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Corrosion. It makes water heater tanks
spring leaks, and it glues neglected
batteries to the insides of cameras

and tape decks. It also makes oil tanker
ships spill their cargo, bridges collapse, and
hazardous waste containers leak. Prevent-
ing and repairing corrosion cost
about $276 billion a year in the
United States (1), so tools for
identifying its sources and
monitoring its development are
much in demand. Ion chro-
matography (IC) is such a tool;
it is used to examine the tini-
est computer chips, mammoth
nuclear waste storage vaults, and
a host of environments in
between. 

IC describes a group of tech-
niques that provide quantita-
tive analysis of ionic species
in liquids (2, 3). Ion-exchange,
ion-exclusion, and ion-pair
chromatography methods all
come under this definition, but
in the literature, ion-exchange
chromatography (IEC), the most
common of these techniques, is often
referred to merely as “IC”. IEC (or IC, as it
is referred to below) separates the ionic
species in an aqueous solution based on
the ions’ affinities for ion exchange resins.
Sulfonic or carboxylic acid resins are used
for cation analysis, quaternary ammonium
compound resins for anions. The mobile
phase in cation analysis is often an aque-
ous solution of HCl or HNO3; NaOH or NaHCO3
solutions are commonly used for anion
analysis. Retention times are controlled by
adjusting the pH of the solution.

Because the mobile phase is a solu-
tion of ionic species, it produces a back-
ground signal that is superimposed on the
signal from the sample. This background
signal can be reduced by converting
mobile-phase ions to a neutral form or

removing them with an ion-exchange
column or membrane between the chro-
matograph column and the detector. A
conductivity detector records the signal for
each ion versus the retention time in the
column. Ions in the sample are identified

and quantified by comparing the retention
times and peak heights with known stan-
dards. Water-soluble species such as fluo-
ride, chloride, nitrite, bromide, nitrate, phos-
phate, and sulfate are routinely determined.
Cation analytes are typically alkali and alka-
line earth metals and ammonium.

Extracting Ions
Sample preparation may include filtration,
dilution, or cleaning to remove interferences.
Water is used to extract ions from organic
liquids or the surfaces of solids. At least 10
mL of liquid sample is required for analysis.
Data collection times vary, but each sample
typically requires at least 30 min. Depend-
ing on the nature of the sample, ion concen-
trations can be determined as low as ppb
levels or as high as percent levels, with a

precision of �10%. Accuracy depends on
the sample and the ion determined.

One lighthearted commercial for a major
computer chip manufacturer features danc-
ing “bunny-suited” technicians, but main-
taining the integrity of the cleanroom envi-
ronment is serious business. In the
microelectronics industry, even ppb levels
of ionic contaminants can render a batch
of wafers or microchips unusable. One speck
of dust can short out a micrometer-sized
electrical connection, and mineral deposits

left behind by plating baths and
wash water can ruin an entire
batch of electronic assemblies,
a very expensive predicament.
Contaminants can enter the
cleanroom through the air filtra-
tion system or on the surfaces
of protective clothing and
manufacturing equipment.
Samples collected from the
surfaces of wafers or equipment
can be analyzed using IC as a
routine part of a quality assur-
ance protocol to serve as an early
warning system for ionic contam-
inants.

During the microcircuitry
fabrication process, wafers pass
through a series of chemical
baths. Particulate matter and
precipitates can be deposited at

any step in the process. In the past, metal-
plating baths were rejuvenated or dumped
if a visual inspection revealed defects in
the final products. As circuitry became small-
er and performance criteria stricter, visual
inspection was no longer adequate. The
cleanliness requirements for metal-plating
baths have become even more stringent
in the past decade, as copper has begun
to replace aluminum as the metal of choice
for microcircuitry. Monitoring plating and
etch bath components, contaminants, and
degradation products using IC helps to opti-
mize the process and reduce waste (4). Even
when a manufacturer’s proprietary bath
additive cannot be identified explicitly, a
chromatographic “fingerprint” is often
enough to determine if the correct addi-
tive is present in the correct concentration.
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Ion chromatography tracks down trace levels of
ionic contaminants that can ruin computer chips
and rust through nuclear waste containers.

FIGURE 1: It was only a drop of water. Even small amounts of ionic
contaminants can ruin an expensive batch of microelectronic circuit
boards, especially if adsorbed water is present.



IC serves in a troubleshoot-
ing capacity as well, identify-
ing the sources of corrosion
products that can cause even
devices just manufactured to
malfunction or fail. One client
of the Contamination Studies
Laboratory (CSL, Kokomo, IN)
routinely cleaned its terminal
block assemblies using a chlo-
ride-activated organic acid flux
followed by a tap water wash
and 24 h of air drying (5). The
client noticed green corrosion
and a white hazy residue on
some of the terminal blocks that
had been sent through the
process. (Figure 1 shows typi-
cal corrosion on an integrated
circuit.) IC identified and quan-
tified the residues, showing that
chloride trapped during the
rinse stage was causing the corrosion.
The drying time was not long enough, and
residual solution that remained in contact
with the screws formed a galvanic cell that
corroded the assembly. CSL consultants
recommended a rescue cleaning procedure
to salvage the assemblies that had already
been corroded, followed by a saponified
(surfactant) wash and rinsing with deion-
ized water. The reprocessed assemblies did
not show any signs of electrical leakage
or corrosion, and CSL has since instituted
a monitoring program for its client’s assem-
bly cleaning process.

Cristek Interconnecteds (Anaheim, CA)
addressed a similar problem (6). One of
its customers began reporting corrosion
problems with prewired connectors, made
to military specifications, that were still
in factory-sealed bags. Cristek analysts
used IC and scanning electron microscopy
(SEM) to examine the wire insulation,
contacts, metal shells, and packaging bags.
They determined that one batch of wire
had reacted with fluoride ions in the wire
insulation. 

