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This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, proctss, or service by trade name, trademark, manufac- 
turer, or otherwise does not ncctssariiy constitute or imply its endorsement, mom- 
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 
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A NEW GLOVE FOR GLOVEBOX WORKERS 

Abstract: The Department of Energy and Defense (DOE and DOD) protect 
their workers through the extensive use of materials such as gloves, suits, 
hazardous containment bags, and environmental hers.  To ensure the safety of 
personnel who fiequently handle and dispose of hazardous materials, 

' continuous monitoring of these barriers is desirable. 
Lead-lined gloves used during the processing of nuclear materials within 

gloveboxes is an example of a barrier. To help prevent worker contamination, 
current practice includes visual inspection and radiological monitoring of each 
glove on a regular basis. One administrative control requires radiological 
workers to monitor their hands upon removal fiom the glovebox gloves. 
In reality, either a catastrophic glove failure or the formation of pinholes can 
cause contamination which is detected after the fact! Real-time monitoring of 
glove integrity during use would help prevent the spread of contamination, 
minimiie decontamination costs, and protect the glovebox worker. 



Another benefit of real-time monitoring is remotely alerting proper personnel of 
a glovebox glove breech. One of the most exciting aspects of this technology is 
the rapid detection of a breech in the glovebox glove. A puncture to a glove can 
be detected followed by an alert to a worker in less than a second! 

The benefits of a real-time monitoring system for glove integrity are 
immense. Examples of benefits using this new glove are reducing: work 
stoppage, personnel contamination, glovebox glove replacements, and the f h g  
of costly reports. The primary application of this technology at Los Alamos 
National Laboratory would be protecting the worker with these newly designed 
lead-lined gloves. 

, 

INTRODUCTION 

The high incidences of glovebox glove failures emphatically points out the need for 
improving gloves in gloveboxes. With technology that exist today major improvements 
can be made to glovebox gloves. It is important to note that often the glovebox glove is 
considered the 'Weak link" in the safety system associated with gloveboxes. A breech in 
a glove can have an effect on the ability to maintain negative pressure in a glovebox! To 
reduce the impact of glovebox glove failures Los Alamos National Laboratory (LANL) 
has instigated research to develop new gloves for gloveboxes. The major goal of this 
research is to reduce the number of glovebox workers contaminations by improving 
gloves used in a glovebox. 

HISTORY 

After realizing that a problem existed regarding glovebox gloves, a team comprised 
of individuals with various backgrounds met in October 1993 to brainstorm the best 
approach for improving these gloves. A number of approaches were discussed, such as the 
use of color indicators, investigating self healing, and gloves testing using conventional / 
unconventional electrical tests. The selection of a conductive layers approach was selected 
as the most promising candidate for improving glovebox gloves. Conductive layers allow 
the continuous real-time monitoring of gloves coupled with immediate response to the 
glovebox worker that the integrity of the glove barrier has failed. 

layers approach was possible. On March of 1994 the first prototype was successfully 
fabricated and demonstrated to respond to a puncture. The complete test results are 
published in the article titled "Protective Materials with Real-Time Puncture Detection 
Capability" by Robert Hemes [l]. 
A hiatus in research occurred for one year while a patent application was submitted[2]. 
Today research continues on the conductive layer glove with a LANL internal joint venture 
between working groups. 

In January of 1994 this team began a feasibility study to determine if the conductive 



DESIGN 

The current glove design used in a glovebox today is comprised of 3 layers. The 
two outer layers are made up of hypalon and the inner layer is made up of lead (Pb). 
The proposed new glove will include 2 additional layers in the glove. These new layer 
will be conductive and viscous allowing an electrical direct connection to be established 
between these layers upon a glove breech. Figure 1 compares the current glovebox glove 
with the proposed new glove. The final configumtion of the proposed glove may differ 
based on future research results. 

