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ABSTRACT

With the emergence of abnormal climate due to the rapid industrialization, the importance of water quality management
and management costs are increasing every year. In Korea, for the management of total phosphorus and total nitrogen,
the major materials causing the water quality pollution, coagulants are injected in sewage treatment plants to process organic
compounds. However, if the coagulant is injected in an excessive amount to PAC (Poly Aluminium Chloride), a secondary
pollution problem might occur. As such, a study on the applicability of natural material-based coagulant is being conducted
in Korea. Thus, this study aimed to evaluate the applicability of a mixed coagulant developed by analyzing water quality
pollutants T-P, T-N as well as their turbidity, in order to derive the optimum mixing ratio between PAC and torrefied
wood flour for the primary settling pond effluent. Under the condition where the content of PAC (10%) and torrefied wood
flour is 1%, T-P showed the maximum removal efficiency of 92%, and T-N showed approximately 22%. This indicates
that removal of T-N which includes numerous positively charged organic compounds that are equivalent to mixed coagulant
is not well accomplished. Turbidity showed the removal efficiency of approximately 91%. As such, 1% of torrefied wood
flour was determined to be the optimum addition. As a result of analyzing the removal efficiency for organic compounds
by reducing PAC concentration to 7%, T-P showed a high maximum removal efficiency of 91%, T-N showed 32%, and
turbidity showed the maximum of 90%. In addition, a coagulation process is performed by using the mixed coagulant based
on 1% content of torrefied wood flour produced in this study by performing a coagulation performance comparative experiment
with PAC (10%). As a result, PAC concentration was reduced to 30-50%, a similar performance with other coagulants
in market was secured, PAC injection amount was reduced that an economic effect can be achieved, and it is considered
to perform a stable water treatment that reduces the secondary pollution problem.
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1_ |NTRODUCT|ON management costs are increasing every year (Hwang

et al., 2018). In Korea, for the management of total

With the rapid industrialization and the occurrence phosphorus and total nitrogen which are the major pol-
of abnormal climate based on this, the importance of lutants in water quality pollution, coagulants are in-
water quality in water-intake sources, streams and the jected in sewage treatment plants and the water-dis-
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solved organic compounds are processed by blending,
coagulation, and sedimentation processes. The use of
PAC accounts to 58% of all domestic coagulants.
Although PAC has a very high content of impurities
(heavy metals) on the quality standard, the standard
is not properly reinforced. Thus, an excessive injection
of coagulant increases the residual aluminum con cen-
tration, which leads to the secondary pollution (Park,
2009). While it is different for all the existing waste-
water treatment plants based on incoming water qual-
ity, in general, 1ppm of 17% PAC coagulant is being
injected sequentially, and up to 50ppm is being in-
jected to reduce the total phosphorus of incoming
water. For treated water with an excessive amount of
coagulant in the same aluminum series with PAC, the
water-dissolved aluminum ion could be flowed in
drinking water. Moreover, if the dissolved aluminum
ion is flowed in human body, it could cause neuro-
logical diseases such as Alzheimer’s, etc. (Han et al,
2016). In addition, rapid changes in environmental
laws occurred after mid-2000 that include prohibition
of ocean disposal, policy on pollution load manage-
ment system, high level processing of sewage treat-
ment plants, installation of total phosphorus process-
ing facilities, and energy self-reliance projects, etc. As
such, the domestic environmental medicine market is
emphasizing the significance of coagulant application
technology and technical management on changes in
products and pollution load (MOE, 2017). Biomass is
known to be an environmentally friendly resource that
can be regenerated in the aspect of resource circulation
(Gong et al., 2016). As such, a study is being con-
ducted on the applicability of coagulant that combines
natural materials of vegetal and mineral substances,
etc. (Nam et al., 2016). If biomass (wood, etc.) is be-
ing used as a fuel that goes through thermolysis proc-
ess and torrefaction process as natural material, the
caloric value increases due to the increase in fixed car-

bon, and the water content is reduced due to thermol-

ysis of hydrophilic functional groups (Jung et al.,
2018; Priadi et al., 2019; Chang et al., 2019; Kim et
al.,, 2019; Kim et al., 2018).

In addition, torrefaction is a heat treatment method
which applies heat of relatively lower temperature of
200-300°C in anaerobic or nitrogen environment, to re-
duce contents of moisture, acid compounds with low
calories, and hemicellulose that exist in wood bio-
masses (Lee ef al, 2016; Nam et al., 2018).

As such, this study conducted two separate studies
based on a previous study: Using a forest by-product
of woods damaged by blight and harmful insects to
analyze charge and absorption performances of
Torrefied Wood Flour manufactured in a high-temper-
ature treatment condition (Yang et al., 2016), and a
study on algae removal efficiency of paste coagulant
manufactured by combining Torrefied Wood Flour
showing a strong negative charge based on heat treat-
ment and cationic polyacrylamide (Yang et at., 2017).
The previous study combined the cationic polymer co-
agulant with Torrefied Wood Flour to manufacture
the combined coagulant showing cationic property
through surface-modification process. In addition, the
study focused on water pollutants according to the
principle of removing organic compounds which cause
water quality pollution, such as anionic organic com-
pound T-P, etc. (Yang et al., 2019).

