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Advanced treatment of piggery wastewater via enhanced coagulation with Mg/Fe layered double hydroxides
and analysis of the coagulation sludge properties

HUANG Zhi-yan'?, HU Zhi-lin'?, LIAO Zi-cong"? LIU Juan'? Cui Li-hua'? HUANG Zhu—jian"-*

(1.Department of Natural Resources and Environment, South China Agricultural University, Guangzhou 510642, China; 2.Guangdong
Provincial Key Laboratory of Environmental Pollution Control and Remediation Technology, Guangzhou 510275, China )

Abstract; After the second stage of biochemical treatment, piggery wastewater still contains a high level of contaminants, and further pro—
cessing is required.The effects of initial pH and Mg/Fe molar ratio on the removal of water contaminants were investigated in this study. The
coagulation precipitates were analyzed via X-ray diffraction( XRD ), scanning electron microscopy(SEM ), and Fourier transform infrared
spectroscopy( FTIR ), and the coagulation sludge was cycled as a kind of catalyst for the first step of resource utilization. The results showed
that when the initial pH value of the piggery wastewater was above 6.5, the removal rates of TP and Cr( VI ) and the reduction of turbidity
reached over 95%, 35%, and 80%, respectively. When the pH value was higher than 8.0, the removal rates of Zn?* and Cu?* reached over
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85%, and the removal rate of SMX could reach over 75%. However, the Mg/Fe molar ratio had little effect on coagulation. Analysis of the

coagulation sludge showed that mainly layered double hydroxides and iron phosphate minerals were formed. At last, we prepared catalysts

with coagulation sludge under the conditions of 700 °C and limited oxygen and found that with the same amount of potassium monopersulfate

(PMS) addition, catalysts prepared with coagulation sludge had higher catalytic activity than those prepared with Mg—Fe LDHs. This finding

shows the great potential of the obtained coagulation sludge in resource utilization.

Keywords: Mg/Fe layered double hydroxides; enhanced coagulation; piggery wastewater; heavy metals; antibiotic

KI5 A1 254k % ¥) ( Layered double hydroxides ,
LDHs )E@%ﬂgéﬁmfﬁjﬂ : [M2+1-xM3+x( OH )Z]A"—x/n ‘m H,0 ,
M=metal , A=anion"!, LDHs AZ5#4) 5 2R EE A A9 %,
P, AEHLEE R BT R T, AN BH B (M) AL
g3 A BHES (M) R, U T)Z HIE LA £,
I IR 5 A B 8 - A G5 H 50 22 ] -
SE IEHLAT , 4ERPEEE Y AR B 45 F, 1T LDHs A7
IE LT R, 7RSS e /K TR Bk 2ok A Hh AT R W ff
15K A LT TS G4 Goh S5995 58 T A7+
MV 25T ST A U A4k Mg/Al
I AT 1 B B MR T R XS AsOF
CrOT \VOT \BrOs A — & 1Y KBRECK ; #h I SEI IR0
SEUUETE A IR Mg/AL AW A7 B35 BrOs A4 W i 4
Ho ENXIKEARBIREZ R MgAl KA, T Al
Xof FE DRI A A B AR X sh A #E R
MgAl 7K i A1 8 FH B e K R AR AL FI AT R 2 38—
s gy, B AL ASE—Fh AR r 5ok T Fe 5 Mg
FE— 8 S5 T 0] DA B K A 2547, a] 4 Ay i
RIS AR KRR Y b, [F Fe JoRE HHRA
PEAE , Al TSR] A S A 50, AR T A
FRER RS AA LTS G, sl TR MgFe 287K A1 (1)
TRBETUIE Wy il AL b T & o HA PR D REAE
AL, AT LS BB PR A I,

4 RSB K, COD . ARETR
WA R HEA KIS 2 R BOKIRE BRI S &
Ao KA UL 2, — G L R A e T
FEW, UV254 figfs 2 i —J5 A HLP AR RLRR A5, AT A
J BB PLEK(TOC) it LK (DOC) S48 bR 1Y &
RSE gt o TR g4 A A A
BiighWrpes , KGR SR b AE R B A TEm R

