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Effects of pyrolysis processes under CO.—N, atmosphere on Cd*" adsorption by rice straw biochar

ZHOU Hong—wei', CHEN Zhen—yan’, HU Chao', ZHANG Ya-ping”’, GU Dong—qing’

(1.Geological Environment Exploration Institute of Jiangsu Province, Nanjing 211102, China; 2.Key Laboratory of Energy Thermal Conver-
sion and Control of Ministry of Education, School of Energy and Environment, Southeast University, Nanjing 210096, China)

Abstract: The physicochemical and adsorption properties of biochar depend widely on its processing conditions. To find the pyrolysis con-
ditions suitable for converting rice straw into high efficient biochar for cadmium adsorption, the effects of pyrolysis temperature, resident
time, heating rate, and reaction atmosphere on biochar’s characteristics were studied. The ratio of CO, in the mixed atmosphere and the
complete set of pyrolysis condition parameters matching it were determined based on a reaction atmosphere of CO,—N,. The properties of
biochar were determined by several characterizations such as pH value, Fourier—transform infrared (FTIR) spectroscopy, and Brunauer—
Emmett-Teller (BET) analysis as well as adsorption experiments. The results showed that the addition of CO> into a reaction atmosphere
significantly affected a well-developed porous structure and introduced oxygen—containing functional groups onto the surface. After com-
prehensively considering the influencing factors of Cd* removal efficiency, biochar yield, and cost, the most reasonable ratio of CO was fi-
nally determined to be 0.5. Other parameters matching the CO,—=N, atmosphere were: a pyrolysis temperature of 800 °C, resident time of 1 h,
and heating rate of 10 °C - min™', respectively. The biochar prepared in the optimal pyrolysis conditions had a high removal efficiency of
Cd* of up to 96.6% from the initial 250 mg+ L™ Cd* concentration solution, indicating that this method could convert agricultural waste bio-
mass into high value-added products to deal with cadmium in wastewater.

Keywords : biochar; pyrolysis; CO,—N;atmosphere; rice straw; cadmium
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Figure 1 Schematic diagram of the biomass pyrolysis produce

biochar system
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Figure 2 Biochar yield and removal efficiency of Cd*(a),pH of

biochar and solution post—agitation(b) ,and FTIR spectra of

biochar(c) at different temperature
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Table 1 Pore structure parameters of biochar at different CO; ratio

FH HLEH e i
Samples  Surface area/m>+g”'  Pore volume/cm®+g”' Pore diameter/nm

BCCO 41.37 0.064 0 6.184
BCCO0.25 248.85 0.1930 3.100
BCCO0.50 264.93 0.1935 2.922
BCO.75 347.06 0.254 7 2.936
BCC1.00 339.68 0.2332 2.746




JHLT 10, 55 CONAUR B I T S XTRFE A5 B P 3 1609

A FLBRZE RS2 AT B . 1T CO, T B % AL 77 O VE
RETE Ml T SR R R AETRAL RN . AT, Bl CO,
FEAG R 380, A 0 o R FL R 85 ) B S 3 i, G2 /N
LG, D A LS 2 L AR /DN, Bl 2 1 AR K i 34
DI~ S e 12 L7/ By e N W R L Y & O e
AR AL TR A AUF R COL HL R 0.5 B IR A
Al
2.3 =& E/ I

P14 Sy I A 45 B8 B B) AR 384, 26 4 e ™ 2 0 G
FBRAE AW e N R IS R 0 pH DL S A ) e 2151

1001 a
x 80r o—o/é\é/é
T
&
T 601
o
)
[=W
2 40F
= D\—D/D\D\G
f 20+
-O- Cd¥EBr%
o AR
0 L L L L ]
0 0.25 0.50 0.75 1.00

CO; He Al Ratio

20b mcewm O4aps O AWHCERR

10+ _I_ —I— _I_ _I_ _]_

8 I A P o e o =
E 6fF

o

N

07k 0 025 050 075 100

CO, Ll 49| Ratio
¢ C=0 C-H

‘:ICE —:0

BCTO.5 ¥

1% 3:L % Transmittance/%

BCTO i T !
4 000 . 35I(‘)0 . 30IOO . 25IOO .ZOIOO . ISIOO . IOIOO
A Wavenumber/cm™
3 AE CO LI T A& MR K= R CHIEBRE (a) EW
AR HEREA pH(b) EMRHILLINEEE ()
Figure 3 Biochar yield and removal efficiency of Cd*(a),pH of

biochar and solution post—agitation(b) ,and FTIR spectra of
biochar(c) at different CO; ratio
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