Kl F RS W R F R
2017 4F 1 J1 -4 34 4555 1 141 30-37 January 2017-Vol.34No.1:30-37

AR, A R BTN 1= T -3 F RER MR S R AR R BE R AT SR s (3], el BRI S PR A4, 2017, 34(1): 30-37.
LI Yue, LEI Si-cong, SHI Yan, et al. Effects of Soil Characteristics on Sorption-Desorption of 1-butyl-3-methyl-imidazolium-based lonic Liquids[J]. Journal
of Agricultural Resources and Environment, 2017, 34(1): 30-37.

TR 1-T &-3-FERMERE TR
R B/ B5e B 4 79 B9 22 M
F A,EFERE, B X, BT

(5 Qe Pl 5 SRR 7 R R E R S0, R RA3REERlaA 5 TR B, Eifg 200092)

/)

OB PRT 2 Pk R A (ILs ) ——&(fk 1-T 3% -3- FF B ok ([Bmim][CI]) AT 1- "] 35 -3 - Y SR micmse X0 = F FF it Fok W1 Jie 5
([Bmim][(CFS0,) N]) #£ 16 Fft 13 1 (W BHBEREHRAE , BRI T L3RRI S TR BB T R s . 358 & BE, [Bmim][CII 1
[Bmim][( CF5SO, ) Nty -3 B 22 %5 5 13 PH B 738 et (CEC) 2 IE ARG , #H2E R B (R?) 43512l 0.842 9 Fi1 0.835 3(P<0.05), 2
38 = L Ao R PR IR B ILs, T 5 - S B % i (TOC% ) iy R? 4343512 0.003 5 F1 0.073 0(P< 0.01), Ui H ILs 5 1- 43¢
A HLB B ES S AVE AR IR o ILs BB AR R BT — 2 B , (H IR AR B S ILs W BM /BB A 3R 3 R A (HD X/
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Effects of Soil Characteristics on Sorption-Desorption of 1-butyl-3-methyl-imidazolium-based lonic Liquids
LI Yue, LEI Si-cong, SHI Yan, QIU Yu-ping*

(State Key Laboratory of Pollution Control and Resources Reuse, College of Environmental Science and Engineering, Tongji University,
Shanghai 200092, China)

Abstract : Effects of soil characteristics on sorption-desorption of 1-butyl-3-methyl-imidazolium-based ionic liquids ([Bmim][CI] and
[Bmim][(CF;SO,).N]) by sixteen natural soils were studied. The value of sorption coefficient K, of [Bmim][CI] and [Bmim][( CF;SO,).N] ranged
from 2.5t0 15.9 L-kg™ and 2.9 to 16.4 L-kg™, respectively. The high positive correlation could be observed between the soil CEC and the K
of [Bmim][CI] and [Bmim][( CF:SO,),N](R?=0.842 9 and 0.835 3, P<0.05, respectively ). In contrast, TOC exhibited the weak correlations
with Ky (R?=0.003 5 and 0.073 0, P<0.01, respectively ). It probably indicated that the electrostatic interaction between ILs cation and nega-
tively charged soil was the dominant sorption mechanism, while the hydrophobic interaction played the secondary role in ILs sorption.Addi—
tionally, IL anions showed an insignificant impact on the total sorption of ILs. The sorption-desorption hysteresis indexes (HI ) of two ionic
liquids by soils were less than 1, which was generally attributed to their irreversible binding to soil components such as clay minerals and soil
organic matter. The high linear relationships between desorption HI and CEC were observed (R?values for [Bmim][CI] and [Bmim][(CF:S0,).N]
were 0.772 9 and 0.781 5, P<0.01, respectively ), showing CEC had a considerable influence on the sorption-desorption hysteresis of ionic
liquids.

