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PRESENTATION OUTLINE

(1) QUASI-EQUILIBRIUM OXIDATION OF W AND Mo.

(2)   BOUNDARY LAYER TRANSPORT MODEL.

(3)   TEMPERATURE LIMITS FOR W.

(4)  TEMPERATURE LIMITS FOR Mo.
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QUASI-EQUILIBRIUM TREATMENT OF
HETEROGENEOUS REACTIONS

@ SURFACE IMPINGEMENT RATE OF OXYGEN:

Z P M RTO O O2 2 2
2= π 

@@ FFOORR  OOXXYYGGEENN  MMOOLLEECCUULLEESS  AATT  AA  TTEEMMPPEERRAATTUURREE  TT**,,  TTHHEE
EEQQUUIILLIIBBRRAATTEEDD  OOXXYYGGEENN  FFLLUUXX  IISS::    

ΓO O OZ
2 2 2' ' '= ζ

@@ W AND Mo ARE DESCRIBED BY:

x W s y O g W O gx y  ( ) ( ) ( )+ ⇔1
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WW  AANNDD  MMoo    OOXXIIDDEESS

Tungsten Molybdenum
Species ∆Hf298.15 (kcal/g.mole) Species ∆Hf298.15

(kcal/g.mole)
∆Sf298.15

(cal/g.mole.K)
O(g) 59.559 O(g) 6611..33 1166

W O(g) 101.6 Mo O(g) 9955 2255..55
WO2 (g) 18.3 MoO2 (g) 1111..00 99..00
W O3 (g) -70.0 Mo O3 (g) --8800 --1155..55
W2 O6 (g) -278.2 Mo2 O6 (g) --227700 --7722
W3O8 (g) -408.7 Mo3O8 (g) --440000 --111188
W3O9 (g) -483.6 Mo3O9 (g) --446633 --113322
W4O12 (g) -670.2 Mo4O12 (g) --664400 --119900
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QUASI-EQUILIBRIUM - KINETIC LIMITATION

@ SOLVE FOR :
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EXPERIMENTAL DATA FOR W and Mo AT FIXED Z

@@  TTOOTTAALL  EEVVAAPPOORRAATTIIOONN  RRAATTEE  ==      x ZM O
i
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x y
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1
Experimental Data of W and Mo Oxidation

ZO2 '  =  1.2x1017cm-2s-1 
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TOTAL EVAPORATION RATES OF W and Mo AT 1ppm O2
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Total Evaporation Rate of Tungsten
Based on APEX O2 Impingment Rates (1 ppm)
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Total Evaporation Rate of Molybdenum
Based on APEX O2 Impingment Rates (1ppm)
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TOTAL EVAPORATION RATES OF W and Mo AT 1ppb O2

@@  TTOOTTAALL  EEVVAAPPOORRAATTIIOONN  RRAATTEE  ==      x ZM O
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Total Evaporation Rate of Tungsten
Based on APEX O2 Impingment Rates (1 ppb)
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Total Evaporation Rate of Molybdenum
Based on APEX O2 Impingment Rates (1ppb)
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BOUNDARY LAYER TRANSPORT MODEL

@@ SURFACE KINETIC RATE

dX
dt
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@@ SOLVE FOR 
dX
dt

dX
dt

D K=   TTOO  OOBBTTAAIINN  YYBB..

@@ FINAL EVAPORATION RATE:
dX
dt

Y Y
R R

f dX
dt

S

K B

K= −
+

= ×∞
*

@@ WHERE (f) IS A BOUNDARY LAYER FACTOR, AND 
dX
dt

K
*

IS THE
KINETIC RATE WITHOUT THE BOUNDARY LAYER.
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@@ THE BOUNDARY LAYER "RESISTANCE" IS GIVEN BY:
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EFFECT OF  BOUNDARY LAYER RESISTANCES
ON EVAPORATION RATES (1ppm O2)

Total Evaporation Rate of Tungsten
Based on APEX O2 Impingment Rates (1 ppm)
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Total Evaporation Rate of Moly
Based on APEX O2 Impingment Rates (1 ppm)
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EVAPORATION RATES OF W and Mo INCLUDING
 BOUNDARY LAYER RESISTANCES (1ppm & 1ppb O2)

Total Evaporation Rate of Tungsten
Including the Effects of Layer Resistances

at 1 ppm and 1 ppb O2 
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Total Evaporation Rate of Moly
Including the Effects of Layer Resistances at

1 ppm and 1 ppb O2
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CONCLUSIONS

(1) BASED ON EXPERIMENTAL DATA, THE IMPINGMENT RATE
OF O2 WAS ESTIMATED TO ESTIMATE STATIC EVAPORATION
RATES.

(2) THE BOUNDARY LAYER RESISTANCE TO OXIDE PRODUCT
TRANSPORT IS SIGNIFICANT AT THE HIGH HELIUM PRESSURES OF
THE APEX STUDY

(3) BASED ON THE BL-EFFECT THE EVAPORATION RATE IS ~0.1
µm/yr FOR Mo and ~0.01 µm/yr FOR W at 1 ppm O2  AT 1500oC.

(4) AT 2000oC THE EVAPORATION RATE IS ~1O-3µm/yr FOR BOTH
Mo and W at 1 ppb O2.

((55))  FOR AN OXIDATION RATE LIMIT OF 0.1 µm/yr THE
OPERATING TEMPERATURE FOR Mo IS 1500oC AND FOR W IT
IS 1600oC.


