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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

mol Ca0

Molaritas Kalsium (MCaO) =

mol CaO = 2,222 x 0,1 = 0,2222 mol
Massa (mCaO) = 0,2222 mol x 56,08 g / mol = 12,46 g CaO dicampurkan ke
dalam 100 mL akuabides.

Menghitung Volume H3PO4 85%

Molaritas Fosfat (MH3PO4) = mol H3PO,

mol H3PO4= 1,333 X 0,1 = 0,1333 mol

Massa (mH3PO4) = 0,1333 mol x 98 g / mol = 13,06 g H;PO4 murni

Massa (mH3PO4 85%) = % x 100 = 15,36 g H3PO, 85%

15,36 g

0 = —
Volume H3POs 85% e

= 9,12 mL H3POs4 85% dilarutkan dengan

akuabides sampai volume larutannya mencapai 100 mL.



Lampiran 2. Perhitungan Nilai d-spacing.

nAi

dspacing = 25in 6

Keterangan: 1 = 1,5406 A); n =1

Peak 1

dspacing =

Peak 2

dspacing =

Peak 3

dspacing =

Peak 4

dspacing =

Peak 5

dspacing =

20(°) 0(° 0 (rad) d-spacing (A)
25283 | 12,6415 | 0,220635 3,5197
28,111 | 14,0555 | 0,245314 3,1717
28,948 | 14,474 | 0252618 3,0819
31,668 | 15834 | 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
44291 | 22,1455 | 0,386511 2,0434
46,66 23,33 0,407185 1,9450
48,863 | 244315 | 0,426410 1,8624
ni 1,5406
2sin@  2sin0,220635 3,5197 A
n-/'l - -1,5406 N 3,1717A
2sin@ 2sin0,245314
nd_ o e oo
2sin@ 2sin0,252618
nd__ 15406 _ 589314
2sin@ 2sin0,276355
ni 1,5406 27800 A

2sin®

25sin0,280753
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Peak 6

dspacing =

Peak 7

dspacing -

Peak 8

dspacing =

Peak 9

dspacing -

Peak 10

dspacing =

Peak 11

dspacing -

nA _ 1,5406
2sin® ~ 25sin0,286233
nA 15406
2sin® ~ 25sin0,341936

nA _ 1,5406
2sin® ~ 25sin0,382113
nA 15406
2sin®  25sin0,386511
nA _ 1,5406
2sin®  2sin0,407185
nA 15406
2sin®  2sin0,426410

=2,7282 A

=272972 A

= 2,0658 A

=2,0434 A

= 1,9450 A

=1,8624 A

55



Lampiran 3. Perhitungan Ukuran Kristal Hidroksiapatit Batu Kapur.

D K2
~ Bcosb

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

gelombang sinar-X (Cu Ko=1,5406 A); B = Lebar puncak setengah tinggi atau Full

Width Half Maximum (radian); 8 = Posisi sudut dari puncak difraksi (rad).

hkl | 6 (rad) | FWHM (°) | FWHM (rad) | D (nm) Rﬁrﬁg"{‘a&’a“n‘;‘;‘”
201 | 0,220635 | 1,00692 0,017574 8,45

