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A Fundamental Study on the Production of Artificial

Lightw eight Aggregate Using Sewage Sludge Ash

Do-Hyung Kim

Department of Environmental Engineering Graduate School

Pukyong National University

Abstract

In this study, production of artificial lightweight aggregate using sewage
sludge ash was investigated with a intention of recycling of sewage sludge
ash. To do this Numerical analysis by using Rigid-Plastic ‘Finite Element
Method was applied in production process of artificial lightweight aggregate to
minimize trial-and-error-and to satisfy for compression strength.

In order to find optimal parameter for production of artificial lightweight
aggregate, extrusion and compression dies were constructed and characteristic
of artificial lightweight aggregate by wvariable process factors were examined.
Also Effects of binder on environment, compression strength and bake
temperature of product were also estimated.

As the results, it was estimated that manufacture method through
compression forming was more superior than extrusion because the former
could form as excellent compressive strength and characteristic. Characteristic

of clay and various inorganic wastes as a binder was grasped by controls of



mixing ratio or sintering temperature changes. Environmental effect and
Utilization value as commercial product were also estimated

In we production of artificial lightweight aggregate using sewage sludge ash,
results of this research are useful to forecast various processing variables of

forming characteristic and quality of product.
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Table 2.1 The production amount and the present state of treatment for

sewage sludge in Korea

(Unit: ton/day)

Sewage Sewage sludge
. disposa
Specimen Ocean
1 plant | Generation di i Landfill | Incineration | Recycling | etc. |Untreated
isposa
(point) P
815 2,709 25 118 27 356
1997 93 4,050
22.1% | 73.3% 0.7% 3.2% 0.7% -
1,513 2,172 57 94 35 93
1998 114 3,965
39.1% | 56.1% 1.5% 2.4% 0.9% -
2,247 1,755 91 220 0 51
1999 150 4,364
52.1% | 40.7% 2.1% 5.1% 0.0% -
3,064 1,203 255 241 3 4
2000 172 4771
64.3% | 25.2% 5.4% 5.1% 0.1% -
3,810 628 379 324 56 15
2001 184 5,212
73.3% | 12.1% 7.3% 6.2% 1.1% -
4,031 698 549 292 109 0
2002 207 5,680
71.0% | 12.3% 9.7% 51% 1.9% -
4,616 399 941 240 - -
2003 236 6,199
745% | 6.4% 15.2% 3.9% - -

Table 2.2 The prediction for the increment of sewage sludge in Korea

(Unit: ton/day)

Component 2006 2007 2008 2009 2010 2011
Total 19,165 19,549 20,269 20,747 21,002 21,346
Sewage

7,745 8,158 8,907 9,414 9,698 10,071
sludge
Waste
water 11,420 11,391 11,362 11,333 11,304 11,275
sludge
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Table 2.3 Analysis data of sludge and ashes

Items A B C D E F G H I J

Proximate

(wt.%)

Moisture 455 4.15] 1041| 7.43| 1213 863| 841| 051 3.22] 047
Volatile matter 1854 14.06| 18.16| 13.36| 12.14| 9.15| 41.86| 159| 3.61| 2.16
Fixed carbon 30.04| 21.72) 0.98| 1.07| 1.25| 125/ 414 0.09| 230] 1.29

Ash 46.87| 60.07| 70.45| 78.14| 74.48| 80.96| 4559| 97.81| 90.88| 96.08

Ultimate

(dry basis, wt.%)
C 24.16| 17.04| -3.02| 2.26| 419 3.07| 1758 059 044 047
H 1.25) 1.03| 186 142| 248| 1.85| -6.24| 021 051 0.39
N 069 095/ 1.38| 1.33| 1.16| 1.18] 246 048] 157 122
S 207 2.18| 046| 0.32{. 049 034 037, 0.40| 2.44| 0.003
O(difference) 22.73| 16.12| 14.6| 10.26| 6.92( 4.94| 2357 0.01| 1.14, 1.39
Ash
analysis(wt.%)
Si02 19.60| 31.10| 23.74] 34.18| 0.55| 4.93| 30.04| 52.67| 35.13| 36.38
AlO3 574 548} 543| 6.30f 2.20| 3.08| 1347| 17.75| 555| 854
Ca0O 869| 15.23| 9.64| 14.82| 3.33| 12.21| 6.71| 6.86| 33.06| 30.15
Fes03 52.70| 33.:22| .47.31| 29.87| 85.33| 65.71| 29.39| 12.97| 2.45] 3.94
K-»O 1.14) 205" 052 060 032\ 173 1.74] 286 538 1.14
MgO 341 411} 0779 262 084 225 2.06| 2.76| 552| 741
Na»O 512 4.68] 516 356| 150 4.41 290| 3.85| 891 412
P20s 347 4.01] 719| 791 573| 553| 1357 -1 3.81| 8.09
TiO, 0.12| 0.2, 021} 0.14| 018 0.16| 0.12| 026 019 022

