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BTRODUCTION

who use of vitrethin aluninum feil., XUV filters foxw rocket
and sateliite applications has been bread enocugh that a
cartain confidence exists on the pavt of fabricators and

i
o
users of these delicate compoments~that they may be de-
signed to function as desired for long periods in satel-
1ites. This has bean achieved, however, with sone
failures and -considerable learming.

Such confidence did not exist at the outset of this pro-
gram with respect to certain filter materials of interest
in the Acmospheric Explorer series. These materials are
typical of tin, dindium and tiranium. ¥Filter foills nominally
1600 A thick, supported on 70-LPI nickel screen, are
physically delicate for the rigors of rocket launch and
are nuch more susceptible to corrosiomn than thedr £ilm-
on-glass counterparts. This corrosioa is known to be
dominated by molsture in the gasesous environment and is
evidenced by generating pinhecles. Most foils this thin .
have soma pinhole leakage, but hloh humidity can increase
*hie ‘leakase by a fantar nf_ 10% in ovme Aav.

Thus this program has been carried out to provide quickly
the confidence in tin, indiunm and titanium that usage

snd development have provided ovexr many years for alumi-
nun. In addition to this, Sigmatron's participation has
included an advisory capacity with respect to imstrument
design to incorporate experience into filter design.

'3

PROGRAM

Tests dn this laboratory have shown highly beneficial ef-
fect of alloying a small awmount of silicon in aluminum
foils in increasing the molsture resistance {(aging) and
improving the microstructiure.

The problems anticipated with tin, indium and titanium
could b2 overcoma, possibly, by either the zlloying oz

a tandem structure wherein the pure metal fllm resides
gn a foil of another material. In the tandem solution
the base foil nust have a conpavible XUV transunissien,
and the complex transmission is ETDeCtﬁd to be a product
cf the component lavyers.

The particulay problems which the alleving oxr t
i o]

andz
praoschas wou ive vary with a2ach marerial. At the
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III.

"outset, bin was expected to be the least trcublesome.

3
Tin is a very soft metal, melting at 232°C.; therefore,

thera was some ccncaern, althongh mispleced, regarding

‘strength to endure the rocket launch stress and thermal

recrystallization. These same problems were felt to be

much more severe in the case of indium. because 'of its

extrenme softness-as a metal and the low melting point of
156°C. Alcthough titanium melts much too high to present
a thermal problem, thin foils prepared by vacuum deposi-
tion are noted for their brittleness. There was, there-

.fore, some concern regarding the strength of these filter

foils.

It was of vital interest to characterize 211 three with
respect to aging. The program planm to explore theses pxob-
lems and their possible solutions lay in the following
sequence of investigations and milestones!

(1) Evaluate the aging and thermal recrystalli
zation character of pure metal foils.

{?Y Fvaluate nossible tandem structuxre bases.

(3) Determine the effect of binary alloying on
the XUV transmission and aging of SniAl
alloy over the complete range of compositions.

(4) Usa the transmission, aging and recrystalli-
zation informatior determined from the alloy
gseries to make valued judgment of alloy foils
which might provide the desired characteristics.

{5) Uce the hzze foil evaluntien to maks voluad
judgment for tandem foils

{6) Fabricate anmd deliver filters of the best
materials.

i

[ETHOD

Aging was determinad as a parameter of pirhole leakage of
white light in a sensitive photometer whose lowexr limit
of detectability was a transmittance (ex presqad as the
fraction of dincident lighe trhnvmltucd) of 107" and the
practilcal upper limit was 107 Calibration was achieved
by neutral density filters, and the accuracy, which was



not varticularly important in the series, was probably
5%, Reproducibillty was quite good, being %37 in re-
petltive measurements,
Exposure of pairs of filters to various relative humidi-
ties was achieved by storing the filters in the water

71

vapor in equilibrium with certain chemicals. Huwidicy
was daterained periodically by measuring the dewpoint
within the container. A 20-percent R.H. ambient wvas
provided by controlled concentration of sodium hydroxide
solution. The 75-percent R.H¥. ambient was provided by

a saturated solution of sodium-potassium carbonate.

Thermal recrystallization was detected via pinhole trans—
rission by heating a2 test filter at a rate of 2°C. per
minute in a position within an oven built into the photo-
meter. Alloy compositions used in this work were ac-
curaztely controlled in thsz preparation of bulk alloys.
This wae usually achieved by melting the components
sealed in quartz, carboan~lined and evacuated ampoules,

or vacuum-—nmelting in an alumina crucible. The zluminum-
titanium alloy was too reactive chemically to be made

by thege technigueszs znd was, tharefgre, formed In nlace

on the evaporation filament prior to the depositicn,

it is recognized that the foil composition does not neces-
sarily correspond to the composition of the starting
wateriasl because of the differences of vapor pressures
of the alloy componeants. A table of pertiment wvapor
pressures compilled and used in this laboratory 1s pro-
vided in Appendixz I. The technigue employed in this
laboratery provides for a tungsten filament which evapo-

ratoe 2 z2mall valame of tha nels =islad from 3 comnez

L L R - Th S  w e e LE T wr [

tively large reservoir of the melt. Thiz ratio is
escimated rto be about '50:1. The filament temperature

is comntrolled to provide 2 constant rate of deposition

as detected by a quaritz microbalance. In a typical alloy
deposition, therefore, a wmelt of given alloy composition

is drawn by surface tension from a ressrveir into the’
evaporating zone, where in the imitial stages of avapo-
ration, ths vapor is richer in the more volatlle component.

