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Effect of low molecular weight organic acids on Cu( II ) adsorption by biochars

ZHOU Dan-dan, LIANG Ni, LI Hao, ZHANG Di, WU Min", PAN Bo

(Faculty of Environmental Science and Engineering, Kunming University of Science and Technology, Kunming 650500, China )
Abstract : Effect of low molecular weight organic acids on adsorption of Cu( Il ) by biochars was investigated using indoor experiment. The
results showed that the sorption of Cu( II ) in biochar was prompted by citric acid at low concentrations(below 10 mg+L™), but inhibited at
high concentrations. The adsorption of citric acid on biochars provided more adsorption sites for Cu( II ) at low citric acid concentration,
while the increased citric acid loading on biochars may block the internal pores in biochars. The oxalic acid inhibited the adsorption of
Cu( II') on biochars at the tested concentrations(0.5~50 mg+L™). This result may be explained by the strong complexation between oxalic
acid with Cu( I ) in the aqueous phase, and the competition between oxalic acid and Cu( II ) for adsorption sites(such as the oxygen—con—
taining functional groups, and the internal pores of biochar ) on solid particles.

Keywords ; biochar; oxalic acid; citric acid; Cu( II ); adsorption

A=Wy 1% (Biochar ) 12 i A= 1) S5 7 5€ A AR 23 4
AT B Gl H <700 °C) 7= A i — 28 S R AR 0
PRI . FLBRIE 3 B e B 557 A AL A T 2 I
AT LAE i 2 A A TOREAE T B s A R
B - AR SRR B CUngm A B BRSF )7 AR o
(IR RE T, DRI, AR IR ATE Ry — Fofr BB R R

Wr#s B 5 :2016-03-23

E&WH: BEARFEFEEASIE (41303092)

YEZ RN JHSHH(1984—) , 2 1t LRI RN, FRNFIRIE L
A5 . E-mail : 01yonghneg@163.com

EEEE R B E-mail; kustless@gmail.com

R AEE LRI YR S 185 5 1 HA T
W71, HRTKR ZHMWIE RO TR e 4444 T Y i
Xof T4 W B RRAE S ML, Z A0 T SR AR
S, SRR HUR AR PR S S A KR /N T
AP (LMWOAs, 43 <250 BAHLIR ), Hioh—2&
JEH TR PSRRI A, 2 IR v LA E
(A AL, X8 LMWOAs — 7 1 i LI S5 T4 8 4%
A — AT FEAE Y e I, BE AT REfE A, thrT B
11 G SR R VAR 7/l w9 L1 O /N 1 1 S B
(AL Anqar 2 AH 25 50T f a2 o 25 400 ) o 4 i 1 i
B2 X [ A R AR A 9 A R



1924

KELRAEYRFEES, £E7 " mRBEY
180 J3 7, B/ FAERLARLRE A1, KR4 B b sl .
Fedhdn BRIR TR 0E R, )5 Y . o FRE R AR
FAH S TR AR AR 1 256 R R R4, R4
A RARF R 20 1.09 12 ¢ AR I TH R 2 0.42 42
AR P A TR 2 0.6 42 ¥, 38 BRI B IR 2% 1Y
(Y75 YL PR o A= P e B AR SR i S8 A ) R R TR
W MG R R R AL A SRR . I,
AT FRAERACA: FT RIS A E A= 9 5 S bl 5 A=
7, [N AR 2 43y DL HL S IR 2 1 R
(ZJ0H ) FIFTBER (—JoiR ) R ARENE LMWOAS, ii i
HE RN B R R AGE 1 A5 T I B B R FNAT AR TR
SE A ) e W R4 G, TFSE LMW OAs 52 A= 4
S W B EE 4 SR (AL A8 B 48 78 A= 1 e 6 EE 4 R A
i e LR AR IS b Al

| S

1.1 ¥

AR AN AAATE(PS, L H = p A B 1%
i) FIAs A (PC,HLH =/ & BT R A B T
J7) R sk, R FH R AR TR 2 ARE™, T 200,300,400,
500 C 7E 5 3f b B 4 h Hil75 4 ) s . 200,300,
400,500 CHAF il 55 B 48 A 52 A4 W o 43 Sl bk
PS2 PS3.PS4 PS5 A8 AR A W) 7 43 Sl bR id S PC2.
PC3.PC4 .PC5,

