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LAMPIRAN 1

Prosedur Kerja

1. Preparasi tulang ikan layar

Tulang ikan layar

— Dicuci untuk menghilangkan sisa daging yang masih melekat

Dijemur selama 4-5 jam untuk mengurangi kadar airnya

Direndam dalam 3 liter aseton selama 2 hari

Dibilas dengan 10 liter akuades

— Dikeringkan dengan oven bersuhu 100°C selama 3-4 jam

Dihancurkan dengan palu, lalu diblender dan diayak hingga halus

Dikalsinasi selama 3 jam dengan suhu 900°C untuk menghasilkan
prekursor kalsium

17

Hasil
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2. Sintesis HAp

Larutan 1 (Prekursor Kalsium)

Tulang ikan layar yang telah dikalsinasi sebagai prekursor kalsium

— Disiapkan prekursor kalsium sebanyak 5 gr untuk sampel A; 5,6 gr
untuk sampel B; dan 6,2 gr untuk sampel C.

Masing-masing dilarutkan ke dalam 100 ml akuades menggunakan
pengaduk magnetik berkecepatan 300 rpm dengan suhu 50°C selama 15
menit.

Hasil

Larutan 2 ((NH4)2HPO.,)

(NH4)2HPO4

—| Disiapkan (NH4)2HPO4 sebanyak 11,9 gr untuk sampel A; 7,9 gr untuk
sampel B, dan 7,3 gr untuk sampel C.

Masing-masing dilarutkan ke dalam 100 ml akuades menggunakan
|| pengaduk magnetik berkecepatan 300 rpm dengan suhu 50°C selama 10
menit.

Hasil

Larutan 3 (NaOH)

NaOH

Disiapkan 4 gr NaOH

Dilarutkan ke dalam 100 ml akuades menggunakan pengaduk magnetik
berkecepatan 300 rpm dengan suhu 50°C selama 10 menit.

Hasil




Pembuatan Sampel A, B, dan C

Larutan 1 dan larutan 2

Larutan 2 diteteskan ke dalam larutan 1 sebanyak 5 ml/menit sambil
terus dilarutkan menggunakan pengaduk magnetik berkecepatan 300
rpm dengan suhu 30°C

Dilakukan pengecekan pH. Jika pH belum mencapai 8, ditambahkan
larutan 3 sebanyak 5 ml/menit hingga pH yang diinginkan tercapai

Pengadukan dilanjutkan selama 1 jam dengan kecepatan 300 rpm dan
suhu 90°C

Diamkan larutan selama 24 jam agar endapan terbentuk

Larutan kemudian disaring, lalu dicuci dengan akuades dan disaring
lagi

Endapan dikeringkan dalam oven pada suhu 100°C selama 2 jam
untuk menghasilkan HAp

Hasil

Dikarakterisasi menggunakan FTIR dan XRD

Hasil analisis
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Dokumentasi Kerja

LAMPIRAN 2

Dihaluskan dengan blender

20



Hasil ayakan

Hasil kalsinasi

o

5,6 gr prekuor kalsium 6,2 gr prekursor kalsium
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Larutan 1

Larutan 3

4 gr NaOH

Larutan 2 diteteskan ke larutan 1
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Larutan didiamkan selama 24 jam

Endapan terbentuk

Endapan dicuci dan disaring

Endapan sebelum dioven Endapan setelah dioven dan jadi HAp
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LAMPIRAN 3

1. Perhitungan massa (NH.);HPO, untuk pembuatan larutan (NH4);HPO4
dengan 100 ml akuades. (Mr (NH4),HPO4=132,056 gr/mol)

Massa Molar (NH4):HPO.: N=14,007 g/mol, H=1,008 g/mol, P=30,974 g/mol,

0=15,999 g/mol.

Mr=(2xNH4)+HPO,

Mr=(2x(14,007+(4%1,008))+(1,008+30,974+(4%15,999)))

Mr=36,078+95,978=13,056 g/mol

Sampel A (0,9 M)

=My 1000
Mr \%
m 1000
= X —
0.9 132,056 100

1000 (m)=11885,04
m=11,88=11,9 gr
Sampel B (0,6 M)
_m _ 1000
M=0

m 1000
= X —
0.6 132,056 100

1000 (m)=7923,36
m=7,92=7,9 gr
Sampel C (0,55 M)
_m _ 1000
M=o~

m 1000
= X —
0,55 132,056 100

1000 (m)=7263,08
m=7,26=7,3 gr

2. Perhitungan massa NaOH untuk pembuatan larutan NaOH 1 M dengan
100 ml akuades. (Mr NaOH=40 gr/mol)

Massa Molar NaOH: Na=22,990 g/mol, 0=15,999 g/mol, H=1,008 g/mol.

