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PREFACE

The use of /8 ~magnesia for windows to resist caustic metai
vapors 1s in no way original with the author, Dr. R, W. Wood
suggested and tried Mg0 windows in the early nineteen hundreds.
Since then various attempts have been made to use vthem. Most of
these attamts were faillures because of the scarcity of suitable
crystalss Not until recent years when large optical crystals be=
came available as by-products of the commercial menufacture of
periclase, did the use of these windows become easily practiéable.

The development of the technique for using the windows, end
the apparatus comnected therewith, is largely due to the suggestions
and help of the staff and graduate students of the California
Institute. Particular credit is due ba Dr. I. S, Bowen for directe
ing the research, and for his many ﬁelpﬁzl suggestions. Also, the
help of Dr., W, R, Smythe in the mechanical desigh of parts of the
apperatus, and the constructive ceriticism of Mr, Julius Pearson on
the details of the needle valve and windéws, is gratefully
acknowledged.

Richard T, Brice
March, 1937



Abstract

The properties of optically clear /Bamagnesia erystals have been
investigated with an eye btowerd using them as windows in a vacuum
furnace. /9qmagnesia was found inert to most metalﬁc vapors below
1000° C, and well adepted for use as windows in spectroscopic problems.
Windows have been made and tested satisfactorily, and a technique for
cutting and bolishing the windows was developed by liw, Pearson in his
optical shop. The opticel counstants of a large clear crysial of
/6—magnesia were measured and e preliminary investigation made to see
whether ox not it is suitable for use in lenses transparent out to
2150 Angstroms, It was concluded that the hygroscopic properties of
the substance render it unsuitable for such lenses, even though it has
advantageous optieal constanis, Many experiments were made in an ab-
tempt to find some technigue for sealing the windows into steel tubes
so that an absorption furnace cduld be built where metel vapors could
be investigated under conditions of thermodynamic equilibrium, One
successful method was found and is desecribed in detail in this thesis.
Seals were made by this method and found satisfactory up to at least
587° ¢, Some of the more important unsuccessful trials are described
in the appendix,

In order to utilize the windows and their properties, a furnace was
congtructed with a specially designed needle valve that permitted cone
trol of evacuation through a port in the side of the absorption chamber

wall, but which did not introduce any cold spots in the furnace. The



design of the needle valve is discussed at length,

The specific accomplishments wveported in this thesis are:
{1) The determination of the optical constants of /a’mgnesia‘
{8) 9he development of a technique for sealing fmagnesia windows
into e furnace. {(3) The deaign of e needle valve which, together
with the windows, permits the realization of thermodynamic equilibe
riun in on absorpiion chember contalning caustic metel veporss



I
INTRODUCTION

The abgence of suitable windows for absorption furnaces has long
been a detriment to investigations of the sbsorption spectra of caus-
tic metals. Much progress has been made utilizing the common technique
of placing the windows as far as possible from the hot portion of the
furnace, and streaming some inert gas through the furnace to prevent
diffusion. This technique has decided disadvanteges, the most impor-
tant of which is the absence of thermodynemie equilibrium along the
absorbing path. The temperature gradient from the cold windows to the
hottest part of the furnace is never accurately known, and since the
molten metal and its gas is never in equilibrium, the amount of mater=-
ial in the light path can only be guessed at in subsequent calculations.

If a window could be found which would withstand the effects of
the metal vapors, and which could be heated to the same temperature as
the furnace itself, a number of important problems would be opened to
investigation. A sealed absorption chamber could be built in which
the temperature could be accurately controlled, and in which the vapor
pressure could be known, so that the number of molecules in the abw
gorbing path might be directly computed. Also, the ability to control
conditions inside the furnace would permit the use of very small
samples of the caustic element, since none of it need escape to any
cold spots or react with the windows. ‘'his might make possible the
uge of the minute samples of pure isotopes collected in mass

spectrometers,



With these problems in mind, Dr, D, S. Hughes, working on a
Nationael Research Fellowship, started investigations at this
Institute to develop suitable windows. His experiments were not
completed at the expiration of his appoinbment, and the work was
taken over by the author when Dr, Hughes left in the sumer of 1933,
Although he did not succeed in finding eny suiltable materisl, he
tegted and eliminated a number of likely optical substences, and
thereby cleared the path of seversl trials which the author would
otherwise have had to make.

The development of any apparatus or technigue is usually cen-
tered around some definite experiment. The investigation of the
ﬁ-magnesm windows, the measurement of their optical properties,
and the design of a furnace in which to use them, were all a part of
the problem of obtaining an absorption spectrum from a amall sample
of arn alkali metal which could be collected in a mass spectrometer,
The ultimate object of the apparatus has certainly affected the sole
ution of technique problems, and has made the details of the design
of the furnace of more importance than is the case in normal spectro-
scopic prob‘lms. However, the uses to which the technique end appa=
ratus may be put are not limited to the specific problem at hand,

The allied problems, which the success of the windows makes possible,
warrant a deseription of the results accomplished without waiting for

the completion of the larger problem.



The quantity of metal which can be collected under even the most
favorable conditions in & mass spectrometer is so amall that it would
soon congregete in any cold spot « particularly cold windows - and
gerioungly diminish the smount of vapor available for absorphions
Furthermore, any chemical reaction between the vapor and the windows
would further tend to diminish the available metal, and the alkali-
metals are extremely active in the presence of hot glass, pyrex or
quertz. Dr. Hughes began the search by trying sapphire windows, us-
ing metalic lithium to charge the furnace, The windows were eaten
out and rendered opaque, so as to make them completely useless, and a
new substanece had to be found. Of several materials which had been
suggested for trial, the only one on hand at the time was a small
sample of MgQ, which wes loaned by Dr, John Strong for the testis,

The first soamples of /9 ~magnesia available were satisfactory
from the standpoint of resistance to metalic vepors, but were digap-
pointing because of their small size and poor optical quality.
Aceordingly, a search was started for good optical crystals. After
meny inquiries, a supply of large walter clear crystals was furnished
through the cowrtesy of the Norton Company, Chippawa Falle, Ontario.
Afber more trials on their resistant properties, it was decided to ine
clude the optical constants of the subsbance in the investigetion. In
conjunction with Dr. John Strong of this Institute, the transmission,
index of refraction and dispersion were measured and reported in a

1

paper before the American Physical Bociety. The resistant properties

1. John Strong & R. 1. Brice, Optical Properties of Magnesium Oxide,
J. 0. 8. A. = 253 207; 1935,



of the material created such a demsnd for the erystals, that their
price rose from $1.00 per pound in 1935 to $10.00 per pound in 1936,
and in a recent letter {September 1936) from the Norton Company, they
report that they are considering thelmanufacture of the optical crys-
tals on a commercial basis with a price somewhere between that of op=-
tical glass and quartz. Apparvently no use has yet been made of the
erystals in optical systems - probably'becausa of the hygroascopie
tendencies of th€/3~magnesia.

The next difficulty encountered was the lack of any method for
sealing the windows into a tube. The first design for obtaining a
seal consisted of a smell aluminum gasket against which the windows
were pressed by a suitable collar., The absorption tube was placed
inside @& ﬁacuum furnsce and both furnsce and sbsorption tube evacuated
together. The absorption tube was arranged with a valve operated by a
tungsten spring and Woods-metal ecateh, so that it would seal itself as
the temperature of the furnace rose., This arrangement was satisfactory
for large quantities of the metal, but the windows loosened during the
course of the run and permitted some of the metal to escape, rendering
this method useless for asmall quantities.

It became apparent that satisfactory results could be obtained
only if a furnace were constructed which would permit the absorpiion
tube to be opened and closed to the pumps at will, and whiech would per-
mit accurate tests on the condition of the window seals. A new furnace
was designed and constructed involving a needle valve which could be

operated by hand at any tempercture of the furnace, and a design for



holding the windows firmly against their gaskets.

The original design provided for double windows with a means of
evacuation of the space between the two windows. The use of double
windows is probably unnecessary, end the original design for the wine
dow seals has proven umnsstisfactory and been supplanted by the ime
proved design to be deseribed in part V. The needle valve has proven
gatisfactory.

