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Abstract In this study, a composite material of magnesium hydroxide and lanthanum hydroxide
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(Mg/La composite material) was prepared, and the characteristics and mechanism of phosphate
adsorption onto Mg/La composite material from water were investigated through batch adsorption
experiments and X-ray photoelectron spectroscopy (XPS). The efficiencies of Mg/La composite
material capping, potassium hydrogen persulfate (PMS) injection, and their combined use for the
control of the release of phosphorus (P) from sediment were investigated through sediment culture
experiment, and the related controlling mechanisms were also explored. It was found that the
Langmuir and Freundlich isotherm models both are suitable to describe the adsorption isotherm data
of phosphate from water on Mg/La composite material. The adsorption kinetics of phosphate from
water on Mg/La composite materials better followed the pseudo-second-order and Elovich kinetic
models than the pseudo-first-order kinetic model. The phosphate adsorption onto Mg/La composite
material had a wide effective pH range. The uptake of phosphate from water by Mg/La composite
material was greatly promoted by the coexistence of Ca®', but the presence of Na', K*, Mg*, CI',
HCO; and SO;™ had a negligible influence on the uptake of phosphate by Mg/La composite material.
Under anoxic condition, Mg/La composite material capping could effectively control the release of P
from sediment into the overlying water, making the SPR (soluble reactive P) concentration in the
overlying water at a very low level. The combined use of Mg/La composite material capping and
PMS injection also could effectively control the release of P from sediment into the overlying water
under anoxic condition. The controlling efficiency of Mg/La composite material capping had no
significant difference to that of Mg/La composite material capping combined with PMS injection.
However, the controlling efficiencies of Mg/La composite material capping and its combination with
PMS injection both were much higher than that of PMS injection. The vast majority of P bound by
the Mg/La composite material-based capping layer existed in the form of HCl-extractable P (HCI-P)
and residual P (Res-P), which are difficult to be re-released into the overlying water under the
conditions of common pH(5—9) and anoxic environment. Mg/La composite material is a promising
active capping material for the interception of sediment-P release into the overlying water under
anoxic condition.

Keywords magnesium/lanthanum composite material capping, potassium hydrogen persulfate

injection, combined use, sediment, endogenous phosphorus, release control.
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TRV A R 210K PMS SSINAl Mg/La &2 & ORVE 55 BEA T, RTBEL AT AT TR AR 98 Hh
BB (R, B AT E N ANETF PMS BINFT Mg/La &6 M0 RHE 55 416 HOR P B /K R IR 85 B Y
P M WA IE

A 5T R AL DLIE L ] 5 Mg/La 25 BPRE, 8 i 410 1 0 BT 52 56 A0 XS5 4Ot B 7 RE IS r M B R
(XPS) % %E Mg/La 5 G 4 HEXT 7K rb B8 R 4 A9 I8 B 1 B AR O R R AL 3 o A T 52 0 = A4 S SO A
., F5 Mg/La 5 MBPE G . PMS U815 56 F X 7K A A Rt AR A 42 18R, TR AR G 42 i L)
ASCETE ] Mg/La 5254k M OHS 3 1 0 B 6 P 2 ) 0 K A I D P DR e i i R~ B

1 #MRL5 7 (Materials and methods)

1.1 s bR

A S8 BT B Ak 2R 0 40 45 S KA B BE (MgCly-6H,0) | - 7K 4 546 8l (LaCly-7H,0) . NaOH
HCI, NaCl, CaCl,, KCl, NaHCO;, Na,SO,. KH,PO,. #HE2 £ . T £1 FR 6 B0 AP 30 1 AR 25, ¥ [ [E 24
AR AL 2GR A IR | B0 20 i afiidR) . PMS 1 B 22 se kA AL RHECA IR W) L Se s K 35 o 2
B K. ARSI VR 342K b VT V2 I s A8 DX ) A el e W K A
1.2 W5 A S SRAE

Mg/La & & #4142 i MgCl, 1 LaCly (99 2 (1% & Lt oA 3:1 647 il 28, 20 ) o 4 25 38 Sk« R
83.55 g MgCl,-6H,0 F1 50.9 g LaCly-7H,0 i F 1| L #EJEI , B HL 300 mL & & T /K b7, FERE T
P FE R 1) VR A VW P 2R N 1 mol- LAY NaOH ¥ ¥, ¥ 79 ¥ W 19 pH {E M 10.0; 4k 25 4t
30 min Ji7 R B0 43 85 0 7 YA AT I 43 B, AR A 25 8 /KIS Uk 5, K A TCE T 105 °C /Y
MERA N UEATHET, T A5 [ AR 28 5 IF S 1 i J i A 48 N 45 .

KB 7 bk 2 £k B2 A 72 1 5k Smartlab9 19 X 52 AT 5 A (XRD) X6 W B 52 £k 5 5 19
Mg/La & & FBRIEFTRAE, XRD 439K HH Cu #, Ko STERUE, F/EH A 40 kV AT 150 mA, 1=0.154056 nm,
HFVE R 20=5°—80°. R X B £t T RE 1S (U (XPS, ESCALAB250Xi, &8k € i /R BHE A ], 35
FE] ) o W BB R 1T 5 19 Mig/La 52 A A1 REEA T 2R 1.

