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It is widely accepted that increasing carbon dioxide (CO,) emissions to our
atmosphere is the major contributor to global climate change, which pollutes
environment. The chemical absorption using tertiary alkanolamines solution
is one of most important method, which have been proposed and studied
for the removal of carbon dioxide because the MDEA solvent has low cost,
low corrosive tendencies, high stability, low viscosity, low tendency to foam,
and low flammability, however it has low reaction rate. Therefore, we added
glycine promoter to conventional solvents to increase the rate of the reaction
because glycine is a primary amine compound which is reactive. Moreover,
glycine has resistance to high temperatures; so, it will not easy to degrade
making it not suitable for application in industry. The main purpose of this study
was to provide reaction kinetics data of CO, absorption into glycine promoted

2022; Published: March 28, 2022 methyldiethanolamine (MDEA) by using laboratory scale wetted wall column

equipment at the atmospheric pressure by varying temperature from 303.15
to 328.15 and glycine concentration from 1% to 3%, while the carbon dioxide
absorption rate was measured by titration of liquid effluent. Based on the result
of this study, we observed that by increasing temperature and concentration of
glycine, the absorption rate of carbon dioxide in MDEA solution was increase. In
addition, the reaction rate constant will be affected by the temperature and the
concentration of promoter. The correlation of reaction rate constant (k glycine)
was: k glycine = 5.3409E+13exp(-3251.9/T) with the activation energy for
glycine promoter is 27.0363kJ/kmol, indicating it a very influencing, compared
to diethanolamine (DEA).
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Introduction it has several advantages, such as a low vapour pressure, it is not

o ) o easy degradation, low corrosive, low reaction heat, high selectivity
Natural events and human activities are believed to be contributing

. ) . o to remove CO,, and more attractive. However, because of the poor
to an increase in average global temperatures. This is caused primarily . . . .
. e . o reaction velocity, we added glycine promoters to conventional
by increases in “greenhouse” gases, such as carbon dioxide and trace i ,
. Lo L . solvents to make the catalyst so fast, which hasn’t been done before

gases. Increasing of carbon dioxide (CO,) emissions from the chemical i T o T
: . . . . with MDEA in privies investigations to ascertain kinetic data for CO
industry to our atmosphere is the major contributor to global climate 2

change, which pollutes environment. That is why; removing carbon absorption into glycine activated methyldiethanolamine (MDEA)
dioxide from the chemical industry field is very important things to
mitigate the problem of global warming, wherefore we need to reduce

CO, emissions by using the optimized method [1].

solution.
Reaction Scheme and Mathematical Model

Carbon Capture and Storage (CCS) refers to the set of technologies

This study focused on one of the solutions using reactive developed to capture carbon dioxide CO, gas from the exhausts of

absorption technology to remove (CO,). Because absorption has power stations and from other industrial sources, the infrastructure
such advantages as large capacity, high efficiency and good industrial

) for handling and transporting to use as an energy source. There are
performance, always has been favored by researchers. The selective
chemical absorption of CO, by a solvent is the most well-established
method of CO, capture in power plants and from the gas sources.
High product yields and purities can be obtained with this method.
Because the alkanolamines solution one of most important method
which have been proposed and studied for the removal of carbon
dioxide from natural gas sources and refinery gases or fossil fuel
combustion [2]. We choose MDEA solvent as the absorbent because

several technologies that could be used for CO, captures, such as
absorption, adsorption, cryogenic recovery, membrane separation
and chemical looping combustion. Because chemical absorption has
three advantage of dealing with low concentration, low pressure and
large flux exhaust gas in large scale industrial application; it has been
regarded as one of the most promising method to capture CO, from
flue gas [3].
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Absorption with chemical reaction

Mass transfer with chemical reaction takes place whenever two
phases which are not at chemical equilibrium with one another are
brought into contact. Such phenomena are made up of a number of
elementary steps, which may be summarized as follows:

. Diffusion of one reactant from the bulk of gas phase to
interface between the gas-liquid.

. Diffusion of the reactant from the interface towards the
bulk of liquid phase.

. Chemical reaction within liquid phase.

. Diffusion of reactant initially presents within liquid

phase, and/or of reaction product, within phase liquid itself, due to
concentration gradients which are set up by the chemical reaction.

Mass transfer processes are coupled with a chemical reaction, in
order to improve the rate and yield of the process.

In case of absorption of gas (A) into liquid, there is possibility that
the dissolved gas (A) to reacts with other solvent/ reactant dissolved
in liquid with rate of reaction of rA. Consider Figure 1, we make
mass balance over volume element dv or (S.dx) (parameters in the
question).

N,S :(NA+dNA)S+8§tA

N,S—N,S—dN,S :%(S.dx)w@.dx)

(S.dx) +r,(S.dx)

ac,
A ox
Diftusion flux A in liquid (FicK’s first law). When the Equation (1)
is divided by S.dx, and substitution value of NA get:
2
—i(—DA 6CA]:%+rA 50,25 % +,
dx ox ot

N,=-D

Foe oot
It becomes necessary to write such an equation (2) for each

molecular species taking part in the reaction in order to completely
describe the system.

