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Abstract

A Study on the Manufacture and Use of Ecofriendly
Ground Material Using Industrial Byproduct

Kim In-Soo

Advisor : Prof. Shin Dae-yewn Ph.D.

Depar tment of Environmental Bioengineering
Graduate School of Chosun University

The purpose of this study is to develop a technology for the industria
by—-products reuse by chemical immobilization mechanism than that by a
simple physical substitution of ground solidifying agent. The eco—friendly
material was developed that can prevent environmental pollution and generate
high value—added construction material in future. In addition, the hydration
mechanisms of the paper ash and the irritant were investigated. We reduced
the usage of cement for environmentally friendly reducing inorganic binders
and industrial by—products. We evaluated the sludge ash recycle paper based
on the low-recycling rate with high—performance construction material. It
minimized the pollution of land environment caused by waste, and developed
the methodologies for reuse of organic and inorganic sludge and marine

dredging sludge.

In this study, the usage of most common cement for the ground material
was highly reduced, and developed a solidifying agent for organic and
inorganic sludge using the by-products of the paper sludge ash. The
physical and chemical properties of paper sludge ash were evaluated by

ternary component analysis, XRF, particle size analysis and SEM imagination.

_iX_
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The solidifying agent was investigated by ammonia contents, compressive
strength, permeability coefficient, environmental hazard, analyses of heavy
metals and hazardous materials. The KS performance criteria were applied
and the following results were concluded:

1. Regarding for the fire resistance of paper sludge ash, the average
moisture contents of paper sludge were 58.6 ~ 68.2%, VS average was 14.4
~ 19.1% and FS average was 15.6 ~ 22.4%. The moisture contents of the
paper sludge ash were 12.0 ~ 15.0%. The grain size of the paper sludge
ash was not significantly different each other, the gap was less than 50um.
The smooth spherical particles and wave form particles were mixed, and their
incinerator classification presented 72% and 24% of coarse and fine powder,
respectively.

2. The CaO contents of paper sludge ash were 48.0 ~ 60.0%, which was
suitable for solidification of organic and inorganic sludge with high water
contents. The chloride immobilization effect of paper sludge ash was similar
with that of blast furnace slag cement regardless of chloride content, and
was superior to OPC (ordinary portland cement).

3. The acidic physical properties of blast furnace slag contained 34.0%
SiOg, 42.0% CaO, 15.0% AlO3 and 4.7% MQO in the form of fine powder.
The pH of industrial by—-product was 1.5 ~ 2.5 that used for controlling pH
of the paper sludge ash. The SOs; was the highest as acidic powder (20.4%).

4. The powder grade of eco-friendly solidifying agent was 4,000cm?/g,
and contained 53.8% of CaO, 10.8% of SiOz, 8.1% of AlOz and 7.3% of
S0Os. It was possible to substitute for quicklime, cement and iron sulfate
existing in the products, and to expect the excellent performance.

5. As the evaluation of the solidification materials as for landfill, the
concentration of initial ammonia gas in the sewage sludge was 20ppm, which
was about 20% for comparing the fire-resistance cement. In the case of

re—slurrying of solidified material, the supernatant was clear and the material
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was solidified, so that no sludge formation occurred. The uniaxial
compressive strength (30% of solidifying agent) of sewage sludge was 1.45kg
/o on the 7th day, and the permeability coefficient ranged from 2x107* to
2x10 %cm/sec. The pH value decreased to 10.5 ~ 12.0 when the acid content
was increased. The low pH of solidifying agent suppressed heavy metal
immobilization and inhibited the release of heavy metal (Cu, Cr).

6. The durability of the dredged soil was 0.9 MPa at 3 days, 1.2 MPa at
5 days, 1.4 MPa at 7 days, 3.0 MPa at 28 days, and the strength
enhancement rate at 28 days from 7 days was 2.1. The durability of marine
dredged soils was very high because it had CI resistance. As a result of the
environmental hazard analysis, all items showed no detection, and the KS
criteria were satisfied in powderiness, degree of coagulation, stability,

compressive strength and chemical composition.

_Xi_
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ULH.

Z(XNHHIIZS M)S Table 2-1
SAl 2 =

20144

(==}

HOl=2

o 22N,

g2 30

8,486ton/day2 20132 388t 709ton/day0il HIoH 2f 2% ZIIGHALCEH.

MEHIIS2 WMZ 20138NX 246t FHE BEQ=0 0l MUl £2
M2l AlgH, SAZSF HII2 Sc2tiE € HEE 23 33 529 g1t 21
Ch. OI2H =2 201480l A= SIHE ZQCH BtH AT EHISAIEAH HOI=
AHMEE 1 Hldotd XNEHEO2 =)tole Heks 20|10 QUCH 20099 2H
#0129 ANz HEHIIS2 dR= LM AHECSZ SIIGHN Z= R
LIEFSHCHY
Table 2-1. Status of waste generation by year(Unit : ton/day)

Division 2009 2010 2011 2012 2013 2014
Generation | 357,861 365,154 373,312 382,009 380,709 388,486
Total
Rate of |4 2.0 2.2 2.3 0.3 2.0
change(%)
. Generation 50,906 49,159 48,934 48,990 48,728 49,915

Domestic

waste Rate of | o5 34 -05 0.1 0.5 0.4
change(%)
. Generation | 123,604 137,875 137,961 146,390 148,443 153,189

Industrial

waste Rate of | 55 115 0.1 6.1 14 3.2
change(%)
. | Generation | 183,351 178,120 186,417 186,629 183,538 185,382

Constructi

on waste | Rate of 3.9 -2.9 4.7 0.1 -1.7 1.0

change(%) ’ ’ ’ ’ ’ ’
T 1) MEHDISS JIIEMEHIIS, ANSEMEHDIZ, SAIEMEHIISS N ZEst £=X

2) AFSZHHIEAIZHEDIIS2 NEHIISE M2AS %=X
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=W HIIZ2S S8 =L Xcl HE=S Table 2-201 UEILHRACEH 2014EF |
= HJI2 MHEEE=2 328 9,268ton/dayZ MMl HIIS LM 84.8%E BR

= (=]
Ct. =L HIOI2 MESESE0| X SIotHA HEE2 Atz 246t

otn & = Al
S 0|2 B0I1D UOH, 20144 II= MBS 9.1%2 LIEHLCH

HBIMOZ THEE 2L A2 HISS ZJiots ZAE 20ls gHe =D 0HE
HISS 2Asts =AMOICH S8l 20121 20130 2 oteSaikl, SAHHZ,
SH< SS9 HAUIE0l A 2o Mot HEE A2 L Y22 Helgaoz
MEC O HUESZS IH LA AFOICHSD

Table 2-2. Status of waste treatment by year(Unit : ton/day, %)

