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Preparation and modification of peanut shell biochar and
its adsorption properties for methylene blue
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Abstract: Using waste peanut shell as raw material, the modified peanut shell biochar (KBC) was prepared by a two-step method of low temperature
precarbonization and K,CO; activation. The micromorphology, pore structure, surface functional group structure and element composition of the hiochar
prepared were characterized by several modern analytical techniques such as SEM, N, adsorption—desorption, FT-IR and XPS, etc. The effects of
preparation conditions (carbonization temperature, heating rate, impregnation ratio, activation temperature and activation time) and the adsorption
conditions (dosage of biochar, pH value and adsorption time) on the adsorption properties of methylene blue (MB) in simulated aqueous solution over KBC
were investigated. The results showed that KBC prepared under the conditions of carbonization temperature of 600 °C, activation time of 1.5 h, heating rate
of 3 °C/min, activation temperature of 750 "C and impregnation ratio of 1:1.5, exhibited the best adsorption capacity, providing a adsorbed quantity of
398.2 mg/g and a removal rate of 84.0% towards MB. The adsorption process follows quasi—second—order kinetic and Langmuir adsorption models, and it
is a spontaneous endothermic process, which is dominated by chemisorption.
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150 337.2 0.02777 101.3 0.966 0.00081 342.5 0.999
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2.5 WLRAEIR L

R o 455 L AR ] TR PR A TR VAR 5 [T AH R AH ELAE T
K Langmuir Al Freundlich 25 R 28I HEAR KBC-1 % MB 90 fff 45
Mgk, ~xanlin Tt

Langmuir S50 7 i «
1 1 1 1

— = — 6

Q Qnm 1QmKL Ce ©

R, = 7

ETKLG 2
Freundlich 25 i W Ffl 572 -
1

199, = lgKr + —1gC. ®

Arf: ¢ NPT T MB ¥, me/L; KoM Langmuir
W HH R Kp M Freundlich WP #2 1m R WEFHE S

SFIRAESHUNE 3 PR, RIEHXERE, B8 = RHHE
JETF Langmuir BB L Freundlich BRIBL A3 4F, XK KBC-1
Xt MB B RT B8 & 2EFE— A5 I BRI o SR RoORHIA
FR R, AP ORFIRHE (Ro> 1), AR (0<R.<1), £k
PEMER (Ro= 1) FUORALEIKT (R, =0), ARBIFEH7E=FMIRET R,
RIEIB/NT 1, FIRT] KBC-1 % MB S

# 3 FRAMESH

TR Langmuir 81424 Freundlich & 2%k
K. R. R? K 1/n R’
298K 0.00167  0.39-0.80 0.998 7134 0.1544 0.541
308K 0.00450  0.44-0.60 0.998 760.5 0.1530 0.660
318K 0.00853  0.25-0.44 0.999 823.7 0.1532 0.757

M 7 Fig 3 AL, Langmuir SRR G FE TR,
Ui WA YR P 2 i B A BROFH. MB 7 221 ¢ b Aoy T oo 7
HES TR RI/NT 1, SIS A S KA.



@ Universe
Scientific Publishing

Modern Chemical Industry, L4k T (7)2023,5
ISSN: 2661-3670(Print) 2661-3689(Online)

0.40] * 298K .
« 30BK

]+ 318k

0.28 44— . . . .
60 80 100 120 140 160
Ce (mgl/L)
(b)8:2 555
. 308 K .
604 « 318K
© 581
3
£ 5.
54{ =
5.2 ' . ’ ' .
40 42 44 46 48 50

In Ce
&l 7 KBC-1 W MB 19 (a) Langmuir #%!, (b) Freundlich #%%
2.6 W )2
W FFEHR ) 27 0T TR B R 1 B R M RIAT AT, AR RS
W B RE AR o $A A S RGE I LU R,
I ) ©
Ce RT ' R
AG = AH — TAS (10)
A, AH (KJ/mol). AS (J/(mol.K)). AG (kJ/mol) NARHELGE |
AR FAR HETT AT 7 E FHAEAE Tk, R (8.314 J/(mol-K) Ayl JH AR 4L,
Ky AR A i A
RIEAKXIEH KBC-1 W MB BRI+ S 5E 4 FiR,
FHRATH, AH (E IR, RIS R R A G N,
FEHIMLBR I 2 1 R AT 5 B TR B O TH R, A G X (Lo,
IR B R R BE N H RS s AS ONIEAE, KU
AR R, H KBC-1 Fl MB 5 AH AL )32 ELAE F G TG 444
.
x4 PIIERESEL

