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Preparation of W,;0,,/SiO, composite materials and performance in
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Abstract: To enhance the visible light photocatalytic activity of W 0,y ,510, with a high-purity is produced via the
precipitation method, and then a simple solvothermal synthesis is employed to composite SiO, with W;0,. The
performance advantages of the composite materials are explained through using X-ray diffraction ( XRD ), Fourier
transform infrared spectroscopy ( FT-IR) , scanning electron microscopy ( SEM) ,and X-ray photoelectron spectroscopy
(XPS).The results indicate that SiO, and W0, coexist in the composite materials, generating a synergistic effect.Given
the high adsorption groups and silanol groups,SiO, as a carrier,actually as a solid dispersant,fixes W30,y microspheres
uniformly on its surface to prevent them from aggregation, ensuring that more active sites of W0, are exposed,
promoting charge separation.W 40,,/Si0, composite materials exhibit excellent adsorption and photocatalytic activities,
delivering a NH} yield of 173.89 pmol/(g-+h) under mild conditions, approximately 3.3 times that W ,0,, doing.
Additionally , W 0,,/Si0, demonstrates good stability and reusability.The better dispersion of W ,;0,,/Si0, prepared via
this new synthesis method also plays an important role in enhancing the visible light photocatalytic activity.

Key words:SiO,; W0, ; photocatalysis; nitrogen fixation

F45E5F11H
2025 F 11 B

A2y RE IR R AN R A S G AT e A K
T A B A SR B SR T RE L&
GRS Z — 2 (NH,) 21k
2 T AR AR = B E kL, 7 Tl i) Y2 N
MM E A BT 2520 1A - 18 ( Haber—Bosch ) 32 , ¢
fR3 L (400~ 650°C ) FilfE; He (20 ~40 MPa) T & M E
A 7RI RE A RE TR 29 9 N SAE BT R TR Y 29
W T AR o, e, T CO, HHEBCM

I 5% A ERAS R R, W98 N 5L OE AR B S48 — B B
AR A A B AR, e BAIRRERE kIR
F ' NSRRI AR S A 2 T
bR, AL A B PP 4R (R AR AR R 2 8
S (HJE T AR AR AR G 2 e (HERE 941
kJ/mol) "' HOMO #1i Al LUMO #13l 22 8] 17 16 4%
KIGAERR (10. 82 eV) , FLF &4 Al Lewis R B
SZ R, TRl U0 TR I L FL A7 (15, 85 e V) Al

%5 B #A.2025-02-11; & E H #1:2025-09-06

E4WE I TEARHE A TERS R L5 H (202304041101040) ; 117848 SLRIF 58 3R % B9 ( 202203021221058)
EF R AT (1999-) , Lo A XU HEHT (1989-) , 3B - B2z, 0F 5205 nl o6 (L) fi Ak B AR 78 B o 801k NO 0 5 A6 45 5 T A9 02 FH

IR ER A, liujx0519@ 163.com,



2025 F 11 8 RMFE W ,;0,,/810, EEMBRIIHIERECELCERIEREHAR - 191 -

B TR EE(-1.9 eV) i HE LI B A AL A
JE! AR AR H R R R IR NN, SRR
(NH,) ZB13+5r58 0%, MmO B
PEALRCR , NS TIF R 4T IR = 30 e
B SGRJEF) , dE Tio, Febbkl Bi JEA R A7 A
RACTRA R W AR

W 10,0 FLA IR A = 2 25 44, 33 b &5 ¥4 71 2 1
S P RV AEON A 1 T 5 s g A 2 T ) e A
YERI DL SRR i i A W 0 TE R it U
L@ ALY, FRIEAEAEN 5 A AR O B I 7
SR TE A A R T X T I I W R RE T,
FAVEHEAL ), SR W O, FOGAEALIE PSS | 77 4 R
WIEABIANTARE R LT 5 BEAFEAL
PR, EL 2888 1 T 45 A [ 5 e AR F o JIR sk 26 e i
Si0, T 32 hy i 1 B AR Ok S Ak 7], il dn
Ullah 27 i) % 1 Si0, @ Ti0, ZAbik: | 5 2k ik
[ TiO, A, Si0,@ TiO, HA 5% A6 16 14 A1 R 4
AIAT IR, Si0, B 45 H8 A 1) T ' I = 1 AR
FIA R, AT RS Si0, 454 T LA 28 64 AR 710 Y
FEIRRME , DAIGSER S ) 1) 2% T I R RN A AR 5
b 2F RS RIS R A AR T

AL Si0, VA R A R B AR 8 g AT B
WAL T 4 T AL W 0,,/Si0, E 5 Mk
I X SR ATAHL (XRD) {8 HEL i A2 6 21 51 Sl 1
(FT-IR) HH4fi H 7 S8 ( SEM) X5 BAE i kA 7
TRAE, FEBERIHYE T #FEAE T W, 0,,/80, E&
WAL B ' A Ak [ R0 B, ORIt T R M R
S

