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Abstract: During the mining and processing of vanadium ore, large amounts of wastewater are
generated, and the vanadium element poses potential toxicity and environmental risks. Hydrothermal
carbon (HTC), as an emerging adsorbent, has shown great potential in the field of water treatment. Using
dewatered sludge as the raw material, HTC was prepared, and then modified with FeCl, to obtain modified
biochar (MBC). Characterization analysis, including specific surface area and pore size, SEM, FT-IR, and
Zeta potential, were conducted on both HTC and MBC to investigate their adsorption performance and
reusability for vanadium in water. The results indicated that the modified hydrothermal carbon
successfully loaded iron oxides, enhancing its adsorption capacity for anionic pollutants. The optimal pH
for vanadium adsorption in wastewater by HTC and MBC was 3 and 4, respectively, with an optimal
dosage of 12 g/L.. MBC exhibited better resistance to anion interference compared to HTC. The adsorption
of vanadium by both HTC and MBC fitted well with the Langmuir isotherm and pseudo-second-order
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kinetic models. After four adsorption—desorption cycles, the adsorption rate of MBC for a vanadium

solution with an initial concentration of 50 mg/L. remained at 98.42%, demonstrating that MBC has great

potential for the treatment of vanadium-containing wastewater.
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HE PR KA PR 2%

1 MH5F%
1.1 SLBER

WF 5% BT 35 e B A 8 DG T B8 2 W) 28 M HE TR 0
JE MRS . 15 IREREfS T 4 CTRRAER . &
W, 35 VW) IR & K 2R 77.05%, JK 57 & 1 Hh
48.25%,pH A 7. 1.

SRR A R A AN AR LR
B G BRI SN R IREN BREREN , 2 b Al
1.2 BUMEZKHk B § & F R AE

B 100 g 1598, A 200 mL 25 1 /K J5 8 A &
FE R TIPS N 28 v, W RO B[] R 4 b R T
Bk 240 °C, 10 I8 1A 5% 8 R 480 r/min, RN
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SN A AT 8, 43 8 0 A P
FRVEUE 2~3 K K A =9 BT 105 "CHEFS 1H IR
T 24 ho US04 AR P P A0 S i 100 H i, BT
159 50 B0 Ry 7K A (2 Sk HTC) | PR A7 78 T J5 1L rp
Gl

B 10 g7k #4558, 5200 mL 0. 5 mol/L ] FeCl, %
IR A, F 1 mol/L 1) &0 48 Ak 0 FN R 2 75 W 75 pH
10, B TR A i, R E T =
75 Cla AERBEFE 1 he TSR EER FAH
260 CLAF ,FEH 0. 45 pum JEACHIUE , 73 55 Hi A4 [#]
A=) 25 8 K BE % 2~3 Wk . B [ AR P2 ) B T
105 “CHEAH TH I T4 24 h, SR 5 BFEE I 100 H 5, BF
140 15 B Ay e el A AR (2R MBC) o

K FH Max [T 84 [ 3 £ 0l He 326 i AR FL AR 20 iy
1% . Sigma300 737 & 5} HL - i 5%  NicoletiS50 R 2T
ANCTEAL  Zetasizer Nano 1 Zeta BL A 3 B A5 K X
ST AT HTC A MBC #E4 7 2 4E 204 o
1.3 HE ¥R 3d 7k o 5B W B

PR B — 5 1Y HTC F1 MBC, 43 50 A %] 25 mL
WA 50 mg/L( AL 80 B Im L RR S
FH 1 mol/L £ 8 F1 0. 5 mol/L Y 20 & Ak 4 775 W 3 1
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1.4 %R ﬂ)SiI!ﬁffE*” 5 0% it 3h 1 AR A

K H Langmuir Fl Freundlich %5 i W B 71 45 &
25 ‘C°F HTC 1 MBC. (1) W% B 52 56 %5 48 , R FH #E— 2%
FHE 90 8h J1 2% 7 B4 0.10.20.60.240, 480,
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Fig.1 N,adsorption—desorption isotherms and pore size
distribution of HTC and MBC

2.1.2 SEM#/E

PR AR D) A B IR R LR 2, HTC 3R T
RS CORALI, H BB Z 0 fLB; 5 HTC A L,
MBC 2 T 55 A 6 BA 1 22 3R, FLBR 45 #4) 4
Xﬂs‘f/}\,ﬁ%%ﬁ%ﬂﬂﬂé@%&%w%%ﬁﬁﬁm“ﬁﬁf
MBC 7, I 8 7 LB &5 N, i 5 LR 1A
BURFLAR Sy M s A &

a. HTC
& 2 HTC#IMBC IR EBIER
Fig.2 SEM images of HTC and MBC
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2.1.3 FT-IRFE1E

