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o OE LR R, AT AR YR 6 B M 2R AR R (ZY-FeNPs@BC), JEMARIUTRE L . A aliek
BRI A BURE S R E AL T 45 4414, it SEM-EDS. XRD. FTIR Y5 XPS FEAEALEL, BF9E T ¥146 pH. EAEFAES
T SEBRAKREE K 20 £ K T E RS (MB, methylene blue) FUSEIE , FE45 G W ISR LR 53 122 000 T ERHLIL,
GE SRR, BOMPILG pH s MHE A AT 228k MB; MILERIE T2 2 mmol- L', DI R AEW KLk H kAT, ZY-
FeNPs@BC {5 RERAF (19 L BREBARASE 1) MB; 4Bk MB £F4 Langmuir RS HE N3 J12AL, IF H RSB EA
RIS WIE, MB R &R ATk 287.7 mgg™'s 4053 4 R4 [0 ZY-FeNPs@BC (4 =R fe 8 lg; Z2Y-
FeNPs@BC i MB (2= SR LB A G B e 5| . C=N XA E N . FLUTie S fe . A58 A A T4 4 1B 15 ) -F A1)
FH, ATRCAREE MB 5 R I —Rh RS A I i 5 1k

KEEIR) ARk bzt s WHIREE; e

JeREOK i PR . BtEm . MELVEYIRERE, A2 HAEE5 Y, WH S (MB, methylene
blue) J& T WHIANLIYLEL, HAFH C H N;CIS, &R FuEEyekl, /Ky MB S IREEE %
@, P eeghiatase, DL RARYCRE N K, Yo, BRieEat,. 28U @ nbhk
. MB MELIB AR, — B AR el A Wik R K IR e i e . B R Dok A = R
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BTSSR RE SRR RISt rh S 2SI, A E IR S AR ER S R HR AL T RTRE, Rl
ARTE FH SR AR I RO SR (0 SR 240K 2k (ZY -FeNPs, cherry plum iron nanoparticles), Ff#H
AL FKFEFEY) % (BC, biochar) 4584 Mk 1 21 58 2R 4Kk (ZY-FeNPs@BC, cherry plum iron
nanoparticles-loaded biochar), WX AFIZRAE T ZY-FeNPs@BC Xf MB [ ZfxRE, M FKF Fortr2:
BROLEE, SHOEERAIFHERI S5iAEE MB 15 BEHAR SR

1 MR5REE

1.1 ilFIFNER

AW LK AR AR . FHEAKTRET . SR ki, h2 . MB SRR Taling . FORFEFF
FIEE I FT RSN LA T, e S 2 2 L AR s 2= B A PRl A ) . (i R B fE AR S 2
(bifE—1H, HZQ-X300C), H25 T4 (LRI, DZX-6090B). W iFE UL (LR EHMRILF], GTRI10-
1), AN AR AEETEHT, TU-1901). BB THHL (TUH2, 10ND) 45,
1.2 ZY-FeNPs@BC BIHIZ R

WA el PN M T L R SRt B, VEUE T, 7 80 C A4S TR 12 h, HUHWFESfE L 60 Hi, 15
FEE AR FoR R . BRI 15 g MRy ARSI 400 mL 1Y 60% Jo/k 2B, SRIGTE 80 C /K hi i
60 min, KHEPUSFIRAALE 10 000 r-min™" AJREEERZREOMLH L 8 min, 2K ISHUEMT 2ok, &
o K 0.07 g (AR N 250 mL () 0.1 mol-L™' ) FeSO,-7H,0 ' (Bk/B T 1L 20:1), JH®E S1iFE
40 min JF1HE) MRS IR TRAT . ¥ 250 mL ZRBRIR-ATRS 250 mL M HEBURINA =3ikeiit, 78
70 C WA HEEE 45 min, BEEREE BOBAARLL 10 000 r-min™' (R 8 min JE A FIEW, HRIA R
RAE—60 C FRTREZS T 14 h, HHIEHAAESRC A ZY-FeNPs@BC.