1 SIGERS

1.1

A (WCG,99. 0%) H 1 ifg 22 s kA= AL R
AR AL, S AL (NaOH) KT LR
B & TR AT BN wl R E T A7 BR B0 40 ( ¢, 0,H,KNa,
99% ) F R HE T RH7 AL ARG BRZ Al $ 4t o 4l
AN, =99.999% ) Fil = 265 < (Ar, =99.999% )
FH R T 8 R AR & AT FR S R AL, A 37 3
HEMH, Azaifth,
1.2 SEAFBGE

FE 2 R I A R B — 2D B AR A OB A
o B, 7E 80 mL LBEEEW T INA 1.6 ¢ WCI, #7
A TERE IR T HEEE 30 min, A —E &1 41k
REJG AR ZE0EFE 30 min, FHAFEFE 3] 100 mL R PO 5R
IR 2 7 160°C R U 6 h, H IR A

SR IE, 2B ZE K R VAR R T
K BRIGTE 60°C F H2s T4 12 h, FFAREER R 2%
W,,0,,/Si0, .
1.3 R

i/ GeminiSEM300 #k 15 43 # B+ 2§ B8
(SEM) K&, X HFAii i (XRD) $di 2 ffi ] H A
Rigaku Miniflex 600 9 X S ATHRE R, 2
W & 7F HORIBA HR800 72 YA Fak A7/, X
WG FRE TS ( XPS) i F 32 & Thermo Scientific
K-Alpha 3845, B EHIE (PL) MIBES L &
J6(TRPL) Y6 i 43 %48 ] Hitachi F7000 %% Y6 it F
Edinburgh {{#% FLS980 & %1 9 ik A i 17, %5
Hh=TT DI, 18 K2 5t 63 ( UV - Vis DRS) 3% JH| Hitachi
UH4150 A5 148 40 = AT O 43560 BE 11 1 47 I -
5%, Brunauer—Emmett—Teller 73 #7{% ( BET) i
I R0 R O — o B 58 L 8 T 43 BT AR i T R L
BorAn
1.4 L FENE

7300 W A UKT A G TR BR S R EA TG E &
B PEREMNR , 7E SN A% A 0. 025 g St AkF
F1100 mL ZEIR/K , 17 52 g #i il A S 30 min J7,
TR KT VE I GIR 78 2 G T 3 TR A
T /NI 10 mL 52 W3 BN 100 L 375 A R B
9 (KNaC,H,0,,500 g/L) .150 wL 44 [GidFIR & 1
2], #® 10 min J52RH Varian Cary 50 UV-Vis 43
JEREHHINE NH; A 420 nm A0 WG
1.5 tBE4ENE

HLAL 2= BTG (EIS) FIOEFRR % (CV) il Al
HIZEE Admiral 23 F) Y squid stat plus 1271 B4 H {E
2 TAR S AT, D 45182 0.5 mol/L Na,SO,
(R LA, Ag/ AgCl HL M Pt s M | TR HL A = i p%

2 HREITE

2.1 REMFIMRIE

I X ST (XRD) 0B F5E T Si0, W50,
M x% Wi 0,/810, ZE MBS, g5 R 1
fi7R,Si0, %R F 101 [ (JCPDS No 82~1 235) , %t
T4 W 0, , 1 23. 2° 24. 4° 26. 3°F1 33. 6°[1) 26 &
Zedn Hh BLAT S U, 3 i 6 W Oy B9 (010)
(=502) . (-104) 1 (113) *F i (JCPDS No 84 ~
1516) 1 86l BLAE x% W,,0,,/Si0, I & Ft
B HRT W, 0, F1 Si0,, S0, HIFETEAN 20
W s 0,0 FISRAHZEH , H W 0, AR I 55 5 /R ) 5



- 192 -

IR B R A4S B 6 M B W3 0,/8i0,
WRILH W 0, T FZRIE R T W 0,1
SERMITE R B AP RIE Bt A2 v A 2 B P A, mp
DURE S B AT . W0, LA (010) 20 1 B i) 2 32
ARG 70 A [R] A 8 A1 AT UL BB 5 25 R T 36
B A S PR BE, 5 25 T F B R A
A7 A BR824 WOCRE 7, DL R 3 8 Y FL
T/ EdR, HE RSP Sio, B /4
AR TN A5 At PO AT ST 068 [ A5 KA B i A%, 3 PT RE S F
FSiMREWBFHEBREIW L, T AR
YIRS MR XA TR 2 6% 0 , & Ff W—O0
SR AR RS S Y I S R AE 500~1 000 em™
JEFIPY, K 825,737 em™ Ab IS HIH A F W=0
R O—W—0 MRS, 1 105 em™ 40 Si—
O—Si B AEXT AR AR IR S 1 633 em™ 247 B %
WEIH N T 3R O—H R AN ffi ik g, X Sio,
W 0,0F1 6% W, 0,/Si0, FEih#EIT X B4 F
RETE AT, AT SLEE A S5 M Ak 2 RS . iR

