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MET 320
Final Exam
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SEE DATA SHEET AT END OF EXAM   - NO CALCULATORS – CLOSED BOOK AND NOTES

If a problem seems to be in error, state the trouble, state an assumed correction, and proceed.

1.
Find the adiabatic flame temperature for the combustion of CH4 with air (21% O2, bal N2) to form H2O and CO2. The air temperature is at 500 K and the CH4 is at 298 K.  Use the provided text data sheet.

CH4 (g)+ 2O2(g) = 2H2O  + CO2 (g) 
2.
Calculate the heat of vaporization of liquid Hg from the vapor pressure of Hg as a function of T given in Table A-4. 
3.
Ellingham Diagram 
Write your answers below and label construction lines on the attached Ellingham Diagram. 
a) 
The pressure of O2 in equilibrium with Si and SiO2 at 1000 °C.
b) 
The H2/H2O ratio in equilibrium with Si and SiO2 at 1000 °C.
c) The CO/CO2 ratio in equilibrium with Si and SiO2 at 1000 °C.
d) Label a circle showing the general region of the most reactive metals on the diagram.
e) Describe what you think would the equilibrium condition would be if a large amounts of Al2O3 and Al  were placed in a reactor with a relatively small amounts of Ca, and CaO at 1500 °C.
4 
a)
One mole of ideal monatomic gas at 300 K undergoes an adiabatic compression from, 1 atm and to 10 atm.  Find the final T.


b) 
Two moles of ideal gas at 2000 K and 5 atm are isochorically depressurized to 1 atm while exchanging heat with a heat sink at 300 K. Find the final ∆S for the gas and the heat sink.
5.
a)
What is Gat 1000 K for the below reaction. The activity of MgO relative to pure, solid MgO is 0.3, the Al2O3 has an activity of 0.5, and the MgOAl2O3 is a pure solid.


MgO (s) + Al2O3 (s) =  MgOAl2O3 (s)
G° = see Table A-1
b) What cell potential would be required to reduce pure PbO(L) at 1200 K to produce pure liquid Pb and oxygen gas that is in equilibrium with the atmosphere (PO2 = 0.21 atm)?

6.
a)
Write the Fundamental Equations 


dU = TdS – PdV____


 _________________



__________________



__________________


b)
Write the Maxwell Relation that derives from dU = TdS – PdV?


c)
What the Other Thermodynamic Relation that derives from dU = TdS – PdV?

7.
A vessel maintained at a constant pressure of 3 atm is filled with 20 moles of SO2 and 5 moles O2, and 67 moles of SO3.  Find the equilibrium moles of SO3.  All species are in the gaseous state and may be assume to behave as ideal gases.
O2 + 2SO2 = 2SO3    KEQ = 0.84
8.
Use the data sheet provided for the Ag-Al system. How much heat would be expected from mixing

a)
4 moles of liquid Al at 1338 K and 6 moles of liquid Au at 1338 K?
b) 7 moles of liquid Au at 1338 K and 1,000,000 moles of liquid Al-Au alloy of XAl = 0.2 at 1338 K?
DATA from Hultgren, et al.  All G and H data are in calories.  All S data are in calories/K
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[image: image2.png]Partial Molar Quantities for Liquid Alloys at 1338°K
Al(!) = Al (in alloy)

Al Component (1)
- — X8 - S8
*a | 2 YAl 4Gy, [AG,, |AH,, [AS, @’
1.0 | 1.000 1. 000 0 0 0 [0.000 0. 000
0.9 | 0.853 0.948 - 422 |- 142 130 | 0.412 0.203
0.8 | 0.642 0.803 - 1177 |- 584 197 | 1.027 0.584
0.7 | 0.413 0.590 - 2352 | - 1404 |- 597 1.312 0.603
0.6 | 0.195 0.325 - 4347 | - 2989 |- 2603 | 1.303 0.288
0.5 | 0.051 0.103 - 7893 | - 6050 |- 6047 | 1.379 0.002
(£.002)  |(+. 004) (£150)| (+150)] (£500)|(+. 5) (£. 5)
0.4 | 0.0077 |o.019 -12937 | -10501 [-10838 | 1. 569 -0.252
0.3 | 0.00077 [0.0026 | -19048 |-15847 |-16371 | 2. 001 -0.392
0.2 | 0.00005 | 0.00023 | -26519 | -22240 |-22583 | 2. 942 -0. 256
0.1 [ 0.000002| 0.00002 | -34456 | -28334 |-27304 | 5. 346 0.770
0.0 | 0.00000 | 0606060 | - o« | -33400 [-30724 | w 2. 000
3 A6xIp-C
Au Component Augyy = Aulin alloy),,
G GXs = < X8
o Yau | 2Gay |Gy [2H, |48, a5
0.0 | 0.00000 | 0.00011 | - o |-24205 |-16665] « ’5. 635
0.1 | 0.00003 | 0.00030 | -27657 [ -21535 | -19624 | 6. 004 1. 28
0.2 | 0.00016 | 0.00078 | -23314 | -19035 | -20135 | 2. 376 -0. 822
0.3 | 0.00058.| 0.0019 | -19799 | -16598 | -17924 | 1. 402 -0. 991
0.4 | 0.0023 |0.0058 [ -16146 | -13709 | -14255 [ 1.413 -0. 408
0.5 | 0.0116 [0.0231 | -11858 | -10015 | -10092 | 1.320 -0.058
(£.001) . J(+.002) (£250)| (£250)| (+£700)|(+. 5) (+. 5)
0.6 | 0.0545 [0.0908 | - 7736 | - 6378 | - 6174 | 1.167 0.152
0.7 |o0.188 0.268 - 4450 | - 3502 | - 3194 | 0. 939 0. 230
.8 | 0.477 0.596 - 1967 | - 1374 | - 1116 | 0. 636 0.192
.9 | 0.810 0. 900 - 560 |- 280 ]- 205]|o0.265 0.056
.0 |1.000 1.000 0 0 0 | 0.000 0. 000





Scratch Paper
0.000035









6


6

_1132636696.bin

