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Lampiran 

Lampiran 1. Dokumentasi penelitian 

  
Tulang sapi yang belum dibersihkan Furnace 

  
Furnace Tulang sapi Yang difurnace 

  

Penumbukan Tulang Sapi Balmill 
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Proses Penimbangan Proses Pembuatan Campuran 

  
Gel Yang Dihasilkan Proses Auoklaf 

  
Proses Oven suhu 100⁰C Serbuk Yang dihasilkan 
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Lampiran 2. Hasil Pengujian Laboratorium 

Lampiran 2. Hasil Karakterisasi XRD, XRF, FTIR dan SEM 

2.1 Hasil Pengujian XRD 
 

Anchor Scan Parameters 
 
Dataset Name: C178 
File name: E:\X'Pert Data\2022\February\15 Feb 2022\C178\C178.xrdml 
Sample Identification: C178 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/15/2022 9:49:07 AM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 

Graphics 
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Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.8229        76.28       0.1574       3.45024        30.84   

    28.9288        44.66       0.1181       3.08648        18.06   

    31.7453       247.33       0.1181       2.81878       100.00   

    32.1621       101.50       0.1574       2.78319        41.04   

    32.8959       142.26       0.0984       2.72278        57.52   

    34.0222        52.41       0.1574       2.63517        21.19   

    39.8055        47.28       0.1968       2.26463        19.11   

    41.9986        12.37       0.4723       2.15131         5.00   

    46.6846        53.42       0.1968       1.94571        21.60   

    48.0767        17.64       0.2362       1.89258         7.13   

    49.4458        59.14       0.2362       1.84333        23.91   

    50.4707        31.26       0.2362       1.80828        12.64   

    51.2896        20.64       0.3149       1.78132         8.34   

    52.0981        21.91       0.2362       1.75556         8.86   

    53.1658        21.47       0.2362       1.72279         8.68   

    61.6511        10.02       0.4723       1.50449         4.05   

    64.0650        15.18       0.3840       1.45230         6.14   

    65.1391         8.21       0.5760       1.43448         3.32   

 
 

Document History 
 
Insert Measurement: 
- File name = "C178.xrdml" 
- Modification time = "2/15/2022 11:33:22 AM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/15/2022 11:33:22 AM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 
 

Anchor Scan Parameters 
 
Dataset Name: C179 
File name: E:\X'Pert Data\2022\February\15 Feb 2022\C179\C179.xrdml 
Sample Identification: C179 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
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 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 
2Theta:0.001; Minimum step size Omega:0.001 

 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/15/2022 10:37:24 AM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 

Graphics 
     

 
 
 

Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.9160        72.78       0.1574       3.43805        35.82   

    29.0128        27.14       0.2362       3.07774        13.36   

    31.8195       203.19       0.1574       2.81238       100.00   
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    32.2342        84.55       0.1574       2.77714        41.61   

    32.9859       135.50       0.1574       2.71555        66.69   

    34.1219        35.09       0.1574       2.62769        17.27   

    39.8599        47.31       0.1574       2.26167        23.28   

    46.7653        54.38       0.2362       1.94254        26.76   

    48.1294        29.71       0.1574       1.89063        14.62   

    49.5267        62.48       0.1574       1.84051        30.75   

    50.5530        28.64       0.2362       1.80553        14.09   

    52.1433        23.84       0.2362       1.75414        11.73   

    53.2049        32.27       0.1574       1.72162        15.88   

    61.6792         9.56       0.4723       1.50387         4.70   

    64.1161        16.73       0.3936       1.45246         8.23   

    65.1461         8.42       0.4723       1.43197         4.15   

    77.1418         6.77       0.5760       1.23548         3.33   

 
 

Document History 
 
Insert Measurement: 
- File name = "C179.xrdml" 
- Modification time = "2/15/2022 11:33:54 AM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/15/2022 11:33:54 AM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 
 

Anchor Scan Parameters 
 
Dataset Name: C180 
File name: E:\X'Pert Data\2022\February\15 Feb 2022\C180\C180.xrdml 
Sample Identification: C180 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/15/2022 11:26:16 AM 
Operator: State Univ of Malang 
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Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 
 

Graphics 
     

 
 
 

Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.8892        80.65       0.0787       3.44155        38.58   

    28.9636        33.97       0.1181       3.08286        16.25   

    31.8028       209.04       0.0984       2.81382       100.00   

    32.1943       103.45       0.1181       2.78049        49.49   

    32.9312       127.90       0.1181       2.71993        61.19   

    34.0766        43.92       0.1181       2.63108        21.01   

    39.8485        39.96       0.1968       2.26229        19.11   

    46.7180        49.13       0.1968       1.94440        23.50   

    48.1384        25.24       0.2362       1.89029        12.08   

    49.4961        54.54       0.1574       1.84158        26.09   

    50.5304        28.34       0.2362       1.80628        13.56   
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    51.2976        20.19       0.3149       1.78106         9.66   

    52.1160        24.07       0.1968       1.75500        11.51   

    53.2156        23.06       0.3149       1.72130        11.03   

    61.6494         8.30       0.4723       1.50452         3.97   

    62.9873        12.06       0.3149       1.47575         5.77   

    64.0739        13.03       0.4723       1.45332         6.23   

    65.0861        13.41       0.2362       1.43315         6.41   

    71.9136         4.72       0.9446       1.31296         2.26   

    77.1440         7.96       0.5760       1.23545         3.81   

    78.2785         7.47       0.5760       1.22339         3.57   

 
 

