





Proceedings

The Forty-fourth Annual
Symposium

on the

Art of Scientific
Glassblowing

Sponsored by
The American Scientific

Glassblowers Society

THE
AMERICAN SCIENTIFIC GLASSBLOWERS SOCIETY
Thomasville, NC



The American Scientific Glassblowers Society
302 Red Bud Lane
Thomasville, NC 27360
Phone: (336) 882-0174
FAX: (336) 882-0172

Library of Congress #58-3756

Copyright 1999

iii



OFFICERS AND DIRECTORS
OF
THE AMERICAN SCIENTIFIC
(GLASSBLOWERS SOCIETY

1998-1999
Officers
President David G. Daenzer
President-Elect Barry W. Lafler
Secretary Scott Bankroff
Treasurer Waine Archer

President Emeritus  Karl Walther

Sectional Directors

Michael Palme A. Ben Seal
Edwin A. Powell Hans Rohner
Timothy Drier Gary Farlow
Daniel Wilt David Smart
Joseph S. Gregar Gary S. Coyne
Doni J. Hatz Jack Korfhage

Sean G. Adams

George Sites
Director Emeritus

James Merritt, Executive Secretary
Dawn Hodgkins, National Office Manager
Marylin C. Brown, Ph.D., Fusion & Proceedings Editor

PROCEEDINGS is an information journal and assumes no responsibility
for the accuracy, validity, or originality of any contributed article or

opinion expressed herein.
1v



PAST PRESIDENTS

+ J. Allen Alexander T Joseph W. Baum

* Karl H. Walther Andre W. Spaan
Arthur Dolenga Donald E. Lillie
Alfred H. Walrod Wilbur C. Mateyka
Richard W. Poole Jerry A. Cloninger

+ William E. Barr 1 David Chandler

1 Charles J. Cassidy 1 Owen J. Kingsbury, Jr.

1 Jonathan Seckman Raymond L. Carew
William A. Gilhooley James K. Merritt
M. Howe Smith Joseph S. Gregar
Billie E. Pahl Joseph Walas, Jr.
Theodore W. Bolan A. Ben Seal
Earl R. Nagle Robert J. Ponton
Werner H. Haak Ian B. Duncanson
Gordon Good Allan B. Brown
Robert G. Campbell Richard C. Smith

+ Helmut E. Drechsel Richard P. Gerhart

Lawrence W. Ryan, Jr.

1 Deceased
* President Emeritus



44t SYMPOSIUM COMMITTEES

General Chair

Co-Chair

Symposium Coordinator

Atrtistic Chair

Exhibits Chair

Junior Seminars Chair

Regular Member Seminars Chair

Seminar Chair

Seminar Coordinator

Technical Papers Chair

Technical Papers Coordinator

Technical Posters Chair

Technical Workshops Chair

Tours

vi

Mike Souza
Princeton University

Barry Lafler
Brookhaven National Lab

Jerry Cloninger
Georgia Institute of Technology

Dennis Briening
Hercules Research Center

Sally Prasch
Prasch Glass

Joseph Gregar
Argonne National Lab

Allan Brown
University of Connecticut

Barry Lafler
Brookhaven National Lab

Joe Walas
East Carolina University

Wayne Martin
M&M Glassblowing Co., Inc.

Michelle Archer

Ed Powell
Zeneca Inc.

Ottmar Safferling
Rudy Schlott

State University of New York,
Stony Brook



CONTENTS

Papers

Applications and Fabrication of a 1000mm Liquid Nitrogen Cooled Carbon
MONOXIAE LLASET 1.veeueiniiiiiiericitet ettt ee 2
by Timothy L.Henthorne

Glass Cells for Neutron Spin Filters Using Polarized *He ......ccoccevverinnieicncnecnnnneenerercnnes 15
by F. William Hersman, Ph.D.

Introduction to Centerless Grinding and Polishing of GIass ..........ccccceoviniivninncicincenne. 23
by Philip M. Rossi

Investigating Bubble Formation in Butt Seals with the Aid of an Electron Microscope ......... 35
by Hans Rohner

Making a Low Temperature Dehydrogenation Reaction Cell with Zeolite 13X
Polyethylacrylate Separation Membranes ............ococoeviininininininiceeecee s 39
by William J. Wilt

An Observation of Devitrified and Phase Separated Glass with an AFM ...........coccceeeenenn. 45
by Gary S. Coyne, Eva Huang, Feimeng Zhou, Ph.D.

Problem Solving Tools for Glass Cracking ..........cocoveveveireiiniinieicesieiee et 55
by Robert Sweeney

Rainbows, Mirages and Talking Over Glass ..........ccoociieiininniiiicie e 68
by Clifton W. Draper

The Technique of Silver Soldering Various Metals to Glass for Laboratory Applications ..... 80
by Edwin A. Powell

Other Information

TechniCal POSIETS .....oviiiiiiiiie et et s et erees 85
Technical WOrKShOPS .......ooiiiiiiiiccc ettt et 86
1999 EXNIDITOIS ..ottt ettt et er s et eeeneneeneas 87
1999 Symposium AUENAEES .........cviuiiiiirieriiiiiieiciiie ettt es e es 89

vii



Papers



Applications and Fabrication of a 1000mm
Liquid Nitrogen Cooled Carbon Monoxide Laser

by
Timothy L. Henthorne
Department of Chemistry
The Ohio State University
Columbus, Ohio 43210

Abstract. This paper contains a brief history of the development, function and
application of a carbon monoxide laser enclosed in a liquid nitrogen dewar. It then
moves into an elaborate description of techniques employed to successfully fabricate
this device. Since this is written from the perspective of a glassworker having no prior
experience in designing or fabricating this apparatus, the reader will have a unique look
into how the problems encountered throughout the fabrication process were successfully
solved. In summary, alternate methods will be recommended or suggested which may
render a more refined finished product in a more productive manner enhancing
functional performance without sacrificing structural integrity.

Introduction: The acronym LASER stands for Light Amplification by Stimulated
Emission of Radiation. Lasers produce coherent “light” at specific wave lengths. The
term “light” is general and covers radiation produced in the infrared, visible, ultraviolet,
and recently, the X-ray portions of the electromagnetic spectrum. A laser device has
three essential elements: (1) a suitable laser medium, (2) a pumping process that creates
a population inversion, and (3) an optical feedback system. The laser medium consists
of an appropriate collection of atoms, molecules, and ions in a gas, liquid, or solid form.
Solid devices are further grouped into solid-state and semiconductor (diode) lasers. The
pumping process creates a population inversion between quantum-mechanical energy
levels. These inversions occur between vibrational/rotational or electronic energy
levels. Common pumping methods include DC electrical discharge, RG discharge,
chemical, and gas dynamic. Optical feedback is almost always needed to provide longer
path lengths which yield higher gain. The optical feedback system usually consists of
mirrors or polished surfaces. Most optical cavities consist of two mirrors, a total reflector
and an output coupler. The total reflector reflects as much light as possible, upwards of
99.7%. The output coupler is a special mirror that transmits some of the light, usually
5-30%, andreflects the rest. The light transmitted out of the laser cavity becomes a useful
coherent power source. For an extensive review of the complex physics behind lasers
please see Siegman’s book [A].

The laser tube discussed in this paper was built for the Nonequilibrium Thermodynamics
Laboratories in the Department of Mechanical Engineering at The Ohio State University.
Professor J.W. Rich heads this group which specializes in extreme disequilibrium
processes in diatomic molecules (N2, 02, CO, and NO). This includes the measurement
and theoretical prediction of rate-constants for molecular energy transfer. This group
uses liquid nitrogen cooled CO lasers to create optically pumped plasmas to conduct this
proof-of-principle research.