Therefore, this study aimed to reduce the use of
Torrefied Wood Flour used by the previous study and
PAC used in the existing sewage treatment plants. In
order to achieve this, Torrefied Wood Flour mixed
PAC coagulant was used to analyze water pollutants
removal efficiency based on the mixed coagulant con-
centration to evaluate the applicability of mixed
coagulant. The evaluation items are turbidity, total
phosphorus, and total nitrogen. This study also aimed
to verify the optimal mixing ratio of mixed coagulant,
as well as possibility of removing underwater pollu-

tants through results derived from the evaluation.
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2. MATERIALS and METHODS

2.1. Test material

2.1.1, Torrefied Wood Flour (TWF)

For Torrefied Wood Flour used as the test material,
an oak tree chip for pulp with water content of 12%
similar to the one used in the previous study was used.
The material of torrefied chip was received from S
corporation in Gumi which performed a rapid heat-
treatment for 25 minutes at a temperature of 250 °C
using superheated steam. The torrefied chip treated
with superheated steam was grinded using a small
high-speed pulverizer (Wonder Blender) in order to
secure uniformity of particles. The used Torrefied
Wood Flour was a portion (Zeta potential of more than
—40 mV) with the size of 75 um ~ 106 um which is
the maximum configuration of distribution based on

particle size (Yang et al., 2019).

2.1.2. Poly Aluminum Chloride (PAC)

As an inorganic polymer coagulant, PAC is con-
figured with chemical formula of (OH,,)Cle.m]n, and it
is a coagulant in polymer series made by hydrochloric
acid and aluminum. A colorless and a lemon-yellow
transparent liquid coagulant were used. PAC is an in-
organic polymer chemical compound with alkaline
multinuclearized-ion structure having cationic charge,
and it shows a strong coagulation (Choi ef al., 2016).
A commonly used coagulant PAC was used to manu-

facture the Torrefied Wood Flour mixed coagulant.

2.1.3. Manufacturing mixed coagulant for
analyzing coagulation function based
on Torrefied Wood Flour content

In order to derive the optimal content of Torrefied
Wood Flour during the manufacturing process of
Torrefied Wood Flour mixed coagulant, this study
manufactured mixed coagulant which combined

Torrefied Wood Flour grinded through the superheated

Table 1. Ratio of mixed coagulant to TWF concen-
tration

Division 0.5% 1% 5% 10%

v TWF TWF TWF TWF
PAC (10%) 500 ml

TWF lg Sg 25 ¢g 50 g

steam treatment and PAC which is a coagulant in mar-
ket by diluting them in certain concentration. The
mixed coagulant was manufactured as shown in Table
1 below, by setting a mixing ratio with Torrefied
Wood Flour contents of 0.5%, 1%, 5%, and 10% with
the coagulant PAC (10%) in market. Moreover, the
test material for this experiment was manufactured by
adding Torrefied Wood Flour to 500 ml PAC (10%),
and mixing at 800 rpm for approximately 5 hours
(Yang et al., 2016).

2.1.4. Manufacturing mixed coagulant for the
analysis of coagulation performance
based on PAC concentration

This study determined that 1% content of Torrefied
Wood Flour is the optimal addition by considering the
organic compound removal efficiency through the pre-
vious experiment for deriving the optimal content of
Torrefied Wood Flour. In addition, in order to reduce
content of PAC to secure economic feasibility and en-
vironmental stability, the experiment in this study manu-
factured the test material by diluting the Torrefied
Wood Flour in PAC concentrations of 2%, 5%, 7%,
and 10% based on 1% addition of Torrefied Wood
Flour, and mixing it for approximately 5 hours at 800

rpm, as shown in Table 2.

Table 2. Ratio of mixed coagulant to PAC concen-
tration

Division 2% 5% 7% 10%
v PAC PAC PAC PAC
TWF 5¢
PAC 100ml 250ml  350ml  500ml
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2.2. Experiment method

As shown in Table 1 and Table 2, in order to eval-
uate organic compound removal efficiency based on
conditions of each mixed coagulant manufactured, the
outflowing water of primary settling pond at Daejeon
sewage treatment plant having a high content of or-
ganic compound in water was used. The collected pri-
mary settling pond’s outflowing water was divided at
IL in 1L beaker using a volumetric flask, and Jar test
was performed according to mixed coagulant condi-
tions. Supernatant was collected by going through op-
erating conditions of Jar test as follows: rapid max at
140 rpm 2 min, show-paced mix at 40 rpm 20 min,
and sedimentation time of 30 min. After the super-
natant was collected, it was filtered through a syringe
filter with 45 um opening, and used as the analysis
sample. Total phosphorus and total nitrogen were se-
lected as the analysis items, which belong to turbidity
and ion of general items in "Water Pollution Standard
Method (No. 2017-4),.

2.2.1. Turbidity

In order to evaluate turbidity of the primary settling
pond outflowing water and treated water, a turbidim-
eter (Turbidimeter TB 210 IR, Lovibond, Germany)
was used for the measurement with 5 times repetition
and the analysis was based on turbidity analysis cri-
teria of "Water Pollution Standard Method (No.
2017-4);. The turbidimeter has the minimum detection
limit of over 0.02 NTU (Nephelometric Turbidity
Units), and it is equipped with a light source, and a
photoelectric detector. In addition, the light source
of tungsten filament operates at a temperature range
of 2,200 K-3,000 K, the total passing distance of in-
cident light and scattered light inside the measuring
tube does not exceed 10cm, and the angle that absorbed
light by the detector does not exceed (90+30)°C with

respect to incident light.

2.2.2, Total phosphorus (T—P)

In order to evaluate the total phosphorus of the pri-
mary settling pond outflowing water and treated water,
the total phosphorus of "Water Pollution Standard
Method (No. 2017-4); was measured by using a water
quality analyzer (HS-3300, HUMAS) which complies
with Ascorbic Acid Reductionism, etc. and it was

measured 5 times in repetition.

2.2.3. Total nitrogen (T—N)

In order to evaluate the total nitrogen of the primary
settling pond outflowing water and treated water, the
total nitrogen of "Water Pollution Standard Method
(No. 2017-4); was measured by using a water quality
analyzer (HS-3300, HUMAS) which complies with
optical density measurement based on chromatography

method, and it was measured 5 times in repetition.