102 10245314 | 1,00701 0,017575 8,49

210 | 0252618 | 1,00689 0,017573 8,51

211 10276355 | 1,00689 0,017573 8,57

112 10280753 | 1,00689 0,017573 8,58

300 | 0286233 | 1,00689 0,017573 8,59 8,70
212 10341936 | 1,00691 0,017573 8,75

113 10382113 | 1,00708 0,017576 8,88

400 | 0386511 1,007 0,017575 8,90

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

320 | 0.426410 |  1,0069 0,017573 9,05

Peak 1
KA 0,94x0,15406 L 8,4‘45 -

" Bcos®  0,017574c0s0,220635

Peak 2

KA

0,94x0,15406

" Bcos®  0,017575c0s0,245314

Peak 3

KA 0,94%0,15406

" Bcosf  0,017573 cos0,252618

Peak 4

KA 0,94%0,15406

" Bcos®  0,017573 cos 0,276355

= 8,494 nm

= 8,510 nm

= 8,565 nm




Peak 5

KA 0,94x0,15406

" Bcosf  0,017573 cos0,280753
Peak 6

KA 0,94x0,15406

" Bcos®  0,017573 cos 0,286233
Peak 7

KA 0,94%0,15406

" Bcosf  0,017573 cos0,341936
Peak 8

KA 0,94x0,15406

" Bcos@®  0,017576 cos0,382113
Peak 9

KA 0,94%0,15406

" Bcosf  0,017575cos 0,386511
Peak 10

KA 0,94x0,15406

" Bcosf  0,017575 cos 0,407185
Peak 11

KA 0,94X0,15406

- L cos@ -

0,017573 cos 0,426410

= 8,576 nm

= 8,590 nm

= 8,747 nm

= 8,879 nm

= 8,896 nm

= 8,973 nm

=9,051 nm
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Lampiran 4. Perhitungan Persentase Kristalinitas Caio(PO4)s(OH)a.

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.

Fraksi Luas Kristal

c= , - X 100%
Fraksi Luas Kristal+Luas Amorf
Diketahui:
20(°) FWHM (°) Height h k 1
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
44291 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 x 7837,37264 = 7891,372
Fraksi Luas Kristal = 1,00689 x 5238,62939 = 5274,723

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

_ 7891,372+5274,723
¢ (7891,372+5274,723)+1008,779

X 100%

X, = 92,88 %



Lampiran 5. Perhitungan Parameter Kisi Hidroksiapatit Kristal Heksagonal.

Sin 29 =1 = MIHhkHkE | 4 )
3 a 4c

A =1,5406 A
20(°) 0(°) hkl 0 (rad) Sin?0 (rad)
25,283 12,6415 201 0,220635 0,047895345
28.111 14,0555 102 0,245314 0,058981789
28,948 14,474 210 0,252618 0,062470327
31,668 15,834 211 0,276355 0,074447772
32,172 16,086 112 0,280753 0,076773261
32,800 16,4 300 0,286233 0,079716698
39,183 19,5915 212 0,341936 0,112434009
43,787 21,8935 113 0,382113 0,139041374
44,291 22,1455 400 0,386511 0,142098784
46,66 23,33 222 0,407185 0,156836867
48,863 24,4315 320 0,426410 0,171069131

A. Parameter Kisi a [3 0 0]

1042 42 2 A ¢
0,079716 = L0020 ) 3 £3.K0 +(1,540;120 ) 2

-10,2
0,079716 = 12X ) 5

3 a’
0,079716 = 9 x 7,9115 x 10?1 = 7,1203 x 1072°

—20
0,079716 = —7'1203:;10

a? = 7,1203x1072°
~0,079716

2 _ 7,1203x10720
T 0,079716

a

a? =8.9321x 1071°

a =+/89321 x 10~1% = 9,45 x 10710

o

a=945A



B. Parameter Kisi c [2 2 2]

2 2
1,540610710)" 22422422 1,5406 1010
0,156836 = L222010 ) o (L540610 ) 52
(9,45%x10710y 4c
2
—20 52 2 -10
2,3734x10720 2242242 1,5406 10
0,156836 = 244 0 ) o2
3 8,93x10 4c

2
4 (15406 10710y
4c?

0,156836 = 7,9113 x 1072 x 1,344 x 10*° 22

—-20
0,156836 = 0,1063 + %4
C

-20
0,156836 = 0,1063 + 20—

-20
0,156836 — 0,1063 = %

—20
0,050536 = —2'3734le°

2 2,3734x10720
0,050536

= 4,698 x 1071°

a
|

¢ =+/4,698 x 10719 = 6,85 x 1071°

c=685A
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Lampiran 6. Database JCPDS-090432 Hidroksiapatit, JCPDS-050453 CaCOs3,

dan JCPDS-350108 Apatit Karbonat Type A (Sirait & Aulia, 2021).

14 PDF # 090432, Wavelongth - 1,54056 ()

090430 Qualiy| CHPOR0H)

CAS Numbe: 106065 Calcium Prosphate Hydiowide

Moloowar Weight 5020 Ref de'Wallf, P., Techrisch Physische Dienct, Delft, The Nethedands, ICOD Grantrdid

Yeume LD} 52380 .

