MR AR K223 (H SR 2% M) 2024, 50(5): 83-91. DOI: 10.13331/j.cnki.jhau.2024.05.012
Journal of Hunan Agricultural University(Natural Sciences)

SRR E'." E
PR, PURT, XIRESh. AW a S BUK I A A ROR ] A B R Cr(VD R EHERELY]. IR Al
FR(HARRER), 2024, 50(5): 83-91.

HE G Y, YAN Z Y, LIUY C. Preparation of biochar-loaded hydrotalcite composites and their adsorption

performance on Cr(VI)[J]. Journal of Hunan Agricultural University(Natural Sciences), 2024, 50(5): 83-91.

ML : http://xb.hunau.edu.cn

R BABKBAE SRR F R ERT Cr(VI)AIIR Mt &E
WER L, BB Y, X 2

(LI ARy R PRI S 22 b, IR Kvb 4101285 2.9 g Kpfb2# Ak T2Fbe, IR Kb 410083)
O DUH RS R EMRL, SRR AT ] A ot R M R K B A L BC@MInAI-LDHSs, it
AR IET5T BC@MnAI-LDHs pyhn#:(0.5. 1.0, 2.0, 3.0, 40. 5.0, 6.0 g/L). & ¥IA pH(3. 4. 5. 6.
7. 8). SYMIWIMAFEYEE(G. 10, 20, 40, 60, 80. 100 mg/L). (298, 303, 308. 313 K)FNKL K it
[@(2. 15, 60. 120, 180, 240, 480, 600, 720 min)Xf =K Cr(VDIZMm, FHizH X HEATH(XRD). 4
HLF 0 AR (SEM) . HLIF AR LT SRS (FTIR) . LR A LI 43 B (BET) XK Cr(VDRT/E Y BC@MnAI-
LDHs #E7RAE 54307, R Hr SO B, 4558 % . 4 BC@MNnAI-LDHs it 2.0 g/L. Cr(VI)¥IiR I
WS 10 mg/L, pH R 3 i, Cr(VDEBRZRME 95%LL F, MRS T HERERERX Cr(VDRIERRRER;
BC@MnAI-LDHs %] Cr(VI)f4 & f45 28 5454 Freundlich T8, 7F 313 KR, I Langmuir B4 7551 1
TIFIWE 5 56.42 molg, FFG A sl iR, WKL I 20 TR . BR . WAL R IR AR
BC@MnAI-LDHs &/ F &M & A ERER, A BT HXT Cr(V)iYERE:, BC@MnAI-LDHs X} Cr(VI)HW e 3=
BAUFR IR | B A R

X B OR: MR AW RS R EEY K £); BC@MnAI-LDHs 24k WHERE; Cr(VI)
hE 4SS, TB332; 0647.31; X7035  IHIFRAM: A NEHRE: 1007-1032(2024)05-0083-09

Preparation of biochar-loaded hydrotalcite composites

and their adsorption performance on Cr(VI)

HE Guiyi', YAN Zhiyong'*, LIU Yaochi?

(1.College of Resources and Environment, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.College of
Chemistry and Chemical Engineering, Central South University, Changsha, Hunan 410083, China)

Abstracts: Modified biochar-like adsorbent material BC@MnAI-LDHs was prepared by carbonation and co-precipitation
method using sugarcane bagasse fibre as raw material. The effects of the dosages(0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0 g/L),
initial pH of the solution(3, 4, 5, 6, 7, 8), initial pollutant mass concentrations(5, 10, 20, 40, 60, 80, 100 mg/L),
temperatures(298, 303, 308, 313 K) and adsorption reaction times(2, 15, 60, 120, 180, 240, 480, 600, 720 min) on the
adsorption of Cr(VI) were analyzed by static experiments. The X-ray diffraction(XRD), scanning electron microscopy(X-
ray diffraction(XRD), scanning electron microscopy(SEM), fourier transform infrared spectroscopy(FTIR) and specific
surface area and porosity analysis(BET) were used to characterize and analyze BC@MnAI-LDHs before and after
adsorption of Cr(VI), as well as to analyze the adsorption mechanism. The results showed that when the dosage of
BC@MnAI-LDHs was 2.0 g/L, the initial mass concentration of Cr(VI) was 10 mg/L, and the pH was 3, the removal rate
of Cr(VI) could reach more than 95%. The modification improved the removal efficiency of bagasse activated carbon for
Cr(VI). The adsorption isotherm of Cr(VI) by BC@MnAI-LDHs was more in line with the Freundlich adsorption model.

