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Adsorption of phosphorus in livestock wastewater by Hibiscus mutabilis L. and Erythrina corallodendron L.
modified with La and Fe

ZENG Qin-yao', ZHANG Shi-rong", WANG Xin-yue', FENG Can', WANG Ya-ting’

(1.College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China; 2.Chengdu Academy of Environmental
Sciences, Chengdu 610072, China)

Abstract: Excessive phosphorus discharge from livestock wastewater can easily lead to the eutrophication of waterbodies. In order to
effectively remove phosphorus from livestock wastewater and recycle landscaping waste, powders of Hibiscus mutabilis L. and Erythrina
corallodendron 1. modified by lanthanum (La) and iron(Fe) (La—HM, La—EC, Fe-HM, and Fe—EC) were used to absorb phosphorus in a
simulated wastewater under different dosages, solution pH, adsorption times, and initial phosphorus concentrations. The phosphorus
adsorption capacities of the four modified materials in simulated wastewater decreased either in an exponential or power function with
increasing dosages (P<0.05). The phosphorus adsorption capacities first increased and then decreased for the La—HM and La-EC
materials, whereas they decreased in a power function for the Fe~HM and Fe—-EC materials with increasing solution pH (P<0.05). The
corresponding adsorption kinetic processes were in accordance with the pseudo—second—order kinetic model, and the adsorption isotherms
were more suited to the Freundlich model. The phosphorus theoretical maximum adsorption capacities of the La—HM, La~EC, Fe-HM, and
Fe—EC in the simulated wastewater were 15.00, 12.02, 7.18 mg-¢™',and 8.43 mg- g™, respectively. The phosphorus adsorption capacities of
lanthanum and iron modified materials in swine wastewater ranged from 11.63 mg- g™ to 21.71 mg- ¢ (i.e., 1.58~3.23 times those of the
unmodified materials).
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B EFRIEE KIS H TR e K PR A ) &
SRR Z — oKkl w S S UK IR E B,
T KRB A ST BT DL, BRI K b
BB R TORAP XK FREE (122 42 o [RIER , WL I
BR AW 05 B SO0 R A FRAYAS AT R A TR
R, 3R 38 & R K i ity s 28 el H R oA
SRS ANME

P 25 BRE RS K i Y D7 YR R AR AR S TTTE
B WA A L AR DI ORI R B S
KA RS YR T A A AR R e (B R A s
17 A3 f HL G 77 BT G W Bk ST A LA 3 T
2B AR A A B AR R SR R Rz 1
TR, SR, 2 AR S 1Y G B O i A
I AT HORIET I AR, R E &R R
ARBUE A AT e 58 B 3 e 2 OV4 I o 8%
e B W SRR A H T A s, PR T BT R
KA F g i PO PR G e R R I R AR A
)£ 0 o W R A R 52 B 90 1 v B DG

ARARFN bl MR A Wy B kA e A R IR T2 A
R B  PT AR SRR A, T R B K TR BB S R LA
VRS RE Rkt P el 3 L] i 3 A e AL LB, A
AT LIkb 78 3 v i, iR RE AN S TSR IRIR . AT B
FERIARNE FEFF B KIS ARIE 554 W o A Sy
BRERTRH SR, AT RHH A /D B E LT B RE
(B In—NH. ) , B2 1 T W Bl OR8> A
FENGHE ) ST e oA 9 8 - 545 700 LA S s W B g 0, il
o TR Tl A s U A 1 o A 5 1 2R T ARURT LB
SR PAIETIR BE 5 o A0 Lia S50 50 0 A R ok
B LR A SO R = ORI | Yirong S5O
B RS R B e B W SRR . OB L™
Fe® \Zn* Fl Zv* S5 BH 85 - 1d itk 5 LA, DAg &
FOXT W R R W B RE 017 b, Bl (La) F1K (Fe ) X
ISR/ AR AR B ELA RO 17 S g
AENE, SRR 2 ) ELA R A SRR R v, Tl
IR S A IC AL s a0 s La ePE s A" TSR
FRK BE I IMOROFN Fe SO P4 ™ AT DA 56 X0 el iR £
B BRI E o DRI, SR FH La A1 Fe the A A4 A el
FEAEY AT RL AT BE A VTR I B B AR

AR SEFEFN g 2F A6 2 T [ B Jy b X DL fy  ee fol
ML) , FEAFAE BY 7™ A 19 152 TR S5 0 5 B A 3L
LR 550k B FH T W B /K rh B AR AR . SR
K La 1 Fe K FEROME 7 MBI K o e B s i AL A1
o ARWEFTIIRFH La Fl Fe it AR 8 A8 A A€ P Fh