T, E TS X S SN AS I B R AR, 85%
4 B < J AT A R B M RPR IR, N T3 47 FE
JK R G R AR R BB (RO 2 1T
Wt SRR G R ol B E A P
REEW TS AR HEPTIEIN, O0 F ARG
AR FRARAAAE BRI RS2 . Ik, T &K sk B
T B R A R S BR A0 e U B i B R 3R A5
U — R o BRI HAT A B o™ A
IR R B A, B2 5B K P e v 5 ey
AT RGEAR . Pt , W BR R A P R X R S A
A R IR BRACRA AR, BAGTEAR AR AT 53 B
FIFE A M LATESEBR P Rk, AN SR Mgke
JOKM AL RACTREEE BIIE K , B R X 5 g
Wy T e L BRI, LR A TR BETCIE D) il £ AL 57
AL B AR VBT (PMS)RCR IR T, LU S 47
ARG K HOK SR bR BT S G LA S IR BETT
TEV I BT IRAL A PR IESE B

| RS

1.1 jRBEKHE

275 N HE A S HE i 0% AR B n 1A 71
IKFE BT B X FE AR A Sk Kb, ik
JER 1.0 g+ L7, @ i pE At £E 24 h, 2L IE15 U8
A5 2.83 g+ L' KyCry0,.4.40 g+ L ZnS0,+ 7TH,0 .
3.90 gL CuS0,+5H,0.0.5 gL~ SMX ig 15 Zn*
Cu® .Cr( VDB L Kz SMX HEELE . 78 1 L g
H1A0.043 9 g KH,P0,.0.076 4 g NH,C1.0.180 4 g KNO;,
0.187 7 g 4R WER, 70 M 2.0 mL Zn** Cu**
Cr( VD BER AN SMX HIEERERY , 583 i EAR 100 K FE
WA B BUFE L 1,

& 1 IR BER K BHFE

Table 1 Characterisics of feeding water

5l " coD/ NH:-N/ NO;-N/ TN/ TP/ U/ Zn%/ Cu®/ cr(VI)/ HRfiAER

8 p mg* I mg:* I mg:* I mg:* I mg:* I NTU mg:* I mg* I mg* I SMX/mg* I
WK EHE 6~8  200~500  20~55  20~60 100~250 5~100 30~70 0.32~39.8 0.06~8.8  0~0.21 0.05~1.09
I KRER KR E 6~8  200~400  20~40  20~30  50~80  12~20  20~45 1~2 1~2 1~2 0.15~0.25
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1.2 MEmMBRF*E

pH {B (B 5 B ( B ) A BRA Al 5250 % pH
71 ) ; COD: FEARFRER 1L s NHI =N » 44 Gl ) 406G s
NO; -N: £AME 6B v (B HE UV2600) s TN : figi 4 48
Tt R B0 T M 25 A0 4 G L s TP SRR B 43 o
5 Wb (R AR AT PR F] SGZ-B R 51 {#
PEAIRETT) s AR S A AT IR R
(H 37 ZA3000) ; SMX . /5 B50RA i — o i - B i e
% (LC-MS-MS, Waters Corp. ), {341 5% F ACQUITY
UPLC BEH C18(2.1 mm x 50 mm, 1.7 wm ), &l £+ 1
35 °C. FFHH B 54Nt
1.3 JREHAIE

TR B0 1 7S P P AR ek, FEEHEE pH M
Mg:Fe EE/R Eb n(Mg:Fe )X MgFe 27K i £1 4b H54 %
FEKBIRCR . 43 9L 250 mL BRI KFE THedr i,
pH IREER IS 54 s pH {E (4.60,5.55,6.52,7.55,
8.48,9.14) , B n(Mg:Fe ) Ay2.4:1 WITREEN , i R &E
A EE S 60 mg- L n(Mg:Fe ) R EE R 50 5514 R 500
ANTA)EE SR BE FE TR BEFR (2.0:1,2.4:1,2.8:1,3.2:1,3.6:
1,4.0:1), P57 i g0 /K AE pH (B Ry 8.21, i VR BRI Vi JiE
60 mg- L™ S 1L Mg Fl Fe 73 5l E iR EER Y
BOR L IEI n(Mg:Fe )2l 2.0:1 ) MgFe TREEFI1E A Xt
L, fif Fe JREE S [n(Mg:Fe)h 0:11H & 4 60 mg- L~
[HH n(Fe)=1.07 mmol - L], Mg JEEEF (n(Mg:Fe) Ky
1:0)¥ 58 51 mg- L[ HH n(Mg)=2.13 mmol - L], [F]
BT 250 mL 38 AKAEAE R 28 FIXE IR, 3 7E 150 r-
min” $EFE 2 min, £F 50 remin~' FHEFE 20 min, FEH 30
min, U F 35 W & COD i (TP NO;-N, 75 it |
W 0.45 wm 1 0.22 wm 8 M5 8, 43 5100
NH; =N, UV, Zn*, Cu®*,Cr( VI )£ SMX ,
1.4 ANTI#H& MgFe ZKKBRFE

