)
GS%DJ_\E_ 7 N VA B 40 B UM 2023 4E 1

Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol.42,No. 1 January 2023
Knowledge Web

DOI:10.7524/j.issn.0254-6108.2021090901

VEINES, TV, bk, 55, I AIE PR e mslo W XU A RBLERBIESE L], BRBE4kar, 2023, 42(1): 253-263.

XU Jiawei, YIN Mengnan, SHI Lin, et al. Study on the efficient adsorption mechanism of bisphenol A by puffed biochar[J]. Environmental
Chemistry, 2023, 42 (1): 253-263.

BAAL 5 A D 7 7 R OR B T A AL 5T
B FHM B K R ES

(1. BFL TR 5 TRERE, B, 650500; 2. BUIHL TR/ S &b, B, 6505005
3. Zr A A E R S S Yt T LR, B, 650093)

W OE IO Dk ST R A W e R T R OW S5 R (A s, DT S e LT T G 1 R
33 X ORI T IO B Ak 2 R I A AR SR BRI IR 43 501 X R Ak A e iR A T o )
TG A Y <. FIF SEM. BET. FT-IR Fil XRD 55 T B4 A= ) i A4 B i A7 3R AT 38 2o W B3 4R 58 1T I
AL TN Al o T o) 21 Wy 5 TR B XU A ( BPA) HISS M. 455 R, LG bR L 2 ARBS O, W B g
. LSS & TR IS AL LE My e R TR AR K (856.34 m> g™ ) , RIXUEY A WM EtdR K (220.73 mgg) ,
W 52 95 R 2 B AL AR AL AR W R BETH T 7 5. AR ES A G (L AE W LAk 1k, P3RS
6 FiAT B A K (2.25 nm ) . Langmuir £ 58 GEAE 51 M F8L & 6 Bl A= ¢ X BPA RO W BFF S50 £k, 1d W Iz o
AR LB E R O 3 W R S BE R AT SR, BPA FEARIK IO SE G YR R R T ) AL N,
JE B Sy o AR R S 7 et PR HIORE TR 3 B 150 P 2 A RIS AL 40 R 4t o 7 G A

K@ WY, BRIE, BIEIL, WU A, W

Study on the efficient adsorption mechanism of bisphenol
A by puffed biochar

XU Jiawei' YIN Mengnan' SHI Lin' ZHANG Huang™ ™

(1. Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming, 650500,
China; 2. Faculty of Agriculture and Food, Kunming University of Science and Technology, Kunming, 650500, China;
3. Yunnan Provincial Key Lab of Soil Carbon Sequestration and Pollution Control, Kunming, 650093, China)

Abstract The physicochemical properties and microstructure of biochar could be changed by
physical and chemical modification, thus affecting the adsorption of pollutants. Puffed biochar was
prepared by microwave puffing of corn kernels. Then the puffed biochar was modified with sodium
hydroxide or phosphoric acid to prepare puffed activated biochar. The biochars were characterized by
SEM, BET, FT-IR and XRD. The effects of puffing and activation processes on the adsorption of
bisphenol A (BPA) by biochar were investigated via adsorption experiments. The results showed that
the specific surface area (SSA) and the adsorption capacity of the puffed biochar increased. The SSA

of puffed biochar combined with acid activation was the largest, reaching 856.34 m* g™!, leading to

2021 4F 9 H 9 H ki (Received: September 9, 2021).
* ER ARBEIEE (42167030) , mEIE PIAFEARTAN KNG H AL (2018HB008) , A FH T ATHRITFAFEHRRAA
( YNWR-QNBJ-2018-336 ) Fl=ii s TRl A4 52 2 RIBTAIBAITH (2019HC008 ) % i)
Supported by National Natural Science Foundation of China (42167030), Yunnan Young and Middle Aged Academic and Technical
Leaders Reserve Talents (2018HB008), Yunnan Ten Thousand Talents Plan Young and Elite Talents project (YNWR-QNBJ-2018-336),
and Yunnan Provincial Scientific Innovation Team of Soil Environment and Ecological Safety (2019HCO008).

% % JBISPEA A Corresponding author, Tel: 15887862593, E-mail: zhanghuang2002113@163.com


https://doi.org/10.7524/j.issn.0254-6108.2021090901
https://doi.org/10.7524/j.issn.0254-6108.2021090901

254 7N 54 1t 2 42 %

the highest adsorption capacity of BPA, up to 220.73 mg'g ', which was 7 times higher than that of
the biochar derived from raw corn kernels. The pore structure of the puffed biochar combined with
alkali activation was more developed and the average pore size is the largest of the six materials
(2.25 nm). The adsorption isotherm was fitted better by Langmuir model than Freundlich model,
which indicates the adsorption process was mainly monolayer absorption. Based on the site energy
distribution analysis, it was found that BPA occupied the high-energy sites at lower concentration,
and converted to occupying the low-energy sites at higher concentration. The intra-particle diffusion
model shows that the diffusion rate could be increased by both puffing and acid or base modification.

Keywords puffed biochar, acid activation, base activation, bisphenol A, adsorption.

XL A(bisphenol A, BPA) vz b FHF IR I . SR sk 1% g A At S RL i 5 A 7 i R, J— i i 7Ry
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(977 1, 45 0 Y TR e AT s Y L R TR (3291.01 m2-g ™), X% PFB B AW Bt AT 55 7765 mg-g 7,
E R B SR AR X L, HIZ A it B 7E b R & v BT & $5AE P A o S W B . it ELAE LAAE A B 9Y
H, IR ARG AL AR TS L AR SS & (W I RICR . BRI R, AL 4SS G TR i et $2 = AR B
(RIS 3 S0 AR 1Y), TG i 28 G0 BE AR RS AL 285 TR M SO P X A W 42 B 17 S e AL 1

AHIFGE 16 B RAE Ry SRR Ak, 3 Ao B Ak % R R e Ak B 1) 5 7S o A 1 e bk, 5T L BPA (A
B ML, B SRS (1) 2 Ak R B 3% 1 Ak B0 A 4 e SR TR 0T L e R AL B L L R 285 0 S5 R 1 1 5
(2) B Ak R Bk T Ak %o A 40 e W A 1A 6 11 2 T AL 7

1 MRLE )7 (Materials and methods)

1.1 S5k R

TR KA WAL T TR, UK A/ N | S0 R 52, 38 21 = RS A BOR A I . S50 i F Y
BPA W T B[4 T (432l ), FHEA B L3R 1. Z 84k (NaOH) | #1218 (HCD) | B R (H;PO,) 14 T K
MR 2= T (O3 Ml . 5 2R FH Milli-Q 8 21 7K i ).
1.2 AR A5

HE 100 g T B AR AE G B v =5 SO 4 ming B 55 H: o 58 S8 TF Y K0k, B A 2 g Ak 5 Kk
B F KRN AL B R RLAE 210 C SRCTHRAR T 12 h, ¥ A 450 C Sy 2 A0 1 h i1 7hx
A B HCH 3R 43 B Ak 5 1 B KRR AL E KRS 42.5% wt HyPO, R LA 1:2 Wy i LR &, H
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BOREEPE BRI 5), 8 12 by J) — #8435 NaOH L) 1:4 (Y i i IWIR &, B HEREFEIY 5], $ i 12 h
K LA IR A RS AR B 7E 650 °C S 3f i BRI A TR 2 WL R AR B (AL | AR
b ARG G WG AL . AU fb FRZ AL 45 5 5% AL 15 B A9 RE ik 20 Bl dr 44 O C. PL HC, HP, OHC Al
OHP. g A=Wy b 2 5 i , FHESHGBIPRITEE IF2d 60 FI 0, B 2li/K 2k ok = Pk, 105 C Mt 4 .

