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Ag—hollandite nanofibers were synthesized through a simple hydrothermal process by oxidizing
Mn(NOs), with AgMnQ, in aqueous solution. The temperature was found to play an essential role in
determining both the crystalline structure and the morphology of theh®flandite materials, whereas
the AgMnQ/Mn(NOs), molar ratio affected only the morphology of the product—-Awllandite nanofibers
with diameters of 2640 nm and lengths of 054 um were prepared at 160 and a 2/3 AgMnQ@
Mn(NOs), molar ratio. X-ray photoelectron spectroscopy surface analysis revealed that the silver species
presented as Algand the average oxidation state of manganese was 3.9. More promisingly, the Ag
hollandite nanofibers showed quite high catalytic performance for ethanol oxidation, with ethanol
conversion of 75% and acetaldehyde selectivity of 95% at°Z3@or 200 h time-on-stream. The high
activity, selectivity, and stability were attributed to the stable presence tfsfpgcies and the unique
morphology of the Ag-hollandite nanofibers.

Introduction framework by substitution during synthe8issomorphous
substitution of manganese ions in the framework with cations
, " " . i
as octahedral molecular sieves (OMS-2), consist of a one-IIke Fe37 and \** was recently re_ported by S.u'b e_md co
) . workers’ They found that the doping of vanadium into the
dimensional tunnel (0.46 nnx 0.46 nm) structure sur- .
. o framework of the hollandite structure could lower the average
rounded by interlinking of edge-shared Mg©Octahedral o . ;
. ) . . oxidation state of manganese and increase the electrical
units. Manganese in the octahedra is mainly presented as

ietiviity, 7b
Mn#t and Mr#*, and cations such as'KB&", and/or a small re5|st|y|ty. ) . . .
amount of HO molecule partially occupy the tunnel to The introduction of alkall_anq_/or tran5|t|0p metal catl_ons
provide charge balance and stabilize the tunnel struéture. inta the tunnel could also significantly modify the physical

Because of the unique microporous feature and the mixeda!qd chemical properties of hollandite-type manganese oxides.

8 ; oy . ;
manganese valencies, hollandite-type manganese oxides ha iu et al® synthesized hollandite-type manganese oxides with

i+ K+ - + i
been extensively studied for potential applications as ion or LI™, Na', K¥, Rb", and N'._ﬂ as tunnel cations and founq
molecular sieve3,oxidation catalystd,and rechargeable that the nature of the cation greatly affected the properties

battery material$.For further improving the electronic and of the OMS'Z. 'materials, such as c'ry.stallinity, migrost'r uct'ure,
catalytic properties of the traditional hollandite-type man- thermal stability, and catalytic activity for aerobic oxidation

ganese oxides (KOMS-2), other metal cations were intro- of cyclohexanol. Meanwhile, transition metal cations in the
; ’ ; : tunnels were also observed to greatly promote the catalytic
duced into the tunnel by post ion exchafigeor into the ) .
yp properties of the OMS-2 materigis? Octahedral molecular

; i + -+ i
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E-mail: shen98@dicp.ac.cn. high catalytic activities for CO oxidation at low tempera-
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possibly chemisorbed. However, the introduction of th& Ag  kept at this temperature for 12 h (unless noted elsewhere). After
cation into the tunnel also made the typical hollandite crystal being cooled to room temperature, the obtained solid was filtered,

structure in Ag-OMS-2 disappear, and the crystallinity Washed thoroughly with deionized water, and dried at 100
became very podt. overnight. Ag—hollandites (0.47 g) were obtained after drying with

For the first time, Chang and Jan8esynthesized Ag ayield of about 97%. Aghollandites with different AgMn@Mn-

. . ] : N | i I thesi TED h
hollandite materials by solid-state reaction of AgMyend érisggmg ar ratios were also synthesized at T60by the same
Ag.0 at 970°C and a very high oxygen pressure for 7 days. '

) ; Characterization. Structure DeterminatioriThe X-ray powder
Compared with the kKOMS-2 materials, the structure of diffraction (XRD) patterns of the samples were recorded with a

