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Abstract: With the application of V-based catalysts in the flue gas denitrification, deactivated catalysts as the hazardous solid-
waste have drawn much attention of human beings. In this paper, the mechanism of deactivation for denitrification catalysts was
analyzed at first. The effective regeneration methods for different types of deactivated catalysts were summarized based on the
reasons of catalyst deactivation and some industrial regeneration cases were introduced. The advantages and disadvantages of
different comprehensive utilizations for waste catalysts were also studied. The regeneration and comprehensive utilization should be
based on the level of the deactivated catalysts, thus avoiding the landfill treatment as far as possible.

Keywords: denitrification catalyst; deactivation; regeneration; comprehensive utilization

CLC number: X773

H i, 2 A LA R (NH3-SCR) £ AR B
Tz TR T A B TRy A e 5 ]
SE VR IR ALY, R FA TR [ i R R Ak HE i
i T E KTk . NH;-SCR AR R LAk 5],
VW (Mo) Ti fi 4L ] [V,05-WO5(MoO5)TiO,] & fit
T3z A FH A Rl A AR 35 22— AL R AE 300 ~
450 °C "] LA oR A iR . Pk, BT NH3-
SCR A2 & 30 A B AR 2 5 | R bR s
UMWTUM%M%%iu%h*”ﬁm@FW

UgiS HER: 2021 - 1128

ﬁﬁiﬁ%@ﬁ%%%%@?%%ﬁ%Qﬂy%%
o B A AT S R RGN, AR R TR 1 AR,
@ﬁm%¢qu§%&¢ﬁmm%$omm@
3] (468 1 5 i — B A 2 ~ 3 4ED, 2RI I A Ak 751
HT&HEA 2R IT R M2 ot E
(RN 55 ) B 92 R R ks ) QR AR AS 772-
007-50). HHI E’\Jigﬁﬂﬁ%%ﬁ@ AR B
Bl BMAS RN &R TR, B4 5 H IR
FEXFIREE A i T e L Y, A R

HEWH: ERARPEIEERITHH (21906127); fhE - ERM# R4 %8I H (2021M692550)
EHBEN: FER0977 ), &, W, AlZEZ. 587 1. BREEAEA AR & 44 B F . E-mail: qiyingying@xust.edu.cn
WBEEE: THIRI(1988 —), 53, Ml BIHIZ . WF9Eyml: MAUBAH . E-mail: yankeyu@xjtu.edu.cn

SIAMEE: Jraeas, A, 4 I, 55 RIS AR A A 2R

AR (], RE AR, 2022, 48(6): 6 — 15.


https://doi.org/10.16803/j.cnki.issn.1004-6216.2021110072
https://doi.org/10.16803/j.cnki.issn.1004-6216.2021110072

561

AL AR RG] AR AL A R BT e R 7

JULAE 5 2R A AN TS, SCRk [6] A58, 2020 4% S5
] 4 458 77 A K 24 250 000 ~ 300 000 m® JE SCR
AR, BERSHEAL R V,05 B8l 1% ~ 3%, WO,
SN 5%~ 10%, TiO, & N 80% ~ 90%., Ti.
VW OREZ AR IR, )z N TR E R
Foe g . BAET SR I A Ak 7 0 B A AN g R
AAI AT LA R0 0 R AR AR o | BTk 5 A A
AR T FREE () 50, ELA S S PR RN 28 55 804

1 BRAHELFIBKE

IS8 TR %) 2 30 S A 7 ) e A
o, BT A2 B0 5 2 IR ARSI R e, AR R T
BUTRACA LGS, 3 R AR S0 A J R F2 2]
LAY Ry BRI AR 22 I T

Py BRI T2 B e A fhE AL ) s g L Sl
FE. PR BB R IRELET ., AT
FEAE B AT AR b AR SR 2 B e TS A Ak
FI RN . M Y RO B RS2
TF 20 T AR /N, ORL s 1 Se R AR AR i e i
Ui, FUBR 3 — o A B I b 9 30 A Ak ) v, v
R 30) 30 T 2 5 G I S S I A ) R
N, Kok A 2 L AR b A A B A e AN
AFIRgsEm R TR F R UK Si0,.
Al,O5., CaO FIBERE: VTR TE AL 22 18, 3% ZE M
P N CEL, 7 e Ak 2 I M, T
FHAS NO, 5 NH; 7EMALTI T & A I 0 o i
AR50 T K s 0] 7 B iR B AT, MR E =T 450
B, 233 BAHAL R B TiO, st i A | 85
PR L R 1w BRI T R FLBRRARAR, S 80
FEAK. J3fhmiid 2o Ak rh G R4 43 V,05
IERE AR RARIR, DTS | REHEATE R S T R
A, BE TG V,05 i 2 iHE SO, Ak SO,
AT Vi ) 43 7= R A2

P2 R 3G BRI A o A i e A
JE G R A B AL AT P | R B R R
o B G0, [ R VER A A R B AR
JUE, WNhdAeE + 48 6 E K, Na, Ca fl Mg, B4
J&ICZ Pb. Hg. Fe Ml Zn, D)} Hifl As. S, Cl1 Al
P SFICER, X EETTER KRS 7E WA A Ak 700 35 P 67 55
A AR5 B A 2 W AR T, 1T LS A & A
DAL 9 AT ) 45 P 3 et rL P A B AR AR N O,
NH; W4T R, DTS B AL 15 1 B ik
T (AN [ 78 R LR TR AL, L% 1.

F1 FRAXBHKERERKENE

SRR S
e (AL R AR
N CRESE . Mk
Loz (ERIR, ke
R o BRI
BB e Ay
SR R 5|
e L L T2
TR, V,0sRE L
, , S 2 T

e HAR. AR Iz
e MM BLLEIR g g e aeNo,

NH; BT R

2 KiERHELTNEERRHERE

X % 6 R i A A 750 2R 4 7 A P DA SE AR AR 5
(R FH 54, Boe AP T A A R0 7 24 1 A, S A
IS0 RS AR A B B . i TR A AR AL TR R
1% B9 S PR A2 2, XA R 2R A T PR A I, R S X
AT 1 2 35 D DR R R 2 1) P T v, A i i R
PRIZAEACTN T 1
21 WIRtIEETRREELTINEE

PRI A P B A B (1) & B TR AT
PAxE A A AR R 6 o WY R B, B I
(R AN 47 1) J& Bronsted FiR v 7E NH;-SCR S i
R OCHEAE FH : SR NH; 1 5 B e AL 7] 3
AT R R AL L, 4k T Ak 5 00 < NO, Fl O,
AN, 1 H,00 RRHHR () & mnR FE N
K. Na, Ca fll Mg %, X $T0 KK 5 S ML R 1
Brensted R V07 & A5 R, el A8 BR YR 4544, BHAS
NH; 7 fi £ 7] 2 T A W B, fF NH;3-SCR 2 1 TG v
KA, TS UL 36 1 B B R0, B,
S X IO A A A R B AN R 1 4 I ST R I W AR T
EEERELRM(L) &RTR, IE ML LY
Bronsted B PR, DI 55 28 I AL TG P o 7
FIJ7 3 KUERA L SO, BRI FEA= RV FiAE 55

