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Abstract

In this paper, the hydrometallurgical method is used, Na,SOs is used as the reducing agent, and the
vanadium in the waste SCR catalyst is leached with sulfuric acid solution at one time. After ob-
taining the optimal leaching conditions, two stages of countercurrent leaching are used to further
increase the leaching rate of vanadium in the waste SCR catalyst. The main component of the re-
maining undissolved solid is TiO2, so that TiO; is separated to obtain a crude titanium tungsten
powder product. The optimal process conditions were determined through experiments: leaching
temperature 80°C, leaching time 60 min, sulfuric acid concentration 8%, liquid-solid ratio 5:1, and
sodium sulfite concentration 7% (relative to the catalyst amount). The vanadium leaching rate is
79.74%, and the two-stage countercurrent leaching improves the leaching rate by about 9%.
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1. 518§

JA T 2 el — 2 7 VER KSR I NOK I S BIG 3 AU LA BRI NOL HEGE (L1 2. BT,
PR NOL HEBCE ) T RO R B ALIE R (SCR)IE[2], 1% L 2&#)T 1961 4EH Cohn B 4G KNI
EEH, T 20 thad 80 AFARAE HASLIHL T AL, BE S AERRIMANSE B 462 B, %7715 L NH;. CO.
H, AR NIE SR 5, (EBAR A IR (280°C~420°C) MK 41 Y NOLIE R B9 N, £ H,0.

AL FE SCRIEMIZ AL, 7 s = IR S SiAGTT =28 . ER AR LABLAR T 2 TiO,
NEAR, S EAE 80%~90%, V,0s (& & 1%~5%). WO; (& & 5%~10%) M 1t s [3]. 1H1ELhRistT .,
JHA K AT A ) K. Na. Ca. As il P 254 S P, B0 TR & S 8UR (LB s %
BER R . RN TR TP 225 4] [5]. 2016 AR (E R GE R4 55 ) # K SCR AL (BLEK
R)HN “HWSB0 JEMEAT” , M 2014 SFJKIFEG, 4F SCR WLAY Bt fE 4K =4k 1.2 JIMif¥ & SCR f#1k
A, Hpr AR, a3 2019 4F, AR IA R 20 FIME(Z 30 ALTK), Wit K& )
SEIS PR 2= 45 Tl oK AR Ay SR AR5 R R B BB 6] [7]. QSR my DU T 277755 & SCR AL 77 F
P, BARS MR AT

& SCR EAUFIEIIITNEZ R 2 AL, HGNER AT DL NERIENE . I3 #hRele. BiREss. 5 HARR T
PAHEE, FREBVEIELL NN T TR A R (1) R RS — S A R, MR, TREUSAK;
(2) LR FHATRRS, MR ERIC, AEFEIC. Erust [81ZE NAEHIFIRE. FEIATHIR 3 MR IR
R SR I S RSO R | AT TR 4L, TR IR R, A48 R 0.1 mol-L ™' H,0, 0.1 mol-L ™
HPE 70°C. WAl 2 h. S/L=1:25 i, BURECEATIA 95%, H,0, AT LAS & @B BT iE ME L &4, i
PEEPLR AR . 2K, A1 T HR. BilR. MRS R SCR LA Fh A IR EUIUR,
AR, BEEUSCR B REN MR . BRR. BER. WIR, B4, IR HRERIR I R, IR
BRI BUS RSR AR TR 2.8 £, [ A 52 D) 8 P B Ak SR el g g A W, R A BE P75 PR A A 71 L
R, SRkERRACE G 1) LR A AT AN 60.8 mg, 2 1 39.6%. A Gl BilRIA IR HUK SCR f#
A, BRI TR T AR . JESRFRE R A 32 R R L IR R
SR, W R T2, FHEE B IR Hit— PR R R, HHRA TIREIE.

2. SLRERSY
2.1, WAL
WL, AL TR, AT
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L5S AURANM LT, EIEREE ASRACRA IR AT
22. SEWAAE

2.2.1. & SCR 4 FIRRIE

J& SCR AT Te 2 4L A7 22 PANalyrical 2w 477 1) X S8 1B AT (XRF) . A H3BO;3
ks &7, I 10~160 mA, HLE 30 KV, REERFE] 3 min, A EHERE/NT 0.001°,

X SR AT 5 (XRD)AX My 4 [ Bruker 477, 745 D8-Advance, IR 2% 14:: Cu I, Ko 14k, 25K 0.05°-step ™,
B 40 mA, FHLE 40KV, HEHiMAIE 20 =20°~60°, HHEHEE N 10" min .

