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Research subject: Solvents are compounds that are used in the chemi-
cal, pharmacy, oil and gas industries, including in separation processes.
These solvents include alkanolamines and ionic liquids (ILs). lonic liq-
uids with a melting point below 100 °C are a particular class of chemical
compounds that have unique properties and characteristics. Design and
optimization of acid gases removal systems and CO, separation from the
gas stream requires experimental data of physical properties, Howev-
er, performing an experiment is time consuming and costly. Therefore,
thermodynamic models are used to predict the properties of pure and
mixture materials.

Research approach: In this study, viscosities of 3 alkanolamines (Mon-
oethanolamide (MEA), N-Methyl diethanolamine (MDEA) and Dietha-
nolamine (DEA)) and 12 ionic liquids based on imidazolium (imidaz-
olium based families of tetrafluoroborate, hexafluorophosphate and
bis[(trifluoromethyl)sulfonyl]imide) were investigated by the well-
known friction theory (FT) based on friction concepts of classical me-
chanics coupled with two simple cubic equation of state (EoS) of the
Soave-Redlich-Kwang (SRK) and Peng-Robinson(PR) at over wide rang-
es of temperatures and pressure and in different mole fraction (for mix-
ture) for prediction of viscosity. The models presented in this work are
based on the viscosity behavior of pure alkanolamines and ionic liquids.
Main results: The result showed that friction theory has a good opera-
tion in prediction of viscosity. When PR equation of state was used, the
average absolute relative deviations (AARD) were 4.71% and 1.66%
for pure ILs and alkanolamine, respectively. Also, using SRK equation
of state, these values were 4.70% and 1.99%. For IL-IL mixture, the pre-
dicted viscosity values are in good agreement with the experiment, and
in the IL-alkanolamine mixtures, the FT-5 and FT-6 show the lowest de-
viations.
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Table -1 Details and critical properties of pure ionic liquids and alkanolamines used in this work

Material M_(g/mol) Tc(k) Pc(MPa) |w P . -P_ (MPa) T, T..K NP* Ref
[emim][BF,] 198 585.3 2.36 0.7685 | 14.5-0.1 323.75-282.55 54 [14]
[bmim][BF,] 226 632.3 2.04 0.8489 | 300-0.1 353.15-273.15 82 [16],[15]
[hmim][BF,] 254.1 679.1 1.79 0.9258 |121.81-0.1 343.15-298.15 33 [17]
[bmim][PF,] 284.2 708.9 1.73 0.7553 | 249.3-0.1 353.15-273.15 93 [18],[15]
[hmim][Tf,N] 4474 1287.3 2.39 0.3359 | 124-0.1 343.15-298.15 33 [17]
[emim][ Tf,N] 391.3 1244.9 3.26 0.1818 122.43-0.1 343.15-298.15 33 [17]
[bmim][ Tf,N] 419.4 1265.0 2.76 0.2656 | 298.9-0.1 353.15-273.15 65 [19]
[omim][BF,] 282.1 726.1 1.60 0.9954 224.2-0.1 353.15-273.15 81 [20]
[hmim][PF,] 312.2 754.3 1.55 0.8352 | 238.5-0.1 353.15-273.15 108 [17],[19] ,[21]
[omim][PF,] 340.3 800.1 1.40 0.9069 175.9-0.1 353.15-273.15 76 [20],[21]
[emim][ac] 170.2 807.1 297 0.5889 | 0.101 353.15-293.15 7 [28]
[bmim][ac] 198.3 847.3 2.45 0.6681 0.101325 363.15-283.15 17 [29]
MEA 61.1 672.2 7.99 0.5557 | 0.101 387.43-288.15 27 [29]
MDEA 119.2 741.9 4.17 0.6150 0.101 388.23-288 27 [29,28]
DEA 105.1 736.5 493 1.0158 | 0.101 399.73-303.13 35 [29,28]
Total 414

* NP is number of experimental data.
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Table -2 Properties of binary mixtures of ionic liquids and alkanolamines studied in this work

Mixture T T (K) NP* Ref
[emim][BF,]+[hmim][BF,] 343.15-293.15 121 [22]
[bmim][PF ]+[bmim] [BF,] 308.15-298.15 135 [23]
MDEA+[hmim][Tf,N] 323.15-303.15 55 [24]
MDEA+[hmim][BF,] 323.15-303.15 55 [25]
MDEA+[bmim][ac] 353.15-293.15 42 [26]
MEA+[bmim][BF,] 333.15-293.15 55 [27]
DEA+[bmim][ac] 353.15-293.15 41 [26]
MDEA+[emim][ac] 353.15-293.15 42 [28]
DEA+[emim][ac] 353.15-293.15 41 [28]
Total 873

* NP is number of experimental data.
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Figure 1. Algorithm of viscosity calculation
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Table 5: Comparison of the results of this work (FT9-SRK) with other works [30,31]

SRK-Eq. 16 | CPA[30] PC-SAFT [30] | ePC-SAFT [31]

