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Closed-Loop vs Open-Exhaust vs Vacuum Glove Boxes:
Which Architecture for Which Application?

Glove box systems play a critical role in modern laboratory, R&D and production workflows
by providing inert-atmosphere work, hazardous-material containment, or vacuum
operations. The choice of glove box design has major implications for process control, cost,
contamination risk and gas usage. This paper compares the various configurations and
provides application guidance for selecting the right design.
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Closed-Loop (Recirculating) Systems

Closed-loop glove box systems recirculate the internal atmosphere using HEPA or ULPA
filtration to remove particulate and other contaminants. When used in conjunction with an
inert gas purging system, a recirculating system can maintain a low-humidity environment
while reducing gas consumption.

Open-Exhaust (Single-Pass) Systems

An open-exhaust or containment glove box is designed to protect the user by maintaining
negative pressure within the enclosure. The glove box draws ambient room air through the
filter unit, circulates it through the chamber once, and filters the air before exhausting into
the room. This system is suitable for applications where an ultra-low oxygen or humidity
environment is not required.

Vacuum (Deep Vacuum / Backfill) Systems
Vacuum glove boxes operate under a low-pressure environment with the assistance of a
vacuum pump. When used in conjunction with an inert gas, the glove box provides an
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ultra-high-purity, low-oxygen environment for sensitive material handling and advanced
research.

Key Selection Criteria and Trade-Offs

Criterion Implications
Atmosphere Vacuum and closed-loop systems are ideal for ultra-low oxygen and
Purity moisture requirements. An open exhaust design can be used with an

inert gas system for environmental control but would require a
continuous flow to counteract the inflow of ambient air.

Gas Closed-loop systems reduce inert gas consumption relative to open-
Consumption | exhaust. Vacuum systems may require gas for backfill or purge
cycles depending on the application.

Operator An open-exhaust system is recommended when the operator
Protection requires protection from hazardous powders and vapors due to the
negative pressure created by the exhaust design. The close-loop
system can be designed to allow for an adjustable flow
(open/closed-loop switchable).

Maintenance Open and closed-loop systems require filter maintenance and inert
& Lifecycle gas purity monitoring. Vacuum systems need vacuum pumps and
seal maintenance.
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