1.3 WS

SR FH W B 52 55 2% 5% Mg/La 5 G BB 7K rb il 12 6 1 W Bk . 8 SEE AR PRI — 2 Jit i 1) Mg/La
HAMENE T 50 mL HER D, SR 5 Be il — 2 T i Wk B2 A B IR ER VAR, JFSR T 1 mol- L™ ) NaOH ¥
A1 mol- L™ 1% HC ¥4 TR R ER VA W 1) pHL BV 22 BT 75 B00MEL, SR 5 PR B8 B — o (A Bl R R Y
AEH Mg/La 55 M BB HEE R b B 20R G WOCE T 25 °C B HE R 4R 25 1 2L 150 rmin” #F174R
i, SN — B B[] J R FH B8 0 3 B8 1 O VA PR O VR AR AT T 43 185, T A v ke B 1 ol 1 5k vk 2 R
FHARBR BT YOO R T I0 E , SR G R A X (D) TS 2] Mg/La & G M AL K H iR £ 1 7 i
W B f . BT A S Y 2 AP AT

(co—c)V
e=—""— (D

m
A, g 0 Mg/La & A BRI 7K A B iR 15 09 - i W2 B B (mg-g ™) 5 ¢ Fl co 00 Ui RSN 45 ORI 10 8 I
W (mg- L) ; VRBERE S AR (mL) ; m & Mg/La & & A KR i & (mg) . R ] Langmuir il
Freundlich 45 i W5 B} 76 S W BFF A5 38 52 56 084748145 . Langmuir A1 Freundlich 25 i W B 5 2 4351 Ry 23 24,
SO - 2)
9e  Gmax  GmaKL
In(ge) = In(K) + 1/nlIn(c.) (3
KM, e P Gunax 5330128 Mg/La 55 4R K rbml 2 £ 16 1 i 557 W05 R - 710 e RS 357 W i # (mg- g ™)
Co A o7 s Bl ) ¥R B (mg- L"), Ky o Langmuir % %% (L-mg "), K¢ Al 1/n #J°k Freundlich # %%
K HWE—9 (PFO) | #E =2 (PSO) Fl Elovich #5751 X} W {2 7 2% SC 30 K0H HEA TR, X = ALY
Ber R A WA (4) L (5)FI(6)P,
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q: = qe(1 —exp(—k;1)) (4
kqut
= e 5
! 1+k2qet ( )
1
q. = Zln(1+abt) (6)

A, ¢ R 1] (min) 5 g, AT g, 53 510 ¢ B) RSP 45 B Mig/La &2 B4 RE X 7K v 8l i 57 IR fF 2
(mg-g"), ky MUE—sh J1 2FRERLE R H B (min '), ky A HE sl 1 A AR HOR H 8 [g-(mg-min) '];
a 1 b ¥k Elovich #1555
1.4 JEIRE IR

H IRV 1 5 S8R A 150, B8 (Bt 40k 1 kg HURRIR Y A 3% B B AT JE A LB 2 A% (A2
10 em, (5 B 2R 25 em) IFEEF, SRJG XX 8 A AR AT LA N AR (5 2 A A 1A, BNV b3
BB 2 A7) O XFEJRA AT AT Lb B, /50 % B2 ; @ #% 10 g Mg/La & A+ R 417 S8 ik T
O, ME R Mg/La & A 4RV 35 41 (A7 T AR A /K - AT 1 78 36 AR B8 1274 g¢om2) 5 B WS
HiE A S mL 200 g- L' (9 PMS %W, TR 2] 3 em RZIRe )5, 160 PMS 4L, @ &5 m e b A
5mL 200 g-L' () PMS &, 1 25) 3 em RZJER )G, PRk 10 g Mg/La B & MR A1 E S5 7R T 17,
YE A PMS ¥ i Fll Mg/La 5 & 4 8L 35 415 4. R J5 Bt ¥ % 10 mmol-L™' NaCl, 1 mmol-L™' NaHCOs;,
1 mmol-L™" CaCl, F1 1 mol-L ™' MgCl, ¥, P> FH VAt R £k Ak It S0k Rz s e A7 i 48, ol 2515 2] i
A EADKEE, SRR LI AR 13k 8 Agde i, il LA K s e Iy 2s a), RS AR I 2E 55 4%, O
FH L pR B85 5. 2R U R a], 458 230 SR FH s S0, pH THRIER BP0 Ot BE v D e b7
JKHY DO HeJE . pH (B FIVA AR E 6 PE W (SRP) e B, 45 5 LUK Y (8 5 i 22 19 057 ST R . B R4
TKRE G A T8 S AR FR IR K R, L gERR 28 ge b B AR FRAE — A 81 5 (O (E. SR R S5 - T &= 22 d A
44 d (R, 43 PR S mL 200 g L' A PMS IR SIS 2R ZEN 3 em KB PR #E
119 d, B 1478 55 21 S 7 5 R 1A I5C 2 SO s, B L ) 2 36 A RERS I o, PR FH O 82 43 41
U6} T R AL 78 25 4 Ak P il AP S E AT 20 AT

