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Abstract

In this study, HKUST-1 was synthesized via solvothermal method. Using HKUST-1 as the substrate,
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1-butyl-3-methylimidazolium chloride (|[BMIM]CI) composites with different mass ratios were pre-
pared by immobilization, resulting in the successful synthesis of HKUST-1:[BMIM]Cl composites. The
morphology, structure and photophysical properties of the HKUST-1:[BMIM]CI composites were sys-
tematically analyzed over SEM, XRD, FT-IR, XPS and PL spectroscopy. The denitrification performance
of simulated fuel oil (100 pg/g pyridine/n-octane) and the photocatalytic degradation activity for
dyes (20 mg/L methylene blue and 20 mg/L rhodamine B) under visible light irradiation were inves-
tigated. The experimental results showed that under 4 hours of visible light irradiation, the HKUST-
1:[BMIM]CI composite with a mass ratio of 1:2 exhibited the optimal comprehensive photocatalytic
performance, possessing both excellent fuel denitrification effect and good dye degradation activity.
Its fuel denitrification rate could reach 80.2%, and the photodegradation rates for methylene blue
and rhodamine B were 45.1% and 47.1%, respectively.
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TAV AR B A R, AR IR, P A RE T ROK . 2B R, ™ E K
I AEAT A S NS RT3 G 0K b 5 10 2 R 5w o £ TV HEBS b DAL o3k ORI LR 2
A AN EEZRTG R TERMNBK AP B RE KSR B R PUGEE R L. PR 55R
AL S USRI K ECR BT 77, T ORI SRR RTT ). SCHEARFRAEIR AR T, MR AL R
B RS —RHONEOR, RES A PR A NG R[2] . FEARZ LT, MOFs 18 —J8Hi 2
FLenfaprRl, BAHREARR. SR, emhom 3w S5, AU S R IL R [3].
H1, HKUST-1 (Cu-BTC)M/E I A LIE - FLIEH AR R4], BIfLAR TR Rae vk Rar JEURHAR i H 5% T
4%, BN TR UKS], (BRI B W LG AR AR R BRG] . TR
ORI, BAAARE e, TERRI AR, LM RIS RE[7]. BT TER I,
[BMIMICI 7£ [F) 2 B 1A Hh O HEAL P A = de PR [8]

AR SCR I FE T [BMIMICH 3T HKUST-1 M B &L A RL, B AELE S HKUST-1 192 L5
L S [BMIMICH FPDEHEAIEYE, ST AT WG A F R A5 Ge R i fe -

2. SCIOERSY
2.1, EEFIBNER

FREX 2.00 g —/KEHHERHM . 0.9691,3,5-2K —HR /M HIWE T 30 mL AR 1:1:1 1255 17K DMF: £ i
RAE0], A5 E 100 mL ZEVUIR L JE ARV RIS, 100°C R 20h. AHIRERE, HIL,
10,000 r/min &> LEEGEH, % 3 W. £ 100°C K2 T8 24 h F A3 HKUST-1.

FREX 0.30 g HKUST-1 £1 0.30 g [BMIM]CI & F 50 mL Z.FE+, $ii#k 24 ho ###7LL 10,000 r/min &0
LWV, % 3 X 100°C B4 24 h, B IE A 44, Bl AT 132 5% 1:1HKUST-1:[BMIM]CI. 2448 HKUST-
1 M[BMIMICI i &Lt Al f5AS A EL B o
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2.2. fEULFIRIRAE

X SR RATH (XRD): #£%h XRD M4 [E Bruke-D8 %Y X S ATHHMY _Ei#k4T, R CuKa N4E
SHE, 2=0.1540 nm, &5 40kV, &I 40 mA, FHETEE 20 =5°~80°

YR SR T BT (SEM): SR A48 [E Bruker /A ) Helios G4 CX 3% K S 414 v 1 S s gt A7
a JE S E

A1) LI SFHERE(UV-Vis DRS): KM HAEE AR UV-2700 28455 - v W8 S5 i O AT R
FURALIIE , A FH /RS BRECOCAR 3 BRI 00 AR08 S B AF,  FF HLLAbR#E BaSOs N Z:tl, HfVEHE—
f#% 200~800 nm.

LI AR LT AN (FT-IR): I 1850 f# 57 -0 AN AT, MakyEE v 400~4000 cm?,
B oy e 4 cm™Y, FHERECH 64 K.

X BHL T RERE (XPS): £ Bh35 [E 282k K /R Thermo Kalpha %Y X B8 % L T-REIEAL, W ATRIEEIT %
M TGER AT ST R ZER T I Al Ko SO T RER hv = 1486.6 eV)IE BRI, FFLL Cls=284.80
eV R4 &Rl N RE R A TR U

PG R AE(PL): £ 3% F Edinburgh Instrument FL/FS900 5 Y6 i A% T, 8 e E & s R AE
SEEAFIRI T - IO IER AR, ARSLIGE R 410 nm 1E BRI .