Ag—hollandite was slightly modified in which the silver  p\ax-2500/PC powder diffractometer (Rigaku, Japan) operated
cation did not occupy the centers of the cubic cages formed gt 40 kv and 100 mA, using nickel-filtered CudK(1 = 0.15418
by MnGOs octahedra, but located on the common faces of nm) radiation. The transmission electron microscope (TEM) images
the cubes. The needlelike crystal was very large with of the materials were obtained using a JEOL JEM-2000EX
dimensions of 0.1x 0.4 x 1.0 mn?, resulting in very low instrument with an acceleration voltage of at 120 kV. The samples
available surface area. Most recently, Li and Kftgynthe- were dispersed into ethanol with ultrasonic treatment for several
sized Ag-hollandite by ion exchange of KOMS-2 in melt minutes, and drops of the suspension were placed on a copper grid
AgNOs;, and the obtained materials had much smaller for TEM obs(ervations). This high-resolutio(;\ t(;ansmissr:(?n electron

; : microscopy (HRTEM) images were recorded on a Philips Tecnai
Ir:)(?]eg(;leélll:](s (r:(ra)(;:i?/lsl;af?izlét ggrfr;r:ew‘::ég a(r:;(;/;(fm(l\)ﬂgg G220 operated at 300 kV. The morphologies of the-4wllandite

. tantly. this Aa-hollandit Id act lent materials were recorded using a Philips Fei Quanta 200F field-
Importantly, this Ag-hollandité could act as an excellent  gisgion scanning electron microscope (FESEM). The powder

low-temperature (150C) SC; absorbent and a highly active  gample was dispersed on a conductive adhesive tape.

Ceitalys_,t for CO a_nc_i NQ oxidation. Howevgr, _there were still Element AnalysisThe elemental analysis of the samples was
K™ cations remaining in the tunnel and significant amounts peformed by inductively coupled plasma atomic emission spec-
of metallic Ag particles were present in the preface of the troscopy (ICP-AES) on a Plasma-Spec-I spectrometer. About 20
Ag—hollandite. Because metallic silver is a well-known mg of sample was dissolved into 10 mL of a 2% H}&D% HO,
oxidation catalyst? it is difficult to attribute the high catalytic ~ aqueous solution, and the mixture was then diluted with 2% EINO
activities for CO and NO oxidation exclusively to the Ag to meet the detection range of the instrument.

hollandite phase. N, Adsorption-Desorption IsothermsThe N, adsorptior-

In this work, we report the synthesis of Adpollandite desorption isotherm was performed on a Micromeritics ASAP 2010
nanofibers by a hydrothermal process under very mild System at—196 °C. Prior to measurement, the samples were
conditions. The effects of the temperature and the concentra-g;%if;t‘zg ‘;t ?;Ogullcg;;gr:l. ;ginsgjggﬁ ;z;&gg@eﬁf&ge;d
tion of Ag” CaF'O” on the Crystal_lography and morphology the pore siz)é distribution was determined by thel(—lmetho’d.
of Ag—hpllandne materials were |nves_,t|gated. The formation Surface Analysisx-ray photoelectron spectroscopy (XPS) was
tmh(regl:];t? |)s(g Doz;nﬁqrrlli?\l/:asr][gg?esr.@r?gl22{2Iy¥}l§?)e?f?rr|ir?:§ge performed with an ESCALAB MK-1I spectrometer (VG Scientific

. . Ltd., UK) using Al Ka. (1 = 1486.6 eV) radiation operated at an
of the Ag-hollandite nanofibers was tested for ethanol ,qcejerating voltage of 12.5 kV. The powder samples were pressed

oxidation reaction. into thin discs and mounted on a sample rod placed in an analysis
chamber, where the spectra of Ag 3d, Ag MVV, Mn 2p, Mn 3s,
Experimental Section and O 1s were recorded. Charging effects were corrected by

adjusting the binding energy of C 1s to 284.6 eV.

Thermal Stability.The thermal stability of the materials was
studied by thermogravimetric analyses (TGA) and temperature-
programmed decomposition with mass spectroscopy. TGA was
measured on a Pyris Diamond of Perkin-Elmer from room tem-
d perature to 900C under flowing helium. Thermal decomposition
of the materials was performed in a fixed-bed quartz reactor and
the temperature was programmed to rise at a ramp SfCIthin
from room temperature to 90T using He as the carrier gas. The
effluent species leaving the reactor were analyzed by an online mass
spectrometer, and the/e intensities at 18 (kD) and 32 (Q) were
recorded as a function of temperature.

