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Manufacturing of Activated Carbon for Water Treatment

using Sewage Sludge

Kyeong Ho Park

Department of Earth Environmental Engineering,
Industrial Graduate School,

Pukyong National University

Abstract

Carbonization of sewage sludge was estimated by several factors such
as activation time and activation temperature in this study. Also, the
characteristics of the product was investigated to apply for the
treatment of water as activated carbon.

The property of activated carbon such as JIodine number and
Methylene Blue was not sufficient for commercialized product, but the
adsorption capacity was avaliable for the organics. The optimum
carbonization of sewage sludge was achieved at 700C for 30 min in the
nitrogen atmosphere. Carbonized sludge had 76.8% of ash content and
fixed carbon was taken 98.7% of non-ash content. So, it is needed to
remove the inorganic constituent to use for the treatment of sewage.
Inorganic matter elements, Cd concentration was existed 78.5% of the
initial value in the carbonized product, while Hg was not detected. The

other heavy metals like Pb, Cu, As, and Cr were not vaporized into the

-V -



atmosphere and were still existed in the product. The leaching test for
carbonized sludge showed below the level of Korean Standard for the
Hazardous Waste for heavy metals.

According to the results of SEM analysis, sufficient micropore was
apparently developed as much as being able to use as bio—carrier of
activated sludge process for sewage. In addition, heavy metals can be
effectively by the adsorption of carbonized sludge of which equilibrium

was achieved within 1hr.

Key words : sewage sludge, activated carbon, adsorption capacity,

heavy metal, leaching test, adsorption equilibrium
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Table 1. Reduction rate

of sludge at each treatment process
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Table 2. Sludge treatment and/or disposal process
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Table 3. Comparison of sludge treatment process
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Table 4. Components Standards for Activated carbon

T 5 ik A ek A4 ZAlEr
. o] F&H Il R o] FEHES Sl ow
e o] t}. o] t}.
SAAIF R wel Al | SERIAIEH met Alg
grola g . _ _ _
sk w) A 3tslojof s} | & w) A glEto]of 3kt
pH 40~11.0 40~11.0
KS 8z #(2,380im)E &
KS 200= A (74mm)e] A | sl KS 355 A (50m)
A ZF= - o
AHFE 10% °] st of Holde AJFE
959 o] &
Az | 50% °] 3t 5% o] 3}
A st=E 05% o] sk 05% ©]3}
H] A~ (As) | 2ppm ©] 3} 2ppm ©] 3}
(Pb) 10ppm ©] &} 10ppm ©] 3}
7} =8(Cd) | 1ppm ©]3}k lppm ©] s}
o}4d(Zn) | 50ppm ©]3&} 50ppm ©] 3}
HE7t | 25 olg 25 elst
ABS7} 50 o] s} 50 o3}
H g @l B+
o QT 150mL/g ©| 4 150mL/g ©l 4
20=%2% 950mg/g o4 950mg/g ©] 4
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Fig. 3. Schematic diagram of municipal wastewater treatment plant

Fig. 4. Schematic diagram of sewage sludge treatment
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h
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Table 5. Korean standard of extraction test for waste matters

(unit : mg/L)

Item Pb Cu | As | Hg | Cd |Cr+t6| CN | TCE | PCE org-P
Standard| 30 | 3.0 | 15 |0.005] 03 | 15 | 1.0 | 0.3 | 0.1 1.0
Table 6. Methods of analysis and equipment for extraction test

Item Method Equipment
Inductively Coupled Plasma
Pb, Cu, As, | ) 2.
o od ICP Analysis Atomic Emission Spectrometer
r,
(Jobin Yvon 138 Ultrace)
Atomic Absorption
Atomic Absorption
Hg Spectrophotometer

Spectrophotometry

(Spectra AA-300 plus)
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o7 &u7t A5 uel 20 FFTE FUFEAIE B 7007TC of A
M Ee A5 e Bk =8 800C A= T F3sol #ad

AFA} 80E FASY FASYANLAA ehd HHel @i =
[e)

W o
700C-30ming! o2 FekeTh

Table 7. Iodine Adsorptivity on Carbonization Time/Temperature

=

A 7+ N 400C 500C 600TC 700C 800C

15min average 99.7 [/ BE 89.3 109.4 69.4
range | 66~1021 | HB2~789 | &1~91.0 | 1089~1101 | 639~69.8