ABEFE T, SR BRSS9, 43 0 R 5 fg W AS B (Labile-P) | 1636 [ BUR S 8% (BD-
P) . & Jm AW 45 BT (NaOH-IP) | #h M4 GS B (HCI-P) FIFk i 2585 (Res-P) . $2BUL BN ¢
— & J i B T M RHMKIR 5 1 mol- L™ AY NH,C1 % 7 (pH=7) . 0.11 mol-L™' Na,S,04 1 0.11 mol-L™"
NaHCO; MIEA W . 1 mol'L™' NaOH i (298 K) . 1 mol-L™ HC1 ¥ Fll 1 mol-L™' NaOH ¥ (358 K)
HEAT RO, TR BRI B 43 %14 Labile-P. BD-P, NaOH-IP, HCI-P 1 Res-P'". B AT 4011k & 3 4 F
15, R LA 25 25080 12 45 PO TR AL B 2% 77K SRP A I % (RE, %)

RE = Lk =L 100 @)
Lk
1, Leg 1 Lpg 23590 %0 BRZH AL FRZH |78 7K v SRP AU BE (mg- L) SR FH A 2 (8) e Ve i B ik ik

K U, me () '] 57

Vu(L, — Lo) + kZ Vi(Ly — Ly)
=1

I, = (8)
P At,

A, ke N RBEIEG n 09 S B SRAEIE 4 N ke UCRFERT LR AR LI 18] (d) 5 2, A5 n YCRIERS 525G
AIFFEEIT )5 Loy L R L, 53 A WIHRE 2 | o R g, F_EBEK o SRP ¥ (mg L) 5 ¥, A5 n UCRFEIS
EAEKEIATR(L) ; Vi R o R KR RRBL(L) 5 4 9 PE-/K S THT A T AR ().

2 75 53118 (Results and discussion)

2.1 Mg/La E&MEFRAE
A5 T ) 4 A5 B B Mg/La A AR AR AR R B 18 Mg/La 25418 XRD & 3.
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M 1 AT LR B, Mg/La & A5 # R XRD E3% 1 F 26 24 18.6°, 39.0°, 50.8°, 58.6°, 62.0°F1 68.3°% 4b
H4 BT USRI B A T 1 R AIE U (JCPDS 44-1482) 1) 53 4b, H1 J61 138 AT BL % B, Mg/La & 45 b1 RHIY
XRD EEH T 20 7 15.4°, 27.6°, 39.5°F1 48.2°55 4b 1 B T & A A B it AR (1) R-AIE 06 (JCPDS 36-1481)171,
Mg/La & &M BHY B X GFRAT HH535 5 A0 A A BE it AR sl S S0 A 3 b AR R 06— 5, 0 BH A 5 o o)
£ Mg/La &AM B 322580k S A A BE RN S 48 AL 5.

K 2 b Mg/La & & # B XPS 70 g 4. NI 2 Haf L, XPS 3% E s U BE T La 3d, Mg 1s il O
Is W, X —2BGER] T Mg/La &2 &4 B A 4E Mg(OH), Fll La(OH);. A& 2 ik ] I, Mg/La &2 & 41 %}
T Y A A AT 20530 3 RO AR B A BE AT, RIS 67K (H,0) . & B 45 G AR AL (M—OH) Fl4: )8
AR M—0). Hir, 43.4% WA H L M—OH JE A7 7E.

0 A Mg(OH),
0 La(OH);

Intensity/a.u.

1 1
5 10 1520 2530 35 40 45 50 55 60 65 70 75 80
20/(°)

Bl 1 Mg/La & HBHE M XRD [E 1
Fig.1 XRD pattern of Mg(OH),/La(OH); composite material

® 851.48 83474
3 =
s <
z E
g 5
5 E
La3d32 La3d5/2
! 1 ! 1 1 1 1 1 1 ! L | |
1400 1200 1000 800 600 400 200 0 860 855 850 845 840 835 830

Binding energy/eV Binding energy/eV

KC) Mg 1s
1303.44 eV
5 =
« <
= =
g g
5 E
1 1 I I 1 1 1 1 | 1 L 1 1 1 1 1
1308 1307 1306 1305 1304 1303 1302 1301 1300 1299 535 534 533 532 531 530 529 528
Binding energy/eV Binding energy/eV

2 Mg/La &AM A XPS - Hrah R
(a) 235 (b)La 3d 1545 (c)Mg 1s 351415 (d)O 1s i 1&]
Fig.2 XPS analysis result of Mg(OH),/La(OH); composite material
(a) XPS full-scan spectrum; (b) La 3d spectrum; (¢) Mg 1s spectrum; and (d) O 1s spectrum
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2.2 Mg/La & A MR K il g £5 04 W B 7 >k FpL 3
22,1 WMtsh fiz#

3 2 Mg/La 5 & bR B 7K rb 85 52 h (149 20 77 27 i 42 (O BRS040 £ 2 25 mg, 35 IR RS
25 mL, W pHAE N 7.0, SOV IR R 25 C, FILRBEHREE N 10 mg L™, SOW I E] 2y 15—600 min). &1 3
A LAR IR, Mg/La 5 G b E T 7K A B R 2 1 B A7 W2 T 5 e 5 52 7 ] %) 185 o T 14 . 2 3 30 W o7
5. Ryt —2 T il Mg/La 56 MRS K rh B Rk i W M 2 g 73 2, >R FH PFO. PSO #1 Elovich 5 J) %
RETIXT ] 3 v iy W B 8 ) 2 S 3 B al AT 006, A5 Rt 3 IR 3 e, JAIEL 3 AT I, 55— SR Bl ) 2R A
FA L, WE =90 50 1 24 B F Elovich B8 B 3E 4 ] T3 Mg/La E%Hﬂﬁﬁkqﬂﬁf@&i’\ {18 W o ok 2
XU Mg/La &4 BRI R 7K IR 3k ) 2 A2 8 A2 W Bl R 2L s AN g5 1 K 0 — 25 A% XPS 43
Mrah 2.

