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LASER-PR OTECTION EYEWEAR :

PRLLIMI~4AR Y RESULT S FROM COLOR FASTN E SS TESTING

I NTR OI )UCT I ~)N

In m i d - J u l y  1975 , a f t er the first sample groups were com-
pletely base lined , colorfastness testing was begun on a phased
basis . As noted in SAM.TR.76~ l9* , selection of sample groups
for the first testing was based primarily on the results of a
1973 survey of the Air Force Systems and Log istics Commands.

Th ese samp les wer e exposed as planned for the first 3-month
interval , and resu lt s rang e f rom ess en ti a l l y  no ch ange in some
parameters to gross structural changes and damage . Both pl astic
and glass samples were exposed .

Further testing on these samples was halted , and , pending
an a l y s is of these ear ly re sul ts and compl eti on of a new p i lo t
study, no new co lor f astness tes t in g was begun.

MATERIALS ANt) METHODS

Repr esentative samples of virtually all laser-protection
eyewear known to be available commercially were procured from
ven dors ’ or manufac tur ers ’ shelf stocks. No prior information
rela ting to the purpose for this procurement was given to
sources.  ( I n  cases wh ere the same or essen t ia l l y the same pro-
tec tor was marketed by the same or different companies , only one
type was ordered.) Materials developed under Army and Air Force
contracts in the early 1970’s were also inc luded i n this  evalua-
t ion .

Samples were prepared in twOtdistinct manners. Glass sam-
ples were never cut; a dividing line was placed on rectangular
mo de l s  by an elec tr ic  etchin g pen , and lens- shaped or round
models were used intact. Plastic samples were generally cut in
h a l f , each half comprising a sin gle sample. As with glass
models , lens-sha ped plastics were used intact. Locally assigned
sam p le numbers  were placed on both g lass and plas t ic samples ,
in dividually, usin g the etching technique mentioned above .

Baselining was done in 1974-1975 and consisted of measuring
refrac tion , haze , and soec tropho tome tr ic  and laser  opt ical

*Fodor , William J. Laser-protection eyewear: An evaluation
procedure. USAFSAM-TR-7 6-19 , May 1976.
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densi ty (01)) prior to any experimentation but subsequent to
sample preparation. (Equi pmen t and techniques used to make
these measurements are described in SAM-TR- 76-19.) Table 1
summarizes basic information on samples that were inc l uded in
this first round of colorfas tness te sting.

TABLE 1. SUMMARY TABLE

Local
sample-
series Model
number Mfgr. number Composition

1 AO 698 C
2 AO 599 C
3 AO 581 C
6 AO 584 C
7 AO 598 G

10 AO 587 C
14 GO LGS-A P
15 GO LGB P
18 GO A7338-l P
26 BL 5W37 55 C
27 BL 5W37 56 G
28 BL 5W3754 G
29 BL 5W3757 C
35 AO 575 G

Key: AO - American Optical (Vendor: Laser , Inc.)

GO - Glendale Optical

BL - Bausch and Lomb

C - combination (glass and plas tic)

C - glass

P - plastic

.~c tu al colorfastness tes t ing was begun i n a staggered
fas~~ion in rid-Jul y through October 1975 , with several sam-
ples of three different sample-series placed in each of the
Atlas model WR-6000 Weatherometers. Sample entry was stag-
gered to evenly distribute the workload involved in remeasur-
ing the samples , especially the amount of work involved in
laser 01) measurement.
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Each Weatherometer was maintained at 590 +1 0 C b lack
panel temperat ure and wi th constant illuminatTon ; Weatherom-
eter #1 was maintained at < 20% relative humidi~ y,  and #2
at > 85%.* Samples were mounted in custom-made sample holders
designed and fabric ated by the USAF School of Aerospace Medi-
cine Fabrication Branch. These sample holders , in conjunction
with the Weatherometer racks . kept each sample at a constant
level of i l l u m i n a t ion .

