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Abstract: Hot alkaline solutions of potassium salts have been widely used for removing carbon dioxide in industry but they have disadvantages of poor
absorption rate and high regeneration load. So developing new types of thermal alkaline potassium solutions is important. A series of experiments was
performed to study the absorption and desorption of carbon dioxide from flue gas with potassium carbonate solution and different proportions of potassium
carbonate-DETA ( diethylene triamine) complex solution. The relationships between absorption rate absorption capacity pH and time were determined
by analyzing the initial escape temperature of CO, the regeneration temperature regeneration rate and pH decline during regeneration. The experimental
results show that the best absorption effect (in which the absorption capacity was 0.80 mol*L~") was obtained using a binary complex system 0. 6:0. 4
K,CO;:DETA. The highest regeneration rate was about 95.5% at the lowest regeneration temperature 107 °C. Compared with potassium carbonate-MEA
( ethanolamine) and potassium carbonate-DEA ( diethanolamine )  the potassium carbonate-DETA system ( with the same molar ratio) can be more
effectively regenerated. A positive interaction occurs between potassium carbonate and DETA solution during the process of absorption of carbon dioxide.
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Fig. 1 Schematic diagram of the absorption system



7 - Co, 1503
n =pAV/RT (4) OH" CO, OH" OH"
p (Pa); AV Co, HCO;
Co, : OH"
(mL);n (mol'sfl);T :
(K);R R=8.314 J*K '*mol "' H,0 CO,
OH" H,0 Co,
( 2) 2
CO, %10 7% moles ™'
o a. Wl iE R
5 mLemin 6 —a— 1.0 mol-L™" RERSH
co —e— 0.9 mol-L ™! i Es4H
2 ~ —a— 0.8 mol-L™" g{s4H
Co, : Co, % "«"w Cy o Tmo KR
E - —e— 0.6 mol-L™" i {s4%
co, : \<“i*' g,  ——0.5molL™ BEp
24k 7%4\1 RS o-e
Co, ; | v * oo
= <\‘\<\4 -\.t.\'\
=3 N '\ '\c\.
=] NN
2 \

]

Ocoo
o]

HLHAE IR WHRER LR Hr il fn
flikES YU BRI AALEEE
2

Fig.2 Schematic diagram of the CO, desorption system

3 (Results and discussion)
3.1
K,CO, 0.5 mol * L™ 1.0
mol L. ™", K, CO,
Co, N
3.1.1
N 3a

0 20 40 60 80 100 120 140

Bk ] /min
0030 b BKkE e
| /.;./
et
0,025 0
L e
e
< 0020 P te
E 7l
?ﬂ 0.015 —u— 1.0 mol-L™! Gipss
= —e— 0.9 mol-L™! iftEs4H
=3 0010 —a— 0.8 mol-L™! plERéR
: —v— 0.7 mol-L ™! iEs4H
—e—0.6 mol-L™! jEg4H
0.005 —4— 0.5 mol-L™! BRER4T
0 | | | 1 | 1 1 1
0 20 40 60 80 100 120

k6] /min

Fig. 3 Relationship among absorption rate absorption capacity and
absorption  time  for  different  concentrations  of

potassium carbonate

3b

1.0 mol*L ™"
0. 030 mol.
3.2 ( DETA)

K,CO,:DETA 0.5 mol*L7':0.5
mol*L.™" 0.9 mol*L"%0.1 molL™".
Co, .



1504 31
Co, .275 min
3.2.1 K,CO,: DETA 0.6:0. 4
N 4a 0.281 mol( 0.80 mol-L™").
1 mol*L.™"  K,CO,-DETA 3.2.2 K,CO; DETA
0.6:0.4 >0.5:0.5>0.7:0.3 > . pH
0.9:0.1 =0.8:0.2. Co, 5a . pH
DETA ; 0.5:0.5
OH " 0.9:0.1
DETA DETA pH DETA
K,CO, pH
: 275 min
K, CO, ananit
O v R ®

26 | a MloHE

—n— FRER4T  DETA=0.9:0.1
—e— TkMEE4T : DETA=0.8:0.2
—a— FRERHT DETA=0.7:0.3

L wf TS il oS
E 3L 5_...,~ \‘ :::;ﬁggjéﬁ?:DETA:O.G:OA
= B ", o0 B4 :DETA=0.5:0.5
v 16 | . % > p
S S .
= 14 N [ ..n. AM“ * v
g 12
= 10F
6 -
F DN
2r 1 | 1 | 1 | 1 | 1 | 1 | 1 | J
0 50 100 150 200 250 300 350
Fist ] /min
030 - b. i &
025 |
I o
=020 | o
g L
@0.15 L
= i —s—§5ER4P : DETA=0.9:0.1
0.10 —e— R4 : DETA=0.8:0.2
—a—RTR4R : DETA=0.7:0.3
0.05 —v—TRER4T : DETA=0.6:0.4
—e—fkfig4F : DETA=0.5:0.5
0 ) I 1 1 I 1 ! ] L ]
0 50 100 150 200 250 300 350
fif 1] /min
4 K,CO;:DETA