%1 BPA MR
Table 1 Properties of BPA

z% ﬁ%éﬁ*@ *ﬁxﬁﬁ%ﬁ:% K [28] oK. [28]
Name Molecular structures Molecular weight Pa Elow
Hy CH;
N

BPA /@/ \O\ 228.29 9.6 3.32
HO OH

1.3 RAPEHEYRAE

FIFHICE 43 B (vario MICRO cube, {8 E 3 7 523520 7)) 5 A= ) o 1) 0 38 4H A 3 5 L R T AR
M ( Autosorb-1Q2, I [l FE #4523 F) ) I e 1 M A8 W i 1% 3 T AR AL AR 5 38 1 49148 L 1 (b 3 B% (FET Nova
Nano, 26 [ 25 B 2% 2\ 7)) 15 3 b1 kL 22 1 B 51 ; Zeta H 037 43 #7 {X ( Naobrook 90plus-PALS-ZETA, 3 &
Bruker Y} SCAER A BIR 2N 7)) 3R EUA: 99 ¢ 14 2 T s v 1 s ok XS 2R A7 I (D8, 7 [ Bruker 23 ) 1
A B AR B 2T AT (640-IR, 5 (8 FL HLZE 20 ) ) AR A ) o i (AR 485 1) 0 26 T Y B 1AL
1.4 S RS de

A3 AEL 5 mg £ A B AR FD 80 mL ¥ Sk 20 mg- L ) BPA % (pH B0 7.0 £ 0.5) Il AR (6B
BT, T 298 K., 150 rmin™ FIHIRZE D, 7£ 0.16, 0.33, 0.66. 1. 1.5, 2, 3, 4 h Bf ZI SR, 1 0.45 pm
UENRE, F 52 Ah -] WL 4006 BT (UV-2600, H A HE2S F)) 75 R 276 nm 2RI & 3%
BPA ¥R S, AR B 5l 7 2 i £&.

il % 80 mg-L™' 1Y) BPA fifi & A 1, T A SE K FE & 19 pH 34 HCL A1 NaOH 1 2 7.0+0.5. HIif £ Wi
Bl 32 mL ¥k 1. 5, 10, 15, 20, 25, 30, 40 mg-L™' i HARIAEW, 43515 2 mg AR B AT RHR A,
7 298 K., 150 r min™' f#E PR E R AR 120 h, 12F 0.45 pm JEE, FI L 4h-0] W40 66 BE I F s Wi
H BPA Wk B, B HU A IR 2K
1.5 Srbriik

A DI EAEY R X BPA BYF 0 b & 0. (mg-g™).
_(Cy—=CIXV

0. (D
m
K, C, M BPA P (mg L), VR ART(L), m A EH R (g).
& H Freundlich F1 Langmuir #% %Y X} 25 R 2 B4l 2E 179005
(1)Freundlich f5 7.
Qe:KFXCeI/” (2)
(2) Langmuir F 7.
_ b0.C.
Q.= T+0C. (3

#HH, K & Freundlich & R0 [ 240 (mg"™"-L"-g™"); n MAEL MR L O, MBI I & (mg-g ) K R
5 e L1 Langmuir % 50 (L-mg ™).
P —G s 120 07 7 L WU Hsh J1 2w BN Y ORI X BPA TE 6 FlvAE Yk b Wit sh 1) 27
MHATIE, S 1% BT
(1) A — B 2 vy 3 25 7 e«
18(Q. — Q) =1gQ. — kit (4)
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(2) 4V B S I 3 7
LA N
0 kO’ Q.
St O, o ¢ 2RI WE BB ) e ey 390 41— 2 80 217 i) AT
N (- (mg-min) ") ) BV 4K
(3) 4 Hich .

(5

0, =kyxt™ +C (6)

A, kg UKL B8 T 2 R B (mg- (gh®) ™), Clmg-g™) 27 id i WA /K I B W B 3 g 27 9 52
u@m]_

2 5 545718 (Results and discussion)

2.1 MR AR

6 Fh W e (W BRAME R AN 35 2 R, P IR & AR T C, A & & & T C, JE A A e 2 1k i 72 1l
AL T K 7= A T 22 SR B RE AT, ZERR AL R v, X B U RE IS LA A BY . R B fk 2B i (HC
HP. OHC. OHP) W& & i ¥ = T AVEAE AL B C, Horh HP #9480 & 5 i, 1T 3k 34.05% wt, 16 B
R4t B BRAR TG AL 2 W e T 5 | T 0 23 5L sl i 5 3 5 S8 B BE 1) H/C B (ELFE R Ak AR BTG AL J5
FRIE R, U BH 2l S5 A W e B9 55 A PR FEAIREY. O/C A1 (O+N) /C e WA= W) e 5% 7K P R B2, i 36 2 1]
A1, P Y O/C F1(O+N)/C ¥ KT C, Ui B KI5 A= 10 15 0 3 7K P R 2 X5 38 3. R 1% e I 2 400 i 11 5
IR FORR M 38 3R, T ELRR IS A A= 9 5 (HC . HP) 3% 7K M AR P 173 T 00 1b A 1 %

F 2 APEMR B ERAL B
Table 2 The characteristic of six kinds of carbon materials

T AL BALA/ (emP-g!) ZetaHi{ii/mV
Lk C/%wt H/%wt O/%wt N/%wt H/C O/C (O+N)/C BET/(m*g™) P L/ ALt/ (em g b iim

Materials Average pore size Total pore volume Zeta potential
C 6231 279 1945 6.14 054023 032 409 1.74 0.18 —-18.76
P 51.82 2.89 2465 6.66 0.67036 047 475 1.74 0.21 —24.89
HC 57.85 343 3326 7.65 0.71 043 0.54 856 1.72 0.37 —41.61
HP 48.63 296 34.05 552 0.730.53 0.62 848 1.65 0.35 —44.40
OHC 4408 472 2256 2.04 1.280.38 042 510 1.90 0.24 -31.89
OHP 4281 659 2247 113 1.850.39 042 623 225 0.35 —33.59