D« 3155 Drc 3080 i

5.6 PEym(176) E =

Cell Patamelzrs, ®

addg b ¢ 6.964 2 Q

vt 3 I NI,

SE’FDHFB%E‘U‘I%EE] | ] | ‘ |‘.|I |‘|” |I.|||.|I. A

/lcar: T T ] ] f

Rad Cukal 0 15 0 45 0 R

Lambdz 1.54056 , ) ,

Fillr 3 o hk 1|2 o hkI[]|3 i hk |

dp: DebyeScherer 080 12 100(86 8113|044 4510

Mineral Name: BB B 1071 [M3% 2 400 |M07 13304

Hydrowylapaite, sin B 411060 6 2073|6407 13323
N819 W0 200|871 30227 (@01 9511
290 10 1171 (8103 16 312|653/ 4422
BB 2200 (8B B I20|MME 4 413
581 40 002 (49465 40 271 F|BI6% 3 512
BIXZ 12102 |5904% 20 321|765 5 431
B% 18 210|528 12 41 0|7es 5 404
Wm0 210 (210 B 402 |2% 4520
1% 60 11 2(818 2004|7220 4205
P90 B0 300 |40 4 1DL|TSE T 423
Mo X 202(®B w2l |m02 3324
hag B30 |EIAR B AIVI|{m™ON 3602
Baw g 212(WOM 450V |ME 9215
981/ 0 310 (M¥9B B 420 |BI 1 432
04 2 2271 |64Y B 33 N|TI O 11 513
0310 311 [FER 021 4|B2T 9522
238 4302|680 12507
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4 PCPDFWIN - [PDF # 050453, Wavelength = 15405 ()]

@ rortunber Seach Pk Vew DetaConversin Window Cear Hep

050453 [Deleted) CaC03

CAS Nurber 14791732 Caloim Carboniale ,

Mokoda et 10103 Rek: Swanson, Fuyat, Nal Bur. Stand. (U5 Cie 539,3,53 (1954

Volmel(D} 22695 .

Dk 2931 D 2947 -

56 Pren 2 =z

" Cel Parameters: c &

3 4959 b 798 ¢ 5741 TE b

[ i y E«.; e

S5O FR23 01815 : Ll L

|Acar T T T

Rad: Cukal 0 15 30 45 60 15 X

Lambds: 15406 , _ .

Fier i 3 of hk1|d wf hkI{3d nf hkl

dop A0 2 110(6%0 65 221(66M 5312

Mireral Name 629 100 111438 2 0471(665 3330

Aragorie, yn AW R 021|445 B 202(815 3242
NWH 40020/ B 132(@Mm0 3114
RI® 121588 4 141(0W 2060
BE 6012544 B 113 6332
B4 B 200(% 15231(%88 7400
P/ W 031|RNE 3 222(ME 5134
W B 11250 4 311(NE 6 062
B9 N 130(8027 2051(|@78 5153
B 6 02261840 4 241(RM 6162
A28 N 211(R% 3321821 3421
N6 B 220(8M 5151
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350160 Quality:

CAS Number:

|Molecular Weight: 103064
[Volume(CD} 124862

(IS Dm

Cal0(PO4BLCO3
Calcium Phosphate Carbonate
Ref Elliott, J. et al,J. Appl Crystallogr.. 13, 618 [1580)

S.G..Pa[7)

Cell Parametets:

2 9529 b 1910 ¢ 6860
i p 8997 ¢

SS/FOM: F27=30.095.113)
| Aot

Rad Cuka

Lambda: 1.5418

Filer:

d-sp; diffractometes

|
i
vt
B \ |
b
"" | |1‘l||| ‘
] ] ]
0 10 20 30
A 4 hk || 3 i h k|
1072 1M 110|%92 B 002
12929 1001 |%6847 a 231
16614 5130|2855 17 3110
18,598 1 040 |29682 0 3210
19%3 10 210(|28%8 20 250
21.528 2731|2050 10 061
22691 7041|058 100 330
23376 ha 211|224 0202
25144 3150 |325% 8 212

32835
1397
HMe
35509
36.370
37963
36688
3930
39793

3979

al

it

19
10
1

19
13

oo-loRMOoODDWwWD o
= O 00 =] O =N = =)

Ll ) O O = = P O O p—




Lampiran 7. Hasil Uji XRF.

