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1.1 FZiKH

Nb,Os, 4N, EZ5 & HL X F A RA\ 5 o
7K K,CO,, AR, Kby REfb2ail ) 5 vk
2, AR, RIEETHFTH T TRHARAR; IET R,
AR, Ry R K aifb THEGE T 1,6-C %,
AR, REAOEER AL TR T, AR, X
BTG REAL THFGE T, SRR, AR, KT 3
M BRI T NaBr, AR, Kby KA
SR WA, AR, REHDCE AL Tt
R, AR, AR, [ 254 F k2=l 0 A PR vl 5
ARy, AR, KETR B2 G0 .

1.2 EUeFFE

1) AR K, Nbg O, f1 %

YA HRELE 2 ¢ 3 FRICIEIK K, CO4 i Nb, Oy,
PR LT TR B T B B IR B A D 8T8 K &
P ST WIS RIS S5 AR A (B A I 3 3 T4 =X
H T EE TR BE, 7E 70 min IFHEE 1 000 C, Jf:
T-1000 CHBE 2 h, F bl A HRE B 45 1.

2) Ag@ AgBr i 2 K,NbO,, 5 Wil &

(1) FRAE 4 S0 A3 1 HyNbg O,

¥ 5 g K,NboO, K34/ A% 250 mL 1 mol/L ¥
HCL ¥, TEE (420 W, 2.45 GHz) Z5F T
L h, B RN R EETE 85 CA A hikkfRAR
W, RS ARN EEINAA 2 min AT R IIEL 2 min. A
MBS PR TG,

(2) 1E T e )2 ) AT 4

¥ H 380 = W1 F 50% R B IE T Hie-7K %
W, PRI AT IR T RS2 A B g, S R
P AR AR R 55 °C 224y, Bt a] oy 3
he FESh B0, YR, THREAM. Haich
<C4H9NH2)4Nb6017-

(3) B—EfE Y 1,6-C A+ e s 5I7E 80
CRUER, T S0% AR 1,6-2 ", +—
JWe- LT KSR ( ST 5K ARFR Ly 12 1), FEXTR
AT A TREAE SO, RS S 3ok AR AR
55 CAiAy, OB 3 h, &Z4535)1,6-C
TR R A Y, FER AL TR
W, TR &

(4) B 1162

¥ 3 FA LIRS W% T 0. 07 mol/L 1R
BRI, TR B IREE A T A TR B 2

JVE, BEAS BN i R IR BEARFRAE 80 C A2 Ay, il
JNFREFE] 1.5 h, 7580 3 B LA R Ag' 16 )2
K,NbsO, F=#). FEMZE.L, TR, TIE&H.

(5) B fb = E A R

FEIE T MR R & 2 T 0.1 mol/
L () NaBr %, ZESIR N ROGRE B 1 h, 15
#| AgBr 4§ )22 K,NbO,, IWE AW, ¥HixEEWET
i AT R 65 60 min, 4 Ag YA R Ag’,
PG YEERZE T E, 80 CF T4 10 h, MATAR
B IE T AR Ag@ AgBr )2 K,Nb O, &5 O6HE
R, FEamic N B-K,NbO,,/Ag@ AgBr.

A3 PR 1, 6-C0 U b U R A AR T A
27T 0.1 mol/L [ NaBr & H, £ 80 CF
WOGHFE 1 h, e, BEAWE T KR otk
J 60 min, KPR VEE RSP, 80 CF TR
10 h, A5 1, 6-C A1 Ag@ AgBr 4 )2
K,Nb O, A TEHEALH], 5T N H-K,Nb,O,,/Ag@
AgBr; + TJHAEIER Ag@ AgBr #fi )= K,Nb O, &
MR, FESIE R D-K,NbsO,;/AgBr.

