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1. Introduction.

In the handling of volatile liquids and liquefied gases and in the manipula-
tion of gases in general in the laboratory, it has been found very useful
to have a method for connecting glass and metal tubing by means of a
joint which combines the qualities of mechanical strength, resistance to
internal pressure, tightness and stability over a considerable range of tem-
perature and which also is suitable for use with a variety of gases. Several
methods possessing the above qualities in various degrees have been in
use in the laboratories of the Bureau for a number of years. The prinei-
ples involved in these methods are not new, but in view of the possible
wide applicability of joints of this type in laboratory work and their very
limited use up to this date, it is desirable to bring together in one place
the necessary information for making full use of them. In conjunction
with proper auxiliary devices such as metal unions and valves, either of
the needle or diaphragm type, a method is provided for joining metal to
glass or glass to glass in such a way that in connecting and disconnecting,
if proper care is used the weight of each part remains unaltered.

"T'he purpose of this paper is, first, to give a detailed account of the best
methods for the construction of these joints so that they can be repro-
duced by others; second, to give the results of certain tests upon them:;
and finally, to outline some of the applications of the joints in laboratory
work.

2. Earlier Work.

The 2 types of joints considered in this work which possess the quali-
ties mentioned above are the platinized glass-tin-metal joint, and the di-
rect glass to metal joint.

Rontgen? soldered into a sheet of metal, a piece of glass, several sq. cim.
in area which had been platinized by Dode’s method. The plate was then
dipped into boiling water without injury to it. Solder was observed to
cling very tenaciously to the platinized surface, but by too long contact
with the melted solder the platinum was dissolved from the surface of the
glass. ‘These observations have been corroborated by us.

Kundt is referred to by Kohlrausch? as the discoverer of the process of

1 Published by permission of the Director of the Bureau of Standards.
? Rontgen, Pogg. Ann., 150, 3313 (1873); Dingl. Poly. J., 211, 136 (1873).
# Kohlrausch, ‘“Lehrbuch d. prakt. Physik,” 12f¢ Auflage, 1914, p. 37.
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soldering metal to platinized glass, which had been covered electrolytically
with copper. The original publication on which this reference is based
has not been found. As one of the foremost experimentalists of his time,
Kundt may very well have discovered this process though no trace of it is
found in his publications available to us. The procedure used in platin-
izing glass is the subject of many publications in the period from 1859 to
1870, ‘The older work has to do with platinizing by means of a colloidal
solution of platinum in lavender oil, while later publications are confined
largely to platinizing by means of the cathode discharge, which is pre-
ferable for mirrors.

Cailletet! described a joint between glass and metal tubing made by
covering platinized glass with a coating of copper electrolytically and
soldering it into the metal tube as if it were metal. Adequate directions
are given for making this joint, and he reported that on his apparatus
for the liquefaction of gases a joint of this character, the size not being
given, held 300 atmospheres internal pressure. Very little use of this
valuable joint has been made since that time, particularly for high pressure
work with gases. The Cailletet joint has been used at this Bureau for
many years, especially for joining metal thermostat parts to the glass
U-tube in which the mercury is actuated, and for sealing metal resistance
thermometer bulbs to glass.

Very recently Koenig? has used a joint somewhat similar to the Cailletet
joint, to join a glass manometer to a steel osmotic pressure cell. The
glass tube was roughened by rubbing with glycerol and emery dust. It
was then platinized by painting on a mixture of about two parts of ether
to one of alcohol containing 3% of platinic chloride and 29, of stearic
acid. After drying, the coated glass was heated gently in a Bunsen
flame until a platinum coating was obtained. The platinum was first
plated electrolytically with gold and then with nickel. A strip of zinc
foil was wound around the nickel and soldered into place. This tube
was then soldered to the steel cell.

The glass-platinum joint in the form in which a platinum wire is sealed
into glass is one of the most familiar of laboratory devices. Joints in
which a glass tube is fused to a platinum tube have been in use for a num-
ber of years in resistance thermometers of the calorimetric type.? Traverst
attributes this type of joint to Callendar, and describes its construction.
Karrer® has also recently described this type of joint.

