
Hot Corrosion of Silica 

The results obtained from the studies on the hot corrosion of silica are 

presented and discussed in more detail in Appendix B of this report. In the 

following the important results from these studies are briefly summarized. 

Specimens of fused silica (Corning 7940) about 1 cm x 1 cm square and 1 

mm thick were exposed to a variety of conditions known to cause the hot corrosion 

of metallic alloys. The experimental procedures have been described in the 

experimental section of this report. Results from four different sets of 

experimental conditions will be discussed in this summary. These experiments 

were performed at 700 and 1000°C. The deposits of Na3S04 which were applied 

to the specimens’ surfaces were liquid at 1OOOoC. At this temperature two 

different gas compositions were used. One consisted of an SO3-03 gas mixture 

and the other was pure oxygen. The SO3 pressure in the gas mixture was 1.5 x 

10e3 atm. When Na3S04 is exposed to gases containing SO3 the activity of 

Na90 in the sulfate is inversely proportional to the SO3 pressure. If the activity 

of Na30 in the sulfate is taken as a measure of the basicity of the Na3S04, 

higher SO3 pressures established less basic, or more acidic melts, whereas the 

gas containing only oxygen causes the more basic liquid sulfate to develop. 

Similar sets of experiments were performed at 700°C however at this 

temperature the SO3 pressures in the gas mixtures was 7 x 10m3 atm. 

Furthermore the deposit applied to the specimen surfaces was Na3S04 - 50 mole 

percent CoSO4 since pure Na$304 melts at about 883OC and the sulfate mixture 

is liquid at 700°C. 
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The liquid sulfate deposits wetted the silica specimens in varying amounts 

depending upon the experimental conditions. Time at temperature and the 

thickness of the deposit also affected wetting. Generally the liquid deposits 

wetted the silica more completely under basic conditions. At 1000°C under 

basic conditions the salt wetted most of the coupon after 1 hour with a wetting 

angle of 20. After 24 hours the wetting was continous. At this temperature and 

under acidic conditions droplets of liquid were formed with wetting angles Of 

24O, and 130 on large droplets (’ 0.2 mm dia), after 24 hours. Wetting was not as 

complete at 7OOoC. In the case of basic conditions droplets with wetting angles 

between 13 -240C were observed after 24 hours, whereas under acidic conditions 

the angles ranged between 36 - 49O. 

At 7000C under acidic conditions some limited localized attack of the 

silica was observed under of the salt droplets. No evidence of devitrification of 

the silica was observed. After water washing to remove the salt, small weight 

losses (0.1 - 1 mg/cm2) were detected and small voids were evident in the silica 

where salt droplets had been present prior to water washing. The voids were 

more concentrated near the perimeter of the droplets. Analysis of these results 

has been complicated by the decomposition of the CoSO4 in the liquid via the 

reaction, 

coso4 * coo + so3 

since the SC3 pressure in the gas was lower than the equilibrium pressure 

required to maintain the initial liquid deposit. The principal reaction of the 

deposit with the silica should involve the Na20 component of liquid since 

sulfates and sulfides of silicon are not stable under the experimental conditions 

that were employed. Hence, a reaction of the following type seema plausible, 

XSiO2 + YNa2S04 = YNaZO-XSi02 + ~~03 
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Inspection of this reaction shows that the formation of sodium silicate phases 

becomes less favorable as the SO3 pressure is increased. It is believed that the 

SOS pressure in the melt over most of the specimen surfaces is too high to 

permit silicate formation. However, some dissolution of silica occurred in the 

sulfate at localized regions under the drops, in particular along the sulfate -fused 

silica interface which caused voids to be evident upon water washing. This 

localized dissolution is believed to result from impurities in the silica which 

affect its stability. 

Under basic conditions at 700°C the complication from decomposition of 

the CoSO4 component of the liquid was more severe since there was no SOS in 

the gas phase. Cristobalite spherulites were observed beneath the salt drops. 

Weight change measurements after water washing were not meaningful because 

some cobalt oxide resulting from decomposition of CoSO4 remained upon the 

specimen surfaces. Since dissolution of the fused silica was observed under the 

acidic conditions, and this process is believed to involve NaSO, such a reaction 

would also be expected in the more basic melt. The important result obtained at 

7000 under basic conditions however is that crystallization of the fused silica 

was observed beneath the salt droplets. Since crystallization was not observed 

at 700°C under acidic conditions, the activity of NaSO in the liquid deposit must 

be established at some specific level in order for crystallization to proceed. 

At 1OOOoC under acid conditions cristobalite was observed to form beneath 

all of the droplets, but no devitrification of the fused silica was evident away 

from the droplets. The weight losses of specimens under acidic conditions at 

1000°C were less than at 700°C. This can be accounted for by less sodium 

silicate being formed at the higher temperature. 
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The most extensive degradation of the vitreous silica occurred under basic 

conditions at 1OOOoC. A layered reaction product was formed over the total 

surface of the fused silica specimens. Proceeding from the salt-specimen 

interface the following sequence of phases was observed after very long 

exposures: sodium silicate, tridymite, cristobalite, unaffected fused silica. The 

thickness of the crystallized silica conformed to a parabolic rate law under 

isothermal conditions. Under cyclic conditions this crystallization proceeded 

more rapidly and conformed to a linear rate law since the crystalline products 

spa&d from the specimen aa a result of thermally induced stresses. The 

observed parabolic rate has been accounted for by assuming the crystallization 

of the fused silica is caused by sodium from the liquid deposit. There is no 

question that some sodium silicate was formed. Analyses of wash water, 

however, shows that more water soluble corrosion products are formed early in 

the corrosion process than after long reaction times when the crystalline phases 

have been formed. Such results suggest that the reaction to form silicates is 

dependent upon the composition of the liquid deposit and the structure of silica. 

Also as the silicate becomes richer in silica it is less soluble in water. 

As discussed previously in the section on gaseous corrosion, silica was not 

significantly affected by any of the gas environments used in these studies. No 

corrosion nor devitrification was detected at 700 or 1OOOOC. On the other hand 

significant degradation of fused silica was observed in SOS-02 gas mixtures, and 

in oxygen, when liquid sulfate deposits were present. This degradation occurred 

by two different, but related, processes both of which were dependent upon the 

activity of NaSO in the deposit. The process which caused the most severe 

degradation was devitrification. This process increased as the Na70 activity in 

the liquid was increased and it occurred at both 700 and 1000°C. It requires a 
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threshold Nag0 activity. It was especially severe when the specimens were 

thermally cycled since the crystallized products spalled under the influence of 

thermally induced stresses. The other process involved the formation of sodium 

silicate as a reaction product on the surfaces of fused silica. It appears that this 

latter process is less prevalent when the liquid is reacting with crystalline silica 

than vitreous silica, nevertheless this reaction also increases as the activity of 

Nag0 in the liquid is increased. This reaction also appears to be affected by 

impurities in the fused silica when its driving force is low. 