2.2.4. Aluminum concentration

In order to evaluate the aluminum concentration of
the primary settling pond outflowing water and treated
water, the aluminum among heavy metals of "Water
Pollution Standard Method (No. 2017-4); was
analyzed. The analysis of the sample was performed
by FITI Testing & Research Institute, and it was meas-
ured 3 times in repetition according to inductively

coupled plasma/atomic emission spectrometry.

3. RESULTS and DISCUSSION

3.1 Description of outflowing water of
primary settling pond at Daejeon
sewage treatment plant

In order to evaluate in-water organic compound re-
moval efficiency and turbidity removal efficiency us-
ing polluted water collected from the primary settling
pond at Daejeon sewage treatment plant, turbidity,

total phosphorus, and total nitrogen items between
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Table 3. Characteristics of primary settling tank
effluent in DJ WTP

Division Characteristics
Turbidity (unit : NTU) 60 + 0.7
T-P (unit : mg/L) 4.11 + 0.02

T-N (unit : mg/L) 33.785 + 0.085

polluted and treated water were measured. The result
of analyzing the quality of outflowing water of pri-
mary settling pond at Daejeon sewage treatment plant
are shown in Table 3. In the case of turbidity, it was
revealed to be not suitable with turbidity 15 NTU
which belongs to SS (suspended solid), level 5 criteria
among discharge water quality criteria (MOE, 2013).
In the cases of T-P and T-N, it wasrevealed as exceed-
ing 0.15 mg/L, level 5 criteria among discharge water

quality criteria.

3.2. Result of analyzing coagulation
performance based on content of
Torrefied Wood Flour

T-P and T-N are the representative organic com-

pounds that cause water pollution. The higher concen-

100.00
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Turbidity TN

Turbidity TP T-N
TWE 0.5% TWF 1%

tration of these organic compounds results in facili-
tation of eutrophication due to the compounds or
growth of microorganism in water. In addition, the wa-
ter quality pollution is worsened due to the leak of
toxic substances based on microorganism. The effi-
ciency of removal of organic compound according to
the content of torrefied wood and PAC(10%) is shown
in Fig. 1. The contents of Torrefied Wood Flour were
selected as 0.5%, 1%, 2%, and 5% by referring to the
previously conducted study to manufacture the mixed
coagulant. In addition, T-P, T-N, and turbidity re-
moval efficiency based on the injection amount of the
manufactured mixed coagulant was indicated.

As shown in Fig. 1, the removal efficiency of
organic compounds in mixed coagulant containing 1%
torrefied wood flour was relatively high. In the case
of T-P, the
approximately 92% was shown in PAC 10% coagulant

maximum removal efficiency of

10 ml. In the case of T-N, approximately 22% was
shown in TWF 1%+PAC 7% coagulant 10 ml. The
organic compound constituting the total nitrogen

reveals a positive charge and it showed a relatively less

coagulation effect than the organic compound of total

02.5ml
@5ml
@7.5ml
@10ml
212.5ml
215ml

Turbidity T-P T-N
TWF 2%

Turbidity TP TN
TWE 5%

Turbidity

Fig. 1. Comparison of organic matter and turbidity change depending on TWF concentration and input conditions.
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Fig. 2. Comparison of organic matter and turbidity change depending on PAC concentration and input conditions.

phosphorus showing a negative charge due to positive
charge of PAC. In the case of turbidity, it can be seen
that it shows a high removal efficiency of approx-
imately 91% at maximum, if the injection amount of
coagulant is 10 ml.

Furthermore, Jar test was performed to evaluate the
coagulant performance. It was confirmed that if
Torrefied Wood Flour is included, the flocs are gen-
erated quickly. Thus, it was determined that 1% con-
tent of Torrefied Wood Flour is the optimal addition
at the time of manufacturing the mixed coagulant for

removing the organic compounds.

3.3. Result of analyzing coagulation
performance based on PAC content

Considering the previously performed organic com-
pound removal efficiency result based on Torrefied
Wood Flour content, 1% content of Torrefied Wood
Flour was determined to be the optimal addition. Thus,
this experiment aimed to analyze the organic com-
pounds removal efficiency based on PAC concen-
tration reduction, in the cases of PAC concentrations
of 2%, 5%, 7%, and 10% with respect to 1% addition

of Torrefied Wood Flour. The mixed coagulant re-
moval efficiency based on PAC concentration accord-
ing to 1% content of Torrefied Wood Flour is shown
in Fig. 2. In addition, it also indicates T-P, T-N, and
turbidity removal efficiency based on the injection
amount of the manufactured mixed coagulant.

As shown in Fig. 2, it can be seen that the organic
compound removal efficiency is relatively higher
when 1% of Torrefied Wood Flour is included and
PAC concentration is 7%. In the case of T-P, it
showed a high removal efficiency of maximum of
91% if the injection amount of coagulant is 10 ml.
It can confirm that it shows a similar removal effi-
ciency with the coagulation performance result of the
mixed coagulant with 1% of Torrefied Wood Flour
and 10% PAC concentration. In the case of T-N, it
shows approximately 32% of removal efficiency with
10 ml of injection amount of coagulant. This result
is presumed to be achieved by a similar cause with
the previous experiment result for selecting the opti-
mal content of Torrefied Wood Flour. In the case of
turbidity, the maximum removal efficiency of approx-

imately 90% was indicated when PAC concentration
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was 7% based on 1% content of Torrefied Wood
Flour, and 10 ml injection amount of coagulant. In ad-
dition, when 1% of Torrefied Wood Flour is included
and PAC concentration was 5%, it shows a relatively
less removal efficiency than when PAC concentration
was 7%. However, with 12.5 ml injection amount of
coagulant, T-P showed 90% of removal efficiency,
whereas T-N showed approximately 32%, and turbid-
ity showed 89%.

As a result of performing Jar test per concentration
of mixed coagulant with reduced PAC concentration
based on 1% content of Torrefied Wood Flour, it was
confirmed that reducing PAC concentration by 30%-
50% could secure a similar removal efficiency with
when the existing PAC (10%) is injected.

