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UNDER PRESSURE: HOW TO 
CHOOSE THE RIGHT PRESSURE 
REACTION VESSEL

When medicinal chemists need to add hydrogen to a drug compound, they 

reach for a glass pressure reactor. When petrochemical scientists need a 

reactor to accommodate mechanical stirring at 100 °C, they reach for a glass 

pressure reactor. Some scientists rely on stainless steel reactors not realizing 

that glassware can often do the same job—whether that job is hydrogenation, 

polymerization, crystallization, synthesis, or another process that benefits from 

pressure reactors. Glass can handle up to 45 pounds per square inch in gauge 

(psig) while allowing researchers to keep an eye on a reaction, and at lower cost 

than stainless steel.

Pressure reactors are essential lab equipment, and knowing when to use a 

glass reactor rather than a stainless steel one is an important choice. The 

decision requires consideration of a number of factors, including the scale 

of the reaction, how much pressure is required, and the reactivity of the 

reagents.

PRESSURE REACTOR BASICS
Pressure vessels are closed containers designed to hold liquids or gases at 

pressures that are substantially higher or lower than the ambient pressure. 

Many important molecules, including certain medications, are made using 

pressure vessels. Connor Crane, Ace Glass’s Northeast regional sales manager, 

says most of his clients are pharmaceutical and biotechnology companies in 

the Boston area. “Once pressure gets up to 40 or 45 psig, that starts moving 

into higher-pressure areas of chemistry,” Crane says. “Typically, we use 

glassware up to 45 psig.” High-pressure chemistry can go as high as 1000 psig, 

he adds, but not all equipment is rated for those uses.

According to Crane, the two most common applications for which clients use 

pressure reactors are hydrogenation, adding a hydrogen to a compound1; and 

polymerizations, creating chains of monomers2. 
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The petrochemical industry also depends on pressure reactions. Daniel 

Ripley, Southwest sales manager for Ace Glass, says chemists use pressure 

reactors in the petrochemical oil and gas fields, as well as for water treatment 

technologies. The pressure reactors allow chemists to use temperature, 

pressure, and catalysts to affect a reaction’s rate. Glass reactors are used for 

corrosion studies, where metal may not be well suited.

HOW GLASS PRESSURE REACTORS ARE DESIGNED
A basic glass pressure reactor includes a body and a head. The body, which 

can be one piece or two, may also have a glass jacket for temperature control 

and a bottom outlet. The head has necks for funnels, stirrers, condensers, and 

other accessories. 

There are several key design considerations with glass pressure reactors: 

shape, wall thickness, and threaded joints, as well as features related to safety, 

simplicity, and scale. 

Shape: Glass pressure reactors are rounded to allow the pressure to expand 

in a circular, uniform way. With 

sharp corners, a vessel is susceptible 

to breakage at any weak point. 

The vessel should also not have a 

flat bottom or a flat head, as those 

corners would also present an issue. 

“Do not ever use an Erlenmeyer flask 

for any kind of pressure,” says Richard 

Sachleben, a retired pharmaceutical 

chemist. 

Wall thickness: Pressure reactors 

have thicker walls than vessels used 

in standard chemistry reactions that 

don’t involve elevated pressures.

Threaded joints: Modern pressure 

reactors use threaded fittings—

internally tooled glass threads—as 

opposed to a standard taper joint, 

Crane says. These fittings are used to 

screw in adapters for gas feed lines, 

special bearings, and pressure gauges. 

Glassware can work well as a pressure 

reactor because of innovations like 

Ace-Threds™, pioneered by Ace Glass. 

These threads are internal and use 

polytetrafluoroethylene adapters with 

O-ring seals, eliminating the need for 

Pressure reactor systems are modular and 
customizable. For example, this jacketed 
pressure reactor includes a digital motor, 
pressure-equalizing addition funnel, 
condenser, and pressure manifold. This is a 
two-piece system, meaning the flask and 
glass head are separate pieces, providing 
easy access to the flask’s interior.

