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Adsorption of imidazolium ionic liquid onto £ zeolites

ZHAO Guishi ZHANG Ling WAN Yuqiu™" XU Zhaoyi ZHENG Shourong
(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing, 210046, China)

Abstract: In this work, we used two B zeolites with Si/Al ratios (mole ratio of SiO, to Al,0;) of
31.66 and 190.73 to adsorb three imidazolium-based ionic liquids, including 1, 3-
Dimethyllmidazolium Chloride ([ DMIM ]Cl) , 1-butyl-3-methyl-imidazolium chloride ( [ BMIM ]Cl)
and 1-octyl-3-methylimidazolium chloride ([ OMIM ]Cl), to investigate the adsorption mechanism of
ionic liquid onto B zeolites. The results showed that the adsorption isotherms of ionic liquid on 8
zeolites were well described with the Freundlich model. The adsorption capacity of [ DMIM ] Cl,
[ BMIM]Cl and [ OMIM]CI on B, zeolite was 0.62 mmol-g™', 0.67 mmol-g™" and 0.73 mmol-g™",
respectively, while the adsorption capacity on 8, zeolite was 0.23 mmol - g™, 0.38 mmol - g~ and
0.55 mmol-g™", respectively. The B, zeolite was proved to have higher adsorption capacity than 3,

zeolite, and the difference in the adsorption capacity between B, and (3, zeolites decreased with the
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number of the carbon atoms of the substituted alkyl chains. The adsorption process of ionic liquid
over 3 zeolites could be well described using the pseudo-second-order kinetics, and B, zeolite had a
shorter adsorption equilibrium time than B3, zeolite. The adsorption rate constants of [ DMIM ] Cl and
[ OMIM ] Cl onto B, zeolite were 0.0248 g-mg "*min™" and 0.0109 g-mg “min”", respectively, and
were 0.017 g-mg™'-min”' and 0.0033 g-mg '*min~' onto B, zeolite, respectively. The adsorption
capacities of [ BMIM ] C1 and [ OMIM ] Cl on B zeolite are much higher than those reported on
activated carbon, highlighting the potential of zeolite as promising adsorbents for the removal of ionic
liquids in water.

Keywords :3 zeolites, ionic liquids, adsorption.
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1 SZEG#P4) ( Experimental section)

1.1 525G

R o J3 8 - W AR S Ak 1, 3- - F BRI ([ DMIM ] C1) 1 A 71 R R A BRZ B 84k 1-T Jk-3-H1 4k
KM ([ BMIM ] C1) FGE Ak 1-37 KE-3-F1 ks ([ OMIM ] C1) 1 [ 35 [ Sigma-Aldrich 2% ] ; 5256 fr FH W% (ff
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2 ZERE51HE ( Results and discussion)
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Fig.1 XRD spectra of B, and S, zeolites
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XRF RAEGIR UL 1.ih3& 1 7, B kA0 B,k A1 i 55 1L (Si0, 5 AL O, M BT & 2 1L 4333
31.66 F1190.73 K5 F 2L Si0, 0 F, HA w it 90% , Hak &4 i AL O, B SO, \TiO,.

F&1 XRF RIELER
Table 1 The XRF characterization of B, and B, zeolites

Si0, Al, O, Si/Al S0, TiO, K,O0
B 94.73 5.09 31.66 0.10 0.02 0.04
ByihAr 98.94 0.88 190.73 0.15 0.01 0.01

K2 2 B, F1 B, Wl A7 K LM R [ DMIM ] C1 FI[ OMIM ] C1 255305 A A AR 22O B/ Fd B 25 G 2, K
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A FLZE A DL, FLTAT R R L2 A ELR AR AR I 0 L3 2. 36 2 AT LI Y, B, I B, kA W B [ DMIM ] CI
L OMIM ] Cl J5 AL TE AR B AFLAS A s /b | i BH B WA [ DMIM ] C1 A1 OMIM ] C1 7E MW it Fe v, 32
B B AE B AT B L .
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Fig.2 Nitrogen adsorption isotherms of the zeolites.

Filled circles denote adsorption process and open circles denote desorption process
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Table 2 Structural parameters of 3, and 3, zeolites samples

Spir/ ( m> gﬂ ) Spiero” m2'§§71 ) Viiero” ( em™ gil ) Ve ( em™ gil ) Vi/( Cms'gil )
B kA 564.51 405.96 0.20 0.13 0.33
B, A-[ DMIM] Cl 426.28 285.53 0.14 0.12 0.26
B, HA-[ OMIM] Cl 216.67 135.76 0.07 0.07 0.14
B,k 522.05 375.28 0.19 0.11 0.30
B, A-[ DMIM] Cl 491.19 350.96 0.17 0.11 0.28
By A -[ OMIM] Cl 316.77 186.71 0.09 0.11 0.20

T+ Sy FORFT R LR TR S, R B BAL TR V0 AORBRHO AL AL RS V0 O BTRLRG H FLALA v AR B B
fL7.

