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Abatract: !

Saveral mixed 2n0-Silica gel systems ‘ware prepared
by the impregnation method and ca;cined fof 5 h ;t';is;
300, 600 and 1000°C. The crystal structure, surface acidity,
surface basicity, surface area, cat;lytic decomposition
of Hz03 and the electrical conductivity of the samples
prepared were studied., It was found that the degomposition
of H202 is catalysed by each of the acidic and basic sites

formed on the catalyst surface,

ZnSi0y spinel was found to ba formed at teﬁperatu:es'
> 763°C. The results obtained were correlated together
and the effect of composition on the physical properties

of oxides investigated have been discussed,

Introductions-
The binary oxides are widely used in catalysis(l.2},

.The main class of reactions that lead to the formation
pf active oxide catalysts is essentially thermal reactions

of sguitable compounds, The chemical composition of the
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starting materials and the methods of preparation play
an effective role in altering the properties of the final

products.

Several studies({3-7) on the catalytic and the acidic
properties of some inorganic solids showed the presence

of a correlaticn between the acidic and catalytic properties

-of -many inorganic solids, Also, the acid and the basic

properties of solid surfaces are interesting aspects of
surface structure and important in the fields of ion

i
exchange.

The present work was designed to meaaureithe acldity
and the baslecity of binary oxides, 2Zinc oxidé and silica
gel, in order to test how the catalytic activity correlates
with the acid strength of the catalyst. The catalytic
decompesition of Hz02 by the pure and mixed oxides as
well as the electrical ceonductivity of these oxides have

been also studied.

Experimental:
The binary oxldes ZnC-SiC; were prepared in the
compositien 0,15,30,50,70,85 and 100 mol % Zn0 from BDH

guality chemical by impregnation technigue. The impregnated

oXides were dried at 115°C for 5 h. The samples thus

obtained were powdered and only such sampleslwere collected
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between 100 and 150 mesh sieves were used. The powders
" thus obtain=d were calcined at 115, 300.600and 1000°C for
+5 h, at each cne of thesa temperatures. The samples after
.calcination were cooled in a desicator and preserved in

covered glass tubes under vacuum.

v DTA and TGA studiss for pure and mixed_bxi;les were
carried out using Shnimadzu madel =30, at a .héating rate

-of 10°K mim~l in air atmosphere, using a 20 mg sample.
The surface area of the binary mixed was determined with
a surfare area measurer B.E.T. micrometer p 2200,

I.R. spectra of the samples were recorded in the
range of 200-4000 ¢m~l using a Beckman infrared epectra-
photomatric unit, The KBr disc technique was used in this
study. X-ray diffraction patterns of the samples were
obtatined by using Shimadzu X-~ray Diffraction Unit with
the aid of Phillips unit type PW2103/00, using copper
target and nickel filter. The acidity of the oxides
investigated were measured by using the amine _titration
method developed by Johnson(B}. so 0.2g. ©of the mixed
oxides suspended in benzene was titrated with a solution
of 0.1N n-butvlamine in benzene using Benzene-
- azodiphenylamine (pKg = 1.5}, p-dimethylamineazo-benzene

- (pkay = 3.3). Benzalnaphthylamine {pKa =.4_.0) and f.neutral

‘red (pRy = 6.8) as indicators, The surface acidity of
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n-butylamine used in the titration of 1 gm of the oxides

investigated is expressed as m-mol.

The surface basicities of oxides were determined
by titratien method using 0.1N benzoic acid in benzene
and Jromothymol blue of (pKy = 7.1) and phenolphthaline
of (pRy = 9.3) as indicators., The value given for each
of the surface acidity and basicity is the mean of three

experiments.

The decohposition of H30; was selected for the study
on the catalytic reactivity of the catélysts' and was
conducted as described by kkating(9} in a temperature

range of 45 to 65°C.

