HERF BE:LF

2009 £ 3$39% F 108 1134~ 1144

www.scichina.com chem.scichina.com

Qaj.SCIENCE IN CHINA PRESS

BB 1R N

PRANT, X BRAk, WREAE, EiEE KAET

TR B R TRET T, 2RI RS K G 96 %, Jbst 100190

* JEINAEH, E-mail: sjzhang@home.ipe.ac.cn

Weks H 1 2009-08-11; 452 HiH: 2009-08-20

WE BT REREN-XFREZENR, TFRRE TR VERAOLR. ETH
W Z T A REA#THFRI TR, £ZCEH#NT LN K. #H

KA
B TR

TR 5 R K R H B2 0 ROR T E AL AR £ 75, SRBRP . (B gy | AR

HERARE,

AHERAEL.

1 35

B WA E PR R A AT, R TR
(R I FH 98 D AT 5%, oA 1 A T T 4 £ v T 4
AR (1) s . WTAER, B IR SR T T8 S
FIiiE Nature 12 5% Science 10 55+ Chem. Eng. News
34, SCIR S sk 1 (K 1) B4 1L >2000 4, 5
UE RIS, 287 A B R 3 P 5 ) A 52 R 0 50 1
RIEE W EE. B HARZEEE & T HA s
Pl oK e ms B TE R, 56 B AR B SR SR R £
2z BBk, V2 s E AR A F W 15 EBASF.
[ Merck. SE[EShell. AN Bakert. HA = 354%
BT RS AR AR, Hoh 4 [E BASF i %
Je S L IR BL B I BASIL (biphasic acid scavenging util-
ising ionic liquids) it R H A M K3 /3 7 2%0%, 5l
(R ol 23 792 v 8L 3 I 1) 88 1 I A S el 0 1 T
WFFTA 439 B, I JE al R B AR & 5 [ B JL T
A0, SR, B M 20 tHAD 90 AEAR 4 H
WA, T A EHAFEARRE . BACRUR K
SO S 47 (K 2), 1IEA AN NERZR 1)

1134

URE TR S R RN E KR A, BT | R
AR AT A LB S BR AR 2 R AR b TR B Ae e BT A B, T B R T AR
RIBEMEAM R RS AR . R MEMARANFRT, EEZHLK

|
Wik

3000 A
2500 ~

2 2000 4

1500

Number of papers

1000 4

500 -

1992 1994 1996 1998

Year

B 1 BTFBkRSORER YR

IAEATB B, I IE 75 4 FATIR T S
2 BT R

BT R B GAIR, OIS
BT ZH0 T HLS, BHR A A SR T
NP IR AT, SOV T A T T 2
BRI YLL F R SR T


mailto:sjzhang@home.ipe.ac.cn

PERY: B (L% 2009 4F %5 39 % 510 #A

2000
1800 |
1600 Application|
1400 }  Foundamental ——> Application
1200
Z 1000 ¢
800 |
600
Ist

400 Generation ILs
200 FistIL
l

umber

Large-scale
Preparation of 1L

2st

Generation ILs Functional ILs

0 e
19141948 1992 1996 2000 2004 20072008

B2 BETBEAHEEKES Lk

PRI R ORG24 7800 B 1 U R A o 4% 42
AR B TR I TREBOCRHE, 7EsbEEa E, of
FUIT R T WA DA BUOTE & T L. R iy
A A S WRUAAE DU AN T T ORI 5Tk

2.1 BRI R R T

B UAR R KRE —  PE, R T H AT
VI 2 WA AR v 28 4% G2 1 “try-and-errors™ J7 ik - #k
FIE B A, XA AE LUIE FH 1, TR B BH 25
T2 AR B B AR R R TE LAV, MR T 22 T
A, A RHEERRUNER RS, TR A S I B
W, LT REN. 56 25 4 58 Weidh Hi“ I 4
G5 K8 R TIUI 7 E JT A AE TRE ) B = A B
f L DR A TR B R 2 RS e R AL 4
(R B T SOR N FH AL

T B VAR BN PR R RO B B A e D
b Ny NS/ S A el SR S i I T S R NN 7
Rogers##% {i:Nature |- 458 3045 M. b 18 A%k
HECR, JLT-3CH BTG (BRI Ab), 45
TE 1) B TR TR HME RIS SR K. BT A A Y H
WFFN DUAR TN — Ak ik, e Bt & 55 4+ X
BUos 0 T 4 e 8. IRAE URE 27 A5 B T P A 2
FFREI J7 8. B F IR S R A (AR 55, KR Y,
FARAL IR T o a2 00 TR B 3 1 Aok B 3
BEh N LRl 2E S ml. » SR 53m i Wi 5 1984
P DSk SR I T 25 A Al ) R 5 ) R )
g, HL T AR R ER, S 807 FHES
¥, 185 [ 125, 1886 12 7 14, 9400 4% sk (141 3). *f
XA SIS AR AT T 428 AT AAgs, ST