Catalytic Evaluation. The oxidation of ethanol was conducted
with a continuous-flow fixed-bed quartz reactor (6 mm in diameter
and 35 cm in length) in the temperature range of-1390°C under
atmospheric pressure. Fifty milligrams of catalyst {460 mesh)
was diluted with 200 mg of quartz powder to prevent the
temperature gradient in the catalyst bed and was charged into the
. reactor. Vapor ethanol was generated by flowing He over pure liquid
(10) Li, L. Y.; King, D. L. Chem. Mater2005 17, 4335-4343. ethanol in an incubator kept at 3C. The ethanol/He stream was
(1) ,Sfl‘_) J?”é azc; )F(’ :.lf]éncgaye\xlll.g(();ozsh(z)g féL%&‘?ﬂ? ghgh"uj_);('s'\r’]';gﬁ‘;g then mixed wit_h a stream of fHe comip_g from a mass flow

Zhang, Y. H.; Du, J. M.; Xu, H. L.; Fan, K. N.; Shen, W.; Tang, Y.  controller, leading to a feed gas composition of 5.0% ethanol and
J. Catal.2006 237, 94—101. 10% oxygen balanced by helium. The total flow rate was 30 mL/

Synthesis AgMnO, was synthesized by the reaction of KMpO
with AgNQO;s in aqueous solution. One hundred grams of KMnO
was dissolved imt 2 L of boiling deionized water, and 50 mL of
AgNO; aqueous solution (13 M) was then gradually added under
stirring at 100°C. The mixed solution was maintained at 10D
for 30 min. After filtration, the precipitate was thoroughly washe
with deionized water and dried at 6C for 4 h under a vacuum.

The Ag—hollandite was prepared by hydrothermal synthesis
method. Typically, 0.4763 g of AgMnOwas dissolved into 40
mL of deionized water, to which 2 mL of concentrated HNO
solution was added to form a purple solution. Mn({X0.5637
g) dissolved in 40 mL of deionized water was then gradually added
to the AgMnQ solution under vigorous stirring at room temper-
ature. The mixture was sealed into a 100 mL Teflon-lined stainless
steel autoclave, heated to a desired temperature<2@0°C), and

(9) (a) Chang, F. M.; Jansen, Mngew. Chem., Int. EA.984 23, 906—
907. (b) Chang, F. M.; Jansen, Rev. Chim. Mineral.1986 23, 48—
54
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(130) 211 of 2/3 to 6/1. Clearly, the characteristic reflections could be
220) indexed to the tetragonal phase of-Agpllandite, regardless
(€) (200) @on) Jl @40 (141) (600)s501) of the AgMnQ/Mn(NQOs), molar ratio. Meanwhile, the
crystallite size increased only marginally, from 7 to 10 nm,
when the AQMn@Mn(NOs), molar ratio was increased from
2/3 to 6/1, implying that the Agconcentratiorin the range
of 0.025-0.056 mol/L had almost no influence on the crystal
structure of the Ag-hollandites. This phenomenon is some-
© (205);1()2@) J(_2’2L0)(00.233:°) what different from previous observations for the @MS-2
materials. Wang and H found that the K concentration

A A could significantly affect the crystal structure of OMS-2
® materials by reacting KMnQwith MnSQ, and adjusting the
(@) A f\ A molar ratio of KMnQ/MnSQ, between 5/2 and 2/3. Verna-

e e e dite was produced at higher*Kconcentration, whereas
10 20 30 40 50 60 70 hollandite and pyrolusite were obtained at relatively lower
2 theta (degree) K™ concentration. The discrepancy betweenAgd Kt is
Figure 1. XRD patterns of the Ag-hollandite materials synthesized at (a) ~probably caused by the template-directing effect of the two
120, (b) 160, and (c) 200C with a 2/3 AgMnQ/Mn(NOs); ratio; Ag— cations in the tunnel. According to Dyer et & hollandite
r,\‘/lor']'(a,\;‘g':)i mitg'?;i?g_‘thes'zed at HEwith (d) 6/1 and (e) 5/2 AGMn@ is very effective for selective adsorption of Agn strong
acidic solution, even in the presence of large amounts of
min, corresponding to a gas hourly space velocity of 36 000 mL other cations such as K Cs", and Sf". Hence, the
Geat * h™™. The effluents from the reactor were analyzed by an on- temperature plays an essential role in determining the crystal
line gas chromatograph (Varian 3800) equipped with TCD and FID strycture of the silver hollandite-type manganese oxides, and