Document History 
 
Insert Measurement: 
- File name = "C180.xrdml" 
- Modification time = "2/15/2022 1:00:47 PM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/15/2022 1:00:47 PM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 
 

Anchor Scan Parameters 
 
Dataset Name: C181 
File name: E:\X'Pert Data\2022\February\15 Feb 2022\C181\C181.xrdml 
Sample Identification: C181 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/15/2022 12:14:25 PM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
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Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 

Graphics 
    

 
 
 

Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.8689        85.06       0.1378       3.44420        35.17   

    28.9539        49.86       0.1378       3.08386        20.62   

    31.7765       241.82       0.1181       2.81609       100.00   

    32.1786       131.24       0.0984       2.78181        54.27   

    32.9195       154.73       0.1378       2.72088        63.99   

    34.0589        59.93       0.1574       2.63242        24.78   

    39.8032        64.00       0.1378       2.26476        26.47   

    42.0439        15.94       0.2362       2.14910         6.59   

    46.6970        69.69       0.2362       1.94522        28.82   

    48.1013        19.84       0.2362       1.89166         8.20   

    49.4687        67.19       0.1968       1.84253        27.78   

    50.4865        36.57       0.1574       1.80775        15.12   

    51.3190        20.93       0.2362       1.78036         8.66   

    52.1331        21.19       0.2362       1.75446         8.76   
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    53.2031        27.28       0.1968       1.72167        11.28   

    55.8400         9.11       0.4723       1.64646         3.77   

    61.7206        10.19       0.6298       1.50296         4.21   

    63.0245        10.89       0.2362       1.47497         4.50   

    64.0253        18.48       0.3936       1.45431         7.64   

    74.0168         9.68       0.5510       1.28077         4.00   

    77.0736        11.49       0.5760       1.23640         4.75   

    78.2340         8.08       0.5760       1.22398         3.34   

 
 

Document History 
 
Insert Measurement: 
- File name = "C181.xrdml" 
- Modification time = "2/15/2022 2:44:43 PM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/15/2022 2:44:43 PM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 

Anchor Scan Parameters 
 
Dataset Name: C182 
File name: E:\X'Pert Data\2022\February\15 Feb 2022\C182\C182.xrdml 
Sample Identification: C182 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/15/2022 1:02:43 PM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
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Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 

 
Graphics 
     

 
 
 

Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.8192        88.89       0.1181       3.45072        37.38   

    28.9027        40.92       0.1181       3.08921        17.21   

    31.7555       237.79       0.1181       2.81790       100.00   

    32.1594       123.16       0.1574       2.78343        51.79   

    32.8762       168.15       0.0787       2.72436        70.72   

    34.0539        55.85       0.1574       2.63279        23.49   

    39.7779        44.99       0.1574       2.26614        18.92   

    46.6701        61.42       0.1968       1.94628        25.83   

    48.0622        33.76       0.1181       1.89311        14.20   

    49.4605        56.71       0.2755       1.84282        23.85   

    50.4741        33.14       0.1968       1.80817        13.94   

    51.2569        23.43       0.1968       1.78238         9.85   

    52.0550        20.88       0.2755       1.75691         8.78   

    53.1496        24.82       0.2362       1.72328        10.44   

    64.0663        13.31       0.3936       1.45347         5.60   

    65.0278        12.53       0.3149       1.43429         5.27   
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    71.8946         4.65       0.9446       1.31326         1.96   

    77.0645        10.23       0.5760       1.23652         4.30   

    78.2334         8.42       0.5760       1.22398         3.54   

 
 

Document History 
 
Insert Measurement: 
- File name = "C182.xrdml" 
- Modification time = "2/15/2022 2:45:12 PM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/15/2022 2:45:12 PM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 

Anchor Scan Parameters 
 
Dataset Name: C183 
File name: E:\X'Pert Data\2022\February\15 Feb 2022\C183\C183.xrdml 
Sample Identification: C183 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/15/2022 1:51:38 PM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
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K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 

Graphics 
     

 
 
 

Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.7850        63.29       0.1181       3.45521        37.08   

    31.6958       170.67       0.1181       2.82307       100.00   

    32.1101        76.99       0.1574       2.78759        45.11   

    32.8347       116.42       0.1378       2.72771        68.21   

    33.9748        34.18       0.1181       2.63874        20.03   

    39.7147        29.66       0.2362       2.26960        17.38   

    46.6146        35.01       0.1968       1.94847        20.51   

    48.0679        11.67       0.4723       1.89290         6.84   

    49.3832        46.38       0.1181       1.84552        27.18   

    50.4272        18.16       0.2362       1.80974        10.64   

    53.0683        13.96       0.5760       1.72430         8.18   

 
 

Document History 
 
Insert Measurement: 
- File name = "C183.xrdml" 
- Modification time = "2/15/2022 2:46:08 PM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
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- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/15/2022 2:46:08 PM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 
 

Anchor Scan Parameters 
 
Dataset Name: C184 
File name: E:\X'Pert Data\2022\February\15 Feb 2022\C184\C184.xrdml 
Sample Identification: C184 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/15/2022 2:40:45 PM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 

Graphics 
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Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.9349        62.25       0.1574       3.43559        42.81   

