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ABSTRACT

In this work, a modified UNIFAC model was proposed to investigate the
solubility of acid gases, i.e., CO, and H,S in nine imidazolium-based ionic
liquids (ILs). The influence of effective parameters including temperature,
the nature of anions and cations of the ILs, and the length of alkyl chain
on the solubility of acid gases in the ILs were studied. The interaction
parameters between the new functional subgroups of the fragmented ILs
suchas [IM], [BF,], [PF6], [Tf,N], CH, and CH, with CO, and H,S molecules
were reported using the original UNIFAC model. In the proposed model, the
segment fraction in the Flory-Huggins term of the UNIFAC combinatorial
part was modified considering the free-volume differences between the
ionic liquid and the acid gas molecules. While the free-volume parameter
represents the free-volume percent ratio of ionic liquid to that of the acid gas,
it was regressed for each system using the extensive VLE experimental data
from literature. It was verfied that the free-volume parameter can be a linear
fuction of the molecular weight of the ionic liquids and, thus, only the values
for the molecular weight of the ionic liquids are required to estimate the
free-volume parameters. The modeling results were compared with those of
the original UNIFAC model. The results showed that the proposed model
accurately correlated the VLE experimental data for the systems containing
ILs in the presence of CO, and/or H,S at pressures up to 150 bar.

How to cite this article: Sedghkerdar M.H., Taghikhani V., Ghotbi C., Shariati A., A modified UNIFAC model in predicting
the solubility of CO2 and H2 S in imidazolium-based ionic liquids. Journal of Oil, Gas and Petrochemical Technology, 2020;
7(1): 1-13. DOI: 10.22034/JOGPT.2020.113091.

1. Introduction

Acid gases composed of CO, and HS are
commonly available in natural gas as impurities
and, thus, the removal of these impurities is
important in the natural gas processing and
petroleum refining. H_S is toxic and corrosive and
thus it can poison the catalysts used in the natural
gas refining and processing. In addition, carbon
dioxide (CO,) is the most abundant greenhouse
gas arising from the anthropogenic activities, and
its emissions must be reduced to prevent the
excessive global warming and climate change.

* Corresponding Author Email: sedghkerdar@pgu.ac.ir

Moreover, it can reduce the heating value of the
natural gas and has known to have the greenhouse
effect [1-2].

Altough there are different methods of CO,
removal such as adsorption using calcium-based
adsorbents, and membrabe separation, the
absorption into liquid solvents is the most used
method for removing the acid gas form the natural
gas in the gas sweetening process [3-6]. Amine
scrubbing is currently commertially used for the gas
sweetening pocess. The contamination of natural gas
stream due to its volatility and, therefore, the energy
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cost for the regeneration are major drawbacks in the
sweetening process with alkanolamines [1].

For over a decade, ILs have been considered
as promising alternative chemicals for the amine
solutions due to their negligible vapor pressure,
chemical stability, and non-flammability [1].
Moreover, it is feasible to choose a suitable IL for
a specific process by combining various cations
and anions [2]. While alkanolamine solutions can
chemically absorb acid gases during the acid gas
removal process, the ionic liquids can selectively and
physically absorb the acid gas molecules at different
conditions. Hence, for the gas sweetening processes,
ionic liquids can be used when there is a high
concentration of the acid gases in the feed stream.
As a result, for the application of ILs in the gas
separation processes such as gas sweeting process,
the knowledge about the solubility of acid gases in
ILs is indispensable. Shariati and Peters [7] and Jalili
et. al [8] showed the phase behavior of CO,and H,S
with various imidazolium-based ILs, respectively.

Aki et al. [9] indicated that the interaction of CO,
with the anions significantly affects the CO, solubility
in the ILs. They discovered that the CO, highly
dissolves in ILs with anions containing fluoroalkyl
(CF,) due to the CO,-philic nature of the fluoroalkyl
groups. Therefore, they suggested that this behavior
is due to the CO, -philic nature of the fluoroalkyl
groups. Furthermore, using ATR-IR spectroscopy for
CO, with [bmim][BF,] and [bmim][PF ], Kazarian et
al. [10] suggested that the interaction of CO, with the
fluorinated anions in ILs is another factor that causes
the higher solubility of CO, in ILs.

