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ABSTRACT

Sewage treatment plants are social infrastructure of cities. The sewage distribution rate in Korea is reaching 94%
based on the sewage statistics based in the year of 2017. In Korean sewage treatment plants, use of PAC (Poly Aluminum
Chloride) accounts for 58%. It contains a large amount of impurities (heavy metal) according to the quality standards,
however, there have been insufficient efforts to reinforce the standards or technically improve the quality, which resulted
in secondary pollution problems from injecting excessive coagulant. Also, the increase in the use of chemicals is leading
to the increases in the annual amount of sewage sludge generated in 2017 and the need to reuse sludge. As such,
this study aims to verify the possibility of reusing sludge by evaluating the stability of heavy metals based on the
injection of coagulant mixture during water treatment which uses the torrefield wood powder and natural materials,
and evaluating the sedimentation and heating value of sewage sludge. As a result of analyzing heavy metals (Cr, Fe,
Zn, Cu, Cd, As, Pb, and Ni) from the coagulant mixture and PAC (10%), Cr, Cd, Pb, Ni, and Hg were not detected.
As for Zn, while its concentration notified in the quality standards for drinking water is 3 mg/L, only a small amount
of 0.007 mg/L was detected in the coagulant mixture. Maximum amounts of over double amounts of Fe, Cu, and
As were found with PAC (10%) compared to the coagulant mixture. Also, an analysis of sludge sedimentation found
that the coagulant mixture showed a better performance of up to double the speed of the conventional coagulant, PAC
(10%). The dry-basis lower heating value of sewage sludge produced by injecting the coagulant mixture was 3,378
kcal/kg, while that of sewage sludge generated due to PAC (10%) was 3,171 kcal/kg; although both coagulants met
the requirements to be used as auxiliary fuel at thermal power plants, the coagulant mixture developed in this study
could secure heating values 200 kal/kg higher than the counterpart. Therefore, utilization of the coagulant mixture for
water treatment rather than PAC (10%) is expected to be more environmentally stable and effective, as it helps generating
sludge with better stability against heavy metals, having a faster sludge sedimentation, and higher heating value.
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1. INTRODUCTION urbanization. Based on the 2017 sewage statistics, the

sewage distribution rate in Korea is 94%, and the

Sewage treatment plants are social infrastructure number of the sewage treatment plants is reaching
built in cities as a result of economic development and 4,072. Due to global warming and extreme weather
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phenomenon caused by economic growth, the increased
importance of water quality management is resulting
in the increase in the management costs every year
(Hwang and Choi, 2018). Korean sewage treatment
plants introduced advanced treatment facilities, re-
inforced the criteria for discharged water quality, and
implemented the Total Water Pollution Load Manage-
ment System for a stable water quality improvement.
With the improvement of sewer lines from the com-
bined pipe type to the separated type, the amount of
sewage inflow decreased. However, the actual amount
of chemical use is increasing due to the increase in
the pollutant load (MOE, 2017). As for coagulant
used in Korean sewage treatment plants, the use of
inorganic polymer coagulant, PAC (Poly Aluminum
Chloride), accounts for 58%. Although it contains a
large content of impurities (heavy metal) according to
the quality standards, there have been insufficient efforts
for reinforcing the standards or technically improving
the quality, which led to secondary pollution problems
from an excessive coagulant injection (Park, 2009).
With the increase in the use of chemicals, the annual
amount of sludge generated in sewage is 11,415 m’/d
as of 2017, which has been increasing (So et al., 2018).
Accordingly, additional solutions for reusing the sew-
age sludge are being explored, and the reuse rate has
also increased by recycling sludge as auxiliary fuel and
fertilizer.

