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Abstract: SO, and NO, emitted from coal combustion lead to serious environmental pollution. It is necessary to
find a clean and efficient combined desulfurization and denitrification technology. Coal-based activated coke has
attracted much attention due to its advantages such as high removal efficiency and strong regeneration ability. How-

ever, the current studies mainly focus on columnar and powdered active coke. To study the effect of preparation
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parameters and pretreatment on the physicochemical properties of large particle size coal-based activated coke,

raw coal particles were preoxidized by high temperature air. Then, activated coke was prepared by carbonization
and steam activation. The results show that the pore structure of carbonized char can be fully developed by long
time activation at relatively low temperature. The pore volume and specific surface area are significantly increased.
Using water vapor as the activator is beneficial to the synergistic development of micropores and mesopores,

which is suitable for the preparation of large particle size activated coke with hierarchical pore. The specific surface
area and mesoporous ratio of Fugu activated coke prepared at 700 ‘C for 3h are 429.54 m*/g and 27.80%,

respectively. The values of Datong activated coke prepared at 850 ‘C for 3h are 89220 m®/g and 21.46%,

respectively. The internal structure of raw coal is changed by high temperature air preoxidation. After 15 h preoxi-
dation at 200 ‘C, the internal chemical composition and structure of the oxidized coal are basically stable. A large
number of oxygen-containing functional groups are formed during the consumption of the aliphatic structure. The
influence of preoxidation on carbonization is rather obvious. The thermoplastic characteristic of oxidized coal dur-
ing carbonization is significantly weakened, which reduces the pore blockage by tar. In addition, the condensation
of macromolecules and the formation of pores are promoted by the cross-linking of oxygen-containing functional
groups, which is beneficial to the pore development. Although the specific surface area and pore volume of the
activated coke are both increased by preoxidation, the reaction path between the activator and the sample remains

unchanged.

Keywords: coal-based activated coke; hierarchical pore; desulfurization and denitrification; steam activation;

air preoxidation
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Tab.l1 Ultimate and proximate analysis of raw coals

Ak S HT/% TCE /%
SR = )

Va Fea | Aa | wea | Waa | Woa | WNa | Wsia

IFAHRE | 36.22 | 60.41 | 3.37 | 79.53 | 4.59 | 14.52 | 1.07 | 0.30
KA | 28.40 | 65.42 | 6.18 | 78.37 | 4.02 | 16.52 | 0.79 | 0.30
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Tab.2 Yield and pore structure properties of different Fugu activated cokes

K RV (m* - g") | BILA/(em’ - g) | FHfBAm | MALALE/ (em® - g ™) | #fLA % | AfLG % | fER%
FG-700-2 220.48 £ 6.32 0.113 2.050 0.081 71.68 26.44 63.00 = 0.37
FG-700-3 429.54 £4.78 0.223 2.077 0.157 70.40 27.80 60.95 = 0.09
FG-700-4 432.98 £3.09 0.206 1.903 0.163 79.13 16.90 59.60 + 0.89
FG-750-2 399.46 +7.57 0.260 2.604 0.138 53.08 43.85 56.20 £ 0.15
FG-750-3 595.82+1.58 0.371 2.491 0.223 60.11 37.74 49.01 +1.26
FG-750-4 546.14 +2.43 0.353 2.585 0.199 56.37 41.64 47.35+0.54
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Fig.2 N, adsorption isotherms of different Fugu activated cokes
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Fig.3 Pore-size distribution of different Fugu activated cokes
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Tab.3 Yield and pore structure properties of different Datong activated coke samples

FE il R/ (m? - g") | BALA/ (em® - g™) | MM | HAALE/ (em® - g™) | Sl | Arflb /% 1582/
DT-800-2 455.60 £ 4.24 0.219 1.923 0.176 80.37 3.20 61.99 +0.72
DT-800-3 651.90 + 3.89 0.290 1.779 0.258 88.97 9.31 58.76 £ 2.11
DT-800-4 734.13 +6.11 0.334 1.820 0.291 87.13 10.78 57.17 £ 0.65
DT-850-2 523.45+2.76 0.229 1.750 0.200 87.34 8.30 56.62 + 1.80
DT-850-3 892.20 + 6.49 0.452 2.026 0.348 76.99 21.46 53.19 £ 1.48
DT-850-4 428.98 +9.28 0.226 2.107 0.162 71.68 24.78 46.67 = 1.61
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Fig.4 N, adsorption isotherms of different Datong activated cokes
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Fig.5 Pore-size distribution of different Datong activated cokes
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S E] 0.03mL/min J&, fhE BRI 2R, REE20 1
K HBE A I A3 3 o, T O AL b B 4
s FEEZIE 1 B AR R O IR, R T
0.03 mL/min WP MIZEBESR T, LA B 2 KAL
A, XU BORE S 17 B R TR AR AR ) 2 i [
M iR T 0.03 mL/min Ji5 2k Hmg i B, AL
D, XM R | Pl A . doenr DL
MAEAR K ZE TR ST, HaO (g) X RE i 19 20 ik I
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BB AL A T 2000, T SR ZR SR B RS, TS AR O
BONFE S, HE L AR FLBR A S SRR R, AL o
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SHORAL & e
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Tab.4 Yield and pore structure properties with different water vapor flow rates

