2018,37(1):179-185 Ko RO R ¢ 2 4R 2018 4E 1 A

Journal of Agro-Environment Science

R, PR, EUIE,F. TORFEFFIRAAL IR G #0025 Y o BB R [T AR FREERL 27241, 2018, 37(1): 179-185.
ZHU Yin-tao, LI Ye—dong, WANG Ming-yu, et al. Adsorption characteristics of biochar prepared by corn stalk alkalization on zinc[J]. Journal of Agro—Envi—

ronment Science, 2018, 37(1):179-185.

KR FERRAL ALIR 1 5 0 4 0 3R U B S B A 5

KA, FLA N, ENE, BEL O RAHE, R
(LEMAM KA S I, KA 1301185 2. KA IREL IRy Jrift A 25 TF A KA, KA 130122)

8 BT FORFEFF BRI A R A5 AR W BRI K o Zn B IHRR: | DL ORAE T ORI 45 KRS FFA 9 5 (BC) , [l
X T RFEFEREA AR A 350 b BER SR AR Ak i A 0 ¢ (K—-BC) , FR7E L3t =858 T BC A K-BC X Zn (R Bl 1 5 TR B #4 7 2
P e pH Xt EHIR I ARZ I, 25 5 00K /0T LRI FLARI 2 R L B8 R AT A G IS S R AE R AT T Zn (MR B 25 57 . 5 SR 3R .
24 Zn V&N 60 mg- L, BC Hl K-BC %t Zn {41 i A5 phy HRssk 0 (6 018 S 08 [ 2 S BRg i, FLAF A 1 sl ) 24 [ 74 BC
1 K-BC St Zn (1495 B B IR (288~318 K) Al Zn ¥ J& (10~120 mg - L) AN T4 0 , Herp K-BC Xt Zn 5310 00 I8 R T
BC, H i Freundlich BE7XT W f o B A TRl IR B 63d 5 124038 W] BC T K-BC XT Zn WM S A & WEAHITC I B2 38 0 ) 2o
;7€ pH2.0~5.0 YEFI N, 24 pH 4 5.0 Bf K-BC X Zn [ fe K, W R 2835600 50% . 1R BC 1 K-BC 2544 3RAF T BRAL R 225 50T
DAFEN, 3 2 Pl AR et Zn W B 22 SR R LR TR FLER S5 A4 R 55 7 254 =22 ) B 22 5%

SRR : FORFEFE s AW s DA SO 5 B 5 MR BH 5 RAE

hESZES: X712 SCERFRERD A NEHRS:1672-2043(2018)01-0179-07 doi:10.11654/jaes.2017-0917

Adsorption characteristics of biochar prepared by corn stalk alkalization on zinc

ZHU Yin-tao', LI Ye—dong"?, WANG Ming—yu', MA Xiu-lan", ZHANG Qiu-ping', WANG Yu-jun"

(1.College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China; 2.Environmental Protection Bureau of the
Changchun Jingyue Economic Development Zone, Changchun 130122, China )

Abstract: The adsorption characteristics of biochar prepared by corn stalk alkalization treatment to simulated wastewater were studied.
Corn—stalk biochar(BC) and alkaline-modified biochar(K-BC) were prepared using corn stalks and alkalized impregnated corn stalks, re—
spectively. The effects of BC and K-BC on the adsorption kinetics, Zn adsorption thermodynamics, and pH on Zn adsorption were investi—
gated. Simultaneously, adsorption mechanisms and differences of Zn by BC and K-BC were characterized using elemental analysis, specific
surface area pore size determination, scanning electron microscopy (SEM ), and fourier transform infrared spectrometer (FTIR ). The results
indicated that adsorption process of Zn on BC and K-BC were consisted of the rapid and slow section at Zn concentration of 60 mg+L™, and
the quasi—second—order kinetic adsorption model could describe the adsorption process effectively. The adsorption capacity of Zn on BC and
K-BC increased with increasing temperature from 288 K to 318 K and Zn concentrations from 10 mg-g™ to 120 mg-g™', and the adsorption
process was well fitted to the Freundlich equation. Thermodynamic parameters revealed that Zn adsorption by BC and K-BC was a feasible,
spontaneous, and endothermic process with an increase in disorder. Over a pH range of 2.0~5.0, the adsorption capacity of K-BC to Zn was
the highest, and the adsorption rate was close to 50% at pH=5.0. According to the structural characterization and physical and chemical
properties of BC and K-BC, differences in Zn adsorption by BC and K-BC were derived from their specific surface area, pore structure, and
fragrance structure.
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Figure 1 Effect of contact time on the adsorption of Zn
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Table 1 Kinetic parameters for adsorption of Zn on BC and K-BC

WE—2Ra )y T i W Ry i

B 0.0 kY Q../ 3%
mg-g” min™ r mgeg” g-mg’emin™
BC 19.3 0.256  0.978 8** 19.9 0.024 7  0.995 5**
K-BC 222 0.258  0.979 8** 22.9 0.022 1  0.995 9**

