










 

 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  





 



 

 







 





 

 

C6H12O6 + 6 O2 → 6 CO2 + 6 H2O



𝑐𝑌
∗ = 𝑐𝑌𝐿

∗ =
𝑝𝑌,𝐺

∗

𝐻𝑌
=̃

𝑝𝑌,𝐺

𝐻𝑌

( 1 ) 

𝑐𝑌
∗ [𝑚𝑜𝑙𝑂2 𝐿−1 ; 𝑔𝑂2 𝐿−1] 

𝑐𝑌𝐿
∗ [𝑚𝑜𝑙𝑂2 𝐿−1 ; 𝑔𝑂2 𝐿−1] 

𝑝𝑌,𝐺
∗ [𝑃𝑎; 𝑏𝑎𝑟 ] 

𝑝𝑌,𝐺 [𝑃𝑎; 𝑏𝑎𝑟 ] 

𝐻𝑌 [𝑁𝑚 𝑘𝑔−1 ] 

O2 + 2 H2O + 4 e−  → 4 OH−

4 Ag → 4 Ag+ +  4 e− 







 



 



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 



 



𝑑 𝑐𝑂2

𝑑 𝑡
= 𝑂𝑇𝑅 − 𝑂𝑈𝑅 ( 2 ) 

𝑑 𝑐𝑂2

𝑑 𝑡
= 0 → 𝑂𝑇𝑅 = 𝑂𝑈𝑅 ( 3 ) 

𝑂𝑈𝑅 [𝑚𝑜𝑙𝑂2 𝐿−1 ℎ−1; 𝑔𝑂2 𝐿−1 ℎ−1 ] 

𝑂𝑇𝑅 [𝑚𝑜𝑙𝑂2 𝐿−1 ℎ−1; 𝑔𝑂2 𝐿−1 ℎ−1 ] 

𝑐𝑂2 [𝑚𝑜𝑙𝑂2 𝐿−1 ] 

 

𝐹𝑛𝐺_𝑖𝑛

𝑥𝑂𝐺_𝑖𝑛



𝐹𝑛𝐺_𝑜𝑢𝑡

𝑥𝑂𝐺_𝑜𝑢𝑡

𝑂𝑇𝑅 =  
𝐹𝑛𝐺_𝑖𝑛 ∙ 𝑥𝑂𝐺_𝑖𝑛 − 𝐹𝑛𝐺_𝑜𝑢𝑡 ∙ 𝑥𝑂𝐺_𝑜𝑢𝑡

𝑉𝐿

( 4 ) 

𝑂𝑇𝑅 [𝑚𝑜𝑙𝑂2 𝐿−1 ℎ−1; 𝑔𝑂2 𝐿−1 ℎ−1 ] 

𝐹𝑛𝐺𝑖𝑛/𝑜𝑢𝑡 [ 𝑚𝑜𝑙𝑂2 ℎ−1] 

𝑥𝑂𝐺𝑖𝑛/𝑜𝑢𝑡 [−] 

𝑉𝐿 [𝐿] 

(
𝑑 𝑐𝑂2_𝐿

𝑑 𝑡
= 0 ;

𝑑 𝑐𝑂2_𝐺

𝑑 𝑡
= 0 → 𝑂𝑇𝑅 = 𝑂𝑈𝑅)



 

𝑂𝑇𝑅 =  𝑘𝐿𝑎 ⋅ (𝑐𝑂𝐿
∗ − 𝑐𝑂𝐿(𝑡)) ( 5 ) 

𝑘𝐿𝑎 [ℎ−1 ] 

𝑐𝑂𝐿
∗ [ 𝑚𝑜𝑙𝑂2 𝐿−1] 

𝑐𝑂𝐿(𝑡) [ 𝑚𝑜𝑙𝑂2 𝐿−1] 

𝑐𝑂𝐿(𝑡)



 



𝑂𝑈𝑅 =
1

∆𝑡
∙ (𝑐𝑂2,𝐿,𝐸𝑛𝑑𝑒 − 𝑐𝑂2,𝐿,𝐴𝑛𝑓𝑎𝑛𝑔)

𝑂𝑈𝑅 =
1

100% ∙ 𝐻𝑂2(𝑇) ∙ ∆𝑡
∙ (𝑝𝑂2,𝐸𝑛𝑑𝑒 − 𝑝𝑂2,𝐴𝑛𝑓𝑎𝑛𝑔) ∙ 𝑝𝐺𝑐𝑎𝑙

( 6 ) 