FEMh | HRMAY (' - g) | Gflfd em' - g ) | FHFLAMmm | BELILAY (om’ - g ) | BALA e | AofLd v | Afedm
H,0-0.01 287.18 +4.85 0.163 2.270 0.113 69.33 11.04 62.24 + 0.34
H,0-0.02 326.17 £ 6.21 0.162 1.987 0.120 74.07 4.94 61.80 +0.07
H,0-0.03 429.54 +4.78 0.223 2.077 0.157 70.40 27.80 60.95 +0.09
H,0-0.04 465.03 £3.97 0.267 2.297 0.179 67.04 30.34 57.13+0.14
H,0-0.05 499.73 + 8.66 0.280 2.241 0.192 68.57 29.29 56.75+0.16
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Fig.6 N, adsorption isotherms with different water va-
por flow rates
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2.3 R ELT IR

2.2 ARk, AT RLEHC 200 CHI4EAL 15 h AYFE
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17 R AE, 5 R R AR X b, 25 R g
5 PR, ATLLE AL AL b R i A TR, HL
FeZ AN 7.68 m*/g HEHNE] T 17.00 m*/g, Ui Hi 4R,
b i AR AT B F oAb A v R A3 B AT H R DY R ) 2
FLBRSE R I . fi A Al L 45 (SEM) WEE ik 2
AFESREIZEIIES, R 10 Fron. R R AR mi
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TS 4 B U R 45 A E I el R v S R K A
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Tab.5 Yield and specific surface area of different samples

FE b HALBEI K /% H A (m? - g)
JE R e AL 27.24+£0.17 7.68 +0.95
FUbRE AR 29.73 +0.83 17.00 + 1.27

N T oI IR SRR Ja T Z R R, )
i1 XRD AR ATHHE XS O | AR RS 1 A A ik
s, 452508 11 Fros. EEHBL T PANRHIE
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Fig.10 SEM images of different samples
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Fig.12 Curve-fitting of the peaks for oxidized coal char
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Tab.6 Parameters of XRD curve—fitting of different samples

T L,/nm LJ/nm dyo/nm L.J/L.
DA 2.59 1.48 0.354 1.75
ERlR 227 1.40 0.347 1.62
BB AL 2.38 1.18 0.365 2.01
AR AR 2.50 1.13 0.367 2.20

AT B R e b 3o A v D R B O 0 2 A A A R SR i
R, AR & AU BB SCBK fS  2 R rkg
K. BT AR N 5 U AR AP 2 A 3 i &
LA BRI T 2 0 sc ik, i L, i
RO, PIFPEER Lo FERA S EBAT TN, R AR
ERHE L 8K, nIRgR i B B e b fe v
Koy TF LA I A A R T B RUR B AR, (LR AE
I AR AR 22 Oy SR B BT AR R R S T (B
JAA) A F T3 = AE)ZE 7 5 ] L R R R A
1) T 004 A A R ol A A A 1) B M R U i 57, BELAS
TR A P HEE.

B 13 SRR | SR B iy ik A AL Raman 8]
W, AR R T D W (1350em™) f1 G g
(1590 cm™") P/~ B S (R R 068, 310 S R A i ) e
B 4t F LA SR AL AR RO (BT A A Ak e v T A
B S WA R, B, IR A AR 2R T 4y
WA LIRS S ARE I S EUE B ASCh A 4 4
Fi% (D1.D3.D4 Fil G 1) X 4&FE5H AT Raman %K
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Tab.7 Parameters of Raman curve-fitting of different

samples
FEdh Api/dg Apsldg Api/Aps ApalAg
JEAHE 1.459 0.350 4.166 0.472
AL 1.844 0.264 6.984 0.445
R AR 1.509 0.376 4,013 0.526
AL RALE 1.406 0.441 3.186 0.595

JEEAETEAL 150 J5, ARSI s AR D M
FEWIRLR BOR I TA5H R AR SR, RN 2/ Nr 4L
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NFRAFAE S 2o s et , T2 i T A B i U RE
AIRRS A BN, FE sl A rh & AU E RE AT 2
fifp S T 2 SRS, 5 XRD £ 2R —
. FEBACKIY Api/dc M Aps/Ag YIRAIER, 73
P BACE R, FERARAI I, R 145 A A il
UM R AR, /N TAL S & R, Her
Ko KA A, MARBESR R /N FAERORL A A 2%
CRR , 2 ) A4 SR R b ol T SRR A TR S 2 T
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Tab.8 Yield and pore structure properties of different activated cokes by raw coal and oxidized coal

FEdh R (m? - ¢") | BALE/(em® - g ™) | FHFLRMm | BELILE/ (em® - ¢) | #fLdi/w | Afldit | 154EF %
JrU 429.54 +4.78 0.223 2.077 0.157 70.40 27.80 60.95 + 0.09
EAAE 499.70 + 3.09 0.269 2.153 0.197 73.23 24.54 59.91 + 0.86
(M]. dbxt. FESH RS, 2022.
A
3 éE TE National Bureau of Statistics of China. China Statistical
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