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1. Diamines
2. AEEA (2-(Aminoethyl) Amino) Ethanol
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1. MFC (Mass Flow Controller)
2. Analyzer
3. Saturator



Tl emar Ol o S aSles S edile
J—ose 5l 00,5 o s S ojlul gdo e 0,9
adyb 90 i g o b ploxil sla—iSAy) Lasgs
=y an wans 5 aa elBiolel s 0 aS
B e s Sesll jedae 4l dy (S
el oo b oolatwl T b o (655 eSS
e bile Ly (el Jodoe S (sl eoml by
o g a=be 9 5B Ol (o =Sl Lo
ool Sl g S5 56 0 LSSt g0 bile
ol gl (99— (A izred 9 Jo e Lo
S bl Sllons oLl Ly laom e -5
lona 1 gsle S 4 o ST 50 e JL
50 00 plosl iolel aw jo e Li8 09 o
Sl Ve e kP gFer Vee Lolae yo calize glalos
iz slaiole;] plosl 5l om s a il a5
codale ol (s slmosls 3,9l Cwods g
= e Sl S aeSTss 5 (=l g 4l
adox 5l (—olyt izmen 5 amle 5 5 lapl >
L5 Ojgo oY Slloe atils 5 a5
03wl 3,90 g0

bzl gl colaiul 050 Slgn Slax s
oo ool yLis ) Jgos j0 abogs e o yiole;l
gy ooliiwl 8,50 (ol sla Joloe aJS .l
o oy Sl Alonys 5 g lade O
b eolai il 550 (2B iolojl piniw 8, Slos
= Jome j3 o SauSlgs 58 STy e
FAVYND 6los 4 45 ol Jsibligs Lo VY M
FoogVee dilize Libaw g YFYNO K 5 YYYNO
sy Sl poolae Ly g s 5 awlse Ve - kP
alie [YO] ol Ken 5 jlot lawgs oo awloxe
ool iosled ¥ Jgam 0 sael Cwss ol a5 o
Gl L wgio aS aas oo lid moll . ccwl ol
0 oy gl a0 STy ce s b
o Jged L8 llas a8 e WYY ),

1. Dehumidifier
2. Pressure Independent Control Valve (PICV)
3. Wet Gas Meter
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Introduction

Absorption of acid gases, such as carbon dioxide
(CO,) and hydrogen sulfide (H,S), from natural
and process gases is of great industrial importance.
Aqueous alkanolamines solutions are generally used
as absorption solvents for removing acid gases in
industrial processes [1-5]. Monoethanolamine (MEA),
diethanolamine (DEA) and methyldiethanolamine
(MDEA) are the most commonly used primary,
secondary, and tertiary alkanolamines respectively [6].
Tertiary amines, such as MDEA, are widely utilized
for acid gases removal; however, one of the major
problems in using tertiary amine solvents is their low
CO, absorption rate. To overcome to this problem,
the blended amines have been suggested to be used in
the absorption of acid gases. The addition of a small
amount of the primary amines, secondary amines
or diamines to the conventional tertiary amines can
enhance the absorption rate of CO, [7]. Due to the
increasing importance of the blended-amine systems in
acid-gas treating processes, it is necessary to perform
many investigations on the kinetic phenomena in
mixed amine systems.

Accepted: December/18/2019

So far, many studies have been conducted on the
applications of amine mixtures [8-11]; however, no
comprehensive research has been performed on the CO,
absorption by the mixture of methyldiethanolamine
and 2-((aminoethyl)amino)ethanol. Therefore, in
this present work, the kinetics of carbon dioxide gas
absorption in this aqueous mixture is investigated.

Experimental Procedure

Experimental Setup

In this research, a wetted wall column was used to
measure carbon dioxide gas absorption in the aqueous
mixture of methyldiethanolamine and 2-((aminoethyl)
amino)ethanol, as shown in Figure 1.

In this experimental setup, carbon dioxide gas and
amine mixture were directly contacted to proceed the
absorption process in the wetted wall column. The ex-
periments were carried out at the temperature range of
313.15 to 343.15 K at the pressures of 100, 400, and
700 kPa.
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Fig. 1: Experimental setup.

Theory

The proposed kinetic model for carbon dioxide gas
absorption in the studied amine mixture is described
using the following equation:

Teo,mis = ki [AEEAIIMDEA][CO, ] (1)
The reaction rate of carbon dioxide gas absorption
in the aqueous mixture of methyldiethanolamine and
2-((amino ethyl)amino)ethanol can be calculated us-
ing the obtained experimental data, and then, the ap-
parent reaction rate constant is determined using linear
regression.

It should be also mentioned that the reaction rate con-
stant of carbon dioxide gas absorption in the amine
mixture (k ) is a function of temperature which is
determined using linear regression; moreover, the rate
constant of the investigated reaction can be expressed
by the following correlation:

k,. =3.44x10"exp(-4545/RT) 2)

mix

Results and Discussion

To calculate the reaction rate constant at a desired
temperature, the obtained reaction rates should
be plotted against the absorbed carbon dioxide
concentrations, and then fitting a first-order curve
to the data; in addition, the slope of the fitting line
represents the reaction rate constant. Figures 2 to 4
show the plots of absorption rates (7, ;) versus
carbon dioxide concentrations in the investigated
aqueous amine mixture at the temperatures of 313.15,
328.15, and 343.15 K respectively.
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Fig. 2: Absorption rate of carbon dioxide gas in 3.36 M
aqueous mixture of MDEA/AEEA at 313.15 K.
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Fig. 3: Absorption rate of carbon dioxide gas in 3.36 M
aqueous mixture of MDEA/AEEA at 328.15 K.
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Fig. 4: Absorption rate of carbon dioxide gas in 3.36 M
aqueous mixture of MDEA/AEEA at 343.15 K.

Based on the obtained R? values (which are greater than
0.85), it can be concluded that the proposed model, as
a linear equation, is a relatively acceptable one.

The calculated values of k _are also reported in Table
I. Results show that k. in the studied amine mixture
increases when reaction temperature rises.

Table 1. Reaction rate constant.

T(K) Reaction rate constant (m*/kmol.s) x 10*
313.15 6.06
328.15 6.66
343.15 6.89

In addition, the mass transfer fluxes in the 3.36 M
aqueous solutions of methyldiethanolamine, and the
mixture of 2-((aminoethyl)amino)ethanol and methyl-
diethanolamine are shown in Table 2. Results indicate
that the effect of this activator on the performance of
the studied amine mixture; the average mass transfer
flux increases by 85% at the temperature of 313.15 K
and at the pressures of 100, 400, and 700 kPa.
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Table 2: The mass transfer flux of carbon dioxide gas in the aqueous solutions (3.36 M) of MDEA, and mixture of methyldi-
.ethanolamine and 2-((aminoethyl)amino)ethanol

T (K) P (kPa) N, copMDEA (kmol/m?.s) x10° N Oy Mivtre (kmol/m*.s) x10° | Increasing Rate%
100 0.90 0.60 85
400 2.97 2.25 86
313.15
700 5.06 3.53 85
Average increasing rate%= 85.3
100 1.57 0.48 67
400 5.22 1.69 69
328.15
700 8.89 2.87 69
Average increasing rate%= 68.3
100 2.46 0.42 41
400 8.16 1.32 41
343.15
700 13.90 2.24 37
Average increasing rate%= 39.7
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