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Characteristics of Melting Slag Using Sewage Sludge by Inorganic Additives
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ABSTRACT : The existing technology which is for recycling aggregate using dried swage sludge have been limited for practical applica-
tion, because the properties of aggregate are not regular and don't meet the recycling aggregate standard. In this research, an innovative
slag-producing technology is developed by addition of oyster shell, waste cast-sand and iron-rust as inorganic waste additives. The mixed
slag with the additives was evaluated at the various ratio of CaO/SiO,, SiO»/AlLOs and Fe;O3/SiO,. When the waste sludge was melted
at 1,400C during 20 minutes, the optimal ratio of CaO/SiO, for the slag added the oyster shell, SiOy/ALO; for added the waste cast-sand
and Fe>O3/Si0O, for added the iron-rust were 1.00, 3.00 and 0.60, respectively. At the optimal condition, the bulk density of the slag
was 2.24 glem’, 2.45 g/em’ and 2.73 g/em’, And the 24 h water adsorption was 4.72%, 1.44% and 0.37%, respectively. Therefore it is
proved that adding the waste additives to the process of the slag production contributed for elevation of recycling aggregate properties.
And also it is expected that production cost can be reduced by decreased melting temperature.
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Table 1. XRF result of dried sludge (unit: %)
Si0, ALO;3 | Fey03 CaO Others
A 42.25 25.97 4.76 0.76 26.26
Water B | 40.04 | 2547 | 433 | 063 | 29.53
Treatment C 39.88 25.84 4.44 0.62 29.22
Plant D 312 27.36 3.09 0.36 37.99
E | 22.851 | 9.198 | 4.193 | 3.749 | 60.01
Sewage | F | 2242 | 1016 | 464 | 401 | 5877
Treatment | G | 19.892 | 7.957 | 2.832 | 4.717 | 64.60
Plant H 26.159 | 6.082 3.169 5.022 59.57

J. of KSEE / Vol. 30, No. 11, November, 2008

o= CROMSI0] == G000 P 1000 5E0I2
L] - - - {8
=2
]
i
5
RE]
'h
]
g
3
L1 =L
20
T i TN L1.1% HEs 1Td% 10%

.."‘l-l perzant of waak oyafar shell

Fig. 2. The character of changing ratio as CaO/SiO,, SiO»/
Al O3, Fe,03/Si0, by oyster shell addition.
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Fig. 3. The character of changing ratio as CaO/SiO,, SiO»/
Al O3, Fe,03/Si0, by waste casting sand addition.
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Fig. 4. The character of changing ratio as CaO/SiO,, SiO»/
Al O3, Fe,03/Si0, by iron rust addition.
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Table 2. XRF result of waste additives (unit: %)
Si0, AL O3 Fe,0; Ca0 MnO MgO K,0 Na,O P,0s TiO, LOI
Oyster shell 0.80 0.16 0.97 5203 | 012 | oss | o014 | 049 026 | 010 | 438
Waste casting_sand 64.49 9.74 2.70 1.99 0.04 1.49 1.09 1.30 0.09 0.33 16.5
Tron rust 15.88 8.18 67.66 127 | 070 | 256 | o016 | 263 030 | 029 | 037
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Table 3. Mixing ratio of sewage sludge with oyster shell

Unit
Ca0/Si0, (g) Oyste;r shell
Oyster shell Sludge Sum (%)
0.16 - 15.000 -
0.25 0.554 14.446 3.7
0.50 1.962 13.038 150 13.1
0.75 3.128 11.872 ’ 20.9
1.00 4.110 10.890 27.4
1.25 4.947 10.053 33.0
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Fig. 5. The character of bulk density by ratio of oyster shell
addition.

