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Lecture: Six Questions - 10 points each

1.
Find the refining ratio Ro for Zn in molten Pb at 1000 K.  See data the attached data sheets.

Questions 2 and 3 setting


A 100 ton steel heat at 1600 ºC to be deoxidized contains 0.4 wt % C and 0.005 wt % O. You may assume that the 1 wt% activity coefficients are unity.
2. What volume (STP) of argon gas would be needed to remove 99 percent of the dissolved oxygen?

3.
What pressure would be required in a “vacuum” vessel to achieve a 99 percent reduction in the dissolved oxygen? 
4.
If the1 wt% standard state activity of C, hC, is 0.4, what is the wt % C corresponding to this activity?  See the attached Data for interaction parameters.
5. 
Describe in terms of vaporization fluxes JPb and JZn from the Langmuir Equation how to determine if the distilled Zn product from the vacuum dezincer will have a low enough Pb content (<0.01 wt%) to meet the specifications for commercially pure Zn

6. 
Describe how find the net Zn production rate using the vaporization fluxes JZn from 1) the “hot” Pb-Zn alloy and 2) the pure “zinc-icicle” at the Zn melting point. 

Lab Questions 
(40 points total)
Calorimeter
1) Water is meant by a water equivalent for the Bomb?

2) How is the sample ignited?

3) Water is the reason for keeping the water temperature in the outside jacket the same as the water temperature surrounding the bomb?

Slag
4) How does PbO make SiO2 more fluid?  Use the terms basic, acidic, covalent, ionic, network, and basicity.  Include a sketch of the bonding change caused by PbO.  
5) Why did the highly basic slag leak from the crucible?
Au Assay
6) Why did Pb metal form in the Au Assay while none was produced in the Slag Lab samples?

7) What is meant by an Assay Ton?

8) Why is a Ag inquartz added?
DATA

Data at 1600°C.   All dissolved components are in liquid iron.

C + O= CO(g)


K = 500

Si+ 2O = SiO2(g)


K = 17052

H2(g) = 2H
  

 K1600 = 7.3 X 10-6 

log fSi = 0.029 [% Si]

MW Si = 28.09
MW Fe = 55.85

Si(1) in iron


 EQ \o(\s\up2(°),\s\do6(Si))   1873K = 0.00132


∆G EQ \o(\s\up6(o),\s\do4())  values are in cal/gmole
MgCl2(l) = Mg(l) + Cl2(g)

∆G°1000 K = 115,000 cal/gmole

Si(1) + 02(g) = Si02 (B-quartz)

∆G EQ \o(\s\up6(o),\s\do4(R))  = - 226,500 + 47.50 T  cal/gmole

Fe(1) + 1/2 02(g) = Fe0(1)

∆G EQ \o(\s\up6(o),\s\do4(R))  = -56,900 + 11.82T  cal/gmole
SO2 + 0.5 O2 = SO3


∆G EQ \o(\s\up6(o),\s\do4(R))  = -94,600 + 89.37T  cal/gmole

0.5 O2(g) =  EQ \o(O,_)  



∆G°  = -28,000 - 0.69T  (cal)

Interaction coefficients for iron melts at 1873 K


e EQ \o(c,c)  = 0.15

e EQ \o(o,o)  = -0.20


e EQ \o(c,o)  = -0.45

e EQ \o(cr,o)  = -0.04
Assume other 
[image: image1.wmf]i
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’s are 1.0
Other Information 
F = 23,061 cal/(volt*equiv)

R = 1.987 cal/gmole-K = 0.08205 L*atm/K*gmole
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First Order Sparging
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Sievert's Law Sparging
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1 atm = 1.013X105 Pascals             1 Pascal= 1Newton/m2                1Newton = 1 Kg*m/sec2

Attachments

Pure Zn and Pb datasheet from Hultgren, et al.

Alloy Pb-Zn datasheet from Hultgren, et al.

[image: image5.png]Integral Quantities for Liquid Alloys at 923°K

Pb-Zn

Part II.

Tables

TABLE 1

(1 —x}Pbu> +xZn(£) = Pb1 —xznx(l)
X AG | AH AS AGTS | aAg®S
Zn
0.1 -237 | 455 0.750 | 359 0.104
0.2 -255 | 848 1.195 663 0. 200
0., 22% -251 | 918 1.267 716 0.219
(£100)|(+£100) (£.15) [(£100) | (£.15)
0.97% - 48| 168 0. 234 199 |-0.034
TABLE 2