= Experimental data
————— PFO kinetic model(R?=0.679)
-------- PSO kinetic model(R*=0.903)
—— Elovich kinetic model(R?=0.968)

q/(mg-g™)

(=4 —_ LS} w =~ W [=} - =<} el
T FeooToos doms

0 60 120 180 240 300 360 420 480 540 600 660
t/min

B3 Mg/La Za R R K s ER 1 3 70 =7 i 26
Fig.3 Adsorption kinetics of phosphate from water on Mg(OH),/La(OH); composite material

222 WEHFEER L

P 4 J2 V5 R BT 5 Yk B 6T Mig/La 2 4 ARk % ot A mb gl 1 8 140 52 v (WO BFF S50 85 i 228 25 mg, 5T
TR 25 mL, pH B 7.0, SN EE S 25 °C, SO RE I ]2 24 h, BER) A6V R 8—60 mg-L™). Hi 4] 4
ATRLR B, Mg/La &6 BRERT 7K rH i I8 6 0 B I B 5t Bl 7K e B I 2k P ok B2 A 185 I i 38 m, 1 238
FI) 08 FiF o0 R0 . AR A AR A S B0 T 55 45 2] A9 Langmuir A1 Freundlich 25 i W FiF £6 31 F & 4, & 1 4
Langmuir 1 Freundlich 4§ iz W% B A 80 S50 /) $LA ..

qe/(mg-g™h)

o Experimental data

Langmuir isotherm model
----- Freundlich isotherm model

0 5 10 15 20 25 30 35 40 45 50
C(mg-L™h
B 4 VTS BE X Mg/La 5245 FORHIR B K Hh IR £k 1) 52 1
Fig.4 Effect of equilibrium phosphorus concentration on adsorption of phosphate from
water by Mg(OH),/La(OH); composite material
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F 1 Langmuir F1 Freundlich 5 W B A5 7 2 550 0 #1518
Table 1 Parameters of Langmuir and Freundlich isothermal adsorption models for phosphate adsorption onto
Mg(OH),/La(OH); composite material

Langmuir25 i R B A5 Freundlich%% Ji Wi f A 764
Gmax/ (Mg ") K /(L-mg") R’ Ky 1/n R
15.5 0.827 0.996 10.1 0.106 0919

Hi 2% 1 ANIE 4 AT L& B, Langmuir F1 Freundlich %5 i W B 81 24 3% & F 458 Mg/La B &4
K T R R A SR W B AT O i Freundlich S5 I W AR RTS8 209 1/n Ry 0.106, 41T 0—1 Z[H],
Ui HH Mg/La &5 A4 w8 k0 2700 g o, i B 25 2 & A 24 N6 1 38T D & B, A9 Langmuir 557
W BAE S Y 345 31 Mg/La 52 A A4 RE S 7K HP B 2 R 100 S5 K PR W B 1 AT LAGA 3] 15.5 mg g '(RLOE &R
P i1). Haghseresht %5 & ., E Hi [ 4 21 0 — i U st Ao b bt ——8 et R e 1 (il n)) Xk o
8 14 B R B 54 9.5—10.5 mg-g "7 ARBIF ST BT il 4 1) Mig/Laa 5245 4 Ak X 7K v e 1 56 1) e A W o %
TS K T, A B2 A B, R Me/La & A kR il /K U P IR 8 B ik e FH A IS TR il Ak
AR —— BB R T A 3. A ek o e R, A B X K Pl R R 1 e R B 2.38 mg-g 1), IR
FAMF 58 T il 45 19 Mg/La B G418 FIH Mg/La &2 A 4405 61 K U P 5 il B e LL B4l 1) S0 S Ak B o
HAR#
223 W pH FIEZR

5 EEII LR pH X Mg/La & A A RHIE BfE /K rpomie 2 £5 14 52 i (I B 59048 i 28 25 mg, 5 WA
k1 25 mL, WIAABER R 20 mg L', OB IR EE A 25 °C, RV ]k 24 h, %V pH {E R 4.0—11.0). A 5
AL LA B, MV 0h pH (E M 4 3400 & 5 i, Mg/La 52 & 0K SR B 13.1 mg-g ! WS AR
125 mg-g!, FTHEMUN 5.0%; 24 pH H i 5343 6 iF, Mg/La & 4 b4 % BLA7 I B 12 PR AN 7% 5
4 pH A 6 BN 11 5, Mg/La & & ARG S B 12.5 mgrg ' B2 TREE 11.5mg-g!, TR
FALH 8.0%. X UL Mg/La 5 G A BEXT /K i iR 55 (4 W B 25 B LA 8RRl 9 pHL (BT 17 1

