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LAMPIRAN I 

DATA-DATA 

1. Data Produk Hasil Pirolisis 

Tabel L1.1 Temperatur Aktual Reaktor Pirolisis 

Sampel 
Waktu 

(Menit) 

Dinding Luar 

Reaktor (℃) 

Rata-rata 

Dinding Luar 

Reaktor (℃) 

Temperatur 

Aktual Reaktor 

(T∞=℃) 

A 

10 386 

474 208 30 470 

50 566 

B 

10 453 

543 276 30 551 

50 622 

C 

10 477 

567 301 30 569 

50 655 

D 

10 521 

638 372 30 634 

50 764 

E 

10 514 

657 391 30 659 

50 798 
(Sumber: Data Aktual, 2022) 

Tabel L1.2 Volume Produk Hasil Pirolisis 

Sampel Bahan Baku 

Massa 

Bahan 

Baku (gr) 

Katalis 
Temperatur 

(℃) 

Volume 

(ml) 

A 

Polypropylene 2000 10% 

208 530 

B 276 587 

C 301 672 

D 372 754 

E 391 709 
(Sumber: Data Aktual 2022) 
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Tabel L1.3 Massa Produk Hasil Pirolisis 

Sampel Bahan Baku 

Massa 

Bahan 

Baku (gr) 

Katalis 

(%) 

Temperatur 

(℃) 

Massa 

(gr) 

A 

Polypropylene 2000 10 

208 391 

B 276 433 

C 301 495 

D 372 555 

E 391 522 
(Sumber: Data Aktual, 2022) 

2. Data Analisa %Yield 

Tabel L1.4 %Yield Hasil Produk Pirolisis 

Sampel 

Variabel Tetap Variabel Bebas 

Massa (gr) Yield (%) Bahan 

Baku (gr) 

Katalis 

(%) 

Temperatur 

(0C) 

A 

2000 10 

208 391 19,55 

B 276 433 21,65 

C 301 495 24,75 

D 372 555  27,75 

E 391 522 26,10 
(Sumber: Data Aktual, 2022 

3. Data Analisa Densitas 

Tabel L1.5 Densitas Produk Pirolisis 

Sampel 

Variabel Tetap 
Variabel 

Bebas 

Hidrometer SPGR 

Correction 

to density 

15℃ 

Densitas 

(gr/ml) 
Bahan 

Baku 

(gr) 

Katalis 

(%) 
Temperatur 

(0C) 

A 

2000 10 

208 0,728 0,7379 0,0002 0,7377 

B 276 0,727 0,7374 0,0002 0,7372 

C 301 0,726 0,7368 0,0002 0,7366 

D 372 0,726 0,7364 0,0002 0,7362 

E 391 0,725 0,7363 0,0002 0,7361 
(Sumber: Data Laboratorium Pertamina RU 3, 2022) 
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4. Data Analisa Kinematic Viskosity at 40℃ 

Tabel L2.6 Kinematic Viskosity Produk Pirolisis 

Sampel 

Variabel Tetap Variabel Bebas 

C 

(mm2/sec2) 

Waktu 

(Sec) 

Viskositas 

(cSt) 

Bahan 

Baku 

(gr) 

Katalis 

(%) 

Temperatur 
(0C) 

A 

2000 10 

208 

0,004298 

294,9 1,2675 

B 276 282,2 1,2129 

C 301 280,0 1,2034 

D 372 262,2 1,1269 

E 391 251,4 1,0805 
(Sumber: Data Laboratorium Pertamina RU 3, 2022) 

5. Data Analisa API Gravity dan Calorific Value 

Tabel L1.7 API Gravity dan Calorific Value Produk Pirolisis 

Sampel 

Variabel Tetap Variabel Bebas 0API 

Gravity 

Calorie Value 

(Kal/gr) 
Bahan 

Baku (gr) 

Katalis 

(%) 

