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Table 1 Sample names and related information

Names

Mixing ratio

Titania sources

(Mass fraction)

Standard

External Powder

External 10%

External 30%

Internal Powder

Internal 10%

Internal 30%

Regenerated TiO, mixed with commercial TiO,, with around 0.5% V,0; existed

Regenerated TiO, mixed with commercial TiO,, with around 0.5% V,04 existed

Discarded TiO, in production mixed with commercial TiO,, with around 1.0% V,0Oj existed

Discarded TiO, in production mixed with commercial TiO,, with around 1.0% V,0O; existed

Commercial TiO, -

Regenerated TiO, -

10 : 90

30:70

Discarded TiO, in production -

10 : 90

30:70
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Fig.1 Catalyst production diagram
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Table 2 Parameters for activity evaluation of catalysts

Parameters Values
Temperature /°C 350
H,0 content/% ( volume fraction) 10
0, content/% ( volume fraction) (dry) 4
SO, content/ (mg - m™>) 500
Inlet NO, content/ (mg + m™) 600
Space velocity/h™' 13 000
NH, : NO, molar ratio 1:1

1.3 fELFI TR

PEA ) R TR A N, W BRI 7, N TR
ST AL B 5 8 Quadrasorb SI. Hb 36 1 A 42 B8
Brunauer-Emmett-Teller ji‘{zt( BET) WA

HEAL T Al AH 2548 73 7R H] Rigaku Smart Lab 1Y
X 5 AT A (XRD) #4743 4, JGIE N Cu #B
0.154 0601 0.154 44 nm PRIRA G, FIHHEEE N
5°/min, >R HELALA AT, o, Sk RSE
Fi 18 Scherrer 2T

PEAL TV 352 3 A >R F Hitachi A9 414 1
AR (SEM) #4708, 2R FH U0 18X
HEETIUR , S HTRRHI A T8 Au SR AL 2.

AL ZH 533 B K H Thermo Fisher ARL PER-
FORM X ! X ST (XRF) 2477087, Ot
T FHEEA S AL HE.

K F Horiba LaRAM HR Evolution Y343 % £
FnEAT Raman K20, i A CIRIE A A 514 nm. )3
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Table 3 Activity of the SCR catalysts

Samples K/(m-+h™) K/K,

Standard 38.79 1.00
Internal 10% 37.68 0.97
Internal 30% 36.80 0.95
External 10% 37.14 0.96
External 30% 35.25 0.91
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Table 4 Important physical properties of catalysts

BET Specific Scherrer’ s

Samples Surface Area Crystal Size
/(m* - g™") /nm
Standard 45.8 21.0
Internal powder 54.3 18.5
Internal 10% 52.7 18.9
Internal 30% 48.5 19.4
External powder 84.7 19.9
External 10% 45.8 19.2
External 30% 51.1 19.0

XFFIRB AR, AT LA R il 45 08 i A5
BET R MRS IE# AR A P= b7 R K25 5.
TIRAB SN A4 Bk 1Ry 1 BE 5, R4S AR BR LA
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h T i EOHE PG R IR A L okl Xt
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p S UM b PN N UL TACIE A D ADE SN
WKL PR T BICRNIE S, B RS rFi h
BESE, AR E B0 W R OB T HERUE S, R
4 AT RIE B, AN A R A0 [ R A A ok R ~F
BONAEIE, 43908 19.9 18,5 nm. 45451 Bk 9%
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Fig.2 SEM photos of calcined titania samples (a) External regenerated titania and (b) Discarded titania
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Standard

External 10%

External 30%

“ A Internal 10%

Internal 30%
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Fig.3 XRD results of catalysts
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Table 5 Mass content of major non-active components in catalysts

Internal Internal Internal External External External
Standard
Powder 10% 30% Powder 10% 30%
Si0, content /% 2.71 0.76 2.61 2.82 2.29 2.78 3.12
CaO content /% 1.32 0.42 1.29 1.35 0.86 1.34 1.54
Al O, content /% 0.81 0.14 0.73 0.78 0.49 0.79 0.88
SO, content /% 0.80 1.24 1.13 0.92 1.75 1.03 1.05

