




Proceedings 

The Forty-ninth Annual 

Symposium 
on the 

Art of Scientific 
Glass blowing 

Sponsored by 
The American Scientific 

Glassblowers Society 

Prime Hotel and Conference Center 
Saratoga Springs, New York 

June 22 - 26, 2004 

THE 
AMERICAN SCIENTIFIC GLASSBLOWERS SOCIETY 

Madison, NC 



The American Scientific Glassblowers Society 
P.O. Box 778 

Madison, NC 27025 
Phone: (336) 427-2406 

Fax: (336) 427-2496 
natl-office@asgs-glass.org 

Library of Congress #58-3756 

Copyright 2006 

ii 



OFFICERS AND DIRECTORS 

OF 

THE AMERICAN SCIENTIFIC 

GLASSBLOWERS SOCIETY 

2003-2004 

Officers 
President 
President-Elect 
Secretary 
Treasurer 

Michael J. Souza 
Scott Bankroff 
Kenneth E. Owens 
James R. Hodgson 

Sectional Directors 
Michael Palme 
Daryl C. Smith 
Michael Morris 
David P. Wise 
Steven M. Anderson 
Ronald A. Bihler 

Victor Gallicchio, Jr. 
Mark Wicker 
Richard Bock 
Robert Singer 
LuAnn Cossaboon 

David G. Daenzer, Executive Secretary 
Amy Collins, National Office Manager 

Marylin C. Brown, Ph.D., Fusion & Proceedings Editor 

PROCEEDINGS is an information journal and assumes no responsibil­
ity for the accuracy, validity, or originality of any contributed article or 
opinion expressed herein. 

iii 



t J. Allen Alexander 
t Karl H. Walther 

Arthur Dolenga 
t Alfred H. Walrod 

Richard W. Poole 
t William E. Barr 
t Charles J. Cassidy 
t Jonathan Seckman 

William A. Gilhooley 
M. Howe Smith 

t Billie E. Pahl 
Theodore W Bolan 
Earl R. Nagle 
Werner H. Haak 

t Gordon Good 
Robert G. Campbell 

t Helmut E. Drechsel 
Lawrence W Ryan, Jr. 

t Joseph W Baum 
Andre W. Spaan 

Past Presidents 

iv 

Donald E. Lillie 
Wilbur C. Mateyka 
Jerry A. Cloninger 

t David Chandler 
t Owen J. Kingsbury, Jr. 

Raymond L. Carew 
James K. Merritt 
Joseph S. Gregar 
Joseph Walas, Jr. 
A. Ben Seal 
Robert J. Ponton 
Ian B. Duncanson 
Allan B. Brown 
Richard C. Smith 
Richard P. Gerhart 
David G. Daenzer 
Barry W. Lafler 
Doni J. Hatz 
Gary S. Coyne 
Edwin A. Powell 

t Deceased 



49th Symposium Committees 

Symposium Chair 

Assistant Chair 

Symposium Coordinator 

Artistic Chair 

Exhibits Chairs 

Golf Outing 

Junior Workshop Chair 

Dan Wilt 
Wilt Industries, Inc. 

Michael Souza 
Princeton University 

Ronald Bihler 
Technical Glass Inc. 

Barry Lafler 
Brookhaven National Lab 

Bonnie Clark 
North Jersey Diamond Wheel 

Deborah Camp 
G.M. Associates, Inc. 

Michael Dennin 
General Electric Co. 

Joseph Gregar 
Argonne National Lab 

Regular Member Seminars Chair Allan Brown 
Allan Brown Glassblowing 

Seminars Chair Wayne Martin 
M & M Glassblowing Co., Inc. 

Technical Papers Chair David Wise 
Cornell University 

Technical Posters Chair Angela Gatesy 
University of Vermont 

Technical Workshops Chair Sally Prasch 
Sally Prasch Scientific Glassblowing 

V 



Contents 

Papers 
Colors in Glasses 

by Lloyd Williams .............................................................................. 2 

CO2 Water-jacketed Laser Tube 
by Georges Kopp ................................................................................ 4 

Development Of A Triple Surface Condenser For Chemical Laboratories 
by A. Perumal ................................................................................... 13 

Glassblowing Technology Innovation In Photonic Components 
Used In Optical Telecommunications 
by Michael Vandenhoff .................................................................... 19 

Large Scale Quantitative Head Space Analysis Apparatus 
by Richard J. Ponton ........................................................................ 25 

Reactor, Stirrer And Baffle Design And Fabrication Guidelines For 
Optimum Mixing 
by Chris Sprague .............................................................................. 36 

A Review Of The Associate Of Applied Science Degree In Scientific 
Glass Technology 
by Daryl C. Smith ............................................................................ 41 

Sealed Glass Ecosystems 
by Brian Schwandt and Daniel Zavitz .............................................. 49 

Submicron Etchable Glass Materials 
by Ronald J. Tonucci ........................................................................ 58 

Other Information 
2004 Technical Posters ........................................................................... 62 

2004 Technical Workshops ..................................................................... 63 

2004 Exhibitors ..................................................................................... 64 

2004 Symposium Attendees ................................................................... 66 

vi 



Papers 

1 



Abstract 

COLORS IN GLASSES 
by 

Lloyd Williams 
Jafe Decorating Co., Inc. 
Greenville, Ohio 45331 

There are two methods to provide colored glass.for the lamp working industry: direct melt­
ing, and clear glass ion exchange. A recent development in the ion exchange process has 
made this method a viable product for the industry. The rapid growth of the number of glass 
blowers has :;purred an interest in colors and what colors can contribute to their sales. 

Introduction 
The coloring of glass has intrigued artisans for thousands of years. Many of the color 
discoveries were kept as deep secrets to protect the uniqueness of their product. With the 
expansion of the glass blowing industry world-wide, there is a continuing quest to supply 
colors to this growing market. 

There is a vast store of information on producing colors in glass. Most of this body of 
knowledge deals with soft glass compositions having a coefficient of expansion (COE) 
in the range of 95xl0·7• The glasses are usually melted in pots or small continuous fur­
naces because of technical difficulties in developing the colors and smaller volume re­
quirements for the product. The colors are produced by a metal oxide or several oxides, 
usually in combination with special batch materials that are needed to facilitate the de­
sired color shade. This subject was discussed extensively by S. R. Scholes in his book 
"Modern Glass Practice" published in 1946. The high COE make these colored glasses 
impractical for the scientific lamp worker. 

Scientific apparatus requires good chemical resistance and lower COE to meet the rigors of 
the development laboratories. The "hard" glass also allows the glassblower to form the intri­
cate designs of the lab technician without frequent use ofan annealing furnace. Until recent­
ly, there was very little in the way of colored product available to the scientific glassblower 
who made artistic glass on the side. With the large increase in interest in the glassblowing 
trade and the rapid expansion of people learning the trade, there has been a growing demand 
for colors compatible with the low expansion property of the borosilicate glasses. 

Several glass chemists recognized the demand and set about developing special glass 
colors that could be used with regular hard glass tubing. The borosilicate composition 
does not lend itself to the same coloring techniques that are used in the soft glasses so 
a whole new body of knowledge had to be developed. There are several companies that 
now have an extensive line of colored rod available to the glassblower. Some of the metal 
oxides are severely restricted by OSHA and care must be used when working with the 
colored rods in the flame due to possible outgassing of the metals. It is also necessary to 
use careful flame adjustment to develop the proper conditions for the desired color. 

There is another method of permanently coloring glass that introduces the metal oxides 
into the molecular structure after the glass has been melted and formed. This process 
uses clear glass articles and converts them to colored items. This same process can be 
used to color the finished article that the glassblower wants in a color. This high tempera­
ture chemistry process also uses metal oxides but is limited by the character of the metal 
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ion used in the process. A limited number of colors can be produced by this process but 
the color intensity is variable from light pastels to nearly opaque. The stain penetrates 
into the surface of the glass from 20 to 50 microns deep. The resulting color and intensity 
depend on a number of process parameters: 

1. How the metal compound is applied to the glass surface. 

2. At what temperature the article is processed. 

3. How long it is held at firing temperature. 

4. The sequence and type of chemicals used. 

5. The atmospheric conditions in the firing chamber. 

6. Any secondary process that is needed. 

7. The surface chemistry of the glass being stained. 

Since the ion exchange coloring process is VERY sensitive to surface chemistry, varia­
tions not normally detected in a clear glass piece can show up as color differences. Even 
handling defects such as scratches and fingerprints can be affected by the coloring pro­
cess and burned into the glass surface. The forming process used in producing the glass 
article can impart a unique character i.e., the vello tube drawing process can leave a con­
tinuous line the length of the tube that shows up as a lighter streak. The glass is formed 
before the ion exchange is applied and some glass defects can become more objection­
able. In fact the ion exchange process has been used to detect surface cords in baking 
dishes that might cause failure when used to bake a cake. 

When gas flames are played directly on the glass, they can change or distort the colored 
glass at the surface. Here again, flame characteristics are important in developing the 
desired color affect. A sharp oxidizing fire will usually have less adverse affect on the 
coloring oxides. When the colored surface can be shielded from direct flame impinge­
ment, the color of the glass is relatively unaffected. Thus a layer of clear glass or cladding 
over the color surface can protect the metal from undesirable flame action. 

This concept has been carried a step further by applying the stain colors directly to the 
inside of the borosilicate tubing. The colored surface is protected from the flame effect 
by the wall of clear glass between the inside color and the outside flame. Heat by itself 
does not distort the color. A few glasssblowers have used this product with very good 
results and the product is now being introduced to the market. In fact, several suppliers 
are showing the items here at the conference. Red and yellow colors in several sizes and 
walls are available and other items are in the development stage. 

A high temperature mass spectrometric analysis was made on several of the tubes col­
ored on the inside to check for outgassing. The glass was heated slowly from room tem­
perature to 900° F and the vapors were analyzed every IO degrees. The normal vapors 
which are emitted from clear borosilicate glass were found but no detectable metal ions 
from the coloring process were found at any temperature. 

Conclusion 
The small glassblower industry has grown rapidly in recent years and their suppliers have 
developed new products in response to the needs of the industry. The new colors avail­
able to the industry in borosilicate compatible glass have added a new dimension to their 
palate of products. 
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CO2 Water-jacketed Laser Tube 
by 

Georges Kopp 
Otto Hass Chemistry Building 

Montreal, Quebec H3A 2K6, Canada 

Abstract 
The step-by-step construction of the laser tube will serve to illustrate some possible solu­
tions to many glassblowing difficulties. For example, connecting a long narrow precision 
inner tube to a very thick wall outside end piece without a maria or olive, the use of'tools and 
fixtures to maintain concentricity afier adding all the side connections through the outside 
wall. I will explain and illustrate how some of'the topics covered could be used to solve many 
other little eve,yday problems in the construction of' be/fer or more ergonomic glassware. 

This paper attempts to present some little tricks and tools that could help facilitate the 
construction of CO, water-jacketed laser tubes. 1 hope that many of these ideas can be 
applied to the construction of other glass apparatus. 

The Laser 
"A laser is a device 
that controls the way 
that energized atoms 
release photons. "La­
ser" is an acronym for 
light amplification by 
stimulated emission 
of radiation , which de­
scribes very succinctly 
how a laser works. Al­

Emission of Light 

-

~2003 HowStuflWork• 

though there are many types of lasers, all have certain essential features. In a laser, 
the lasing medium is "pumped" to get the atoms into an excited state. Typically, very 
intense flashes of light or electrical discharges pump the lasing medium and create 
a large collection of excited-state atoms (atoms with higher-energy electrons). It is 
necessary to have a large collection of atoms in the excited state for the laser to work 
efficiently. In general, the atoms are excited to a level that is two or three levels above 
the ground state. This increases the degree of population inversion. The population 
inversion is the number of atoms in the excited state versus the number in ground 
state. Once the lasing medium is pumped, it contains a collection of atoms with some 
electrons sitting in excited levels. The excited electrons have energies greater than the 
more relaxed electrons. Just as the electron absorbed some amount of energy to reach 
this excited level, it can also release this energy. As the figure above illustrates, the 
electron can simply relax, and in turn, rid itself of some energy. This emitted energy 
comes in the form of photons (light energy). The photon emitted has a very specific 
wavelength (color) that depends on the state of the electron's energy when the photon 
is released. Two identical atoms with electrons in identical states will release photons 
with identical wavelengths." 1 

' http://sc ience.howstuffworks.co 111/laser3.ht111 
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Laser Light 
"Laser light 1s very different 
from normal light. Laser light 
has the following properties: 
The light released is mono­
chromatic. It contains one 
specific wavelength of light 
( one specific color). The wave­
length of light is determined by 
the amount of energy released 
when the electron drops to a 
lower orbit. 

