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polymer. A normally open circuit that is connected between the conductive layers will be |
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ABSTRACT: The protection of workers from chemical, biological, or radiological
hazards requires the use of protective materials that can maintain their integrity during
use. An accidental puncture in the protective material can result in a significant exposure
to the worker. A five ply material has been developed that incorporates two layers of an
electrically conductive polymer sandwiched between three layers of a nonconductive
polymer. A normally open circuit that is connected between the conductive layers will be
closed by puncturing the material with either a conductive or nonconductive object. This
can be used to activate an audible alarm or visual beacon to warn the worker of a breach
in the integrity of the material. The worker is not connected to the circuit, and the
puncture can be detected in real-time, even when caused by a nonconductor.
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In practice, Los Alamos uses negative pressure gloveboxes in order to protect
workers from radioactive operations that may lead to significant exposure if performed
without such protection. The radiological gloveboxes are fitted with three ply gloves
consisting of a central layer of lead oxide filled polychloroprene, with external layers of
chlorosulfonated polyethylene. The lead oxide filler is designed to reduce the penetration
of radiation through the glove. The total thickness is approximately 30 mils (0.076 cm).

Various administrative controls have been implemented in order to help reduce
radioactive contamination of workers. Radiation protection personnel regularly inspect
the gloves for holes using both visual and radiological evaluations, but physical punctures
and pinholes that develop during use are the primary means of worker exposure.
Radiological workers are required to monitor their hands after each use of the glovebox
gloves in order to prevent contamination from spreading to other units and/or personnel.
Therefore, the contamination is only discovered well after the exposure has occured, from
several minutes to a couple of hours . Personnel associated with the safety aspects of
these operations recognized the need for a glove design which could detect punctures
while they are in use. A cost/benefit analysis, which included the use of such a glove in
Los Alamos’ radiological operations, projected a savings of up to $500,000 per year.

In the last several years, many methods have been developed for testing the
integrity of gloves in the health care industry, some of which depend upon the use of an
electronic means to detect a pinhole or other breach in the glove. The tests are based
upon methods used by manufacturers of condoms and linemans gloves where a voltage is
applied accross the material while it is filled with, and then immersed in, a conducting
electrolyte (usually saline solutions). A hole is detected by the completion of the
normally open circuit. A glove worn by a health professional can be checked by
immersing the gloved hand into a conducting electrolyte that is connected in series to a
direct current alarm which is then connected to a conducting clip located on the
individual [1.2]. A pinhole or cut allows the electrolyte to come in contact with the
person’s hand, which in turn, completes the circuit, sounding an alarm. A similar method
uses electrodes connected to a faucet that requires the user to be connected
simultaneously in series while rinsing the gloved hand under the flowing water [3]. Other
methods actually provide a means for the patient and health care worker to be joined by
an electical circuit that sounds an alarm if electrical contact is made from bodily fluids
passing through a breach in the glove [4.5]. These methods were found to be unsuitable
due to the difficulty of checking glovebox gloves that, under normal operating conditions,
are extended inside the glovebox.

Another design, which we found more appropriate for our use, was a three ply
material having either an insulating layer sandwiched between two electrically conductive
layers, or the conducting layer between two insulating layers [0]. However, this system
could only detect breaches which occur where the material was punctured by an
electrically conducting device, such as a scalpel.

Although the major portion of punctures may, in fact, be caused by sharp metal
objects, a significant amount are caused by sharp nonconductors such as wood splinters
and glass shards. The goal of our research was to develop a material that would work for
all cases of punctures, as well as be general enough to work with any protective material,
be it a glove, garment, full body suit, or disposal bag.

We report here the development of a multilayered material which does not require
electrical contact with the user, and because of the nature of the material used in the
conductive layers, even works when punctured by a nonconductive material [7].




