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WE: BETHRAR-MHFHGEER, BERENERE F58 HER, FRERFNIEEN, MKATFEHEIBEMNA
FREFNERE. SEHERESE FRARNRNERE. 28 EENFEER, FBONSEFER. BT REREmEREst
HERMBASBEEPOAS . CASEAIEGTEEENEW, REENEMPMEEZ —. EHITHIERYE, BTG
ZE R RO MBERS — ZRE[EMIM][DEP] 5/KM Z BBl Z ok R RN B i SRR B EN fURE, B TR R IR HA
FRWARERTE THREWE. ACRA—PEHE T B TR ZEFERMRE = ZE[EMIM][DEP], }H34Bailb )5 aHE R
[EMIMI[DEP 4T MRS F B A 04T, 1 B 4048 5[EMIM)[DEP) & H AW & . ARG IS T HAE R 97.01%. XA RRE
B B FRS[EMIMIDEP| R 5K, ZEEMBETHEN 3 A B RERMNBESWETTUE. 2HRRTHRNE
B. BTHREARRENBARENZWNASE. SREREM, ¥BT, BFHEEEMIM]DEPINEE N 270 mPa's, ZFEEHET
IKESEEFER 300 £%. EMEFHRHREFOAFNEEEE TBREAS Ok 8. B8 FRMEM, HAELEEK. Fit
Emt b, KA Arthenius % B FHAEMIMI[DEP) 5K, ZEER H BTN 3 D u ik RIOEE SR IR EIT T %8, ¥
KETHEMENSE., FENTRESTEEVARGT, LPYHHRES NN 1.84%. 4.60%H 3.44%.
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#3 [EMIM][DEPJ(1*+CH;OHQ)ZEF R E T EE
Table 3 Viscosities for [EMIM][DEP}(1)+ C,;H;OH(2) at different

SERAMRERE: &XFET (ol.5 mm); BTFRXR
F1 & HREKRRE 1 € MRER 1 HHS
16 WERET 13X (BRI 0.1T).

AICRAHELRH B FBAEEE XARAEH
WHEREE, S4R0E 3 KIFYE.

AT R ER TSN, AP AR R
T HEEARBETRME, FABLRESR
HEHAT TR, SRR 1 Fim PR EN
1.65%.

3 EBRERRAKRK

3.1 RREZR

AL E T B F AR [EMIM][DEP] X 34 55 H,0/
C,H;OH/CH;0H A i — LB BERFRE T M 25CE
SOCHIBE, HERWE 2 ZR 4Fix.

#£1 THENEERERENIRE
Table 1 Experimental and literature viscosity data of Diethylene

temperatures.
TK n/ (mPa's) TK n/ (mPa's)

x=0.811 x=0.388
208.45 180.98 298.35 25.4
303.32 131.15 303.25 20.78
307.65 102.43 307.94 17.66
313.50 81.01 313.55 15.18
318.25 63.8 317.85 13.21
322,75 52.52 323.35 11.67

x,=0.587 x=0.197
298.35 71.12 298.40 7.03
303.35 55.29 303.70 6.02
308.65 44.04 308.35 5.35
313.20 37.59 313.35 4.87
318.20 31.38 318.25 4.40
323.25 26.35 323.25 4.01

#4 [EMIM][DEP)(1)+CH;OHQ)ZEFFIRE FHEE
Table 4 Viscosities for [EMIM][{DEP](1)+ CH;OH(2) at different

glycol.

