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CHEMICAL REACTION ENGINEERING-II

(Chemical Engineering)

Time: 3 hours






    Max Marks: 80

Answer any FIVE Questions

All Questions carry equal marks

- - -

1.
Cold solids flow continuously into a fluidized bed where they disperse rapidly enough so that they can be taken as well mixed.  They then heat up, they devolatilize slowly, and they leave.  Devolatilization releases gaseous A which when decomposed by first-order kinetics as it passes through the bed.  When the gas leaves the bed decomposition of gaseous A stops.  From the following information determine the fraction of gaseous A which has decomposed. 


Data :
Since this is a large-particle fluidized bed containing cloudless bubbles, assume plug flow of gas through the unit.  Also assume that the volume of gases released by the solids is small compared to the volume of carrier gas passing through the bed.        

Mean residence time in the bed:



ts = 15 min, tg =2 s for carrier gas
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For the reaction : A→ products, - rA = kCA = 1 s-1
2.
What are the models applied to characterize the flow in vessels?  Explain about them briefly.  Highlight their limitation.  Distinguish between a close vessel and an open vessel.









3.
For a second order reaction derive an expression for the conversion of a macro fluid in mixed reactors of equal size connected in series. If the conversion for micro fluids is 97%, what will be the conversion for macro fluid having the same reaction rate?









4.
Explain about the factors that control the design of fluid​-solid reactors. High- light the role of contacting pattern between the solid and the fluid in the design with suitable examples. 

          (Contd…2)
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5. 
A moving grate is fed with a feed having different size fractions. The reacting gas flows cross current to feed. The maximum residence time of feed over the moving grate is 10 minutes. The feed consists of 25% of 50 micron meter radius particles and 25% 80 micron meter particles, 10% of 100 micron meter radius particles, 15% of 150 micron meter particles and 25% of 200 micron meter radius particles. The time required for complete conversion of these different size particles is 4,8,12,15 and 18 minutes respectively. Calculate the fraction of solids converted on the moving grate reactor.

6.
The concentration of an undesirable impurity A in air is to be reduced from 0.1% to 0.02% by absorption in pure water.  Find the height of the tower required for counter current operations, using the following data.


Data: for packing:
KAg a = 32,000 mol/hr.m2. atm.





KAi a = 0.1/hr.



Flow rates :
L1 = L = 7x105 mol/hr. m2




G1 = G = 1x105 mol/hr.m2




( = 1 atm.


Henry’s coefficient HA = 125 x 10-6 
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Molar density of liquid under all conditions 





CT = 56,000 mol / m3.






7.
How much catalyst is needed in a packed bed reactor for 80% conversion of 1000 m3/hr of pure gas A(CA0 = 100 mol/m3) for the reaction,  A    (
R, whose rate expression is 





[image: image2.wmf]A

A

A

C

C

r

02

.

0

1

50

+

=

-

 mol/kg.hr




[image: image12.bmp]8.
For the solid catalyzed reaction A + B 
R + S, develop an expression for rate equation, if desorption of S is controlling the overall reaction.  A, R and S are chemisorbed while B is in gas phase.

= + = + =
Code No: 410802

IV B.Tech. I-Semester Regular Examinations, November-2004

CHEMICAL REACTION ENGINEERING-II

(Chemical Engineering)

Time: 3 hours






    Max Marks: 80

Answer any FIVE Questions

All Questions carry equal marks

- - -

1.
RTD studies were carried out by Jagadeesh and Satyanarayana (IEC/PDD 11 520, 1972) in a tubular reactor (L = 1.21 m, 35 mm ID).  A squirt of NaCl solution (5N) was rapidly injected at the reactor entrance, and mixing cup measurements were taken at the exit.  From the following results calculate the vessel dispersion number; also the fraction of reactor volume taken up by the baffles. 
	t, sec
	Concentration of NaCl in sample

	0-20
	0

	20-25
	60

	25-30
	210

	30-35
	170

	35-40
	75

	40-45
	35

	45-50
	10

	50-55
	5

	55-70
	0


(v = 1300 ml/min)

2.a)  
Explain the significance of E, F and C curves.  Distinguish between a real and    an ideal reactor.








   b)
What are the models used to characterize the flow in closed vessels? And highlight their limitations. 

