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Abatracts

5everal m4xed Zn0-Silica gel systems were prepared

by the impregnation method and calcined for 5 h et 2l5,

300, 600 ana 1000%c. The crystAl structure, surface acidity,

svrface basicity, surface area, catalytic decomposition

cf H0 and th electrcal conduct1vlty of the samples

prepared were studied. It was found that the decomposition

of H02 48 catalysed by each of the acd1c and basic Eites

formed on the catalyst surface.

2nS10ي apinel was found t be formed at temperatures
.C'760 ه, The results obtained were correlated together

and the effect of compasition on the physical properties

of ox4des 1nveatigated have been d1BcusEed,

Introductionr-

The b1nary oxides are wldely used in cAtalyss(l,2).

The main class of reactions that 1ead to the formation

pf active oxide catAlysts 1s eBsentlally thammal reactions

o٤، suitable campounds. The cheMlcA}, cpmpositio> o٤ the
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starting materials

an effective role

products.

and the methods of preparation play

in altering the properties of the final

 م٩

Several studies(3-7) on the catalytic and the acidic

properties of some inorganic solids showed the presence

o٤ a correlation between the acidic and catalytic properties

of .many inorganic solids. Also, the acid and the baslc

properties of solid surfaces are interesting aspects of

syrface structure and important in the fields of ion

exchange.

The present work was designed to meaBure the acldlty

and the baslcity of binary oxides, Z3.nc oxide and silica

gel, 1n order to test how the catalytic activity correlates

with the acid strength of the catalyst. The atalytic

decompoaitlon o٤ H202 by the pure and mied oxides as

.well as the electrical conductivity of these oxides have

been also studled.

٦
Rrperimental:

·The bLnary oxldes 0nO-Si05 were prepared in the

composit4on 0,15,30,50,70,85 and 100 mol ٤ Zno from BDH

guellty chemical by impregnation technigue. The impregnated

،oxides were dried at 115°c far 5 h. The samples thus

obtained were powdered and only such samples were collected

(77)
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between 100 and 150 mesh sieves were used. The powders

thus obtainsd were calcined at 115, 300,600 and 1000°C for

٤5 h. at each one of thesa temperatures. The samples after

.calcination were cooled in a desicator and preserved in

covered glass tubes under vacuum.

DTA and TGA studies for pure and mlxed oxides were

carried out usirg Shimadzu madel-30, at a ،heating rate

- o٤ 10%K mi٥-l in air atmosphere, using a 20 mg sample.

The surfaco area of the binary mixed was detemined with

a surface area measurer BE.T. micrometer p 2200.

I٠.R. spectra af the samples were recorded in the

range o٤ 200-4000 C٨-l using a Beckman infrared spectra­

photometric un1t، The KBr disc technlgua was used 1n this

study. X-ray diffraction patterns of the samples were

obta±ned by usinو Shimadzu ray- لا Diffraction Unit with

the a1d of Phillips un4t type Pw2l03/00, us±ng copPer

target and nickel f1lter. The acid4ty of the oxides

invest1gated were measured by using the amine titrat1on

method developed by dahnson(8). So 0.2g. o٤ the mlxed

oxides susponded 4n benzene was titrated ،wlth a solutlon

of 0٠1N n-butylamine in benzene us1ng Benzene-

azodiphenylamine '(pF1.5٥ ه), P-dimethylAmineaao-benzene
(.pk8 s aenzalnaphthylamine ى (،3.3 (pF4.0=ج ) and neutral

red (pFa = 6.8) as indlcators, The surface acidity of
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n-butyLamine used in the titration of 1 gm of the oxides

inveatigated is expressed as m-mal.

The surface basicities of oxides were determined

by t1tratlon method using 0.1N benzoic acid in benzene

and )romothyal blue of (p7•جا .l) and phenolphthal4ne

of (p% = 9.3) as indicators The value given for each

of the Burface acidity and basicity is the mean of three

experiments.

The decohposit1on of H02 wa» selected for the study

on the catalytic reactivity of the catalysts' and was

conducted as described by #eAtng(9) in a temperature

range ٥٤ 45 to 65%C.

The electrlc conductivtty of the oxidas investlgated

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

Results and diAcussion:

The DTA and TGA diagrams o٤ 2no and Ailica gel si0ج xb0ج 

re given in fig.(l). The 'TGA dia9ram for si0.H0ج shoued

a decrease in the veight at a temperatura tange of 30-

12009c tor all calcined aamples. Ta endothernlc peaks

cguld ba characterlzed by DTA for the B1l4ca gel samples.