Image credit: Ace Glass
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a greased joint, which can be difficult to open or secure. “Internal threads have 

an advantage, because as you heat up, that is actually going to create a tighter 

seal,” Ripley says. 

The fittings can be different sizes, depending on what’s needed for the 

reaction. Compatibility with stirring mechanism is important as well3, as is 

maintaining a proper seal and the pressure rating, Ripley says. 

Other design features: Glass  pressure reactors will also include a pressure relief 

manifold, which has a pressure relief valve and back-up rupture disc. The disc 

has a one-time use membrane that ruptures at a predetermined pressure. “If the 

pressure were to rise to an unsafe level, it would just crack the disc, rather than 

possibly breaking the whole system,” Crane says. If the pressure rises or falls too 

quickly, or gets too high, an automatic relief valve should release it.

The reactor system also includes O-rings4. A ring sits in a groove and is compressed 

when attaching two or more parts, creating the seal. O-rings can be used on 

heads, vessels, and adapters. The gas tubing inputs can be securely attached, with 

the O-ring providing a compression seal. O-rings represent an important design 

advance in glass pressure reactors. With older reactors, a flange would use a rigid 

gasket, and the seal was based on how evenly pressure was applied around the 

glass flange and clamp. This frequently resulted in leakage and breakage.

This one-piece 
pressure reactor is 
inside an aluminum 
housed heating 
mantle and is 
utilizing a flexible 
stir shaft. This 
system works well 
for reactions that 
require only heating 
and pressures up to 
45 psig. The flexible 
stir shaft allows 
for a lower profile, 
when reactor height 
might be a concern.

Image credit: Ace 
Glass
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Some scientists find a bottom outlet on 

a pressure reactor useful, as it may be 

easier to remove the chemicals through 

the bottom outlet for many reactions. 

The reactor can also have multiple 

ports, allowing the user to maintain 

pressure while using other reaction 

accessories, such as condensers.

Scaling up: Scientists wanting to 

scale their reactions can look for 

glass pressure reactors with modular 

accessories. A lot of customers think 

they need to buy a new reactor 

system each time they want to scale 

up. “We make it really easy,” Ripley 

says. The stand can be used with any 

standard reactor bodies, as can the 

heads in many cases. “Then you’re just 

swapping out the body, and that’s it,” 

he says. “That’s a huge advantage.” 

CHALLENGES USING GLASS 
PRESSURE REACTORS
The most vital challenge when 

using a glass pressure reactor is 

maintaining safety. The experiment 

would of course take place in a 

fume hood5, Crane says. In addition, 

pressure-rated glassware should be 

used with a safety rupture disc6. 

Understanding the sources of the pressure and why it’s there is key to 

managing the reactor properly, Sachleben says. “Is [pressure] something you 

want for the reaction, or is it something you have to manage” as a by-product?, 

he asks.

Safety measures also include using the reactor at the stated pressure limits. 

Glass reactors have both a practical and a design pressure limit. The pressure 

rating of a design limit may be double the practical limit, says Mike Souza, a 

scientific glassblower at Princeton University. While the vessel is designed to 

withstand greater pressures, the recommendation is to stay within the practical 

limit to avoid or reduce breakage.

Before use, glass vessels should be inspected for cracks or any other safety 

issues7. Souza uses a polariscope8 to shine white light through the glass to 

visualize any weaknesses or strained areas. When the light hits the glass, any 

This one-piece jacketed pressure reactor is 
commonly used for temperature-sensitive 
hydrogenation processes. Jacketing 
allows for the vessel to be kept within a 
tight temperature requirement and to be 
cooled to control reactions that may be 
exothermic.

Image credit: Ace Glass
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problem areas will show up in color, alerting the researcher. However, glass 

pressure reactors treated with care can last a long time. “I’ve never heard of 

people using it only for a few reactions and then it breaks,” Crane says. Safety 

seminars can help users understand good methods for expanding the life of 

the glassware used in the lab. 

