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Abstract

A kind of highly active KOH modified activated porous bagasse biochar material coated with FeS
B IHIERH .
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for Cr (VI) adsorption and removal was successfully prepared with bagasse as raw material
(FeS-KBC for short). The crystal structure and surface morphology of FeS-KBC was analyzed by
diffraction of x-rays (XRD) and field emission scanning electron microscope (FESEM). The effects
of initial pH, reaction time and initial solubility of Cr (VI) containing solution on its adsorption
performance were systematically studied. The adsorption behavior and mechanism of FeS-KBC
were explored by isothermal adsorption models and kinetic models. The results showed that the
maximum theoretical adsorption capacity (qm) of Cr (VI) by FeS-KBC was 194.87 mg/g at pH 2. The
data fitting results reveal that the adsorption behavior of FeS-KBC on Cr (VI) follows the sips iso-
thermal adsorption model and Elovich model, indicating that the adsorption of FeS-KBC on Cr (VI)
is mainly a single molecular layer heterogeneous chemical adsorption. This study has laid a cer-
tain technological foundation and theoretical guidance for the development of porous biochar
materials in the practical application of heavy metal-containing wastewater treatment.
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1. Hl

PR, TAVAFII T A R PO HERE, ARt 5 R 8 2 A5 G, R R KBS HE R
S HEIBO™ B A RGN RG] [2] [3] [4]. EgJE (I Cr(VI)SF), FEZORE Tk, 2,
RATAAON S A P, DR RN A SR A5 2 CHE f B G R MoK A L3
IR, AR ) s Al Bk AE A, RSP IE AR R . EEEKIAE, MUt
B PAEME AL, e faHE AL A5] [6]. EEERANET T, WHHEPOA L —Ff
T ORI AN B L2507 1% W B i WO PR 73 o P 38 e 2 D7 o0 B < 8 1 A R I B 7 PR 1 6
RBETTR B EGE B, MTTE R LR ESRE TR H . 2R, 5 AR, I, FAEm i/ gk,
RORBAR XMECL RIS PRI, BB RIRISE . S M AP R PRI T, TR A RAR TR L 3 B

il

[8] [9]o ASSCRAAN RS- H BEVE ARk, SE kA KOH stk T 243 2L J5 I H e 2 LAY R, s
R SEIRNE ML FeS, BRI —FHi Y FeS fdH REATE AL M IRI B (IR FeS-KBC). AL RS
WSt 7 FeS-KBC ALFL/KH Cr(VI) WK LB AINLER, AP BHE K Cr(VL) % B 75 TH BN 35E 1
—E BRI T2 A

2. SELEERS
2.1 EWRMBHIE

Jivil g AR AR JEORERIR T PSS A AR 2 JE R T B H R . BRI H RS, ZTRVE TR
JEATE N SR YT T AE 600°CHEbE 2 h, PR IZiBETe TR AT 100 AfitRAF &M . BE)a, ik
M KOH UL 1:2 i & LR A I E B 5 8 7K, ZBARY 1h s 12 h j5HRas, prisii
EE N TURIRYT T 950°CHEeke 1 h. IREMEMR A, JFvt. THAIFE 50 AT (fRiFx KBC). 25,
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¥ 1 g FERBEET 50 mL 2 %) SRV, SR AR A SIS, N 3.1591 g FeSO,7H,0, fithk:
EISIEIIN 1g KBC, TEAH51/5 I 30 mL NaS (2,727 g NagS), FFLEBERE 2 h il s,
HASTHREIL 100 FJ, FTAHE 1% Fes-KBC.

22. EWAE

AW TR FeS-KBC Wt 7KH Cr(VI)IIPERETT 2 1 R A1 S5 o W P S B R 4 T« SEBG i B2 A B Dy 298
K., 564 20 mg 441 5% (FeS-KBC) A1 100 ml Cr(VI)Z N 150 ml #EFEIR  , B35 K HE T E T 150 r-min ™!
FITEIRAR % st . I e KA pH (2« 3+ 4. 5. 6+ 7. 8). JKIAW Cr(VI)¥&E (5. 10. 25. 50. 100.
200. 400. 600 mg-L")FNW% Bfi(a](10. 20, 30. 60. 90. 120. 180. 360. 540. 720. 1440 min)JFJEdlt
M v

HY 100 mL %% 4 50 mg-L™ ) Cr(VI)¥& 40 B T 150 mL (4, 21 0.1 MH,SO, #1 0.1
MNaOH 95 pH v 2. 3. 4. 5. 6. 7. 8, &MIA 20 mg W%, FISIKRES D, T 298 K FAEHEENR
G rh N 24 h JE BUREDN E o

43 %IHL 100 mL ¥4 5. 104 25. 50. 100. 200. 400. 600 mg-L™* ) Cr(VI)¥E i & T 150 mL (4
JEi, FH 0.1 MH,SO, 75 pH A 2, &N 20 mg VR, HIMIREESR L, T 298 K FAEIHIR IR 45
HSON. 24 h i BUREII 52 o

