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Amazing Characteristics of a
Simple Coil / Elasticity in Glass

by

Scott Bankroff* and Mathew Puskar

ABSTRACT

The construction of a three-foot long coil is fairly straightforward. The characteristics
the completed coil took on present an amazing study in the movement of glass.

Last year a customer ordered a 3’ long x 6” 0.d. coil. Pretty straightforward I thought, but

of course it did not turn out that way.

Dimensions for the coil were not critical
so an Arabica Pyrences Receptacle (coffee
can) was used as the mandrel. (Figure 1) The
idea for the mandrel came from a techni-
cal paper that Allan Brown presented at the
1994 ASGS Symposium in Pittsburgh (Al-
lan Brown, “An Elliptical Glass Coil,” Pro-
ceedings of the 39th Symposium on the Art
of Scientific Glassblowing (Pittsburgh, PA:
June 1994): 7-21).

Figure 3 shows the tubing starting to soften
onto the mandrel. The lathe is turned to its
slowest speed.

Knowing that the lathe runs haltingly at its
slowest speed, I used my hand to manage a
smooth and consistent rotation. (Figure 4)

Figure 1

With the mandrel chucked in the lathe, Fig-
ure 2 shows the warming of a large area of
8 mm x 1.5 mm wall tubing. Since the
medium wall tubing would need a lot of
fire, a large soft flame from a Miller burn-
er was used. Note that the end of the tube
has been bent in preparation for hooking
into the lathe chuck arm.

* Michigan State University, Department of Chemistry, East Lansing, Michigan 48824. E-mail: bankroff@

chemistry.msu.edu.



Figure 5

The mandrel did start to oxidize (Figure 5), though the metal never got hot enough for the
glass to stick to it. One four-foot length of tubing made a single “wrap” of coil. The circum-
ference of each wrap is 20”. Each wrap is approximately 1.5 turns and 3.5” in width.

To hold the wraps for assembly of the coil,
one wrap was held onto the mandrel and
another wrap was secured to a length of
150 mm tubing (Figure 6) using a high
temperature woven cloth. The first two
wraps of the coil were very loose on the
150 mm, having very little surface area, so
my blow hose was used to hold the wraps
securely. (Figures 7 & 8)

Preparing the ends for sealing was critical: the bottom of each end was pulled off with
fire as there was no rotating of the glass due to the looseness. A small flame (Figure 9)

was used to make the simple seal and hand
annealing was important due to the flex-
ibility and handling of the coil. After each
wrap was added, the coil was pushed onto
the 150 mm until the desired length was
achieved. From this point on, the coil did
not come off the 150 mm until all adjust-
ments were made.

Figure 10 shows the main body of the coil;
note the uneven spacing.



Figure 11 shows the coil on the 150 mm in the annealing oven. Starting at one end, nichrome
wire was used to pull together two sections of the coil at a time. It was then run through an
annealing cycle. I pushed the oven temperature up to 590°C which was enough to relax the
coil into the desired dimensions. The next day another two sections were adjusted. The coil
went through twelve oven cycles before I was satisfied with the result.

Moving on to the second aspect of this paper, the definition of elasticity is very simple.
Elasticity is a branch of physics which studies the properties of elastic materials. A mate-
rial is said to be elastic if it deforms under stress (e.g., external forces) but then returns
to its original shape when the stress is removed. Units of elasticity are measured using
Young’s Modulus.!

After adjusting the coil in the oven and removing it from the 150 mm, the ends were
prepared for tubing connections. At this point I determined that a crude test of elasticity
was called for.

"'Young’s Modulus. (n.d.) In Encyclopedia Britannica Online. Retrieved May 30, 2008, from http://www.britannica.
com/EBchecked/topic/654186/youngs-modulus.



Figures 12 & 13 show the coil being compressed. The length went from the 45 mark on
a ruler to the 43.75” mark, resulting in a 4.86% reduction in length.

Figures 14 & 15 show a lateral test of
the coil’s flexibility. The 3.5 lateral
movement results in a 14° movement
off center.

The graphic in Figure 16 demonstrates
the elasticity of the complete coil.

A mechanical test of the coil flexibil-
ity would certainly have been more
accurate in determining the extent of
the coil’s elasticity. Taking glass to the
limit means only one thing though,
making another.



Knowing that flexible tubing was to be at-
tached, the ends were moved up and off the
surface of the mounting board using a small
“S” bend. (Figure 17)

Figure 18 shows the completed and mounted
coil. Five plastic electrical cable clamps were
used to fasten the coil to the mounting board.
These clamps offer a great amount of move-
ment though the piece is secure. | have al-
ways believed that less is better when it con-
cerns clamping glass.

CONCLUSION

I would like to thank the Chemistry Department at MSU for allowing me to put this proj-
ect together and to present it you. Also many thanks to Mat Puskar, my student assistant
of 4 V2 years, for his input and ability to work with me.



Characterization and Discussion of Vitreous Silica Bloom

by
Anatoly Kishinevski®

ABSTRACT

Vitreous silica bloom is a classic challenge in the world of scientific glassblowing. This
paper gives a brief description of the matter and explains some simple analysis tech-
niques performed to gain a better understanding of the microstructure and appearance
of bloom.

INTRODUCTION

Silicon dioxide (SiO,) also known as silica is one of the most abundant naturally occur-
ring materials on the planet. Silica can be found throughout nature in at least six different
crystalline arrangements including quartz, cristobalite, tridymite, coesite, stishovite, and
moganite. There is a synthetic crystalline phase of silica known as keatite. It has not yet
been discovered in nature, however someday it may be. For now keatite only exists when
produced in a laboratory under extremely high pressures and temperatures.

The most common silica polymorph is a-quartz and is readily found in nearly every
climate on earth. Besides existing naturally as a crystalline material, silica can also be
found as a naturally occurring glass known as lechatelierite which forms when lightning
strikes a sandy region. The intense energy of lightning instantly fuses the sand together
and creates a long branch-like structure of vitreous silica that extends into the ground.
Despite their delicate nature, several lechatelierites have been carefully removed from the
ground intact. A prime example of one can be seen at the Boston Museum of Science.

Vitreous and crystalline silica plays many important roles in our world of technology. It
is commonly used as a substrate material for many thin film applications and it is also
used for electrical applications in which its piezoelectric behavior is utilized in the manu-
facturing of accurate timekeeping devices.

Quartz crystals in the form of sand are also used as a key ingredient in the manufacturing
of commercial glass products including windows, bottles, etc. For these applications, the
quartz crystals are melted at high temperatures with other oxide materials resulting in a
homogenous blend. The combination of the quartz with other oxides allows the melting
temperature of the material to be low enough to be economical from a manufacturing
standpoint.

Through several intense processes, quartz crystals can also be melted independent of all
other chemicals and be formed into an amorphous structure by itself. Scientific glassblow-
ers often refer to this product as quartz glass, which is a misnomer to some degree. By
using the name “quartz glass,” it is being implied that the material is crystalline and glassy
concurrently, when in reality it is purely a vitreous material. Technically it makes the most
sense to refer to quartz glass as vitreous silica, amorphous silica, or fused silica.

In our world of science and technology, vitreous silica plays many important roles. Having
an extremely high service temperature, as high as 1200°C (2200°F) and near zero coeffi-

* Alfred University, Glass Science & Engineering, 896 Powell Campus Center, Alfred, NY 14802. E-mail:
AK13@alfred.edu.



cient of expansion, vitreous silica is a material capable of enduring very abrupt changes in
temperature without breaking from thermal shock. Vitreous silica also plays a critical role
in the optical fiber industry and in the semiconductor industry where it exists in such a pure
state that it is quite possible that nothing exists that is purer. Without the presence of vitre-
ous silica, the world we know today may have developed into a very different place.

Due to its critical presence in the world in which we live, it is often necessary to assemble
vitreous silica in many different shapes and types of apparatus. More often than not, the
process of manipulating the material is dependent on a skilled scientific glassblower
whose gift is that of being able to melt glassy materials in a controlled and precise man-
ner to yield a product of unique integrity.

The process of working vitreous silica in a flame is similar to that of welding. It takes a
tremendous amount of localized heat, generates a blinding light, and the glass has a very
short working range. Vitreous silica is not a liquid until 2200°C (4000°F) and at that
point is similar in viscosity to honey at room temperature.