WA RS A W R 4, 38 4k SEM L, XRD 1 FT-1R 253
TETF-BoW g2 H AR R RRIE B BB AR 1L , PEAS et # R
FEASEDURE A2 7K AR AR TR Mo P T pH L W BB 1) )
R X B B T R A 9 LR B 3 g SR AR
FIWE SRR LT W B R . e A 8 e B e
BB KB SCR N & S IR K P 2
I3 A0 el B 0 9 DR R R B AR

1 MEITTE

1.1 #RLEH

KI5 (Hibiscus mutabilis 1.. ,HM)%ﬂjﬁﬂ:ﬁa(Ery-
thrina corallodendron L., EC) WAL % B PO 4Rl K2
PRERAL X . 28R K PR R T 60 CHEE T T
P8 RIS I 3k 60 H i 45

BB IEKELE U RTS8 K ek
J& 4 35.56 mg- L', pH H78.19.,

1.2 MR &

SRC A S A 61 618 T 8 3 Ay ALk 3L AR A T S

AR AL B . BRI S0 g A S5 (HM) A g F 48
(EC)ME B THETE I A, 15 0.2 mol - L' NaOH ¥ Wi i
A B R 1:20, AR A0 IR B T KIE S,
£ 121 °C.0.1 MPa By FREE T KA 1 h, 281K ik
ZPEWON HHEIE T 60 CHEF HHET .

AR 1S g 28 Ak BRI 08 5 AR %%
(HM) Fg A 46 (EC) B RO T HETE R b4 7 el vk, e
kR 515 0.2 mol - L' LaCl; F10.2 mol - L FeCls 1%
WA R E 120 1R A 5 B R4, LA 160 remin™!
H 5L F 25 C N IELENR Y 9 h, P/ pH £ 9 J5 4k 22k
¥ 3 h, R B oK npk B 2 08N 1 J5 7E 60 “CIF
BT MR, i 60 B 0, A5 20 JE 8 T E R R
La—HM .Fe—-HM .La-EC #ll Fe-EC.,

4 FhEPER B 2258 2 (HN O, \HCLO, F1 HF ) T i 2
W, IO 0.45 pm SUCFLUE BRI 8 5 A R — a2 A%
B, K ICP & 56 HEAY (ICP, 26 [ PerkinElmer 23 7] )
I E 3 La Fll Fe T 805 . 280 %2 , La—HM . Fe—HM ,
La—EC fll Fe—-EC /1 La 1 Fe 19 1 % & 43 %1 4 1.98% .
1.41% .1.82% F11.33%.,

1.3 #RERAE

RO SO TS R 454 F - 2 4% (SEM, H
A Hitachi 2 7)) I 2 050, 2R F X 9 2007 454X
(XRD, fif 2= WAZNFF2S w6 53 S 4 4, >k A8 B
AR LT ANETEIY (FT-IR , 32 [# PerkinElmer 2 &) ) ] &
FRIEE B
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1.4 #EH0LE 7K Bl AR B A 22 i) (R R #F 5%

FREUE F 19 La—HM . Fe—HM . La—EC #l Fe-EC T
100 mL #EFE L, A 50 mL — & ¥ J¥ 19 i KH,PO,
e i (AR 4D K L 7E 25 CEREE R LA 150 r- min™ A 5%
W TR G A R — B A, 2 58S R —
B, 9 SRR BT A 000 B b 35 W A v
R E R 3, IFHCE A

(DB X W B8R A5 . La—HM \Fe—HM
La—EC Fl Fe—EC B4l & 43 41 4 0.025.0.05.0.075 .
0.10.0.15 g F10.20 g, W FE 4 20 mg- L', pH I 17 2
4,7E25 °C . 150 r-min™ A 251F F IR 7% 120 min.

() B K W45 pH XTI BB 20 . La—HM
Fe—HM ,La-EC Fll Fe-EC (4% i34 0.05 ¢, Bk
720 mg- L™, F 2 mol - L"'H,SO4 1 4 mol - L"'NaOH ¢
pH I} 3.4.5.6.7 F18,7E 25 °C . 150 r-min™ [ 5%
F F ¥ 120 min.

