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Removal of mercury vapour from a waste gas has been investigated at atmospheric pressure and
at ambient temperature using a series of manganese-based reagents supported on an inert medium.
The effect of catalyst composition on activity and the influence of relative humidity of the air
stream have been studied. Whereas y-Al, O; has a very low mercury sorption capacity, sorption
occurs copiously on impregnated silver- and copper-doped MnO, acceptors but the much higher
activity is reduced by the presence of water vapour in the carrier gas. The morphological and
microstructural characterization of the (MnO,, AgNOj) - y-Al,O; reagents has shown selective
deposition of AgNOQ; particles on 8-MnQ, crystallites which are dispersed on the y-Al; O3 matrix.
As the adsorption is associated with a sequence of specific colour changes a chemical oxidation
mechanism is proposed. Acceptor deactivation is discussed.

INTRODUCTION

Apart from its toxic, contaminative, and
corrosive properties, traces of mercury poi-
son many industrial catalytic processes,
due to formation of stable bonds with the
catalyst components. Therefore, puri-
fication of raw materials from mercury
(e.g., moist hydrogen from electrolytic cells
for hydrogenation, natural gas, etc.) or
elimination of Hg as a by-product is highly
desirable. Removal of mercury can be
achieved either by physical adsorption on a
molecular sieve or by chemical oxidation
(I1-6) and is usually performed at tempera-
tures differing from room temperature. In
this paper we report on the sorptive proper-
ties of several manganese-based materials
towards Hg vapour. As a lead in this re-
search we have .taken the findings of Alek-
seevskii and co-workers (7-11) concerning
the use of MnO, in Hg sorption. In particu-
lar, the effects of addition of Ag* and Cu*
on the morphological and microstructural

properties of 8-MnQ, supported on y-Al, O,
are examined and the active sites of the
chemisorption process are discussed.

EXPERIMENTAL
Reagents and Acceptors

Normal commercial-grade y-Al,O3; (Pe-
chiney St. Gobain) was calcined in air at
600°C for 1 h before use (BET surface area,
238 m?/g). The acceptors investigated con-
sisted of doped MnO,/y-Al,0,, prepared
by ‘“‘dry impregnation’’ of precalcined alu-
mina of known pore volume with an equiva-
lent volume of a solution (d = 1.54 g ml™)
of Mn(NOQ,), (eventually in the presence of
other cations), followed by drying in air at
110°C and activation at 190°C both for 24 h
(Table 1). The colour of all finished samples
ranged from pale tan to black. Since char-
acterization of supported manganese ox-
ides is difficult, the preparation technique
was carefully standardized as the best
means for providing comparable results.
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TABLE 1

Catalyst Preparation

Experiment ALO; Mn(NOjg), AgNO; Cu(NO;); KMnO, Total Temperature  BET surface
(g sol 50% ® (g) ® volume® of drying and area
(ml) (ml) calcination (m?/g)
(24 h)
0
1 97.2 10.6 0.39 — — 39.9 110-190 143.3
2 94.5 21.6 0.79 — — 38.7 110-190 141.8
3,5,7,8 91.5 32.6 1.26 — — 37.5 110-190 138.6
4 87.9 46.5 3.73 —_ — 2 X 36.0 110-190 125.0
6 91.5 32,6 — 2.4 — 37.5 110-190 138.9
9 99.2 — 1.26 — — 40.7 110-190 n.d.
10 20.0 — — — — — 110-190 238.0
11, 12 92.3 32.6 -— — — 37.8 110-190 n.d.
13 99.0 — — — 1.0 40.6 60 n.d.
14 97.5 — — — 2.5 40.0 60 n.d.

@ Equivalent to total pore volume.
b Double impregnation.

Dopants were added to the Mn(NQjs), Solu-
tion in the form of Cu(NQO;), and AgNO;.
The active oxygen content of the accep-
tors was determined by iodometric titra-
tion. One gram of the catalyst was dried at
110°C for 24 h and added to 50 ml H,O, 1 ml
glacial acetic acid, and 1 g KI in inert atmo-
sphere. After 150 h the solution was titrated
with sodium thiosulphate and starch amide
as an indicator. The results are reported in
Table 2, where the active oxygen content is
expressed as the Mn*t-ion fraction.

