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ABSTRACT This study discussed the pozzolanic properties of calcined sewage sludge (CSS) according to calcination and fineness

conditions. The chemical and mineralogical analysis of CSS according to calcination temperature and time were carried out and

compared with that of the existing pozzolanic materials such as fly-ash, blast furnance slag and meta-kaolin. Various mortars were

made by mixing those CSS and Ca(OH), (1:1 wt. %), and their compressive strength and hydrates according to experimental factors

such as fineness of CSS and curing age were also investigated in detail. The results show clearly the potentiality of calcined sewage

sludge (CSS) as an admixture materials in concrete, but the CSS should be controlled by calcination temperature and time, and

fineness etc. In this experimental condition, the calcination temperature of 800°C, calcination time of 2 hours and fineness of 5,000

cm’/g were optimum conditions in consideration of the mechanical properties and economic efficiency of CSS. The compressive

strength of CSS mortars was higher than that of fly-ash mortars and blast furnace slag mortars, especially at the early ages. Then, the

utilization of CSS in construction fields was greatly expected.
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Oxide Fly Ash Blast Furnace | Meta-kaolin
2 ABME Y
2.2 AEH (%) (FA) Slag (BFS) (MK)
SiO 49.1 34.0 52.1
221 D2 A2 2
B olo] ALLEl sl AR 1A ] G AlLO3 26.4 16.0 41.0
H oA ZSHA = % T JA &A T
BTN ;i aﬁ*aqx]ij; ! g s Fe,0; 9.3 0.3 43
o= w e P oTeE wTE Ca0 1.4 36.9 0.1
P,0s 1.4 8.8 0.2
Table 1 Experimental factors and levels Na,0+K,0 50 0.9 0.9
Factors Levels MgO 0.8 2.7 -
Calcmatlor(log)emperature 650, 700, 800 Fineness: SO, - - _
300 m/k Density
Calcination Time (hr) 1,2, 5 £ (kg/m) 2 200 2 900 2 600
. 5 Calcination: Fineness
Fineness (m“/kg) 300, 500, 800 800°C & 2 hr (m2 k) 350 400 1 050
Table 2 Results of chemical composition for dried sewage sludge ((100 + 5°C), 24 hr)
Element (%)| O Si | Fe | Ca | C Al P K | Mg | Na| S Ti | Cl1 | Zn | Mn | Sr | Br | Rb
Dried sludge |36.3| 7.1 | 7.1 | 62 | 22 | 3.8 | 53 | 26 | 1.6 | 09 | 51 [0.39|0.78 | 0.34 | 0.18 | 0.05 | 0.01 | 0.01

66 | eF=E32|ESlS| ==4 X273 M1= (2015)



800°C,
700°C,
650°C

/ Cooling

Heating rate: &P (in atmosphere)

10°C/min 1 hr, 2 hr, 5 hr \

0

Fig. 1 Hydration ratio of alite according to age
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Table 4 Mass reduction rate of calcinated sewage slag

Calcination Calcination Time (hr)
Temperature (°C) 1 hr 2 hr 5 hr
650°C 73% 75% 76%
700°C 74% 77% 79%
800°C 76% 78% 81%

Table 5 Chemical and physical properties of CSS

Oxide CSS
(%) 650°C, 2 hr | 700°C, 2 hr | 800°C, 2 hr
SO, 311 317 32.1
ALO; 13.8 13.9 14.0
Fe,0; 1.7 11.6 11.4
Ca0 10.5 10.4 10.4
P,0s 15.9 16.0 16.1
Na:0+K,0 6.9 6.9 8.8
MgO 32 33 3.4
SO; 4.1 4.1 3.9
g{e;f;g 1750 1 700 1 680
F&?fgj 300, 500, 800
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(a) Dried sewage slag (105°C, 24 hr)
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(b) CSS (650°C, 2 hr)
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(c) CSS (700°C, 2 hr)
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(d) CSS (800°C, 2 hr)

Fig. 2 XRD results of CSS (calcinated sewage slag)
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(a) 650°C, 2 hr (x200)

(c) 800°C & 2 hr (x200)

Fig. 3 SEM results of CSS (calcinated sewage slag) with
calcination temperatures
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Fig. 4 Influence of calcination temperature on compressive
strength of CSS (calcination time: 2 hr)
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Fig. 5 Influence of calcination time on compressive strength
of CSS
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Fig. 7 TG-DTA results of CSS mortars according to curing

age (CSS_800°C & 2 hr + Ca(OH),)
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Fig. 8 XRD results of CSS mortars according to curing
age (CSS_800°C & 2 hr + Ca(OH),)
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Fig. 9 XRD results of CSS mortars according to calcination
temperatures
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Fig. 10 SEM results of CSS mortars

Table 6 Leaching test results of CSS mortars

Element CSS-M1 | CSS-M2 Standard
Pb (mg/]) 0.001 0.002 <3 mg/!
Cu (mg/D) 0.042 0.017 <3 mg/!
As (mg/]) 0.007 0.004 <1.5 mg/!
Hg (mg/D) 0.003 0.002 <0.005 mg/l
Cd (mg/D) 0.017 ND <0.3 mg/!
Cr'® (mgh) | 0232 0.272 <1.5 mg/l

* ND=not detect
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