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Abstraet; Uamg water treafmenl eludge and lanthanum chloride as raw materials , Janthanum-modified water treatment sludge hydrothérmal carbon was prepared through one-
step hydrothermal ¢arlihization and Oddmg lanthanum. SEM-EDS,“BET, FITR_ m, and XPS were used to characterize the materials. The initial pH of the solution,
adsorption time’,.adsoiption isotherm, and adsorption kinetics were investi'gal'e'a‘mlo study the adsorption characteristics of phosphorus in water. The results showed that the
specific sufice area, the pore volume, and the pore size of the prepared materials were significantly increased, and the phosphorus adsorption capacity was greatly improved
compared with that of the water treatment sludge. The adsorption process conformed to the pseudo-second-order kinetic model, and the Langmuir model fitted the maximum

phosphorus adsorption capacity to 72.69 mg+g ™'

. The main adsorption mechanisms were electrostatic atraction and ligand exchange. Adding lanthanum-modified water
treatment sludge hydrochar into the sediment could effectively control the release of endogenous phosphorus from the sediment to the overlying water. According to the analysis
of phosphorus forms in sediment, the addition of hydrochar promoted the transformation of unstable NH, CI-P, BD-P and Org-P into the very stable HCI-P in the sediment,
which reduced the content of potential active phosphorus and also significantly reduced the content of biologically available phosphorus. This indicated that lanthanum-modified
waler treatment sludge hydrochar could effectively adsorh and remove phosphorus in water and could also be used as sediment improvement material to effectively stabilize
endogenous phosphorus in sediment and control phosphorus content in water.

Key words; water treatment sludge ; hydrothermal ; lanthanum-modified ; sediment; endogenous phosphorus; immobilization
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Table 4 Langmuir and Freundlich isotherm adsorption fitting parameters
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5/ C -1 714_ 2 -1 Ji1 “/n 2
4n/ Mg g K /L-mg R n Kp/(mg-g) " -(mg-L"") R
30 72.691 0.0406 0.9716 3.6568 16. 606 0.994 7
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Table 5 Adsorption kinetics parameters
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2.4 WRESALE AT

WTSLa % B 2 5 1T f5 79 XRD 3% K] WL &1 6
(a) , BRI =2 Si0, F1 AL O, ZEH AT, R idKki5 I
AR T 4 Bl HoH Sio, &7 32 2 4, 20 4 B FE
21.003°, 26. 826°, 50. 373° il 60. 435° %5 kb H BLAT
S 0. TR B R S La (OH) B % 1F AT 5
WD HE—EI T La MURLIh 7138, 5 EDS 45—
. W BERR RIS R POL T AT ST I, R

AR IR 6 % 1l ) W FfE 72 T WTSLa 1A FTIR 33 4]
SATUNEL 6 (b) ff s, 7E3 434 em ™' A1 633 em ™' AY
WA 06 s ¥ 36 (—OH) A9 i 45 41 3h A s il 4 3
T 1 471 em T AR S A DL A C—H Al
PR3Ny, WA ISR B AR, R B WTS g HL K 43
Oy, G R & R BEAR. 1008 em ™' BRI X R A 2
Si—O fH4EIRENIE 798 cm ™ BT Si—0—Si Z5 iy
PRk, 476 cm ' BT Y S Al—O {1 45 I 3 1.



3294 2D 53

B 44 %

2L
&

1405 em ™' FURFAEIE S La—OH 4E3hAH 5,686 cm ™'
BT La—O {45 4R g™ 0 BB AR 465 45 La
ARG P RRIE I ik B R BT 080 55 , X AT e J2 i T
La—OH "R 5E S R 58 38 00V N J2 45 0 e
2[Rl WS AE 607 em ! WERRHIE TR T
BERRERFL A ) 0—P—O0 Z5 h iR 3h' . 2 Wi ma k3
Alrh P—O &R 2N A5 , 1 008 em ~' b FYFFAIE I
WEIEARSE, HEh %) 71024 em™'. 3434 em ™' 195
FIEWMA SN F3 430 cm ™', ATRESE A T La—OH 1Ay
R S B RR L K AR BRSSOt — R T
WTSLa 5#flRE: 2 [ A B AR, H XPS 20444 Ak
Wi B 8 T R T S 5 A AR Ak, 25 R LI 6 () FITET 6
(d). an XPS 4 3% K i 7~ , WTSLa H EZ K C 1s,
O 1s, Fe 2p. La 4d Fl La 3d Byl 260 La JCE N
gk, La3d %K, WTSLa H 08 & ALY =20
PO 43000 La,0, F1 La( OH) . W5 Bt R 46
JG. La3ds, B 839.30 eV f% & F| 839.78eV,
La 3ds, 1 856. 18 eV 4757 856. 68 eV. La 3d,,

