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SURAVIT NAKSUSUK : DYNAMIC OF CARBON DIOIXDE

ADSORPTION IN A FIXED BED OF COCONUT SHELL ACTIVATED
CARBON IMPREGNATED WITH NaOH AND ITS ANALYSIS USING
RESPONSE SURFACE METHODOLOGY. THESIS ADVISOR : PROF.

CHAIYOT TANGSATHITKULCHAI, Ph.D., 106 PP.

NaOH IMPREGNATED/CARBON DIOXIDE/RESPONSE SURFACE

METHODOLOGY

This work aims to study and investigate the behavior of CO2 adsorption for
simulated flue gas (CO2+N2) in a fixed bed of NaOH impregnated activated carbon
from coconut shell. The breakthrough data of the fixed bed adsorption was collected by
following the exit concentration of CO;z as a function of time. The variables studied
include NaOH loading, inlet CO2 concentration, feed gas velocity, adsorption
temperature, amount of activated carbon and activated carbons having different pore
texture. The sensitivity analysis of all the process variables, based on the Kendall’s
ranking correlation, was first perform in order to establish the primary experimental
conditions. The sensitivity analysis results were there used with the 2¥ factorial design
and the Box-Behnken design to determine the total number of experimental runs. The
evaluation of adsorption efficiency is based on the calculated breakthrough time (ts)
and adsorption capacity of CO; at the breakthrough time (qs) and the equilibrium time
(gE). The response surface methodology (RSM) was finally applied to develop a general
expression correlating s with all the system variables. Experimentally, the maximum
s was found for the 5% NaOH impregnating solution or equivalent to 180 mg NaOH/g

carbon of NaOH loading and the surface area of activated carbon of 1052 m%/g giving



the highest tg, and qm of 650 sec and 26.8 mg COa/g carbon, respectively. When
comparing the adsorption capacity under the same conditions, it was observed that the
NaOH impregnated activated carbon gave 39-48% higher than that of the original
activated carbon. The Klinkenberg model was found to satisfactorily describe the
experimental breakthrough data under all adsorption conditions. Results from RSM
analysis showed that the optimum condition giving the maximum qg of 27.6 mg CO»/g
carbon occurred at the following conditions, 18%CO,, gas velocity of 3.03 m/min
adsorption temperature of 17.5°C, bed height of 14.1 cm (5 g carbon), NaOH loading
of 103 mg NaOH/g carbon and activated carbon surface area of 1,052 m?%g. The
comparison between gg from the developed correlation and qg from experiment for the