Fig. 4 Relationship among absorption rate absorption capacity and
absorption time for different proportions of potassium

carbonate-DETA complex solution

5 - 4b
50 min .50
min DETA

—w— B4 DETA=0.9:0.1
—e— R4 DETA=0.8:0.2
—A— R4 DETA=0.7:0.3
—v— FREE4 DETA=0.6:0.4
—e— R4 DETA=0.5:0.5

W WHE R /(107 mol-s7™)

[T [ T N T |
10.5 11.0 11.5 12.0

0.30 —n— R4 DETA=0.9:0.1
—e— 541 DETA=0.8:0.2
—a—TRTR4T DETA=0.7:0.3
—v—Fk g4 DETA=0.6:0.4
0.20 —e—TRER4I:DETA=0.5:0.5

I, Bt B /mol
(=]
vy

5 K,CO,:DETA pH

Fig.5 Relationship among absorption rate absorption capacity and
pH for different proportions of potassium carbonate-DETA

complex solution

CO,
-pH 5b. pH
9.25 .
0. 60 mol * L' K,CO,-0. 40
mol*L.”" DETA
0.80 mol-L™".



7 : - Co, 1505

3.3 ( MEA) . ( DEA)
—n—JRER4T DEA=0.9.0.1
Ps —e— TiMR4H DEA=0.8:0.2
3.3.1 ( MEA) - BETDEA=0.70.3
E —v— T EE 4 DEA=0.6:0.4
N 6a ¢ —o— IR DEA=0.5:0.5
<
1 mol+L"! MEA =
N
=
=
=
6b -MEA
]
0.6:0.4 0. 185mol( 0. 528 o
11, -1 0 50 100 150 200 250 300 350
mo ) . Fist ] /min
” 022 |-
a ER —n— RERHTMEA—0.9:0.1 020 F
22 Bee, —e— PERE4E MEA=0.8:0.2 o1s O
=20 e —a— BEHFMEA=0.7:0.3 C
£ 18R vy —v— BB MEA=0.6:0.4 016
B [Weee) Ty ue e PRESEIMEA=0 5:0.5 3014 [
Sof N ERS
S um .\2\'\ A& i 0.12 C
SN LT S =010 [
% 120 L, v, = —n— FRERHFDEA=0.9:0.1
B 0L omay had "y, 0.08 - —e— [RREAHH:DEA=0.8:0.2
S . . ! 0.06 |- —a— BRIRH-DEA=0.7:0.3
oF 0.04 —v— HERFTDEA=0.6:0.4
C "a o \ L e BEESHIDEA=0.505
ny X 4
4+ “‘“ ....M‘A:v\v 0.02
2 L o 0 1 L 1 L ] 1 |
T N T I T I T T T S S T T T N T T T | 0 50 100 150 200 250 300 350
0 20 40 60 80 100 120 140 160 180200 220 240 260 280 300 320 Il /min
Fsf [F)/min
b. WM B 7 K,CO, :DEA
020
i Fig.7 Relationship among absorption rate absorption capacity and
015 absorption time for different proportions of potassium
g - carbonate-DEA complex solution
1 0.10 | R —a BESHTMEA=0.9:0.1
§ —e— HRER$H:MEA=0.8:0.2 3.4
= —a— PBERHTMEA=0.7:0.3 .
005 —v— BRI MEA=0.6:0.4 8 0.6:0.4
—o— WA MEA=05:0.5 MEA.DEA.DETA 3
0 T T O T Y N T T T | .
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320
ifmin . K,CO,-DETA > K,CO,-MEA > K,CO,—
DEA > K, CO,.
6 K, CO;:MEA ;
—a— 1.0 mol-L™! itfa4H
030 = e 0.6 mol-L™t pmaAT +
Fig. 6 Relationship among absorption rate absorption capacity and - 0.4 mol-L~! MEA
absorption time for different proportions of potassium 02517 —a— 0.6 mol-L™! e +

r 0.4 mol-L™' DEA
= —v— 0.6 mol-L™! BRERET +
0.4 mol-L™"' DETA

carbonate-MEA complex solution

o
o
<]

I i &/mol
(=]
&
T

3.3.2 ( DEA)
N Ta 0.10
1 mol+L™" DEA i e

0.05 -
0 —

-DEA 0.6:0.4 A EEEE R R EE N FEEEEE R FEEE RS RN RN RN

=20 0 20 40 60 80 100120140 160 180200220240 260 280 300 320 340

fisf H)/min
7h -DEA g
0.6:0. 4 0. 217mol ( 0. 62 Fig. 8 Relationship between absorption capacity and absorption time

mol*L ") .



