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U K5 DR IR AR IR JE B Y R AL )

REM! FRARNZSIE N2 ATEES, TR, EHAE
L DY S 7= 2 I & J5 A 7Kk SCHb i T AR i by, AR 6100815 2. Vo 28 K A M ER Bl 24 5 37 5% T 1%
2EBE, BUAR 6100315 3. VG m 38 K% H K TRE2#B, AR 610031

W OE RHRLEKISIR R, T 400 °C. 4 hBbaml & T A KIS TR . BRI T H K R T R R Y
W R REE DL AN RN (2.5% . 5%. 10%) T Pk oK 15 TR XIS e R i i B KB S 5E . IR S G
SEM. BET % RAEF B, R T WTS,0, MIETE T HEMRE NI . 45 R, WTS,, MLk WIS AT KA
FLBRGE ) S b R AR, SR T X BERR R AW B BE T . WS R A S ME B iR, Freundlich B R 3G AT
iR WTS,, W BERR SR AT 72, HF B8 n>1, UL WTS,g, X HERRLE 00 W I 25 5 EAT o WTS, 00, HOTR T2 il
JEE I8 P 55 I B A5 Bl (NHL,CL-P), 481k 38 JF SRS B (BD-P) HILA HLHS (Org-P) 25 A K 58 A5 Wi 16) B4 5 1 4 481k 1y 45
G W (NaOH-1P) 7% 45, H I A B WTS, 0, B M3 i i, A Bh Tl Je sl ) b KB, Bt
Hh . WTS 0. M 7R DI AT [ AR JES U8 FF WSP(K ¥ 7 #5 ) Il Olsen-P (8% BR & 40 W R BB ) X 2 Fh A= 0 A5 3l & = .
WTS 00 W INAJETE, — 7 T 7T LA BRI U v v 76 16 M Bl A0 268 A 20l & B, ARG VR P9 TRUR 1) L 2 /K RO
B, 55— 5 T T LA 3 WTS o0, B9 9 B FH B 122 25 B (D B K P B0l , DA i B8 I 788 /A R i) B 7K 22 ] ) g e 2
B, 2 100 0 e DA TR B K 1) BB K R R . S5 SRR, WS, MR N 8 B0 B 70 DL i /K 4 FUIS U6 1)
i

KHEIE Aokise; PATCrE; MR RUE; PURBERE R

R S BUKIRE B IR SRR 2R 22—, a0 fu] A7 2808 il 7K Al Fr 1 2 T SR ATk 2 E AT R
ST o T B A DR YR T2 0 S A IR RN PRI, IS U A B T A R A, B AT Y
SPEBES S — RN e AEY RSB RTIRIe b . AN IR SR kA AR ey, E R
TRV Al 2 FOR B LA N TR T S E A K, R, FE B ETAMEBEE AL 1T B i S
T AR BE RO T R AR A R A [ T

H RS Yo il B 0O il B R B G R AL S AL AR FEPY R AR BB R EER IR BOR
O o 7K T LA 7 142 BR IR R 2 05 B R UE , T BR TS oK AR R BE . TR ] 0% U B
RO . BTN TEW . B SR Trummen 355 B 5R H] T IZHORN, UL AR BRE R W] 43 O Al b B
YA E AL B 5 S A BREOR AR LG, SR A PR R A STE T T DL S VR R P IR
U B 7 SO Sl ) KA RE TSR TR A, D/ I U8 S 6 BT I R TS e i, BRI e 7 R
w5 Qe iRk, JF BAR B g AR, HLE A 4% i SR W] B 2 RRARTURRY) h 25 IR 2w 5 i,
DURR Bl S HoA 75 ey ) B J2 KR
i EER: 2022-09-12; FRAHAHA: 2022-12-02