Mr=Na+O+H

Mr=(22,990+15,999+1,008)

Mr=39,997 g/mol

Massa NaOH:

m _ 1000
M=—x—
Mr \%

1 —m x @
T 39,097 100
1000 (m)=4000,0

m=4,0 gr
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LAMPIRAN 4

Anasis Fase XRD menggunakan Profex 5.2.9

Sampel A
Gambar XRD Sampel Axy | Search/Match Phases (=]d
Phases | Restrictions ~ Controls | Results ‘
Gambar XRD Sampel Axy Data 1 Gambar XRD Sampel Ay
Fr T T T T T T T T T T T T T T T Score List
00 ] Y
r Gambar XRD Sampel AxyDatal o File Phase Fraction FoM
r b Apatite-CO.. CO3ApatiteA  100.00 0033000
[ i Apatite-CO... CO3ApatiteB 100.00 0030293
a0 - _ Apatite-OH... Hydroxylapatite... 100.00 0.024830
= B Apatite-O.str - Oxyapatite 100.00 0.023197
r T CDHAustr CDHA 100.00 0.023020
= r 7 Apatite-OH... Hydroxylapatite., 100,00 0.022406
£ 0 L n Apatite-OH.... Hydroxyapatite  100.00
§ L J Apatite-0-P... CalciumOxideP... 100.00
E L 4 OCP.str oce 100.00 b’
E N ] Pinned Phases [t 2|
£ r N ==
= omr ] File Phase Fraction Source
00~ —
o L e A
1500 2000 2500 3000 3500 40.00 4500 50.00 5500 60.00 6500 T70.00
Diffraction Angle [*28] PeakList | Search/Match Phases ‘
Gambar XRD Sampel Axy Search/Match Phases (=4
Phases  Restrictions  Controls | Results |
Gambar XRD Sampel Axy Data 1 Gambar XRD Sampel A.xy
L L B e i SR A R R R R R R AR RER R Score List
500 -
F Gambar XRD Sampel Axy Data 1 o File Phase Fraction
[ 7 Apatite-OH... Hydroxylapatite.. 8.03
L ] CDHA str CDHA 3.95
aw ] Apatite-OH... Hydroxylapatite.. 1.64
o - CaP206-bet... betaCaP206 173
r q MCPA str MCPA 110
- N ] TCP-beta.str  betaTCP 110
ER ] Apatite-0-P... CalciumOxideP... 0.00
2 L ] CPP-alpha.str alphaCPP 0.00
'E‘ - - CPP-betastr  betaCPP 0.00
§ i : Pinned Phases Vit
E . -
= wr ] File Phase Fraction Source
F B Apatite-CO... CO3ApatiteA matched
r 7 Apatite-CO... CO3ApatiteB matched
100 —
o Ll W AT
1500 2000 2500 3000 3500 4000 4500 5000 5300 60.00 6500 70.00
Diffraction Angle [*26] PeakList | Search/Match Phases |
. . .
File Phase Fraction FaM

DCPA,str DCPA 0.55
CaP206-bet.. betaCaP206 1.05
Apatite-0-P... CalciurmOxideP... 0.00
CDHA, str CDHA 0.00
CadPe019.str CadPeO19 0.00
CaP4011.str  CaP4011 0.00
MCPM,.str MCPM 0.00
QCP.str ocCp 0.00
P205-0.5tr P205ortho 0.00
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Sampel B