detectors. A TDX-01 and Porapak Q combined packed column was e concentration of Agalmost does not affect the crystal
used for the separation of regular gases and a PLOT Q capillaryStructure

column connected to the FID detector was used for the separation . .
of ethanol, acetaldehyde, acetic acid, and other organic products. Figure 2 shows the FESEM and TEM images of the
materials synthesized at different temperature and AgMnO
Results and Discussion Mn(NOzs), molar ratios. For the materials prepared using the
] identical AQMnQ/Mn(NO3), ratio of 2/3, hydrothermal
Crystal Structure and Morphology. Figure 1 shows the  gynthesis at 120°C produced nanofibrous shapes with

(110) (101)

Intensity (a.u.)

XRD patterns of the samples synthesized at1200°C  giameters of 1640 nm and lengths of several micrometers.
and AgMnQ/Mn(NOs), molar ratios of 2/3 to 6/1. For the  gimyltaneously, significant amounts (up to about 30%) of
samples synthesized at 12060 °C with a 2/3 AgMnQ/ nanoparticles with sizes of 16@00 nm were also produced.

Mn(NOs). ratio, the diffractions could be attributed to typical \yhen the temperature was increased to B0very uniform
tetragonal crystal structure of Adhollandite (JCPDS 77-  nhanofibers was obtained with diameters of-2® nm and
1987). There were no diffraction peaks due to silver species, lengths of 0.5-4.0 um. Differently, the pyrolusite synthe-
indicating that the silver species were highly dispersed. The gjzed at 200°C consisted of very larger polyhedron shapes
crystallinities were estimated to be 89% at PZDand 99% with sizes of 0.2-2.5 um. For the samples synthesized at
at 160°C, and the corresponding crystalline sizes were 6 1g0°c with different AgMnQ/Mn(NOs), molar ratios, the
and 7 nm, respectively, calculated from the (130) diffraction gncentration of AY remarkably affected the dimensions
lines. Hence, the temperature affected the crystal structureys the nanofibers. When the AgMn@In(NO3), ratio was

of the Ag—hollandites. The sharp and intensive diffraction jncreased from 2/3 to 5/2, the diameter of the-Awllandite
peaks in the XRD pattern of the sample synthesized at 200nanofibers rapidly increased to about 150 nm and the length
°C, however, indicated the crystal structure of pyrolusite ( sjgnificantly increased to several micrometers. Therefore, it
MnO,, JCPDS 2-0735) and that the crystallite size calculated j5 clear that both the temperature and the concentration of

from the (110) diffraction line was more than 100 nm. ag+ affected the morphologies of the Adpollandite materi-
Pyrolusite is thermodynamically more stable than hollandite- 55

type manganese oxides, and thus a higher synthesis temper-

ature usually favors the phase transformation from hollandite properties of the Aghollandite nanofibers synthesized at

L . . i
to pyrolusite: On the other hand, relatively higher hydro 160°C. The Ag/Mn atomic ratio in the nanofibers increased

thermal temperature is necessary to achieve better crystal-
linity of Ag —hollandite, as confirmed by the XRD profiles. from 0.087 to 0.111 when the AGMnMn(NOs), molar

Therefore. the temperature of 160 appears (o be approori ratio was increased from 2/3 to 5/2 in the reactant solution.
' per PP - approp These values are relatively less than the previously reported
ate for the synthesis of Aghollandite materials with

crystallinity of 99% ones for Ag-hollandite materials (0.22%nd 0.14¢°). This

. ; . henomenon indicates that there existed relatively more
Figure 1 also illustrates the XRD patterns of the materials P Y

. . : hydronium ion in the tunnel as a stabilizing counterion, in
synthesized at 16%C with AQMnO4/Mn(NOs), molar ratios addition to Ag. The BET surface aresier) of the Ag—

Texture Properties. Table 1 summarizes the texture

(12) Walanda, D. K.; Laurance, G. A.; Donne, S. W.Power Sources
2005 139 325-341. (13) Wang, X.; Li, Y. D.Chem—Eur. J.2003 9, 300-306.
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Figure 3. N adsorption-desorption isotherm and pore-size distribution
of the Ag—hollandite nanofibers.
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Figure 4. XRD patterns of the samples at different stages of hydrothermal
synthesis: (a) precursor at room temperature, and at@g6r (b) 0.5, (c)
1, (d) 6, and (e) 12 h.

resulting in lower than estimated contribution of the mi-
cropores.

