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DELAYED FAILURE OR SUBCRITICAL CRACK GROWTH
IN GLASS
John D. Helfinstine
Corning Glass Works
Corning, New York

Introduction

Delayed failure or subcritical crack growth in glass is a phenomenon
that has been known by many different names. Some of them are static
fatigue, dynamic fatigue, and stress corrosion. Each term has a different
connotation about either the applied load or about the mechanism of the
failure. Delayed failure implies the object broke after the load has been
applied for some time. Static and dynamic fatigue refer to delayed failure
when the loads are respectively unchanging or constantly increasing.
Stress corrosion and subcritical crack growth refer to what is physically
happening in the material rather than considering only the gross results of
the load application. However, by whatever name it is called, this
characteristic behavior of glasses (and ceramics) can cause serious pro-
blems in their effective use.

This report is going to review and discuss this behavior called fatigue
by first considering some history, then some theories describing fatigue,
and finish up with some examples of where delayed failure had to be
evaluated for proper design.

History

Glass is a material that has been used for many centuries. The first
glasses were natural such as obsidian or pumice'. Then came the man-
made kind, first made in some unknown locale over six thousand years
ago. However, it is only in the past century or so, that glass has been
studied and analyzed for behavioral characteristics on a scientific basis.
The following brief history focuses on people and papers that are impor-
tant with respect to the development of the understanding of delayed
failure aspects of glasses. Admittedly this section is incomplete as it is im-
possible to review fully the many recent publications and to acknowledge
properly all of the steps taken to our current understanding of fatigue.

A.J. Holland? and S.M. Wiederhorn® have reported that the first
published commentary on delayed failure was by L. Grenet in a French



publication in 1899*. The next really important event in the development
of fatigue analysis was the publication of A.A. Griffith’s paper on ‘“The
Phenomena of Rupture and Flow in Solids’’ in 1920°. This paper is the
basis of the field of study known as ‘‘fracture mechanics’’, the study of
sharp flaws in materials. Although this paper did not discuss fatigue
directly, it did start the analysis of flaws necessary for fatigue
characterization.

In 1940, Holland and Turner? reviewed some of the earlier work and
presented data on what is known now as static fatigue. They did observe
that the applied stress and failure time were linear on log-log axes; a con-
sequence modern theories can explain. In 1946, the Journal of Applied
Physics had a series of articles on experimental aspects of delayed failure
by Baker and Preston, ¢ 7 * and by Glathart and Preston®. Again static
fatigue was being studied, this time over a range of time from 0.01 second
to a day. At the end of this series, the data were being analyzed as linear
in a 1/stress versus log time. In 1949 Gurney and Pearson'® demonstrated
that water in the atmosphere was an important factor in the delayed frac-
ture of glass.

Activity in the study of this fatigue phenomenon increased during
the fifties, sixties, and on up to the current time. R.J. Charles published
two works in the late 50’s that considered a power law type of theory
(more about that in the next section) for analyzing dynamic and static
fatigue cases.!' 2 Starting in 1959 and continuing for the next two years,
R.E. Mould, by himself and with R.D. Southwick, wrote a series of
papers on the ““Strength and Static Fatigue of Abraded Glass Under Con-
trolled and Ambient Conditions:...””.'* ' '* 1¢ In 1964 Hillig and Charles
presented their theory on the stress accelerated attack of water on glass'’
by saying that the critical dimension/factor is the sharpening of the
crack/flaw tip radius, not just the length of the crack as was first con-
sidered. Then in 1974 Wiederhorn presented some data and theory on
fatigue measurements and predictions based on an exponential
approach.'® Evans also expanded on theoretical analyses based on the
‘“‘power law”’.'®

In the seventies and eighties, more data were being generated, and
more extrapolations were being made. Proper usage of these data was the
theme of several papers including Pletka and Wiederhorn,?® Ritter et
al.,?" and Jacobs et al.?? This is a rather short paragraph to summarize the
hundreds of recent papers on fatigue behavior; however, for the latest



developments read the Journal and the Bulletin of the American Ceramic
Society, and the Journal of Materials Science to catch most of the
published work. For more detailed and longer reviews than presented
here, Adams and McMillan,?* and Doremus?* are suggested.

Theory

The question arises why is there so much more work being done on
delayed failure behavior now than in the past? The main reason is the
need for improved design on new and old materials. Glasses and ceramics
are being used at higher temperatures, in harsher environments, for
longer times, or conversely, for shorter times. Because of costs in money
or weight, the designs tend to be closer to the ultimate capabilities of the
materials, which implies the need to know the behavior closer than
before. And, of course, some compositions have not been around long
enough to have developed a good lifetime data base. All of this means
that a good theory or model of this fatigue behavior is necessary for suc-
cessful and safe design.

Past experiences have shown that glass will fatigue when the follow-
ing three conditions are present:

esurface flaws

emoisture

etensile stress
The purpose of a theoretical model is to incorporate these ‘‘well-known”’
facts into a formula that can be used to predict future behavior from past
behavior.

There are two basic approaches to theorizing about fatigue—a
‘‘macroscopic’® or an ‘‘atomistic’’ approach. The former is more con-
cerned with models that can be used directly and relatively easily for
design purposes by making various assumptions about the overall
behavior of the material, while the latter is trying to consider the ‘‘why”’
and ‘‘how’’ on a molecular scale without an immediate concern about
engineering ease of use. The differences between these two approaches is
getting smaller although much remains to be done.

The macroscopic models of fatigue behavior can be categorized into
either a rule-of-thumb or a fracture mechanics relationship. The fracture
mechanics is currently subdivided by two major assumptions. But first,
the rule-of-thumb: the safe long term applied stress should be less than
one third of the characteristic fast fracture or proof strength. This is a



conservative value that has been observed by glass manufacturers to pro-
vide a safe design strength for long life.’

The fracture mechanics or continuum approach to characterizing the
delayed failure of glass provides a more rational basis for predicting short
or long time spans. (The rule of thumb is much too conservative for short
life spans!) The fracture mechanics approach (see ?¢ for a review) assumes
that the material is a homogeneous, isotropic continuum with one, or
more sharp flaws that could cause failure if they were to grow to some
critical value. The criterion as to whether or not the flaw is at this critical
value is determined by its stress intensity, K. Stress intensity has units of
Pav~m (psiv™in) and is equal to YSv— a where S is the applied stress,
‘“a’ is the crack length, and Y is a geometric factor determined by the
size, and shape of the stressed flaw with respect to the flawed object.
Each material has a critical or limiting value of K which determines the
relationship between the applied load and the extant flaws. From the
above relationship, it can be seen that a material will appear weaker with
the larger flaws. Fatigue is said to occur when subcritical flaws grow to
become critical under a load.

One of the primary dividing opinions is in the governing ‘“law’’ that
describes a rate of- and the variables in-control of- the growth of this flaw
or crack. The two main growth laws are a ‘‘power law”’ and an Arrhenius
type ‘‘exponential relation’’. The
major difference between these two
can be best seen graphically as in
Figure I where the log of the crack
tip velocity, V is a direct function
of the stress intensity factor, K for
the exponential law, and is a direct
function of the log of K for the
power law. That is, the form of
these subcritical crack growth

or
= 2) V=V, Exe (8K)

Los (crAck TIP veroctTy, V)

models are:
P e power law: V = AKR
EITHER 1) “Power LAw” -~ LoG (STRESs [NTENSITY FacTor) K) . BK
0R 2) "EXPONENTIAL RELATION"—#=STRESS INTENSITY FACTOR L4 exponentlal law: V = Ae

The functional difference in two contending fatigue models is illustrated
by the choices of plotting axes used to describe the crack tip velocity
dependence on the stress intensity. The exponential relation uses K for the
abcissa while the power law uses log K.



where V is the crack tip velocity, K is the stress intensity, and A, n, and B
are constants for a given combination of environment and material. Both
laws are semi-empirical in that the original basis was due to the fit of data
although there are some theoretical bases for both of these descriptive
laws.?” 28

After choosing the form of the crack growth to be used, the load
history, or the load prediction is integrated into the form to obtain a rela-
tion which can characterize the lifetime. The power law is the more com-
mon form used—partially because it is easier to manipulate mathemati-
cally. It should be pointed out that both of these models of subcritical
crack growth seem to fit current, short term data reasonably well.
However, in long term prediction abilities, the answers are not in yet as
no critical multi-year tests have been done. This is a serious difficulty as
the predicted long term lives can be significantly different when based on
either a power-law or an exponential-law growth model.

The atomistic approach tries to determine or explain on the atomic
level why, and how, this fatigue behavior in glass occurs. While the above
macro-models assume that the material is a homogeneous, isotropic con-
tinuum, atomistic models consider the material as a collection of in-
dividual atoms with an aim to understand the behavior of the flaw tip
with respect to individual atoms. These theories are not developed
enough yet to be able to make practical predictions of long term
behavior, but can sometimes explain some behaviors. Most of these
theories can be characterized as either a lattice/thermally activated pro-
cess or as a molecular/chemical mechanism. The difference between
these is not very clear as there is much hand waving in these concepts.
Part of the difficulty in properly formulating on such a small scale is the
lack of good experimental work on that scale to help lead theoretical
development. Nevertheless, some experimentation has lead to proposed
atomistic scale mechanisms for the crack enhancing effects of water and
some other polar, i.e. electron donor, fluids.? *° Some other recent work
in chemical formulation has been done by Thomson,*' and by Fuller and
Thomson.*?

