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ABSTRACT

Development of Rotor Type Drier and

Combined Carbonization Activator for Sewage Sludge

Dong Hyun Jung
Advisor: Prof. Young Nam Chun, Ph.D.
Department of Environmental Engineering,

Graduate School of Chosun University

Treatment of sewage sludge is a difficult to carriage and proposal because
high content of water, generation of odor and high cohesion. To treatment of
this sewage sludge, carbonization is attraction the attention. In this study,
the adsorption characteristics and the optimum operated conditions are confirmed
to prepare adsorbent derived sewage sludge and the combined carbonization
activator is developed. Also, the rotor type drier is developed for satisfy
content of water suitable carbonization-activation reaction and is confirmed for
optimum dried conditions. With the result that, optimum operated conditions of
the drier are confirmed what drier load "62.5 kg/m® - hr", residence time "26.2
min" and temperature "330 C", respectively. At this time, content of water,
drying efficiency, and volume loss are shown that 10+2%, 88%, and 60%. Drying
characteristics of sewage sludge are analyzed about measuring content of water,
elemental analyzer, EDX and GC. Optimum operated conditions of carbonization
activator are confirmed what activated temperature “840 C” , input of steam

“70 g/min” , activated time “30 min” and feeding amount of dried sludge

“10.8 kg/d” , respectively. At this time, the iodine adsorptivity is maximized
that 328.1 mg/g. Through this result, activated carbon derived from sewage
sludge is confirmed to being pore development. And also, by using nanoPOROSITY,
SEM and EDX are confirmed that pore development and structure, element compound

and content.

_\/l_



Hi1E M2

___m:%____lea_u@ -
wEpd 3 RIOl . @ |
o____m%E. = OHO,ME T 0RO —
S ) R o RARD ER - T
T b w0 R QEE&I@ S W o m .
LD%.A_EP._ fau] U_._oJo___H_ on.gﬁ,A_u_._N#_.ﬂlﬂ JHD__LH_A.___AE umM
mJ G+ = = w = ¢ W a o o
m = L ~ < Lum:o_.m.H,Of 0 Wuro“_o 0% ol
T Xw 2 ¥ oowmw R = o 70 © H0 10f B =
zr > o .r.rag_.un/_|ﬁ_.ao — H T =
|_.,..:A|O|r__o %EEOE[odMllhm T H - U B
W++mm o R < o o M s W 80 A o S
OEOH_LE_E:LE .T_.A..EE_TAEW||roT| 0 K =
ST S E2YE =2 :m&______ol,r%g R WD AT 20
H ______oﬁ_un_ S = 3 raoﬂc_|+ A0 ol . o o-
5! _Aa:Aol EE‘EMINI4%_9 g
0o O 5 W5 o w2y > B3 o =gz s o
9@:_0%&2_3@ ﬂﬂﬁ_moxﬁﬂ,l = <+ O crw so <l
R R WA H__dc,gole,%,_:__ﬂ = 23
:_oagﬂm_xmﬁ| ﬂf.]%@%ﬂ+dow_au4_::x =R
- S N g~ ¥ s wo__cammgw@m_wm o
JEI,DE__uaao Wﬁmo_%l__m_l:__gm.@_ioa_:ﬂlﬂ = ol
AEEJH%AD# JﬁHHOOTM% K &y W5 o
W= ar S T K O I Ho ™ OF ok Ok o Ul
@ac%ﬂm__o ETW.OOHO_EAII__XI I B M-
MH@H}M;u%ﬁgmgjg@aﬁgu ¥
J|A_._._ = 0] — lio_uLa_mﬂlaWWo_@o__oEO =
m,w;;:;ouoggm&xxaﬁomgwag_xs ® 3
g@o_aummgzg@x;gcgom&mgwﬁgxgﬁ e
Ju_x__.E xﬁSTMaunmwATuﬁ..U..._mgm:_n_...__u_._m.:lﬁow @E._
Aleso: xL.l_muHm‘lr_ID.Iio am_x_tl_uu. a0l
T ol & ol His ™~ 2 3 5 _ & = mw W = w° g -
= gy M i I ;W o YA 2 oy K M
of Rl s DngjxsoOHo__:m 5 © A ol r oz ol %0
amu.JlJu._E_gEmgauﬁml.md?&xgaﬁ ol =i
;gﬁm_ﬁﬁggmgo_.ﬂauamw%agam&AEE% L
I.ILl_LI__o _. ™ o ol o0 m 7 .|.I_II_I i O_“
MEoai%_ﬁ%goexgw_x_:.rxamﬂ&uﬁmmt oo
Emmmm%égﬁftagmg@m%mu&a s R 2 Lo
Aow.é__%ﬂoat__L%ZNOMoa ﬁna_ﬂgﬂhlﬁ
ILMGMWAHEH%&W_EOOOI,ES ﬂl,amww
mmLzmooxggwoo_%ggﬁggagmawzgaﬂg
M%EAao_:mEXBWMHATrq_:ﬁo&ﬂmﬁoM#A%Q
) |OA_=__|_|| |.|3__om:uﬂo|j o 8 T .__._...._ o s
Llo_JogAlrIwAuaO.r _, o M|Aol_;._ O__aA._
5o S + o A_Eogglo_x %E:IOM%xaa_ T o<
S < © 0w S o g > = = & 4 mw s <!
u___ W:Imaﬁeo@mﬁg_xmmﬂﬂmg;cMODT
UoA._Mmeg_.Magllya;Duﬁ_Izﬂw_mc
S W ws
Tie) )



