















































Hard glass (A) would match either the metal or the soft glasa (B)
but the soft glass {(B) would not match the metal.
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Glass-Metal Combinations

Let us look now at some of the specific glasses and metals that
are of practical interest for sealing. Figure 5 gives some typical metal
elongation curves and shows the range of expansion encountered in
the various metals that are normally considered for sealing. The low-
est of these is tungsten with an “expansion’” of 45 x 10-7/°C and the
highest is aluminum with an “‘expansion” of around 250, The highest
expansion metal for which we have a matching glass, however, is iron.

You may wonder why Dumet, which is the most important seal-
ing metal commercially, does not appear in the plot. This material
is not homogeneous but consists of a nickel-iron core enclosed in a
copper sheath. The expansion along the length of the wire is different
from that along the diameter so it is impossible to represent its be-
havior in any simple way.

You may also be puzzled by the fact that Invar is not regarded
&s the lowest expansion sealing metal. You will note, however, that
8 curve turns up sharply around 250° to 300°C so that the elongation
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Vycor Brand Glasses

M. E. NoRDBERGC
Comning Glass Works

For decades glass technologists have been searching for glasses
with higher resistance to heat shock and to deformation at high
temperatures than is found in ordinary commercial glasses. Fused
silica is an ideal glass in many ways, but it is difficult to produce in
clear, bubble free form. In one method, pure Brazillian quartz is
ground and melted in vacuum at very high temperatures and then
subjected to pressure to collapse the remaining bubbles, Even at the
high temperature the glass is viscous and release of bubbles is slow.
Other methods also involve use of very high temperatures. After
melting, one is still faced with difficulties in forming. These difficulties
can be surmounted in tubing, sheet or certain bulb forms which can
be made by drawing or blowing operations. Pressed ware, however,
can be made only in crude forms since the temperature required for
. pressing is beyond the range of known materials for molds and
plungers.

This discussion pertains to glasses with the desirable properties
of fused silica which have been on the market for over 15 years under
the trademark, VYCOR. Its aim is to describe these glasses and
explain why glassblowers are, more and more, being asked to work
with them.

Process of Manufacture

VYCOR Brand 96% silica glasses are prepared by a unique
process which circumvents the need for extremely high temperatures
in melting and forming. A relatively soft alkali-borosilicate glass is
melted in conventional manner and is then pressed, drawn or blown
into the desired, but oversize shape. The resultant article, sometimes
after additional finishing operations, is subjected to a heat treatment
above the annealing point but below that temperature which would
produce deformation. During this heating, the glass separates into
two continuous, closely intermingled, glassy phases. Opalescence
results on prolonged heating. One phase is rich in alkali and boric .
PXide and is readily soluble in acids. The other is rich in silica and
18 insoluble.
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gimilar in other properties to the clear glass from which it was made.

Properties of Porous Glass

Many laboratories have shown interest in the intermediate por-
ous glass. It has been used experimentally as a membrane for the
separation of gases and liquids, as a semipermeable membrane for
osometers, an ultra filter, molecular sieve, adsorbent, catalyst support,
and salt bridge in electrolytic cells. In addition, it has served in
tundamental studies of gas and vapor adsorption, light scattering,
infrared transmission of absorbed materials, flow of liquid helium at
very low temperatures and other phenomena associated with porous
materials,

Properties of porous glass are shown in Table I. Another way of
indicating the large surface area arcund the pores is to say that a
cubic inch of the glass has a surface area of 1% acres. The pore
diameter could be expressed as a sixth of one millionth of an inch.
Water content of the glass will vary with the relative humidity of
the ambient atmosphere and can reach a maximum of 25% of the
weight of the glass after firing.

TABLE 1

Properties of Porous Glass (Code 7930)
Average Pore Diameter Approzimately 40 Angstrom units (a.u.)
Surface Area Approximately 2 x 10¢ 3q. cm/gm
Total Pore Volume 35%
Water absorption 259,
at saturation

If the glass is rapidly heated, water is expelled violently and the
glass shatters. It can, however, be heated slowly without breakage.
Figure 2 shows the change in length of porous glass bars heated for
extended times at 700°C, 800°C. and 900°C. If porous glass is to be
used at an elevated temperature, it is usually desirable to stabilize
it by pretreating at a somewhat higher temperature.

Figure 3 shows the rate of flow of water and acetone through
porous VYCOR Brand glass discs. The flow rate is extremely small.
It decreases almost linearly with increasing thickness and is greater
for acetone than water as a result of lower viscosity of the former.

flow of gases is considerably faster as shown in Table II. Flow
rates may vary some from one lot of glass to another; values given
are approximate. The differences between hydrogen and oxygen rates
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indicate that mixtures of these gases can be separated by diffusion
through porous glass. Thin walled porous glass tubes can be supplied
with one or both ends fired to permit sealing directly to silica or
VYCOR Brand glass systems or to other glass systems with inter-
mediate graded seals.

TABLE 11

Flow Rates through Porous Glass
Flow Constant ml/sq
cm/atmosphere of
Fluid pressure/hr

Water 0.00065
Acetone 0.0018
Oxygen 4.0
Hydrogen 19.0

Properties of Final VYCOR Brand Glasses

Qutstanding properties which set VYCOR Brand glasses apart
from more conventional commercial glasses are as follows:

1. Heat shock resistance is extremely high. Ware can be re-
peatedly heated to redness and plunged into water without breakage.

2. Deforming or softening temperatures are high.

3. Light transmittance can be high from wavelengths below
2000 angstrom units in the ultraviolet to 3.5 microns in the infrared.
Solarization or loss in transmission due to exposure to ultraviolet
radiation is low. For this reason, the output of radiation from ultra-
violet lamps with VYCOR Brand envelopes can remain high.