CO lasers can be made to lase on several hundred different vibrational-rotational
transitions from v = 37 to 36 down to the v = | to 0, thus making it a valuable
spectroscopic source [B]. Achieving optical power on the v =1 to 0 is not easy and has
taken years of research. To obtain any power on the v = 1 to 0 transition, the gas mixture
must be cryogenically cooled. Early water- cooled versions reached about 25 W of
power, but the laser transitions went down to only v =8 to 7. Cooling the gasses and the
laser tube in a liquid nitrogen bath provided substantial gains in total power as well as
making laser transitions on the lower vibrational energy levels possible. Most of the
currentresearch utilizes these lowest vibrational transitions, thus the technical nightmare
of efficiently and repeatedly cooling down the laser gases was born. Early designs used
a trough to hold the liquid nitrogen. Brass or stainless steel bellows were used to allow
for differences in the coefficients of expansion between the gas plasma tube and the
stainless steel trough. This design repeatedly had problems with the liquid nitrogen
leaking onto the optical table [C]. The trough design also prohibited the visual
monitoring of the laser’s discharge. This can cause severe problems with ozone
formation due to the addition of oxygen to the gas mixture during optimization. Liquid
ozone is a potentially explosive substance under the right conditions (rapid heating and
electrical failure to the vacuum pump). These reasons pushed researchers to develop the
double jacketed laser tube design, see figure 1. The entire tube is made from borosilicate
glass tubing. The inner jacket holds the liquid nitrogen and the space between the inner
and outer jackets is evacuated to form a liquid nitrogen dewar around the laser tube and
the cooling coils. Most of this laser tube development was done at universities in Bonn,
Germany [B], and St. Petersburg, Russia [D].
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The carbon monoxide plasma tube fabricated at The Ohio State University Glassblowing
Facility (figure 1) was amodified version of the type manufactured in Bonn. Modifications
included a threaded glass compression fitting serving as a gas inlet to both cooling coils,
a single opening serving as a liquid nitrogen fill/exhaust port and the use of a high-
vacuum valve through which a dynamic vacuum was applied between the nitrogen
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reservoir and the thermal jacket. In addition, the cathode and anodes were redesigned
replacing all glass-to-tungsten seals with threaded glass compression fittings to support
and seal electrode connections. These changes resulted in a successful, yet simpler
version of a 1000-millimeter carbon monoxide laser, which was reported to have
performed as efficiently as a 1500-millimeter version previously in use.

A completed carbon monoxide laser tube is composed of several components. Each will
be discussed in this paper. These include: the discharge tube with gas cooling coils, the
bellows, the liquid nitrogen reservoir, the vacuum jacket, the cathode, and the anodes.
Since this device operates under what are perceived to be extreme service conditions
(-195.8 degrees Celsius) special attention was given towards selection of materials free
of any defects or flaws such as chips, scratches or stones, all of which were believed to
have the potential to cause a completed tube to fail (crack).

Fabrication began with the discharge tube assembly (figure 3). Two sections of coil
were wound using a stainless steel mandrel coated with graphite (figure 2). The graphite
coating helped to assure the finished coil could be easily removed without scratches or
other damage. Tubing was spliced together and premeasured. Specifications required
a cooling path no less than 182.8 centimeters per coil. Each coil was to be teed off the
main gas inlet. To equalize pressure and volume in each coil, the measurement of coil
length was thought to be more critical than with previous versions where each coil could
be independently adjusted. Upon completion, the coils were annealed and set aside.
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The discharge tube (figure 3) was formed using 15.6 x 18.0-millimeter standard wall

borosilicate glass tubing. External ribs were formed every 30-millimeters, on center,
over the length of the tube stock. Appropriate room was given at the center of the tube
(90 millimeters) for the cathode extension to be teed off and at the ends (70 millimeters)
where the injectors were located. This feature served two functions. First, and most
important, the ribs served to increase cryogenic cooling of the gas mixture. This
radically improved power by nearly fifty percent over a smooth discharge tube [B].
Secondly, it improved the design allowing the tube to contract without failure during
cryogenic cooling. Additionally, this feature allowed for expansion and contraction
throughout the fabrication process as areas were reheated locally to complete external
ring-seals.

With the ribs formed, the ends of the discharge tube were then prepared for sealing
through the liquid nitrogen reservoir. The ends of the tube were flared to approximately
30-millimeters in diameter. A heavy lip of glass was formed and the tubing thickness
was enhanced throughout the flare. This allowed for robust ring-seals to be formed
through the closed ends of the reservoir. Coils were then moved over the ends of the
discharge tube on each side of the cathode tee-tub, and positioned in place with shims
made of glass fiber tape. The injection nozzles made of 2.5-millimeter inside diameter
capillary tubing, were measured, cut to length, flared on each end and then fused into
place at 45-degree angles to the wall of the discharge tube. (It was observed that some
previously fabricated tubes displayed injectors which were fused into place tangent to
the wall of the discharge tube in an effort to create a swirling flow of gas mixture, this
detail was not applied.) Straight sections left at the end of each coil were then heated until
workable and bent into position where they were fused to the injectors. At the middle,
the two coils were joined and teed-off using a sufficient length of 10-millimeter standard
wall tubing. A support rod was fused into place opposite the tee-tube and into the wall



of the discharge tube for support. Both the tee-tube for the cathode and the one for the
gas injection coils were prepared prior to assembly, having a flared profile with an
enhanced sealing lip to help maintain seal integrity through the wall of the liquid nitrogen
Treservoir.

Specifications for a 1000-millimeter liquid nitrogen cooled laser tube required the
discharge tube to vary in straightness no more than Imm from end to end. (It was later
learned this was not a strict specification; the 15.6 millimeter bore of the discharge tube
creates a large enough plasma to make up for any slight deviations.) To achieve this, the
completed discharge tube assembly was slumped over a pre-straightened quartz mandrel
having an outside diameter of 15mm. The lathe-straightened mandrel was tapered on
one end allowing it to be inserted into the discharge tube in a vertical position without
damage to the inside wall of the tube. (A graphite mandrel was considered for this
purpose; time constraints forced the use of quartz.) The mandrel was supported in the
oven suspending the assembly from the oven floor by scrap pieces of glass tubing. The
entire assembly was leveled. The shims made of glass fiber tape were left in place to
support the coil. A satisfactory result was obtained as the oven heated the assembly to
590 degrees Celsius, allowing the glass to “relax” across the mandrel. After the quartz
mandrel was removed, a final visual check was performed using a lathe to support each
end. Any variance in straightness could be observed through the spindle of the lathe as
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The liquid nitrogen reservoir, complete with the discharge tube assembly was constructed
following fabrication of a pair of identical expansion bellows (figure 4). Based on the
design of the Bonn tube, bellows sealed between the coolant reservoir and the vacuum
jacketserved to effectively absorb contraction and expansion of the glass as it responded
to normal operating conditions. In addition, the bellows served to support the weight of
the filled liquid nitrogen reservoir. Using a large hush tip on a National hand-torch, each
bellow was carefully formed in one complete action. A 50-millimeter section of 20-
millimeter standard wall tubing was heated in the lathe until it was just above the
softening point. At that moment, the glass was forced together by driving the tailstock
of the lathe towards the headstock while expelling a breath of air into the tube. A suitable
bellow turned in the lathe without an uneven or unbalanced form. The tubing stock was
flame cut 15 millimeters longer than the desired finished dimension on each side of the
bellow. This additional material allowed for increasing the weight of the glass as the
ends of the tube were flared with a heavy sealing lip. (It was observed on existing tubes
that this area was commonly susceptible to failure due to inadequate seal weight at the
vacuum jacket.) The final pair of expansion bellows was oven annealed and set aside.

A 1200-millimeter section of 94 x 100-millimeter tubing was used to create the liquid
nitrogen reservoir. Initial preparation involved basic cleaning of the tube, removing
packaging dust and fingerprints. This routine was followed throughout the fabrication
process. Specific points were located and marked where the cathode tee-tube extension
and the gas injection tee-tube extension were to be ring-sealed through the wall of the
reservoir. The areas were gently heated and blown out to form slight bubbles, and were
flame annealed. The ends of the tube were slightly flared allowing for easy insertion of
the holders, which would temporarily suspend the assembly inside the reservoir tube.
The discharge tube assembly was then inserted into the reservoir tube having temporary
supports (figure 5) shimmed into each end. Cotton rags were used to prevent scratches
as the assembly was carefully moved across the inside of the tube into final position.
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Once in position, each holder was carefully shimmed into place with graphite tape. The
tee-tube extensions were positioned up into the previously formed bubbles in the wall
of the reservoir. Special care was used to chuck the assembled reservoir in the lathe.
Chuck arms were covered with glass tape to prevent any damage to the exterior of the
tube.