A AL T

FA5EE11H

AR A B AT LLWEE R W0 1 Si J6 K AYRRE I
7 Si 2p ) XPS Jgi%h, Si0, 7E 103. 34 eV Ab ) 5
A Si 2p WM, XF R T Si*t, 7E W 4f (1) XPS Jeidg e,
ATLLE H W 0, 7 1E 38.26.36.1 eV 1 2 A~ F
Wt Ay N R 4fy, B 4L, X T E AR 6%
W5 0,/Si0, B, L E] 25 0.1 eV A &1 B E.
W%, W 4f 45 G Re 2R U] W0, F Si0, Z[H]
HIAHEAE I Nguyen 2O SR 5 FR W 4F 59454 BERY
W—O0 3 W=0 By, 2 W0, Si0, Z[H Y
AHEAEFH AT BEAE W O, F Si0, 22 [8] 31 524k,
1E O 1s 1 XPS Y6t rh | ~531 eV A1yl hy ik iy 55
W R F 455 B i A (W—0—W),6% W, 0,/
Si0, fn & H AR Y SR EE 2 I, SR 6% Wi 0,/
Si0, £MWfEk T H L1 Sio,, IAh, B A5 RIEA
FL 45 B RERRAI , 221 Si s S0 FL A v 1 T {1 1)
THAF) 6% W 40,,/Si10, TR [, ~533 eV
b R R 52 5 AT RLR T R B S (W—O0—H) i —
HALH W0, 1Bl 4512

1 g w B
2 1, 1 P
1 ———A__ | . T
5 ~_J\\—/\_/-——3\ E 3 —_— -
E 3 3 .o £§ F%F =
gl NS 4 H 2|2 s 35 =
o 5 = i
I S 2 o f FF 3
l W,,0,, PDF#84-1516 3 Elzs 7 o
" " L1 om addt g L ) ose w L L L 1 L L
10 20 040 50 60 2000 1500 1000 500 1200 900 600 300 0
20/(°) BB/ em™ 45 8/eV
1—5i0, ;2—W 5049 33—3% W 5049/5i0,; 1—=W 5049 32—6% W 30,9/5i0, 1—=5i0,;2—W 5049 ;3—6% W 5049
4—6% W150,49/Si0,35—12% W50,4/Si0, ; (b) Raman J:i¥% & (c) 2iEH
6—18% W 30,,/Si0,
(a) X A
103.34 eV 1826V }’3\609 eV 532776V
) .531.02eV 1
. . S
E ! ; 1 K 1531.03 eV
= 103.93 eV i = 53232V
93 e o 0 2
B e B 36.05 eV =
38190V 1531.09 eV
1533.29 eV
2 2 ! 3
108 106 104 102 100 42 0 38 36 34 32 536 534 532 530
Zitrtklev Yitrtklev Hifrtklev
1—Si0, ;2—6% W13 0,,/Si0, 1—W 150,49 2—6% W ,50,0/Si0, 1—Si0, ;2—W 50,0 ;3—6% W 150,0/Si0,
(d)Si2p (e)W 4f (O 1s

K1

XF Si0, W 40,0 F1 6% W ,0,,/Si0, FE 5 TE &
FHOULES #4380 1 41 4 L R PR A T g, &1 2 B
R T IRIRE) Si0, (W ,,0, F1 6% W ,,0,,/Si0, F1#,
Kl 2 (a) H Si0, ¥ A H AR 2 52 BRIE (14 /N JBORL BT 21
L, F 2L PT LA At R4 1 R R N 5 R 1 L

x% W ,30,,/Si0, 1 & AE A

THIRR, 3 A i L B 23 R G 1 R 9K S5 R Dl Ak
FIRIZRM, B 2(b) H W 0, AR X e
KM AR AE AT D BRIR A, v 23 G548 W] DLAE 52
PAEFEEAREERO, B 2(c) W, 0, F1 Si0, —
BATAE BBl UESL T 6% W 40,,/810, AR



2025 F 11 B

M BT i 45, BRI W O, TROBR 1 3 HIOME £ 45 3
21,810, KM 2Ex H B2 [ FLE, ik, Sio, A
AAE A T 1A BRI A 280t 70 B W O, BROBR T B 11
FUERAE AT N, W B FIIG AL 2 55 B2 W0,
TPERLRL B3 T N, IRRRHERE,

