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[(BE] R T ¥ 2 ML Y2 R BRI CDFT (classical density functional theory) AE T 35 M o FLAS 43 AR
A VERME , B T P B 0 1 e L R TRRLRE BE SE WA Y CDFT Bt ifE 50k . 45 & B AL 1A R Ay ik I
FEE, IR T2 L (SDA) ASEAN S (FMT) K oo iR &80 S 5 A ks
JEFFI, IR A A Al R BP280 [ AT, AR 87. 3 K T iE s i m L TRER, TEA
FFLR MR SFR A, R RECTRE LR 0.35 ~ 12 nm Y5310 . 455388, MNLDFT &
PRI LA S A B ek o Aa v, 1 PR AR AY LL R TR 1252, 63 m’/g; QSDET B LN 5E ) PSD ( pore size
distribution) £ 1 nm AW, WE BTG PE R LR TR 1431. 64 m*/g, X—45R 5l BET %00 E
B LR TR 1445 m®/g 3538, 35 1 QSDFT K FAE TG M mALAR A A A 1,
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Abstract: In order to improve the accuracy of classical density functional theory (CDFT) while predicting
pore size distribution (PSD) of activated carbon, two CDFT algorithms based on the assumption on the influence
of surface roughness of activated carbon pore walls were compared in this paper. The same density distribution of
carbon atoms on the walls of the slit pores were supposed, the excess free energy of the mixed state of the binary
fluid and the adsorption equilibrium of argon on non-graphitized carbon black BP280 were then determined by
smooth density approximation (SDA) and fundamental measure theory ( FMT), which is respectively denoted
as MNLDFT and QSDFT. The theoretical isotherm kernels of different pore sizes were calculated based on the
isotherms of argon at 87.3 K by combining two improved algorithms, the optimization function was employed to
determine the PSD of activated carbon within the range of 0.35-12 nm. Results show that the PSD predicted
by MNLDFT is in a continuous distribution with a specific surface area about 1252. 63 m*/g, and the PSD de-
termined by QSDFT has a breakpoint at 1 nm with a specific surface area about 1431. 64 m*>/g, which is close
to 1445 m*/g determined by the BET approach. It suggests that it is more reasonable to use QSDFT to calcu-
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late the PSD of the activated carbon.
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1 K5e T s} Adsorption e s 29
AR 85 R T BU TR HE S SAC - 01 ik 5 | TP o o B BEETEETE

FE, ZAAEE T TR E R A RAR, FMHE E Lo

ST S5 R 7 P/P, T, FFH Micromeritics 3Flex [& {4 E 1525,

H AT THCERE T AR A SAC -01 g 5 10

g, SR 1 PR, EERRERSEIR £ s

[25], I
SACO1 {ﬁﬁﬁgﬂ%@%@[}m% 1 Fﬁﬁo /H;EP . < 0 01 02 03 04 Oi/PO.6 0.7 0.8 09 1.0

FIHI Syt BET BE05E ; BIH 35 (UMPEUR)  m1 87.3K WS % SAC-01 kMK % R4

A H - K B E LA v, Fig.1 lIsotherms of argon adsorption and desorption

on SAC-01 at 87.3K
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RGBT, Ui A BBk R AR A Tab. 1 Structural properties of SAC —01 activated carbon
AT B T DU B B0 R 40 A R 25950, T dl M Sample Sur/ (m* = g7') v/ (em’ - g7")
R ATR T, T RETT IR S R g T SAeO 1445 0-35
PR T CHIREERIR AR, TR AL w AR T W4T, FHAE F IR PuE I R G T4
(M EESE, T eI R RS, FEEME A ALIN M2 BRI R R 0P R Rk
p.(N] = Flp(r)] + [dp,(r) [V (r) —ul, (1)

Ko p(r) By r AbEOBE RS TR, r ARFEZS IO AR T, F, O NAE A fAE, T; V. dh
HOHRE, T MV MK TE B 7 1R BT A, W B P R R BRI, O R B 9 R S A R B0 2
(d/dp(2))y, = 0 o HoP, BRIET RS 1G p 1T IS Sk [20],