The light released is coherent. 

Picture 1. A 30 cm C01 laser tube complered and 
ready to be.fitted into cavity. 

It is "organized" - each photon moves in step with the others . This means that a ll of 
the photons have wave fronts that launch in unison. 

The light is very directional. A laser light has a 
very tight beam and is very strong and concen­
trated. A flashlight, on the other hand, releases 
light in many directions, and the light is very 
weak and diffuse. To make these three proper­
ties occur takes something called stimulated 
emission. This does not occur in your ordinary 
flashlight - in a flashlight, all of the atoms 
release their photons randomly. In stimulated 
emission, photon emission is organized. 

The photon that any atom releases has a cer­
tain wavelength that is dependent on the en­
ergy difference between the excited state and 
the ground state. If this photon (possessing a 
certain energy and phase) should encounter 
another atom that has an electron in the same 
excited state, stimulated emission can occur. Picture 2. One C01 laser in its cavity. 

----n 
I 
; 

300mm 
500mm 
800mm 

1050 mm 
4---,l------------------+---I• 

f 

32mm 
/ ,,--------

Bx 11mm 

l 
Picture 3. Schematic (Ir col glass laser tube. 
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The first photon can stimulate or induce atomic emission such that the subsequent 
emitted photon (from the second atom) vibrates with the same frequency and direction 
as the incoming photon. The other key to a laser is a pair of mirrors, one at each end 
of the lasing medium. Photons, with a very specific wavelength and phase, reflect off 
the mirrors to travel back and forth through the lasing medium. In the process, they 
stimulate other electrons to make the downward energy jump and can cause the emis­
sion of more photons of the same wavelength and phase. A cascade effect occurs, and 
soon we have propagated many, many photons of the same wavelength and phase. The 
mirror at one end of the laser is "half-silvered," meaning it reflects some light and lets 
some light through."2 

In this picture, one can see the thick end 
piece that will be attached to the precision 
bore center tube. Those two pieces could 
not be welded together before having 
been tooled to a more gradual taper and a 
lip formed to facilitate the double walled 
connection to the outer water chamber. 

Before being welded, the pieces will need 
to be fire polished. (Picture 4) 

But it is important to do that step the right way. (Pictures 5, 6, 7, 8, 9, 10, 11 & 12) 

Wrong technique: the flame is applied towards the cut. 

Picture 7. 

Please note that 
objects are not 
depicted to 
scale. Some 
items are drawn 
much bigger 
than in real life 
to make the 
drawing easier 
to read. 

Picture 6. 

Picture 8. 

Glass, when cut on a wet saw stays rough; actually, if observed under powerful magni­
fication, one can see that the surface consists of countless microscopic cavities. Those 
cavities, if melted too quickly with a flame applied towards the front, will close upon 
themselves and will trap air bubbles leaving a bad surface. (Pictures 5, 6, 7 & 8) 

' http: //sc ience. hows tu tl\vorks.corn/ laser4. htrn 
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Picture 11. 

Right way: the flame is applied behind the cut. 

Please note that 
objects are not 
depicted to 
scale. Some 
items a re drawn 
much bigger 
than in real life 
to make the 
drawing easier 
to read. 

Picture 10. 

Picture 12. 

It has been observed that if a glass piece is fire polished in such a way that the flame is 
coming from behind the section cut, the heat will come from the inside of the glass and 
probably the surface tension will "pull" the glass towards itself giving a high polish that 
will be free of air bubbles. (Pictures 9, 10, 11, & 12) 

Pl ease note that 
objects are not 
depicted to scale. 
Some items are 
drawn much bigger 
than in real life to 

Please note that object s are not 
depicted to sca le. Some ite m s 

Picture 14. 

To prepare the end piece, it is necessary to, first make a cone and then , with the rounded 
part of the carbon paddle, to form a more gradual tapering towards the precision bore 
tubing that will be welded to it. (Pictures 13 & 14) 
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First the end piece is welded to the precision bore and the tube is slightly enlarged over 
about 1.5" where the side arms will be attached. 

Once the side arms are welded in place, they are cut, slightly longer than necessary since 
they will be thickened and flared. (Pictures 15, 16, 17 & 18) 

The side arms are then flared to offer a very 
thick ring and checked for perfect fit using 
a special fixture designed for that purpose; 
note on picture 20 that the fixture has been 
cut at an angle to permit checking the first 
connection without touching the second 
side arm. In picture 21 , the reference tube 
has been rotated to check both side arms 
for perfect fit. (Pictures 18, 19, 20 & 21) 
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G raphite tool 

Ground flat 

8mm - 3 .5 " 3 .. 3.5" 

Picture 23. 

·•. 

---~J L~;'------~ 
....__ 

Picture 24. 

After the side arms have been welded in place, it is necessary to straighten the piece since 
the stress will have distorted it. That operation is done over a graphite mandrel (Picture 
22, tooled as per Picture 23). 

The rod has been flattened to enable air to pass for blowing the connections. (Picture 24) 

To straighten the outer housing, the center of the glass tube is marked for reference and 
the tube straightened on both sides using a soft bushy flame. That reference point will be 
used to support the tube while welding the inner part. (Pictures 25 & 26) 

Then the inner tube is inserted and secured in place on one side with masking tape. 
(Picture 27) 

The tube is ready to be welded. (Picture 28) 

9 



To attach the inner tube to the outer water jacket, first the jacket is welded to the end 
piece then one inner connection is welded to the wall and allowed to cool (slightly) 
for support. The second connection is then welded properly and the electrode housing 
installed in place. After that, the pumping tube and the water inlet are added. Then the 
complete piece is re-warmed on the graphite mandrel until it is running true . I have found 
that disengaging the tail stock to keep the graphite mandrel stationary makes a straighter 
tube. (Pictures 29 & 30) 

A laser tube would not work 
without electrodes. Since those 
platinum electrodes can become 
extremely hot, a quartz guard 
ring will be placed between the 
two pieces to avoid stress to the 
Pyrex electrode housing. (Pic­
tures 31 & 32) 

I devised a simple device to support the in­
ner cup while welding it in place. It con­
sists of a stainless stee l rod held in a glass 
tube. A small spring will maintain a slight 
pressure on the inner cup while welding it 
in place to the outer tube . The three legs are 
added later and the guard ring is cut to size 
and fire polished. (Pictures 33 & 34) 

Completed guard ring. (Picture 35) 
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Picture 36. Installing the quartz guard ring and tungsten electrode. 

Picture 31. Bakiifg tN'i? l'i!ser tube ih tin oven under vacuum. 



Picture 38. Vacuum chamber to seal windows under ultra high vacuum. 

Picture 39. The completed CO, laser is inserted into its cavity 
and is ready to be shipped to a customa 
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Development Of A Triple Surface Condenser 
For Chemical Laboratories 

by 
A. Perumal 

R&D Centre, Orchid Chemicals & Pharmaceuticals Limited 
Sholinganallur, Chennai, 600 119 

Tamilnadu, India 

Abstract 
In the chemical industries, the important and widely used physical separation is distil­
lation which is defined as a process involving partial vaporization. The condenser is 
the heart component of the distillation assembly. The principal governing factor in the 
design of these condensers, as is well-known, is its inner cooling surface area. Because 
of the lower efficiency, the time of operation and loss of chemicals were more during the 
reactions. In view of this, it was thought to evolve a design to fabricate with greater ef~ 
ficiency of condensation. The development of a Triple Surface Condenser is the result of 
these efforts. 

Introduction 
Various methods such as evaporation, distillation, extraction, absorption & filtration have 
been employed by the chemical industry for separating components from their mixtures. 
However, the most important and widely used physical separation operation is distilla­
tion, which is defined as a process involving partial vaporization. The chemical industry 
has been demanding purer products of greater efficiency and this has necessitated contin­
ued research into the techniques of distillation. The distillation assembly has many glass 
components of which the heart component is the condenser. Without this, distillation will 
not take place. Several types of condensers have been in use in chemical laboratories and 
chemical industries. The principal governing factor in design and fabrication of these 
condensers, as is well known, is its inner cooling surface area. Several designs are avail­
able in catalogues of well-known laboratories and glassware manufacturing companies, 
but the triple surface condenser is our own development. Because of lower efficiency, 
the time of operation and the loss of chemicals were greater during the reactions. In view 
of this, there evolved a design that would fabricate with a greater efficiency of condensa­
tion. The development of a triple surface condenser is the result of these efforts. 

Description 
This new condenser design has five wall extensions, thus making provisions for triple 
jackets, i.e., having three cooling areas for the vapour condensation and double jackets 
for the area of vapour. This design has been done in borosilicate hard glass at usual glass 
blowing facilities. No special technique is involved thus enabling an adequately skilled 
scientific Glass Blowing Technician to fabricate it as per the design. 

We can design 3 types of triple surface condensers as follows. 
1. Tube type 
2. Coil type 
3. Coil & Tube type 

To judge its performance, comparative distillation experiments on different solvents were 
done and the results are given in the tables 1, 2 & 3. Identical conditions of the heating 
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source, the cooling water and the so lvent were maintained . The distillation study was 
carried out with four types of condensers, such as sing le surface, double surface, co il ed 
type and triple surface , keeping the dimensions of the condenser and time as constant 
parameters; the output was then measured. 

Results revea led that the output from the triple surface condenser is 25% greater than 
compared to other types of condensers. Thus, it can be concluded that, for the given 
length of the condenser, the triple surface condense r is 25% more effi c ient than other 
types of condensers . More importantly, this efficiency was obtained without involving 
any intri cate fab rication work. 

Table - I Acetone Distillation (Done over 15 Minutes) 

.J 
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ffi 230 / 
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Table - II Ether Distillation (Done over 8 Minutes) 
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Table - III Benzene Distillation (Done over 5 Minutes) 

_, 
E 90 z / 85.5 

~ 80 
cs: 
~ 70 
0 
~ 60 
cs: 
w 50 z 

/ 
~40 z 

,,/ 
::130 
II,. 

o 20 
w 
~ IO _, 
0 

0 > 
BULB CONDENSER TRIPLE SURFACE CONDENSER 

TYPE OF CONDENSER 

The time required for its complete fabrication in comparison with the other designs was 
also studied. It takes hardly an hour more than the double surface variety. Despite the 
marginal extra time and the greater quantity of materi a l required for its fab rication , the 
triple surface condenser is worthy because of increased efficiency and minimum loss of 
costlier chemicals, which are considered to be very important parameters in chemical 
laboratories and industries. 

Method of Fabrication 

FIRST STAGE 

nJBE TYPE COIL TYPE T\JBE & COIL TYPE 

THESE INNERS ARE SUITABLE FOR THE 

FABRICATION OF DOUBLE SURFACE CONDENSERS 

OUT OF WHICH WE USED TO EXTEND ANOTHER 

TWO SHELLS OVER THESE INNERS. 

Figure 1. 

"NBE TYPE 

SECOND STAGE 

DIVERSION PATH 

&LASS TU• E 

FOR FINAL/ 
FINISNl• A 

DISTILLATE PATH 

DIVERSION PATH 

DISTILLATE PATH 

COIL TYPE ruae & COIL TYPE 

THESE INNERS , HAVING EXTENSIONS OF TWO SHELLS, 

ARE READY TO FABRICATE TRIPLE SURFACE CONDENSERS 

IN THREE DIFFERENT TYPES . 

Figure 2. 
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DEVELOPMENT OF ""TRIPLE SURFACE GLASS CONDENSER .. 

VAPOUR WATER FLOW 

INLET --

a---SOCKET 

- VAPOUR DIVERSION PATH (ENTRANCE) 

OUTLET 

_ VAPOUR PATH • II 

VAPOUR PATH • I 

WATER COOLANT PATH • I 

- -- WATER COOLANT PATH • II 

WATER COOLANT PATH • Ill 

DISTILLATE PATH 

[EXIT] 

CONE 

COMPLETED DESIGN OF TUBE TYPE TRIPLE SURFACE CONDENSER 

Figure 3. 

DEVELOPMENT OF "'TRIPLE SURFACE GLASS CONDENSER .. 

I 
II 

VAPOUR WATER FLOW 

OUTLET 

INLET 

SOCKET 

VAPOUR DIVERSION PATH(ENTRANCE) 

VAPOUR PATH • I 

VAPOUR PATH • II 

COIL 

WATER COOLANT PATH Ill 

WATER COOLANT PATH II 

INLET II 

DISTILLATE PATH (EXIT) 

CONE 

COMPLETED DESIGN OF COIL TYPE TRIPLE SURFACE CONDENSER 

Figure 4. 
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DEVELOPMENT OF "TRIPLE SURFACE GLASS CONDENSER" 

VAPOUR WATER FLOW 

SOCKET 

VAPOUR DIVERSION PATH (ENTRANCE) 

OUTLET 

VAPOUR PATH - II 

VAPOUR PATH - I 

WATER COOLANT PATH - I 

WATER COOLANT PATH - II 

WATER COOLANT PATH - 111 

CONDENSATE PATH 

(EXIT) 

COMPLETED DESIGN OF COIL & TUBE COMBINED TYPE TRIPLE SURFACE CONDENSER 

Figure 5. 

