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Treatment of phenolic compounds in wastewater by

Fenton reaction together with CaO coagulation
Lupong Kaewsichan'", Jirawan Sriyom® and Charan Bunyakan®

Abstract

A treatment of phenolic compound with fenton reagent together with
coagulation by calcium oxide was investigated in this study. COD and residual
substances were monitored throughout the work. Phenol and 2,4-Dichlorophenol were
selected to represent different kinds of the compound. The weight ratio of fenton
reagent or Tron ion : Hydrogen peroxide : CaO was 1:11.7: 4.5 whereas the
concentrations of phenolic compound were 1100 and 550 ppm. In case of 1100 ppm,
the weight ratio of phenolic compound : Iron ion was 1: 0.65 and in the case of 550
ppm, the weight ratio of phenolic compound : Iron ion was 1: 0.45. The results of the
treatment were found as follows: per cent reduction of CODs of phenol solutions was
more than the reduction of 2, 4 Dichlorophenol solutions (99 % and 85 % of 1100
ppm and 97 % and 93 % of 550 ppm ). Comparison between the amount of sulfate in
solution and in sediment, we found that ,both pheno! and 2,4-Dichlorophenol
solutions, percent of sulfate in the solution were greater than the per cent in sediment (
86 % and 69 % for phenol and 2,4 Dichlorophenol of 1100 ppm) and ( 93 % and 76 %
for phenol and 2,4-Dichlorophenol of 550 ppm). Comparison between the amount of
calecium in solution and in sediment, we found that ,both phenol and 24-
Dichlorophenol solutions, percent of calcium in the solution were lower than the per
cent in sediment { 38 % and 54 % for phenol and 2,4-Dichlorophenol of 1100 ppm)
and ( 48 % and 59 % for phenol and 2,4-Dichlorophenol of 550 ppm). In case of Iron
residual in solutions and in sediments, we found that almost 100 % of Iron in the
solution was formed in sediments for all cases.
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Table 1. Preparation of phenolic compound solutions, fenton reagents and

coagulants
1100 ppm 350 ppm

Phenol 2,4 DCP Phenol 2,4 DCP
Phenolic 0.0118 0.0068 0.0059 0.0034
compound: mol/L. 800 | mol/L 800 | mol/L mol/L
concentration | cm’ em’ 800 cm’ 800 cm’
and volume ’
Hydrogen 0.9812 0.9812 (.3400 0.3400
peroxide: mol/L mol/L mol/L mol/L
concentration | 200 cm® 200 cm’® 200 cm® 200 cm’®
and volume
FeSOy 288¢g 288¢g 1.00g 1.00 g
-THLO:
weight
Ca0(s) : 259¢g 25%9¢g 0.906 g 0.906 g
weight
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Table 2. Comparative pHs of solutions from Fenton reactions and from coagulation

processes.

pH
Case initial fenton rf:‘zréft(i):n
solution reaction + Ca0
phenol 1100 ppm 5.98 2.06 11.42
2,4-DCP 1100 ppm 5.03 1.93 11.95
Phenol 550 ppm 5.95 2.10 9.24
2,4-DCP 550 ppm 5.33 222 11.30




Table 3. Comparison of sulfate in solutions and sediments after coagulation with CaQ
(numbers in small brackets were percent of sulfate in solutions and sediments
after the coagulation whereas numbers in big brackets were percent of
sediment comparison with total weight of CaO using in the systems.)

Case

Sulfate

Fenton Reaction

Fenton Reaction + CaO

Acid solutions

Basic solutions

without an Sediments
sediment (():/lear (hitrate)
solutions) . ]
vol. | UV analysis | vol. uv wt Uv
(ml) (mg/L) (ml) | analysis (g) analysis
(mg/L} (mg/L)
phenol 1100 ppm 500 1219 500 1023 2.53 157 (13
(87%) [88%] %)
2,4 DCP 1100 ppm | 500 1198 500 833 (70 1.72 358 (30%)
%) [60%]
phenol 550 ppm 500 453 500 379 (93 0.91 27 (7 %)
%) [91%]
2,4 DCP 550 ppm 500 442 500 313 (77 0.62 96 (23%)
%) [62%]

Table 4. Comparison of calcium in solutions and sediments after coagulation with
Ca0O (numbers in small brackets were percent of calcium in sediments and
solutions after the coagulation whereas numbers in big brackets were percent
of sediment comparison with total weight of CaO using in the systems.)

calcium
Fenton Reaction Fenton Reaction + CaO
Acid solutions . .
Case without any Basic solutions Sediments
sediment (clear (filtrate)
solutions)
vol. uv vol. AAS wit AAS
(ml) | analysis | (mli) analysis () analysis
(mg/L) (mg/L) (mg/L)
phenol 1100 ppm 500 - 500 | 405 (38%) 2.53 654 (62 %)
[88%]
2,4 DCP 1100 ppm | 500 - 500 | 731 (54 %) 1.72 628 (46%)
[60%]
phenol 550 ppm 500 - 500 | 189 (48%) 0.91 202 (52 %)
[91%]
2,4 DCP 550 ppm 500 - 500 | 289 (59 %) 0.62 198 (41 %)
[62%]




Table 5. Comparison of iron in solutions and sediments after coagulation with CaO
(numbers in small brackets were percent of iron in sediments and solutions
after the coagulation whereas numbers in big brackets were percent of

sediment comparison with total weight of Ca0 using in the systems.)

