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X#I/F KRaET ERF K¥EL
(R ETRHEBE L PR A B S T)

W ¥ EaE 774K T N2 BEHEEATEH&MRPER (PAN-polyacrylonitrile) %
EHs g% (ACF-activated carbon fiber) FL45#3#47 T#4. £A Dubinin—Radushkevich #
. Horvath-Kawazoe #f2 &% ¥ E#(#8it (density functional theory) M EAEHWSHE ML E
R, HILKREH. LERABRS AT TRIE. RATEMMTES PAN 2 ACF gL HRIES
RERFH—BE.
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CHARACTERIZATION OF
PAN-BASED ACF POROSITY

LIU Zhenyu** ZHENG Jingtang WANG Maozhang ZHANG Bijiang
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ABSTRACT The porosity of PAN-based activated carbon fibers prepared by continuous process was
characterized by nitrogen adsorption at 77.4K. The porosity parameters, such as specific surface area,
micropore surface area, micropore volume and pore size distributions were analyzed by using Dubinin—
Radushikevich equation, Horvath—Kawazoe equation and density functional theory. The analysis results
by means of different methods were in good agreement with one another.
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W MERMERE. RESITES, B XGIANMEERILRRIMEEREEERE. FEE2E AN
Dubinin ##FLFHE R (TVMF) FiE A T HALBMFBRE. FSCRARR K ITIERIE PAN
# ACF HIfLERG M.

1 &£ B K &%

TR R SR E LB HE, 7E 820 C THAKESEBHIELEE. RRMLRER
FFLGE M 2% 4 % E Micromeritics ASAP 2000 H WY Li#AT, RARBELE 774K TUR
(99.99%) KRR AR, FEAME SN 1076 B 1 (TS E R E KR SR, @ RHFRE
W RRBLRERMLEHE—RNSH. E1EE0REMN TR/ EI &G THEBIR
(ESEE R

2 £ ] 5 W #®
2.1 RFEFR%

B 1A, B AL-A3 ARARME T8, REHUMIANE Y. [ REREXUER—TE
KE, T8 2K FHBEK TR, MERNENNIFISELSEERS P/P.=1 HXHERIA
H—RAHR”. SEKHVIEIFE ACF HMTLTHE, ERFEHAMESN TFEHARRIEMIL
FE PR KRILU RS FETR) LHZERMER. STREARKKRER (Sper=1241m?/g)
BORESL A4 HESBARNRIAF TR, P/P#ET 1o N, REESE LA, FIERETHEL
BRESE, ARTSE—TROPANKILSRHBHAERM AR ERILERREEHR.
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Fig.1 Nitrogen adsorption isotherms for the PAN-based ACFs at 77.4K

2.2 PAN ¥ ACF pilE&#EH

ACF R RZHMIAEH, BRRARENILRER. BET LRERSLRFMA. WETS
B R AR T R S AN O, RAEE e M ARG BB, $% M) Gurvitsch A 14,
— 5 BB A R A 00 et S D R R A SR R B B 24 S R R R FE B 2 LB R N R — 3K
f, BEERIERMERER BRI RHILAR, MARKLETR. MR 1 TUEY, & BET
KRB RAM I, PAN X ACF WFLEBM MM HA AWM, —fH, REPFEMA. HBF
ISR, 0 PAN % ACF Xt SO, RYWRH Y LLRER Y 700m?/g ZEA47HS, WMHEEK ©.
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% 1 PAN ¥ ACF WilZ&HE%
Table 1 Porous structure parameters of PAN-based ACFs

Sample SSA/m2?.g—! Vios D** Dubinin—Astakhov Horvath-Kawazoe
BET Langmuir /mL /nm Smi/m?.g=! Vpi/mL.g=! n  Vpi/mL-g~! Median diameter/nm

Al 576.1 731.7 0.2740 1.90 561.68 0.2157 9.998 0.2498 0.51

A2 673.4 847.4 0.3183 1.89 629.41 0.2458 9.9998 0.2874 0.53

A3 783.4 891.1 0.3574 1.94 650.78 0.2607 6.1154 0.2941 0.61

A4 12414 — 1.1086 3.57 998.76 0.4462 2.7819 0.4802 0.73

SSA: specific surface area/m?.g~!

* The total pore volume estimated at the relative pressure of 0.95
** According to cylindrical pore model, D=4V} 95/SBET
Smi: micropore surface area, Vp,;: volume of micropore, n: exponent of Dubinin-Astakhov equation

2.3 PAN X ACF 3l (ultramicropore) B2 5 %
#% 18 Horvath-Kawazoe # & [7:
N,A, + N, A, ot ol0 ot o10
o*(L - d) [3(L — 42 oL —d2p  3(d2pP 9(4/2)9]

b k G585 H ¥ (6.023x10%%); R RS HHL (8.3kI/molK); T HEWRE (K); o Ny
SERFEHEIERER 0 REEER (nm); d = do + dy; d, FRMFIERFER (am); d, HRH
FRIRFER (nm); L ZFLE (nm); P R FEES; P, HEMES; N HRLERERET
¥, N. NEBSESFRAEREFE 4. A. K Kirkwood-Moller Z¥;

3MC%a, X,
=t

RTIn(P/Po) =k

A, = 6Mcr2a,aa/(§i + ;—"(i); Ao
MC? HETHRE; o RILE, X Bk
B FX—7E% R R RS R R Z A AR, B R —FE i i o 2 705
LB k.
X FE&FRMHAR, Micromeritics #£4t#) Horvath-Kawazoe FE%, £ W ICHR [8].

