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AbstractTetramethylammonium glycine ([N1111][Gly]) can be completely ionized into cation [N1111]+ and anion [Gly]
in aqueous solution. The anion contains an amino -NH2 and a carboxyl -COO, both of which can react with hydro-
gen sulfide (H2S). Therefore, [N1111][Gly] was used to promote the selective absorption of H2S in coke oven gas (COG)
by N-methyldiethanolamine (MDEA). The absorption performance and selectivity of H2S in the aqueous solution of
MDEA-[N1111][Gly] were investigated. The effects of MDEA mass fraction, [N1111][Gly] mass fraction, temperature, H2S
partial pressure and CO2 partial pressure on the absorption capacity and selectivity were clarified. The results showed
that an aqueous solution of MDEA-[N1111][Gly] has good selectivity for H2S in COG. The absorption capacity was large
and the mass fraction of the solute in the absorbent reached more than 0.55, thereby having outstanding advantages in
the aspects of saving energy consumption and operating cost and having a good application potential.
Keyworks: COG, H2S, MDEA-[N1111][Gly], Absorption Capacity, Absorption Selectivity

INTRODUCTION

The coke industry is the basic industry connecting coal and steel
production, and plays an important role in the economy. In 2019,
China’s coke output reached 471 million tons, and the by-product
coke oven gas (COG) exceeded 180 billion cubic meters [1]. The
comprehensive utilization of a large number of COGs has become a
major issue of concern in the coking industry. The efficient removal
of hydrogen sulfide (H2S) in COG is of great significance to im-
prove gas quality, reduce equipment corrosion, reduce environ-
mental pollution and improve the quality of downstream products.

The wet process is often used to remove H2S in large coking
enterprises [2-4]. Absorption processes such as ammonia-sulfur
cycle washing [5], vacuum carbonate process [6] and monoetha-
nolamine (MEA) process [7], as well as catalytic oxidation process
with Na2CO3 and NH3 as absorbents [8] have been widely used in
China. Among them, the MEA approach has attracted wide atten-
tion [9-11]. However, the MEA approach still have some disadvan-
tages: (1) The acid corrosion of equipment is strong after desul-
furization, the mass fraction of MEA in absorbent is generally not
more than 30%, and about 70% of solvent water consumes a great
deal of useless work in the process of rich solution regeneration and
lean solution cooling, resulting in high operating cost and overall
cost; (2) The selectivity of MEA to H2S and CO2 is not strong, and
the CO2 content will affect the desulfurization efficiency, especially
when the CO2 volume fraction reaches 3% [12]. Those shortcom-
ings have become the main bottleneck restricting the further pop-

ularization and application of MEA desulfurization process.
To reduce the operation cost and improve the selectivity, the

blended amine aqueous solution can be used as the absorbent. Li
et al. [13] compared the performance of a single MEA and N-meth-
yldiethanolamine (MDEA) aqueous solution with MEA and MDEA
mixed aqueous solution in absorbing H2S, and found that the load
of H2S in blended solution was higher than that in a single solution.
An et al. [14] studied the absorption of H2S by adding diethylene-
triamine (DETA) and MEA amine solution to MDEA solution. They
found that the addition of MEA and DETA could increase the ab-
sorption load and absorption rate of H2S. Glasscock et al. [15] stud-
ied the process of simultaneous removal of H2S and CO2 by the
mixed solution of MDEA and diethanolamine (DEA), and found
that the mixed solution has a good selective removal performance
for H2S. Most studies have shown that the H2S absorption perfor-
mance of mixed alkanolamine is better than that of single MEA
solution, especially those mixed with MDEA [16-19], because MDEA
has many advantages, such as high selectivity, large absorption capac-
ity, low volatility, difficult degradation, low regeneration energy con-
sumption and low corrosivity [20,21]. In addition, when the total
mass fraction of the MDEA and the accelerator in the solution is
more than 50%, not only can higher selectivity, higher absorption
rate and larger absorption quantity be ensured, but also the acid cor-
rosion to equipment can be reduced. At the same time, due to the
large reduction of solvent water, the energy consumption of rich solu-
tion regeneration and lean solution cooling can be greatly reduced
[12-24].

