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Task Description 
The purpose of this project is to investigate the 
use of polymer pendant ligand technology to remove 
and recover toxic metal ions from DOE aqueous 
waste sites. Polymer pendant ligands are organic 
ligands, anchored to crosslinked, modified 
divinylbenzene-polystyrene beads, that can selec-
tively complex metal ions. The metal ion removal 
step usually occurs through a complexation or ion 
exchange phenomena, thus recovery of the metal 
ions and reuse of the beads is readily accomplished. 

The research objectives, which we achieved in 
FY 1994-96, include synthesizing selective polymer 
pendant ligands for removal and recovery of the metal 
ions of interest, determining rates of both removal 
and recovery of these metal ions, and transferring 
the technology to our industrial partner, AquaEss, 
San Jose, California, for application studies and 
eventual implementation of the polymer pendant 
ligand technology. 

Studies in FY 1994 and FY 1995 were initially 
focused on acid mine wastewater represented by the 
Berkeley Pit (~pH = 2.5) in Butte, Montana, with 
emphasis on Fe3+, Al3+, Cr*, Cu2+, Zn2+, Mn2% Mg2+, 
Ni2+, and Ag+. Because the Fe3+ ion was dominant in 
the Berkeley Pit wastewater, we placed special atten-
tion on devising Fe3+ ion-selective polymer pendant 
ligands to remove and recover the other economically 
important metal ions, such as Cu2+, Zn2+, Mn2+, Mg2+, 
and Al3+. AquaEss has studied the acid wastewater 

(Berkeley Pit) application with our polymer pendant 
ligands and has developed a strategy for remediation 
of this type of wastewater. 

In FY 1996, we are focusing on Resource Conservation 
and Recovery Act (RCRA) metal ions, including 
Ag+, Hg2+, Pb2+, Cd2+, and Cu2+. The application of 
polymer pendant ligand technology to DOE waste 
sites with RCRA metal ion contamination (Ag+, Hg2+, 
Pb2+, Cd2+, and Cu2+) is opposite to that for acid mine 
wastewater containing high concentration of Fe3+ 

ions. The polymer pendant ligands developed for 
these applications selectively remove the above-
mentioned RCRA metal ions in the presence of 
moderate to low concentrations of Fe3+ ions. AquaEss 
is now studying these polymer pendant ligands in 
column experiments to develop strategies for remediat-
ing various DOE aqueous waste sites with RCRA 
metal ion contamination. 

Technology Needs 
Removal and recovery of RCRA and radionuclide 
metal ions from DOE aqueous waste sites will require 
a considerable amount of technology development. 
In addition to developing a wide range of technologies 
for removing and recovering specific metal ions, a 
generic-based technology can remove a wide range 
of metal ions from aqiieous waste at many sites. In 
addition, the cost of the polymer pendant ligand 
technology is modest compared to traditional precipi-
tation techniques. 

Accomplishments 
The initial priority for this task during FY 1994 and 
FY 1995 was to develop selective polymer pendant 
ligands to remove and recover Fe3* ion (Berkeley Pit 
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acid mine wastewater), and we have accomplished 
this. The polymer pendant catechol ligand derivatives, 
sulfonated catechol and sulfonated 3,3-LICAMS, 
were ideal biomimetic candidates for an Fe3+ ion 
selective polymer pendant ligand, because they are 
structurally similar to biological ligands that selec-
tively sequester Fe3+ (see structures for CATS and 
3,3-LICAMS). 

Na03S 

PS-CATS PS-33-LICAMS 

We have found that PS-3,3-LICAMS and PS-CATS 
removed Fe3+ ions from aqueous acidic waste waters 
(pH values of 0.5 to 2.5) with high capacities (0.8 to 
1 mmol/g beads) and excellent removal kinetic rates 
(2-4 x 10"4 s-1). Recovery of Fe3+ from the beads and 
then re-use of the beads was readily accomplished 
using a 2N HjSO,, solution. In subsequent application 
studies, AquaEss showed that in column experiments 
with the above-mentioned polymer pendant ligands a 
displacement phenomena occurred that can be used 
to separate Fe3+ ions from Al3+, Cr3+,Cu2+, Zn2+, Mn2+, 
Mg2+, and Ni2+ ions. 