TRIPLE SURFACE CONDENSER VS DOUBLE SURFACE CONDENSER 

VAPOUR WATER FLOW 

VAPOUR DIVERSION -

PATH (ENTRANCE) 

VAPOUR PATH - II 

VAPOUR PATH - I 

DISTILLATE PATH 
[EXIT] 

O' .- SOCKET-----. CT 

CONE 

TRIPLE SURFACE CONDENSER DOUBLE SURFACE CONDENSER 

Figure 6. 
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TRIPLE SURFACE CONDENSER FABRICATED IN OUR WORKSHOP 

~ 

·----1 COOLING JACKETS ----L~ ~ ·i 

VAPOUR PATH AREA 

Figure 7. 
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Glassblowing Technology Innovation in Photonic 
Components used in Optical Telecommunications 

by 

Abstract 

Michael Vandenhoff 
National Research Council of Canada 

Ottawa, Ontario KIA 5G6 
Canada 

Advances in glassblowing technology have occurred in the field of"optical telecommuni­
cations over the last decade. Glassblowers outside this niche may not be aware of how 
significant these advances are and how challenging they have been. This paper gives a 
brief overview of basic optical telecommunications and the contributions made and chal­
lenges faced by glassblowers producing optical.fiber and glass alignment parts. 

Introduction 
Contributions to optical telecommunications and photonic devices made by glassblowers 
may not be well known within the glassblowing community at large. Specifically, making 
optical fiber and manufacturing glass parts to align this fiber were significantly advanced 
by glassblowing techniques. While a comprehensive review of optical communications, 
photonics or photonic components is beyond the scope of this paper, there are a few es­
sentials that must first be understood in order to appreciate the contributions glassblow­
ing has made to optical communications. Index of Refraction, Total Internal Reflection, 
and the basics of optical communication are first explained to help in understanding the 
challenges faced and achievements made. 

Index of Refraction 
Index of refraction is a way of measuring the speed of light in a material. Light travels 
fastest in a vacuum (300,000 kilometers per second, or 186,000 miles per second). Divid­
ing the speed of light in a vacuum by the speed of light in some other medium gives the 
index ofrefraction of that medium. 

Index of Refraction = Speed of Light in a Vacuum / Speed of Light in a Medium 

The Index of Refraction of a vacuum by definition has a value of 1; the larger the index 
of refraction, the more slowly light travels in that medium. Table 1 gives values of index 
of refraction for various media. 

In Table I, the core refers to a ma­
terial at the center of an optical 
fiber made mostly of Quartz with 
a small amount of impurity added 
in a controlled manner. Surround­
ing the core is cladding also made 
mostly of Quartz with a different 
impurity added. Surrounding the 
cladding is a buffer, an acrylate 
coating added for mechanical 
strength protection. 

Medium 

Vacuum 

Air 

Water 

Cladding 

Core 
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Index of Refraction Speed 

1.0000 Faster 

1.0003 

1.33 

1 .46 (typical) 

1.48 (typical) Slower 

Table 1. 



Normal ray, not 
bent, partially 
transmitted, 
partially reflected 

Reflection, 
transmission and angle 
dependant on angle of 
incidence and index of 
refraction 

Critical angle of 
incidence, where all 
light is reflected back 
into core 

Material ( cladding) of lower index of refiaction 

Material (core) of higher index ofrefiaction 

Figure 1. Index of refraction. 

Total Internal Reflection 
When light travels from one medium to another at right angles to the surface, some light 
is reflected back and some light travels straight through at a different speed. When light 
strikes a different medium at an angle other than 90 degrees however, not only is its speed 
changed, its direction is changed as well. The speed and direction of light in the newly 
entered medium is determined by the index of refraction. 

Fiber optic cabling and components are designed so that light traveling down the core of the fi­
ber does not experience any loss oflight, a condition known as total internal reflection (TIR). 

Light ray 

Light traveling in the core of an optical fiber is confined by the cladding. 

Figure 2. Total Internal Reflection. 

Glassblowers are likely to be more familiar with the phenomenon of total internal re­
flection when heating glass, especially Quartz glass, in the flame as in Figure 3. Light 
generated by heating the Quartz travels in the walls of the glass; all light generated at 
angles greater than the critical angle for Quartz/air is totally reflected within the walls 
and travels down its length. Under certain conditions, light energy can be sufficient to 
char rubber or cork in the end of the tube while other parts of the tube are cool enough 
to manipulate by hand or lathe. 
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Light is generated in all directions from the heating of quartz. 

Intense light is result of total 
internal reflection of all I ight 
generated at angles greater than 
the critical angle for quartz/air 

Figure 3. TIR in a quartz tube. 

Optical Communication 
The current telecommunications infrastructure is a mix of fiber optic cables and copper 
wire. Telephone, fax transmission and internet signals rely on pulses made of photons in 
the former case or electrons in the latter. Photons are much better than electrons for many 
reasons, especially their speed and lack of heat generation, making transmission less 
hazardous and more reliable and secure. Furthermore, light can travel further in a fiber 
than electrons in a wire before needing a boost. Fiber does not corrode, it is not affected 
by lightning, there is no possibility of a spark if broken, and it does not produce electrical 
radiation making it more secure against tapping. 

There is another, less obvious attribute that makes sending a signal by light superior to 
electricity: light comes in many different colors. Dense Wavelength Division Multiplex­
ing (DWDM) splits lightwaves into different frequencies of infrared light. A single wave 
oflight can have information encoded on hundreds of"channels". 

Every year nearly 200,000 kilometers of underwater cable are installed worldwide. Tech­
nology is constantly upgrading the processing of light signals so that a single strand of 
fiber can contain more information and travel farther without having to be re-amplified. 

The Precision Challenge 
In order to fully appreciate the challenges the telecom industry demanded of the glass 
industry, one must consider that the light signal is traveling down a core as small as 8-9 
microns. Additionally, from source to receiver, virtually every component along the way 
must be reliable in a variety of conditions. Optical fiber is produced with +/- 1 micron 
precision in its core, cladding and coating cross-sectional diameter. Optoelectron:c de­
vices that push the signal into this fiber, boost it, split it into different channels, route 
it and convert it to a signal that the receiver can understand also must have this kind of 
precision. With such tight tolerances even Coefficients of Thermal Expansion (CTE's in 
the telecom device maker industry, or how much the glass is going to move with every 
degree of temperature change) of materials are of critical concern to the alignment of 
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fiber to these devices. Moreover, the precision must also be repeatable in volume pro­
duction of hundreds of thousands of parts per week. To appreciate just how tight these 
tolerances are consider the size of a micron. 

A micron, also called a micrometer, can be put into perspective by comparison to a 

Core: 8 - 60 microns 

Cladding 125 microns 

Figure 4. Cross section o.f .fiber and human hair. 

human hair, or it can be described as a millionth of a meter or a millimeter divided a 
thousand times. However, a stunning example of how small a micron is can be found by 
comparison to fingernail growth. An average fingernail grows about 1 mm per week. This 
means that in 10 minutes a fingernail grows about a micron! 

Preforms, Billets and Draw Towers 
The precision challenge, i.e., producing glass fiber and alignment parts to tolerances less 
than the amount one's fingernails have grown in the time it takes to read this paper, has 
been achieved through the draw process. The draw process is a glassblowing technique; 
simply stated it is the vertical equivalent of pulling a point. It starts with a tube or rod five 
to one hundred times the diameter of the desired end product. As with pulling a point, 
the amount of glass heated, the temperature of the heat source and the rate in which glass 
is pulled away are controlled in order to execute the technique. Glassblowers have been 
significantly advancing this technique for at least the last five decades, making precision 
drawn tubing and rod available for countless applications. In the l 970's, applications in 
optical communications started to become very important. Visionaries in telecommuni­
cations started seeking the edge of the precision envelope in drawing Quartz rod for fiber. 
The scientific method was applied to the art of pulling a point. 

Glassblowers, glass engineers, ceramic engineers, scientists and glassblowing equipment 
makers pooled their talents to make optical fiber manufacture what it is today. The start­
ing rod, called a preform, can cost hundreds of thousands of dollars each, made by Modi­
fied Chemical Vapor Deposition (MCVD, the inside process), Outside Vapor Deposition 
(OVD), Vapor-phase Axial Deposition (VAD), Plasma-activated Chemical Vapor Deposi­
tion (PCVD) or another process. 1 In all cases the underlying machinery is much the same 

1 Details of some of these processes have been presented as ASGS Symposium technical papers in the past 
and will not be repeated here. Essentially these processes 'lay down' soot or in some other way produce a 
silica blank with a core and surrounding cladding of differing indices of refraction. 
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as a traditional glassblowing lathe with motion control and other computer driven process 
controls and clean-room conditions laid on top to meet the precision requirements. 

In keeping with its similarity to pulling a point, the preform is fed into a heat source and 
pulled to a fraction of its diameter and a multiple of its length. This occurs in a draw tow­
er, several stories high with controls to feed the preform, as well control the temperature 
and rate of pull. A large preform can yield a kilometer of optical fiber with core, cladding 
and buffer2 diameters guaranteed within a micron. During the draw, the diameter is mea­
sured by the shadow the fiber casts as it passes through a laser. If the diameter is not in 
specification, both in size and roundness, the rate offeed, the positioning of the preform, 
the rate of pull and/or the temperature of the furnace are adjusted. 

Both preform manufacture and optical fiber draw evolved from glassblowing techniques, 
yet there are few glassblowers in modern day fiber manufacturing plants. A single opera­
tor can control one or more draw towers to produce commodity-level volume production 
and preform manufacture is in the domain of high tech engineers. As advanced as fiber 
manufacture is, it is still only a part of the optical communications picture. Fiber must 
be made to interface with devices on the information superhighway. Pushing coded light 
signals into an 8 micron core and extracting it requires highly advanced alignment parts. 
Trailing the explosion in demand for precision fiber was the explosion in demand for 
device interface and intra-device alignment parts. Soft glass, borosilicates, Quartz and 
other glasses emerged as desirable materials for many high-end precision applications 
and lent themselves to scalability of production rates. Once again engineers and scien­
tists teamed up with glassblowers to produce alignment parts. 

In general, the process of manufacturing alignment parts starts with the draw tower. 
Instead of a fiber preform, a billet is fed into the draw furnace. Billets, and the resulting 
drawn glass are not solid as is the usual case for fiber. Single- and multi-bore, rectan­
gular-bore and other high precision tubing (typically about 2 mm outside diameter and 
0.126 mm inside diameter) is produced then further processed to make sleeves, ferrules, 
spacers, V-grooves and other high precision glass parts that help to align and hold the 
optical fiber. In the l 990's, glassblowers who could innovate with traditional techniques 
to produce these parts became essential to optical communication device makers. In 
fact, one of the most successful device makers, JDS Uniphase, who set records at stock 
exchanges in the 1990's made their first ( of many) acquisition in 1996 when they bought 
a glassblowing company! 

Understandably, the details of the techniques used to make the alignment parts are pro­
prietary and cannot be disclosed. However, having had a first-hand account of these tech­
niques, the author will attest that the techniques are modern innovations of traditional 
glassblowing techniques. 

Conclusion 
Glassblowing and glassblowers have made significant contributions to the information 
superhighway. First in the manufacture of fiber preforms and fiber draw and then in the 
manufacture of alignment parts, glassblowers have been essential to optical communica-

2 Buffer is the protective polyimide coating applied during the draw process before water in the atmosphere 
has a chance to attack glass surfaces, making the fiber incredibly strong and flexible enough to twist into a 
knot without breaking it. 
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tions as we know it today. The high tolerances demanded by optical telecommunications 
gear makers presented challenges and glassblowers incredibly met them. 

References 
Fiber tutorial at http://www.corningcablesystems.com/web/college/fibertutorial.nsf 

Hecht, Jeff. Understanding Fiber Optics. Carmel, Indiana: Howard W. Sams & Company, 
1987. 

