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1.a)
Compare and contrast powder metallurgy techniques with other conventional techniques of fabrication of metals, alloys and finished parts.

   b)
Powder metallurgy technique is indispensable for certain type of products-Explain.  Give some examples of the use of metal powders for purposes other than shaping parts.

2.a)
Explain the methods most suited for composite powders.

b)
Explain the problems associated with he production of alloy powders. 

c)
What method would you select for the manufacture of bronze powders for porous filters?  Why?

d)
Explain with the help of a flow sheet, the production of iron powders by reduction process.  What are its limitations, if any?

3.
Explain the following powder characteristics:


(a) Flow rate
(b) Apparent and Tap densities
(c) Particle size and shape


(d) Compressibilty
(e) Pyrophorcity and toxicity
(f) Specific Surface area.

4.a)
What is mixing or blending?  What is its purpose?  Describe different types of mills used for mixing.  Indicate the problems associated.

   b)
Is preliminary heat treatment necessary before mixing or blending of metal powders?  If so, why?  Differentiate between high temperature and low temperature heat treatment.

c) Discuss ‘behaviour of powder during compaction’.

5.a)
Describe briefly  (i) Die compaction techniques
(ii) Role of lubricants


(iii) Green strength of the compacts.

   b)
Write notes on:  (i) Vibratory compaction
(ii) High energy rate forming


(iii) Hot isostatic pressing (HIP).

6.a)
Define sintering.  Critically discuss various theories of sintering.

   b)
Write notes on (i) Activated sintering

(ii) Liquid-phase sintering and


(iii) Infiltration.

Contd…2

Code No. 311802



-2-


Set No.1

7.a)
Write an essay on properties of sintered parts.

b)
Describe three zones of a sintering furnace.  Explain the characteristics of various sintering atmospheres and their control.

8.a)
Write an essay on the production, properties and applications of a widely used sintered porous metal product.

   b)
What are ferrites?  What are different types of ferrites?  Explain with the help of a flow sheet diagram the method of manufacture of ferrites.
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1.a)
Write an essay on the role of powder metallurgy in the context of recent advances in modern technology.

   b)
Discuss the special fields of application of powder metallurgical processing of metals.

2.a)
The characteristics of metal powders are dependent on the methods of powder production-Discuss.

   b)
Mention some of the important physical characteristics of metal powders.  How do they influence the compaction and sintering operations?

   c)
Describe various methods used for the determination of particle size of metal powders.

3.a)
Critically explain the technology of production of iron powders by reduction, electrodeposition, thermal deposition and atomization methods.

   b)
What is the principle underlying the carbonyl process of powder production?  Draw the flow sheet of the process.

4.a)
What is compaction?  What changes take place during compaction?  What are the possible defects and flaws in the compact?

   b)
Explain (i) high energy rate forming
(ii) powder metallurgy forging and            (iii) isostatic compaction methods of powder compaction.

5.a)
Explain the role of different factors on the degree of compaction of a metal powder.  To what extent can the theoretical density can be approached by compacting?

   b)
What are the advantages of hot pressing?  For what type of powder materials do you apply this method?  What additional factors do you have to take into account in design and construction of dies and punches for hot pressing?

6.a)
What is sintering?  Discuss the mechanisms of densification during sintering and their relative merits.

b) Explain (i) liquid phase sintering and  (ii) infiltration processes.
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7.a)
What are the pre-requisites of a sintering furnace?  Describe the essential parts of a sintering furnace.

   b)
Why is it necessary to control atmosphere during sintering?  Give some examples of uses of different types of atmospheres during sintering of different kinds of powders.

8.
Explain the properties and fields of applications of  (a) porous bearings                (b) cemented carbide  (c) ferrites and cements  (d) SAP.  Describe very briefly their production and advantages.
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1.a)
What is powder metallurgy?  Discuss the advantages and disadvantages of the powder metallurgy techniques over metal casting and other shaping techniques.

   b)
Discuss in brief some modern developments in powder production, compaction and sintering.

2.a)
Discuss the various methods of production of metal powders.  Indicate the major application, merits and demerits of each.

   b)
What process or processes do you recommend for the production of iron powders for making filters and magnetic pole piece of high purity and density?  Explain with suitable justification.

3.a)
Discuss, in detail the specific surface and apparent density of metal powders.  What is its importance in the powder metallurgy field?

   b)
The property of the final sintered compact depends on the shape, size and distribution of the powders-Discuss.

c) Explain ‘Sedimentation’ and ‘Elutiartion’ methods of powder size determination.

4.a)
Enumerate various techniques of compaction of metal powders.  Describe the different pressure-less compaction methods for making metal powder compacts.

   b)
Mention various factors that influence the degree of compaction.  What are your recommendations regarding these factors for production of (i) dense parts, and 


(ii) porous parts.

5.a)
What are the advantages of isostatic pressing?  Describe wet and dry bag tooling methods of isostatic pressing.

   b)
Describe the behaviour of metal powders when subjected to external pressure in a metal die.  What are the minimum requirements for a modern compacting press?

6.a)
Describe four important material transport mechanisms of sintering.

   b)
Deduce the mechanical driving force for neck growth and pore shrinkage during sintering of a compact.
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7.a)
What is infiltration and how is it accomplished?  Explain advantages and disadvantages and stages that occur in the process of infiltration.  Point out the essential requirements in choosing a suitable infiltrant.

   b)
Why should the sintering furnace atmosphere be controlled?  What atmospheres are generally used and how are these produced?  What are their characteristics?


8.a)
Critically explain the steps involved in the production of self-lubricating bearings.  

What are their fields of application?

b)
Explain with the help of a flow sheet diagram the materials required and the various operations involved in the production of cemented carbide parts by powder metallurgy technique.

***     ***     ***
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1.a)
Define the term of ‘Powder-Metallurgy’.  Explain the advantages and limitations of powder metallurgy.

b) Compare the powder metallurgy process with other fabrication techniques.

2.
Which method do you recommend for the manufacture of powders of the following metals.  Explain reasons for your selection.  Write the manufacturing processes in detail:


(a) Cu
(b) Fe
(c) Ni
(d)W.

3.a)
Distinguish between Cold and Hot compaction of metal powders.

   b)
Discuss the method of manufacture of self lubricated bearings.  What are the advantages  of the type of bearings.

4.a)
What is sintering?  Explain the different stages of sintering in detail.

b) Explain the role of density in sintering of a compact of different pressures.

5.
Describe the following in detail:

(a) High energy rate forming
(b) Iso static pressing
(c) Powder rolling.

6.a)
Derive equations for Arithmatic mean, volume surface mean and specific surface in terms of sieve analysis data.

   b)
Describe the typical equipment used for compaction with the help of neat sketches.

7.a)
What is centrifugal atomization?  Classify and compare various centrifugal atomization methods.

b) Discuss the size and shape of the particles obtained by atomization technique.

8.
Write short notes on any FOUR of the following:


(a) Tap density and permeability
(b) Diamond impregnated cutting tools


(c) Liquid phase sintering
(d) Electrical contact materials


(e) Metal filters.
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