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W OE. AMAKT % _E4AL MOF (4 HKUST-1) #4) & A, FAKKSL
Bk, AN R TR (BA) 5 RBEHER=FEr (H;BTC) &
HKUST-1, #) A XRD. SEM #= N, B W L B ] X, 5 % = 4 64 45 4 Fo 6 S it
AT RAE, RIFHERT ZHa 2 ¥R EGRM A, 4R AW, &£ HBTC
5 BA 89 BRI A 3:1 iF, A% HKUST-1 89 MMk &, & BET ek @4
A 1129311 m/g, 3 & %K 369 % KR W% 7T 1% 402.501 mg/g, it %
H,BTC 5 BA &9 B R¥t, T A7 H & &M ae kR A 69 HKUST-1.
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4 J& H Ml HE 22 (metal-organic frameworks,
MOFs ) # k", s Fx £ L B 47 2 4 9 (porous
coordination polymers, PCPs) , EREH&EEF5
A HLEC A FLO7 AL Z LR P Steg i 240
MEHHEL, MOFs MBHHA K LRI, AL
KT EFLAR SRR A, R STz (40U,
SAABAE /4y B ik ™ 258k L IR 2 e
kA fL ks 7 45

HKUST-1 J2& 2 L {45 5 MOFs #1 8 ©, fh F it
FHE R Chui S. S. %7E 1999 £G4 iU 44, A
TN Cuy(BTC),(H,0), ( Hio BTC #5¥97K = Hig,
1, 3, 5-benzenetricarboxylic acid, H;BTC ) B0 1E
HKUST-1 #1, A4~ Cu® 5 4 MR AT R AL

pl

RS RTT, RIS BT BB i — 4T Ak
FLIBEZ5H, Wikk HKUST-1 5284 Cu™ 454 /K5,
HKUST-1 B HAT AR A S S5 1 =4 21 LM K
HKUST-1 G W07 ik e FLBRR | PR E AT 4E,
JEAE AN 1k B AR 1 b A 7 R0 B 1 4 R AT AL
HERLRT R Z — U iz BT IR 4
2ipistin ARREAE U KRS Y kb B U S A

HHl HKUST-1 & otk 2, Wk #8G
2 UG G U S A i B R R
BRGEBY, RA A Oy 2 A LAY A B
(X2 = R P22 i S R A HKUST-1 94
AT LA S 2400 o€ /g Ll b, & FHALH F MOFs #4
B (40 ZIF, Uio, MIL 4§ ) ®9. i F§ H;BTC 4 fic
A 45 1) HKUST-1 AU A& 4R B 5, 1 H H;BTC
BHEAM, SRR AW S 5 Y.
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1€ 4 i HKUST-1 #, Cu™ 5 H,BTC Y 4 I~ &
AT FAE IR R A 5o, TARH R (benzoic
acid, BA) 5¥ R “HRAELAFRMRMR, KPR
AU B R = R b R AR, Tl 2%
HKUST-1 (Z5#aniE 1 i) o B A&, 4
TE L E PR S HoR s 5, A k.

FET U, ABEFEER AR B R AR A R TP R
BAGT I rY R =R . RADKIG Bk, R5EAN]
JEE IR LAY Y iR 5 22K = B RR il 4 HKUST-1, k%)
AEEEIR H, SR XM 454 N A U HKUST-1 iF
A7 235 7 ( methylene blue, MB ) W[ RERFST
IF51&4: HKUST-1 -4 7x e, DUAAE - #F HKUST-1
T RPEREARTAR T, FRARIHH 2 A

. - [ '

a) HKUST-1 3525 b) HKUST-1 &5 = A

o) KRR ER
1 HKUST-1 RERREHRTER
Fig.1 Structural diagram of HKUST-1 and
benzoic acid
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2.1 KA SN

1) 5 = KA MRS (Cu(NO,),3H,0) |
— K4 R H (Cu(CH,CO0),H,0) . 7% = H g

(CHOy) . 2B (CHOH) , LA k5280 #r

afi, [ FEAERLASRGRAR AETK,
SEGE il

2) AUER: MR X G AT 3L (powder X-ray
diffraction, PXRD ), Ultima IV %, H A2z pk 234t

