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Table 1 The preparation scheme of desiliconization residue carbon

Samples Alkali solution desilication scheme
DRBI1 400 °C Residue carbon
DRB2 20%(Mass fraction) Na,CO, Boil-dissolve+Residue carbon
DRB3 20% (Mass fraction) NaOH Boil—dissolve+Residue carbon
DRB4 1 : 2.44 NaOH calcination +Deionized water Boil-dissolve +Residue carbon
DRB5 1 : 3 NaOH calcination+Deionized water Boil-dissolve+Residue carbon
DRB6 1 : 4 NaOH calcination+Deionized water Boil-dissolve+Residue carbon
DRB7 1 = 3 NaOH calcination+20% (Mass fraction)NaOH boil-dissolve+Residue carbon
DRBS 1 = 3 NaOH calcination+30% (Mass fraction)NaOH boil-dissolve+Residue carbon

1.1.2 Rk ok e fi AL 300 il 2

MnCe 2§ P B 7k ¢ A Ak 570 452 10% J 2 EL B
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FFAE 500 CHY N, GUE HBERE 2 h, FTSAE L 43 ilie h
MnCe/DRB1~38.
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FeEAY (Thermo Fisher, 26 [E) A4 HT . 245 . BEJS & E1E] 50 °CIFiE A 0.06% NO, 0.06%
1.3 L FE ML NH,, 5%0, AL, N, /2. 1IN SE 50
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2.1 BRAE SRR 5 AR B R SR A B AL M R O B FEBI [k % (DRBA) (1 Si0, IR 26355 91.05%. #F
2.1.1 TRk SR AR i s ik — A3 R BB L 5], WA ik DRBS A1 DRB6 H

FKOMFEI NI T AR TF Bia: SO BRZR 511551 93.84% F195.78%. Vi HIBLE T
WAL A R RE R . R 2 A, LG R s AN B TR SR I R 1 Si0, R, JBbe i R D
R DRBL H1Si0, & 5t 9 15.33%, 5 4y kb gy KRR

52.11%. Na,CO, VW E 5 , DRB2 H1Si0, iy & 6NaOH+2C — 2Na+2Na,CO,+3H, (5)
K2 2.46%, WifiE#iK%5 83.92%. NaOH I &7 TEMBRE AL FE A Bl |, R FH NaOH 159 &

153 Bk (DRB3), H:Si0, BBk Zik 5] 90.59%. 4 ME— 2 3 v R A% 110 Si0, B BR R, Hir 30% (&
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Table 2 Oxide composition of desiliconization residue carbon/%(Mass fraction)

Oxide DRB1 DRB2 DRB3 DRB4 DRB5 DRB6 DRB7 DRB8
Si0, 15.33 2.46 1.44 1.37 0.94 0.65 0.62 0.09
K,0 5.24 0.11 0.05 0.01 0.01 0.01 0.01 0.00
CaO 1.81 1.27 1.18 0.83 1.33 0.84 1.02 1.29
P,0s 1.53 0.71 0.65 0.54 0.40 0.05 0.08 0.43
MgO 1.01 1.06 1.05 0.74 0.43 0.29 0.41 0.40
Na,O 0.50 0.46 0.44 0.18 0.09 0.09 0.09 0.08

AlLO; 0.46 0.25 0.23 0.14 0.10 0.05 0.10 0.02
MnO 0.32 0.12 0.10 0.09 0.17 0.16 0.15 0.12

Fe,0; 0.30 0.10 0.10 0.15 0.47 0.38 0.60 0.12
SO, 0.28 0.17 0.12 0.02 0.03 0.03 0.03 0.02
Zn0O 0.06 0.02 0.01 0.01 0.00 0.00 0.00 0.00
TiO, 0.03 0.01 0.01 0.01 0.03 0.02 0.02 0.03
CuO 0.01 0.00 0.01 0.01 0.00 0.00 0.01 0.00

Cr,04 0.01 0.00 0.00 0.01 0.08 0.08 0.08 0.04
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Table 3 Desiliconization rate of different desilication conditions

Samples Ash yield/% Si0,(ash)/ % Si0,(carbon) /% Removal rate/%
(Mass fraction) (Mass fraction) (Mass fraction) (Mass fraction)
DRB1 29.42 52.11 15.33 -
DRB2 8.53 36.40 2.46 83.92
DRB3 7.32 26.72 1.44 90.59
DRB4 12.79 33.46 1.37 91.05
DRB5 12.79 23.02 0.94 93.84
DRB6 10.75 24.31 0.65 95.78
DRB7 10.39 19.23 0.62 95.95
DRB8 8.13 3.36 0.09 99.42
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Fig.1 Pore size distribution and adsorption/desorption curves of DRB under different desilication conditions
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AT JLFLAR 3G K (B K 3.86 nm). Fifi 75 B 45 T 1k 8 I
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3.42 nm).
F 4B T AR NiRE R (DRB) () EL R H AL, fL
ZEMAEYFLAE . R4, JRAR 5% 5 (DRB1) (1)
b MR N 13.28 m*/g, Z8i NaOH Fl Na,CO, B

b HS , BERER (DRB2 ATDRB3) (1 H R m AL, L&
DARCE LR E— 208N, PTRRSE T A R v
BT MALIE ZERRALY G . ZBpemiab )5 , i
fif: 7 (DRB4~8) [ L 1 FURIFL A I MR 3 n , UEBH
TIB A BN B Ak e = A AL . LAY FLAE A
A EE s HLE 5 I Ak 7 (DRB3), MBebe i b 30 1) g 7k
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Table 4 Parameters of Sy;r, pore volume and average pore diameter of DRB samples

t—Plot micropore volume BJH Desorption average pore

2,,7! 3, -1

Samples Sper /(m*g™) Pore volume/(cm’+g ") fom' g diameter(4V/A)/om
DRB1 133 0.017 0.003 12.18

