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Adsorption Study of IAQ Index CO»

Jie Wang - Young Min Jo - Jongmin Oh - Jeong Sook Heo
Department of Enviromental Science and Engineering, Kyung Hee University

D2 Ae AU 1A 7R RS olaketR s ATt o Alofsly] 9l SdehA Ui Adf
= 0] 43t T-A o)7L AF 8}J_Z} sheith, A= PAN(Polyacrylonitrile) A4 848 AR8-gH
%713 AHelectrospinning) W 2 A|2E WHedl§-5 dLoli] 2dststo] vjxH At vAl FaE
SRRt SAE, Xﬂﬁ_‘—\_ A Yl df #HE 70% HNOsE AbshA E]gt §, TEPA
(tetraethylenepentamine) &2 0 2 A 02 HGFH A2 S SHA AL Ao zAez
AlzE B daSol EHUP oJAFEt4x(3000 ppm) 9| S5 Bt AFS Aystoict &A4d3t
AZHBOE, 60+, 902)0] Zojdas Hf 1 H]gchj, & A7 S7ekgldl, A
B EH 22 308.4 m¥/gol A 839.4 m?/g 02 711, & AMlEHu]= 7.882 cm?/goll A 27,50 cm?/g
OS2 F715H3iTh TEPA §H & 739, vAlg9 wgoz °] ) Bdeta A o] WA A Al g e 7} =
a3t HNOs 4FabA 2lof ofsl] ofnlgro] 6.42%014] 17.19%2 S71E A, oliteteha g2k
FAMAZ) 4= Q) Ao g BAE) AR o Sheks A9 that 6087 B3} 4T HNOs
TEPA 3] A2 52 dde] 34& A7l F2A(60-ANF-HNOs—TEPA) 9] A=(0.3%) ol4talgta
(Ne 7k20F 23h o] F2bso] 7P 93t Aoz SlE i), ol2fet Auks AWs7] 5 Ask ol4its}
ok a8408 AT ¢ Sl Ve E8E o jleee AlrEh

mlo

F

N

i)
rlr

mﬁ

ool

Emlog

FQO0|: CO2 E& F7|HkA} (Electrospinning), HNOs Ats}, TEPA (tetraethylenepentamine), EMMEIAMS

Abstract: In this study, electrospun nanofibers made of PAN (polyacrylonitrile) were activated
through a physical method to obtain an optimized pore structure. In particular, to enhance the
surface alkalinity, the activated carbon fibers (ANFs) were impregnated with tetraethylenepentamine
(TEPA) with the aid of HNO:s. Then, the low level (3,000 ppm) CO: adsorption capacity for each ANF
sample was evaluated. The specific surface area of ANFs increased from 308.4 m?/g to 839.4 m?/g
and the total pore volume increased from 7.882 cm?/g to 27.50 cm?/g. Although the TEPA
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impregnation reduced the specific surface area and pore volume of the ANFs due to blocking of

micropores, the HNO; pre-oxidation enhanced the amino groups tethered, increasing the amine

content from 6.42% to 17.19%, and finally, increased the adsorption capacity of CO». This study
showed that the sample 60-ANF-HNOs-TEPA, which was activated for 60 minutes and was
impregnated with HNO; and TEPA, had the best adsorption capacity for low level (0.3%) COz (in a

binary mixture with Na).

Keywords : CO2 Adsorption, Eelectrospun Nanofibers, HNOs Oxidation, Tetraethylenepentamine
(TEPA), Activated Carbon Fibers (ANFs)

A A
ppm ©°|5t= %x]{% A& HLskAL Qlek, E3H wl=
At obd B A<t (Occupational Safety and Health
Administration, OSHA)¥} v]=+4 2 A QAL
3(American Conference of Government Industrial
Hygienists, ACGIH)ol| A+ o]AtaletA =2 AIGk

= 8A17F 7<= 5,000 ppm—i stat ‘E} j= 74
2| ujols} AL Zo) S ] A
Aol o5k, o] Absteha o) Btw =7} 1,000
ppme 2RO BIARAY 9 AL A i
A F o 21% WA A o]AbstEra: =7} 3,000
Ao 2 velyth(Satish et al, 2012).
Vehvilainen et al. (2016) AU 3H7|A| AE 9] Az
5ol wE olalslea Fk HisHE AYg At
7| 2] O AhF Aol A] o] itabeka: FE7t 446
~ 1,452 ppmo| 1o, S| A|A-lo] AFE|R] o
Afefol A olatsterA o] st 4,917 ppmell &

lo

ppm ©]/F<!

