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LAMPIRAN 1 
PERHITUNGAN PENGENCERAN ASAM KLORIDA (HCL) 

DAN ASAM NITRAT (HNO3) 

Pengenceran Asam Klorida (HCl) 32% 

Densitas = 1,159 g/mL 

Massa molekul relatif (Mr) = 36,6 g/mol 

Vlarutan  = 1000 mL 

Molaritas (M) =
% 𝑚𝑎𝑠𝑠𝑎 ×𝑑𝑒𝑛𝑠𝑖𝑡𝑎𝑠 ×𝑉 

𝑀𝑟
  

  =
32 %  ×1,16 

𝑔

𝑚𝐿
×1000 𝑚𝐿 

36,5 𝑔/𝑚𝑜𝑙
 

   = 10,17 

M1V1=  M2V2 

10,17 x V1=  4 x 1000 mL 

V1=  
4 x 1000 mL

10,17
  

V1=  393,31 mL ≈ 393 𝑚𝐿 

 

Pengenceran Asam Nitrat (HNO3) 65% 

Densitas = 1,39 g/mL 

Massa molekul relatif (Mr) = 63 g/mol 

Vlarutan  = 1000 mL 

Molaritas (M) =
% 𝑚𝑎𝑠𝑠𝑎 ×𝑑𝑒𝑛𝑠𝑖𝑡𝑎𝑠 ×𝑉 

𝑀𝑟
  

  =
65 %  ×1,39 

𝑔

𝑚𝐿
×1000 𝑚𝐿 

63 𝑔/𝑚𝑜𝑙
 

   = 14,34 

M1V1=  M2V2 

14,34 x V1=  4 x 1000 mL 

V1=  
4 x 1000 mL

14,34
  

V1=  278,94 mL ≈ 279 𝑚𝐿 
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LAMPIRAN 2 

HASIL ANALISIS ATOMIC ABSORPTION SPECTROMETRY (AAS)  
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LAMPIRAN 3 

PERHITUNGAN TINGKAT PELINDIAN   
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Tingkat pelindian logam pada penelitian ini dihitung menggunakan rumus efisiensi 

pelindian dalam Dong et al., (2023) pada Persamaan 3 berikut. 

ŋ =
𝐶𝑖×𝑉

𝑚×𝑊𝑖
×100% 

 

Dimana: 

 η = Tingkat pelindian (%) 

 Ci = Konsentrasi logam  (mg/L) dalam pregnant leach solution (PLS)  

 V = Volume PLS (L) 

 m = Mass sampel (Kg) 

 Wi = Kadar logam (mg/Kg). 

Tingkat Pelindian Nikel 

Volume PLS (V) = 0,075 L 

Mass sampel (m) = 0,01 Kg 

Kadar Nikel (Wi) = 17.026 mg/Kg 

1. Tingkat Pelindian Nikel HNO3,  25°C (𝐶𝑖= 370,12 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
370,12 × 0,075

0,01 × 17.026  
 x 100% 

   = 16,30% 

2. Tingkat Pelindian Nikel HNO3,  150°C (𝐶𝑖= 566,27 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
566,27 × 0,075

0,01 × 17.026  
 x 100% 

   = 24,94% 

3. Tingkat Pelindian Nikel HNO3,  300°C (𝐶𝑖= 1.129,71 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
1.129,71  × 0,075

0,01 × 17.026  
 x 100% 

   = 49,76% 
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4. Tingkat Pelindian Nikel HNO3,  450°C (𝐶𝑖=1.107,37 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
1.107,37 × 0,075

0,01 × 17.026  
 x 100% 

   = 48,78% 

5. Tingkat Pelindian Nikel HNO3,  600°C (𝐶𝑖= 1.065,19 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
1.065,19  × 0,075

0,01 × 17.026  
 x 100% 

   = 46,92% 

6. Tingkat Pelindian Nikel HNO3,  750°C (𝐶𝑖= 937,85 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
937,85 × 0,075

0,01 × 17.026  
 x 100% 

   = 41,31% 

7. Tingkat Pelindian Nikel HCl,  25°C (𝐶𝑖= 1.197,30 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
1.197,30 × 0,075

0,01 × 17.026  
 x 100% 

   = 52,74% 

8. Tingkat Pelindian Nikel HCl,  150°C (𝐶𝑖= 1.204,31 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
1.204,31  × 0,075

0,01 × 17.026  
 x 100% 

   = 53,05% 

9. Tingkat Pelindian Nikel HCl,  300°C (𝐶𝑖= 1.519,69 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 
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    =
1.519,69 × 0,075

0,01 × 17.026  
 x 100% 

   = 66,94% 

10. Tingkat Pelindian Nikel HCl,  450°C (𝐶𝑖= 1.448,68 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
1.448,68  × 0,075

0,01 × 17.026  
 x 100% 

   = 63,81% 

11. Tingkat Pelindian Nikel HCl,  600°C (𝐶𝑖= 1.253,26 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
1.253,26  × 0,075

0,01 × 17.026  
 x 100% 

   = 55,21% 

12. Tingkat Pelindian Nikel HCl,  750°C (𝐶𝑖= 1.203,93 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
1.203,93 × 0,075

0,01 × 17.026  
 x 100% 

   = 53,03% 

Tingkat Pelindian Kobalt 

Volume PLS (V) = 0,075 L 

Mass sampel (m) = 0,01 Kg 

Kadar Kobalt (Wi) = 208 mg/Kg 

1. Tingkat Pelindian Kobalt HNO3,  25°C (𝐶𝑖= 10,02 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
10,02 × 0,075

0,01 × 208
 x 100% 

   = 36,13% 
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2. Tingkat Pelindian Kobalt HNO3,  150°C (𝐶𝑖= 10,58 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
10,58 × 0,075