Gambar XRD Sampel Baxy ‘ Search/Match Phases @E
Phases = Restrictions = Controls | Results ‘
Gambsar XRD Sampel Baxy Data 1 Gambar XRD Sampel Bxy
RN R L R L R R NN R RR R RN RN Score List
b Gambar XRD Sampel Bxy Dats 1 | File Phase Fraction FoM E
E ] Apatite-OH... Hydroxylapatite.. 100.00 0028872
0 A Apatite-CO... CO3ApatiteA  100.00 0028436
r 1 Apatite-O.str - Oxyapatite 100.00 0027980
o - Apatite-0-P... CalciumOxideP... 100.00 0.027359
r ] Apatite-OH... Hydroxylapatite... 100.00 0027351
— r 1 Apatite-CO... CO3ApatiteB  100.00 0026383
z r B Apatite-OH.... Hydroxyapatite 100,00 0.025986
2 Ll 3 CDHAstr  CDHA 100.00 0,025435
S r B OCP.str ocP 100.00 TS -
£ [ ] Pinned Phases [t 8|
2 L ] 48
- [ ] File Phase Fraction Source
10 F B
o
1500 2000 2500 3000 3500 4000 4500 50.00 5500 60.00 6500 70.00
Diffraction Angle [*26] Peak List | Search/Match Phases |
Gambar XRD Sampel By Search/Match Phases El
Phases  Restrictions = Controls ‘ Results ‘
Gambar XRD Sampel Baxy Data 1 Gambar XRD Sampel Baxy
RN N L e R N L R RN RRR N R R Score List
F Gambar XRD Sampel Bxy Data 1 File Phase Fraction
E ] Apatite-CO.. CO3ApatiteA 2222
0 1 Apatite-CO... CO3ApatiteB 121
r 1 CDHAstr  CDHA 000
r = MCPA.str MCPA 0.00
n ] Apatite-OH.... Hydroxyapatite  0.00
— C ] CaP4011.str  CaP4011 0.00
£ E ] TCP-alphastr alphaTCP 000
R 3 Apatite-0-P... CalciumOxideP... 0.00
= r b CPP-alphasstr alphaCPP 000
E L ] Pinned Phases Vit
2 E ]
- n ] File Phase Fraction Source
r ] Apatite-OH... Hydroxylapatite.. matched
100 -
o Lo L AR TRy kb Al SRR LD LA/ I
1500 2000 2500 30.00 3500 4000 4500 50.00 5500 G0.00 65.00 T70.00
Diffraction Angle [*26] Peak List | Search/Match Phases |

File Phase Fraction Fol -

QCP.str ocp 0.00
COHA.str CDHA 0.00
Apatite-0-P... CalciumQxideP... 0.00
CPP-alpha.str alphaCPP 0.00
CPP-beta.str  betaCPP 0.00
Ca2Pe017.str Ca2PBOT 0.00
P205-ostr  P205ortho 0.00
P205-r.str P205rhombo 0.00
TCP-alpha.str alphalCP 0.00




Sampel C

Gambar XRD Sampel Caxy

Search/Match Phases

Phases | Restrictions ~ Controls

Gambar XRD Sampel C.ry Data 1 Gambar XRD Sampel Cary
o L L e N R N RN R R R R RN R R ERE ERE R Score List
o0 & Gambar XRD Sampel Cay Data 1] File Phase
= - Apatite-OH... Hydroxylapatite...
C ] Apatite-OH... Hydroxylapatite...
= - Apatite-O.str - Oxyapatite
500 = 7 Apatite-0-P... CalciumOxideP..
r — Apatite-OH.... Hydroxyapatite
— L ] CDHAstr  CDHA
£ am - Apatite-CO... CO3ApatiteA
2 L ] Apatite-CO... CO3ApatiteB
= r B OCP.str ocp
g 300 ] Pinned Phases
2 r _
- r B File Phase
200 - —
00 - 7
0 fudumdalion A1 AN k|

1500 2000 2500 30.00 3500 4000 4500 50.00 5500 60.00 6500 70.00

Diffraction Angle [*26]

Gambar XRD Sampel C.xy

Peaklist | Search/Match Phases

Search/Match Phases

Phases  Restrictions ~ Centrols

Gambar XRD Sampel Cxy Data 1 Gambar XRD Sampel Cay
R B o N S RN N N e e R R R R Score List
500 Gambar XRD Sampel CxyData1 File Phase
F ] Apatite-CO.. COIApatiteA
[ ] Apatite-0-P... CalciumOxideP..
F ] Apatite-CO.. COIApatiteB
500 [~ - Apatite-OH.... Hydroxyapatite
r + Apatite-O.str - Oxyapatite
— [ ] CDHAstr  CDHA
£ o - CaP4OMstr  CaP4OT1
H [ ] DCPAstr  DCPA
= r b MCPM.str  MCPM
£ 300 | Pinned Phases
z L ]
r 4 File Phase
200 4 Apatite-OH... Hydroxylapatite...
100 - -
s,

0

1500 2000 2500 30.00 3500 4000 4500 5000 5500 60.00 6500 70.00

Diffraction Angle [*26]

File Phase

DCPA.str DCPA
MCPM.str MCPM

OCP.str QcCP

P205-ostr  P2050rtho
TCP-betastr  betaTCP
TetCP.str Tetracalciumph...
TCP-alpha.str alphaTCP
P2053-odstr  P205erthol
CaP206-alp... alphaCaP206