Work began at the middle section (figures 6 and 7). Each tube extension was sealed into
the wall of the reservoir and then reopened to allow for a short extension to be added to
the outside of the ring seal. The extensions were adjusted to length in preparation to be
ring-sealed through the wall of the vacuum jacket. Once again, the weight of the
extensions was enhanced as much as possible. Ring-seals into the wall of the vacuum
jacket from these extensions had to endure cryogenic cooling and support the combined
weight of the reservoir and coolant.
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Final work at the middle of the liquid nitrogen reservoir involved forming the fill/exhaust
port. This opening allowed the coolant to be added to the reservoir and was to be
sufficiently large to allow exhaust from the coolant to escape around the supply nozzle.
A small hole was opened initially. This left enough glass so that as the hole was tooled
out with a graphite rod a sufficiently long extension was created which would later be
sealed into and through the wall of the vacuum jacket. With holders left in position, the
entire assembly was annealed at 560 degrees Celsius.

The ends of the coolant reservoir were completed next. The first end to be completed
had its holder removed and the tubing inspected for debris from the graphite shims. All
unused openings were plugged to allow air to be blown into and around the discharge
tube (the cavity of the reservoir) which aided in the formation of the seals. Heat was
concentrated on the reservoir tubing just to the right of the visible end of the discharge
tube. After allowing sufficient glass to gather, the tube was rolled down and over the end
of the discharge tube, fusing the two together with heat concentrated at the junction of
the two tubes. The tailstock of the lathe was pulled away slightly to allow the excess glass
to be removed from the seal. The end of the reservoir was given a hemispherical shape
to enhance strength. The glass at the junction of the reservoir and the discharge tube was
heated with a hand torch until a bubble could be blown out. Forceps were used to quickly
grab the bubble while the flame of the hand torch “cut” away the excess glass. The
opening formed was carefully tooled with a graphite rod to a diameter ready to receive
a bellow.

While maintaining temperature on the end of the reservoir by directing a gas/air-
annealing burner on the area, the tailstock was disengaged. One of the two expansion
bellows, which were prepared previously, was quickly placed in the arms of the chuck
ready to be fused onto the end of the reservoir. After re-engaging the tailstock, work was
continued on the end of the reservoir. The bellow was carefully warmed in preparation
to be sealed into place. An adequate seal was formed through a combination of heating,
blowing and gathering by gently advancing the tailstock towards the end of the reservoir.
Upon completion of a suitable seal, the entire area was slowly flame annealed and
brought to room temperature before being furnace annealed. The same process was
followed to finish the opposite end before the entire assembly was ready to be sealed into
the vacuum jacket.

The annealed liquid nitrogen reservoir, complete with discharge tube and bellows, was
then sealed inside the vacuum jacket. The jacket was prepared in the same way as the
reservoir having bubbles blown out at locations where ring-seals would be formed for
the liquid nitrogen port, the cathode port and the gas inlet port. At this time, the 4mm
bore high vacuum valve serving as an evacuation port was sealed into position. Early
completion of this feature helped to reduce working time in this region during the process
of forming the necessary ring-seals for the other ports. The jacket was flame annealed,
cooled and fitted with the liquid nitrogen reservoir. Care was taken to rest the assembled
inner tube on cotton rags which were pulled like a “sled” across the inside of the jacket.
All extensions to be sealed through the jacket had to be perfectly adjusted in length to
prevent scratching the inner surfaces. Once in position, shims formed of glass fiber tape
covered with graphite tape were gently positioned between the two tubes at each end.
The center extensions for through seals were positioned up into the preformed bubbles.



Eight shims were used per end. The next step was to form the three ring-seals at the
middle of the jacket.

Crucial to the success of completing the laser tube was patience in forming seals through
the wall of the vacuum jacket opposite those already formed through the liquid nitrogen
reservoir. Warming the area to be worked began with only a gas and air mixture from
aLitton preheat/annealing burner. Gradually the flame temperature was increased with
the addition of more air to the gas mixture until finally maximum temperature was
achieved from the burner. This process took approximately thirty minutes. The seals
that were already formed in the liquid nitrogen reservoir had to be warmed very slowly
through the vacuum jacket to prevent cracks. The entire assembly turned slowly in the
lathe throughout this process.

With the glass up to temperature, it was time to form the first of three seals in this region
of the apparatus. The seals to the cooling coil tee, the cathode port and the liquid nitrogen
fill/exhaust port were formed, respectively. Since each of the seals required connection
to inner components, greater care had to be exercised in maintaining temperature on the
area being worked, while at the same time not overheating the discharge tube allowing
it to become distorted. (Some thought had been given to leaving the quartz straightening
mandrel in place throughout the process. Satisfactory results were obtained without this
procedure.) In this situation the annealing burner had been set up with a foot valve which
maintained a pilot through the burner head. When seals were being performed, the
burner was quickly turned off then reactivated immediately following short periods of
work. This method proved successful at preventing any cracks due to thermal shock
from premature cooling.

Seal quality in this area, as with the entire laser tube was essential to the success of the
project. Toassure the formation of adequate seals, each area of the jacket was thoroughly
heated through until it fused into the tube extension from the coolant reservoir. Once the
glass was softened adequately and the two areas flowed together, air was expelled into
the cavity to help form the seal and bring back the distortion caused by the heating
process. After the center of the seal became well-formed, a final heating was performed,
concentrating the flame of the hand torch only within the ring of the seal. A bubble of
glass was blown out. Forceps were used to quickly grab the glass and pull it away. In
the same action, the flame of the hand torch continued to heat the glass as air blown into
the seal eventually forced the glass to go thin and an opening was formed. The resulting
hole was carefully tooled with a graphite rod ready to accept the diameter of the
respective part. All of the external fittings were previously prepared enhancing the
weight of the tubing stock at the sealing point. The cathode port, in particular, was
prepared with an olive just above where it was to be joined to the laser tube jacket (figure
6). It prevented vacuum pressure from drawing the cathode inward towards the vacuum
jacket through the compressed o-ring in the fitting. An earlier model of a liquid nitrogen
cooled carbon monoxide laser was a victim of irreparable damage caused by the lack of
such a feature.

With all of the seals completed at the middle section of the apparatus, the area was flame

annealed and brought to room temperature. Before room temperature was reached
though, the annealing burner was allowed to deposit a thick layer of carbon on the glass.

10



This insulation helped to further reduce the rate at which the glass cooled, and was
considered an essential practice towards successful completion of the tube. All other
work performed on the vacuum jacket received this type of treatment. The entire
assembly was once again furnace annealed, leaving all supports in place.

Following the annealing process, the assembly was ready for shims to be removed from
one end and final seals formed over the expansion bellow (figure 8). Once again, care
was taken to load the tube in the lathe without damage. Steps were taken to line the lathe
spindle with cotton rags to avoid scratches as the tube was inserted through. Support
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chucks at the backside of the spindle helped to support the weight of the apparatus. Once
in place, shims were fitted to help the end of the tube run true. The tailstock held a scrap
piece of tubing, which was used to connect to and pull away excess glass as the seal was
formed. An inner member 29/26 was previously cut to length and set aside, ready to be
sealed into place. Preheating of the area began with just methane and air and was
progressively increased in temperature with the addition of more air pressure. This
procedure took approximately thirty minutes. Heating of the jacket began just to the
right of where the glass would eventually seal into the bellow. It was important to allow
the glass to gather a bit before the tailstock was pulled away. Also, heat of the burner
had to be controlled so as not to overheat the bellow, which would begin to move out of
alignment. The lathe was never stopped throughout this seal. Once the glass was pliable,
it was tooled down and over the end of the bellow. Forming the hemispherical end as
the glass was tooled down reduced the need to reshape the area once the glass was closed
over the bellow. A tremendous amount of heat was concentrated on the seal to assure
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strength. It was opened to accept the 29/26 joint in a manner not unlike the seal formed
with the liquid nitrogen reservoir discussed earlier in this paper. The 29/26 joint was
sealed into place having the glass gathered near the ring of the seal and progressively
tapering off to the weight of the joint stock. The length of the part from the seal was
adjusted to within specifications before the flame annealing process began. Once again,
the area worked was brought to room temperature very carefully leaving a layer of
carbon to insulate it against thermal shock. The entire tube was then annealed. The
opposite end was finished in the same manner before a final annealing of the finished
apparatus was performed.

