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Lampiran 1. Perhitungan Massa CaO dan Volume H3PO4 85% Sintesis HAp. 

Diketahui 

Molaritas (M) Rasio Ca:P = 10:6 = 2,222:1,333 = 1,67 Dalam 100 mL Akuabides 

Menghitung Massa CaO 

Molaritas Kalsium (MCaO) = 
𝑚𝑜𝑙 𝐶𝑎𝑂

𝐿
 

𝑚𝑜𝑙 CaO = 2,222 × 0,1 = 0,2222 𝑚𝑜𝑙 

Massa (mCaO) = 0,2222 𝑚𝑜𝑙 × 56,08 𝑔 / 𝑚𝑜𝑙 = 12,46 𝑔 CaO dicampurkan ke 

dalam 100 mL akuabides. 

Menghitung Volume H3PO4 85% 

Molaritas Fosfat (MH3PO4) = 
𝑚𝑜𝑙 𝐻3𝑃𝑂4

𝐿
 

𝑚𝑜𝑙 H3PO4 = 1,333 × 0,1 = 0,1333 𝑚𝑜𝑙 

Massa (mH3PO4) = 0,1333 𝑚𝑜𝑙 × 98 𝑔 / 𝑚𝑜𝑙 = 13,06 𝑔 H3PO4 murni 

Massa (mH3PO4 85%) = 
13,06

85
× 100 = 15,36 𝑔 𝐻3𝑃𝑂4 85% 

Volume H3PO4 85% = 
15,36 𝑔

1,685 𝑔/𝑚𝐿
= 9,12 𝑚𝐿 H3PO4 85% dilarutkan dengan 

akuabides sampai volume larutannya mencapai 100 mL. 
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Lampiran 2. Perhitungan Nilai d-spacing. 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
 

Keterangan: 𝜆 = 1,5406 Å); 𝑛 =1 

𝟐𝜽(°) 𝜽(°) 𝜽 (rad) d-spacing  (Å) 

25,283 12,6415 0,220635 3,5197 

28,111 14,0555 0,245314 3,1717 

28,948 14,474 0,252618 3,0819 

31,668 15,834 0,276355 2,8231 

32,172 16,086 0,280753 2,7800 

32,800 16,4 0,286233 2,7282 

39,183 19,5915 0,341936 2,2972 

43,787 21,8935 0,382113 2,0658 

44,291 22,1455 0,386511 2,0434 

46,66 23,33 0,407185 1,9450 

48,863 24,4315 0,426410 1,8624 

 

Peak 1 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,220635
= 3,5197 Å  

Peak 2 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,245314
= 3,1717 Å  

Peak 3 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,252618
= 3,0819 Å  

Peak 4 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,276355
= 2,8231 Å  

Peak 5 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,280753
= 2,7800 Å  
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Peak 6 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,286233
= 2,7282 Å  

Peak 7 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,341936
= 2,2972 Å  

Peak 8 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,382113
= 2,0658 Å  

Peak 9 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,386511
= 2,0434 Å  

Peak 10 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,407185
= 1,9450 Å  

Peak 11 

𝑑𝑠𝑝𝑎𝑐𝑖𝑛𝑔 =
𝑛𝜆

2 sin 𝜃
=

1,5406

2 sin 0,426410
= 1,8624 Å  
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Lampiran 3. Perhitungan Ukuran Kristal Hidroksiapatit Batu Kapur. 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 

Keterangan: D = Ukuran kristal (nm); K = Konstanta Scherrer (0,94); 𝜆 = Panjang 

gelombang sinar-X (Cu Kα=1,5406 Å); 𝛽 = Lebar puncak setengah tinggi atau Full 

Width Half Maximum (radian); 𝜃 = Posisi sudut dari puncak difraksi (rad). 

hkl 𝜽 (rad) 𝑭𝑾𝑯𝑴 (°) 𝑭𝑾𝑯𝑴 (𝒓𝒂𝒅) D (nm) 
Rerata Ukuran 

Kristal (nm) 

