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By using an anion-exchanging method, about 90% of theu@ons in the C12A7-Omicroporous
crystal ([Cay,Al,5064]**-40°) have been substituted primarily by the tnions, leading to the
successful formation of a new Hemission material, C12A7-H([Ca,Al g0, -4H). A
sustainable and stable emission of, kh a current density oftA/cm? level, has been obtained by
supplying H, and electrons on the backside of the 8¥2H™ sample. The emission features of
C12A7-H, including temperature and field effects, have been investigated. It is expected that the
present material could be practically used as arahion generator. @005 American Institute of
Physics[DOI: 10.1063/1.1881785

Anions have received considerable attention in recenC12A7-H sample can be served as an efficient material for
years for their unique potential applications in chemistry andemitting H™ anions.
material field"® For example, it has been found that anion ~ The preparation of the C12A7-Gsample has been pre-
implantation into insulated material surfaces is more suitableiously described? briefly, powders of CaC@ and
than using positive ion implantation due to negligible “sur- y-Al,05; are mixed and grained at a molar ratio of CaCO
face charging-up” problem in the form&Anion is usually — ¥-Al,03=12:7. The powder mixture is pressed to a pellet
generated from a free electron attachment to an atom or With a diameter of 15 mm and a thickness of 1.5 rfiin
molecule in the presence of plasma, electron impact or othdteeded, the material size and shape can be vafiéeén it is
energetic irradiatiod>® Since those processes are usuallysintered at 1350 °C for 18 h under flowing dry oxygen atmo-
complicated and energetically costly with a low selectivity, SPhere. The C12A7-Hsample was prepared by supplying
developing a simpler approach to form a sustainable currerd2 gas (~2.0 Torp and electrons(provided by a low
and optional anion source is greatly needed. An attractivéegative dc voltage of -10)Von the backside of the
solution is to find a material that is able to store and emit oufc12A7-O" sample at 750 °C for 10 h. Figure 1 is a sche-
expected anions. matic diagram for describing the substitution process. The

12Ca0-7AJO; (C12A7) is a microporous crystal, H™ anions on the C12A7-Osurface were generated by the
which has a positively charged lattice framework surface electrochemical reaction: ,(Htmosphere
[CapAl 506414 per unit cell with a free space of 0.4 nm in *€ (surfacé —H(surface+H(surface. Propelled by the
diameter. The remaining two oxide ion€O(free oxygen external electric field(~67 V/cm) and thermal d|ffu5|_on
are trapped in the cages defined by the frameWdikThe (750 °Q, H™ (surfacg could enter the C12A7-Ocages with
chemical formula for the unit cell may be represented a® Simultaneously desorbing from the C12A7-Orystals.
[CanAlOa ] 207~ Recently, it has been found that We d_efmed those Htrapped samples as ClZAT—.HThe _
C12A7 can be transformed into C12A7-O experimental apparatus for studying the material features is

([CapaAl ,g0a,]** - 407) under certain condition€* The O made up of three major parts: a sample chamber where the

anions can be stored in the cages of C12A7a@d can also sample is mounted in the center of quartz tube; a picoamme-

be emitted into the gas phase by applying an extraction fiel r for measuring the total emission current; and a time of
. ight (TOF) mass spectrometer for measuring the relative
under suitable temperatute**° ght (TOR) P 9

. S _ . intensity distribution among the anions emitted from the
In this contribution, we report that the "Hanions

can substitute O anions in the C12A7-O microporous sample.
crystal, forming an emission material of “H
C12A7-H ([CasAl 5064 - 4H). A sustainable and stable Cl2A7-O-  Hre = HH o0
H~ emission at auA/cm? level current density was obtained ool F-o - " |-
by uptaking H and electrons on the backside of the oo By thool T, puup
C12A7-H sample. It has been reported that &hn be des- ool il = ki 4

. . _ .. ododon moxox CH-H-
orbed from metal hydride with a very weak™ Hemission
(about 104 uA/cm?),*® which is much lower than that of the e| A
C12A7-H sample. Therefore, we suggest that the