SRR MB ERE, L THRBOHEL (2. 5. 10, 15, 20 F130 g BYHH#3A/400 mL ) 60% F/KZ.
B A MARBRIE (6:1. 10:1, 16:1, 20:1, 25:1 F130: 1) FHEHIRE (50, 60, 70. 80 1 90 °C)3 Ml#
%o
1.3 MREESE

FIH SEM H1 EDS (H 7 Hitachi-SU8010) /At Rl mIES L4l ot %, FIH TEM (35 FEI Tecnai
G2F30) WM& Rk 72 . @3t XRD (#[F Brucker D8 Advance) 43 HT 4 B 2 A4 AH . @3 FTIR (G5
Nicolet-IS10) MlE EREMA . FIFH XPS (34[# Thermo Escalab 250Xi) & LM LR LN,
1.4 Xf% MB 338

# 0.02 g 9 ZY-FeNPs@BC F1 50 mL ) MB fil A 150 mL 5B, 7E 150 r-min™" /ARG ik
Toeys. RS T WBfFIEl (5. 10, 15, 20, 25, 30, 40, 60, 80, 120, 150, 180 min), WZFHEEE (25.
45, 60 °C). WP pH (3. 5. 7. 9 F1 11), #Ihf MB Btk (50~150 mg-L™") . LA F (NO; .
Cl', SO,”. COy*, PO, SLhrAkik (I, ANIK. EEFIK). PSR ZEXT ZY-FeNPs@BC 2%
B& MB [F520, BRB SR E D 3 ASTATIER . HX T4k G RS R G RHY) LR

WSS, PR S D A R AR 5 AV . FHAM G EETHERE 664 nm AE A KA & 7
A MB RN RS (1) 71 MB AR,

R=(Cy—C,)/Cyx100% (1)

K. RAEBRE, %; C N ¢ B1Z] MB BTEWE, mg' L™ C, b MB BIRILRITEIRE, mg L™ ¢ h
FOW TR, min.
1.5 BIERETHE

i FME—H12EBR (FOM, X (2)) SHEZZ3i2#t8 (SOM, 3K (3)) FUE AN B fa] il .

g = g.(1-e™") (@)

_ qekat
B l+qek2[

‘2 3
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Kh: g, 5 q. 5008 ¢ 2 5P A, mgg™; & o FOM MIMHERZHEL, min'; &, & SOM Y
WAL, g (mgrmin) ',

fiiFH Freundlich (X (4)) Fil Langmuir (X (5)) SHRZBTLE TRRIPIGG MB WeBE A9 SCI80d, I i
RIS

1
logg. = logK: + —logC. 4)
n
1
e ©)
qe quL Qm

Kb CHVME MBRY BTk B, mgLl'; g, 0V B MB 8 Wl &, mgg'; ¢. 8 ZY-
FeNPs@BC X} MB {9 £ K W fff i, mg-g'c K, & Langmuir #& %Y f4 0 fff F 65 % %0, L-mg™'; KN
Freundlich A4, L-g™'s n K Freundlich A WAL, R RITENHEUTEH T (R=1/(1+K,"Cy)),
FHIAER Langmuir BRIRFHSAE, 24 R >1. R =1, 0<R_ <1 FlI R =0, J3IZRMHFEAHEE

TEAFIRY . ZRPER . BRIRY . ASRTERY
AP 2EF T IR R RN A &M BEE=A LA
W AR . AR (6) Fn= (7) THEE A
HAEAS (AGY) . %57 (AH®) FEAE (AS).

