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To answer the first question, a short introduction to glass strength is required. In

Figure 1 Schematic representation of fracture toughness of glass (Left: glass with large defects that breaks
upon little applied tensile stress; right: glass with small defects that breaks upon large applied tensile stress.)

Republished with permission of PDA

www.schott.com/tubing
SCHOTT AG, Erich-Schott-Strasse 14
95666 Mitterteich, Germany

Publication
reprint

Copyright PDA: Licensed to SCHOTT North America, Inc.

P e o p l e

Letter

•

S c i e n c e

www.pda.org/pdaletter

•

R e g u l a t i o n

November 5, 2018

Glass Breakage in Pharmaceutical Packaging
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Carina Bronnbauer, PhD, SCHOTT

Thanks to low extractable/leachable profiles, small diffusion coefficients and high
transparency, glass reigns as the undisputed
material of choice for parenteral packaging.
For a long time, the only major drawback
of glass was believed to be its inherent
breakage risk. This has not changed: recent
concerns about breakage have prompted
some parenteral manufacturers to take
another look.
In the pharmaceutical packaging industry,
discussions about glass breakage can be
traced back to two main areas of context:
fill/finish line performance and container
closure integrity (CCI). With fill/finish
line performance, the question is whether
broken containers on the line cause less
disruption and yield loss than machine
components broken from highly break
resistant containers on the line. With CCI,
the concern is that immediate and reliable
container failure on the fill/finish line could
prevent unrecognized crack formation,
channeling container-leakage or ingress into
the market.

general, the probability of breakage or the
mechanical strength of glass, respectively, is
dependent on the existence of surface flaws
and the magnitude of applied tensile stress
rather than on glass composites (1). Based
on theoretical formulas, like the Griffith
equation, one can derive two general rules
of thumb: 1) the bigger the surface flaws,
the less tensile stress can be applied until
glass breakage occurs, and 2) glass products
with only very small defects can withstand
much larger tensile stress before fracturing
occurs. Both scenarios are schematically
depicted in Figure 1. Moreover, since
no container is fully alike with respect to
surface quality, glass breakage can never be
exactly predicted.
Based on the tremendous negative impact
of surface flaws on mechanical stability

of the final product, two approaches are
commonly used to control the mechanical
strength of glass: (i) minimizing the generation of surface flaws along the full value
chain, e.g., via fill/finish line optimization
or special glass coatings at the outside of the
container, and (ii) lowering the destructive
impact of existing surface flaws via postprocessing, e.g., via chemical toughening.
Within process (ii), intended built-in stress
profiles are generated through systematic
ion exchange.
The good news is that there is no need for
a special glass type for either approach. All
common silicate glasses, such as sodalime,
aluminosilicate and borosilicate glass, are
suitable. For approach (i) there is no restriction. The bad news is that manipulations of
the mechanical strength via chemical tough-

Fracture toughness (simplified equation according to Griffith theory)
K = σ . Y √c

σ = stress (induced by an applied force)
Y = geometrical factor (which considers the
location of the defect among others)
√c = critical dimension (e.g. depth of defect)
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Figure 3 Sawing of a non-chemically strengthened (left) and chemically strengthened glass (right) glass container with a diamond-cutting disc
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Vertical compression*

e.g., crimping

Visual inspection units**
Headspace analysis**
√c = critical dimension (e.g. depth of defect)

Ingress through crack/CCI
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