The furnace, as designed and built, and as it now stands, has
been a great improvement over the previous attempts., However, in the
course of the experiments, some points of wgaknﬂss have developed, and
some improvements which could be made have become apparent. The ime
proved method of sealing the windows has considerasbly reduced the
ambunf of machine work necessary in building the furnace. As it is
now, the furnace could undoubtedly be used to obtain some results on
the sbsorption spectra of the alkali metels., However, the incorpora=
tion of some tested improvements, and the elimination of some of the
week spots and sources of difficulty, will probably warrant the re-
building of the furnace itself before any extensive program is
attempted. Later in this thesis a design is given for a furnace which
is essentially like the present furnace, but in which the improvements
sugeeasted have been included, Since a knowledge of what has been
tried snd why such attenpts have falled may be of value to anyone
attemnting to repeat this or a similar problem, a discussion of the

most important trials and failures ig included in the appendix.



b S
PHYSICAL FROPERTIES OF O=MAGNESIA

Magnesium Ozide does not occur free in nature sinee it reacts
slowly with carbon dioxide in the air, and is changed into magnesium
garbonate (magnesite).To obtain megresium oxide the magnesite is cal-
¢ined in a furnace to produce light porous chunks of magnesium oxide.
These chunks are then fused in large electric~are furnaces and allowed
to eccol., The result is an ingot usually weighing a ton or more which
is composed for the most part of milky white or slightly yellowigh
crystals fused into an extremely hard honeycomb mass. This product,
called periclase, is ground to a fine powder and used for insulation
in electrical appliances where the insuleting material must also be a
good heat conductor., When special care is taken to mske the run of
extreme purity, the resuliting powdered periclase is sometimes used as
a refractory substance for crucibles. It has long been known to make
excellent crucibles for the processing of chemically pure mevels be-
cause it is one of the few refractories which does not react with the
netal at high tamperaturess

About three inches in from the outside of the ingot, the tempera-
ture and cooling conditions are such as to permit the formation of
large clear single crystals of magnesium oxide, These large single
crystals are referred to in this thesis as /Q-magnesia. Up until
about 1954, these crystals were only curiosities, and were usually

ground up with the rest of the mass. Since that time, investigations



have shown them to have useful properties, and a merket hes developed
for them. The demand now exceeds the supply. It is probable that the
crystals may be marketed cammercially in the fubture, but at the pres-
ent time the only sastisfactory method of obtaining them, is to have
someone capable of selecting good crystals make a personal choice as
the ingots are broken open. The research laboratories of the Norton
Compeny have kindly done this on reguest, and the Vitrefrax Corpora~
tion in Los Angeles has permitted the author to make personsl selecw
tions at their fectory in Vermon. A pound of the seleclted crystals
will meke from eight to ten windows measuring from 1/2 to 3/4 inches
in diameter, and about 1/4 inch thick. In view of the fact that they
appeaf accidentally in large scale production, and sinee the crystals
are always of greater purity then the remainder of the ingot, it is
reasonable to believe that a melt whose temperature and purity were
carefully controlled might furnish much larger crystals than those
heretofore found,

The crystals, as obtained from the factory, are first cleaved
with a knife to the appropriate size, and then ground and polished to
form round disc-shaped windows, The erystals are cubic and cleave
readily. They grind well with carborundum, and polish with tin oxide.
Rouge does not polish them well, and emery tends to make them flake
and scratch., They seem to be somewhat harder than quartz. (6% 1),
Thin plates are stronger than similar plates of window glass and seem
to resist a larger bending moment without bresking., However, the

presence of a flaw along a cleavege plane will greatly reduce theilr
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strength, and it has been found impractical to attempt to use windows
which exhibit the beginning of any cleavage, Such imperfect windows
either break from the pressure of the gasket,; or they cleave and
separate under thermal stresses. In general, it is difficult to ob-
tain windows greater than 3/4 inch in diameter, although larger crys-
tals are occasionally found, The largest single erystal so far seen
by the author measured 1% inches on the edge of a square face of 3/8
inch thickness.

ﬁ -magnesia crystels melt at a temperature of 2800° ¢, They are
extremely resistent to heat below 2100° C where they begin to sublime,
This sublimation is very rapid in a vacuum, end limits their use to
temperatures below 2000° C, A small piece of /Q-magnesia heated to
incandescence to the limit of an oxyacetylene flame and allowed to cool .
in air, gave evidence of sublimation, but was otherwise unaffected.
Cooling the cx;ystals too rapidly will cause fracture along the
¢leavage planes. A piece heated to 100° ¢ end dropped in cold water
ghattered into many small cubes, The coefficient of thermal expansion

=6 from 0° to 100° €, and 15,0 x 1078 from

o:f‘/—magnesia is 10,9 x 10
700° to 800° C,® This is of significance because of its approximation
to the expansion of wrought iron, which is 1l.4 x 106 from -18° to

100° €, and annealed steel which is 10,95 x 107° evaluated at 40° G, °

2 = Milo A. Durand, Coefficient of Thermal Expansion of Magnesium Oxide,
Physics, Vol, 7; 297; Aug. 1936,

% - Handbook of Chemistry and Physices, 15th edition, 1930, page 846,



III

CHEICAL PROPERTIES OF /3 ~MAGNESIA

Since the purpose of this investigation of /Bnmagnesia is to
determine its suitability for windows or optical systems, it is only
neceasary to consider here those chemical propertles which have af-
fected its use for this purpose. Of first importance is its reaction
with the metalic wvapors and secondly its stability in air and ovdin-
a.fy cleaning reagents,

The tests on the resistance of /i -m&gnesié were carried oub by
exposing the windows to the hot vapors in a vacuum furnace. Six win-
dows, 12,5 mm diameter Dy 2.5 mm thickness, were cut from single
crystals of /3 ~magnesia. These windows were placed, two at a time,
inside a vacuum furnace containing about a gram of an alkali metal,
The temperature was slowly raised until the vapor pressure of the al-
kall metal was epproximately 1 e¢m and after exposure to the metal
va;ﬁor over night, the furnace was cooled and the windows removed for
examination.

With lithium?® it was possible to compare the effect of the vapor
on /G-magnesia with its effect on & sapphire. A sapphire window was
placed in one end of the furnace, and a /3-magnesia window in the
other end, The aapphire was rendered opague and saten out to a depth
of ébout 1 mm, while the ﬁ-magnesia window was quite unallfected,

Sodium and potassium showed practically no effect on ﬁmmgnesia.

4 - The orignal paper which claimed this comparison was made with
caleium instead of lithium, was in error.
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On snother test lithium vepor showed a slight reaction with the
window, The etching was sufficient to cause a slight blurring when
viewing printed matter on which the window wes lying. No color
effects of any kind were observeds

the windows were not protected from the condensation of molten
mebtal upon their surface, and so, in each case, drops of the metal
collected on the windows durlng the tests. UThe ouber layer of the
metal used to charge the furnace was somewhat oxidized. It is
therefore probable that the conditions which obtained in these tests
represent the least favorable conditions under which the windows
would be used as far as Impurities are concerned., Taoble I lists the
data for these tests with corrosive metals,

Ho further direct tesis were made on the resistance of these
windows., However, in subsequent uses of the material, it has been

exposged to tin atb 500° ¢ for periods of 12 hours or more, and %o

Woods-metal for similar periods. In the case of the Yoods-metal, the

temperature was sufficient to veporize the cadmium, It is therefore
possible to add tin, cadmium and bismuth to the list of metals which
can be used. It is, of course, inert to magnesium, iron and nickel,
as might be ezxpected.

The results of these tests were announced et the Americen
Physical Society meeling in los ingeles, December 1934, Professor
R. W, Ditehburn immedistely wrote from Dublin to obbtain samples, and

has since extended the investigation. He :ceportss, "We have made

5 - R, W. Ditechburn, Nature, 363 70, July 1935,
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TABLE I

RESULTS OF EXPOSURE OF’/B-MAGNESIA WINDOWS 10 HOT ALKALI-IETAL VAPORS.

Hetal Maximum Duration of Results
Temperature Exposure
Ca 810 36 Hours No attack
Na 610 1 Hour No attack
200 | 24 Hours Slight attack ?
X 450 24 Hours No attack
Li 500 S Hours No attack
688 22 Hours Surface etched

Window not opaque



guantitaive tests by heating the crystal with various metals in suall
eﬁacuated tubes; the tubes were kept at the specified bemperature for
one hour, Potassium (400° C), sodiwn {500° G), lead (1,050° C), mag-
nesium (1,100° ¢) and aluminum (1,100° C) had no effect; caleium
(1,050° C) and copper (1,100° C) etched the surface slightly, X~-ray
analysis shows that the cerystal has a close-packed structure, which
probably accounts for this property."”

