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TRLRBIT ST 45 L3I W2 BRE 3D Hg™ B4 R B 548.37 mg/ g,
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Preparation of Immobilized Ionic Liquid and Removal of
Mercury Ions in Water

Z0U Wenging, HE Songmin
(Hainan Lyjing High-tech Environmental Protection Co Lid, Haikou 570311, Hainan, China)

Abstract; Fe,0,@ SiO, @ IL was prepared by immobilizing imidazole based ionic liquids on the surface of magnetic
nanoparticles with impregnation method, and was then used to remove Hg®* in the water. The effects of pH value,
adsorption time, and adsorbent dosage on the Hg™* removal rate were investigated. The results show that Fe,0,@ SiO,@ IL
can have a wide application, and Hg”* removal rate can exceed 99.1% with pH of 7.2-9.5. Fe,0,@ SiO, @ IL presents
a high rate of Hg** adsorption, and the adsorption can reach equilibrium within 90 minutes. For 25 mL Hg”" solution with
a concentration of 2 pg/mL, Hg”* can be completely removed by adding 20 mg of adsorbent. The adsorption isotherms of
Fe,0,@ SiO,@ IL indicate that the saturated adsorption capacity of the adsorbent for Hg”* is 548.37 mg/g.

Key words: immobilized ionic liquid; magnetic nanoparticles; imidazole; mercury ions; adsorption; electrostatic

interaction
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N‘ +C,H,,, Br

W, N N Br + NaHCO DX N N*HCO
N 3 min r +Na s T 24h s
/
N 7N Nen,., <N N,

1

W AFE =Y BMIm ] Br, #RJ5, 145 21 (1 3% 6 5 B
fRF A NaHCO, LLBUAC [ BMIm | Br H i Br, 15 2 H
B WA [ BMIm ] HCO,

1.2 Fe,0, fEKHI &I &

SRR 55 500 L Fe, O, TR, HF FeCly -
6H,0(0.27 g,99%) .FeCl, - 4H,0(0.6 g,99%) F7t
FREN (2.4 2,99% ) FIJK % (0.72 g,99% ) % f# T 80 mL
223k I AR B ZE TR K b Sl R, DAk A AR
b, R IETERF S FE T INA RN IREM (0.6 ¢,99.9%)
HETEEM ., MRS E 100 mL & EKER T,
76180 C MM 4 h, Z0d [ 5 Mg 2.0 Ak %, 153
RN FRBE S Fe, 0, TR, ZJEIMA 0.4 mL IE
RERR DU 2185 ( TEOS,99.5% ) , AL £1 I B 8 h, % H
oK CEESEATURS, HET 5 5 2B Si0, 1Y Fe,0, 1%
Bk ,iC N Fe,0,@ SiO, ,

1.3 Fe,0,@Si0,@IL BI#I &

25 CHT, ¥4 0.03 g FEKM: B F WK (ionic liquid,
IL) #10.07 g Fe,0,@ SiO, filA 10 mL Z &, HiFE3 h
JETN B2 A BT 80 C LT 7F 200 °C T AL H
4 h J515 22457 Y) Fe,0,@ Si0,@ 1L,

1.4 #RRAE

K X BHRATEH (XRD, Philips X'pert) 4,
T4 1% 4% (SEM, Hitachi S-4800) 133 5 1, 1 & (0 45
(TEM, JEOL-2010) X i 14 iR T8 550 RN 45 48 45 2R A41F 5
KLLMD EREAL (FTIR , EURO 5700) 4347 [ % 25 1
RF MRS IR,

1.5 BE#FHBEFRMET He'" Rk k218

W3 Mr b TOHLRER S T B 2tk b, B s e i
PRV TR B BIOR R 58 A0 i, et ol — e Wk B He™ P
TKASHUI . B 25 mL BN, A 20 mg T4 Fe,0,@
Si0, @ IL AT W RA S50y , SR L5 A v 42 o WA R UL
SR FH R 5 55 2 1R BT 3% 3 (1CP-MS) T B v W vh
Hg™ WS o #a (1) ~ (2) 73590 T 53 0 B 50 24057 1
i g(mg/g) Ml Hg R R(%)

(C,-C)HV
=0 1
q W (1)
O_Ce
R = x 100% (2)

