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Preparation of Indium-based MOFs and adsorption properties for
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ZHANG Fan, ZHAO Rui-hong™ , WANG Xiao-yan, XUE Zhi-wei, WANG Lin-shuo

(School of Chemical and Pharmaceutical Engineering, Hebei University of Science and Technology,
Shijiazhuang 050018, China)

Abstract : Three kinds of metal-organic frameworks ( MOFs) materials, including MIL-68 (In) , NH,-MIL-68 ( In)
and MIL-68(In)-SC, are prepared through solvothermal method with Indium nitrate hydrate, N, N-dimethylformamide,
terephthalic acid and its derivatives as raw materials, and sodium citrate solution as a regulator. The samples are
characterized by XRD,BET,SEM,TEM, FI-IR and other testing technologies. Their adsorption performance to methylene
blue (MB) in dye wastewater are tested ,and the effects of adsorption time and solution pH on the adsorption process are
investigated. Results show that sodium citrate can increase specific surface area and pore volume of synthesized MOFs.
Adsorption performance of MIL-68(In)-SC to MB that is adjusted by sodium citrate is higher than that of MIL-68(In)
and NH,-MIL-68(In) . Adsorption kinetics of MOFs to MB conforms to quasi-second-order kinetic equations and the
adsorption process conforms to Langmuir’s monolayer adsorption. After treated by absolute ethanol,the synthesized MOFs
have good recycling performance , showing a good application prospects for the removal of MB from dye wastewater.
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F 5574 MIL-68(In) -SC,,

SIS : SRE MOFs &R R K PIL EPE = IR £ REAVEAZR - 197 -

1.3 & BB = [ IR B

PP 55 194 MR R SR P e 2 9 e i 3 R 9 PR v
17, W—ERAL A MB T 100 mL #EE A,
A3 B MIL-68 (In) \MIL-68 (In) —SC I NH, -
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454 ; NH, -MIL-68 (In ) AYUE(E AR, D BH & 3L 19 51
AR 45 i B s MIL-68 (In) —SCMIL-68 (In) )
XRD EIEEAH A, H A A 48 i 0, 156 T B4 )25
FER R IMARTRE TR AN 23 U A B R A R

1,2

5 10 15 20 25 30 35 40
20/(°)

R F/a.u.

1—MIL-68(Tn) ;2—MIL-68( In) =SC ;3—NH,-MIL-68(Tn)

K1 MIL-68(In) MIL-68(In)-SC #n
NH,-MIL-68(In) & XRD % K
W RS F51) F1 L R TRD RR— o R s e S I B 32
2 o6t 1740 7 41, MIL - 68 (In) \ MIL-68 (In) —SC Al
NH,-MIL-68(In) i N, W B —JBa Rt th & S fLA% 53 A



- 198 - A AL T

EIE 2 s, G S50n3k 1 s, mIE 2 el
DI H MIL-68 (In) kT BIfh£k | S BUFLASH, L
P EFAGELE 1.9 nm 247 ;NH, -MIL-68 (In) N 1
H5IVELR A IR, A7 7E H3 RUR AR IR, R B HO AL
TEEERAE ALIEAR AN R AT 3 A5 AR 5] B - A TR
AR, FLAE EE A AE 2 nm; MIL-68 (In) —SC
ST R £k, 5P AL &5 A, FL AR 3B A A AE
1.6 nm, Hi# 1 A[ 1, MIL-68 (In) -SC fLAZ% /],
{HEE MIL-68(In) Fll NH,-MIL-68 (In) HA B KK
FEHAHFNFLE ; MIL-68 (In) —SC & fad 78 i AFF
BRI, R FE B IMART AL B 5 H0 5 5k, vl
B T MRS I8 INFLAR SN BORE R L R THT
FURHLAS  HINLAR  KALAS R e L SR B A R T
W2 BT, 3 gz o

500

2

g% B /(cm?- g—l)
— [ %) w -
8.8 8

(=]

04 06 08 1.0
X ES(p/p,)

(a) N, W B~ i il £

0.2

= 0.8f

2 02}

0.0f
0 2 4 6 8 10 12 14 16 18 20
.42 /nm
(b) T2 51
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LER A
K1 BGHMBEHRSEY
Rk HRWRY (m? ") LA/ (em’+g™") fLF2/mm
MIL-68(In) 743.72 0.42 1.9
MIL-68(In)-SC 1164.91 0.56 1.63
NH,-MIL-68(In) 726. 12 0.38 2.04
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MIL-68(In) .MIL-68 (In) —SC F1 NH, - MIL-
68 (In) YW BT 17 i 18] 73591 4. 1,1.5 h F1 2.5 h,
X MB- (1) W B 25 1 B £ pl e 20ARHE R 2 MIL -
68(In) —SC>NH,-MIL-68(In) >MIL-68(In) , MIL~-
68 (In) —SC W {14 R i, Wiz B 5 Fnmg 5t 2 431
96. 63%H1 204. 16 mg/g, MIL-68(In) -SC f¥ I3
AL (1164.9 m*/g) & T NH, - MIL - 68 (In)
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(726.12 m*/g) M MIL-68(In) (743.72 m*/g) , H.5I
AWPRIRHE A (Fr 2R A ) 7T 5 0 /Y ki 45 5 AT
FIE, T A MIL-68(In) —SC %} MB 2545808
2.2.2 REER pH SR M A% h