4. Electrical resistance is high and power loss is low.

5. Chemical durability is excellent in neutral and acid solutions
and relatively high in alkaline solutions.

In Table III, physical properties of VYCOR Brand glass No.
7900 are compared to those of PYREX Brand glass No. 7740 and of
fused silica. The average expansion coefficient of No. 7900 glass is
about one fourth that of the heat resistant glass No. 7740 and but
8lightly higher than that of fused silica. Above 300°C and up to the
annealing range the expansion coefficient of No. 7900 glass is still
lower and about equal to that of fused silica. This is as shown in
Figure 4, The softening temperature of VYCOR Brand No. 7900 is
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The high ultraviolet transmittance of glass No. 7910 is compared
to that of conventionally melted glass in Figure 5. Since about 8%
of the incident light is reflected from the surface, the mazimum pos-
gible transmittance is 92%. Of special importance is the high trans-
mittance at a wavelength of 2537 a.u. since this is the wavelength of
the principal radiation from mercury vapor bactericidal and other
low pressure lamps. VYCOR Brand No. 7912 glass will transmit
gtill shorter wavelength radiation. Transmittance at the very short,
ozone producing, mercury line of wavelength 1849 a.u. is at least 2%
through one millimeter thickness of glass.
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Figure 5 — Ultraviolet transmittance; curve (A) VYCOR Brand No.
7910; (B) No. 7910, solarized; (C) PYREX Brand No.
9741; (D) No. 9741, solarized; (E) PYREX Brand No.
9700; (F) PYREX Brand No, 7740,

It is difficult, if not impossible, to produce a satisfactory glass
by conventional melting methods which has a high transmittance
value at wavelengths as short as 2537 a.u. even “after prolonged ex-
Posure to ultraviolet radiation. This can be accomplished in VYCOR
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A second type of strain occurs during heating or cooling glass
if one part of the glass is at a different temperature from other parts.
This type i8 similar to that occurring when glass is cooled after flame-
working; but, unless the glass has been heated to the point where it is
soft, there strains will disappear as soon as the glass comes to the
same temperature throughout.

A third type of strain is set up when two pieces of glass of
different cxpansions, or glass and metal of different expansions, are
sealed together. When such a seal is cooled, the two components cool
and contract at different rates, so that the longer part is stretching
the shorter part and is itself being compressed by the shorter part.
Such strains cannot be removed by annealing.

Commercial annealing has been defined as a stress of 250 pounds
per square inch or less after annealing, and this limit applies in
general to all glass articles. Exceptions may be made occasionally,
as when, on account of expected service more severe than usual, a
limit lower than this is established. There are other cases where the
limit may safely be raised. If, for instance, a number of successive
flame working operations are conducted on a piece of glass, stress
after the final annealing should be within the commercial limit; but,

after each of the individual working operations, annealing need not
be as good. It is probably safe to leave 500 pounds per square inch
in the glass, possibly more. The only requirement is that strain shall
be low enough to prevent spontaneous breakage before the piece
receives its final annealing.

We should now consider the ways by which the amount of stress
in glass can be determined. For this purpose, the polariscope is most
commonly used. Most polariscopes are arranged so that the field of
observation is normally pink, and unstrained glass when viewed on a
polariscope is also this color; but strained glass is either some shade
of blue-green or of orange-yellow, depending on whether the glass is
in tension or compression, and on its position on the polariscope.

With increasing strain, the observed color goes from pale blue
through blue-green to intense green, or if the position on the polari-
Scope is reversed, from orange through orange-yellow to bright
yellow. These color changes are quite sensitive to strain, so that, with
experience, the observer can estimate the amount of stress from the
Intensity of the color observed.

The limitation of the polariscopr for determining stress lies in
the fact that the effect, that is, the color, depends on the thickness
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marks are already present, strength can be restored by fire polishing
the surface, by mechanical polishing and by acid polishing with a
hydrofluoric acid solution. Special techniques are desirable in carry-
ing out these operations in order to obtain the best results.
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Glass Technology

De. C. A. BeapLEY, JR.
Coming Glass Works

I am a little embarrassed in some ways when I read on the pro-
gram the title of this talk. It says: “Glass Technology with emphasis
on imperfections in rod and tubing.” That is just about like asking
a person from California to talk about the foggy weather they have
out there.

As customers, all of us, no doubt, complain at times about the
quality of the glass we buy. I would like to have you know that we
people who are in staff jobs responsible for glass quality are under
very considerabie pressure and criticism from the plant managers
when the quality isn’t what they think it should be. In other words,
we are continuously trying to improve the glass quality.

However, I am inferring that the reason for getting me up here to
talk was to tell you about some of the problems we have in making
glass that keep it from being perfect. Now it is possible to melt
essentially perfect glass but to do so would make it so expensive
that no one could afford to buy it. So one has to tolerate & certain
degree or amount of imperfection in everything we buy.

Now the use of the glass has a bearing on the amount and/or
type, of imperfections which are tolerable. Specifications, in other
words, differ widely. For example, in a piece of optical glass for a
large camera lens one would require no defects which could be seen
by the naked eye. Incidentally the face plates for television picture
tubes are rapidly approaching this situation. You may not be aware
of it, but the face plate for a 21" T V tube weighs about sixteen
pounds. Any bubble or stone in the center 8%;” x 814" rectangle that
is larger than twenty thousandths diameter is cause for rejectian of
the whole sixteen pounds of glass. You will realize this is & pretty
tight specification. On the other hand, specxﬂmtlom are much more
liberal for ordinary containers.

o You are all no doubt aware that the glass melting process con-
Bists in mixing together certain minerals and chemicals according to
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Lampworking

HerMAN SCHRICKEL, SR.
Corning Glass Works
Corning, N. Y., July 20, 1956

Ordinarily it is not good to face backward, but on an occasion
like this it is worthwhile to take a backward glance and see what has
been accomplished. I intend to review, therefore, the history of
scientific glass apparatus as it has occurred in this country.

Fifty years ago few shops in America were handling apparatus
work. Their principal business was to repair imported ware, which
was shipped in duty-free for educational institutions, then the biggest
consumers.

These institutions trained generations to the idea that scientific
ware could only be imported. There were few industrial research
laboratories at that time and they shared the same outlook.

This made the United States so dependent on foreign producers
that in 1907, for instance, when the American Thermos Bottle Co.
installed a vacuum department, it used only German-made equip-
ment.

