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BB RE, DA AN TERE, 43 5T Sh 3 b (700 °C) A SR FF IR EE il £ T 2 Bl ok (43 ARIE N BCL A
BC2), iz FHAM M (BET). 4 o 1 B 8% (SEM) FIZLAMG1E (FT-IR) RAEAHT THEY BB 5 S5, BT
ST 2 ol AR 90245 A% ) (0E H Bk (ACE) FNSE % (CLOY)) I W BN AT S, 43 B %28 T 90 4 pH. T BE AL 77 25 7 %t
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O35 YA R I W B R L PR AR, BT, MR Z MR N THIE Y e, X HRIREE AR
Y A ) R AR SE AR X B D o E AR B B BRMROK RS — E SR TN WRE IS A AR W ok, HLEE I
H7E AR AESRGE PR, HXHE 5 e Y T B A B R AR Zm S, BT, A5t
MR RS L AR TR AZ AR JEORE A S B R AR IR B R Aol A T 2 R AR g
LT 2 T A W R X B M B S S O (E B PR (ACE),  BE U (CLO)) W B fE i 28, oA
T2 R AR W B PERE AT SRR S SR TE IR b i B B A S B S SRS
1 MR *
1.1 EEIKF

ACE(C,H,,CIN,, >97.0%) 1 CLO(CH,CIN,O,S, >97.0%) W [ |- ¥ F 4. T A= AL Bl 4 ey A FR 2>
Al 2 Fh A 2 AR B AL ME R S RO L.
NaNO, 4 HF 4l , 1 B T8y i BHE T A B2 Tbflph”‘?*‘f%ffﬂ?ff“"ﬁ )
i CaNO4HO K HTA, W5 1 LSHTAL T e

AL AR AT IR 75 HNO, R4 B4t I T
AESTREMA TIRAARA R, SRADkY AR st K e

RBAiK Bk CoH,CIN, 22268  188~192 [16]
':‘—' A vy, oo
1.2 LGSR Mz CHCIN,O,S 11.1 249.7 243~264 [17-18]

T RO AR (B Y (e2695, 25 [E] Waters), #
4l /K 3% B (Millipore Integral 3, 3% [H Milli-Q), 414 =X 1H i #& K (ZQZY-BFS, [ ifFMI%E), Dhappn
(SX2-8-10N/NP, [-ifg—1fH), A UIEIHL 355 UIFIHL, WivlBR3EF4E), pH il (FE28, %+ Mettler
Toledo),
1.3 E¥RHl&S5RE

ARG YRR IZA, AW o AR 2 MOkl e o vk 1 AR LR DI RIHLY)
EI RGN, A 150 mL A SR, 35 LT, ANZHBERAE, BETSMp R, T
700 °C A F iR IE 6 h, WH 24 h G B, ERFRR L 100 BHIF, T AHBSREH. ¥
WAEMIRARIE N BCL, 7 2: M AM ARSI FINL DRI A, BT AR PR, BHEE
ERIZAC K, U 100 Hif, 2T ASPRH Bt EY Rbridh BC2.

K U $ B 7 230 (SUS100,  H 7K Hitachi) Wi%¢ BC1 I BC2 KL 5 >R 4l B 2L 41 1%
X (Cary660, 3 [ Agilent) 4 #7724 ¥y s R B GE 1 ;. R F 4> B 2l bb 2 1 AL B 8 I 5 4% (Mini T,
H 7% Belsorp) il & BC1 1 BC2 % lL 3R 1R (Sgpp) . FLARFAIFLAE 2340 -
1.4 W% MY SE36

FF A S AE 250 mL B B IEHETE T 64T, BN SRR 100 mL, 2 R RS S BRI v
4 100 mg-L™", fdif 0.01 mol-L™" HNO, 11 NaOH & ¥ ## 5 ¥ % pH, i 1.0 mol-L™' NaNO, & ¥ #
B R, W B AR 2 A AU E IR AR IR T AT, FR IR 200 rminT's SR S mL A9 & R S
TR, 28 0.45 um MR A LR AE R DB B D8I, 0 FH o8 205 €2 335 A 00 Y R A 0 e R