&3
A

are

oF

o)

S
Ll

0l

A
o M

=
S

off

=0l 2

Heegs A

0

Etatol 2

’

i

ok

oF

0l
0Ky
<J
m

ki0
)

M0

ol
Ul

-

Al

<

19

Ot
<+
o0
ol
M

S0lA
ek Ol X

ol =Xl MelZ

22
=

—/

&xel 3Z0| 2R0otCt.

DX MZ A=

=
[

=
[

& 0l A

=
=

0l

HOIl A

~8 45% 015

St
=

HIIE QLI

+=E 0

t==di Xl

ECS‘_}

ol
0

_

oJ

OH

£ 3

et =

=
-

i

i
K1

Y

H

2ZAIIH, &

SHE MZ=C.

Ul0

il
K0

ok

s

= HAMAM=E

Ed
]
ol
K4
KJ
OH

Rr
)

ol
0

=

oll

=
110
ol

i
Ki

Ry

S

R
O
Io
un
ail
4
<+

19

0l
JH

O
S+

o0

0
RO
[0
o0
Xl

&0
Ho
10y
wJ
X0
il

-
1o

ol
ot

9

otJl ?lofl AX22

g Ax

=)

ol

00
30

ol
Rl

1)

<+
B
0
30

i
iy

3
(o
<+
o
01

110y
wJ
X0
il

0l

ol

R

9]
60

<+
i

)]

19

ol

B3
i)
ol
o



H2& 0l & 1U&E

H1& ot+==d Xl &

0z
He
zl-l_'
]
ron
Olo

P ETIEY
MESIA StXIAE0M 25 = RNAHIIE o=

HSEE UEHUHRUACH. RS ot==Il Scld - M2 HOZ XelZ o

(o]

8.
Pl
12
1o

ol E=AEES

Inflow of  Grit chamber Discharged
SEWage " coarse Fine Primary Aeration Final Chemical water
screen | screen ™ sedimentation tank | °| sedimentation | | Injection system

v o
Chemical injection — Wati
Sludge .y Fmst | > Second system ’ ater
thickener digester digester D -------- S I Sludge
; v
_______________ o Dehydration | Ocean
system dumping

Fig. 1. System of sewage treatment.