The Photonics Design and Appications Handbook. Book 3. Pittsfield, MA: Laurin Pub­
lishing, 2002. 

http ://electronics.howstuffworks.com/fiber-optic5 .htm 

24 



Large Scale Quantitative Head Space Analysis Apparatus 
by 

Abstract 

Richard J. Ponton 
The Procter and Gamble Company 

Cincinnati, OH 45040 

Discussed will be the large scale Headspace analysis apparatus developed and used by 
the Snacks and Beverages division of The Procter and Gamble Company. This equip­
ment was originally designed in Germany by Dr. Gerhard Zehentbauer and published 
under the title of "Apparatus/or Quantitative Headspace Analysis of the Characteristic 
Odorants of Baguettes" while he was doing his doctoral thesis work at the Technical 
University of Munich. The design was adapted after much trial and error here at Procter 
& Gamble (P&G) beginning in May 2003 through a collaborative effort with D1'. Zehent­
bauer, James Conatser and Kevin Tewell of the P&G Machine Shop, and myself 

As usual, my customer 
first approached me 
about this piece of 
equipment with noth­
ing more than a rough 
sketch and a descrip­
tion from his publica­
tion (Figure 1 ). After 
describing to me what 
he intended to accom­
plish with the unit, I re­
fined his drawing into 
a workable diagram 
(Figures 2 & 3 ). The 
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Figure I. 
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basic idea was that a mate­
rial with an unknown head 
space would be placed in 
the bottom chamber and, 
through an air tight hand 
pump, the "scented" air 
(head space) could be 
transferred into the top 
chamber and isolated from 
the original material to be 
analyzed by a Gas Chro­
matograph (GC). The "hot 

12c.-rvn schott 
flat flon9e 

"" 

60mm 22mm 
inner 

8mm 

Figure 3. 

3 ring small 
hose conector 

finger" on the bottom chamber (Figure 3) was a way to introduce a solvent based stan­
dard into the head space. This way the GC had a "tracer" chemical in the final gas on 
which the GC operator would focus his instrument. 

Through a collaborative effort with 
James Conatser and Kevin Tewell of the 
P&G machine shop, a hand pump was 
designed and fabricated using stainless 
steel, Teflon, and TFE encapsulated Vi­
ton O-rings. The pump was fitted with 
a I 00-440 G.P.1. plastic cap with Teflon 
liner (Figure 4). Figure 5 shows the first 
of the head space pumps to be fabricated. 
For the sake of mini­
mizing breakage, an 
aluminum cage was 
assembled (again by 
Kevin Tewell) to 
house the equipment 
(Figures 6 & 7). 

After the first use 
of the equipment, 
tragedy struck, and 
the whole end of the 
top 
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shattered (Figure 8). It was determined 
that the top tube had too thin of a wall 
weight, and that the TFE encapsulated 
O-rings were too stiff to allow for the 
small changes in diameter and roundness 
of standard glass tubing. Redesign was 
necessary. It was decided that heavier 
wall weight tubing would be necessary 
to limit future breakage. The two O-rings 
were also replaced with three leather fins 

which allowed for more conformity to the unpredictable inner walls of glass tubing. Since 
the top tube needed to be rebuilt, all stopcocks and seals were pushed as close as possible 
to the far edges of the equipment, thus allowing a larger path length for the pump to work 
(Figures 9 & 10). Figures 11 , 12, & 13 show the rebuilt and redesigned pump. Since the 
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bottom tube was re-used, the two connecting 
stopcocks look a little out of place, as com­
pared to the revised drawing (Figure 9). 

At this point, the pump basically worked, but 
the unit was not operating as efficiently as was 
hoped . Further improvements were desired. 
Among the problems was a slow transfer of 
gas from bottom tube to top tube, as well as 
uneven distribution of gas on one side of the 
TFE pump plug and the other. Only the gas 
on the one side of the pump plug was passing 
over the standard finger. There was also a big problem with the standard being absorbed 
into the coffee itself. After much discussion about how to deal with the standard finger 
problems, 1 suggested adding yet a third tube and placing a hot finger on it. Then the 
bottom tube could be isolated, the top tube could be mixed with itself, and all head space 
gasses would have the opportunity to pass over a hot finger. I suggested using larger stop­
cocks between the bottom and (now) middle tube (Figure 14). 1 also made the executive 

Add 1hird tube- for btttrr ruh:ing 
Figure 14. 
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Figure 17. 

100-440 
GPI Thread 

Jm 

I 
80mm heavy wall 

Figure 19. 
decision that I had 
modified the origi­
nal unit enough, and 
out of my own van­
ity, fabricated a new 
unit, scrapping the 
old (Figure 15). You 
will also notice the 
machine shop fab­
ricated a new pump 

plug: the original L_~ _ _;_..:..._-==---------___J 
was too large and 
heavy, and the excess weight was causing small leaks in 
the system around the I 00-440 thread cap. Figures 16 & 
17 show the rebuilt "front" of the unit, in both concept and the final product. Figures 18 
& 19 show the "end" of the unit. 

In order to ease cleaning of the bottom tube, Dr. Zehentbauer requested a large sample 
boat to hold the sample (Figure 20). This was fabricated from a piece of 80 mm standard 
wall tubing and was 26" long. A handle made of½" medium wall was added, and the piece 
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was cut in half lengthwise. The capac­
ity of the boat allowed Dr. Zehentbau­
er to place I lb of coffee into the boat. 
All improvements completed, the unit 
was ready for use. 

To use the apparatus, you first load the boat 
(Figure 21 ), and then slide the boat into the 
unit (Figure 22). Once the cap is in place 
and the sample is isolated, the J. Young POR 
15 stopcocks in the center of the unit are 
opened and all other stopcocks are closed 
(Figures 23 , 24, 25 , 26 & 27). The hand 
pump is then actuated (Figure 28). This will 
circulate the air from the middle tube to 
the bottom tube and back up to the middle 
(Figure 29). After an equilibrium time of 
30 minutes pumping three times a minute 
(which allows the head space gasses proper 
time to travel to the middle tube), the POR 

- 15 stopcocks are now closed, the solvent 
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Figure 27. 

based standard is inserted to the new hot 
finger on the top tube (Figure 30), and 
the J. Young POR IO stopcocks between 
the middle and top tubes are opened. 
The inlet and outlet are still closed at 
this point (Figures 31, 32 , 33 , 34 & 35). 
The pump is again actuated (Figure 36), 
this time circulating the head space gas­
ses between the middle and top tube and 
allowing the gas to pass over the hot fin­
ger (Figure 3 7) . 

Figure 29. 
Air mixing Bottom tube to center 
tube 

;:ittrm 
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Figure 35. 

Closed Valves 

Figure 37. 
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Once all gas has been successfully trans­
ferred and isolated from the sample mate­
rial , a gas sampling trap is connected to the 
outlet of the unit (Figure 38). The outlet stop­
cock and the inlet stopcock are opened (Fig­
ures 39 & 40) and, using a nitrogen purge, 
all collected gasses are pushed out into the 
trap (Figure 41 ). The loaded purifying trap, 
once removed (Figure 42), is then taken to 
the GC for analysis (Figure 43) . The trap is 
placed in the auto sampler (Figure 44), and 
the trapped gasses are "desorbed" into the 
GC inlet (Figure 45) . The sample is then in­
jected into the GC where analysis of the gasses takes place (Figure 46 & 47). 
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This unit was designed by the Snacks and Beverages division of P&G to analyze the 
unique smell that comes from a freshly opened can of coffee. However, its application is 
relatively universal, and other divisions of our company have expressed interest in using 
the equipment to analyze their products as well. 

Special thanks to Dr. Gerhard Zehentbauer, James Conatser, Kevin Tewell , and Donald 
Patton and Dr. Jain jun Li for their assistance with the GC. 
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Reactor, Stirrer and Baffle Design For Optimum Mixing 
by 

Abstract 

Chris Sprague 
Wyse Glass Specialties, Inc. 

1100 Rockwell Drive 
Freeland, MI 48623 

The main purpose of this paper is to discuss the general process objectives that need to 
be considered when designing and building a Reacto,; Stirrer and Baffle.for Optimum 
Mixing. These designs and results are all based on years of experience between Wyse 
Glass Specialties, inc. and the Mixing Expertise Center at The Dow Corning Corpora­
tion. I will discuss Process Objectives, Mixing Vessel, Wall Baffle and Stirrer designs 
along with other considerations. 

Process Objectives 
There are two main types of mixing to consider, Single Phase and Multi Phase. Single 
phase consists of the process of mixing of two or more miscible liquids. Keys to single 
phase mixing are as follows : 

• Uniformly mixing and distributing the ingredients throughout the entire mixture. 

• Mixer must be designed to promote very good flows throughout the mixer. 

• Minimize dead zones. 

• Swirling motion is an indicator of poor mixing. 

Multi Phase consists of mixing oil and water (emulsifications), dispersing a gas into a liq­
uid or suspending/dispersing a solid into a liquid. Key points to multiphase mixing include 
the key items in single phase mixing but also include a major emphasis on the following: 

• Mixer must be designed to promote major shear (turbulence) to break up drops and 
bubbles. 

• Mixer speed must be sufficiently high to achieve the targeted process performance. 

Reactor Vessel 
The mixing vessel design for both 
single and multi-phase mixing is 
universal and eliminates the need 
for two different reactor body de­
signs. Testing has shown that round 
bottom flasks even if equipped 
with wall baffles provide far less 
superior mixing than a cylindri­
cal shaped reactor. To achieve the 
goals required, a vessel designed 
with the liquid height equal to the 
vessel diameter (Square batch) has 
been tested as the most efficient. 
The bottom shape of the reactor 

T = Vessel inside diameter 

I 

r 

Square Batch 
Height = Diameter 

.g· 2-1 Bottom 
ci 
~ Every 2" of vessel radius= 
"'. I " in bottom drop 
a: 

Figure 1. Mixing Vessel. 
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also has major effects on the flow patterns and the elimination of dead spaces in the 
vessel. An elliptical dish shaped bottom with a 2-1 ratio has proved to provide the most 
optimal performance. 

Wall Baffles 
The purpose of a baffle is to convert unproductive swirling action around the outer wall 
of the vessel into up and down flows for better mixing. The most typical baffle cage is 
made up of four evenly spaced baffles spaced around the vessel wall. Creating a baffle 
that is spaced away from the vessel wall eliminates a stagnant zone where unmixed sol­
ids and liquids can build up. Baffle cages can be made from glass, Teflon, stainless steel 
coated with Teflon, and uncoated stainless. There is one exception to using a baffle as­
sembly: when mixing high viscosity fluids (greater than I 0,000cP) a baffle can have 
detrimental effects, therefore making a removable baffle cage more desirable. All baffle 
dimensions are based on the i.d. of the vessel with the baffle height covering the entire 
liquid height. 

Stirrers 

T = Vessel inside diameter 

Baffle 
Width 

(=T/12) 

Baffle 
Clearance 

(=T/72) 

Figure 2. Wall Baffies. Figure 3. Teflon Ba/fie Cage. 

Axial impellers (hydrofoil and marine prop) are low shear, require less power draw and 
create strong up and down flows. These are designed to push the liquid in a downward 
direction while the stirrer is rotating clockwise. These are best used for the simple mix­
ing of low viscosity fluids and fluids requiring rapid heat transfer or solid suspension. 

• Propellers • Hydrofoil impellers 

Figure 5. Axial Impellers. 
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Figure 6. Flow pattern/or Axial Impellers. 

Radial impellers (flat vertical blades) are high shear, high power draw and create flows 
in the radia l direction. These are best used for fast reactions, gas-liqu id, liquid-liquid and 
sol id suspension mixing. 

• Flat Blade Turbines 

• Rushton Impeller 
(Six-blade Disk) 

Figure 7. Radial Impellers. 

Figure 8. Flow pattern .for 
Radial Impellers. 
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Mixed Impellers (Pitched blade turbine) 
generate good shear and turbulence, espe­
cially in the impeller zone. These are also 
designed to push the liquid in a downward 
direction while the stirrer is rotating clock­
wise. Flows generated are in both the ra­
dial and axial directions. This style is best 
used for liquid-liquid and solid suspension 
m1xmg. 

Variable Na mes Symbols Values 

lmpeller diameter ID D 
I 

Number of blades In 4 or 6 

Dlade Width w D/5 

B lade Angl e. degree a 45 

Figure 9. Pitched Blade Turbine (PST). 

Impeller width = 

I w 

Impeller diameter = D 

Variable Names Symbols Values 

Impeller diameter D D 

Number of blades 11 4 or 6 

Blade Width w 1)/5 

Blade Angle. degree la 90 

Figure 12. Flat Blade Turbine. 
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Figure IO. Flow pattern for 
Pitched Blade Turbine (PST). 

T = Vessel inside diameter 

I ,,, , 
',, . ,, ,., 
' ,, 1 
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Figure 11. Guideline on Impeller Size. 

The overall diameter "D" and clearance 
"C" of an impeller are based on the vessel's 
diameter "T' and can be calculated using 
the guidelines in picture 11. 