Reaction kinetic of carbon dioxide absorption

The reactions will be occurring at the equilibrium when the
carbon dioxide absorbed in the solution as follows:

CO, + RIR2R3+ H,0 « x5 RIR2RINH * + HCO;

H,NCH,COO™ +CO, <" _,_QOCNHCH,CO0™ +H*
~OOCNHCH,COO™ + H,0 <2 5 i NCH,COO™ + HCO;

H,0«* sH"+OH"
CO,+H,0«%>HCO, +H"

HCO; «*—CO;? +H"

e i _[HCO][H"]
K, =[H"I[OH"IK, = [CO,]
_[CO7IH"]

? [HCO;]

Carbon dioxide absorption in a wetted wall column

The wetted wall column was constructed from a tube with a wall
defined surface area stand when the Liquid overflowed from the
inside and formed a liquid film over the outer surface of the tube.
Gas entered from the bottom of the wetted wall column and counter
currently contacted the liquid film.

Experimental

This study was conducted to determine the reaction kinetics data
of carbon dioxide absorption gas into glycine promoted MDEA using
a laboratory scale wetted wall column at atmospheric pressure and
the temperature in the interval 303.15K (30°C) - 328.15K (55°C) [4].

Materials

Mixture of gas a composition 20% of CO, and 80% N,, MDEA,
Glycine, NaOH, HCI, Oxalic acid (C,H,0,), Aqueduct, phenophalene,
and methyl orange Indicator.

Equipment: WWC, water bath, MDEA solution tank, a tank
of samples, burette, the stand, Conical flask, measuring cup, funnel
glass, volume pipette, pipette.

Operating conditions and variables research

Pressure: 1) Atmosphere; 2) Temperature: 30, 35, 40, 45, 50, 55
°C.

Gas feed: 1) A mixture of 20% CO, + 80% N,; 2) The gas flow
rate: 6L/min.

Solvents: 1) Type of solvent: MDEA; 2) The concentration of
solvent: 30% by weight; 3) The solvent flow rate: 200mL/min.

Promoter: 1) Type of promoter: glycine; 2) The concentration of
promoter: 1-3% (wt. %).

Glycine Analysis of concentration content of carbonate and
bicarbonate will conducted by titration method.

Operation procedure

Fill water into the water bath as a regulator of temperature in
the WWC jacket. Creating Methyldiethanolamine solution of 30%
by weight. Each adding of glycine (wt. %) in accordance with the
variable to a solution of MDEA 30% by weight. MDEA solution with
the promoter enters into the reservoir tank. Setting the operating
temperature in accordance with the variable. Circulate hot water in
the annulus side column of WWC and returned to the water bath [5].

Circulating MDEA solution with promoter by using the pump
from the reservoir tank to the overflow tank until the solution overflow.
Adjusting the flow rate of MDEA solution with the promoter, so the
solution flows from the bottom to up through the inside of the tube
to form a thin film on the tube surface. When the temperature has
reached the desired system and the flow has stabilized, a mixture of
carbon dioxide and nitrogen gas flowed through the saturator tank.
Then a mixture of carbon dioxide and nitrogen gas flows from the
bottom of the column to the top of the column outer stainless steel
pipe so that it contacts between carbon dioxide and nitrogen gas with
a thin layer of fluid around the outer surface of the tube until steady
state conditions. If achieved steady state conditions, taking samples
of MDEA solution with promoter from the sample reservoir tank.
For analysis using the content of carbonate and bicarbonate using
a titration method by using phenolphthalein and a methyl orange
indictor.

Data evaluation

Based on data from experimental results and some of the
literature can be calculated to determine the reaction rate constants
of promoter with the following stages:
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Calculation of gas - liquid contact time:

(23 y[ﬂf
U, 3|gp v

The calculation of the amount of gas absorbed per unit surface
area for contact time (t), then the average rate of absorption during
tis Q(t)/tis:

W _ a
t zdh
where,

q=v x ([karbonat+bikarbonat])

Calculation of [OH] and [CO,], of the equilibrium reaction using

equation:
2
[OH7]=K7W [cO; 7]
K, [HCO,]
2-12
[co,], =-KeKe [HCO; ]

KqK; [COY]

The value of K, K, and K, obtained from the following equation:
9,879x10"  5,6883x10" 1465x10° 13615 xlO“J

K, :exp[39,555— 2 = Ti

logK, = —343_&-#14,843—0, 032797

5 8 10 12
K, - exp[—ZQ 474, 3:643940° 18416 10" 41579 x10° 3,5429 x10 j

T T T
The calculation of the value of C,; obtained by trial k , using
equation:
kP +Co /DK,
M7 Kk H, +4D,k,,
After C,, values obtained from equation (3.9), then the value k |
can be determined from equation:

% =R= (CAi 7CAe)\/ DALXva

Determining the kapp value from the following equation:

k,, =k, ko, [OH] -k

a) MDEA

[MDEA]
where,

k = kglycme [glycine]

app
The value of k(OH") can get from following equation:
2895
log,, k,,, =13, 635—T

And we can getk

\pea from this equation:

—9786.959574)
T

The reaction rate constant of glycine (kglycine) is a function of

Kyoea = 2.41714x10% exp[

temperature presented by the Arrhenius equation:
E

— RT
kglycine - Aglycinee

Results and Discussion

Based on the experimental data, the result which I got from this
study as the reaction kinetics data of carbon dioxide absorption into
glycine activated methyldiethanolamine (MDEA) by using laboratory
scale wetted column equipment at atmospheric pressure by varying
temperatures from 303.15 to 328.15, the solvent content from 30%
wt. MDEA, and glycine concentration (1%-3% wt), the mixer of gas
content from 20% carbon dioxide and 80% nitrogen [6-8].

interface —
liquid

Nh e NA"‘('N‘\\

—— 1(xh

v

Figure 1: Mass Transfer of Gas into Liquid with Chemical Reaction.
Rate in = Rate out + Accumulation + Reaction rate.
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Figure 2a: The effect of the temperature and the concentration of promoter
on the carbon dioxide absorption rate.

The effect of the temperature and the concentration of
promoter on the carbon dioxide absorption rate

In Figure 2a and 2b, where the carbon dioxide absorption
rate tends to increase with increasing temperature at a glycine
concentration. Absorption rate is due to the increasing temperature,
because the kinetic energy of the substances molecules which react
will increase so that the reaction will be faster and the temperature
is increase the diffusivity [9]. And also by increasing promoter
concentration from (1-3% wt.) the reaction rate will be faster because
we already increase the amount of catalyst.

The effect of the temperature and the concentration of
promoter on carbonate final concentration

In Figure 3 show that the increase of temperature at increase
promoter concentration from (1%-3%wt) cause increase in carbonate
concentration [10].

The effect of promoter concentration increase with time contact
between gas and liquid will be slow that is why due the increase of
carbonate concentration.

Reaction rate constant

The equation of reaction rate constant obtained from the results
of this research and is featured in two models that is glycine promoter

reaction rate constant (kg]ydne) and reaction constant rate apparent
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Figure 2b: The effect of the temperature and the concentration increase of promoter towards carbon dioxide absorption rate.
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Figure 3: The effect of the temperature and the concentration of promoter on carbonate final concentration.
(kapp)' 12.0
From experiment results, literature and calculation we obtained
overall reaction rate constant as show in the Figure 4 we got it by using 10.0 = 0.1 moll DEA
trial method for equation 3.9 and 3.10. In this figure we observed = = 05 m S
when the promoter concentration and temperature increase; the 8o z
- ) 3 h - . - ©0.3 mol/l DEA.
overall constant rate will be increase too. This case because reaction g i
. = B 1%glyci
rate constant is affected by the temperature and promoter constant " ieD . - RENERS
[11] 2 = -2% glycine
4.0 — 3% glycine
Reactivity glycine as a promoter in the absorption of carbon
dioxide can be determined from the reaction rate constants were o
calculated by Arrhenius equation k =A*exp(-E/RT) [12]. R .
In Figure 5, we obtained intercept for glycine that is In A = P . T
31.609 and the slope is (-E/R) = 3251.9, so the equation kglycine =
T
5.3409E+13exp (-3251.9/T).
Figure 4: The effect of the temperature and the concentration of promoter on
Where, overall constant rate reaction comparing with DEA prompter.

K = Reaction rate constant

A = Pre exponential factor

E = Activation energy

R = Gas constant 8.314 (kJ/kmol.k)

T = Temperature

From above equation obtained the regression value 0.9964 for
glycine promoter and the activation energy is 27.0363k]J/kmol.

Figure 6 is showed the low value of In k, at the high value of 1/T,
this case proves that at the higher temperature, the value of activation
energy will be smaller and the reaction time which is needed will be
fast wherefore will increase reaction rate constant [13-15].
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Figure 5: The effect of the temperature on promoter constant rate reaction
comparing with DEA promoter using MDEA solvent.
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Figure 6: The effect of the temperature and the concentration of glycine
promote on CO, flow rate comparing with DEA.

Conclusion

Based on the collation date we observed that:

When we increase the temperature the absorption rate will be
increase, and also by increasing promoter concentration from (1-3%

wt.) the reaction rate will be faster.

The overall reaction rate constant is affected by the temperature
and promoter concentration and it is so big comparing with anther

promoter in some pervious works.

The correlation of reaction rate constant (kglycine
following equation:

) expressed by the

K = 5.3409E+13exp (-3251.9/T) with activation energy for

glycine

glycine promoter is 27.0363k]J/kmol.

When we used diethanolamine (DEA) as a promoter instead of

glycine the carbon dioxide Absorption rate also increase when the
concentration of the promoter increase however decrease when the
temperature increase.
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