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Physicochemical Treatment of Waste Water Containing Organic
Materials

Han-Chul Lee”
'Korea Hydro & Nuclear Power Co., Ltd Central Research Institute

F1ES F4T W50 BRRR Ao B AT

Abstract The production of synthetic polymer compounds and ethanolamine (ETA, a pH control agent used in
nuclear power plants) generates effluent that pollutes water. This study focused on the development of chemicals
for the treatment of effluent and processes to reduce the COD level due to the presence of organic materials via
physicochemical treatment. It was found that a mixed coagulant of FeCl, and MgCl, (1:1) was the most effective
in treating effluent and reducing the COD level. When the mixed coagulant was injected into effluent including
organic materials, the COD level was reduced by more than 80%.
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1. Introduction materials are not considered in the treatment of effluents

from nuclear power plants, it is difficult to remove these

The production of synthetic polymer compounds and materials. Against this backdrop, several treatment
ethanolamine (ETA, a pH control agent used in nuclear methods are being studied, such as the removal of organic
power plants) generates effluent that pollutes water. materials using microorganism immobilization, ultra-filtration
Oil-based synthetic polymer compounds do not exist membranes, and oxidation processes using H,O» and the
naturally and are not biodegradable. It is thus necessary reduction of the COD level using the photo-Fenton
to develop a method to treat the effluent. The petroleum, method [1-3]. Effluent including organic material has a

livestock, paper manufacturing and dyeing industries and high COD level and is not biodegradable. If it is directly

many research laboratories discharge organic materials. released into a water system, this effluent can never be
The energy industry is also a culprit. Nuclear power naturally purified and thus causes water pollution.
plants also use organic materials, which are contained in Although activated sludge processes are being used to
lubricant and anti-corrosion materials (advanced amines) treat organic materials in effluent, the material is not fully
in heat exchangers and systems. Because organic decomposed due to operational issues. Instead, it is just
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diluted and discharged. A recently developed approach to
treat effluent containing organic materials entails the use
of an electrolytic process to treat suspended and dissolved
solids at the same time. However, it is difficult to apply
this method industrially. Thus, the present study focused
on the development of chemicals and physicochemical
treatment processes to treat effluent to lower the COD

caused by organic materials.

2. Materials and Methods

2.1 Samples and Devices

PVA (polyvinylalchol), a water-soluble organic material,
was used to create the effluent used in these experiments.
The COD level of the effluent including organic material
was 900 to 2,500 ppm. Single coagulants (FeCl,, FeCls,
and MgCly)and a mixed coagulant(Fe-Mg) were used as
treatment chemicals for comparison. NaOH and H,SO4
were used to adjust the pH. A polymer coagulant (anionic
polyacrylamide), used as a coagulant aid, was dissolved at
0.05%. To maintain consistent conditions, a jar tester was
slowly operated at 300 rpm for 1 minute and at 35 - 45
rpm for 15 minutes. The SV30 was used to analyze the
sludge. The pH and concentrations were varied during the
experiment, and pre-treatment of a sample with turbidity
was not implemented for easier application in the field.
The official test method for water quality was adopted for
the COD analysis. A UV spectrophotometer (Shumatz-1201)
was used to evaluate the turbidity. To analyze the
attributes of coagulants, a dynamic scattering zeta potential

analyzer (Zetasizer 4, Malvern USA) was employed for
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[Fig. 1] Procedure for reducing the COD level in the

effluent.
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zeta-potential and nano size analyses, and a particle size
analyzer (Beckman Coulter LS230 USA) was utilized for
micro size analysis. SEM was used to visually assess the

reactions. Figure 1 illustrates the experimental process.

3. Results and Discussion

3.1 Experiment using single coagulants
3.1.1 Impact of a single coagulant

Two commonly used coagulants, iron salt and
magnesium salt, were employed. Two types of iron salt
were used, iron chloride and iron sulfate. Iron chloride is
an iron salt that is used as a coagulant in dyeing
complexes and applications that involve large amounts of
organic matter. Iron chloride is also found in the Fe-Al
mixed coagulant, which is effective in reducing the
turbidity and COD level of dye effluent [4,5]. In this
study, we used iron chloride and magnesium salt, which
are widely utilized in enhanced coagulation processes for
the efficient removal of organic matter. Magnesium salt
starts to precipitate at pH 9.5 and becomes hardened
above pH 10.5. The precipitation of magnesium salt ends
between pH 11.0 and pH 12.5 [6]. In this study, the pH
of solutions of containing magnesium salt was controlled
to remain alkaline.

