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Application of Activated Carbon from Waste Tea in Desulfurization and

Denitrification
SONG Lei', ZHANG Bin', DENG Wen’

(1. Department of Environmental Science and Engineering, Huaqiao University, Xiamen 361021, China; 2. School of Tourism and
History, Southwest University for Nantionlities, Chengdu 610041, China)

Abstract: The effects of pore structure, graphite and surface structure of waste tea activated carbon on its desulfurization and
denitrification performance were investigated. The adsorption kinetics and adsorption process were also studied. The results showed that
less graphitization, lower micropore size and more nitrogenous basic group of adsorbent enhanced its desulfurization ability. When well-
developed mesopores were present in adsorbent, the NO removal efficiency was decreased, while more nitrogenous basic groups
promoted the removal rate of NO. When SO, and NO were removed together, competing adsorption occurred. After oxygen and steam
were introduced to the flue gas, the removal efficiencies of SO, and NO were increased. The adsorption of SO, and NO onto waste tea
activated carbon was physical adsorption without O, and H,0, while the vapor promoted chemical adsorption of SO, in the presence of
water and oxygen. The adsorption process of the material can be well described by Bangham’s kinetic equation, and the value of R* was
no less than 0. 989. O, and water vapor slowed the adsorption rates of SO, and NO.

Key words : waste tea; activated carbon; SO, ; NO; kinetics
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Table 1 Structural parameters of waste tea activated carbon
up s BET/m?-g~! AL/ em® g ! LA R/ em® g ! AL/ nm
WTAC-K-1 1091 0.08 0.48 0. 67
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Table 2 Elemental analysis of waste tea activated carbon/%

FEf S C H N 0
WTAC-K-1 62.70 3.11 4.37 24. 86
WTAC-K-2 56. 44 2.88 1.72 33.06
WTAC-K-3 55.29 2.80 2.04 33.51
WTAC-Zn-1 53.91 3.03 3.60 30. 30
WTAC-Zn-2 55.89 2.97 3.50 28.09
WTAC-Zn-3 56. 68 2.96 3.57 26. 88
WTAC-Zn-4 59.58 2.20 4.16 24.97
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FH Boehm 1 2 72 0 2 % 1T R B M ‘1 B 1A 45 SR
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Experimental device for desulfurization and denitrification

#x3 EFEFHERA Boehm HELR x 10 */mol-g !

Table 3 Boehm titration results of waste tea activated

carbon x 10 ~*/mol - g !

2R WA WP MR AR EYROE
WTAC-K-1 5.3 3.5 2.5 0.2 0.8
WTAC-K-2 3.9 4.6 1.0 0.3 3.2
WTAC-K-3 5.1 4.7 1.8 2.1 0.7
WTAC-Zn-1 2.7 4.9 0.5 1.8 2.5
WTAC-Zn-2 3.4 4.8 1.2 1.9 1.7
WTAC-Zn-3 3.6 5.0 2.1 1.5 1.2
WTAC-Zn-4 5.2 4.6 3.3 1.2 0.4
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Fig. 2 Raman spectra of the material

WTAC-K-3 > WTAC-K-2 > WTAC-Zn-4 > WTAC-Zn-
3 > WTAC-Zn-1 > WTAC-Zn-2, Ht K,CO, T fb 1
AR T SO, 1 RBRECR I B2 T ZnCl, 7
TR RE. HIE 2 ML AT, WTAC-Zn 1A 3B 14L
FERE R T WTAC-K, H 1 ] 056 M 2% b4 R 1 7
AR ot v R AR T SO, 163 Mk R T (W B8
It A Ak St DR e A TR AR

R4 WTAC-Zn-1 . WTAC-Zn-2 ., WTAC-Zn-3 )
SRR BE BT (H 3 4L AR A JBE B 1 BE ih LA A7
—RERYZE ), X 3 B 7 B AR L AR 45 R Y 5 .
SRR MBS K B, AR WTAC-
Zn-2 YA B R B LR Ta R, {02 HL R B A S i e
25, FEHR T H P MALER K, N 0.85 nm, Ik
B AEAR. SCHR[S T, FLARFE 0.7 nm ZE45 A HL
FLA R A, Bl T SO, AW BHE T, F e mT 0
AL T SO, W BFF R A5 i AT L 2 1 FXBE
BT H AR R HAE S AL AL AR BN, B
F£.0.7 nm 2247, PRI okt SR o 280 S i o G At 1) R 3%

100
(a) FEALERHE
80 —m— WTAC-K-1
—e— WTAC-K-2
—A— WTAC-K-3
. el —w— WTAC-Zn-1
=
g —4— WTAC-Zn-2
X —»— WTAC-Zn-3
= —&— WTAC-Zn-4
40 + —h— i
20t
0
0 20 40 60 80 100

B i) /min

P

gha 21 i, R WTAC-K-2 5 WTAC-K-1
AIFLARGE HI AR I {5 WTAC-K-2 X T SO, F4 M
REILIZ(R T WTAC-K-1,7F 20 min Z£47 82 & TF 46
i, MR 2 RI, B TWEN N FEAE—E
22 5, Hof WTAC-K-2 B9 N & & W] B 48 (%
1.72% ,ifif WTAC-K-1 f N & 5@ N 4.37% , it
HHIE M e 2 TR /8 A R0 & T A 1F SO, TR, X 5
SCHR [ 24,25 ] 3 B9 4538 M )l WTAC-Zn- 1,
WTAC-Zn-3 K WTAC-Zn-4 HIfLARZE AR T, H 1
EABENN &5 (3.5% VL) | SR H B 8OR
WAFHE—FE R 22 5, 31X 32 B 2 el M 3 A A 3
WTAC-Zn-4 W0 L & E ik 5.2 x 107
mol - g ™", LI FRFEH (] o A XA 4K | 7E 40 min BT AR
FF 20% A7 W LB AR, 1T WTAC-Zn- 1 B 2 141
FRBAR R 2.7 x10 *mol -g " | BRI AR XS 42
25 min ZEA ESCR L EAR T 20% . 1 LAl %0, Bk

100 p—rr—r————r

(b) AR

80

IR/ %

—o— B
0 —e— H4UBT

0

1 1 1 1
0 20 40 60 80 100
A [F]/min

3 MPRLERThBRER AR dh 4

Fig. 3 Desulfurization performance curve using different adsorption materials
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Fig. 4 Denitrification performance curve using different adsorption materials
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Fig. 5 Simultaneous desulfurization and denitrification performance curve of the material
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Fig. 7 IR spectra of regenerated activated carbon

5 ISR T R AT, U B 2K PR 1R S I R AR
PER BEAS B B 25 6 SO, F1T NO ) J B B, iy g vl
JVRIE I A 15 Vo 7 TC R R B A A X T S0,
FINO W B A/ AR 55, J8 T4 B R VE . 7
A AT EATE ORI AR N, 1
IR 5 i B e B I, T UL IR B A5 % SO, 1 NO 57
PE B T BONE T 18, K 28 S A AE T RER 1 T
TEPEAXT T S0, . NO R fb2= k.

400

200

N fiHib/mg g !

4 —n—
—o— T AR A
100 —a— AR A
—v— AT P

1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
PiPy

8 BEEMANESEMSELE

Fig. 8 Nitrogen adsorption isotherms of regenerated activated carbon
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