WS, S FER A TE AR, HTEAkh—KkA
FRimRE ", Wi /i S A XTSI,
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I, RTBTEEER Ry AR R A AR TR A A i Ca B
W #t—2, 1 SEM fEi%{X (EDS) Xf Ca 7341 #E4T
Tobr, B Ca BER A FHHELF4E. HX A/
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FESEATUES, PTLAL B, 16 Si ZBRAYIFIRT, Ca
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Fig.4 The structure of different V O, species
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Fig.5 Raman spectra of catalysts
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R Zs SR | BB EA R Bl S 9 Tio, Hil % ik
FIPERE TR 2R R IR V YR AR, Besh,

WAL, B S o, JLNRB EA R ik
FIRES R, MR RHRES 10% 898E 5 7E 990 em ™' Ab
Wi s , BV YR as A B XX N TR
3 IR RRR S 10% 0 50 T5E R i R4
2.5 MBS

H1 T SCR #EAL 7 E i i DX BEAR AR B AR
T LRI, AL X R PR A T T 2243

BT AL ) NH,-TPD Ikt 5. anE 6 fir
R, FPAALFITEL) 200 °C LR A — 855 iR

/\N\‘w
/\_‘/\____/item\f}&
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N
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Intensity/(a.u.)

200 400 600 800 1000
Temperature/C
€1 6 AL AVRES) NH,-TPD
Fig.6 NH;-TPD results of catalysts
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IER O A RTREEH R V R, M35
TiO, I 2R R 1H, LR ER T HE 2R 0.
H T3 3 B0 2R AR AL RS, R
SRR PO B AT AR XA 350 °C TG 7 A= 1 3
APEHEAERT, B AT AT i P 5 e M % s kil 4
AL FILE 400~ 500 °C X [i] 7] GEA S A fh 16 17k

R T BT AR G, JFJE T NH, I B
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L-NH; NH:

NH; L-NH,
NH,
0.0 - Standard

I Internal 10%
I Internal 30%

I External 10%

Adsorption

-0.6
—0.8 FExternal 30%
~1. 0 1 1 1
1800 1600 1400 1200
Wavenumber/cm™

& 7 AL FIRE S NH, B in-situ FTIR
Fig.7 NH; adsorption in-situ FTIR results of catalysts

2.6 HEmENLITFEEST
A A E AL L i H,-TPR 24, N 8
6 N, WS, 300~500 °C 1A J5 06 Xt

TV B, % — g a] LA R A 0, 2 %)
R E RGN V R, SR R
WO AT B, T TR, 4 A TR
i AR A P K2 T % 1, 16 2

Standard

Internal 10%

Intensity/(a.u.)

Internal 30%

External 10%

External 30%

1 1 1 1
400 600 800 1000

Temperature/’C

5] 8 JEALFIFE S H,-TPD
Fig.8 H,-TPD results of catalysts

L
200

% 6 H,-TPR T EIEEE
Table 6 Information of major peaks in H,-TPR

Samples #1 Peak #1 Peak #2 Peak #2 Peak #1 Peak Area/
Position /C Area Position /C Area (#1 Peak Area+ #2 Peak Area)
Standard 361.6 0.31 4245 0.66 0.32
Internal 10% 371.6 0.36 426.7 0.64 0.36
Internal 30% 3715 0.40 427.1 0.67 0.38
External 10% 384.3 0.58 435.9 0.64 0.47
External 30% 378.6 0.41 433.6 0.63 0.40
FRA . X HSZ RT3, KoV RAET BAEAE R Re s | LLRTHIFR T B 45 I R Bt ik

BRI, PR A A SR PERE T . 3 A T I A
BT W R A T P A R A A 790 e g
AR TOLIRAE D S, AR EE TAEART0 A 7= kL, b
FEONE, LV AR . XA 6
V2 PR R T B SRR — S, v
A ) TSR, BT B ) +5 A, XLV IE
T 5 19 Raman 452K, IXSEHRZ V&A= TR A 1] 4
RS, R ARG SCR Wi ME 2 R e —RE S
fe. 5L, N5 3 B, e 350 CHEATImPEIEfr
i, AR RE A SC A e T —E S L.
2.7 KRR SE XS AL IR AT i