3.4. Results of performance comparison
of organic material removal of PAC
and Torrefied Wood Flour Natural
Material Based Coagulant

Based on the previous experiments, it was deter-
mined that the optimal removal effect of organic ma-
terial was achieved at a concentration of 7% of PAC

for 1% of Torrefied Wood Flour. An experiment was
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50.00

40,00

Removal rate(%)

30.00

20.00

10.00

0.00

2.5 5.00 7.50
Dose(unit : ppm)

conducted to compare and analyze the removal effi-
ciency of organic compounds and PAC (10%) which
is a market coagulant, with the final optimal
efficiency. The efficiency of T-P, T-N and turbidity
removal of the mixed coagulant which has 7% concen-
tration and PAC (10%) coagulant based on 1%
Torrefied Wood Flour content is shown in Fig. 3, Fig.
4, Fig. 5.

As shown in the following Fig. 3, it can be seen
that Torrefied Wood Flour contains 1% and in the case
of mixed coagulant which has PAC concentration of
7% shows T-P removal efficiency similar to PAC
(10%). As a result of the previous experiment, the case
of T-P showed a high removal efficiency of up to 91%
when an injected concentration of coagulant was 10
ppm, and the case of PAC (10%) showed a removal
efficiency similar to mixed coagulant with an effi-
ciency of approximately 91% with the same coagulant
injection.

The result of T-N removal efficiency according to
the samples and input conditions of mixed coagulant
and PAC (10%) coagulant is shown in Fig. 4. In the
case of mixed coagulant, the removal efficiency

was low as approximately 32% when the injection

—PAC10%

—O-TWF 1% + PAC7%

10.00 12.50 15.00

Fig. 3. Comparison of T-P Concentration change depending on samples and

input conditions.
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Fig. 4. Comparison of T-N Concentration change depending on samples and

input conditions.
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Fig. 5. Comparison of Turbidity Concentration change depending on samples

and input conditions.

concentration was 10 ml and in the case of PAC
(10%), the removal efficiency was approximately
35% when the injection concentration was 12.5 ml.
This is determined to be occurred by a similar cause
as the result of the previous experiment. It was judged
that the coagulation effect appears to be low due to
the low reactivity of the positively charged aluminum
ion which is contained in the coagulation, and of the

positively charged nitrogen compounds that make up

total nitrogen.

The result of turbidity removal efficiency according
to the samples and input conditions of mixed coagulant
and PAC (10%) coagulant. In the case of turbidity, the
removal efficiency by injection amount was shown to
be similar to that of mixed coagulant and PAC (10%),
and approximately 90% removal efficiency was shown
when mixed coagulant was 10 ml, and approximately
92% removal efficiency when PAC (10%) was 12.5 ml.
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3.5. The concentration of aluminum in
water

The change in the concentration of aluminum in wa-
ter according to the treatment conditions of the exist-
ing water treatment matter PAC, Torrefied Wood
Flour mixed coagulant is shown in Fig. 6. Here,
Control means the aluminum concentration of the pri-
mary settling pond’s outflowing water, and the con-
centration of aluminum remaining in the water when
injecting and disposing of coagulants of TWF
1%+PACT 5%, TWF 1%+PAC 7%, and PAC 10%,
respectively. The concentration of aluminum in the
water of PAC 10% was approximately 3200 mg/L. It
shows that under the condition of TWF 1%+5% PAC,
the result was 930 mg/L, and 597 mg/L under the con-
dition of 1% TWF+7% TWF+5% PAC. It shows that
compared to PAC 10%, TWF 1%+PAC 7% were re-
duced by 3 times, and TWF 1%+PAC 5% were re-
duced by 5 times. In addition, according to concen-
tration dilution, 2,240 mg/L and 1,600 mg/L under-
water aluminum concentration shall be indicated.
However, the difference from the dilution concen-
tration is determined to be due to the Torrefied Wood
Flour micropore which was activated by the carbo-

nation process and the potential by absorption per-
3,500
3,000
2,500

2,000

1,500

Concentration(mg/L)

1,000

formance expressed.

The results of this study showed that the coagu-
lation process was carried out using the mixed coagu-
lant manufactured according to the optimal Torrefied
Wood Flour content derived from the experiment and
the appropriate concentration of PAC, resulting in re-
moval efficiency similar to the injection amount of
PAC (10%). The use of PACs for the management of
total phosphorus is increasing, and according to 2017
sewage statistics, the domestic sewage treatment plants’
sewage system supply rate is 94%, which means the
number of domestic sewage treatment plants is cur-
rently 660. Considering that the annual capacity of the
domestic sewage treatment plant is 2,304,381 meters,
the cost of injecting coagulant into the domestic sew-
age treatment plant is approximately 56,270,000,000
KRW per year. If the existing PAC is replaced by
TWF 1%+PAC 7% which was developed through this
study, it is determined that the existing coagulant in-
jection will be reduced by 30%, which means 16.8 bil-
lion won can be secured as benefits of 30%, thereby
securing the economic efficiency. Furthermore, the in-
jection of PAC mixed with Torrefied Wood Flour in
the primary settling pond can increase the size of floc

by the coagulation with the underwater contaminants

B . I
0

Control TWF 1%+PAC 5%

TWF 1%+PAC 7% PAC 10%

Fig. 6. Comparison of Aluminum Concentration change depending on samples.
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by Torrefied Wood Flour. Thus, the sedimentation ve-
locity of underwater suspended solids can be increased.
It is judged that due to the reduction of sedimentation
time, the time to stay in the primary settling pond in
the sewage treatment process could be reduced. As a
result, it is concluded that environmental stability can
be secured by reducing the concentration of aluminum
in the water as the coagulant injection amount in-

creases.

