MnO2 were confirmed by HRTEM, XRD, and N2-adsorption-

desorption isotherms. The prepared MnO2 nanorods had a high aspect ratio and surface area of 

300 m2 g-1.  The catalytic oxidation of p-toluic acid (PTA) to terephthalic acid using MnO2 

nanorods was studied under the different conditions (reaction time, catalyst dosages, reaction 

solvent and varied pressures and temperatures) to control the yield and selectivity toward TPA 

synthesis.  The obtained results showed that the high yield (88.9%) and conversion (90.1%) in 

ethyl acetate with fixed oxygen pressure (20 atm) at 150°C. 
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1. Introduction 

The catalytic oxidation of p-xylene is a major industrial process for the production of 

terephthalic acid, which is an essential monomer and widely used for polyesters production. 

The polymer is a high melting and its crystalline material forming very strong fibers. The 

commercial production of terephthalic acid is based on the liquid phase catalytic oxidation of p-

xylene by air or oxygen in the presence of manganese acetate and cobalt acetate as 

homogeneous catalyst and bromine or HBr as a promoter in acetic acid as a solvent. This 

oxidation occurs at a temperature of 175–225 °C and pressures of 15 - 30 atm and reaction time 

of 8–24 h. However, acetic acid and bromine cause severe corrosions in equipment when used 

especially at high temperatures. Also, acetic acid gives different unwanted reaction by-products 

due to the partial combustion of acetic acid. Furthermore, bromine is very harmful to the 

human body, and cause serious environmental pollution [Iles, K. E. and Dickinson, D. A. 2017; 

Plant, J. A. et al. 2012]. 

An interesting aerobic oxidation of organic compounds catalyzed by N-hydroxyimides, 

such as N-hydroxyphthalimide (NHPI) and transition metal salts, was developed mainly by Ishii 

and coworkers [Ishii, Y. and Sakaguchi, S. 2006a; Ishii, Y. et al. 2005; Hirai, N. et al. 2006; 

Sakaguchi, S. et al. 2002]. This method of selective catalytic oxidation of alkylbenzenes with 

oxygen is a very important reaction for the production of bulk and fine chemicals such as 

benzoic acid and terephthalic acid [Clennan, E. L. 2016]. Practically, the oxidation of toluene is 

carried out by Ishii and coworkers [Ishii, Y. and Sakaguchi, S. 2006a; Ishii, Y. et al. 2005; Hirai, 

N. et al. 2006; Aoki, Y. et al. 2005; Aoki, Y. et al. 2006; Kamae, K. et al. 2009] under normal 

oxygen pressure at room temperature by the use of a combined catalyst of NHPI and Co(II) 

species and oxidation of p-xylene to 85% yield of p-toluic acid (not terephthalic acid) for 20 h at 

room temperature (Fig. 1). 



CH3

O2+

NHPI (10 mol%)
Co(OAc)2 (0.5 mol%)

CH3COOH, 25 °C, 20 h

COOH

81%

1 atm

CH3

CH3

O2+

NHPI (10 mol%)
Co(OAc)2 (0.5 mol%)

CH3COOH, 25 °C, 20 h

COOH

CH3

85%

1 atm

CHO

+

3%

 
Fig. 1. Oxidation of alkylbenzenes with NHPI by oxygen. 

Various studies were reported including different transition metal ions like (Co(II), Mn(II), 

V(III) and Ce(IV), etc) as homogenous catalysts. For example, the oxidation of p-xylene with 

oxygen gas (1 atm) in the presence of NHPI (20 mol%) and Co(OAc)2 (0.5 mol%) as catalysts in 

acetic acid as solvent at 100 °C for 14 h produced TPA in 67% yield and PTA (15%) together with 

small amounts of (4-carboxybenzyl alcohol), 1,4-diacetoxymethylbenzene and 4-

acetoxymethylbenzoic acid as well as several unidentified compounds in 1–2% yields, 

respectively, at over 99% conversion. The yield of TPA is improved to 82% when Mn(OAc)2 (0.5 

mol%) is added to the NHPI/Co(OAc)2 system. The synergistic effect of Co and Mn salts in the 

aerobic oxidation of alkylbenzenes has been well documented [Partenheimer, W. 2004; 

Partenheimer, W. 2003; Tashiro, Y. et al. 2001]. From a practical point of view, it is important 

that the aerobic oxidation of p-xylene under air (30 atm ) by the NHPI/Co/Mn system is 

completed within 3 h at 150 °C to form TPA in 84% yield [Gomes, J. F. 2013; Ishii, Y. and 