The. first amall one at about 70°c is attr±buted to the

ellmination of water molecules adsorbed on the surface,
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while the second peak at600%c can be explained on the

basis o٤ the transformation of s±lica gel to si0ج٠ This

· transformation was also observed by othersfll,12),0

The DTA end TGA &iagrams o٤ 2no f±4و. l), 'ahow an

endothermlc peak at 20٥ to 300%c with a decreasing in

the vaight ( ( مر10 ؤ due to the elimination ٥f water molecules

edsorbed on the surface. This loss in the we1ght decreases

with increAsing the calcination temperature.

The d1agram o4 Zn0-S102.xH0 l: ه1) molar ratlo)

m1xtures shows in addition to the peaks obtAined in each

of 2no and sillca gel a new endothermlc peaks at 760%C.

·Th1s new peak is attributed to 'a solid state reaction

occuring betwean anO and Si02 to form %n2si0و splnl. However

Wo113ع) ) reported that %nzSi0 ia و formed at h1gher

temperature than that tound here.

P1g.2. ±llustrates the 2-ray diffraction patterns

of the pure and the product of thermal treatment of 2n0

and sillca gel at different calcination temperatures.

It can be seen an amorphaus nature for silica gel at all

calcined temperatUres، Also, the intensive line» of 0n5si0ي 

!t وو2 -
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spinel (-values o٤ 3٠52, 2.82, and 2.67١ could only 3 ه'

. ، be dectected for calcined mixtures at 1000%C, Thls confimm
- ، -ء١3 ٩٠ م ،4

the " formation of the ap±nel At 1000%c.
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Fig.(3) shows the IR spectra of 2no, Si0ج .H20 and

th±r mixtures l; ح1) molar tatlo)calcined at d1fferent

temparatures. The f1gure Ahows for each sample A band

at l0 ه34 e-l whose intenBity decrease with increasing

, the calcinatlon temperatura. Thls band was ass1gned to

-O٦ group(l«) present in each of the hydrated 2n0, 6i02.xh20

and their mlxture. While IR spectra of calcined mixtures

(at temperature l25, 300 and 600c) sho the 8Amne peaks

appeared for eAch of the individual compounds, the spectra

o٤ calc±neD mixed oxides at l000%c show new bAnds in the

range 850-950 cm-l٠ Th1٥ neu bands cohfimm ، also the

formatian ot 2n2S±0و at 1000%c as obtained from X-ray

result٥,

The results o٤ suface acidlty are shown ±n £4g٠(41.

t Ahavs a non l±near behavlour batween the acldlty And

the composit4on of the oxides w±th maxima at 30 and 85

mol 9 Zn0,

Th acldity was found to be ±ncreaslng w1th 1ncreasing

the calclnation temperature and reaches a Maimum at 6009c

before it decreas1ng Aga±1n. The؟ decrease 1n the acidlty
«urface at l000"C 1s due to the decrease in the numberم 

o٤ ج و SioR groups present on the surface at 1000%c and/or

due to the formation o٤ 2ns10م at this temperature as

revealed by X-ray analysls.

(81)
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The surSace basicities of 2n0-Si0ج at various

cmpos1t±ons are given in fi5و.) ). It shows a maximum

baaicities sites at 85 ml. 9 2n0. The nuber of basicities

aites 1ncreases in the manner observed for acid1ties i.e.

at 600>300>1000°c.

Th acidic and basic sites on the syrface o٤ S102

can be explained according Ta the Assumption .that the ,

acid sites o٤ silica gel which has been dehydrated at

high temperatures may be farmed by lattice distortion6.

OH OH
١١

٥-SiO$2}إ٥ Si05
-H20

As the calcination temprature 1s ra1sed, a water

molecule 1s removed from two hydroxyl groups attached

t٥ silicon atoms at the S1-0-Si link. The Si-0-s1 link

is readily fommed between neighbour1ng 6i-0H groups 1n

the early stages o٤ dehydraton, but the distortlon betean

them becomes progressively greater with further dehydratlon

o٤ Si-0-S4 11nk (which 1s reeponsible for the acid

strength). The increase 1n the acidic and bas4c siteA.

y add1ng 2no to Ellica gel 1s due to 6ubstitutlon oط٤ 

ivalent zinc for tetravalent silicon 1n the slliconد ة. 

lattice. Thls creates a negative. charge at the substltuted

s1l1con point on the solid surface -S1-0-2n-0-Si, whichن 

causes an increase 1n the basicity. on the other hand

(a2)
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to «هYوeaites -س electrlcal neutrallty, vacancy inصد ، 

be formed which acts here as acidic 'sltes. This causeA،ه وجه 

- also an 1ncrease 1n the ac1dlty whlch 1s the case in ouE

results.