BET %04l 25 R /s I A AR 3 AE — @ B2 REHS R AP LR AR (C R TR R 409 m*-g', P Ky
475 m*g ). HyPO, 1% 1k ] LA S A R 48 AR} i) B 2 i AL, HC A HP By 22 1 AL 51 14 K 3 856 m>-g !
1848 m*-g " B IE AL MR L R T AR ROCR 55 TR TG Ak, OHC 5 OHP 1y L3RR 414 510 m* g™
623 m* g . WAL EE A BTG A3 IR R F 3R T AR A 4R P i T 0 o B Ak, (BTSSR /N T RR TS Ak I Ak Ak
PHAE PR A A A FH A8 LR AR AN TR A 45 21, i IR AT BB H3PO, 7E 16 A 78 i (GER 2 i FL I VE T, %
IRFLAEAA MRS FLA R (3 2); i R AL L3, HsPO, BT AEILA i B 28 LA 2 1
FLBR, PRI RS Ak T4k B A R 06 Ak T2 P 52 i AS K. NaOH A= W 3¢ AT b 2004 Y, T8 358 P 2 R 38 348 43
FLIEFT3E™, (K OHC Fl OHP 1)~V ¥4 L AR 34 K T HoAth PU e b4 L (3R 2) . B A AE AT RHAFR I K
FUBEAR i, A R T F5 S0 0 Z0 i T, (A5 A 255 007 Ak i) A 40 o 32 TR0 R B AL RO TS 3 B 7
A0 B A Y.

TESCI 25T (pH=7),6 Tl M RL R T 77 e Ay (3R 2), UH PR T Rk 3 TR0 AR 56 R I 742 2 1) 340 5 fie
B H CHE 6 Rtk b s i i L far e D, U BH LS A IR I | By R L AT AR S I B AU g
/b, X 5 H R E S EAHVA (38 2), XTI A0 50 Bl i 1 25 25 (1 ) 3R T 7 U e AT 4
i, A L 2 1 T SR e AR N 22 ARG S R TR AL AR ) ik (HP) R I & AUE RE R I 2, R mY
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T HL F R

6 Fh B AL R ML SR B9 SEM 3 H7 ULIAT 1. BePE S 59 s i R T 30 & 28 B 8 Ak, BARSR B
REATLATLE PR C AR G, JCW A FLBREE Y. I AL AL BEAY P HC C OS5 H S InsE iy, 21 H B
RN — LB ZER. BTG ALY HC, HP KA KU A2 I RO G RAL, b b i oA R LA
P A= B TE TS . i AL ) OHC FI OHP il A T 22 i 2 i) FLBR A5 44, FLAR A BoA SR A AR L.

10 pm

10 pm

1 NFRBHBENT SEM JE SRHE €]
Fig.1 SEM images of six kinds of carbon materials

2.2 AWk XRD J3Hr

Pl 2 JEAEAT ST A 10°—90 % X4l P b1 FHY XRD &1, 6 il 2E W) i A 25 °F1 43 b B 3 T
1) TG 28 T8 45 A REAEATT 5 0, 4 AR L2 A 85109 (002) - [HT FT(100) P11 B0 458 5 14 AR 3 3 0 2 ML 7R
CPYER ARSI, St TAER R R vh 2T 4R R B0 5 2 2400, BEUTAR it 19 A0 SR AR BEBRET. ik 4 &
T BT X8 £ ) i A AR 38 K 2 7 A AN TR] B S ) TR T 1 1 26 ) 7k (R DG T TE 10°—90 © 13 Bl N 3R %
FEH) P, C TG i ARk, T BTG Fb ) A 9 o s oAl 4 b e Al e A B I AN T], A 10°—90° ()G 3 3w [l
AT LR IR B RO ATT S 06, BERIAT B8 22 B 285 b ™ ) 1 o,
2.3 W HERTHE R AT oA

3 J2 6 iR R A FTIR E3%. 561 3400 em™ BRI (4 55 I & —OH B9 4RAF 6, Fh B 344 1
—OH SRR 3l i 51 ). 6 Fi A= ) i RIS I FE 1640 om™ Ab 3R B0 H 2R FRRRAE W T 400, SR I8 T AE )
J e AL R TR T B Y R TS A AL A W C=C Ml C=0 i sh. K 3 v LI, BRiGfb 5 R E
AE A W AR 4k, 1Ak G AL i OHC Ml OHP #E 1019 em ™' &b 7= 4 C—O Ml C—O—C SAFFAF I Uk
W, 33X H PR T NaOH 5 4= ) i 36 T & 2E TR AR AAEAR TR T, 5T ACTE 25 U B R AT
2.4 WERAAEIR 2K

>k ' Freundlich F1 Langmuir #5554 73 51 X% 75 B e b4 L0 B BPA BB AT 005, A 45 2R LI 4
12 3. Langmuir #2448 & 25 W 19 R? 3 F Freundlich #2%Y, H Langmuir & 71 75 5 i) $38 e K W% B =
O 55250 SEMAE T 4230, BEH 6 Fh AL H e Xt BPA AW B 3 T4 & Langmuir #5280, W B} o) 72 42 28 4 B
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JEWE . Ky A Langmuir 5 %0, 7T DAPEH 0 B 500 A W2 B 0T, K 78R DR 3 7 MR 86 500 55 10 oI5 [ ) 2 R
RS R 3 AT, B A AR Wk SR R R TR R AR A= W) k. n R Freundlich 584U 1) 28 558 4, 1/n AT H
T VT U B 750 2% 1 P AN 38 50 1, Um BRI O, W R 500 2 1 50057 RS 4 5792y 3R 3 T, TR R AR IE
b, BEALSS MR R T A A B 51 S K TR A AR o, OHP (9 1n {H /N, MW B 3 67 e AN ).

