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 المستخلص

ٌلزا  ٚ ِعبٌغخ ١ِلبٖ اٌظلشف اٌظلٕبعٟ     ا١ٌّبٖ اٌظبٌؾخ ٌٍششة اٌسٕٛاد الأخ١شح رشوض ا٘زّبَ اٌجبؽض١ٓ عٍٝ عٛدحٟ ف
 : ضّٕذ اٌذساسخ اٌفعب١ٌبد ا٢ر١خر

ٓ  PVCإِىب١ٔلخ رؾضلل١ش ٚرٛطل١ف اٌعذ٠للذ ِللٓ اٌّجلبدلاد الأ١ٔٛ٠للخ ثذعبِلخ ِللٓ      .1 نً ِلل صلاصلٟ إ٠ض١للً الأِلل١ٓ  : ِللع ول
 .ٚعلا٠ىٛي الا٠ض١ٍ١ٓ ٚإ٠ضبٔٛي الأ١ِٓ ٚإ٠ض١ٍ١ٓ صٕبئٟ الأ١ِٓ 

1.       ٓ  0.016±0.242 رشاٚؽذ اٌسعخ اٌزجبد١ٌخ الأ١ٔٛ٠خ ٌٍز١ٌٛفبد ل١ذ اٌذساسلخ ثبٌٕسلجخ ٌفظلً أ٠لْٛ اٌىٍٛس٠ـــــــلـذ  ثل١

SD - 0.355±0.190   meq g-1   

ل١لذ اٌذساسلخ فلٟ     P10 A  ٚP10 Bرٛطٍذ اٌذساسخ إٌلٝ إِىب١ٔلخ اسلزخذاَ اٌلّٕط الاسلزبر١ىٟ ٌز١ٌٛفلبد اٌّخزلبسح         .1
١لخ  أِىلٓ  دساسلخ ؽشو  ِٚٓ صُ . فظً ٚرمذ٠ش أ٠ٛٔبد اٌجضِٛس ٚاٌىبد١َِٛ ٚاٌضئجك ِٓ الأٚسب  اٌّبئ١خ اٌّخزٍفخ

ٌٚمذ أٚضؾذ إٌزبئظ إِىب١ٔخ رطج١ك اٌز١ٌٛفبد ل١ذ اٌذساسلخ   P10 A  ٚP10 Bاٌفظً ثبسزخذاَ ١ِٚىب١ٔى١خ ع١ٍّخ 
فٟ اسزخلاص رشو١ضاد ِزٕب١٘خ اٌظغش ِلٓ أ٠ٛٔلبد اٌجضِلٛس اٌضلاصلٟ ٚاٌىلبد١َِٛ ٚاٌضئجلك اٌضٕلبئٟ ٚأْ ع١ٍّلخ         

       ٛ وّللب . ْ فٍللضٜ اٌفظللً ١ٌسللذ سللش٠عخ ٚرللزُ فللٟ عللذح خطللٛاد  ِزّضٍللخ فللٝ رىلل٠ٛٓ ِزشاوجللبد أ١ٔٛ١ٔللخ ٌىللً أ٠لل
 .P10 Bأعٍٝ ِٓ  P10 Aأٚضؾذ اٌذساسخ أْ وفبءح اٌز١ٌٛفخ 

اٌّخزٍفلخ   (Kinetics of Separation Process)رلُ رطج١لك اٌعذ٠لذ ِلٓ إٌّلبرط اٌّعجلشح علٓ ؽشو١لخ ع١ٍّلخ اٌفظلً            .1
ِٚلٓ صللُ  . عٍلٝ اٌز١ٌٛفللبد ل١لذ اٌذساسللخ   ٚس٠شللٕج١شط B-Vثبسلزخذاَ ّٔلٛرط ٠ٚجللش ِلٛسط ٚلاعشعللش٠ٓ ّٚٔلٛرط     

 .أِىٓ رؾذ٠ذ ؽشو١خ الأ٠ْٛ اٌّفظٛي ل١ذ اٌذساسخ ِٓ اٌٛسط اٌّبئٝ ثٛاسطخ اٌظٕف اٌضبثذ

-Dرُ رطج١ك عذح ّٔبرط ٌذساسخ رأص١ش رشو١ض الأ٠ٛٔبد ل١ذ اٌذساسلخ ِضلً ّٔلٛرط لأغّلب٠ش ٚ فشٔلذٌو ّٚٔلٛرط         .1