However, as dumping sewage sludge in the ocean
is now completely prohibited under the London Con-
vention, sewage sludge is finally disposed of through
landfill, recycling, and pretreatment on land (Han et
al., 2019). Also, landfill treatment is limited since land-
filling sewage sludge has been prohibited under the
Wastes Control Act recently. For this reason, new sol-
utions for an efficient treatment of sewage sludge are
demanded. Accordingly, the necessity for sewage sludge
reduction or effective sludge-to-resource and sludge-to-

energy using various pretreatment technologies is being

raised (Choi et al., 2016). In order to increase the re-
cycling rate of sewage sludge, the sewage sludge is
currently being used as auxiliary fuel at thermal power
plants through thermal treatment processes including
drying, incineration, and carbonization; sludge-to-com-
post; fertilizer through the aging process; green soil
and cover materials; and auxiliary materials for cement
production (Yeon et al., 2016). In the case of sludge-to-
compost, however, the processing time is too long that
it requires too much land, equipment capacity, and
high cost. Meanwhile, an environmental safety issue
is being raised for the heavy metals included in sludge
for the case of using it as fertilizer (Lee, 2004).
In addition to water pollution problems caused by
global warming, the forest environment is also facing
problems due to the inflow and spread of disease and
pests. Although various preventive measures and plans
have been developed for trees damaged by disease and
pests, such as fumigation and incineration, lack of clear
treatment methods had resulted in economic loss of
forest resources. As such, it is necessary to find a sol-
ution to expand the use of domestic forest resources
by applying high-value-adding technology to unused
forest resources such as trees damaged by disease and
pests and the by-products of forestry processes, etc.
(Lee et al., 2015) Accordingly, research on torrefaction
for various types of biomass such as the analysis of
antioxidants from extracts using torrefied wood powder,
farming byproducts, and sewage sludge is in progress
(Nam et al., 2018; Gong et al., 2016). In this study,
coagulant mixture of torrefied wood powder and natural
materials is used for water treatment to evaluate the
stability against heavy metals by comparing and ana-
lyzing the heavy metal contents after injecting the co-
agulant mixture and PAC. In addition, the sedimenta-
tion and heating values of sludge produced in the proc-
esses of mixing and coagulation after injecting the
coagulants at a sewage treatment plant are investigated

to verify the environmental stability of sludge and its
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potential of reuse as auxiliary fuel at thermal power

plants.

2. MATERIALS and METHODS

2.1. Preparation of coagulant mixture of
torrefied wood powder and natural
materials

In the preparation of coagulant mixture of torrefied
wood powder and natural materials, this study selected
the same condition withthat of the preparation of torre-
fied wood pellets in the previous research (Yang et
al., 2016), which revealed that torrefied wood powder
controls negative charges and adsorbs liquid according
to the superheated steam treatment conditions. To make
torrefied wood pellets, oak wood pellets with a water
content of 12% were used. The researcher had commis-
sioned Company S located in Gumi to have torrefied
wood pellets treated at 250 °C for 25 minutes using
a superheated steam treatment system. The pellets were
then crushed witha laboratory high-speed pulverizer and
sorted to a size of 75-106 um (Yang et al., 2017).
In preparing the coagulant mixture, an inorganic poly-
mer coagulant of PAC was used. The inorganic poly-
mer compound with a structure of basic polynuclear
complexes with cationic charges is strong coagulant
for water treatment. PAC is a polymer-based coagulant
made of hydrochloric acid and aluminum. In this study,
colorless or pale yellow transparent liquid-type PAC
was used. For PAC commonly used in Korean sewage
treatment plants (10%), the concentration of aluminum
oxide (ALO3) is 10%. In this study, the concentration
was reduced to 7% to produce PAC (7%). Finally, the
test material for this experiment was made by adding
5 g of torrefied wood powder to 500 ml of PAC (7%),
which was prepared according to the mixing ratio de-
veloped in the research on the optimal mixing ratio

of coagulant mixture of torrefied wood powderand

natural materials (Yang et al., 2019) and then stirring

at 800 rpm for approximately 5 hours.

2.2. Jar test

To evaluate the stability, sludge sedimentation rate,
and sludge heating value of the coagulant mixture,
effluent from the primary sedimentation tank of
Daejeon Sewage Treatment Plant, having a high organ-
ic content in water, was collected. A jar test was per-
formed to examine the stability of the coagulant mix-
ture according to its conditions; supernatants were col-
lected with the operation conditions of 140 rpm 2
min for rapid mixing, 40 rpm 20 min for slow mixing,
and 30 min for settling. When collecting the super-
natants, they were filtered through a syringe filter hav-
ing 45 um pores. Analysis items included Cr, Fe, Zn,
Cu, Cd, As, Pb, Ni, and Hg, which are in the heavy
metal category of “The Criteria For Water Quality
Assessment (No. 2017-4)”, and the sedimentation rate
and heating value of sludge generated after the jar

test were analyzed.

