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300°C Boehm (8],
400°C 500C 600°C [8,14] SEM-
0.25 mm W300 ~ W600  M300 ~ EDS (Hitachi-3400N, )
M600
1 C HN ( 1) EDS
(Vario MICRO Si Ca Mg K P Fe S
) O (O(g/kg) = (1-C%N%—
H%)x1000)
F1 ARIEENEMERBEHEYRREBLER
Table 1 Physico-chemical properties of wheat or maize-straw-derived biochars produced at different temperatures
(g/kg) (cmol/kg) CEC pH
e q N o (g/kg) (cmol/kg)

W300 572.0 47.4 28.0 352.6 34.1 509 44 70 395 13.77 7.22

W400 576.0 47.1 28.2 348.7 37.6 63 6 0 57 11.32 7.51

W500 584.0 442 27.6 344.2 40.4 37.8 0 0 37.8 8.63 9.83

W600 596.0 393 27.8 336.9 46.1 34 0 0 34 7.55 10.0

M300 600.0 28.0 249 347.1 47.7 460 60 48 352 15.30 8.18

M400 603.4 14.9 13.0 368.7 48.9 231 14 41 176 10.71 8.15

M500 622.4 50.5 8.1 319.0 56.3 55 19 0 36 5.61 9.66

M600 805.0 18.0 6.8 170.2 71.6 45 0 0 45 7.14 9.77

53400 20.0kV 9,53 X300k SE 4/24/20123@30 """" 10.60m S 240820 0k 5.0t
B 1 AREIREEARFEFRA SEM B
Fig. 1 SEM images of maize-straw-derived biochars produced at different temperatures
1.2 Cu®* pH 49 pH
300C  400°C 500°C 600°C 0.1 mmol/L Cu(NO;), 0.01 mol/L
02¢g 50 ml NaNO; (25+0.5)C 15 r/min
20 ml 0.1 mmol/L (WH-962, ) 24 h

Cu(NO3), 0.01 mol/L NaNO; NaAC/HAC 4 000 r/min 15 min 0.45 pm

(NaAC 0.07 mol/L HAC 0.03 mol/L) (AAS Vario 6 )
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pH 4.9 (191
Cu®* (Boehm )

600°C pH CEC

Cu2+ ( Cu2+
500°C )
Cu** 97% pH (201
Uchimiya ! pH 7.9
[21] [22]
0.3 mmol/L Cu**  Pb*" X (EXAFS)
pH 8 Cu(NO;), Cu
Cu2+ Cu2+
1 CEC

H/C

700 O /NEFEFF5¢- pH4.9 @ /NEFEFT Se-ToZknl m £ KRFEFT2-pH4.9 @ FOKRFEFTIR-TeZ% vh

[(a)
600 F oy
go 500 f %
i
2 300} \
=
200 f §
’ 300°C
ST L
700 - m I fHE oEETK o ATAHUER ©1.0 mol/L Na* (1 @ 1.0 mol/L Ca*
600 F
500 t
2
B 400 b
£
og 300 F
=
= 200 -
100 F
0
T 300°C ‘ 400°C ‘ 500°C‘ 600°C 300°C | 400°C | 500°C| 600°C
INERERF I FORFEFF A

2 AREIBEFRFR Cu™ BIRH 5 RK
Fig. 2 Sorption and desorption amounts of Cu®* on straw-derived biochars produced at different temperatures
2b Cu** 24h 9.5% ~ 14% Cu**
Cu2+ Ca2+

pH 4.5 Cu* Cu?

Ca* cu? Na* 2 Cu**
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2.2 o/NEREFF R /NEREFT R+HCL
) 300°C £00°C 500 [ PEKRGFF S w FAFAFFRAHCL
450
HCI 5 400 §
Cu® 3 < 350
-, £ 300
Cu I# 250
§ 200
600°C o
() P=0.05 50
Cu®’ 0 300°C 600°C
(SPSS 16.0) Ricou > PSRRI
cu?t B3 EBRSEIBEEFTFEYRRI Cu® BRKHE
Fig. 3 Sorption amounts of Cu®* on the straw-derived biochars
Cu before and after removal of ash
pH 5.0 Cu(NO;), . 0.1 mmol/[I;l] , pH (R* 095 ~ 0.99)
Cu Cu pH 6.0 90%(300°C ) 97%(600°C
, Cu ) Cu* pH 7.0 Cu*
N
Cu Cu* 1.0 mmol/L
. (300°C) Cu** pH
B 1 2
R 0.983( )
34 ~72 g/kg SEM- 0.986( ) (600 T )
EDS Cu*’ pH
2 ~ 12 g/kg cu?t pH [24]
Na“(0.08 mol/L) Cu®* pH
Cu2+ H+
HCI pH pH [25]
Cu2+
2.3 pH pH (:uz+
4 pH 300C 600°C pH=5.6 Cu
Cu™ pH Cu(OH)"  (Cu(OH),)*" Cu(OH), @
cu* Cu** pH Cu
0.1 mmol/L 3.0<pH<6.0 Cu*
800 7000
[Cu*] = 0.1 mmol/L [Cu*] = 1.0 mmol/L
700 - 6000 |
% 600 : 5000}
[=T)
g 007 é’ 4000
o 400 | vt
§ g 3000 |
300 - =
ook 2000
100 | 1000 |
0 M300A W300m M600 AW600 6
) 3 4 5 6 7 8 2 3 4 5 6 7 8
pH pH
( ( 600°C ) )

