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CARIEAR Y R M R ICRBR S e s, BRI KK 163318)

WE: NETHRIESEAVIHESR (HKUST-1) MK e, FF MR AW b St A HLA R s A,
PIEAEIR ( SA ) etk HKUST-1 478Kkt , 45 1 8K/ HKUST-1@SA 2k FTIR, XRD. SEM,
TGA FE il 2SO S RS B AT T RAE, itk s> 2 . Rl PEae AIE SR A 5256, X HKUST-1@SA
B B P I BRI AR PR REEAT T, I M4 #0 BE X  7K Ot Bt 7Kk 43 B8 RO AL B R AT T I . S5 IR AR,
HKUST-1 5 4380 1.5% B NE IR - 2 A AE 90 °C R 50 2 h, A58 HKUST-1@SA 2 miZK e f /14 135.0°,
B 0°; HKUST-1@SA 7£ 300 °C F /KA IREEA 120.4°, BREEAKIAET 14 d J5 RS BT
KL DAL, R —E R E M Bk e ; HKUST-1@SA XHEGH . ¥l Sl . 299 M 0F O ke ny g
RN 5.54, 8.11, 7.68, 7.22. 8.32 g/g. £ 250 °CAbHEN] Lk HKUST-1@SA WEBHIMW TR AR TGH (15
WL IECKE ). EE 20 IIRM-AERS, 1ECLERIRTER/DN 10.2%, FE HKUST-1@SA BATERFI M, 8
NEERHR BE AR B e 3 25 4R T T HKUST-1@SA MI/KFRENE, AT AR B KA H i 6N i o
KR SEAVMER,; KREvEt:; TBREE; WKy E; WIMRES; Dsetirt
HESES: X703; 0647.3; TB34 XEAARIRED: A XEHS: 1003-5214 (2025) 02-0345-09

Searic acid modified copper-based metal-or ganic framewor k
and its oil-water separation performance

FU Yuanfeng, FAN Zhenzhong', LIU Qingwang, TONG Qilei, CAI Li, ZHANG Xuesong
( Key Laboratory of Enhanced Oil and Gas Recovery, Ministry of Education, Northeast Petroleum University, Daqging
163318, Heilongjiang, China )

Abstract: To improve the water stability of copper-based metal-organic framework material (HKUST-1) for
the selective adsorption of organic solvents and oil phases in oil-water mixtures, hydrophobic/lipophilic
HKUST-1@SA were synthesized from hydrophobic modification of HKUST-1 by stearic acid (SA) with a
long carbon chain structure. The samples before and after modification were characterized by FTIR, XRD,
SEM, TGA and contact angle measuring instrument. The selective oil phase adsorption performance of
HKUST-1@SA was evaluated through oil-water separation, oil absorption performance and recycling
experiments. The mechanism of hydrophobic modification and oil-water separation was explored in the
molecular level. The results showed that the water and oil contact angle of HKUST-1@SA prepared from
the reaction of HKUST-1 with 1.5% mass fraction stearate-ethanol solution at 90 °C for 2 h was 135.0°
and 0° respectively. The water contact angle of HKUST-1@SA remained at 120.4° at 300 °C, and there was
no obvious change in the crystal structure and wettability after being exposed to water for 14 d, indicating
that HKUST-1@SA showed some thermal and water stability. The adsorption amounts of HKUST-1@SA
on crude oil, gasoline, kerosene, diesel oil, and n-hexane were 5.54, 8.11, 7.68, 7.22, and 8.32 g/g,
respectively. Treatment at 250 °C removed adsorbed light oils (gasoline, hexane) from inside

i BEHEE: 2024-01-10; EABEH: 2024-03-06; DOI: 10.13550/j.jxhg.20240037

EEWH: R ARPAEEIH (LH2020E14)

1EER™: ok (1992—), B, t#H+4:, E-mail: fyf@stunepuedu.cn, BREA: JUHRE (1971—), B, ##%, E-mail: fanzhenzhong
(@nepu.edu.cn,
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HKUST-1@SA. After 20 times of adsorption-desorption cycle, the adsorption capacity of n-hexane only
decreased by 10.2%, indicating the recyclability of HKUST-1@SA. The long-chain alkyl groups provided
by stearic acid significantly improved the water stability of HKUST-1@SA and enabled them to selectively

adsorb tiny oil droplets in the aqueous phase.