4, CONCLUSION

This study derived the optimal mixing ratio of
mixed coagulant manufactured by combining PAC
which is a coagulant in market with Torrefied Wood
Flour that was overheat steam treated. In order to re-
view the applicability of the mixed coagulant as a wa-
ter treatment material, in-water organic compounds of
T-P, T-N, and turbidity removal efficiency was ana-
lyzed when using the mixed coagulant. The followings
results were drawn:

1) The optimal condition is the 1% addition rate

of Torrefied Wood Flour in the market coagulant
PAC (10%), and the analysis result of the re-
moval efficiency of organic compound showed
that when injecting 10 ml, T-P was up to 92%,
T-N was approximately 22%, and turbidity was
up to 91%. It was thus confirmed that the mixed
coagulant developed in this study was applicable
to the treatment of in-water organic compounds
in the process of coagulation and blending.

2) According to the analysis of removal efficiency
of organic compounds based on PAC concen-
tration of 1%, which is the optimal amount of
Torrefied Wood Flour, the removal efficiency of
T-P 91%, T-N 32%, and the turbidity up to 90%
were shown when 10 ml of 7% PAC concen-
tration was injected.

3) PAC (10%) and the coagulation performance

- 481

comparison experiment allowed the PAC con-
centration to be reduced by 30% to 50% when
the coagulation process was carried out using a
mixed coagulant based on 1% of Torrefied Wood
Flour manufactured in this study. It has been
confirmed that if used as a water treatment mate-
rial using a mixed coagulant, the removal eftfi-
ciency can be secured similar to that of the mar-
ket coagulant PAC (10%).

Therefore, it can be determined that water treatment
process by mixing and coagulation using Torrefied
Wood Flour mixed coagulant developed in this study
will secure economic and environmental effects, as
well as removal efficiency similar to the existing coag-
ulant PAC (10%). Although the removal efficiency has
been verified, further studies need to be conducted on
the size of floc and the principle of the substance re-
moval according to the addition of Torrefied Wood

Flour.
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APPENDIX

(Korean Version)

£24 #7123 € g% AAS 93 vesEy
EHSUAY Bg4 BF A7

o

QA=

25 FAT AU QAT o159 WAOR WY 8] Fa43 Belulgol Frheln gl AAolck ofof e
A9 $A0EY 20 AABAY F9, $A40) Bl I3 SHEA PN SHAZ FYstol §718E Helsha ek
“12ju} PAC(Poly Aluminium Chloride)] 7 $-%17] Tt 2] A] 2% ©QRAVE 4 4 Sl ole] Tl Az
2 SYU SHAS o188 $WA AGAol B A7 AT ek webA] B AL A 13 HA1A
$E4E IAOR PACSH MIRISIRES] 22 EgI&E BE3) 918 £ 0@BN TP, TN 2 SES BAsjo] A
SYe A A 84 HHE ShaA Bk PAC(10%)9h RHEHSHE S kg ao] 1%7) Bl ZAGH T-PY] 4 At} 92%¢]
AT Eo) vhebton, T-NS| 49 oF 22%0] AAZR] et ol BRSYASH BUT Y §71870] the:
E3H8 TN AA7 2 o] 2of 7] 9 A0 BHFIch St o 91%0] AAR&o] Lehget. ofo] uiekalRE 1%7}
2 Wrhepoletan UG O, PAC SEE A3t} 7128 AAZES HAT A3 PAC = %ol T-PY 49
2) 91%¢] 2 A7 EE0| Uehon], TN B9 32%2) AAE&o| thebiteh. Bwo] A9 ) 90%2] AARLo]
Uebel) gk PAC(I0%)9} $214% MRS alste] 2 AtolA] Alzat WklBE 1% P 712004 S5
£ olg ol SUTHL 4UT H9 PAC SES 30-50%2 AR 4 900, A% SHAL SR AL 20T 4 U
il ohje} PAC Fo] AZElo] A4 AukE st 24 0d TAS AUHE A SHS ST 4 US
Zolekn Az g,

(o

LME

TA% AHJSteL o] 2 Q19 o] A7) Ao g wid 4 P s Awe 9] Fodn eugo] SHiE ot
(Hwang et al., 2018). oJo] &) ¢ +H 0o 8 A=A FQl, THL BeE sl steA Aol S3A
Fo R 7 2 FVIEES E3F-UAATAE Sl A=lEL Slrk W 3HA = PACY AMgFo] 58%E AHA|skaL
otk PACY] ¢ 2472 Eoa(Fad) ol ¢ E5oe Sk, 7|E A3t A o] Fo)2]2] got SHA
o 29 A A dFE w2 SHR dl 22; Lol et EAI7F tiFEAL QekPark, 2009). 7]E9] SharrA] 2ol A
Yol wpgt thE AN AU 02 17% PAC GHAIS IppmA] A4 02 F9Jste] Aesial glom f449 &2l
e $Jato] Hof 50ppm7HA] FYE T Qlct. FQJ == PACS 22 UFulE AF] SHYA7E Bt FelH Ao 4
% &2 Aluminium ©]20] 452 §Y8 7Fs/do] o1, 29 Aluminium ©]20] Aol f-UdE 4¢ Yxstoln
I 22 ARA Aghs fU9E 4 ItiHan et al, 2016). E3F U S RE A 20009 FHE o] % YR FA,
d SA T, seA Y A Y FAA AL A, U & ST 2k H3tel osf SAl
& 71& 9 AFY Hatel 0 Holeke] gt 71ed Bl S840l 2= JItHMOE, 2017). Hio] Lo A= AHAE
Holl A A7 A A Ao s FefA AthGong et al, 2016). oo sHolAe AL 2 FE4 24 59
AANRE Egst SHAE o] 83t $HA dgAdof st A47F M= QIrhNam et al,, 2016). EZ QI HANEZ
dEs S AXe ALE vl LU ANEA )7t ARE A W) A o R wedt S AXH, LAY
S7t& o] Skeka, 24 287159 REIE el A4S Hol iRk Eol5A Eriung et al., 2018;
Priadi et al., 2019; Chang et al., 2019; Kim et al., 2019; Kim et al., 2018). E3}, HIetsh= AR E= A4 317 of A
200-300C o] Arfr oz e 21 0] AL vhato] HaA| o] QA of EAjshs R at A dgke] A AR 4 S ER e~
S v oyx] WEE Z7MA7)= A olth(Lee et al., 2016; Nam et al., 2018).

