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Chemical Durability, Specular Gloss, and Transmittance
of Optical Glasses

By Donald Hubbazd and Gerald F. Ryndera

Tha chamieal durshility of three types of optical glass (BSC 517, Bal® 572, and F 820)
end chemical Pyrex heve been studied over an extended pH range by mesna of an intar-
ferpmeter progedura,  The acrompeanying effoct on the appesrance (glosz retained) snd on
the transmittance of the apecimens hes aleo beon detcrmined. Tie reaulis lustrate the
ronfusion that might arise from choosing any of the shove three properties g5 an indicator
for the eerviesability of oplical glasses, Below pil 6, in the range of maximm durability
for the optical gleases, differential aolution of the allali and hervy motel oxidez bringa sbout
the lormation of sillea-rich, refection-reducing filma, which decreass speoular gloss of the
gurfeee and improve the transmittanee of the epecimens.

I. Imtreduction

As pgrly gs 1892 it was obeerved that old, tar-
nished photopraphic lenses sometimes pave more
sptisfactory performance than new lenses of the
same aperture [1]2  Efforts to determine the rea-
sons, for the purpose of improving the efficiency
of optical systems, have resylted in the familiar
modern lensea with reflection-reducing surfaces
nnd increased teanamittence [1 te 8).  Althongh
the moat effective nonreflecting surfaces are ob-
tained by deposition of films of chosen index of
refraction * and controlled thickness? [5 to 8], less
effective but useful films can he produced by
leaching the zilicate glasses with numeroys agueons
solutions [3, 9, 10]. In the latter cases the rate
of formation of these reflection-reducing films has
been eoneiderad to be an indicator of the chemieal
durability of the glass [10, 11]. As the three prop-
erties of glass, durability, nonrefecting filma, and
increased transmittance, seem to be so intimately
nssocigted, they have been eompared in the present
investigation over an extended pH range for three
types of optical glosscs and chemical Pyrex,

1 Piguares o braskets Indisste dbe litarabuve refersmoes at the snd of this

aper.

14 Al whose Inder of retractlon Iz sqeal to the squsre root of the refras
tive Indms of Eha bass plase

1A layer whose thickness is approzimabely one-fonrih tha wavebength of

light,

Tests of Optical Glass

II. Materials and Pracedure

The three optical glasses chosen for comparisen
with chemical Pyrex were s bhorosilicate crown
(B5C 517), a barium crown {BaC 572), and & flint
(F 620).* The compositiens of these glusses are
given in table 1.
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The atteck experiments were made by the
interfercmeter mathod [12 to 15] because it offered
n rapid and convenient means of etudying the
relative rates of solution of the glasses over o wide

1 Terminakogy recommended by the American Carsmic Bockaly cornmil bas
on glass nomenciaturs snd astandard definiticna,
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pH range. Although the interferometar procedure
iz not highly accurato ot precise, it is perhaps the
only available method for measuring chemical
durskility that is equally fair to all typea of glasses,
regardless of their composition [16, 17]. Further-
mora, as hall of each specimen (Pulfrich alab)
remains unexposed to the sttacking sclution, cne
is able to mensure the desired three properties on
& gingle specimen, namely, the chemicsl durability,
the gloss retained, and the change in light trans-
mittance. (M these three properties, the measure-
ment of attack involves the greatest uncertain-
ties; however, for the largest sttacks encountered
the interferometer procedure iz considered to be
pensitive to approximsately one-gquarter of o
fringe.

HRectangular specimens (Polfrich slabs 19 by 30
hy S5mm, pitch polished on one face and optically
fat to within one-half {ringe) were partially im-
mersad in the desired buffar solutions, the surfaces
of which weare covered with a thin layer of liquid
petrolatum to prevent evaporation during the
period of the teat. Specimens of ench glass were
expased for 6 hr at 80° £0.2°C to Britton-Robin-
gon universal buffer solutions [18] covering a
pH renge from 1.8 to 11.9. Thiz range was
axtcnded te pH 0.65 by means of a sodium acetate-
hydrochlorie acid buffer.  All exposures were made
simultaneously.