2. ot==dXl XM2IEE
St=&d = 2006E L JIE 328HAC St=MelHUAM 2,717 dE/y §&It L4
SA0HE 1%, &2 1%, MEE 1%, HSHHE 77%2 HWFEE2 = X= ol 2l
. 0l= & - OHEol XS0 Met HHRE ™MeldlE0l MEst of
|ZHAC2 HelZd| HSO0ICH otXIgH efEHEe "96ABN LSOl Mot oL
ol oHHEII=2 =HQ stz 2011E Al SHHESZ =0l &
K& O &IC.
orol =Jtet XXMe XNEEL0 Hetst W

XY SAHMCE D60, WS AL

0U 0T M
_IH_I

o

mn

K

0

[w]

e 0 0

S YPS W0 SAMAS A
=
=

=ikl Al

ot =Sot: 2011 ot
= So0HE 9%, A2 34%, MEE 57%, oHHHE %= HEDN AT O = HEES
P22 U023 0.5%, sSWdE 9%, XNH0 2HE 0.5%, AIHE A= 1%, ElHlg 7%,
Etat 5%, =& 67%2 HIE=2 HE UL

=2 3% ¢=E2 UHRE 4242z HMaHD, 22 ls HEotAu ALNMZ 0
Eotll, =2 NE ==l 2EES HECZ HMotl UL, SL2 AAIES
SXlotHU, EdlztE MHEE6tH HMelot== otll, 022 =2 EXNFES Sof &
ME s XS oHetiE 101 XMelotd UCH



MN2Z St=s=d Xl HX

1. AX OI3ILIS
SAHX0 gRE =2
(Interstitial water), H=H™
[10]. RimE= SHX DS HADX 210 SH220
= WY Z2t& SoILh G0l DIM229 2t=201 &6t
£ XiXIStCt.

= OIM=HXe Z3H0 SH0ILL 2HENH EMote =222 MAHIt

D, Zers 029 HNEZL0 SAHENH A= A2 9
Z BiE== 2A0ICH. OlHE EEHZ EMote =2

b ots 0

&=LE 100£5CUHAM HZGHH MHI

10

SEl= Fig. 22 20l XSZ=(Free water), <2t=2%
ES C

(Surface water), Z&=(Bound water)2 Z2&&

Sur face
water

Interstitial
water

Fig. 2. Moisture distribution in sludge.

UBIMOZ HA= Fig. 30t 20l MIWEII2H(A), SEAXII2H(B), ZEHXII2H
M X2, sk FR Uget gz =201 2X2otH U
ﬂ

Y
oz LetNol HAXSE =460| LIEHLEX =L,



MW T = = B S = M
R 22 R W
— ) ) —_ =
S~ 5 5 o o B =
.__|_ ™ O J ol o Z0 S
= & o r" A
£ ﬁ Do Comomoor gy o W - E| |
= [] J K omu Ko <k 5T ol g
e . A = 3 _ W @ 3l KI0 R R e & e
E S QF o~z H a
= = R Ko = <k A
Q i —_ 0 - |
£ 2 2 s T My Y=g 3| |
8 29 z R < o W 20 = 5
] w = 3 o5 _AK il =5 o = ,
2 ’ > “ o1 O 7oK 5| |
oo S WR Y@ o K B}
. > T E =50 |
o o B W RU g W=
£ E s g%@azﬁcﬂx _
£ s Wo m oo N W 2
.............................. 2 DR A K =
£e @ L g AR =" RS - =
2 a 5 ™ o|_ - M — i0J 0l " - 3
5 £ & R B o o= W oy O
S S g 2 0 = o il i
3 - woo oo WL s D
5 oKk TR e
m o < 1
. — = Ko o =
................................ R 5N (TR = 3
< W R W = =
- E o — it
160 ._Hu_ =y ﬂlmo D|._ R“__ o ol Drying rate (ka/hr)
M & go ol WM | ﬁL Mﬂ
IS T /R
3O oo S oL
ol K KI X O o ) O
& ® M Woor ol

Moisture content (%)
Fig. 4. A drying curve of sludge.