F—1EH: KEW (1986—) , B, Wit, METRIM, zzpwss123@126.com; MRBIEEE: Bk (1979—) , &, L, SHT
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FeK )5 e S g K AL BT AR oK S B R R AR TS U6, R R K R BRI T L A LY SR
DL KA Bt AR O i angR L L BRER Sk R, AU R, dokim R R AL R 1Y
W BRE 8L o R A R e v K T U8 Sk SR, R %) S PR AR RN B i 3.065 mgrg s Eh i
SRR R 80 C LT Ay i K 5 U A SRy Wl U B AR, B v KT R X AR MR B (5 mgg ) MY SR A LB
RN 92.5%, BHIEHI AN SR 3.47 mgeg ' LA HIFSE 45 SR 2 U8 A v oK 75 U8 X LA — R B W I
Jo HoKI5 T EB e B h FL & A 18k . AR AR T R SR O N 4R Ak, vl HE— 2B K S
Ye (W B RE L T EL I S 4B e T 3k G A AL X A AR (8 5 g 11021 AR S A 28 R PR Ak B Y K
1EURAVE IR e Bl AL, R T X A Al R k() W R B, IR TR TR WS 00 $I15 (0%
2.5%. 5% 10%) % U6 PR BETE 25 73 A0 (05 0 B2 R B AL, LB A e K T 108 9% 5 A6 R 55 7K AR 7
Rt S,

1 #Rl5RE*%
1.1 LI

JE U I AR T A s XA 22 5 YL i, SRAEIRIRAE AR KT 5, Brrat 100 B i & H .
fif il HC1. NaOH. NaCl. LaCly(H,0),. KH,PO,. CaCl,. NaHCO; 557l ¥ s dral, WA E 2448
AL 2R A BR A R . S50 BT K A B 4lik .

SEUS FH K TS PR B AR T A RK ), DAARSR AR ERVE IR EE R, & K RAE 75%~80%, H:
W LR 4 82.02% . HIRlE 4 T4 . BkRRaT 100 H 5 W45 H o

A S0 T FH IR VK T 8 S 2 TRl - BRI 30 g100 H KI5 U8 in A 21 50 mL B R
L, M E, BT DR T 400 °C RV 4 h, FERMSERE, BHEER, BHEET 100 B
K, BEREASE T TSR &, S2WE, WTS,,., BN 1400 mgkg ', THIK> 89.5%, &
K5 e JE R fi 44 - WTS(water treatment sludge), il £ 1Y UM 15 /K 15 T A 44 0 WTS 40040
1.2 BWHE

)RR RS . B, B4 FREH N 150 g YR I8 43 51 m A 2 4 4> 500 mL 7 B 32 577
L PR WTS,, 3808 R R 8 0%, 2.5% . 5% . 10% F E 43 S A B s, Jf5¢
SRAHL), HBEMENAR, &40 0a4 821, WIS2.5, WTS5, WTS10; Hik, Bl
% 1 mmol-L"'NaHCO,, 10 mmol-L™" NaCl fil 1 mmol-L™" CaCl, (¥ 4 L, # pH A = 7.0, Z&#8 7B
UG VE MBS 1 K s B E R AL B KO AR FUR £ S5 0 5, B0 A E TR A
B 60d, SEBANE], 4 15 d a3 F A A 100 mg W HRRR AN, LABRAR B 31K R AV A i 4 (DO) J5i
BREAR KT 0.5mg L. 45 d FlFH pH FH AR GG & KRG pH . DO By JE , R JH4
BRI LU 07 0 2 5 A 1 5 P 0 5 VK (Soluble Reactive Phosphate(SRP)).

IR SIS A A S, K A K e, R RS U A B0 A5 2 (] B KORIRC VAR A, 0 D BK 1Y)
SRP KR Ue KR . JRUEHE S ST )5 12 100 B i % B 3485 8 T FIR s A AA & H ., DUH TR 4
BT SR B AW A SR B, 25 . WTS2.5, WTS5 F1 WTS10 H i I8 19 & 7K 4 5
27.5%. 28.7%. 28.8% F29.6%.

2) JIE U BT A Y I S AR . G T BT A AT 4 R 59 0% B A B (NHLCL-P) . k45 A 1% (BD-
P). 454 AW (NaOH-rP). A HLIEJE A (Org-P). 45454 A (HCI-P) FI%% i A8 (Res-P). L) I
ST SR S P ik gz 3R Bk P g 8], BARL TR . 43506 1 mol'L™! NH,Cl1# i (pH=7),
0.11 mol-L™" Na,S,0,/NaHCO, i## . 0.1 mol-L™" NaOH ¥ £ 25 °C . 200 rmin' FHE3% 2. 1. 16 h {5
#| NH,CI-P. BD-P, NaOH-rP; b iR¥%5 ¥ I8 % J5 98 & NaOH-rP 11 #75 %] Org-P; H] 0.5 mol-L™' HCI ¥
WAE 25 °C . 200 rmin”' FHR¥ 16 h £5%] HCI-P; f ] 1 mol-L™' NaOH ¥ 7¥ 85 °C MLAFH H i 1 h 15
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2| Res-P.

