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رٕزج ٍِبٖ اٌظشف اٌظٕبػٍخ اٌٍّٛثخ ثبٌّؼبدْ اٌثمٍٍخ ِثً اٌشطبص ٚاٌضٔه 

ٌٚزٌه ، إرا ٌُ ٌزُ . ٚاٌىبدٍَِٛ ٚإٌحبط ػبدح ِٓ ػذح أٔٛاع ِٓ اٌؼٍٍّبد اٌظٕبػٍخ

اٌزؼبًِ ِغ ٍِبٖ اٌظشف اٌظٕبػٍخ ٘زٖ ثطشٌمخ ِٕبسجخ أٚ حذس رسشة ِٓ 

اٌٍّبٖ ، فإٔٗ ٌّىٓ أْ ٌسجت ِشىٍخ خطٍشح فً إٌظبَ اٌجٍئً  اٌخضأبد اٌحبٌٚخ ٌٙزٖ

حٍّٕب ٌزؼشع إٌظبَ اٌجٍئً اٌطجٍؼً ٌٍّؼبدْ اٌثمٍٍخ اٌسبِخ ، ٌىْٛ ٕ٘بن . اٌطجٍؼً

رشاوُ لاٌٛٔبد اٌّؼبدْ ِثً اٌشطبص ٚاٌضٔه ٚ اٌىبدٍَِٛ ٚإٌحبط فً أػضبء 

شح أٚ ِٓ خلاي اٌسلاسً اٌىبئٕبد اٌحٍخ اٌجششٌخ ٚغٍش٘ب ِٓ خلاي اٌزٕبٚي اٌّجبش

ٚ ِٓ أجً إصاٌخ اٌّؼبدْ اٌثمٍٍخ اٌسبِخ ِٓ أٔظّخ اٌٍّبٖ ، فمذ الزشحذ ػذح . اٌغزائٍخ

اٌٙذف ِٓ ٘زٖ اٌشسبٌخ ٘ٛ إصاٌخ ٚاٌشطبص ٚاٌضٔه . طشق ٚرُ اٌزحمك ِٕٙب

ٚاٌىبدٍَِٛ ٚإٌحبط ِٓ ِحٍٛي ِبئً ثطشٌمخ الادِظبص ثبسزخذاَ أٔبثٍت اٌىشثْٛ 

ٌمذ رٛلغ اٌؼٍّبء . ثٛطفٙب ِٛاد ِبطخ جٍذح( MWCNTs)ح اٌجذس إٌبٌٔٛخ ِزؼذد

ٍخ اسزثٕبئٍخ ، خظبئض رّزٍه خظبئض ٍِىبٍٔى(  MWCNTs)ٚثجذ ثبٌزجشثخ أْ 

فشٌذح وٙشثبئٍخ ٚوٍٍّبئٍخ ػبٌٍخ ٚ رزٍّض اٌضب ثبٌثجبد اٌحشاسي ٚ اٌّسبحخ اٌٛاسؼخ 

 . ٌٍسطح ، ٚثبٌزبًٌ جزثذ ا٘زّبِب وجٍشا فً اٌؼذٌذ ِٓ اٌزطجٍمبد

رّذ دساسخ رأثٍش اٌشلُ اٌٍٙذسٚجًٍٕ ٌٍّحٍٛي اٌّبئً، رشوٍض اٌٛٔبد اٌّؼبدْ 

ٚ  MWCNTsفً اٌّحٍٛي ، ٚلذ الارظبي ثٍٓ  MWCNTsالاثزذائٍخ ، وزٍخ 

ػِّٛب ٚجذ أْ ٕ٘بن . اٌٛٔبد اٌّؼبدْ فً اٌّحٍٛي، ٚاٌمٛح الأٌٍٛٔخ ٌٍّحٍٛي اٌّبئً
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صٌبدح فً إٌسجخ اٌّئٌٛخ لاِزظبص اٌٛٔبد اٌّؼبدْ ِغ اٌضٌبدح فً اٌشلُ 