1.3 5 aE R

JIT 25 B AR AR X SR AT ST (XRD) #E7
YA BT, FESTIE Cu #B Ko P2k, T/ERLVE 100
mA, TAERE 40 kV, A ady, HiEE 50 ~
80°. it & ST 4 4 Ha % (SEM) 13 5 il 1 B f
B2 (TEM) WLELFE i BB FRLAR K/, X AT 2RI
ACCEDX) X A4 8L T 3 -4 7 M 2 B s R 58 40h-11
VLI SR TE AL (UV-Vis ) AR AL ] 19 56 IR kR
P, BaSO, fENZ I R F ORI (PL) Xf
PEACTIIEA T DS EIE 430, WK I R 240 nm,
1.4 SefE{LpEEiESE

FREX0.15 g Ag@ AgBr 4 )2 52 GO AHEAL,
AF[150 mL, ¥ N 10 mg/L 17 EE 5 (B 5E
B OOR M) B b, TR DGR AR S g I B 30
min, i G} 7R A Ak 7] 2 1T 8 30 B R BT,
B AT AT R (i F TR E AR R 5 em,
JESE R U2 420 nm DUFRYERAME) , OVAR R E
FEHIFE 252 °C. HFF 10 min BUFE—IK, I REE
AT B e, B W A3 6 B 0 e R S
A HR R O B (A B S A A L AT WG Ak G
PE. LTSN B ZER LT AT A

cy—cC

Degradation( % ) = x100%

Co

A oo JEIRITR O A LIS MR , mg/L;
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2.1 ELFIRAE

IE T AR Ag@ AgBr 4 )2 K,Nb O, BN
N BB i) XRD S Gn i 1 R, Mgk a ik
FRAR A 177 5 3, X B JCDPS (21-1295) F ife
KA, AT LA & il 5 B9 AE db A K Nbg O, , AT I
F U5 (040) 2 10. 73°, doyy fH A 0. 808 nm, I %
Nbs O, JZHEE 0.56 nm™’ | JU] K,NbO,, f)JZH
(B4 0.248 nm. {fiZk b iR A ## ™ ¥ H,Nb O,
() i 5 B3, FLATT S R0 1L, 07, 2 i a] R AH 1
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Fig. 1 XRD patterns of the photocatalyst pillared by
n-Butylamine on different reaction stages
a. K,NbsO,;; b. H,NbO,,; c. (C,H,NH,),NbO;;
d. K,NbO,,/AgBr; e. B-K,NbO,,/Ag@ AgBr

HIE /N R 0,238 nm, XEH T KT 2E42°4 0,133 nm,
H™ P42 0.032 nm, fRAH# )5, H U K E A SRR
BRIZ(E], {1524 B FE AR R, B HT OB it
AEIRHZ M. 1E T Resc4fer= P nmii it BE anth 26 o
PR, HTIETMMEZ, JEReF0E(040) £ 2
9.96°, JZMEIEHEAR A 0.421 nm, [FFEUER] [ IE T I
B AL 45 T H,Nb O, Z1E]. ik d fl e 705l &
K,Nb,O,,/AgBr il B-K,Nb,0,,/Ag@ AgBr ¥ 5 19477
ST, T ig (040) 43 26 2 7. 70°F1 8.29°, %
WIlEE AgBr Fl Ag@ AgBr (4 A, FERRHHJZ I IR
— K, X LT LA H AgBr R Y Ag”
WEH A’ J5, HERR B ZAR AR A RN, X
NTESGCIIIRESTT , B82) AgBr UL FUMAK Ag 75]

OYRUAE IR AR W 2218, (A5 2 8] AgBr FURLAE /N,
HR R JZAR AT RE AR RIS /N A 2 ) 28 A e B
T Ag@ AgBr [RGB TR B Z . [,
TERHZE d F e sR BT AgBr [T 504, Xt R+
JCDPS(06-0438) 41| B, B-K,Nb,0,,/Ag@ AgBr
FEdh (M4 e) 78 38. 19 BL T 37 J7 1 A’ (JCPDS
65-2871) AYATHTIE , BEHGIA RS PR 2 AgBr
FMHIER S Ag" BRI R A B R