H

Fig. 5 £ciXl2 22X S &g+2 B0l HE =X JEHEsE LEHH H2
7@]_ C|

=4 HHle g+8 80~60%2 ==(Paste)&t {01,

1> 0%
Mo

d HAH= g8 604002 B340l 30 G0l oS A2, dhe HAH= &
40% Olotz &2 G02IZ2 XOHXNBN SNHHE A0 MH=T

SHH, S8 60~40% 722 ZUWE L F2H(Glue zone)Olet SHH, O 2HIA ZAl
2t 28 Al AXZ2 B4, MEHO =2kl B, 0l AxsE82 Mot, 289

0
\

b= \ \ \
2 \
= | Wet zone } Sticky zone | Dried sludge
3] ‘ | Granules zone
g l | \
3 | | |
A | |
= |
z | 80~60% \ 60~40% | < 40%

‘ \

\ I

Drying time (hr)

Fig. 5. A drying process of sludge.



!

Il

Ki
]

=P\

4
&+

1o

P

2.

Ju

0
)l

Ju
K1
Y

an
KD
~J

0U

EMEE A0

A s X

230l

Ju

T
110

off

JtEotd HEE0 <

2t ULk,

KA

~J

i0J

il

ot
E

fall

ol

bILF2H O

&t

|12 ZE2| &

18
Ju

KA
~J
180
S

o}
pd

i

el X2

Eay
=

ol

ol 2l ZEd <

[l

LA
H

flJ

gl

P

0

9

w BHEOH Ol
Ol= sdXIE Mot AXAlID

S=Z

AXZ20|Ct.

IT
ar

A3

otod

gs 018

dead zone

g LS

=)

RO

&40l

3 &l

J
I

e

o0
ol
ar

)l

—_

]

ok

Ea
=

HECZE=E OA&

OtCk.

X 2=t 0l

o
TT

Jl £2Hldiot B

Of M&&H, =

=8

+

g28d

i

%o

wl
ol
4

KIO
sl
)

<J

0
o)l

ol
%

Pl

Ju
K1

J
=
KIO
ol
]

NeZ WESII2 Il HEXES A0I<

st

12 At=

E Z0ix

p)

s X0 M3

ol
3l

ioJ

Ok
ol

t

KIO

[
<

1/
Kl0
sl
=

W

o
10!

KJ

Ki

K
0l0

00
U
m
KIo

ot

M AX BH S0

A2 H

=
[=]

g A==z 0l

—_

L]

180

=
o

K
0/0
g
4l

K
010

_J
KIO

HHXIOF 20l &1,

ol=

g glu =

FAH L

tob &

el

H HAHE D,

HOtADE &

0

Jb 1007C

Wy
o1

KIO

’

UL

p[PIECE S

Sd0ILt Ity Al &

A
—/

1

otXl gt &

—_

ol
o]
Rl
Rr

-
1o

ok
E

T,

i
0l0

oll

0

20| RTECLC.



=

o

O SHU

}

Et 3|

dq

1.

HI3

0D

20iLt=

oft

of Jtgstol o

=
NHHL

Ulo
o
o)

Kir
o0
0

0D

K
Kt0

[[e)

IH
Ju

=2
=

HEd

&l
9]

101l A

8tCt.

Bl X0 &M

st &

DRI CHY

160

Ju

i

lo

Rr
=

Al

il

Ao 1

H cokedt TI04,
Z CharJt =IC}.

SOt ®LH

[§

=
S

R0
Ju
)
0l0

0D

[0

=
e

Table 1

A
—

20 HE d8==S LEY X222 400C HZ0AM It

3

t

E
[l

o
u—

ol
[Tl
i

2 Z 0l A

K3

t2 220 AIRZ0, O 0142

o3
S

oll

etc.)
CHs)

fat,

€0, CO2,

Product
- Separation of high molecular organism(Protein,
- Matter separation (Gas, Liquefied organism, Char)
- Generations of devolatilization gas(He,

- Membrane destruction of microorganism

- Vaporization of water

Carbonization process and product

temperature
100~200C
200~400°C
400~800°C

C, H,(Organism)— x CH, + yH, + Char

CH, + H,0— CO+ 3H,

Carbonization

Table 1.



