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Mechanism and Adsorption Capacity of Arsenic
in Water by Zero-Valent Iron
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Objective of this research was to evaluate optimal conditions of arsenic adsorption in water by zero-valent
iron (ZVI). Batch experiment showed that adsorption of arsenic by ZVI followed a Langmuir isotherm
model. The masses of As(V) adsorbed onto ZVI were increased as decreasing pH of the reacting solution
(pH 3: 2.05, pH 5: 1.82, pH 7: 1.24, pH 9: 1.03 mg As/g Fe0) and as increasing the temperature (15℃℃ : 1.59,
25℃℃ : 1.81, 35 : 1.93℃℃ mg As/g Fe0). The SEM and EDS (energy dispersive X-ray spectrometer) analysis
of morphology and structure of ZVI before and after reacting with arsenic in water revealed that a
relatively smooth and large surface of ZVI was transformed into a coarse and small surface particle after
the reaction. The EDS spectra on the chemical composition of ZVI demonstrated that arsenic was
incorporated into ZVI by adsorption mechanism. The XRD analysis also identified that the only peak for
Fe0 in the ZVI before the reaction and confirmed that Fe0 was transformed into Fe2O3 and FeOOH, and As
into FeAsO4··2H2O.
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ࢲ ঱

חࣗ࠺ ੋр੄ ੋਤ੸ੋ ഝز חژ ੗ো੸ਵ۽ ࢤߊ

ؘחغ ੋਤ੸ਵ۽ חغ୹࢑ ҃਋ח ತҟ࢑ ੋӔ੄

ҟ޷ ࢑࠺ ߂ ਬ୹ࣻ, ҅ࣗ࠺ৌ ୽ઁ৬࢓ ઁୡઁ੄ ࢎ

ਊ, ࢑সತࣻ੄ ਬ୹ ߂ ച೟ತӝޛ੄ ୊ܻ ١ਸ ా೧

୭Ӕ .׮ػࢤߊ ਋ܻաۄীחࢲ ತӘࣘҟ࢑ ੌ؀ীࢲ

ࣗ࠺ ߂ ઺Әࣘী ੄ೠ ઱߸ ࣻ҅ ߂ షনয়৏੉ ब

пೠ Ѫਵ۽ աఋա ੉ী ؀ೠ য়৏ౠ۽҃ ,ࢿ ୶੸

߂ ਗӝࣿীࠂ ؀ೠ োҳо ഝߊ൤ ૓೯غয .׮৳

ౠ൤ חࣗ࠺ ੄ࢿةݚ ࢿঐߊ ۽૕ޛ ܳࣗ࠺ ೣਬೠ

धࣻܳ ੢ӝр ੉ਊೠ ҃਋ ೖࠗ ߂ ӝఋ ઑ૒ীࢲ

ঐ ੉ܫࢤߊ ֫਷ Ѫਵ۽ חࣗ࠺ .׮঻غҊࠁ ೠژ ೖ

ࠗп૕ച, ࣗ࢝ஜ੹, ൓߽ߊ (blackfoot disease) ١ п

ઙ ೖࠗ૕ജ, ब੢૕ജ ߂ ഐ൚ӝ૕ജਸ ਬߊೞח Ѫ

ਵب۽ ঌ۰ઉ ੓׮. ୭Ӕ ٜয दؘܳۄӖߑ ೠ܃࠺

ইदই੄ ੌࠗ Ҵоীࢲ ૑ೞࣻܳ ೠ܃࠺ ਺ਊࣻ ઺

য়৏੉ࣗ࠺ ীؽҊࠁ ۄٮ п Ҵо߹۽ ੉ী ؀ೠ ؀

଼ ݃۲੉ दәೠ प੿੉׮ (Alam et al., 2001).

۽ࣗ࠺ য়৏ػ ૑৉ਸ ਗೞӝࠂ ਤೠ ୊ܻӝࣿח۽

Ҋഋച ߂ উ੿ച ӝࣿ੉ օܻ ੸ਊغҊ ੓ਵա ੉

਷ߨߑ Ҋ֪ب੄ оࣗ࠺ ೣਬػ ತӝޛ੄ ୊ܻী ࠗ

೤ೞח Ѫਵ۽ ૑ೞࣻ৬ э਷ ੷֪ب ࣻળ੄ ীࣗ࠺

֢୹ػ ૑৉ী ؀೧חࢲ ੸೤ೠ ୊ܻ ӝࣿ੉ ࠗ઒ೠ

प੿੉׮ (Yang et al., 2003).

