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Metal Symbol Atomic
number 

Atomic 
Mass
g/mol 

Density 
at 20 Co

g/cm3

 
MP Co 
BP  Co 

-1 

WHO(2008) 
USEPA(2008)

Cadmium Cd 48 112.4 8.7 320.8 
765 

3 
5 

Nickel Ni 28 58.69 8.90 1455 
2730

30 
75
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 1-2 Chemical materials

(2)

(2)

 اسم المبدة الصيغتالكيميبئيت النقبوة الشركت المجهزة

China 37% NH4OH Ammonium hydroxid 

Germany 100% Cd(NO3)2 Cd -  standard 

Germany 100% Fe(NO3)2 Fe - standard 

BDH 35% -38% HCl Hydrochloric acid 

Germany 100% Ni(NO3)2 Ni - standard 

BDH 72% HNO3 Nitric acid 

GCC 98% KOH Potassium hydroxid 

GCC 99% NaOH Sodium hydroxide 

GCC 98% Na2CO3 Sodium carbonate 

GCC 99.1% NaHCO3 Sodium bicarbonate 

BDH 98% H2SO4 Sulfuric acid 

22Apparatus 

-1BalanceSartorius AZ  214 . 

2(pH  meter7110 lnolab/WTW/
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3Stirring hot plateLabtech1003 

-4WaterbathYCW-012SGEMMYCO

-5OvenS-NO 104544 Termaks 

6(Atomic absorption AURORAA1200  Canada

-7(Emission absorptionM500NFPI

8shaker

9

 3-2Preparation of samples 

1

 

 مختلفة حرارةجهاز تم تصنيعه محليا يستخدم لانجاز التجارب بدرجات 
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400g)(350g)

3

 
 

 

 

 

1
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(3)

% النسبت المئىيت  
 النمىذج

 النيكل الكبدميىم الحديد

 عجينة النيكل 43 ------------- 0.5

 مشبك النيكل 1 ------------- 95

 عجينة لكادميوم --------- 50 1.5

 مشبك الكادميوم --------- 5 95

24Preparation of solutions

2M1 1=M2 2

/M.wtM

M= wt/ /Vml

 1-4-26M H2SO4

(326 ml)18M1

2-4-22M HCl

(113ml17M1
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 3-4-26M HNO3 

(359ml16M1

 4-4-22M NaOH

 (80g)

1

 5-4-22M KOH

(112g)

1

 6-4-22M Na2CO3

(212g)

1

7-4-22M NaHCO3
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 (168g) 

1

8-4-220% NH4OH 

200ml37%

1 

25 

251

5g100ml

 H2SO4) HNO3 HCl NaOHNaHCO3KOH (Na2CO32M

25

(4)3 2

25 2

2g100ml25ml

 1 M 2 3 456

25

5)(4) 
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253

2g

   5 ml) 10 1520255M

25

6

5

254

2g

(20ml5M15) 30 60 90120

18025

76

25 5

100 mg500 1000 1500 

2000300020ml5

25

87

25 6
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2g

20ml5M 

25 40 50 60 7080

98

26
26120

100ml100mg 

8.9mg25

1 2 3 pH=4

109

262 1M 

100ml100mg

8.9mg25

 1 2 3pH=4

1110

27

271
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100ml100mg

1M

7 8910pH=1125

1211

27 2

100ml 100mg

1M

pH=11 15 30 60 120180

25

1312

27 3

100ml100mg 

pH=11

 0.1 M0.5 1 1.52

1413

27 4
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100ml100mg 

pH=11 

2M 15 20 25 

3040

1514

28Ni(OH)2

97.51%)16

(16)Ni(OH)2

61.72% 0.775%0.1% 97.51%Ni(OH)2

28 1

 2g Ni(OH)2

15.5mg25ml

2515 306090120

1715

28 2
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 2g Ni(OH)2

  15.5 mg25ml

 10 20 304050

1816

28 3

2gNi(OH)2

15.5 mg25ml

25 12 34

1917

284Ni(OH)2

20g 

5M500 ml70

 1M

pH=325

 2MpH=11

25

150
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25ml60 

40

29

291

5g100ml

 H2SO4) HNO3 HCl NaOH NaHCO3 KOH (Na2CO32

4 25

2018

292

2g100ml

20ml1M  2 3 4 5 6

25

2119

29 3

2g

20ml5M25
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 15 306090120(180

2220

29 4

2g 

5 ml 10 15 20255M

25

23

21

29 5

 100 mg 500 1000 1500 

2000300020ml5M

25

2422

29 6

2g

20ml5M

  25 40 50 60 7080

2523

210
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210 120

 100ml100mg

13mg25

 1 23pH=4

26

24

210 2NaOH (1M)  

