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Reaction Kinetics of CO, Removal from Biogas Using
Hot Potassium Carbonate Solvent

ZHANG Liangquan OUYANG Shuqing MAO Yanhao GAI Xikun YANG Ruigin SHAN Shengdao
(School of Biological and Chemical Engineering, Zhejiang University of Science and Technology, Hangzhou 310023, China)

Abstract; Following the mechanism of series-parallel reaction in CO, absorption process, the intrinsic
kinetic equation was established. A macroscopic kinetic equation of CO, absorption reaction was
established based on the theory of double membrane diffusion. Considering the none-ideal solution, the
concentration effect in the rate equation was corrected differently to obtain eight correction models.
Through the orthogonal experiment design, the experimental factors were reaction temperature, initial
concentration of potassium carbonate, reaction time and mixture of methane and carbon dioxide, and the
level of each factor was 3. The experimental data were measured in a double-drive reactor and the model
parameters were estimated. The residual values of each model were calculated respectively. The models
were contrasted by comparing the residual value sizes and distributions, and the model 4 was considered
was 19 383.94 J/mol,
apparent anterior factor k')’ was 3.042 9 x 10 ° mol/(m’-s-Pa). Through theoretical derivation based

ob

as the ideal with kinetic parameters as follows: apparent activation energy E
on these model parameters, the intrinsic kinetic equation of CO, absorption by hot potash was obtained
with following model parameters; the intrinsic reaction activation energy E was 54.47 kJ/mol, the
anterior factor k, was 3.222 8 x 10’ m’/(mol-s). The conversion coefficient y was calculated to be a
value much greater than 2, which indicated that the CO, absorption was a rapid reaction process that
mainly happened in the membrane.
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Fig. 1 Process flow chart of carbon dioxide gas
absorption measurement

LA 2. Wl 3. 08K 4. ke 5. iR R

6. LW 7.16. FESIAEIARE 8. BYBEHAEAY 9. XUIRShIE P

We#s 10 fEIEKAERS 11 R 12, #ORE 13, BB

BT 14, BORIFEI 15 .17, 22T FL 3Bl
HEA RO ( REACSR S S 0% ), WSO P A il — &
VR A R VR, TE — 2 (L E RN — B
T OBPRH A i, WO i A Bk B E 1Y
JE ST S W SO 228 BBORE i LA O o 1 UK,
WL B SR 28 R IR B i

XUBIR BIARFH MAC  — A IR i S T 2 RN Y

WA, BT, W EA N 70 mm, SMEE HIZ N
90 mm,?% 200 mm, N ANEAS 2 [0] 38 1o [E 1R K PR R LA
PRAR SN A ST Ui B — 7, SRR 12 AR e
SR 3 1) 300 5 0 R R RS T R T
AL E BRI PR AT 41 mm 217
DAGRIES e Sl I 4B b DAk 3 SR 3w
R . IROACTR MA WACRFR— DCHER A ¢

2 #R5WE

2.1 CO, Y& B ARAEZ 1ETT 72
A ARG, A5 CO, WM SO LR

k, ks
+H,0 —=H,C0, —=H" +HCO;
COZ 1 3
by .. ks
+OH ™ —=HCO; C0>" ——HCO;
2
bk ——i R A R R
fe——i 3 S0 R A

1L RS CO, WM N8l F) 27 5 A

- ! ! —
( _rc02> _klcC020H20 +k20COZCOH* _kch2c03 _kchmg =

! !
kch2C03 kchC()g
kchzo Cco, ~ k +hkycop- Cco, ~ k =
101,50 2ConH -
i ( ChHyc0, ) h ( Cheoy
c Ceon — Ccou- \Ceo. —
1€1,0 | Cco, 2Con €0,
KICHZO K,eon-



364 Ak WL

K K, K,—— R A £
(= reo,) —CO, WA S5 )i 8
253 PE ST e
MR AL 7 AT IR o, = enpeo,/ (Kieyy) =
CHC()j/(KZCOH* ),
(=rco,) = (kyep +hycon-) (e, = Cc*oz>
{P ey, W5 H,CO, H,0 J HCO; |
OH ™ 2217 CO, W&