)RV A YA AR . N T HE— 2 R ST WTS,00, XS U8 B 10 52 i 2R, AR WF 58 R H
ZHOU 55122 5 WU W) A RO 09 7 e, 58 7K I 1 B (WISP) Rk iR &40 T 32 LB (Olsen-P), HLAA A
B B 0.4 gk 100 H 5 W JEE PR KL 5T 150 mL #EE P, A 40 mL 228 1K, 7E 25 C .
220 rmin ' 25 FPR 2h, B0 10 min(4 000 r-min"), H [ 35 %0 SRP B K % MW (WSP); Bt 1.2 g
1 100 B MAECIREESD T 150 mL HEEHEH, JA 40 mL 0.5 mol-L™'NaHCO, i#¥&, 7F25°C. 220r-min’’
ZAE TR 0.5h, B0 10 min(4 000 r-min"), B E 7 0 SRP B[k R 040 7] $EHUBE (Olsen-P).

4) MBI RAE o AR R T SR H % &k 3T 5 58 (SEM,  Zeiss Merlin, £ [H Zeiss 23 7)) Il
s R LA LR FRE R H 4 H 2l L3R TH AL 431 (BET, Micromeritics Asap 2460,
&) ME ; PIAHFRAE R X ST AT 41 (XRD, D8 Advance, Bruker, 72 ) Jl 2 .

1.3 BEIRHsCIE

1) W 25 M 28 . BB WTS g0, N 2 gL', pH=4, BiMl2 bW 1A & e B2 43 5k 10, 20,
30, 40. 50, 60, 70, 80 F190 mg-L™' B}, 7£ 30, 40, 50 C 3 MEE T, #&¥% 48 h WV f5
DE W B IR Eh R B, TR BT, O B £k 48 #F 4T Langmuir(zX (1)) A1 Freundlich(zX: (2)) 4%
i I A TR DL

11 1

-4 1
4 qm  guKLC. &

1
Ing. =InKg+ - InC, 2
n

K. g W FPEHWHE, mge's g MR KW &, mgeg's CCHFMHEHWEE, mgl'; KK
Langmuir W [ % %0, L-mg'; K, M Freundlich " [} # %, mg-g™'; n MAEL R REL,

2) W Bt 3h J12F . WERRER WD 4R R MR O 20, 50 A1 80 mg- Lt A, BRI BN 2 g L7, I
WA ZR pH=4, 7£30 °C FHZED, 09T 5. 15, 30, 60, 120, 240, 360, 480. 720. 1440, 2
160 F1 2 880 min A, KR 2 v i Bl o B o 0 R B s AT o — sl 1O R R (3)). i
PRzh 1277 R (X (@) FRURL N TIOR3 (5)) UG AT

In(q. — q.) = Ing. —k;t (3)
1 t
— = +— 4
q: qug qe ( )
1
g = kst2 + Cs 5)

Ao ONWHEREE, ming g, R e B AR &, mggs b MME—H BN J12EE R, min'; kW fE
TR IIE R, g (mgrmin) 'y ky S BURE N B N R R B C, o 5 i )2 TR A G YRR

3) LT 2 . AT E HBE AGY, AR AS® FIHA AR AHC 1 S5 28045 Bl T ) UH % i i A iR A
Mok, A Bh T WA W R AE AHL A 2, AR YE Freundlich W BRI 3L 445 2 19 S8k, v DLAR 4 =X
(6) HRAAFIRE T AG; WA (8), L UT AMATR, InK, WHARPRIER, B8 AS N H 21 #
PEAESE, SR AR AR REHESY o H AR ME R OO MR 8K T AGT I G, K, AT i i
Freundlich %5 I =X Hh 1% W B85 B85 3] 24

AG = —RTInK, (©6)
K, =K 7

AS?  AH’
mK, = 25 _ )
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K AGP HEHE MBI A HEE, kImol'; AS’ HHHAE, kI-mol'; AH’ HAGAE, J-(mol'K)'; RNAK
WHL, 83141 (mol'K)'s K, WARMEE S FH w8 T RHRIFRE, K.

