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Working with Borosilicate Color
by
Henry Grimmett
Glass Alchemy, Ltd.
Portland, OR 97218

ABSTRACT

Working with colored borosilicate glass can bring many hours of enjoyment or be a
very painful and humbling experience. It is not unlike welding in the sense that it is
important to understand the properties of the materials with which you are working.
Once you understand the colorant constituents, how they respond to heat, flame
atmosphere and annealing, it is quite easy to work with borosilicate colors. The
Sfollowing paper explores the primary colorants used to color borosilicate today.

THE NEUTRAL FLAME

Prior to the pioneering work at Glass Alchemy, most of the
information that was available for working borosilicate colors
was nothing more than myth. Some people could not get their
silver colors to strike, others could but could not explain how
to another person, colors would turn “muddy,” rubies would
become livery and greens would turn red or crack. The stock
answer for everything was “you did it wrong,” “go take a
class,” or “your flame needs to be oxidizing or reducing
or....” To make matters worse, nobody had a method for
adjusting the flame to neutral position and verifying it.

Today, for a successtul and rewarding experience with colored borosilicate, we understand
the importance of the flame chemistry. It is imperative that the artist work in a neutral
flame calling upon a reducing or oxidizing flame when needed. After exploring flames and
torch set-ups in hundreds of studios, it has become clear that the setup of the torch often
turns out to be more influential on the final outcome of the piece than the original choice
of torches or any adjustments made at the knobs during construction of the piece. For these
reasons, the lampworker should be familiar with some basic principles of flow dynamics
so that they can set their torch up to maximize its performance.

Supply line architecture is of extreme importance for a proper setup. In an attempt to
save money, one may choose a smaller diameter hose/pipe thinking that “20 pounds of
pressure is 20 pounds of pressure,” not considering the pressure drops associated with
the various diameters of supply lines or the volumes that can actually be transported
through these long constrictions. The symptoms of this problem vary. Often there is not
enough oxygen to fully combust the propane and a reducing flame results. This type of
flame can inject carbon into the glass and shift the refractive index such that the color is
not bright; the carbon can reduce certain metals used as colorants (such as cobalt turning
gray) and, in some cases, cause the colors to go “muddy”. The common solution is to
increase the pressure to increase the volume, which introduces many other problems
but does not increase the volume. Increased pressures are a primary cause of turbulent
flow and often result in a cooler, reducing flame.









such as in marbles or sculptural shapes to yield a vibrant transparent color. The rare
earths also exhibit florescence and glow different colors under UV light. The UV bulb
must be of the BLB (black light blue) type and should be less than one year old.

Silver Colors (such as 182, 287, 381, 382, 383, 385, 386, 388, 481, 485, 487, 489).
Silver is a heavy metal and it can accumulate in your body. “Overloading the body'’s
natural eliminative systems with silver causes the body to store some excess silver in
the face; this over time can result in a pronounced gray complexion. Argyria is strictly
a nontoxic, cosmetic condition. However, argyria is quite serious in that it is thought
to be permanent, much like a tattoo.” Sited from www.silversolutions.com

Certain silver colors are heavily saturated and can have silver wire running through
it. Treat this color as you would treat fuming. In addition to ventilation, you should
use a shield or HEPA respirator.

Silver is a colloidal colorant and is reduced by heat as well as by carbon. At elevated
temperatures, if nuclei are present, crystals will start to grow on them. This is similar
to a rain drop needing a speck of dust to form. When silver is not mixed with another
colorant, it is placed in the yellow category due to the fact that the smallest visible
silver crystal creates a yellow color. Silver crystals always grow in the same sequence,
from yellow to orange, red, red-purple, purple, blue and finally green. Areas that are
hotter will grow crystals faster than cooler spots. An area that appears purple on the
surface will be ruby color below the surface when you cold work it. Because the color
change is dependent upon temperature, and, knowing that glass is an insulator, frit
pick-ups or “dots” will create different colors under the glass. Touching the silver
colors with tools such as needle nose pliers will leave patterns of colors.

Some colors have crystal growth inhibitors to impede the change of color. For many
applications, the color will remain yellow; however, hard working or prolonged kiln
work will cause the crystals to grow. Many do this to achieve purple where another
choice may yield a blue because of the working conditions and time.

Some colors have no nuclei. These colors can be worked very hard but require cooling to a
slight orange glow to create nuclei on which to grow crystals if you want to create a rainbow
of color. After creating nuclei, raise the temperature of the flame to grow the crystals.

Some colors are loaded with nuclei and are very “playful.” These colors will always
yield different results. With a modest amount of nuclei, the colors strike easily and can
be controlled so that matching pieces can routinely be produced.

Some colors have additives that cause the glass to always transmit orange, red or some
other color of light. Hobnails on beads or bobbles catch the light and create dazzling
patterns on the walls. These colors should hang in every window.

