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THE BLASCHKAS AS SCIENTIFIC GLASSBLOWERS 
Susan M. Rossi-Wilcox 
The Botantical Museum 

Harvard University 
Cambridge, Massachusetts 

(617) 495-2326 

The Ware Collection of Glass Models of Plants, Harvard University's celebrated 
Glass Flowers, represent not only an elegant expression in glass artistry, but also an 
extreme in scientific accuracy. The more than 3,000 models, originally commissioned 
to teach botany, were created by the father and son team Leopold and Rudolph 
Blaschka. Tales of secret and fantastic processes circulated from the time the first 
models were exhibited in 1887, and have continued to this day. It is the intention of 
this paper to discuss some of the lamp working and jewelry making techniques used 
by the Blaschkas. There is no "magic" needed to make glass flowers. The Blaschkas 
employed standard techniques which continue to be used today; however, their 
understandingofbotanical detail and their keen observations of natural history were 
paramount for expressing life-like forms in glass. 

Figure 1: Rudolph (left) and Leopold (right) Blaschka standing in front of 
their home/studio in Hosterwitz, Germany. Circa 1895 

Background 
At the turn of the century, even a general education included bota ny, but finding 

flowering material to study during the New England school year was often problem­
atic . The Director of the Botanical Museum, George L. Goodale, and the Ware family, 
who financed the undertaking - decided glass models were far better than the wax 
and papier-mache ones commercially available, and convinced Leopold Blaschka to 
make a few models of plants. The contract was extended through his son's retirement 
in 1936, 49 years later. By that time, nearly 780 species of plants, in 164 plant 
families, were created, each with a realistic life-size model , magnified cross and 
longitudinal sections of the fruit (ovary), and enlarged anatomical or morphological 
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sections of plant parts characteristic for that species. Together, the models illustrate 
the plant kingdom, including pollination by various insects, carnivorous plants, 
algae, fungi and plant diseases. 

The Blaschka's were well educated and particularly interested in natural history. 
They used standard floras and other botanical references for the size ratios, along 
with fresh material or dried pressed specimens. Some common species grew in 
Hosterwitz, near Dresden, Germany where the Blaschkas lived and worked. Others 
were sent by the Harvard botanists as seed which the Blaschkas cultivated in their 
garden. They also had access to a greenhouse where more exotic & tropical species 
flourished. In addition, Rudolph traveled to the Caribbean and made two trips to the 
USA; he recorded the flora in elaborate drawings complete with the studies of plant 
parts, their relationships, as well as notations on color and surface texture. Inter­
estingly, the drawings did not contain notes on assembly. 

The Blaschkas as Practical Businessmen 
Leopold had a definite philosophy about talent and training as evidenced in this 

1889 correspondence. 

"Many people think that we have some secret apparatus by which 
we can squeeze glass suddenly into these forms, but it is not so. We 
have tact. My son Rudolph has more than I have, because he is my 
son, and tact increases in every generation. The only way to become 
a glass modeler of skill, I have often said to people, is to get a good 
great-grandfather who loved glass; then he is to have a son with like 
tastes; he is to be your grandfather. He in turn will have a son who 
must, as your father, be passionately fond of glass. You, as his son, 
can then try your hand, and it is your own fault if you do not succeed. 
But, if you do not have such ancestors, it is not your fault." 

Combined with this philosophy and "tact" was their astute sense of business. As 
with any production work, their approach had to be practical. The Blaschkas used 
economically feasible materials and methods, often model parts were made from 
clear glass, probably single strength plate glass scored and cut to the approximate 
petal/leaf size, heated and then pulled into shape before adding base, apex and 
marginal details. 

All like-parts were made at the same time (e.g. all the petals of similar species). 
On models where the fusion of delicate parts was precarious, the details were made 
separately and then glued to the body of the piece. For example, the spines on the cacti 
seem to have been pulled from what would become button-like bases and then 
adhered spirally to a cactus stem. 

Techniques: A String of Beads & Coloring 
It seems the Blaschkas's greatest innovation was the use of a wire support 

structure. Since their heritage included lampworkers, glass artisans, and jewelry 
makers, they were comfortable manipulating metal and glass. 

To appreciate the technique, one must first visualize a string of beads where the 
string is made of a central wire and the beads are glass tubes of various lengths. The 
tubes form the stem sections (internodes), while each leaf or branch, fused at the base 
to its own copper or platinum wire, was wrapped around the central wire at the 
juncture between the tubes. In species having tendrils, fibrous roots, or leaves with 
stems (petioles), the structures are made of wire covered either with paint or glass 
and then attached. 
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Figure 2: Exploded view of a fern leak showing the wire 
underpinnings and assembly (Illustrator, Wayne Myers) 

In nature, the area where a leaf or a branch emerges (the node) is swollen; the 
Blaschkas took advantage of this. They disguised the attachments between the stem 
sections (probably filling it with frit) without concern for the nodal bulge, while 
cleverly adding to the model's realism. 

The wire underpinnings seem to occur in all the assembled models, except a few 
early models which appear to be supported by a woody material. The resulting 
combination enables the model to withstand more physical stress than glass alone. 
This may have been especially important during shipment from Germany to the 
States by steamship. 
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Fi.gure 3: Exploded view of phlox, one 
of the flowers found in the bouquet 

(lliustrator, Wayne Myers) 

Techniques for coloring changed consid­
erably as Rudolph experimented with vari­
ous styles and equipment. Finding natural­
looking colors, especially a variety of greens, 
concerned him. He became frustrated with 
the commercially available glasses and be­
gan mixing his own colored batch which was 
blown or crushed for enameling. The earli-
est models were cold-painted on top of an 
adhesive layer brushed over the clear glass. 
This technique eventually was replaced by 
enameling. The later models of plant patho­
gens, affectionately known as the rotten 
fruit series, and the models of plant insect 
interactions, especially reveal Rudolph's 
consummate skill and artistry. 

Conclusion 
We are just beginning to appreciate the 

variety of techniques used by the Blaschkas 

glass tube 

central wire 

to create the Glass Flowers. A number of conservation issues (too broad to delineate 
here) have become apparent over the years. A preliminary project, begun this spring, 
should determine the colorants, the adhesive material, and the glass types. Ulti­
mately we plan to repair the damaged models and redesign the exhibit so visitors are 
given a fuller understanding of the collection, botany and glass as an artistic medium. 

Credits 
I would like to thank Dave Gover, Bill Ryan and Wayne Myers for their initial 

contributions, and particularly, Erich Moraine and Ed Mitchell for their continuing 
involvement and interest. 
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Figure 4: Bouquet given to benefactors by the Blashcka in 1889 

6 



THE TRAINING OF SCIENTIFIC GLASSBLOWERS 
IN THE U.K. IN THE 90'S 

Michael Oliver 
Glass Training Ltd. 
Sheffield, England 

May I first wish you all at the Symposium a very happy and successful time. 
Unfortunately, I am unable to be present to deliver this paper, but, I am sure Mr. 
Mateyka will be able to express the contents equally as well as myself. 

I would also like to take this opportunity to send to the American Society best 
wishes from the members of the British Society with a hope that you will go from 
strength to strength in promoting the art of Scientific Glassblowing. 

In dealing with the changes envisaged in the future training of Scientific Glass­
blowers in the U.K., one must appreciate the impact which the European Common 
Market will have on U.K. manufacturing skills, particularly in the Glass Industry 
and consequently in Scientific Glassblowing skills. We must first acknowledge that 
a Common Market throughout Europe will bring fierce competition for the U.K., as 
well as Continental Markets and the British Glass Industry will have to be ready to 
meet this challenge. 

The Government has already appreciated this of course and their concern has 
established the need for National Vocational Qualifications in almost all industries, 
where no formal qualifications in trades exist. This concern has resulted in the 
formation, in October 1986, of the National Council for Vocational Qualifications, 
whose purposes and aims are to achieve a framework for vocational qualifications 
that relate directly to a person's competence in employment. These qualifications and 
the standards associated with them are essential to the economic performance of the 
country and to individual job satisfaction. 

One of the first jobs of the National Council has been to set up Lead Bodies and 
Working Parties for all aspects of Industry, including various working parties for 
each aspect of the Glass Industry. Here a working party has been formed to discuss 
and agree on the levels of skill in Scientific Glassblowing which will in future enable 
individuals, young and mature, to graduate from unskilled to highly skilled crafts­
men. If they attain the necessary standard of competence they will receive a 
nationally recognised certificate showing the competences in which they have 
qualified. 

It is at this point that I wish to mention the Lead Body for the Glass Industry in 
the U.K., "GLASS TRANING LTD." who have their headquarters in Sheffield. This 
training establishment has worked hard to organise and co-ordinate the various 
working parties in the Glass Industry and it is due to their efficient handling of 
problems and administration difficulties that the schemes have progressed so well. 
Their help and advice, which has been so freely given, has resulted in the Working 
Party for Scientific Glassblowing achieving first class results in determining the 
various levels of skills. 

The Working Party consists of skilled representatives from the following areas: 
Scientific Glassblowing Companies, Research and Development, Education and 
members of both the British Society of Scientific Glassblowers (BSSG) and Glass 
Training Ltd. 

This Working Party meets regularly to formulate and discuss the levels of skills 
required. Four levels have been formulated, ranging from elementary to highly 
skilled; the latter including further skills in the ancillary operations connected with 
Scientific Glassblowing. 
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At Level 1 the trainee glassblower will need to be competent in manufacturing a 
range of elementary glass pieces, for example, blowing round bottoms tubes, making 
connecting pieces in the shape ofT pieces and Y pieces and making simple internal 
seals in the shape of Leibig and Alihns Condenser, etc. 

Graduating through each level, the glassblower undergoing training will at Level 
4 be a highly skilled individual who will have experience in various glass composi­
tions ranging from soda-lime through to silica. The trainee will be able to manufac­
ture both advanced and complex apparatus at the bench or at the lathe. He or she will 
also have experience in manufacturing methods in the ancillary operations of 
grinding, graduating, vacuum technology, advanced metal to glass seals and glass to 
ceramic seals. 

To back up this competence in the work place will be further education in the area 
of Glass Technology associated with glass manufacture. Various further education 
centres throughout the country who offer courses in both practical and theoretical 
Glass Technology will handle this side of the training. An Open Learning Pack 
consisting of audio-visual material and information is made available through 
colleges as an alternative to regular attendance for those who need to study at home. 

Qualified Assessors will undertake the assessment of various skills at each level. 
The Assessor will be a competent member of a company's staff following approval by 
the National Council. Skilled members of the BSSG will be asked to qualify as 
Assessors, as well as supervisors and key personnel in the various companies and 
further education centres. The four levels of skill and competency mentioned above 
have resulted in a Standard Manual of Training on which all competencies will be 
based and assessed. 

It is envisaged that when a Glassblower graduates through Level 4, he will not 
only have a highly skilled knowledge of Scientific Glassblowing and its ancillary 
crafts, but, will also have the necessary skills to organise and plan the layout of a 
Workshop and manage its production. 

Finally, the benefits of such a scheme over the coming years. 

To the Individual Scientific Glassblower 
At long last a chance to train and obtain a national award in Scientific Glassblow­

ing. This can be obtained at each level from elementary through to highly skilled 
status. With the scheme being purely voluntary the individual may wish to obtain 
qualifications at a certain level only without advancing to the top level. This is 
permissible. 

To the Company 
Training with the Company and in further education centres will result in a highly 

skilled work force, which in turn will bring economies in production, increased 
quality and standards and enable the company to be more competitive; an increas­
ingly important factor with the introduction of the Common Market in 1992. 

To the Nation 
This will enable the British Glass Industry - particularly in the production of 

Scientific Glassblowing - to be a highly skilled Industry, with the ability to hold its 
own in Continental markets where competition will be exceedingly tough. 
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EXPERIMENTAL MEfflOD FOR DETERMINING STRAIN TRANSFER 
EFFICIENCY IN EPOXY SEALING 

Henry E. Hagy 
Consultant 

5 Fox Lane West, Painted Post, NY 

Epoxy sealing is sometimes seriously contemplated, even by glassblowers, and 
concerns emerge relevant to induced stresses especially when materials of dissimilar 
expansions are involved. An experimental procedure with a sandwich seal is 
described by which strain transfer efficiency of epoxies can be determined. Data are 
presented for two glasses differing in expansion by 54.5 x 10-7 /C joined by Uniset E-
2510 epoxy. 

1. Introduction 
Conversations with scientific glassblowers have confirmed that not all sealing in 

the systems that they work with can be accomplished by hot glass fusion. Indeed, due 
to temperature limitations or other constraints, the glassblower must find another 
avenue for sealing. Epoxy is a medium that can be considered since it offers a strong 
bond that can be attained at a relatively low temperature. 

The investigation report herein involves two glasses that were considered for 
bonding together with a thermal setting epoxy. Indeed, some product tests were 
conducted that resulted with a high percentage ofbreakage. A test sandwich seal was 
devised to evaluate stresses developed and effective strain transfer of the epoxy on 
the cooling portion of the thermal setting temperature cycle. It provides a simple, 
straightforward test format for evaluating sealing candidates, providing one of them 
is a transparent glass with a known stress-optical constant. 

2. Study Glasses and Epoxy 
The two glasses in this study are Codes 5390 and 7251 manufactured by Corning 

Incorporated. The physical properties of these glasses pertinent to the seal test 
are given: 

Code 7251 
Elastic Modulus 9.2 x 108 psi 

0-300DC mean expansion coefficient 3.8 ppm/DC 

Stress-optical constant 0.262 nm/cm/psi 

Code5390 
9.2 X 106 psi 

9.25 ppm/DC 

The thermal setting epoxy used is UNISET E-2510. The recommended curing is 
15 minutes at 160DC (320DF). 

3. Preparation of Test Seal 
The seal requires three rectangular cross-section flat beams, 0.213 x 1.59 x 4.46 

cm in size, two of Code 5390 glass and one of Code 7251 glass. Glass beams are 
prepared by diamond saw cutting and fine mill grinding. Both 0.213 x 4.46 cm 
surfaces of the Code 7251 beam are polished to facilitate the measurement of optical 
retardation. 

Two strips of masking tape 1" wide are placed at the center on both sides of the 
Code 7251 glass beam with the tape edges running parallel the ends of the beam. 
Epoxy is then doctor-bladed to the four glass surface areas thus provided at the beam 
ends, using the tape thickness to control the epoxy thickness and uniformity. The two 
Code 5390 beams are then attached congruently with modest normal pressure. The 
final assembly is shown in Figure 1. 
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Code 5390 

Code 7251 
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Figure 1: Epoxy Bonded Space Sandwich Seal 
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Figure 2: Low Heat Capacity - High Power Furnace 
For Photoelastic-Temperature Measurements 

4. Furnace and Optical Bench 
An optical bench with a furnace to house the specimen seal provided the necessary 

experimental apparatus. The optical bench has the required components for a Friedel 
polarimeter as specified in ASTM Designation F218, "Analyzing Stress in Glass". 
Filtered white light peaking at 522 nm is used. 