12-feb-2025 14:25:35

Sample results

64

Page 1

Sample ident

36 uA <none>

12-feb-2825 14:@82:20 HRF 64
o |B Standardless 20,88 kU
§.
=
21 Ca Ka
~N
=
S
o~
8]
&
<~
o4
&
2
&
=2
&
=l
E@
28
=
a
a8
-
=
2
N
=
2
]
=
<~
81
-~
81
Ca KB
4
E3
=
N 4/\_[\_

K]
Fe KA LuILFIl LﬁILBZLu LG

Air 6@ sec.

Lu

<Standardless> result spectra

XRF 64

Application | <Standardless>
Sequence | 1 of 1

Measurement time | 12-feb-2025 14:07:20

Position | 2
Compound | CaO | Fe203 | CuO | Lu203
Conc 99,62 | 0,16 | 0,036 | 0,18
Unit % % % %

12-Feb-2825 14:21:5?

43466,6 cps

1,2 2,4 3,6

4,8

68 72 8,4 96 18,8 12,8 13,2 14,4 156 16,8 18,8 19,2 28,4 21,6 22,8 24,8 25,2 26,4
kel



Lampiran 8. Hasil Uji XRD.

COMMANDER Sample |D (Coupled TwoTheta/Theta)

8,000

7.000

6,000

5,000

=

£,000—

3,000

2,000+

B

2Theta (Coupled TwoThela/Theta) WL=1.54060

hap batu kapur 70.brml #1

X d (A Y {counts) | oY jcounts) Index CPS(cps) | oCPS (ops) | oYY (%) Time (s
10.000 883855 253,000 159060 1 73702 0.457068 628695 34.80
10,020 3.RH047 278000 16,6733 2 7.58851 0.479118 599760 3480
10.041 880246 244 1000 15,6205 3 T.01148 0.44 8865 G184 34.80
10,061 878453 278,000 16,6733 4 7.88851 0.479118 588760 34.80
10,082 878667 292 000 17 0880 5 §.39080 0.491035 5 85206 34,80
10,102 8.74388 301 000 173454 G B.640943 0.498545 5.76390 3480
10.123 873116 304 000 174356 7 B.73563 0.501023 5.73539 34.80
10.143 8.71352 297 000 172337 B B.53448 0.495221 580259 34.80
10,164 8609595 269000 16,4012 ] 7.72989 0.471208 609711 34,80
10.185 867844 294000 171464 10 B.A4828 0.492713 583212 34.B0
10.205 866101 279,000 167033 1 B.01724 0.47998 5 BRG684 34.80
10.226 854365 292 000 170880 12 B.39080 0.491035 5_B5206 34.80
10,246 862636 294 000 171464 13 B.A4828 0.492713 58312 3480
10.267 8650914 ZE0.000 16.7332 14 B.04598 0.430839 587614 34.80
10.287 859199 273,000 165227 15 7.84483 0.474791 605228 34.80
10.308 857490 271000 164621 16 7.78736 0.473048 607457 34.80
10.328 855788 286000 169115 17 B.21839 0.485964 581312 3480
10.349 854094 2910000 170204 18 B.33333 0.48935 S.ET320 34.80
10.370 852405 307 000 17,5214 19 B.A2184 0.503488 5. 70730 34.80
10.300 850724 273,000 165237 20 784483 0.474791 605228 34,80
10411 849049 298000 172627 21 B.56322 0.496054 5. 70284 3480
10.431 8.47381 261 000 16.1555 2 7.50000 0.464238 618084 34.80
10.452 845719 294 1000 171464 23 B.44828 049273 S5.E3IN2 34.80
10472 844064 292 000 17 0880 24 §.39080 0.491035 5 85206 3480
10.483 BAM16G 310,000 176068 25 B.90805 0.505943 567062 34.80




Lampiran 9. Hasil Uji SEM.

Session 25-05-05 10:43

Site 6

T L3 . |
JHuS ;zd‘?é“ ‘

10.§ mm 1 500 = 10.00 kV 138 pm

CBS
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Maps Resclution: 768 x 312




Point 1

Total Number of Counts: 320 573

Aversge Count Rate:
kage: 10 KV

Accelerstio

nYy

83 cpz

Total Acquisition Time: 32 seconds

Element Line At % Net Counts At % Error Wt. % Error
C pER 7.7 38437 0.1 01
c 335 438 132420 0.3 02
Mg 04 0.3 3202 0.0 o0
0. 0.2 1108 0.0 Q.0
8.3 130 77487 0.1 0.1
Cs 16.7 320 71879 0.1 02
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Lampiran 10. Hasil Uji FTIR.