>

(¢)6% W 50,9/Si0,
E2 4kl ay SEM E %

2.2 RELEHEMNENE

I T 6% W ,40,,/Si0, FEdh )G, FE4 6
RSN R AEK A AT A A T 28052 36, FH 44 R 7
FE AR R B, SR I X YA A B R RE T
R 1 hali Sio, JLFEME 46 W 0, HATFHXT
BURAT NH, 77452 wmol/ (g-h) ], B i T
R TEDE A, 6% W, 0,/50, &5 56
A RE 35 B e i, 4 173.89 pmol/(g+h) , Si0, #i
W 15 0,0 IS A A AR AL A B 20 15 PR R R $E 7,
T CAEALTE PRI T Si0, F1 W, 0, B B3 [R] B0
4 Si0, i B E IR, X W RE R T
1) Si0, A0k SR A i FRAE 3R 1T {175 2% IR R AIG, B i
TR TR ) T e s Y R T
HE—HAIE 6% W 40,,/S10, ka7 B
TS FEATAK PR 1 JE I NH, 197
RO 2 Fiw  EPEIR 4 UG ALK IH PR RE R 47
BT, HIRIE 6% W, 0,,/Si0, FE i iy e 1k &
RAFLRI W LATE ] 3 o 2 B I ] 3 i 22 i
WK 4 h B 3AE] T 472,93 pmol/(g-h), A T HE
BRIAEE 2 h 4 B T4, F AT T HE BB AN
N, A Ar SG0T R BGSE  dr & 3 nl 0 R 6 Je
RZR = AR T Z W AT X R T RN iR &
) N, PRI A 32 B b 4 T4

RINFE W ,0,,/510, ESHNNHIEREEWBRIEATR £193 -

#1 Si0,.x% W,,0,/Si10, EEXEBTH
SELE R IR
5 Ak NH} 723/ (pmol-g™' -h™!)

1 Si0, 0

2 W04 52.00
3 3% W 150,49/Si0, 127.50
4 6% W 150,40/Si0, 173. 89
5 12% W 150,49/Si0, 74. 30
6 18% W ,50,0/Si0, 62.50

£2 6% W,0,/8i0, BIEIRSLIEZE R
PEFR KB 1 2 3 4
NH} 723/ (pmol -g™' -h™')  173.89 166.50 164.30 144.60

g

:

:

<

2

NH; 7 %/(umol - g - hY)

i 3 4

co

2
F[E/h
(a) IR 4 h J5 6% W 30,/Si0,

g

-

=

2
3

(=]

NH;3/(umol - g™ - h™')

00 05 15 20

1.0
el
1—N, U R s 2—Ar U 63N, S F 6

(5)6% W150,9/5i0,

B3 FE4H4hE 6% W,0,/S0, 1
NH; 7= % Bt B 52 56

2.3 BiEFEN

FECHE AT R v s A BB 2 R A IR F
TEAL A v 3 2] A B ) /0 e 3 il fin 22 A L e
FE Si0, W, 0,01 6% W ,,0,,/Si0, B H AL BH
(EIS) Wiy, 7E & 4 1, Si0, Fl W40, 18 2] %) B BHLAR
K,EBTGH 6% W ,40,,/Si0, FEA IR e HAl
FERFEL/IN 38 3 A BLBEIN , S o P A& g B
HEECR NS PL N A AR SR A 2 1
SYBUMIERS AR A i 1Y 43 15 5 R L A 1T A 32 1T L
2B F 2RSS, RV 6 AL, 75
RO, SI0, PR SR AR & B Sio, 5]
A EZ ARG B AL, X T fE & T



- 194 - FAX AL L

Si0, 5 W0 FHEAEH S B0l 1 F1 s /O 43 8
WA M THE RN RIS 5 28 R R
N, 6% Si0,/W 0, FYZEE % 5 BE eI, vl LAt
— 2 B AR AR PR R s R A
RWERE TR R AR, 1 TRPL

IR AT LIE H,6% W i0,,/Si0, B33 T 500 5 v

90.621 7 ns, H W 0,11 0.289 7 ns K (£ 3) i
B Si0, ME AT LART W0, L THE7FRE 1, 30

TR A Az,
1000 ;
800} .
S 600 ..: o o o o
S RS 2
B 400- o0
2 0ee0°3 g
200p gt
6 5
0 39 9 ° L L
0 300 600 900
LH/Q

1—Si0, ;2—W 40,49 ;3—18% W3 0,,/Si0, ;
4—12% W ,40,40/Si0, ;5—3% W 15040/Si0, 5
6—6% W ,50,0/Si0,
(a) FALFERHATIE E

TR EE/a.u.

6, 5 . :
400 450 500 550 600
K /mm

1—S8i0, ;2—W 30,9 ;3—18% W 30,9/Si0, ;
4—12% W 150,49/Si0,3;5—3% W 130,9/Si0,;
6—6% W,30,/Si0,
(b)PL K

TR /a.u.