TEHEAT WL 3 J1 2 523, VIR BG pH J9 5.0, TRLEE 9 25 °C, 2 FhE AR S 5% H R 60 vk B A
¥I R 10 mg- L™, AW RIBINE N 03 gL, BUFERFE 40500 1.0, 2.0, 5.0, 10, 15, 20, 30, 45,
60, 90, 120 min, M &2 £5 B[] 5 BP9 Y v R Ak T e DR B, FHME — S 8 ) “F B RV RN o — 9 8 ) 2
FEARLGE S B AT I A, R SCI I E 3 A PATAR 1 A28 O A

FEEAT W R SR SE IR, 2 Ao RS A B v E 4390 3.00 5.0, 8.0, 10, 15, 18, 20mg'L™",
W HAINHEE N 0.3 gL', MRFE/ BN 15, 25 F135 °C. WELFff 24 h J5 BUEE, 0058 I 9 P R 4% 35 e
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Yy, A Langmuir A1 Freundlich 45 7 48] & 52 56 80098 .

FEZ ) U6 pH A T3 B X B 9 s B, i pH<<9, 24h N, ACE SRS KA KN,
R, A 525648 ] 0.01 mol-L™' HNO, 1 0.01 mol-L™' NaOH 43 %]+ ACE. CLO & ¥ 1 pH 1475 K
50, 6.0, 7.0, 8.0, 9.0 3.0, 5.0, 7.0, 9.0, 11.0, AHZEHWILH pH XF W FFF 5 520 . 1 1.0 mol-L™!
1) NaNO, Fll Ca(NO;), 7 % W 42 J& B TR FE 438 0. 0.01. 0.1 F1 0.5 mol'L™, DAHHEE 5 fif
Xof W R AR B s e, AR SRR 5 W B ) 2 S e — B
1.5 SWEE

ACE. CLO R H i 850 A7 o i g i, W s A< 43 1 4 245 nm Fi1 265 nm, {538 4 4 XBridge@
C18(250 mmx4.6 mm, 5 um), FiEH 30 °C, FahAHH BES KA RFLEL 535028 70:30 F145:55, A4
¥ ACE 1 CLO HY £ BRF (R) FWE [T £ (g,) 43R4 =X (1) Fn=l (2) #4735

R= "% 100% (1)
0
(Co-C)V
ge=——"— )
m

s ROGEYIHR X ACE Fl CLO B LBRFR ;5 g, AP ME, mgg';s C, Fl C 73510 2
T AR A5 TR B0 U v BE RS- B2, mge L5 VO ROBIE IR AR, L om AW BB, o

TEWZ I3 g 2 e, SRINME— R J12 07 R 3)). e a2 072 (X (4) MINFRY L
D7 A8 (X (5)) X Mg B aed A R AT 405 B,

In(g. — q:) = Ing. — kit 3
t t 1
—_—— 4
a9 g. kg’ @
g, =kst*> +C (3)

A g, Mg, 709 i ACE Fil CLO T ¢ iy 2] 1 W B ~F- 455 mof 35 48 6l 25 2% He 590 e W i ) &, mgrg's
ey 49— G I B0 1 2 R R, min sk, R E GRS 1R R R R, g (mgrmin) ' ky
KL 3 HGHE R 8, mg-(grmin'?) ™,
TE SR W B S g, SR H Langmuir 5772 (X (6)) F1 Freundlich 75 72 (=X (7)) W BfFASS 780 X Wz o o 2
HATHIA P,
_ gnKLCe