Intensity
o
jun}
@]
/

A A

2 ANFA P XRD 75
Fig.2 XRD patterns of six biochar materials

—OH
Cc-0—C
3446 Cc=C 1019

4000 3500 3000 4000 1500
Wavenumber/cm™!
B3 NEEYIRE FTIR 5
Fig.3 FTIR spectra of six biochar materials

1 i
1000 500

A HP ©OHP A HC @ OCH =P muC

250 250 - (b)
A
200 200 Ak N
//‘ﬂ,,ﬂﬁ—-'— “““““
7, 150 W isof AT
2 2 PSSP S |
E E //%’f e
S 100 I 10} /e e -9 & ———0
@
/r
50 50
/ e Ee— g ————E
4 &:?ﬁii—lfﬁ#-i“”*
0 O 1 ! 1 |
0 10 20 30 40
Cdmg-L™ Comg-LY

4 BPA W[} 45iR 28 Freundlich 14 (a) 1 Langmuir 15 (b)
Fig.4 Freundlich fitting (a) and Langmuir fitting (b) of BPA adsorption isotherms
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# 3 BPA WFH45IE4E Freundlich 5% F1 Langmuir B F4D& 55k

Table 3 Fitting parameters of BPA adsorption isotherm Freundlich model and Langmuir model

ke Freundlichf& %) Langmuirf
Materials Kg/(mg' ™ L™g ") Un R On/(mg-g™) K/(L'mg") R

C 5.38 0.46 0.83 32.93 0.11 0.87
P 12.20 0.33 0.93 42.09 0.22 0.98
HC 80.61 0.31 0.89 220.74 0.45 0.91
HP 81.64 0.27 0.98 187.44 0.69 0.96
OHC 43.62 0.28 0.84 111.80 0.51 0.95
OHP 68.26 0.24 0.82 138.88 1.24 0.88

122 3 AT, B2 Ak e A W o 1 I o o 38 R (C i) e R R B 4 32.93 mgg™'s P oA 42.09 mgrg™!) . iX
Je i TR AL B A= My e bRl R A LA A E T A B N (36 2), WA T 2 0 W B
HIZ A B S AW i R I B AU BRI 2, non AR 3G A, UL E T BPA AR BRUL. 8835 10 )5 121k
55 2R Ak A= W o 1 W B 248 K, OHP A fi K% B+ (138.88 mg-g™) /5 T OHC(111.80 mg-g™), M
BET %44 7] 1 OHP 119 L3R T AR 4 OHC A R K4, HoF3BLAERS K (OHP P-4 4L42 24 2.25 nm), i)
WY g A 45 5 B 0% 26 0 i LU JHG A LR b 375 31 1) A W o A B 247 £L. BPA 19431 RS R 0.383 nm?x
0.587 nm’x1.068 nm?®, RTFE/INTAE Wy LA, PR I 53 3 1 I RfS &1, LS FE ML 78 2 9 e G B BPA BF s
TERAE ™. 6 Fpbt kb HC X BPA AU MR & 5 K, o8 220.74 mg-g ™!, 2 AN ZATAT AR LAY C 1Y W B
[ 8 i HP AR Z, Jy 187.44 mg-g . FRIFG A T LA B A RE 2 1T 1 0K 43, 5 350 22 10 FL.&5 #0 AL AR 9 5
TR FRYIETE 7K TR B X 3 2 %, 334 5 0 7K ML) A R B ES), 36 2 e R TG AL S R B A L 2 0 R mT LA B IR 122 &%
. 2 2 ATR HC A HP AY4E0C R & e dm, U S A B RE A i 2. AE W e R T & AU E R A1 R
FR L) W BE Tnn] DAk s ey R HE B 2 A 45 A 6 A5, B AE Wy T B BPA (193K 3l 7, an e Az AR 4
FH L FrEL S| g G R4S A B TS AN TRTE AL MR R R RIS £, 5 BPA [1)—OH [ HE
22 W42 fl JV i SR, DT 0 W 2 A, PRI o 3 B0 ) TR 1 Ak A 0 e W RSO B G O B4, 5 Mipatani 43
B B HLIEAR — 397 (5 HP W% B &/ F HC, 3X 0] g2t F R AL bRk 25 44 A8 15 T AL, R T fh (4 358 43
SRR

A 5T F BB K AT LTS Y P A W B 20 OR35S BOHER B A B o 43 A 1) R Y, AR
P Polanyi MW B AL, W A -5 V- Hi ROAH VA A K

E*
C, = Csexp(—ﬁ) 7
X} T Langmuir S804k, 38T X507 s fe i 301 :
o OuKiC E E\”
F(E )_ RT exp(—ﬁ) 1+KLCsexp(—ﬁ)} (8

A, €,y BPA AR VA i BE (120 mg L), R A BRAR A% %2 (8.314 J-(mol-K) ™), T M % % iif &
(298K).

6 R B RE A4 5 AL RE B 0 A 1] 5 BT %, BPA TE 6 R A RE [ B W R 7 A e R B A T 2—
20 kJ-mol ™ W REI LY. B 5(a) N EXMEN O, W PREA AL, EXRiE O, MR INmiuE/1N, 2681 BPA 7EHk
JEE AR SO0 S W BT 1 B PR, U TR M BE T IE, BPA A AT L5 A ARG A 18 W B (57 5 A A ), %
K, it fi S 3 HC>HP>OHP>OHC>P>C [ #4#, X 55 FacAhkExt BPA Fl W Bt g 1 iy —
. & 5(b) s T BPA TE 6 Fi ikl LI BE A0, BE EXIG R, FOE*) Sel RIS/, FOE*) 2k
A TR AT A R R i eV PRl P R R B A AR, i T HC>HP>OHP>OHC>P>C [JJIiifF,
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AHP OOHP AHC ® OHC aop uC

25r 25 -
(@) (b)
A
20 A — 20}
. A
— =2 A
T L ) | A
S 15 ; A 215 A
g A 3
® : A
290} a o L P
) 3] o & Ap
b on A = e b
] ) Aﬁ s A )@
3 % 257 Om
o A A = #‘ .
a™ A
0 1 1 I 0 1 1
0 100 200 300 0 10 20 30
Qf(mg-g™") E'/(kJ-mol ™)

B 5 XUy ATENFRBARL LY R0 RE i o3 A
Fig.5 Site energy distribution of bisphenol A on six carbon materials

2.5 WEHtBh T

INH A By B W R B g 2 AR AN 6(a) . MR 4R 1 h 22 AR B TinAse i, )R8 TV 22, 7E 4 h
Ip LA TR B R A — 28l 327 (18] 6(a) ) AU 408l J1 28U (151 6(b) ) #Ul& BPA 7EZSFh A= ¥ ¢
R B T, PR SEOT AR IR 4 R 8 T e R R R B, S 1 AR A
HOR TGS C P Y ke (ELW]E o T HAB DU R B b} (5 4), ke BSOS, W BB AR BR . 3 — 5 T2 i T
C. P A LL R AR/, He Al (o7 s K0 A7 IR, PR 2 5 PRl 30k 30 A AP 5 5 — 7 T R W T 1 )i 2 280 g
VI 2, BB 45 G 7K 70T 10, BPA B kA 3 1 2 2 575 B JRE A /K 0, DAL R B 15 1 1) A 1)
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Fig.6 Fitting of BPA pseudo-first-order (a), pseudo-second-order (b) and internal diffusion models (c)
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Table 4 Fitting parameters of BPA pseudo-first-order kinetic model, pseudo-second-order kinetic model and internal
diffusion model