In order to choose the most desirable IL
among the variety of ILs they may be formed, and
also to save time and cost of the experimental
measurement, it is desirable to develop a
predictive thermodynamic model for calculating
the gas solubilities in ILs. So far, different
thermodynamic models have been proposed in
the literature for VLE calculation of CO, solubility
in ILs [11-14]. However, in this work, a modified
UNIFAC model was proposed by introducing the
free-volume parameter, which represents the ratio
of the inaccessible free-volume around ionic liquid
molecules to that of the acid gases. The proposed
model along with the Peng Robinson (PR) EOS was
applied to calculate the phase behavior of the
systems including imidazolium based ILs in the
presence of acid gases. The effects of anions and
cation alkyl chain length on the solubility of acid
gases in ILs were also studied.

2. Model and parameters

In this work, the VLE for the binary systems,
consisting of ionic liquids and CO, or H,S at high
pressure were calculated using the gamma-phi
approach. Due to the negligibility of vapor pressure
of ionic liquids, it is suggested that the vapor
phase consists of pure CO, or H_S. The PR EOS was
used to estimate the fugacity coefficient of the
acid gases. Moreover, the activity coefficient of
the liquid phase was calculated using the UNIFAC
model [15]. In an IL and acid gas mixture, the ionic
liquid molecules can be more packed than the
acid gas molecules. Then, the free-volume effects
should be considered since the original UNIFAC
model has been used for the mixture of normal
fluid mixtures with the small free-volume effects.

In this study, a modified segment fraction
for the Flory-Huggins (F-H) term of the UNIFAC
combinatorial part was proposed. The new
expression for the segment fraction considers the
free-volume differences between ILs and the acid
gases. The benefit of the new proposed model over
the previously proposed free volume based model
such as the UNIFAC-FV [16] and the Entropic-FV [17]
models is that in contrast to the foregoing ones, the
proposed model does not need the values for the
molar volumes of ionic liquids and acid gases.

2.1. The UNIFAC model

The basic idea of UNIFAC is that the non-ideality
of a complex mixture can be modeled on the basis
of smaller group of atoms within the molecules
(functional subgroups). The groups contribute in a
fixed way to the non-ideal property, independent
of the nature of other groups that may be present.
Furthermore, the way it contributes to the deviation
from the ideal behaviors is made up of two parts:
first, a contribution due to the difference in the size
and shape between existing groups or combinatorial
part and the second term is a contribution due
to the energetic interactions between the groups
which is considered as residual part [15].

Therefore, the activity coefficient of the UNIFAC
model is expressed as:

UNIFAC _

Iny, = Iny* + InyF (1)

where the superscripts C and R stand for the
combinatorial and residual. The combinatorial in
equation (1) is given by following,

comb _ In(g;) P
Iny, i— +1 -
R 2)
2 = =
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where
1 = Zk=1 Vi Ri 3)
q; = Zi=1 Vi s (4)

where in equation (2) Z is the coordination
number and was set to be 10. The R,_and Q, were
calculated based on the van der waals (vdw) group
volume and surface area as follows [18]:

Vwk
= Wi 7
k 15.17 ( )
Awg
— WAk 8
Q": 2.5x10° (®)

The residual part was obtained using the
equation (9):
Iny® = L vi (Inl, — InlY) (9)

Where I is the group residual activity
coefficient, I is the group k residual activity in
a reference solution containing only component
i, and Vi is the number of k group in component
i. The group interaction parameter ¥,,;; between

n and m groups is calculated as shown in the
following equation:

Yo = exp (— G‘“Tm) (10)

Where @, is the adjustable group interaction
parameter between groups n and m.

2.2 The modified UNIFAC model

In the modified proposed model, the volume
fraction in the originian UNIFAC was substituted
by the free-volume fraction in the F-H term
to consider the free-volume effects. Also, the
Staverman-Guggenheim term was used to account
for the molecular shape differences between the
ionic liquids and acid gases as:
Inycoms =@ g el (11)

xj xq

_= [m 11 @

2 =5} =H]

With
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according to Entropic-FV  model [17],
component i free-volume is calculated as follows:

(12)

fv _ _ aavdw
Ua' =1y ; (13)