2009 2010 2011 2012 2013 2014
Division
% % % % % %
Total 357,861 100 | 365,154 100 | 373,312 100 | 382,009 100 | 380,709 100 | 388,486 100
Landfill 0,74 1.1 34,306 9.4 | #,06 9.1 33,68 8.8 | 3,64 9.4 | 35,3hH 9.1
incinerat
. 18,518 5.2 | 19,511 53| 20,88 5.6 | 22,848 6.0 22,918 6.0 | 22,420 5.8
ion
recycle 2,57 | 81.7| 34,381 | 83.4| 312,521 | 83.7| 32,419 | 84.4| 319,50 | 8.9| 30,28 | &4.8
Sea area
. 6,92 20| 6,%6 1.9 587 1.6 3,04 08| 2608 0.7 1,423 0.3
discharge

= AIHEHIIZ S NEHIISE Mg,

ASE BHEAEA HII22 BHMdE & &g 729 3ot S0l et X 1
240l Sototes 012 2010 UCH AMEBEBHEAEA HII=S2 2l AN
2 SHIE XclE ®Iote SHt2 AIAE 2 MBEEDIS 28 Me s2 O
st MO0l 2EE D ACH stE AISHHHSAIEZH HYI=22 HeEEES B8 =
II=ME ULt Table 2-33t Z0I, 2014E D& AL E IS AIZH HIOI=S

7.3%2 HMEUH 1.9%p =t5t%CH >
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Table 2-3. Waste recycling status of the facility discharge facility(Unit : ton/day, %)
2009 2010 2011 2012 2013 2014
Division
% % % % % %
Total 123,604 | 100 | 137,875 | 100| 137,961 | 100 | 146,390 | 100 | 148,443 | 100 | 153,189 | 100
Landfill | 27,587 | 2.3| 23,30 | 16.9| 2,087 | 6.7 21,802 | 49| 24,60 | 6.6 24606 | 16.1
'”C:gﬁrat 696 | 56| 7.98 | 58| 837 | 60| 950 | 65| 930 | 63| 87 | 57
Recycle | 8,15 | 66.5| 99,627 | 72.3| 100,780 | 73.0| 111,974 | 76.5| 111,857 | 75.4| 118,363 | 77.3
cfiesiha;regae 692 | 56| 6% | 50| 587 | 43| 304 | 21| 268 | 17| 148 | 09
Table 2-42 20| 20143 A&LHII=2 MEEEE2 97.9%=2 MM =H UEIL
D UCH DL HEHIIZ2 HEE 2= UREE SEM, 48 S2 =8
EEZ 2D UASH, AFERL FHEQ QlAN AMED|IZ2 &2 ZHOILE 2
delEg &2 S 20 DRI 2229 MMl WEHEES 2 30.3%
& 0I0I8 +=Z0ICt. Olo H2= 2005E THEHIIS2 MESEIH 28 HE,
L olRHES MY ANBESECZMN HAEHIIS HWEE SIS {8t IS Otdsts
StH =83 20 S2oS HEE Tt AEHIIZ22 MMHEs SE 2C
DEIIIX 20 2O2 255t QU7
Table 2—-4. Status of construction waste recycling(Unit : ton/day, %)
2009 2010 2011 2012 2013 2014
Division
% % % % % %
Total 183,31 | 100 178,120 | 100| 186,417 | 100 | 186,629 | 100 | 183,538 | 100 | 186.38 | 100
Landfill | 27@ | 15| 220 | 12| 258 | 14| 418 | 22| 332 | 18| 2% | 1.6
'”C:gﬁrat 128 | 07| 919 | 05 9 | 05| 107 |05 124 | 07| 9B | 05
Recycle | 179,276 | o7.8| 175,001 | ®.3| 18282 | B.1| 181,4% | 7.3| B,%0 | 75| 81,41 | 97.9
Sea area _ _ _ _ _ _ _ _ _ _ _ _
discharge
ZdiGiES X0 LS BAR IS oS
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Table 2-5. Status of waste treatment by subject(2014year)(Unit : ton/day)

" : Incine Sea area
0,
Division Total Rate(%) Landfill P Recycle discharge
Total 388,486  100.0 35,375 22,420 329,268 1,423
icipali 40,240 10.4 10,970 12,144 17,126 0
Total Mun|C|p§I|ty
waste Processing 311,400  80.1 16,913 7,919 285146 1,423
company
Self-processing 36,846 9.5 7,493 2,356 26,996 0
Total 49,915 100.0 7,813 12,648 29,454 0
. Municipality 34,883 69.9 7,068 11,594 16,221 0
Domesti :
c waste Processing 14,756 29.6 745 1,052 12,958 0
company
Self-processing 276 0.5 0 1 275 0
Total 153,189 100.0 24,606 8,797 118,363 1,423
. icipali 3,063 2.0 1,607 550 905 0
Industrial Mun|C|p§I|ty
waste Processing 115,424  75.3 15505 5891 92,604 1,423
company
Self-processing | 34,702 207 7,493 2,355 24,854 0
Total 185,382 100.0 2,956 976 181,451 0
Construc Municipality 2,294 1.2 2,294 0 0
tion Processing
181,221 97.8 662 976 179,583
waste company
Self-processing 1,867 1.0 0 0 1,867
— 7 —
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2.1 NIRIEN D3t

AMHEN Dotle F2E Pt &0 ME6H| R0 20l AF=ZE 0 T
ZEMH= AIME(Ordinary Portland cement; 0I5t OPC)= 1,400CEHEZ2l D201 M
HZEotedl, ZEHE AMUE 1ton M=dt= O < 1tonS OlAtSHENADE BHSEIC
E5t Relttetel H2t AIHE AHIEE 26,0008 tonOIH |Z2Ql A3A0] &
7,0008F ton® IHZE =0, A3 HEHEHES 2 402 ton0lE22 0l 22 FAHet
o ABIE JjEase 504 He2 ofasct”

Table 2-6. Coal consumption and carbon dioxide emissions from 1 ton of

portland cement

Division

Conversion quantity

Carbon dioxide emissions

— Carbon Dioxide from Decanoic Acid: 0.52ton

— Carbon dioxide from coal combustion: 0.32ton

- CO. from electricity generated from thermal power
plants: 0.1ton over

Other gas generation during

coal combustion CO. SO« NO:. Dust
Required heat capacity 4GJ
Coal consumption 132kg

Carbon dioxide from coal
combustion in cement Kiln

Carbon dioxide from coal combustion 2,418kg
2,418x 0.132 = 320kg

OPC=

OD:IO'
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Unloading

Weigh-in

Waste transport

vehicle

Spread

Cover

After car wash

Process of sewage sludge treatment.