YUE et al' il £ T K F1 Na 5 i) i LA
BRAEALT, IR HOK PR L 7 i A . 73R
T P 4 PT DATE oK S B L BR, R TG ALY
TSR %K 2 . KHODAYARI' B8 T SO,
TR X R TR AR A, 23 SO, fffknl LA
A7) 2% DT OB R R DA T 185 o 35 10 PR M 67 1)
B AR, S e TR TEYE . ZHENG et al™



8 B2 XS RS

548 3

FLEE T SO, i R P s At i A AL B Ve I X K 3
{14 e v JO8 A 4 £ 70 ) P 5CR s SO, B R fb 1T LAY
T AR B IR M7, {2 NH, fETERT 4555 5 SO, k&
Az B AR i NH,HSO, 3% 28 i 4 7 B £L , JF H.
SO, Bt R AL TC A7 Wb A B K i it 18 S fb e vk
Y AT DL AL R KOO A AR R A IS
0.5 mol/L A4 H,SO, A 1T LA 24 FBR A AL 75 22 1mi
M) K 35 H =439 Bronsted B &, F-4 5 AL
FEIRE T 300 °C B /R HY BB A A7) o i
TG . GAO et al™ il 45 T K HI Na 2 7 (1) /B i
AT, SR 2% B 7 /KRR 75 5l B H,S0, TEU
A=, T BRURR i i B A R ARG N SO Y A3
M 2 P AR 5CR

Fi B T LA 2802 B AR h 4 ), 2 H
HIH PR FAE W, 1B HySO, 7EFHE i B rh 5 5 5
AT A O ok . AR TR 3 P 43 TR O FBL A B JE
K™, YUE et al® IR BRER X K 28 1% B R AL
FIPEATHA, YFRBLRR M = T 0.2 mol/L B, FiA:
JE AR K i SRR P AR ], (B
A RS EWIF G N, BRERRRAN, DF5E X
SRR MR E T M A Z RIEAT T 5% .
WANG et al®™ il T 2% K,0 i HfEALF], Ho#
TSR 26 R 5 5 B A9 R (IR R - H,S0,, 4 5RR .
H;3PO, Fil CoH,0,, Z2Z08: HgO39SiW 5 H3040PW 5*
xH,0 F1 HsMo,,04,P) F A= 550 5 s 25 36, 0.1%
H,S0,. 0.5% C,H,04 F1 1% H030SiW 1, Y F A= %%
SR, FiAE S AR NO, AL AE 300 ~ 350 °C
R IF 90%. 7T A 45 B 9E R W] (NH,),S0,
VAT LA R 2 BRAE AR %) KD 2 A AL )
(A3 P A AR R 7R P A A A Pl B P T
VI INGR, I HA R ERIREIE N, YUE etal®!
R HL KX K Na 236 ROk b 4T i, &
PR 4 R 3 0k L Yk A B LAF- 4RV A e K R,
FEVE AT B A AR o HA B R AN 2 = A
F R TR

SPRIBITAIE R, 4B TE SO, MIEH T &
FEEAE T PR AR IR £ o X SE R R SR e ol & A
VK, R TCT: FH /K e s e vk ) =0 it A 7
4. Lletal™ R T CaSO, 23 HEALH,
I 1wt% F2 3 2, %k — Jg % (HEDP) % i 2517 15
A= ; HEDP ¥ 1A 75 55 R P 2R 55 R w] L2 [0 4% &
Ca” MM 4 R CaSO4 WA M, HA K MY Ca 2

B, LI et alP % 1wt% ) OP-10( 4 5L iy 58 48
LR A Ca HhER R IR A7), & IR 2R ik
HR R SRR T T LS Ca® M E AR, M b
12 B Ca; 5 H,SO, M kb, OP-10 B A ¥ = Y
Ca> EMR AR V,05 5k, HEA4EJ5 B f k5]
BRI I S
22 BEEEREXEEAFIBE

PRBREHL ) B B S Be L ) A S A Y
4 JEICE U Pb, As, Hg Al Zn % . HETHIWFR K
B Pb 1] LU BB AR AL RIS . Pb FERR b fErp
ALK PbO. Pb;O, 5 PbCl,, i i 7E FR A () 35 4
PEAb 22 B R AL TG PR A, BELASHE TR 75 26 i) NH; A9
B, S EOpE AL R R 0 T S04 R A AL AT T
Pb X it AR i BEE A T Na,O Fil K,0 Z ]9,
TEIERRBE T R rp B R As SRS AL
As, O3 T HCEIM AT AL P, 82 R 2 e £ 350 2 1 1)
T PR, SRR T T A7 45 R DT 15 | R A A 351 1 2
TP J3A0, Y As,O5 B S8 ALK As,O5
S AL 5 PR, A NH; A W S Ak 142 it
N,O [ A b, DA e AT 8 i 44 Ak 550 /g 3% ¢ 00,
T, G F 5 4 Ja I 0% I AR A Ak 350 1) PR T ik R
A:RVERAE . BRVE A . BRPE R L HL0, BT
Az PGEJRE A AL AR A

YAN et al® RHK . LR FIRS RS XS Pb 2k
T AR T T A, 245 SR I AR VA T T 34 m
PR e T AR, I = AR B W ER M A, WK R RUR
If. Qletal®™ R EEF/K. LA =L M
IR A R A KT P e A AR A2 T T AR TR
B B B T AR AL T Y PO, PR i
1k 57 350 °C 1) NO, ¥ 1k % ]\ 59.49% 3 fin %
95.70%; £, TR v LASE I AL I O TR B, — Ik & 34 Y
T LAES A [ 22 PO, DI s ALK 52 2% 1 A AL )
Wtk Lletal®™ it L3 LR . #1152 . NayCO;5.
H,SO,. NH;°H,0. NaOH. H,0, il Ca(NO5), % W
X As RIEMEATI AR, 258 % H,0, Il
A LA S0 25 Bk As,Os, (075 5 1 A0 790 136 44 A
45 V,0s 132 5 Bl M 7 W vT DLBE A Rl 2 B
As,0s, 1wt% NaOH ¥ i HL A fie i i As BBRRCE,
{23 AL = B V,05 ik, 3 H Na ST U0
FRAEAEAL T I3 R P g, S5 5 2R IR Ve
H BRI AL 135 P Ca(NOs), T IRTERR
SN FREA R AsyO5, ELIEME MRS AR, (HS
SR T ER FHRRE L, EBRUURY Ca LK. Lletal™



