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ABSTRACT
The treatment for copper ions and/or organic compounds (dye and isopropanol) from aqueous solutions by iron powder
cementation and Fenton-like processes was studied as a function of solution pH, temperature, amount of iron, concentration of
pollutants and H202. Cementation of copper and dye (Acid Orange 10, Acid Red 4, and Acid Red 27) wastewaters was shown to be
a feasible treatment process to achieve a high degree of removal within a fairly reasonable contact time, but not for isopropanol (IPA)
which possesses a relatively slow reaction rate. The chemical kinetics and reaction rate equations for the removal of pollutants
(copper ions, Orange 10, and IPA) by cementation and Fenton-like processes were explored and developed based on experimental
results. The deposition of copper ions and consumption of iron are highly dependent on solution pH conditions and is most
practically operated at weak acidic conditions of pH 3 to 4. The reaction rate is approximately first order with respect to both the
amount of iron and the concentration of copper ion. The decomposition rates of Orange 10 and IPA in aqueous solutions by
Fenton-like process increase with increasing the amount of iron powder and H202, rotation speed, concentration of dissolved
oxygen, and with decreasing the initial concentration. The solution pH and the amount of iron powder and H202 are found to be
the dominant factors on the removal of organic pollutants by Fenton-like process. The individual contribution for the decomposition
of Orange 10 and IPA in aqueous solutions by OH. oxidation and by e- reduction in the Fenton-like reaction system was
differentiated based on the assumption the linear addition of the rate constants of pollutants by cementation and Fenton-like
processes. In the Fenton-like reaction system, the main contribution to the decomposition of IPA in aqueous solutions was
determined to be OH. destruction, while the main contribution to the decoloration of Orange 10 solution was found to be e-
reduction.

Keywords : Fenton-like
Table of Contents

oo0ooo0oob0ooboooOobooooooobOoboOoooDoboOobo.bboboooOOobobbooboobooo
gooooboooo.OovOobooooboboooooboooUobOOobOOoooOoOviboooooobooooboo
oooooOOoboOoOooOOobviiObOoOOoOOOobOOoOoOoOooO0obOOoooOOobOobObOOobOOixObobobobooooDbo
000000000 0b0o0ob00.xibobOoooOobOoooobOoboooobobOoOo.OOxviiioOO0 OODO
goooboobobbobooboobobo.aioooboob.0obobooobOoobOob1200b000DOnO
oooobooobo.ob.bobob.20o0bobobbobooobo. 0. oob.Dbobobo. 004210000000
ooo.0o0obo0oboboob42110000000000DO0DbOObO.ODO4212000000000.000
gooob.0621300000000O00DO0ODO.DOO0bO.ODbO722000000000DLO.0O00D0DO0ODOOO
goo9221000000b000bO00ob.0bob.0.01222200000000000.0.000D00D0.012223
ooooboobobobobooob.0oboba42300b0goboob.coooDooboobOooboois231000-
goooboobobob.ooob..gik23200onoooboo.boobo.obo.oobgook223000000bogon
goo.0b0.0boodbi1e24renton0 00 0000.000000000.00...19241Fentond 000000 ...00
ooooD..0z242renton0 00 0000OOO0OOO...O.0O... 2024300FentonD 00 00OD0OODOOO..O.
... 212431pHO0O00OODOOOOODOODOO ... 2124320 00000000000 0O0.000ODO..222433H202
goooboobobo.og.... 23250000000Fenton-like0 00C0000O..0002425100000000
gboo.0oobob.0.fbz2252000000000000000000.00242521pHO000000.00000
O 242522000H20200000000000.262523000000000.000000 ... 28000 0O
gboooboooboboobooboooo.o..n3tbobobbooboobooboobobooobo.n.nb32
4100000000.00.0000D000D0O000O32420000000.0000000D0OODOODODO0O.3343
gooob.0ogoobobooboobgoob.obsk44000b0.0.0.0.0.0.0.0b0DO.O0ODDO3844100
go.0.0.0.0000000.00.08442000000000000000.0000040343000000
OFenton-likeCODOO0O0OODOOOOODOODOOODOODOOOOODOOD.ODO43450000000O0O0D.OD000O0ODO