Sakaguchi, S. 2006b] (Fig. 2). 
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Fig. 2. Oxidation of PX by O2 with NHPI/Mn(OAc)2/Co(OAc)2 

This method has many advantages such as using environmentally benign n-

hydroxysuccinimide as a free radical promoter rather than more hazardous bromine 

compounds, besides using cheap and easily obtained oxidizing agent, oxygen gas. But this 



method is based on acetic acid as a reaction solvent. From an economical point of view, this 

process needs a cheap and easily prepared heterogeneous nanocatalyst with high surface area 

instead of soluble transition metal salts to overcome the separation and recycling disability 

problems.   

In this paper, one of the most promising metal oxides is manganese dioxide (MnO2) that is 

more economical, non-toxic, readily available catalyst could play a great role as a good catalyst 

for p-xylene aerobic oxidation in the presence of n-hydroxysuccinimide as a promoter. 

Consequently, MnO2-nanorods is prepared by facile synthesis, characterized by different 

techniques and studied for the methyl groups of p-xylene oxidation with oxygen to give the 

corresponding carboxylic groups. Different conditions (reaction time, catalyst dosages, reaction 

solvent and varied pressures and temperatures) were also studied to explore its catalytic role 

towards terephthalic acid synthesis.  

2. Experimental 

2.1. Materials  

All chemicals and solvents were purchased and used without any further purification. p-

toluic acid, N-Hydroxysuccinimide, cobalt(II) acetate (Co(OAc)2.4H2O), manganese(II) acetate 

(Mn(OAc)2.4H2O), potassium permanganate (KMnO4) were purchased from Sigma-Aldrich. All 

solvents like acetonitrile, glacial acetic acid, and ethyl acetate were obtained from Merck 

Chemical Co. 

2.2. Preparation of manganese dioxide (MnO2) nanorods catalyst 

 KMnO4 (6.5 gm) was charged into 150-ml round flask filled with 150 ml water/ethanol 

(1:1/V:V). After complete dissolution, the flask is transferred to ultrasonic bath operated at 35 

kHZ for 3 h. Then, 1 ml of H2O2 (30v/v) was added to complete the precipitation. The black 

precipitate of manganese oxide was collected by filtration and washed thoroughly several times 

with water to remove any residual of K+ ions from the solid product, vacuum dried overnight in 

at 60°C and calcined at 400 °C for 2 h [Kannan, R. et al. 2011]. 

2.3. Characterization 



Wide-angle X-ray diffraction pattern was recorded on a XPERT X-ray diffractometer in the 

angular range from 10 to 70 (2). The BET surface area, average pore diameter, and pore 

volume were measured at -196 C on a NOVA 3200 system (USA). The catalysts were outgassed 

for 3 h at 300 C under vacuum in the degassing port of the adsorption analyzer. The specific 

surface area was calculated using the BET model. The pore size distributions were obtained 

from the desorption branch of the nitrogen isotherms using Barrett-Joyner-Halenda (BJH) 

method. High-resolution transmission electron microscope (HRTEM) images were obtained 

using a JEOL JEM-2100 (Japan) operating at 200 kV. 

2.3. Catalytic test 

The catalytic activity was screened at atmospheric pressure, and then the catalytic reaction is 

carried out at the optimum condition at a different pressure.  

2.3.1. Atmospheric pressure  

The oxidation of p-toluic acid was performed in a 3-neck flask equipped with a magnetic 

stirrer and a septum for withdrawing samples at intervals of 1 h. The system was also equipped 

with a condenser to ensure complete condensation and recycling of the evaporated 

compounds. In a typical run, 80 mmol of p-toluic acid, 16 mmol of N-hydroxysuccinimide, 0.4 

mmol of Co(OAc)2, 0.4 mmol of Mn(OAc)2 and 250 ml of selected solvent were mixed in a glass 

batch flask. An appropriate weight of selected metal/mixed metal oxide catalyst was added, and 

the stirring speed was set at 600 rpm. When the mixture was refluxed at 85 ºC, pure oxygen was 

continuously bubbled into the solution mixture. 

2.3.2. High pressure (high-pressure reactor, autoclave) 

The high-pressure reactor is a 450 ml inconel autoclave. The system is also equipped with 

a condenser, a gas–liquid separator and a liquid recycle tank to ensure complete condensation 

and recycling of the evaporated compounds. The liquid-phase is continuously stirred at 193 

rpm. The reactor temperature is regulated by an electric heating jacket with a thermocouple 

within ±0.2 °C, and a regulating valve controlled the reactor pressure. 



