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ABSTRACT

Typical camem designs includeopticalglass elemen$ that maybe atlectedby the ionizing radiation pment in the
naturalspace environment. Minsry optical glasses @ken at low (103rad) dose levels when exposed to ionizing
radiation.This darkeningdecreasesthe sensitivityof opticalsensors.Opticalglass flats of PK 51, LaK 9, PK 51A,
and ZK N7 WE exposed to a 10.6 krad dose of ionizing radiation. Spectmphotometer traces determined the
transmittanceof the sampka as a functionof wavelengthin tlw nmge350 to 850 nm before and at various time
intends after the irmdiation.Thesemeaswedvalueswerethenused to evaluatethe rateof mcovq or.“bleaching”(f
the @qmed samples. To prevent accelemtd bleaching, the samples wem kept at room tempmttue and away fmm
light except during measumment.Tables of the meawueddata and plots of the transmissivity vs. wavelength at
various times after inadiation arepresented.

Keywords: radiationdarkening bleaching,opticalglasses,spacebasedopticalsystems.

1. INTRODUCTION

A typical cametadesign iqcludes optical glass elements tit maybe affectd by the ionizing radiation
present in the natuml spaceenvironment.’‘Minmy opt@l glassesdarkenwlwnexposed to ionizing radiation. This
darkeningdecreasesthe sensidvkyof opticalsensors.

Inmost glasses,radiation-induceddarkeningfadeswith time.The rateof fading depends upon the material
and wavelength. This eflk.ctis called bleaching if the color center is depopulated (a tmpped electron or hole is
thermallyactivatedout of the color center);it is calledannealingif the defectcenter is removedby marmngementd
the ions surmtmdingthe defect? Herewe followTreadaway3’4and ignorethis distinction and refixto both processes
as bleaching.

Exposureof the mdiationdarkenedmaterial to light or heat ac&.lemtesbleaching. Conversely, it is likely
that the reducedtemperaturesand light intensities anticipatedfor a specndl optical system may slow bleaching.
Data on bleachingaccederationissparsq someis reportedin mferencea3,4,5 and6:

Studiesqorted he~, measmed W recoveryof fouroptical glasses, three of which we~ designed into an
optical system plannedfor a multi-yearlifetimein otiit. The designanticipatedthe fact that darkeningwould occur
at a slow rate awl could be partially mitigatedby the bleaching.A 10.6 krad dose was selectedas representativecf
an average total dose over a 3 to 5 year lifetimeof the opticalsystem.Also, this dose producesa level of darkening
suffkient to enable mom accuratemeasurementof bleaching changes. These studies explored the bleaching of a
vtuiety of optical glasses overa periodof one year, whichis a much longertime than typically reported.This qcm
does not includethe efkct of dose rateson bleachingrateswhichwe have measuredfor FK 51 giass and will repmt
elsewhere.Dose mte and totaldose for theseexperimentsand those reportedin the companion paper were rneaswed
using ionization chamber dosimetry for pool dose rate and total dose in the high dose mte (10.6 kradhr)
experiments.Opti-chromicdosime~ was used for total dose measurementsin the low dose rate (7 radihr) studies
reportedelsewhm.
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The absorption coefficientsimplied by the data collect~ for FK 51 do not agreewith those reported by
either Liepmann5or Schellerb(qmting data fromSchottGlassTechnologies).Our values fall between their values,
being approximatelyhalf thosereportedby Liepmanand doublethosegivenby Scheller.

2. THE BLEACHING STUDY GLASSES AND EXPERIMENT

Four glass=, FK 51, LaK 9, PK 51A, and ZK N7 supplied by Schott Glass Technologies, Dmyq
Pennsylvru@ wem included in this study. These glasses am fmm the principal glass type designated “crown”,
which generally,is harder,hasa lowerindexof refractio~and lowerdispersionthan the other principal glass typa
“flint.” Type FK (fluoro-crown)is a phosphateor borosilicateglass with a ftiy high fluorinecontent its index cf
mfmction(n) and Abbenumber(v) are in the ranges: [n < 1.49, v > 62]. PK is a phosphate or borosilicate glass
with a lower fluorine content [n-1.49 to 1.54,v > 62]. ZK is a silicateor borosilicateglass with> 10°/0by weight
ZnO [n -1.51 to 1.53,v-57 to 61]. LaK is a silicohrate glass containing mm earth oxides [n= 1.64, v > 50].7
Opticalflats of each glass type, 4.5 cm in thicknesswemexposedto 10.6 krad of ionizing radiation in LLNL’s
Coa pool in & Standardsand CalibrationLabomtory.8