20min average 114.8 39.9 103.9 126.5 77.9
range | 1009~1184 | &6~91.2 | 1031~1044 | 12569~1274 | 771.3~786

Aemin average 106.8 82.5 93.9 111.2 68.3
range | 1023~1102| 89~836 | B1~947 | 1108~111.6| 67/9~638

60min average 83.6 70.8 73.8 96.3 61.3
range | 799~8.3 | 89~723 | 731~742 | 926~972 | 608~619
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lodine Adsorptivity on Carbonization Time/Temperature
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Fig. 5. Iodine Adsorptivity on Carbonization Time/Temperature
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gaiAzke] Aol weh 2om= FAS MgART SR e 3027}
A F7heteh 45% o] Fell= 238 FAdhE A vEda ledl, ol
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Ueb el mAlgel Wl wel Hwe A Aweis
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Table 8. Decolorization Force of Methyleneblue on
CarbonizationTime/Temperature
QT
A7t T a 400C 500°C 600C 700-€ 800°C
average 312 36.6 38.5 399 26.4
15min
range | 29.9~32.4 | 34.9~376 | 36.8~40.3 | 382~41.6 | 24.9~279
average 35.6 41.1 45.4 46.5 289
30min
range | 34.8~36.5|39.5~429  43.6~47.0 | 459~471 | 276~294
_ |average 33.2 39.7 42.4 43.2 21.8
45min
range | 31.9~34.2|37.9~41.1 | 405~44.0 | 41.7~44.7 | 26.3~29.3
average 27.6 314 34.3 34.6 22.3
60min
range | 26.0~28.6 | 29.8~32.9 | 32.8~41.6 | 33.2~36.0 | 20.9~23.7
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Table 9. Composition of other Raw Materials and Dried Sludge

(unit : %)
Raw ) Volatile Fixed
) Moisture Ash
Material Matter Carbon
Coconut
45 74.9 189 1.7
Shell
Lignite 10~19.6 33.3~37.7 34.2~41.2 59~18.1
Bituminous 19 355 56.5 6.1
Anthracite 3.8 3.4 89.8 3.0
Dried Sludge 203 56.2 30.16 51.2
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Table 10. Characteristics of Carbonized Sludge(700C, for 30min)

Results
ftem Unit ) Carbonized
Dried Sludge
Sludge
Water Contents wt%% 22.5 0.0
Ash Contents wt2% 51.2 76.8
& wt% 30.16 22.80
(6]
Element H wt% Vit 1 HY) 0.44
Analysis N Wt% 267 1.10
S wt% 0.08 ND
Pb mg/kg 16.870 17.412
Cu mg/kg 83.480 93.217
Contents As mg/kg 0.788 1.213
Test
Cr mg/kg 18.625 24917
Cd mg/kg 1.816 1.425
Hg mg/kg 0.065 ND
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Table 11. Results of Leaching Test for Carbonized Sludge(7007TC,

for 30min)
Results
Item Unit Carbonized Standard
Dry Sludge
Sludge
Pb mg/L 0.107 0.087 3.0
Cu mg/L 0.069 0.020 3.0
As mg/L 0.034 ND 15
Cr® mg/L 0.017 ND 15
Cd mg/L 0.020 ND 0.3

- 41 -




33. MlATx & F

.F_H

.F_H

¥

AO

FARE 700°C o]

ol & &7 glvh webA

fite)
v

ol

1

o

N

oA =
]

}
FAEEE 600~700CNA AE wazol /4 avtn B4 ek

<0

500C ©]

ol

olo
nr
Mo

25 A @

o~ =
T

(e}

L
=

Mo

Macro pore®] H]-go] ro}

s

A

=
L

Macro pore’} o]

o g4 sl

)

A7F 28

=25
=

171 del A% 2eX 9 =WaA

)

Fig. 79 &3}
MTzZE SEMS 2 10,0004

17 e

S

&3}

e T8 T

s

Aoz

=
L

]