Silver colors can also luster. Lusters can range from very modest to a bright mirror
effect. The luster is achieved with a reducing flame; this removes the oxygen from the
surface of the glass, thus yielding metallic sheens. Use a buff wheel and silver polish
and the piece will become very reflective and the metallic sheen will be enhanced.
Prolonged kiln striking intensifies the metallic sheen.



Work pieces containing silver at hot temperatures to create, form and assemble all of
the elements. Use reduced (lower) heats, just above the annealing temperatures
(1075°F to 1125°F), to heat treat the entire piece causing growth in all of the silver
crystals. If you want to bring a luster to the surface, raise the temperature of the flame
about 75 degrees (remember that it is easy to burn a fume off of the surface) and treat
the surface about 20 seconds in a busy, reducing flame. This flame will strip oxygen
from the silver oxide (silver is reduced with heat, un-burned carbon will transport
liberated oxygen away) leaving metallic silver on the surface causing the “sheen”. If it
is necessary to create nuclei (you cannot get the silver color to strike), lower the
temperature to a slight orange glow or just above the strain point, about 975-1000° F.

Chrome colors (such as 441, 442, 444, 445, 446, 546, 548). Health Warning: Chrome is
a heavy metal and is on a lot of lists. In most forms, it is a poison, in some forms cancer
causing. These colors should always be worked only in well ventilated areas. In addition,
chrome puts off a very bright white flare and excellent eye protection is required.

Chrome based colors tend to be opal (opaque); if worked incorrectly, this can be
problematic. To avoid problems, the torch must be set up properly to achieve a neutral
to oxidizing flame. A reducing flame can cause cracking in chrome colors. If the color
is going to be exposed to prolonged periods of a reducing flame, consider encasing first.

If you are holding chrome colors in the kiln for an extended period, it is best to
“garage” at 975°F rather than at the annealing temperature of 1050° F. You should not
hold these colors (or strike other colors in the same piece) at temperatures above
1075° F due to the risk of creating aventurine at elevated temperatures.

Aventurine colors, produced from precipitated chrome, should be worked in a neutral
to oxidizing flame. While much has been done to stabilize the chrome to prevent
unwanted aventurine growth and cracking, it is the artist’s responsibility to mitigate
the known issues when working with chrome colors. “Tugs” to stretch this color will
align the platelets to improve the level of sparkle. Also, it is known that when working
with clay, it is necessary to align the platelets. Not much is written about the use of
aventurine glass as it relates to flameworking. Our experience indicates when adding
on glass to use a wipe-on/(wipe-off) technique rather than straight seals at 45/90
degrees. End-to-End seals should be quite hot and pressed together and then
pulled/stretched to align the platelets. GA makes this recommendation because it has
noticed that Mother Nature tends to be consistent in her rules. The sparkle is most
pronounced when thinned, covered in clear or used for inside work.

Cobalt Colors (such as 510, 512, 514, 515, 516, 517, 592). Cobalt is an ionic
colorant, therefore the higher the cobalt content, the denser the color. Also, the thicker
the application, the darker the color becomes. Health Warning: Cobalt is a heavy
metal and inhalation of cobalt fumes can cause shortness of breath, coughing and
pneumonitis. Hypersensitivity appears to be involved because lung changes occur at
low incidence and are varied in intensity and time of onset. In most cases, the
symptoms disappear. Cobalt is listed by The International Agency for Research on
Cancer (IARC) as Category 2B possibly carcinogenic to humans. Cobalt is listed by
ACGIH as an animal carcinogen. Cobalt is known to the State of California to cause



cancer. Use only in a well ventilated area.

Cobalt blue has always been one of the most appealing colors in
glass. Cobalts are infra-red emitters; because of this they require
more energy to melt and they cool much faster so that they work
“stiff.” In some heavily saturated formulations, a flux can be
added to soften the glass in the temperature range above 1800° F.
A typical working technique is to apply more heat to cobalt than
other colors or clear.

Cobalt can produce grays in a reducing flame. This can be
pronounced when the glass cools to a very light orange and then
placed back into a reducing flame. If you experience gray cobalt,
you should test your flame for neutrality. If a reducing flame is
required, then keep the work hot rather than allowing it to cool
below 1400°F.

Manganese colors (such as 672, 683, 773, 775, 860, 864, 974). Health Warning:
Symptoms of manganese poisoning range from sleepiness and weakness in the legs to
difficulty in walking and uncontrolled laughter. Health surveys of employees exposed
to manganese fumes have demonstrated a high incidence of pneumonia in these
workers (OSHA). Work in a well ventilated area.

These are very easy working colors. A neutral flame is recommended. These colors
coil pot very well with no visible lines.

Manganese is an ionic colorant, commonly producing transparent browns that can be
used as tints or used as solid colors. In a reducing flame, they can be shifted to a
smoky black color.

SUMMARY

1. Work crayon colors in a cooler flame, either by moving out 1.5 inches or cooling
the flame. You can also encase the crayon colors.

