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Abstract
Kaewsichan, L., Sriyom, J. and Bunyakan, C.
Treatment of phenolic compounds in wastewater by Fenton reaction

together with CaO coagulation
Songklanakarin J. Sci. Technol., 2005, 27(3) : 591-600

A treatment of phenolic compound with fenton reaction 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 Iron 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 as follows: percent 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 of the amount of sulfate in solution and in sediment revealed that, with both phenol and 2,4-
Dichlorophenol solutions, the percent of sulfate in the solution was greater than the percent in the sediment
(86% and 69% for phenol and 2,4 Dichlorophenol of 1100 ppm) and (93% and 76% for phenol and 2,4-
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Dichlorophenol of 550 ppm). Comparison of the amount of calcium in solution and in sediment showed that,
with both phenol and 2,4-Dichlorophenol solutions, the percent of calcium in the solution was lower than the
percent in the 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). Almost 100% of Iron residual in the solution was formed in
sediments for all cases.

Key words : phenolic, Fenton, CaO, coagulation, hydrogen peroxide
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Table 1. Preparation of phenolic compound solutions, Fenton reagents and coagulants

1100 ppm 550 ppm
Phenol 2,4 DCP Phenol 2,4 DCP

Phenolic compound: 0.0118 mol/L  0.0068 mol/L  0.0059 mol/L  0.0034 mol/L

concentration and volume 800 cm? 800 cm? 800 cm? 800 cm?®
Hydrogen peroxide: 0.9812mol/L 09812 mol/L  0.3400 mol/L  0.3400 mol/L

concentration and volume 200 cm? 200 cm? 200 cm? 200 cm?
FeSO, - TH,O : weight 2.88¢g 2.88 ¢ 1.00 g 1.00 g
CaO(s): weight 259¢ 259 ¢ 0.906 g 0.906 g
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Table 2. Comparative pHs of solutions from Fenton reactions and from

coagulation processes.

Case

pH

initial solution fenton reaction fenton reaction + CaO

phenol 1100 ppm 5.98
2,4-DCP 1100 ppm 5.03
Phenol 550 ppm 5.95
2,4-DCP 550 ppm 5.33

2.06 11.42
1.93 11.95
2.10 9.24
2.22 11.30

Table 3. Comparison of sulfate in solutions and sediments after coagulation with CaO (numbers
in curved brackets are percent of sulfate in solutions and sediments after the coagula-
tion whereas numbers in square brackets are percent of sediment in comparison with
total weight of CaO using in the systems.)

Sulfate
Fenton Reaction Fenton Reaction + CaO
Case Acid solutions without Basic solutions Sediments
any sediment (filtrate)
(clear solutions)
vol. UV analysis vol. UV analysis wt UV analysis
(ml) (mg/L) (ml) (mg/L) (g) (mg/L)
phenol 1100 ppm 500 1219 500 1023 (87%) 2.53[88%] 157 (13 %)
2,4 DCP 1100 ppm 500 1198 500 833 (70 %) 1.72 [60%] 358 (30%)
phenol 550 ppm 500 453 500 379 (93 %) 0.91 [91%] 27 (7 %)
2,4 DCP 550 ppm 500 442 500 313 (77 %) 0.62 [62%] 96 (23%)
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Table 4. Comparison of calcium in solutions and sediments after coagulation with CaO (numbers
in curved brackets are percent of calcium in sediments and solutions after the coagula-
tion whereas numbers in square brackets are percent of sediment in comparison with
total weight of CaO using in the systems.)

calcium

Fenton Reaction

Fenton Reaction + CaO

Case Acid solutions without Basic solutions Sediments
any sediment (filtrate)
(clear solutions)

vol. UV analysis vol.  AAS analysis wt AAS analysis

(ml) (mg/L) (ml) (mg/L) (g) (mg/L)
phenol 1100 ppm 500 - 500 405 (38%) 2.53 [88%] 654 (62 %)
2,4 DCP 1100 ppm 500 - 500 731 (54 %) 1.72 [60%] 628 (46%)
phenol 550 ppm 500 - 500 189 (48%) 0.91 [91%] 202 (52 %)
2,4 DCP 550 ppm 500 - 500 289 (59 %) 0.62 [62%] 198 (41 %)

Table 5. Comparison of iron in solutions and sediments after coagulation with CaO (numbers
in curved brackets are percent of iron in sediments and solutions after the coagulation
whereas numbers in square brackets are percent of sediment in comparison with total

weight of CaO using in the systems.)

Iron

Fenton Reaction

Fenton Reaction + CaO

Case Acid solutions without Basic solutions Sediments
any sediment (filtrate)
(clear solutions)

vol. AAS analysis vol.  AAS analysis wt AAS analysis

(ml) (mg/L) (ml) (mg/L) (g) (mg/L)
phenol 1100 ppm 500 493 500 1.0 (0.2%) 2.53 [88%] 492 (99.8 %)
2,4 DCP 1100 ppm 500 555 500 0.2 (0.03%) 1.72 [60%] 553 (99.97%)
phenol 550 ppm 500 261 500 0.4 (0.13 %) 0.91 [91%] 261 (99.87%)
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Table 6. Comparative COD of the solutions between initial and after Fenton
reaction : Numbers in brackets represent percent reduction from

the initial CODs

Case #
Initial solution
1 (phenol 1100 ppm) 2702
2 (2,4 DCP 1100 ppm) 1345
3 (phenol 550 ppm) 1150
4 (2,4 DCP 550 ppm) 725

COD (mg/L)
fenton rection fenton reaction + CaO
248 (91%) 19 (99%)
382 (71%) 194 (85%)
219 (81%) 27 (97%)
106 (85%) 48 (93%)

Table 7. Solubility products (Ks,,) at 252C of various salts in the solutions
in which Fenton reactions of phenol and 2,4-Dichlorophenol

were taking place.

Salt Formula solubility K,
(g/100 cm? of solution)
Calcium hydroxide Ca(OH), 0.185°¢, 0.077'%¢ 4.68x10°
Calcium sulfate CaSO, 0.209°¢, 0.1619'%¢ 7.1x10°
Ferrous hydroxide Fe(OH), 0.00015'3¢ 4.87x10"7
Ferric hydroxide Fe(OH), - 2.64x10%
Ferrous chloride FeCl, 64.4'°C 105.7'00¢ -
Ferric chloride FeCl, 74.4°C 535.7100C -
Calcium chloride CaCl, 74.5%¢ 159100¢ -
Calcium chlorate Ca(ClO,), soluble -
Calcium perchlorate Ca(Cl04), 188.65%¢ -
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