Figure 3 shows the Nadsorption-desorption isotherm
and the pore size distribution of the Agollandite nanofibers
"'/",’5 synthesized at 168C with a 2/3 AgMnQ/Mn(NOs), molar

. ratio. The isotherm corresponded to Type Il adsorption with

Figure 2. FESEM and TEM images of the materials synthesized at (a, b) g steep increase at lop/p, and capill d ;

; ) pillary condensation at
120, (c, d) 160, and (e, f) 200C with a 2/3 AgMnQ/Mn(NQs), molar . e . .
ratio, and (g, h) at 160C with a 5/2 AgMnNQ/Mn(NOQs), molar ratio. high p/po, indicating the presence of micropores and slit-

_ _ . . shaped capillaries with parallel plates. The-Amllandite
hollandite nanofibers only slightly increased from 42 10 46 nanofibers exhibited one narrow pore size distribution in the
m?/g. Moreover, the external surface areas were very closemicropore range with a pore diameter around 0.5 nm, close
to the total surface areas, indicating that&erwas mainly g the tunnel size of 0.46 nm. This result indicates that the
contributed to by the external surface. Similarly, the mi- microporous structure of the Aghollandite nanofibers is
cropore volume contributed to only less than 7% of the total gjmilar to those of the KOMS-2 material$:5
pore volume. This can be understood by considering the  Formation Mechanism of the Ag—Hollandite Nanofi-
unique microporous structure of OMS-2 materials. Although pers. To elaborate the growing mechanism of the -Ag
the hollandite manganese oxides have a crystalline porengjlandite nanofibers, we examined the samples at different
opening of about 0.46 nm, the effective pore opening may
be in a range of about 0.26%.333 nm according to the  (14) (a) wang, z. M.; Tezuka, S.: Kanoh, Bhem. Mater2001, 13, 53¢
adsorption isotherms with different adsorbaiEghus, only 537. (b) O'Young, C. L.; Sawicki, R. A.; Suib, S. IMicroporous
a small fraction of nitrogen with a dynamic diameter of 0.364 45, W‘lteeé'aég?]?clll.‘ Gl;sc'es L 3 Gomez. S. Durand. J. P.: Suib. S. L.
nm could enter into the tunnels of Adnollandite nanofibers, Chem. Mater2005 17, 1910-1918.

e
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FTT pattern indicated that the view direction Wa%The
fringe spacings of 0.49 and 0.27 nm represented the lattice
spacings of the (200) and (101) planes, respectively, in the
crystal structure of Aghollandite. The crystalline growth

of the Ag—hollandite nanofibers was along the [001]
direction, and the predominantly exposed planes were (200)
and (101).

XPS Surface AnalysisFigure 7a displays the XP spectra
of Mn 2p in the Ag-hollandite nanofibers. The binding
energies of Mn 2g, and Mn 2p,, were 642.2 and 653.9
eV, respectively, which can be attributed to a mixture of
Mn*tand Mr#t species® Because Mf", Mn3*, and Mrf*
have essentially the same binding energy in the perovsksite
samplel’ it is difficult to identify the oxidation state of
manganese by only the binding energy shift of Mn 2p.
Detailed studies by Galakhov et'dlrevealed that the XPS
of Mn 3s is more promising for identifying manganese
oxidation state, and the magnitude of the Mn 3s splitting
decreased monotonously with increasing the average oxida-
tion state (AOS) of manganese. Figure 7b shows the XPS
of Mn 3s in the Ag-hollandite nanofibers. The binding
energy difference AEz) between the main peak and its
satellite was 4.5 eV, from which the AOS of manganese was
evaluated to be 3.9. That is, Mnwas dominantly presented

stages during the hydrothermal synthesis at {66y XRD in the Ag-hollandite nanofibers.