∆𝑡 [ℎ]

𝑐𝑂2,𝐿,𝐸𝑛𝑑𝑒/𝐴𝑛𝑓𝑎𝑛𝑔 [𝑚𝑜𝑙 𝐿−1; 𝑔 𝐿−1]

𝐻𝑂2(𝑇) [𝐿 𝑏𝑎𝑟 𝑚𝑜𝑙−1]

𝑝𝑂2,𝐸𝑛𝑑𝑒/𝐸𝑛𝑑𝑒 [%]

𝑝𝐺𝑐𝑎𝑙 [𝑏𝑎𝑟]

𝑐𝑂𝐿 100 =
𝑝𝐺,𝑐𝑎𝑙 ∙ 𝑥𝑂𝐺,𝑐𝑎𝑙

𝐻𝑂2(𝑇)
( 7 ) 

𝑐𝑂𝐿 100 [𝑚𝑜𝑙 𝐿−1; 𝑔 𝐿−1] 

𝑝𝐺,𝑐𝑎𝑙 [𝑏𝑎𝑟]

𝑥𝑂𝐺,𝑐𝑎𝑙 [−]

𝐻𝑂2(𝑇) [𝐿 𝑏𝑎𝑟 𝑚𝑜𝑙−1 ]



𝑝𝑂2(𝑡) =
𝑝𝑂𝐿(𝑡)

𝑝𝑂𝐿 𝑐𝑎𝑙
=

𝑝𝑂𝐿(𝑡)

𝑝𝐺 𝑐𝑎𝑙 ∙ 𝑥𝐺 𝑐𝑎𝑙
=

𝑐𝑂𝐿(𝑡)

𝑐𝑂𝐿 100

( 8 ) 

𝑝𝑂2 [−] 

𝑝𝑂𝐿 [𝑏𝑎𝑟]

𝑝𝑂𝐿 𝑐𝑎𝑙 [𝑏𝑎𝑟]

𝑝𝐺 𝑐𝑎𝑙 [𝑏𝑎𝑟 ]

𝑐𝑂𝐿 [𝑚𝑜𝑙 𝐿−1; 𝑔 𝐿−1]



 



𝑘𝐿𝑎 =
𝑂𝑇𝑅

(𝑐𝑂𝐿
∗ − 𝑐𝑂𝐿(𝑡))

( 9 ) 

𝑘𝐿𝑎 [ℎ−1 ] 

𝑐𝑂𝐿
∗ [ 𝑚𝑜𝑙𝑂2 𝐿−1] 

𝑐𝑂𝐿(𝑡) [ 𝑚𝑜𝑙𝑂2 𝐿−1] 

𝑂𝑇𝑅 [𝑚𝑜𝑙𝑂2 𝐿−1 ℎ−1; 𝑔𝑂2 𝐿−1 ℎ−1 ] 

 

𝑞𝑂𝑈𝑅 =
𝑂𝑈𝑅

𝑐𝑋𝐿

( 10 ) 

𝑞𝑂𝑈𝑅 [𝑚𝑜𝑙𝑂2 ℎ−1 𝑔𝑍𝑒𝑙𝑙𝑒𝑛
−1 ; 𝑔𝑂2 ℎ−1 𝑔𝑍𝑒𝑙𝑙𝑒𝑛

−1  ] 

𝑂𝑈𝑅 [𝑚𝑜𝑙𝑂2 𝐿−1 ℎ−1; 𝑔𝑂2 𝐿−1 ℎ−1 ] 

𝑐𝑋𝐿 [𝑔𝑍𝑒𝑙𝑙𝑒𝑛 𝐿−1 ] 

 



𝐶𝐸𝑅 =
∆𝑐𝐶𝑂2 𝐿

∆𝑡

𝐶𝐸𝑅 =
1

100% ∙ 𝐻𝐶𝑂2(𝑇) ∙ ∆𝑡
∙ (𝑝𝐶𝑂2,𝐴𝑛𝑓𝑎𝑛𝑔 − 𝑝𝐶𝑂2,𝐸𝑛𝑑𝑒) ∙ 𝑝𝐺𝑐𝑎𝑙

( 11 ) 

𝐶𝐸𝑅 [𝑚𝑜𝑙 𝐿−1 ℎ−1; 𝑔 𝐿−1 ℎ−1 ] 

