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Preparation of Paper from Pitch-based Activated Carbon Fibers and
Adsorption Characteristics

Hyeon-Seok Kim*, Hak-Yong Kim**, Woo-Young Jung*

ABSTRACT: In this work, we have prepared the filter papers with the pitch-based activated carbon fibers and the
binder fibers using wet-laid process. The influence of the binder fiber on the porosity of the filter papers has been
investigated by using nitrogen adsorption isotherms at 77 K and a scanning electron microscope (SEM). As a result,
the specific surface area has increased with an decrease in the content of binder fiber. It has been shown that the
optimum ratio of pitch-based activated carbon fibers and the binder fibers is 70:30, resulting in high porosity,
excellent bonding strength, large specific surface area (650.4 m*/g) and high noxious gas removal efficiency (86.9%).

In addition, it has been observed that the mean pore size distribution of the fiber papers has not been affected by the
binder fiber.
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2.1 ANB

S 2HA| Q) 78-S dutA © 2 JTUPAC(International Union
of Pure and Applied Chemistry) 7ol &Jsi4 =7 & &
o2 o] xH Table 10 LYERHATHT]

Pitch7] 4 EA4 8= AC-12-0900(BET-900), AC-12-
1200(BET-1200), AC-12-1500(BET-1500)(AN SHAN sino

Table 1. Classification by the pore size

Macropore > 50 nm
Mesopore 2.0~50 nm
Micropore <2.0nm
Ultramicropore < 0.7 nm
Supermicropore 0.7~2.0 nm

Table 2. Characteristics of ACFs

. Outer sur- | Micro pore |  Specific
Diameter .
Type (um) face area diameter |surface area
" (m?/g) (A) (m?/g)
AC-12-0900 10~20 0.2~0.5 25 Max. 800~1000
AC-12-1200{  10~20 0.3~0.6 | 25Max. | 1100~1300
AC-12-1500 10~20 0.4~0.7 25 Max. 1400~1600

Table 3. Characteristics of binder fiber

Type Diameter Denier Cut length Pissolving T
(tm) (mm) in water (°C)
VPB041 6 0.4 3 80
VPB101 17 2.6 4 80
VPB105 11 1.0 4 70

carb, China)& AME-3514 0.0, vl A-F(Kuraray, Japan.)
L VPB-041 3 mm, VPB-101 4 mm, VPB-105 4 mmE A}
85131aL Table 2, 3o 71 5/ UGt 72+ &
of 0.5%= 3] A 7] Z 2o} 3 & olulo] = (polyacrylamide)
A P-270H(Shinyoh, Korea) R ZA| & A3t
2.2 MEu
221 13 W 2
Pitch7| ek /] = waring blenderE ©]-83}0] 95
FHAE S7HA71AL, b AAT e =N v
7ro] oS 5] HGH EHWIE o]-g-sto] 700 rpm
o] &= 2 3|3l t wH 9l &2 2] of| compression of
double layer(0]5-3-2] %‘%)—‘% Y 5 = vl E &
= (VPB-401, VPB-101, VPB-105), 3+=+(10, 20, 30, 40%)H
2 7K 3 wRkskeith akE o] U MES A9 g
HE o]-gsto] &2l (slurry) A= 3]4=5}3itt.

it

>

22.2 |o]¥ (paper) F4
WHHE &8]g]= Fig. 19} -2 54] 22] Ax] 9] head box
of F<15kaL 200 mesh 9fof <t AsHA EAHAA HolH F

Slurry

Head
box

e <—— Mesh

Vacuum line

Vacuum
Pump

Drain line

Fig. 1. Schematic diagram of wet-laid equipment
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H2 A 23+ & vacuum pumpS ALESFO] B2 235}

At

2.2.3 3 ZH A (Hot pressing)

Az F oolne] B4 UE BAS A% 9 8L 5
71A1717] 918l ool 2] Skol ApALe] ST el 2 (hot press) X
E3f] 150°C, 3 MPa 98] 2 2 300 secEot 2742 213§}
c}.