·s- ٤ The results of surfaca area neaswrements are given 1n tabla

«(l}. It shows a chAnge 1n the surface area wlth changing

،ths oide compos±tlon in-a manner similar t that obtained

،:±n the results of surface acid±ty and basicAty (except

4n pure sillca gel.).

The results o٤ deconposltion of n02 ver ه 2n0-S10.3H0

·yatem are shown 1n flg٠{6) and sumar4zed 1n table (2) •.

decompos1tlon rate iariea wlth each of the change{وز 

[n he ح composltLon and the calclnatlon temperature, higher

'eact1v1ty is found at 30 and 65 molas 9 Tno (which showed

1so mAxلا mum acidity and baslclty). It reans .that the

nه extent1٥ هوr٤ ه هaeompoa4t4on aepena٥w20ج,]٥٤ 

he numbar af ac1dlc and baAic sites present on the surface

o± the solld. According to this concept the folloving

MechAnis» 1s probosed.

Ror acid1c s1tes:-

٨+ + B20 AH05 ه + ١+

AH05 + R0 H٥ + 02 + ٨٥H

٤or baslc sitest-

B- +802 ٥-R+ +H0٥
R05 + R202 820+02 + ٥R-

(82)
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we e ع At is acid1c s1te and B- i basic و site, present

on the surface. It can be seen that the mechanisms are

simi1ar in both cases. Ho} forqed baing responsible for

٤he decomposition ion of H02.

Electr±cal conductivlty MeasurementA may give us

±nfommat1on about the type of charge carriers and the

phases fommed For the different calcination temperatures.

Therefore, the electrical conductivity, , ي of calcined

samples 2n0, s1lica gel and thelr mlxtures was measured

aA a functlon of temperature 4n the range 25 to 600%C.

Tha results obta4ned are represented by plotting 1n d

against , a typlcal plot is shown 1n Fi7)و٠ ). The plotsT
o٤ all calcined samples investlgated show the 8ame trend.

They shau minima and maxima in values- ي for pure ilica ه

al and each one o£ the mixed oxides, while the plotsو 

of the pure Tn0 show only a mlnlmum ±n ٥ -values. Tha ٩
maxima 4n d-yalues appearing at all samples 4nvestigated,

except pure 2n0, at370عه %c should ba attrlbuted to the

presence of sllica gel 4n the sample.

Tha observed decrease in alues- ي wlth ±ncreasing

tha temperature, 1n the lower temperature range can be

Attributed to the elimlnation of adsorbed water molecules

present 1n the sAmples investigated. The conductlvity

data of the pure oxides calc1ned at 1000%€ was found 'to
• ٠ - (14,15,i6)

be good coincide with those reported 1n the llterature

(84)



S1nce the sAmples 1nvestigated are heterogeneousانن د •

many non 1inear plots for the relation 1n vs. are مي

:abtained. The؟ act4vation energles are calculated us1ng

»Arrhenius equation from the linear parts 1n these plots.

=he conductivity results are sumariaed and givn 1n table

،(3). From wh±ch it can be seen a decrease in Bg-values

th increasing s10 contents ±n the samples±بw،ج calc4ned

٦٠at٠ 10٥٥%C. This may be attributed to the formation of

£n2s401ي n'theEe samples at 1000°c.

(85)
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Tharmal andspectroscopic chAracterizetian
of the products obtained fom the reaction
betveen Mn-Carbonate and Ammoium
Dichrouate at diferent tempeatures

By

T: Faria
Chemistry Department, Faculty of ScieDce,

Benba University, Benha, Egypt

Pure and mixed Mn-Cr oxdides were prepared. fom the reaction

between manganese carbonate and ammonium dichromate with molar retios

of 3:1, 1:1 and 1:3 with respect to Mng03:Cr03. Themal decompositon

for eacb of the mixtre and the pure compound was studied using DTA andخ 

.TG techuiques. Pure and tixed salts were themللa y teated at tempematres

of 2500C, 5009, 7500 and 1000%C a dم charactenized by means of x-may;

diffaction analysis and IR absorption spectroscopy.