Fig. 2-1.
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Fig. 2—-4. Mortar mold picture.
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Table 2-7. Research Trends of Chemical Materials Using Industrial Products

Research subjects

Author's

Summary of Research Results

Physical-Chemical
and Pozzolanic
Characteristics for
the Recycling of
Incinerated Pulp
and Sewage Sludge
Ashes

ju, so—young,

etc 2 person
(Korean

geotechnical
Society.
2003)

In this study, the physical and chemical
characteristics of incinerated pulp and sewage
sludge ashes for recycling and reuse were
examined. Then we studied the application to the
cement admixture by pozzolanic reaction. The
particle size of incinerated pulp and sewage
sludge ashes was distributed around 10~100y,
and the contents of SiO, and AlOs were
45.8~51.0%, respectively. Compressive strengths
of the solidified ashes were relatively higher,
when the content of substituted incineration
ashes was 10% and the porosity was also lower
except for the case of sewage sludge ash. As
results, it is shown that it may be possible to
recycle incinerated pulp sludge ashes as cement
admixtures(ju, so—-young, 2003)

Convergent Study
on the Preparation
of Sludge Modified
Soils
of Inorganic
Consolidation Soil

Doo Hee Han
(ITCRI,
Chungwoon
Univers)ity,201
7

Inorganic stiffening agents were prepared by
mixing paper sludge incineration ash, blast
furnace slag fine powder quicklime, anhydrous
gypsum and fly ash. The main components of
the solidifying agent developed for sludge
treatment were SiO, Al203, TiO2, Fe203, Mn203,
Ca0, MgO, Na20, K20, P. O and SO3. Unlike
cement, the developed solidifying agent did not
contain Cr6+, which is known as a
carcinogen(Doo Hee Han, 2017).

A Study on the
Reusability of
Incinerated Paper
Mill Sludge Ash as
Cement Additive

ju, so—young,
etc 4 person
(Korean
Environmental
Hygiene
Engineering
Association.
2003)

The purpose of this study is to examine the
effect of stabilization disposal and recycling on
incinerated paper mill sludge ash as cement
additives. It was investigated chemical(pH. ICP,
TGA XIID) and physical (PDA. SEM) When the
ash contents as cement additive were varied in
Oof cement weight to explore the effect of the
compressive strength on the solidified cement
mortar, the proper amount of the incineration ash
substituted was about 5-10%(wt). Therefore we
found thal using the incineration ash as cement
additive obtains the recycling of waste material.
the stabilization disposal. the reduction of waste
disposal expense, and the protection of
environmental problem. too(ju, so—young, 2003).

A Characteristic
Study on Diffusion
and Control of Odor
in the Solidification
Process of Waste
Water Sludge

lee, wha-sun,
(Kyungpook
National
University,
2013)

The dewatered sludge with water content of
about 78% was from a sewage treatment plant.
As additives lime, portland cement and synthetic
additive which the mixture of cement, gypsum,

lime were used. The bottom ash from a
domestic incineration plant was used as
co—additives. By addition and mixing of high
alkaline additive having wert of above pH 12 and
dewatered sludge, the high concentrations of
odors were diffused. The major odors were
consist of ammonia and aminelee(lee, wha-sun,
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Korea, 175

Canada, 225

Finland, 220

Germany, 240

Fig. 2-5. Annual consumption of paper per capita.
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Fig. 2-6. Annual amount of paper sludge generate
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Table 2-8. Recycling plan of sludge type
Type of sludge Recycling scheme
. Composting, feed, ethanol fuel, sorbent,
Dehydration Fiber sludge sorbent, and absorbent
sludge Inorganic Materials for walls, press board material,
sludge building board material
Rubber filler, soil stabilizer, lightweight
fly ash aggregate, artificial aggregate, paper filler,
Incineration cement enhancer.
sludge . . .
Carbonized Insulation materials for steel, manufacture of
sludge activated carbon, and rust—-looping
3. MXIscfXl A2
MXIESHK A2 (Paper Sludge Ash, PSA)= HAl ¥ 2M&ES 260 E=Z
£ MZXotle SHOUAN 2Mel= HEE XelotHAN MAD=E s2XE A28 A
O A A226IHA HIAN =2 HIYME KIS0 HA0N 26t e 42
SI1H HoI=22 LSO0ICH MK HAMBUHAN LME= HASHA 22 =
ANHE?S J|AZ E£= HAIEM, 23 SHMAN, F]E, =sME, XHO|HO|
sz 24N el z220= dtz==X2 NsHeE /st otx==2HAl 135t
Mol =2 M MASIE AIGHH 0| AI2ED QUCH dte==2 X2 1DdHel DI
=2 & XE HMalol)| et SEHoezZH HELJUCH, M =HKXN0 MAFE =
Qs 22| OtASH BAEE LUSHH, 0 WA MAD = DSxel22 S4F O
X0 =SAH=EWR A=Y
MXE=HX 22ZMHeE Mo SEUHA SHHEZ 2MEHsE ZE H+ZE Xlldle
WHUAN RASE 2= HeEHelsd A s2 A2t A2ME sttt JU
HX MAAHOAAN SME = HASHANA2ME HASHK HLSEHOO| A2H0]
Otel SBO|Mat S MBHY 2H &M= JEF HOIZ2 &, HEedsAl, HSM S
2 g =8otld Aot 2MEE Hez SOIE AL
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Fig. 2—7. Status of paper sludge ash by year.
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Fig. 2—-8. Status of paper sludge ash by treatment method
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4. HIXlsciXle =

SAMMK MX AKX HEE AF2= 0 20 0 Z2H™AM MEZ 20 U
MA=AX SN LE= A= 2CEL AMUHES S5HH, A8 24
of ost @Y HME MEz8 ZctA8 SEM L AT, 40U AIME HEo 2I)
S EHIH S92 O2s 20t 3320 HRel, Ed 2242 MEx U
JIEZ 23CE 78 ZREE S22 ML HXN=HANE L2 MEEot] U
Xet M&= dl=0l 0/0lotH, MXs=HXel A 2ol &8 AL EHlst
HE Sol HEeZ HEE Jiset 2d8Hs 2M6t0 UL HX=HX= pHIL
SH0IH 20 €A SN 2= RIIE % 420 =0 M5 BHES4H0| 2=
PI2o HEMW ERES 0| g8Rot] Us A0l SHOICL[EZ 60%, SEX
(Talc, CaCOs) 40% Higz= ?4] &012 E4= &tLt= Ch3&(Porous)2l X2
Ol AOI0 BHAMEI =2 SEAHE ot LEE =010 S22 22, SHM

O OIMEAS SRAIH D=, 028t 29| xI| =X M (Fille2 =2 E
AH2H & (CaCOs) I € A(Tale TiO, S0l &EJIECt 0
ol MXIZS21X2 ES0l CaCOs, Pulp, Talc S22 AL QUCH >

