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SR E AR ST, PRI S B BRSBTS ME . FLERRTEE RN, AR T4
RIS ESFIA . I, K TR S G JE B K et A e iy ok, RERB S48+ [
NREHIE S YT B S Yt SCBILURIRIE sk EIERstE . AIRAIL, 28t EYmntis
U s LR ERE I L T Rt AR Y i, SRR RN A w2 AT LA A BEIAAON; , YR 4 2 ]
W TR, BRI SR M RE SR A, BEWDCESRBIEHARL, fESeR,
PEEEY RSEAPRIRS Y, FEIRIASETS YA A AU TADLAS i £ 28 mT AR A= 4 ) SR IR R =
A REAIRRSS AR, (EUFER B E S Facie, s biifiae /1. ELBENBERRENAT R bRAE ), fEfH
KFE s E K B Ao T e, PR T R BRI A B A oY

25 BT, AL HoK#S R R 5URE . MgCl, Fl KOH thER], Dtk & ekt K #h s ¢,
K AN RAE T 1 S R K P HE R R TR R ORZE R, AR R o pHL JREE . SR
[i) B HA 7 B8-S R BT W PRI B s, 38 3 WA o 0 7 2 R B A Ze X H B N, -N AT PO, -P i
PEATILA, BB L SRR BRI R 22 K Hh R A S B A A S A
1 #RERE
1.1 RFIFER

WAl AOKEGREMEE, SR, TOKIRIREN, SEMAR, S, B 2.

{25 : Merck millipore #4E/KHL; BSA223S HLF43Hr K5 UV-1800 AUSEAHMAT WA EET; DKG-
9076A MiAf; KQ-100DX #4 HAHEIK; PW177 BUKYAEHL; 100 H 20-em iX5001; GSL-1100X-S &b
SHO5-3 5 i i J3 4w F#4% s LD-5 5 M &0 Ml ; GY100L 5 2K [ g ; KH-100 & 55 He [ b 48 ; FE28-
Standard % pH i}; Thermofisher Nicolet Is50 HI{f L AR 2T SR 13%4Y ; Regulus8100 HIF 4 Hy T i fil s ;
ASAP 2020 PLUS HD88 %4 1 gl ek M ALBE 430
1.2 EYREIE

1) KE ARl e o KB A K T SENAAE T, RESEUE A TR g, AAKT
JEREKE AR A 2~3 om KA/NBE, FEMEREH T 80 °C T 15 h, MEHUKIFIfL 100 Hif, H21KH
PRI . BRI KH P AR AR A R A TEY T 500 °C ## 2 h, FHEHEEK 10 C-min', BESRL,
BHIZZEEECE, BB TKBEREaR, 80 G H-FREm R, BRKHIE 4% (BC).

2) Wi S T A A A P KB M e 45 o K MgClL, Fl BC $i—5E HLBIIN A 22 85 Tk it Pty 5045 23R
B, FREL—E R NaOH Fl Na,CO, TR Tk, KM ARG W I 2 h FHE 2R ER
NEZEHT 120 °C 7K 4 h, BRAUGEUH IR TS B B0k 2 k. 5 3 mol- L™ KOH LA 1:15 [[E
WILRATRE, =3 18 ho AlkPklc. b, 1%, &=, 15218tk (KBC@Mg-Fe).

K Design-experts %% {41 Box-Behnken 1 *1 THETEERERKE
LA TR N TSR0 75800, 54 T AR Table 1 Factors and levels of the independent variables
T (A) . AJ#EIRN(B) FIEEDEL (C) 55 H AR XT HZ
KBC@Mg-Fe W Bt AU IR A W B0, 5286 1 748 KF —
B BT R R 1, SR/ °C PRI ] /b BEmc It
13 EVIRIAES - 300 1 >
T IS X SR RE (S 1475 10 - 0 i 0 300 ? 04
(SEM-EDS) st HERT G RE IR IS . TR ! 700 3 07

