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Abstract. The kinetics of hexavalent chromium removal by gdran was investigated in continuous system, uaitidic

(pH 2.5) aqueous Cr(VI) solution with low bufferimgpacity. Experimental data has been interpratgeérims of zero-
order, first-order and second-order integrated titnmodels. Kinetics of Cr(VI) removal process Hamen found to
proceed in two stages, with Cr(VI) removal ratemsicantly decreasing with increasing the elapsggerimental time.
Among the studied kinetic models, the first-orderekic model was the best fit for the first timaerval (first 48 hours),
while for the second time interval the process ofMQ removal by scrap iron was best described bseaond-order
kinetics. The observed deviations of Cr(VI) remokigletics can be attributed to changes in scrap surface reactivity
associated with passivation processes.
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1. Introduction other hand, trivalent chromium (Cr(lll)) is lessxio [9]
and readily (co-)precipitates as Cr(QH)XLO] or mixed
The release of heavy metals in the environmenttoue Fe(Ill)-Cr(lll)  (oxy)hydroxides [11,12] under alkak,
anthropogenic activities represents a serious thtea neutral or even moderate acidic conditions. In mal
human health, living organisms and ecological syste amounts, Cr(lll) is an essential micronutrient fgpid,
Although some aquatic ecosystems may naturallyadont Protein and fat metabolism, and acts as a regulator
trace levels of heavy metals, these pollutants hai@sulin activity [13,14]. Several treatment tectomies
gradually become a major concern worldwide due thave been developed to remove hexavalent chronmom f
increasing anthropogenic activities after the imdals Polluted waters. These include reduction to Cr(lll)
revolution [1]. Metal contaminants are particularlyfollowed by precipitation, sorption, ion exchange,
problematic because, unlike most organic contanéanmembrane  separation, biological remediation,
they are non-biodegradable and can accumulatevimgli €lectrochemical remediation. The conventional pssce
tissues, thus becoming concentrated throughoutfche currently used to remove hexavalent chromium from
chain [2] In low amounts, various metals are resﬂde contaminated wastewaters consist in its chemichiaton
for many immunological, biochemical, and physiotzgi to Cr(lll) followed by precipitation. The reduciragents
activities of the body as micronutrients. Howeverpst commonly used are ferrous sulfate, sulfur dioxtedium
heavy metals can give rise to disordered funct'm’hme Sulﬁte, sodium bisulfite sodium metabisulﬁte, sod
immune system, resulting in increased susceptibiiit thiosulfate [7]. In recent years, there has beeatgnterest
infection, a variety of autoimmune diseasesin using zerovalent iron (Fe(0)) for in situ treatmh of
hypersensitivity reactions, altering the immunepresse by contaminated groundwater [15]. Hexavalent chromium
immunostimulatory or immunosuppressive mechanisgns [femoval in Fe(0)/kO system is the result of a complex
4]. Chromium is an important metal used in a vgriet interplay of processes such as adsorption, reduciud
industrial applications (e.g. wood preserving, rihetgy, (Co-)precipitation [16]. The present paper examities
textile dying, tanneries, metal electroplating,gamation of kinetics of hexavalent chromium removal in continsio
chromate compounds etc.). These industries aremsigge  System, using scrap iron, a cheap and locally aivtl
for the release of chromium compounds into thédustrial waste, as unconventional reducing agent.
environment, due to accidental events or inadequate

precautionary measures [5]. Chromium exists in na&tu 2. Experimental
environments in two main oxidation states, Cr(Vhda
Cr(lll), that are characterized by different tokyciand Scrap iron spiral fibers (5 mm < spiral diameter <

chemical behavior [6]. Hexavalent chromium (Cr(Vi3) 10 mm; 5 mm < spiral length < 20 mm) were usedtlier
known to be toxic to humans, animals, plants anckmoval of hexavalent chromium from synthetic
microorganisms, and also as a human carcinogen sastewater. The scrap iron was washed with wariil€ds
inhalation route of exposure and, possibly, alsoobgl water to assure the complete removal of all immsjtand
route of exposure [7]. Because it has a significaability  air dried. Hexavalent chromium stock solution (0MS3