Keywords: soil properties; ionic liquids(1Ls); sorption; desorption
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B (ILs ) J&— 28 B BRI/ BH 2 4 i, 2 i
T RS NERE: & BA R AR T
TSRO0 R AFRIE , WO A B G A DL R g e AR
TN NE 7 O | I @722 20 NG % ¢ 2 Y Ra N VA s B O
P e A SR IRES , e LA Dy R, R, i
IS, ILs MES 4,

WRIBE ILs Tl i FH 37, FEAE - 438 0 i BHAE 5%
L5 — S4B, Stepnowski™ 5 i & B 4 198 i 71
AT ILs BH 5 RIAAERFHRAE ] . Mrozik SE0%¢
B, MR B LR EUR 1Ls 1 BE 458 v s, A7 78 SUZ W Ff
PG )7 s S5 ZM Y ILs TE BUAR 5 ) (A
MIE A, Studzinska ZEHANITA A, ILs F W Bt RE 11 AN
THEE WU S A AR K IEAR S, HED ILs Sk M 3
AT E s KA E R S A PR SS A B AT REAEAE R
SR meeew FEFISE . DA EBFSTRIAN, ILs #E B
(W BREAIL A R A 2, e B AF R AR B p 28 1 AR
Mo (A1, B TR B IR A A FR DR I A5 38 Yy i
BRI A IR AN 38 , 7 7 5 22 1 - ERE AR IS TR

AR PR B 22 AR 1- T 3k -3-H
FERRIESS ILs, T T 2841 38t JHL 1 R o — o FfE 7
Ry, AL ST - HERR AL 5 (BH S se feim  RAA AILAR
S BT S ILs LIEW I Z R E R AR,
BT HHEHZIS 1L (1R AL

1 RS ®

11 750

i® 7 : CaCl,, BaCl, - 2H,0 , NH,CI , MgSO, - 7H,0,
KH.PO,, HPO,, ZJIE , S 4 ([ 25 4 b 2 i A
FRAED, DL B8 o b sl . A fk 1- T 2-3-
FH LK ([Bmim][CI] ), 1- T 3 -3- FH B X — 35 HH
i 155 7 e 2 ([Bmim][(CF5S0,) N]) (b7 B 3t 4k T8}
HABRAFD), 4 H KT 98%, BT A 25+ =0
* 1.

8% : BRSO (A% {1 HPLC-Agilent1200( Agilent
Technologies, Santa Clara, CA, USA) . A HLEK A HF (X

(8H), /R 3¢ MS-3000 i 1% ( Mastersizer 3000,
Malvern Instruments, England),pH i} (55 #%), 5%
L CERE) , EsE i35 4% (Kylin-Bell Lab Instruments Co.,
Ltd, Haimen) , 15 il 3% 3246 ( il — 1B} U 2547 BR
TIPS

1.2 iR HIER B ERNE

AURIY 16 P -8R R B o ER R IX A R
24 38(0~20 cm) , 42 == IR JE S 1o 9 (1 mm) £%
Mo THERHE 23t R 1 BaCl,-MgSO, 1 7
I FH A MILBS A3 B S 2 - 398 %) A IR 75 k5
Ly IR 3 MS-3000 A7 B S i 4 3 AR B 43 A 5 13
() pH {E7E 3K o 1:2 24044 F F pH THIE .

1.3 R Bff - Bjt B SE 3

1 0.005 mmol - L™ CaCl, %5 ¥ 1E Jy 5 5% & e il
ILs ¥ ¥k , Hove Y Bl 0.5~3.0 mmol - L™, 44 OECD
S DR SR A S ) o - SR B ILs Y PR
0.500 0+0.001 0 g +IEFFREEH, A 20 mL AR
J&(0.5~3.0 mmol - LY)ILs fIR I , 76 25 CIHIR T, B
FRE# DIGRE 24 h IR 200G A 5 B0 5 i E
W 2 h 5, B2, R R S RO A (il f 15
AR R ILs &

B R B S g P S MR 10 mL (R L
RS, FEAIA 10 mL 0.005 mmol - L™ CaCl, %5k , #1 7
JBE RS o S S5 5 W B S g AR ] 5% 5 EREHE 24
h, I8 B e B, BOREI
1.4 HROWHZE

