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Impact of Initial pH and Pyrolysis Temperature on the Adsorption of Cr( VI ) from Aqueous Solutions on
Corn Straw-based Materials

WANG Shuai, SHANG Jian—ying’, HU Ke-lin, WANG Bo, XU Dong—hao, YANG Wen, ZHENG Xiao-li, YAN Chao-rui

(College of Resources and Environment, China Agricultural University, Beijing 100193, China )

Abstract: Batch experiments were performed on Cr( VI) adsorption using four straw—based materials including corn straw and three kinds
of biochar pyrolysed at 300 °C, 450 °C and 600 °C, respectively. The results showed that the Cr( VI) adsorption were significantly affected
by initial pH and pyrolysis temperature. The data were described by kinetic and isotherm models, and showed that the adsorption of Cr( VI)
was increased with the decrease of initial pH. The removal rates of Cr( VI ) were decreased with the increase of the pyrolysis temperature at
pH=3 or pH=5. The biochar pyrolysed at 300 °C had the best capability of removing Cr( VI) from aqueous solution at pH=1, and the maxi—
mum adsorption quantity was 141.24 mg+ g™ approximately. It observed that both the lower initial pH and the lower pyrolysis temperature
had positive effects on the removal of Cr( VI) from aqueous solution.

Keywords: corn straw; biochar; Cr( VI ); adsorption; pH; pyrolysis temperature
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Figure 1 Effect of pH on the removal rate of Cr( VI )
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C>HEY % 450 C>H W% 600 C, Hir K FEFFXT
Cr( VDI EBRZH 54.3%; 5w G pH=5 B, 4 Fhil
B AT Cr (VD) I L BR B K NIBUT Hy - KRR >A:
¢ 300 C>H M 5¢ 450 C>H )¢ 600 °C, Hirh oK
FEFEXT Cr( VDI LBR#E R 10.9%.
2.1.1 WRIGG pH (BT ) 24 s

TEV WIS pH=5 FIWI GG W JE N 5 mg- L7 1), 4
TR B AL X Cr (VL) B W2 B 50 0 2 S 3 485 SR AR OG
BERA S5 R L3R 1. M X HUAR G R R {E AT AT,
4 Tz B AA BT Cr( VD) 08 B 30 g 2 5o 7 FH PR A A
RIPIGHCRY B, H—%ah I A ot 8
Uf o — Gl IR RSN 2 AR B, — sl T
BRI 2 DAL IR B o 26 1 ZE SR, 4 Pz it
MRMEIZEAE T X Cr( VD) A B 52 22 Folr 2 g AL
P

TEF WIS pH=1 AW R EE N 500 mg- L™ i,
4 Tz B A4S Cr (VD) B 08 B 3l g 2 52 36 485 SR A
KR A S5 R WA 2. a0 FAH S R R (H ]
A1, 4 BT RRG Cr( VD) AW B 20 ) 2 R — 4%
BN J1EERRV N ) )2 BRI A ROR A B 2, HH
— R B BRI G RO . 3R 2 MZE R KR4
bz B AR AE 122 4514 T 5 Co( VD) Ao W B 32 22 Folt 2
B A4
2.1.2 WIS pH (BT B SR AR Y 5

MW U pH=5 F1 Cr( VD)V W A 90 46 e 4y
14 5.10.20.40.60.80.100 mg+L~" F1 200 mg L~
BF, A T HeEE 4 Flme AR Ce (VD) I B BE 77 B K
/N, K Langmuir 7 F2F1 Freundlich J5 2 X6 0 [ 4575
SEIREE R TG USSR AR S EOL 3R 3. 8
TR HAH DG R B R E AT RN, FOKFEFFEXT Cr( VD) K

% 1 pH=5 BRI Eh H AR B S5

Table 1 Parameters of kinetic model at pH=5

— 25y J12F A5 First—order kinetic model

45 )12 Second—order kinetic model

W BEE AR

Materials #é})’cWMJE%ﬁ%&/ S 0 B/ R TR B AR R R P i/ R

g-mg'+h” mg-g”! g-mg'+h”! mg-g”!

