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Assessing the Sludge from Industrial Wastewater
Treatment Plants as Construction M aterial

Kae-Long Lin

Associate professor, Department of Environmental Engineering, National I-Lan University

Abstract

There are 600,000 tons of sludge produced annually from 39 industrial wastewater
treatment plants in Taiwan. In this study, the heavy metal sludge ash and organic wastewater
sludge ash are used as experimental materials. Raw meal was prepared for a pre-determined
recipe, then heated to 950°C for eight hours during sintering to produce eco-brick, and 1400°C
for six hours during the clinkerization process, using a simulated incinerator and a smelter.
The results indicate the leaching concentrations of all the tested samples met Toxicity
Characteristic Leaching Procedure (TCLP) requirements. The eco-brick samples containing
20% industrial sludge ash could reach a compressive strength of around 171-401 kgf/cm”. The
specific gravities of bricks were all less than 2 kg/cm’. Bricks made from mixtures containing
20% PCB sludge ash could reach a 210 kgf/cm® compressive strength. The specific gravities
of the bricks were all less than 2 kg/cm®. The 24-hour absorption rates of the bricks were all
less than 19%. The specific gravity, water adsorption, and compressive strength suggested that
bricks made from mixtures containing 20% industrial sludge ash and bricks made from
mixtures containing 15% PCB sludge ash could meet the general requirement for brick. In
addition, three new types of hydraulic cements (referred to as eco-cement) were developed.
Sludge ash from industrial sludge ash, water purification plants and primary sewage treatment
plants, as well as waste from steel-works (ferrate), as partial replacements for clay, silica,
alumina, and iron oxide in the raw meal for cement. The results indicate that it is feasible to
use sludge ash and steel-making wastes to replace up to 20% of the mineral components in the
raw materials for cement (also referred to as raw meal). The major components of the
portland cement composition, C;S(i.e., 3Ca0.SiO,), C,S(i.e., 2Ca0.Si0,), Cs;A(i.e.,
3Ca0AL0;), and C4AF(i.e., 4Ca0.Al,03.Fe,05) were all found in the waste-derived clinkers.
The compressive strength and the degree of hydration of eco-cement pastes were similar to

OPC paste at the appropriate curing age.
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e 4 PSRRI AR BUIPROR] V[ 5855 D3 i

[~ hy  A-IWSA WPSA PSSA R dad
Si0,(%) 12.19 54.47 63.31 3.17 7.30
ALO;(%) 43.54 29.12 15.38 1.63 1.10
Fe,04(%) 7.44 7.25 6.81 40.50 0.66
CaO(%) 2.65 0.93 1.80 5.73 62.10
MgO(%) 0.59 1.12 1.03 0.23 1.23
SOs(%) 3.20 0.08 1.01 0.82 0.18
Na,0(%) 1.24 0.67 0.70 0.08 0.22
K,0(%) 0.55 3.55 1.51 0.07 0.01
P,05(%) 1.51 ND 7.20 ND ND
#EEY (ppm) 315 311 105 175 ND
Fo 5 = AR R
E¥ ECO-A ECO-B ECO-C
A-TWSA(%) 1.00 1.50 3.00
WPSA(%) 8.69 9.72 6.18
PSSA(%) 8.51 6.84 9.29
MR (%) 1.68 1.97 2.10
TR T1(%) 80.12 79.97 79.43
LSF 91.46 83.52 80.41
HM 2.00 1.87 1.72
SM 1.90 2.16 1.74
M 2.11 2.10 1.79

% 6 Eit W T R A

Composition Clay B-IWSA
Si0; (%) 61.55 25.93
AL O; (%) 15.39 22.08
Fe,0; (%) 5.82 16.92
CaO (%) 1.54 4.45
MgO (%) 1.14 1.33
K,0 (%) 2.39 1.19
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TR RS [

7 S EIIFBIRTMER B OPC V7 TCLP T i

Cu (mg/L) Cr(mg/L) Cd(mg/L) Pb(mg/L) Ni(mg/L) Zn(mg/L)

OPC ND* ND** ND***  (.72+0.02 ND**** (.33+0.01
ECO-A Clinker ND ND ND 0.62+0.01 ND 0.22+0.01
ECO-B Clinker ND ND ND 0.73+0.02 ND 0.34+0.01
ECO-C Clinker ND ND ND 0.68+0.02 ND 0.46+0.02