HTC Fl MBC (9 FT-IR 43 #7745 5 an & 3 fr 7
HTC Al MBC ™ 2 BURFHE W B A W] . 7 3 000~
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Fig.3 FT-IR spectra of HTC and MBC

2.1.4 Zetatg{v
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2.2.1 s
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4 o LRI B 28 25 Bl %5 HTC RN MBC B0 £ 1)
B . MBI 1 /LN E 24 o/L i,
HTC X4 19 1 % i 63. 03% 3184 K 3] 84. 93% , MBC
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Fig.4 Effect of dosage on absorption efficiency of HTC

and MBC

2.2.2 pHIF

2 pH K 2.3.4.5.6.7 1, HTC X4 W i3855
WK 63. 60% .77. 22% .71. 17% .68. 37% .67. 08% Fil
69.83%, MBC XJ Pl 1 W Bl 2 73 i 24 98.35%.
99. 56% .99. 76% .99. 17% . 98. 74% 11 96. 67%. %}
T HTC, B W pH A T8, T B R Bk 25T E
J AR B 4 34 T % T MBC, 2515 & pH M 2 55 /in %)
410, W B RS i i, SRS AR X B L
VY1) pH 52 M B IR R 1T 25 AR 1) e 3 1T 1) FRL o

M pH<3 B, FER PR PE S5 T AL FZ LA VO, 1Y
WA, W 350 2% 1f % A6 12 38 1Ak R D, (45
W2 5 500 2 18 g AT I L, SR VO, SE B BT
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A i R B, S O B R T, 24 3<pH<S B
WP R AU 32 L HLV,,0,, FTHV 0,7 TE R AF
FE T T H e B B A, W B ) % 1A AT 1k
T Uk 55, % 4 E G s/, AT B0
B SR FEAR . T AE pH>S I, B 3 LA HV,0, Al
H,VO, B AEAE , IF Hl L 28 iR BR AR AR
LR G, B4 pH 1T+, HV 0,8 FI H,V0. 3%
Wi 2, W AR e T T AR T — 2D U, R
A /I, DA T A 3550 R 86 70) %) R B i T 2 — 20 AR

454520147 A HT e A HTC A MHC /) pH,,, 5%
51K 3. 32 1 3. 85, 24 pH<pH,, i, HTC Fl MBC 2 ffi
B fig A8 2o 0T S (AR LRI I L, B
pH T+ 5, B T 17 76 T 25 32 i M B 35 7728 R BH
T, I 38 Ao i E A e O R B s Y4 pH>pH,, B
B H ik BEEREAIR , HTC A MBC 2% 170 B RE A1 5 1L 7%
FEARWIR /N, B LB B T i ks &, 5 W5
F14) i L O SR B R TR 557 , e 2 S B0 BRER A
2.2.3 HAFETFRYEm

FE S B K T H AR A e P P B 7,
et R o 5] A VR ASCR R AR . LA B B K T L
FIHAFBH B - (CI . HCO, .CO,* S0, , Hih fLik
4950 mg/L, 3% 5% HXF HTC 1 MHC W FFFAR 35008 1) 5
Wi, 45 AN S i . ] UL, 4 F s 12 2 ff HTC AN
MBC X AL W B St R BEF 34 REAR . 4 g X6 HTC
W 5 1Y) 52 e B2 B2 HE T O 2 S0,7 (46.93%) >CO,™
(48.30%)>C1"(50. 07%)>HCO, (55. 17%) . Hrf—
M B 7% HTC W B0 o 4 7 i T — 10 BH
T, U B B 5 - i s 67 L fr 22, X IR R 19 5 4 1
R, e Ah, COZ M HCO, 1K 2k 28 i i v 1Y
A TR N R (I AN TR B € S =
() 2 85 1) 52 )

80
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Fig.5 Effect of coexisting ions on absorption efficiency of
HTC and MBC

H1 5 (b) AR, 4 7 5 5% MBC I i 23 5 e
& HE P R 2 CI (98, 55%) >HCO,™ (98. 75%) >CO,>
(98.85%)>50,7(99. 47%) . X 7&K 4 MBC HJ LI
B/ i CIRTHCO, BAT A B/ 1K & 3 7 2F
2, A gy e AW 5 %) LB e o 90 R B R
IR MBC 1M BT RCR o (H AT &, B e Ar 5 7
J5 MBC B I B 3 BT BE DR 78 989% L L, B IX
4 FpILAE TS %5 MBC W B S A ROCR 2 M 8570, H
MBCHtBHE T HHEPEREM AL T HTC.
2.3 WMERLZE