During the process of working vitreous silica, the intense heating of the material causes
some of the silica to volatilize. A signifigant amount of the silica vapor condenses on
neighboring cooler glass. This silica vapor deposit, as can be seen in Figure 1, appears as
a white powdery layer and is referred to in industry as bloom.

Figure 1. A completed vitreous silica side seal with the classic bloom formation.

Most often it is desirable to remove the bloom from a finished piece of glassware. This
may be due to a desire to make the glassware look clean. Sometimes it is also important to
remove bloom for practical reasons such as if the vitreous silica apparatus is being used for
an optically sensitive application where uninterrupted transmission is necessary.
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The removal of bloom is usually accomplished by rinsing the glassware in some type of
hydrogen fluoride solution such as hydrofluoric acid or ammonium-bifluoride. The glass-
ware is submerged in the solution for a period of time. When the glass is removed from
the solution, the bloom will no longer exist. The solutions are very effective at etching
the bloom from the glass.

For shops that do not use acid to remove bloom, often a flame is used to simply “brush” the
bloom away. This is accomplished by using a hot flame directed in the right way so that the
bloom is re-volatilized and simply evaporates away with the heat and exhaust of the flame.

The last method for removing bloom is to simply wipe it away with a cloth or brush of

some type. The bloom is only removable in this manner if it was formed on a small of
piece of glassware that was not
heated sufficiently to cause the
bloom to adhere to the surface
of the glass. The bloom on the
outer perimeter of a seal can
often be simply wiped off to
some degree.

Hoping to get a better under-
standing of the microstructure
of bloom and what type of
interface existed between the
bloom and the bulk of the ma-
terial, several characterization

Figure 2. Shown here are pieces of vitreous silica with meth(?ds were use.d to closely
bloom. The sizes of the samples range from 0.5-2cm’. examine the material.

The first method used to ana-
lyze bloom was x-ray diffrac-
tion. Pieces of vitreous silica
with varying degrees and
thicknesses of bloom were pre-
pared by crushing a completed
vitreous silica seal and retriev-
ing select pieces for analysis.
The samples used can be seen
in Figure 2.

The technique works by mea-
suring the diffraction pattern
of x-rays off the surface of the
sample material. Every crys-
talline material has its own
signature diffraction pattern
and can be used to determine
very precisely if crystals exist
and if so what kind of crystals
they are along with their ap-
proximate size.

Figure 3. The analysis of several samples of vitreous silica
bloom resulted in x-ray spectra as shown in this Figure. The
lack of narrow defined peaks indicates that no crystalline
material was present in the sample.

10



Upon completing an x-ray analysis of the bloom, no indication of the presence of crys-
tals was observed. As can be seen in Figure 3, there are no resolvable peaks present in
the spectra collected from the bloom samples. Several samples were run and all yielded
similar results. The broad peaks seen in the spectra are often referred to as amorphous
peaks and are characteristic of a material with no crystalline structure. Thus a prelimi-
nary conclusion was drawn that bloom is amorphous in nature.

Figure 4. Vitreous silica bloom at high
magnification.

Scanning electron microscopy was also
used to see with very high magnification
what form bloom took. (Figures 4-6) Mag-
nification used ranged from 2000-80,000X.
What was observed resembled little pufty
balls of partially popped popcorn kernels
that appeared to sit on the surface of the
glass.

CONCLUSION

Upon inspection of the microscope images
of the bloom, there were no definite signs
of crystalline material present. It was also
apparent that the bloom coating was only
very lightly adhered to the surface as one
can see from the spherical shapes the par-
ticles assume.

Figure 5. Vitreous silica bloom at very high
magnification. The resolution attempted
for this image approached the limits of the
scanning electron microscope being used, thus
a slightly blurry image resulted.

Figure 6. This image is of the thickest area of
bloom. At this point in the coating, the bloom
was thick enough that some could be wiped off
with a finger tip.

Taking the results of both the x-ray diffraction and electron microscopy into consider-
ation, it is believed to be sensible to conclude that bloom is non-crystalline in nature.



Reversible Color Generating Redox Reaction Involving
Silver Oxide and Germanium Dioxide in a Thermachromic
Sodium Borosilicate Glass

by
Jesse Kohl* and Matthew J. Dejneka®

ABSTRACT

A previously undocumented reversible color generating redox reaction found to be oc-
curring in a 33x107 1/°C -expansion borosilicate art glass was investigated by electron
microprobe analysis (EMPA), transmission electron microscopy (TEM), and UV/VIS
spectroscopy. It was determined that color was generated by the reduction of ionic silver
to form color generating metallic silver nanospheres that ranged in size from 5-40 nm.
Germanium was discovered to be the constituent that facilitated the reversibility of this
reaction by acting as a redox couple for the silver.

INTRODUCTION

Silver has been a common art glass colorant since ancient times. It is traditionally intro-
duced to glass as a nitrate or a carbonate, which is subsequently reduced upon heat treat-
ment to form color generating metallic silver nanospheres.! These nanospheres give rise
to an absorption band centered at 410 nm on the basis of the Mie theory.>* The chemical
reduction of ionic silver is facilitated by the presence of an internal redox couple within
the glass. Iron, manganese, tin, and antimony have been identified as potential redox
couples for silver in such color generating reactions.*

An unexplored redox reaction involving silver has been discovered in a series of commer-
cially available thermachromic sodium borosilicate art glasses. The lampworker Suellen
Fowler developed the base formula for these colors in the early 1970’.° This type of glass
is referred to as “amber/purple,” referring to the differing appearance when viewed in
transmitted versus reflected light respectively. This dichroism exhibited by these glasses
is referred to as the Lycurgus Effect.* When these glasses are molten, they are completely
colorless and transparent. If rapidly cooled, they will remain colorless. Upon slow cooling
or heat treatment at or slightly above the annealing temperature, the glass will begin to
develop color. The body of the glass strikes to a deep honey/amber brown color which can
be observed in transmitted light. Simultaneously, as the body of the glass develops color,
the surface of the glass takes on an alternate hue that can only be viewed in reflected light.
This surface phenomenon can range in color from a royal purple to a lustrous metallic
sheen depending on the duration and temperature of the heat treatment.

* Department of Chemistry, Bard College, 30 Campus Road, PO. Box 5000, Annandale-on-Hudson, NY 12504, USA,
E-mail: Kohlj2@gmail.com.

b Science and Technology Division, Corning Incorporated, Corning, NY 14831
''W. A. Weyl, Coloured Glasses, United Kingdom: Society of Glass Technology, 1951.

2 M. Anotello, G.W. Arnold, G. Battaglin, R. Bertoncello, E. Cattaruzza, P. Colombo, G. Mattei, F. Trivillin,
J. Mater. Chem. 8 (1998): 457.

3G. Mie, Ann. Phys. 25 (1908): 377.

*R. H. Brill, Comptes Rendus, VII* Congrés International du Verre, Bruxelles, 28 juin-3 juillet, 1965, Section B
(Paper no. 219), 219.1-219.11.

5 S. F. Fowler, Personal Interview, 19 January, 2007.
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Aside from the range of color that the amber/purple glasses can produce, when a colored
sample of amber/purple glass is reheated above 1230°C, the color is eradicated. Subse-
quently, this colorless glass can again be heat-treated to redevelop the color. This cycle of
color generation, eradication, and regeneration can be carried out over thirty times. In ad-
dition, the generation and eradication of color is independent of furnace atmosphere and
can be carried out under an inert (nitrogen) environment. Thus the glass is very useful for
making multicolor glassware from a single low expansion glass. Fowler noted that only
when germanium dioxide was added in conjunction with the silver was this reversibility
of the color generating reaction possible.®

To elucidate the role of germanium dioxide in this color generating reaction, a multifaceted
analytical study was made. The first step in this exploration was to confirm that silver was
undergoing a redox reaction in which colorless silver ions were being reduced to form
color generating silver metal nanospheres. This was first done by conducting a UV/VIS
analysis of the amber/purple glasses heat treated at different durations of time. (TEM) was
then used to quantitatively determine the color generating specie. By conducting TEM
analysis on a colorless sample of amber/purple glass as well as on a heat-treated sample,
further evidence of the presumed redox reaction was collected. To further understand the
color generation taking place on the surface of these glasses, electron microprobe analysis
(EMPA) was carried out. By examining an EMPA generated cross section view of the am-
ber/purple glass and mapping where the silver nanospheres are deposited in relation to the
germanium, a clearer understanding of the color generating redox reaction can be derived.

