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Abstract 

       In this study, pure zinc oxide (ZnO), ferric oxide nanoparticles (γ-Fe2O3) and 

silver (Ag) nanoparticles were prepared as well as binary nanocomposites of 

(ZnO/Ag, ZnO/Fe2O3, MWCNT/ZnO, MWCNT/Ag, MWCNT/Fe2O3) and tertiary 

nanocomposites (MWCNT/Ag-ZnO, MWCNT/Fe2O3-ZnO) prepared with different 

ratio of MWCNT. The obtained nanocomposites were characterized using different 

techniques such as X-ray diffraction (XRD), transmission electron microscopy 

(TEM),  scanning electron microscopy (SEM), atomic force microscopy (AFM), 

fourier transform infrared spectrometry (FTIR), UV/Visible spectrophotometer, 

thermogravimetric analysis  (TGA) and zeta potential (ZP). The photodegredation of 

Cibacron Brilliant Yellow (3G-P) dye were studied using UV-Visible 

spectrophotometer and chemical oxygen demand (COD). The effect of catalyst 

concentration, dye concentration, pH and temperature for removal dye from its 

aqueous solution, were also studied. 

        The study included several main parts: the first part include the preparation of 

pure zinc oxide, silver, Ag(3,5,10%)-ZnO, MWCNT(0.3,0.5,1%)/Ag and 

MWCNT(0.3,0.5,1%)/Ag-ZnO by using thermal method. Chemical  and physical 

properties of all nanocomposites were characterized by using above techniques .The 

results for binary and tertiary nanocomposites indicated to formation of  the 

important bond between Zn-O, Ag-MWCNT and Ag-ZnO through FTIR. The XRD 

results showed well-crystalline in nature with deviation of peaks due to presence of 

Ag, ZnO and MWCNT in patterns, through AFM the images also showed a 

difference in the porous nature and the distribution of particles by different 

proportions. The  SEM and TEM show the different shapes and sizes of 

nanoparticles with presence some agglomerated. The results of the TGA study 

showed that most of the nanocomposites prepared have high stability. The UV-

Visible technology showed that the zinc oxide band gap energy reduced in ternary 

MWCNT/Ag-ZnO nanocomposites was less than the zinc oxide band gap energy in 

binary nanocomposites. 



       The second part was the preparation of ferric oxide (γ-Fe2O3), Fe2O3 (3,5,10%)-

ZnO, MWCNT(0.3,0.5,1%)/Fe2O3 and MWCNT(0.3,0.5,1%) /Fe2O3-ZnO using a 

thermal method. The properties of binary and tertiary nanocomposites were 

characterized and studied by using above techniques, the results of infrared 

spectroscopy indicated the appearance and displacement of the main peaks of ZnO 

and Fe2O3 on MWCNT surface from their original locations ,this indicates the strong 

overlap between there . The  results  of  structurally  and  optically show the 

presence of well-crystalline phase of Fe2O3-ZnO from XRD. The images of the 

AFM and the SEM showed the spherical shapes of the porous nanoparticles on 

MWNT surface with less agglomeration  and  their  different morphologies  are  

observed  after doping with different ratio. The TGA results showed most of 

nanocomposites have high thermal stability. The band gap energy of ZnO was 

calculated using UV-Visible technology and by applying a Tauc plot, where the 

band gap energy of pure ZnO was 3.35 eV, also shows that the band gap energy of 

ZnO was reduced to be 2.83 eV in ternary nanocomposite MWCNT(1%)/Fe2O3-

ZnO than in binary nanocomposites . 