BRI B AN S0 T B RGN TSR S Ath 4L
. AE B UK R ARt b, RN R SR
8, BT B 1 A A A S A i PR,
LABF, B 1 04, L5 ANTR] 45K 1) B 1 T B )
AT 5 (et ] ) Bt 7)1 AN e S B D P A
R 4), Dy sl BEvE B 2 B AR Ot 7
REPEMREA S R

. %

Thermal
.~/
)

T =a+bE
"t Onsiger

+ (“L‘IIIIKI A |
+d-HDSA,

IL. Database

Pure
Transport : -

—
SR

Electrochem.

~ 7

f k!
Equilib, —{Tﬂi

|

B3 BB E

I ] AN Dy BE AL B T AR K AL T S,
IR T AR I AR AR IS R 4 S
(B 5)M2, Ry F K LB /R T S s 2 1 25
R 45 R BTG IR T L BRI T o T I R AU
2GR IO A AR, AT T WM B AT R A 2> A
(K102 kg, LB AR 2> 70 (ke k. B 1A
T 2B 190 29 5 A 1A A A TR AN e ] 5P 3t KE 8 1
WEAE AR AN E TR, WA R s I
NG T B TR, o7k L W] T 8
TABARANF 50 1 B A J5t (1 HLI 1) B it S AR )
POAS R, B B 1 AR I BR B R e it 1 ko
.

BT WAy TR SR At 4 T 0% . H
(IRILA7 S At VAN g 20 P TRICE S S R LA
JER M IR, B2 T o, i gy
Bris iz sh B, WEo0 T & 1A IR O 45 0 B A
BB 7 1E AL AR T RE S SRR BE 0B 1 4 3l R
RS, AL T B TR I ROW 2 i (n B e A KL
E)VE BT (RAR A E AALS B R
Z A ERRKR. GG AR MQSPRIT L, AL

1135



SRBIVIAE: B WA IRRT AT HERE S N

10,2000

(a BFuER

B 5 BTWAERBEEMESEH(CLEMIM]CI &)

T 2 RPN AR B0y i T
BRI 22 BRI R KR 6).

2.2 BHFWARREALH F A

BT AR AR e, FCE TN R R KK
PebeitG 2 —, WAL T B 1A A 5 2
B N2 1 53 B s T TBOR AR AT 9. S 360 ' PP 8 1 A )
6 ol R A AR SR N, T LGy s AL R b
BRI TR ARG, AR, A NAE =
Ut 2 VRS IR B TR T S B 5 R K A A, ez
JRER, A7 HES /K B R 18 1 I A AE £ i R rp A
HUKMR. DIk, SRR N ] B 1Ak, 2 20U ok
BT WA A 1 5 BRI B 2 11 ) A

1136

(c) ERMEE L5

R0 U A RS 1 6 PR B A HE R, KT
SR 2 FR A BB T ) 4 i AR, i 7
Bz, R O - e A 4 A R s e s 2R, T 50T
KT RNy AR L AR A SO A P R K
AT RAR R, B2 S MM B A%, 2 25 B AIG
BEFEMIRRAS, i g 17 0 Y0 A LS A o 4% 11 0% B 3t
F . SR b, @ T B B R R B
T TBAL T 5B E, 2B AR R B
W= A AF 100 R KA R S TR

2.3 BFARAR R B TRREOR MR
T AR R RO AR T TS T i ek DI RE Ak 2
TWARI BT R0, HBIAE BTt I 5 B T A I I



PERY: B (L% 2009 4F %5 39 % 510 #A

Quantum effect Cluster effect Mesoscopic effect Coupling effect Field effect
I~10 A 1~10 nm 10~100 nm ~1 um ~10 cm
10" m 10 m 10%m 10°m 10 m 10" m

K6 BTHAELZRESHERNMKER
NaBF —\ @ BF o
— RI’ﬁVN"R‘, s+ Hydrophilic
KPE, ,  ("\& ©PF, Hydrophobi
' 5 ydrophobic
S
] LiNTF, —\ e X
) —\e ¥ < — RJ{W‘“‘RQ NTE,
N R~ ~F TR 2 1 2 Acid
R 1 B
: R Y-M NaHS0, (A& Hso,
R RX ik, o | ST R”ZINTR,
P! m r-ESp X Functional group ! :
R/ xR = L Br 2 4 — \_ NaOH ﬁe QOH
) ’ ~ *  Basic
= R_,“--.. R~ ~F R,
R _ S £ - (1)NaOH };L
X =
R, S
%‘
=

B 7 BT R &

TR, TAF T LU0 = RIS AT 7 B ROR, (HEE
FCIEARAG R MR NP S, 06 250 A% e R TR )
i) L, FEAZ LA A2 BT 5 180 5 IR AR AR 1) B I A 3
RO, T H RIS T AT LSO B TR
PN AR N (R0 .