The furnace is shown in Figure 2. It has nichrome windings for electrical power, 
controlled by the operator through judicious adjustments of an auto-transformer. 
With a little practice, very acceptable conformity to a specific thermal schedule can 
be attained. Due to high power, 1500 watts, and a minimum of insulation, provided 
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by a 1/2" layer of silica wool, the furnace is very responsive both on heating and 
cooling. Open viewing ports, 3/8" in diameter, were core drilled at opposite ends of a 
diameter in the alumina furnace tubing before wrapping and cementing the nichrome 
windings. The test seal is supported on a 1/8" x 3/4" alumina beam. A type S 
thermocouple, the junction of which is placed just above the center of the seal, is 
connected to a DORIC TRENDICATOR 400A with direct digital output in degrees C. 

5. Experimental Procedure 
The test seal is carefully centered in the furnace on the alumina support beam. The 

furnace is then powered to follow the epoxy curing cycle. 

Optical retardation is measured at the center of the Code 7251 seal beam 
periodically through the thermal schedule and logged as degrees rotation of the 
Friedel polarimeter analyzer along with specimen temperature and time of 
observations. 

Derived thermal expansion mismatch is calculated from the equation below: 

8' 
T 

>.A [ 1 
180PK El 

+ ] 106 

where: 8'T + Experimentally derieved mismatch, ppm 
A. = Wavelength oflight, 522nm, 
A Friedel polarimeter analyzer rotation, degrees, 
P = Path length (seal width), 1.59cm, 
K = Stress-optical constant of 7251, 0.262nm/cm/psi, 
E1 = E2 = Elastic moduli, 9.2 x 106 psi, and 
t 1 = t0 = Seal member thicknesses, 0.213cm. 

Substituting values: 8'T = 1.14A 

6. Experimental Results 
Figure 3 is a plot of the thermal schedule attained for curing the epoxy and 

experimental determination of effective mismatch. Following the hold at 160°C, the 
power to the furnace was simply shut off and retardation readings were made during 
free cooling. During cooling compressive stress develops in Code 7251 glass and 
tensile stress in Code 5390 glass. 

Resulting expansion mismatch data calculated from equation 1 are plotted on 
Figure 4. Three notable features of these data are: 

( 1) No retardation is present initially upon cooling from the hold at 160°C. This 
shows that the viscosity of the epoxy up to this point is low enough to permit 
full stress release. 

(2) There is a significant slope change at 118°C. This is the transition tempera­
ture, Tg, analogous to the glass transition temperature found in the vicinity 
of the strain point. As with glass, the epoxy becomes more rigid below Tg, 
supporting more stress. 

(3) The slope below Tg is linear, as expected, since the difference in expansion 
between the two glasses is a constant and change in the elastic properties 
with temperature is negligible. 

During the data analysis, the writer found that a meaningful parameter can be 
abstracted, which is defined therein as effective strain transfer. A fully rigid seal will 
yield a mismatch-temperature slope equal to the difference in expansion between the 
two glasses. A lower value slope means that the epoxy is viscously and/or elastically 
absorbing strain. Expressed mathematically: 
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Figure 3: Thermal Schedule for Epoxy Curing 
and Effective Mismatch Determination 

€ = 

2 

d8'T = Slope of experimentally derived mismatch -
where: dT temperature curve, 4.85ppm/°C. 

d8T = Slope for full strain transfer,(cx5390 - cx7251) 

dT = 9.25 - 3.80 = 5.45ppm/°C 
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E = 4•85 = , 0.89 (89%) 
5.45 

Also shown on Figure 4 is the lO0ppm mismatch level, generally imposed as a 
conservative limit for high reliability seals. It is notable that the seal fractured at a 
level above 400ppm before the seal reached room temperature. The fracture origi­
nated in the Code 5390 Glass, as expected (being in tension), at the inside junction 
of the epoxy seal. Obviously, UNISET E-2510 epoxy is too efficient for sealing these 
two glasses. 
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Figure 4: Photoelastically Derived Mismatch Vs. Temperature 
for Code 5390-Code 7251 Epoxy Seal 
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Following curing, the thicknesses of all epoxy layers were measured as 0.003". 

7. Conclusions 
A simple technique for evaluating strain transfer efficiency of epoxy resin cements 

has been described. A transparent glass with known stress-optical constant is 
required for the central seal member. Outer seal members may be other glasses, 
metal, or ceramic. Thermal expansions and elastic moduli must be known for both 
seal materials, but these are generally available from the manufacturers. 

Strain transfer efficiency is important to thermal expansion matched systems, 
since stresses develop under use conditions which impose temperature gradients. 
For such an application, a seal can be made with the glass intended against a glass, 
metal, or ceramic of differing expansion. Expected stresses in the actual application 
due to temperature gradients can be used as limits during testing of the seal by 
limiting the temperature excursion of the seal. 

It strikes the writer that epoxy manufacturers could use this technique for 
evaluating and qualifying compositions. Room temperature cured epoxies can be 
evaluated by heating and/or cooling a seal after curing. 

For the case study presented, the epoxy was too efficient. These changes would 
have moved epoxy sealing towards more favorable conditions: 

(1) Less expansion mismatch between glasses. 

(2) An epoxy with lower Tg. 

(3) An epoxy with lower elastic modulus and/or viscosity (creep). 

( 4) Thicker epoxy layer. 
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CONSTRUCTION OF A QUARTZ REACTOR WITH INTERNAL HEATER 
James Merritt 

University of Southern California 
Department of Chemistry 

Los An,geles, CA 

When constructing this apparatus, I started with the inner section first. That 
being the 18mm tube that the heater wire is wound on. I set the back stop ofmy wet 
saw at an angle that I feel comfortable with and then starting with a length of18mm 
Quartz Tubing longer than the finished piece cut about 1/3 of the way into the tube 
and set my stop. At this time you are ready to begin. With a continuous motion, begin 
turning the tube against the wheel and advancing it at the same time keeping the 
grooves as close as possible without running over the previous one. It may help to 
practice your technique on Pyrex tubing first. Also I use a diamond wheel because you 
don't have to worry about the wheel flexing or the depth of the groove changing due 
to loss of material on the wheel. After I've grooved a section of the proper length it is 
cut off square and a small notch put in the bottom, into the first groove. This is then 
close by fusing on a small section of rod. At the top end fuse on 2 short sections of 5mm 
tubing 180° apart. These will accommodate the beaded Tungsten rods. I now cut the 
Tungsten rods to length and clean them. The beading is done in a lathe running at 
high speed using a hot flame, heat the Tungsten and with one motion as you see the 
oxide leave wipe on a coating of #1 grade glass. If necessary this bead may be built 
up to a larger size by heating and adding more #1 grade glass. A good seal will be 
bright and shiny. The rods are beaded at both ends. The bottom being beaded all the 
way to the end and the top leaving enough to clip on to. The beads are then sealed into 
the 5mm tubes of the cut section taking care to keep them parallel. We are now ready 
to wind the heater wire on. Through some trial and error we finally arrived at .008" 
Tungsten for the heater itself. One end is slipped through the small hole at the 
bottom, then up through the center tube and spot welded to the larger Tungsten rod 
using a small piece of nickle ribbon in between, after which the wire is carefully 
wound around the grooved tube taking care to keep it tight and then spot welded to 
the other electrode. This part is set aside and the 25mm "O" ring is taken up, this I 
seal off and blow a round bottom of the correct length. I then flare the 22 mm tube 
slightly so that it is a close fit inside the "O" ring. The next step for me is simplified 
because I have a Litton 6 Jaw Chuck, I hold the 22 mm tube in the rear Jaws and the 
"O" ring in the front Jaws to make the ring seal. After the ring seal is made, I seal on 
the two parallel 6mm tubes indicated here as 18mm apart for reference. The 
important thing is that they match the distance of the Tungsten rods on the heater, 
they are left longer than needed and the evacuation tube is sealed on. After cooling 
the heater is slipped in and pushed all the way up out of the way. You can now finish 
the bottom to the required length. The heater was then pushed down to rest on the 
bottom. With a little practice you can carefully score and crack off the 6mm tubes at 
the center of the bead allowing you to seal in the Tungsten rods. At this point the 
thermal couple tube is prepared. A hole is blown and it is sealed in, it may take some 
adjustment of the tube to get it to fit all the way to the bottom. The tube is now 
evacuated to a hard vacuum. The outer chamber was made by pre-making the 7mm 
"O" ring tube, here I used small sections of 1mm capillary tubing because the 
researcher wanted accurate knowledge of the size. The 25mm "O" ring was sealed to 
the 64mm tubing keeping it as short as possible and the 7mm "O" rings are added. 
Turning the tube around I closed the end to the proper length and sealed on a section 
of tubing the same diameter as that of the Ball Joint. After cooling it was cut off short 
and fire polished. The Ball Joint was closed and a flat bottom was made on the end. 
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The hole was made by first drilling a small hole in the center then drilling from the 
inside of the Joint. A tapered diamond drill was used until the proper taper was 
achieved and the hole was enlarged to 2mm. At this time the final seal was made by 
mounting in the lathe and using a ring burner. 

In conclusion I would like to thank Jude Frances of the USC Chemistry Depart­
ment, whose project this was and his advisor Dr. S. Benson. 

(See following pages for diagrams) 
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HEALffl HAZARDS IN THE GLASS SHOP 
G. E. Myers and J. S. Gregar 
Argonne National Laboratory 

Argonne, IL 60439 

Since the beginning of the Occupational Safety and Health Administration, 
commonly referred to as OSHA, there have been fewer resources devoted to safety in 
the small workplace than to workers in larger plants and factories. Many glassblow­
ers are among those who must educate themselves about safe work practices through 
special organizations and individual interest. 

As glassblowers gain years of experience, they generally are instructed by a 
supervisor or co-worker to attain skills in glass cleaning and glassblowing tech­
niques. Often it takes a few years until they develop their own very special and 
unique housekeeping practices. Many materials frequently used throughout our 
exclusive industry have recently been found to be hazardous. Many commonly used 
articles and chemicals found in the glass shop may not be safe even though you have 
used them for years. 

As we started putting together a list of different items, it became so complex that 
it was soon apparent that we could not include everything in this talk. We decided to 
concentrate on a few of the more important concerns. 

We will begin with solvents. All organic solvents are toxic to some degree. They 
tend to affect either internal organ systems such as the liver, or the central nervous 
system, or both. 

In the work environment, the most common route of exposure is through 
inhalation of solvent vapors. The American Conference of Governmental Industrial 
Hygientists, or ACGIH, has formulated what it calls Threshold Limit Values, or 
TL Vs, as exposure guidelines. The TLV for a substance is the airborne concentration, 
expressed as parts of vapor per million parts of air or milligrams of vapor per cubic 
meter of air, to which it is believed that most workers can be exposed, eight hours per 
day, five days per week, for a working lifetime, with no ill effects. Inherent in the TLV 
concept is the belief that the body can deal with hazardous materials, up to a point; 
in other words, there is a threshold for damage, both immediate and long-term. 

OSHA has promulgated a list of Permissible Exposure Limits, or PELs. PE Ls are 
similar in concept to TLVs, and in fact the most recent PEL list was taken verbatim 
from the 1988 TLV list. PE Ls often are higher than the corresponding TLV, because 
TLVs are more up-to-date. 

Skin contact is also a common route of workplace exposure to solvents. Some 
solvents can be absorbed through the skin in dangerous amounts, and nearly all 
organic solvents can cause dermatitis, that is, skin damage that can range from 
temporary irritation to long-term painful and even debilitating damage. 

All solvents should be used with care, but there are two organic liquids which 
should NEVER be used as cleaning solvents. The first of these is benzene; note that 
this is b-e-n-z-E-n-e, C6H6, not b-e-n-z-1-n-e, which is another name for petroleum 
ether. 

Benzene is a proven carcinogen which causes leukemia, as well as a plastic anemia. 
The OSHA PEL is one part per million, which is an indication of the severity of the 
hazard. The odor threshold for benzene is well above one ppm, so if you can smell it, 
you are exceeding the TL V. 
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Toluene and xylene and close relatives of benzene, but they are considerably less 
hazardous. However, be aware that commercial grades of these chemicals have been 
found to be contaminated with small amounts of benzene. Reagent grade materials 
are essentially pure. 

The other organic liquid which should never be used as a cleaning solvent is 
carbon tetrachloride. It is a potent liver toxin which also is a suspect carcinogen. It 
has a TLV of five parts per million, which, like benzene, is lower than its odor 
threshold. 

Trichloroethylene is a kidney and liver toxin which causes cancer in animals. 
Although it is less hazardous than carbon tetrachloride, it should not be used as a 
general cleaning solvent unless necessary, and then only with care to avoid inhala­
tion and skin contact. Its TLV is fifty parts per million. 

There are some relatively safe organic solvents. We reiterate that no organic 
solvent is COMPLETELY safe. Acetone is offairly ]ow toxicity, although its odor is 
irritating and it can cause dermatitis from prolonged or repeated skin contact. Ethyl 
alcohol also is of relatively low inhalation hazard. Isopropyl alcohol, which also is 
known as "rubbing alcohol," is more toxic than ethyl alcohol, but still safe to use with 
appropriate care. Methyl ethyl ketone, or MEK, also is safe for use with appropriate 
care even though it is more hazardous than isopropyl alcohol. Kerosene, painters' 
naptha, and petroleum ether all are of relatively low toxicity. Turpentine has a 
surprisingly low TLV, 100 parts per million, but it is oflow hazard because it has a 
low vapor pressure. It is important to emphasize that we have been talking about 
toxicity- all of these solvents are flammable, so they present a real fire hazard. 

If it is necessary to use a chlorinated hydrocarbon solvent, the safest choice is 
1,1,1,-trichloroethane. This chemical also is called methyl chloroform, and it is sold 
under the trade name "Chlorothene®."1 It is easy to confuse this material with 
trichloroethylene, which is much more hazardous, so make sure you have the right 
solvent before you use it. 

In general, you should not rely on your sense of smell for warning that there are 
solvent vapors in the air. Odor thresholds vary widely between chemicals and 
between individuals, and we have seen that odor is not sufficient warning for highly 
toxic materials like benzene and carbon tetrachloride. Ventilation always should be 
provided when working with solvents. 