EXPERIMENTAL METHOD
Preparation of Multiple Layered Test Specimens

Materials--Chlorosulfonated polyethylene and lead-loaded polychloroprene were
obtained as solutions in a mixture of toluene and xylene(s) direct from the manufacturer
who makes the lead-loaded glovebox gloves [8]. Polyvinylalcohol (99% hydrolysed),
reagent grade glycerol, and reagent grade sodium chloride were obtained from Baker
Chemical Co., and used as received. Deionized water was used as the solvent for
preparing the electrolyte.

Electrolyte--The polyelectrolyte was prepared from an aqueous solution
containing 2% sodium chloride, 4% glycerol, and 5% polyvinylalcohol.

Test Specimens--Several of these were prepared by a sequential cast method. The
first layer consisted of a 2.8 inch (7 cm) diameter circular film of chlorosulfonated
polyethylene which was cast on a glass substrate, and left in a fume hood to remove the
solvent overnight. The second layer, the polyelectrolyte, was cast over the first layer with
a diameter of 2.0 inches (5 cm), and included two wire electrodes which were separated
by 1.4 inches (3.6 cm) and extended well beyond the diameter of the first layer. After air
drying overnight the polyelectrolyte was a solid material which was highly plasticized by
the glycerol. A third layer composed of lead-loaded polychloroprene was cast with a
diameter of 2.4 inches (6 cm), again with solvent removal overnight. The fourth layer
was cast with the polyelectrolyte and wire electrodes, similar to the second layer. The
fifth and final layer was cast with chlorosulfonated polyethylene, similar to the first layer.
After drying was complete, the thickness of each layer was 10, 10, 20, 15, and 5 mils
(0.025, 0.025, 0.050, 0.038, and 0.012 cm) respectively. The samples were pealed from
the substrate, and kept at ambient conditions prior to testing.

Puncture Test Procedure

The polyelectrolyte layers in the test specimens were measured for resistance by
simply attaching the wire electrodes to a digital multimeter. The resistivity of the
conductive layers in freshly prepared test specimens ranged from 12 to 14 megohms. The
resistivity between the two conductive layers (2 and 4) was infinite, indicating no contact
between the two layers. Samples that were aged for 11 months prior to puncture testing
had an increase in the resistivity of the conductive layers to a still measurable range
between 28 and 30 megohms.

Metal Pin Test--While monitoring the resistivity between layers 2 and4, a tapered,
semiblunt pushpin with a nominal diameter of 47 mils (0.12 cm) was inserted into the
material, perpendicular to the plane of the test specimen.

Sharp Wooden Dowel Test--Similarly, a splintered dowel with a nominal
diameter of 85 mils (0.21 cm) was inserted into the material being tested, perpendicular to
the plane of the test specimen.




RESULTS and DISSCUSION

In the fresh samples prepared in the manner described above, the electrical
resistance between layers 2 and 4, which prior to the metal pin puncture had been infinite,
immediately fell to an average reading of 13 megohms, indicating a connection between
the two conductive layers, and a breach in the material. The results of three specimens
were similar. Only one test could be completed with each specimen because a puncture
resulted in a permanent connection between the conductive layers. A punctured sample
which had aged for 11 months (with pushpin removed) still displayed a resistance of 30
megohms. This demonstrated the fact that the conductive electrolyte from layer 4 must
have been carried through layer 3 in order to contact layer 2 and was a permanent
connection, at least to the limit of the test.

An 11 month aged sample was then tested with the metal pushpin, and the
resistivity immediately fell to 38 megohms, again indicating contact and a breach in the
integrity of the specimen. An 11 month aged sample was also tested with a splintered
wooden dowel, and the resistivity immediately dropped to 35 megohms, indicating
contact between the conductive layers. Therefore, using this nonconductive object to
pierce the test specimen resulted in a portion of one layer being carried through to make
contact with the other layer. Piercing with a glass object was not attempted.

CONCLUSION

We have demonstrated that a multilayered material can be made having the
desirable characteristic of real-time puncture detection, even with nonconductive piercing
objects. Los Alamos National Laboratory, operated by the University of California for
the Department of Energy, has currently subcontracted a glove manufacturer to make
prototype gloves using an improved version of what was disclosed here.
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