The mole fractionm of the less volatile component increases
in the evavorating zone, becoming a larger fraction of

the vapor composition until its vapor fraction just equals
the melt feed composition from the reservoir. This equi-

* -

livbriur i3, for 2ll proctical purposes, astablished after

3
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wunber of replenishments in the evaporating zons, da=-
nding on the xratio of the vapor pressures at the
poratinu temperature. This could be a large number
en the rat io is large, except that the control systen
nanda th the evaporation rate be kept comstant at
bout 1500 A per secend. With this added power iunput,

e source tends to adapt to the least volatile compomnent,
and the composition of the film is Ielt to approximate
within a fewlsacondo of time. This is considerably
different from wire—fed E.B. sources, requiring about
one—half hour for this compositioral equilibrium due to
the large volume of the melt. Fo analycical evidence

is available supporting this Sigmatron source contention
at this point in time.

W

2 a =T A B -
ot @ ::‘f:'. rn
4 m

Foils were all prepared by a process developed at Sigma-
tron specifically for aluminum foil filters for the AIM
instruments. This process will ultimately be described
in detail elsewhere, but it briefly emntails cgrndensing
the metal vapor zt a deposition rate of 1500 A/sec over
a film of fluorescein on a 2xll-inch glass substrate,
and subsequently cementing a fine screen te the metal
rilm while on the gupstrate. The screen—1ssm stfuccdie
is released from the substrate in an acet01e bath.
Selecced areas of foil are used to make filters.

RESTLTS

The program at Sigmatron for development has come to an
end prior to comprehensgive evaluation at GSFC for mecha-
nicz2l (vibration) durability and XUV transmission of the
natarials. Thexe has been, however, considerable data
generacad on the thermal and wmolisture vesistance {aging)
effect of the metals and alloys resulcing from this pro-
gram, Below is a summary of that data. Unless indicated
otherwise, alleys will be considexed on a weighc~percent
(w/o) basis. The other compositionzl basis used is
atomic percent (a/o), which is preferred for a binary
alloy sexies involving the same two matals.

A, Aluminun

The standard ‘aluminum’ f£0il has derived from past
developments, in which superior aging and microecrys-
talline structural characterilistics have been found,
evist in the alloy of l-percent gilicon in othexwise

hich-purity aluminum. The base line for comparative
apnlivinia of ofher metals .ni alloys, thersfora, will
be 99.0 Al:84i alloy. Thickness of this and other

foils discussed are summarized in Table 1.

4



TABLE

Foil Typ= Thickness | Foil Type Thickness
Angstroms ) Angstroms
99 Al:Si 1240 ° 97 Sm:Au 1590
"100 S=n 1600 97 SniGe 1700
97.5 Sn:iAl 1300 100 in 1700
95 Sn:Al 2280 97 In:Al. 2200
8§7.5 Sn:Al 1620 97 1an:Au 11760
75 Sn:Al 2220 97 In:Ge 1300
50 Sn:Al 1520 99 In:7Ti 1730
25 Sm:iAl 1450 96 AL:Ti 1300.
12.5 Sn:aAl 950 AL/100A Ti®% | 1590/100
2.5 En:iAl 1550
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At an R.H. of 75 percent, 99.0 Al:8i shows a typical
aging curve for foils which depend on an oxide layer
for protecitlton from corrosion. This comsists of an
induction period during which there is little change,
followed by nearly stepwise increasass in pinhole
transmittance. It is felt that a weakness is de-
veloped during the induction period which themn gives
way, Attack is at vulnasrable points such as existing
ninholes, and thus fregquently the transmicttance often
decrezsed in the garly stages of exposure due to £ill-
in of pinholes by the corrosive product. Following
tha ona-dacade dncyerce at fiye daye - rsozond ore-
decade increase occurrad at 47 days. These, coupled
with the drift, resulted in an increased transmitiance
of about 3%10°7

Thernal recrystallization test of this aluminum alloy
shows less than 107 % change in transmission up to the
linit of the oven at 300°C. The temperature excursion
wvas of twe hours' duration. On cooling, howaver, con-
sfder bie pinhole lezkage developed due to differen-
tial chermal expansion, wharein the foil-screen material
was cooler than the frame, and thereby stretched. It
is estimated that the temperature of an aluwminum or
magnegium filter frame should not be more than 35°C.
gyreater than the foil when the foil is near rToonr tem—
perature or more tham 15°C. when the foil is near
100°C. This data is shown in Curve I of Figure 2.

Concluzion here is that 25 percent or lower R.H. is
quite acceptable for 99.0 Al:5i filters for a mini-
mum of three months. Exposure to 75-percent R.H. for
even a few days ds to be avoided.

Tin Type Filter

i, Prure Tin

Hign-pucity tin {48 Min.) Ffoil shows azing
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Characteristics, illustrated in TFigure 3, indi
cating extreme sensiltiviiy to moisture. AL R.H.
less than 1 percent (desiccaced), the data shows
an increase in tcamsmittance of -710“9 after 35
days, with no further change cut to 106 days.