Dilution ventilation is nothing more than the supplying of fresh air to an area, to 
dilute the solvent vapors to an acceptable concentration. Dilution ventilation is not 
a reliable hazard control, since a vapor concentration gradient al ways exists, and the 
solvent user normally is positioned in the highest concentration. In addition, dilution 
ventilation is inefficient and expensive, since large volumes of heated or cooled air 
must be exhausted to the outdoors. 

The ever-present canopy hood is a poor device for control of sol vent vapors. These 
hoods are designed to remove heated air that is rising, and have very poor capture of 
cooler air and contaminants. Furthermore, captured contaminants would have to 
rise through the breathing zone of the user in order to be exhausted. 

Local exhaust ventilation is the preferred method for control of air contaminants. 
With local exhaust, air contaminants are drawn into the ventilation system at or near 
their point of generation, and before they can be dispersed into the room air. Local 
exhaust is an effective contaminant control, and it exhausts relatively little condi­
tioned air. A chemical laboratory fume hood is ideal for working with solvents. 

Although occasional brief skin contact with solvents probably will not cause harm, 
it should be avoided whenever possible, and minimized when necessary. Rubber 
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gloves are the classic method for preventing skin contact, but it is important to 
understand that glove materials must be chosen for specific solvents. Some solvents 
actually can diffuse through certain glove materials and be trapped against the skin, 
thereby increasing the hazard. This can occur with no visible damage to the glove. All 
reputable glove manufacturers and distributors can provide selection charts for their 
gloves, to help you pick the right glove material for the solvent you wish to use. 

Mercury is a highly hazardous material that is commonly found in glass shops. 
Metallic mercury is hazardous only through inhalation of vapor, which is invisible 
and has no odor. Prolonged or repeated overexposure to mercury vapor can cause 
permanent nerve and brain damage. The TLV for mercury is 0.05 milligrams (50 
micrograms) of vapor per cubic meter of air. 

Freshly-spilled mercury can break up on impact into a myriad of tiny droplets with 
an enormous total surface area, and vapor generation can be significant. After a few 
days, surface contamination and oxidation may reduce vapor generation; however, 
any disturbance of these droplets will produce fresh surfaces and an increase in vapor 
generation. Mercury spill cleanup kits are available from a variety of sources. Spilled 
mercury should be cleaned up immediately. Mercury which has fallen into cracks or 
is otherwise inaccessible can be treated with a sulfiding agent such as HgX®.2 

Glassware that is contaminated with mercury should be carefully cleaned before 
it is heated. One method is torinseitrepeatedlywith nitric acid until all visible traces 
are gone. If a laboratory fume hood is available, it should be used for all work with 
mercury. 

The increasing use of fused quartz in the scientific glass shop brings with it 
increased concern about silica exposure. Inhalation of silica particles can cause 
silicosis, a fibrotic lung disease that drastically decreases the victim's lung function. 
It is permanent and often disabling. 

The respiratory system has numerous built-in defenses, most of which act to 
prevent particles in the inhaled air from reaching deep into the lungs. Large particles 
more than a few micrometers in diameter are trapped in the upper airways and 
removed when one "clears his throat." Particles smaller than a few micrometers are 
not trapped efficiently, and can penetrate deep into the most vulnerable lung tissues. 
Small silica particles thus can be deposited in the most sensitive parts of the lungs, 
and the result of repeated or prolonged exposure can be silicosis. 

At one time it was believed that only crystalline silica was significantly hazardous, 
and that amorphous, or glassy, silica was far less harmful. We now know that 
crystalline silica is indeed more strongly fibrotic, but we have learned that amorphous 
silica is more hazardous than once was believed. Almost by definition, glassblowers 
work with amorphous silica. The TLV for crystalline silica is 0.1 milligrams (100 
micrograms) of silica per cubic meter of air, and the TLV for amorphous silica is twice 
that, or 0.2 milligrams per cubic meter. 

Silica dust can be created by cutting or grinding, but most of the particles thus 
generated are quite large and are intercepted by the respiratory defenses. Cutting 
and grinding should be performed wet to minimize dust generation, and all cleanup 
materials should be disposed of while still wet. 

Silica working temperatures are so high that silica fume, an aerosol of extremely 
tiny particles, is generated. Studies have shown that glassblowers using canopy 
hoods are exposed to silica fume at concentrations normally below TLV, while those 
working without ventilation frequently are exposed to concentrations greater than 
TLV. This is one instance where canopy hoods are effective at reducing hazards. In 
order to be effective, canopy hoods (and, for that matter, ALL ventilation systems) 
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should be engineered and installed by competent, experienced personnel. All venti­
lation systems for the control of airborne health hazards should meet the design 
requirements of the ACGIH Industrial Ventilation Manual. 

Asbestos once was a staple in glass shops, and unfortunately, it is still found in 
some. The aerodynamic behavior of fibers is dependent primarily on their diameter; 
in other words, a very thin fiber is more likely to penetrate the respiratory system's 
defenses than is a thicker fiber of the same length. Asbestos fibers are unique in that 
they split lengthwise into thinner fibers when they are torn or abraded. This is 
believed to be the property that makes asbestos so hazardous. 

Asbestos is a proven carcinogen which causes both lung cancer and a rare, always­
fatal cancer called mesothelioma. Asbestos simply should not be used at all in the 
glass shop. Fibrous glass and fibrous silica are far less hazardous because their fiber 
diameter is relatively large, and because their fibers break crosswise into shorter 
fibers of the same large diameter. 

Ceramic fibers can be manufactured with a very small average diameter, and 
there are many who believe that small-diameter ceramic fibers may have a hazard 
potential similar to asbestos. Indeed, manufacturers of small-diameter ceramic fiber 
materials warn of the tumorigenic properties and suggest an exposure limit that is 
equal to the old OSHA PEL for asbestos. The use of small-diameter ceramic fibers 
should be avoided whenever possible. Ceramic fibers also can be manufactured with 
a large average diameter, and these are not believed to be significantly more 
hazardous than glass fibers. 

Mineral wool, sometimes called rock wool or slag wool, contains some small­
diameter fibers. Some studies have shown an excess oflung cancer in mineral wool 
workers. Mineral wool is, however, less hazardous than asbestos, since only a small 
fraction of the fibers are of small enough diameter to be of concern. 

Organic material like Kevlar® 3 and Nomex® 4 are not known to be hazardous by 
inhalation. These materials are oflarge fiber diameter, and the fibers are soluble in 
body fluids so they do not remain in the lungs for long periods of time. 

Less is known about carbon and graphite fibers, since these are relatively new 
materials. Recent studies have reported that the fiber diameter of these materials is 
sufficiently large that they should be ofless concern than asbestos. There is at present 
no convincing evidence that these fibers are hazardous. 

The glassblower who is confronted with the repair of a piece that is covered with 
molded-on asbestos sheet simply should refuse to do the job. If the piece is too 
valuable to discard, the asbestos should be completely removed by someone who is 
trained and equipped for asbestos removal. If the glassblower is incautious enough 
to perform the removal, he is then faced with a major disposal problem: the removed 
asbestos cannot safely or legally be disposed ofin any easy fashion. 

This has been a necessarily brief overview of some selected health hazards that 
may be found in a scientific glass shop. It is not intended to be complete, either in 
scope or in depth; rather, our intent was to alert you to some of the more common 
potential hazards that you may face in your daily work activities. It simply is not 
possible to tell you everything you need to know in these few minutes. We will 
conclude with some suggestions for sources of further help and information. 

The OSHA Hazard Communication standard requires chemical manufacturers to 
supply Material Safety Data Sheets (MSDSs) with their materials. MSDSs can be 
helpful, but we have found them to be of variable quality: some are good, some are bad, 
and some are worthless! They are getting better, however. Newer sheets are likely 
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to be more informative than older ones, so be sure the ones you have on file are the 
latest. If possible, compare sheets tfom different manufacturers or suppliers, and 
follow the most stringent recommendations. 

If you work for an employer that has an industrial hygiene department, consult 
with your industrial hygienist. Professional industrial hygienists are knowledgeable 
about health hazards and control measures, and they have access to the latest health 
information. Industrial hygienists who meet the educational and experience re­
quirements of the American Boardoflndustrial Hygiene, and who have passed Board 
exams, are called "Certified Industrial Hygienists" and are allowed to use the initials 
CIH after their names. 

The ASGS Safety and Hazards Committee is a valuable resource. Contact the 
Committee if you have health and safety concerns. 

Government agencies are chronically overworked and understaffed, but they can 
be of valuable assistance. Check with your local or county public health department. 
If your state has an occupational health or environmental protection agency, call 
them. Your regional or local Federal OSHA office may be able to help you, at least with 
some information. 

Finally, for those of you who must "do it yourself," there are several books which 
may be available in libraries. 

The most well-known and comprehensive work is Dangerous Properties of 
Industrial Materials by Irving Sax. 

Clinical Toxicology or Commercial Products by Gosselin and co-authors lists many 
of the hazardous ingredients in a large number of commercial products. 

These two references are likely to be of the most practical use to you. 

Patty's Industrial Hygiene and Toxicology, edited by George Clayton, is quite 
technical but can provide a wealth of knowledge for those who are willing to digit out. 

The National Institute for Occupational Safety and Health publishes a massive 
work known as Registry of Toxic Effects of Chemical Substances, which also is highly 
technical. 

We hope that this briefintroduction to common health hazards that can be found 
in many glass shops has given you a useful overview. It is important to realize that 
although many of the materials that we work with are potentially hazardous, they 
can be used safely if appropriate cautions are known, understood, and followed. 

Footnotes: 
1 Chlorothene® is a registered trademark of Dow Chemical Company. 

2 HgX® is a registered trademark of Acton Associates. 

3 Kevlar® is a registered trademark of E. I. du Pont Nemours & Co. 

4 Nomex®is a registered trademark ofE. I. du Pont Nemours & Co. 

Thanks to Argonne National Laboratory's Environment, Safety and Health Division 
for their assistance in gathering information for this paper. 
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DEWARS I HAVE KNOWN 
Robert J. Ponton 

University of Wisconsin-Milwaukee 

This presentation is intended to show practical application and construction 
technique concerning specialty dewars. Building flexibility into specialty dewars 
allows researchers to use the same dewar~ cells for IR, UV and, in some cases, electro­
chemical applications. It is my intent to show a pair of dewar - cells used by multiple 
groups for various applications (see fig. 1). Also covered will be a simplified method 
for constructing NMR transfer dewars. 

For many of us, our first encounter with dewars was when we were in grammar 
school. Mom would put our soup in a "thermos" bottle and send us off to school. When 
we dropped that lunch box, there'd be a soft pop and soup leaked on the sandwich and 
cookies. Unfortunately, today's grammar school students carry plastic. As a conse­
quence, our young people are denied this unique experience. 

Dewars have been used in research laboratories for over one hundred years. Sir 
James Dewar, British chemist and physicist invented the dewar flask in 1872. His 
research into the liquefaction of the gases hydrogen and helium led to the develop­
ment of this vessel. Figures 2 and 3 show examples of Dewar's early work. The main 
concept of the dewar flask has changed very little, it remains a jacketed flask 
evacuated and silvered. Modifications to Dewar's original design include the four 
walled liquid helium dewar and the addition of optical windows. 

Construction of the thin film, low temperature Raman dewar: 
This cell was built in two pieces using a number 50 "0" ring joint to join the halfs 

(see fig. 4). The over-all length of this cell is 12 inches. The dewared section is 7" in 
length and fabricated from 35mm and 45mm standard wall tubing. The bottom two 
legs of the inside piece are the "business" end of the cell (see fig. 5). 10mm standard 
wall tubing was flattened with a carbon paddle and then ground flat and smooth with 
600 grit carborundum powder using a wet wheel. The liquid protein sample is held 
against this flat surface by means of an aluminum holder with two quartz plates 
pressed together. Between the two quartz plates is a 112mm thick teflon washer (see 
fig. 6). 

The external windows were mounted with number 20 "0" ring joints. This was 
done so the windows could be changed to meet the needs of differing experiments. As 
shown the cell is utilizing commercial quartz in the windows and the plates holding 
the sample protein. By changing the windows and plates to suprasil quartz, 
borosilicate or KBR salt, this cell can be used for near and far UV in infrared work. 

The multiple tungsten feed through portion on the top was installed to allow for 
electro-chemical applications not yet utilized. The stopcocks mounted on th~ top are 
used for evacuation and in some experiments for inert gas flow. 

Construction of the high-low temperature IR dewar• cell: 
This second dewar - cell has the basic same design as the low temperature Raman 

dewar (see fig. 7). It, too, was built in two pieces, this time using a 45/50 standard 
taper joint as the connection. This cell is used exclusively for IR work. The sample 
pellet is held in the rod frame just below the dewar section. 

This cell can be used to elevate the temperature of the sample or lower it to 
chrogenic levels. To use at low temperature simply fill the reservoir with liquid 
nitrogen or dry ice - acetone. There was also a need to run the sample at a slightly 
elevated temperature. Dewars tend to be viewed primarily as chrogenic vessels. They 
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are equally useful in maintaining above ambient temperature. This was accom­
plished by feeding a heating coil made ofnichrome wire through the reservoir(see fig. 
8). The next step is to fill the reservoir with silicone oil and apply current to the 
heating coil. 

The windows on this cell are also mounted with "O" ring joints. Because this cell 
is used exclusively for IR work, the window material is never changed. They do, 
however, need to be removed and re polished periodically. A second reason for the use 
of "O" ring joints to secure the windows is that we needed to install a thermo-couple 
wire near the sample pellet (see fig. 9). By stripping an inch of the insulation from the 
wire, it can be easily inserted through the center of the "O" ring. Pilot holes are made 
with a standard sewing needle. Lightly grease the thermo-couple wire and slide the 
wires through the pilot holes (see fig. 10). When the joints are clamped together 
vacuum integrity is maintained. This cell is used routinely in the 5x10·6 torr range. 

NMR Transfer Dewars: 
NMR transfer dewars are a common site in most research laboratories. The liquid 

nitrogen transfer dewars that came as original equipment with the last two NMRs 
our univeristy brought had 90° bends in each dewar. After inspection it became 
apparent that the dewar was constructed in two pieces and joined at the 90° angle. 
I reproduced the transfer dewar using this method, but found it too time consuming. 
This method also leaves the possibility of a leak at this joint. 

I find it much easier and faster to make the dewar straight in the lathe and bend 
both the inner and outer at the same time (see fig. 11). To help in the construction, 
fuse three support posts equally spaced around the inner tube. These should be added 
on both sides of what will become the bend. These support posts serve two purposes. 
The first, to help support the inner and outer tube while sufficient heat radiates to 
the inner tube allowing it to bend smoothly. It also serves to hold the inner tube 
centered while you make the dewar seals on each end. Make sure these are far enough 
from the bend to be out of the heat zone when bending. You do not want the support 
posts to stick or fuse to the outer tube. This could cause stress problems later on and 
would also serve as a hot spot for the liquid nitrogen. 