Sger denote surface area of materials; S, ;. denote micropore surface of materials; V., denote micropore volume of materials; V,

meso

denote

mesopore volume of materials; Vy denote total pore volume of materials.

B3k B, A B, kAT 1Y) FT-IR §5 &1, NIE 3 i a] DU H 35 R 45 04 (0 W e e A8 fE AR K, 156 B L4
TR, FT-IR $5 & ,465 cm™ Bt 0 B WA 1 HFFLAL A A RRIE I 5 525 em™ FlT 574 em™ Bt 0 &
F B b A1 RS T IS R AR IR0 51092 em™ BRI XS T TO, AN XS BRI 45 418 s AT 51224 em ™ BT
g DY TR A S T S W BRI 4 R 50 5 T A0 1622 e BT Wb 7 2% 1T 4 Ja8 BT e B /K B O—H 738
TR BN ;3440 cm™ BFHITXF I 26 1T B2 L 80K 43T O—H {45 3R Sh k.
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Fig.4 The adsorption isotherms of ionic liquid [ DMIM ]
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Cl,[BMIM ]Cl and [ OMIM ] Cl on B, and B, zeolites
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0.17 mmol-g™", Qi 5" SR F AUk J5 e o A ) e R I B 25 4t 0.322 mmol - ¢™', Ti1T [ BMIM ] C1 £ B, ¥
A PR R 2580 0.67 mmol - g™' |, & TG MR BY 2—3 % A WL IS F AR [ OMIM ] C1 A9 STk
Palomar %5 SR FH R 1 2% 14 B KW BFE 28 54 0.65 mmol + g™, Farooq %) SR I 1 ¢ 11 o K Wi BfF 2%
54 0.52 mmol - g ™", Reinert %) 5% 52 15 4 A% B KW [ 28 4 90.72 mmol -g ™", 1lij [ OMIM ] C1 7E B, ¥ A7
KW R A5 0.73 mmol-g ™', HIE M S S M A= B ey . bl b ] D R B 2 G A SCRR AR A L i)
B, AT B TR A [ BMIM ] C1 B2 [ OMIM ] C1 Ay W B 25k B vy, g — T e 1) 00 i R o 59

Ry — 2 R S A B W BRHAIL R 435 FH Langmuir fI Freundlich 7 R X W A R 2R R A T
G, AT,

. N 1 1 1

Langmuir Z6PE 7 FEUNT . - 4= (3)
qC qmccb (]m

Freundlich ZetJ5 BT lgg, = 1/nlgC, + lgh, (4)

Y, €, g 3 R T8 T B 45 g, DR s R TR B B SEBR{EL, b 4 Langmuir J5R2 40 n (kb H
Freundlich J7 2% %0 480545 58 T3 3. 3% 3 I A0, X SL IR 28 ¥ RE ] Freundlich FEARIAR 47 Hu 30L&, AH
KRB RIITE 0.936 DL . 1/n BIEUEIE 0 5 1 Z 8], ¥ 2 )2 W Horp g, k4 X% [ DMIM ] CI,
[BMIM]CI.[ OMIM ] Cl % 3 Fft B F WK 19 k(4 514 0.6464 .0.6636.0.7605, B, il /1 % [ DMIM ] CI,
[ BMIM ] C1,[ OMIM ] CI 4§ 3 FEg A1) kA 535104 0.2101,0.3625 ,0.5837 , kB (14 /N s e T A% Bff 551)
AR B 27 0 g, AT DL T R I B 590 e, 3 R VR AR A U B 34 SR B, B A K AELAER T B, T R ] — b g
FARES B, WA BRI KT Bk A

R3OWMARRLRIA SR

Table 3 Fitting results of ionic liquid adsorption isotherms

Langmuir model Freundlich molde
WL 5T W 55
Adsorbate Adsorbent b T’ R? n ke/ R?
(mmol-g™!) (mmol ™ L™ g™!)
B kA 244.9429 0.5832 0.8906 11.0011 0.6464 0.9562
[ DMIM]Cl X
Bk A 1322.1780 0.1681 0.7949 7.8740 0.2101 0.9707
B kA 146.4712 0.6565 0.9499 23.1481 0.6636 0.9630
[ BMIM] Cl )
Bk A 64.5225 0.3319 0.6553 7.5930 0.3625 0.9361
B kA 410.2647 0.7169 0.9177 19.3799 0.7605 0.9691
[omMmm]cl ;
Bk A 394.1489 0.5398 0.8247 15.6495 0.5837 0.9979