At 25-percent R.H. ons filter-increased transmit-~
tance by 10™% in 22 days dut it is felt that th

ter at that same R.H. is zlso graphed showing =
increase of 5%10~7 at 35 days and 6x10~7 at 106 days.
At the higher humidity, pure tin increased by 10"

in five days. The companion Liluer, not graphed,
.increased by that amount in six days, demonstrating
that the rapid aging of pure tin feil is real.

is
was not representative of pure tin. A second fil-
It

The effect of the temperature on pinhole transmit-
tance of pure tin is shown in Curve IT of Figure

2. Up to 200°C., no pinhole degradation of pure

tin is observed. At higher temperatures, some in-
crease is observed and it nmust be assumed that

long exposure in this range up to the melting point
would have a degenerative effect. Although the melt-
ing point i 2ff%zox:? by ozoystal sizco,

enploved here 1Is not accurate enocugh to deateci any
lowering due to the 0.1-p crystal size. The melt-
ing poimt of tin dis 232°C. Catastrophic pinhole
transmission occurrad at 235°C, but dinterestingly,
to the unaided eye, there was no apparent damage.
Under the microscope it was clear that melting had
taken place, and surface tension had drzwn the metal
into a fernlike structure within the intact oxids
laver. Pinhole transmittance was estimated to be
about 1072.

H

= Ta o~ .,"....-..-\..-..--n-ﬁ-
-

— [ERp.

The XUV transmittance of pure tin is shown in Figure
4, The data indicates that the transmission is
comparable to results obtained on Sigmatron £1ilters

measured elsewvhere.

2, Tin:Aluminua Alloys

The binary phase diagram for the aluminum-tin system
1g given in Appendixz II. It shows no inter-metallic
compounds and an infinite mutwal solubility. I=n
spit. «f this, the 50 atomic percent (afo) alloy
transmitted an estimated 10~® in the red. This
characteristic is usually associated with

5
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allic compounds. The alloys wit
25 a/o, and 75 afo did not possess

>
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The aging characteristics of the alloys, in gen-
eral, shoswred increasing sensitivity to noisture
wich increasing aluminum content. Alloys were
made with the compositions 97.5 a/o Sn:Al, 95

afo Sn:Al, 87.5 afc Sn:Al, 75 a/o Sn:Al, 50 a/o
SniAl, 25 a/o Sn:Al, 12.5 afo 8n:Al and 2.5 z/o
Sn:Al. Of these azllovs, the last thres were so0
reactive toward moisture that they could not be
made in a quality satisfactory for aging tests.
The 50 a/o Sn:Al alloy trxansmitted too strongly

in the red to gqualify, and thus no data is offered
on these foux. The aging curves for the remaindex
are shown in Figures 5, 6, 7, 8 and 9, and are
discussed here din the aggregate.

It is a point of convincing evidemnce that a R.H.
of 25 percent or lower was mnot degradimg tc any
of these chemically activa alloys when tested cut

to an axposure of 100 days. The greatest nst
change observed in 35 days was less than 3x1077 s
whiech occurred in the relatively poor filter spec~
imen avazilable frow the 75 afo Sn:Al foil. Exposed
to the 753-»e 1'ceﬂ_t R.H., filters rezachasd the teruﬂw

nal transmittance of 107" din one day to three waeks.

ul

.r.-

Thermal recrystallization tests on these alloys are
charactarizcd by Curve ITI of Figure Z. Pinhsle
transmission increases slightly at temperatures
above 60°C., followed by catastrophic destruction
considerebly below the incipient melting point of

228.3°C. Within the scope of this program, it was
not possible to acecurately determine the cause of
this effect, but it is believed to be duz to in-~
creased chemical recactivity toward the atmospheric
moisture present during thess tests, This is qusl-
itatively substanciated by the observance that the
alloys lower in aluminum content tended to degenerats
more like pure tin.

.

»

The XUV transmission of Ehis
yorcant wovclengihs 740 2L and D
neastromeants Lrow C8FC and show racm
and remarkable results. A graph of

rected for thickness and uncorrected
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tance screen is shown in Figure 10, It would seen
that when both tin aad zluminum have appreciable
transmission at these wavelengths as pure metal,
that baring any inter-metallic_ compounds, their

alloys should have corresp01ulng transmissions with-
out maxima and minima in the series. The data is

not considered definitive, since it is believed

that the transmission is effected by ar oxide layer
to the point that thickness corrections have meaning-
less effect. Individual foills are uniform but the
series range in thickness from 1500 £ to 2260 A.
Actual thicknesses are provided in Table 1. More

XUV trensmission data, revealing the effect of
alloying on the shape of the curve, is showmn in
Figure 4. The upper transmission curve is repre-
sentative of pure tin and the lower is reprasentative
of 95 a/o Sm:Al. Treating the foil as a txue alloy,
one can estimate, based on the electron plasma demnsity,
that the onset of trangmission ghould shift from the
pure tin value of 886 A to 880 A for 95 Sn:Al ailoy,.