In such a situation few Americans were willing to invest money in
domestic production of scientific glass. The few apparatus shops in
existence barely managed to stay in business.

This situation began to change in 1914 with the start of the
first World War. Imports from Germany were cut off. Jena ware was
hoarded and sold at black-market prices.

Japan was not yet ready to fill the gap thus created and England
and France were poorly equipped. So American shops with primitive
equipment tried to meet the demand.

The major glass-producing firms: Coming Glass Works, Durand
(the present Kimble Glass Works), Demuth and others still lacked
the know-how to produce scientific glassware.

However, Corning was already making thermometer tubing that
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Saturday Discussion Session

The review of the Saturday discussion session, which was taken
from tape recordings of the meeting, has been re-arranged and
edited 80 as to present a consecutive sequence of subject material
Repetition has been eliminated or compiled with previous material.

Every effort has been made to give the proper credit to the
persona asking and answering the questions. In many cases however,
names were not given or did not record satisfactorily. ln many of
these cased, either from the recorded voice or from memory, credit
has been given to certain persons.

Whenever possible, the exact wording of the person speaking
has been used. These include the indiscriminate use of the trade
names of various articles and materials. So that proper credit may
be given, these, together with defiritions, are listed below.

PYREX — Pryex Brand Glass is a registered trade mark of the
Corning Glass Works. Generally speaking, in this review “Pyrex”
refers to Corning code number 7740 glass.

. VYCOR — Vycor Brand Glass is a registered trade mark of the
Coming Glass Works, As used in the text, this refers to Coming code
number 7900 glass,

POROUS GLASS — This is the leached but unfired form of
“Vycor Brand Glass” and i3 sometimes refered to as “thirsty glass,”
This glass is Coming code number 7930,

PHOTOSENSITIVE, PHOTOFORM, and PHOTOCERAM —
These are light sensitive glasses that have been developed by the
Coming Glass Works.

GLASCAST — Is a molding powder made from “Vycor Brand
Glass” by the Coming Glass Works.

TEFLON — “Teflon” is the registered trade mark of the E. I.
duPont Co. for their polytetraflourethelene.
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Burners 1

Question — Mr. Bacon

What torch should be used for working Vycor, and what gas
pressures are used?

Answer — Mr. Schrickel

It all depends on what things you make as to what gauge pres-
sure you would use. You may use low pressure on small things, high
pressure on large things. It is impossible to say what pressure to use
for any specific piece of appartus. It just will not work to set down
any formula for any certain sizes. You use it as you need it. It all
depends on what you are doing. There is no particular formula for
this thing. We would like to have a torch that is resistant to Vycor
but when you can melt iron or steel in Vycor, it becomes very diffi-
¢ult to build a burner that will resist that heat. You have an actual
reflection which will ruin your burner. That is where our difficulty is.
If we once get a material that is resistant to that reflection then we
can solve the problem. We are looking for that.

Answer — Mr. Alexander

When we visited the Sylvania Electric Company in Bayside, New
York, Mr, DeMaria showed us some very fine burners that they use
for working Vycor and quartz. They have promised to let the society
have the diagrams for these. When we were there we witnessed them
working with three of these burners on a lathe. Each bumer is about
1 in diameter with a perforated head, and using these burners and
oxygen and hydrogen, they were working 7" or 8’ Pyrex tubing with
ease,

Comment — Mr. Sampson

To work Vycor I use two cannon fires which I purchased from
Eisler Corp. With these I have worked 1” to 13" very successfully
by using a pair of them. These are set similar to crossfires. That is,
they are set opposite each other although not directly at each other,
but at a slight slope. I have an adjustment so that you can arrange
the angle any way that you want, but I would say that with these I
have worked Vycor with comparative ease.
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Question — Mr. Wilt

What is happening to the quality of the original Corning bumer?
The original was one of the best and in fact is still one of the best
torches ever put out, but recently we have been getting bumers of
the same design from other manufacturers and they are not as good
as the original torch. Why is this?

Answer — Mr. Schrickel

We have had a good many complaints concerning this. The indi.
vidual manufacturers have changed somewhat the construction of
our bumers due to recommendations from inside their company. We
have examined some of these torches and have recommended that
they be changed back to the original design. These companies are
re-examining the problem and I think that as a result of this co-
operation we will eventually come up with a better burner than any
80 far. But for use on Vycor and the other hard glasses we believe
that the Corning torch is the most universal one on the market today.
It is not too satisfactory for the soft glasses as it does not operate
well with air,

Question — Mr. D. Whittemore
1s the Corning torch made under Corning patents?
Answer — Mr. Schrickel

No, the Comning burner is made under a General Electric patent
but we have been licensed to manufacture and sell this burner. So
many glass blowers wanted this burner that we have let out the manu- -
facture of it. This burner has been modified from the original Gen-
eral Electric patents so as to make it much more universal and quieter
than the original burner. .‘We have also added the feature to it of
making it so that it is not necessary to change the tips from a small
flame to a large bushy flame. This was our addition to it. When we
were making all of the burners, each one was tested individually be-
fore being sent out. It was also requested from each purchaser as to
the pressure of gas and type of gas that they were using so that the
burner could be adjusted properly before it was sent out. They were
also put together very tight so that the glass blowers or people cut
in the field could not take them apart and ruin the orifices that have
very close tolerances. You see, the inside must be tight or there
would be danger of flashover with hydrogen or gas.

Comment — Mr, F. Whittemore
Periodically it is necessary for me to grind the seat for proper
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operation of the Corning burner. I have no difficulty in taking it apart
and 1 grind it in with the finest emory available and it works very
well. Since doing this, I have had no trouble with the torch back-

ﬁril'lg across.
Question — Mr, Stein

What do you think of using acetylene for working Vycor?
Answer — Mr. Schrickel

We have tried acetylene and have found it gives no advantages
of a greater heat. Although there is quite a bit of controversy on
this, we don’t care for using acetylene in our shop.