R . ؽبد٠للخ اٌفظللً عٍللٝ سللطؼ اٌز١ٌٛفللبد ل١للذ اٌذساسللخ ِللع  ٚأٚضللؾذ إٌزللبئظ ٚعللٛد ادِظللبص ٚرىلل٠ٛٓ طجمللخ أ
ٚعٛد ِٛالع غ١ش ِشجعخ عٍٝ سطؼ اٌظٕف اٌضبثذ ٚطجمبد ِزعذدح ِٓ اٌّبدح اٌّّزضح عٍٝ سطؼ اٌظٍت ٌٚملذ  

 .أٚضؾذ إٌزبئظ أْ اٌفظً ٠زُ  ث١ّىب١ٔى١خ ِضدٚعخ رزضّٓ اٌزجبدي الأ٠ٟٛٔ ٚ الادِظبص ِعب فٝ آْ ٚاؽذ

رمً ثض٠بدح دسعخ اٌؾلشاسح ِٚلٓ صلُ فل ْ      P10 Aاسزخلاص اٌجضِٛس ثٛاسطخ اٌز١ٌٛفخ أٚضؾذ إٌزبئظ أْ وفبءح  .6
 P10 B، فٟ ؽ١ٓ أٔٙب رضداد ثٛاسطخ اٌز١ٌٛفلخ   (Exothermic Process)ع١ٍّخ اٌفظً رّضً رفبعً طبسد ٌٍؾشاسح 

،أ٠ضلب   (Endothermic Process)ِع ص٠بدح دسعخ اٌؾشاسح ِٚٓ صُ ف ْ ع١ٍّخ اٌفظً رّضً رفبعً ِلبص ٌٍؾلشاسح   
أٚضؾذ إٌزبئظ أْ وفلبءح اسلزخلاص اٌىلبد١َِٛ ٚاٌضئجلك ثٛاسلطخ وللا اٌزل١ٌٛفز١ٓ ولً عٍلٝ ؽلذح رملً ِلع ص٠لبدح              
دسعللخ اٌؾللشاسح ِٚللٓ صللُ فلل ْ ع١ٍّللخ الاسللزخلاص رّضللً رفبعللً طللبسد ٌٍؾللشاسح  ٚأِىللٓ ؽسللبة ثعللو دٚاي           

ٌٙلب وفلبءح أفضلً ِلٓ      P10 Aٝ أْ اٌز١ٌٛفلخ   ٌل ٚاٌزٝ رشل١ش إ  ثٕبء  عٍٝ إٌزبئظ (G, ∆S, ∆H∆)اٌذ٠ٕب١ِىب اٌؾشاس٠خ 
P10 B  رُ رعجئخ اٌز١ٌٛفخ  فمذP10 A     فٝ عّٛد وشِٚبرٛعشافٝ فٟ فظً ٚاسزشعبو ٚ رمذ٠ش أ٠ٛٔلبد اٌجضِلٛس

فللٝ ١ِللبٖ اٌظللٕجٛس ٚاٌظللشف     %110-102ٚ  %105-90ٚاٌىللبد١َِٛ ٚاٌضئجللك ثٕسللجخ اسللزشعبو رشاٚؽللذ ثلل١ٓ     
 .اٌظٕبعٟ عٍٝ اٌزٛاٌٟ

خ إٌللٝ إِىب١ٔللخ فظللً اٌعذ٠للذ ِللٓ اٌىبر١ٛٔللبد ٚالأ١ٔٛٔللبد غ١للش اٌعضلل٠ٛخ فللٟ الأٚسللب  اٌّبئ١للخ        رٛطللٍذ اٌذساسلل  .7
ٚرؾذ٠ذ صِٓ اسزجمبء ولً أ١ٔلْٛ ٚولبر١ْٛ     P4ثبسزخذاَ رم١ٕخ اٌىشِٚبرٛعشاف١ب الأ١ٔٛ٠خ ٚالأعّذح اٌّعجأٖ ثبٌز١ٌٛفخ 

 . ل١ذ اٌذساسخ

١ٔٛٔلبد اٌّٛعلٛدح فلٟ ١ِلبٖ اٌشلشة اٌّعجلأٖ ِؾ١ٍلب         رُ رطج١ك رم١ٕخ اٌىشِٚبرٛعشاف١لب الأ١ٔٛ٠لخ فلٟ رملذ٠ش ثعلو الأ      .8
ٍّىلخ اٌعشث١لخ اٌسلعٛد٠خ ٚأٚضلؾذ اٌذساسلخ علذَ طللاؽ١خ ثعلو اٌع١ٕلبد ٌٍشلشة إر رغلبٚصد            ّٚاٌّسزٛسدح ٌٍ

