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Using glass components in hazardous chemical service introduces 
risks that can lead to mechanical failure and loss of containment. 
Design, operation, and maintenance practices are critical in managing 
this risk.
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ments are considered weak components that are susceptible 
to random failures. While the inherently safer solution is to 
eliminate glass components, this may not always be practical, 
particularly in specialty chemical manufacturing. This creates 
unique process safety challenges. This article explores pro-
cess risk management methodologies, including inherently 
safer designs to manage glass in hazardous service.
	 Historically, many glass components are installed 
without consideration for maximum operating temperature, 
pressure, and material of construction. Glass can be sub-
jected to thermal shock, corrosion, or physical impact during 
operation, which may lead to failure and loss of primary 
containment. If the chemicals involved are highly hazard-
ous, loss of containment may result in a fire, an explosion, 
and/or a toxic release. Consideration of the design pressure 

rating alone is not sufficient to assume suitability for service. 
Even if the services are relatively nonhazardous, personnel 
in the vicinity can be subject to the consequences of direct 
projectile impact and chemical exposure. The principles of 
loss prevention direct us to protect the weakest points of a 
system, but glass is often installed without adequate analysis 
of the consequences of failure.

Selecting glass in hazardous service
	 Proper selection of glass components follows common 
principles: compliance with all codes and standards, safety 
and environmental requirements, performance criteria, good 
engineering practices, and appropriate materials of con-
struction. In some cases, glass components are installed as 
a convenience rather than out of necessity. This has led to 
several loss of containment incidents across many industries, 
resulting in undesired consequences.
	 Glass materials. The three most common glass materials 
are soda-lime, borosilicate, and quartz: 
	 • Soda-lime glass has been used for thousands of years 
and used to be the most frequently installed type of glass 
for process facilities due to its low cost (1). However, it also 
has a low maximum operating temperature and is highly 
susceptible to degradation by water or aqueous solutions 
under high temperature and/or alkaline conditions depending 
on the concentration (2).

*This article is an abbreviated version of the Process Safety Progress article 
“Only the best is good enough: Managing the risks of glass in hazardous 
service,” 41 (4), pp. 687–701, https://doi.org/10.1002/prs.12397.
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	 • Borosilicate glass is the most commonly used glass 
type today and is offered in both tempered and annealed 
forms. It is resistant to most chemicals but is still susceptible 
to caustic and high-temperature water or aqueous solutions. 
Borosilicate has a wider operating temperature range and 
greater strength than soda-lime glass (Figure 1) (2).
	 • Quartz glass has the highest operating temperature 
range, up to 980°C (1,800°F) (2). However, quartz is also 
the most fragile of all glasses. Still, quartz finds use in some 
specialized pharmaceutical and high-temperature equip-
ment applications.
	 For most applications involving highly hazardous 
chemicals, borosilicate glass provides the widest available 
operating range in conjunction with good chemical resis-
tance and durability.
	 Types of glass. Borosilicate glass is available in three 
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covers, tempered glass, steel bolts and nuts. Armored glass 
level gauges and specially designed vessel surface-mounted 
sight glasses have been shown to have lower risk of failure 
than tubular level glasses (5).
	 Standards relevant to particular applications. While 
there are not many codes, standards, or certifications rel-
evant to glass components, some are available and should be 
considered when selecting a glass component for a specific 
application. These include (2):
	 • DIN 7079 for fused sight glasses
	 • DIN 7080 for borosilicate glass quality
	 �
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Failure modes
	 Failures of level gauges, flow glasses, and sight glasses 
have caused many serious incidents across the chemical and 
petroleum industries. For example, a release of ethylene and 
subsequent explosion that destroyed a plant may have been 
caused by a glass component failure (8). Incident causes 
range from improper maintenance, inappropriate material of 
construction, improper operation, thermal cycling, human 
error, and improper design. Several incidents involving glass 
in hazardous service are described in a companion paper (9).
	 Mechanical failure. Mechanical failure is the resulting 
consequence when exerted stress exceeds the strength of a 
material. Glass can be subjected to compressive, tensional, 
torsional, and bending stresses, as well as environmental 
stresses such as thermal shock, chemical attack, and physical 
abrasion. Glass is amazingly strong in compressional stress 
but extremely weak when other stress modes are applied. 
Therefore, any exerted stress other than compression makes 
glass extremely vulnerable to catastrophic failure, especially 
under torsional or bending stresses. 
	 Glass is considered a brittle material with little or no 
“plasticity” response, so it cannot stretch and bend by plas-
tic deformation like steel and other materials. When glass 
fails, it can do so suddenly and catastrophically with a crack 
velocity of around 5,000 ft/sec, as first reported in 1939 
(10) and recently confirmed at 4,800 ft/sec in 2018 (11). 
Proper glass specification (required strength), installation 
(stress minimization), and maintenance (lifecycle mechani-
cal integrity) are key to minimizing potential glass failure 
hazard concerns.
	 Corrosion. Glass can be subject to chemical corro-
sion, with soda-lime glass being the least resistant. Water 
attacks soda-lime glass at a far more aggressive rate than 
borosilicate glass.
	 Wetted glass shielding materials such as mica, fluori-
nated ethylene propylene (FEP), or polychlorotrifluoro-
ethylene (PCTFE, e.g., Kel-F) used to protect the glass 
from harsh chemical attacks can be applied. However, these 
materials are not as transparent as glass and may negatively 
affect the viewing efficiency through the glass. Corrosive 
chemicals can also attack the metal support structures 
around glass equipment, such as flanges, fusing rings, and 
window supports. In these instances, inert materials may 
be used to insulate the metal components from aggressive 
fluids, typically with a PTFE sealing surface around all wet-
ted surfaces. This approach eliminates the need for expen-
sive, exotic corrosion-resistant metal components. However, 
aggressive process chemicals could potentially permeate the 
inert shield over time and allow corrosion at the underlying 
metal substrate, ultimately leading to component failure. 
Routine inspection of the shielded metal components is 
highly recommended for this reason.