Solder Glasses 11

Question — Mr. Baentsch

It is sometimes necessary to fuse or seal optical glass to chemical
Pyrex. Is there any soldering glass or does Corning make such a
soldering glass to seal optical glass to Pyrex glass?

Answer — Dr. Dalton

You cannot escape the regular seal requirements. The soldering
glass must match the coefficient of expansion of the glass used. Opti-
cal glass, normally a very high expansion glass, is very difficult to seal
to something like Pyrex 7740 glass. It would be necessary to have
2 graded seal to go through such a wide range of expansion. There
is at present no satisfactory solder glass for Pyrex. We have solder
glasses only for the high expansion range. 1 would suggest that you
metalize the glasses and then metal solder them together.

Question — Mr. Cassidy

I am quite interested in these soldering glasses, Dr. Dalton. Do
. you have any literature on the availability of these things and if so
in what form? I think it would be constructive to this group if peo-
ple were more familiar with the application and the range of glasses
that could be covered by the soldering glass, and the ranges expan-
Blonwise, '

Answer — Dr. Dalton

We do not have much available in the way of literature. We do
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have a leaflet. Also reprints are available of a paper that I gave at
Cincinnati last year on that subject. I will say a few words here as tg
where the thing stands as far as commercial use goes. We have a glass,
7570, which has been worked out to match the ordinary high expan.
sion glasses. It will make seals in the range of 500 to 550°C. We
have another glass that was really not primarily developed as a solder.
ing glass but is quite suitable for the purpose. It is number 8363
and has an expansion of slightly over 100, so it is a little bit high for
the ordinary high expansion range glasses, but it is still softer than
7570. Whereas the 7570 glass has a softening point of 440°C, the
8363 softening point is 377°C. You can make seals with it at around
425°C to 450°C. There is no problem in getting softer glasses. We
have glasses with a softening point as low as 250°C. Of course, they
are not of interest for most sealing purposes because the expansion
is too high and also because a good many of those glasses have poor
durability, and so they are not of very much interest in the apparatus
industry. We do not, in general, have soldering glass for the low ex-
pansion range corresponding to Pyrex glass. The lowest one that
we do have (Code No. 1826) is about expansion 49 and that is ap-
proaching the Kovar sealing range. It is not quite low enough to make
a really good seal to Kovar. It should be lower than it is, but we do
not know how to make it lower without making it harder. The soften-
ing point is 585°C., s0 you can see that it is not as soft as we would
like to have it. It can, however, be used in solder type seals in the
Kovar range with certain reservations.

Question — Mr. Cassidy

In what forms, other than powder, are these glasses available?

Answer — Dr, Dalton

They are available in bar and lump form and in general they are
not available in any shapes such as cane or tubing. We did, at one
time, make cane from 7570 glass but there has never been sufficient
demand for shaped pieces to warrant setting up to do it.

Question — Mr. Cassidy
Have you tried this with a variety of metals?

Answer — Dr. Dalton

Yes, we have sealed them to a number of metals. One interesting
factor is that 7570 glass can be used for making aluminum scals, By
using that glass, you can seal to aluminum by using the Housekeeper
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that destroys surface finish. Now some of these difficulties could pos-
sibly be overcome but there would be more problems introduced in
so doing. The second factor is that in order to fabricate the ware, one
must keep under control all the variables involved, which mesns the
glass quality, the glass composition, and the processing conditions.
Processing control starts as soon as the glass is made. We have to
watch annealing treatments because they may contribute to part of
the heat treatment that we have to add in measured quantities to this
glass in processing. I think the process is difficult enough as it is and
if we could not keep it under careful control, things would get pretty
tangled.

Answer — Mr. Schrickel

Perhaps I can enlighten you a little more on the difficulty that
you can get into in the working of the primary glass. No matter how
careful you are there will always be difficulty. Now you can imagine
what it would mean if you were fabricating an expensive article and
then sent it here to have it processed. The argument would be, if it
did not turn out right, you have ruined it for me. For instance, here
in Corning there was a lot of harm done in one plant that could not
be overcome in another. On one lot we lost over 90% just simply to
a very careless manner in the way the work was performed. So we
changed the method and said no you do it under this condition and
we have overcome a lot of it. Now you can imagine what difficulty you
will get into and it would be the same if you would set up a method
of leaching and heating and firing and 80 on. The expense involved
would be almost prohibitive. In my opinion I wouldn’t advise it
because it is a very involved process,

Question — Mr. Campbell

Does the shrinking process continue on Vycor after it has been
heated past its firing point? .

Answer — Dr. Nordberg
No, the shrinkage is completed in firing.
Question — Mr. Campbell

Then why does Vycor tend to shrink away when you are attempt-
ing to seal it in the flame? The seals won’t flow together like quartz.
Even though you don’t have the velocity of the flame to push it back
it still won't flow.

68




Answer — Dr. Nordberg

I am not sure of the answer to that. You may have gotten hold
of an incompletely fired piece. Vycor and quartz should be quite
gimilar in working. Perhaps you have some high gas content Vycor.
In that case, you may get bubbles that will upset the flow charac-
teristics and give a spongy effect.

Answer — Mr. Schrickel

We have not noticed any of this difficulty, In some cases we
cannot deny that quartz is preferred to work on, particularly if you
have been used to working with quartz. Once you have a light spot
you can very seldom fill it up. Unless you push it and fill in glass
and then you have to work adjacent to it in order to keep the glass
there. These are typical in quartz as well as in Vycor. The technique
is demonstrated very easily in welding. If you put the flame directly
on to where you want to weld, you never get past there. You always
want to put it behind so you can push the glass with the force and
velocity of the burner. That is the thing that you can sometimes mis-
construe and the glass sometimes blows apart. Try that and see if
it doesn't work better. Put your torch back of it and try to push the
glass on to the light spot. However, if it is too light you will never
get it there. It will blow a hole before you can get the glass into it.

Answer — Mr. Alexander

In working Vycer we sometimes forget that we are not working
with Pyrex and we do not heat sufficiently far back. I find that you
get much better seals if you heat quite a considerable surface on each
side of the scal. Heat 3” or 4” back and get this up to temperature.
We haven’t had toco much trouble with Vycor seals using hydrogen
and oxygen.