CHOOSING THE RIGHT PRESSURE REACTOR
One of the major benefits of using glass reactors is the ability to watch the 

chemical reaction. This is particularly helpful for reactions that change color 

when complete, though visibility is just one reason that chemists select 

glass pressure reactor vessels. Another consideration, Crane says, is whether 

a reaction can happen more quickly using a higher pressure, to save time. 

Scale is a factor as well. Commercial, off-the-shelf glass pressure reactors 

are available in sizes ranging from 100 ml to 5L, Crane says. Custom vessels 

can be much larger but the pressure ratings may not be as high. A 50L vessel 

can be rated at 15 psig, he adds. 

Glass can be made of different materials, as well. Borosilicate is an industry 

standard for many pressure reactors and other vessels because of its 

durability, resistance to corrosion and thermal shock, transparency at high 

temperatures, and cost, compared to stainless steel reactors. It contains silica 

and boron trioxide9. Glass type will also impact if ultraviolet light can pass 

through the vessel—an important 

factor for some reactions.

The planned temperature of the 

reaction also affects the selection 

of pressure reactor. A short-term 

reaction at temperatures up to 400 °C 

or a normal service reaction around 

200 °C can be done using a Pyrex 

(borosilicate) vessel.10 

Most labs work with reactions that are 

typically in the hundreds of degrees 

Celsius—a temperature range that glass 

can handle, Sachleben says. 

“If the pressure is really high, you have 

to go to metal,” Souza says. Metals like 

stainless steel allow higher pressures 

but are often several times as expensive 

as glass. They can also corrode, creating 

contamination problems in disposal. 

Metal is opaque and requires more 

safety precautions than glass. It can 

also be heavier than glass and more 

difficult to maintain.

Filter pressure reactors like this solve 
the problem of filtering a reaction after 
its complete, by utilizing pressure, and 
keeping the reaction inert.

Image credit: Ace Glass
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MOVING FROM ACADEMIA TO INDUSTRY
Sachleben says that when he moved from academia to the pharmaceutical 

industry, one thing he learned is that the materials of construction matter 

in an industrial setting. To decide what type of reactor to use, consider the 

individual chemical properties and how they’ll be combined in the reaction. 

Then consider the properties of the reactor and the transfer vessels to ensure 

they are appropriate for the reaction type and chemicals, Sachleben says.

“For a lab chemist or a bench chemist who has never been in industry, it’s really 

eye opening to see all the little things,” Sachleben says. For instance, he says, 

companies must report the O-ring and transfer vessel materials in manufacturing 

documentation. “You have to be aware of the materials of construction and make 

sure they’re compatible with what you’re doing,” he says.

Industrial labs must also perform a safety analysis11 before beginning a 

project. Such an examination can include asking the glassware supplier for 

certification that the chemicals and type of reaction are compatibile with 

the reactor and any other equipment, including the material ratings for 

temperature and pressure.

CUSTOM GLASSWARE
Most pressure reactions in a lab setting can be done with off-the-shelf 

reactors. When specialized vessels are needed, they can be custom-fabricated, 

or existing glassware can be modified. Technical engineers communicate with 

the scientists to understand their needs. “We have the ability to test different 

devices that the customer asks for in terms of pressure,” Crane says. “They are 

tested before they go out the door.” The quality assurance department and 

technical team work through the details to obtain the proper pressure rating. 

Ace Glass can manufacture glass reaction systems, with any needed controls 

and accessories, in its New Jersey facility. 

Glass pressure reactors are versatile pieces of equipment that can help a 

lab scale up its research and development, whether for hydrogenations, 

polymerizations, or other types of pressure-evolving reactions. Choosing the 

right equipment for a chemical reaction is important, and glass is prized for its 

versatility.

REFERENCES
1. Guidelines for Conducting Hydrogenation Reactions, University of Pittsburgh 

Safety Manual, last reviewed Sept. 23, 2019, https://www.ehs.pitt.edu/sites/

default/files/docs/04-027HydrogenationReactions.pdf.

2. “Polymerization Reactions,” Brittanica, n.d., https://www.britannica.com/

science/chemical-reaction/Polymerization-reactions.