FE2.2. 1 54 F 4898 pH 24 2~ 11 B MIL-
68(1In)—SC XF MB W FNAC 520, 45 5L an &l 6 FrR
H 1 6 741, MIL-68 (In) —SC W [ff %7E pH Hy 2 ~
6.5 Wf, Bl A VW pH 3G N 56 208 b T s 3 2
1275 pH i 7~ 11 B BB W pH B3 e 2218
TR 2 R, R B B T A Gk, Al E
L, VA TR R P DRI, AR 3R T 1 1F PR fer S 0, 1
TG BT A, BB R A 2 5 W Y 22
55 B HE AN — SERR I SE AT, 38 0o F A A - BEAE
FHIEAT | YW 3G K, 23 BEAR L AT B 07, A
AR B B S5 K0 25 W 3R, ot DA v o 5 1 A
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SRtk — 2R GR BE RE R FHHE— 28l 107
R0 ME BN Iy 24 07 R LR BORE N B 88y R =
SEUREE (2. 2.1 S50 T BB ) #EA TG, A5 AR a0
B 7 iR A 5 TR i 8l 122 S 50n 3 2 s,

In(q, —¢q,) =1Ingq, -kt (3)
t/q, = Vkyq, +1/q, 4
q = k1" +¢ (5)

Hrfrog, H g, 530 Ry AR A5 0 ¢ B 20 g TR B 25
i, mg/ gk, A E— LB 7 2% Ty TR B R
B, min' 5 ky S E G0N ) o 7 AR 00 R B R R
B, g (mgemin) "5k, A AR TR Y R R AL,
g+ (mg-min~"?) ", C AN T,

T 3t SIS MIL-68 ( In) B0 it g, M
205. 80 mg/g, 7 2 Wit ZPERLA 1S B 1Y sl T2
SR ASEARR R R g, ky P by, HIFR 2 TR
FAWE—2 M8 12 ML A1 20 R 4
S 0.861 9 1 0.996 6; A5 H ¢, 55K
102. 62 mg/g Fl 229. 35 mg/g, #E R 3h )12 I Fodk
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HERLAEIN R® g, B SCE0H (205,80 m*/g),
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2 BHHAFHEMESH
W —Gsh 12 i W =3 S i

o/ K,/ (g: ./
q./ K,/ 1 ? 1
~ (mg- R? mg!- (mg- R?
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g ) min”')  g7)

205.80 0.034 102.62 0.8619 0.061 229.35 0.9966

2.4 WMEREWME
FEIRE N 298. 15 K, HoAt 5% 4] 2. 2. 2 B, XA
[6] MB &4 BN MIL-68 (In) —SC F W% Bt B dE %

F41BFE3H

H Langmuir(4) 1 Freundlich(5) 2 FW Bf} 55 5 5 #2
TR N AR AU A S5 SR & 8 Fiaw , &S5
3 R,
1.9, = K,C./(1 +K,C,) (6)
q. = K. (€)™ (7)
Kr.q, AEE BRI, mg/L;q, FWRH L 72
LR ZE L, me/ Ly C, AR TR, mg/L; U5
K, A Langmuir W[t RE &85 40, L/ mg ; K, & TFH W
FIBFHERERIZEL, (mg/g) - (L/mg) ™ ;n R W o
B AR 1,

0.6F "
0.4} _
s
0T 0.2F N
0.0F =~
0 50 100 150 200 250
C./(mg-L)

(a) Langmuir W B 255 77 72

2 -1 0 1 2 3 4 5 6
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(b) Freundlich W %518 Jr &
K8 MIL-68(In)-SC % M MB f 2 i % M % & %4
£3 BEHEEXLEMASH

Langmuir Freundlich

R
'™ Ky R? Ky n R?

MIL-68(In)-SC 373.13 0.31 0.9999 98.69 3.44 0.8727

F 3 7] %0, R A Langmuir W fF 4508 T #2480 &
H R*(0.999 9) %% Freundlich W& Fft 2518 77 #2405
WA R*(0.872 7) AR, H1G & 1A A Hck
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G ABRERIEA 7l 5 MB 4> T A EAE L, & 4 5
o1 IZ AR
2.5 MIL-68(In)-SC HIBE 4 HAE

FEMREE Jy 25°C , Hofh 45 1 m] 2. 2.2 B, SR I
K CBER TR, %5 %€ MIL=68 (In) —SC XA H L
B B AR R, S SR SR 4 P, i ER 4 TPl D
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Al WSS A 4 W5, WA AR RN, R
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%4 MIL-68(In)-SC HIFE £ MAE
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