Question — From the floor

Do you use high frequency current for sealmg and working
Vycor?

Answer — Dr. Nordberg

. No, the electrical characteristics are such that electrical sealing
18 not feasable. The resistance is too high and the power loss is too
low,

Question — Mr. Weir
What is the minimum size Vycor that has to be annealed? What
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is the annesling temperature? Does it have to be annealed?

Answer — Dr. Nordberg

The annealing temperature is 900°C. I would heat the article
to 850°C and then cool it. The minimum size that should be an-
nezled is difficult to state. It depends on what the shape is and what
the finished piece has to stand. You can make relatively large pieces
and still get by with flame annealing. I don’t think that you will
run into much trouble if you watch out for intense spot stresses on
tubing up to 2” in diameter. Wash out the stresses a little in the
process of lamp working and you can get by without oven annealing,
although oven annealing is preferred.

Answer — Mr. Kelm

When using the welding rod technique it becomes important that
the strong spot stresses that are introduced in this type of working
be eliminated. It certainly should at least be given a good working
over in the flame after welding.

Question — Mr. Dusck

Is there any way to thermal shock Vycor in order to break it?

Answer — Dr. Nordberg

No, in general it is not possible to break Vycor by thermal shock.
Sometimes it is possible to bresk large Vycor pieces by plunging
them into water,

Question — From the floor

Are quartz and Vycor stopcocks available?

Answer — Mr. Schrickel

Vycor stopcocks can be made special but are not available as a
standard item.

Comment — Mr. Stein

If you don’t mind being a ceramist for a while I would suggest
that you try Corning’s glasscast. We think it would be worthwhile"
to investigate this as we have successfully molded and fused 2" coni-
cal flanges.
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Glass Coatings 1V

Question — Mr. Barr

Can E-C coated tube be obtained with inside coating? This
should be about 70 MM inside diameter and have a linear resistance
from end to end.

Answer — Mr. Jolley

Inside E-C coatings are possible, however there are limitations
on size.

Question — Mr. Barr

Is this coating resistant to mercury?
Answer — Dr. Dalton

Yes, it is resistant to mercury.
Question — Mr. Pool

We are interested in having an E-C coated glass which will trans-
mit 75% of the light in the blue spectrum. Is such glass possible
to get?

* Answer — Dr. Dalton

We, of course, make E-C coated tubing. You state that you
need a high light transmission, however. The transmission will de-
pend on the resistance and in general, the lower the resistance, the
lower the transmission. Therefore, if you want all complete trans-
mission, you will have to take a high resistance. These would not
be the standard heater panel but would have to be a special E-C
coating. i

Question — Mr. Pool

How do we order these panels and also where do we order Photo-
form glass?

Answer — Mr. Jolley

Order should be placed with PLANT EQUIPMENT FOR E-C
GLASS and NEW PRODUCT SALES FOR THE PHOTOSENSI-
TIVE GLASSES.

Question — Mr. Guzik
Can Pyrex tubing 3 to 20 MM be coated with a tungstic oxide
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coating .001 to .003” thick and then bent without this coating de-
teriorating?

Answer — Dr. Glaser

It is very difficult to make a permanent coating of tungstic oxide
or tungstic acid because the mobility of the tungsten is very low and
the temperature requirements are very high. It might be possible to
fuse it to one of the softer glasses, perferably soda lime. If you could
alloy one of the wetting metals such as platinum or nickel with the
tungsten and fuse it into the glass, it could then possibly be bent or
reformed without ruining the surface, but it would have to be tried.

Question — From the floor

I would like to know what sort of coating you would put on a
piece of plate glass to splash an arc? This is used to prevent the ﬁlm
from buming as it passes by the arc in a movie projector.

Answer — Dr. Glaser

There is a coating produced by the General Electric Company.
This is a polyethelene material which is fired on, and when a hot
spark hits it, is carbonized and prevents it from sticking. Normal arc
coating or even arc welding and metal coating has a tendency or af-
finity to stick to glass and burn in. By having this gaseous coating
you actually form a vapor coating between the hot spark and the
glass which will prevent it from adhering to it.

Question — From the floor
Does it actually splash the arc?
Answer — Dr. Glaser

Yes, when it hits it actually vaporizes a minute amount and so
prevents the spark from burning up. General Electric has a patent .
and the license for this. Most of the welders cover glass produced
today have this coating. If you want to make an inexpensive coating
yourself, take a 50% sodium silicate solution. Coat the glass over and
dry it on and it will be quite excellent.

Il

Porous Glass V

Question — Mr. Buchler

I have recently tried to make some apparatus with porous glass
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for use on electrodialysis and electrodesalting. Upon trying to seal
on a piece of Vycor the porous glass broke into a million pieces. How
can this glass be worked to avoid this type of breakage? This is
about 18 MM tubing.

Answer — Dr. Nordberg

This glass has to be heated very slowly! It is recommended that
this glass be heated in a furnace although it can be heated in the
flame. To heat it in the fiame is tricky. You have to approach the
flame very slowly otherwise the glass will crack. It may blow up like
popcorn. You will do better if you preheat the whole glass to 500°C.
For your electrodialysis, this preheating will probably not destroy the
glass properties. It will reduce the surface area but for the electro-
dialysis the larger pores are the ones that control the flow of material
through the membrane, and these should not be substantially affected.
The tube should be put in a cold furnace and gradually brought up
to temperature. You must remember that the porous glass will hold
over 25% of water by weight. Even though it is dried over phos-
phoric or sulphuric acid, it will retain from 2 to 5% of water in its
structure. This residual water requires higher temperatures for re-
moval, and is sufficient to shatter the glass if heated rapidly.

Question — Mr. Martinez

1 have not had any particular difficulty in sealing porous glasa
to Vycor. However, after a period of time it breaks of its own accord
at the seal. Is there any way that this glass can be annealed to
prevent this breakage?