۽੸ਵ߈ੌ ୍਷ ജ҃ ઺ীࢲ ߂ 2+ ,0 +3੄ ࣁ о

૑ ۽క࢚ച࢑ ઱۽ ઓ੤ೞݴ оࣗ࢑ ઓ੤ೞ૑ ঋח

ഇӝࢿ ઑѤীחࢲ ীޛ ੄ೠ ചо࢑ ૓೯׮ػ. ౠ൤

৔о ୍(Fe0)੉ 2о ୍ (Fe2+)۽ חغച࢑ ҃਋ীח

੹੗ (e-) ߂ ച࢑ࣻ ੉ৡ (OH-)੉ ੉ ,ݴغࢿࢤ ٸ

ػࢿࢤ Fe2+৬ OH-ח ۽ࢲ Ѿ೤ਸ ഋࢿೞৈ ਺੄׮

ध (1), (2)ী ઁदೠ ਽җ੿ਸ߈ Ѣ୛ ୭ઙ੸ਵ۽

ferrous hydroxidesܳ ഋࢿೞח Ѫਵ۽ ঌ۰ઉ ੓׮

(Yang et al., 2005; Yang et al., 2006).

Fe0 + 2H2O → Fe2+ + H2 + 2OH- (1)

Fe2+ + 2OH- → Fe(OH)2 (2)

ೠژ ࣗ࢑ (O2)ী ੄ೠ ۽਽ਵ߈ച࢑ Fe2+ח Fe3+۽

׮ࠁ ؊ ח+Fe3 ,ݴغച࢑ OH-৬ Ѿ೤ೞৈ ध (3),

(4), (5)੄ җ੿ਸ Ѣ୛ ୭ઙ੸ਵ۽ ferric hydroxideܳ

ഋࢿೞח Ѫਵ۽ ঌ۰ઉ ੓׮ (EPA, 1997).
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Fe0 + O2 + H2O → 2Fe2+ + 4OH- (3)

4Fe2+ + 4H+ + O2 → 4Fe3+ + 2H2O          (4)

Fe3+ + 3OH- → Fe(OH)3 (5)

੉৬ э੉ ୍਷ ࢲചҗ੿ী࢑ ػࢿࢤ e-৬ OH-ܳ

੉ਊೞৈ Cr(VI)җ э਷ Ҋࢿة੄ ਗ੗о׮ ૕ਸޛ

Cr(III)-Fe(III) ࢑ചޛ੄ ഋకܳ ૑צ ۽૕ޛ ࠛਊച

दఆ ࣻ ੓׮ (Yang et al., 2005). ژೠ ਬӝ৏ࣗ҅

ച೤ޛী ؀೧חࢲ ఎ৏ࣗച җ੿ਸ ా೧ ࢿةݚ ޛ

૕ਸ ੷ࢿة ഑਷ ੉ࢿة হח ۽૕ޛ ߸ഋदఃӝ ٸ

ীޙ ৔о ୍ (Fe0) ৔о Әࣘ ઺ ۽૕ޛਗࠂ о੢

օܻ ੉ਊغҊ ੓׮ (Hervert, 2003).

ജ҃ઑѤী ۄٮ חࣗ࠺ নೠ׮ ഋక۽ ઓ੤ೞݴ

੗োࢤక҅ ղীࢲ חࣗ࠺ӝޖ ؀ѐ arsenite[As

(III)] ߂ arsenate[As (V)]੄ ഋక۽ ࠙ನೠ׮. ਊઓ

As(III) ߂ As(V)੄ ࠙ನח ചജਗ੹ਤী࢑ ੄ઓೞ

ݴ As(V)ח ച࢑ ઑѤೞীࢲ pHী ۄٮ H2AsO4
-,

HAsO4
2- ߂ AsO4

3-١ਵ۽ ઓ੤ೞ૑݅, ജਗ ઑѤೞী

חࢲ As(V)ী ೧࠺ ੉ࢿة ъೠ As(III)о ৌ৉೟੸

ਵ۽ উ੿غয pHী ۄٮ H2AsO3
0, H2AsO3- ߂

HAsO3
2- ١ਵ۽ ઓ੤ೠ׮.