Using this method both speeds up the construction process and eliminates one 
area of potential leak. 

I'd like to thank Diane Gerlach of Kenosha, Wisconsin for her slides of Sir James 
Dewar's early work. 

This paper has not been presented else­
where, nor has it been presented for publi­
cation elsewhere. 
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A FUSED QUARTZ DIAPHRAGM GAUGE 
FOR THE PRESSURE-CONTROLLED CRYSTAL GROWTH 

OF INDIUM PHOSPIIlDE* 
D.L. Hovey, G.B. Finkenbeiner,t G.W. lseler, and H.R. Clark 

Lincoln Laboratory, Massachusetts Institute of Technology 
Lexington, Massachusetts 02173-9108 

Introduction 
Indium phosphide, a semiconductor used in electronic and optoelectronic devices, 

is synthesized in sealed fused quartz ampoules by solidifying the ln-P melt formed 
by the reaction between molten In heated to temperatures above 1000°C and P vapor 
produced by heating solid red P to temperatures in the range from 450 to 500°C. The 
P pressure, which determines the composition of the In-P melt, cannot be adjusted 
reproducibly by setting the temperature of the solid P, because the vapor pressure vs 
temperature curve for red P can vary significantly from batch to batch and even from 
time to time during the same synthesis run. In several runs that we have made using 
the conventional technique of heating the synthesis ampoule in air, the ampoule has 
exploded violently even though the P pressure expected from the published pressure­
temperature curve was well below the estimated yield strength offusedquartz, which 
is estimated to be about 15 atm at the temperatures used in synthesis. 

We have recently developed a horizontal gradient-freeze method that permits 
synthesis and crystal growth oflnP to be performed without explosions at accurately 
controlled P pressures up to 35 atm. The synthesis ampoule is placed in a steel 
pressure vessel that can either be evacuated or pressurized with Ar gas, and the P 
pressure inside the ampoule is automatically matched to the Ar pressure. Pressure 
balancing is made possible by the use of an ampoule (Fig. 1) that incorporates a 
flexible diaphragm whose position is determined by the difference between the 
pressures inside and outside the ampoule. A voltage that depends on the flexure of 
the diaphragm is generated by means of linear differential transformers that are 
mounted at the ends of two long quartz arms attached to the diaphragm. The 
diaphragm voltage is used as the input signal to a controller that adjusts the power 
to the P reservoir heater, thereby fixing the P pressure. 

At the beginning of a synthesis run, the evacuated and sealed ampoule is placed 
in the pressure vessel (Fig. 2). The vessel is then evacuated, and the controller is 
adjusted to maintain the diaphragm voltage at the value obtained at this time, when 
there is no pressure difference between the inside and outside of the ampoule. The 
pressure vessel is then filled with Ar to any desired pressure, and the controller 
automatically adjusts the temperature of the solid P reservoir to establish the same 
P pressure inside the ampoule. In recent runs, P pressures ranging from 200 to 540 
psig have been controlled to ±0.5 psig for periods up to 3 days. 

In this paper we describe the design and fabrication of the fused quartz diaphragm 
gauge. Satisfactory operation of this gauge is essential to the success of the pressure­
balancing technique. 

Gauge Design 
The diaphragm gauge is in the same family as the spoon gauge, 1.2 and is related 

to gauges of the Bourdon or bellows type.3•4 However, the high pressures involved in 
InP growth require a much heavier wall thickness than ii; typical for such gauges. 

* This work was sponsored by the Department of the Air Force. 
t G.B. Finkenbeiner, Inc., Waltham, MA. 
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Figure 3 is a cut-away view showing the basic design adopted. The nominal wall 
thickness is 1 mm, which allows enough flexure for sensitive pressure control while 
providing adequate strength to permit evacuating the growth ampoule in air and to 
withstand even higher differential pressures if necessary. The total length of the two 
arms attached to the diaphragm (see Fig. 1) is 32 in. Such long arms are used in order 
to locate the differential transformers in a cool enough region for long-term operation 
and also to amplify the motion of the diaphragm for increased gauge sensitivity. The 
ends of the arms are slotted to receive the movable transformer rods. With the 
transformers currently used, voltages in the range of 2.5 to 10 V are generated by a 
difference of 1 atm between the P pressure inside the ampoule and the Ar pressure 
outside it, corresponding to a linear displacement of 0.5 to 2 mm/atm between the 
ends of the arms. 

Fabrication 
The fabrication process begins with the selection of tubing with wall thickness as 

uniform as possible. We start with a 28-mm o.d. tube, the middle of which is blown 
out to 38-mm o.d. in order to obtain the desired amount of wall thinning (Fig. 4). The 
target wall thickness for the face and shoulder of the gauge is 1 mm. After the 
shoulder is blown to 38-mm o.d., one side is collapsed and tabulated with 12-mm o.d. 
x 8-mm i.d. tubing (Fig. 5). The wall thickness for the transition to the tubulation is 
approximately 1.5 mm. (This tubulation is later sealed to the Pend of the synthesis 
ampoule.) The opposite side of the gauge is shaped by drawing, thinning, and 
collapsing to form a flat face. A wide, forceful flame, perpendicular to the face, is then 
used to push the thinned quartz into the desired concave shape with a 20- to 25-mm 
radius (Fig. 6). 

Next, the piece is held vertically in a ring stand or bench clamp and tubulated with 
8-mm o.d. tubing in two places at opposite edges of the diaphragm face. Each 
tubulation is buttoned off at a length of about 3/4 in (Fig. 7), a 6-in length of 8-mm 
tubing is added to each one (Fig. 8), and the assembly is annealed. To avoid 
unnecessary handling of a long and fragile piece of quartz, the additional 8-mm tubes 
needed to extend the arms to a total length of 32 in are not added until afte the 
synthesis ampoule is loaded, evacuated, and sealed. Before the extension tubes are 
added, the far end of each one is slotted to accept the movable transformer rod. In 
sealing these tubes to the gauge assembly, the slots are oriented horizontally (Fig. 9), 
so that the motion of the rods will produce a transformer voltage that is accurately 
proportional to the displacement of the arms. The advantage to having two arrns on 
the gauge is that in the event the entire systhesis tube were to move (a possibility with 
this apparatus), the motion effect on the transformer of one arm would be compen­
sated for by the opposite motion effect on the transformer of the other arm. 

In addition to the heaters for the In boat and P reservoir, a separate heater is 
required for the diaphragm gauge in order to prevent the condensation of P vapor, 
which would render the gauge inoperable. This heater is contained within an open­
ended quartz tube 36 in long that slides over the end of the synthesis ampoule and 
is held in place by means of two double wrappings of0.015-in-thick x 1-in-widequartz 
cloth tape (Fig. 10). The tape provides a very firm fit and holds up well at 700°C. The 
tube also shields the diaphragm gauge arms from contact with heater wires, 
thermocouples and any other obstructions, so that the arm movement is not 
hindered. Because the quartz tape provides such a firm fit, the outer tube also serves 
as a handle for loading the synthesis ampoule into the pressure vessel. Attaching the 
tube to the ampoule by means of a ring seal, rather than the tape, would significantly 
complicate the fabrication procedure. 
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Conclusion 

A fused quartz diaphragm gauge has been developed for the purpose of controlling 
the P vapor pressure during the synthesis and crystal growth oflnP by the horizontal 
gradient-freeze method. The synthesis ampoule containing the diaphragm is heated 
inside a pressure vessel that is filled with Ar gas. Flexure of the diaphragm generates 
a voltage that depends on the difference between the P pressure inside the ampoule 
and the Ar pressure outside. By using this voltage as the input to a controller that 
adjusts the temperature of the P reservior, the P pressure is automatically matched 
to the Ar pressure. The diaphragm is strong enough to withstand the pressure 
differentials encountered in the synthesis process but flexible enough to allow 
accurate pressure control. We have found that the precise shape and wall thickness 
of the diaphragm are not critical for successful operation of the gauge. As well as 
permitting the P pressure to be set at any desired value simply by adjusting the Ar 
pressure, the pressure balancing technique greatly increases the maximum P 
pressure that can be employed during synthesis. Pressures up to 35 atm have been 
controlled to ±0.1 percent over extended periods. 
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Figure 1: InP synthesis ampoule. 
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Figure 2: Schematic cross-sectional diagram of InP synthesis system. 

Figure 3: Cut-away photograph of 
fused quartz diaphragm. gauge. 

Figure 5: Transition to 
12-mm o.d. quartz. 
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Figure 4: Blowing out to thin 
the wall. 

Figure 6: Forming concave face. 



Figure 7: Tubulating and 
closing arms. 

Figure 8: Adding extensions 
to arms. 

Figure 9: End view of gauge arms 
and transformers. 

Figure 10: Assembly of outer shield 
tube and synthesis ampoule. 
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A GUIDE TO SAFE HANDLING AND DESIGN 
OF LABORATORY GLASSWARE 

J.S. Korfhage 
Ethyl Corporation 

Ethyl Technical Center 
8000 G.S.R.I. Avenue • P.O. Box 14799 

Baton Rouge, Louisiana 70820 

Safety records at Ethyl's research and development facilities show that injuries 
have frequently happened from the improper handling of laboratory glassware. 
These data also show that new and less experienced employees are at greater risk of 
having an accident. 

I prepared a set of guidelines aimed particularly at inexperienced Ethyl employ­
ees, in the hope of greatly reducing injuries caused by glassware. My objective in 
publishing this guide is that others might find it helpful in teaching the safe use of 
scientific glassware in their own organizations. 

Why is a glass used to make laboratory apparatus? Glass is transparent, you can 
see what is taking place inside the apparatus. Glass does not react with most 
laboratory chemicals. The exceptions are hydrofluoric acid and strong bases. Glass 
can be fabricated into almost any shape by a glassblower. It is extremely strong under 
compression, making glass well suited for vacuum applications. The exception to this 
is flat glass or flat areas in apparatus. Glass has a low tensile strength making it 
unsuitable, for the most part, for pressure applications. 

The contents of the guidelines are: 

1. Always provide hand protection, either leather gloves or 
heavy cloth, when applying any force to glassware. 

2. Connecting rubber or plastic tubing to glass connectors. 

a. Avoid using curved-type connector. These will snap 
off easily if too much pressure is applied. 

b. Use a side-sealed connector for a 90° application. 
This style is less likely to break. 

c. Straight sealed adapters are best. 

d. Use leather gloves when pushing tubing on to con­
nector. 

e. Warmplastictubingwithaheatgun to soften before 
pushing it on to the glass connector. 

f. Wet the glass connector with water before pushing 
the tubing on. 

g. Secure with a hose clamp or wire. 

h. Cut rubber and plastic hoses off-don't pull them off. 

3. Glassware under vacuum 

a. Never apply vacuum to a creased (Morton) flask or 
any apparatus with flat areas. 

b. Wrap Dewars with glass cloth tape. 

c. Consider using a fiberglass caddie to cover large 
storage type Dewars. 

d. Metal and plastic Dewars are also available. 
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e. Use a heavy-wall suction flask for filtering. Never use an Erlenmeyer 
for this purpose. 

f. All Desiccator flasks must be taped. 

4. Grease stopcocks and ground glass joints. 

a. Use a minimum amount of grease. 

b. Too much grease may cause the bore of a stopcock to become plugged, 
or cause contamination of product. 

c. Too much grease on a stopcock or gound glass joint may cause a vacuum 
leak due to channeling. 

d. Teflon®TFE sleeves for glass joints are available in the stockroom. They 
are superior to grease in applications where solvents may dissolve 
normal grease applications. 1 

5. Removal of frozen (i.e., stuck) joints and stopcocks. 

a. Apply heat with a heat gun, then tap joint with a small block of wood. 
Never use anything but wood to tap the glass. 

b. Use tweezers as a wedge. Come to the glass shop for a demonstration of 
this technique. 

c. Bring the apparatus to the glass shop for the glassblower to separate it, 
if you have any problems separating the glassware. 

d. Teflon® TFE stopcocks that are stuck should be packed in ice for ten 
minutes. This will cause the teflon to contract, then the stopcock plug 
can easily be removed. 

6. Heating of glass vessels. 

a. Flat bottom beakers should only be used for gentle heating. The bottom 
will expand much faster than the sides when heated and cause stress 
to form in the corners. The larger the beaker is, the more stress will be 
created. 

b. Erlenmeyer flasks are good for moderate heating, such as boiling water. 

c. Round bottom flasks are the best for strong heating. Their round shape 
distributes the heat evenly over the surface causing the least amount of 
stress. 

d. Never heat a heavy-wall filter flask. 

e. Standard(borosilicate) laboratory glassware with brand names -Pyrex®, 
Kimax®, Duran®, can be heated to 513°C; this is the strain point. A 
practical maximum service temperature will always be below this 
point.2 

f. Quartz glass can be heated to 1000°C for continuous use, 1200°C for a 
short period. 

7. Drilling rubber stoppers and inserting a glass tube. 

a. Carefully select a stopper borer that just fits over the glass tube that you 
want to insert through the stopper. 

b. Use a soap solution to lubricate the borer stopper. 

c. Bore the hole in the stopper and leave the borer in the stopper. Remove 
the rubber from inside the borer. 
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d. Insert the glass inside the borer. Remove the borer from the stopper. 
The glass tube will be inside the rubber stopper without having applied 
any pressure to the glass. 

e. See the glassblower if you need any assistance or a demonstration of 
this technique. 

8. Rotary evaporator maintenance 

a. Clean and regrease seals frequently. 

b. Only the glassblower should remove the center tube for cleaning and 
regreasing. 

c. Keep the condenser covered with polyethylene mesh. 

9. Sample jars, storage jars, and vials. 

a. These types of containers are made from soda lime glass. They cannot 
be heated. 

b. Jars and vials are not meant to hold pressure or vacuum. 

c. If jar lids become stuck, a rubber disk or rubber tubing and leather 
gloves will help with removal. 

d. Never exert more than moderate pressure when removing or tightening 
a jar or vial lid. 

10. Glassware under pressure. 

a. Glass has low tensile strength. Pressure puts glass under tensile stress. 

b. Due to undectable flaws that may be present in the glassware, it is not 
advisable to use glass in a pressure situation. 

c. If you want to use glass under pressure the glassblower must be 
consulted and a safety audit will be performed. 

d. Never pressurize a glass vessel to transfer a liquid. 