Hh—2R 3 Jy AR E/N= 7 & e el P Y
M Pseudo-first-order kinetic model Pseudo-second-order kinetic model Internal diffusion model
Materials K/ 0./(mg-g™) R (e@ gzr/n in)")(mg-e; , R (mg.(/;il 0511 c R
C 8.14 16.92 0.1006 69.8 2370  0.8357 3.44 16.75 0.085
3.85 26.50 0.5562 62.3 3437 0.9280 10.62 12.17 0.6498
HC 3.33 183.85 0.8678 18.4 21277  0.999 97.69 63.25 0.9644
HP 1.62 173.20 0.8252 8.9 208.34 0.9872 88.67 35.84 0.9662
OHC 1.32 98.87 0.9242 12.3 120.49 0.9914 56.94 9.65 0.9882
OHP 1.73 141.83 0.9709 12.4 166.67 0.9982 103.38 5.87 0.9702

3 4518 (Conclusion)
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(EIZALES 5 TR IBAL B, 25 ARl B RCR . I AL S 5 TR 16 AL 2 (A M SR T 25 0 i R 0, LU B R AL
FREOAA SR T B AL ZS & s A AN S (AR M A LR SR B, FURAEM R = A 2 1 AL,
117 HG A B A B R R LG R T RUR . BPA B W B 5 B0 L 3 T AR B HE B A S A, L 3 T AR
R, B 2 7, e R I B2 220.73 mg-g™!, R B HILEEA L I R AR T AR A FL e AR .
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HEESELRL, LUPE ST RSO S LA BB 45

S % ik (References)

[ 1] MPATANI F M, HAN R P, ARYEE A A, et al. Adsorption performance of modified agricultural waste materials for removal of
emerging micro-contaminant bisphenol A: A comprehensive review [J]. Science of the Total Environment, 2021, 780: 146629.

[ 2] HERNANDEZ-ABREU A B, ALVAREZ-TORRELLAS S, ROCHA R P, et al. Effective adsorption of the endocrine disruptor
compound bisphenol a from water on surface-modified carbon materials [J]. Applied Surface Science, 2021, 552: 149513.

[3] MUCF,ZHANG Y, CUI W Q, et al. Removal of bisphenol A over a separation free 3D Ag;PO,-graphene hydrogel via an adsorption-
photocatalysis synergy [J]. Applied Catalysis B:Environmental, 2017, 212: 41-49.

[ 4] 245, @odte, XM, 5. 00 A /D85 I 5 AL R A AL XU A [T]. 3158 TR 2A4R, 2019, 13(7): 1557-1564.
MIAO Q Q, MENG G H, LIU B H, et al. Degradation of bisphenol A through catalytic ozonation process with copper oxide/D851
resin [J]. Chinese Journal of Environmental Engineering, 2019, 13(7): 1557-1564(in Chinese).

[5 1 XRAA, ARG, R, 55 P 3 AR Wi 6 SR e (L BUE Y £ B oK & A 1] 3058 TR, 2019, 13(2): 310-318.

ZHENG H N, SONG Q, ZHU Y, et al. Removing ammonia nitrogen from wastewater by immobilized microorganism with reed biochar
composite carrier [J]. Chinese Journal of Environmental Engineering, 2019, 13(2): 310-318(in Chinese).

L6 I, iKK:E, BEE, 55 AL S ALBRER TS PR R 22 BR 3t T K oy AvERE (7). b E BRI RL A%, 2021, 41(7) 1 3247-3254.


https://doi.org/10.1016/j.scitotenv.2021.146629
https://doi.org/10.1016/j.apsusc.2021.149513
https://doi.org/10.1016/j.apcatb.2017.04.018
https://doi.org/10.12030/j.cjee.201810039
https://doi.org/10.12030/j.cjee.201810039
https://doi.org/10.12030/j.cjee.201807179
https://doi.org/10.12030/j.cjee.201807179
https://doi.org/10.3969/j.issn.1000-6923.2021.07.028
https://doi.org/10.1016/j.scitotenv.2021.146629
https://doi.org/10.1016/j.apsusc.2021.149513
https://doi.org/10.1016/j.apcatb.2017.04.018
https://doi.org/10.12030/j.cjee.201810039
https://doi.org/10.12030/j.cjee.201810039
https://doi.org/10.12030/j.cjee.201807179
https://doi.org/10.12030/j.cjee.201807179
https://doi.org/10.3969/j.issn.1000-6923.2021.07.028

262

7 A 4

3

2%

[7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

CHENG Y, ZHANG Y Z, YAO X, et al. Study on the removal of bisphenol A from groundwater by active filter material with
manganese removal ability by catalytic oxidation [J]. China Environmental Science, 2021, 41(7) : 3247-3254(in Chinese) .

skia) BH, T7, 5 75 . 0 R TR O A T A T M e X XU AR W B PE RS (0], Ak TR R R, 2020, 48(4): 202-207.
ZHANG X Y, YU X, HAN X L. Response surface methodology for optimization of BPA adsorption using AC prepared from
corncob [J]. New Chemical Materials, 2020, 48(4): 202-207(in Chinese) .

B RTL, IR, B, A FORAE FF A W 5 ICES W B 4 5 3R 5 LT). BRAR AL 2. 2021, 42(6): 5896-5904.

NAN Z J, JIANG Y F, MAO H H, et al. Effect of corn stalk biochar on adsorption of aureomycin from lime lime soil[J].
Environmental Science. 2021, 42(06): 5896-5904 (in Chinese).

CAOHL, WU X S, SYED-HASSAN S S A, et al. Characteristics and mechanisms of phosphorous adsorption by rape straw-derived
biochar functionalized with calcium from eggshell [J]. Bioresource Technology, 2020, 318: 124063.

SHIN J, KWAK J, LEE Y G, et al. Competitive adsorption of pharmaceuticals in lake water and wastewater effluent by pristine and
NaOH-activated biochars from spent coffee wastes: Contribution of hydrophobic and n-n interactions [J]. Environmental Pollution,
2021, 270: 116244.

RAJAPAKSHA A U, VITHANAGE M, AHMAD M, et al. Enhanced sulfamethazine removal by steam-activated invasive plant-
derived biochar [J]. Journal of Hazardous Materials, 2015, 290: 43-50.

PENG Z Y, LIU X M, CHEN H K, et al. Characterization of ultraviolet-modified biochar from different feedstocks for enhanced
removal of hexavalent chromium from water [J]. Water Science and Technology, 2019, 79(9): 1705-1716.

LYU H H, GAO B, HE F, et al. Experimental and modeling investigations of ball-milled biochar for the removal of aqueous methylene
blue [J]. Chemical Engineering Journal, 2018, 335: 110-119.