Hence, the free-volume fraction can be written as:
”J-_"de wdw
X1 pyaw vy

@f vo_
1 . !,J__l,vdw vv'-'lw+x !,z_!,vdw dw
1 pvdw 1 2
1

where the subscripts 1 and 2 stand for the acid
gas and IL, respectively. Rearranging the above
equation leads to the following equation:
XlUYdW

ol” = - (15)

!,Z_i,vdw

wdw
vy

vdw wdw

xgvp o Xy —;:J__;:VdW

wrdw
L L

where the free-volume percent is defined as:

o v_vvdw
WFV = — 50— X 100 (16)
according to equations (15) and (16);
fr xlv‘fdw
P = vdw CBeFVIrL Y\ wdw (17)
a0y +xz((%FV)gas]vz

as a result, the new adjustable parameter in the
proposed model can be written as:

— (%'FV]IL (18)
(%FV)gas

Therefore, the free-volume parameter in the
proposed model represents the free-volume
percent ratio of ionic liquid to that of acid gas.

It should be stated that according to Bondi’s
relation the parameter r, is proportional to the
vdw volume, thus, the vdw in equation (17) can be
replaced with the parameter r, as:

X1

fr
= 1
(pl JC'J_]"J_+|'IXZI"2 ( 9)
The values for the free-volume parameters, a,
for each system can be regressed using the VLE
experimental data.

2.3. lonic liquid Functional group
To calculate the VLE phase behavior of the
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systems  containing  imidazolium-based ILs
using group contribution models, four new
functional subgroups were introduced upon the
fragmentation of IL molecules. The fragmented IL
molecules consist of [IM], [BF,], [PF,] and [Tf,N] as
given in Figure 1. In order to use the UNIFAC based

models, the values for the vdws properties and
the group interaction parameters for these new
subgroups should be specified. In this work, the
VLE data available in the literature for the systems
studied were used to obtain the parameters for
these subgroup interactions.

F F

F é_ F F'-upF Q‘ ‘f/ \H"“ =0 L\

R ""F 5 N N
| F R r? ™
‘ 7{ >TF Y
[BF,] [PF,] [Tf,N] Imidazolium

Figure 1. Four new main groups for original UNIFAC and Mod. UNIFAC

Table 1 gives the R _and Q, parameters of the
subgroups obtained using the method introduced by

Bondi [18]. Parameters 7; and g; of a component
are estimated as the sum of R,_and Q, parameters.

Table 1. Group Volume (R ) and Surface Area (Q,) Parameters for UNIFAC model

Group R, Q, Ref.
CH, 0.9011 0.848 (22]
CH, 0.6744 0.540 [22]
Imidazolium 2.0260 0.868 (2]
T,N 5.7740 4.932 (2]
PF, 3.5134 3.852 [23]
BF, 2.1429 1.967 (23]
co, 1.2900 1.124 [22]
H,S 1.1723 1.070 [22]

Table 2 presents the number of subgroups
in the fragmented ionic liquids. The subgroup
interactions with CO, and H,S molecules were

Simplex-Nelder-Mead optimization method [19]
through the following objective function:

oF =y A

exp Pca!cl

obtained using the experimental VLE data with the oFFD (20)
i
Table 2. ILs Fragmentation for UNIFAC model

CH, CH, Imidazolium Anion
[emim][Tf,N] 2 1 1 1TfN
[bmim][Tf,N] 2 3 1 1TEN
[(hmim][Tf,N] 2 5 1 1TEN
[emim][PF ] 2 1 1 1PF,
(hmim][PF] 2 5 1 1PF,
[bmim][PF ] 2 3 1 1PF,
[hmim][BF,] 2 5 1 1BF,
[bmim][BF,] 2 3 1 1 BF,
[omim][BF ] 2 7 1 1BF,
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3. Results and discussion
Table 3 gives the values for the interaction

the original UNIFAC model using the extensive
VLE data available in the literature. Thus, these

parameters between the subgroups in the systems regressed values were directly used in the
containing ionic liquids, CO, and H_S. It should be proposed modified UNIFAC model.
stated that these parameters were obtained for
Table 3. The group interaction parameters for both UNIFAC and Mod. UNIFAC models
i CH, Tf,N PF, BF, [ImM] @ co, H,S
CH, 0 -1869.06 922.84 1481.24 1176.33 627.35 20647.56
TN 151.93 0 1535.75 354.75 1031.05
PF, 2093.07 0 2119.77 43249.83 314.94
BF, -5.79 0 223.03 141.10 1368.28
[IM]2 927.40 -1315.26 30735.70  -1044.54 0 195.46 58.84
co, -183.02 -1269.32 459.97 -44.61 72.08 0
H,S -105.27 -2031.63 9.90 -1016.09  382.20 0

2 Imidazolium

Tables 4 and 5 present the range of temperature,
pressure and acid gases concentrations for the
studied binary systems. These tables also give the
regressed free-volume parameters introduced in

the proposed model for each system within the
range of the reported experimental data. The free-
volume parameter is the only adjustable parameter
introduced in the proposed model.