AG® = —RTInkK, (6)
AH® AS®

Ink, = — = 7

" RT ' R M

K. AG IEMWTAHAEAE, kI'mol™'; AH K
J&A%, kI-mol™; AS® AMHHZAE, kJ-(mol'K)'; RN
PRARAS R H KL, 8314 I-(mol'K)™'; T M W ik

B H/(g - mL)

(a) MR LE

B, Ks K AW 8, me L™, HoTLIH 851

MB W RRHE (mg-g ™) B AR T MBS o 68

IR (mg L") fHB, s gl
A ~ ;}g:

2 FR5ITL % Mr

2.1 MRS 17+
AL FE RS R (B 1(a)) KB, 4R
M 2 g:400 mL™" B4ANF] 15 g:400 mL ™' i}, MB % BC G\ W e g6t a0t gs) a0t
RSB LU RSB S 5 1 > I L A 15 g:400 BRI
mL " KRN E] 30 g:400 mL™', MB ZBRRMHE (b) BEREIL
TNZENE . JRPREREE M F R, gntZEnt foep
T Z PR —IF G RIS RS YN L
KB —E FUE G 2B BV il R AR B
I, g g e, Z56% % MB Lk
REFERHE, Ve 15 g:400 mL ' i iR Ent
)5
A A Bk LRI 25 R (K] 1(b)) KRB, FEE
BRi b3, KBRSk b

FBRE%

2001 IERRREI, FEHUEIN, B Fe MIH(IH R
Z, MR it E R N 2 BR MBI R34 (¢) AR
2 L, SHERBREA 6:1 HIK ) 20:1 1, 1 TR SRR MB KIS

MB ZBRFF WG K . SR Fe 1Y Lb 1] 4k 223 Fig. 1 Effect of synthesis conditions on MB adsorption
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K, AW EEBIRET, AP XS AORER 2 E RN, BGRB8 TS, R
MERRR AN 201 BERE] 300 1 B ABRRIB/N. JELesim e ki b 200 1 #7614 .

A A IR RYZE R (B 1(c)) £, SE IR 70 °C EERFRA. SFHIER, PIFTaFENY %
B, GORERBRTG IR FEA RN E Fe fl Fe*', 24 ZY-FeNPs@BC & IR HARNT, AR Fpk
i Fe? B JFA Fe™) MY A R m kA AR e PSR, T RE S BE A AR Fe® MUk ik ik
Pl [FHA AT BESIAIN Fe® AL Fe® FmT etk MW EAT BT RUS 8 IR T MB BR%.
I, SREGS R R AR AN, SR 70 CZBAFA IR, ARSI 70 °C /A RO
22 AR

l 2(a) AR (BC) RYZTH LAk, A 1A FLBRESH EIEARAHIN, X A Hizk ZY-FeNPs #2451
FEMIEIM ., MA BC BHREANEWERR, RN REBOR A A ZY-FeNPs([E 2(b)) B0k R —
B, RAETMHEHAER, HRBARARW TR, mifiEe BC LS, ZY-FeNPs BRI Ly
57 (B 2(c) FEL 2(d)), URL Y AR A B/, XA R FHALE 2 09 A 8. W MB LUE, ZY-
FeNPs@BC i m I —2W (& 2(e)), MBHGTEFLBIORIH IR, RIRRRA AR, ZY-
FeNPs@BC 1] TEM El{% (& 2(H) W, FHRHTUR R KL 40~80 nm, e HA — & IEEIRSS
¥, ZY-FeNPs@BC FIICEMLEIE (F 2(2)~()) W, Fe. C 5 O =FhFEICE MMM AtErT R