2. Generally use a neutral or an oxidizing flame. Only use a reducing flame to bring

silver metal to the surface.

Chrome colors can crack if worked in a reducing flame.

4. Avoid using colors with heavy colorant content next to other colors with heavy
colorant content.

5. Avoid using colors with heavy colorant content with dichro, especially high
Manganese colors.

6. Use a neutral to oxidizing flame with cobalt colors; keep them hot.

et

Reference

Excerpts reprinted with permission from Drew Fritts. Torchworked Marbles, Vol. 1 -
Beginner to Intermediate Techniques. Springfield, MO: Dichro-Moon Publishing, 2004.






Operation:

If the weight of the chemical to be added is critical, the chemical and glassware is
weighed in a glovebox. The spoon is flame dried over a Bunsen burner to prevent the
chemical from sticking.

The funnel is placed on a round-bottom reaction flask. Addition can be achieved in a

number of ways. These include:

* A reflux condenser in the top of the funnel will wash out the solids. Slowly turn
spoon to add in or reflux will dilute solids back to the flask.

* Replace the reflux condenser with a septum. Use a syringe to dissolve solids.

* A septum or nitrogen adapter lets you introduce an inert blanket (e.g., Nitrogen).
Dump solids.

A prototype has been made for a spoon with two chambers. This allows for two
separate chemicals to be added independently with one spoon.

2. Preparative Electrophoresis Chromatography Apparatus

This apparatus was designed by student Lizheng Zhang and was brought to the Glass Shop
in January 2001. The intended use was for purification of RNA and was highlighted in a
paper at last year’s annual ASGS symposium. The design went through three mod-
ifications with the final design shown here in Figure 2.

The design consists of a water- o
cooled gel chamber, buffer solution
chambers, positive and negative
electrodes, Teflon stopcocks, and a
quartz tubing section.

Operation: 7
A gel column is saturated in a buffer
solution between two electrodes.
The negatively charged RNA is

placed on the gel. The stopcocks are ﬁ\
positioned to create an open path
between the two electrodes and -
2000 volts is passed between the
electrodes. Only the RNA is moving T8I
through the system. The negative
RNA ions travel through the gel
towards the positive electrode.
Traveling through the gel, the
impure RNA sample separates into
discreet horizontal bands depending
upon their size and shape.

X-C Frit

SIDE VIEW

QUARTZ

At this point there is no way to Figure 2.
visually see where the RNA is in Preparative Electrophoresis
the system. Here we use the fact Chromatography Apparatus.









A Large Modular Hi-Vacuum System for

Air Sensitive Manipulation
by
David P. Wise
Department of Chemistry and Chemical Biology
Cornell University
Ithaca, New York 14853

ABSTRACT

This paper will describe some useful design modifications that can be used in the
fabrication of very large hi-vacuum systems. The use of O-ring joints for connecting
vacuum lines and their components is not a novel idea; they have been used for years.
I like to use the term “modular” to describe this type of hi-vacuum system. The major
problem with a system using O-ring joints and hi-vacuum valves this extensively is
that it can take many days to completely outgas. If you can live with this compromise,
this system design offers some very attractive benefits.

BACKGROUND

In March of 2001, T was introduced to a newly-hired professor who intended to start
work on his research in July. After giving Professor Paul Chirik a tour of the glass shop,
he made a simple request: “Could you make some hi-vacuum lines for our group?”
Professor Chirik showed me several drawings of hi-vacuum manifolds, cold traps, and
mercury manometers commonly used in most research labs. He also produced the
drawings that illustrated these smaller manifolds connected via # 9 O-ring joints to a
17-foot long, S6mm o.d. main manifold. He told me that he would like to be able to
work in the 10-° to 10-6 torr range and that he would need a good diffusion pump to
supply the vacuum for this system. Little did I know that when the system was
completed, it would look like figure 2.

Second Schlenk Line

H2 Inlet Argon Inlet To Bubblers

T

T [T

¥

Figure 1. The first of many project drawings supplied to me by Professor Paul Chink.

To Trap

12









Wheeler, the pumping speed can be increased to 375 liters per second. That is many times
faster than the best mercury pumps we have in the department. The following points made
the choice to use this oil diffusion pump design an easy one:

* This pump is able to fit into a relatively small space and small hi-speed fans may
be used for cooling instead of water jackets if desired.

 If the vacuum is compromised, there will be no mercury spill cleanup or hazardous
vapors to address.

* The unit is easy to operate, easy to maintain, and reliable. By replacing the jet
assembly, pumping speeds of 375 liters per second can be achieved.

« Total cost of the oil diffusion pump is much less than a comparable size mercury
diffusion pump.

» Safety: we will make a safer work environment for the researcher by using an oil
diffusion pump. I also do not make the safety people on campus uneasy.

