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𝑅𝑒𝑑2⟷𝑂𝑥2 + 𝑛2𝑒
− 𝑂𝑥1 + 𝑛1𝑒

−⟷ 𝑅𝑒𝑑1
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~250𝑊ℎ/𝐾𝑔
~350𝑊/𝐾𝑔
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Electrode négative (Zn) : 𝑍𝑛 + 4𝑂𝐻− ↔ 𝑍𝑛(𝑂𝐻)4
2− + 2𝑒−

𝑍𝑛(𝑂𝐻)4
2− → 𝑍𝑛𝑂 + 𝐻2𝑂 + 2𝑂𝐻

−

Electrode positive : 𝑂2 + 4𝑒
− + 2𝐻2𝑂 ↔ 4𝑂𝐻

−
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Electrode :

Epaisseur 

(mm)

Longueur 

(cm)

Largeur 

(cm)

Diamètre 

du fil (mm)
Maille (mm)

Zinc (plaque) 0.25 2.5 1.5 - -

Nickel (grille) - 2.5 1.5 0.24 550

Platine (plaque) 0.25 2.5 1.5 - -

Carbone (plaque) 0.25 2.5 1.5 - -
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𝜂 𝑡 =
𝑅𝑇𝑙𝑛

𝐼𝑆0
)𝐼0𝑆(𝑡

𝛼𝑛𝐹

⇒ 𝑆(𝑡) ↘ 𝜂 𝑡 ↗



² ²

²

20



²

²

²

21



² ²

²

22



23



24

Caractérisation par 

microscopie optique



25

Caractérisation par 

microscopie optique



² ²

² ²

~1𝑠)

26

Caractérisation par 

microscopie optique



𝑟𝑐𝐵 ≈ 30 𝜇𝑚
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𝑵𝒃𝑨 𝒕 𝑵𝒃𝑩 𝒕
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𝑑𝑁𝑏𝐴(𝑡)

𝑑𝑡
= 𝛼𝐴 𝐼 − 𝛽𝐴(𝐼)𝑁𝑏𝐴 − 𝛾𝐴(𝐼)𝑄𝑁𝑏𝐴

𝑑𝑁𝑏𝐵(𝑡)

𝑑𝑡
= 𝛼𝐵 𝐼 − 𝛽𝐵 𝐼 𝑁𝑏𝐵 − 𝛾𝐵(𝐼)𝑄𝑁𝑏𝐵

𝛼𝐴,𝐵
𝛽𝐴,𝐵
𝛾𝐴,𝐵

𝑑𝑉𝑜𝑙𝑂2 𝑡

𝑑𝑡
=
𝑉𝑜𝑙𝑚𝐼

𝑛𝐹
= 𝛼𝐴 𝐼 𝑉𝑜𝑙𝐴 + 𝛼𝐵 𝐼 𝑉𝑜𝑙𝐵
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𝑆 𝑡 = 𝑆0 −𝑁𝑏𝐴 𝑡 𝑆𝐴 − 𝑁𝑏𝐵 𝑡 𝑆𝐵

𝐸 = 𝐸0 +
𝑅𝑇

𝑛𝛼0𝐹
𝑙𝑛
𝐼𝑆0
)𝐼0𝑆(𝑡

𝐸 = 𝐸0 +
𝑅𝑇

𝑛𝛼0𝐹
𝑙𝑛
𝑆0
)𝑆(𝑡
+
𝑅𝑇

𝑛𝛼0𝐹
𝑙𝑛
𝐼

𝐼0

𝜶𝟎 et 𝑰𝟎 : Paramètres de TAFEL
37



² ²

²

38



² ²

²

39



²

²

²

40



j = 20 
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)𝑃(𝑟)~𝒩(𝜇, 𝜎 𝑓 𝑟 =
1

𝜎 2𝜋
𝑒
−
1
2
𝑥−𝜇
𝜎

2

𝑃𝑟 𝑟 =
1

2
+
1

2
𝑒𝑟𝑓
𝑟 − 𝜇

𝜎 2

μ
σ 43



𝑆𝑡𝑜𝑡 = 𝑆𝑖
𝐼𝑖 = 𝑗 𝑆𝑖

𝑑𝑉𝑜𝑙𝑂2𝑖
𝑡

𝑑𝑡
=
𝑉𝑜𝑙𝑚𝐼𝑖
𝑛𝐹

𝑟𝑖 =
3 3

4𝜋

𝑑𝑉𝑜𝑙𝑂2𝑖
𝑡

𝑑𝑡
Si 𝐾𝑖 < 𝑃𝑖 𝑟𝑖

𝑆𝑖 ← 𝑆𝑖 − 𝑆𝑚𝑖

𝑡 = 𝑡 + 𝑑𝑡

𝑟𝑖 = 0
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𝒫𝑔𝑎𝑖𝑛 = Δ𝑉𝐼

𝓟𝒏𝒆𝒕 = 𝓟𝒈𝒂𝒊𝒏 −𝓟𝒉

𝓟𝒈𝒂𝒊𝒏 ∼ 𝟏𝟎 − 𝟒𝟎𝐦𝐖

𝓟𝒉 ∼ 𝟎, 𝟏 − 𝟏𝐦𝐖
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𝒫ℎ ∼ 0,1 − 2 mW

𝓟𝒏𝒆𝒕 = 𝓟𝒈𝒂𝒊𝒏 −𝓟𝒉
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𝒫𝑛𝑒𝑡 = 𝒫𝑔𝑎𝑖𝑛 − 𝒫ℎ

𝓟𝒈𝒂𝒊𝒏

𝓟𝒉

𝒫𝑛𝑒𝑡 > 0

𝑑𝒫𝑛𝑒𝑡
𝑑𝑄
= 0

𝑄𝑜𝑝𝑡(𝑗)

𝑄𝑙𝑖𝑚(𝑗)

𝓟𝒏𝒆𝒕 = 𝓟𝒈𝒂𝒊𝒏 −𝓟𝒉
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𝒫𝑛𝑒𝑡 = 𝒫𝑔𝑎𝑖𝑛 − 𝒫ℎ

𝓟𝒈𝒂𝒊𝒏

𝓟𝒉

𝑄𝑜𝑝𝑡(𝑗)

𝑄𝑙𝑖𝑚(𝑗)

𝓟𝒏𝒆𝒕 = 𝓟𝒈𝒂𝒊𝒏 −𝓟𝒉

𝒫𝑛𝑒𝑡 > 0

𝑑𝒫𝑛𝑒𝑡
𝑑𝑄
= 0 51



~10%

𝓟𝒏𝒆𝒕 = 𝓟𝒈𝒂𝒊𝒏 −𝓟𝒉
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𝜏𝐴,𝐵 =
1

𝛽𝐴,𝐵
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𝜏𝐴,𝐵 =
1

𝛽𝐴,𝐵 + 𝑄𝛾𝐴,𝐵
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𝜏𝐴,𝐵 =
1

𝛽𝐴,𝐵 + 𝑄𝛾𝐴,𝐵
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