Each sample was exposed for 90 days. Following this per-
iod , samples were remeasured for haze , r e f rac t ion , laser OD ,
and gross structural changes.

RESULTS

Tables 2 and 3 contain summaries of the indicated-parameter
averages ‘excep t as no ted ‘rom We atherome te rs #1 and #2 , re-
spectively. With both Weatnerometers , series 1 4 showed a large
decrease •in laser 01). For t.~ t.’ other series , a fe w showed some
increase in OD while others s Lowed a slight decrease. Figure 1 ,
a pho tograph of thre e samples of series 14 , shows the large
color change in this series. i fl series 15 , even thoug h def in i te
loss of color is apparent in samples (Fig. 2), only a s l igh t in-
crease in OD is indicated in Tables 2 and 3.

Other notable results in Weatherometer #2 sam~ 1es are the
very large increases i” the percen t haze and the re .atively
minor magni tude refrac” ive error changes.

G r o s s l y ,  Figure 3 shows the difference in severity of
structural changes induced by Weatherometer #2 over those in-
duced by Wea therome ter ~~~~~~.

Figure 4 shows , under magnification , the d i f f e r ence  in sur-
face effects between Weatherometers 1 and 2 on sami le 18, a
plastic. Figure 5 is a magnification of the damage visible
in Fi gure 3 for series 26. Fi gure 6 shows magnifications of
changes in the interference filter layer of samples 27 and 29 ,
respectively; both resulted from Weatherometer #2. ‘rans-
mi tted diffuse white lig h t was us ed for al l photographs except
Figure S,which was made using transillumination .

*ibid , p.6.
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TABLE 2. SUMMARY TABLE OF AVERAGED RESULTS, PRE- AND
POSTEXPOSURE IN WEATHEROMETER #1 , FROM 6 SAMPLES
OF EACH SERIES

Refractive
power

Local Haze (% ) (diopters)
sample- Ilium. Source A Ilium, source C
series Magnitude Laser OD
number Pre- Post- Pre- Post- of change X (nm) Pre- Post-

1 0.50 2.44 0.47 2.52 0.01 - NM NM

6 0 2.02 0 3.00 0.01 694 6.12 6.09

7 4.21 5.00 4.54 5.95 0.03 470 >6.24 >6.24

515 7.21 o.: °
0 0 0 0 0.01 633 4.16 ~~~~~

9.98 5.82 1.22 5.33 0.01 4 R $  >7.17 Q,4(~

515 5.31 (1.59

15 ‘~.09 4.19 0.79 4.32 0.04 515 5.25 5 3 ~

18 1.96 5.30 2.07 5.12 8 488 >7.17 7 ~‘“

515 5.75 6.~~
26 2.40 7.85 3.01 7.76 0 - NM NM

27 0 0 0 2.89 0.01 694 NM >5 .15

28 0 0 0 0 0 488 NM >6.24

515 NM 6.45

29 0 0 0 0 0 - NM

35 0 1.66 0.25 3.62 0 633 NM 2.75

694 NM 6.35

NM -Not measured
B- -Could not be measured due to hi gh absor bance
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TABLE 3. SUMMARY TABLE OF AVERAGED RESULTS, PRE- AN!)
POSTEXPOSURE iN WEATLIEROMETER #2 , FROM 6 SAMPLES
OF EACH SERIES

Refractive
power

Local Haze (%) (diopters)
sample- Ilium , source A Ilium , source C
series Magnitude Laser OD
number Pre- Post- Pre- Post- of change A (nm) Pre- Post-