Temperatur 

(0C) 

A 

2000 10 

208 60,31 11256,5575 

B 276 60,44 11258,1066 

C 301 60,60 11259,9641 

D 372 60,70 11261,2016 

E 391 60,73 11261,5109 
(Sumber: Data Laboratorium Pertamina RU 3, 2022) 

 

6. Data Analisa Distilasi (ASTM D-86) 

Tabel L1.8 Distilasi Produk Pirolisis 

Distilasi Satuan 
Sampel 

A B C D E 

Intial Boiling Point (℃) 95 104 101 98 93 

10% Vol.Recovered (℃) 110 115 120 119 102 

20% Vol.Recovered (℃) 125 130 132 128 120 

30% Vol.Recovered (℃) 135 138 142 135 133 

40% Vol.Recovered (℃) 150 145 150 145 140 

50% Vol.Recovered (℃) 155 160 161 160 158 

60% Vol.Recovered (℃) 174 180 182 165 169 

70% Vol.Recovered (℃) 198 205 218 195 204 

80% Vol.Recovered (℃) 235 250 256 215 244 

90% Vol.Recovered (℃) 298 300 319 260 302 

Final Boiling Point (℃) 301 311 321 298 315 

Residu + loss %Vol 4 2 2 4 2 
(Sumber: Data Laboratorium Pertamina RU 3, 2022) 
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7. Data Analisa Calculated Cetane Index (CCI) 

Tabel L1.9 Calculated Cetane Index (CCI) 

Sampel 

Variabel Tetap Variabel Bebas Calculated 

Cetane Index 

(CCI) 

Bahan baku 

(gr) 
Katalis (%) 

Temperatur 

(0C) 

A 

2000 10 

208 49,09 

B 276 51,78 

C 301 49,68 

D 372 52,45 

E 391 51,00 
(Sumber: Data Laboratorium Pertamina RU 3, 2022) 
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LAMPIRAN II 

PERHITUNGAN 

1. Perhitungan Temperatur Aktual Reaktor Pirolisis 

Tabel L2.1 Temperatur Reaktor Pirolisis 

Sampel Waktu (Menit) 
Dinding Luar 

Reaktor (Tw=℃) 

Rata-rata 

Dinding Luar 

Reaktor (T∞=℃) 

A 

10 386 

474 30 470 

50 566 

B 

10 453 

543 30 551 

50 622 

C 

10 477 

567 30 569 

50 655 

D 

10 521 

638 30 634 

50 764 

E 

10 514 

657 30 659 

50 798 
(Sumber : Data Aktual 2022) 

Laju perpindahan kalor konduksi dari permukaan silinder luar ke dalam; 

Q    = 
∆𝑇

𝐿𝑛 𝑟0/𝑟𝑖

2𝜋𝐾𝐿

     (Holman, J.P., 2002) 

∆𝑇    = Tw - T∞   (Holman, J.P., 2002) 

Diketahui : 

Hv bahan bakar biosolar  = 10546 cal/gr 

    = 9240 kcal/kg 

Massa solar terpakai  = 2 liter/jam 

Waktu     = 50 menit 

     = 2 liter/jam × 50 menit × 1 jam/60 menit 

    = 1,667 liter/jam 

    = 1,43 kg/jam 
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Q    = m × Hv 

    = 1,43 kg/jam × 9240 kcal/kg 

    = 13278,51 kcal/jam 

𝐿𝑛
𝑟0

𝑟𝑖

2𝜋𝐾𝐿
    = 

2,33

2×3,14×40×0,45
 

    = 0,020 

∆𝑇    = Q × 
𝐿𝑛

𝑟0

𝑟𝑖

2𝜋𝐾𝐿
   

    = 13278,51 kcal/jam × 0,020 

    = 265,57 ≈ 266℃ 

T∞    = Tw-∆𝑇 

a. Sampel A 

T∞   = 474℃-266℃ 

    = 208℃ 

b. Sampel B 

T∞   = 543℃-266℃ 

    = 276℃ 

c. Sampel C 

T∞   = 567℃-266℃ 

    = 301℃ 

d. Sampel D 

T∞   = 638℃-266℃ 

    = 372℃ 

e. Sampel E 

T∞   = 657℃-266℃ 

    = 391℃ 

Dari perhitungan  diatas,  temperature aktual reaktor pirolisi dapat dilihat pada tabel 