The pumping station uses a large, 1 hp.
Welch Duoseal® belt drive roughing pump
set on the floor under the diffusion pump
location. A double trap system is used that
incorporates bypass and relief valves. This
allows you to isolate and clean or empty
either of the traps without disrupting the
vacuum in the system. The use of one-inch
threaded O-ring connectors for the bypass
valve section would allow us to place the
pump into the small area available that we
had to work with. Although the pump was
one of the first items that I made for the
system, it ended up being one of the last
items connected. The next photo shows how
we squeezed all of the glass into the corner to
protect and support the glassware (Figure 6).

Figure 6. View of the oil diffusion
pump and bypass valve.

CONSTRUCTION

Manometers

Although I was able to keep a lot of mercury out of the new lab, the manometers used
on the system did require its use. The vacuum system needed four double and four single
manometers to be mounted behind the lattice grid. I fabricated these and mounted all of
them to their Plexiglas supports using small plastic tie wraps. After these were
fabricated, I stored them, without the mercury of course, in the glass shop until the
lattice grid was finished. You should always consider how to contain any potential
mercury spill if the manometers were to be broken during use; I prefer to use the
bottoms of one-gallon plastic containers for this purpose. I put these containers under
the manometers before they are mounted to the wall. After mounting them in back of
the grid, I will fill the containers about 2/3 full with wax. This will provide weight and

15






two different gasses; Professor Chirik is using argon and hydrogen. We also use 90-degree
stopcocks or hi-vacuum valves, with O-ring joint connections, on both ends of the vacuum
side of the manifold. We connect each of the different working sections together using LN,
traps that use # 9 O-ring joints.

Assembly of the working manifolds is not difficult so I will not go into a step-by-step
detail. The point I am trying to make is that again we have a design that can be called
modular. Each section can be isolated and removed from the main manifold due to the
use of valves on each O-ring connection. If one section is broken and in need of repair,
it is possible to close all of the valves on that section, remove the traps, and remove it
from the main manifold. There is thus little interruption to other group members who
may be working at a different section of the vacuum line.

Specialty gas section

Professor Chirik wanted the ability, at a later date, to add gases other than argon or
hydrogen to the system. This is why we have a specialty gas section located in the middle
of the vacuum system. The opening or closing of the proper set of valves will allow gases
to be mixed or introduced into the selected manifold. He may also choose to direct gases
into any apparatus connected to one of the 24/40 joints. This section is also modular as it
can be isolated or removed from the vacuum line and not disrupt work in progress.

Figure 9. Close up of the gas transfer section.

Main Manifold

The grid assembly was still weeks away from completion, but I needed to start work
on the main manifold right away. Although the manifold was drawn as one long piece,
I suggested to professor Chirik that we could make the main manifold modular by
using # 40 O-ring joints. This approach would allow me to make two shorter manifold

17



sections on the lattice
grid that T have set up in
the glass shop. By using
this simple solution to our
timing problem, I could
transport these sections to
the lab at a later date
when the grid was
complete. We would only
be adding one more O-
ring joint connection to
the original design; he
quickly agreed to let me
try this idea.

Figure 10. Photo of work in progress shows #40 O-ring
Joint connection on main manifold.

There were other added benefits in using this design that occurred to me as I started to
work on the manifolds. After completing the first section in my lathe, I realized that I
could use my 5-foot oven to fully anneal each of the sections. My oven happens to have
2.5-inch slots cut on each end of the base frame; these slots allow long pieces of glass
to hang outside of the oven while the part inside the oven is being annealed. Using this
method, T was able to anneal a 5-foot section, turn the piece 180 degrees, and then
anneal the second section. I caution you that the end of the tube that is outside of the
oven must be supported to prevent sagging. Although I took care to provide the needed
support, I still was able to see a small bit of sagging. I have some ideas on how to
prevent this problem in the future, but 1 will have to wait and try these ideas myself
before recommending them to anyone else. Since the sagging was minimal and deemed
acceptable, T continued to work on the manifold. Now T had to carefully measure and
seal all drop connections, stopcocks, and valves for the working manifolds.

When I annealed these sections, I found that I had to use firebrick, covered with ceramic
blanket material to help keep the manifold drop connections facing vertical inside the
oven. [ also had to use firebrick as a spacer around the border of the oven. This spacer
gave me the clearance that was needed for the long drop connections on the manifold;
without these spacers, 1 would not be able to lower the oven completely. This sounds
like a lot of work just to anneal a couple of pieces of glass but consider the alternative.
Try as I might, I will never get all of the stress out of glass when flame annealing with
my torch. Considering the number of seals I needed to make on each section, I feel that
I actually saved time overall. I am also sure that better annealing is accomplished using
the oven and I do not have to worry about the integrity of the manifold.

In the event a modular main manifold section is broken, the diffusion pump can be
temporarily reconnected to the good section of the manifold. If I have to remove the
section on the right, I can reconnect the diffusion pump to the left side manifold. For
this I can use a # 40 O-ring joint adapter and a length of heavy wall vacuum tubing.
If the section on the left is broken, the pump connection remains as is, and I can close
off the open end with an O-ring joint cap. If breakage occurs on a solid, one-piece
manifold, the whole system would be unusable until repairs were made. If a
replacement part needed for the repair is not on hand, the system could be down for
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bottom of the ground joint connection used for mounting the McLeod gauge. The second
pinhole was on the side arm of a 0-8 hi-vacuum valve used for a drop connection.

