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Reference Data are attached.  Clearly include (show) with your work all data used from the reference sheets.  A Show all work in the space provided.  Turn in no other paper.
1.
Find ∆G° at 1873 K for the change in standard state for the reaction.


Ni(l)
=
Ni(1 wt % in Fe)
2. What is the pressure of CO gas in equilibrium with Fe and Fe3O4 at 1000 K?  Assume total pressure of CO, CO2, and O2 is 1 atmosphere. 

3. What CO to CO2 ratio would be required to achieve an equilibrium wt% C of 0.4  at 1000 ºC?  Assume that fC = 1.

4.
Refer to Figure 2 below.

a) Do the data for the Fe-Ni system at 1873 K conform to Darken’s quadratic formalism?  Why or why Not?

b) It seems that the data for the Fe-Ni system could reasonably be interpreted to conform to lines A or B.  Here is a question about the consequences of choosing line A or B. 

Which line would result in an interaction coefficient of Ni in Fe of zero and why?

5. Work a or b:  If both are attempted and your choice is not clear, “a“ will b graded.

a) What is the mathematical relationship between the slope on a Darken Plot at infinite dilution and the Interaction Coefficient, 
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b) Describe the topochemical reduction of a single pellet using Ohm’s Law.  There is no need to describe each resistance in detail but driving force must be detailed.   Include a sketch (drawing).

6. Optional Bonus question that may be used to replace lost points above.  (10 points - above are 20 each.) 

Derive an equation from which one could find the partial molar heat of mixing 
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 at xi = 0 if the standard Gibbs energy change for the component going from pure liquid to the 1 wt%  standard state is




Go = a + bT

Table 1. Solution Thermodynamic Properties of the Liquid Fe-Ni System at 1873 K. (ref: Hultgren, Desai, Hawkins, Glieser, and Kelly, Selected Values of the Thermodynamic Properties of Binary Alloys, ASM, Metals Park, Ohio, 1973, p.852.)
	xNi
	aFe
	Fe
	aNi
	Ni

	0.0
	1.000
	1.000
	0.000
	0.617

	0.1
	0.897
	0.996
	0.068
	0.675

	0.2
	0.794
	0.992
	0.138
	0.692

	0.3
	0.693
	0.990
	0.209
	0.697

	0.4
	0.587
	0.978
	0.285
	0.721

	0.5
	0.470
	0.941
	0.373
	0.745

	0.6
	0.343
	0.858
	0.481
	0.802

	0.7
	0.218
	0.726
	0.614
	0.877

	0.8
	0.116
	0.581
	0.756
	0.945

	0.9
	0.045
	0.454
	0.888
	0.987

	1.0
	0.000
	0.355
	1.000
	1.000


Table 2.  Molecular Weights

	Element
	MW

	Ni
	58.70

	Fe
	55.85
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Figure 1. Activities in the Liquid Fe-Ni System at 1873 K.
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Figure 2. Darken Plot for the Liquid Fe-Ni System at 1873 K.

� EMBED Excel.Chart.8 \s ���














A








� EMBED Excel.Chart.8 \s ���






















































































[image: image4.wmf]-0.60

-0.50

-0.40

-0.30

-0.20

-0.10

0.00

0.10

0.20

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

(1-x

Ni

)

2

ln

g

Ni

B

[image: image5.wmf]0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

x

Ni

a

i

_1077080709.xls
Chart5

		0		0

		0.1		0.1

		0.2		0.2

		0.3		0.3

		0.4		0.4

		0.5		0.5

		0.6		0.6

		0.7		0.7

		0.8		0.8

		0.9		0.9

		1		1



aFe

xNi

ai

1

0

0.897

0.068

0.794

0.138

0.693

0.209

0.587

0.285

0.47

0.373

0.343

0.481

0.218

0.614

0.116

0.756

0.045

0.888

0

1



Sheet1

		

				xNi		aFe		gFei		axNi		gNi

				0.0		1.000		1.000		0.000		0.617

				0.1		0.897		0.996		0.068		0.675

				0.2		0.794		0.992		0.138		0.692

				0.3		0.693		0.990		0.209		0.697

				0.4		0.587		0.978		0.285		0.721

				0.5		0.470		0.941		0.373		0.745

				0.6		0.343		0.858		0.481		0.802

				0.7		0.218		0.726		0.614		0.877

				0.8		0.116		0.581		0.756		0.945

				0.9		0.045		0.454		0.888		0.987

				1.0		0.000		0.355		1.000		1.000





Sheet1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



aFe

xNi

ai

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		





Sheet3

		






_1077088878.unknown

_1077086084.xls
Chart9

		1

		0.81

		0.64

		0.49

		0.36

		0.25

		0.16

		0.09

		0.04

		0.01

		0



B

lngFe

(1-xNi)2

lngNi

-0.4828862551

-0.3930425881

-0.3681693234

-0.3609698682

-0.3271161417

-0.2943710606

-0.2206466711

-0.1312482866

-0.0565703515

-0.0130852395

0



Sheet1

		

				xNi		aFe		gFe		axNi		gNi				(1-xNi)2		(1-xFe)2		lngFe		lngNi

				0.0		1.000		1.000		0.000		0.617				1.00		0.00		0.0000		-0.4829

				0.1		0.897		0.996		0.068		0.675				0.81		0.01		-0.0040		-0.3930

				0.2		0.794		0.992		0.138		0.692				0.64		0.04		-0.0080		-0.3682

				0.3		0.693		0.990		0.209		0.697				0.49		0.09		-0.0101		-0.3610

				0.4		0.587		0.978		0.285		0.721				0.36		0.16		-0.0222		-0.3271

				0.5		0.470		0.941		0.373		0.745				0.25		0.25		-0.0608		-0.2944

				0.6		0.343		0.858		0.481		0.802				0.16		0.36		-0.1532		-0.2206

				0.7		0.218		0.726		0.614		0.877				0.09		0.49		-0.3202		-0.1312

				0.8		0.116		0.581		0.756		0.945				0.04		0.64		-0.5430		-0.0566

				0.9		0.045		0.454		0.888		0.987				0.01		0.81		-0.7897		-0.0131

				1.0		0.000		0.355		1.000		1.000				0.00		1.00		-1.0356		0.0000





Sheet1

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



aFe

xNi

ai

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Sheet2

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



lngFe

(1-xFe)2

lngFe

0

0

0

0

0

0

0

0

0

0

0



Sheet3

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



B

lngFe

(1-xNi)2

lngNi

0

0

0

0

0

0

0

0

0

0

0



		



A



		






_1011764257.unknown