    29.1126        18.03       0.4723       3.06742        12.40   

    31.8571       145.41       0.1378       2.80915       100.00   

    32.2485        85.87       0.1574       2.77594        59.06   

    32.9949       106.19       0.1574       2.71483        73.03   

    34.1319        37.49       0.2362       2.62695        25.78   

    39.9106        28.76       0.2362       2.25891        19.78   

    46.7783        46.53       0.1968       1.94203        32.00   

    48.1456        20.22       0.2362       1.89003        13.90   

    49.5552        48.15       0.1968       1.83952        33.11   

    51.3904        17.19       0.2362       1.77806        11.82   

    53.2739        16.97       0.2362       1.71955        11.67   

    64.1776        11.12       0.5760       1.45002         7.65   

 
 

Document History 
 
Insert Measurement: 
- File name = "C184.xrdml" 
- Modification time = "2/16/2022 9:13:22 AM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
- Linear detector mode = "None" 
- Length linear detector = "2" 
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- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/16/2022 9:13:22 AM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 

Anchor Scan Parameters 
 
Dataset Name: C185 
File name: E:\X'Pert Data\2022\February\16 Feb 2022\C185\C185.xrdml 
Sample Identification: C185 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/16/2022 7:41:13 AM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 

Graphics 
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Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.8698        66.17       0.1574       3.44409        43.19   

    28.9741        25.74       0.2362       3.08176        16.80   

    31.7844       153.21       0.0984       2.81541       100.00   

    32.1869        83.37       0.1181       2.78111        54.41   

    32.9089       123.49       0.0787       2.72173        80.60   

    34.0789        25.21       0.1574       2.63092        16.46   

    39.8312        35.59       0.1574       2.26323        23.23   

    46.7113        32.67       0.2362       1.94466        21.33   

    49.4836        40.26       0.2362       1.84201        26.28   

    50.4967        19.73       0.3149       1.80741        12.88   

    53.1940        16.38       0.2362       1.72195        10.69   

    61.7317         6.70       0.8640       1.50147         4.37   

 
 

Document History 
 
Insert Measurement: 
- File name = "C185.xrdml" 
- Modification time = "2/16/2022 9:14:26 AM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/16/2022 9:14:26 AM" 
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- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 

Anchor Scan Parameters 
 
Dataset Name: C186 
File name: E:\X'Pert Data\2022\February\16 Feb 2022\C186\C186.xrdml 
Sample Identification: C186 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/16/2022 8:29:33 AM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 87.0700 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 

Graphics 
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Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    10.6107        10.18       0.9446       8.33777         6.15   

    25.8340        57.71       0.1181       3.44877        34.84   

    28.9165        24.69       0.2362       3.08777        14.90   

    31.7397       165.63       0.1181       2.81927       100.00   

    32.1554        83.03       0.1574       2.78376        50.13   

    32.8891        96.66       0.1378       2.72332        58.36   

    34.0178        39.21       0.1181       2.63550        23.67   

    39.7716        34.65       0.3149       2.26649        20.92   

    46.6779        48.45       0.1574       1.94598        29.25   

    48.0266        13.01       0.4723       1.89443         7.85   

    49.4445        45.45       0.2362       1.84338        27.44   

    51.2706        18.15       0.2362       1.78193        10.96   

    52.0734        15.42       0.2362       1.75633         9.31   

    53.1847        17.06       0.2362       1.72223        10.30   

    64.0546        11.19       0.4723       1.45371         6.76   

    78.1180         4.32       0.7680       1.22246         2.61   

 
 

Document History 
 
Insert Measurement: 
- File name = "C186.xrdml" 
- Modification time = "2/16/2022 9:14:56 AM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
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- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/16/2022 9:14:56 AM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
 

Anchor Scan Parameters 
 
Dataset Name: C187 
File name: E:\X'Pert Data\2022\February\16 Feb 2022\C187\C187.xrdml 
Sample Identification: C187 
Comment: Theta (10-90) 
 Configuration=Stage Flat Samples, Owner=User-1, Creation 

date=9/15/2009 2:20:30 PM 
 Goniometer=PW3050/60 (Theta/Theta); Minimum step size 

2Theta:0.001; Minimum step size Omega:0.001 
 Sample stage=PW3071/xx Bracket 
 Diffractometer system=XPERT-PRO 
 Measurement program=Theta (10-90), Owner=User-1, Creation 

date=1/25/2018 8:59:22 AM 
 0.02 degpermin 46 min 
Measurement Date / Time: 2/16/2022 9:17:56 AM 
Operator: State Univ of Malang 
Raw Data Origin: XRD measurement (*.XRDML) 
Scan Axis: Gonio 
Start Position [°2Th.]: 10.0100 
End Position [°2Th.]: 89.9900 
Step Size [°2Th.]: 0.0200 
Scan Step Time [s]: 0.7000 
Scan Type: Continuous 
Offset [°2Th.]: 0.0000 
Divergence Slit Type: Fixed 
Divergence Slit Size [°]: 0.9570 
Specimen Length [mm]: 10.00 
Receiving Slit Size [mm]: 0.1000 
Measurement Temperature [°C]: 25.00 
Anode Material: Cu 
K-Alpha1 [Å]: 1.54060 
K-Alpha2 [Å]: 1.54443 
K-Beta [Å]: 1.39225 
K-A2 / K-A1 Ratio: 0.50000 
Generator Settings: 30 mA, 40 kV 
Diffractometer Type: 0000000011063758 
Diffractometer Number: 0 
Goniometer Radius [mm]: 240.00 
Dist. Focus-Diverg. Slit [mm]: 91.00 
Incident Beam Monochromator: No 
Spinning: No 
 