SR AR HE N T 8 A Jot b A% 3 - Fe A 22 A
M IR 10 S T 9k AR A, 0 T MR AT LA
HIS ARG AN SN AR BEAT R GEIOWT ST, TN T 1

R
—_— R, - .
{2) Amino acid R, ’@"“R: ?‘IOOC — - Functional

RSONa R o J o
R !L‘-R‘ 0S8 ‘}
(8}
0

Hydrophilic

Pyridinium

Hydrophobic

PR TR AL R B BB IR TR, B TR S
KA TEIR LR W 1] 8 BT, AT AR R B
P TR RO B AL T AN vy B ) BRI FR . AR SR
(KR fnKelbaliyev & CeylanJT & HA AL - i g
TR R BT AE T, 77 2R T i
2, W 9(a)Frnla, 4 B ORI B 5V OF B T AH 45
r, F RGN AL B IR AR R A TR A 1R 4
71, PLBS T o s R gl SRR D, diar

1137



SRS B TR AT 2E R S

|

BIREPBEASBE

o000 0 e 0 0 0 0 0 0

KPR SREE

B8 BT AKMSIEAMAT A

BT R IR AR, SR g R
RAF, wE 9L, WHRN, & TR R 1L
3 UL HRA AR (2 1 A RO AT R AN T,
AU B TR LI, TR w
SRR A R R T A5 2, 5 18X £ 1) e 11 1
{10 1 326 % S IS A 20 A i DAy i 7R 1 IR S I 5% 1R I AL
BEF PR AR SR
24 BHFWAERAHTE S L ERER

N A2 W] 5 5 A T P TR PR A A e YA
Mg, JUH R A RERRE B S AL ] 4 oK (1 CO,
TN, B A g CO, Al R 7 B A AL A
FI SR A TR AR, 5y Ui, B FEA AT i
A AE JEURE B A 575 G e BEAR ) A, kR K
I A by s v i s R4 Tab e, AR 25

.'l- H-' -~ -
1.5F - ug g . -
gﬁ’!ﬂiﬂx ;
= nyt " oe
:_I .‘-.
& Lo
b:
0.5

0 5 10 15 20 25 30 35 40
Re
(a) Kelbaliyev & Ceylan 17U

HCN {17 MMA(F 3 6 R )T 6l 20, il it TR
PR 4R REH T 25, DI Tl e UL s
VA BT, n] R S AL e AL T b 0 T 4 AR
JEUR R BET. I, R B TR N AR A K
A Dby AR VBT 5 ik i P YL, X % i e ] Ut R sk i)
LAY LR X

241 BFWARLE CO MR 23 b4
M

CO, Ui FE Y A NI 1 BBk, e v AR
KRIBAR SRR E TS AR CO, H R 1, SRA3
FIRBECO,, RS HAT M AF B AL R . itk i
WFFUIT K CO, M2 B ER. HATCO, i 72y
{1 3= TR AR 1 28 BB IR Ak 2R A 2 v 22, g
WEAFEAEAERE R S IR KL W5 5 5 o 5 i) i 23281
e A 94 55 AR R R T R AR IS T, IR i 5
FFR B ALK COy WL A 5 R 4 b 1) W ie T2 20 e 1)
sk, AR, KBS T A T CO, M s Y R
(1 T B H AT 5¢, U T — S8 Dy e Ak 1 B T
PRI SRR I 6 258 AR B 10(a) BT R),
TE i R4 A 0 CO, RIS AT ik 8.5wit% (1 &
10(b) i 7i); AU K2R Ty ae b B 7 Ak, oo K
T 15wit%, S RS IR 10~40 4%, Tk e
HIR B P 5 L 1 )y e A B8 M40 C O, TR L 2k %
N 7.4 Wit T i ek jY AT SEELCO, HI AR,
BRI . B 55 I IONA JlkGE, BUA L
AT SR OB, CORR Ty ST N B Ak
0.22
0.20
0.18
0.16 -
0.14
0.12F s
0.10F <7

0.08 -
0.06 -

= 310K
0.04 . 330K
0.02 - « 355K
0.00F < —<a— CFD of this work

Bubble velocity (m/s)