measurements and TEM observations, as shown in Figures Figure 7c shows the core-level XP spectra of Ag 3d in
4 and 5. For the sample obtained by mixing AgMin@nd the Ag-hollandite nanofibers. The Ag gdand Ag 3d
Mn(NOs), (molar ratio of 2/3) aqueous solutions at room peaks were centered at 367.8 and 373.8 eV, respectively,
temperature, the precursor was amorphous with lamellarcharacteristics of Agspecies? Figure 7d further shows the
morphology. When the hydrothermal synthesis was con- Ag MVV spectra. The Auger parameten'f, which is
ducted for 0.5 h, the sample was still amorphous. But the defined as the sum of the kinetic energy of the Auger electron
TEM image showed that the lamellar structures begun to (Ag M4VV) and the binding energy of the core level (Ag
curl and that some tubular structures appeared. When the3ds),****was calculated to be 724.7 eV. Because the Auger
synthesis time was prolonged to 1 h, the sample showedparameters for Ag and A® were 726.1 and 724.4 €Y,
similar diffractions to Ag-hollandite but with poor crystal-  respectively, the silver species in the Algollandite nanofi-
linity. TEM images further indicated that nanorods and bers can be assumed to beAg

nanofibers were formed with the coexistence of lamellar  Thermal Stability. Figure 8 shows the TG plot and the
particles. A significant increase in the crystallinity was temperature-programmed decomposition profile of the-Ag
observed for the sample synthesized for 6 h, evidenced byhollandite nanofibers. The weight loss could be categorized
the relative intensive diffraction peaks. Meanwhile, the TEM into four segments. The initial weight loss of 5.0% below
image showed that many more and much longer nanofibers3gp °C with two peaks appearing at 116 and 20 was
were forming and that the lamellar particles were decreasing.due to the removal of physically and chemically adsorbed
When the hydrothermal synthesis was conducted for 12 h, water (2.4 and 2.6%, respectively), in good agreement with
highly crystallized Ag-hollandite nanofibers were obtained previous observatiorfé:*>7a The following three weight
and there were no lamellar particles any more. Therefore, it |osses in the temperature range of 3680°C corresponded

is possible to assume the growing mechanism of-Ag to the release of oxygen. The first oxygen loss (4.4%)
hollandite nanofibers as follows. Lamellar MnOx species

were initially formed by mixing AgMnQ@ and Mn(NQ),
aqueous solutions at room temperature. Under hydrothermal

- AV T BANAYY
Figure 5. TEM images of the samples at different stages of hydrothermal

synthesis: (a) precursor at room temperature, and at@66r (b) 0.5, (c)
1, (d) 6, and (e, f) 12 h.

16) (a) Ge, J. H.; Zhou, L. H.; Yang, F.; Tang, B.; Wu, L. Z.; Tung, C.
H. J. Phys. Chem. R006 110, 17854-17859. (b) Tjeng, L. H.;

conditions, the MnOx layer begun to curl into a tubular
structure. Because of the presence oftAthe lamellar

structure of MnOx could further transfer into a tunnel
structure of Ag-hollandite. When the synthesis period was

prolonged, the tubular and curling lamellar structures gradu-
ally grew into nanofibers and the lamellar particles decreased
and finally disappeared. This phenomenon is similar to the

formation of nanorods from lamelfd.
Figure 6 further shows the HRTEM images of the-Ag
hollandite nanofibers synthesized at 18D for 12 h. The

Meinders, M. B. J.; Van, Elp, J.; Ghijsen, J.; Sawatzsky, G.; Johnson,
R. L. Phys. Re. B 199Q 41, 3190-3199.

(17) Castro, V. D.; Polzonetti. GJ. Electron Spectrosc. Relat. Phenom.
1989, 48, 117123.

(18) Galakhov, V. R.; Demeter, M.; Bartkowski, S.; Neumann, M.;
Ovechkina, N. A.; Kurmaey, E. Z.; Lobachevskaya, Y. M.; Mitchell,
J.; Ederer, D. LPhys. Re. B 2002 65, 113102.
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Table 1. Textural Properties of the Ag—Hollandite Nanofibers

surface area (Afg) pore volume (cr#g)

AgMnO/Mn(NO3); ratio Ag/Mn ratic* Smic® Sox® S Vinic® Viotal
5/2 0.111 5.7 40.5 46.1 0.00144 0.395
2/3 0.087 6.7 35.6 42.4 0.00237 0.373
a|CP analysisP Micropores.© External surface.
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Figure 6. HRTEM images of the Aghollandite nanofibers.
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Figure 7. XP spectra of Mn 2p, Mn 3s, Ag 3d, and Ag MVV in the Ag
hollandite nanofibers.

380 375 370 365
Binding Energy (eV)

occurred at 3686530 °C, the second evolution (4.3%) took
place at 536-630°C, and the third (1.9%) occurred at 630
780°C.

