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Chemical Engineering 140              February 22, 2021 
 
 

Midterm 1 Solutions 
 
Problem 1 
In order to solve for CA,2, CB,2, and CP,2, in the outlet stream of tank 2, the concentrations of A 
and B entering tank 2, CA,1 and CB,1 respectively, must be found. 
 
First, do a mass balance on species A in tank 1: 

𝑑𝑛஺

𝑑𝑡 ൌ 𝑛ሶ஺,୧୬ െ  𝑛ሶ஺,ଵ ൅ න 𝑟஺,ଵ൫𝑥, 𝑡൯𝑑𝑉
஼௏

ሺ1ሻ 

Process is at steady state. The tank is well-mixed such that reaction rate does not depend 
on position and CA,1 = CA in the tank. 

0 ൌ 𝐶஺,୧୬𝑄 െ 𝐶஺,ଵ𝑄 െ 𝑘ଵ𝐶஺,ଵ𝑉 ሺ2ሻ 
Write in terms of tau: 

0 ൌ 𝐶஺,୧୬ െ 𝐶஺,ଵ െ 𝑘ଵ𝐶஺,ଵ𝜏 ሺ3ሻ 
0 ൌ 𝐶஺,୧୬ െ 𝐶஺,ଵሺ1 ൅ 𝑘ଵሻ𝜏 ሺ4ሻ 

𝐶஺,ଵ ൌ
𝐶஺,୧୬

ሺ1 ൅ 𝑘ଵሻ𝜏 ൌ ૚
𝒎𝒐𝒍

𝑳
ሺ5ሻ 

Then, a mass balance on species B in tank 1 using the same assumptions listed above: 
𝑑𝑛஻

𝑑𝑡 ൌ 𝑛ሶ ஻,୧୬ െ  𝑛ሶ ஻,ଵ ൅ න 𝑟஻,ଵ൫𝑥, 𝑡൯𝑑𝑉
஼௏

ሺ6ሻ 

0 ൌ െ 𝐶஻,ଵ𝑄 ൅ 𝑘ଵ𝐶஺,ଵ𝑉 ሺ7ሻ 
0 ൌ െ 𝐶஻,ଵ ൅ 𝑘ଵ𝐶஺,ଵ𝜏 ሺ8ሻ 

𝐶஻,ଵ ൌ 𝑘ଵ𝐶஺,ଵ𝜏 ൌ ૚
𝒎𝒐𝒍

𝑳
ሺ9ሻ 

 
Now, the second tank is the control volume and mass balances on species A, B, and P are used.  
 
Species mass balance on species A in tank 2: 

𝑑𝑛஺

𝑑𝑡 ൌ 𝑛ሶ஺,ଵ െ 𝑛ሶ஺,ଶ ൅ න 𝑟஺,ଶ൫𝑥, 𝑡൯𝑑𝑉
஼௏

ሺ10ሻ 

0 ൌ  𝐶஺,ଵ𝑄 െ 𝐶஺,ଶ𝑄 െ 𝑘ଶ𝐶஺,ଶ𝑉 ሺ11ሻ 
0 ൌ  𝐶஺,ଵ െ 𝐶஺,ଶ െ 𝑘ଶ𝐶஺,ଶ𝜏 ሺ12ሻ 
0 ൌ 𝐶஺,ଵ െ 𝐶஺,ଶሺ1 ൅ 𝑘ଶሻ𝜏 ሺ13ሻ 

𝐶஺,ଶ ൌ
𝐶஺,ଵ

ሺ1 ൅ 𝑘ଶሻ𝜏 ൌ
૚
૜

𝒎𝒐𝒍
𝑳

ሺ14ሻ 

 
Species mass balance on species B in tank 2: 

𝑑𝑛஻

𝑑𝑡
ൌ 𝑛ሶ ஻,ଵ െ 𝑛ሶ ஻,ଶ ൅ න 𝑟஻,ଶ൫𝑥, 𝑡൯𝑑𝑉

஼௏
ሺ10ሻ 

0 ൌ  𝐶஻,ଵ𝑄 െ 𝐶஻,ଶ𝑄 െ 𝑘ଷ𝐶஻,ଶ𝑉 ሺ11ሻ 
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0 ൌ  𝐶஻,ଵ െ 𝐶஻,ଶሺ1 ൅ 𝑘ଷ𝜏ሻ ሺ12ሻ 

𝐶஻,ଶ ൌ
𝐶஻,ଵ

ሺ1 ൅ 𝑘ଷሻ𝜏 ൌ
૚
૝

𝒎𝒐𝒍
𝑳

ሺ13ሻ 

 
Species mass balance on species P in tank 2: 

𝑑𝑛௉

𝑑𝑡 ൌ 𝑛ሶ ௉,ଵ െ 𝑛ሶ ௉,ଶ ൅ න 𝑟௉,ଶ൫𝑥, 𝑡൯𝑑𝑉
஼௏

൅ න 𝑟௉,ଷ൫𝑥, 𝑡൯𝑑𝑉
஼௏

ሺ14ሻ 

0 ൌ  െ𝐶௉,ଶ𝑄 ൅ 𝑘ଶ𝐶஺,ଶ𝑉 ൅ 𝑘ଷ𝐶஻,ଶ𝑉 ሺ15ሻ 
0 ൌ  െ𝐶௉,ଶ ൅ 𝑘ଶ𝐶஺,ଶ𝜏 ൅ 𝑘ଷ𝐶஻,ଶ𝜏 ሺ16ሻ 

𝐶௉,ଶ ൌ 𝑘ଶ𝐶஺,ଶ𝜏 ൅ 𝑘ଷ𝐶஻,ଶ𝜏 ൌ
૚ૠ
૚૛

𝒎𝒐𝒍
𝑳

ሺ17ሻ 
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Problem 2 
a. First, do an overall mass balance on the control volume (the entire tank and MOF bed): 