FE i A = OB A5 2E Tl i, A5 AN Cos
#£(250x4.6 mm, 1.D. S-5u.m, Waters, Milford, MA, USA),
s AR 30% 2 i +80%%% il (KH,PO,/H,PO,, pH=
3), Rl Ry 218 nm, HEFE RS 10 L, AR 1
mL-min?,

15 BUES
1.5.1 W R6F— Mot Bt S S s o A

FIF Freundlich W B 253 Jr B HEA TECEAL &

ge=KxC*¥"

* 1 2MEFRiEERK
Table 1 Structures of two selected ionic liquids

P P /R kg - molt P
Sk 1= T He-3- L [Bmim][CI] 174.67 oo, cr
N RN
1= T HE-3- OSBRI AL SR BRI st [Bmim][( CF.SO,)N] 419.36 + (CRSOLN

-
"""N" {N_..--'H._ L
-
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Horr, qo R W PR, A v - ST ILs &, mmol -
9 Co g WG B SR A7 B ILs B9 ¥k B, mmol <LK Ky
Freundlich " [t & %%, (mmol-g™) - (mmol-L?)™";1/n iy
W B 5 B 5 Ko A W B R85, L g, 2 P Tk B Ce=
1 mmol - L i}, Kq ZEERME 55T Ko
1.5.2 MR- e R AL (HID)
W2 i — 58 o ks Fs 2R 28R ] SCHR[A5]FA[16] 9 7 S
legsﬁgglm

FLrP, qe R g 32 BRI RS | B BRE P A ILs 7
S bR A i mmol kg™ AR T AC. 735312 S it B
I RPN TLs e

2 FERE5HMH

2.1 HIEEREBUER

ISR WL 2, Horp, 1A ST IR FAC
e e K, O 18.70 cmol -kg ™ - FE S13 BH B 122 H
/N, K 4.04 cmol - kg™, SRR SL A AT SRR
S14 4 7.94%2 4b , HoAxTE 0.54%~2.96%: [A] , [ 1K
S15 pH {E>k 4.52 RFRPESN, K L3RR D e
SmRPE MR A A, R3S 50%LL oY+,
TR is %) 88.800%; Al 4 Fr s/ B BH - AE B B A
7 11.40%.,

2.2 ILs FE LB AR BT A

- X R LS Y U B AR R AR UL 1. A
Freundlich W FfF&E 385 B BRI TG, RS EL
DL 3, Bk A4 S11.S13 Ah, #A AH ¢ R 4k R* ik F|
0.99 DL I, S13 A RCRF 2 1 I [ AT REAE T3 ILs
(IR BRHE AR /N . PR R SR 2k (1 1) T LR
H TEVR BRI (<1.0 mmol - L), ILs 7E -3 |- [l
B R AR e A ILs MR BE A IS I, 398 B R B A
I/, W R A A EAR SR T,
BEXT 1Ls P11 W o ARG T L 3B A0 FH e Aot i, -
58 AFAEZS SO A A, SR ILs 7E 148 b AR
JEWR I

- 398 %+ [Bmim] [CI 4 W5, [ 22 %% Ko 7E 2.5~15.9 L -
kg_l ZIETJ ,Xd‘[Bmim][(CFssoz)zN]uﬁKﬁ/%ﬁ Kd E 2.9~
16.4 L-kg™ 2z [a], Horr - Ff ST XA 1Ls i W B 44
M fe K, X AT BE S A K BH B T 28 He 1 (18.70
cmoL kg ) 5%, -4E S13 KR ILs AW PRI/,
X5 /N BH 28 - 28 41t (4.04 cmol - kg ™) FAT AL
Ji & (0.54% )47 56, HAF S14 HAT BRI NG & &
(7.94%), SX i HoxT [Bmim] [CH A1 [Bmim] [(CFsSO,).N]
M ZEOIEA SRR, A5 8.1 L-kg™ 1105 L-kg™,
ZL/NF A4 S1.55.56 .57 1 S16 pUAHN{E (R 3).