" [Multipoint Baseline Comection —

4000 3500 3000 2500 2000 1750 1500 1250 1000 750 500
Sampel Arya Fisika New cm-1




Lampiran 11. Publikasi Artikel Jurnal /ndonesia Physical Review (IPR)

Indonesian Physical Review

Volume 09 Issue 01, January 2026
P-IS5M: 2613-1278, E-ISSIN: 2014-7904

Synthesis of Nanohydroxyapatite from Bukit Jimbaran
Limestone
Gede Arya Amerta’, Ida Bagus Puto Mardana', Putu Yasa®

! Department of Physics and Sciemce Education, Faculty of Mathematics and Nahiral Sciences, Ganeshiu Lniversity
of Education, Indonesia

Corresponding Authers E-mail: arye.emerfalundiveha.ac id, puti merdana@undiksha.ac.id,
pi.yesa@undiksha.ac.id

Axticle Info Abstract
Article irfo: The global demand for biocompatible biomimetic materials dnves fhe
Received: 02-08-202% development  of  nenehydroxyepatite  (HAp)  for  Womedical
Remised: 25-10-2025 applications. This study aims to symthesize namohydroxyapatife
Accepted: 30-10-2025 (Can(POde(OH)s) from Bukit Jimberan limestone, Bali, tarough a
Keywords: precipitation method. XRF analysis shows st the imestone confaing
HAp; precipitation; 99.62% CaD, which s the main source of calcium. FTIR resules detect
nysf:ﬂ!r'ﬂiiy' par!n:ua the presence of phosphate (PO, corbowate (COs), calcium axide
. ! . (CaQ), and hydroxyl (OHY eroups, confirming the formation of the
morphology; functional sypical HAp structure. The XRD diffraction pastern showed pood
Zroups agrecment with [CPD'S 09-0432, with major peaks on the (211), (112),
How To Cite: and (300) plaxes, lattice paramctersa=b =345 Aand c=6.55 4, an
C A A IB.P average crystailite size of 5.70 wm, and a crystallinity of 92.558%.
Mardana .mmz: P Yasa SEM-EDX analysis revealed apglomerated pardicle morphology, with
“Eu'néi'u:'s;'s of a Cr confemd of 32.0 we.% and a P condent of 120 we %, The high
‘-.'e:imi:l,m‘m te from crystallinity and vory small crystallife size confirm Hie pofendal of
‘Eukin‘ﬁmbm'.mi " this synthesized HAp o enhance bioactivity and accelernte bone

Limestone”, Indovesian :r:;ﬁ:gﬂ?mﬂ, muaking Jimbaran limestone HF a strong candidate in dhe
. . biomedical sector.

Physical Review, vol. 9,

no. 1, p 27-38, 2026

DOT:

Rtips e org/10. 29303 5 r@m Copyright (o) H026 by Awthorzl, This sork is lcensed wnder a Crantioe

r.ohHl 548, 2l Corerrrsees A Rribution - ShareAlike 4.0 faternatioes License,
Introduction

Manohydroxyvapatite {Caw(PC4)s(OH)a) has received special attention in the fields of materials
and medicine due to its superior bivactive, biocompatible, and esteocanductive properties that
resemble the hard tissues of the human body [1,2,3]. The synthesis of HAp from limestone into
a relevant topic for development, considering its very abundant availability, very low cost,
and environmentally friendly characteristics [4,3]. MNanohydroxyapatite has superior
biological properties because its chemical compesition is very close to that of body tissues [6,7],
and its functionality can be enhanced through doping processes with various elements [3,9,10].
In the medical field, HAp is widely used applied in the manufacture of bone and dental
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Lampiran 12. Dokumentasi Pelaksanaan Penelitian.

Pen,

T

~ Penyarin an_HAp

e

|
{

Pengeringan HAp Sintering HAp Karakterisasi HAp
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