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Adsorptive properties of metal oxide the role of metal oxides in chemisorption-assisted micropore fill-
. . _ ing. In this work, we characterize the porous structures of nickel
filsr?ersed carbon fnate_rlals an_d character oxide-dispersed ACFs and the local structures of dispersed nickel
ization of metal oxide fine particles by XAFS  oxide particles by means of nitrogen adsorption isotherm at 77 K,
X-ray adsorption near-edge structures (XANES), and extended X-

ray adsorption fine structures (EXAFS).
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2. Experimental

Surface modification of activated carbon fiber (ACF) with metal ox. N€ Pitch-based activated carbon fibers (P20) were evacuated at

ide increases the adsorptivity of the ACF for supercritical gas suckps K for 2 hin vacuo prior to the dispersion of NiO on P20. The

as NO and CHl. In this study, pitch-based activated carbon ﬂbergre-evacuated ACFs was immersed in the 30% Nig¥Golution

(P20) were modified with nickel oxide particles. The adsorptiv@t room temperature for 15, 40, or 90 h. Then, the solution with

properties and micropore structures of NiO dispersed P20 (Nid*CF was adjusted to pH 10 with 1 M NaOH solution. The P20

P20) were investigated by nitrogen adsorption isotherms at 77 jgnodified with Ni(OH)} was washed with distilled water and dried

The isotherm was of type |, suggesting that the NiO-P20 has micrgt 333 K. The Ni(OH) di_s_persed P20 was heat_ed at 573 K for 3
flow. Decomposition of the Ni(OH)particles on P20 at

porosity. The micropore volume and surface area for NiO-dispersé’bIin N, . . . .
P20 were smaller than that of P20 by about 15%. Th&Nidge 573 K gave NiO particles dispersed P20 (NiO-P20). The adsorp-

X-ray absorption fine structure of NiO-P20 has been investigated H’pn and desorption isotherms of pri_stine and .modifie_d P20 were
order to characterize the species dispersed on P20. The local str{J{¢asured by means of an automatic volmetric sorption analyzer

ture of the NiO particles on the P20 showed some different featuré§0utosorb-1) using nitrogen gas as adsorbate at 77 K. Samples
compared with the local structure of powdered NiO. were pre-evacuated at 383 K and~£0Pa prior to measurement

N> adsorption. The XAFS measurements were carried out using
a Technos EXACB820 with a rotating-anode X-ray source that was
operated at 17 kVx 150 mA. The NiK-edge XAFS spectra of
NiO-P20, powdered NiO, and powdered Ni(Qhyere measured

) by using of the EXACB820 in transmission mode. Samples were ad-
1. Introduction justed in a sufficient quantity to give an edge jump of about 1. The
Activated carbon fibers (ACFs) are representative porous carboprogram FEFF8 was used for the simulation of the EXAFS Fourier
materials and have potentials for wide practical applications. ACFgansform of NiO procedures (Ankudinat al,, 1989). The theo-
have been used in the various technologies, because of their ch#gtical phases and amplitudes obtained from FEFF8 were used for
acteristic adsorption properties. It is well known that their adsorp-curve fitting.

tion properties are mainly caused by the uniform micropores. The

adsorption of vapors in micropores is enhanced by overlap of the

potential fields from opposite pore-walls (Dubinin, 1960, Everett

& Powl, 1976, Gregg & Sing, 1982). The phenomenon is called

micropore filling (Marsh, 1987, Carro#t al., 1987, McEnaney,

1987), which is an enhanced physical adsorption and usually a

dominant process for a vapor. Therefore, the microporous solid had Results and Discussion

great adsorption capacity and adsorption rate for vapors by microp-

ore filling. Nevertheless, micropore filling is a predominant process

only for vapor and is not effective for the supercritical gas due toFigure 1 shows the adsorption isotherms of & 77 K for pris-
small molecular interactions. The development of good adsorberiine P20 and NiO dispersed P20 prepared by immersing into 30%
for a supercritical gas is very important in the field of the studyNi(NO3), solution for 15, 40, and 90 h. The isotherms are of type |
on the energy storage materials and removal of atmospheric pollisotherm, suggesting that NiO dispersed samples are microporous
tants. Recently, Kaneket al. have prepared iron oxide-dispersed materials. The surface modification with NiO increases the amount
ACFs which adsorb large amount of supercritical NO at 303 Kof N2 adsorption. Thexs-plot was applied to thesesNadsorption

by chemisorption-assisted micropore filling (Kaneitoal., 1986, isotherms using reference data of nonporous carbon black (Atkin-
1987, 1988, 1989). Ultra-fine iron oxides on the ACF assist the misonet al, 1984, Sing, 1989, Kaneket al,, 1992, 1998). The spe-
cropore filling of the supercritical NO. Also, Kanekbal.have re-  cific surface areas, external surface ares,, micropore volume
ported that the pitch-based ACFs modified with MgO and NiO finevm, and micropore widttw are shown in Table 1. The NiO dis-
particles give rise to a marked enhancement of methane adsorptigersion decreases both surface area and micropore volume. On the
(Kanekoet al, 1993, 1997). These novel effects of fine metal ox-other hand, the micropore width is the same as that of pristine P20.
ide particles dispersed on ACFs are very interesting not only due tdhese results suggest that the NiO dispersion partially blocks the
industrial applications but also to scientific aspects. It is importantnicropores. Therefore, almost NiO particles should be dispersed
to characterize the dispersed metal oxide state in order to elucidabe the micropores.

