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LAMPIRAN 1 PENGENCERAN ASAM SULFAT (H2SO4)  

 
Pengenceran Asam Sulfat (H2SO4) 98% 

Densitas = 1,83 g/mL 

Massa molekul relatif (Mr) = 98 g/mL 

V larutan = 1000 mL 

 

Molaritas (M) = %&)**)	%	+,-*./)*	%	!
"0

 

   = 
12%	%	3,25 $

%&	%	3666	&7

12	8/&:;
 

   = 18,3 

*Larutan 1 M      

  M1V1  = M2V2 

 18,3 x V1= 1 x 100 mL 

          V1 = 3	%	366&7
32,5

 

    = 5,5 mL 

*Larutan 2 M      

  M1V1  = M2V2 

 18,3 x V1= 2 x 200 mL 

          V1 = 3	%	<66&7
32,5

 

    = 21,9 mL  

*Larutan 4 M      

  M1V1  = M2V2 

 18,3 x V1= 4 x 300 mL 

          V1 = 3	%	566&7
32,5

 

    = 65,6 mL  

*Larutan 6 M      

  M1V1  = M2V2 

 18,3 x V1= 6 x 400 mL 

          V1 = 3	%	=66&7
32,5

 

    = 131,1 mL  
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LAMPIRAN 2  
HASIL ANALISIS ATOMIC ABSORPTION SPECTROMETER (AAS)  
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PT. AISPEKTRA LABORATORY SERVICES 
 Office : Kompleks Komplek Puri Residence Blok D/7 
 Jl Tamalanrea Raya, Makassar 90245 Sulawesi Selatan 
 Telp/Fax. +62 4118994478 Email : info@aispektra.co.id                    

 

 

REPORT OF ANALYSIS 
(Laporan Analisis) 

 
 

Certificate Number/Nomor Sertifikat  : 000312023 
Customer/Pelanggan    : DIVA VARELIYA 
Subject / Hal     : Mineral Analysis 
Description of Sample/ Keterangan Sampel : Matte Slag 
Number of Sample (s) / Jumlah Sampel  : 10 (Ten) 
Form of Sample / Bentuk Sampel  : Liquid 
Test Required / Analisa uji   : Elemental (Fe) 
Date Received/ Tanggal terima   : 07/07/2023 
Date of Analysis / Tanggal Analisa  : 30/07/2023 
Method of Analysis/ Metode analisa  : AAS  
Reference / Referensi    : - 

 
 

RESULT 
 
 

SAMPLE ID Fe (mg/L) Ni (mg/L)  Co(mg/L) Al (mg/L) Remarks 

DV60702 5330 NR NR NR  
DV30604 4268 NR NR NR  
DV60104 7269 NR NR NR  
DV50804 7190 NR NR NR  
DV30601 3522 NR NR NR  
DV30606 6548 NR NR NR  
DV60706 7538 NR NR NR  
DV120906 9306 NR NR NR  
DV90806 7360 NR NR NR  
DV30102 3657 NR NR NR  

 
Catatan : NR = NOT REPORTED 
 
HASIL ANALISA TERSEBUT DIATAS HANYA MERUJUK PADA SAMPEL YANG DISERAHKAN  
DIMANA PENGAMBILAN SAMPEL TERSEBUT TIDAK DILAKUKAN OLEH AISPEKTRA 
LABORATORY  
 
 
ANALIS 
 
 
FAJRIN AHMAD,  A.Ma          
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LAMPIRAN 3  

PERHITUNGAN LAJU PELINDIAN 
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Laju pelindian magnesium dan besi dihitung menggunakan rumus efisiensi 

pelindian dalam Dong et al., (2023) pada persamaan 4 berikut: 

𝜂 =
𝐶. 	𝑥	𝑉
𝑚	𝑥	𝑊.

	𝑥	100 

Dimana: 

 𝜂    = Laju pelindian (%) 

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

 V  = Volume PLS (L) 

 m  = Massa sampel (Kg) 

 Wi = Kadar logam (mg/Kg) 

 

Laju Pelindian Magnesium (Mg) 

Volume PLS (V) = 0,025 L 

Mass sampel (m) = 0,01 Kg 

Kadar Mg (Wi) = 20,090491 mg/Kg 
 
1. Laju Pelindian pada kondisi pelindian 30 menit, 60°C, 1 M (𝐶.= 21.825 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = '(.*'+	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 27,16% 

2. Laju Pelindian pada kondisi pelindian 30 menit, 60°C, 2 M (𝐶.= 22.519 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = ''.+(.	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 28,02% 

3. Laju Pelindian pada kondisi pelindian 30 menit, 60°C, 4 M (𝐶.= 17.878 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = (0.*0*	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 22,25% 
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4. Laju Pelindian pada kondisi pelindian 30 menit, 60°C, 6 M (𝐶.= 26.643 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = '1.1/2	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 33,15% 