FE () viscosity

/ (mPa's)
¥ [id

I'C data

35.05 17.580 17.910 1.88%
40.15 14.563 14.669 0.73%
44.85 12.130 12.454 2.67%
50.00 10.029 10.161 1.31%

%2 [EMIM][DEP(1)+H,0Q)ZEA FIEE FHIE: B

Table2 Viscosities for [EMIM][DEP](1)+ H,O(2) at different
temperatures.
TK n/ (mPa's) TK 7/ (mPas)

x=1.000 x,=0.405

298.05 272.01 298.65 82.79

303.35 211.18 303.6 61.78

308.35 158.75 308.45 48.71

323.15 76.19 322.95 25.11
x=0.782 x=0.210

298.65 233.64 298.85 27.56

303.15 176.18 303.15 22.32

308.25 130.45 308.10 17.44

312.85 102.16 313.05 14.55

318.18 79.25 318.12 12.05

323.05 64.62 323.12 10.29
x,=0.550

298.35 148.29

303.27 108.7

308.45 82.12

313.45 65.44

318.17 51.20

323.25 42.39

temperatures.
TK 7/ (mPa-s) TK H/ (mPas)
x=0.782 x=0.382
298.35 162.70 298.20 2297
303.20 120.73 303.44 18.72
308.15 89.74 307.85 15.83
313.20 73.57 313.40 14.07
318.15 58.67 318.45 12.07
323.40 48.34 323.25 10.85
x1=0.643 x1=0.202
298.40 79.78 298.55 5.47
302.95 61.60 303.55 4.79
308.35 48.34 308.05 4.19
313.15 40.68 313.10 3.94
31835 3332 317.95 3.54
323.20 28.36 323.15 3.31

MNERLEREH, B FRANEERX,
[EMIM][DEPJ7E 25°CRI 6 A 272.01 mPa's, 294 [
BETKMERER 301 . XREARTFRANMEEE
B FRERERM AR AR EeER IR
No FTFASCHIBKMERI B F I8, BKMIRH N R FH
FHRE, ERICARFXEImRE N ]RF—id, i
HEFESRE 1A BT, HEFEHR NEFRBHN
ZR, FRELTFEERTRE. BNMERMD. L
NEBRTFHHBSERGNEART, ERERS 14ME
NEFHATHEEMBTFH G RERHOINER
FHUBRARSRIEE, NIF-EHBERSIEH, IR
BRTER, FUEFRANRERK. B, HYT
—REN, BFREREN S TREREX, FHit
HoFRERADMGEEEHERK, XHURERKE
EBRXMREZ —. MEXERBIFHER—F, HE
BENAR, HBERZESRD. SEEN 50.15CH,
HFEMEE 76.19 mPa's.
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X T FBERE, KMZBHEERIK. &
1 atm, 25°CHf KM ZEEH)REBE S 54 0.8973 mPa-s Fl
1.0960 mPa-s. [H B K/ ZBEFE R P & B A ZR B 1
o, BRI B o B R PR
3.2 KEREIEXE

Chen "4 FAIUS ¥ Arthenius $1& T Hit-7K IR
EYEARBETIEE, HTHRSSREYE BRI .
GengM# i Arrhenius F 4 {T [ [C,MIM][PF,]+DMF 4
BEEBRMEEMREERRR, LHREESEREYES
BT,

A& X K F Arthenius 77 2 R < Bt & T W &
[EMIM][DEP] +H,O /C,H;OH /CH,OH%: /¥ 5 1%
. Arthenius 7RI (1) Fir.

1 =" exp(E, / RT) 6]
K, nhEBOFE, W RRERETHRE, ENE
WhE, nRin SHEBRARE R, FCRANTRARXM
TR

5
E, =) 4x" )
5
M=) B 3)
i=]
R 4, B,UARESE, x, WBEBRTE FHH
[EMIM][DEP] #8 /K 43 % .

BEEFRAENEBRERNRMER. AREE FHE
EEAR (1) 22X (3) #TKE, BRMXBESHEN
RSFFEOFTIR,

Fz5 K 2 PHHEBE
Table.5 Fitting parameters in the Eq. (2).