To clarify and more effectively establish the role of germanium dioxide and its interac-
tion with silver, several small-scale batches were made. These batches were primarily
composed of vitrified germanium dioxide doped with silver (I) oxide and some with
metallic silver. Observations made during the quenching and subsequent re-melting of
these glasses aided in establishing a relationship between silver and germanium.

EXPERIMENTAL

Samples

Samples of Northstar Glass-

works NS-13 Amber/Purple

and NS-26 Double Amber/

Purple made between 2001

and 2003 were obtained (see

Table 1 for glass composi-

tion). Northstar Glassworks

created the samples by melting Schott glass cullet code 8340 with powdered silver (I) oxide
and germanium dioxide with an electric oven (see Table 2 for cullet composition).

Sample Preparation

Water quenched samples of Amber/Purple glass were prepared by melting small quan-
tities of NS-13 Amber/Purple in a Rapid Temp electric furnace in a quartz crucible at
1300°C for ten minutes. Once the glass was completely colorless and transparent, it was
removed from the furnace and the quartz crucible was plunged into de-ionized water.
Several additional samples of NS-13 were prepared with the same heat treatment but
allowed to cool in air.

¢S. F. Fowler, Personal Interview, 19 January, 2007.
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Heat treatments of NS-13 Amber/Purple glass were conducted in a Rapid Temp electric
furnace at 565°C. The samples were heat treated for times ranging from fifteen min-
utes to 180 minutes in fifteen-minute increments in ambient atmosphere. Additional heat
treatments of NS-13 Amber/Purple and NS-26 Double Amber/Purple were conducted in
a Thermolyne 54500 High Temperature Tube Furnace that was fitted with a fused quartz
tube and was pumped with a steady flow of forming gas (4% hydrogen/96% nitrogen.)
The gas was flowed at 15 ml/min at atmospheric pressure through a Matheson Rotometer
Model 840 BV with a 601 tube.

Small Scale Batch Preparation

Five small-scale batches were prepared and melted in 50cc quartz crucibles (see Table 3
for batch formulas). Finely powdered (300 mesh) germanium dioxide of 99.99% purity
from PIDC was used as the major constituent of these glasses. Powdered (300 mesh)
silver (I) oxide 99.99% purity was supplied by Cascade Silver. Melt time ranged from
12 hours to 36 hours at 1300°C. The variation in melt time was not critical to the ex-
periment. Based on visual

inspection, the minimum

melt time to allow the glass

to homogenize and become

free of bubbles was eight to

ten hours. A lengthier melt

time did not have any effect

on the quality or the reactiv-

ity of the glass.

The air-cooling of batch 1 was carefully observed. These observations were made by re-
moving the crucible from the furnace and allowing the glass to cool in air until it ceased
to emit an orange glow. Once the glass had ceased glowing, it was placed back into the
furnace and allowed to re-vitrify for a thirty-minute period. It was then removed and the
cooling process was again observed. In total, this air-cooling and re-vitrifying was carried
out three times. These observations were made to view bursts of light that emanated from
droplets of metallic silver that agglomerated on the bottom of the crucible upon cooling.

Additional Experiments

Fifteen grams of powdered 99.99% pure silver (I) oxide from Cascade Silver was
weighed and placed in a shallow crucible. The crucible was placed in a Rapid Temp
electric furnace that was preheated and held at 1240°C. The crucible was removed after
fifteen seconds. This process was then repeated with powdered silver nitrate, also from
Cascade Silver.

Sample Analysis

Seven samples of NS-13 heat treated for different durations of time were prepared for
UV/VIS analysis by cutting 6 mm diameter discs of 2 mm thickness (see Table 4). The
discs were polished with 1 micron alumina slurry to achieve a suitable surface for spec-

14



troscopic analysis. The samples were analyzed using a PERKIN ELMER UV/VIS/NIR
spectrometer Lambda 900 from 200 to 800 nm with 2 nm bandpass, 60 nm/min scan rate
with a 1 nm data interval.

Two additional samples of glass were made for TEM analysis. The first sample analyzed
was water quenched NS-13 glass (see sample preparation section). The second sample
consisted of NS-13 Amber/Purple glass that was heat-treated at 565°C for three hours
(see sample preparation section.) The glass TEM specimens were prepared by mechani-
cally polishing and dimpling to a thickness of about 10 um. The final thinning of the
sample to electron transparency was carried out using an Ar ion mill. The acceleration
voltage of ion beam was 6 kV with final thinning at 3 kV. In order to have a large thin
area of the specimen for the observation of small particles, the incident angle of the ion
beams was about 7°. The specimens were coated with a thin C layer in vacuum chamber
before TEM observation.

The TEM examinations were performed with a JEM-2000FX transmission electron mi-
croscope equipped with Evex ultra-thin window X-ray detector. The operation voltage
was 200 kV. To evaluate the nature of the particles found in the glass matrix, as shown in
Figure 2, the electron diffraction patterns and EDX data were taken from the particles.
Because of the small size of these particles, the smallest convergent lens aperture and a
small spot size of the beam were chosen in the investigation.

EMPA analysis was conducted on a sample of NS-26 Double Amber/Purple that was
heated at 900°C for one hour in a tube furnace under forming gas (see sample prepara-
tion section).

RESULTS AND DISCUSSION

The NS-13 Amber/Purple UV/VIS spectra in Figure 1 show a 410 nm absorption peak that
grew and broadened with time. This absorption peak matches that generated by spherical
colloidal Ag particles of 2 to 20 nm, indicating that the color generation in the body of
the Amber/Purple glass
is due to the formation
of metallic silver nano-
spheres.> 7 The absorp-
tion data shows that the
longer the glass is heat-
treated, the larger the
absorption and hence
the greater the quantity
of metallic silver nano-
spheres generated. The
0 ' ‘ ' ‘ ‘ ‘ ' broadening of the peak is
250 300 350 400 450 500 550 600 duetoa coarsening ofthe

nas BREElENORE, MY

absorbance
o

L o
] %NS-B maler quEndd’Ed _______ 2% a1 3g'r conled o COllOld S1Z¢€ dlstrlbutlon.
T 33ME-13 hea-treated 15 min 2t 565 ) N3 13 heal-reated for 30 mm 2L 565°C : :
_ 5.;145-13 Veal-ireated for 45 mmal 56570 —— 6.9 N3-13 heat-lreated for 60 mm at 3650 It is thought that interac-
— o 7 ME-13 heal treated for 75 mn at 365°C tions between larger col-
Figure 1. NS-13 UV/VIS Analysis loidal silver nanospheres

7 A. Abdolvand, Modification of Optical and Structural Properties of Glass Containing Silver Nanoparticles Via DC
Electric Field and Moderately Elevated Temperatures. Martin-Luther-Universitat Halle-Wittenberg, 2006.
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ranging from 70-90 nm contribute to the absorption bands centered at 450 to 530 nm.? This
analysis also indicated that in the colorless water quenched sample, no absorption bands
from metallic silver were present.

Figure 2 shows a Transmission Electron Micrograph of a heat treated sample of NS-13
Amber/Purple. The bright/dark spots are spherical Ag metal colloids ranging in size from
2-15 nm. This was confirmed by the electron diffraction patterns which showed that the
particles are crystals. The EDX data taken from the particles and from the area outside the
particles indicate that the crystal particles in the glass matrix are Ag metal particles.

Figure 2. TEM image of Water Quenched Figure 3. TEM image NS-13 Amber/Purple
NS-13 Amber/Purple glass glass heat treated at 565°C for three hours

In the water quenched sample of NS-13 Amber/Purple, no metallic silver nanospheres
were detected (see Figure 3). This suggests that virtually all of the silver is in the color-
less ionic state when the glass is at or above 1230°C or quenched in water from a tem-
perature exceeding 1230°C.

By heat-treating samples of both NS-13 Amber/Purple and NS-26 Double Amber/Pur-
ple in a tube furnace under reducing conditions, a colored precipitate developed on the
surface of the glass. The resultant color, viewable only in reflected light, was dictated
by the thickness of the surface precipitate.
The longer the heat treatment, the thicker
the surface precipitate became with the
color going from a purple to silvery opaque
sheen as the heat treatment increased from
ten to sixty minutes at 900°C. It was ob-
served that the rate at which the surface

Figure 4. EMPA generated cross-section view precipitate formed was largely dependent
of NS-26 Double Amber/Purple glass that was O temperature. EMPA determined that the
heated at 900°C for one hour in a tube furnace ~ Surface precipitate was made up of large
under forming gas (4% hydrogen/96% nitrogen) ~deposits of finely divided metallic silver
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spheres that ranged in size from 50 to 450 nm (see Figure 4).