It seems trrazond,. uhccvﬂ‘“g Eo thae A~+r +he pohife H9g at
least 50 A. ‘“reating the alloy foil as a iayer tandem

type foil which calculatloﬁa show to he approx1mately
equivalent to an 80 A aluminum layer over a 2180 A
tin layer, the peak transmittance of the alloy at the
584 A radistion wavelength should be 0.23. Instead,
the eransmittance ig measured to be considerably
helow this at 0.11.

o5}
i

n be arguad that the discrepancy betwsen th

=
%3

A XUV trangmigginn aof zp a2llagw filtaoar

v

-------------- - - o la ~ 7 ——— T

I
3

k=1

transmission in this case is due to the strong
idency to oxidize. Although this is certainly a
factor, the evidence of a minimum transmission in
Figure 10 indicates some unrecognized relationship of
metals in alloys or need for shoring-up the plasma
density theory. In any case, the conclusion drawn

in this laboratory, uvseful in the remainder of &this
work, 1s that constraints on 2lloying for ilmproving
structural quality of foils cazu ke based on chemical
and strutural bases withouvt concern for effect on XUV
transmission. Such conclusion is acceptible zs long
as thr rlloy is ceowmposed principally of one metal with
a few percent of the minor constituent.

18
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3. Tin:Go

|

P

On the basis that a principally tin aliloy would ba
chenically inactive alloyed with gold, the 97 8Sn:iAu
alloy was prepared im foil fiiters and tested, The
phase diagranr for this binary system is given in
Appendix TT.

At low humidities, 25-percent R.H. er less, no de-
gradzrion of the test filrers was detected. At the
75-percent R.H., surprisingly, the sensitivity to
moisture aging was greater than pure tin or some of
the tin-~a2luminum alloys. Aging data for this alloy
iz shown in Figure II. Thermal recrystallization

of +this alloy resulted im pinhole transmission de-
gradation similar to Curve IT of Figure 2. except
that the onset of leakage was about 100°C. and the
catastrophic temperature was 215°C. instead of 232°C.
of pure tin. This is consistent with the 217°C. in-
dicated in the phase diagram. No XUV transmission
is available.

Conclusion from these tests is that there is mo
benefit ro alloying small amounts of gold with tin
to iaprove either the aging of tin type foils ox
suppress thermal recrystallization.

4. Tin:Germenium

The alloy 97 Sn:Ce is believed to represent a new
standard for tim filters with respect to moisture
aging. Data are presented on this alloy in Figure
12. At the Low humidities, 25-percemnt R.H. or less,
basically no mnet degradatiom due to increased pinhole
transmittance over a period of 35 days. At high
humidity, 75-percent R.H., the pinhole leakage ovaerx
the same period increased by 2x107° . The companion
fi1lter increased slightly more. At 54 days this
alloy compares favorably-with the aluminum. These
would probably have been lower if a better quality of
foil had resulted from this initial effort. It is
approprlate to point out that pure tin dincreased in

transmittance by 107% in five days at the high humidity.

20
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The phase diagram for this binary iz provided din
Appeadix II and shovs an infinite nutuval solubility
with no intermetallics. There is no freezing point
depression, and lncipient melting temparatire for
alloys is the same as the nmelting point of pure tin.
This is confirmed for this alloy, with the foil.
catastrophic temperature being measured at 233°C.

Interestingly, zero change in pinhole transmittance
is dertected until meliting. This indicates a struct-
ural stabilization of the tim by the germanium.

The XUV transmission, corrected for screen opacilty
and showvn in Figire 4, indicates a slightly lovrer
transmission when compared te the pure metal. The
conclusion reached from these tests is that 97 Sn:iGe
2alloy in foils presentrs supsrior structural features
and resistance to moisture aging over pure tin, with
very little loss in XUV transmission.

Indium Type Filterx

1. Pure Indium’

High-purity indivm (5N) in foil form shows a resist-
ance to moilsture aging very similer to that described
above for the 99 Al:8i alloy, excent that it is
glightly more reactive. Curves for tbese tasts are
shown in Figure 13. At 25-percent R.H. d lower,
pinhole transmittances increased by 5x 10 or less in
the test filters over 35 days' exposure with no change
thereafter out to 106 devs. At high humidity, one pure
indium test filter increased 10~" in 100 days, and the
companion test filtexr rezched the same in 43 days.

Pinhole transmittance as a consequence of thermal re-
cecystallization of pure indium is shown in Curve IV of
¥igure 2. This indicates a2 tendency of uwltrathin foils
of indium to recrystallize 'at temperatures above 100°C,
The temperature of completz degemeration agrees within
the acecuracy of the measurements with the melting point
of that me:tal.

Conc urions drawn from these tests axe that pure indium
foll shows good aging characteristics with respect to
moisture hut naos 2 poor resistancs to thermal recrystal-

iization. The temperature limit is about 10G67C.
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2.

l-l

ium:Gold

The phase diagram for the indium—~gold system is
includad for reference in Appendix II, The aging.
characteristics of the alloy 97 Sn:iAu is shown in

Figure 14. Mo significant  moisture degradat101 at
lov huemidity is ooserved out to 57 days; amny change
being léss than 3x107 At high humddity, a trans-

mittance of 107% was re acnad in 15 days, and the
companion filter was similarly degraded in five days.