Iron
Fenton Reaction Fenton Reaction + CaQ
Acid solutions ) . Acid solutions without
Casc without any Basic solutions |,y sediment (clear
sediment (clear (filtrate) solutions)
solutions)
vol. AAS vol. AAS wt AAS analysis
(ml) analysis (ml) analysis (g) (mg/L)
(mg/L) (mg/L)
phenol 1100 ppm 500 493 500 | 1.0(0.2%) 2.53 492 (99.8 %)
[88%]
2,4 DCP 1100 ppm | 500 555 500 | 0.2 (0.03%) 1.72 553 (99.97%)
[60%]
phenol 550 ppm 500 261 500 | 0.4 (0.13 %) 0.91 261 (99.87%)
{91%)]
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Table 6. Comparative COD of the solutions between initial and after fenton reaction:

Numbers in brackets represented percent reduction from the intial CODs

COD (mg/L)
Case # it fenton
Initial fenton rection reaction
solution +Ca0

1 (phenol 1100 ppm) 2702 248 (91%) 19 (99%)
2 (2,4 DCP 1100 ppm) 1345 382 (71%) 194 (85%)
3 (phenol 550 ppm) 1150 219 (81%) 27 (97%)
4 (2,4 DCP 550 ppm) 725 106 (85%) 48 (93%)
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Table 7. Solubility products (K,,) at 25°C of various salts in the solutions which
Fenton reactions of phenol and 2,4-Dichlorophenol were taking place .

Salt Formula solubility K
(g/100 em?® of solution)

Calcium hydroxide Ca(OH); 0.185%, 0.077"" 4.68x10°
Calcium sulfate CaSO, 0.209%, 0.1619"™ 7.1x10”
Feruos hydroxide Fe(OH), 0.00015"* 4.87x10°"

Ferric hydroxide Fe(OH);3 - 2.64x10™
Ferrous chloride FeCl, 6447 105.7"%¢ -
Ferric chloride FeCls 74.4% 535 7% -
Calcium chloride CaCl, 74.57C, 1597 -
Calcium chlorate Ca(ClO3), soluble -
Calcium perchlorate Ca(ClOy) 188.65" -




donkrufsuBumelaeauueuandouy wuenfavarrasfiunmlsoauusd
wnadsnfianasnonlunsanasasazaofusadsuinninlunsdasazais 2,4 lanaslsiusaiitaz
Hunarasfisuunuauluszuuraimazaty 2.4 larsalsAuaaldifalaasusumaiusiia 1iu aas
salasan naasalosan waziwafaansalasau wonuwilalundaalaasuaslaasaniadlasau
aunantosantwaiuna s Wi (electroneutrality) TruuvaaIazaty 2.4 lamsalifues
a:ﬁaamnﬁmm‘laaaumnn'?iaqaﬂ‘s:q‘svm71"mnm'ws:uu-uaamsa:mnﬁuaﬂmﬂﬁﬂﬁqmaa AADLITA
lapau naotsaloaawn uaniwainaasalonaw LLa:U‘s:i]mnﬁ\hm'l'Es}aﬁﬁauﬂm-‘ﬁun'l.aaau @itasan
wairlasou usninointasauszanaznauiian 100 % lugﬂ-uaamﬁa Fo(OH), Wa: Fe(OH), ) W1iW
watimusnsanecnauratuaadodlunsdasazars 24 lassalsHuaadidniaoniinsivas
FIarauRuea

EauBuudfieutSinmoaslosantasdame nuidsasazraainusaidainnaznauly
nsdnasansazaeiinea Daadauaitlunsdizsazay 2,4 tanaalifiuaa mquamaaﬂwngmsrﬁﬁa:
dadinaunimltoilpusnasasnInnaznoutaauaadsutiotu  flsennIzunwasasasanil
uaaﬁﬂizqmaﬂaaauamum:r&'mﬂm'laaamm:'laman'lmé‘laaamﬁnfu AUNINNTITVAY
electroneutrality ﬁaﬁmnﬁﬁa:ﬁuavﬁmwm"\.aaau'lﬂm"gmﬂ-uaama‘nﬁaqaﬁmmmfﬁuu"\.aaauﬁmu
TTUy

dan3oudnuRuneesleconvaanan sndulditlossunaaninanaznawisy 100 %
'lmqnnm"itﬁaamnfh K., 123 Fe(OH), udz Fe(oH), fifdnann wymsfiszuufien pH gounyil
MomsanizdlassuluBundiun