0

K €, F €, A BN He™ 00 e B R W B it

MWL EE R [ BMIm]HCO,

AT Hg™ W, weg/mLs V WAL, mL; W 2
Fe,0,@ Si0, @ IL W ff$57) J5i &, m

2 FiR5ihe

BB TFRERE
SEM #= TEM % 4E

BRIRRENEGKFORL Fe, 0, R A B} Fe,0,@ SiO,
K 38 T WK Fe,0,@ Si0,@ IL HIHOMIE 57 Gl 5] 2
FE 3 PR, HE 2 a5, Fe,0, BRI POk B 42 4
100 nm; 7E Fe, O, WEREEAE Si0, HF153H Fe,0,@
Si0, B G MER LR Fe, 0, WOREA TLF 1) 43 HM: X
Hhy Sio, HAg ARG 0 KM R R B TE
Fe,0,@ Si0, & A MERE I FIH5E TRIKZ 55

2.1
2.1.1

LT Ta®y )

(a) Fey04; (b) Fe;0,@8i0,; (¢) Fey;0,@ Si0,@IL
2 WRH#T#EE SEM B i

(a) Fes0,5 (b) Fe;0,@Si0,; (c¢) Fe,0,@Si0,@ 1L
E 3 RHiER TEM Big
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) Fe,0,@ Si0,@ IL &5 #FRHEA RAFIY 3 HOkE . [
B TR S RIAE A T e S He™ e o, A
FIF IR 25 Bk He™ . I 3 AT, Fe, 0, fBR K
KiAE/NF 100 nm B 9KRLF 2 AR, HA R 4519 7 i
P 2 A MBHT B IR 2R R T E 2 60 nm,
2.1.2 FTIR & /&

B WA R [ A 5 B R (Fe, 0, @ Si0, @ IL)
FTIR ERIEZ R A 4 s, WK 4 FTLVE W B
TRTE 2 850~2921 em™ X[ 3L T C—H A% FR A
XTRRIR G IR Sl , 259 8 T FL 25 M RRAE 0 B8 T AR 7E
2850~2921 em™ DX [A]HHL H 3 T AH ] B R AIE 06 | 2 BH 5
TWARBI B T A b B RAR S S A T
YRR AR I, $RHE T R TSR 05, T DA R
MR E SRR TR s, B 4 b a] LUK, & F
TWAARTE 1465 em ™ AL HBL T C—O a4 sl , M [# 4%
BRI A SR B X A R AR I X T RE =2 T
Si0, FYFFF IR, /T T C—O MR shid,

1
4000 3500 3000 2500 2000 1500 1000 500
WH/ em™
(a) Fe;045 (b) Fe;0,@8Si0,; (¢) Fe;0,@8Si0,@ IL
B4 B FTIR B

2.1.3 XRD &4

R B BB ARG 2 B AR RIS R AR N
K5 i, LS FTLUE Y 3k Fe 0, il Fe,0,@ SiO,
£ 20=30° 36° 43° 57° 63 FFLEAT S X LE PDF R A

L Ll
20 40 60 80

20/ (%)

(a) Fe;0,; (b) Fe;0,@8Si0,; (¢) Fey0,@ Si0,@1L
B 5 WHAFRE XRD B

(JCPDS No34-0421) AJ %1, iX & )& T Fe,0, HIFFERTH
I, RIHEK Fe, 0, 5 UL, Fe,0, 1 Fe,0,@ SiO,
LA AH ] AT S04, 260 Fe, O, FEMHESE Si0, J5H T
RIZEH A IR, Fe,0,@ Si0, @ IL A7 415 15 414K
Fe, 0, TCHI A2 Ak, & B 670 480 1 7 WA O 1 A BB IR
Fe, O, M8 OR4F T 54 1 s 4514
2.2 EFHIhEEE Fil ik m X He™ K6
2.2.1 ik pHALX He™ Xtk R ey %h