TEAE S AN P A2 BR A 0 2 AR 7 o [ R TH
A, BIEA SRR V,0,, BG5S 858 SEAEIL
TE— R EAGTERIAT 54k, — ORI, LTS

FUTERES . (= NI I RE b R, HATRE
BeMe s s iR BE 25 A A — A B S A S A
FRE VTS TERE S L. PR b, XN A
PRESBITI S, 08 AR 25 B R h TR
e, NI EE RS T L, vEL MR L
R . BB R | BRARER SRR, TV LB HIR
R AR X TA IR RN S, T ILRRA
FIAZT, [ A= PR 2 2 T A A % O,
Wit VLS YR EAGR . T BA R R IR
SRV HITEREATR AR, TV, 008 KU, T
TESERIELE T atRE R AR IT R, Ao KA beds. NI,
V ALE PR E SR bR HAT IR S Pkt [a]
FHAE = I — I 2R I 29 R U AR TR AT
FHETPIZE [B] PR LI 32 2P bRt 5 JEOR R A



422 a4 F i#

e 0534 4

FHRGHE T, [0S AR P20 B R, IR U0
W7V RO AL 27 IR i 22 57 A 2 [ EDRL 2 i i A
FITERERICHE K.

FRL, SCRAEALFIE & B, i B %] V
&L AL, QA 3 B, B, v 1k
BUAGEEE R, Bl THEA R E0RES,
TR AR . (HSEBR b, AR BB I A6 57 A
TUREBERZR | AR BRI RSN 32 AL T80 T iR
B Lz 1 — Bomt fe) il iR A sl e, PIRAE
BT VAL S W R T RES R, IO 45
A, IEAN Raman SEIEFrfE R, fF4ME VILEY
JEFMARAR W IEPE TR, NI, H,-TPR Ha] LA
B2, PSS DR R AR 7R SR SRR RE 1
25T IOREBE AR S By o Ok, JE R A1l 14 142
BRSNS, Tl A B s ) 00 il R 2% R AR A% e
Stk RS s, BT LA, 255 RL B dr, RIGE
HEER TREVETCERE M, JOIR MRk IR, R
FREE VALEY), (2 Bl IR A T, VALE
Y2 NG TR T B A5 R 25 i S R A, T 3 B Ak
AR YRS . IR, #EAFIVERERE T
TRz

3 &g

AP P A B A 2 7 B 1T FH TR 48 i B
SCR HEALF, AT L 3% AR A AL 7R o iiAS, oA
RLAFR N T ). (ER— ety 2 WA BT A28 il /Y
A —E R BEPRBEA T L. ARG8T, TE5
BREEVEZAR B , IR RIEREMS 22 (Y I N 22
Ribe LR BT | AL, (R
T TR, AEALTRIPERE S AT A WL A Bk
Bedh | HRIMBUFFESENER, MORsA7 V 2ad Kibe
PR, AR RATERYERER S VALY
JREE RS, MRS 4 SV, 05 B T AL IR SR L
%, PRHAE— 5 P B Al 1 A7) o i D3 .
1T SCR 2 A Ak 571) ] i 52 21 48 Ak a8 JEU A R
SN, TR B RS S AR R P e e e, H
Py VB ek 5k 254k, DRHORr B i A ik
REfE—EREIE LA T k. JATRIBFFERT T FIH
BB A D 2 B AR B0 TR AR, Sr
T VALE YRS SEARITERER CIHOC R, IF
AR TR RA R IR A LR FOB I, F BEOC T
R BEFRAEHY VI AR i e )L

SE Lk

(1]

(2]

(3]

[4]

[5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

Lelieveld J, Evans S, Fnais M, et al. The contribution of
outdoor air pollution sources to premature mortality on a
global scale[ J]. Nature, 2015, 525(7569) : 367-371.
Brimblecombe P, Stedman H. Historical evidence for a
dramatic increase in the nitrate component of acid rain
[J]. Nature, 1982, 298(5873) ;. 460-462.

Busca G, Lietti L., Ramis G, et al. Chemical and mecha-
nistic aspects of the selective catalytic reduction of NO, by
ammonia over oxide catalysts; A review[J]. Appl Catal
B: Environ, 1998, 18(1/2) . 1-36.

Li J, Chang H, Ma L, et al. Low-temperature selective
catalytic reduction of NO_ with NH; over metal oxide and
zeolite Catalysts—A review[ J]. Catal Today, 2011, 175
(1), 147-156.

Liu C, ShiJ, Gao C, et al. Manganese oxide-based cata-
lysts for low-temperature selective catalytic reduction of
NO, with NH;: A review[ J]. Appl Catal A: Gen, 2016,
522 54-69.