0 50 100 150 200 250 300
5[] /ns

1—W 40,49 ;2—6% W 30,0/Si0,
(c) TRPL &

B4 AE A7 B v A 2 K

%3 W,0,%6% W,0,/Si0, itEE3H

THRFS
e T,/ns A/ % T,/ns A,/ % T,./ns
W50, 0.2894 60.81 0.0122 39.19 0.2897

6% Wi50,/8i0, 0.6216 87.64 0.0253 12.36 0.6217

F455511 5

TEIMRLETE (CV) o —Ff T HL 3 1 9 o
ZDIREr AT B, i IE 5 RT, BfE S 4i E R
AR TN D {1 5 AR JEE R, 100 DV B85 5 1 32 L A
PrBE ], OV g m ARV I, R IR L A 4
P, Si0, 1) C {H A 16.85 mF/cm®, W 4O,
C,fEH 13.8 mF/em®,6% W ,,0,/Si0, i C,fEN
20. 47 mF/cem” A1 6% W ,0,,/Si0, EA Fe i 1
AT PR T AR R4 T R TR PR, AT, T4 5
EATE; & S

L /(mA - cm™2)
S o o o
e

]

S

N
T

081 084 087 090 093
HLFE/(V vs. RHE)

(a)6% W ,50,/Si0, [ CV ik

‘?E 0.2
°
<
£ o0
i
%
-0.2
2
081 084 087 090
HLE/(V vs. RHE)
(b) W 5041 CV IIZ A
o~ 02f ERHEE
g
°
<
£ oof
#
5
.E:—O.Z-

066 069 072 075 078
HLJE/(V vs. RHE)

(¢)Si0, By CV HiZEA

0.24
& BgmFrem? "1
£ 0.20f -
< 16.85 mF -cm? w2
Eo16f R
% - 204; F-cm?
£ou2p .o
@ - .

0.08F = *

4 5 6 7 9
FHBEZ/(mV-s7)
1—W 40,9 ;2—Si0, ;3—6% W ,50,9/Si0,
(d) CV HhZ i o R 5 e 7 2 B 22 TR) Y e 3R
K5 fEAFIE CV & EfCV &y
MRFEEGHFEEZ KR
2.4 iR
UV-Vis—DRS Szl 12 f# k550 56 2 0 e i Jij



2025 F 11 8 RMFF:W,,0,/510, EEMHRIHIERENELERITEHRAR - 195 -

T B, T A 2% PR S R AE 400 ~ 600 nm i ] PN
P HEAT B e cie B 6 1550 Bl 2 Ak
i W 50,0/Si0, 11 Si0, LA 3N, #E 5 Az dioh
2l 454 nm ZLH 2 512 nm, AU EEAMEA B8
AR AL 3, %o R DY RIS 2T A6 A e e R MR AL
Tauc B H UV-Vis—DRS ¥ #0115, ¥ Kubelka—
Munk 2AZUTHAS AL A B, 7T 0 6% W50,/
Si0, HYAFBE (2.42 eV) [k W, 0,0(2.73 V) KA B
A, AR 6% W, 0,,/Si0, B9 /)N,
A FITCHE HL 1A% i, ORI e i R e Ak
R,

1—6% W ,30,9/8i0,;2—3% W 30,0/Si0, ;
3—18% W ,50,9/Si0, ;4—12% W 130,49/Si0, ;5—W 30,4
(a) UV-Vis DRS 4k

30
25
5 20F
# 15¢
W&
£ 10t
X
5r 242V
- —_-amey
0 3 4 6
KFRER eV
1—6% W5 0,40/Si0532—W 14 0,
(b) Tauc &

B 6 7 Byt 5 i dk

FIFH FT-IR SEiELAF5E T 6% W 0,,/Si0, 13
ke, il 7 s, HEAE 500~ 1 000 em™

1105 614

1405

1 ‘ N\ 1\

2 / o 2 \

3 ! H 3 i

4 ! ' 4 :

% 5 % ‘ ! 5 ‘
. BV

= 6 | : 6 |

m g ' ! 7 !
F~————

g ‘ ; 3 ‘
N’,_,W\\,.‘,—w——ﬂ/«

— " 9] ‘ ‘ 9 ‘
2500 2000 1500 1000 1500 1200 900 600

BE/em™ B/ em!

(b)7E 400~1 500 cm™' Hy
JEf FT-IR S
1—Z B} 10 min ;2—WEFF 20 min; 3—W fff 30 min;
4—Jt 18 10 min;5—6HE 20 min; 6—3% R 30 min;
T—>HR 40 min ;83— 50 min;9—) R 60 min

M7 6% W,0,/Si0, # Efr FT-IR i

(a) JFL FT-TR JEi%

VI PRI PN A 2 45l W—O it %) o7 e R 2 il A 2T
1105 em™ b Si—O0—Si 1Y AE X5 B 1 45 4k h
W) 7 1405 em ™ A U] G B FHE N, FUKAEAE
T NH; ARRIEI LY 1 622 em™ ' Ab ) B A )AL IR T
KBS MRS, BEE G R [R] A 5 B 2
B,