A direct glass-to-metal joint was devised by C. A. Kraus.® Its prepara-

! Cailletet, Séances Soc. franc. phys., 1890, p. 242—3; Séance, Dec. 19, 1890,

2 Koenig, J. Phys. Chem., 22, 461 (1018).

¢ Dickinson and Mueller, Bur. Standards Bull. 9, 486 (1913); (Sei. Paper 200).
4 Travers, “Hxperimental Study of Gases,” p. 22. Macmillan and Co., 1901.

8 Karrer, THIs JOURNAL, 40, 928 (1918).
8 U. 8. pat. 1,046,084, Dec. 3, 1912,
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tion and application to the construction of many ingenious pieces of ap-
paratus have been frequently described by him in his lectures throughout
the country. Primarily designed for introducing large electrodes into glass
vacuum tubes, its usefulness in the laboratory was readily apparent.
The procedure as worked out has been applied only to joints between soft
glass and iron or steel. A flux glass of low melting point is applied to the
metal surface, to dissolve the metallic oxide and the metal to some extent,
and thus give very intimate comntact with the glass. The flux is applied
to the inner side of the metal tube and the seal is then made to the flux
glass.

For some years E. O. Sperling, glassblower at this Bureau, has success-
fully made soft glass to steel joints without the use of a flux glass. In
this case it is necessary to heat the steel much hotter. The soft glass acts
as its own flux, though it dissolves the iron oxide to a much smaller extent
than is the case in the Kraus joint.

3. Construction of the Joints.

A. Soldered Joints.—The following procedure in making these joints
has been used with gratifying results. Although, as will be shown later,
it is possible that certain steps may be omitted without interfering ser-
iously with the strength of the joint, the procedure as given has been found
to give certain and reliable results. It has been applied only to the join-
ing of glass and metal tubing. The glass tube is so chosen as to fit snugly
for from 15 to 20 mm. of its length into the metal tube. It is convenient
to have the end of the glass tube fit against a shoulder in the metal tube
as shown in Fig. 1a. The inside of the metal tube is tinned up to the
shoulder with commercially pure tin, leaving a slight excess of tin on the
surface, particularly if the tubes do not fit very closely. In place of tin,
common solder or pure lead has been used successfully. The glass tube
after roughening slightly with sand or emery paper is platinized over a
fength of 20 mm. or more by applying a colloidal solution of platinum! in

! Several methods for preparing this solution, which has been extensively used for
the preparation of platinum mirrors, have been proposed. Practically every method is
some variation of the original solutions patented in FEngland by Basserot in 1859
(“Repertory of Patent-Inventions, Jumne,” 1859, p. 485; Dingl. Poly. J., 153, 42) and
in France by Dodé in 1865 (described by Salvétat. Bull. Soc. Encouragement, Sept.,
1868, p. 526; Dingl. Poly. J., 177, 79). Solutions prepared as follows have been found
very satisfactory. 1. Ten per cent. platinic chloride solution, equivalent to ome g.
of platinic chloride, is evaporated to dryness in a porcelain evaporating dish, and dis-
solved in a minimum quantity of absolute aleohol. ‘This solution is added very slowly
with stirting to 6 cc. of lavender oil in a container cocled in ice. Burgundy pitch is
added to the warmed solution until the latter has the desired consistency. 2. One part
of pure neutral platinic chloride prepared by evaporating the 109, solution to dryness
is moistened with a few drops of absolute alcohol and ground finely in an iced mortar
with 10 parts of lavender oil, adding the latter gradually in small quantities. 3. (As-
cribed to Kundt by Kohlrausch, “Lehrbuch der prakt. Physik,” 12f¢ Auflage, 1014,
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lavender oil mixed with Burgundy pitch. Omne or two drops of this mix-
ture are applied to the slightly warmed surface and flowed into a film,
which is then heated carefiilly to drive off the volatile material, and finally
heated to an incipient red heat to burn off the carbonaceous material
and fuse the platinum into the glass.