(f) ZY-FeNPs@BCHYTEM[

(g) ZY-FeNPs@BCI# LR BLATA] (h) Fe (c (3o
El2 SEM. TEM 5it&EMSIE
Fig.2 SEM, TEM and elemental mapping images
ZY-FeNPs@BC W7 ) EDS K3 (Bl 3(a)) RUIMELSH Fe. CF1 O, TE 2~2.4 eV NI 4™
AR Pt i, XM ZY-FeNPs N 47E BC b, BINMERESH T ZY-FeNPs@BC. & 2(b) £, T
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M MB J& ZY-FeNPs@BC H* Fe MUEA FTis5, X UL Fe JuRSIN T O, IF HAERW PHHAE T —
J¥. XRD fI45F: (F 3(d)) W1, WRIRT ZY-FeNPs@BC 7E 26=30.9°4b — > H A i A AAIEIE , G
T Fe,0, 1 (220) fH A", FE 18.3°Ff 3T A 58 WE XTI T Fe,0,", 7E 20=44.7°4b A7 Fe® MUFREIERY, 7E
20=24° R0 LT VE R SR R 55 700 A R R O TP A A= 4RI, 7E 20=20.9°5 23.3°405 A B 1RE
IR, X RTRE Sl e B e R AE W AR IS A DL A BT 5C. XRD S55RIAL (5 U 4KRek
LRI R AE A PR 2R T
BC. ZY-FeNPs. ZY-FeNPs@BC WA AW MB J5 % FTIR F3E40F 3(d) ok, 76 3 418 em™' 4b
(DA T4 2R R U N 2 O—H M4adiRah™ . 78 2 925, 2 854 Fi1 816 cm™ AbMIESilIE T
FArh C—H BYRAERSI A F 2R h C—H M thidRzh™ ), 7E 1 620 cm™' AbiIEE i THRAEH C=0 HyfH
AP, AE 1 445 em™ AbAYIE S 5 SRBUR NI ZAL G C=C BRI AR s A ), £E 1 115
em™! AbFIIEXT N T2 C—O0—C UZEdREI™!, ZY-FeNPs, ZY-FeNPs@BC Fll ZY-FeNPs@BC-MB 7£
607 cm™' A& 5 Fe—O MR A, XUEW] T ZY-FeNPs B i 487F BC [ WK MB LIS,
16 607 cm ' AL AU IRE , FIAESE T Fe—O 5 MB BYAHE AR S50 . 76 885 cm ™' Ab (7 g Xt v T
Fe—O—H, FIRERMHT Fe FERNAZE G T—4 O—H™, 7£ 1330 cm™' AHHIERTR T N—H #9725 iz
), XWIHE T MB WHE ZY-FeNPs@BC | Ifij,

Fe
C
c
o
Fe
Y
Fe
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
4ifrhgfeV LRV
(a) ZY-FeNPs@BC[JEDS (b) ZY-FeNPs@BCI[fiMBJ5 iYEDS

X

BC
Fe,0, _C/biomolecules ‘\\ /—/\ Nk
: ZY-FeNPs
?304(220) TFeNTe@
v -FeNPs@ ; __:
fic-H
C-H; TP
O-H i \
{f ZY-FeNPs@BC
/\ . |

10 20 30 40 50 60 70 80 90 4000 3400 23800 2200 1600 1000 400

20/(°) WeE/em™!
(¢) ZY-FeNPs@BCHJXRD (d) A EHYFTIR

3 ZY-FeNPs@BC ILMiFiIEH EDS. XRD 5 FTIR
Fig. 3 EDS spectra, XRD patterns and FTIR spectra of ZY-FeNPs@BC before and after adsorption

2.3 ZY-FeNPs@BC & MB HISZNuE =

WL RSB 2Bk MB 520 (1] 4(a)) W, TERPIY S min PNEBRREJEIENN, 5 min DUSZpRERkEE
s, ARG HORATRSE, W 120 min DUR KRR, EAAFPRM . SOZK S min G
B MB i, ARORMO S FERSESEI I RE 120 min WS R SEFTRIFSE . AR BRI 14,
KM, 24 ZY-FeNPs@BC ## 4 0.02 g, #Jih MB JFEHKIE N 50 mg-L ' i}, MB EERREEE VIR
FHEHEI ., M 25 °C I 85.2% S5l KR 45 °C WY 87.9% F1 60 °C W 92.1%. X I BN s AU
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AT DI R TS T4, SEsRAPRS MB 2 FIRIA SOREEATR, TSI bR IR A
FIF MB 9285k, FREZ S MG