Answer — Dr. Norberg

When you start talking about the porous glass, you must con-
gider different effects than are present with ordinary glass, Porous
glass expands when it takes on moisture, and if you dip a relatively
large pjece of it into water it may break from too sudden expansion.
Silica jel shatters under these same conditions. Thus the breakage
that you have encountered may have been from causes other than
normal strain. :

Question — Mr. Martinez

If 1 put it under a polariscope I can still see strain, no matter
how much I try to anneal it.

Answer — Dr. Nordberg

Yes, you will get a strain pattern. In addition to the effect of
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mechanical stress, there is birefringence due to the structure of the
porous glass. Pores do not extend straight through the glass, but they
have a preferred direction which is not completely at random. If you
have a porous structure with the pores oriented a little bit more in
one direction than the other, you may have birefringence which is
independent of mechanical stress on the system. As a result of this,
it is sometimes hard to judge the stress in porous glass by what you
see in a polariscope.

Question — Mr. Alexander

Will Comning fumish this glass in tubes, the end of which has
already been shrunk down in preparation for fusing to Vycor?

Answer — Mr. Jolley

Yes, we have done this and it is now available on a special order
basis only through the Special Apparatus Section, Laboratory and
Pharmacuetical Sales.

Answer — Dr. Nordberg

We would hesitate in going to large sizes in this kind of glass
because of the breakage problems encountered when it takes up water
or is dried too rapidly. We would rather stay, for experimental pur-
poses at least, with thin wall tubing of relatively small diameters. The
maximum sizes that we would recommend would be 25 or 30 MM thin
wall tubing. Tubing up to these sizes are available with a test tube
closure on one end, the other end having been treated for fusing to
Vycor.

Glass to Metal Seals VI

Question — Mr. Baentsch

Sometimes it is necessary to fuse platinum through or to Pyrex
glass. What kind of wire can we use to make this contact?

Answer — Dr. Dalton

The simplest thing to do would be to seal a tungsten wire through
the glass, then a nickel bead is put on the tungsten and the platinum
is welded to the nickel.

Comment — Mr. Ball
I would like to give my idea on a new type of tungsten sealing.
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If you take the blue glass which is very close to Pyrex in expansion,
pead this to the tungsten and seal the blue glass to the Pyrex it will
give you a very good vacuum seal.

Question — Mr. Cardial

I have been working on an apparatus where two 14" x 3/16"
tungsten rods must be sealed in glass with a 20 mil space between.
Then some of the glass is cut away so that acid can be introduced
and remove the molybdenum spacer. My problem is that I cannot
get a good oxide bond between the glass and the tungsten. I am won-
dering if the biue glass mentioned by Mr. Ball would work for this?

Answer — Mr. Ball

I haven't done any work on this size of tungsten with blue glass.
The maximum size that I have sealed is about 1/16".

Answer — Dr. Dalton

Ordinarily, we would say that for large diameter tungsten you
should use 7750 glass. We have made glass to tungsten seals that
are nearly 14" in diameter which have very good color and very good
bonding. For your use there is one thing that worries me about this.
Thia glass is not very acid resistant. You may have some trouble
along this Line.

‘Question — Cardial

What effect will the weak acid solution have on the glass's
strength?
Answer — Dr. Dalton

In general, the attack on the surface of the glass will lead to a
weakening of the surface. That is not true if you cut away the sur-
face completely as with Hydroflucric acid. Hydrofluoric acid can
considerably improve the strength of used glass because it will tend

to eat away the old surface and you will obtain a good virgin surface
underneath it.

Acids, in general, attack the glass differentially. That is, they do
not attack the silica but do remove the other materials. This usually
leads to a weakening of the glass.

Question — Mr. Cardial
_ Would you suggest using HCL to remove molybdenum and then
put HF in it to counteract any action that it may have on the glass?
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Answer — Dr. Glaser

Rhenium has an expansion coefficient of 92 x 107 which is close
to platinum. It is one of the platinum family and therefore it should
seal to one of the soft glasses such as lime or lead glass.

Question — Mr. Kessler

. I would like to know which glass you would recommend for
Kovar seals; 7050 or 70527

Answer — Dr, Dalton

We would recommend in general 7052 glass. It is a little bit
better in expansion match than 7050. It is a more durable glass,
more available and is made in larger quantities. It also has better
electrical characteristics. However, it is possible to make the seals
with the 7050 glass.

Question — From the floor
What glass is used for making Tantalum seals?

Answer — Dr, Dalton

We have a glass which is approxzimately the right expansion for
Tantalum. Although we have not done a great deal of work with
Tantalum, we have worked out the expansion relationships. 1 be
" lieve the glass is 7520. :

Question — Mr. Lipson .
Did Dr. Dalton say that there is a glass for Tantalum?

Answer — Dr. Dalton

Yes, it is 7520. We haven’t had a great deal of experience with

"it but it is a fairly good match. As it is one of the glasses that is used

in the sealing series from soft glass to hard glass, the availability is

somewhat limited. It is usually available only in 34” OD by 12~

long tubing. Tantalum seals can be made in the same way as an

ordinary tungsten to glass seal. The geometry would not be important
88 it is a reasonably good expansion match,

Question — From the floor

Is the greenish oolc.)r of the Sylvania No. 4 alloy oxide a neces-
8ary requisite of a vacuum seal? In other wotds, if the seal does not
ve a green color, does that mean that it is a poor vacuum seal?
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Answer — Mr. Jolley

You must be very careful because the pressure inside i5 unknown
and when you scratch it the whole thing may blow up. I would sug-
gest that the tube be placed in a metal shield, then burn a hole in
the end of the tube to relieve the pressure. Then you can take it out,
crack it in two, and do with it what you want. No one knows how
much pressure you may develop in this reaction.

Answer — Mr. Weir

Rest them in the Carius furnace with the long constricted end
out. Use a file to knock the long ends off. I have never had one blow
while doing this. They have blown in the furnace but not after they
have cooled.

Question — Mr., Meyers

Is there any type of drill for drilling a series of holes less than
one MM through a standard wall tubing?

Answer — Mr. Buchler
You can use a diamond drill.