After the diameter "D" has been calcu­
lated, you can then calculate the individual 
impellers blade width, length and, in case 
of the Rushton Impeller, the disc diameter. 
The tables (Figures 12 and 13) will help 
guide you through the process. 



Additional 
Considerations 

Disk diameter= 0 0 

Other items that help make your 
mixing vessel work more ef­
ficiently and which should also 
be considered in your design are 
listed below. 

I I Impeller width= W 

• Extended stir bearing to sta­
bilize the stir shaft (large ves­
sels). 

Stir shaft retainer to support 
stir shaft and prevent acci­
dents. 

• Schott style flanged lid con­
nection with quick re lease 
clamp for easy assembly and 
cleaning. 

• Jacket for heating and cooling. 

• Flush bottom discharge valve 
to eliminate dead space. 

• Flexible stir shaft connection. 

Impeller diameter = D 

Variable Names Symbols 

Impeller diameter D 

Number of blades 11 

Blade Width w 

Blade Angle , degree a 

Di sk diameter Dd 

Blade Length L 

Figure 13. Rushton Impel/a 

• Variable speed motor with reverse and speed indicator. 

Conclusion 

Values 

D 

4 or 6 

D /5 

90 

6D/10 

D /4 

These are the general guidelines we have established and use to help us create a more 
efficient mixing apparatus, whether it be a small 50 ml reactor or a 100 Liter pilot plant 
unit. These design elements can be used together in many ways to help create a vessel 
that will best fit a particular mixing application . 

Special thanks to Mr. Hahn Vo, Ph.D. , Dow Corning Corporation. 
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A Review of the Associate of Applied Science Degree 
in Scientific Glass Technology 

Abstract 

by 
Daryl C. Smith 

Scientific Glass Technology 
Salem Community College 
Carney's Point, NJ 08069 

Salem Community College, first as a technology institute then a community college, has 
educated scientific glassblowers for 45 years. This Scientific Glass Technology program 
review is intended to provide an understanding of the curriculum, course content, refer­

ences and laboratory recommendations. It was prepared to provide an overview of the 
status of the curriculum used to educate highly skilled scientific glassblowers. The pro­
gram is designed as two-year Associate of Applied Science degree. 

Introduction 
Scientific glassblowers create glass apparatus for scientific research in laboratories, 
universities, and industry. Scientific Glass Technology combines classroom study and 
hands-on laboratory techniques, blueprint reading and design, so that the students are 
able to fabricate apparatus according to technical specifications. Upon successfully 
completing the program, a student should be able to demonstrate competence in the 
technical skills of scientific glassblowing, including cutting, heating, shaping and seal­
ing, function as a scientific glassblower in an industrial, research or manufacturing set­
ting, and demonstrate an understanding of technical drawing and advanced fabrication. 
The primary objective of the total degree program is the training of qualified scientific 
glassblowers. As technicians, they will work and communicate directly with scientists, 
supervisors, and other professional personnel. They will be expected to perform as 
successful employees and have the opportunity to grow into supervisory and adminis­
trative positions. 

To accomplish these goals, the curriculum is carefully planned and implemented. In 
many ways, more is expected of the 2-year Associate of Applied Science graduate than 
of the 4-year liberal arts graduate. As graduate technicians, they will be expected to 
be well-informed, active, responsible members of society. The scientific glassblowing 
graduate will be responsible for the design, fabrication, and repair of laboratory glass 
apparatus and, therefore, they become an essential element in the scientific research 
team. Through close cooperation between the glassblower and the researchers, large 
and complicated apparatus designed for the particular problem at hand can be built, as­
sembled, and installed so that the research project can achieve its intended goals. 
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Program Content and Structure 
Curriculum requirements for Scientific Glass Technology-Associate of Applied Science 

First Semester 
SGT 113 Introduction to Scientific Glass 
ENG 10 I College English I 
MAT 136 Intermediate Algebra 
CS 115 Microcomputer Application 

Second Semester 
SGT 114 Basic Apparatus Fabrication 
SGT I 15 Tech. Drawing and CAD 
Social Science elective (limited) 
Math elective 
SCO Elective 

Third Semester 
SGT 210 Advanced Fabrication I 
CHM IO I College Chemistry I 
Humanities Elective (limited) 
PHY IO I Physics I 

Fourth Semester 
SGT 211 Advanced Fabrication II 
CHM I 02 College Chemistry II 
SGT 120 Cold Construction 
ENG 122 Business and Occupational Writing 

Credits 
6 
3 
4 

.3. 
Total 16 

6 
3 
3 
3 
l 

Total 16 

6 
4 
3 
:l 

Total 17 

6 
4 
3 
.3. 

Total 16 

Total Credits earned 65 

As a reference, the following description from the Dictionary of Occupational Titles, 
U.S. Department of Labor, presents some of the activities which the graduate will be 
expected to perform: 

Fabricates, modifies, and repairs experimental and laboratory glass products, us­
ing a variety of machines and tools, and provides technical advice to scientific and 
engineering staff on function, properties, and proposed design of products, apply­
ing knowledge of glass technology. Confers with scientific or engineering person­
nel to exchange information and suggest design modifications regarding proposed 
glass apparatus, such as distillation and high-vacuum systems. Cuts glass tubing 
of specified type, using cutting tools, such as glass saw and hot-wire cutter. Heats 
glass tubing until pliable, using gas torch, and blows, bends, and shapes tubing to 
specified form, using blowhose, hand tools, and manual pressure. Performs finish­
ing operations to fabricate glass product or section, using machines and equip­
ment, such as lapping and polishing wheels, spot-welding and sandblasting ma-
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chines, internal-plating equipment, and drill press. Measures products to verify 
dimensions, using optical scanner, micrometers, and calipers, and examines glass 
coloration for degree of internal stress, using polariscope, to determine annealing 
requirements. Anneals products, using annealing oven. Joins and seals subassem­
blies to assemble finished product, using gas torch, hand tools, and vacuum pump. 
May operate special equipment, such as radio-frequency-fusing machine, to bond 
glass to metal, quartz, and ceramic materials. May identify glass of unknown com­
position by heating with gas torch and evaluating curvature, bondability, and color 
characteristics. May direct and train GLASS BLOWERS, LABORATORY APPA­
RATUS (glass products; inst. & app.). May design fixtures for use in production of 
prototype glass products and prepare sketches for machine-shop personnel. May 
prepare cost estimates for prototype glass products. May requisition or recommend 
purchase of materials, tools, and equipment. May specialize in specific types of 
glass scientific apparatus and have knowledge of effects of special environments 
on glass, such as radioactivity, vacuums, gasses, chemicals, and electricity. 1 

Syllabi for all required courses are available by contacting, Faculty Secretary, Office of 
Academic Affairs, Salem Community College, 460 Hollywood Avenue, Carney's Point, 
NJ 08069, (856) 299-2100, info@salemcc.edu. 

Curriculum Analysis 
Candidates for the program must enter in the fall semester and, as best as possible, com­
plete all required courses to graduate with an Associate of Applied Science Degree in 
two years. Curriculum and courses are planned for maximum effect. Each course is de­
signed to develop its particular knowledge and skills and still be closely integrated into 
the whole curriculum. The curriculum's technical content is intended to give the student 
an understanding of the scientific glass apparatus and an expertise in its design, fabrica­
tion, and repair. The sequence of courses is such that each one is placed in the most stra­
tegic position for its correlation to other courses. A parallel development takes place in 
the student's understanding of the apparatus and their skill in its fabrication. Courses in 
mathematics, chemistry, and physics lay the groundwork for understanding the sciences 
that the glassblower supports. Ability must be developed in manipulative skills; much 
time is devoted to laboratory scientific glassblowing experience. While it is true that the 
glassblower requires technical knowledge, it is also true that they will not be successful 
in employment unless they have adequate physical skills. An interested student of aver­
age coordination and dexterity will gradually become proficient, but this is accomplished 
normally only after many hours of laboratory experience. 

Frequent visits to representative industrial and university research laboratories as well 
as scientific glassblowing production industries keeps the instructor as completely aware 
as possible of the graduates' employment environment and needs. Course content and 
objectives are presented and recorded in the course syllabi. Such a record of course 
activities ensures continuation of program goals regardless of time or location of course 
delivery or instructor involved. 

The syllabi are reviewed and approved by the Salem Community College Curriculum 
Review Committee prior to the Middle States Accreditation and the Scientific Glass 
Technology Advisory Committee. 

1 Dictionary of Occupational Titles, U.S. Department of Labor, 006.261-010 Scientific Glass blower ( 4th ed., 
rev. 1991) http://www.oalj.dol.gov/public/dot/REFRNC/DOTOIA.HTM 
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The Scientific Glass Technology Advisory Committee was formed to analyze program 
content in relation to industry needs. The following individuals served on this Commit­
tee, and their input was highly effective and much appreciated: 

Darrell Hill (Ace Glass Inc.), Alan Durham (Chemglass, Inc.), Tony Rocco (Chemglass, 
Inc.), Parker Stowman (Chemglass, Inc.), Bill Robbins (Kontes Glass Co., Inc.), Michael 
J. Souza (Princeton University), Wes Lutz (Andrews Glass), John Cannon, Jr. (Andrews 
Glass), Bill Wentzel (H.S. Martin Inc.), Ed Powell (Astra-Zeneca Pharmaceuticals), and 
Dennis Briening (Hercules Research). 

The Committee met on the following dates: February 20, 2002, May 6, 2003, Novem­
ber 18, 2003, and April 20, 2004. At each meeting, a presentation of course content 
and any proposed program changes were made. Skills required in positions in which 
graduates could be employed were analyzed by way of a survey of the Scientific Glass 
Technology Advisory Committee. Open discussion generated valuable input on several 
pertinent topics. 

Instructional material is kept up to date by involvement with the professional Society 
of scientific glassblowers. The American Scientific Glassblowers Society maintains a 
web site with a technical resource page, publishes a quarterly magazine, Fusion, and the 
Proceedings of the annual symposium, which includes the technical papers presented. 
The Society also offers a technical questions and answers e-mail list. Salem Community 
College also owns the publication rights to E. L.Wheeler, Scientific Glassblowing. (New 
York: Interscience Publishers, Inc., 1958) which still remains an excellent, all-encom­
passing book on scientific glassblowing. 

Student Enrollment/Retention Data 
The following data outlines the number of students who entered the program from the 
Fall of 2000 to the Fall of 2002. 

a. Fall semester matriculation data for A.A.S. candidates 

1. Entered Retained Graduated Percent 
FA-2000 FA-2001 SP-2002 Graduated 
20 10 (2) 6 33% 
Note: (2 students received certificate degree) 

Entered Retained Graduated Percent 
FA-2001 FA-2002 SP-2003 Graduated 
20 12 5 25% 

Entered Retained Graduated Percent 
FA-2002 FA-2003 SP-2004 Graduated 
17 12 6 35% 

This data shows those students who graduated within the two-year recommended time 
period. A small numbers of students do receive their degree at a later date, but the num­
bers show no statistical trend 

The program is open to all persons regardless of their demographic classification. En­
rollment in the program is limited to 20. This policy keeps the enrollment at a steady 
number, and also ensures manageable class sizes. Potential candidates are first put on a 

44 



waiting list then, are required to submit a non-refundable deposit to secure a seat in the 
program. Students progress through the degree as a group and courses are scheduled so 
that students are able to complete the degree in two years. 

Program Outcomes 
Graduates of this curriculum can expect to find employment in research laboratories, 
scientific glass manufacturing companies, and repair and custom glass companies. Sci­
entific glassblowers must be capable of working closely with scientists, researchers, and 
supervisors and coordinate activities with other skilled craftsmen and workers. Graduates 
serve as the effective bridge between theoretical knowledge and practical execution. The 
graduate must be able to understand sufficiently the professional's scientific and math­
ematical expression of laboratory glassware in order to fabricate effective apparatus. Of 
the eleven students who graduated in the spring of2002 and 2003, eight are employed in 
the glassblowing field, two are currently seeking employment, and the situation of one is 
unknown. There were two certificate students who entered in the fall of2000 and finished 
in the spring of 2001, one is employed, the other changed majors. 6 students graduate in 
the spring of2004 and at the time of this writing have not entered the job market. 

Faculty 
The requirements of the instructor of the scientific glass technology program are as fol­
lows: an Associate of Applied Science in Scientific Glass Technology, a Bachelor's de­
gree in a science discipline and teaching/training experience. They must be capable of 
overseeing and teaching borosilicate and quartz glass applications for production, and 
research and development process of technology. The instructor is responsible for the 
development of growing the curriculum as well as overseeing the development of the 
professional advancement program. They must establish relationships with industry and 
practitioners, be able to demonstrate excellent interpersonal skills, and have the ability to 
manage resources. 