RN i s SR HLERTEF ML (BET) 43k
PERTSERES I LR A LA . FLAS s SRAVERIMZEAM GRS (FTIR) I oot Ay fe A o 0 2 1 1 RE 1A 20
s SR X AT (XRD) e e ERT SRR I AIZES s SR X SHEOERH (XPS) MERE MR AT ER
ZHRLAE2RES
1.4 HL=MRHISEIE

1£ 100 mL 4B, F08 25 €. 180 rrmin #R¥% 24 h PEATHE R FISEES . SRR MR 2 B
PRER TR, RN CCa R e e g 7 R B, AR 2R A T WA EE T 700 nm AT 420 nm A0
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1) W FFAEESEES . FREL—E i KBC@Mg-Fe fILAZ] 50 mL #IUAF W E N 10, 20, 50, 100, 200,
300, 400 mg-L™" EBHPRATM, A AL

2) WM sl 124505 . FRE— 2 f: KBC@Mg-Fe A 50 mL & 100 mg L™ WABHE AW, 755,
10, 20, 40, 60, 120, 240. 360. 720 K 1440 min 2 B HWERRER AW 5l 1127

SR SN T . AR S, 230K 0.01, 0.02., 0.03, 0.04. 0.05. 0.06.
0.08. 0.1 g KBC@Mg-Fe MIAZBHRATEW (100 mg L") i, HAEE B LR KBC@Mg-Fe (15
FEBOINE; @pEs: KBC@Mg-Fe Hi 4 0.03 g, FH 1 mol-L™ HC1 A1 1 mol-L™' NaOH % 100 mg-L™" &R
BIIRAHILG pH JAHA 2~12, 43T pH XF KBC@Mg-Fe WM REBRAYRN ; i@ AR R BTt W BE AR
WIRE T (Na", K', Ca®", Fe’*, CI', NO," . HCO, . SO FIAHY (EFmR, & iR . MR . VU
R) TR M AR S
1.5 SEIEHEIH

R TSR A TR, SR 2 (X (1), P =il X (2)) . BRI L
FiE (R (3)). Langmuir(= (4)) F Freundlich 25 (X, (5)) HAE S

In(g. - q,) = Ing. — kit (D
1 t

r_ 4. 2

9 kg q. @

q, = kgt'? +C; 3)
1

S Ly o)

qe B Gmax qmaxKL
1

Ing, = InK+ —Inc, (5)
n

Afre ¢ HEHE], ming g, R ¢ BRI, meeg s g, MR MR, meg s kORI — SRR R AL,
min'; ko AP TYGHERE R, g (mgrmin) Ty kg AR NP BORRECRE AL, ¢/(mg min”’) mg-g ' min;
CZHE, mgg's CORVHURE, mg L™ g W PHRME, mgg™; guu MEFIRME, mgg™; KH
Langmuir %%{, L-mg'; K4 Freundlich %%{, L-mg™'; n AWMERESEL,
2 #HER5THL
2.1 NN ESHMHEEER

B 1 o B AR S AT ) . RIS SRR L . PRS- SBE e U KBC@Mg-Fe UMM
REAY LR N TH . JNIEL 2 ez, SEPR(E S BUNEL S RAF. S (TP) A RSM AR R, = 0.991 7, F=
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AR R B/ (mg - &
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(@) AR 5 I TR X AT B A Sk ) 520 (b) FASFRIRE S B LU X B RR AR R Bt 5 )
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Fig. 1 Response surface plot of interactive effects of pyrolysis temperature, time, and magnesium-to-carbon ratio on nitrogen
and phosphorus adsorption capacity
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Fig. 2 Correlation of predicted surface response using regression model with actual experimental values

213.64, P<0.0001; Z(%& (NH,-N) ) RSM ##rf R?, ,=0.950 6, F=35.22, P<0.000 1, ¥JEA RIFAIR
FARF-, FPERAMERNE. B, 255G TP WM (Q,) Rl NH,-N MR (Q,) Al A prcil & i ir
% PHRFE 400 °C, PURATE 2 h, BERH 0.4, TINASE|H)H KW ME O, Al 0, 4k 163.24
mg-g™ Fl 129.54 mg-g ' SHHIENG N AT AT AT REVE , SR FaR AR Al s SRkl Pk # o, EAE
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3R, SERRINAS O, F O, 43K (161.05+3.49) mg-g ' F1 (123.10+£3.59) mg-g ', STM{ERA—5, Fitk,
KM RSM ALl # KBC@Mg-Fe BA A7,
2.2 MIKERA R RSN MR FE

