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B SERE (1 BRAL R B, MOF's S5 K O s st EL AT T SR & 2B B8, mT DAl 3 182 31 TR R[] 1)
4 8 BT AU HLE Sk A i B A A [ FRALPE B (9 MOFs A1 BH” (B A4 45 1Y) MOFs #18HH T- 78 KA it
HOR R AT BR 1 T B FE AR ARG B 56 E R i P, AT LA S &g . SR R AN A
BLECAA, FH KGR G B T — Rk Raoe M4 1) 4 J A ML 22 (Sn-MOF), JJ XRD., FT-IR.
TEM. BET %5 F-BeXf Sn-MOF #E47 7 & AF . VL AR3R N HFRI5 W), RS HHFFE T AR3R 7E Sn-
MOF 2 17 - (1% W B 4 AR 56 1 52 IR 2R, Sk S0 MOF's A4 R 7E okt 2 7K A B8 b (3 1 64T T 40
F %

1 MP5F%
1.1 SEIEH&H
AL I (SnCl,-3H,0), N,N-— FI JE it iz

(HCON(CH,),), Jt7K £ B% (CH,CH,0H), & % 1k 4H
(NaOH), Xf7 " H iz (CH,0,), MRtk K4l 3R(AR3R) o Q o O
BIhsrHrali, AR3R 5 F RN 1 Fis NaO,S
1.2 SRIGNER

7 5t LT A (JEM-2100, H 7K JEOL /23 #)); SO:Na
X AT 51X (D/max-2500 %, 4% Rigaku); 1 E1 ARSRKZTEH&H

Fig. 1 Molecular structure of AR3R

2T S8 0 O 35 A (FT-IR650, b 5T [ 3% B 4 47 B
ONFED); A LB A 31 HE AL (ASIQMO000100-6 %4, 3 [ Quantachrome 23 7]); 48 4h-A] LG
43966 BE 11 (UV-vis DRS EVOLUTION 220, Fi#T i FRHE A R A Al); Bk 4% (Agilent7500ce, %4
R AR,

1.3 Sn-MOF {9l &

1.163 g 1 SnCl,3H,0 #i1 0.428 g Y% 2% — I 2 73 51 ¥ A 48 mL 1) N,N- H¥ 35 F I 2 F 12 mL £
TR CBERRA W, R0 EE VIR, H R 2] 100 mL A7 A 5 105 S A AN 55 37K 4
HGHET, 170°C K 8hE, AKAHEEE. REWSEMAD AGKEMA, HEEFKMIK
CBERR B VRS 3R, JEAE 70 C PR, RS 2B AR Y Sn-MOF #1 8} .

14 XBERSHFE

A3 AR B — 52 i i 28 WAL B A9 Sn-MOF (i 2 4 0.05~1.35 g), £ i1 % 100 mL 43 51 & 4 AS 7] 5
B A ARSR I (W 150~500 mg-L™"), - FH 0.1 mol-L™" A NaOH =¥, HC1 ¥ & ¥ 5 1% i /Y
pH ZHUEE (pH Jy 3~11), RFF—E IR (%14 32315, 333.15 F1343.15K), & THEAK F 150 rmin
P35 2 W B - W74l o RERR 0.5 h BORE— IR, BRI 2 mL & 38, 08 VA VR AR3R B B[] 119 25 £k
A, 3154 Sn-MOF % AR3R A4 - 74 W FF - F0 25 B3 %

2 #HR518
2.1 Sn-MOF =AE

&l 2(a) & Sn-MOF RO B B5 &, A LA 1, Sn-MOF 2 i &2 9 HH ZE A AU 454 . K] 2(b) y Sn-
MOF ()i S i, LA, Sn-MOF HA W & 1Y Z2FL AR 2544 o AT N, W B - B 52 46 XF Sn-
MOF () bt 26 1 B L AR 20 A 1 gk A7 R AF , H 25 AN 2(c) FTaR o % N, W B -0 B il 2 5t i 784 1
I il 28 9F HLE J5 3R o0 H3 A, X K B Sn-MOF HA & i R fL45 M, He R ALK 48.679 m>g !,
FH45L4E N 3.825 nm ., FLAE N 0.808 em’-g '