Table 4. Details on the Phase Equilibrium Data, the adjusted values of free-volume parameter (a) and the absolute average deviation (%AAD)

Range of Data Free-volume %AAD?
co,/ T(K) P (MPa) X, a UNIFAC Thisk Ref.
wor
[emim][TfZN] 312.10-351.60 0.625-12.305 0.120-0.593 0.839 4,14 1.73  [24]
[bmim][TfZN] 313.30 1.290-3.950 0.310-0.554 0.814 2.38 2.31 [25
[emim][PF,]  332.90-352.60 1.490-14.840 0.104-0.449  0.923 276 224 [5)
[bmim][PFG] 313.30 0.780-6.887 0.100-0.501 0.901 1.89 2.23 [4]
[hmim][PF] 313.40 0.700-8.330 0.098-0.599  0.879 445 356 [6]
[bmim][BF4] 303.19-333.15 0.740-14.440 0.102-0.482 0.951 1.68 1.36 [26]
[hmim][BF4] 313.30 0.766-10.460 0.103-0.602 0.928 3.94 1.9 [27]
[omim][BF4] 313.30 0.621-7.920 0.100-0.602 0.905 2.07 0.74 [28]
. AAD%=100*$ X % : :L_fri I‘L- I

Table 5. Details of the Phase Equilibrium Data, the adjusted values of free-volume parameter (a) and the absolute average deviation
(%AAD) between the experimental and the predicted data using UNIFAC and the proposed model in this work for H,S/IL systems

Range of Data Free-volume %AAD?
This
st/ T (K) P (MPa) Xeo, a UNIFAC work Ref.
[bmim][szN] 303.15-343.15 0.0944-0.916 0.070-0.364 0.789 2.04 1.16 [8]
[hmim][PFG] 303.15-343.15 0.161-0.845 0.041-0.464 0.772 3.50 2.87 [7]
[bmim][PFﬁ] 303.15-343.15 0.123-1.011  0.044-0.358 0.882 1.49 1.21 [8]
[hmim][PFﬁ] 303.15-343.15 0.199-1.070  0.055-0.441 0.861 2.31 1.67 [7]
[bmim][BF4] 303.15-343.15 0.061-0.813  0.038-0.354 0.939 2.54 2.57 [8]
[hmim][BF4] 303.15-343.15 0.196-1.100 0.144-0.499 0.911 1.81 1.22 [7]
. . *L e IFL::J.-p_;_,L_.’si.:l
AAD%%=100"— e S
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Figures 2 and 3 show the variation of the free-
volume parameter with the molecular weight of ILs
in the presence of acid gases. As can be seen from
these figures for both CO,/IL and H,S/IL systems
the free-volume parameter can linearly change
with the ionic liquid molecular weights. Table
6 presents the molecular weight of the studied
ionic liquids. Equations (21) and (22) can be used

to express such linear relationships between
the free-volume parameters and the ionic liquid
molecular weights for the systems containing CO
and H_S respectively.

2

a =—6.7489 + 10~*(Mw) + 1.0970 (21)

a=—73711+10"*(Mw) + 1.0977 (22)

e
o

free volume parameter
= =
=2 =]
=2 =]

0.84

0.82

240 260 280 300 320 340 360 380 400 420

Mw (ionic liquid)

Figure 2. Linear relation between the molecular weight of ILs and free-volume parameter (iX); o, optimized free-volume parameter

for CO,/IL systems

0.940

0.92

0.84

0.82

free volume parameter

0.8

0.78

0.76-

250 300

350 400 450

Mw (ionic liquid)

Figure 3. Linear relation between the molecular weight of ILs and free-volume parameter (iX); o, optimized free-volume parameter

for H,S/IL systems
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Table. 6. Molecular weight of ILs in this study