L2.2 bawah ini : 

 

 



44 

 

Tabel L2.2 Temperatur Aktual Reaktor Pirolisis 

Sampel 
Waktu 

(Menit) 

Dinding Luar 

Reaktor 

(Tw=℃) 

Rata-rata 

Dinding Luar 

Reaktor 

(Tw=℃) 

Temperatur 

Aktual 

Reaktor 

(T∞=℃) 

A 

10 386 

474 208 30 470 

50 566 

B 

10 453 

543 276 30 551 

50 622 

C 

10 477 

567 301 30 569 

50 655 

D 

10 521 

638 372 30 634 

50 760 

E 

10 514 

657 391 30 659 

50 798 

 

2. Perhitungan %Yield 

Tabel L2.3 Massa Produk Bahan Bakar Cair 

Sampel Bahan baku 

Massa 

Bahan 

Baku (gr) 

Katalis 

(%) 

Temperatur 

(℃) 

Massa 

(gr) 

A 

Polypropylene 2000 10 

208 391 

B 276 433 

C 301 495 

D 372 555 

E 391 522 
(Sumber : Data Aktual 2022) 

 

%Yield = 
𝐵𝑒𝑟𝑎𝑡 𝑝𝑟𝑜𝑑𝑢𝑘 𝐵𝐵𝐶

2000𝐵𝑒𝑟𝑎𝑡 𝑏𝑎ℎ𝑎𝑛 𝑏𝑎𝑘𝑢
× 100% 

        (ocbcnisp, 2018) 

a. Pada Temperatur 208°C (sampel A) 

% Yield = 
391

2000
× 100% 

  = 19,55 % 

b. Pada Temperatur 276°C (sampel B) 
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% Yield = 
433

2000
× 100% 

= 21,65 % 

c. Pada Temperatur 301°C (sampel C) 

% Yield = 
495

2000
× 100% 

  = 24,75 % 

d. Pada Temperatur 372°C (sampel D) 

% Yield = 
555

2000
× 100% 

  = 27,75 % 

e. Pada Temperatur 391°C (sampel E) 

% Yield = 
522

2000
× 100% 

  = 26,10 % 

Dari perhitungan diatas, %Yield  produk pirolisis dapat dilihat pada tabel L2.3 

dibawah ini : 

Tabel L2.4 %Yield  Produk Pirolisis 

Sampel Bahan baku 

Massa 

Bahan 

Baku (gr) 

Katalis 

(%) 

Temperatur 

(℃) 
Yield (%) 

A 

Polypropylene 2000 10 

208 19,55 

B 276 21,65 

C 301 24,75 

D 372 27,75 

E 391 26,10 

 

3. Perhitungan Densitas (ASTM D-1298) 

a. Pengukuran Hidrometer 

Tabel L2.5 Pengukuran Hidrometer 

Sampel Hidrometer Temperatur (℉) 

A 0,728 82 

B 0,727 83 

C 0,726 84 

D 0,726 83 

E 0,725 85 
(Sumber: Data Laboratorium Pertamina RU 3, 2022) 
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b. Penentuan SPGR 

Konversi nilai pengukuran hydrometer kedalam Table 23 Specific Gravity 

Reduction to 60℉ ASTM-IP 

Tabel L2.6 Penentuan SPGR 

Sampel SPGR 
Correction to density 

15℃ 

A 0,7379 0,0002 

B 0,7374 0,0002 

C 0,7368 0,0002 

D 0,7364 0,0002 

E 0,7363 0,0002 
(Sumber: Data Laboratorium Pertamina RU 3, 2022) 