O3 FRECES LW e (10 o) F R LW, A 100
mL 1 mol - L™ HCI'WS g vh i, 138, R 4 K, B Ik
FRAE I 1R 2424 30 min; F£H] 100 mL IR A5 B2 (1
mol L HC1 1 1 mol- L™ HF) whyst, 1 0E, HE 4 Ik,
R FRAE IR E] Ry 4 W' B Jm T2 B8 F oK ks & pH
FeE J TR 60 CHAET, B i 0.25 mm (60 H
i) AT TR

F FH 76 £ 29 M4 (vario MICRO cube, Elementar,
FEEDWEAY s C.H.O M N TR &l 4
A zh ¥ AL 25 W X ( ASAP2020M , Micromeritics , 3
VA N, 5 A Wk FE TR R Spire A2 % HR K
Pk K* Ca® Mg Fl| FH KM W ORI (FAAS ) (Z-
2000, Hitachi, H 4 )& ™, K g 4E SOTF PO FIH
15 WO A 8,3 AL (HIC -20Asuper, SHIMADZU , H 4%)
MEN, APt il 5 KBr it IR G IF R,
{8 HL 2T A1 (Varian640— 1R ) $EF 7 52 2007 , $1 4%
X4 4000~400 cm™, 43¢ 4 ecm™, pH A pH i1
(AB15, Fisher Scientific, 35 E )M E™, K4 & =K

YIS RSy 3555 105
KB E,

1.2 R BRSE5G 77 %
1.2.1 W B o fdh 4 VAT, 5

K Cu(NO;),+3H,0 7£ 0.01 mg-L™" NaNO; 57K
HEC TR EE S 1000 mg- L Y Cu( D fif#c ¥k, Hor
Cu( N03)2'3H20 y‘j’fjﬁg&éiﬁo
1.2.2 WRRFHEETR 2k

IR 1 g L7 B HE , FREUE D) 5 8 mg T 8 mL
W2 OIS AL O, 2SI 8 mL M EE Sl 0.5~50
mg- L™ f LMWOAs %, H&%4 0.01 mol- L™ NaNO;,
YE R stHE ), A 0.1 mol - L™ HNO; 2(# 0.1 mol - L™
NaOH #FBA T pH % (4.0£0.05) , MR 48 7 56
Bt 8h 3 P fa], F 25 °C7F A 120 romin”™ R 48
h, 2 & LA 2500 remin™ 2.0 10 min, 33 0.45 wm fif
FLUBIEE , R FH & S80HORE 35 vk e B Wb LM-
WOAs & i FATARRE 2 A, IR FIXT IR

R SCHR H a8 5 ), I % R A 748 1 A DA
ELMWOAs &,

RICHAR (53S0 I €3 26 FF - Agilent 1200
RS RO G35 {UE 25 S /MG £ 5 (TSl C18
JCAHFE (5 pm, 4.6 mmx250 mm) ; #3588 25 °C; i 8h
AH4 0.02 mol - L™ KH,PO,( A HsPO, 1% pH2.85 ):H i
=80:20; Y44 1 mL-min™; BEFERL Y 20 pL, FEFRAVES:
WA 215 nm AR RN 210 nm,,

TR (DR A AT LMWOAs HMR R

0= LErCV (1)

P Q. AW A HLIR 1Y W B i, mg - kg™ Co Al
C. 53 3 AT HUBRAT) Ik PR R P A I AP B2, mg - L5 V
BT, Lym S W i ke

M IESFEE AL Langmuir 1 Freundlich FERIA
A /I

Freundlich #%I(FM ) :1gQ. =1gK ;+nlgC, (3)

Q. F Q. 43 31 S [ A - i W T 5 0 e DR W o
i, mg kg™ C, WA E ,mg - L™K, 4 Lang—
muir F5= R  ffF R EC, Lomg™ ;K 4 Freundlich #&71 if
I}ﬁ,%’ﬁ&,(mg'kg’] ). (mg-[fl )"sn A& Freundlich % %% .

