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Abstract

With the rapid development of the world, the discharge of environmental wastewater has become
one of the main causes of environmental pollution, threatening people’s lives and safety. It is ur-
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gent to develop new and efficient removal methods and materials. Polyoxometalatate acid (POM)
is an environmentally friendly catalyst with high catalytic activity. A lot of researches show that
POM can be widely used in various reactions because of the acidity and catalytic activity. Here, we
revolve around the use of co-precipitation to synthesize a new type of heteropoly acid catalyst
H7C0"W1,03oSnVOH, compounded with the semiconductor catalyst titanium dioxide (P25). Rho-
damine B solution and methyl orange solution are used as colored dyes, and the difference in the
amount of the two catalysts added is compared to study the catalytic effect of heteropoly acid and
P25 inter-doping. Characterization methods such as SEM, XRD and IR were used to characterize
and analyze the appearance, structure and properties of heteropolyacids and composite catalysts.
It shows that when the heteropoly acid and P25 doping ratio is 1:1, the reaction activity of de-
grading dyes under light is the best.
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1. 51§

BaEERARTE R R, AN BRI 2 WA, SRR E = A A 2575 e 1 1) AT AR B Ok, I8 v IR
{1 SRR F R A 25 V0 B S T AR A3 R R 22 53 T O o TEAR 2 I BRI R AE RS IR BRI F B L,
VP2 % NS BH T H A IS ] B AR SR 240 s R BH BRI AR b DR PHRE I K £ EE 2 H)
FH R BH REFE AR R R R SR BLRE IR M0 36 AR, L 32 B BE A0 0 B K BH G Wit E X R BBk 0 AL L THIAR Ji5 2B A
LRI 23 ORT,  aX  F A A O ] DA R A SR A S B 508 5 N AT 5 BIOK BH BB 3% kA2 e[ 1]

TiO, /2 H i M b BA G AN (BRI HE 2 I — Foa AR, el DU & Fh s e o . TiO, & —Fl
WA R EE v e ), BAA TR T ks G5 sif2] [3], TEA IS /K A B 5 THA Al B2
I A o BE IR N 402K TiO, PR MRS A1 T M 41 K-2BP Yl IR IR /K o 2438 VN 55 R ME AR PE AT
AT AT LUK Ab 2 75 SR 2Bk 700%, [ONLJE R K I AE A B A R ) S 4 v [4] - SREESEF TiO, 1B N etk
FBE AR S A A, (ELEAME T 5 /N BRARZE N 93.4%. BEALL H B 461 F 5 /NI PR AR 73.8%. 54%
G771 LR BRI 1 R 22 PR [5] -

ERE, AR LB RS RK, — B Bk 1O A AT YR PR BRI
S, R KR S KRR EYIR, T RA RK & EAT AT R E WA R AR .
SR G L K I Lo R i LU e, IR, A8, BB, BUb 6K a — B
JRAKEA R HAEDS . FHR A RO TP A TR Gt PR /K AL BRI BOR BN 1 A2 B 5K A E AT 7
Il

Damyanova &5 A\ T LR TARMRE . M IREEH LIS . A7 TR A S, Rk =&
B L 1) HaPO412MoO; FIPIAL . AL R FIEAT TASI, 4 A AbERT7E 523 K R AT HIE RS2
i, H3PO412M0oOs A idfi sy, TifEN HCOOH i /KAE i CoHeO MR M AL A B s f i FE (6] L
SEE IR - BRI A T POMITIO,, ] UV, FTIR. XRD % T BL R LU ] POMITIO, BEWS {145 POM
IfsE S5, HF H POMITIO, BEA BHbis LA B2 A (NHay NO) [7]. DRI, 4% 2 WA Rlcth 1 4 T 2t
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By AMUREARARFEE RIRm L IE R EA, EReMEIEE M, N2 RMEATIITRE 7 50 FE 8 At
(8] [9] [10].

