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ABSTRACT

Sludge produced from water treatment plants contains plenty of aluminum due to
addition of coagulants, polyaluminum chloride(PACI) which has been widely used in
most of water treatment plants, however, the whole of PACI is imported from other
countries. In this research. the effective methods for recycling PACI from sludge of
water treatment plants were developed and evaluated.

Aluminum chloride hexahydrate(AlCls - 6H20) was obtained by sparging HC! gas
aluminum extracted from sludge using hydrochleric acid(HCl). This aluminum
chloride hexahydrate was solidified by decomposition at 180C, and dissolved in water
to produce PAC!l. The optimum extraction rate was obtained at the condition of 10
minutes of reaction time, 105 of reaction temperature, 27.65%(W/W) of HCI concen-
tration. The KS experiment proved that manufactured aluminum chloride hexahydratz
was 98.7% degree and the recycled PACI coagulants agreed with the KS standard.
The optimum temperature of decomposition was 180T and the basicity of the PACI
was decided upon the extent of decomposition. The compared experiments between
purchased coagulant and manufactured coagulant presented that both coagulants had
same performance for turbidity, DOC, UV:ss absorbance, and chlorophyll-a.

Key Words : Polyaluminum Chloride(PACI), Aluminum chloride hexahydrate
(AlICl3 - 6H20), Turbidity, DOC, UVass Absorbance, Chlorophyll-a
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Fig. 1. Schematic drawing of the experimen-
tal apparatus for sludge leaching.
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Fig. 2. Schematic drawing of the experimen-
tal apparatus for AICl3 - 6H:0 pro-
duction.
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Fig. 3. Schematic drawing of the experi-
mental apparatus for thermal de-
composition of AlCls - 6H:0.
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Table 1. Raw water quality and experimen-
tal conditions

Parameter Description
Raw water Nakdong
aw wate
River(Mulgeum)
Temperature 9~107T
pH 7.98~8.52
Turbidity (NTU) 7.8~13.5
DOC (mg/ ¢) 2.7~3.0
UVasg (cmD) 0.1~0.117
Chlorophyll-a (ug/ ¢) 75~85
Coagulant PACI 5000 mg/ ¢ as Al:Os
> an
0RBUANLS  pACL. | 5000 mg/ € as AlyOs
Rapid Mixing | 200 rpm for 2 min
Jar test | Slow Mixing 60 rpm for 15 min
Settling time 30 min
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200°ColA gl gt
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Table 2. Analytical method and instruments

Item Method and Instruments
pH(-) Orion 260A
Turbidity (NTU) Monitek
DOC{mg/ ¢) Dorhmanr. DC-180

UVass {em )
Chlorophyll-a(ug/ ¢)

UV 1601 PC. SHIMASZU
Standard Methods

(UV 1601 PC, SHIMASZU)

IR(-) Reactor IR 1000

(Applied System Inc.)

Varian Unit +300 NMR

NMR(-)
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Fig. 5. Chemical composition of water treat-
ment sludge.
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Fig. 6. X-ray diffraction pattern of crystal
form in sludge.
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Fig. 8. X-ray diffraction pattern of AICls -
6H,0.

Table 3. Quality of AIClz - 6H.0 product by

KS.M 8307
Item Superior quality Product
purity > 98% 98.7%
solubility within limit

pH(50 g/ ¢, 257) > 22 2.5

S04 < 0.002% ND
Na < 0.05% 0.032%
Cu < 5 ppm 2.8ppm
Ca < 0.01% 0.007%

Pb < 5 ppm ND
Fe < 5 ppm 4. 3ppm

3.4. AIClz - 6H,O £&3 A&
d3d2ulE #3315 (AIC - 6H20)2 6719 2
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ol Az A (PACL)E F2S Jdehd
oz AzE SHUA(PACL)E KS #4& =
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Table 4. Quality of PACl. by KS.M 1510

Item PACI PACl..
specific gravity(200C) > 1.19 1.21
Al203 % 10.C~-11.0 10.1
Basicity 45 ~60 48~53
pH 3.5~5 3.8
SO % <35 ND
NH3-N % < 0.01 0.001
As % < 0.0005 0.0001
Fe % < 0.01 0.0004
Mn % < 0.0025  0.00002
Cd % < 0.0002 ND
Pb % < 0,001 ND
Hg % < 0.00002 ND
Cr % < 0.001 0.00017
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Fig. 9. Basicity of PACI solution with various
extents of decomposition.
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Fig. 11. IR spectra of the solid material
resulted from decomposition at
different extents of decomoosition.
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Fig. 12. “Al{"H) NMR spectrum of the PACI
solution at different extents of
decomposition; Al20s extent, 10, 1wt%.
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Fig. 17. Effect of pH on turbidity removal.
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