“=1-k.C. ©)

q. = KeC." (7
K g, F g, 53 908 A2 0 o W o6 S A RN B R BN =2, mgrg s C, A WRBP A IS B MR BE, mgL;
K; 1 K, 53 5| J& Langmuir 1 Freundlich J7 #2 [ AHC 2 %85 1/n 4 Freundlich B9 2855 R 4o
TE W i #4072z Sz b, A X (8)~2X (10) 353 W Fff 2ok 72 vh (9 B BB AGY. S8R AHC R AR
AST
q

In Kd = Eee (8)

AG’ = -RTInK, 9)
AS°  AH°

InKy= — - (10)
R RT

Ao ROGBAAREE /R BB, WUE 8.31J-(mol- K) ™5 TR AR, K K, g W B %
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2 #HR512
2.1 EIRHIRIE

& 1 J& BC1 Al BC2 I fOW R RE I . vT LG, DREAASE T B SR IABE T BRbe T T8 1B 1) 7 b4
BHERIFERZ AR ARG, AR LR EES, SARYMEE 2GR, pmr 28 7%E
BC1 #l BC2 R IHIE K T K I T hEE —FE A E, Hi B h i V2 R ook .

K N, W2 BfE -6 B 5 43 A BC1 AT BC2 A9 Lb 3R T AR ML IR 4549, 25 R an &l 2(a) F1E 2(b) s .
R B8 [ s 4 b 5y A 22 156G 25 (TUPAC) #2 H 14 6 Flv gy BRI B 25 R 28 ), BC1 A BC2 ¥ )8 T 1 A
WG BRI LR, A 2 R YR Y A MALAE R, N, TEA Y iR R A LI SR B S . BCT W B -
MR TE L T A I, T8 T HA Bl B8 % Y (R0 34 22t B0 Sl L A rp LR 6 A R 5] I A
TN AL B AR BC2 W FRE-RE B i £ R B 2R, X AT B t T BC2 H IV R 58 4 1
AHLIVER . XFELPE A BIH fLAR 20 A i £R 181, BC1 AYFLAE EZ 434 #E 0~10 nm, A4 H B
MU, ULEFLAR S i3 s), FEUMALE N F . BC2 LR EE 431 #E 0~8 nm, H7F 2.37 nm
B AR BRI, U BC2 RS A 2 nm A4 MFLBRZE M, LA/, ARPE R 2 i B nT
A1, BC1 1 BET 3R i FLEH I KX F BC2, 430 0il°h 440.27 m* g™ F1329.15 m* g™, FZEJEHEATHEZH
T I 35 A PR L e ELARE . H ARSI T 22 AR, S BT o AR W R IR AN
564, BCl Al BC2 (LR E2 nm £ 47, {HJ&, BCl B HLAKTF BC2, XA FF BCl X5 4

100 pm @10

L B ZAYe
100 pm

(a) BCIAYAHH HL 14 (b) BC2ff i1
El 1 BCI1# BC2 WHAMKBEE
Fig. 1 SEM images of BC1 and BC2
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E vvvevvy < =
< 90} I =
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T e} —o— [BE-BCI = 001} = "1 2 3 4
= —=— 7 [ft-BC1 = A #%/nm
] —A— Jiiff-BC2 = -
30 Mo - BCl1
—v— I ff}-BC2 —-e-BC2
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AEXE ) fLiz/mm
(a) BCIFIBC2 N, W - i 45 ik (b) BCLUHIBC2(WBIHFLAZ 43 #i

2 BC1 #1 BC2 B N, IR i -Rie Bfi ¥R £k F0 BJH L2 3 %0
Fig. 2 Nitrogen adsorption and desorption isotherms and BJH pore size distribution of BC1 and BC2
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Yy 04 W % 2 BC1#1BC2 B BET tLL RERFFLIRLE S H
[ 3 2 BC1 1 BC2 [Y /8 HL 2T A et A Table 2 BET specific surface areas and pore structure
AT LU . BC M BC2 EL A 14 22 AR oL i 45 4 parameters of BC1 and BC2