same adsorption condition was found to show an average error of 8%.
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2
l:exp —%(RTlnioj (2.14)
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8 0 6 1.58 52.5 15 1052
9 15 18 3.03 17.5 15 1052
10 0 18 3.03 17.5 15 1052
11 15 6 3.03 17.5 15 1052
12 0 6 3.03 17.5 15 1052
13 15 18 1.58 17.5 15 1052
14 0 18 1.58 17.5 15 1052
15 15 6 1.58 17.5 15 1052
16 0 6 1.58 17.5 15 1052
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19 15 6 3.03 52.5 5 1052
20 0 6 3.03 52.5 5 1052
21 15 18 1.58 52.5 5 1052
22 0 18 1.58 52.5 5 1052
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24 0 6 1.58 52.5 5 1052
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26 0 18 3.03 17.5 5 1052
27 15 6 3.03 17.5 5 1052
28 0 6 3.03 17.5 5 1052
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31 15 6 1.58 17.5 5 1052
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32 0 6 1.58 17.5 5 1052
33 15 18 3.03 52.5 15 766
34 0 18 3.03 52.5 15 766
35 15 6 3.03 52.5 15 766
36 0 6 3.03 52.5 15 766
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39 15 6 1.58 52.5 15 766
40 0 6 1.58 52.5 15 766
41 15 18 3.03 17.5 15 766
42 0 18 3.03 17.5 15 766
43 15 6 3.03 17.5 15 766
44 0 6 3.03 17.5 15 766
45 15 18 1.58 17.5 15 766
46 0 18 1.58 17.5 15 766
47 15 6 1.58 17.5 15 766
48 0 6 1.58 17.5 15 766
49 15 18 3.03 52.5 5 766
50 0 18 3.03 52.5 5 766
51 15 6 3.03 52.5 5 766
52 0 6 3.03 52.5 5 766
53 15 18 1.58 52.5 5 766
54 0 18 1.58 52.5 5 766
55 15 6 1.58 52.5 5 766
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56 0 6 1.58 52.5 5 766
57 15 18 3.03 17.5 5 766
58 0 18 3.03 17.5 5 766
59 15 6 3.03 17.5 5 766
60 0 6 3.03 17.5 5 766
61 15 18 1.58 17.5 5 766
62 0 18 1.58 17.5 5 766
63 15 6 1.58 17.5 5 766
64 0 6 1.58 17.5 5 766
A13199 3.9 NMIPBNUVUNINAADI Box-behnken
A 1311 WUNAD
@ A2 ) _ o
Wuduves | ANNEY | guugl aUNY V04
Mg e | ; o, ,
azany , | unaway | mIgagy | sfudly ARUTTALY
NABDY CO, ¥t . ' o,
NaOH (m/min) ()] ADANY U
(%vol) ,
(Yowt) (2) (m'/g)
1 0 6 1.98 35 10 978
2 0 18 1.98 35 10 978
3 0 12 1.58 35 10 978
4 0 12 3.03 35 10 978
5 0 12 1.98 17.5 10 978
6 0 12 1.98 52.5 10 978
7 0 12 1.98 35 5 978
8 0 12 1.98 35 15 978
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9 0 12 1.98 35 10 766
10 0 12 1.98 35 10 1052
11 10 6 1.98 35 10 978
12 10 6 1.98 35 10 978
13 10 6 1.98 17.5 10 978
14 10 6 1.98 52.5 10 978
15 10 6 1.98 35 5 978
16 10 6 1.98 35 15 978
17 10 6 1.98 35 10 766
18 10 6 1.98 35 10 1052
19 10 12 1.58 17.5 10 978
20 10 12 1.58 52.5 10 978
21 10 12 1.58 35 5 978
22 10 12 1.58 35 15 978
23 10 12 1.58 35 10 766
24 10 12 1.58 35 10 1052
25 10 12 1.98 17.5 5 978
26 10 12 1.98 17.5 15 978
27 10 12 1.98 17.5 10 766
28 10 12 1.98 17.5 10 1052
29 10 12 1.98 35 5 766
30 10 12 1.98 35 5 1052
31 10 12 1.98 35 10 978
32 10 12 1.98 35 15 766
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wNIHYes |, AW QLB DIUNY Y99
N3 NUUUD N 5 . ,
a5aza1y , | whaway | magady | sfualu DIUNY
NAADY CO, VU . oo 5
NaOH (m/min) )] ADANY yua
(%vol) ,
(Yowt) (g) (m'/g)
33 10 12 1.98 35 15 1052
34 10 12 1.98 52.5 15 978
35 10 12 1.98 52.5 5 978
36 10 12 1.98 52.5 10 1052
37 10 12 1.98 52.5 10 755
38 10 12 3.03 52.5 10 978
39 10 12 3.03 17.5 10 978
40 10 12 3.03 35 15 978
41 10 12 3.03 35 5 978
42 10 12 3.03 35 10 1052
43 10 12 3.03 35 10 755
44 10 18 3.03 35 10 978
45 10 18 1.58 35 10 978
46 10 18 1.98 52.5 10 978
47 10 18 1.98 17.5 10 978
48 10 18 1.98 35 15 978
49 10 18 1.98 35 5 978
50 10 18 1.98 35 10 1052
51 10 18 1.98 35 10 755
52 15 18 1.98 35 10 978
53 15 6 1.98 35 10 978
54 15 12 3.03 35 10 978
55 15 12 1.58 35 10 978
56 15 12 1.98 52.5 10 978
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A15197 3.9 MIBONLLUNTNAADY Box-behnken (§19)

FRP
A SIEETRL NUNHD
Y 9 ﬂj’]i’l 3 a 1 1Y)
wNIHYes |, AW QLB DIUNY Y99
N3 NUUUD N 5 . L
a5aza1y , | whaway | magady | sfualu DIUNY
NAADY CO, VU . oo oo
NaOH (m/min) )] ADANY yua
(%vol) ,
(Yowt) (2) (m’/g)
57 15 12 1.98 17.5 10 978
58 15 12 1.98 35 15 978
59 15 12 1.98 35 5 978
60 15 12 1.98 35 10 1052
61 15 12 1.98 35 10 755

a d d (v
3.3 ﬂ]ﬁ?!ﬂi]gﬂWﬁﬂ'lﬁﬂiﬂ]iﬂﬂ“ﬂﬂ CO2 (ﬂi‘W‘I!'].lﬁﬂ'ﬂg)
a d
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) Ay ¥ o 9 2 g ~
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a a a o 1 . I ~ 1 =