5. Laju Pelindian pada kondisi pelindian 60 menit, 70°C, 2 M (𝐶.= 25.956 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = '+..+1	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 32,30% 

6. Laju Pelindian pada kondisi pelindian 60 menit, 70°C, 4 M (𝐶.= 27.376 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = '0.201	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 34,07% 

7. Laju Pelindian pada kondisi pelindian 60 menit, 70°C, 6 M (𝐶.= 24.666 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = '/.111	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 30,69% 

8. Laju Pelindian pada kondisi pelindian 90 menit, 80°C, 4 M (𝐶.= 27.285 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = '0.'*+	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 33,95% 

9. Laju Pelindian pada kondisi pelindian 90 menit, 80°C, 6 M (𝐶.= 29.229 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = '..''.	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 36,37% 
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10. Laju Pelindian pada kondisi pelindian 120 menit, 80°C, 6 M(𝐶.= 33.242 

mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = 22.'/'	×	,,,'+
,,,(	×	',,,.,/.(		

 x 100% 

   = 41,37% 

 
Laju Pelindian Besi (Fe) 

Volume PLS (V) = 0,025 L 

Mass sampel (m) = 0,01 Kg 

Kadar Fe  (Wi)  = 24,938969 mg/Kg 
1.     Laju Pelindian pada kondisi pelindian 30 menit, 60°C, 1 M (𝐶.= 3.522 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = 2.+''	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

   = 3,53% 

2. Laju Pelindian pada kondisi pelindian 30 menit, 60°C, 2 M (𝐶.= 3.657 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = 2.1+0	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

    = 3,67% 

3. Laju Pelindian pada kondisi pelindian 30 menit, 60°C, 4 M (𝐶.= 4.268 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = /.'1*	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

   = 4,28% 

4. Laju Pelindian pada kondisi pelindian 30 menit, 60°C, 6 M (𝐶.= 6.548 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = 1.+/*	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

   = 6,56% 



65 
 

 
 

5. Laju Pelindian pada kondisi pelindian 60 menit, 70°C, 2 M (𝐶.= 5.330 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = +.22,	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

    = 5,34% 

6. Laju Pelindian pada kondisi pelindian 60 menit, 70°C, 4 M (𝐶.= 7.269 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = 0.'1.	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

   = 7,29% 

7. Laju Pelindian pada kondisi pelindian 60 menit, 70°C, 6 M (𝐶.= 7.538 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = 0.+2*	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

   = 7,56% 

8. Laju Pelindian pada kondisi pelindian 90 menit, 80°C, 4 M (𝐶.= 7.190 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = 0.(.,	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

   = 7,21% 

9. Laju Pelindian pada kondisi pelindian 90 menit, 80°C, 6 M (𝐶.= 7.360 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = 0.21,	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

   = 7.38% 

10. Laju Pelindian pada kondisi pelindian 120 menit, 80°C, 6 M(𝐶.= 9.306 mg/L) 

Laju Pelindian (%) = !!	×	$
%	×	&!

 x 100% 

    = ..2,1	×	,,,'+
,,,(	×	'/,.2*.1.		

 x 100% 

   = 9,33% 
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LAMPIRAN 4  

HASIL ANALISIS X-RAY DIFFRACTION (XRD) 
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HASIL ANALISIS X-RAY DIFFRACTION (XRD) SAMPEL AWAL 

 

Match! Phase Analysis Report

Sample: DV-SA

Sample Data
File name DV-SA.txt
File path C:/Users/ACER/Documents/MALY/OTW SARJANA TEKNIK/Analisis/XRD Analisis/DV-SA
Data collected Aug 2, 2023 16:25:44
Data range 5.000º - 70.000º
Original data range 5.000º - 70.000º
Number of points 3251
Step size 0.020
Rietveld refinement converged No
Alpha2 subtracted No
Background subtr. No
Data smoothed Yes
Radiation X-rays
Wavelength 1.541874 Å

Analysis Results

Index Amount
(%)

Name Formula sum

A 58.1 Forsterite Mg2 O4 Si
B 38.3 Enstatite Ca0.23 Mg1.77 O6 Si2
C 3.5 Magnesioferrite Fe2 Mg O4

21.5 Unidentified peak area

Amounts calculated by RIR (Reference Intensity Ratio) method

Element Amount (weight %)
O 45.6%(*)