*Pb {{RHA<0.016 mg/L; **Cr<0.016 mg/L; ***Cd <0.014 mg/L; **** Ni <0.015 mg/L

# 8 SBIHIFBURITIRR] » OPC b [~ 555 i 53 e

Composition OPC ECO-A ECO-B ECO-C
Si0; (%) 21.65 21.24 23.15 22.53
ALO 5(%) 6.50 7.11 6.39 8.32
Fe,05 (%) 3.20 3.55 3.67 4.64
CaO (%) 63.70 64.83 63.12 61.18
MgO (%) 1.90 1.28 1.11 1.11
SO; (%) 2.20 0.34 0.37 0.45
R,0 (%) 0.30 0.32 0.26 0.18
P,05 (%) ND 0.46 0.75 0.85
f- CaO (%) 0.31 0.30 0.20 0.20
Constituents
C5S (%) 46.71 48.65 35.60 13.98
C5S (%) 27.33 24.20 38.37 54.05
C3A (%) 11.81 12.83 10.72 14.20
C4AF (%) 9.70 10.80 11.17 14.12
Moduliu
LSF 0.90 0.92 0.85 0.80
HM 2.03 2.03 1.93 1.72
SM 2.23 1.99 2.26 1.74
IM 2.03 2.00 1.74 1.79
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I A THEE(2007)

£ 9 AR PR - R P U

i PG, (kgf/em’) e (%) PR IERESE (%) BERED (%)
FRIET S
0% 401.5 16 2.0 4.7 20.3
10% 297.4 17 1.9 4.2 212
20% 171.2 18 1.8 5.1 224
30% 152.1 22 1.7 3.8 20.6
40% 104.2 24 1.4 3.2 24.6
CNS 382.R2002 ¥
- A 150 15 1.8-2.0
Rl 100 19 1.8-2.0

* 10 3l i"ﬁimrfﬁiﬂé\'ﬁ%‘*ﬁ%;‘/ TCLP "%

Sample Cu(mg/L) Cd(mg/L) Cr(mg/L) Zn(mg/L) Pb(mg/L)
FPIET S-S
0% ND ND ND ND ND
10% ND ND 0.11 0.02 ND
20% 0.13 ND 0.14 0.07 ND
30% 0.18 ND 0.18 0.09 ND
40% 0.17 ND 0.18 0.13 0.11
A
15 1.0 5.0 --- 5.0

*Pb {{RHA[<0.016 mg/L; **Cr<0.016 mg/L; ***Cd <0.014 mg/L; **** Ni <0.015 mg/L

20 40 60 80

[f 1 gAY = PR R = AT P R
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Compressive Strength (Mpa)

TR RS [

1.CsS 4.C,AF
2.8-C,S 5. a-C,S
3.CA
1.2
5 ECO-C
Bl NS TN, e o
E) ECO-B
EMMWW«W
3.4 ECO-A
O UPT A 20 N S o AN~
1
OPC
28 31 34 37 40 43
26
2 BT SR B XRD i
100
—
90 v
80
—=
70 x
60
50 1
40 1
30
20
10 - ——OPC ——ECO-A —w—ECO-B —x—ECO-C
0 >

0 10 20 30 40 50 60 70 80 90 100
Curing Time (days)

[ 3 BB A
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I A THEE(2007)

OPC Paste
W/C=0.38 90 days

60 days
28 days

e, J/,L/\NWMWN 14 days

w Unhydrated cement

T
—120

T T T T
ppm -60 -80 —100

4 OPCAEfRT: T IfIEHIY *Si MAS/NMR [j

Q° Q' ECO-A Paste
Q?
MM\M W/C=038 90 days
- m i 60 days
A A AN AR AR AN A AR AN A -
Wl/\'\‘w\m 28 days

14 days

s

7 days

Unhydrated cement
'S BCO-A BB ITAETE T [l *'Si MAS/NMR [l
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R

ECO-B Paste

A A

QO

60 days

W/C=0.38 90 days

. ﬁ: |
“_Jkﬂ\_mwww% 28 days

14 days

7 days

N

3 days

T
Heom o —&o —1oo ~a1=zo0

[l 6 ECO-B BRI T [#51Y »’Si MAS/NMR [/

i
Q’ ECO-C Paste
Q! Q> W/C=0.38 90-days
60 days
28 days

A AN A PPN

EEESE——Y SENSU .1 > B

7 days

WWJ Unhydrated cement

o T T T T
Pem —60 —80 —100 —120

[ 7 ECO-C BB/ T [H#RHV 'Si MASINMR i3
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Unhydrated cement



Intensity

st ST AHEE](2007)

l.a -Si02 2. P205 3. A1203 4.F6203
1.

2 ' 40% industrial wastewater
H 30% industrial wastewater

20% industrial wastewater

10% industrial wastewater

10 15 20 25 30 35 40 45 50
20

8 PRI S BB XRD
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