Apparatus

Figure 1 shows a diagram of the appa-
ratus for Hg sorption measurements de-
signed to provide carrier gas streams con-
taining up to 10,000 ug Hg/m® at room
temperature and atmospheric pressure for
0-70% relative humidity. The setup con-
sists of a flowmeter (F & P Precision Bore
Flowrater), a mercury reservoir, a 300-ml
Pyrex vessel for admixing Hg vapour and
the transport gas (dry or moist air), and a
Pyrex glass adsorption column. The Hg va-
pour concentration was regulated by vary-
ing the flow rate and was normally set at
2500 ug/m3. The carrier gas, prior to ad-

mixing with Hg, was either washed and
humidified up to 70% relative humidity or
dried over molecular sieves. No attempts
were made to remove the heat of adsorp-
tion of water from the adsorption bed. The
adsorption column was designed so that the
ratio of the diameter of the adsorbent parti-
cles to column diameter was in the range 4-
1o, the linear gas flow rate through the ad-
sorption bed never exceeded 700 m h™1.
Provision was made for sampling the gas

TABLE 2
Manganese Valence State in Various MnO,/y-Al,O,
Sorbents
Catalyst® Mn#t/(Mn* + Mn*t)
(%)
2.5 wt% Mn 24.0
5.0 wt% Mn 81.7
7.7 wt% Mn 81.7
11.0 wt% Mn 82.1
2.5 wt% Mn + 0.25 wt% Ag 74.3
5.0 wt% Mn + 0.5 wt% Ag 73.7
7.7 wt% Mn + 0.8 wi% Ag 78.3
9.0 wt% Mn + 0.9 wt% Ag 83.8
11.0 wt% Mn + 2.2 wt% Ag 84.5
7.7 wt% Mn + 0.8 wt% Cu 89.4

@ Carrier: y-AlL,O;.
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F1G. 1. Flow diagram of apparatus used for mercury
sorption measurements consisting of pump, A;
humidifier, B; desiccators, C; mercury reservoir, D;
gas mixer vessel, E; adsorption column, G; and ro-
tameter, H. The gas stream is analysed before (F) and
after (I) the reaction.

stream by colorimetry using a Bausch &
Lomb Spectronic 20 spectrophotometer.
Analysis of this stream before and after re-
action was performed each 72 and 24 h,
respectively. The breakthrough point was
determined as the instant in which the out-
put reaction mixture contained more than
100 ug Hg/m3.

Chemical Analysis

In view of the need to determine Hg in
gaseous mixtures with a minimum concen-
tration of about 0.2 mg/m? with a precision
of better than 5%, classical analytical
methods such as condensation of Hg va-
pour by cooling, amalgamation with metals
(Au, Ag, Cu, Zn), and others (/2) could not
be applied and a procedure taken from air
pollution studies (/3) was slightly modified.
In this method Hg is determined colorimet-
rically in the form of a diphenylthiocarba-
zone —mercury (II) complex (/4). The gas-
eous mixture is passed through an acidified
KMnO, solution which oxidizes Hg(0) to
Hg(II). Under the reaction conditions em-
ployed, no restrictions are imposed on the
Hg concentration. However, an upper limit
of 200 liters h™! was set to the flow rate of
the gaseous mixture in order to absorb the
mercury in 250 cm® KMnO, solution. After
reduction of excess KMnO, with (excess)
hydroxylamine sulphate or chlorohydrate
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at room temperature, mercury is extracted
from the colourless solution by means of
dithizone in CHCIl; (0.001 wt%). Whereas
the lower limit of KMnO, concentration
and acidity for quantitative Hg uptake are
0.5 M KMnO, and 1.0 M H,SO, (15), the
upper limit of [KMnQ,] depends upon the
maximum Mn2?*/Hg?* ratio at which Hg?*
and Mn2* ions are still separated by subse-
quent dithizone extraction. Thus, as mer-
cury dithizonate is stable in highly acidic
solutions, in contrast to the Mn?* complex
which dissociates under these conditions,
Hg®* may be extracted selectively from a 1
M acidic solution of high Mn?* concentra-
tion (up to Mn?*/Hg?* = 10%). The orange-
coloured Hg* complex obtained, which ab-
sorbs at Apa, = 500 nm, is determined
colorimetrically by comparison with stan-
dard mixtures. As Hg(thi), is sensitive to air
and light, a stabilizing agent (CH; COOH, 6
M) was used.