2.3. The analysis of heavy metals

In order to analyze the stability of the coagulant
mixture prepared in this study, an analysis of heavy
metals including Cr, Fe, Zn, Cu, Cd, As, Pb, Ni, and
Hg, which are subject to “The Criteria For Water
Quality Assessment (No. 2017-4)”, was performed. The
analysis was commissioned to FITI Testing & Research
Institute for sample analysis where spectrophotometry,
luminescence spectroscopy, and mass spectrometry in-

strument analysis were performed three times.

2.4. The analysis of sludge sedimentation

In the experiment of the sedimentation of sludge
generated in the sedimentation process through the mix-

ing and coagulation processes of aquatic contaminants
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using the coagulant mixture, the sedimentation volume
of flocs was measured for a certain period of time
- every 1-10 min for 30 min - using a measuring
cylinder. The flocs generated after the jar test were
moved to a 1,000 ml measuring cylinder so that they
do not break. For the comparison and analysis of sludge
sedimentation with the existing water treatment agent,
the sludge sedimentation of the coagulant mixture pre-
pared in this study and PAC (10%) was compared

based on the optimal injection amount.

2.5. The analysis of sludge heating values

To reuse sewage sludge as auxiliary fuel, it must
satisfy the requirement of auxiliary fuel at thermal power
plants: over 3,000 kcal’kg. To measure the heating value
of sewage sludge, sludge settled after the Jar test was
collected and dried in a drying oven at 105 °C to
achieve water content of 10% or lower. For the meas-
urement of the higher heating value, which is the criteria
for absolute dry specimen, the value (kcal’kg) was
measured five times using the Bomb Calorimeter (SDC
series Calorimeter, YEONJIN S-TECH INC.), and then

the lower heating value was calculated.

0.6
0.5
S
£ 0.4
=
2
-]
Lj 0.3
=
g
8 0.2
0.1

Zn Cu

3. RESULTS and DISCUSSION

3.1. The results of the analysis of heavy
metals

A jar test was conducted using effluent from the
primary sedimentation tank at the DJ sewage treatment
plant. After injecting 10 ml/L of each coagulant, which
is the optimal amount based on the previous research,
supernatants were collected, and then heavy metals (Cr,
Fe, Zn, Cu, Cd, As, Pb, and Ni) were analyzed. The
results are shown in Fig. 1.

As a result of mixing, coagulation, and sedimenta-
tion processes using the same amount of PAC (10%)
and the coagulant mixture, metals such as Cr, Cd, Pb,
Ni, and Hg were not detected. It was alsofound that
higher concentrations of Fe, Cu, and As were appeared
in the water treated with PAC (10%) coagulation. The
post-test results for Fe with different types of treatment
agents showed that the average of the coagulant mix-
ture was 0.3143 mg/L, while that of PAC (10%) was
0.5647 mg/L; the latter was approximately 0.25 mg/L
higher. The results of the t-test verifying the differences
between the groups (t=-60.914 and p=.000) showed a
significant difference at the level of p <0.01. The post-

TWF natural material based coagulant

BPAC(10%)

Cd As Pb Ni Hg

Fig. 1. Comparison of Heavy Metals Stability between Torrefied Wood Flour
Natural Material based Coagulant and PAC (10%).
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test results for Cu with the different treatment agents
showed that the average of the coagulant mixture was
0.012 mg/L and that of PAC (10%) was 0.038 mg/L;
the latter was approximately 0.026 mg/L higher. The
results of the t-test verifyingthe differences between
the groups (t=-15.922 and p=.000) revealed a significant
difference at the level of p <0.01. The post-test results
for As showed that the average of the coagulant mixture
was 0.0397 mg/L, while that of PAC (10%) was 0.17
mg/L; the latter was approximately 0.13 mg/L higher.
The results of the t-test verifying the differences between
the groups (t=-22.316 and p=.000) showed a significant
difference at the level of p<0.01. According to the pre-
vious research on the adsorption of torrefied wood pow-
der (Yang et al., 2016), the adsorption performance
of iodine depending on the carbonization temperature
was 590 mg/, which was a half of the maximum acti-
vated carbon. Therefore, the reason behind merely add-
ing torrefied wood powder in the conventional PAC
resulting in the reduced heavy metal contents in the
water was because the powder adsorbed heavy metals