ೠಞ ੄ࣗ࠺ ҃਋ীח ୍੉ חغച࢑ җ੿ীࢲ ࢤ

ػࢿ ferrous hydroxides, ferric hydroxide ߂ Fe3+ ١

੉ ਺੄׮ ध (6), (7)җ э਷ ਽җ੿ਸ߈ Ѣ஖ݴ ࠺

ࣗܳ ൚଱·ࠛਊചೞח Ѫਵ۽ ঌ۰ઉ ੓׮ (Sparks,

1995; Rau et al., 2003).

Ӓ۞ա ੉۞ೠ ൚଱җ੿਷ য়৏ޛ૕੄ ੉ച೟੸ ౠ

җࢿ ൚଱ઁ੄ ಴ࢿݶ૕ ١ী ۄٮ ਋ݒ ۽޲੉ೞ࢚

৔о ୍ਸ ੉ਊೠ ੄ࣗ࠺ ਗӝࣿ੉ࠂ ѐغߊӝ ਤ೧

חࢲ оࣗ࠺ ઓ੤ೞח নೠ׮ ജ҃ઑѤ ೞীࢲ ৔о

୍੄ ীࢿ਽߈ ؀ೠ োҳо ૑ࣘ੸ਵ۽ ࣻ೯غযঠ

ೡ Ѫਵ۽ ׮ػױ౸ (Ok et al., 2003a; Ok et al.,

2003b).

ࢲۄٮ ࠄ োҳীחࢲ ࣻਊঘ ࢲী࢚ ৔о ୍ী ੄

ೠ ੄ࣗ࠺ ൚଱ী ৔ೱਸ ח஖޷ ઱ਃ ജ҃ੋ੗ ౵ঈ

߂ নೠ׮ ӝӝ࠙ࢳ җ੿ਸ ా೧ Ӓ ਽ӝ੘ਸ߈ ӏݺ

ೣਵॄ۽ ೱറ ۽ࣗ࠺ য়৏ػ ীޛ ؀ೠ ৔о ୍ ࠂ

ਗӝࣿ੄ ੸ਊਸ ਤೠ ӝୡ ੗ܳܐ ഛࠁೞҊ੗ ࣻ೯

ೞ৓׮.

੤ܐ ߂ ߨߑ

ҕद੤ܐ ۽ࣗ࠺ য়৏ػ ҕद ࣻਊঘ਷ NaAsO3

(Sigma, U.S.A)ܳ ਊೞৈࢎ ୡࣽࣻ ૐ۽ࣻܨ ൞ࢳ ઑ

ઁೞৈ ੉ਊೞ৓׮. ৔о ୍਷ ਊ࢚ Peerless annealed

(PA; Detroit, MI, USA)ܳ ݴਊೞ৓ਵࢎ ച೟·ܻޛ

੸ ౠࢿ਷ Table 1җ 2৬ э׮. PA੄ ੑ҃࠙ನח

101.92 μm ੉৓ਵݴ (Table 1), ৔о ୍੄ ചী࢑ ੄

ೠ য়৏ޛ૕੄ ਽਷߈ ಴ݶഅ࢚੉ӝ ীޙٸ ಴ݶ੸੄

ஏ੿੉ ઺ਃೞৈ, ౠ൤ ৔о ୍੄ ਷ࢿ਽߈ ৔о ୍੄

ੑ੗ ௼ӝ, ૊ ಴ݶ੸੄ ௼ӝী ઝ਋ࠄ .׮ػ োҳী

ػਊࢎ ৔о ୍੄ ੸(Specific surface area)਷ݶ಴࠺

0.078 m2 g-1۽ ӝઓ੄ োҳীࢲ ੉ਊغয ৡ সਊ࢚

৔о ୍੄ ੸(0.063 m2ݶ಴࠺ g-1)׮ࠁ 0.015 m2 g-1੉

஼׮ (Table 1). য়৏ޛ૕җ ৔о ୍ ੉ীࢎ ੌযաח

਽੄߈ഐ࢚ ӝ੘ਸ ੉೧ೞӝ ਤ೧ࢲ HNO3 ١੄ ъ࢑

ਵ۽ ৔о ୍ਸ ࠙೧ೞৈ ࠙ҟ ҟ୹ӝ (ਬبѾ೤೒ۄ

ૉ݃: Inductively Coupled Plasma Spectrophotometer;

ICP)ܳ ੉ਊೞৈ ਗࣗܳ ೠࢳ࠙ Ѿҗ Fe੉ 96.78%,

Cuо 0.35% ੉৓ਵݴ, Ӓ ੉৻ ਗࣗח ۝޷ ઓ੤ೞ৓

׮ (Table 2).