     The third part includes the applications of prepared nanocomposites. The 

photocatalytic reactions were tested by using 75 ppm of Cibacron Brilliant Yellow 

dye in the dark and in presence of xenon lamp as visible light source, this showed 

that 100mg/100mL represents the ideal concentration for the destroyed and removal 

of Cibacron Brilliant Yellow dye at 298 K. The results show that MWCNT(1%)/Ag-

ZnO and MWCNT(1%)/Fe2O3-ZnO were the best catalysts in the adsorption and 

removal of the dye and enhancing the photo-reactivity of ZnO . Highest 

photocatalytic degradation efficiency 92% for MWCNT/Ag-ZnO and 96% 

MWCNT/Fe2O3-ZnO after 120 min . The effect of temperature and pH solutions on 

degradation and adsorption of the dye and determining the optimum factor were also 

studied using a visible light source. In present study the  effect of all above effects 

on chemical oxygen demand(COD) also studied. The results show that the process 

of photodegredation of the dye follows the pseudo-first order kinetics . 



 
      اٌخلاطـح

-γ، ذُ ذسض١ش أٚوس١ذ اٌضٔه إٌمٟ )أٚوس١ذ اٌضٔه(، أٚوس١ذ اٌسذ٠ذ٠ه إٌأٛٞ ) فٟ ٘زٖ اٌذساسح         

Fe2O3( ٚدلائك اٌفضح )Ag ِٓ إٌا٠ٛٔح فضلا عٓ اٌّرشاوثاخ إٌا٠ٛٔح اٌثٕائ١ح ) (ZnO/Ag ZnO/Fe2O3 , 

MWCNT/ZnO , MWCNT/Ag , MWCNT/Fe2O3) ( ِٓ ِرشاوثاخ ثلاث١ح ٚMWCNT/Ag-

ZnO , MWCNT/Fe2O3-ZnO زضشخ تّضج ٔسثح ِخرٍفح ِٓ اٌىشتْٛ ٔأٛذ١ٛب . شخظد ، )

( XRDاٌّرشاوثاخ إٌا٠ٛٔح اٌرٟ ذُ اٌسظٛي ع١ٍٙا تاسرخذاَ ذم١ٕاخ ِخرٍفح ِثً أسشاف الأشعح اٌس١ٕ١ح )

( AFM( ِٚدٙش اٌمٛج اٌزس٠ح )SEMاٌّاسر ) ( ٚاٌّدٙش الإٌىرشTEMٟٟٔٚ إٌافز )ٚاٌّدٙش الإٌىرشٚٔ

اٌّشئ١ح ، اٌرس١ًٍ اٌسشاسٞ اٌٛصٟٔ  -( ٚالأشعح فٛق اٌثٕفسد١ح FTIRٚل١اط اٌط١ف تالأشعح ذسد اٌسّشاء )

(TGA( ٚخٙذ ص٠را )ZPذُ دساسح اٌرفىه اٌضٛئٟ ٌظثغح .)Cibacron Brilliant Yellow  (3G-P )

( ، ٚدساسح ذأث١ش CODعّاي اٌط١ف اٌّشئٟ ٌلأشعح فٛق اٌثٕفسد١ح ٚاٌّرطٍة الأٚوسد١ٕٟ اٌى١ّ١ائٟ )تاسر

تعض اٌعٛاًِ ِثً ذأث١ش ذشو١ض اٌّسفض، ٚذأث١ش ذشو١ض اٌظثغح ، ٚدسخح اٌسّٛضح ٚدسخح اٌسشاسج لإصاٌح 

 اٌظثغح ِٓ ِسٌٍٛٙا اٌّائٟ.

لأٚي ذسض١ش أٚوس١ذ اٌضٔه إٌمٟ ، ٚاٌفضح إٌا٠ٛٔح : اٌدضء ا ٚشٍّد اٌذساسح عذج أخضاء سئ١س١ح       

  Ag(3,5,10%)-ZnOٚ MWCNT(0.3,0.5,1%)/Ag ٚذسض١ش ِرشاوثاخ ِٓ  

ٚMWCNT(0.3,0.5,1%)/Ag-ZnO  تاسرعّاي اٌطش٠مح اٌسشاس٠ح. ذُ ذشخ١ض ٚدساسح اٌخظائض

اٌرم١ٕاخ اٌّزوٛسج أعلاٖ. ٚأشاسخ إٌرائح اٌّسضشج تاسرخذاَ  اٌى١ّ١ائ١ح ٚاٌف١ض٠ائ١ح ٌد١ّع اٌّرشاوثاخ إٌا٠ٛٔح