HY 100 mL %55 4 50 mg-L ™ ) Cr(VI)¥& 4 51 & T 150 mL f4E A, FH 0.1 MH,SO, 45 pH 4 2,
BN 20 mg A=W, RGBS ER T, T 298 K FEfEIRIRG 2% 8%, 70 BIfE R M 10, 20, 30, 60,
90. 120. 180. 360. 540. 720. 1440 min Jg BUFEIE

2.3. FRIERZE

SRBLEAOEE 0.22 pm A IR RS AR, FERAE - T AR EETHE 540 nm Abid i R K
P43 ' e BEVE I 2 VAR Cr(VI) R SEHRJE . SR Cu Koo H&ST I X SR ATH 4 i (XRD, 42 [H Brucker D8
ADVANCE) 7 TR it (1 éib A4 25 A6 FA 4L o SR FH 37 S 3 4 L S6 7 E (FESEM, ZEISS GeminiSEM 300)
FIECE I RE A (EDS)WLIIAE & PRI GO ATLAL) A1 R T 76 25 2H A o

3. KWER5ITE
3.1 MRIRIE

1 J& FeS-KBC #4hi ) XRD Elif%. HERAL, FEf R HILEL 26 = 23.9° 5900 SEAT I, FTIHJE
T B A HAh, BESLTE 20 = 17.79° 21.24°. 36.65° 47.25°, 61.27° AL IRIRTET I 73 %R A FeS (£1(020)-
(110). (111). (041). (002)#FHi, B FeS Wh kB AW m .

K] 2 5 FeS-KBC ff] FESEM &3 MIXS B (1 K 1 Jo 28 70 A1 Bl o MIE] 2(a) AT LA 2] FeS-KBC A
e 2 SLIESURAE, SR IATFLEE b my DATE I L5 30 ASK A BORLIR I T .- AL 2(b)~(d) i 7o & 40 A7 B
ATLURIL Fes S BONSASIRI e YR b, X Ui FeS B a3 Ak b, 14585 XRD K4S
B2

3.2. IRPf#ERR Cr(VI)EHIB ST

3 JER TEAFVEW pH T, FeS-KBC Xt Cr(VI) M PERERISEM . AT WL, FeS-KBC %} Cr(VI))
W P55 it 5 5 pH 386 K T Ak 90/ Ea 34 . 24 pH Dl 2 ), FeS-KBC i Cr(VI) W Bt 5 7T 34 120.87 mg-g '
VR pH (B2 R Cr(VI)EZE R, MU AEYIR RN E el A6, Haim Cr B F7ER
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fE. PEUCATAN, FERRPEMEL N, FeS-KBC MR Hid & H &5 & WMy IEr, AT &5 T B AR B 77
FAAEM A U Cr(VI). 24 pH IZBH#THG RIS, BEZIE 2 OH K 55 Cr(VI)Te g+ A s, ATl 1
FeS-KBC X Cr(VI)IMpff . Ji5 2EWL P SEER3A7E pH = 2 1451 R BT
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Figure 1. XRD pattern of FeS-KBC
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Figure 2. The SEM image and the elemental mapping of FeS-KBC
[ 2. FeS-KBC #J FESEM Izt R HYRE ST R 77 [E

DOI: 10.12677/aep.2022.126150 1217 SR AT T


https://doi.org/10.12677/aep.2022.126150

WRH 2

150
[ FeS-KBC
120.9
c)
) 99.1
E 100 f 93 8 90 3
>
3
& 70.3
S 62.8
=1
S
g 49.1
g 50 f
o
<

pH

Figure 3. Effects of different initial pH of solutions on adsorption of Cr(VI)
Bl 3. FEIAEERE pH XTI Cr(VI)BIS2am

i3 M FeS-KBC Wt Cr(VI)HLEE, 43048 ] Langmuir. Freundlich AT Sips = Frlr &5 i W i R 7Y
AR B S B A . Horb, Langmuir. Freundlich A1 Sips B LA, Al (1) Q)FB)Fias:

4. K.C.
- 1
% 1+K,C, @)
. = KCl" @
6. =, (KsC,)'" /[ 1+ (KC )" ] ®3)

X, ge (mg-g ™) N PHR N & g (Mmg-g ) AT gy (Mg-g ™) AR I 5 K (L-mg ™)~ Langmuir i 4557
24 Ke (mg-g™)H1 ne Ay Freundlich TR 24 Ks (mg-(g-(L-mg ™)™ ™ Rl m Jy Sips WA 2%