Graphics 
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Peak List 
 

Pos.[°2Th.]  Height[cts]  FWHM[°2Th.]  d-spacing[Å]  Rel.Int.[%] 

    25.9275        63.72       0.1181       3.43655        33.14   

    28.9760        34.51       0.1181       3.08156        17.95   

    31.8376       192.27       0.1181       2.81082       100.00   

    32.2388        99.01       0.1574       2.77675        51.50   

    32.9752       107.80       0.1574       2.71641        56.07   

    34.1134        37.65       0.1574       2.62833        19.58   

    39.8834        41.71       0.1574       2.26039        21.69   

    46.7527        42.37       0.2362       1.94304        22.03   

    48.1397        19.97       0.2362       1.89025        10.38   

    49.5277        56.05       0.1574       1.84048        29.15   

    50.5795        24.43       0.2362       1.80464        12.71   

    51.3458        17.51       0.2755       1.77950         9.11   

    52.1575        17.43       0.2362       1.75370         9.07   

    53.2262        26.05       0.2362       1.72098        13.55   

    64.1733        11.72       0.4723       1.45131         6.10   

    77.1319         6.67       0.5760       1.23561         3.47   

 
 

Document History 
 
Insert Measurement: 
- File name = "C187.xrdml" 
- Modification time = "2/16/2022 10:10:15 AM" 
- Modification editor = "State Univ of Malang" 
 
Default properties: 
- Measurement step axis = "None" 
- Internal wavelengths used from anode material: Copper (Cu) 
- Original K-Alpha1 wavelength = "1.54060" 
- Used K-Alpha1 wavelength = "1.54060" 
- Original K-Alpha2 wavelength = "1.54443" 
- Used K-Alpha2 wavelength = "1.54443" 
- Original K-Beta wavelength = "1.39225" 
- Used K-Beta wavelength = "1.39225" 
- Dist. focus to div. slit = "91.00000" 
- Irradiated length = "10.00000" 
- Spinner used = "No" 
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- Linear detector mode = "None" 
- Length linear detector = "2" 
- Step axis value = "0.00000" 
- Offset = "0.00000" 
- Sample length = "10.00000" 
- Modification time = "2/16/2022 10:10:15 AM" 
- Modification editor = "State Univ of Malang" 
 
Search Peaks: 
- Minimum significance = "2.00" 
- Minimum tip width = "0.01" 
- Maximum tip width = "1.00" 
- Peak base width = "2.00" 
- Method = "Top of smoothed peak" 
- Modification time = "4/17/2017 8:55:59 AM" 
- Modification editor = "State Univ of Malang" 
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2.2 Hasil Pengujian XRF 
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2.3 Hasil Pengujian FTIR 
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2/9/2022 2:25:17 PM 

 

75 
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4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500 

F 113          1/cm 

 
 Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area 

1 584.43 19.12 0.202 586.36 563.21 16.332 0.108 

2 621.08 18.221 0.326 626.87 597.93 21.029 0.119 

3 648.08 17.69 0.132 651.94 628.79 17.258 0.054 

4 669.3 17.296 0.186 677.01 651.94 18.979 0.037 

5 761.88 17.128 0.087 765.74 746.45 14.714 0.031 

6 935.48 18.185 0.036 937.4 908.47 21.305 0.013 

7 962.48 17.348 1.172 991.41 950.91 29.857 0.391 

8 1058.92 15.189 0.13 1060.85 999.13 47.562 0.402 

9 1082.07 14.379 0.541 1095.57 1064.71 25.672 0.212 

10 1130.29 13.744 0.264 1134.14 1111 19.634 0.105 

11 1180.44 14.075 0.054 1182.36 1165 14.704 0.023 

12 1197.79 14.059 0.229 1273.02 1192.01 66.454 0.522 

13 1396.46 15.884 0.361 1400.32 1382.96 13.589 0.08 

14 1456.26 14.443 0.758 1465.9 1438.9 22.318 0.254 

15 1600.92 14.231 0.163 1610.56 1577.77 27.643 0.102 

16 1992.47 23.594 0.238 1996.32 1973.18 14.431 0.051 

17 2015.61 22.853 1.128 2034.9 2004.04 19.36 0.256 

18 2247.07 24.843 0.047 2250.93 2227.78 13.963 0.012 

19 2310.72 23.289 0.499 2318.44 2283.72 21.64 0.161 

20 2416.81 22.528 0.065 2418.74 2389.8 18.588 0.011 

21 2758.21 19.541 0.038 2760.14 2733.13 19.034 0.043 

22 2783.28 18.965 0.045 2785.21 2760.14 17.929 0.007 

23 2887.44 17.512 0.119 2889.37 2852.72 27.133 0.298 

24 2951.09 16.218 0.298 2954.95 2922.16 25.146 0.229 

25 2981.95 15.087 0.108 2983.88 2956.87 21.81 0.091 

26 3032.1 14.275 0.182 3034.03 3005.1 24.196 0.05 

27 3128.54 13.08 0.114 3130.47 3115.04 13.513 0.025 

28 3523.95 8.819 0.69 3529.73 3514.3 16.018 0.287 

29 3562.52 7.705 1.784 3566.38 3552.88 14.466 0.63 
 Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area 