Thermal recrystallizarvion degradation charxacteristice
is similar to pure indium shown as Cuxve IV of TFigure
2. Catastrophic loss occurred near the melting

point of indium.

It may be concluded that this alloy is inferior to
pure indium with respect to moisture aging and no

improvement with regards to thermal degradation.

T % S e
3. 104 i o £ Al 1 LRI T

The phase diagram for the indium-aluminum system is
shown in Appendix II. Aging characteristiecs are
shown in Figure 15. TFoil made with the 87 In:Al
alloy were of vremarkably high pinhole quality fox
indium., This matarial in uvlitrathin foils, however,
appears to be very moilsture-sensitive, similar to the
comparable tin—aluminum alloy. There is no apparent
problem at low humidities, but at 75~percent R.H®. an
increzase of 107% in the pinhole tramsmittanca occurs
in cne day. The companion test fllter gave the seame
esult..

Thermzl recrystalligzation of this al
mated in character by Curve IV of Fi
catastrophie increasea in pinhole tra
ring at a temperature app:ox1natlﬁg th
of pure dndium.

4, ITndium:Germaniun

The phase diasgram for thz indium-germaniuvm systen,
shown in Appendix II, is very similar to the tin-
geymaniur system. 4As the aging curve for 97 In:Ge
presensed in Figure 16 shows, germaniunm does not
hawve the same cffect on iundium that it has cn cin.
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t low humidity, again, there dis ne significant
aging effect. At the hisher humidity of 75% R.H.,
a2 transmittance of 10~ % is reachad after 15 days’
exposure in the filter graphad, and 24 days for
the companion filter, whereas it was 100 days £for
pure indium.

Degradation by thermal recrystallization was the
same as that observed for -indium and its alloys
above; and long exposure to temperatures 100°C. and
above can be expected to result in increased pin-
hole leakage.

It may be concluded that no significant improve=-
ment in temperature or moisture resistance 1s offered

by the 97 In:Ge alloy, as compared to pure indium.

5. Indiunm:Titanium

The phase diagram for the indium~-titanium system is
.ghern din Apnendiw IT . Ar o alloy a little Torcoc wizh
in the mincr component than used in other alloys was
chosen to minimize ap anticipated high cherical re-
activity. The 99 4n:Ti alloy was selected for that
reasct, and to keep the meltiling point low foxr form-—

ation of the bulk alloy.

Although this alloy turned outv to be remarkadble
thermelly, the aging characteristics are typical of
the other indium zlloys, as shown in Figure 17. At
iow humiddity, no, significa oisture aging was de-
tected. The net change aftex 35 days at 25% R.H. was
less tham 2z107 °. At 75% R.H., the pinhole transmit-
tance increased 107 7 in 15 days; the companion test
filter dincreased that amount in 23 days.

The remarkable feature of the foil of this alloy lies
in the -recrystallization characteristic. Curve V of
Figure 2 illustrates this fezature, which shows a strong
resistance to pinhole leakages due to thermal recrystal-
lization rdight up to the melting point. One can expect
increased resistance to elevated temperature of this
alloy over pure indium or any of its allovs testad.
This cuxve also illustrates that something happens at
the meliting point to furthaer stabilizs the £ilter such

29
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that catastrophic degradaticn was not reachad
even at 300°C., whereas incipient melting point
ig 157°C. One must conclude that this filter is

thus 2 liquid metal retained by two ozide Iilms.

The XUV transmissions for the 99 In:Ti 2lloy and

&2 Sigmatron pure indium foil are shown in Figure
18. As anticipated, the a2lloy transmission is
everywhere some fraction of the pure metal. At

the 7704 vavelength transmission peak, the re-
duction is accountable on a thickness basis since
the absorption coefficient is 1.55x10~° /em for
both materials. The calculated contributing
thickness of titanium 1in a 1730& thick 99 In:Ti
foil is about 304. Considering a worst case
situation, a tandem or layeared £foil would have a
series transmittance, assuming an absorption co-
efficient for titanium of 5x10  °/em, of about 0.0561
compared to the 0.063 measured. Thus if the 1%
titanium is truly there and if XUV measurenments are
sigunificear?, sccce.gli, rx 3nall addlticn of “lloying’
element is demonstrated less absorbing to the XUV
in solution with thzs major component than could be
expected when present as a geparate pha;e.

One may conclude that the structural stabalization

of indiunr with 2 small amount of tizanium is bene-
ficial fox applications regquiring long term relLabllm
itv. This is accomplished without loss of XUV trans-
nigsion but is unfortunately accempanied by z2n in-
creased moisture sensitivity, It does, however,
rapresent a reasonable price te pay since the problem
is traunsferred from a space environmant control to
atmospheric control.