FIGURE 1 
Current Proposed 
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The basic operating concept of this new glove is simple. The two new conductive 
layers actually act as an indicator like a light switch. If the switch is off the glove is 
normal, whereas when the switch is on the glove has a breech. In the original prototype 
tests an ohm meter was used to determine if a connection had occurred between layers 
[l]. To be used in a glovebox environment additional research will be conducted to 
provide the best and safest electrical design possible. A basic electrical diagram is found 
in Figure 2 for the new glove. 

FIGURE 2 
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The purposed new glove will include a real-time monitoring system which includes a 
P r o g m a b l e  Logic Controller (PLC) and, a low ampere, low voltage power source. 
Numerous gloves can be monitored simultaneously and alarms can be set up to alert 
personnel of a glove breech. Figure 3 illustrates the basic electrical design incorporating 
real-time monitoring capability for glovebox glove. 

FIGURE 3 

BENEFITS 

Many benefits are associated with developing a reliable conductive layers a glovebox 
glove. The number one benefit is better protection of glovebox workers. The new glove 
will have the capability of real-time monitoring of glove integrity which work's 
continuously (365 days a year). Detection of a puncture will be less than a second for 
multiple gloves in a glovebox. When a breech of a glove occurs, alarms can be sounded 
notifjling the glovebox worker and appropriate personnel for quicker response. 
Minimiig decontamination costs, preventing the spread of contamination, and reducing 
personnel contamination can all be achieved with use of this new glove. Reducing work 
stoppage and reporting costs would also be benefits derived from the new glove. 

DRAWBACKS 

Few drawbacks exit associated with development of the proposed new glove. 
The first is the higher cost based upon equipment requirements for real-time monitoring. 
For example you would need some type of electronic device to indicate a breech had 
occurred. A second drawback is the glove material is still in the research stage - 
complete research is needed to ensure these materials are reliable and compatible. 

RESEARCH PLAN HIGHLIGHTS 

To ensure that the new glove will work in a glovebox environment extensive research 
and testing is required. Research in conductive layers material configuration, viscosity, 
and compatibility with other glove materials will be investigated. Puncture tests with 
various materials such as a metal pin, wood, and glass will be conducted. Standard tests 
will be completed such as tensile and force measurements required to puncture a glove 
will be performed. A robotic arm will be developed for testing glove material Edtgue in 



a glovebox environment. Various low voltage and low ampere power supplies will be 
investigated for safety and reliability. An alarming system will be developed using a 
PLC for alarm control. To determine the feasibility of implementing the new glove, 
a cost benefit analysis report should be completed. If all research and testing is promising 
a proto-e system will be setup in a glovebox. 

FUTURE APPLICATIONS 

Ifthe technology used in the new glove prove worthy, additional future applications 
could be anticipated. One possible application relating to gloveboxes is material used for 
glovebox window gaskets. Secondary applications could be as diverse as hazardous 
material suits or environmental lining materials for waste dumps. Basically any 
application requiring a barrier’s integrity which must be maintained would be a candidate 
for this material research. 

CONCLUSIONS 
A glaring problem exits concerning glovebox gloves. It has been demonstrated the 

use of conductive layers materials can signal the loss of safety barrier integrity. The 
materials and technology exit today to improve the current glove used in a glovebox. 
To better ensure the safety and protect workers in a glovebox environment, the glovebox 
glove should be extensively reviewed to ensure materials are state of the art and 
dependable. 
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Benefits: 

Real time nioiiitoring of c/ glove 
integrity. 

$ Detects a puncture in less than a 
second. 

0 Continuous 365 days a year 
inoiiitoring capability. 

0 Alariiis upon glove breech. 





Costs associated with 
implementation of glove system. 

stage. 
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Highlights of Research Plan: 

$ Standard tests such as tensile and 
force required to puncture glove. 

Robotic arm testing for material 
fatigue. 
Developing of low voltage ampere 
a1 arming s y stem. 

Cost benefit analysis and using b in 
a test bed b glovebox environment. 