However, most of these current studies only focused on the de-
sulfurization of high-pressure natural gas and high-pressure COG
[25-28]. China still has a large number of coke oven by-product low-
pressure COG [3,29], in which CO2 volume fraction is between 1-
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3%, H2S content is between 4-8 g/m3 [3,30]; its desulfurization effi-
ciency needs to be improved, but the relevant research is less re-
ported. As a class of green solvents, ionic liquids (ILs) have attracted
extensive attention owing to their unique properties, such as ther-
mal stability, a wide liquid range, negligible vapor pressure, and
structural designability. These characteristics enable ILs with great
potential for acid gas separation [31-33]. Damanafshan et al. [34]
presented a comprehensive review of systems consisting of CO2 sol-
ubility in aqueous MDEA+ILs mixtures, and concluded that the
addition of ILs to aqueous MDEA significantly enhances the ab-
sorption of CO2. Therefore, the emergence of ILs also offers the
opportunity to address the above-mentioned goals. Considerable
progress has been made in the application of ILs for the selective
absorption of H2S and CO2. Barati-Harooni et al. [35] developed
computer models and provide accurate predictions for solubility of
CO2 and H2S in ILs. Huang et al. [36] synthesized a series of phe-
nolic ILs and investigated the selective absorption performance of
H2S and CO2. The results showed that highly efficient and selec-
tive absorption of H2S from CO2 is realized in phenolic ILs by co-
operatively making use of the anionic strong basicity and cationic
hydrogen-bond donation. They also found that high H2S/CO2, H2S/
CH4 and CO2/CH4 selectivity can be achieved by adjusting the ratio
of choline chloride (ChCl) and urea in mixtures [37]. Our previ-
ous works [22-24] showed that the blended solution of amino acid
ionic liquids (AAILs) with MDEA showed a higher absorption per-
formance of H2S than that of MDEA-MEA aqueous solution and
could meet the II-III level (H2S0.5 g/m3, HJ/T126-2003) or I level
(H2S0.2 g/m3) of China Cleaner Production Standard. ILs have
strong hydrogen bond networks, each H2S molecule has two hy-
drogen bond donors and two hydrogen bond acceptor sites, which
makes the affinity of ILs with H2S higher than with CO2 [38,39].
Seyedhosseini et al. [40] used density functional theory calcula-
tions to compare the adsorption performance and selectivity of
AAILs for H2S and CO2. The results show that the adsorption sites
for H2S contained in the anions of AAILs are twice as much as the
adsorption sites for CO2. The adsorption enthalpy change of the car-
boxylic groups of AAILs to H2S is also twice that of CO2, which
confirms that the adsorption selectivity of AAILs to H2S is higher
than that of CO2. Tetramethylammonium glycine ([N1111][Gly]),
which is composed of tetramethylammonium cation and glycine
anion, has been proven to have a significant role in promoting the
absorption of acid gases [41-43]. It can be completely ionized into
a cation [N1111]+ and an anion [Gly] in solution, and the anion con-

tains an amino group -NH2 and a carboxyl group -COO, both of
which can react with H2S [40,44]. Thus, it can be used as an accel-
erator for absorbing H2S in MDEA aqueous solution. However,
absorption performance and selectivity of low partial pressure H2S
and CO2 in COG have not been well documented.

Focused on the issue of H2S removal from COG, the main pur-
pose of this work is to (1) promote the absorption performance of
MDEA absorbent using [N1111][Gly], and then establish a lean water
absorption system; (2) experimentally determine the absorption
capacity and absorption selectivity; (3) elucidate the influence fac-
tors and rules of absorption capacity and absorption selectivity.

EXPERIMENTAL SECTION

1. Materials and Apparatus
The absorbent is [N1111][Gly] promoted MDEA aqueous solu-

tion. The simulated gas consists of H2S, CO2 and N2. Sample infor-
mation is shown in Table 1. Taking purity into account, the uncer-
tainties of wMDEA and w[N1111][Gly] are, respectively, estimated as 0.010
and 0.005. The apparatus used in the experiment is shown in
Table 2. The measuring range of the electronic analytical balance
is 0-160 g, and the uncertainty is ±0.1 mg. The H2S analyzer mea-
sures the H2S concentration by the three-electrode potentiostat
method, the measurement range is 0-5,000 ppm, and the uncer-
tainty is ±2% F.S. The measurement principle of the CO2 analyzer
is non-dispersive infrared NDIR, the measurement range is 0-
20 vol%, and the uncertainty is ±2% F. S.