3.
Dispersed non-coalescing droplets containing reactant A pass through 3 ideal stirred tanks in series. The mean holding time in each tank is 1.5 hour and the rate constant for the first order decay reaction is 0.1 min –1. Find the fractional conversion of A in the exit stream from the three reactors.




4.
Derive an equation to estimate the conversion for a mixture of particles of different but unchanging sizes under the condition of plug flow of solids and uniform gas composition.  Highlight 
the effect of time for complete conversion of individual particles of different sizes and average conversion of the mixture.

5.
Zinc spheres 5 mm in diameter are to be dissolved in an acid solution. The process is controlled by reaction at the zinc surface, and experiments show that, at the particular, 
concentration 
used, acid is consumed at the rate of 3 x 10-4 kg equivalents of acid per second per m2 of surface. How long will it take for half the weight of zinc to be dissolved. The density of zinc is 7.1 X 103 kg/m3 and atomic wt. is 65.4.         
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6.
The concentration of an undesirable impurity is to be reduced from 0.1% to 0.02% by reacting A with a B containing water in which concentration of B is 32 mol / m3.  The reaction can be represented as



A(g) + B(l) (  products


The reaction taking place in liquid is extremely rapid.  Assume that the diffusivities of A and B in water are the same.  Thus   KAl = KBl = Ki


Flow rates of liquid and gas are 




L = L1 = 7x105 mol/hr. m2



G = G1 = 1x105 mol/hr.m2



CT = 56,000 mol/m3
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KAg . a = 32,000 mol/hr. m3. atm




KAl . a = 0.1 / hr.




( = 1 atm.


Find the height of the tower.








7.
Derive an expression for effectiveness factor of a cylindrical catalyst pellet, sealed at ends, in which a first order chemical reaction takes place under isothermal conditions. 








 

8.
For the solid catalyzed reaction A2 
 
R + S, develop an expression for rate equation, if surface reaction is controlling the overall reaction.  All components are adsorbed.
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1.
A reactor with a number of dividing baffles is to be used to run the reaction


A → R 
with 
- rA = 0.05 CA mol / liter.min


A pulse tracer gives the following output curve

	Time, min
	0
	10
	20
	30
	40
	50
	60
	70

	Concentration reading
	35
	38
	40
	40
	39
	37
	36
	35


(a) How many tanks in series is this vessel equivalent to?



(b) Calculate XA assuming the tanks-in-series model



2.
Consider a real tubular reactor in which dispersion is occurring.

a)
For small deviations from plug flow, show that the conversion for a first-order reaction is given approximately as 





b)   Show that to achieve the same conversion, the relationship between the          

      volume of a plug-flow reactor VP and volume of a real rector V in which 

      dispersion occurs is
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3.
In the presence of a catalyst, reactant A decomposes with first order kinetics as follows
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Reactant A and catalyst are introduced separately into a mixed reactor; A forms the dispersed phase while the catalyst is introduced in the continuous phase. Assuming a uniform composition with in each droplet of dispersed phase, no movement of A or R into the continuous phase, and identical concentration of catalyst with in all the droplets, determine the expected CRmax.










4.
Discuss the various models available to deal with non​-catalytic fluid-solid reaction. Compare and contrast the important differences between them. Which of them are practically important and why?
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5.
A feed consisting 30% of 50 micron - radius particles 40% of 100 micron radius particles 30% of 200 micron radius particles is to be reacted in a fluidized bed steady state flow reactor constructed from a 1.5 m length of 0.12 m pipe. The fluidizing gas is the gas-phase reactant and at the planned operating condition the time required for complete conversion is 5, 10 and 20 min for the three sizes of feed. Find the conversion of solids in the reactor for a feed rate of 1 kg solids/min. if the bed contains 10 kg solids. Solids are hard, unchanging size A cyclone separator is used to separate and return to the bed any solids that may be entrained by the gas. Mixed flow is assumed in the reaction.  

6.
The concentration of an undesirable impurity is to be reduced form 0.1% to 0.02 % by reacting A- with a B containing water in which concentration of B is 800 mol/m3. The reaction can be represented as 




A (g) + B (l) (  Products.