ZRHE [EMIM][DEP]  [EMIM][DEP]  [EMIM][DEP]
binary system +H,0 +C,HsOH + CH;0H
A 26362.48 11403.54 14755.56
Ay 38025.47 -14804.74 12782.38
As -4174.82 35544.81 123265.12
As -25095.05 163425.40 -209036
As 5803.76 -155862.26 106618
&6 X G) FHHESH
Table.6 Fitting parameters in the Eq. (3).
R [EMIM][DEP]  [EMIM][DEP] [EMIM]{DEP]
binary system +H0 +C,H;0H + CH;0H
B 1.09x10* 0.4540 112.58
B, -5.86x10* -3.5660 -1171.08
B 12.88x10* 11.1277 4097.46
B, -13.13x10% -15.3049 -5829.07
Bs 5.20x10™ 7.5887 2901.47

B X B E R I F ¥ 4% [EMIM][DEP]+H,0/
C,H;OH/CH,OH 4 Af 3 N o R BN SRES
HEAEN T RES A 1.84%. 4.60%. 3.44%.
1 EE3IAHTERAR (D ZX 3 HEMNFEEE

EXREMLE, NEPITLUES, —&EYERE.

300 -
¢® x=10
250 + B x=0.782
A x=0.55
200 - - %,=0.405
i . =
% 150 L Xy 0.21.
& correlation
=
100 |
50 '\\—
0 .THTH?‘ )
290 300 310 320 330

TK

Fig.1 Experimental and correlated viscosities for binary system
[EMIM]{DEP](1)+H,0(2) against temperature.
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Fig.2 Experimental and correlated viscosities for binary system
[EMIM][DEP](1)+ C,HsOH(2) against temperature.
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Fig.3 Experimental and correlated viscosities for binary system
[EMIM][DEP](1)+ CH3;OH(2) against temperature.
E3 [EMIM][DEP](1)+CH,OHQR)F B AR REE FHitHESE
BE
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2R FIEEKE 300 f5. FEEREAAS, HEHEHZ
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(2) B T W k% % [EMIM][DEP]+H,0/C,H;OH/
CH,OH H#E 5B E R HAMKIX RS Arthenius 2.
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Measurement and correlation of viscosity for binary solution: [EMIM] [DEP]
+H,0/C,H;OH/ CH;0H

Zhao Jianhua', Yan Shuanghua? and Zhao Zongchang?

(1. School of Chemical Machinery, Dalian University of Technology, Dalian, 116024, Liaoning, China)
(2. School of Chemical Engineering, Dalian University of Technology, Dalian, 116024, Liaoning, China)

Abstract: Ionic liquid is a new kind of green solvent. It has many advantages, such as negligible vapor pressure, non-flammability, wide liquid
state range, thermal stability and good solubility to water and many kinds of organic solvent. These unique properties make ILs a new reaction or
extract solvent in many reaction and sepreation processes. The viscosity of ionic liquid and their solution has important influence to the fluid flow,
heat and mass transfer process in the reactor or separator and is one of important basic physical property. The binary solutions consisted of Ionic
liquids, 1-ehtyl-3-methylimidazolium diethylphosphate [EMIM][DEP] and water or cthanol exhibited obvious negative deviation from Raoult’s
Law in our previous study, so it was possible that they would to be a new working fluid of absorption refrigeration and heat pump. In present research
[EMIM][DEP] was synthesized via one-step method, the sample was purified and characterized by means of THNMR. The stucture of the sample was
agreement with the chart of 'HNMR. The purity of the sample was 97.01% by liquid chromatography. The viscosity of [EMIM][DEP] and three
binary solution containing ionic [EMIM][DEP], [EMIM][DEP] +H,0/C,Hs;OH/CH;OH were measured at different concentration and temperature by
capillary viscosimeter. The effects of temperature and ILs concentration on the viscosity of solution were analyzed. The experimental resuits indicated
that the viscosity of [EMIM][DEP] was 270 mPa-s and about 300 time of that of water at room temperature, but it will decrees with the increase of
temperature and concentration of non ionic liquids components. Experimental viscosity data for these binary solution were correlated by Arrhenius
equation and the corresponding model parameters were obtained. The average relative deviation between experimental data and correlated ones were
1.84%, 4.60%, 3.44% respectively.

Keywords: ionic liquids, binary solution, viscosity, arthenius equation, correlation
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