
Problem 1 

Sugar balance Overall system:              In – out + gen –cons = accum 

0.5𝐹 − 0.65𝑃 = 0     →     𝑃 =
0.5(50000

𝑘𝑔

ℎ
)

0.65
= 38462

𝑘𝑔

ℎ
 

 

Water balance Overall system: 

0.5𝐹 − 0.35𝑃 − (𝑊1 + 𝑊2 + 𝑊3 + 𝑊4) = 0         

assuming 𝑊 =  𝑊1 + 𝑊2 + 𝑊3 + 𝑊4       (Eq. 1) 

→       𝑊 = 0.5 (50000
𝑘𝑔

ℎ
) − 0.35 (38462

𝑘𝑔

ℎ
) = 11538

𝑘𝑔

ℎ
 

 

From the problem we know that  𝑊1 = 𝑊2  and  𝑊3 = 𝑊4 

Where   𝑊4 = 0.1(0.5𝐹)    →      𝑊4 = (0.1)(0.5) (50000
𝑘𝑔

ℎ
) = 2500

𝑘𝑔

ℎ
 

 

Substituting in Eq. 1 

𝑊 = 2𝑊1 + 2𝑊4    →    𝑊1 =  
𝑊−2𝑊4

2
=

11538
𝑘𝑔

ℎ
−2(2500

𝑘𝑔

ℎ
)

2
= 3269

𝑘𝑔

ℎ
 

 

Total balance Stage I: 

𝐹 − 𝑊1 − 𝐴 = 0     →    𝐴 = 𝐹 − 𝑊1 = 50000
𝑘𝑔

ℎ
− 3269

𝑘𝑔

ℎ
= 46731

𝑘𝑔

ℎ
 

 

Sugar balance Stage I: 

0.5𝐹 − 𝑥𝑠𝑢𝑔𝑎𝑟,𝐴𝐴 = 0    →    𝑥𝑠𝑢𝑔𝑎𝑟,𝐴 =
0.5𝐹

𝐴
=

(0.5)(50000
𝑘𝑔

ℎ
)

46731
𝑘𝑔

ℎ

= 0.5350 

 

Composition balance in A: 

𝑥𝑠𝑢𝑔𝑎𝑟,𝐴 + 𝑥𝑤𝑎𝑡𝑒𝑟,𝐴 = 1   →   𝑥𝑤𝑎𝑡𝑒𝑟,𝐴 = 1 − 𝑥𝑠𝑢𝑔𝑎𝑟,𝐴 = 1 − 0.5350 = 0.465 

 

Total balance Stage II: 

𝐴 − 𝑊2 − 𝐵 = 0     →    𝐵 = 𝐴 − 𝑊2 = 46731
𝑘𝑔

ℎ
− 3269

𝑘𝑔

ℎ
= 43462

𝑘𝑔

ℎ
 



 

Sugar balance Stage II: 

0.535𝐴 − 𝑥𝑠𝑢𝑔𝑎𝑟,𝐵𝐵 = 0    →    𝑥𝑠𝑢𝑔𝑎𝑟,𝐵 =
0.535𝐴

𝐵
=

(0.535)(46731
𝑘𝑔

ℎ
)

43462
𝑘𝑔

ℎ

= 0.5752 

 

Composition balance in B:  

𝑥𝑠𝑢𝑔𝑎𝑟,𝐵 + 𝑥𝑤𝑎𝑡𝑒𝑟,𝐵 = 1   →   𝑥𝑤𝑎𝑡𝑒𝑟,𝐵 = 1 − 𝑥𝑠𝑢𝑔𝑎𝑟,𝐵 = 1 − 0.5752 = 0.4248 

 

Total balance Stage III: 

𝐵 − 𝑊3 − 𝐶 = 0     →    𝐶 = 𝐵 − 𝑊3 = 43462
𝑘𝑔

ℎ
− 2500

𝑘𝑔

ℎ
= 40962

𝑘𝑔

ℎ
 

 

Sugar balance Stage III: 