[ 4

FE pH THEFFEMFERA Cu® BIRHE

Fig. 4 Sorption amounts of Cu®" on straw-derived biochars at different pH values
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24 Cu* 2.5
Cu2+ Cu2+
( 5 Cu** 300°C KCl
600°C / Cu* 6 KClI 0 ~ 0.8 mol/L 300°C
Cu*" Freundlich 600°C Cu®* K
(R 0.99) 300C  600°C / 300°C Cu**
Cu®* K, 158.3 541.9 72.8% 72.6% 732% T22%  65.7%
284.7 335.6 n 0.625 0.304  0.545 SPSS 16.0 (P=0.05) 0 001 0.1
0.424 K, Cu** 0.5 mol/L K" Cu™
n K" 0.8 mol/L
K+ Cu2+
cu? Cu
5 o (Cy=0.25 mmol/L) Cu**
cu? 600°C
Cu* Cu*" 1gC(K")
Ccu* Petruzzelli %
Cu*
1 300°C Naidu 1! pH<PZC
( ) Cd*
Cu2+
Degryse 30]
Cu* [26] Ca® Cu*
pH 7.1
co¥ PO}l BY oy Ca”*
[27] Cu (600°C) CO¥ POy
[20]
300°C (CEC) 600°C
600°C (1
Cu2+ Cu2+ 2.6
(CA) (HA)
300°C Cu®*
70001 M300 AW300 m M600 AW600 7 CA Cu?'
6 000 0. CA
® CA
% 5000 X Cu2+ -
£ 4000 ’
g y i CA-Cu
= 3000 Cu2+
2000 o7 HA Cu*
1000 ) HA (pH
5.0) HA
00 50 100 150 200 250 300 350 Cu* 32] Kasozi
Cu* WA EE (mg/L) [33]
( Freundlich ) HA HA
5 FRVERETHEFEDRRY Cu® BKHE HA-Cu Ccu?t

Fig. 5 Sorption amounts of Cu®" on straw-derived biochars in
different initial Cu®' concentrations
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Fig. 6 Sorption proportion of Cu®* on maize-straw-derived biochars with different ionic strengths
500 - 700 -~
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Fig. 7 Effects of organic ligands on Cu®* sorption to maize-straw-derived biochar
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Influencing Factors of Cu®” Sorption to Straw-derived Biochar

JIA Ming-yun, WANG Fang, BIAN Yong-rong, YANG Xing-lun, GU Cheng-gang, SONG Yang, JIANG Xin"

(State Key Laboratory of Soil and Sustainable Agriculture (Institute of Soil Science, Chinese Academy of Sciences), Nanjing
210008, China)

Abstract: Biochar plays important roles in the retention of heavy metals and organic contaminants in soil. However, little
attention has been paid to the factors that affect the sorption of heavy metals to biochar. Environmental factors influencing on the
sorption of copper to wheat and maize-straw-derived biochars pyrolysis at different temperatures were analyzed in aqueous
solution. The results showed that, biochar was an effective sorbent to retain Cu®’, and the retained Cu®" was not easy to be
desorbed. The amount of Cu®" adsorbed increased as the increasing of pH and initial concentration of Cu®" in solution. As the
solution ionic strength increase, sorption amount of Cu®" to high temperature produced biochar increased. Small molecular
organic ligand like citric acid suppressed the sorption, but humic acid slightly enhanced the sorption of Cu** to low temperature
produced biochar. However, the ash content of biochar has no significant effect on the sorption of Cu®".

Key words: Pyrolysis, Complexation, Precipitation, Ion exchange
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