FOKRFEFF 0.261 0.21 0.981 0.001 0.25 0.974
HEW ¢ 300 °C 0.342 0.10 0.995 0.004 0.11 0.979
HW15¢ 450 °C 0.090 56.92 0915 0.001 0.08 0.902
HW1 5 600 °C 0.902 9.74 0.960 0.138 0.01 0.927
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&2 pH=1 B HIIR M Eh H1 F BB H

Table 2 Parameters of kinetic model at pH=1

— 2 B J12F R First—order kinetic model

TR E 15AER Second—order kinetic model

W2 B A A - , N ”
Materials — L R e R YA o/ R R R R YA - R
g mg+h” mg-g” g mg b’ mg-g”

FOKFEFE 0.428 0.08 0.995 0.006 0.09 0.992
A% 300 C 0.830 0.09 0.987 0.154 0.10 0.953
KWy 450 C 0.756 0.05 0.964 0.023 0.06 0.956
H:W% 600 °C 0.485 0.04 0.973 0.016 0.05 0.969

< 3 pH=5 FRIRMTEREE S
Table 3 Isotherm model parameters for Cr( VI') adsorption at pH=5
L Ldnglﬁ]ulr*ﬁﬁﬁ Langmuir model Freundlich #71 FreundAli(ih‘ n\l}()del
Materials Langmuir W IS o 50/ T R B/ R Freundlich Mg BS54 %5/ R
L-mg" mg-g” ! Ly

FRFHFE 0.116 1.49 0.929 0.184 0.58 0.881
A9 %5¢ 300 °C 0.045 0.68 0.995 0.346 0.11 0.942
W% 450 C 0.039 0.27 0.983 0.389 0.03 0.984
H:¥55¢ 600 °C 0.018 0.12 0.996 0.442 0.01 0.975

R S A FE ) Langmuir 757 R HEA 7400 A ROR 34T, 1
AW 7R 300 °C . AR Wk 450 °C 1A % 600 °C
Langmuir J5 F£ fl Freundlich J5 FE4ULA ORI 380
mH Langmuir T RRI RS A5 SR AT, 2 s 21 A A
i, FORFEFE A9 5300 °C AE W 5 450 CHIA= ) 15
600 CXf Cr( VL) 1 $5c W B 55 43 91 o 1.49 .0.68
0.27.0.12 mg-g™'. HIULAT UL, 4 FRIZEAF R Cr( VD)
W BRFRE 71 BRI - KA FF>AE 8077 300 C>2
Wik 450 C>HEH ¢ 600 °C, Langmuir A5 EIREH i) J2-
P IAT b 10 B A3 J2 I B ed R o 7] 2 T A K
e B L5 4 A [ 4 IR A7 s, , 0 R 8 114 25 - [R] DG A
AR W B AN 2 T A A W BRI 2 1A b T
F8®), Freundlich R A B 1w I (1) {2
W Bk A, L BE A B 0 A TR R P R, VR B X
TR T PRI R, e 3 I R YR

G pH=5 B, FRFEFFRE Cr( VL) i W i 5 35 g 8001
JE WA, T A2 e Cor (VL) e W 6 g 22 Fb AL 1) 3 ]
VEFIR 4

MW U pH=1 F1 Cr( VD)V W A 9046 1R 2 4>
1242040 .60 .80.100,200.400 mg+ L~ F1 800 mg- L~
B, 4 Fkz B AA AR X Ce( VD) B4 B RE 71 45 5 S A K 2
B 438 DX HUAH G R B R (BRI, 4 R A4 Ak
Xt Cr( VL) B9 SR B 28 F Freundlich #7485 5%
RIIhT . G5RERI USRI pH=1 B, 4 B R A1
Xt Cr( VD) B B 3222 1 2255 )2 W B . A5 1) 4 Fil
W AL AR W pH=1 B X Cr (VD) d5e R W% B 5 1
WEAME , FLangmuir FREXSEHE A THIG, 450
T2 2 B R BRI, FORFSFE AR 300 °C A
Wy 450 CHIHE Y e 600 Cx Cr( VI [ 55 A W% ff 2
HIE MBS 314 129.16 . 141.24 62.27 40.78 mg - g~
e R] O VRIS pH=1 I 4 R Bk R Cr( VI
B B S B R /INIU Sy - A= 9 e 300 °C> K ARFF>
W 450 C>A4H5¢ 600 C.

22 EARFEFFHRMBBEXT Co( VI )RR R0

LA 4 B BEA R AS RIS P 16 pH E 25 1F

X Cr( VI AR KR B, 25 5 LI 2 b, S

& 4 pH=1 RHVIE P ERER S
Table 4 Isotherm model parameters for Cr( VI ) adsorption at pH=1

Langmuir #%!  Langmuir model

Freundlich #%!  Freundlich model

%li‘[iiﬁjjlj Langmuir W B+ 50/ e R B o/ R N Freundlich " [fF-f7 5 %%/ R
L-mg" mg-g! mg!- g
FOKRAEFT 0.020 129.16 0.924 0.320 18.38 0.948
HW ¢ 300 °C 0.159 141.24 0.840 0.120 56.58 0.887
HM5¢ 450 °C 0.024 62.27 0.894 0.186 18.16 0.955
H W5 600 °C 0.205 40.78 0.738 0.225 11.31 0.923
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Figure 2 Effect of pH on the maximal adsorption
capacity of Cr( VI )
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