:Q
é
N
OW
0
LY
4o

Aot oz A5 A (limestone)0let S0, Al S& EarZsn 24 EHAHZ
522 A== I HEE0l 22 CaCOs= MAl SAMZ AIZ2E = Otu
ct SctAE 38, HE &g, 12 38, AHE &Y S0l CHeotH AFERE L
UCH EHAIZE0| OIZst &S HIEHEO0 €& dHIg SOtotil €.t del 01
St= HIEEEO ZItE *0 Ottt Y NHEHE F4otd U= 0l=2 e I8
£ dUACZ SIIAIZICH =, EHAAE2 DI MEeH EHE RFHote 0]
22 "HIE0l 3 SototHl &1, [etd 0le SEel 23E F4dote Olz2 2
g0l BHEO sstHoz SEet it =0 Z2EWR 8 e 0l2s SO0
2080 1 022 giHRES2 02 6JHZ2 ScIMH JASH, 82 022 3 gt
tolz2ez 12l sl &Mots 0lz2 UE 442 Btiol2ez S2MH U
Ct. 0 3% 0l2s Fdole tifle== 22 3, 401 22 =Z3tzs 22 3,
2(6-3=3, 6-4=2)0t €Ct. Z&2 SZstTIt =0IXY S840l 3D S5
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(B1H)Z I HXH S+ AEHDE =ICH EFAMZSEO0I = M M=5t &
Of EHAQ| SOiEl] EHIH 0|22 B0l &SIt SAINl 0l &2 Z2E 9
XTI =2 HEHIHE 022 HIs0| AtEe=z SIictH 884, s&s, 7
=z 50| #Mal SItekAH =L,
Table 2.9 Physical properties of calcium carbonate for paper
) Precipitated
Division Calcium carbonate .
calcium carbonate
Not more than 2 um of the
] 90 95

correct diameter.(%)

Mean grain size(um) 1 0.1~0.2

Apparent specific gravity 0.8 0.4~0.5

Degree of white 95 More than 95 More than
pH 9~10 10 Less than
Oil uptake(m¢/100g) 40 More than 50~70

Specific surface area(m'/g) 6.5~9 6.5~9

(2) Talc(&A)

SN2 SR 0SS 2=2 KM Trioctahedral EEiS 3& XS =&
AZ2=0I0, =2 2&E9 ZEctA8el ZEH, JIAHL 20tH, M, 12, &5,
BiAolZ FHE, IES2 MEE AMEEZHL HXS Filler2 AF2EI0H SZLSEN
O] Talce &4l DEAH0| 20HH, Talc2t 22 FI| EIMHIIOE &2 X2 €44
Y L2 stAA2I0HD B0 dF QUL
Table 2.10 Physicochemical properties of talc

Physical state solid, Powder specific gravity 2.5~2.8
Color From white to gray Solubility Insolubility
molecular formula Mg3SI1:010(OH)s pH Basic
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3) X (Pulp)
IHQo =@ Hd22 MHARZXO HAEZ2222A(cellulose)lt. ZAE222A09| J|=2

1OHel 11Xt =412 2JH2 2Kt

—

O

= B-D-anhydroglucopyranose 0|, Ol=

£ AL AN =2BES Sol d=22 Z8S 2220 Pulps HEEHA

ju

A
T

s
U

0D OSZE01D 20 S50l 2ot E+=2XMHZ 012X &

=)
8

‘Tale Pulp
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0% SHYEIle M SXEACL D2l 102Hon/day 72 0142 StHel RS
SAME0l BNED TS HES X ot Al 882 75%01UE SI8EHSE
S ot UCH A= HIE SHE HAE 0%, A2t 29%, S 1.5%, W
69.5%S RE=Z SFEI0 FAGID USLE, HMelold Haleh S2iX Lazr =)
2 HMelHDt (B 13.6%=2 ZSotD 2 22 HjE Sdtete € 10 M
{=40] ZAISH AFOICH Metd BiEZeiXel FMAO0ID S8 Hels <l
FOIQUIUX Mo, NAHE Xel™ S MNatst Hel3y 43, 25 SN
WEs <X 22 S UYst st IMS FL0A Oistn ASL, SEHe
2 H2UOAL HAES M0 et 45N (Hor2 2EE A%

1. =W stk 2Y 2 X

2 Z3otHelAld = 500ton/day 0142 & 5690440/, 015 DEXMelB
HOZ 2HEE AES 501042 o 88%0ICH HE AIZS2) Ald &, R
St=2f 1t HHE =2ot20l RES|I St U0 ¢2b & St=Heldlgol N&EXe
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Table 2—11. Domestic total sewage treatment facility and sludge occurrence status

Division 2008 2009 2010 2011 2012 2013
Total population
(A thousand person) 50,394 | 50,643 | 51,434 | 51,716 | 51,881 | 52,127
Population using sewage
treatment facilities 44,631 | 45,264 | 46,357 | 47,033 | 47,537 | 48,016
(A thousand person)
Supply rate(%) 88.6 89.4 90.1 90.9 91.6 921
Sludge treatment facility(A site) 403 433 470 505 546 569
Sludge generation volume
(A thousand ton/day) 7,719 8,295 8,295 8,482 9,930 9,675
Sludge throughput
(A thousand ton/day) 7,718 8,286 8,438 8,481 9,884 9,671
ot=Xel SEONA ZME= AHSHAA MESHA 22 X R G2
o 1~15% A0 Ol dUH=SHAIIF RS2 XHXAISHCE =2 X D€ SS9
40~90%= KIS0l =82 97~-99% FE=Z B HIol=dl E2 2HEO|
QUCH L&, =Xl & UHE2 RII=2 =20l =286t 2ot g0 2 Al
UM 22 OIFY MBS0 RoHE SHOl LAME > UCH AMY ZRE
OFD1 AlZ 2 ict.”
Table 2-12. Type of sewage sludge
Sludge type Characteristic Solid
ge b density (%)
Raw sludge Grey, sticky, strong odor 4.0~10.0
Surplus It smells brown, dirt, and can be digested by mixing it with
o 0.8~2.5
sludge plain jade or raw sludge.
Mixed Generation of mixing in the mixing and distribution tank before
N ) 0.5~1.5
sludge mixing concentration of raw sludge and surplus sludge
Concentratio Raw, Extra, Mixed Sludge Reduce Sludge Before Digestion 2.0~8.0
n sludge
Digestive Sludge that is concentrated after anaerobic or aerobic
) ; 2.5~7.0
sludge treatment is a dark brown color with a large amount of gas
Dehydration Purpose to reduce moisture, transport and incineration and
sludge final disposal of sludge
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Table 2-14 Reuse Status of Sludge in U.S.A

Total Compost ing Reclamation | Incineration Aridity Etc
100% 47% 27% 16% 6% 4%
2.2 /8
78 Hd 2SS W22 otk 2 L Xl s 4o 2
HHHCZ 9 36.4%It =s3X S0 MEEZD ULH, 41.6%IF SA0ME, A2
10.9% & OHYED| 5.2% HIE22 H2=Z ZAMEUCE =HX MEE HI=0] =2
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ML O 5 & 50%IF s3X &£ E20AM MEBEED AL 30%= HLFIIE
AAISIA 2L, 98E OIFRHE= HLHE= A AIGHA 2210 UL
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Fig. 2—10. Utilization status of sewage sludge in European.
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Table 2-15. Reuse Status of Sludge in Japan