L i L i 1 i L i 1 " 1
0 10 20 30 40 50
Column height (mm)

(b) 2TitEy VOF FtgmEadl

-0.02

B9 BT [BmIim][BF,]H < HE 3T A TRAME 5 TR E B Xt Eb

1138



PERY: B (L% 2009 4F %5 39 % 510 #A

(a) ERBIEEERBEREHE TR

B 10 SEMBEERRE TR KX CO, HITR KR

i & 4 B CO, (http://www.gizmag.com/ionic-liquid-
co2-emissions-control/11105/), A% T 1% 4t ¥ 7 i 4
WAl RS> B CO, 1Y fig FE BE AT 30% KA b 48
(ChemSusChem) BU4i#, 3 [ 95 46 1t A1) o 0 /K [ 5%
S B R B ARV E R OR H ) AR IR CO,, A%
Gk 2E S TR S N s Ak TS VE R, R T
TARA AR 73 B CO, 1R R 2 T Y H i 5.

242 BFWRARAEAL 05 vE R

Q) B BN AR MMARE 3 T2, BT
B F R A T2 [ PR gk b 24 T D A2
—, A T A RS R, MMA(T
BE IR TR AL — oy B B A ML TR,
15 2 4 55 (F HCN W MMA 2 77 5 B2 J50 1 1) ) 2 4IG
(47%) BRI, V5L ARy, G VEIR. KRBT
SEEBELR BN E PSSR, IRITET 7
TG BORT B T2 WERIT R T LARUT I N R
B b S A OMAL (3 P9 995 18 ) X MAL A AL R 1L
" IMMARE T2 WEFCTF R T 851 R A TR
WCMAL BT B, il ol T 4% 8 FFREWOBC T 20 8
PEVG G RARIR B AR S5 8. TR R T BHAT B EHH
BUTMMARE SRR, S HCNIEM L, 35
T2 R TR R L 30%, K ik b & K
MR HER, b Ae 3 EMMAR) B P K309 9% J5 T
ST, 2 BAKRE O S, 2 HEMMAFS AR
(OPIE7E /SRS €5 -9

0.10
. 11 | B W |
008 gylaetiiagtl ot .,
=l ‘. ..
LN .
0.06 & .
ke ]

v
0.04-',‘""':“" ""vvv",vvvv

CO, adsorption (mass fraction)

F : "3
0.02 A CO, absorption g
Ag
0.00 ¥ & . - vd
. : . : = : : :
0 100 200 300 400
f (min)
(b) CO, RITHR

(2) BT R T2, HarHlE SRR
M 7600 J /AR, BRIE LT 4 A4 TTIAE, s ER b
A 1) A7 5 68 T3 T 2 TR 9 0 T3 Bk 17 P (9 5
Wi Sy —J7 i, PSR IR 20 Jy /AR, A
H 2 30 /2 TC14F, R e A D 3 i T B VR 2%
Bl 11 b iR R T2 R B, @A
) 1 ot 2 7] 5 9 i e BB R T A AL B )
— B WA, B S AR PR S B, B AR
TE 0 A E R A (RSO ER E IR, P I IR ) A0 B A
T R 22K A B R T (R R T 5 AR G R
LZAHEE, B L2 HAHRAESATRAT . iR 2% =
AR D L R A A AEER A L n [ B e R
BRI AL

(3) B MANMARIN Z I ReH T E. B
B AN R 20 ) b AR AR P 2 R T IR R
CIEHBKRE TS, WK, fektm. P iBCR(Rss
i) . Shell. UCC. Dow?%s [ F5 %0144 2w 7E M L4t
HEA K Bkt & — W J7 T HEAT T OR & IRRIE ST AR,
AL A 700 P 3 P R A PSR AN AR BRAR, FOK & AT
R, HOIEOGR S L X6)=6 1 1~8 1 1, 4 FFf)ik
PR A 7 (<96%). Tk BT ZEWF 5 IT & L Tl
AL A TR0 20— WAL K BT T 20 KB,
B L 2T EOS CO, R M AEREC(IKIR L4 TE), 2R
JGEC/KMRA K < — . Wk 12, 4t TH,O/EOLL,
e m TECI AL %, W90 T ECK MR N 1 3) )
2 D3] G G R AR, Lot BB K B AR B, K B

1139



SRS B TR AT 2E R S

Crude oil
! _/R
\ COOH W/
RL Pure oil phase — Pure oil
+
(_ H‘C/\/\}ﬁ/\CHE
5 B B P
R/“—:/ NPT
+ TNF GJ @},r:\
COOH
e o o Y NN
Recycle R o
lonic liquid phase
(I\jcoorl
B 11 PR RER TZ
100 4
100 4 100 90
] L » With water
23 90 80 « Water free
—_ 1 F 80
s [ 704
= —_ ]
z 707 (708 £ 604
2 60 - —— EO conversion + &0 T = ]
2 & ——EC selectivity [ 59 2 2 307
= ——EG selectivity | 2 740
o 304 30 2 ]
= 201 [20 201
|0'M/#,__ﬁ,/«ﬂ"’/ F10 107
014 0 0-

0 10 20 30 40
H,O (wt%)
(a) H,O/EO B/Rtesy EC SRE0EA0

B 12 EC A& RMN R IR NS %

22 01 [R{GF) 1.15 ¢ 1, BEFEPAAT 30% LA .

