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Abstract: Activated carbon is regarded as an effective desulfurization and denitrification material due to its excellent
adsorption performance and economic benefits. This paper systematically reviews the research progress of modified activated
carbon for the removal of SO, and NO, from industrial waste gas from three directions:raw material selection, activation
method and modification technology. The characteristics of activated carbon prepared from different raw materials and the
influence of activation methods on the performance of activated carbon are discussed in detail ,and the functions of activated
carbon are further enhanced by acid-base modification , metal oxide loading,,ammonia modification , ultraviolet modification,

microwave modification, and nanomaterial composite modification. The results show that compared with coal-based,
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biomass,and other raw materials, low-rank coal, high lignin and nitrogen-rich biomass are the preferred raw materials for

the preparation of high-performance activated carbon. Physical and chemical activation methods significantly affect the

adsorption performance by regulating pore structure and specific surface area. A variety of modification methods further

improve the functionality ; metal oxide loading uses redox cycling to enhance catalytic performance ; ammonia modification

introduces nitrogen-containing functional groups to improve surface alkalinity and gas affinity; ore loading balances

performance and cost. In addition, new modification methods such as ultraviolet irradiation, microwave heating, and

nanomaterial composite are expected to further strengthen the reaction site and structural stability, but they still face

challenges in process complexity,cost control ,and large-scale application. In conclusion, activated carbon demonstrates the

potential of efficient and collaborative desulfurization and denitrification through structural optimization and functional

modification,and is an important material basis for achieving clean industrial emissions.
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Table 1 Different types of coal-based activated carbon

BbEE 44 HARERY W 26 SRR
(m™-g™) S0,/ (mg-g™") NO,
Ep e p ) 529. 00 75 <C ,0. 150% SO, 122. 850 —
T a g 10] 671.70 (120 £5) °C,0. 102% SO, 31. 240 —
WA 531.00 2 ,0. 100% SO, 43. 600 —
W g2 541. 00 298 K,0. 050% SO, 33.000 —
i A 556. 10 77 K,0. 080% NO — 43.160 mg/g
J e A L 504. 00 75 °C ,0. 150% SO, 116. 580 —
4 14 443.00 75 <C ,0. 150% SO, 108. 120 —
i 4 15 347.26 75 <C ,0. 170% SO, 80. 100 —
SRME 467.29 75 C,0. 170% SO, 89. 610 —
S _ 75 °C,0. 020% SO, 45. 850 —
B RILT v SR 640. 00 393 K,0.050% NO,0. 050% NH, ,0. 150% SO, 25.700 ~34.400  27.7%
L P I e 370. 42 80 °C,0. 018%~0. 020% NO 0. 055%~ 0. 060% SO, 5. 463 1.935 mg/g
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Jfl, 7E KOH, CO, FZEIRIG T bk A 43 5
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Table 2 Different types of wooden activated carbon

o
OB 44 B Etffi/ Wik A f o LIRS -
RSN = T 590. 00 20 °C,0.005% SO, 76.90 mg/g —
K et A i 22 1321.00 20 °C ,0. 250% SO, 94. 82 mg/g —
ARG 12 1 133.00 70 °C ,0. 440% SO, 57.10 mg/g —
F T L 2 2 70. 60 70 °C 0. 200% SO, 73.89 mg/g —
) 5 57.40 90 °C ,0. 100% SO, 166. 00 mg/g —
B 947. 56 60 °C ,0. 0300% SO, 24.06 mg/g —
ey 1 114. 00 25 °C,0. 000 2%~0. 001 0% SO, 47.00 mg/g —

el 1 314. 50 -20 ~80 % ,0. 100% S0, ,0. 020% NO 123. 11 mg/g 13.24 mg/g
Bibkse 1425.84 300 ~350 C ,0. 020% SO, ,0. 030% NO, 80% L) I >80%
Vi S0 i 385.99 100 ~250 °C,0. 050% NO 0. 050% NH, — 87.6%
B 973. 00 200 °C ,0. 050% NO 0. 050% NH, — >92%
TR A 119.74 125 ~225 °C,0. 050% NO,0. 050% NH, — >90%

x3 FEMERFEER
Table 3 Different types of straw activated carbon
Ehas Ry Wt A p HIRRED

