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Table 1 Ultimate analysis of corncob-based activated char before
and after impregnation
BES JEEAMHT ™ Ultimate analysis /%
Samples C H N S o}
CC850 75.39 1.77 0.61 0.16 22.07
CC850-1% 74.38 2.36 2.88 0.32 20.06
CC850-4% 66.38 4.05 4.51 0.40 24.66
CC850-6% 60.74 5.42 5.73 0.22 27.89
CC850-8% 54.95 6.90 6.83 0.14 31.18
CC850-10% 54.63 6.97 6.91 0.11 31.38
TE: CC850 by F KM 1%, 4%. 6%, 8%/ 10% )75 MDEA i

Note: CC850, CC850-1%, CC850-4%, CC850-6% and CC850-8% were the
samples of corncob-based activated char, corncob-based activated char modified
by 1%, 4%, 6%, 8% MDEA, respectively.

MR AEG erEAE, N SEaHERm, HbE
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Table 2  Pore structure of corncob-based activated char and

impregnated chars

BETH  falmihl  wdle  mdle  Fdlie
FEfb KM Micropore Total pore Micropore  Average
Samples  BET surface area/ volume/ volume/ pore
area/(m*>g") (m*g')  (mLg') (mLg') width/nm
CC850 756.25 641.14 0.3848 0.2971 2.04
CC850-1% 25.74 14.17 0.0198 0.0064 3.07
CC850-4% 6.14 2.48 0.0063 0.0014 4.14
CC850-6% 0.83 0.13 0.0010 - 5.15

CC850-8% - - - - -
CC850-10%
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Note: CC850, CC850-1%, CC850-4%, CC850-6% and CC850-8% were the
samples of corncob-based activated char, corncob-based activated char modified
by 1%, 4%, 6%, 8% MDEA, respectively.
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Fig.3 Effect of concentration on breakthrough curve of SO, at 120 C
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Table 3 Adsorption properties of corncob-based activated char
and impregnated chars

o 1 THEFER R AR R AATR B
Ff b P
Samples Brefikth-r(?ugh S.aturate.:d SaFurated . Pvalue
time/min time/min adsorption/(mg-g”)
CC850 9.5 20.02 57.78+3.42
CC850-1% 8.5 18.26 52.70+1.98 0.09
CC850-4% 8 13.35 38.53+£2.76 0.0016
CC850-6% 19 26.62 76.83£3.79 0.0029
CC850-8% 39 48.23 139.19+2.82 5.84E-06
CC850-10% 47 54.13 156.22+3.78 4.76E-06

b TR ) AR B b ) I L, A R AE R B 5
PR RS, IR BN AR REE e R E R
I B ) A W B PR RE . 3 AR T oK 4
(CC850) S HA[RIA BE i FEAE 120 “CHIR Y SO, 1T
GRS BRFIRF ) S PR B oo 1) DA B AR B . R 3 1l
IS v NN S /N = e A ok SR TR
K, MaiAE 3 S FIE i R AR A
ABL, DRI VLT B S [ R A 2 I ) 52 AR DG . oK
TETEAE 120 T SO, MHa RNt &8 57.78 mg/g (&
4) , EXFEEMR THFEFILRLER, BAMHRTR
R AL T LASRAS R G5 IO B B 80 s IR I el
PEAEXT SO, MW &E, BRIV 138G In 2 58 AR
MR, %A 38.53 mg/g, ik 156.22 mg/g.

1801
1601

D)

2o 140t =
=]

120f
100t
80}

60}
40t
20} ﬂ
0

Q olo olo olo olo olo
% N
C/Q C%(.JQ

(@

% B £

Adsorption capacity/(r

Fffh Samples
B 4 ZFAREA 120 THE SO, 484 W & 49 %
Fig.4 Effect of concentration on adsorptive capacity of SO, at 120 'C
HIB 4 W3 AERBURIR BRI OFt 72 500 1%,
4%) , FEFEXS SO, MR P& Bk L8 in & T Fkads,



198 RNy TFEZ (http://www.tcsae.org)

2016 4F

FERBOTIRER il R 6%~10%) , FEFEIIR
B B AT TR, VB R St VR T AR S T oy 8 3
Te MIREERIING 8% 5, LB EHHALE, F 10%
THE, 4568 1P InE SR, 10%0 A7 HLIkE 5712k
ORI PR, ARS8 B R 5 T A — 52 R SR AH Y.
(PR B A T, i R A0 2 A S O B SRR B
SEARRIGER, L, 10%IK 5 &
2.4 EHEMTIHRAINEILE D