Mg 28.6%
Si 22.1%
Fe 2.0%
Ca 1.7%

*LE (sum) 45.6%

Details of identified phases

A: Forsterite (58.1 %)
Formula sum Mg2 O4 Si
Entry number 96-901-6386
Figure-of-Merit (FoM) 0.666064
Total number of peaks 720
Peaks in range 144
Peaks matched 84
Intensity scale factor 0.27
Space group P b n m
Crystal system orthorhombic
Unit cell a= 4.7534 Å b= 10.1902 Å c= 5.9783 Å
I/Ic 0.76
Calc. density 3.227 g/cm³
Reference Fujino K., Sasaki S., Takeuchi Y., Sadanaga R., "X-ray determination of electron distributions in forsterite,

fayalite and tephroite", Acta Crystallographica, Section B 37(3), 513-518 (1981)

B: Enstatite (38.3 %)*
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HASIL ANALISIS X-RAY DIFFRACTION (XRD) SAMPEL RESIDU 

 
 

Match! Phase Analysis Report

Sample: DVR-10 (5-70)

Sample Data
File name DVR-10.RAW
File path C:/Users/ASUS/Downloads
Data collected Sep 7, 2023 22:40:35
Data range 5.000º - 70.000º
Original data range 5.000º - 70.000º
Number of points 3251
Step size 0.020
Rietveld refinement converged No
Alpha2 subtracted No
Background subtr. No
Data smoothed Yes
Radiation X-rays
Wavelength 1.540600 Å

Analysis Results

Index Amount
(%)

Name Formula sum

A 64.0 Enstatite Ca0.15 Mg1.85 O6 Si2
B 30.6 magnesium sulfate Mg O4 S
C 5.5 Magnesioferrite Fe2 Mg O4

14.6 Unidentified peak area

Amounts calculated by RIR (Reference Intensity Ratio) method

Element Amount (weight %)
O 48.2%(*)

Mg 21.0%
Si 17.7%
S 8.1%
Fe 3.1%
Ca 1.9%

*LE (sum) 48.2%

Details of identified phases

A: Enstatite (64.0 %)*
Formula sum Ca0.15 Mg1.85 O6 Si2
Entry number 96-900-5543
Figure-of-Merit (FoM) 0.663880*

Total number of peaks 500
Peaks in range 170
Peaks matched 53
Intensity scale factor 0.34*

Space group P 1 21/c 1
Crystal system monoclinic
Unit cell a= 9.6540 Å b= 8.8450 Å c= 5.2030 Å β= 108.370 º
I/Ic 0.89
Calc. density 3.200 g/cm³
Reference Tribaudino M., Nestola F., "Average and local structure in P2_1/c clinopyroxenes along thejoin diopside-

enstatite (CaMgSi2O6-Mg2Si2O6)Sample: Di15En85 (split model)", European Journal of Mineralogy 14, 549-
555 (2002)
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LAMPIRAN 5  

HASIL ANALISIS X-RAY FLUORESCENCE (XRF) 
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Certificate Number/Nomor Sertifikat 000292023 
Customer/Pelanggan : SUFRIADIN 
Subject / Hal : Mineral Analysis 
Description of Sample/ Keterangan Sampel : Nickel Ore 
Number of Sample (s) / Jumlah Sampel : 4 (Four) 
Form of Sample / Bentuk Sampel : Press pellet 
Test Required / Analisa uji : Elemental 

(Fe,Co,Ni,Si,Mg,Al,Mn,Ca,Ti,Cr) 
Date Received/ Tanggal terima : 15/07/2023 
Date of Analysis / Tanggal Analisa : 18/07/2023 
Method of Analysis/ Metode analisa : XRF 
Reference / Referensi : - 

ANALIS 

 

PT. AISPEKTRA LABORATORY SERVICES 
Office : Kompleks Komplek Puri Residence Blok D/7 
Jl Tamalanrea Raya, Makassar 90245 Sulawesi Selatan 
Telp/Fax. +62 4118994478 Email : info@aispektra.co.id 

 
 
 

REPORT OF ANALYSIS 
(Laporan Analisis) 

 
 

 

RESULT 
 
 

 

SAMPLE ID 
Ni 

(%) 

Fe 

(%) 

Co 

(%) 

SiO2 

(%) 

 
MgO( 

%) 

Al2O3 

(%) 

CaO 

(%) 

MnO 

(%) 

TiO 

(%) 

Cr2O3 

(%) 

DV-SA  0.55 30.15 0.08 37.48 23.70 2.72 0.28 0.76 0.04 1.92 
 
 
 
 
 
 

* Below detection limit 
 

HASIL ANALISA TERSEBUT DIATAS HANYA MERUJUK PADA SAMPEL YANG DISERAHKAN 
DIMANA PENGAMBILAN SAMPEL TERSEBUT TIDAK DILAKUKAN OLEH AISPEKTRA 
LABORATORY 

 
 
 

FARIN AHMAD, A.Ma 