اٌؾذ الألظٝ ٚالأدٔٝ ٌزٛاعذ الأ١ٔٛٔبد فٟ ١ِبٖ اٌششة ٚفمب  ٌٍّٕظّلبد ٚا١ٌٙئلبد اٌم١بسل١خ اٌّعشٚفلخ، ٚأشلبسد      
ب٠ٓ ٚاضلؼ فلٟ ٔسلجخ ؽ١لٛد رشو١لضاد الأ١ٔٛٔلبد اٌّمبسلخ ِلع ِلب ٘لٛ ِىزلٛة عٍلٝ اٌٍّظلك              إٌزبئظ وزٌه إٌٝ رجل 

 .اٌخبسعٟ ٌىً عجٛح ٚلذ رُ رمذ٠ش رشو١ض الأ١ٔٛٔبد ثبٌىشِٚبرٛعشاف١ب الأ١ٔٛ٠خ

  .أشبسد ٔزبئظ اٌزم١١ُ اٌزؾ١ٍٍٟ إٌٝ وفبءح عب١ٌخ ٌٍطش٠مخ ٚاٌعّٛد اٌّسزخذَ فٟ اٌذساسخ .9

 
 
 
 



 الملخص

 .دساسبد عٍٝ اٌّجبدلاد الأ١ٔٛ٠خ ٌٍىشِٚبرٛعشاف١ب الأ١ٔٛ٠خ ٚرطج١مبرٙب

ٚثٕلبء   وج١لشا   ا٘زّبِلب   ا١ٌّلبٖ اٌظلبٌؾخ ٌٍشلشة    سلزؾٛر ِٛضلٛو علٛدح   اٌسٕٛاد الأخ١شح افٟ 

َ   . اٌظلبٌؾخ ٌٍشلشة  ١ّلبٖ  اٌاٌطٍلت عٍلٝ   عٍٝ رٌه صاد الا٘زّبَ ٚ ١ٓ فلٝ إ٠غلبد   اٌجلبؽض  ٌلزا رشولض ا٘زّلب

 Solid Stationary)  خ لاسزخذاِٙب وأطٕبف صبثزخائج١جخ عذ٠ّخ اٌزٚثبْ فٝ اٌّبء ِمبِٚخ ٌٍزطٕبف طٍأ

phase) رؾضلل١ش اٌعذ٠للذ ِللٓ اٌّجللبدلاد الأ١ٔٛ٠للخ ِٕخفضللخ اٌسللعخ   ٚثٕللبء  عٍللٝ رٌلله اسللزٙذفذ اٌشسللبٌخ

زشلبثه  وذعبِلخ أسبسل١خ ر   PVC))اٌزجبد١ٌخ ٌٍىشِٚبرٛعشاف١ب الأ١ٔٛ٠لخ ثبسلزخذاَ عذ٠لذ وٍٛس٠لذ اٌف١ٕ١لً      

ٝ     ٚدساسخ إِىب١ٔخ اسلزخذاَ . عشض١ب  ِع ِٛاد ِخزٍفخ رملذ٠ش اٌعذ٠لذ    اٌطلشق الأسلزبرى١خ ٚاٌذ٠ٕبِى١لخ فل

 ثمب٠لب  الأ١ٔٛٔبد اٌّخزٍفخ فلٝ ١ِلبح اٌشلشة اٌّعجلأٖ ِؾ١ٍلب  ٚولزٌه اٌّسلزٛسدح ٚفظلً ٚاسلزخلاص          ِٓ

١ِلللبٖ اٌظلللشف اٌشلللشة اٌّؾللللاح ٚفلللٟ ١ِلللبٖ   فلللٟاٌّزٛاعلللذح اٌسلللبِخ  ٌعٕبطلللشا٠ٛٔلللبد أ اٌعذ٠لللذ ِلللٓ

ظلشف ٚثٕلبء   ١ٌّلبٖ اٌ  ِمجٌٛلخ ٚفلٝ اٌّلذٜ اٌّسلّٛػ     آ١ٍِٓ فٟ اٌٛطلٛي إٌلٝ دسعلخ ٔملبٚح     ؛اٌظٕبعٟ

     :١خززضّٓ اٌذساسخ اٌفعب١ٌبد اٌزبٌس عٍٟ رٌه 

رُ عًّ ِسؼ أدثٟ شبًِ لأٔٛاو اٌّجبدلاد الأ١ٔٛ٠خ ٚاٌزٟ رسزخذَ وظٕف صبثذ فٟ  .1
 .الأ١ٔٛ٠خ ٌّؾبٌٚخ رؾض١ش ِجبدلاد أ١ٔٛ٠خ عذ٠ذح ثزىٍفخ الزظبد٠خ ألً اٌىشِٚبرٛعشاف١ب

ِىب١ٔخ  إ وذعبِخ أسبس١خ ٚرٛط١فٙب ٚدساسخ ١ٔٛ٠PVCخ ِٓ ّجبدلاد الأرُ رؾض١ش اٌعذ٠ذ ِٓ اٌ .1