1. Pure Titanium - Parvlene 'N' Base

One concept for ‘'pure' titanium XUV filters was to
receive a ©£ilm of this materisl on a thin foil o=f
some other material such as Parylane 'N' or alumi-
num. Parylene 'C' has been previously evaluated
elsewhere, but that material contzins echlorine
thouvght to ho undesivable, Paryizne 'BY foil,

31
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zpproximately 7504 thick, was obtained from Union
Carbide Corporation, from whom it dis available at
their Bound Brook laboratory. Filters prepared omn
GO-percent transmitting screen were measured for
XUV transmission at GS¥C. 'Tne measurements cor-
rected for screen transmission and reduced to ab-
sorption coefficients are provided in Table 2.
This material was found to be unsuitable as a
base for tandem filters for any of the metals of
interest here on the basis that Parylene 'W' 7504
thick is strongly absorbing over the UV, except
for an apparent peak of about 20 percent at 1600A.

2. Pure Titanium - Aluminum Base

The Deak transnissicn for titanium is at about the

400-& ,wavelength. Transmission of Sigmatrom’'s

1500~A, 99 Al/Si filters is about 30 percent at

this wavelength, and therefore offers a reasonably

suitable tandem foil base. To achiegve a series

transmission approximating of a 525A-thick titanium
L

2 - -~ e 1 —
anivm gver the zium

£
J..O.-Ll, & ..:.CG.E‘;."th"t_\.}.u 1:’:}"‘ of ti
inum is required. This was achleved wherein a con-
ventional aluminum film received 100A of titanium

evaporated from a tungsten filament. ——

The ﬁ]flOOﬁ Ti test filters were completed too lacx
in the program to have resulted in extensive aging
data, but that which is available at thiszs writin
is shown in Figure 19. At low humidity, the test
filters of this material graphed sezm to changz in
a2 manner which could become significant within 100
days but the perturbaticn doss not appear to bz re
and may be disregarded. The companion filters ex-
posed to 25-percent R.H. and lower have shown nomne
of this instebility. The high-~humidity tests indi-
cate an aging characteristic similar to the 99 Al:51i
foils. ‘

al

Ro thernmal degradation tests were performed on the
A1/100A Ti test filters since the nelting point of
these elements and their alloys are beyond the range
of the photometer oven.
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Anvy conclusion regarding this type of filter

is difficult at the present time., Certain
sugpilcions regarding atomic 2iffusion between
the two layers are difficult -to allay when
long-term stability is Important. Then, too,
with only 1004 of titanium exposed on one side
of the aluminum, at least 50A can be expected

to oxidize before - a protective layer has formed.
Thus, this approach to a titanium type filter
for satellite applications must be evaluated

as needing further preof or to represent a last-
regsort solution. This could change if XUV trans-
mlssion data,which should be very sensitive for
this purpose, demonstrates stability.

3. Pure Titanium Foil

As a result of some of the wmore or less des—

paration work with titanium depositionsz, techniques
developad for deposition of that difficult-to-

deposit mertal permitited prepsration or pure nmeral foil
(Commercial Grade 2ZN5). Ii hin the time available

the one foll prepared was only 10004 thick. Although
this was pinhole-free, it s not opagque to wvisible
light. With that problem, it was out of range of

the phorometer f£or modlsture aging or thermal degra-
daztion experimsnts. There no data on those
features are available.

b

!:l

F

Q-—'

1 3

H'l !
H
o

Conclusions regarding pure titanium are based on
subjective considerations due to the lack of ZUV and

aging data. A reversal of opinion existing at the
outset of this program with zespect to the strength
of ultrathin titanium alloys is in orxder. It is not

clear what the XUV trangmission would be, but it is

our ovninion that 2z 16004 titzmium foil would be cpaque

te the visible, could be made in reasonable quality
(white light transmittance less than 1077) and would

be structurally sound for lzaunch environment. Moisture
aging ought to be at least eqguivalent to pure indium

but should be checked due to the high chemical reactivity
of titanium. Also, the XUV transmission should b=
checreu with aging for the same reason.
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4, Aluminum:T

=

tanium

The phase diagram for the aluminum-titanium system
is showp in Appeuadix ¥I. The_alloy selected for a
titaniyn type filter is based on 96AL/Ti, which is
a 1800A feil is eguivalent to approzimately 45A o
titanicn. An alloy somewhat richer in titanium
might have been selected; however, the experience
gained from the z2luminum—tin series tendad to discount
success with alleys with more than a few percent of
_any minor componsnt. In retrospect, any alloy should
have been primarily titanium with a few percent of
some other element. This possibility did not presentc
itself until some of the work above, undertaken after
the 96 ALl/Ti alloy work, was completed.

Fh B

Moisture aging of the 96 Al1/Ti filters is shown in
Figure 20. This demonstrates that this material is
not subject to pinhole degradarion at low humiditie
In high-humidity, this alloy appears to be very
comparahle o the poing of 00 AT1:84 271nw  and ~Ffrey
57 day exposure the transmittance had increased Z2.7x
10-7. The companion filter iancreassd 1.7x1077.

S,

No thermal degradation tests were performed on this
alloy.

The XUV tramsmission for this alloy is shown in Figure
2} and compaved there with similar datea fox the

99 Al:Si alloy. Considering that the titanium zlloy
iz thicker than the silicom slioy absorpiion co-—

efficients at 3044 wavelength for thesa are 5.1x10%/cm
and 6.1x10%/em respectively. Whether or mot these
values are accurate is not significant. What is im-
portant is that even though the alloy data spzns the
band pass of pure titamium, frem onsat to x~ray edg
there appears to be no strong departure from esszent
pure aluminum transSmission.