The Pormation of the crystals is apparently directly dependent
upon the purity of the furnace charge. Mr, C, H. Hannon of the
Pittefield Works of the General ilectric Company reports in a letter
to the author: "We have observed during the normal course of—events,
that the impurities in the magnesia affect the crystal size, Ior in-
stence, with a magnesite containing very low silica (below .1%) we
have obtained very much lavger crystals than with megnesite containing
1} or 2% silica." The Norton Company furnished a chemical anslysis
with their crystals as follows: 8102 04045, Fe,0,, 0.04%, Ca0
0.04%, These figures probebly indicate the limit of impurity rather
then a rigorous anslysise. In commenting on this ﬁurity, however, ”
lr. Raymond R. Ridgway of the Norton Company's Research Laboratories,
says, "They are formed by differential crystallization, so that they
do not contain as much impurity as the original melt.” The presence
of too muech iron asg an impurity sometimes colors the crystal a deli=
cate green, The crystals are oceasionally yellow, but what impurity
causes this has not been determined., YThe presence of these impurities
does not appear to affect the use of the /maagneaia for windows ex=-
cept as they may limit the transmission of light or exhibit

objectionable absorption bands .






The most serious chemical property of the windows is their affinity

for earbon dioxide. In the presence of the moisture of the air the
windows gradually lose their polish and acquire a ¢oating of magnesium
carbonate which renders them milky. Fortunately this reaction is very
slow, and the windows may be used in air without harm, provided they
are stored in a dessicator when not in use. Crystals have been kept
as long as . four years in a caleiwn chloride dessicator without showing
any trace of attacks Lying open in the room they lose their polish in
from one to three months depending upon ‘the humiditye.

Dr, A. S. King of the Mb, Wilson Observatory has made some tests
of these windows in his carbon high~temperature furnace., He found
that the windows withstood the effects of the air (a few mm) in the

furnace as well as any CO_ vapor which might be present, and they re-

2
tained their shepe and transparency up to about 2100° C., In partic-
ular, they were quite satisfactory at temperatures up to 1800° C, but
he did not have any caustic substance in the furnace during these
tests, He did not investigate the effects of metals at these high
temperatures. At about 2100° C, the windows developed an unevenness
on their surface and appear to have sublimed and etched so as to bring
out a mosaic structure in the crystal, Fhotomicrographs of the etched
surface were taken by Dr, A, Goetz of this laboratory, and are shown
in Plate I, I~a shows a 5.2 times linear magnification of the entire
window, .The lighting used was such as to emphasize the irregularities,
The window was still semi-~transparent and did not have a ground-glass

or milky appearance as might have been expected, I-b is a 72 times
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enlorgement of tne surface to show the regular rectanpular appearonce
of the sublimed pits and to show the vieinal planes, I-e¢ is o 325
times enlovgement of two individual pite, and shows the terraced
gtructure of the pits thauselves.

The Handbook of Chemistry and Physies, 15th Zdition, gives the
solubility of ﬁ-magneam ag 00062 in 100 ports of cold waters It
eloo stetes that it is soluble in escids and M A palta. However,
water may be used in the grinding and polishing process, ond theoy may
be washed in 1t without horm, A series of tests wore made with vare
ious acids to dotermine the extent to which they could be used for

washing and cleoning the windows. Semples washed in HESO m&g HCL,

4.
chromicesulphurie acid eleaning solution, N 403&{ and HeOh gll came out
" unaffected, A window placed in hot HCL for cleaning was immodiately
attocked,

in sunmarizing these chanical properties 1t cun be suid that the
erystals offer great resistonce to the caustic effecta of most metalie
vepors at temperatures ranging from 500° for the lighter metals,' o
1100° ¢ for the heavier metals. They cen be used sstisfectorily up to
1800% with those metals to which B-magnesia is conplotely imevt. The
reaction of magnesia to GOE in moist air mey be minimized by storing
it in a dessicator. The tracos of hot GQE which may exist in iron and
carbon vecuwunm furnaseas deo not harm the windows. The ordinayy cleaning
rengents mey be used to wash the windows, provided they are rinsed in
water and dried thoroughly. lHeating the eecid e¢leaning egents is

injurious to the windows,

ig
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OPTICAL PROPIRTIES OF /B-mamsm

The only optical property which is of great importance in the use
of /8~magnesia for windows is its transmission, Dr. John Strong, how=
ever, suggested that since ﬁ-«magnesia tranamits to 21504 it might be
valuable to know its other cptical constants in case it should be
suitable for use in lenses or optical instruments, or in case it
should be necessary to use the windowe in an interterometer beam. An
investigation of these optical constants wes accordingly made by
Dr, Strong end the author, Jointly, but the results did not disclose
any properties sufficiently wvalusble to overcome the disadvantage of
its ingtability in air. The results of the investigation arve briefly
given here, to indicate the work done and the results obtained.

The ultraviclet transmission limit of /3-magnesia was obtained
with the aid of a Hilger E-3 guartz spectrograph and an iron arc. One
of the stendard 2.5-nmm windows was tested. By visual comparison be-
tween the spectra taken directly, and those taken through the window,

it was observed that the absorption of /B-magnesia is nogligible to

2200A., DBetween 2200 and 2150A the transmission decreases very rapldly.

Creatly increaced exposures did not extend the spectrum beyond 2150A.
Two fectors which might have an effect on this limit, and which were
not congidered,were: First, the windows may have been coated with a
thin layer of magnesium carbonate due to reaction with GDz in moist
air, Second, the windows were allumade from the seme shipment of
/J’-qnagnesia, having epproximately the same impurities, so that cryse

tels having less impurity mey give slightly different resulis.

17



The infrared transmission of//3~magnasia was estimated from
comparison with several crystals of known transmission to be contine-
uous out to sbout 5 or 6 mu, The total energy emitted by a black-body
redistor at 400° C was employed for these testz. The transmissions
were measured with the ald of a vacuunm radiation thermopile equipped
with a KBr window. The various observed transmissions sre given in
Teble II.

8ix of the large crystals obtained from the Norton Company were
ground and polighed on both sides and examined for internal strain in
polarized light, Of the six cerystals tested, only one showed serious
gtrain when observed with the nicel priams. FProfessor Ditchburn? Tow
ports that his specimens showed some double refraction owing to resi-
dual strains.e Optical quality was tested by observing the image of the
entrance glit of a spectrometer in the telescope eyepiece afler passing
the light through the)/?qmagnesia plate. All were of optical quality.
From the remeining five {one having been discarded because of strain),
one was chosen from which two prisms were finished having faces
27 x 24 mm and 25 x 24 mm, and prism angles of 32° 32! 48" and
29° o 16" respectively. It is well to keep in mind that both prisms
were cut from the same crystal, so that the Pollowing determinations
are not necesserily itrue for crystals of different purity. It is
hardly to be expected, however, that the effect of the slight impurity

present would give rise to a sensgible effect on the indices.



Material

KC1
NaCl
Fluorite

ﬁ-mgnesia
Quarty

ABLE II

DiFRARED TRANSMISSION OF /3 ~MAGNESIA CRYSTALS

Thickness Transmission
B8¢36 mm 92%
4464 89%
280 80%
337 55%

248 31%

Limit of
Transmission

23 mu
17 mu
9 mu
Bstimated 5 or 6 mu

4 mu
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The two prisms were aluminized on the back and alternately mounted
on the teble of & precision Zeiss spectrometer kindly loaned by the
ount Wilson Observatory. Indices of refraction were calculated from
the angular deviation of various spectral lines, The prisms were ar-
ranged after the Littrow method. In the visible the prism was set atb
minimun deviation for each line by the aid of a CGauss eyeplece. In
the ultraviolst a quartz-ﬂuofite lens was mounted in a box which was
equipped with a glit and plate holder and the priam was set at minimum
devistion photographically. The prism angles were determined by two
of the three commonly used methods, The values of the indices of re-
fraction for the spectral range A=2563A to A =7065A for the two
prigms are given in Table III. As an additional check, the photo-
graphic sebtings were repeated at & few lines measured by visuel
settings,

In order to determine the tamperature coelficient of the index of
refraction, the apparatus was moved to a refrigerated room in Kerchoff
Biology Laboratory, kindly placed at our disposal by Dr. T. He Morgan,
and the indices for lines C and F were measured at 2° C, The results
are given in Table IV, As a control, the angle of the prism used was
remeasured at ZOC, and found to check with the previous velue at 23° C
t0 less than 1" of arc.

ﬁ-megnesia possesses optical properties which suggest its use in
various achromatic combinations, DBecause of the action of 002 on its

surface, it would be necessary to cement the /3-mgnesia boetween two

other components. In the case of a quartze-megnesia doublet, these



2536
2654
2804
2967
3128
3658
4046
4340

4471
4713
4861
4921
5016
5460
5790
8876
5893
6563
6678
6708
7065

(a+)

(F)

(D)
(c)

TABLE II1

INDEX OF REFRACTION FOR /@-mczmsm CRYSTALS.