LU Z, ZHANG H, SHAHAB A, et al. Comparative study on characterization and adsorption properties of phosphoric acid activated
biochar and nitrogen-containing modified biochar employing Eucalyptus as a precursor [J]. Journal of Cleaner Production, 2021, 303:
127046.

WU Y R, CHENG H, PAN D, et al. Potassium hydroxide-modified algae-based biochar for the removal of sulfamethoxazole: Sorption
performance and mechanisms [J]. Journal of Environmental Management, 2021, 293: 112912.

FANG L, LI J S, DONATELLO S, et al. Use of Mg/Ca modified biochars to take up phosphorus from acid-extract of incinerated
sewage sludge ash (ISSA) for fertilizer application [J]. Journal of Cleaner Production, 2020, 244: 118853.

WANG W J, ZHAO Y, ZHANG Y G, et al. Nickel embedded porous macrocellular carbon derived from popcorn as sulfur host for
high-performance lithium-sulfur batteries [J]. Journal of Materials Science & Technology, 2021, 74: 69-77.

XIE X B, ZHANG B, WANG Q, et al. Efficient microwave absorber and supercapacitors derived from puffed-rice-based biomass
carbon: Effects of activating temperature [J]. Journal of Colloid and Interface Science, 2021, 594: 290-303.

S, T, B SO A A BB AR e 4 AT (7], BHEC IR, 2013, 11(8): 109-110.

LV C, WANG X J, LV X M. Microwave puffing of expanded graphite performance impact [J]. Science & Technology Information,
2013, 11(8): 109-110(in Chinese).

AR, HE T, B AR R Rk R A Kk AU & D). R )8, 2004, 27(6): 22-24.

ZHANG D, TIAN S L, XIAO D Y, et al. Preparation of nano-size porous graphite by microwave method [J]. Non-Metallic Mines,
2004, 27(6) : 22-24(in Chinese) .

BT A ok SR PR RE A R (] ARBJE 47, 2009, 32(3): 33-34

LAI Q. Effect of expansion by microwave to properties of graphite [J]. Non-Metallic Mines, 2009, 32(3): 33-34(in Chinese).
BRI, LW R E ORI B AR E R ARILE] D). fEY 2%, 2000(4) : 30-32.

LIY L, JIANG H X. Quality standard and explosive mechanism of burst corn [J]. Crops, 2000(4): 30-32(in Chinese).

CHU G, ZHAO J, HUANG Y, et al. Phosphoric acid pretreatment enhances the specific surface areas of biochars by generation of
micropores [J]. Environmental Pollution, 2018, 240: 1-9.

T, EIRM, SR, 5 BROECTE A 50T oK eh i E M ) TR R PERERF 7T (). SRR 2425 4, 2017, 37(11): 4119-4128.
LI R N, WANG Z W, GUO J L, et al. Adsorption characteristics of sulfathiazole in aqueous solution by acid/alkali modified
biochars [J]. Acta Scientiae Circumstantiae, 2017, 37(11): 4119-4128(in Chinese).

PENG H B, GAO P, CHU G, et al. Enhanced adsorption of Cu(II) and Cd(II) by phosphoric acid-modified biochars [J]. Environmental
Pollution, 2017, 229: 846-853.

INEEWE, I PEPE, Ak, 45 AR W A B G 35 e W MR- A AT D B S g D). FR IR, 2021, 40(5) : 1503-1513.
SUN J C, ZHOU D D, WANG W, et al. Research progress on modification of biochar and its adsorption and degradation behavior [J].
Environmental Chemistry, 2021, 40(5): 1503-1513(in Chinese).

YU Y, QIAO N, WANG D J, et al. Fluffy honeycomb-like activated carbon from popcorn with high surface area and well-developed
porosity for ultra-high efficiency adsorption of organic dyes [J]. Bioresource Technology, 2019, 285: 121340.

LI H, WEI C X, ZHANG D, et al. Adsorption of bisphenol A on dispersed carbon nanotubes: Role of different dispersing agents [J].
Science of the Total Environment, 2019, 655: 807-813.

SHI L, ZHANG D, ZHAO J F, et al. New insights into the different adsorption kinetics of Gallic acid and tannic acid on minerals via
1H NMR relaxation of bound water [J]. Science of the Total Environment, 2021, 767: 144447,

CHEN HY, LI W Y, WANG J J, et al. Adsorption of cadmium and lead ions by phosphoric acid-modified biochar generated from
chicken feather: Selective adsorption and influence of dissolved organic matter [J]. Bioresource Technology, 2019, 292: 121948.
XIANG W, ZHANG X Y, CHEN K Q, et al. Enhanced adsorption performance and governing mechanisms of ball-milled biochar for
the removal of volatile organic compounds (VOCs) [J]. Chemical Engineering Journal, 2020, 385: 123842.


