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ABSTRACT 

This study is based on theimogra~imetric (TG), differential thermal analysis 

(DTA) and chemical analysis of the ZnO-AI,O, system. The coprecipitation from 
mixed nitrate saIt solutions of zinc and &minium results in the formation of zinc 
basic carbonate and eluminium hydroxide, and is also a precursor to aluminate 
spine1 (2ZnO-3Al,O,) only in the samples in which aluminium is present in near 
or above stoichiometric quantities. Grinding of the mixtures of individual precipitates 
maintains the simihuity with coprecipitates in forming a ‘zprecursor”, but to a 
lesser extent. The endothermic peak in DTA at 275°C in some coprecipitated and 
mixed samples hints at the formation of a precursor since the individual precipitate 
does sot have a peak at this temperature_ The “precursor” to spine1 obtained in the 

precipttation stage in some coprecipitated samples is freely soluble in 1 51 HCI, and 
that obtained at 45O’C is partially soluble which cannot be detected by the usuai 
X-ray technique due to its highly disordered structure in amorphous state. The 
-‘precursor” is converted around 830°C! to an actual spine1 structure, which is 
almost insoluble in 31 HCl ard is detectable by X-rays. 

IXJXODUCX-ION 

The method of preparation of a mixed oxide system intended to be used as a 
catalyst uniquely affects its catalytic properties. The chemistry of precipitation and 
the ‘dentification of compounds formed in mixed oxide systems of catalytic impor- 
tance, particularly for the ZnO-AI,O, system, have not been well studied. 

The interest generated in the ZnO-Aiz03 system is due to its cataiytic proper- 
ties in dehydrogenation and dehydration reactions. Even ZnO aIooe, though it 
mainly affects dehydrogenation, finds application due to its high absorptive efficiency 
for remov:ng H,S from naphtha feed stocks in the fertilizer and petrochemical 
industries. The life of the ZnO is iimited by the allowable H2S siip from the bed which 
generally occurs when about 1618% of the sulphur is built up, and at this stage 
more than 45% of the free ZnO remains unutilized. The use of ZnO &rely dispersed 
over A1203 appears to provide an absorptive sutiace without affecting its capacity 
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and activity* with additional advantages of reducing the cost of the finished product 
and increasing the mechanical strcngh. 

Uma and Kuriacose’ have studied different preparations of ZnO-AIr03 for 
the dehydrogenation and dehydration of isopropanol. These autb.ors found that 
AIzO, interacts with ZnO above 5OO’C to give rise to a new species having higher 
dehydrogenation activities_ They suggested that this new species may be a spine1 
(ZnAlzO,) or a “precurzar” to spine]. ChemicaI composition of “precursor” is 
simiIar to that of spine1 but, due to the highly disordered structure of the former, 
X-rays fail to detect it_ The spine1 formation generally occurs at elevated temperatures, 

and for ZnAlrO, from zinc oxide and aIuminium oxide, a temperature of I2OO’C has 
been employed 3_ The formation of this type of compounds, e-g_, zinc aluminate and 
zinc ferrites etc., has also been reported at a lower temperaturea. The precursor 
method empIoyed by WhippIe and Weld’ and Wickham for the preparation of 
spinels consists of coprecipitatin g the relevant compounds in a finely dispersed form 
which, on heating at a much lower temperature, results in the formation of spineis. 

In the present paper thermochemical studies on the Zn&AIz03 system are 
presented and an attempt has been made to identify both the compounds formed at 
the precipitation stage and the resulting products of decomposition. In subsequent 
publications on this subject we propose to present the decomposition kinetics of 
mixed precipitates, their physico-chemical properties and their correlations with 
catalytic activity_ 

Preparation 

Coprecipitated samples. From a solution containing requisite amounts of 
Zn(NO,), and AI(N03)3 precipitation was carried out by the addition of ammonium 
carbonate_ The precipitates obtained were washed free of ammonium nitrate and 
oven dried at I IO’C_ Al1 the reagents used were of BDH Analar grade. 

Mechanica.!.?y mixedsanqde.s. - The oven dried precipitates separately obtained 
from Zn(N03)t and N(NO,), soiutions with ammonium carbonate, were mixed in 
different ratios and _mund for 30 minutes in a mortar and pestle. 

_Meawremims 

TG. About 50 mg of sampie ~‘3s non-isothemlalIy decomposed at a heating 
rate of 6.5” C/min in a Stanton Mass _?ow Therm*>baIance with a sensitiviiy of 
O-2 mg/division. 

DTA. Curves were taken at a heating rate of lO”C/min using i_tited 
alumina as reference material in an assembled DTA unit consisting of a GalIenKamp 
furnace, a Bausch & Lamb recorder and an Ether Transistrol Programmer. 