14 20
_I__I_ 18F
12 1 s —— —
= 161
10 141
7:512- E
= 8 s
1Y) = H
2o <10
E 6 =
= 81
4K 6
4.
2.
2.
0 : 0 Ny N N :
4 5 6 7 8 9 10 11 S ol ok O o) o™
" FE Ty s
P < g S Q%
Q,

B 5 WG pH AL R B0 Mg/La 528 AR R 7K iR 2 1 32 1)
Fig.5 Effects of solution pH and coexisting electrolyte on adsorption of phosphate from water by
Mg(OH),/La(OH); composite material

224 SEAEBARH B H52 R

KAR KR 38 B A7 7E Na*, K, Ca> Fll Mg™ 45 fH 2+ LA S CI'. HCO; Al SO 45 BB+ #3718 E 11T
X Mg/La &4 AR B 7K il R 6 152, X1 T Mg/La & A MR R/ A B R 3k 110 14 R 2 28 56
FEAY. IWIALTE NaCl, CaCl,, MgCl,, KC1, NaHCO; F1 Na,SO, %5 Bt fift i % Mg/La 5 & AR Btk
WERER O R 51 TR 5 rp (W BRI Bl 25 mg, I RARFR 25 mL, 9] 4 ik BE o 20 mg- L', ¥
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W pH {4 7.0, RN EE R 25 °C, RNIES ] 24 h, JE47 85 1M B2 242 2 mmol-L™). &1 5 A LUK B,
I AE NaCl, KC1, MgCl,. NaHCO; Fil Na,SO, 5514~ Mg/La & G WA} T 7K i ffy 18 3 14 B 57 W o
PR T IL A R 25 1 T B BRI B o, i A7 CaCl, 2544 Mg/La & & AR K i £k
F14) A7 2 86 DO 37 37 725 T AN A7 A A PR 2 0 1 B B R B . 3k i B, S VA7 19 Na™, K, CI
Mg* . HCO; #ll SO%F Mg/La & & 1 H W B 7K v il 52 25 (9 52 me) w] LA 22 0 AN 3. 3 o i — 25 3t B
Mg/La & M A 77 Na*, K*, Mg?, Ca*", CI'. HCO5 I SO, B BH 85 1 fl K A4 b B e i h B A 5
JE (R EBEIE M IR, 55 40, FREE R T, FAEAY Ca M KA T Mg/La & A BRI K Fh i iR 5 1
W B, 336 T FH Mg/La & & #ORE R BR R AR KR b G B R 572 R, B AR AR h A A A A —
W) Ca®'.
225 WRRHALEE

kT #5785 Mg/La 52 AR REGTK rh B R SR 1 W B HILER, AR 5% R B XRD X W B R £ J5 Mg/La &
BRI T RAE, 1R XPS X W2 Bkl R 55 17 5 19 Mg/La &2 A AR EA T X HLRAIE, 25 S L& 6 FA 7.
ML 6 ] U, W B R R S Mg/La 24 A0k Y 3222 AR B 50475 Mg(OH), 1 La(OH);, %A & 3
BB T T A AR . X T R PR R R h B Mg/La B4 AR S T AR 5 A4 W 5 2 T 2 T B 4K
JAEL 7 HRT UL, W BRI ER S Mg/La & A RHEY XPS &3 iR AR U7 FE La 3d, Mg 1s Fil O 1s W&, 1fif HAF
7 P 2p . X ULHDEE Mg/La B A MRS BRI 2 05, B IR R © 29 sl D 6 388 T Mg/La Z A M
BEZ M E. B 7(b) Fay DL, g BFF R R ER S Mg/La 52 & B RHE P 2p 0847 T 133.12 V. XMEE T
NaH,PO,4-2H,0 A P 2p W) 45 & BE (132.9 eV) 28 Fl3d oo & B W 5 | 48 FH 9l i 1 BH 25 7 7K BE A -NY(CHS),
DT B B RR R 1Y P 2p IR EE G HE(131.9 V)L X UL RERR £h 5 Mg/La & G4 FEZ 8] 9 A ELAE H
5 LS [/, Mg/La &5 A REXE 7K Hh gl IRk 110 W B =8 23 ) T Ak 2# W BEVE . AL 7Ce) sRmT O,
W B 5 2 £k )5, Mg/La 2 & A BFHY La 3d 52 W kA T R M. X Ui B Mg/La B & M R i
La(OH); 5 8 iR £k 2 8] & 2= T We A5 A 38 48 [ 1 I JE B T LaPO,. JAIEL 7(d) Hhn] U, m Bt iR 46 =
Mg/La & AR EHY Mg 1s Wk T m#e, BT B0 &80 B 0. X 3 Mg/La & A M8 Mg(OH),
SRR 2 8] % 2E Ah R I N IR A i MgHPO,, il Mgy(PO,), Z5ER L A4, 2 Mg/La &4 MR Btk
IRk Y EE ZEAIL I OO X LU ] 2 RN IR 7 AT LR B, IR R AR S, Me/La &2 4 RE 3R 1HI 9 1 5 1A 55
i B (M-OH 1Y 7 b AAIZ B Z R 7Y 43.4% T BB 2 5 79 38.6%) . ixX i 1] Mg/La & & A1 kL 1 Y
ok B DA X L B 7K e B i A 2 ke 2 A i EE AR L, O RS A 2 Mg/La 52 A M4 RHT B K
BEER R MY B ZALHI. 25 1Tk, Mg/La & A AR B K Fh 85 R h A ML 32224 La(OH); S BEFREE = 7]
() BC A AR 32 #5147 LaPOy, LA K Mg(OH), FIB IR £ =2 8] i k.2 2 1 A i MgHPO, Fll Mg3(PO,), %5
B EDY.