[+ ENY

e
i

11y

One may conclude that this alloy zesults in a foil which,
from the standpoint of moisture aging, is rathex
superior. It does not, howewver, offer useful XUV trans-
migeior for a titanium type filter.

36



i SR

@7 )
AS N L] 2. i A A
_ A 1 V\JAH.V%
. i . " bbb i Ll
| il | fil[H51 NG
AT i N A 9
J ! RN
112 | S i AT
. . ! RN i L 1
L 1 Lf {1 : ) <
L i SpLEL L i ) ] o
i | ifiliglid g 1|
g fod N 4 O A o b b
| dlitin : e
I 11, G . Sy
4 | i LI RN Tl
ERR [ . 11 Ml | o
i m fhn ‘ tiaers
TN ‘_ T T HIT 1
L L L 1L . RINERR
I T 1. h_ aT
| & fd [ak]
X i . ISEARNES
thand LT Rl ”_ﬁ ne
I{eka ; mH
o - ’ - HAERAS 1 1 (5.t
i, rEN L] I3 ”.—o.._r..e
i i 7 L din
efar fod s A e kS _awu «.—...me —!
1 L 111, i
Lilgd FRAARE L B YRUEHE NN
! L * JE L - | _ iy xmn-
! -l 3+ : - A
R RERRES J0. AR N
i H AW ED
i LL: TR 1 . 11 ! o
AN AL _m HTHT AU =
i "l AERENE N . LT
_ 'S I 0 A O ' - ‘. _..r e iain Py
sl1il i . . o w
Wit b L L AEERNE Hl! AEENNE ...m”_ﬁ_ w
Hig - 1k i 1 VL
il F 1 | KN
| I i bl b
H - ! “ : mm _.M“.w
L L 4. 4] b 1] el A
Ry T . SRS
! EEREE L{ . ]+]- N NIZERE S
! L B
{ o . .7_ i
m_ ] L A L
I
3 iy
' i

[t ——

Cg—— g o i

[ "
Ry 4 | b ey : ol 8
RN R B L Ml It _ N
b1 T o OOh0n o S Q0N O MY o n 4
4 Lol -

i AONVILIMSHVIL

HONE B3d SHOIGIAIG 3L X 03320 9
W M agvi DB MG G
D I UHG IN3ND Y T Y R T R e 17 el LA Lrr L L A L

va

NA



[ llv]ﬁm 1 .A B 0 a] - e - -
m Jo ] - ..=w __ . . ! AL L i i nm
| il hiitin IRy | | 3
i B O O HHL - N | | -
i Y P BV 1 LIL1l L 18 S N A PR 8 i “
| e e | Iy
1 A4 L Lt ! IR [ LR
. .\- .. m \ | R m _ . .
| Ik X ; . i NRIEER
m B I HANPIRRE L LI L it o
; . Y . 1 _ _ RN
i B DU (o - | 1 1 . M._
m \\“_ AR | T b N ﬂ.m
|u_< - L~ fukid - L b 4= B wp bale mu. nﬂ_— a ‘iz.al__i.
[ - ) AREEE RS ER: S I
_ T | 1T 1 LAl St o i e
“ m%hﬂ N TN
i K IR N
1 . m :Mv“ O TYTT
! @, HIRIERRI &
' :. - Tuli,-.u-l
£ " } - .!._.|u|.|h|I"||
IS
]
) » 1 .o “ =
H Y.
:m i A
iy .
1
ww il L HINHEIN f
i : i G “
vt H N ¥ - n
it 1] ] AR 1,
hmww NEEN -mrL m. ] 1 ;
RN 1 . (
y 1 N 1. i .
1 ) . . b
___I.m 1 . !
i e L i
bt :
s _
: e i e
1 1
i i ~7
! BRI
i
_..
LAl 1

"
A .
. 2 1 PTG
7 ! ' '
\ ._ - v . .u
K : ' Lo
Ad N pon —r— e o -
i } R ey
{be N TN P P
i oL CF :
v ! .“ » “ 3 —”U
SN m <
. “ . o O
i .
™

AINVELLINSHVY L



SUMMARY

It is felt that this work has added considerably

to guidance in the problems associated with long-
term reliance on ultrathin foil filters, particu-
larly for satellite applicatiomns. 1In the atmosphere,
one important problem is moisture degradation. In
orbit, a major concern is thermal degradation.

Increasing the options for materials with suitable

* XUV band pass by alloying appesars to be limited in

scope but offer considerable merit.

Tin and aluminum have no intermetallic compounds

and _have fair transmissions individually at the

584A and 74063 wavelengths, but it must be comn-

sidered surprising that their binaxry alloy 75 afo

tin 25 af/o aluminum has by comparison essentially

no transmission. Compositions on each side of the
ninimum have transmission monotoniczlly increasing

to the pure metat values. fIn this system., 11 2p-
pears that the pure metal transmission curve is not
shifted by alloying, but perhaps uniformly suppressed,
until at scme mid-series composition is essentlally
zero. With further additions of the ad metal, the
suppressed but unshifted transmissiorn characteristics
of that matal appear. Thisg must be a tentative view,
since more complete transmissicon data will be re-
quired for a firm conclusion.