AWFFE R, K20 £ 5% [Bmim] [(CF:SO,)N]

FR2 THEEAER

Table 2 Physical and chemical properties of soils

. W i Ktz
L R CECiomol-ky™ TG pH{E K+ Clay(<2 um)/%  $% -+ Silt(2~20 pm)/% V> Sand(>20 pum)/%
S1 BRI IR 18.70 1.08 6.98 0.33 25.00 74.60
S2 R4 12.40 1.67 8.13 0.00 14.00 86.00
S3 (SRS 10.55 1.34 8.23 1.18 44.70 54.10
S4 TTIREE % 7.37 1.11 8.06 0.00 11.20 88.80
S5 HMKE 14.86 2.52 751 0.49 23.10 76.40
S6 YT 15.28 1.36 7.86 0.13 20.00 79.90
S7 275 10.67 0.73 7.77 0.33 28.00 71.70
S8 TRENE 10.22 0.95 7.68 0.95 37.60 61.40
S9 ANt op s ] 6.21 1.05 7.89 0.00 13.90 86.10
S10 PU L = 7.27 0.54 8.31 1.98 34.20 63.80
S11 ZE 6.50 0.80 8.52 1.35 39.40 59.20
S12 =Y 6.22 0.81 6.95 1.30 26.40 72.40
S13 L P 4,04 0.54 6.37 2.44 41.00 56.50
S14 Bp T 12.57 7.94 7.20 3.45 29.98 66.57
S15 YLPGHSFH 7.63 2.27 452 11.40 36.50 52.10
S16  PRIBVIFFMR 13.96 2.96 6.58 2.71 14.31 82.98

1E: CEC SyBH g ¥ 3cHuit, TOC Jy SA HLBK & it
Note: CEC is cation exchange capacity; TOC is total organic carbon.
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12 (2)CEC B e 5 (myToc
e el ey ev " 20} .
2 =L . i = 1 [Bmim][( CF5S0,),N]
3 12 R08353(P<0.08) .zF N 5 K=0.95TOC+6.34
E’ 10 R E; 155- o wae RE00730(P<00L).
g 2 ' 1,.: % 10' - o2t ,g‘:j; ..... R ‘
3 r i ] = | oeEE I
S 4 g"“ ‘®[Bmim][CI] S sl __'r,:.g . = [Bmim][CI]
2t & K.=1.03 CEC-3.20 ..::'."' K¢=0.67 TOC+6.25
o T Remveals AR RDOSSPD0)
0 5 10 15 20 ) > 2 6 8 10
CEC/cmol - kg™ TOC/%
1 T3Ex 2 S FiRERIR M R K, 5 CEC(a), TOC(b) Z B X &
Figure 1 The relationship of K, of IBILs and soil CEC(a), K, of IBILs and TOC(h)
£ 3 T EWRF[Bmim][CIIFI[Bmim][( CFS0, ) N]Freundlich 185% £ %k
Table 3 The Freundlich adsorption parameters of [Bmim][CI] and [Bmim][( CFsSO,),N]
) [Bmim][CI] [Bmim][( CF:S0,).N]
A K¢/(mmol-g™*)+(mmol-L™*)™" 1/n; R? Ka/L kg™  K¢/(mmol-g™)-(mmol-L*)™ 1/n, R? K/l kg™
S1 0.0159 0.620 0 0.998 6 15.9 0.016 4 0.698 2 0.995 9 16.4
S2 0.008 7 0.538 2 0.994 6 8.7 0.008 7 0.851 6 0.996 2 8.7
S3 0.005 5 0.932 3 0.992 9 55 0.007 4 0.728 7 0.997 2 7.4
S4 0.002 5 0.546 7 0.992 3 25 0.003 9 0.764 8 0.997 4 3.9
S5 0.013 8 0.599 5 0.995 5 13.8 0.0111 0.695 0 0.996 8 111
S6 0.012 6 0.613 5 0.987 8 12.6 0.013 2 0.721 0 0.998 5 13.2
S7 0.010 2 0.482 8 0.991 5 10.2 0.010 8 0.741 7 0.992 3 10.8
S8 0.004 9 0.675 3 0.991 0 4.6 0.004 7 0.8450 0.999 5 4.7
S9 0.004 2 0.668 5 0.991 5 42 0.004 4 0.788 8 0.993 9 4.4
S10 0.002 0 0.8530 0.991 5 2.8 0.004 3 0.474 7 0.990 6 43
S11 0.004 1 0.697 5 0.983 7 4.1 0.003 9 0.764 8 0.987 4 43
S12 0.003 2 0.768 6 0.992 9 3.2 0.002 9 0.884 6 0.998 7 3.9
S13 0.002 6 0.829 0 09211 2.6 0.001 3 0.957 2 0.955 6 3.3
S14 0.008 0 0.750 0 0.999 4 8.1 0.010 5 0.788 0 09931 10.5
S15 0.006 7 0.763 3 0.998 5 6.7 0.008 3 0.696 7 0.997 6 8.3
S16 0.013 8 0.757 9 0.996 8 13.8 0.015 8 0.604 3 0.999 7 15.8