561

AL AR RG] AR AL A R BT e R 9

WHFSE T Hy0, IR As SR AL i R, 2
4 H,0, ¥ = T 4 mol/L B, 4L As &4
FEAAS, Bl & |6 T B . TIAN et al® R
H,S0,. H,0,. H,C,0,. CH;COOH, HCI fl NaOH
VST As S AR, BB H,S0, A A5
BT SRR Y As,O5, TR A A Ak
FIFRTEANL A o LU et al™ SR FHZU/K PRI -H, 18 J5-45
SUBBETEXTHIRIE LT As SIS AL RIS T A 25 51
FMH, 2T IR R R R BRAE LRI 2R 1E 1) As, O, 3
58 Lewis PR (o7 44t /55 2 I IR P 4 5 o, P i P A
JEEALIY NO, Z2BRFBIKE 2 96%. XUE et al™
K HLAC A S5 X As 2R TR A Ak )2k
TR, B A2 S A RS T As AT
R IR, I ELAE PR 70 2 A A S A g R D s 2 A 3
A S A AR AL, B TR AR B A5 8 0 A A
AT T P 5 e e A R T LA T
23 HitlkgETERFRUFIBE

i VR A A BR S AR B TR T E A
Lo RITEIN, WA S, CLAN P & LHLIES o
=, fEMA £ L SO,. HCL, P,05 fil HyPO, %5
SHIE T, s AT R

M SO, TR T 300 C HIRE TA L S
NH; Fl Hy,O S B () 8 i, 768 i pR AL 75
PEOL, S BURALFRIIE HERRARET . HCL W] LIS 38 J5 5
NH; 2 A i NH,CL i NH, 76 f £ 550 2% 1 4 1%
BT AL I AT LK ZE AL HCL 38 AT S04k 50 35 P A3
AR O AR B A TR A, X s A Ak 7
Ko PAEREBE L B2 B WA R & P,Os HI
H3PO, 1 LISEZERAAL, I 55 T A B I A= il 1
Mg £R UTRRE AL R e 1, S B AL ) R 5B, H
AT, BEXF 2 T AR A B AR g b, R
K A R R AR R A A

XU etal™ 4 T SO, HEEAIHEILF, 7E 400 C
N, ST InA 30 min 5 %50 2 i 1 £k 770 2 T
(1) NH,HSO,, LI A 2K K . 048 iR
AR A3 R B A, — PR B LA 4 S R R
DURLAYAE AL 57 F5 £ 9, ZHAO et al*! fifi FH SO, %
SrE A 3 h, 1306 R R EATIRE & 2
K1 Hy/Ar FIl NHy/Ar i J5SAMAE 350 C AL 3 h
Xof HAEA T AR B AR, 2 Bh T iR ER BE B TR AL
RN, R NH; SR A s s g ASTR] R
PR SO A P TR T 8 P v SRR A, W3 2,

£2 AEEESEMREELALENEEFERRLSA
A PR it F
SRR AT
" AT LA IR PER S, (BAFAENH; . 0,3H,0
7 [16]
L SO i, S0,/ iR HUNH,HSO S 22 AL A1
# SO BRERETA R, SHRPEG R, R
s gl AR LD B
o A ke
K. 2 R ROV AT AT A O R T A . IR (5
R EETK, ZBRAM=TE
N - 5l 1 1/ f IR AN [ =2
DI B ER AL T AR . I A FEPbO
Ca(NOy),™ WM 26 F T AR ASO5, T MMM S
. AR AL P As
SRR [32]
" NeOHFH AT S A P
BB AR As,05
I AR S TREE AT LRI R . 20 Ho ik
FRHLIER el B
50, b R e

DA 1 A0 265 6 500 0 W R A QSR IR TR e T L
RBRHEALTR R T 2% o<, PRS2 AEAL TR SR T IR
P, DT P S A 750 A 3 e, s T A £ 751
AR R PR A T S (B BOE vE 2 5 A AL
FEPEL IR, TR VeI — RO Fa AT I VY

JROAE A LA B o P A S AR 590 o 36 P o 1 5
TN 27 AR I BRK, 7 X K 2T
HE— PP B ERR As SRR BT R IRCREL
U, AEL B Y 2 R HE AR 7 A R R, B TR
A e R RV K 25 B3 A B 1 B J o



10 IREE LR R

548 3

P UK I 0] 2% B0 3R B9 R RS , T PRI A R
b, HLP= FE KR D, e — P i 1
PR FRA AR
24 MEEAHBEEIRENRAREG

AT, BEAS AR A e R E E 2 200 TR
B, FAE T RA0EE 5 20K, WA 1,

Py x| _[wea] | Te
e TR b ) Sraw [T ek

E1 KERUANBEIEZNIESR

A DN FD R R BB L B A AL R 72 AT 4
36 000 h J5 X HEAT T A AR, T 2504028 5 2
TR 25 B FoKIB ks B8 75 U A7 ks B 75 i
TEPEERBOS | G T, SRTEMEALRIAE L, 7
A S AL B IR A R = T 40% ~ 50%, NO, 1Y
Hefo o] LIGK T RS HE R AE . B 2 F)XT
B TTE R SRS T HA, TES N
7 A BRVE . B BT FRYE HR RN ek TR TR
Rt TR JBobe, PR AR RN PRI B 2 4R 1A
) 90% L4 I, 3 H SO,/SO; 4k A% F 7 fef A4k
U, AT LA R L Rl R, C A RN As R
TG LA AL AT T PR, T80 5 AN T
b PR BRAEAR T R T COK; Py AL b P B 32
AL IS 0 A BT v )Rk BIR, [ A AL
FIALEE; RIS PR T B A3, PR f Y
PR B A AR A B 96% L |, 1247 8 000 h J& fi
FEFITEPEA H BB B R, 5 300 MW BRIEEHLAL
SR FH e g AR BB A A AL 77, £E32 4724 30 000 h
Ja XHEARRIPEAT T AR BROK BR UG 1M iR
s T, PR R AL RIS PR AR AR S
() 99%, oAt A% T HE A5 271 K JE A TR ) 2SR 1
ALV, FESERR TR F i, 5 B4 X AN R 28 7Y
IR AR AR TR R B X M G 2 T s, DT s A
AEF A BSUR

3 REREELAFNESTRAFRIHRE

R AE AT DL 3 A AR 70 9 3 PR AT 2 BE
PETt, (A AR R AT RE S | AR AL R 5 A 3008 L
BRI, FEAE o AR %) 5 i — FBEAIG T e A £ b 71
MFFfr . Zead 3 ~ 4 ARG, Bl
R AR FAEACTIRE, BUCA AT I3 A A
AN 5 R E AL 1% ~ 3% F) V,0s, 5% ~ 10%
) WO, B{# MoOs, 80% ~ 90% K TiO,, LA K fif

) Si, Ca Fll Al FF 0, i A J5 A0 MRS A4 £k 711
iR 2x &4 K. Na, Pb, As il SZE LRt %, Filk
OB SR A ) 4 910 A o 6 1 4 P 540, L2 A
ZRRKABR S . Birgs &AM AN L EZAE
R IR A AR A A = URE . [N A 4 JE TR UR L 1
R B R A R A A EURHAE R IEfE AL
R AT FZR &R DLE 2,

VSV
‘ TR VR T )

ST LA L_

iz & A SR W Y i

B2 KERAFNESFBEAR

3.1 {EARRRE LTI E R

5 RO A 700 28 50 35 4 Ak 3 e B Ak ) v 1Y
K. Na Fil Pb % 4% B0 % J5 AT DA% IR — 2 Lo i) 5 5
o sORHE A 5 T A2 77 R A A 5 o o] J1] 45050 4
RN 1R NN O ) - 2 N il A oY I K]
HEAL 7 4 72 JFORE NH,VO5. (NH,)gW,0,426H,0 Al
TiO, 1A Ja il & W AL, WF9E T R AL 7R3
T AR MR RE R SE A, S5 R, A
T B <Swt% B, il £ B A AR e A 7 v A
WK, QI et al KGiz T2y 35000 h (192K TG 1k
FIBIF S 043, R 1.5 mol/L () H,C,0, K IZ
iR LTI 4 8 A A2 I, SRS RHR AR5 1
FRit 5 NH,VO, 1 HyC,0, IR IR B i & 5 ik
F, il 2 0 L TR0 P IO A LT 38 380 3 A )
IR, 7 300 °C B NO, #51b %0 919%, HEIH R
93T SO,/H,0 HERE, CAO et al®® F HNO, B
T J B B v e A6 50, 5 F NH,VO5 1 HyC,0, 1R
B W T A R AR R, TR 1.60wt% 1Y
V,05 AL FI B ROCR IR F] 85% LA I ARIGESEEY
PSR T — o O e £ 00 %) T ST i, I Mo s
T R bR A RS R A A s IR B R
s A B AR AIR R, XHR TR M AL ]
il e, XA W ) BT Y, £33
AL S R G, Tt — 2Dl B AR