PP L, NOVA 4200e B, & [E HEE (LA A H;
#E 4 B AL (thermogravimetric analysis, TG ) ,
TGA/DSCI1/1100SF %Y, i1 g4 - L4 ZH M5
H 5 H 7 B B B8 (scanning electron microscopy,
SEM ) , Nova NanoSEM230 %!, J[& FEI v wl; %€
AT W43 66 EE T (UV-vis spectrophotometer )
UV-2600 B, H A H A wl; (B AR e 20 41
i {¢ ( Fourier transform infrared spectrometer, FTIR
spectrometer ) , TENSOR 11 %Y, 7#[% Bruker /A .
2.2 HKUST-1 @5 &
ABI 5 ) R B R = R 5 O Y RR Y R K
(Mygre @ npa) o TRITEAEEIREE, LA 4 He R i A7
K AP EAMEAY HKUST-1, 40146 1 il 5 Z R,
A H,BTC 5 BA Al EEIR EL, A i 23 il iy 44
4 H1, H2, H3, H4., H5.
x®1 HRHNEHFE

Table 1 Sample preparation formula

FESL e n(Cu”")/mmol Myprc * Mpa
HI 45 1:1
H2 45 2:1
H3 45 3:1
H4 45 4:1
H5 45 5:1
HARSHG W RN

1) B 4.5 mmol Cu’" 5 2.5 mmol ¥ 2K = HI iz #I
K RRIE AW /9% T 15 mL #9228 7K F1 15 mL
(1) B PESS], PRI PIRABOR A5 FE 30 min.

2) WPEEAE, BIRATERE E R IR MmN
N2, AE 100 °CR N 24 h, W ZE R,
(R NER/SEsIN

3) KNG IR TR E A B DA R, TEREE R
8000 r/min &0 15 min. B0 A ER R, B
ORI, INAGE f SR 258 TR IR L
11 IR A AR TR, BRUETR 1 h, JRUER
3.

4) BV B IR A 35 mL SEE R
36 h, B 12h HiR—IROEE, 5)a, BB JE IR
A BELZS TR N, 76 80 CAM T T’ .
2.3 IFERE AL
231 H&AEFE KGR KRR

B 10 mg Hil 45 9 HKUST-1 A% 5 R W B 500 A
| 20 mL W) #4551 S 20~300 mg/L ) MBI
PR A T R AP R — Bei s, ke
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WG IR SR M OB R SOLE
HEIBFIRRPAT . AR (1) TP 6.
_VG-¢)

SEm—

(1)

¢

K Co BV MB TSR, mg/L;

C, S VAt FiEw s MB R E, mg/L;

VJ& MB ISR, L;

m JEW R R, .
232 BRMAHAFRAFRRMHED

1) MR8l ) 2 s

g T WS4 HKUST-1 £ 56 MB A 02 5 5
TR, R BB o ) 5 i — R — 2 sh 12 E UG
WE— 2R 80 ) A FH R ) R B, 28
FiER LA B AR, kst (2) ~ (3)
R PO WUk P EL ( Weber-Morris ) A A AN
X (4) Fimme

ln(qe—qt)zlnqe—klt, (2)
1 t
— 3 +_ . 3
9, kq. q. (3
ql:kptus"']o (4)
e g, T g, 2B AR ) K ¢ B 220 R W o
mg/g;
¢ R RFFEEE], min;
1 NG

ke, R E— G R A, 1/ming

ky UE AR R H AL, ¢/(mg'min);

e, SRR P BB (1 56 B B, mg/(gmin®),

2 ) Langmuir &5 0% i 71

Langmuir S50 W BR800z A B2 2 1T
B 27, T MRS Y ARTRD LA R A
4. Langmuir S50 TR k0= (5) iR
C._C, 1

9w kidn’

Kr: g, WIWFIRRTEL, me/g;

ky P B H R, Limg, kg fEABRCR, WEIR
W2 B RE T B

3 ) Freundlich S5l W Fi A Y

Freundlich 45 Ji W5 B 455 70 0 I 11 1% iz B 391 2 1fif
REANIGL), HARE 1R R R T A TE 2 2
AN 2 PRAR ) B2 W B . Freundlich S5 98 W B AR 7Y ()
Fikan= (6) .

