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J. E. Shelby, Applied Physics Division 8342 
J. 	Vitko. Applied Physics Division 8342 

Sandia Laboratories. Livermore 

Abstract 

Asimple accelerated weathering test was used to evaluate the 
weatherability of glasses which are being considered for use in solar heliostats. 
Glasses were exposed to 98-1001 humidity at temperatures ranging from 40 to 
80QC for periods of one to four weeks. Under these conditions, low-iron float 
glass exhibits severe surface corrosion. which occurs predominantly on the 
tin poor surface. This result indicates that silvering the tin-poor surface 
will increase the weatherability of mirrorl made from this glass. CGW-0317 
fusion glass exhibits no detectable signs of surface corrosion. 
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Introduction 

Present designs for central 
(> 6010000 areas of surfiCe 
such must endure 

Most common glasses undergo a series of in 

henceforth referred to as weathering. such eQOSlJre" 
Wlithering rdrely results in significant 
of common commercial gllsses, it does 
leach products on the weathered SlJriKe. If these MVEI an 
the solar transmission of the glass t weatheri could result 1n a serious 
degradation 1n the efficiency of such a plant. 

Two glasses are now considered to 00 prime cal'ld1 sohr 
• mirror applications: low iron float glass and ass (frequently 

referred to as Itfu$.ion 91 ass "). Both of these glasses contI in 1 quanti ..
• 

ties of sodium. Since the leaching of sodium from the surface of glasses 

interdiffUSlon with protons (as supplied by water) is known to 00 one of 
pri mary weather, n9 mechanisms2• ; t apf)ears that these glasses may 

more susceptible to weathering than lOOny other glasses. If this i l'Ideed the 

case. neither of these glasses NY prove acceptable for solar applications. 
This paper reports the results of accelerated weathering tests for 

several glasses of interest to solar programs, with special emphasiS on low 

iron float and CGW-0317 glasses. low iron float glass has been found to 
exhibit serious weathering effects under certain conditions. CGW-0311 glass 
has not been found to exhibit similar effects under any of the test conditions 

of the present study. 
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Experimental Procedure 
Most of the acce1erated weathering studies were carried out in a con-

trolled temperature-humidity chamber. Rectangles of each glass (2.5 x 1.5 em) 
were cut from large sheets. These specimens were held at the edges by plastic 
holders so that the faces were 1n a vertical position. Under these condi-
tions, the water which condensed on the glass surface tended to run off in a 
manner similar to that which would occur in the field when the heliostats were 
in an operating position. The holders were placed on a stainless steel shelf 
1n the test chamber which was already at the desired condition. All exposures 
were made at 98-100% humidity and at temperatures ranging from 40 to sooe for 
one to four weeks. 

Several tests were made in plastic bottles which contained a small amount 
of distilled water. The specimens were suspended above the water by threads. 
Thi bottles were sealed and placed in a water bath It the desired temperature. 
This test was done such that the hUlnidity was constant at 100% throughout the 
test. The times and temperatures used were similar to those used in the 
chamber tests. 

The post-test specimens were examined visually, their specular transmis-
sion and reflection spectra were measured with a CarY-17I spectrometer, and 
their surfaces were examined by ESCA. (The ESCA spectra were measured by 
A. West and M. W. Clift - 8315.) Control specimens cut the same sheets 
were also examined by each of these techniques. 

Results 

The results of the accelerated weathering tests are dramatically evident 
in Figure 1. The three soda-lime-silica glasses (labeled LIF for low iron 
float, SIF for standard iron float, and SHEET for standard sheet, or window, 
glass) exhibited severe surface corrosion, whereas the other glasses show no 
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visible effects.  

of surface cor1"osioo ..  

\l4hich are both noted for  

for cOIIIparisoo purposes.. Neither  
• surface da.ge.. 

The results shown in figure 1 .re obtai flUtOOstJre at 

7SGC. The corrosion of float asses WiS ......"'rm... on 

one surface than 00 the It secood set of were run at 

for olle week.. that test. low iron (ooly the low 1roo 

float CGN-0317 glasses .re incl 1n ) !it 

showed more corros i 00 00 ooe surface 00 

the degree of corros i 00 was much than was ,,....,,, •.,... '........ 

longer exposure at. 1S-C. The (;GW",0317 aUt 

surface corrosion. 

A similar test was perforlfJed for the low iron us by IS 

method. It test spechlell was placed in a pl e so that it was SUS& 

pended above a 1 amount of water. This bottle WIS in a 
at 60°C for ooe week., Since the bottle was thh procedureI 

a lOOS humidity atmosphere. The test was incl to iminate any 

contami naUon from the test chamber used in the other tests .. 

qualitatively identical to those obtained in the temperature-Iu.lmidity 

A final series of specimens were run in the temperature-humidity chamber 

at 70°C and humidity. All of the specimens were placed the at 

the same time.. One set (consisting of a lC1f1 iron float specimen, a CGW-0317 

specimen" and a vitreous silica specimen) was removed after one week. 