प೷ߨߑ ৔о ୍ী ੄ೠ ੄ࣗ࠺ ࠛਊച җ੿ী

ࢲ pH ߂ ৡبী ܲٮ ৔о ୍੄ ൚଱۝ਸ ಣоೞӝ

R-Fe              x-1

2R-Fe-OH+xH++H2AsO4
- (HxAsO4)    +2H2O

R-Fe                      (6)

Fe3++AsO4
3- → FeAsO4·xH2O(amorphous scorodite)   (7)

ZVI
Particle size 

distributions

Specific surface 

area
Porosity

Particle 

density

Bulk 

density

--------------- g cm-3 ---------------

PA 2.51 8.00 68.6 0.078 101.92

% m2 g-1 μm 

Table 1. Physical properties of zerovalent iron used in the experiment.

ZnSrSPbNiNaMnMgLiKFeCoCdCuCaAl

----------------------------------------------------------------------------------- % (wt/wt) -----------------------------------------------------------------------------------

0.14 0.05 0.35 0.03 <96.78 0.03 0.01 0.01 0.56 0.09 0.11 <0.04 <0.03 <

Table 2. Chemical properties of zerovalent iron used in the experiment.
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ਤೞৈ 100 mL ࢖п೒ۄझ௼ী ۽߹ب֪ ઁઑػ ࠺

ࣗ 50 mL৬ 2.5 g৔о ୍ਸ ୎оೠ റ 5ੌ উز 150

rpmীࢲ ૓ఔदௌ߈ .׮਽ റ੄ ਊঘ਷ 0.45 m

syringe filterܳ ੉ਊೞৈ ৈҗೠ റ թই੓ח חࣗ࠺

Graphite Furnace Atomizer (GFA-6500, Simadzu,

Japan)ܳ ਊೞৈࢎ ൚଱۝ਸ .׮ೞ৓ࢳ࠙ ୹ೞӝ࢑

ਤ೧ ୡӝ As੄ ܳب਽֪߈ 2, 5, 10, 15, 20, 50, 100,

200, 300 mg L-1۽ ઑઁೞ৓׮. pHо ੄ࣗ࠺ ൚଱ی

ী ח஖޷ ৔ೱਸ ঌইࠁӝ ਤೞৈ ਽ਊঘ(As ਊ߈

ঘ)੄ pHܳ 0.001M HCl ߂ 0.001M NaOH ਊঘਸ ੉

ਊೞৈ ਊঘ੄ pHܳ ߂ 7 ,5 ,3 ۽9 ઑ੺ೞৈ ਽द߈

అ റ ൚଱ػ ৔о ୍੄ নਸ ઑࢎೞ৓ژ .׮ೠ ਽߈

ৡبо ੄ࣗ࠺ ൚଱۝ী ח஖޷ ৔ೱਸ ঌইࠁӝ ਤ

ೞৈ 15℃, 25℃ ߂ ۽℃35 ৡܳب ઑ੺ೞݴ ৔о ୍

ী ൚଱חغ ੄ࣗ࠺ নਸ ઑࢎೞ৓׮. ৔о ୍ী ੄ೠ

੄ࣗ࠺ ൚଱਷ ਺੄׮ धਸ ੉ਊೞৈ ׮ೞ৓࢑҅

(Sparks, 1995).

q = V × (Ci - Ce) / M                     (8)

q: Mass of adsorbed As per unit weight of 

zero-valent iron (mg g-1)

V: Volume of solution (L)

Ci: Initial concentration of reaction solution (mg L-1)

Ce: Equilibrium concentration of solution (mg L-1)

M: Weight of zero-valent iron (g)

੄ࣗ࠺ ୭؀ ൚଱۝ (qmax)਷ Langmuir ؛ݽਸ ੉

ਊೞৈ ػ੸ਊ ,ݴ୹ೞ৓ਵ࢑ ൚଱ ١ৡध਷ ਺੄׮

ध (9)৬ э׮ (Holan et al., 1993).

q : Mass of adsorbed As per unit weight of 

zero-valent Iron (mg g-1)