Omne application of any of the platinum solutions made up as described,
is generally sufficient. If the coating seems too thin, the operation may
be repeated. Using a slightly acid solution of zinc chloride as soldering
flux, the two parts are heated gradually over a Bunsen flame until the tin
is well melted. The glass part is inserted into the metal tube and the
whole is allowed to cool slowly and uniformly. The platinum surface
should not be tinned before making the joint as the platinum is likely to
be removed in this operation. Much less care is required in platinizing
and in making the joint if Pyrex glass tubing is used. )

Joints have been made by this method with glass tubing up to 40 mm.
external diameter, but the smaller sizes are much more easily made.
Wall thicknesses of metal tubing from o.5 to 2 mm. have been success-
fully used, but the lesser thicknesses give more certain results. Iron,
steel, copper, brass and nickel have been successfuily used, the only re-
quirement being that the metal part must be wetted by tin.

B. Fused Joints.—Glass-platinum joints have been made with
platinum tubing of either o.1 or 0.15 mm. wall thickness. The glass
should preferably hiave the same coefficient of expansion as the platinum.
The best joints so far made were of Jena 3977 glass, although one fairly
good joint was made with Pyrex. The platinum forms the inner member
of the joint and the length of the seal is usually from 5 to 10 mm. The
construction of the joint requires skill in glass blowing but no special
manipulation. There are numerous references in the literature to joints
of this kind.

The flux for the Kraus joint is made by melting in a crucible equal
parts by weight of zinc oxide, borax and powdered soda glass. The flux
may be drawn or cast into rods for convenience in use. Its composition
and use are covered by patent.

A method of making such joints which is particularly applicable to
large tubes is described in U. 8. Patent No. 1,046,084 by C. A. Kraus.
Joints of the smaller sizes are comparatively much easier to make and
p. 37). One g. of platinic chloride is dissolved in 3.5 cc. of absolute alcohol. Ten cec.
of a concentrated alcoholic solution of boric acid is added and the whole is treated with
25 cc. of a mixture of lavender oil and Venetian turpentine in proportions to give the
desired consistency. For giving a coating suitable for joints of the character described
in this paper, the consistency of the platinizing solution ig of little importance. Plat-
inizing solutions which have been kept for several years gradually thicken when exposed

to the air but deposit no platinum, and can still he used with satisfactory results.
! The Corning Glass Works also make a special glass for sealing to platinum,
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considerable variations in construction are permissible. The metal
shell has been made in a number of different shapes, some of which are
shown in Fig. 1. Kraus uses a spun shell of steel (Fig. 1d). The spun
shell is lined with a thin layer of flux and then with soda glass by blowing
the glass into the shell. The glass tube to be sealed in is flared out to a
flat ring of a width equal to from one to three times the thickness of the
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wall of the tube. The plane of this ring is normal to the axis of the tube.
The tube and shell are heated and the tube introduced into the shell so
that the edge of the ring presses against the shoulder in the shell. Fusion
is completed by heating the outside of the shell, in such a way as to keep
the glass tube cool enough to avoid deformation.

The construction described has been simplified in various ways. The
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necessity of using a shouldered shell may be avoided by the use of a conical
shell (Fig. 1¢). Cylindrical shells flared at the end have also been used.
In these the lining of soda glass may be omitted, its function being per-
formed by the outer part of the flared ring on the glass tube which is de-
formed on insertion, as shown in Fig. 1f. A simple cylindrical shell
with the glass pressed against the bottom of the shell as shown in Fig.
1g has also been successfully used. In all cases, the flared ring should
meet the outer member at nearly a right angle. It is not essential that the
metal shell be thin.

Attempts at this Bureau to make joints between metal and Pyrex glass
or porcelain have so far been unsuccessful.

4. Auxiliary Metal Parts.

The metal caps used in making the joints are made of such form that
connection to other apparatus can be conveniently made. The simplest
form of cap is one into which a metal tube is brazed or soldered. More
generally useful forms are those which have a threaded connection which
forms one member of a union. Several of the types of caps which have
been used are shown in Fig. 1. In quantitative work with compressed
and liquefied gases the ordinary stopcocks are not applicable, and valves
must be used instead. The 2 types, a needle and a diaphragm valve,
which have been most used, are shown in Fig. 2. An important feature of
these valves is their small size and light weight. The needle valves are
preferred except where the presence of the packing may prove objec-
tionable; since, on account of the manner of seating, the diaphragm is
not as easily closed and the closure is likely to be affected by small irregu-
larities on the seating surfaces.