V2 A AR TR S TR e Ak 700 7 A 7 Sk, A
BASBAR, I HLAT DARBE AR AR AR (8 A 7 A, 2]
AR T 2K o B X 2 A A R0 0 2 B Ak~ 1 g
JEH R e R AR B 1R, THE AT B



561

AL AR RG] AR AL A R BT e R 11

Ll R AR — e 23 R I [R) R B ) AR, L3 AR
R B A AL TR TC TR FEAE 2B 7= A fh A 700 9 ke
3.2 [EY&ERFIEHM TIO,

IR AR A V., W B Mo R EEN 4R
PR, TTLLEE V. W, Mo 52K Tio, &5, 75
HEAT RN, T ieA s B 4 8 v] LA BRI, Tio, 1T
DU FURRE . SR dh A W0k BRI R E 4T
o R A RO A A ) 4 R R TS T vk R
AR L S A A AR iR RS

VSRR AR AR 152 R VR TR 4 Sy TR 1
IR . FRIZIE — MM R R . WSPR . B IR F1
MRS TCHLRR A HLIR o IR AH X JCHLBR IR ) R 1
BE, R ABE AR R TiO, fil WO; AN BBV
FAERR RV IR D, TR VR 32 P (mlSc o Mot i A Ak
FIT R, A SR B AR a PR
Jei D, SR J5 1 8% BR A R A 00 il 4 1 T A s s
fEETHA B (1) Bi, WO /S5 E AR, ZHANG
et al™ i ] “H,S0,+Na,SO;" MR A J5F 2 4t e #5112
R 3 i A AR R R, AR B R AR 95 C
TR 2 h 5, A RS A A R
SR I AR A o Sk, o4& th B e p sk
R WO5-TiO, Yol fbiil . RIS E AR T LA R
T2t IR A A7) P A, (RS B A ANk 5 [l
W, I HARS R 2 7 A K R YRR R

B T B FH T A B8 X 0 e 1) 40 0 R [ A
Fi¥. NaOH &K i fis i A0 iz b Bt Fi v )iz
], B2 TR BT R v AW,
JRCF A B NaOH ¥ W 1T LA =g 2002 H R A AL
FIFFH) VAW LA ZR 5 AL, Si 25, 244K Tio, L
F5E 4 BAFAE IR U s SR IR VLIRS 15 B Al B 4R
o FLIBEHET B BUER T Y TiO,; [RINHBFSE T e iR AN
T PR 25 B AR X V T W 7E NaOH ¥ ¥ Hig Hi
(R M5 I AT DARRARR TS NaOH W A vk AN 4
S IR s ], R IR T WU R LA B S 45 0
] 42 3 R T TTAO et all™) 5 2 15 Al 4 1k 541)
Se )5 H NaOH Fl H,SO, i= i1, k2 WO, V,05 Fll
ALO; 85 K3 Z= B A5 TiO,; 18 ik e IA Jir
$# TiO, F Ak M4l i Ti,CO, FH P ER i 35 ik
— 4tk B, Ti,CO 78 NaCl-KCl % fliEh Fh g ey
AR, 4@ BRUTRRAE IR b, 2l TT 35 99.5wt% .
Big IR 3% 1T LA DA 2 MOt A e A 00 oA 3 I OB R4S, 5

BIPE 25X VR WAy B AR Al O B A
JE K A BN P A K

o TR 7 3 e R IR R R B ST SR AL
MEST A RN IR HE 500 B A2 B, AT HRE B H
br 4 @ o BE WA A Ak 3R R R H Nay,COs Fil
NaOH 1EMHRIE; 7ER bt B2, V. W Si. Al FlH:
Pl 4 AT L5 ml e A 2B I g Ak R K v
S JEANER, T Ti D) 23 55 4 Rl S 1 T AN T 1 K
PR, X LAk b T LA i Y A 0 T DA T 0 1 [
ZHANG et al®” ] NaOH % beik R it firg fi £k 5]
FEHL TiO,, fF FefE R B 45 F T (550 °C . 10 min),
Ti B9 $ UK A 97.8%, i 445 2 /) TiO, 46 & 4
99.15%. MA et al“ R HEAEL KT beid . BRIR 1L A
AHUTTE A 25 A RIS T2 18 W% i il ik 50 vh
4N K TiOy: T4 SEAE 650 °C ksl fit Ak 7 1Y 20 43
SIHREREN N : Ti FE AN T /K Na, TiOs, HiAth
A FEAL N T T oK 8L AR 80 C TH
PR R B 203 5 SR JG IA NayCO5 K B Ak R IR
PET Z e, DR B T TR VA TP A Ml ok R R 5
W UTTEP HEAT AL BEAS 2 & A Bl 1Y Je D 4 41
A TiO, . BRMERT 8 vT LA R0 [mT 0% Ak 70 i)
G JE R, AR L B R L RS 1ok 4 A R
WA I HLRBFERS =, M 35 D AR 8 5

UEAN, A=W i — Pl PR BT AU RIS ARAR 1Y)
HoAR, tmg R YR s S QI 1 [ A 5L
TP 4 JR IS Y. WANG et al™ 4 5 I Al 4k
FUR IR I /R A S AR M R R 3 ) —38 40 Tk, BIFSE T
IR ASHEAL ) R ER VR W Y 5 RO R A iR
HEt, fiGHA SRt MR AN S8 ik
NGB BRN TR T ik KAE
ARV A B R TR D) BE S A WIS 7 AR AN TR
ST, 45 MR R ARTE 10 d W= R KA
2 AR 2R 90% ., 35% . 33% ., 20% F 7%
{BAE Y2 Rk T AR I K, IF B ol A p A e
RETIMNE, TEI—LHIFE . B2 T IWED
RS AEALT Hh [E IKCA h 4 J8 B 45 Fh vk, Wk 3. H
HIH THEAEE S MIORA S TPl 2, WK
Fr LA fEE AL A b A A 42 SR AT THO, 4754k TS
WrEBe, A A B SEBRn . iR AR A REAE
FRAFNEREE A0 Tl =K



12 R R % a8 5
%3 [EEZR V,05-WO,LTIO, iLFImEN BT X
BRI o
Iy v - - fe T il A g ik
[iv3Eas B
FEEGH HCl, HNO;. H,SO,. H,C,0, NaOH NaOH Na,CO; PR T AE Y
Phsi BRI VEE AR VAW ARV WAITi IR AR
< Ty e VAITWHELLF BSR4, AEFER . Higgwm e e
AR VHITIARE B IR, KRR e BRI P POE T AT RSS2 FE ST

3.3 HhEME

BRI P B B S L R | I R A
FAb 2R e M SR o, TP RIE DI T B B
BEL e RIIROR B TR 2 A L I 0 A R R Y
TiO, it AR, A AT BeAE il £ BRIk P e 11 Skt
AT EE i v SART R E k.