(5)

lnqczlnkFﬁ-llnCc, (6)
n

. ke & Freundlich 5 #%8, mg/g;

1n WSH
24 M5 RAE

1) SRR X SFEATHCT R A riat, A
JH Cu#l, K, &5 (2=1.54182nm) YGil, #& TAE
HLH S 30 kv, DUIRAf VG 50 ~80 © il
[ 2 he

2) R FH W B BSOS A 5 A L 2 T B R L 2
PEATINE, PG R b A 0t =22 mir S8 6 A 7 R R 1) i Ak
B, OBPFE 120 CFELAS T8 2 he AR T9E R R
10.1325~101.325 kPa, =43 N, oW it o, 3t
JE 4 120 C.,

3) SR HEAH L A X R (R SOOI 55 B
R TFRAE, FRGHTRE SN UEF TR, RRRERE S
TS T 4 AP

3 #R5F

3.1 XRD ##f

X} H;BTC 5 BA A[FJEE /R H A L 5 ASFE ik
17 XRD M3, Ff8 i 25 5 5 HKUST-1 /b 7 ]
TEVEA YT R, S5 RANE 2 FiR.

HI
o W TN I
M Mo A
| jﬂ v %
TG N Y
J/\dew%&jw L

. . . . . Ssimulated HKUST-1" )
5 10 15 20 25 30 35 40 45 50
26/(°)
2 ZHH XRD Eif5 HKUST-1 #RiE BT RxT L
Fig.2 The comparison of XRD patterns of
samples and HKUST-1

M 2 AT LA, A B 5 SRR 53X R T
HKUST-1 FRifEE S R REIEAT S04, BIAEZ S B ]
A RE S 1 bR HKUST-1; [R), 5 ANRE S AT
PRI PRSI S AR S NEE 45
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TEAH [R5 g s [ Y, 5 A4 i H;BTC 5 BA
WY EE IR LU, ZDHR AT £ 1 bn fE HKUST-1, itk
ALATR S BA 0B H,BTC il 45 I A (1) HKUST-1
15 e AT
3.2 N, R P A B gh 4% 53

XIAN[A HyBTC 5 BA BE/R HA B 5 AFE ik
7 Ny W RGBT, 22 A 0 N IR BRPRERA T,

LR NIE 3 B
350,
HS H4 H3
o0t i1
Lﬂfhﬁﬁﬂiﬂi 1
F‘.,,
Z 200 W
=W
=
& 150
2
< 100
50
1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

PIP,
3 BEmAY N, UR B M dh 4%

Fig.3 N, adsorption-desorption isotherms of samples

& 3 AT LIEH, M H,BTC 5 BA BE/R LY
AR, BET HERTH R (Sper) B#WIHE R, HS #Y BET
FeF i A, H3. H4 () BET e £ L5 HS 1Y
MZEAK, BRI T H5, 1 H1. H2 B9 BET i
FREVM ZE R . 255 75 BB LR b i 1 e S B A
A, PR H,BTC 5 BA IUEE/RHN 3:1 B ATE.

MG 3 h e il i N, WG RM 2, mTHa50
BRI BET LRI ALES , 450058 2 s

F2 HHS/BET HXARSILE
Table 2 The BET specific surface area and pore

volume of each sample

FESh Saer/(m’*g™) L% /(mL-g”)
H1 873.09 0.355
H2 1046.02 0.420
H3 1129.31 0.457
H4 1171.26 0.469
HS 1187.82 0.476

W% 3 2 HRE ALY BET 2% 1w AL FIFL 25 Al

I, H3, H4 5 H5 i LLRATFFIFLAM AR, 1
HI. H2 (#FEA R/, 174 1 DL HBTC MRELIRG
A ) HKUST-1 H 3 1 BLUK Z2 07E 1000 m/g. AR fiff
5% Kl A BA AUR 4 H;BTC 11 J7 i & A HKUST-1
(H3. H4 5 HS) , HERmABSMHH HBTC A 5L
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HKUST-1 i lb R FILTF—3%, HILTHA T L
() HKUST-1 7 it It J7 25 B AR HKUST-1 1 i % 1%
AR
3.3 SEM REZHH

Xt AR HBTC 5 BA FE/R LG LAY 5 A FE b 2k
TR GERAE SORIAR 2 A b, S5 A&l 4~5 PR

RS R

>

I » J -
50 pm}  EHT=3.00 kV Signal A=SE2

Date: 12 May 2021 ﬁ
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b) H2

2
Time: 18:50:55

T8 P
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- -~
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——— WD=7.1mm

c) H3

P
= ey p | o
Signal A=SE2 Date: 12 May 2021 @
Time: 17:44:22

Mag=200 X

d) H4

. - 0N
Soum  EHT=3.00kV
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Date: 12 May 2021
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e) H5

4 FZFHmM SEM

Fig. 4 The SEM images of each sample
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Fig.5 The particle size distribution of each sample