in the coagulant mixture and lowered the contents. As

1.20

for thecoagulant mixture, only a minimal amount of
Zn (0.007 mg/L) was detected, which was confirmed
to be significantly lower than the criteria of Zn for
drinking water (3 mg/L). Therefore, if water treatment
is performed usingthe coagulant mixture developed in
this study, the concentrations of heavy metals could
be less than half of that of the commercially available

coagulant and it will be environmentally stable.

3.2 The results of sludge sedimentation
evaluation

To compare and analyze the sludge sedimentation
rate between the coagulant mixture prepared in this
study and PAC (10%), the optimal amount, 10 ml, of
the two was injected, and the sedimentation rates of
sludge acquired from the mixing and coagulation proc-
esses were analyzed. Fig. 2 shows the sedimentation
rates of sludge at a certain time interval.

The sedimentation of sludge is basically divided
into 4 types: independent, coagulation, interfacial, and

compression sedimentations. When a uniform concen-
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Fig. 2. Comparison of Sludge Sedimentation Rate between Torrefied Wood Flour
Natural Material Based Coagulant and PAC (10%).
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tration of suspended matter is put in a measuring cylin-
der, light particles dispersed in stages are settled in-
dependently just as independent particles or coagulating
particles. If sedimentation continues, interfacial sed-
imentation occurs and a clear layer is formed on the
top, creating a distinct boundary. Finally, compression
sedimentation is caused by the weight of agglomerated
particles continuously applied (Baik et al., 2014). As
shown above in Fig. 2, the sedimentation rate of the
coagulant mixture within the first 5 minutes was ap-
proximately twice the conventional coagulant, PAC
(10%). After approximately 10 minutes, the sedimenta-
tion of the coagulant mixture was almost completed,
while the sedimentation of PAC (10%) took approx-
imately 20 minutes for completion. The comparison
of the slopes of the graph indicates that the sedimen-
tation rate of the coagulant mixture is higher than that
of PAC (10%). The faster sedimentation is considered
to be because contaminants in the water cling together
centering on torrefied wood powder of 75 um or less,
which was added to the coagulant mixture, forming

larger-sized flocs than when only PAC is added.

4,000

3.3 The results of the evaluations of
sludge heating values

To evaluate the possibility of reuse of the coagulant
mixture by comparing and analyzing its sludge heating
value, the optimal amount (10 ml) of the coagulant
mixture and PAC (10%) was injected, and the heating
value of formed sewage sludge was measured. The
water content of sewage sludge, which was generated
after the jar test with effluent from a primary sedimen-
tation tank, was approximately 90%. This was dried
in a drying oven at 105 °C to reduce the water content
to 10% or lower, and the heating value was measured.
Fig. 3 shows the results of the dry-basis heating value
of the sewage sludge.

As a result of the post-test of the higher heating
values based on different treatment agents, the average
of the coagulant mixture was 3,656 kcal/kg, while that
of PAC (10%) was 3,428 kcal’kg; the PAC group
showed approximately 227 kcal/kg lower result. The
t-test verifying the difference between the two groups
(t=7.247 and p=0.002) showed that there was a sig-
nificant difference at the level of p<0.01.
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Fig. 3. Comparison of sludge calorific value between Torrefied Wood Flour Natural

Material based Coagulant and PAC (10%).
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Before analyzing the heating values of the coagulant
mixture and PAC (10%), it is essential to perform a
drying process to achieve the water content of less than
10%. During the same drying process, the coagulant
mixture containing torrefied wood powder took less
drying time than PAC (10%). The drying process is
necessary, and it should satisfy the condition of more
than 3,000 kcal’kg to be used as auxiliary fuel at
thermal power plants. The dry-basis lower heating value
of sewage sludge produced by injecting the coagulant
mixture was 3,378 kcal/kg, and that of sewage sludge
produced by PAC (10%) was 3,171 kcal/kg; although
both coagulants satisfied the requirements of the auxil-
iary fuel, the lower heating value of the coagulant
mixture was revealed as higher by approximately 200
kcal/kg.