=10V

dauthor to whom correspondence should be addressed; electronic maiFIG. 1. A schematic description of the substitution processes d6HO™ in
ligx@ustc.edu.cn C12A7-O.
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) ) FIG. 3. H emission current densities measured as the functiongapf:
FIG. 2. TOF mass spectra for the C12A7-8ample with different treat- sample temperature at 500 VV/cm affl ion extraction field at 800 °C.
ment time(t): (a) t=0; (b) t=30 min; (c) t=10 h. Sample treatment condi-
tion: H, (2 Torr), voltage drop between two sides of the sample: -10 V,

temperature: 750 °C; measurement condition: sample surface temperature: . . . _
75opoc ion extraction field: 500 V/cm. P P exchanging method, which leads to the formation of the H

emission material C12A7-H
The absolute emission current densities of ¢an be

The above substitution processes were demonstrated lerived from the relative intensity distribution of the emitted
the observation that an emission peak, p¢ak, appeared in species detected by the TOF spectra and the total emission
the TOF spectra and increased with the density ofp@ak  current simultaneously measured by a picoammeter. Figure
accordingly declining after uptakingtand electrons on the 3(a) gives the H emission current densities as a function of
backside of the C12A7-Osample. Experimentally, we mea- the sample temperature in an ion extraction field of
sured the emitted species from the C12A7-€ample with 500 V/cm. When temperature rises from 600 to 803 °C, the
different H, and electrons uptaking timd$) by TOF mass emission current density increases more than three orders of
spectrometer. Figure(@® shows the emitted species from the magnitude. Another factor that influences the current densi-
C12A7-O sample without H insertion (t=0). The major ties is the ion extraction field. Figure(l§ shows a typical
peak occurs at a mass number of 16, which corresponds f&lation between the Hemission current density and the ion
the O anions. There is also a small peak with a mass numbegxtraction field at a given temperature of 800 °C. As the ion
near 0, which corresponds to electrons emitted from th@xtraction field increases, Hemission current density in-
sample surface. Figurgl® shows the emission spectrum for creases significantly. The maximum~Hemission current
H, and electrons insertion time of 30 min. Here, other thardensity reaches 2,8A/cm? under our investigated ranges.
the peaks of Oand electron, a weak peak with a mass num-Due to the certain amount of anions in the sample cages, the
ber of 1 corresponding to Happears. Figure(2) shows the ~emission current gradually decreases with increasing the
emitted species after the sample has been treated for 10 @Mission time. It was found that under sample temperature of
The H peak becomes significantly stronger while the O 800 °C and an ion extraction field of 980 V/cm, the elr-
peak becomes weak. The above results give an obvious evient dropped to half with 10 h emission. However, this drop
dence that the Oanions in the C12A7-Ohave been substi- Can be recovered by supplying k2.0 Torp and electrons
tuted by the H anions. In Fig. &), there is also a weak peak (provided by a low negative dc voltage of 10 dn the
with the mass number of 17, which is attributed to the"OH backside of the sample f2 h at 750 °C.Furthermore, a
anions. The OHanions may be formed by the surface reac-sustainable and stable emission current can be achieved by
tion between O (surfacé and H(surface. Furthermore, the ~continuously supplying bland electrons on the backside of
x-ray diffraction results show that there is no obviousthe C12A7-H sample. Figure 4 shows the stability of the H
changes before and after~Hsubstitution process, which €mission current density at a given temperature of 800 °C
means that exchanging the encaged Iy H™ would not ~@nd ion extraction field of 980 V/cm. Along with continu-
influence the sample’s crystal structure. ously increasing emission time, we could detect only small

The emission ratio does not always directly represent thductuations without obvious decrease, which means that
substitution ratio due to their different rates of diffusion andC12A7-H" sample can be practically used to generate sus-
desorption for H and O, which mainly depend on tempera- {@inable and stable Hemission.
ture. Therefore, we measured the emission intensities of the

anions as a function of the sample temperature. It was found 3.0

that the emission intensity of Hemarkably increased when

the sample temperature increased from 650 to 800 °C. There P

was only H emission observed at 650 °C, and with tempera- "5 z.ohq:.‘.'f'o.l'\.o
ture rising, the emissions of Cand OH appeared and the i 15} *
emission intensity ratiod(H?):1(O7):1(OH") slightly de- N

creased and reached ratios of 0.8:0.1:0.1 at 750 °C. With =10

sample temperature higher than 750 °C, the emission inten- 0.5

sity ratio was nearly independent of temperature. These re- 0.0 . . N .
sults indicate that the emission ratio could be farthest near 0 10 t(hZ(:)urs) 30 40

the substitution ratio in the high temperature region. Accord-
ingly, we consider that about 90% @ C12A7-O has been g, 4. H emission current density vs emission time at C12A7sdmple

substituted by H(80%) and OH (10%) by using the anion- temperature of 800 °C and an ion extraction field of 980 V/cm.
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