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Welcome to the problem-solving session number 1 of the polymer reaction engineering. Now, 

previously, we have studied about the quantitative analysis of series reactions in plug flow 

reactor and a batch reactor.  
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We discussed about the quantitative treatment of mixed flow reactor, first order followed by 

the zeroth order reactor and zeroth order followed by the first order reaction. Now, here in this 

particular lecture, we are going to solve some typical numerical problems. So, let us start with 

the first problem here a liquid A decomposes by a second order kinetics and in a batch reactor, 

50% of A is converted in 5 minutes.  
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So, the thing is that, how much longer would it take to reach 75% conversion. Now, for the 

second order disappearance, let us start with the second order disappearance of a reactant A. 

Now, rate can be written as –rA is equal to kCA square that is equal to the dCA upon dt or – dCA 

upon dt is equal to kCA square. Now, on rearranging and integrating, we have CA0 CA dCA upon 

CA squared is equal to 0 to t kdt.  

For second order disappearance of reactant ‘A’ rate equation can be written as; 

   -r𝐴 = −
dC𝐴

dt
= kC2𝐴 

On rearranging and integrating with the initial condition for concentration CAo to CA form time 

t=0 to t. 

   −∫
dCA

C2A

CA

CAo

= ∫ kdt
t

0

 

 

On integrating we have 

⇒ [
1

𝐶𝐴
−
1

𝐶𝐴𝑜
] = kt 
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 This can be written as, –CA upon –2 + 1 –2 + 1 CA0 CA, this is equal to k t. This can implies 

to, 1 upon CA – 1 upon CA0 this is equal to k t or 1 upon CA - 1 upon CA0, this is equal to k t. 

So, in terms of conversion – 1 upon CA0 + 1 upon CA0 1 – xA, this is equal to k t.  

In terms of conversion, we can write this equation as 

  ⇒ [
1

𝐶𝐴𝑜(1 − 𝑋𝐴)
−
1

𝐶𝐴𝑜
] = kt 

 

   ⇒ [
1

(1 − 𝑋𝐴)
− 1] = 𝐶𝐴𝑜kt 

 

⇒ [
𝑋𝐴

(1 − 𝑋𝐴)
] = 𝐶𝐴𝑜kt 
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And this is equal to 1 upon CA0 into – 1 + 1 upon 1 – XA, this is equal to k t. And 1 upon CA0 

into XA upon 1 – XA, this is equal to k t or t is equal to 1 upon k CA0 XA upon 1 – XA. So, now 

for 50% conversion, so, for 50% conversion t50 is equal to 1 upon k CA0 0.5 upon 1 – 0.5 and 

t50 is equal to 5 minute that is equal to 1 upon k CA0.  

⇒ [
𝑋𝐴

(1 − 𝑋𝐴)
] = 𝐶𝐴𝑜kt 

⇒
1

𝐶𝐴𝑜k
[

𝑋𝐴
(1 − 𝑋𝐴)

] = t 

For 50% conversion of reactant A 

⇒
1

𝐶𝐴𝑜k
[

0.5

(1 − 0.5)
] = 𝑡50 

⇒
1

𝐶𝐴𝑜k
= 𝑡50 = 5 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 
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So, when we thought about the time required for 75%, so, it can be represented as t75 is equal 

to 1 upon k CA0 0.75 upon 1 – 0.75 and t75 is equal to 5 into 0.75 upon 0.25 that is equal to 15 

minutes. So, here 10 minutes extra, you see that here 10 minutes extra would be required for 

75% conversion of reactant A. So, this is an answer. 

For 75% conversion of reactant A 

⇒
1

𝐶𝐴𝑜k
[

0.75

(1 − 0.75)
] = 𝑡75 

⇒ 5 [
0.75

(0.25)
] = 𝑡75 

⇒ 𝑡75 = 15 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 



i.e., 10 minutes extra required for 75% conversion of reactant A than 50% conversion. 
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Now, let us take the second problem. Now, this problem says that if a gaseous feed is given, 

these are the following co-ordinates like CA0 is equal to 200, CB0 is equal to 100 and CA is equal 

to 50 for the reaction A + B is equal to R, then you need to find out the values of XA, XB and 

CB. So, you see that we are having this particular reaction, in an isothermal single phase flow 

reactor.  

