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Abstract

In order to improve the adsorption performance of biochar to methylene blue (MB), the pore
structure of biochar was modified by lignin via impregnation method and the adsorption proper-
ties of impregnated biochar to methylene blue were studied. The results showed that impregna-
tion ratio was an important factor affecting the pore structure of biochar. The specific surface area
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of biochar could be increased by 30 times via lignin impregnation. The adsorption capacity of the
impregnated biochar was 108.69~143.95 mg/g, which was higher than that of precursor biochar
(75.90 mg/g). Linear correlation analysis showed that the ash of biochar played a crucial role in
MB adsorption. In conclusion, lignin impregnated biochar is a potential methylene blue adsorbent.
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1. 51§

S R PR b, HAE SR EARE, KRR, TR A ) ekl L
BN EE . WEH BB 2 B T EgAT L, TEAE P 506 YR i R 7= AR KR bR K, X R
IKINEG f6 55K HAE AP i . WPZ 2R PR /K AR T3 F AR 1] TR 2 R A B A (3158, L rp R B2
PRI B R s AR 3R R (SO0 AR Tz N o W B 7 328 30 02 v W B SR ) o0, &2
BHVEEE. AW B o1 ImEE 412 H AT B 2 iR 7] o

AR SETEAR A B AT, EYRA S A= R — 2B faE . AL R S &
WA F=H . AR P ERIRIET 2, FEARMWEFY . TIWEFY . AERRSE . ERUHFER
MREF R RIEMFLBREE A Z A T HIRIEE . KI5 RiaH . B SSUk5] [6]. %, AWK
i FAR ) B Bl A, 2 T Bt DAk B S A ) BRAG I

SUEAEIR (7R - BREE . Tk B 7S AR BAE[6] [7]. For, 1R Bk R BRI K MR )
IR B FRIIRT R ALRR, dd o5 4 B ORFLBR 0 77 A id 3 2 R FLRR, 120k B ReFEMR. AR mmifiss, A
RIEFIFLBRIAAZRE . BBIMIE R REE, FHIETNA B8] BEER0]. TRIE[1015%. K
FRERSERAES. SHES. THESKS, B2 —MRIFMNETH. KRREARATHEER,
SRIMAFHACHFRAR[11], IREARELZAF KRR RIFPIAST A28, 28 b, IR R A EME
XA R TIRET, AR R FLBRSE T MB I4ERE ST, W o T ocE A S A B R .
2. 55
2.1. SEIEMR

b 2 AR i TR AN (MNa) W [ Sigma-Aldrich: i 4l R AL BRI [ bR T 28 AR A A R A
Al EHIEEE(MB) 2N CigHisNsCIS, 701 & 319.85 g/mol, W H E 254 H A il A R A A .
2.2. E¥IRAIEIE

R E AT WS 20 HIRHFERAND IBL, 20 T 600°CHVE 3 h KAFAEMK, 108 BLMP.
AHE S T PR A R R FR NS B AE Y%, 108 MNa6. 145 & Eb(MNa/BLMP) & 1:1.5, 1:3, 1:5, 1:10,
1:15 43 SIRREUSRE, ek AR R BEERENVA N 90 mL 4Kl Ja i inAEwm, ¥R ST 25 CHRFHZE 2 h,

w5 90°C/KIBZA T /K 2 D i 7E 600°C #if 2 h AR AN , MR 150 & AR id y MBL-x (x =
1.5,3,5, 10, 15).
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2.3. FHEMRA

FEATE 200C AW 2 h J5, LS BRI/ HT A (kuboX 1000, b3 BAE)HEAT N, IR P e
ik, fK#E Brunauer-Emmett-Teller ¥ i 5% 572 RS (DFT) T H AWM R LR AR FLZE M. K
P KBr 53, fd I  BLIH- 20 438 B itk A (Nicolet iS10, S [ JE i /720 &) & ke S R 1 B AE ] ARYE
ASTM D3175-11 [5], fSH#EFHTIUTGA, MFFE-EH 2 &£ )N E K 7 & & K H Boehm ¥ & V2
SERE R[S

2.4. R MIsCoe

ZECHR[12], 18 UV-2000 XGRS AT WG4 0606 BE v (AL 5 B A 43 A 38 IR A WD), £E 665 nm
BT, R I G R RIREE . A T 24 44 8y 124 14, 164 184 20, 24 mg/L {7 H %
VRIS, 2 7R TR ML, ZRMEAFEN v = 13.934x + 0.2652, L& R* = 0.9989, W Ff7%}
VI Rk B 2 AR A A (1) B
(G=C)7 1o00 )

m
s O NI BRI B 5, Cp ARRHIHILEIR E (mg/L), C, AW 5 Gk BE (mg/L),
V RGBT, m AR 55 2 (mg).