Key words: metal-organic frameworks; water stability; wetting reversal, oil-water separation; oil

adsorption capacity; functional materials

Vb el A I TSR R e e R B
A T B Tl A= 7R R NS A i R R b R K
B HERCAC T BT B UIR 2, X AR IR B A
AR A T E G E . KR A YR B R R
fiff 7K B e BRORT Ml PR PR B () B 22 0 . B R i
z—M,

HAT, Tl rb S P A0 i 7 R Bl S s S A
BHA SRR . AR A RERE R G HLE P
Y A2 G R AL BT AT B RCRAG . AR
B RGP BRI EACR |
KAl 75 A A A2 ) T RS 2E | 75 Y AR A ML
PEREN Sl H T Uam A R Z LA R (A4t
RITRZUS15E ) ) A Ab B % B R AR R
WXE, 7551 M is e, NIk, JF & —Fhid v
SR, FAEMEE . 2R BE BRI AT B bRl Ak
BHHKIR A A 2 — kR o

HKUST-1 [ Cuy(BTC), J & — 7ty il 2 1 F 4474
“H R (H;BTC) 4R £ e e # 4 )@ A L
HEZE ( MOFs ) fiRARHY f BT 1999 4Ff CHUI
AR VR —Fh B R R Z L e T R
Bh, HKUST-1 HAG Mg i) = 4EFLBRZEH) . =5 o 4h
A MR LR E R, Hiil & s . R
T, TESRWE B RGN s et ek o gt
U A B RN W J7 . HKUST-1 3R 5e 2544
FITRE R 1 XA TR 4 NIRRT AL G, a0
REM BRI SRS TR, KREH T Cu
—O Sk, A PR IR & R,
[, B F HKUST-1 A BRI, 18 R b5
TC e B s S AR MUK AR BRBE Fh 2B L, %
TR B K E MR HKUST-1 SR AT L) GE
KAPRH A F iy, b o] LARETIFZE K3 B b, K
R R R K R PE B BRI, B B s
. AP, FEAHAIET MOFs M RHHEME 3R
W, —FE A T B MOFs B2 s, LA
JiE MOFs H 55 B8t , SR 1T MOFs A& i 72
EELA R, R T A G A AR
— R RS BN, RIS S 9 MOFs #E47
WIReAetEM , XA UT AR T MOFs 45 #4) 1 2 1
TR B 8 SRS . DING Z5EU7IF & T — R i 25
FHE— Fm R Ak, it 2,2,2-PRNER =R

Tl 13- FH R DA s P 4 5 T 3 — W AU R e 1 B Pl 5
IR #F HKUST-1 diR AR EE T 5K R AW
2o Tl BB R EEAE KT 3 d A RE ORI LR (Y i
REEHIFIE A, AR fLBRA T T B
P& T HKUST-1 #RH¥ K F2 € 7 - CASTELLS-GIL
SElSHRIE T HKUST-1 HuFh7E IR A A0 T H 1%
5 LASH SO, 75 A B [ ) R 2 e 2, IF
i FHBE R AL AT A AL R, B4 T K SR, 12k T
A 2% Cu-MOF i&H, A —E M RRY . ZHANG
2L 1 S MU R 7E MOFs A0 3 14 7 5 /K 3R
TS (PDMS), HEEREIFETE 235 CT
SERL, FLARMEYE S R SC B SR . 4T, K
B KBt HKUST-1 4Rk F 8 5 2 7K ik
PEPEWL B AR AT T 520, AT AT IR R — il £ 41k
TERN . AR B T B R Cu-MOF S A K fift ki
SEPE R FERE b S ROk 2

A SCHE A S B SRR , 756 U HKUST-1
AR 5| AR BB e ke (TEAR TR ), ST SR 2 1
FH 2% K B g K e B s % . SR AT FTIR. SEM.
XRD X MCPERT G HKUST-1 SRR M E aEA . 1%
NETE 590 S b AR ZE A AT AT, KRl M J§ HKUST-1
AR . KRN . KB RCR . WIkAE T .
AR SRR e v, I B /K et B T
BUEE . DU R F & BE 1810 SR s 52 HKUST-1
ERCHK T B RS

1 SEIgES

1.1 RFI 5N

Cu(NOs),*3H,0., N,N-_HEH Bz ( DMF ),
H;BTC, AR, ©ifgd setRAALBHE B A R 2 ]
JoK . FE (EtOH ). HWEfRMR . IEC ke, AR, EZj4E
LA IR A Bl . S . . 5o,
Mgt KETFK, Al

JY-PHb B4 fol i U A, RAEAR A 30 A 25 A
FRAT]; Ultima VA X B4 (XRD) , HA
Rigaku /A 7] ; TENSOR 27 RU{# HLI A5 2T S35 A
(FTIR) , f8[E Bruker 2A#); STA-1150 AI[a] 5 #4
ST (TGA ), EHEARBE SO A PR w5 Sigma 300
VP B R G T L (SEM) |, f#[E Carl



%,

552 3 (DR

o RS A A i e 4 e A HILHE SR B K 0 8 P RE PP A

- 347 -

Zeiss 2N T o
1.2 Fi&
1.2.1 HKUST-1 &4k 89 4%

HKUST-1 Fh A 5 e B8 ST R TEIE
B4, ¥ 1.650 g (6.8 mmol ) Cu(NOs),*3H,0 Fi
0.825 g (3.9 mmol ) H;BTC 4% & T 2 4~ 100 mL
Bapirh, K& A DMF 7 mL. JG/K 28 7 mL .