Thus far in FY 1996, we have evaluated a polymer pen-
dant ligand, N-sulfonylethylenebis(dithiocarbamate) 
(PS-SED, see structure) that appeared to be selective 
to Ag+, Hg2+, Pb2+, and Cd2+ ions in the presence of 
Fe3* ions. PS-SED, 1.12 mmol/g, anchored on modi-
fied, macroporous 6% polystyrene-divinylbenzene 
beads, is highly selective for the removal of Ag+ ions 
(2.17 mmol/g, 2:1 Ag7PS-SED complex, rate constant 
(t1/2) = 7 min) from aqueous solution at pH 3.0 in the 
presence of a variety of competing tri- and divalent 

metal ions such as Fe3+, Ci3*, Al3+, Cu2+, Ni2+, Zn2+, 
Mg2+, Mn2+, and Pb2+ (batch experiments). 

Na, \ / SO2- NCH2CH2NH 
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PS-SED 

When Hg2+ ions (1.24 mmol/g, 1:1 Hg2+/PS-SED 
complex, t]/2 = 10 min) are added to this mixture of 
metal ions, including Ag+ ions, there is a pronounced 
selectivity toward Hg2+ ions for the PS-SED ligand. 
In the absence of Ag+ and Hg2+, then Pb2+ions 
(1.06 mmol/g, 1:1 Pb2+/PS-SED complex, t]/2 = 6 min) 
are moderately selective in the presence of other 
competing metal ions including Cd2+ ions; Cu2+ ions 
are the exception (0.93 mmol/g, -1:1 Cu2+/PS-SED 
complex, tm = 3 min). In the absence of Pb2+ions, 
Cd2+ions (0.65 mmol/g, -1:1 Cd2+/PS-SED complex, 
t]/2 = >10 min) also are moderately selective in the 
presence of other competing metal ions, but again, 
Cu2+ is the exception. Whereas Cu2+ has a selectivity 
over Pb2+ and Cd2+ in a competitive reaction, Fe3* ion 
is more selective in competition with Cu2+, while in 
competition with Fe3* ion, Ag+, Hg2+, Pb2+, and Cd2+ 

are all more selective. The overall selectivity for 
PS-SED was found to be: Hg2+ > Ag+ > Cu2+ > Pb2+ > 
Cd2+ > Fe3* ~A13+ -Cr3* > Ni2+ > Zn2+ - Co2+ > Mn2+ 

»Mg2+. 

AquaEss performed a column experiment with the 
PS-SED beads with a synthetic wastewater that 
contained 200 ppm each of Ag+, Hg2+, Pb2+, Cd2+, 
and Fe3+ ions at pH 3. This synthetic wastewater 
represented a combination of RCRA metal ions that 
pervade DOE sites including Pacific Northwest 
National Laboratory, Savannah River Technical 
Center, Idaho National Engineering Laboratory, 
Brookhaven National Laboratory, and Oak Ridge 
National Laboratory. All the Ag+, Hg2+, and Pb2+ions 
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(200 ppm each) were removed from solution at pH 3 
and retained on the column; while Cd2+and Fe3+ ions 
were retained on the column to some extent, both 
were evident at column breakthrough by the familiar 
displacement phenomena. Therefore, Fe3+ ions form 
kinetically and thermodynamically less stable com-
plexes with PS-SED in comparison to Ag1", Hg2+, and 
Pb2+, while Cd2+ ions appear to be influenced by the 
presence of Fe3+ and Pb2+ ions, and this phenomenon 
is now being investigated. We will also review progress 
on a new method to selectively remove and recover 
metal ion from wastewater with metal ion templated 
polymers that show selectivity ratios of Cu2+/Fe3+ 

of >50. 

For further information, please contact 

Richard H. Fish 
Principal Investigator 
Lawrence Berkeley National Laboratory 
University of California 
1 Cyclotron Road, MS 70-193A 
Berkeley, CA 94720 
(510) 486-4850, fax (510) 486-5401 
E-mail: richard_fish@macmail.lbl.gov 

TIP Number: SF16C331 

Collaboration/Technology Transfer 
AquaEss, San Jose, California 
Robert Albright, Consultant 
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