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Preparation of a Composite Coagulant from Fly Ash and Its Application in Domestic

Wastewater Treatment
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(State Key Laboratory of Urban Water Resources and Environment; School of Municipal & Environmental Engineering, Harbin Institute of
Technology, Harbin 150090, China)

Abstract: Fly ash was investigated as a raw material for the preparation of a composite coagulant with sulfuric acid. Types of acid solution,
H, SO, concentration, ratio of H,SO, to fly ash and stirring time were respectively examined as factors that influenced the efficiency of
converting the iron and aluminum components into a composite coagulant and coagulation performance on domestic wastewater. The coagulant
was attained at the condition of H,SO,-fly ash ratio of 5 ml/g» H,S0, of 2 mol/L; stirring time of 4h and stabling time of 30 min, and
contained F&’* of 0.010 8 mol/L with conversion efficiency of 11.4% and AP'* of 0.0354 mol/L with conversion efficiency of 4.3% .
Removal efficiencies of COD and SS by this type of coagulant reached 70.4% and 91.9% respectively when treating domestic wastewater. This
study provides a promising means to utilize fly ash for coagulations which possibly makes wastewater treatment more economical and more
sustainable .
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Table 1~ Chemical composition of fly ash
2 oy SR U % AE RSy JRED L %
Si0, 62.29 FeO 1.03
AL O 20.96 Na, O 0.98
Ca0O 3.51 TiO, 0.70
K, 0 2.69 P,0s 0.32
Fe, 05 2.65 MnO 0.10
MgO 1.58 ek 2.79

PRI 58 T B AT 250 mL BEAr b, A
100 mL — € WL H,S0, M, Wl i R T PRI R A
PFE Y. 1 h(79+3 BURE ) TE LB P2, b i B AT
T IotE) ), B E 30 min Ji BPASF R 12K B K TR
) 2R BE R RGBS AR AR, B A 2 F
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Table 2 Characterization of domestic wastewater for experiments

L7 H1H
COD/mg*L~! 500 ~ 600
SS/mg*L~! 200 ~ 330
pH 1H 7 kA
7K/ °C 16 ~22

K ceF BN Bk g I AR B P AL CVELP
SCIENTIFICA)7E 500 mL M F1 HEAT SEEG . HX 250 mlL
JKEE TR A, N — e AR A Bk R B, H 4
mol/LI) NaOH ¥ ¥ 115 pH K 7 ~ 8 Z [H], £ 200
r/min®% T R 5 min, 7F 60 v/minfE B T 129K 10
min, BB U 30 min S5 H_EIE WA BT KO
1.3 Wik

COD-SS K HIE AR TP Fed AL JE bk 4
JEHERE IR AP R EDTA B A 3% 52 40 . pH A
JiI pHS-3CT % pH T LHHEDK I . Zeta HLRLSMHT
{%(Nano-Z, Malvern) Wl & Zeta HEL A7 Gl 2 3 IR HF
BIED .

2 HR5TE

2.1 KT Fe AP I ORS00
2.1.1 MRREHT Fe** AP ¥ H R 1K) 5% )

HSUAN (1) Tl 248 P R V5 R PN A9 R AR B I, 1R K L Ay
5 ml/g, W) Fe'* VAP 1530 W4 3.
£3 TEMERBZRAEL FS* AP ((H* 1=1.0 mol/L)
Table 3 Variations of Fe and Al ions produced with

different types of acid solution

pe— «M? Fed+ WAL Fef WOAPTIREE APf w
pHA jmolsL=!  H&E/%  jmolel”!  HE/%
H, S0, 0.04 0.0086  9.04  0.0247 3.00
HCl <0 0.008 7 9.15 0.0236 2.87
H,50,:HCl=1:11 <0 0.009 1 9.57 0.026 4 3.21
H,80,:HCl=1:21 <0 0.0087 9.15 0.0263 3.20
H,S0,:HCI=2:11  0.04  0.0087 9.15 0.0255 3.10

1) H,S0, : HCl 4R L

5 1.0 mol/L ER PR W 1 h I E 30 min
Jas K R VAP I H 5 ) B 9.04%
2.87% VA F RGN TR —R, JFRL 1:1
TR TR 1) i R e i 93 4 9.57% 1 3.21% .
HCL X Fe** [P H 2680 w1, 10 H,S0, % AP T 1%
FI0E, IX 5 SCERL 11 I HRGE CHCL B H,S0, #E W 3%
PR T R R AP ¥ RO R % 3
Fe'* R IR 4R T AP IR 256, 32 b i
TR G5 R R TR ) A B R 2 1)  K B A TP i) AL B
2 PR X (3AL 0, * SI0 ) AFHE , FRYE TG TEAK; Fe
TR AT, BB TR NE 3 &
AT, SRR SR T H,S0, ¥ H K Fed Al B
e HCL & 10 H T B R AN 4% i R T 36 R, 1 HX
H,S0, BLAAGT .