4 4 FeS-KBC [4FIR MBI BRI 18, W LAE BT Cr(VI)HIHIAaTEE T, FeS-KBC X
Cr(VI) (W B2 BV AT, A 1 A%, Langmuir. Freundlich #11 Sips #57 () R? {43 %19 0.933. 0.959.
0.980, Langmuir A0, & i 75 fie KW P B 194.87 mg-g ™ 5 5206 45 5 198.21 mg-g * HA#F & 7] WL Langmuir
Freundlich 1 Sips 2&J5 47 R? > 0.9 S & #iik FeS-KBC %t Cr(VI)IW K47 A, 1E Sips h& BUR M bT .
AL, Sips AR H m {E A 2.353. m R PR FIFIAIS — 1, 4 m REERIE 1 I PR 772 iRy —,
Sips B ARy Langmuir B85 1024 m (G w25 1 B, SEHZIT Freundlich B8, 1% 3% WY B 3= 224 .
I3 = AR S

Table 1. Isothermal adsorption model and parameters of Cr (VI) Adsorption by FeS-KB
3% 1. FeS-KBC MR} Cr(VI)#9 B IR MHEEI B 531

Langmiur Freundlich Sips

K. O R? Ke Ne R? 0s m Ks R?

FeS-KBC 0.117 194.87 0.933 71.90 5876  0.959 249.36 2353 0.054 0.980
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Figure 4. Adsorption isotherms of FeS-KBC (Test conditions: pH = 2; T =
298 K; t = 1440 min; V = 100 mL)

4. FeS-KBC WM& B (NI &5 : pH=2; T=298K; t=1440 min;
V =100 mL)

I3 FeS-KBC WKt Cr(VI)IIHLER, ASHT T3 Jo (8 I e — R sh Jp A i L o — s Jy A pi A L ks

WA BUSE AL Elovich Bl 7 2R R0 A0 B SR 9% R, SRERTHEX R W B 3 f2%, Hodh, X PUFh
e s, k@) (5). (B)AI(7)Fin:

6 =q.(1-e*) )
k,tq?
4=y k,tq, ©)
o =k,t"* +C, )
1 1
g, =—In(af)+=Int (7)

XA, qo(mg-g ) ATE IR & kg (min ). kg (@'mg min ). K, (mg-g h2) Ayt 5 70 (g i B 2
s CONBRLN Y B R AEE; o (mg-g min™) 1 B (g:-mg ™) A Elovich 5 B AT4A R B AN 25

5 WK B Bl 75 506 Kt R A A L5 R . HIE AT, FeS-KBC Xt Cr(VI) (W B SR 4 b, B
IR . B 1A S HNE 2 B, T ULHE 2050 )RR Elovich BRI A R BT .
2501 77 AR I T R A 33 2R 2 A 2 W BT HTLER (4 il 94 e 8RB 715 MR B J -z T ) Pl 4 PR B el
TR o W sh 1 SRS 15 BT TR B B 109.99 mg-g ™, HAE B S6 45 4 110.96 mg-g AT,
PiHH FeS-KBC X} Cr(VI)W b LK% B 93 . Elovich R X 2 7 3 26 R4 R - 45 & P2 i JE A
P UGS R HA, HALA T BN 108.64 mg-g 8 5 SEIME AT, X R BN R K e R A
YIS, #e4t, Elovich B IS4 o (H KT B AH, W] FeS-KBC i Cr(VI) MR B i A2t v T i
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Table 2. Adsorption kinetic model and parameters of Cr (VI) adsorption by FeS-KBC
= 2. FeS-KBC LMt Cr(VI)RO R Mizh HFER R S8

HE— B Iy A it S pAL: 22 B VR P 4™ U Y Elovich 57!
ky O R? ko e R? ko Ci R? B a R
FeS-KBC 0.007 9479 0928 828E° 109.99 0973 2813 17.356 0921 0.049 2.908 0.988
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Figure 5. Adsorption kinetics of FeS-KBC (Test conditions: pH = 2;
T=298K; Co=50 mg-L™; V=100 mL)

5. FeS-KBC WRFMizh f1F L (BEA KM : pH =2; T =298 K;
Co=50mg-L?; V=100mL)

4, 45ig

1) ARCUAH R A JEM R, Dbl & T —Fh FeS 7k KOH y&4b oot J5 i 2 FLAE P m A kL . Bt il
F YRR RS HAEAE R EALB, ASEUN ) FeS Bkifft A 2 FLA YR pHRL R A FLAE .

2) AL, AR Cr(VI)ERCRBEE R pH 5K T B

3) LI A G5 R BRI AT AR Sips 5484, 3R B A% Cr(VI) VR B2 5 21 2 B SR Bt o

4) 1R EIR Cr(V)TEAY R ERIWR T4 Elovich #8, RV IREERE AL . £
IRAF Cr(VL) W B 75 G HE sl S5 A58, R 2E I B A B fE v e 1 3 3B .

5) AR AT Cr(VI)E KWL MHE AT ik 198.21 mg-g™t, JEILHIL R A2 Cr(VI) e AILE 5 7K Ak AR
R T 18 FH R 5

E&mHE
AR TRER AR 208 QI R 410 H (NO:  CX2021197)F1 Tl R 42 ¥4 Ytz il b 44 8 o s
552 2022 4F P 4 (HBIK2022-12) % By o
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