A =29° 30¢
Visual

1.76132
176531
1.75506
1.75325
1,74958
1,74742
1.74676
1.74560
1.74119.
1.73853
1.,73787
173790
1.73364
1.73310
1,73304
1.73127

16"
Photo

1.8450
1,838
1.8171
1.8046
1.7945
1.7720
1,7614

1.7549

1,7385

Index of Refraction

A = 3% 327 4gv

Visual

1,76142
1.,75552
1.76514
1.75307
1.74940
1.74745
1.74672
1.74562
1,74126
1.73853
1,73795
1.73788
1.73365
1,73308
1,73307

1.73125

Photo

1,8316
1.8171
1.8045
1.7945
1.7720
1,7614



TABLE IV

CHANGE OF THI OPTICAL CONSTANTS OF /Q'MAGNESIA WITH TEVPERATURE

~
A u(23°) n(2°) an dn/dt x 10°
6563 1,73364 1.73340  0.,00024 1,14
4861 1474742 1.74711  0,00031 1,47
Roeksals 36749
Quartz 0,649

Fluorite 1.22

Calecite 0,071

Dispersion 53,55(23%); 53.80(2°);

dv = 0,85; (dv/v) x 100 0,022



20

ouber components could both be quartz. Since /S-magnasia tranamits
into the ultraviolet, we shell make a preliminary survey of the possi-
bilitiea for its use in the particglar case of a quartz-magnesia
doublet lemnse “

The focal length of a lens with two thin components in conbact is

given by the relation,

. _ 1
ca,(ma_‘1>+ C,(~s-1) 5

which can, in general, be rigorously satisfied for only two wavelengths,

v and r, simultaneously. Seblting wp the two equations end solving for

the constants gives

Co=1/8(Va=Vs) |
/g ov o,_/C.l,,—’-ZLY"’D/A‘A"@.,

Co=tfg (oY)

in which the dispersion V = (Y\OL‘ 1 )/ <nc__ h’f);

@ Ah« ‘—'(h’v'—nr>'

In order to have the focal length constant for all wavelengths,

awn,

it is necessary that P be a constant independent of the wavelength

a
chosen for A=v and A=v, This condition is never precisely fulfilled,

the degree to which it is fulfilled being a measure of the suitability
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of the two materials for combination. The values of this ratio for
various inerements are shown in Teble V, along with values for the
usual guentz-fluorite combination. The table indicates that the sec-
ondary spec@rum.may deviate more for the megnesia-quariz combination
than for the quartz«fluorite combination, A final sppraisal of the
value of /5~magnesia for combination with quartz, as well ag its
value in various combinations with gquartz, fluorite, sylvine, rocksalt
or glass for doublets or triplets, is left to the opticians, It may
be remarked, howevery that fluorite is yearly becoming more scarce,
.50 that there may appesr a need for a cheap ultraviolel achromat
where expense or availability is a grester factor than excellent color

corrections



TABLE V
COMPARISON OF THE RELATIVE INDEX CHANGES FOR A QUARTZ-FLUORITE AND A
QUARTZ=MAGNESIA LENS COMBINATION

_ An . On
'r\v—ﬂq"—An’ AmMé)O h’S'Oz

P-magnesia Quartz Fluorite
‘kv’k‘Kr P15££3 f;i()z' C:an;J ZlY1¥5;c2L ernt:‘hﬁb

2536
4046 00836 0404152 0.,02465 2402 1.69
4046
4340 «00607 «00317 «00190 1.92 1.67
4340
4861 00787 «00428 «00256 1.84 1.67
4861
5460 «00621 «00353 +00208 1.76 1.70
5460
5893 «00834 »00191 »00114 L.75 1.67
5893
6563 «00425 «00233 «00133 1.82 1.75
6563

7065 .00238 »00143 .00081 1.67 1,77



SEALS

If any material is to be wholly satisfactory for windows in a
vacuum absorption furnace, it must be possible to make a vacuum tight
seal between the window material and the tube itself. This seal may
be one of three different types: (1) A fused seal, as between glass
and glass; (2) a chemical seal involving some form of binding mater-
ial, such as the silver chloride seals commonly used with quartz and
pyrex; or (3) a mechanical seal involving mechanical pressure between
the window, a suiteble gasket, and the material of the absorption
tube., Seals involving waxes or greases as vacuun tight lubricants
have been omitted because all such substances now known break down at
the higher temperatures.

All three types of seals have been used with./B-magnesia windows,
Professor R. W, Ditchburns reports having successfully sealed the wine
dows to soda glass. The edge of a thin window was first polished
smooth, and then pressed against or inte a soda glass tube which had
been heated until soft. UThe molten soda glass appeared to wet the
polished//?-magnesia and form the seal, Atbempts to seal a window bew
tween two tubes failed although the windows remained sealed if they
were on the end of a single soda glass btube. S0 far the suthor has
geen no reports of successful seals of Pyrex to//?-magnesia. Unfor-
tunately the coefficients of expansion of Pyrex and/ﬁ-qmmgnesia are

not of the same order of magnitude,

22



23

This type of seal is probably useful for some problems, In
the particular problem under consideration (alkali vapors), it is
useless because alkali vapors attack the glass. Also, the soda glass
has a sufficiently low melting point to limit the useable temperature
to low values,

The author has succeeded in obtaining & seal between:/e-magnesia
windows end pyrex tubes, using the usual silver chloride technique.
The edge of the window was first coated with platinum by means of the
cormerceial product known as "Liquid Platinum." Liguid Platinum is a
brown liguid, probably composed of a platinum salt and lavender oil.
It is used commercially to decorate china, and may be obtained from
china decorators. (Woods & Bailey, los Angeles). A very thin coat
- of the liguid is painted around the outside edge of the window, which
is then heated slowly with a torch to a dull red heat. The 0il evapo=-
rates and the platinum salt decomposes to leave a thin coating of metale-
ic platinum on the windows The pyrex is similerly trested and the two

platinum surfaces ére coated with silver chloride when they are both
at a temperature of about 450° C, The two surfaces are then pressed
together while the gilver chloride is still molten, and allowed to
cools A gimilar sesl was made with al/SQmagnesia window and a steel
tube on the end of which & thin sheet of platinum foil had been sgilver
soldered, Considerable difficulty was encountered in obbtaining good
seals, but this was probably due to the inexperience of the suthor in
this technigues Two of the seals thus made appeared to be strong,

held the vacuum, and remained tight over the period of testing which

Was & WesK or uore.
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Unfortunately, silver chloride is ivself an active reagent. In
the presence of light it gives off chlorine, which attacks most of the
metalse The alkali vapors will reduce the silver chloride, giving
free silver and an alkali halide, For this reason the silver chlor-
ide seals were discarded and not tried in the vacuum furnace. In the
case of glass and pyrex, this type of seal is known to be satisfactory
and to hold up to temperatures of about 400° C.

Two mechanical seals of/ASdmagnesia to steel have been made and
tested, The general design is shown in Fig. l. Since the configura-
tion of the steel outside of the hole into which the window fits is of
no importance, it will simplify matters to assume that the window is
to be mounted in a plain round steel tube. In actual application of
the seals, it will be necessary to have the outside of the steel tube
in some convenient shape such as a bolt, a tapered plug, a thick steel
plate, or other convenient shape for assembling into the spparatus.
The window tested was mounted inside a 3/4 inch cold-rolled steel bolt,
having a 1 inch head and 28 threads per inch, It is of importance to
have the wall of the bolt or tube sufficiently thick to absorb any
strain from the threads, It is sometimes necesssry to tighten the
gteel-aluninum bolt seals with great force, and it is important that
this force should not be transmitted to the window. The window used
was 1/2 inch in diameter (before tapering), and 1/4 inch thick,

The window mounting is performed in an accurate lathe, The
procedure is as follows: First, set the swivel of the lathe to cut a

1° teper., This setting should not be disturbed during the rest of the
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construction, as it is important that all the tapers be identical.
Second, make a brass grinding tool similar to that shown in the
diagrem (Fig. 2), and leave the tool in the lathe chuek. Third,
mount the window on a brass rod with sealing wax (Fig. 3). Place
the brass rod in & three Jawed chuck in the tail stoek of the lathe,
leaving the rod loose in the chuck so that 1% requires only a little
torque to make it turn. 'The reason for this is that the tail stock
.may not be accurately in line with the rotating chuck. With the wine
dow mounted thus loosely, it will center itself as 1t grinds, Further,
a8 the window edges assume the taper of the brass grinding tool, there
will be a Tendency to grab and "freeze"™ the window into the brass tool.
The window will then break loose from its wax unless the rod can ro=-
tate easily. "A window so frozen into the grinding tool is usually
ruined. If the brass rod can rotate easily, the grabbing will only
rotate the rod. The lathe can then be stopped and the window worked
loose without breaking it. By careful manipulation the tail stock
chuck can be tightened until the brass rod and window will not rotate
when grinding properly, but will turn in the chuck if the window shows
any tendency to stick and grab. |