2.3 W3 Ji2
K5 A ES T A DMIM ] C1 A1[ OMIM | C1 £ WiFh B k47 _E AW B 3 2% NIEL 5 Al LR L W Bk
R A AEFERT 100 min, B, 5 A1 X PR RN B F AR 1 h J5 8 T4, ZE MR 2 h 5 58 2k 275 8,
B A1 X5 PR PR IR B B 2 b JE R T R 3 b S S Ak B4, H B, Wk X R AR S T IR AR Y
W B T B, Wk A7, [ DMIM ] Cl 7E B, Wh A0 M B, W A7 1A - 465 2 B+ 43 3 K 57.6.23.4 mg-g ™",
[OMIM ] Cl 7€ B, W47 & B, A7 (9 -0z B4 00 172.8 . 117.5 mg-g '
SRR ST 3 A7 5305 W0 o 5 - YA 1) B0 7 2 R, 0 — R T B ) 2A AR ( Lagergren TR Ty
&) F =28 ) 2 A B A AR W ok R g PR
WE— G 3 g AR N
lg(q., —q,) =lgq. — k1/2.303 (5)
WE G B 3h RN
1/q, = 1/(kyq?) +1/q, (6)
Y, g, A VA R RS o ) SIS A g, g~ 087 IR B AR 40051 g, 2 o INF 1) ) I BR300 O — 2 5y
TIN5 2 R R
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70 () 200 = (b)
60 180 |
P2X IR SR S . ¢ Lovoe & o o o o .
50 160 .{
e o By A By Zeolite s 1 o By A By Zeolite
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o0 o0
£ 30 Enot A A A 4 A a
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A A A A A A A A
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BS B[ DMIM]Cl(a) %[ OMIM]CL (b)7E B, il A F1 B, ¥ A1 L i Bt 5h 12
Fig.5 The adsorption kinetics of ionic liquid [ DMIM ]CI(a) and [ OMIM ]CI(b) on B, and B, zeolites

K (5) MR (6) UESHIFE 4, h 3 4 AT, e Zsh Jp B A 15 B RPI7E 0.99 L) I 1 H.
ST W o UL 2 W R TR 42, PR, [ DMIM ] CL A1 OMIM | C1 W5 BS T WA TE B A7 W B b 945
EWEZ BN 1%, WIEYRIE Jy 82.25 mg- L7 AY[ DMIM | C1, 7& B, ¥ A0 1 B, A7 | A v — 2% 5l ) 2 W fft ik
RHHH R 0.0248 g-mg™ min~' A1 0.0171g-mg " min™" ; FIAHESE S 103.11 mg- L™ #Y[ OMIM ] Cl, 1£ B,
WA B, A L AT G By W B R £ 00 0.0109 g-mg ' min~' 1 0.0033 g-mg ™ min", X PR
Tl IR A R W BEE AR B L 1 B, il A W T 38 23R 02 o T ek 58 LU Y B, Wl A 20 1 S /Y B A
[ DMIM ] C1 7 P ARz [ 551) - 8 0 ot 3 3 480 1 1 21~ 8 K A [ OMIM ] CI.

R4 I EEER

Table 4 Fitting results of ionic liquid adsorption kinetics

— 5 12 PUA Pseudo first-order kinetics T F 154 Pseudo second-order kinetics
W B B % jf 5511 ky / VA 2 ky/ 9’/ R
mim”’ (mg-g™") (grmg+min~') (mg-g™")
Bk 0.0033 4.4463 0.1915 0.02438 57.4713 0.9998
[DMIM]C1 ;
B, A 0.0049 3.5653 0.546 0.0171 22.9885 0.9998
Bk 0.0065 14.7707 0.6122 0.0109 172.4138 0.9999
[OMIM]Cl ;
JeR v 0.0053 21.8122 0.8809 0.0033 116.2791 0.9998

3 %5 ( Conclusion)

(1) AAMEHEE SRR B Wb A B BT 1A [ DMIM ] C1 Fi[ OMIM | C1 ) , LI B  SALFL A A
JITus b W o 3k R o A A A AL .

(2) Wiflh B W43 % [ DMIM ] C1, [ BMIM ] C1 K [ OMIM ] C1 % 3 Rl 5 9 A i W02 B 262 U 2% 74 4
Freundlich W FFHEE, E A b AIRRESR LE 1Y) B, Wk A7 W BRSO B v RE AR L 1 B, Wb A0 B2 47, B, Wk A1 W B 2 A
I T By AT

(3) Bl BT AR T, o LM Tt J 7450 L 36, 5% [ — R B 5T, g, il 43 0 8, 1
AW B 2 [ 14 2 S T U/ )

(4) %[ DMIM ] CL A1 [ OMIM ] CL Pl S I B W B 30 ) 2 58 9 9, AR EAE LU 1Y B, W 7 0 B ke
R TRESR LU R B, WA, LR RS- 4887 Fofr 5 B[] B 662 5 431t /N B8 A M4 [ DMIML ] CL AE Rl B i
A I SR R R A T R ORI [ OMIM ] CLL

(5) L H AT E AR B SCk, RRERR LAY B, WA X S TV A [ BMIM ] C1 & [ OMIM ] C1 i Wi B 25+
B, SR — PRV E (4 PR T A 5.
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