2.1.2 H,S0, LX) Fe** VAP % R P 5210

TERR KL R 5 mL/g 25 4, FHAS AR B2 1)
H, SO, IR A, ML A 1) Fe*r AP 3 A
B, LI SE L 1.

M1 B A, 4 H,80, W /N T2 mol/L
Fe'* VAP R tH %6 B H, SO, W< B 35 in i 3 K (12
S et R )38 T 28 ek S | 3K AT DA A AR 27 Y
ITHE IR R LR W K 1) Fes Al S8 ALY A2
WIR s

Fe,0; + 3H,S0, — Fe,(SO,), + 3H,0 (1)
ALO; + 3H,S0, — AL(S0,), + 3H,0  (2)

AR, A 4 e S A ) T FE H, S0, L 15 I
=1 AR A AR I E A 5 H, S0, RNV
THEH H, S0, R DEIRT 1.66 mol/L, Z Ji 3
B H,S0, WEMARE HEZ 1) Fe' AP . HJE ]
PN P28 55 1, B0 E H, 90, A 2.0 mol/L.
2.1.3 RIKLLX Kt AP ¥ R IG5
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Table 4 Results of orthogonal test

H,80, & FRIKEL [iceeding Fe* ¥ ER

J%/mol*L~" /mLeg™! & /h /% HEI%
1 0.5 1.5 2 0.108 0.252
2 1 1.5 0.5 6.230 1.78
3 2 1.5 4 11.901 4.184
4 4 1.5 1 10.706 3.727
5 0.5 3 1 7.909 2.108
6 1 3 4 11.191 4.066
7 2 3 0.5 8.866 2.621
8 4 3 2 10.491 3.333
9 0.5 5 4 10.939 3.266
10 1 5 1 9.397 2.693
11 2 5 2 11.208 3.826
12 4 5 0.5 8.698 2.511
13 0.5 10 0.5 9.146 2.138
14 1 10 2 11.119 3.326
15 2 10 1 9.146 2.51
16 4 10 4 13.45 4.33
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4 FE W, ZIRBERIIE pH T F VO R A 58 (5 ~ 12
AV CRAF R 1R G 25 B 30, de it pH (K 5
~7. X ATREE Pl VAP VR MEAT OC . A pH
BT, Fe™* AP Al A8 2 1) 1E i Aar LU 3 R v
Fets 75 pH HAE S ST R, ke’ VAP O 4 h A
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T B K s i o IR — PR ok (1 0, mT BL 2
mol/L H,S0, JIT il %t 1) &b 35 7K {1 )5 1) Zeta LA
A KB REAT U 7D B B2 s i, T
23] 1 H R R R A4S K T JRORL ) Zeta WAV 32 T
T, BURL S T B2 . COD Al SS £ FRE EIF A
60 mL/L F ik 25 KAH - 6.15 mV, BEE ) 2 B 2 21
Wl ARG Zeta WA 2212 T F%, 22 BRZBRAK. o) WL
PHORI I 12 T8 B 70 19 32 24 F L BE AR 4 SCik 13 ],
Zeta FEATARAK i 26 1R 26 m] LLUP A YR 48 770 Y F b
BE 77, AR ) o R R Tk v P 7 R i R A
S Vv DNIEE RN SR PR R G P S 9
P2 X TR R B T s B X

x5 BRERTH FST (AP IRE /mol L
Table 5  Concentrations of Fe and Al ions in the filtrated

samples at different H, SO, concentration/mol*L ™!
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2.2.4 AR A EC A w6 B0 TR B A 2 7 7K I 200

FEHE 2.1.3 BIJ775, MERANTA IR 2K LE R VR k%
B, LK 8. s I k' AP BRI 6.