HTHIFE W 0, F1 6% W, 0,,/Si0, BIFLEEH
B genm B, o b A7 N, 0 — gt B3, An 1l 8
7N, W0, FIl 6% W g 0,,/Si10, 55 i 28 8 #GE 10 28
o, SR IV R AR 2% 13 R [nl i 30 26 B AT R 77
TENFLESH, FIF BET 20 835 1 3 80 X458 5
Wi O Ml 6% W, 0,/S810, [ EL 2 1 A5 51k
59.08.63. 53 m’/g, KAy 2 1 B A5 RF 5 BLAT 5
SRR RE 0122, Sl S Ak gk AR 4R AR T 2 Y
(P

HRHBL=63.53 m¥g

"0 0.010
5 0.005
3 § 0.000

50 100 150 200 250 300
4% /nm

8
nm-)
°
S
A

=
(=)

=)
(=)

wmi/(cms . g—l)
8

[}
(=)
T

=]

0.4 0.6 0.8 1.0
X ESI(p/p,)

(a)6% W 150,/Si0,

02

8

L oo
H R H1=59.08 mYg

=
20015
o
b < 0.010
5
< 0.005F
F ﬁomo-

30 100 150
fL4%2/nm

=
=)

=)
=)

%WE/(cm3 . g—l)
3

3
(=
T

*E%;Ejj(pol.:o) 0.8 1.0
(h) W50,
IR MR 52— L S TR 2
8 6% W,,0,/Si0, f1 W,0,,
e TP

2.5 StEHEERINE

Si0, HERLFE YR A bHRHE A KL 1) W B
fiE, EEARGE TAELE Y R A A R AT
IR SETT I, R B REA B T A AL T R R
M BfE S RS B W, O BT P2 | i Si0, 5
Wy O 2T B 5% A ELAE T, JHG H A 5 #6443 5L 1
Ak BECPR ) FL AT 28 3L 00 B R, R E - s
- RE N NE =MD TR S ol o 4



- 196 - FAX AL L

ZERFFE T W,,0,,/Si0, BOGHEALHLER, 40
9 ffi7n, & (010) H Y W 40,8 Si0, Ek¥EI5]
b T 52 7E 0T, A W 5 O, 19 T 223 P o7 5 2 7 11
e it TR R W0, B SRS I 3L E— A
AR BT AT T, AT S A1 UL R G
02100 9530 2 v o TR o K | N B e o O L
W 50,0 TEL NGRS T R i R A, W, 0,
O W 31 % O 454 nm, 5 4l W O, #H LE,
W 50,0/Si0, B A MR KA T RIS LR,
512 nm, FZWE G MR AT BRI A D/ 6 S
KN (PL) G A5 FAE A Mo UE 52 T 615 R T
(438, A SCHRARAE ) A A 58 19 (010) 2] 11 B
)R K LA R T A 0 2 e A HL S iy
FRYHET () FEZEER (010) T R B 55 Ak
JEE A 07, I By Eg2s 98 (h) 5 Sio, &
1) H,0 3 OH™ e i A= B - O, £ | fir ik, W 0,0/
Si0, &AM EHL R 1 AL T I3 B F Sio, #il
W s O IR RIVE A

A

V.
<
#

W0

18-49 .0-

N4
>
QA

9 W,0,/Si0, f 4 bt a8 38 AL

3 #ig

TEIXITRE 5T i B I 48 T W50,/
Si0, B AL, Z5HESE, Si0, fE 4 e L
PERETT T &5 T EHZAEM, R Si0, Fl W 40,, Z [H]
FELEVMRIRON . Si0, MIAELE, W 0,,/Si0, K Ifi
HELRE B 38, 424 T 3 2 B TE PR s AR I R AR,
PEHE T e AT IERB 4B . 2 W ,0,/Si0, 1Y
i R 6% e ERER 2 173. 89 wmol/ (g-h) ,
PR W 0,10 3.3 185, TEFSEE KM, W ,0,/Si0,
BEOUER BA LSRR E T, X3 TR T
— PR A A AR R A T S T R EDOLAE
PR A PERE , A BBAE SR A E R T,

S 30k

[ 1] Sharma S K,Kumar A ,Sharma G et al.MXenes based nano-hetero-

junctions and composites for advanced photocatalytic environmental

F455511 5

detoxification and energy conversion: A review [ J |. Chemosphere,
2022,291.132923.

[2] Liu H Z.Ammonia synthesis catalyst 100 years: Practice , enlighten-
ment and challenge [ J]. Chinese Journal of Catalysis, 2014, 35
(10) :1619-1640.

[3] Chen X M,Chen P Y,Yang S M, et al.Recent advances in bismuth
oxyhalides photocatalysts and their applications[ J ]. Nanotechnolo-
gy,2022,34(5) :052001.