https://doi.org/10.3969/j.issn.1000-6923.2021.07.028
https://doi.org/10.19817/j.cnki.issn1006-3536.2020.04.045
https://doi.org/10.19817/j.cnki.issn1006-3536.2020.04.045
https://doi.org/10.1016/j.biortech.2020.124063
https://doi.org/10.1016/j.envpol.2020.116244
https://doi.org/10.1016/j.jhazmat.2015.02.046
https://doi.org/10.2166/wst.2019.170
https://doi.org/10.1016/j.cej.2017.10.130
https://doi.org/10.1016/j.jclepro.2021.127046
https://doi.org/10.1016/j.jenvman.2021.112912
https://doi.org/10.1016/j.jclepro.2019.118853
https://doi.org/10.1016/j.jcis.2021.03.025
https://doi.org/10.3969/j.issn.1672-3791.2013.08.075
https://doi.org/10.3969/j.issn.1672-3791.2013.08.075
https://doi.org/10.3969/j.issn.1000-8098.2004.06.009
https://doi.org/10.3969/j.issn.1000-8098.2004.06.009
https://doi.org/10.3969/j.issn.1000-8098.2009.03.011
https://doi.org/10.3969/j.issn.1000-8098.2009.03.011
https://doi.org/10.3969/j.issn.1001-7283.2000.04.017
https://doi.org/10.3969/j.issn.1001-7283.2000.04.017
https://doi.org/10.1016/j.envpol.2018.04.003
https://doi.org/10.13671/j.hjkxxb.2017.0155
https://doi.org/10.13671/j.hjkxxb.2017.0155
https://doi.org/10.1016/j.envpol.2017.07.004
https://doi.org/10.1016/j.envpol.2017.07.004
https://doi.org/10.7524/j.issn.0254-6108.2020102106
https://doi.org/10.7524/j.issn.0254-6108.2020102106
https://doi.org/10.1016/j.biortech.2019.121340
https://doi.org/10.1016/j.scitotenv.2018.11.310
https://doi.org/10.1016/j.scitotenv.2020.144447
https://doi.org/10.1016/j.biortech.2019.121948
https://doi.org/10.1016/j.cej.2019.123842
https://doi.org/10.3969/j.issn.1000-6923.2021.07.028
https://doi.org/10.19817/j.cnki.issn1006-3536.2020.04.045
https://doi.org/10.19817/j.cnki.issn1006-3536.2020.04.045
https://doi.org/10.1016/j.biortech.2020.124063
https://doi.org/10.1016/j.envpol.2020.116244
https://doi.org/10.1016/j.jhazmat.2015.02.046
https://doi.org/10.2166/wst.2019.170
https://doi.org/10.1016/j.cej.2017.10.130
https://doi.org/10.1016/j.jclepro.2021.127046
https://doi.org/10.1016/j.jenvman.2021.112912
https://doi.org/10.1016/j.jclepro.2019.118853
https://doi.org/10.1016/j.jcis.2021.03.025
https://doi.org/10.3969/j.issn.1672-3791.2013.08.075
https://doi.org/10.3969/j.issn.1672-3791.2013.08.075
https://doi.org/10.3969/j.issn.1000-8098.2004.06.009
https://doi.org/10.3969/j.issn.1000-8098.2004.06.009
https://doi.org/10.3969/j.issn.1000-8098.2009.03.011
https://doi.org/10.3969/j.issn.1000-8098.2009.03.011
https://doi.org/10.3969/j.issn.1001-7283.2000.04.017
https://doi.org/10.3969/j.issn.1001-7283.2000.04.017
https://doi.org/10.1016/j.envpol.2018.04.003
https://doi.org/10.13671/j.hjkxxb.2017.0155
https://doi.org/10.13671/j.hjkxxb.2017.0155
https://doi.org/10.1016/j.envpol.2017.07.004
https://doi.org/10.1016/j.envpol.2017.07.004
https://doi.org/10.7524/j.issn.0254-6108.2020102106
https://doi.org/10.7524/j.issn.0254-6108.2020102106
https://doi.org/10.1016/j.biortech.2019.121340
https://doi.org/10.1016/j.scitotenv.2018.11.310
https://doi.org/10.1016/j.scitotenv.2020.144447
https://doi.org/10.1016/j.biortech.2019.121948
https://doi.org/10.1016/j.cej.2019.123842

1 VEHIIE 5. WAL TT P A 035 B XU A OB 5 263
[32] TANXF, ZHU S S, WANG R P, et al. Role of biochar surface characteristics in the adsorption of aromatic compounds: Pore structure

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

and functional groups[J]. Chinese Chemical Letters, 2021

QU J H, WANG Y X, TIAN X, et al. KOH-activated porous biochar with high specific surface area for adsorptive removal of
chromium (VI) and naphthalene from water: Affecting factors, mechanisms and reusability exploration [J]. Journal of Hazardous
Materials, 2021, 401: 123292.

XWFEVK, M b, B R 4. MR LT M 176 1 e B RO RS I ¥ iy sz (7). 458842, 2016, 37(9) 2 3670-3678.

LIU H B, YANG B, XUE N D. Effects of acidic and basic modification on activated carbon for adsorption of toluene [J].
Environmental Science, 2016, 37(9): 3670-3678(in Chinese) .

LOPEZ-TENLLADO F J, MOTTA I L, HILL J M. Modification of biochar with high-energy ball milling: Development of porosity and
surface acid functional groups [J]. Bioresource Technology Reports, 2021, 15: 100704.

i G, AT RL, 2R, S AR Y B S e Z VIR HHECe(VDRYIE S 22 R 58 [I]. RBER 724740, 2017, 37(12): 4715-4723.
MENG F J, ZHU Y E, LI H, et al. Effects of the remediation of Cr(VI) in soil by nanoscale zero-valent iron(nZVI) with modified
biochar [J]. Acta Scientiac Circumstantiae, 2017, 37(12): 4715-4723(in Chinese) .

A, A, BN, S WU T 2 ALBR T T 00 R RS A LR (0], 8 S 2p A 244, 2020, 41(2) : 284-292.

LI B W, WANG R H, LI L, et al. Adsorption of toluene by alkali activated porous carbons and activation/adsorption mechanism [J].
Chemical Journal of Chinese Universities, 2020, 41(2): 284-292(in Chinese) .

B RS, WA AR, A IR M 0 5 O A ZERRE AT e AL R M RN B A s (7). Aolk TRE A4, 2018, 34(8) - 235-
243.

HUANG S, DONG C Q, HUANG J S, et al. Effects of temperature and sieving treatments on physicochemical characteristics and
cadmium adsorption capacity for biochars derived from pig manure and rice straw [J]. Transactions of the Chinese Society of
Agricultural Engineering, 2018, 34(8): 235-243(in Chinese).

MUNIANDY L, ADAM F, MOHAMED A R, et al. The synthesis and characterization of high purity mixed microporous/mesoporous
activated carbon from rice husk using chemical activation with NaOH and KOH [J]. Microporous and Mesoporous Materials, 2014,
197: 316-323.

VE3mF, 22500, SR JBe. BETE A W e X S 40 B T R I 3 0 2 [0 B HIAE T, 2021, 50(8) : 2108-2112,2119

XU D P, JIANG Z W, ZHANG Z. Adsorption kinetics of lead and cadmium ions on magnetic biochar [J]. Applied Chemical Industry,
2021, 50(8): 2108-2112,2119(in Chinese).

CHOWDHURY A, KUMARI S, KHAN A A, et al. Activated carbon loaded with Ni-Co-S nanoparticle for superior adsorption capacity
of antibiotics and dye from wastewater: Kinetics and isotherms [J]. Colloids and Surfaces A:Physicochemical and Engineering Aspects,
2021, 611: 125868.

LIU S J, PAN M D, FENG Z M, et al. Ultra-high adsorption of tetracycline antibiotics on garlic skin-derived porous biomass carbon
with high surface area [J]. New Journal of Chemistry, 2020, 44(3): 1097-1106.

LI J, LIANG N, JIN X Q, et al. The role of ash content on bisphenol A sorption to biochars derived from different agricultural
wastes [J]. Chemosphere, 2017, 171: 66-73.

TANG L, YU J F, PANG Y, et al. Sustainable efficient adsorbent: Alkali-acid modified magnetic biochar derived from sewage sludge
for aqueous organic contaminant removal [J]. Chemical Engineering Journal, 2018, 336: 160-169.

BT, BRI, SR, AF. 25K X A W e AR B 5 A TS e M 52 (0], BRI, 2020, 39(11): 3161-3170.
ZHANG M, LYU Y B, ZHU Y T, et al. Impact of deashing treatment on biochar physicochemical properties and sorption mechanisms
of aromatic pollutants [J]. Environmental Chemistry, 2020, 39(11): 3161-3170(in Chinese).