As a result, it was confirmed that the heating value
of sewage sludge generated by the coagulant mixture
developed in this study is approximately 200 kal/kg
higher than that of the conventional coagulant. Thus,
the coagulant mixture can produce sludge with higher
heating values compared to that of the commercially
available coagulant, PAC (10%), and the possibility
of achieving its stable utilization for energy reduction

as an auxiliary fuel is confirmed.

4, CONCLUSION

This study used the commercially available coagu-
lant, PAC (10%), and coagulant mixture of torrefied
wood powder and natural materials for water treatment
and compared and analyzed the heavy metals in treated
water to evaluate the stability against the heavy metals,
and analyzed the sedimentation and heating values of
sludge generated after the injection of the coagulants.

As a result, the following conclusions were drawn:

1) The analysis of heavy metals from the coagulant
mixture and PAC (10%) revealed that the amounts

of Fe, Cu, and As detected from PAC (10%) were
more than double compared to the coagulant
mixture.

2) The analysis of the sludge sedimentation rates
of the coagulant mixture and PAC (10%) revealed
that the rate of the coagulant mixture was higher
than the conventional coagulant, PAC (10%),
within the first five minutes, and the sedimentation
is completed for coagulant mixture in 10 minutes,
while it took 20 minutes for PAC (10%). The
sedimentation rate of the coagulant mixture was
faster than that of PAC (10%).

3) The dry-basis lower heating value of sewage sludge
produced by injecting the coagulant mixture was
3,378 kcal/kg, and that of sewage sludge produced
due to PAC (10%) was 3,171 kcal’kg; both coagu-
lants met the requirements to be used as auxiliary

fuel at thermal power plants.

In conclusion, it was revealed through the lab scale
results that using the coagulant mixture prepared with
torrefied wood powder in this study for water treatment
in mixing and coagulation processes can result in better
stability against heavy metals, faster sedimentation in
sedimentation tanks, shorter sewage process time, and
approximately 200 kal/kg higher heating value com-
pared to the conventional coagulant, PAC (10%). Going
forward, it is necessary to conduct additional empirical
studies on the application of the coagulant mixture in

actual sewage treatment plants.
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APPENDIX

(Korean Version)

WS ER s SSHAY A ¢
<YA ANYR|E} 74 7t B} A

22 : SRS BAE THEHE ASVALER 20179 S5E B4 71% T SR HEES 94%0] St
9lck F) SR el el 4 PAC(Poly Aluminum Chloride)] AHE-50] 58% Z)3k7 Qlovt PACS] A9 H47124
BEBGTS) Bl 3% B, 71 ot 1468 FLAHO] AR ol£oixA] ghob SUA et 2 A
27 ©GRAZE NI ek, E, OFEAGFO] Z7TH] ek 20174 7% A SHpseA A SeA Aol g
Pox B FHHD Yk oo ¥ AL R AR THSUAS o83 S A ERHA Fdel

£ 4R o NS B, seseiAe] Aad U SesuA BaF 3712 Ba LX) Aol gl A
WA ). Wska R AR EF-SYA} PAC(10%)2] F345(Cr, Fe, Zn, Cu, Cd, As, Pb, Ni) #4] 23} Cr,
Cd, Pb, Ni, Hgol 749 AZ5A gokow, Zno] A9 WekslR i A2 SYSHANA B 287204 1A
Zn9) 557} 3mglL2) Ao] ¥]3) 0007 mglL2 FAakk AEEIICE Fe, Cu, AsS] 49 PAC(0%)E I3t 497} HITiafs:
AN EFSUA B Hrh 29 o) HEEE AOE Ueheh Eak £ A4A B4 23 REEE A4
EFSUAZL 71E SHA PACU0%) sk Heh 26 WA AR AOR WMESEE SRSUAL FFA]
PAC(I0%)2ch 945 2102 Lfehirh. Weishal Az BSAAE Festel WAE shesaixe] A7) 49iue
2 3378 keallkgo|wl, PAC(10%) A Festel MAIE sloaein| o] 4271 ASEAFE 3171 kealkgO 2
SUA B SeALe] BAQR FHEAS RESEOL, B AN AU WeAEE AR SYSUAS A5
A9 7129 $UAMT 200 kalkg HE £ LA FEFS 0T 5 9L A v, HEelEE BYS A
o1g3tel SHUE ST A 7122 SHA L PAC0%) R FF4F thal egzoln], S5 SeiA) AAHL &
WA 2 2eXE sl B0 r o], £RQ Bho] 5T A0 BHHL