Temperature (°C)

Figure 8. TGA plot and temperature-programmed decomposition MS
profile of the Ag—hollandite nanofibers.

2.3H,0 on the basis of the elemental analysis and the amount
of H,O from the TG measurement. Theoretically, the weight
losses of the Agrhollandite nanofibers are subject to three
predominant steps

~5.0% ~7.9%
AgoMngO,52.3H,0 “hy0 AgoMngO;6 ~0]

0.7Ag+ Mn203%°> 0.7Ag+ 8/3Mn,0,

The initial weight loss of 5.0% is due to water desorption,
and the following oxygen evolution includes two steps: the
first step occurs at relatively lower temperature with a weight
loss of 7.9% and the Aghollandite nanofibers are simul-
taneously transformed into M@; and Ag; the second step
takes place at higher temperature with a weight loss of 2.7%
and the MnO; species is further converted into My spinel.
Theoretically, the total weight loss for the Adpollandite
nanofibers with chemical composition of AgMngOis
2.3H,0 to MngO,4 and Ag should be 15.6%.

Accordingly, the weight loss (4.4%) at 36630 °C in
Figure 8 could be attributed to the evolution of oxygen
bridging Ag and Mn, and the Mn species adjacent to the
bridging oxygen was simultaneously transformed into®#n
The next peak of oxygen evolution (4.3%) at 53880 °C
originated from the combined oxygen release of@dgo
Ag and MnQ away from silver species to M@;. The total

Oxygen release from hollandite-type manganese oxidesweight loss of oxygen at this stage is 8.7%, which is larger
usually leads to the formation of oxygen deficient products than the theoretical value of 7.9%, suggesting that a small

such as bixbyite (MgO3) and hausmannite (M@,), and

fraction of Mn,Os in the vicinity of silver species was already

consequently, would cause the collapse of the tunnel at hightransformed into MgO, spinel. This phenomenon could be

temperature$>?* For the Ag-hollandite nanofibers, the
chemical composition was formulated as oAgnNgOse:

(21) Tanaka, Y.; Tsuji, M.; Tamaura, Yhys. Chem. Chem. Phyz00Q
2, 1473-1479.

attributed to the possible oxygen spillover from MnOXx
octahedra to Ag through the Ag-O—Mn bridge. Imamura

et al??2found that the lattice oxygen belonging to Ag in the
Ag/MnO, composite could be easily liberated upon heating
under an inert atmosphere, but Ag could still maintain its
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Figure 9. Conversion of ethanol and selectivities of acetaldehyde and Figyre 10. Stability test of the Ag-hollandite nanofibers for ethanol

carbon dioxide over the Aghollandite nanofibers as a function of reaction  yigation at 23¢°C. Feed stream, 5%8Es0H/10%G/He; GHSV, 36 000
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idati b ¢ il ¢ o temperature resulted in significant decrease in the selectivity
oxidation state because of oxygen spillover from Mn of acetaldehyde due to the formation carbon dioxide.

b
Watanabe et & and our recent wofR® of Ag/MnOy Accordingly, the yield of acetaldehyde increased monoto-

composites also de'monstrateq that. manganese ,Ox'de COUI(f’1ously with increasing the conversion of ethanol, and reached
supply oxygen to silver, keeping silver in oxidative state. a maximum of 71% when total conversion of ethanol was

The last oxygen _e_volution at 68.’07800(: could be ass_igned achieved at 250°C. Figure 10 shows the conversion of
to the dt_ecomposmon of the residual b to MnsO, SP'”e'- ethanol and the selectivities of acetaldehyde and @@r
The weight loss (1.9%) was Ie;s than the theoretical Val_uethe Ag—hollandite nanofibers as a function of time-on-stream
of 2.7%. However, the total weight loss of oxygen was still at 230 °C. During the initial 50 h, the selectivity of