EMPA also revealed that the glass was poorly homogenized and that there were large ger-
manium rich veins and pockets that ran throughout the glass. In addition, nearly all of the
metallic silver was found to reside along the outer edges of the germanium rich regions.
This can be observed by the EMPA generated image in Figure 5 which shows a large
oval shaped pocket of pure germanium surrounded by nanospheres of metallic silver.
No metallic silver was found within the germanium rich pockets or at any great distance
from a germanium rich region. This poor mixing is thought to be due to the method and
low temperature (1230°C) at which these glasses were produced. The manufacturing
process involved adding powdered silver (I) oxide and germanium dioxide (300 mesh)
to a pre-weighed amount of coarsely ground cullet. The mixture was gently tumbled to
distribute the powdered oxides throughout the cullet. It was subsequently charged into
a cylindrically shaped crucible and heated
in ambient air with an electric pot furnace.
It is important to note that each individual
piece of cullet was roughly 2 x 4 x 0.1 cm
in size. Thus, it is believed that as the melt
progresses, the finely powdered oxides be-
come trapped between the ‘sheets’ of cullet.
Furthermore, the high viscosity of the glass
(due to the low melt temperature 1230°C)
and the geometry of the crucible prevent
little if any convective mixing from taking

place. Therefore, once the small quantities
of silver and germanium become encapsu-
lated by the cullet, these pockets remain in
suspension within the glass matrix.

Figure 5. EMPA generated surface view of NS-

26 Double Amber/Purple glass that was heated

at 900°C for one hour in a tube furnace under
forming gas (4% hydrogen/96% nitrogen)

Based on the understanding that an internal redox couple is present, and taking into ac-
count the close proximity of the silver and germanium, it indicates that germanium is
acting as a redox couple for the silver. To explore the possibility that germanium acts
as redox couple, it is critical to observe the initial oxidation state shift of silver as the
cullet mixture is charged into the furnace. When powdered silver (I) oxide was heated
for fifteen seconds at 1230°C, it is thermally reduced to silver metal. This experiment
confirms that fifteen seconds after the Amber/Purple batch is charged into the furnace
predominately metallic silver is present. This has been corroborated by observing the
amber/purple glass batches in the initial stages of melting in which visible droplets of
metallic silver can be seen. Only later in the melt does the silver and germanium reach
their thermodynamically favorable oxidation states. However, it is possible that the ger-
manium does buffer the silver (I) oxide and prevent it from reducing to metal.

After an amber/purple glass is melted for 8 to 10 hours at 1230°C, it is colorless and
transparent. This indicates that over the fining period the metallic silver that formed in
the initial fifteen seconds of melting due to thermal reduction is oxidized to the colorless
(+1) state. To test if the cullet alone has any ability to oxidize metallic silver, a small-
scale batch composed solely of 8340 cullet and metallic silver was prepared. Even after
a prolonged melt the metallic silver was not oxidized and remained as a large metallic
deposit in the bottom of the crucible. Upon the water quenching of this glass, color was
only observed directly around the large metallic silver deposit. The balance of the glass
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was colorless. This indicates that the base glass (without GeO2) has no ability to oxidize
metallic silver to Ag ions which are soluble in glass

To determine if germanium has the ability to oxidize metallic silver, several small batch-
es composed of germanium dioxide doped with small granules of metallic silver were
prepared. It was observed that after only one hour in the furnace, all the metallic silver
had disappeared and the glass was completely colorless and transparent. When the glass
was removed from the furnace, it developed a uniform yellow/amber color as it cooled
and several large metallic silver deposits agglomerated at the bottom of the crucible. Just
as the glass ceased to emit an orange glow, each of the metallic silver deposits emitted
a burst of light. This light emission has been previously observed by several research
groups.® ? It has been suggested that the light emission is a release of binding energy
gained from the agglomeration of smaller silver metal clusters to form larger ones.® How-
ever, no explanation has been offered as to why the light emission occurs after the clus-
ters coalesce. Riebling suggests that the light emission is due to the shearing of the metal
deposits from the glass matrix as they freeze.®

When the crucible containing the silver and germanium was placed back into the furnace
and heated for thirty minutes, the metallic silver deposits that had formed upon cooling
in air disappeared. The glass was again completely colorless and transparent. This revers-
ibility, identical to that demonstrated by the amber/purple glasses, indicates that the Ge**
is the specie that facilitates this reversibility by acting as a redox couple for the silver.
As expected, this phenomenon was also observed when silver (I) oxide was substituted
as the starting material in place of the metallic silver. Several of the small-scale batches
were quenched in water. This captured the glass in the colorless state, indicating that the
virtually all the silver was in the colorless (1) state.

Knowing that there are only two stable oxidation states of germanium (II, and IV), the
summary of the redox reactions taking place in the amber/purple glasses can be written
as follows:!?

* When the mixture of cullet and powdered silver (I) oxide and germanium dioxde is
charged into the furnace the following reaction immediately takes place (“A” denotes
heating at 1230°C):

Ag0—->A—2Ag(0)+ %0,

* Over an 8-10 hour fining period, the following reaction below takes place:
2Ag(0)—>2Ag()+2e-,
2e- + Ge (IV) — Ge (II) (Colorless state)

Once the oxidation of silver by the germanium has taken place, the glass is completely
colorless and transparent while it remains at or above 1230°C. The method of cooling
subsequently determines the reaction pathway and in turn, the resultant color. Figure 6
maps the various reaction pathways through which the glass can cycle.

The proposed reaction pathway was further corroborated by examination of the amber/
purple glasses in short wave (254 nm) ultra violet light. It is known that Ge (II) emits a
blue fluorescence under short wave UV light.!! The water-quenched samples of amber/

8 E.F. Riebling, J. Mat. Sci. 6 (1971): 1204.

° 1. Rabin, W. Schulze, G. Ertl, J. Chemical Physics. 8 (1998): 5137.
19J. M. Yuen, Appl. Opt. 21 (1982): 136.

V. B. Neustruev, J. Phy.: Condens. Matter. 6 (1994): 6901.
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At or Above 1232° C Fast Cooling At25C

(Water Quenched)
Ge(D+ 2Ag() Ge(I)+2 Ag (D)
(Coloriess) (Coloriess)
Heat-
AA (Complete treatment
re-heatto ataor
1232°C) above the
annealing
temperatare
Show coeling 565 C)
in six, or AA (Complete followed
heat-treating re-heatto 1232°C) by slow
ator above coaling in
the annealing air
temperature
600 C)
[ollowed by
shrw cooling
in air
* Theresuliant color 5 dependent on the duration of the
heat treatment, temperature of the heat treatment, and Ge (IV) +2 Ag (0)
the averall silver content of the glass. (* Colored)

Figure 6. Overall color generating reaction scheme

purple glass exhibited an identical blue fluorescence. The heat treated samples of amber/
purple glass that exhibited color had virtually no fluorescence. This confirms the pres-
ence of the alternate (+2) oxidation state of germanium in the amber/purple glass and
proves that germanium shifts oxidation state in conjunction with the silver.

CONCLUSIONS

In this study, a unique reversible redox reaction between silver and germanium was docu-
mented and mapped. It was confirmed that the color generation in both the body and
the surface of the glass was due to the formation of nanospheres of silver metal. It was
found that heat-treating the glass at or above its annealing temperature gave rise to the
formation of the color generating metallic silver nanospheres. The color, generated by
heat treatment, could be erased by re-vitrifying the glass. This indicated that the metal-
lic silver formed during the initial heat treatment, was subsequently oxidized back to
the colorless +1 state during re-melting. Because this color generating redox reaction
was found to be easily reversible (upwards of thirty times), a mechanism that facilitated
the flow of electrons to and from the silver was concluded to be present. In the glasses
studied, it was determined that germanium oxides are the species that not only accepts
electrons from the silver at high temperatures but also can donate electrons back to the
silver ions at lower temperatures, causing the precipitation of colloidal metallic Ag.
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Calculating Pressure at Elevated Temperatures
More Information for Glassblowers

by
James R. Hodgson*

ABSTRACT

Running chemical reactions in a closed glass vessel brings an element of risk. With an
understanding of some basic physical properties and with a knowledge of their limita-
tions, online calculators can provide a means of better assessing the potential hazards
involved in such experiments.