The military aerospace industry had
relied on this kind of wire for many years,
but their specifications did not mention
that fluoride, chloride, and sulfate ions
were known to outgas from the insulation,
and the client was not aware of this. 

Cristek analyzed samples of more than
500 finished connector assemblies manu-
factured over a three-year period and iden-
tified wire insulation made from specific
lots of poly(ethylene–tetrafluoroethylene)
as the common factor in the failed assem-

blies. More than half of the faulty insula-
tion was traced back to one manufacturer. 

Bacteria Get into the Act
Although corrosion is mainly an inorgan-
ic phenomenon, byproducts from living
organisms can accelerate the process. For
example, sulfate-reducing bacteria (SRB)
colonize solid surfaces and form a biofilm
made of the organisms themselves, poly-
meric secretions, metabolic products, and
colloidal and dissolved species (7). The
biofilm layer protects the microorganisms
from their environment, but it also fouls
the underlying surfaces. SRB living on metal
surfaces promote the formation of metal
sulfides that weaken the metal (Figure
2). In underwater environments, SRB
contribute to the corrosion of pipelines,
heat exchangers, and ship hulls. 

Any environment with a sufficient
amount of water, including groundwater
reservoirs and mining runoff pools, can
harbor microbial colonies. This is particu-
larly worrisome at hazardous waste dispos-
al sites such as nuclear waste vaults, where
SRB could accelerate corrosion of the metal
waste containers, transport radionuclides
away from the vault, and produce poten-
tially flammable gas deposits. Simcha Stroes-
Gascoyne and Mel Gascoyne of Atomic Ener-
gy of Canada, Ltd. (AECL, Pinawa, Manitoba)
included the bacteria problem in their feasi-
bility study for a permanent geological
repository for nuclear fuel wastes (8). They
found a potentially rich source of nutrients
for microbes in the groundwater—nitrate
residues from the explosives used to blast
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FIGURE 2: Organic and natural. Filamentous bacteria
surround a carbon–nitrogen–oxygen deposit on a stain-
less steel surface exposed for 90 days to deionized water
used to replenish a storage pool for spent nuclear fuel.
In rare cases, pitting corrosion has been observed under-
neath this type of deposit. Fuel rods are often stored for
extended periods of time on stainless steel racks in
contact with deionized water.



the granite walls of the AECL’s underground
research laboratory. 

The Gascoynes measured nitrates and
nitrites in the water draining down a venti-
lation shaft over 20 h using IC and flow-
cell pH measurements. Over a period of
several months, the research group used
IC for spot measurements of groundwater,
leachates from tunnel walls and rock broken
by the blasting, and water from service
and holding ponds. “Directly after a blast,

the air is not very good . . . so we basi-
cally ran into the blasting room, got our
samples, and ran out,” recalls Stroes-
Gascoyne, emphasizing that they followed
a set of safety protocols, and that this test
facility was not actually being used to store
radioactive material. 

They found that the largest potential
source of carbon and nitrogen nutrients
was untreated, excavated rock used as back-
fill. The long-term effects of microbial activ-

ity in a nuclear waste disposal vault are
not known at this time, and predicting
these effects is difficult. Natural weather-
ing processes can reduce microbial activi-
ty by removing nitrogen nutrients from
backfill rock, or the rock can be washed
or leached if it has to be used immediately.
Likewise, holding-pond water used to
prepare backfill material should be treat-
ed to remove nitrate nutrients. IC could be
used to verify the results of nitrate removal
procedures and to monitor water at the
disposal site on a continuing basis.

It’s a distressing reality, but the most
sophisticated technological products can
be brought low by a few drops of water or
a bacterial colony. Corrosion can be caught
at the ppb stage using well-established and
relatively routine IC analysis, preventing
small problems from becoming major disas-
ters. Diagnostic IC is uniquely suited for
tracking “small problems” to their source,
and routine quality assurance IC helps
ensure that the problems never come up
in the first place.

Suggested Reading
Dionex applications database (searchable);

www.dionex.com/app/tree.taf?asset_id=9536.
Metrohm, Ltd. applications write ups (mostly food

science applications); www.metrohm.ch/
applications/ic/ic_an_index.html.

Union College (Schenectady, NY) Geology Dept.
IC Ion chromatograph: procedures, capabili-
ties, and sample preparation guidelines;
www.union.edu/PUBLIC/GEODEPT/hollocher/
ionchrom/index.htm.

References
(1) Corrosion costs and preventive strategies in the

United States; www.corrosioncost.com.
(2) IBM Microelectronics: Analytical Services. www-

3.ibm.com/chips/services/asg/capabilities/
asweb25.html.

(3) Introduction to ion chromatography; www.
chem.vt.edu/chem-ed/sep/lc/ion-chro.html.

(4) Dionex industry brief; www.dionex.com/
servletwl1/FileDownloader/slot114/15917/
CopperPlating.pdf.

(5) Contamination Studies Laboratory newsletter;
ht tp : // re s i due s . com/news le t t e r/
Spring2001.PDF

(6) Cristek Interconnecteds case study; www.
cristek.com/tekholders/pdf/CorrosionPuzzle.
pdf.

(7) Chan, K.-Y.; Xu, L.-C.; Fang, H. H. P. Environ.
Sci. Technol. 2002, 36, 1720–1727.

(8) Stroes-Gascoyne, S.; Gascoyne, M. Environ. Sci.
Technol. 1998, 32, 317–326.

Nancy K. McGuire is an associate editor
of Today’s Chemist at Work. Send your
comments or questions about this article to
tcaw@acs.org or to the Editorial Office
address on page 6. ◆
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