X SR HL T BERE (XPS) /0 WA 5y 28R K Thermo ESCALAB 250X1, JRAS, KB Fhfilpk 1 em x
Lom B FER, FEMSSEREM C1s &ZIE, K XPS-Peak AT /bl A -

222 BHEE

Je4 1% SCR LA AL B T 100°C B ERVE IR THRAE T T 12 h, S5 R T15 5 IR Rk EA T AR AR
WHEE | T, BORLARTE 120 H~140 H I8 0 PR A A 7 HEAT 5 825050 . R TR RIS 0R HU% SCR s fift.
FIF AL, B 1.0 g JE SCR EALFIBNGEMN H, TN —E RIBBRIE, HREH, PsEER
Il i peds R IRIR B, ROSIRFEAE£LC NIRFHEE . RI—EN G, AHEER, & EdIE,
JEME R A 250 mL A &S, IEERERH . BUE A5 MIEH 2.00 mL TFestd, 8T 5-BR-PADAP
I IEICEVEEN B R E . Bea, ARAEFURAE M 2Rk MRS, BEm S R IR

B =
W, xm
Horp, o AR HUIIRE, v IR HAOARAL, m R SCR BLAS AL &, wi A SCR LA

AT BB 5 B 2
3. &R5iT1ie
3.1. B SCR #{FIMFRIEL

SEEG IR SCR AL H 2B B R B A IR AR, 2EEIR, @ XRF W HcE=4 Mk, H
K1 UAEEEATTESEN 0.74%.

Table 1. Chemical composition of waste SCR catalyst
2 1. & SCR HENFIRIILZHERK

L% o Al Si Ca Ti \Y; Fe w HAh

EEIwt% 40 0.62 1.93 0.86 51.07 0.74 0.2 3.75 0.83

1 i XRD 3 B R B T BEER T TiO, MIRFAEAT U4, {2 WO3 Fil V,0s HIRFIERT S IE EI B HB,
R A 70 HT A R A o 5 T 5 SR 1) 2R R A SR, R AR A 701 )9 1 4 T A A 702 T 3
B1%], WO3 il V,0s LA B /3 B 8 T A AR TE SR 3R T, 5l DA A% 2UAE 78 T #dh

HIE 2 THH, E45EREH516.9eV. 515.6 eV, 514.5 eV 4bK 3 ML 4 HIEJE T V. V&I v,
G390 Bl 34.02%. 63.85% 11 2.13%, TGP V 7 R NI FE R VPR AR N VI AR N V3, T
A VIR VY B EATEYE, VIIRRCE AL TR . VIR VIS EESE 53 T 97.87%, VEMUA 2.13%,
XU A AL R RS R SR R S R S 4 5 VIR VIR o
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Figure 1. XRD patterns of the waste SCR catalysts
€] 1. J& SCR LAY XRD [
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Figure 2. XPS spectra of V 2p of the waste SCR catalyst
€ 2. FE SCR #ELFIRY V 2p TEE

& 3 AT AR IR SCR AL Ti 2p 1) XPS 1], 745 &5 HIAL T 458.8 eV Fil 464.6 eV AR A
BEURAN BINT R T Ti 2p 3/2 F1 Ti 2p 1/2, 4fi TiO, & Ti**fl4s & fely 458.8 eV, X PiHIK SCR fEALFIF Ti
FHDL TiO, KT AFAE

3.2. MERTARREVE SCR L5

321 BRHEBEXHIRHENI

TERRERIA WA R SCR ALFIIIMRIE L 5 (ml/g), TRERIKEE 8%, WARERENE 7% (ML E), =
HIE A 60 min [I2HF T, BRFUR IR EXT PR HZ 1 52m . FriuR Hil 7328 50°C, 60°C, 70°C,
80°C, 90°C. sguzs U 4 pios,
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Figure 3. XPS spectra of Ti 2p of the waste SCR catalyst
[ 3. & SCRE4L5EY Ti 2p &
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Figure 4. The leaching rates of vanadium with different temperature conditions
4. ZEREXEZ L EAZ N

M 4 TTLAEH, 2R R 50°C TR S 90°CHY, BUIR R BT IR, PITR IR X%
HRMR MR EA R E R X FERFEYIRE S FiEsii R, BEAE, 2 FEshdmk.
[T ESF 2 VR R S8 I 0 P2 T v T PRI, SN ] P s S22 -l B 22, T 2 T £ A e 3638
WO FE TR H 28 K HERIR LA B, RS A AR, fER IR 80CH, &
HECIAH] 79.71%, WO AEIER HIRE RN 80°C.