A Mg(OH),
0 La(OH);

Intensity/a.u.

10 20 30 40 50 60 70 80
20/°)

B 6 WHBEMRERS Mg/La & A FOEHE i 1) XRD &1
Fig.6 XRD pattern of Mg(OH),/La(OH); composite material after phosphate adsorption
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— (a) —
(b)

Mg 1s P2p

133.12 eV

Intensity/a.u.
Intensity/a.u.

1 1 1 L L L 1

1 1 1 1 1 L 1 1
1400 1200 1000 800 600 400 200 0 137 136 135 134 133 132 131 130 129
Binding energy/eV Binding energy/eV
[ © [ @
851.48 Mg 1s 1302.13 eV

834.68

1303.44 eV

Intensity/a.u.
Intensity/a.u.

La3dsn2

La3d 3/2

1 1 1 1 1 1
1306 1305 1304 1303 1302 1301
Binding energy/eV

860 855 850 845 840 835 830 1307
Binding energy/eV

1
1300 1299

(e)

Intensity/a.u.

535 534 533 532 531 530 529 528
Binding energy/eV

B 7 WHHEERREL S Mg/La & AR XPS 24745
(a) &35 El; (b)P 2p 1K (c)La 3d 3%l (d)Mg 1s 1% F; (e)O 1s 1]
Fig.7 XPS analysis result of Mg(OH),/La(OH); composite material after the adsorption of phosphate
(a) XPS full-scan spectrum; (b) P 2p spectrum; (c) La 3d spectrum; (d) Mg 1s spectrum; and (e) O 1s spectrum

2.3 Mg/La B A M B ILE PMS 5 IR KA P 585 R 5 ) 458 il R S LY
23.1 LK DO WERShAE L

Kl 8 JEXTHRZH . Mg/La B & M KBHE 3540 . PMS WS N4 N4 & 41 357K v DO ¥ B2 Fil pH (i Fifi B[]
AT AR AL B R AT 8 HrmT DL BR, X BRI 7 K DO e T 0.38—0.83 mg L, i HAX AR
PR U8 7E LB FR ] (B Ab T B IR A 3T Mg/La B A B RV E S 41, L& K DO MR BERR 1T W 4 i A
A SE A (1.56 mg L), KHS 43 i ] 17 7K DO ¥ B 4 b F A AR A 7K 7 CH IR R B 1] 8 14—154 d
if, FA K DO WAL T 0.49—0.97 mg-L™). iX Ui B 55 38— @ it [l J5 , Mg/La &2 & 44k 78 35 41 v /)
ISV 24 T SRS . YIS U B FR I E] ly 7—105 d I, Mg/La 58 &A1 BHE 35 20 B /K b DO ¥k B & 1%
fe TR REZH . X AT B R O 7 5 JZ B AR T B K DO 1) GV AT, AT RH LR TR X A K
DO (IHAE. 5 4h, BT R FRIFE] 2 7—105 d Bf, PMS 78041 F B 7K Hh DO e 8 -t W 1l s T % B 4.
XATRESE T PMS H B r= i AR A, 45 B K DO e EE T i 202 F5 S A g, mk TR



2850 7N 54 1t 2 40 %

A I PMS — BB a1 22 5, A K DO Y FE AR 2 AR P ARAIR. 33 158 B 1) JES U8 Hh 78 in PMIS % 1= 7K
W DO ¥R B 52 A B RCE Y. YR TR IR 8] 7—105 d 1, 21440 17 /K b DO ¥k B v F X6 B
(& 8). X Al eV T 7 25 )2 A B EY0UNM Fl PMS o384 58030007 . ER, 7R IR B 35 0 a1, 4540 L
7K DO W AR 22 A FARMRAY /K, BER IR B 2540 TSR 4IRS

40T o %} HdControl 11.5¢ 0 %} B8 Control
& o 7 7 Capping 1ok o 7 3% Capping
% 351 8 PMS#EAIPMS addition 5 ’ 8 PMSEPMS addition
2 " AL 5105t " A A3
] 11 : Combined treatment fb 100 _ Combined treatment
8 e 2.5 i 95
g = 70T
z< 5
=820 3 9.0F
£% g
£7 15 g 85
g, T 80
S T 75
05 7.0
0 6.5
7 14 21 28 35 42 105112 119126 132148154 7 14 21 28 35 42 105 112 119 126 132 148 154
Incubation time/d Incubation time/d