Remaining work to fabricate a liquid nitrogen cooled carbon monoxide laser involved

constructing a cathode and two anodes. The cathode was designed using glass
compression fittings (figure 9). Two fittings sealed together formed the body of the
adapter. A smaller fitting, sealed perpendicular to the larger tube, formed the seal around
the electrode and held the stainless steel component in place. The electrode was threaded
on one end to make a connection. A leak-tight connection through the compression
fitting was only possible with a polished rod having no surface pits or scratches.
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The anodes were formed off of 29/26 outer member ground glass joints (figure 10). Two
were needed. The desirable orientation was to have the electrode arms of the anodes on
the same side of the laser tube when in place. All other details were the same for both
orientations. Adapters were formed with three different size glass compression fittings
to accommodate the different diameters of the component parts. The open end of the
adapter accepted a gas feed tube. The perpendicular arm supported and sealed into place
the electrode which was designed with a threaded connection into the wall of the stainless
steel excitation tube. The entire adapter mounted onto the side arm of the anode. A
section of tubing having an outside diameter of 22-millimeters was added to each ground
glass fitting. The ends were cut to Brewster angles. Optical windows were fixed in place
with epoxy.
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In conclusion, the 1000-millimeter liquid nitrogen cooled carbon monoxide laser tube

discussed in this paper has performed without failure since its completion. The
modifications introduced improved the user-friendliness of the apparatus. No accidents
or damage to the tube have been reported since threaded glass compression fittings were
used in place of ground glass fittings. Threaded glass fittings replacing glass-to-metal
seals on the cathode and anodes have performed well. There was a concern that heat
generated from electrical current would damage the o-rings in the seals, but this was
never observed. The dynamic vacuum applied to the dewar proved effective atinsulating
the liquid nitrogen reservoir. Unlike tubulated jackets on other tubes, there was very
little condensation build-up on the exterior of the laser tube; this allowed for an
uninhibited view of the discharge over extended periods of operation.

Improvements in the fabrication process might include using a mandrel to support the
discharge tube throughout the different annealing stages. Use of a graphite mandrel may
reduce the chance of accidental damage. Also, incorporation of some glass supports may
aesthetically improve upon coils sagging throughout annealing stages. This wasreduced
to some extent by rotation of the tube assembly, positioning the “high side” of the coil
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Glass Cells for Neutron Spin Filters
Using Polarized *He

by
F. William Hersman, Ph.D.
Physics Department
University of New Hampshire
Durham, New Hampshire 03824

ABSTRACT

Polarized helium-3 cells have been used successfully to polarize beams of low energy
neutrons. The polarized helium-3 nuclei capture neutrons whose spin is oppositely
directed, while allowing those with the same orientation to pass through. The constraints
of alkali resistance, helium permeability, and neutron transmission require special glass
formulations, surface treatments, and/or new cell designs in order to fabricate neutron
spin filters for an upcoming nuclear physics measurement at Los Alamos.

Neutrons and nuclei

Neutrons, together with protons, are the basic building blocks of atomic nuclei. They are
exceedingly small, having mass of 1.67 x 10" kilogram, and size of 0.8 femtometer
(10" meter). While they have no electric charge, they nevertheless have a small
magnetic moment, associated with their spin. Polarizing neutrons consists of aligning the
spins (more-or-less) along a particular direction and holding their orientation with a
magnetic field. Neutrons have a mean lifetime of only 15 minutes before decaying into
protons (and other particles). Consequently, they must be used shortly after and in close
proximity to where they are produced.

Free neutrons are produced for physics experiments primarily by one of two methods.
A source of neutrons that is continuous in time can be obtained from a nuclear reactor.
Alternatively, a source of neutrons that is concentrated in bursts can be obtained by using
a particle accelerator to knock lots of neutrons out of a thick block of material. This
process is called neutron spallation and is required for the experiments I discuss today.
The advantage of this method is that fast neutrons arrive at our experiment shortly after
the burst of particles comes from the accelerator, while slow neutrons arrive much later.
We can determine the velocity of the neutrons based on how much time separates the
beam burst and the neutron’s arrival at our experiment.

Spallation produces large quantities of neutrons for study. At the Los Alamos Neutron
Science Center (LANSCE) the spallation source produces about 12 x 10'* neutrons per
second per each eV energy bin. Most of these are going in unusable directions, and get
absorbed onto the shield. Nevertheless, roughly ten billion per second go into our

10 cm x 10 cm beam line and get directed to our experiment.

Most of the helium in the world has two protons and two neutrons, for a total of four,

hence the moniker“He. We are interested in using *He, which has only one neutron. Since
the two protons cancel each other’s spin and magnetism, the single neutron provides the
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spin and magnetism for *He. If another neutron comes in the vicinity with spin (and
magnetism) directed opposite to the *He nucleus, it is absorbed with high probability
(Figure 1). On the other hand, neutrons with their spin oriented in the same direction as
the *He nucleus are 700 times less likely to be absorbed: they pass through. Consequently,
a glass cell filled with polarized *He gas acts as a spin filter for neutrons: it allows
neutrons with parallel spin orientation to pass through and absorbs neutrons with the
opposite spin orientation.

spin of the 3He nucleus f

neutron spin

Figure 1. Neutrons with their spin directed opposite to that of the *He nucleus are
absorbed with much higher probability.

Why polarize neutrons?

Polarized neutrons are being used in applied and basic research. The primary application
of polarized neutrons is to study the atomic and molecular structure of the magnetism in
solid materials. Our collaboration, however, is planning to use polarized neutrons to
measure details about parity violation, a fundamental property of one of the forces of
nature.

The forces of nature that are most familiar are electricity and magnetism, and gravity.
Less familiar are the two nuclear forces, sometimes called the strong and weak nuclear
forces. The weak nuclear force is the only one known to violate parity. This peculiar
property has important origins in the evolution of the universe after the big bang.

The parity operation is a lot like reflection in a mirror. Some objects may look the same
reflected in a mirror (spheres, cubes) while others look different (the alphabet). Up until
the 1950’s, physicists thought that all the laws of physics would behave the same if
everythinginvolved in the process were reflected in a mirror. In particular, processes that
involve two orientations because they depend on a direction of travel (momentum) and
a rotation (spin) could in principle behave differently, since reflection in a mirror will
reverse only one of those directions, not both. Anexample would be if you weighed more
(and therefore dropped faster in gravity) if you were spinning to your left rather than
spinningto your right. Obviously this is not the behavior we observe for gravity. In 1956,
Professor C. S. Wu measured a particular nuclear radioactive decay and found an excess
of particles emitted with momentum along the direction of the nuclear spin, a violation
of parity attributed to the weak nuclear force. Our experiments are extensions of that
Nobel prize-winning discovery.
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The *He polarizing process imposes requirements on the enclosing cell. The efficient
absorption of the laser light depends not only on the rubidium density, but also on the
helium pressure. This is because the helium pressure will cause the process to work not
only at a wavelength of 794.7 nm but also at nearby wavelengths (down to 793.7 nm or
up to 795.7 nm). Since the laser produces light spread over these wavelengths, this light
will be wasted if there is not sufficient helium pressure. The cell should be transparent,
allowing the polarized laser light to pass through to the rubidium vapor. It should not be
birefringent (unless corrections can be made). It should be alkali resistant and impermeable
to helium leakage.

Neutron spin filters

Neutrons emitted from the spallation source and travelling in the direction towards the
experiment have randomly oriented spins. In the presence of the magnetic field that holds
the *He polarization and defines a direction, half of the neutrons are oriented parallel to
the *He nuclei and the other half are antiparallel. As the neutrons travel through the
polarized *He gas, the parallel neutrons are transmitted more favorably while the
antiparallel neutrons are absorbed. Consequently. more neutrons emerge with their spins
parallel to the polarized *He (Figure 4).

Neutron polarization

— antiparallel
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Figure 4. Absorption and transmission of neutrons with their spins oriented parallel and
antiparallel toa sample of *He with polarization of 40% and pressure of three atmospheres.

The neutrons must enter and exit the cell, which holds the helium. This imposes
additional constraints on the cell materials and properties. The cell must cover the area
of the neutron beam uniformly. There must be sufficient thickness and polarization of
the helium gas to accomplish the task of polarizing the neutrons, but not so thick so as
to absorb all the neutrons. The glass should be transparent to neutrons, allowing them to
pass without significant absorption or polarization change.
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Constraints and difficulties

The constraints described above can be summarized and compared with existing
capabilities and materials. The conditions imposed by the requirements for polarizing
helium, including the resistance to alkali metal vapor, could be confined to a polarization
region. Aluminosilicate has excellent resistance to heated alkali vapors. The region
where the neutrons pass through could then be made of a different material.

Transparency to laser light points to glass, at least for the laser light entrance. Low
permeability to helium should be satisfied by the entire cell, unless there is some way to
replace helium. Aluminosilicate has an extremely low permeability, borosilicate is one
hundred times worse, and quartz is terrible. It is possible that coatings could improve the
helium permeability of quartz.