 .رع١١ٓ اٌسعخ اٌزجبد١ٌخ الأ١ٔٛ٠خ ٌٙب

أ٠ٛٔبد اٌعٕبطش  سٍٛن الاسزجمبئٟ ٌفظً اٌعذ٠ذ ِٓرُ اسزخذاَ اٌطشق الاسزبر١ى١خ فٝ دساسخ اٌ .1
ٚرطج١ك ثعو . الأٚسب  اٌّبئ١خ ثٛاسطخ ثعو اٌز١ٌٛفبد اٌّخزبسح اٌفٍض٠خ اٌسبِخ اٌّٛعٛدح فٟ

 .ع١ٍّخ اٌفظً ى١خ١الأٔظّخ ٌزؾذ٠ذ ١ِىبٔ

فٟ فظً اٌعذ٠ذ ِٓ الأ٠ٛٔبد اٌضم١ٍخ ( وشِٚبرٛعشاف١ب اٌعّٛد)ِىٓ رطج١ك اٌطشق اٌذ٠ٕب١ِى١خ أ .1
 .ثبسزخذاَ ثعو اٌز١ٌٛفبد اٌّخزبسح

اٌّزٛاعذح ثزشو١ضاد ِزٕب١٘خ اٌظغش ِٓ  لأ٠ٛٔبد ل١ذ اٌذساسخرشو١ض ٚاسزشعبو ا ٠ضب رُ أ .1
 P10 Aأؽغبَ وج١شح عذا  ِٓ اٌّؾب١ًٌ اٌّبئ١خ ثٛاسطخ عّٛد وشِٚبرٛعشافٟ ٠ؾزٛٞ عٍٝ 

ٚP10 B. 

عٍٝ ر١ٌٛفخ  ِٓ الأ١ٔٛٔبد ٚاٌىبر١ٛٔبدرُ دساسخ اٌسٍٛن الاسزجمبئٟ ٌفظً ٚرمذ٠ش اٌعذ٠ذ  .6
 .ِخزبسح ثٛاسطخ رم١ٕخ اٌىشِٚبرٛعشاف١ب الأ١ٔٛ٠خ



رُ إعشاء ثعو اٌزطج١مبد اٌع١ٍّخ لاخزجبس اٌطٛس اٌضبثذ ل١ذ اٌذساسخ إٌّبست فٝ فظً ثعو  .7
 .الأ٠ٛٔبد اٌفٍض٠خ اٌسبِخ، ثٛاسطخ وشِٚبرٛعشاف١ب اٌعّٛد

ٌّسزٛسدح رُ رطج١ك اٌطش٠مخ اٌّسزخذِخ فٟ  رؾ١ًٍ أ١ٔٛٔبد ١ِبٖ اٌششة اٌّعجأٖ ِؾ١ٍب  ٚا .8
 .ٌٍٍّّىخ اٌعشث١خ اٌسعٛد٠خ 

 . ٚوزٌه اٌعّٛد اٌّسزخذَاٌّسزخذِخ  اٌزؾ١ٍٍٟ ٌطش٠مخ اٌىشِٚبرٛعشاف١ب الأ١ٔٛ٠خ رُ إعشاء اٌزم١١ُ .9

ٓ    PVCلأ١ٔٛ٠خ ثذعبِلخ ِلٓ   ّجبدلاد اإِىب١ٔخ رؾض١ش ٚرٛط١ف اٌعذ٠ذ ِٓ اٌ .11 نً ِل لاصلٟ  ص: ِلع ول
 .إ٠ض١ً الأ١ِٓ ٚعلا٠ىٛي الا٠ض١ٍ١ٓ ٚإ٠ضبٔٛي الأ١ِٓ ٚإ٠ض١ٍ١ٓ صٕبئٟ الأ١ِٓ 

٠لللْٛ اٌىٍٛس٠لللذ   ثبٌٕسلللجخ ٌفظلللً أ  رشاٚؽلللذ اٌسلللعخ اٌزجبد١ٌلللخ الأ١ٔٛ٠لللخ ٌٍز١ٌٛفلللبد ل١لللذ اٌذساسلللخ       .11
meq g  0.190±0.355-0.016±0.242ث١ٓ

-1
 : ٠ّٚىٓ رشر١جٙب طجمب  ٌٍزشر١ت اٌزبٌٟ  

P10 A > P11 B > P10 B > P9 > P12 A > P12 B > P11 A 

 P10 A  ٚP10 Bز١ٌٛفلبد اٌّخزلبسح   ٍرٛطٍذ اٌذساسخ إٌٝ إِىب١ٔخ اسزخذاَ إٌّط الاسزبر١ىٟ ٌ .11