VWP H,0 JE R 5 ey, TR, RIS LLA
NAEREN N R R RE L, X T CO, AR
I3 ARG TR R AR )N [Rl I OH ™ B 1
WRIZIE S T HY B PR E v LAY OH ™ &1
WETERA RS B P R e, 2

k=kicyo +kycon-

Iy (—ru))=k(c(02—c:07)
ZITRESERS & €O, Wit
Ph—Gnl 2L,
2.2 RERMERNNFEFR
AR SCHR [ 15 ] 20 A, 24 ACRH 8 41 5 o A 0
(140 r/min Pk 1) B, AT R SOBBEAE B BH ) 58 4
2, A ER T CO, 43 5 2O 5 T 4k 1 43
JEARSE XTI 55, 3 H,0 1 OH ™ B 13k
BERE AT LI R 1 B A W S s I 3 e A
FEAAE , Rt U X O, W8 BE A7 23 A it

HOR TR, K

SERIAT & S W 2H o3 1R OO Tk B 0 A A 2
FIroR o
i}
I e
: U _._;g{ @l—_: _____ S,
o v o

| P Tl Curp

| Wi |

| |

: 4>l [_’ et Lo,

) —Hﬁh—tl:

P2 RE A 25 BN 2 s B A 7 3
Fig.2 Diagram of concentration distribution of

reaction components in liquid film

RS, X CO, 78 R B W WA s i VE )
S TN/ W

€0y g2 =(

A Dcoz—?&ﬂﬁu‘] CO, P HAE, m*/s
JoHRAk, 15

D

~Tco, ) =k( Cco, ~ CSUZ)

.
- Cco, ~ Cco,,L

5. Cco, =

z= "
L €co,,i ~Cco,,L

L 20194
e d Cco, 165% .
i 42 :Dco Cco,
AT
_ 0 (Eco2 =1)
z= _
1 (%02 =0)
k82
2y =D =y TR AL R H T
o
2 L
Cco, ) —
47 =7 Cco,
SR AAT
- e 7 e sh(y(1-2))
e el —e”” shy
P UNFANEL S
dccoz

Ncozz( —réoz) =-D

CO, dZ .20

Neo, = %klt(ccoz.i - cg()2,|,)
Xk ——CO, TEMRIE 1% BT AL
o —— T O, e
My >3 0 thy=1,0
(‘02 «/ksz(C(o, i C<02 L)
TEAH S TH b IR B Al
Pco, = HCOZCCOZ,L‘
KBy, —CO, WARIERA
Nco2 :kob<pC02 _pC*OZ,L)

He k= /kDyy /He, =k exp( —E,/(RT))
L kY —F MG T
E,—RWIEfLRE
R— -l MR AL

T W52 7t
Ploy—FWAHEM T CO, He B 115 1Y
ARG
2.3 EMEHHEFHEEEEERSHKE
SE SUFALIE

Chcoy

Cco2- ] -

4 "
T @jﬂﬂlffﬂ*ﬁ{%:@ WX IR W Bl g

2 RRITEIE B IERRAT .
B Neo, =k (peo, —Pcoy)
B 2 Neo, —k(,b(Pco2 _Pcoz,L)
iy 3

Nco2 = ob( f"' f ) (Pco2 _ngZ,L)



555 3]

R A% BRI RO ERTE P CO, B BN 2l )27 365

BAY 4

Neay =ha (1457 =58> ) (o, =Pinss)
BiAl 5

Nco2 =k, (1 _%f"'%fz )(Pc02 _pC*O2,L)”
B 6

Nco2 =k, (1 +7f_é7f2 )(Pco2 _ngz,L>”
FRY 7

Neo, =k,, (1 _%f"‘%fz ) (Pc02 _Pgoz,L)"
B

Ncoz =k, (] +%f_%f2 ) (Pcoz _Pc*oz,L)H
FORL 1)@ 2 SR KR 2 ~ 6 Oy 3 SHUR A
BAL T 8 Oy 4 ZHAEAL,
2.4 KIGIRI

FARAG T B S AR b 2 S HUE, LR R
A A 00 R BOSE i B ik TR B0 1) 0 B A R | S
Af ] DA K FR Be 5 — A AR RIR &S CO, IR0
HAR & S A R Hl, Co, B 4 B A
15% ~36% {uHl, 2 R KF- Ny 3, R38R KL BT
HL(3Y) B, L e &M R
140 r/min W& AH %% 38 120 v/min, 5256 J5 45 5090 4o
1R,