4) B s ab B, AR K T SRP VR EE A AR TR, TS YR sl ] b B K ) SF- 35 R i R 1ot X
9) T,
Vie,—co
) ©)
K THFEBE R, mg(m>d)"; ¢ F c, 4350 R ¢ BF 20 R4 4R i 2] B K B R U
mg' L'y VO BEKIEE, Ly A MRle- FEK A AR, m?; ¢ AR, do

S)pH 52 . 435I HL 80 mg (1Y) WTS 1 WTS,g0,, MIA F 40 mL 5 &2 3k & 4 20 mg L™ 19 85 iR
:ﬁ%%M$,manmnﬂmHmﬁNwHﬁ%%Wmfﬁz4 6. 7. 8 M 10, 7E 30 C K+
T 150 rmin #5755 48 h, S5 W T B ES, £ 0.45 pm Y 8 T b VI 2 T Ay W TR R v R,
TEEGT B () W B i, BRI 3 AT, *? 5 R ECF- S8 L VB o 90 X e %y - A R o e R X
(10) 5.

J=

g.= CoCY (10)

K. g B E, mgg's ¢ %%%%m¢%%@%ﬁ%W¥@N%ﬁimﬁ,
mg- L™ VREHWIER, L, m WWRHHFE, g
2 ZER578
2.1 DB AR

B 1A WTS,0, M WTS B B . & 1 el 50, BRys e i 3 m e S 2 B M nY A )2 45
My, FLBRER A b E, REALURRES, SIRALERE R, IR R R IFLEL . 45T

(c) WTSHSEMfEaB il (d) WTS,,, JISEMJRERHR
1 WTS #1 WTS,,,, B9 SEM
Fig. 1 SEM images of WTS and WTS,,,,
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PAE . X WARBLAE WTS Fl WTS, g0, MIICER M Lo & 2 i WTS Fl WTS,, 19 EDS BETE &, 1
J WTS Fl WTS,0, B JC R & 8. 1 WTS B WTS,,,, T 3£ JK 2 73 B S~ 82.02% F1 89.5% ml %1, 5
WTS #H L, WTS,q, FIA HLYI B> Bk & S BEAL, ARFLIEIS K, Fe. Al Caf§J0E & ht Al X3
e WTS Fl WTS,p0, T RAM KA B ER, FEILRAMII N C. O. Na, Al, Si. Ca,
Fe %5, 5 R HLBIRY 85% LA I, X 5 ¥ K15 Je i 4k — 37,

0
Si
c Si Al
Al
Na || 4 M
Fe}\‘j[’g | q Ng Au
S allh ¢ ¢
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 9 10
it H/keV fit/keV
(a) WTS (b) WTSAO(I-A
2 WTS #1 WTS,,, , B EDS
Fig.2 EDS of WTS and WTS,,
R1 BKTRMAEEKSEHTERESE LT
Table 1 Element content ratio of WTS and WTS,;, ,
FE C/% 0/% S1/% Al% K/%  Fel% Ca/% Mg/% Na/%
WTS 35.03 47.96 7.26 5.59 0.57 2.59 0.94 0.47 1.58
WTS, 504 9.90 52.95 15.21 11.50 1.18 4.34 1.05 1.75 2.11

HeK TG R BOTE ET IS A NG TR R 45 iR it 2k A FL AR 2 A 4 AN B 3(a) AR 3(b) s, BT, R
T B 2 A R ) B R K, WS, BB 2 235 3 T WTS. RIS N, W 6 BiE 25 IR 28 55 IV R4
MEARAT, Vil WTS,o, JB TAFLEM B, BtEZ )G, WTS,0, A9 HL R B X WTS (29.39 m* g ') %

90
80
70
60
50
40
30

N, (em® - g7')

20
10
0

Fig.

- 0.012
L —a—WTS r —E—WTS

—e—WTS,, j 0010f e ——WTS,,,
i ¢ E 0008 | *
| A
i / .::. i 0.006 |-
L " ,jf S o004 |

2 \

- ’.:: ’f .\

.M.:I:I:lzl: ¥ 0.002 - L%
L 3 —— | ]

|:.. 1 "~ 1 1 1 ] 0 1 ‘ ... .t‘.l\\..\.\.h.\.