Figure 14. Photo shows location of McLeod gauge where a leak was detected and repaired.

This could be a lesson for many of us: do not be complacent when building glassware.
I did not check all of my components with my Tesla coil before using them on this
system, and for a professional, this was a very embarrassing situation that could have
been prevented. Even though you may have made an item a hundred times, a
professional should take the time to check every component before using it on any
apparatus. Checking glass component quality is a subject for another paper.

After all of this work, we turned on the heater to the diffusion pump, opened the bypass
valves, and put the system to work. The pump worked as advertised and the professor
was delighted to finally have the system completed and running smoothly. The system
now is in daily use and proving to be an asset to the group’s ongoing research.

CONCLUSION

Through the use of O-ring joints, Professor Chirik’s original design for this vacuum
system was already very modular. When the original main manifold design was
changed to include the use of the # 40 O-ring joints, I was able to work around many
scheduling difficulties. The use of Michael Wheeler’s oil diffusion pump and bypass
valve design ideas completed the modular concept. Without these changes in design,
I would have been forced to completely stop fabrication many times.

Remempber that the use of this many O-ring joints and hi-vacuum valves will cause
this vacuum system to take a number of days to completely outgas. This vacuum
system, however, will only be open to atmosphere by accidental breakage or by not
isolating a section that is being removed for cleaning. The professor and his research
group live with this compromise and they continue to enjoy the benefits of working
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Sealing a Sapphire Window to Schott Code 8250
by
Charles D. Christman
M&M Glassblowing Co.
Nashua, NH 03063
ABSTRACT

This paper will discuss how to seal a sapphire window to a 8250 tube for production
purposes. While there are other possible methods and techniques for sealing a sapphire
window to a 8250 tube, this will explain how to do the procedure for production
purposes and with the materials supplied. This paper will also outline some of the
problems encountered in this project and the solutions used to overcome them.

In this paper, I will explain the method we use to seal a sapphire window to an
envelope made out of Schott Code 8250 using an induction heater. When our
company was asked to do this project, we never realized how little information was
available and how much experimentation we would have to do. One of the biggest
problems was that the customer was providing the materials and was insistent upon
Schott Code 8250 tubing, which is not a good match as far as expansions are
concerned: Sapphire’s expansion is 65x107 and the 8250’s expansion is 50x107.
Admittedly, the best match for direct sealing to a sapphire window is Corning Code
7520 or Schott Code 8436, but this was not possible due to the customer’s requests. I
will discuss some of the other issues we came across during this paper.

One of the things we had to keep in mind when planning the
fixtures and procedures for this job was that this is a high
production job, so durability and simplicity were important.
We came up with a slide design for a holder for the envelope
as illustrated in Figure 1. This allowed for good centering of
the tubing over the sapphire window on an easy and consistent
basis. A problem we ran into was the material of the holder for
the window shown in Figure 2. We first tried graphite and it
deteriorated after five windows. Then we used Molybdenum
which did not conduct heat effectively. We also tried several
different grades of stainless steel which held up better but still
deteriorated con-siderably after about a hundred windows. The
best material we have found so far is Inconel which conducts
heat exceptionally well with very minimal deterioration after
several hundred windows. The window holder needs to be
machined no deeper than half the thickness of the window and
at least .005" larger diameter than the
window. We also found that it is
important to hollow out the window holder to ensure that the
window and material to be sealed to the window heat up quickly
and with as much intensity as possible. This will also allow the
holder to decrease in temperature rapidly so the envelope can be
removed and placed in the oven as soon as possible. Figure 2

| oz ]

o

——
=

Figure 1

As for the procedure itself, the first step of this procedure is to put the window into the holder.
Next, slide the envelope into its holder and bring it down onto the window. A 0.015" spacer
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was placed on top of the fixture (this number will vary according to the size of the envelope
and wall thickness). Next we put a stop onto the tube, engage it with a small thumbscrew,
and then remove the spacer; this will allow the proper amount of glass to flow onto the
window for a good seal. We then start the 1KW induction heater and allow it to run until the
stop comes down to the top of the fixture. Although we have never tested the window fixture
within the coil for exact temperature, we must assume that by the time the stop comes down
to the top of the fixture, the materials within the coil are approximately 1100°C. When the
stop hits the top of the fixture, we set a timer for an additional minute to allow the glass to
flow on the window. Without this extra minute, we experienced a large percentage of
cracking, because even though the glass was melting down on the window it still had sharp
edges as shown in Figure 3. Running the induction heater for the extra minute takes the sharp
edges off the glass on the window and eliminates the cracking as illustrated in Figure 4.