INTRODUCTION

If you are a scientific glassblower working in a research setting, you are probably already
aware that designing, fabricating and repairing glass apparatus is only a portion of your re-
sponsibility. Often you are expected to be a source of information on everything involving
glass or utilizing glass in its operation. It is not necessary to know everything, but knowing
where to locate the desired information increases the value of the glass shop.

REACTIONS AT ELEVATED TEMPERATURE AND PRESSURE
Reactions in sealed glass ampoules are not uncommon in chemistry or chemical engi-
neering. In chemistry, some Diels-Alder reactions are run at temperatures above the boil-
ing point of the solvents used. An example would be a reaction using diethyl ether as the
solvent heated to 90 degrees centigrade (the boiling point of diethyl ether is 34.6 degrees
centigrade). It would be prudent for the chemist running the reaction to have at least a
rough idea of the internal pressures which will be generated, especially if they are going
to use a sealed glass ampoule from the glassblower to run the reaction.

THE IDEAL GAS LAW
If you ever took a high school or college chemistry course, you are probably familiar
with the Ideal Gas Law and the corresponding Ideal Gas Equation.

PV = nRT where
P = Pressure
V = Volume
n = Moles of gas
R = Gas Constant
T = Temperature in Kelvin

It seems like it should be easy to calculate the predicted pressure since the volume, V,
and moles of gas, n, are constant, but unfortunately the Ideal Gas Equation can only be
applied to gases. The simple examples in the freshman texts do not adequately address
the problem of having a liquid in thermal equilibrium with its vapor thrown into the mix.
However, by looking at the Ideal Gas Equation, we can easily see that as the temperature
increases the pressure will also increase if the volume is held constant.

PHASE DIAGRAMS
Phase diagrams, a graphic representation of equilibrium conditions for the various states
of a substance at different temperatures and pressures, are a useful tool in visualizing the

2 Department of Chemistry, Kansas State University, Manhattan, KS 66506. E-mail: hodgson@ksu.edu.
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problem, but they are not easily available for the many different possibilities which may
arise.

VAPOR PRESSURE
EQUATIONS

Vapor pressure equations used by chemists and chemical engineers may provide an an-
swer. Chemists often use the Clausius-Clapeyron equation to estimate the vapor pressure
in thermal equilibrium with a pure liquid.

P AH 1 1
n—2=~ ——’"(———] where

AH is the heat of vaporization
R is the gas constant

P is the pressure

T is the associated temperature

The Clausius-Clapeyron equation works fairly well but is not very accurate near the
critical point.

Chemical Engineers more frequently use the Antoine equation.

log,, P, = A— where

r+cC

A, B and C are Antoine Coefficients
T is the temperature

P is the desired vapor pressure

The Antoine equation also works fairly well if the temperature of interest is in the tem-
perature range for the given coefficients.

ONLINE CALCULATORS
Fortunately, the number crunching and fear of logarithms does not need to hinder these
useful tools. There are many online calculators for the Antoine equation.

The Yaws’ Handbook of Thermodynamic and Physical Properties of Chemical Com-
pounds at www.knovel.com is very useful, if you have access. It has an online calcu-
lator listing the Antoine coefficients and temperature ranges for almost 5,000 organic
compounds. By selecting your compound of choice, a pressure vs temperature graph is
generated with the units you choose over the specified temperature range.

The NIST Chemistry Webbook at http://webbook.nist.gov/chemistry/ is also a powerful
tool and anyone with access to a computer can access this resource. Not only does it
contain Antoine coefficients, it also lists many other pieces of physical data and their
sources.

Another nice calculator is located at www.ruf.rice.edu/~aiche/calc/calculator.html.

USING YOUR KNOWLEDGE

Once you have determined the potential pressure at your experimental temperature, it
is relatively simple to use a pressure nomogram or formula to determine the necessary
details (wall thickness for selected diameters) for a glass vessel to contain that pressure.
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CAVEATS

Unfortunately, nothing is as simple as it seems. The equations and calculators discussed
above are meant for pure substances under limited conditions. In real life chemistry, it
is rare that only one pure substance would be used. This does not even take into account
the chemical reaction itself and whether or not it generates heat and other materials with
vapor pressures. The calculators from Yaws’ and NIST list the temperature ranges for
which the Antoine constants are valid, but the calculator from Rice allows any tempera-
ture value to be input, which can lead to absurd results.

CONCLUSION

In the end, the equations and calculators are only a rough estimating tool, a starting point.
Coming closer to a better answer in complex chemical situations is the real-life work of
chemists and chemical engineers. Books are devoted to the subject with chapter titles
like “Fluid Phase Equilibria in Multicomponent Systems” and terms like “fugacity coef-
ficient” or “Poynting factor.” Be cautious of plugging numbers into calculators without
knowing the science and limitations behind them, and take heed of the words of Harry
Callahan, “A man’s got to know his limitations”
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Stress Management

by
Ariel J. Rom?
ABSTRACT

Build a polariscope, understand how stress develops, and reduce and/or alleviate stress
in borosilicate and other types of glass in the most efficient manner.

Craftsmen and artisans who work in the medium of glass are familiar with the unfor-
tunate fact that glass can break in many different ways. Therefore, it is of the utmost
importance to understand the glass before working with it. The concentration here is on
strain, stress (compressive and tensile), compatibility and the coefficient of expansion,
and the annealing process. Overall, one of the most important things to remember is to
listen to your gut. If you are feeling a little tense, odds are, the glass is too.

STRAIN

Strain is defined as the measure of the dimensional change
that occurs as a result of external forces, or differential
thermal contraction during production of the apparatus and
as the product cools down unevenly. Strain is the result of
the various systems of stress within the glass. Stress is de-
fined as the internal force per unit area. One of the best
things to do when dealing with residual stress is to visually
mark where the strain is coming from and that is done with
a polariscope. (Picture 1)

The polariscope highlights the intensity of the light as plane polarized waves will be

traveling at different velocities through the stressed parts of the glass. It allows the glass-

blower to visually measure the strain in the glass at that particular time. It is important

to remember that stress cannot be seen. The intensity of the light under the polariscope
measures the strain which is caused by
the force of the residual stress present
in the glass. A polariscope is a neces-
sity in every shop, not only to ensure
the customer a fully functional appara-
tus when finished, but also for a better
understanding of the stress endured by
the glass while making it. If you have
an understanding of the glass’s incli-
nations to be stressed in a certain area
at any given point, you will find your-
self breaking less and being far less
frustrated.

The components necessary to build a

Table 1. Colors produced by the progressive polarisc.ope are two po!arized sheets
increase of stress in a model placed in a crossed ~ and a light. One sheet is turned per-
polariscope using white light pendicular to the other which is backlit

*H.S. Martin, 1149 S.E. Blvd., Vineland, NJ 08360. E-mail: glassari@gmail.com.
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by a light bulb. Polarized sunglass lenses work just as well, but they can be very limit-
ing. As far as light bulb options go, you may use a monochromatic or a white light bulb
(chosen based on what kind of analysis you are doing). Monochromatic light sends out
a single wavelength and this produces a black and white image with varying intensities
of black, white, and grey. Monochromatic light is preferable for quantitative analysis. A
white light bulb sends out many wavelengths producing a spectrum of color with varying
intensities. White light is preferred qualitatively. There are filters available to achieve the
colored effect when using a single wave length light source. (Table 1)

Ideally we would finish up the day’s work, anneal the product overnight, and ship it in
the morning. However, life is unfortunately not like this; if it was, we would obviously
not be reading about stress management right now. So if you have some big time Texas
oil corporation breathing down your neck saying they need that condenser shipped this
afternoon, take some simple steps to get the job done stress free.

The predominant factor in controlling the level of stress is slow, even heating and cool-
ing cycles to prevent too much temperature deviation throughout the area worked and
the surrounding area. During heat transfer, the energy stored in the intermolecular bonds
between atoms changes. When the stored energy increases, so does the length of the
molecular bond. As a result, solids typically expand while being heated and contract on
cooling. For example, it is similar to the behavior of a stringed wooden instrument like a
banjo. If I leave my banjo in a cold place it will be quite some time before it will damage
the instrument. Conversely, if [ bring it in from my snow covered car to my heated living
room, the wood will expand causing the neck to bow. However, uiilike the elasticity that
exists in metal or wood, which will adapt to the force created, glass is a brittle substance,
and will break before any noticeable deformations occur.