ِٓ  MWCNT/Ag-ZnO  ZnO-Ag ٚ Ag-MWCNTإٌٝ ذىْٛ اٌّرشاوثاخ إٌا٠ٛٔح اٌثٕائ١ح ٚاٌثلاث١ح ٚ

ٚخٛد طٛس تٍٛسٞ ٚاضر ٚأض٠اذ فٟ اٌمُّ  XRDأظٙشخ ٔرائح  خلاي ِط١اف١ح الاشعح ذسد اٌسّشاء. أ٠ضا

ت١ٕد اٌظٛس اخرلاف تاٌطث١عح  AFM ي دساسح ذم١ٕح، ِٚٓ خلا  Agٚ ZnO ٚMWCNT دلاٌح عٍٝ ٚخٛد 

 SEM  ٚTEM. اظٙشخ ٔرائح دساسح ذم١ٕاخ اٌّسا١ِح ِٚذٜ ذٛص٠ع اٌدس١ّاخ تأخرلاف إٌسة اٌّسضشج

ٚخٛد اشىاي ٚزدَٛ ِخرٍفح ِٓ اٌدس١ّاخ إٌا٠ٛٔح تالإضافح اٌٝ ٚخٛد تعض اٌرىرلاخ. أظٙشخ ٔرائح دساسح 

ّسضشج ٌذ٠ٙا اسرمشاس٠ٗ ٚثثاذ١ٗ عا١ٌح . اظٙشخ ذم١ٕح الأشعح فٛق اْ ِعظُ اٌّشوثاخ اٌ TGAذم١ٕح 

اٌّشئ١ح اْ طالح فدٛج اٌسضِح لأٚوس١ذ اٌضٔه اخرضٌد فٟ اٌّرشاوثاخ إٌا٠ٛٔح  -اٌثٕفسد١ح

ٚاطثسد الً ِٓ طالح فدٛج اٌسضِح لأٚوس١ذ اٌضٔه فٟ اٌّرشاوثاخ إٌا٠ٛٔح   MWCNT/Ag-ZnOاٌثلاث١ح

 اٌثٕائ١ح .



 Fe2O3(3,5,10%)-ZnO( ، γ-Fe2O3اٌدضء اٌثأٟ ٠رضّٓ ذسض١ش أٚوس١ذ اٌسذ٠ذ٠ه )أِا        

MWCNT(0.3,0.5,1%)/Fe2O3 ٚ MWCNT(0.3,0.5,1%)/Fe2O3-ZnO  تاسرعّاي طش٠مح

 زشاس٠ح. ذُ ذشخ١ض ٚدساسح خظائض اٌّرشاوثاخ إٌا٠ٛٔح اٌثٕائ١ح ٚاٌثلاث١ح تاسرعّاي اٌرم١ٕاخ اٌّزوٛسج أعلاٖ

ح اٌرس١ًٍ اٌط١فٟ ٌلأشعح ذسد اٌسّشاء إٌٝ ظٙٛس ٚأض٠اذ اٌمُّ اٌشئ١س١ح ِٓ أٚوس١ذ اٌضٔه ، ٚأشاسخ ٔرائ

، ٚ٘زا ٠ذي عٍٝ اٌرذاخً اٌمٛٞ ت١ُٕٙ . ٚأظٙشخ  ٚاٌسذ٠ذ عٍٝ سطر اٌىشتْٛ ٔأٛذ١ٛب ِٓ ِٛالعٙا الأط١ٍح

. XRDي ذم١ٕح إٌرائح اٌرشو١ث١ح ٚاٌضٛئ١ح ٚخٛد طٛس تٍٛسٞ ٚاضر ِٓ اٚوس١ذ اٌضٔه ٚاٌسذ٠ذ ِٓ خلا