ل١للذ اٌذساسللخ فللٟ فظللً ٚرمللذ٠ش أ٠ٛٔللبد اٌجضِللٛس ٚاٌىللبد١َِٛ ٚاٌضئجللك ِللٓ الأٚسللب  اٌّبئ١للخ            
 P10 A  ٚP10سلزخذاَ  ِٚٓ صُ أِىٓ   دساسخ و١ٕبر١ى١خ ١ِٚىب١ٔى١لخ ع١ٍّلخ اٌفظلً ثب   . اٌّخزٍفخ

B .ٚ  أٚضللؾذ إٌزللبئظ إِىب١ٔللخ رطج١للك اٌز١ٌٛفللبد ل١للذ اٌذساسللخ فللٟ اسللزخلاص رشو١للضاد           ٌمللذ

ِزٕب١٘للخ اٌظللغش ِللٓ أ٠ٛٔللبد اٌجضِللٛس اٌضلاصللٟ ٚاٌىللبد١َِٛ ٚاٌضئجللك اٌضٕللبئٟ ٚأْ ع١ٍّللخ اٌفظللً   
وّلب  . ٠لْٛ فٍلضٜ   ِزّضٍخ فٝ رى٠ٛٓ ِزشاوجبد أ١ٔٛ١ٔخ ٌىلً أ  ١ٌسذ سش٠عخ ٚرزُ فٟ عذح خطٛاد 
 .P10 Bأعٍٝ ِٓ  P10 Aأٚضؾذ اٌذساسخ أْ وفبءح اٌز١ٌٛفخ 

 Kinetics of Separation)رللُ رطج١للك اٌعذ٠للذ ِللٓ إٌّللبرط اٌّعجللشح عللٓ ؽشو١للخ ع١ٍّللخ اٌفظللً     .11

Process)     ٓاٌّخزٍفلللخ ٌذساسلللخ ؽشو١لللخ اٌزفلللبعلاد ثبسلللزخذاَ ّٔلللٛرط ٠ٚجلللش ِلللٛسط ٚلاعشعلللش٠
لأ٠للْٛ ِٚلٓ صللُ أِىللٓ رؾذ٠للذ ؽشو١للخ ا  .ذساسللخٚس٠شللٕج١شط عٍللٝ اٌز١ٌٛفللبد ل١للذ اٌ B-Vّٚٔلٛرط  

 .اٌّفظٛي ل١ذ اٌذساسخ ِٓ اٌٛسط اٌّبئٝ ثٛاسطخ اٌظٕف اٌضبثذ

رللُ رطج١للك عللذح ّٔللبرط ٌذساسللخ رللأص١ش رشو١للض الأ٠ٛٔللبد ل١للذ اٌذساسللخ ِضللً ّٔللٛرط لأغّللب٠ش ٚ            .11
ٚأٚضؾذ إٌزبئظ ٚعٛد ادِظبص ٚرى٠ٛٓ طجمخ أؽبد٠خ اٌفظً عٍلٝ  . D-Rفشٔذٌو ّٚٔٛرط  

ٌز١ٌٛفبد ل١ذ اٌذساسخ ِع ٚعٛد ِٛالع غ١لش ِشلجعخ عٍلٝ سلطؼ اٌظلٕف اٌضبثلذ ٚطجملبد        سطؼ ا
اٌّؾضللشح، ٌٚمللذ أٚضللؾذ إٌزللبئظ أْ ع١ٍّللخ     ِللٓ اٌّللبدح اٌّّزللضح عٍللٝ سللطؼ اٌظللٍت   ِزعللذدح 

آْ  فللٟ اٌفظللً رللزُ ثٛاسللطخ ١ِىب١ٔى١للخ ِضدٚعللخ رزضللّٓ اٌزجللبدي الأ٠للٟٛٔ ٚ الادِظللبص ِعللب       
 .ٚاؽذ

رمللً ثض٠للبدح دسعللخ  P10 Aاسللزخلاص اٌجضِللٛس ثٛاسللطخ اٌز١ٌٛفللخ أٚضللؾذ إٌزللبئظ أْ وفللبءح  .11
،  (Exothermic Process)اٌؾشاسح ِٚٓ صلُ فل ْ ع١ٍّلخ اٌفظلً رّضلً رفبعلً طلبسد ٌٍؾلشاسح         

 ِللع ص٠للبدح دسعللخ اٌؾللشاسح ِٚللٓ صللُ فلل ْ ع١ٍّللخ  P10 Bٔٙللب رللضداد ثٛاسللطخ اٌز١ٌٛفللخ فلٟ ؽلل١ٓ أ 
،أ٠ضللب  أٚضللؾذ إٌزللبئظ أْ (Endothermic Process)رّضللً رفبعللً ِللبص ٌٍؾللشاسح   اٌفظللً