.. 	 remaining sets of specimens were reR)ved at one week intervals over a period 

of four weets. The low iron float specimens exhiMted a continuous increase 
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in the degree of surface corrosion as determined by visual examination. 
Neither of the other two glasses exhibited any visually detectable corrosion. 

Figure 2 shows the absorption spectra of the series of low iron float 
glasses exposed in the temperature-humidity chamber at 70°C. The transmit-
tance (ratio of transmitted to incident flux) of those specimens exposed for 
2 or more weeks 1s severely reduced in the visible and ultraviolet regions, 
with a lesser effect in the infrared region. Surprisingly, the onset of 
weathering is characterized by an improvement in the transmittance of the 
specimen. This is evident in rigure 2 for the 1I0ne-weekl! specimen. There is 

a definite improvement in transmittance in the region around 1000 nm. i.e., 
in the same spectral region as the Fe2+ absorption band. Comparison of the 
specular reflectance of the weathered sample w1th that of 'as-received' 
samples (Figure 3) suggests that this improvement results from the formation 

of an anti-reflection coating on the tin-poor surface. Figure 4 compares the 
experimental reflectance with that calculated by assuming a uniform film of 
index n and thickness d. A 'best fit' was obtained for n • 1.25 Ind d a 1900 A. 

These values are in good agreement with the values determined by ell1psometry 
(n 1.2. d m 2000 A) and interferometry (d a 2000 A). [The ellipsometry 
measurements were performed by P. D. Thatcher (2552) and the interferometry 
by B. D. Schoeneman (8123).] The rather low index of refraction obtained by 
these procedures may indicate a porous film. Heating the sample to a tempera-
ture near the transition region of this glass (500-6000 C) removes the anti-
reflection film and results in a transmittance very nearly that of the 
as-received samples. 

As stated earlier. the low iron float glass exhibited considerably more 

corrosion on one surface than on the other. Examination of a series of these 
glasses by ESeA revealed that the corroded surface was the tin-free face (see 
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Figure 5).. In each case, the 

depletion in the concentration. 

• corros i on mechanism is 

suggest that the presence of tin in the glass 
• manufacturing process4) 

glass. This observation leads to the obvious 

of low iron float mirrors could 

coating to the surface.. (It snould 
is not completely ti th't 

the 

tity 

the 11 

the reflective 

that this 

the vapor on this 
concentration tin on this 

surface appears to no more than 10 to of that on the "............  

directly to 	the bath4.. ) 

• 	 The corras1on d1 in detail in II! recent 

review article..2 In general. the corrOSion process can be most readily 

discussed by considering the changes which occur in the surface composition i'S 

II function of time. The stages in the corrosion process are shown in gyre 

6 (this figure is taken from Reference 2). The first consists 

se1ect he 1 eaeh1 I'Ig of sod1 um from the nell" surface reg' on of the glass. This 

process results if! the formation of a layer of different composition than 

that of the bulk glass. In many cases, the layer is much more durable than 

the bulk glass and hence serves as a protective fi to prevent further 

corrosion {Figure 6A}. This is the case for soda-lime-silica glasses (such 

as the low iron float glass) when illlft'lersed in a large quantity of water or 

when the leachal'lt is quickly removed from contact with the glass surface. as 

is usually the case for rain. However, if the leachant is allowed to remain 

on the glass surface in the presence of a very smail quantity of water, as 
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when water condenses to form a thin film, the pH of the solution in contact 

with the glass surface increases rapidly. As the pH begins to increase, the 
silica protective film begins to undergo congruent dissolution with nearly 
equal loss of both sodium and silica (Figure 6B). Since the corrosion rates 

are approximately equal for all components of the glass, the protective film 
1s removed and the glass undergoes rapid corrosion at a rate determined by 

the bulk composition of the glass (Figure 6C). 
A slightly different corrosion process can occur in aluminosilicate 

91asses2•5 such as CGW-0317. In this case, a twoalayer film can be fonned 

on the glass surface (Figure 6D). The outer layer is usually an A1203..Si02 
binary glass Which has better corrosion resistance than the silica-rich layer 
developed on the surface of a soda-lime·s1l1ca glass. This layer is formed by 
precipitation of an alumino-silicate complex onto the glass surface when the 
A13+ concentration in the solution exceeds some minimum value. Since the 

formatiun of this protective layer is determined by the concentration of 

aluminum 1n the solution. a thin layer of solution actually promotes the 

formation of the protective film. This layer also serves to slow the leach.. 
ing of sodium from the glass surface, which in turn slows the rate of increase 

of the pH of the solution. This process aids in reducing the weathering rate 

of the glass. since even the alumino-silicate film is soluble in a sufficient-
ly high pH. 