The results obtained revealed that the thema] treatent of mixtures at

250%C produced a wel crystalline MnCO3 and/or Cr-oxide phases deperig,

on the couposition of the mixtue. At 500%C, poorly crystalline Mn03,

Cr03 and amorphous manganese chromate intemediates were detected.
Further increase in temperatre of treatent was accompanied by the

. fomaton of Mng-ر CrزO4 compoصu d i all mixtures. This compound

:decomposes at temperatres jwst lower than 700%C to fm crystalline phase

.'of Mn3O4 and C03.

(93)



Introduction
 ا«

Many binary oxides are widely used .i catalyss(1)م TBese 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 ..

،. ,catalysts depends on many factors, such as methods of preparationم 

± cلa ciation conditions and the interacton occuming between the diferent

- components of the catalyst, the latter is a very important factor and many

investigations are cited in the literature coNceming this subjee8(7-9)

Ln the present investgation, we studied the efect of temperatنre on the

interaction between manganese and chomium salts i order to charactenie

the dنferent products obtained at warious temperaures of treatent. The

• technigues employed in this work were DTA, 2-ray difaction $pectroscopy

and RR absorpton spectroscpy.

٠٣ ي  ج ٠ج٠ يد

2

·(94)



 lAtnerirepy؟

- The starting materials used in this investgation were pure ammonium

: dichrouate and manganeses carbonate fom BDH grade. Mixtres of molar

1atios 3:1 00, 1:1 (m) and 1:3 (II) wit respect to Cr203:Mn203 were

·prepared by mixng and grinding the salts. Each one of the pure ammoصium

+dichrouiate, manganese carbonate and their mixtres L, D and D] was heated

at temperatres of250%, 5000, 7509, or 1000%C for 4 hours.

Tbemal analysis for eacb of (NH4)2Cr07 ad Mn-carbonate was -
camnied out using DTA and TG uit of te NETZSCH Gertebau simultaneous
themal analysis system (STA 409, 6.223). The rate of" heating was 10%C
mi-1.

The X-rey difactograms of" the sarples were take on .a
diffactometer Philips (Holland) with a scintillaton counter and phus height
anلa ysis at 35Kv, 14 mA wsing Ctarget radiation. The specta were scanned

. at am eل of2%20عثه ة- .

RR specta of the samples were recorded on a Beclan iمfared

spectopbouometic uصit using the KBr disc technique.

3
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Result and Discussion:
1 ن٠  ي

 ق٤٠٠ و ة س

The themal a ysisتaل diagrams for pure mangaesecarbonate, Fig. 1,

slow that the compound starts to decompose by losing the dehydration water

at temperatre range of 100-250%C. THe weighing loss % يم29 occuming at

temperatIre rang of 300-400%C refers to the decompositon of Manganese

،carbonate to MnO. This oxide dissociates to MO3 (weight loss = 9%). 2t a

temperature Iange of about 450-500%C. ThedecomposiUion of MnCO3.can be ،

repesented as follows:

c%300>ي 
M C3.0.5HOم M CO3+0.5H3Oم<- ب

L ssم < 7%

300400%c
MaCRO3 +1/2 02 <- ن M O2م +CO;

L ssم % م22

3

M2 Oم
>400%C
->Mn03 +0.50
L ssم s 9%

The ammonium dichromate decomposes themally in several steps,

Fig. 2, with a total weighing loss of= 65%.

The decomposition steps ohserved bere agree with those reported by
EZ-Elةi010م ),

٥4» -م٤2 ة ، .•٠٠ ب

4

 رو(



NHC207@4م 
 ب

C%200ه 
4CrCOH)3 +2CO3 +2COOHمت-< 

+2NH +3N2 + 6Hpo

٦
 ة

8

2Cr03 + 1m2CrOOH

1.5COOH

0.5C0

0.250(C20)و 

2000cم 
0.5CO +0.25Cr(C0)3ح 

+0.25H0 +0.250

2s0%Cه 
>0.75Cr03 +0.75 HO

>3so%c
0.25Cr0  >-س0.1250+

> 350%c
->C1.1250+03زت 

To identify the phases fomed during the themدal treabent, the X-ray
difaction spectma for pure MnC3 heated at diferent temperatres 2509,
5009, 7500 and 1000%Cwere reمrded and suanized i Figم (3 ad 5).

For sample heated at 250%C, erystalne phase of MnCOو (d-walues
. 1.76, 2.17, 2.84 and 3.66 A9011) was y له detected Wفile the Beated
. ،samples at temperatres of 5009, 7509 o00%C فمه1 howedك  atsyrcلilمم
: teuegoدal phase for Mn203 (d-wlues 2.49, 2.76, 3.08 and 4.22 A9(12), Te

cystallinity of this phase increase wit temnperature. A4 tempemaNune af

of Mn3O4 (d-walues 1.49, 2.10, 2.54 ad n عك4.86 phaنالقا C erys%1000م 
A9(l3)coلu d be detected beside the phase ofMny03.
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The X-ray diffraction pattem of beated amnmonium dichromate sample

at 5000C, Fig. 3, support the above theral decomposition results which

showed the fommation of Cr03 at 500%c14).

