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vercoming

nalytical Challenges
for Ceramic Materials

An experienced testing lab can identify the right technique for ceramics analysis and
provide results that help boost confidence in a material’s quality.

Scientists use standard methods or develop new approaches for breaking down and preparing many common ceramic
materials for analysis.

By David Kluk, Technical Manager; Kyle Abrams, X-Ray Specialist; and
Roxanne Skinner, ICP Specialist, NSL Analytical Services, Inc.

erformance is critical for today’s advanced applications of ceramics.
Whether they are being used as electrical insulators or for thermal protec-
tion on a spacecraft, the failure of ceramic components can have serious,
even life-threatening consequences.

One source of failures for ceramics is a mismatch between a material’s actual
composition and the expected specifications. A material’s particle size, precise chemi-
cal composition, and the presence of any trace elements/compounds are all tied
closely with performance. For this reason, both manufacturers of ceramic materials
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and those who use them need to know
the exact make-up of their materials.

A trusted testing lab can provide tai-
lored analysis that not only boosts con-
fidence in a ceramic’s quality, but can
also be used to identify the source of a
product failure or problem. Many ana-
lytical chemistry techniques (each with
different benefits and drawbacks) are
available for bulk and trace analyses of
ceramic materials.

Elements commonly requested for
trace analysis include sodium, magne-
sium, potassium, calcium, iron, zinc,
selenium, silver, tin, antimony, lead and
bismuth. Bulk analysis can determine
the percent composition of an oxide
such as alumina, silica, zirconia, and
others (e.g., sodium oxide, magnesium
oxide, potassium oxide, calcium oxide,
titanium dioxide, chromium oxide,
manganese oxide, iron oxide, zinc
oxide, and hafnium (IV) oxide). In addi-
tion, a particle size analyzer can be used
to measure particle size distribution for
powdered ceramics.

Breaking Down Ceramics

The very characteristics that make
ceramics ideal for harsh environments
and demanding applications—resis-
tance to corrosion and high tempera-
tures—make it challenging to prepare
ceramic materials for analysis. For
standard metal alloys, preparation usu-
ally involves breaking down a sample



by adding a combination of acids and
then digesting the material via hot plate.
However, most ceramic materials are
highly resistant to acids, meaning that
more aggressive methods are required
to prepare ceramics for analysis.

Because of the challenges surround-
ing ceramic analysis, it is key to use a
testing lab with scientists who are expe-
rienced in analyzing a variety of materi-
als and that has invested in multiple ana-
lytical techniques and instruments. Sci-
entists who conduct analyses every day
can determine the best balance between
sampling technique/preparation method
and analytical technique to arrive at the
desired level of detection for a given ele-
ment/compound in a material.

At a testing lab, scientists use
standard methods or develop new
approaches for breaking down and pre-
paring many common ceramic materi-
als for analysis, such as silica, alumina,
zirconia, titanium dioxide, zinc oxide,
magnesium oxide, chrome oxide, and
mixtures of two or more oxide bases.
Analysis of new mixtures requires iden-
tifying potential analysis pitfalls and
selecting the sampling technique and
instrumentation that will produce the
very best result.

Trace Analysis

with DC Arc-AES

Direct current arc (DC Arc) atomic
emission spectrometry (AES) has long
been the primary method for trace anal-
ysis of elements in ceramic products. It
offers quick trace detection in the range
of 0.1-5.0 ppm (parts per million.) One
benefit of this method is that it analyzes
the material directly in its native form,
making it less likely that contamination
might be introduced into the sample
using other preparation methods.

For DC Arc analysis, the ceramic
material must be pulverized and
blended to form a powder. Because this
technique uses a very small sample size
(only 10 mg of material), it is important
that the sample be very representative
of the overall material. Careful prepa-
ration is required to obtain the proper
particle size and homogeneity so as to
not skew the analysis results.

For materials that are particularly
challenging to break down or when
contamination is a primary concern,
DC Arc may be the best—or in some
cases, the only—way to obtain results.
While DC Arc instruments continue to
be replaced with other techniques that
offer potentially higher accuracy and
repeatability of results, the DC Arc still
produces phenomenal results for almost
any material.

ICP-AES for Bulk Analysis and
ICP-MS for Trace Analysis

Inductively coupled plasma (ICP)
approaches are newer options that are

useful for trace and bulk analysis of

tion or elemental interferences with the
instrument. For some materials, this
isn’t possible.

ICP sample preparation can involve
using a fusion technique. For this
approach, a powder (or flux) is mixed
with the material and heated to around
1,000°C, which melts the flux and
breaks down the sample. The result-
ing material forms a crystal that can be
extracted and converted into a solution
for analysis. While this type of sample
preparation is useful for hard-to-digest
ceramic samples, the addition of flux
for fusions may result in slightly ele-
vated levels of detection for some ele-
ments.

