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Abstract

The sustainable, separable and easily recyclable Mg-modified biochar/yttrium alginate hybrid
aerogel (Mg-BC/SA-Y) was prepared from agricultural straw biochar (BC) as matrix and modified
to Mg-BC by MgCl;, and then crosslinked polymerization of sodium alginate (SA) with Y(III) ions to
form alginate gel sphere as skeleton, and it was characterized by SEM. Direct Blue 86 (DB 86) from
dye wastewater was used as the adsorption target, and the effects of the initial pH of the dye solu-
tion and the adsorption time and temperature on the adsorption performance were investigated.
The results showed that the adsorption removal of DB 86 by Mg-BC/SA-Y aerogel could reach 99.3%
at pH 2.0 and 298 K, and the removal rate could still be maintained above 90% in the pH 2.0-10.0
range. The adsorption process of DB 86 by Mg-BC/SA-Y aerogel followed the Pseudo-second-order
rate model, and the isothermal adsorption behavior was consistent with the Langmuir model, and
the maximum adsorption capacity up to 1572 mg/g. Mg-BC/SA-Y aerogel is a promising adsorbent
material for dye wastewater treatment.
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Hbk. SR, XAYURLRIL G A M1k 5 450 S VAP R fR, (EHET S b B 1], Halr, &
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TE N FH HAEAE R B0 22 M DA OKAR G 256053 B T S 380 ks e S Wl 2] PRI, )4 LA s PR 25
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VIR BO)HFEFF . ARSI SR RASRRERM Tl EK, BARAMK. £
K. FLERER A, Dl 32 B F R K AR EE R [9], (ER AR BC FEEMRB A IASE . AELAMIK
A B AR PRYE[10]. Diwakar [11]55 5 H SRR 5 R0 TG OB BLAE DD T ELERUE 86 Juk) Bk, K
W BB 277.04 mg/g. FEERREN(SA) R MBS P IREU —F KRR ENLZHE, 552N &R BT A
VBT KBOBEER, 72K A5 T B T2 (A4 12]. Kanwal [ 13145 AT FH 38 R A0 k05 2 0o kAL
R %10 SA@GG@ICAA B A MEH T LR EEIE 86 e KWt &E N 238 mg/g. A1, B—&BE T
TR SA MERCERFE EMEZE . HUBRIERESS, FrLLHE SA M4 B8 B 1 Xt E 15 HAB I IR 45 & E ke i) 46 2 &4
Kk, AT Hi2 i WO B 751 P2 e R B % [ 141

BT B b, ARFFCRA MgCl, Jext BC AT, BA Mg-BC i, 8 S A& L Y(ID)
BRI NACER, 5 SA I SR IR A SN K] £ Bk AU IE AR WDk R R B A AL S I (Mg-BC/SA-Y), IF
B T /KR B30 86 MR, R FLIR Bt s S AL .

2. 55
2.1. ERSRF
RN (Sodium Alginate, SA): AR, 1R TIVARAR]; AWK (Biochar, BC): 600°C 5
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TN A H 25 R, SR WirdEiEa 250 HIwM 5 m 3RS MEREC(Y(NO;); 6H,0): AR, LR
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2.2. SEEKHIE
B2 E SA AR — BRI MK, 25C R8s 1 h, T —E RN Mg-BC ¥R n
N, GREE6iFE 1 h 298095, BIMRRA RSN —E REREN YA E FERT, K
NSRRI ER, FE Ay NS, AL — B TR, AR B N EREH I 28 AR B e s = b i, AR
J& N5 3] H bR Mg-BC/SA-Y 240kl
2.3. WRMIsEIE
7E 25 mL S ARFEHRE N DB 86 il In N — 2l E IR E KRG, 15 298K KifTR& a ik, H
FIIA B BR800 5 VAR BRI K A IR - IR RSB X DB 86 HIW B & g (mg/g)fl2:
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qez(CO_Ce)XV/m (1)
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A, Co Al C MARFRIS B AT 5 GERHKR B (mg/L) s V FRGRRE I AAR(L) s m ARRIEN BB B (g) -
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Figure 1. SEM image of Mg-BC/SA-Y aerogel
1. Mg-BC/SA-Y S EEBSHY SEM

3.2. FRBRANGE pH X IRFHEIR
] 2 AR GURHA I 4G pH X Mg-BC/SA-Y Z= A0 S fie 195 B 14 e 5

&

Mo 449k pH BN 2.0 I,
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ARV B B AR AR AN K 25 B R ARFETE 90% LA Lo {H24 pH 4RS84 03] 10.0 DAL, W ERMERF 2R T
B, 3X R R TR R I 2 AU A PR o A VR I BB R P T s T 1 o, [ B AR R T AR T AT Y Mg (LD
Y (LD H A5 282 11 1 FL A 235 FE B 23 K, % DB 86 FA i FUIR B A FH . 35 3 i, WP SR AT 2 PR SR A R K. S
56115 Mg-BC/SA-Y b A2 HLAT £ 5.6, 24 pH < 5.6 I, Mg-BC/SA-Y Btk 38 & S A7 1R
PR AR FAER, 5UBETFRSAAER IR F 2 AFEF RG] . 24 pH > 5.6 BF, SHER
HYuklz [a R AR ER, W R EERRPEERK. 22 pH N FET 10.0, WHHEMLERE
HEA RERIK, X2 TAEAFEENS AN SER S J R 72 M a8, DS R
i1 _E AN Mg(IDAT Y (1D 5 Gkt B 7 (B A2 S AE R [16].
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Figure 2. Effect of initial pH of the solution on adsorption
2. iRIRAE pH EXTIRFIEYFZAE

