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The oxidation of molybdenum by oxygen plasma was studied. The oxygen plasma was discharged by 

helicon wave at the frequency of 1 8. I MHZ and at the power of 200W. The weight change of molybdenum 

in oxygen plasma was measured at 400 'C and at oxygen pressure of 5 Pa. The specimen was found to be 

oxidized and to lose it's weight drastically with the oxygen plasma, while the weight change of the specimen 

in the oxidation without plasma was not observed under the same condltions. The energetic species of oxygen 

atoms generated by rf plasma is regarded to accelerate the oxidation of molybdenum and the oxidation leads 

to the fonTlation of volatile molybdenum trioxide at the surface. 
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Molybdenum based alloys are used for high tem-

perature applicatlons such as resistive furnaces and 

spacecraft applications 'and fusion devices because of 

their high melting point, high-temperature strength 

and good thermal conductivity. In oxidizing atmo-

sphere, however, it is widely known that molybde-

num begins to sublirne forming a molybdenum triox-

ide above 500 'C and the oxide volatilization is im-

portant at 600 ~:. AlthOugh the oxidatlon behavior of 

molybdenum has been studied [ l, 2], the behavior of 

molybdenum with oxygen plasma under low oxygen 

pressure has not been well reported. It is Import',mt 

to investlgate the oxidation characteristics of mo]yb-

denum whlch is exposed to the plasma enviromloents 

from the viewpoint of the contamination to the plasma, 

and the structural toughness. In this study, the infiu-

ence of the rf oxygen plasma on molybdenum w'as ex-

amined and discussed in comparison with thermal ox-

idation. 

The experiment'al app'ar'atus with rf plasm'a is 

schematic'ally shown in Fig.1 . The 'app'aratus consists' 

of the rf discharge chamber, the reaction ch,amber wlth 

sample holder, the *~+ Is feechng and evacuatlon sys 

tem, '.md the data accluisition system. The rf power of 

200W with 18.1 MHZ is launched to oxygen p-1'asm'a 

(!!1!l I ()1' ,, ('-1,1(!iL- !.S'c!bl/ "i ((2,') / I ,: ! it(,( ,i/. Cl( '., j!) 

in a pulsed manner ( rf duty ratio: 50 sec. on/ 10 sec. 

off) through the helicon antenn'a. The magnetic field 

was supplied by three magnetic coils. The specimen 

was set on the sam:ple holder equipped with a heatel~ 

and a thermocouple; the molybdenum specimen was 

kept at 400 'C, at which temperature the sublimation 

of molybdenum oxide Is neglected. Oxygen was fed 

into the chamber thrOugh the leak valve, and is evac-

uated from the chamber by the diffusion pLunps com-

bined with rotary pump. The pressure in the cham-

ber was measured by an ion gauge and a capacit',mce 

m'anometer, and the oxygen pressure was maintained 

at the most 'appropriate pressure of _5 Pa for generating 

the stable oxygen plasma during the experiment time. 

The base pressure of the reaction ch'amber was below 
1 >< 10-3 Pa. 

The molybdenmTl speclmen was pre-condltioned 

by means of mechanical polishing with SiC p'aper, 

P80O thrOugh P1200 grit, 'and with I fIITI diamond 

paste. The sample w'as degre'ased with 'acetone in an 

ultr'a sonic cleaner ',md storecl in 'a v',lcLlum clesicc'a-

tor until testing. The weight ch'an*(,_ye w'as me'asurecl 

by welghln(*(*y the s',ulnple before 'ancl after the oxlclation 

test. The thermal oxidation vvas also conductec] under 

the same conditions ol~ oxygen pressu]^e LmcJ tempera-

ture, in orcier to compare with the plasma oxidation. 
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1 Schematic diagram of the experimental chamber. 

for diffusion of oxide ions will be constant. The results 

indicate that the oxygen plasma increases the supply of 

oxygen ions to Mo-M002 interface, and consequently 

the growth of molybdenum oxide promotes the forma-

tion of Mo(VI) oxides, M003, which is volatile and 

sublimates. 

To promote the oxidation, strong oxidizing ma-

terials are necessary. In oxygen plasmas, oxygen 

molecules are dissociated and oxygen atoms are gen-

erated. The dissociation energy of oxygen is 5. 16 eV. 

Further more, oxygen atoms are ionized in the plasma. 

The energetic species of oxygen in the plasma is con-

sidered to work as the oxidizing regent for molybde-

num from metal to MoO_3 . The present results indicate 

a caution for the use of molybdenum as the heat resis-

tant material in the plasma processing where oxygen 

is contained. 

Plasma was diagnosed, using a Langmuir probe. 

The probe rod was positioned at the sample holder. 

The electron temperature, plasma density, and plasma 

potential were 4 eV, 2 x 1016 m~3 and 20 V, respec-

tivelyi at the oxygen pressure of 5 Pa. The weight 

change of molybdenum specimen are plotted as a 

function of time in Fig. 2. After thermal oxidation, 

the weight change of molybdenum was confirmed to 

be negligibly small. Adherent oxide was considered to 

be formed on the molybdenum surface at the experi-

mental temperature of 400'C and at 5 Pa in the similar 

process to the one in an atmospheric condition [3]. 

On the other hand, the large weight changes 

were seen in the plasma oxidation process. Molyb-

denum metal is oxidized, forming three layers 

L4]: the outermost M003, the innermost M002 
to the meta] and the intermediate layer between 

M002 and M003, which can be expressed by 
Mo~03x- I(M0401 l,M08023 ,M09026). M003 Is drs 

tinctly volatile; the melting point is 795'C and the sub-

limation temperature is 1 155~C. M002-MoO_3 eutec-

tic is 778'C. At higher temperatures, the evaporation 

rate of molybdenum oxide increases because of the 

presence of the liquid phase. 

The volatillzation rate of M003, however, is very 

sma]1 below about 600'C. The M002 Iayer grows to 

a stable thickness at low temperatLu~es. The oxida-

tion of molybdenum occurs by the diffusion of oxy-

gen ions through the oxide to the metal-metal oxide 

interface [5-7j. The thlckness of the oxide layer is 

considered to be controlled by the rate of diffusion of 

oxygen ions thrOugh the suboxide, and the path length 
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2 Oxidation of molybdenum at 400 'C and 5 Pa 02. 
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