 

Let us assume that this is an isothermal single phase flow reactor that is operating under the 

constant pressure. So, if reaction is proceed in PFR, so, in that case, you are having this 

symbolic representation. So, at t is equal to 0, CA0 is equal to 200, CB0 is equal to 100 and CA 

is equal to 50, so, let initially 300 moles of reactant that is feed gas to the reactor, then XA is 

equal to 0, t is equal to 0 that is no product are being formed.  

 

So, V is equal to 200 A + 100 B + 0 that is equal to 300. Now, at XA is equal to 1, so, you can 

represent V is equal to 0 A + B + 200 R and that is equal 100. So, epsilon A can be written as 

V XA is that 1 – V XA equal to 0 upon V XA equal to 0.  
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So, in that case, epsilon A that is equal to 100 – 300 upon 300 that is equal to – 2 upon 3. Now, 

similarly, for B now, at XB is equal to 0, V is equal to 300. Now, XB is equal to 1, V is equal 

to 100 A + 0 B + 100 R and that is 200. So, when we write about the epsilon B that is 200 – 

300 upon 300 that is equal to – 1 upon 3. Now, here we need not, needless not to mention that 

V XB is equal to 1 – V B at 0 point then V XB at 0. 

 

So, XA is equal to CA0 – CA upon CA0 – epsilon A CA or we can write XA is equal to 200 – 50 

upon 200 + minus 2 upon 3 into 50 and that comes out to be 0.9.  
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Similarly, XB is equal to b CA0 XA upon a CB0 and that is 1 into 200 into 0.9 upon 1 into 100, 

that is CA0 XA upon a is equal to CB0 XB upon b where a is equal to b is equal to 1, as the 



stoichiometric co-efficient of a and b are 1. So, in that case XB is equal to 1.8 and which is not 

at all possible. So, this is the answer to this one.  

Solution: 

If the reaction is proceeds in PFR 

Let 300 moles of reactant are presents at initial t=0 then XA=0 

V = 200A+100B+0R= 300 

At XA = 1 

V = 0A+(-100B) + 200 R = 100 

𝜀𝐴 =
𝑉𝑋𝐴=1 − 𝑉𝑋𝐴=0

𝑉𝑋𝐴=0
 

𝜀𝐴 =
100 − 300

300
= −

2

3
 

Similarly for B 

At XB=0, V=300 

XB=1, V=100A +0B +100R 

XB =200 

𝜀𝐴 =
𝑉𝑋𝐵=1 − 𝑉𝑋𝐵=0

𝑉𝑋𝐵=0
 

𝜀𝐴 =
200 − 300

300
= −

1

3
 

𝑋𝐴 =
𝐶𝐴𝑜 − 𝐶𝐴

𝐶𝐴𝑜 − 𝜀𝐴𝐶𝐴𝑜
 

 

𝑋𝐴 =
200 − 50

200 −
2
3
× 50

= 0.9 

Similarly, for XB 

𝑋𝐵 =
𝑏𝐶𝐴𝑜𝑋𝐴

𝑎𝐶𝐵𝑜
 

∴  
𝐶𝐴𝑜𝑋𝐴

𝑎
=
𝐶𝐵𝑜𝑋𝐵

𝑏
  

Where, a=b=1 

𝑋𝐵 =
1 × 200 × 0.9

1 × 100
 

 

𝑋𝐵 = 1.8, which is not possible, i.e., conversion reached over 1. 
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Now, let us take the problem number 3. Here, we have given a gaseous feed which is 

maintained at T 0 is equal to 400 and initial pressure is 4 atmosphere and initial concentration 

of A is 100 and the initial concentration of B is 200. They enter into the vessel and you need 

to find out the temperature and the pressure. Now, here, the reaction is given as A + B is equal 

to 2 R and temperature is 300 Kelvin and final pressure is 3 atmosphere and C is 20 then you 

need to find out the XA, XB and CB.  

