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FORWARD

The work outlined in this semi-annual report was performec
under Contract DAHC15-69-C-0503, ARPA Order 1441, and Program
Code P9D10. The work was performed within the Consumer and
Technical Products Division of Owens-Illinois, Inc., Toledo, Ohio

and covers the time period from 1 January 1970 through 30 June 1970.

The principal investigator for the program is R. W. Beck
and the program manager is H. A, Lee, The thermodynamics of the
melting of laser glass in platinum is being conducted by L. Spanoudis
under the direction of P. R. Wengert. This contract is administered
by the Chief. Defense Contract Administration Services Office,
Toledo, Ohio. Dr. R. A, Huggins, Director for Materials Sciences,

ARPA, is the Contracting O{ficer's Technical Representative.
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+ . SUMMARY

The research goal «f Lh:s ;rogram 18 to evaluate the radiat.on damage
thresholds f neodymliitm 1. :ed w A user materiais and tu determine the

asgsoclated damage mecunn s e edgenicht obiectives are Lo

1. Detemine the re.att isn ' between active and passive
damage thresh. ld evu.unations.

2. elate the Jamawe Lhresh,lds to material homogeneity.
3. Evaluate damage tuaresh.ld versis pulge duraticn.
. Determine the kinetics ¢f sutput degradation at 20, 30,

and 50 joules/cm’ average energy density.

5. Coordinate with and furnish samples to the Naval Research
Laboratory (NRL) for ¢ mparative eavaluations.

6. Coordinate with ana furnish samples to the National Bureau
of Standerds (NBS) for Jdamage mechanism studies.

The principal test facility tur this study is a Q-switched, neodymium
glass, laser oscilliavor-trebble amplifier system developed by Owens-Illinois.
A complete description of the facility may be found in Section 2 of the
31 January 1970, Semi-Annual Technical Report of the present contract.

During the work period ! Jenuary 1970 through 30 June 1970 all
phases of the research program were actively pursued except phase 3, which
involves a determination of the relationship between internal inclusion type
damage and pulre duration. This rhase is being deferred to the succeeding
12 month extension of the present contract and the initial literature search
of the thermodynamic analysis :f the melting of laser glasses in platinum
has reblaced it during this reporting period.

A summary of the activities from L January 1970 throug® 30 June 1970

is as follows:

1. Twelve third amplifier rods, melted in pletinum, were
selected equally from each of {wo melts and actively
tested to determine their inciusion type damage thresholds.
The peak damsge thresholds varied from 18.2 to 31.8

joules/cm® for the first melt and from 16.6 to 53.1

-1~ i
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1. (continued)

Joules/cw? for the second melt. The avgrage peak lamage
thresholds were 23.9 and 32.8 joules/em” for the first
and second melts respectively.

2. An 8M improvement in the inclusion type damage threshold
of platinum melted !nser ginss has been realized in the
time period Crom Pebriury 469 to Februery 14Y7U.

3. Active life tests in the third amplifier at average energy
densities of 15 and 30 _3ou1es/cm2 for 2.») shot Jequences
indicate no system deterioration in efficiency, beam profiie,
beam divergence, or pulse duration, although in g-me cases
as many a8 10 to 12 inclusion: vere ncoted in the samples at the
end of a test.

b, Passive damage measurements o ssmples epproximately 0.5 cm
thick by 2 cm square mapped at 100X magnification with side
iighting, irradiated, and remapped, have proven unsuccessful
in generating inclusion size and type versus damage threshold
data. The difficulty arises from the small density of in-
c¢lusions present in the material and from the fact that
micron to sub-micron size inclusions appear to be the most

easily damaged

S. A passive test sample, wvhich was visually inclusion free at
100K magnification with side lighting, subsequently showed
no internal damage at a peak energy density of 70 Joulu/c-"’.

6. The literature search for the thermodynamic analysis of the
melting of laser gless in platinum has been initiated. The
activity coefficients for 13 binary systems have been found
to date. No data has been found for ternary or higher order
multicomponent oxide systems representative of current laser
glasses.

