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Abstract

With the advantages of excellent comprehensive performance and low cost,
phenolic resin is widely used with high yield. However, during the process of
phenolic resin production, A large amount of high concentrated wastewater is also
produced, components of which are very complex, containing both phenols and
aldehydes, and the chemical oxygen demand (COD) can reach as high as tens of
thousands milligrams per liter. What’s worse, the wastewater will do great harm to the
environment if directly discharged without any pretreatment. The oxidizing ability of
Fenton reagent composed of H,O, and Fe’" is strong enough to degrade most of
organic compounds. But the domestic research mainly focuses on treating the
stimulated wastewater which contains phenol or aldehyde by Fenton oxidation, less
on the treatment of actual industrial wastewater containing both phenols and
aldehydes. Most of the water treatment methods are complex and the effects are far
away from satisfaction. The oxidation mechanism of Fenton reagent treating phenolic
wastewater has not been detailed.

In this paper, high concentrated industrial wastewater containing phenol and
aldehyde was treated by Fenton reagent combining with ultraviolet light to reduce the
chemical oxygen demand effectively. Not only the influencing factors of oxidation
effect but also the degradation mechanism of Fenton/UV treatment was proposed. At
the same time, the treatment outcome of Fenton/UV oxidation combined with other
methods was also discussed. The specific contents are as follows:

1. The optimal level of each factor in the Fenton/ultraviolet light experiment was
determined after twice orthogonal experiments, i.e. the pH value was 3, the amount of
H,0, solution was 20 percent, the mole ratio of Fe’ to H,O,was 1 to 7 and the UV
exposure time was 30 minutes. It could also be found that the COD removal rate was
improved by increasing the dosage of H,O,. When the pH value was 3.0, the
treatment result was good and the COD removal rate was 84.1%. When the UV

exposure time was 30 minutes, the COD removal rate could reach 90.1%. When the

11
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dosage of H,O, was low, the COD removal rate was obviously enhanced by
combining Fenton treatment with ultrasound and ultraviolet light irradiation, and the
COD removal rate could reach more than 90%.

2. The oxidation pathway of Fenton/UV treatment was studied through analyzing
the ultraviolet absorption spectrum of the wastewater as well as the infrared spectrum
and "HNMR of the sediment, i.e. when the hydroxyl free radicals were sufficient, it
would firstly capture hydrogen from a side chain of benzene ring with the formation
of benzyl radical compound. Then the benzyl radical compound was oxidized and
turned into benzoic acid, most of the benzene rings could be opened and degraded
into small molecules. At last, those small molecules were completely oxidized into
carbon dioxide and water, thus the COD was substantially decreased.

3. A lot of floc named cross-linking resole phenolic resin was generated when the
pH value of the wastewater was adjusted to 8~9 and the COD removal rate was 12.2%.
Polyacrylamide played an efficient flocculation performance even though the amount
was small, and the cationic polyacrylamide could combine with phenolic resin more
firmly than that of other types. The COD removal rate was stabilized at 70% when the
wastewater was treated with the alkaline condensation-PAM flocculation-Fenton/UV
method, the amount and types of PAM had no significant effect on the result. An
inorganic flocculant named polyferric aluminum chloride (PAFC) could also promote
the precipitation of phenolic resin. The COD removal rate was enhanced by
increasing the amount of PAFC. When the amount of PAFC was 1.0%, the COD
removal rate was 25%. The effect of condensation - PAFC flocculation - Fenton/UV
treatment was better than that of Fenton/UV treatment, and the COD removal rate was
94%.

4. The COD removal rate was 36.5% when the wastewater was treated by the
oxidation of potassium permanganate (KMnQ,) in acidic condition with a dosage of
1.1%, but the compounds with conjugate structure still existed. After condensation -
PAFC flocculation - Fenton/UVtreatment, most of the organic compounds had been
wiped out. The wastewater was further treated by KMnO, under either acidic or

alkaline condition. KMnQOy4 could continue to oxidize the residuals.
I\
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5. Overall, the best way to treat the high concentrated industrial wastewater
containing phenol and aldehyde was the alkaline condensation-PAFC flocculation -
Fenton/UV oxidation-KMnO, oxidation method under acidic condition, the COD
removal rate could reach 98.7%, and eventually the COD of the wastewater was only

391mg/L, meeting the discharging standard, which had not been reported before.

Keywords: phenolic wastewater; chemical oxygen demand; Fenton/UV oxidation

method
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