Physicochemical Characterization

Batches of the samples were analysed by
various techniques, as indicated below.
Surface areas were calculated from the
amount of N, absorbed from a N, + He
stream, at liquid nitrogen temperature (/6).
Morphological and textural properties of
the acceptors were studied by transmission
electron microscopy (TEM), using a Philips
300 EM up to 245,000 magnification.
Samples for TEM were prepared by the
extractive replica technique (I/7). After
deposition of carbon on the finely dispersed
specimen, the sample was leached with a
0.8-wt% solution of HF. As a result, part of
the supported material was separated from
the carrier and adhered to the carbon film.
This replica was then examined. In the case
of Cu-containing samples, leaching with
HF was much reduced in order to prevent
dissolution of the copper particles.

X-Ray powder techniques (Philips
1050/1070 setup; CuKa radiation) were
used for phase identification; diffraction
patterns were compared to the standards of
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the various MnQO, polymorphs (ASTM 7-
222, 12-141, 12-714, 12-716, 14-644, 18-802),
Ag (ASTM 4-783), AgO (ASTM 14-646 and
22-472), Ag,O (ASTM 12-793), AgNO,
(ASTM 6-363), AgNO, (ASTM 6-349), and
y-Al,O; (ASTM 10-425). Differential ther-
mal analysis (DTA), using a Mettler TA2
thermoanalyzer, was employed to examine
the thermal properties of AgNQ; and
Mn(NO;), - 6H,0. The NO;~ concentra-
tion of the catalyst was determined after
reduction by elemental Kjeldahl analysis of
N.

RESULTS
Mercury Adsorption Experiments

The breakthrough time and efficiency of
various sorbents in Hg uptake have been
determined experimentally in the apparatus
described above. All runs were performed
in a standard fashion at room temperature,
using a constant space velocity of about
2000 h~*, In typical experiments the sorbent
(20 g) was exposed to a stream of moist air
(70% relative humidity; flow rate, 40 liters
h™1) containing variable amounts of Hg.
Operating details and results of various ac-
ceptors are collected in Table 3. Results of
a series of Hg sorption experiments, per-
formed on Al,Os-supported KMnO,, are
also given. Results reported in Figs. 2 and 3
show the demercurization over various ad-
sorbents as a function of the time on
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FiG. 2. Performance of Al,O; + 2.5 wt% Mn +
0.25 wt% Ag* (@), ALO; + 5.0 wt% Mn + 0.5 wt%
Ag* (A), Al,O; + 7.7 wt% Mn + 0.8 wt% Ag* (O),
ALO; + 11.0 wt% Mn + 2.2 wt% Ag* (X) in mercury
sorption (in ug/m?3). Carrier gas: moist air (70% rela-
tive humidity).
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F1G. 3. Mercury sorption (in ug/m® on Al,O; in
moist air (X), ALLO; + 0.8 wt% Ag in moist air (0),
Al, O3 + 7.7 wt% Mn in dry air (A) and in moist air (A),
AlLO;g + 7.7 wt% Mn + 0.8 wt% Ag* in moist air (O)
and in dry air (@).

stream. Working capacity or catalyst
efficiencies under the particular conditions
of mercury feed concentration (Table 3)
were calculated from the breakthrough
times assuming that all the mercury deliv-
ered to a column up to the breakthrough
point was adsorbed by the sorbent. After
reaching equilibrium conditions at the ad-
sorption bed ([Hg]efuen = [Hg]ed) experi-
ments were discontinued. As is evident
from Table 3 and Figs. 2 and 3 the break-
through times vary with the catalyst com-
position whereas the catalytic efficiency of
the sorbents at equilibrium (saturation) fol-
lows the order of breakthrough time. It was
also observed that the MnQ, /y-Al,O; sor-
bent, initially black in colour, changed
slowly to white-spotted black during each
run.