The window having ﬁeen mounted in the lathe, the next (fourth)
step iz to grind the window to the proper taper. A thin paste of
Kumber 320 carborundum in water is used for the abrasive, and the wine
dow is ground until it is apparent that it is'making conbact with the
grinding tool at all pointe on its edge., If the grinding is insuffi-

eient, or if the window tends to wobble, a slightly elliptical window
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will result which will not seals The grinding must be done slowly,
using plenty of grinding material. The actval grinding is very sim-
ilar to velve grinding on an automobile. The tail stock of the lathe
is serewed in and out gently with about 1/8 inch amplitude. During
the very short interval of the stroke when the window is grinding,
the pressure must be very light to prevent grabbing. It was found
difficult to Jjudge the proper pressure by the feel of the tail stock
screw, but by listening o the sound made by the window as it begins
to grind, the correct pressure can be determined, A little practice
will enable one to grind the windows "by ear" with few sccidents, but
8 few prelimivary trials on glass diécs is recommended since the
/Gamagnesia windows are expensive and difficult to obtain. After the
window is ground to the proper taper, the edge is polished by success«~
ive grinding with 400 and 600 cerborundum and tin oxide. This can be
done very quickly by mounting the window {still waxed to the brass
rod) in the rotating chuck of fhe lathe, and using three hardwood
gticks. One stick is charged with 400 carberundun and machine oil,
the next with 60C carborundum and machine oil, and the last stick is
charged with tin oxide, dry, by rubbing the oxide into the wood,
Pressing the wood against the edge of the rapidly rotating window will
produce sufficient polish.

The window having been ground to the shape of a perfect truncated
circular cone, the sixth step is to prepare & thin soft-metal casing
to protect the window and tc serve as a gasket. On two /3~magnesia

windows aluminum was used for one seal and copper for the other,
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The preparation of the collar is best accomplished by boring a
tapered hole in a soft metal rod, using the same 1° taper as for tﬁe
window, The window is pressed tightly into this hole, using the tail
stock of a lathe to produce a sufficient pressure along the axis of
the window, The’/B—magnesia will withstand great pressure when being
foreed into the coller, but it 1s possible to break them so that some
care and judgment must be used to obtain sufficient force without ex-
ceeding the safe limit. Since the thin walls of the soft mebtal will
not withgtand the expansive force of the window, it is best to start
with a rTod about 3/4 inch larger in diameter then the window, After
the window has been pressed in, and while the soft metal is still
mounted in the lathe chuck, the outside of the rod is turned down
with the seme 1° taper. The result is a tapered window tightly fitted
into a tapered protective collar about ,010 to 020 inches thick,

~The final step is to bore a amooth tapered hole in the steel rod
and press the cased window into the hole, With care, the size of the
hole can be made such that the window seats several mm in from the end
of the rod, and is thus protected from accidental breakage as well as
belng surrounded by heat conducting metale.

The tests on these seals hsve not progressed far enough to be able
to say with certainty whether or not the seal stands up for an indef-
inite number of runs. The window using an aluminum casing was the
first one made and tried, and was not as accurately made as the one
uging copper. The window Wés tested by making a series of runs. The

results of these runs are as follows:
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Run 1 « Raise temperature to 5890 and c¢ool back to room
temperature, Small leak in window at end of run,

Run 2 - Press window in with greater forece. Raise temper-
ature to 356° and return, VWindow tight at cnd of rum.

Run 3 « Raise temperaturs to 114° € and return repidly.
Window tight,

Run 4 ~ Ralise temperature o 362° and return. Window tight,

Hun 5 - Raise temperature to 4480 and leave standing st that
temperature for 24 hours. W&ndaw gprang o bad leak
when temperature back to 144 C,

It appears from this data that tight windows may be made with
aluninum casings, and that they will function for a few runs,
Whether this leak was an indication that the temperature limit had
been reached, or whether some physical accident or imperfection ex=
isted which would no%t be present in other such mountings, is not
known, Since aluminum melts at 6600 C, the useful limit of such
mountings must lie below this point.

The second window was mounted in an identical manner with the
first, except that improved workmanship and famillarity with the
method permitted somewhat better contact, Copper was used, since it
has a higher melting point and is epparently inert to some of the ale
kali metals. The final choice between alwmimm and copper or some
other metal will doubtless depend upon the repistance of the soft
metal used to the vapor in the sbsorption tube., ¥or vapors which do
not attack it, copper should be superior because it does not tend to
flow outwards end relieve the pressure on the window, and because it
has a higher melting point., In tests with both copper and aluminum,

failures of the seals always occur on the falling temperature curve,
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This is because the coefficient of expansion of both metals is
greater than that of /Bamagnesia or steel so that the window tightens
with inereasing temperature and loosens with falling temperature. The
log of the runs made with the copperwsealed window are asg follows:

Run 1 - Temperature raised to 424° C and returned, No leaks
during or after the run,

Run 2 - Raised tempersture o 522°. No leaks.

Run 3 - Raised temperature to 585°. Leak, if any, below limit
of detection. ;

The method of testing these windows consisted of mounting them in
one end of a furnace, the other end of which was permanently sealed.
The vacuum system diagrem is shown in Fig. 4« The temperature of the
furnace was raised to the desgired point over a period of sbout 12
hours and then lowered back to room temperature in s similar period.
During the course of the run the rate of drift of the Pirani gauge was
read at frequent intervals, and the rate of leak through the windows
was assumed to be proportional o the rate of drift of the Pirani,
Since the resistance of the Pirani depends upon the conduction through
the filament supports, and since this heat conduction changes by jar-
ring or vibration, it was necessary to mount an elsetric buzzer in
contact with the Pirani bulb, in order to stabilize the rosdings to
within .1 olm in a total change of about 63 ohms, In order to further
standardize the conditions under which this drift was measured, the
same procedure was alweys followed: With all stopcocks open the
Pirani was read and recorded. Then stopcock "AY was closed for 30

minutes and the Pirani reed agsin. It was determined empirically
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that if the Pirani drift was less than 03 ohms per minute during
the Tirst 30 minutes after closing "A", the influx of gas into the
system would not produce a discharge in less than 12 hours. This
was arbitrarily chosen as the boundary between satisfactory and une-
satisfactory performance., The windows frequently held sufficiently
tight so that the drift of the Pirani gauge would be less than three
ohms in 12 hours (.004 ohlms/min.).

A great deal of gas was given off by the furnace walls while the
temperature was rising, and continued to come off as long as the tem-
perature was maintained at a maximum. Since this gas was sufficient
to mask lesks of considerable magnitude, importance is only attached
to a falling drift-temperature curve, Such a typical curve is shown
in Fig. 5 teken from Run 1, with the copper sealed window,

The rapid fall of the curve as the temperature is lowered indi-
cates that the leaks, if any, arve very small. No leak,as evidenced by
a discontinuity in the drift-temperature curve (either rising or
falling), was ever observed to disappear on either rising or falling
of temperature, so that the tightness of the window at the end of the
run may be taken to indicate that the window remained tight during the
entire run. _

Haviﬁg successfully sealed the window into a convenient steel
housing, the problem of sealing this housing into the furnace is not a
difficult one, providing the furnace has been built for the purpose.
Two methods of sealing a metal bolt into the furnace have been

devised., ‘The first and simplest method is shown in Fig. 6, The
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bolt is ecarefully made on a lathe and the hole into which it fits is
recessed so that & soft metsl gasket fits snugly inte the recess. The
purpose of this recesec is %o furnish an unyielding wall into which the
gasket is forced, so that it is prevented from flowing or spreading
out laterally. Attempt;.to form pressure seals without a recess were
all unsuccessful, and even if the gasket seals properly cold, it will
anneal and release the pressure as the temperature rises. Both cop-
per and aluminum have been used for such seals,

The above type of seal is probably the easiest to construct and
the most positive in action of the various steel-to-steel seals that
were tried. However, the furnace as it was originally built was not
provided with proper recesses for use with the gaskets, and it was
necessary to devise some type of seal which would press against a
flat shoulder, not recessed, and which would not release with the
thermal changes. 'This second type of seal is shown in Fig. 7. It
congists of a pure nickel gasket machined with pointed surfaces of
contact. The end of the tube or bolt is pressed tightly against the
gasket, which in turn presses against a ledge provided in the furnace
as shown., Immunity to thermal changes is provided by the similarity
in expansion between nickel and steel.

