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Abstract

Adsorption is a plausible technology using solid adsorbents for dry capture of carbon dioxide (CO,). In general,
narrow size distribution of tiny pores and surface chemical functionalities of solid adsorbents enhance the

adsorption capacity of gaseous CO, molecules. In order to utilize the advantages of fibrous adsorbents, this work

prepared activated carbon nanofibers (ACNFs) via the electrospinning process using a polymer precursor of

polyacylonitrile (PAN). The spun fibers were 390 nm to 580 nm in thickness with an average surface area of 27.3

m?/g. The surface structure was improved by a programmed thermal activation at 800°C in CO, atmosphere. It was

also found that the nitrogen-groups including pyrrole and pyridine were created during the activation facilitaing the

selective adsorption as forming enhanced active sites. The finally obtained adsorption capacities were 2.74 mmol/g

for pure CO, flow and 0.74 mmol/g for 3000 ppm.
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moabh et al.,2016).
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Z 719 A} (Electrospinning)= ZA A0 AL
A7t He 12X HAFE ARske

W F shueltt
(Andrady, 2008). T2 L Lujjo l=°4 Al

Hof) 1AL 7hste] & Woll A vidE S f &5
of heAAYS HR{7HA] Az7t 7]~—J HFApg o] o}
A7 AFAEE, A7 EA 248 2E
7] g&o] dat= Esisty EAS 7 ARE
A71o) |25t UHtA o2 AR E = micro-scale?]
TR dib] oF mHFH] Yol SASAHRF
o] FEago| 7] Yol A4oE EF &5
gk QoA ovA] mgo] £oh B3 7]E ACF
Boh g2 FAAE FRste] FRAEETF WEL ©
Zago] & Aol drk. 53] A9 27o] 1um
A2 Azdcd 29 g9 I 240 wt U
=M E (nanopore)& T <= 9liL, 0|5 F3te] thYF
g 715 H7KE 4 Qi

Heby B dpolde
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polyacrylonitrile (PAN) 115
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2.1 PAN &7 H=

H o Loj| A= Polyacrylonitrile (PAN; Mw = 150,000
mol/g, Sigma-Aldrich, USA)®} N,N-Dimethylform-
amide (DMF, Daejung, Korea)5 217 18X} g2
0]-83}911., PANS DMF &uj2 13 19o] ZAJ3t 1
KVieme] WAL ARATE o §stel WAAR
t}. o], collector7}A] 2] Ad]= 8.5cm=E A3}
I mL/hr8] EFoz Hf 10A77HA] HAFSHEI T
Needle tip& 0.33mm2] A A& 7FAH, 2H¢lg]| A Y
29| needle adaptoro] HAsk] ARSI olnf W
g A=FL adaptorel] AAsE o, YE5F collector
of HAste] 100 rpm o2 IHA7|H YA HHE
&5kt gutd o2 H7|WAL chamber WO &&=
£ A Age) mHo) AUsleh AlBel o)
QP FE 78 2ioln, B ATOHE 30% o4
o AYHE E97E $ATOZN BUHS Yoln
Z} 3+t (Park et al., 2007).

2.2 gNst W

H7GAIR AZE PAN 68 neolq 4TS
A7) ool FH o A T2E HH7] 9
ste] 27] #917]9] 7122 olg3te] 200°CoIA 4

High voltage
supply l
o
| m—
Needle
Syringe pump
ﬁ Collector

Fig. 1. Schematic diagram of electrospinning set-up.
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H A9 A= 600~800°C
AN Attt N Y oo =g, neE
42(99.999%)5 I3 (FF: 150 mL/min)sHd
N Y Susic $98 BHRAAS7 B
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7 BEA RIS SAA AT

2.3 dREZN E4 2M A o|LEIEIA

2}k 2 FBA43}$tt(Belsorp mini 2, Bel, Japan).
FHBL A4 47 2 9B AARBEFA
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-A AR BB A 7] (XPS, K-Alpha, USA)E o]
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$}812-2-7] (SNFs: surface nitrogen functionalities)S
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Table 1. Preparation condition of test fibrous adsorbents.