olof] i Aol Al= 7] £8E HE 7IREC R AR AN WEH wsug ol8ste] LA R AxH RiEshEE
o] s}, S50l digh AH(Yang et al,, 2016)2} GA|2jo] gt 73t SA6HE B RIaShEET} ¢Fol 24 PolyacrylamideE

fo oft 4> X rr
my oo

of

i3

A
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Egsto] Al paste’d A 9] H2AAZE gt AH(Yang et al,, 2017)7} Z1Y S et ATF A= HHeksfEzo] ofol2
A IR SAAIE et RUAEARE T8l Yolie He £ SHAIR Ao, Fold el TP 5 229
& she 71E8E Aske dElold 2etete 5 edEdel gk dFtolth(Yang et al., 2019).

oepA 2 Aol 7] Aol AHgE ‘f&%ﬂiﬂ% 7129 st A oA A= PACY AMgEE
Aggstaizl Hiekekago] &3 PAC SRAIE o185t Ede3Al skoll mhE % L9 AAENE 24510 &S
A A% 7hsde Bristaal At BrREoRs Y, 3, FELE Uit Atk F7kE Sstol =Ed AYE
&to] ESAAY HA Euledt 5 9= A TRl HeiA ASstaat g

o[o

2.1, FAA=

2.1.1. HEtsE- B (Torrefied Wood Flour, TWF)

FARE AGE HEtshR RS 7] 238 AT SABA BRE 12%¢] WG R WS Agsigon], Folax
SAte] 9Ejste] T F71E o]-8-te] 250°CoflA 2587t A2 H4 FA et “}E}E} A& wehirol ALgsIeITt. 25714
s whekat Ao Qlakel FUHS Bush| 9fstel AHAE 43 T4E7|(Wonder Blender) ol35k0] 41 shic.

e rEelERS YRl thE EaAl 2 /391 75 um ~ 106 um =7] RPESkEE Zeta potential 40 mV ol/H o=
A z38}e] ARE3F T Yang et al., 2019).

2.1.2. Poly Aluminum Chloride(¢]|3} PAC)

PACE 7] 24 S4A 9 shtz 38HA[AICHM)Cle-minz /5o Jlom, gitat dRujgor the Z2m A2
%gzﬂo]q B 7] Sl o] Enat oAk SRS AMEEHITh PACE ofol oA Ak 71X 9l %7]4 halRke]L-9]
T2 7 B8 SRR 2T SULEE el A2 SACIHCho o al, 2016). Wkl T3S
AE Axst7] s HHEAC 2 AGEHE 34 PACE A6t E-54A1E Azt

ol

213 EEE Tl UE SIS $A8 A SHEYA Az
o g e 5

AFoM e A o2 RHAShaE S-SA AR Al WheksbERo] ARG BE5] S8 94 BESTIAE
S oH gt ‘ﬁ%ﬂlﬂ% Al -SAAR] PACE Y5 ER At &3t £ HAIE Axstoint. £-s38Ae 142
Al-SA] PAC(10%)0]l BHEESIEE 0.5%, 1%, 5%, 10%9] f3ko 2 S3tulE Aol ofefl Table 19 Uepdl vie}
o] A|&38k41AL, 500 ml PAC(10%)0]] WHEhaheig 71sko] 800 rpmoflA] oF SAIZF wiks: F3f Azl 2 AP AR
2 A8t Yang et al., 2016).

ri; =

2.14. PAC 0] 12 24 B4
= Aol o uhEksbR O] 225

AU 6 UBE B /180 AIng e 2ilel Yl 9490
197 24 7keoleta BB, o A0 PACY TS Agistel AN 0 BH egAE ;

3HEl7| o &
AYolM e WaEE 1%3871E 7IE22 PAC 2%, 5%, 7%, 10%2] =2 3]45t0] 800 rpmojlA] oF SAIZF muke:

£ o} Table 20 LiERYl who} o] Alzste] £ Awo] FAMRE AHgaIAlr,

2.2. Ayl

Table 12} Table 20f Wehdl uRe} o] Azt 7 E-5-4AY 240 w2 {7184 AARE B7HE S8l %5 77152
0] BE LAY 14T FEAE der Aone ABAGcE Hd U1 244 S84 o1
AR K B 10171 FAEAADE olshol 14 ResHLD, EUSYA Sl v o et SIS
Jar test &4 AL i,'-é‘,—ﬂ‘ﬂ} 140 rpm 2 min, $<&a8E 40 rpm 20 min, A7 30 ming AA A5AS HH AT
AT A Al 45 um F55 7H ARIA ”Eie 3l oATAT H’ﬂ*lﬂi Aot EAELS (A AT AAAYE
(A 2017-4%); & YuHEhEo] sfFshs Bes} o] 2fol sidste F<l, T4l Wl % Yokl

22.1. EF=(Turbidity)
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12} A4 a2 Ao grg Hrhep] 3l A GT A 7IEA 2017-45), 9] g £47]20] A3t
FAEe} FARA] HE7|E 2hq glo, 2 AAETHA7E 0.02NTU o)A+l NTU(Nephelometric Turbidity Units) EHe Al 2
A Fgel g2IgetET} 2,200 K-3,000 K o)A 25810 77 E 9] FARga Abgbge] & kA 27 10 em7}
YA gom, HE7o o8 4 F4dhe A=t FARR gisf (90£30)°CE @A ¢ EeA|(Turbidimeter TB 210 IR,
Lovibond, Germany)E ©]&-3ste] Z43}3lom, ojuf e 53]o]r].