BT W AE A o RB IR R G B
T A=Y R PEA M, B AR RAEY)
FEAT B 7.2 A0, ZEM) R A5 s A R 28 5 )
SR A 25 1) — TUSE R PE . arRE v, 2yl
S GE R R AL T AR ) 2 A SR ) L A
AW ORI R IS R, 4 g3 B R AR ) I AR
KA Z —.

HLAE 1934 4R, AT A IN- £ KRtk e SUER wT LA
VIR LT 4 0, IR Rl 46— Lo 4T e BT B, A
ST B AR R Ak 118°C, B SR AT
k. 2002 4F, 3 [ B AL X Rogers T IR IE 2
TR £ 2 F 0 i R, R R AR SR T

243

1140

0 25 50 75 100 125 150 175 200 225 250
Time (min)

(b) EC &aiRR=nN5

M SR B DGR, IR TS AR AE A i 9 R
(3. SwatloskiZE B i L% 241 B 1Ak, RN
[Bmim]CIX £T 4k 25 JL AT BUF VA IR RE 1, Heinze25 B8
FLAC T 3 MBS 1 ([Bmim]Cl, [Bmpy]CIFIBDTAC)
o £T e 25 VA IR I . A R A K 7 A5 BB S B U
PRXT A1 4 2 s R e kAT T RS MIETL, KL 1-
I TN H-3- R Ik s S 2R ([AmIm]CI) & i AR A 1
R RRE ). LB AR AR AL G A HLE )
K25 DI 2L S IS NI EZSS & IR g B
2.4.4 M. RIb RAERERIAR

AR, T BT AR T 8 b )
AWHPL. Macfadane ¥ U5 1 B8 7 W1 O 98 s A
¥, AU T R T IR R RS R TG



PERY: B (L% 2009 4F %5 39 % 510 #A

PE, HARAEr, B s Folfedirh il 58, H S
PEGF, AT B 7 AR e U B 1 N AR AT AT S
YasushiZ5 2L [Emim]Cl-FeCl,-FeClg 14 2 ¥ FH T it
A AR AR R SR T ) AR A R R
e, A a3 20 E 2P N . Yasuhiko%%
VLt ik P R Tt PR VRCIE AT T R M 5T, SRS
T F AR A il st b, T DU AT HL
7 B AR R IR 3 e SO B A B T
BE U, EEXHER I B A OB ) R, B TR S
5T T AICI/[Bmim]CIA 2 1) v T 28 B 20U BE 7R LL AR 4K,
W 13 FoRML SR B PN G, RS 5
TR PRV . PETRACEL . R AR Bk
A AR P N R 2 IR R R, ISP T R A
T JERT A JZ A G R S TR ORI (R 5, kT el
ZEDURHLEEREAT T 4007, B 14 AR s s~
BRI [ SEM P ee45],

Conductivity, k (mS/cm)

8
7
6
5
4t
3
2
1
0

|||||||||||||||||

Molar ratio of AICI, to [bmim]CI (mol/mol)

Bl 13 298.15 K %4 F AICI;/[Bmim]Cl 44 % i) 1 S & i
RWEE R LA 4K

AIFFEREUR, WOKBHRE. XRE MUK REZ A b
P HA HL 0 i3 i e, H T H AR e 1 5
oAV R, il BE A B R LR AR [N R 35
2 e g M 0 DA B A R A A RN R AL
AR IR A R A 48 1A vt 7K 1 A 3 R ARG
Sp R I PV LA O 3 AR A A v TR K )
K, AR T Ak, HOE LA BRI IR
TR, BT WARRRRE T AR ERER, H#
Rt A AR tEar, RBLAMHEE. AR B