The nuclei of *He will depolarize if they come in contact with any atoms with magnetism,
if they stay in contact with the surface for all but the briefest of collisions, either because
they got stuck or burrowed into the surface. Glass compositions containing iron or
surface impurities of oxygen are known to prevent long polarization storage times and
high polarizations. Aluminosilicate which is formulated without iron and prepared from
purified iron-free components has been shown to be excellent. High temperature bake-
out seems to remove most oxygen-containing surface impurities. Most glass contains
boron. Normal boron is 20% boron-10 and 80% of boron-11. Unfortunately boron-10 is
highly absorptive of neutrons, 700 times more than boron-11. The neutron cell must be
prepared from boron-free glass, or glass made using isotopically pure boron-11.

Our best so far

Participants fromseveral labs and universities joined together in the TRIPLE Collaboration
to produce polarizing cells and perform experiments with polarized neutrons. Flat
windows were prepared from various aluminosilicate materials and joined to cylindrical
bodies. The cells were baked out at 350°C and filled with 100 torr of pure nitrogen,
doubly purified *He gas, and doubly distilled rubidium metal. The polarization storage
times ranged from 40 hours to over 80 hours. Three of these cells were used in successful
experiments at LANSCE (Figure 5).

Cell Dia. x Leurrlrghth‘(cm) P (273K) | I'-1 (hr)| windows

LA2 34>< 10.0 30atm| 84.3 |2mm 1723

LAS 3.6 x 10.0 48atm | 485 |3 mm lOBMand Fe free 1720

LA7 3.4 x10.0 5.5atm| 38.1 |3 mm 10B and Fe free 1720
| LA12 3.6 x 10.1 5.6atm | 47.3 |3.2 mm Fe free 1720

LAI13 3.6 x 10.0 5.5atm | 41.1 |3.2 mm Fe free 1720

19






We have designed the apparatus assuming a 4” x 4” beamline. This requires either a
4” x 4” square or a 6” diameter neutron spin filter cell. We have estimated that the
experiment is performed best if there is an amount of helium in the pathway whose
density-times-thickness is 4 to 6 atmosphere-cm (@273K) This is relatively thin,
especially when you account for the fact that the pressure should be significantly greater
than one atmosphere in order to make efficient use of the laser light. Finally, we will need
to run the experiment for a year or more, even with these large dimensions. Reducing the
size of the apparatus will require a longer running time. It is obviously desirable that the
cell should operate without failure for a long time.

Current efforts are approaching this design problem from a number of approaches. The
simplest conceptually would be a single high pressure cell, with a sufficiently large
diameter. The entire cell would be heated and contain rubidium vapor. The pressure
would be approximately two to three atmospheres with the thickness in the range of
2 cm to 3 cm. The laser light would enter the side, illuminating the entire 15 ¢cm x 2 cm
rectangular cross section. Experimenters at NIST began by exploring this design.

Proton Beam

Biological CsI gamma-ray detectors
ohield [LIT]
PREXXIA Neutron RF Spin Liquid
XXX Guide Flipper Hydrogen
. Target
Tungsten %
Spallation | -H—— — — — — —*B-—---—---—‘--~*£E}>
Target Liuid 5:2:2:2:2:2 He Monitor
1qui 00,008 - .
Hydrogen RXRXKES Spin-Filter Li Absorber

Moderator []]:D

Figure 6. Schematic design for a single cell polarized helium neutron spin filter.

Most of the various remaining approaches separate the *He polarizing cell and neutron
spin filter cell. The simplest of these would place a 1 diameter cylinder of several inches
length off to the side for polarizing the *He. This cigar-shaped cylinder would be in a
warm enclosure for vaporizing the rubidium. The polarized *He would diffuse through
a connecting tube into the neutron polarizing cell, which would be at room temperature
and similar in geometry to the pancake-shaped disk shown above.

The simplest of the two cell designs would use aluminosilicate glass for both cells. In this
case, only the geometry has changed to allow more ideal overlap with the laser beam and
the neutron beam. The large flat windows must be boron-free, while the entire volume
should either be iron-free or coated (to minimize helium depolarization). Alternatively,
they could be made of different materials, solving some problems and creating others.
If the rubidium is confined to the polarizing cell, then only that cigar-shaped cell needs
to be alkali resistant. The pancake-shaped neutron spin filter cell could be made of
quartz, which is easier to fabricate and free from neutron absorbing impurities.
Unfortunately quartz leaks helium. This problem could be addressed three ways. The
first would be to simply tolerate the leakage and replace the cell when the pressure drops.
The second would be to attach a valved cell and replace the lost helium periodically. The
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third would be to develop a sol-gel coating for the quartz that reduces or eliminates the
leakage. These approaches are being explored at the University of Michigan, NIST,
Princeton, and the University of New Hampshire.

Summary

Neutron spin filters offer new paths to discovery. The high polarization that is achieved
for very large quantities of neutrons for a large range of velocities opens possibilities that
were not available before. Still, each improvement we are able to achieve in helium
polarization, and the accompanying improvement in neutron polarization, lowers the
cost of these multi-million dollar experiments. Consequently, we will always be pushing
the limits of glass materials and techniques. Furthermore, as improvements emerge and
become routine, even more creative and ambitious experiments will be envisioned and
proposed. What has been true for hundreds of years remains true today: the advance of
science vitally depends on our understanding of the material properties of today’s glass
and the techniques and skills of today’s glassblowers.
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Let us now discuss the three types of centerless grinding (drawing 4).
Through-feed centerless grinding:

* Drawing 4 is of a typical part that could be centerless ground.
« Straight cylindrical parts pass from the entrance across the wheels (or belt) and out
the exit of the machine.
* The grinding and regulating wheels are set at a slight and increasingly narrow
angle.
* This is a continuous process where parts of a single diameter are fed into the
machine one after another.
* The process removes excess material as the parts pass through the wheels, resulting
in the parts being ground to a precise diameter.
* The rate of feed is highly dependent on:
* Diameter of work.
* Type of material.
* Amount of material to be removed.
* Tolerances to be met.

2.000 +- 001"

1.500 +- .030" bt 10" min -

Drawing 4. Through-feed Centerless Grinding

In-feed or plunge centerless grinding (drawing 5):

* This drawing shows a multi-diameter part that can be plunge ground.

*» Typically a part is placed between the wheels against a stop and the operator will
either pull a handle or engage an hydraulic drive that brings the regulating wheel
towards the grinding wheel. This allows the grinding wheel to gradually remove
the excess material.

« This is used when the shape does not allow the part to pass entirely through the
machine. Also, the part usually has a shoulder or head.

* Multiple diameters may be ground at one time.

* The length of the grind is limited to the width of the wheels as there is no axial
movement of the work.

* Special dressing attachments may be required depending on the profile of the
completed part.
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Drawing 5. In-feed (Plunge) Centerless Grinding

The third type of centerless grinding is called “End-Feed” centerless grinding (drawing
6):

* Drawing 6 depicts a taper which is quite typical for end-feed grinding.

* This method is used to produce tapered parts.

* The part is fed into the entrance of the machine and the part travels to a fixed stop.

» The grinding wheel, regulating wheel and work rest blade are set in a fixed
relationship to each other so as to create the desired taper.
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Drawing 6. End-feed Centerless Grinding

Photo 7 shows a piece of metal being centerless ground. There are two types of centerless
grinding machines commonly used in the glass industry. This is a centerless grinder with

arigid wheel.

Why a rigid wheel?
* Better dimensional stability.
* Lower cost to grind due to life of wheels.
« Can hold very tight tolerances +/-.02% per inch of diameter (.0002” per inch of

diameter).
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Drawing 8. Centerless Belt Grinder

In order to make parts round in the grinding process, the most important factor is the
location of the work as it relates to the centerline of the grinding and regulating wheels.

Grinding on center:

* To grind work cylindrically (round), the height of the work piece is adjusted by
raising or lowering the work rest blade so as to place the center of the work above
the centerline of the wheels. The height varies based on the diameter of the work
and ranges from an amount equal to 1/2 the work diameter to a maximum of
1/2” above center.

* The height of the centerline of the work in relationship to the centerline of the
wheels is directly proportional to the part roundness after grinding. The higher the
part is held above center, the rounder the result.

* Drawing 9 shows a part being ground on center.

* The two wheels and the blade form 3 sides of a triangle.