Both types of seals have besn used in the construction of the
furnace, end have given good service. One nickel seal was used to
e¢lose permanently one end of the furnace tube, and has been in cone

stant use over a periocd of months without leaking, The "stoke-hole"
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and needle valve seats are both provided with recessed soft-metal
seals, and these have also given good service. Either type of

seal requires tightening with a wrench, and the furnace should be
"gnchored in such a manner as to prevent the tightening force from

being transmitted to the pumping system.
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NEZDLE VALVE

the preceding sections have dealt with the development of a
window which can be used to seal the ends of a spectroscopic abe
gorption furnace. These windows have the unique property of being
able to withstend both the heat and the caustic effects of certain
metalic vapors, On first thought it would seem that the problem of
obtaining a sealed chamber in which a wapor can he ralsed to a
given temperature and maintained in thermodynamiec equilibrium is
practically solved, There remains, however, the problems of intro-
duction of the sample of metal and of evacuation control. The
firstdof_thsse ls very simple: The wall of the chamber is made
thick. Through the wall a hole is bored which is counter bored and
threaded so as to permit sealing with a steel bolt and soft metal
gasket as already deseribed. This opening or "stoke hole" has been
in use many months and has never given any trouble. It always seats
firmly and has never leaked. Occasionally, if the gasket is scarred
on opening, it is necessary to replace the aluminum gasket.

The problem of suitable evacuation control is a more difficuld
one. No outlets can be introduced into the tube through which gas
could escape %o the pumps, or into which metal could distil, and thus
escape from the furnasce, Such conditions would immediately destroy
the equilibrium, as well as allow small samples of metal to disappesr

from the absorption chamber. It is desirable to be able to evacuate
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at any temperature, and then shut the furnace off from the pumps fof
the remainder of the run. These requlirements necessitate the design
and congtruetion of a walve which will satisfy the following condi-
tions: (1) It must operste at the same temperature as the furnace,
and preferably within the furnace itself. (2) It must resist the
caustic effects of hot metalic vapors, and of oxygen in the air,.

(3) It must remain tight over temperature changes of several hundred
degrees. (4) It must be rugped and capable of being operated many
times with a certainty that it will seat and seal the chamber prop-
erly each time. (5) It should be easy to operate and simple in
construction.

Experiments have been made on various types of steel needle
valves, in order o determine what design, if any, would best fit
these requiranents. As a result, a satisfactory design has been
evolved, and has now been in constant use for more than nine months.
The essential features of this valve are shown in Figs. 8 and 9,
Fige 8 shows the lower half of the needle valve assembly, including
the needle and seat; while Fig. 9 shows the upper half and operating
mechanism, Details of threads and Joints are omitted for simpliecity.
The dmportant details are the design for the valve seat and needls,
which are shown in Fig. 10, By making both seat and valve from
gtainless steel, a great deal of the corrosion from oxygen at the
higher temperatures may be avoided, In valves made from less re~
sistant steel, the layer of oxide coating became thick enough to

erack, causing the valve fto leak, In building the valve it was
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anticipated that some experimenting might be necessary as well as
occasional replacements. The seat was accordingly designed inside a
bolt, as sbown, and the bolt sealed into the furnace wall with en al-
uminum gasket as already described. It has not been found necessary
to replace the original seat, but it has been removed and cleaned
geveral times, and has never failed to seal properliy when returned

to place.

The operation of the valve from outside the furnace is accome
plished by means of the "Sylphon" bellows and heavy steel spring
shown in Fig. Qa All the motion {(sbout 1/8") takes place in a ver-
tical direction through the bellows, so that the entire assembly is
sesled and does not reguire any ground joints or sitopcock grease with
their attendant difficultiess The thrust is tranamitted through the
gtainless ateel tube, C, so that the force on the valve may be many
times greater than the sylphon itself could deliver. The steel
block, D, is free to move vertically, but is restrained from lateral
displacement or rotation by the supporting posts, E. This further
protects the bellows from undue stress and helps to keep the needle
in line with the seat,

A1l of the limiting conditions have been satisfied in this valve.
The wall of the furnace was made purposely thick { 1 1/4"), so that the
valve is imbedded well below the surface, insuring that the temperature
of the velve closely approximate that of the furnace. The valve ac-
funlly operates and seals within a very short distance from the inside
wall of the asbsorption chamber, Adequete tests have not been made on

the caustic effects of the metallic vapors. However, since iron and
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most of its alloys are vinert and extremely resistant to the alkali
metals and their vapors, it is asémaad that 1little difficulty will be
encountered from that source. Any bad effects from oxidation have had
ample opportunity to show themselves, and so far have nof appeared,

The problem of obtaining constant pressure and tight seals over
a large range of temperature was solved by the use of the spring, S.
The thermal expansion and contraction of the various parts of the
valve will prodliee only very smell c¢hanges in the length of the com=
pression column from top to bottoms Small as these changes are, how-
ever, they are sufficient to greatly alter the siress in a solid, un-
yielding column, The use of the spring allows these thermal changes
to take place without changing the pressure on the needle point by
more than a few percent. In operation, the spring is also used to ob=
tain the ssme pressure each time the needle is seated., Upon first
assembling the velve, the nut, B, is tightened until the required
pressure is exerted on the néedle - usially between two and five hun-
dred pounds. All further operations are performed by loosening or
tightening nut "A", A study of the diagram will show that when A is
tightened, the spriné_; ig further compressed but the needle is raeised,
Loosgening A results in the needle being pressed into its seat, but all
the pressure ig furnished by the spring. This prevents over ambitious
tightening from injuring the needle or seat,

The valve is rugged and pfactically fool proof. With any reason-

eble care, it shouwld last as long as the apparsatus to wbich it is

attached., There are no wearing parts, and the strains in the metal and
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spring are not large enough to cause failure or cracking, The valve
never failed to seat properly or to remsin seated during the tempera=-
ture changes. It has been tested up to 587° C, and has held perfectly
with one atmosphere difference of pressure beltween inside and out., It
may be operated at any temperature and may be opened or closed as rap—
idly as a glass stopcock,

After meking 19 congecutive temperature runs, the valve was dise
mantled to investigate the condition of the needle and seat, All the
stainless steel parts have remsined unaffected by the heat eand vapors
oxcept for a slight discoloration. The metal was clean and shiny and
did not show any scratches or deformation from dust or gritty par-
ticles. No hardened or oxide coating was observed. There was a grey
dust deposited on the valve stem, beginning about two centimeters up
from the point of the needle, which was probably c¢aused by re-condenw
sation of gas given off by the furnace walls. The fact that this
deposit did not appear within two centimeters of the needle-point,
probably indicates that the temperature of the needle was sufficiently
close to the temperature of the furnasce for all practical purposes.

Before leaving the discussion of the valve, two indireet sources
of annoyance should be reported. The conduetion of heat up the sup=-
porting tube is sufficient to raise the temperature of the rubber
gasket to about 100o Ce Since this was considered dangerous, it was
necessary to blow cold alr on the sylphon to reduce this temperature o
around 600. The dismentled valve showed that the rubber had been dried
and charred on,ihe exposed edges, though the rubber which was actually

under pressure and making contact with the steel was in good condition



38

and remained resilient.

The other source of trouble was the junction between the
supporting tube and the furnace wall, shown at J, Fig. 8. In the
present furnace, the junction was arc-welded., This weld has been
a continuous source of trouble., It contracted unevenly when first
made, so as to throw the tube out of line, thereby displacing the
whole valve stem and making further machining necessary. Secondly,
this weld has developed several leaks, and since it is next to the
furnace and hot, it cannot be painted with shellac or glyptal, The
leaks, when they are definitely located, are closed by tepping
sround them with a blunt punch and hammer. This apperently deforus
the steel so as to close the opening in much the same manner as
steel plate joints are calked, In designing this junction it must
be remembered that it will be in tension up to about 500 pounds, so
that whatevei joint is used must not crack or bend under the force,
It may be that an oxy~-acetylene weld would be more satisfactory if
suitaeble preecautions are taken to keep the tube in line, The
thickness of the tube at the base must be at least 1/4 inch, in

order to prevent the weld from puncturing it.