VLA SO0 FHA T — AR 58 i A Ak 500 Sk i
] 28 B ik P e 1 ik, K B A3 b 30% ~ 80%
() PR AE AL 0] 5 HAth SRl 2 R e L TR L TR L AR
T AR FNIB RS 5 T 20 5 15 B BE O 5 1 Bk e P i
il s T AN, 283 s R A B Al O i A
R A ETER VAR E L, 158 TRA AR
BRILB ', MR NG 8VE | DR REARES . X
i 3T A5 O 0 I O A e L TR R AT OB A B R S I
R e, 5 A EORHE A i & Bk I i - o il 4
CuO, B,0; Hil Nb,Os fE Rkt B, B4 A M
XS B e 1 BB s s 25 LB, TR 2% Nb,Os Y
FEmBUR AR iR, V FUEAL Zn, He, As S5 H 7
TCE R R B R B [ Gt I HARFRE B | oK
PR IR AT o B AR RE 138 2] R FH K SE P
BEBRUE o XV A TR IR AL R O | B R
WRERSE, His + | AT A SR A EREE, 2 i
R R be S5 T 20 A B TG s WY T JRAREC EE L 8
il AR R R R IR B A X 7 S R RE R S ) 2 R R
B, YR AL Bl 20%, Btk E R 1120 C,
PRI 2 h s, A A WK SRR S o B e, T
SEAT AR B RERE T V AR R 0.32 mg/L, 11
FEZEBRE(T mg/L) o 5K Bl 3C1 8 28 4 Ak 77 T kb
B 5 P e Rl iR, Zead iUAY | TR el
ZAL AR A R | Bt 4R Ak, 7E
— TR I n] A B e b B 0 M FH DI R AR e 245
TR, I FLAT DAGR 2F P e ot 1 350 s A Ak )
BAETE 10Wt% ~ 30wt% I, K & #3235 ] SicC
AR Ay 2 50 ] % 1) Z2 L P e T LA AT L, DTS

AR T E A IR I AL . TR 2R A
FIAR Kk I 15wt% NH3oH,0. 5wt% HNO; ¥ ik Hl
H,0 ¥k, LA CuO. B,O5 B Nb,Os /£y V ILE Y
AL, 2 B L 0 5 5 A JRUR L A TR A 88
5], AT IR A BRI S 2R AR AR, il sl 28 f5 A T
FERGEEE I BRI e, 77 i TR R B 1A 5 653 MPa
DL b, HUESTREFIAF] 184 MPa L) |, JFH VB 1%
T EZE bR,

I FE 2 i e A 700 )2 B s LA, 3 A
B, re i bEReOe S, IF HOZ e IR Ak 5 B AL 5
1) P B AL 22 M RE R BRI, HAT — 5 N T 5.
(AR EEEAR R, T A4, AR R, Hitkt
THRENRIEL
34 HELEALSSE

BRI G JB A 4 % B AR, B R A R T e e |
e 5 1 v TR AR AP R R, 22 L LK L i
58 3 32 i 55 v T 235 4 4 R SIS T I I
FHOY, BRI B SFC R S AL R R AU AR, 5
Ca0. CaF,. Na,CO; Fl Al ¥4% 80 LIRS 1 bk,
a2 AE 1600 °C ik L B 98 10 5 50 A 8L,
AUBME R 30 S5 2 A AR 0] () TiO, I8 J5A T
R R, WY Ti 8 AL 5 AR
TR B 4, R TIO, #4620 Ti, 893 h i
AL BRI N ALOs; SHA SRR T 24T
1) 45 J 3 B, ALIE J5 P i Ak 55 v TiO, 1Y I i 7E
923 C edv kA, J& THR-[ v A4 Ti & i
Bl bk AL PRSI, 2 poekh ALK &
HON 40wt% B, A Ti FEs R R EA N
4.25%"7, KI5 AN AL R R RIS 5 CaO,
AL FI CriiA, R HGE JR-F A L 28 Ti-Al
G4, IS T Cr AR &4 PERERY R IR ; KR
G 1580 C IG5 2IML G 4 MBI, CaO YR
AR T6 S5 855 FHLE 4 7E 1600 C &
Sl U< T E A R 2 R A MR AL ) S A I, A5



5 6 1]

AL AR RG] AR AL A R BT e R 13

FHBESGLE, G2 TIiNE 2N 44%; B
Cr JGE AT LAk /b i S s ALk Ak & =2k, 38
TisAl B4R, R /D85 40 SR Ak P B . AR ith
SECL T AR B it — D BRaR, R S R
PR R A S TR E R 2y, W& & TE = 4l
AR T T 1500 C H25 BT Ia A b p ik
FIRE R, K0 3 WA, &4 Ti &N 52.6%, 4+
F R AR L BRI B, WAV A AT LR A
B AW BT 2R . SR, Bl 5 RS e U B 3
i, TiALA 2 ) 8 Tk A & Rk B4
A TiAL F78 o 52 32500 %ok 1o 3 i w4 1k 70 kA7
WK AL B Ky i ALaT S, 5 MgO. Na,COs.
CaF, FMI&FE5A SR G 1E N, IR RS
45 BRI IE] 1600 °C J5 40t A%k, &
B A 3 SRR I 3 i A Ak 57 P ) THO,
V,05 WA Ti 1V, L 8 Btk NROY 5 4 -

JE LAE A TR VE M BRI 4 a8 A 4 i RO EA T
IR AL, 18 TR, XA P Bk 2 1 g
SRAEAR o SRTIZ 7 2 IR 7 22 R A 1 Hol A
Bime BEAh, BN A A B R R L 4 JE H)
LAY TiAL A1 TiAly S8 TAb N A E R &
AL A WIARIIE R, 4 4 i TR T 2 Pk B T 0k —
LT

4 gip

ATAFR , 2R3 O T A A 7R B 7 IR AR B 1,
A S WL 1 o i A 51 P A 28 2 A AR AL R 1Y
FRALZE G MR 2] T E AR T AR )iz
KLE . AT, 26 i Ar AR i A T ik 22Ol
FHEE WG DEFA o A0S AN TR] B 2 376 D DR 2 36 A
ARV BT IR, DT T DA S8CHE e A5 A
RHOR o BT BB VA C A Tl B A 2 61
HL K TE R 2R B 0 2R Y R BR AR e I HL ™ A K B
B, SR —E BTSRRI AR ROR . 7EIR
ot g M AR BT IR A 2 5 R T 7 T, R R A A 550 A
Az 7 P AR AR AR TR A DR T2 B AR B AR, AT
ASE B B i A0 O PR BRI, e — b T 47 A4 ]
A7 2o DA i i A Ak 550 v 4 BUA fr < s A
TiO, ] ASE BRI ROPEER AT . AEALR] h A
M4 R Y DOy 1 FEEATIRIR 15 | BRR 1 il
Rl AR IR A, B R = T N TS24,
ATy i — 2 AR IR g . AR X RS R

ANEITIC T 2 R T A A T R S L R
R ™ o ) I ot g P A7, e G o i A Mg
FIBRSE & J A S5 AR, %A 7 X BAT e
Jﬂﬁﬁ%o

£ £ XMk

(1] AR B, SR, B4 H, 45 RS S H TR M. Jbat: 5%
HH A, 2010: 378.