The stirring speed of the magnetic stirrer ranges from 0 to 6,000
rpm, the controllable temperature range of the thermostatic water
bath is 273.2 K-373.2 K, and the uncertainty is ±0.1 K. The mass
flow controller can control the gas flow in the range of 0-200 mL/
min, and the uncertainty is ±0.5% F. S. The experimental pipelines
were connected by PTFE pipes and kept at a certain temperature
by temperature-controlled heating strips.
2. Procedure

The absorption equipment, shown in Fig. 1, mainly includes mixed
gas supply, H2S and CO2 absorption, tail gas analysis and data record-
ing, and tail gas treatment. Because of the toxicity of H2S, before
the start of the experiment, N2 was introduced and the gas tight-
ness of the whole experimental pipeline was checked with soapy
water. During the experiment, N2, CO2 and H2S in the high pres-
sure cylinder were reduced to 1 atm, respectively, by the pressure
reducing valve, and the flow rates of H2S, CO2 and N2 (vH2S, vCO2 and

Table 1. Sample description

Chemical name CAS Purity
(mole fraction, as stated by the supplier) Source

MDEA 105-59-9 0.98 Aladdin Reagent
[N1111][Gly] 158474-94-3 0.99 Shanghai Cheng Jie Chemical Co., Ltd
H2S 7783-06-4 0.0999 Baoding Hanjiangxue Trading Company
CO2 124-38-9 0.9999 Baoding Hanjiangxue Trading Company
N2 7727-37-9 0.9999 Baoding Hanjiangxue Trading Company

H2O 7732-18-5 Electrical resistivity>15 M·cm
at T=298 K Heal force ROE-100 apparatus
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vN2) were controlled by three MFCs to keep constant, and the total
flow rate was maintained at 400 mL/min. The three gases enter a
gas mixing cylinder to be evenly mixed and then enter a gas absorp-
tion device.

The prepared absorbent is put into a water bath for preheating.
After the concentration of H2S and CO2 in the analyzers reaches
the set value and kept constant for one hour, the absorbent is poured
into the absorption bottle. At the same time, experimental data is
recorded. After the reactor, the gas goes to a condenser and then is
dried by anhydrous calcium chloride. During the experiment, the
concentration of H2S and CO2 in the tail gas will first decrease rap-
idly, and then increase slowly. When the indicator in the H2S ana-
lyzer reaches the set value again, it is considered that the absorption
of H2S by the absorbent reaches saturation. At this time, the absor-
bent may not be saturated with CO2, but since H2S is the main
impurity to be removed, the experiment can be terminated.

Finally, the H2S and CO2 not absorbed in the tail gas are absorbed
by the NaOH solution and discharged outdoors through the exhaust
hood. The total volume of H2S and CO2 absorbed by the absor-
bent is calculated by the following formula:

(1)

(2)

in which VH2S and VCO2 are the absorbed volumes of H2S and CO2

(mL), vH2S and vCO2 are the initial flow rates of H2S and CO2 (mL/
min), v is the total flow rate of the gas mixture. cH2S, 0 and cCO2, 0 are
the volume fractions of H2S and CO2, cH2S, i and cCO2, i are the vol-
ume fractions of H2S and CO2 at time i (s). t is the absorption time
(s). t in Eqs. (1) and (2) is set as 1 s.

The absorption amount of H2S and CO2 can be calculated from:

(3)

(4)

in which T and M are temperature (K) and mass of absorbent (g),
respectively. The accuracy of the experimental equipment was ver-

VH2S   vH2St  cH2S, i
v 1  cH2S, 0   cCO2, 0 
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Table 2. Experimental apparatus
Experimental instrument Model Relative uncertainty Manufacturer (Co. Ltd.)

Analytical balance FA1604A ±0.1 mg Shanghai Jingtian
Electronic Instrument

H2S analyzer CGM10-70 ±2% F.S. Shenzhen Angwei Electronic
CO2 analyzer AGM DTME III ±2% F.S. Shenzhen Angwei Electronic

Vacuum drying oven DZF-6050 ±0.1 K Shanghai Xinmiao Medical
Apparatus Manufacturing

Constant temperature
heating magnetic stirrer DF-101S ±0.1 K Gongyi Yuhua Instrument

Mass flow controllers (MFC) CS200A ±0.5% F. S. Beijing Sevenstar
Huachuang Electronic

Constant temperature
water bath HWY-501 ±0.1 K Shanghai Changji

Geological Instrument

Fig. 1. Schematic diagram for H2S absorption.
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ified in our previous research [22-24].
Selectivity of H2S and CO2 (SH2S/CO2) can be calculated from [45,

46]:

(5)

in which nH2S and nCO2 are moles of H2S and CO2, L and g stand
for liquid phase and gas phase, respectively.