Vil

VACUUM SYSTEY

The preceding sections have described all those improvements
which have been made in ordinary vacuum furnace technique as a re-
gult of this research. In order to use these improvements, they
must be assembled into a suitable furnace with an evacuating system
and means of temperature control, The description of these remain-
ing items is given, not because there is any new contribution to be
made, but merely to show how the advances have been incorporated in
one piece of apparatué $0 produce a furnsce having the desired
charscteristics,

Fige 4 is a diagrem of the vacuum pumping system. As is the case
with most such systems, it was built up by adding one part at a time
as the need for various sbopcocks and gauges areose. If it should bhew
come necessary to rebuild the glass system, or to design another ome,
a few improvements and changes should be made, although the present
system has given very satisfactory service. A ro-designed system is
shown in Fige 4~a. The McLeod gauge has been eliminated because the
Pireni is much more useful for measuring lesks, and for indicating the
gstate of the vacuum. It should be placed as close to the furnace as
convenient, The entire pumping line from the oil pump to the furnace
should be made as short as possible., The stopcocks, S(1) and 3(2),
are particularly convenient when hunting for lesks, or when it is de=-

gired to let the apparatus gtand idle without the pumps running. In
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hunting for leaks by means of a hydro-carbon vapor, the ligquid-air
trap will frequently remove the vapor from the system as fast as 1t
can enter, and if the leak is very small, it will not affect the
discharge. Closing stopeock S{2) will facilitate the hunt. Im
differentiating between occluded gasses and air leaks, the greatest
difference to be noted is that liquid-eir removes most of the oc-
cluded gas but not the gas from an air leak. Opening S({(2) and
leaving S(1) closed will serve to introduce the liquid air trap

into the system being tested. Vhen the system ls allowed to stand
idle, it is often convenient to leave a vecuum inside to prevent
absorption of gasses. If S(2) is e¢losed, the vacuum may be held in
the furnace and metal system without the necessity of keeping liquide
air on the traps, and without danger from mercury vapor. The use of
the Pirani gauge in conjunction with stopcocks S(1) and S{2) has
been invaluable in testing for leaks and in testing the windows for
tightness. The provision of an auxilisry outlet permits the use of
the vacuum system on numerous smell experiments, without interfering

with its major purpose,



VIII

FURNACE

Figure 11 is a diagram illustrating the design of a furnace
which makes use of the windows and the needle-valve as previously
described, It consists, essentially, of a solid stesl rod 3 inches
in diemeter, having a 1/2 inch hole drilled down the center, and
counter~bored and threaded on the ends to take a 3/4 inch bolt with
aluminum gasket, thereby permitting the insertion of the windows.

On top of this furnace the needle valve is fastened, and on one side
e hole is bored to recelve a charge of metal. This hole forms a well,
so that the light path is not obstructed by the so0lid metal forming
the charge, or by any boats which might be inserted.

Since it might be desirable to use double windows, Fig. 12 shows
a method for utilizing interior windows of /8-magnesia, and exterior
windows of pyrex or quartz, A pyrex-aluminum seal, similar to the
ﬁmmagnesia seals, using a 5/4 inch dismeter window, has been made and
tested cold, but has not been tested hot.

The furnasce is heated by means of an exterior winding of chromel
wire, With temperatures baiow 600° C, it was found satisfactory to
wrap the furnace with one layer of asbestos insulating paper on top of
which the chromel wire was wound, followed by one layer of heavy asbes-
tos tape. A further coating of alundum cement may be used if desired.

The remainder of the insulation was furnished by "Celite" bricks
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{diatomatious earth) appropriately carved so as to fit snugly around
the furnace leaving only the ends exposed. At 400° C the furnace and
controlling rheostat consumed 480 watts. At 587° they consumed 605
watts. 800 to 1000 degrees can probably be obtained with this winding
and insulation.

Tightening the window bolts into place 1s usually done by means of
a six inch wrench., This places considerable torque on the furnace it~
self, which is transmitted to the pumping tube, shown at A, Fig. 8.
For that reason, it ls necessary either to design this junction to
withstand the torgue, or to anchor the furnace in some cther manner so
as to release this joint from strain, The latter is probably more
satisfacﬁory, since méchanical strains in a vacuum Joint are apt to
cause lesks even though the jJoint is mechanically strong,

Plate 2 shows the furnace as it appeared when mounted and ready
for use., The upper half of the heat-lnsulation has been ramoved ¢
show the furnace, wound with asbestos tape, and the needle-valve
mounting and sylphon projecting upward :rum the center. A thernow
couple is inserted, through a hole in the side of the furmace, to
within a few millimeters of the inside wall, and the leads brought
out through porcelain tubing, as may be seen in the picture., The
"Stoke Hole" for the insertion of the elkali metal may be seen Just
below the needle~valve mounting and flush with the top of the

insulating bricks,



A Pfurnsce of this.type may be sessily adapted to many types of
problems. An auxiliary tube, brought out through the stoke~hole and
separately heated, will serve as a means of holding the vapor pres-
sure of the metal constant, while heating the furmace above the tem-
perature of the charge to study Doppler~broadening, line width, or
higher energyulevais in absorption. By using double windows, and
ad justing the position of the interior windows, any desired length
of abgsorbing path may be obtained. Uniform temperature msy be obe
tained in this type of furnace by msking the furnace longer than the
absorbing light path, using two windows, and winding the outside of
the furnace (ineluding the needle-valve mounting) with separately
controlled heating elements. Any number of thermowcouples may be
used, since it is not nccessery to have the thermo-couple actually

enter the absorption chamber,



APPENDIX
A
SEALS (Attempbs)

A number of designs for sealing the /3-magnesia windows into
steel tubes were tried before a successful one was found, A brief
description of these attempts may be useful in indicating what did
not work and why they were unsuccessful,

All of the unsuccessful designs were modifications of the
method illustrated in Pig., 13. A ﬁamagnesia window was pressed
against a metal gasket which in turn :éressad against a flat shéulder
in the steel furnace, The modifications of this method were of two
types: (1) - Variations in the shape and materials of the gasket}
and (2) - variations in the method of obtaining suitable pressure,

The alterations in the shape of the gaskels and the results
obtained were:

1l -~ A gasket was formed by pressing a soft metal ving in a
machined die until it assumed the shape shown in Fig. l4-a. The
tests were made on both aluminum and copper. These gaskets sealed
gatisfactorily cold and remained tight at 380° €, but released the
pressure and leeked on reduction of temperature., The leak usually
oceurred at about 250° C. The gaskets were annealed during ths press-
ing proces and also immediately before use. Increasing the pressure
to values approximating the bresking point of the windows did not ime-

prove the operation, and a number of windows were broken in the



attempts.

2 = Gaskets were machined in a lathe to approximetely the shape
shown in Fig. l4~b, Aluminum, copper and nickel were tried. The
angle of the poiﬁt on the gaskets was varisd from 15° included angle
to 30°, and the gaskets were annealed by heating to a red heat and
quenching in water, A properly machined aluminum or copper gasket
sealed cold but did not remain tight when the temperature was raised
and lowered. The nickel gaskets were ‘!?oo hard, even when annealed,
and consistently broke the windows when sufficient pressure was ap-
plied to seal them, This type of nickel gasket, with 30° included
angle on the points,is the type of gasket used succesgsfully with a
pressure seal between steel and steel. A steel "window" of the same
size and shape as the /3-magnesia windows sealed satisfactorily with
these nickel gaskets, and remained sealed over many runs. It was
used as a plug in one end of the furnace,

3 « One attenpt was made with an annular gold ring maede of 1 mm
gold wire in place of the machined gaskets, but it was difficult to
obtain uniform dismeter and hardness. The point of Jjunction of the
ends of the wire was always irregular and usuelly harder than the rest
of the wire, because of the solder used,

4 - It was sugegested by Dr. I, S. Bowen that nickel gaskets

might work satisfactorily if a very thin layer of pure tin could be

melted onto the sharp edges of the gasket so as to form a soft cushion,

If this layer were very thin, it might act as a lubricant and allow

sealing without such high preassures and stlll retain the vacuum at
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temperatures wherq the tin would be a liguid, Some attempts were made
to meke such gaskets, but a suiteble coating of tin was not obtained,
and the gaskets were not given a thorough trial, Potassium forms a
compound with tin, and unless the amount of ¥im present were very
amall, it might fix the potassium vapor and remove it from the absorp=
- tion tube, |
Inaamuch as these attempts all seemed to fall because e? the re~

lease of pressure on the windows as the gaskets annealed further and
"flowed" out in a lateral direction, it was thought that some method
of allowing thermal contrsetion and expansion while keeping the pres-
sure consgtant would rectify the trouble. Accordingly, designs were
mede for a spring to be used in maintaining pressure.