LME

StrA RS BAEE whE EAISE @A) w2k EAIE HAIskE ARIZIRAEER 20179 Skl A 71 =) skl
HEE2 94%E Il shpA e 4,0727040] gotal ek BAA ] uheh s A2 St oS AR
iid de] o] S84d3 oo whE HefuE-o] Tl Glti(Hwang and Choi, 2018). Ui sk 2]l A= g2l
2 WS A8 LEARA LY = R Ve AR 2 2 FHAIE Alsk: SR s FEjollM £574
st 9] skt Aol Al whek 74 shrd Eole o LHNEY SR A RYEE oFEe AT
o] $7FEaL JITHMOE, 2017). 5 skl dollA AR-Ee S3AlE 7713224 55412l PAC(Poly Aluminum Chloride)
o) ARl 58%S APAIBRAL Qltt. AREE= PAC(Poly Aluminum Chloride)®] 3¢ #8754 Ew=a(35%) 9] W+
el S8k 71 Ao 71ed Ao Mo FA A0l AlHR o] FolAA| oot Al Fh £ Al FEETel
ok 22} @ A7} FE L QArk(Park, 2009). FEARRT 7L wel 2017 71 QE Sl EiA] WA 11415 m/dRE
stpAE] AoA WA EE AR sleE R Ale AR S7KSo ef al, 2018)HH ShgPA] Ajolgo] et Wgte] F7h o
ST glon A Hxdr, HU2 AAGE M3t skead A9 Aolge Bt T7HEAL Sl

2 AR YAk slEA|Y sjefulEol Ao S w2/l 9 shegeiA] viH, A 3
AAE Foll 2E A= AkHan ef al., 2019). E3E 2 iAo A = SS9 Hile SISkl 37| &He] o]
FASHAL Stk AHolA miE A o] tigk dHAgol e Tk o] s skraeAle] ag el APl s H2e
o] 853l Qlek. olof TRt AP Tlae ol 8% shredAl A Ee AEE YA A&l Ardetet
ol zgte] Fa o] Al7|= il Qtk(Choi et al., 2016). slE2|A]9] ABEES wol7] A8 @A A=, &7, &9} 53
&2 QA ARlde AA s BRARR Aol &4 EH|g), i 34E T8 R SAE ¥ EEHRY
S S AME Az RUR 5o8 AHEEIL th(Yeon ef al., 2016). 1Lt Hu|ote} G- A|A|gto] ullp- dof £
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E ARG &7l AA vlE EAVE T Aol o, vlrste] AP SAUe] Fasol AAdst 3o &4
B EA7E AZIE L SItHLee, 2004).

AF-Estol] whE 2 2o ZARE oyt S AR e I U H Shate] Hit EAE WSt Sl
B TelEe] A &5 9@ a4A 5 okt YA 9 Aol %ﬂﬂ‘ﬂ AARE 2HAg A= Ro] §lo} AFARe]
ﬂxﬂﬂ EAZ 2L Sl ofe} o] WE HJJOHﬁ 3 w7H] fibe 5 vloldEe Sl AlgAel LRk 8
71&S AEsto] S AHEAr Y] o] 8 SS9k ek Ao JJROPE}(Lee et al., 2015). olo] HrEolELS AR sho]
X%%O Fibet A 24, wAbE, seeRAl &t vhol oo digh whee Qt7E X H AL ItHNam et al,
2018; Gong et al., 2016). webA & oA heoad AR EF-SHAE o867t A2 Al EF-5HA FUel
= Tudi w43 PAC 0ol W2 S-S Mal24ste] Sadirel otk PdS Brtelal, sheA il S
T & -S4 AP A P A9 A B skegeiAl BEF BkE FE 2 SHolM e A s
of HxARZH| A Aol&9 7hse HATotaAt gtk