RESULTS AND DISCUSSION

1. Reaction Principle
The reaction between H2S and MDEA is a proton transfer reac-

tion, and the rate constant is more than 109 L/(mol·s), so it can be
considered that the reaction is instantaneous [46]. MDEA does
not react with CO2 under anhydrous conditions. The reaction rate
of MDEA with H2S is much higher than that of MDEA with CO2,
which provides convenience for the selective removal of H2S.

H2S+RR'2NFHS+RR'2NH+ (R-1)

in which R=CH3, R'=OHCH2CH2.

CO2+H2OFH++HCO3
 (R-2)

H++RR'2NFRR'2NH+ (R-3)

CO2+H2O+RR'2NFHCO3
+RR'2NH+ (R-4)

[N1111][Gly][N1111]++H2N-CH2-COO (R-5)

R''NH2
+H2SFR''NH3+HS (R-6)

R'''COO+H2SFR'''COOH+HS (R-7)

in which R''=-CH2-COO, represents the moiety of the anion [Gly]
other than the amino group, and R'''=-CH2-NH2, represents the
moiety of the anion [Gly] other than the carboxyl group.

The reaction mechanism is shown in Fig. 2. First, H2S and CO2

dissolved in water to form H+. After that, the H+ was transferred
to MDEA and [Gly], respectively. For MDEA, the product is car-
bamate, but for [Gly], the products are different. The [N1111][Gly]

SH2S/CO2
  

nH2S/nCO2
 L

nH2S/nCO2
 g
----------------------------

Fig. 2. Mechanism of H2S and CO2 capture in MDEA-[N1111][Gly]
aqueous solution.

Table 3. Absorption capacity (m) of H2S and CO2 in MDEA-[N1111][Gly] aqueous solutions and the corresponding selectivity factor under
different CO2 pressure. pH2S=500 Pa, T=313.2 Ka

wMDEA w[N1111][Gly]

m/(g H2S per 100 g
aqueous solution)

m/(g CO2 per 100 g
aqueous solution) Selectivity factor

1 vol% 2 vol% 3 vol% 1 vol% 2 vol% 3 vol% 1 vol% 2 vol% 3 vol%
0.300 0.025 0.581 0.509 0.436 1.305 1.847 2.090 1.15 1.42 1.62

0.050 0.645 0.564 0.469 1.420 2.011 2.216 1.17 1.45 1.64
0.075 0.711 0.631 0.517 1.535 2.203 2.399 1.20 1.48 1.67

0.400 0.025 0.616 0.533 0.469 1.080 1.616 1.950 1.47 1.70 1.86
0.050 0.677 0.591 0.509 1.171 1.772 2.102 1.49 1.72 1.88
0.075 0.742 0.666 0.558 1.260 1.969 2.278 1.52 1.75 1.90

0.500 0.025 0.605 0.518 0.455 0.925 1.285 1.559 1.69 2.08 2.26
0.050 0.667 0.587 0.489 1.008 1.432 1.662 1.71 2.12 2.28
0.075 0.673 0.655 0.532 1.131 1.563 2.090 1.72 2.16 2.30

aExpanded uncertainties U at a 95% confidence level are U95 (T)=0.1 K; Ur, 95 (p)=2%; U95 (wMDEA)=0.010; U95 (w[N1111][Gly])=0.005; Ur, 95 (m)=
1.6%.

selected in this work contains carboxyl and multiple amino groups,
which can provide active sites for the absorption of H2S. The two
H atoms in H2S molecule can combine with the N and O atoms
in these two groups to form -S-H…N bond and -S-H…O bond,
while the presence of carboxyl group will inhibit the dissolution of
CO2 to a certain extent [39,40], thus providing convenience for the
selective removal of H2S. In summary, the mechanism of H2S and
CO2 capture in MDEA-[N1111][Gly] aqueous solution was the com-
petition for protons.
2. Absorption Capacity and Selectivity

The mass fraction of the absorbent solute was set as 32.5% to
57.5%, in which the mass fraction of the accelerator varied from
2.5% to 7.5%. The main reason is that adding a small amount of
accelerator can achieve the effect of promotion. The H2S partial
pressure was set between 300 Pa and 500 Pa, and the volume con-
centration of CO2 was between 1% and 3%. The temperature ranged
from 303.2 K to 323.2 K, and the results are shown in Tables 3-5.