The main instructor teaches the following courses: SGT 113, and 210 in the fall semester 
and SGT 114, and 211 in the spring semester. Each of these is a technology-based course 
for 6 credits each. SGT 120 is a 3-credit course taught by a full-time faculty member dur­
ing the spring semester. SGT 115, a 3-credit drafting course, is the only course taught by a 
part-time adjunct instructor. The current scientific glassblowing instructor, Daryl Smith, a 
member of the American Scientific Glassblowers Society since 1986, serves on its Board 
of Directors, the Education Committee, and previously as a Section Chair. 

Instructors, through membership, obtain a continual source of instructional ideas and ma­
terials. The ASGS helps the theorist to understand practical applications and encourages 
the technician to deepen his theoretical understandings. The Society can be expected to be 
the first to announce and describe significant research and innovations in the field. Instruc­
tor membership in scientific and technical societies sets the stage for a close liaison with 
employers and interested members of the community. All instructors in the glassblowing 
technology program should be encouraged to be active members of their respective societ­
ies. In this way, each member of the team will be sharing with the other instructors the new 
developments in their own field for possible application to the glassblowing technology 
education. The effectiveness of the scientific glassblowing technology program depends 
primarily upon the competence and the enthusiasm of the teaching staff. Glassblowing 
technology instructors must have special competencies, which can be gained only through 
training, practice, and industrial and research experience in the technical subject matter. 
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The scientific glassblowing instructor is, of course, the central figure upon whom the 
program's success depends. Student interest, motivation, technical understanding and 
skills will be proportionate to that of the instructor. The student will sense his apprecia­
tion of the theoretical knowledge needed for a genuine technical understanding of the 
purpose, design, and function of the laboratory equipment which they fabricate. The 
major instructor's concern for precision in fabrication performance is matched by the 
constant realization that the graduates must communicate effectively about laboratory 
equipment with highly qualified chemists, physicists, and engineers. Continuing educa­
tion is essential so that the scientific glassblowing instructor can keep abreast of develop­
ments and laboratory research procedures. 

Instructors of supportive, related subjects should not only be competent in their specific 
subject areas, but also experienced or effectively oriented to the educational philosophy, 
goals, and requirements of technical education in general and scientific glassblowing 
in particular. Cooperation between the major instructor and all other instructors in the 
program is essential. The principles taught in physics, mathematics and chemistry to be 
emphasized are those relating to the scientific glassblowing technologist's work. 

Facilities and Equipment 
The core courses are offered in the Glass Center with the exception of SGT 115 Technical 
Drawing and CAD, which is offered in the computer lab. Laboratories and equipment for 
teaching glassblowing technology must meet high standards of quality and variety, since 
the objectives and the strength of the program lie in providing valid laboratory experience, 
basic in nature, broad in variety, and intensive in practical experience. Salem Community 
College is equipped with 20 workstations, four lathes, tooling bench, high vacuum system, 
annealing oven and a variety of cutting and grinding equipment for students to perform 
laboratory work as required for this program. The program offers students an opportunity 
to work with a wide variety of glassblowing equipment. The quality of the equipment and 
facilities are adequate for the program. However, the quantity oflathes is a hindrance to the 
expansion of the program to meet the needs of industry trends. The glassblowing lathe is 
an increasing necessity in manufacturing as well as research glass shops. Laboratory equip­
ment and lathes are expensive, but are essential if training objectives are to be met. Other 
than the lathes, the equipment is indicative of employment environments so that laboratory 
work offers the student opportunity for valid experience. 

Support Services 
The Learning Resource Center (SCC Library) coordinates an Information Literacy com­
ponent exercise in the second, third and fourth semester core courses, SGT 114, 210,and 
211. Through those exercises students learn that scientific and technical societies are 
important sources of information for both staff and students. The publications of the 
American Scientific Glassblowers Society are probably the best means for keeping up 
to date in glass technology. New students benefit from exposure, which broadens their 
technical vocabulary, their knowledge of equipment and supplies, and their awareness of 
techniques in development. The contact information and a description of the Society and 
its advantages are given early in the student's career. From an introduction to the Ameri­
can Scientific Glassblowers Society in the first semester and the information literacy 
exercise in the second, third and fourth semesters, new and returning students are made 
aware of the literature and services of the scientific and technical societies related to the 
field of scientific glassblowing technology. They should be encouraged particularly to 
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apply for student membership in the ASGS. Consequently, the students will at least be 
aware, upon graduation, of the most recent developments in the field. 

Student Services support has shown to be effective for admissions, and obtaining financial 
aid. Due to the specialization of the scientific glassblowing field, the main instructor han­
dles the traditional role of Student Services with regard to advisement and career counsel­
ing. Administrative support, overall, is adequate. The unique nature of the program enables 
it to work well with public relations. Since an outside company operates the bookstore, 
there is no relationship with the SGT program. Students' tools and materials are provided 
directly from a supply company. The text book for the course, E. L.Wheeler's Scientific 
Glassblowing, is printed and issued to the students as part of their lab fee. The Business 
and Community Outreach Office has a Salem County-based focus, and since scientific 
glassblowing has an industrial base in neighboring Cumberland County and a research 
base nationwide, that office has not established a relationship with the SGT program. 

Summary and Conclusion 
The Scientific Glass Technology program combines classroom study and hands-on labo­
ratory techniques, technical drawing and advanced fabrication. Students develop a solid 
understanding of scientific glassblowing so that they are able to fabricate apparatus ac­
cording to technical specifications. Upon completing the program, students should be able 
to demonstrate competence in the technical skills of scientific glassblowing and function 
as a scientific glassblower in an industrial, research or manufacturing setting. Scientific 
glassblowers create glass apparatus for scientific research in laboratories, universities 
and industry. Therefore, the Scientific Glass Technology program prepares students to 
be educated, skilled scientific glassblowers. It is designed as a two-year Associate of Ap­
plied Science degree. Careful planning and development with regards to the curriculum, 
course content, references and laboratory environment have gone into the program. The 
courses are carefully inter-related and designed especially for this program. Attention is 
given to supplies, tools, and equipment characteristic of scientific glassblowing technol­
ogy. Library facilities, content, and use are stressed. Salem Community College, first as 
a technology institute then a community college, has educated scientific glassblowers 
for 45 years. This experience was the foundation upon which the present day program 
exists. The future of the program rests on being able to give individual attention to stu­
dents. This is a vital part of effective teaching; class size is of prime importance. This 
is particularly true in technical education. Laboratory classes are limited to 20 students. 
The manipulative skills of the glassblowing technologist are developed through student's 
patience, repetitive practice and the instructor's careful individualized instruction and 
observation. An overly large laboratory group creates a situation encouraging student 
frustration and the development of poor techniques. Since the program's ultimate ob­
jective is to produce high-quality graduates, it is essential that accepted students have 
certain capabilities. The program will not produce a scientific glassblowing technologist 
if the classes are composed of students whose intellectual or manipulative abilities are 
inadequate for the program's goals. 

The scientific glassblowing technology program is a post secondary, Associate of Ap­
plied Science Degree program. A high school diploma or equivalent is required as well 
as a college entrance exam, the Accuplacer. Ideally, the students entering the program 
should have completed two years of high school mathematics, including algebra and 
geometry, and one year of chemistry. If the Accuplacer Test determines that a student 
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requires one or more developmental math courses, the student must complete those de­
velopmental courses prior to starting the third semester of the program. Essential to the 
successful glassblowing technologist are visual and manipulative aptitudes. Scientific 
glassblowing requires the development of a high degree of proficiency in spatial percep­
tion, form perception, motor coordination, finger dexterity, and manual dexterity. Any 
applicant who is deficient in any one or combination of these aptitudes should be dis­
couraged from entrance into the program. The student should also have the potential for 
developing ambidexterity. Certain types of color blindness may negate their effectiveness 
in working in the fabrication of laboratory glassblowing. 

In a properly organized program with truly relevant and coordinated courses, the student 
with average scholastic potential and average dexterity can be successful. Therefore, 
many high school graduates who were not motivated to attempt or successfully complete 
college preparatory mathematics and science courses at the secondary level are quite ca­
pable of becoming effective glassblowing technologists. If they are genuinely interested 
and properly motivated, they will achieve well in the educational program provided that 
they have the opportunity to upgrade their academic background beforehand. After tak­
ing the college entrance exam and determining placement in the appropriate math and 
science level, developmental courses are necessary in these cases. 

The program is employment oriented. Consequently, placement is a high priority respon­
sibility. In addition to placement, the instructor keeps in touch with graduates to evaluate 
their training and their progress. Follow-up is one of the most important tools in the con­
tinual study of the program's relevancy and effectiveness. Graduates receive assistance 
from the instructor in finding suitable employment. Placement should be considered a 
twelve-month activity. Employer contacts are maintained continually through telephone, 
e-mail, correspondence and personal visits. Employer representatives and on-location 
supervisors, who constitute the Advisory Committee, are supplied with copies of the 
curriculum, course descriptions, and if desirable, course outlines. They are invited to 
visit the facility and observe the classes. The placement function is an extremely valuable 
service to the student, the employer, and the educational institution. 
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Sealed Glass Ecosystems 
by 

Brian Schwandt and Daniel Zavitz 
University of Illinois at Chicago 

Chicago, Illinois 60607-7061 

Abstract 
This paper chronicles the development of Sealed Glass Ecosystems that are monitored 
and evaluated by high school students. Sealing in simple necessities of life existence such 
as water, algae/compost, and air, allowed a completely isolated ecosystem to thrive ac­
cording to the variable content proportions employed in each system. 

Working on this project was truly an adventure for me. Perhaps this will sound like a 
documentary that allows me the opportunity to share the educational experience I en­
countered, while providing assistance to a highly motivated individual who invited my 
contributions. My purpose of stating this now, is because the role of the glassblowing 
process and the methods used are rather rudimentary, especially considering the level of 
talent of many of the people in this room. It also serves as a testimonial to the University 
oflllinois' continued involvement and support of the advancement of other Chicago area 
schools which have resulted in an investment in the local neighborhood community. 

Of the many benefits ofmy position at the Univer­
sity, a favorite one of mine is the variety of requests 
that regularly walk through my door. I personally 
appreciate the education aspect. Still another ad­
vantage is the people I am privileged not only to 
meet but, after sometimes working with them for 
a period of time, to get to know. Often this human 
interaction is flavored with a global cultural expo­
sure that would require many miles of travel for me 
to experience on my own. I find myself inspired 
by the interesting individuals I encounter who are 
committed to educating others; all possess a seri­
ous desire to improve themselves. 

The story behind the sealed glass ecosystems 
project is an excellent example. You will hear a 

Slide 1. 

lot about Dan as it is he who drove this idea utilizing my help to him to develop and 
deliver it. As a Chemistry Ph.D. candidate, he was awarded an NSF grant through UIC, 
which not only provides resources but also coordinates professional staff and faculty par­
ticipation for several schools including Crane High School where this project originated. 
Slide I is an early ecosphere from the program. 

Dan Zavitz walked into my shop one day seeking answers and explained his project in­
tentions. Overall he is committed to presenting science information to children with the 
best possible means of absorption. More specifically, Dan wanted to create a permanently 
sealed miniature ecosystem by sealing the basic necessities of life existence, such as air, 
water, a composting system and decomposers, all together within a glass bulb. This would 
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eliminate any possible tampering. Actually he 
not only wanted to create this system, he wanted 
his high school students and fellow teachers to 
do so as well (unfortunately deteriorating com­
post materials such as wood and plant portions in 
water eventually look very similar). (Slide 2) The 
characteristics of living, growing and sometimes 
dying ecosystems could then be studied. He also 
planned to do it for next to nothing, or at least 
for as little expense as possible. Creativity with 
minimum available resources too often replaces 
what could be adequate funding . Seen as a deter­
rent to others, it just seems to keep Dan search­
ing. Actually I believe it has him conditioned so 
much, that he constantly concentrates on seeking 
less costly alternatives with every new idea. 

Slide 2. 

This project required the students to design and create their own personal ecosystem . 
The lab experiment that Dan devised began with the initial requirements to search the 
internet and written articles for the best ideas on learning what makes up a successful 
ecosphere. Measured amounts of materials and sample organisms were first recorded and 
then introduced as well as the details of where they were collected from. This provided 
practical experience in research. The students 
were encouraged to seek out components from 
local waters such as Lake Michigan, the Gar­
field Park Lagoon, and even a Roosevelt Street 
sanitary canal (Slide 3) which essentially are all 
mini-environments in themselves. (The material 
located in the tip of this sphere was the result of 
a bored student inverting this system in hope of 
initiating some change. Systems allowed to set­
tle are more easily viewed.) The students chose 
the amounts of each ingredient to be added to 
their ecosystem container and after closing, 
they were instructed to periodically monitor any 
changes over a period of time. At least one sys­
tem produced an insect, the si ze of a fruit fly, 
which was recorded flying around one day and 

Slide 3. 

was dead the next. Its brief appearance sparked a great deal of interest in the class as well 
as among other science teachers inquiring about future plans for them to incorporate the 
project. Still later, another system produced both algae and small worm-like creatures 
such as larvae. 