& 2A F1& 2B 43 34 K,Nb,O,, 7% {& il B-
K,NbsO,,/Ag@ AgBr St Akl 47148 ra 4 151, AT LA
A, A K,NbO,, BAT B B2 RE5H, Ag@
AgBr fiJZi# A K,NbO,; 25, K,NbsO,; )24k
LA B BIR, J2 (] Ag@ AgBr ZKRLFRiAE R
2y 200 nm, fORIA R G5 E. K 2C RS
JeAEALFI EDX &, H Nb, K, O JGE X R T
AR K,NbO,;, Ag Fl Br JLE X T Ag@ AgBr, i
BT il 25 R e AR 7 K Nb O, il Ag@ AgBr &4
eI 18 2D Jy B-K,NbsO,,/Ag@ AgBr 1% 3} B i
FE, $ 2 IS AR AR T RE 4R 51 40 A TR B 2 AR
Z 8], HA4ZFE 20 ~50 nm Z [A].

K 3 2y H-K,NbsO,,/Ag@ AgBr 1A [a] 5 I [y
Bty XRD [k, fhk a AR K,Nb O, HIfiF5T 1A,
FTLAE Y, Bl FE O 45 1F T )2 ) HO 384 1, 6-
C RSSOV, K NbgO,; HYFFAEIE 040 ;1 i
10. 66°4> M % 10. 98°F1 6. 35°, it i 1 4 ik 4
JEMR BB )24 0. 242 nm F10. 83 nm, LAk, HRAE
APkt 7 AR 2dsing=nA , FE— U0 I R A8 46 I X
RERY d B8N, PR 2 RN 1,6-00 HekE
FEIGH I d AE 3K, 7= A )2 ) BE AR R A 34
K, W 1,6-C —ReA %096 A 2 K,Nb O, )2 [H].
4k d y H-K,Nb,O,,/Ag@ AgBr J&fi k7] i XRD
Kk, Horb AgBr (9175 55 0§, XJ 5 T JCDPS (06-
0438) prifF -, 7638, 1L T Ag” RS, it
WG 55 2 18] AgBr R A HR 7 Ag™ B i M1 id Jit
AR, DL 25 R RIER] Ag@ AgBr I 2
T 1,6-C “WeAEFE R K,NbO,, JZ[H].

1,6-C AT FE Y K,Nb O,/ Ag@ AgBr St fitfk
FIE SEM EanfE 4A Fros, fF 1,6-C k545
PR, 1 2 J5 1 e A )2 (e B 4 1 2B HIE T
JEHEFE R K Nbg O,/ Ag@ AgBr JZ[A]FE R, Ag@ AgBr
YK TR 5143 A0 T OB Z ], FURIAEAE 200 nm
oA 4B RSB S BRI T LR, T
KAOF1,6-C “HERTE A, SREREPH 4> H 2 & A )
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Fig.2 SEM images of (A) K,Nb;O,; and B-K,Nb,O,,/Ag@ AgBr, (C) EDX spectrum and (D) TEM image of B-K,Nb,O,,/Ag@ AgBr
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Fig. 3 XRD patterns of the photocatalyst pillared by 1,
6-Hexamethylenediamine on different reaction stages
a. K,NbsO,;; b. HNb;O;;

c. 1,6-C _JlescHfer=4y; d. H-K,NbsO,,/Ag@ AgBr

B, Ag QKRR T-FEIRIARTE 20 nm Zify, Hp Aty

5, NIEZEE SR T EZ AL, AT
1SR TSI o Fe ol AN, Ag 9KAL
TR B T AR RAR 52 5 G AL TR RE 8 I KT
EZRDLRE, LR RN R AT WOt A
K5 -t AL FE ) K Nb O,/ Ag@ AgBr St
PFITEA TR S B Be i) XRD 3. [ A AR 4f AR 4
K,NbsO,,( Mk a) . H,NbO,; ( M b) A1 ekt
) (MR )3 A RERL K NbgO,; FFALIE 040 iy
RTS8 4k (il 10, 75° 70 3l B Bl 2 11, 02° Al
7.76°, HX IV 4 8 I B )22 8] B 43 51 24 0. 260 nm,
0.242 nm A10.580 nm), A PLYERH H fi+ 2
A K, NboO,, B, 12 d % DK,NbyO,,/
Ag@ AgBr it X HER AT, S AgBr i T4
HE-R A JCDPS(06-0438) , 7k 38. 1°H BURG AT I 140
Ag’ (St , BEHEIR RS AgBr FIEH S Ag' #
WA R Ny Ag B s L EECRARGEY T Ag@
AgBr IR T+ A R PR R 2 1]
KI6AN+ A K, Nbs O,/ Ag@ AgBri
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Fig.4 (A) SEM image and (B) TEM image of the sample H-K,Nb,O,,/Ag@ AgBr
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Fig.5 XRD patterns of the photocatalyst pillared by
Dodecylamine on different reaction stages
a. K,NbsO,;; b. HNb;O;;

