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A new NASA-developed ion exchange material significantly reduces toxic metal
effluent from rinse baths of electroplating facilities. The ion exchange material,
originally developed as a battery separator for space applications, is a polymer made from
polyacrylic acid and polyvinyl alcohol and converted to a calcium or sodium form. It
exhibits a very high intake of metal ions such as zinc, cadmium, and copper, even in
the presence of hard-water constituents. In this study, the adsorption efficiency for zinc
was measured with a portable ion exchange system placed at the discharge end of a zinc
plating line. The results show a significant reduction in the amount of zinc discharged
into the sewer system.
INTRODUCTION
Chemists at the NASA Lewis Research Center re-

cently developed and patented a new high-capacity ion
exchange material (IEM)1 that removes toxic metals
from contaminated water. This polymeric IEM was
originally developed to physically separate the anodic
and cathodic components of an electrolyte while acting
as an ionic conductor. The chemists, quite accidently,
found that the IEM removes zinc, cadmium, copper,
and other metals from aqueous solutions (see Table 1),
even in the presence of hard-water constituents such
as calcium.2

An ion exchange material is a solid that exchanges
one ion for another ion. The process of ion exchange
involves the exchange of atoms but with conservation
of charge. In other words, if the ion exchanger is loaded
with sodium—a singly charged ion—and the ion to be
removed is lead—a doubly charged ion—then two so-
dium ions must be released to accommodate the uptake
of the lead ion into the resin. The ion exchange process
is typically performed by packing particles (1 to 2 mm
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in diameter) into a column with a screen at both ends
to retain the particles; then, the solution to be cleaned
is forced to flow through the column.

 The NASA-developed IEM is prepared from two
common raw materials, polyacrylic acid and polyvinyl
alcohol, and can be manufactured in both a calcium
and sodium form. Both calcium and sodium are con-
sidered by the Environmental Protection Agency
(EPA) to be acceptable for discharge into the sewer
system. The calcium form of the IEM is mechanically
more stable; hence, it is the preferred exchange form.

To be suitable for various applications, the IEM can
be manufactured as a film, powder, filament, or beads.
The chemical reaction is very simple for the calcium
form of the IEM:

(RCOO)2Ca + M2+(aq) → (RCOO)2M + Ca2+(aq),

where M represents various metals and R represents any
alkyl group.
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The ion exchange process is dependent on the pH
of the solution. Figure 1 shows that the operational pH
of the IEM for zinc lies between 6.0 and 7.0. At a pH
below 6.0, the hydrogen ion effectively competes with
the metal; above a pH of 7.0, the hydroxide ion reacts
with the zinc cation to form insoluble zinc hydroxide
or anionic zinc hydroxide complexes.

Recently, APL researchers used the IEM to remove
zinc from rinse baths at A-1 Plating Company in Bal-
timore, Maryland, as a means of reducing the amount
of sludge produced in the electroplating process. The
rinse line had a pH range of 6.3 to 7.3, making it ideal
for zinc recovery by the IEM.

BACKGROUND
Approximately 13,000 electroplating operations in

the United States generate about 1 million tons of
sludge per year via wastewater treatment. The precip-
itation process by which the wastewater is treated
before disposal in industrial sewers is becoming inad-
equate as environmental laws become more stringent.
In the near future, the final treatment of waste streams
will require ion exchange, or similar technologies, to

Table 1. Calculated IEM uptake of various metals (5.14
moles of charge are neutralized per kilogram of resin).

Uptake
Metal ion (g metal/kg IEM)
Zinc 168
Cadmium 289
Lead 533
Chromium(III) 89
Copper 163
Mercury 516
Nickel 151
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Figure 1 . Metal absorption by the NASA-developed ion exchange
material (IEM) as a function of the solution pH.
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Figure 2 . Zinc concentration vs. time for solutions treated with
calcium- and sodium-charged ion exchange films (6.0 < pH < 7.0).

lower the levels of toxic metals discharged into sewer
systems. It is easier to treat the wastewater at each
plating line source rather than at the merged waste
streams, where the treatment would require removal of
both cations (e.g., zinc, lead) and anions (e.g., chro-
mate from chromating operations) in combination
with brighteners, carriers, and chelating agents. An-
other benefit of treating each line separately is that less
processing is required in the sludge generating system.

INITIAL RESULTS
Initially, we tested the IEM for its uptake of zinc at

the NASA Lewis Research Center. Figure 2 compares
the uptake of zinc by sodium- and calcium-charged IEM
films and shows that the concentration of zinc decreas-
es over time for solutions treated with these films. At
the beginning of the ion exchange process for the
calcium-charged film, however, some singly-charged
ions, i.e., CaOH+ or CaOAc+, take up only one site on
the resin (a solution counter ion neutralizes their other
charge), whereas Ca2+ takes up two sites. Hence, at the
start of the ion exchange, the apparent metal uptake
is greater than the capacity of the resin based on sto-
ichiometric considerations. At equilibrium, however,
stoichiometry prevails and the theoretical amount of
uptake is observed. Note that these tests were per-
formed in a beaker with the IEM film present and being
stirred with a magnetic stirrer, hence the variability of
the time scale during the initial reaction.

