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Abstract: 

 The present study investigates the possibility of using cement kiln dust (CKD), a waste by-product, in the permeable reactive barrier (PRB) technology 

as a conjugation between this technology and the modern concepts of sustainable green development. This technology is one of the promising innovative 

passive in situ groundwater remediation methods using for immobilizing of inorganic metals (copper or zinc) from a contaminated shallow aquifer. As the 

adsorption and precipitation are the predominant mechanisms for removal of heavy metals by CKD, a new analytical isotherm model, based on the mass 

conservation principle, was derived for distinguishing between the adsorption and precipitation mechanisms when both these processes occur simultaneously. 

This model was validated with the results of batch experiments conducted at the appropriate conditions (initial pH=3, contact time=30 min, agitation 

speed=200 rpm and for different values of initial metal concentrations and adsorbent dosage) using cement kiln dust, CKD as a reactive adsorbent on two 
metal species: copper and zinc. Thus, a new experimental procedure was established for description of the precipitation process. 

The developed model was found to be more representative than the conventional models in characterization of the relationship between the total 

sorption (adsorption-precipitation) and residual concentration of the contaminant. Thus, a reasonable agreement between model predictions and experimental 

results for pure adsorption, pure precipitation, and combination of adsorption-precipitation processes was recognized. The results showed that high removal 

efficiencies, approaching 100%, of copper and zinc ions were attained and the precipitation mechanism was the predominant for removing the low 

concentrations of these metals, inversely; the adsorption mechanism was the predominant in the removal of high metal concentrations . 

Long-term performance of reactive barrier in the set of continuous column experiments was monitored using hydraulic conductivity, pH of the solution 

and accumulative mass of the metal as indictors. The results of these experiments proved that the weight ratios of CKD-filter sand (10:90 and 20:80) are 
adequate in the prevent loss of reactivity and hydraulic conductivity and in turn avoid reduction of groundwater flow. These results signify that there is a 

decreasing in the hydraulic conductivity due to high pH of the aqueous solution and, consequently, most quantity of the contaminant masses was retained in 

the first sections of the column bed. Description of the sorption process spatially and temporally within the barrier was found to be more representative by 

Belter-Cussler-Hu and Yan models depended on the coefficient of determination and Nash-Sutcliffe efficiency. However, the present continuous results 

explained that the longevity of barrier is proportional directly with its thickness and inversely with percentage of CKD.   
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 رم١ٕخ ضّٓ اٌلاػض٠ٛخ ثبٌؼٕبصش اٌٍّٛثخ اٌدٛف١خ ا١ٌّبٖ ِؼبٌدخ فٟ اٌسّٕذ صٕبػخ ػٓ ٔبخّخ صٕبػ١خ ػشض١خ ِخٍفبد ٟٚ٘ اٌسّٕذ ِشسجبد رشاة اسزخذاَ رُ اٌحب١ٌخ اٌذساسخ فٟ

 رؼزّذ اٌدٛف١خ ١ٌٍّبٖ اٌزار١خ اٌّٛلؼ١خ اٌّؼبٌدخ اسٍٛة فٟ اٌٛاػذح الاسب١ٌت ِٓ رؼذ اٌزم١ٕخ ٘زٖ . اٌج١ئ١خ اٌّؼبٌدخ رم١ٕبد فٟ اٌخضشاء ٌلاسزذاِخ اٌحذ٠ثخ اٌّفب١ُ٘ ِغ ٠ٕسدُ ثّب إٌفبر اٌزفبػٍٟ اٌحبخض

 س٠بضٟ ّٔٛرج اشزمبق اٌذساسخ ٘زٖ فٟ رُ اٌىزٍخ حفض ِجذأ ػٍٝ اػزّبدا . ثٙب اٌٍّٛثخ اٌضحٍخ اٌدٛف١خ اٌّىبِٓ فٟ( ػٕٙب ِثبلا ٚاٌخبسص١ٓ إٌحبط )اٌلاػض٠ٛخ اٌٍّٛثبد أزمبي حشوخ اػبلخ ِجذأ

 ِٓ لاصاٌزٙب فؼبٌخ وّبدح اٌّشسجبد رشاة ِبدح اسزؼّبي ػٕذ اٌلاػض٠ٛخ ٌٍٍّٛثبد اٌسبئً ٚاٌطٛس اٌصٍت اٌطٛس ث١ٓ اٌؼلالخ ٠صف ِٛاد ِٓ اٌسٍٛن فٟ ٠شبثٙٙب ِٚب اٌّبدح ثٙزٖ خبص ٌلا٠ضٚث١شَ