As noted earlier, the weathering of low iron float glass appears to be 
dependent upon the tin content of the surface of the glass. The surface of 

the glass which was in contact with the tin bath during manufacturing has a 
tin oxide content of 1.5..2.0 wt. % for a depth of at least 10 microns4• The 

other surface of the glass also has a small tin oxide content due to vapor 
deposition of tin during manufacturing. However, the tin concentration in 
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thi s surface has been reported" to be 

considerably less distance into glass. 

agreement with the results of [SCA measurements of 
• indicate that the tin-poor side of the 

• 	 content of the tin-rich side. TM! [SCA IleISUrellents so f1 

that the tin-poor side of the low iron float glass exhibits consi aore 

weathering than does the tin-rich side. 

improYelient in the durabi lity of the tin-rich is not the nIlOft."a 

principles discussed earlier imply that the oxide causes it 1'KIt""@.:u:a 

rate of leaching andlor results in the of II !lOre durible 

protective f11m. In any case. it would itnn,ll'.<lr to be advantageous to 

this effect to produce more durable mirrors by rroring the ti 

.. 	 if possible. In effect. this procedure would create a protective film 

of silver/copper/paint over the less durable of the gllss. whill 

• 	 simultaneously only exposing the more durable surface of the glass to 

It is also possible that consideration should given to the possibility 

C'f improving the weatherability of the low iron float glass by one of the 

techniques commonly used in industry for container glasses. These are 

quite similar to float glass in bulk composition. They are known to poor 

in durabi lity for many of the liquids for which they are commonly used. 

Frequently, they are treated with S02 gas to remove alkali ions from the 

near surface region of the 91ass6• The sulfur di')x;de reacts with the 

sodium oxide in the glass to form sodium sulfate, which can be easily dis-
• 	 solved from the glass surface. Other techniques involve treating the glass 

surface with volatile fluorine-containing compounds6 such as 1. I-difluoro-
• 

ethane, or by depositing a thin film of tin on the surface4• 

11 
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One other factor should be considered in discussing the weathering of 
these glasses. Adams7 has indicated that the permanence of the weathered 
coating is different for the two glasses discussed here. He reported that 
the corrosion film can be removed from the CGW-0317 glass, by washing whereas 
the film cannot be removed readily from typical soda-lime-silica glasJ such 
as the low iron float glass. This result is consistent with our findings 

that the corrosi('l f11m on the float glass is quite difficult to remove. 
Since we have been unable to produce a significant corrosion film on the 

CGW-0317 glass, we cannot state whether or not a similar film on that glass 
can be removed by washing. If this contention is indeed correct, the CGW·0317 
glass would offer considerable advantage over the float glass, even if both 

glasses formed a corrosion f11m at equal rates. 

Cone1us ions. 
1. low iron float glass readily forms a weathering f11m on the ttn-poor 

surface upon exposure to elevated temperature-humidity conditions. Thh 
film can be severely detrimental to the optical properties of the glass. 

This film is extremely difficult to remove once it has been allowed to 
accumulate to the point where degradation of the optical properties of the 

glass has occurred. 
2. CGW-0317 glass, or "fusion glass, It does not appear to form a similar 

weathering film. If such a film does in fact occur, it does not Signi-
ficantly affect the optical properties of the glass. 

3. Since the weathering of low iron float glass is considerably worse on .. 
the tin-poor surface, it is reconmended that any mirrors made from this 
glass be silvered on the tin-poor surface. Furthermore, since it has been • 
observed that the weathering products can be at least partially removed 
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from this glas$ if 

mirrors 

frequently !MY be required 
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1. Effect of a exposure at 1S·C 
• appearance of I variety of glasses. 

• mens are low iron float (uF),. stalldard lll'On 

sheet glass (SHEET). fusion or 

surface degradation. Specimens 

row-laoS (circular specimen) wre 

2. Effect of treatment time on tyof 

glass. 

3. Comparison of the specular reflectance a sUgt\tly 

float glass with that of an vtd 

• 
4. Comparison of the 

with that calculated by assuming fOnNtion of fa uniform film i 

and thickness d. 

5.. ESCA spectra for the heavily-corroded (lower euf'V!) and 51 

(upper curve) surfaces of low iron float glass. Note the p"$eoce 
both tin and sodiUlft 1 n the upper spectrum.. 

6. Idealized corrosion stages in the wathering of glass. 
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