PeakList | Search/Match Phases

Fraction Fahd

Results

Fraction
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00

Fraction

Results

Fraction
870
901
6.75
N
N
0.00
0.00
0.00
0.00

Fraction

0.00 0.0417
0.00 0.041701
0.00 0.0417
0.00 0.041701
0.00 0.04171
0.00 0.041701

0.00
0.00
0.61

27

=14
FoM =
0.040234
0.039341
0.038112
0.036251
0.035020
0.033365
0.029950

&
Source

BE
FoM =
0.042033
0.042020

&
Source
matched

e




Perhitungan Ukuran Kristal menggunakan Excel

Sampel

Sudut
Difraksi
(26)
31,56
31,96
32,69
31,80
32,81
46,65
31,74
32,14
32,87

0
(derajat)

15,78
15,98
16,34
15,90
16,41
23,32
15,87
16,07
16,44

cos 0

0,96
0,96
0,96
0,96
0,96
0,92
0,96
0,96
0,96

LAMPIRAN 5

FWHM Ukuran Kristal

(derajat) (nm)
0,34 25,36
0,36 23,98
0,32 27,02
0,71 12,15
0,57 15,18
0,50 18,07
0,29 29,74
0,33 26,17
0,28 30,90

Rata-rata Ukuran
Kristal (nm)

25,45

15,13

28,94

28

Rata-rata
FWHM
(derajat)

0,34

0,59

0,30



LAMPIRAN 6

Hasil Karakterisasi FTIR

Sampel A
- i Z !
. i il i
e 1
] L | Lo
e ﬁ ‘.‘g """" Tt - I
b i\ 3 ; i A
e P A ; i
k1 1 [ ]
- 1 [} ]
i i i
= 1 [ 1
] ¥ ]
b e et LT e EL
] ¥ ]
“ i i i
1 n 1
= ] ¥ ]
i i i
- 1 [ 1
. i i i
1 " 1
e rrrrr T r s s T s T T s s
- i i i
i i i
- i ; i
4 i ; i
1 [ ]
= i [ i
1 1 1
4=t - ========= JI - I. ___________
J i 1
1 ]
i i
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Sampel B

1001 = e g = el L mm ey
- i [ 1
] | & | 1
wr ) ER g
1 E: [ i !
1 ; | f
. \ ) 1 |
P W S R . -  JERRRPRRRFRFVRS FRRPRRRPRPrk - SR R U R pE
i & : | :
i i ; i i
l : : : |
i [ i 1 ﬂ
b ] ; i 1
N fmmmononees Rt e S i Gt # SRS IO -
| i ; i i i
1 ) H ) )
i i i i i [}
i ; i i i
1 ) H ) )
- i [ i i [}
i ; i i ;
4 1 ) ) ) )
i i i i ]
By -———————— e ———————— —_,————————— —— b e —————— - d-——
H ) H H )
- i i i i [}
1 n 1 ] ]
- I [ I I 1 1
i i i i i i
. 1 [ 1 1 1 I
: : i i | b
N i [ I I - I
T foermeennend freeemmrenes B . BLt--reereee LT
L i ; 1 1 CH H
i [ i i E i [}
- 1 i 1 ] 1 ]
—— T T — — — T ——
4000 2500 3000 bici] 2000 150 000 530
Sampel B 1iom
No. | Poak [imtensity Corr. Intensity | Basa (H) Basa L} Codr. Area
1 368.4 Pt 432.06 345 26 5624
H 4T2.56 11.648 495,71 45327 1.087
3 568 21388 588,20 4a7.83 11,538
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17 207528 FIF 21012 0482 0.236
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Sampel C
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LAMPIRAN 7

Hasil Karakterisasi XRD
Sampel A

# Strongest 3 peaks
no. peak  Z2Theta d I/I1  FWEM Integrated Int

no. (deg) ) (Caunts)

1 7 31.565 2.83211 100 5165

2 3 32.6E66 2.73746 3920

R 31.9600 2.79802 2508

# Peak Data List

peak  Z2Theta I/I1  FWEM tensity Integrated Int

ne. (deg) (Counts)  {Counts)