𝑑𝑚
𝑑𝑡 ൌ 𝑚ሶ ୧୬ െ 𝑚ሶ ୭୳௧ ሺ1ሻ 

Since no flows enter or exit the system, 
𝑑𝑚
𝑑𝑡 ൌ 0 ሺ2ሻ 

𝑀௪
𝑑𝑛
𝑑𝑡 ൌ 0 ሺ3ሻ 

𝑑𝑛
𝑑𝑡 ൌ 0 ሺ4ሻ 

𝑁଴ ൌ 𝑛୑୓୊ሺ𝑡ሻ ൅ 𝑛ୋୟୱሺ𝑡ሻ ሺ5ሻ 

Do a mass balance on the gas phase to solve for 𝑛ୋୟୱሺ𝑡ሻ: 
𝑑𝑛ୋୟୱ

𝑑𝑡 ൌ 𝑛ሶ ୋୟୱ,୧୬ െ 𝑛ሶ ୋୟୱ,୭୳୲ ൅ 𝐺ሶ௜ ሺ6ሻ 

The entire tank and MOF bed are the control volume, so there are no flows in or out of the 
system. 

𝑑𝑛ୋୟୱ

𝑑𝑡 ൌ െ𝑘𝑏𝑃 ሺ7ሻ 

Use ideal gas law to write pressure in terms of moles: 
𝑑𝑛ୋୟୱ

𝑑𝑡 ൌ െ ൬
𝑘𝑏𝑅𝑇

𝑉 ൰ 𝑛ୋୟୱ ሺ8ሻ 

න
𝑑𝑛ୋୟୱ

𝑛ୋୟୱ

௡ృ౗౩ሺ௧ሻ

ேబ

ൌ න െ ൬
𝑘𝑏𝑅𝑇

𝑉 ൰ 𝑑𝑡
௧

଴
 ሺ9ሻ 

ln 𝑛ୋୟୱ ሺ𝑡ሻ െ ln 𝑁଴ ൌ െ ൬
𝑘𝑏𝑅𝑇

𝑉
൰ 𝑡 ሺ10ሻ 

𝑛ୋୟୱሺ𝑡ሻ ൌ  𝑁଴𝑒ିቀ௞௕ோ்
௏ ቁ௧ ሺ11ሻ 

Then, use equation 5 to solve for 𝑛୑୓୊ሺ𝑡ሻ: 

𝑛୑୓୊ሺ𝑡ሻ ൌ  𝑁଴ െ 𝑁଴𝑒ିቀ௞௕ோ்
௏ ቁ௧ ሺ12ሻ 

𝒏𝐌𝐎𝐅ሺ࢚ሻ ൌ  𝑵૙ ൬૚ െ 𝒆ିቀ𝒌𝒃𝑹𝑻
𝑽 ቁ࢚൰ ሺ૚૜ሻ 

 
b. First calculate the total number of moles that the MOF can adsorb: 

ሺ10,000𝑘𝑔 𝑀𝑂𝐹ሻ ൬
5𝑚𝑚𝑜𝑙 𝐶𝐻ସ

𝑔 𝑀𝑂𝐹
൰ ൬

1000𝑔
𝑘𝑔

൰ ൬
𝑚𝑜𝑙

1000𝑚𝑚𝑜𝑙
൰ ൌ 50,000 𝑚𝑜𝑙𝑒𝑠 𝐶𝐻ସ ሺ14ሻ 
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Initially, there are 75,000 moles of methane in the tank, but the MOF bed can adsorb a 
maximum of 50,000 moles of methane. 
 
Calculate the time at which maximum capacity is reached using equation 13: 

𝑛୑୓୊ሺ𝑡ሻ ൌ 50,000 ൌ  𝑁଴ ൬1 െ 𝑒ିቀ௞௕ோ்
௏ ቁ௧൰ ሺ15ሻ 

50,000
75,000 ൌ  ൫1 െ 𝑒ିሺଶ∗଴.ହ∗଼.ଷଵସ∗ଷ଴଴/ଵ଴଴଴ሻ௧൯ ሺ16ሻ 

2
3 ൌ  ሺ1 െ 𝑒ିଶ.ସଽସ௧ሻ ሺ17ሻ 

ln ൬
1
3൰ ൌ  െ2.494𝑡 ሺ18ሻ 

࢚ ൌ ૙. ૝૝𝒔 ሺ૚ૢሻ 
c. Calculate the pressure of methane left in the tank. From part b, we know 25,000 moles 

are left in the tank. 
𝑃𝑉 ൌ 𝑛௚௔௦𝑅𝑇 ሺ20ሻ 

𝑃 ൌ
𝑛௚௔௦𝑅𝑇

𝑉  ሺ21ሻ 

𝑃 ൌ
ሺ25,000𝑚𝑜𝑙ሻሺ8.314 𝑚ଷ ∙ 𝑃𝑎

𝑚𝑜𝑙 ∙ 𝐾ሻሺ300𝐾ሻ
1000 𝑚ଷ  ሺ22ሻ 

𝑷 ൌ ૟૛, ૜૟૙ 𝑷𝒂 ሺ૛૜ሻ 