0,01 × 208
 x 100% 

    = 38,15% 

3. Tingkat Pelindian Kobalt HNO3,  300°C (𝐶𝑖= 10,87 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
10,87 × 0,075

0,01 × 208
 x 100% 

    = 39,19% 

4. Tingkat Pelindian Kobalt HNO3,  450°C (𝐶𝑖= 12,23 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
12,23 × 0,075

0,01 × 208
 x 100% 

    = 44,10% 

5. Tingkat Pelindian Kobalt HNO3,  600°C (𝐶𝑖= 14,40 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
14,40 × 0,075

0,01 × 208
 x 100% 

    = 51,92% 

6. Tingkat Pelindian Kobalt HNO3,  750°C (𝐶𝑖= 16,48 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
16,48 × 0,075

0,01 × 208
 x 100% 

    = 59,42% 

7. Tingkat Pelindian Kobalt HCl,  25°C (𝐶𝑖= 12,71 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 
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    =
12,71 ×0,075

0,01 × 208
 x 100% 

    = 45,83% 

8. Tingkat Pelindian Kobalt HCl,  150°C (𝐶𝑖= 12,81 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
12,81 × 0,075

0,01 × 208
 x 100% 

    = 46,19% 

9. Tingkat Pelindian Kobalt HCl,  300°C (𝐶𝑖= 17,71 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
17,71 × 0,075

0,01 × 208
 x 100% 

    = 63,86% 

10. Tingkat Pelindian Kobalt HCl,  450°C (𝐶𝑖= 21,01 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
21,01 ×0,075

0,01 × 208
 x 100% 

    = 75,76% 

11. Tingkat Pelindian Kobalt HCl,  600°C (𝐶𝑖= 22,28 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
22,28 × 0,075

0,01 × 208
 x 100% 

    = 80,34% 

12. Tingkat Pelindian Kobalt HCl,  750°C (𝐶𝑖= 23,40 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
23,40 × 0,075

0,01 × 208
 x 100% 

    = 84,38% 

 



74 

 

 

 

Tingkat Pelindian Besi 

Volume PLS (V) = 0,075 L 

Mass sampel (m) = 0,01 Kg 

Kadar Besi (Wi) = 306.367 mg/Kg 

1. Tingkat Pelindian Besi HNO3,  25°C (𝐶𝑖= 17.435,48 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
17.435,48 × 0,075

0,01 × 208
 x 100% 

    = 42,68% 

2. Tingkat Pelindian Besi HNO3,  150°C (𝐶𝑖= 18.305,50 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
18.305,50 × 0,075

0,01 × 208
 x 100% 

    = 44,81% 

3. Tingkat Pelindian Besi HNO3,  300°C (𝐶𝑖= 20.943,00 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
20.943,00 × 0,075

0,01 × 208
 x 100% 

    = 51,27% 

4. Tingkat Pelindian Besi HNO3,  450°C (𝐶𝑖= 17.572,75 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
17.572,75 × 0,075

0,01 × 208
 x 100% 

    = 43,02% 

5. Tingkat Pelindian Besi HNO3,  600°C (𝐶𝑖= 17.000,50 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
17.000,50 × 0,075

0,01 × 208
 x 100% 
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    = 41,62 

6. Tingkat Pelindian Besi HNO3,  750°C (𝐶𝑖= 16.075,50) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
16.075,50 × 0,075

0,01 × 208
 x 100% 

    = 39,35% 

7. Tingkat Pelindian Besi HCl,  25°C (𝐶𝑖= 10.252,75 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
10.252,75 × 0,075

0,01 × 208
 x 100% 

    = 25,10% 

8. Tingkat Pelindian Besi HCl,  150°C (𝐶𝑖= 28.352,75 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
28.352,75 × 0,075

0,01 × 208
 x 100% 

    = 69,41% 

9. Tingkat Pelindian Besi HCl,  300°C (𝐶𝑖= 33.978,75 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
33.978,75 × 0,075

0,01 × 208
 x 100% 

    = 83,18% 

10. Tingkat Pelindian Besi HCl,  450°C (𝐶𝑖= 33.039,00 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
33.039,00× 0,075

0,01 × 208
 x 100% 

    = 80,88% 

11. Tingkat Pelindian Besi HCl,  600°C (𝐶𝑖= 32.253,50 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 



76 

 

 

 

    =
32.253,50 × 0,075

0,01 × 208
 x 100% 

    = 78,96% 

12. Tingkat Pelindian Besi HCl,  750°C (𝐶𝑖= 30.140,25 mg/L) 

Tingkat Pelindian (%) =
𝐶𝑖 × 𝑉

𝑚 × 𝑊𝑖
 x 100% 

    =
30.140,25 × 0,075

0,01 × 208
 x 100% 

    = 73,78% 
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LAMPIRAN 4 

HASIL ANALISIS X-RAY DIFFRACTION (XRD) 
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Hasil Analisis XRD Sampel Awal 
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Hasil Analisis XRD Sampel Pemanggangan 
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Hasil Analisis XRD Residu HCl 300 
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Hasil Analisis XRD Residu HNO3 300 
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LAMPIRAN 5 
HASIL ANALISIS X-RAY FLUORESCENCE (XRF) 
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LAMPIRAN 6 

PETA LOKASI PENGAMBILAN SAMPEL 
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LAMPIRAN 7 
KARTU KONSULTASI TUGAS AKHIR 
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