c. Meag¥r=4y; d. D-K,NbyO,,/Ag@ AgBr

B, PTLLE i Ag@ AgBr 2 K JORL R 12 78
200 nm Zefy, ¥2)00 T Ko NbsO,, HJZ[H]. & 6B
4 D-K,NbsO,;/Ag@ AgBr + i i) S HUBEIET, AT LA
B IAAR R AWM R R4, + R
JRJZREH F A T /D RRE, Ag QKRBT 1E 4
TRERE AT o3 A $5), HAF PR AE 20 nm Zi Ay,
i o o NI S VR P AN Y O VAN ot L SR R 1153
LB B Ag’ PIAKLF I, f2HE L 25 70 i 43
B, AT AR T AOBAE AR REAS 4R .
FEAR ISR ] WL S S AN 7 B, HHER a
AR K Nb O Wi i, ey [l iy
MAE 400 nm Zify, MG A K E=he 315, 48
PRI AR 1 SEE O 3.1 eV, A Al WOt X JC W ik
AgBr (AR SEIE N 2.6 V', X AT BB AT W i i
I, HiZk b 2 B-K,NbO,,/Ag@ AgBr Je 15 (1M
Wl ml BLE T AR SR S S R AgBri 5] A

6 bR K,Nb O,/ Ag@ AgBr (9( A)SEM [ B) TEM [
Fig. 6(A) SEM image and (B) TEM image of the sample D-K,Nb,O,,/Ag@ AgBr
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Fig. 7 UV-vis diffuse reflectance spectra of the samples
a. K,NbsOp;; b. B-K,NbO,,/Ag@ AgBr;
c. H-K,NbsO,;,/Ag@ AgBr; d. D-K,NbsO,,/Ag@ AgBr

DI GIm Ag’ KR T (1 45 B TR IR BN, #f
st T D 8 R A 7 P S M s e 7 3 L
JE 2 800 nm. X124 )2 K AL K,Nb O,/
Ag@ AgBr 7ER] WG T HA B = G AL R R RE Y 3=
B, #Z ¢ FiiZk d 2508 H-K,NbO,,/ Ag@
AgBr 1l D-K,Nb,0,,/ Ag@ AgBr SEAEALT YW AT,
LA, 41,6 O MR+ ZHHER K,Nb O,/
Ag@ AgBr SEAEALHE AT WG 4 (400 ~ 800 nm)
AR A e, JE B Rt X M A AL
IR, TEADURAEIE S A B 2 1) Ag@ AgBr
YRR )2 1E A PR RR SN2 R], PRI AT D S 17
FIF T )21 K,NbO,,/ Ag@ AgBr.

Bl 8 SR MEALFRIAE il A6 A HOGIE L, PG
KW 240 nm. {2k a FIHHZR e 435 AR GRIR
PA Ag@ AgBr FRLIKTE 320 ~ 480 nm 35 Fil N Y21
REDGIEE, mERA, 3 FE )22 A b
POCK SR W] BAR T ARG IR B, 22 A
R K,NbsO,;, Fll Ag@ AgBr 245 )5 W& HYREZR T FL A
FIREHE TG E B T a8, AR TR T
SR AE, EENTZOE KGR AR Hoh,
T 4R IR B0 2 1] AgBr 0 Ag” 4K T I AETE,
A HL T RE S TR R B SR AR 1 R T, RDGAE
RS G, i 2 e A p et
T EAD AL RIS 25
2.2 RELFENE