	 Erosion and abrasion. Glass can be subject to chemical 
erosion and abrasion, the physical degradation of surfaces 
by flowing media contact. High-pressure fluids at high flow 
velocities, especially in pipe bends, tees, and Y’s, can erode 
glass and steel components at an alarming rate. Abrasive 
media at accelerated flowrates or long-term flowing service 
can erode/abrade glass to the point of dangerous thinning, 
which leads to catastrophic failure and loss of containment. 
These potential erosion/abrasion failure modes add credence 
to routine mechanical integrity inspections to identify and 
address areas of concern.
	 Pressure cycling. Non-fused sight glass discs are vulner-
able to pressure cycling effects, such as rotational periods 
of cyclic hot/cold and pressure/vacuum service; similar 
cycling failures have been observed in rupture discs. Fatigue 
stresses caused by such cycling accumulate, which eventu-
ally causes the glass component to fail by fatigue. Fused ring 
sight glasses do not suffer this failure potential due to the 
robust design, which places the glass in intense compression 
and the steel fusing ring in tension, making the glass more 
resistant to cycling.
	 Pipe stresses. Mechanical consideration — including 
alignment and vibration concerns — should be given to 
any piping design that includes glass components. Bend-
ing and torsional stresses can be induced by mating flanges 
not being perfectly aligned, which is never 100% certain in 
many applications. Imperfect alignment combined with pip-
ing vibration can lead to mechanical glass failure. For this 
reason, long tubular glass components are not recommended 
due to the high potential for stress-induced failure. If these 
devices are used, review the companion paper for additional 
considerations (9). Glass components that are mechanically 
aligned without induced torsional/bending stresses can still 
be subject to significant pressure pulse forces from hydraulic 
hammer. Assess this glass failure potential, and, if necessary, 
actively pursue viable options to eliminate the vulnerable 
glass component.
	 Thermal shock. Glass can be subject to thermal shock 
induced by rapidly changing temperature conditions. Some 
types of glass are more vulnerable to thermal shock based 
on thermal expansion, thermal conductivity, and the overall 
“toughness” of the glass. Thermal shock may occur during 
washdown activities when hot process vessels are subject to 
exterior cold-water contact. Thermal shock can occur inside 
a vessel during startup operations when hot or cold materials 
enter a vessel. Thermal shock can also occur when a hot or 
cold vessel is subjected to an instantaneous significant jacket 
temperature differential, usually because of an automated 
sequence change following a discrete operational step. 
	 Tempered borosilicate glass should generally be speci-
fied when thermal shock hazards are recognized. Boro-
silicate glass has a lower thermal expansion coefficient than 
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soda-lime glass leading to borosilicate being more tolerant 
to temperature deviations. Fused quartz glass offers an even 
higher tolerance to temperature deviations with the tradeoff 
of a higher glass component cost.
	 Dropped objects and impact. Sight glasses are too often 
used as convenient locations to temporarily place wrenches, 
studs and bolts, tube fittings, and other items that are suited 
to more appropriate storage locations. Glass equipment, 
especially sight glasses, are vulnerable to scratch damage 
by abrading objects, which can produce potential points of 
failure. An unprotected sight glass is also prone to impact by 
falling objects above. Damage caused by impact renders the 
value of the allowable stress for the glass material indetermi-
nate, which leads to an unknown pressure rating of the glass 
window. Some facility site best practice policies require pro-
active protective shielding of glass components. Polycarbon-
ate components are a good approach for this type of failure 
mitigation. A possible exception to the above guidelines may 
apply to fused sight glasses. The robust design of fused glass 
provides some resistance to damage by mechanical impact.

Maintenance practices
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shock within reasonable limits.
	 • If a fused glass component is not practical, consider 
using an external polycarbonate shield over the top of the 
glass flange to protect the glass. An example of this type of 
installation is shown in Figure 3. These have the advantage 
of being inexpensive and can often be fabricated in the 
facility’s maintenance shop with simple tools. When the 
outer polycarbonate shield becomes scratched, or its light 
transmission is degraded, replace the polycarbonate shield. 
It is far more economical to replace a small polycarbonate 
shield than a several hundred- or thousand-dollar sight glass. 
The shield also provides protection against glass failure from 
pressure cycling since single-paned tempered glass is not 
as resistant to pressure cycling as fused glass. For protec-
tion against air ingress due to failure under vacuum, an 
O-ring can be installed in a half-round groove cut into the 
polycarbonate shield between the shield and flange face.
	 Providing an impact shielding material between the glass 
and external operations and maintenance activities makes 
sense to protect the glass from people and people from the 
glass. Polycarbonate polymer is both impact- and flame-
resistant. For vessels utilizing flammable or toxic hydrocar-
bons or pyrophoric materials, adding a polycarbonate shield 
could significantly mitigate the consequences in a glass 
failure scenario. In this case, the polymer shield would 
act to radially deflect a fireball should immediate ignition 
occur following a sight glass failure. In contrast, without the 
shield, the impacted personnel could potentially receive a 
fatal blunt force impact or fireball blast to the head.
	 The use of external shields to protect against catastrophic 
failure of glass components dates back over 120 years. A 
British patent from 1896 describes an external shield to 
protect water level gauges on steam locomotives (13).
	 One note of caution — be sure to use polycarbonate and 
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schedule to address pending glass degradation before a cata-
strophic failure can occur.
	 • As an active mitigation step, flow glasses should be 
fitted with actuated valves upstream of the flow glass, 