Langmuir A7 FH T34 S SE500 A 2R 2 e BEE, 17 Freundlich AR 7R AR 44 o 3¢ 11 22 JE W o A 22 Bt
AL, M FHEREER (B 3) KA, W7 A A U o v B 3 o, e 2R B BT ES
7% 2 " Langmuir #8909 R* {E5 T Freundlich #37, 15H] Langmuir BIRGEEE 4RI R 2 o S0 B
PABASS T2 IR R 2050, T s 5000 A, Fe, Mg B[S EAEAE YR R T 54 BRI T
FHMITT IR R Dbl . ST R, AT 0~1, il KBC@Mg-Fe 5 T B0

400 1.0
350
08k —&—TP
0 - ~e—NHN
7; 250 0.6 -
@ 200 | A
g = 04l
S 150 . TP
100 | * NH-N 02 L
—— Langmuir
50 1 - - -+ Freundlich
of or
0 50 100 150 200 250 0 100 200 300 400
C/(mg-L™") C,/(mg -L™")
(a) KBC@Mg-Fex} U 11t e 25 T 2k (b) ZBER IR 170 25 K T
3 KBC@Mg-Fe XTRUSHIINMZ R L4 FIE
Fig. 3 Adsorption isotherms of nitrogen and phosphorus on KBC@Mg-Fe
2.3 KMEIKEA R R RSB MIEh S 4 4E #* 2 KBC@Mg-Fe M RBHIRMZFRIUSSE
BT MR, T T KBC@Mg-Fe an Table 2 Fitting parameters of nitrogen and phosphorus
TR IVRIT GRS FIOUEHERE Sy, et Syl adsorption isothermns on KBC@Me-Fe
N 4 Fin. T KBC@Mg-Fe R I /L% e Langmuirfs 74 Freundlichf5 %)
AY — ) sy . A3 T (L /32
PN, R ZERT 60 min NZUEIY PR ey o kv R
e S5, BEAINHRI A4, IR R R ALK (mg-g™) (L-mg™) (L-mg™)

BRI EEAT, X% NH,-N H1 PO, -P (R TP 208 27624  0.130  0.998 0.425 36.55 0.828
M0 123.81 mg g " R1160.37 mg-g', F 3 NH-N 298 51546 0.009 0988 0780 635  0.980
LG 5h SR (R = 0.99) HeAbl—2R 3l J1 24k
ARITTRERIA KBC@Mg-Fe Xf NH,"-N Fl PO, -P MWL 2, HZ SRR A E IR Rt 5 505 2 1) iR
FI AR — 3, 2P UE Sl A LA A M. T IS A KBC@Mg-Fe SR Z
AR RIS, 28] NH,-N F1 PO, -P 5 KBC@Mg-Fe FEAITT A0 i At = B i o e e 5 | ik
SEEERSC. O TR HU T, SRR B A IR A . A 4(b) s, B RE
SRR T RO U P B BRI B A B 3 ANERIPERE, FLWE B IR (ky >k k) o H—
SRR AR, o KBC@Mg-Fe 1 2L 45 Fa i 25 5 405 Y i A A B me sl Lo Lk
3 AR BB ZE IR, XU RO P O AN R IR e R B e — S L, B A= e b o
HREPREEZ MRS,
2.4 FRIEREX R IEKEFA IR MR IR