Fig. 6. The character of 24 h absorption by ratio of oyster
shell addition.
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Table 4. Mixing ratio of sewage sludge with waste casting-sand

$i0,/ALO; : Unit (g) Casting sand

Casting sand | Sludge Sum (%)

2.5 - 15.000 -

3.0 1.798 13.202 12.0

3.5 3.561 11.439 15.0 23.7

4.0 5.342 9.858 35.6

4.5 7.141 7.859 47.6

5.0 8.961 6.039 59.7
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Table 5. Mixing ratio of sewage sludge with iron rust

Unit
Fe,05/Si0, () Iror; rust
Iron rust Sludge Sum (%)
0.2 - 15.000 -
0.3 0.609 14.391 4.1
0.6 2.110 12.890 150 14.1
0.9 3.522 11.478 . 23.5
1.2 4.850 10.150 323
1.5 6.104 8.896 40.7
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Fig. 9. The character of bulk density by ratio of iron rust
addition.
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Fig. 10. The character of 24 h absorption by ratio of iron
rust addition.

3.4, &85 W] w shrET A 8857
H71E] AL Fhstr] st serAzge] A
zatrEeAd £ A7 1E AR 2 7 | FE
AL A H5E& @508 g AFolA %54 =R
E3H18-2 Ca0/Si0y7} 1.0, SiOx/ALOs7} 3.0, Fe,03/Si0;
HI7LF 0.6%1 AR wdo] Hoh olx =549 HZH Y
A7iele] 2o mE 8 °5—*§% Hrrelr] Asted ==
H HH o HlolA §FREE OCTEJ 1,400C7HA] W
3} AAFHA 2017F %é}ﬁit} H sYae de
7MA Y & 1 54 Hreth ol-r e P B
A& E%P'S}Oﬂ AAHo =2 &5 7P FHETE dxe
I3 tH(Fig. 11~16).
ol &82=7t %:';—OWM wel 8§ 19 A=)
whob] A UH Eiﬁ& %%01 Aol 71R1%E Re=m

ml

7 44
ol
R
[o
=)
R
>
~
4
ol
iy
ox
rlo
EN
l~>



30
2
o

Zam . .
[} ;\m e e e e e e e e e i e
g *

20

20

hEi ] [ R1=] 1 2] I HES 1 &3] 1 501

Migdting besmparature [ 1T)
Fig. 11. The character of bulk density of mixed oyster shell
on the sludge by different operation melting temperature.

5
- L3
o4 .
-E.*.m
H
ﬁ:“l:-:l -
= L
Eim
1] . . |
10 1.1 120 nam 1A 14
i lamiperaiure] )

Fig. 12. The character of 24 h absorption of mixed oyster
shell on the sludge by different operation melting

temperature.
b
-

- . .
) !
B m -
B
g iE
| =
; 1 -
o L2

[

i - . . . -

] L 1] L 1, 2K 1,5 1,0K 1,580

Tempeiabure [T F
Fig. 13. The character of bulk density of mixed waste casting-
sand on the sludge by different operation melting tem-
perature.

24h Absomption
-2
=

ELL L L L1 LA (e i} ha- L1
Tarmperamurs {170
Fig. 14. The character of 24 h absorption of mixed waste
casting-sand on the sludge by different operation melt-
ing temperature.

714 A7IE A7 £ mE skrsdAe] §454 1121

Bl Dy ity oot}

& 00
1,000 1,1m 1,500 1,500 1,400 1,50
Tampest o (T
Fig. 15. The character of bulk density of mixed iron rust on
the sludge by different operation melting temperature.

4.0

o P e

245 Ab i ar 95|

1.0

0000 ] ] ]
1000 1,100 1,200 1,500 1400 1,500

Temperture | T)
Fig. 16. The character of 24 h absorption of mixed iron rust
on the sludge by different operation melting tempe-

rature.