3. ER51T1i8
3.1. HERRIE

AR ERRRIE NS 1 FoR . IRBTEYIR LR T FY(3.32~25.75 m*/g) & TR k14 BLMP (0.84 m’/g).
MREICA 13 B, LB MR, HERIMAREHT k14 BLMP, $&F41T 30 £%. BEAERGIHIN NFE, RiE
YR LCR A 250 FFHE NS, XEHTEZHIARRRAMUSHEANAEDIR TR, &R RE ST
YR ISR TS ZE R A LR, PRI R, il DR R, MR ER AR FLR, e
AL, WARSLAR7]. SFUERRL FFLIERFR S LR R AR RS 73X — 55 MBL-3 BLEFLIEFRA
0.05 cm®/g, LA 0.0102 cm’/g, “FHIFL4% 3.74 nm, 18T HAWRBA W% o 5350 5 LM R B (0.56~0.85
mmol/g) 5 K43 (13.50~16.62%) %)= T Hi 4R {& BLMP (0.48 mmol/g. 11.19%). X ¥ %2 HTI257 MNa &
BRETNE, ARG RKEKD TR EIRE 7], X3P R AR = O R e B A . FL
oM 1), MBL-3 5 MBL-5 BHAMRG AR, BEAEZIALNT 2 nm ML, Hh, BER
FEAEM MBL-3 LS RS, FLEREINY—, F—KIEH TR RER BB EH

0=

Table 1. Physicochemical properties of biochar

=1 EIRIBUME R

GV bW m*g  BILER cm’g  WALAER em¥e P am K% BE mmol/g
BLMP 0.84 0.02 0.0005 47.07 11.19 0.48
MBL-1.5 3.32 0.01 0.0011 8.35 16.62 0.85
MBL-3 25.75 0.05 0.0102 3.74 13.50 0.70
MBL-5 17.04 0.04 0.0071 4.64 14.84 0.56
MBL-10 7.77 0.03 0.0032 6.99 16.15 0.56
MBL-15 7.39 0.03 0.0030 9.23 14.19 0.58
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Figure 1. Pore size distribution of biochar

E 1. £YRILESHE

AWDIRAE 3440 em ' A 1630 cm ™' b B LT AMRISIE (S 2), XI55 (-OH). T REHRE(C=N)
FIFR BRI 5% BEAh, MNa6 7F 1430 cm™' LA K 1200~900 cm ™' AbAELEMR SIS, 15 i i i A 75 & i i) C-H
B By, B RESRIAR[13]. Hh, 1200~900 em™ b SRR G AT 15 25 MR ER £ (R-SO5-M,
M &R S PN S MRS) . EAERNE, BEEYIRIE 1200~900 cm ™' 77 7E SR Z I, SR 1 7T 9K
& BLMP NALEZFFIEIE, RIIARTZ MR ER] T AR b, X s ae N XRD RAELE (% 3) T E .

XRD &
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Figure 2. Infrared spectrum of biochar
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Figure 3. X-ray diffraction of biochar
B 3. SR X GHERTS

Bl 4 SRR T IR BRAE A AR R 7 HA 366 1 PR B 25 B LA B A 0 A 3 %o W B 25 B ) S ) o Y2 453 AR P i MB
W 9 108.69~143.95 mg/g, HiHTIRAA BLMP (75.90 mg/g), et T 1.9 5. MB J&TBH & A HL4L
K, BRI TRy R MB 1B . ARSI AR, JoALAK 2 o] LA 5 I B 7 %o A AL G
WIFRI IR BRF , A )2 o WP A B 1 BT LA S A ROV B [ 14 0 2K 5 55 W B B AR B P A S 23 A AIE ] 173X — 5
S HE IR K oy S W B R HEAT LR A IS 0T, F RREE P BN 0.0145, /T 0.05, LA R* = 0.8101, RERN
1E, Uil MB W& 5 K AR B MR IEAH R OR R . AR K i %, G FIF MB [
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Figure 4. Methylene blue adsorption capacity and correlation analysis of biochar
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R ZAR BUES & 1 5% &S BV R IFREAT T RAL, WEIT 1 HO I FH W A PRk o 25 RER
IR BT LL A S E R AL IR S M R N R, SRR S AR TR Loy 123 I, SR i e A4
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WL R TIARE T T 30 fi5. FTIR 55 XRD 25 BAESE T AR B R BRI HIR 51 8] T AEVIR . RiAEIR
Xt MB R H BT I BE 77(108.69~143.95 mg/g), HCaTIRARA MmN M i it I+ 7 1.9 £ 2k
AH I3 BT 2% BH AR 3R TR K 43 52 M BT MB 14 i 1 e

ELWMB
TLIE REEAEALH QDL 2Rt R H (xex2022260).