وفبءح اسزخلاص اٌىبد١َِٛ ٚاٌضئجك ثٛاسطخ ولا اٌز١ٌٛفز١ٓ ولً عٍلٝ ؽلذح رملً ِلع ص٠لبدح دسعلخ        



اٌؾللشاسح ِٚللٓ صللُ فلل ْ ع١ٍّللخ الاسللزخلاص رّضللً رفبعللً طللبسد ٌٍؾللشاسح  ٚأِىللٓ ؽسللبة ثعللو   
ؽشولخ الأ٠ٛٔلبد   ٚثبٌزبٌٟ ِٕبلشلخ إٌزلبئظ فلٟ ضلٛء      (G, ∆S, ∆H∆)دٚاي اٌذ٠ٕب١ِىب اٌؾشاس٠خ 
 .ل١ذ اٌفظً فٟ اٌّؾٍٛي

Li أٚضللللؾذ ٔزللللبئظ اٌذساسللللخ إِىب١ٔللللخ فظللللً ٚرمللللذ٠ش وبر١ٛٔللللبد    .16
+  ٚMg

2+  ٚSr
2+  ٚCa

2+ 
Clأ١ٔٛٔلللبد ٚ

-  ٚNO3
-  ٚSO4

ثٛاسلللطخ رم١ٕلللخ   %25رٚ ٔسلللجخ رشلللبثه   P4اٌز١ٌٛفلللخ عٍلللٝ   -2

ظلشٚف ِلٓ   اٌالأ١ٔٛ٠خ ٚلذ رُ رؾذ٠ذ صِٓ الاسزجمبء ٌىً أ٠ْٛ ِع رؾذ٠ذ أفضلً   اٌىشِٚبرٛعشاف١ب
 .اٌشلُ ا١ٌٙذسٚع١ٕٟ

رلُ رعجئلخ    P10 Bٌٙلب وفلبءح أفضلً ِلٓ      P10 Aثٕبء عٍٝ إٌزبئظ ٚاٌزٝ رشل١ش اٌلٝ أْ اٌز١ٌٛفلخ      .17
فلٝ عّلٛد وشِٚلبرٛعشافٝ فلٟ فظلً ٚاسلزشعبو ٚ رملذ٠ش أ٠ٛٔلبد اٌجضِلٛس            P10 Aاٌز١ٌٛفلخ   
فلللٝ ١ِلللبٖ   %110-102ٚ  %105-١ِ90َٛ ٚاٌضئجلللك ثٕسلللجخ اسلللزشعبو رشاٚؽلللذ ثللل١ٓ  ٚاٌىللبد 

 .اٌظٕجٛس ٚاٌظشف اٌظٕبعٟ عٍٝ اٌزٛاٌٟ

رُ رطج١ك رم١ٕخ اٌىشِٚبرٛعشاف١ب الأ١ٔٛ٠خ فٟ رمذ٠ش ثعلو الأ١ٔٛٔلبد اٌّٛعلٛدح فلٟ ١ِلبٖ اٌشلشة        .18
َ طلللاؽ١خ ثعللو اٌّعجللأٖ ِؾ١ٍللب  ٚاٌّسللزٛسدح ٌٍٍّىللخ اٌعشث١للخ اٌسللعٛد٠خ ٚأٚضللؾذ اٌذساسللخ عللذ 

اٌع١ٕللبد ٌٍشللشة إر رغللبٚصد اٌؾللذ الألظللٝ ٚالأدٔللٝ ٌزٛاعللذ الأ١ٔٛٔللبد فللٟ ١ِللبٖ اٌشللشة ٚفمللب       
ٌٍّٕظّبد ٚا١ٌٙئبد اٌم١بس١خ اٌّعشٚفخ، ٚأشبسد إٌزبئظ وزٌه إٌٝ رجب٠ٓ ٚاضلؼ فلٟ ٔسلجخ ؽ١لٛد     

ملذ٠ش  رشو١ضاد الأ١ٔٛٔبد اٌّمبسخ ِع ِب ٘ٛ ِىزٛة عٍٝ اٌٍّظك اٌخبسعٟ ٌىلً عجلٛح ٚللذ رلُ ر    
رشو١للضاد الأ١ٔٛٔللبد  رمللذ٠ش ْ ٚأٚضللؾذ إٌزللبئظ أ رشو١للض الأ١ٔٛٔللبد ثبٌىشِٚبرٛعشاف١للب الأ١ٔٛ٠للخ  