1) W BRI X R B ) o SRS T e o) Ui A - R 25 BRSNS iz 24 B 751
Bt 02 gL' HEZE 0.6 g L' BF, TP RBREH 35.1% F+ & 95.82%, NHy-N LBRFH 63.31% J+ &
78.79% . MW MHEINERT 0.6 gL' B, RERFIAATIGI, X5 KARTHIKEYAN 4507 fF57 25—
o R RN, B A HER P AR SRR L, I, EBRREUN; BEETR
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Fig.4 Adsorption kinetics of nitrogen and phosphorus on KBC@Mg-Fe
%< 3 KBC@Mg-Fe SRBHINHMIENFIESH
Table 3 Fitting parameters of nitrogen and phosphorus adsorption kinetics on KBC@Mg-Fe
B R ST PAL S ki
OJ/(mg-g™) ky/(min. 1) R q/(mg-g") ky/(g'mg " -min™") R
TP 15.03 0.012 0.615 160.00 0.004 0.999
NH;—N 21.62 0.010 0.806 124.70 0.003 0.999
ORL P B R
ky/(mg-g' min~*) C R ky/(mg-g ' -min™) G R kyy/(mg-g ' min”*%) G R
TP 11.63 100.20 0.914 2.18 139.77  0.828 0.162 156.74  0.660
NH,-N 5.55 80.83 0.979 3.83 87.47 0.990 0.480 114.12  0.995

PR3, 20 KBC@Mg-Fe 5 BB WO T HAl, 81 W B 7] 55 M p b AR, IR BRR st
Bz 3G, MM XA h a2 AR ER 0 5B (Ep et i B &, OB fal E e, R fhY
BLSANBER TS/ R FH O IR BN RRARAS , WRBRIRCRIRIRTY . LRG58, BB MRS &4
0.6 gL' #HT/R205 .

2) W)hk pH X EBEWR AN . pH AT R A ) ¢ ) 2 T FL AT BSOS ) W B 5T ) A A R B R
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AT 52 M) R B3R T, T 6 AT, Bl VTR
¥l 4G pH AU 3 fin, KBC@Mg-Fe X NH,"-N Fl
PO,*-P [ W it 8 s A4 522 A1 16 K b 11 i (4 8
B MRS T e 2L NH, BB, fak
FF N LIS FLF BT NHy HLO MIEAFEAE,
B AN AL AR 2 W SR . 24 pH /N T
7HF, AYIRAFRRERER] (40 C=0) &4+
b, ROERAT, 5 NH, &KAE# AT, %
Il T X NH, (W RE ST, i H H'5 NH," HA4H
[ o, PRPESAE PR 2 1 Ht s
FNH, TERGE G, FESSIPESRE T, Hk
A IE LA, 5P IE L) NH, 2 [RIFEAE Ef L
Jfo 1M C=0 HhReHIh AR Tl LIS iy
RIEFIE LA 5, PR 5 8 2 )8 B A AR

W Bff e/ (mg - g7')

350 100
300
{80
250 BXATP
72 NH, N
200 A TPERRR 100 =
- NH-NZEB#H ﬁi
130 BB B e w
A K o8 53
1o .
R BN
T a
50 s AR :
s
LB B B E B G,
02 04 06 .08 10 12

Bt - L)

5 IRINEX RIS
Fig. 5 The effect of dosing amount on nitrogen and
phosphorus adsorption

P Rt 4RSEHEK pH 2 pH>pH ., I KBC@Mg-Fe FKifi LA A8 2, HOMBE I IO 5 1458

Frplsl, PIEZ IS MR, IERHEREZ R

180

160 [ ZZ NH,N BRI TP o~ FipHL o sere |12
B BK B
Hor t: : "35 &34 10
<4 4 X4
(1 2 B
T 120 | %E g gg éiz 8
L o =il
73 sk St s s o
J e e
= 0T 2 R R0
B X A A N s
= O R RN
O R =
60 O AR
A ALl sl sl SRE
A A
v A
SRR
AR 2
20 AR AR =
skl SISl s /:q
0 AEBE AR,