SaBouioulinmesnawiifetuiudSinaaeadonaantad  aswudanstes
sninasnawfiouiuimminues Czo  AdusdluszuvlunsdivasmsazaaWnaaiasuinniind
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1. Wafidudnisanasuesdn COD vasmsazarsfuaaginitsesmsazans 24 lanaals#
WBANIN3E 1100 ppm (99 % uas 85 %) UsT 550 ppm (97 % was 93 %)

2. drfavarvasiuinlasenssssndoufianasnoulunsdrasasazarufuaaiidrannni
lunsiantazans 2.4 lansalsfuen vansd 1100 ppm (62 % uas 46 %) WAz 550 ppm (52% UAx 41
%)
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asazan 2.4 lanaalsiuaa vansdl 1100 ppm (13 % was 30 %) ez 550 ppm (7% uaz 23 %)
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Fe(OH), ) fisndnun luymefiszundien pH gomnﬁ'ﬂﬁii‘laman'l-m"l.aaau'lmﬁmmﬁmn

5. fnYauazvaniminaznawdouiuimwinyas cao Adusslusruulunsdivasasazano®
uaadldnunninIdivatansazany 2,4 lansalsiuas

6. na@nssalsznnd

aﬁuﬁé‘umd’%‘uﬁumnquaﬁ'uagumﬁﬁn NnIusvUszanmiusiugu 1 2547 vevavam
MATIAINTINWNI Hous AN sTuaaas anInmanasranuaIuns lunsndaasnuiuas
L]
gunsnidne g

7. UFTRIHNN

noso ATAINye. 2528, mymBinaiuesluunsairlaslfinaisaualasinladies.
InpImwkEInsmaniunTada MU edane I INALRITRUATUNT. (FHu)

nap A3gITIN. 2543, SmnsTmahiabEsLazaR BmMIa1ma. 891 : MAITIMNTIed
amzdmnTInmasd aningidssraiusiund.

Alemzadeh, |. and Vessoughi, M. 2001. Biodegradation of toluene by an attached biofilm in a
rotating biological contactor. Process Biochemistry. 36 : 707-711.

Arstan, |,; Balciogly, 1. A. and Bahnemann, D. W. 2000. Advanced chemical oxidation of reactive
dyes in simulated dyehouse effluents by Ferrioxalate-Fenton/UV-A and TiO,/UV-A
processes. Dyes and Pigments. 47: 207-218.

Bandara,J., Mielczarski, J.A., Lopez, A. and Kiwi, J. 2001. Sensitized degradation of chlorophenols
on iron oxides induced by visible light comparison with titanium oxide. Applied Catalysis B:
Environmental 34 ; 321-333.

Chamarro, E., Marco, A. and Esplugas, S. 2001. Use of Fenton reagent to improve organic
chemical biodegradabilities. Wat. Res. 35 (4): 1046-1051.

11



Chen, J., Rulkens, W.H. and Harry, B. 1997, Photochemical elimination of phenols and COD in
industrial wastewaters. Wat. Sci. Tech. 35 (4): 231-238.

Ghaly, M.Y., Hartel, G., Mayer, R. and Haseneder, R. 2001. Photochemical oxidation of p-
chiorophenol by UV/H,0, and photo-Fenten pro.ess. A comparative study. Waste
Management. 21:41-47.

Kang, Y.W. and Hwang, K-Y. 2000. Effects of reaction conditions on the oxidation efficiency in the
fenton process. Wat. Res. 34{10): 2786-2790.

Lide, D.R. 1993, Handbook of Chemistry and Physics. 73" ed. CRC Press, Florida.

Manahan, S.E. 1994. Environmental Chemistry. 6" ed. Lewis Publishers, CRC Press, Florida.

Perry, R.H. and Green, D. 1984. Perry's Chemical Engineers' Handbook, 6" ed. McGraw-Hil
International edition, Singapore.

Pignatello, J.J. 1992, Dark and photoassisted Fem-Catalyzed degradation of chlorophenoxy
herbicides by hydrogen peroxide. Env. Sci. Tech. 26: 944-851.

Saltmiras, D.A., Lemiey, A.T. 2000. Degradation of Ethylene Thiourea (ETU) with three Fenton
treatment prosesses. J. Agric.Food Chem. 48:6149-6157.

Salomons, W. and Stigliani, W.M. 1995, Biogeodynamics of Pollutant in Solids & Sediments.
Springger-Verlag, Heidelberg, Germany.

http:/fwww.h202 com/applications/industrialwastewater/fentonsreagent.html

12