C : Equilibrium concentration of solution (mg L-1)

b : Maximum amount of As that can be adsorbed

(mg g-1)

k : Constant related to the binding strength

৔о ୍ী ੄ೠ As ࠛਊച ਽ӝ੘ਸ߈ ഛੋೞӝ ਤ

ೞৈ ৔о ୍ 10g ߂ 1000 mg L-1੄ য়৏ࣗ࠺ ਊঘਸ

5ੌ উز ਽߈ दఅ റ दܳܐ Ѥઑೞৈ ӝӝ࠙ࢳী

਽߈ .׮ਊೞ৓ࢎ ੹·റ ৔о ୍ ಴ݶ੄ ౠࢿ ߸ചܳ

ঌইࠁӝ ਤೞৈ SEM (JSM-5410, JEOL Limited,

USA)ਸ ੉ਊೞৈ ഋక ౠࢿਸ ݴೞ৓ਵࢳ࠙ SEM

Ѿҗܳ ۽ఔਵ߄ EDS (ISIS, Oxford Limited, USA)

ܳ ਊೞৈࢎ ৔о ୍੄ ਽߈ ੹റ ച೟ઑࢿ ߸ചܳ

ಣоೞ৓ژ .׮ೠ ৔о ୍੄ Ѿ੿ҳઑ ߸ചח XRDܳ

੉ਊೞৈ ஏ੿ೞ৓׮.

Ѿҗ ߂ Ҋ଴

਽߈ pH੄ ৔ೱ ജ҃ ઺ীࢲ חࣗ࠺ ܲ׮ ઺Әࣘ

җ ܻ׳ pH ߸ചী ҙ҅হ੉ As(III)ח As(III)੄ ഋ

క۽ ӒܻҊ As(V)ח As(V)੄ ഋక۽ ઓ੤ೠױ .׮

૑ ੌز pH ઑѤীࢲ ചജਗ࢑ ઑѤী ੄೧ As(III)

߂ As(V) рী ഐ࢚ ੹ജؼ ࣻ ੓׮. Fig. 1਷ pHী

ܲٮ ৔о ୍੄ As(V)ী ؀ೠ ൚଱۝ਸ աఋմ Ѫਵ

۽ п pH ઑѤীࢲ ߹ب֪ ৔о ୍੄ ൚଱۝ਸ աఋ

ղҊ ੓׮. ৔о ୍੄ ൚଱۝਷ pH 3 > pH 5 > pH 7

> pH 9੄ ࣽਵ۽ ૐоೞח Ѫਵ۽ աఋլ׮ (Fig. 1).

੉ Ѿҗܳ ١ৡ൚଱ ী؛ݽ ੸ਊೠ Ѿҗ Langmuir

൚଱धਸ ੉ܳ ,ݴਵۋٮ ష۽؀ ৔о ୍੄ ୭؀ ൚଱

۝ਸ As(V)੄ .׮୹ೞ৓࢑ ୭؀ ൚଱۝ ߂ ൚଱ীց

૑ܳ ҳೞӝ ਤೞৈ Langmuir ؛ݽী ୭੸ചೠ Ѿҗ

۽ ӝ਎ӝח ୭؀ ൚଱۝੄ ৉ࣻܳ ੄޷ೞৈ ੉ח ӝ

਎ӝ ч੉ ௿ࣻ۾ ୭؀ ൚଱۝੉ ੘਺ਸ ੄޷ೠ׮. ৔

о ୍ী ੄ೠ ࣗ࠺ ൚଱਷ pHо ծਸࣻ۾ ૐоೞ৓

ਵݴ, ӝ਎ӝ чਸ ੉ਊೞৈ ೠ࢑҅ ୭؀ ൚଱۝਷

pH 3, 5, 7, 9ীࢲ пп 2.05, 1.82, 1,24, 1.03 As mg/g

Fe0۽ աఋլ׮ (Table 3). Kim et al. (2003)਷ షন

ઑѤীبࢲ ൚଱਷ࣗ࠺ pHо хࣗೣী ۄٮ ૐоೣ

ਸ Kim (2001)਷ ,ݴ৓ਵࠁ ࣻਊঘ ઑѤীࢲ ৔о ୍

੄ Cr(VI) capacityীࢲ pH 3(0.042 Cr(VI) mmol/g

kCb
q =                                         (9)