MNLDFT f 552 WCA $LshBEIES | MR FAEREER s U, 337 A i AEH SDA Jeig %
B p(r) 11, A

Fuslp(n] = [drp.(rf,[p(r) . (2)
K, FAEERHET RIFIN, J; £ AW o+ 0 3 A FHRE, £, B EEERGAR Y CS RS Ir e e,
Rl
Lulp(r)] = kyT(4n -37°)/ (1 - 7)., (3)
Hop, b, WBURESHE, 1K'y WRIHTF 9 = adiw(r)/6 , d NEBERERE, X T IoiR A A
() FLAACR At R 2 ) Sk (147
QSDFT M2 ] Rosenfeld B35 T PY (percus-yevick) ARZSF A SR RLST - FMT ™', B
Fns[pi(r)] :kBder(p[na<r)]o (4)
Hrp, @ i iR Gk R D R H R wE, A
®n,(r)] =-neIn(1l = ny) + (n;n, - ?L,,l;fz)/(l —ny) +ny/[ (247 (1 = ny)*) ]
[1 =3, /ny* +2 [, /n,) [ ]e (5)
’E\:EP: na(r) ﬁgjﬂi%ﬂ‘ﬁ[nj’ a=0,1, 2,3, Vi, YV, %,[a:'”u U, HT}, ﬁﬂ*ﬂ%ﬁ%%i, a=0, 1,
2, 3 Mbri, ATHFAGHE,
na(r) = X [dp, (' yus(r - 1) (6)
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Hi[zﬁ-zsj#j:
n,(r) = ZF"[r(pJ sr(w) Jo (7)

He, FALF a0 A e oo (r ) L ZEXTRRREL wi (r) A3 ZEAR [0 X FR bR

B xR (1) HALIZ R IFIFIRR CDFT ML, ASCRETE, TR CHk[ 19 -20],
H I . ‘/ /ﬂ

o, (GO BRI TR 2 £2 9.3 KEHTERRE LORBHSH
B ERAERA . B e ST hlE Tab.2 Parameters of argon adsorption on carbon surface at 87.3 K
E:’?JX: g *H E/% }*E’T}: sto ;H\: ':P:
s AREREAR, FARERFRES T, XTF
RS EVE %0, Pkl CDFT ¥y5% MNLDFT"""! 118. 05 0. 3305 58.01 0.3353 0.338
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FHYSERCRE BERE , T QSDFT il = (4) ~ = (8) KA, Wb, WiFh CDFT A5 3 57 ik il -7 24 3%
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Fig.2 Isotherms of argon adsorption on BP280 carbon black Fig.3 Density profile of argon adsorbed on the
at 87.3 K from experiments and calculations. carbon surfaces of non—graphitized thermal

carbon black at BP280.
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AL REN], CDFT By PR A H AT DL 42 il A - 5 A 22 n s s S5 AR s+ 3 —
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PR R A e A B T 25 )2 LU A AR o0 SR 8 B A A AR AL, B T2
3.2 PSD it&

SRyt —25%F e CDFT AP RR A S S B2, BRI G SFE SAC - 01 AR B A 858, R
FHWIRN CDFT 43 51500 SAC —01 B PSD, I Ho A5 19 2% 15100 8% Bt 25 R 2R 05

B, W ARALYE H AR P WAL, BB Rk Y, WA

NP ) =4 o) =, (9
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TRRERMIE 4 (a) B, X (9) HEETS PRI SR - g
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Fig.4 Theoretical kernels of adsorption isotherms within the pores
of diffrerent sizes determined by CDFT

STHE 4 a) B4 b) Al &P, QSDEFT Fl MNLDFT 3R fif i6 W fh 45 2R e PR . M AL T8 H 8/,
AT P/Py >0. 01 B, G50 IR BFEAH 28 B8 4 20 S 1 OB el MO % . B LY 1 3K, ASEFL
DA R 2 AR AR I T BB 3 K, JCHAEAFLVE T, 2 P/P, > 0.4 B, WL BRAH %5 B 2 FLAR
SR ETE, {5 QSDFT Fliml Y G S AE AN [RI B 5% L PN A R B AR 23 B8 G, R BRHAR AN LA, 8 B R 23
24 30 ~36 mmol/cm’; 1 MNLDFT BYFUIM{E{Y A 20 ~23 mmol/ecm’, MK 3 A AEH, X 55—
W B %5 3 o0 A R/IN O