b

2. M o

2.1, HFERIEE A SRS A Az

Aol A BHASER AR EFSHA Azl §lof RiastER-2 3EF7|A 2] 2710 uhet wheatEE o] 215}
24 9 A FA5S Hehdoks A AT(Yang ef al., 2016)9} S U7 WS} AR Az 238 AAsteinh whets}
S ARE flste] T 12%9] U EZH?J% AH8-8kA E} T2 o] SAte] o] sto] HAFT| A HAE o]-8-5to]
250 °CollA 2587 A9 wiekslea 3 Hopdlol AFAlR 4§ T&HEH7|E o]&3te] B4 U 75-106 um 7|2
o WSR-S ARS-oFglth(Yang ef al, 2017) EZL SRR AR STHA Al Al 77 28R AL
PACE ARESHGl=Hl, PACE %ol AskE 7M1 e 9714 o iOli«l TF2RE 2= B8R e e
SAAEE Yl e #4218 SR A olth PACE G4t dfulgo s the E2v A9Y SPAZ & dFolA= 74
WA g o] £rggt A} PACE ARESHGITE U] sh=a] 2] 7ol A Eﬂﬁii AHEE= PAC(10%) 9] 735 AFstdF vl s
(ALOs) TE7F 10%2] Aoz 2 AFoAe of2gt AR ulE (ALOs) =5 T%E XA PAC(7%)E Al=sH3ich
HFHog B oM 7] +yE whasHE R HAx R S3-SAQ 24 E5hHE A7(Yang ef al., 2019)914 EEH
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A FAAER AHESESIT.
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2.2, Jar test

wrekhR AR BESAA) A,
sl A 5558 do
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SO, Jar test $ WS S 9] HEEet dATl disl] L4330

2 3. ?,Z_AE’- Ekl
AollA Axgt ESHA 4 BAE S8l FE&T B4 skt oh, BA RS (oA AR
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Az oleshgon], SAmy, SRR, Ao J1718A0) o8 38 W st

2 Ao M Axd EFSHAAE o187 #F 2A9=EY S3A T8 AA AT
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RS SASHS woR stk SeiX A7 B4 AF Al Jar test o F A4E floco] XA GHES 1,000
ml v~ A2lEo] §714 Ssalgon], 712 SAz e LA A7 HTRAS 95 B AToA AL veisiER

- 280 -



A Study on the Stability and Sludge Energy Efficiency Evaluation of
Torrefied Wood Flour Natural Material Based Coagulant

AQAE EFSAL PACI0%) 2 FYFS 71208 Lo A4AS vwshe BHom A

o

ayshch

rir

2.5. €94 LI B4

s EVH wxdze] Aolg Al sheldas BaddR 279 3,000 kealkg oS TESfojop Btk S
o] Wlgg 248}7] g8l Jar test T WHH S5EAAE HFT F g0l 10% 0|7} HES 105 °C A% Qo4
Azt AAAFEA 7] 19 ek Higher Heating Values)& Z24317] 25) 2|3 ZgkA|(Bomb Calorimeter, SDC
series Calorimeter, YEONJIN S-TECH INC.)E o|8-3}o] 19|t e (kealkg)S SHHE ZAstglon, n9dtdef 24 & 29
TS Alrsto] ST

ot ==

DISKEAE 1R0A §35004 A31E S olgstol Jor et 4o, 7] 498 @72 w38 24 S
THFoR 74740 SAA 1omI/LE F%t & Fede AFiste]l 5457(Cr, Fe, Zn, Cu, Cd, As, Pb, Ni) = Z45
Zstglon], HAATE oS Fig 10] el