AR ERS 1% 20 HaME EHA AE A7 3

3.1 ZI7|HAIEE o|2¢t OjMMF M=

2 ATOINE B ALE ol LA AR e
A8 AZT T BATFFORA HraAdel 0
3 BAGLHRE AFARSH. oln 243 =
& teell 24t %0 BUAETE 2 Hu
o st 7|AZY olitateta FREA O £
T 54E At 6 248 Bl YAZAL A
itk 472 A BAE PANOINL, 434 84
2 ART olfE ¥ BATS AT
SAASE AR Selsit Aol 242 18
Z}o] 97 E A} (entanglement)©] F7)5ke] e o=
o £e HES 92 4 9ol WA Al o uﬂﬂ&-sm
Beads7} ¢l ARE €S 4 7 WE OIE}(LI
wang, 2013). 3}t oF 20%2] AAE ol
A Az A Seie musied 5
Aoleta wste] AA 2 S

P43 L% W A7 28 B9 BHlo
SAAT WARE|S ARG o Asheri

Az FH 3R JFL F 4 US A0 7]
gekgict. 2ol4 4% FAA ) AzE B 1 AEES
& ATA AR, MBS, BB O TR

& 9o, AA 9] AR+= sub-micron?] ﬁ%% A=k
3l7] 93t A2 2 10% PAN/DMF €H-& 1kV/cm
9] A7) 2704 HAFSEe] drum type collectorE %
3 2Rk E 10 QoFst AR A S 2 HE 500~
600nme| HFE #4stA 2S5 Ao, &7t
w27 dste] HGReol S 7IAA grs 4

Manufacture condition

Sample 1D Spinning cond Oxidation cond Activation cond.
p & cond. on cond. (Act. agent, Temp., Heat rate, Act. time)

PAN - -

OXI-PAN -

_— 10 wt.%

ACNF-600/15 | mL/hr Air CO,, 600°C, 10°C/min, 15 min
ACNF-700/15 1kV/em 200°C CO,, 700°C, 10°C/min, 15 min

100 rpm 4 hr

ACNF-800/15
ACNF-800/30

CO,, 800°C, 10°C/min, 15 min

CO,, 800°C, 10°C/min, 30 min

—
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ettt (Park er al., 2007). T3+ A 2H 59 FtA
A& FIAI AL AFE S AR =S 5HETH(Chen
and Harrison, 2002). AFSI}A-L 200°Co|A 4A]7F =
Qb A&ystglar, FHZAE7]7F nitrile7| oA THE FE
o 2g7]2 Wekt S XPS RAS Fsto] iz
AT (ad™ 6 F=2).

SASA et ojaksEal} 45718 Agale
713 GHFAS olgd A4TASHY} KOH Ex
NaOHS} e U2 F470) BHIAES ol8a &
A 23R ERE & 4 ok & Aol Az
oAl AHIS Aergt AAHS Addsigen,
o FAE BPTAR Agsqt. ol4tEea Tt
2of o3t BA3kE Foto dEEaS B T
ol 7HE 8431880 £ AR 47 KOHS} H]
R v EEAS SR FA ¢ 22 Alee F
A7) wizell S&HA Azl ol frElet A4S 7t
A1 Q= Aoz dEA Qi (Lee and Wang, 2013).
PAN 7|9t Af+= d2 E907]004 &35 Al71d
Hea vlgo] 37 F7kstel BadlRe SAL 4
S 9lom, 600°C ololx] A eFho 2 ERBA

3 48 4 e Ao YERGTH(Sun et al., 2005;
Figueiredo, 1999). AA2 £ A7Lo|A 700°C o]4<
REEL77F aERARETEY FAHE T Edst
A frreste] ot stz E MEE, FAA 2 A
o] HjEH A o] F5dte Aoz WS