) Effective
Total Reclamation o . Etc
utilization
1,710
. 1,037 567 106
(Kiloton/day)
(100%) (61%) (33%) (6%)
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Table 2—-16. Criterion of landfill materials by country

Element Korea Japan U.S.A.
Ho 0.005 0.005 0.2
Pb 3.0 3.0 5.0
Cr Vi 1.5 1.5 5.0
Cd 0.3 0.3 1.0
Cu 3.0 - -
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Table 2—-17. Status of marine dredging by year

|O
HU
N
=
S
S
i
o
ol
12

Vear A place Dredging(m) DredgiTg Investment amount
area(m) (thousand won)
2000 25 5,151,239 2,165,838 40,682,738
2001 40 12,582,067 3,635,748 96,403,751
2002 38 24,025,680 5,757,015 152,289, 183
2003 41 22,016,804 5,837,653 130,813,890
2004 33 34,171,875 8,807,185 140,155,925
2005 30 40,755,292 12,160,312 177,300,566
2006 40 34,563,234 8,901,376 142,373,840
2007 36 21,226,056 7,835,601 120,526,489
2008 61 25,980,090 9,973,317 150,116,092
2009 60 21,507,725 7,484,284 129,564,059
2010 34 18,971,966 5,081,957 160,489,816
2011 50 31,195,833 11,591,845 228,265,561
2012 51 21,140,859 13,663,746 197,184,943
2013 21 7,454,444 4,488,577 60,151,829
2014 30 9,874,894 3,476,159 77,448,621
2015 14 28,259,405 10,080,956 154,526,561
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Table 2-18. Use and criteria for recycling according to legal status and
division of dredged soil
Legal Definition Clas§|f|cat Recycling Recyclﬁng
status ion use criteria
Constructio Enforcement
n waste
rock Decree of the
Article 4 of Waste
Decree of .
Construct | Dredaing sand | | the Act of | Act. Article
generated during | CONStIUCHIO b e blic | 2, Part |
on waste . n sludge
construction of Korea Enforcement
Rules of the
Soil and
Etc
(Organic
sludge) Waste Management
strial Dredging sand |2?ﬁif2:0 Act Enforgement Rule
generated outside 9 Asteriors 16
sludge . Organic
of construction
sludge
Natural dredging
sand did not come .
Natural Ordinary . . .
from the purpose : No recycling criteria
state . soi |
of removing
contaminants
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Table 2-19. Considerations for the use of dredged material in

materials(PIANC, 2009)

construction

Environmental

Engineer ing

Cost

Division urpose Necessary skill : ) g : : )
ST 4 considerations | considerations | consideration
Foundation : Residual )
) . . Additional
Sand * Road Separation of sand contamination, )
) . ) Survival Cost to
(Lower-tech | < Railway via the lagoon and chloride / salt ) )
. . . I ike | ihood Analyze and
nical) » Parking area the sieve content. Manage
* Building Excitability
» Water
Sand distribution | need to get a Low residual Probability of ReS|du§s are
(Advanced layer tech Sand pol lution line and waste expensive to
technology) | * Concrete separation by add
* Asphalt
Sand . g?é?;ibution Wix of the ragun Residues are
stratum treatment and the Low residual Probability of
layer ) ) ) expensive to
a bed of maturing treatment pollution I'ime and waste
cla » Concrete of clay in sand add
y * Asphalt y
Agaregate Foundation
or * Road Chemical Residual
: * Railway fixed-and-Stabiliz ) Crackability Additive cost
Firm ) ) pollution
landfill ation
Stratum .
capping
Aggregates » Lightweight Positive Effect
(light concrete Heat fixation No residual of Sulfate Excess energy
)  Lightweight (1000-1200C) pol lution Reduction costs
weight) ) )
foundations Bacteria
. : BU|Id!ng ) ) No residual No residual Excess energy
Brick materials Heat fixation ) .
pollution pollution costs
* Road
* Bankrub
. Zﬁgg;kments The
. Mechanical Residual Residual dehydration
Clay for river : . )
bank dehydration pollution pollution process for
protection clay
* Road base
Artificial | A bank in the . .
Heat fixation Expensiveness
basalt sea
Cement Mor tar Heat fixation Expensiveness
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Table 2-21. Criteria for soil pollution concerns(2017)

Division X< 2K <= 33X
Cadmium 4 10 60
Copper 150 500 2,000
Arsenic 25 50 200
Mercury 4 10 20
Lead 200 400 700
Hexachrome 5 15 40
Zinc 300 600 2,000
Nickel 100 200 500
Fluorine 400 400 800
Organic phosphorous compound 10 10 30
Polyclinatide biphenyl 1 4 12
draft proposal 2 2 120
Phenol 4 4 20
Benzene 1 1 3
Toluene 20 20 60
Ethylbenzene 50 50 340
Xylene 15 15 45
0il Scarp (TPH) 500 800 2,000
Trichloroethylene (TCE) 8 8 40
Tetrachloroethylene (PCE) 4 4 25
Benzo (a) pyrene 0.7 2 7
— 59 —
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For the promotion of
the environment

- Bird/Wildlife Habitat

- Fisheries Improvement

- Wetland Restoration

Engineering utilization
- Land Creation

— Land Improvement

— Creation of coastal crust
— Coast protection

— Beach Nour ishment

— Replacement Fill

- Capping

Table 2-220l =& &£9

Agricultural/
production materials
landscaping

Decorative
products

Table 2-22. Effective use of dredged soil

Ol OI20HAILD ULCH.
— Construction material
— Aquacul ture
- Topsoi |
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Table 2-23. Selection of dredged soil for engineering purposes

Effective Use of

Composition of dredging soil particle

dredging sand
(Construction Rock mass Gravel Sand clay/thread Mixture
material)
Road base O O O O O
Backfill material O O O O O
Gutter O O O O
Bank O O O
A soundproof /
soundp 0o o o
windproof wall
Landfill O O O O
Land material O O O
Stabilizin
nd 0o 0o o
material
Shielding material O
Sheltering in
Landfill © © ©
Sheltering of
Contaminant O O O
Cuttings
The restoration of
O O O
redevelopment areas
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4, DS ML 33
D3 HEZSES Fig. 3-201 LEHLHJCH DHE EEEZ MIotA2H,
ME= MA=AHAXKA2M, DE2sf. M2, UH=HSO0IH, ©@HE 282 L= 2
JHXl Olatel 225 Sgot =8ot= 2E0IG MEE 2= 82, =82, &
22 Z=4H1 otrsdilE L= FLEEE S 0IE2H0 Ot tHEdlEs =
Zoto M Z&tCh.
Storage .Of Interrned@te Intermediate Mixing design by Weighin
raw materials| = |Classification| = = = = | Products
L . storage product g blend
in silos / Mixing
Paper Major/Sub. |
sludge ash material
Classifier. Paper sludge
Blast .. ash
—t— Refining D —
furnace slag facili : Fine, Ultra o
acility fine particle . Solidified
Sewage Sludge
Paper sludge| | | (Landfills) \ﬁjgh?:eg solidifying
Acid L ash L Mixer agent
powder . Coarse
particle . Solidified
dredge soil
Activator 1 —
. L Pre- Mixed
Activator 2 Mixer activator
Activator 3 —

Fig. 3—-2. Classification process of paper mill sludge ash.

