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Abstract

Carbon dioxide absorption is one of the ways to reduce greenhouse Received: 25 December 2022
gases. This study investigates carbon dioxide absorption by Accepted: 23 February 2023
methyldiethanolamine-piperazine aqueous solution using a microchannel. Page Number: 104-114

The Design Expert software was used to check and analyze the results.
The effect of the parameters of amine concentration (30-50 wt.%),
temperature (20-40°C), solvent flow entering the microreactor (3-9
ml/min) and carbon dioxide concentration (5-15 vol.%) on the overall
mass transfer coefficient was evaluated. The importance of the input
variables for this response is in the order of liquid flow > amine
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concentration > temperature. Liquid flow intensity is the most effective Keywor.ds..

input variable because there is a direct relationship between liquid flow Carbon Dioxide,

intensity and the succession of absorption sites. The highest value of Methyl Diodethanolamine,
the overall mass transfer coefficient was reported as 202.50 Piperazine,
kmol/m3.h.kPa. This value was obtained in operating conditions: Microreactor,
concentration of 40 wt.% of solvent, flow intensity of 9 ml/min of solvent, Overall Mass Transfer
operating temperature of 40 degrees Celsius and input concentration of Coefficient

10 vol.% of carbon dioxide gas.
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1. Methyl Diethanolamine (MDEA)
2. Piperazine
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Figure 1. Simple design of the microreactor device for carbon dioxide absorption. 1) fresh solvent tank, 2) peristaltic pump, 3) hot water
bath, 4) microchannel, 5) heater, 6) temperature regulator, 7) carbon dioxide gas cylinder, 8) air cylinder, 9) mass flow controller,
10) valve Control, 11) Humidifier, 12) Separator, 13) Humidifier, 14) Sensor, 15) Recorder.
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Table 1. Main components and technical details of test equipment.

Equipment name Manufacturer Model Accuracy
Mfc (1 sim) Apasco company gpc(1 slm) +1%fs
Mfc (10 slm) Apasco company gpc(10 sim) +1%fs
Sencor CO2 (Cozir Company) cm-0123 (20%) error of less than 0.01%
thermometer (Beh Abzar) H302 +0.1°C

1. Mass Flow Control
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Table 2. The results of the BBD method for the independent variables and their responses in terms of the overall
carbon dioxide mass transfer coefficient.

Exp’)\(larime Experime plan Keav (kmol/m3.h.kPa)
>
4 1 50 40 6 10 187.67
10 2 50 30 6 5 171.69
20 3 50 30 9 10 193.58
1 4 30 20 6 10 101.18
3 5 30 40 6 10 166.15
2 6 50 20 6 10 147.86
18 7 50 30 8 10 128.09
23 8 40 20 6 15 137.79
15 9 40 20 9 10 170.82
24 10 40 40 6 15 158.00
26 11 40 30 6 10 164.12
13 12 40 20 3 10 121.19
5 13 40 30 3] 5 134.72
25 14 40 30 6 10 163.52
11 15 30 30 6 15 130.14
12 16 50 30 6 15 147.50
7 17 40 30 3 15 95.65
6 18 40 30 9 5 181.73
8 19 40 30 9 15 169.04
17 20 30 30 3 10 95.32
16 21 40 40 9 10 202.50
9 22 30 30 6 5 141.46
22 23 40 40 6 5 188.10
27 24 40 30 6 10 169.57
14 25 40 40 3 10 134.64
19 26 30 30 9 10 128.89
21 27 40 20 6 5 149.05

1. Design Expert
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Table 3. Brief statistics of the model for the overall mass transfer coefficient (Kc,av).

Source Std. Dev. R? Adjusted R?

Predicted R?

Overall mass transfer coefficient (Kga,,)

Linear 13.08 0.83 0.80
2FI 13.60 0.86 0.78
Quadratic 9.35 0.95 0.90
Cubic 6.08 0.99 0.96

0.75 5600.93

0.62 8412.55

0.73 5961.74 Suggested
0.18 18127.63  Aliased

(Kgay) a o JUEL IS (3 pid () ;3 ANOVA 7alis ¥ Jgaa
Table 4. ANOVA results for overall mass transfer coefficient (K¢a,).

Overall mass transfer coefficients (Kcav)

Source
Model 19899.67 6
A-C Amin 3789.25 1
B-T 3645.67 1
C-Qu 9461.00 1
D-C CO2 1379.02 1
A2 1134.72 1
cz 808.03 1
Residual 2136.79 20
Lack of Fit 2114.59 18
Pure Error 22.20 2
Cor Total 22036.46 26

3316.61 31.04 < 0.0001
3789.25 35.47 < 0.0001
3645.67 34.12 < 0.0001
9461.00 88.55 < 0.0001
1379.02 12.91 0.0018
1134.72 10.62 0.0039
808.03 7.56 0.0123
106.84
117.48 10.58 0.0897
11.10