The electric conductivity of the oxidas investigated

has been measured by a method was reported elsewhere(l0),

Recults and discussion:

The DTA and TGA diagrams of 2Zn0 and Bilica gel S§i0OpxH20
are given in fig.(l). The TGA diagrams for $i0;.Hz0 showed
a decrease in the weight at a temperature range of J30-
1200°C for all calcined samples. Two endothermic peaks
could be characterized by DTA for the silica gel samples.
The. first small one at about 70°C is attributed to the

elimination of water molecules adsorbed on the surface,
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while the second peak at~ 600°C can be explained on the
basis of the transformation of sllica gel to Si03. This

transformation was also observed by others{ll,l2} ..

The DTA end TGA diagrams of 2n0 £ig.(l), show an

[

endothermic peak at 200 to 300°C with a decreasing in

the weight (~10%) due to the elimination of water molecules,

adsorbed on the surface. This loss in the welght decreases

with increasing the calcination temperature.

The diagram of 2n0-S107.xH0 (~1:1 molar ratio)
mixtwres shows in addition to the peaks obtained in each
of 2n0 and silica gel a new endothermic peaks at 760°C.
This new peak is attributed to ‘a solid state reaction
- occuring between ZnO and 5i0; to form Zn5i04 spinl. However
wolf{l3) reported that 2n38i04 is formed at higher

temperature than that found here.

Fig.2. 1illustrates the X-ray diffraction patterns
of the pure and the product of thermal tfeatment of Zn0
and sillca gel at different calcination temperatures.
. I+ can be seen an amorphous nature for silica gel at all
"caleined temperatures. Also, the intensive lines of Zn25i04

spinel (d-values of 3.52, 2,82, and 2.67) «could only

e

- be dectected for calcined mixtuies at 1000°C, This éoﬁfirm .

LA

the ‘formation of the spinel at 10pD0°C.
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Fig.{3} shows the IR spectra of 2n0o, Si0;.xH;0 and
their mixtures (~1:1 molar ratio)calcined at different
temperatures. The figure shows for each sample a band

at ~ 3410 com~! whose intensity decrease with increasing

. the calcination temperatura., This band was assigned to
-0H group“‘” present in each of the hydrated 2n0, 5i0j;.xHz0
and their mixture. While IR spectra of calcined mixtures
(at temperature 125, 300 and ©00°C) show the same peaks

appeared for each of the individual compounds, the spectra

of calcined mixed oxldes at 1000°C show new bands in the
range B850-950 ecm~l. This new bands confirm . also the
formation of 2Zn3S8i04 at 1000°C as obtained from X-ray

resglts, -

The results of surface acidity are shown in f£iq.(4).
It shows a non linear behaviour between the acidity and
the composition of the oxides with maxima at 30 and 85

mol % Zno,

The acidity was found to be increasing with increasing
the calcination temperature and reaches a maximum at 600°C
btefore its decreasing again. The decrease in the acidity
gurface at 1000°C is due to the decrease in the number

of SiOR groups present on the surface at 1000°C and/or

 due to the formation of 2nSi04 at this temperature as

revealed by X~ray analysis,
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The surface basicities of Zn0-5i03 at various
compeaitions are given in fig.(5}. It shows a maximum
basicities sites at 85 mol. % Zn0. The number of basicities
gites increases in the manner observed for acidities i.e.

at 600>3Q00>1000°C,

The acidic apd basic sites on the surface of 5i02

can be explained according to the assumption that the .
acid sites of silica gel which has been. dehydrated at
high temperatures may be formed by lattice distortioﬁs.
OH OH
1

1
0—5i—0—5i—0 — 2 5i03
~H»0

As the calcination temperature is raised, a water
molecule is removed from two hydroxyl groups attached
to silicon atoms at the Si-0-5i 1link. The Si-0-5i link
is readily formed between neighbouring B5i-OH groups in
the early stages of dechydration, but the distortion betwean
them become=e progressively greater with further dehydration
of S5i-0-Si 1ink (which 1is responsible for the acid
strength). The increase in the acidic and basic &ites
by adding Zn0 to sllica gel is due to substitution of
divalent zinc for tetravalent sgilicon in the silicon
lattice. This creates a negative charge at the substituted
gilicon point on the s5olid surface -81i-0-2n-0-Si, which

causes an increase in the basicity. On the other hand
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: e to electrical neutrality, -vacancy in oxxggnh.aizesuhm
+ may be formed which acta here as acidic sites. This causes
- also an increase in the acidity which 1s the case in our

resules.

s~ ; The results of surfaca area measurements are given in table
w{l¥. It shows a change in the surface area with changing
.thé oxide composition in-a manner similar to that obtained
k0 the. results of surface acidity and basicity (except

1p pure silica gel.}.