Partial Molar Quantities for Liquid Alloys at 923°K

Pb Component Pb(ﬂ) = Pb(in alloy)(“
= -~ XS - = XS
*Pp 2Pp TPy AGpy | AGpy | AHpy | 85py | A5p,
1.0 1. 000 1.000 0 0 0 | 0.000 | 0.000
0.9 0.913 1.014 | -168 25 20 | 0.213 | 0.004
0.8 0. 854 1.067 | -291 118 | 132 | 0.458 | 0.015
0.78% | 0.845 1.083 | -310 | 146 | 164 |o0.514 | 0.020
(+.048) | (+.061) |(x100) |(+100) | {200} |[(£. 2} | (+.2)
0.03% | 0.845 |23. 16 -310 | 6122 | 5374 | 6.158 | -0.810
0 0.000 | 34.6 - o | 6500 | 5500 % -1: 083
Zn Component Znu) = Zn(in alloy)u)
- - XS - = -XS
*7n 7n Yzn Gy 1 2Gzn | 2z, 1882, | 855,
0.0 0.000 | 7.940 -~ | 3800 | 4800 0 1.083
0.1 0.627 | 6.273 -855 | 3368 | 4293 | 5.577 | 1.002
0.2 0.942 | 4.709 -110 | 2842 | 3712 | 4.141 | 0.943
0.22% | 0.978 |4.447 | - 40 | 2737 | 3590 | 3.933 | 0.924
(£.055) |(£.249) | (+100)|(x100) |(+200) [(+.2) | (% 2)
0.97% | 0.978 | 1.009 - 40 16 7 | 0.051 | -0.010
1.0 1.000 | 1.000 0 0 0 | 0.000 | 0.000

*Phase boundary
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All pressures in atm,  All energies in calories per gmole
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Data for Liquid Cu-Fe Alloys
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TABLE 3

Partial Molar Quantities for Liquid Alloys at 1823°K

A. Cu Component Cuu i Cu (in alloy)u )

% =XS ~— % =XS

XCu aCu ‘YCu AGrCu AG'Cu AHCu ASCu ASCu
1.0 1.000 1.000 0 0 0 0. 000 0. 000
0.9 0.929 1.032 -267 114 118 0. 211 0.002
0.8 0.896 ;120 -397 411 409 0. 442 -0. 001
0.7 0.878 1.254 71 821 830 0. 713 0. 005
0.6 0. 857 1.428 -560 1290 1355 1.051 0. 035
0.5 0.829 1.657 -681 1830 1982 1.461 0. 084
(£, 01) (. 02) (x100)| (+100)| (£200) (+:12) (+£.12)
0. 4 0. 804 2.010 -790 2529 2714 1.922 0.102
0.3 0. 780 2.598 -902 3459 3702 2.525 0.133
0.2 0. 728 3.641 | -1149 4682 5312 3. 544 0. 346
0.1 0.557 5.575 | -2117 6225 7897 5.493 0.917
0.0 0. 000 9,512 - 0 8160 | 11370 o0 1.761

L =
B. Fe Component « Feu) = Fe(in alloy)u)

> =XS - % =X8

*Fe Fe T - | SApg it i o, - 1. PO

0.0 0. 000 10.570 |- o 8550 9300 00 0.411
0.1 0.573 5.728 | -2019 6323 6978 4.935| 0.359

0.2 0.716 3.582 | -1208 4622 5299 3.570 | 0.371
0.3 0. 763 2.542 | - 981 3380 4028 2.748 | 0.355
0.4 0.798 1.996 | - 816 2503 3049 2.120| 0.300

0.5 0.832 1.663 | - 668 1843 2282 1.618 | 0. 241

(+.01) (£.02) | (£100) | (£100) | (+200) (£.12) | (£.12)

0.6 0.853 1.421 | - 577 1274 1678 1.237]| 0.222
0.7 0.867 1. 239 }< 517 775 1152 0.916 | 0.207
0.8 0.886 1. 1071438 370 624 0.583 | 0.139
0.9 0. 925 1.028 | - 282 100 178 0.253| 0.043
1.0 1.000 1.000 0 0 0 0.000| 0.000





South Dakota School of Mines and Technology 

Department of Materials and Metallurgical Engineering 

Dezincer Design
Mean Free Path
The mean free path* is the average distance an ideal gas atom will travel before colliding with another atom.  It is determined from the fundamental kinetic properties of an ideal gas:
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where A is Avogadro’s number.

Langmuir Equation

The vaporization flux from a free surface into a vacuum is given by the Langmuir Equation
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where MWi is the molecular weight of the vaporizing component i.

* http://hyperphysics.phy-astr.gsu.edu/hbase/Kinetic/menfre.html 

Flat Plate Flow
The velocity distribution for laminar film flowing in the z-direction down a flat plate is
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(3)


where 
x = distance from the top of the film



 = fluid density



 = film thickness



 = the plate angle from the vertical



 = viscosity

The cup-mixing volumetric flow rate found by integrating Eq (3) from x = 0 to   is
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(4)

The average velocity, Q/Area is
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(5)