T r ARSC R, ** FOR B F MR (P<0.01). T,
Note :r stands for correlation coefficients, **indicate statistical signifi—

ance at P<0.01. The same below.
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Figure 2 Adsorption isotherm of Zn on BC and K-BC at

different temperatures
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Table 3 The thermodynamic parameters for adsorption of
Zn on BC and K-BC

0 0 . -1

Zn HORKMHE (B ) 5P BIE 27 2-37 8 mgeg B0 g O M0 A8 SR
22.9~30.5 mg-g™ Z[H]. IS Langmuir BERZ LIIET BC 10 1076 964  -170 -184 -199
W2 o 510 2 TR 4150 B AR B 0 o 8 — A IR B A 30 1046 906  -156 -170 184
B 53 Z [ JCAH BLAE F 7 A w4 i BRAR B B 2 Ak~ 50 1237 945 148 -163  -177
WSz AP ABS TR A HE B 0T Zn R I o 2k B G S Fre— 70 1076 867  -142  -155 168
undlich BT SE HEF A 90 10.09 820  -135 -147  -160
3 3 % BC il K_BC #4280, 25 mEm 57 120 9.49 768  -126 -138  -149

I Zn ¥R JE (10~120 mg "LV, BC 9 AG® AH° o ;g 167..1255 18127..11 —1(:: —122 —;(9):(9)
1 AS® {54351 }-19.9~-12.6 ,9.49~12.37 kJ *mol ™ Al 0 1L 95 157 172 186
76.8~96.4 J-mol™ - K™ ,K-BC ] AG° AH° Fll AS" {7} 70 1184 1073 1901 207  -22.3
A -22.3~-13.3.6.15~17.25 kJ -mol ™ I 82.1~117.1 90 13.46 96.1  -142 -157 -17.1
Jemol ™+ K, 7Eit I 1 F (288~318 K )3 Fil 1N . AGP fii< 120 11.98 87.6  -133  -146 -159

% 2 BC #1 K-BC R Zn B9 Langmuir 0 Freundlich Zi8 22 #
Table 2 Langmuir and Freundlich models for adsorption of Zn by BC and K-BC
§ N Langmuir S8 Freundlich %%
P HAFE/K Gun/mg-g K./L-mg™ r n Ki/mg: g+ (mg- L") r

BC 288 22.9 0.065 0.996 0%+ 2289 4.186 0.952 4%+

303 26.1 0.067 0.985 9%+ 2.859 4.892 0.935 4%+

318 30.5 0.072 0.995 5%* 2.803 5.686 0.948 7#*

K-BC 288 27.2 0.072 0.989 4%+ 2.890 5271 0.929 5%+

303 35.4 0.074 0.990 5%+ 2710 6360 0.933 3%+

318 37.8 0.078 0.995 0%+ 2711 6.926 0.945 5%+
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Figure 3 Adsorption capacity and adsorption rate of Zn on BC and
K-BC at different pH values
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Figure 4 FTIR of BC and K-BC
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Table 4 The relative absorption intensity of infrared spectra of BC and K-BC(Semi—quantitative )
be AHXS SR HE /%
" 3400 cm™ 2920 cm™ 2850 cm™ 1720 em™ 1620 cm™ 1425 em™ 1362 cm™ 1060 em™ 793 cm™
BC 0.275 5 0.055 5 0.028 7 0.0313 0.052 8 0.165 1 0.053 4 0.234 8 0.102 9
K-BC 0.137 2 0.051 3 0.019 2 0.056 1 0.126 9 0.234 3 — 0.253 8 0.119 2
" ZRIEN
FEbb
(2920+2850)/1720 (2920+2850)/(1620+1425)
BC 2.690 1 0.386 4
K-BC 1.256 6 0.195 2
=R
Note: “—"representative not detection.

(a) BC

(b) K-BC
B 5 BC 5 K-BC 3 M HEE (800 &)
Figure 5 SEM image of BC and K-BC(800 times)
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Table 5 Specific surface area and pore structure parameters

o BET R ALY WAUARY  SEYkitR/
o m?eg™! mL-g” mL-g™ nm
BC 3.006 5 0.001 5 0.001 0 1.203 0
K-BC 29.928 2 0.013 6 0.011 6 0.687 8
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) e R IR B T AR o A FlR A, K-BC X Zn AR
AT BC B R 7E T K-BC HA $ K e 2 1
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Table 6 Main component and pH of BC and K-BC

‘ W5y 0% FE AR
b pH W53 1%
H N (0] H/C 0/C (O+N)/C
BC 9.03 17.36 65.35 4.36 2.16 10.77 0.80 0.12 0.18
K-BC 10.41 22.73 67.98 1.09 2.28 5.92 0.19 0.09 0.09
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