() FrhpHXS FRE T i 2

—e—BC

| e KBC@Mg-FA

(b) KBC@Mg-Fe i fif 5,

6 #1%E pH IR BEIRMIAISNEN, KBC@Mg-Fe TS
Fig. 6 Effect of initial pH on nitrogen and phosphorus adsorption and isoelectric point of KBC@Mg-Fe

pH X} KBC@Mg-Fe W [{ff PO, -P A — & IR . Mg/Fe W& R IIMA$ES T BC 1 pHpze, %56
KBC@Mg/Fe 2B ff i, (pHpze=10.63) A1, 77 1E L) KBC@Mg-Fe 1] g SARLE K i BB IR $h 77 16
AR IR, 24 pH SN 100, X NH,-N 1 PO, -P (W fiHE RE AR B Bk, 705k 123.42 mg-g™' Fll
160.84 mg-g ' XA RS MU AR A UTIE RN 56 4s, INZ 4 8 (Mg-O. Fe-O §#) MFAENng T T Xt

R R [P

3) IAFEGT R RIS AR I T SE PR K AL B, S MRS 5 R T-2[R
A7, I, 85T TR B T3 KBC@Mg-Fe WMt NH,™-N I PO, -P HySZMa . W&l 7 Foi,
Na’, K*, Ca®, Fe" AR NH,-N BYIFHEAAFREEEAIIH] . 24 Na Ml Ca® Bk 10 mg-L™ 4

%100 mg'L ', HX} KBC@Mg-Fe WiF 25k NH, N H2CR

LS IA
7

M/ 2B KB 10 mg L7 39 2

100 mg- L' i, ZEWRMHENEA FTF, XATRERI N K SR AR, M TSRS T 2 2%
A BYBERR AR EE IR (MKP)), 17 Fe® fAFE T e T NH,-N AUWEIE, Xl fg2 i T Fe*'sa 4 7
ALY FeX lEMEAE M 50 mg- L' #9100 mg L' i, NH,-N AYWIHEITIAIEIN, X AT fE SRS NV 1

SR R
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Efficacy and mechanisms of nitrogen and phosphorus removal from water
bodies by magnesium-iron modified water hyacinth biochar
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1. School of Environmental and Natural Resources, Zhejiang University of Science & Technology, Hangzhou 310023, China;
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Abstract The substantial loss of nitrogen and phosphorus during agricultural activities, such as fertilization
and the cultivation of livestock, poultry, and aquaculture, has led to an exacerbation of severe eutrophication of
water bodies. To mitigate the risks to environmental and health posed by nitrogen and-phosphorus, the water
hyacinth waste was used as raw material to remediate heavy metals in water bodies, a type of magnesium-iron-
modified water hyacinth biochar (KBC@Mg-Fe) with high adsorption capacity was prepared through pyrolysis
carbonization and hydrothermal load optimization. The effects of dosage, pH; initial mass concentration of
nitrogen and phosphorus, and co-existing ions on the adsorption performance were investigated through batch
experiments. The results indicate that KBC@Mg-Fe had a significantly higher adsorption capacity for nitrogen
and phosphorus than the original biochar. The modification with magnesium and iron increased the surface area
of the water hyacinth biochar by 70.41%, the pore volume and diameter, and magnesium and iron oxides were
effectively attached on the modified surface. With the increase of KBC@Mg-Fe dosage, the removal of nitrogen
and phosphorus firstly increased and then approached to equilibrium, and an excellent adsorption performance
occurred within the pH range of 9 to 12. Co-existing ions and organic matter in wastewater had negligible
effects on nitrogen and phosphorus removal. The nitrogen and phosphorus removal by KBC@Mg-Fe was
achieved through struvite precipitation, interaction with surface functional groups, electrostatic attraction, and
ion exchange, which was well fitted with the pseudo-second-order kinetic model and Langmuir adsorption
isotherm, indicating that the adsorption was dominated by a monolayer chemical adsorption, and the maximum
adsorption capacities were 124.07 mg-g ' and 160.51 mg-g ', respectively, demonstrating a good adsorption
performance for KBC@Mg-Fe. Therefore, the above research results indicate that KBC@Mg-Fe can
significantly enhance nitrogen and phosphorus adsorption capacity, enabling the resource utilization of discarded
water hyacinth after water body remediation.

Keywords waterhyacinthbiochar; Feand Mgco-modification; nitrogen and phosphorus co-sorption; mechanism
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