A ~-CXpOSUlt3 transmittance was measumd for eachglass.Afterexposurethe transmittancewas measumd at
8 times fmm 1 hour to mom thanoneyearafterexposure.(Transmittanceis definedas the ratio of incident intensity
to tmnsmitted intensity. It difftmfromunity prinuwilybecauseof mfleotionat the air/glass interfaces,but it may
ixlude some absorption. Hem we assume the absorptionin the un-irmdiatedsamples to be zero and defim the
transmissiviy for the hradiated samples to be the nltio of the transmittance of the kmdiatd sample to the
transmittance befo~ irradiation.) A system baseline was run beftm and after ezwhmeasurement set, to allow
comction for systematicvariations.

Tmnsmhtarws were measuredin the range350 to 850 runusing the Hitachi U-2000 Spectmphotometerat
JLE Associates,Pleasantou CA. The data am presentedin Tables I-V and Figures 1-5.

3. RESULTS

We report the xesultsof theseexperimentsin both tabularand graphicalform at the end of this paper. Table
I gives the transmittancesas a fimctionof wavelengthforun-irmdiatedsamplesof the four glasses studied. Tables II
through V give the internal transmissivities fm various wavelengths(1) and for various times after irradiation.
Figures 1 through 5 are plots of h data from TablesI throughV.

4. SUMMARY

While b analysis is not presentedin th@paper, we determinedthat use of these glasses in the optical
system as originally designed, would introduce an unacceptablelevel of darkening even though the anficipat.ed
fluencewas onlyof the orderof 1krad&rduring a period of low solar activity. Mom stable cerium dioxide, CeOZ,
doped glasses were substitutedfor the originalglass types in the followingway: BK 7 G18 for ZK N7 and LaK 9
G15 for LaK 9. The designationG15for instance,is usedby Schottto idend@a glass with a doping level of 1.5%
CeOZ. FK 51 cannotbe effectivelystabilizedby ti additionof CeOZ9Therefore,if it is used in space applications,
thicknesses must be minimized and the designer must be willing to accept the increasing loss in transmission
attributableto radiationinduceddarkening.
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Table k Transmittances (Yo)

of Un-h’radiated Glass Samples

FK 51 LaK9 PK 51A ZK N7

k samplethickness
(m) .494 cm .494 cm .506 cm .496 cm
850 93.5 89.0 93.5 93.5
800 93.5 88.9 93.6 93.5
750 93.0 88.8 93.5 93.5
700 93.0 88.9 93.6 93.5
650 93.0 88.8 93.5 93.5
600 92.5 88.8 93.5 93.4
550 92.5 88.8 93.6 93.4
500 92.0 88.8 93.5 93.3
450 91.0 88.5 93.5 93.0
400 90.0 88.1 93.6 92.6
350 89.0 81.4 88.1 86.2
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Fig 1:TransmittancesVs wavelengthfor the fourunirmdiatedglass samples.
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Table II: Transmissivitics (Ye) for FK 51 (0.494cm)
timefollowingimidiation(s)

!.40 X 103 6.06 X103 2.35 X 104 8.75 X 104 1.09 X 105 1.91 X 106 5.37 X 106 3.04 X 107
99.2 99.2 99.4 99.2 99.7 100. 100. 100.
98.4 98.5 98.8 98.8 99.3 99.9 100. 100.
97.6 97.8 98.5 98.6 99.2 99.9 100. 100.
95.1 95.8 96.9 97.2 97.8 99.0 99.4 99.6
90.2 91.4 93.2 94.1 94.8 96.6 97.2 97.8
81.3 83.1 86.0 87.4 88.4 91.3 92.5 93.8
69.8 72.2 75.8 78.0 79.1 83.1 84.8 87.0
63.8 66.4 70.4 72.8 73.9 78.6 80.4 83.1
63.8 66.5 70.7 73,3 74.5 79.2 81.2 83.8
67.9 70.5 74.6 77.2 78.3 82.9 84.8 87.2
72.9 74.9 78.3 80.9 81.9 86.2 87.9 90.0

time (s) elapsed
since irradiation
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Fig. 2 Transmissivity vs. Wavelength for 0.494 cm of FK 51 at Various Times after
Exposure to Radiation.
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2. timefollowinginadiation(s)