3.2.2. HEILEXEAIR H AR

ETRBRIKE 8%, WWRIERANE: 7%, 3= LAY 60 min, & HUEE 80°CIIZME N, R 7T E L xR

AR . BTEURE EL 23 908 3 mlfg, 5ml/g, 7 ml/g, 9mllg, 11 ml/g S28645 8K 5 fias.
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Figure 5. The leaching rates of vanadium with different liquid-solid rations

B 5. RE XTI HERAR 0

HIE 5w, BEEME LLAI R, RIMEE EFbES, (AR E RS, ERE L 7 mllg 512 H i
LT SiEE L 3 ml/g B, RN 76.50%, 43EE L 5 ml/g B, 2 H 2K F] 79.71%, 11
EEA 11 mi/g B, 32 H%0N 83.84%. IX 2 H TR LhaGhn, JE SCR AL -5y 7] (B2l AR 3G K, i
13 LAY T B O R AL S N 56 4, AR T ALEIR I [10] . RIS Tl AR = BREE2 IRR 26, tHEEE R
FRAKZI, BT MO AR ity 5 mifg.

3.2.3. RERREXHIZHZERNZN
TER IRV AN K SCR AL IR E L 5 (ml/g), 1= H IR N 80°C, WARERENE 7%, ¥ Hi I [7] 24 60 min
IS, RFTBRBRIRE (3%, 5%, 8%, 10%, 12%)WH4A1IE AL 4 6 fix.
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Figure 6. The leaching rates of vanadium with different sulfuric acid concentration

Bl 6. MBKREXT IR H R
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H A 6 nTf5 45, BEEMBRIRE RN, ARNRECRBA K. YRR E H 3% Tt = 2 8%,
Xf N R IR B 59.03% 32 =3 79.71%, EE KIRIRIKIEE R 12%0), AR HRCRFEATA 2T .
X FEEA pH NEA B TR SCR IR MEAL I A MIURL 4544, [RIHE1S V08 K AR 2R T 5 T4 SN AR B
VO, (it N HET, MEBERRIR TR E N 8%.
3.2.4. BRI T HERHE X RHEAF A

TEMR RIS AR SCR AL FIEE L 5 (mlfg), 12 R A 80°C, IRER MK BE A 8%, I8 Hi B 8] 24 60 min
%M, R RBRERY, 5%, 7%, 9%, 11%)FH4IE HRRm i E 7 Fix.
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Figure 7. The leaching rates of vanadium with different sodium sulfite concentration

Bl 7. TRERNAKREXTHR RS

I 7 W, SRR EE N T T%mT, BB IRIRE AT AR R, R AT BT, 4R N
FRANIRIERT, WA MIUT . X0 RO WARRRNE 2 i, 1 & AR B 5 T R & A SR AL T
A SO, UM, A SN IR SR R, Sibr EAESCIRIERE T, WA DR RIA R AR HIL.
I R B R S B R IR N 7%

3.25. RHMIEXHIRHENFIG

TEBRER IR SCR AL FIRIE L 5 (mlfg), =HIEE N 80°C, BRERIKE N 8%, WHLFRHNE 7%
(HEALFI R B ) 44 F, R 7012 U] (15 min, 30 min, 45 min, 60 min, 90 min)X 4R H =R 1) 52 G
8 FlT7R o

B 8 I, Bl RS RIIG K, HLATIR IR, R 1.0 h B, LIRS 79.74%:;
RSB R B ], BRI BRI R, M 1.5 h i, HLIIREER N 81.17%, #A B . Ui
RHETEDY 1.0 h B, BURIR B AR B 47, ARS8 S TA], BRLAIR BB A K, HR S [A] 6
K, FEREtRZIZETIG N, W R BT E] Y 1.0 ho

3.3. MRERRL

XS PR SCR HEALT — RII R R B ERAR M, mARRET XM N RIEE 80T, &
I E] 1.0 h, BRERIKIZ 8%, WRMELL 5:1, WEHREREARIE 7%. (EULiRAE T 24T, [EPLR RN
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79.74%., PR HEHAKRE, —RIEEAELLER] 85%LL FHEHE., N TIREANEERZ, WA
Xt R SCR AL B B ity i [11] [12] [13]3k47 7% %82, JK SCR LTI P BV iR HH 1 T E R
W& 9 Frx.
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Figure 8. The leaching rates of vanadium with leaching time
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S —IRIR
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= —IKEHE
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G52 33 ))

Figure 9. Two-stage countercurrent leaching process of waste SCR catalyst
B 9. & SCR W IMERERZH T ZRE

J% SCR AL BUR I BAR T2 88 2608 :

(1) FREL—Z &K SCR MEALTT, %M EL 5 mig, R HIESE 80°C, WiFRIKIE N 8%, AN
BONEMHEATTR R 7%, 2B 30 min, 7ERLHHES IR H .