0 02 04 06 08 1.0 0 20 60 80

ARSI (PIPy) fL#&2/mm
() R 38 B 25 UL 2 (b) FLEES T

3 WTS,, & WIS BN, IRt i SR HH & R FLIZ 5 10
3 N, adsorption and desorption isothermal curves and pore size distribution of WTS400-4 and WTS
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BN E 3422 mPg !, X A5 O B R SR A0 TS ML A BE g s S L AR R 7.77 nm 3 i #)
10.5nm, H4INT 1.354%, FB WTS,g0, 0T LIA RCHE & 15 U8 09 FL B 5O B BE ) -
2.2 WTS #1 WTS,,,, | M #4ER EL A /5 B9 XRD 43477

WTS Il WTS,,,., W Fff #5 B2 5 1 )5 79 XRD Y
SFTINIE 4 R . AT, WTS,q, £ % 1 Sio, *Pos WIS P

M ALO; W BT 1 . H i Si0, o5 3 AL 43,

20 43 W 7E 21.003°, 26.826°. 50.373°F1 60.435° ‘ wis,.
S A R BRATT S0 A TR B TR S 1 S 1] o l bt X

HEL PO AT B, T B WTS, 0, 1550 W B

‘ 4w WIS
T BERR R,
2.3 pH XJ#ER EL IR B B9 52 N 10 20 30 40 50 60 70 80
W1t pH X WTS, g0, F WTS W B B 12 45 119 200)

. . - 4 R TS Eh BT B it
BN S R, WL, WIS, xtBEfmely 4 WISH WIS, RIFEREREIRT/RR) XRD
SO B 5T WTS, H WTS, g, Fl WTS I 1E Fig. 4 XRD patterns of WTS and WTS400-4 before and after

ij@ A R KWL B 2 7.92. 7.1 phosphate adsorption

mgg'. BEFHE AR pH FH R, WTS,., Fl WTS 1Y 9r ] .
B R 4 AT F B, X NN et
Fof s 4TI 2 2 W RS 751 3 T HRL i 1 S5 B W S5 T 7 N,

F LTSI R0, % S 4% (pHpzc) J5 W M 2o VI

IR LAy O ITIRAY pHL, SR JH ZHU 450 = 9

(9 05 35 W A T WTS g0, Fl WTS 19 % i i 5 2:l W

(pHpzc) 73 511 4 8.91 Fl 8.2, Y i# W pH /N T 1 2t

A 750 9 % L A7 8 (pHpze) I, B 51 2 i &2 0F 1t

HLPE, RE LA 5 7 B W B RS 1 0 2 4 6 71 8

A0 A 8 = & H 7 s (pHpze) 9 WTS,g04 1T LA pH

TE T B pH J PN BEE B, AT A B 5 pH X WTS400-4 F1 WTS IR &84 25 60 521
F 8 5 B 08 S R R B M UA W Fig. 5 Effect ;);;)g on ;):;)s&l?;e adsorption by

pH KT W B 59 %5 Ha oy 250 (pHpze) B, W7 35
A, I S BERRAR B AR R Ty, M T WTS g0, W BERRER . WTS,00., W B R 25
JE W W pH HFTER I 2. 4. 6. 7. 8. 10435748 5.68, 7.1, 7.58. 7.79. 8.17. 10.09. W UL, k%]
W S 465 I A pH S B TR, SRUIE TR OHHG £, IR KA BE IR Eh 5 WTS,g0., 72 1 B
OH & A= Bl AR A8 4 iy 850, 98 i 55 3 o e 7 = 40 e O o O
24 WMFREERRHRDESH