AN - AT R R AR AR Cary-60 AU Ah - AT WA e B R X RE S HEAT 2
YE. EEHT, FHREREX A% E 4 800~200 nm.

2.3. RN

WA BTN 100 pg/g MEUE/IE - Beds (B ), SR8 20 mo/L (A LRI F 2%
W BT BYE ARG A .

FrHX 0.0500 g HEALF . 80 mL HIRLNLTS 4 B LML R B o W5 /M 0.5h Ja, HIFSTAEFEH 1.5
mL B G R B OE T, ARCN Lo FTIFEAT, RER% 0.5 h BURE— K, RRRHURE L5 mL W, A
O, WRIRFRCHER A2, 3, 4, 5, 6, 7, 8, 9. J5¥ 9 SCEOEE L, B ERFHERUG RSO0
G RE THAS I L B 2

3. R5iT1ie
3.1 EAFINR

3.1.1. X HY&ATH(XRD) 24T

m 1AW, HKUST-1 (AR R RSO BLAE: 11.67°. 13.46°. 14.76°. 16.54°, 17.52°, 19.12°. 20.26°.
24.19°, 26.03°. 29.44° [10]% kb &3 RN 1) HKUST-1 HAFEWEAr B S HHE R B &, P RTh&
T HKUST-1. JFHALUEH, Z£FEZ[BMIMICI B 75, ARSI HKUST-1:[BMIMICI ) XRD i
K EAREE T HKUST-1 04, 15 B [ 2 [BMIM]CI H A4 238 HKUST-1 J5A B 20454 .

3.1.2. MEMLIIMEZEFT-IR) S

HKUST-1 FAN A L5 HKUST-1:[BMIM]CI IZE 4 B an ] 2 Fras. MHATBUE H, 78 HKUST-1 [
ZLAMGIE Y, £ 1373, 1447 F1 1643 cm ™ BT RSCIE 53 SRR T BTC H AR IR JE I AN X AR AR AR e
PRBN[11], 7€ 730 cm L AL B R IG5 Cu-O B HRSIARNT N, 1110 cm™L A1 1045 cm™ T 1)
Wil 5 Cu-O-Cu HIRLARANA K [12]. MEIHHTLAE H, AF A HKUST-1:[BMIM]Cl £ & AR 2L
HPGTE S HKUST-1 I B KB — 3, vl & W] [BMIM]CI (R4, I HKUST-1 s
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Figure 1. XRD comparison patterns of HKUST-1, HKUST-1:[BMIM]CI with
different ratios, and HKUST-1 standard pattern
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JEE| A9 XRD ¥t EEE
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Figure 2. FT-IR spectra of HKUST-1 and HKUST-1:[BMIM]CI with differ-
ent ratios
& 2. HKUST-1 FAR B EE ] HKUST-1:[BMIM]CI #£ S BY 215k [E]

3.1.3. T EMB(SEM) AR

ik 3 Fis, & 3(a) Sl 4 i HKUST-1 19 SEM Eil, M SEM B a3, HKUST-1 2IIE/\
HAFEAR[10], RS L e, RIAHX I, AILH HKUST-1 SR s A e 3. 1:1HKUST-
L[BMIMICI. 1:2HKUST-L:[BMIMICI (/4] 3(b). 141 3(c)), @03 {R BT A3 A T3, {H[BMIMICI 51
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BOCHE 45

RTINS AR T T 46 I/ B A B0k, BESE [BMIM]CI I EEBIIE K, 1:5HKUST-1:[BMIMICI.
1:8HKUST-1:[BMIM]CI. 1:10HKUST-L:[BMIMICI (|4 3(d)~ ¥l 3(e)~ & 3(f)), [El443 [HI Bt & Fvk ] o 4
%, AIRER MK E[BMIMICI &1, RN AR R\ Hi A 454 o

Figure 3. SEM images of (a) HKUST-1, HKUST-1:[BMIM]CI with ratios of (b) 1:1, (c) 1:2, (d) 1.5, (e) 1:8, and (f) 1:10
3. (a) HKUST-1 A [ELE i) HKUST-1:[BMIM]CI #&((b) 1:1, (c) 1:2, (d) 1:5, (e) 1:8, and (f) 1:10)&9 SEM [Ei&