3.3. EHE)HNGE FE 3 IR B AR MR K2 W Bl 3h F 52

SIS YR F T FEAt 1] AR B X Mg-BC/SA-Y WM DB 86 BeRl i AEHISEM, 455 WA 3, 7£ 0~30 min
P AR BT 86 MR PR EURIBEINZE 701 me/g, SR 5 BE I Ia] (i 19 ke B 224844 0, & 120 min
W BRSP4, B R 836 mg/g. IX S T BEAE W PR IS TR] 0BG, AR IR R T DR B W PR AT A I
BT, REBBSEWM . thoh, TERMR-FE T AR DB 86 1MWK bt 8 2 [ 5 5L FE i 3 K
3G, AR B4 5 IR EE X DB 86 Wi Bt 8 22 [R5 M ARG AR /N, FLIA IR BT (¥ Bk [R] B A LRFFAAR . TR
P o U T v T PR, X 3R MR B S B LA R I, 7 298 KT BE AT T35 Gkl I K AT R B

NT PR Mg-BC/SA-Y S DB 86 MWL B FEALER, R FHH— R0l — 2 B it =R 7 2
LA T AN RN BE ™ Bt 20 77 2 Edh

g, =q.(1-¢) 3)
q, :k2Qe2t/(l+k2qet) “4)
HA, &y (W) ks [g/(mg-h)] 53 BRI — SR R R g A g, (mg/g) 7 7 W BT A ] £ (h)

I PRI VR P £
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Figure 3. Nonlinear fitting of the adsorption process by the Pseudo-first-order and Pseudo-second-order kinetic models
B 3. BRI REh AR IR TR T M A
Table 1. Results of fitting kinetic models to adsorption data for DB 86 adsorption on Mg-BC/SA-Y aerogel
3 1. Mg-BC/SA-Y SE RS M DB 86 AIIN BB SN N FAR B A LER

Pseudo-second-order

Pseudo-first-order
k k
D es T/K qexp _17 qe,l RZ 2 ) Qe,Z R2
Y (mg/g) (min ") (mg/g) &/(mg min) (mg/g)
298 K 836 0.1022 814 0.981 1.71 x 107* 880 0.996
DB 86 313K 818 0.0933 801 0.980 1.55x 107 870 0.993
328 K 817 0.0777 806 0.987 1.23x107* 884 0.993

3.4. RBHFIRE
Mg-BC/SA-Y BIREARIIRE N X DB 86 MM AR LR T & 4. BEEIRFEMIF =, WA 20
BB, X5 YRR 2 A — 2. A T AR Mg-BC/SA-Y Xf DB 86 MW 4T M, KH
Langmuir A1 Freundlich %% W B3 80 6H 455 W M 28 3517805 - Langmuir A1 Freundlich [73EZR MRk 50
(5)

(6

W7 FE(5)H(6):
(’Ie = quLCe/(l +KLCe)

qe = KFCe]/n
R C, (mg/LyNGRHETR I PR qm (mg/g) N RKIFT285: Ki (L/mg)y Langmuir W% Ff 22 %L

Ky A1 n A3 Freundlich WK %L
722 PHARLR MR A 45 R W], Mg-BC/SA-Y BRI DB 86 [T % ¥E 5 74 & Langmuir #%(R?
>0.994), T Freundlich FRL L& 45 5 (R? > 0.974). [AI, Langmuir WM 5 50(K)BE 5 R I TH =i

BTN, 22 Mg-BC/SA-Y X DB 86 MWt HA MM . 1/n /NT 1, XERESEK DB 86 [1)
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Figure 4. Non-linear fitting of adsorption equilibrium data by Langmuir and Freundlich isothermal adsorption models

[l 4. Langmuir F Freundlich i IR MIAREL X IR it F & BURAVIE L MU &

Table 2. Isothermal model fitting results of DB 86 on Mg-BC/SA-Y at different temperatures
52 2. Mg-BC/SA-Y SUBRRILH DB 86 A ELRE FEBE RIS 4R

Langmuir J5 F£5 41 Freundlich £ 5%
Dyes /K
Gmax (Mg/g) Ky (L/mg) R n K (L/mg) R
298 K 1572 0.00784 0.994 3.04 159 0.987
DB 86 313K 1568 0.00735 0.994 3.01 154 0.985
328 K 1304 0.00673 0.995 3.60 189 0.974
4. GEig

K TR AR A T Rk Mg-BC/SA-Y &tk , il B4 H TR /K DB 86 JekHA R .
7 pH 2.0 £ 298 K I}, “SEERKT DB 86 [ £BRZF]IA 99.3%, HARELE/KAE pH 7E 2.0~10.0 FEH 58 15
P PR RRSE AR e TR SR IR B 8 77, B R ATIRECRIFTE 90.0% LA - o W R R A 300 G S B R AR AL
HORIR B 4T e Langmuir SHiR A HERAREIR, S KPR 1TIE 1572 mg/g. Mg-BC/SA-Y B A
AR pHIE VG F1 5 T4 B RIS AL, TELLEREE /K S ¥ DB 86 Jel 77 T B A 1R 4 8 F T 5t

E&ImHE
E 5 AR RS T H(21167011); A2 HIEX HARRHEIE 4T H (2020LH02009); A% HIAX
IR IR 22 4= P R BT A0 I E (XTCX003); P 52 ITVE K 2 FE AR Y 45 2% & 1007 4230 H (2022JBTD009) .
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