A 5% 10 K5 W Bt AR3R FilJ5 () Sn-MOF $E47 T 20 AR K% o0 M, 45 2 A0 20 AR 3 dn 1 2(d) BTs .
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Fig. 2 Characterization of the Sn-MOF
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Fig. 3 Effect of Sn-MOF dosage on adsorption performance
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Bif A 2 102.60 mg-g ™', EBRFIRF] T 76.95%.
2.3 pH X} Sn-MOF I} Fff AR3R B9
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Fig. 4 Effect of solution pH on adsorption performance
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AT TG . S E RN (D~ @) s, SEgRILE S, HE/RRN&sh S8k 1

M2 iR .

160 160

o eansttt 140
120 F e _

B0 100 Fu w 1207
7 en

é” sor A E oot
I I

g 60res eGP Yy s g ol
= W8] S A =

40 —— Elovich 7 ##
20k 60
0 e 40 . . . . . '
o 1 2 3 4 5 6 7 8 9 10 0.5 1.0 1.5 2.0 2.5 3.0 35
}imﬂﬂ‘lﬁj/h tl Z/hl/Z
(a) Sn-MOFX} AR3R ¥ B 51 F1 240 & i 2% (b) Ok A O A 2
5 Sn-MOF X} AR3R 89 Bt 5 71 2 A FKL A4 B & B 2%
Fig. 5 Sn-MOF adsorption kinetics and intraparticle diffusion fitting curve for AR3R
# 1 Sn-MOF 3t AR3R B9IRMizh HF S #
Table 1 Adsorption kinetic parameters of AR3R by Sn-MOF
) h—Bh 1 KBTI Elovich /7 12
Cy/(mg-L™") o - - -
q/(mgg")  k/h’ R q/(mgg’)  k/(g(mgh)) R 4 B R
400 132.212 0.5769 09189 154.675 0.004 8 0.963 5 71.459 1 299431 09858
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&2 Sn-MOF 3t AR3R R A M N FSH
Table 2 Intraparticle diffusion kinetic parameters of AR3R by Sn-MOF

Az oM B
K, /(g (mg-h'"?)™) C/(mg'g™) R K, /(g-(mg-h'?)™) C,/(mg'g™") R
75272 1 21.643 2 0.9522 36.193 1 36.442 8 0.9759

M—zh I i B WA (D), Mg i R W (2), ORI HO 2 LS (3), Elovich J7
FEULE (4).

¢ = qe(1—e™") €))
qgkzt

= 2

1 1+qek2t ( )

g = Kot'* +C; (3)

g =A+Blnt o

A g MEFE BRI R, mgg™s g AW AR, meeg s kRl — 2 2R O
HOREE, WYk, WIS S RN GE R, g (mgh) !, KON FURE YT ECE S, g (mgh')
C N EHFZ MR AR AL, mgg's 4 M B oy 503 I 07 B 0 °H .

H1 1€l 5(a) AT T, Sn-MOF X AR3R A9 W {2t bifi 25 B[] 9 B K T i 4 K, fF 4 h 24y, TR B 3k
AR FFA . R TR, S5 —%sh F2E R (R*=0.918 9) A LL, 4k sh J1 24 ) & (R*=0.963 5)
il Elovich 77 2 (R*=0.985 8) it ] ph R BCH iy, - EL b 13375 2] A6 W o o2 {1 55 S e b A 43T . i
] Sn-MOF X AR3R (1) W [t T Ab i W B, I LW B ol 2 v R 2 3 o 3R 1T Ag 40 S W AT 1Y, ELBI 3R
T PR s S8 e b B 5 [RIRT, AR3R 43F 9 H% Sn-MOF FFL v 55 W B 551 1447 AH B4R T,