1506

31

: DETA
Co, . MEA
DETA DEA
MEA
K, CO,
3.5
9a 110 min
DETA
Co, DETA : 110
min Co,
. Co,
DETA Co,
T o mogx
—u— 0.6 mol-L™! #§tE&4F +0.4 mol-L' DETA
25 ey, —e— 0.4 mol-L™! DETA
T . —a— 0.6 mol-L™" BEE4F
E .
CE 20
é B \
= .
5 \
5T ‘oo -q""-
2 10 = .
= ) '~
h %, ;
v .
ST % % --.'!-
L A * h
L] n
0 I | 1 1 1 1 ! | I | 1 | 1 1 |
0 50 100 150 200 250 300 350
FtA] /min
osof O BUE
025~
020~

= L

£

i 015~

g( —

o0 —n— 0.6 mol-L™! B4 +0.4 mol-L™! DETA
I —e— 0.4 mol-L"' DETA

0.05 - —a—0.6mol-L7! gREss
0 1 ! 1 1 | 1 1 ! | 1 | 1 1 |
0 50 100 150 200 250 300 350
fisf ] /min
9 DETA N
Co,

Fig.9 Relationship among absorption rate absorption capacity and
absorption time for potassium carbonate. DETA and
complex solution

DETA N N
Co,
12. 9b 0.4 mol-L™' DETA

Co,

0.20 mol 0.6 mol-L™"

Co, 0. 015 mol

0.4 mol*L."'DETA-0. 6 mol+L"

Co, 0. 30 mol ( 0. 80
mol*L.~") . DETA
Co,
~MDEA
3.6
pH
N pH
3 .
1 -DETA
DETA
70
C 108 °C
(118 C).
1 K,CO;-DETA
Table 1 Effect of different proportions of potassium carbonate-DETA
complex solution on precipitation and boiling temperatures of
the mixed solution
/IC /°C
0.50 mol*L."'K,CO; +0.50 mol*L. "' DETA 54.0 107.5
0.60 mol*L."'K,CO; +0.40 mol+L "' DETA 39.0 107.0
0.70 mol*L~'K,CO; +0.30 mol*L~'DETA 47.0 108.0
0.80 mol*L.~'K,CO; +0.20 mol*L. "' DETA 56. 1 109.5
0.90 mol*L."'K,CO; +0.10 mol*L.~'DETA 70.0 111.0
1.00 mol*L.~'K,CO, 88.0 118.0
2 -DETA
-MEA -DEA
(118 C).
-DETA (107 C)
K,CO, 11 C.
3 -DETA
0.6 mol*L™'K,CO, +0.4 molL"™"
DETA (95.5%) .
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Table 2 Effect of different amine on precipitation and boiling

temperatures of the mixed solution

/G /C
0.60 mol*L.~'K,CO; +0.40 mol*L."' DETA 39.0 107.0
0.60 mol*L~'K,CO; +0.40 mol*L."' MEA 47.0 110.0
0.60 mol*L.~"'K,CO; +0.40 mol*L~'DEA 46.1 108.5

3 K, CO;-DETA
Table 3 Effect of amine on capacity recovery of single regeneration of the
different proportions of potassium carbonate-DETA complex

solution

0.50 mol*L."'K,CO; +0.50 mol*LL"'DETA  94.1%
0.60 mol*L."'K,CO; +0.40 mol*L"'DETA  95.5%
0.70 mol*L~'K,CO; +0.30 mol*L"'DETA  93.6%
0.80 mol*L."'K,CO; +0.20 mol*L."'DETA  93.8%
0.90 mol*L.~'K,CO; +0.10 molL"'DETA  91.9%
1.00 mol*L 'K, CO, 86.7%
4 (0.6:0.4) -

DETA -MEA DEA

-DETA (107 C)

(95.5%) .
4

Table 4  Effect of amine on capacity recovery of single regeneration of the

different mixed solution

0.60 mol*L."'K,CO; +0.40 mol*L."'DETA  95.5%
0.60 mol*L.~'K,CO; +0.40 mol+L. "' MEA 89.2%
0.60 mol*L."'K,CO; +0.40 mol*L~'DEA 93.8%

0.60 mol-L ™"

K,CO, +0.40 mol+L "' DETA K,CO, + DETA
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