10/14/2019 (Please not two enclosures, JANAF Table and Ellingham

Practice HW2.2-Processing

Consider the following reaction in equilibrium
Si+ 0, = SiO,(quartz) (1)

The change in Free Energy for this reaction is

ASGMMW::G G@'_G&

SiO, (quartz) —

Since 0O; and Si are in their standard states we have that
AGJANAF = AGSiOZ(quurlz) (2)

Note the emphasis on quartz. The Free Energy depends not only on the
species but also on the phase. Thus the free energy for molten quartz
or silica glass will be different from that of quartz. Furthermore
there is a phase transformation in quartz at 673°C from a to b quartz
so that there is a change in the free energy behavior at the this
temperature for SiO,. (Note that at the transition temperature both
phases have the same free energy since they are in equilibrium;
therefore the slope of the G vs. T curve changes at this temperature

but from the same point).

The equilibrium in Eqg. (1) is given by the balance of chemical

potentials

i + Ho, = Hsio, (3)
where

Hsio, = Hsio, + RTn(ag,,) (4)
where

Mso, is the standard state.

Writing similar equations for pu, and for p%zinto Eg. (3) we obtain



Asio,
(:u’SiOZ — Mg _/Loz)‘i‘RTgni':O (5)
aga

Po,

JANAF Tables gives the values for

(6)

Combining (5) and (6)

AG \(T)—RTln(p,,)=0 (6)

Si0, (quartz

where a; =1, Agio, = 1, and 4o, = Po,

Exercise:

Show how Eg. (6) leads to the line for SiO, Ellingham Diagram.

Exercise:

The temperature dependent values for zﬁ(%mxguarm)are given in the

attached sheet drawn from the JANAF Tables.

Pick a temperature and show that the calculation of equilibrium Do, from

Eg. (6) is consistent with the “quick” reading from the Ellingham

diagram.



LIQuID .r - 040K

8;9%(0 &) = 897.756°%F mo1~}
89°(298,15 K) = -902.851 kJ mo1™"
> bgual* = 9,581 £ 2,1 xF nor™!

| from that of quarts weing 4.°(970 K) = 1.45 2 6.15 keal nol™ far high quartz A
s oxide melt. This valuc rofuces to A H7(29A.15 X) = 1.96 kox) =o1™ for low

a1 81! with other oalortmetric data sumsarized below. Eaclise rwsults were
AT 8,00°(298,13 K) 4,H° (298,13 K)
eactics x keal mol”t koal mo1~! kel mo~!
A a70 1.4320,13 1.86 -215.74
‘8 208 1.7H20,45 1.78 -215.92
A 298348 = 3.1820.05 -215.62
2 300 2.2720,3 2.37 -215.43

uos(anu. 1ov or kigh) < ’“’z"?
S10,(2) + 2 Fo(R) » B1F (x) + O,(8)

" {5) and Weatrum (&) for sxnples asnealod at 1100 and 1070°C, respectively.
g¢ 80-180 K and at J00 K dut are 12 agrecmant wlawsherw,
0001 cxl X mo1 " and 3°(0 K) = 1.098 cal k7! ;11 ©° dats (5) for a dirferent

by <0.04 cal K°) mo1™'. Earlier data warw reviewsd by Kelley (8). The restdual
“S°(1996;0 K) = 41,258 - 40.160 « 1.098 cal x”1 » where 40,150 1z odtained
wa of 8, 6 = 1I4 onl 270 9017 and 87(1996 x) = 40,131 oxl =) w017} for high
3 eal X°C wo1~!, primarily fros the uncertainty in Yl o
eteic data of Moser (8) up to 900 K. Eathalpy dats of ¥hite (10) xnd Fischer
1500 X 415 derived from onthalpy data of Sastherd (12) and Whits (10). Maximum
thix rangs is 0.3%, Enthelpy data of Rgan (13) and Kellay (11) deviats from the
1500 X, although large positive devistiosx appesr at lower temperatures.
ows a rapid, sigwoldal rise shich ix sugge=ted by the enthalpy data of Wietzel
n region in which C° rFlsex Lo that of the stable 1iquid. C* above 1700 K i3

if Thia value ix cossistest with the enthalpy data (15) and with

Data
The matropy i=

mol

~aton
’sm“.

o

86 = § K, vhile the metastable melting point of high quartz is 1636 ¢ 60 K.
and Righ éristobalite st T Values ranging from 1.8 to 3.8 keal -ol" have
¢ diagrams (1).
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CRYSTAL-CRYSTAL-CRYBTAL-LIQUID .r “ 80.0843
347 K orystal, low quartz (trigosel)
7o x orystal, high quartz (hexagonal)
mWe X orystal, high crryatadbolite
e x 1iquid

to the iadividual tadles for details.

itl1con Oxtde (3102)

0,851, (1)