A variety of analytical chemistry techniques is available for bulk and trace analyses of ceramic materials.

those ceramic materials that can be
converted into a solution for analy-
sis. Inductively coupled plasma atomic
emission spectrometry (ICP-AES) is
effective for higher/bulk composi-
tions from around 0.05-50 wt%, while
inductively coupled plasma mass spec-
trometry (ICP-MS), although not appli-
cable to all materials, can provide trace
level analysis down to near 0.001 wt%
and lower. These techniques can be used
together when both bulk and trace anal-
yses are desired.

One advantage of ICP-MS for trace
analysis is that it uses a much higher
sample mass (usually about 0.5 g of
sample), which will be more represen-
tative of the original material than the
10 mg used for DC Arc analysis. How-
ever, unlike DC Arc, ICP-MS requires
the ceramic to be dissolved into a solu-
tion without introducing contamina-

New sampling/sample preparation
techniques have been developed using
a dedicated microwave system that pro-
vides a high-temperature, high-pressure
closed system. The microwave is used to
heat ceramics to extremely high temper-
atures for an extended period of time,
which facilitates the breaking of the
strong chemical bonds present in ceram-
ics so that the sample can be converted
into a solution. This method avoids
some of the impurities that can be intro-
duced when using a fusion preparation.

Rapid Analysis with XRF
Although most ceramic materials can be
analyzed with DC Arc or ICP methods,
X-ray fluorescence (XRF) offers another
option. For ceramics, this approach
provides faster, more cost-effective bulk
and trace analysis of concentration
ranges from 1 ppm and higher.
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» Overcoming Analytical Ch

The very characteristics that make ceramics ideal for
harsh environments and demanding applications make
it challenging to prepare ceramic materials for analysis.

For XRF trace analysis, ceramic
materials are prepared as pressed pel-
lets by crushing or grinding the material
to particle sizes less than 50 microns.
Typically, 12 g of the resulting sample
is then mixed with 3 g of a cellulose or
wax binder. Pressing the material and
binder under high pressure forms a sta-
ble pellet used for the analysis.

For XRF bulk analysis of composi-
tions of about 0.05 wt% and more,

allenges

ceramic materials are prepared as glass
beads. This process involves crushing
the material to a particle size of less
than 250 microns and then mixing 1 g
of the powder with 10 g of a flux such
as lithium metaborate or lithium tetrab-
orate. A fusion/fluxer instrument is then
used to create a glass bead from the
material and flux, and the bead is then
analyzed using XRE.

The XRF technique features rela-
tively simple sample preparation and
shorter measurement times, yet it
requires matrix-matched standards
and reference materials for the most
accurate results. While some instru-
ment manufacturers offer additional
software that provides users with
a general calibration that may be
applied to a variety of materials, XRF
is most accurate when used to analyze
commonly encountered materials or
“project-specific” materials that are
well calibrated, rather than a range of
materials.

Careful Consideration
Whether conducting bulk or trace
analysis, ceramic materials come
with a variety of challenges that
require careful consideration to
determine the best sampling and
analysis technique for a given mate-
rial. New ceramic blends continue
to be developed to meet the needs
of next-generation applications such
as additive manufacturing and the
expanding hybrid and electric auto-
mobile market, and these new blends
will each come with their own set
of analysis challenges. Using a test-
ing lab that is experienced in many
sample preparation methods and that
has invested in the very latest analy-
ses techniques can ensure accurate,
timely, and useful analyses results for
even the most challenging ceramic
materials. [

For more information, call (877) 560-3943, email
techsales@nslanalytical.com or visit www.nslanalytical.com.

- Applications:

Jars & Jar Rolling Mills

Solids Mixing
Ribbon & Cone Blenders
Fluidizing Mixers

Sigma Blade Mixers
(also for high-viscosity mixing)

www.pauloabbe.com 855-789-2902

sales@pauloabbe.com

APIs - Ag-Chemicals
Biologics - Catalysts
Ceramics - Chemicals
Food Ingredients
Herbicides - Minerals

Nutraceuticals - Pesticides

Pharmaceuticals - Pigments

Polymers - Powdered Metals

Proteins - Resins - Vitamins
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BoroN CARBIDE FOR NUCLEAR APPLICATIONS NQAT1 CERTIFIED
Boron CARBIDE FOR CERAMIC & ABRASIVE APPLICATION
BoroN NITRIDE POWDERS & COATINGS

PoLy & Mono piaMOND POWDERS FOR CMP APPLICATIONS
PoLYCRYSTALLINE DIAMONDS FOR CMP APPLICATIONS
DIAMOND SLURRIES / SUSPENSIONS FOR TEXTURING & POLISHING
SiLicon CARBIDE FOR LAPPING / POLISHING / WIRE SAW SLICING
ALuminum Oxipe PowbpeRs
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