2. ACTIVE DAMAGE TESTS
Active damsge threshnld measurements have been obtained for 12 additional
third amplifier rods selected equaliy from sach of two melts B and C. As for
the previous measuremsnts, damage vas noted by the presence of u visible in-
clusion with the sample illuminated with a microscope lamp. This techniyue
easily detects 10, size particles. At the onset of damage one or two damage
sites were noted and they were generally in the order of from 100y to 200y

in size. Table 1 summarizes the damage results for melts B and C. ‘he
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ACT1JE DAMAGE UMMARY

PETY AT (Vebrua y 1usu)

SAMIT K AVERAGE DAMAGHE PEAK DAMAGE
M), FHRESHOM D FTHRESHO D
— oules/oa?) (Joutaa/cn?)

} Kt 12,8
2 1o, 17,3
} 12,0 19,2
& T 10,9
S \LK 1.7
H 23 1.1

Average = 11,4 Average =~ 17.8

MEIT "B" (October 1969)

SAMPLE AVERACFE DAMACF PFAK DAMAGE
NOY, FHREShoT D THRESHO1 D)
e (Joules/cm?) !Joulea/cmzz

1 25,0 31.8

2 15,0 20,3

3 16,6 21,6

4 18,4 25.9

5 13,0 18,2

6 16,4 5.7

Average = 7.5 Average = 23,9

MEIT "C" (February 1970)

SAMPLE AVERAGE DAMAGE PEAK DAMAGE
NO, TRRESHOL.D THRESHOLD
) gJoules/cmzz iJoulea/cmz)

1 41,6 52,6

2 13,8 16,6

) 19,4 23.1

4 26,1 33,1

5 I 53.)

6 13.8 18,6

Average = 26,9 Average = 132.8

e




previously reported deamage results, me!t A, are included for reference.
The table indicates both the averr ge andt the peak damuge thresnulds tor
each rod tested. As shown, the highest demage threshclds obtui.ned to date
have been samples vne and five ¢f melt O which dnmraed at 1enk energy
densities of 52.6 and 53.1 J ules m' reapectively. s slygnlccuaia Lo
note that the renge of damage Lhreshclds within a mejt {s .f the same order
88 the melt average, indicating thet the damage sites sre nut uniform:y
distributed throughout the melt either {n size, ! wnti n, ..r both. An
snelyais of the dats also shows that the average of the eak damage thresh-
olds for melt C is 8h% grester than the corresjonding igure for nelt A,
indicating & aignificant improvement in melting capabilities in the time
period from Pebrusry 1969 to February 170.

It is anticipated thet when the thermodynamic analysis of the melting
environment ia completed, the reaults will dictete further improvements in

the coming monthe.

3. LIFE TESTS

In the active damage threshoid messurements which have just been dis-
cusased, laser glass dsmage ia defined es the occurrence of an inhomogeneous
physical defect within the material resulting from the trsnsmission of a laser
pulse. Although this {s certainly s meaningful definition, tne users »f
lsser glaas materisle are more interested in s messure of system per:ourmance,
An alternative definition of laser gless damage, then, is a degradation in
the output performance of the laser system in terms of some system variables,
such as efficiency, beam profile, beam divergence, or pulse durstion.

To determine the aignificance of such a proposed degredation definiticn

of lesser gless dsmage, rods were sctively life tested in the third smplifier
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arce in fact those of a micron to aub=micron sine, Lthen even holography
may not. have the necessary roegolving power.

One passive damage measurement, worth noting g a morple wiich was
visually inclusion=frec at 100X coqpmifieation prion 4 Trradial s o ool
subsequent Ly showed e danagse ol co pent cnersy densi by 0 7O e/ ef
If this sample is inded inelusioe Ceoo Lhen, the daroge threshodd o8

homogeneous glass 1o quite hirh,

5. SELF-TRAPPING AHD SURFACE DAMAGE TEOTO

Preliminary self-trapping and suvinee danevse ncasurenent s have heern
performed on a 91 em long unpumpes! canple.  The sorple was fival irradisted
with the unfocused output of the -wscliliator-applificr systom and neither
surface or self-trapping damage occurred Tor o maximm averase onorpy
density of 73 joules/cmE incident on the {ront surface of the sample.
Assuming a beam divergence of 2 milli-radians, this 1s5 equivaient to an
energy density of 63 joulcs/omg or the output surface of the sample.