kL N4 BT AR T DL R R R ARSR B W B AR, AR R UKL P T HIOT AR BT AR 9 Sn-MOF 1% fff
AR3R ] g, % 7 () R M A 5(b) iR, )12 S50 2 s . A WHE i, BRI
AIE— S HZ, MR 2 E MLk, RV PSS 3 S AR B, 55 1 BB, AR3R 1
Sn-MOF SR E Y H#, X —idBFCAHH A ZY W, 51 BBy m K ERW, MR 562
B, AR3R 3T & di 4l Sn-MOF (4% 1fi, K3l S AN RSN RAE T, TR K E, Bk
WP HORR B . 55 3 BB, WM LT A FLE B ARSR 43 F i 4l , AR i A% 3 S
A, FEH R B BRI YR AR AR, 2 BB MR A R, R B i
T ) B R 25 AN 37 BRUORE Y T A A R U T RRBORL T ROB R A (E AN R 2 R, R CER
W3 R B30 L2 00, 3k 3 W 2 TR VR S o PR 77 3ok 3 20 g el
2.5 MMEFRLZ

W 6 45 T T2 A 3 A R vl W B ) R T R VR P R B BB G R I 2 . EE AT, K
0.30 g 1) Sn-MOF JiILAZ| pH #1°8 5, #4514 100, 150, 200, 250, 300, 350, 400, 450 1500 mg-L™"'
I geRbE 4R 12 h, (R BIWEE 4, 43 A Langmuir %538 J5 #2 (3X (5)) A1 Freundlich
S5 77 2 (3K (6)) XF Sn-MOF W Fff AR3R 1 W Bif 45 R 2 Bt it A7 400, LG thZeanid o Fros, #l4
SRR 3 iR o Langmuir 4598 77 #2 F1 Freundlich 4598 77 #2435 WL =X (5) A1 (6).

_ quLCe
h 1+ KLCC

qe )

qe = KFC;/n (6)

K o, AR PR AE T GURH MR, mg L' g, MIRFINFE, mgg'; K /& Langmuir % %X,
L-mg s K 2 R B 500 W B A OC A9 Freundlich® 3%, mg-g™'s n W2 5 W% B} 55 B2 47 OC 1Y Freundlich



2558 R $13%
158 o
Hi 6 T L, Sn-MOF % AR3R f 1 >
BB i 25 - 40 B ARR e FE 0 T 5 7 7 =
# . Freundlich % 1 J7 i (R*=0.986 8) %f AR3R Bk
W B B9 445 2 4 T Langmuir 45 i 07 2 (R*= B
0.721 8), [RIMF n<1 & B 3% W B A 1) B A2 1 = Langmuir%: iy
BT o ; — FreundlichjH 777
2.6 WM IE 60

T # %€ Sn-MOF X AR3R W i} ik 78 () 4
FT, WA E RN TE AL RE (E). K8 AE (AHD)
50545 (AS) Ko A i F i AR 1R (AGY)

D IEALRER i E . B¢ T 7E AR3R ) 1R
W 8 400 mg- L', Sn-MOF %4 030 g
BIAAET L U X W B 2 g 2E s, 4 SR
K7 fr7n . B8 7(a) WL, BE A TR 09 T
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W B~ i ARSR A i /(mg - L)

6 Sn-MOF i AR3R IR M %8 2 & $l & fh 2%
Fig. 6 Adsorption isotherms and their fitting cuves of
AR3R onto Sn-MOF
*3 MMFRESHMARAYK
Table 3  Adsorption isotherm parameters and

the correlation coefficients

SR S e B TR 4, R Langmuir®i 77 2 Freundlich%:{i 7575
RS CER EACRTAUE P afmee)) KiLmg) B Kimee) n R
1 7 R kAT R4S R I 1 S 87.98 07775 07218 5729  0.0814 0.9868
W, AR (E/R) TR TR RE . MR e S
Hr AL (7).
k = Ae B/RT (7