1 . Ks 2k Freundlich W [t 22 5%, Ko oA 24 e B>k 1 mmol - L Bk W2 Bk 22 %%, 1/ns & Freundlich 35%%.

Note: K:is Freundlich sorption cofficient; K, is the equilibrium sorption coefficient when the equilibrium concentration of IBILs is 1 mmol -L™; 1/n, is

Freundlich exponent for sorption.

W B A T [Bmim] [CI], 33 J2 H i #5118 1 4k
H[(CF:S0,) NI A B KA K G242, 454 [Bmim] /5
B K PE SR T f5 & 5 300 o Ropel 4 7IIE 52 [Bmim]
[(CFsSO,) N]FI[Bmim][CI] i) = i - 7K 43 i, 2 £ (Kow )
43934 0.620 F1 0.004, {5 (& KM= T e &, dEim
AR - A AL A B KR B i

FE K, [Bmim][CITJLF 58 4 LA L BH 5
+ BAFAEM, [Bmim][(CF,SO, ) N] H* 4 [Bmim]*
[CF3S0, ) N]-2x &R 43 LA & F XHE A A7 7E , Katsuta 555

http://www.aed.org.cn

W75 [Bmim][( CFS0, ) N]E§ %1 E i i %k 6.3 dm?-
mol ™, BLBH B X M AFEIE S A Z  IE 2 DL F AR
F . B, 2 R R A [Bmim]* B 2 #B T LA 4 g
HiE) Na* K" Ca* Mg 45 FH &5 647 BH 85 7 3¢ e/
TR 3 B BEAk, FH S 5 b A sk S AT AT DL
A WL E I BOKAE RS A B, 45 S
ILs 5 13 CEC 1 TOC 1y )& & % 24 B T4
BT BEMLEE . P 1a SRBH, RN ILs I R Ko 5
16 135 CEC ZIMIfFEESR AN IEAHSEICZR , [Bmim][Cl]
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A1 [Bmim] [( CF,S0, ) N1 i) A 3¢ H: 2 £ R? 43 5] 35 %]
0.842 9 #1 0.835 3(P<0.05); FH L= F , W i R % 5
TOC Y AH R4 /IN ,R? A 43 51 2 0.003 5 F1 0.073 0
(P<0.01).
2.3 T IETRAY M B X IR BT S B RS IR

% 4 38 3 16 b 1 3 XF [Bmim][CI] F1[Bmim]
[( CF3802>2N] W o R 50 Ky A1 Kgo 5 -3 PE I 2 ] A
AEFRRE RS, AT B R T e E b bk
JER SR R ILs sz, 3R 4 ATLIE H,CEC 5 Ky
FIKqz 2 8] 522 B0 M f i 1E AH G, 43 510 0.91
0.92(P<0.05);TOC 55 Ky, il Ky, #H5HE/NF CEC, 41
Hoh 0.26 F10.37, %45 HE A HG 18 #1945 18— 3L
Mo pH B 5 TR B R 5 Koo R Koo Z TR GURE G, 2
-8 pH B REATRERT , - 458 B (AR GO 2 T8I e 671 F, 1y 9k
A CBH B A e m L R, X ILs ) W ¥ g