YAASHIKAA P R, SENTHIL KUMAR P, VARJANI S J, et al. Advances in production and application of biochar from lignocellulosic
feedstocks for remediation of environmental pollutants [J]. Bioresource Technology, 2019, 292: 122030.

MPATANI F M, ARYEE A A, KANI A N, et al. Uptake of micropollutant-bisphenol A, methylene blue and neutral red onto a novel
bagasse-B-cyclodextrin polymer by adsorption process [J]. Chemosphere, 2020, 259: 127439.

SEAUT, TE &, AR, 45 WS 0 285 T 0 1 MR 13 52 o B 3w RE Ak 0 Af A7 [J]. FRBE AL 22, 2009, 28(3) 1 334-338,

WU Y H, WANG L, SHANG B D, et al. Site energy distribution analysis for effect of sorbed nonylphenol on sorption of
phenanthrene [J]. Environmental Chemistry, 2009, 28(3): 334-338(in Chinese).

LIU F F, ZHAO J, WANG S G, et al. Adsorption of sulfonamides on reduced graphene oxides as affected by pH and dissolved organic
matter [J]. Environmental Pollution, 2016, 210: 85-93.

MARCO-BROWN J L, GUZ L, OLIVELLI M S, et al. New insights on crystal violet dye adsorption on montmorillonite: Kinetics and
surface complexes studies [J]. Chemical Engineering Journal, 2018, 333: 495-504.

SUN Q Y, YANG L Z. The adsorption of basic dyes from aqueous solution on modified peat-resin particle [J]. Water Research, 2003,
37(7):1535-1544.

HAERIFAR M, AZIZIAN S. Mixed surface reaction and diffusion-controlled kinetic model for adsorption at the solid/solution
interface [J]. The Journal of Physical Chemistry C, 2013, 117(16): 8310-8317.

M50, FhE IS, BEACAR H AR, 45 BERR kM A 1 2% -LDHs(Mg-AL-NO, )& & M RE X XL ARSI [ [T, BRE5 1k, 2020, 39(1):
61-70.

YE Y C, SUN Y Q, SA R, et al. Adsorption of bisphenol a by phosphoric acid modified biochar-LDHs(Mg-Al-NOs) composite [J].
Environmental Chemistry, 2020, 39(1): 61-70(in Chinese).


https://doi.org/10.1016/j.jhazmat.2020.123292
https://doi.org/10.1016/j.jhazmat.2020.123292
https://doi.org/10.13227/j.hjkx.2016.09.051
https://doi.org/10.13227/j.hjkx.2016.09.051
https://doi.org/10.1016/j.biteb.2021.100704
https://doi.org/10.13671/j.hjkxxb.2017.0240
https://doi.org/10.13671/j.hjkxxb.2017.0240
https://doi.org/10.7503/cjcu20190496
https://doi.org/10.7503/cjcu20190496
https://doi.org/10.11975/j.issn.1002-6819.2018.08.031
https://doi.org/10.11975/j.issn.1002-6819.2018.08.031
https://doi.org/10.11975/j.issn.1002-6819.2018.08.031
https://doi.org/10.1016/j.micromeso.2014.06.020
https://doi.org/10.3969/j.issn.1671-3206.2021.08.017
https://doi.org/10.3969/j.issn.1671-3206.2021.08.017
https://doi.org/10.1016/j.colsurfa.2020.125868
https://doi.org/10.1039/C9NJ05396D
https://doi.org/10.1016/j.chemosphere.2016.12.041
https://doi.org/10.1016/j.cej.2017.11.048
https://doi.org/10.7524/j.issn.0254-6108.2020060301
https://doi.org/10.7524/j.issn.0254-6108.2020060301
https://doi.org/10.1016/j.biortech.2019.122030
https://doi.org/10.1016/j.chemosphere.2020.127439
https://doi.org/10.3321/j.issn:0254-6108.2009.03.003
https://doi.org/10.3321/j.issn:0254-6108.2009.03.003
https://doi.org/10.1016/j.envpol.2015.11.053
https://doi.org/10.1016/j.cej.2017.09.172
https://doi.org/10.1016/S0043-1354(02)00520-1
https://doi.org/10.1021/jp401571m
https://doi.org/10.7524/j.issn.0254-6108.2019020206
https://doi.org/10.7524/j.issn.0254-6108.2019020206
https://doi.org/10.1016/j.jhazmat.2020.123292
https://doi.org/10.1016/j.jhazmat.2020.123292
https://doi.org/10.13227/j.hjkx.2016.09.051
https://doi.org/10.13227/j.hjkx.2016.09.051
https://doi.org/10.1016/j.biteb.2021.100704
https://doi.org/10.13671/j.hjkxxb.2017.0240
https://doi.org/10.13671/j.hjkxxb.2017.0240
https://doi.org/10.7503/cjcu20190496
https://doi.org/10.7503/cjcu20190496
https://doi.org/10.11975/j.issn.1002-6819.2018.08.031
https://doi.org/10.11975/j.issn.1002-6819.2018.08.031
https://doi.org/10.11975/j.issn.1002-6819.2018.08.031
https://doi.org/10.1016/j.micromeso.2014.06.020
https://doi.org/10.3969/j.issn.1671-3206.2021.08.017
https://doi.org/10.3969/j.issn.1671-3206.2021.08.017
https://doi.org/10.1016/j.colsurfa.2020.125868
https://doi.org/10.1039/C9NJ05396D
https://doi.org/10.1016/j.chemosphere.2016.12.041
https://doi.org/10.1016/j.cej.2017.11.048
https://doi.org/10.7524/j.issn.0254-6108.2020060301
https://doi.org/10.7524/j.issn.0254-6108.2020060301
https://doi.org/10.1016/j.biortech.2019.122030
https://doi.org/10.1016/j.chemosphere.2020.127439
https://doi.org/10.3321/j.issn:0254-6108.2009.03.003
https://doi.org/10.3321/j.issn:0254-6108.2009.03.003
https://doi.org/10.1016/j.envpol.2015.11.053
https://doi.org/10.1016/j.cej.2017.09.172
https://doi.org/10.1016/S0043-1354(02)00520-1
https://doi.org/10.1021/jp401571m
https://doi.org/10.7524/j.issn.0254-6108.2019020206
https://doi.org/10.7524/j.issn.0254-6108.2019020206

	1 材料与方法（Materials and methods）
	1.1 实验材料
	1.2 生物炭材料的制备
	1.3 炭材料的表征
	1.4 批量吸附实验
	1.5 分析方法

	2 结果与讨论（Results and discussion）
	2.1 生物炭特性
	2.2 生物炭XRD分析
	2.3 生物炭表面官能团分析
	2.4 吸附等温线
	2.5 吸附动力学

	3 结论（Conclusion）
	参考文献

