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LAMPIRAN 

Lampiran 1. Alat dan Bahan Penelitian 

Nama Gambar Fungsi 

Arduino Uno 

 

Mengolah data 

pembacaan sensor 

NodeMCU 

ESP8266 
 

Mengirim data 

pembacaan ke 

basis data 

Sensor PH-4502C 
 

Mengukur pH 

larutan 

Sensor TCS3200 

 

Mengukur Warna 

larutan 

Sensor DS18B20 

 

Mengukur suhu 

larutan 

Sensor MQ-8 

 

Mengukur kadar 

produksi hidrogen 

Water Tester 

YY400 

 

Sebagai alat 

pembanding sensor 

pH  

Spectroscopy 

SHIMADZU 1800 

 

Mengukur nilai 

absorbansi larutan 
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Furnace 

 

Alat karbonisasi 

sampel adsorban 

Mixxing (Retsch 

MM 400) 

 

Alat pencampur 

karbon aktif dan 

hidroksiapatit 

FT-IR (Fourier 

Transfrom Infrared) 

 

Pendeteksi gugus 

fungsi sampel 

XRD (X-Ray 

Diffraction) 

 

Pendeteksi sifat 

struktur pada 

sampel 

SEM (Scanning 

Electron 

Microscope) 

 

Melihat morfologi 

permukaan sampel 

Bosean Hydrogen 

Gas Detector 

 

Pembanding nilai 

konsentrasi 

hidrogen 
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Lampiran 2. Data kalibrasi sensor PH-4502C 

 

Sampel Ke 
Data Pengukuran pH 

Error 
PH-4502C YY-400 

1 2,13 2,15 0,94% 

2 3,27 3,25 0,61% 

3 4,45 4,50 1,12% 

4 5,67 5,60 1,23% 

5 6,89 6,95 0,87% 

6 7,54 7,50 0,53% 

7 8,23 8,20 0,36% 

8 9,34 9,40 0,64% 

9 10,48 10,50 0,19% 

10 11,59 11,60 0,09% 

11 12,75 12,70 0,39% 

12 3,52 3,55 0,85% 

13 4,68 4,65 0,64% 

14 5,83 5,85 0,34% 

15 6,97 7,00 0,43% 

Rata-rata 0,6153% 
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Lampiran 3. Data kalibrasi sensor DS18B20 

 

Sampel Ke 
Data Pengukuran suhu (°C) 

Error 
DS18B20 Termometer 

1 10,2 10,1 0,98% 

2 15,5 15,7 1,29% 

3 20,8 20,9 0,48% 

4 25,3 25,1 0,79% 

5 30,0 30,2 0,67% 

6 35,4 35,5 0,28% 

7 40,1 40,0 0,25% 

8 45,6 45,7 0,22% 

9 50,3 50,2 0,20% 

10 55,0 55,1 0,18% 

11 58,5 58,4 0,17% 

12 60,2 60,0 0,33% 

13 12,0 12,1 0,83% 

14 22,5 22,6 0,44% 

15 33,7 33,8 0,30% 

Rata-rata 0,494% 
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Lampiran 4. Data kalibrasi sensor TCS3200 

 

No, Warna 
Data Pengukuran Warna (R, G, B) 

Error (R,G,B) 
TCS3200 Standar Warna 

1 Putih (253, 254, 255) (255, 255, 255) (0,78%, 0,39%, 0%) 

2 Merah (250, 0, 0) (255, 0, 0) (1,96%, 0%, 0%) 

3 Hijau (0, 250, 0) (0, 255, 0) (0%, 1,96%, 0%) 

4 Biru (0, 0, 250) (0, 0, 255) (0%, 0%, 1,96%) 

5 Kuning (255, 253, 0) (255, 255, 0) (0%, 0,78%, 0%) 

6 Cyan (0, 253, 253) (0, 255, 255) (0%, 0,78%, 0,78%) 

7 Magenta (253, 0, 253) (255, 0, 255) (0,78%, 0%, 0,78%) 

8 Orange (250, 161, 0) (255, 165, 0) (1,96%, 2,42%, 0%) 

9 Ungu (126, 0, 126) (128, 0, 128) (1,56%, 0%, 1,56%) 

10 Coklat (137, 68, 18) (139, 69, 19) (1,44%, 1,45%, 5,26%) 

11 Abu-abu (127, 127, 127) (128, 128, 128) (0,78%, 0,78%, 0,78%) 

12 Pink (253, 180, 191) (255, 182, 193) (0,78%, 1,10%, 1,04%) 

13 Lime (190, 253, 0) (191, 255, 0) (0,52%, 0,78%, 0%) 

14 Emas (253, 210, 0) (255, 215, 0) (0,78%, 2,33%, 0%) 

15 Silver (191, 191, 191) (192, 192, 192) (0,52%, 0,52%, 0,52%) 

Rumus Beer-Lambert : 𝐴 = log10 (
𝐼𝑜

𝐼
) 