 رُ ٌٍّٕٛرج اٌذل١مخ اٌص١غخ لاسزخلاص . ٚالاصاٌخ اٌّؼبٌدخ ػ١ٍّخ فٟ آ١ٔب رحصلاْ اٌٍزبْ ٚاٌزشس١ت الاِزضاص ػٍّزٟ ث١ٓ اٌز١١ّض اسبط ػٍٝ ِجٕٟ اٌحبٌٟ إٌّٛرج . اٌزم١ٕخ ٘زٖ ضّٓ اٌدٛف١خ ا١ٌّبٖ

 ِزؼذدح ٚخشػبد ٌٍٍّٛس ِخزٍفخ ا١ٌٚخ ل١ُ ِغ اٌذل١مخ فٟ دٚسح 200 = اٌخٍظ سشػخ , دل١مخ 30 = صِٓ , 3.0 = ا١ٌٙذسٚخ١ٕٟ الاط )ِخزبسح ظشٚف فٟ اخش٠ذ دفؼ١خ ردبسة ثسٍسخ الاسزؼبٔخ

 اٌذفؼ١خ ٌٍزدبسة خذ٠ذح رحض١ش ٚثطش٠مخ ٚاٌخبسص١ٓ إٌحبط ّٚ٘ب اٌلاػض٠ٛخ اٌٍّٛثبد ػٓ وّٕٛرج اٌثم١ٍخ اٌّؼبدْ ِٓ اث١ٕٓ ِغ فؼبٌخ وّبدح اٌّشسجبد رشاة ِبدح اسزخذاَ رُ(  . اٌفؼبٌخ ٌٍّبدح

 .اٌّؼبدْ ٌٙزٖ الاصاٌخ ػ١ٍّخ فٟ الاِزضاص ػٓ اٌزشس١ت ٚر١١١ّض ػضي ِٓ ٌٍزّى١ٓ

 . اٌؼ١ٍّخ ٘زٖ فٟ اٌسبئً ٚاٌطٛس اٌصٍت اٌطٛس ث١ٓ اٌؼلالخ ٚرّث١ً الاصاٌخ ػ١ٍّخ رٛص١ف فٟ اٌّؼشٚفخ اٌزم١ٍذ٠خ إٌّبرج ِٓ اوجش اِىب١ٔخ اثذٜ اٌذساسخ ٘زٖ فٟ اٌّطٛس فبٌّٕٛرج ثبٌٕز١دخ

 اٌزشس١ت طش٠ك ػٓ ٚالاصاٌخ الاِزضاص طش٠ك ػٓ ٚالاصاٌخ اٌى١ٍخ الاصاٌخ ٚل١ّخ خٙخ ِٓ اٌّؼبٌدخ ػ١ٍّخ ثؼذ ٌٍٍّٛس اٌّزجم١خ اٌزشاو١ض ث١ٓ ِسزمٍخ ػلالخ سسُ ِٓ ثبٌزبٌٟ اِىٓ فمذ رٌه اٌٝ ثبلاضبفخ

% 100 حٛاٌٟ اٌٝ رصً اصاٌخ رحم١ك ثبلاِىبْ اْ اثجزذ اٌثم١ٍخ ثبٌّؼبدْ اٌٍّٛثخ اٌدٛف١خ ا١ٌّبٖ ِؼبٌدخ فٟ اٌّشسجبد رشاة ِبدح اسزخذاَ ٔز١دخ اٌّسزحصٍخ إٌزبئح اْ . اخشٜ خٙخ ِٓ حذح ػٍٝ وً

 ِسبّ٘خ الاوثش الاِزضاص ػ١ٍّخ رىْٛ ث١ّٕب ل١ٍٍخ اٌفؼبٌخ اٌّبدح خشػخ ِمذاس ٠ىْٛ ػٕذِب ٚخبصخ ٚاطئخ اٌٍّٛثخ اٌّٛاد رشاو١ض رىْٛ ػٕذِب اٌزشس١ت ٟ٘ الاصاٌخ فٟ ا١ٌّّٕٙخ اٌؼ١ٍّخ اْ ِلاحظخ ِغ

  .  ٔسج١ب اٌىج١شح اٌفؼبٌخ اٌّبدح خشػبد ِغ اٌؼب١ٌخ اٌزشاو١ض فٟ الاصاٌخ فٟ

 ٌذساسخ الاخزجبس٠خ الاػّذح ثبسزخذاَ اٌّزٛاصٍخ اٌزدبسة سٍسٍخ اٌٝ اٌٍدٛء رُ , اٌثم١ٍخ ثبٌّؼبدْ اٌٍّٛثخ اٌدٛف١خ ا١ٌّبٖ ٌّؼبٌدخ اٌزفبػٍٟ اٌحبخض رم١ٕخ فٟ اٌّبدح ٘زٖ رٛض١ف رم١١ُ لاسزىّبي