W o 258 ik £ oz WA — i R T 0 8B s, R o 0 v WA I e 5 9 ROV B 2 D S R P,
A3 UTE W BRHR EE S 30, 40, 50 °C B, fdi ] Langmuir A1 Freundlich 25 i AR Y 75 F2 X6 512 56 %50 9 2E 47
&, HEERAE 6 s . 183 BRI T, WTS, 0., 0 B R £h 0 W - 24 i 25 400 36 Wl I ok 38 F4
Bl 5 S R R T A R g IR AR TR R R LA S50 2 IR, Freundlich A5 R T R
FIAHSE R 8. H R 4 0.92~0.95, HItt, Freundlich A5 A 575 I T 3R WTS, 0., W}l R £5 1 5 72
Freundlich #55Y rfr | oy 55 W FRFO BE A S A B 850, m (ECBRORS, R RF 590 XoF IR 55 114 5 IR g i, A
FITIRM . — MG T, 4 nfHAE T 1~10 B, WA S 1T, n<0.5 B, JTIXET WY, ABF5E
M WTS g0 MIBERRER Y n Ry 4.2~4.8, ¥IRT 1, ULEH WTS,q, XTBERR ER A W B 5 72 ) A 700,
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22 - 22
20p TS0 N 20
18 18 F
= 16 - = 16
b 14l boo14f
g np g n
B 10 B 10
8t 8t
6F 61
4+ . . . . . . . 4 . . . . . .
0 10 20 30 40 50 60 0 10 20 30 40 50 60
C/mg-g™) C/(mg - g™)
(a) Langmuirf fif 4525 (b) Freundlichi fi45 £
Bl 6 WTS,,, B BER £ UL B 3 iR h 2%
Fig. 6 Phosphate adsorption isotherm curve of WTS,,,
% 2 Langmuir 1 Freundlich I} i FEER N ESH
Table 2  Fitting parameters of Langmuir and Freundlich adsorption isothermal models
Langmuirf#y Freundlichf& %l
HE/ ¢
q./(mg-g) K /(L-mg") R n Ki(mg'g") R
30 20.383 3 0.078 2 0.789 1 2.8850 4.266 6 0.947 2
40 21.374 6 0.7317 0.768 3 2.9590 4.5262 0.928 7
50 23.324 1 0.742 2 0.797 5 2.8299 4.713 4 0.9390
55 F Freundlich 5% 5 WTS,q,, W Fff 19 AG", R3 WIS, BRMBBENANZESH
AS* I AHP TR ZE R W 3, DA InK, XF 1/T 3547 Table 3 Thermodynamic parameters of phosphate adsorption
SEPEIL A L WS, W B I 0 41 36 22 20 oY WiSans

R*E ik #] 0999, 7 303.15. 313.15 il 323.15 WK AGY(Kmol)  AHY(kI'mol")  AS%(J-(molK)")

K E]/‘J % ,fq: —F ) WTS400_4 XTJ‘ @'% Eﬁ Jilﬁ ﬂﬁ I}ﬁ ﬁ‘ *5'3 H/‘J 303.15 —10.55
AGMHKINT 0. RWIHWM R R ) A 31 s 4002 25484
M. tesh, BEFEENT S, AGCEZEIEE 5D 1202

fr kS, Uh B T TR AT AR v B R Y
HORFRE, AT WTS, g0, X BERRER WM, H AL ULBIZ SO & — AN o R 3 FTAL, % Bt
R AR>S0, W — 25 3R WG S R WA R o T B A R AS>0, 3R BT B Ao R Y C T T b
Ko WTS 0.4 W BR800 i 77 181 - S 10 B4 B IR RLEE RS, AR® . AS® I (B 3 — 20 UE BT T 12 B
R E R
2.5 WRMIEhHFE SR

AW 5T 50 BIE BRI AW FE 4 20, 50, 80 mg-L™', XFSCsBdm il & 1 ME— 2k 3h 2 Fife —
Zesh Jyri gk, FLA R ANIE 7(a) A 7(b) Bras , HAG SENE 4 iR o e S R LU
g Iy 2B (R7>0.99) th T — G 8 Jy 2 B R, B0 7 M W B 5 g, 22 3T T S5 00 1 Al 0 B A
Qeoxpr THRTIR2E/INT 6.56% . PRI, HE 03N Iy A BB AT DL b 1 3R WT'S 0.4 R B TR £ 118 W B ok
P o WE G083 A A SRR IR . 2 T B RUORE N . T IR S R RS AR R AR RT . 4 2R
FW], WTS, g0 XTRERER I 32 B 1 25 B8 A Ab 2 B