 

c. Perhitungan Densitas 

Densitas (𝜌)    = SPGR - Correction to density 15℃ 

- Sampel A  = 0,7379 - 0,0002 

= 0,7377 gr/ml 

- Sampel B  = 0,7374 - 0,0002 

= 0,7372 gr/ml 

- Sampel C  = 0,7368 - 0,0002 

= 0,7366 gr/ml 

- Sampel D  = 0,7364 - 0,0002 

= 0,7362 gr/ml 

- Sampel E = 0,7363- 0,0002 

= 0,7361 gr/ml 

Dari perhitungan diatas, Densitas  produk pirolisis dapat dilihat pada tabel L2.6 

dibawah ini : 

Tabel L2.7 Perhitungan Densitas 

Sampel Hidrometer SPGR 
Correction to 

density 15℃ 

Densitas 

(gr/ml) 

A 0,728 0,7379 0,0002 0,7377 

B 0,727 0,7374 0,0002 0,7372 

C 0,726 0,7368 0,0002 0,7366 

D 0,726 0,7364 0,0002 0,7362 

E 0,725 0,7363 0,0002 0,7361 
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4. Perhitungan Kinematic Viskosity at 40℃ (ASTM D-445) 

Viskositas (cSt) = C (mm2/sec2) x t (sec) 

          (Handbook of Refinery Desulfurizaton, 2015) 

Konstanta Viskositas (C)   = 0,004298 mm2/sec2 

- Sampel A  = 0,004298 mm2/sec2  x 294,9 sec 

= 1,2675 cSt 

- Sampel B  = 0,004298 mm2/sec2  x 282,2 sec 

= 1,21295 cSt 

- Sampel C  = 0,004298 mm2/sec2  x 280,0sec 

= 1,2034 cSt 

- Sampel D  = 0,004298 mm2/sec2  x 262,2sec 

= 1,1269 cSt 

- Sampel E  = 0,004298 mm2/sec2  x 251,4sec 

= 1,0805 cSt 

Dari perhitungan diatas, Densitas  produk pirolisis dapat dilihat pada tabel L2.7 

dibawah ini : 

Tabel L2.8 Kinematic Viskosity Produk Pirolisis 

Sampel C (mm2/sec2) Waktu (Sec) Viskositas (cSt) 

A 

0,004298 

294,9 1,2675 

B 282,2 1,2129 

C 280,0 1,2034 

D 262,2 1,1269 

E 251,4 1,0805 

 

5. Perhitungan API Gravity (ASTM D-287) 

API Gravity = [141,5/ (relative density 60/60℉)]-131,5 
     (Handbook of Refinery Desulfurizaton, 2015) 
a. Sampel A 

°API Gravity   = [141,5/ (0,7377)]-131,5 

        = 60,31 

b. Sampel B  

°API Gravity   = [141,5/ (0,7372)]-131,5 

         = 60,44 
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c. Sampel C 

°API Gravity   = [141,5/ (0,7366)]-131,5 

        = 60,60 

d. Sampel D 

°API Gravity   = [141,5/ (0,7362)]-131,5 

        = 60,70 

e. Sampel E 

°API Gravity   = [141,5/ (0,7361)]-131,5 

        = 60,73 

 

6. Perhitungan Calorific Value 

GCV = 12400 – 2100 x d2                     (Handbook of Refinery Desulfuruzation, 2015) 

d ..= SPGR at 60/60℉ 

a. Sampel A 

GCV  = 12400 – 2100 x d2 

  = 12400 – 2100 (0,7379)2 

  = 11256,5575 cal/g 

b. Sampel B 

GCV  = 12400 – 2100 x d2 

  = 12400 – 2100 (0,7374)2 

  = 11258,1066 cal/g 

c. Sampel C 

GCV  = 12400 – 2100 x d2 

  = 12400 – 2100 (0,7368)2 

  = 11259,9641 cal/g 

d. Sampel D 

GCV  = 12400 – 2100 x d2 

  = 12400 – 2100 (0,7364)2 

  = 11261,2016 cal/g 
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e. Sampel E 