In general, it is known that the SH2S/CO2 and absorption capacity
and according to the change of the operation variable changes. In
the above three tables, the range of each factor was set to be rela-
tively wide to obtain the influence of operating conditions on the
SH2S/CO2 and absorption capacity of H2S and CO2. The selectivity in-
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creased with increasing temperature, wMDEA and CO2 volume frac-
tion. 20 K, 20 wt% and 2 vol% increases in temperature, wMDEA

and CO2 mole fraction caused about 20%, 30% and 40% increase
in selectivity, respectively. The influence of the mole fraction of
[N1111][Gly] and H2S partial pressure on the selectivity showed a
very slight increase. Jalili et al. [47] demonstrated that SH2S/CO2 in
[C8mim][Tf2N] ranges from 2.8-3.1 at 303.2 K and 0.1 MPa and
SH2S/CO2 in [C2mim][eFAP] shows a very slight decrease from 1.82
to 1.78 when the CO2 mole fraction increases from 0.2 to 0.8 at
303.15 K and 0.1 MPa [48]. Shiflett et al. [49] found that SH2S/CO2 in
[Bmin][MeSO4] aqueous solution decreases from about 13.5 to
about 7.5 as the CO2/H2S mole ratio decreases from 4 : 1 to 1 : 4 at
303.15 K and 0.1 MPa. Huang et al. [50] found that SH2S/CO2 in four
protic ILs ([MDEAH][Ac], [MDEAH][For], [DMEAH][Ac] and
[DMEAH][For]) ranges from 8.9-19.5 at 303.2 K, almost a magni-
tude larger than that in normal ILs, and [TMGH][PhO] with high
selectivity of H2S/CO2 (6.2 at 313.2 K and 0.1 bar) was also found
[36]. A comparison with these previous results shows that MDEA-

[N1111][Gly] is less effective for the separation of CO2 and H2S
gases from each other in gaseous streams. Also, the result shows
that MDEA-[N1111][Gly] aqueous solution can remove these two
acid gases from COG effectively.
2-1. Effect of CO2 Concentration

The CO2 concentration dependence of absorption capacity of
H2S and CO2 and SH2S/CO2 in MDEA-[N1111][Gly] aqueous solutions
is shown in Fig. 3 at 313.2 K and 0.1 MPa. The absorption capacity
of H2S and CO2 decreases and increases with the increasing CO2

concentration in Fig. 3(a), respectively. The SH2S/CO2 increases by
increasing CO2 concentration. Such a phenomenon indicates that
there is a competitive relationship between H2S and CO2 in the
absorption process. Moreover, since the partial pressure of CO2 in
the mixed gas is much higher than that of H2S, the absorption
capacity of MDEA-[N1111][Gly] aqueous solutions to CO2 is larger
than that to H2S. 
2-2. Effect of H2S Concentration

When the partial pressure of H2S changes from 300 Pa to 500

Table 4. Absorption capacity (m) of H2S and CO2 in MDEA-[N1111][Gly] aqueous solutions and the corresponding selectivity factor under
different H2S pressure. CO2=2 vol%, T=313.2 Ka

wMDEA w[N1111][Gly]

m/(g H2S per 100 g
aqueous solution)

m/(g CO2 per 100 g
aqueous solution) Selectivity factor

300 Pa 400 Pa 500 Pa 300 Pa 400 Pa 500 Pa 300 Pa 400 Pa 500 Pa
0.300 0.025 0.307 0.411 0.509 1.937 1.905 1.847 1.36 1.39 1.42

0.050 0.354 0.468 0.564 2.215 2.113 2.011 1.38 1.43 1.45
0.075 0.408 0.518 0.631 2.485 2.309 2.203 1.41 1.45 1.48