R 2R BA RGO AT, A& BRI VIR, EATE e bIhaE, XA
HIRIEY R IARYE ST . 2R L7 Keggin 4544, Waugh 45%4. Dawson 45#4. Anderson &4 7
Silverton Fifh4iky, o, Keggin &5t il 7 rEm . 2 EATRE NS T4, TTRER+HrIHE
RIS, POM #RLLKAE B . POM X IREEE AT, A& HEEERADN, R—FMRHRmst
B, REMAFRESMR A, FUrT L 2 N TS Fb 280k, 2, R %,

POM YE A XI5 G HIE R ML), RESE AT RCR b 3 22 BloE 3 A (0035 e o AE 0 IR B AT 1) i
A RE T, BTG B R 22 ORISR, T K 22 401 POM S REAE K FIRI MV 75 Fh s e, AE IR B
TR MEAF 2 — I AfH ARHEAR 2 S0 BoR, K7 POM RERS i) &kt o) % A [\ AL 5 WA b /g [11] [12].
{EANRETEFE 1) POM A7 Bk BAT (1 s AR E A /N (1~10 B /), AT T30 7 AR Ak 7 e P A 5 [1.3],
T4 POM IR T Y)REBT BT R TR 3G I AT A FH 3830800, i KR B R #E J  RyE A, 75 23k
P A 1E M EAK B POM.

WAER IR L, 2 4 )@ AR £ 013k TiO, X /K A IR B R AT (e it Re[14] [15], FTLA
¥ TiO, Ai# A, fk POM ALK PN HR AT WOCBURII IR AR S, &, AR IRE R
AR R

AT POM 5 TiO, i AR LIRS JG, A HAT MR RAE,  Hodd X LRk B f s 56
R, 195 POM 5 TiOy felif EL 5 (11 BE LA K S e PRI A L 250

2. SCER
2.1 W S5ER

2.1.1. iR
Na,WO,2H,0 (43 #14t)), Co(AC),-4H,0 (4 #74k), SnCL,-5H,0 (4r#r4l), ZFHH B % (RhB) (44
4y, FIEERBABR(MO)(4riTal), P25 AL, WERER, VKEERR, 28T /K.

2.1.2. Y88

Wi /1P HE%s . RCT basic, LT RF: BS 323S, pH iR4t( 2 AKE4H), I AREKAS, BHVER S
KA-FRAE, BOPL(RLS H1850, | KIS O AR AR]), WIT(CERAMAX LX-300), 3£t
F(x420), X SHEATHIAL, AR REE, AN WSO, LEAMEIERA, Bl a4

2.2. SEMdE

2.2.1. FIRFSERENT

(1) EC#l 4 mol/L [f1 HCI A WE: =HX 8.0625 ml ik 2h & Al 33.875 mL /K, BR AN/KHH#RE, ML b IRTEM
JABE AR SE e 58 RS T 7 188 AU A

(2) il NapWO,2H,0 ¥ii: FREFTE 9.1 g Na;WO,2H,0 # A, HIAFA 50 mL 25T /K HIbest
W, R AR S A VAR R 2 75 22 20 min.).

(3) VAT pH {H: KRR N ELERCFE A BRI, B VAW pH (E 6 BHAZ 3.

(4) K@ A EIMEREIN = DGR B, FEABRIEA VS I 2, AR EK (T
WY, hnHGLRERE, BRI 80°CE B INE 120°C, LA AW .

(5) & 0.6 g Co(AC),4H,0 [EAEMS] 10 mL £EB 1K, HEEFEEEEEMR. FRE 1.8 g
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SNCL,'5H,0 A AES] 2.5 mL LB F/KF, fHPEREATEEER. SRIEH PR I 15 s
@) =B, SEHIRA (W 1@)FR).