Chemical anaZysis. The estimations of zinc and aluminium were carried out 
by conventionai EDTA method using Erochrome T. indicator. The separation 
prrocedure for zinc and aluminium was the same as that given by Vogel’. 



RESULTS Ah’D DISCUSSIOS 

Chemical anaijzis, DTA and TG of pure zinc atzd alurniniunz precipilates 
Chemical analysis of the precipitate (Table 1, sample IA) obtained from zinc 

nitrate solution with ammonium carbonate indicates the compound to be zinc basic 

TABLE 1 

CHEMICAL ANALYSES OF SAMPLES;IA-IG 

Sample % ZnO in ocen 
dried precipitate 

% AIzOli in ‘% ZnO in the 
ocen dried decomposed 

preripifate product (500 ‘C) 

Ja Al=& in decomposed 
produc-f (500 : c) 

1A 73.89 - 99.2 - 

IB - 58-12 - 9s.9 

1C 61.89 7.38 89.38 10.67 

ID 53.&s 11.78 81.97 i 8.03 
IE 36.17 22.91 64.18 38.82 
IF 25.03 31.81 4402 55.98 
IG 11.09 53.90 17.07 52-93 
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Fig. 1. DTA and TG curves for pure precipitates. 



carbonate having the composition, 2ZnC0, - 3Zn(OH), , similar to hydrozincite. 
The initiation of decomposition of the precipitate is indicated at 150°C by TG and 
200’ C by DTA (Fig_ I). The difference may be due to the different heating rates 
empIoyed. Thermai decomposition of zinc basic carbonate appears to be contro- 
versia1. According to Duvai’, the precipitate ,graduaIIy loses retained water up to 
370” C ai which temprature a horizontal in the TG curve corresponding to the 
formuia, 5ZnO-2CO,, begins. This compound, according to Duval, maintains its 
stability up to 879Y and then dissociates with the elimination of C02, and towards 
IQoo”C the oxide is formed qtiantitatively. Beck9 and Melior”, on the other hand, 

indicate that hydrozincite or zinc basic carbonate decomposes completeiy between 

TABLE 2 

EXPERIME:U‘TAL AND THEORETiCAL WEiGHT LOSSES FOR SAMPLES IA-IG 

smipre Erperimenral 

U-L loss o/o 

I 

TheorclicaP 

u-1 loss YO 

2- 

, 
TheoredcaP 

lcf loss 7”. 

3- 

Themefical’ 

Lcf. loss % 
4 

IA 23.0 25.5 - - 

IB 39-9 41.3 - - 

IC 24.0 24.2 19.5 18.7 
ID 26.5 27.0 15.5 16.4 
IE 26.5 26.9 7.1 9.3 
IF 25.8 29-a 0.4s 3.5 
IG 24.7 37.69 29.2 25.5 

a Assuming no compound formation. ’ Assuming formation of ZnO- A1203. c Assuming formation 
ofzzrlo-3.41,0,. 

3m”C, the end product being ZnO. We have observed that in sample IA the 
decomposition is compIete around 37O”C, and a total weight loss of 23.0% (Table 2) 
approximates the following reaction: 

2ZnC0,-3Zn(OH)z + 5Zn0t2C02+3H,0 

fn confirmaiion of the proposed formula and mode of decomposition of the 
sample IA, a Carbon-Hydrogen Analyzer was used to estimate CO, and HzO, and 
the results obtained were IA0 % and 8_6%, respectively. This decomposition appears 
in the form of a single large endothermic peak at 325°C in DTA curve. The chemical 
arnaIysis of the solid residue after decomposition at 400°C is very nearly ZnO (99.2%) 

and not 5ZnO-2C0, as postulated by DuvaI*. 
Precipitation from aluminium nitrate solution with ammonium carbonate 

results in the formation of XI(OH)3 which is normally associated with some waters of 
crvstalLization8-‘o. On the b&s of chemi4 analysis and experimental wei&t Ioss 

(Sample IB, Tables I and 2), the probable formuIa appears to be 2AI(OH)3 *H20. 
In the DTA curve (Fig_ i), two large peaks at 200°C and 400°C and two small peaks 
ae 300°C and 500’ C indicate the stepwise dehydration_ Chemical analysis of the 
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decomposition product at 5OOC is 98.7% A1203 with 1.3% combined water which 
is expelled between 500-1000’C. Based on DTA and TG data, the dehydration 
scheme for this compound may be outlined as fo!lows: 

Mixed precipirare system 
Coprecipitation of two components may result in the formation of some inter- 

mediate species, about which useful information can be obtained from TG and DTA 
along with the chemical analysis data. 