201 0,220635 1,00692 0,017574 8,45 

8,70 

102 0,245314 1,00701 0,017575 8,49 

210 0,252618 1,00689 0,017573 8,51 

211 0,276355 1,00689 0,017573 8,57 

112 0,280753 1,00689 0,017573 8,58 

300 0,286233 1,00689 0,017573 8,59 

212 0,341936 1,00691 0,017573 8,75 

113 0,382113 1,00708 0,017576 8,88 

400 0,386511 1,007 0,017575 8,90 

222 0,407185 1,00703 0,017575 8,97 

320 0,426410 1,0069 0,017573 9,05 

 

Peak 1 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017574 cos 0,220635
= 8,445 𝑛𝑚  

Peak 2 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017575 cos 0,245314
= 8,494 𝑛𝑚  

Peak 3 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017573 cos 0,252618
= 8,510 𝑛𝑚  

Peak 4 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017573 cos 0,276355
= 8,565 𝑛𝑚 
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Peak 5 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017573 cos 0,280753
= 8,576 𝑛𝑚  

Peak 6 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017573 cos 0,286233
= 8,590 𝑛𝑚  

Peak 7 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017573 cos 0,341936
= 8,747 𝑛𝑚  

Peak 8 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017576 cos 0,382113
= 8,879 𝑛𝑚  

Peak 9 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017575 cos 0,386511
= 8,896 𝑛𝑚  

Peak 10 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017575 cos 0,407185
= 8,973 𝑛𝑚  

Peak 11 

𝐷 =
𝐾𝜆

𝛽 cos 𝜃
 =

0,94×0,15406

0,017573 cos 0,426410
= 9,051 𝑛𝑚  
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Lampiran 4. Perhitungan Persentase Kristalinitas Ca10(PO4)6(OH)2. 

Dalam menentukan persentase kristalinitas HAp, digunakan metode Landi. 

Menurut hasil penelitian oleh Landi et al. (2000), pola difraksi HAp mengandung 

fase kristal dan amorf, sehingga dalam menghitung persentase kristalnya 

dibutuhkan pemisahan puncak kristal dan latar belakang amorf seperti ditunjukkan 

pada persamaan berikut. 

𝑋𝑐 =
𝐹𝑟𝑎𝑘𝑠𝑖 𝐿𝑢𝑎𝑠 𝐾𝑟𝑖𝑠𝑡𝑎𝑙

𝐹𝑟𝑎𝑘𝑠𝑖 𝐿𝑢𝑎𝑠 𝐾𝑟𝑖𝑠𝑡𝑎𝑙+𝐿𝑢𝑎𝑠 𝐴𝑚𝑜𝑟𝑓
× 100%  

𝐷𝑖𝑘𝑒𝑡𝑎ℎ𝑢𝑖:  

𝟐𝜽(°) 𝑭𝑾𝑯𝑴 (°) Height h k l 

25,283 1,00692 4684,56463 2 0 1 

28,111 1,00701 2899,2026 1 0 2 

28,948 1,00689 1925,82338 2 1 0 

31,668 1,00689 7837,37264 2 1 1 

32,172 1,00689 5238,62939 1 1 2 

32,800 1,00689 5645,45244 3 0 0 

39,183 1,00691 295,27751 2 1 2 

43,787 1,00708 1001,68788 1 1 3 

44,291 1,007 977,96261 4 0 0 

46,66 1,00703 2702,27818 2 2 2 

48,863 1,0069 2689,63974 3 2 0 

 

Maka,  

𝐹𝑟𝑎𝑘𝑠𝑖 𝐿𝑢𝑎𝑠 𝐾𝑟𝑖𝑠𝑡𝑎𝑙 = 1,00689 ×  7837,37264 = 7891,372  

𝐹𝑟𝑎𝑘𝑠𝑖 𝐿𝑢𝑎𝑠 𝐾𝑟𝑖𝑠𝑡𝑎𝑙 = 1,00689 ×  5238,62939 = 5274,723  

𝐹𝑟𝑎𝑘𝑠𝑖 𝐿𝑢𝑎𝑠 𝐴𝑚𝑜𝑟𝑓 = 1,00708 ×  1001,68788 = 1008,779  

𝑋𝑐 =
7891,372+5274,723

(7891,372+5274,723)+1008,779
× 100%  

𝑋𝑐 = 92,88 %  
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Lampiran 5. Perhitungan Parameter Kisi Hidroksiapatit Kristal Heksagonal. 