[Tf,N] Mw (gr mol?) [PFI Mw (gr mol?) [BF,I Mw (gr mol?)
[emim]* 391.2 [emim]* 256.2 [bmim]* 226.0
[bmim]* 419.2 [bmim]* 284.2 [hmim]* 254.0
[hmim]* 447 .3 [hmim]* 312.2 [omim]* 282.1
Figure 4 shows that upon increasing the system energetic interaction between the hydrogen

pressure, the solubility of acid gases in the IL can
increase. Also, it can be observed that the H.S
solubility is significantly higher than that of CO, in
the IL. According to Pomelli et al. [20] the acidic
nature of hydrogen sulfide can lead to a strong

45

atoms on the hydrogen sulfide molecules and the
fluorine atoms on the anion part of the ionic liquid
molecules. Such strong attraction forces can cause
the higher solubility.

401

~
th
T

P (bar)
s

10+

00 0.1 0.2

----, original UNIFAC.

Figure 5 compares the P-x diagram for the
binary systems of CO, in the studied [bmim] cation
based ILs at 313.3 K. According to this figure, the
solubility of CO, increases in [bmim] cation-based
ionic liquids in the order of [BF,] < [PF ] < [Tf,N].
As Figure 5 shows, there is a good agreement
between the results obtained from the UNIFAC
based models and the experimental data.

Figures 6 and 7 show the H.S solubility of
[bmim] and [hmim] cation based ILs at 313.15
K. As it can be observed from these figures, the
results are not in the same order, for [bmim]
based ionic liquids. The solubility can increase in
the order of: [PF,] < [BF,] < [Tf,N]. However, for
[hmim] based ionic liquids, H,S solubility is in the

Journal Of Oil, Gas and Petrochemical Technology 7(1): 1-13, Spring 2020
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0.4 0.5 0.6 0.7

x (H2S)
Figure 4. Comparison between the solubility of CO, and H,S in [bmim][Tf,N] at 313.15 K, CO,; A, H,S— Mod. UNIFAC;

sequence of [BF,] > [Tf,N]> [PF ]. These figures also
compare the results obtained from the original as
well as the modified UNIFAC models in correlating
the experimental data for the solubility of H,S in
those mentioned ionic liquids. As can be seen, the
modified UNIFAC model can correlate with the
experimental data better than the original one.
According to Figure 8, CO, solubility improves
by increasing the alkyl chain length within the
whole range of pressure. Blanchard et. Al [21],
explained that increasing the length of alkyl chain
causes greater free space in the ionic liquids which
allows more CO, molecules to dissolve into the
ionic liquids. While the free space within the ionic
liquids is saturated by CO,, no more CO, molecules
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can dissolve into the ionic liquids even under model can predict the VLE experimental data at
the higher pressures. Also, the modified UNIFAC higher pressures.

180 . . . . . .
160} P
140 | 1
120} ]

100 1

P (bar)

80f |
60| 8/ -
40t L :

20} g 1

00 0.1 0.2 0.3 0.4 0.5 0.6 0.7

x CO2

Figure 5. Effect of anion on the solubility of CO, in ILs at 313.3 K with experimental data, A, [bmim][Tf,N]; o, [omim][PF,]; o, [bmim]
[BF,]; — Mod. UNIFAC; ----, UNIFAC.

]. 2 T T T T T T

10f 1

P (bar)

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35
x (H2S)

Figure 6. Effect of anion on the solubility of H,S in ILs at 313.15 K with experimental data, 4, [bmim][Tf,N]; o, [bmim][BF ]; o, [bmim]
[PF,J; —, Mod. UNIFAC; ----, original UNIFAC.
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12 . . . .

10r AR

P (bar)

Ol] 0.1 0.2 0.3 0.4 0.5

x (H2S)

Figure 7. Effect of anion on the solubility of H,S in ILs at 313.15 K with experimental data, A, [hmim][BF ]; o, [hmim][Tf,N]; o, [hmim]
[PF,]; —, Mod. UNIFAC; ----, UNIFAC.