The results of decomposition of H207 over Zn0-5102.xH20
systen are shown in fig.(6) and summarigzed in table (2).
%he decomposition rate WVvaries with each of the change
in the composition and the calcination temperature, higher
‘Peactivity is found at 30 and 65 moles % Zn0 (which showed
tlso maximum acidity and basicity). It means that the
rete of H302 decomposition depends to a large extent on
the number of acidic and basic sites present on the surface
oF the =solid. According to this concept the following

mechanism is proposed.

For acidic sites:-

At + H20; AtHOZ + mt

A*HOZ + H303 H30 + 02 + A*OH

For baslc sites:~

B~ + Hp02 B~HY + Hop~

HOZ + HZ02 Ha0 + 0z + OR™
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Where At is acidic site and B~ is basic site, present

on the surface., It can be seen that the mechanisms are
similar in both cases. HO; formed being responsible for

+the decomposition ion of Hz03.

Electrical conductivity measurements may give us
information about the type of charge carriers and the
phases formed for the different calcination temperatures.
Therefore, the electrical conductivity, ¢’ . of calcined
samples 2nQ, sillica gel and their mixtﬁré's was measured
as a function of temperature in the range 25 to 600°C.
The results cbtainad are represented by plotting In 'y
against -é— ;» a typlcal plet is shown in Pig.(7). The plots
of all calcined samples investigated show the same trend.
They show minima and maxima in “'-values for fmre silica
gal and each one of the mixed oxides, while the plots
of the pure ZInQ show only a minimum in o’ -values. The
maxima in o”-values appearing at all samples investigated,
except pure 2n0, ate~~~ 37D0°C should be attributed to the

presence of silica gel in the sample.

The observed decrease in J-values with increasing
tha temperature, in the lower temperature range can Be
attributed to the elimination of adsorbed water molecules
present Iin the samples investigaf.ed. Tha conductivity
data of the pure oxides calcined at 1000°C was found "to

] : N {14,15,16)
be good coincide with those reported in the literature Py -
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c#t » Since the samples investigated are heterogeneous

T
sobteined. The activation energles are calculated using

many non linear plots for the relation In a/vs_.-l- are

shrehenius equation from the linear parts in these plots.
=The conductivity results are summarized and given in table
.{3). From which it can be seen a decrease in Ep-values

+ .awith dincreasing Si02 contents im the samples calcined
5-at: 1000°C. This may be attributed to the formation of

£np5104 1n these sBamples at 1000°C.
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Thermal and-spectroscopic characterization
of the products obtained from the reaction
between Mn-Carbonate and Ammonium
Dichromate at different temperatures

By
T. Farid :
Chemnistry Department, Facaity of Science,
Benha University, Benha, Egypt.

Pure and mixed Mn-Cr oxides were prepared. from the reaction
between manganese carbonate and ammonium dichromate with molar ratios
of 3:1, 1:1 and 1:3 with respect to Mn203:Crp03. Thermal decomposition
for each of the mixture and the pure compound was studied using DTA and~

TG techniques. Pure and mixed salts were thermally treated at temperatures
of 250°C, 500°, 750° and 1000°C and characterized by means of x-ray;
diffraction analysis and IR absorption spectroscopy.

The results obtained revealed that the them'lal treatment of mixtures at
250°C produced a well crystalline MnCOQ3 and/or Cr-oxide phases depemdinig,,
on the composition of the mixture. At 500°C, poorly crystalline MnpQ3,
CrpO3 and amorphous manpanese chromate intermediates were detected.
Further | increase in temperature of treatment was accompanied by the

.- formation of Mb3.xCryO4 compound in all mixtures. This compound
:idecomposes at temperatures just lower than 700°C to form crystalline phase.
.of Mn304 and Cr203. '
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Introduction

Many binary oxides are wfdely used in catalysis(!1-4). These binary
systems were found to be more catalytically active than their separated oxide
components(5:6). In catalysis, it is well known that the activity of oxide ..