(6) VAWIELERIERS, BB PECEF 4 mol/L HCI IR T IR VAR pH (8, 4VAWR I pH 25
T 28, AT WM HCUEW, AT, R¥EFEH 80°C A 3 AN/,

(7) 3BT, RIATEIAEK, AN, BUH =R, RHEmEEHA 2 AN 508 iR
BEBSOAHURFRAL B, #3H 4000 rpm, B[R] 15 min., XJRE G IEROEEAT B0 S5 IR FE S DTIEY) . 7825 RIS
VEBUTIE F B0, EE =G, B 85O S TTIE NS T BT 24 /i), 13 31 2% 2 TR A i (POM),
FE BT 5 S 20 AROIR 5 A8 A7 (B 1(b))

(8) 13211 POM # K5 TiO, M AN BHR B BE 30 min, A2 AH B8 R G B4k

b

Figure 1. Experimentally prepared (a) Polyoxometala-
tate acid mixed solution; (b) and Polyoxometalatate ac-
id powder

1. SEUH & (R SEIR &R R (D) FIR BRI R

2.2.2. ZFEAEE(RhB)FNEREE AR (MO)RIEH

W 4 5 pbm % PHEH B ¥ : FREX 0.001 g B'FF8 B 44, BN 200 mL 225 1K, #iEdk=
[E] 4 52 A VA A AR [FIRE 7V BC 1) 5 pm [ HH S VAR S8 BT F I (v 3 >R H Ik RhB AT MO fig
-
2.2.3. ZHEAAR(RNB)FIRER R (MO) KL

KAGUTVE IR, DUB SRR E N 5 ppm. AR 10 mL (1) RhB AR EL MO &N H AR @Y, HL
10 mg POM B T2 A sg h, FHa IR, TERE B E T H AR AL ATt A i
L, AERE L/NEFECRE 1 omL, BA/NREREN, RRLEORE =K. T 20 S, BARSIIG A0
ZFEL 1.

Table 1. Specific conditions of degradation experiment

1 [EMRIIG RAFN

A Yk 10 mL) k2B (mg) P25 (mg) S R A1 E S HURF I 18] 18]
RhB 10 0 ¥ 1h
RhB 5 5 ¥o 5 min.
RhB 0 10 ¥ 10 min.
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Continued
RhB 25 75 ¥ 5 min.
RhB 75 25 ¥ 5 min.
MO 10 0 ¥ 1h
MO 5 5 o 5 min.
MO 0 10 - 10 min.
MO 25 75 - 5 min.
MO 75 25 ¥ 5 min.
RhB 10 0 >420 nm 1h
RhB 5 5 >420 nm 45 min.
RhB 0 10 >420 nm 45 min.
RhB 25 75 >420 nm 1h
RhB 75 25 >420 nm 45 min.
MO 10 0 >420 nm 1h
MO 5 5 >420 nm 45 min.
MO 0 10 >420 nm 1h
MO 25 75 >420 nm 1h
MO 75 25 >420 nm 1h

TP 300W (4T (CERAMAX LX-300).

2.3 EUFINRIEFR

JE A& A Quanta 200FEG 14 Hi T e 1) S5500 /& 4 R4 i T B (Bl 5 S-4800 AU, |
% HITACHI HAL 2wl ks & A FORLEE, g i 4 0.5~30 kV.

SEIGFTFH X SHRATEHC(XRD) B S A1) 5 /& XRD-6000 H A A &, WHRE S 34T X SFLRIES, 3
G AT FCATT IR I A S S HOR B N : Cu-Ka B, 5 HUF A 40 KV, #24F HLIAE 9 200 mA, F9 453 %24 5°/min,
FIP KN 0.02°, LRI 8~80°.

PEACTI B BE A1 AT AT 8 H AR e 2T SR 1A (B2 5 iS10, | 2K ThermoFisher)i#f ATl , 8 il
H R S I . TEARFNSER S, W] LA 2 AR A o R SR, kI 5 40 1 4L &5
¥,

S FI PSR A - AT RIS e (P 5 Lambda 750 UV/VISINIR, |5 PerkinElmer, 35[H) it 5t
AN - T I8 G E(UV-Vis DRS), LA T (AL TRIRE i AT 0L s o