Hao Yong-li (#B 7K F]), Zeng Rui( Fii ). Recycling
technology of flue gas denitration catalyze (M8 fiEfiEfk
FIEg R T 2) [ 1], Chin Environ Prot Ind ( " [
), 2015, 2015(01) : 35-38.

Liu Xing-yu( XJ2%%) | Jia Yuan-yuan( 5{& 1% ), Tang
Zhong-hua( FEH14E) | et al. Research progress on regen-
eration of waste SCR denitration catalyst( J%1H SCR sl
HEALTH AR WSS BEJE ) [T]. Appl Chem Ind ()3 il £k
T.), 2020, 49(7) : 1839-1844.

He Chuan(fi] JI|), Wang Le-le( F4k4k), Yang Xiao-
ning (4 5 T°), et al. Effects of spent SCR catalyst
blending on the de-NO_ activity of new catalyst ( J& 57 &
PPt T TR Ak FRITR 45 00 397 4 Ak 700 058 A 1 18 11 5
W) [J]. Chem Ind Eng Prog (tk Tt &), 2018, 37
(2) . 581-586.

Campbell T, Parker C, Starr E. The effect of size-de-
pendent nanoparticle energetics on catalyst sintering[ J ].
Science, 2002, 298(5594) . 811-814.

Dela Riva T, Hansen W, Challa R, et al. In situ trans-
mission electron microscopy of catalyst sintering [ J]. J
Catal, 2013, 308: 291-305.

Goeke S, Datye K. Model oxide supports for studies of
catalyst sintering at elevated temperatures[ J]. Topics in
Catal, 2007, 46(1/2) . 3-9.

Mo S, Ching Y. Electronic and optical properties of three
phases of titanium dioxide: Rutile, anatase, and brookite

[J]. Phys Rev B, 1995, 51(19) : 13023-13032.



%5

b5

FLIT DR AR A S A Ao Bt S e A0 3 A B A LA 5

423

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

[21]

(22]

[23]

[24]

Guo Zhi-min(Z¥EM) , Yuan Jian(3= "), Peng Xiao-
jin(3/NE) , et al. The effect of sodium salts on catalyt-
ic activity of V, 05-WO,/TiO, over NH,-SCR reaction
(EMERXT V, 05-WO,/TiO, #E £k 57 NH,-SCR S b 1 1
[0 [T]. J Mol Catal ( China) (53F41k) , 2016,
30(6) : 547-556.

Zhou Jin-hui ( JEIERRE) | Li Guo-bo( Z=E %), Wu Peng
(5% ), et al. The As poisoning mechanism over com-
mercial V,0,-WO0,/TiO, catalyst( Bl V,0,-WO0,/TiO,
WS AELL I mp rp FEHLER) [J]. J Mol Catal ( China)
(4 TFHfk) , 2018, 32(5) ; 444-453.

Zhang W, Zhu Z, Cheng C. A literature review of titani-
um metallurgical processes|[ J]. Hydrometallurgy, 2011,
108(3) . 177-188.

Zhang L., Zou W, Ma K, et al. Sulfated temperature
effects on the catalytic activity of CeO,in NH;-selective
catalytic reduction conditions[ J]. J Phys Chem C, 2015,
119(2) . 1155-1163.

Choo T, Lee G, Nam I, et al. Characteristics of V, 04
supported on sulfated TiO, for selective catalytic reduc-
tion of NO by NH,[J]. Appl Catal A: Gen, 2000, 200
(1): 177-188.

Zhang L, Li L, Cao Y, et al. Getting insight into the in-
fluence of SO, on Ti0,/Ce0, for the selective catalytic
reduction of NO by NH, [ J]. Appl Catal B: Environ,
2015, 165: 589-598.

Ma L, Seo Y, Nahata M, et al. Shape dependence and
sulfate promotion of CeO, for selective catalytic reduction
of NO, with NH, [ J]. Appl Catal B: Emviron, 2018,
232 246-259.

Xue H, Guo X, Wang S, et al. Poisoning effect of CaO
on Cu/ZSM-5 for the selective catalytic reduction of NO
with NH,[J]. Catal Commun, 2018, 112 53-57.
Wang H, Chen X, Gao S, et al. Deactivation mechanism
of Ce/TiO, selective catalytic reduction catalysts by the
loading of sodium and calcium salts[ J]. Catal Sci Techn-
ol, 2013, 3(3) . 715-722.