11. Care and disposal 

a. When storing glassware in drawers, line the drawers with rubber 
matting and place paper between the different items to keep them from 
abrading each other. 

b. Store round bottom flasks on cork rings. 

c. Use rubber matting in sinks when washing glassware. Don't fill a sink 
full of glassware; wash one piece at a time. 

d. Never pick up a flask by a side neck. Always hold the center neck with 
one hand and support the flask from the bottom with the other. 

e. Inspect glassware before you use it. When in doubt, consult the glass­
blower. Look for chips, cracks, and scratches. Bring to the glass shop if 
it needs repair. Never use chipped, cracked, or broken glassware. 

f. Use new glassware if the job requirements are anything above normal. 

g. Avoid the urge to catch falling glass. You could be seriously injured if the 
item breaks in your hand. 

h. Periodic annealing in the glass shop will relieve stress in the glass, but 
it will not eliminate flaws. 

i. Consult the glassblower to determine whether the glassware should be 
discarded or repaired. 
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j. Dispose of glassware in the proper container. Every lab should have a 
"glass only" waste container. Don't drop or throw the glassware into the 
waste container. This may cause glass pieces to fly out. Don't pick up 
broken pieces by hand. Use tweezers or sweep them up. Pick up small 
shards with a damp cloth or damp paper towel. 

k. When carrying glassware, always have one hand free. Don't overload 
yourself. If you need to move a lot of glassware, place the glassware in 
a box, bag or bucket. 

12. Clamping glass apparatus 

a. Wrap the glassware with glass tape at the point where it is clamped. 

b. Adjust the clamps tight enough to hold the apparatus securely, but not 
so tight that you stress the glass. 

13. Protective equipment 

a. Always use leather gloves if you apply physical force to glassware. 

b. Under vacuum or pressure, tapes, protective mesh, shields, hood sash, 
face shield, and goggles should be used in the proper manner. 

14. Keep glassware clean 

a. Dirty glassware could hide serious flaws. 

b. Glassware sent to the glass washing room must be free from hazardous 
chemicals. 

c. All glassware sent to the glassblower must be free of all chemicals. 

d. If you have any special cleaning problems, consult the glassblower. 

15. Glassware containing mercury 

a. Broken thermometers should be brought to the glassblower in a suit­
able container. The glassblower will remove the mercury and discard 
the thermometer. 

b. Any glassware containing mercury should always have a catch pan 
beneath it to contain the mercury in the event of a spill. 

c. If a mercury spill occurs, consult MSD sheet. 

d. Glassware which has contained mercury must be thoroughly cleaned 
with nitric acid before it can be repaired or returned to stock. 

These guidelines are intended to help reduce glassware related injuries. They may 
not be all inclusive. Prudent safety practices and good judgement should always be 
followed. 

A Guide to Glassware Safety & Design 
1. Please fill out a Glass Shop Request Form. Fill in the appropriate informa­

tion; Work Requested by, Room Number, Phone Number, Date, When 
Required, and Project Name. In the space for "when required" please be 
honest. AS.AP. is meant for emergency. If you need the apparatus for the 
next day put the next day's date. The "Project Name"isjusta general name 
for what you are working on. 

2. Draw a sketch. It isn't necessary to be an artist, it doesn't have to be pretty, 
just the general shape will do. Draw as large as you can, this will make it 
easier to add dimensions and detail to the sketch. Use a top view for flasks. 
If you have any questions ask. 

3. Provide necessary information. 
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When preparing to make glassware there is certain information about the 
apparatus the glassblower needs to know before starting work. 

a. List the dimensions that are critical, length, width, bore, capacity, etc. 

b. List the type of joint - tapered, ball socket, etc. 
List the size of joint - 24/40, 14/20, 35/25, etc. 

c. List the kind of stopcocks - teflon, all glass, high vacuum. 
List the size bore for stopcocks - 2mm, 9mm, 6mm, etc. 

d. Will the apparatus be used under vacuum or pressure? 

e. Give the purpose of the apparatus - solvent still, fractionating column, 
air sensitive compounds. 

f. Discuss the plans with the glassblower. 

4. Example of the form filled out. See page 38. 

5. Keep in mind the safety items that were discussed earlier; No flat areas on 
vacuum apparatus, straight or butt seals, hose connections, proper stop­
cocks and joints that suit the application, easily accessible stopcocks and 
valves. 

6. Review the job with the glassblower. This is the best way to insure the 
glassware will be made to fulfill your needs. 

Footnotes: 
1. Teflon REG TM E.I. du Pont de Nemours & Co. 

2. Coming Glass Works, The Lab Book, 1983 
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WORK REQUESTED BY ROOM NO. PHONE NO. DATED WHEN REQUIRED PROJECT NAME 

A-1 CHEMIST 404-A EXT.5998 1-25-90 2-2-90 xvz 

Make sketch in sufficient detail so that the job can be completed without instructions. 
If space is insufficient, use reverse side or attach another sheet. All glassware for repair 
must be clean. 
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Introduction 

LEAK DETECTION WITH A TESLA COIL 
by Gary S. Coyne 

California State University 
Los Angeles, CA 90032 

Using a Tesla coil to leak-detect glass vacuum systems has been a standard 
reliable technique used by both glassblowers and lab technicians for many years. 
However, there is a standard problem of using the Tesla coil near or around metal 
parts. This paper will discuss the problems with past techniques used to by-pass the 
"metal barrier" as well as explain why the Tesla coil works. The mechanism of how 
the Tesla coil works turns out to be fundamental in explaining why metal is a problem 
in Tesla coil leak detection in the first place. I will also offer a technique for Tesla coil 
leak detection which does not require a vacuum. 

Background 
The standard practice is to hold the tip of a hand-held Tesla coil a few centimeters 

away from the glass and pass it over likely regions where a leak is suspected. 

A leak is detected when the spark from the Tesla coil enters the glass wall at the 
point of the leak (see Fig. 1).1 The leak is easier to see by turning down, or off, the lights 
(see Fig. 2). Once located, the leak is easy to repair by removing the glass in the 
specific spot that is leaking, add glass if necessary, work till smooth, and flame 
anneal. 

Figure 1: Spark Testing in Light Figure 2: Spark Testing in Dark 

As we all know, this technique works well except in locations near, or around, 
metal parts. If the Tesla coil is passed near metal parts such as glass to meal seals 
or supporting clamps, the spark from the Tesla coil will go directly to the metal. This 
will happen even in the vicinity of a known leak. 

One technique, often suggested when encountering this problem, is to spray a 
probe gas around the apparatus in question while running a Tesla coil against its 
side. The presence of a leak can be identified by the change of discharge color within 
the glass apparatus when the probe gas invades the discharge . This technique is one 
of the variations on the standard outside-in technique that is often used with ther­
mocouple gauges, pirani gauges, and helium leak detectors. The criterion for 
selection of the probe gas is made from a variety ofreasons including its cost, safety, 
and its uniqueness to the system. 

However, the user is directed to choose a probe gas from a table of discharge gases. 
Table I is one example of gas discharge colors. The colors listed are those observed for 
the various gas discharge tubes. 2• 3• 4• 5• 6· 
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However, the colors initiated from discharge tubes are not a good reference for leak 
detection. This is because of a variety of reasons, among which are: 

1) the applied voltage and pressure can vary greatly. 

2) the Tesla coil discharge, in leak testing, is a through-glass discharge 
whereas a discharge tube is a metal-electrode discharge. 

3) the positive and negative glow depends upon the pressure and/or the 
distance between metal electrodes, and regardless, the distance between 
electrodes in a discharge tube is fixed as opposed to the distances within an 
apparatus being tested which can vary from as little as several centimeters 
to many meters during leak detection, and 

4) the colors indicated in the tables are for pure gases. In a working vacuum 
system there will always be some air and moisture mixed with the probe gas. 
There will also be a trace amount ofhydrocarbon vapors (from the mechani­
cal pump) and/or other gases and vapors that may incidentally be in the 
system. 

Table I 

Appearance of Dlscharee• In a Gas 

Dlscharfe Tube at Low Pressures (7) 

Gu Ne,:atlve Glow Positive Column 

Air Blue (Reddish) 

Nltro.,en Blue Yellow (red •old\ 

Oxv"en Yellowish whiie Lemon 

Hvdro.,cn Bluish oink (bri2h1 blue) Pink (rose\ 

Helium Pale-n Viole1-red 

Ar2on Bluish n-n red (violet) 

Neon Red-oranee Red-oran,e (Blood red) 

Krvnton Green 

Xenon Bluish white -
Carbon monoxide Greenish while (White) 

Carbon dioxide Blue (While) 

Methane Reddish violet -
Ammonia Yellow-~en -
Chlorine Greenish Light1rrtt.n 

Bromine Yellowish men Reddish 

Iodine Oranl!c-ve]low Pe3ch blossom 

Sodium Yellowish men (whitish) Yellow 

Potassium Green Green 

Mercurv Green (e:oldish white) Greenish blue (e:rccnish} 

- indicates no distinctive color 

To understand why a 
discharge is created in a 
vacuum system or a dis­
charge tube, we must first 
understand what the Tesla 
coil does. The Tesla coil 
generates voltages as high 
as 50 kV at the spark elec­
trode. This creates a plasma 
of ions, metastable atoms 
and higher-excited-state, 
rare gas atoms within its 
proximity.7 If a Tesla coil is 
brought close to a glass sys­
tem where the pressure is 
between 20 and 10·3 Torr,8 a 
glowing discharge will be 
created within the evacu­
ated chamber.9 If the pres­
sure is greater than ' 20 
Torr, the discharge will be 
quenched. In other words, 
the molecules will collide 
with each other and lose 
their excited-state energy 
by non-radiative pathways 
such as bumping into each 
other. If the pressure is less 

() Indicates a different observers' opinion of the color than ' 10-a Torr, there will 

not be enough molecules present within the system to sustain the discharge. The 
color and character of this discharge depends on the gas, or gases, present in the 
system as well as the pressure. 10, 11 

The specific colors seen in a discharge are caused when the electricity from the 
Tesla coil raises the energy level of the electrons in the gas. Since this higher excited 
activity level cannot be sustained, the electrons fall back to lower energy levels. 
During this energy-level fall, they give off energy in the form of radiant light. Each 
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atom has a different atomic structure and therefore emits different visible and 
invisible light characteristics during this energy fall. 

Among the properties of a discharge is the ability to conduct electricity. Thus, the 
spark from the Tesla coil enters the leak as the shortest, easiest route to obtain 
ground. This can be demonstrated by a simple experiment. If a Tesla coil is held up 
to a pinhole in a non-evacuated glass tube, no spark will be generated toward the 
glass or the pinhole (see Fig. 3). 

However, if a short wire is inserted 
into the glass, with one end near the 
pinhole, the Tesla coil will generate a 
weak spark to, and through, the pinhole. 
If a longer wire ( which is a better ground) 
is substituted ( = 1 meter), a spark to the 
pinhole will be initiated. This spark is 
identical to the type of spark seen going to 
a pinhole in an evacuated system. Fi­
nally, as a test, if an insulated wire is 
inserted into the piece in question, no 
spark will be initiated from the Tesla coil 
to the pinhole. This is regardless of the 
length of the wire (see Fig. 4). 

The source of the ground within the 
system can be the discharge within the 
vacuum line and/or the mechanical pump. 
If the size of the discharge is sufficient, it 
can itself supply an adequate ground. 
However, if the size of the discharge is 
insufficient to supply an adequate ground 
(such as the test case with a short wire), 
the discharge can still provide electrical 
conduction to the mechanical pump which 
can easily supply the ground. 

Figure 3: Non-Vacuum Spark 
Testing 

Figure 4: Insulated Non-Vacuum 
Testing 

This demonstrates why it is difficult to use a Tesla coil near metal parts. Metal is 
a much better conductor than the discharge within the system, and the spark is 
simply taking the path ofleast resistance. Figure 5 shows the discharge going from 
point of excitation directly to the pump. 

There are also times when a number of very small holes will have the cumulative 
effect of a large leak. Thus you are unable to achieve a vacuum better than 10·3 Torr, 
but the Tesla coil is unable to pinpoint the 
specific spot of the leak. This is sometimes 
called a "colander effect". Sometimes, if 
the Tesla coil is allowed to sit on such an 
area, a spark may be able to 'punch' 
through a weak wall and thereby indicate 
its presence. However, it is possible to 
enclose the area suspected to be leaking 
in a plastic bag filled with a probe gas. 
Any observed change in the discharge 
indicates the existence of a leak. 

However, there is still the problem of 
how to use probe gases successfully with 
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a Tesla coil. Since the success of the probe-gas method depends on being able to detect 
a color change in the discharge, it is important to know what colors and/or variations 
in intensity to expect. I had already ascertained that the colors from either the 
negative or positive glow of a gas discharge tube cited in the tables 12, 13• 14• 15 could not 
be used for comparison of an ordinary vacuum apparatus. The study presented here 
was carried out to determine (experimentally) the appearance of the discharge 
formed by various probe gases under actual leak-testing conditions. 

Figure 6: Testing Manifold 

Experimental 
An apparatus was constructed to simu­

late a vacuum system with two leaks. It is 
shown in Fig. 6 and Illustration 1. 

The leaks were made by fusing a piece of 

Illustration 1 

ceramic fiber into the end of a glass tube. This closed end was then blown into a small, 
very thin-walled bulb. Passing a Tesla coil over this bulb, while the tube was under 
vacuum, "punched" a hole through the weakened glass, providing the leak. 

The probe gases were introduced by two methods. In one method, a bag containing 
the probe gas (E in Illustration 1) was attached to the system via the tapered joint at 
point H. The section between the leak (D) and the bag was pumped through stopcock 
5. The Tesla coil tip was placed about 5 mm from point Fin illustration 1 and turned 
on. Stopcock 6 was then opened, exposing the leak to the probe gas from the bag, and 
any color change could then be observed. 

In the second method, the gases were placed in a balloon (I) and, through a drawn 
out tip (K), sprayed over the leak on top (C in Illustration 1). A rotary valve (J) was 
used to control the gas flow rate. 

The system was given two leaks so that is could resemble a multiple leak situation. 
The leak on the bottom (Din Illustration 1) could be used to introduce the probe gas 
while the second leak on top (C in Illustration 1) pulled in air. This was used to 
determine if air could effect the color of the probe gas. 

The vacuum was measured by a thermocouple gauge (B). The pressure with the 
stopcocks to both leaks turned off was= 10-3 Torr. When the top leak was opened, the 
vacuum was= 7.0 X 10-2 Torr. When the bottom leak was opened, the vacuum was 
= 11.5 X 10-2 Torr. When both were opened, the vacuum was= 18.5 X 10-2 Torr. 

