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Abstract; Heavy metal pollution of soil and water has seriously threatened human life and health, and
Pb’* is one of the most difficult heavy metals to deal with because of its strong toxicity, difficult
degradation and easy enrichment. Corn straw was used as raw material to prepare hydrochar and pyrochar
at different temperatures (280°C and 320°C ) , respectively. The structural differences of the two kinds of
biochar were compared and analyzed, and based on this, Pb** adsorption mechanism of hydrochar and
pyrochar from straw was studied by combining isothermal adsorption model and adsorption kinetic model.
The results showed that the dehydrogenation effect of hydrochar was more significant, forming rich surface
oxygen functional groups and disordered crystal structure with the increase of hydrothermal temperature.
The porosity of hydrochar was firstly increased and then decreased, finally presenting a regular and dense
appearance; however, the deoxidization effect of pyrochar was more remarkable, it had fewer surface
oxygen functional groups, forming a more ordered crystal structure. The porosity of pyrochar continued to
increase, showing a rough porous surface morphology. Adsorption equilibrium of straw hydrochar and

ek B 2020 -03 —20 &R HIW . 2020 - 05 - 08

EEWA: EEKARPAR 4T H (51806080) 2020 4 B % Mg 1+ 5 BHF N R BRI H F1di R B T+ = 1 B2 R T H
(JJKH20200325K])

PEE B WNA4(1984—) T PRI 181, 32 DS A2 0 /SR 2 AL sk i 4 B 7 FHAF T, E-mail : liudongdong@ jlau. edu. cn

WISIEE: HEAN(1964—) 5B #082 101, B SAR I 74 ) 3 i 2 DAL A FH B R BFSY , E-mail ;. jlaudonglj@ 163. com



F12H

R4 A5 RERT KI5 PR 5 S R RAE B AT R AIL A F 5

305

pyrochar was reached at 4 h and 10 h respectively, and the theoretical equilibrium adsorption capacity was
214. 16 mg/g and 133.99 mg/g; Pb>* adsorption of straw pyrochar was in accordance with pseudo first-
order kinetic model and Freundlich isotherm adsorption model, indicating that the adsorption reaction was
a multi molecular layer adsorption process; however, Pb>* adsorption of straw hydrochar conformed to the
pseudo second-order kinetic model and Langmuir isotherm adsorption model, indicating that the
adsorption reaction was a single molecular layer adsorption process. Combined with the structural
characteristics of the two kinds of biochar, it was found that straw pyrochar mainly relied on the diffusion
movement of Ph>* within its pores to remove Pb>* from water, and the existence of large-scale mesopores
was more conducive to Ph>* to overcome the space barrier and enter the pores, however, the physical
adsorption capacity was relatively weak and easy to desorb; in addition, complexation reaction was the
main Pb>* removal mechanism of straw hydrochar, in other words, the oxygen-containing functional
groups exchanged with Pb** to form complexes, and chemical adsorption capacity was strong and not easy

to desorb.
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Fig.1 SEM images of straw, hydrochar and pyrochar
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Fig.2 XRD profiles of straw, hydrochar and pyrochar
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Fig.3 FTIR spectrum of straw, hydrochar and pyrochar
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Tab.3 Pore structures parameters of straw, hydrochar

and pyrochar

S8 JG  H280 H320 T280  T320
WREA/ (m2-g~')  19.4 435 10.5 51.1 75.5
ML/ (em®-g™')  0.03  0.06 0.02 0.07 0.13
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Fig.4 Pore diameter distribution of straw, hydrochar

and pyrochar
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eIk WERT A ik VNS 8/ R P 01 e 5) B o R 23
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— 03 Hr K B, T280 F T320 7E 4 nm N LIRS A
AHARL, {5 T320 7£ 4 ~ 100 nm 385 Bl HA 8 & A8 H fL
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T320 I T 25 AT TR SCR

R4 FBEFKRRIMARBRIEE FRERE

Tab.4 Pb** removal rate of hydrochar and pyrochar

from straw %
W B RSt ] /b H280 H320 T280 T320
3 65.5 77.2 54.3 67.0
24 80.3 88.8 68.4 71.1

X T FF K A, 8 AR ) W B IS R 2% 4
H320 FY4Y R FRBRRIGZOR T H280, i EEfbZ5H
FAE TN, B 7K PR B T S FE K A0 i 2 1fT
T ACE RE T BCR B 2 | (LR 3RAD 25 AR
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B, AR e R A AR BRI (AN R R
F LSS ) BEAS 58T B RN 55 AR B IR L
RIS B (WA TN ), WA 35
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BR[44 | A3, BEE A=) e vh & 4B RE AT 3 2,
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B 225 1 %) SR AL
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Fig.5 Adsorption kinetics model fitting curves of typical

samples for Pb**
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Tab.5 Adsorption kinetic fitting parameters of typical samples for Pb’*

e Cy/ 9o exp” We—R ) 2755 WE G Bl S A5

" (mg-L™')  (mgeg™")  Geea/(mgeg™')  k/h7 R Qeca’ (mgrg™") ky/(g-(mg-h) ") R
T320 600 135. 14 133.99 0. 549 0.970 *** 145.77 0. 005 0. 894 **
H320 600 215. 80 204. 44 6.367 0. 860 ™ 214. 16 0.041 0.951 "

T IR P <0.001, #+FR P<0.01, F[H,
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{6 FH Langmuir FERIH Freundlich #5578 Xof i 1 4
mi (H320 1 T320) W B4 25+ 2F 17 S8 IR A5, 45 51
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Fig.6 Isotherm adsorption of typical samples for Pb**
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BE2 7R IRL(298K) £, T320 R, M 0. 05 ~
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Tab.6 Isothermal adsorption fitting parameters of typical samples for Pb**
bes Langmuir %5557 Freundlich 25 WK Bt #5571
" Quan/ (mg-g™") K,/ (L-mg™") R Kp/(mg!"-g~!-L7") 1/n R
T320 140. 704 0.012'1 0.9556 ™" 14.329 0.346 5 0.984 3™
H320 253.722 0.024 6 0.9756 ™" 39. 591 0.294 8 0.907 2™
7 HEHFA Langmuir BHTEE& S B RY T A Al % it o BB A BRI B %) v, 7K R 17 I &

Tab.7 Separation coefficient of Langmuir adsorption

isotherm of typical samples

BB T SEBRAIAA U W/ (mg-L71) R,

H320 T320 H320 T320
44.56 46.74 0.65 0.47
103.78 98. 36 0. 44 0.29
195.28 203.74 0.30 0.17
408. 69 405. 31 0.17 0.09
585.64 607. 86 0.12 0.06
790. 24 804.97 0.09 0.05

REIE R Z JZ W, SCHk[47 ] & B, Freundlich #&
TR v R - R 5 — o R R b R TR R 7 3R
G AEE (1/n) , 24 1/n > 1 AW N A 5 %
A5 1/n 720 ~ 1 Z B R BRI R0 5 T & A
H2% 6 Al N, TS ik FUK B 1/n 35028 0. 346 5
H10.294 8 , & B i A= ) 1 X8 25 - 118 I BAF i A 44
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RE 7405 HANZE B B

3 #Fig
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