HTC A1 MBC {1415 B 42 B 77 40 4 LV Sk P 1Y
A g i, H Langmuir Al Freundlich J7 2 A9 1 &
F2 A S PE I B i (L 1), {H Langmuir A 3¢ R %%
KF Freundlich # 5¢ 22 %4, Bl Langmuir J5 2 5 52 5
HOHE 4G B A8 T Freundlich J5 72, 154 B3 HTC Al
MBC X B A 2 B e 72 A B 935 J2 IR B A 2 [ i 3
A AR ) 22 JZ 2 B

%1 Langmuir A Freundlich iRl & 5%
Tab.1 Fitting parameters of Langmuir and

Freundlich equations

Langmuir /7 F# Freundlich J5 &
i H
q,/(mg-g™) K, R’ K 1/n R’
HTC 25.320 0.010 | 0.994 | 0.326 | 0.859 | 0.991
MBC 9.644 1.479 | 0.970 | 5.476 | 0.352 | 0.959
2.4 WRMzhN=E

PG 5 5 o, Bl A5 1 B RS ) A4 384 i, HTC
MBC X814 W B 5 AN W7 4 55 o HTC AEWR B 4 h )5
LA 3k ) 0 B4, 16 b B W BFF R g 71. 88%
MBC 7EW 8 h i , BEA IR 2 0 -1, 16 h )5 iYW
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B4 99. 24% ., HTC F MBC W FfF 4L B AH < 56 11 27
SR 2 7R o TR RN 8 ) 2R B G (4 A G
FER>0. 99, WA ROREAT , 3% F WAk 27 W RN
b i R (o P 5 ST St $7 DA
D7 BRAUA HAH OC R ECE R, SR B HTC F MBC XL AY
I N SR = e o S =R R L A S U
B RIS AR AR .

®2 WM NFEUESH
Tab.2 Fitting parameters of adsorption kinetics
ME—HBh 12 Ir e W i
15 H . c ofigr
qc/(Tg K/min" | R q"/(Tg K/g mgl g
g') g') | min’)
HTC | 3.08 7.487 | 0.992 | 3.16 5.050 | 0.998
MBC | 4.08 | 16.590 | 0.998 | 4.12 | 18.822 | 0.999
2.5 fHINORBHSEIE

283k 4 UG PR W B S, HTC X B A W A 26 Py
76. 20% [ %2 58. 23% , T MBC X 1L 114 W B 3R 475 4 43
£ 98. 42% , B MBC J2& — 28 5 1 801 % FL% K
W B 551 o i A0 A R B 38, HTC X8 i
BiF SR 1 B 1T MIBC X 4P A W B SR e i 5 /N . —
J7 1T, P W B - RO B A s AR v, HTC R MBC 36 1 1
FLBRZS A IR o D — T i, W ok A v A e
THT P50 3 B R A 23 A SR AR I R 7 3 ) AT
FARTJS HTC A1 MBC A9 XRD 1% 1E (VLI 6) FT LA,
W% B} 5 HTC A MBC _EH BT VO, V,0,.VOOH %54
Ji o 33X A2k R A B A B 5 L (V) BE S HTC
FMBC - AHABE BE A1 & A AR B o 491 i
B A ALV ) IR E O AL (V) [W]F HTC
I MBC 3R 1 A R B AR B JF B4 B g

VA1 TG 12 A B0 P 2 DT o 350 BR B ¥
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=Si0,
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o e T_.J TR . A
el
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6 HTC#nMBC I% Mi B /5 &I XRD i
Fig.6 XRD diagrams of HTC and MBC before and after
adsorption
3 “it

© 15 IKIIR L FeCl, M 5 FAL M I &
AR BRI B Y g T B R D v

@ HTC FI MBC 1 f L 1 e 43 pH 43 4 3 il
4, LEEH BT RES AU R ROR | A B
12 g/L, MBCHUHE ¥ THLTEREM] AL T HTC.

B HTC F1 MBC i $1) 05 JFF -1 iy W BT eF 3] 53
A 4 h F8 h, EL & XL W B 4 & Langmuir J7
FEFNUE sl 12 7

@ Bl TG HEA B I, HTC A MBC X
B4 W o AN o 26 5 T /N o 28t 4 R IR I
B I, MBC XT 50 mg/L BRI ¥ 19 W2 BfF 58 475 88 T 3k
98. 42% , iX 3% W] MBC £ & 1% /K kb B v HAT B K
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