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Q.1(a) Explain the mechanism of heterogeneous gas-liquid reaction with an example.  [2] CO1 2 

Q.1(b) A reaction A(g)
େୟ୲ୟ୪୷ୱ୲
ሱ⎯⎯⎯⎯ሮ B(g) is carried out on a solid catalytic surface. Considering 

both external mass transfer and internal pore diffusions, (i) Identify various steps of 
the overall reaction rate (ii) Explain the roles of bulk gas velocity (u) and catalyst 
particle size (dp) on the overall reaction rate.    

[3] CO3 

CO4 

3 

Q.1(c) (i) A spherical carbon particle of radius 0.2 cm reacts with oxygen based on the 
following reaction: C(s) + Oଶ(g) → COଶ(g)  under chemical reaction control. If 
the reaction rate constant is ks=0.15 cm s‒1 and gas concentration is CAg=0.1 mol 
cm‒3, calculate the (1) time required for complete conversion and 80% conversion 
of the carbon particle, and (2) the core radius. Assume carbon particle molar 
density, ρb is 0.17 gm cm‒3. 

      Given: 𝑡 =
ఘಳோ

௕௞ೞ஼ಲౝ
ቀ1 −

௥೎

ோ
ቁ 

(ii) For the chemical reaction control, draw the concentration profile of O2 gas along 
the radial direction from bulk gas phase to the core of the particle.  

[4+1] CO2 3 

     
     

Q.2(a) Define dual-site adsorption mechanism. Specify different types of dual-site 
adsorption with mechanisms.  

[2] CO1 1,2 

Q.2(b) State the assumptions in Langmuir-Hinshelwood kinetics. [2] CO2 1,2 

Q.2(c) Show that the rate laws for irreversibly surface reaction-limited catalytic reaction 
for the following cases, are given by 

(i) Single site- 𝐴. 𝑆 → 𝐵. 𝑆 ,   −𝑟஺
ᇱ =

(௣ಲ)௞

ଵା௄ಲ௣ಲା௄ಳ௣ಳ
  

(ii) Eley-Rideal- 𝐴. 𝑆 + 𝐵(𝑔) → 𝐶. 𝑆 ,  −𝑟஺
ᇱ =

(௣ಲ௣ಳ)௞

(ଵା௄ಲ௣ಲା௄಴௣಴)
 

[3×2] CO2 3 

     
     
Q.3(a) A spherical ore particle of diameter dp reacts with a gas. Determine the effects of dp 

on gas phase mass transfer coefficient for (i) Low Reynolds number and (ii) high 
Reynolds number.  

Given: 𝑆ℎ = 2 + 0.6𝑅𝑒ଵ/ଶ𝑆𝑐ଵ/ଷ 

[2] CO2 
CO3 

3 

Q.3(b) Explain the critical factors that affect the design of Gas-Solid reactors (catalytic and 
non-catalytic)? Give examples. 

[2] CO2 2 

     
   PTO 
     
     
     

 



     
     
     
Q.3(c) (i) Show that the overall rate of noncatalytic reaction 𝐴(𝑔) + 𝑏𝐵(𝑠) → 𝑃𝑟𝑜𝑑𝑢𝑐𝑡 

(gas-solid reaction) is 

−𝑟஻ = −𝑏𝑟஺ =
𝑏𝐶஺௚
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Here: −𝑟஻ = −𝑏𝑟஺ =
ଵ
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(ii) Further, show that for ash-free particles, in which particles shrink with reaction,  

−𝑟஺ = −
1

𝑆௘௫

𝑑𝑁஺

𝑑𝑡
= 𝐶஺௚ ቈ
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[5+1] CO2 
CO3 
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Q.4(a) Define overall effectiveness factor in a fluid-solid catalytic reaction. Specify the 

parameters on which the overall effectiveness factor depends. 
[2] CO3 1,2 

Q.4(b) Rate of reaction (intrinsic 1st order) was measured to be 5 mol s‒1 m‒3 for a 
catalyst slab (flat plate) at a gas concentration of 0.2 mol m‒3. Find the followings: 
(i) Thiele modulus, (ii) internal effectiveness factor, (iii) observed rate for a 
catalyst of pellet thickness of 2 mm. Assume De = 2x10‒ 6 m2 s‒1. (iv) Is the catalyst 
pore diffusion resistant?  

[4] CO3 
CO4 

3 

Q.4(c) An experimental rate measurement on the first-order decomposition of A with a 
spherical catalyst with bulk density (ρb). The following details are known:  

dp = 3.5 mm  De = 4.2 x 10-5 m2/hr  

Catalyst density (ρ)=1.6 g/cm3 

Porosity (εp) = 0.45 

kg = 6.2 x 104 m3/hr m2 cat  

CAg = 18 mol/m3  -robs = 105 mol/hr. m3 cat  

Using Weisz-Prater (WP) and Mears’ criterion (MR), determine if the observed rate 
is limited by internal pore diffusion or external mass transfer or both. 

Given:   𝑊𝑃 = 𝜂𝜙ଶ =
(ି௥೚್ೞ)ఘோమ

ଽ஼ಲೞ஽೐
,  𝑀𝑅 =

(ି௥೚್ೞ)ఘ್ோ௡

௞೒஼ಲ್
 

[4] CO3 
CO4 
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Q.5(a) Define the physical significance of enhancement factor. [1] CO5 2 
Q.5(b) For Hatta number greater than 2 (Ha or MH>2) draw the possible cases of 

concentration profiles and locate the reaction zone (front).   
[3] CO5 2 

Q.5(c) The rate of expression of reaction of gas A with liquid B is given by: 

  −𝑟஺ = 𝑘𝐶஺,   𝑘 = 1 × 10ିଷ [ 𝑚ଷ/𝑚𝑜𝑙. ℎ𝑟] 
For this system, 

𝑘஺௚ = 1 × 10ିସ[𝑚𝑜𝑙/ℎ𝑟. 𝑚ଶ. 𝑃𝑎] 𝑘஺௟ = 2.5 × 10ିସ[𝑚/ℎ𝑟] 

𝐷஺௟ = 10ି଺ [𝑚ଶ ℎ𝑟⁄ ] 𝑓௟ = 0.75 [−] 

ℋ஺ = 2600 [𝑃𝑎. 𝑚ଷ/𝑚𝑜𝑙] 𝑎 = 150  [𝑚ଶ/𝑚ଷ] 

At a particular point in the reactor, the partial pressure of A was measured to be  
5 × 10ଷ 𝑃𝑎 

(i) Evaluate and comment on the major resistances among – liquid-film, gas-film, 
and main body. 

(ii) Calculate the overall rate for absorption with reaction using the equation: 

(−𝑟஺)௢௩௘௥௔௟௟ =
𝑝஺

൤
1
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+
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+
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(iii) Calculate the Hatta Number (𝑀ு 𝑜𝑟 𝐻𝑎 = √𝑘𝐷 𝑘௟ൗ ) and draw the profile of A 
through B. 

(iv) Suggest a suitable reactor for the operation. 
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CO5 3 
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