1 catalysts depends cn many factors, such as methods of preparation, ..

* calcination conditions and the interaction occurring. between the different

- components of the catalyst, the latter is a very important factor and many -
investigations are cited in the literature concerning this subject{7-9).

In the present investigation, we studied the effect of temperature on the
interaction between manganese and chromium salts in order to characterize
the different products obtained at various temperatures of treatment. The
-'techniques employed in this work were DTA, X-ray diffraction spectroscopy
and IR absozpnon spectroscopy. -




Experimental

+  The starting materials used in this investigation were pure ammonium

' dichromate and manganeses carbonate from BDH grade. Mixtures of molar

ratios 3:1 (), 1:1 (II) and 1:3 (II) with respect to Cr203:Mnp03. were

-prepared by mixing and grinding the salts. Each one of the pm-'e ammonium

*dichromate, manganese carbonate and their mixtures I, I and I was heated
at temperatures of 250°, 500°, 750°, or 1000°C for 4 hours.

Thermal analysis for each of (NH4);CrQ7 and Mn-carbonate was °
carried out using DTA and TG unit of the NETZSCH Geriebau simultaneous
thermal analysis system (STA 409, 6.223). The rate of heating was 10°C

min-1,

The X-ray difftactograms of the samples were taken on a
diffractometer Philips (Holland) with a scintillation counter and plus height
analysis at 35Kv, 14 mA using Co-target radiation. The spectra were scanned

. at rate of 2%min-1 in 20.

IR spectra of the samples were recorded on a Beckman infrared B
spectrophotometric unit using the KBr disc technique.
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Result and Discussion:

The thermal analysis diagrams for pure mangamest carbonate, Fig. 1,
show that the compound starts to decompose by losing the dehydration water
at temperature range of 100-250°C. The weighing loss = 29% occurring at
~ temperature rang of 300-400°C refers to the decomposition of Manganese

carbonate to MnO2. This oxide dissociates to Mn03 (weight loss = 9%) at a .
temperature range of about 450-500°C. The decomposition of MnCO3.can be .

represented as follows:

<300°C
MnCO3.0.5H)0 —-—
Loss = 7%

30040000
MnCO3 + 12202 ——-imeee> MOy + C02
: Loss s 22%

> 400°C
2MnO» —
Loss = 9%

>Mn03 +0.50)

The ammonium dichromate decomposes thermally in several steps,
Fig. 2, with a total weighing loss of = 65%.

The decomposition steps pbserved here agree W'lth those reported by

EZ-Eldin(10);

>MnCO3+0.5H20 :

t



%200°C

» 4(NH4)2Cr07 mmemeem > 4C{OH)3 + 2Cr03 + 2CrO0H
L . +2NHj3 + 3N3 + 6Hy0
2200°C '
v, 2Cr03+ 12CO0H > 0.5Cr02 + 0.25Cr2(Cr207)3
. - +0.25H720 + 0.2507
=250°C
1.5CrOOH s> ().75Cry03 + 0.75 H2O
. >350°C
0.5CrOn mee—eeeeeee> 0,25C103 + 0.12507
>350°C

0.25Cnp(Cr0O7) o> Oy 03 + 1,12503

To identify the phases formed during the thermal treatment, the X-ray

diffraction spectra for pure MnCO3 heated at different temperatures 250°, l

500°, 750° and 1000°C were recorded and summarized in Fig. (3,4 and 5).

For sample heated at 250°C, crystalline phase of MnCO3 (d-values

. 1.76, 217, 2.84 and 3.66 A®)Y(11) was only detected. While the heated

. samples at temperatures of 500°, 750° and 1000°C showed crystalline

# tetragonal phase for MnpOs3 (d-values 2.49, 2.76, 3.08 and 4.22 A%)(12), The
- crystallinity of this phase increase with temperature. At temperature of
£ 1000°C crystalline phase of Mn304 (d-values 1.49, 2.10, 2.54 and 4.86
A%(13) could be detected beside the phase of Mny03.




