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5.1  

 ↓╣╕≢─☻ꜝⱣꜘ ─ ⌐ ∆╢ ⌐⅔™≡ ╩ ∆╢

─ ─ ≤◦♪▪ꜟ☺ꜛ ≤ ┌╣╢ ╩ ╗ ╩ ∆╢↓≤≢ ⅜ ⇔

√↓≤╩ ⇔≡™╢ ≢│ ∕╣╠─ ╩╙≤⌐ ▬fi♪Ⱡ◦▪─ ☻ꜝ◓╩ ™√

╩ ⇔ ∕─ ╩ ∫√ ⌂⅔ ≢ ∆╢ ☻ꜝ◓│▬fi♪Ⱡ◦▪

─ ≢№╢ PT Krakatau Steel╟╡ ™≡™╢  

 

5.2  

5.2.1 OCV ORP  

 │ Fig.1╩ ™√ ≈─ ⌐◦♪▪ꜟ☺ꜛ Pic.1-a

Pic.1-b ☻ꜝ◓ Pic.1-c ╩כⱲfiⱨ□▬Ᵽכ◌≥ ⌐ ⇔√ Cf

╩ ⇔ ╩ ⌂ midi LOGGERGL 260 GRAPHTEC ⌐ ⇔



 

 

 

 

 

 

OCV: Open Circuit Voltage ╩ ∆╢ ⌐│ Ag/AgCl ♥◒♬◌

╩ ⇔≡™╢ ╕√ ◘fiⱪꜟ─ ⅝ ⅜╡╩ ∆╢√╘⌐ 2.0mm─ ╩ 4≈

↑√ ╩⇔≡™╢ ⌂⅔ ╩ ∆╢ ⌐│ ≤⇔≡ ≢№╢ Aspergillus Oyzae, 

Candida Rugosa, Aspergillus Aculeatus╩ ⇔ ╛♃fiⱤ◒ ─ ─

╩ ⇔≡™╢  

 

5.2.2 ─  

 ─ ╩ ∆╢℮ⅎ≢ ⌂ ≤⇔≡ ─ ≢№╢ ⅜№╢

⅜⅔╟∕ 100% ≢№╢↓≤│ ─ ╟╡ ╠⅛≤⌂∫≡™╢⅜ ◦♪▪

ꜟ☺ꜛ ─ ╩ ⇔≡™╢ │⌂™ ∕↓≢ 2≢│ ╩ ™≡ ◦♪

▪ꜟ☺ꜛ ─ ╩ ∆╢ ╩ ⌐ ∆  

1) ╩ 100℃ ⌐ 24 ⌐ ╣ ╩ ↕∑╢  

2) ─ ╩ 300℃≤ 600℃⌐ ⇔ 3  

3) ─ ╟╡ IL Ignition Loss ╩ ∆╢  

4)  

ꜛ☺ꜟ▪♪◦ה 5.2.3 ה ☻ꜝ◓╩ ™√ ─  

 1 2 ≢ ┘ ╩ ═√ 3 ╩ ™√ ╩ ╩

℮ │◦♪▪ꜟ☺ꜛ ☻ꜝ◓╩ ₁Table1─ ⌂ ≢ Fig.2הPic.2

─ ⌐ ∆╢ │ ╩כⱲfiⱨ□▬Ᵽכ◌⌐ ⇔ Anode │ Cf

Cathode │ CfⱲכ♪ ⌐ ∆╢  

Fig.1 1 Pic.1a ◦♪▪ꜟ☺ꜛ  Pic.1b  Pic.1c ☻ꜝ◓ 

Sidoarjo Mad

Carbon Fiber 
Electrode

Water Layer

R

Steel 
Slag

Ex. Samp.7

Food Waste

1 2 3 4 5 6 7

Sidoarjo Mud ml 600 ― ― 300 300 ― 200

Food Waste ml ― 600 ― 300 ― 300 200

Steel Slag ml ― ― 600 ― 300 300 200

Water Layer ml

Sample

1400

Table1  

Fig.2  



 