lo

Y A FUTFOIA PAC(10%)9} Ridatei HAf R Ed-SHAE ol8st] 3454 4
F4E 2 Cr, Cd, Pb, Ni, Hgo] A< A&7 a9kon, PAC(10%)E o] g38te] SATE 4335t AelfolA o =&
=59] Fe, Cu, As7} A== AL & 4= 9)lch A 250 we} Fee AFSAA} 231 TWF natural Material based
Coagulant®] H++2 0.3143 mg/L, PAC(IO%)——] it 0.5647 mg/LE PAC Atho] oF 0.25 mg/L ¢ =7 YEhton, =
ek 7 Aol AZah] 9okl AAE trest A3} =-609140]7, p=000 o] B2 p<0.01 A Relulgt Holt Q=
Aoz Yelgth A2A $5 71 Cull ASHAF 23 TWF natural Material based Coagulant®] 2 0.012 mg/L, PAC(10%)
9] B2 0.038 mg/LE PAC Feto] oF 0.026 mg/L B &7 Uehgon, & Hd 7t 2ol & HF57] flsto] HAJH t-test
AT} t=-15.9220] 1, p=.0000| 22 p<0.01 FEo A &-2Ju]dt Zo]7} Q= Ao 2 Yelytth As AFEHA A7} TWF natural
Material based Coagulant®] H+2 0.0397 mg/L, PAC(10%)9] H+-2 0.17 mg/LE PAC o] F 0.13 mg/L ©f =7
uvepton, & g 2k 2ol& 7\§§°P7] fleto] AAJE ttest AT =-22.3160]1, p=.000 0|22 p<0.01 FFo A fLJu|gh
o]} Q= A0 Uehgek. o] 7]20] PACO] WIS A Mo R 230 Fa4 B A7 Hih Lkt o] g

SHEShER SAHdFoll wet A AH(Yang ef al, 2016)0f W2 Bl w0 el @ 0 & FAMdFo] o S/gehe] Hxt
4521 590 mg/9] ST AIHE ECE PACY| SHataE 23k A] EF-SAA Yo EAiet= a4 el
Sakste] W Sad TS Uehd A SR fetEch sreskes dAfE SSHAY 7 Zno] 0.007 mg/L 9] A
SR AEEe Ag g, AT sEe Yes a7 YA Zn w27 3 mg/l &1 Aof Bl wje Ee
T2l AR etttk ofof B Ao et RS EE AR SFSYAE AHEste] SAEE AT F AT
A Bk Sa&Fol] disf 28 o] W sER Hrh SH0R A £AYE +YY 4 oty wdHEh

QX
2
of4

3

o

-
oyt

A=)

Tl

olo off' of

F ,
F

3.2. &ElA W74 w7 A%
Sl Alet ey AR 3
A 29k 10 mE 9% T 3
&R Y] A7 £ BAL YA
&R AL VA0 4717 F
Uﬂ“‘ﬂlﬂﬂl o= B %ﬁl@SE

ol

1412} PAC(10%)2]
Fig. 2= AAH

ol
olo
i)
=
1o
>
)
B

N

N

N

B
e
i

jus)
kl
Shd

1,
ok
N
o
§1=
fol
ot
olo

l° E“

ful
il
Ko
o rfu o
o g W
olo oiw
iy =
o
o o i ox,
o
5=)
o
o}
o2
=
o
ol
o
f
-
M
it
i)
EN]
= n2
st
o
(1
1o
T
O
it
X
(0]

gsi
lo
o o

i 9
HT ol

=)

il
o
ol
b

¢

e SHUAY 524 ?JZ}QP o
Fogt ARl 45, HEHeR Uy 5
, 2014). $]°] Fig. 20 Yef vef 7‘01 171 5 min oo} H7FEE0]
Hokn 4 ﬁ HE A Z 28] A whE SE2 Yok 202 e
SSAA Y B ol A9 HmEglen, PAC(10%)9] 7% 20 min
AT E3L T L] 71 7] v|wshy, wheehng EAAY Y4
oA 147@ 75 umo|3}9] WIS} £35S FHOR 5 efedo
Hot 388 A4 w2 Fog goyc)

wd, [HI
i rik
ol £
L
oflt r]F
S
i =

Ho

Ao 54 WE f7ﬂ°ﬂ of3) uky
o 712 SR PAC(10%)°] 1|3
o, AAAZEo] 10 min HE= 71
A Az} Tof Azto] Ao| g rE|glee
7} PAC(10%) 2t} 9431 Aoz ]’]'E]']}Tkh;]'
20| floc 27]7} PAC 9He A7 7

_?_:‘O:::
%:g
"=
o)
]

o QT

o Mo r
oM.
-10
ld

i
r[r ‘1*

T+

olo

S

- 281 -



Hae Keum PARK - Seog Goo KANG

3.3, oA UEF B7F A%
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