N T BB RGE BERE AE  AE TR AR S R W) AR BRI O 20, 50, 80 mg'L,
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Xﬂ‘i%ﬁ%&ﬁi‘%ﬁﬁﬁ*ﬁﬂﬂ?}“ﬁﬂﬁﬁ” e, GORWIE 7(c) Fin, MaSink s i, wil, &%
AP RO N T 3B B BOVBIEY oS R, kMUK, OO AT RO R s 5 2 Y

ar ——20mg-L" 400 0mg-L 8
—o—50mg- L 350} -e-50mg-L"! 16
2F —a—80mg-L 300_—A—80mg-L’1 141
~ W 12f
T‘: or 250 - o0
w & 200} 2 10
E 27 150 f N
> 6L 5’&»
4l 100 al 2 —=—20mg L'
R 50 F & —e—50mg - L'
6} ol 2r —a—80 mg - L
1 1 1 ' 1 1 1 1 0 1 1 1 1 1 1 1
0 1000 2000 3000 0 1000 2000 3000 0 10 20 30 40 50 60
1, [ BsF ] /min 1%, [ BsF 1] /min £3/min®3
(a) HE—Zgl Jy i (b) M~ i F A sy (c) BRI NG iRy
7 WTS,, BIRBEN N F & Bk
Fig. 7 Phosphate adsorption isotherm curve of WTS,, 4
x4 E—% EZEHMNFEWNEEH
Table 4 Quasi-first order and quasi-second order kinetic fitting parameters
BTG IfE—2 2l A e 2l Y
/Mg L) k/min")  g./mgg) R kfAg(mgmin’) g /mgg)) R
20 0.001 2 2.968 0 0.884 6 0.002 1 7.869 0.998 5
50 0.002 1 9.5190 0.896 0 0.000 7 12.930 0.995 8
80 0.002 4 14.703 2 0.979 2 0.000 3 18.054 0.999 3
x5 BRAYTHERMNESH
Table 5 Fitting parameters of the intra-particle diffusion model
URL N IR
WA IR .
} o l\—l V= 2 A /‘-f«3
eI (mg L) SR B 2B B SR B
C, k, R’ C, k, R’ G, k; R
20 1.7324 0.8216 09906 3.2517 0.4003 09863 13.2163 0.0720 09124
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Fig. 8 Variation of SRP concentration, pH and DO in overlying water with time in sediment simulation experiment
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Fig. 10 Impact of different adding methods of WTS,, , on the concentration of various P fractions in sediments
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Fig. 11 Total phosphorus content and the proportion of different forms of phosphorus in total phosphorus in each control group
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Abstract In this study, the heat modified water purification sludge (WTS,,, ,) was prepared by 400 °C and 4 h
pyrolysis using water treatment sludge as raw material. The adsorption characteristics of phosphate in water and
the effects of different dosage (2.5%, 5%, 10%) on the controlled release and the form of phosphate in the
sediment were discussed. At the same time, combining with SEM, BET and other characterization methods, the
stabilization mechanism of WTS,,,, on phosphorus in sediment was explored. The results showed that WTS,,,
had more developed pore structure and specific surface area than WTS, which strengthened the phosphate
adsorption capacity. The adsorption process conformed to the quasi-second-order kinetic model. Freundlich
model was more suitable to describe the phosphate adsorption process on WTS,,,, the parameter n higher than
1 indicated that the WTS,,, was easy to adsorb phosphate. The addition of WTS,,, could cause the
transformation of the weakly adsorbed phosphorus (NH,CI-P), redox-sensitive phosphorus (BD-P),
organophosphorus (Org-P) and other readily released phosphorus to stable metal oxide bound phosphorus
(NaOH-rP) in sediment, and the conversion amount increased with the increase of WTS,,,, dosage, which could
contribute to inhibiting the release of phosphorus from the sediment. In addition, the addition of WTS,,,, could
reduce the contents of WSP(water-soluble phosphorus) and Olsen-P (sodium bicarbonate extractable
phosphorus) in the sediment. Adding WTS,,,, to the sediment, on the one hand, could reduce the contents of
potential active phosphorus and bioavailable phosphorus in the sediment and reduce the risk of endogenous
phosphorus release from the sediment to the overlying water. On the other hand, the phosphorus in interstitial
water could be directly removed through the adsorption on WTS,,,, so as to reduce the phosphorus
concentration gradient between overlying water and interstitial water and inhibit the release of phosphorus from
interstitial water to overlying water. The results showed that WTS,,, , could be used as a sediment amendment to
control the phosphorus content in water and sediment.

Keywords  water treatment sludge; thermal modification; adsorption; sediment; controlled release of

endogenous phosphorus
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