3. Ying-Jui Hsu et al., “Development of a High Pressure Stirring Cell up to 2 GPa: 

A New Window for Chemical Reactions and Material Synthesis,” High Pressure 

Res. 40, no. 3 (June 2020): 358–68, https://doi.org/10.1080/08957959.2020.1

775200.

https://www.ehs.pitt.edu/sites/default/files/docs/04-027HydrogenationReactions.pdf
https://www.ehs.pitt.edu/sites/default/files/docs/04-027HydrogenationReactions.pdf
https://www.britannica.com/science/chemical-reaction/Polymerization-reactions
https://www.britannica.com/science/chemical-reaction/Polymerization-reactions
https://doi.org/10.1080/08957959.2020.1775200
https://doi.org/10.1080/08957959.2020.1775200


© C&EN MEDIA GROUP 

AMERICAN CHEMICAL SOCIETY
1155 Sixteenth Street, NW,
Washington, DC 20036

7

4. “Topic Page: O-Rings,” ScienceDirect, n.d., https://www.sciencedirect.com/

topics/engineering/o-rings.

5. “Kilo-Scale (Pilot Plant) Reactor Operating Tips Four Steps to Glass Reactor 

Safety,” Ace Glass, n.d., https://www.aceglass.com/html/3dissues/F1037%20

Reactor%20Safety/F1037%20Reactor%20Safety.pdf.

6. “Topic Page: Rupture Disc,” ScienceDirect, n.d., https://www.sciencedirect.

com/topics/engineering/rupture-disc.

7. “Pressure and Vacuum Systems,” Princeton University Environmental Health 

and Safety, n.d., https://ehs.princeton.edu/laboratory-research/laboratory-

safety/laboratory-equipment-and-engineering/pressure-and-vacuum-

systems.

8. Polariscope, US Food and Drug Administration, current as of Nov. 7, 2014, 

https://www.fda.gov/inspections-compliance-enforcement-and-criminal-

investigations/inspection-guides/polariscope.

9. “Boron to Borosilicate,” Ace Glass, Aug. 2019, https://www.aceglass.com/

PR_borontoborosilicate.php.

10. “What Are the Typical Temperature Ratings on Lab Glassware?,” Ace Glass, 

last updated Dec. 20, 2016, https://www.aceglass.com/dpro/kb_article.

php?ref=4347-TFBN-1216.

11. “Safety and Health Topic Page: Laboratories,” US Department of Labor, n.d., 

https://www.osha.gov/laboratories.

https://www.sciencedirect.com/topics/engineering/o-rings
https://www.sciencedirect.com/topics/engineering/o-rings
https://www.aceglass.com/html/3dissues/F1037%20Reactor%20Safety/F1037%20Reactor%20Safety.pdf
https://www.aceglass.com/html/3dissues/F1037%20Reactor%20Safety/F1037%20Reactor%20Safety.pdf
https://www.sciencedirect.com/topics/engineering/rupture-disc
https://www.sciencedirect.com/topics/engineering/rupture-disc
https://ehs.princeton.edu/laboratory-research/laboratory-safety/laboratory-equipment-and-engineering/pressure-and-vacuum-systems
https://ehs.princeton.edu/laboratory-research/laboratory-safety/laboratory-equipment-and-engineering/pressure-and-vacuum-systems
https://ehs.princeton.edu/laboratory-research/laboratory-safety/laboratory-equipment-and-engineering/pressure-and-vacuum-systems
https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/inspection-guides/polariscope
https://www.fda.gov/inspections-compliance-enforcement-and-criminal-investigations/inspection-guides/polariscope
https://www.aceglass.com/PR_borontoborosilicate.php
https://www.aceglass.com/PR_borontoborosilicate.php
https://www.aceglass.com/dpro/kb_article.php?ref=4347-TFBN-1216
https://www.aceglass.com/dpro/kb_article.php?ref=4347-TFBN-1216
https://www.osha.gov/laboratories