* As the work is rotated and the high spot comes in contact with the regulating
wheel, the part will be pushed into the grinding wheel causing a diametrically
opposite low spot.

* This set-up will NOT produce a round part.
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Drawing 9. Results of Grinding On Center
Grinding above Center (drawing 10):

* When the center of the work piece is above the wheel centerline, any high spot
coming in contact with the regulating wheel will push the work into the grinding
wheel creating a low spot that is not diametrically opposite the high spot. (The
high and low spots are not opposite each other.)

* As the work is rotated, the high and low spots do not occur opposite each other as
they do when a part is ground on the centerline of the wheels and gradual rounding
takes place.

* The rounding action is also increased by a high working speed and a slow rate of
through-feed.

o If work is too high, it will chatter as there is not enough downward force to keep
the work on the workrest blade.

GRINIING TORK I
WHEEL

IR TERH] REGULATING
WHEEL

~

,

WORK REST BLADFE

WORK REST BLADE HOLDER

Drawing 10. Grinding Above Center
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Multiple passes may be required depending on the diameter of the work and the polish
desired. Cork polishing will leave a slightly cloudy appearance and a final polish of
cerium oxide can be performed after the cork polishing to return the glass to its original
clarity.

Surface finish comes in many varieties. Chart 18 allows you to convert from different
standards that may appear on a print. Most commonly used is the Ra and we consider any
finish <16 to be polished.

{ MICRO ENGINEERING CONVERSIONS
Surface Roughness

fafla) 1 [2 [4 |8 W Y3 |@ |15 |24 |5 | 1000) 260
Ragemy | 025105 |1 2 ‘ 8 |16 |32 |63 |n2s|2s0[s00
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Dimensional

1 Microinch = 1pin. = 10 in. = 254A = 25 4nm = .206 seconds per inch
1 Micrometer = 1 micron = 1um = 106 meters = 10A = 39.37,in.

1 Nanometer = 10"%meters = 10A = 3.937 x 10°%in.

1 Angstrom = 1A = 10""%meters = 0.1nm = 3.937 x 10°%in.

Chart 18. Micro Engineering Conversion Chart
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As this has been a very basic introduction, I would recommend some of the materials that
I have referred to over the years.
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England: Portcullis Press Ltd., 1981.
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Micro Engineering Conversion Chart. Adison, IL: Surface Finish Co., n.d.
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Investigating Bubble Formation in Butt Seals
with the Aid of an Electron Microscope

by
Hans Rohner
University of Colorado - JILA
Boulder, Colorado 80309-0379

Abstract: This paper describes observations of saw cuts in quartz and borosilicate glass
with both silicon carbide and diamond wheels. I show which surface topology is prone
to bubble formation in subsequent butt joints. The observations are largely
phenomenoligical, with minimal theoretical speculation as to why the bubbles form.

Introduction: Glassblowers have long observed that borosilicate and soft glasses, when
cut with a silicon carbide abrasive wheel and left unetched, will form a line of bubbles
at the joint when subsequently sealed. Quartz does not suffer the same defect under
similar procedures. When diamond abrasive wheels are used instead of silicon carbide,
the bubble formation at the seal is as good as eliminated in the borosilicate glasses as
well.

The wheels used in the investigation are 14" diameter 120 grit silicon carbide and 150
grit diamond, cooled with water. The wet saw rotates at 1725 RPM, yielding a face
velocity of 6322 surface ft/min. The test samples are 12mm diameter quartz and Pyrex
7740 tubing, standard wall. | made every effort to duplicate the feed rate for each cut;
I tried to match the feed rate of that necessary for the silicon carbide wheel, recognizing
that it would be somewhat slower than what the diamond could manage. I dressed the
wheels before every cut.

Before making the butt seals, I cleaned the samples in an alkali detergent ultrasonic bath
for one minute, followed by a hot water and then distilled water rinse. The samples were
allowed to air dry. I treated the samples in the micrographs in the same manner.

The micrographs are SEM (Scanning Electron Microscope) images. Without getting
into the workings of electron microscopes, let me just add that images were captured
using a relatively low (5 kV) acceleration voltage, and that the samples were sputtered
with a thin film of gold/palladium to eliminate charging.

Findings: In the interest of comparison, I include only micrographs of the same
magnification, in this case, 10,000 X. I hasten to point out, that by themselves, these
miniscule perturbations would form bubbles so small that no conventional light
microscope could possibly resolve them. These clearly are not the whole cause for the
formation of bubbles visible to the naked eye. Rather, these images show the different
effects the two abrasives have on the surface of the glass itself, which leads to the
formation of bubbles.

Photos 1 and 2 show the effects of the 150 grit diamond wheel. Photo 1 is the quartz
sample, photo 2 is the Pyrex. It is important to notice the similarity of the two surfaces.
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Making a Low Temperature Dehydrogenation Reaction
Cell with Zeolite 13X Polyethylacrylate
Separation Membranes
by
William J. Wilt
Chemistry Department
CAS Technical Services

State University of New York at Albany
Albany, New York 12222

Abstract

This paper will discuss the design of a leak proof experimental glass apparatus used in
the attempt of obtaining (trace) amounts of Benzene by way of a flow of Cyclohexane
through non-glass (Zeolite) membranes. Although, a few comments will begin with a
fuller explanation of this experiment and possible implications for everyday life, the
main focus will be on how such an apparatus, namely one with highly flammable vapors
passing through a membrane, was arrived at using readily available glass catalog
components.

Introduction

Recently a researcher in the Physical Chemistry Department asked me to make a simple
project. It was a somewhat small glass cell, approximately 1 1/4” in diameter by 4-6
inches tall. This cell or apparatus was to be filled in the bottom with a certain small
amount of the solvent Cyclohexane, then slowly heated via an oil bath. The resulting
Cyclohexane (CH) fumes were to penetrate and flow up through a specially prepared
membrane called Zeolite 13X Polyethylacrylate. These passed-through vapors were
then to be distilled (under a vacuum of 2mg Hg), condensed via a series of traps, and the
collected results would contain a small amount of the chemical Benzene. The chemical
formula for this experiment would then be as follows: C, H,, Cyclohexane —C, H,
Benzene. The chemicals are commonly represented in Diagrams 1-4.

On the shorthand version (i.e. stop sign pictures), note particularly the circle inside the
Benzene diagram. This circle represents so-called “double bonds.” These bonds allow
for easy attachment and forming of countless other compounds."'

Low Temperature Dehydrogenation Reaction Separation Membranes

Previous attempts to make Benzene from Zeolite membranes had been successful, but
none at a specific low temperature of the Cyclohexane as in this experiment.” Certain
additives, namely Titanium and Nickel were added to the Zeolite membrane, also a
certain chemical called Polyethylacrylate. This resulted in what is termed in Physical
Chemistry a perfect separation of two compounds.* So as not to confuse the reader, [ want
to note one other important matter. The focus of this experiment was not to invent per
se new ways of producing Benzene. Benzene is indeed already made available from
crude oil distillation in mass quantities; the method of doing this is typically by using
those tall fractional distilling columns very commonly observed along parts of the New
Jersey Turnpike and certain roads in California (see pictures 1 and 2). Rather, the intent
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of this project was to show that Benzene could be made from Cyclohexane with these
specially treated Zeolite membranes, and again at a much lower temperature, 70-90 C
(boiling point of CH is 81 C). These membranes were treated with Polyethylacrylate,
which is very toxic and strong in odor; subsequently gloves and hoods had to be used at
all times.