3.1.2 Impacts of pH on coagulation when
using single coagulants
The coagulation and precipitation induced by
magnesium salt was evaluated; this is the most important
step in the experiment. First, a sample with a COD of
1,200 ppm was prepared by creating effluent containing
water-soluble organic matter. The pH was maintained
between 9.0 and 12.0. MgCl, (1,000 ppm) was injected,;
anionic polyacrylamide was injected as a coagulant aid to
facilitate coagulation and precipitation during the
physicochemical treatment. After infusing the coagulant,
the initial turbidity was 11 NTU at pH 9.0 and 63 NTU,
the highest level, at pH 11.0. The turbidity after the
reaction ended at each acidity level was below 3 NTU
after applying the polymer coagulant aid. At pH 11.0, the
COD level was reduced by 58.3%, the highest margin,

with the highest turbidity. At pH 9.0, the COD level was
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reduced by the lowest margin with the lowest turbidity.
We found that when reactions occur, the turbidity and
reaction effects appear to be correlated, and Mg and the

organic materials react actively.
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[Fig. 2] Dependence of the initial turbidity and the
efficiency of the COD removal process on the
pH during coagulation with 1,000 ppm MgCl,.
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[Fig. 3] Dependence of the COD removal efficiency on
the pH during coagulation with 1,000 ppm FeCl,
and 1,000 ppm FeCls.

Figure 3 shows the changes in the COD caused by
varying the pH of the effluent during coagulation with
1,000 ppm of FeCl, and 1,000 ppm of FeCls. Figures 2
and 3 show the same tendency. The coagulation range of
FeCl; is between pH 4.0 and pH 11.0, and the flock is
irresolvable in the alkaline range. However, when FeCls
was applied to the effluent, the COD level started to
change at pH 9.0 and was reduced at pH 11.0 by 15.5%,
FeCl, started

coagulate and precipitate at pH 8.0, and precipitation of

reflecting a weaker response [6]. to

the hydroxide was facilitated as the pH increased. The
COD level was reduced by the largest margin at pH 11.0,
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which corresponds with the result for MgClL,. At pH 12.0,
precipitates tended to be resolved, thus reducing the COD
level. These results suggest that the COD level in effluent
including organic matter can be reduced by treatment with
FeCl, or MgCl,. If MgCl, is used between pH 10.0 and
11.0, the COD level can be reduced effectively. FeCl, is
also  effective in  treating effluent containing
non-biodegradable organic matter, as demonstrated by the

use of FeCl, to treat dye effluent.

3.2 Tests with mixed coagulants

3.2.1 Effect of the ratio of mixed coagulants

Based on the results with single coagulants presented
in section 3.1.2, we examined whether a combination of
FeCl, and MgCl, is more effective in reducing the COD
level that either coagulant alone. Effluent was prepared
using a water-soluble polymer. The tested coagulants
included FeCl, and MgCl, combined at different ratios.
Figure 4 illustrates the COD removal efficiency for the
different combinations of FeCl, and MgCl, that were
applied to 1,000 ppm effluent at pH 11.0. Fast blending
for 1 minute and slow blending for 15 minutes were
performed. The SV30 was checked after the mixture was
allowed to settle for 30 minutes. The COD level was
reduced by 53%, 46% and 15% when 1000 ppm of the
single coagulants MgCl,, FeCl, and FeCl; were applied,
respectively, and the COD level was reduced by 56%
with use of the mixed coagulant (FeCl, : MgCl, = 1:1).
The COD level was lowered by 84% by injecting 2,000
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[Fig. 4] Dependence of the COD removal efficiency on
the ratio of FeCl, to MgCl, in the mixed

coagulant at pH 11.0.
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[Fig. 5] Dependence of the COD removal efficiency on
the concentration of the mixed coagulant for
FeCly/MgCL=1, FeCl/MgCL=1/5 at pH 11.0.

The SV30 was checked after the mixture was allowed
to settle 30 minutes. The SV30 was 20 when the ratio of
Fe to Mg was 1:1 or 2:1, and SV30 was 18 when the
ratio between 3:1 and 5:1. Therefore, the amount of
sludge did not appear to cause any problems. The
FeClr-to-MgCl, ratios of 1:1 and 2:1 exhibited the same
effect in reducing the COD level. In a subsequent
experiment, the amount of MgCl, was increased, while
the amount of FeCl, was left unchanged. Figure 4
illustrates the COD reduction after coagulation and
precipitation that accompanied the increase in the
proportion of MgCl, from 2 to 5. In terms of the
FeCl,-to-MgCl, ratio, the COD reduction effect was
reduced with higher amounts of MgCl,. In addition, the
COD reduction effect was also weakened when the
FeCl,-to-MgCl, ratio was higher than 2. Figure 5 shows
the dependence of the COD reduction efficiency on the
concentrations of the mixed coagulants FeCl,/MgCl=1
and FeCl,/MgCl,=1/5, which were applied to effluent at
pH 11.0. The mixed coagulant FeCl,/MgCl,=1 had a COD
reduction efficiency 30 to 40% better than that of

FeClz/MgClz =1/5.