ANFEIEG pH BIZ5E (18] 4(b)) RBH, BEEPILG pH A9BEIN, MB EBRRZEHTHR, 4 pH b 11 BFERR%E
RN 92.6%, T4 pH N 5 Fl 3 W3IBS 75.1% F1 70.0%, 55, MB ZHE 7Yk, HEH
i, BEERILG pH MG K, ZY-FeNPs@BC FIAI 45 5 i dfr, XA F T4 5@ A0 R A I L far i)
MB Z[HIE RG], HIRTas pH 3N MB KBRFIEK ., HIis MB HREE 5 LBRFMER (K 4(c)) £,
LG MB B 50 mg L' FHERE] 150 mg-L™' B, 60 °C BB 93.09% FWE/INE] 70.1%. X
SEPAREE MB WREERGIN, MR SR A, BSOS SOE D, I SRR

2 L ) w4 Tl g v S B B S T B B R 2902 2 mmol- L' BRI R B B Tk B 2 m
mol-L™" Hefiff o8 Hix 255 MB A2, 18] 4(d) &M, NO, XFZBk MB JLFEA R0, 1 CIFl SO, 43 il f#
MB RN T 3.7% F 4.1%., X EPH A CUA SO,2 #RES MB BHE TIERGE TX%F, MmBHAS MB FHES
THIEMER, Hik, S5 MB £/, CO2H PO 43l MB £BRF4EANT 9.9% 1 10.9%., %K
g COZHI PO, #RBELE K Fh & ALK i i 72 4 OH, OH ¥ Z A F| T £ MBANK 4(b)). Eik FF&,
2 mmol-L ™" (BB TR MB A2 K, ZY-FeNPs@BC /57T LAKT MB {4548 -1 LB

100 - 00t 100 -
7
80 ¢ 80| % % % % 7 9
< N / / / / 7
: : o wi
& i Ul R R R R
0 40 ——60C & 4ot # 40 % % % % / /
. R 11
20 25°C i ///%//
oo 11111
40 80 120 160 200 0 50 65 75 100 130 150
J52 %7 Bt ] /min WIR ik (mg - L)
(a) A i) (b) #1khipH (c) WIUHEMBTREHR L
100 , 100 ¢
7 7 B 1k k/%
o % % % % % % ! q Sk
11111 -
Sl £ 7 N 2
%%%%%% o = 50 460°C
%%%%%% Ao = ¢ 25
% / / / / / 50 25
popiist NO, CI SO COf’POj’ 75 130 0 40 80 120 160 200
AR T PIRAMBIT LM i (g - L) S pirivf i) /min
(d) AlFKA (o) IAFHIET () W 1405
125 25 ¢ 0.20 1

A A
o _®

L A ; ] ® A A
_ 100 = 24t 0.15 |
0 751 23} 74 3 .
2 3 0.10 f
=

(Clg)(g- L

& N
. 30 460 - 227
25 e 25%C 211 0.05
4 4 60C 460°C

0 . . . . | 2.0 . . : : ] 0 . . . . !

0 40 80 120 160 200 03 06 09 12 15 1.8 0 10 20 30 40 50

297 Bif ] /min 1gC, C/(mg - L)
(g) Freundlich¥: R & (h) Langmuirs{ £k 4005 (1) WE—HB 1A

4 ATREILEHEFEXEER MB B9720E; ZY-FeNPs@BC IRt MB EhihZF S5FREIUS L
Fig. 4 Effect of experimental conditions on MB removal, adsorption kinetics and isotherms model fitting curves for
MB adsorption onto ZY-FeNPs@BC
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AR LBR MB 925 (K] 4(e)) RBH, 7€ 60 °C WHHEEEFT SR pH T, MB #EHHRIK . K, £
BRI BRI N, SRR, &l 4(b) K] pH BORIAFI T LR MB, ARSI AR ]
K. KEFK pH 200k 8.24. 8.42, 7.39, UL AKIK (pH 2 8.24) FlZK (pH Ky 8.42) Hi LBRFK
TZEBTK (pH A 7.39) Hfy . BARIKI pH (8.42) b H /K (8.24) Hyw:, 1HIRIK o & A R B9 A HL
PN, XA RESA IR RIXHRK R MB RSB RISk ih EES A TOHIERRY, fbfi TrTREZsE5R MB 5
PERHEI RIS |, MITHGSE ARk MB 2Bk, L, ASRKPI LR FIIK
2.4 RHMIEhHE