X EHOZ coke LE chardl &AIE Y=C0.

|01,

cC
it

o
TT

f

J

oAt Et2

-/

|HA SAIO
et It %OHXI2

cC
sl

_

10
el

Uk
K0

|l
ot

Ju
Wy
o1
0}

o

& 3t
3

=0tXIH,

X0
uir
Kl
o

my|
0
ol

1

RO

al
=

2ol et

=7XE ZEoH| W20t [12,13].

[0
Ju
=

ol
i00
30

=
o

b OIS

o1

fr

ol
Rr

i

o)
iod
ok

-

KI
o

]

M
i

ol
ol
Ao

KJ

KiD

o]
010
ol
1y
wJ

1
o
70
il

J
9]
20
ol

3

H
0l
o
70
il

ol
o
=

0l
0lo

1)
o
X0
il

o)
%0
Kq

ol

uir

fall
i
4
w

=]
o

U
1}

Et
=

EO'
= —

O, HO0,

—

—

A2

At I ZnCla, HsPO4, KOH, KoS

BdstgeZ I 22 0.

gtCt

==

AZAHA OIMAE 78

O

CO2, 0,2 &2 AMSEA JFA0

-~
=

ol
]
o)
o1

i

Ty

ol
X0

<
K0

10y
</

X8

HE M0 AL EIAKXISH

b

=2
=

S Ed 3t

S

9

ZI’]C|20“

—

—

DA

o gel

_J
KIO

o
%0
ol

Rr

22 Wol &d

4
my

b

r

H

4

=
1o

I

o]
Rr
il
<l

It
-

5}
Rr
Ki

ol
O
o}

—_

w

0l
%0
=]

0
=
KIO

10

Rr

rn )
=)

Ol AlAl

=3
—

(Micropore)0l =2 &4

rn )
=)

g+t
=

=

n
[=)

(Macropore) 2l

i
o

8322 OIAIAl
tA=F0[ 50% Ol&tel &< OIAlAl

FOIH HCHAI

E]

(¢

0l =&0otH

tAa=50] 25%0]

E
, o

ni

A0 Tet Al
2 20 A=,

cC
sl

oD

0l

3l
oD

0l
0l0
oJ
ol
X0
ol

7
Ko
<+

X0
<0

i
)

©
00

7]

<
My

|Ar._

<]

ol
alJ
m
4

—_

My

_lu_
(e}
il
10

i

IH

7
Ko
<+

o

i 11 2200 0IAlAl
— ‘IO —

[m;

=
C(H,0) — H,+ C(0)

C+ H,0 & C(H,0)
c(0) - co



9]
s)
=
o
60
Kl

0

I

)

I

I

JJ
=)

W
B0

o

C+H, & C(H,)

N~

CO+ c(0)— C+ Co,

CO+ H,0 — CO,+ H,+9.65keal

11



IH

RD

KD

lo

<l

KJ
o}

<r

AOFAL ZEE ZE

t=2 220 Oet

3

T, &

0l
HH

70

H 2ot =

0

ol <
b JIHE S22 HO

o
0]
10}

al

Sel

=Xl 2t

o

A
E"T'__

ot

=
clJt E0lotH, EXIEH0l Al A= L.

—

Ju

KJ
o}

<l
an

RD

KM

Ju
ol

ol
O
iof

9)

I

Gt Xl

HExdelo Agotd, -

—

—

0l

Ck.
b XIS AI2HO

3

3

El
_

O,

Hoiel oieds0l AUACH
AZep £2

o
TT

=
=

tH

=<

al

=
ok

%0

OH

A2
H Xl

=
-

Bz &

ot 2E0 HRIrEH

JIgstd 2F 30~60 min A&

IE

(s

& A

0

HAsH HOIZ20l

D eH
[=]

=

4dr

jan
=

i
o

ot Xl gt

Ct.
tel2l 0icds0l UL

[

H2AEXseXl

=
=]

0l

o <

2]
=

&0t
2

3

(-

2
ot AlZ2E HIO1 O

E
[l

IZI0 A,

HE O
AF0 28t

X

2

B
A
— 12 —

—

te| b 01 g L.