Phase Distribution and Morphology

Samples of MnQ; (C. Erba), freshly pre-
pared B8-MnO,/y-Al,O3, AgNO,/y-Al,Os,
and (8-MnO, + AgNO;)/y-Al,O; sorbents
with varying compositions (up to 11 wt%
Mn and 10 wt% Ag), and the corresponding
Hg-saturated catalysts were studied by
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TEM to investigate the nature of the active
sites for the mercury adsorption. Three
phases were distinguished in the sorbent
samples: y-Al, O3, 8-MnO;, and AgNO;.
In the case of alumina-supported AgNO;,
the nonidiomorphic nature of y-Al,O; was
clearly visible with its mean fine grain size
of about 1 um. Silver-containing particles
were present as homogeneously distrib-
uted, well-rounded, solidified drops (mean
diameter ranging from 50 to 300 Ain1wt%
AgNO; and from 50 to 1400 A in 10 wt%
AgNO, on Al,0,); they appear dark in the
image. The chemical nature of these parti-
cles is easily determined if we consider that
AgNO,; shows a phase transition at 156°C
and melts at 205°C, i.e., close to the calci-
nation temperature of the catalyst samples.
As degradation of pure AgNO; to AgNO,
sets in at 455°C (I/8) and Ag,O and Ag are
formed only at about 350°C in 10%
AgNO;/ALO,, it is to be expected that at

CAVALLARO ET AL.

the temperatures used in the present exper-
iments silver ions are in nitrate form, in
accordance with chemical analysis (10 wt%
Ag/Al,O;: (NO;)™ obsd, 4.62 wt%; calcd,
5.75 wt%).

Alumina-based manganese oxide sam-
ples consist of clusters of 8-MnO, particles
with idiomorphic tendency, varying greatly
in crystalline size (up to 3 um) and contrast-
ing with the smaller y-Al, Oy particles. The
texture of fresh and spent doped MnQO, sor-
bents on alumina differs fundamentally
from that in the absence of the dopants
(Ag* or Cu*). As mentioned above, in
AgNO; - y-Al,03 the supported phase is
uniformly distributed on the carrier; in-
stead, in (8-MnO, + AgNO;)/y-Al,O4 (up
to 11 wt% Mn and 2 wt% Ag), the AgNO,
droplets are selectively concentrated along
the borders of the idiomorphic MnO, aggre-
gates and on top of the particles (Figs. 4-6).
Apparently, y-Al,O; acts as a true support

FiG. 4. Microphotograph of Al,O; loaded with 7.7% Mn and doped with 0.8% Ag after sorption of
128,000 ug Hg. AgNO;, particles are located selectively on 8-MnO; dispersed in y-Al,O3.
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Fi1G. 5. Microphotograph of Al;O4 loaded with 7.7% Mn and doped with 0.8% Ag after Hg sorption.

for MnO, with AgNO; being dispersed onto
the latter only. It is not surprising to find
that at higher loadings (10 wt% Ag) AgNO;
particles also accumulate onto y-Al, O, ini-
tially as fines (much smaller than the parti-
cles dispersed on MnQO,) and as agglomer-
ates in the richest samples. Activation of
the reagents in an inert atmosphere leads to
dispersion of Ag particles over y-Al;O,,
even at such low loads as 0.5 wt% AgNOQs;.
This is at variance with the structure of the
catalysts prepared in air or in an O, atmo-
sphere and seems to indicate a much
stronger interaction between Agt and
MnO, in the latter case.

Doping of MnQ,/y-Al,0, with Cu ions
causes drastic structural and textural
changes in the solid through chemical inter-
action; these effects are clearly illustrated
by Fig. 7, especially if compared to Figs. 4—
6 for the analogous Ag samples. It appears
that the porosity of the original allotriomor-

phic y-Al,O; increases on addition of Cu
ions.