F10.5 eV, 32 La thily LWTRER A T H T HIE
T La—O—P BN ERSE G, BB WTSLa ' La J&
WAL A E s A0 5 A R P—O HiE
AR T RO, 58 (2) s b )n, 5%
B T3 B FR G, La 3d ML T IOSS S HE T )| ik —
AHHIE T XPS i EI AR Ak, [ 6 (e) Y WTSLa W}
WEMRER IS AE 134. 13 eV AL B P 2p U, it — 2R
AL BFF T B R ER. A&l 6 (f) BT, Wk BRF A i R i
Ja, O 1siy XPS i Bl & A4 T B B 28 1k, U445
FH, WTSLa B9 O 1s A 530.46 eV 4b iy O° |
531.99 eV ALK OH ™ /O—P F1 534. 41 eV éLEI’J H,0
X3 FP A W) B2 R WROBF R R AR S, 45 A
531.99eV 4 Y OH ™ /0—P & 43 B 26.21% tﬁ
JIE 40. 87% , 455 GE 530. 46 eV Ak 027 FTRLM L
H1 46. 54% 18/ B 36-5% , iX ﬁE%FH’:F'P ’5;0—
La 454 FIrs, I /T@‘Eﬂih 'ﬁﬂﬁﬁ i La—t( +P.ﬁ%ﬂ&
J&WF%’%A% -
AU @‘Eﬁuﬁz pH fEH 4 %éﬁi?f/ﬁ

5 /4 AN )
La 3, OWEGTE RIS S IEAHE TI0048 V. g1ty WosLyigs a5 ke
- i
(a) e La(OH); a ,"-\]:(‘); —— WTSLamg iP5 (b)
- Si(}_' v PO, —— WTSLa
_MJMLJ%‘LMM_‘L_M_N_______
T - A - i
e LR R C U S P S S SR —— . S — - loz4!
) ) M L L L 1 i | i i i L L
10 20 30 40 50 60 70 804000 3600 3200 2800 2400 2000 1600 1200 800 400
20(°) PHem!
(c) 2ilfi o (d) La3d
Plp
La4d 4 Cls
0Ols
La4d Cls
L 1 1 1 | ' . . L | |
0 200 400 600 800 1 000 1200 820 830 840 850 860 870 880
g friiglev HitriigleV
(e) P2p (H Ols

WTSLaW fi{ PR

e

WTSLaBk b PG

125 140

540

536 524

hfri/ev Hifiigiev
E 6 WTSLa WRBiEEEAEEBI/EAY XRD £ &, FTIR £ &, XPS iL[E, La 34 XPS i [E . P 2p XPS iLE 1 O 1s XPS iLE

Fig. 6 XRD spectra, FTIR spectra, XPS spectra, La 3d spectra, P 2p spectra, and O 1s spectra of WTSLa before and after phosphate adsorption



6 1] A2 SCPRAE . BV K TS PR KRR A 7R AR PRl ) R AR P 2 U 8 P9 R S [ 5 3295

SIS LU RN XL N JE 25540 WTSLa W B iR
Eh bR A R A IR BEAL R S R 5 ) S RS .
2.5 HHECHG KIS TR K BRI 4 R
2.5.1 7K SRP il pH 751k