M 4 FTLAFR H, SRR I SO L

IR EARZE , SRR Ao ¥ 5), 2R
UL A TR S, H3 RS A SRS S R
FEHGE, FEAESE A . 55 E S AR TRAR
AAREIATAL, HI SRR A B R AR 7E 250 nm A2 47,
H3 7£ 275 nm Z£457, H2. H4 J H5 7F 350 nm 2245 -

MG 5 PRS2 A AT RITHEAS 8 R il

PRI =2, g5k 3 s

®3 BHGRNTEHRERTE
Table 3 The average particle size and yield of
each sample

B 2 SFHEPRIAE /nm TR %
Hl 250 61.35
H2 350 73.17
H3 275 81.18
H4 350 83.46
H5 350 86.13

HI 3% 3 R0, H3 RE Y 7 5 BN 2 B,

H5 H4, H5 77 340 230 AR, iy Biid iy
HKUST-1 {77 R R AE 80% 2oy, Uil ™ Hik
1 80% LA F BRI AL H3 RS T4 K 7 R D
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UGS, BIitkRes S M eics, FFHE AT LIAR
A 45 HKUST-1 B9 H 1.

4 IV B E LR B 36

N T G E A BA AU 4y HiBTC i % 1Y
HKUST-1 [ W SR RE, SR b f i 9 H3 FE 5
VEAT I HE 3 0 R B . A5 A A H3 R AL TE 50
mg/L 1) MB & 0 B S R G R, 25 SR A
6 7N, FEKG WL B A 2 1) 5 o — o — gl g2

/S
40 / =

30f /
20f ./

10F

q./(mg * g™)

0 20 40 60 80 100

t/min

Bl o6 #& H3 3 MB iR & 18] gh 2%
Fig. 6

~

Impact of the time on the adsorption of
MB onto H3

Hi &1 6 BT, il A WA ] AR O min 3§ /i1 %1 80
min, b H3 XT MB AW M 0 mg/g i34 2|
39.615 mg/g, JUHZEHT 10 min, W Bk PR G K
AL 80 min 7, Rl B A AYIER, H3 X MB W fHf
R AN, R MR AR, X
UiHH H3 A MBI B B B i A

A (2) F (3) XFEL 6 Hke il H3 AU BT 4L
PR T — R ) 12 A, AR LA
MSHANE 7 F13 4 FiR.

4.0

3.5F

3.0r

2.5F

2.0F

In (g ~g)(mg - g')

1.0} .

0.5r

0 20 0 ) ) 100

t/min

a) fE—Fa) i

t/g/(min + g+ mg™)

0 20 0 o 60 80 100
b) ez T
7 BHESHE— RN FFEZ R HF
Fig. 7 Fitting results by using pseudo-first-order kinetic
and pseudo-second-order Kinetic
Fqa E-RMEZ_FHPHFRBHUS S
Table 4 Fitting parameters of the pseudo-first-order and
pseudo-second-order models

e

i i % i3 B e

Ge b /(mg-g ") 42.398
G ca /(mgg™) 15.418
2 2
B K/ (min’™) 3.01 x 10
R 0.865
Ge b /(mg-g ") 42.398
qe.ca /(mgg ™) 44.680
o
(E_ﬁlj]j] ¥ kz/(g'mg_] mil’l_l) 224 x 10_2
R 0.827

H2 4 AT, BT R A A R R B
R WA T — s S A0, W Bl A s 4 5 v
— W%, HifE—Hsh 1% R°=0.865, FANLHL
FRUAWIERY A 32 BRI, H3 RS MBS IR Bt
FEFZELIY I o, H R B e fh I

ARG EET H3 FEARRIHEE MBI B 1
e, 25K 8 Fin.

400

350}
T 300

250+

q./(mg

200+

| |
150 y L
0

1 1 1
50 100 150 200 250 300
¢/(mg - 1)

B8 #a H3MARRE MB RIBRHE
Fig. 8 Adsorption capacity of sample H3 on different

supernatant mass concentration MB
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K 8 IILIEH, 24 MB JF S M 20 mg/L H41
F| 150 mg/L i, FEf5h H3 X MB (%I 0 A 164.422
mg/g TR N3] 330.820 mg/g, ZJ5WE%E MB ¥ 44
WP BN, R H3 W B B i AR N, A
300 mg/L i) MB ¥ I 22 B0 Fe i 1) W B AACR W RfS
T84 402.501 mg/g.