8 Amesl EEKH DO R E R pH {E BAS T
Fig.8 Variation of DO concentration and pH value of overlying water in all the columns

232 FEK pHHMS ARk

& 8 Hid T LR B, X B4 Mg/La A& #BHE 3541 . PMS WS In41 f4l & 41 14K pH {853 347
T 7.58—8.25. 9.62—10.4, 6.85—7.58 F19.55—10.33. X i, XF R4 F1 PMS R nH [ 7 /K8 pH (H
TEFEA RV K F7 0 1] Fe A ke e, A R A 52 iny i s, BLAE bk pHAAE BN e 3l . A B 45 R 1,
Mg/La B &ARHIHE 35 S 8T &K pH (TR, X EZIH4F Mg/La 2 A #RH Mg(OH), 17 fif.
233 LK SRP W R sh SR

K9 JEXT IR . Mg/La B2 & M BHE 3540 . PMS WS AL A2 A 21 178 7K v SPR e B Bifi ) 1] 1) 42 4k
AR AL L. 8] 10 Jy Mg/La A M R 35 . PMS 8N LA S — 34 B9 404 %) & K+ SRP Ay B %
FH &9 ] LUK B, XX REZH, 1K b SRP ik B2 AR b Bl 25 RS Ue 5% 3% s ) A9 S 4 g b . Sk lie
WA AT R 154 d B, XFRAZE 1K b SRP R FEIAE] T 0.841 mg L. AR A5 A (8) 115315 20 fA 20
R R B Y T 2 B R 0.868 mg-(m?-d) ™ X B, FEBRE SR T, IS U i Al AT RETICE A B K
. SCHERBIF T R B, FE B ES R T, TR i i = Bk A1 /S mT ek S A3 I B P e Akl — e
BREALY) /S AR, TR RTS8 Wl s S5 B R, AL
Ak (R 20 B FROMIL A2 Sk S 2 1 I e v gl o) B /KA BB s 1 e ZE L

09 —o—xfHControl
08 —0— 7 #% Capping
—— PMSIEIIPMS addition
N 0.7 - —o— kA At #ECombined treatment 3
B o
% w06
7 E
o= L
c50?
o«
Bl -
5204
g .8
§ =03
[
Sz oal
0.1
0

0 20 40 60 80 100 120 140 160
Incubation time/d

B9 Asigd FAKH SRP IR EE ML L
Fig.9 Variations of SRP concentration of overlying water in all the columns
MIE 9 T L, Mg/La B &R 3540 K SRP W /N T4 T 0.027 mg L. YIS e 5 55t
6] 14—154 d i}, Mg/La Z & AR BE S 21 E AT K b SRP R 2 I8 /I T X0 B (151 9), AR 1554+ 3]
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) Mg/La 545 #PRVE 556 I KIA T SRP BN T 84%—100% (1] 10). X L] Mg/La & &5 4k
T 6 T S RS U H g ) K A R JES TR R g T 3 o S R ek sh A B ) L B KT R,
X T AR R, TR B A v i 2 ol 2 3 e vl 3 e 7 HICATL ) 2 180G Ul - /K SR i ) B KGR R R, Bh A
RO R 2K e B TR 5 R (BT RS . 28 0Pl HLE A S5, ISV P A B 25 B Je B ke i A
(] B K H, 4 3 40 T T B 2 A K e - K AU A BB KR K Mg/La A 4 RHE 35 B 6 -
KRG LT IR, FE s  7E 15 )2 23l i La(OH), 55l 1R 4 22 8] (%) e 457 44 532 $e 4 FH At Mg(OH), 5B iR
b 22 1] B9 Al 2 S AR FE ML A e B 180 Bt 7k v il SRP, A T S 850 a1 B 7K SRIP ¥ 3 4 I, 0 i B A1 17
B KA VR 8] B K 22 18] SRP ¢ 22, JiE Y8 -/K L i SRP 4™ Bl 2 pfi 2 T [, e 801 K b SRP #k
JE A TR B AR A B KT

)
S

B O 7 35 Capping O PMSHINPMS addition
B34 4b B Combined treatment

f=3
=3
]

3
=
T

=~
=

Reduction efficiency of SRP/%
(=)
f=]

353
=4

0L | | | | | | | | | | Ll Ll | | | | | | | |
14 21 28 35 42 105 112 119 126 132 148 154
Incubation time/d

Bl 10 Mg/La ZAMEE S PMS YRINLAK — 35 (920405 LBK b SRP 8%
Fig.10 Reduction efficiencies of overlying water SRP by Mg(OH),/La(OH); composite capping, PMS injection, and
combined use of Mg(OH),/La(OH); composite capping and PMS injection

M9 38 1] UL, PMS N2 A2 /K v SRP 23 Fifi 22 JiK U6 4% 5% B[] 178 JE K T 8 S 385, 21056 154 d B
7K SRP MR EEIA S T 0.601 mg L. iX Ui B, ZEBESE T, £ PMS A3 S IR RT3 44 25 1) B K
PR TR B B2, MR PR R IR R] ly 21—154 d i, PMS TR IN4H K b SRP 9k B /N T 4 B 21
(& 9), M5 138 6 2 /9 PMS ¥ in i 1 2 7K A SRP () HIl I % 4 28.6%—91.0%( & 10) . X 136 A,
PMS WS AT LA 24k R ARG U rh gl 1) 28 7K A e R ke g XU . 32X AT B VA ) T 3K A — > 2 52 PMIS BT
PR AR A S A SR Ui v = AN BRI SR A 1 3R S A, DT T ks B AR R R