The result of X-ray diffraction measure-
ments are in agreement with the optical ob-
servations. (MnO, + AgNO,;)/y-Al,0,
samples are essentially amorphous or mi-
crocrystalline but characteristic d spacings
of B-MnQO, (pyrolusite, ASTM 12-716;a =
4.40, ¢ = 2.87 A) are present in the samples
containing more than 2.5 wt% Mn. This
result differs from Alekseevskii’s findings,
which were formerly criticized by Moore et
al. (19). Namely, thermal decomposition of
Mn(NOjy), - 6H,O usually leads to 8-MnO,
(19, 20), although either 8- or y-MnO, may
be formed in the presence of other cations
(21). B-MnO, was also found in the Ag- and
Cu-doped samples. Nevertheless, although
MnO, is present in its most well defined
crystalline form, results of Table 2 show
nonstoichiometry, as usual (22). No indica-
tions were found for products of interaction



344

CAVALLARO ET AL.

F1G. 6. Microphotograph of Al,0, loaded with 7.7% Mn and doped with 0.8% Ag after Hg sorption.

between 7y-Al,O; and MnO,. The small
v-Al,O; particles give rise to diffuse
reflections, and no diffraction bands corre-
sponding to AgNOQOj; or other silver species
were observed. This even holds for y-Al, Q4
loaded with up to 10 wt% Ag, indicating
either solidification of molten AgNO, with-
out rearrangement to a regular crystal lat-
tice or very small crystallite size of ordered
AgNO; particles. Fresh and spent catalysts
show identical X-ray powder diffraction
patterns.

DISCUSSION
Activity of Undoped Samples in Dry Air

The experiments establish that pure y-
Al,O4 has no Hg sorption capacity in con-
trast to supported silver compounds (runs 9
and 10 of Table 3, cf. also Fig. 3), which
exhibit low activity. In the latter case it
may be envisaged that Hg sorption pro-

ceeds by chemisorptive reduction of Ag?,
as for uptake of Hg vapour by silver-zeo-
lites (6). Even so, no metallic silver was
detected by X-ray diffraction. The poor
performance of the MnO,/y-Al,O; accep-
tor in dry air as compared to doped samples
(cf. runs 5 and 11 of Table 3) must be con-
sidered in relation to the fact that in the
former case the active material is present as
relatively large crystals according to XRD
and TEM.

As mentioned above, according to Alek-
seevskii and co-workers (7-11), MnQO,
shows the highest Hg sorptive properties
among a variety of materials. This has been
attributed to the high oxidation power of
Mn**, known from oxidation reactions of
CO, SO,, aniline, etc. (23-27). According
to the Russian work, the activity of the
various MnQ, modifications varies as a > 7y
> B = 0. In the absence of the « and 7y
forms, our results definitely indicate very
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F1G. 7. Microphotograph of Al,O loaded with 5% Mn and doped with 3% Cu.

poor catalytic activity for the nonstoi-
chiometric B8 form, at least in undoped sam-
ples. On the other hand, it is also well
known that stoichiometric MnO, is not an
active oxidation catalyst (28). The oxidiz-
ing properties of MnQ, are determined by
the presence of oxygen dissociatively
chemisorbed on the surface. This chemi-
sorbed oxygen also most probably accounts
for the surface excess oxygen determined
by the KI method. It is worthy of mention
that there actually appear to be two kinds of
active oxygen present in MnQ,, of which
only one plays a role in the oxidation reac-
tion of CO to CO, (29-31). This finding
may be correlated with the fact that manga-
nese nodules are known to adsorb cations
such as Ag and Co only at pH > 8, i.e., in
oceanic rather than sweet-water basins (pH
< 7). These facts are obviously related to
the zero point of charge (z.p.c.) of the me-
tallic oxide. The observations agree with

our findings showing that use of SiO, as a
support instead of Al,O, results in an inac-
tive catalyst.