The valves are screwed into the metal caps, with a tin washer to make
the joint tight. Metal to metal joints, which, if the proper care is used,
may be made and broken without changing the weight of either part, are
satisfactorily made by the union shown in Fig. 2¢, which has a tin washer
between the 2z metal surfaces. A fiber washer may be substituted for the
tin in cases where contamination of the material will not result.

5. Tests of Joints.

Joints of this type have been used for several years for a variety of pur-
poses which required them to be vacuum tight and to hold pressures up
to 50 or 60 atmospheres. In addition, a few tests in which they were sub-
mitted to extreme conditions have been carried out. The pressure was
attained by means of a hydraulic gage tester and the pressures could be
read to about 5 atmospheres and held stationary for a short time. The
limit of the apparatus was 400 atmospheres, a pressure well above the
safety point for glass tubing in general.

Soldered Joint.—The internal pressure at which a joint of this type
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disrupts will depend upon the form and material of the metal cap, the
manner of soldering, and the thickness and uniformity of wall of the glass
tubing. Most of the tests were carried out on joints of the dimensions
found most useful in our laboratory work, that is a steel or brass cap
(Figs. 16 and ¢) with wall thickness of 0. 5 mm. and glass tubing of 8.5 mm.
external diameter and from 6 to 7 mm. internal diameter. In addition
tests were carried out to obtain some information on the effect of each
of the main factors involved. A considerable number of joints of this
size, made as described in the section on construction of joints, which were
first tested and found vacuum tight, were disrupted at pressures ranging
from 100 to 220 atmospheres, the glass tubing shattering in every case.
When a brass cap and capillary glass tubing of 1 mim. bore were used,
the tubing was forced out at 250 atmospheres. When a steel cap was
used, joints with such capillary tubing still held at 400 atmospheres. Two
joints made with glass tubing 11 mm. outside diameter and about r mm.
thick (but rather non-uniform) and with brass caps, held to 140 and 160
atmospheres, respectively. One joint with a steel cap 2 mm. thick, was
much more difficult to make tight, but held to 320 atmospheres, when the
glass shattered. Joints made with tubes up to 40 mm. in diameter have
been found to be vacuum tight. Joints made with steel or brass caps
were repeatedly immersed in oil at 200° and cooled in air after each im-
mersion without any noticeable effect upon their ability to hold a vacuum
or internal pressure. When 4 joints thus treated were subsequently
tested, the glass tubing shattered at from 130 to 200 atmospheres. Joints
exposed to liquid air temperatures were vacuum tight at that tempera-
ture and remained so on warming up to room temperature.

No specific tests were made to determine the resistance of the joints
to mechanical shock. However, experience in the use of this joint has
shown no case of breaking except where the glass tubing itself might well
be expected to break.

Certain modifications in making this type of joint were tested. In
order to obtain good results it does not seem necessary to roughen the
glass before platinizing. Joints can also be made without platinizing
the glass. Six joints were made in this way, using brass caps in all cases
and capillary glass tubing. In 3 cases where the glass was roughened,
the tubes blew out at 8o, 100 and 150 atmospheres; in 3 cases where the
glass was not roughened, the tubes blew out at 160, 170 and 230 atmos-
pheres. It seems probable that roughening the glass without subse-
quent platinizing merely interrupts the continuity of contact between the
tin and glass, thus decreasing the strength. ‘The tin appears to wet the
glass and the strength of the unplatinized joint is probably due to that
phenomenon rather than to the soft metal acting as a washer between the
brass or steel and the glass. Inspection of the platinized joints after sepa-
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ration of the glass and metal shows that the tin flows on and clings to the
platinized glass as if the latter were entirely of metal. More reliable
and apparently stronger joints are, however, more easily obtained with
the platinized glass, since in only one case with such glass was it possi-
ble to blow out the tube before the glass shattered. Soit solder (*/; lead
and !/, tin) may be substituted for tin, but the joint will be more diffi-
cult to make and the result will be less certain.

