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Abstract - In this work, torrefaction of the sewage sludge was investigated the characteristics of torrefied products
and the value of as energy resource to improve energy density and to maintain consistent quality of SRF.
Torrefaction was performed two important torrefaction operational parameter, temperature(150-230C) and
reaction time(10-60min). As raising the torrefaction temperature at long reaction times, the moisture content
of torrefied products was decreased, while the heating value was increased. Moreover, increasing of the
torrefaction temperature led to a increase of the content of the carbon up to 60% compare to the initial the
sample, and a decrease of the content hydrogen and oxygen. Especially, Average heating value was 4,818
kecal/kg regardless of the reaction time when torrefaction was performed over 210°C. In addition, the fuel ration
and coal band were improved after torrefaction because the O/C and the H/C ratio were decreased.
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Table 1. Characteristics of sewage sludge
Item Unit sewage
sludge
Moisture 80.5
Proximate | Volatile matter 7.0
analysis Fixed carbon wt % 4.9
Ash 7.6
C 30.1
H
Elemental
analysis o I T R
N 4.2 4.0
S 1.6
Heating value kcal/kg

Noncondensable gas

Tedlar bag

Condenser
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Tofrefaction Reactor
Volume 1.3

Electric furnace Condensate water

Fig. 1. Schematic diagram of lab-scale torrefaction
reactor

=9 =231k 54 1elal dus 54e vefst
o] oUx|do g el 7[NS HrlstuAl Sk

Ao AR Alse= AESEAl 2] T EA44841
Blo] @714 &slEeA| e grAlolaE o= o}
glom, Eu wuAge dGE duiAlaE ARt
gt} srSER g5A0)lae] B gy EAS
Table 1o YERNRITE 8=, 3, 1geks
232 27} 80.5%, 7.0%, 4.9% X 7.6%°]1%1L
), PAEA Ax} g4 30.1%, A4 21.3% % 7]
shgtEo] S AAskelon, sk ke vl

A Goltk



HHEsls o]83t sleEdx] dgslol st A 357

Ao ARgE A4 fEe] 332 vies) Y
']t Fig. 1% 2t} ¥ Xo}i]% Z17] 2(Electronic
furnace), WHS-7|(Reactor), -5-%7|(Condenser)@ -
dEo] glem, RRST|= iEﬂ‘ﬂﬂi%}(Stamless
steel) AR FEEHLE 1.3L0]2, WHE7]e] oA
S $J5le] E|ZZ(Teflon)iA] o] 71~71S o]&
silom, AA| 2wt A 2k Ak HfE F
Ao R Fol7] flete] =k 2d AlogH 7t =t

A A7)2E A

oA dAR S5 AgRe] 21
of| Al WH-g-21=9} WESAIZHS WSA A Z42fe] 1z
Ao M Nigksl AgEe] 54 9 dA54 545
ARt b2 E AAREe] £ 10T HE=
2Rl on, o] REoA9] AFAIIES HREAITES
2 AAEIIL AL Ao sEEA] g5

o]=1 100g} %ﬂﬂﬁxﬂv 300mLE WHE7]o &5}sted]

e 9 A 7kRE o]8ete] Y] RE dA
Boylge xdalgint v L
0}01 HeEE 10C/minlsE S5 5@6 A
oo A WRSAIZE FF A3 - A3
OﬂE‘r g T8 F 9T ARolA] WA F o,
AHFE Az LAEE712,500rpm, 102)E o83t
of AEI AviAlFE Felekaith
Hheksl 25 AR UA4%-47](Vario MACRO,
Elementar, German)2} "F&&7(Leco AC 500)5 ©]
gato] AR Ay DEdES GRS

m rlr
2
i
mlm
>~
95

(AT, S, 3,‘—‘-?'—, ﬁ—f)g golatoln}. 7
A2 (1) B3] 2Kchar)e] TAEA: 58S Falal

S|
Amvlsh NGNCE Fo ARY 54 B

ml

\~|
3

FCchar = Mchar x [fc/(100 — fa)] )
o]7]A], Mchar = AJ/d¥ ZK(char)e] EL55, fc
= A% *H(char)d] T A(%), far= 27| AE9]

3]32(%)°] k.

—&—150T|
—8—170C
——190C
—0— 2107|
—0o—230Y]

Moisture content(%)

T T
0 10 20 30 40 50 60

Reaction time(min)

Fig. 2. Moisture content of torrefied products by
different temperature and reaction time
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Fig. 3. The heating value of torrefied products by

different temperature and reaction time
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Table 2. Proximate analysis of torrefied product at
different torrefaction temperatures (Reaction
time = 60 min)

Sample Moisture Volatile Fixed Ash
(%) matter(%) | carbon(%) | (%)

150C 27.0 22.3 30.7 20.0
170C 19.8 23.6 31.2 25.4
190C 4.9 28.3 37.6 29.2
210C 0.9 29.3 44.5 25.3
230C 0.4 29.3 44.5 25.8

Table 3. Proximate analysis of torrefied product at
different torrefaction temperatures (Reaction
time = 60 min)

Sample | C(%) | H(%) | O%) | N(%) | S(%)
150C 38.6 5.4 18.9 3.1 1.6
170C 40.2 5.4 18.7 3.0 1.2
190C 41.8 5.3 18.1 2.9 1.1
210C 43.5 53 16.7 2.8 1.1
230C 48.5 5.1 16.8 2.5 1.1
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