The X-ray diffraction pattern of heated ammonium dichromate sample
at 500°C, Fig. 3, support the above thermal decomposition results which
showed the- formation of Cr203 at 500°C(14), -

- The degree of crystallinity of CrpO3 increases with increasing the :
heating temperature, Figs. 4 and 5.

The X-ray diffraction patterns for the mixture samples {1, II, TIT) heated
:at.250°C showed the absence of any crystalline phases. The disappearance o_f
.}he patterns of crystalline phases of MnCO3, which was observed in case of
ﬁuré sample can be attributed to the interaction occurring between MnCO3
%md the composxtlon products of ammonium dichromate.

- For all mixtures heated at 500°C, the X-ray diffraction pattems showed
crystalline phases of Mnp03(12) and Cry03(14),

At temperature 750°C, crystalline phases of CryO3 and Mn304 could
be detected. The formation of Mn3Qg4 at 750°C could be explained as a

result of certain reaction to form Mn3.y CrxO4, which is then dissociate to |

Cry03 and Mn304, (at 500°<T<750°C).

’

>500°C 750°C
* "Mn~oxide + Cr-ox:de ———————— (Idn:.;_xCera?) ————————— - Cr203
+ Mn304 + X02 '

(88)
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The mixed oxides of Mn3.xCryO4 was also detected as a result of the
reaction _between manganese carbonate and chromjum nitrate at about
500°C(13),

i*  ‘The x-ray diffraction patterns for the mixtures heated at 1000°C

‘showed an increase in the intesity of pattems for crystalline phases of

Mn304 and Crp03.

4 - .-Figs. 6,78 and 9 illustrate the IR spectra for pure and mixed

:mangarnese and chromium salts heated at different temperatures. Fig. 6 shows
the IR spectra of the pure salts and their mixtures heated at 250°C. The bands
‘appeared at wave lengths of ~1810, 1437, 1087, 870 and 728 cm-! indicate
the presence of carbonate group. The increase in the concentration of
schromivm in the mixtures led to decrease intensity of the manganese
'_carbonate bands and at the same time an increase in the intensity of the
comresponding bands of chromium oxide at 1100, 710, 650, 570, 555, 440 and
. 407 cmrl. The IR-spectra for pure Mn-carbonate heated at 500°C showed

the disappearance of carbonate bands of pure Mn-carbonate and the '

. ‘appearance of new bands at 1150, 980, 845, 690, 610, 485 and 410 cm-]
, which are characterized for Mn703, -

2~ . For mixture samples heated at 500°C, the IR spectrogram showed a

#broad band pointing to the presence of some sort of chromates, which formed

~xas a result of solid state reactions between manganese carbonate and
* @ ammonium dichromate. The IR spectra of calcined m}xﬁres at 750°C showed

- —ep= = =




bands corresponding to Crp03 and Mn304. Further increase in temperature,
1000°C increases the intensity of CrpO3 and Mn3Og bands, which
confirmed the results obtained from X-ray.
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Figure Captions

Fig. 1:

Fig. 2:

Fig. 3;

Fig. 4:

Fig. 5:

.. Fig. 6:

- Fig. T:

DTA and TG of manganese carbonate,
DTA and TG of ammonium dichromate. .

X-ray diffraction patterns of ammonium dichromate, manganese
carbonate and their mixtures calcined at 500°C. -

1-CnO3 2- Mn03

X-ray diffraction patterns of ammonium dichromate, manganese
carbonate and their mixtures calcined at 750°C.

1- Crp03 2- Mnp03 ' 3-Mn3O4 .

X-ray diffraction patterns of ammonium dichromate, manganese
carbonate and their mixtures calcined at 10600°C.

1- Crp03 2-Mn203 3- Mn304

IR-spectra of ammonium dichromate, manganese carbonate and their
mixtures calcined at 250°C,

IR-spectra of ammonium dichromate, manganese carbonate and their  *
mixtures calcined at 500°C. - '




Fig. 8:

Fig, 9:

IR-spectra of ammonijum dichromate, manganese carbonate and their

mixtures calcined at 750°C. -

IR-spectra of ammoniuvm dichromate, mari'ganese carbonate and their

mixtures caleined at 1000°C. %
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