The gases were selected because of their availability in a typical laboratory. The 
various volatile liquids were selected for their relative safety for both the equipment 
and the user. The gases and liquids are listed, with their results, in Table IL Figure 
7 is a sample of the probe gas discharge testing. 
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Figure 7: Testing a Discharge Figure 8: Tesla Coils 
Normal & Heavy Duty 

The manufacturer of the common, light duty Tesla coil recommended that they 
should not be run continuously for longer than ten minutes at a time. Therefore, if 
long continuous use is planned, one should use three Tesla coils in a five-minute-at­
a-time rotation. Heavy duty Tesla coils are available that can be run continuously for 
hours and therefore do not require rotation for cooling (see Fig. 8). 

Table n 
Appearance of Discharges in Gases and Vapon 

of Volatile Uquid.s at Low Pressures 

When Ezclted by a Tesla Coll 

Gas Color Observed Gu Mixed 

ln Discharl!e w/Alr 

Air (room) soft violet (same) 

An!on oale-maeenta oale-maeenta 

COi greenish white washed out maJ1;enta 

Helium soft-oink ourolish-maeenta 

Nitrogen (too pale for magenta, not pwple 

Quite ourole) 

Oxvl!en white pa]e-ma~nta 

Volatile Color Observed Gas Mixed 

Liquid in Discharec w/ Air 

Acetone turquoise (then quickly to void* (then quickly to 

ourole) ourole) 

Dichiaro- bluish-white void* (then quickly to 

methane bluish white) 

Methanol void* (then slowly to soft void* (then slowly to soft 

violet) violet) 

*void: a lack of discharge due to a loss of vacuum. 
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Results 
The results of this study 

are given in Table II. 

It is clear from Table II 
that the colors observed 
under actual leak-testing 
conditions differ from the 
colors reported to be ob­
served in a discharge tube. 
The sprayed probe-gas 
method was tested with 
helium and oxygen only. 
These were chosen because 
they displayed the colors 
most easily distinguishable 
from air. It was necessary 
to spray the gas directly 
over the leak before any 
significant color change 
could be noted. The charac­
teristic discharge was ob­
servable only in the verti­
cal section (ofleak C) on the 
testing apparatus (refer to 
Illustration 1). Further 
away from the vertical tube 
ofleak C, within the main 
horizontal tube, the color 
had changed to the typical 
soft violet discharge typi­
cal ofair. This depended on 
the distance from the Tesla 
coil, not on time. 



Conclusion 
Despite several limitations, the Tesla coil can be used effectively to detect leaks 

that are in the vicinity of metal parts which would normally preclude its use. 
However, there is a poor correlation between the colors observed in Table II and those 
that are reported for standard discharge tubes as in Table I. Therefore, it is 
inadvisable to use tables of discharge tubes as a guide to the color expected during 
leak detection with a Tesla coil. 

There was limited, or no, change in the observed color of the discharge when the 
various gases were use as a spray from a balloon. It may be possible to go around this 
limitation by spraying directly from a compressed tank which would supply a greater 
quantity of gas at greater pressures. However, this could lead to filling the testing 
area with the probe gas and decrease its sensitivity. Therefore, the recommendation 
here is that the various probe gases be used in sealed environments, such as a bag 
around the suspected area. This would allow the user to at least verify whether or not 
there a leak is present. However, when it is necessary to find the specific location of 
a leak, it seems best to use either acetone or dichloromethane on a cotton applicator. 
Then slowly wipe the area until a color change is evident. The liquid should not be 
squirted or applied with a soaking cotton applicator around greased joints and/or 
stopcocks, o-rings, or other membranes that could be dissolved, or otherwise effected, 
by the solvent. 

It should also be pointed out that the easiest observations will be obtained in a very 
dark room. 

It is interesting to add that the Tesla coil is capable of finding leaks only in the 
typical range of mechanical pumps. If a leak is sufficiently small that the system is 
capable of a vacuum greater than 10-3 Torr, a discharge cannot be created and the 
Tesla coil cannot be used for leak detection. For leaks of such small size, a helium leak 
detector is recommended. 
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FABRICATION OF A SPECIALIZED RIGHT-ANGLE OPTICAL DEWAR 
Ian B. Duncanson 

Radiation Laboratory 
University of Notre Dame 

Notre Dame, IN 46556 

Introduction 
This paper describes in detail a method for fabricating an experimental right­

angle dewar of clear fused quartz for use in low temperature studies ofl uminescence 
under intense magnetic fields (Figure 1). Although many of the approaches and 
techniques used are not necessarily novel, the fabrication of a liquid nitrogen-free 
optical path between the light source and the chemical specimen points out the utility 
and versatility of the quartz molecular bond or diffusion seal. These characteristics 
of the seal permit the glassblower to assemble quartzware possessing unusual 
aspects of dimension and design. 

Fabrication 
Essential highlights of the dewar's fabrication were as follows: 

(1) Parts for assembly of the dewar were made with careful attention paid to the 
dimensions specified in Figure 1. [Figure 2(a)] The diameter of the flare on 
the inner member corresponded approximately to the inner diameter of the 
jacket. An extension was sealed on the inner member and subsequently 
trimmed so that as much of the extension as possible would fit into a thin 
bubble blown out on the side of the jacket. 

[Figure 2(b)] The center sample tube and its associated extension as well as 
the outer member extension were then made. The optical windows were 
ground to dimension and sealed to their respective extensions by means of 
molecular bonds in a manner described by David Blessing1.2. 

(2) [Figure 3] With care in preparing the setup, the dewar seal was then 
completed. The inner member was held internally with a graphite rod into 
which a groove had been cu tin order to vent the expanding gases in the lower 
section of the inner member. Alternatively, a stainless steel tube could have 
been used as an internal holder. Note that the packing between the holder 
and the inner member was situated so that the opening in the inner member 
was effectively sealed off. 

( 3) [Figure 4] With the inner member extension orifice closed off with a plug, the 
vacuum tip-offtubulation and a section of rod were sealed on the dewar. 

(4) [Figure 5] The thin bubble on the outer member was then blown out and 
peeled away to expose as much of the tubulation on the inner member as 
possible and to leave a short shoulder on the jacket. 

( 5) [Figure 6] The sample tube was now passed down through the inner member 
and out through the port. With the tube held snugly against the inner wall 
of the dewar with a roll of packing material, the sample tube extension 
(trimmed to dimension) was sealed to it. 

(6) [Figure 7] Using a mache packing and an annular winding of paper to 
centrally position the sample tube assembly within the dewar and through 
the inner member tubulation, respectively, the brace between the sample 
tube and dewar body was fused. A thin capillary was inserted through the 
mache and fused to the vacuum tip-offtubulation with a piece of rod. 
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(7) [Figure 8]Apieceof9X 11 mm tubing was cut so that its lengthjustequalled 
the portion of exposed sample tube and window. Using a short test tube of 
quartz and some annular packing as a closure, the 9 X 11 mm tube was fused 
to the inner member tubulation. 

[Figure 9] In turn, the end of the 9 xl 1 mm tube was sealed to the edge of the 
sample tube window. Upon completion, the piece was annealed. 

(8) [Figure 10] Next, the outer member extension was trimmed to length such 
that the distance between the two windows was 1-2 mm. This was then 
sealed to the jacket. Finally, the dewar was annealed a second time, silvered, 
closed at the base, evacuated, baked, and tipped off. 

Conclusion 
The fabrication of this custom dewar is but another example of the usefulness of 

the quartz molecular bond. Because of the relatively small amount of heat required 
to produce the seal and its inherent structural integrity, the glassblower can render 
quartzware to fulfill the stringent needs of the researcher. 
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LIABILITY AND INSURANCE ISSUES 
FOR THE MOONLIGHTING GLASSBLOWER 

Mara L. Weber, Attorney at Law 
Berg, Brick, and Weber 
La Canada, California 

This paper will discuss two topics of importance to "moonlighting" glassblowers. 
It begins by discussing the three major theories of law under which a court could 
impose liability on a glassblower. It then proceeds to address the issue of whether the 
glassblower who moonlights at his/her place ofbusiness or out ofhis/her home should 
carry liability insurance. Although this paper focuses on the moonlighting glass­
blower, it must be emphasized that this discussion will actually be relevant, in 
varying degrees, to almost any glassblower. 

This paper also requires a few important caveats. First, while the theories of 
liability discussed exist in all 50 states, their application to any particular set of facts 
differs from state to state. California law forms the basis of this article. Your own 
state may follow the same rules; however, it may follow different rules in certain 
respects, most notably in the area known as "product liability." Second, it is not 
possible, in a short article, to discuss all of the variables which create or limit liability; 
therefore, you should not consider this 
paper as the final authority on any issue. Theories of Liability 
You should not rely upon it as a legal 
opinion regarding your own potential 1. Contract 
liabilities and risks. This paper is in­
tended only to alert members to issues 2. Tort 
which may be of importance to them. If 
you have particular questions about po­
tential liability risks, you should consult 
an attorney in your own state. If you have 
particularquestionsaboutinsurance,you a. Negligence b. Product Liability 
should consult an insurance agent or bro-
ker experienced in commercial insurance. 

Figure 1 
1. Theories of Liability 

The concept of liability in the Anglo-American legal systems first arose in 
"assumpsit," the ancestor of our law of contract. Over the centuries, these contract 
notions failed to provide adequate remedies for a variety of injuries occurring outside 
of contractual relationships, and the theory of"tort"liability, in particular negligence 
liability, evolved to fill the void. Again, over the years, contract and negligence 
theories proved inadequate to remedy a variety of injuries, and a third theory, also 
a "tort," -strict product liability theory-has evolved. These form the three primary 
theories ofliability which should be of concern to glassblowers. (Figure 1) 

A contract is an oral or written agreement between two or more people.1 The 
agreement consists of an offer, acceptance of the offer, and "consideration.''2 Con­
sideration is what one party does to get the other party to enter the contract.3 For 
example, a lab may offer to pay you to make glass apparatus. If you accept the offer, 
the lab's "consideration" is the payment to you. If the agreement does not require 
something of each party, there is no contract; the law considers these agreements 
gratuitous and unenforceable. 4 A promise to give a gift is not a contract, and not 
enforceable, for this reason. 
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If you fail to carry out your obligations under a contract, you may be liable for 
breach of contract. 5 This may occur if, for example, you do an unsatisfactory job, use 
the wrong materials, or fail to deliver glass apparatus on time. If you breach the 
contract, the other party to the contract can sue for damages.8 Damages include the 
value of those benefits due under the contract;7 any"consequential damages" directly 
arising from the breach, provided that both parties contemplated the potential of 
those damages at the time they entered the contract (for example, ifit is known that 
delay in performance of the contract by one party will cause the other party to lose 
the opportunity to sell his products at a special sale, damages may include loss of 
profits)8; and interest accruing on these damages. You can only be liable, however, to 
the particular persons or businesses having enough of a relationship to the contract 
that they have rights under it. These would include those with whom you made the 
contract, anyone to whom they "assigned" (gave or sold) their rights under the 
contract,9 and any others whom the contract intended to benefit.10 

A tort is a little more difficult to define. A "tort" is any one of a variety ofacts which 
wrongfully causes injury to another. The historic tort ofimportance to this discussion 
is that of negligence. You may be negligent if you unreasonably fail to protect others 
from risks ofinjury11• In order to be found liable under a negligence theory one must 
have violated (breached) a duty of "due care" owed to a person, resulting in an 
injury.12 The "duty of due care" means that you should conduct your affairs in such 
a way that they do not injure others. Thus, if you sell glass apparatus, you have a duty 
to protect people from injury arising from the apparatus. The duty extends not only 
to users of the apparatus, but also to other "foreseeable" persons, for example, 
bystanders who may be injured as a result of glass failure. 

The concept of "duty" is not unlimited. One has this duty of due care only for 
reasonably foreseeable risks of injury to foreseeable classes of people.13 For example, 
it is "foreseeable" that improperly annealed glass may fail, causing injury to the user 
and bystanders. Thus, one has a duty of due care in annealing glassware. If the risk 
is not one which can fairly be anticipated, it is not "reasonably foreseeable" and 
negligence theory does not impose liability. For example, suppose poorly annealed 
glass explodes, startling a person in the next lab, who, in turn, drops a box of supplies 
onto a cat which, in panic, bites the foot of yet another person. It is unlikely that the 
glassblower would be found to have owed a duty to the injured person, because it is 
not foreseeable that improperly annealed glass woold lead to cat-bite injuries. 14 

Negligence theory also requires that the injury be "proximately caused" by the 
negligence. This means not only that the negligence must have caused the injury, but 
also that there were no other events which intervened to break that cause-and-effect 
relationship.15 Thus, if you negligently anneal glassware which is then misused in 
such a manner that even properly annealed glassware would have failed, the misuse 
may end the relationship between your negligence and an ensuing injury (unless, of 
course, the misuse was sufficiently foreseeable that you had a duty to protect against 
the misuse). 

Negligence damages can include not only the economic value of the damage to 
person or property, but medical bills, loss of earnings, and pain and suffering.16 This 
same measure of damages applies to the final theory ofliabili ty to be discussed in this 
paper, strict product liability theory. 

A form of tort which has evolved over the last forty or so years, product liability 
theory or strict liability theory is the courts' solution to some problems of proof at trial 
which often prevented people from successfully suing under contract and negligence 
theories. In this context, the word "strict"meansabsolute and without regard to one's 
awareness of any potential problem. The words "product liability" limit the theory to 
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goods and other things which are manufactured or marketed.17 If you help someone 
set up the parts of a vacuum system but do not supply the parts, you are providing 
a service which falls outside the doctrine.18 By contrast, if you make any part of the 
system, you are providing a product and potentially subject to the doctrine. 

Product liability theory is based on the idea that those who place products into the 
stream of commerce should ensure that those products are as safe as is reasonably 
possible. Thus, a major limitation on the theory: it applies only to products regularly 
placed into the stream of commerce, that is, made and held for sale to others. The 
glassblower making animals as Christmas gifts for family and friends is probably not 
at risk under this theory.19 By comparison, if those animals are sold, the theory may 
apply. If the glassblower is selling his goods on any recurring basis, he is probably at 
risk that the theory would apply. 

As already indicated, the doctrine applies to products placed in the stream of 
commerce. "Commerce" is interpreted broadly; thus, whether you provide your 
products to schools, industry, or individuals, or to other glassblowers or manufactur­
ers wishing to integrate your products into their own products, you are "in the stream 
of commerce.= 

Product liability theory applies when one of three circumstances creates a 
dangerous condition: a defect in design21 (an example being a car designed such that 
the gas tank explodes on minor impact), in manufacturing22(forexample, unannealed 
glass), or in the warnings provided to the consumer23 (for example, absence of in­
structions on storing certain acids). Not all dangerous conditions result in product 
liability. The courts generally look for dangerous conditions which the consumer 
would not expect to exist, and which therefore make an item unfitforits expected uses 
as well as for predictable misuses or abuses.24 Obvious and unavoidable dangers may 
fall outside the doctrine: knives have to be sharp, and glass always has a certain risk 
of breakage. However, if there is a safer 

and economically viable alternative, Ii- The Product Liability Chain 
ability may arise.25 For example, it is ob-
viously dangerous to stick a finger into 
the working motor of a lathe. Since it is 
economically viable to put a cover over the 
motor, protecting against finger injuries, 
a manufacturer has a duty to provide an 
adequate cover. 