In a typical experimental run, the reactor was charged with mixtures of 80 mmol of p-

toluic acid, 16 mmol of N-hydroxysuccinimide, 0.4 mmol of Co(OAc)2, 0.4 mmol of Mn(OAc)2 and 

250 ml of selected solvent and required weight of manganese dioxide catalyst. Before heating 

the reactor, pure oxygen was introduced into the autoclave untile required pressure is obtained, 

and agitation was started at the specific temperature for certain time.  

In atmospheric and pressurized reaction, sampling in the previously scheduled times, the 

solid and mother liquor were separated by filtration. The clear liquid containing organic 

substrate intermediates, and products were analyzed using an HPLC with an Ultraviolet detector 

with a suitable analytical method to calculate the yield, conversion, and selectivity of all 

compounds. 

3. Results and Discussion 

3.1. Characterization of manganese dioxide nanorods catalyst  

3.1.1. X-ray diffraction analysis (XRD) 

The XRD pattern of MnO2 showed the characteristic peaks at 12.5°, 18.07°, 28.65°, 37.3°, 

41.95°, 49.85°, 59.74° and 65.15°, which matched well the diffraction peaks (1 1 0), (2 0 0),      (3 

1 0), (2 1 1), (3 0 1), (4 1 1), (6 0 0) and (5 2 1) reflection plane of MnO2 (JCPDS card PDF # 00-

044-0141), and the lattice parameters of caddice-clew-like MnO2 are a = 9.7875 and c = 2.8600, 

which are highly identical to the standard values (JCPDS card PDF file no. 44-0141, a = 9.7847, c 

= 2.863) (Fig. 3).  



 

Fig. 3. XRD pattern of prepared MnO2 nanocatalyst 

3.1.2. Surface area analysis (BET) of MnO2 nanorods catalyst 

Fig. 4 shows the corresponding N
2
-isotherm, and BJH pore size distributions, which reveals 

that the MnO2 exhibits Type IV isotherm with the H1 hysteresis loop, which is a characteristic of 

open cylindrical pores. BJH analysis on the desorption branch of the isotherm confirms the 

MnO2 nanorods possesses well-defined mesopore diameter. It should be noted that the 

hysteresis loop for MnO2 is narrower due to the influence of mesopore interconnectivity on N
2
 

vaporization. The surface area of MnO2 was calculated to be 300 m2/g using the BET method. 

The total pore volume was estimated to be 0.35 cm3/g.  
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Fig. 4: N
2
- adsorption: (a) isotherms and (b) pore size distributions of MnO

2
 nanocatalyst 

 

3.1.3. HRTEM of MnO2 nanorods metal oxide nanocatalyst 

High-resolution transmission electron microscopy analysis (HRTEM) is a widely used 

technique in catalysis research field for collecting information about small metal particle sizes 

and its morphology. The HRTEM analysis of nano MnO2 catalyst is shown in Fig. 5. It reveals the 

formation of uniform rod-like morphology, which may be with hollow nature. Moreover, it 

shows low agglomeration of MnO2 particles. The average dimensions calculated from the 

HRTEM micrographs ranged from ≈11 ± 3 nm widths and ≈ 58 ± 8 nm lengths. The high 

crystallinity of MnO2 particles may be due to the using of ultrasonication during preparation [Li, 

C. et al. 2014; Wang, P. et al. 2014] 

 

Fig. 5: HRTEM photo of MnO2 nanocatalyst. 

3.2 The catalytic activity of MnO2 nanorods: 

To evaluate the effectiveness of prepared metal oxide (MnO2) as a heterogeneous 

catalyst, the liquid phase oxidation reaction of p-toluic acid (PTA) was also conducted in the 

presence of n-hydroxysuccinimide as a promoter in acetonitrile. The major products of 

catalyzed  



PTA oxidation are 4-carboxybenzaldehyde (4-CBA) and terephthalic acid (TPA). So, various 

conditions were used for maximizing yield and conversion of the p-toluic acid to terephthalic 

acid as the following: 

 

 

3.2.1. Effect of reaction time  

To follow up the catalyst performance towards the reaction products by one hour interval 

time for 12 h at atmospheric pressure with the constant weight of catalyst (0.2 gram) and  

n-hydroxysuccinimide in acetonitrile. Fig. 6 shows a diagram of p-toluic acid conversion, 

terephthalic acid and 4-carboxybenzaldehyde yield with time. 
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Fig. 6: Catalytic activity of using MnO2 nanorods catalyst with reaction time 

For 12 h, MnO2 nanocatalyst achieves moderate yield of terephthalic acid to about 40% at 

atmospheric pressure and reflux conditions. The oxidation reaction was initiated after passing 4 

h, which clearly appeared through continued increase in the conversion of p-toluic acid. 