 : رزجع اٌزشر١ت اٌزبٌٝ

F
-
 > Cl

-
 > NO2

-
 > Br

-
 > NO3

-
 > PO4

3-
 > SO4

2- 

 .أشبسد ٔزبئظ اٌزم١١ُ اٌزؾ١ٍٍٟ إٌٝ وفبءح عب١ٌخ ٌٍطش٠مخ ٚاٌعّٛد اٌّسزخذَ فٟ اٌذساسخ .19



 

Abstract 

 

Heavy metals represent a class of chemicals that occurs in a minute concentration 

in natural biological systems and exerts beneficial or harmful effects on plant, animal 

and human life. Thus, the overall work of the present thesis can be summarized as 

follows: 

i. Various PVC blends were fully characterized. The exchange capacity of PVC 

blends towards Cl
-
 ions in aqueous media was in the range 0.242±0.016-

0.355±0.190 meq/g solid sorbent. 

ii. Two selected PVC blends were applied for complete retention of traces of Bi 
3+

, Cd 
2+

 and Hg
2+

 ions from aqueous iodide media. The kinetics of retention of Bi 
3+

 and 

Cd 
2+

 ions by the selected PVC blends revealed that the uptake of Bi 
3+

, Cd 
2+

 and 

Hg
2+

 ions followed the first–order rate equation with an overall rate constant k in the 

range 0.032 – 0.022  h
-1

. The uptake of the tested metal ions by PVC—NHCH2CH2 

(CH3)3N
+
.I

- blend was better and faster than that of PVC—NHCH2CH2 (CH3)3 

N
+
.OH

-
 blend. Moreover, the dependence of extraction on the counter ion can be 

explained via an "ion exchange extraction" mechanism. The sorption data of Bi 
3+

, 

Cd 
2+

 and Hg
2+

 ions by the used PVC blends fit well with Langmuir, Freundlich and 

Dubinin-Radushkevich (D-R)- type sorption isotherm models. 

iii. The thermodynamic parameters (ΔH, ΔS and ΔG) of Bi 
3+

, Cd 
2+

 and Hg
2+

 retention 

by PVC blends were determined from the plots of ln Kc versus 1/T for the 

investigated ions. 

iv. Quantitative sorption and recovery percentages of Bi 
3+

, Cd 
2+

 and Hg
2+

 ions from fresh 

and industrial wastewater by PVC—NHCH2CH2 (CH3)3N
+
.I

-
 blend packed column 

were determined. 

v. The ion chromatography employing polyvinyl alcohol with quaternary ammonium 

groups (6.1006.520 Mtrosep A Supp 5) as stationary phase packed column was applied 

for the analysis of the selected anions F
-
, Cl

-
 , Br

 -
, NO2

-
, NO3

-
, PO4

-3
 and SO4

-2
 in local (31 

samples) and imported (10 samples) drinking water marketed in Saudi Arabia. The results 

revealed disagreement between the values obtained and the claimed values for the halide 

content. 

vi. Finally, the performance of the employed ion chromatography method for analysis 

of F
-
, Cl

-
, Br

-
, NO2

-
, NO3

-
, PO4

-3
 and SO4

-2
 ions was critically determined. 

Moreover, the analytical performance of the column used was also determined from 

the calculated values of the number (N) and the height equivalent of the theoretical 

plates (HETP), the separation factor (Rs) and the asymmetry (As) factors for the 

tested anions. 



Summary  

Heavy metals are introduced into aquatic environment through, dumping wastes, 

effluents leading to heavy metal runoff of terrestrial system (industrial and domestic 

effluents) and geological weathering. Bismuth, cadmium, mercury and other trace 

toxic metal ions have the ability to   accumulate in bottom sediments. Due to various 

processes of remobilization, these metal ions may be released and moved into the 

biological or food chain and concentrate in fish and other edible Organisms, thereby 

reaching humans and causing chronic or acute diseases. This class of chemicals occurs 

in a minute concentration in natural biological systems and exerts a beneficial or 

harmful effects on plant, animal and human life. Thus, the overall work of the present 

thesis can be summarized as follows. 

 

1- In Chapter One, we present a detailed survey on the essential background 

information's and analytical methodology on the preparation of different solid sorbents 

including organic ion exchangers, blend organic ion exchangers involving polyvinyl 

chloride. The solid sorbent was applied for the pre-concentration, speciation and 

determination of trace and ultra-trace concentrations of complex or labile species of 

toxic metal ions in natural water. Special attention is given to the possible use of PVC 

blend as inexpensive solid sorbents. The reported literature survey revealed that few 

studies on the use of PVC blends for trace metal ion separation are known. Hence, 

there is a need for the preparation of new PVC blends for reliable and rapid solid 

sorbent for the detection, determination, minimizing, and / or removal of trace metal 

ions in various local and imported drinking water samples. 