Collection @ chosun




H2Z dgdd
VMo o

= AF0A K

X8t Jetiel ds

olr

Zot0 MZst JIES D32t HlwotRULC

AMEED

UL,

Table 3—-10il HXlI=

=)
=2 v

AKXl &

ﬂlIO
0&
S

0
_O'j
=)
ol
I

g
i
N
Jx
m
=
I
o

kJ
o
=
rir

H
L
Im
rio
ol
=
]

&0l
tJ1 ZO0ICkH
LEEHH ACH

kJ

ol

=

to [
mo 30

>

ol

>
o
1l

Table 3—1. Comparison of paper sludge ash and thermal power plant fly ash

[tems

General
(SA : Solidifying Agent)

this study
(SA : Solidifying Agent)

Coal power plant ash

Paper sludge ash

Combustion

about 1,350C

about 850C

temp.
Chemical ) )
. SiOz, Al2Os, FexOs Free CaO of high content
composition
Vitrification High none
Major ) ) . )
. Concrete admixture Marine dumping, Landfill
recycling
— Pozzolan activity promotes | — Free CaO exothermic reaction
long—term strength — Unit gquantity increase
Advantages/ — Improved workability (strength, durability decrease)
Disadvantages | — Durability and — Contains large amount of chlorine

strength improvement
— Structural crack prevention

(max. 40,000 ppm) and can not
be used as cement raw material
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2. AXlsciXl & A2 24

HAEeAX L 22THe =2, VS, FS S A4 ZEA2 HIISSZANEHH T
ot =BoIRALCH 33 ZA0 et Bz

U 2H0= particle size distribution analyzer(S3500, Microtrac, USA),
SEM(scanning electronic microscope(M18XCE, Burker, Germany) % XRF(X-ray

fluorescence spectrometer(XRF-1700, Shimadzu,
3-20l LIEFLH ACEH.

Japan)g& Al

=582 9 IS

[ )

ot Ch. Table

Table 3—-2. Physico—chemical characterization of paper sludge ash

[tems Analysis Instruments

Three components Moisture content, VS, FS

PSA Particle Size Distribution Analyzer: S3500, Microtrac, USA
SEM Scanning Electronic Microscope: M18XCE, Burker, Germany
Composition

X-ray Fluorescence Spectrometer: XRF-1700, Shimadzu, Japan

St RI2 EEHIE2 ASI2Z&E(Ca0) 20| 48~60 wi%Q! M Xl
SHK AZTHA0O~B50WiR)E = |22 ot1D, KD 2= =SS g D252
0|22 (20~30wt%) 1t pH Z=EZS gt A 22 (10~20wt%)dt A2HZA BHIEL
OlE S8 1~10wt% &EIIot M ZEotA L.
Table 3-30 ot AXNU ESEE S OSHAIZAOF & A & 240 ek &3
ot Sclgstd 52 SANotesE 42 2 THS UHEILHATH
Table 3—-3. Conditions of solidifying agent manufacturing
. Paper sludge | Blast furnace ) )
Condition Acid powder Activator
ash slag powder
Wt.(%) 40~50 20~30 10~20 1~10
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Fig. 3—3. Ammonia measurement using a detectable tube gas meter.
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Table 3—-4. Standard of uniaxial compression strength in landfills

Purpose of cover soil content Standard
Workability of heavy equipment and Compressive
Y Y equip . P More than 0.5kg/cmf
prevent collapse of landfill strength method
Prevention of rainwater infiltration and Permeability 5
) ) o 1x107°cm/sec
reduction of leachate generation coefficient
Other odor control and
pH pH 12 to 72hr
pest control effect
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KS F 2306 20l 2ol AAlotA L
ool AAIGHASH,

=9 &2 KS F 2312, &
A=UTL ELAES KS F 2343, KS F 2322 2
Table 3-501 &cIatALCH
Table 3-5. Methods of mechanical test
ltems method No. Remarks
Compaction KS F 2312 Soil compaction(Standard A)
Water content KS F 2306 Water content of soil
Compressive strength KS F 2343 Compressive strength method
KS F 2322 Falling head test method

Permeability coefficient

Fig. 3—4. Preparation of specimen and measurement of uniaxial

compressive strength.

. HESE
D3Hel MHSE2 ASTM(American Society for Testing Materials)
JCI(Japan Concrete Institute) AI&EJIZ0l et & AISHALE.
FOlM HMZ=8 NSC(Non Sintering Cement) 13t 2t HI =l
EUN
0

JAIME(BSC: Blast Furnace slag Cement) &
= FIIEZ 0.2,

Ordinary Portland Cement)0ll &gt &I
0lgt2 Cl 0|19 =&

AIIEA BESAIZI =
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Table 3-6. Methods for chemical analysis of solidifying agent

ltems Analytical methods Standard methods
Cement gravity . .
. KS L 5110 Asphalt paving filler
(g/cm)
CaO KS E 3808 or XRF Pyrophyllite
SiO2 KS E 3808 or XRF Pyrophyllite
AlO; KS E 3808 or XRF Pyrophyllite
FeoOs KS E 3808 or XRF Pyrophyllite
MgO KS E 3808 or XRF Pyrophyllite
SOs KS E 3808 or XRF Pyrophyllite
pH KS F 2103 Soil pH
Concrete blast-furnace slag
VS(%) KS F 2563
powder
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Table 4-1. Moisture content of fly ash and ternary complex of paper sludge

Moisture content (%) VS (%) FS (%)
[tems
st 2nd  3d A st 2nd 3d A st 2nd 3d A
Paper sludge A | 71.0 654 682 632 | 172 113 147 144 | 118 233 171 174
Paper sludge B | 605 584 5.8 536 | 215 174 182 190 | 180 242 250 224
Paper sludge C | 694 626 641 653 | 185 188 199 191 | 121 186 160 156
Paper sludge D | 678 559 603 613 | 168 146 188 167 | 154 2095 209 219
Paper sludge 13 _ _
ash A
Paper sludge 15 _ _
ash B
Paper sludge 12 _ _
ash C
Paper sludge 13 _ _
ash D
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Fig. 4-3. XRF results of paper sludge ash.
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Table 4-2. Composition of blast—furnace slag

