MatE 115







G. Selvaduray

Fall 2003







December 15, 2003

FINAL EXAMINATION

There are thirty five (35) questions.  Please answer all questions.  Answers to questions must be supported by evidence, either in the form of calculations or reasoning and logic.  One word or single number answers will not be credited.  All answers must be laid out in a logical manner that leads to an answer to the question.  The answer must also be stated clearly.

Each question is worth 10 points for a maximum of 350 points.

There are two “Bonus Questions”.  Each is worth 10 points.

You are permitted to use your textbook, class notes, homeworks and homework solutions, and class handouts from this semester only.  No other material may be used.
You may work your answers for each question separately;  however, when submitting your answers, please make sure that they are arranged sequentially, starting from No. 1.  Answers that are included out of sequence will not be graded.

Background Information
The isotopes of strontium (Sr) are frequently used as a source of radiation in the treatment of cancers.  Its atomic number is 38, its atomic mass is 87.63 and its density at 20oC is 2.6 g/cm3.  Its melting point is 770oC and its boiling point is 1360oC.  The crystallographic information for Sr is as follows.

	
	Crystal structure
	Temperature range (oC)
	Lattice parameters (nm)

	
	
	
	a
	c

	α-Sr
	f.c.c.
	< 215
	0.6085
	

	β-Sr
	h.c.p.
	215 – 605
	0.432
	0.706

	γ-Sr
	b.c.c.
	> 605
	0.485
	

	
	
	
	
	


Sr reacts with oxygen to form SrO which has the face centered cubic Bravais lattice and the NaCl crystal structure, with a = 0.5160 nm.

1.  Draw a sketch of the unit cell for α-Sr, β-Sr and γ-Sr, showing clearly the location of the Sr atoms.

2.  Draw a sketch of (001) planes for each of the structures, showing clearly the location of the Sr atoms and relevant dimensions.

3.  Calculate the interatomic distance for each of the polymorphs.

4.  Draw a sketch of the Potential Well diagram for each of the polymorphs, showing the relevant information.

5.  Are the polymorphic transformations among α-Sr, β-Sr and γ-Sr enantiotropic or monotropic?

6.  Are the polymorphic transformations First Order or Second Order phase transformations?

7.  Draw a “volume (y-axis) versus temperature (x-axis) graph for Sr, covering the temperature range of 100oC to 1500oC.

8.  What is the coordination number for Sr in SrO?

9.  Identify the type(s) of defects created if SrO were to contain Y2O3 impurities.

10.  Based on the Ca-Sr phase diagram, what statement(s) can you make about Ca?

11.  Label all the regions in the Mg-Sr phase diagram.

12.  Identify at least one eutectic point and write the eutectic reaction.

13.  Identify at least one peritectic point and write the peritectic reaction.

14.  Identify at least one congruent melting point and write the reaction.

15.  What are the limits of solid solubility of Sr in Mg and Mg in Sr?

16.  What is the nature of the bonding between Mg and Sr in Mg2Sr?

17.  Would it be possible to develop a precipitation hardenable Mg alloy by adding Sr to Mg?
A 3 atomic percent Sr – Mg alloy is solidified from the liquid state, at 650oC, down to room temperature, at a reasonably fast rate.
18.  Draw a cooling curve for this alloy, from 650oC to room temperature. (temperature on the y-axis and time on the x-axis).

19.  Sketch the microstructure you would expect to have.

20.  One portion of the solidified alloy is held at room temperature (25oC) for one year.  Sketch the microstructure you would expect to find after one year at this temperature.

21.  Another portion of the solidified alloy is held at 500oC for one week.  Sketch the microstructure you would expect to find after one week at this temperature.

22.  Which of the two alloys above will have a higher yield strength?

23.  How many lattice points are there in the SrO unit cell?

24.  How many atoms or ions are there per lattice point for SrO?

25.  How many atoms or ions are there per unit cell for SrO?

26.  How many sites are there, in the SrO unit cell, that could potentially be occupied by O?  What proportion of these sites are actually occupied?

27.  Would you expect to be able to quench γ-Sr to room temperature and retain the b.c.c. crystal structure at room temperature?

28.  You have two Sr single crystals, at room temperature.  One has the (100) orientation and the other has the (110) orientation.  You place a drop of DI water on each of these and measure the contact angle.  What would the relative magnitude of the contact angles be?

29.  Your friend notes that there is reasonable solid solubility of Mg inSr.  Your friend then suggests that you can develop a more rigid Sr alloy, namely one with a higher elastic modulus, by adding Mg to Sr and capitalizing on the solid solution strengthening effect.  Do you agree with your friend?

30.  How would the presence of CaO as a contaminant in SrO affect the diffusivity of oxygen through the SrO lattice?

31.  How would the presence of CaO as a contaminant in SrO affect the ability of SrO to be used as an insulator?

32.  You are commissioned with the task of sintering a SrO disk that is 1 mm thick and 5 mm in diameter.  You find that you have a choice of using one of two powders, one which has a mean particle diameter of 1 μm and another which has a mean particle diameter of 7 μm.  If cost were not an issue, which powder would you choose.

33.  Can you improve upon your choice in Question 32 above, without seeking any new types of powders?
34.  What is the expected density of SrO?  Would you expect this to be higher or lower than the density of Sr?

35.  An isotope of Sr has an atomic mass of 90.  What would you expect its atomic number to be?
Bonus Questions: Strontium melts at 770oC and boils at 1360oC, as stated earlier.  
B-1:  How long would it take liquid Sr to solidify at 770oC?
B-2:  How many phases of Sr co-exist at 1270oC?