Bl 14 AEBEKEFEmMACM?) THERZEK SEM &
(a) 14; (b) 24; (c) 34; (d) 44

ER A B . B IAORT B RE AR Bt T
FBAHET, A KB RER)) 2 R O e Brig 4z,

3 RH¥

5 WBUAA RIS 7 b A 7 FE P T 300 A 6 . 2
JREAE . Ry R > o S AR ARUE AT
A PN E SR, HIZX LU S B N A SR T ]
A, LECIE MR A B AR SR B R R, AT
FCA TR Y A A I AN RN, EEHEE 1
WA AL REAN R 85 e, FATT L A HE — 2 RN
ARG Tl JBUE - 5 WU (KT RTREES S ] 5 SRAE M
B2 B AR ANDCAT LU Oy o i EAR N, B
HLE (PR AE N 2R B 2 B 7 i 10 A 5 (1A 7 B
WD), B TR E L S AT HEH SR
dity, A RAWFEER T

A, AL L s (1) BT
IR AR, T B TR RS 2, LA A A
BRI, BT R MR, PR
WFFE R MR 2R 00 0 % Ll B 7 R AT 224K, i
Z RGBT 5, XL A I
Z—. (2) BT WARE) RSO, B AR A R
(K9 J52 I8 /A 38 RAERE AR TR TR K 2880 I PR A 2% i 1 R S
SL, AT SCHR A TE R A B SR B0 AN
TFREMEST, HAede it sis 2 /Ml(100 mL Z7) [ s b
B B A, AR AME B A 2R G2 R BOR AR B8 B A HEG
XA RS Y, I R vk, e KB L, W)

1141



SRS B TR AT 2E R S

FALTEFE N & AR gt WML, Bk Rk, RENILERARTZLE, 2@ B
IR, B AR AR e ok, IXEE R, T TR R R S e A
BN (3) & TR ARG, B TR BRI 5T R AR AR Rt

RUETE PAEG VM2 GErE I, W & Ao LR LA, BT HARMMAEOCR . TRBK AR
R, WREE I R4 ﬁﬁ%ﬂﬂ%ﬂ%ﬁﬁﬁ%' BRI SR G FE R Tk A B (R S BERE 2 A 1)
AN R PERE T B, IR RN IR XL R, R SRS S AN LB (R S

gt ROt E A FERFE4ES: 20625618)F0 E K & & LA #F %5 & B 1T %1 (4% 5 2009CB219900)

EEE
25 30k
1 Rogers R D. Materials science: Reflections on ionic liquids. Nature, 2007, 447: 917—918[DOI]
2 Rogers R D, Seddon K R. Ionic liquids-solvents of the future. Science, 2003, 302: 792—793[DOI]
3 Blanchard L A, Hancu D, Beckman E J, Brennecke ] F. Green processing using ionic liquids and CO,. Nature, 1999, 399: 28—29[DOI]
4 Brennecke ] F, Maginn E J. Ionic liquids: innovative fluids for chemical processing. AIChE ], 2001, 47: 2384[DOI]
5 ZhangS§, Chen Y, Li F, Lu X, Dai W, Mori R. Fixation and conversion of CO, using ionic liquids. Catal Today, 2006, 115: 61—69[DOI]
6 Yu G, Zhang S, Zhou G, Liu X, Chen X. Structure, interaction and property of amino-functionalized imidazolium ionic liquids by ab
initio calculation and molecular dynamics simulation. AIChE J, 2007, 53: 3210—3221|DOI]
7 Wu Z, Jiang B, Liu Y. Effect of transition metals addition on the catalyst of manganese/titania for low-temperature selective catalytic
reduction of nitric oxide with ammonia. Appl Catal, B Environ, 2008, 79: 347—355[DOI]
8 DongF, Zhao W, Wu Z. Characterization and photocatalytic activities of C, N and S co-doped TiO2 with 1D nanostructure prepared
by nano-confinement effect. Nanotechnol, 2008, 19: 365607[DOI]
9 Cussler E L, Wei J. Chemical product engineering. AIChE J, 2003, 49: 1072—1075[DOI]
10 Zhang S, Sun N, He X, Lv X, Zhang X. Physical properties of ionic liquids: database and evaluation. ] Phys Chem Ref Data, 2006, 35:
1475—1517[DOI]
11 Zhang$§, Sun N, Zhang X, Lu X. Periodicity and map for discovery of new ionic liquids. Sci China Ser B, 2006, 49: 103—115[DOI]
12 Dong K, Zhang S, Wang D, Yao X. Hydrogen bonds in imidazolium ionic liquids. ] Phys Chem A, 2006, 110: 9775—9782[DOI]
13 Dupont J. On the solid, liquid and solution structural organization of imidazolium ionic liquids. ] Braz Chem Soc, 2004, 15: 341—350
14  Talaty E R, Raja S, Storhaug V J, Dolle A, Carper W R. Raman and infrared spectra and ab initio calculations of C, ,MIM imidazolium
hexafluorophosphate ionic liquids. ] Phys Chem B, 2004, 108: 13177—13184[DOI]
15  Liu X, Zhou G, Zhang S, Wu G, Yu G. Molecular simulation of guanidinium-based ionic liquids. ] Phys Chem B, 2007, 11:
5658—5668[DOI]
16 Liu X, Zhang S, Zhou G, Wu G, Yuan X, Yao X. New force field for molecular simulation of guanidinium-based ionic liquids. ] Phys
Chem B, 2006, 11: 12062—12071[DOI]
17 Zhou G, Liu X, Zhang S, Yu G, He H. A force field for molecular simulation of tetrabutylphosphonium amino acid ionic liquids. ]
Phys Chem B, 2007, 111: 7078—7084[DO]]
18 Yu G, Zhang S, Yao X, Zhang J, Dong K, Dai W, Mori R. Design of task-specific ionic liquids for capturing CO,: a molecular orbital
study. Ind Eng Chem Res, 2006, 45: 2875—2880[DOI]
19 Sun N, He X, Dong K, Zhang X, Lu X, He H, Zhang S. Prediction of the melting points for two kinds of room temperature ionic lig-
uids. Fluid Phase Equilib, 2006, 246: 137—142[DOI]
20 RAUL, REF, FAL. GENMR: BT RKY SRBEABHE EHHAR. Ami TRAZF MK, 2000, 1: 3—4
21 Kelbaliyev G, Ceylan K. Development of new empirical equations for estimation of drag coefficient, shape deformation, and rising