Composition(%) Type SiO2 | Al,O3 | CaO | MgO | Fex03 | MnO S

Blast—furnace slag powder 34.0 | 15.0 | 42.0 | 4.7 1.6 0.1 1.1
2. 12sd0 24 2 E4

DNZE09 2L (Blaine)s 242 1 HIEWHAQ A0, ZMHZH0 ==
5l 23E0 B 2A0l 2D BTIF Sitels 2102 LM UL
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2.9, MgO= H 7.7%, SOs3= B 0.35%=2 M 2F SAGHA UEIGCH 32
2 Blaine 6,000 M JI& Y2 0.67%2 UEIGCH, 940122 25 2H=
2 UEISCH Blaine =XIJt =2 Z2%224+= HIEHANO| SItcte A2 LIE
SGOMH, Oldet 2L =2 MEs DS HE & 83 HEA Bted 2 o
=2L S R SUHEY Hoz HAZHRCLCEH
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Table 4-3. Properties of blast furnace slag powder

Type Quality Blaine 4,000 Blaine 6,000 Blaine 8,000
Specific gravity 2.92 2.91 2.90
Specific surface area(cm/qg) 4,500 6,300 8,200
MgO(%) 7.8 7.5 7.9
S0s(%) 0.35 0.37 0.33
lg. Loss(%) 0.98 0.67 0.88
Cl"(%) ND ND ND
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Table 4-5. Chemical composition analysis of sewage sludge and solidifying

agent

Chemical composition(%)

Cl
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MgO
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CaO
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FGQOS

4.0
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Blaine
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SA : Solidifying Agent

0}
BJ

Ol
o0
fujJ

ol
Wk

ol
e

Notl=S =EMZ A

AKX

&

[l

A
T

9]

o

A IOl

E
=

1]
=)
il
K0
KIr

O
<+

o0

0l
83

9]

ol

Fig. 4-701 LtEFHLHLCH

9]

010

il

RO
K
I
<

oF

=
R0

_

~

lo-

ol

i)

1oy
_lu_

0l
RO

RO
KIr

ol
Ok
<+

o0

HH 10%

2
& TORELZ

AXle g8 80%0 1
Al

E
=

3+

ot

tACE.

110

RO
KIr

A0tRALH, D3 45%

L

ol
=

83
iy

ol
o0
10

J
s
<

nO

0l

o0

St 2t

R (DAHS

13

e JI&

e 13

=
—

Collection @ chosun



g 8

i
=

3

40 +— LR L1 SudE'E'

a0 |+ == this study (5A)

MoEture content (35)

70 +— === General [SA)

'] T T T T T
(0] 10 20 a0 40 50 =
Addition of soildifying agent [35)

Fig. 4-7. Variation in moisture content of sewage sludge solidified by
solidifying agent.

{“/Collection @ chosun



00
Rr

d

19 S EM

AKXl 113X
SLIoH DA

2
=

<+

1o

4. ot
ot

=21

XN

o}
o

-

o
=

11

c
T

T

DS
o

2

gk A

oY

A2HOI MHE

= AENE

Ol &

OlA 10cmXIE 0l A

0l

=
=

L

ol

H

1o

FRH Ol B

Ja

- DSHHOF ABE

o

FOd Fig. 4-801 LIEFLHRALCE.

2Liot Jt

ot

0l

[l

&)

™

BJ
i0J

Ju

Al 30ppmItKl O X

Nt s

1

=}
ok
KM

ol

ol
O
1oy
_lu_

—_

<l
<+
o
i0J
oo
&M

]I

0}
E

=}
ok

2210t

boHIW A

== 1]2

[

HSAIES JIE

== PARDN;

2te| S AL ot
}

S& OHEX

ol
Gl

il

A0

0l
HH

I.

ot &< Ity

Jb 30ppmOl

=Cc
S =

0l
B

ol
ot

<+

ol
bl

e

50
0l
HH

oo
ol

0}
E

&)

OF
~0

ioll

e

_lu_
o
70
R0

ok

<
)
0
£l

i Cement 54

ol this study( 54-1)

1

= this study(54-2) -

1 |

+

120

100 -

=]
8 B 3

(wdd)ouo) sen EHpN

m =]

15 20 25 30

Elapsed time (hr)

10

solidified material with

4-8. Ammonia concentration over time of

Fig.

different solidifying agent types.

Collection @ chosun



Lt. XH&cielst

let=s SENMZ

| —

Ol 2ol M=cielstot

ot==ciXl =g=gl S =S
24oLXl B2OtOF oft04, OIE EOtoh)| <ol Ust=l =2 HIE 1:52 S&ot0 1
F2t XE = M=cielstE EItotACH Fig. 4-901 LIEHHBIRL 201 &S
/0l 1) SHOIH Lot=E= BEMS AgEgsS Uz HHel dEE =Xotd
AN IH&delstol HE SHe= ASS HIGHULH 0ldE 2= [R5 1]
SA OHEXIZelSA dt=sciXl MFSAIE JIE &= HlAl &(2F)0
HEhl= e £2 Eot2 U2 B

= g7 st ot+==dXIE HIE = AlZE 00 Oet D3t=2 g8
ZZGIH 1 ZE Table 4-601 LIEHLHRUACEH KHALE St==HXo S8
82%E 220, 1€ U = F+=E2 43%=2 &4, 32 I = 82
38%Z U= ZAots A2=Z LEIRDH O 20 DSl =J| 28 2 =35ttt
S0l 2o ==HIJt = ZOtE0l EQLACH, 01 &SetUH L=+ oH
OIA AZ0E glol SAIZE Lol SENM 2 dEMZ datE = A0 It A
ANE ERZ ote JIE& Sy g2l dfe Hel & 220 Jisg ez gH
=l Ch.

{Z/Collection @ chosun



Table 4-6. Change of solidified water content with time after mixing with

solidifying agent(45%)

Natural water Water Water
ltem content of sewage| content/1day | content/3day
sludge (Avg. %) (%) (%)
Sewage sludge : this SA
(100 : 45) 82 43 38

A let G XIZ &E 7cem, =0l 14cm2
£ 25T, 8% 95%Jt =RAE= &=

2T SAHE d88t = 2 EE=DIIUIEE
2ot €& DI 58 LS HE 5 UXNEA LEUFLE AMEIIE 010t
o SAHS 2= FELE SFotH Fig. 4-1001 LIEFLHRUACE.
D S8 30%2 MB 1L0AM= 1.0kg/en, 3L0AM= 1.02kg/cm, 70l
[e]

