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Abstract: [Objective] Biochar demonstrates significant potential for dye wastewater treatment. To prepare
adsorbent with high dye adsorption performance and enhance the comprehensive utilization of biomass
resources, biochar was prepared by expansion pretreatment of cork. [Method] Cork was subjected to
expansion pretreatment using water-boiling and microwave methods, followed by pyrolysis in a tubular
furnace at 550 °C for 60 min to produce cork biochar. The microstructure and chemical properties of cork
biochar were characterized using SEM, FTIR, and BET analyses. Batch adsorption experiments were
conducted to evaluate the adsorption performance of cork biochar for methylene blue (MB) and Congo red
(CR), two cationic and anionic dyes. The adsorption mechanisms were elucidated through kinetic, isotherm,
and thermodynamic model fitting, combined with structural characterization. [Result] The cork biochar
obtained through microwave expansion pretreatment (MBC-90) exhibited a rougher surface with abundant
micropores and mesopores, alongside a reduction in —OH functional groups and an enhancement of
aromatic structures. These characteristics made MBC-90 more suitable for adsorbing small dye molecules
MB. In contrast, the cork biochar produced via water-boiling expansion pretreatment (WBC-90) displayed
larger pores and irregular pore wall structures, while retaining more —OH functional groups, making it
better suited for adsorbing larger dye molecules CR. The maximum adsorption capacity of MBC-90 for MB
reached 193.63 mg/g and that of WBC-90 for CR reached 203.55 mg/g, which were better than the
maximum adsorption capacity of unexpanded cork biochar for MB (129.18 mg/g) and CR (121.44 mg/g).
The adsorption of MBC-90 on MB and WBC-90 on CR showed excellent pH adaptability, maintaining high
adsorption capacity in pH range of 2—10. After five adsorption-desorption experiments, the adsorption
stability and regeneration performance of MBC-90 on MB (95.43 mg/g) and WBC-90 on CR (138.17 mg/g)
remained good. The adsorption process followed a pseudo-first-order kinetic model and a Langmuir
isotherm model, indicating that the adsorption process was dominated by physical adsorption, with
monolayer coverage forming on the biochar surface. Thermodynamic analysis further confirmed that the
adsorption was a spontaneous, endothermic reaction, and the expansion pretreatment significantly enhanced
the spontaneity of adsorption process. Overall, the comprehensive analysis revealed that the adsorption
mechanism of cork biochar for dye molecules involved multiple interactions, including electrostatic
attraction, hydrogen bonding, - stacking and pore filling. [Conclusion] The dye adsorption performances
of cork biochar are improved by microwave and boiled expansion pretreatment. In addition, the prepared
cork biochar also exhibits good pH adaptability and recycling performance, which is expected to be applied
to industrial wastewater treatment and will expand the comprehensive utilization of biomass resources.
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Fig. 1 Characterization of cork biochar sample performance
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Fig. 2 Adsorption capacity of methylene blue (MB) and Congo red

o%

(CR) by cork biochar pretreated by different expansion pretreatments
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Fig. 3  Effects of adsorption time, initial mass concentration and temperature on MB or CR adsorption by cork biochar
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Tab. 2 Fitting parameters of adsorption kinetic model of cork biochars
) B 7y AT e = G5 ) Y
ekt B
Qe, cal/(mg'gil) 1<l/n'1iI{I Rz Qe, ca]/(mg'gil) KZ/(g'mgil 'minil) Rz
BC 120.69 0.445 0.989 122.76 0.010 0.995
MB MBC-90 161.65 0.577 0.997 163.33 0.014 0.994
WBC-90 128.61 0.404 0.984 131.98 0.007 0.968
BC 106.43 0.421 0.965 109.00 0.009 0.979
CR MBC-90 116.74 0.535 0.992 118.06 0.017 0.988
WBC-90 157.35 0.573 0.993 159.40 0.012 0.988

i Qe ca WE— BN F7 AR BME — 03 7 2R T S A M 7 i, K AT 23 39 e

) JI AR B ) ) AR R A R
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Fig. 5 Langmuir isotherm model and Freundlich isotherm model of BC, MBC-90 adsorption of MB (a) and BC, WBC-90 adsorption of CR (b)
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Tab. 3 Fitting parameters of isotherm model for MB/CR adsorption on cork biochar

Langmuir?F R 7Y

Freundlich%5 R 5 24

Yk} FE
Gm/(mg'g ) K/(L'mg ") R Ung K/(mg! /L V/ne.g=T) R

BC 129.18 0.039 0.951 0.301 22.49 0.782
MB MBC-90 193.63 0.034 0.962 0.338 27.67 0.923
WBC-90 139.91 0.051 0.970 0.277 28.69 0.826
BC 121.44 0.052 0.944 0.265 26.60 0.840
CR MBC-90 135.17 0.039 0.986 0.300 23.77 0.860
WBC-90 203.55 0.025 0.939 0.376 22.39 0.810

%+ g I Langmuirk R U1 345 B TS G K BR 5 KR IR, Ky K2 3l 9 Langmuir Al Freundlich W B ¥ 480, np 905 B o B2 2R 4
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Tab.4 Adsorption of MB and CR by different adsorbents
ST bt 7 EF?;‘@T?HLIEJ/