A B: Industrial waste incineration ash
C,D: Metal plating sludge ash

EF: Dyeing sludge ash

G,H: Sewage sludge ash

I, J: MSW incineration ash
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Table 2.4 Melting and boiling points of metal compounds

Temperature(C)

Element Compounds - - - -
Melting point Boiling point
Silicon S? 1,412 2,680
SiO2 1,722 -
Aluminium Al 660 2,520
AlO3 2,050 3,530
Na 98 882
Sodium NaCl 801 1,465
NaxO 1,132 -
Mg 649 1,090
Magnesium MgCl, 714 1,418
MgO 2,825 3,260
K 63 770
Potassium KCl 772 1,437
K20 490 -
Cd 321 767
Cadmium CdCl, 568 961
CdO - 1,497
Cr 1,857 2,682
) Cr203 2,330 3,000
Chromium
CrO3 196 -
CrCl; - 6H20 <83 -
Pb 327 1,753
Lead PbCls 498 951
PbO 390 1,472
Fe 1,537 2,872
FeCly 677 1,024
FeCls 304 332
Iron
FeO 1,377 3,414
Fez0y 1,597 -
Fey03 - 1,462
Cu 1,085 2,575
CuCl 430 1,212
Copper CuCls <300 -
Cu20 1,236 1,800
CuO 1,122 -
Zn 420 911
Zinc ZnCly 317 732
ZnO 1,975 -
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Table 3.1 Proximate analysis of sewage sludge and clay

Component Moisture Volatile matter Ash

Proximate Incineration residue
12.75 2.37 84.88

(wt%) of Sewage sludge
Clay 2151 3.16 75.33

Table 3.2 Heavy metal leaching test and ash analysis of sewage sludge and clay

Component| Pb Cd Cu | Cr* | As Hg Fe Mn | Mo Zn
Leaching B

Ash 0.02 | N.D. | 0.03 | 0.00 [0.002|0.001| 0.30 | 0.05 | 0.56 | 0.02

test (mg/ £ )

Clay 0.10 | 0.01 | 0.02 | 019 | ND | ND | NA | NA | NA | NA

Component| SiOs | AlbO3| P2Os |FexO3| CaO | KoO | MgO | NaxO | TiO2 | MnO
Ash” 385 |16.60| 535 | 7.12 | 990 | 148 | 1.74 | 0.39 | 0.23 | 0.15
Clay 6190|2330 NA | 735 | 091 | 195 | NA | 0.85 | 0.87 | NA

Ash analysis
(Wt%)

* : Sewage sludge ash, ND: Not detected, NA: Not analysis
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Billet Size $70x120mm Outer Corttainer
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Angle of Die (a) 30°,.45° \

Fig. 3.2 Numerical model of extrusion die.
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(b) 10-45

(c) 20-30 (d) 20-45

Fig. 3.4 Extrusion Die(diameter of outlet-angle of die).
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Fig. 3.6 Result of Analysis and experiment for extrusion force.
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Table 4.2 Heavy metal leaching test and ash analysis of sewage sludge and clay

Component| Pb Cd Cu cr® As Hg Fe Al Ce Zn

Leaching
test (mg/ 2 )

Ash” 0.002 | 0.001 | 0.008 | 0.002 | 0.521 | ND | 0.177 | 0.091 | 0.005 | 0.037

Clay 010 | 0.01 | 0.02 | 019 | ND | ND | NA | NA | NA | NA

Component SlOg AlgO; PZO,E Fego:s CdO Kgo MgO Nago TIOg MI’IO
Ash 456 | 219 | 109 | 3.99 | 9.13 | 1.39 | 4.08 | 1.86 | 0.35 | 0.15
Clay 61.90 | 23.30| NA | 735 | 091 | 195 | NA | 0.85 | 0.87 | NA