222. %9|(T-P)
U A e Helesl 3ol Brial) A SRLGTANUAZC 2017-43,9) 3910 4 olAY
FAY 5L 71RO SH 2471% o gfo] 2 HRAIVI(HS-3300, HUMAS)E o §3to 243100, ofn) ket

53jolh.

223. 2AX(T-N)
1 ) 40t Hei40] Falg B 98 o

] 7]%e] —Jé BYE Z2AS 7| HO R dH= 247 0| &35lo]

HAE7IEA 20174%),0) $249] 79 Atz
2 E.417] 7)(HS-3300, HUMAS)Z o]-8-5}0] Z45}9].0.

-D’ o‘-_l

17 AHA 559 Helo] ARok S WS Slstel UL GTRNY/IFA 01745), 9 FFER F ST
BABIGOD, BAL FITI AHAFU) AREY 2isigon], §uagSet 2oy ag el tet 38yt

i
3.1, dHERRY IRIAA R85 %
el LAHAA f25olH HFRE LAE o|8a10] £5 71800 A aaet S AA R BIHE 9l
eopet A2 el g, $U, FU& YRS SHAUL. PSRN IHNHA §E0 2224 2B oS
Table 334 e}, B8] 49 39 FHAWNEF 557 712 SSCHRER) 712l AFHE S 15 NTUS 2eiA
%S AR EITHMOE, 2013). T-P2h TN 4% SHIFSU/IZE 3 553 7122 015 mgLg 2o Aoz
ek,

T L9E dske e § iR f71EEE TP T-No| A3, oY 7= vt &2 4 7=
2 QIR FIYE B T vEY A4S S50, vER d SAEE RER 8 L] Ak of
Fig. 12 Al SR PAC(10%)°] RFekel=-2o) 3ol whe f71ed A7 ago] s vehd Zojoh. whesheaiol
FRFS 7] e AR AT FaTsked 0.5%, 1%, 2%, 5%9] SHiFoR AAste EFSHAS Axstgon, Azt
S AA Y] FAFol e T-P, TN, 5= AAa&S eI

U Fig. 10 urebd vpe} o] wherghsol 1% iﬂﬂ SHAAY f7lEd AAREC] AHoR &2 23S
LeRdTh T-P2] ¢ Control?l PAC 10% 5-3A| 10 mloA o ¢F 92%2] A|A&&, T-N| ¢ TWF 1%+PAC 7%
A 10 mlol 4 o 22%9] AATLS thehfid] o)t F W42 THTH: f71280| S trehlio] Arjx oz
PACS] ost4ol oJ3) SH5HIS Bt Fl9| 71843t el Athael SHAA Eark v ekt R0 wekEc,
o] A% WA 271 EFSUA 22014 SUA FUF 10 mld B A oF 91%2] & AATES Lekd AL ¥
/\ oh:].

£ SHAl AeE7HE el Jar testE ST, WSROl 9 A 289 A7Iek Aol WEA AE=
A& AT 4 ASIT ofof wheehERe Akt ERSAAl Ale Al MRSl ool 1%Y ¢ A AHgeR
o
L

7184 AA aIpHolzta Tyt
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3.3, PAC Tl W2 $uA4E BAAn
A S WRIBHEE o] 2 §7127 AALE A0S nejstel welEy e 1%t 28 Hleoleta

=
ks, ofof] £ AglofAl = vhekskEE 1% H7keko] tial] PAC 5% 2%, 5%, 7%, 10%% %% PAC 5k o] 02
F718d AA R sl £45ka7) ek ol Fig. 24 WHASHERO] 1% Tiag 71502 PAC Fiof o &5 5444
AAEZ] disl vebd Zlojn, Alzgt TF-FHAL] FUFe] w2 T-P, T-N, B2 AA&ES ehfolck
THS Fig. 20 UER vle} zho] wlElstE o] 1% E3E|T, PAC S 571 7% A9 47124 AAF 80| Agdoz

O AL U 4 9om, T-PY A9 S FUol 10 ml U A e} 91%= & AAREe] Lehgrh ol PAC
wRHBIE o] 1% EREIT, PAC St 10%S) BR84S S8 Aot f AR AAREL tebhis 2 o 4 9lck
TN 49 S04 29U 10 mi o 32%0] A% UERhd] ol ShH S ke i) X2 e Ay AE 2set
AR el O Aoz BoEh HEo] A9 WHABEE 1% T4 71 PAC FE7k 7% A9 SHA FUF 10
mic] 4 Hch of 90%0] AAREE Lhebch 3, SialERo] 1% E3He|a, PAC SiE7} 5% 79 PAC 7% A9uch

thas A7 0] A e, A U 125 mlo|H T-P2] 55 90%2) AAZ&o] Lhebia, TNO| 49 o 32%2
A7 Ego] Lhehtom, Biets 89%2) A7 Ego] Uehttt. olo] WEBHRE 1% §9F 712014 PAC S5/t ALH &8
A S Jar test AT 23} PAC SEZ 30%-50%E A 7129 PAC(10%)E FUTF B9 S A ERS
Sud 5 98-S s,

3.4, PACSH WIRISIEE EFSA 9718 AA A5 viw 23

QA et AL Bl WRBHE 1% H71ago] o3 PAC 7%9] =L 49 HA9| 97128 A L} eheka
Besion, A3H 08 A8 Ego| et EF A AT SHA PAC(10%)2] £712 A ELL vl A
9I3 MBS Sqssict. ofel Fig 3, Fig 4, Fig St MIEBHER0] 1% FR3E /| 202 PAC 557} %9 US4
PAC(10%) SRS T-P, TN, B A7 %% tehll agolc).

ok Fig 30] Lhehd vlol o] MISHBIE Ho] 1% EqHEl3, PAC 7 el EFSAA 245 S04 Aol Z7Kel
ute PAC(10%)S AR T-P A7 B8-S tehillis 242 & 4= 9lek. 94 A8E $3) £2 © 2942 T-PY 49 $44)
F9U5E 10 ppmed A% Heh o 1%z & AATEo] Lehkon, PAC0%)S] B9 AT $A FAFlA o 91%
o AAERE EFSAL S AABR hehgeh.