oooobo.b40000000D00O0DO0ODO.O0O0ODOO0DOODDOOD. 49510000000 0DO0ODOD
oooobgoob.4951100000.0.0.0.0000000.0005L05.1200000000000DbDO0O0O0.DO
00058513 000000000000000000.0073520Fenton-ike00000000ODODOODOOD..00O82
521000 000000000.000000D00O0835220000000000DL00b0..0D0b00O0DbD.e0s5.23000
gooobooobgoob.bobooowess3ngbgonoonoo.oboobobbbo.1200b Dboo b .0
goooboooboboboboobtbalvelr0bUOb0ObOODbDUOODO0ODOLOODDOODONI7T620000000O
gbooobooboo.oooobdobnnsgoooooooooooobooboobooboooobUonDobo.Ooo
goooboobooooobobooooonDiiz4

REFERENCES

[p110 0000000 Fentond 0000000000 O ODO0ODOCOOOOODOODDOOODDOS51-861(1993)0 0
[(210000000D00000" pHOOFentonD OOODOOODOOOO” OO0O00ODDOO0ODODOOODOOOOE1-67 (199500
[0 0000000000000 00D0D0000000Doo0ooooDOoUoDO

[p4]0000" FeO/H202/UVO0000OCO0DOO” 0 00O0O0OO0ODOOODOOOOODODDOOOOOO

[(5]0 000" D0DO00D0D0OO000D0O0000O0DO0U0DO00DOo000” D000Do0oooooooooooon

[pe]O000” D0OOD0D0O0OO0O0O0O/0000000000000000D0O0O00O0OOOO0ODO” O0DODO0D0O0oODDOo0oOooOOoO
ooooooo

[07] Angelidis T., Fytianos K., Vasilikiotis G., Jannakoudakis D., “ Lead Recovery from Agueous Solution and Wastewater by Cementation
Utilizing an Iron Rotating Disk,” Resources Conservation and Recycling 2, 131 (1989).00

[08] Annamalai V., Hiskey J.B., Murr L.E., “ The Copper Deposits Cemented on Pure Aluminum Discs: a Scanning Electron Microscopic Study,
" Hydrometallurgy 3, 163 (1978).00

[09] Anuradha R., Santhiti T., “ Batch-Mixed Iron Treatmant of High Arsenic Water,” Wat. Res. 35, 18, 4474-4479 (2001).00

[10] Andreozzi R., Marotta R., “ Removal of Benzoic Acid in Aqueous Solution by Fe(I11) Homogeneous Photocatalysis” , Wat. Res. 38,
1522-1236 (2004).0

[11] Benitze F.J., Acero J.L.,“ The Role of Hydroxyl Radicals for The Decomposition of p-Hydroxy Phenylaceyic Acid in Aqueous Solutions” ,
Wat. Res. 35, 5, 1338-1343 (2001).0

[12] Bergendahl J.A., Thies T.P.,“ Fenton’ s Oxidation of MTBE with Zero-valent Iron” , Wat. Res. 38, 327-334 (2004).00

[13] Bielski B.H.J., Cabelli D.E., Arudi R.L., “ Reactivity of H202=02- Radicals in Aqueous Solution” , J Phys Chem Ref Data 14(4), 1041-100
(1985).00

[14] Buxton G.V., Greenstock C.L., Helman W.P., Ross A.B.,” Critical Review of Rate Constants for Reactions of Hydrated Electrons,
Hydrogen Atoms and Hydroxyl Radicals(OH-/0O-00 ) in Aqueous Solution” , J Phys Chem Ref Datal7(2), 513-886 (1988).00

[15] Chamarro E., Marco A., “ Use of Fenton Reagent to Improve Organic Chemical Biodegradability” , Wat. Res. 35, 4, 1047-1051 (2001).00
[16] Choe S., Chang Y.Y., Hwang K.Y., Khim J., “ Kinetics of Reductive Denitrification by Nanoscale Zero-valent Iron” , Chemosphere 41,
1307-1311 (2000).00