YLRLZ FFH B AR SRS (R (R A AR S B A Pyrex 4 38 25 2% S S vt gk 47 o BB fEAE (L g- LY 20 B
HEEH L ERITINN(Co = 5 ppm) RIKIER T o BBV AL SBIG h iR 30 708k, LAZEH] 300 W {RAT R &
ZHTTE YRR (A0 7 2 1) SR B A P A o S VA K RO S BT VR R FE R FRAE 11 £ 2°C. &
Ah - AT DG RESGE R ik I RhB AT MO 93 Z . RhB AT MO () Amax 43 %y 553 nm £l 467 nm. [%
fifi J5 RN AR ) UV-Vis DRS 7 HOE BTGk RO FERRAIS,  IF HAE G B Al fm i A e

3. ZB/REIHL
3.1 MRIEIRAEIAE AR
PR P BB A RN ST 2 AL R TR ST AL, 7T LA 51 POM R AVRA, R34
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A /N AZ) 5 nm (W& 2(a), K 2(0)FTR). 24 POM 5 TiOo, &5, TiO, ki N L+ L E gk,
T POM iK% U134 20 i o0 UL ZEAE TiO, Bk f 3R 1M .

““““ 10 DKV 11.3mm x50.0k SE(M)

Figure 2. SEM images of POM and PT, (a) and (b) are POM images, (c) and

(d) are PT images
& 2. POM #1 PT & SEM Elf%, (a), (b)3 POM Elf%, (c), (d)F PT Bl

3 /& POM Al PT f) X 28 SR fTE B0, LA PDF#21-1272-TiO, Ar#E Fr. POM f] XRD i
F B POM HAAEM4L5M, L XRD BIRE A HELRBLINTHIE. X T 52 &M PT, HATHEES Tio,
(') PDF#21-1272-TiO, b~ 2 A5G, U PT SA M FURIFIIEREE T TiO, A2 . 7EREAL T
il & AR, POM IR0 8 TE 45 # AN 2 TiO, (1 HL 2 fR A 4544

M

PT

.WJWUU_WL.\

T ,1“\||,| i ‘
50 0

Intensity/a.u.

| i
T T T 1 1 1 T T
10 20 30 40 6 70 80 90
2 theta/degree

Figure 3. XRD spectra of POM and PT
3.POM 5 PT 9 XRD i

3.2. MRIBNIE S
HA Keggin Z5HIFIHTH £ &R AR FT-IR Jei (K 4) R T £ 48 AR 2h 45 40(1200~400 cm™)
TEAEPUAMEREWE, vas (WeOd), vas (WeObeW), vas (WeOceW)#1 & (CoeOa). 943, 873 #1760 cm )=
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ANBBCAT 45108 W=0d, W-Ob-W F1 W-Oc-W ] e St FRAIH IR BN[16] [17] [18]. 442 cm Bk H
O-CO-0 M h#RzN[19] [20]. XLELL AL REH, B2 & EEAR B A Keggin 4584, il ICP &
ST 2 &R AR A . 45 REMH, £JEICE Co, W, Sn HISLha &0 507N 1.21%, 64.06%
M13.97%, PEEHISHE: 1.89%, 64.96%F1 3.82%. i, HIM IR A H;Co"Wi,0565n"YOH.

0.8

Absorption/a.u.
<
W
1

500 1000 1500 2000 2500 3000 3300 4000 4300
wavelength/nm

Figure 4. Infrared spectrum of POM
4. POM HYLISM 1R

PT

“Nmﬁ__\ J//’M

N

POM

Intensity/a.u.