The IEM was also tested at the NASA Lewis Re-
search Center for potential interference by other con-
stituents of electroplating operations such as carriers
and brighteners. A zinc test solution, with a nominal
concentration of 100 ppm of zinc, was prepared at the
operational pH, and a piece of ion exchange film was
added. Samples were removed from the solution at
specified times and analyzed for zinc content. This
experiment was repeated with the manufacturer-
recommended amounts of brightener, carrier, and both
NS HOPKINS APL TECHNICAL DIGEST, VOLUME 17, NUMBER 4 (1996)
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brightener and carrier. Figure 3 shows the zinc concen-
tration versus time for IEM-treated solutions contain-
ing the recommended amounts of carrier, brightener,
and both. These curves overlap the control curve (not
shown) within experimental error, confirming that the
carriers and brighteners do not adversely affect the
uptake of zinc by the IEM.

Periodically, plating baths become depleted of zinc
because of the various rinses and the plating operation
itself. The baths are easily replenished with zinc by
adding a concentrated zinc solution at the appropriate
pH that contains current-carrying ions such as sodium
or ammonium chloride. These solutions can be pre-
pared with zinc chloride that is quantitatively recov-
ered from the IEM with an acidic solution (Fig. 4).
Thus, the acidic solution used to strip zinc from the
IEM, when properly neutralized, serves as a regenera-
tion solution for the zinc plating bath.
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Figure 3 . Zinc concentration vs. time for IEM-treated solutions
containing the manufacturer-recommended amounts of carrier,
brightener, or both carrier and brightener.
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Figure 4 . Recovery of zinc from the IEM with an acidic solution. The
dashed line indicates an interpolation from the initial time to the
earliest time to perform an analysis.

IN-PLANT RESULTS

The zinc rinse line evaluated at A-1 Plating Com-
pany was part of a potassium chloride/zinc chloride
plating process (Fig. 5). We evaluated the calcium-
charged IEM, in bead form, along with a commercial
ion exchange resin for the recovery of zinc.  Beads were
chosen because of their ease of handling, durability, and
ability to be used in existing ion exchange systems. The
system consists of a particulate filter, a carbon cartridge,
an ion exchange cartridge, and a final organic removal
cartridge (Fig. 6).

First, we inserted the commercial resin cartridge,
containing approximately 1460 g of resin, into the sys-
tem and tested it. Because of the pressure head available,
the flow rate was limited to about 0.10–0.50 L/min.
Water samples from the rinse tank, before and after
treatment, were quantitatively analyzed by an in-
ductively coupled plasma mass spectrometer. Figure 7
shows the efficiency of zinc removal from the rinse tank
for about 40 h of continuous operation.
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Figure 5 . Process flow for the zinc plating line at A-1 Plating Company.
1996) 373



O. M. UY ET AL.
Figure 6 . Ion filtration system at A-1 Plating Company installed between the final rinse tank
and the discharge line connected to the sewer line. The system consists of a particulate
filter, a carbon cartridge, an ion exchange cartridge, and an organic removal cartridge.
After the commercial resin test was completed, the
IEM cartridge, containing approximately 250 g of poly-
meric material in bead form, was inserted into the
system. Figure 8 shows the efficiency of zinc removal
from the rinse tank for about 154 h of operation.

The discharge limit for zinc at A-1 Plating Company
is 5 ppm, as set by Baltimore City to meet EPA require-
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Figure 7 . Zinc concentration vs. time for water samples from a rinse
tank at A-1 Plating Company. The treated water flowed through a
commercial resin cartridge at a flow rate of 400–450 mL/min.
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Figure 8 . Zinc concentration vs. time for water samples from a
rinse tank at A-1 Plating Company. The treated water flowed
through an IEM cartridge at a flow rate of 400–450 mL/min.

ments. These tests showed that
both the IEM and the commercial
resin allowed A-1 Plating Compa-
ny to meet EPA requirements.
Testing of both the IEM and the
commercial resin is continuing.

ADVANTAGES OF THE
IEM OVER COMMER-
CIAL RESINS

The IEM is a typical weak-acid-
type ion exchanger. As such, it has
a modest chelating ability for met-
als having an affinity for acetate-
type chelators. The major advan-
tage of the IEM is that it has very
good selectivity for toxic and
heavy metals in comparison with
calcium. Commercial resins used
when calcium exclusion is required
include the iminodiacetate-type
resins, which are moderately ex-
pensive because of the need to in-
corporate a specific chelator into
the starting polymer. The IEM,
however, can be manufactured
from two of the cheapest polymeric
feedstocks commercially available.
Several licenses and trade agree-
ments are being pursued to man-
ufacture the IEM in large quanti-

ties. A further advantage of the IEM is that it can be
readily manufactured in various forms such as films,
beads, powders, and filaments.

Although it is difficult to compare manufacturing
costs because the IEM has not yet been manufactured
on a large scale, the estimated cost is $140-$280 per
cubic foot. Current commercially available resins are
NS HOPKINS APL TECHNICAL DIGEST, VOLUME 17, NUMBER 4 (1996)
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$200–$1800 per cubic foot. Moreover, the higher ion
exchange capacity of the IEM2 should make it a lower-
cost alternative on the basis of effectiveness, which we
hope to prove in the near future.

CONCLUSIONS AND FUTURE PLANS
We have shown that the NASA-developed IEM

removes zinc from a commercial electroplating rinse
tank. We are now investigating the IEM for treating
wastewater created by Tomahawk cruise missile and
Trident missile launches. Further study is planned to
demonstrate the use of the IEM in removing other
metals such as cadmium, mercury, and lead, and to
increase the size of the system to treat all of the rinses
JOHNS HOPKINS APL TECHNICAL DIGEST, VOLUME 17, NUMBER 4 (1
after the zinc plating bath. A more extensive cost
analysis will be conducted after a commercial IEM
manufacturing process is established.
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