H B R B AR Y o R R AN ] R
PR E R P ANRE B LA R it X (4)4%
Ay AEA T AR
(1-H)(m-1)

P (4)

2
rm,,:l—



JAPEY, 4 NG FAT IR 5B CuC T B0

1925

Krfem EFHTE B8R 0 RATRPRE
%R -
1.2.3 LMWOAs X4 W it A 52 i

35 rh LMWOASs % 25— AE 107~10" mg -
L7 2Z ], MRPR SRR W LMWOAs M B .
X TEAEI G F B, FE A6 0 BAG AR 2R 4 I ) Hh BE R
ferm Ak 51.25 mg- Lo [AIG, AR B iR AT AR IR
PRI e Y PRl 1R 0.5~50 mg- L

FERR 1 g~ L7 BY[E LG, FRIL 8 mg £k T 8 mL
RIS AE SO, ARl A 8 mL ¥k EESH 0.5~50
mg- L™ (1) LMWOAs ( R R BUFF IR ) A% 5 mg- L™
Cu( ID) AR G MR B W M h A2 45 8 A LR K
B, HEAA VIR T & 5 mg- L7 Cu( D)), [FRF5
A 0.01 mol-L* NaNO; iy & - HLf## i, FH 0.1 mol-L™
HNO; 58{# 0.1 mol - L™ NaOH 2 V& 4 5 74 W 1) pH {E
#] 4.0+0.05, F 25 CF LA 120 remin §E3% 48 h, &t
WL 2500 remin™ B0 10 min, 3 0.45 wm fEFLIEE,
FIF KA S W OG5 (FAAS) (Z-2000, Hitachi,
H AWM e 38 Cu A . “FAT402E 2 4, 3F
YEZS AT R

2 #R5W®R

2.1 YRR B EFH AR

AW BT (REA ST FIRA AR TR ) B HEHh 45 08 A 1 e
HALAPERULER 1o BERVRIRE TR, A2 C &
P AR (Spen) B, T O 1 H 75 1 22 KA, 158 1)
e itk A2 0 5 PR e AR I B v 5 [, AR A 114 O/C
(O+ N)/C Fl H/C J5i-§ HLiB i FEAIR, R m iR A= ¢
TRE BRI B S, B PR

B TFHE A e KRR S - (K Ca®Fl Mg™) FTBH
B (SOTHI POT ) & B sl /L, 1hd BH PG U8 ey
TR F A o HP T P4 53 B 1 o 32 Fh R R AE 4
PO ES R R (D - FEREIRES 7 A Bt
TREREESE ) TR P E 1) . AW e pH. Bl Ao I8 B8 T
e IR VU0 R ARG TP s i A ) e O b i
[IRE GO

A= 5 R L 28 (R A= W e T A A 1 BT
A= o B T B 1 A ) e ) 2R THT U RE AT A2 22
AR AE il 25 B A ] 5 480 R AT A9 MR OG22 A
2250, 2R B A= W o SR Bl 48 AR ke FROR TR & AU
REMT ) & EAAAE 22 5 o [RIFI AR BT e | Bt o Ao it
FE B ARk, AR AU e A RS TN e 38 A A AR
b BEE PR T, AR o P L T I % 3800~
3200 em™ R SAR AR IR BN, JUHORAE =k A%
R YR 300 CJE, BB W E CH, W i
(2942 2904 cm™) I 2 , i 35 & % CH 4§ 8l 1% (640~
874 cm™ ) |2 T HH {9 BH AR L B2 B vy, A= ) o
B B AR N T B R A D 5 A PR R 0 A
B 1628 em™ HYFRILAE S i C=0 S5 # C=C
AR IR BRI, ORI RIEREIZE 1 C=0 %
Gy IS AR SR AR 7 21 C=C(1516 1512
em™ ) AR R Bl WG T G, > A IR B R 2o 300 °C
J& , C=C fgadRshidi 2 ; M 200 Cfs, A#mcH
POT (1057 em™ P4 shiid i k2,
22 YRR EFEEWRIT LMWOAs B Ft

A Wy Jit Ko FL A & AR W) e X LMWOAS [ Lang-—
muir 157 F1 Freundlich #5740 4 % i 25 5 28 1 & 2
e AR A S0 T34 20 LM BERIS A=) 5t )