Vapor Pressure Data 
The vapor pressure of Zn(l) is given in Gaskell’s Introduction to the Thermodynamics of Materials, 5th ed from the melting temperature to 1177 K as
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The vapor pressure of Pb(l) is given in Hultgren, Desai, Hawkins, Gleiser, Kelley, and Wagman in their Selected Values of the Thermodynamic Properties of the Elements, published by ASM in 1973.  A least squares fit of their data from 900 to 1300 K gives
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Pb-Zn Solution Data 
Tables I-III show the integral and partial molar solution data from Hultgren, Desai, Hawkins, Gleiser, and Kelley in their Selected Values of the Thermodynamic Properties of Binary Alloys, published by ASM in 1973, for liquid Pb-Zn alloys at 923 K.  The Gibb’s-Helmholtz Equation in the form of partial molar excess quantities may be used to find activity coefficients at other temperatures.
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For the infinitely dilute Zn in Pb, Eq (8) becomes
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(9)

Time to Refine Zn Equation 

A mass balance on Zn in a packet of Pb undergoing Zn vaporization gives


Rate In  -  Rate Out  + Gen Rate  =  Acc Rate
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where 
JZn = Molar vaporization flux



A   = Area



  = Melt thickness


  = density

Substituting Eq (2), modified for molar flux and rewriting the pressure term as the partial pressure of Zn as expressed for Zn in solution, into Eq (10) and rearranging gives
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Separation of terms gives
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and integration from the initial mole fraction,
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[image: image25.png]TABLE 1
Integral Quantities for Liquid Alloys at 923°K

(1 —x)Pb(” +in(l) = Pb1 _XZnXu )
X AG | aH AS AGTS | As*S
&n
5 ] -2317 455 0. 17580 359 0.104
3.2 -255 848 1.195 663 0. 200
D.25% -2951 918 1.t 716 0.219
(+£100){(£100) | (£.15) |(£100) (£.15)
0. 97%* - 48 168 0.234 199 -0.034
TABLE 2

Partial Molar Quantities for Liquid Alloys at 923°K

Pb Component Pb(l) = Pb(in alloy)u)
- -X8 o = -XS
X b Spp Tpp . | ACpp] ACpy| AHpy | A5pp | AOpp
1.0 1.000 1.000 0 0 0 | 0.000 | 0.000
0.9 0.913 1.014 | -168 25 29 | 0.213 | 0.004
0.8 0.854 1.067 | -291 118 | 132 | 0.458 | 0.015
0.78% | 0.845 1.083 | -310 | 146 | 164 |0.514| 0.020
(+.048) | (+. 061) | (+100) | (£100) |(x200) [(+.2) | (+.2)
0.03% | 0.845 |28.16 -310 | 6122 | 5374 | 6.158 | -0.810
0.0 0.000 |34.6 -~ & }-8500 -} 8500 o -1: 083
Zn Component Znu) = Zn(in alloy)u)
o
- ~ X8 - - XS
o Szn T7n Mg | Ay JAH, |88, | A5,
0.0 0.000 | 7.940 ~ o | 3800 | 4800 - 1.083
0.1 0.627 | 6.273 -855 | 3368 | 4293 | 5.577 | 1.002
0.2 0.942 | 4.709 -110 | 2842 | 3712 | 4.141 | 0.943
0.22% | 0.978 |4.447 | - 40 | 2737 | 3590 | 3.933 | 0.924
(£. 055) |(+.249) (£100) [ (£100) | (£200) |(%. 2) (£. 2)
0.97% | 0.978 | 1.009 - 40 16 7 | 0.051 | -0.010
1.0 1.000 | 1.000 0 0 0 | 0.000 | 0.000

*Phase boundarv





Ref: 
Hultgren, Desai, Hawkins, Gleiser, and Kelley, Selected Values of the Thermodynamic Properties of Binary Alloys, p. 1284, ASM, Metals Park, OH 1973.

Refining Ratio 

To refine by vaporization, the impurity, i, must bear a higher impurity-to-product ratio in the vapor phase than is in the liquid phase.  The refining ratio is defined as follows:
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In the limit as the impurity reaches infinite dilution, R is called Ro
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This can be simplified into a more useful equation by substituting the vapor pressure ratio for the numerator and introducing the activity-pure vapor pressure of impurity i, (aiPi0 = xiioPi0) into the impurity’s vapor
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Refining Area Equation 

The time to refine a stated depth of continuously mixed Pb-Zn alloy by vaporization is given by Eq (13).  What is needed are the dimensions of an inclined plate that will process a given mass flow rate of alloy.  The mass flow rate,
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, equals the average velocity multiplied by the density and cross-sectional flow area. 
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This allows the calculation of the film thickness for a given mass flow rate.
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The average velocity can be obtained from Eq (3) and the length, L, of the plate.
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(19)

Substituting Eq (18) into Eq (19) gives
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This fascinating result shows that any combination of L and W that has the same area (LW) will process the alloy equally.

The Pb-Zn Phase Diagram 


Figure 1 shows the Pb-Zn phase diagram from M. Hansen, Constitution of Binary Alloys, 2nd ed, McGraw-Hill, New York, 1958, p 1119.
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Figure1.  Pb-Zn System

Pb Property Data 

	Name
	Value
	Units

	Viscosity
	0.002
	kg m-1 s-1

	Density
	11,400
	kg m-3
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