Fi A, KU By FRE B R 14—154 d B, Mg/La & & M 8L 55 F1 PMS 3000 41 A 41 b K
SPR ¥ Bt 4R U AKX BE A, 2T PMS 4l (1 9), BRAf HI X B K SRP (1 IR Ky
68.0%—100% ([ 10). X i B Mg/La & A #8135 1 PMS T8I At [R)RE wT LA 2500 il s e
PN YR B B R, I HL A SOR A T B s i PMS. R 505 E R S, Bk i Mg/La &5 AR 55
FOARXT Ve BB 17 TR 5 Mg/La 2 G M B 35 -PMS W INZH & H R 22500 AW . X AT REVH ) T
Mg/La & G M REGT 7K A B R W B 68 77 38R Y 2 K.

2.3.4 WA S ORI B T 2 20 A REAE

WY Mg/La B4 b 8HE 35 )2 T W 0 fs e M 22, I AR H Mg/La 2 & M BHE 35 32 il K 741K
e B 8 5 P A IR X A A B AR IE. 38 8, Bk B AR BT IR I i A e M 5 i IR TR 8 2 %5 DA
KB A3 B Rk Me/La 5 & MR E 35 )2 T IR R B 0 T8 25 40 A AR, KT Mg/La & & M4 Ak 4 S BRI 2
ZOCEEN. K 11 ] UL, % T B4l i 78 5 4, Mg/La & & k1 Labile-P, BD-P, NaOH-IP, HCI-P FI
Res-P & 543 9 4 1.66, 6.45, 12.7. 157, 300 mg-kg ', 43 5% 5 B Al 42 BUA 8% (TEP) 19 0.3%. 1.4%.
2.7%. 32.9% 1 62.7%. X} FE A AL B4, Mg/La & & #4 FL ' Labile-P, BD-P, NaOH-IP, HCI-P il Res-P
RN 0691, 29.3, 11.1, 190, 519 mg-kg ', 3% 5 TEP i 0.1%. 3.9%. 1.5%. 25.4% Fl 69.2%.
Labile-P BB XU 1R 52 34, BD-P 75 & 51 T AR Sy B B i H e 34, Labile-P Fil BD-P )@ T1%
TET] % 385, NaOH-1P 1 HCI-P J& T8N FE Wk, B A1FE S E HiE % pH(5—9) /M T ASE 8k
BRI R, Res-P S2 AR H a8 1Y, AR MERE S5 B lc i ok ™ i — 20 A ) s 7 55 40 b Mg/La B &



2852 7N 54 1t 2 40 %

PR 52 BT AE AT RS Sl AW & LA 1.7%, BE AL BRATh Mg/La 24 APRHE 5 )2 BT 7E AT B 3 25
i 7 FEA 4.0%. XU, 268K 22 BB Mg/La 526 b1 RIS 52 J2 BT I B 1) Tl 7 ikt S Ll % pH(5—9) 2%
F I XE DLl R R R

6oor O % 2% 4 Capping column

B A Ak 340 Combined treatment column

5001

400

300

200

100} "
0 PP ) N e L

Labile-P BD-P  NaOH-IP  HCI-P Res-P
B 11 # Mg/La 525 FHORVE 55 )2 I W BT 0 A7 B 25
Fig.11 Fractionation of P bound by Mg(OH),/La(OH); composite-based capping layer

Content of P in capping material/(mg-kg ")

3 2512 (Conclusion)

(1) Langmuir F1 Freundlich %5 I W fFHAS 2 35 0] B 4538 Mg/La 52 G b REXT /K rhml iR £5 114 25 T i
19, M 9% Langmuir 15 % 5 2 09 e KW B 15.5 mgrg ™. 51— 20 3 Sy RV AR 1L, oE — R
Elovich 3] J] "R T35 & F T8 Mg/La &6 MBS 7K B B2 £k (19 W B 20 ) 273 72 Mg/La B & 4
AR K B R 1 U B 25 B B R R T LAY pH (ELEE M VAR IR AT Cat i K HE T Mg/La A
AN 7K R R R B I B, T AEAE B Nat, KT, Mg?. ClI', HCO; Fl1SO; 4 5 i | 7] Z Wi AN 1.

(2) Mg/La & & b RHIE B K A 8 B2 35 A9 AL B 4 La(OH); 5 B iR £ 22 1] (4 e 467 44 52 e £ I i
Mg(OH), 5w REE 2 [8] (1) fb 2 i AR .

(3)Mg/La & & MREE 78 35 L) S B4 (0 FH PMS W8 FT Mg/La 52 4 B RHA 55 249 AT LU 2504 il ok
ST AR IS V8 PN TR A R, (i 45 B /KA SPR ¥k B b FARMR /K, 3 LA TR Hmie s SR 24 £
THMUS N PMS. 48 K 2509 Mg/La & & BHRHE 55 )2 B B A9 85 L) HCL-P F1 Res-P JE A AETE, 7E 4R
HAAH pH(5—9) &8 T M LAk S Bl o ok

(4)Mg/La & G A BHE—Fh A Ay B 10 FH T4 2K (AR P Ve il R ke 1) 0% 2 7 3 4 KL
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