FEWAATL 25 mL He™ WIAR M 2 pg/mL W5
FE 20 mg PR35 W B TE] 2 b, BF 5% T 3% W pH (B X
He™ EBRRAFZI , 25 R 6 B, MWK 6 iTLIFE
), BHE VM pH (B3 K, W IR He™ 2 Bk 3% i 7+
o VT pH=1.5 B}, MR He™ RBRFN 52.3% , %
B IRME S E T Fe,0,@ Si0, @ IL 2 18] F4 35 TR 7 55 8%
H 54, BRE TR S He™ B4 A& 7EH, A F T
BEEFRIXT He™ MR, SRR PE S5, B 1 5 He™ 22
[ AN AEAE B LA, X He™ 25 B 28 1 5T kAR
/N, FR TSR R A5 AT W A 7R 3 o e A
B Hg™ o RHAE R pH (B TH &, W9 H Ok b
Fe,0,@ Si0,@ IL (TGN ORI Z 45 F]F Fe,0,@
Si0,@ IL Fl Hg™ Z MM ECAL, B T BCAAEF T340, %
WA TR R AR 0 eI RPVE I I R RAE T T
Hg™ M8 K, W pH = 7.2 B, Hg™ Z2 R &
99.1% , %W pH=9.5 if Hg™ EBRFIAFH] 99.9%

100 |-

90 |-

80

R/ %

701

60 -

S50

0 2 4 6 8 10
WilipHIE
B o6 & pHEX He" EXBRERMEM

25 TR | sRER PR 45 1S ) T [ 28K 25 - R A I i
FXF He™ (B, b sl it 25 14 N RE AR R AF i 2
BRACR (0 He™ 76 3 B M 55 14 T n R 2 & AR 4 K
fift, VW pH=7.2 NH,

2.2.2 RWH A He™ Xk F 69 %h

pH=7.2 VEWAKFR 25 mL Hg™ WA EE 2 wg/mL
PRSI 2 h, 558 T W R B X He™ 23BRamy
SN EESRANEL 7 s, DL 7 o] LU 3 W B AR A
2.5 mg I, Hg® £ R L) 50% , MELLA T LR Ek, B
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A6 IR T S, R ) I 48 T HUACRE ) Hg™ 4
UV, He™ R BRATZHIE A, 70 M R 50
20 mg s IAZ RS ) T, 20K 80 8 R % BRSS9, Hg™ 2%
BRAFIEALRFFAAL, FIRSREY] XT He Wl hhik
J¥ 2 weg/mL TR, 38 FLA I M 5R FH ER 20 mg

100

90 |-

80

EBER/ %
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1 1 1 1 1
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Wz W55 FH 42t/ mgg

TR A EX He' ZBEA I

&7
2.2.3 B FELE A; He® e %04 %vh
pH=7.2 FRARFL 25 mL He™ WA E 2 wg/mL .
BRI 20 mg, XFEE R Y He™ 547 935 W B, Wt
FRFEHIEDNT He™ ZSBRR A2 an &l 8 firn., MR 8 mI LA
F LB RS A RT 60 min PN, WERRIRT He® A 2255
23 it 52 i ) A2 T RSH G K s MBS 1] 60 ~ 90 miin 3
FEI PN, Hg™ 285 23 ot I I sF 1) 2 < 1717 4% 12 14 K 5 e o i
B8] 90 min B, W BfF3k 2F-A7 , LA He™ 25BRR M 99.3%,
ARSEIE IR R [A], He™ KPR R EALREE AL, HF
AR W B RN w1 4R B Bt , Fe, 0, @ Si0, @ 1L H 4 7
PEA S 2 B He™ VR &7, W BRERIRD H™ #5 A iy
MRS R, WA R, i R BT 52 I A AT O A9 %
B TR 2 He™ | I o5 5 T W B 70 2 18 A 9 M6 A [
AW T He™ W BERRAIG, W B0 38 2171

100 - » -— -
80|
&
%
% 60f
H
40}
20 1 1 1 1 1 1
0 50 100 150 200 250
W% Bt B 1] / min

E 8 MRHMIATEIXT He** KBTI

2.2.4 He™ w4 R E AT He™ R 2 69 % h
pH=7.2 VWAL 25 mL W B0 H & 20 mg 4R

T B IE] 90 min, %48 T R[] He™ WIUR R E T B
RAAEIRER 45 anE 9 iR, ANEL 9 AT LLE H, He™ 4]
IRV 0~200 pug/mL 0 FRI EF , IRBAHFRDRT Hg™ 1) g B
R He™ WA BRI &R, He™ W LR R I
KF 200 wg/mL J& , B BRI Hg™ fl W B 2 AS -l 2
He™ WU FE S T3 K, 22 W B 550 % Hg™ 1% W of
AP, LA A A A 1 548.37 mg/g, X2
PRI Ay it 5 R B 00 B Hg™ Rt kol ik 22 | L3R T 1Y)
TP S B Wk He™ bl e 2RI AT S
He® T4 G 1EH .