2

23 gdEAM R HOlH SES5Y Yot
2.3.1 H|EHA T A 24
7<ﬂ+% el AEY HEHAY A2 2 7]
52 dolH 7| 94-3}0:] BET(ASAP 2010, Micromeritics)
i%*—ﬁ}&"i .THA A B E-S 383 Kof| A] /\]ELH 2p o}
o] 10 torr oJ3}& 2 “4177}21 6~7 h B9 &7|X)71 %, 77K
oA A 4 FTtel WE Aar|A Y] SRS 574
3ttt o] 212 BET(ASAP 2010, Micromeritics) #H| 2
Isotherm Plot, t-Plot, BJH Distribution 52 A}-83}o] BET
surface area, A 7| FHY], 7|37 52 F&st% ).
E5 SELAG BAUEA 2L v 7S B
$J3}o] SEM(S-3000N, HITACHL Ltd.)E o]&3}o] s
ek

P/P,
V(1-P/P,)

l‘_EL

OH

_lrU

=1/v,C+((C-1)/V,)xP/P, (1)

P/P: Relative pressure

V: Volume of the adsorbated gas (at P/P,)

V,: Volume of adsorbate constituting a monolayer of
surface coverage

C: BET constant

232 VOCs A|AE &4

Pitch7] ekl Ho]me] 3712 @7, CH,CH,)
o] A|AE8L &elsty] Y3l KS R ISO 11155-2:20052 ©]-&
sfof Zatelet. AAle] FYoR Aol 24 kel 2%
2 QPY3RE w7k AHBEE AR A S 50%
S} &% 23°CR 7|57 2 U B SolA AT vlAkE
YElS 14A7B5<E WA & AR Yo AEBEE ¥
1A AR 3] Soll A Holw 155 Bt 1A
Zick. BeE|9] AEI7]E 300x 300 mmolv], Y2 FFe
3 mYmin® ZA3}9ch FLL MR AAEL o
Yelof =BE 08 B4 o vlwste] Belol AAH

L 7rad o 249 g vgR St

2.3.3 Porosity 7| 337] £4

AT RO Ho]H o] Z|FAtol= 9 fH=
Slo15}17] 91519 a capillary flow porometer(Porous Materials

Inc., CFP-1500AE, USA) AH|E 0]-835}o] ASTM D 2734 H}
Ho g ZA35lAc) oA B2 7tAENE W 7|3
7].}};5% éx% o}l— ;<1-;<]§ 01146} _LliﬂX‘-E:] ] 7}x /\] &

3.1 Piftch| EAEIAMS
Mzo}

FUS HeF 50 g/m’ol A FHE ST S
HReol ] A5 9]'4 v 2 E 9 OH/\1 Table 4} & x Ao 2
Ho|HE A 23t & FHUARE H|wst7] 98 SEM ‘_*—1
= AAEFA AL, T1 A3LS Fig. 2~40] YER QI HRbE o
2 getaqd 7o stfol S71drs #Ho|H o FAl= &
7Vat s A 9k SEM Z 3}ol| A H o F o] uFely A8-9] &
Fo| 745 ST F Flolw FHo| k= vt
A 9] e FTsto] 2t A9 7] FEA FFS A
2o = weE T

BET-900 &4 gt 44 35 0] &3t ¥ o] 1 o] F Al g
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YH ol HFUTE 752 = HolHrt AlxE AS &4l
SF3AaL, 80:200. = A% #Ho]H o] %9~ Fig. 3(c)of HojX]|
Zo| SR ol Hlal W2 o viely AR ¢
Fb =of E/dekadfete] A S Akt 208 k)

BET-1500 A et A G5 0] 8-3) sheet & A] 2HA] 900,
120002 A3k glo|w el ZHo] 70:30 H]-&&E A% o]
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Table 4. Manufacturing conditions of ACFs paper according to
binder fiber content