All of the above has assumed that we have only one flaw that will
grow and then fail. The problem is that most glass surfaces have more
than one flaw, and they are of various sizes, shapes, and orientations.
Since we usually cannot tell which flaw will be the culprit leading to
failure, we have to use statistics to describe the critical flaw.



The most popular statistical description of flaws is the Weibull
distribution.>* This distribution is relatively easy to manipulate
mathematically and fits most strength (flaw) data as well as, or better
than any other distribution. The basic two parameter form is:

P = 1-exp(S/Sp)™
where P is the cumulative failure probability, S is the applied stress, and
So and m (the Weibull modulus) are the material behavior parameters.
This form can be linearized to form straight lines on special plotting
paper. Figure 2 is an illustration of some data on the strength of tensile
tests on optical waveguides. The data seem to fall on a straight line so ex-
trapolation to other probability levels is feasible.

99.9E g
2 PF ]
-~ F 3
= s0F B
Fel - -—
(=4 - —
Fel
o — —
&
o OF E
= = 3
2 F E
5 F
g B ° Im ]
5 'E ’ 5
g - ° -
3 — —
O - : -
0 | | | | | |
100 200 300 400 500600 800 000

Failure Stress, Ksi

An example of strength distribution plotted on Weibull probability axes.
Here, one-meter long optical waveguides with 125 um diameters were
broken in tension.

Since the distribution of strengths or flaws can be described by an
equation, the fatigue model can be algebraically adjusted to include such
behavior.** Thus, we now have a mathematical model that allows us to
provide numbers on when, and how likely it is a glass article will fail
under a given loading condition. And, conversely, given a failure prob-
ability, one can indicate when the glass will fail at any particular load.
Unfortunately, the calculated numbers may not be to the liking of the
design engineer, especially since the probability values may be much too



high for useful commercial needs. That is, the size of the largest flaws
may be too large for safety.

One way out the dilemma of there being a flaw weak enough to
cause failure too early, is to process the material so that all flaws are
smaller than the value required by the safe life/load combination. This is
typically done by ‘‘proof testing’’ 3* *¢ *7 the article to a load whereby all
flaws are loaded enough to ensure breakage if the flaw is larger than
desired. This procedure cuts off the low end of the flaw/strength
distribution, leaving only the flaws that can cause breakage at loads
higher than expected or at longer times than are expected for the article.

Examples

In order to understand that this study of glass fatigue is not just an
academic exercise, a couple of examples will show when knowledge of the
article’s lifetime is important. The first example considers the windows of
spacecraft. The second example brings out the many difficulties in using
something more down to earth for long periods of time; the survivability
of optical waveguide communication lines for decades of use.

Spacecraft windows are obviously a critical part of the vehicle. A
break in one of them could lead to serious difficulties in surviving in a
vacuum or in landing safely. However, one cannot just overpower the
problem by using thicker glass to lower the stress to increase the life.
Weight is very important—the less the vehicle weighs, the more payload
one can put into orbit. Thus the need to design the windows to the exact
needs, to insure safety at minimum weight.

Wiederhorn, Evans, and Roberts*® did ‘A Fracture Mechanics
Study of the Skylab Windows”’ in 1974 which presented some data and
analysis for the proper design of these windows. They used an exponen-
tial form of a crack growth model combined with static loading to deter-
mine a load/failure time relation. By adding a proof stress to this rela-
tion, the authors developed a design diagram or guide for predicting
load/life behavior. This process of determining design criterion and ap-
propriate proof stresses for space craft windows was also presented in
1976 by Gulati and McCartney.* These writers were concerned with the
space shuttle windows which were to be designed to survive for a
minimum of 100 missions. Again with the vital need to be sure that the
glass will not fracture early due to fatigue, each piece of glass was proof
loaded with a special pressure fixture to demonstrate that any flaw still on



the surface was too small to cause failure before the designed lifetime.

The previous example was of the space shuttle window which was
designed for a relatively short life, but with a significant constraint of
minimizing weight. The next example is one of a need for a very long
life—30 years—with a constraint of needing to use a particular product
which cannot be physically changed. The product is an optical
waveguide. These thin (~0.005"” dia.) glass fibers are being used for
telephone lines. One of these fibers can replace a large coaxial cable many
times its diameter. This saving in size is but one of the many features that
has attracted the telephone companies. However, telephone companies
have a long term outlook as they need to be sure that once the fiber is put
in the ground, or hung on the poles, the fiber will have a useful life of 20
to 30 years. The great optical properties will mean nothing if the
waveguide will fall apart too soon. And, for optical reasons, the general
size and compositon cannot be significantly changed as a method to im-
prove the mechanical characteristics for longer life at higher stresses. The
way out of this dilemma is by making the cable enclosing the waveguide
strong enough and stiff enough to absorb any loads over the waveguide’s
maximum allowable.

The maximum design load of the waveguide has to be determined by
extrapolation from relatively short term tests. Short term tests are ones
that require only a few weeks or months to perform. The tests done on
these fibers include both dynamic and static fatigue.* The direct
measurement of the subcritical crack growth velocity on 5 mil diameter
fiber is currently impossible. As illustrated in Helfinstine,*' the fatigue
constants obtained by various researchers do differ. These differences are
partially due to different glass compositions, to different coatings, and to
different test conditions. These differences indicate the need to do ex-
trapolations from test on similar fibers under environmental conditions
as close to that seen in use as possible.

Concluding Comments

This article has attempted to discuss a characteristic behavior of
glass known as delayed failure. This phenomenon of glass has been
observed and much discussed since first published in 1899. During this
period of time, this behavior has been called with many different names
including fatigue and subcritical crack growth. While there are many
details concerned with fatigue behavior, there are several general com-



ments one can make about the subject—

efatigue can be a serious design problem

eseveral theories are available based on different assumptions

*to minimize or decrease fatigue failures—remove or reduce
-flaws
-moisture
-stress

Although these are overly simplified comments, they do provide a
good basis for the study and understanding of the delayed failure of

glass.
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QUARTZ ROTARY-TABLE SUBSTRATE HOLDER
FOR EPITAXIAL GROWTH REACTOR
David L. Hovey
Lincoln Laboratory
Massachusetts Institute of Technology
P.O. Box 73
Lexington, MA 02173-0073
(617) 863-5500

Introduction

This paper concerns the design, fabrication and operation of a
rotating quartz substrate holder which was developed for a vapor phase
epitaxy (VPE) reactor used to grow the semiconductor InP. This
substrate holder is appropriate for exploratory laboratory use and is not
readily adaptable for manufacturing applications. This InP epitaxial
reactor is arranged so that the vapor species flows parallel to the surface
of the substrate during deposition. The crystalline quality of the epilayers
grown in a reactor with this geometry has been found to be superior to
epilayers grown in a vapor which flows perpendicular to the substrate
surface. Under the parallel arrangement, however, distribution of both
temperature and vapor species at the substrate can be nonuniform
resulting in variations of thickness and composition, especially in large
area epilayers. To enhance uniformity of conditions, the holder and
therefore the substrate must be rotated during growth.

Figure 1 illustrates the arrangements for obtaining substrate rotation
in both the perpendicular (Fig. 1a) and parallel (Fig. 1b) geometries. The
origin of motion is the end of the tube exiting the reactor on the left side.
It is apparent from Fig. 1a that rotation is easily obtained with the per-
pendicular geometry. However, rotation is difficult with the parallel geo-
metry (Fig. 1b) where the axis of rotation is perpendicular to the support
tube and the manipulation originates from a remote location. The rotator
described here provides an effective means of achieving this motion in an
exploratory growth system.

Design

Several designs were reviewed before deciding on the one used in this
work. The chosen idea was thought to provide the mechanism with the
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highest degree of reliable rotation at the possible expense of a more
uniform rotation rate for the exploratory growth conditions to be used.
In formulating the design, several fundamental factors were considered.
First, VPE is generally carried out at temperatures in excess of 650°C,
which requires that the reaction tube and substrate holder be fabricated
entirely from quartz. Second, the mechanism must be reliable since view-
ing of the table is impossible when it is in the oven. Finally, a bevel-gear
arrangement, if at all possible to produce, would be prohibitively expen-
sive. Also, any gear mechanism would be likely to have jamming pro-
blems. This could be due either to vapor condensation or the 48-inch
distance between the rotary table and source of motion (Fig. 2).

A device was designed which incorporated a manipulator which
could slide and be turned within a fixed support tube. The rotating table
is mounted on a spindle which is sealed to the end of the support tube. A
labeled photograph of the mechanism is shown in Fig. 3 A series of slots
was ground on the underside of the table. The inner manipulator, which
extends through both ends of the support tube, can be translated and
rotated within the support tube. An engagement rod is sealed to the end
of the manipulator so that it may engage and disengage the slots in the
table. A sequence of engagement, translation and disengagement serves
to rotate the table through a given angle. Thus substrate rotation is
achieved by means of a given series of such cycles.