AP ¥ K 5 R K ok WTSLa X Jie Y 78 7K
BB AN pH B2 AN 18 7 Bt zs. 7635 35 5 4 60 45
d P, 25 L BRALY K SRP ¥R 3 Bl 25 4% 35 15F 1]
FRei ) 0 A F) 1,423 mg-L7™" | RSN E
FIF 4 78 35 40 A9 78 7K SRP ¥k JE H AT 0.067
mg-L 7" F10. 058 mg-L~", 1f &4k 5 16 5K K, %
7K SRP WIS R 95. 28% F195.92% . 3%
W] WTSLa B I IS U8 i ) b 287K i & fE 7
B S (R B SR . AR SE 0 R R v S i SR R S R R A
BARIKF (DO <0.5 mg-L~") , BEHI YAk TB 4
ZAF BT R VR SR L KRR K
HFGR R TR Fe'* AT P O S R Ak 4
BWHH FeOOH LRI 2 e e B , (B R
AR ABFEB ST IRV T Fe' 228
R IE A Fe®t | T3 %Zéﬁé‘éﬁ?@*@iﬁﬁﬁmlmr@
K, M’ﬁx_ﬁir“#% KR KR 3 |- Ak @E%-
KA ﬂ%&“" W 145 d HiFRFEHIH A ﬁ%ﬂé H
pH {Eﬁéhfv 5 4 7 64 Z ], %ZISEA%TW TRA)
ﬂzaﬁuﬁ’f‘ﬁﬁ%i?ﬁﬂﬁ pH {E%E%%&ﬁﬁ'ﬁﬁ@ﬁ‘

& 51 45/d 11, pHCTE 53500 8. 23 8. 31 KT HIR

SE B BCARSS I AL, A} 2 T 19 30 2 25 A R A
BERR LRI, SR O SL R K B8 , T (7 K
pH {H EFP . M He2s (4L /Y E K pH A, %
WTSLa 2358 K pH 5001, X I 14 2 W
PR A0 AR DR A 5 T B4R SR
BEREHCRE N Ak SRP VR TR i R &, T
SOX B BRK A 43 BT B 3830 T 4.
2.5.2 [H]PRsK SRP Fl Fe** JR ik BF (1751

R IR P N TR T S R A B BRK
PATRI B 7K A @A 38 3 X Ay SOE FH kA
KB WTSLa XIS Y8 6] B 7K SRP il Fe® * {152 i 41
K8 Bz, {37 45 d Ji, 25 (A B2 Tl B /K SRP it
U 3. 814 mg-L~! {Eﬁﬂt&éﬂlfﬂﬁ%k SRP N
1.806 mg-L. ™", A HLZS 4L R BELK SRP 14 HIl IR
N 52.65%, V- i 55 41 A B K SRP A4 124
mg- L~ I 1T 2 AR B R A e e - T X:ftl:.ﬁ}?ﬂ
ffa) B K Feo ™ Ji i M, 25 1 6 I Qﬁﬁ 1,753
mg-L~' {th/ji'ﬁlﬂéﬂjﬂ-l 471 mg-L™! lﬁﬁ;ﬂ?ﬁ*ﬁ
Hgmg\@ﬂ?ﬁk qz’f‘ﬁﬁgﬁﬁééﬂjiw 640 mg- L&' mlFﬁ
FI4. %}?Zzﬂlﬁ]llﬁwjg SRP Al Fe** ﬁ%imr“ﬂkﬁ
A MRS, %Hﬁ-ﬁﬂﬁ%ﬁwm Fe' iR JF N Fe“ %u
5 Fe’* G54 0B )5 T8 MU i 1L ) UK SRP 5
%?Eﬂmlﬁ’lfi%?%;i&ﬁﬁl‘ﬂl@iﬂﬁﬂ@@éﬁﬁ%‘@ﬁ
AT HEA B LK. A RS 2 W Bl 2o i e A
Fy 3 e 5 5 SRR W ] R K 45 K B B vk

piFl 7 £ 73 701, BB WS e a0

1.5

1.4 ¢
1.3 ¢
1.2}
[
1O}
09
08
07r
0.6
05}
04 F
03}
02}
01 F

0

8.4

—=— 4
—o— RAMK
—a— Pl G

L8R SRP/mg-L™!