Stress in tubes tends to run
perpendicular as shown in
the figure at right. (Picture 2)

COMPRESSIVE Picture 2 Fument of Dinss 7
STRESS

Compressive stress will occur as the glass is heated up. Due to the low thermal conduc-
tivity in the glass, as heat is applied to the outer surface, it pushes against the still cool
inner surface and this type of stress will develop between the layers. If too high of a heat
is applied to the surface of the glass without a proper warm in, it may crack. A slow and
even warm in to ensure the entire area being worked is above the strain point will keep
the level of stress in the glass minimal. (Picture 3)

C C C C TENSILE STRESS
l l l l “Tensile stress is that type of
stress in which the two sections

1T T 1T of material on either side of a
T T T
| A J stress plane tend to pull apart
or elongate.”! It usually occurs
T T T T as the glass is cooling down
c c c c and the inner tube continues

Picture 3. Flat glass showing compression and tension to shrink after the outer tubing
Jorces. Once annealed, the forces are in balance. has reached room temperature.
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The forces created as the tubes contract at different rates produce the tensile stress. The
cooling rate therefore should not be too high and should always be correlated to the glass’
thickness. Nevertheless stresses generated during this phase are only temporary and van-
ish after the temperature equalizes within the glass part.

The thickness of the glass is the key factor in determining your annealing rate. The an-
nealing time increases with the “square” of the thickness. So a 10 mm thick piece of
glass will take a hundred times longer to anneal than the 1 mm piece. Keep in mind that
larger diameter tubing, flasks, and bell jars may often have inconsistent wall weights,
so anneal according to the thickest spot. In my experience, a single bell jar can vary up
to six millimeters in thickness (from six to twelve millimeters). By using an ultrasonic
thickness tester gauge, you can determine precisely the thickest spot.

COMPATIBILITY

There are thousands of different types of glass available and they all have a unique set of
properties. Almost everyone has an antique glass or dish that needs repairing, but make
sure to determine exactly what type of glass you are dealing with prior to attempting the
repair. The base ingredient in the batch is silica, which has an unusually high melting
point. So compounds are added to lower the melting point and then other compounds are
necessary to stabilize the glass. Since glass has many unique applications, there are many
specialized glass formulas. For example, eye glasses use lanthanum oxide which creates
a high refractive index. Boron in glass will alter the thermal and electrical properties. All
of the ingredients in a batch will alter the coefficient of expansion (hereinafter referred
to as COE) of the glass. The coefficient of expansion is the most important factor when
it comes to glass compatibility.

It also must be kept in mind that
just by melting, the glass compo-
sition is changed, and once over-
worked, foggy spots known as
divitrification may appear. These
spots may be fire polished to re-
gain clarity. Though sometimes
after being overworked (perhaps
being fixed one too many times),
they are permanent.

As for defining compatibility with
glass, it is difficult. Two different
glasses with different COEs may
hold together, but are you willing
to hold your breath as your piece
hits room temperature? Remem-
ber that COEs for glass are valid
Table 2. Thermal Expansion. The curves remain linear ~ 110M 20-300°C. The rate of expan-

until 300°C where they swing upward, indicating a higher sion increases as the temperature
rate of expansion as the glass reaches the annealing zone. ~ Tises towards the annealing point.

"Tensile Stress,” Nuclear Power Fundamentals. March 10, 2008. www.tpub.com/context/doe/h1017ul/css/
h1017v156.htm.
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There are even times when two samples of the same type of glass are incompatible.

The stringer test is a great way to determine com-
patibility. In the stringer test, thoroughly melt two
samples together, and pull a fine thread with it. One
of two things will happen: the stringer will stay
straight, which means it is compatible, or it will
bend out of shape upon cooling because there is a
difference in the expansion rates.

When dealing with larger apparatus, keep in mind

that the more glass being heated, the more expan-

sion will occur. This force can be a menace in an Picture 4. T ensure glass used is
apparatus with a double ring seal as the tubing all compatible, studio glass artist,
elongates and contracts. Make sure to properly an-  Gordon Smith, encapsulates samples
neal the first ring seal in order to comfortably com-  of several colors of the same coefficient
plete the second seal. Do not forget, bellows are of expansion as well. After the
always an option. One bellow for every 100 mm P4Per weight was fully annealed, strain
will give the jacket the flexibility to compensate /@S developed around all but one.
for the expanding of the inner part of the tube. Many of the processes glassware is used
for require extreme heating. So if the bellows are not in place, the apparatus could break
during usage.

COEFFICIENT OF EXPANSION OF COMMONLY USED GLASS
Satake (used in Japan’s bead making: often melted by a strong Bunsen burner): 113 to
115x 107/K

Soft: 90 to 105 x 107/K (expansion rate of 0.0000090 inches for each 1 degree Centi-
grade)

Borosilicate: 33 x 107/K
Quartz: 5.9 x 107/K

Soft glass expands three times the rate of borosilicate. No wonder those soft glass rods
blow up when not properly warmed!

ANNEALING

Glass passes through several phases

when it goes from working tempera-

ture to room temperature. A slow

warm in will ensure the area being

worked is above the strain point and

will significantly reduce the amount

of strain created. Flame annealing

and a slow warm out will usually en- Pictures 5 and 6. The first flange was annealed
sure an apparatus’ ability to make it to by blasting the fire at an angle hitting both the
room temperature. Flame annealing is outer and inner surface of.the. tube. The second
ideal for dispersing the strain, but the flange was annealed by spinning over a Bunsen

bi hould b led in a leh burner which only made contact with the outer
° Jec.t should be al.lnea cdmale r‘ to surface. These pictures were taken under a colored
alleviate all the residual stress remain-

polariscope. The more colored lines in an area
Ing at room temperature. represents more stress present.
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As one increases the tem-
perature, a viscous glass
lowers its viscosity over a
wide temperature range.
More viscous glass is stiffer
when worked and usually
takes more heat to reach a
softening point. From the
chart in Table 3 it can be
seen that the viscosities for
strain and annealing points
do not change by the type of
the glass, only the tempera-
tures are different. When
the glass has reached 1013
Poise, stress is relieved from
the glass. When the viscos-
ity surpasses 10"14.5 poise,
all residual stress still pres-
ent will become permanent.
Glasses that have a lower
viscosity will generally need
less time soaking at their an-
nealing temperature but due

to a high COE, will need a
more precise cooling cycle Table 3. This chart shows viscosity curves

from the strain point. Jfor several Corning brand glasses.

There is a big gap between the strain point and the softening point. In this zone, a higher
annealing temperature will relieve the stress faster. Just make sure not to slump your coils
in the process. Less viscous glass, such as soda-lime, will slump at a greater rate than
its counterpart borosilicate if the annealing temperature is too high. At the upper end of
the annealing range, the internal stress is substantially relieved in fifteen minutes. As the
temperature approaches the strain point, the rate at which stress is relieved slows down.
At the lower end of the annealing cycle, the stress is substantially relieved in four hours.
Once the temperature drops below the strain point, the remaining strain is permanent.
Temporary strain results as the temperature decreases from the strain point to room tem-
perature. The apparatus may crack if the temperature decreases too fast, but the stress is
relieved when it hits room temperature. If residual stress remains in the glass below the
strain point, it is more likely to break due to this temporary stress. If annealing an appara-
tus after it has already cooled down or to make a tricky repair, a more gradual warm up is
recommended. The complexity and thickness of said apparatus will determine how long a
cooling cycle you will need as previously described when discussing compressive stress.

The good news is stress can even be used to our advantage. For example, just scoring
the glass and inducing a controlled line of stress will crack the glass with a perfect edge
when done right. Toughened or tempered glass has been processed by controlled ther-
mal or chemical treatments and is designed to break into small pieces by using heat and
chemical treatments. It has increased strength compared to normal glass and will usually
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shatter into small fragments, rather than sharp shards, when broken. This quality is lost
when the glass is reheated past a certain point. Some theorize that old time paperweights
have an increased strength due to compression stress.

In a world where efficiency has become a priority, we must strive to continue to make
the finest product. We must have an understanding of the glass’ physical and chemical
properties, have the equipment necessary to gauge and test the glass prior to working,
and the knowledge to complete the product with efficiency.
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Oxide Free Seals Used at Liquid Helium Temperature

by
Ralph Albertson®

ABSTRACT

A technique for making a glass to tungsten seal which is stable at helium temperature.