 

So, again we see that this is my reactor, we are performing A + B 2R. Now, the initial condition 

that is maintained at CA0 is equal to 100, CB0 is equal to 200, T 0 is equal to 400 Kelvin and p 

0 is that is pressure initial pressure is 4 atmosphere. Now, the final thing that is CA is equal to 

20, T is 300 Kelvin and B is 3 atmosphere. Since, the above system is a gas and change in 

moles are negligible. Therefore, epsilon A is equal to 0 and epsilon B also be 0.  

 

So, for varying temperature and pressure for varying density, we know that XA is equal to 1 – 

CA upon CA0 T P0 upon T0 P divided by 1 + epsilon A CA upon CA0 T P0 T0 P.  
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Now, this comes out to be 1 – 20 upon 100 into 300 into 4 upon 400 into 3 divided by 1 + 0 

and that is 0.8. Now, for XB, we know CA0 XA upon a is equal to CB0 XB upon b, XB is equal to 

b CA0 XA upon a CB0. Where a and b both are the stoichiometric co-efficient, that is a small a 

and small b, they are the stoichiometric co-efficient of the reactant and again the reference 

reaction is A + B is 2 R.  

 

So, a is equal to b is equal to 1, that is the stoichiometric number. So, if we substitute the things 

and this particular equation CA0 XA upon a CB0, then XB will become 1 into 100 into 0.8 upon 

1 into 200 that is equal to 0.4.  
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So, if for CB, we can write CB is equal to CB0 – CA0 XA and this is 200 – 100 into 0.8 and CB 

comes out to be 120 that is my desired answer.  



Solution: 

For varying T & P, conversion term can be written as; 

 

𝑋𝐴 =
1 −

𝐶𝐴
𝐶𝐴𝑜
⁄ (

𝑇𝑃𝑜
𝑇𝑜𝑃

)

1 + 𝜀𝐴
𝐶𝐴
𝐶𝐴𝑜
⁄ (

𝑇𝑃𝑜
𝑇𝑜𝑃

)
 

𝑋𝐴 =
1 − 20 100⁄ (

300 × 4
400 × 3

)

1 + 0
 

 

𝑋𝐴 = 0.8 

For XB 

∴  
𝐶𝐴𝑜𝑋𝐴

𝑎
=
𝐶𝐵𝑜𝑋𝐵

𝑏
  

𝑋𝐵 =
𝑏𝐶𝐴𝑜𝑋𝐴

𝑎𝐶𝐵𝑜
 

 

𝑋𝐵 =
1 × 100 × 0.8

1 × 200
= 0.4 

For CB 

CB = CBo - CAoXA 

=200-100x0.8 

CB = 120 (answer) 

(Refer Slide Time: 14:02) 

 



So, let us take another example that is problem number 4. Now, here if a given reaction that is 

the reaction is given to you that is A is converting into B. Now, this particular reaction is to be 

carried out isothermally in a continuous flow reactor, you need to calculate both the CSTR and 

PFR reactor volume necessary to consume 99% of A when entering molar rate is 2.5 moles per 

hour. You may assume that the reaction rate – rA is given with this one.  

 

And the entering volumetric flow rate is 10 decimeter cubed per hour. Now, here, we have 

given A is converted into B. Now, initial things are 10 volumetric flow rate is 10 decimetre 

cube per hour, CA is equal to 1 – 0.9 and because this is the 99% conversion CA0 and CA is 

equal to 0.01 CA0. So, entering molar rate FA0 that is equal to 2.5 moles per hour.  

 

Now, FA is equal to CA υ0 and FA0 is equal to CA υ0. And we can write CA0 is equal to FA0 /υ0 

that is equal to 2.5 mole per hour divided by 10 hour and that comes out to be 0.25 moles per 

decimetre cube.  

(Refer Slide Time: 16:02) 

 

Now, let us take the gradual example like for CSTR, the general mole balance equation is V is 

equal to FA0 – FA upon – rA or V is equal to CA0 υ0 – CA υ0 upon – rA or it can be represented 

as V is equal to CA0 υ0 – CA υ0 upon k and that is 0.25 into 10 – 0.01 into 0.25 into 10 upon 

0.5. So, this V comes out to be 49.5 decimetre cube. Now, this is the required volume for CSTR 

to consume 99% of A.  
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Now, if we talk about the PFR, for PFR that general equation for PFR that is the dF A upon dV 

is equal to – rA. Now, if we can write FA is equal to CA υ0 or FA0 is equal to CA0 υ0. That is the 

constant volumetric flow rate V is equal to υ0. Now, here dCA υ0 upon dV that is equal to k. 