Since these manipulations must be.executed from the end of the tube
outside the reactor, and rotation cannot be viewed directly, a system of
stops must be incorporated. The first stop is the engagement arm contac-
ting the end of the support tube on the return stroke. (Refer to Fig. 3.)
The other stops incorporate decal marker lines and serve to define the
precise position of the engagement rod relative to the slots, enabling
precise rotation cycles to occur. (See Fig. 4.)

Fabrication

The ideal size for the rotary substrate holder was determined to be a
25-mm-diameter bv 3-mm-thick quartz disc. This was adequate to hold
the substrate and aliowed space for turning the disc in the reactor tube.
The first procedure was to concentrically drill the disc with an 1/8-inch
diamond-core drill to provide clearance for the 3-mm spindle. The drilled
hole also served to center the disc on the indexing table. A 0.090-in.-dia-
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meter diamond-core drill was used to grind the slots. An angular spacing
of 24° between slots provided an optimum configuration for the chosen
slot width (Fig. 5). The slots were then ground in depth increments of
0.010 in. due to the limit of strain on the core drill shank. Six passes were
required to obtain the total depth of 0.060 in., which was half the disc
thickness. The top of the disc was then counterbored to receive the retain-
ing washer (Fig. 6). This procedure completed the disc. Next the spindle
was sealed to the support tube (Fig. 7). The pre-drilled bearing plate was
then placed over the spindle and also sealed to the support tube. The disc
was then put on the spindle and the retaining washer was set into the
counterbore. At this point, a 0.001-inch shim was inserted between the
disc and the bearing plate, and the seal was made between the top of the
spindle and the retaining washer. With the shim removed, sufficient
clearance was provided for smooth and easy rotation.

The engagement rod was then fabricated. A 2-mm-diameter rod size
was chosen as having sufficient strength while allowing a compatible fit
with the slot size in the base of the disc. The rod was fabricated with the
correct radial spacing to provide accurate engagement of slots. This
distance between the rod and the center of the table was also critical so
that sufficient rotary travel could be realized without exceeding the
mechanical limits of the design. The decals were then positioned and bak-
ed on, giving orientation information about the engagement rod to the
person using the manipulator. After fusing small hooks around the rim
of the table and testing the table rotation for reliability, the device was
ready to be used in the epitaxial reactor.

Operation

The sequence of operation of the rotary table is illustrated in Fig. 8.
First the manipulator is rotated so as to insert the engagement rod into a
slot in the bottom of the rotary table. The manipulator is then moved for-
ward to the marker which rotates the table 1/5 turn. The manipulator is
next counterrotated, which enables the engagement rod to clear the table
as it is pulled back against the stop. This returns the manipulator to the
starting position. A sequence every 3 min. results in a rotation rate of 4
revolutions per hour. A cycle can be started in any slot. Although only 5
slots are needed, the extra slots provide optional rotation cycles.
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Results

The rotary table substrate holder was operated in an experimental
reactor for the growth of InP epilayers where it was necessary to place the
substrate parallel to the flow direction of the vapor species (Fig. 9).
Substrates were typically 1 sq. in. in area. Prior to using the rotary table,
epilayer thickness could vary as much as 25% over the area of a nominal-
ly 6-um-thick layer. Electrical characteristics were found to be
nonuniform. As a result of the incorporation of the rotary table, epilayer
thicknesses varied less than 10%, and electrical uniformity characteristics
were significantly improved.!

The design choice proved to be mechanically reliable. The cleaning
procedure between runs originally included a lengthy and concentrated
HF acid etch. This was detrimental to the spindle and retainer clearances,
and the table loosened slightly. The etch time and acid concentration were
reduced, and the table continued to work satisfactorily.

Conclusions

In this paper, the design, fabrication and operation of a quartz
rotary-table substrate holder for exploratory experimental InP epitaxial
growth was described. In addition to the successful operation of the
table, a significant factor of this presentation is the demonstration that
using readily available resources, somewhat unconventional but adequate
methods, and the glassblower’s creative potential, most technical
challenges can be met.

This work was supported by the Department of the Air Force.
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Abstract

Special applications require glass seals to furnace tubes and other ap-
paratus that will operate at higher temperatures and vacuum than those
assembled from fused silica and mullite. One example is a furnace tube
that will withstand 1300°C under a vacuum of 10-’ torr with as little
outgassing as possible. The material chosen to meet these requirements
was alumina (99.9% A1,03) because of its purity and ability to withstand
high temperatures. Because of the contraction coefficient of this material
it was difficult to find a suitable sealing glass. Glass blowers are prone to
consider coefficient of expansion and forget the hysteresis during con-
traction of a given material when sealing glasses to them. Owens-Illimois
glass N51-A was chosen as a sealing glass to alumina because of its
similar contraction behavior.

A full radius was ground on the end of the alumina tube. Then the
alumina tube and N51-A glass were placed in the lathe and set up to allow
the glassblower to be able to blow when making the seal. A Litton an-
nealing burner was placed under the alumina tube and a gas only flame
tyrned on, allowing it to blacken the tube. After about 3 minutes, air was
gradually added until the carbon was burned off. A National hand torch
equipped with a size N-2 tip mounted in the back of the lathe was turned
on with gas and enough air to produce a bushy flame. Air was gradually
added to both burners until the alumina tube showed an orange color
(750-800°C). The glass was then brought up to the flame so as to preheat
it and allow it to be shaped so that the I.D. was about 4 mm larger than
the O.D. of the alumina tube. Then the glass was brought over the
alumina and, with a regular sealing flame on a 6-jet Litton lathe burner,
the glass was heated and paddled down on the alumina. After the glass
was sealed to the alumina, the lathe burner was moved out about 3/8”
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and the glass was flame cut. The glass was paddled around the end of the
tube which sealed it inside; the glass was then sealed to this end of the
tube, fabricating a housekeeper seal. The N51-A glass seals very well to
Corning’s 7052 glass which in turn seals to Kovar and hence to a Varian
flange that can be readily connected to a vacuum system.

It should be emphasized that extreme care must be taken that the
sharp portion of the lathe burner flame or the paddle does not touch the
alumina tube. Also, both the Litton annealing burner and the National
hand torch are kept on during the sealing process.

22



COMBINING SCIENTIFIC METHODS AND TECHNIQUES
TO FORM ARTISTIC DESIGNS

Thom Lillie
University of Minnesota
Glass Technology Services

S-146 Kolthoff Hall
Minneapolis, MN 55455

The technique of lampworking was originally developed to make
small beads and religious figures. One of the larger pieces of lampwork-
ing of the 19th century is a lace ship in the Albert and Victoria Museum in
London. Up until quite recently, artistic lampworkers used soft glass and
the techniques of weaving to achieve some degree of size to their pieces.
The ability to utilize ring seals, massive solid shapes and implement such
machines as the glass lathe were very useful for the artistic lampworker.

As a scientific and occasional ornamental glass blower, I have en-
countered many instances where a refined scientific glassblower insists
that one must be an artist as well as a glassblower to create artistic pieces.
This is not so. An artist is a person skilled or versed in one of the fine arts.
Therefore, all glassblowers are artists whether it be scientific or ornamen-
tal. By applying these methods I am going to show, any glassblower will
be able to create beautiful pieces of art work. Even those of you who have
mastered both forms of glassblowing can benefit from these ideas.

There is a large variety of artistic glassblowing around us today. A
lot of the artistic glass, with the exception of large solid glass figures, and
woven glass, employs many similar techniques as in much of the scientific
work we do today. Some of these pieces include a variety of lathe techni-
ques as well.

I have drawn some illustrations and put together a few slides which
illustrate some of the methods I am talking about.

Project 1. Candleholder

This particular candleholder employs quite a few scientific tech-
niques. 1) First, a constriction is made for the top portion of the
candleholder. 2) Then the tube is heated directly behind the constriction
with a large bushy fire. Before the tube is molten hot it is stretched to its
desirable length. 3) The bottom part of the holder is flared out such that it
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is proportional to the height of the
candleholder. 4) It is up to the glass-
blower to use his imagination to
finish the top part of the holder.
Frills, a bead, or even a cobalt ring
can be added for finishing touches.
White candles accent the glass very
nicely.
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Project IV. Birdcage

The final piece of work is a large glass birdcage. A bit more complex
than the others, and employs a few lathe techniques.

We start by cutting several (20-24) 6mm rods to equal lengths pro-
portional to the diameters. Also needed is another 2000ml flask. Next, a
ring seal is made at the top center part of the flask. This ring seal has a
hook on the inside of the flask to hang the bird by, and a loop on the out-
side to support the birdcage. After the ring seal is made, the flask is
reversed, the neck pulled off, and the opening flared out to accommodate
the 6mm rods being sealed on. These 6mm rods are held in place by using
several different methods.

The simplest type of jig is to simply tape the rods around a large (6”°)
tube. In order to prevent overlapping or congestion at the connecting
point I used the old circumference equation, 2 r.

Another jig can be made by drilling ¥4’’ or 6mm holes, in a 1-2 inch
thick circular cut piece of wood.

The ultimate jig is one milled out of alluminum, with nylon set
screws. The screws are nylon to prevent crushing the glass rod ends, and
also hold the rods firmly in position so they will not loosen during
fabrication.