The semester curriculum also included other related environmental labs that discussed 
composition of soil and sunlight effect studies reviewing the ecosystem principles and 
requirements. 

Among the substances offered early in the program was food coloring. (Slide 4) 
Unfortunately, it was learned later that color did not contribute anything but decoration, 
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such as pink gravel in the case of a rather uninter­
ested female student. The food coloring proved to 
be a mistake as it produced a negative effect by 
doing little more than clouding the water making 
visual observations difficult. It was concluded that 
the color also limited light absorption which un­
fortunately resulted in a delay of related changes 
that prompted slight impatience and disappoint­
ment in those students who used it. 

Earlier I mentioned "presenting information for 
the best possible method of absorption." This is 
my interpretation of Dan's style of instruction. He 
knows how extremely effective interactive labora­
tory sessions are. This is more than just holding 
students' attention (which is a feat in itself, when 

Slide 4. 

they show up). The environment of urban elementary schools today, especially in certain 
areas, is not complementary to the educating goals at hand and is also not easily altered. 
Peer pressure is ruthless and relentless in our independent youths' world. Gone are the 
days when students sat qui etly ... (okay maybe I wasn 't always quiet either), but I would 
not have left my seat without asking permiss ion or much less engaged in other rude 
and distracting antics that occur all too often. Today's teachers have many challenges to 
overcome what seemingly has nothing to do with learning. It is an experience with un­
forgiving aspects as any of you truly involved parents know. Dan realizes the intriguing 
potential of curiosity that instantly surrounds our uncommon occupation and wanted to 
exploit it for his educating goals. 

Since I personally often bridge language gaps 
by asking my international colleagues to sketch 
a simple drawing, pictures definitely are worth a 
thousand words. Considering this leads me to be­
lieve that live demonstrations must be worth sev­
eral gigabytes of words! Dan capitalizes on this 
principle when he teaches. His style is to cater to 
the students in a "show me" kind of way, which 
usually evolves into: I ' ll do it, now you do it. Com­
puters in the classroom may bring far away places 
as well as any subject to a screen for convenient 
viewing; but practical demonstrations and inter­
active experiments remain the most successful, 
person-to-person educational techniques. (This 
particular ecosphere contained aquatic plant por­
tions which survived much longer than other plant 
materials .) (Slide 5) 

The initial projects involved 500 ml ecospheres. Flat bottom flask blanks were purchased. 
In an effort to be I 00 % successful in the classroom, I reduced the size of the necks in 
advance. This proved to be a mistake as the constrictions limited the size of introducing 
certain solid substances. Fortunately we had the foresight to bring along lengthy glass 
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"packing" rods, such as those used to facilitate vertical movement in chromatography 
columns. This helped to coerce larger samples of compost and other materials through 
the overly-constricted area, although this is not recommended. 

After preparation, students added the re­
corded components of their small ecosys­
tem to the 500 ml flasks. Even the com­
post collections were photographed and 
filed. Citing how similar different compost 
looks, I spared you detailed photographs. 

I agreed to seal the individuals ' systems 
closed during a visit to the high school. 
(Slide 6) 

With a hand torch set up, this gave me an 
opportunity to demonstrate a few other 
glassblowing related facts and answer a 
few questions as well. One of the very first 
I distinctly remember and one for which I 
was not well-prepared, was that scientific 
glassblowers must make a lot of money! l 
said some certainly do ... but I don't. 

My day trip to Crane High School was an eye-opener for me. Unloading the truck we discov­
ered the elevator worked but not for us, so we decided to haul the Oxygen cylinder up three 
flights of stairs as well as the rest of the equipment we had brought. Even with an appropriate 
hand-cart, we will certainly be avoiding this in the future by using a smaller cylinder. 

Unlike the neighborhood, the classroom was very clean and modern . I wanted to have a 
torch lit before class started. At the front of the classroom, l clamped a National Blow­
pipe to a long-necked faucet of a sink, because there was no lab stand to be found in what 
was classified as a "science laboratory room" and I had neglected to bring one along. 
(Slide 7) (You can see examples of the extended neck, overly-constricted flasks that I 
mentioned earlier.) 
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Little commands attention more in a classroom of arriving adolescents than an open 
flame. Immediately I heated the end of a glass rod in the flame and concentrated on doing 
little more than gathering up a ball. Over the years 1 have gained a true appreciation of 
watching other glassblowers demonstrating in front of a crowd. However, this is because 
I am able to scan the crowd's individual reactions. (When I have demonstrated in public, 
this can be difficult to do without risking getting burnt!). Naturally the students appeared 
in awe ofmy so-called artistic skill. Many were wide-eyed and some stared with gaping 
mouths. It is still fun after all these years and truly a uniquely rewarding experience being 
the instigator of such genuine curiosity. 

The impressive mystique of 
our work can be overwhelming. 
Here several teachers stopped 
by to check out the excitement. 
(Slide 8) Eventually it surfaced 
that I also teach, glassblowing of 
course . This is when I revealed 
that none of my students ever 
sleep in my class .. .! simply ex­
plain that they have a tendency 
to catch on fire if they do. 

Dan's quest for several angles to utilize his sealed glass ecosystem idea did not end with 
the small containers. We estimate that collectively about 100 total systems were created of 
capacities of500 ml, 1 & 2 liters and a 22 liter sphere, as well as a few gallon bottles that 
were "recycled" after previous duties as wine containers. (Slides 9 & I 0) 

With the small ½ liter ecospheres, I worked with Dan 
to rotate the hand torch flame around the circumfer­
ence of the neck evenly, softening as large an area as 
possible. Flame annealing flasks of borosilicate glass 
offers a forgiving range of tolerance. This is not the 
case with the soft glass ex-wine jugs. 

Dan was determined to seal a number of ecosystems 
in recycled glass to save on material costs. From 
home, he brought in several large soft glass jugs. Af­
ter a theoretical instruction on the characteristics of 
working soft glass, I showed Dan how to use the EE 
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Lathe in my shop. I thought that using a Bunsen burner then progressing to an air/gas 
torch for gradual preheating would be enough to finally accept the intense heat of a gas­
oxygen torch and to finally close the "recycled" glass containers. After many lost wine 
jugs, there was mutual concern of teachers' capability to rep li cate this process. 

This proved to be quite a challenge, with early initial successes undermining the difficul­
ty of duplication . To avoid expensive equipment, Dan purchased a Mapp gas burner and a 
gas-oxygen torch at a local home improvement store. To limit the use of small expensive 
cylinders of Oxygen, Dan developed a successfu l method sequence at home. Progress­
ing from a Mapp gas burner for less expensive preheating, he fo llowed it by sealing with 
a limited amount of the more costly Oxygen and propane fuel mix from the cylinders . 
The intense heat softened the bottleneck to fuse it closed. The final gradual cooling and 
annealing stage was accomplished by returning to the Mapp gas and by increasing the 
actual distance of the torch away from the glass. 

Several closing methods were experimented with and abandoned, including adding ma­
terial from a softened rod to close the top instead of collapsing the neck and also fus­
ing an extension of soft glass tubing to the bottle neck and collapsing it. If the preheat 
was successful, often the molten area was softened extensive ly and then simply twisted 
closed. For me , developing the process of working soft glass reinforced what has always 
increased my respect for prior generations of glassblowers who succeeded without the 
forgiving characteristics of modern borosilicate glass. 

An additional challenge, overcome with practice, was to control the timing balance 
needed for the cooling of the softened area of glass involved. This was magnified by the 
long preheating required for soft glass work. By closely watching the color or heat base 
of the molten fused glass, it is possible to judge if the glass has become ri gid enough 
to withstand the inside hot air's expansion and to not blow out or contract in while the 
temperature was decreased. Annealing was predominately a lowering of the temperature 
gradually and continuing down the side and shoulder area of the containers. 

The initial larger contain­
ers were sealed empty for 
practice, but in a lathe hori­
zontally sealing a bottle 
with water and solid con­
tents would certainly pose 
problems. (Slide 11) Dan 
thought of an excellent so­
lution using an old record 
turntable to rotate the con­
tainer with the contents in a 
vert ical position. 

Imagine my reaction when 
the (then current) next 

Fusion arrived in my mail. Mr. Bob Ponton had discovered much the same by using an old 
record player for fire-polishing and he had submitted it as a Lamp Shop Hint. 

Eventually, Dan acquired a donated 22 liter flask and asked me if l could work with it. 
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He explained to me that he wanted to have a sys­
tem into which he could introduce electrode sensors 
that would remain sea led throughout the experiment. 
With the large diameter neck of the flask , he envi­
sioned several sensors passing through it into the 
flask body and its contents. 

The seven different sensors measured factors that 
have a major influence on any ecosystem . Individual 
concentrations may also fluctuate over time causing 
a change with each increase or decrease affecting 
another factor. An extreme over-concentration could 
destroy the ecosystem. (Slide 12) 

I removed the existing flange and fused a larger 75 mm 
0-ring joint onto the flask and then converted an­
other matching 0 -ring joint into a multi-neck cap 
with five ground g lass joints. 
This enabled testing as an open 
or closed system. Living sys­
tems could also be changed for 
different experiments. I fabri­
cated matching adapters for the 
probes including two that were 
Y-shaped. The exiting sensors 
were connected to two moni­
tors ca ll ed TI 83 plus, LabPro 
Vernier Data Collection Sys­
tems. Although I did not bring 
an actua l unit, you can see they 

Slide 13. 

are essentially hand-held computers. (S lide 13) 

The introduction of thi s device expanded the value of the experiment by al lowing the 
monitoring of specific quantitative data rather than just visual observations. Furthermore, 
it transformed the experiment into a classroom-sharing ecosystem, that would command 

more interaction of stu-
Slide,14. dents who would be indi­
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vid ually responsible for 
recording, comparing and 
drawing conclusions of 
some 21 different vari ­
able pairings such as light 
versus temperature. This 
confirmed that variables 
have multiple relationships 
through experiments of pe­
riods that lasted from two 
days to a week. 

The effect of sunlight was 



already realized to be very important. The large system revealed that respiration is go­
ing on and without photosynthesis it is an incomplete system. This is evident by the 
moisture form ing on the inside of the flask . (Slide 14) 

Each of the sensors would measure a different aspect of the environment such as tempera­
ture, pressure, levels of PH, Carbon Dioxide, Oxygen, humidity and light. Much of the data 
produced generalized conclusions. Temperature increased proportionately with an increase 
in light exposure. The students also learned that insects breathe in Oxygen and exhale out 
Carbon Diox ide; also that if the ratios are correct, the two organisms can support each other 
in a closed system, at least for a littl e while. Knowing that it is a delicate balance makes one 
think about water and air pollution in the ecosystem in which we live. 

Besides the students developing the use of these information-storing devices, for further 
group experience, the study was structured for the students to be involved with training the 

next group of students. Although I 
Slide 15. considered his ingenious idea origi­

nal, Dan revealed that it models an 
important aspect of modem science 
where teams of scientists often use 
the same equipment, such as the 
national lab system, Biosphere II, 
and NASA. 

As with the majority of the real 
work involved with this project, 
my glassblowing involvement 
was a minor portion of the final 
production. In reality, the glass­
blowing skills required were of a 
minimum amount of experience 
and practice, yet a very appropri­
ate initial element and a continu­
ing catalyst. (Slide 15) 

Dan continues to discuss other ideas in expand­
ing hi s basic idea of engineering environmental 
ecosystems for study programs. UIC has since 
donated the entire "C lassroom Ecosystem" to 
Crane High School. This gift will continue to 
be a powerful learning resource for students 
many yea rs after Dan Zavitz has graduated and 
moves on to what will be more of a dedicated 
career of enlightening young minds. 

With the discovery of a fl ying insect and what 
appeared to be larvae, the students began ques­
tioning the possibility of introducing other 
forms of life into their ecospheres, rather than 
only plant life. This led to importing live fish 
to see what would result. lt was concluded that 
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inevitably the fish would die and become another form of decomposing material. (Slide 
16- note fish) I must admit it was surprising to learn that some of the fish survived for 
up to two months in such a small volume container. 

With our own ever-changing workplace environments, there is a message of accepting new 
responsibilities to strengthen our position and value as a university employee. Commercial 
and industrial glass workers who are not involved with their community 's educational in­
stitutions may be missing out on a unique opportunity to reach out. Any chi ldren's group 
would welcome an offer from us whose occupation naturally mixes science with an irresist­
ible intrigue and an artistic flare overshadowed with a hint of danger. 