W 71Fo] 2L Ao w Qe WUxs 743k 24
A & FFAe e Ae ¥ 5 Uk

LAl H7HAE H7FsIA &2 FdE 8§ AeA
T 1,400ColA &0l AFEJAR, 1 Ee1e B4
UE9} 24X 7 4= FHAS WESHR] 9 AT &
Ao T4 HIE 7S 44 HlE F7) NS o)
E E£82% 1200CAME B = F5A4S WS e
< a7 AatE itk £ H A7HE 53l =2

o N

=
FAo &Y Aite] FeE Ao AddEn.

T4 HE A7HAE AR SeseAd Arrgew
A =2 HZ F7HA) Ca0/sio, HIE, #H FEA VIR Sioy
ALO; BIE 183 3¢ & H71E o2 H Fe,04/Si0; Hl
g 58802 x4 & 4 AUTE EF CaO/SiO; Hl 1.00,
Si0x/ALO; H] 3.0, Fe,05/Si0; 0.6914+= €82% 1,200
NME L} 24A17F 7 FFAE WEshe FAA L]
7Fsdt Aoz ATEHLh H FEAE MR AMES)
e HA7lske] 71842 1 495 E 7HAsa 24

Je FU1ehe AES Rk 4 w9 37t
HaEA UdehdAl= X wr 29
F EFAe BT d5EYTt

o
—
E
;-/lé o]
h=l]
=

CHot=t 4 35te| X 30# 112, 2008 118



o o

2 ATA AAG F71 H7= WA £
oHH SEEES S =2H *ﬁ*“ﬂl% Sk Eﬂrsa} &8
1o BAS FINA ALE A FAFEN
7198 & 3le Ao 7ddn. E}EW 141715«1 A&
5 U3 sk= 7714 HrE A A7 e =
A2 A 8 HE HTAE ] gl 7lee] 2 ALR
A

AR £ AelM AR ARt ¢ FeATeR
ZAAE FFE B ofER FEo] EAltEE
‘29 scale-up F3|A e ﬂll—% A 4ka}ed
doz F7HERl ddo] Bas, & dAFelXe &
Ao} Zpzbe] @ H7l=Rke Hbshe Aol ¥ HA
Ak L AFIME Ca0/SiO,, SiO/ALO;, Fer0s/SiO;
Al ] HA) &9 HIES sk Y A¥e] I
Hojop & AoR Atz €

A} A}

B A REAHAIER - ANFARY Ao 5
& A3

o
4 dssAge araseth

bt

q
4

)
Q T it oo rf

1>

[
o
hine)

J. of KSEE / Vol. 30, No. 11, November, 2008

LA, I s

SSRGS, <SS AEFT) ARRA) s F

AFE(2007).
el A AY-AR @ 9L AL
th3k8h 75 8k3] %], 29(1), 8~ 16(2007).

- AR, shrET A AR AHUtE AR EA &

25}817 5ol thRAT” 3 71233 A, 24(7), 645~
651(2007).

oA, ik e) 854 AT BB GARAA

>

AF3E FHFEIA(2005).

. Ignacio Merino, Luis F. Are’valo, Fernando Romero, “Pre-

paration and characterization of ceramic products by thermal
treatment of sewage sludge ashes mixed with different
additives,” Waste Management, 27, 1829~ 1844(2007).

. Jeng-Shiow Hsiung, Yi-Chin Huang, Kung-Cheh Li, Shin-

hao Yang, “Study on the influence of additives in an in-
dustrial calcium fluoride and waterworks sludge co-melting
system,” J. Environmental Management, 84, 284 ~389(2007).

. Chen-Chiu Tsai, Kuen-Sheng Wang, Ing-Jia Chiou, “Effect

of SiO, - ALL,O; - flux ratio change on the bloating charac-
teristics of lightweight aggregate material produced from
recycled sewage sludge,” J. Hazard. Mater., B134, 87~
93(2006).

. XEAE 71EAT 4, “Ca0-MgO-Si0-ALO; Al 871~

312 Ze)10) B4, dieka4:815] 2, 289, 1047~ 1051(1997).