#® 2 Micromeritics #£itf) Horvath-Kawazoe 253

Table 2 Parameters for Horvath-Kawazoe equation by micromeritics

Adsorbent ds/nm Ns/cm~—2 ag/cm3 Xs/cm3
Carbon 0.34 4.845x10%5 1.02x10~24 19.5x10~29
Zeolite 0.304 2.75x1015 0.85x10~24 1.95x10~29
Adsorbate do/nm No/cm—2 Qo Xa
N; 0.315 6.71x1014 1.76x10~24 3.60x10~29
Ar 0.295 7.608x1014 1.63x10~24 3.22x10729

CO, 0.323 4.567x1014 2.70x10~24 5.0x10—2°
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MR Al~vA4 RHHSIRZR, F Horvath-Kawazoe 77k AC B AR HI MM AL B FLAB M A
M 2 BrR, B 3 AR RBAR.
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. Fig.2 Ultramicropore size distributions of Fig.3 Horvath-Kawazoe cumulative pore vol-
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2.4 PAN X% ACF MEB&#ILESH
ZIRFRBHF AR EREATUH FTAER:

Hpax
V(P) =V, / J(H)8(H, P)dH
He V(P) RO ER P RERMAR; Ve WRARMER J(H) BB Huin 3| Huax B
LAER; 6(H,P) HARET H ¥ —RFLARMHE R, K85 R B AR
HARE N H2RSRF, %I Micromeritics ASAP 2000 IF |4k 4b ¥ 7 5 AT 1% B B fh A 2R £
Bo3A O A 4 R

NEFTUEY, M TELBESHKETRARFAG PAN & ACF, HEELZSHAHABA
Fl. LEER K 673m?/g i) PAN 3 ACF #:d (A2) I 2om ITFHIMAL N E, HERES M, H
L2 R ILA nm HUMNF 1om, PALER/D; THEERN 1240m?/g BHEMH (A1) REH S
B (A2) AR RBLS A R AEFLAN, B8 KBAALTF 20~50nm Z AR HFL, WAFELSBAAL.
2.5 Dubinin—Radushikevich 3% PAN ¥ ACF #9&E A

Dubinin & [ % Polanyi ZEWL [t #3818 A = RTInP,/P #2317 Dubin-Radushkevich
%% o

V = Voexp|—(4/BE.)?] = Voexp[~(4/E)?] 1)

logV = logV, — (R*T?/2.303E%)log? P,/ P (2)
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Fig.4 Pore size distributions of PAN-based ACFs
Her Vo— MFLIRBR BB 2R (mL/g); V —
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MERMARY; E,. E 25I0IRAERMKEEM g
B R R B R A AR AE R PR RE; P . P— HRAIER =
SEMTEES: RYUKEER THs |
X B %,
HEER A2 . A4 R SRLHEST D— =
R A RIERE, BRI E (log?(P,/P)) 05 \ . , .
ERHARME (logV) X RME 5 FFR: 0 10 20 30

Transtormed presure log?(R/P)

ALEH, PAN E ACF f#§ D-R WS
LRI B NS, XKMBLE TSR 5 PAN # ACF ZRMH %@ Dubinin-
R FIFAEH B0, AR E TRma Rl Radushikevich B
FIEHY B (activated diffusion) fEf. B Fig.5 Ddllbmuf—Rad;lshl‘kevxch plots for the
P A GRS, MEEN » BET o o o T by
0.99. B N, M ZEFI ZH0H 0.33CEERS I
B=1), AIBE] RS B AE R ML E,

E,. 52§ Dubinin ML BT E MR BAMILERE X = K/E, = KB/E; K NEH, @EXR
K=12kJ-nm/mol*!}, B3| 4 FH I35 F& 3.

# 3 [ Dubinin~ Radushikevich F i+ EHFLEW S
Table 3 Characteristics of porous structure of PAN-based ACFs by dubinin-radushikevich plots

Sample E;/kJ-mol~? r E3/kJ-mol~1 T2 z1/nm z2/nm
A2 7.40 0.996 2.37 0.991 0.535 1.687
A4 5.20 0.991 2.63 0.988 0.762 1.505
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ER%R%H, R Dubinin-Radushikevich 7R HKBHFH AL 5K Horvath-
Kawazoe RF BB MALERE/NTF 0.1nm, SEERFEERFTHREBARI AR —
B, FH D-R FRENFT ACF MILRIEPAHRIFHE A

3 4 W

1. BEEELBERM, PAN % ACF HERERMA, HMASRY LRI RS M
TR, RHSEKETH, FLEMUBILLE.

2. [ F] Horvath-Kawazoe 7 #8. Dubinin—Radushkevich J7#H Density functional theory
%t PAN # ACF W RIEZRAMEH—B
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