(m™-g™) S0,/ (mg-g™") NO,
Fookm 654. 00 120 °C ,0. 100% SO, 182. 47 —
o0 25.54 120 °C ,0.200% SO, 156.20 —
KGR 347.28 70 <C,0. 100% SO, 84. 57 —
PNITE 1 e 355. 60 (75 1) °C ,0.150% SO, 146. 31 —
KEREFF 371. 11 30/120 °C ,1% SO,/N, 115. 40 —
K FEFE 500. 21 30/120 °C ,1% SO,/N, 201. 90 —
IKREREFE S 138. 10 25 °C,0.3%5S0,/N, 260. 00 —
T 146) 377. 50 100 ~300 °C,0. 060% NO ,0. 060% NH, — >95%
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Fig.1 Activation mechanism of KOH and H,PO,
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Fig. 2 The mechanism of sulfur and nitrogen removal from activated carbon under acid-base modification conditions
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Fig.3 Comparison of desulfurization and denitrification
efficiency and mechanism between ammonia-modified

activated carbon and unmodified activated carbon
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x4 EBERABEEREXEE SO, #NO, HIBEN
Table 4 Common loaded metals and their ability to remove SO, and NO,

Uik W % KU
S0, NO,
Cul®! (18 £2) °C,0.150% SO, 20. 50 mg/g —
vl 120 °C ,0. 150% SO, 42.40 mg/g —
Tn-Fel™ 35 °C,0. 100% SO, 277.80 mg/g —
Co-Ti-Mn'™/ 80 C,0. 300% SO, 174.40 mg/g —
r— 120 ~240 °C ,0. 050% NO 0. 050% NH, — 97.70%
120 ~250 °C,0. 050% NO 0. 050% NH, — 100. 00%
a7 440 °C ,0. 100% NO — 100. 00%
160 °C ,0. 050% NO 0. 050% NH, — 20.20%
Mnl7" 150 °C,0. 040% NO 0. 040% NH, — 97.00%
Cel™ 230 °C,0. 100% NO, ,0. 100% NH, — 93. 44%
Fel™! 350 °C,0. 100% NO — 95.00%
Cr-Fe!® 180 °C,0. 040% NO 0. 040% NH, — 100. 00%
120 ~240 °C,0. 050% NO 0. 050% NH, — 100. 00%
120 ~240 °C,0. 040% NO 0. 040% NH, — 94.70%
Mn-Fe! -85 200 ~300 °C,0. 050% NO,0. 050% NH, — 90. 00%
125 ~200 °C,0. 050% NO 0. 050% NH, — >90. 00%
150 °C,0. 040% NO 0. 040% NH, — 91.30%
Mn-Nji 200 ~250 °C,0. 050% NO,0. 050% NH, — 80. 00%~ 97. 00%
Mn-Z'¥ 200 °C ,0. 050% NO,0. 050% NH, — 86. 00%
Mn-Sm'* 200 °C,0. 050% NO,0. 050% NH, — 85. 00%
Mn-Cu"®’ 225 °C 0. 050% NO — 99. 00%
Mn-Ti "’ 300 °C ,0. 050% NO,0. 050% NH, — 92. 00%
Mn-Ce!®" 175 °C,0. 050% NO 0. 050% NH, — 99. 20%
Mn-Ce! %! 240 °C ,0. 100% NO,0. 100% NH, — ~100. 00%
Ce-V!®! 180 ~200 °C,0. 050% NO,0. 050% NH, — >90. 00%
Ce-Co-Fe! 250 ~350 °C,0. 100% NO,0. 100% NH, — 90. 00%
Ce-Mn-V'! 100 ~ 150 °C,0. 050% NO,0. 050% NH, — 98. 00%
Ce-Mn-Zr'* 200 °C ,0. 050% NO — 97.00%
Ce-Mn-Fe!?”’ 125 °C,0. 050% NO 0. 050% NH, — >90. 00%
Cu-Mn-Fe!*® 100 °C ,0. 050% NO,0. 050% NH, — 74. 00%
Col®! 150 °C , JCHA B e J3E 41 94.20% 92.70%
Col 1! 100 °C,0. 005%~ 0. 030% NO /SO0, 123.10 mg/g 130.20 mg/g
Cul" 23 °C,0. 009% SO, ,0. 009% NH, 1.03 mmol/g 1. 45 mmol/g
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Table 5 Activated carbon loaded on ores

