Code No.:  NR-420802

IV  B.Tech  II Semester Regular Examinations, April/May 2004 

 MEMBRANE TECHNOLOGY

(Chemical Engineering)

Time: 3 hours






Max. Marks:80

Answer any FIVE questions

All questions carry equal marks

- - -

1.
Classify the separation processes and explain each process briefly.

2.a)
Discuss the importance and operating principle of Ultra Filtration with a neat sketch.

   b)
Discuss in brief industrial applications of ultra filtration.

3.a)
Write about reverse osmosis and nano-filtration membranes.


   b)
Explain the production and characterisation of the above membranes.


4.a)
Explain the process of Donnan dialysis with neat sketch and suitable example.

   b)
Explain the process of Ion exchange dialysis with suitable example.

5.a)
Write short notes on process parameters of electrodialysis process.

   b)
Explain plate & frame electrodialysis module with neat sketch.
6.a)
Describe the process of Reverse osmosis.





   b)
Explain its applications to various processes.



7.
Explain the effect of diffusion in the phenomenon of concentration polarization. 

8.
A stream containing 4%NH3, 72%H2, and 24%N2 at 135 atm and 35oC is being recycled to ammonia synthesis reactor.  You want to explore passing the stream through an ammonia selective hollow fiber module to recover 90% of ammonia.  The module has the following properties:


Fiber diameter (d) -320(m.


Module void fraction(()-0.5


Membrane permeability (p)-1x10-4cm2/sec (12000 barrers)


Membrane thickness (1)-2.3(m


How long should the gas spend in the module.
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1.
What are the advantages of membrane separation processes? Write some of its applications.


2.a)
Discuss Ultra Filtration and mechanical separation in brief.

b)
Compare Ultra Filtration and mechanical separation for typical industrial application.

3.
Explain in detail with neat diagrams the effects of operating variables on the performance of a reverse osmosis membrane.



4.a)
Explain briefly different contacting patterns used in dialysis process.

   b)
Explain briefly various modules used in the dialysis process.

5.a)
Explain bipolar membrane.
b)
Write the use of electrodialysis process in chloro-alkali industry (i.e. production of chlorine and caustic soda).
6.a)
Describe the basic principles of operation of Reverse osmosis.


   b)
Explain with examples, Reverse osmosis and Nanofiltration. 

7.
Explain how the consequences of polarization differ in the different membrane separation techniques.

8.
A membrane is to be used to separate a gaseous mixture of A and B whose feed flow rate is qf = 1x104cm3 (STP)/s and feed composition of A is 0.25.               The membrane thickness t=2.54 x 10-3cm, the pressure on the feed side is  ph=80cmHg. And on the permeate side is p1= 20cm Hg.  The   permeabilities   are P’A= 50 x  10-10  cm3  (STP).cm / (s.cm2.cmHg)  and                                                   P’B=5x10-10cm3(STP).cm/(s.cm2.cm Hg).  Assuming the complete mixing model, calculate the permeate composition, yp, the fraction permeated, (, and the membrane area, Am.
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1.
Define membrane separation processes and write the working mechanism of a typical process. Explain with an example. 
 

2.a)
Discuss the special features of membrane separation process.

   b)
Discuss important industrial applications of membrane separation processes.

3.
Explain in detail the membrane limitations of reverse osmosis and nano filtration membranes.
 

4.a)
Explain the following terms in dialysis: Membranes, driving force, separation principle.

   b)
Why ultra pure water is required for the preparation of dialysate solution for kidney failure problems.
5.a)
Explain the separation of NaCl solution in electrodialysis process using neutral membrane.

   b)
Write various significant properties that decide the suitability of the ion exchange membranes for specific application.
6.a)
Explain the driving force in Reverse osmosis.



   b)
Describe effects of operating variables in Reverse osmosis.
7.
Explain the consequences of concentration polarization in ultra filtration and compare them with those of reverse osmosis
8.
It is desired to determine the membrane area needed to separate an air stream using a membrane 1 mil thick with an oxygen permeability of P’A=500x10-10 cm3 (STP). Cm/ (s.cm2.cm Hg).  An (* =10 for oxygen permeability / nitrogen permeability will be used.  The feed rate is qf = 1x106 cm3 (STP)/s. and the fraction cut ( = 0.2.  The pressure selected for use are ph = 190cm Hg. And

p1 = 19 cm Hg.  Assuming the complete mixing model, calculate the permeate composition, the reject composition, and the area.
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1.
Write about the factors that are affecting the membrane separation processes and elaborate them. 


2.a)
Enlist various types of membranes used for separation.

b)
What are the various membranes used in Reverse Osmosis and Ultra Filtration.

3.
Write in detail about the following reverse osmosis and nano filteration membranes:
i)
Cellulose ester membranes





ii)
Aromatic polyamide membranes.


4.a)
Differentiate between active and passive process.

   b)
Why the dialysis process is passive process? Explain.

5.a)
Discuss the various problems occur during the electrodialysis process.

   b)
Define overall current efficiency in the electrodialysis process.

6.a)
Explain membrane characteristics of Reverse osmosis.


   b)
Describe methods of production of Reverse osmosis.
7.
Explain how the concentration polarization phenomenon is different in different regimes of operating pressure.

8.
A multi component gaseous mixture having a composition of xfA-0.25, xfB=0.55, and xfC=0.20 is to be separated by a membrane with a thickness of 2.54 x 10-3cm using the complete mixing model.  The feed flow rate is 1x104cm3(STP)/sec and the permeabilities are P’A=200x10-10 cm3 (STP). cm/(s.cm2.cm Hg), P’B=50x10-10 cm3 (STP). cm/(s.cm2.cm Hg), and P’c=25x10-10cm3(STP).cm/(s.cm2.cm Hg).  The pressure on the feed side is 300cm Hg. And 30cm Hg on the permeate side.  The fraction permeated will be 0.25.  Calculate the permeate composition, the reject composition, the membrane area using the complete mixing model.
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