While I was working at Columbia University in the late 60, I was asked by a doctoral
student to make three microwave tubes to be used at liquid helium temperature. The rea-
son he wanted three at this temperature was because you lose about 50% of your seals
due to the seals not working. He wanted three hoping to get a least one of them to work.
I decided to try oxide-free seals. I sealed tungsten to a four-foot length of tubing, placed
it in liquid helium while testing it with a Vecco Helium Detector. It was vacuum tight. I
made him three oxide-free sealed microwave tubes. He performed his experiment with
no loss of tubes.

Prepare Glass (Uranium)

To Vacuum Pump To Vac

™

1. Degas tungsten 1 2
2. Clean tungsten oxide

3. Clean with distilled water, do not
touch clean area with your hands.
Do not oxidize tungsten.

. 7
Seal

Tungsten

)

To seal: start at bottom of seal

4. Crack off carefully

'

5. Seal to tubing Px Uranium

V

6. Use mechanical pump

7.1 used Sylvania ground seal tungsten

*3335 Route 47, Millville, NJ 08332. 856-825-3877.
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2008 Technical Posters

Steven M. Anderson & Gordon Smith —
“Dual Column Tissue Bath”
Mayo Clinic
Division of Engineering S1-24
Rochester, MN 55905
(507) 284-3901 + Anderson.steven@mayo.edu

Dennis Briening —
“How Skilled/Accurate is the Human Eye”
Briening Glass
207 N. River Dr.
Pennsville, NJ 08070
856-678-5865 < dbriening@verizon.net

Tracy Drier —
“Design & Construction of a Borosilicate-Gastrointestinal Tract (GI) Digester”
University of Wisconsin-Madison
Chemistry Department
1101 University Avenue
Madison, WI 53706
(608) 262-9896 -« drier@chem.wisc.edu

Larry McCollum & Jason Craig —
“Fabricating High Pressure GE 180 Cells for Neutron Research”
Oak Ridge National laboratory
Glass Shop
PO Box 2008
Oak Ridge, TN 37831-6195
865-574-4241
mccollumlw@ornl.gov * CraigJW@ornl.gov

Ian Pearson —
“History of the BSSG Journal 1964 to Present”
Dounreay Site Restoration Ltd.
Dounreay D8781
Thurso
Caithness
KW14 7TZ, Scotland
01847 802629 e ian.pearson@dounreay.com

Ben Spalding —
“Jacketed Addition Funnel”
Albemarle Corp. Process Development Center
P. O. Box 341
Baton Rouge, LA 70821
225-359-2526 < ben_spalding@albemarle.com
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2008 Technical Workshops

Dennis Briening — Briening Glass
“Micro Injector”

Tracy Drier — University of Wisconsin-Madison
“Splicing Coils to Increase Length”

Hideaki Hashimoto — Tokyo Seisakshiyo Co., Ltd.
“T-shaped Tube Using Crescent Shaped Tubing”

Daniel Horner — Precision Electronic Glass
“Kovar to Pyrex Seals”

Jesse Kohl — Corning Glass
“The Chemistry of Color Generation in Silver Containing Sodium
Borosilicate Glasses”

Ariel Rom — H. S. Martin
“Custom Glassware Using Graphite Molds”

Robert Russell — Chemglass, Inc.
“Quartz Vigreux Column”

Michael J. Souza — Princeton University
“Optical Window Seals”
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2008 Exhibitors

Ace Glass, Inc.

Serving the Laboratory Glassware
Industry for Over 70 Years

P. O. Box 688

Vineland, NJ 08362

sales@aceglass.com

www.aceglass.com

Joe Kumpel

Andrews Glass Co.

PID Lamps—Glass/Metal Seals, PB/
Capillary Tubing, and Robu Frits

3740 N.W. Blvd.

Vineland, NJ 08360

800-845-0026

ccarelli@andrews-glass.com

www.andrews-glass.com

Carl Carelli

Angstrom Precision Optics

Polished Flat Quartz & Borosilicate
Windows & Components

190 Bennington Dr.

Rochester, NY 14616

585-663-7230

info@apoptics.com

www.apoptics.com

Ron Schulmerich

Carlisle Machine Works, Inc.

Manufacturer & Supplier of
Glassworking Products

P. O. Box 746

Millville, NJ 08332

800-922-1167

carlisle@carlislemachine.com

www.carlislemachine.com

Jim Murphy

Chemglass, Inc.

Scientific Glass & Components Since 1946

3800 N. Mill Road

Vineland, NJ 08360
800-843-1794
customerservice(@chemglass.com
www.chemglass.com

David Surdam

Commercial Decal of Ohio, Inc.
Printer of Glass and Ceramic Decals
P.O. Box 2747

46686 Y&O Rd.

East Liverpool, OH 43920
330-385-7178
comdecal@comcast.net

Jan Joy

Corning Inc.

World leader in Pyrex® and Specialty Glass
45 Nagog Park

Acton, MA 01720

800-492-1110

klosscs@corning.com
www.corning.com/lifesciences

Craig Kloss

Friedrich & Dimmock, Inc
Simax Tubing/Rod/Laboratories
P.O. Box 230

Millville, NJ 08332
800-524-1131
bob.goffredi@fdglass.com
www.fdglass.com

Bob Goffredi

GM Associates, Inc.

Quartz Fabrication & Machinery
9824 Kitty Lane

Oakland, CA 94603
510-430-0806
info@gmassoc.com
WWW.Zmassoc.com

John Hauer

Heraeus Optics, Inc.

Leading Supplier of Stock, Semi &
Finished, Clear, Doped, & Synthetic
Quartz

100 Heraeus Blvd.

Buford, GA 30518

678-714-4350

bambi.everett@heracus.com

www.heraeusoptics.com

Bambi Everett
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H.P. Machine Shop, Inc.

Custom Manufacturing for the Glass
Industry, Stopcocks, Stainless Steel Joints

415 West Oxford St.

Vineland, NJ 08360

856-692-1192

jpetyan@hp-machine.com

www.hp-machine.com

John Petyan

Kaufman Glass Company

Fabricating Distributor of High
Temperature Sight Glass

P. O. Box 10807

Wilmington, DE 19850

800-842-5879

info@kaufmanglass.com

www.kaufmanglass.com

Robert Calvarese, Sr.

Lab-Sil Instruments

Rotoevaporators, Manufacturers of
Quartz, Silica & Glasswares

# 18, Rosewood Ct.

North Haledon, NJ 07508

973-200-0261

labsil@gmail.com

www.labsil_instruments@yahoo.co.in

Agilan Sivapatham

Litton Engineering Labs
Manufacturer & Supplier of
Glassworking Products
200 Litton Drive, Suite 200
Grass Valley, CA 95945
800-821-8866
sales@littonengr.com
www.littonengr.com
Vic Mathews

Macalaster Bicknell Co. of NJ, Inc.

Borosilicate Glass Tubing, Rod & Blanks,
Miscellaneous Scientific Instruments &
Supplies

P. O. Box 109

Millville, NJ 08332

800-257-8405

info@macbicnj.com

www.macbicnj.com

Ralph Del Buono

N. M. Knight Co., Inc.

Heathway Products Division

Shop Supplies, Burners, Graphite Tools,
Safety Glasses, Diamond Products,
Lathes & Cut-off Saws

P.O. Box 1099

Millville, NJ 08332

856-327-4855

bobhalbreiner@heathway.com

www.heathway.com

Bob Halbreiner

North Jersey Diamond Wheel

Diamond Wheels for Glass & Quartz
Industries

218 Little Falls Rd.

Cedar Grove, NJ 07009

800-822-3341

bacnjdw@aol.com

www.diamondwheels.com

Bonnie Clark

Pedco-Hill, Inc.

Decals for the Scientific Glassware Industry
91 Steamwhistle Dr.

Ivyland, PA 18974

215-942-5193
pedcohill-sales@verizon.net

Newt Hill

Pegasus Glass

Simax® Tubing & Rod, Quartz Tubing &
Rod, Fabricated Boro or Quartz Parts,
Pyrex®, QVF Process, Colored Tubing

211 Shearson Crescent

Cambridge, Ontario N1T 1J5 Canada

800-315-0387

60 E. Market Street, Suite 122

Corning, NY 14830

607-562-3622

revans@pegasus-glass.com

www.pegasus-glass.com

Bob Evans

Precision Electronic Glass

Graded Seals, Glass to Metal Seals, Precision
Bore Tubing, Grinding & Polishing

1013 Hendee Rd.

Vineland, NJ 08360

856-691-2234

sales@pegglass.com

www.pegglass.com

Mark Andrews
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Quantum Glass Solutions
Glass-working Machinery & Supplies
162 Cross Creek Ct.