The flask and 6mm rods are chucked into the lathe to be sealed
together. Once they are sealed, the rods can be heated and spun out to
add design to the birdcage. I used a large, bushy hydrogen oxygen flame
to prevent sharp curves. Once the rods are sealed on to the flask, the jig is
removed from the bottom portion of the rods. A tube is then sealed on to
the rods and pulled off about 34’ from the seal. A design can be added
at the bottom to enhance the birdcage.

Now that the scientific techniques of the birdcage are completed, we
are ready to start on the bird. Let your imagination go, preferably mak-
ing a quick sketch of how you want it to look. I chose a long slender bird
with a lengthy tail to be proportionate to the cage. I also sandblasted the
bird to prevent the cage from dominating over the bird inside.

I have presented several ideas and techniques employing scientific
approaches. By using your experience, ability and imagination, there is
no limit to what you can design and create.
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ARMOLLEX
Joseph S. Gregar

Argonne National Laboratory
Chemistry Division
Argonne, Illinois 60439

An apparatus for Solvent Extraction Kinetic Measurement.

Armollex is a new forced-convection constant-interfacial-area stirred
cell, suitable for studying kinetics of liquid-liquid extraction of metal ca-
tions. The cell allows the stirring of organic aqueous phase solutions in
contact with each other at very high RPM without breakup. As the stir
rate is increased the stagnant organic and aqueous layers at the interface
diminish in thickness.

Constant interfacial area stirred cells, also called Lewis cells,' have
been used to obtain solvent extraction kinetic data in experiments, how-
ever this kind of cell does not permit efficient stirring of the regions close
to the liquid-liquid interface. In order to overcome this disadvantage,
Nitsch and Hillekamp have developed an apparatus with cylindrical in-
serts containing screens at the ends closest to the interface and impellers
with blades inclined 45° to the surface. This arrangement produced a very
efficient forced convection and allowed one to stir the aqueous and
organic phases at very high speeds without breaking the interface. The
original apparatus was designed to handle rather large volumes (about 1
L). The experiments took long times and the concentrations of solute
were determined by discontinuous withdrawals.

However, a continuous monitoring of the concentration variations
and the use of small volumes are highly desirable to reduce the amount of
experimental work required and to allow the use of organic reagents
often available only in limited quantities.

This new cell retains the efficient hydrodynamic features described
in reference 1 and permits the use of small volumes (100 ml) and a con-
tinuous monitoring of the concentration variations. The new forced con-
vection, constant interfacial area stirred cell, where concentration varia-
tions are monitored by radiometric flow counting is called ARMOLLEX,
an acronym for Argonne Modified Lewis cell for Liquid-liquid Extrac-
tion kinetic measurements.?
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The objective is to extract the metal cation from aqueous to organic
phase and record the data. The reaction time should be kinetic limited. If
you have a thick stagnant interfacial zone and not a thin film interface
this will make the experiment diffusion limited rather than kinetic
limited. The benefit of this cell is that it can produce a very thin interface
layer between the two phases and enables high stir rates up to 800 RPM
without breakup of the interface layer allowing accurate studies of
kinetics of extraction.

Testing of the ARMOLLEX apparatus leads to the conclusion that
in the apparatus a wide range of hydrodynamic conditions exist where the
thickness of the diffusion films becomes small enough to make diffu-
sional processes negligible with respect to the rate of the interfacial
chemical reactions, or (alternatively) a constant thickness of the diffusion
film, independent of the stirring speed, is reached at 350 RPM.

The construction of the ARMOLLEX cell is basically a temperature
controlled chamber with cylindrical inserts. These inserts are 28mm OD
supported by 4 mm rods, symmetrically inside of 45Smm OD tubing. The
chamber is then enclosed by a water jacket for temperature control. After
annealing, the end seals of the jacket are ground flat for a grease seal be-
tween the chamber and the caps. To enhance the ‘‘Fluid Mechanics’’ of
this cell, stainless steel screens were mounted to the inside ends of the
28mm cylindrical inserts. This insures that the pressure of the flow is
evenly dispersed across the interfacial area. It also acts as a stabilizer for
the interface. The screens were mounted with tiny glass rivets and must be
parallel to each other. Slots were cut into the screens to allow passage of
circulating and filling tubes. The caps were made from 45Smm OD tubing
and flanged. These flanges were ground to mate with the cell body. The
top cap has an Ace stirring bearing and three luer joints for the filling and
flow tubes. The bottom has a similar stirring bearing and a stopcock for
draining the system. The propellers were hand formed and attached to
Ace ground stirring shafts.

A total of five ARMOLLEX cells were built and used for this
research experiment, all with great success. It was a great honor working
with the scientists of Argonne National Laboratory, Chemistry Division,
and very gratifying to present it to the American Scientific Glassblowers
Society.

33



Acknowledgements

1 would like to thank Dr. E.P. Horwitz, Dr. P.R. Danesi, Dr. C.
Cianetti and Dr. H. Diamond for their research efforts; Paul Rickert for
consultation and Carol Bloomquist for illustrations.

References
' W. Nitsch and K. Hillekamp, Chem. Zts. 96, 254 (1972).

2 P.R. Danesi, C. Cianetti, E.P. Horwitz and H. Diamond.

ARMOLLEX: An apparatus for solvent Extraction Kinetic Measure-
ment and Separation Science and Technology, 17(7) pp. 961-968, 1982

Figure 1.

OPENINGS FOR TUBING TO
7/ FLOW THROUGH DETECTOR

24 X 24 MESH
$S SCREEN

34



Yy
CYLINDRICAL
, INSERTS
Figure 2. 1]
o’e)
ninmnmi
&L
INTERFACE — L SS SCREENS
RO
b%i =)
W
CPM.
STIRRUP RATE STRIP-CHAR ;_
1410 METER RECORDER \
AMPLIFIER ORTEC CHESSEL s
449 301D SENEURER
TIME
SIGNAL
HIGH VOLTAGE POWER SUPPLY Figure 3.

ORTEC 456 NIM BIN

EMI - 98058

{ PHOTO TUBE
WITH VA AMPLIFIER

FLOW THROUGH DETECTOR

K TUBING

ARMOLLEX ,
WP | —
MASTERFLEX CELL

CELL FOR KINETIC/
MEASUREMENTS

35



This paper was presented at the 26th Symposium in Atlanta, Georgia.
Somehow it was omitted from the Proceedings printed that year, so I
am now including it in this Proceedings so that it will become part of
our reference material.

EFFECTIVENESS OF EYE GLASS TO REMOVE
DAMAGING RADIATION FROM GAS FLAMES

Jeff Tassin

Department of Chemistry
Furman University
Greenville, South Carolina 29613

Present Address
Department of Chemistry
University of the South
Sewanee, Tennessee 37375

Introduction

The process of sight requires the interaction of light with the eye.
The average person in his/her life is exposed to ‘‘normal’’ levels of visible
light from the sun and artificial light sources. Both these sources can con-
tain a small amount of ultraviolet (UV) light which can cause damage to
the lens and cornea of the eye. For example, many scientists believe that
senile cataracts are formed by the interaction of UV light with the lens.

A glassblower, as part of his/her everyday job, can be exposed to
higher than normal intensities of visible and UV light from the flames
with which he/she works. This paper will discuss the types of damaging
radiation a glassblower can be exposed to in his/her everyday job, the
types of damage this radiation can cause to the eye, and the effectiveness
of presently available eye glass to screen damaging radiation.

Types of Photochemical Damage

UV irradiation below about 300 nm can cause molecules that absorb
this light to ionize which leave very reactive free radicals. These free
radicals cause damage to the DNA, RNA, protein and membrane of the
cell. Some researchers believe that senile cataracts are caused by the
chemical reaction of free radicals' 2. Since light of these wavelength con-
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tain enough energy to cause ionization of some biomolecules, the produc-
tion of free radicals requires only one photon of light.

In contrast to ionizing radiation, light with wavelengths greater than
300 nm do not usually contain enough energy to ionize most biomole-
cules. However, this light can be damaging at high intensity. The most
damaging feature of high intensity radiation is due to thermal damage.
Molecules that absorb light usually only stay excited for a short period of
time (nanoseconds to milliseconds). Very often the excess energy is lost as
heat. Under normal conditions this heat is dispersed rapidly but under
conditions of high intensity, radiation heating is more rapid than disper-
sion, which results in burns.

Types of Radiations Emitted by Flames Used by Glassblowers

Most glassblowers use Hy flames for quartz glass and methane, pro-
pane or acetylene flames for pyrex. These flames alone contain damaging
radiation. Hy/air or Hy/O, flames spectrum contain a number of emis-
sion peaks in the UV due to the OH radical which is created in the flame.
The major peaks are at 261, 268, 282, 288, 295, 302, 306, 312, 319, 326,
343 and 350 nm. The 302 nm peak is the most intense followed by the 288
and 295 nm peak®.

Organic flames (methane, propane and acetylene) also contain emis-
sion peaks due to the OH radical. Although the peaks due to the OH
radical in these flames are not as intense as in the Hy flames, organic
flames also contain emission peaks from the CH, CHO and C, radicals.
The strongest emission peaks from the CH radical is at 431 nm with
weaker peaks at 314 and 390 nm*. The major peaks from the C, radical
are at 434, 517 and 564 nm’. The CHO radical emission peaks are
relatively weak with their major peaks between 300 and 390 nms®.