P A TE AT LG e IV FP 6 08 8 PR AT X e
S R TN < I ES T ST ¢ ST Ul A N 2N

Wavelength/nm
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Fig. 8 Fluorescence spectra of the samples
a. K,NbO;; b. B-K,NbsO,;,/Ag@ AgBr; c. H-K,Nb,O,,/
Ag@ AgBr; d. D-K,NbsO,,/Ag@ AgBr; e. Ag@ AgBr
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Fig. 9 Comparison of photocatalytic activities of the

photocatalysts for the degradation of MB

K,Nb O, X7 H 5 JL-P Jo R il Pk, ELE I i
JORHER DGR 1 A B AR EEBAR /. 56T Ag’ 4
KR 25 B 7 AR R A AN 7 B AgBr 5 55010
AL ULE e R, 3 R SRS G A R A AT LG
TR HU I A B OGS, ELRE AR I
Y TR Ag@ AgBr. M9 nI IR, 1,6-C
AN+ R HEFE ) K NbgO,;/Ag@ AgBr P Fift S
T X IV FFY 5 5 PO % 53 B RS ' e A R A S ) £
MREER, Hob+ AR K NbO,,/Ag@ AgBr
SEAEAL TR X M 3 i B S A B BRAE ST, 7E 30
min PO HRE VR A4 % B3 8 1A 89% , S 20 min
I e A 7008 ST FHY B ) B 383K 95. 3%
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TERAFZAET , X LA 5 AN ] 7 ) HY Bk
FERY AT DGR MR PERE. b 181 10 A0, K NbO,; 7
AL o FREAE O s e, ELAE T DO
WA AR, SfZU0t)E, 3 MlEESY
X F S P A i 135 1 24 08 T LA Ag@ AgBr, 221
TR 5O HEAL ) D-K,NbO,,/Ag@ AgBr
AR AP ARG M, MR 1,6-C i RIIE
T 5 B fHE AL 5] H-K NbO,,/Ag @ AgBr il D-
K4Nb60I7/Ag@ AgBr Xﬁﬁ%’f’éﬁ%ﬁiﬁéﬁzl@%ﬁﬁ
FE AT WL RER T 60 min P FH 488 1Y) 3 A 23 53 1l
Hh62.4% 1 T72.7%.
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Fig. 10 Comparison of photocatalytic activities of the

photocatalysts for the degradation of MO
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AR 2= 52 B G TR AN -+ e 1 52 5 HE A7)
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EEE M LLE 3 FA PTG BP0 T A5 AN R i A
(. R IR P R BT, | =ST - AR
FUSPF BT B, T AR R A R T A
RETH LA B iR A A AR LR ASE , R A €
TR Z AR, AT, AR R R A

TS R - OH 2 B i B SR M 0, BB
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Fig. 11 Comparison of photocatalytic activities of the

photocatalysts for the degradation of phenol
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Controllable Fabrication of Plasmonic Ag@ AgBr Intercalated
K, Nb, O,, and There Photocatalytic Performance

WANG Huan, LIU Li, HU Jin-shan,CUI Wen-quan, LIANG Ying-hua
(College of Chemical Engineering, Hebei United University, Tangshan 063009, China)

Abstract: The Ag@ AgBr intercalated K,Nb,O,, plasmonic photocatalysts ( donated as K,Nb,O,,/Ag@ AgBr) were
synthesized via a microwave-assisted ion-exchange and photo-reduction method. Different amines were used in the
process of amine pillared H,Nb;O, to control the particle size of the Ag@ AgBr that located in the layered
K,NbyO,;. The composites were characterized by using XRD, SEM, EDX, TEM, UV-Vis, and PL methods. The
photocatalytic activities of the samples were evaluated by the degradation of methylene blue, methyl orange and
phenol. The results show that the as-prepared photocatalysts showed enhanced absorption response in visible light
region and good photocatalytic activities for the degradation of targeted pollutants. The dodecylamine pillared
K,NbyO,,/Ag@ AgBr composite photocatalyst showed the highest photocatalytic activity for the degradation of meth-
ylene blue.

Key words: Ag@ AgBr; K,Nb;O,,; intercalated; controllable fabrication; photocatalysis



