
repulsive electrostatic forces it is important to try to reduce the size of the chitosan 

beads. This could be done through improved equipment similar to the spinneret 

described by ~ 0 r r e r . l ~ ~  It is possible that the use of a surfactant could also reduce the 

size of the beads through a decrease in viscosity. 

5.3.2. Optimization of Factors Affecting Kinetics 

Small pores offer increased surface area, but take longer for ions to diffuse 

into. Larger pores are more accessible, but have less surface area. Clearly a balance 

must be found between accessibility and surface area. Size is also an important 

consideration in the kinetics of adsorption because it controls the distance over which 

diffusion must occur. Smaller beads will equilibrate faster than larger beads of the 

same pore geometry, simply because of the smaller average diffusion paths in the 

former beads. 

Two possible strategies for controlling the size of pores include the use of 

different sized cross-linking agents and the inclusion of poregens such as silica gels. 

Glutaraldehyde, used in this study, is a relatively small molecule with only a 3 carbon 

chain. If a longer chain, perhaps 10 or 30, could be used with aldehyde functional 

groups on the end, it could perhaps be used to cross-link the chitosan and form a 

structure with larger pores. Glutaraldehyde could later be added to the bead to serve 

as attachment sites of the thiol-containing molecules. 

A poregen such as silica gel could be included in the dissolved chitosan 

solution and then removed later in the NaOH bath. Silica gels are available in many 



different sizes, and could be mixed in proportions designed to optimize pore size 

distribution. 

5.3.3. Adsorption Site Optimization 

Adsorption capacity could be increased through the addition of more 

functional groups or compounds that have higher affinities for Hg than those found on 

cysteine. Molecules with multiple adsorption sites, such as polycysteine, could be 

grafted onto the beads in order to greatly increase their adsorption capacity. This is 

conceptually illustrated above in Figure 5.1. 

5.3.4. Risk Mitigation 

The first set of risks associated with the production of chitosan beads are 

associated with the harvesting of the raw materials and conversion into chitosan. 

Utilization of fungal chitosan and chitin, which might be grown in reactors, would 

reduce the risks associated with the harvesting of sea creatures as well as lessen the 

need for the harsh chemical treatments illustrated in Table 2.1. Fungal biomass has 

been studied in the adsorption of copper.'55 

The risks encountered in the dissolution of chitosan and casting of the beads 

were due largely to the small scale of the production process. Properly designed 

industrial facilities could easily compensate for the hazards posed by high speed 

mixing and exposed hypodermic needles. The chemicals and concentrations involved 

(4% Acetic Acid, 0.5 M NaOH) were fairly benign, although some thought would be 

required to operate a very large gelling bath. 



Cross-linking represents the area in which the most improvement can be made. 

Cross-linking agents are fairly reactive, as suggested by their function of binding 

polymer chains and other molecules together. Many of them are also quite toxic, 

including the glutaraldehyde used in this work. Future research should be directed at 

finding nontoxic agents that can effectively perform the tasks of a cross-linking agent 

(providing chemical and physical stability, increasing surface area, providing 

attachment mechanisms). 

5.4. Micrographs of Chitosan Beads 

Cysteine-grafted chitosan beads are highly porous and possess a total surface 

area as high as -100 m21g. These factors combine to make a complex internal 

geometry. Micrographs of fieeze dried beads were taken with an IntelPlay QX3 

Digital Microscope and are presented below in Figures 5.6. -5.10.. 

Figure 5.6. Split Chitosan Bead at 10X Magnification. 
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Figure 5.7. Exterior of Chitosan Bead at 60 X Magnification. 

Figure 5.8. Interior of Chitosan Bead at 60 X Magnification. 



Figure 5.9. Exterior of Chitosan Bead at 200 X Magnification. 

Figure 5.10. Interior of Chitosan Bead at 200 X Magnification. 



5.5. Other Applications for Chitosan Beads 

The beads synthesized here are intended for use in treating waste streams and 

preventing or reducing pollution. However, there are other applications which may be 

worth pursuing. Properly functionalized chitosan beads could be used to remove 

metals of interest from the environment, either through direct processing of 

environmental fluids such as ocean water, or through the treatment of injected and 

recovered acid streams. 

Mining the oceans has long been a pipe dream due to the enormous energy 

costs associated with removing the vast quantities of water, as well as interference 

from other dissolved species. Adsorbents that are selective for specific metals and 

tolerant of high ionic strengths could be used to remove metals from this plentiful 

resource. 

Metals are often removed from the ore that contains them by piling crushed ore 

on a tarp or other fluid recovery system and then applying an acidic solution to the ore. 

The metal-rich acid is then collected and processed for the metal. The exposure of 

ores to the oxidizing atmosphere creates unwanted byproducts, and open-air dispersal 

of acid can result in acid landing in undesired locations and consequent damage to the 

environment. Injecting acid into the ground helps to prevent the acid fiom becoming 

airborne, reduces the chances for oxidation and also avoids unsightly pit mines. In 

addition to mining metal rich ores, a perhaps overlooked source for metals is landfills. 

Electronic instruments are full of precious metals, and landfills are full of electronic 

instruments. Acid mining and subsequent adsorptive recovery of metals fiom landfills 



could represent an economical and environmentally sound method of metal 

(re)acquisition. Properly hctionalized chitosan beads could be used to obtain metals 

fiom landfills using acid mining. 
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