S 2 RA S R A 4(D~(g) 5E 1 F % 1 ZY-FeNPs@BC IRFi MB BIZIHF A S
TRo ZERIRIA, BAEEUEA SOM Hhgk (F 4(6) 1Y Table 1 Fitting results of kinetic rate constants of MB
WA FERE TS, BHUEXT SOM HZR il i adsorption by ZY-FeNPs@BC
/N, SOM ¥ R* {HEE RN 0.995 Fi1 0.994, FKWIW SOM FOM

MHIFERTLASAAH] SOM KR, 25°C 560 °C pe k& qimge) B & qlmgg) R
FEHCk, WESPE 0.004 0 5 0.004 5, BEWITE 55 (00a0 10477 0995 02257 9898 0.960
FHEEE IS ZY-FeNPs@BC (BT M A2 B g
TR, GRS BRTA] J5BRT5 e AR 5 e
UL SIS R, B FOM SIS I A i WIS PR OO, T SOM U - S A L i it
SEVE IR BT U AR BN ) 225 25 R ZY -FeNPs@BC Bk MB I 32220 7 =Xk
TS ST, FOM MIPIAMHDEREL R AL HAK (0.960 F10.962), S RUITENLM T AT LT REEAE7E
G EEE faELAE

2.5 IRMISFRZ

60 C 0.0045 112.35 0.994 0.2677 106.72 0.962

SR A LRI 4(h)~() T 2 FHR, %2 ZY-FeNPs@BC X} MB fIIRMISS L1455
2% 2 T LGM BRI AE e 225k R2(0.983 3) KT Table 2 Fitting results of adsorption isotherm constants of
FEH F5 71 14 (0.974 7), XZFEH] LGM FEA] DL MB removal by ZY-FeNPs@BC
- i 4 A ZY-FeNPs@BC Stk B MB B W B 4T Freundlich Langmuir
N,k MB YRR A — N 5 3R R AR — K/ . ad  KJ

7/C

. e s n R B B

Fh 2B AT . LGM B R, MUME AR T Lgh (mg-g") (L'mg™)
0 Fl 1 2], i8] ZY-FeNPs@BC X MB [yUZ[ff 60 8299 33809747 287.67 0.149 0.0427~0.118 1 0.9833
SEHAIAN . LGM B RAS A 60 °C B
B HR g, (287.67 mg-g ") FISZETE H A48 Fff . _
7 (262,77 mg-g) TENMEIE. 454 LA L RS TR B AREE
EE/\J@%%’ %I&I}ﬁﬁﬁﬂa 25 OCij(@J 6OOCHTJ‘ able sorption capacity o 1rrerent reportes
MB (1) W B 5 3% K, 3K B ZY-FeNPs@BC Xf —
MB 25 R A WA uﬁiﬁ/ Bl

B E A T P Y 3R KA L ) e 5 AR

R R

materials to MB

~ el MR BEACE AR TR _ o)
5EHHY ZY-FeNPs@BC X MB HIWL 28 AT 1 PIROURAC AR fw‘ 236,89
o - ; At e PR »
ke, SRS PR, hTIRREA pH Gsiges ORISR 250 "
PRI SSEMIA R, R B prt PR SORIIROREADREL 17544
FEAMEREY. SR, 2 3 R ZY-FeNPs@BC IIREM BRI K Fe O, 285.25 )
FERELERPRLEA SRR e ST . MR —Fhar G TS BRI 118.06 w2l
IR, ARSCH) ZY-FeNPs@BC HA Z Rl IKFETEAE Y R TR K Fe, 0, 645.08 [43)
,@*ﬂmﬁﬁ‘(’g{ﬁ o ﬁ*ﬂi%ﬁﬁﬁ?ﬂ*F%O/; 39.66 [44]
BAIT oS
2.6 'Z‘m*ﬁﬁ 7 E } Feb R B AR K e O, 2636 s
Y 30 Nt £ s ,\7|] , £S5
ek B X5 YL W 1) 25 AT T L5 _l’—llﬂﬁlﬂ SRR A KT e,0, o »
0.02 g 1 ZY-FeNPs@BC filAZ] 50 mg-L™' ) MB
PSRBT AR R K 287.67 AR