1. R-Squared (R?) 2. R? Adjusted

3. R? Predicted 4. Analysis of Variance

Iranian Chemical Engineering Journal — Vol. 22 - No. 131 (2024)



i slod I F-Y-Y
AnS g0, iz ald 6l ol Slles dasin S Lo
SLes puitinns 536 (0-(1)) JS5 el @83 5 Gl slaasly o
il Ddz anl (5) ugpades d2 0 B LY I, Ol
Ol 23l —omelUsibliso e 2l Jslome b anSTiso 05
Sty 290 g Az 3 T LI Ve 5l Lo (ioli8l oo oo
LoV PO 5l )8 O jpoam oo Jlil S a2
154 cl Caly el cl cle s kmol/me.h.kPa Vo
51y &5 L Lot (5355 e slos gilomnd iz Jsbo
o6, 8 il s b dvylecul b e o)l dolae U sllas
b a8 Los (AalB L (2aSTy o s« J5S0g0 Sl
Rl a5 Wl oo 2805 Lo b Pl (59,015 1ol pogdle
o1y e 70 O (i anlE o 09 o 2 JUT o
S5 il 5 0 o | mbe 5650 aeSTg 0,8 55 codMl
o cnl 1 abee (Rals s (IBIL Pl o sSlsocn S
Coleys Lalasyle )1, 8 5005 Ly Bl 5o easay 90 cpl Il
pr JUsl (S o s dbes (31 (0-(V) St anaz il
G5 b aS e oo Al as 0 YYIF sg0a 1) senSTisocn,S

IYels o cillas sasplul L3

&b gl fIY-v-v

Sl e o ladasiine s pepcl s Pl b RIHL
s 3y JLisl g STy sl it Plo 09>
izl s Plo bz Sy Gl (Bib 5o aalys
Sl Gl (1) 15,08 goaxie pare 3T Mo b oSl 3 050,S
 ooriss 53 Qi JWb laolSol Slasil e ( P> (b
Ol Gl e (Swisde 595 Gillae (V) s oo SRl
P2 JUEl Sgte 5 gl (Swigbsl Co o Al 2ol Pl
S S Gl eel Pl gl Gl Gl (F) 090 oo
9 dS160n Sy LS crge ol (nl 09 oo JUITs See
0 Pl g aenST6300,5 5 o e haw 1381 5 P
IVEXolal o Lol JUSg,Se 1o whd coolies amsijo

4 w8 e LS (V) UK 1 Jol> s 5 Jelss g5
B jeban Pl b Gl L ey Jsl IS o p2

.»L.Go u,‘,..I)sl do,o FY Cus say

i 5o iyl Lol sla it 3G ¥-Y
= Jsome )L e S gl b Jloigan o
a5 ol aeSls00)S iz sl il el bl e
| sl 595 65395 Slokes slamine Lol L5 (V) S
obas wail cli v Slae blas jo Ko yusie 4w a5 Sl
Colale ,ite 45 5y o sanliie (S oyl bl s oo
S g e 3B o JEH S oo (59959 SenSTso00
amg B F ke asyls e 3l 609)5 al b sl e
o U5 35 ANOVA Jsax 5l itte o sl oawlcwsay
Dot 2 e anl | il @l o a0 390 (S (sla e
S b polie o |y o e IXFIAS L P> o>
L ois los s IAVE L Ml clale ool ansls o, Jla!
Ol o amg JoB dadiin Greguw 5 (eegd S i TIAY

cllea S oo sandd, o, Ko sloa_akic

Sl 0 1y L0 a8 TFIAY L (69959 daSTig0 05

Syl ol sledasin

I clalé I Y-Y-)
ol Jodome Al wga s 0 Sla S i ol
L sl olyod ol iz b o5l — el J5ibilg o
s sl Uy cond JLad el Joilil oo e cidale iyl
dole plooed Qa9 3 (655 0 lade ;5 ;S datis
30 omel cdale (1138 b Logr anles Las Slldes [0 00isS s

ber (Rl e JUESH (ST 2o Jolore
slo e oads Jlsb el Jsilbligo dee ladsSse (il L
ol ol ol oo Gl Pl x> a2y 0 Ddx b
Sl ) oiz anld e (2aSTy (Pl 5o (el Gl
die digen Pl 50 Lol YU cbale (b ol b ons oo
alise il D 69,005 (el ClE SlE L 5 e
JUisl &je 5 i LS i 5ab Dl 9,005 (15
aS ams o s @(V)) JSb 51 Jols s [¥Y]s,ls P>
@ ez JUSI L o pe (o8 Gl cel Pl cdale ol

Dgd o 2,3 YYIV 4l5ae

(1&-Y) a9 9 90 0 ylouis — P99 Jw — Ol sl (goslh (Ao &3 puia

—

—

it U b 32nS16300,8 silelaz a8iulojT ) o

VF-NF o po — o) 5 SLilogz



200

130

160

140

120

Kcay (kmol/m? h.kPa)

100

30 s 40 45 50
A: MDEA-PZ Concentration (wt. %)

@)

220 4

200

180

160

140

120

Kcay (kmolm? hkPa)

100 -

80

120 4

180 +

140

cay (kmol/m? h.kPa)

120

100

180

190 \

140

120 +

Kcay (kmol/m3.h.kPa)

100

5 T 9 11 13 15
D: €Oz Concentration (vol. %)

(d)

ebe Ol Sl (€) wda sloa (b) (ol UBLE (a) (Koay) oy JEEY (IS o jud & paads Y S
S5 95530 4 (5999 waSlSa(n S ClLE (d)

Figure 2. Variations of the overall mass transfer coefficient (Ka,) (a) Amine concentration, (b) absorption temperature,
(¢) Liquid flow intensity, (d) Carbon dioxide concentration entering the microreactor.
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Table 5. Comparison of the overall mass transfer coefficient in different reactors used in CO; absorption.

Volumetric overall mass transfer

Reactor type solvent
Packed column DEA
Bubble column MEA
Packed column MEA

Spray tower MEA
Packed column MDEA
Packed column aMDEA"

Microchannel MDEA+PZ+H20

coefficient. (kmol/m?.h.kPa) Source

1.23 7]

85 [26]
3.04 7]

o [29]
0.17 7]
1.04 [30]

95.32-202.50 In this research

"aMDEA: MDEA activated
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