HO o o

I+ o
o0 N0 N

1.2.2 HKUST-1 /&89 550 5ok

1] 50 g To/K ZEEHF A 0.750 g (2.6 mmol )
Mg R, AF 48 I IE I 0 B R g B 48 b B SR
fitt ZAR RN, R BTE BN 1.5% 0 AR R -

EBETFK 7 mL, #5710 min BELEM; KT,

B ARIR A, B 10 min J555#5)] 50 mL R
W OAwm RN %, & HEERT T 85 CFx
N 12 he JV SR E L, KA 2 A S AR BURL AR Uk
TR OEE ., B TFRERS 3 K, BERARES
THEFEPAE 150 °CF T4 18 h, HIf55] 0.780 g #5
AR MR HKUST-1, HA RS LRAT FiR o

Ot
oty
o 4
i \OII%«
L ______ OH_ _______|
85°C ~C 0*
DMF/EtOH/
H,0 Cllz,g

CFEWT, 7690 °CRFFLLmid 2 h, BRI, o
UE, IR LB FKIEE 3 I, =il (25 °C) T
T4 5 BI A5 5 K AL kP HKUST-1 §4 4K 0.560 g,
s AR R, 108 HKUST-1@SA . H 5 W %

LWEVEW . FREL 0.500 g HKUST-1 MIAFIREEIR- R s,
"""""""" TTTTTTTTeTTTTTTTTT
: OHH : :NVVVWO N :
: B : X 0o !
L RO
- c(_)}]l:lai_______,: (0] i \(C.)Z?x E
( /\/\/\/\/\/\/\/\)ko: W
R R TR I

13 RIEFZESHERENRK

FTIR i : % KBr JEH ¥:%F HKUST-1 #il
HKUST-1@SA #£ i 347 FTIR M3z, 3 £ Bl 4000~
400 cm ', SEM K. JnEAE 3 kV, BORREEK
2000~40000 fi5 . XRD Mli: #fF Cu, FEHLE 40V,
EHIT 40 mA, FREFH 20=5°~50°, TGA i :
ML [E] 0~600 °C, FHEHE 10 °C/min, TEMEHE
WK« SR P2 fh 7 {6 HKUST-1 1 HKUST-1@
SA BT R TE A ERAT R AT, AR A R A
HHEK MM A (WCA/OCA ). sKFaE PER .
¥4 0.5 ¢ HKUST-1 Al HKUST-1@SA 55 i A %
5mL LBk, #E 0~14d,
14 MRS BEXRE

FIRF, FREL0.1 g HKUST-1@SA, A 05¢g
JRGH L VRIH L SEI L R IR Ok (A ) 5

OH R
x
o O o
[ / + AN —»A
C OH EtOH
R C R R
OH

25 mL 2K IR A Y, W HKUST-1@SA X il
TR 1Y 2 BRI . P B RCE R E S (1) T
R/% = (my—m)/my % 100 (1)

X RADEHCE, Y%; m AP HKUST-1@SA
B, g; my i HKUST-1@SA Wil 5 i Jf i, g;
mo N JEIR A T, g
1.5 WEiHMERESIE

FHRF, B 0.5 g HKUST-1@SA 32 A 100 mL
WTmAE (I PRl Seul . B R aEC ke )
10 min, FF 5 AU RE 7 2 SCR R, ARG (2)
P
(2)
e g IR, g/gs m B HKUST-1@SA
fIFH, g; my i HKUST-1@SA Wi 5 i, g

q=(my—my)/ m



+ 348 - M 4m 4 T FINE CHEMICALS

42

16 fBEINFIFAELIE

FEI K 43 B 40, 52 ) 4 e — 00 R B )
FLARbR . VIS R B, WeBhE S ) HKUST-1@
SA Toik BRI, WTREZ N EIM A E R . T
PAIXFVRIM . Seil . M. IE Qe T 20 IREE W)
B/ fife R S 0%, B R W T S G S R I AR POk
HKUST-1@SA J#AZE 250 °C, fH#H 2h, LIZEER MW
&R AR, REI RS RE T T — R
W 7P e

FUSIE HKUST-1@SA W Bk AH 5 J5 i bifi 25 i
FERARAE R, HEFEIAE S E 250 °CFi&1E 12 h,
L2 9 A AR SR D9 i 2 1 A AL AR B2 DMIF, 48 5
B 11 FREC 10 mg HKUST-1@SA FE&y, W
10 mg IE L 5efa#E4T TGA I,

2 #ERE5TE

2.1 HKUST-1@SA BIRIES 7
2.1.1 FTIR 54
€ 1 5 HKUST-1 } HKUST-1@SA [ FTIR i ],

HKUST-1@SA

WeE/em?

Bl 1 HKUST-1 2 HKUST-1@SA f# FTIR % [&l
Fig. 1 FTIR spectra of HKUST-1 and HKUST-1@SA
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Fig. 2 XRD patterns of HKUST-1 and HKUST-1@SA
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Fig.3 SEM images of HKUST-1 (a, b) and HKUST-1@SA
(c, d) at different magnifications
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(b) from water by HKUST-1@SA
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