 رُ(( سًِ : ِشسجبد رشاة )90 : 10 ٚ 80:20 )ٌٍحبخض اٌّىْٛ اٌّسبِٟ اٌٛسظ ِدًّ ِٓ ِخزبسح ِخزٍفخ ٚثٕست ف١ٗ فؼبٌخ وّبدح اٌّشسجبد ٌزشاة اٌّسزخذَ اٌزفبػٍٟ ٌٍحبخض الاِذ ثؼ١ذ الاداء

 خٙخ ِٓ ف١ٙب اٌحبخض أشبء اٌّشاد إٌّطمخ فٟ اٌدٛف١خ ١ٌٍّبٖ اٌطج١ؼ١خ اٌحشوخ ٠ؼ١ك لا ثّب ا١ٌٙش١ٌٚى١خ اٌخٛاص ػٍٝ ٚاٌّحبفظخ خٙخ ِٓ اٌٛسظ فؼب١ٌخ فٟ الاسزّشاس٠خ دٚاَ ٠ؤِٓ ثّب رحذ٠ذ٘ب

 الاػّذح خلاي ٚاٌّزشاوّخ اٌّضاٌخ اٌّؼبدْ ِمبد٠ش اٌٝ اضبفخ ا١ٌٙذسٚخ١ٕٟ الاط , ١٘ذس١ٌٚى١خ رٛص١ٍ١خ ِٓ الاخزجبس فزشح خلاي الاػّذح ٌٙزٖ ٚاٌؼلاخ١خ ا١ٌٙذس١ٌٚى١خ اٌخٛاص ِزبثؼخ رّذ . اخشٜ

 الاط ل١ّخ فٟ الاسرفبع ِغ ِشرجظ ا١ٌٙذس١ٌٚى١خ اٌزٛص١ٍ١خ فٟ اٌزشاخغ اْ الاخزجبساد ٌٙزٖ إٌزبئح اثشصد( . سُ 50ٚ سُ 40 , سُ 20 , سُ 10 )اٌّخزٍفخ اٌؼّٛد ِمبطغ خلاي رٛص٠ؼٙب ٚطج١ؼخ

 اٌٍدٛء رُ ٚصِب١ٔب ِىب١ٔب الاػّذح خلاي اٌٍّٛثبد أزمبي ٌٚزٛص١ف رٌه ػٍٝ ػلاٚح . اٌؼّٛد ِٓ الاِب١ِخ اٌّمبطغ فٟ اٌٍّٛثخ ٌٍّٛاد اٌزشسجبد رشاوُ ثذٚسٖ ٠سجت ٚاٌزٞ اٌّبئٟ ٌٍّحٍٛي ا١ٌٙذسٚخ١ٕٟ

 الاحصبئٟ اٌزم١١ُ خلاي ِٚٓ( . t )صِٓ ٚاٞ( z )ِٛلغ اٞ فٟ ِؼ١ٓ ػّٛد خلاي اٌدبسٞ اٌّحٍٛي فٟ اٌّزجمٟ اٌٍّٛس ٌّمذاس اٌؼلالخ ٌشسُ اٌّدبي ٘زا فٟ اٌّزؼبسفخ إٌّبرج ِٓ ػذد لاسزخذاَ

 ِٓ اٌّسزخٍصخ إٌزبئح فبْ حبي اٞ ٚػٍٝ . اٌؼلالخ ٘زٖ رّث١ً فٟ الاوفأ إٌّٛرخ١ٓ ّ٘ب( ٠بْ )ّٚٔٛرج( ٘ٛ – وبسٍش – ثبٌزش )ّٔٛرج اْ ٚخذ( سبرى١ٍف – ٔبش )وفبءح ِٚؼًّ اٌزشاثظ ثبسزخذاَ

  .اخشٜ خٙخ ِٓ رشو١جٗ فٟ اٌذاخٍخ اٌفؼبٌخ اٌّبدح ِٚمذاس خٙخ ِٓ سّىٗ ػٍٝ ثبلاسبط ٠ؼزّذ إٌفبر اٌزفبػٍٟ اٌحبخض ٚػّش دٚا١ِخ اْ ٚاضح ثشىً ث١ٕذ ٘زٖ اٌزدبسة سٍسٍخ