Fig 4 BESUAS PAC(10%) $44) el thE TN A7 58S vhehl TeizZolch. SFEAY A5 79
10 mloA] OF 32%5 v A7 Efo] Lhebgtin, PAC(10%) 5 12.5 mloA] oF 35%¢] A7 Ego] vhefitc. of
A EEE AB AT GARE Aol 3t A0 WerHch SUA) Eabelo] Ui FASY URulFol LTt FUL
FAHE st ALAGRY WSAo] vhoh SHLI} v ek o2 wekEch

Fig 5t £3-307412 PAC(10%) 44 FUFo] T2 B AARES vhehdl e olet. erwe] 59 o] e
AP B80] ERHS AL PAC(10%) AR HROR Lhebgon], EFSUAL] 29 10 miolA oF 0%S] AATHo| Lietet
o, PAC(10%)2] 4% 125 mlolA] oF 92%2] AlA&&o] Lhebige.

wu rlr ot

35, % 4FulE 5=

71& #AAQ] PAC, Wretshai S3-38A| A2 2200 e 59 4FulE s HIke Fig 63} 2o, Control-&
12} AAHA] &40 Y2n|E =& oudts, TWFE 1%+PAC 5%, TWF 1%+PAC 7%, PAC 10% S-XAS z+z} 10 ppm
F9 9 A2 A 5o Rk EFlE 28 Yuidit) PAC 10%9] =5 4F1|E w5+ 9F 3200 mg/LolH, TWF
1%+PAC 7% 2704+ 930 mg/L, TWF 1%+PAC 5% ZZAo|AE 597 mg/LY] % &FulE 5= 27E YeRith PAC
10% o8] TWF 1%+PAC 7%= 34} &7}, TWF 1%+PAC 5% 5.58] A7E AWE Jehyon, L 8o u2w 2,240
mg/L, 1,600 mg/Lo] % 4Fu]F $E& UetjofstA|ul 314 Freto] ztol= kgl ofsf 243te wetstani
AlES 2 Aol Qe dEE SRl 3t AoR wgH

olzfgt AutgE £ AolA ARE Fo &S A wastaE ) PAC A% o uhet A xe E-SHAE
ol-gsto] FHTHE T A9 PAC(10%) SYF AR AARES R 4= YSich SUALE flste] HA}; F71ek=
PAC ARgeFo] Z7bE|aL §loH 20179 Sk B4 712 U st elde] sk B2 94%E A =1 skeafe| g
66071 2x0f Eatar Qe Aol Azt shgeA] e At Ae] &S 20,304,381m’) A T T, A7k T A e ol A2l
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A Sl TR £ 04§ oF 56,027 wkele] Dok Biefet Hlgo] iyl 08T gtk 7% PACAA £ Aol
P TWE 1% + PAC 7%2 AT 45 /1% S44) FUHS 30% B4 30%2] B 02 168222 Shustol
A BEAS IR 4 S A0w B, 7411] 2 342 ST 5 9 B okule 13 AAXOIA] HIEHehE ol
ETE PACE FUTO M NIBLE R sto] 5% 0GB WY 3] 2sto] floce] 27]F F7MIA 5 FHBAY
SRR 27 4 Gk B8 A AR AR LA RS AN % AO2 BT
ol Qlsh SUA FYHol F/Hgl uteh ot +F BFuLE SE ARS o BAH BPHS ARG 4 92 RO

N

4. Z
2 QoA Al SAAIR] PACS A7 A 29t Hieshan s E3tsto] Alzgt St AY 24 EqhuleE &t
SRSAAG A ARA ] AE HESE] A8 ERSHA A Al = 718 T-P, TN B B A48y
of sl FAsReH, vt 22 de8s =&sHih
1) Al S3AI1l PAC(10%)°f] RFERel=2 &3t vle 5 1% Hd7H&o] HAzoln, ojf o] f7]&d AAa& &4
A 10ml F=YA] 71 AALES T-P 2] 92%, T-N °F 22%, 5= o 91% 235 Yebith ofof & dA-ollA
Mgt EHeAA7E okeke] S48 A2 FAM 5 F71ed Azl A8 7hsthe Belskih
2) A9 el g B 1%E 71E 02 PAC F=of uet f7]2d A7 e 4 23 PAC F= 7% 10ml ¢
Al T-P 91%, T-N 32%, Bt%= |t 90%2] AJA&E&0] Yelsth
3) PAC(10%)2} 5445 Bl Adg o & AtollM Alxgd vesbng 1% i 7IEold EdeHAE o8t
<HEHE YL ¢ PAC 555 30%-50%= A4 4 21°E1, SASHAE olg3to] AAR AT ¢
Al %ﬂzﬂﬂ PAC(10%)E AT Z5-oF AR AZEES ST + lae FAsidlth
uehA, & Aol ARt veelEE EA-SHAE o8t EEF%Q 349 #AE #4712 SAAY
PAC(10%)2} AR A7 a8 S S8 A 9 &4 avfe JHd 5 glg 210 Akt A7 ased] diste] A3t
Rout el E rte] whE flocd] A7) 9 2AAA e ol didh F7HHd A7t 28 AeR wdHr

_‘
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