IgF5BEA: 2023-08-22 &= HER: 2024-08-15

EEUH: WA E A SU &R0 H (2019WK2031)

EEEN: BIERR(1999—), L, WImMEA, oA, FENFKIFIR S KB ARG, 2325377207@qg.com; *#fEfEH, BUE
5, WA, #d%, EEMNFKIRE S KA IIE ARSI, zhyyan1l1@163.com



84 IR AL K22 E 4R (B SRB2R)  http://xb.hunau.edu.cn

2024 410 A

The saturated adsorption amount of 56.42 mg/g was obtained by fitting the Langmuir model at 313 K, which was in line

with the proposed second-order kinetic model, and the adsorption process was a multimolecular-layer, spontaneous, and

heat-absorbing chemisorption process. BC@MnAI-LDHs containing abundant oxygen-containing functional groups
contributed to its removal of Cr(VI), and the adsorption of Cr(VI) by BC@MnAl-LDHs mainly included redox, ion

exchange and electrostatic adsorption.

Keywords: bagasse; biochar; layered bimetallic hydroxide(hydrotalcite); BC@MnAI-LDHs composite material;

adsorption property; Cr(VI)
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Table 1 Specific surface area and pore size parameters of biochar

before and after modification

X

. HEWRBY  afLa 1
R 3 TLOBAUARY
(mz g 1) (cm3 g 1) (cm3 gfl) L2 Mmm
BC600 27.82 0.047 0.036 31.31

BC@MnAI-LDHs  20.18 0.099 0.099 17.71
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Fig.1 Pore size distribution of biochar before and after modification
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Table 2 Langmuir and Freundlich equation parameters for the adsorption of Cr(VI) by BC@MnAI-LDHs

Langmuir J7 5%k

Freundlich )5 5%k

ThEEIK
B/(L mg™) Qm/(mg g™ R? K n R?
298 11.67 44,91 0.937 4.85 0.48 0.993
303 13.61 50.42 0.924 4.95 0.49 0.988
308 15.91 55.03 0.920 5.66 0.50 0.981
313 17.72 56.42 0.887 7.27 0.51 0.984
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Fig.8 Fitting results of pseudo-first-order kinetics and pseudo-second-order kinetics
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Table 3  Kinetic parameters for the adsorption of Cr(VI) by BC@MnAI-LDHs

H— Bl ) AR B4 L=l 1 RS H
Qd/(mgg?) ki/(min™t) R? Qd/(mgg?) ko/(g mg* min?) R?
2.283 0.003 4 0.940 8.894 0.008 6 0.996

kiv ko L2 $U BN I RO A

#F 4 BC@MnAI-LDHs WK Cr(V)EIRIF R 8RB S5
Table 4 Intra-particle diffusion model parameters for the adsorption of Cr(VI) by BC@MnAI-LDHs

i R/ E 4 BTN B R AT
W2 B I /K
kpl C1 RZ kp2 Cz Rz kp3 C3 R2
298 01614 6.1907 0.9383 00992 62043 09238 0.000 1 8.8393 0.9794

Ci. Co. Co KR THRIZEENSHL.

2.3.3 B A N ASP>0, 5B LG B FE AR IR BLEE I K, PTRE

3 5 AT, IR 208~313 K. AGOH Cr(VI) 2R B i [ B P Bl 7 At 2 7 AR, i
Sof . FEUEER SN . BC@MnAI-LDHS % T B 8 AR KA T PR B R R, B Cr(VD S
CT(VI)E/‘JWWI%EZéE/‘J AHO ﬂiliE AGO Fﬁ%ﬁlg ?EWW%’J%EB@@@JE% E EE o ?/%J:EHEH, iz
TR, B R, g R ARG
A F T BC@MnAI-LDHs %F Cr(VI) 4 W [ ;

%= 5 BC@MnAI-LDHs &M Cr(V)RYIRNESH

Table 5 Adsorption thermodynamic parameters for the adsorption of Cr(VI) by BC@MnAI-LDHs
AGY(kJ mol™?)

Cof AHY ASY
=1 -1 -1
(mgL7) (ky mol™) ( mol™) 298 K 303K 308 K 313K
40 288.6 1.0250 _16.74 21,86 -26.98 3211
80 389.4 13360 873 15.42 22,09 —28.78
100 202.1 0.997 2 504 10,03 15,01 ~19.99
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IR AR S5 47 FE A IE AT B R, R THI PR R BE Bl 6 VA TR PR
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Fig.10 Microscopic morphology of BC600 and BC@MnAI-LDHs before and after adsorption of Cr(VI)
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LDHs before and after adsorption of Cr(VI)
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