Having determined that manufactur­
ers .and marketers alike should protect 
the product-buying public, the courts have 
put everyone in the chain of commerce at 
risk for injuries from defective products.26 

(Figure 2) Where a glassblower subcon-
tracts tomake dewarsfor aglasscompany, 
which incorporates the dewars into sys­
tems provided to wholesalers, who mar­
ket them to retailers who, in turn, sell 
them to ultimate consumers, everyone in 
the chain of manufacturing and market-
ing of the product is potentially liable 
when a defective dewar breaks and causes 
injury. Since this is a "strict" doctrine, 
their being unaware of the defect is no 
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defense. There are limitations to this rule. One who makes a non-defective product 
is generally not liable when that product is put into a defective product, unless there 
was reason to suspect the defect would occur. Also, in some cases a supplier's duty to 
warn consumers may be satisfied by warnings to the manufacturer who incorporates 
the supplier's part into a product.27 

There are defenses to a claim of product liability. If the value of the product is 
significantly greater than the risk and there is no safer alternative available,28 if the 
risk is unavoidable and known to the consumer or is the subject of adequate 
warnings,29 or if the consumer makes an unforeseeable alteration or unreasonably 
abuses or misuses the product,30 product liability may not be imposed. The defenses 
turn on the facts of the individual case and the laws of the state. 

These, then, are the three major theories of liability important to glassblowers. 
Which theory-or theories-an injured person will assert depends on the particular 
facts of the accident. Knowing some of the kinds ofissues raised under these theories 
can assist you in taking the precautions to avoid liability. 

2. Insurance Issues 
The liability theories discussed above apply equally to the employee glassblower, 

self-employed glassblower, and moonlighting glassblower. However, unlike the 
employee who is insured through his employer, and unlike the self-employed 
glassblower who is likely to carry liability insurance on his business, the moonlight­
ing glassblower may face a rather significant risk ofliability for which he may have 
no insurance. Thus, the moonlighter should consider what kinds ofliability risks are 
posed by the moonlighting, how great those risks may be, whether they warrant 
obtaining a liability insurance policy, and, ifinsurance is too expensive, whether the 
risk ofliability suggests that the glassblower should cease moonlighting. 

These are issues which are highly personal in nature. Without doubt, there will 
be those of you whose moonlighting income is not sufficient to equal or exceed the 
premiums on liability insurance. For you, the question is whether to cease moonlight­
ing, reduce the risk ofliabili ty by refusing certain types of projects, or simply assume 
the risk as it now exists. For some of you, the moonlighting income is more than 
enough to pay insurance premiums, but the remaining profit is not worth the time 
or expense. For still others, although the income left after buying insurance is 
substantial, the co~t of insurance is daunting. Each of you must make a decision 
whether to insure, "go bare" (i.e., go without insurance), or close up shop. Regardless 
of your ultimate decision, it is far better to make that decision based on some 
knowledge of the risks. 

It is strongly recommended that any moonlighting glassblower seek the counsel 
of an experience commercial risks insurance agent or broker. Whereas the insurance 
on your home is relatively standardized in its terms and premiums, commercial 
insurance varies considerably. A basic liability policy likely does not insure against 
breach of contract, but such coverage may be added. Premiums are often calculated 
based partly on the size of your business. By narrowly defining which risks you want 
insured, you may be able to eliminate unnecessary coverage and reduce premiums. 
For example, if you do not use your car to transport your products, you might be able 
to delete any automobile coverage from a policyinsuringyour glassblowing activities. 
An agent or broker could help explore ways to make insurance viable. 

Finally, even if you believe that your moonlighting business does not need 
insurance, I would encourage you to contact your insurance agent if you are doing 
glassblowing out of your home or garage. Homeowner's policies are not intended to 
insure commercial enterprises, and the presence of a shop at the house may affect 
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your coverage. That is, ifthere were a fire and the insurance company discovered that 
you had compressed gasses and operi flames at the house, it might well conclude that 
your claim should be denied or that the policy should be cancelled or rescinded (the 
contract equivalent of a marriage annulment, rescission declares that policy never 
existed). This might be true even though the glass workshop did not lead to the loss. 
Simply put, in matters of insurance and liability, it is important to know all of the 
facts, and not to proceed on the assumption that nothing can go wrong. 
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AN ECONOMICAL AND EASY TO BUILD THIN-LAYER 
SPECTROELECTROCHEMICALCELL 

Randy Wilkin 
Department of Chemistry, University of Houston, Houston, TX 

A vacuum-tight all glass thin-layer cell with a platinum working electrode was 
constructed for spectroelectrochemical studies. The cell body can be made from 
borosilicate glass for studies in the UV-visible region or from quartz for studies in the 
ultraviolet and visible regions. The rectangular thin-layer chamber forms a sandwich 
configuration with platinum gauze inserted. The chamber is open to the bulk solution 
at all four edges and has a thickness between 0.1 and 0.3 mm depending on the 
thickness of the platinum gauze used. 

The cell is directly manufactured from a borosilicate or quartz tube of 20 mm 
diameter. A piece of stainless steel or graphite formed in the shape of a bathtub 
(bottom: 1.0 x 0.5 cm) is placed inside and supported by a graphite block underneath. 
The tube is sealed at one end and connected to an ordinary lab vacuum (15 mm Hg). 
The glass is slowly melted with a hand torch to press tightly against the form. This 
becomes one side of the cell window. The form was then withdrawn and a piece of 
graphite tape is cut2.0x 1.0cm and placed on the top of the inside window. The same 
technique was used to collapse the other side of the glass tube to form the sandwiched 
jacket. The cell pathlength is then determined by the thickness of the graphite tape 
used. The Pt working and auxiliary electrodes are connected to the cell body with 
cobalt-glass (borosilicate) or Expocy glue (quartz). 

This design of a spectroelectrochemical cell has the advantages of minimum 
solution resistance (iR drops), durable mechanical strength, freedom from contami­
nation and good experimental reproducibility. 

Acknowledgement. 
I would like to acknowledge Dr. Karl M. Kadish, Dr. X. Q. Lin and B. C. Han for 

assistance and helpful discussions with respect to construction of the cell. 
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Bathtub Block 

2. THIS IS THE HEART OF THIS CELL- BUILDING THE "BATHTUB BLOCK". IT IS GRAPHITE 
WITH A SMALL INDENTION MACHINED INTO IT TO FORM THE BATHTUB WHERE THE 
WINDOW WILL BE FORMED. OUR SPECTROMETER HAS A 2 MM LIGHT BEAM SO IF THE 
WINDOW IS NOT QUITE FLAT THE CELL CAN BE POSITIONED FOR OPTIMUM SIGNAL. 
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11111, 

Forming Window Against 
Bathtub Block 

3. THE CELLS WE MAKE ALL START OUT AS 24/25 OUTER JOINTS. THE BATHTUB BLOCK IS PLACED IN THE JOINT WITH A SPACER UNDERNEATH. CORK 
AND ATTACH TO HOUSE VACUUM. LIGHTLY HEAT OVER THE TOP OF THE BATHTUB BLOCK- THE GLASS WILL BE SUCKED INTO THE FORM. 
REMOVE THE VACUUM AND LIGHTLY FLAME ANNEAL. 



Removal ot Bathtub Block 

4. REMOl/f THE SPACER AND THE BATHTUB BLOCK w,u. COME our NEXT. 



Removal of Graphite Tape 
Used as .2mm Spacer 

5. THE PATH-LENGTH OF THE CELL BEING PREDETERMINED, GRAPHITE TAPE IS USED AS A SPACER AND THE OPPOSITE WINDOW IS FORMED JUST AS 
THE 1ST BY EVACUATION AND GENTLE HEATING. LET COOL AND THE TAPE WILL SLIDE OUT. 

CAUTION: EXCESSIVE HEATING WILL CAUSE THE GRAPHITE TAPE TO BECOME A PERMANENT PART OF THE CELL. 
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Side Port for Referenced Electrode 

lo/ 

7. A 10/30 OUTER JOINT IS THEN ATTACHED FOR A REFERENCED ELECTRODE. 



Vacuum Connection 

SOME COMPOUNDS ARE AIR SENSITIVE, SO A VACUUM CONNECTION IS ATTACHED. 
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CARBONFIBER MICROELECTRODE 
Allan B. Brown 

University of Connecticut 

A few years ago teaching labs at the university level started using Mini-Lab 
glassware in 19/22 standard taper sizes to save on solvents and organic compounds. 
The teaching labs are now using Micro-Mini Lab kits with 7/10 standard taper sizes 
for even more savings. Research projects on the graduate school level are now 
beginning to use the carbonfiber microelectrode in a single droplet of compound. The 
scientific glassblower is currently being asked to produce more and more smaller 
glassware for research. I hope this presentation will be of help to some of you. 

Carbonfiber microelectrodes are used in analytical electrochemical and biomedi­
cal applications. This paper will describe the construction of a microelectrode 4 
microns in diameter. This is an unusually intricate procedure due to the minute size 
of the carbonfiber. 

What is a microelectrode? According to Webster's Dictionary, "micro" is defined as 
"exceptionally little, abnormally small"; and a "micron" is "one millionth of a meter; 
one thousandth of a millimeter". That is extremely small. An "electrode" is defined 
as "either of the two terminals of an electric source", thus anode or cathode. 
Microelectrodes have been made with a variety of materials and in various geometric 
forms. Microelectrodes are made in various assortments of shapes such as disk, line, 
cylinder, ring, microsphere and hemisphere and tunneling tips. Sizes may vary 
according to demands. In the manufacture of microelectrodes the most commonly 
used materials are silver, platinum, gold and carbonfiber, in this order. 

The applications described herein are applicable for all of the above-mentioned 
materials and shapes except microsphere and hemisphere. Remembering exactly 
how small a micron is, it is easy to understand how painstaking it is to seal only one 
carbonfiberintoa piece of glass without burning it up! Equally difficult is the fact that 
in most cases you need a microscope to even see the single carbonfiber. When the size 
of the wire or fiber is less than 10 microns, the sealing becomes difficult and the 
quality of the microelectrode tip becomes very critical. Typically, a 100% success rate 
for microelectrode fabrication is neither achieved nor expected. The following 
procedure should produce carbonfiber microelectrodes better than 80% of the time. 

The materials used to produce carbonfiber microelectrodes as discussed in this 
paper are P55-s grade VSB-32 carbonfibers, donated by Union Carbide Corp., and 
Corning's 7740 glass tubes. The step by step procedure will be supported by Figures 
1 through 11. A 6 mm O.D. Pyrex tube approximately 12 cm long is first heated (Step 
1) and pulled from one end, forming the tube into a pipette shape (Step 2). After 
cooling, the pipette tip is scored and snapped off exposing the tip with the· inside 
diameter of approximately 1 mm (Step 3). Attach a blow hose and a swivel to the 6 
mm O.D. end of the pipette and seal off the pipette tip; then gently blow the end open 
forming a funnel shape. Carefully select one carbonfiber and insert it approximately 
4 cm into the pipette through the funnel endjust completed (Step 4). Remove the blow 
hose and replace it with a cork. Next, seal the pipette tip closed making sure that the 
carbonfiber is firmly sealed into the end (Steps 5 & 6). The cork prevents the 
carbonfiber from being sucked out of the pipette tip by the velocity of the fire during 
the sealing of the tip. Before proceeding further, take the electrode and examine the 
tip under a microscope to insure that there is only one carbonfiber sealed into the end. 
Using a mechanical vacuum pump, place the pump hose over the 6 mm end of the 
carbonfiber microelectrode (Step 7). Slowly rotate the carbonfiber microelectrode tip 
in a small pin fire (oxygen-propane) while evacuating it (Step 8). You will learn that 
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you must work out at the very very end of the fire and sometimes you will wonder if 
the carbonfiber microelectrode is even being heated. Looking closely at the area that 
is being heated you can watch the glass seal down onto the carbonfiber. Care should 
be taken not to allow the carbonfiber to glow red; if it does, throw it away and start 
again from Step 1. Start heating approximately 1 cm from the tip. While slowly 
rotating the electrode, you can watch the glass seal onto the carbonfiber. Next, 
carefully work your way back towards the 6 mm diameter end. The sealed area when 
completed will be approximately 15 mm in length (Step 9). When the carbonfiber 
microelectrode is cold, examine the tip under a magnifying lass or microscope to 
determine ifit contains any trapped air bubbles. If you find trapped air bubbles, you 
have not heated the tip evenly enough. Uneven heating causes cold spots which 
prevent the glass from shrinking down uniformly onto the carbonfiber, thus causing 
trapped air. If there is a uniform seal on the tip, score and snap the tip of the electrode 
off exposing the end of the carbonfiber (Step 10). Grind the polish the tip with a 
Buehler Carbinet Silicon paper of grit number 600 using lots of flowing cold water 
(Step 11). The carbonfiber microelectrode is now polished flat. The next step is to add 
a contact wire of choice through the 6mm. end using a drop of mercury as a conductive 
material between the carbonfiber and the contact wire. The procedure is now 
complete. 

Looking at the very bottom end of the microelectrode tip towards the carbonfiber, 
the latter appears in the shape of a disk, hence the name carbonfiber disk microelec­
trode. 

You can only make a few carbonfiber microelectrodes at a time. Trying to separate 
individual carbonfibers and insert them into pipette tips is exceedingly tedious. I 
believe, however, that you will find this technique extremely useful in microelectrode 
production. 
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DIFFERENT APPROACHES TO REACTOR DESIGNS 
John W. Squeo 

Amoco Research Center 
Naperville, Illinois 

The Chemists Cecilia Radlowski and Lisa Green were getting poor circulation in 
the bottom of their "fixed bed reactor." (SLIDE 1) In this approach, a tube comes down 
the center of the reactor, injecting a liquid or liquids, and gas or gases, to fluidize their 
bed of catalyst. They wanted to change from this system to what is called a "fluidized 
bed reactor" where the catalyst bed is supported by a frit and the liquids and gases 
(hydrocarbons) would be introduced into the catalyst bed from under the frit. By 
switching they felt they would get different product selectivity and a more uniform 
temperature. They also desired good gas and catalyst mixing, without blowing the 
catalyst out of the unit. You see a bubble could form under the catalyst and raise it 
up and out of the reactor. 