(2) BHG RIS I [ 5 B A9 B 5 I s A AR R (IR R E B — B R BRI R VAR, 2 R AR [
b 5 ml/g, 2 HIRFE 80°C, R HIEAIY 30 min, {ERE /1L IR HHTE SCR L7, H—BRHE
[ 2RRL 22 I [ 43 8 5 T AL Bedk N BT 7, 819 2 18 is A N 38 — B2 k), f & L 5
mllg, R HIREE 80°C, BBRIKEEN 8%, WLAREREAE AL MEATI TR 7%, B HEE 30 min, E# )
BEEEA P OR H, DAULAEIA IR SCR MEALFIM — BOS iR 528, Seab sl R W% 2.
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Table 2. Two-stage countercurrent leaching results
2. MEERRHER

{GED BB R

iy B HE
W WEM REpH % BOWEEG BN NaSOJ% W pH %% 1%
1 05 057 32.78 8 05 7 053 56.00 88.79
2 05 0.66 33.77 8 05 7 050 53.25 87.02
3 05 0.63 31.36 8 05 7 0.47 58.42 89.78
4 0.5 0.58 30.33 8 0.5 7 0.49 60.14 90.47
5 05 059 27.92 8 05 7 055 59.11 87.02

M 2 B, 5 2 BIR R SRR R 1 B AR, 28 BaR RN SR i) pH HREE— B
BHEERT pH A T, XEZRFDYRBIEFE TERP M H. &5d 5 H Bl airiteg, "l
FEARFRELE 89% /5 A7, 31X B RO BOli A MR 5 B R AR AR b, BR R I A3 2 T R A,
{EFEUANE SCR AL SLIL T A 70 & -

34. RHEWNE

TRERIZ HUR SCRMUAH M A 77 A S2 86 5 B Ja i 4 & AL IR SR B, T WO Al TiO, 7E IR Bt
PRSI R, RS GBEE N, B XPS 7 #r (Ui 2)nf knE SCR B fE Ak 8 &
FEPL Vo053 Vo0, M1 V,05 TERAEAE, 231205 2.13%. 63.85%71 34.02%, i H. 1T WAk B4l s JR 1,
FERAELLUT 3 /N M[14] [15]:

V,0, +Na,SO, +2H,S0, = 2V0SO, + Na,SO, +2H,0
V,0; +V,0, +4H,S0, = 4V0SO, +4H,0
Na,SO, +H,SO, = Na,SO, + S0, + H,0

SR NARE— LR, BRI 3 NMRERIG[16]4 8% (1) B, Va0sn V04 F1 V,0s ¥
fift, FEIRARMA RN, BRHKEEH 7 VO VO*. VO (FE(L), iZidfe il i Bk
JEE AN ELSR A HEIR SCR R Ak 7735 B 14 12 B R VB R P T 1 [17]. (2) RJE, Al VO™, VO,
VO' & 5 H MR IR & T e A MR EIR &S RS A, FEYUEN BUA R4 &P, If H i ThrdE
SEALIE SR HLAT EQ (SO42—-/S032-) = —0.936 V, VO** 5 55 SO} kA= S AKIE 7 s i A i VOSO4(F7#2(2)) - (3)
A, BT EO (VO*/VO1H=0.309 V. EO (VO,IVO*) =1.00 V, VO; ftfig ik 5 VO e A= R VO [18] (7
FE3)). Bk, B HIEB R E A8 VOSO,, 18 10 SR T ASEFSEH VO, SRR S S it R4 1)
~EHE.

V,0, +2H,0" 2 2VO; +3H,0 1)
V,0, +4H,0" =2 2VO* +6H,0
V,0, +2H,0" 22 2VO" +3H,0
VO* +HSO; +H,0 = VO(S0O,) +H,0" 2)
VO* +S0; &2 VOSO,

VO; +HSO, +H,0 2 VO, (S0,) +H,0" ®)
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Figure 10. The Process diagram of sulfuric acid and vanadium pentoxide
10. MBS ARHZRETEE

4, g5ig

(1) FHRRERIAWGR K SCR AT, FRERIKE N 25%H}, 18 Hi % A 54.53% . 7E L FEA [, 4l Na,SO;
AL SR A% R SCR MEALFIBEATRRIZ AL, B % IR IR, WAL, RERIKEE, EJEG R HE, BHE
SHE HFR IR, AR £ H B R AR, IR R 80°C, R HEET [E] 60min, BRERVKSE 8%, [ L 5:1,
ERERARIREE 7%, TEMERAE L Z%MT, JEHURHEN 79.74%. TEHRIZ ISR, A # B
TR TR SCR AL AT A HE, 12 R LR 9%, H H S EIR AR .

(2) BRIRICIFALFEE SCR AL A RE T, V08 R I K AT A S BA L VO, IR R AT 4%
AU ENIE TN, AT VO3 RS VOLRBEEAE N VO™, 2% P LA VOSO, 71
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