Ash analysis
(wt%)

s

“© Sewage sludge ash, ND: Not detected, NA: Not analysis

Table 432 YA IAIAol oM sA4bsE YEbd Aojtf. o= #1370l A

274 olBE A4 EEE wad =& 600C, 800C, 1000T, 24dA7HE 208 ~
40 o2 dAstol Aottt AlHe AAQ% Fol= A== AP Fold L

(o)/D(H %) 155 sto] Attt

Table 4.3 Processing variables In. compression test

Parameters Conditions

Mixing ratio
6:2:2, 7:2:1, 81:1, 9:1:0
(Sewage sludge ash : Clay : Water)

Incineration temperature (C) 600, 800, 1000
Incineration time (min) 20, 30, 40
Sample height (mm) 12, 14, 16
Sample diameter (mm) 18, 21, 24

Table. 44= Z47te] gANMTE 6kl AR A 24 cased = A6t

JEpdl Aol
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Table 4.4 The classification by mixing ratio, diameter and moisture content of

sample
Mixing ratio (Sewage sludge ash : Clay : Water)
Specimens
6:2:2 7:2:1 8:1:1 9:1:0
Moisture content(%) 24.4 14.4 12.3 2.3
12mm case 1-1 case 1-2 case 1-3 case 1-4
Sample
) 14mm case 2-1 case 2-2 case 2-3 case 2-4
diameter(mm)
16mm case 3-1 case 3-2 case 3-3 case 3-4
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Fig. 4.2 Equipment of compression forming.
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Fig. 4.3 Compression strength by incineration temperature in

case-of “incineration time at 20 minutes.
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Fig. 4.4 Compression strength by incineration temperature in

case of incineration time at 30 minutes.
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<Incineration time at 40 minute>
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Fig. 45 Compression strength by incineration temperature in

case of incineration time at 40 minutes.
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Table 45 Ash analysis of testing material

MnO

0.15

NA

0.02

ND

0.35

0.87

0.04

0.02

1.86

0.85

1.35

0.03

4.08

NA

0.48

0.05

1.39

1.95

Ca0 | K20 | MgO | NaxO | TiO»

9.13
0.91

FezO:g
3.99
7.35

0.38 | 55.43-0.42

ND |35.72| ND

P05

10.9

0.39

AlO3

21.9

237

ND | ND

45.6

61.90 | 23.30.| NA

ND

1.92

Component| SiO»

Ash’

Clay
Wasted
oystershell

Wasted
gypsum

Ash analysis

(wt.%)

: Sewage sludge ash, ND: Not detected, NA: Not analysis
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Table 4.6 Processing variables in compression test

Parameters

Conditions

Binder

Clay, Wasted oystershell, Wasted gypsum,
Wasted glass, Water glass

Mixing ratio

(Sewage sludge ash : Clay : Water)

9:1

Incineration temperature (C)

800,850,900,950,1000,1050

Incineration time (min) 30
Sample diameter (mm) 14
Sample height (mm) 21

Table 4.7 A olA ALE® 2
A &

==
o
27AE EHT,

AR 2ALE 28 9 S 274
= epd Zeleh 74 2AAE 5reeA

Table 4.7 The classification by-incineration temperature and mixing ratio

Incineration temperature (C)
Specimens
800(1) 850(2) 900(3) 950(4) 1000(5) 1050(6)

Ash(A) A-1 A-2 A-3 A-4 A-5 A-6
Ash:Clay(B) B-1 B-2 B-3 B-4 B-5 B-6
Ash:Wasted oystershell(C) C-1 C-2 C-3 C-4 C-5 C-6
Ash:Wasted gypsum(D) D-1 D-2 D-3 D-4 D-5 D-6
Ash:Wasted glass(E) E-1 E-2 E-3 E-4 E-5 E-6
Ash:Water glass(F) F-1 F-2 F-3 F-4 F-5 F-6
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Fig. 4.7 Compression strength by incineration temperature.
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54 2 g3 Sgd mE FE5 §2 SN AT, a1
4

3t A KS F 2534, e3¢y 15+ 3

st g A KS L 4201, i d 3
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