A2t &

0l

gt 8leH
BIOb 201012, JIAHE RS2t Z0F =X

il

A

(01 =X

AN

4~6E 2]

o
=1
—

=

AL EC.

A
Al
EUI—O'
/= —
g

as
Xl
x|

,

of

0

A
el

2]
=

}

40l Hel 8iCt.
J

o

pS|
=
t&E ol 2

k=l

3

of J1HHE 2SSt

g A
2!

20l HE

SIS € 2

=
T

U



Etlel ZE A4S HIE2Z Yt ESE2AS AXZ WR0 £X56t0 HFAIZ
2 81, 2ke ¥2 XN dxe=2S U A== JHgst 200 HE29
3J1= 600(W) x 1700(L) x 1200(H) mmZ =Xl S22, 24X, 2SR, MR
=8 9 2A22 2HYD, Fig. 70 20| ZXGIAC

Exhaust Hot gas injector ~ Thermocouple Sludge

/

X hopper
Gas sampling port Rotati K
Rotary kiln drier, w
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[ ®

— o

o
| KN \/
Moter| 1 \ | | \ \
v \! —
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outlet Control box
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]
u 1]
o000
000
@ Flow meter rai
X Valve
Thermocouple Q Pressure gauge
monitering B Thermocouple
system
- H Thermometer

Air  cylinder
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Fig. 6. Schematic diagram of a sludge drier.
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Ch. SR

S22 HF 46mm, 20l 500mm2l stainless steel 222 ZE E=FRH &+
DR LEACZ gl RHS Soll 20| 2LoHH 3TN GIJALH. ZSFUR=
g2t 92322222 FHEN UL

tgREe A ofetl Bix2l UME MUIFAHUE(W-15, Heatcombustion,
Korea)E &5t 2 =29 (HB-129, Heasung, Korea)® &J|1€ &30ot1, T2 8
HEZRH Z2T2 SSAIH A48 UM AALAE SKAIZICH

2I|e XE2 HEHEZ 0 &€=

ZE 0|25t JHHEZO W2t Mostgen, &+
HOIKE Eoff 22T EFCE 0I5, Z2m 232322 HZ2 I U (R4002M,
Maxitrol, USA)2E2H SXNAINE=E HOHECH.

el =2
o =

etEXO atFo RAE Flof HAAMS Z2UHs =20l SELoIUCH, gdeE 32
3

MOHBs AXZ2O| MEHAQOl M S HOUHots AQAXS 229 RS2HY =X H
0l JIsé CIHEZ AN JUCH. &M 180 W RS 2EI(KIIP180FC, GGM, Korea)2t
SIMEOl 0.2 Kw 2=2H (SY200F63, Samyang, Korea)= ON/OFF 2f&101 2laf MO =

e

AEAIRIDY Sl =2 FS2H2 &2 HAHE =0, AXZF= 1.5 kW
HE (SV0151G5-2U, LSI, Korea)Z 0.75 Kw 7= 2E(101HK2GSN6, Samyang, Korea)
HOGtD, 4Kl 0152 = 0.75 kW 2B E (MOSCON-E7, Samsung, Korea)Z 0.2 kw
= 2 (SY200F63, Samyang, Korea)XlOiotRUCEH.

4

0. 53 % 24=
=M U BAEE 20 =X X% DDA 24 X2 AN JAsed 25 =
M2 M (K-type, 0.D: 6 mm)@t GIOIE =24 ZXI(Hydra data logger 2625A,

N
NEQAUOH HExNoz2 2C 2 BLIHE BIQUC.
HIDIDIA 242 HiJtA MEZ glell JIAIZ20IE D= (148, Shimadzu, Japan)
2 AN UM, =24 ZHES Molecular Sieve 5A(80/100 mesh), Molecular

13X(80/100 mesh) 2t HayeSep R(100/120 mesh)S AF=Z3ISULCEH.