3.1.4. X GfLRea T REIE(XPS) 4
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Figure 4. XPS spectra of 1:2 HKUST-1:[BMIM]CI composite: (a) Survey, (b) C 1s, (c) N 1s, (d) O 1s, (e) Cl 2p, (f) Cu 2p
4. 1:2HKUST-1:[BMIMICI #5889 XPS gEi&: (a) Survey, (b) Cls, (c)Nis, (d) Ols, (e) Cl2p, (f)Cu2p
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FIF XPS HiE Tt 7¢ 1:22HKUST-1:[BMIM]CI E &4k}, RAELE R 4 fizs . El(a) A 1:2HKUST-
L:[BMIMICI & &M EH B, IESE T 7E 1:2HKUST-1:[BMIM]CI £ &8 8 #4 Cl. Cu. O. NFIC T&
HIFEAE . B(F)JY Cu 2p FIRETE, Cu 2p 1/2 I Cu 2p 3/2 WA B ok S 45 & BE 23 7 4 933.8 eV Al 952.5 eV,
XYL 1:2HKUST-1:[BMIMICI H1(#) Cu st 3 EE L Cu(IF M RAF7E[13]. B(e)H, 454 R8N 198.6
eV Fl 220.1 eV AbHIE5 HIXT N Cl2p 3/2 A1 Cl2p 1/2, Mfiik—FAESE T [BMIM]CI & T IAEE . XL
S5 HAE B T ) & P AL S L 8 HKUST-1:[BMIM]CI. (A E =B &8k Cu 2p AT CI 2p 3 [F
Bk 4 HKUST-1 AI[BMIMICI BBk, XA HE2E H T HKUST-1 fI[BMIM]CI JE ik 1 {b228, 7=
AT AT BT ELT] [12].

3.15. $&5b - A LB RS HIB(UV-Vis DRS) SR

WK 5 frox, HKUST-1. AR[E A HKUST-1:[BMIM]CH W Se s 3 540 94 42 7] 0L X3, 3 356 B e AT 1T
REHELA AT WAV M. 1T H N DRS Bl %0, AfE EL] HKUST-1:[BMIMICI # HKUST-1 A A H 58
B, Hedrix a] REA A TSI AS [F] L] HKUST-1:[BMIM]CI & &R G AL I RE A R T
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Figure 5. DRS spectra of HKUST-1 and HKUST-1:[BMIM]CI with
different ratios
[& 5. HKUST-1 A EEL ] HKUST-1:[BMIM]CI # 545 DRS

3.1.6. WHKIEPL)FH

M 6 T4, HKUST-1 BLA A HeF] HKUST-1:[BMIMICI B &0 B A 50 K St xf a3,
AN EE A HKUST-1:[BMIM]CH & & AR R 2G5 BMIC T HKUST-1, Hr 1:2HKUST-1:[BMIM]CI & &
AR 5 00 s B B AR KT o ARIE DTS RAE M — M, 5 am X PR N e A 3 7 1 &
GRS, AT EZHR TS5 MR N RE, BB AT E, HKUST-1:[BMIM]CI & R[]
HAEBRTEEWD, BLTEREDCMANEREE T, A SR A TG ) 1 s 7 3 2% 1

3.2. AILSEHEACIEREM 534

7 N HKUST-1 FIASE HL ] HKUST-1:[BMIM]CI A Bt (B a). W H R (K b). &P B
o) AT WG AL PR RE IR &, M AT &1, HKUST-1 (0] WGtk M Aede sy, HAET OGRS 4
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h 254 T IR I B RN 50.2%, X E FRETE . B FHIA B IR MR R 73 38 14.8%F1 25.8%. 45| A
B FRAK[BMIMICI il % 5 2 AR AL EL i) HKUST-1:[BMIMICl E &0k,  Ho] WG TG 115 5 52
PeTt o FERIBRI I EA R b, ASFERCEE HKUST-1:[BMIM]CI B AR N : 55% (1:1)+ 80.2% (1:2)+
75% (1:5). 69% (1:8). 62% (1:10). FEMVHIEWE MR RS, AFE L HKUST-1:[BMIM]CI () FEf# 3 7
SN 24% (1:1)+ 45.1% (1:2) 38% (1:5)+ 35% (1:8) 31% (1:10), 7£ %' I B B&fEik &2, AFEEC L HKUST-
L[BMIMICI [JFEARZFAMRICHN 42% (1:1). 47.1% (1:2). 39% (1:5). 36% (1:8). 33% (1:10). 1:2HKUST-
L:[BMIM]CI JE7x AT WottERe . JR R GHEAE I — O AEAE HKUST-1 14 & O id AL A
M BMIM]CI 7% & K 478 75 HKUST-1 (G TEAL A, S HA Ak [ k4T
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Figure 6. PL spectra of HKUST-1 and HKUST-1:[BMIM]CI with
Different RATIOS
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Figure 7. Visible-light degradation profiles of HKUST-1 and HKUST-1:[BMIM]CI with different ratios: (a) Fuel denitrifica-
tion; (b) Methylene blue; (c) Rhodamine B

& 7. HKUST-1 FAR[E]EE 5l HKUST-1:[BMIMICI BOR] I SEPEARIE R E: (a) #hmBiE; (b) LREDE; ) ZHAEB

4. ER5RE

T S IR AR AT DL BN [F] ) HKUST-1:[BMIM]CL 1B &8k, EaARHGAT WO 6 AIEPE
i F HKUST-1. HA 1:2HKUST-1:[BMIMICI B A b e AL B B AN PERE, v W6eHE 4h, Rl
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