1142

velocity of gas bubbles or liquid drops. Chem Eng Comm, 2007, 194: 1623—1637[DOI]


http://dx.doi.org/10.1038/447917a
http://dx.doi.org/10.1126/science.1090313
http://dx.doi.org/10.1038/19887
http://dx.doi.org/10.1002/aic.690471102
http://dx.doi.org/10.1016/j.cattod.2006.02.021
http://dx.doi.org/10.1002/aic.11339
http://dx.doi.org/10.1016/j.apcatb.2007.09.039
http://dx.doi.org/10.1088/0957-4484/19/36/365607
http://dx.doi.org/10.1002/aic.690490502
http://dx.doi.org/10.1063/1.2204959
http://dx.doi.org/10.1007/s11426-006-0103-4
http://dx.doi.org/10.1021/jp054054c
http://dx.doi.org/10.1021/jp040199s
http://dx.doi.org/10.1021/jp068849a
http://dx.doi.org/10.1021/jp060834p
http://dx.doi.org/10.1021/jp068365e
http://dx.doi.org/10.1021/ie050975y
http://dx.doi.org/10.1016/j.fluid.2006.05.013
http://dx.doi.org/10.1080/00986440701446128

PERY: B (L% 2009 4F %5 39 % 510 #A

22

23
24

25

26

27

28

29

30

31

32

33
34

35

36
37

38
39

40
41

42

43
44

45

Dong H, Wang X, Liu L, Zhang X, Zhang S. 1st Asia Pacific Conference on Ionic Liquids and Green Process, Beijing: Chemical In-
dustry Press, 2008. 160—161

IPCC Special Report on Carbon Dioxide Capture and Storage. New York: Cambridge University Press, 2008. 10011—4211

Bolland O. Comparison of two CO, removal options in combined cycle power plants. Mathieu P. Energy Convers Manage, 1988, 39:
1653—1663[DOI]

Bolland O, Undrum H. A novel methodology for comparing CO, captute options for natural gas-fired combined cycle plants. Adv
Environ Res, 2003, 7: 901—911[DOT]

Chiesa P, Consonni S. Natural gas fired combined cycles with low CO, emissions. ] Eng Gas Turbines & Power-Trans. Asme, 2000,
122: 429—436[DOT]

Yuan X, Zhang S, Liu J, Lu X. Solubilities of CO, in hydroxyl ammonium ionic liquids at elevated pressutes. Fluid Phase Equilib,
2007, 257: 195—200[DOT]

Zhang J, Zhang S, Dong K, Zhang Y, Shen Y, Lu X. Supported absorption of CO, by tetrabutylphosphonian amino acids ionic liquids.
Chem Eur J, 2006, 12: 4021—4026[DOI]

Zhang Y, Zhang S, Lu X, Zhou Q, Fan W, Zhang X. Dual amino-functionalised phosphonium ionic liquids for CO, captute. Chem
Eur J, 2009, 15: 3003—3011[DOT]

Bates E, Mayton R, Ntai I, Davis J. CO, capture by a task-specific ionic liquid. ] Am Chem Soc, 2002, 124: 926—927