Obviously, it started by forming the intermediate product, 4-CBA, was formed at the 4th hour 

and continued in a fixed manner from 6th hour within yield value (10%) then followed by 

formation of terephthalic acid after 5 h of reaction. The fast growing rate of p-toluic acid 

conversion reveals the role of MnO2 nanorods catalyst throughout oxidation reaction.  It is 

interesting to note that, the intermediate (4-CBA) is proportional to the yield of TPA, in which 



the most active catalyst yielded high intermediate and vice-versa. This means that the 

intermediate may be adsorbed on the catalyst surface, poising the catalyst and hence no 

available active site is present.  

Despite the previous work of [Partenheimer, W. 2004; Partenheimer, W. 2003; Tashiro, 

Y. et al. 2001] obtained 92% terephthalic acid yield by using oxygen gas at atmospheric pressure 

in the presence of NHPI (10 mol %), Co(OAc)2 (0.5 mol %), and Mn(OAc)2(0.5 mol %) as 

homogenous catalysts which is double-yield that our work. So, it still using the industrially 

unfavourable solvent, acetic acid, at higher temperature for longer time, where  the auther 

doesn’t consider the recyclability and enviromental issues for his aim.  

3.2.2. Effect of catalyst weight   

To estimate the optimum catalyst weight for achieving maximum yield of terephthalic 

acid, Fig. 7 displays a comparison between MnO2 nanorods catalyst weights (0.15, 0.2 and 0.4 

gram) for oxidation of p-toluic acid at atmospheric pressure by refluxing in acetonitrile for 

reaction time 12 h. 

It illustrates that the conversion of p-toluic acid increases with increasing the MnO2 

nanorods catalyst weight but nearly the same with 0.2 and 0.4 gram (52.2% and 52.6%). Also, 

the yield of terephthalic acid has the same behavior (35.5% and 34.1%) respectively.While 4-

CBA exhibited the same percentages with all selected catalyst weights. This may be due to a 

part of product and intermediate could block some of active sites by adsorption on catalyst 

surface. Accordingly, it is clearly concluded that no significant effect was appeared when 

catalyst weights more than 0.2 gram were used.  
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Fig. 7: Effect of catalyst weights of MnO2 nanorods catalyst on oxidation of p-toluic acid 

3.2.3. Effect of solvent 

Solvent is one of the most factors affecting on the catalytic oxidation process. The 

selection of solvent actually based on that the reactants should be soluble sufficiently in the 

reaction medium in order to not retard the reaction. In industrial process, acetic acid and 

bromine cause corrosions in equipments when used at high temperatures. Therefore, expensive 

special corrosion resistant equipment was required. In addition to, acetic acid gives different 

reaction by-products including methanol, methyl acetate and methyl bromide also, carbon 

oxides are produced by partial combustion of the solvent and the aromatic compounds [Dunn, 

J. B. and Savage, P. E. 2002]. The p-toluic acid oxidation using prepared catalysts was carried 

out using different solvents like acetonitrile (polar), ethyl acetate (nonpolar), and mixture of 

acetonitrile / acetic acid 9:1 (acidic). The last mixture was used to confirm the definite role of 

acidic medium in target reaction. The solvent was changed with 0.2 gram of MnO2 nanorods 

catalyst (the optimum weight obtained from subsection 3.2.2).   

At atmospheric pressure by refluxing for reaction time 12 h while the other conditions 

were remained the same. As shown in Fig. 8,  the maximum conversion of p-toluic acid was 

achieved by using acetonitrile (52.2%) rather than ethyl acetate (25.4%). besides, terephthalic 

acid and 4-CBA yield with acetonitrile was greater than that of ethyl acetate. In contrast, 

mixture of acetonitrile / acetic acid 9:1 has the lowest one. This illustrates that acetonitrile is the 

best of choice for targeted oxidation reaction which may be due to highly polar solvents like 



acetonitrile may facilitate formation of active oxygen species and thereby enhance the catalytic 

activity [Mahdavi, V. and Mardani, M. 2015]. However, the acidic mixture of acetonitrile / 

acetic acid 9:1 as a reaction solvent didn’t introduce satisfied results in the direction of 

terephthalic acid yield, may be due to the solubility power of this mixture.  
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Fig. 8: Effect of solvent on oxidation of p-toluic acid with MnO2 nanorods in atm. pressure.  