3.2 EH U MZTE

M7 o R AZEE PAN 40 oge 4
sh-2gst TS AXNUA 1Y 2014 AXSA 12
3 4 Qe upel Zo] WslElE &L Holw grt.
2 AzE 49 (Raw-PAN)E 500~600 nme] 270
= AAsigoLt, 48 9 9xe) LEv} S7es
U0 A4 A gastel 100nm7kx) Fhsol
Ak 2 BRe ANWA 28R HtEdn 7
o] gl 249 EAA shrinkage BATe] WA
A 60 BH BuEart dofib Ao Bd
gk Ao 227 Lebzol whek FASAQ o)Ak
shebaol the il 4o mulake] vhgo] Busix|7] v
2ol mWl A7) B8 §FL W Ao ArHT,
Raw-PAN3} OXI-PAN®| 7 9-ofi= FEH|| <7t =

Fig. 2. SEM images of (a) Raw-PAN, (b) OXI-PAN, (c) ACNF-600/15, (d) ACNF-700/15, (¢) ACNF-800/15, (f) ACNF-800/30.
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Table 2. Textural properties and CO, adsorption capacities.

Sheka L AT 2vA g2 R FEA Alx A3 S

Samples Sper(M7g)  Vigu(em¥g)  Vyo(em¥g) Voo (€m/g)  Vio/ Voo dug@m) Qo (mmol/g)
Raw-PAN 273 0.26 0.004 0.24 0.017 38.1 0.02
OXI-PAN 41.8 048 0.008 0.46 0.017 46.3 0.07
ACNF-600/15 472 0.11 0.013 0.10 0.13 22.1 1.26
ACNF-700/15 253.57 0.16 0.11 0.08 1.38 2.65 1.83
ACNF-800/15 300.32 0.27 0.13 0.04 3.25 2.00 2.74
ACNF-800/30 746.87 0.89 0.40 0.46 1.17 4.77 2.20
Zo| QAT BETEA 2 AFo| A9 ¢l uhzat 2| @

BWE 7T 9t A0 Uehgy, w9 gys 18
- 1.6
£ AT 00°CAH AZY HReIHE mesoporert
th @A Ee] Yk AoE ZAHgL s 12
w29 29) AAEAR BREHE BA00C 2 AN
OXI-PAN
oA AZE ACNF-700/15 (@0l ACNF-600/15 = 08 o ACNE600ns
©=t} mesoporee] FAol o @ol olFolE Ao Y S ACNF-800113
2 Z25AY E 2049 o] AA W ERHE 2% i —+= ACNF-5001%0
0

3 & A, & #3k= gllth 22 800°C o) dellA
A 27 Aol Ae £ AF7]7} ol HA W3t
Qltt. BET ¥4 Z 3ol A= micropore X mesopore-‘ﬂ
B0l EsHA o]FolA e Aoz Uyt £
ZF A& g 45252 234F BET, BJH, lﬂ
3L MP A2 Agsto] sl dato|tt. X217 71
FEF nrHF o] F7kste AS AT 5 ANe
™, 700°C m|9te] oA AZHE A5 w3
2 micropored] Z7H&E E g O}, 700°C o]Atof A
AZE Alg2E Fof ZA B2 9k micropore”} A
H9es sttt we 2uAFe Sl ujet
PSS ek 2 Astel 20 183 A
ol WERHO] 2 oS 7L AS VAL,
ol 700°C olAoA] BB olAtsErac} A
9] W& QQRFHA HT Zhof] T wHE
UHA 12oz SetdeE AlFe d4go] 713 A
o2 AgEroh

QurHom ) BA Sl YHHO2 4 7)