Usziliudsz@ninmmmsgadu laun nanusnng () Faidunanlian c/c,=0.05 Ysuu
MIGATUNIAUDTNNG (q,) HazUSmmsgaduinaiduga (qp) Teeldaunisn 2.47 uaz

2.48 MUAIRY LAZMIANNEFIMTAIe TounIa (L,,,) lasldaunisi 2.51
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curve
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317 3.4 dred1ensliusAng



55

332 msesvenswhiusangalenuudians
3.3.2.1 uUuS1aenaundsn (Klinkenberg model)
nuuHraesaaunubsn (@umsi 2.56) FaRanmnnauyRgIuTes
m3gasunuy o Tsifuduassgnimmageunudeyanimiusnngannsnaass Taeds
A1z F10A008 (Regression analysis) oA IANMAITvOITUMILULTIADS (k, 1az K)
fmingeuiiga uaﬂmﬂﬁf‘]’qmmiaﬁmmmﬁuﬂ3$%m'§mmwém?ia“lugwgmmﬁumﬁ
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fall (Wakao and Funazkri, 1978)
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1 R R
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A 1 A = ad 9
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' H
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R, A®  3ANv0I0YNN
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N, =—S—F =241 1(—2 )% (L y° (32)
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4 A Y 4
We D, AD  AWAIAUINANYEIDYNA
A % a £ ' J .
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) A9 ANNHUILUY

3.3.2.2 uyud1a89Inla (Thomas model)
HUUTIA0 TN (@UMIT 2.64) FINAUNINANYAFIUYDINITYA
@ Aad J v o o [ 9 as
Funuy lo Tmasuuasaiisgmimimadeunudeyans viusnngannisnaaes lagis
a J a A ° ' ' o v
AUATIZHIFIDADDY (Regression analysis) INOATUINUWIAIAINVDIAUNITULVTIA04 (k,) N
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333 mswmasnzimainzanlunisnaaesdreITNUAINO VAU (Response
Surface Methodology)
ax a r{dy a 2 < 9 Y
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a Jd a v s . . J T °
MIAATICHIBIDANDYDUAVLLIN (1 " order regression analysis) Y111 R’ ﬁmﬂawﬁ’wm %Gslj’f)ﬁ
{ I~ a Jd Aa 1Y [ n . .
WA uns ATz IFnn00edUATaDY (2™ order regression analysis) 32 laaunslunis
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A < <
N7 wu‘ﬂgwgummmaﬂ ﬂ%mmgwgummmaﬂ ﬂ?mmgwgumn uazmmﬂg

nyunas
22 | 22 Ysuasg
BET Wuh | Wungngu Ysmasg | vnagniu
A798149 Mo yua@an’ Wﬂ??m NJUIIY "
(mz/ 2) (mz/ 2) Lﬂf: (cm3/ 2) (Angstrom)
(cm’/g)

ACl 766 649 0.318 0.387 20.2
ACI-3 663 575 0.279 0.330 19.9
ACI-5 596 512 0.249 0.297 20.0

AC1-7.5 529 450 0.219 0.265 20.0
ACI1-10 527 447 0.218 0.270 20.5
ACI1-15 433 376 0.183 0.215 19.9

AC2 978 793 0.389 0.499 20.4
AC2-3 787 636 0.312 0.400 20.3
AC2-5 595 480 0.235 0.301 20.2

AC2-7.5 568 460 0.225 0.285 20.1
AC2-10 541 441 0.215 0.270 19.9
AC2-15 446 366 0.178 0.206 22.1

AC3 1052 788 0.393 0.547 20.8
AC3-3 841 670 0.330 0.420 20.3
AC3-5 827 646 0.319 0.411 20.3

AC3-7.5 750 605 0.297 0.370 20.1
AC3-10 659 539 0.264 0.329 20.0
AC3-15 514 404 0.198 0.259 20.1

" @115 BET isotherm, t-plot, "4vV/A
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