Answer — Mr. Alexander

It may be possible to make the holes by using the sand blasting
technique.

Answer — Dr. Glaser

Sand blasting will give a tapered hole. If it is necessary to have
a parallel hole the hest method would probably be the ultrasonic:
method. A standard size diamond core drill would probably be the
easiest from a practical point of view. It should be one with internal
cooling which on the thinner glasses will give a cleaner hole. The
three corner file method is only good if you can drill from both sides.
They will tend to break through if all the drilling is done fromn one
side.

Question — Mr. Meyers

Is it necessary to anneal the glass after drilling each hole, as the
glass seems to break after drilling several holes?

Answer — Dr. Glaser
I would suggest that the tube be filled with wax. Dnll your holes

and then remove the wax. The general rule of the thumb is that the
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distance between the holes should never be smaller than the diameter
of the hole, otherwise you lose strength and the glass cracks and
propigates around.

Answer — From the floor

I would suggest that the gentleman might get sintered glass,
make a mold, and mold his object and fire it with the holes in.

Answer — From the floor

If the wall thickness isn’t too great, you can punch holes in it
with a hot tungsten wire. We have made as many as 10,000 holes
in a two inch tube and we never have to bother to anneal it while
working progressively down the tube.

Answer — Mr. Searle

By using a phonograph needle you can punch holes in glass.
However, these give a tapered hole, After finishing punching, you
grind off the inside

Answer — Mr, Ball )
We had a problem similar to that. We had to have a series of

. very small holes in a cylinder. We finally gave up on glass and used
Teflon. By punching holes with a needle, we found we had very good
diffusion and the holes can be any distance apart.

Answer — Mr, F. Whittemore

There is an old technique that is used on soft glass and I used it
some time ago to make spargers which are a series of small holes in
the glass. You take a wire of copper or platinum, make a spider from
it, set the spider on the end of the tube like a cartwheel without any
rim on it with the spokes protruding past the edges of the glass. Heat
and butt seal another piece of glass to it. You have to do this very
carefully so that you do not melt the wires. After sealing, the wire
is dissolved out with acid. I believe that there is a paper printed on "
this by someone from the Bureau of Standards. With this technique
it is possible to obtain very, very fine holes.

Comment — From the floor

I move that we do not use three corner files for marking glass.
Generally speaking they are unsatisfactory for the use to which peo-
pie put them.
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Answer — Mr. Graves

In reference to the three corner files, I have found that if you just
take the three comnered files and grind the corners off you form a
serrated edge which is very sharp and does a better job.

Answer — Mr. Alexander

We no longer use three corner files. Instead we use a piece of
Carboloy. This is 3” long and about 1/16” thick and ¥;" wide. We
have a small holder which is a piece of 3" brass rod that has been
milled out for the Carboloy to fit. The Carboloy is soldered in and
a handle attached. If any of you gentlemen would like a drawing
of this knife I would be very glad if you would write to me at the
Atlantic Refining Company. The number of the Carboloy that we use
is 883.

Answer — Mr. Walton

I have made a 4 sided Carboloy knife by fitting it to a handle
and grinding down with a fine diamond wheel. The original Carboloy
as it comes is not suitable for cutting, It must be ground to get a
good edge. If you grind the Carboloy on the bias you will put a very
fine serrated edge on it. This makes a very fine mark and the glass
breaks much more easily than when using cutters that are not prop-
erly ground. When regrinding a new edge it is only necessary to take
off a very small amount to renew it.

Question — Rev. Hilsdorph

Is there any way of simply cutting off a very thin quartz tube
without a glass saw?

Answer — Mr. Alexander

You can mark it all around and break it by snapping it.

Answer — Mr. Schrickel

It all depends on what size you are referring to. Up to 1” quartz
can be marked and broken the same as any other tubing but if it goes
beyond that the best method is to use a carborundum saw.

Answer — Mr. Schaefer

One method that can be used to cut quartz is to mask it and
sand blast through it. A sand blaster can be made of glass, and car-
borundum powder can be used for the blasting.

B2




Answer — Mr. Kelm

Another way that this could be done is to wax the tube, scribe
it, and etch it out with H. F. acid.

Answer — Mr. Walther

It is possible to cut quartz tubing by placing it in a lathe, and
looping a wire over the glass. Then by turning the lathe and adding
an abrasive to the wire, it will wear through the tubing.

Question — Mr. Knisely

It is possible for Corning to {urnish standard wall Pyrex tubing
larger than 4” in diameter? There have often been requests for ap-
- paratus made from larger size tubing and we have not been able to
purchase this tubing although we have been referred to other
suppliers.

Answer — Mr. Kelm

Heavy wall tubing is available up to 7" in diameter. However,
standard wall tubing brings in many problems of manufacture. It is
hard to pull larger tubing without cracking it. Light wall large di-
ameter tubing is available as light wall blown cylinders. 24" to 36~

long. This is listed in the cylinder list which is available from your
area representative. The large diameter tubing is tied in with the pipe
line of glasses and it is just impossible to afford the runs that would
be necessary for a special draw of large size thin wall tubing. It be-
comes practically impossible to hold it round and it crushes on the
machine. It involves many problems in manufacture.

Question — Mr. Miller

What is the reason for diameter differences in standard taper
stoppers compared to standard taper joints? For example, the number
* 19 stopper is not interchangeable with the 19/38 standard taper joint.

Answer — Mr. Jolley

Ground joints and stoppers are made to specifications as set up
by the Bureau of Standards years ago. There is a difference between
stopper sizes and ground joints, and the 19 stopper and the 19/38
joints are not interchangeable. The Bureau is now re-standardizing.
We will not, we cannot, after all the equipment is out in the field,
start re-standardizing to make all of them ground joint lengths and
diameters. There will be a change in the 29 bottle stoppers so they
will be interchangeable with 29/42 ground joints. It was just one of

.
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those things that came about. Why they did it originally, I don't
know, but it is here and we are stuck with it. We are making changeg
where we can.

Question — Mr. Ball

I would like to ask someone at Corning if number three and four
stopcock plugs are interchangeable?