Now, if we integrate both the side, we may have υ0 upon k CA0 to CA dCA that is equal to 0 to 

V dV. And that comes out to be υ0 over k CA– CA0 and that is equal to V.  
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So, V is equal to – 10 upon 0.05 into 0.01 – 1 into 0.25 and V comes out to be 49.5 decimetre 

cube. So, the volume required for CSTR and PFR is same due to the rate constant k is 

independent of the concentration term. So, by this way, you can evaluate both the things.  

Solution; 

Given 

A→B 



υo = 10 dm3/h 

CA= (1-0.99)CAo 

CA= 0.01CAo 

FAo = 2.5 mol/h 

FA = CA υo 

FAo = CAo υo 

CAo = FAo/ υo = (2.5 mol/h)/(10 dm3/h) 

CAo = 0.25 mol/dm3 

For CSTR: 

General mole balance equation is 

V =
FAo − FA

−rA
=
CAoν0 − CAν0

−rA
 

For Zero order reaction system 

-rA = k 

-rA = 0.05 

⇒ 𝑉 =
0.2 × 10 − 0.01 × 0.25 × 10

0.05
 

 

⇒ 𝑉 = 49.5 dm3 is required volume of a CSTR for 99% conversion of reactant A. 

For PFR: 

General equation for PFR 

dFA
dV

= −rA 

𝐹𝐴  =  C𝐴𝜈0 i.e., constant volumetric flow rate 

ν0 = ν 

FAo  =  CAoν0 

⇒
d(CAν0)

dV
= k 

⇒
Vo
k
∫ dCA

CA

CAo

= ∫ dV
V

0

 

⇒ −
Vo
k
(CAo − CA) = V 

⇒ V = −
10 × 0.25

0.05
(0.01 − 1) 

⇒ V = 49.5 dm3 
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Now, let us, take another problem that is for an elementary reaction A + B equals to P. The 

reaction rate is given at 500 Kelvin is 10 times that at 400 Kelvin. So, you need to calculate the 

activation energy for this particular reaction. So, here you can have A + B, we can utilise this 

reaction A + B to P. So, the rate equation for this elementary reaction can be – rA is equal to k 

CA CB that is equation number 1.  

 

Now, here k is the rate constant. Now, if we write in terms of the (( )) (20:01) law, then it can 

be represented k is equal to k 0 e to the power – E upon R T, because it is the need of the 

question problem. Now, from equation 1 and 2, we can write – rA is equal to k0 e to the power 

– E upon R T CA CB that is the equation number 3. Now, according to the question if the 

reaction rate at 500 Kelvin is 10 times that for 400 Kelvin.  

 

So, – rA1 is equal to k0 CA CB e to the power – E upon R T1. Now, let T1 is equal to 500 Kelvin 

and T2 is equal to 400 Kelvin and – rA2 is equal to k0 CA CB e to the power – E upon R T2.  
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So, if we write this – rA1 upon – rA2 that is k0 CA CB e to the power – E upon R T1 upon k0 CA 

CB e to the power – E upon R T2 is equal to 10. This is given. So, – rA1 upon – rA2 that is equal 

to e to the power – E upon R into 1 upon T1 – 1 upon T2 that is equal to 10. And that is why E 

upon R into 1 upon T2 – 1 upon T1 that is ln 10 or E upon R into T1 – T2 upon T1 T2 that is ln 

10.  

 

Now, E is equal to ln 10 into R into T1 T2 upon T1 – T2. Now, if we substitute all the values 

that T1 is given, T1 is 500 and T2 is 400 and ln 10, then if we substitute the value of R is equal 

to 8.314 with the units, then E is comes out to be 38.2874 into 10 to the power 3 joules per 

mole that is my answer.  