3

The degree of crystalliNity of CrO3 increases with increasing the
heating temperatre, Figs. 4 and 5.

• ٩

#

The X-ray difaction pattems for the mitre samples (L, D, DD) heated ''

.at250%C showed the absence of any crystalline phases. Tbe disappearance of

he patems of crystalline phases of MnC03, whch was observed in case ofغ 
[ure sample can be attibuted to the iteraction occuning between MnCO

.nd the composition products of ammonium dichromateة 

For aلl mixrtures heated at 500"C, the X-ray diffaction pattems sbowed
cnystalline phases ofMn;0و (l?) d ة Cr03(l4).

At temperatre 750%C, crystalline phases of CrO3 and Mn304 could
be detected. The fomation of Mn3O4 a 750%C couldbe explained as a
result of cerAin reaction to fom Mn3., ,rO yOز which is then dissociate to
Cr03 ndة Mn3O4, (at 5000<<50%cy.

> 500%C ٠ . 750%C

• 'Mnoxide + Cr-oxide > (Mnق Cr0ز )->Cr03
+ Mوم Oو +X02

 $م
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The mixed oxides of Mn3.ير Cry04 was also detected as a result of the
reaction between manganese carbonate and chromum nitate at about
5c%ci5).

٠١ 4
The ن x-ray dنffaction pattems for the mixtres heated at 10000C

 ي

$howed an increase i the intensity of pattems for crystalline phases of

Mn3O4 and Cr03.

'Rigs. 6,7,8 and 9 illustate the TR specta for pure and mixed.م ،ه 
.mAnganese and chromium salts heated at different tempematIres. Fig. 6 shows
the RR specta of the pure salts and their mixtures heated at 250%C. THe bands

appeared at wave lengths of a1810, 1437, 1087, 870 and 728 cm-l idicate

the presence of carbonate group. The increase i theع concentation of
chromium in the mirtures led to decrease intensity of the manganeseو 
carbonate bands and at the same tme an increase in the inteusity of the
conespondiag bands of chromium oxide at 1100, 710, 650, 570, 555, 440 and
407 em-l. The RR-sectia for pre Mn-carbonate heated at 500%C owed طع

،the disappearance of carbonate bands of puire M-arbonate and the
+ appearance of new bands at 1150, 980, 845, 690, 610, 485 and 410 cm-]
, which are chanactenized for Mny03."

For mixture samples heated at 5000C, the TR spectogram showed a، -٤ ا٤
hich fomedب broad.band pointing to the presence of some sont ofchronates, wج 

s between manganese carbonate andد as a result of solid state reactioي .

oNium dichromate. The RR specta of calcined mixtres at 7500showedصعa، ب 

7

(99)

 ن سد ، د



bands coresponding to Cr203 and Mn304. Further increase in temperatre,

10000C increases the i tensityم of Cr03 and MO4 bands, which

confimed tbe iesults obtained from X-ray.

±
 ة±
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FigureCentions

Fig. 1: DTAand TG ofmanganese carbonate.

Fig. 2: DTAand TG of ammoium dichromate.

Fig. 3: X-ray difiaction pattems of ammonium dichromate, manganese

carbonate and their mixtres calcined at 5000C.·

1-C03 2-Mn203

 ي

Fig. 4: -ray difTraction pattemns of ammonium dichromate, manganese

carbouate and their mixtres calcined at 7500C.

1-C203 2- Mn203 3-Mn3O4

Fig. 5: X-ray diffaction pattens ofammoniumn dichromate, manganese

carbonate and their mixtures calcined at 1000%c.

1-Cr03 2-M2033 م-M3م O4

., Fig.,6; IR-specta ofammoniur dichromate, manganese carbonate and their
mixtres calcined at 2500c,

Fig. 7; IR-spectra ofammonium dichromate, manganese carbonate and their

mixtures calcined at 5000c..
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 ط

Fig. 8: DR-spectra of ammonium dichuromate, manganese carbonate and their

mixtures calcined at 7500c.

Fig, 9: RR-specta of ammonium dichromate, manganese carbonate andtheir

mixtures calcined at i0000c.
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