Answer — Mr. Schrickel

They are made from standards and they are made on the same
mold so therefore, they should be interchangeable.

Question — Mr. Walther

Has anything been done on making Pyrex ball joints hollow
rather than having a solid heavy glass through the ball?

Answer — Mr. Jolley

We have made a survey on that and the consensus of opinion
wasg that most people prefer the straight flow through on the ball
joints. We can’t make it solid on our Vycor joints because we can't
process it. That is also the reason for the hollow joints on the large
size 7740 joints, We ran a survey on the road and all the Corming

representatives contacted their principal customers. Their opinion
was that the straight through solid ball joints were preferred.

Question — Mr. Weir

Why doesn’t Coming make a 250 ML round bottom flagk? The
situation now is that when we need a 250 ML flask we must buy a
distillation flask and remove work that Corning has done on it in
order to seal a joint to it. It would be much more economical if we
could buy a common vial neck flask for this purpose.
Question — From the floor

I would like to know why Corning does not make a 4 liter round
bottom boiling flask?
Answer — Mr. Jolley

I don’t believe that there has been sufficient demand for these
gizes of flasks. If there were sufficient demand, I am sure that Com-
ing would make them.

Question — From the floor
What large sizes of boron free glass tubing are available?
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Answer — Mr. Jolley

The largest size that is available in the catalogue is 13 mm. If
larger sizes are needed, they should be ordered and will be drawn at
the next melt. It is hand drawn tubing and is only melted once or
twice a year. Therefore, it would not be necessary to order large
quantities.

Question — Mr. Weir

Does Corning make a glass that will withstand strong alkali
‘solutions?

Answer — Dr. Nordberg

Glass 7280 has a much higher alkali resistance than that of an
ordinary glass. Under some conditions this resistance may be over
25 fold greater. The durability is relatively less at high alkali con-
centrations and high temperatures, but remains something like six
fold greater, on the basis of loss in weight, than that of code 7740
glass under these drastic conditions. It is rather difficult to find a
gilicate material that will resist the action of alkelies at the high
temperatures encountered in bdiling concentrated caustic solutions.

Answer — Dr. Glaser

. There is the possibility that if you metalize your glass internally

and fire it in, you could build up a much higher resistance to alkali.
If you take a solution of any of the noble metals, coat the glass
internally and fire it, your resistance might go up to 20 times the
normal.

Question — Mr. Griffith

Can vacuum tight electrical leads be put through multiform and
.can high temperature seals be made from multiform to multiform
without distortion of the glass?

Answer — Dr. Dalton

In general the multiform glasses behave the same as any other
glass. Electrical leads can be and are sealed in a great many cases.
In fact, this is one of the major uses of the multiform glasses. When
used in the strictest sense of the term, multiform cannot be sealed
without distortion. When sealing together without using any other
material you must have some distortion the same as any other glass.
The amount of distortion depends on what conditions you use to
carry out this sealing. The best way to minimize or eliminate this
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distortion on the softer multiform glasses is to use a soldering glass
for sealing the two parts together. In this wey virtually no dis-
tortion would occur.

Question — Mr. Killich

What is the melting point of 707 glass? There is no softening
point on the list and I would like to have this information.

Answer — Dr, Dalton

That is not listed because in the range of temperatures where
the softening point would occur the glass is undergoing a change, so
it is not possible to make a softening point measurement in the way
that we normally do. It would be possible to give you an approxima-
tion of the softening point.

Question — Mr. Killich
Will the softening point always range in the same degree?

Answer — Dr. Dalton

This will depend on the rate at which you are heating it.

Question — Mr. Killich
Why does it seal so nicely to Pyrex without breaking?
Answer — Dr. Daiton

When you have to go to the temperatures that are needed to
fuse the glass, you completely wipe out all the effects of previous
heat treatments, and so it behaves in the normal way. The expansion
of this glass is reasonably close to 7740 so it should make quite a good
seal,

Question — Mr. Killich

Is Pyrex the only glass that it will seal to?
Answer — Dr. Dalton

It will seal to a number of other glasses in this expansion range.
Question — Mr. Bradway

Has any work been done at Corning on the changes of the
physical properties of glass hetween the température of liquid air
and liquid helium?
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Answer — Dr. Dalton

Some work has been done with porous glass on the super-
fuidity of helium and we have also done some work on the diffusion
of helium through glass when using the glass as a container for
liquid helium, but in that temperature range we have not done much
work on the changes in the physical properties of glasses.

Question — From the floor

Has Corning been doing any work on the effiects of radiation
on Pyrex? We have found that it becomes a little more brittle after
it has been subjected to radiation and wondered if it related to strain
and, if so, could it be relieved by an annealing process?

Answer — Dr. Dalton

High energy radiation does have an efiect on the structure of
glass. Darkening and compacting of the surface layers may occur
with neutron irradiation and in x-ray tubes. The compaction may
introduce stresses in the glasa surface. X-ray tubes have disintegrated
as a result of changes in the glass structure. Colorless high expansion
glasses have been stabalized against darkening when irradiated. Both
discoloration and stresses resulting from irradiation disappear on
. annealing.

Question — Mr. Walton

Is it possible for the research glass blower to put a surface
treatment on the glass which will increase its strength?

Answer — Dr. Dalton

It is possible to put a surface chill on glass if it is done in just the
‘right way. This will give surface compression and so add to the
strength and the shock resistance, but it requires a very careful set
up and very careful control. If you try to do it and you do not
have that very careful control, you may be much worse off then if
you had not chilled it at all.

Question — Mr. Altier

Is the portable battery powered polariscope that Mr. Burdick
has shown commercially available?

Answer — Mr. Alexander
Mr. DeMaria of Sylvania has developed a similar device. This
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is commercially available from the Bethiehem Apparatus Company
and Tubelite Engineering Company.

Answer — Mr. Looms

Mr. Burdick manufactures and selis polariscopes similar to the
one that he has shown you here.
Answer — Mr. Weir

There is an article in the Review of Scientific Instruments,
October 1955, by Randolph Searle. There is no patent and it is
for anyone’s use.
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