1 21.5500 7 22 385

2 236666 5 15 248

3 25.6B48 22 &2 1202

4 9100 5 17 308

s 287080 18 59 935

[ 31.0000 3 11 234

7 31.5652 100 3zo 5165

El 4z 0.35700 135 2508

3 77 0.31530 245 3920

10 5 0.1E000 15 303

11 13 0.28900 &0 945

12 &  0.32000 18 347

13 & 19 334

14 1 93 1734

15 B 25 538

15 5 16 286

7 1 12 194

18 30 95 1653

13 12 £ 707

20 48,3700 5 17 anL

21 492832 30 95 1430

2 50.2688 64 1023

23 51.040% 43 763

24 51.8600 38 657

25 53.0225 4z 632

26 55.6716 22 a7

27 56.9200 14 222

28 59,7125 22 338

23 60.2150 13 222

30 61.4300 22 377

31 £2.7900 31 482

32 £3.BETS 31 544

33 64.B316 30 537

34 66.2066 13 190

35 14 268

13 218

18 386
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Sampel B

# Strongest 3 peaks

no. peak 2Theta d I/1I1 FWHM Intensity Integrated Int

no. {deg) (R) {deq) (Counta) (Counts)

1 7 31.8012 2.B1183 100 0.71250 214 T465

2 B 32.8115 2.72733 71 0.56700 152 4515

3 le 46.6525 1.94537 29 0.49500 &3 1610

# Peak Data List

peak 2Theta d I/IL  FWEM Intensity Integrated Int

no. {deg} {a) {deg} (Counts) Counts)

1 21.6850 4.09308 5 0.47000 11 291

2 22.7350 3.689799 [ 0.41000 1z 287

3 25.2000 3.53117 3 0.20000 & a0

4 25.8200 3.44776 21 0.32000 46 1z21

5 28.0400 3.17963 5 0.48000 10 244

[3 28.B550 3.09165 18 0.31000 38 976

7 3l.8012 2.B1163 100 0.71250 214 7465

B 32.B8115 2.72733 71 0.36700 152 4515

2 34.0100 2.6333%1 15 0.46000 33 773

10 35.3700 2.53569 5 0.38000 11 231

11 39.1400 2.29969 5 0.48000 11 291

12 39.7260 2.26711 2% 0.30800 61 1611

13 41.9850 2.15020 1 0.55000 16 456

14 43.9200 2.05885 5 0.56000 10 275

15 45.3200 1.99942 3 0.36000 & 106

lg 46.6525 1.94537 29 0.49500 &3 1610

17 48.0850 1.89034 11 0.57000 24 747

la 48_4525 1.B4158 27 0.47500 57 1355

13 50.4385 1.80786 18 0.45300 39 920

20 51.2166 1.78221 14 0.47330 30 730

21 52.0425 1.75585 11 0.46500 24 580

22 53.1866 1.72075 12 0.45330 25 630

23 55.8325 1.64531 1 0.46500 14 333

24 57.0300 1.61202 4 0.34000 9 171

25 60.0800 1.53874 a 0.88000 18 856

26 6L.6000 1.50437 9 0.50000 1% 487

27 63.0000 1.47426 11 0.54000 23 674

28 B4.0450 1.45270 14 0.53000 31 238

29 65.0100 1.43345 13 0.50000 27 731

20 66.3300 1.40897 3 0.42000 7 z0e

31 63.5800 1.35005 4 0.32000 8 180

32 71.5800 1.31717 7 0.44000 15 357

23 72.2000 1.30737 4 0.36000 E 216

24 73.9100 1.28130 T 0.50000 14 393
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Sampel C

# Strongest 3 peaks

no. peak ZTheta d I/I1  FHEM Intensity Integrated Int
ne. (deg) (&) tdeg) (Counts)  (Counts)

1 & 31,7393 2.81697 100 0.23200 EEH 5818

z 8 32.B660 2.72293 7 0.28370 292 4536

3 7 32.1400 2.7B276 48 0.33140 179 3025

# Peak Data List

peak  2Theta 1/11 Intensity Integrated Iat
ne. (Counts)  (Counts)
1 4. & 24 373
2 3. s 18 222
3 3. 2z 7 1285
q 3. 7 26 1o
5 3. 17 7 1069
& z. 100 392 5818
7 2. 46 178 3025
8 2. 74 292 4536
3 2. 18 7 1096
10 2.5 & 23 300
11 2. & 23 353
1z 2. 29 114 1833
13 2. 7 27 558
14 2. s 21 282
15 1. ] 17 221
18 1. 31 123 2007
17 48.0730 1.89093 13 52 268
18 4B.5616 1.87326 & 22 2099
13 45,4712 1.34082 3z 126 1838
20 50.4535 1.80736 13 7 1138
21 1.7B167 13 5z 866
3232 1.75528 14 54 758
23 1.72005 14 54 796
24 1.64561 3 24 439
25 4 16 394
28 7 28 487
27 ] 15 260
28 E 31 542
29 5 7 £13
30 10 40 689
1 10 3 628
3z s 20 378
33 ] 14 280
34 & 22 17
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