x| £YRREGEEMREYIELFER

Table 1 Physical and chemical properties of biomass and their biochars

AR Sed KAy W YIEER Yt /mg-kg! TCRERI% JEFH
te&E e mg &% K*  Ca* Mg SOF PO} N C H S 0 H/C  0/C (0+N)/C
PC 428 048 618 505 1550 248 098 416 003 472 641 001 446 163 072 072
PC2 951 022 519 619 1000 274 337 450 007 508 617 001 428 146 064 0.64
PC3 1062 063 526 11.80 434 440 956 341 011 668 462 002 258 077 029 029
PC4 2083 095 543 758 320 584 209 281 013 749 348 001 192 056 0.19 0.19
PC5 11842 105 569 903 165 360 191 083 015 812 310 003 124 046 012 0.2
PS 450 321 643 165 327 3.1 345 466 087 488 632 008 426 155 062 0.64
Ps2 1022 175 534 457 342 263 241 470 115 504 594 005 396 141 061 063
PS3 1724 211 548 396 257 230 170 395 149 727 447 013 222 074 022 024
PS4 2161 227 567 327 206 211 72 307 125 802 381 003 159 057 015 0.16
PS5 15443 341 578 207 108 196 49 299 101 813 287 008 97 042 009 0.0




1926

YIS RSy 3555 105

ot 4 A= e i LMWOAs B il 4 vl J8 l pe &
3478 0.90~0.99, 1 FM AR X HALLA il AT 8 AT e
FER 0.72~0.99, 4 KFAHE 091 LLF . Hik,
Langmuir B 38 5 50w I B 570 (A 49 o e HE i 4 1
AW )R LMWOAs [ o A6AE 50 A ) e %o B i
FrRGERR AW [ 25 1 K TSR A M0, 4n PC3 X FL IR
FFFAETR B W B 725 1 50 3R (5299+634) mg-kg™ FH
(1738+326) mg-kg™; M PS3 X H R FIATEE R 1 0% fft
M N (5697+899) mg kg™ Al (1784£143) mg-

3444 2942 23601638 - 49
1057
/ 871
| _M./r \L_J\_ _ WP pe
?;Q 7WM‘/’/ \\J SO A -l T\ P2
o I N S S R e N ~—pC3
S B S S & S
ey b N W S I Yo
4000 3000 2000 1000

PWeE/em™

ke XA i FAEA T A W S AR A AR G, T
TR FLBREE S 5 |, e LMWOAs 44t 2
(R BT A o Bt AR IR (O T i, AR R X LM-
WOAs AW 2N (55 2) . X5 i P e
A TR FL R T RURIE S 3 & LI A o

3B AN 2 B I3 R B BT ) AS [ AR ) A
Yo bR R R WA T8 . A[F LMWOAS ¥ &
(0.5.50 mg-L™)F , A=y X LMWOAs (14 5 5 W
FH(Ky, Q./CHINFE 2, FifiE LMWOAs ¥ BE (34 i,

1628

3444 2942 2360 1516 __ 640
1057

871

\ /: ™
A AN pg

WOGEE
%

N 1Y __,/:«,, NG —~PS2

AT TN eps3
Y A i B A i pS4

e f “., it Mdeb . PS5

4000 3000 2000 1000
W em™

B 1 YRR & Y R S A B

Figure 1 Stacked FTIR spectra of biochars produced from biomass and their biochar
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Aidy, A PS5 AT R R i A & AR AE 50 mg- L LU
s H AR e R R R R 45 A A VR R

x2 EWRBREHSEWRI LMWOAs BIRMEREMESH
Table 2 Langmuir and Freundlich isotherms(LM and FM) parameters for LMWOAs sorption on hiomass and their biochars

LM M
AT . .
HAENR Ouimgke  Ku/Lomg” - Ki/L-kg lgKy/ . K,/L-kg
05mg:-L"  50mg-L" (mg-kg')+(mg-L7")" 0.5mg-L" 50 mg-L"
g

PC 5282+529  0.13+0.02 0.97 656 92 5.95+0.02 0.47£0.03  0.96 1.31E+6 1.07E+5
pC2 44444631 0.91£0.15 0.95 2773 87 6.17+0.04 0.40+£0.04 0.85 2.25E+6 1.30E+5

pPC3 5299+634  0.88+0.12 0.97 3225 104 6.25+0.05 0.37£0.05 0.81 2.71E+6 1.5E+5
pPC4 5518+979  0.89:0.18 0.95 3395 108 6.30+0.04 0.34+£0.03  0.87 3.12E+6 1.55E+5
PC5 5940+647  2.09+0.25 0.91 6071 118 6.38+0.04 0.36+£0.04 0.89 4.04E+6 1.71E+5
PS 6261+898  0.06+0.01 0.95 337 92 5.82+0.02 0.51£0.02  0.97 9.2E+5 0.98E+5
PS2 46924824  0.36+0.08 0.93 1427 89 6.09+0.03 0.40£0.03  0.91 1.86E+6 1.16E+5
PS3 5697+899  0.22+0.04 0.93 1124 104 6.11+0.02 0.41+£0.02  0.98 1.93E+6 1.32E+5
PS4 6326725  0.63:0.08 0.94 3048 123 6.28+0.03 0.43+£0.03 0.94 2.80E+6 1.87E+5
PS5 6730+802  1.51+0.27 0.91 5798 133 6.47+0.03 0.35£0.03  0.92 4.45E+6 1.93E+5