With regard to the MnO, /y-Al,O; sys-
tem, very little information is available as
to the nature of the interaction between the
components. Impregnation of y-Al,O; with
Mn(NO;), results in a very weak interac-
tion between the carrier and the Mn oxide
obtained after calcination (32). As a matter
of fact, in accordance with the observations
of Selwood et al. concerning y-Al,Og-sup-
ported Mn(NO,), catalysts (20), our results
show that the layer of manganese oxide in
the pyrolusite structure contains a consid-
erable fraction of Mn?®* cations, especially
at low Mn concentrations. The presence of
Mn?®** may be explained by valence induc-
tivity, i.e., the tendency of manganese ox-
ide to imitate the crystal structure of the
support, even to the extent of changing the
oxidation state (20). In this respect, it is
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relevant to observe that y-Mn,O; and -
Al,O3 are isomorphous substances. From
the Mn3+/Mn** distribution in the various
catalysts (Table 2), it appears that neither
Mn** nor Mn®* ions are catalytically active
sites in the MnO, oxidation of Hg and of the
other molecules mentioned above.

Role of Promoters

In moist air, as well as in Ny, MnO, /vy-
Al, Oy is also almost inactive (run 12 of Ta-
ble 3, cf. also Fig. 3). In accordance with
the observations of Katz (33), doping with
Ag* and Cu?* cations greatly enhances ad-
sorption with respect to MnO,/y-Al, O;, in-
dependently of the Mn level (Table 3). The
activity is slightly greater under dry than
under wet conditions (cf. Fig. 3 and runs 3
and S of Table 3). This is in line with results
of chromic acid on silica (5), where water
molecules are strongly adsorbed by the sor-
bent preventing access of mercury. It is to
be noticed that under our experimental con-
ditions the samples rapidly equilibrate at
70% relative humidity. The water mole-
cules in the MnO, matrix are present as
H,O or H;O* (34).

As to the promoting action, it should be
recalled that doping of a MnQ, catalyst with
Ag ions positively affects oxidation of acet-
ylene (35) and overcomes the poisoning by
water, thus improving the catalyst lifetime.
Unpromoted Hopcalite catalysts (60%
MnQO, + 40% CuO), which are rapidly
spent in a flow of moist air containing S ppm
of acetylene at a space velocity of 10° h™ at
150°C, are stabilized after addition of 10%
Ag,O and show better performance than
Ag,0/Al,04 catalysts. Even better results
are obtained for (MnO, + AgMnQ,)/Al, 0,
catalysts. Similarly, Katz and Halpern (36)
report effective oxidation of CO in air at
room temperature using a AgMnQ, catalyst
in the presence of metallic oxides. The rea-
son for the promoting effect of CuO in
MnO,-CuO catalysts has also been dis-
cussed in terms of compound formation,
namely, of CuMn,Q, (28). It is equally of
interest to notice our results obtained by
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using KMnO,-based catalysts. As shown in
Table 3 and Figs. 8 and 9, KMnQ, is a most
efficient sorbent (runs 13 and 14 of Table 3).
We consider this as another argument in
favour of active species different from
Mn**. It then appears reasonable to tie
the effective action of Ag-doped gB-
MnQO,/y-Al,O, sorbents to the presence of
such MnQO,~ ions. As is well known, Ag*
catalyses the oxidation of Mn** to Mn™
(37), even though the experimental condi-
tions for such a process differ from ours and
require higher temperatures. However, at
solid surfaces reaction conditions often dif-
fer considerably from those in the liquid
phase.