In addition to the radical emission peaks, glassblowers are exposed
to light emitted from the glasses they use. The major emission peaks that
come from Pyrex glass are due to Na. There are minor emission peaks
from other elements in the glass such as Si. The Na-D-line at 589 nm is by
far the most intense peak of this type. Na also has emission lines at 285
and 300 nm’. Si emission peaks are centered around 252 nm and are
usually masked by the OH radical peaks of the flame.

Working with quartz glass adds an additional problem. Although
quartz contains little or no Na the higher temperatures required to work
with this type of glass causes an intense blackbody emission over most of
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the visible spectrum. The overall intensity of this blackbody radiation is
much higher than that of the Na-D-line in Pyrex glass.

Types of Damage that can Occur to the Eye

The three areas of the eye most susceptible to photochemical damage
are the cornea, lens, and retina. It has been shown that near UV and low
wavelength visible light can cause the cell membrane in the cornea to
break down. The lower the wavelength the more damaging the radiation.
For example, light of 320 nm is 13 times more damaging than the light of
390 nm®. The most damaging radiation to the cornea is that of less than
293 nm because it absorbs all the radiation of these wavelengths. For-
tunately, the cornea has repair mechanisms that can fix this damage as
long as it is not too extensive. Actually, the cornea protects the lens and
retina from most of the ionizing radiation by absorbing all wavelengths
less than 293 nm.

The lens of the eye is more susceptible to permanent damage than
the cornea or retina because it is actually dead. Only the intersurface con-
tains living cells, thus the repair mechanisms are not as effective as that of
the cornea. Once the cells in the lens are formed they are never replaced.
The center of the lens of an adult contain the same cells that made up
his/her lens at birth®.

It is thought that most of the photochemical damage that occurs to
the lens is initiated by the absorption of light by the amino acid tryp-
tophan?. Tryptophan absorbs light of 305 nm or less, thus it is protected
from much of the damaging radiation by the cornea. However, light bet-
ween 293 and 305 nm does pass through the cornea and into the lens
causing a slow yellowing of the lens due to photo-oxidation of tryp-
tophan. These photoproducts of tryptophan absorb light between 300
and 360 nm making the lens more susceptible to photochemical damage’®.
Thus, the most damaging radiation to the lens are those between 293 and
360 nm.

The retina is protected from most of the ionizing radiation because it
is absorbed by the cornea and the lens. The most damaging radiation to
the retina is not from flames but the high intensity visible radiation of the
Na-D-Line or from quartz glass. This radiation can burn the retina and
lead to permanent damage. Although the shorter the wavelength of the
light the greater the damage, all wavelengths of visible light are close to
equal in their efficiency to cause thermal damage to the retina.
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Effectiveness of Commercially Available Glasses to Remove Damaging
Radiation

As can be seen from figure 1 and 2 both didymium and Bausch and
Lomb (B + L) G-33 glasses have little or no transmittance below 320 nm.
This removes the ionizing radiation and protects the lens and cornea from
the wavelength of light most damaging to them. Almost any type of nor-
mal eye glass will remove these radiations, even plastic lab glasses. The
didymium and B + L G-33 glasses also have very low transmittance be-
tween 570-590 nm (~ .2%) removing most of the Na-D-line that can burn
the retina. There is also relatively low transmittance at around 440, 480,
and 540 nm removing much of the emission from the Cy and CH
radicals. In general, the B + L G-33 glasses have lower transmittance
than the didymium lens, thus offering more protection.

The glasses used for work with quartz glass are the same as those us-
ed by welders. As can be seen from figure 3 these glasses have very low
transmittance in all parts of the visible and UV spectrum. There is a
slightly higher transmittance between 500 and 600 nm. This is mainly to
allow the wearer to see what he/she is doing. The eye is the most sensitive
to light in this range so that this low transmittance allows enough light
through for reasonable visibility.

Conclusion

There are a number of sources of damaging radiation that come
from flames and glasses that glassblowers use. This radiation can cause
permanent damage to the cornea, lens, and retina of the eye. Commer-
cially available eye glasses are effective in removing this radiation and
protecting the eye.
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Figure 1. Percent transmittance of eye/glass containing didymium
lens. Lines at top denote position of major emmission lines due to OH,
C), CH and CHO radicals in gas flames. Line at 589 is due to Na
emission from Pyrex glass used in flame and is at least 10 times more
intense than show.
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Figure 2. Percent transmittance of eye/glass containing Bausch and
Lomb G-33 lens. Lines at top denote position of major emission
lines due to OH, Cj, CH and CHO radicals in gas flames. Line 589 is
due to Na emissions from Pyrex glass used in flame and is at least 10
times more intense than show.
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Eleanor Burke
1628 N. Franklin Pl. #7
Milwaukee, WI 53202

Stewart W. Burt
1825 Wickersham Dr.
Knoxville, TN 37922



Robert G. Campbell

Queen’s University

Chemistry Dept.

Kingston, Ontario, Canada K7L 3N6

William A. Campbell
RD #1 Dogwood Dr.
Chester, NJ 07930

Raymond L. Carew
8008 Lurline Ave.
Canoga Park, CA 91306

John W. Chabot
University of Illinois
PO Box 52, Noyes Lab
505 S. Mathews Ave.
Urbana, IL 61801

David Chandler

University of Waterloo

University Ave.

Waterloo, Ontario, Canada N2L 3Gl

Loren S. Chard, Jr.
330D Twinbridge Apts.
Carney’s Point, NJ 08069

James Cheston
2005 Pine Pep Rd.
Reisterstown, MD 21136

Ronald Chipperfield
2941 Clover St.
Pittsford, NY 14534

Philip Cicero
PO Box 671
Benton Harbor, MI 49022

Denis Clair

South Street

Murdoch,

Western Australia 6150

Peter H. Clarke
Procter & Gamble Co.
ITC Building

5299 Spring Grove Ave.
Cincinnati, OH 45217

Jerry A. Cloninger
2816 Arden Way
Smyrna, GA 30080

Frank R. Cooper
805 Beverly Ave.

Altamonte Springs, FL 32701

Ward A. Cornell
174 Brookside Lane
Mansfield Center, CT 06250

George D. Cosgrove
9447 Alcosta Blvd.
San Ramon, CA 94583

Dumitru Costea

The Glass Menagerie
41-47 E. 23rd St.
Paterson, NJ 07514

Roy Couzin

2106 Manhattan Beach Blvd.

Redondo Beach, CA 90278

Gary S. Coyne

Chemistry Dept
California State University
5151 State University Dr.
Los Angeles, CA 90032

Edmund Czohara
9 Henry Dr.
Hudson, NH 03051

David G. Daenzer
52 Miller
Mt. Clemens, MI 48043

Dieter K. Damrow
6065 Holly Lane
West Bend, WI 53095

Patrick J. De Florio
253 Walker St.
Lowell, MA 01851

Vincent C. De Maria
24308 Treasure Island
Punta Gorda, FL 33955

Czeslaw Deminet
14220 Piedras
Albuquerque, NM 87123

Frederick Dietz
55 East St.
Nunda, NY 14517
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Robert Di Giacomo
Chem. Dept.

M.LT.

Cambridge, MA 02139

Arthur Dolenga
44045 Donley Dr.
Sterling Hgts., MI 48078

Andre B. Dolle
1926 Howe Place
Escondido, CA 92025

Arthur Domizio
44 Nichols Ave.
Yonkers, NY 10701

Helmut Drechsel
National Scientific Co.
P.O. Box 498
Quakertown, PA 18951

Jean-Marc Dubuc
18 Airport Blvd.
Bromont, Quebec, Canada JOE 1LO

Leo F. Dusek
3425 Grantwood Dr.
Parma, OH 44134

David W. Edson
1000 Harding Hgwy. (L5)
Mays Landing, NJ 08330

Howard L. Epperson
340 Vista Dr.
Athens, GA 30605

Mordecai Etchison, Jr.
2545 Gordon Cir.
Smyrna, GA 30080

Kenneth J. Everingham
251 J Street
Carney’s Point, NJ 08069

Louis Fabian
7872 Jasper Cr.
Vancouver, B.C., Canada V5P 3S9

B.N. Fairbrother

1 Jan Smuts Ave.
Johannesburg

SOUTH AFRICA 2001

Dennis Falconer
RD 7, Box 71
Gibsonia, PA 15044

Gabor Faludi
355 Toyon Rd.
Sierra-Madre, CA 91024

Ashton M. Felts, Jr.
Rt. #1, Box 407
Wakefield, VA 23888

Robert Forgnoni
53 Glenn Terr.
Vineland, NJ 08360

William E. Fox
74 Bandolina
Los Alamos, NM 87544

Jerry D. Garrett
1807 W. Madison
Kokomo, IN 46901

Hans P. Geyer
282 Bridgepoint Rd.
Belle-Mead, NJ 08502

John E. Giacometti, Jr.
515 W. Oak Rd.
Vineland, NJ 08360

Ronald H. Goehner
63 Castles Dr.
Wayne, NJ 07470

Robert E. Goffredi
28 89th St.
Sea Isle City, NJ 08243

Gordon Good
15 Emerson Court
Ambherst, MA 01002

David A. Gover
33 Wilson St., Apt. 6
Westover, WV 26505

Robert S. Gramarossa
6 Cressida Dr.
Old Bridge, NJ 08857

Joseph S. Gregar

464 Nassau
Boling Brook, IL 60439
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Siegfried Greiner
4404 E. Crystal Lake Ave
Crystal Lake, IL 60014