F1 ZWEBBIE
Tab.1 Raw data

2.5 BEGTHRSEKRE
B At R R

(1) Neo, 715
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.
1 2.5 1.0 50 15.3 28. 16 nln(pco, =peo,.i.)
2 3.0 1.2 50 25.3 35.63 A m——F AL A IE R
3 3.5 1.4 50 35.5 37.33 n W WAL o3 s 2 R AE 3l ) A TE 2R 2K
4 3.0 1.0 60 35.5 28.33 — E, U 1S 1
5 3.5 1.2 60 15.3 34.45 Be:Ink,, =“’_?:b’* A
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Tab.2 Overview of model variable observations
B PR i s
= 1 2 3 5 6 7 8 9
f 0.0352  0.0798  0.1200  0.3281  0.0605  0.0625  0.2158  0.1860  0.0577
e Jmolom 2ogty 20000 67900 1.0350x  2.3400x  4.390x  7.5300x 13180x 1.9140x 5.7800x
mol*m ~°s
€02 10 104 103 104 10 103 102 10
(Pco, —Plo, )/ Pa 12957 21 480 30 174 29 847 12955 21418 21024 29913 12941
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Tab.3 Parameter estimation for each macro dynamic model
Ay R
28 1 2 3 4 5 6 7 8
a -6.0396 -12.034 3 -10.2528 -10.400 1 -12.2343 -11.8670 -10.9321 -10.9320
b -3643.2174 -3678.8596 -2370.4430 -2331.4816 -3887.2714 -3496.2767 -2530.0475 -2466.4030

m -6.2629 7.366 8 -5.5122 6. 640 6

n 1.6154 1.7050 1.5375 1.1216 1.097 8
Af,,?)/(mobm’z- 2.3825 x 5.9370 x 3.5259 x 3.0429 x 4.860 8 x 7.018 2 x 1.787 5 x 1.7877 x

s 1.pa~1) 1073 10°¢ 1073 1073 1076 10°¢ 1073 1073

"b/(J ~mol ) 30289.71 30 586. 04 19 707. 86 19 383. 94 32318.77 29 068. 04 21034. 81 20 502. 57
SN IPIEYIE | 100% b Ny, FBERITHSAE, LI 7 1],

Ney =1.7875x10 e "7 (1 L 1p )’5'51”. FIH SRR IR 4 PR,
6 ARG R W — B 51 A4 B T

(Peo, =Péoy) ' i %B\A,“\Lﬁﬁﬁﬁﬂi%, M s i, S %

HAR T ) ) 2R —— B 5], RUBR 2RI A B 1 2 5.6 FR2ZETR K, I R4

2.6 HEBIFSiFiE Sh 84. 746 5% 45.385 6% 54.433 3% 38.489 3% ,
2.6.1 BURIGGETHA 4L i HSILARIL T 10% , UL R4 2E BRI A S 2 AL

REXIEE B I E, = (Nooy, =Neogw)/Neoyea ¥ R SBRASBANS &, T HE A, 0 % BLix
x4 #HETEIWRKEEITE

Tab.4 Calculation of residual value £, for each experimental point for model 7

LT
1 2 3 4 5 6 7 8 9
Neo/(molm™+s7™") 13,0000 x107*6.7900x 10 ™* 1.0350 x 10> 2.3400 x 10> 4.396 0 x 10 ™* 7.530 0 x 10 ™* 1.3180x 10> 1.9140 x 10> 5.780 0 x 10 ~*
2

Neo, o/ (mol'm™+57") 32100 x 10 7 6.391 5 x 10 ~* 1. 0431 x 10 > 2.2450 x 10 > 4.350 7 x 10 ~* 7.688 9 x 10 * 1.4159 x 10> 1.9446 x10 > 5.3806 x 10 ~*
E./% ~6.5417 6.2354 -0.7792 4.2300 1.040 8 ~2.066 1 -6.9167 -1.5722 7.423 1

W

34
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Tab.5 Residual £ values at each experimental point of each model %
S A
75 1 2 3 4 5 6 7 8
1 -23.4674 0.9857 -9.7585 -8.8846 2.4149 -0.1633 -6.5417 -6.4040
2 4.4878 1.0120 7.2873 6. 6617 0.0923 1.7297 6.2354 5.8742
3 13.3802 -11.0782 2.896 5 1.4409 -12.8287 -9.6737 -0.7792 -1.3255
4 84.746 5 45.3856 1.740 8 3.2779 54.4333 38.489 3 4.2300 5.2861
5 -20.0384 5.1715 -1.9109 -1.5532 5.9388 4.4922 1.040 8 0.7420
6 -17.1529 -20.0314 0.989 3 1.2889 -22.9181 -17.4508 -2.066 1 -1.2546
7 7.4133 4.546 4 -8.1583 -8.9310 6.7724 2.5809 -6.9167 -7.8336
8 9.6327 -14.1104 2.4553 1.3653 -16.2075 -12.3514 -1.5722 -1.7338
9 -23.4724 0.408 3 5.8472 6.697 8 -0.8142 1.4900 7.423 1 7.8133
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Tab.6 Model adaptability validation residuals £ values