(3) W B 8 J124 5% . La—HM .Fe—HM ,La—EC FlI
Fe—EC MR8 0.05 ¢, BERE 4 20 mg- L7, pH ¥
A ZE 4,7E25 °C 150 r-min™ B S5 1F AR , PR 1 1]
4354 30.60.90., 120,180,240 . 360,480,600 min £/l
720 min,

(4)W iS50 R B9 . La—HM Fe—HM ,La—EC FlI
Fe—EC #4494 0.05 g, B B 73 3 Fir B4 10,20,
40,60 mg- L™ 180 mg- L™, pH 75 & 4, £ 25 °C . 150
remin” {4 F PR3 120 min,

1.5 =3 7k W AR B 3 IE

FEAE K PAL I, P T2 P /K 6, 1T HoS0, A
NaOH ¥ pH 18 22 4, B & 35.56 mg- 17"

Wz it 328 56 + 7 6 AK 5 0.05 g 1Y La—HM , Fe—HM ,
La-EC Fl Fe~EC F 100 mL 4 I A, Il A FiAb # 5
B 25 % K 50 mL, 7E 25 °C . 150 r-min™ [ 551 F &
ZLiR T 4 h R 0E, BVE W B R AR B BT 4
HC B E -

1.6 #iEAbIE

A g F R (1) A 3 (2) 315574 I s 1)

|4

QC=(CO—CC)E (1)
“Co
s QM B R, mg - L5 Co R I TR R W TR
FE  mg - L7 C oA W BEF- 4 B B e B2 mg - L5 VR
BEADE K BT, Ly m Ry W B AT R N, g5 R
BRR, %

R=1-—"x100% (2)

W2 Y s 3 01 5 Pl R B3 FH o — 2 2l g A A
(3D HE Bl Fr A AR 2 3 (4) PRI G A A 2
[AX ) HUE RIS h A e

/N
it

In(Q.—Q.)=InQ.~k:t (3)
A S

0. 1010, (4)
Q.=a+bln ¢ (5)

S 2 Sy W B ERF 1), min s Q, DA A IS 20 o AP MR A
X W B L, mg - 7' Q. P IV A W B, mg -
g sk A E— GO AR, g mg - min s ki
IR o 3R B, g e mg ™ e minT' s a FT b 43 ) ARV AT
IR E, mg- ¢ Flmg- g +min',

W2 B 25 R 2 AUF 78 BT 3R B T Langmuir 222K (6)]
A Freundlich 2438 (7) JBORAL & VR

QukC.
=14k (6)

Q.=kC!" (7)
A Q.M B R, mg - g7 s QR BRIE S5 R T
i, mge g koA Langmuir B 5, Lemg™ 5 C o0 W fff
B B BT, mg - L5 koA Freundlich £ 78 5 40 n
AN

AR R 1 R FH SPSS 19.0 e i ik ik 114t
T4 #T, 3R Origin 8.0 174 K . SRR ZE Ty
2243 B (One—way ANOVA) 43 H7 P I A4 RHE A [+]
P A bR pH T X e U B 1 22 St R
LSD ¥ AR, 2% P<0.05 A HAT B 22 5.

2 HRE5HMH

2.1 MRIRAE
2.1.1 FHH T B (SEM) 2Bt

AR FERM R (HM) AR A B OB (EC) 28 La
Fl Fe U 5, SO 2% 1T A8 75 W 24 RS HAS RN , 5%
A PR IR T IR # (B 1) o A et R, HM -
B ROIREE M, RIS Mo A 5 2L . 2R )R
La—HM #8453 FLIAH 2% o 3% T BB 2 AE kit # v, La
B LI VE 1 2 FE HM 3R 1, RE 6% 3 5 15 0 e AR 1) 25
HHETI, Fe—HM R R &5/ W7 24, by A ode v g i) fL
T A8 Ay pe A i LB . AR el MET , EC IR SR B ok
o kS, La—EC AR S Fy B, IR I8 LR .
Fe—EC HURE i JZ AR 548 , 22 1R F4 1 0 o0 B0, 8 4k
DB . X AT R K T 42 il T RR, $2 = e 2 R BT
Rl REME
2.1.2 XHFHEATHHML(XRD) 5347
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R 0P 11 A XRD LS (1 2) , AR A oy
(HM) JEF WA K (EC) \La—HM , La—EC . Fe-HM
Fl Fe—EC YJ7E 26 2 15° . 22°F1 34° kb H B 437 S s | 2%
SR £ e T B R S5 AR, M AT Fe—HM A1

Fe—EC 1) XRD [&1% , La—HM F1 La~EC ) XRD &%
LT R A R A AR Ak, HLZE AR L X AT RE R R
Lalt Fe HA 5 4. MUPE)G , LaFll Fe 2 LLUEALY)
FITE RAFE TR RS 21T . La—HM Al La—EC 27