(1+kC)

pHs

pH 3

pH 5

pH 7

pH 9

Y = 0.00049X + 0.00182

Y = 0.00055X + 0.00265

Y = 0.00081X + 0.00205

Y = 0.00097X + 0.00207 

2.05

1.82

1.24

1.03

0.9974***

0.9954***

0.9959***

0.9989***

Y : Ce/q 

X : Ce; equilibrium As concentration (mg L-1)

q : mass of adsorbed As per unit weight of ZVI (mg kg-1)

qmax : maximum amount of As that can be adsorbed (mg kg-1)

*** : significant at P<0.001

r2qmaxRegression equation

Table 3. Langmuir equation for As(V) adsorption onto zerovalent iron with pH.
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Fe0) > pH 5 (0.036 Cr(VI) mmol/g Fe0) > pH 7

(0.025 Cr(VI) mmol/g Fe0) ࣽਵ۽ ૐоೞח Ѫਵ۽

աఋլ׮. ੉ۧѱ ৔о ୍੉ ࢲઑѤীࢿ࢑ ൚଱۝ ߂

ജਗ ਊ۝(capacity)੉ ֫਷ Ѫ਷ ৔о ୍ਸ ೠ܃࠺

؀ࠗ࠙੄ ઺Әٜࣘ਷ pHо ծਸࣻ۾ ਊ೧بо ૐо

ೞӝ ׮੉ޙٸ (Sparks 1995). ࢲۄٮ pHо ծਸࣻ۾

৔о ୍੄ ҃਋ ਽੉߈ച࢑ ૐоغয ੹੗ (e-)৬ ࣻ

ച࢑ ੉ৡ (OH-)੉ ݆੉ Ӓ .׮ػࢤߊ Ѿҗ۽ Fe2+,

Fe3+ ߂ ੄ޛച࢑୍ ੉ࢿࢤ ૐоغয ਺੉ৡਸ Ҋڸ

੓ח H2AsO4)ࣗ࠺
-, HAsO4

2-, AsO4
3-)৬ ൚଱חغ ਊ

۝੉ ௾ Ѫਵ۽ ׮঻غױ౸ (Pratt et al., 1997).

੄ب਽ৡ߈ ৔ೱ ࠄ োҳীחࢲ ೠੌز ઑѤী

؀ೞৈ оب਽ৡ߈ ৔о ୍ী ੄ೠ As ൚଱۝ী ޷

஖ח ৔ೱਸ ঌইࠁӝ ਤೞৈ ܳب਽ৡ߈ 15℃, 25℃,

۽℃35 ઑ੺ೞৈ As੄ ب֪ ߸ചܳ ઑࢎೞ৓׮. Fig.