0.5752𝐵 − 𝑥𝑠𝑢𝑔𝑎𝑟,𝐶𝐶 = 0    →    𝑥𝑠𝑢𝑔𝑎𝑟,𝐶 =
0.5752𝐵

𝐶
=

(0.5752)(43462
𝑘𝑔

ℎ
)

40962
𝑘𝑔

ℎ

= 0.6103 

 

Composition balance in B:  

𝑥𝑠𝑢𝑔𝑎𝑟,𝐶 + 𝑥𝑤𝑎𝑡𝑒𝑟,𝐶 = 1   →   𝑥𝑤𝑎𝑡𝑒𝑟,𝐶 = 1 − 𝑥𝑠𝑢𝑔𝑎𝑟,𝐶 = 1 − 0.6103 = 0.3897 

 

 

Results table: 

 

 

 F P W1 W2 W3 W4 A B C 

Flow (kg/h) 50000 38462 3269 3269 2500 2500 46731 43462 40962 

Composition  
Sugar 

(%w/w) 

0.5 0.65     0.5350 
 

0.5752 0.6103 

Composition  
water 

(%w/w) 

0.5 0.35 1 1 1 1 0.465 0.4248 0.3897 

 

 



Problem 2 

 

 

 

 

 

 

 

 

 

a) Total system balance 
P

SO3
 = X

SO2,F 
* F * X

overall 
= 0.1 * 100 * 0.95 = 9.5 kmol 

P
SO2

 = X
SO2,F 

* F * (1 – X
overall 

) = 0.1 * 100 * (1 - 0.95)= 0.5 kmol 

𝑃𝑂2 =
𝑋

𝑂2
,
𝐹

 
∗ 𝐹 ∗ − (𝑋

𝑆𝑂2
,
𝐹

 
∗ 𝐹 ∗ 𝑋

𝑜𝑣𝑒𝑟𝑎𝑙𝑙
 
)

𝑣
=

0.09 ∗ 100 − 0.1 ∗ 100 ∗ 0.95

2
=  4.25 kmol  

P
N2

 = X
N2,F 

* F = 0.81 * 100 = 81 kmol 

P = P
SO3

+P
SO2

+P
O2

+P
N2

 = 95.25 kmol 

 
Reactor 1 balance 
S1

SO2
 = X

SO2,F 
* F (1 -  X

R1 
)= 0.1 * 100 * (1-0.75) = 2.5 kmol 

S1
SO3

= X
SO2,F 

* F * X
R1

 = 0.1 * 100 * 0.75= 7.5 kmol 

𝑆1𝑂2 =
𝑋

𝑂2
,
𝐹

 
∗ 𝐹  − (𝑋

𝑆𝑂2
,
𝐹

 
∗ 𝐹 ∗ 𝑋

𝑅1
)

𝑣
 =

0.09 ∗ 100 − 0.1 ∗ 100 ∗ 0.75

2
=  5.25 𝑘𝑚𝑜𝑙  

S1
N2

 = X
N2,F 

* F = 0.81 * 100 = 81 kmol 

S1 = 96.25 kmol 
 

b)  

𝑋𝑅2 = 0.65 =
[𝑆1 ∗  𝑋𝑆𝑂2,𝑆1  +  𝑅 ∗  𝑋𝑆𝑂2,𝑅 ]–  𝑆2 ∗ 𝑋𝑆𝑂2,𝑅

[𝑆1 ∗  𝑋𝑆𝑂2,𝑆1  +  𝑅 ∗  𝑋𝑆𝑂2,𝑅 ]
  

S2 = P + R 
Composition of streams P and R are identical 

𝑋𝑆𝑂2,𝑅 = 𝑋𝑆𝑂,𝑃 =
𝑃𝑆𝑂2

𝑃𝑆𝑂3+𝑃𝑆𝑂3+𝑃𝑂2+𝑃𝑁2
= 2.25 ∗ 10−3 [

𝑘𝑚𝑜𝑙

𝑘𝑚𝑜𝑙
]  

Solve for R 
R = 110 [kmol] 
  

S
1
 S

2
 

P 



Problem 3 

 



 



 


