CHROMIUM(VI) REMOVAL BY MODIFIED PVP-
COATED SILICA GEL

1D. Gang, 2SK. Banerji, and °T.E. Clevenger

Department of Civil & Environmental Engineering, University of Missouri-Columbia, Co-
lumbia, MO 65211; *Phone: (573) 882-9414; Fax: (573) 882-4784. 2Phone (573) 882-3610.
3Phone 573-882-7564.

ABSTRACT

Thisresearch involved the synthesizing of areactive polymer, long alkyl quaternized poly(4-
vinylpyridine) (PVP), and coating it on the surface of silicagel to produce agranular sorbent to remove Cr(V1)
from water. Batch experiments were conducted to determine the kinetics, sorption isotherm, pH effects, and
influence of other anions on the chromium adsorption onto the coated silicagel. The research demonstrated
that the synthesized PV P-coated silicagel (referred to as coated gel) could successfully remove chromium(V1)
from solution. The adsorption of Cr(V1) by the coated gel was strongly influenced by the pH. The maximum
sorption occurred at about pH 4.5-5.5 under the test conditions. The removal efficiency was 100% when the
initial Cr(\V1) concentration was 2.5 mg/L with 2.5 g/L of coated gel at pH 5.0. The concentrationsof Cr(V1) had
apronounced effect on therate of sorption. Compared to ion exchange, the sorption kinetics of Cr(V1) were
fast (about 5h). The equilibrium sorption datafitted the Langmuir isotherm model. Chromium adsorbed on the
coated gel was easily recovered under certain conditions.
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1.OINTRODUCTION

Chromium compoundsarewidely used by modernindustries, resultinginlarge quantitiesof this
element being discharged into theenvironment. Some of the main usesfor chromium compounds
areasfollows: (1) plastic coating of surfacesfor water and oil resistance, (2) electroplating of metal
for corrosionresistance, (3) leather tanning and finishing, and (4) in pigmentsand for wood preser-
vative. Until afew yearsago, it also wasthefavored corrosion control agent in cooling towers
whosewater blowdown (waste) was dumped into rivers, pits, lakes, and oceans (Norvelle, 1992).
Inaddition, during the 1950's, chromateswere used asahighway de-icing agent in the United
States. Chromium occursinwastewatersresulting from these operationsin both trivalent [Cr(111)]
and hevadent [Cr(V1)] forms. Thehexavdent formismorehazardousto animal sthan thetrivalent
form.

A widerangeof technologiesisavailablefor theremova of hexavaent chromiumfromwaste-
waters, someof which arewell-established methodsthat have beenin practicefor decadessuch as
precipitation, copreci pitation (Patterson and Passino, 1987), and concentration (U.S. EPA, 1980).
These processes s mply remove chromium from wastewaters by reduction (Shen and Wang, 1995),
coagulation, and filtration. Although thesetechnol ogiesare quite satisfactory intermsof purging
chromiumand other heavy metal sfrom water, they produce solid residues (dudge) containing toxic
compoundswhosefina disposal isgenerdly by landfilling with related high costsand till apossibil-
ity of groundwater contamination. From the environmental point of view, removing pollutantsfrom
liquid wastewater does not solvethe problem but transfersit from one phase (usualy liquid) to
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another phase (usually solid). Chromium (111) toxicity to mammalsand aguati c organismsappearsto
belower comparedto Cr(V1), dueto generally low solubility of itscompounds (Ciavatta, et al.
1992). However, the possibility that the presence of organic ligandsand/or acidic conditionsinthe
environment increases Cr(111) mobility, and also MnO,,, present in soil, could oxidize Cr(l11) tothe
moretoxic and mobile Cr(V1) forms(Heary and Ray, 1987), cannot beexcluded. Accordingly, the
practiceof landfilling and land application of chromium-contaminating 9 udge should be discouraged.
Thus, these methods havethefollowing problems: securelandfill costsare high; land application and
landfill may contaminatethegroundwater.