BB TR, FS b, AN, R 5
15, IR R, XA B W R A A AR
FEARSERG T, -3 B RE ) SRS 5 A R A
TS | 33 55 3R St AR = 5 3 il AT AR K
KFR, HHEFHY CEC E2k A T4 ML M - 555 ik
PR (Na* (K" Ca* \Mg” ) , AAH S [ v il
PIE H,CEC 5 TOC Fvh 4= & AR B IEAH 5, M
K43N 0.32 11 0.34,
2.4 ILs 7E L3RR BHIT A

ARSI 16 i -3 e R T 5 Rl 48 (S1, S3,
S5, 810, S14)HE4T T ILs A8 e B AFF 5T, 5 B 458 1 28—
Mt A7 Freundlich J7 %, (H 2 7E % 75 J5 T KT
SRR AR, S R B R A AR AS S R Y, X R4
PR RS . 22 5 A Freundlich 4815 AH G Ff
ot & 2 Sk 5 - W R SR 2 . MR 2 T LA

F 4 TEM RS [Bmim][CIFR[BmIm][( CFSO, )Nk Bif R K1, Ky, 2 18148 14 5E
Table 4 Correlation matrice for the soil properties and adsorption coefficients

(Ka1,Kgz) of [Bmim][CI] and [Bmim][( CF5SO,).N]

Wi H CEC TOC pH #5+ Clay 3+ Silt b+ Sand Ka Ke
CEC 1
TOC 0.32 1
pH 0.04 -0.22 1
K1 Clay -0.22%* 0.29** -0.83 1
e+ Silt -0.32%* -0.08** -0.14 0.36 1
7b-1- Sand 0.34 0.01 0.32 -0.55 -0.98 1
Ka 0.91* 0.26 -0.15 -0.10** -0.35%* 0.34 1
Ke 0.92* 0.37 -0.17 0.00 -0.35%* 0.31 — 1

T : Ko FlI Kep 4355132 L 51 B [Bmim] [CII A [Bmim] [ CFSO, ) N] Wi B 22 %5, “*" 378 3 t 138 5 ,0.01<P<0.05, “**” /R 35 t K 0 J , P<
0.01, Hdlagritinh 16 Fh 14,

Note: Ky and K, are the sorption coefficients of [Bmim][CI] and [Bmim][(CFsSO,),N], respectively; **" means 0.01<P<0.05 after significant t-test; "**"
means P<0.01 after significant t-test. The data obtained from 16 tested samples.

5 [Bmim][CI]FA[Bmim][( CF,SO,),N]#E 118 kRt it Freundlich 24
Table 5 Desorption Freundlich parameters of [Bmim][CI] and [Bmim][( CF,SO,),N] onto the selected soils

. [Bmim][CI] [Bmim][( CFsSO,),N]

H Kr@g(mmol-g™)/(mmol -L)™" 1/ng R? Ke/L-kg?  HIi  Kigg(mmol-g®)/(mmol-L)™  1/n, R? KoL kg™ Hl,
S1 0.018 4 0.629 6 0.999 5 184 0.157 2 0.019 8 0.7179 09917 19.8 0.207 3
S3 0.007 7 1.262 9 0.987 8 7.7 0.454 5 0.010 5 0.7093 09923 10.5 0.418 9
S5 0.014 6 05527 09976 146 0.2805 0.0139 11957 0.9955 13.9 0.252 3
S10 0.004 7 1.0032 0.9820 4.7 0.678 6 0.006 9 0.484 4 0.987 7 6.9 0.581 4
S14 0.009 7 0.525 3 0.996 1 9.7 0.2250 0.013 2 0.6512 09987 13.2 0.257 1

T = K 1 1Ina 2359112 Freundlich H5 BT 28 BORIBE RS 20, Ko, Koo 23591 2 1 58565 [Bmim] [CI 1 [Bmim] [ CFSO, ) N] A% it i %5, H1u, HI, 23531 4
B [Bmim][CITFN[Bmim][( CFSO) NI i - At B 2 54