The extent of the attack was determined by
observing the dizplacement of the interferencs
fringes when the exposed specimens were placed
under a fused-silica flat. bservations were mada
with a Pulfrich viewing wpparatus by using un-
filtered helium light for illumination.

The change in appeatanca of the glasaes caused
by the various treatments was evaluated by
obeerving the percentage of specular gloss retained
by the exposed area for 45° incident beam com-
pared with the unexposed portion of the apecimen.
The measurements ware made by means of the
Hunter Gloss Meter [19 to 21], by using an adapt-
ing shield for supporting the small apecimens.

The transmittance of the treated and untreated
aress was determined after the specimens had
been reground on the unpolished surface with
superfine emery to insure that this aren was um-
form ‘and contributed no uncertainty to the
megaurements. Thus the change in tranemit-
tance resulting from attack iz attributable to
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one surface® To obiain intormation concerning
the effect on appearance of the surface brought
abont by increased atigck in the alksline range,
the three optiesl glasses were exposed to 5 por-
cent of NaOH solution at 30°C for different
periods of time, ranging from 15 min to 4 hr.

III. Data and Discussion

The data plotted in figure 1 from table 2 show
the curveas for attack, gloss ratained, and change
in trensmittance obteined for a boroszilicate
optical glass, BE( 517, after 6 hr of exposure at
R0 over the range pH 0.65 to pH 11.%. This
glass showed detectable attack in the acid range
with an appreciable inerease between pH 5 and-
pH 9, followed by & more pronouticed incresse in
attack for ncreasing alkelinity beyond pH 0.
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Fiause 1. Comparizon of fhe coch-pH eurre twilh dhe
aecompaiiying efed on apecular gloas of the snrfzce and
fie change th {ranemiitonce for BAC 517 oplical glosa
ufter A-hr erposure af 50° O

b Trangoablia o Magsamidnanks weey wads by Rlsherd 8. Howter, tormeeky
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At no pH value does the chemical durability of
this opticel glate compare favorably with that for
Pyrex, an acceptable laboratory glasswars (fig. 2).
It is interesting to note that Pyrex demonstiated
little or o change in appearanice (glosa retained)
or transmittance for the entire pH range except
for the high alkalinities above pH 11, where the
attack became increasingly vigorous. In con-
trast to the behavier of Pyrex, optical glass BSC
517 showed & large decrease in gloss in the pH
region of optimum dursbility of the glasa, with
only e slight change in specular gloss for the
region of more pronuinced attack. However,
the transmittatice of the specimens showed an
appreciable improvemet in the pH range of
maxintum durability ahd 8 decreass in the pH
range of increasing etiack. Essentialiy these
same features are shown in a somoewhat exag-
gerated and confused fashion by the data obtained
on the other optical glasses, Bal! 572 and F 620
ffigs. 3 and 4).
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Frcure 2. Comparizen of the efiochk=pH curve witk the
aceompanying efect on apecular gloss of the urface and
the chenge in transmifionce for chemical Pyrer glaess after
f=fir expasure al 8%
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TarLes 2.  Values for chemical duralalily, gioss retained, ard
change in frongmiliance of three oplicel plnsses and Pyrer
after expocure for 6 hr af $0° C bo buffers in e range pH
.85 to pH 11.8
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The glosz-pH curve for B3C 517 indicatea that
gloss might well be used under certain conditions
4% 4 sensitive indicator of the pH at which chemical
changes take place batween the glass and the buftfer
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Ficure 3. Compariscn of the aifackDH cwrde with the
aorompanying effect on apecibar glove of the surface and
the change in frorsmifience for Bl 572 optical plase after
f-br exporure of B0% L1

solutions. For example, in figure 1, gloss i2 o
tnote sensitive indientor of change in reaction near
pH 5 than either the interferometric or transmit-
tance curves. However, in the high-alkaline range
beyond pH 9 the gloss gives no indication of tha
vigorous sttack upon the glass that is demonstre-
ted by the interferometer,

This fact is further amphasized by the data for
attack and gloss reiained for epecimens of the
three optical glasses after exposure to 5-percent
NoOH aolution at 80° C for varicus periods of
time (table 3 and fig. 5). The attack, although
vigorous, did not seriously affect the appearance
of the polished surfaces except in the case of the
F 620 after 3- and 4-hr exposures. The attack-
time curve for all of the glasses appears to be
linaar.

