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A B S T R A C T

The ability to predict tableting properties of a powder mixture from individual compo-

nents is of both fundamental and practical importance to the efficient formulation

development of tablet products. A common tableting classification system (TCS) of binary

powder mixtures facilitates the systematic development of new knowledge in this direc-

tion. Based on the dependence of tablet tensile strength on weight fraction in a binary mixture,

three main types of tableting behavior are identified. Each type is further divided to arrive

at a total of 15 sub-classes.The proposed classification system lays a framework for a better

understanding of powder interactions during compaction. Potential applications and limi-

tations of this classification system are discussed.
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maceutical University. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Tabletability is the capacity of a powdered material to be trans-
formed into a tablet of specified strength under the effect of
compaction pressure [1,2]. It may be represented by a plot of
tablet tensile strength vs. compaction pressure. Since phar-
maceutical tablets usually contain multiple ingredients, the
ability to predict tabletability of a powder mixture from indi-
vidual components is of both fundamental and practical
importance to pharmaceutical industry.

A mark of empirical formulation development is the choice
of formulation composition based on personal preference and
previous experience with other drugs. Unfortunately, the same
excipient matrix that worked for some active pharmaceutical

ingredients (API) may not be appropriate, much less optimum,
for another API because the properties of different APIs can
differ profoundly and drug loading likely is also different. Al-
though it is possible to prepare a series of powder mixtures
for a new drug candidate and quantify their tabletability in turn,
this screening approach is time and resource intensive for for-
mulation development. In contrast, formulation design based
on an understanding of tableting performance of drug and in-
dividual excipients as well as their interactions would be much
more efficient. In this context, the ability to reliably predict
tabletability of a mixture based on that of constituting com-
ponents is critical. Hence, in addition to the consideration of
stability, flowability, and other important pharmaceutical
properties, the selection of excipients should be also based on
their mechanical properties. This approach allows better
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accommodation of unique properties of the API, rather than
by trial and error, to deliver an overall superior powder mixture
(formulation) that can be processed and manufactured ro-
bustly. This is particularly important for truly realizing the
quality-by-design.

Efforts have been made to study tableting properties of mix-
tures [3–21]. At a high level, these studies can be divided
according to the tableting property they focused on, e.g., com-
pressibility (porosity vs. pressure) [22] and compactibility (tensile
strength vs. porosity (or relative density)) [23,24]. Compress-
ibility and compactibility are fundamental properties that
influence powder tabletability [25,26]. However, tabletability is
of practical importance because it describes the relationship
between the process parameter, i.e., pressure, and an impor-
tant property critical to tablet quality, i.e., mechanical strength.
Therefore, the ability to predict tableting performance of mix-
tures from those of individual components is useful, but not
yet attained. Accurate predictions would require the access to
a large set of data that accurately describes tabletability of ex-
cipients and their mixtures. A useful step in achieving such a
goal is to develop a classification system for tableting behav-
iors of binary powder mixtures, which helps to systematically
describe data and facilitate communication among scientists.

Perhaps it is with this vision that a simple classification was
introduced [27]. This classification, although useful, is not ad-
equate to describe diverse types of tabletability observed so
far or those that can possibly occur. In this report, a more com-
prehensive tableting classification system (TCS) for binary
powder mixtures is proposed based on theoretical consider-
ations. Characteristics of each system are described. Examples
are given when possible. It is hoped that a refined TCS will serve
as an initial step toward a more fundamental understanding
of powder interactions during compaction.The adoption of TCS
is expected to expedite the development of in-depth under-
standing of powder compaction of mixtures.

2. Classification system

The classification of tableting behaviors of powder mixtures
is based on tensile strength of tablet compressed under a

constant compaction pressure. For practical reasons, tensile
strength is plotted against weight fraction only (alternatives
are volume fraction and molar fraction).When tensile strengths
of two powders, A and B, are different, A is always used to rep-
resent the powder with a lower tensile strength. The weight
fraction axis is always expressed as amount of the powder ex-
hibiting higher tensile strength. It is possible that under different
compaction pressures, the same mixture system may behave
differently and fall into a different class because tablet tensile
strength depends on pressure differently for different powders.

2.1. Type I

Type I behavior is exhibited if tensile strengths of tablets from
individual components are non-zero and if they differ signifi-
cantly (>10%) (Fig. 1). Tableting behavior of binary mixture of
most fillers and binders exhibit Type I behavior. Type I behav-
ior may be further divided into seven sub-classes based on the
interaction between the two components.

Type I(a) exhibits ideal behavior, where tablet tensile strength
depends on the weight fraction linearly. A straight line may
be drawn between points A and B in Fig. 1. Both Type I(b) and
I(c) exhibit positive deviations from the ideal line. Type I(b) is
assigned when tensile strength of tablets of mixtures does not
exceed that of B. Otherwise, Type I(c) is assigned. In other words,
Type I(c) shows positive deviation so much that some of the
mixtures exhibit tablet tensile strength higher than both con-
stituent powders. Similarly, Type I(d) is assigned when tensile
strength of mixtures negatively deviates from the ideal line but
always lies between those of A and B, and Type I(e) is as-
signed to systems where negative deviations lead to tensile
strength lower than that of A.

Types I(f) and I(g) are characterized by a constant tablet tensile
strength (at either low or high end of the curve) over a certain
weight fraction of the mixtures (Fig. 1). Outside of this range,
tablet tensile strength depends on composition of mixtures.
Type I(f) is identified when the flat part of the plot falls in the
region where powder B is a minor component (weight frac-
tion <0.5). Type I(g) is when the flat part of the plot falls in the
region where powder A is a minor component on a weight basis.
Depending on the shape of the changing part of the plot, more
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Fig. 1 – Type I behavior of binary powder mixtures: (a) ideal; (b) mild positive deviations from ideality; (c) severe deviations
from ideality; (d) mild negative deviations from ideality; (e) severe negative deviations from ideality; (f) tensile strength
increases with increasing powder B in mixtures up to a critical composition and subsequently leveled off; (g) tensile
strength remains constant up to a critical composition and subsequently increases.
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