PR

PC 1335+238  0.40+0.09 0.91 443 25 5.51+0.05 0.44+£0.06  0.79 4.74E+5 3.67E+4
pC2 1209+149  0.96+0.15 0.95 761 24 5.66+0.05 0.32+0.05 0.72 7.31E+45 3.25E+4
pPC3 1738+326  0.40+0.10 0.90 531 33 5.71+0.03 0.35£0.03  0.92 8.02E+5 4.16E+4
pPC4 1839+233  0.25+0.05 0.95 631 35 5.73+0.03 0.43+£0.03 0.94 8.13E+5 4.69E+4
PC5 4427+455  0.22+0.03 0.98 900 81 5.71+0.08 0.68+0.09  0.80 6.42E+5 1.47E+5
PS 1244+140  0.82+0.11 0.96 721 24 5.68+0.04 0.31£0.04 0.81 7.77E+5 3.21E+4
PS2 1596+212  0.40+0.06 0.95 528 30 5.68+0.02 0.34+£0.03  0.92 7.55E+5 3.89E+4
PS3 1784+143  0.35+0.03 0.98 566 36 5.69+0.03 0.39+£0.03  0.92 743E+5 4.81E+4
PS4 2183+176  0.25+0.03 0.98 484 40 5.68+0.03 0.43+£0.03 0.94 7.04E+5 5.25E+4
PS5 4603+352  0.08+0.01 0.99 354 74 5.66+0.01 0.56+£0.02  0.99 7.51E+45 8.45E+4
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Figure 3 Effect of LMWOAs on adsorption of Cu( I ) by biochar



JAPEY, 4 NG FAT IR 5B CuC T B0 1929

I RENS 5 AR e e TH T EUE B A (W1-OH) & A

FE 8 I~ LMWOAs X A= 9 e W B Ca (1) 152
Wi 43T , 2278 LMWOAs S0 A= 49 57 2 - Cu( 1) #L
TR R 2R, G 4 s . LMWOAs 5200 A= 4 5 W ff
Cu( I HLH FEZEAFELUT 3 Flr: OLMWOAs %4 3
ANEE 3 DL TS B (AR SRR ) B
e b B R Ar Cu (D) 3R T 8 Z2 AR FE el e S W v
SRR B Ca (D) BB s @ LMWOAs 54
2 MG PEFEA (R IE el I ), S 1 B T IR Rk
FEE 4 A HLIA 2 43 1015 YR58 188 28 W e W
Mt Az 9 ¢ %t CuC T IR B s LMWOASs fEdE
FE A W I R A FLB ), REAR AR 1 ke X Cu (T ) W

B
- .,‘ WA A0 Cu I ff

SEFENAL 3] Cu Il b FTRIE B, fe it Cu*TiE b

WyR TSTRAENER T c F Cu
o BHLIE CuBEATLEE  #ENLRMN o cu SRS S
B 4 LMWOAs Z00 4B Cu( [ #LEIRE

Figure 4 The schematic graph of Cu( Il ) adsorption on biochars as
affected by LMWOAs

3 £

(1) AW Xt LMWOAs (FE R FFT A R ) WK 25
IRZE T UL Langmuir BEAVIHLA, HAT AT e R
BT 0.90~0.99, R, Az 47 I JEUR RN A L 255
Wil A= 9 i Xof LMW OAs W R o it 35 A ik T A T v
A=Wt LMWOAs W B34 i

(2)LMWOAs Fft J5 Ry B 5% i A 9 e % Cu (1)
PR . eIV T AP A= st Cu (1)
REA VR R S M VE A A R FEAE 10 mg- L™
DL B A2 T A9 pexd CuC 10 ) A mi i, 438 v e B st
P R 86 o e X L i L 2 A B A

S 3Lk

[1] Zheng H, Wang Z, Zhao ], et al. Sorption of antibiotic sulfamethoxazole

varies with biochars produced at different temperatures|]]. Environmen—

tal Pollution, 2013, 181:60-67.