Keywords: activated carbon fibers ; nickel oxide ;
adsorptive properties.
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Figure 1 ) . . .

The N, adsorption isotherms of (a) P20 and NiO dispersed P20 prepar&lj K-edge XANES spectra of (@) NiO, (b) NiO-P20-15h, (c) NiO-P20-
by immersing into 30(b) 15, (c) 40, and (d) 90 h. 40h, (d) NiO-P20-90h, and (e) Ni(Ok)

for powdered NiO, NiO-P20, and powdered Ni(QHJhere are 5
peaks (A-E) which are ascribed to Ni-O (A), Ni-Ni (B), Ni-O (C),
Ni-Ni (D), and Ni-O (E) distances, respectively. All Fourier trans-

T"’_‘ble 1 o forms for NiO-P20 have similar feature of that by NiO and are in

Micropore structural parameters of P20 and NiO dispersed P20. agreement with that of simulation by FEFF8, suggesting the for-
sample as Bext Vim w mation of NiO-like substance on the P20. However, the distance
name /g me/g ml/g nm of peak A for sample (b) and (c) is somewhat larger than that of
P20 1088 65 105 11 powdered NiO. In order to determine the accurate structural pa-
P20-NiO-15h 1780 141 0.873 11 rameters, we used thiespace method to curve fit the Fourier trans-
P20-NiO-40h 1780 116 0.892 1.1 form data. The results of best fits data for first and second shells are
P20-NiO-90h 1680 100 0.866 1.1 tabulated in Table 2. The Ni-O and Ni-Ni bond distances for NiO

calculated from X-ray diffraction data are 2.09 and 229%espec-

tively. The bond distances for powdered NiO correspond to those
calculated by x-ray diffraction data. On the other hand, the bond
distances for NiO-P20 slightly larger than those of powdered NiO,

X-ray absorption spectroscopic technique was applied to cha2nd decrease with increase in the immersion time in N¢{(¥®o-
acterize NiO dispersed on P20. Figure 2 shows the XANES spectr]_Ht'on' This indicates that the _structural properties of the NiO par-
of powdered NiO, NiO-P20, and powdered Ni(QHThe spectra ticles on P20 are somewhat different from that of powdered NiO.
of all NiO-P20 are similar to that of powdered NiO. All spectra
show a weak pre-edge peak, which arises from th8dlforbid-
den transition in the case of tl@&, symmetry around a Ni atom.

The intensity of this peak is so weak thag symmetry is almost

maintained irrespective of dispersion on P20. The peaks b and tgple 2

are assigned to thes#p transition and multiple scattering, respec- First and second nearest-neighbor interatomic distances of powdered
tively. The fact that the spectra of NiO-P20 are different from thatNiO and NiO dispersed P20. The error bars for all results are only less
of Ni(OH)2, being close to that of NiO indicates the formation of than 0.01A in distance. The values of bond distances for Nide from
NiO-like substances on P20. JCPDS card data.

Ni-O (A) Ni-Ni (A)
Figure 3 shows the N{-edge EXAFS spectra of powdered NiO, NIO 210 2.94
NiO-P20, and powdered Ni(Okl)The edge-jump of the Nd-edge P20-NiO-15h 599 299
is cLearIy observed and the EXFAS signal is well observed lpto P20-NiO-40h 214 2.08
12 A~1. Figure 4 shows thk® weighted Fourier transforms (with- P20-NiO-90h 2.08 2.98
out phase-shift correction) gf(k) extracted the EXAFS spectra NiO* 2.09 2.95
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4. Conclusions

The micropore structures of NiO dispersed activated carbon fibers
(P20) were characterized by,Ndsorption isotherm. All the ad-
sorption isotherms for NiO-P20 are of type | isotherm, suggest-
B 7 ing the presence of micropres. The adsorptive properties were
e (@ Ni(OH) improved by the surface modification with NiO. The Kiedge
: ] XANES and EXAFS spectra of NiO-P20 supported the formation
of fine NiO particles in micropores of P20, although the local struc-
e (9 0T ture of NiO particles in the micropores is slightly different from
that of powdered NiO.
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