3.2.4. Effect of oxygen pressure 

The oxidation of p-toluic acid was studied by performing the reaction in high pressure 

reactor at (10 atm, 15 atm and 20 atm) by using more efficient solvents acetonitrile or ethyl 

acetate at different temperatures (110 °C and 150 °C). All runs were done for reaction time 12 h 

in addition to the other conditions were remained constant. The catalytic activity of MnO2 

nanorods were studied by changing the oxygen pressure (10, 15 and 20 atm) of target reaction 

at 110 °C. Fig. 9 shows that the p-toluic conversion raised when applying (10, 15 and 20 atm) 

oxygen pressures to 74.6%, 78.6% and 79.4%, respectively. Furthermore, the yield of 

terephthalic acid increased gradually with increasing the oxygen pressure to 64.0%, 66.0% and 

70.5% with the same manner. Fortunately, 4-CBA yield was very negligible when applying higher 

oxygen pressures.  



 

Fig. 9: Effect of pressure on oxidation of p-toluic acid with MnO2 nanorods in acetonitrile  

Fig. 10 explains the role of temperature in oxidation of p-toluic acid when applying fixed 

pressure (20 atm) in acetonitrile. At temperature (110°C and 150°C), the conversion of p-toluic 

acid increased by 10.5% at 150°C while terephthalic acid yield with MnO2 nanorods catalyst 

raised to 75.8% only for reaction time 12 h.  

 

Fig. 10: Effect of temperature on oxidation of p-toluic acid with 20 atm. pressure in acetonitrile  

As shown in Fig. 11, when ethyl acetate was used as solvent, the p-toluic acid conversion 

reached 88.6% and 90.1% at 110°C and 150°C respectively, furthermore, the great improvement 

was obtained in the yield of terephthalic acid that achieved 88.9% at 150°C rather than the 

conversion of p-toluic acid with low effect by 1.5% only.               



 

Fig. 11: Effect of temperature on oxidation of p-toluic acid with 20 atm. pressure in ethyl 

acetate  

An essential step of this catalysis appears that the phthalimide N-oxyl (PINO) radical 

generated in situ from the reaction of O2 and NHPI can abstract a hydrogen atom from C–H 

bonds of a target organic substrate. The newly formed carbon radical then rapidly reacts with O2 

to give ultimately oxygenated products (Fig. 12) as predicted by Ishii et al. [Partenheimer, W. 

2004; Partenheimer, W. 2003; Tashiro, Y. et al. 2001].    
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Fig. 12: (a) Formation of  phthalimide N-oxyl (PINO) radical from NHPI 
                                   (b) PINO-alkyl hydrogen intermediate complex. 
4. Conclusion 

MnO2 nanorods metal oxide was synthesized by smart method using ultrasonication for 

obtaining uniform rod-like morphology. It is used as an economical heterogeneous oxidation 

catalyst for terephthalic acid production from p-toluic acid by oxygen gas. A recent catalytic 



system used environmentally benign N- hydroxysuccinimide as a free radical promoter rather 

than more hazardous bromine molecules. The crystal structure and morphology of the MnO2 

were confirmed by HRTEM, XRD, and N2-adsorption-desorption isotherms. The catalytic 

oxidation of p-toluic acid to terephthalic acid using MnO2 nanorods was studied under the 

different conditions to control the yield and selectivity toward terephthalic acid synthesis. The 

obtained results showed that the high yield (88.9%) and conversion (90.1%) in ethyl acetate 

with fixed oxygen pressure (20 atm) at 150°C. 
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 العربي الملخص

. انزُشفُضبنك ؽًض لإَزبط رزى انزٍ انصُبعُخ انعًهُبد أهى يٍ واؽذح الاكسغٍُ ثإسزخذاو نهجبساصَهٍُ انؾفضَخ الأكسذح عًهُخ رعزجش

 انجشوو يشكجبد عٍ ثذَلا أيُذ هُذسوكسٍ‐ٌ هى نهجُئخ صذَك ؽش شك رو ؽفضٌ يُشظ عهً رعزًذ ؽذَضخ ؽفضَخ طشَمخ َىعذ

 فىق انًىعبد رمُُخ ثأسزخذاو الزصبدٌ و انزؾضُش سهم يزغبَس غُش كؾفبص انُبَىَُخ انًُغُُض اكسُذ أعىاد رؾضُش رى. انخطشح