Carbon Fibers, ACFs)7} & &2} =
& 5 710] Golat F25 1A i SA4o) Atk

(Wang & Li 2014), E3F SAeLAGE TS24 #
Holl gt 3}sha] Aejapgol A, Abaztgr] 9 A
218719 aFehA] 3} g whet, SAA| FH
A dzre| o] Bhsha EAJo] gty o= o]
Alspgt o] Fabo] & S A= A2 R B4

9lthWang & Li 2014).

SAHA| | Az E EYek] gt i
HA| AP E o]-8-5h= HA ST Ak, @&
AR 7IAE ol 8k 7IAAER o] Qi 1 %
A& B 2o Ak 7| A itekE o B B

l:I

g Sadlg B =A% 4= glon Hy
o] tof] wol ARR-E 11 QIth(Rivera—Utrilla et al.
2011; Thakur & Thakur 2015), YHt4 o g o7 At
3= HoOz, HNOs 9 (NHy)2S8:208 S0 AREH T}
HNOse. & 4tstxejdr 749, Sdeadfo #43
AR7NE ST CEN Aas =7t 24 571813
on), AHFAHLE(-0-C-, ~C=0, ~0-C=0)°]
Z7}83tH(Tran et al. 2008; Zhang et al, 2009;
Tiwari et al, 2011). Ros et al.(2002) HNO:2}
HoSO4Z o] -83}0] ehAA G0 FHARS A1LE A
Yatgledl, Tl 3 Ud?—i% HNOso.2 &

H

=]
A AleFo 2 7 2AL sl= A o|tk(Shafeeyan et al.
2010). 800 ~ 1,000 LA EtAA S EHO| A
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al, 2016; Pascal et al, 2018; Rajagopalan &
Balakrishnan 2018). %3t &ze|4d AJekS ARE3H
e 39 i T (wet—impregnation)
T 2 =g (gafting)o] Ye=dl, ™l o4k
shera o] ST} ofnl 24 (loading) T-&of 9l
ojA D ZEY Hrp S Ao FAE G
(Ye et al, 2012; Rao et al, 2018), $FaH o)A o}
U2 Bl AdS sl Ao E8Aor A}
o], HRE sh= FFHEA o tigh 2ukA o] X3t
SFAFA 71t (Plaza et al, 2007). £2]4 Q1 &2l
L5 = ol 52 2= PEI (Polyethylenimine),
TEPA (Tetraethylenepentamine), MEA (Monoe—
thanolamine) 5-°] 9J21, 1 & TEPAE &2 o}
W HEE 7HA A glon g SRR Aggt Ao w
AFH H} 9tk Masoud et al, 2019), G7]o}Hl-g-oH
TEPA, TETA (Triethylenetetramine) @ DETA
(Diethylenetriamine) 5©°] 1A ¥ o] it 3}
oHA] A ko7 AR E S A, &RHA 9] o4t
sheta FAES AL 41, TEPAZE 523t 450l
7H =9ktH(Jiao et al. 2016).

TEPAE 5 7}19] Ux}odl (primary amines, RNHs)
T+ A 719 o]akold (secondary amines, ReNH)S
Hohe APEAtE, ofulo] ojitaletAag} w35}
+ 1AYUEE A (1) ~ @ell AXEFATHYe et al,
2012), olAtsheta: 2ol glojA] 9 FFS A
S oAteleA 0] FAHTE AlE e o] ARSHRA O &
Ztof ] 2 dAPsl= Ao By vl 9lth(Wang
et al. 2015). Yu & Chuang(2017)2] ¢1to] 25},
&3 k2o A COse HOKTH TEPAR O] o wha)
SAEE Ao ® A,

_,>:mlo_kﬂ

CO, + 2RNH; «» RNH;* + RNHCOO™ (1)
CO: + 2R:NH > R:NH," + R;NCOO )
CO, + RNH: + H:0 «» RNH;* + HCOs  (3)
CO; + RoNH: + H:0 > RoNH," + HCOs™  (4)

FI-E

A= A7) AHelectrospinning) B ol 2J5

Al2E W fE o]8-sto] oA B/EE T
HEWHAI 0T Lo& =
TEPAZ A9 THE d&zlog
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>
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i)
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o
n 2
X O
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G2 A7)

3} sheich, R, A FHA] SRS F)
F2o] Zlelah Bel-sheba B4 Bajshglon]
BRI A o|ikteis BHEY FLTH HUS
ué