1 756.1 24.497 0.126 758.02 725.23 19.708 0.012 

2 1026.13 24.095 0.175 1028.06 991.41 21.653 0.053 

3 1062.78 21.64 0.29 1066.64 1029.99 23.66 0.214 

 
 

Date/Time; 2/9/2022 2:01:52 PM 

No. of Scans; 40 
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2/9/2022 2:44:48 PM 

 

Resolution; 4 [1/cm] 

4 [1/cm] 

4 [1/cm] 

User; Lab Sentral UM 

Lab Sentral UM 

Lab Sentral UM 

Lab Sentral UM 

 

4 1134.14 20.79 0.932 1153.43 1112.93 27.309 0.455 

5 1456.26 21.436 0.853 1465.9 1427.32 25.29 0.232 

6 2015.61 31.199 1.831 2034.9 1996.32 18.915 0.347 

7 2308.79 30.417 0.346 2312.65 2243.21 34.428 0.029 

8 2756.28 24.584 0.045 2758.21 2704.2 32.359 0.026 

9 2881.65 22.139 0.147 2883.58 2852.72 19.695 0.206 

10 2953.02 20.288 0.357 2956.87 2922.16 23.224 0.257 

11 3385.07 11.248 0.544 3394.72 3373.5 19.841 0.176 

12 3425.58 10.153 0.701 3433.29 3414 18.852 0.275 

13 3464.15 9.265 0.121 3466.08 3448.72 17.601 0.036 

14 3485.37 8.284 0.812 3493.09 3473.8 20.325 0.317 

15 3522.02 7.076 1.276 3527.8 3510.45 19.13 0.53 

16 3643.53 7.555 7.197 3649.32 3630.03 19.318 2.715 
 Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area 

1 761.88 32.391 0.142 763.81 725.23 18.447 0.04 

2 812.03 31.633 0.275 848.68 806.25 20.9 0.053 

3 1056.99 29.008 0.498 1066.64 1029.99 19.453 0.206 

4 1083.99 28.697 0.551 1109.07 1074.35 18.691 0.188 

5 1211.3 28.306 0.574 1263.37 1201.65 32.899 0.25 

6 2015.61 34.19 1.4 2034.9 1996.32 17.533 0.219 

7 2308.79 33.871 0.388 2312.65 2274.07 17.661 0.049 

8 2885.51 28.613 2.819 2920.23 2852.72 35.779 1.846 

9 2980.02 25.452 0.216 2981.95 2922.16 33.207 0.397 

10 3645.46 5.274 18.67 3649.32 3630.03 17.705 4.647 
 Peak Intensity Corr. Intensity Base (H) Base (L) Area Corr. Area 

1 682.8 17.544 0.228 723.31 677.01 34.487 0.131 

2 1055.06 15.255 0.179 1056.99 991.41 49.709 0.487 

3 1134.14 15.91 0.601 1155.36 1116.78 30.535 0.368 

4 1317.38 18.511 0.339 1330.88 1301.95 21.053 0.089 

5 1456.26 15.754 1.069 1465.9 1438.9 21.194 0.321 

6 1714.72 16.256 1.044 1753.29 1708.93 32.435 0.431 

7 2015.61 25.439 1.2 2034.9 1998.25 21.325 0.272 

8 2308.79 25.087 0.389 2314.58 2223.92 52.265 0.055 

9 2422.59 24.188 0.13 2426.45 2389.8 22.357 0.019 

10 2461.17 23.58 0.073 2463.1 2428.38 21.586 0.036 

11 2812.21 20.256 0.207 2816.07 2777.5 26.444 0.077 

12 2885.51 19.427 0.317 2889.37 2854.65 24.167 0.303 

13 2947.23 18.338 0.638 2954.95 2922.16 23.449 0.264 

14 2987.74 16.99 0.27 2993.52 2956.87 27.735 0.216 

15 3126.61 15.201 0.296 3134.33 3111.18 18.8 0.096 

16 3147.83 14.949 0.321 3157.47 3136.25 17.43 0.124 

17 3304.06 13.16 0.597 3311.78 3290.56 18.486 0.217 

18 3462.22 11.697 0.4 3468.01 3448.72 17.765 0.164 
 

Comment; 

F 110 

F 111 

F 112 

F 113 

2/9/2022 2:36:07 PM 

40 

40 

40 

4 [1/cm] 

Apodization; Happ-Genzel 

Happ-Genzel 

Happ-Genzel 

Happ-Genzel 
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2.4 Hasil Pengujian SEM 
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Lampiran 3. Hasil Pengujian Statistik 

Lampiran Pengujian Statistik Derajat Kristalinitas 
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Lampiran Pengujian Statistik Ukuran Partikel 
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Lampiran 4. Perhitungan 

Perhitungan bahan yang digunakan dalam hal ini yaitu Alumina (Al2O3), 

Hidroksiapatit (Ca10(PO4)6(OH)2), Air (H2O) dan NaOH. 

1. Pembuatan Sol Kalsium Fosfat 

Sol Kalsium fosfat dibuat dengan mencampurkan 40% hidroksiapatit dan 60% air. 

Dalam perhitungan ini yang digunakan yaitu persen berat (%w/w). sehingga massa 

hidroksiapatit yang digunakan yaitu 40 gram dan massa air yang digunakan yaitu 

60 gram.  