No, 

Sampel 

Sensor TCS3200 
Abs (UV-Vis) 

IO I Abs 

1 250 0,49 2,708 2,74 

2 250 240 0,017 0,01 

3 250 179 0,145 0,15 

4 250 80 0,495 0,52 

5 250 26 0,983 0,91 

 

  

y = 1.0091x - 0.0115
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Lampiran 5. Data kalibrasi sensor MQ-8 

 

 
 

Detik ke- Nilai MQ-8 (Volt) Hydrogen Gas detector (ppm) 

30 1,40 850 

60 1,75 1345 

90 2,00 1789 

120 2,25 2190 

150 2,50 2637 

180 2,80 3124 

210 3,00 3550 

240 3,30 4120 

270 3,55 4667 

300 3,80 5234 

330 4,00 5721 

360 4,25 6280 

390 4,50 6850 

420 4,60 7000 

450 1,40 850 

 

 

• Dari nilai ppm diubah menjadi µmol dengan rumus gas ideal 

Konsentrasi (μmol/L) =
Konsentrasi (ppm) × 1000

Massa Molar (g/mol) × Volume Molar (L/mol)
 

Volume molar gas pada kondisi standar (STP) adalah 22.414 L/mol 

Massa molar H₂ adalah 2.016 g/mol 

Volume larutan 100 mL = 0,1 L 

Sehingga : 

y = 1968.3x - 2189.9
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Konsentrasi (μmol) =
Konsentrasi (ppm) × 1000

2,016 g/mol × 22,414 L/mol
× 0,1 𝐿 

Diperoleh nilai konsentrasi H2 pada massa adsorben 1 g dengan satuan μmol/g   
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Lampiran 6. Perubahan larutan 

1. AC1 

Initial day 1st
 day 2nd day 3rd day 

    
2. AC1/Hap 

Initial day 1st
 day 2nd day 3rd day 

    
3. AC2 

Initial day 1st
 day 2nd day 3rd day 

    
4. AC2/Hap 

Initial day 1st
 day 2nd day 3rd day 
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Lampiran 7. Perhitungan 

1. Ukuran Kristalit 

• AC1 → D =
K,λ

β,cosθ
=

0,9 ×0,154

(0,2891×π/180)×cos(13,23295×π/180)
= 28,218 nm 

• AC1/HAp → D =
K,λ

β,cosθ
=

0,9 ×0,154

(0,223×π/180)×cos(13,26635×π/180)
= 36,587 nm 

• AC2 → D =
K,λ

β,cosθ
=

0,9 ×0,154

(0,5168×π/180)×cos(13,29365×π/180)
= 15,789 nm 

• AC2/HAp → D =
K,λ

β,cosθ
=

0,9 ×0,154

(0,2732×π/180)×cos(13,2476×π/180)
= 29,682 nm 

2. Degradasi Metilen Biru 

%D = (
Co − Ct

Co

) × 100% 

• AC1 

Hari Pertama : %D = (
2,74−0,81

2,74
) × 100% = 70,59% 

Hari Kedua : %D = (
2,74−0,22

2,74
) × 100% = 92,01% 

Hari Ketiga : %D = (
2,74−0,01

2,74
) × 100% = 99,64% 

• AC1/HAp 

Hari Pertama : %D = (
2,74−1,04

2,74
) × 100% = 62,24% 

Hari Kedua : %D = (
2,74−0,53

2,74
) × 100% = 80,76% 

Hari Ketiga : %D = (
2,74−0,15

2,74
) × 100% = 94,56% 

• AC2 

Hari Pertama : %D = (
2,74−2,17

2,74
) × 100% = 21,21% 

Hari Kedua : %D = (
2,74−1,98

2,74
) × 100% = 28,11% 

Hari Ketiga : %D = (
2,74−0,52

2,74
) × 100% = 81,12% 

• AC2/HAp 

Hari Pertama : %D = (
2,74−2,28

2,74
) × 100% = 17,21% 

Hari Kedua : %D = (
2,74−1,91

2,74
) × 100% = 30,65% 

Hari Ketiga : %D = (
2,74−0,0,91

2,74
) × 100% = 66,96% 
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Lampiran 8. Program 

1. Arduino Uno 
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2. NodeMCU ESP8266 
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3. Website 

• Index.html 

 
• post.php 
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• koneksi.php 

 
• data 
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• grafik 
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• tabel 
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Lampiran 9. Tampilan Data 

• Webserver 

Dashboard 

 

Data 

 

Grafik 
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Tabel 

 

 

• Data Base 

 
 

• File Manager 

 