Ae AlE-E 2710 wet 24 372 £575 ™, 2nm
01359 A& micropore, 2~100 nm2] 1\1]—?,'——% meso-
pore, 100 nm®Ett 2 -85 macroporegt 3
(IUPAC, 1972). 19 3(a)= micropore2] A&
ERH Ao, micropored] FAJo] 71 st 2=
800°Co]¢le.m, 800°Cof| A ATt FAID4-F
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Fig. 3. Pore size distribution of (a) micropore (under 2
nm) (b) mesopore (from 2nm to 100 nm).

pore7} Bt B @o] A= A LAT = AT
800°C o)/follA mHeta: 27 SdstA Zaf=d
A Az FEE S 7L, 2ol wEt g A
dFo] Wobdrt. ol2jgt 12oA 9 wh-g
HELE AT Adge S7HEE AR 9

EF AlFREAA & 5 Axo] ST HF Y
o A= o] 9= micropore:= EH-‘?'——‘?‘— Inm o382 &
At dow, gl 2732 Hat 0.7 nmo]ct. of
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Zhof| {3t o284 AlF=7]= 0.7nm °]
Aoz ArHr
(Lee and Park, 2013; Lee and Jo, 2009).

AAe o|de] AFA % Askabynt A2 AREL
2nm o|5}¢] Ajgo] A¢] EAJ3tA] ¢kOH, 10nm o4}
o AT 9FE IS AL & 5 Atk ok B
43t o] AYPE 7] Mol ez AE I Hof ok
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Fig. 4. Surface chemical functional group of test adsor-

bents.
19000
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5000 fz:
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400 402
Binding energy (eV)

404 406 408

Fig. 5. XPS N1 spectrum of fibrous adsorbents.

typed] 2§72 ARV HStEHE Ae AT = A
ATHTH 6(a, b)). EZF BT} Ao AP L
=2 ZHo| ZA3}4 nitrile”] = pyrrole7] 2} pyridine”|
2 o gol AVHUL, o £ LA BHI} A
#5842 pymolee] ¥l 80| Eo}HE SABATHLY
6(c, d, e)). 800°CollA FAH= AlRte] wE 287
T Ans Hske glon, A4 ofF w9l
€ As &4 = AAHTH 6(e, D).

3.4 0|Jk|-_$_|.E|- girg
% 72 100% o|ABIEAS o] g3te] 1 bar7}A|
SYAZIHEA Hd F2eE =S 2otk AA Al
B 718 w4 ojitslEtA S5 (100%)0A 7MY =
< SEFE HolE FF A= ACNF-800/150]H, 2+
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D e
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»
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9 X X .
X Pyridine ‘.‘ % e *Pyrrole xx .
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o
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Fig. 6. XPS nitrogen spectrum of (a) Raw-PAN, (b) OXI-PAN, (c) ACNF-600/15, (d) ACNF-700/15, (¢) ACNF-800/15, (f)
ACNF-800/30.

4
30

L k2 274 mmol/gE *PEH“E} AFA &  dineout Pyrrole7| 2 X|EE| Q7] W&o o 2 &3
N 469} OXI-PAN 89| AL t}gfo] A4 FLL Holk Aoz oy ACNF-800/15%
EZ3F5La QA B2 A ¢l F2bo] dojd 4= ACNF-800/309] H|8] W& v|FHZALS 7FA 2 Qx| qt