Temp =T, = 9815K Standard Stule Presvare = p* = 0.1 MP'a
e 3 K molt kJ mol-
VK (] 82 —[GS-HATYUT H -HT)  aM° A46G° Log X,
] 0.000 4.694 INFINITE -G.89G -B§7.786  -807.758  INFINITE
100 18.15¢ 15983  78.052 -€.207 -900.228  -§84.112  $81.R1%
200 32.735  33.602  51.618 -3.803  -901.82¢  -857.31¢  226.319
398.15 44,183  17.838  17.8a8 0.000 -202.881  -BGO.175 148,847
300  44.367  4B.202  47.829 0.082 -9032.671  -B49.860 147,872
400 52518  62.158  @0.778 4.952 -902.863  -832.194  108.673
300 $8.082 74.510  33.313 10.499 -902.88¢  -B814.537 85,094
600 62.0a5 B8G.468  57.943 16,315 -902.208  ~798.940 69,351
700 84.973  05.283  62.587 22,873 -S01.508  -378.457 52.154
800  ©7.208 104.081  67.233 -900.780  -762.00T 40,758
800 §8.806 112.112  71.780 -744.777 +3.228
1000  70.350 119.452  78.188 -727.585 38.005
1100  71.475 124.211  B0.430 ~710.484 33.73%
1200 72,396  132.471  B4.500 -6a3, 108 30.186
1300 73.157 138.208  88.425 -5T6, 533 27183
1400  73.848 143.743  92.184 ~859.670 24,613
1500 74.475 148,852  95.754 78.387 -899.317  ~B42.878 22.387
1800  B0.040 153.787  09.263 £7.206 -893.332  -826.148 20.442
1898.000 88.772 158.855 102.487 65,261 ====—== I1 {e=d LIQUID ========
1700  8G.772 1G8.867 102.619 §3.604 --941.810  ~509.059 18.714
1800  BS.772  183.950  105.881 104.181 -935,168  -380.550 17.108
1800 83,772 168,387 109,030 112.750 -937.360  -570.178 15.875
2000 BG6.772 172.795 112,128 121.336 -833.28%  ~560.007 14.388
2100  85.772 176.981 113.118 126,913 -093.183  ~531.741 13.226
2200 B86.772 180.871 118.021 138.480 -931.133  ~512.672 12.172
2300 83,772 184,784 120,842 147,087 -929.106  -493.097 11.212
2400 85,772 188.43¢ 133,332 153,543 -927.102  ~-474.809 10,321
2500  85.772 191.038  128.247 164,222  -925.118  -134.004 9.528
2000  $3.772 195,300 128.839 172,798 -923.138  -437.279 8.785
2700  86.772 198,537  131.360 181.376  -021.217  -418.628 5,099
2000  85.772 201.658 133,816 189.953 -B19.287  ~400.048 7.163
2900 83,772 204,866 136,207 198,531 -017.397  -381.338 6.872
3000  85.772 207.057¢ 138,338 207.108 =0315.517  -363.092 6,322
3100 85.772 210.386 140.810 213,685 -913.658  -344.708 5.808
3200 85.772 213.109 143.027 221,262 -911.811  ~326.385 5.32%
3300 85,772 213,740 145,191 232,839 -300.863  -30K.119 4.877
3400  83.772 218,309 147,301 241.417 ~908.175  -289.907 4,454
3500 85.772 220.796 149.368 219,891 -506.381  ~271.748 1,050
3600  85.772 223.212 151.387 235,571 -1288.75¢  ~243.181 3.528
3700 88,772 225.362 153.360 267.148 -1286.377  -214.188 3.02¢
3800  B5.772 327.849 155,290 275.728 =1284.618  -185.212 2.5¢8
3900 85.772 230.077 157.179 384,303 -1382.260  -166.313 2.094
4000  B5.772 232.240 159.029 292,880 -1230.137  ~127.470 1.665
4100 85.772 284.367 1680.84L 301.457 -1378.019 -95.680 1.257
1200  B5.773  235.1431  153.516 310,034 ~1205.914 -69.811 0.870
4300  85.772 233.462 164.3G65 318.611 -1373.6822 -41.252 0.501
$400 R5.772  240.424 186.063 327.185 -1271.712 -12.812 0.150
1500  B3.772 248,351 167.737 936788 ~1280.674 15.981 -0,188
PREV IOUS: December 1082 CURRENT: Jumnw 1087
844 com Oxide (810,) 0,84, (1)
Sillcon Oxide (s:oa) 0,!1, ter,1)
Enthalpy Ret =T, = 9I5K Standard State Pressure = p° = 0.1 MPa
JK-‘mol - -~ - kJ mol *
/K S §° —IG°-HA(TPIT H°-H%T) aM* A6 Log X;
[ 0.0600 0.000 INFINITE ~6.018 905,872  -805.872 INPINITE
100 13.686 9.68¢ 72,498 -6.280 -G08.406  -801.862  485.758
200 32.639 28.087 43,187 -3.820 -910.036  ~874.223 328,334
298.15 44,309  41.463  §1.483 0,000 -Bl0.867  -868.443  150.045
300  46.789  91.740 &l.4dd 0,083 -P10.BG6  -806.106  149.081
400  33.430 G55.878 43,33 5.017 -011.024 ~-857.812  100.407
500  59.643  @8.498 47,137 10,828 -010.692  -839.338 85.617
600  84.417 79,808  Gl.648 18,596 -910.017  -801.368 69.765
700 68,768 90.088 S6.41% 23,534 -906.062  -783.351 58.453
800 73.701  99.88%  ©1.320 ] -907.794  =785.452 19.879
847.000 76.503 103.840 63,467 34.198 1 €= 11
R47.000 67.417 104,700 83,467 31.921 TRANSTTION
800 67.948 1068.807  5.017 38.612 -905.018  ~T47.18% 4$_400

TV L3 3SYHO



H,/H,0 {1 A L

Co/Co, W i =

10710

~ ;0-14

L

RT Inpoz / kJmol 10,

P S LR o Cbaagﬁrféfstate] Metal Oxide Y1078

Qo/,.f’ /,,-"" : 'Mélﬂlj oint oM E ; 10

e Bollinglpoint B[]

-1200 ; :
0K | S = QOO

L]
.

X
o
L
Y
\
5\
b

o
%

1010‘

L

10-20

800 1200 1600 2000 2400

N ¥ I it -22
coyto, 101 Yot ¥ Yo
H,/H,0 ‘ >
Poz /atm

Z.

10

—
-~
S

1032

A N

107100 10750 10730 10724