As the treated membranes were respectively placed above the Cyclohexane, the
Cyclohexane fumes were heated and the fumes rose and passed up through the
membranes. During this process, the hydrogen atoms from the Cyclohexane were
essentially stripped away, resulting in a new molecule, namely Benzene. This process
of removing hydrogen is known typically as Dehydrogenation. Dehydrogenation, as in
the title of this paper, is actually quite familiar to us: that term is used to describe how
saturated fats (butter, lard) are changed into unsaturated ones (canola®, olive oil). Having
said all of this, one must stop and ask the simple question: what relevance does this very
unique and specialized experiment actually have for us in our everyday lives? The
answer for this lies in what is called in physical chemistry the process of pure separation.
From similar separation projects, interesting new compounds, notably those in the
pharmaceutical industry, can be made, i.e. new medicines. Before I begin talking about
how I made the apparatus, I do want to mention a few things about the chemical Benzene.
Benzene in more recent times has, regretfully perhaps, been known only for its dark or
negative side. Indeed, since Benzene was recently identified as 1 of 20 known
carcinogens in the world,acommon canof it which, 30 to 40 years ago usedtobe onone’s
garage shelf, is now rarely to be found.’ In gasoline, however, Benzene plays a very
important and critical role. Yet, because of its carcinogenic features, it is now, at least
in North America not the rest of the world, very strictly regulated and is only a very small
part (0.1 to 4.4%) of gasoline.® Nonetheless, Benzene is what one so easily identifies by
smelling it at the gas pump. For this reason, we now have big round rubber collars on the
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3. To maintain a constant leak-free vacuum
4.To provide easy disassembly for inserting and removing these membranes

My first thought was to simply take a glass fitted tube and place the membrane inside it.
This idea was quickly discarded since first there were no tubes available to fit the exact
diameter of these membranes. And much more importantly. there was the problem of
how to hold them only by their edges and to have little to nothing actually touching
between the membrane and the rising CH fumes. The research student was aware of this
but still insisted on my making certain custom-made glass flat flanges to hold the
membrane exactly in place. This worked relatively well for the first few trials, but, as
other membranes were inserted and removed, invariably the glass flat flanges would be
easily broken, mostly from overtightening of the outside metal clamp. A more acute
problem was that as pressure would build up from the heated Cyclohexane, these
membranes would “puff up” as it were and would be drawn up and out of the flat glass
flange holders. Several other options were tried using o-ring joints, ball joints and even
ball joints with o-rings on them. Yet, they all only resulted in improper fits and leakage
for what was now this problem membrane. More recently, [ was asked by a different set
of researchers to retry this project using normal glass joints somewhere in the apparatus
for easy disassembly. A joint size 45/50 was chosen. It was at this point, while thumbing
through a glass catalog, that I finally arrived at the solution. It was to use a straight drip
tip joint, (note: not cuton an angle) to hold down this membrane. (See picture 4, diagram
5). This accomplished three things:

I. The membrane was held down only by its outer edges, thus giving a good
unobstructed flow of CH

2. By using joints, it was leak proof

3.1t had easy disassembly

45750 INNER JT

S ~-SLRELN
& MVIRANE

?

C- FLOW

Picture 4 DIAGRAM S

A small matching metal screen was placed on top of the membrane to avoid the “"puffing
up” problem. Then the straight drip joint was inserted and slightly modified in terms of
its length, to ensure a proper tight fit on the membrane and screen as the joints were put
together. Lastly. I also added a set of hooks and springs on the outside of the joints to
avoid any opening up of these joints during operation. In the end, this technique worked
fine, and currently this apparatus is still used without any incidents during daily
operation (See pictures 5. 6. and 7).
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4. Dickinson 238, 265.
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6. Ibid
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toxicity. Online. Internet. 1 June 1999. Available http://jeeves.nih.gov/oc/news/
benzene.htm

8. “That useful molecule called benzene.” Online. Internet. 1 June 1999. Available:
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0

1 Meter

ISR

10 Meters

Soccer Field = 100 Meters
[ ]
Football Field = 100 Yards

1 Angstrom Figure 2. A View of the Subatomic Level

One millimeter (mm) is 10~ meters

One nanometer (nm) is 10 meters

One Angstrom (A) is 10" meters

The ratio difference between | millimeter and 1 meter is 10
The ratio difference between | meter and 100 meters is 102
The ratio difference between Imm and 100 meters is 107

If one millimeter was the size of a soccer field, and you took one of its millimeters and
made it into the size of a soccer field, then the size of one of its millimeters would be
the size of an Angstrom.

Scanning Tunneling Microscopes function by attaching the desired object to the STM
and placing the STM in a vacuum chamber. Then, the micro-tip of the STM is placed
extremely close to the object after which a small current is applied to the object and the
micro-tip. As the tip scans along an “x” and “y” grid of the sample, a voltage “tunnels”
across the gap between the sample and the tip. The tip raises up and down (the “z” access)
to maintain the same voltage. Thus the topography can be determined, and for the first

time a full three- dimensional viewing of a micro-object can be created.

Unfortunately, there were obvious limitations to STM: (1) the object had to be small
enough to fit into the device, (2) the object had to go into a vacuum chamber, and (3) the
object had to be able to conduct electricity. Although one can lay a very thin metallic film
on the sample to obtain the needed electrical conductivity, this last limitation essentially
prevented, or limited the observation of all biological and other non-conductive
materials, such as glass.

Then, in 1986, the Atomic Force Microscope (AFM) was invented which bypassed the
limitations of the STM. In basic “contact mode,” the AFM drags a probe along an “x”
and “y” route along the sample surface. The force of contact is in the range of
intermolecular forces, ergo the term “atomic force.” (This paper is concerning itself only
with what is called “contact mode” on the AFM. Not used or discussed is the MAC
(Magnetic Alternating Current) mode, friction mode, conductivity mode, and many
other techniques of AFM that utilize various physical properties and/or principles of
particles at the atomic level.)
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Problem Solving Tools for Glass Cracking

by
Robert Sweeney
Osram Sylvania, Inc., Central Research
Beverly, Massachusetts 01915

Glass has unique properties that make it quite different from other solids. However, it
must be treated with proper respect or it will fail and crack. Glass strength is related to
surface and thermal conditions. Fracture analysis is an important technique for determining
the root cause of brittle material failure (i.e. glass & ceramics). The newly-fractured
surfaces can reveal important information on where the crack started, why the crack
started, the stress conditions in the glass when it cracked and how much force was used
to break the glass. This paper will outline the important features of fractures so that one
can use this information to determine the root cause of failure. Once the root cause is
known, improvements can be made to the process to prevent such failure modes.

A most unique material

Glass is ...

- a non-crystaline brittle material at room
temperature

plastic at above the transformation range

easily shaped and formed
- prone to damage if not managed properly

[ thermally and mechanically ]

Why Does Glass Crack ?

Cracks will develop in glass for one or more of the following basic reasons:

e Stress, 4 types

Thermal and/or Mechanical, Temporary and Permanent

e Surface Defects

Foreign materials, scratches, chatter marks

e Poor Geometry

Sharp or reentrant angles, wall variations at seal joints

These conditions create stress concentrations that affect strength
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Types of Stresses

Thermal Mechanical

Stress Stress

Tempora Heating Impact

porary Cooling Bending

Squeezing
Temperature
Permanent gradients Glass / Metal
through the Glass / Glass
transformation
range

Thermal Stress: Temporary (below strain point)

C Em"r 400°C 400°C

Heat-up
O 1
D
100°C C T | s00c
....... E

Cool-down
A.
01 B.
e T C e
: C.
D.
E.

Room temperature no stress
Outside glass expands with

heat. Inside glass (cooler) in
tension.

Uniform temperature, no stress

Outside surface cools first,
tension

Room temperature glass, no
stress.







Understanding Viscosity

T Lo Softening Point
s e e
\ | Viveous siica
J \\ \ \T Sl Lead glass = 630°C
\ \ A
o \ X — Soda-lime = 696°C
& \
2 \
§ e = %C\ - ot — Borosilicate = 820°C
| R e || Aluminosilicate= 1020°C
° | P S S T
” \\\\\\:\”" Vycor = 1530°C
| Fused Silica = 1683°C
Temperature,"C
Ref. ENGINEERED MATERIALS HANDBOOK Vol.. 4
Understanding Viscosity
Temperature | Viscosity Remarks
(Poises)
Room Temperature 10*
Maximum Service Above 10°, the glass s rigid and brittle
Temperature 10‘5‘
Strain Point 1 0“,5 The viscosity point at which the intemal stress is
A l' substantially relieved in 4 hrs
nnea |ng . . 1 0‘3-5 The viscosity point below which glass is plastic.
Transformation Point
Range above which glass s elastic
Annealing Point 1 0,3,0 The viscosity point at which the ntemal stress in
ealing glass is substanially relieved in 15 min
Working Softening Point 1 07.0 The viscosity point at which glass will deform under
s own weixght and begin to tack to other bodies
Working Point The viscosity point at which the glass is soft enough
for hot working and forming
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Stress Concentrations

Calculating the Effect on Stress Risers
X = S(1+2L/a)

Where X = stress at flaw tip — —_—
S = stress on glass surface
L = depth of crack
a = 1/2 width of the flaw V
D — _"

If a piece of glass had a 0.1mm deep flaw, 5um wide, and the stress on the surface
of the glass was 1500 psi tension, the resulting stress at the tip of the flaw would be:

X = 1,500(1+2 x 104 m/ 2.5 x 10-6m)

X =121,500 psi

Tools for problem solving

e Polariscopes are used for viewing the effect of permanent
stress on transparent objects.