212 J1, B, X)W, 4. FRRFF A okt CACID) AL
W) 4O FREERl 242441, 2012, 31(11):2277-2283.

LI Li, LU Yu-chao, LIU Ya, et al. Adsoption mechanisms of cadmiun
(II'), on biochars derived from corn straw[J]. Journal of A gro—Environ—
ment Science, 2012, 31(11):2277-2283.

[3] Beesley L, Moreno —Jiménez E, Gomez—Eyles J L, et al. A review of
biochars, potential role in the remediation, revegetation and restoration
of contaminated soils[J]. Environmental Pollution, 2011, 159(12):3269-
3282.

[4] Jones D L, Dennis P G, Owen A G, et al. Organic acid behavior in soils —
misconceptions and knowledge gaps[J]. Plant Soil, 2003, 248(1):31-
41.

[5] MR A, RBER, X dh. RERRXTAS A L4 Cd Zn W R A2 1
i F 2 () 26 AT (D). Ak PRBE R % 2% 4, 2011, 30(11):2265-
2270.

MENG Zhao-fu, ZHANG Yuan—-min, DENG Jing. Effects of oxalic acid
on the adsorption and interation of Cd*, Zn* in different soils[J]. Journal
of A gro-Environment Science, 2011, 30(11):2265-2270.

[6] & B, TRIWEN, 2500 RS+ 5 A PLRR X BRI M Ph.Cd 1952
W [J). 4 FREERL2A2441], 2006, 25(5) : 1383-1387.

WU Cheng, ZHANG Xiao -li, LI Guan -bin. Effect of low molecular
weight organic acids on Pb?>* and Cd** adsorption of black carbon [J].
Journal of A gro—Environment Science, 2006, 25(5):1383-1387.

(7] XUAEZE, HPAERI, . AR e B R iR T R P SE B 0], TR P AR
W R22:4R, 2012, 43(1) . 81-84.

LIU De—jun, SHAO Zhi-gang, GAO Lian—xing. Experimental research
of the peanut shell pulverizing mechanical characteristics[J]. Journal of
Shenyang A gricultural University, 2012,43(1):81-84.

811 1, ALAEE, FFEEAN, &5 WA ARMIN TR A Yy BRI AR D).
7Tk, 2015, 42(5) : 40-44.

XU Yang, DU Xiang—zhe, QI Ying—jing, et al. Utilization of wood pro—
cessing residues|J]. China Forest Products Industry, 2015, 42(5):40-
44.

[9] Chun Y, Sheng G, Chiou C, et al. Compositions and sorptive properties
of crop residue—derived chars|J]. Environmental Science & Technology,
2004, 38(17):4649-4655.

[10] Chen B L, Zhou D D, Zhu L Z. Transitional adsorption and partition of
nonpolar and polar aromatic contaminants by biochars of pine needles
with different pyrolytic temperatures[J]. Environmental Science & Tech—
nology, 2008, 42(2).5137-5143.

[I1]LuJ H, Li J F, Li Y M, et al. Use of rice straw biochar simultaneously
as the sustained release carrier of herbicides and soil amendment for
their reduced leaching[J]. Journal of Agricultural and Food Chemistry,
2012, 60(26 ) : 6463-6470.

[12] Cao X, Harris W. Properties of dairy —manure —derived biochar perti—
nent to its potential use in remediation[]J]. Bioresource Technology, 2010,
101(14):5222-5228.

[13] Park J, Lee Y, Ryu C, et al. Slow pyrolysis of rice straw: Analysis of
products properties, carbon and energy yields|J]. Bioresource Technol-

ogy, 2014, 155:63-70.



1930

BN R £ 35E5F 104

[14] Charrua A B, £ fiil, B HR, 55 AFTEEL T ALY BT Bl ke
PRI S PEREB ST 2R S HRBEA A, 2015, 24(3):505-510.
Charrua A B, WANG Hang, LU Chun—xin, et al. Adsorption properties
of pinus derived biochar for atrazine at different temperature[J]. Ecol—
ogy and Environmental Sciences, 2015, 24(3):505-510.

[15] R4 R\, HE IR BH . WA v IR G0 LR A W B 5 2 ) R A T 50
[J]. L34, 2007, 38(6): 1118-1122.