600

500 |-

WK/ (mg- g")
[} w £y
[—3 [(—3 [—3
(=] [—) (—]

T T T

—

>

<
T

0 200 400 600 800
WK )E/ (ng- mL™)
TR B FIXT He* B IR &R 28

<

9

B AR AL 5 B

FRAE R AR R SCI0 2 B W pH W B 5 H
gt R o T[] 47 53 i W o 700 65 7K R T Hg™ i Wi
PERE, R =R ZR =K 1 A2 3k 56 0k o i ot 7] 2 B
He™ AR TR, IEACI0 N 2K P E L3R 1,
AT RN Ly (37) IEAS I A R K W3k 2., mT L
BB 3 A PR ZE 0 I ) 2 B2 B Hg™ 8 5 o 5 R
/INA o IR )R > W B B R > pHL A, B B 5
XS He™ ZBRFN5E i K, 19 8 e W B A 1 &
H A B,C_,, RIWZFRE55 H i 30 mg  3F W pH =7.0 FIWK
Ff s [E] 70 min,

2.2.5

£1 BHFER He EXRABREZATR

K R A) /mg 7k pH L(B)  RHARICC) /min
-1 10 6.0 70
0 20 7.0 90
1 30 8.0 110
2.3 EEE Tl S E it IR B 7R B P R X EE

REIEPEERR A E SRR —, F NS
FH— AR RIS YRR R B TR LR, AP
T [ A1 R Hg™ I R B 55 7 S
P I 288 2 R AR S 700 O PR BE , 25 2R N3k 3 s il
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F2 WMIFIER He ' L,(3°) EXHBWERRS

fEu Az A B C R RBRE %

1 -1 -1 -1 82.4

2 -1 0 0 87.7

3 -1 1 1 90.1

4 0 -1 0 93.7

5 0 0 1 99.2

6 0 1 -1 94.1

7 1 -1 1 89.2

8 1 0 -1 99.4

9 1 1 0 95.4
K, 0.894 0.993 0.946
K, 1.142 0.957 0.922
Ky 0.987 0.968 1.059
K, ("FH) 0.273 0.337 0.316
K,("F¥) 0.381 0.324 0.311
Ky (FH) 0.332 0.327 0.354
R 0.113 0.006 0.018

x3 BEHBEFRESEARMF AR L
FRW ML, - =%

IR (mg-g™") pH {H A ]/ h ik

O AR 5 4 1 A 83.33 6~8 3 [13]

CE-S 412.1 5 8 [14]

R 174 4~8 1 [15]

ARSI e T T 92.6 3~11 0.5 [16]
[T 5 R e 5 A A 548.37 7.2 1.5 A5

& 3 AT, AR ST A 1 [ S AR B R X He™ i
W R BE A A 3 548.37 me/g, WA He® R 3Rk
ik %) 99.4% , 6B HAB I [ 57
3 4 e

1) SRER TS AFTF Fe,0,@ Si0, @ IL Xf Hg™
IR, P pH = 7.2 ~9.5 BFHI He™ BA KA I
B ERE , 22BR 3K 99.1% L) |

2) TEMZFRI I B BE (0~90 min) , He* E R Bl
BAF ] SEE < 748 K, 90 min B 3 5] IR PSP

3) XFF 25 mL R 2 pe/mL ) Hg™ %W, 1L
7 20 mg WE SR RP AT 5Bk He™ , BRI A LN A R T
RARRAL B B AS

4) Hg™ MR EEXT Fe,0,@ Si0, @ IL W[} Hg™ Y
AT R W BT A A5 T R B R R R o
} 548.37 mg/g.,

5) L IEAC IR KA B 3 A R 2 X R B 7 0 B 2
R Hg® BRI /Ny« W B 50) FH > W B Fsf 1) > %5
W pH {8, W AL Ak 2% 4 R W% B 500 FH £ 30 mg i

pH=7.0 W Bf i 6] 70 min, BEIE X He™ #4925 B R H
99.4%
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