 

 

 

 

 

⌐ ∆╢ │ 10 ─ ╩ ⇔ ≤ ╩ ∆╢ V-I

╩ ⇔ ∆╢ ⇔√ ╩ ™≡ 20 ─ ╩ ∆╢ ⌐

│ pH ◒fiⱤ♃ה☻כ◖ꜟ◓ COD─ ╩

∆╢  

 

5.3  

5.3.1 OCV ORP  

 OCV ╩ Fig.3 ⌐ ∆ OCV │ ₁-0.410V (◦♪▪ꜟ☺ꜛ ), -0.336V ( ), -

0.522V ( ☻ꜝ◓)╕≢ ⇔≡ ─ ⌐⌂∫√ │ ─ ≈◄Ⱡꜟ◑כ

≤ ≢№╢√╘ ─◄Ⱡꜟ◑כ ╩ ↕∑╢↓≤⅜≢⅝≡™╢ │ ☻ꜝ◓ ◦♪

▪ꜟ☺ꜛ ≢№╢ ╕√ ☻ꜝ◓─ OCV⅜-0.522V╕≢ ⇔√ ≤⇔≡

☻ꜝ◓ ⌐ ⇔≡™╢ ⅜ ≢№╡ ▬fi♪Ⱡ◦▪─ ☻ꜝ◓╙ Anode ≤

⇔≡ ≢⅝╢↓≤⅜ ↕╣√  

 

 

 

 

 

Fig.3 OCV  
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5.3.2 ─  

 ╩ Table2 ─ 300℃ 600℃ ─ ╩ Pic.3 ⌐

∆ ◦♪▪ꜟ☺ꜛ ─ IL600 │ 12.74% IL300 │ 6.81%

IL600-300 │ 5.93%≢№∫√ ⅜ ⇔≡™╢ ⌐ ═ ⅜

⌂ↄ │ ™≤™℮ ≢№╢ ╕√ 600℃ ⌐ ⌐ ⇔√↓≤⅛

╠ Fe(OH)2 ─ ╙ ╕╣≡™╢↓≤⅜ ↕╣╢  

 

5.3.3 ꜛ☺ꜟ▪♪◦ה ה ☻ꜝ◓╩ ™√ ─  

 Fig.4 Table3 ⌐ 1 ─ V-I ╩ ∆ │ Case1-4 ≢ 995Ω

Case5-7≢ 467Ω≢№∫√ ≢│↓╣╠─ ╩ ∆╢ ☻ꜝ◓╩ ╗◘fiⱪꜟ│⁸

╟╡ ╣√ ╩ ≢⅝╢ ∕─√╘ ─ ⌐╟╢ ⅜ ─ ⌂ ≢№╢

≤ ↕╣╢ √∞ ≡─ ⌐⅔™≡⁸ ╩ ™√ ⌐ ═⁸ ⌐╟╡ ─

⅜ ↕╣√ ∕─ ≤⇔≡ ≈─↓≤⅜ →╣╢ ≈ │ ⌐∆╢↓≤≢ FW

╛ ⅛╠─ ⅜ ⇔√↓≤ 2≈ │ FW╕√│Mud⌐ ╕╣╢ ⅜ EM≤⇔≡

⅝⁸ ⅜ ⇔√↓≤⅜ ⅎ╠╣╢  

Before drying After drying at 100℃

After burning at 300℃ After burning at 600℃

water content IL300 IL600 IL600-300

Before 85.1% 6.81% 12.74% 5.93%

After

Table2 ◦♪▪ꜟ☺ꜛ ─  

Pic.3 ◦♪▪ꜟ☺ꜛ ─  
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⌐ ─ ╩ ℮ Fig.5⌐ pH COD─ ╩ ∆ FW─ ⅝