2. pembuatan sol natrium aluminat 

1 M Alumina 

𝑀 =
𝑔

𝑀𝑟
×

1000

𝑉
 

1 =
𝑔

102
×

1000

100
 

𝑔 =
102

10
 

𝑔 = 10,2 

 

2 M NaOH 

𝑀 =
𝑔

𝑀𝑟
×

1000

𝑉
 

2 =
𝑔

40
×

1000

100
 

𝑔 =
80

10
 

𝑔 = 8 

 

3 M H2O 

3 × 18 mL 

54 mL Aquades 

  



139 
 

 
 

3. Perhitungan Massa Dalam Pembuatan Sol Kalsium Fosfat 

 Pembuatan sol kalsium fosfat mengguanakn 40 gram bubuk hidroksiapatit 

dan 60 gram air. Volume kalsium fosfat yang digunakan dalam proses pencampuran 

sol kalsium fosfat dan sol natrium aluminat sebanyak 150 mL sehingga massa 

kalsium fosfat dapat dihitung. 

𝑀𝑎𝑠𝑠𝑎 𝐾𝑎𝑙𝑠𝑖𝑢𝑚 𝑓𝑜𝑠𝑓𝑎𝑡 =
40

100
× 150 = 60 𝑔𝑟𝑎𝑚 

Massa kalsium fosfat yang terdapat dalam 150 mL sol kalsium fosfat yaitu 

sebanyak 60 gram. 

5. Perhitungan Massa Dalam Pembuatan Sol Natrium Aluminat 

 Pembuatan sol natrium aluminat menggunakan perbandingan mol dengan 

reaksi  

Al2O3 + 2NaOH + 3H2O → 2NaAl(OH)4 sehingga massa yang digunakan dalam 

pembuatan larutan yaitu 10,2 gram Al2O3, 8 gram NaOH dan 54 gram air sehingga 

massa natrium aluminat dapat dihitung. 

• Massa Al2O3 dalam 50 mL Sol Natrium Aluminat 

𝑀𝑎𝑠𝑠𝑎 𝐴𝑙2𝑂3 =  
10,2

72,2
× 50 = 7,06 𝑔𝑟𝑎𝑚 

𝑀𝑎𝑠𝑠𝑎 𝑁𝑎𝑂𝐻 =  
8

72,2
× 50 = 5,5 𝑔𝑟𝑎𝑚 

• Massa Al2O3 dalam 100 mL Sol Natrium Aluminat 

𝑀𝑎𝑠𝑠𝑎 𝐴𝑙2𝑂3 =  
10,2

72,2
× 100 = 14,12 𝑔𝑟𝑎𝑚 

𝑀𝑎𝑠𝑠𝑎 𝑁𝑎𝑂𝐻 =  
8

72,2
× 100 = 11 𝑔𝑟𝑎𝑚 

• Massa Al2O3 dalam 150 mL Sol Natrium Aluminat 

𝑀𝑎𝑠𝑠𝑎 𝐴𝑙2𝑂3 =  
10,2

72,2
× 150 = 21,19 𝑔𝑟𝑎𝑚 

𝑀𝑎𝑠𝑠𝑎 𝑁𝑎𝑂𝐻 =  
8

72,2
× 150 = 16,6 𝑔𝑟𝑎𝑚 

• Massa Al2O3 dalam 200 mL Sol Natrium Aluminat 

𝑀𝑎𝑠𝑠𝑎 𝐴𝑙2𝑂3 =  
10,2

72,2
× 200 = 28,25 𝑔𝑟𝑎𝑚 

𝑀𝑎𝑠𝑠𝑎 𝑁𝑎𝑂𝐻 =  
8

72,2
× 200 = 22,16 𝑔𝑟𝑎𝑚 
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• Massa Al2O3 dalam 250 mL Sol Natrium Aluminat 

𝑀𝑎𝑠𝑠𝑎 𝐴𝑙2𝑂3 =  
10,2

72,2
× 250 = 35,31 𝑔𝑟𝑎𝑚 

𝑀𝑎𝑠𝑠𝑎 𝑁𝑎𝑂𝐻 =  
8

72,2
× 250 = 27,7 𝑔𝑟𝑎𝑚 

• Massa Al2O3 dalam 300 mL Sol Natrium Aluminat 

𝑀𝑎𝑠𝑠𝑎 𝐴𝑙2𝑂3 =  
10,2

72,2
× 300 = 42,38 𝑔𝑟𝑎𝑚 

𝑀𝑎𝑠𝑠𝑎 𝑁𝑎𝑂𝐻 =  
8

72,2
× 300 = 33,24 𝑔𝑟𝑎𝑚 

 

6. Perhitungan Perbandingan Mol Ca-Al-P-O 

a. Perhitungan pada komposisi K0 

• Mol Ca 

𝑚 𝐻𝑎×𝐴𝑟 𝐶𝑎

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×40

60×502
→

2400

30120
→ 0,08 × 100 = 8 𝑚𝑜𝑙. 

• Mol P 

𝑚 𝐻𝑎×𝐴𝑟 𝑃

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×31

60×502
→

1860

30120
→ 0,06 × 100 = 6 𝑚𝑜𝑙. 

• Mol Al 

𝑚 𝐴𝑙2𝑂3×𝐴𝑟 𝐴𝑙

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

0×27

60×622
→

0

37320
→ 0 × 100 = 0 𝑚𝑜𝑙. 