W, X FEH BC1 I BC2 £ & 4 £ 8 19 E fe MR e mAY (Mg SEHAL M BALA/ (em’gT)

W, 3474 cm™ Ab g SEIE S I (—OH) fgfp BC! 440,27 206 0227
éﬁ{ﬂfﬁfﬁjﬂl%, 1617 Cmﬂ %ﬂ 1 468 cmﬂ ﬂ‘ﬂ/\][&qﬁﬂl% BC2 329.15 1.94 0.160
ST/ C=0. C=C 1 it 45 ¥z o) i Y

1365, 1140 F1 1071 em™ &b f4 W iz 06 mT LS PR
TR M (—OH) 1 & il 485 X A1 C— O $i fif 4%
i, 839 cm ' A1 771 cm ' BRI A MR W g 5= B 2
BT C—H 4R s 5 . A,

BCI A BC2 |- % ) 5 4 12— O, }&”m
C=0. —COOH, k4, jEd%tt BC1 Fl BC2 / Lei7 1 HEL 10T
R B/, ATRIF L, BCI7E 1365, 1140 et

F1 1071 cm™" &b i W Uk & 58 BF & T BC2, X it 4000 3500 3000 2500 2000 1500 1000 500
W1 BC1 2 I A9 12 3 40k AT fig X T BC2 119 2 2 e

B B 3 BC1#1BC2 HEMLsHkIL

_ . Fig.3 FT-IR spectra of BC1 and BC2
22 WMENAEF

BC1 Fll BC2 X 2 g MR 25 A% =500 iy i i 25
21 32 W2 LT 4. 2l )5 XV W RO B A
O B 4 % 80 52 B 1 RSO 1 R B 30 0 2 e e
A 5508 % U 9 W -t 7 56 8 190 99 (10 min) S5t Areee—eT
b 25 I 90 T, 2 0% B 38 T &
U R L AE 45 min I L BB TR S| sttt
TG 5 A W R T T 3 A B 5 o BCLACE  —on BCLACE
. TEMRRIER I, 5 4 T 10 3 i “A-BCLCLO  ~A-BC2-CLO
SRFAY . EVRRYS e RN U 5 0 P 5 1 T T TRl
S R B 2 T s R TR 2 dmin
Fi, TP BR B E VEA S R D, BTk B4 BCIAIBC2 X ACE. CLO MIRHIZ)J)F itk
lﬁﬁﬂ:ﬁﬁ T [;44% , E’i@}gjﬁﬁl 1 I}ﬁﬁ ?5]7_1/,% 271 Fig. 4 Adsorption kinetics of ACE and CLO on BC1 and BC2

SRy it — 25 VA 2 AR i 1 W R AR e B G TR i 2 BR AL, SR I — Bl g 2 R R
TG B I T REXE 2 B A ) e W BT AR AR R AR B Bl Ty 2 BRI AT G, AR LR 3. k3T
W, OME BN TR R ¥R T — sl ik, HolE T Esh e B B g, N T
DA 0 Bt L K U B o — sl 72 RERE A8 T Gy Mo 4L S BC1 A BC2 Xt 2 Ff % HUFRD A W B o AR
BC1 Ay W {8 32 33 /)N T BC2, HIEWG I 25 5 KT BC2. X ATfig/E T BC1 A H @ L%, 75
YLy A FL B ) 0 B IR B 7 R B K AR ], B A R K, BC2 LA RN, TS IhE
fi e PR b R B R AT AT, S SO B A AR X AT RR

UKL PN 7 FSCASE 78 2 1 R o o R e A S I A A R R B AL B ST ER T S A A S B A L
FE AR TS Y9 0 FRAL P BN [R] W o aek R 30 5% T 43 Sk W 2 B B ol R A B 3 B B e AR 0, i
2 [y Brad AR AL EE ks Y 4 300 Ao YRR ) W B 7R % T NS Yl A T B R T AR R B 2 AN R
W 3 B B ek R AL B Sy 35 G g 8 K S I I W O R R T L 95 G A A WS R FL B PN AR R A T
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#*3 BC1 M BC2RMf ACE. CLOZAFEH
Table 3 Kinetic parameters of ACE and CLO adsorption on BC1 and BC2