The TG curves (Fig. 2) for all such sampIes (1C to IG) are fairly smooth ana 
without any breaks. The DTA curves (Fig. 3) indicate remarkable variations in the 
number of peaks and corresponding temperature as compared with the respective 

Coprccipitated 

Temperatar e (-Cl 

Fig 2. TG cufvcs for coprtipitatcd and mechanically mixed samples. 



Fig 3. DTA curves for coprecipilated samples. 

singIe components_ Most interesting feature is the appearance of a peak at 275°C in 

samples IE and 1 F, when in pure components it is absent. 

In Table 2 experimental weight losses as observed in TG (column I) are com- 

pared with the theoretical value which have been calculated assumng thermal decom- 

position of 2ZnC0, - 3Zn(OH)z and 2A1(OH)a - Hz0 present as such in the sampIes 

as determined by chemical analysis (Table I). It can be seen that experimental values 

compare well with these theoretical values (TabIe 2, column 2) for samples lC, ID 

and IE. This indicates that there is no interaction during precipitation between zinc 

and aIuminium compounds which retain their identities in these sampIes. In sample 

! F a 14% deviation is observed from the theoretical vaiue which increases to 52% 

in sample IG. This suggests that, at Ieast in these two cases, the samples are not a 

sirnpIe mixture of zinc basic carbonate and aiuminium hydroxide_ The only other 

possibiiity which can account for tke lower experimental values is probably the 
interaction of the precipitates Ieading to formation of new species which could be 

the precursor to zinc aluminate spine]. 
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In the literature’ two different formulae for zinc aluminate have been reported, 
t-i=. ZnO - AIzO, and 2Zn0 - 3Al,03. The reaction between zinc basic carbonate and 
aluminium hydroxide may be written either as eqn. (1) or (2): 

2ZnC0, - 3Zn(OH), + J[~AI(CI:~), - H,OJ --, 5[ZnO - Eil,O,] + 2COL + 23H10 

(I) 

2[2ZnCO, - 3Zn(OH),] + ! 5i?Al(OH), - H,OJ -+ 2[2ZnO - 3AI,O,] t 

4C0, t 66H,O (2) 

Assuming that one of the above reactions occurs during coprecipitation, the Ioss 
corresponding to excess unreacted component according to both of the above schemes 
has been calculated and given in columns 3 and 4 of Table 2 which hints that the 
most probable compound is formed in sample 1G and is 2ZnO-3Al,O,, i.e. by 
process (2) IncidentaNy, only in this sample is the Al,O, present (.82.9%) above the 
stoichiometric quantity (652%) according to the above formula. In sampie IF 
(Al,O,, 55.98%), comparison of experimental weight loss with different calculated 
values does not indicate cent percent formation of any precursor to a spinel. However, 
a partial reaction (approx. 15X of zinc basic carbonate reacting) may account for :he 
small difference between the experimental (Table 2, coiumn I) and caIcuIa;ed values 
(TabIe 2, column 2). On the basis of the above results three cbvious conclusions can 
now be drawn: 

I. 
3 _. 

3. 

Formation of a precursor having the formula, ZnO-Al,O,, is not favoured. 
For complete interaction between zinc basic carbonate and aluminium hydrox- 
ide during coprecipitation to form precursor, 2ZnO - 3Ai103, the percentage of 
A1203 should be equal or above the stoichiometric ratio (as in sample IG). 
Partial interaction may take place to form a precursor when the percentage of 
AlLO present in the system is appreciably high, but not in stoichiornetric 
quantity (as in sample 1F). 

The DTA curves (Fig. 3) further support the formation of a precursor to 
spine1 during coprecipitation in sample IG and aiso indicate a solid state reaction 
in samples IE and IF. Comparing the DTA curves of sampIes IC and 1 D (Fig. 3) 
with its individual constituents (Fig. 1) it appears that the decomposition peak of 
zinc basic carbonate is merely shifted to 385 “C, and small peaks at 200°C and 300 ‘C 
correspond to the dehydration of aiuminiam hydroxide. The samples I E and 1 F are 
characterized by the appearance of a new peak at 275°C as well as the small dehydra- 
tion peaks. This may be due to a solid state reaction during decomposition. The peak 
again disappears in sample lG+ and the peak corresponding to zinc basic carbonate 
is also markedly absent which is similar to the curve of pure alcminium hydroxide 
except in peak areas. This suppoits our earlier conclusion that the zinc basic carbonate 
present in this sample has been reacted with the requisite amount of duminium 

hydroxide to form the aluminate precursor during coprecipitation. 
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Relating the above observations with alumina concentrations in the sample it 

may be conciuded that the concentration of ,4120, determines the extent to which 

aluminate precursor will be formed either at the coprecipitation stage or during the 

decomposition. In samples 1C and ID containing 10% and IS% Al,Os respectively 

the precursor Is not formed at any stage while in samples 1E and 1 F containing 38.8% 

and 56% A1203 respectively, precursor formation occurs mainly during decomposi- 

tion and onIy partially at the later coprecipitation stage. The precursor formation 

takes place in the sample IG containing 82.9% A120A mainly during coprecipitation. 