The reaction taking place in liquid is extremely rapid. Assume that the diffusivities of A and B in water are the same. Thus.


KAl = KBl = Ki 

Flow rates of liquid and gas are 


L = L1 = 7 x 105 mol / hr.m3

G = G1 = 1 x 105 mol / hr.m3

CT = 56,000 mol/m3

HA = 125 x 10-6 
[image: image6.wmf].

.

3

mol

m

atm



KAg . a =32,000 mol / hr.m3. atm.


KAl a = 0.1 / hr ;  ( = 1 atm.

Find the height of the tower.






7.a)
Derive the differential equation describing diffusion and reaction in a spherical catalyst. 










   b)
Obtain an expression for effectiveness factor.





8.
For the solid catalyzed reaction A 
 
R + S, develop an expression for rate equation, if adsorption of A is controlling the overall reaction.  Only A and R are adsorbed while S is in gas phase.
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1.
The elementary first-order liquid-phase reaction  
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Is carried out in non-ideal CSTR with k=0.03 min-1.  The flow patterns seem to approximate two CSTR’s with interchange. Species A enters the reactor at a rate of 25 m3/min and a concentration of 0.02 mol/ m3.  The total reactor volume is 100 m3.  The results of a pulse tracer test are shown in Table.  Using the results of these tests, determine the conversion.




	t(min)
	C (mg/dm3)

	0
	2000

	20
	1050

	40
	520

	60
	280

	80
	160

	120
	61

	160
	29

	200
	 16.5

	240
	10.5

	280
	6.4

	320
	4.0
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2.
A stream of fully suspended fine solids (v= 1m3/min) passes through two mixed flow reactors in series, each containing 1 m3 of slurry.  As soon as a particle enters the reactors, conversion to product begins and is complete after two minutes in the reactors.  When a particle leaves the reactors, reaction stops.  What fraction of particles is completely converted to product in this system?


3.
The reaction 
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is elementary with second order kinetics. Reactant A and B are introduced separately into a mixed reactor, A forms the dispersed phase while B is introduced in the continuous phase. Assuming uniform composition with in each droplet of dispersed phase, no movement of A or R in to continuous phase, and identical concentration of B with in all the droplets determine the expected CRmax.
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4.a)
A pure carbon particle 6mm in diameter is to be burned in 10% oxygen stream at 900 C. Density of Carbon particle = 2210 Kg/m3.  Specific reaction rate constant K = 250 m/sec.  Assuming that the resistance due to film diffusion is negligible.  If high gas velocity is used calculate the time needed for complete combustion of the carbon particle.

   b)
Derive the expression you used above.

5.
A feed consists of mixture of particles of 25 percent of 50 micron, mixture 45% of 100 micron and remaining of 200 micron. This mixture is fed continuously cross currently in a fluidized bed, for predecided conditions. Time taken for complete conversion is 6,12 and 25 min. For three sizes of particles respectively determine the conversion of solid particles with a residence time of 10 min. in the reactor.

6.
The concentration of an undesirable impurity is to be reduced form 0.1% to 0.02% by reacting A- with a B containing water in which concentration of B is 128 mol/m3. The reaction can be represented as 




A (g) + B (l)  (  Products.

The reaction taking place in liquid is extremely rapid. Assume that the diffusivities of A and B in water are the same. Thus.


KAl = KBl = Ki 

Flow rates of liquid and gas are 


L = L1 = 7 x 105 mol / hr.m3

G = G1 = 1 x 105 mol / hr.m3

CT = 56,000 mol/m3

HA = 125 x 10-6 
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KAg . a =32,000 mol / hr.m3. atm.


KAl a = 0.1 / hr ;  ( = 1 atm.

Find the height of the tower.








7.a)
In developing rate equations for catalytic reactions how do you account 


for the various processes that may cause resistance to reaction?



b)
Explain the active site theory .





                                                                                                                                                                                          c)
How this theory accounts for the changes in operating pressures?



8.
For the solid catalyzed reaction A 
 
R + S, develop an expression for rate equation, if desorption of S is controlling the overall reaction.
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