The chemical topology, as observed on
the microphotographs, indicates a high de-
gree of selectivity of AgNQ; with regard to
the components of the system (8-MnO, and
v-Al,O,). Apparently, AgNO; nuclei prefer-
entially settle on the MnO, surface, sug-
gesting loci of chemical interaction. The re-
sulting surface coverage of MnO, particles
as a consequence of the high mobility of the
low-melting AgNO; provides a reasonable
explanation for the promoting effects of
small amounts of AgNO; on the sorption
properties. It remains to be seen whether
silver participates in the chemisorption
process in the form of AgMnO, or whether
it just promotes formation of MnO,~. For-
mation of AgMnO, is appealing in view of
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Fig. 8. Catalyst efficiency (g Hg/kg catalyst) vs
weight percentage of Mn: Al,O; + MnO, (undoped) in
dry air (A), Al;O3 + MnO, (Ag doped) in moist air (@),
Al, Oy + MnO, (undoped) in moist air (A), ALO, +
MnO, (Cu doped) in moist air (O), Al,O; + KMnO, in
moist air (X).
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F1G. 9. Catalyst efficiency (g Hg/g Mn) vs weight
percentage of Mn: Al,O; + MnO, (undoped) in dry air
(4A), A, O3 + MnO, (Ag doped) in moist air (@), Al,O,
+ MnO, (undoped) in moist air (A), ALO; + MnO, (Cu
doped) in moist air (O), ALO; + KMnO, in moist air
(x).

the great chemical inertness of alumina and
the unfavourable conditions for interaction
between MnQ, and Al,0;. However, pure
AgMnO, is not stable under the conditions
of calcination employed in our experi-
ments. Examination of the granule surface
after Hg sorption shows that the particles
have withstood the reaction virtually un-
changed, apart from a colour change, prob-
ably indicative of the formation of surface
compounds. Reactions such as

AgMnO, + 2Hg —» MnO, + Ag + 2HgO

would certainly proceed beyond surface

2MnO, + 40H"

—  2MnO;*

347

modification of the granules and eventually
lead to crumbling of the structure. The Hg
sorption by the granular reagents thus prob-
ably involves a truly catalytic oxidation re-
action with oxygen of the bulk gas phase.
As no differences in morphology and X-ray
phase distribution were noticed on fresh
and spent samples, no direct information is
available on the interaction of mercury with
its sorbents. In particular, we are not in a
position to confirm the amalgamation

Hg + MnO, - HgMnO,
according to Ref. (11).

Influence of the Support

On the basis of the arguments reported so
far, we advance an interpretation of our
results which is based on the difference in
catalytic activity experienced by a mere
change in support (Al,O; > Si0,). This is
related to the nature of the product formed
in the interaction of the support with MnO,
and the amphoteric character of the latter.
In an acidic medium Mn** is easily reduced
to Mn?*, a species without any oxidative
properties. In alkaline media stable higher
oxides are formed with a considerable ox-
idising power:

+ 2H,0,

manganate (IV)

2MnO, + 60H™ + 30, —» 2MnO "

+ 3H,0,

manganate (V)

2MnO, + 40H- + 0, — 2MnO,*

manganate (VI)

It is therefore to be expected that besides
valence induction, as discussed by Sel-
wood, basic supports such as Al,;O; may
lead to the formation of other species even
though in limited amounts due to the
difficult solid-solid interaction. Conse-
quently, the oxidising power of MnO, may
be enhanced by the action of the support.
It is of interest to notice that AgMnOy is
almost inactive towards CO oxidation, but

+ 2H,0 5" MnO,~.

permanganate

shows a high activity in the presence of
various metallic oxides such as AlLO;.
These metallic oxides play the role of acti-
vators rather than promoters of the hetero-
geneous reaction between CO and
AgMnO,. The MnO,/y-Al,O; catalysts
have in common with the AgMnO, - MO,
reagents (36) that essentially no protection
from the action of water is required, as
opposed to the Hopcalite (MnO, +
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CuO/Ag,0) catalysts (25). In fact,
AgMnO, - MO, reagents exhibit optimum
activity at 50% relative humidity at ordi-
nary temperatures. This is quite surprising,
especially if we consider that the decompo-
sition reaction of AgMnQ, according to

4AgMnO, = 2Ag,0 + 4MnO, + 30,

is catalysed by adsorbed water (38).

From a catalytic point of view, Cu*
dopants closely resemble the behavior of
Ag* ions. Nevertheless, the morphology
and texture of these sorbents differ consid-
erably with a strong indication of chemical
interaction in the former case, clearly
shown by TEM (Fig. 7).
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