Four joints were made using pure lead as the solder between the thin-
walled platinized glass and the steel cap. When tested the glass tubing
shattered at from 175 to 275 atmospheres. A similar joint using capil-
lary glass tubing held up to 400 atmospheres when the glass tubing shat-
tered. A lead joint will remain vacuum tight up to 250°.  Six joints were
made according to Cailletet’s directions; that is, platinizing the glass,
copper plating the platinum, and then soldering the copper plated glass
to the metal with tin. When tested they failed between 200 and 3oo at-
mospheres pressure, the glass tubing being disrupted in every case. The
joints were made by nickel-plating the platinized glass and then soldering
the nickel-plated glass to the metal, using tin as solder. These joints
held to almost 300 atmospheres when the glass finally disrupted.

Fused Joints.—ZFailure in the construction of joints of the Kraus
type is at once evidenced by cracks or by the glass tube shattering at com-
paratively low pressures. To allow for the proper disposition of the seal
in joints of this type in a steel tube g mm. internal diameter, the external
diameter of the glass tube must be not more than 7 mm., thus making the
internal diameter of the tube considerably smaller than in the case of the
soldered joint. Joints of this character hold {rom 70 up to, in a few cases,
360 atmospheres. It appears, however, that the tube fails first at the
joint. In one case a crack was heard at 20 atmospheres, but the joint
held to 60 atmospheres. ‘The experience at this Bureau with this type
of joint indicates that it is somewhat more difficult to make, and is con-
siderably more fragile than the soldered joint. It has rendered best ser-
vice where it can be clamped into position, or where it is to be used with
mercury, since mercury attacks the solder in a soldered joint. Joints
made without flux glass have been successfully used in such cases, and
have held pressures of many atmospheres. Joints of this type are put to-
gether at a temperature very much higher than that at which they are
to be used. In spite of the great strains undoubtedly existing in the glass
tubes near the joint, they have given surprisingly good results both in
handling and in their resistance to internal pressure.

No test of the glass-platinum joints under pressure were made. Joints
of this type were not injured by repeated immersion in the vapor of boil-
ing sulfur (445°) or in liquid air (-—190°).
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6. Applications.

A.—The soldered joint was devised for and has been used mostly in
connecting glass bulb containers to metal valves, thus permitting the in-
troduction, observation, withdrawal and accurate weighing of compara-
tively large quantities of liquefied gases under pressure. It has been
very useful in conducting the analysis and testing of liquid anhydrous
ammonial in which bulbs up to 125 cc. capacity have been employed. A
metal to glass joint made with hard de Khotinsky cement will hold liquid
ammonia for at most only a few hours. Keyes? has employed a shellac
and oil of tar composition for this purpose, but says nothing as to the
length of time it resists the action of ammonia. Round-bottom flasks of
500 cc. capacity with necks drawn down to 9 mm. outside diameter have
served in the handling of ethyl chloride (Fig. 3¢). Small bulbs up to 10
cc. have been used in handling liquid carbon dioxide (Fig. 3b).

b Small buld

N\

(3¢} Prenometer
F16.3 JWustration of use of glass-metal joints. Scale one lhyrd 7ull size.

By Contarmer

B.—Inasmuch as it was found that the containers mentioned above
could be weighed reproducibly to o. 1 mg. and with proper care in handling

1 R. C. McKelvy and C. S. Taylor, Am. Soc. Refrig. Eng., 3, 36 (1917).
? Keyes, Tuis JOURNAL, 40, 28 (19:8).
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and the proper type of valve, remained constant in weight for long periods,
similar apparatus was constructed with a graduated capillary to serve as
a picnometer in determining the density of liquefied gases and volatile
liquids (Fig. 3¢). With due precautions and the necessary correctiomns,
picnometers of this kind have given results on the density of liquid ethyl
chloride at 25°, which are reproducible with precision and are in excellent
agreement with determinations carried out in sealed glass dilatometers.
A few determinations of the density of liquid ammonia and of liquid
methyl chloride have also been made with this container.