Anthony Grimm
59 Deerfield Rd.
Norwood, MA 02062

Adolf P. Gunther
3468 Sulin Court
Yorktown Heights, NY 10598

Robert Halbreiner
100 Circle Dr.
Chalfont, PA 18914

Richard J. Hapstack
212 Marcella Rd.
Parsippany, NJ 07054

Larry Harmon
747 Fruithurst Dr.
Pittsburg, PA 15201

Bruce Harwood
565 Talbot St., #103

London, Ontario, Canada N6A 2T1

Anthony J. Hawkins
P.O. Box 591
Alfred, NY 14802

1.B. Hensley
3411 Shady Hollow Ln.
Dallas, TX 75233

Jerry Hoskins
101 Ginger Ave
Millville, NJ 08332

David L. Hovey
44 Spring
Reading, MA 01867

Willard W. Huppert
General Electric Co.
Medical Systems Op.
11-64 P.O. Box 414
Milwaukee, WI 53201

John B. Hutchins
3190 Claremore Ave.
Long Beach, CA 90808

Harry J. Huth
9859 Ione
St. Louis, MO 63123

Fred G. Kennedy
P.O. Box 225936 MS 145
Dallas, TX 75265

Thomas Kern
424 Sunland Dr.
Cincinnati, OH 42538

Richard M. Ketchum
9140 Old Annapolis Rd.
Columbia, MD 21045

Owen Kingsbury
207 North Eastern St.
Greenville, NC 27834

Russel H. Kloess
P.O. Box 255
East Carondelet, IL 62240

Andrew Kocisko
1438 Shryer Ave.
Roseville, MN 55113

Benjamin Kresge
1055 Esplanade
Bronx, NY 10461

Milan Krmpotic
P.O. Box 673
Geneva, OH 44041

Keith A. Kuehl
17 Marilyn Dr.
St. Joséph, IL 61873

Egon Kummer
140 Old Post Rd. So.
Croton-Hudson, NY 10520

Fred Kummer
5 Forsythe Dr.
E. Northport, NY 11731

Manfred Langer

4504 Dobie Rd.
Okemos, MI 48868
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John W. Langley
3561 Italia Ave.
Vineland, NJ 08360

Russel W. Langley
Continental Glassblowing
Tuckahoe Rd.

Richland, NJ 08350

David W. Lanman
2722 Fircrest Ct.
Stafford, TX 77477

John E. Legge
31 Nymark Ave.
Willowdale, Ontario, Canada M2S 2G8

Ronald Legge
100 Andrea Rd.
Ajax, Ontario, Canada L1S 3V9

L. Frederick Leslie
3 Durie St.
Toronto, Ontario, Canada M6S 3ES

Robert A. Lewandowski
PO Box 12896 NTS
Denton, TX 76203

Donald E. Lillie
3431 Lake Dr.
Smyrna, GA 30080

Thomas D. Lillie
545 Sandhurst Dr.
Roseville, MN 55113

Robert Lorimer
1055 W. Washington Ave. #6
Sunnyvale, CA 94086

Donald Loth
703 Embassy Terrace
Vineland, NJ 08360

Joseph Luisi
2798 Bryant St.
Vineland, NJ 08360

J.P. Lunzer

Lunzer Ind. Diamonds Inc.
48 W. 48th St.

New York, NY 10030

Elco Machek
228 East 80th St. 3 FE
New York, NY 10021

Elmo Maiolatesi
25 Henry
Baltimore, MD 21236

Wilbur C. Mateyka
3246A Aqueduct Dr.
Lexington, KY 40502

James McCartney
47 Lockwood RFD #1, Box 328
Peekskill, NY 10566

Thomas J. McKelvey
333 Sycamore Ave.
Folsom, PA 19033

Robert Medley
3413 Leechburg Rd.
Pittsburgh, PA 15239

Frank Meints
1603 Merrill
Kalamazoo, MI 49008

Jim Merrit
17018 Jeanine Pl.
Granada Hills, CA 91344

George E.. Messick
370 Paper Mill Rd.
Newark, DE 19711

Robert F. Miller
492 N. Washington
Danville, IN 46122

Edward Mitchell
10 Central St., Apt. 2
Braintree, MA 02184

Louis J. Molinari
15 Forest Dr.
Stirling, NJ 07980

M.A. Molodow
431 Kentucky La.
McKinney, TX 75069

Donald Moody

1472 Floyd Ave.
Sunnyvale, CA 94087
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Sandra M. Morin
RFD #2, Box 100
Jellerson Rd.
Sanford, ME 04073

Phillip Motyka
RD #1, Box 134
Branchville, NJ 07826

T. Thomas Nagami
143 Dennis St.
Rockwood, Ontario, Canada NOB 2K0

Earl R. Nagle
18 Sky View Dr.
Cohoes, NY 12047

Mathew Nazzewski
9Y%2 Richmond Lane
Adams, MA 01220

Laurence Novak
1887 9 Mile Rd.
Sanford, MI 48657

Carl L. Nyman
18280 SW Butternut St.
Aloha, OR 97007

Donald W. Oatley
P.O. Box 27
Monkton, VT 05469

Erich W. Obermayr
University of Nebraska
Box 525 Hamilton Hall
Lincoln, NE 68588

Donald M. O’Brien
University of Illinois

505 S. Mathews Ave., Box 52
Urbana, IL 61801

Beverly M. Panczner
1507 Hagley Rd.
Toledo, OH 43612

James E. Panczner
1507 Hagley Rd.
Toledo, OH 43612

Edward Parillo
1363 Dill Rd.
So. Euclid, OH 44121

Linda M. Parker
123 Garden Dr., Apt 22
Manchester, NH 03103

Charles L. Patterson
RR #5
Boone, IA 50036

Robert J. Ponton
4940 W. Vienna Ave.
Milwaukee, WI 53216

Edwin A. Powell
468 Fairway Ct.
Carney’s Point, NJ 08069

James D. Ray
991 Kathryn
Wilmington, OH 45177

Frank J. Reese
RD #1, Box 99
Rehoboth Beach, DE 19971

Douglas K. Reichardt
141 S. Woodbury Rd.
Pitman, NJ 08071

Michael I. Rhoads
3144 Tipperary Lane
Idaho Falls, ID 83401

James W. Rishel
Rt. #3, Box 72G
Hillsboro, NC 27278

Arno P. Roensch
1511 Roma NE
Albuquerque, NM 87106

Paul Roman

Chemistry Dept.
Brookhaven National Lab
33 Lewis Rd.

Upton, NY 11973

Jacob Rosenbaum
26 Harofe

Haifa

ISRAEL 34367

Robert L. Russell
5552 Madison Pike
Independence, KY 41051
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Lawrence W. Ryan
155 Derby Rd.
Melrose, MA 02139

William Ryan
N.W. 2025 Friel St.
Pullman, WA 99163

Wendell L. Sandlin

Rt. #7, Box 244 Acton Dr.

Florence, AL 35630

Alan Schafle
4371 Brush Rd.
Richfield, OH 44286

Rudolf W. Schiott
32 Highland Down
Shoreham, NY 11786

William J. Schulze
203 Muhl Dr.
Lockport, IL 60441

A. Benjamin Seal
Box 355R RD #2
Bellefonte, PA 16823

David K. Searle
2012 Courser Dr.

Sidney, B.C. Canada V8L 2N6

R.H. Searle
136 Vivion Dr.
Aiken, SC 29801

Geza Sebok
95 Beekman Ave.
N. Tarrytown, NY 10591

Peter J. Severn
211 Jefferson
Chelsea, MI 48118

William Shoup
Chemistry Dept.
University of Virginia
Charlottesville, VA 22901

Stanley F. Sierodzinski
7 Royal Circle
Newburgh, NY 12550

Craig Sill
Greenbush Rd.
Erin, NY 14838

Dolores Sites
1421 Cherry Lane
Pottstown, PA 19464

George A. Sites
1421 Cherry Lane
Pottstown, PA 19464

David R. Smart
Lorillard Research
Box 21688
Greensboro, NC 27405

Gordon A. Smith
1114 Northern Hts. Dr.
Rochester, MN 55901

Richard C. Smith
3431 Lake Dr.
Smyrna, GA 30080

William T. Smith, Jr.
5049 The Oak Circle
Orlando, FL 32809

Raymond L. Souza
59 Mishawum Rd.
Woburn, MA 01801

Andre W. Spaan
20 Riversedge Dr.
Milford, NH 03055

Guy J. Squeo
ONO 68 Robbins
Winfield, IL 60190

Russell Stanley
130 Acorn Dr.
Warminster, PA 18974

Raymond F. Steiner
1914 Winsted
Ann Arbor, MI 48103

Siegfried Stolp

1043 E. 23rd Ave.
Eugene, OR 97405
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Charles L. Stone
P.O. Box 73
Carrboro, NC 27510

Donald C. Stoop
9 New Hillcrest Ave.
Trenton, NJ 08638

Roy Swain
2709 Canterbury
Ponca City, OK 74601

Foster Tennant
3209 Tahiti
Albuquerque, NM 87111

Robert B. Tobin
University of Pittsburg

Rm. #511 Allen Hall, O’Hara St.