A kR EEG A AEHTH T E, ATEAEEE, kImol™'s R EE/RUAHEL, 8.3145) (mol'K)™';
TR R, Ko 7y BEf i g i, E, 8T 20 kJ-mol ',

FRAE ] 7(0) vT LATHSE H T AL BE E, B9 ME S 51.46 kI mol ™. 1% fk i i) 50k 9% T LA 3¢ B I i g 2%
T, % S 455 LR S R R R o 0 R R ) A E— AN 2 4.20 kJ-mol ™, AL SR IR AL
FEE A SR 2 P FETR AL A A2 W B A rp, TR AR RE O 8.40~83.70 kJ-mol ™5 7EAR TG AL 1Y
ez W b, TEABRE Y 0 kI-mol '™ DL R SCEG 5 R KW, Sn-MOF X} AR3R YW Bt Jm 1% 1L i b o7

MR B L % B 2ot e e T IR AR RN

e e
LA A TETD
140 | a A ol
at

2or ~ R -S2r E=51.45kJ - mol"!
- r's e®® a .
9 o100F s e’ sal
g £ . 3=6.19x+12.91
g 80 .-" E 56|
3 ;o )
g ob{ * " 32315K sl R=0918 1
= A ¢ 333115K
= i e
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Fig. 7 Effect of temperature
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2) AT o BB AZ AL 5 R AR KR AR Y
E o il BT AR T A R L (AGY). WHAE (AS”)
AL (AH) W] LU 33 Eyring 75 #2215

AH® AS°

Ky = ——— + — (8)
RT ' R

AG® = AH® — TAS° (9)

K Ke=qle; RAERFTMKEER; TR
R . DhInK, P TR, AT LIAS B 2k (e
IHEZ, WE 8 frR.

AR 015 £k B A 32 R AR R AT R 13 AR
FAS, 53R 5w AH™>0 3 #] Sn-MOF
Xf AR3R HY W B ik 7 2 W 4% 5 0¥, Sn-MOF I
W75 A 30 B AEAR AL (AG®) Bifi 5 18 A 386 o i
W, AGY A, UERAR B R R B R AT
2.7 Sn-MOF 9B 4%

AP AT SR A 0T R R R R ) T
(Y OG5 [n) . AL 8 SO (DRS) R AEH AR
XF & L Sn-MOF 1 W 56 M fig i 474 I . Sn-
MOF 10 0 38 K- g 447.65 nm(A] WG )., i
JH Taucs 23 Al 8 Sn-MOF Ay 2847 56 ), =t
(10) /s o

(ahv)''" = A(hv - E,) (10)
K a BWIWREG LT RERE; 4 NW
B n®ampTIRRENER, 7JRTE05~3 2
A& E, Wb SEETTERE, oV,

& 9 2A Sn-MOF B - A iF JH: Wi B4 R %) 52
M AR & 9(a) MAE L, 115 B £ B9 Sn-

Fx4 TRIRETHWRMEINEZESH
BEZEHNZEHFEHE)
Table 4 Adsorption kinetics parameters at different
temperatures (pseudo-second-order kinetics model)

WA IR K q/(mg-g™) k(g (mg-h) ™) R
323.15 150.90 0.002 14 0.999 7
333.15 152.54 0.003 06 0.990 2
343.15 171.19 0.006 52 0.994 5
09
08}
0.7t
0.6

05t

5 o4l y=2.16x+7.15

sl R=0.9927
02Ff
0.1t

%.90 2.‘92 2.‘94 2.‘96 2.‘98 3.‘00 3.‘02 3.‘04 3.‘06 3.‘08 3.‘10
T(10°K")
8 Sn-MOF % AR3R I Kfi 89 (T)-(InK,) Lkt 8L &
Fig. 8 (T")-(InK,) fitting line of AR3R adsorbed on Sn-MOF
x5 FELUERANESH