• Mol O 

(𝑚 𝐻𝑎+𝐴𝑙2𝑂3)×𝐴𝑟 𝑂

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

60×27

60×622
→

1620

37320
→ 0,04 × 100 = 4 𝑚𝑜𝑙. 

b. Perhitungan pada komposisi K1 

• Mol Ca 

𝑚 𝐻𝑎×𝐴𝑟 𝐶𝑎

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×40

60×502
→

2400

30120
→ 0,08 × 100 = 8 𝑚𝑜𝑙. 

• Mol P 

𝑚 𝐻𝑎×𝐴𝑟 𝑃

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×31

60×502
→

1860

30120
→ 0,06 × 100 = 6 𝑚𝑜𝑙. 

• Mol Al 

𝑚 𝐴𝑙2𝑂3×𝐴𝑟 𝐴𝑙

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

7,06×27

67,06×622
→

190,62

41711,32
→ 0,005 × 100 = 0,5 𝑚𝑜𝑙. 

• Mol O 
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(𝑚 𝐻𝑎+𝐴𝑙2𝑂3)×𝐴𝑟 𝑂

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

67,06×16

67,06×622
→

1072,96

41711,32
→ 0,025 × 100 = 2,5 𝑚𝑜𝑙. 

c. Perhitungan pada komposisi K2 

• Mol Ca 

𝑚 𝐻𝑎×𝐴𝑟 𝐶𝑎

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×40

60×502
→

2400

30120
→ 0,08 × 100 = 8 𝑚𝑜𝑙. 

• Mol P 

𝑚 𝐻𝑎×𝐴𝑟 𝑃

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×31

60×502
→

1860

30120
→ 0,06 × 100 = 6 𝑚𝑜𝑙. 

• Mol Al 

𝑚 𝐴𝑙2𝑂3×𝐴𝑟 𝐴𝑙

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

14,12×27

74,12×622
→

381,24

46102,64
→ 0,008 × 100 = 0,8 𝑚𝑜𝑙. 

• Mol O 

(𝑚 𝐻𝑎+𝐴𝑙2𝑂3)×𝐴𝑟 𝑂

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

74,12×16

74,12×622
→

1810,62

46102,64
→ 0,04 × 100 = 4 𝑚𝑜𝑙. 

d. Perhitungan pada komposisi K3 

• Mol Ca 

𝑚 𝐻𝑎×𝐴𝑟 𝐶𝑎

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×40

60×502
→

2400

30120
→ 0,08 × 100 = 8 𝑚𝑜𝑙. 

• Mol P 

𝑚 𝐻𝑎×𝐴𝑟 𝑃

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×31

60×502
→

1860

30120
→ 0,06 × 100 = 6 𝑚𝑜𝑙. 

• Mol Al 

𝑚 𝐴𝑙2𝑂3×𝐴𝑟 𝐴𝑙

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

21,19×27

81,19×622
→

572,13

50500,18
→ 0,01 × 100 = 1 𝑚𝑜𝑙. 

• Mol O 

(𝑚 𝐻𝑎+𝐴𝑙2𝑂3)×𝐴𝑟 𝑂

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

81,19×16

81,19×622
→

1299,04

50500,18
→ 0,025 × 100 = 2,5 𝑚𝑜𝑙. 

e. Perhitungan pada komposisi K4 

• Mol Ca 

𝑚 𝐻𝑎×𝐴𝑟 𝐶𝑎

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×40

60×502
→

2400

30120
→ 0,08 × 100 = 8 𝑚𝑜𝑙. 

• Mol P 

𝑚 𝐻𝑎×𝐴𝑟 𝑃

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×31

60×502
→

1860

30120
→ 0,06 × 100 = 6 𝑚𝑜𝑙. 

• Mol Al 

𝑚 𝐴𝑙2𝑂3×𝐴𝑟 𝐴𝑙

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

28,25×27

88,25×622
→

762,75

54891,5
→ 0,014 × 100 = 1,4 𝑚𝑜𝑙. 

• Mol O 
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(𝑚 𝐻𝑎+𝐴𝑙2𝑂3)×𝐴𝑟 𝑂

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

88,25×16

88,25×622
→

1412

50500,18
→ 0,028 × 100 = 2,8 𝑚𝑜𝑙. 

f. Perhitungan pada komposisi K5 

• Mol Ca 

𝑚 𝐻𝑎×𝐴𝑟 𝐶𝑎

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×40

60×502
→

2400

30120
→ 0,08 × 100 = 8 𝑚𝑜𝑙. 

• Mol P 

𝑚 𝐻𝑎×𝐴𝑟 𝑃

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×31

60×502
→

1860

30120
→ 0,06 × 100 = 6 𝑚𝑜𝑙. 

• Mol Al 

𝑚 𝐴𝑙2𝑂3×𝐴𝑟 𝐴𝑙

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

35,31×27

95,31×622
→

953,37

59282,82
→ 0,016 × 100 = 1,6 𝑚𝑜𝑙. 

• Mol O 

(𝑚 𝐻𝑎+𝐴𝑙2𝑂3)×𝐴𝑟 𝑂

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

95,31×16

95,31×622
→

1524,96

59282,82
→ 0,025 × 100 = 2,5 𝑚𝑜𝑙. 

g. Perhitungan pada komposisi K6 

• Mol Ca 

𝑚 𝐻𝑎×𝐴𝑟 𝐶𝑎

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×40

60×502
→

2400

30120
→ 0,08 × 100 = 8 𝑚𝑜𝑙. 