IL FT9 FT12 [30] FT12 [30] FT12 [31]
[emim] [BF,] 0.43 0.73 0.74 -
[bmim] [BF,] 2.59 3.45 2.70 2.41
[hmim] [BF,] 1.04 1.88 1.38 1.05
[bmim] [PF ] 2.66 5.83 5.66 1.87
[hmim] [Tf,N] 0.56 1.26 0.84 0.47
[emim] [ac] 0.97 - - -
[bmim] [ac] 0.92 - - -
[emim] [Tf,N] 1.05 2.10 1.49 0.58
[bmim] [Tf,N] 2.71 1.59 0.64 0.79
[omim] [BF ] 1.37 = = =
[hmim] [PF ] 2.54 5.19 4.33 1.79
[omim] [PF ] 1.27 6.04 3.51 1.17
Average 1.84 3.12 2.37 1.48

ool — (oo (ot (3,5 b B9 (sl 4y (o (AR ole adlilad P A


https://arcpe.modares.ac.ir/article-38-56311-fa.html

eoluls slabsle g5 ,F (g3l oe

swasAs ["gg][wiwun] oy yoeoadde ys9-1.4 942 Jo soueunioyrad Sunea.rioy) ‘zaamsig
w4 7T K Ease 3y 414 €19 v [ g][wiwu))

(eggy)aanssang
00e 0sT 0ot oc o
1 . _ ! O
....!.........4___
-ov-.-.ﬂ.sa.o et 007
.-..d..........ﬂ- __e--"
JUPTTIEL P 4 - oo =
..cvoc-a.o‘ m-
.ouov-a. v | 08 m
' * - 008 2
E
740 WILO [B2-SIA oot &
7Jq WILWY [BI-SIA = = = o z
40 LI [BI-SIA ssssss
Jq Wiwo dxa-sin e s o
piqwiwy dxa-sin -«
tiquiwg dxa-sin - w [ o

iy} sole aalilabd

96’1 16T €90 76'% 60T S6'1 LY0 967 850 8¢ ITT 8¢S | ST'T | 0TC 650 Zr's | 98eraay

70’1 8¢ 6¥0 €T'L €91 €8¢ 980 9T'L 080 €8¢ 18T cLL | 18T | S6'C SCT TLL viad

040 LY’ 680 LTV 590 791 €0 871 L9°0 €8T 960 L9Y | 260 | €8T 12°0 98'% VAdIN

15474 YT S0 8LC 960 17T 11°0 6L'C 610 98¢ 9¢€0 S0€ | ¥5°0 | LTT €10 €0'€ VAN

6.4 814 9.4 S.Ld 614 8.L4 914 S.Ld 614 8.4 O.Ld S.LdA 6ld | 8Ld 9.4 SLd

82 'ba-yMus LZ'ba-dd 91 'ba-)Nys 91 ‘ba-ud

S[opoW YYS-Ld Pue Yd-LJ Y3 Suisn saurwejoues|[y aind Jo SUOIILIAID JO SINSIY 9-[qeL
<6 4 R S 10N a q e € o9 Yd-La € MUS-LA

FQ ol - oo (oo 632 b Giagh (ol iy oo

[ #T-20-G20z Uo J1Je'sa.repowada.e wolj pepeojumoq |


https://arcpe.modares.ac.ir/article-38-56311-fa.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-14 ]

lagle slobgbie (55,95 (53l Jao

eobe sladibeluws (sl el sui 03,51 Jgoz ol o
adolas L FT 4l (mlyen (S (S0 el
abe sloaleln 5 )5 o 53 ol clin —aSe ]l
e—oble laailel w3l gl ate ol el JolSIT s
B sballw D= c il Sy il s
6las Sog,y plw 5l 450 V2 adolee L FTO-SRK o, S5,
el VIO¥7Z L 4l T AARD e g &l FT-SRK
2 S FTF-PR § FTF-SRK sl 23 g, 8,90 ,0
vl s ot il 035y Sy L, el 40
FT? ¢ FT. FTO slas Sog, plod ylue j0 cdS g5 oo

Sl 5 00— (o oo Ly 3ol o it 6l
el a2l

250 ~

200

150 +

100

Viscosity (mPa.s)

50

0 T T

&—bo sl FT-SRK (sl as Syg, gl s 3 5V JS&
YAYN O -YOVKIO slos o,u8 o 1, [emimllac] s
VS sasda gl o as ol ol Lid
L FTP-SRK 4 FTA-SRK sl 25,55, 45 o b 00
Lo Sag, 955 53 Sl 039 3llas oy gl
—olie o b slales ;o FTA-SRK 5 FTO-SRK
LaS oo 0529 (a8 OIS ouiion e g (om0
iz el il ialS B ol Les iyl
2 Ysano 55yl Aty 45 el ol i |5

ol e sl oyl clabes

plod (gl oa_daig AARD , olde 33V Jouo jo
slabolxo sl (FTA FT? FTO 4 FT) FT slas s,

am el JolI- S amle 5 (g gl S el
aS o blen .l oo 085l LIS oy led oS

290 300 310 320 330 340 350 360

T X

& sinns] JL23  Giliee slales ,o FTo-, FT#-, FTA-, FTa-SRK (slas o, anslin ¥ JSCo
Figure 3. Comparison of the correlation of various viscosity isobars over a wide temperature range for [emim][ac]
using the FT5-SRK, FT6-SRK, FT8-SRK and FT9-SRK
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