B2t

L AkpH

1 1 L 1 L
15 20 25 30 35 40 45
KAt /d

| 1 1
0 - 10

E7 MUK Bk SRP RE pH FERT E L
Fig. 7 SRP concentration and pH of the overlying water

in the simulated sediment experiment

5.0

45t
T, 40 I
20
£ 35}
g
2 30
=
= 25+
20+
1.5 [
“H RAMR TRl
T I
£
< st
2
=
E | ;
l ]
1

“H RAN R Tl

B8 #EMUKIRBEIEREK SRP 7R EF Fe? * iR E
Fig. 8 SRP concentration and Fe?* of the interstitial water

in the simulated sediment experiment



3296 7D 53

B 44 %

L
&

KT WTSLa & T 8RR A 3F 5 i 0% B A
SERCR X TIRAI B R AL, RV RO ] UK i B
AT LU R WTSLa WS SE | S B0 BRK SRP vk
FOMR R R TR T 1) B K 55 1 K 2 i Bl vk
FEBBEE | WRAR T B ST 108U %) T P4 o
20, i T WTSLa 2 AE R R, 15 IR I R T E IR T
OB IR L) SEUR IR IR BRI , A T
BB IS RS BEGE AL  ( A5 M1 B/K SRP 1 Fe* i
Ve B ELR: ] B K T B Bl R S 8 5 2 T TG
VAL K B TR RE B WTSLa W BH R824k,
336 2 I 4 R A 2 W 0 R4 Y, S B K
f) SRP V¢ 35t (R H e AF 3 AR K - {EL 2 -l 7 o 4
2 HUR RPN, ] B K B BE A Fe®* e i 22
e ST B I LA 1
2.5.3 JRIeBHEEMAE L

JFG U8 P9 B 0 R R AR 25 5 LR i g 8, 4,
AR, S3HT WTSLa B9V AN I JE B 25 (9 5m,
A5 BT HE— 25 T A R VR Bl 5 1 B L. s
45 d I, A RIS R IR IE 2578 e I T o i Bl £

WTSLa VA3 IR A A 5 41 e h B2 48 2 (8]
KA T ¥ AR = B 4y B, HH NH,CI-P, BD-P,
NaOH-IP F1 Org-P 47 12t 5. 2598 /)N , HCI-P 1) 75 it 34
N, Res-P & EHEALRFEAAS. WK 9 iR, =5 HA
NH,CI-P 47 4.90 mg-kg ™" IR R 1. 12 mg-kg ™',
FHALZS LA T 77. 1%, 4410 1. 46 mg-kg ™',
HIWE T 70. 2% . 25 44 BD-P 4 19. 07 mg-kg ™', iR
SI4 K 3.87 mg-ke ™', HIUH T 16.5%, A4l H
1.38 mg-keg™', MWL T 92.8%. 25 4 41 Org-P A
24.48 mg-kg ™', IRAIAL R 11.60 mg-kg ™', I T
52. 6% ,FHiZH M 10. 89 mg-kg ™" HIIE T 55. 5% . %5
120 HCI-P N 438.57 mg-kg ™', IR 514 512.02
mg-kg™', BT 16.7%, ¥ Hi 41 K 500.03
mg-kg ™ IEHNT 14. 1% . BRI WTSLa X i€ I8
AIBE AR ROR , B E N T HCL-P /S fe il
NH,CI-P, BD-P, NaOH-IP il Org-P' i S i
6K, 55 7 IR Y 9 e 32 LA HCL-P A S AE, 0 Rees-
PS5 B H R SR /Ny 35 AR B S AR 24 1
e L (& /

g ¥

-

[« A/ N =
el an i 9 F1 A0 s, A1 H as FxT BREHS iR VB ¢ NHtCl-P,) ?E%ﬁ@?ﬁﬁ%ﬁ*}%fi
ol F | p i o I % - A
6 F (@) NH4CL-P (b) BD-P ] 24 g
5 { . 420
- af 116 T
P y
2 s} 1o 2
& | R
I
1| T : 44
0 1 0
90 L (¢) NaOH-IP (d) Org-P
I 425
R0 | T T
T
0 12
2 el Z
g sof {15 £
= 4} : - s . &
30 1 10
20 F 45
10}
(1] 0
550 F () HCI-P . : () Res-P |
500 1
T
450 F T T . T 240
1 * I 4 210
40 f
W 350 | {180 7,
300 Jis0 &
80 T £
4z 200 | 1o &
150 |
100 F q 60
50 | 4 30
0 0
i RAMR PHIBE i RAMR PHIBLE

9 AREEHFAMREBHESHZM

Fig. 9 Impact on the concentration of various P fractions in sediments under different adding methods of WTSLa
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