Having produced no damage with th: unfocused beam, a 2 meter lens
was placed in the system as shown in Figure 1. With this arrangement, as
the output energy of the laser was incrcased the first appearance »f damage
was an orange peel effect on the output surfacc of the test sampla. Examples
of this type of damage may be fouwnd in Figures € and 3. In Figure 2 the
sgurface is slightly out of focus to more effectively show the waviness, vhile
in Figure 3 the surface is in focus and both the orange peecl and pitting
damage are apparent. Sampling the output surfacc at several locationg showed
that this type of damage oc~urs on the average at an ecnergy density of 136
joules/cm®.

As the output energy was further increased, pitiing damage began to

appcar on the output face. The onset of such damage on the average nocurred

-6-
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ORANGE PEEl DAMAGE

FIGURE 2

ORANGE PEEL DAMAGE

FIGURE 3



AU ceerry denaily o W ,].\u.l.--s/l'm:", somewhat above the Lovel tore
S e peel famagres The appearan e of Ahis type of damapge at l-ln-u.shr..fhi
WS oo rnl by maele d by the peeronec o eratoer Lype lamace surroinded by a
Laeror verione o cmvnead et et el alten o ahewn o Wi h

)
Dy ouwl Oom She byt peecarens o Ueor threshiold L soveral bimes Uhorege
hold.  No Peont suetace damage wag notod during these tests for a maximun
average ocnergy demgity of 1O joules/en®.

Thredstent the surefacs damaee testing, solf=travpling damage was noted.
The trapping dapace ceenereed anyvhiore ferom the front ond to the exit. end of
Che Biliot and geneealiy ocooiered ondy afler cxid nefacee damage was noted,
ach that the cxit face damae: bes ned appems 1o be Lrappine Limited. The
sverage tewgping theechold wag foaoed Lo b 128 jwulns/cmz. Fipurcer 7, 8,
arrt O oare typtenl of Lhee beappine domnece notad, Az shown, the bubble type
damage characteriatically haos o diametor of o few tens of nicrong und the
spacing belwen bubbles is geneeally not uniform. A summary of the self-
trapping and surface Jdamage rogsulls i3 rhown in Table 2. The table primarily
indicates the rather broad variation in the damage rcsults, especially those
related to the trapping threshold which varied from 63 to 194 joules/cm?.
Because of' these rather large variations, this data should be considered as
tentative only. PFurther tests ar: presently being prepared and in the near
future the range £or the damage threshold values will hopefully be narrowed.
It cannot be ignored, however, that these damage levels are generally higher

than those vrreviously reportedl by -thers.
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PITTINC DAMAGE
FIGURE 4

PITTING DAMAGE FIGURE 5

FIGURE 6
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TRAPPING DAMAGE

FIGURE 7

TRAPPING DAMAGE

A

FIGURE 9
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ORANGE PERL

(Average Joules/cm?2)

134
121
112
113
147

TABLE 2

SELF-TRAPPING &

SURFACE DAMAGE RESULTS

SURFACE PITTING

(Average Joules/cm2)

123
154
150

150

TRAPPING

(Aveirage Joules/cm?)

83
63
170
194
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6.1

6. APPLICATION OF THERMODYNAMICS TO LASER GLASS MELTING

Introduction

Pt inclusions in laser glass appear to be caused by the migration
of Pt as the platinum oxide gas, PtOp, and the subsequent reprecipita-
tion of Pt. Thermodyramics i{s being applied to the melting procedure
in order to reduce the partial pressure of Ptoa, thereby reducing the
number of inclusions.