∆𝑡 [ℎ]

∆𝑐𝐶𝑂2 𝐿 [𝑚𝑜𝑙 𝐿−1; 𝑔 𝐿−1]

𝑝𝐶𝑂2,𝐿,𝐸𝑛𝑑𝑒/𝐴𝑛𝑓𝑎𝑛𝑔 [−]

𝐻𝐶𝑂2(𝑇) [𝐿 𝑏𝑎𝑟 𝑚𝑜𝑙−1 ]

 

𝑅𝑄 =
𝐶𝐸𝑅

𝑂𝑈𝑅
( 12 ) 

𝑅𝑄 [− ] 

𝑂𝑈𝑅 [𝑚𝑜𝑙𝑂2 𝐿−1 ℎ−1; 𝑔𝑂2 𝐿−1 ℎ−1 ] 

𝐶𝐸𝑅 [𝑚𝑜𝑙𝐶𝑂2 𝐿−1 ℎ−1; 𝑔𝐶𝑂2 𝐿−1 ℎ−1 ] 
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𝑝𝑂2(𝑡) = −840,08
%

ℎ
𝑥 + 18500,44 %

𝑑 𝑐𝑂2

𝑑 𝑡
=

|𝑚| ∙ 𝑝𝐺

𝐻𝑂2(𝜗)
=

|− 8,408
1
ℎ| ∙ 1,013 𝑏𝑎𝑟

1,21 ∙ 103 𝐿 𝑏𝑎𝑟
𝑚𝑜𝑙

=  7,025 
𝑚𝑚𝑜𝑙

𝐿 ℎ

Kammer schließt 

21,9958 21,92

21,9964 21,57

… … 

22,0050 14,41

22,0058 13,78

22,0064 13,13

Kammer öffnet 



 

 









 



 



𝐷𝑆𝑎𝑢𝑒𝑟𝑠𝑡𝑜𝑓𝑓 = 6,0 ∙ 10−5
𝑐𝑚2

𝑠

𝐷𝑆𝑎𝑢𝑒𝑟𝑠𝑡𝑜𝑓𝑓 = 4,5 ∙ 10−6
𝑐𝑚2

𝑠

𝑈 = 111,1 
𝜇𝑚

𝑚𝑚

𝑎𝐵𝑖𝑙𝑑 = (5,91 + 23,96 + 3,55)𝑚𝑚

= 33,15 𝑚𝑚

𝐷 =
𝑥2

2 𝑡
[
𝑐𝑚2

𝑠
] ( 13 )

𝑥 [𝑐𝑚]

𝑡 [𝑠]



𝑎𝐵𝑖𝑙𝑑 ∙ 𝑈 = 3,15 𝑚𝑚 ∙ 111,1
𝜇𝑚

𝑚𝑚
= 3,6 𝑚𝑚 ( 14 )

( 13 )

𝑥 = √2𝐷𝑡 = √2 ∙ 6,0 ∙ 10−5
𝑐𝑚2

𝑠
∙ 3600𝑠 = 0,65 𝑐𝑚 = 6,5 𝑚𝑚
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𝑘𝐻,𝐶𝑃 = 𝑘𝐻,𝐶𝑃,𝜃 ∙ 𝑒
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1

𝑇𝜃
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𝑚𝑜𝑙
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1
𝐾

∙(
1

298+36 𝐾
−

1
298 𝐾

))

= 7,0292 ∙ 10−4
𝑚𝑜𝑙

𝐿 𝑎𝑡𝑚
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𝑚𝑜𝑙

𝐿 𝑏𝑎𝑟

𝐻𝑂2(36°𝐶) =
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𝑘𝑂2𝐻,𝐶𝑃(36°𝐶)
= 1441 

𝐿 𝑏𝑎𝑟
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2
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∙ 𝜋 ∙ 𝑙) 196,34 𝑚𝑚3 =  196,34 µ𝐿

40 𝑐𝑚

(𝑉 = (
𝑑𝑖

2
)
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∙ 𝜋 ∙ 𝑙) 452,4 𝑚𝑚3 =  452,4 µ𝐿

648,73 µ𝐿

𝑉𝑆𝑐ℎ𝑙ä𝑢𝑐ℎ𝑒

𝑉𝐿_𝐾𝑜𝑙𝑏𝑒𝑛
∙ 100 = 3,25 %
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