Pittsburgh, PA 15260

Anthony J. Velluto
2170 NE 51 Cort
Ft. Lauderdale, FL 33301

Leon J. Vezina, Jr.
139 Colgate Rd.
Nashua, NH 03060

V. Cloud Volpe
29 Glenn Terr.
Vineland, NJ 08360

Steven A. Ward
4630 Nantucket Dr.
Lilburn, GA 30247

Andrew Wargo

Wale Apparatus Co.
400 Front St.
Hellertown, PA 18055

Merrill B. Watson
10 Woodland Park
Tuscaloosa, AL 35404

John G. Wesanko
Box 22

Deep River, Ontario, Canada K0J 1P0

Sieglinde Widmann
1165 Oakdale Dr.
Smyrna, GA 30080

Randolph B. Wilkin
12202 Ashling
Stafford, TX 77477

Larry Williams
4 West St., P.O. Box 125
Montague, MA 01351

Martin Willey
RD #3, Box 377
Schenectady, NY 12306

Travis M. Wilson
RR #3, Box 401W
Bartlesville, OK 74003

Keith C. Winston
56 Framingham Rd.
Marlboro, MA 01752

Joseph L. Zagorac

7520 Calumet St.
Pittsburgh, PA 15218
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NON-MEMBERS IN ATTENDANCE

Paul D. Andrews
26 Myers Rd.
Lansing, NY 14882

Stephen R. Bate
RD #3
Cross Ridge Rd.

Wappingers Falls, NY 12590

Robert W. Bird
85 S. First St.
West Sandy, UT 84070

John A. Bonnema

W232 S8725 Bronk Dr.

Big Bend, WI 53103

Joseph Elharar
Bar Ilan University
Ramat Gan
ISRAEL

Satish Gaur
6528 Dalrymple Way
University of Calgary

Calgary, Alberta, Canada

Lawrence J. Hitson

5405 Fifth Ave., Apt. 204A

Pittsburgh, PA 15232

Stephen Lushin
1318 W. Sycamore
Kokomo, IN 46901

James McManus
37 West Eagle St.
E. Boston, MA 02128

David M. Reilly
195 Parkview Dr.
Pawtucket, RI 02861

Donald Ross
4744 Harmon Dr.

West Valley City, UT 84120

J.B. Shaw

Lunzer Ind. Diamonds
48 W. 48th St.

New York, NY 10036

Malcolm E. Sorrell
176 Linwood Ave.
Fairfield, CT 06430

Richard T. Weppner
1491 High St.
Boulder, CO 80302

Robert F. Youhess

P.O. Box 133
Franklinville, NY 14737
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Anthony Biagi
718 Florence Ave.
Vineland, NJ 08360

Dennis Briening
320 Hamilton Ave.
Pennsville, NJ 08070

L. Jeanne Briere
Voltarc Tubes, Inc.
176 Linwood Ave.
Fairfield, CT 06430

Raymond Burg
Judson Infrared
21 Commerce Dr.

Montgomeryville, PA 18936

Frank Caparianco
923 E. Elmer Rd.
Vineland, NJ 08360

Victor Chiariza, Jr.
24 Levesque Ave.
W. Hartford, CT 06110

Sally Feliciano
817 E. Wheat Rd.
Vineland, NJ 08360

Normand Goulet
17 Roy St.
Nashua, NH 03060

Walter H. Jones
792 So. East Ave.
Vineland, NJ 08360

John R. Kraus
232 Mercury Rd.
Newark, DE 19711

DAY CARD ONLY

Glen A. Miller
Narding Highway
Newfield, NJ 08344

Richard F. Murray Il
63 River Rd.
Essex Jct., VT 05452

Harry Olson
Princeton University
Princeton, NJ 08540

Chris Oura
26 Bridge St.
Salem, NH 03079

John Pepitone
4145 Genoa
Vineland, NJ 08360

Kevin Reynolds
16 Radner Rd.
Brighton, MA 02135

Jule A Ricard
4990 Mermaid Blvd.
Wilmington, DE 19808

Herbert J. Robinson
908 E. Walnut St.
Alientown, PA 18103

Dennis A. Rock
RD #2, PO Box 290A
Swanton, UT 05488

Edward P. Spence
2907 Barry
Vineland, NJ 08360

Mike Trembly

5 Quarry Ave.
Newark, DE 19711
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H. Austad
RD #3
Lebanon, NJ 08833

Joseph F. Bayard
445 Crescent Rd.
Hatboro, PA 19040

Carroll W. Boatwright
128 Lincoln Rd.
Horseheads, NY 14845

Frank Brandler
2 Fountain St.
Clifton, NJ 07011

Thomas Brennan
Box 128A, RD #1
West Grove, PA 19390

George Brewin
Kontes

P.O. Box 729
Vineland, NJ 08360

Corey Brown
42 Summit Rd.
Storrs, CT 06268

Edward M. Brown, Jr.
106B Thomas Dr.
Wilmington, DE 19807

Robert Bulman
30 Washington Ave.
Haddonfield, NJ 08033

Fred Buono
120 Helena St.
Newfield, NJ 08360

Lester Bump
561 N. West Ave.
Vineland, NJ 08360

Michael E. Carson
139 Manson Ave.
Voorhees, NJ 08043

T.C. Caulton
1365 Bramble Rd.
Atlanta, GA

EXHIBITS ONLY

Frank R. Cortese
EGL Company
730 S. 13th St.
Newark, NJ 07103

S. Cortorillo
213 Lancaster Dr.
Parsippany, NJ 07054

Nelson Craft
5723 Renee Ct.
Lilburn, GA 30247

Cindy Di Chino
Kontes

729 Spruce St.
Vineland, NJ 08360

Richard N. Dickinson
P.O. Box 228, RD #1
Center Valley, PA 18034

Steve D. Dickinson
P.O. Box 228, RD #1
Center Valley, PA 18034

Jal J. Dinshah
513 Old Harding
Malaga, NJ 08328

David Dorsi
240 Morris St.
Stirling, NJ 07980

Barbara Durham

Owens-Illinois, Kimble Division

199 Woodbury Rd.
Pitman, NJ 08071

William Dugan
P.O. Box 158
Mt. Bethel, PA 18343

Paul Fiorananti
2606 Jacqueline Dr.
Wilmington, DE 19810

Kim Foley

Stillmeadow Glass Works
Box 234 )
Hampton Falls, NH 08344
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Bunny Gallagher
Shamrock Glass

201 E. 10th

Marcus Hook, PA 19061

David S. Gay
Kontes

P.O. Box 729
Vineland, NJ 08360

Arthur Goldberg
40 Winding Way
Parsippany, NJ 07054

Shirlene Graham
Parkcrest Vig. 1172
Glassboro, NJ 08028

Steven J. Harker
Bellco Glass Inc.
Vineland, NJ 08360

Joseph Hatch
505 S. Lenola Rd.
Moorestown, NJ 08057

Newton Hill
P.O. Box 89
Ambler, PA 19002

Winfield Hill

Hill Manufacturing
P.O. Box 151, Main St.
Springtown, PA 18081

Dorothy S. Hofmann
RD #4, Box 150
Dorothy, NJ 08317

Ed Huck
340 Edrudo Rd.
Vineland, NJ 08360

Darlene Hughes
476 W. Walnut Rd. #56
Vineland, NJ 08360

Arne Ildsgaard
P.O. Box 263
Metuchen, NJ 08840

W.A. Jackson
2121 W. Governors Cir.
Houston, TX 77292

William H. Keetley IV
250 Great Valley Pkwy.
Malvern, PA 19355

Jack Kellow

Pfeiffer Glass

140 Bennington
Rochester, NY 14616

R.H. Koslow
75 Gorge Rd.
Edgewater, NJ 07020

Thomas C. Lane
Kontes Glass

P.O. Box 729
Vineland, NJ 08360

Charlotte Larch

Woodland Lathe & Machine Co.

150 N. Hurffville
Deptford, NJ 08096

James Leue
Paxton Woods Glass
Cincinnati, OH 45201

Jane Lewandowski
1701 Emery
Denton, TX 76203

John P. Livingston
P.O. Box #3
Old Greenwich, CT 06870

George Lucas

Lucas Assoc.