After turning the induction heater off, the window holder is
! allowed to cool to the point where it is no longer glowing
\ red. The stop is then removed and the slide is pulled up and
off the envelope. Next, the envelope is put directly into an

oven holding at 480°-490°C, the strain point of the 8250

glass. After all of the envelopes are in the oven, we start

f @ their annealing cycle by running the oven up to 510°C,
which is just a little higher than Code 8250’s annealing

temperature, and hold it for ten minutes. We then drop the
temperature to 480°C for ten minutes, allowing the
envelopes to cool slowly and adjust to the temperature.

Next, we drop the oven down to 460°C for 30 minutes,

Figure 3 again to allow the envelopes to adjust. Lastly, we drop the
] temperature down to 400°C for 60 minutes and then turn
’ ‘ the oven off, allowing it to cool overnight. This annealing
| procedure, as compared to our original procedure of
running the oven up to 510°C and letting it come right
down, has sucessfully stopped the windows from cracking

1__,4_h

|

% off the envelopes
i @ I hope that I have helped you understand our procedure for

‘ sealing sapphire windows to Code 8250. I have been clear
; / in this paper in admitting that my procedure is based on high
| production; this procedure could be done less expensively
’ and with less fixtures if you only have a few to do, but in

Figure 4 my opinion this procedure is the best way.
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Small Tank Tetraphenylborate Process Vessel
by
James G. Dobos
Westinghouse Savannah River Company

Savnnah River Technology Center
Aiken, South Carolina 29808

ABSTRACT

The Glass Apparatus Development Laboratory, of the Savannah River Technology
Center, was asked to fabricate a minimum of four thirty-liter glass vessels used to
study radioactive salt solutions. During the initial testing, excessive foaming of the
solutions was observed in different stages of the experiment, resulting in additional
studies to find an acceptable antifoam/defoaming agent. This article is an attempt to
describe the steps needed to fabricate the vessel used during testing.

INTRODUCTION

One of the alternatives to processing the highly radioactive salt solutions in the Savannah
River Site’s Waste Tanks, is to precipitate the highly radioactive cesium with sodium
tetraphenylborate concentrate, and wash the precipitate slurry. This process is called the
Small Tank Tetraphenylborate Precipitation process (STTP). In the STTP process, soluble
ions of cesium, potassium and ammonium are precipitated as insoluble tetraphenylborate
(TPB) salts. The resulting slurry, which now contains most of the radionuclides as
insoluble solids, is filtered to concentrate the solids. After washing the solids to reduce the
concentration of soluble sodium salts in the slurry, the precipitate is processed and
incorporated into a glass form in the Defense Waste Processing Facility (DWPF).

To simplify this process, Precipitation Tank #1 is fed continuously with the volume of
process water necessary to carry out the precipitation. The precipitate slurry continuously
overflows to a second identical Precipitation Tank #2, which serves to increase the
residence time for the precipitation process to 16-24 hours. The rate determining step is
based on the absorption of the plutonium, uranium, and strontium from the solutions. The
slurry exits Precipitation Tank #2 as insoluble solids and is concentrated through a

Fresh Waste,
MST, NaTPB

Decontaminate
Salt Supernate
To Salt Stone

~10 wt. Precipitate
To Precipitate
Surge Tank

Figure 1
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crossflow filter in the Concentrate Tank. The concentrated slurry is then washed with a
dilute caustic, using a crossflow filter, to reduce chemical concentrations and to achieve
acceptable levels needed for glass production (Figure 1).

During this process excessive foaming was observed in tests conducted using actual
Savannah River Site (SRS) radioactive waste. Foaming was also observed during the
precipitation, concentration, and washing steps using simulates during testing performed
at the Savannah River Technology Center (SRTC). As a result of these observations, an
investigation into finding suitable antifoam/defoam agents that could eliminate or
mitigate foam generation was conducted by SRTC (Figures 4 and 5). The studies were
conducted to develop an antifoam strategy that ensured the maximum and minimum
limits needed to prevent foaming during processing of the solutions.

Recently, I was faced with an Antifoam NarPB

interesting c.hallenge. It was to W o

m.ake a 30-liter vessel complete ggrfgo5y0L Nitrogen

with baffles, draft tube, and a p—‘ All Addition lines
large lid containing seven- Mot p | Subsurtace &

internal threads for stirring and
various instruments readings.
Two identical 30-liter vessels
shown in Figure 1 were needed
to simulate the precipitation
process. One vessel was used
to prepare precipitate slurry
with antifoam where the other
was used to prepare precipitate
slurry without antifoam.