All of these results can be partielly rationalized,
In general, the durability of the three optical
glesses is best in the acid range below pEE 5. In
guch gplotions there is a preferential dissolving of
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aecompaiyteg effeck on the specsdor gloss of the swrface
and the change in lronemiltance for T 680 opiicel glass
after A-hr exposure of §0° O,
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Fievrn 5.—Cemparison of e ellackdime curves and the
accompanying change in apecwlor glosr of the surfaces for
three typical oplicel glasses exposed lp § percent of NaOH
at 83 C.

alkali and other metal jons, leaving behind a
silica~rich surface layer of index of refraction con-
giderably lower than the index of the base glass,
These silica-rich layers are of uncontrolled thick-
nezs and furnish reflaction-reducing filme that
lower the specular gloss of the surface and im-
prove the transmittance. However, these films
are net of the correet index of refraction, ig,=
Vigaey, NOT are they adjusted to the optimum
thickness, fyn=1/4 A, for the maximam -
provement of tranzmittance or reduction of aur-
face reflaction [6, 7, 8]. In the alkaline rangc tha
gilica layer iz dissolved, thus preventing the forma-
tion of g reflaction-redueing film with the attendant
improverment in transmittance, Within this range
where siliea-rich layars are ne longer formed, inter-
feranca colors do not appent ({last column of teble
2. Obvigusly, the amount of stain developed by
an exposed sample of glass cannet be unsed as a
rcliable meszure of the amount of attack {[22).
However, useful and interesting information can

Tesis of Optical Gl

be obtained from these stains if the specimens
hava boen cxposed to o solution in which certain
conaliluents of the glass [23 to 26] are preferen-
tially dissolved.

The attack on these oplical glasses by the buffer
solutions for the range pH 5 to pH § is accom-
panied by a reduction in treosmittence. The
more pronounced pttack in the alkaline solutions
above pH ¢ does not seriously affect the percent-
age of transmittance of glusses BSC 517 and
Bal 572 until the highest pH ia reached.

From this sct of comparisens it is easy to under-
stand how so much confusion might arige in choos-
ing an adequate serviceability test for optical
glasses, However, the data are interesting in
that they show at a plance the best pH region for
leaching to produce reflection-reducing surfacea
and inereased transmittance, with the accompoany -
ing improved performance of optical elements.
The data on gloss retained and the general ter-
nished appearence of the surface after exposure in
acid solutions could easily be used superficially
angd wrongly to condemnn the optical glasses. It
ia evident that this test alone does not diffarenti-
gte a desirable reflectton-reducing film from a
pitted, etched, or otherwise damaped surface.
The transmittance data are necessary to establish
this distinction.

IV. Conclusions

The specimens used in the interferometer pro-
cedure for deiermnining the chemical durshility
of glaea lend themselves readily to s quantitative
evaluation of the change in appearance (glosa
retamed) and the transmittance of the glass
brought about by controlled exposures to =soly-
tions. The results obteined present an over-all
pleture of some desirable as well ws undesirable
characteristica of the optical glesses studied,
Tha data recmphasized the difficulty of using any
one of the three properties, chemical dursbility,
gloss retained, or change in transmittance after
cxpsure, alone a8 an indicator of serviceability.
In fact, in the aheence of additional information,

‘such as long-time atmospheric-exposure test or

hyproscopicity of the glass, it is doubtful that
these three properties either singly or combined
aro & reliable indicator of the ability of optical
glasaes to maintain clear polished surfeces m
BErvice,
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