Maiti A. Theoretical screening of ionic liquid solvents for carbon capture. ChemSusChem, 2009, 2(7): 628—631[DOI]

Earle M J, Esperanca ] M, Gilea M A, Lopes ] N C, Rebelo L P N, Magee ] W, Seddon K R, Widegren J A. The distillation and vola-
tility of ionic liquids. Nature, 2006, 439: 831—834[DOTI]

Zhang S, Chen Q, Yan R, Wang L, Chen Y, Yuan X. PCT/CN2008/000479

Sun J, Ren ], Zhang S, Cheng W. Water as an efficient medium for the synthesis of cyclic carbonate. Tetrahedron Lett, 2009, 50:
423—426[DOI]

Sun J, Zhang S, Cheng W, Ren J. Hydroxyl-functionalized ionic liquid: a novel efficient catalyst for chemical fixation of CO, to cyclic
carbonate. Tetrahedron Lett, 2008, 49: 3588—3591[DOI]

Graenacher C. U S Patent, 1943176

Swatloski R P, Spear S K, Holbrey ] D, Rogers R D. Dissolution of cenulose with ionic liquids. ] Am Chem Soc, 2002, 124:
4974—4975[DOT]

Heinze T, Schwikal K, Barthel S. Ionic liquids as reaction medium in cellulose functionlization. Macromol Biosci, 2005, 5: 520—525[DOI]
=5%, Rit, RE I-HREITEARLEERE FRAGERR LS FRETEMERO M TR, &5 FF K, 2003, 3
448—451

KAk, AWF, WA, N FL A, A BFRAAE P68 A K ik, 2005, 35 144145

Macfarlane D R, Huang ], Forsyth M. Lithium-doped plastic crystal electrolytes exhibiting fast ion conduction for secondary batteries.
Nature, 1999, 402: 792—794[DOI]

Yasushi K, Isamu K, Takashi M, Tomiya K. Redox reaction in l-ethyl-3-methylimidazolium-iron chlotides molten salt system for ba-
ttery application. J. Power Sources, 2002, 109: 327—332[DOI]

Yasuhiko I, Toshiyuki N. Non-conventional dectrolytes for electrochemical applications. Electrochimica Acta, 2000, 45: 2611—2622[DOI]
Yue G, Zhang S, Zhu Y, Lu X, Li S, Li Z. A promising method for electrodeposition of aluminium on stainless steel in ionic liquid.
AIChE ], 2009, 15: 783—796[DOI]

Yue G, Lu X, Zhu Y, Zhang X, Zhang S. Surface morphology, crystal structure and orientation of aluminium coatings electrodepos-

ited on mild steel in ionic liquid. Chem Eng J, 2009, 147: 79—86[DOI]

1143


http://dx.doi.org/10.1016/S0196-8904(98)00078-8
http://dx.doi.org/10.1016/S1093-0191(02)00085-0
http://dx.doi.org/10.1115/1.1289647
http://dx.doi.org/10.1016/j.fluid.2007.01.031
http://dx.doi.org/10.1002/chem.200501015
http://dx.doi.org/10.1002/chem.200801184
http://dx.doi.org/10.1002/cssc.200900086
http://dx.doi.org/10.1038/nature04451
http://dx.doi.org/10.1016/j.tetlet.2008.11.034
http://dx.doi.org/10.1016/j.tetlet.2008.04.022
http://dx.doi.org/10.1021/ja025790m
http://dx.doi.org/10.1002/mabi.200500039
http://dx.doi.org/10.1038/45514
http://dx.doi.org/10.1016/S0378-7753(02)00077-0
http://dx.doi.org/10.1016/S0013-4686(00)00341-8
http://dx.doi.org/10.1002/aic.11698
http://dx.doi.org/10.1016/j.cej.2008.11.044
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Frontiers, progresses and applications of ionic liquids

ZHANG Suoliang”, LIU XiaoMin, YAO XiaoQian, DONG HaiFeng & ZHANG XiangPing

State Key Laboratory of Multiphase Complex Systems, Institute of Process Engineering, Chinese Academy of Sciences, 100190,
Beijing, China

Abstract: This article reviews the researches of ionic liquids (ILs) from fundamental to application. ILs, as a new
kind of green solvents, have witnessed the rapid growth period, and are entering a new phase of application. In this
paper, the multi-scale structures, physical properties, transport phenomena in large-scale ILs bed, and system integra-
tion are introduced. A number of typical applications of ILs at lab, pilot or industrial scale are illustrated. Some new
applications of ILs are also discussed, such as CO, absorption, dissolution of cellulose, energy storage material and
so on. Moreover, ILs may be used as food and medicine.

Keywords: ionic liquids, frontier, progress, application, review
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