Overflow

: to Carboy

21.5 L-1-14

CSTR Precipitation Vessel ‘

. Figure 2
Both vessels were designed

with a sidearm sealed at the 21.5-liter level to allow slurry from the Continuous
Stirred Tank Reactor (CSTR) to overflow into a collection tank. Good mixing was
achieved by using both a four-blade 3.4-inch diameter axial propeller and four baffles
(0.94" at 90 degrees to each other) in the tank. The solutions were pumped into the
reaction vessels using calibrated peristaltic pumps and flexible tubing. Nitrogen Gas
was used to purge the vessel, preventing a flammable mixture from accumulating in
the vapor space. This was positioned above the liquid or foam level and was
controlled by a calibrated gas flow meter. The antifoam solution was metered into the
(CSTR) using an automatic titrator at a concentration of 100ppmV. The agitator was
maintained at 750 rpm during the duration of the experiment except for a brief portion
of the test, where the agitator speed was increased to 1000 rpm to determine if the
slurry would foam. At the end of a twelve-hour shift, the feed pumps, agitator, and
nitrogen purge were stopped until the next day.

After the experiments were completed, all the concentrated slurries (with or without
antifoam) produced by the experiment were stored and allowed to settle. All the insoluble
solids in the concentrate slurries containing the antifoam agent settled to the bottom of the
storage container. This observation demonstrated results of the wetting agent on the
physical properties of the precipitate slurry.
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The oil diffusion pumps have been easily made. They are exactly the same size and
were done without taking any measurements, only using the appropriately shaped tools.

« 365.00

« 55.00 Ind 57.00 o 42.00 fe- - 129.00 - 55.00 2700 >

« 40.00 - - 47.00 »

Muerial:  Scale: | Date i
Pyrex 171 | 220412000 g
Single stage P S N—
oil diffusion pump P - 27.00
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2002 Technical Posters

Steven Anderson - “Cardiac Muscle Physiology Tissue Bath”
Mayo Clinic

Division of Engineering S1-24

Rochester, MN 55905

(507) 284-3901

Anderson.steven @mayo.edu

Doni Hatz — “Solvent Assisted Flavor Extractor”
Proctor and Gamble Company

Mason, OH 45040

(513) 622-2313

hatz.dj@pg.com

“Lamp Shop Hints — Midwest Section”
Contact: James Hodgson

Kansas State University

Department of Chemistry

111 Willard Hall

Manbhattan, KS 66506

(785) 532-6676

hodgson@ksu.edu

Richard J. Ponton - “Construction of a Fully Jacketed Chromatography
Column with Built in Solvent Reservoir”

Proctor & Gamble Company

Cincinnati, OH 45253

(513) 627-2313

ponton.rj@pg.com

Robert J. Ponton — Have Glass Will Travel”
University of Wisconson-Milwaukee
Milwaukee, W1 53202

(414) 229-5224

rjp@uwm.edu
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2002 Technical Workshops

Joel Babbit — Blue Dot Ltd, Inc.
“Basic Slumping”

Charles Christman — M & M Glassblowing Company
“Plastic Coating”

James Dobos — Westinghouse Savannah River Company
“Five Neck Kettle Top from Tubing”

Daniel Edwards — Northern Illinois University
“Helpful Hints in the Glass Shop”

Georges Kopp — McGill University
“CO, Water Jacketed Laser Tube”

Barry Lafter — Brookhaven National Laboratory
“Air Free Storage Cell”

Gene Nelson — University of Alabama-Huntsville
“Sealing Mullite to Borosilicate”

Michael J. Souza — Princeton University
“Optical Window Sealing”

The video versions of these Technical Workshops are in the ASGS video library
and are available to be loaned out.
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Elkins Unlimited
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260 Creekside Drive
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www.airsep.com
Jim Klein

Blue Flame Technology
Ultra High Temperature

and Ultra High Purity
431 Kentucky Lane
Fairview, TX 75069
972-562-0004
bft@blueflametech.com
www.blueflametech.com
Marvin Molodow

Carlisle Machine Works, Inc

Burners, Combustion
Systems, Automation And
Process Controls

PO Box 746

Building 68 Municipal Airport

Millville, NJ 08332

800-922-1167

carlisle @carlislemachine.com

www.carlislemachine.com

Frank Hedges

Chemglass, Inc

Scientific Glass and
Components since 1946

3861 N Mill Road

Tech. Service Manager

Vineland, NJ 08360

800-843-1794

customer-service @chemglass.com

www.chemglass.com

Howard Hayman

2002 Exhibitors

Corning, Incorporated

Life Sciences

World Leader in PYREX®
and Specialty Glass

45 Nagog Park

Acton, MA 01720

800-492-1110 x8602

clswebmail@corning.com

www.corning.com/lifesciences

Craig Kloss

Friedrich & Dimmock, Inc

A New Product Line
(Simax Tubing/Rod)

PO Box 230

Millville, NJ 08332

800-524-1131

bob.goffredi @fdglass.com

www.fdglass.com

Bob Goffredi

Glass Warehouse

One Source for all Your
Tubing Needs

1501 N 10th Street

Millville, NJ 08332

800-833-0410

Mike.Carlson@wheaton.com

www.glass-warehouse.com

Mike Carlson

GM Associates, Inc.
Quartz Fabrication &
Machinery
9824 Kitty Lane
Oakland, CA 94603
510-430-0806
info@gmassoc.com
WWW.Zmassoc.com
John Hauer
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Herbert Arnold