WE— 3 TR R B 1T e
MR REG
qJ(mg-g™") /! R gJ/(mg-g ™) ky/(g-(mg-min) ™) R
ACE 14.07 61.08 0.988 14.57 5.92 0.997
Bet CLO 16.42 65.85 0.953 17.43 6.29 0.984
ACE 6.86 59.97 0.992 7.26 14.06 0.996
Be CLO 6.82 103.22 0.971 7.09 31.30 0.985
i 3 A R L A ST o A 4 5 o R 2 A 20 s a
o R B B S R A AE 3 AN, 4SRN E 5 B K/” . o o
R, LRYERLG KO L3 4, ik B, BCL WL SE A et
R 3 B Brkr BC2 BN, BC2 K o /:
Bt 2 FIBBE 3 MIXBO, AT AR i T BC1 HLAT 2 r N
R 458 K 1) 7 # FL A% R AL 2%, S0f 7E B Bt = ?ﬁ g
20f, B AE RS A HUR T BCL AL BN B R ’ ¢ BCIACE o BC-ACE
KT BC2 I Ji A A 1 5 W R D05 | |
BB ANITT TN b ohook,, B 75 22 ) 6] % 1 2 3

/hl 2
U, 70 £ 3750 e ok 28 8 M /I 1 3 0 T t
5 BC1 %1 BC2 I%[ff ACE. CLO &Y

syt #E . BC1 A1 BC2 7EF B 1 h LA H0L & T e DN

R BES AR, X AT HE T B BT e ) K Fig. 5 Intraparticle diffusion model fitting of ACE and CLO
PrRCBIR MR R R 2R, RN R E adsorption on BC1 and BC2

FrE. 2 MY RAE B B 2 hi A R e, RO BT 1, XTRESE LB R i IR R e, 15
e Wy e 0 B 500 FL B N RE 8 15 A9 9 OIS B, BRI BC1 A BC2 WY B B 3 L5 22 52 ek, BC2 1Y
B BE 3 KOG P45 R HE W SR AR T BCL, 3 W T 400 i 6 3% M5 7 A i i AR ) A g 9 L 3k 30 0%
iy AR AR

%4 BCI1 1 BC2IRMI ACE. CLO MR B ARMESH
Table 4 Fitting parameters of intraparticle diffusion model of ACE and CLO adsorption on BC1 and BC2