Sample ACFs: PVA | Thickness |Basic weight
(ACFs/PVA) (%) (mm) (g/m?)
BET-900/VPB-105 60 :40 0.35 50
BET-900/VPB-105 70:30 0.36 50
BET-900/VPB-105 80:20 0.40 50
BET-1200/VPB-105 60 : 40 0.36 50
BET-1200/VPB-105 70:30 0.38 50
BET-1200/VPB-105 80:20 0.41 50
BET-1500/VPB-105 60:40 0.35 50
BET-1500/VPB-105 70:30 0.38 50
BET-1500/VPB-105 80:20 0.40 50
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Fig. 2. SEM images on surface of ACFs paper (BET-900, 50 g/m?)
x100; (a) 60:40, (b) 70:30, (c) 80:20
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Fig. 3. SEM images on surface of ACFs paper (BET-1200, 50 g/
m?) x100; (a) 60:40, (b) 70:30, (c) 80:20
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Fig. 4. SEM images on surface of ACFs paper (BET-1500, 50 g/
m?) x100; (a) 60:40, (b) 70:30, (c) 80:20

Table 5. Adsorption properties of ACFs paper as a function of
Binder fiber content

Sample Thickness suiil:)aeccf:ilcrea w]:li:}it Total por(;
(mm) (m?g) (g/m?) volume (cm®/g)
A 0.19 639.9 50 0.2407
B 0.2 576.3 50 0.2049
C 0.21 641.3 50 0.3592
D 0.19 620.4 50 0.2426
E 0.2 650.4 50 0.2573
F 0.22 627.0 50 0.2501
G 0.23 523.9 50 0.2129
H 0.18 512.8 50 0.2059
I 0.19 532 50 0.2128

aoh= Ao 2 TehEh8).

BET-900 SHdEkA4l-g0 HQIE| (VPB-041, VPB-101, VPB-
105) T Ho|uE A=k v EHA 5745 Table 59 1t
Eh it

Sample A~Ci= E/d €441 H-(BET-900) 9} F7E il
] (VPB-041, VPB-101, VPB-105) 442 80:200.& Z3}5}0]
Azgk 202 upjle] A VPB-1052 A 23t Hlo]w 7} 1]
EHA gho] 641.3 m*/go 2 7P 52 k& UEhiglaL, 1
o W F 71 Fuet Ve 17 7P e A= Uelkdth

Sample D~Fi= g eh240-f-(BET-900)9F 578 nhl
(VPB-041, VPB-101, VPB-105) 4-3-& 70:300. 8 &3}5}1o]
Az, Sample G~Ii= S/ ehAd-5-(BET-900)2} 578 vfel
] (VPB-041, VPB-101, VPB-105) A-4-2 60:40° & &35}
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Fig. 5. Isotherm curves of the ACFs paper
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Fig. 6. Size distribution of the ACFs paper
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Fig. 5, 60] UEllch Aol Al o] Zalefo] &£ Ao & u

F

o] Kol njAjgo] ol EA skl Jlo, o]27t e
A ZAE 2 oA E9710ME F2HE Aol
o Algo] AHA= U]/\ﬂ* 22 @A} (micropore filling)

o] LojuA Hrt[11]. FAlol 0.05 oo Aeite stofAf
g2 Wsbh A19] G Ao nlgel Mol FHFE

9 28 Zlow Pt 7| FREES Selsu
S EL A0 T o aﬂ/ﬂg](ﬂ = tfFHE Q] 7]Fo] 50 nm

i

3.2 PitchA| EMEIAMSF H0|T{ VOCs MHE 2MA1}
Pitch7| S EHA1 92 o] galol Hlo]n S Azt & &

Table 6. VOCs removal efficiency of ACFs paper as a function of
Binder fiber Content

Sample Thickness VQC.S removal | Basic we;ight

(mm) efficiency (%) (g/m?)

A 0.85 42.7 148
0.35 90.3 74

C 0.21 289 55

D 0.18 86.9 43

E 0.22 29 49

F 0.18 25.5 47

S7FA(EFA) AAE
W 3Aet

Sample A9} B= &A1 g4 -5-(BET-900) 2} vFQlt] A&
(VPB-105)Z 70:300.2 A %3t A0 2, HeF 74 g/m*C. 2 A
231 dlo] w2t P 148 g/m’ O 2 A A 23 Ho]H 7}
VOCs A7 &o] whe Ao ehirh ol BATLHS
oF uRele] Ao Hrigt ooz Qe 23] HolH Az
A §alrkes AASHE Welshe felow A gHglt
Il A H13).