AR (5) F1 (6) XF BT THIA,
A L FIAHN SN E 9 F3R 5 PR

0.8

0.7F
0.6

05

. If')

0.4

03

cJq./(g

02+

01 ™

1 1 1
0 50 100 150 200 250 300
¢/(mg - L7

a) Langmuir #%)

400
350
T 300+

> 250

q./(mg *

200

ISO 1 1 1 1 1 1
25 3.0 35 4.0 45 5.0 55 6.0

Inc/(mg - L)

b) Freundlich f&.%!
9 {#M Langmuir #1 Freundlich #3447
Ham H3 WRB A SE R BiR
Fig. 9 Experimental data for the adsorption of dyes on
H3 analyzed using Langmuir and Freundlich models

HIE 9 nfAE H, FRAL H3 X MB AW R A
Langmuir £<% | Freundlich 7 2 B H K 47 (R AH ¢
P FSHMKERE (R) 40514 0.991 i1 0.984,
FUIRE AL H3 XYkl MB LURJZREE A £, A L2
W et

B A B 9 4 B9 B3 BE B 5 b SRk B
HKUST-1 3§, HKUST-1 & & AR MB (10 REE

freess, BARZERME 6 Bk, RETLIE, M
H3 53¢k B AY HKUST-1 % MB B9 fHE A2 A K,

EARE S H3 B B4 T HKUST-1 Z4 MK X 78400k
BT A SE A B HKUST-1 % MB A7 A4 ) Wiz
TERE.
#F 5 #m H3 B Langmuir &0 Freundlich
BAHUESH
Table 5 Fitting parameters of Langmuir and
Freundlich models for sample H3

oo ER oW
G /(Mg-g™) 402.44
Gmca /(mgrg™) 458.71
Langmuir {8 k. (L'mg™) 223 x 107
R 0.991
n 0.0113
Freundlich F 7 k! (mg-g™ (L'mg™)"™) 1.495
R 0.984

Fo H3 RABS M MB A IR B = 3 Eb
Table 6 Comparison of adsorption capacity of H3 and
some adsorbents on MB

W Bt 551 W B /(mg-g ™) ERPUN
H3 402.5 ENGIE
HKUST-1 4543 [30]
Fe;0,-COOH/HKUST-1 118.6 [31]
Fe,;0,@MIL-100(Fe) 73.8 [32]
HP-HKUST-1 2412 [33]
Uio-66@5%HKUST-1 208.7 [34]
5 4KiE

KK Bk, o A AR A A YRR 0 ¢
8 SR = iR il 7 HKUST-1, H-F]H XRD .,
SEM K& N, W [ Ji B 00 38 48 5% ] %5 9 HKUST-1 %
AE. Z5ARW, (AR RS B =R G
A HKUST-1 977 2 & T 47/, B A B HKUST-1
R4y SCRRHRAE AN T 3 Y HKUST-1 M REELLT . 24
Mypre - Mpa =3:1 B, A% HKUST-1 #9400 b B
AEN% 2 PRI HKUST-1 A9l A . [RIE, % BE /R
T il #4519 HKUST-1 7= %635 3] 81.18%, BET 3%
TRLA] 35 1129.311 m’/g, X V. FFY 35 14 A0 % - 15 3
402.501 mg/g, B BHL T HAh HKUST-1 & & 4 kXt
A SRR W B A PRI, ARBESE 4 HKUST-1 1)
IR R % HKUST-1 Jf4h e H b B A+
Sy EEI R

S 3k
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Preparation and Adsorption Properties of Copper-Based MOF

LUO Mingliang, ZOU Minmin, ZHU Hexin, DONG Ming, ZHAO Tian

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to reduce the cost of copper-based MOF (i.e. HKUST-1), HKUST-1 was prepared by
hydrothermal synthesis using inexpensive benzoic acid (BA), which partially replaced homophthalic acid (H;BTC).

The structure and morphology of the product were characterized using XRD, SEM and N, adsorption and desorption

tests, while the adsorption performance of the product on methylene blue was also investigated. The experimental
results showed that the sample HKUST-1 was the most cost-effective at the molar ratio of H;BTC to BA of 3:1, when
its BET specific surface area was 1129.311 m’/g , and the maximum adsorption amount of methylene blue could reach
402.501 mg/g. By adjusting the molar ratio of H3BTC to BA, HKUST-1 with high-performance and low-cost could be
successfully prepared.
Keywords: HKUST-1; homophthalic acid; benzoic acid; low cost
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