Table 5 Parameters of activation energies and thermodynamic

LV AGY AS'/ AH'/ E/

R EE/K (kJ'mol™)  (kJ-(mol'’K)™")  (kJ'mol™) (kJ-mol™)
323.15 -1.106

333.15 -1.696 0.059 17.96 51.46
343.15 —2.286

MOF # E, {H ) 2.77 eV, 3% H] Sn-MOF H AT B B W el 3 R, ELAR A 9 2 48078 Xl 5y WO
AR, TR IOE TR BA B ORI HERY . i T R BOR B B A AT e R, B AT

FHOGAE A B 0 R A S B0 J 6189 W o 5]

187 10
100
N 80
141 o .
> 60 N
12¢ 3 % o6l
i = 40 Ja
§ 10f 20 &
= 08f z 4
45 6 &
061 HESE eV 2
04}

A, A R R W LA S0 mL A7 PRSI T, A

160 ¢
140
120
100
80
60
40

W Bt (mg - g71)

.
.
_

0.2 : : : : :
200 300 400 500 600 700 800
P /mm
(a) Sn-MOF(¥y 25T Ui S S5t &l

mmml
0 0
1 2 3 4
TRERUCEL
(b) Snfyi i H

& 9 Sn-MOF B84+ H I M4 g

5 6

._.
()
w
N
w
[o)}

(c) Sn-MOF [ Wl FH G 3R 5256

I

Fig. 9 Influence of Sn-MOF regeneration on its adsorption performance
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30 mL 2B T /K. RJGH Xe ST GBI, Xe KR BDEIEMAMEN, JFHEFE 120 min, DL O 0 B
WE R, ZIEK MR, T T M. B ob) MERME G Sn R, TR
L, M 6K)E, S LR 9.20%, X FW A LAY Sn-MOF HA7 8 4F K R e . an &l
9(c) At 7x , A W B R0 AE 6 B8 0 IR U5 A O 4 R4 i WG BRERE T, AR I 0 WG B T R AL R
2.01%~6.32%, X 7] fE & 76 W B i 72 59 oh Sn-MOF 228 T35 43 B WG B 7 s ir 12 A . RAF ik, &
it 6 MELLAEIAE , WURLIY W A R FFTE R A, A 113.50 mgg ™', X R W] Sn-MOF H A 8 4F 1Y)
AR A M
3 #ig

1) Sn-MOF Xf AR3R B GERLE K AT B 8CR . e T, Sn-MOF e84 0.30 g
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Abstract In this study, a novel metal-organic framework of Sn-MOF was synthesized by hydrothermal
method, and its adsorption characteristics of acid red 3R (AR3R) in dyes wastewater was tested. The Sn-MOF
was characterized by SEM, TEM, BET and FT-IR. The effects of initial pH and Sn-MOF dosage on the
adsorption performance were investigated. The adsorption kinetic mechanism was studied by using the first-
order kinetic equation, the quasi-second-order kinetic equation, the Elovich equation and the particle diffusion
equation. The results showed that the adsorption kinetics could be better fitted by the quasi-second-order kinetic
equation and the Elovich equation, which indicated that the adsorption of AR3R by Sn-MOF was chemisorption.
The particle diffusion equation showed that the intraparticle diffusion was not the only step to control the
adsorption process, and the membrane diffusion also took part in the adsorption process. Through adsorption
isotherm fitting, it could be found that Freundlich equation (R*=0.986 8) could well describe the adsorption
behavior of AR3R on Sn-MOF, which further indicated that the adsorption of AR3R by Sn-MOF is
chemisorption. Thermodynamic experiments showed that the removal process of AR3R was a spontaneous
endothermic process. The adsorption capacity of photocatalytic regenerated Sn-MOF did not decrease obviously
after six cycles.

Keywords Sn-MOF; acid red 3R(AR3R); adsorption kinetics; adsorption thermodynamics
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