[2] CHEN Z H, YANG Q, LI H, et al. Cr-MnO, mixed-oxide catalysts
for selective catalytic reduction of NO, with NH; at low
temperature [J]. Journal of Catalysis, 2012, 276(1): 56 — 65.

[3] YU Y K, HE C, CHEN I S, et al. Deactivation mechanism of de-
NO, catalyst (V,05-WO;/TiO,) used in coal fired power plant[J].
Journal of Fuel Chemistry and Technology, 2012, 40(11): 1359 —
1365.

[4] WU W F, WANG C Y, WANG X R, et al. Removal of V and Fe
from spent denitrification catalyst by using oxalic acid: Study of
dissolution kinetics and toxicity [J]. Green Energy & Environment,
2020, 3(11): 1 3.

[5] FERELLA F. A Review on management and recycling of spent
selective catalytic reduction catalysts[J]. Journal of Cleaner
Production, 2019, 246: 118990.

[6] ZHANG Q J, WU Y F, YUAN H R. Recycling strategies of spent
V,05-WO4/TiO, catalyst: A review[J]. Resources Conservation
and Recycling, 2020, 161: 104983.

[7] KIM J W, LEE W G, HWANG 1 S, et al. Recovery of tungsten
from spent selective catalytic reduction catalysts by pressure
leaching[J]. Journal of Industrial and Engineering Chemistry,
2015,28: 73 = 77.

(8] THaR}. 7T SCR JBLAH A7 119 25 1 AR AE MLIATF 52 [D]. Jb
a P EBEABERAE, 2016,

(9] 240, A= MR M, fir i, A5 AR B0 A 41 AL ) v S L) 55 P AR 4
AT AT HERE, 2015, 34(12): 4129 - 4138.

[10] HAN L P, CAI S X, GAO M, et al. Selective catalytic reduction
of NO, with NH; by using novel catalysts: state of the art and
future prospects[J]. Chemical Reviews, 2019, 119(19): 10916 —
10976.

[11] NOVA I, DALLACQUA L, LIETTI L, et al. Study of thermal
deactivation of a de-NO, commercial catalyst[J]. Applied
Catalysis B:Environmental, 2002, 35(1): 31 — 42.

[12] A7, 32, Wik, 2. JE 3 SCR ALFI A Aot e (0], #R5%
T, 2018, 36(10): 97 — 101+188.

[131 LI J H, PENG Y, CHANG H Z, et al. Chemical poison and
regeneration of SCR catalysts for NO, removal from stationary
sources[J]. Frontiers of Environmental Science & Engineering,
2016, 10(3): 413 —427.

[14] LISI L, LASORELLA G, MALLOGGI S, et al. Single and
combined deactivating effect of alkali metals and HCl on

catalysts[J].  Applied

commercial SCR Catalysis


https://doi.org/10.1016/S1872-5813(13)60003-1
https://doi.org/10.1016/j.resconrec.2020.104983
https://doi.org/10.1016/j.resconrec.2020.104983
https://doi.org/10.1016/j.jiec.2015.02.001
https://doi.org/10.1021/acs.chemrev.9b00202
https://doi.org/10.1016/j.apcatb.2004.01.007
https://doi.org/10.1016/S1872-5813(13)60003-1
https://doi.org/10.1016/j.resconrec.2020.104983
https://doi.org/10.1016/j.resconrec.2020.104983
https://doi.org/10.1016/j.jiec.2015.02.001
https://doi.org/10.1021/acs.chemrev.9b00202
https://doi.org/10.1016/j.apcatb.2004.01.007

14 IREE LR R

548 3

B:Environmental, 2004, 50(4): 251 — 258.

[15] LISI L, CIMINO S. Poisoning of SCR catalysts by alkali and
alkaline earth metals[J]. Catalysts, 2020, 10(12): 1475.

[16] YUE P, L1J H, CHEN L, et al. Alkali metal poisoning of a CeO,-
WOj catalyst used in the selective catalytic reduction of NO, with
NH;: an experimental and theoretical study[J]. Environmental
Science & Technology, 2012, 46(5): 2864 — 2869.

[17] KHODAYARI R. Regeneration of commercial SCR catalysts by
washing and sulphation: effect of sulphate groups on the
activity[J]. Applied Catalysis B:Environmental, 2001, 33(4) :
277 —291.

[18] ZHENG Y J, JENSEN A D, JOHNSSON I E, et al. Laboratory
investigation of selective catalytic reduction catalysts:
deactivation by  potassium  compounds and catalyst
regeneration[J]. Industrial & Engineering Chemistry Research,
2004, 43(4): 941 — 947.

[191 GAO F Y, TANG X L, Yi H H, et al. The poisoning and
regeneration effect of alkali metals deposed over commercial
V,05-WO,/TiO, catalysts on SCR of NO by NH;[J]. Chinese
Science Bulletin, 2014, 59(31): 3966 — 3972.

[20] ZHANG Y J, GAN T, HU H Y, et al. Effective treatment and
utilization of hazardous waste sulfuric acid generated from
alkylation by lignocellulose ester-catalyzed oxidative degradation
of organic pollutants[J]. Journal of Hazardous Materials, 2019,
380(15): 120892.

[21] YUE P, LI J H, SI W Z, et al. Deactivation and regeneration of a
commercial SCR catalyst: Comparison with alkali metals and
arsenic[J]. Applied Catalysis B:Environmental, 2015, 168: 195 —
202.

[22] WANG X X, MA H Y, SHI Y, et al. Regeneration of alkali
poisoned TiO,-based catalyst by various acids in NO selective
catalytic reduction with NH;[J]. Fuel, 2021, 285(1): 119069.

(23] RS AS, BREEAE, WIZMME, 45, F9JH SCRBLAHAELLT] K0 i
JEFFAE: (NH,),SO, #59 [T]. BRBMEE24R, 2012, 40(6): 750 —
756.

[24] YUE P, LI J H, SHI W B, et al. Design strategies for
development of SCR catalyst: improvement of alkali poisoning
resistance and novel regeneration method[J]. Environmental
Science & Technology, 2012, 46(22): 12623 — 12629.

[25] LI X, LI X S, CHEN ] J, et al. An efficient novel regeneration
method for Ca-poisoning V,05-WO,/TiO, catalyst[J]. Catalysis
Communications, 2016, 87: 45 — 48.

[26] LT X S, LIU C D, LI X, et al. A neutral and coordination
regeneration method of Ca-poisoned V,05-WO5/TiO, SCR
catalyst[J]. Catalysis Communications, 2017, 100: 112 — 116.

[27] GUOR T, LU C Z, PAN W G, et al. A comparative study of the
poisoning effect of Zn and Pb on Ce/TiO, catalyst for low
temperature selective catalytic reduction of NO with NH;[J].
Catalysis Communications, 2015, 59: 136 — 139.

(28] XBRL, 5K FL, X5, 4. BRIGER ) HE A A8 55 AL i 9T (70, vh 3R
BiRl#, 2013, 33(7): 1199 — 1206.

[29] SENIOR C L, LIGNELL D O, SAROFIM A F, et al. Modeling
arsenic partitioning in coal-fired power plants[J]. Combustion &
Flame, 2006, 147(3): 209 — 221.