FLUKE, USA

MR
y

_15_



= 2EE0 <o Eatet ZdaEsF0l SAM JHEHE=F HES A =
700(W) x 1850(L) x 1450(H) mm Ol2, AX =ik SH, SBHESR, g2, g
=3 87, M & SERZ 24U, MEE 2HE 2dEstZ2= Fig. 9% &

Dried sludge

A
L & & Jodofofofofofofofofofofoforofofofofofofofofofofof F F F F 4
n'.V.V."V.V.V‘V.V._V."V.V._V."V.V.V‘V.V.V.V.V‘V‘IV.V.V.V.V.V

Steam distributor

] Flow meter
X Valve Controller
Blower CeHe ®  Pressure gauge
cylinder B Thermocouple

Fig. 8. Schematic diagram of a carbonization activator.

Fig. 9. Photograph of a carbonization activator.
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Z
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=D = HXZ20 A2 Table 228 201 2N 2AXZAS W] fol HFAl
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Orier temperature
230~360

Drier load

(kg/m*hr)
38.1~92.5

(min)
14.3~33.3

t=

3

Residence time
-~

[tem

Condition
AN ESHE

2.

Table 2. Experimental conditions of sludge drier
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=0l E4Es 2% 700~1000C, =3I =& 20~90 g/min, E&E3 A2t 14~57
min, AXEHX =L 4.8~12.7 kg/dIHR 2242 JASHSE HSIAID BaEH AR
E JAGIRUCH AXZ2 FeB= Table 30 CtS 20| LIEHRC
Table 3. Experimental conditions of carbonization activator
[tem Condition
Input activated temperature (C) 700~1000
Input of steam (g/min) 20~90
Activated time (min) 14~57
Dried sludge feeding (kg/d) 4.8~12.7
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= oT2 MIE BHEO N3 22 L NZ2E SO DI At HAEE =4

S L85l D, EASZZEXIZ nanoPOROSITY (nanoPOROSITY-XQ, MiraeS| Co. Ltd.,
=

Korea)E AIZoIRLCH

HASES2 sample tubelll 0.05~0.1 g2 2AASE SXECH. AIZEE S46H0] &
ol Xl S22 I 282 sddot=0l, U3z Al=20l 2&E =Z0ILt 2
T2 2 MAHGH| 2AdH B8IIE YOS ABLHE e = 2EHUHRUHA 25
Hy¥st = MHelE NEEL. £ g5 = 300CE ot JtE sttt

EOIH 380 2=5/™H sample tubeE naboPOROSITYS! SEH20 &SI &1
E SJotD, BHEALE 0|80t0 EAREQ 77K 25 E RASIA2H, 228 H
el XNBAENZ OHECEH 0 T E@AIIASE Feolld dEsS =010 242 XEist
Ct. SEE2 24040 2AAZ2 MBS0 Z3HAEHI 2 K =& Ct.

Oledst =S80 22 H S2E HOIHE 01800 2AERS2E L NSEE S

fo
(]
o
1
50
aQ

4. SEM(Scanning electron microscope)

SEMZ Electron beamOl Samplell H O =AtGtHA Sampledto ASHE0| 2o &
M= S E(Secondary Electron)E OIZ0HA SampleQl HEHZ 2t&5t= &UI0ICEH. SEMS
HAL MR (electron source) 22 2H MANHS XAl =8 S ¥F0, ASI|2 HE
| HAE B2 Ho HACZM JAAI = A2 2

o

[e]3
ANE =10 AMZ0 A= BB 2 M= A B8d, gy =S o, 21t &
X

D
=

n
UK)_II
I3
{¢]