Note: Kyqs is Freundlich desorption coefficient; 1/ny is Freundlich exponent for desorption ; Ke., Kes is desorption coefficients of [Bmim][CI] and
[Bmim][(CF.S0,),N], respectively; HI;, Hl, is sorption-desorption hysteresis index for [Bmim][CI] and [Bmim][(CF;SO,),N], respectively.
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Figure 2 Sorption-desorption isotherms of [Bmim][Cl](a) and [Bmim][( CF;SO,),N](b) onto the selected soils

F i, 5 Bl A FEXT R Bl ILs A4 18 BFF RE 71 47 78 5 K 22
S MRl . S1>85>514>83>510, (L WX
ILs W it iy 38 5 ILs 22 (A B 45 4 FE A2 [, ILs
A ) I B8 R AR A I

- XA ALY AN AT 3 e ) R o R 2 T LA R R i
FECHD) S F7 2 |, ABF5E HIFE 25 C,C. A1
mmol « L™ Z5 4T SR A5, Hly (H1, 43511 A - 458 W% /56 BT
[Bmim][CI]F1[Bmim][(CF,SO,) N] iR if 2%k, A% 5
PRI LUE 1R R R HE BT 10 Y HE/h T
BF, AT RE S B T ALBTRIE 5 [ AN AT 3 (4 7 2
Ak AP,

ARSLEHE— S HR9E T CEC 5 HI Z %62, %f
[Bmim][CI]F1[Bmim][(CF:SO,) NIft.& i 7 , HA &
FH e 2% R #94 K (1& 3a), 43511 0.772 9 1 0.781 5
(P<0.01), #Hi 13 CEC Xt ILs AN{YHE 5 i 1 15 0
B, [ RE S M 3 i Rf . T TOC 5 HI [RI A AH 6 &R
BRI B F TR E G,

©

! (a)CEC-HI
| =

6 T
- M [Bmim][Cl]
I R 4 R=0.772 9(P<0.01)
| H . ?:._--.g

4t | S

| BmImI[(CFSO)N] e
R’=0.7815(P<0.01) ¢ . S

N
S

Hysteresis indexes(HI) of ionic liquids

CEC/cmol -kg™

3 itig

—+35€ CEC F1 TOC 5% [ 22 % K =2 8] [ AH ek
KAMFERY], ILs (IS ¥ AP 5 LI R4 5
A7 122 0] P 5 H AR Ry R R B A LA, X A
Stepnowski 557 Mrozik SFPI ST 45 1e A —3 . AHER
F CEC, %4k I+ TOC 5% b 2%k Ko 22 18] A AH S 48
/N, UEBH TOC i-F B F s A R I S14 1
Y TOC Ky 7.94%, 76 iy T oAb - 3%, {H X6 i B i
A BRI E R . L, FEARSEI AR, ILs
5 A MU E K S & HOR BRI ZE R o A1
LT 5, Studzinska @[ i 55 A K % - 58 TOC &5 &
B, A HEXT ILs (e i) 2 B R Ak ot S 19 B8 1R A
(W B 2 B g K. E RS, TOC & &
(44.8%) HY+FE SV Xt ILs AW B0 e k42 i, wof
1-C 3 -3 F IR G R i 1 (K =404 L-kg™) B 2
15 T 1- 2 -3 FH LIRS SR 1- T k-3 FH ks &

©

(b)TOC-HI

[ ]

)
-

& [Bmim][CI]

‘ ; " R%=0.000 1(P<0.05)
- ":! - - :"'5".--\..\_“.

| .- E -\.-ﬁr"":'-:..'_:_-. -

2+ S[Bmim][(CFaS0,)N]

{ ™ R2=0.0002(P<0.05)

Hysteresis indexes(HI) of ionic liquids
o

TOC/%

3 R Bif- B BHARE 21 HI 5 CEC (a),TOC(b)Z B X R &
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