ח2 ৡبী ܲٮ ৔о ୍੄ Asী ؀ೠ ൚଱۝ਸ աఋ

մ Ѫਵ۽ ৔о ୍੄ ൚଱۝਷ 35℃ > 25℃ > 15℃

੄ ࣽਵ۽ ಣоغয ৡبо ֫ਸࣻ۾ ൚଱۝੉ ௾ Ѫ

ਸ ঌ ࣻ ੓׮ (Fig. 2). ੉ Ѿҗܳ ١ৡ൚଱ ী؛ݽ

੸ਊೠ Ѿҗ pH৬ ݃ଲо૑۽ Langmuir ൚଱धਸ ٮ

੉ܳ ,ݴਵۋ ష۽؀ ਽߈ ৡب߹ ୭؀ ൚଱۝ਸ ୹࢑

ೞ৓׮. ୭؀൚଱۝਷ 15℃, 25℃, 35℃ীࢲ пп 1.59,

1.81, 1.93 As mg/g Fe0۽ ৡبо ֫ਸࣻ۾ ୭؀൚଱

۝਷ ૐоೞח Ѫਵ۽ աఋլ׮ (Table 4). ੉۞ೠ Ѿ

җח ৔о ୍ਸ ੉ਊೠ ܲ׮ ਬӝച೤ޛ (TCE)੄ ࠙

೧ Ѿҗ ߂ ܲ׮ ઺Әࣘীࢲ աఋդ Ѿҗ৬ ೠੌز

҃ೱਵ۽ (Jonnson et al., 1996; Kim, 2001) ੉ח ୽

ج ࠙੗ٜ੉ ഝࢿച ীց૑(activation energy)ܳ ֈਸ

݅ఀ ୽࠙ೠ ਍ز ীց૑ܳ о૑Ҋ ୽جೞ૑ ঋਵݶ

਽੉߈ ੌযա૑ ঋӝ ীޙٸ ੌ੿ೠ ীց૑ ૊, ৡب

о ֫ਸࣻ۾ ਽੉߈ ੜ ੌযլ؍ Ѫਵ۽ ژ .׮ػױ౸

ೠ 50 kJ mol-1੄ ഝࢿച ীց૑ܳ ыח ਽੄߈ ҃਋,

25℃ীࢲ ۽℃37 ৡب ߸ചо ੓ਵݴ ࢚ࣻب਽ࣘ߈

(k)ח ln k⁛(37℃)/k ח(℃25) ۽0.78 k⁛(37℃)=

e0.78 × k (25℃) = 2.18k (25℃) ੉ӝ ীޙٸ ੸߈ੌ

ਵ۽ ৡبо ড 10℃ ݶथೞ࢚ ਽߈ חبࣘ ড ߓ2

੿ب ח૑ۄࡈ Ѫਵ۽ ঌ۰ઉ ੓׮. ੉৬ э਷ Ѿҗח

৔о ୍੄ അ੢ ੸ਊ द As(V) ֪ب৬ पઁ ৡبী

ۄٮ ੸೤ೠ ੄ب֪ ৔о ୍ਸ ୊ܻ ೞؘח ӝୡ ੗

۽ܐ ഝਊؼ ࣻ ੓׮.

Fig. 1. Effect of As(V) concentration and pH on mass of As(V)
immobilization by zerovalent iron.

Temperatures

15℃
25℃
35℃

Y = 0.00063X + 0.00464

Y = 0.00055X + 0.00269

Y = 0.00052X + 0.00223

1.62

1.83

1.94

0.9926***

0.9958***

0.9972**

Y : Ce q-1

X : Ce; equilibrium As concentration (mg L-1)

q : mass of adsorbed As per unit weight of ZVI (mg g-1)

qmax : maximum amount of As that can be adsorbed (mg g-1)

*** : significant at P<0.001

r2qmaxRegression equation

Table 4. Langmuir equations for As(V) adsorption onto zero-valent iron with temperature.

Fig. 2. Effect of As(V) concentration and temperature on mass
of As(V) immobilization by zerovalent iron.
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਽ӝ੘߈ ҳݺ ৔о ୍ী ੄ೠ As ࠛਊച ਽੄߈