Arfmipr for Iire esiimation of precursor 
X-ray analysis failed to indicate any spine1 in either the oven dried precipita?es 

or the sampIes decomposed at 500°C. Solubility characteristics in dihrte acids have 

been utiiized for the qualitative estimation of the precursor. From the literature it is 

known that actual spinels are mostly inso!ubIe in di!ute acids. A!! the oven dried 

precipitates were found to be completely soluble in M HC! whiIe the decomposed 

product of the precipitates obtained by heating at 5OOT have a different solubihty in 

M HCI on boiling for 5 minutes (TabIe 3) Solubility of ZnO abruptly declines in 

samples 1 F and I G which only qualitatively support our previous conclusions. 

TABLE 3 

Sample 110. 5’0 2110 exrracred 

IC 76.1 
ID 76-7 
IE 72-6 
IF 4-t-9 
IG 27.9 

Quantitative estimation of the precursor by this method, it appears, is not 
possible_ As mentioned earlier, oven dried sample 1G is completely sol,rble in dilute 

acid inspite of the fact that it contains the precursor (formed during coprecipitation). 

This sample on heating at 500°C becomes partiaily insoluble and only 27.9% of the 

total ZnO is extractable, indicating that while the precursor of the oven dried sample 
is soIuble, it is transformed probably through some ordering of the crystal structure 

into a less so!ubIe form on heating, but stiI1 remains undetectable by X-ray analysis. 
The sample IG obtained at 500°C was further heated at 800°C (2 hours) and now 

onIy 1.3% of the ZnO was soIuble. X-ray analysis of this sample indicated the presence 

of the spine], 2ZnO-3Alz0, _ It is to be concluded that transformation of soluble 
precursors to the actual sFine1 is a gradual >ruc;t;=ls depending on the temperatures. 

WhiIe a temperature of 1200°C is required for a solid state reaction3 between the 

oxide mixtures to form zinc aluminate spine!, a temperature around 800°C appears 

to be sufficient for the formation of spinels by coprecipitation methods. 
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TABLE 4 

CHEMICAL AKALYSES OF SAMPLES 2A-2E FORMED BY MECHANICAL MIXING 
- 

Sample % ZnO in % AIzO-i in % experimenfal % theoretical % zinc bask 
decomposed decomposed UC. toss lcz. loss’ carbonate 
product product reactedb 

24 91.9 8.1 24.4 24.7 - 
2B 83.4 16.6 26.0 26.4 - 
2c 654 316 29-O 29-8 - 
2D 45.7 54.3 30.4 33.2 7 
2E 24.0 76.0 32-O 36.6 20 

l Assuming no compound formation. b Calculated on the basis of formation of 22x10- 3A1203 - 

1 

Km 200 3DD 400 fro0 6cxJ 7Dc.F 
Temperature (Y) 

Fig. 4. DTA curves for mechanically mixed sampIes- 
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Mechanical mixtures of zinc bcsic carbonate and ahnniniurn hydroxide 

The idea of incorporating the study of mechanical mixtures is to compare the 
remits with the coprecipitated samples and get more insight into the mode of forma- 

tion of precursor during the decomposition process. The TG curves (Fig. 2) indicate 

sharp breaks which approximately correspond to the concentration of the respective 
components present in the samples. Chemical analysis and TG data (Table 4) 

indicate a similar interaction as in coprecipitated sampIes. The extent of reaction is 

however much less since in sample 2E, where AIzO, is above stoichiometric quantity, 

only 20% of zinc basic carbonate seems to react to form 2Zn0 - 3A1103, as compared 

to complete interaction in a similar coprecipitated sample lG_ 

The DTA curves (Fig. 4) further support the fact that interaction takes place 
at 275’C to form the precursor in the samples containing higher percentages of 

alumina, e.g., 2C, 2D and 2E. The samples containing a lower percentage of alumina, 

e-g_ 2A and 2B, do not indicate any interaction and onIy the peaks corresponding to a 

decomposition or dehydration reaction of the individual components are observed, 

as in the similar coprccipitated samples. 
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