(nIn) 2.58x 103 6.18 X 103 2.37X 104 8.77X 104 1.09 X 105 1.91X 1065.37 X 106 3.04 X 107
850 98.3 98.4 97.6 98.0 98.7 100. 100. 100.
800 97.4 97.6 %.9 97.4 98.1 100. 100. 100.
750 95.9 96.2 95.9 96.3 97.2 100. 100. 100.
700 93.7 94.2 94.0 94.6 95.4 98.6 98.6 99.2
650 91.2 91.6 91.6 92.6 93.4 96.8 97.0 98.1
600 88.4 89.0 89.4 90.3 91.2 95.0 95.3 96.5
550 86.0 86.7 87.1 88.3 89.2 93.2 93.6 95.0
500 83.6 84.4 85.0 86.3 87.2 91.4 91.9 93.5
450 80.4 81.3 82.1 83.5 84.4 88.9 89.6 91.4
400 76.9 77.8 78.6 80.2 81.0 85.8 86.6 88.3
350 75.7 76.4 77.1 78.7 79.5 84.0 84.9 86.4
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Fig. 3 Transmissivity vs. Wavelength for 0.494 cm of LaK 9 at Various Times after

Exposure to Radiation.
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A timefollowingirradiation(s)

(run) 2.94x 103 6.48 X 103 2.41 X 104 8.80X 104 1.09X 105 1.91X 106 5.37 X 106 3.04 X 107
850 98.4 98.8 98.4 99.0 99.1 99.3 98.8 98.8
800 97.8 98.2 97.8 98.4 98.6 98.8 98.4 98.6
750 97.0 97.4 97.2 97.9 98.1 98.3 98.1 98.3
700 95.1 95.6 95.5 96.4 96.6 97.2 97.0 97.4
650 90.3 91.0 91.4 92.6 92.8 94.2 94.3 95.3
600 80.3 81.5 82.6 84.4 84.7 87.4 88.2 89.9
550 68.8 70.3 72.0 74.2 74.6 78.5 79.9 82.7
500 62.8 64.4 66.2 68.5 68.9 73.3 75.0 78.1
450 63.3 64.8 66.5 68.7 69.1 73.3 74.9 78.0
400 67.9 69.2 70.7 72.7 73.00 76.6 77.9 80.5
350 71.0 72.1 73.4 75.2 75.5 78.2 79.1 - 81.2
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Fig. 4 Transmissivity vs. Wavelength for 0.506 cm of PK 51A at Various Times tier
Exposure to Radiation.
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Table V: TransmissivitiM (“A)for ZK N7 (0.496 cm)

time following irradiation (s)

Z.76X 103 6.36 X 103 2.39X 104 8.78X 104 1.09 X 105 1.91 X 106 5.37 X 106 4.13 X 107

99.6 98.8 99.2 99.3 99.5 99.8 100. 99.9
99.3
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97.8
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94.6

92.4

89.7

85.0

74.8

59.8

98.4

97.9

97.1

95.7

94.0

91.9

89.3

84.8

75.1

60.5

99.0

98.6

97.8

96.5

95.0

92.99

90.5

86.3

77.1

62.9

99.1

98.7

98,0

96.8

95.3

94.2

91.1

87.2

78.5

65.2

99.3

98.9

98.2

97.1

95.6

93.7

91.4

87.6

79.0

65.6

99.6

99.3

98.7

97.7

96.5

94.8

92.8

89.3

81.5

69.1

100.
99.8

99.3

98.3

97.3

95.7

93.8

90.4

83.0

71.2

99.8

99.5

99.1

98.4

97.4

96.1

94.3

91.3

84.5

73.7

-

ZKN 7
~–

time (s) elapsed~.
since irradiation

#

/’

● 2,76e+3

■ 6.36e+3
v A 2.39e+4

* 8.78e+4
r

o 1 .09e+5

E ?(

d

❑ 1.91 e+6

E

A 5.37e+6

x 4.13e+7

60 k * 1 1 I 1 I 1

300 400 500 600 700 800 900

Wavelength (nm )

Fig. 5 Transmissivity vs. Wavelength for 0.496 cm of ZK N7 at Various Times after
Exposure to Radiation.
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