Additions of small amcunts of an alloying clement have
strong effect on the degrading effect of moisture and
femperature. Wherein it was discovered that puxe tin
in ultrathin foil form is highly susceptible to
moisture, alloying with a small spount of germanium
provides a very satisfactory moisture resistance. On
the other hand, all materials, pure metsls and allovs,
are sufficiently safe from degradatlon if exposed to

environments of 257 R.H. or less.

Allovs are catastrophically degraded at the temperatu
of incipient melting. Pure metals develop dincreaasad
pinhole transmittance by recrystallization below their
melting peints. Alloying with a fzw percent of another
rint2l rTerardzs that recrystallization and rvesults in an
incrensed thermal stabiilizy.

39
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t

hermal behavior. of an allioy of indiu

all amount of titaniuvm was observed wherin
catast z loss did ‘not occur at temperatures
100°C above the melting point of the indium. This
may be accounted for by assuming that the indium was
molten berween two oxide layers.

r
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ADDENTITY T

VAPOR PRESSURE OF ELEMENTS

Metal Melting | Trmpoeratures [(in®C) at which the Vapor Prassures are:
Doiat®C D.00lmmf0.9lmm j0. lmm | l.dmm Hmm | H0mm | 760mm A
Ag 961 936 1047 1184 1353 1575 1883 To2212
Al 560 . 88% 995 1123 12799 1-1B7 1749 2327
As 817 237 v 277 317 362 437 517 613
Au 1063 1316 1465 1645 1867 2154 2521 2966
B 2000 1239 1335 1489 1023 3030 3480 2527
Ba 717 625 721 540 g61 1049 1301 1638
Be 1284 1G92 1212 1367 13567 1787 2097 507
Bi 271 605 698 802 93¢ 1136 1271 1627
Br - -7 -ii4d -39 -8l -39 -30 9 58
[ 2471 2681 2926 3214 3946 4373 4552
Ca 810 528 605 700 8§17 983 1207 1482
Cd 3z2L 220 264 3z1 392 484 611 765
Ce 7835 1190 1305 1439 1599 - 2527
C1 " -101 -161 -150 -137 -120 -101 ~72 -34
Co . 1478 1494 1649 1833 2056 3097
Cr 1900 1090 1203 1342 1504 2222
Cs 29 110 153 207 T2 7 387 515 690
Cu 1083 1141 1273 1432 1628 1879 2207 2595
Fe 1535 1310 1447 1602 1783 2039 2360 2727
Ga 30 9565 1093 1248 143 1541 1784 2427
Ge 959 1112 1251 1221 16355 2707
Hg =40 18 48 82 128 184 261 361
I 114 -31 -11 iz 39 T2 115 183
In 157 840 952 1083 1260 1466 1756 2167
Ir 2454 2340 2556 2811 3118 4527
29 64 161 207 265 338 443 581 779
La 887 1242 1381 1549 1754 . 2727
I 179 439 514, 607 725 890 1084 1367
Mg 651 383 443 515 505 Tz 909 - _1126
Nn 1244 aze Jagn nne 1252 1EnT ronn et
+ Mo 2622 2255 25335 3162 3535 =105 280
Na 98 T 238 291 356 437 548 696 914
Nb 2500 2539 5127
iNd 1297 1192 1342 1537 1775 2095 2530 3090
NE 1435 1371 1510 1679 1881 2507 — 2364 2837
Qs 2697 2451 2667 2920 3221 4627
P 597 160 190 225 265 310 370 431
Pb 328 625 718 832 975 1167 1417 1737
Pd 1555 1405 1566 1759 2000 3167
Po 254 263 3l4 385 <75 590 750 965
Pt 1774 1904 2090 2313 2582 3145 3712 3827 E
Rb 38.5 123 165 217 283 387 519 679 i
He 3180 2790 3060 3400 - 5530 H
Rh 1967 1971 2149 2358 2607 3877
Ru 2427 2230 2431 2666 2946 4227
S 119 66 97 135 183 246 333 444
Sb 630 595 673 779 903 1033 - 1223 1617
Se 1397 1282 1423 1595 1804 2727
Se 217 200 235 280 130 430 550 685
Si 1410 1223 1343 1485 1570 1888 2083 2477
Sn 232 10-£2 1189 1373 1609 1703 1968 2727
Sr 771 475 549 639 . 7350 898 1111 1334
Ta 2996 2820 3070 3370 374 6027
Te 450 336 383 438 520 633 792 390 )
Th 1827 1999 2196 2431 2715 4227 X
T 1727 1334 1546 1742 1365 2180 2430 3127 r
T 304 527 606 702 B21 983 1196 1457
u 1132 1730 1898 2098 2333 3327
v 1617 1725 18338 2079 2Z07 2570 2930 3527
Vv 3igz 3016 3309 3640 3590 4507 5168 5577
Y 1477 1494 1649 1833 2054 3227
Zn 419 292 343 405 %37 593 7306 907
Zr 2127 loléd 2001 2212 2459 3377

g ) 5 "
5‘,{@ Sigmatron Inc. 849 Ward Drive, Santa RBarbara, Califorma 93105. 205 967'013111
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