Ol dls=2 2210 cigdte d&JI12 ST 450t st ststxd 59
ZEE M3otes 240 =Ch. 1 & 100eV0lotel 8AE &ol 2xt MAtet ot=0dl 2
A X0l Ot 22ls0l =0tA JHE Eel AFZELD, AMJl= X0 Tets 32
BHatolkl R, BEHO o404 AISHEEY ZEJ12 AX SOl XbH=CH 0lefgt
2x HRA 2 Ale HEO das B

fLIEFLHOY, SEMSl =& F AR 0|CF.
2 A0 A= SEM(S-4800, Hitachi, Japan)S OlEol0 M3&<sS 2&o6H)| 2ol
A 22| specimenEHH =2 DEGHA 10,0008 =CHGIH ZHBIULCEH.
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5. EDX(Energy dispersive X-ray spectroscopy)

EDX(7593-H, HORIBA, UK)= HX&SDIZ0 RN A= S22 32, J4F¥C=z
E4ots RA22 1 XIS AXE0l AlEY BSotH AlES fX & oSty &
2E &g Ueket Signal & S4 X-rayE 0ISotH AlEH2 dE2= E4¢etl.

=, SAZ0 o W2 dXe HER AN LH5H= Deexitationtd =t M4
= E4d X-ray2l IHXIE Ol2ot HE, 4822 245
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Table 4. Experimental

results at standard condition of sludge drier

Standard condition

ter Residence time Drier load Drier temperature
(min) (kg/m*hr) ()
Result 26.2 62.5 3305
Experimental results
ter Content of water Output amount
(%) (g/hr)
Result 10x2 254 .4
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Fig. 12. Analysis of chemical components of dried sludge by EDX.

Table 5. Inorganic compounds of dried sludge

[tem Na Mg Al Si P S K Ca Fe

Content(%) | 1.34 2.45 14.41 27.82 15.91 9.56 4.12 13.28 11.

e 62 otk HAXscelXe S==5 EEANE0 2ol 2S4S 4
X Wet 2A0ICH. Pb, Cu, As, Cr, Cd, Hg2l OHE =&EM & =& =22

== g JIEW HluotH 2= JIE0A 2SS0l &I UCEH.

Table 6. Heavy metals leached from sewage sludge and dried sludge

ltem (mg/L) Pb Cu As Cr Cd Hg
Sewage sludge 0.1 0.13 ND ND 0.02 ND
Dried sludge 0.04 0.141 ND ND ND ND

ND: Non detected
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Table 7. Experimental results at standard condition of carbonization activator

[ tem Resul t
Input activated temperature (C) 840
Standar Input of steam (g/min) 70
condition Activated time (min) 30
Dried sludge feeding (kg/d) 10.8
lodine adsorptivity (mg/g) 328. 1
Exper imental _ _
Particle size (mm) <5
results
Water content (%) 5
Fig. 172 Z2ASEz 2AS Soll E4E30 2 EHES EASRAS24MS HZX
S X Hng HoZ NBYY 2 HNBSPREE S0loIUCH. SHS2H2 6JHA
Ei2 25& 10, hysteresis loop= 4JHX HEHZ 2F=ICH [16]
Fig. 17(a)2 AXEHX2 R MZB0l Hel =MotX &= Type 1112 EEHE 20|
10 AKX L2 HHE SAASUHAN 2H2 S22 LME hysteresis loopdt &=
StCH. hysteresis loope Type H4Z2 HAXSHAe= Jisll &2 HE2 *EE JHE Ao

S
Z WMEC. Ol HAEXZ20AM AdXZNE & L E50F & HEZAUI| HE0ICH.
Fig. 17(b)S EAME2 Type IVO HEHZ Fig. 17(a)Q HAXSHXI2 HIWSHH MZ2

0] 2EEASS &OIGIAUCH. Ol EELE M2 hysteresis loop Type H32=2 HEt
=
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Fig. 17. Adsorption isotherm on dried sludge(a) and activated carbon(b).
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Table 8. Chemical component in dried sludge and activated carbon

[tem C Na Al Si P S K Ca Fe

Oried sludge 1.3 04 69 6.5 57 33 06 2.7 2.6

Activated sludge | 62.3 0.4 10.4 96 7.8 09 1.2 3.3 4.1
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