Fetr s,

A7 HAE HAA] §4-2 PAN (Polyacry—
lonitrile)¥t DMF (N, N—dimethyl formamide)2]
THE10 wt, B)R T8k on, A-olxf 2447k
ZoF wWHISH & A7|HAF A2 A 18 kVolA 1
mL/he| £E& 10A17F ¢ A A el f-E A
zatgleh, AzE Uil 200°CoA] 4417F et
714d5}o] ot 43} (stabilization) S Al F T} ¥HS-7] ot
oA ILE AALTIAE 200 ml/mine] YA 2
15 A, 5C/min?] $-24E2 800T7HA] Ui
ZFEAIZ s, AaTks Al o Abshekas 7}
200 ml/min®| HE2 FYA7|AL, 155 & ot

7FAR HHLo] RIS A A2/ H = WAl
A 5] EHEISEE sk 3 v
2 70% HNOs©.2 80T o 4] 14]7F B9t Akt %)
5. 0.5 wt.% TEPAR AL20)A] 647k 3t o}
’é |5131Tt. Table 10 AJ&9] FH]ap7g o] gt

]5_554 IDE AlA[sk3IT

Ak &S 289 BET £47](BELSORP—
mini II, Japan)S ©]-&5}o] A3t S2HA 9] vjEH
At Alg 54 5 594 545 EA8HI B3,
HNOs2} TEPAZ EAEkA Ui Ad5-2] EHA A,
WA = Sl ®H Y 3heh A WS XPS
(Thermo Electron, K—Alpha)& ©]&-3}o] 2435}
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Table 1. Sample identification codes of modified adsorbents and corresponding preparation conditions

Sample ID Description of sample preparation
30-ANF 30 min heating;
30-ANF-T 30 min heating; 0.5 wt.% TEPA impregnation
30-ANF-H 30 min heating; HNO; oxidation
30-ANF-HT 30 min heating; HNO; oxidation; 0.5 wt.% TEPA impregnation
60-ANF 60 min heating;
60-ANF-T 60 min heating; 0.5 wt.% TEPA impregnation
60-ANF-H 60 min heating; HNO; oxidation
60-ANF-HT 60 min heating; HNO; oxidation; 0.5 wt.% TEPA impregnation
90-ANF 90 min heating;
90-ANF-T 90 min heating; 0.5 wt.% TEPA impregnation
90-ANF-H 90 min heating; HNO; oxidation
90-ANF-HT 90 min heating; HNO; oxidation; 0.5 wt.% TEPA impregnation
2. OJMBIErA BRI E 7k29] 849(22.4 L/mol), Cot= §H87] Q7]
o|AbslEF 20| TS ERAEIE WA Agsly] A9 olAFEERA R (ppm), G W] SlA
ol3]], o]AkBFERA 3.000 ppm(0.3%, EF7HA: No) o] ojitalgta F = (ppm), ti= CO2 FARHSAIZHs)
F AT} AP Ao A Figure 13 2 AEAAE = Y|t}
ol §stel T STk, TSI U
10 mm A g o2 Azspelon], FAAE T4 L a3 9 v&
&, 4ES Akt w87 A5 olustg
4 BT AE7%7](SenseAir, Sweden)2 243} e YAl o olhkabetas S2HsS el
AT, 24 ol AN AYEle] Jeras WA, HNOwSH TEPAS olgskol H204] Hwle] 7
SHoAT), ofAlslEla: SRS A45E A det A AAT &, U 54 ZAEA Tl
TS o] §3to] The T L BASA AR E  BUNTY B ol % BUHL 5E 47
B AFEsksth(Lim 2014), o] o]Abster4 3,000 ppmE FHsHACH, Az
198 [ Cyal " Sae] ojAlsfeks TYFRS BT v, ofefo]
MV 0y Ane £53 5 Yoo
A71M, a= BAYLEF &9 FAT olitst
. Satglo] EM B
o4 BAFmmol/g), Qi W7 Yelng 3 1 EHAII S8 24
7k §00 ml/min), ME G2 A, Ve FEA wERRE U] AT T

) = 1 E;g

A7) Qlet. el A%, 27 2 ey B

Sample '-" % 'g_z}_xﬂgl 9]—17'— -{:}-Eﬂﬂ 7]l LH“TL Em‘iq] E‘%‘
P ;: )
co;s:mr—l Gas vent 7—]]/]— 7]%’_ % __I}_-%

WA, W EE o] 21 7| TRy} 2 ok out

A UukA o 1 A FH=] .
Figure 1. A schematic diagram of the CO- adsorption test A7} lubE o @ FAW o] Aaksth(Jiao et al,
set-up. 2016). Table 2= 7]4] Z-2o] 9lojA] A|3& T2k
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Table 2. Textural characteristics of test adsorbents