] ()Ml

1 HM A EC UHERT/E SEM &
Figure 1 SEM images of HM and EC before and after modification
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(b)
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Figure 2 XRD patterns of HM and EC before and after modification
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15.52°,27.10°,27.79° . 31.52°Fi1 48.44° H F{ La,0, AT
B, Fe—HM Fll Fe—EC £ 2 7E 41.10° ,54.17° ,56.29°
F1162.50° ) B Fe 05 AT U6 , R La Fl Fe 28 BT
BT EOR 2R 1
2.1.3 B AL MU (FT-TR ) 43 Hr

PR T Y 6 P R RA ), R AT R AT 0 K B AH
LK 3) . 7E3 400 em™ &b BT 222 1 O—H i 45
PR B 7P e (48 TR I62 s 7E 2 842~2 300 em™ Ab 224 1Y
Wz Wi 0 Sy HE L s8I HH 3R TR C—H A iR B i
AP AR 1738 em ™ Ab ZE AT BRI H =0 ik 3h 5]
L HE1640.1 510 cm™ 11 410 em™ A0 FfFIT Ry A i 28
Hh 5 A TR B 7 AR B AR I S £ 1250 em ! R
1 059 em ' Ab 245 ATV & F C—OH M 45 3 3l A= A i
e,

X EE RO IS Y P 4 Fh AR O—H L C—
OH i1 45 9= 21 7 Az 1 Wiz s e e T2 157 4 7 b, A 55 5 A%
A% 3400 em™ Ab FEIE A R AE OIS DR 55 1 L TRl T g
S La Fl Fe 78 55 3843 22 10 ¥ JE I A1, AT S5 B0 5L 8L
8RR TE 1250 em ™ AR FHE , C—OH WS U4 sk 55 1T RE
& La fll Fe (i oA il T C—La 8 A1 C—Fe B, 4K
1M, 75 1 059 em™ &b, W WU 7 1) 55 AT A AL La F Fe
B IE B T C—O0—La FC AV 4 F1 C—O0—Fe Bt {7
FER RN, SO S AR 1738 em™! Ak YRR AIE 16 2
THJS, ATRE S HHF La Fl Fe 11 3076 AR JERM ALK (HM)
U A IR RN (EC) I, SERIEFLNITE B S
XG5 A B T R T R Tl B ek
PESE BAHPI, La—HM . La—-EC.Fe-HM Hl Fe-EC 43
WIAE 436,439,478 cm™ F1 521 em™ b 7= A B (945 HE WK
Wl , HEDN AT HE 2 La—O BHEA Fe—O S AYIE BT 3 B

4 000 3000 2 000 1 000 0
W Wave nmuber/cm™

[0, 3 Fe B La Fl Fe Z8 20 0 A B, 8 AR 2 17 2%
TERE R 092210 . [R1}, La—HM Fl La—EC [ Fe-HM
Hl Fe—EC P FFAE Wi A8 Ak B R B I8, AT BEJ2: La Hb
Fe 25 48, X 5 XRD 204 e —3 (K 2) .
2.2 BN BUEAR B A IR B B0 E =
2.2.1 B

W A b 118 43¢ T 2 5 i MR R A5 SR 1, i A 4
T A9, La—HM 1 La—EC X 8 4 8807 1 fi i 5
FEBUT W (&l 4a, P<0.05) , Fe—HM Fl Fe—EC X 14 B
A7 W o D) 5 7 eR B B (18 4, P<0.05) o La—HM
Hl La=EC XF 8 19 25 B R 2 X3 40 T+ (8] 4b, P<0.05) ,
Fe—HM il Fe—EC X 1) KBRS ME B I+ (18] 4b, P<
0.05) o 3 15 5 2 e 1 SR TR A /K R FS Tl ek T 3 LR
A0 2 B ol 1 A8 A SR AL, IR W i B
PN ARG T, W B A 2 DRI R B AN T K
AR B A B — E R I AN R I G I o B
7 25200 0 B R 22 . MBS 0.025 g B L4
Tl de P A B 3t 320 4 i 5, La—HM  La—EC . Fe—HM
Fl Fe—EC X A W B 2 43531 47 17.34.15.61,8.00 mg-
g R T7.91 mg-go WL BREA RL B 0 i = 0.2 ¢
i, La—HM Fl La—EC X () 22 B8 2415 51 98% LA I
2.2.2 #pH

VSR pH 52 W0 45 V5 T P 5 1 A7 6 T 25 I B A )
FIAAAT RN O YL K 1) i pH YE L R 3~
8 i, bt pH B AT 5, 4 FhakotE ARl Xt il i 1 jf
EAFE RS S) . Horfr, La-HM i La—EC X
0 R SR B pHL P T v 52 5 TR TR X
SEDRUA S pH AR, 45 671 L far () B IR R 15— RNl TE
o ) La® 22 [ A5 L 3, AT $i v W B o [T