(SLIDE 2) You can see in slide 2 the different fluidization regimes that can happen. 

(A) bubbling - best fluidization where the bubbles are quite small. 
This gives maximum contact with the catlyst. 

(B) slugging 

(C) channeling 

(D) jetting, and 

(E) spouting; all have minimal fluidization 

They wanted glass so they could: 

(1) measure bed heights 

(2) watch what was happening as they varied the gas flow 

(3) allow them to calculate gas flows necessary to achieve different fluidization 
regimes 

Ideally they wanted a stainless steel frit for the following reasons: 

(1) a known pressure drop across the frit for proper fluidization 

(2) it won't degrade under process conditions 

(3) they knew· the particular frit they had in mind would hold up catalyst 
particles, 11 microns or greater. 

(4) it would be the same frit that would end up in the all stainless steel reactor 
they were planning in the future; and would be able to see exactly how it will 
be working in the future reactor now; equalling more accurate results. 

They wanted the new reactor: 

(1) to be made of quartz - because of furnace temperature 

(2) screw into a unit that they presently had - without moving anything. (The 
top of the reactor was to screw into a unit and fit the furance position.) 

(3) to have inlets for liquids, and gases (hydrocarbons), to come in from the 
bottom of the reactor to mix; travel up the reactor in the furnace, turning the 
liquids into vapors, thru the stainless steel frit to fluidize their catalyst bed. 

(4) flexibility to change their frit if desired 

Starting from the top (SLIDE 3). I had the stainless steel screw part welded to a 
S.S. to pyrex seal. Then sealed that to a 28mm o.d. pyrex to quartz graded seal. I had 
only 4" to work with from the knurled part of the screw, to the top of the existing 
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furnace. Being unsure of how the graded seal would react, I wanted a 3/4" space 
between the bottom grade and the top of the furnace; and yet the welder needed some 
space betwP-en the glass and his weld. 

Moving down to the S.S. frit, which they didn't want to leak ... Basically I weighed 
up 28mm o.d. quartz; but keeping the o.d.; 28mm Then ground a seat using a grinding 
tool, (SLIDE 4) designed to give an apx. 1/8" ground ledge for the S.S. frit to rest on, 
and a hair larger in o.d. than the S.S. frit which was to be inserted; because the S.S. 
will expand in the heat and the quartz won't. Bob Bentanear, an engineer, reminded 
me. He also suggested we slightly champer the inside corner of the seat. Please note 
on slide 4 the dimension .015 x 45° circled, with an arrow pointing at the champer on 
the tool. Above the print of the tool, is the print of the frit. Please note the dimention; 
"break" .020 x 45°, with an arrowpointingtoacornerofthe frit. Bob didn't think the 
grinding tool would be able to duplicate the preciseness the S.S. frit could be cut to 
(almost perfectly square); So these slightly angles were built into the tool and frit. 

I purposely ground the seat from the bottom of the reactor, because the gas flow 
would be coming from this direction, and this would help push the fritinto the ground 
seat. To keep the grinding tool straight and aligned during the grinding process - so 
a nice flat seat would result; I rolled masking tape onto the shaft of the grinding tool 
in one spot, just large enough to fit into the 25 x 28 quartz tube which was weighed 
up. The placement of the tape was apx. 11/2" under the knurled handle of the grinding 
tool. 

(SLIDE 5) The S.S. frit was held in place with one long quartz - what I'll call "pin" 
- that would hold the frit snuggly in place; but at the same time, flex, to allow the 
expansion of the S.S. frit. Notice it is curved to allow some what of a spring action. 
Where I secured the pin to the 25 x 28 quartz, needed to be apx. 11/2" away from the 
fri t; because when I sealed it in place, 1" away from the frit; the fri t picked up the heat 
and expanded. (SLIDE 6) Even though it was tight when the operation was 
completed; when the frit cooled, it was loose; and needed to be tighter. Even though 
it would be operated at high temperature, and would snuggly fit then, I just wasn't 
sure; and I wanted a tight fit. The pin pictured in this slide could use a bit more curve 
for spring action. 

Now moving to the bottom part of the reactor. The chemist wanted only two 
connections into the reactor from the bottom; one inlet for gases and one for different 
liquids to be introduced into the system. They also wanted everything to be mixed 
thoroughly and in a vapor state by the time it got up to the S.S. frit. I felt the way to 
go was to inject the gases and liquids into the system through 2jets, with i.d.'s ofless 
than lm.m; aimed a teach other (SLIDE 7) so the gas injector and liquid injector paths 
crossed apx. 1/4" away from their outlets. When I tested this, the gas turned the liquid 
into a fine mist, and I felt the heat from the furnace would turn that mist into a vapor 
by the time it reached the frit. I also felt ifl put these jets on an outside edge of the 
tube the jets are mounted on; I'd get an swirling effect up the tube, causing more 
mixing and turbulence inside the reactor. An added benefit of this is that the jet 
stream could be aimed to hug the inside wall of the reactor where the heat is more 
intense. There then was a consideration in my mind of how close to the frit to place 
the injectors, to get the best results for the chemists. An adjustable height seemed to 
be ideal in my mind; so by extending the reactor beyond the bottom of the furnace; 
grading from quartz back to pyrex, then sealing to a #25 ACE thred (SLIDE 8) the 
quartz, adjustable height injection system was possible. The liquid or liquids were 
introduced under pressure through needle valves connected to the 5mm i.d., 7mm o.d. 
center tube, which turns into a helix; which slows down the liquid so as to preheat it, 
before exiting out the injector. The gases were introduced thru the outer jacket of the 
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system. A "st.op" was attached t.o the outer jacket of the injector system, so the jets 
would never accidently touch the pin which holds the S.S. frit in place during 
adjustments. 

The chemists said that the liquids actually turned into a vapor before they got out 
the end of the jet. The helix worked out better than I hoped for. 

(SLIDE 9) This system was designed and built in 1988. The chemists now have 
three, fluidized bed react.ors; completely made out of stainless steel. They are copys 
of the react.or design, with the adjustable height injection system; and they are 
running now. 

The next case, is a reactor which was all quartz (SLIDE 10) with the exception of 
the two liquid inlets at the top of the reactor which were graded to pyrex, to be able 
t.o seal a special pyrex connector - that connects t.o 1/8" o.d. teflon tubing. 

A gas was entering the reactor, thru the 18/9 ball joint at the t.op of the reactor. One 
of the problems was the liquid pumps didn't have a perfectly steady flow, and this 
caused "pulsing". Droplets ofliquids would end up running down the inside wall of 
the react.or into the catalyst bed, where vapor was desired. Also condensation formed 
in the part of the reactor not inside the furnace; which would also after accumulating, 
drip down the inside wall of the react.or causing "pulsing". This "pulsing" caused the 
data to vary. The chemist, Jin Yoo, and technician, Rafi Sohail, wanted a steady flow, 
no condensation, and no liquids to touch the catalyst bed. Besides this, Rafi said the 
quartz, extra course frit was clogging up very often. 

The first thing I changed was moving the two graded seals from the side arms. I 
used one graded seal on the reactor body -just before it exited the furnace on t.op, 
where 2" of the heat brick insulation is, and put another on the thermowell. I also put 
another graded seal on the reactor exiting the furnace at the bottom, in the heat brick 
area (not where the heating elements are). 

Next I remembered some interesting material called Celcor, made by Corning. It 
is a honeycomb ceramic support, made of magnesium, alumina, and silica oxides. It 
cost $48.00, in June of1989, (when this reactor design evolved), for a piece 1" high x 
3" wide x 6" long. In the piece we ordered, there are 400 holes per sq. in.; which was 
bigger than the catalyst it was to support, also available is Celcor with 300 holes, 200 
holes, and 100 holes per sq. in .. There was a purer honeycomb material available from 
Coming with 900 holes per sq. in., called "Lithum, Alumina, Silica"; but its cost was 
$275.00 for a piece about 21/4" in diameter and 1" high. It's now beingmade with 1300 
holes per sq. in .. After talking things over with Jin Yoo and Rafi Sohail, the following 
things were noted: 

(1) The holes in both materials were larger than the catalyst. (900 holes per sq. 
in. was still almost twice as big as the catalyst) 

(2) Cost difference between the Celcor and Lithium, Alumina, and Silica 

(3) It was a new idea and I wasn't even sure if either would seal to the quartz 
- which I had in mind. 

(4) A thin layer of quartz wool could sit on top of the Celcor - ifl could get it to 
seal t.o the quartz reactor, (t.o hold up the catalyst bed). 

Charles Camilo, a Senior Sales Engineer, was very helpful in faxing data and 
literature to me; and in verbal communication he also got the Celcor for me to work 
with extremely fast. His phone# is (607) 974-4085. 

Somehow I got the idea to crisscross two sliced sections of Celcor, to try to hold up 
the catalyst, instead of using the quartz wool on t.op of one layer of Celcor. Rafi liked 
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this idea, however, his critera to me was for the overall thickness of the frit to remain 
1/8". My goal then was to make two frits apx. 20mm o.d. and apx. 1/16" thick each. 
I discovered trying to get the Celcor that thin wasn't the easiest thing to do; you see 
the edges of the honeycomb crumble quite easily trying to slice it 1/16" thick. 

(SLIDE 11) The best approach that worked for me, was first core drilling, with a 
diamond core drill (and water). This went almost as easy as a hot knife through 
butter. I then sliced sections out of the core piece, with a diamond wet saw, almost 
1/8" thick. Then using a fine grit diamond sander (attached to a foam block) with 
water; I proceeded to sand the excess material off the frit. 

rd like to note here, there are chemists at Amoco Research Center that use similar 
Celcor materials. I've seen up to 3" tall sections, apx. 1/2" to 1" in diameter; and held 
in place in their reactors, with just indents. 

(SLIDE 12) Here is a reactor the chemists wanted to assemble and diassemble 
quickly, and liked the idea of the Ace Threds and adjustable thermowells, which will 
hold various lengths ofCelcors in place. They can, whenever they desire, put a shorter 
or longer piece of Celcor in the reactor without visiting the glass shop for an 
adjustment. 

(SLIDE 13) Here is a 2 foot tall drying tower. The technician wanted a glass grid 
sealed inside of a 140mm o.d. tube, with a 9mm thick wall. He wanted the grid to 
support 36 lbs. of materials. By just dropping a 1" or 11/2" thick piece ofCelcorinto 
the bottom of the drying tower was not only cost effective but easier, as you could 
imagine. Besides these benefits I didn't have to worry about the possibility of the 
pyrex grid failing during a run. I felt very confident. I did however, round the edge 
of the Celcor frit where it rests at the bottom. I did this with a diamond belt sander. 

I will now describe how I sealed the Celcor inside the quartz reactor. 

(SLIDE 14) I first tried sealing one Celcor frit in on the lathe with crossfires. As 
you can see here, this approach proved to be just a tad too much heat for it. The best 
way I can describe it is that it seemed to bubble, disolve, or vaporize. It melted right 
into the inside wall of the quartz, leaving a gap. 

In my second approach, I started by making a slight knockdown in a 25 x 28 quartz 
tube on the lathe. Then holding the tube vertically on a ring stand; positioned two 1/ 
16" thick Celcor frits in a crisscross fashion. 

(SLIDE 15) If you look closely at the slide, you'll be able to see the bottom frit under 
the top one. Then with a hand torch, I heated a spot, apx. 1/8" diameter, on the quartz; 
and with a rounded narrow carbon rod, gently pushed the molten quartz in to tack 
the delicately positioned crisscrossed Celcor frit. I then went 180° to the other side, 
and did the same thing. (SLIDE 16) Then continued in a similar fashion until the 
entire double frit was sealed in. I did hear something like cracking when I was 
finished, and the quartz cooled off. It turned out to be only a couple of chips of glass 
that popped out from the inside wall. The seal was airtight and acceptable to my 
clients. I ran it thru the oven a couple of times as a test; it was still fine. 

By the way, the catalyst with an o.d. of apx . .425 of an inch didn't pass thru the 
crisscrossed frit, without the use of quartz wool, as I hoped for. 

The next problems that had to be addressed were the pulsing of the liquids; and 
the condensation in the system. (SLIDE 17) In the original designs (pictured right), 
the gas and liquids come into the reactor thru separate side arms. The i.d. of the gas 
inlet was 9mm, thru the 18/9 ball joint. The only place the condensation was occuring 
was above the top of the furnace. 
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Out ofa few designs I came up with; Jin Yoo ok'd the fabrication of the design 
pictured on the left (of Slide 17). 

I felt one way to cut down on the condensation was to cut down on the space it was 
in. The original design the top of the furnace came up to 1" below the 18/9 side arm. 
In the new design the top of the furnace came up to the bottom of the 24/40 joint. I 
then moved the 18/9 gas inlet to the highest spot in the reactor. Then put the two 
liquid inlets into the space where the gas was traveling. I also put in that space some 
quartz wool, so the liquids would hold up in that space; giving the gas some time to 
turn them into a vapor. I put 3 indents in the gas flow route after the liquid inlets, 
to make sure the quartz wool didn't go any further and clog the new injector. I knew 
by decreasing the 9mm i.d. gas inlet (as on the old design), to a small hole; and by 
curving the end of the injector (SLIDE 18) around the 6mm o.d. thermowell; would 
cause a swirling of the gas mixture going down the reactor; thus eliminating more of 
the condensation. By adding the flexability of a #15 Ace thred; I allowed Rafi to play 
around with the angle the injector was going to "shoot" the gas stream, so he could 
find the best angle possible for eliminating the condensation. The 6.m.m o.d. 
thermowell needed to be quartz in the reactor; and also I wanted the pyrex Ace thred 
to be sealed to a pyrex 24/40 male because it would be easier than going to quartz in 
this area; so the graded seal was put on the thermowell, above the top of the furnace; 
which is located at the bottom of the 24/40 joints. 

I felt if this didn't take care of the condensation and pulsing problem, this would: 

Starting where the condensation made it's home just above the furnace, using 
1/2" wide heat tape, begin wrapping the 24/40 joints. Continue wrapping the heat 
tape around the bend, the Ace Thred and where the quartz wool is holding up (SEE 
SLIDE 17) the two liquids to be vaporized. The two liquid inlets are separated wide 
enough for the heat tape to pass between them, at an angle. Continue wrapping over 
the 18/9 joints and up the gas feed line to preheat the gas, even before it enters the 
glassware; thus making an ideal environment for the liquids to vaporize in. 

Rafi, the technician, could control the heat tape temperature to whatever was 
necessary to do the job, for maximum performance. Eventually Rafi found the ideal 
angle for the injector to be. (SLIDE 19) The next reactor Jin Yoo wanted the #15 Ace 
Thred eliminated; as pictured in this slide on the right. 
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