ӝ੘ਸ ഛੋೞӝ ਤೞৈ SEMਸ ਊೞৈࢎ ਽߈ ੹·

റ ৔о ୍੄ ഋక੸ ౠࢿ߸ചܳ ਽߈ .׮Үೞ৓࠺

੹·റ੄ ৔о ୍ਸ 20 keV (оࣘ੹঑)੄ ীց૑ܳ

ыח ੹੗࠿ਸ ীց૑ਗਵ۽ ߓ350 ഛ؀ ୫৔ೞ৓׮

(Fig. 3). Fig. 3ীࢲ חࠁ ৬߄ э੉ ৔о ୍੄ ਽߈

੹ ಴ݶ਷ ۣࠗ٘Ҋ ௾ Ѿ੿੉঻ਵա As(V)৬ 5ੌ

উز ਽ೠ߈ റীח ׮ࠁ ѢசҊ ੘਷ Ѿ੿ഋకܳ ա

ఋղ঻׮. ੉ח ৔о ୍੄ ۽ച࢑ ੋ೧ ੑ੗о ઉࢲࠗ

աఋաח Ѫਵ۽ ಴ݶ੄ ߸ചо बೡࣻ۾ ৔о ୍੄

਽੉߈ച࢑ ૐоೠ Ѫਵ۽ ೡױ౸ ࣻ ੓׮ (Blowes

et al., 1997; Yan, 2000). Fig. 4ח ৔о ୍җ 5ੌ ز

উ ਽दఅ߈ റ ஜ੹ޛਸ ܻ࠙ೞৈ EDSܳ ೠࢳ࠙ Ѿ

җ۽ ਽߈ റ ৔о ୍੄ ച೟ઑࢿ਷ Fe ߂ As੉঻Ҋ,

੉ܳ ా೧ ৔о ୍ী ੄ೠ As੄ ࠛਊച ਽਷߈ ৔о

୍ী ൚଱ػ Ѫਵ۽ ೡױ౸ ࣻ ੓঻߈ .׮਽ ੹·റ

৔о ୍੄ XRD ࠙ࢳѾҗ ਽߈ ੹ ৔о ୍ীחࢲ Fe0

੄ ೖ௼݅੉ աఋլਵա (Fig. 4) As৬ 5ੌ উز ߈

਽ೠ ৔о ୍ীחࢲ Fe0੉ Fe2O3, FeOOH۽ Asח

FeAsO4·2H2O ١ਵ۽ ࠛਊച ਸؽ ഛੋ ೡ ࣻ ੓঻

੄࢚੉ .(Fig. 5)׮ Ѿҗܳ ాೞৈ ৔о ୍੄ ߈ച࢑

Fig. 4. Scanning electron micrograph with EDS spectrum of
zerovalent iron after reacting with As(V) in aqueous solution.

Fig. 5. Powder X-ray diffraction pattern of zerovalent iron
before and after the reaction with As(V) in aqueous solution.

Figure 3. Scanning electron micrograph of zerovalent iron before and after reacting with As(V) in aqueous solution (20 keV××350).

Control After 5day→
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਽ਸ ా೧ ػࢿࢤ Fe2+, Fe3+ ߂ ੉ޛച࢑୍ As(V)৬

൚଱غয ࠛਊച חغ Ѫਵ۽ .׮঻غױ౸

੸ ਃ

ࠄ োҳח ۽ࣗ࠺ য়৏ػ ਸޛ ৔о ୍ਸ ੉ਊೞৈ

חਗೞࠂ җ੿ীࢲ ৔о ୍੄ ࣗ࠺ ઁѢী ৔ೱਸ ޷

஖ח ജ҃ੋ੗ р੄ ౠࢿਸ ౵ঈೞҊ ӝӝ࠙ࢳਸ ా

೧ ৔о ୍ী ੄ೠ ੄ࣗ࠺ ൚଱ ਽ӝ੘ਸ߈ ҳݺೞҊ

੗ ࣻ೯غ঻׮. ৔о ୍ী ੄ೠ As(V)੄ ൚଱਷

Langmuir ١ৡ൚଱ ী؛ݽ ࠗ೤ೞ৓ਵݴ As(V)੄

൚଱۝਷ ਽߈ ࣻਊঘ੄ pHо ծਸࣻ۾(pH 3: 2.05,

pH 5: 1.82, pH 7: 1.24, pH 9: 1.03 mg As/g Fe0),

ӒܻҊ ৡبо ૐоೡࣻ15)۾℃ : 1.59, 25℃ : 1.81,

35℃ :1.93 mg As/g Fe0) ૐоೞ৓߈ .׮਽ӝ੘ਸ ӏ

ೞӝݺ ਤೞৈ SEM-EDS ࠙ࢳਸ ࣻ೯ೠ Ѿҗ, ߈਽

੹੄ ৔о୍ ಴ݶ਷ ۣࠗ٘Ҋ ௾ Ѿ੿ ഋకܳ աఋղ

঻ਵա ਽߈ റীח ਋ݒ ѢசҊ ੘਷ ੑ੗ ഋకܳ

աఋղ঻߈ .׮਽ റ ৔о ୍੄ ઑޛࢿ Ѿҗ, ৔ࢳ࠙

о ୍ ಴ݶী оࣗ࠺ ൚଱ؽਸ ঌ ࣻ ੓঻߈ .׮਽

੹·റ ৔о ୍੄ Ѿ੿ҳઑ XRDܳ ੉ਊೞৈ ઑࢎೠ

Ѿҗ, Fe0ח ਽߈ റ Fe2O3 ߂ FeOOH۽ ߸ചغ঻ਵ

ݴ Asח FeAsO4·2H2O੄ ഋక۽ ࠛਊച ਸؽ ঌ ࣻ

੓঻׮. ੉࢚੄ Ѿҗীࢲ য়৏ীࣗ࠺ ࠛਊച ੸ਊߑ

۽ਵߨ ৔о ୍ਸ ਊࢎ द pH ߂ ৡب ઑѤ ١ਸ Ҋ

۰ೞৈ അ੢ী ੸ਊ೧ঠ ؼ Ѫਵ۽ .׮ػױ౸

ࢎ ࢎ

ࠄ োҳী ػਊࢎ दܐ੄ ӝӝ࠙ࢳ਷ ъਗ؀೟Ү

֪সҗ೟োҳࣗ੄ ૑ਗਵ۽ ࣻ೯غ঻਺.
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