 

2- Chapter Two includes: 

 i. The general methods and apparatus used for the preparation and characterization of 

various PVC blends. 



ii. The effect of various parameters that control the sorption profile of Bi
3+

, Cd
2+

 and 

Hg
2+

 from water samples containing iodide ions employing two selected PVC blends as 

low cost sorbents. 

iii. Chromatographic separation of Bi
3+

, Cd
2+

 and Hg
2+

 ions employing PVC blend 

packed column. 

iv. Application of selected PVC blend packed column in Ion chromatography for 

separation of some selected anions e.g. Cl
-
, NO3

-
, and SO4

-2
 and some selected cations 

e.g. Li
+
, Ca

2+
 and Sr

2+
 also Mg

2+
 ions in various pH and aqueous media. 

v. Application of ion chromatography for analysis of some selected anions such as Cl
-
 , 

Br
 -

, NO2
-
, NO3

-
, PO4

-3
 and SO4

-2
 in local (31 samples) and imported (10 samples) 

bottled water marketed in Saudi Arabia. 

 

3- Chapter Three includes the results and discussion. This chapter covers the following:  

i. Full characterization of various PVC blends employing IR, elemental analysis and 

mole fraction calculations; 

ii. Calculation of ion exchange capacity of the prepared PVC blends. Total ion 

exchange capacity of the prepared PVC blends towards chloride ions in aqueous media 

were found in the range 0.242±0.016 - 0.355±0.190 meq/g solid sorbent followed the 

sequence:

P10 A > P11 B > P10 B > P9 > P12 A > P12 B > P11 A 

 

iii. Application of two selected PVC blends for complete retention of traces of Bi
3+

, 

Cd
2+

 and Hg
2+

 ions from aqueous media contains iodide ions. The kinetics of retention 

of Bi
3+

 and Cd
2+

 ions by the selected PVC blends were subjected to Weeber-Morris, 

Lagergren and Reichenburg kinetic models. The results revealed that the uptake of Bi
3+

 

and Cd
2+

 ions by the used PVC blends followed the first-order rate equation with an 

overall rate constant k in the range 0.032 - 0.022 h
-1

 Results also revealed that the 

uptake of the tested metal ions by PVC—NHCH2CH2 (CH3)3N
+
.I

- blend is better and 



faster than the blend PVC—NHCH2CH2 (CH3)3 N
+
.OH

-
. This behavior is most likely 

attributed to the ability of iodide ions in the blend to be replaced by [BiI4]
-
(aq.), [CdI4]

2-

(aq.) or [HgI4]
2-

(aq.) more than the hydroxyl groups. The dependence of extraction on the 

counter ion can be explained via an "ion exchange extraction" mechanism. The 

sorption data have also subjected to Langmuir, Freundlich and Dubinin-Radushkevich 

(D-R)- type sorption isotherms and the results revealed that the uptake of the tested 

trace metal ions by[BiI4]
-
(aq.), [CdI4]

2-
(aq.) or [HgI4]

2-
(aq.)  fit well with the employed 

sorption models. Thus, "a dual-mode of sorption mechanism" involving both 

absorptions related to "ion exchange" and an added component for "surface adsorption" 

may be simultaneously present;  

iv. Thermodynamic characteristics of Bi
3+

, Cd
2+

 and Hg
2+

 ions retention by the selected 

PVC blends have been investigated and the corresponding ΔH, ΔS and ΔG parameters 

for each extraction step were determined; 

v. The sorption and recovery percentages of [BiI4]
-
(aq.), [CdI4]

2-
(aq.) or [HgI4]

2-
(aq.)  ions 

from fresh and industrial wastewater by PVC—NHCH2CH2 (CH3)3N
+
.I

- blend packed 

column were quantitatively achieved. 

vi. The application of ion chromatography employing polyvinyl alcohol with 

quaternary ammonium groups (6.1006.520 Mtrosep A Supp 5) as stationary phase 

packed column for the analysis of the selected anions Cl
-
 , Br

 -
, NO2

-
, NO3

-
, PO4

-3
 and 

SO4
-2

  in local (31 samples) and imported (10 samples) drinking water marketed in 

Saudi Arabia was achieved. The results revealed disagreement between the values 

obtained and the claimed values for the halide content and finally 

vii. The performance of the employed ion chromatography method for the analysis of 

F
-
, Cl

-
, Br

 -
, NO2

-
, NO3

-
, PO4

-3
 and SO4

-2
 anions was critically determined. Moreover, 

the analytical performance of the column used was also determined from the calculated 

values of number (N) and height equivalent of the theoretical plates (HETP), the 

separation factor (Rs) and the asymmetry (As) factors for the tested anions. 



 