uhele] ST W 50 g/m’ Awo A A £ o]
Sample C~E& HS of 70:300.2 A 23 D A9
60:40(E), 50:50(C), 40:60(F)R t} €53] =2 86.9% A A&
& elslsict. o) 94l A7 A9} 2ol FHLAG
of oFe 70% HIEY 1) A 2 BAS ekl Aoz
ek,

73l aL, o] & Table 69f] LtE}

mlo
Ay

3.3 PitchA| EMEIAMS Ho|H 7|237| 2MZ3}
T4 Pitch7| &gk F-of viele] HF-E o]-8-5t
Hlo]|HE A 23 5 PorosityS =4 35}% 1L, 0= Table 79

Upep gt
H|ZHZA Zfo] & SAEAAS
whelel 416 SRt Aeglol 3
704 um, 96.9 um= 2~3v] A= & AL 3Heldk 4= Ql}ich &
3 U1 1500 g/m’e) SRR} HRlE 415 VPB-
10502 A| %3t AIOMOM Bat 100 um? 7| F=7]5 2t
= solm} Az AL skl 4 A3
NEAOR 71377 AL TSI} WobA §
s7hag A7 B 4 Sl ool Folmiy] ok A
A Aol dE 9ol ?41}7} 1E ZAEo] §8)7}
A5 AR 5 Qe ool ulzstohs ATAT} SleH14l
wpeba] Al2E #Ho]H o] 7]F=7]7} 20 um o|s} 27]E 2
= B¢ "3 Y Fohs £okR 58 7hssitha
T3, 20 um o4}e] 7375 2 Hojw o] Fe A
29 (Fiberous membrane)o|L} B} €] (Bag filter) F-oFo]|
88 7Hssleha BeRELHIs)

ﬂil

O
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Table 7. Mechanical properties of ACFs paper as function of Binder fiber content

. ontent ickness mallest detecte argest detected pore ean flow pore
ACF Binder fiber C Thickn Smallest d d [Largest d dp Mean flow p
(BET) (ACF:Biner) (um) pore diameter (um) |  diameter (um) diameter (um)
900 VPB-041 70:30 200 3.85 96.5 24.2
1200 VPB-041 70:30 300 1.38 172.1 38.7
1500 VPB-041 70:30 300 - 219.9 63.2
900 VPB-101 70:30 300 21.2 395.8 67.4
1200 VPB-101 70:30 200 5.96 136.5 22.7
1500 VPB-101 70:30 300 7.85 659.8 70.4
900 VPB-105 70:30 300 27.6 263.9 48
1200 VPB-105 70:30 300 15.4 164.9 96.9
1500 VPB-105 70:30 300 - 359.9 63.6
4 7E4 E Hong, LP. “Handbook of Carbon Materials Applications”,

2 A-tollA= g PitchA] 2AEAAE R Flo]HE A
23 & FE A =H v FHA, VOCs AAE, 7| 527]
T SHEALS ek o A AES 95 5 ST

Pitch7] SVdeta il et viele] Afeke] 2|4 vle-2 70:30
H& 2 7P e 715 2 Aol 22 Fo|H 9 By
= Y AR Fegol A4S 2 v Ed
A 2= gelstelnt. PitchA| /deaAd7-2F vl A
o] FT7eh= Adatglo] 70:30 BlEolA 2|2 9] HolH 7} A
Z5%lom, 650.4 m*/ge] H]|FEHZA 7k} 86.9%2] G372
A AEE 2Qlskich T3t v kWA gho] F Sy
2 A 23 o] A= viele] A S/ dglol
Bt 715277 2 As ERIT 4= QAglaL, v|sEHA 1500 g/
m® ek el vielE] A4 VPB-1052 A %3t #|o] 7
of| A ¢F 100 ume] 713271 E 2= AL FRlsktt 7%
=710} whef Ad-fEdtelu BdE o] o8 7R sshral ke

212 ©

QAT A EAA R10] Bkl 2A12] (R0003402)
T4 Ao s Zolu], X Lol tha) H4le.
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