BBl FirBz2 W3
W 551 A HGH]
k, C, R k, C, R ks G, R

ACE 10.140  10.644 0913 3433 12521 0998 0382 16205  0.995
BC1

CLO 16.858 9920 0976 6423  13.570  0.999 0227  18.986  0.993

ACE 6.667 3.605 0956  0.941 6.618 099 0397 7745  0.899
BC2

CLO 3.242 5337 0984 2483 5456 0997  0.149 9375  0.879

2.3 IRMZFIRLE

itk — 20 T i BC1 A1 BC2 X} ACE. CLO WY W it 25 & Fn i B AL 3, >k Langmuir #1 Freundlich
2 Fofr g RS A 6 B R AT LA, S5 R UL 6 f 5. W LLE Y, R & ACE R CLO W) Uf ik B i) 14
fn, BCL A BC2 A9 W By & S 2 B A B A e TRE B, i, MEREN EFA, BC1A
BC2 1 W B s[RI FEAG B i, X§F BC1, Langmuir B R HLA 1 AH ¢ R 4034 = T Freundlich, H7E
3RS T EIAF KN ER, UL BCL X 2 Fhak BU0 A I BfHE T 50401 2 B, IR R AR
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35 35
30t 30t a4
25t A 25+
B0 f o0t
on en
E 15t E 15+ 4
& — = o
10 10 . .
m 15°C-BCl o 15°C-BC2 m 15°C-BCl o 15°C-BC2
st ® 25°%C-BCl1 o0 25%C-BC2 sk e 25°C-BCl1 o 25°C-BC2
A 35%C-BCl A 35°C-BC2 A 35%C-BCl A 35%C-BC2
—— Langmuir —— Langmuir
0t . . ) 0t . . . )
0 5 10 15 20 0 5 10 15 20
C/(mg-L™") C/(mg-L™")
(a) BC1HIBC21% [ ACE[ Langmuirfl] &4 %Y (b) BC1FIBC21 fffCLOMAY Langmuirfl & #5175
351 351
30 30
25t 25
B0t B0 20t
on en
E 15¢ E 15f
1 >
101 . . 10 3
m 15°C-BCl o 15°C-BC2 m 15°C-BCl o 15°C-BC2
e 25°%C-BCl 0 25°C-BC2 e 25°C-BCl o 25%C-BC2
5T A 35%C-BCl1 A 35%C-BC2 51 A 35°C-BC1 A 35%C-BC2
—— Freundlich —— Freundlich
ot L L . , 0L L L L )
0 5 10 15 20 0 5 10 15 20
C/(mg-L™) C/(mg-L™")
(¢) BC1HIBC21 [ ACEf# Freundlich4b] & 45 751 (d) BC1FNBC2 i CLOfY Freundlichf) &4 Y
6 BC1#1BC2 3t ACE. CLO Ky} MR 4%k
Fig. 6 Adsorption isotherms of ACE and CLO on BC1 and BC2
# 5 BC1FBC2 iMf ACE. CLO WIEMIZFREMESH
Table 5 Fitting parameters of adsorption isotherms of ACE and CLO on BC1 and BC2
Langmuirf#i 7l Freundlichf 7
R s 55 AL B/ C
q,/(mg-g") K/(L-mg") R 1/n K R
15 19.99 3.61 0.951 0.14 14.31 0.891
BCl1 ACE 25 24.47 3.87 0.979 0.15 17.34 0.866
35 24.95 7.31 0.897 0.14 18.45 0.869
15 11.82 2.28 0.953 0.12 8.58 0.890
BC2 ACE 25 11.13 1.85 0.895 0.14 7.62 0.962
35 13.35 1.62 0.968 0.16 8.62 0.942
15 23.96 2.70 0.939 0.14 18.49 0.869
BCl1 CLO 25 31.56 1.20 0.902 0.16 16.51 0.835
35 30.00 4.88 0.949 0.18 20.10 0.900
15 13.05 1.31 0.954 0.18 7.95 0.866
BC2 CLO 25 12.25 3.60 0.930 0.11 9.29 0.881

35 14.11 3.28 0.835 0.12 10.53 0.910
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et % FIAE BC1 b 5 W BEHE X 3A #m . %FF BC2, Freundlich #5554 8] 4 () #H 3¢ 2 05 Langmuir
PLEMERBOTEA RN K/NK R, HMERENAEL, 2 FEAME S R B KN R Bk
T, X UL BC2 X H bR i5 YL 0 W B AE AR RS TR N 2 4 12 R, R A Ak X I B 3R
A —E 52 . BC1 X A A% HUR 0 e RBE W B 34 T BC2, S A iy RE 7, 2 FpE
Wy J5 o A% HUR 1 e R B4R g, (CLOY>q, (ACE), 45 H 58 )2 50—, K, Ml K, o] #5758 %
B RE T R S5 , Ky R K B, R BRI Y I B B D Bk E . BC1 B IR N S EOKT BC2, X Ui W g 4
IR AR L B SRR BT BRI B A B e W RE ) S5 o Freundlich 48L& B 5 %0 1/n 384 0~0.2, X
BC1 1 BC2 ¥ REH At b W B 2 BBt KB 2 % UFRIE,