%
P
SR
3 4 7 8
10 4.4732 3.546 8 3.0392 3.3432
11 4.4762 3.71717 2.666 7 3.664 6

W LR A, AR SR S BRI 4 Sy R A
A S SR
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]VCO2 =3.0429 XIO_SQ_% (1 +§_Lf2) .
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SYIREITREGIRNER T PR, x7 AEBRBHBERER AB.CBH
BUXF bk 9 2 1E 38 S0 B0 s 4 Ay d, Tab.7 A, B and C parameters at different
F8 . MEPBIEA L ST S N 2 iRk concentrations of potassium carbonate
RV A BN AL Ry =3.9990( >3) , WA s BRFRA R/ (mol -L 1)
'?T,\TIJ—:" = s (= £ e e N 1.0 1.2 1.4
J\%\‘:“qjﬂilj\ﬁ;1z§ﬁxj‘@ﬂ?*‘*ﬁzﬂ<ﬁ:j\jfim W/ % 13. 821 16. 585 19. 349
IR SO°C, R B0 0) I W 122 0 1. 2 mol/L, S it A 9.6223x1075  9.6169x10°5  9.6115x10"°
AFIE] A 3 h, A #5338 140 v/min, W1 AH 55 3 B ~0.07211 ~0.07208 ~0.07204
120 r/min C 13.8296 13.8237 13.817 8

RS AERMEREHMBENEURE y

Tab.8 Intrinsic reaction rate constants and intra membrane conversion coefficient v values

BT S /7K Ccho3/(m01'L71 ) Miiy0 HMK,c03 Doy 150 Doy k004 ky, k y
1 323.15 1.0 8.3280x107* 0.57543  2.6046x107° 3.7696 x107° 3.4467 x10~> 5.0441 4.0007
2 323.15 1.2 8.3280x10™* 0.57358 2.6046x107° 3.7817x107° 3.4537x107> 5.0441 3.9990
3 323.15 1.4 8.3280x10™* 0.57497 2.6046 x107° 3.7726 x107° 3.4484x107> 5.0441 4.0003
4 333.15 1.0 6.9337x107* 0.48584 3.1949x107° 4.5596x107° 3.8757x107° 9.2703 5.3047
5 333.15 1.2 6.9337x107*  0.48394  3.1949x107° 4.5775x107° 3.8853x107° 9.2703 5.3020
6 333.15 1.4 6.9337x107*  0.48537 3.1949x107° 4.5640x107° 3.8781x107° 9.2703 5.3040
7 343.15 1.0 5.8348 x107*  0.41550 3.8725x107° 5.4381x107° 4.3204 x107° 16.4437 6.9215
8 343.15 1.2 5.8348 x107*  0.41353  3.8725x107? 5.4640x107° 4.3333x107° 16.4437 6.9173
9 343.15 1.4 5.8348 x10°%  0.41500 3.8725x107° 5.4446x107° 4.3236x107° 16.4437 6.9205

HT y (KT 2,00 0L CO, WCh MR S i BUHEAT T3 R0 UE , e 24 07 16 ) 3R AEL A9 22 0 3 )
TR, RN E AR N GEAT RSO R Tl AR, HERWIE AL R 19 383. 94 J/mol, R WM F5
TR S i BRI T i SR BT T4 3. 0429 x 10 ~° mol/(m?+s-Pa) ,

(2) TEEE ST 25 W Bl I 2 AR A et |, 3R A5 T
W Wi B W ASAE Bl g 2 5 B, HEARAE W& AL fE N

(1) #SLT CO, WUV B 22 M h f124 05 #2,  54.47 kJ/mol , $8HTA T4 3. 222 8 x10° m*/ (mol +s) ,
X 53 R 25 AR BE B I TE i T 8 R B )R TN AL R B y, ZERT 2,58
RRZHI B IEBRY 58 i TF A S gk i 74 CO, MRS DAy PRt SR 10, i R 2 24 v A YR Y
SR, W T AR L IR/ A A TR s S

2 % x #t
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