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ABSTRACT

The purpose of this study was to manufacture sintered lightweight aggregate using paper sludge ash and to
evaluate the qualities of the aggregate according to various mix proportions, conditions of pelletization and sintering.
The paper sludge ash alone, due to its mineral and chemical compositions could not gain suitable expansion and
strength. Hence, it was essential to add mineral additives such as clay, fly ash etc. The optimum mixing ratio range
determined in this study is as follows ; paper sludge ash 30~50 %, clay 30~50 %, fly ash 0~40 %, paper sludge 0~
10 % and hematite 2~3 %(for manufacturing lightweight aggregate both for non-structural and structural concrete).

It was possible to manufacture various lightweight aggregate whose dry specific gravity ranged about
from 0.6 to 1.4 by using this optimum mixing ratio. From the test results of the qualities of aggregate, it showed
that the 10 % granules crushing value test and water absorption percentage ranged about 5~10ton and 1
0~20 %. Thus, it was favorably comparable to those of the imported aggregate. The manufactured lightweight
aggregate could be used for structural concrete and non-structural concrete.

Keywords ¢ paper sludge ash, clay, fly ash, lightweight aggregate, structural concrete, non-structural concrete.
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Table 1 Specification of disk type pelletizer

Disk |Damper Liquid .
diameter| height | RPM %l‘?})’ spray (ijed ) Pr(‘l’(d‘}ztr‘;’“
(cm) (cm) (min) | &/Min g
|5~ B~ 0 | a_s | 100~
80 10~15 w0 55 0~2 0~5 200

=232 |ESE] ==& M1833 25(2001)
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Table 2 Specification of rotary Kiln

: Sintering
Diameter | Length L/D Volugme Sl(gp RPM!|  time  |Fuel
(cm) (cm) (m) 107 .
(min)
3 | 3000 86| 029 | % [o~10] 5~30 |LPG

o\

o [B—o—@ L

I @

(D Contro! pane! (2 LPG Borb (3 Evaperater (@) Gas control ler
®Gas flowneter ®Burner @ Air damper ® R-type thermocouple
® Driving motor 49 Slope control ler (v Bibrate feeder

Fig. 1 Sintering system
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Fig. 2 Pertinent chemical composition of clay
minerals and raw materials
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Table 3 Chemical composition of raw materials

Chemical composition(%)

Materials
Si02 | AlOs|FexOs| CaO |MgO| K20 |NazO L.O.I
60~ | 15~ | _ _ _
Ideal 70 | 95 5~10 0~5 3~4

PSA |40.20{27.35| 0.80 [16.30| 8.89 |0.59} 0.73 | 4.52
Clay |64.67/1689| 599 | 0.16 | 0.89 |2.19] 0.20 | 7.52

Paper 19901 11.941 050 [1254] 897 |0.11] 0.08 | 45.00
sludge

Fly ash [4545(30.39] 4.26 | 067 | 0.80 |3.94| 0.19 | 11.84
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Table 4 Chemical composition ratio according to mix

proportion
Materials | Ideal { No.1 | No.2 | No.3 | No4 | Nob | No6
PSA 60 50 50 50 30 30
Clay 40 50 40 30 40 30
Sludge 10 20 —— -
Fly ash 30 40

sio, | 99,4999 5244 | 47.89 | 4334 | 51.56 | 4964

ALOs | 13512326 2220 | 2170 | 21.20 | 2412 | 2547

ALOY | 02
S0, |~04 051 | 047 | 051 | 054 | 051 | 0.55

Fe0s | 9| 288|340 | 285 | 230 | 391 | 374

CaO | | 985] 824|948 |1071] 516 | 521
MgO 569 | 489 | 570 | 651 | 326 | 3.25
KO |, 1023|139 | 139 | 097 | 224 | 241
Na;O 052 | 047 | 045 | 044 | 0.36 | 0.36
LOI | - |572| 602|572 |1352] 792 | 835
312 34%
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Table 5 Particle size of materials

it e | o | L
PSA 2361 600 1,880
Clay 1161 180 3.400
Fly ash 13.87 164 3,500
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Fig. 3 Size of aggregate according to slope and RPM

Table 6 Size of aggregate according to slope and RPM

of disk
Size Condition
(mm) | RPM | Slop( °) | W/S (%) | Dia/Depth
542 25 50
103 | 15 45 249 5.7
155 | 10 35

Table 7 Strength of adult forming aggregate
(18"Drop test)

Forrmr}g aggregate 104~79
size(mm)