I H R A 2 S O 6 38 A W e X BT IR A R R 1 W B R P AR ) AR . TR 15,
25 F135 CF, 2 FhAEY Wt ACE Al CLO MM SCHA T 2 S8 L3k 6. FERTEEIREET, S MM A M
e AG* ¥ M, RIS H REITH . AG TEFT VTR EE T SEARER R, 7T UL 2 o A 0 5
B A A% SR £ W BfE A2 3R BE S i A/ o AH®>0,  H BC1 7R W it 72 rp i AR B K F BC2, 1B
B ot R R A, BC X H AR5 e 4 B A S5 1 WL BERE 7 o AS®>0 2% BH 7 181 8 53 1 Ak A 40 o (1) 445
B OE R B Y 2 kT AR B IS 2 R YRR R AR, X R B ARTT W T S AR W R R T
PR AT B B i 45 A g S0
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Table 6 Thermodynamic parameters for ACE and CLO adsorption onto BC1 and BC2

Wz B30 AR HRE/C Ink, AG%/(kJ-mol™) AH'/(kJ-mol™)  AS%(kJ-(mol-K)™)

15 15.50 -21.02

BCl1 ACE 25 16.33 -21.75 38.14 0.262 1
35 16.53 —22.48
15 14.44 -19.44

BC2 ACE 25 14.57 -20.12 12.73 0.164 0
35 14.79 -20.79
15 17.01 -11.52

BCl1 CLO 25 16.73 -11.92 16.63 0.180 0
35 17.34 -12.32
15 14.86 -18.38

BC2 CLO 25 14.82 -19.01 13.23 0.168 9
35 15.22 -19.65
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Fig. 7 Effect of initial pH on the adsorption of ACE and CLO on BC1 and BC2
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Fig. 9 Effects of ionic strength on the adsorption of ACE and CLO on BC1 and BC2
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Adsorption properties of acetamiprid and clothianidin in water by
Cunninghamia lanceolata biochar
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Abstract Biochar can be formed by many processes in nature and affect the migration and transformation of
pollutants in environment. In order to compare the adsorption performance of biochar formed under laboratory
and natural conditions, two types of Cunninghamia lanceolata biochar were prepared in a muffle furnace at 700 °C
and open environment, respectively, which were marked as BC1 and BC2. The structures and properties of these
two types of biochar were characterized by nitrogen adsorption (BET), scanning electron microscope (SEM),
and Fourier transform infrared spectroscopy (FTIR). The adsorption behaviors of chosen neonicotinoid
insecticides (acetamiprid (ACE), clothianidin (CLO)) on biochar were studied, and the effects of initial pH,
temperature and coexisting ions on the adsorption behaviors were also investigated. The results showed that the
adsorption capacity of BC1 was much greater than BC2, the maximum adsorption capacities of BC1 toward
ACE and CLO were 24.46 mg-g ' and 31.56 mg-g ', respectively, while the maximum adsorption capacities of
BC2 toward ACE and CLO were 11.13 mg-g™' and 12.24 mg-g ', respectively. The adsorption kinetics of ACE
and CLO on BCI1 and BC2 fitted well with the pseudo-second order adsorption model. The intraparticle
diffusion model analysis indicated that a more significant three-stage process occurred for BC1 adsorption than
BC2 adsorption. The fitting results of Langmuir and Freundlich model showed that the adsorption of two
insecticides on BC1 belonged to a single molecular layer adsorption, and on BC2 belonged to both single and
multi-molecular layer adsorptions. The thermodynamics experiments indicated that the adsorption processes of
neonicotinoid insecticides on BC1 and BC2 were Spontaneous endothermic ones. With the increase of initial pH
and ionic strength, the adsorption ability of biochar was inhibited. The inhibitory effect of Na* was lower than
that of Ca®" at the same concentration. The results can provide a reference for the removal of neonicotinoid
insecticides in water.

Keywords biochar; acetamiprid; clothianidin; adsorption