NP .
_ i @)
POS >

Light Polarizer Sample Full Wave Analyzer
Source Plate

JV v

The light source is polarized so that it vibrates in one direction. As this light passes
through the sample it will display the stress intensities in blue or yellow color depending
on sample orientation. A magenta color will be present if the sample has no stress.
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Fracture Analysis

e Where the crack started
e What was happening during fracture
e Why the crack started

e How to prevent future fractures

Fracture Analysis: What happened

{.,, 'When glass br;aks,iii creates new surfaces that leave
. particular physical features that remain on the new surface as
the crack front travels away from the fracture origin.

o These features resemble a stone that is dropped into the water
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Fracture Analysis: Features

e Wallner lines resemble rib-shaped marks which are
perpendicular to the path of the fracture.

e Wallner lines are concave towards the crack origin.

Compression Surface

N

Tension Surface

Fracture Analysis: Features

Hackle marks are splash-like marks that run
parallel to the crack propagation.

Hackle marks form on the compressive side of
the glass.

Compression Surface

[RALAL LR R R R AR | WL

N

Tension Surface
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Attenuation and dispersion, illustrated in Figure 14, both present challenges in the quest
for infinite bandwidth. Dispersion, the spreading out of different light frequencies

TWO IMPORTANT FIBER TRANSMISSION PROPERTIES

Attenuation (Loss) (db/km)

|| — | Fiber | —

Information Carrying Capacity (Bandwidth)
(Dispersion)

N — Fiber | —_"

Figure 14

because of slightly different indexes of refraction as a function of wavelength, is what
causes the color of the rainbow. Figure 15 illustrates the elements needed for a natural
rainbow. Lightrays from the sun, raindrops, and an observer. Position yourself with your
back to the sun, look at your shadow (anti-solar point) on the ground, and look up at an
angle of 42 degrees from your shadow’s head. An extended arm with the hand’s pinkie

RAIN CLOUDS

AT T \ W v
R
F LRI
piie \ \\‘{\\\\\“4 \!
_ S Q‘»%\\
ANTISOLAR

POINT

Figure 15
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finger and thumb fully stretched apart is about 21 degrees. That is where the primary
rainbow will be. The geometry is explained in the schematic of Figure 16. Parallel light

Figure 16

rays from the sun are bent (refracted) along various paths as they enter and exit the
raindrop. At certain trajectorics light is concentrated. At others it does not exist. Since
the index of refraction is slightly difterent for cach wave length of the white light. the
colors are dispersed. One or more reflections can occur inside the raindrop. The
geometry for the secondary rainbow brings it to the observer at an angle of 50 degrees.
Since these tight rays had two reflections. the colors are reversed between the primary
and secondary bows. That is about all there is to it. Figure | 7 summarizes these concepts
schematically.

LIGHTED

SIDE
4 SECONDARY
/i “RAINBOW

ALEXANDER'S
OARK BAND

=== PRIMARY

SUNLIGHT

LIGHTED
SIDE

OBSERVER \7

Figure 17
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The selected heat gun has a variable temperature setting. It produces 1740 watts with
a maximum temperature of 540° C. The variable heat setting provides the ability to
match the temperature to the size of the picces (o be soldered. A /47 pinpoint nozzle
attachment directed the hot air to a specific area. Two heat guns with small nozzles were
used to concentrate the heat. The nozzles need to be as close as possible 1o the picces
being soldered. since heat will be lost as the hot air is dispersed. The use of hot air and
the low temperature solder eliminates oxidation of the pieces that are soldered. stainless
steel thus remains bright and free from oxidation.

A silver matrix or decal (Fig.2) is used to provide a soldering bridge from the metal to
the glass. The decal which is applied to the glass is a vitrifiable silver pigment on
specially coated paper and topped with a cover coat to hold the silver together once
immersed in water. The decals can be manufactured in many ditferent configurations.
such as round or rectangular, so selection of an appropriate size and shape for the
situation is recommended. The decal is applied by first wetting the decal and sliding the
silver portion oft the paper backing: the decal is then positioned over the hole. It is
important that the decal lie flat on the glass. The decals may be removed by aqua regia
(three parts concentrated HCI and one part of concentrated HNO ).

Figure 2. Silver Decal

Soldering the various metals to the glass starts with the preparation of the hole. A hole
is opened in the glass tubing either by blowing the hole out or by drilling. The hole must
be tlush with the outside surface of the tube or flat surface. The hole should be a tight
fitbetween the wire and the glass tubing. This preparation of the hole for wire soldering
iscritical. The silverdecalis applied and placed inananncaling oven: the annealingoven
is brought to 565" C and then cooled. The wire 1s then inserted in the hole and held in
place by a fixture. A small amount of flux is applied to both the wire and the silver
decaled glass. The soldering iron (Fig.3) is applied to the wire. The iron is then moved
down the wire and the solder is introduced to both parts to complete the joint. Since
solders tend to flow toward the source of heat. position the picees to be soldered so as
to allow the solder to flow down the wire. This will permit the solder to cover the joint
completely. Since glass is a poor conductor of heat. the solder will not readily flow to
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The use of small o-ring joints work very well for soldering to flat metal surfaces. First,
the o-ring groove is removed by grinding. The decal is then applied to the flat surface
of the glass and annealed. After annealing, the flat metal piece is tinned with the 96%
tin and 4% silver solder. The flux is then applied and the tinned metal is placed on the
decaled surface. The heat gun is used, applying the heat only to the metal surface.

A traditional gas/oxygen hand torch can be used, but care must be taken to avoid
overheating. A very soft flame is used, but inducing strain in the glass is a problem. With
the torch itisdifficult to concentrate the heatin aspecific area. The traditional hand torch
produces too much heat and should be avoided. The preference isasoldering iron or heat
gun.

Overheating the flux will cause soldering problems. If the flux turns black, it has been
destroyed and soldering cannot be accomplished. At this time it is necessary to remove
all of the black residue and clean the metal to a bright surface. Overheating with a
soldering iron or high temperature heat gun can induce strain in glasses. Prolonged
heating and excessive heat at high temperatures must be avoided.

Advantages
Low heat sealing

No special equipment

The ability to seal a variety of metals in a small area

Stainless steel quickly soldered to glass

Complicated glassware can be fabricated first and then the metal can be sealed in using
minimal heat

Achieve low vacuum

Insulated wire can be attached inside a tube after annealing.

Disadvantages
Introduction of additional metals, the solder

Residual flux must be removed
Wire and tubes not high vacuum
Does not tolerate high temperatures

Conclusion

All glasses that have reasonable thermal properties will allow the glassblower the ability
to solder to those glasses. Borosilicate and quartz glass is the most desirable for this
technique. Itis conceivable that any specialty glass with a reasonable thermal property
can be soldered to a metal. This technique should be considered an alternative for
traditional glass to metal sealing.
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Technical Posters 1999
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Loveland, OH 45140
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Technical Workshops 1999

Dennis Briening - Hercules Research
“Blow-molding Thin Walled Thermal Analysis Cells”

Allan Brown - University of Connecticut
“Devitrification of Borosilicate Glasses; What Causes it? How can we reverse it?”’

Richard Gerhart - California Institute of Tech
“Making Quartz Ring Flanges by Laminating”

David Goldstein - Precision Glasswork, Inc.
“Low Expansion Color Borosilicate Glass”

Joseph Gregar - Argonne National Labs
“The Triple Seal for the Gregar Extractor”

Mike Greico - V.M. Glass Co.
“Tooling Threads onto Borosilicate Glass™

Barry Lafler - Brookhaven National Lab
“Air Free Sampling Cell”

Wayne Martin - M & M Glassblowing, Inc.
“Graded Seals: Borosilicate to Quartz”

Bill Roach - Wale Apparatus
""Litton Lathe Upgrades and Repair"

Mike Souza - Princeton University
“Fabricating No-blow Multi-necked Flasks”

Mike Souza - Princeton University
“Flame-working G.E. 180 Aluminosilicate Glass”

Karl Walther - KAWAL Research Glass
“Pt Sealing to Borosilicate Glass”

The video versions of these Technical Workshops are in the ASGS video library
and are available to be loaned out.
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