1 0.78 39.91 0.86 40.85 D - NM NM

0 6.5 0 6.5 0.0] 470 >5.73 >5.73

515 5.45 5.97

3 0 13.2 0 27.8 0 633 4.52 4.8

6 0 5.92 0 6.53 0.01 694 5.75 6.07

14 2.22 25.57 2.48 26.85 0.01 488 >7.17 1.5

515 >7.17 0.46

15 1.02 20.45 0.47 20.96 0.04 515 5.25 6.06

18 1.96 23.68 2.06 20.55 B 488 >7.17 6.98

515 5.28 6.28

26 2.40 68.34 3.01 70.60 0 - NM NM

27 0 89.38 0 89.58 D 694 NM >5 .15

28 0 30.47 0 27.72 0.01 488 NM >6.24

515 NH 6.56

29 0 33.47 0 49.27 0 - NM NM

35 0 75.67 0,25 76.43 D 633 NM 5.32

694 NM >6.76

NM- -Not measured
U- -Sample could not be measured postexposure due to significant

structural changes
B--Could not be measured due to high abosrbance

only two samples ‘tested
5



DISCUSSION

The lack of definitive OD change in series ‘S is interest-
Ing in view of the very noticeable color changes ..n the sample.
I t appears that the increase in haze , which repre sents in-
cre ased sca tter ing , resul ts in a ne t decre ase i n transmi tted
li gh t reaching the detector used in laser OL) measurements ,
even given a probable increase in transmitted lic ’ht due to OD
decrement. This is the likely cause of laser OP increases
shown in samples.

Haze increase , whi l e  ex pec ted in plas t ic ‘especiall y from
Weatheronteter #2), was also seen in glass. Some of the haze
increase can be att r ibu ted to a lay er of unknown ma ter ia l  which
was deposi ted , appar ently preferen ti a l l y ,  on g~!ass. Scrapings
of t~~’s material were taken and analyzed by atomic absorption
spec t roscopy and ma ss spec trome t ry ,  along wi t~ sam p es of the
deionized water which provides humidity. This substance could
not be identified from these tests. Glass stabili ty, or ra ther
the lack of stabi l i ty,  is l ikel y the reason for haze  increase
in glass samples. Other structural changes in glass were in-
spec ted , hut upon reflection should have been predicted , notab ly
in the interference film devices , series 26-29 , inclusive .

Changes in the magnitude of refractive errors in plastics
were not unexpected because of the heat maintaineo ifl the chain-
hers . More significan t was the absence in plastics of any
residue which would have indicated leaking of the dye out of
the subs tra te . This speaks well for the inherent stability of
the substrate , even though the organic dyes teno to lose color
upon exno~ure in Weath”rometers .

An overall impression derived from these preliminary re-
sults is t’ta t the initial experimental design was much too
severe for the samples.  This is supported to an ex ten t by ,the
fac t that 1 year of exposure under the above outlined condi-
tions is equivalent to betweei 3.5 and 8 years of 24-hour daily
exposure outdoors , depending on geographical location .* Thus ,
it appears that a revision of the colorfastness portion of the
evalu a ’ ion procedure described in SAM-TR-76- 19 should be under-
taken .

A pilot study has been ini t ia ted to study the rap idity of
sample degradation. Samples of both glass and plastic devices
are included. Upon completion of this pilot study , a revision
to perhaps as little as 100-150 hours of exposure will be made ,
and the colorfastness testing resumed with fresh samples.

*At las Electric Devices Co., Ch icago , Ill. Personal
communication , March 1976.
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Figure 1. Laser 00 changes in sample—series 114 (left to right):
Weatherometer #2, control, Weatherometer #1.

-
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Figure 2. Loss of color in sample—series 15 (left to right):
Weatherometer #2, control, Weatherometer #1
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Figure 3. Comparison of structural changes induced in sample—series
26 (top) and 27 (bottom) by Weatherometers (left to right):
Weatherometer #1, control, Weatherometer #2.
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Figure 14. Surface effects on sample—series 18 from Weatherometer #1
(8.75x, top) and Weatherometer #2 (8.75x , bottom) .
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Figure 5. Structural damage in sample—series 26 from Weatherometer #2
(8. 3x).

Figure 6. Degradation in interference film of sample—series 27 (8.25x , left)
and 29 (8.35x , right) from Weatherometer #2.
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