10.6%, exz_ictly equal to the theoretical value for the acetaldehyde was gradually increased from 86 to 95%,
transformaﬂon of AgMnzOss t0 M0, gnd_ AgQ. _ whereas the selectivity of GQvas deceased from 14 to 5%.
Qat:_alync Performan_ce for Ethanol OX|dat|0n._ Catalytic Thereafter, the conversion of ethanol was about 75% and
?X'dat'%n qf ethanolldlshor&e of .the cltlammermal plrocessEs the selectivity of acetaldehyde maintained at about 95%. This
or producing acete|1I ehyde uzlng siiver-as hcatahyst. IT € result clearly demonstrated that the-Algollandite nanofibers
reaction is generally operated at 48C with ethano could show rather high stability for ethanol oxidation in

conversion of 74 82% and acetaldehyde selectivity of no addition to its high ethanol conversion and acetaldehyde
more than 809%° Zhou et aP* investigated the cata- selectivity

lytic performance of manganese oxide octahedral molecular Xia et alS pointed out that the AgO—Mn bridge in Ag—

sieves with the doping of Rﬁ Cu, Fer, Co, and Zi* ... hollandite could facilitate the electron transfer between Ag
and found that the conversion of ethanol and the selectivity o4\ through the bridged oxygen, which was more mobile
of acetaldehydg were strongly dependent on t_he transitionand active. Shen et &P also attributed the quite high activity
metal dopants '? thehOMSd—thra;]miwork. : art||cularly, the and selectivity of nanosilver/zeolite film/copper grid catalysts
Fe-OMS-2 catalyst showed the '9 _est ethano CONVErsIon ¢, gas-phase oxidation of alcohols to the stable presence of
of 71.5% and acetaldehyde selectivity of 78.9% selectivity large amount of Ag species and Ag* clusters. Thus, it is

at 300°C. highly probable that the Agspecies in the Aghollandite

The catalytic reactivity of the Aghollandite nanofibers o fihers facilitated the activation of molecular oxygen and
was evaluated for ethanol oxidation. Acetaldehyde and its transfer to oxidize ethanol through the-A@—Mn bridge.

carbon dioxide were detected to be the only products. FigureMeanwhile, the unique crystal structure as well as the
9 shows the conversion of ethanol and the selectivities of morphology of the Ag-hollandite nanofibers may be re-

acetaldeh){de and Qcpver the Ag-hollandite nanoflbgrs sponsible for the rather high catalytic stability in ethanol
as a function of reaction temperature. The conversion of oxidation.

ethanol increased rapidly with temperature and reached 100%
at 250°C. The selectivity of acetaldehyde was almost 100%
below 170 °C, indicating that ethanol was exclusively
converted into acetaldehyde. Further increase in the reaction The temperature significantly affected both the crystal
structure and the morphology of the Abollandite nanofi-
(22) (a) Imamura, Sind. Eng. Chem. Resl999 38, 1743-1753. (b) bers. The concentration of Adgn the range of 0.0250.056

Conclusions

Watanabe, N.; Yamashita, H., Miyadera, H.; TominagaApl. mol/L did not influence the crystal structure, but significantly

Catal., B1996 8, 405-415. (c) Tang, X. F.; Chen, J. L.; Li, Y. G.; . .

Li, Y.; Xu, Y. D.; Shen, W. JChem. Eng. J2006 118 119-125. affected the morphology of Aghollandite nanofibers. Very
(23) Faith, W. L.; Keyes, D. B.; Clark, R. Undustrial Chemicals2nd uniform Ag—hollandite nanofibers with diameters of 20

ed.; Wiley: New York, 1957; 23.
(24) Zhou, Hy wang, J. Y.: Che?]? X.. O'Young, C. L.; Suib, S. L. 40 nm and lengths of 054 um was prepared by hydro-

Microporous Mesoporous Matef.998§ 21, 315-324. thermal synthesis at 160 and a 2/3 AgMn@Mn(NOs);
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molar ratio. Silver presented as Agand the average and selectivity, the Aghollandite nanofibers showed rather
oxidation state of manganese was 3.9 in the-Agllandite high stability with ethanol conversion of 75% and acetal-
nanofibers. Under hydrothermal condition, the initially dehyde selectivity of 95% at 23 for 200 h time-on-stream
formed lamellar MnOx species could curl into tubular operation. The stable presence of "Agnd the unique
structure with the presence of Agnd gradually transferred  morphology of the Ag-hollandite nanofibers were supposed
into the tunnel structure of Aghollandite nanofibers. When  to play critical roles in determining the high catalytic activity
used for ethanol oxidation, the conversion of ethanol reachedand stability for ethanol oxidation.

100% at a temperature as low as Z&Dwith acetaldehyde

selectivity of 71%. In addition to this extremely high activity CM070904K