in the subsurface environment, the potential risk ovas prepared by dissolving the necessary amount of
groundwater contamination with Cr(VI) is high [€n the K,Cr,O; (AR grade) in 1000 mL of distilled deionized
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water; feed solution of the desired initial Cr(VI) The purple color was fully developed after 10 i a
concentration (0.48 mM) was prepared by diluting ththe sample solutions were transferred to a Jasce3®¥
stock solution. Concentrated,$00, (AR grade) was used spectrophotometer; the absorbance of the color was
for adjusting the feed solution pH at 2.5; this yddue was measured at 540 nm in a 1 cm long glass cell [I8§ pH
previously reported as optimum pH for Cr(VI) redant of solution was measured using an Inolab pH-meter.

with scrap iron in continuous system [17]. The ekpents

were performed at room temperature °@¢ in a i )

background electrolyte mixture with low bufferingpacity 3. Results and Discussion

(50 ppm C&"; 20 ppm Mg"; 128 ppm Ct 104 ppm N&

293 ppm HCQ@), in order to maintain a constant ionic

strength. A schematic diagram of the wastewatatrment ~ The kinetics of Cr(VI) removal was evaluated by the
system involved in this study is shown in Figure 1. integral method, using zero-order (eq.1), firstesr¢eq.2),
and second-order (eq.3) integrated kinetic modedk [
P3 .
)_k Comy =Com) ~k @
P2 |nCCr(V|) =In Cgr(\/l) -k (2)
P1 1 1
=———+ki ®)
Ce ) Ce M)
1 2 3 where Cq vy is the Cr(VI) concentration at time (M),
Figure 1. Experimental setup: 1 - Cr(V1) solutidarage tank; COCr(V|) is the initial Cr(VI) concentration (M)k is the
2 - Peristaltic pump; 3 - Glass column; 4 - Scrap illing; removal rate coefficient, antlis the time (minutes).

Pi, P, and B- sampling ports.

A g coumn (er et 25 o, e 70, PO Co e arentn G (rstore
cm) equipped with three sampling ports,, (P, and R) V) ' 9 P

. . data, a straight line should be obtained; the égeation
located at distances of 14, 35, and 62 cm, resdygtfi ' . ! .
from the bottom of the scrap iron filling, was eoyéd as was calculated by regression analysis. The confgrmi

Cr(VI) reducing reactor. The column was carefulcked between experimental data and the kinetic model was
with 360 g scrap iron up to a height of 62 cm, firaithat expressed by the correlation coefficierft Bhe model that

the filling was homogeneously distributed. An Isetat successfully describes the ki:%etics of the Cr(¥inoval is

IP0O8 peristaltic pump was used to feed the Cr(‘glution thbe onedthat has ;[_rhe. highe Rijlug. Sl:jb?equetr;tly, btfhe

from the storage tank to the bottom end of the moluThe observed rate coe .ICIGmE were deduced from topes

initial Cr(VI) concentration (0.48 mM), the feedlsiion th2e ethuatl;)n Vﬁlth E'gheSt RThe (;ekgressmn %qllj;tlﬁms ;nd
Lo ' R values for the three integrated kinetic modelk;utate

pH (2.5), and the pumping rate (1.6 L/hour) werédhe

constant throughout the study. Samples were cellieat ?atb?elﬁf rent experimental elapsed times, are ptesem
regular time intervals from column sampling porty f '

Cr(VI1) analysis. Cr(VI) concentration was measubgdhe

diphenylcarbazide colorimetric method.