• Mol P 

𝑚 𝐻𝑎×𝐴𝑟 𝑃

𝑚 𝑇𝑜𝑡𝑎𝑙×𝑀𝑟 𝐻𝑎
→ 

60×31

60×502
→

1860

30120
→ 0,06 × 100 = 6 𝑚𝑜𝑙. 

• Mol Al 

𝑚 𝐴𝑙2𝑂3×𝐴𝑟 𝐴𝑙

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

42,38×27

102,38×622
→

1144,26

61428
→ 0,018 × 100 = 1,8 𝑚𝑜𝑙. 

• Mol O 

(𝑚 𝐻𝑎+𝐴𝑙2𝑂3)×𝐴𝑟 𝑂

𝑚 𝑇𝑜𝑡𝑎𝑙×(𝑀𝑟 𝐻𝑎+ 𝐴𝑙2𝑂3)
→ 

102,38×16

102,38×622
→

1638,08

61428
→ 0,026 × 100 = 2,6 𝑚𝑜𝑙. 

 

7. Perhitungan %w/w 

a. Komposisi K0 

• Komposisi Ca dalam perhitungan : 
𝑀 𝐶𝑎

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

8

18
× 100 → 44,44% 

• Komposisi P dalam perhitungan : 
𝑀 𝑃

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

6

18
× 100 → 33,33% 

• Komposisi Al dalam perhitungan : 
𝑀 𝐴𝑙

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

0

18
× 100 → 0% 

• Komposisi O dalam perhitungan : 
𝑀 𝑂

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

4

18
× 100 → 22,22% 

a. Komposisi K1 
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• Komposisi Ca dalam perhitungan : 
𝑀 𝐶𝑎

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

8

17
× 100 → 47,05% 

• Komposisi P dalam perhitungan : 
𝑀 𝑃

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

6

17
× 100 → 35,29% 

• Komposisi Al dalam perhitungan : 
𝑀 𝐴𝑙

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

0,5

17
× 100 → 2,94% 

• Komposisi O dalam perhitungan : 
𝑀 𝑂

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

2,5

18
× 100 → 14,7% 

c. Komposisi K2 

• Komposisi Ca dalam perhitungan : 
𝑀 𝐶𝑎

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

8

18,8
× 100 → 42,55% 

• Komposisi P dalam perhitungan : 
𝑀 𝑃

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

6

18,8
× 100 → 31,91% 

• Komposisi Al dalam perhitungan : 
𝑀 𝐴𝑙

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

0,8

18,8
× 100 → 4,25% 

• Komposisi O dalam perhitungan : 
𝑀 𝑂

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

4

18,8
× 100 → 21,27% 

d. Komposisi K3 

• Komposisi Ca dalam perhitungan : 
𝑀 𝐶𝑎

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

8

17,5
× 100 → 45,71% 

• Komposisi P dalam perhitungan : 
𝑀 𝑃

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

6

17,5
× 100 → 34,28% 

• Komposisi Al dalam perhitungan : 
𝑀 𝐴𝑙

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

1

17,5
× 100 → 5,7% 

• Komposisi O dalam perhitungan : 
𝑀 𝑂

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

2,5

17,5
× 100 → 14,28 

e. Komposisi K4 

• Komposisi Ca dalam perhitungan : 
𝑀 𝐶𝑎

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

8

18,2
× 100 → 43,95% 

• Komposisi P dalam perhitungan : 
𝑀 𝑃

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

6

18,2
× 100 → 32,96% 

• Komposisi Al dalam perhitungan : 
𝑀 𝐴𝑙

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

1,4

18,2
× 100 → 7,69% 

• Komposisi O dalam perhitungan : 
𝑀 𝑂

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

2,8

18,2
× 100 → 15,38% 

e. Komposisi K5 

• Komposisi Ca dalam perhitungan : 
𝑀 𝐶𝑎

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

8

18,1
× 100 → 44,19% 

• Komposisi P dalam perhitungan : 
𝑀 𝑃

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

6

18,1
× 100 → 33,14% 

• Komposisi Al dalam perhitungan : 
𝑀 𝐴𝑙

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

1,6

18,1
× 100 → 8,83% 

• Komposisi O dalam perhitungan : 
𝑀 𝑂

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

2,5

18,2
× 100 → 13,81% 

e. Komposisi K6 
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• Komposisi Ca dalam perhitungan : 
𝑀 𝐶𝑎

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

8

18,4
× 100 → 43,47% 

• Komposisi P dalam perhitungan : 
𝑀 𝑃

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

6

18,4
× 100 → 32,6% 

• Komposisi Al dalam perhitungan : 
𝑀 𝐴𝑙

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

1,4

18,4
× 100 → 7,6% 

• Komposisi O dalam perhitungan : 
𝑀 𝑂

𝑀 𝑇𝑜𝑡𝑎𝑙
× 100 →

2,8

18,4
× 100 → 15,21% 

 

8. Perhitungan derajat kristalinitas 

a. K0T0 

 

b. K0T1 

 

c. K0T2 
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d. K0T3 

 

e. K0T4 
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f. K3T0 

 

g. K3T1 

 

h. K3T2 
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i. K3T3 

 

j. K3T4 
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9. Perhitungan Porositas 
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10. Perhitungan Ukuran Partikel 

a. K0T0 
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b. K0T2 
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c. K3T0 

 



154 
 

 
 

 

 

 



155 
 

 
 

 

  



156 
 

 
 

d. K3T2 
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