R 2 A P R L P 5. bl TR AR I R
CC850 IR T e C & i b, AXUAEDREH 1568
1125 em™ BRI H BRI, Al ATT 43 3 4 55 A1 C=C
45 (CH;) ,CHR ) C-Co X FRAH4E. 1MLl CC850 A
RATHTR, 42 MDEA H R0 I il £ I i £E 1) FTIR
L e U BT 8 2 R IR AU, T AR S ERCA 3 400~
3380 e BEIE ) NH 45 9= 3, 9% 500 2 950 F1 2 880 cm™!
b H B CHs (19 RO BRI B AR 4 4k 3, B 30k
1656 cm™ A H B IR 5o A I 1% IR T 5K C=0 {4
Pz, WHCH 1450 A1 1370 em™ PTG K CH; X
SRR HAIOARES fhARSD, 1255 em™ HEIL AR WS Wi 0 F:
N AL AL () C-N gidiR3h, ZE9HCH 1070 cm™ Ab i
PR R R A U 7 42 R B R C-N 4 4R Sh, 10 870 Al
670 e BT 4> A N NH T A2 3 30 R0 R0 g

C-OH #4125 %3] .
08
0.7
NH
20‘6 ’ >
£0s |
I} | |
204 Nt \
2 I |
203 \N,\/tl\ﬂwr |
o2 W‘——: [ 4% /
01 pr—r————
0

4000 3500 3000 2500 2000 1500 1000 500
¥ Wavenumber/cm™!

A5 ERGEREALTRRERZ GGG LT LRI A 3
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Table 4 Elemental point analysis results by EDX
AHXT 5 B Relative content/%

e - ,
W W
Elements CC850 CC850 CC850-10% CC850-10%
C 94.73 93.04 82.95 75.43
O 5.18 5.33 16.93 23.27
S 1.47 1.07
K 0.09 0.16 0.12 0.23
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Biochar modified by amine improving its adsorption of SO,

Feng Ye, Zhang Shihong™, Wu Jing, Chen Yingquan, Shao Jingai, Chen Hanping
(State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: To study the effect of amine impregnation modification on biochar structure and its adsorption of SO,, corncob was
used as raw materials to prepare biochars under N, at 850 C, followed by activation stage in gaseous CO, at the same
temperature. The derived activated biochars (CC850) were then impregnated with MDEA-Methonal solutions to obtain
modified biochars. The physicochemical properties, the structure, and the SO, adsorption properties related to surface
microtographs of activated biochars and modified chars were investigated. The production and activation of biomass chars
were carried out in a self-designed vertical furnace reaction system which includes gas generating zone and modification
reaction zone. The amine modified biochars were obtained by impregnating activated chars (CC850) in MDEA-Methonal
solutions with different concentrations (from 1% to 10%), and labeled as CC850-X% (X presented the mass concentration of
MDEA in the mixed solutions). To determine the specific surface area and micropore characteristics of biochars before and
after modification, nitrogen adsorption/desorption isotherms were performed at 77 K with a Micromeritics ASAP2020
automatic adsorption instrument. And the elemental compositions of biochars were determined by the ultimate analysis. The
results showed that the specific surface area and micropore volume of CC850 were high up to 756.25 m*/g and 0.2971 mL/g,
respectively. However, with the increase of impregnated concentration, the pore structure parameters of biochars decreased
rapidly to a degree that can not be detected. While the nitrogen content of biochars gradually increased from 0.61% to 6.91%
which indicated the successful introduction of N onto the surface of the biochars. The SO, adsorption properties of CC850 and
its modified chars (CC850-X%) showed a breakthrough curve and adsorption capacity. The results showed that the saturated
adsorption time as well as the saturated adsorption capacity of biochars firstly decreased from 20.02 min, and 57.78 mg/g
(CC850) to 13.35 min, and 38.53 mg/g (CC850-4%), and then gradually increased up to 54.13 min, and 156.22 mg/g
(CC850-10%), respectively. Fourier transform infrared spectrum analyzer (VERTEX70, Bruker) was used to analyze the
variation of chemical properties and surface functional groups of activated biochars and modified biochars before and after
desulfuration. The Fourier transform infrared spectra of the corresponding biochars linked with ultimate analysis and SO,
adsorption capacity suggested that the amount of nitrogen functional groups such like -NH and C-N introduced onto the
surface of biochars increased with the impregnated concentration, but the adsorpiton capacities of biochars presented a trend of
first increase and then decrease. This phenomenon matched well with the results of the pore structure development trend of
biochars, which may be accounted by the main adsorption mechanism transition from physical adsorption to chemical
adsorption, and the chemical adsorption of modified chars was enhanced with the increasing impregnated concentration in the
experimental range. The surface microstructure of CC850 and CC850-10% before and after desulfuration were presented by
SEM micrographs (Sirion 200, FEI), and the surface elemental components of biochars were analyzed by EDX analyzer
(GENESIS, EDAX Inc) in the specific areas. The CC850 showed an existence of a regular surface with abundant pores while
the CC850-10% had a rough surface with low amount of pores. However, both of these two biochars presented effective
adsorption abilities to a certain extent.

Keywords: biomass; adsorption, desulfuration; corncob; one-step method; impregnation; modified biochar
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