Sample *Sper (M2/g) "Viout (cm3/g) Vineso (cm?/g) Vmicro (CM3/g) Vmicro! Vit (%0)
30-ANF 308.40 7.882 7.802 0.137 1.74
30-ANF-T 100.70 0.466 0.364 0.010 2.15
30-ANF-H 270.90 0.205 0.125 0.105 51.30
30-ANF-HT 113.60 0.230 0.231 0.032 13.90
60-ANF 673.70 15.610 15.500 0.254 1.63
60-ANF-T 249.20 0.207 0.190 0.047 22.50
60-ANF-H 583.70 0.463 0.295 0.229 49.50
60-ANF-HT 278.80 0.284 0.264 0.052 18.30
90-ANF 839.40 27.500 27.530 0.301 1.09
90-ANF-T 113.00 0.246 0.170 0.015 6.01
90-ANF-H 474.10 0.427 0.173 0.180 42.20
90-ANF-HT 55.98 0.907 0.753 'ND ND

'ND refers to not-detectable; *Specific surface area, measure using by
*Total pore volume;

“Total meospore volume, determined by BJH plot;

“Total micropore volume, determined by MP plot;

“The fraction of micropore volume

o nEAR A 54 5 Fel8 SHS BA
sholc}, A} Al7Fo] 30%o]4
A, AZE e A0 HIERAL 3084 mYg

A 839.4 mYgo 2 ZAEAIL, & ATHT

Nej

(@]

2l

o

il

N F
2

N
2oy

BET method;

al, 2011; Han et al, 2018; Mahardiani et al. 2019).

Table 298] 275 AHREH A|& 30-ANF-H, 60—
ANF H al 90 ANF HO” EH_G]' lecro/Vtotil‘—‘ 71—7]’

= 51.30%, 49.50% % 42.20%= e,
7.882 cm?/gollA 27.50 cm?/g o2 STkt & S A7k 7N R o] o] whef Al &
At &, gaydfe £2 S48 (mesopore) 2 Ao disto] AAaE 3Rt 28719 FHE XPS
ol o2 Leldth, Table 20 AAE HEe} o], S 50to] 24T Table 301 Al=d F2HA| 3
A& 60~ANF~T2] Vinicro/ Viotar ZA1 52 2 T Ho| 4 Y 2 E ehaekarol| diet 4kt
Z QI8f 1.63%(60—ANF)ollA 22.5%= 573t a0 FeplEa AAEIH, o A EYE
TEPAZ Helslol /U HE FaA|) vjERZ0] B3| ool Fafo] dnh} Z/KHEAE slotg 4
WAEE S BTk o2 3, HNOs AlsbE]  9lek ARk A4S ol T it Bada Cof 3}
L EAR RS AAFoRA FROIG 0BT SHHOR FA) Euo] B A 08t Y N
5% WA Vnioo/ Vo Z7HIZHTiwari et & HEAOZ BAT 4 ot BHE Aot
Table 3. XPS analysis of elemental compositions and atomic ratios of test adsorbents
Element (%) — Elementary c((;lllslposition (%) = — lzjxtomic ratio (%;\]ls/Cls
30-ANF 89.12 5.16 5.72 5.79 6.42
60-ANF 90.33 3.76 591 4.16 6.54
90-ANF 89.46 3.82 6.72 427 7.51
60-ANF-T 84.20 5.01 10.79 5.95 12.81
60-ANF-H 81.50 12.02 6.48 14.75 7.95
60-ANF-HT 77.41 9.28 13.31 11.99 17.19




T TR o] Fo| 7] HiZof B AlRoA B
a0 Fgol 71 A HetE AE B 4 9
Atk 2ot A=Ak o] mhE A
Sk AA FARE TEPA F3A 2] Fofle da
Zo| Z7)el AL geld &= 9)ott E3|, TEPAR
Z2)El AlRol| H|8) HNOs—TEPAR 94202 2g]

H Awe] AagE7) o £ Ao BAE,

S EAL dubA o 2 B2} (dipole—dipole) AT
Zk8- vt 28EA 3l (van der Waals forces), 42

3Hhydrogen bonding), AF—%17](acid—base) A} &2}
£ £ o] 2w 3Hion exchange) FlAUES E3ff &
Ao} Ao agste] g2 ZHo]| EYEE Ao
kot A th(Houshmand et al, 2011), wa}A], HNOs
A &, F2HA| UG 4879 S7h= TR
Sl TEPAS} AH-417] A5 2-8-5 73t A A, 52
Al O TEPA 2, &, AAgEFS S7HA
Ao R BAEQIct