GCV  = 12400 – 2100 x d2 

  = 12400 – 2100 (0,7363)2 

  = 11261,5109 cal/g 

Dari perhitungan diatas, API Gravity dan Calorific Value  produk pirolisis dapat dilihat 

pada tabel L2.8 dibawah ini : 

Tabel L2.9 API Gravity dan Calorific Value   

Sampel API Gravity Calorific Value (Cal/g) 

A 60,31 11256,5575 

B 60,44 11258,1066 

C 60,60 11259,9641 

D 60,70 11261,2016 

E 60,73 11261,5109 

 

7. Perhitungan Calculated Cetane Index (CCI) 

CCI = 45,2 + (0,0892) (T10N) + [0,131 + (0.901) (B)] [T50N] + [0,0523 – (0,420) 

…(B)][T90N] + [0,00049] [(T10N)2 – (T90N)2] + (107) (B) + (60) (B) 

 

Keterangan : 

CCI : Calculated Cetane Index by Four Variable Equation 

D : Density at 15℃, g/ml determined by Test Methods D 1298  

DN : D-0,85 

B : [e (-3,5)(DN)]-1      

T10 : Temperatur 10 Recovery 

T10N : T10 – 215 

T50 : Temperatur 50 Recovery 

T50N : T50 – 260 

T90 : Temperatur 90 Recovery 

T90N : T90 – 310      (Handbook of Refinery Desulfuruzation, 2015) 
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a. Sampel A  

CCI = 45,2 + (0,0892) (-105) + [0,131 + (0.901) (0,48149)] [-105] + 

…….....[0,0523 – (0,420) (0,48149)][-12] + [0,00049] [(-105)2 – (-12)2] + 

…….....(107) (0,48149) + (60)(0,48149) 

        = 49,09 

 

b. Sampel B 

CCI = 45,2 + (0,0892) (-100) + [0,131 + (0.901) (0,48409)] [-100] + 

………[0,0523 –.(0,420) (0,48409)][-10] + [0,00049] [(-100)2 – (-10)2] + 

…….....(107) (0,48409) + (60)(0,48409) 

        = 51,78 

 

c. Sampel C 

CCI = 45,2 + (0,0892) (-95) + [0,131 + (0.901) (0,48721)] [-95] + [0,0523 

……...– (0,420) (0,48721)][-9] + [0,00049] [(-95)2 – (-9)2] + (107) 

……...(0,48721) +  (60)(0,48721) 

        = 49,68 

 

d. Sampel D 

CCI = 45,2 + (0,0892) (-96) + [0,131 + (0.901) (0,48929)] [-100] + 

……….[0,0523 –.(0,420) (0,48929)][-12] + [0,00049] [(-96)2 – (-12)2] + 

……….(107) (0,48929) + 60)(0,48929) 

         = 52,45 

 

e. Sampel E 

CCI = 45,2 + (0,0892) (-113) + [0,131 + (0.901) (0,48981)] [-102] + 

………[0,0523 – (0,420) (0,48981)][-8] + [0,00049] [(-113)2 – (-8)2] + 

………(107) (0,48981) + (60)(0,48981) 

         = 51,00 
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Dari perhitungan diatas, Calculated Cetane Index (CCI) produk pirolisis dapat dilihat 

pada tabel L2.9 dibawah ini : 

Tabel L2.10 Calculated Cetane Index (CCI) 

Sampel Calculated Cetane Index (CCI) 

A 49,09 

B 51,78 

C 49,68 

D 52,45 

E 51,00 
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