[30] KONG M, LIU Q C, WANG X Q, et al. Performance impact and
poisoning mechanism of arsenic over commercial V,Os-
WO,/TiO, SCR catalyst[J]. Catalysis Communications, 2015,
72: 121 - 126.

[31] YAN D J, GUO T, YA Y U, et al. Lead poisoning and
regeneration of Mn-Ce/TiO, catalysts for NH;-SCR of NO at low
temperature[J]. Journal of Fuel Chemistry and Technology,
2021,49(1): 113 - 120.

[32]QI L Q, LI J T, YAO Y, et al. Heavy metal poisoned and
regeneration of selective catalytic reduction catalysts[J]. Journal
of Hazardous Materials, 2019, 366(15): 492 — 500.

[33] LI X, LI ] H, PENG Y, et al. Regeneration of commercial SCR
catalysts: probing the existing forms of arsenic oxide[J].
Environmental Science & Technology, 2015, 49(16) : 9971 —
9978.

[34] TIAN Y M, YANG J, LIU L, et al. Insight into regeneration
mechanism with sulfuric acid for arsenic poisoned commercial
SCR catalyst[J]. Journal-Energy Institute, 2020, 93(1): 387 —
394.

[35] LU Q, ALI Z, TANG H, et al. Regeneration of commercial SCR
catalyst deactivated by arsenic poisoning in coal-fired power
plants[J]. Korean Journal of Chemical Engineering, 2019,
36(3):377 — 384.

[36] XUE Y D, ZHANG Y, ZHANG Y, et al. Electrochemical
detoxification and recovery of spent SCR catalyst by in-situ
generated reactive oxygen species in alkaline medialJ].
Chemical Engineering Journal, 2017, 325: 544 — 553.

[37] ZHANG L, LI L L, CAO Y, et al. Getting insight into the
influence of SO, on TiO,/CeO, for the selective catalytic
reduction of NO by NH;[J]. Applied Catalysis B:Environmental,
2015, 165: 589 — 598.

[38] BECK J. Thebehaviour of phosphorus in the flue gas during the
combustion of high-phosphate fuels[J]. Fuel, 2006, 85(10) :
1541 — 1549.

[39] XU L W, WANG C Z, CHANG H Z, et al. New insight into SO,
poisoning and regeneration of CeO,-WO5/TiO, and V,Os-
WO4/TiO, catalysts for low-temperature NH;-SCR[J].
Environmental Science & Technology, 2018, 52(12) : 7064 —
7071.

[40] WANG Y Z, YI W, YU J, et al. A novel method for assessing
SO, poisoning effect and thermal regeneration possibility of
MO,-WO,/TiO, (M= Fe, Mn, Cu, V) catalysts for NH;-SCR [J].
Environmental Science & Technology, 2020, 54: 12612 — 12620.

[41] ZHAO N, LI L, PAN S W, et al. Sulfur poisoning and
regeneration of SCR catalyst based on V,05/TiO,[J]. Advanced
Materials Research, 2014, 1010-1012: 880 — 884.

[42] Z=Af FH . BAMEES P S0 SCR JBEAH fhe A6 700 AR TR SRR (1], &
HLI 4, 2013, 27(2): 133 - 135.


https://doi.org/10.1016/j.apcatb.2004.01.007
https://doi.org/10.3390/catal10121475
https://doi.org/10.1016/S0926-3373(01)00193-X
https://doi.org/10.1007/s11434-014-0496-y
https://doi.org/10.1007/s11434-014-0496-y
https://doi.org/10.3969/j.issn.0253-2409.2012.06.018
https://doi.org/10.1016/j.catcom.2016.06.017
https://doi.org/10.1016/j.catcom.2016.06.017
https://doi.org/10.1016/j.catcom.2017.06.034
https://doi.org/10.1016/j.catcom.2014.10.006
https://doi.org/10.1016/j.catcom.2015.09.029
https://doi.org/10.1016/S1872-5813(21)60003-8
https://doi.org/10.1016/j.joei.2019.02.002
https://doi.org/10.1007/s11814-018-0227-9
https://doi.org/10.1016/j.cej.2017.05.113
https://doi.org/10.1016/j.apcatb.2014.10.029
https://doi.org/10.4028/www.scientific.net/AMR.1010-1012.880
https://doi.org/10.4028/www.scientific.net/AMR.1010-1012.880
https://doi.org/10.1016/j.apcatb.2004.01.007
https://doi.org/10.3390/catal10121475
https://doi.org/10.1016/S0926-3373(01)00193-X
https://doi.org/10.1007/s11434-014-0496-y
https://doi.org/10.1007/s11434-014-0496-y
https://doi.org/10.3969/j.issn.0253-2409.2012.06.018
https://doi.org/10.1016/j.catcom.2016.06.017
https://doi.org/10.1016/j.catcom.2016.06.017
https://doi.org/10.1016/j.catcom.2017.06.034
https://doi.org/10.1016/j.catcom.2014.10.006
https://doi.org/10.1016/j.catcom.2015.09.029
https://doi.org/10.1016/S1872-5813(21)60003-8
https://doi.org/10.1016/j.joei.2019.02.002
https://doi.org/10.1007/s11814-018-0227-9
https://doi.org/10.1016/j.cej.2017.05.113
https://doi.org/10.1016/j.apcatb.2014.10.029
https://doi.org/10.4028/www.scientific.net/AMR.1010-1012.880
https://doi.org/10.4028/www.scientific.net/AMR.1010-1012.880

5 6 1]

AL AR RG] AR AL A R BT e R 15

(430 ARJEAA. R IH O AR A A0 12 T 22 B TRE 200 (7). IR L T,
2019, 11(48): 195 —200.

(441 RICH, 2547, £ 1. JRME ety sl a4 JIE AR 4 £ 0 13- HAR O AT
FEN T, s R ST TR, 2018, 34(1): 5 -8,

[45] RETRAL, TEAT. KRIEEL ™ SCR M Al Ak 5510 2% 35 23 A B T4 1o
FHT). REIEIRBE LR, 2017, 31€6): 23 - 26.

[46] MA B T, QIU Z F, YANG J, et al. Recovery of nano-TiO, from
spent SCR catalyst by sulfuric acid dissolution and direct
precipitation[J]. Waste & Biomass Valorization, 2019, 10:
3037 — 3044.

[47] WU W F, WANG C Y, BAO W J, et al. Selective reduction
leaching of vanadium and iron by oxalic acid from spent V,05-
WO,/TiO, catalyst[J]. Hydrometallurgy, 2018, 179: 52 — 59.

(48] )N, IR5R, Me T, 45, B WP HEAL IR I AL R RAE X
e AR JBE A PR RE s (7). Ak TR e, 2018, 37(2): 581 -
586.

[49] QI C P, BAO W J, WANG L G, et al. Study of the V,Os-
WO5/TiO, catalyst synthesized from waste catalyst on selective
catalytic reduction of NO, by NH;3[J]. Catalysts, 2017, 7(12):
110.

[50] CAO Y B, HAN F, WANG M X, et al. Regeneration of the waste
selective catalytic reduction denitrification catalyst by nitric acid
washing[J]. ACS Omega, 2019, 4: 16629 — 16637.