[17] Das S., Bhattacharya A., Mandal P.C., Rath M.C.,” One-electron Reduction of 1,2-dihydroxy-9,10-anthraquinone and Some of its
Transition Metal Complexes in Aqueous Solution and in Aqueous Isopropanol-acetone-mixed Solvent: a Steady-state and Pulse Rediolysis Study
", Radiation Physics and Chemistry 65, 93-100 (2002).00

[18] Kang S.F., Liao C.H., Po S.T., “ Decolorization of Textile Wastewater Carbonate” , Journal of the American Society 100, 7, 2987-2991
(2000).00

[19] Ku Y., Chen C. H.,* Kinetic Sstudy of Copper Deposition on Iron by Cementation Reaction” , Separation Science and Technology 27(10),
1259-1275 (1992).00

[20] Liao C.H., Kang S.F., Hsu Y.W., “ Zero-valent Iron Reduction of Nitrate in the Presence of Ultraviolet Light, Orange Matter and Hydrogen
Peroxide” , Wat. Res. 37, 4109-4118 (2003).00

[21] Lin S.H., Lin C.M,, Leu H.G., “ Operating Characteristics and Kinetic Studies of Surfactant Wastewater Treatment by Fenton Oxidation” ,
Wat. Res. 33, 7, 1735-1741 (1999).0

[22] Linsdsey M.E., Tarr M.A., “ Quantitation of Hydroxyl Radical during Fenton Oxidation following a Single Addition of Iron and Peroxide” ,
Chemosphere 41, 409-417 (1999).0

[23] Lunar L., Sicilia D., Rubio S., Perez-Bendito D, Nickel U., “ Degradation of Photogradation Developers by Fenton’ s Reagent: Condition
Optimization and Kinetic for Metol Oxidation” , Wat. Res. 34, 6, 1791-1802 (2000).0]

[24] Martell A.E., Smith R.M., Motekaitis R.J., “ NIST Critical Stability Constants of Metal Complex Database” , NIST Standard Reference
Data, Gaithersburg, MD, USA (1993).0

[25] Oh S.Y., Chiu P.C., " Fenton and Photo-Fenton Oxidation of Textile Effluents” , Wat. Res. 367, 2703-2710 (2002).00



[26] P* erez M., Torrades F., “ Enhancing Fenton oxidation of TNT and RNT through Pretreatment with Zero-valent iron” , Wat. Res. 37,
4275-4283 (2003).00

[27] Rose A.L., Waite T.D., “ Kinetic Model for Fe(l1) Oxidation in Seawater in the Absence and Presence of Natural Organic Matter” , Environ
Sci Technol 36, 433-444 (2002).00

[28] Rush J.D., Bielski B.H.J., “ Pulse Radiolytic Studies of the Reactions of HO2/02- with Fe(l1)/Fe(l11) ions” ,“ The Reactivity of HO2/02-
with Ferric lons and its Implication on the Occurrence of the Haber—Weiss Reaction” , J Phys Chem 89, 5062-5066(1985) [29] Rivas F.J.,
Beltran F.J., Frades J., Buxeda P., “ Oxidation of Phydroxybenzoic Acid by Fenton’ s Reagent” , Wat. Res. 35(2), 378-396 (2001).00

[30] Sangkil N., Tratnyek P.G., “ Reduction of Azo Dyes with Zero-Valnet Iron,” Wat. Res. 34, 6, 1837-1845 (2000).00

[31] Snook M. E., Hamilton A.G., “ Oxidation of Fragmentation of Some Phenyl-Substituted Alcohols and Ethers by Peroxydisulfate and Fenton
Reagest” , Journal of the American Chemical Society V096, 860 (1974).00

[32] Tang W.Z., Chen R.Z., “ Decolorization Kinetic and Mechanisms of Commerical Dyes by H202/1Iron Power System” , Chemosphere 32,
5, 947-958 (1996).00

[33] Truong G.L., Laat J.D., Legube B., “ Effect of Chloride and Sulfate on the Rate of Oxidation of Ferrous lon by H202" , Wat. Res. 38,
2383-2393 (2004).