[4] Guo C X,Ran J R, Vasileff A,et al.Rational design of electrocata-
lysts and photo (electro) catalysts for nitrogen reduction to ammo-
nia (NH;) under ambient conditions[ J ] .Energ Environ Sci, 2018,
11(1) .45-56.

[5] Kim S,Kim K H,Oh C,et al.Artificial photosynthesis for high-val-
ue-added chemicals: Old material ,new opportunity[ J ].Carbon En-
ergy,2021,4(1) :21-44.

[6] Karim W ,Spreafico C,Kleibert A, et al.Catalyst support effects on
hydrogen spillover[ J].Nature,2017,541(7635) :68-71.

[7] Ullah S, Ferreira-Neto E P, Pasa A A, et al.Enhanced photo cata-
Iytic properties of core@ shell SiO, @ TiO, nanoparticles[ J]. Appl
Catal B-Environ,2015,179.333-343.

[8] 3K UH.W 30,0 @ ZnIn, S, & A YA 7= S M g R HLEE Y
WF5E[ D], B BRIk 2024,

[9] Hai G, Huang J, Jie Y, et al. Unveiling the relationships between
(010) facets-orientation growth and photocatalytic activity in
W 5049 nanowires [ J]. Journal of Alloys and Compounds, 2020,
820.153127.

[10] Nguyen T V,Kim K J, Yang O B.Photocatalytic water decomposi-
tion for hydrogen production over silicotungstic acid-silica photocat-
alyst[ J].J Photochem Photobiol A,2005,173.:56-63.

[11] Dong G J,Huang X J,Bi Y P.Anchoring black phosphorus quantum
dots on Fe-doped W30, nanowires for efficient photocatalytic ni-
trogen fixation [ J ]. Angew Chem Int Ed, 2022, 61 (30):
€202204271.

[12] Choi H G,Jung Y H,Kim D K.Solvothermal synthesis of tungsten
oxide nanorod/nanowire/nanosheet [ J . Journal of the American
Ceramic Society,2005,88(6) ; 1684—1686.

[13] Zhan P Z,Rong D T, Ling L, et al. W0 o -based photocatalyst : En-
hanced strategies for photocatalysis employment[ J].Separation and
Purification Technology,2023,319.124028.

[14] MaH Y,Tan Y Q, Liu Z F,et al.3D urchin-like CuO modified
W 30,9 nanostructures for promoted photocatalytic hydrogen evolu-
tion under visible light[ J].Nanomaterials,2021,11(1) :104-115.

[15] Swain G, Sultana S, Parida K. One-pot-architectured Au-nanodot-
promoted MoS,/ZnlIn,S, : A novel p-n heterojunction photocatalyst
for enhanced hydrogen production and phenol degradation[ J].Inorg
Chem,2019,58(15) :9941-9955.

[16] Cao Y,Wang G R,Ma Q X, et al.An amorphous nickel boride-mod-
ified Zn, Cd,_,S solid solution for enhanced photocatalytic hydrogen
evolution[ J |.Dalton T,2020,49(4) :1220-1231.

(T35 202 1)



- 202 -

[14]

[16]

[17]

[20]

[22]

[23]

[24]

[25]

[17]

[18]

[19]

tion and stitching of graphene oxide with ethylenediamine for com-
posites application[ J ]. Journal of Materials Chemistry A, 2013, 1
(4):1349-1358.

Chen P P,Hao L, Wu W J,et al.Polymer-inorganic hybrid proton
conductive membranes; Effect of the interfacial transfer pathways
[ J].Electrochimica Acta,2016,212.426-439.

Prapainainar P, Du Z H, Kongkachuichay P, et al. Mordenite/Na-
fion and analcime/Nafion composite membranes prepared by spray
method for improved direct methanol fuel cell performance[ J].Ap-
plied Surface Science,2017,421:24-41.

Guo Z,Perez-Page M, Chen J,et al.Recent advances in phosphoric
acid-based membranes for high-temperature proton exchange mem-
brane fuel cells[ J ].Journal of Energy Chemistry,2021,63;393—
429.

Xiao L,Zhang H,Scanlon E, et al.High-temperature polybenzimid-

(L#%F 189 M)

Nikoshvili L. Z,Shkerina K N, Bykov A Vet al.Mono-and bimetal-
lic nanoparticles stabilized by an aromatic polymeric network for a
Suzuki cross-coupling reaction [ J ]. Nanomaterials, 2021, 12 (1) .
94.

Rai R K, Gupta K, Tyagi D,et al.Access to highly active Ni-Pd bi-
metallic nanoparticle catalysts for C—C coupling reactions[ J ].Ca-
talysis Science & Technology,2016,6(14) :5567-5579.

Wang Q,0’Hare D.Recent advances in the synthesis and applica-
tion of layered double hydroxide ( LDH) nanosheets[ J ].Chemical
Reviews,2012,112(7) :4124-4155.