The Pt metal cen be stabilized with respect to its oxide by re-
ducing the partial pressure of 02(P02). In stabilizing the Pt metal,
the oxides in the glass melt are destabilized in favor of their metals
resulting in the formation of Pt alloys. The following reactions
illustrate this problem.

Pt (puremetal) + Oz(gas) » Pt0, (ges) (1)

81 (in solid Pt Ailoy) + Oz(gal) 4 510, (in laser glass (2)
melt)

As the Pb2 is reduced both Si and Pt are stabilized with respect to
their oxides. It is apparent that the P02 must be chosen so that the
PPt02 is as low as possible without the laser melt oxides being re-
duced to the metal and attacking the Pt crucible.
In order to choose the anpropriate Pba’ the following inforaa-
tion is required:
(1) the standard state free energy of Reaction (1); (2) the
standard state free energy for the reactions similar to Re-
action (2) for all oxides in the laser glasses; (3) the
activities of the various oxides in laser glasses; and (k) the
activities of the corresponding metals in Pt. From the re-
lationship between the activity of the ith component (ai), the

mole fraction (x4), and the activity coefficient (8&):

-13-
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8, = Xy3; it can be seen that the activity coefficients of
the vs:ious components (J;) may also be used.

The standard state free energy of Reaction (1) has been
determined by Alcock and Hooper:l
AP = P°p(PLO,) = 39.270 + 340 - T (0.93 + 0.21) cel/mole of PtO,

The standard state free energies for the formation of the common
oxides in glass have been determinad2 and are presented in Table 3.
The AF°'s correspond to the energy difference between reactants and
products vhen the solids and liquids are pure and when the gases are
at . atmosphere pressure. The activities yet to be determined take
into account the fact that the oxides are in a glass solution and that
the metals are in a Pt alloy. Rather than reporting the activity of
a species in the literature, the activity coefficient is the preferred
variable.

The goal of this program, therefore, is to determine the Xl's of

oxides in laser glass and the X&'s of the metals of the laser glass

oxides in Pt.

Discussion

A literature search has been initiated. A preliminary review
showed that thirty-five authors have done work in the area; they were
contacted for any additional information. Nine authors have responded
to date; their replies indicate that the preliminary search was rather
complete,

Nine government agencies and twelve private agencies have been
contacted. Searches are currently underwsy by Science Informetion Ex-

change, NASA, and Aerospace Research Applications Center.

-14-
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6.2

6.3

(continued)

A search through Chemical Abstracts uncovered no thermo-
dynamic informaticn in addition to the data already obtained.

Table 4 indicates the binary systems for which tue
activity coefficients have been found to date.

No data has been found for ternary or higher order multi-
component oxide systems representative of the c.mplex laser

13, Lk Cnce

compositions currently used ss listed in Table 5.
the literature search has been completed, estimates of activities
in the multicomponent systems will be made based upon the data

from binary systems.

Ruture Activities

The program includes the experimental measurement of activities
in a laser glass as well as the completion of the literature review.
The best estimate of activity coefficients will sid the planned

experimental work.

-16-
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TABLE 5

COMPNSTTIONS (WT.7) OF SOME COMVERCTALLY
AVATTARLE LASEF GLASSES

OLASS iic,
O%ide: 1 2 3 L 5 6 v
Si0s 67 62 68 3] 63 €7 T
Ti0p = - 0.5 - - - -
Bz0s - - - 1% - - -
Al504 o 2 - 8 6 1 1.5
Sbo03 - 1 2 - = 1 -
Asz04 - - = 1 - - -
Ca0 - - - - 11 - -
Ra0 3 3 4 o - 5 5.0 22,
O o - 1.5 - - - -
7n0 S 2 - - S 2 1.3
Lig0 S 1 = - 15 1 1.0
Nas0 7 6 in - - T 7.5
K=0 15 18 17 - - 11 7.5 1
Ndz0a 5 5 3 5 5 5 b, o
Misc. . 3 - - 1 - = =

*¥ Ndp03 was used or similar dopant, such as Ers0Os. (lasses 1-6
are from reference No. 13, Glasses 7 and 8 zre from reference 14.

=18
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