On a lighter note, I suggest you consider engineering an ecosphere for yourself, espe­
cially if you are fortunate enough to have windows in your shop. How about sharing this 
project by making one for your child? (Slide 17) Know someone who has everything and 
you never know what gift to give them? On an even lighter note, lately 1 have been think­
ing my cat would enjoy one 1 

I must thank Dan for sharing his work, Ms. Shakura Haqque, the science teacher at Crane 
High School. I truly hope this was as interesting for all of you as it was for me. 

Thank you for your time and attention. 
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Abstract 

Submicron Etchable Glass Materials 
by 

Ronald J. Tonucci 
Naval Research Laboratory 

Washington, DC 20375 

Using.flint and etchable glass combinations, complex architectures can be made with 
portals or _fine channels that would be difficult, if not impossible, to fabricate by other 
means. This paper describes a method tofabricate glass structures with submicron holes 
or channels. The fabrication process begins by placing an etchable glass rod inside an 
inert glass tube and stretching the composite to form a _filament. The filaments are then 
stacked, fitsed and stretched again. This process is repeated several times until the de­
sired dimensions are reached. The channels are exposed by wet chemical etching result­
ing in.features with dimensions as small as I 5 nm. 

In the fabrication of complex glass structures, it is useful to have as many tools as pos­
sible in a given repertoire. This paper describes how the addition of an etchable glass to 
an inert glass structure can be used to create a composite with very fine features. When 
exposed to an acid to chemically remove the etchable glass, fine channels or portals can 
be created within the glass structure that would be difficult, if not impossible, to create 
by other means. 

The composite glass structures described here can be made with glass materials from the 
flint family of glasses combined with etchable glasses found in Table 1. Glass combina­
tions must be chosen to minimize residual stress and/or keep the composite structure under 
compression. Critical properties include the thermal coefficient of expansion (TCE) and 
softening points of both glasses. Glass features (feature glass) that are to be retained after 
thermal processing should have a slightly higher softening point (20° C - 90° C) than the 

"INERT" 
Glass 
Code 
0010 
0080 
0120 
8161 

"ETCHABLE" 
S-8016 
EG-1 
EG-2 
EG-3 
EG-4 
EG-5 
EG-6 
EG-9 

TCE(l0-7) Tg(C) Tsp (C) Tw (C) Density Etch Rate 
20-JOOC gm/cm3 µm/5min 

91 395 626 970 2.85 
92 470 696 1000 2.47 
89 395 630 975 3.05 
90 400 600 3.97 0.003 

100 587 679 779 4.23 6.0 
91 503 617 2.4 11.1 
96 560 663 4.2 6.7 
88 522 638 2.4 6.2 
96 605 699 4.2 5.4 
92 564 669 4.1 6.9 
85 572 676 4.0 4.2 
89 445 567 3.0 8.6 

Table 1. Properties of'etchable and inert glasses. 
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1.539 
1.512 
1.560 
1.659 

1.694 

1.66 



Nano Channel Glass Fabrication 

I. Etchable glass rod 
is inserted into inert 

glass tube. 

- • 
3. Elements are bundled, 
clamped, and redrawn. 

@ @ 

2. Arrangement is drawn at 
elevated temperature. 

4. Chemical etching removes 
etchahle glass, exposing pores 

Figure 1. Nanochannel glassfabrication process. 

matrix glass. This enables the matrix glass to evenly flow around the feature glass without 
deforming it. For creating high definition holes or channels in the glass composite, the dif­
ferential etch rates between the two glass compositions should be as large as possible. 

Glass with arrays of holes or channels as small as 15 nanometers can be made.1 The pro­
cess starts by inserting an etchable glass rod into an inert glass tube ( see Figure 1 ). The 
composite is drawn down (stretched) in a furnace to a fine filament, similar to the way an 
optic fiber is made. The fibers are then bundled into a hexagonal shape and drawn again. 
The process is repeated until the desired feature size is attained. The glass is then wafered, 
polished and etched to expose the channels (see Figure 2). For this example we chose the 
glass combination of a EG-2 rod, I inch diameter, and Corning 8161 tubing, o.d. 1.4 inch­
es and i.d. 1.1 inches. The feature glass (EG-2) has a higher softening point and higher 
TCE than the 8161 cladding glass allowing it to retain its shape while the 8161 glass flows 
around it at elevated temperature. The higher TCE of the EG-2 ensures the glass compos­
ite will be under compression at room temperature, for strength, after thermal processing. 
The core and clad were drawn at a temperature between 670 to 680 degrees C resulting in 
a fiber approximately 800 microns in diameter. The fibers were then bundled in a hexago­
nal pattern, fused and redrawn twice . The final bundle was placed in a 0120 glass tube and 
fused under vacuum for four hours. The glass was then wafered and chemically etched to 
expose the channels. The differential etch rate of the two glass compositions is approxi­
mately 2000 to I. As can be seen in upper left and middle scanning electron micrographs 

1 R. J. Tonucci, B. L. Justus, A. J. Campillo and C. E. Ford, "Nanochannel Array Glass," Science 258 
( 1992): 783. 
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Array of 600 nm pores 

Array of 15 nm pores 

Monofilament packing 

Figure 2. Examples of"channel glass after chemical etching. 

of Figure 2, the submicron feature size of the channels are very circular. The ability of 
the feature glass to retain its geometric shape and high definition after repeated thermal 
processing steps is a real advantage to this type of fabrication process. 

Other types of glass with varying index of refraction, color or internal texture can be 
used in this process creating interesting artistic features. When the size of the features of 
the glass composite approach the wavelength of visible light (0.45 to 0.85 microns), dif­
fraction effects can disperse the components of white light into its constituent colors. 2·4 

These effects can be dramatic, exhibiting vivid bright colors that change simply by rotat­
ing the glass in different directions. 

Another way to incorporate etchable and inert glasses to make complex structures is to 
take advantage of a monofilament packing technique. As shown in Figure 3, fibers of 
etchable and inert glass are placed next to each other or in groups to form a bundle. The 
bundle can be fused and etched or stretched and rebundled as described above to form 
smaller features. The profile of the bundle is exposed after removal of the EG-2 glass by 
chemical etching (see Figure 2, lower right SEM micrograph). Very complex structures 

' H. -8. Lin. R. J. Tonucci and A. J. Campillo, " Observation of Two Dimensional Photonic Band Behavior in 
the Vi sable," Appl. Phys. Lett. 68 ( 1996): 2927. 

3 A. Rosenberg, R. J. Tonucci , H. -8. Lin and E. L. Shirley, "Photonic Band-Structure Effects for Low Index 
Contrast Two Dimensional Lattices in the Near-Infrared," Phvs. Rev. B 54 ( 1996): 5 195. 

4 A. Rosenberg, R. J. Tonucci and E. A. Bolden, "Photonic Band Structure Effects in the Visible and Near 
Ultravoilet Observed in Solid State Dielectric Arrays; · Applied Physics Lett. 69 ( 1996): 2638 . 
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Monofilament Packing 

Hexagonal Array Square 

Connected Patterns 

Figure 3. Examples of how patterns and more complex structures can be made by packing 
monofilament fibers of etchable and inert glass. Dark areas imply position of etch able glass fibers. 

can be made with openings and closures anywhere within the structure as long as a path 
remains to etch out the desired material. The complex glass architecture can then be 
sealed at critical points leaving behind enclosed voids or conduits. 

While this paper describes a process to create holes or channels in glass with submicron 
features, it is not necessary to create structures with such small dimensions. As shown in 
the lower right SEM micrograph of Figure 2, complex structures of almost any dimen­
sion and shape can be made. An ability to work with etchable glasses can add a new 
dimension or capability to the bag of tools utilized by professionals in the ASGS. 

The author would like to acknowledge support for this research by the Office of Naval 
Research and DARPA. 
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Dennis Briening Mary Dolenga C. Dave Hopkins 
Allan Brown Andre Dolle Gwen Hopkins 
Marylin Brown Frank Dougherty, IV Jim Horvath 
Lu Brown Tracy Drier Jerry Howard 
Tyrone Brown Daniel Edwards Thomas Howe 
Daniel Brucker Peter Elias Tollie Howe 
Deborah Camp Robert Evans Kieran Howes 
Bob Campbell Bob Evans Kendal Hunt 
Carl Carelli Bambi Everett Beth Hylen 
Mike Carlson Gary Farlow Nancy-Ruth Jackson 
Karen Carraro Dave Fenili Oscar Jackson 
Todd Carter Joe Flunker William Jones 
Vera Carter Victor Gallicchio, Jr. Diane Jones 
Katherine Cheetham Angela Gatesy David King 
Ken Christiansen Frarn;ois Gaullier Craig Kloss 
Charles Christman Rick Gerhart Edward Koehnemann 
Larry Circosta Cedric Ginart Angie Koehnemann 
Bonnie Clark Mr. Glaser Georges Kopp 
Jerry Cloninger Bob Goffredi Chuck Kraft 
James Coash Ruth Gowell Jan Kraft 
Martha Coash Bob Greer Keith Krumnow 
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Fridolin Kummer Ned Morgan Sally Prasch 

Egon Kummer Mike Morris Dolores Reppert 
Sonja Kummer Diann Morris Mary Ann Richards 
Hedwig Kummer Roxanne Morris Bob Russell 
Joe Kumpel Rita Morris Steve Russo 
Barry Lafler Peter Moss Jan Rutland 
Andy LaGrotte Phillip Motyka Ottmar Safferling 
Diana LaGrotte Emile Munschy Magdalena Safferling 
Arturo Laguarta Grasa Thomas Murphy Marisa Sanchez 
Elizabeth Landau Danny Murphy Silga Sanjaya 
Virginia Landau Jay Myers Adam Schad 
Timothy Landers Craig Nagami Brian Schwandt 
Manfred Langer Doug Navalinsky Hervey Scudder 
Elke Langer Clayton Navalinsky Linda Scudder 
John Lawrence Tyler Navalinsky Dave Searle 
Andy Ledden Gene Nelson Brian Searle 
Ron Legge Jessica Nelson Dan Seme 
Sherri Legge Elsa Ng David Seme 
Philip Legge Robert Nichols Werner Siegle 
Russel Lewis Peggy Nichols Alice Siegle 
Don Lillie Timothy Nickerson Sanjaya Silga 
Charlie Litton Douglas Nixon Bob Singer 
Dave Lobley Victor Nunn Peter Skorwicz 
Brian Lynch Mary O'Brien Lisa Skorwitz 
Gordon Lysle, Jr. Tim O'Brien Rick Smith 
George Ma Donald O'Brien, Sr. Daryl Smith 
Dick Mace Anne Marie O'Brien-Murphy Mallory Smith 
Leslie Madara Len Olenchak Preston Smith 
Brian Markowicz Ken Owens Veronica Smith 
Wayne Martin Joe Paciulla Michael Souza 
Victor Mathews Michael Palleschi Mary Souza 
Larry McColl um Michael Palme David Souza 
Frank Meints Robert Paltauf Robert Souza 
Elaine Meints Andrea Paltauf Karen Spike 
Nancy Mendoza Joseph Partlow Fred Spike 
Jim Merritt Mary Partlow Chris Sprague 
Kyle Meyer Gary Pedersen Raymond Steiner 
Fram;ois Mignault Eric Pedersen Phyllis Steiner 
Manfred Misch Anjappareddy Perumal Parker Stowman 
Hedy Misch Robert Platt, II David Surdam 
Steven Moder John Plumbo Walt Surdam 
Jean Moder Rick Ponton Phil Surdam 
Marvin Molodow Bob Ponton Bob Swickard 
Arleen Molodow Lynn Ponton Diana Swickard 
RC Monares Edwin Powell Kevin Teaford 
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Tom Tennesen Jacob Vandenhoff Tom Wilson 
Shawn Testone Shane Vickers Christine Wilt 
Ross Thackery Daniel Vogt William Wilt 
Ronald Tonucci Michael Wannett Daniel Wilt 
John Mike Trembly Kellie Wannett Dennis Winegarner 
Ryan Trembly Dennis Wargo David Wise 
Ron Trent Andy Wargo Bryan Wise 
Mark Trent Chuck Warren Don Woodyard 
Kathy Trent Rober Wasiczko Paul Wu 
Roland Trinquart Jack Watson MoYounus 
Frarn;oise Trinquart Lori Watson Linda Yun 
Isatis Trinquart David Wentzel Ken Zaborowski 
Wayne Truman Thomas Wertalik Harry Zheng 
Michael Vandenhoff Klaus Widmann 
John Vandenhoff Sieglinde Widmann 
Jordan Vandenhoff Lloyd Williams 
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