% B 751 Ykt (me-g ) min | 2750k
FORFEFF AR MB 157.85 120 [27]
KOHSMEAT EE 2% MB 67.46 20 [28]
FREADR MB 16.50 30 [32]
TR IR A MB 38.10 720 [33]
TR B B A0 MB 193.63 120  ABR
G IR CR 28.56 180 [29]
CTABHUMEIIBE B AR CR 155.20 210 [34]
TFEELEA IR CR 186.94 60 [35]
FeCltPESIR K 2EMI%  CR 130.00 60 [36]
KB R CR 203.55 120 EN 71

HEAEIN G, MBC-90 % MB I B 725 5 M 163.4 mg/g
P2 95.43 mg/g, FIAEMRIRAERIEH 58.4%; WBC-90
% CR FIMRB 2B A 162.75 mg/g FAMKZE 138.17 mg/g,
T A O 2R BN 84.9%. LA I 45 B B, MBC-
90 5 WBC-90 7421 5 ML F AR 5, 1R
PRFFI 0 (1 G e U B 25 8, RIS B 4 1 P A= A 2R
FIRPERE, R T kA P2 o A () PR AR
2.5 ERAKAE WA 3T A IR B AN IE

L4 MBC-90 Al WBC-90 W B ekl i J5 %
THI B R H 00 788 A e A I B ATLEE . MBC-90 7E 3% 2
93439 em™ HIRHIENE, TP GeRHE RfE % 3 428 cm™
(E 7a), X iH MBC-90 R ¥R 5 Ykl 12
) 72 A SR AR B S /E WBC-90 FF W 22 B AH [H] f)
G, fEPE3 438 em™ I F2 & 3 425 cm™'. B 4F,
MBC-90 1 WBC-90 fi7 T ¥ #(4 1 609, 1 607 cm™'
Kb 1 ER O 7 I 4 A C=C (R AHR ) 51 /&2 (1 W i g
A E 1601, 1591 cm™ 4b, IR X EREH
T MBC-90 F1 WBC-90 H [ 55 7 45 k4l ekl 431
IR 22 18] A mem g i B B 7

200
2 190 [0 MBC-9o-MB o
\ —e— PG54
81.4
150
o 732 180 ¢
% \'\65.6 >
& . 58.4 oy
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Tab.5 Thermodynamic parameters of MB and CR
adsorption by cork biochars

: FAATE JEAR (AR BEEAS)
gupl  RER WREE/C (Ejéﬁ(?/') (Kl-mol ") (K. mol ) R
BC 25 0.265
35 -0.179
45 —0.560
13.377 0.044 0967
MBC-90 25 -0.782
35 -1.472
MB
45 2217
19.780 0.069  0.944
WBC-90 25 -0.184
35 -0.726
45 -0.794
15.908 0.054  0.832
BC 25 0.626
35 0.197
45 —0.245
13.440 0.043 0954
MBC-90 25 0.332
35 -0.226
R 45 -0.818
17.021 0.056  0.948
WBC-90 25 -0.795
35 -1.380
45 —2.240
16.489 0.058  0.865
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Fig. 6 Regenerative cycling performance
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Fig. 7 Changes in various aspects before and after cork biochar adsorption

g MBC-90 1 WBC-90 F42 i, fif 5,

IR MBC-90 F1 WBC-90 [¥5FLBH P 38 1 ZE Bl IR

i XPS 4 # it — 2 75 MBC-90 1 WBC-
90 7 G Ak W B isk 72 A (1 R AL 2= 84k . B Te I C
Is 3 B2 7« W B 44kl S, MBC-90 A1 WBC-90 [
C=C/C—C W& &4 (K. X5 FTIR 7 #r 45
R—80 i PRAE T MR S &S Ykl
TARM AN n-n AHEAEH . M O 1s 35 B (& 70K
> W ekl s, MBC-90 1 WBC-90 H f{I—OH &
ARG, XFEFES FTIR 20 Hr 4 50—k, i3t —
2 B R AR W B od i S S ek kAR
TAIEAEA .

& 7g A MBC-90 Al WBC-90 £ A~ [d] pH 4% 1F
NIRRT FL . FE AT R R R B R SR T L A
) A5 B T XS 7 ) pH R o SRS, WS B 570 2 T ) 1 47 Al
TR, LI M. MBC-90 5 WBC-90 F% Hifi
RN 2.42 K1 2.23, IX R PR T 1% pH {EI, #4

F 6 BMAREMRHLREARMALEHSE
Tab. 6 Specific surface area and pore structure parameters
of cork biochar

Kb tRmA/ (m*g ") BFLAEFY (em® g ") FHFL4EMm
MBC-90 169.60 0.118 5 2.80
MBC-90-MB 10.82 0.021 4 7.92
WBC-90 145.61 0.1193 3.28
WBC-90-CR 3.80 0.018 1 19.02

R T 2 90 0E M, T LE T pH B, R 2
WA AT . B pH M 2 JH & & 10, MBC-90 X}
MB W B 25 8 M 145.47 mg/g B4 M%) 176.98 mg/g
(Bl 7h), X —E&#a] LUH BT MBC-90 % i £t FL 3
38 hn. T MB J& 5 1F B fuf (I BH 251 44k, MBC-
90 [ [ F LG 5E T H 5 MB 2 [R] 1E 5] 201
R, N E TR 25 & . FR, pH E & S 80E
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