(e}

=2
=

%131, Meso pore®t Macro pore®] %

=
A7t 2

Aoz

=gl

2

_EH

%)

o

i
2
eyt

i)

_ZE

o

i)

il

I

4007+A1 ¢ fF71&E0] AARTI 7]&skal

Al Fig. 7¢] SEMo. =2 & o €3}

BE A ZA

o2 Aoy A

- 42 -



<Dried Sludge>

<Carbonized Sludge>
Fig. 7. SEM of Dried and Carbonized Sludge(700C,

for 30min)

_43_



Jo
X
__O#H
“dr

it
Njo

s

e

‘umo
o
0

N

—
fite)

=2 A el A 2

SIE REEEE
2 Aelsape] w)

ol

=

HAM &ats

b 9ls

2 g8 S HES

oo

3

A

s}
=

o] -8

o

o

=
W
JJo
_Xﬂl
%ﬁu

4r

g3 SHAE o

% .80},

I Pby} Cud &%

K]

e

1=
0
.F_H

"o

214

= -
=

tol Az E3AA, &3t

[e] =)
g Aus

=

o

tRoem, 21 235 Fig. 8o YA

Al 8]

"o

LHER 2L

Al

I~

.F_H

ol A 14]
s

27 o}

2=
=

&3}
Holont 243t o] % &

Cut

ZS_'

ks A

- 44 -



.F_H
el

=z -1 2~
S a =

Aoz Hob vh WA FFo

=

2+ ;q] =t /\]_

o
=]

o} A

[e3]
2R

T2 A 2l

_45_



4 )
10 ‘\
09 \\
08 \\
07
2 \\
B3 06
£ \\
o 05
e
: \\
© 04
: W _ .
S 03
: \
T o2 \\
01 &
00 a KDX - 9 . U . O . \9
Ohr Thr 2hr 3hr dhr Shr
Time
—A— Activated Carbon—Pb  —l— Dried Sludge—b —O— Carbonized Sludge—Pb
—X— Activated Carbon—-Cu ~ —@— Dried Sludge—Cu —@— Carbonized Sludge—Cu
N

Fig. 8. Effect of Agitation Time on Pb and Cu Removal Efficiencies

by Dried and Carbonized Sludge and Activated Carbon

_46_




\A
o

ol
W5

70
]
ol
T
=

o
il

il

ol

5 &dAE o

!
Z73F FAA AFHelA 700T, 308 Aoz YEwT

&3}

fite)

o T/

2 e
23] A] g

4
!

fvze)

!

A

1A

9]

°] 98.7%7}

3]0l 76.8%°]™ H|3|*

HA o=

2=
=

17 Sl

S

= g3 A sl FAA=E ° &

=1

b shezelA

o]

i

i

== 1
=]

o= YegA e, e

3l &3}

Z715%2 785%%te]

AEl Ph, Cu, As, Cr

gsiAe A )
e,
!

S
=

SR
1 57l

9]

& FHa
o el

™
ol
ol
;OO

jgase)

I

o m=x

o
o

Ea

7}

=
=

s Ay Ph, Cu, As, Cr® Cd 25 #7123

5)
=

HAE &EA

2=
=

ol we Aoz et

s

&

B

T
Hr
o}

olo

284

Jeuel nAds @A =A

e A 24

o~
T

3

Ao vhehgrow

- 47 -



b el

)

GECIEE

web

=] At

\A
%

R

)