3.2.2 Zeta potential and Changes in pH

The zeta potential was determined to assess the
characteristics of the mixed coagulants. The pH was
controlled using NaOH and H,SOy in a diluted solution of
mixed coagulants. The pH was adjusted from 1.0 to 13.0,
and the results are provided in Figure 6. The isoelectric
point was between pH 8.0 and 9.0 and stabilized as the
pH became more alkaline. We found that the best

coagulation effect was achieved in a pH range of 9.0 to
12.0 because FeCl, and MgCl, start to coagulate at pH
8.0 and pH 9.5, respectively.
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[Fig. 6] Effect of pH on the zeta potential of the Fe/Mg

mixed coagulant.
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[Fig. 7] Particle size distribution of the mixed coagulant
at pH 2.0.
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[Fig. 8] Particle size distribution of the mixed coagulant
at pH 11.0.

Moreover, the highest COD reduction efficiency was
10.0 and 11.0. The particle

distribution was measured with a nano size meter at pH

achieved between pH
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2.0 in a stable status. The average size was 45 nm, and
the distribution is shown in Figure 7. The distribution at
pH 11.0, which is the most suitable level for COD
reduction, is presented in Figure 8. These are the
distributions of matter where Fe and Mg are formed into
a hydroxide by OH-. The size increased from 45 nm to
2.5 pm and thus, the mixed coagulants were able to
combine with the organic materials. Figure 9 shows the
results for the FeCl,/MgCl, mixed coagulants. The ratios
are 1/1 for (a), 1/3 for (b), and 1/5 for (c). SEM-based
observations indicated that there was no noticeable

difference in the structures.

aY

(b) Fe/Mg=1:3

(C) Fe/Mg=1:5
[Fig. 9] SEM images of Fe/Mg mixed coagulants.

(Magnification : 400).

3.3 Field Test

3.3.1 Field Test Process

For the field test, the Fe/Mg mixed coagulant was
applied to an effluent containing organic material using
existing effluent treatment facilities. The pH was raised to
10.0 or 11.0 using NaOH in a chemical reactor. The
Fe/Mg mixed coagulant was injected at the same
concentration level as in the lab experiment, and the
mixture was left for 30 minutes. A polymer coagulant aid
was also used for precipitation. The status of coagulation
and precipitation was good. The effluent Iinitially
contained suspended solids, but the above treatment made
the effluent transparent. The turbidity dropped from 85
NTU to a clearer level of 3 NTU. The result of the COD

analysis was also positive. In the field test, the COD level
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was lowered by several chemicals (NaOH, Fe/Mg mixed
coagulant, polymer coagulant aid) in the coagulation and
precipitation tank. After filtering, the treated water was

tested for neutralization and discharged.
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[Fig. 10] Dependence of the COD removal efficiency on
the concentration of the Fe/Mg mixed coagulant.

3.3.2 COD reduction by Mg/Fe mixed coagulant

In the field test with the Fe/Mg mixed coagulant,
effluent including organic materials had a pH of 7. Three
COD levels were prepared: 920 ppm, 1,550 ppm, and
2,068 ppm. At room temperature, NaOH was injected to
adjust the pH to 11.0. The Fe/Mg mixed coagulant was
infused at concentrations that varied at regular intervals
from 500 ppm to 7,500 ppm. An agitator was set at 250
rpm for the first 5 minutes and at 40 rpm for a further
20 minutes. A polymer coagulant was injected to enhance
The COD
analyzed after filtration of the precipitated sludge. Figure
10 show the COD level reduction due to the addition of
the FeCl,/MgCl, mixed coagulant. We found that at an

coagulation and precipitation. level was

initial COD level of 920 ppm in the effluent including
organic materials, the level was lowered by more than
80% when 2,000 ppm of Fe/Mg mixed coagulant was
injected. However, an excessive amount of coagulant was

required to reduce the level by more than 85%.

4. Conclusion

A mixed coagulant containing FeCl, and MgCl, (1:1)
was the most effective in treating effluent and reducing
the COD level, which is increased by the presence of

bio-degradable organic materials. In the process of
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treating organic-matter-containing effluent, the pH should
be adjusted to between 10.0 and 11.0. For coagulation and
precipitation, a coagulant aid(polyacrylamide) must be
added after infusing the FeCl,/MgCl, mixed coagulant.
When 2,000 ppm of the mixed coagulant was injected
into effluent including organic materials, the COD level
was reduced by more than 80%, and the turbidity dropped
from 85 NTU to a clearer level of 3 NTU.
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