SE K

[1] Z2Rih, ZRMEER. BRGS0 P e 41 2 B A2 AL B G RL EK SR AR AR T[], AKALBEHE R, 2022, 49(1): 123-126.

[2] XISLAE, X4bE, RV, FEAT X YUkl R K o B R (IR B 2 7 S R 2 FE (0], 7 I K22 2Rk (B R R
JiK), 2022, 55(6): 74-81.

[3]1 Elx, BRI, 2R, 5 3R A e SRR AL E YRl R K (1], EPEE, 2022, 48(11): 33-36.

[4] %‘?ﬁ) TERE, HRAKRE, S T SRR R AR A ST R [J]. RAR R TL(CL (2540 T), 2023,
48(1): 1-11.

[5] Cao, L., Zhang, X., Xu, Y., et al. (2022) Straw and Wood Based Biochar for CO, Capture: Adsorption Performance
and Governing Mechanisms. Separation Purification Technology, 287, 120-592.
https://doi.org/10.1016/j.seppur.2022.120592

(6] KUK, Bolute, Ty, S5 MK oot K H K Ay e T s R R (7). R IAL T, 2023, 50(1): 1-7.

[71 Zhang, X., Cao, L., Xiang, W., et al. (2022) Preparation and Evaluation of Fine-Tuned Micropore Biochar by Lignin
Impregnation for CO, and VOCs Adsorption. Separation Purification Technology, 295, 121-295.
https://doi.org/10.1016/j.seppur.2022.121295

[8] ®AJKE, BKEH, 17 L. Fe SB5 e A R AL BB SR T 0 B P )R I (7). ALk, 2022, 43(1): 1-16.

[91 WkESZR. B SChE AR i) £ S 0T B 4 Jm AR AL I SR WL 55 [D]: [l 22t 3], REE: R TR,
2022.

[10] Z4%. SRR SE SRR BTREFT A M R A0 & 88 F B8 R 7K o U ) 25 BR AR B 2 [D]: [t 22 A0 3], Thmd: 5%
B TR, 2022.

[11] El, \E L, TR, & AR5 FR IS S S AT Fek R I]. 2%, 2023, 45(1): 1-9.

[12] ®BE, k¥, T, 5. DERF YR T R I RED]. Tolk/K b3, 2020, 40(1): 24-28.

[13] Abdulkhani, A., Amiri, E., Sharifzadeh, A., et al. (2019) Concurrent Production of Sodium Lignosulfonate and Ethanol
from Bagasse Spent Liquor. Journal of Environmental Management, 231, 819-824.
https://doi.org/10.1016/j.jenvman.2018.10.032

[14] Xu, X., Zhao, Y., Sima, J., et al. (2017) Indispensable Role of Biochar-Inherent Mineral Constituents in Its Environ-
mental Applications: A Review. Bioresource Technology, 241, 887-899. https://doi.org/10.1016/j.biortech.2017.06.023

DOI: 10.12677/0jns.2023.112019 175 H ARl


https://doi.org/10.12677/ojns.2023.112019
https://doi.org/10.1016/j.seppur.2022.120592
https://doi.org/10.1016/j.seppur.2022.121295
https://doi.org/10.1016/j.jenvman.2018.10.032
https://doi.org/10.1016/j.biortech.2017.06.023

	木质素浸渍菠萝蜜皮生物炭吸附亚甲基蓝特性研究
	摘  要
	关键词
	Adsorption Properties of Methylene Blue on Lignin Impregnated Biochar Derived from Jackfruit Peel
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 实验材料
	2.2. 生物炭的制备
	2.3. 特征测试
	2.4. 吸附实验

	3. 结果与讨论
	3.1. 样品表征
	3.2. 亚甲基蓝吸附能力

	4. 结论
	基金项目
	参考文献