[51] Ahisg, XU/, 223508, 45, —Fh SCR PBEMABLAN AL B ik
J7i%, CN 104805298A[P]. 2015-07 — 29.

[52] what, MmRgA, #OCHE, 55 RERIIUE SCR AL & uhEle
. AL LIRR, 2020, 40(4): 406 — 410.

[53] ZHANG Q J, WU Y F, LI L L, et al. Sustainable approach for
spent V,05-WO;/TiO, catalysts management: selective recovery
of heavy metal vanadium and production of value-added WO;-
TiO, photocatalysts[J]. ACS Sustainable Chemistry &
Engineering, 2018, 6: 12502 — 12510.

[54] e, B30k, E/RME, 45 AT BEIH SCR M fik 1L 571
H TiO, 2Ry RIS PRI 7). A 254, 2017, 68(11): 10.

[55] LIUNN, XU X Y, LIU Y. Recovery of vanadium and tungsten
from spent selective catalytic reduction catalyst by alkaline
pressure leaching[J]. Physicochemical Problems of Mineral
Processing, 2020, 56(3): 405 — 418.

[56] JIAO L, SONG W L, CHEN H, et al. Sustainable recycling of

titanium scraps and purity titanium production via molten salt

electrolysis[J]. Journal of Cleaner Production, 2021, 58: 557 —
563.

[57] ZHANG QJ, WU Y F, ZUO T Y. Titanium extraction from spent
selective catalytic reduction catalysts in a NaOH molten-salt
system: thermodynamic, experimental, and kinetic studies[J].
Metallurgical and Materials Transactions B, 2019, 50: 471 — 479.

[58] FONTI V, DELLANNO A, BEOLCHINI F, et al. Does
bioleaching represent a biotechnological strategy for remediation
of contaminated sediments[J]. Science of the Total Environment,
2016, 563-564: 302 — 319.

[59] WANG S H, XIE Y L, YAN W F, et al. Leaching of vanadium
from waste V,05-WO5/TiO, catalyst catalyzed by functional
microorganisms[J]. Science of the Total Environment, 2018,
639: 497 — 503.

(607 TLFEH, X, Peby =, S5, LIS IHPUBR IR fH Ah 700 8 S5k Y
ERIEPEE Bl 45 )7, CN105347785B[P]. 2016-02 — 24.

(611 XU, 4RAR, VLA, 45 N [R5 2 o e A7) 11 4
PREEPEVERERI RN (1], 1, 2017, 46(7): 66 — 71,

(621 X, ™80, 2% A 55 . K 3 JU0 A ik A0 700 ] 4 5 o i A4 BOF
¢ [I]. MBS T AR 20170381 2), 2017: 242 — 246.

[63] TRRLSC. 5 SCR BN AHEAL )™ it i) TE 35 AL AL HE-5 P4 J [D].
At B R Tl KA, 2013

l64] EAZ22. —FhERIER % B H S (i 45 U7 7k, CN108341657A[P).
2018-07 - 31.

[65] KOTHARI K, RADHAKRISHNAN R, WERELEY N M.
Advances in gamma titanium aluminides and their manufacturing
techniques[J]. Progress in Aerospace Sciences, 2012, 55: 1 — 16.

l66] BRI %, MEFE e, XURAS, &5 I 3 LA A A 0] B He i & L AT
F[I]. MkHLER, 2018, 39(6): 99 — 102.

[67] BRI X, Bewm i, RIS, 55 RSB AR & S ARy
T2t A 2R Ee [T]. ERHLER, 2019, 40(2): 87 - 91.

[68] Fhoith, =%, B2 A, 55, & SCR BREEMLA Al R FR UL I
& 2 S B ER RS  ri IR 05T (O], SR ALK, 2019,
40(2): 79 — 86.

[69] Ahaesth, th22, B 4i R, &5, RSB AL SR AL JIi— L =S ik
U MR A B R AR S IR AT O LD Bk BLEK, 2019,
40(3): 39 —45.

[70] 2%, PR E, XIMNEL, 5. — M & AW AR n16 4 kit
FIERER LA 4 19145 JT ik, CN108677016B[P]. 2018-10 — 19.


https://doi.org/10.1016/j.hydromet.2018.05.021
https://doi.org/10.3390/catal7040110
https://doi.org/10.1021/acsomega.9b02288
https://doi.org/10.37190/ppmp/118475
https://doi.org/10.37190/ppmp/118475
https://doi.org/10.1007/s11663-018-1475-5
https://doi.org/10.1016/j.scitotenv.2016.04.094
https://doi.org/10.1016/j.scitotenv.2018.05.168
https://doi.org/10.1016/j.paerosci.2012.04.001
https://doi.org/10.7513/j.issn.1004-7638.2018.06.016
https://doi.org/10.7513/j.issn.1004-7638.2019.02.014
https://doi.org/10.1016/j.hydromet.2018.05.021
https://doi.org/10.3390/catal7040110
https://doi.org/10.1021/acsomega.9b02288
https://doi.org/10.37190/ppmp/118475
https://doi.org/10.37190/ppmp/118475
https://doi.org/10.1007/s11663-018-1475-5
https://doi.org/10.1016/j.scitotenv.2016.04.094
https://doi.org/10.1016/j.scitotenv.2018.05.168
https://doi.org/10.1016/j.paerosci.2012.04.001
https://doi.org/10.7513/j.issn.1004-7638.2018.06.016
https://doi.org/10.7513/j.issn.1004-7638.2019.02.014
https://doi.org/10.1016/j.hydromet.2018.05.021
https://doi.org/10.3390/catal7040110
https://doi.org/10.1021/acsomega.9b02288
https://doi.org/10.37190/ppmp/118475
https://doi.org/10.37190/ppmp/118475
https://doi.org/10.1016/j.hydromet.2018.05.021
https://doi.org/10.3390/catal7040110
https://doi.org/10.1021/acsomega.9b02288
https://doi.org/10.37190/ppmp/118475
https://doi.org/10.37190/ppmp/118475
https://doi.org/10.1007/s11663-018-1475-5
https://doi.org/10.1016/j.scitotenv.2016.04.094
https://doi.org/10.1016/j.scitotenv.2018.05.168
https://doi.org/10.1016/j.paerosci.2012.04.001
https://doi.org/10.7513/j.issn.1004-7638.2018.06.016
https://doi.org/10.7513/j.issn.1004-7638.2019.02.014
https://doi.org/10.1007/s11663-018-1475-5
https://doi.org/10.1016/j.scitotenv.2016.04.094
https://doi.org/10.1016/j.scitotenv.2018.05.168
https://doi.org/10.1016/j.paerosci.2012.04.001
https://doi.org/10.7513/j.issn.1004-7638.2018.06.016
https://doi.org/10.7513/j.issn.1004-7638.2019.02.014

	1 脱硝催化剂的失活
	2 失活脱硝催化剂的再生研究进展
	2.1 碱和碱土金属元素失活催化剂的再生
	2.2 重金属元素失活催化剂再生
	2.3 其他非金属元素失活催化剂再生
	2.4 脱硝催化剂再生工程应用案例

	3 失活脱硝催化剂的综合利用研究进展
	3.1 作为脱硝催化剂的原料
	3.2 回收金属资源和TiO2
	3.3 钛基陶瓷
	3.4 钛基金属合金

	4 结论
	参考文献