1519 Hillside Dr.
Cherry Hill, NJ 08003

Marcia Lucas
1200 Greenhill Rd.
Flourtown, PA 19031

Rosamond Lucas
1200 Greenhill Rd.
Flourtown, PA 19031
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Marion Mainiero
183 Oaklawn Tr.
Vineland, NJ 08360

D.C. Mann
P.O. Box 301
Pawtucket, RI 02866

James J. Mann

2220 N. Pleasantview Rd.

Sanatogo, PA 19464

Lawrence C. Marchica
32 Grassmur Ct.
Berlin, NJ 08009

Josie Marciano
3 Temple Rd.
Vineland, NJ 08360

Malcolm Marsden
P.O. Box 2588
Paterson, NJ 07509

Timothy S. Mathias
1 Del Ave., Apt 3A
Penns Grove, NJ 08069

David W. Mathis
Paxton Woods Glass
7500 Brill Rd.
Cincinnati, OH 45243

Ken Mercure

Crown Engineering Corp
19 Timber Lane
Marlboro, NJ 07746

James L. Mille
423 Kreason Ter.
Willow Grove, PA 19090

Karl Miller

Scientific Marketing Services

P.O. Box 600
Minotola, NJ 08341

Richard Mittelna
3314 Cross Countly Dr.
Wilmington, DE 19810

Susan Moore

Scientific Marketing Services

P.O. Box 600
Minotola, NJ 08341

Lothar F. Morgenfruh
159 Gary Dr.
Trenton, NJ 08690

Paul Mount
Rt. #1, Box 55K
Boydton, VA 23917

Wib Orme

Bellco Glass Inc.
340 Edrudo Rd.
Vineland, NJ 08360

William O’Rourke
120 S. Westview
Feasterville, PA 19047

Zane Osborne
1596 Wisteria Ave.
Vineland, NJ 08360

Chris Oura
75 Reed Rd.
Hudson, MA 01749

Richard Patterson
RD #3, Box 116
Bridgeton, NJ 08302

Joan Pieretti

Dyna Cut

Box 156

Springtown, PA 18081

Ubaldo Piersimoni
1614 Wisteria Ave.
Vineland, NJ 08360

Diane M. Renny
Yankee Glassblower
117 Robbins Dr.
Carlisle, MA 01741

Ronald R. Roark
594 Pine Dr.
Pasadena, MD 21122

Vincent C. Roche
Quartz Enterprises
180 Passaic Ave.
Fairfield, NJ 07006
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O. Safferling
86-31 107th St.
Richmond Hill, NY 11418

Andy Sarclette
P.O. Box 194
Heislerville, NJ 08324

George Schubert

Princo .

1020 Industrial Hwy,
Southampton, PA 18966

Paul Shropshire
1165 New Pear St.
Vineland, NJ 08360

Robert Smith
116 Landis Ave.
Bridgeton, NJ 08302

John E. Socoloski
10 Blueberry Drive
Milltown, NJ 08850

Robert Socolowski
1113 Cheryl Dr.
Iselin, NJ 08830

Joseph P. Stratton
VWR Scientific

P.O. Box 8188
Philadelphia, PA 19101

Raymond Ulansly
P.O. Box 300, RD #2
New Hope, PA 18938

Steven Valentin
110 E. Village Rd.
Elkton, MD 21921

Gerald Vetack
Heraeus Amersil
650 Jernees Mill Rd.
Sayerville, NJ 08872

John Wanamaker
Quartz Enpt. Inc.
180 Passic Ave.
Fairfield, NJ 07006

E. Scott Wheaton
Wheaton Scientific
1000 N. 10th St.

Millville, NJ 08332

Edward C. Wheaton
Wheaton Scientific
1000 N. 10th St.
Millville, NJ 08332

Susan 1. Wilder
15 W. Dogwood Dr.
Poughkeepsie, NY 12601

Vincent G. Williams, Jr.
305 E. Maple St.
Wenonah, NJ 08090

A.J. Williams, Jr.
Shamrock Glass

201 E. 10th St.,

Marcus Hook, PA 19061

Paul A. Willis P.E.

2824 W. George Mason Rd.
Polytechnical Institute

Falls Church, VA 22042

A.M. Wittenberg
Bell Labs

600 Mountain Ave
Murry Hill, NJ 07974

Art Wulderk
170 W. Park Dr.
Bridgeton, NJ 08302

Jan Zandhuis
RD #1, P.O. Box 428
Galena, MD 21635

Peter Zascianelli
360 Maria Dr.
Toms River, NJ 08753
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Ace Glass, Inc.
Attn: John P. Ryan
P.O. Box 688
Vineland, NJ 08360

American Oxygen Co.
Attn: Francis Hursey

484 New Park Ave.

West Hartford, CT 06110

Herbert Arnold

Attn: Wolfram Arnold
Postfach 1220 Weilstrasse 6
D-6290 Weilburg/Lahn
Western Germany

B + C Glastechnishe Maschinebauund
Vertriebs - GmbH

Attn: Mrs. Ursula Vogler

P.O. Box 5610 Sandfeld 12

D-6300 Giessen

Western Germany

George Behm & Sons Co.

Attn: David W. Behm

P.O. Box 173 N. Dayton Station
Dayton, Ohio 45404

Bethlehem Apparatus Co., Inc.
Attn: Bruce Lawrence

890 Front St.

Hellertown, PA 18055

Carlisle Gas Burner Corp.
Attn: Ron Bolnick

P.O. Box 746

Millville, NJ 08332

Chemglass Inc.

Attn: Walter E. Surdam
Vineland Industrial Park
3861 N. Mill Rd.
Vineland, NJ 08360

Chemvac, Inc.

Attn: David V. Trout
28 Monee Road

Park Forest, IL 60466

Corning Glass Works
Attn: J.E. Hawkins
HP-AB-1

Corning, NY 14831

EXHIBITORS

Dyna-Cut, Inc.

Attn: Robert E. Platt
P.O. Box 156
Springtown, PA 18081

Eck & Krebs Scientific
Apparatus, Inc.

Attn: Franz Zoellner

27-09 40th Ave.

Long Island City, NY 11101

Elgin Precision Glass
Attn: Ric Rodriguez
1200 Abbott Dr.
Elgin, IL 60120

Fluorocarbon, Quartz Div.
Attn: J. Bruce Norman

17 Madison Rd.

Fairfield, NJ 07006

Franklin Glass Co., Inc.

Attn: Jerry P. Jessick

P.O. Drawer 366, Tuckahoe Rd.
Franklinville, NJ 08322

Friedrich & Dimmock, Inc.
Attn: Robert E. Goffredi
P.O. Box 230

Millville, NJ 08332

Gamett Glass, Inc.

Attn: John E. Giacometti
3823 N. Mill Rd.
Vineland, NJ 08360

General Electric Co.
Lamp Components Div.
Attn: Robert J. Sommer
21800 Tungsten Rd.
Cleveland, OH 44117

GM Associates Inc.
Attn: Mel Nutter
9815 Kitty Lane
Oakland, CA 94603

GTE Products Corp.
Attn: Paul Archibald
Portsmouth Ave.
Exeter, NH 03833
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N.M. Knight Co., Inc.
Attn: Jack Narbut
P.O. Box AA
Millville, NJ 08332

Kontes

Attn: David Fenili
P.O. Box 729
Vineland, NJ 08360

Litton Engineering Co.
Attn: Charles V. Litton
P.O. Box 950

Grass Valley, CA 95945

Lunzer Industrial Diamonds, Inc.

Attn: J. Peter Lunzer
48 West 48th St.
New York, NY 10036

Lurex Manufacturing Co.
Attn: David W. Edson
1298 North West Blvd.
Vineland, NJ 08360

H.S. Martin, Inc.
Attn: Roy W. Teige
Spruce St.
Vineland, NJ 08360

Nortel Machinery Inc.
Attn: Peter Norton
1051 Clinton St.
Buffalo, NY 14201

Owens-lllinois, Inc.
Kimble Division

Attn: John Arkebauer

One SeaGate

Toledo, OH 43666

Quartz Scientific Inc.

Attn: James L. Horvath
819 East St.

Fairport Harbor, OH 44077

Richland Glass Co., Inc.
Attn: Gaylord H. Evey
P.O. Box C

Richland, NJ 08350

Safe-Lab, Inc.

Attn: Robert Hiskinis
10020 Prospect Ave. Bl
Santee, CA 92071

Schott America

Attn: Barbara Augenblick
11 E. 26th St.

New York, NY 10010

Scientific-Machine & Supply Co.
Attn: Edwin Phillips

700 Cedar Ave., P.O. Box 67
Middlesex, NJ 08846

Starlite Industries Inc.
Attn: Andy Peoples
1111 Lancaster Ave.
Rosemont, PA 19010

Texsaw, Inc.

Attn: Barney Bradsby
P.O. Box 4668
Waco, TX 76705

Wale Apparatus Co.

Attn: A.J. Wargo

400 Front St., P.O. Box D
Hellertown, PA 18055

Wheaton Scientific
Attn: Don Fauerbach
1000 N. 10th St.
Millville, NJ 08332

Wilmad Glass Co., Inc.
Attn: Frank Bosco
Route 40 & Oak Rd.
Buena, NJ 08310

Wilt Industries Inc.
Attn: Daniel Wilt

Route 8

Lake Pleasant, NY 12108

Witeg Scientific

Attn; Siegmund O. Grozinger
700-H N. Valley St.
Anaheim, CA 92801

Woodland Lathe & Machinery Co., Inc.

Attn: Charlotte Larch
150 N. Hurffville Rd.
Deptford, NJ 08096

Xorbox

Attn: Dennis E. Sullivan
290 Creekside Dr.
Tonawanda, NY 14150
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