T T T T T T T T T T T
200 300 400 500 600 700 800
wavelength/nm

Figure 5. UV-Vis absorption spectra of POM and PT
[& 5. POM F1 PT BYZRSMNAT DLARUSL 1

1% 5 o POM Al PT 484k - A WIROSOGRE T 40, X PR AS BHE S8 4% X A Besm i, 3 HLAE IR
£ 500 nm~550 nm [FYEEIAE — NN, FEYET POM BRI, = 1 POM Al PT 2 & HALFIEE
AN X ATA] W XA — 52 IS, R ARG AT 3O, AL BRI LTS Gt [ 3R 4t T
] HEMHE
3.3. MREYeEIL M RERASR

POM F P25 5 &4k 51 75 48 Ah YRR U6 R 4k B8 20 1 I B ¥ 00RT H R AR O SE B0 34T T R 4
FIEAE 518 . RIS R, Wk 6 i, TR G, SN mAE, 7F
T B I ELR NI A B R, MR A AT F POM AT P25 Z A LA 1:1 i Yekl Bt A8 (L iF &,
IR LG ] 45 P45 DL A A 25 R e U
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K %

Figure 6. The degradation effect of RhB and MO under different catalysts (partial) (the order is the amount of POM and P25
added, the sampling time interval, the lighting conditions (a): 10 mg, 0 mg, 1 h, ultraviolet light; (b): 5 mg, 5 mg, 5 min, ul-
traviolet light; (c): 0 mg, 10 mg, 1 h, visible light; (d): 0 mg, 10 mg, 10 min, ultraviolet light; (e): 10 mg, 0 mg, 1 h, ultravio-
let light; (f): 0 mg, 10 mg, 10 min, ultraviolet Light; (g): 10 mg, 0 mg, 1 h, visible light; (h): 0 mg, 10 mg, 1 h, visible light)
6. RhB 1 MO ZER EHEALFI T HIBE AR R E(FR5Y) (FRIRFROR AN POM #0 P25 By &, BUFHERIRTIE)BIRE, AT
BBET & (a): 10mg, 0mg, 1h, £4MS¢; (b): 5mg, 5mg, 5min, &5hk; (€): Omg, 10mg, 1h, ATRYE; (d):
0mg, 10 mg, 10 min, £&5hk; (e): 10mg, O0mg, 1h, £&sh3k; (): O0mg, 10 mg, 10 min, £IS; (9): 10 mg,
Omg, 1h, ATHY; (h): Omg, 10mg, 1h, AII¥E)

1.0 ! 1.0 1
—a— TiO,
1 pr —+—PT
0.8+ 0.8 —4—TiO,
i POM —r— POM
0.6 _ 0.6
S S
@) @]
0.4- 0.4
0.2- 0.2
0.0 . r . : . ; . A 0.0 . . ; . .
0.0 0.5 1.0 15 2.0 0.0 05 1.0 15 2.0 25
t(h) t(h)

Figure 7. POM, TiO, and PT degradation rate of RhB (the left picture shows the xenon lamp without filter, the right picture
shows visible light)
7.POM, TiO, #1 PT Xt RhB HIREMER (B A TATARMIE R, AERLN)

AT B A LA (1 5 5 AL QAT B X L (AL 7 o). FAEGUTIRUN R, B TiO,
VENMEALTIRT, RhB R e MR T2E 1.5 h, Hil POM fE AL, SEAMMTRE 2.0h, MEEM#
WA FE 1 h B SE RN AEF] WGHES T, S TiO, fEAMEALTIIN, RhB ¥ e 2 B 2 2.0
h, Fl POM VENMEALTIN, e PR 2 2.5 h, TR EMATIAFE 1.5 h AT EMR N . BREE
SN TR], AT WOGHER T B LA R TR R E A, (HARVMRAT € 3T, IS HEAIAE T G
DXROPSCAR R e AN P _EORVF, A AT PT I35 P B2 AT 51 ) TiO, 2 POM.

4. B4
ARG &R 28 POM 5 Tio, ME &7, H SEM. XRD. IR Z{(Z%} POM K& & &
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(R M B AR T 0 POM BB TiO, fi A5« A S0K POM 5 —Fl = AR AL TiO, E4T 2 & I HE,
X T POM FIIAR A= SR (1 NIiO, Fe,03 Z5)IPET . 4544 J (b A% 1 S5 th A A3 ¥R R AR R AL

E&UH

B T H B E TR RS I H (NO. LIYT201913), K% M7 & 4F FBHE 2 B SRR %I (No.

2017RQ016) (1% Bl
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