Figure 2+ S2HA19] 329 AHHo] oE A=
= 4249 Nis 29 E- W3S Yepd oot 19

oflA] & 4= 915%0] 30-ANF, 60—ANF % 90—ANF
ol AHERY A Histel 9|3 A7} B X3¢l vt
SH3f AIZEY] A SERA xHO AAzE7]9]
o 4 {8 W3k 7|A] e A0 R A dr
HNOs A8} 2|5l A& 60-ANF-HS] AHEFo]

oF7t th2 A B-AH A HNOs ATt ollA] g
o 447k £ Y] R Row ARG
TEPAR AT AROIA o B& 1azte7] Fo
o] RAE93, et A4 08 HNOs Al Al&
60— ANF—HTo|A] RA7} 714 127 Bk 7
o2 Yy,

Figure 32 wide scanning specturm 4%
1, 1 97|28 A 7| = 8 9388 5=
-87)(394~410 &V F7D2] AT A9} 7=

HerA o Asolt, AdE F2A2) 7
A A1} pyridine—type N (BE=398.1), pyridone/
pyrrole (BE=400.3), quaternary—N (BE=401.5) ¥
oxidized—N (BE=402.8) 52 Qi&%ﬂﬂ- 2 A H|
Ol SAELAASG FHo| FAE AL 018 4= 9ich
(Lim et al, 2016), E3}, Table 39 AAY4of Tt
ASEA S ulELo 2 A4S Fake} 2h27] 0] WS
AAre A3}, 60-ANF-HT (14030) ) 60—ANF-T
(10394) ) 60—ANF-H (6443.6) ) 60—ANF (5906.6)
&o2 Uehdeh Haty, Rola drI4e 2 2
$717} LG5 ] =
<1 olatsfeite] 4
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Q%L A TRt S&Lﬁ@&% PIAAPARSIER Tk
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Figure 2. XPS Nis spectrum of ammonia treated activated carbon nanofibers:
(a) 30-ANF, (b) 60-ANF, (c) 90-ANF, (d) 60-ANF-H, and (e) 60-ANF-T,

(f) 60-ANF-HT.
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Figure 3. High resolution fited XPS Nis spectra of the activated carbon fiber samples: (a) 60-ANF, (b)
60-ANF-T, (c) 60-ANF-H, and (d) 60-ANF-HT.

2. O|M5IEtA O E2tS HIL

2 ATt FetH o NAE SdEAHFY
3,000 ppm A&k ojAtstetao] tigt S22 B
7¥staizl 3kATt, Figure 4% AF2of| A ZF Al 29 o]
Atsbeka FakeS BARH Adtoltt, A3 AT
A, &, FEAY vEHA 9 F AlFHE]e] F7t
off whe}, EAdekAaAR- ojaksheka S22 0.151

AT} AT of oJafjA] Byt ofzt stshy &
Aol A= A HHLim et al, 2012), whabA,
TEPAZ F3E F2HA9] vl a]o] ZhAE A,
ojAlshR4 0] FaHs oL A FUe A oR U
Ebsitt, £3], HNOs®F TEPA] 93 A& o g 7)
AL ABEL 717 =0 B0 7k A o 7 5}o|
g 4 AT F2A 30-ANF-T9} 60-ANF-T9]
ojatgera FAFE 7+ 70,1599+ 0,207 mmol/g
Q1 §FH, HNOs¢F TEPAC] 9J3f 42 0= 7ol

o o© o
[ w -

Adsorption amount (mmol/g)
©
[y

Figure 4. COz adsorption amounts of test ANF samples.



Table 4. Comparison of CO: (3,000 ppm) adsorption capacities (q) of this study with those from other references