SONG Jin—feng, CUI Xiao—yang. Sorption and biodegradation behavior
of organic acids with low molecular weight in dark brown forest soils[J].
Chinese Journal of Soil Science, 2007, 38(6):1118-1122.

[16] Pan B, Xing B S. Adsorption kinetics of 17 alpha—ethinyl estradiol and
bisphenol A on carbon nanomaterials:I. Several concerns regarding
pseudo—first order and pseudo-second order models[J]. Journal of Soils
and Sediments, 2010, 10(5) :838-844.

71X 8, 2207, = bk, S5 R [RIEBUAAE T il Ry A

HLERZH 205 & B4 M. 75 MRA b K 2248, 2009, 31(5):581-
583, 594.
LIU Bo, LI Ya —dong, WU Lin, et al. Effect of applying different sub—
strates on ingredient and content of organic acid in blueberry root exu—
dates[]]. Journal of Jilin Agricultural University, 2009, 31(5):581-583,
594.

[18] Keiluweit M, Nico P S, Johnson M G, et al. Dynamic molecular struc—
ture of plant biomass—derived black carbon (biochar)[J]. Environmen—
tal Science Technology, 2010, 44(4 ) 1247-1253.

[19] Wang Z Y, Zheng H, Luo Y, et al. Characterization and influence of
biochars on nitrous oxide emission from agricultural soil[J]. Environ—
mental Pollution, 2013, 174:289-296.

[20] Zheng H, Wang Z Y, Zhao J, et al. Sorption of antibiotic sulfamethoxa—
zole varies with biochars produced at different temperatures[J]. Envi—
ronmental Pollution, 2013, 181:60-67.

[21] Lu H L, Zhang W H, Yang Y X, et al. Relative distribution of Pb**
sorption mechanisms by sludge—derived biochar[J]. Water Research,
2012, 46(3):854-862.

[22] Bustin R M, Guo Y. Abrupt changes (jumps) in reflectance values and
chemical compositions of artificial charcoals an inertinite in coals[J].
International Journal of Coal Geology, 1999, 38(3/4):237-260.

[23] ki, A, WO, 55, WM 4t S B e
BRI PEALIRTE R =2 (R SRR, 2005, 41(3) 1 58-62.
GENG Zhi—yuan, WANG Dong—mei, BO Li-li, et al. Quantum study on
configurations and charateristics of oxalic acid[J]. Jounal of Northwest
Normal University( Natural Science ), 2005, 41(3):58-62.

[24] BALLF, XA R, BRLEIE. JURCA HILRR X IE iy 0 v 725 B fif - 380
[ff Cu*Bs2mm[J]. L3243, 2005, 42(2) . 232-237.

HU Hong—-qing, LIU Hua-liang, HE Ji-zheng. effects of several organic
acids on copper adsorption by soils with permanent and variable
charges|[]]. Acta Pedologica Sinica, 2005, 42(2):232-237.

[25] w5 AL, B LE0E, VRN A AL T 48 v i 11 gk I B s el R (D).
324, 2003, 40(5) :731-737.

GAO Yan -zheng, HE Ji —zheng, LING Wan —ting. Effect of organic
acids on cadium desorption from soils[J]. A cta Pedologica Sinica, 2003,
40(5):731-737.

[26] Zhu B, Fan T X, Zhang D. Adsorption of copper ions from aqueous so—
lution by citric acid modified soybean straw[]]. Journal of Hazardous
Materials, 2008, 153(1/2) :300-308.

RN, 22 FE ARG T RA HURR S R A2 i fif - SR R i L
HI. AEASFREE, 2005, 14(2) :253-256.

XU Ren-kou, JIANG Jun. Effect mechanisms of low—molecular-weight
organic acids on aluminum adsorption by variable charge soils[J]. Ecol—
ogy and Environment, 2005, 14(2):253-256.

[28] Li X Y, Pignatello J J, Wang Y Q, et al. New insight into adsorption
mechanism of ionizable compounds on carbon nanotubes|J]. Environ—
mental Science & Technology,2013,47(15):8334-8341.

[29] Feng Y, Dionysiou D D, Wu Y H, et al. Adsorption of dyestuff from
aqueous solutions through oxalic acid—modified swede rape straw: Ad—
sorption process and disposal methodology of depleted bioadsorbents[J].
Bioresource Technology, 2013, 138:191-197.