Emphasisin recent years hasbeen on methodsfor recovery and reuse of metalsrather than
disposal. Theseinclude activated carbon adsorption (Ouki and Neufeld, 1997), liquid-liquid
extraction (Clevenger, 1983), liquid membrane separation (Fraser and Pritzker, 1994), ion ex-
change, biosorption (Brower, 1997; Petruzzelli, 1995), and chelating resinsand reactive polymer
methods (Chen, 1995; Tiravanti, 1996).

Chen (1995) assessed 190 ligandsfor their ability in extraction and recovery of target metals,
including cadmium, copper, lead, mercury, nickel, and zinc. Chelator performancewasevauated
based on equilibrium cal cul ationswith an emphasison the potential of recovering boththemetas
and the chelating agents. Macauley and Hong (1995) used PDA asalead-complexing agent, which
was better than EDTA inreleasing the extracted lead.

Tiravanti et al. (1996) used natural and synthetic polymersfor selective metal remova, recov-
ery, andreuse. They used aweak cation (carboxylic) ion exchangeresin and allowed for recovery
and reuse of 90% chromium from other interfering metalssuch asFeand Al. However, thisresin
wasonly used for removal of Cr(I11). Inorder toreuse CrO,, theoxidant (H,O,) and acidic
solution had to beincluded in the regeneration steps, which increased the cost of the process.

Santiago (1995) used tail ored zeolites, which were modified by replacing naturally occurring
inorganic cationswithlong akyl quaternary ammoniumionsfor removal of Cr(V1). Thestudy
showed that the efficiency of Cr(V1) removal depended onthe propertiesof the zeolite, including
surfaceareaand externa cation exchange capacity (ECEC); the physical properties; and the dosage
of thetailoring agent. Efficiency of removal aso depended onthe solution properties, such aspH
andionic strength. Thedisadvantagesof thismethod weretheinability to regenerate and recover
the Cr(V1) and thereuse of thetailored zeolites.

Chanda (1993) reported anew reactive polymer granular sorbent for uranyl sulfate (UO,SO,)
recovery, which wasdeveloped by gel coating aweak-baseresin poly(4-vinylpyridine) (PVP) asa
lightly cross-linked thinlayer on high-surface-areasilicagel. Thegel coating of theresin afforded
nearly 80% attainment of itstheoretical capacity and provided fast sorption kineticsand nearly
instantaneous stripping as compared to conventional weak- and strong-baseresinsat arelatively
highpH (>4).
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Thepolymer developed by Chanda (1993) was used in thisresearch after modificationto
promote Cr(V1) sorption. Thepyridineunit of the polymer was quaternized by using 1-
bromohexadecane asaquaternization agent.

In order to solvethetwo problemswhich existed intheion exchange processfor metal ion
removd, i.e., (1) low sorption capacity at equilibrium conditionsand (2) dow sorptionrate, whichis
related to degrees of inaccessibility of sorption sites, the sorbent was prepared asathingel layer on
ahigh-surface-areasubstrate for improving the sorption process and reducing these two problems.

Thereactive polymer-coated gel had thefollowing advantages: (1) fast kinetics, (2) high
selectivity for Cr(V1), (3) large capacity per unit weight, (4) high recovery efficiency, (5) low waste
production, and (6) easy recovery of Cr(V1) for reuse. The developed processshould have
commercid applications.

20MATERIALSAND EXPERIMENTAL PROCEDURES

2.1 Materials and Regents

Chromium solution of 12000ppm was obtained from Fisher Scientific Co., whichwasarefer-
ence standard solution. Thestandard Cr(V1) solution wasdiluted to the desired concentration using
deionized water (DW) when needed. DW was obtained from the College of Engineering at Univer-
sty of Missouri-Columbia(MU) centralized purified water system.

All glassware and plasticware were washed with soap and water, followed by atap rinse, acid
rinsewith 1IN HCI, and threefinal rinseswith deionized water.