R

%0

o]
G

_48_



e i
- T 2 =
2 F % 4
N 0
2 B = =~ T
00
w8 2 S 4
Olﬂ ‘Iﬂ . (o} —
LLO N p % m —~ — —~ 3 ;U
0 . X i o o L
2 N = rek =l g et
o T B TS oG
Fl\ IWﬂ \UI D = - - PR Wou mw
of oF Mo = S % E oEm E o, D
—_ B = S R =8
Wﬂ = T S e ) £oIL i A
_ e oL |
o N X2 ~ Ay o DA, %o oh)\ B
Lok Y o BT o AR, Y 2
E 0 N | =
- ~ Bn z - % i N - % = I
< 0 S
B o) X a1 T 7o To mo 99 A -
- ~ © ajo sy L& o IS < ! A s N o Q
iw e 38 .- @8 s &y 3 -
%%w E O ST RGN L B A (R S ey
R oo Ik 15 ol 4 . al
TEZr T g I RMET g w oy &
A ~ & o} A ] ) — @ S T ~
: 1 = © @ oo B -
ORI - - L R o = R -
w A K M " @M S, L.D, SMRYO L <t o : o L.ﬁ; Ho
~ ~ o ~ B i
(. T I SN AR %KK = S A N
AT ~ 0 - \OI 0 " W E‘.m R ,_rlo.ﬁ
= E.E ll - T = ~X { o N R T Exg
%mﬁvﬂ%%%mEo%qw],],],],dmwuﬂc?ﬁm
@%ﬂW%amﬁoﬁo%,ﬁﬁﬁﬁﬁﬁ_]ﬂ%ﬂﬁr%
W o N XKoo X = TF T B o s B o N
S Ty o . . ® o oe e oy T
ol B ogm W oHoak s F W Fo R Ho - e A
do %o oW MM R OT o oW H R T T
Homo o R ™ O™ m T o of o o o NN N

Al A|2004-185% (2004. 12. 7)
- 49 -

H7l=dPA B A2z [EE], 385 41695 (2005. 1. 19)

A.S.T.M., D-2335-65T (1965)
ASTM(American Standard Test Method), D3174-89

ASTM(American Standard Test Method), D3173-89
ASTM(American Standard Test Method), D3175-89



S.Jeyaseelan, L.G.Qing, Development of adsorbent/catalyst from municipal
wastewater sludge, Wat. Sci. Tech, Vol. 34, No. 3~4, pp. 499~505
(1996)

WeEak, RAbEEEE o wrpert, HF)FIKGE, Vol 22, No. 16, pp. 23~25 (1999)

FRETEIth, FATGIRRALEEEL > 2 T £ D PHZE, HRE, Vol. 68, No. 4, pp.

301~305 (1997)

T IS HE, sk Shoh=, BEEHIEM, TGl » 6 8UE$ 5 ALY WosFHE
IZoWT, FAGEMTEE R @S, Vol. 36, pp. 947~949 (1999)

g, seARIEZ, GSHIER, FHEEM, =27 oo RAEH & A,
HC < E g, Vol. 52, No. 10, pp. 252~260 (1998)

R SRR Ei, e AR B, fe kit (1988)

FHEE=, BHEE, AHILE, MRIET, & HEEX, PR EsE (1969)

O, Wiorhs, RHRE=, FEERAY, KBRS, T8 (1969)

AeJEd, KeEEfedl, 1101 (1970)

_50_



A 2

PN
TE.

al

8

2003 A A}k

ol

alg

Fan AU 72

el

—
fite)

&5l

ANA FE A=

H =
1 =

]

A

N

AR o] el Mo] T

B
)

"o

Skt

iz
o

=

o)
K
e
T
H

Wr
M

R

B

—

o

s
il

N

gl g A

Ajm
<A

FAaL, 7k

°

=
-

baeat ol 7}

3|
1

U
- 51 -

2008

R

2

7ol 53

LN

o8 %

-

1

1l
A 4oz 7

°

I

17)5

a

A A

=y
T
=
-

5



	1. 서론
	1.1. 연구배경 및 목적
	1.2. 이론적 고찰
	1.2.1. 도시하수 처리
	1.2.2. 슬러지 처리방법
	1.2.3. 활성탄의 종류와 특성
	1.2.4. 활성탄의 성능 시험방법


	2. 재료 및 실험방법
	2.1. 재료 및 시약
	2.2. 탄화슬러지 제조방법
	2.3. 성분시험
	2.4. 유기물흡착능력 평가
	2.4.1. 요오드 흡착력(Iodine Number)

	2.5 용출시험
	2.6. 미세구조 관찰
	2.7. 중금속 흡착능

	3. 결과 및 고찰
	3.1. 유기물 흡착 능력 평가
	3.2. 슬러지 성분, 탄화처리 전·후 물성변화 및 용출시험결과
	3.2.1. 성분 및 물성변화
	3.2.2. 용출시험 결과

	3.3. 미세구조 관찰
	3.4. 중금속 흡착능

	4. 결론
	참고문헌
	감사의 글