. 7ٚوبْ اٌشلُ اٌٍٙذسٚجًٍٕ الأِثً فً ٘زٖ اٌذساسخ ٘ٛ . 7-3اٌٍٙذسٚجًٍٕ ِٓ 

، ( 11)، اٌشطبص ( 11)ٔذ أفضً ٔسجخ ِئٌٛخ لإصاٌخ اٌٛٔبد إٌحبط ٚوب

ٚ لذ ٚجذ ِٓ . MWCNTsػٕذ أػٍى وٍّخ ِٓ ( 11)ٚاٌضٔه ( 11)اٌىبدٍَِٛ 

خلاي اٌزجشثخ أْ ٚلذ الارظبي اٌمظٍش اٌلاصَ ٌٍٛطٛي إٌى حبٌخ اٌزٛاصْ ، فضلا 

ِذِظبد  MWCNTsٌثجذ أْ  MWCNTsػٓ لذسح الادِظبص اٌؼبٌٍخ ٌـ 

ٚاٌضٔه ( 11)، اٌىبدٍَِٛ ( 11)، اٌشطبص ( 11)ٍذح لإصاٌخ اٌٛٔبد إٌحبط ج

 . ِٓ اٌّحبًٌٍ اٌّبئٍخ( 11)

ٍ٘ذسٚوسً وٌٍٍٕٛٓ وبْ أفضً  –8اٌّؼذي ثـ   MWCNTsٚأظٙشد إٌزبئج أْ 

، ( 11)غٍش اٌّؼذي فً ادِظبص اٌٛٔبد إٌحبط  MWCNTsِٓ ٔزبئج 

ٚجذ ِٓ . ِٓ اٌّحبًٌٍ اٌّبئٍخ( 11)ٚاٌضٔه ( 11)، اٌىبدٍَِٛ ( 11)اٌشطبص 

خلاي اٌزجبسة أْ حشوٍخ أزمبي اٌٛٔبد اٌّؼبدْ ِٓ اٌّحٍٛي اٌّبئً إٌى سطح 

MWCNTs أظٙشد اٌذساسخ أْ . رىْٛ ربثؼخ ٌّؼبدٌخ اٌذسجخ اٌثبٍٔخ اٌٍّٛ٘خ

ٌّىٓ أْ ٌزُ ِٓ  MWCNTsاٌزحشس لاٌٛٔبد اٌّؼبدْ ِٓ  \ػٍٍّخ الادِظبص 

حّغ إٌٍزشٌه ِغ الاحزفبظ ثمذسح الادِظبص حزى  ِٛلاس ِٓ 2خلاي اسزخذاَ 

 .اٌزحشس/ دٚساد ِٓ الادِظبص  3ثؼذ 
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ABSTRACT 

 

Industrial wastewater contaminated with heavy metals such as lead, cadmium, 

zinc and copper is commonly produced from many kinds of industrial processes. 

Therefore, if this wastewater is not treated with a suitable process or leaked from 

storage tanks, it can cause a serious environmental problem in the natural eco-system. 

Whenever toxic heavy metals are exposed to the natural eco-system, accumulation of 

metal ions such as lead, cadmium, zinc and copper in human and other living 

organism’s bodies will be occurred through either direct intake or food chains. In 

order to remove toxic heavy metals from water systems, several methods have been 

suggested and investigated. The target of this thesis is removal of lead, cadmium, zinc 

and copper from aqueous solution by adsorption method using multi-walled carbon 

nanotubes (MWCNTs) as a promising adsorbents. They have been predicted and 

experimentally proven to possess exceptional mechanical properties, unique electrical 

properties, high chemical and thermal stability and a large specific surface area, and 

thus have attracted great attention in many applications. 
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The effect of solution conditions such as solution pH, initial metal ions 

concentration, dosage of the MWCNTs, contact time and ionic strength were 

investigated. Generally the percentage uptake increased with an increase in pH from 

pH 3 to 7. The optimum pH found in this study was 7. The removal of Cu(II), Pb(II), 

Cd(II) and Zn(II) was optimal for higher dosage of MWCNTs. The short contact time 

needed to reach equilibrium as well as the high adsorption capacity demonstrates that 

MWCNTs are good adsorbents for the removal of Cu(II), Pb(II), Cd(II) and Zn(II) 

from aqueous solution.  

The results show that the 8-HQ-MWCNTs was better than non-modified 

MWCNTs in adsorption of Cu(II), Pb(II), Cd(II) and Zn(II) from aqueous solution. 

The kinetics of the adsorption process was found to follow the pseudo-second-order 

rate law. The adsorption/desorption study showed that MWCNTs could be efficiently 

regenerated by a 2 M HNO3 solution and the adsorption capacity was maintained after 

3 cycles of the adsorption/desorption process. 