Bethlehem, PA 18017

484-571-6219
tom@gquantum-glass-solutions.com
www. quantum-glass-solutions.com
Tom Murphy

Quartz Scientific, Inc.
Fused Quartz Fabrication
819 East Street

Fairport Harbor, OH 44077
440-354-2186
info@gqsiquartz.com
www.gsiquartz.com

Dave North

Schott North America, Inc.

DURAN?®, Tubing, Rods and Labglass

555 Taxter Road

Elmsford, NY 10523
914-831-2265
andy.lagrotte@us.schott.com
www.us.schott.com

Andy LaGrotte

SeaCubeCo.

Scientific & Artistic Glass
3630 Italia Ave.

Vineland, NJ 08361
609-319-4322
SeaCubeco@aol.com
www.SeacubeCo.com
Christopher Bock

Scientific Machine/SciMac

Your Source for High-Quality Teflon®
Laboratory Products

700 Cedar Avenue

P.O. Box 67

Middlesex, NJ 08846

732-356-1553

elandau@scimac.com

www.scimac.com

Elizabeth P. Landau

Specialty Glass Products
Precision Glass Parts
2885 Terwood Rd.
Willow Grove, PA 19090
215-659-8400
sales@sgpinc.com
WWW.sgpinc.com

Beau Harrington

Technical Glass Products, Inc.
Fabricated Quartz Products
881 Callendar Blvd
Painesville Twp, OH 44077
440-639-6399
tgp@tgpohio.com
www.technicalglass.com

Jim Horvath

VM Glass Company
Joints, Flasks, Stopcocks
3231 N. Mill Road
Vineland, NJ 08360
800-400-6625
michael@vmglass.com
www.vmglass.com
Michael Greico

Wale Apparatus Co, Inc

Suppliers of Scientific & Artistic
Glassworking Products

400 Front St

Hellertown, PA 18055

800-334-WALE

wale@fast.net

www.waleapparatus.com

Chris Camac

Wilmad/LabGlass

Glassware & Glassblowers’ Inventory
P.O.Box 610

Buena, NJ 08310

800-220-5171
Ron.Dimaria@wilmad-labglass.com
www.SPindustries.com

Ron DiMaria

Wilt Industries, Inc.

Glass/Quartz Annealing Ovens, Lapping

Machines, and Belt Sanders
Route 8
Lake Pleasant, NY 12108
800-232-9458
dan@wiltindustries.com
www.wiltindustries.com
Dan Wilt



Ralph Albertson
Wendy Albrecht
Sue Albright
Charley Amling
Charles Amling
Elaine Amling
Carol Amling
Frank Amling
Jeffrey Anderson
Steve Anderson
Jeff Andolaro
Mark Andrews
Jane Applen-Anderson
Rory Atkinson
Jeffrey Atwell
Jim Atwell
Kimberly Bailey
Jennifer Ballou
Anthony Narine Baney
Nik Bankov

Scott Bankroff
Erik Barniskis
Patrick Bennett
Jean Bertonazzi
Larry Bloom
Bryna Bock
Christopher Bock
Richard Bock
Ted Bolan

Eric Brambani
Dennis Briening
Leslie Briening
Lu Brown
Marylin Brown
Tyronne Brown
Daniel Brucker
Lesa Cafferty
Andrew Calvarese
Marianne Calvarese
Robert Calvarese
Chris Camac
Deborah Camp
Carl Carelli
Evelyn Carelli

Alex Carraro
Karen Carraro
Max Carraro
Katherine Cheetham
Eric Christensen
Domenic Ciancarelli
Bonnie Clark
Jerry Cloninger
James Coash
Jacquline Coburn-Connangle
Adrien Connangle
Michael Connolly
Robert Connolly
Jim Cornell
LuAnn Cossaboon
Dennis Courtney
Mary Courtney
Gary Coyne
Jason Craig
William Curtis
David Daenzer
Katrina Daenzer
John Daly Jr.
Patrick DeFlorio
Liz Delesus
Ralph Del Buono
Ron DeMaria
Vincent DeMaria
Margaret Dennin
Michael Dennin
Angie Dobos

Ben Dobos

James Dobos
Mary Dougherty
James Downey
Paul Doyle

Tracy Drier

Peter Drobny
David Dunn

Greg Durphy
Judson Eden

Jill Estell

Bob Evans

Jerry Finneran
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2008 Symposium Attendees

Kiva Ford

Jay Freeman
Patrick Frazier
Don Frick

John Fuller
Angela Gatesy
Rick Gerhart
Hemant Goel
Valerie Goff

Bob Goffredi
Chris Gould

Ruth Gowell
Steven Green
Gary Greenfield
Kathleen Greenfield
Joe Gregar

Katie Gregar
Annette Greico
Michael Greico
Jim Grennon
Adolf Gunther
Inge Gunther
Bob Halbreiner
Sara Hall

Ricky Harrison
Hideaki Hashimoto
Doni Hatz

Cindy Heyer
Newt Hill
Newton Hill, Jr.
Don Hodgkins
Carolyn Hodgson
James Hodgson
Michelle Hofmann
Cindy Hopper
Zac Hopper
Daniel Horner, Sr.
Hiroyasu Ikariya
Michael Ippolito
Brian Jackson
Kathryn Jones
William Jones
Benyamin Kedem
Chava Kedem



Linda Kellc
Emily Kenfield
Max Kirsch
Anatoly Kishinevski
Craig Kloss
Jesse Kohl

Jens Kondrup
Georges Kopp
Jack Korfhage
Neal Korfhage
Fridolin Kummer
Sonja Kummer
Joe Kumpel
Barry Lafler
Andy Lagrotte
Elizabeth Landau
Helinda Landers
Tim Landers
Manfred Langer
Elke Langer
John Lawrence
Jessica Legge
Philip Legge
Ron Legge
Cindy Lemml
Robert Lewandowski
Adele Lewis
Russel Lewis
Don Lillie

Dave Lobely

Joe Luptak

Sean Maraffa
Victor Mathews
Pat Mathews
Ron Mazzuca
Larry McCollum
Frank Meints
Hedy Misch
Manfred Misch
Jean Moder
Katie Moder
Steven Moder
Arleen Molodow
Marvin Molodow
Mike Morris
Peter Moss
Roxanne Moss

Emile Munschy
Devon Murphy
Thomas Murphy
Shawn Musser
Tsuyoshi Nakamura
Gene Nelson
Lori Neu

Peter Norton
Donald O’Brien, Jr
Randy O’Dell
Mike Palme
Chris Parmanand
Jen Paranand
Richard Parrish
Ian Pearson

John Petyan
Shannon Petyan
John Plumbo
Marc Poirier

BJ Polise

Rick Ponton
Edwin Powell
Arturo Ramirez
Dennis Ramirez
Douglas Riley
Ariel Rom

Philip Rossi
Frank Rusignuolo
Bob Russell
Diana Russell
Steve Russo
Kathy Sacca

Magdalena Safferling

Ottmar Safferling

Kumeresan Sankaranarayanan

Akihito Sano
Howard Savage
Adam Schad
Ron Schulmerich
Brian Schwandt
Hervey Scudder
Brian Searle
Alice Siegle
Werner Siegle

J. Mark Sinclair
Nancy Singer
Robert Singer
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Agilan Sivapatham
Laurie Sliwoski
Phillip Sliwoski
Daryl Smith
Gordon Smith
Mallory Smith
Preston Smith
Rick Smith

Todd Smith
Veronica Smith
Michael Souza
Ben Spalding
Jozette Spina
Michael Spina
Parker Stowman
David Surdam
Philip Surdam
Regina Surdam
Walt Surdam
Courtney Teaford
Isaac Teaford
Kevin Teaford
Rhonda Teaford
J. Suzanne Tipton
John Vandenhoff
Jordan Vandenhoff
Donna Vertolli
James Vertolli
Daniel Vogt
Daniel Walker
Rob Wallace
Steven Ware
Andy Wargo
Ross Weaver
David Wentzel
Joseph West

Ed Wiebe

Lloyd Williams
Daniel Wilt
Kendal Wilt

Brad Wingard
Don Woodyard
Mohamed Younus
Ken Zaborowski
Maryann Zaborowski