W S0 mL Y, DR E SR pH, FF4I7E 298 K|
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318 K 5 333 K FWff 120 min, # 4 ZY-FeNPs@BC IRHM MB HIHFSH
AR ME 4 p iR, & 47 Table 4 Thermodynamic parameters of MB removal by ZY-
F1, AH® 3 16.345 kI'mol”, JEIEfH, W] ZY- FeNPs@BC

FeNPs@BC 5 MB Z R0 W JE— W HGIRE, 7k K. AG (kI'mol™) AHY (kImol™) AS’/(kJ-(mol-K)™)
HERIREA AT RN T AGY B 3 A~2h 208 1437 ~6.60

VPRGE, UiRAXT MB MR — N A RMERIR 515 1823 —7.67 16.345 0.076 5

s BEA IR M 298 K KE] 333 K, AG 45 533 2906 933

RH—6.60 kJ-mol ™" ZWiE/NEI-9.33 kI'mol ™', H:
AR, RUIBEE NIRRT MB SO Y A AR BEAE K, KA I A N S o
AS® (IEESRIEAE, UEHBEE BRI MB (T, AR R RBEN AT TSR

27 BAERAMRSESEHRIXEE

T HE5E ZY-FeNPs@BC 2= Bk MB A9 FAE [ FHPE, M8 25 o) 5, S ol zy-
FeNPs@BC, SRIGHCBELUIEDE, TR THUE 5 R ARIR S 241 5B, IRl 5(a) AT
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Removal performance and mechanism of aqueous methylene blue by green
synthesized iron nanoparticles supported on corn straw biochar

RONG Kun'?, LI Xueping®*, CHEN Hong”, GAO Qi®, YANG Qian’, LI Ruimin®, ZHENG Huangiang?,
ZOU Meiling®, YIN Zhenjiang®

1. Guangxi Key Laboratory of Theory and Technology for Environmental Pollution Control, College of Environmental Science
and Engineering, Guilin University of Technology, Guilin 541006, China; 2. College of Biological and Environmental
Engineering, Shandong University of Aeronautics, Binzhou 256600, China; 3. Binzhou Academy of Agricultural Sciences,
Binzhou 256600, China

Abstract Cherry plum iron nanoparticles-loaded biochar (ZY-FeNPs@BC) was synthesized using cherry plum
leaf extract as the reducing agent. The synthesis method was optimized in terms of the ratio of leaf to ethanol,
ratio of iron to carbon, and synthesis temperature. The ZY-FeNPs@BC was characterized by SEM-EDS, FTIR,
XRD, and XPS. Experiments were conducted to study the effects of time, temperature, initial methylene blue
(MB) concentration, initial pH, co-existing anions, and real water on the removal of MB. And the removal
mechanisms were analyzed with the combination of adsorption isotherms and kinetics. The results show that the
removal efficiency rose with the increase of pH or adsorption temperature. Under the conditions of 2 m mol-L™'
coexsiting anions, river water or tap water, ZY-FeNPs@BC could still had a good performance on the removal
of MB with low concentration. The removal of MB followed quasi-second-order kinetics and the Langmuir
model, and the removal process was spontaneous and endothermic. At natural pH and the temperature of 60 °C,
the maximum adsorption amount to MB was 287.7 mg-g . After 4 regeneration and recycles, ZY-FeNPs@BC
still had a good performance on MB removal. The MB removal mechanisms by ZY-FeNPs@BC included
electrostatic adsorption, C=N hydrogenation, co-precipitation, etc. This study not only contributes to the reuse of
plant solid waste but also provides an environmentally friendly method for removing MB pollution.

Keywords iron nanoparticles; cherry plum leaf; biochar; methylene blue; green synthesis
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