⅜╡⅜ ⇔™ FW ≤ M,FW ≢│ ⅜ ≢⅝≡⅔╠∏ ╠╣╢ ⅜ ⌐№

╢ ⅝ ⅜╡╩ ∆╢√╘⌐ ╩ ∆╢ ─ ⅜ ≢№╢↓≤╩ ⇔√ SS─╖

≤ SS+FW─ ≢│ ⅜ ⌐ ≢№╢ ≢ Mud╩ ╗ ≢│ ╙

↕╣√ ↓─ ≤⇔≡ ─ ─ ─ ⌐╟╢ ─ ≢№╢ ↕╣╢

COD─ ⅜ ™─│ 4(M, FW), 5(M, SS), 1(M)≢№╢ ≢ COD≤ ─ │

↕╣∏ ⌂╢ ⅜  

 ⌐ ─ V-I ⌐≈™≡─ ╩ ℮ Fig.6 ⌐ V-I ─ ╩ ∆

Sample5 (M, SS)─ ⅜ ™ ≢№∫√ ↓╣│ Cathode ⅜ ™ ∆⌂╦∟ ⅝ ⅜╡

─ ⅜ ⌂™↓≤≢ ─ DO ⅜ ⌐ ↕╣╢↓≤≢ Cathode ─ ⅜ ⅎ√↓≤╩

⇔≡™╕∆ ∕─√╘ ⅛╠╙ ╠╣√╟℮⌐ ─√╘⌐│ Cathode╩≥─╟℮

⌐ ⇔≡ↄ⅛⅜ ≢№╢  

V-I ─ ╩ ℮ ╒≤╪≥─ ≢ ≤ ═ ─ ⅜ ↕╣√ ∕─

≤⇔≡ ─ Ex.O2 ─ ⅜ ≢№╢ ⅎ╠╣╢ ≢

Sample1 (M), 5 (M, SS)≢│ ⅜ ⇔╕⇔√ ∕─ ≤⇔≡ ─ ─ ─

⌐╟╢ ─ ≢№╢≤ ↕╣╢  

Table3 V-I  

Case1 Case2 Case3 Case4 Case5 Case6 Case7

Max. Power mW 0.011 0.001 0.068 0.039 0.124 0.211 0.219

Opt. Resistance Ω 995 995 995 995 467 467 467

6 7 4 5 3 2 1Rank
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6 ╕≤╘ 

─ ≢ ﬞ ≤ ⌂╢ ⌐ ╩ ™√↓≤⌐╟╡ ↄ─↓≤╩ ⅎ ∂╢

⌂ ⌐⌂╡╕⇔√ ≢─ ⌐⅔™≡ ∂╢ ─ ─ꜟכꜟ╛ ™╛

≢ ∂╢ ─ ─ ─ ↕ ╕√ ⌐⅔™≡ ─ ⅜≥╣∞↑ ╕╣

≡™╢⅛ ≢ ↔⇔√╕╕≢│ ≠ↄ↓≤⅜≢⅝⌂™↓≤╩ ↄ ≢⅝√ ﬞ ≢⇔√

∕─ ⌂ ≢ ╩ ∫≡─◖Ⱶꜙ♬◔כ◦ꜛfi≢ ↔⇔ ╩ ℮↓≤⅜≢⅝√↓≤│

─ ─ ⌐⌂∫≡™╕∆  

╕√ ≢─ ﬞ ─ ≤™℮↓≤≢ ╩ ∂≡™╕⇔√ ⇔⅛⇔ ─ ₁⅜

⅛ↄ ⅎ≡ ™≡ ₁⌂◘ⱳכ♩╩⇔≡ ™√⅔⅛→≢ ≢─ ⌂ↄ ⌐ ╡ ╗↓

≤⅜≢⅝╕⇔√ ─ ╩ ⇔≡ ≤─ ⅜╡─ ╩ ╘≡ ∂╢↓≤⅜≢⅝

╕⇔√ ≤⇔≡ ─ ⌐ ╢ ⌐│ ≤─ ⅜╡╩ ⌐⇔ ╡╟⅜╡≢│⌂ↄ

╡─ ⅎ ─ ⌐ ╠╣╢╟℮⌂ ⌐⌂╡√™≤ ∂╕⇔√  
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Fig.4 V-I  
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