M= 1.45kg/em, NS SLE 45%0 A= MB 12U A= 1.05kg/cm, 3L UIA
= 2.0kg/em, 72U A= 3.61kg/cr, NS ESTLE 50%0H A= MB 1L0AM=
1.50kg/cm, 3L M= 2.90kg/cm, 72U A= 4.37kg/cnr2 LIEtRCH & A7 1
SHMHE HEZ&t ot==cikl Lst=2 LA HEE S 20 Dot =222
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Fig. 4-13. Heat generation of solidified materials depending on the amount
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o2 DSHIHC pHE < 10.5~12.0 OlUlE2 =3ttt 20I(Fig. 4-11), 0l
JIE ASHIHEl pH 12.5 014 OHHl BIWE Z2 pHOIM, D32 ®2 pH=
Ao =32 M40 e 2% 1FS HEOW =2=%(Cu, Cr) EE&2
AHot= SWE ULEHHD /A2l =325 & A8 ZIM(Table 4-7), JIIEXE
D5 OFEAIZCH £8F 0l48t 2l ZWAIZHED], 32, 7g, 282 0IF) Ol
S0E 2 Hatle = A2 LIERCE

Table 4-7. Result of heavy metal leaching test (unit : mg/kg)

Leaching test Cd As Pb Hg cr** | Cu Org.P | TCE PCE

Standard| 0.3 1.5 3.0 0.05 1.5 3.0 1.0 0.1 0.3
KSLP Solidified

sludge ND |0.005| 0.001| 0.001 | 0.001 | 0.42 ND ND ND
us Standard| 1.0 - 5.0 0.2 5.0 - - - -
EPA |Solidified _ _ _ _ _

sludge ND 0.003| ND ND
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Fig. 4-15. Strength development characteristics according to the input
amount of solidifying agent(MPa)
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Fig. 4-16. OPC vs development solidifying agent indoor test(MPa).

Collection @ chosun



Conc.(mg/L)

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

Standard

3.0 mg/L

0.3 mg/L
1.5 mg/L

1.0 mg/L
0.005 mg/L
1.5 mg/L
1.0 mg/L

0.5 mg/L

OF
A0
ol

S22, XIE OHEMZ At

F

[

]

X

S F BT T WK
R0 < = ~ = o
Nt = KU D
oy w/ﬁ <N okl m_.__ = 0O =
= W mle 0 o
smf8s B0
I
L Y RO g
moR R o s 2
R T T
= WD 0r D om O
ml N o] oo K S o wWom

= = - O
W E ey ™
8 X X0 Klo w33 = W
of = gz M 5 38
= Mt &) o M <F =
Towow g W W2
¢ o Ry
© 5 o+ = IR .
K 16 mlj_ rY o Kr Dk r_LM
— O C g oop 8 T2

Al =5 O - 2 — m
N = wll o3 [
o0 — 1o & = _ U

S o 25 o]
H T = =2y = o zz M
IR A ]
B @ o OF
KF oMo gy, ™

Koo 5 = ol
[T T ic
ol = 7 I

Bl - o0 MH K
wmmmmmgﬁ.&
wwmm%%%m H

0 L0 B K
ok RO T 3 w0 OF o ~

Table 4-8. Result of hazard analysis in solidifying agent

ltems
Organic phosphorus
Trichloroethylene(TCE)
Tetrachloroethylene(PCE)
N-Hexane

ND : Non-Detected

Pb

Cd

Cr'®

Cu

Hg

As

CN-
Collection @ chosun



4. Qs 2IIZEM ds
HAPDEMNE A2 KSAEN NG &S
HIAIMES HIWE ZBES Table 4-901 UEHHACH. 2D 22
2

4,000, S8 = =Z0A 2502, SZ0UA 6AI2H, AHEE= 0.07%, =52
4

N 1o

I T T )2

3LUHA 14.0Mpa, 720lAM 30.0Mpa, 282 0lMH 55.0Mpa, SstEZAHUHA MgO
2.8%, SOs= 1.8%, VS= 1.5%2 LIEILE, 2 AIE é*%(%%E, SZEE, otF
C, A=2UL SISFHA2)0M OPC & DN=2Z2EeH] AHIES s BHt=E6H1
US 2 SOIGITVCH, 2E LEHUAME IR L2 Solg = UIULC.
Table 4-9. Performance of environmentally friendly solidifying agent
against KS standard
Total items )
OPC BFS cement this study
Test items unit (1 type) (2 type) (4
Blaine BET cm?/g 2,800 0|4t 3,000 Ol4t¢ 4,000
Initial setting min 60 Ol&t 60 04t 250
Setting
Final setting hr 10 Ol &t 10 Olal 6.0
Stability Autoclave % 0.8 0|3l 0.2 Olat 0.07
3day 12.5 0] &t 10 Ol &t 14.0
Compressive strength At A
(MPa) 7day 22.5 0| & 17.5 0] &t 30.0
28day 42.5 0| & 42.5 0| &t 55.0
MgO % 5.0 Olat 6.0 Olat 2.8
Chemical o = -
composition S0O3 % 3.5 0|t 4.0 Olot 1.8
VS % 3.0 Olat 3.0 Olat 1.5

Collection @ chosun



Hg YA oY =£& T SHUM AMZE MFAGIHH SAIME MEGHA
Ct. SAIM= &2 HEAZ o=, 38372 ZEM[I2s, A7 D
(ROIZEM 2 EF)]E 0I8ctH HMASIRULCE. 2/ZMbI= 0.7 &1 Z&M
22 200kg/m, HEEPHI= 75%U20, HESHS0l 10ton0I0 BHE=SEE=
0.1mm/min~10mm/min2 e WOlA Cist HEEEIH 83 Jtsctl SAl

AE

A UHWR0A &dote S8E2 Bl A2 E2 835 IS HSHe 2=
JIE Ol=oll LR ETE FEoIW Fig. 4-17001 LIEIUHRUTH. &8 21t
el =2 =

H, 8HBUHAM D2=ch

MEUHA 2+2 1.90, 2.09MPa, 142 SO A 3.53, 3.30MPa, 282 M 0lA
5.04, 4.77MPa2l L=EZELE LEoIRULt. =2 S

A0IA S 1.78H, 282 THEOIAM 2.4~2. =

Of Het Metdol 2 2= &2 g = JUCHL

a

H
rr
Y
oo
=>é
OB
i
£o
=
x
£
=]
=
0
o M°
=]
0¥
]
o

un

=

— ¥ 7day

LA+]

B iaday

=]
|

y 11 28day

% 7

Compressive strength (Mpa)

=
|

=]
]

BFS cement this study(54-1) this study(54-2)
Type

Fig. 4-17. Compressive Strength of dredged mixed specimens by solidifying
agent type.
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3. A0 el

O DZEHIDAHE : BSC(Blast Furnace slag Cement)

O BE ZEME AIHE : OPC(Ordinary Portland Cement)
O ae2 B4 1 28, VS(OIY ), FS(3 &)
O dE==24 : Particle Size Distribution Analyzer

O MXI&e4Xl 22 - PSA(Paper Sludge Ash)
O ASTM : American Society for Testing Materials
O CSA : Calcium Sulfo Aluminate

O JCI @ Japan Concrete Institute

O NSC : Non Sintering Cement

O SEM : Scanning Electronic Microscope

O XRF : X-ray Fluorescence Spectrometer
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