(b)
Fe-EC 3
=

1426
1267
619

4000 3000 2000 1000 0
%0 Wave nmuber/cm™

3 HM A ECEUERT/E FT-1R EiE
Figure 3 FT-IR spectra of HM and EC before and after modification
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Figure 4 Effects of different dosages of the four modified materials on adsorption capacities and removal rates

2071
O La-HM [ Fe-HM La-EC Fe-EC
15F T ab

=

1% Bff 1 Adsorption capacity/(mg-g™)

I 3

ANTFI TEAA /NG S 32 B [ — A AN ] b B P ) o FL A (2522
5(P<0.05) , AR RHA/ NG TR AR R R — &b BUK A 08 f
HAT 5725+ (P<0.05)

The different roman lowercase letters indicate significant differences of
adsorption capacities among treatments(P<0.05) , the different italic
lowercase letters indicate significant differences among materials (P<0.05)

5 &k pHEXT 4 PR AT # ZEAR HELR 7K PR B IR B 2 B9 #2
Figure 5 Effects of solution pH on phosphorus adsorption

capacities of the four modified materials in simulated wastewater

TR R 25 T 55 La S FfF 551 =2 7] 47 A6 A e A S 4 AL
0T REHG KB o M3 TR pH>6 B, IR B A Rt o)
A o 3k AT B R FR T R B R R 2R 1T 1 £
faf OH 3 22, S5 R 5 5 4 FH ] 10 IR B A Fek 2% 1 R A
TR AT RES AR T T PO R TR, SO
4 %) WO I i T A DG X S4B 4R 9K OK & A
PEAT BRI BE pH T X6 B8 110 2 B A8 Ak B AR AL
Fe—HM il Fe-EC XJ % i) W [t 2t Bl 9] 45 pH (1)
o T R R T [ (P<0.05) o HiAR Ak i 3 b
A0 I 0 A X W A R o B p L 38 T %) AR £k e S
RIS, V5 VR W0 i pHE A 3 35 T %1 8, ¥ W ' HLPO;
) s /0 HPOS B 2 i 34 i, Ho.POS L HPOS B A7
H T FC A A4 [l I, pHL 8 T e 15 W0 B A e 35 T

B HL i S TN, (iR AR B 5 R R R T
AL RR g T S SO Y W R T RS, BRI, pH
SRR T RO AR X B8 118 I o

2.3 MR Bh 714 1E

I IF - A7 i 1] A2 37k R A R 2803 1) E B2 4 b
Z T U B A s TR] A 30 min 3§ T 2 720 min
S, 4 7ol e P oA A X gt %) 2 o 83 7 et s ) PR T R
E B WA EM A (] 6a) . HA,La—HM . La-EC.
Fe—HM Fl Fe—EC 43 5| 7£ 180,360,360 min #1480 min
TR B W2 P ATEs R] o 33X AT R TR B, et
AR T TR W R i, TV A B IR AR 2 7T A
PHUT RS 2 R I E o B WS s, SO
ORI S 2k B, Horb, La-HM AT
At 3 R4 RE, Ab 3B f) 28R By S, LK F R R
T T T B A TR) B L La—EC XA A9 B2 0 E 4 Fh
BB AR F La—HM, 1} Fe—HM Fl Fe—EC X i 1t 1
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Figure 6 Adsorption kinetic models and adsorption isothermal models of the four modified materials
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Table 1 Adsorption kinetic models parameters of the four modified materials
Pt AL R WE—2% 5l 112# Pseudo—first order model WE 950 717 Pseudo—second order model -4k 2745 Elovich model

Modified materials (), /(mg+g")  k/(g-mg"' min™) R Q./(mg+g")  k/(g-mg"-min™") R a/lmg-g") b/(mg-g' min") R
La-HM 14.12 0.11 0.75 14.19 0.05 0.99 13.39 0.12 0.73
Fe-HM 4.18 0.04 0.74 4.43 0.02 0.97 1.97 0.39 0.92
La-EC 11.43 0.08 0.74 11.85 0.02 0.97 8.79 0.50 0.96
Fe-EC 4.74 0.02 0.70 5.18 0.01 0.97 1.50 0.56 0.92
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Table 2 Adsorption isothermal models parameters of the four

modified materials

PhoPE AL R Langmuir Freundlich
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La-HM 15.00 16.65 0.87 0.08 1140 0.95
Fe-HM 7.18 0.07 0.82 0.42 1.11 0.91
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Fe-EC 8.43 0.02 0.90 0.50 0.84 0.96
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Figure 7 Adsorption of phosphorus in livestock wastewater by

unmodified and modified materials
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