T iR PSD ML IR 2 (TAE) B o4,

N.(P) = [H, —NPHf(H)H +TS,,. (10)

Hr, H, =12 m; f (H) RHARSREG T ORI, mmol - m ™2 S, ALEKT H,, .
FE T AL, AT AR BP280 L A B T R TR E
FIH MATLAB 1 Optimtool T HAf H BEEL fmincon R M FALAE | Av |, FLARS A RELf (H) S
EARE Ao IR A
SCH) = Av/AH = (ASy ) H/(2 x AH) (11)
Hrr, AH iz fLALR G i AS e HFLHE R,
FIAEC (11) BPalHEm sy dE 5 SAC - 01 19 PSD, 41l 5 fiw,
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ME S T E W, PR py w2
B/, (B QSDFT #lliy, 7E4LA2 1.1 nm &b f(H)
VTR 0, 1 MNLDFT D2 22195 QSDFT Fit il
) SAC - 01 & A =/NFriEFL, fL&E 58 0.53
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o (T RGBT R B 4 A T TR A A BR U AR A 3k
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ERRALES . LRI, DL R W B 45 3L £k 1 Tl
ST HAT IO, AR 3 s, H, &
FLAEE 6 Fis

&3 B PSD BTERY SAC - 01 B HEREMBE
Tab. 3  Structural parameters of SAC - 01 activated carbon
determined by the PSD
Methods Sy ppr/m” + g™ S /m> - g™ pem’ - g™
MNLDFT 1 252.63 1.95 0.691 3
QSDFT 1 431. 64 0.51 0.692 9

& 6 %51 T HiFh CDFT #iill SAC —01 RFFLE
(7S #a AL MNLDFT, QSDFT Fijn ity S A4L
B, HER EWE R AR Lias—3, hk
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Fig.5 PSD of activated carbon SAC-01
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Isotherms of argon adsorption on activated carbon SAC-01 at 87.3 K from experiments and calculations.
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B S0, BE RS VA TN SR AR T R e L A 10 ;
fiJy. s, QSDFT I MNLDFT (V- 39iaf e Jf i gsort
SYH 4. 8% 6. 3% , RS, %IEF] QSDFT BUM 5 41 |
SAC —OUEHER 9 He R TR NBAE AU BET iy = 3]
TEBIFRALAE, ASCAT OQSDFT J7 ik A5 3 3 -2f
= o[

4 & ® SE

HUEPI RN I T [ % 405 COFT B oo 100 10+ 100 100 10010
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Fig.8 Relative errors between the results determined

FEtE s SAC -01 ERWEAT R, S8 NE5E,

1) FMT HGEAH T SDA FHiE, 7ER(ER it ad
P, TG IR A BRI A E R HE T 00 5 R B E n
R AT SR A

2) 5 QSDFT #HEk, FH MNLDFT JH56 5 1 %5 B 43 A Bk ey Ab pp s, IRV, o AN ] 3k o)
H BRI, TR0 G A O S W B B A A — 25 5

3) QSDFT Fl MNLDFT 7£ FUN i 4 o (1 PSD B A B4 =, Pl {8 -5 S 90 45 40 A X6 152 25 43 A1 v il
WIFEHITE £10% LA, FIH MNLDFT 85 A6 P LR S B 22534, 11 QSDFT #ff s 1937 M o fL A%
SYARHE Inm AL HEERWT AT, {H QSDFT il SAC — 01 1ML (4 LR AN 1 431, 64 m®/g; X AME %
T BET RAE{H 1 445 m*/g, T MNLDFT i BO{EALN 1 252. 63 m*/g, X BEHIFIH QSDFT J5 ik RAEE
PERALE G,

by two CDFT and those from experiment.
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