Machinery for Quartz &
Glass Industries

9824 Kitty Lane

Oakland, CA 94603

510-430-0806

info@gmassoc.com

WWW.gImassoc.com

John Hauer

Heathway Inc

Glass Working Machinery
4030 C Skyron Dr #C
Doylestown PA 18901
215-348-2881
sales@heathway.com
Heathway-usa@compuserve.com
Thomas Murphy

Heraeus Quartz, Inc.
Leading Supplier of Base
Materials Offering
Natural & Synthetic
Quartz
4555 Atwater Ct., Suite F
Buford, GA 30518
678-802-2450
beverett@heraeus-optics.com
Bambi Everett

Kimble/Kontes Glass Co.

Tubing and Rod, and
Specialty Glassware
Company

PO Box 1502

1022 Spruce Street

Vineland NJ 08362

800-546-2531

info@kimble-kontes.com

www.kimble-kontes.com

Parker Stowman



Litton Engineering Labs
Manufacturing and Sales of
Glassworking Equipment
200 Litton Drive, Suite 200

PO Box 950

Grass Valley, CA 95945
800-821-8866
sales@littonengr.com
www.littonengr.com
Vic Mathews

National Diamond Lab

Manufacturing of Industrial
Diamond Tooling

4650 Alger St

Los Angeles CA 90039

800-898-8665

ndlab@ix.netcom.com

www.diamondtooling.com

Jerry Howard

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@erols.com
Newt Hill

Pegasus Industrial
Specialties Inc

Simax Borosilicate Glass,
Quick Fit, QVF Process

530 Masey Rd

Guleph, Ontario N1K1B4
Canada

800-315-0387

6391 Walmore Rd.

Niagara Falls, NY 14304

rtrent @pegasus-glass.com

www.pegasus-glass.com

Ron Trent

Salem Community
College

Nation’s only two-year
scientific glass
technology program

460 Hollywood Avenue

Carneys Point, NJ 08069

(856) 299-2100

sccinfo@salemcc.org

www.salemcc.org

Daryl C. Smith

Schott Scientific Glass

Duran, Labglass, Tubing
and Rods

3 Odell Plaza

Yonkers, NY 10701

914-968-8900

andy.lagrotte @us.schott.com

www.us.schott.com

Andy LaGrotte

VM Glass Company
Joints, Flasks, Stopcocks
3231 N Mill Road
Vineland, NJ 08360
856-794-9333
michael@vmglass.com
www.vmglass.com
Michael Greico
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Wale Apparatus Co, Inc
Suppliers of Scientific &
Artistic Glassworking

Products
400 Front St
Hellertown, PA 18055-0201
800-334-WALE
wale @fast.net
www.waleappartus.com
Mike DeMasi

Wale Apparatus Co, Inc

Suppliers of Scientific
Glassworking Products

12497 Loma Rica Dr #25

Grass Valley, CA 95945-9067

888-334-WALE

wale @main.gv.net

www.waleapparatus.com

Bill Roach

Wilmad - Labglass

Suppliers of Precision
Bore Tubing and Glass
Components

PO Box 688

Buena, NJ 08010-0688

800-220-5171

Pbinfo@wilmad.com

www.wilmad.com

Richard Brautigam

tech@lab-glass.com

www.lab-glass.com

Ned Morgan

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



Steven Anderson
Jeff Babbitt

Ruth Babbitt

Joel M. Babbitt
Maisy Babbitt
Ron Banes

Scott Bankroff
Ronald Bihler
Kenneth R. Bittner
Nancy J. Bittner
Bryan Biuins
Richard Bock
Walter C. Boger
Theodore Bolan
Christian Boussert
Lu Brown

Larry Burkhardt
William Caldwell
Deborah Camp
Joe Caruso
Charles Christian
Jessica Christian
Bonnie Clark

Jo S. Clark
Brenda Cloninger
Jerry A. Cloninger
LuAnn Cossaboon
Gary Coyne

Mara Coyne

Bill Curtis

David Daenzer
Patrick DeFlorio
Mike DeMasi
James G. Dobos
Darcey Doering
Elaine Doering
Tracy Drier

Dan Edwards
Diane Edwards

Gary Farlow
Michael Faliero

Victor Gallicchio, Jr.

Don Garvin
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Sharon Goffredi
Robert H. Greer
Ruth Greer
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Katie Gregar
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Henry Grimmett
Bob Halbreiner
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Doni Hatz

John Hauer
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Hiroko Herbert
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Dawn Hodgkins
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Thomas Howe
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Darren Jones
Diane Jones
William Jones
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Brad Logsdon
Dennis Longnecker
Don Lillie

Thom Lillie
Charles Litton
Janeille Litton
Gordon Lysle, Jr.
Chris Marshall
Susan Martin
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