0.400 0.025 0.324 0.423 0.533 1.721 1.647 1.616 1.62 1.66 1.70
0.050 0.359 0.467 0.591 1.895 1.788 1.772 1.63 1.69 1.72
0.075 0.387 0.522 0.666 2.006 1.952 1.969 1.66 1.73 1.75

0.500 0.025 0.317 0.401 0.518 1.427 1.301 1.285 1.91 1.99 2.08
0.050 0.352 0.452 0.587 1.565 1.439 1.432 1.94 2.03 2.12
0.075 0.381 0.487 0.655 1.679 1.543 1.563 1.95 2.04 2.16

aExpanded uncertainties U at a 95% confidence level are U95 (T)=0.1 K; Ur, 95 (p)=2%; U95 (wMDEA)=0.010; U95 (w[N1111][Gly])=0.005; Ur, 95 (m)=
1.6%.

Table 5. Absorption capacity (m) of H2S and CO2 in MDEA-[N1111][Gly] aqueous solutions and the corresponding selectivity factor under
different temperature. pH2S=500 Pa, CO2=2 vol%a

wMDEA w[N1111][Gly]

m/(g H2S per 100 g
aqueous solution)

m/(g CO2 per 100 g
aqueous solution) Selectivity factor

303.2 K 313.2 K 323.2 K 303.2 K 313.2 K 323.2 K 303.2 K 313.2 K 323.2 K
0.300 0.025 0.579 0.509 0.379 1.983 1.847 1.717 1.51 1.42 1.14

0.050 0.628 0.564 0.434 2.114 2.011 1.881 1.53 1.45 1.19
0.075 0.691 0.631 0.501 2.289 2.203 2.073 1.56 1.48 1.25

0.400 0.025 0.620 0.533 0.403 1.752 1.616 1.486 1.83 1.70 1.40
0.050 0.671 0.591 0.461 1.878 1.772 1.642 1.85 1.72 1.45
0.075 0.719 0.666 0.536 1.975 1.969 1.839 1.88 1.75 1.51

0.500 0.025 0.626 0.518 0.388 1.421 1.285 1.155 2.28 2.08 1.73
0.050 0.676 0.587 0.457 1.518 1.432 1.302 2.30 2.12 1.81
0.075 0.731 0.655 0.509 1.609 1.563 1.433 2.35 2.16 1.83

aExpanded uncertainties U at a 95% confidence level are U95 (T)=0.1 K; Ur, 95 (p)=2%; U95 (wMDEA)=0.010; U95 (w[N1111][Gly])=0.005; Ur, 95

(m)=1.6%.
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Pa, the absorption capacity of H2S and CO2 and SH2S/CO2 in MDEA-
[N1111][Gly] aqueous solution is shown in Fig. 4. The absorption
capacity of H2S and CO2 increased and decreased with the increase
of H2S partial pressure, respectively. For example, in the case of
wMDEA/w[N1111][Gly]=0.300/0.050, when H2S partial pressure increased
from 300 Pa to 500 Pa, the absorption capacity of H2S increased
from 0.354 g to 0.564 g, i.e., a 59.32% increase resulted. The absorp-
tion capacity of CO2 decreased from 1.721 g to 1.616 g, with a 6.10%
decrease. In addition, the SH2S/CO2 remains a relatively slow growth
with increasing H2S concentration, i.e., SH2S/CO2 enhancement is
about 5%. This trend can be observed for all H2S fractions.
2-3. Effect of Absorbent Concentration

The effect of MDEA concentration on the absorption capacity
and selectivity is shown in Fig. 5. It can be seen that the absorption

capacity of H2S remains relatively constant with increasing wMDEA.
While the absorption capacity of CO2 shows a downward trend,
and the SH2S/CO2 shows an upward trend. For example, in the case
of T=313.2 K and w[N1111][Gly]=0.025 (Fig. 5(a)), when wMDEA in-
creased from 0.300 to 0.500, H2S absorption capacity increased
from 0.509g to 0.518g, with a 1.77% increase. CO2 absorption capac-
ity decreased from 1.847 g to 1.285 g, with a 30.43% decrease. The
SH2S/CO2 increased from 1.42 to 2.08.