MgFe KA il 55 2 BRIA BARTHAZK 15 A 1l
BT AR, B ek S A AL A RN RR IR B TIC A
TR IR T, P R, DA T e B By 53 g-
L ) FeCl,-6H,0 1 120 g-L" ) MgCl, - 6H,0[n ( Mg:
Fe)ohy 3:110 & J@ IR G Wb, 4R SO iR & (1) pH
fH R 9~10, et Hidk (WRfk 24 h 5, i JE 1S MgFe 2K
I, FAZERKUER 3, T 60 CHLFE Pkt
T 15 B8R
1.5 RIESHT

XRD 43 H7 2% FH % [E Bruker 23 5] ) D8 ADVance
X SR AT I, MR S AR AR, S8 4514
HilHE Ko BFZRUR(A=0.1541 8 nm) , Lynx Exe [5148M]

25 HE 40 KV, LI 40 mA, HHE K 0.020, 49458
BE17.7 s+ 257 G 4°~70°, FTIR SEiER4ERH
2 [E PerkinElmer 2 &) B 1725 R 57 M- 21 4p G 3%
S, BB 4000~400 em™ 383 HEHE A 4 em™',
SEM & 1%% Fi H A% Hitachi 2 ] ) S=3700N &l 74
HLAR I BCE (1) EDS BB /A4, s v K 20
kV, HLIT o 80 pA.
1.6 ELFIHESEAFLNSIRR

B A B IR EEDTIE W) [n (Mg:Fe )=3.0: 1] 0>,
JEIZEE K pPE 3 3,60 CF T4 FRHEL 5.0 g T4
IREEITIEY) & T/ NI, s JF e fE40™ %
T A S IR 700 CHE 2 b, Hil15 1R %S U8
AT A5 R T E, ARIRERREL 5.0 ¢
)T MgFe 257K £ [n(Mg:Fe)=3.0: 1140 [7] 544
fit AR A AL

WAL SE B0 F /S e PR v ilE AT, & AR 43 31 im
A10 mg- L % P B %W 250 mL, 3 51145 A AL 5
0.05 g, LA 200 r-min™ $ii$£3457, 5350 A 0.05.0.1
0.15.0.2.0.3.0.4 g 1 HRERE S (PMS ), 265 10 min HX
JKFERE 0.45 pm JEAR, FI| S50 3 AL EETHAE 554 nm
TS B MR

2 HR5iITR

2.1 MgFe ZFokighikEl B EER EAIBIEIAREKR
2.1.1 ARG pH (EXHREERCR 534

ARG pH B X TR BEE 2 SR 5 M (143X 6 25 S D
Bl 1. Nl 1a Bi7s, 906 pH {64 4.60~5.55, 3 3 25
Bk, BRI 37.3% L I, pH (HKTF 6.52, 3
FERBRAIE 81.33% L) |, X pH=7.55 B}, KFRFIRF
Bk, N 9B%; WE 1b ik, COD F % H 80%~
90% , 7€ pH=7.55 B} LBRF /K, J 89.02% ; A 1c
FiR, BEERIEG pH (AR BT, TP i 5BR% 7+, pH
HKT 6.52 B, BBRFILA 0l ik 97.46%L) I ; WnE
1d~& 1f s, TN \NH; =N \NO; -N LR E81%, ¥k
20%LA T o

TRIEEN 2= KB K b () AR A 1 R )
BOEEIAE K ffad R R T AR 22 A T e, 1T AR o
AT UL AT B TS e, X Y I R A R T B A
/b 40 NH =N BT MgFe 257K 18 431 224 NHi-N
BORAE . TERRIESAET , AFI T MgFe 287K M A1 45
FEITE S, 72 pH<T 26040 F e S ZR BEAE 7 &
Fe fll Mg 4xJ@ £h VAW, XS F TN \NO;-N \NH;-N
TP {22 BRFHAR UL Mg 1 Fe B AR SR TR SE R X
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YR KH i TN F3 2 NOs-N \NH;-N FiaHLA L
%, A AR HLA 0 EL BRI 2Rk A X

TN [ R BRBACRAEZ K2 NHi-N 1 NOs-N [k
A . FEEAKH A COD T8k IEFi5/Kh
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AR ) SR R I B K PR TR RO T R (A
15K H G COD AL K R o

ANREWI IR pH AE X553 B K H LA T4 8 1Y
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Figure 1 Effect of initial pH on removal of TN,NO;-N,NH;-N, TP, COD and turbidity after coagulation
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6.55~7.47 B L BRFRRIR A