Sin 2𝜃 = 
𝜆2

3
=

ℎ2+ℎ𝑘+𝑘2

𝑎2 +
𝜆2

4𝑐2 𝑙2 

𝜆 = 1,5406 Å  

𝟐𝜽(°) 𝜽(°) h k l 𝜽 (rad) 𝑺𝒊𝒏𝟐𝜽 (rad) 

25,283 12,6415 2 0 1 0,220635 0,047895345 

28,111 14,0555 1 0 2 0,245314 0,058981789 

28,948 14,474 2 1 0 0,252618 0,062470327 

31,668 15,834 2 1 1 0,276355 0,074447772 

32,172 16,086 1 1 2 0,280753 0,076773261 

32,800 16,4 3 0 0 0,286233 0,079716698 

39,183 19,5915 2 1 2 0,341936 0,112434009 

43,787 21,8935 1 1 3 0,382113 0,139041374 

44,291 22,1455 4 0 0 0,386511 0,142098784 

46,66 23,33 2 2 2 0,407185 0,156836867 

48,863 24,4315 3 2 0 0,426410 0,171069131 

 

A. Parameter Kisi a [3 0 0] 

 0,079716 =
(1,5406 10−10)

2

3

32+3.0+02

𝑎2 +
(1,5406 10−10)

2

4𝑐2 02
 

0,079716 =
(1,5406 10−10)

2

3

9

𝑎2  

0,079716 = 9 × 7,9115 × 10−21 = 7,1203 × 10−20
  

0,079716 =
7,1203×10−20

𝑎2   

𝑎2 =
7,1203×10−20

0,079716
  

𝑎2 =
7,1203×10−20

0,079716
  

𝑎2 = 8.9321 × 10−19  

𝑎 = √8,9321 × 10−19 = 9,45 × 10−10  

𝑎 = 9,45 Å  
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B. Parameter Kisi c [2 2 2] 

0,156836 =
(1,5406 10−10)

2

3

22+2.2+22

(9,45×10−10)
2 +

(1,5406 10−10)
2

4𝑐2 22
  

0,156836 =
2,3734×10−20

3

22+2.2+22

8,93×10−19 +
(1,5406 10−10)

2

4𝑐2 22
  

0,156836 = 7,9113 × 10−21 × 1,344 × 1019 +
(1,5406 10−10)

2

4𝑐2 22
  

0,156836 = 0,1063 +
2,3734×10−20

4𝑐2 4  

0,156836 = 0,1063 +
2,3734×10−20

𝑐2   

0,156836 − 0,1063 =
2,3734×10−20

𝑐2   

0,050536 =
2,3734×10−20

𝑐2   

𝑐2 =
2,3734×10−20

0,050536
  

𝑐2 = 4,698 × 10−19  

𝑐 = √4,698 × 10−19 = 6,85 × 10−10  

𝑐 = 6,85 Å  
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Lampiran 6. Database JCPDS-090432 Hidroksiapatit, JCPDS-050453 CaCO3, 

dan JCPDS-350108 Apatit Karbonat Type A (Sirait & Aulia, 2021). 
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 Lampiran 7. Hasil Uji XRF. 
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Lampiran 8. Hasil Uji XRD. 
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Lampiran 9. Hasil Uji SEM. 
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Lampiran 10. Hasil Uji FTIR. 
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Lampiran 11. Publikasi Artikel Jurnal Indonesia Physical Review (IPR) 
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Lampiran 12. Dokumentasi Pelaksanaan Penelitian. 

   
Batu Kapur Bukit Jimbaran Pembersihan Batu Kapur Batu Kapur Dipotong Kecil 

   
Penggerusan Batu Kapur Pencucian Serbuk Kapur Pengeringan Serbuk 

   
Pengayakan Serbuk Sampel Siap Uji Awal Kalsinasi Serbuk CaCO3 

   
Massa Serbuk CaO Campuran H2O dan CaO Ca(OH)2 ditambah H3PO4 

   
pH Dijaga NH4OH Suhu Dijaga 60℃ pH Campuram Tepat 10 

   
Pengendapan Campuran Pencucian HAp Penyaringan HAp 

   
Pengeringan HAp Sintering HAp Karakterisasi HAp 
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