§

fr oo ro
N
mlm

(oo 1o [T 3o D4 g
AT

A2 wAZo] AY EASA b vk AR oF 13w 7o) AAREIS AASL Q7] T

© AL BoRYTh BANE FHA AR AN o L olAsla F 5L BT
Aol BB LEr 45T vEEAe] A E 32 TE ATAE] de BADANG T
o, B AA%E7] B Niviler|o] 4 048} & o] 83te] g4t oliksheka B8] Yt F25L A
4 TR0 4203 shohy S48 JAT Qe Py W@ A4S R8te] HlLE Holth ACF3E 10~20
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pore H]-&0] 90% FE=2A4 CO, FZto| {314 A4
To] Q= v, 1 bard] gFoz Hd 5.68 mmol/g2]
FA%S Qe A0 Ueh} 9t @8, KEV-7503
o AYHo A AZE Sume BAHEHE
750°C2) o]Akaleha: F917]0A 3AIZE o] BAJSHA|
#A NAZ A|Zolt} v|EHZL 1240 m’/go|, B
of A2ZE71E oF 5% FAANHLEHN CO, FaFS
SHIAIZ| LA st &, SAARE SANA &
A2 G-g3tol oA mHIeLRE JfAsto] oF
AHdQl CO, BAFeEe] AT RIE S AP EHN A
He 52 2ZdanE duA sigoh & A4 Al
£33+ A2 (ACNF-800/15)9] 7%, th& F2FA o] H]3)
Ao vng 4L HolAw Fe A e
2ZoA 43E A 5 leug Az A oyA
£g0] Foul, 2L WS Yol 4 A%
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Fig. 7. CO, adsorption amount of nanofibrous adsorbents.

Table 3. CO, adsorption capacity of fibrous adsorbents.

tlo
paus
o
u
r )
0
i,
Hu)

249

ppmof| Al o]AbSteta FAFS SA% Aol 19
9% 100% oliteteag o]gsto] A%t
I} 3000 ppm |4 FAE 0] &5t £4
H| 13k gholw, Ao A-&3te o
2d5S AAQ HE=E Yehd 2 zor

71 =& S-S HolE A& ACNF-800/15%
o, 100% olitateta FAAE div] 27%9] &2
o2 daksel s AAEHAY FRAEY § 2
H &2 FAFo] §AH i ACNF-800/159] 7%,
olitgteta F2bo] {2t A22-8719l pyrroleo]tt
pyridine”] 2] H]£€-0] =31, microopore/mesopore2] H]
&0] 3252 o A=Ed Hd] €53 ¥7] d&
AEEoA olitsltgtao] gk FRE R 2 A
o2 Amwt v A%E oliseiac] Zxols
RUAT PR ohe ERsEA S4o] 22t B
A=, H]EH A3} micropore] W& 3l BHZALZ}
8719 FR9h Fo| ojabslete F2ol AL v
= 7o wekE ol ojusieka B felg
ERCE DR PEERPE TR RIOR
B4l F711 ojisiekes BAES Rt 437
o2 ZAT 4= 9)7] yEo]th(Adelodun et al., 2014).

EF 7]E0l SAEHAY EA=(0.02 mmol/g)o|rt
o2 oz Az%E ACF (0.4 mmol/g)o] Hsh A&

ho

Sample ID Type Condition Ads. capacity (mmol/g) References
UCF A5/1 Modified ACF 100% 34 (Diez et al., 2015)
MCF A7/1 Modified ACF 100% 3.1 (Diez et al., 2015)
ACFK-3 ACF 100% 5.68 (Lee et al.,2013)
KEV-750-3 Modified ACF 100% 6.58 (Choma et al.,2016)
Apitch(4:1) Composite 100% 2.26 (An et al., 2009)
ACNF-800/15 ACF 100% 2.74 Present work
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Fig. 8. CO, accumulated adsorption amount of nanofi-
brous adsorbents at 3000 ppm.
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Fig. 9. Comparison of CO, adsorption amount 100% with

3000 ppm.
LolA % 2353 (0.74 mmol/g)S H Tt o=
7129 AFEoA HHENR] ALAEIE 2F
st go ke Aol ol FATEI, T4
o|ABtEtA 7tAEES 2AFHE 2N 0.70m 0|5}

uAlg /o] &stA o] Folye] whet ojikateha
of thgt akhd Hstert F7kskel7] woletal AlR
Hh(Hwang et al., 2015; Adelodun and Jo, 2013; Lee
and Jo, 2009).
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NRF-2015R1D1A1A01060182).
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