FRVESRAE T AT MgFe 27K A S5 B TR BL
[F Zn* . Cu* A G LAY Zn(OH), F1 Cu(OH), TILIE, &
BRR AR, pHAEMKR, 2E A Zn(OH), F1 Cu(OH),
DUTER R RN, [RB Zn2f0 CuP RS R L5 T AL
LUK, 3 BRI R B R BRECR . B
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100 &z’ 725
[ < R S i |
80 20
& 60t {15 &
0 O O
& (% 1] .=
H 40¢ R E
- LINTE
20f I T A B A O (&
P S e SN S S S N I 0
453 555 655 747 855 920
pH {H
100 1 b. Cu* 12.0
e — -
e SO
501 \ 115 .
| | -
S 60t |F
li 11.0 =
& |
#C40p | 2
) | Jos &
20¢
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30+ PR
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j 201 11.0 B
= I
_H4 i 1 e~

10f 105 =
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— Sl Y/ $7 133

(WIURUE FE[Zn*]=2.36 mg- L, [Cu*]=1.88 mg- L™, [ Cr( VI )]=1.77 mg-L™")
(Initial concentration of [Zn*=2.36 mg-L™,[Cu*]=1.88 mg-L",[ Cx( VI)]=
1.77 mg L")

B 2 pH BEREE Zn* .Cu™ Cr( VD) EBER K EKHKRE
Figure 2 Effect of initial pH on removal of Zn*, Cu®*,Cr( VI )

after coagulation
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2.1.2 AN[f] MgFe FEIR HLAOTREESCR 43

ANfA] MgFe BEIR LG n(MgFe ) TR BERCR WA 3.
COD ,UV,5 NH;=N Fl TP )25 5 n(Mg:Fe) 2 [h]
AFAEHB AR L R TE n(Mg:Fe )iy 2.0~4.0:1 B,
TP 228350 98% L) | ;COD %45 )y 82.55%14
b, F n(Mg:Fe) Ry 2.0:1 AL B A, K 89.65%;
UV, FYEBRR K 40%~50% , 3 F n(Mg:Fe) >l 2.0:1
IHEFIE K, N 49.94% ; MgFe ZEK I A% T SMX
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A 2 R BRACR . E NSRS S e 7K — e
TR E P AN B, G AR ) SBR %
TP RBRHN T4.1% ; RAE F2A ICOHTEIRIRE IR
N ) 25, X TP [ 2 BR#R 53.8% ,COD L BR =
80.3%, MgFe /K 411X TP (1) 22 b 5 1%
Gl A AL S e K 2B, COD LBl
TAEG 51k

LS4 JE B - (10 Cu™ Mn* Zn* %) n] #E4 7 P A
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AR TN R AP, B, 78 Zn e
BT, EaBUCERE R W HY, TR R
B, BT LMA R pH (EFRAR, (28K 45 SMX i HEF
J18 N A SMX (ISR . n(Mg:Fe) X T MgFe
FOKIE A ITE B AN, KA R /KR B
RO F 2R Z B pH AE RS0,

n(Mg:Fe )X 437 e /K B UL ie: H 4 i A J A
W 4, n(MgFe)fy 2.8:1 B}, Zn>Fl Cu® ) B %
IRFR K, BEE BE IR U3 K, Zn™ 1 Cu™ (1) K BRR 2
FEM . n(MgFe)Xf Cr( VD) BYSZIA K, KBRRIH
20% /545 o
22 RBTEYH YR ES T RR R IR
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Figure 3 Effect of initial molar ratio n( Mg:Fe ) on removal of COD, UV, NO;=N,NH; =N, TP and SMX after coagulation(Initial pH=8.21)
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Figure 5 XRD patterns of artificial MgFe LDHs(a) and
coagulation sludge(b )
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Table 2 Kinetic model parameters of catalysis

— K/min™ Lya/min R
JORMAMAH  REETIREMAEH ORI IREETCEMMAT  SORM AT ISR
0.05 0.004 6 0.002 7 150.68 256.72 0.975 0 0.957 8
0.1 0.005 3 0.004 6 130.78 150.68 0.962 2 0.9553
0.15 0.004 2 0.003 7 165.04 187.34 09217 0.939 6
02 0.002 2 0.004 8 315.07 144.41 0.739 8 0.945 8
03 0.002 1 0.004 5 330.07 154.03 0.864 7 0.856 6
04 0.001 4 0.007 2 495.11 96.27 0.784 0 0.964 3
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