2.2 Preparation of Reactive Polymer

The polymer—poly(4-vinylpyridine) (PVP) used was prepared by bulk polymerization of 4-
vinylpyridine using cumene hydroperoxideasaninitiator [0.5% (w/v)] at 55°C. 100gsilicagel was
soaked in 250 ml of 2% (w/v) CuSO,-5H,0 solution and evaporated to drynessin water bath with
continuousmixing (1). PV P (12g) wasdissolvedin 1000mL of chloroform (11). Reagent (I) was
addedtoreagent (I1), agitated with apaddle stirrer for 6h. Chloroform wasdecanted, and the
polymer impregnated gel (111) waswashed several timeswith methanol. Thegd (111) wasdispersed
in 300 ml of methanol to which the cross-linking reagent 1,4-dibromobutane was added (in steps)
to the extent of 50% thetheoretical amount required for cross-linking the pyridine. Themixturewas
vigoroudy stirred at 65°C for 96 hrsinadow current of nitrogen. In order to synthesizethelong
alkyl chain quaternary ammonium compound, 1-bromohexadecane was used asaquaterni zation
agent. Theabove mixturewaswashed successively with2M NH,OH and 2M NaCl, which gave
thelightly cross- linked polymer (IV). Themixture (1V) wasdispersed in 250ml methanol towhich
1-bromohexadecane was added to the extent of 200% in excessof thetheoretical amount required
for reactionwith all theresidual pyridineunits. The mixturewas agitated at 68°C for 72 hrsinasow
current of nitrogen. The product wasfiltered and washed with methanol, 2M NaCl solution, 2M
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HCI, and water to obtain thefinal polymer (modified PV P) (Chandaand Rempel, 1994). Figurel
istheflow chart of the preparation processes.

Figure 2 showsthe possible structures of thereactive polymer: (@) thestructureof PVP
formed in the polymerization process, (b) protonated PV P under acid conditions, and (c) 1,4
dibromobutane cross-linking or 1-bromohexadecane quaternized PVP.

2.3 Chromium Sorption Experiments

The sorption studieswere carried out at room temperature (25°C). The pH of the solution
containing thedesired quantity of chromium(V1) wasadjusted by adding0.1 M HCl or 0.1 M
NaOH. A desired quantity of thelong alkyl quaternized poly(4-vinylpyridine) (modified PV P)-
coated gel was placed in aseparatetest tubewith the pH-adjusted Cr(V1) solution. One sample of
the same concentration sol ution without the sorbent was a so prepared and treated under the same
conditions asthetube containing sorbent (control). Thiscontrol wasused asareferenceto estab-
lishtheinitial concentration for thetube containing the sorbent. Thetest tubeswere capped and
placed onaWrist-Action Shaker (Mode 75, manufactured by Burrell Corporation) for 20 hrsfor
theequilibrium studies, or onaThermolyne Maxi-Mix mixer (manufactured by Barnstead
Thermolyne Corporation) for the non-equilibrium studies. Thetest tubeswerethen removed and the
solutionfiltered using afilter paper (Whatman 5, poresize 2.5 mm). The concentration of
chromium(V 1) in aqueous phase was determined by aPerkin Elmer Atomic Absorption Spectro-
photometer Model 2380. The operational parametersof the atomic absorption spectrophotometer
aresummarized in Table 1. Theamount of chromium adsorbed was determined by subtracting the
fina concentration fromtheinitia concentrations. 1f thechromium concentrationin the solution was
smdler than 5 mg/L, the solution was measured directly using Atomic Adsorption Spectrophotom-
eter; if the concentration wasgreater than 5 mg/L, the solution was diluted with deionized water to
0.5-4.0 mg/L before measurement by the spectrophotometer.

In order to eval uatethe adsorption of chromium onto thereactive polymer coating gdl,
Freundlich and Langmuir isothermswere used asthe adsorption models. The Freundlich adsorption
isotherm cons sted of acurve plotted with equilibrium concentration of the solutein solution onthe
“X" axisand the amount adsorbed per unit weight of adsorbent onthe“y” axis. Thus, any point on
thelinegivestheadsorption capacity or loading at aparticular equilibrium concentration in solution.
Theliquid-phase concentration at equilibrium wasanayticaly determined. The solid-phase concen-
tration was determined from amass balance on the batch reactor. Theequationsareasfollows
(Weber, 1972):
a=(C, _Ce)VE Eqn. 2-1
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