Dong Z,Gao P, Xiao Y ,et al.Pd-Co nanoparticles supported on cal-
cined Mg-Fe hydrotalcites for the Suzuki-Miyaura reaction in water
with high turnover numbers[ J].Catalysts,2019,9(12) . 1061.

Guo W,Dun C,Yu C,et al.Mismatching integration-enabled strains
and defects engineering in LDH microstructure for high-rate and
long-life charge storage[ J].Nature Communications,2022,13(1) .
1409.

Van Vaerenbergh B,De Vlieger K, Claeys K, et al.The effect of the

hydrotalcite structure and nanoparticle size on the catalytic perform-

LA AL T

[18]

[19]

[20]

[26]

[27]

[28]

[29

[

[30

—

F455511 5

azole fuel cell membranes via a sol-gel process[ J].Chemistry of
Materials,2005,17:5328-5333.

Wang S,Zhao C J,Ma W J,et al.Preparation and properties of ep-
oxy-cross-linked porous polybenzimidazole for high temperature pro-
ton exchange membrane fuel cells[ J]. Journal of Membrane Sci-
ence,2012,411/412.54-63.

Acar O, Sen U, Bozkurt A, et al. Proton conducting membranes
based on Poly (2, 5-benzimidazole ) ( ABPBI)-Poly ( vinylphos-
phonic acid) blends for fuel cells[ J].International Journal of Hy-
drogen Energy,2009,34(6) :2724-2730.

Jalili J, Borsacchi S, Tricoli V. Proton conducting membranes in
fully anhydrous conditions at elevated temperature : Effect of Nitrilo-
tris ( methylenephosphonic acid) incorporation into Nafion and poly
('styrenesulfonic acid) [ J]. Journal of Membrane Science, 2014,

469:162-173.1

ance of supported palladium nanoparticle catalysts in Suzuki cross-
coupling[ J].Applied Catalysis A ; General ,2018,550;236-244.
Kuila T, Bose S, Mishra A K, et al. Chemical functionalization of
graphene and its applications [ J ]. Progress in Materials Science,
2012,57(7) :1061-1105.

Wang R, Yang Z, Yang B, et al.Superior cycle stability and high
rate capability of Zn-Al-In-hydrotalcite as negative electrode materi-
als for Ni-Zn secondary batteries [ J ]. Journal of Power Sources,
2014,251:344-350.

Lin Z,Ma Y, Hu C, et al. Molecular intercalated graphene oxide
with finely controllable interlayer spacing for fast dye separation
[ J].Colloids and Surfaces A : Physicochemical and Engineering As-
pects,2023,677:132437.

BT T% SR H 45 Ru/NiAl-LDH-o0—-CNTs L #E Ak 771 Y
il £ B R P PR A PR BE [ T ] R pe A B}, 2018,33(2) -
109-115.

Shaikh N, Pamidimukkala P.Magnetic chitosan stabilized palladium
nanostructures ; Potential catalysts for aqueous Suzuki coupling reac-
tions[ J].International Journal of Biological Macromolecules,2021,

183:1560-1573. 1

(L85 196 W)

Guo H, Pan L, Gao M, et al. Electronic structure modulating of
W 50,9 nanospheres by niobium do for efficient hydrogen evolution
reaction [ J ]. Chemistry-A European Journal, 2024, 30 ( 71 ):
€202403043.

Zhao Y ,Tang Q,He B, et al.Mo incorporated W 50,9 nanofibers as
robust electrocatalysts for high-efficiency hydrogen evolution|[ J].In-
ternational Journal of Hydrogen Energy, 2017,42 (21) ;14534 -
14546.

Bhuyan B,Paul B,Dhar S S, et al.Facile hydrothermal synthesis of
ultrasmall W40, nanoparticles and studies of their photocatalytic
activity towards degradation of methylene blue[ J].Materials Chem-
istry and Physics,2017,188:1-7.

[20]

[21]

[22]

(23]

Murashkevich A N, Lavitskaya A S, Barannikova T I, et al.Infrared
absorption spectra and structure of Ti0,-SiO, composites[ J].Jour-
nal of Applied Spectroscopy,2008,75(5) :730-734.

Yang J,Guo Y, Jiang R et al.High-efficiency “working-in-tandem”
nitrogen photofixation achieved by assembling plasmonic gold nano-
crystals on ultrathin titania nanosheets[ J].J Am Chem Soc,2018,
140.8497-8508.

Yu C,He H,Liu X, et al.Novel SiO, nanoparticle-decorated BiOCl
nanosheets exhibiting high photocatalytic performances for the re-
moval of organic pollutants[ J].Chin J Catal,2019,40.1212-1221.
Zheng Y,Cai J,Lv K, et al.Hydrogen peroxide assisted rapid syn-
thesis of TiO, hollow microspheres with enhanced photo catalytic

activity[ J].Appl Catal B-Environ,2014,147.789-795. 1