 100ml100mg

13mg25

 123pH=4

2725

2 11

2111

100ml100mg

  

1M 7 8 9 10.51125
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2826

2112

100ml100mg

pH=10.5 1530 60120180

25

2927

211 3

 100ml 

100mgpH=10.5

0.1 M0.51 1.52

25

3028

211 4

100ml 

100mgpH=10.5

2M 10 
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20 2530

3129

212 Cd(OH)2

(97.84%)32

32 Cd(OH)2 

75.11% 0.80% 0.08% 97.84% Cd(OH)2

212 1

2g Cd(OH)2

16 mg50ml

25 10 15 202530.

3330

2122

2gCd(OH)2

16mg50ml

 30 40 506025.

3431
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212 3

2g Cd(OH)2

16mg25ml 

50 123.

3532

 13-2Cd(OH)2

20g5M

500 ml70

1MpH=3

25

 2MpH=10.5

25

150

25ml2550
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31

31 1

H2SO4)HNO3HClNaOH

NaHCO3KOH(Na2CO3

2

4

3

9897

99

M

M(OH)2 (S) + 2HCL                MCL2 (L)    + 2H2O  

M(OH)2 (S) +2HNO3                      M(NO3)2 (L) + 2H2O        
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M(OH)2 (S) + H2SO4              MSO4 (L)  + 2H2O       
                       

4

 كًيت انُيكم 

 mgانًتبقيت 

كًيت انُيكم 

 mgانًستردة

كًيت انُيكم في 

 mgانًُورج 

 َوع

 انًحهول

161 1989 2150 H2SO4 

310 1840 2150 HNO3 

329 1821 2150 HCl 

2147.4 2.6 2150 NaOH 

2149.66 0.34 2150 KOH 

2149.96 0.036 2150 NaHCO3 

2149.99 0.010 2150 Na2CO3 

y = 0.0346[Ni] + 0.0031 

R² = 0.9995 

 انُيكم 

y = 0.0312[Cd] + 0.0267 

R² = 0.9993 

 انكبدييوو 

0

0.1

0.2

0.3

0.4

0.5

0.6

0 2 4 6 8 10 12 14 16

يت
ص

صب
يت

لا
ا

 

 نتر/ ىتركيس ايوٌ انفهس يهغ

 يُحُى انًعبيرة نهُيكم وانكبدييوو (2)شكمان



Chapter Three: Results & Discussion

 49 

 

31 2

1 M 2 3 4 5 6

5

6M

1M4
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HNO3 
HCL 
NaOH 
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NaHCO3 
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(5)
 كًيت انُيكم

 mgانًتبقيت  

كًيت انُيكم 

 انًستردة

كًيت انُيكم في 

 mg انًُورج

تركيس انحبيض 

M 

697.5 162.5 860 1 

430 430 860 2 

273 587 860 3 

172 688 860 4 

93.8 766.2 860 5 

92.9 767.1 860 6 

31 3

0

20

40

60

80

100

1
2

3
4

5
6

ل 
يك

لن
 ا
اد

رد
ست

ة ا
سب

ن
% 

 Mتركيز حامض الكبريتيك 

 تركيز حامض الكبريتيك  عالعلاقة بين نسبة استرداد النيكل م :(4)الشكل 
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5M

 5ml) 10 15 20 256

25 ml

5ml5

 25ml20ml

(5 ml)20ml

25ml

6

كًيت انُيكم انًتبقيت 

mg 

كًيت انُيكم 

 mgانًستردة 
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 ml انكبريتيك

698.7 161.3 860 5 
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174.9 685.1 860 15 