. - PIEBH
AG(KJ/mol)  AH(KJ/mol)  AS(J/mol *K)
298K -5.870
308K 0.921 -5914 2.710 0.028
318K -6.194
3 it

TRRALIEE 600 °C, JGALETE 1.5h, FHEHZ 3°C /min, {1k
WEE 750 °C ANRBILL 1:1.5 &M Tl KBC-1 #Y LRI
1460.92 m’/g, T MB [ KMtk 21 398.2 me/g, 72 Z& 1
T KBC-1 %}F MB BA EAEMLBRAE S, LSS Langmuir

FRUHIME — Rl 1 AL, IR HIR M R A & . ARy )T
BT AEAE TR TR AL KaCOs I 1 P25 16 W 48 14 A ) B AE IR
KRR 18 B A B TR AT IO TSR

SE Wk

[1]Chen B, Wang M, Duan M, et al. In search of key: Protecting
human health and the ecosystem from water pollution in China [J]. Journal
of Cleaner Production, 2019, 228: 101-111.

[2]Wydra K, Becker P, Aulich H A. Sustainable solutions for solar
energy driven drinking water supply for rural settings in Sub-Saharan
Africa: a case study of Nigeria [J]. Journal of Photonics for Energy, 2019,
9(4): 043106.

[3]Crini G, Lichtfouse E. Advantages and disadvantages of techniques
used for wastewater treatment [J]. Environmental Chemistry Letters, 2019,
17(1): 145-155.

[4]Peng L, Shang Y, Gao B, et al. Co304 anchored in N, S heteroatom
co—doped porous carbons for degradation of organic contaminant: role of
pyridinic N-Co binding and high tolerance of chloride [J]. Applied
Catalysis B: Environmental, 2021, 282: 119484.

[SIARGKTT, INKE, BEME, & FARF YR E SR .
IR bR R ( ASRBRERR ), 2018, 19(4): 536-539.

IEELE, BEHE, EAER, 5. FORFEF AR
Th (IV) BYWEHEREN]. e E5HBE#4, 2022, 20(6): 2375-2382.

(719 ¥, B, SRKEE. B ARREFTFEY o A MR B 1 Ak
FE[I]. ARFEEINT., 2019, 6:22-24.

BIFET, BB, XL, % Fe-MIL-101@HZE M EEENER
G R A R I B ERR D). BRI T, 2023, 43(3):122-133.

[OVX I, shifE, 244, S5 LA IRIEIE . R
L Oxh 48 R R R 00 R R AR ). AR Ak D, 2021,
50(9):2415-2423.

[101Fe0o, TR, TEEH, . A AR rbg . RAEK
HOBHHEREL). FREERIE S EOR, 2017, 40(6):14-18.

[T1REFH, #hEH, RA, % SMAEA A Y RxT AR R Y
W B PERERF ST Ak S5 AE M TR, 2023, 40(3):49-57.

[125& P, EAREE, S8, % B AR YR B AR i Hh
BOBRER H R ()] AP RO R R CHARBER ), 2018,
46(4):121-126.

(1312300, B, TOufe, % Rbkse seasblibhklxt I H i
B BEARIFSY [J]. /KARBHEE AR, 2022, 48(12):48-52.

[141F A, SIS, Bk, . WSR2 DR XT B
W% BFHRRATRRIERF IS )], SRBERMEAESE, 2023, 36(2): 363-372.

BT H o A SR AR BT 55 2% (B Ak K2
2019XKQYMS49)FIVL IR M AR FA2F R 11 H 78 1)

TEFTA: LA (1997-), B, BLATsed, FENEAY
Bl B AR AL B 4 15 .

T (2000-), 2o, BUELOFTEAs, ERNGERIRS &

H&I (1989-), B, P, FEMFERIEE & K.

MG (1981-), 5, #dR, FENFB R A BRI i)
.

83