79~56 56~45

Drop test(time) [201(0-K)|201(0-K)[201(0-K)
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Fig. 5 Temperature curves determined in kiln
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Fig. 8 Micro-structure of lightweight aggregate for
non structural concrete

Table 8 Test results of lightweight aggregate coated
by Al:Os for non structural concrete

Mix Tempe| Dry |Abso-|Crushing
No. | _proportion(%) |-rature |specific| rption | strength
PSA[Clay|Sludge| (T) |gravity| (%) (ton)

LA1| - 052 | 244 2.1
LAZ| Liapor Co. - 0.74 | 157 32
LA3 - 097 | 141 10.7
PALI[ 50 | 40| 10 | 1360 ; 091 | 127 80
PA2| 50 |50 | - 1360 | 087 | 165 46
PA3| 50 | 50| - 1350 | 0.76 | 95 43
PA4| 50 |50 | - 1350 | 059 | 120 3.7

PAS[ 50 | 30| 20 | 1345 | 112 | 68 9.9
PA6| 50 | 40| 10 | 1345 | 066 | 9.2 64
PA7| 50 | 50| - 13556 | 059 | 189 4.6

—_
N

-
(@)

10% crushing strength(ton)
[0)]

0.4 0.6 0.8 1 1.2
Specific gravity

Fig. 9 Strength of lightweight aggregate coated by
AlOs for non structural concrete according
to specific gravity
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Table 9 Preparing condition and test results of light
weight aggregate coated by fly ash for non
structural concrete

Sintering condition Quality of aggregate

No. | Temp|Slope Air | Feed Dry  |Abso~|Crushing
o, |RPM . fic |rption| strength
(©) [ (77| No) | (ke/min) | greiey | (%) | (tom)

40| 023 135 {183 120
40| 023 145 |1213] 83

PA2111210| 20
PA22[ 1210 15

L3 | 097 |141| 107
14 | Liapor Co. 107 1138| 114
L5 122 1231 129
PA8|1300| 20 | 5 | 80| 159 086 |133| 44
PA9{1305{ 20 { 6 [ 80| 159 101 120 99
PAIO[ 1220 1.0 | 6 | 30| 238 116 {141} 131
PA11{1225} 05 | 6 | 30| 238 147 {151 | 120
PA12|1215] 20 | 6 | 25| 238 108 156 122
PA13[1215] 20 | 6 | 25| 238 106 |145| 106
PA14{1245] 1.0 { 6 | 60| 238 108 [136 91
PAIS|1245| 10 | 6 | 60| 023 144 |137| 92
PA16/ 12451 15 | 6 [ 60| 238 116 {135 121
PA17|1245]1 20 | 6 | 60| 238 121 |164] 135
PAIBI1190| 10 { 6 | 40| 238 094 |[131| 49
PA19/ 1190 15 | 6 |40 ] 238 110 | 144] 128
PA20[1190| 20 | 6 | 40| 238 121 142 | 155
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Fig. 10 Strength of lightweight aggregate coated by
fly ash for non structural concrete according
to specific gravity
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concrete according to specific gravity
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Fig. 12 Micro-structure of lightweight aggregate
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Table 10 Preparing condition and test results of lightweight aggregates for structural concrete

Mix proportion(%) Sintering condition Quality of aggregate

No. Temp | Slope Air Feed Dry Absorption Crushing

PSA | Clay | F/A |Sludge| Fex03 | ~ S0P ¢ | RPM . .| specific strength
(C) () (No.) | (kg/min) gravity (%) (tom)
PA?23 50 50 - - - 1.34 119 116
PAZ4 1185 1.0 6 15 2.38 1.37 159 109
PA24-a 40 20 30 10 2 1.39 18.8 79
PA25 50 30 - 10 2 1165 1.0 3.0 1.28 115 12.8
PA26 50 30 20 - 05 1200 25 6 25 2.38 1.25 17.1 7.7
PA27 30 40 30 - 1 1145 1.0 1.0 1.33 13.7 12.6
PA28 1.33 155 13.3
PA28-a 1.43 135 16.0
PA%Sb 30 40 30 2 1180 25 6 8.0 2.38 145 114 156
PA28-c 1.44 11.2 12.8
PA29 1.37 13.2 156
PA29-a| 30 40 30 - 3 1150 2.5 6 35 2.38 1.37 13.2 16.5
PA29-b 1.39 134 136
PA30 1.24 147 15.0
PA30-a 30 50 20 2 1150 25 6 35 2.38 143 125 175
PA31 1170 1.09 18.7 114
PA32 40 60 3 1190 35 6 20 2.8 0.90 185 6.7
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