 و الاَزمبنٍ الانكزشوٍَ انًُكشوسكىة ثإسزخذاو انُبَىَُخ انًُغُُض لأكسُذ انخبسعٍ انشكم و انجهىسٌ انزشكُت رأكُذ رى. انصىرُخ

 يسبؽخ انًؾضشح انُبَىَُخ انًُغُُض اكسُذ أعىاد اصجزذ. انسطؼ نمُبسبد انُُزشوعٍُ طشد و ايزضاص فشق ؽسبة و X أشعخ ؽُىد

و 300 ؽىانٍ عبنُخ سطؼ
 ثبسزخذاو انزشَفضبنُك ؽًض لأَزبط انجبسارىنىَك نؾًض انؾفضَخ الأكسذح دساسخ رى ثزنك و. عشاو/2

 وانضغىط انزفبعم فٍ انًسزخذو انًزَت انؾفبص، عشعبد انزفبعم، صيٍ )يخزهفخ ظشوف رؾذ انُبَىَُخ انًُغُُض اكسُذ أعىاد

 انؾصىل رى انزٍ انُزبئظ وأظهشد. انزشَفضبنُك ؽًض رخهُك َؾى والاَزمبئُخ الإَزبعُخ فٍ نهزؾكى( انًزُىعخ انؾشاسح ودسعبد

( عىٌ ضغظ 20 )صبثذ الأكسغٍُ ضغظ يع الإَضُم أسُزبد يزَت فٍ( ٪90.1 )وانزؾىَم( ٪88.9 )انعبنُخ الإَزبعُخ أٌ عهُهب

. يئىَخ دسعخ 150 عُذ

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Catalytic Aerobic Oxidation System via Terephthalic Acid Production  

Using Economic and Readily Available Nanocatalyst  

 الاتاحت سهم و أقتصادي َاَىًَ حفاز بإستخذاو انترٌفثانٍك حًض لإَتاج انحفسٌت الاكسذة طرٌقت
 
 

 شعباٌ عفٍفً سايً أحًذ
 

 انبترول بحىث بًعهذ انبتروكًٍاوٌاث بقسى يساعذ باحج
 

  
 شًس عٍُ عبيعخ – وانزشثُخ وانعهىو نلأداة انجُبد كهُخ :انتسجٍم جهت                             

 انكًُُبء لسى                                                                
  

 :انبحج فى انًشتركٍٍ انسادة
  
 شًس عٍُ عبيعخ – انجُبد ثكهُخ انكًُُبء ثمسى انعضىَخ انكًُُبء أسزبر              لُذَم غشَت َبدَخ. د.أ

  انجزشول ثؾىس يعهذ – انزطجُمُخ انعضىَخ انكًُُبء أسزبر             ثذوي يؾسٍ انفزبػ عجذ. د.أ

  انجزشول ثؾىس يعهذ – انعضىَخ انكًُُبء يسبعذ أسزبر         سهًُبٌ يؾًىد صُبء. د.و.أ

  انجزشول ثؾىس يعهذ – انزكشَش لسى – رطجُمُخ عضىَخ كًُُبء يسبعذ أسزبر  حثطُؼ ؽسٍ اؽًذ يؾًـذ. د.و.أ

 انجزشول ثؾىس ثًعهذ انجزشوكًُبوَبد ثمسى يسبعذ ثبؽش        عفُفٍ سبيٍ أؽًذ. و.ة

 :انًحكًٍٍ نهسادة انًقترحت الأسًاء

 انجزشول ثؾىس يعهذ – انزطجُمُخ انعضىَخ انكًُُبء أسزبر                 انسكشٌ يؾًذ. د.أ 

 شًس عٍُ عبيعخ – انجُبد ثكهُخ انكًُُبء ثمسى انعضىَخ انكًُُبء أسزبر       أسًبعُم أؽًذ يُصىسح. د.أ

 سىَف ثٍُ عبيعخ – انعهىو كهُخ ‐ انكًُُبء ثمسى انعضىَخ انكًُُبء أسزبر           أؽًذ انمبدس عجذ سُذ. د.أ

 انجزشول ثؾىس يعهذ – انزطجُمُخ انعضىَخ انكًُُبء أسزبر            َغى انًُعى عجذ َجُم. د.أ



  شًس عٍُ عبيعخ – انعهىو كهُخ –  انعضىَخ انكًُُبء أسزبر               سُذ ؽسٍُ علال. د.أ

 

 

 

 

 