Wang D, Luo J, Yang Q, et al. Deactivation mechanism
of multipoisons in cement furnace flue gas on selective
catalytic reduction catalysts [ J ]. Environ Sei Technol,
2019, 53(12): 6937-6944.

Kobayashi M, Kon M, Miyai K, et al. Strengthening of
glass-ionomer cement by compounding short fibres with
Ca0-P,0,-Si0,-Al,0, glass[ J]. Biomaterials, 2000, 21
(20) : 2051-2058.

Amiridis D, Wachs E, Deo G, et al. Reactivity of V,0;

catalysts for the selective catalytic reduction of NO by

[25]

[26]

(27]

[28]

(29]

[30]

NH, : Influence of vanadia loading, H,0, and SO,[J]. J
Catal, 1996, 161( 1) . 247-253.

Reddy M, Khan A, Yamada Y, et al. Structural charac-
terization of Ce0,-TiO, and V,0,/Ce0,-TiO, catalysts by
raman and XPS techniques[ J]. J Phys Chem B, 2003,
107(22) . 5162-5167.

Marberger A, Ferri D, Elsener M, et al. The significance
of lewis acid sites for the selective catalytic reduction of
nitric oxide on vanadium-based catalysts [ J ]. Angew
Chem Int Ed, 2016, 55(39) . 11989-11994.
Hadjiivanov 1. Identification of neutral and charged N, O,
surface species by IR spectroscopy[ J]. Catal Rev, 2000,
42(1/2) . 71-144.

Zhu M, Lai J, Tumuluri U, et al. Nature of active sites
and surface intermediates during SCR of NO with NH; by
supported V,0,-WO,/TiO, catalysts [ J]. J Am Chem
Soc, 2017, 139(44) . 15624-15627.

Topsge N. Mechanism of the selective catalytic reduction
of nitric oxide by ammonia elucidated by in situ on-line
fourier transform infrared spectroscopy [ J ]. Science,
1994, 265(5176) : 1217-1219.

Schill L., Putluru R, Jensen D, et al. Effect of Fe doping
on low temperature DeNO, activity of high-performance
vanadia anatase nanoparticles[ J|. Catal Commun, 2014,

56. 110-114.



424 a4 F  fiE o534 %

Research on the Influence of Calcined Titanium Dioxide to
the Newly-Produced Selective Catalytic Reduction
Catalyst and the Mechanism

LI Ke-zhi'* , LUO He”, ZHAO Ran’, HAN Shuai', REN Jing',
ZHANG Xin-jun’, MENG Fan-li’
(1. Institute of Engineering Technology, Sinopec Catalyst Co., Lid., Beijing 101111, China;
2. Changling Branch of Sinopec Catalyst Co., Ltd., Yueyang 414012, China;
3. Sinopec Catalyst Beijing Co., Lid., Beijing, 102400, China)

Abstract; The titanium oxide from regenerated waste catalyst and from waste materials in catalyst production are
gradually becoming two of the major sources of cheap replacement of which could be widely obtained to decrease
cost. To investigate the possibility of the use of these two sources in producing fresh catalysts and to disclose the in-
fluence mechanism from the micro-perspective, this work mixed these two titanium oxides with fresh material to pro-
duce catalyst, and the activity was evaluated. Raman spectroscopy, NH;-temperature programmed desorption
(NH,-TPD) , H,-temperature programmed reduction, in situ-FTIR, and other methods were combined to evaluate
the catalysts, and to analyze the possible influence of the calcined reused materials. It shows that the catalysts pro-
duced with over-added calcined titanium oxide show worse activity. The specific surface area and acid sites have
less influence on the activity. The major reason is the remnant V,0s in the calcined titanium oxide was over-sin-
tered, transformed from isolated form to crystalized form. Thus, on the condition that the acid sites were merely
changed, the redox property was suppressed, which was the reason for activity loss. This work would cast a new in-
sight in the use of calcined materials in the future, that the status of V-species after sintering should be taken into
consideration on the influence of activity of the catalysts besides with specific surface area.

Key words: DeNO_ ; selective catalytic reduction; calcination; redox; sintering