Amine SeeT Vmicro/ Viotal q
Support Pre-treatment Modification (m?g) %) (sl Reference
Granular AC NH;3, H.O 1342.5 0.023 Lim et al. 2012
AC 0;/UV-C NH; gas 1291.3 81.8 0.340 Adelodun et al. 2014a
AC KOH NH; gas 655.0 78.9 2.030 Adelodun et al. 2014b
NH; gas 1270.7 83.3 0.025
AC Adelodun et al. 2016
Ca(NOs): NH; gas 1194.7 79.2 0.230
AC MEA* 2.3 20.0 1.080 Lim et al. 2016
ACF NH; gas 1293.0 85.0 0.400 Hwang et al. 2016
ACF HNOs TEPA 278.8 52 0.480 This Study
*MEA= Monoethanolamine.
H &2A 30-ANF-HTS} 60-ANF-HTY] 25 9} TEPA+= H|EHA T} v]A|lFHTE A TAAH
2 7t 71 0,200% 0,479 mmol/g©.2 Z71SH9k, oL}, MEA SR Sl olsieke S 7}
ol HNO; Atgl7 o) o) S2HA strof A2 2 AR RAESC
{717t S71 e 2, TEPAY 2Y=FS Z7H[A ] )
Nafead] dE SANEES BA5S S g O BN S2H AT
ojt}, A oA 2 AG] LA ErAE o T
Table 4+ 454 S2HA 9] ‘_‘?‘]i ALZLIE S gk o]AbsbetA Sk YA (B HH5e)
7kX 7171 Yot o) 71x] 202 JfA AES g O JAE 5357 flall, 24 AR B Has
AG+=9] 3,000 ppm OJAFR}FERA °ﬂ st &2 2 T3t 2 AFolA = 471 TR RS A8
=L vjn- AP Aotk HE ALo] AglA o 3]"’3‘3} Langmuir 243} Freundlich 232 27}
A AR TR A=t A %El e A5 (parameter) S AHE-5HH, Sipsi @7} Redlich—
O & ZAE AN, ol iAW SAIR Peterson &2 37} M4E ARG5St} Table
7 DA NS Hew AR ZAHAT, 5ol SRERAL olgajo] Ta WS 7wl
A Y| A, EF NHs 7kA7F AREE QUA] e 2 A, B AFoA Azt AAF S2HA
S2HA) 9] v} AR F dFS vA]A] 9] o]atateta 2R 7H URFA Q] Freundlich
Y= AL EIE 4= et 204 NHse= NH, el v Wttty ey, Freundlich 2@ OHH
NH, H 9 N3} 22 {27|2 851, S2HA4 & A SE = SRS ARG Bt =4 5= 9
HO ©®AE FHsto] AAaREIE FATh 53] P/Pooll A9 HA7F 24 YERTE, Redlich—
(Shafeeyan et al, 2010). 2|2 S2F}A4 oA 714 Peterson 5241 Langmuir®} Freundlich 52
F08 QTS UAL FAAL TS 2D S BHOR S so|uelE FeHoln, g 1ol
23}, KOH=E AA et &, oful7/faE F2HA) 9] v EU5 W Langmuir2 Az} 231, g Zho] 0of] 717k
FHA O] 7P ARk o] Abslek A o] FAEFS AU A Freundlich® 93} 2t} 5-252H]S F3l A4t
=2 Aoz HALQth(Adelodun et al. 2014b). % 2kt AAA S (coefficient of determination,
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Figure 5. The CO: isotherm modeling of ANFs: (a) 60-ANF, (b) 60-ANF-T, (c) 60-ANF-H, and (d) 60-ANF-HT.

Table 5. Parameters of adsorption isotherm models

Adsorption Model Parameter 60-ANF 60-ANF-T 60-ANF-H 60-ANF-HT
_ Qs 278 1.50 251 1.98
La“(gLr;‘“’r Ko 552 13.51 1425 7.54
R 0.9982 0.9779 0.9870 0.9959
. Ke 2.87 1.54 2.68 2.01
Fre‘?;‘)ﬂmh n 3.06 3.84 3.78 035
R? 0.9946 0.9852 0.9886 0.9814
Qs 2.83 1.46 2.60 1.92
Sips Ks 3.02 1.89 3.14 3.07
S Bs 0.7826 0.6214 0.5842 0.5842
R? 0.9999 0.9967 0.9977 0.9999
Qs 2.80 1.49 2.57 1.95
Redlich-Peterson Kr 297 1.57 2.57 2.07
(R) g 0.8521 0.8139 0.8293 0.7482
R 0.9947 0.9959 0.9995 0.9997
V. 22 A7l AEE sttt 24 adR 119 &
8k TS 3048, 604, 90Ror Tty on
2 AFoA e ST olitakea Sk HNO:¢} TEPA®] 3H 2742 de)stdA SAdeka
< FIA717] Ysto] HNOs¢F TEPAE o]&-3to] & A5 A xR AR 270 2 s 289 =
A FHO AS AN § AL 287 E St 2 EAS AT 2at, 243} A)gte] Frk S



Jie Wang - 2¥4l - @=4l -

&/ AUSI1E X7 O|MEtES SEMUE AT

Qql

ﬂ\oll
B
e

- 207

HIEH A} AlS 51 7F F7HES ghelskty, 24
s} A|7ko] 30804 90R 02 ZojF o ukzt, uE
28 308.4 m?/gollA 839.4 m*/gl2 F715k
o, F AFETE 7.882 cm?/goll A 27.50 cm?/g
O 7 FTkete], ol4kateta: FAbo| fAash nlAlE=

q 3

B B sl g

m
g
mlo
o

>

e
o
fu
=
EX
e
e
)
=)
=
of
Jp
olr

fijo

oﬁL
O_L.
ol
£
%
[e3

%

>
K
o
N
i
H—I
jinss
Ol
ol
xR
ix)
Am
ol
|
Q
(@)
@)
T
rir
o

R

>

=3

%

=

Shs

>

o

=

olo

ol

K

4 mﬂ:

= r

g

2 >
B2 do m

S|
ool rH N

oop HU

KU ot

©

>
oo

au)

o
il

jus)
jata)
not oo
oM o
S~
Y
4
s
rir
paty
o
U
S
%
j=J )

P
o

lo do X

ne
o\
ok
L
H
i)
:‘_l‘
=
Bl
N
ne
Y
ol
lo
fok
o
ol
3

o 1x
o g oy
(e
re
-
O
i
ox,
uu)
[
o
:lo
=2
=
o
o M
(@]
2
)
et
ox,
ot

ot

I HNOs2t TEPAR oH#]2] 59 I o) 314

1 S2A(60—ANF-HNO:—TEPA) 2] A5=
AbeheA(Ny 7hA0F £91) 9] F3so) 71
o2 sRelEle ol A= Auis7I
O] H7pA Q] ol Abakeka A e o

2je} Ajm i,

S
<&
<

fo 4o S me K 32
Y
2
Y ot

o2 -
o ok

i)

U
%
et
o

a
50

XA}

B A7 AL @A M5 2019M3ETA
1113077)8] A|¥-& wrol =3)E]glom, o]o] S
=gy,

References

Adelodun AA, Lim YH, Jo YM. 2014a. Effect of
UV-C on pre-oxidation prior amination for
preparation of a selective CO2 adsorbent.

Journal of Analytical and Applied Pyrolysis.

105: 191-198.

Adelodun AA, Lim YH, Jo YM. 2014b.
Stabilization of potassium-doped activated
carbon by amination for improved CO2
selective capture. Journal of Analytical and
Applied Pyrolysis. 108: 151-159.

Adelodun AA, Jo YM. 2013. Integrated basic
treatment of activated carbon for enhanced
CO: selectivity. Applied Surface Science.
286(1): 306-313.

Chiang YC, Chen Y], Wu CY. 2017. Effect of
relative  humidity on adsorption
breakthrough of CO. on activated carbon
fibers. Materials. 10(11): 1296.

Chingombe P, Saha B, Wakeman RJ. 2005.
Surface modification and characterisation
of a coal-based activated carbon. Carbon.
43(15): 3132-3143.

Han Y, Li R, Bruckner C, Vadas TM. 2018.
Controlling the surface oxygen groups of
polyacrylonitrile-based carbon nanofiber
membranes  while limiting fiber
degradation. Journal of Carbon Research.
4(3): 40.

Houshmand A, Wan Daud WMA, Shafeeyan MS.
2011. Exploring potential methods for
anchoring amine groups on the surface
of activated carbon for CO. adsorption.
Separation Science and Technology. 46(7):
1098-1112.

Hwang SH, Kim DW, Jung DW, Jo YM. 201¢.
Impregnation of nitrogen functionalities
on activated carbon fiber adsorbents for
low-level CO: capture. Jouranl of Korean
Society for Atmospheric Environment.
32(2): 176-183. [Korean Literature]

Jiao ], Cao ], Xia Y, Zhao LZ. 2016. Improvement
of adsorbent materials for CO, capture by

amine functionalized mesoporous silica with



208 EBEIEL M29H M3Z

Okl

worm-hole framework structure. Chemical
Engineering Journal. 306(15): 9-16.

Lim G, Lee KB, Ham HC. 2016. Effect of N-
containing functional groups on CO:2
adsorption of carbonaceous materials: A
density functional theory approach. The
Journal of Physical Chemistry. 120(15):
8087-8095.

Lim HH, Lim YH, Jo YM. 2012. Characterization
of AC-based adsorbents for CO; capture.
Journal of Korean Society for Indoor
Environment. 9(1): 9-18. [Korean Literature]

Lim HY. 2014. CO; capture using amino acid
salts and fixation by alkali aqueous solution.
Ph.D. dissertation. Kyung Hee University,
Seoul. [Korean Literature]

Lim YH, Adelodun AA, Kim DW, Jo YM. 2016.
Sutface impregnation of glycine to activated
carbon adsorbent for dry capture of carbon
dioxide. Asian Journal of Atmospheric
Environment. 10(2): 99-113.

Mahardiani L, Saputro S, Baskoro F, Zinki NM,
Taufiq M. 2019. Facile synthesis of
carboxylated activated carbon using green
approach for water treatment. IOP
Conferences Series: Materials Science and
Engineering. 578: 012003.

Masoud JL, Soheil K, Abdelhamid S. 2019.
Stability of amine-functionalized CO»
adsorbents: a multifaceted puzzle. Chemical
Society Reviews. 48(12): 3320-3405.