C.—This type of container has been applied to the determination of
the density of ammonia under normal conditions of temperature and
pressure by using it as a small easily weighed container into which the gas
can be condensed from the calibrated bulb of large volume in which the
temperature and pressure of the gas are measured. A somewhat similar
method was first used by Prof. E. W. Morley! in determining the density
of hydrogen, and by Maass and Russell.? It was found that the tube
containing the liquefied gas under its own vapor pressure, and the empty
container, could be weighed with great reproducibility when the neces-
sary care and precautions in making and breaking joints were observed.
The advantages of such a method are readily apparent.

D.~The Kraus joint could doubtless be used for the above mentioned
applications, but it has been mainly applied to uses not involving the
weighing of the part.

Both types of joints have been applied to the following uses. First,
to connect apparatus such as steel cylinder used for fractional distilla-
tions at high pressures, to glass apparatus in which distillations at
pressures below atmospheric are conducted. In this way contamination
in transfer may be avoided. Second, in making up by a direct weighing
procedure binary mixtures of known concentration of liquefied gases or
volatile liquids.

The Kraus joint has been successfully applied in the construction of a
multiple U-tube mercury pressure gage® for the reading of pressure differ-
ences up to 15 atmospheres, where it was necessary for mercury to pass
through the joint. Such joints are regularly tested to 140 atmospheres
pressure. Similar joints of a variety of sizes have been used with suc-
cess in the construction of apparatus for use in the calorimetry of gases
where the joints are required to be vacuwm tight and resistant to internal
pressure over a considerable range of temperature.

The joints made without flux glass have been applied successfully to
apparatus for measuring by the static method vapor pressures up to 3o

+ Morley, Smithsonian Inst. Pub. Contributions to Knowledge, 980, 64—72 (1895).
2 Maass and Russell, THis JOURNAL, 40, 1847-32 (1918).
? Dickinson and Meyers, Bur, Standards Bull. (to be published shortly).
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atmospheres, under conditions where the possible passage of mercury
must be provided for. These joints were tested to 50 atmospheres be-
fore use.

Acknowledgments are due to H. F. Stimson and C. H. Meyers, of this
Bureau, for assistance and suggestions.

v. Summary.

1. Methods for the comstruction of 2 types of metal to glass joints
have been given together with the results of tests upon their behavior on
handling, their vacuum tightness and their resistance to internal pressure.

2. A reproducible and quantitative method for making and breaking
connections between metal and glass or glass and glass is given.

3. Several types of apparatus aund laboratory work in which these
joints can be successfully used have been outlined.

WasziNeron, D. C,
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A CALORIMETRIC METHOD FOR STANDARDIZING THERMO-
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In 1915 Dr. Thorbergur Thorvaldson, in collaboration with one of the
present authors, showed that it was possible to calibrate an interval in
the thermometric scale near the temperature of the room with considera-
ble accuracy by means of a definite chemical reaction repeated step by
step at intervals over the scale.* This method (which demands only
very simple apparatus) might serve, when properly carried out, a useful
purpose for those whose experimental appliances are limited. Neverthe-
less, the change in heat capacity, and of heat of reaction with the tempera-
ture, cause complications in the caleculation; and these data demand more
thorough study as to their details before the method can attain the high-
est accuracy of which it is capable.

Another somewhat similar method is the subject of the present paper.
In this method, the source of energy is not a chemical reaction, but rather
electrical energy supplied at known voltage through a definite constant
resistance. The method consists simply in thus supplying heat in suc-
cessive small equal quantities to a calorimeter, noting the reading of the
thermometers produced by each step. From the known heat capacity
of the system, the rise of temperature which ought to occur is easily cal-
culated. The comparison of the actual rise in each case with that calcu-
lated should give the error of the thermometer over each imterval con-
cerned. The accuracy clearly depends first, upon the accuracy of meas-

1 Richards and Thorvaldson, THis JOURNAL, 37, 81 (1915).