eRcx  wEmy IRV e AR
(m™+g™) S0,/ (mg-g™") NO,/%
Mn Fe'™  AE4RT A 645 120 C,0. 102% SO, 38.50 —
Mn! 1% - — 80 °C.,0.300% SO, 205. 00 —
CaMg™  [EETY 933 25 °C,0. 250% SO, 73. 40 —
Cu Fe!"! W 419 80 °C,0. 300% SO, 174. 80 —
Call0) in. vl 671 120 °C,0. 250% SO, 54.70 —
Ca Fe!" fig 489 120 “C ,0.300% S0, ,0. 030% NO 112. 60 6.90 ~ 14. 00
Ca Fel" el 808 393 K,0. 150% S0, ,0. 050% NO 0. 050% NH, 38.10 22.70
’ i AT ‘
Mn Fe!'™ R 590 150 °C.,0. 300% SO, ,0. 050% NO 0. 055% NH, 138. 50 98. 60
Mn Fel' LR 479 150 °C ,0. 050% NO,0. 050% NH, — 74.20
Til"s) g?? 364 150 °C,0. 050% NO,0. 050% NH, — 66. 40
Foll16] FURN 836 120 °C,0. 110% S0, 65. 20 —
Mn Fe''"” kA — 120 C,0. 045% NO,0. 045% NH, — 95.10

FETE MR AT W& AR ML AT, & Mn Fil Fe 1Y
WA R LT LS RE, X ] RS R 2 Fh
WA 04 I BH B -6 A o B v A B 4, TR
(ESE AR E W =il DN WA BUR i E I A
JETE R AR L, YUAN Z50%0 DU 7 AR A SOk
Tl TR, SIATHEZE Cu0, Fe,0,, Fe,0, il
C=0X M, {28k T SO, By W [ F1 4 1k, WANG
VRN AR A, AR T A FhALBR 4G
FRTETE R . B v RS B By e AR R T
FURRALAY & J, B AL 5 1 SO, WKt g
ZHANG %5 Ry 5 fif 41 (CaCOy ) 2 h 2
TETY, AT LA ZI R, B CaO &5
AR A, A IE I CaSO,, HE— A4 kI AR
ZHANG %5 "I FH 7 ff A7 R Bk A 7 e P RE TG
PEgk, Z5FRM . 7 A A 18 76 1 A% i 4
AP AL AR R A ARES . BRI R AR,
XHEPE B SO, F1 NO 1 22 BrBE 1A B B 0y 42
EM,
3.5 FHBIEMHEA

AR, WFREENIIE R T — g Rl e 0 i,
WG A B O . GOKR MR Gt . R AR IR
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PRI S S T, T T PO A U2, e R T
BOM AR s RIS, S5 AL ke (0T R Bt 25 P 1] ) 2
Kz B, M 25 BRACR S E42 T+, CHEN
SR A €O, SRS AT, KIE
UV BBSTT, AR ) — 2 IR R L9 A Ak
FRIL; T CO, 5P I S A HAE FH Y A 2
PN R R A fE iR R R ek, Wk
MLER SR TC AL, 75 15 M e b Rk A0 A il B 34 o,
SRR T I AR R B A

I8t Ay B e ) PR A g sk 1y A A AN
A DAAE JL A P9 SBT3 A A B9 5 T B
A, JFEAE LR 45 # . ZAMIRT 55" 3 5
WAL, LUHT 8 OR AR 35 ] S o e
TWPER A LR IR IR E] (699 +7) m’/g, 7oA
44.8% +1.2% , 1ZGI 2" 5 FH B LI A i
TNAAANLS B 77k, FHBE R IS 1b 77 1 4% bb 2 1w A
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PEGL 8 A0 A AE MOF 437 A2 (9 Btk /T4 FN 36 Ak 1) 2 £
Lo 7 FrR, PARJE BORE S BT AR ER
OB Y Cu B & i, RMHTHE Y 822 min,
SO, MZRft& Ay 233. 11 mg/g, PEAERIFRIRETHTE 10
URIAR — P AR 0 20 b 3¢ B0 M R Mk R0 mT g
ZHU %52 (i ] 47 28448 K MNO, - Cu Y 35 7 2% il 45

(a) SEANRMUNERE VR 4 5
(b) ARG P M i 5 S LB

Blo ZSMFIRURMIMETR B &FERREIE
Fig. 6 Preparation and mechanism of activated carbon

by ultraviolet and microwave modification methods
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Fig.7 Morphology and mechanism of activated carbon prepared by nanomaterial-compliant modification methods
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