Solution; 

A 
 k 
→   R 

Rate equation 

−rA = kCACB      (1) 

k = koe
−E RT⁄      (2) 

−rA = koe
−E RT⁄ CACB    (3) 

−rA1 = koe
−E RT1
⁄ CACB 

−rA2 = koe
−E RT2
⁄ CACB 

If T1 = 500K and T2 = 400K 

−rA1
−rA2

=
koe

−E RT1
⁄ CACB

koe
−E RT2
⁄ CACB

= 10 



−rA1
−rA2

= e−
E

R⁄ (
1

T1
−
1

T2
) = 10 

E
R⁄ (
1

T1
−
1

T2
) = ln (10) 

E = ln(10) × R × [
T1T2
T1 − T2

] 

On solving the above equation with the different value of Temperature. 

E = 38.2874x103 J/mol     (answer) 
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Now, let us take another example that is problem number 6 that reactant A decomposes in a 

batch reactor by zero order kinetics. If initial concentration of A is 1 kilo mole per metre cube 

and for a reaction time of say,1000 seconds the conversion is 50%. Now, you may assume the 

isothermal condition, then you need to find out the rate constant for this particular reaction 

which is given and what will be the conversion for a reaction time of 3600 seconds.  

 

Now, see, as per the problem, the reactant A decomposes into the product by zero order 

kinetics. So, the rate equation can be given as with respect to the A – rA is equal to k CA0 and 

that is equal to – rA is equal to k – dCA upon d t and – dCA is equal to k dt. So, if we integrate 

both the side from time t is equal to 0 to time t is equal to t, then it can become – CA0 to CA 

dCA that is equal to k0 to t dt.  
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Now, if we go ahead with this one then this may become – CA CA0 CA equal to k t 0 to t or – 

CA + CA0, this is equal to k t. And finally, we can write this CA0 – CA is equal to k t that is my 

equation number 1 for this problem. Now, as we know that for conversion CA is equal to CA0 

(1 – XA). Now, this can be XA is equal to CA0 – CA upon CA0 that is equal to CA0 – CA that equal 

to CA0 XA that is my equation number 2. Now, see from these 2 equations, we may have CA0 

XA is equal to k t.  
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So, when we are talking about the reaction rate constant, then k is equal to CA0 XA upon t. So, 

k is equal to 1 into 0.5 upon 1000 that is kilo mole per metre cube second. So, we can write k 

like this. Now, let us talk about the second part that is conversion for t is equal to 3600 seconds. 

Now, XA is equal to k t upon CA0 that is equal to 1 into 0.5 divided by 1000 into 3600 that is X 

A is equal to 1.8 that is more than 1, which is not possible.  



 

So, the time required for 100% conversion t is equal to CA0 XA upon k that is equal to 1 into 1 

into 1000 upon 0.5 into 1 and t is equal to 2000 second. So, that is all of the reactant A will be 

consumed or converted into the product after 2000 second. So, conversion after 3600 would be 

100% and that is my answer.  

Solution: 

−rA = k =
−𝑑𝐶𝐴
𝑑𝑡

 

−𝑑𝐶𝐴=k𝑑𝑡 

On Integration of the above equation for t=0 CA=0, t=t CA = CAo 

−∫ 𝑑𝐶𝐴

𝐶𝐴

𝐶𝐴𝑜

= k∫ 𝑑𝑡
𝑡

0

 

-(𝐶𝐴 − 𝐶𝐴𝑜) = 𝑘𝑡 

−[𝐶𝐴𝑜(1 − 𝑋𝐴) − 𝐶𝐴𝑜] = 𝑘𝑡 

[𝐶𝐴𝑜𝑋𝐴] = 𝑘𝑡 

[𝐶𝐴𝑜𝑋𝐴]

𝑡
= 𝑘 

k =
0.5×1

1000
 kmol/m3.s 

For t=3000s 

𝑡𝑘

𝐶𝐴𝑜
= 𝑋𝐴 = (1 × 0.5/1000) × 3600 

=1.8 (More than 1 which is not possible) 

So time required for 100% conversion 

[𝐶𝐴𝑜𝑋𝐴]

𝑘
= 𝑡 =

1 × 100

0.5
= 2000s 
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So, in this particular lecture, we discussed the various problems related to the plug flow reactor 

and the CSTR. And again, for the theoretical part, you may refer to the lectures as well as the 

references given in this particular slide. Thank you very much.  