The time corresponding to the saturation of H2S absorption was
taken as an experimental period in each experiment. With the in-
crease of MDEA concentration in the absorption solution, the vis-
cosity of the solution increases rapidly, so the absorption rate of CO2

decreases continuously, the absorption amount of CO2 decreases
gradually in the experimental period, and the selectivity factor in-

Fig. 3. Effect of CO2 concentration on absorption capacity of H2S (△□○) and CO2 (▲■●) and H2S/CO2 selectivity ( ), (a) wMDEA=
0.300; w[N1111][Gly]=0.025; T=313.2 K; pH2S=500 Pa; △▲CO2=1 vol%; □■CO2=2 vol%; ○●CO2=3 vol%; (b) wMDEA=0.300; T=313.2 K;
pH2S=500 Pa; △▲ w[N1111][Gly]=0.025; □■ w[N1111][Gly]=0.050; ○● w[N1111][Gly]=0.075; Lines: trend values.

Fig. 4. Effect of H2S concentration on absorption capacity of H2S (△□○) and CO2 (▲■●) and H2S/CO2 selectivity ( ), (a) wMDEA/
w[N1111][Gly]=0.300/0.050; CO2=2 vol%; T=313.2 K; △▲pH2S=300 Pa; □■pH2S=400 Pa; ○●pH2S=500 Pa; (b) wMDEA=0.300; CO2=2 vol%;
T=313.2 K; △▲ w[N1111][Gly]=0.025; □■ w[N1111][Gly]=0.050; ○● w[N1111][Gly]=0.075; Lines: trend values.



Selective absorption of H2S and CO2  from simulated coke oven gas 3045

Korean J. Chem. Eng.(Vol. 39, No. 11)

creases gradually.
The effect of [N1111][Gly] concentration on the absorption capac-

ity and selectivity is shown in Fig. 6. It can be seen that with the
increase of w[N1111][Gly], the absorption capacity of H2S and CO2 shows
an upward trend and the selectivity changes slightly. For example, in
the case of T=313.2K and wMDEA=0.300 (Fig. 6(a)), when w[N1111][Gly]

increases from 0.025 to 0.075, the absorption capacity of H2S in-
creases from 0.509 g to 0.631 g with a 23.96% increase; the absorp-
tion capacity of CO2 increases from 1.847g to 2.203g with a 19.27%
increase. There is a slight selectivity enhancement.

When w[N1111][Gly] changed from 0.050 to 0.075, the promoting
effect became less significant, especially when wMDEA was high. The
study of Shiflett and Yokozeki [51] also showed that when CO2 :H2S

changed from 1 :9 to 9 :1 and w[Bmim][PF6] was less than 0.5, the selec-
tivity of H2S was almost unchanged with the increase of w[Bmim][PF6].
The addition of [N1111][Gly] promoted the absorption of the two
kinds of acid gases, but the selectivity factor did not change signifi-
cantly.
2-4. Effect of Temperature

The effect of temperature on the absorption capacity and selec-
tivity is shown in Fig. 7. One finds from this figure that with the
increase of temperature, the absorption capacity of H2S and CO2

shows a downward trend, and the selectivity gradually decreases.
As shown in Fig. 7(b), with increasing temperature from (303.2 to
323.2) K, the H2S/CO2 selectivity decreases from 2.30 to 1.81, the
absorption capacity of H2S and CO2, respectively, decreases from

Fig. 5. Effect of wMDEA on absorption capacity of H2S (△□○) and CO2 (▲■●) and H2S/CO2 selectivity ( ), (a) w[N1111][Gly]=0.025; CO2=
2 vol%; T=313.2 K; pH2S=500 Pa; △▲wMDEA=0.300; □■wMDEA=0.400; ○●wMDEA=0.500; (b) w[N1111][Gly]=0.025; CO2=2 vol%; pH2S=500
Pa; △▲ T=303.2 K; □■ T=313.2 K; ○● T=313.2 K; Lines: trend values.

Fig. 6. Effect of w[N1111][Gly] on absorption capacity of H2S (△□○) and CO2 (▲■●) and H2S/CO2 selectivity ( ), (a) wMDEA=0.300;
CO2=2 vol%; T=313.2 K; pH2S=500 Pa; △▲w[N1111][Gly]=0.025; □■w[N1111][Gly]=0.050; ○●w[N1111][Gly]=0.075; (b) wMDEA=0.300; CO2=2
vol%; pH2S=500 Pa; △▲ T=303.2 K; □■ T=313.2 K; ○● T=313.2 K; Lines: trend values.
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0.676 to 0.457 and 1.518 to 1.302, i.e., a 20 K increase in tempera-
ture causes more than 20%, 30% and 10% decrease in H2S/CO2

selectivity and absorption capacity of H2S and CO2, respectively. The
absorption of H2S and CO2 is an exothermic process and the in-
crease of temperature results in hindering forward reaction. In addi-
tion, the reaction rate constant (k) is a function of temperature and
increases with the increasing temperature. Although, the reversibil-
ity of the H2S-amines reaction is more pronounced at higher tem-
peratures. This is why the selectivity showed a tendency to decrease
with the increase of temperature. Similar phenomenon can be found
in Lu’s work [46].