TABLE 1. Regression equations and R? values for the three integrated kinetic models

Elapsed Kinetic models
time (h) Zero-order First-order Second-order
12 y = -4.69+16x + 3.59+1¢ y =-0.757x - 7.2145 y =210583x - 359369
R2=0.7317 R2 =0.9866 R2=0.7326
24 y = -4.7+10x + 3.68+1C y = -0.7495x - 7.0012 y = 210134x - 362940
R2=0.7656 R2=0,9476 R2=0.7243
48 y = -4.8410x + 3.8°10° y =-0.7454x - 7.0745 y = 210126x - 363555
R2=0.8029 R2=0.9525 R2=0.7237
72 y =-4.6+10x + 3.8:1C° y =-0.3365x - 7.6828 y =4083.9x — 901.66
R2=0.7898 R2=0.9524 R2=0.9729
96 y = -4.06+16x + 3.89-10 y =-0,2133x - 7.7628 y = 1236.7x + 2440.2
R2=0.7643 R2 =0,8529 R2=0.91630
120 y =-3.7110x + 4.17-1C y =-0.1654x - 7.6555 y =699.57x + 2126.8
R2=0.8485 R2=0.915 R2=0.9890
144 y = -3.51+10x + 4.39.1C y =-0.1419x - 7.5972 y =503.61x + 2056.1
R2 =0.8995 R2=0.9315 R2=0.985
168 y = -3.46+10x + 4.5.10° y =-0.1356x - 7.5694 y = 456.56x + 1999.9
R2=0.9207 R2 =0.9446 R2 =0.9850
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The experimental data indicates that the kinetits o

Cr(VI) removal process proceeds in two stagest-birder

kinetics was observed within the first time intdr(fast 48

hours), whereas second-order kinetics appears goride
the second interval, until the end of the experim&oth
first and second-order observed rate coefficieptzehsed
as the experimental elapsed time increased, asnrshow

figures 2 and 3.
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Figure 2. First-order removal rate coefficientsesgerimental elapsed
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Figure 3. Second-order removal rate coefficientexperimental elapsed

time.
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Figure 4. Cr(VI) concentration vs. time at differexperimental elapsed

times.
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The obtained results suggest that the rate of Qr(VI
removal was detrimentally affected by the increade
experimental elapsed time, as presented in figurBoth
deviation from first-order kinetics and decreasiog
observed rate coefficients can be attributed tangba in
scrap iron surface reactivity associated with pasgin by
secondary mineral coatings. The passivation proevess
visually distinguishable inside the column and toating
front migrated during the experiment from the bttto
the top of the scrap iron filling. This is in acdowith
previous studies which identified secondary phased as
Fe&0,, CrFeQ, Cr,0; or FeOOH at the surface of metallic
iron immersed in strong acidic (pH 1-2) Cr(VI) stbduns,
formed according to [20,21]:

Cr3+(aq)+ 3H0(aq) — Cr(OHk(S) (4)

2Cr(OH)s) — CrOse+ 3H0 (5)
Fe (@ + 3HOmg — Fe(OH)y) (6)
@)

3FEOO|'(|5) + H+(aq) — FQ;O4(S) + 2"‘20(”

FE(OH)g(S) - FEOOHS)+H20(|)

(8)

FEag + 2Cr" aq)+ 8HO g — CrFeQ, + 4H,0; (9)

4. Conclusions

Hexavalent chromium is a strong toxic and
carcinogenic agent and, therefore, pollution abatém
processes should be applied to all aqueous effluent
containing this contaminant, before dischargingrthato
natural aquatic environments. The present workuatab
the kinetics of Cr(VI) removal using columns packeith
scrap iron. The experimental kinetic data, evallidtg the
integral method, suggest that the continuous Cr(VI)
removal process proceeded in two stages, with-ditcér
kinetics for the first time interval and second-@rdtinetics
for the second time interval. This phenomenon was
ascribed to changes in scrap iron surface reagtivit
associated with passivation processes. The obserated
coefficients were determined for both stages ofGh@/1)
removal process and the results show that the edajime
strongly affects the rate of Cr(VI) removal, witighest
removal rates within the first time interval, advest rates
at the end of the second one.
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