H,S0, W& JEW pH {H Felt AP*
0.2 3.15 0.000 4 0.0109
0.5 0.55 0.008 3 0.0223
1 0.04 0.008 6 0.0256
2 <0 0.009 5 0.0277
4 <0 0.0093 0.0290
6 <0 0.0096 0.0285
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Fig.8 Effect of ratio of H,SOy to fly ash on reduction of COD and SS
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Table 6  Concentrations of Fe and Al ions in the filtrated

samples at different ratios of H, SOy, to fly ash

MK /mLeg™!  JEV pH 1H Fe** /mol*L~! AP* /mol* L~!
3 <0 0.0165 0.0495
5 <0 0.009 1 0.0259
10 <0 0.0050 0.0140
20 <0 0.0027 0.006 8
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H 1 8 7T A [A] —$In R IR K EE B/ 1) Ak 2
AR TR K LG 20 mLeg™' 2 10 mLeg™' 7 F|
5 mle g™ 2 IA) PRI OR 22 ) S AR I S F) s ELRE R K EE
S mLeg ' F1 3 mLeg™" ¥ 2 Bl A /N X 2 RN R
IKEE S mLeg™" I3 EE PR K LE 20 mLeg™" I 5% 47 1)
Fe'* VAP W SR, AR R $ T M RCR I )
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FRIKEE 3 mLeg™' 5 5 mLeg™' (1) Fe’* AP IR BERLAE
FHZEAT 1A%, TR TR AKLE 5 mLe g™ N A 250 B2
a2, Jrel R AKEE 3 mLeg™ BIER 2 T Fe'* .
AP* 25 R A A T AR A, 256 2 1 R K L Ok
5 ml/g.
2.2.5
R

FHE 2. 1.4 TR Tk, BRI A B HE A [R] I )
Ja R BEROR, g P I et VAP S K 7.
250 ml AZ S 7K IR VR e AR BN 23 50 O 5+ 10 A
15 mL, SCER AR WA 9 Fros.

F7 BRERTH F AP IRE

Table 7 Concentrations of Fe and Al ions in the

AN T 358 P IS 8] 1 24 (1 78 ot 71 Ak BV UK Y

filtrated samples at different stirring time

EiesSingEvN JEW pHE  Fe'* /mol*L™' AP /mol°L""
0.25 <0 0.008 5 0.0239
0.5 <0 0.008 7 0.0271
1 <0 0.0099 0.029 4
2 <0 0.0097 0.0299
4 <0 0.0108 0.0354
8 <0 0.0128 0.0412

9 o, MBI BN (20 mL/L), Bl 55 FE
[ R ZE K, COD I SS 1) 25 ik e R MR 4 iy s 4% hn &
KT 40 ml/LI, 5 FF: B 1] 1) 52 min e Sk 8 /N /N
N, SN TR 2 T3 o TIRABER T Pt VAP IR
RO P, RT3 B 2 s KB, IREE R O 4
RN PR, BB I Fed L AP IS BE AR X R
BT LR B BRI TR h 4 h.
2.2.6 TRERYFEICIRBEFRIIAE FH AL

CDFe™ AP REEE ] TR BT R Re 1 R 4%
BT 5 R VAP BRI G, 1B Fe' AP B
A K AT W IRE W pH E)L TN T 0, &
TRRIGR A LT, Bk U RE UL & T IR S A7 AE,
WO LA P HLER 32 R0 s (D 45 00 HL 2 J 8 9 BRI
¢ HUAT s QTRBER P I Fed* VAP LI R 1) Mg
Ca®* 575 YW oRn 22 1H1 R AERE AL 22 1 A 31 v
T AL @Fe VAT KAl A2 B UTUE W) R AE A N
fifEH .

80
75
M: >4
% 70 - X"~
2 —o— it 15min
8 —0— i #:30min
65 L —a—fiiH1h
—x—$iH2h
—X— Bidk4h
—Oo— Hi#8h
60 | | |
0 20 40 60 80
[ R A N B /mL L
100 o <%
)K/
90 x
S
N
& 80 |
#
w2
w
70
60 ! ! !
0 20 40 60 80
[ 0 A BB 2 /mL L

9 REEIERS COD A SS EMREA M
Fig.9 Effect of stirring time on reduction of COD and SS
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SEH, R HY WL 1.0 mol/LIY) H,S0, F11:1 [
H, S0, : HCI i 45 1 th1 7% » Vi 368 i 43~ o1l 3 1 3k ] vk
TRA R S pE i A AR S V5 K, 25 SR 10.

M 10 w1 %R, [EBIRASP0Hh 5 A 40/ R0k S K
TIORE , #0705 e I AE KT, 5 350 7K 1) SS R AN
BOIPEA IR, (AR A H, S0, MIFI4 SSE /N T
28 mg/L. COD ) 2 [ 2 W) & [l Y0V 45 400 1) 280 SR s
Uf,10 ml [8 V5V A Y0 TR %S 19 % 4 coD h 179
mg/ L, W WL J5 IR JE K ORE ) LAES 2195k /) i 4t
TROFH AR X A2 DR A R B AR T L R T AR AR, )
PR B Re 75 s L2 T g, KK Si—0—Si B
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in the absence of fly ash and in the presence of fly ash
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Table 8  Comparison of different coagulants for

domestic wastewater treatment
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