CONCLUSION

The absorption capacity and selectivity of H2S and CO2 in MDEA-
[N1111][Gly] aqueous solution were measured, and the effects of
mass fraction, temperature and partial pressures of H2S and CO2

on the absorption capacity and selectivity were clarified. The con-
clusions are as follows:

(1) With the increase of wMDEA, the absorption capacity of H2S
increased first and then decreased, and the selectivity increased sig-
nificantly. Higher wMDEA was more conducive to the selective removal
of H2S.

(2) The addition of [N1111][Gly] into MDEA aqueous solution
can obviously increase the absorption capacity of H2S and CO2.
The absorption capacity and selectivity of H2S and CO2 decrease
with the increase of temperature, and a lower temperature is more
beneficial to the selective removal of H2S.

(3) The increase of H2S partial pressure can increase the absorp-
tion capacity of H2S, and the existence of CO2 will hinder the H2S
absorption. The increase of CO2 partial pressure is beneficial to the
improvement of selectivity.

(4) The absorption capacity was large and the mass fraction of
the solute in the absorbent reached more than 0.55, thereby hav-
ing outstanding advantages in the aspects of saving energy consump-

tion and operating cost and having a good application potential.
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NOMENCLATURE

[N1111][Gly] : tetramethylammonium glycine
H2S : hydrogen sulfide
COG : coke oven gas
MDEA : N-methyldiethanolamine
MEA : monoethanolamine
DEA : diethanolamine
DETA : diethylenetriamine
AAILs : amino acid ionic liquids
vH2S : flow rates of H2S [mL/min]
vCO2 : flow rates of CO2 [mL/min]
vN2 ; flow rates of N2 [mL/min]
v : total flow rate of the gas mixture [mL/min]
VH2S : absorbed volumes of H2S [mL]
VCO2 : absorbed volumes of CO2 [mL]
cH2S, 0 : initial volume fractions of H2S [%]
cCO2, 0 : initial volume fractions of CO2 [%]
cH2S, i : volume fractions of H2S at time i [%]

Fig. 7. Effect of temperature on absorption capacity of H2S (△□○) and CO2 (▲■●) and H2S/CO2 selectivity ( ), (a) wMDEA/
w[N1111][Gly]=0.500/0.050; CO2=2 vol%; pH2S=500 Pa; △▲T=303.2 K; □■T=313.2 K; ○●T=323.2 K; (b) wMDEA=0.500; CO2=2 vol%;
pH2S=500 Pa; △▲ w[N1111][Gly]=0.025; □■ w[N1111][Gly]=0.050; ○● w[N1111][Gly]=0.075; Lines: trend values.
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cCO2, i : volume fractions of CO2 at time i [%]
T : temperature [K]
PH2S : partial pressure of H2S [Pa]
nH2S : moles of H2S
nCO2 : moles of CO2

t : absorption time
mH2S : absorption amount of H2S
mCO2 : absorption amount of CO2

wMDEA : mass fraction of MDEA
w[N1111][Gly] : mass fraction of [N1111][Gly]
[C8mim][Tf2N] : 1-octyl-3-methylimidazolium Bis (trifluoromethyl)

Sulfonylimide
[Bmin][MeSO4] : 1-butyl-3-methylimidazolium methylsulfate
[Bmim][PF6] : 1-butyl-3-methylimidazolium hexafluorophosphate
[C2min][eFAP] : 1-ethyl-3-methylimidazolium tris (pentafluoroethyl)

Trifluorophosphate
[MDEAH][Ac] : methyldiethanolammonium acetate
[MDEAH][For] : methyldiethanolammonium formate
[DMEAH][Ac] : dimethylethanolammonium acetate
[DMEAH][For] : dimethylethanolammonium formate
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