1 ~ The first attempt to use a spring consisted of a erimped
piano~wire washer inserted between the pressure sleeve and
the window, shown in Fig. 15. This was not satisfactory be-
cause the wire lost its spring too easily, and because it did
not furnish uniform pressure around the circumference of the
window,

2 « The next attempt was with a helical spring would of square
wire with the ends ground flets The spring was made of
Se As E. 1095 steel and heat ﬁreated. Unfortunately the maxe
imum pressure available was'only 148 pounds which was inguf-
ficient. Also, the pressure was not uniformly distributed.

3 = Figure 16 shows the design for an "equaliser®™ unit to be used
with various springs to insure even pressure around the winw
dow, It will be observed that the equaliser is 1tself a

spring, since the points of contact on one side are displaced
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90°from those on the other, They were made of tungsten "high
speed" tool stescl, hardened at 2500° F and drawn at 1250° F. A
unit 125" thick gave a displacement of 005" when tested under
500 pounds compression. One whose thickness was ,075" broke
under a foree of 336 pounds,

In order to determine what force would be necessary, two glass
windows were tested in a compression machine. It had been observed
that the pressure necessary to seal the /G-magnesia windows was close
to their breaking point, and it was assumed that glass windows of like
dimensions, mounted in a similar manner, would have a breaking point
of the same order of magnitude. The experience seams to indiecate that
the /3-magnesia window is somewhat stronger than the glass, if it has
no flews or cleavages started. A plate glass window 3/4 inch in diam-
eter by 1/4 inch thick broke with a total force of 533 pounds, and a
pyrex window of similar dimensions broke under a total force of 479
pounds. i I% was accordingly decided to design springs which would |
stand 500 pounds working load

4 - Figure 17 shows the design of a two unit spring with an

equaliser unit meking three live turns, The tests for de=-

flection and forece on these springs gave the following
results:

(a) = One. spring .105" thick - deflection ,022" at 500
pounds loaded six consecutive times and broke on
geventh loading,

(b) = One spring .110" thick - deflection ,020" at 500

pounds loaded ten consecutive times without breaking,
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Temperature runs made with these springs all gave better
results than runs without springs, but they were never sate
isfactory because the windows continued to leak with falling
temporature, and the life of the springs was very short.
Aluminum, copper and nickel gaskets were tried with them,
The springs were finally abandoned in faver of beveled
windows.

The Wallage Barnes Company, Bristol, Comnecticut, were kind
enough to have their Plamning Departwment consider the re-
quirements of these springs. They suggested some arrange-
ment of dish-faced units as shown in Fig. 18, They have

not boen tried, however,



AMP,

215

2.50

225

2.00

178

1.50

128

1.00

15

£
Carres

9. /9
/- 7emoerd

Y/ vré

50

1%

44

25

100

200

300

400

500

600°C



fyua//.',re
fh\d
T

Fressure /77 - \
Wirnoow //oa..fmy\ \ \ Yot Soring ,
W AT RO #essure
_ | Gasker

N

| B
/ AMNRNNNNSLS

_ /‘;9. /7
 Window Mounted With Spring And
| Loualiser

74

-+~

| %// Il
0%

Fr9. /8 .
oring Made from
x Oises

ve-Conve

(e

»

\\\\\\\\\ —Fressure



APPENDIX
B

TEST RUNS

The apparatus being assembled and tight, the next step is to
meke a test run to out-gas the furnace at a high temperature and Ho
see that all the parts function properly and ramain tight with the
thermal expansions. fme procedure is perfectly siraighit-forward,
congisting of raising the temperature to the desired point, and low-
ering it again while watching the pressure changes in the system. A
discussion of some previous test runs may be of benefit:

1 - CURRENT-TEMPERATURE, The lerge heat capacity of the furnace pre=-
vents rapid heating., The furnace is usually startcgd with a
eurrent of about 1.5 smperes, which is gradually increased to
some final value, depending on what temperature was desired,

Pig. 19 shows the equilibrium temperature of the furmnace with
verious values of current. It is usually convenient to start a
run in the morning and allow the current and temperature to ap-
proach the meximum value by evening.- Then, after standing all
night, the furnace will be at its eguilibrium temperature. A
motor-driven rheostat hes been used to gradually raise the current
to a pre~determined value ﬁhare it shut itself off. While this is
a convenience, it is not necessary. Past experience indieates
that it may be possible to start the current at its final value
with no 11l effects, but the experiment has not been tried. The

49



2 v

apparatus must be cooled as slowly as it is heated,
DRIFTSTHEMPERATURE, It is always instructive to take hourly readw
ings on current, temperature, and Pirani-drift while the tamperaf
ture is rising oi falling. The riging drift curve is not of
great significance becausé it depends upon the past history of
the apparatus, presence of oil in the system, etec., and is mot in
general reproducable, It should, however, be a continuous curve,
The presence of any sharp diseontinuities usually indicates a
lesk., After the maximum temperature has been reached, the Pirani
drift will fall slowly with time., Over a period of 12 hours the
drift changed from 1.2 to 1,05 ohms per minute at a temperature
of 430° ¢, Out-gassing is better accomplished by exceeding the
working temperature for a short time, rather then leaving the
furnace at the working temperature for a longer time,

When the temperature begins to fall, the drift curve should

fall rapidly to about .2 olms per minute, and then tail off to
less than .03, Leaks are most likely to oceur on this falling
curve and are evidenced by a discontinuity, or by the slope of
the curve indicating that it will not fall %o zero.
LEAKS, Once a lesk has occurred, it will not close itself., A
leak of any appreciaeble size will draw hot oxygen back into the
system and quickly rust the metal parts as well as boil out the
liquid air, So it is best, when a large lesk is detected, to

¢cloge the needle valve.and allow the furnace to cool before
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attempting ‘to locate or stop the leak, In measuring the drift

it is important not to disturb the state of the system while

_taking the measurement. In particular, putting on more liquid

air while waiting for the Pirani to drift will often cause anom=
alous readings. The presence of too much oil or foreign liquids
in the liquid air frap may cause vapors which look ~.‘l.:l}a:e leaks
when the liguid air is low. It is ocaasiom necessary to
close stopeock "B* and allow the trap to out-gas by warming it
and replacing the liquid air with boiling water, With this
treatment the trap will pump out and the discharge go black in

a few hours, _

THE PIRANI GAUGE. Fige 20 shows the wiring diagrem for the
Pireni. A multiplication ratio of .1 was used on the bridge.

It is obvious that the absolute resistance of the bridge and the
bridge ratio will both alter the Pirani readings with such a
wiring diagrame. A more aceurate arraengement would be to main~
tain the one volt across the lamp terminals, but this involves
road Justing the voltage for every reading. With the arrangement
as used, the Pireni is a continuous reading device, and with any
given bridge and voltage supply will reproduce itself to about
one part in six hundred, which is cloger than the voltege can be
gets Since absolute pressures are not required, the error intro-
duced by maintaining the voltege across the bridge instead of the

lamp is not important. It was observed that the Pirani altered
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its readings over about five ohms, depending upon the vibration
of the table and any sudden jars. To stabilize this effect,
which 1s caused by altered thémal contacts, a buzzer was mounted
on the Pirani and allowed to vibrate during all readings,

5 « The following extract from the log of one run may be useful in
comparing with the firsé few runs after assembling the apparatus,
and shows the behavior of the apparatus when there sre no lesks,
For comparing the Pirani-drift values with other gauges, it was
observed that when the furnace was cold, a Pirani-drift of .032
ohms per minute from an air leak would produce a visible discharge

in about 12 hours.

Oct, 15 = 5:00 P, M, Made new window mounting and f£it new window into
it using copper instead of 4l, Pumps now pumping
and system black. Rubber stopper in furnace,

Octes 16 -~ Furnace tight. Insert new window with rubber gasket to test
window,
2:08 Pe Mo Piranl drift - ,02. Conclude window is tight,.
Remove rubber gasket and put in new nickel
gasket,
3:10 P. M. System tight, start run.

Time Tampe Current Pilrani~Drift

2145 P 26 °C 1 amp. Automatic rheostat running
11:07 290 2426 »406 ohms per min,



Time Tempe

October 17
9:10 4 484° ¢
10:15 37%
11:15 345
12:00 N 307
2:50 P 202
4123 160
5:32 140
7:35 P 86
7:55 P 78
October 18
10:08 A 26

Current

Pirani-Drift

»468 ohms per min,
o173
«083
«066
021
012
+000

«000
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Set 1 at 2 amps and
start rheostat back.

Current off.

Close systam from pumps.
Pirani reading =~

179.5 ohms

Pirani resding -
gystem closed all
night -« 180.3 ohms.
This apparent negative
drift is probably due
t0 the cooling metal
resbsorbing some of
the gasses in the
system, thus improve
ing the vacuum,