93 767 860 20 

92 768 860 25 
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كًيت انُيكم 

 mgانًستردة 

كًيت انُيكم في 

 mg انًُورج
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mg 

0.001 0.5 42.5 43 100 

0.001 2 213 215 500 

0.001 4 426 430 1000 

0.009 8 637 645 1500 

0.040 69 821 890 2000 

1.050 468 822 1290 3000 
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 درجت انحرارة

 درجت يئويت

39 821 860 25
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32.6 67.4 8 

18.9 81.1 9 

8.9 91.1 10 

6 94.0 11 
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5.77 9.73 10 
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 كمية الصوديوم في المحلول بعد الغسل 
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 %انشوائب
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 mgانًتبقيت 

 كًيت انصوديوو

 mgفي انًحهول

كًيت انصوديوو في 

 mgانًُورج   

عذد يراث 

 انغسم

62.58 5.8 9.7 15.5 1 

85.67 2.22 3.58 5.8 2 

94.52 0.85 1.37 2.22 3 

97.94 0.32 0.53 0.85 4 
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 كًيت انكبدييوو 
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 كًيت انكبدييوو 
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 mgانًُورج 
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تركيس حبيض 

  M  انُتريك

945 55 1000 1 

935 65 1000 2 

735 265 1000 3 

465 535 1000 4 

220 780 1000 5 

217 783 1000 6 
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 mgانًستردة
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0.001 1 49 50 100 

0.001 10 240 250 500 

0.002 11 489 500 1000 
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 mgانًتبقي

 كًيت انحذيذ انًتبقي 
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98 11.8 1 

98 8.80 2 

98 5.07 3 

97 1.80 4 



Chapter Three: Results & Discussion

 79 

 

36 2

 1M

1 2 3pH=427

pH=4 pH=3

3pH= 4

25

pH=4

pH=1

0

20

40

60

80

100

1
2

3
4

م 
يو

دم
كا

وال
د 

دي
ح
 ال

بة
س

ن
% 

PH 

 يبين العلاقة بين نسبة ترسيب الحديد ونسبة فقدان الكادميوم مع الدالة الحامضية (: 24)الشكل 
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60 40 7 
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Abstract 

       The present research was dealing with recovery of cadmium and nickel 

study from spent alkaline batteries which was conducted by two different acidic 

solutions. The first one is nitric acid, which was used for cadmium recovery; the 

other is sulfuric acid, which was used for nickel recovery. Many factors affected 

the recovery process were studied, such as concentration, volume, time, weight 

and temperature.The parameters which effect on the precipitation of metal ion 

from leaching solution were also studied, such as pH, time, concentration and 

temperature.The obtained results indicate that the recovery percentages were 

increased as the concentration of solutions of acid was increased until reaching 5 

M, after that the value of increasing being small or near constant value. The 

highest recovery percentage was 89.2% for nickel when the concentration of 

sulfuric acid 6M and  rate of recovery of cadmium amounted to 78.30% when 

the nitric acid concentration of 6M. The results obtained from the volume study 

revealed that the recovery percentages were increased as the volume of solutions 

of acid was increased until reaching 20 ml, after that the value of increasing 

being small or near constant value. The  highest percentages were 89.30% for 

nickel and 90.20%  for cadmium. The recovery of nickel and cadmium was 

increasing as the recovery time  was increased until reaching the  recovery 

percentage of 95.69%  for nickel and 90.50% for cadmium, at the time of 180 

and 120 minutes respectively.The results obtained from the weight study 

revealed that the metals in samples were recovered with high recovery 

percentages until reached 2 gm weight of sample and then the recovery 

percentages were decreased as samples weight increase,  the  nickel recovery 

percentage was found to be 99.06% when the sample weight 0.5g and the 

recovery of cadmium found  98% when the sample weight of 0.1g. The results 

from temperature study showed that the recovery of nickel and cadmium 

percentages were increasing with the temperature increased until 



reaching99.01% at the temperature of 80 °C either and 98.5% of the temperature 

was 70 
o
C for nickel and cadmium respectively. A precipitation process using 

sodium hydroxide concentration of 2M, was applied for  the precipitation of 

metal ions. The percentages of precipitation are 98.6%, 99.1% for cadmium and 

nickel respectively. Purification process was conducted  using distilled water, 

the proportion of the purity of the products is 98.08%, 98.23 the cadmium 

hydroxide and nickel hydroxide, respectively.                                   
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