140 . . . . . .
120/ :

100 1

P (bar)

60+ i

40+ 1

Ol] 0.1 0.2 0.3 0.4 0.5 0.6 0.7

x CO2

Figure 8. Effect of alkyl chain length on the cation and the solubility of CO, in ILs at 313.3 K, With the experimental Data A, [omim]
[BF,]; o, [hmim][BF,]; o, [bmim][BF,]; —, Mod. UNIFAC; ----, UNIFAC.
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The effect of temperature on the solubility of temperature and pressure were compared with
CO, and H_S in [emim][Tf,N] and [bmim][Tf,N] was those obtained from the original as well as the

investigated through Figures 9 and 10, respectively. proposed models. As it can be seen, at lower
As expected, the solubilities of CO, and H_S would temperatures and pressures both models can
improve along with the pressure enhancement accurately correlate with the experimental data.

and temperature reduction. The results at each

140 T T T .

1200 :
100} 1

P (bar)

20+ 1

']l] 0.1 0.2 0.3 0.4 0.5 0.6 0.7

x CO2

Figure 9. Effect of temperature on the solubility of CO, in [emim][TfZN], with experimental data, ¢, 351.6 K; 0, 341.76 K; O, 322.1 K;
A, 312.1 K; —, Mod. UNIFAC; ----, UNIFAC.

9 T T T

P (bar)

']l] 0.1 0.2 0.3 0.4

x (H2S)
Figure 10. Effect of temperature on the solubility of H,S in [bmim][Tf,N], with experimental data, ¢, 333.15K; o, 323.15K; o, 313.15
K; 4, 303.15 K; —, Mod. UNIFAC; ----, UNIFAC.
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4. Conclusion

In this study, a modified UNIFAC model was
proposed to investigate the solubility of acid
gases in the imidazolium-based ILs. The effects
of temperature, nature of anions and the alkyl
chain length of cations on the solubility of acid
gases in ILs were also investigated. The interaction
parameters between the new functional subgroups
of the fragmented ionic liquids with CO, and H,S
molecules were reported using the original UNIFAC
model. These regressed values were directly used
in the proposed model. The proposed model was
the modification of the UNIFAC model considering
the free-volume effect. The free-volume parameter
in the modified UNIFAC model represents the free-
volume percent ratio of the ionic liquid to that of
the acid gas. The parameter was regressed for
each system using the extensive VLE experimental
data available in the literature. It was shown that
the free-volume parameter can change linearly
with the molecular weight of ILs. The results
obtained from the proposed model showed a good
agreement with the VLE experimental data for the
all studied binary systems. In addition, the results
confirmed that the nature of anions in despite of
cations significantly affect the solubility of acid
gases in ILs. The solubility of CO, and H_S reduced
by increasing the temperature. Also, in the case
of CO,, it was shown that the solubility is higher in
the ionic liquids with [Tf N] anion which contains
fluoroalkyl groups. In addition, a longer alkyl groups
leads to the higher solubility of CO, in the ILs. To
study the effect of anion group in the case of H_S,
it was observed that while the solubility of H_S for
[bmim] base ILs can change in the order of [PF ] <
[BF,] < [Tf,N], for [nmim] based ILs, H,S solubility
changes in the sequence of [PF ] < [Tf,N]< [BF ].

Nomenclature

List of Symbols

a Activity

a.. UNIFAC group interaction parameter
between groups m and n

A Van der Waals group surface area
(cm? mol™?)

f Fugacity

fi Fugacity of component i

H Henry’s constant of i

m Molality (mol Kg )

NP Number of experimental data points

Q, Surface parameter of group k
q Surface area parameter

R Reference state fugacity

R, Volume parameter of group k
r Volume Parameter

T Temperature (K)

v Molar Volume

X Mole fraction

X Group mole fraction of k

z Coordination number

Greek letters

o Free-volume Parameter

10) Volume/Segment fraction

I Residual activity coefficient of group k
ro Residual activity coefficient of group k

in pure | component
Mole based activity coefficient
g Surface area fraction

UNIFAC interaction parameter between
groups mand n

mn

Subscripts

1 Acid gas

2 IL

i J Component

Superscripts

vdW Van der Waals
/ Liquid phase
v Vapor phase
Res Residual
Comb Combinatorial
fv Free-volume
exp Experimental
calc Calculated

oo Infinite

Abbreviations

AAD Average absolute deviation
%FV Free-volume percent

Mw Molecular weight

VLE Vapor-liquid equilibria

IL lonic liquid
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