DRB2 11.8 0.016 0.001 5.03

DRB3 7.2 0.012 0.001 4.44

DRB4 1562.6 0.973 0.151 2.98

DRBS5 15349 1.009 0.192 2.90

DRB6 17227 1.246 0.043 3.17

DRB7 1836.6 1.197 0.150 3.16

DRBS 1923.1 1.237 0.154 293

B RIEHE S, HAERIREL A 1 4R E Rk, B
BT AL F S 3 — 2 R FH 30% (5 14380 NaOH 75 i
U A5 B0 Rk i (DRBS) He 2% 1 A3 K 28 1923.11
m’/g. GEREN] , Lt iBbe wab B B ik e B T E
(AR /A FLEE R RN A 1 e e T L.
2.1.3 FIHEH

P 2 S i e e 1) e T A P . el PR mT 6, D

20 um

i e (DRB1) MUK , 765 — 7 1) (] S A7 e A
AL, FLPRBE I R)R . 2% B AL ,
fif e (DRB2~3) FLFR A R 1 J52 5 B Ak, LB A
AL AR BT A5 ORGSR . BB T AL B )
fif: 5 (DRB4~8), LI KM% 4% . 3 K NaOH [l f=
FLBRZEA K A3, ABEB S5 R DB A
B15)  Je Bl b, 3 20% F130% (5 1 53 50

y

]

< 7 Byoon
TN
4
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Fig.2 SEM of DRB under different desilication conditions
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X AR PERE B EE AR, R i XPS iR
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Fig.3 Cls spectra of DRB prepared under different desilication conditions
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Fig.4 O 1s spectra of DRB prepared under different desilication conditions
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Fig.5 Influence of desilication conditions on the de-NO, performance of MnCe/DRB

((a),(h): NO,conversion; (¢), (d): N, Selectivity)
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Table 5 The parameters of specific surface area, pore volume and pore diameter over MnCe/FRB catalyst doped metal M (Ho/La/Sh/Nd)

S - t—Plot micropore volume/ BJH Desorption average pore
Samples Sper/(m”+ ™) Pore volume/(cm’+g™") .
(em’* g ) diameter (4V/A)/nm
MnCeHo/FRB 1612.2 1.105 0.121 32
MnCeSb/FRB 15724 1.101 0.139 3.0
MnCelLa/FRB 1 693.6 1.180 0.102 3.1
MnCeNd/FRB 1320.5 0.897 0.202 2.9
MnCe/FRB 1248.7 0.882 0.106 33
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Fig.8 (a) NH5-TPD and (b) H,-TPR of MnCe/FRB catalyst doped metal M (Ho/La/Sh/Nd)
(a) NH,-TPD; (b) H,-TPR
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Study on the Selective Catalytic Reduction of NO by NH; over
Silicon-free Residue Carbon Catalysts Doped with Mn-Ce-M

ZHANG Juan', WU Peng ', LI Guo-bo', ZHANG Ya-ping'", LI Bing-yu', YANG Hong-qiang”
SHEN Kai', WANG Sheng’, GONG Feng'
( 1. Key Laboratory of Energy Thermal Conversion and Control of Ministry of Education, School of Energy and
Environment, Southeast University, Nanjing 210096, China; 2. China Energy Jiangsu Power Co., Ltd, Nanjing
210014, China, 3. State Power Environmental Protection Research Institute, Nanjing 210031, China )

Abstract: As a potential renewable energy, the technology of producing oil via biomass pyrolysis has attracted
widespread attention. The high-value utilization of by-product residue carbon is recognized as a significant research
content at present. Desiliconization not only promotes the resource utilization of silicon, but also the structure of
carbon materials is greatly improved. In this paper, the research on desiliconization of residue carbon by boiling-
dissolution was carried out. Based on the optimal desiliconization method, the effect of different metal M(M:Ho/
La/Sh/Nd) on the denitration performance of silicon-free residue carbon (FRB) catalyst was explored. The results
illustrated that more than 99% SiO, can be removed by the combination of calcination pretreatment and boiling-
dissolution desiliconization, while the physicochemical properties of residue carbon were significantly improved after
desiliconization. Residual carbon treated with the optimal method exhibited a large specific surface area (1923 m*/g),
rich mesoporous/microporous structures and more oxygen-containing functional groups on the surface, which
promoted the SCR activity of the catalysts (the NO, removal rate of FRB was 100% at 250 °C ). In addition, Ho-modi-
fied silicon-free residue carbon denitrification catalyst (MnCeHo/FRB)displayed the best low-temperature activity,
maintaining more than 80% NO, removal rate in the temperature range of 200~300 °C. The characterization results
revealed the strong surface acidity and redox properties of the MnCeHo/FRB catalyst, as well as the uniformly
dispersed active components and abundant surface chemisorbed oxygen. In situ DRIFTs experiments certified that
both of E-R and L-H mechanisms existed on the surface of MnCe/FRB catalyst, while E-R mechanism was dominant.

Key words: silicon-free residue carbon; alkali-soluble desiliconization; NH;-SCR; metal modification