Nausika Q, Plaza MG, Rubiera F, Pevida C.
2016. Water vapor adsorption on biomass
based carbons under post-Combustion
COz2 capture conditions: Effect of post-
treatment. Materials. 9(5): 359.

Pascal D, Robert S, Saskia H. 2018. Non-linear
thermogravimetric mass spectrometry of

carbon materials providing direct speciation

separation of oxygen functional groups.
Carbon. 130: 614-622.

Plaza MG, Pevida C, Arenillas A, Rubiera F, Pis
JJ. 2007. COz capture by adsorption with
nitrogen enriched carbons. Fuel. 86(14):
2204-2212.

Rao N, Wang M, Shang ZM, Hou YW, Fan GZ,
Li JF. 2018. CO: adsorption by amine-
functionalized MCM-41: A comparison
between impregnation and grafting
modification methods. Energy Fuels. 32(1):
670-677.

Rajagopalan R, Balakrishnan A. 2018. Innovations
in Engineered Porous Materials for Energy
Generation and Storage Applications. CRC
Press. 116.

Rivera-Utrilla ], Sanchez-Polo M, Gamez-Serrano
V, Alvarez PM, Alvim-Ferraz, MCM, Dias
JM. 2011. Activated carbon modifications
to enhance its water treatment applications:
An overview. Journal of Hazardous Materials.
187(1-3): 1-23.

Ros TG, Dillen AJ, Geus JW, Koningsberger
DC. 2002. Surface Oxidation of Carbon
Nanofibres. A European Journal. 8(5):
1151-1162.

Satish U, Mendell MJ, Shekhar K, Hotchi T,
Sullivan D, Streufert S, Fisk WJ. 2012. Is
CO; an indoor pollutant? Direct effects of
low-to-moderate CO: concentrations on
human decision-making performance.
Environmental Health Perspectives. 120(12):
1671-1677.

Shafeeyan MS, Wan Daud WMA, Houshmand A,
Shamiri A. 2010. A review on surface
modification of activated carbon for
carbon dioxide adsorption. Jouranl of
Analytical and Applied Pyrolysis. 89(2):
143-151.



Jie Wang - 2g4l - @=4I -

Thakur VK, Thakur MK. 2015. Chemical
Functionalization of Carbon Nanomaterials:
Chemistry and Applications, CRC Press
LCC.

Tiwari S, Bijwe ], Panier S. 2011. Tribological
studies on Polyetherimide composites based
on carbon fabric with optimized oxidation
treatment. Wear. 271(9-10): 2252-2260.

Tran MQ, Ho KC, Kalinka G, Shaffer SP,
Bismarck A. 2008. Carbon fibre reinforced
poly(vinylidene fluoride): Impact of matrix
modification on fibet/polymer adhesion.
Compsites Science and Technology. 68(7):
1766-1776.

Vehvilainen T, Lindholm H, Rintamaki H, Paakkanen
R, Hirvonen A, Niemi O, Vinha J. 2016.
High indoor CO: concentrations in an office
environment increases the transcutaneous
CO:z level and sleepiness during cognitive work.
Journal of Occupational and Environmental
Hygiene. 13(1): 19-29.

Vinke P, van der Eijk M, Verbree M, Voskamp
AF, van Bekkum H. 1994. Modification of
the surfaces of a gas-activated carbon and
a chemically activated carbon with nitric

acid, hypochlorite, and ammonia. Carbon.

32(4): 675-686.

Wang JT, Wang M, Li WC, Qiao WM, Long DH,
Ling I.C. 2015. Application of polyethylenimine-
impregnated solid adsorbents for direct
capture of low-concentration COz. The
Global Home of Chemical Engineers.
61(3): 972-980.

Wang XF, Li B. 2014. Electrospun nanofibrous
sorbents and membranes for carbon
dioxide capture, in Electrospun Nanofibers
for Energy and Environment Applications.
Edited by Ding, B., Yu, J. Y., Springer,
Berlin. 249-263.

Ye Q, Jiang JQ, Wang CX, Liu YM, Pan H, Shi
Y. 2012. Adsorption of low-concentration
carbon dioxide on amine-modified carbon
nanotubes at ambient temperature. Energy
Fuels. 26(4): 2497-2504.

Yu J, Chuang SSC. 2017. The role of water in CO;
capture by amine. Industrial & Engineering
Chemistry Research. 56(21): 6337-6347.

Zhang X, Pei X, Jia Q, Wang Q. 2009. Effects of
CFs surface treatment on the tribological
propetrties of 2D woven carbon fabric/
polyimide composites. Applied Physics A.
95(3): 793-799.