ِع  MWCNTاٌشىً اٌىشٚٞ ِٓ اٌدس١ّاخ إٌا٠ٛٔح اٌّسا١ِح عٍٝ سطر  AFM  ٚSEMٚأظٙشخ طٛس 

اْ ِعظُ اٌّرشاوثاخ  TGAٚخٛد ذىرلاخ ل١ٍٍح ٠ّىٓ ِلازظرٙا تعذ اٌرش٠ٛة تٕسة ِخرٍفح. ٚأظٙشخ ٔرائح 

لأٚوس١ذ اٌضٔه تاسرخذاَ ذم١ٕح الأشعح . ذُ زساب طالح فدٛج اٌسضِح ذّرٍه اسرمشاس٠ٗ زشاس٠ح عا١ٌحإٌا٠ٛٔح 

، ز١ث وأد فدٛج اٌسضِح لأٚوس١ذ اٌضٔه  Tauc plot ِشئ١ح ، ِٚٓ خلاي ذطث١ك علالح ذٛن  -فٛق اٌثٕفسد١ح

اٌىرشْٚ فٌٛد ، ٠ٚظٙش أ٠ضا أْ طالح فدٛج اٌسضِح لأٚوس١ذ اٌضٔه أخفضد فٟ اٌّرشاوثاخ  3...إٌم١ح 

 ِماسٔح تاٌّرشاوثاخ اٌثٕائ١ح . eV MWCNT(1%)/Fe2O3-ZnO 2.83اٌثلاث١ح  ٌرظثر فٟ اٌّرشاوة 

اِا اٌدضء اٌثاٌث ٠شًّ ذطث١ماخ اٌّرشاوثاخ إٌا٠ٛٔح اٌّسضشج : ذُ اخرثاس ذفاعلاخ اٌرسف١ض اٌضٛئٟ      

فٟ اٌظلاَ ٚا٠ضا تٛخٛد ِظثاذ اٌض٠ْٕٛ  Cibacron Brilliant Yellowطثغح  ِٓ ppm53 تاسرخذاَ 

ِٓ ذشو١ض اٌّسفض ٠ّثً اٌرشو١ض اٌّثاٌٟ لإصاٌح   100mg/100mLٟ ، أظٙشخ إٌرائح أْوّظذس ٌٍضٛء اٌّشئ

ِطٍمح . ٚأظٙشخ إٌرائح أْ اٌّرشاوثاخ اٌثلاث١ح  892ٚذسطُ اٌظثغح عٕذ دسخح زشاسج 

MWCNT(1%)/Ag-ZnO  ٚMWCNT(1%)/Fe2O3-ZnO   ٟاٌّسضشج ٟ٘ أفضً اٌّسفضاخ ف

ج اٌفعا١ٌح اٌضٛئ١ح لأٚوس١ذ اٌضٔه . سدٍد أعٍٝ وفاءج ذسًٍ ضٛئٟ اِرضاص ٚإصاٌح اٌظثغح ٚذسس١ٓ اٌظٛس

خلاي  MWCNT(1%)/Fe2O3-ZnO٪ ٌّرشاوة MWCNT(1%)/Ag-ZnO  ٚ99 ٪ ٌّرشاوة98

وّا ذُ دساسح ذأث١ش دسخاخ اٌسشاسج ٚدسخح اٌسّٛضح عٍٝ ذدضئح ٚ اِرظاص اٌظثغح ٚ ذسذ٠ذ  .دل١مح 081

ٌّشئٟ. ٚدسط أ٠ضا ذأث١ش خ١ّع ا٢ثاس اٌّزوٛسج أعلاٖ عٍٝ اٌّرطٍة اٌعاًِ الأِثً تاسرخذاَ ِظذس اٌضٛء ا

اظٙشخ ٔرائح اٌذساسح اْ ذفاعلاخ اٌردضئح اٌضٛئ١ح ٌٍظثغح ذرثع زشو١اخ   (.CODالأٚوسد١ٕٟ اٌى١ّ١ائٟ )

 ِٓ اٌّشذثح الاٌٚٝ اٌىارتح.

 

 



 

 

للوتراكباث  الضوئيت خصائص والفعاليت التحفيسيتالتحضير ودراست 
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