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Abstract 

Zinc oxide can be obtained by thermal decomposition of hydrozincite, a topochemicai reaction. This work reports the 
relation ~tween zinc oxide morpholo~ and the precursor zinc hydroxide carbonate precipitation time. The morphological 
evolution was monitored by SEM, IR and XRD. Zinc oxide obtained from initially precipitated hydrozincite consists of porous 
spherical aggregates and shows a single Zn=O IR vibrational band. At longer ~riods of precipitation time the aggregates 
were transformed into spherulitie-shaped zinc oxide particles showing the Zn~O split vibrational band. X-ray patterns show 
that the hexagonal zinc oxide phase is substantially increased as a function of hydrozincite precipitation time. © 1907 
El~vier Science S,A, 
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|. introduction 

Zinc oxide is a white powder with cxceptiomd and 
unique properties. !t is produced industrially in great 

' '~  ,tpots resulting in quantmes by oxidation of zit~¢ v ,  °~ 
various morphologies [I], Morphology, structure, size, 
composition and crystallinity play an imporlant role in 
technology of varistors, luminescent devices and pig° 
meats [2], ~veral  meth~s concerning the prepara- 
tion of colloidal metal oxides are available in the 
literature. In recent years a large number of tech- 
niques have been developed to yield particles of dif° 
ferent but uniform shapes and of narrow size distribu. 
fions within the micron and sub-micron range [3]. The 
most convenient method for preparation of such 
prt~ucts is based on the control of chemical pt'ocess 
taking place in homogeneous mlutions. 

Zhw oxide can also be obtained by thermal decom° 
po,~ition of zinc hydroxide carbonate topotatic precur- 

sot. This precursor is prepared by acing aqueous zinc 
~alt solutions in the presence of urea at elevated 
temperatures [4]. Recently, spheru'Atic needleoaggreo 
gates were obtained from a chloride medium and 
large porous spherical aggregates from a sulfil|e 
medium using the latter technique [51. The chemical 
composition and morphology of the resulting particles 
de~nd  on a large number of parameters, such as pH, 
reagent concentrations, temperature, anion species in 
solution, method mixing rate and precipitation time 
[6,7], and therefore is one of the problems to be 
solved when preparirtg zinc oxide. 

The aim of this work is to study the influence of 
zinc hydroxide carbonate precipitation time on the 
morphology and crystallinity characteristics of zinc 
oxide samples obtained as a product of thernlal de- 
composition, 

2. Ex~rimentai 
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All chemicals were MERCK products, reagent 
grade purity, Zinc hydroxide carbonate was precipi- 
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tated at p H = 5  from standard 3.3 x 10 -2 mol I -~ 
zinc chloride and 2.4 x 10 -2 mol I -~ urea solutions 
aged at 90°C during different precipitation times: 0 
(initial turbidity), 75, 180, and 440 rain. The products 
were filtered, washed with deionized water and then 
thermally decomposed in an alumina crucible at 300°C 
for 4 h under static air atmosphere to give zinc oxide. 
Samples were characterized by X-ray powder diffrac- 
tometry (XRD- DIFFRACTOMETER HGZ 4/B)  us- 
ing iron-filtered CoK, radiation and by scanning elec- 
tron microscopy (JEOL JSM T330A). The IR (FT-IR 
NICOLET IMPAC 400) KBr pellets were recorded in 
the range 4000- 200 cm-~ with resolution of 2 cm-~. 

3. Results and discussion 

The SEM analysis shows that spherically shaped 
particles of zinc oxide are obtained within the periods 
of time from first turbidity until 75 min of precipita- 
tion (Figs. la,b). Then, at longer periods of precipita- 
tion they are transformed into spherulitic and acicular 
particles (Figs. lc,d). This evolution is in agreement 

with the thermodynamic principles and consequently 
with the natural occurrence of the precursor, as stated 
by Ghose [8]. 

Recently IR spectroscopy has successfully been ap- 
plied for the morphological characterization of sev- 
eral metal oxide powders, such as a Fe20 3, TiO 2 and 
ZnO. Calculated IR absorption spectra of ZnO mi- 
crocrystals have been assigned to their shapes corre- 
sponding to slab, where the ratio of the crystallo- 
graphic axis is c / a  < 1 to sphere ( c / a  = 1) and to 
cylinder ( c / a  >> 1) [9,10]. The IR absorptions pre- 
sented are characteristic of Zn-O vibrations and their 
splitting depends on particle morphology. Porous 
spherical specimens (Figs. la-b)  show two bands with 
maxima at 420 and 565 cm-~ (Figs. 2a-b). The ab- 
sorption at 420 cm-~ splits progressively as a function 
of the precursor precipitation time giving rise to three 
separate absorption bands at 425, 410, 387 cm-t for 
the final spherulitic and acicular shapes (Figs. 2c~d). 
Particle shapes, state of aggregation and method of 
preparation have a strong effect on the experimental 
IR powder spectra as predicted by the theory of 

{a) 

(b} 

Fig. I. (a) Zinc oxide obtained from thermal decomposition of 3{}0°C of initiallty precipitated (t ~ 0 rain) zinc hydroxide carbonate. (b) Zinc 
oxide obtained from thermal decomposition at 300°C of zinc hydroxide carbonate precipitated after 75 rain. (c) Zinc oxide obtained from 
thermal decomposition at 300°C of zinc hydroxide carbonate precipitated after II,10 rain. (d) Zinc oxide obtained from thermal decomposition 
at 300°C of zinc hydroxide carbonate precipitated after 440 rain. 
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average dielectric constant (TADC) [11]. On the other 
hand, surface effects related to particle size can result 
in the appearance of new bands as the surface to 
volume ratio increases. To better evaluate this result 
other IR and SEM experiments were performed with 
uniform po,'ous spherical aggregates and acicular- 
shaped zinc oxide obtained with different reagent 
concentrations (Figs. 3a-b). The results showed that a 
single band at 416 cm-~ corresponds to porous spher- 
ical aggregates and the splitting bands at 430, 406, 
and 385 cm-~ correspond to the acicular shape. 

The morphological evolution can also be evaluated 
by XRD of different zinc oxide shapes (Fig. 4): (i) all 
the samples obtained by thermal decomposition are 
crystalline and their diffractograms are characteristic 
of zincite: (ii) the intensity of the reflection (002) is 
substantially increased as a function of the precursor 
precipitation time. The intensity changes are in agree- 
ment with the morphological evolution illustrated by 
SEM :~nd IR spectra. Porous spherical aggregates 
have a crystallographic axis ratio c/a = i, however, 
the reflections ((~)2) and (I(H)) have the same intensi- 
ties (Fig. 4a). Spherulitic-shaped aggregates are 
formed from various acicular single particles with 
crystallographic axis ratio c/a :,. 1, resulting in a 
((.X)2) reflection intensity stronger than (I(X)) one cor- 
responding to a hexagonal zinc oxide phase. 

4. Conclusions 

~00 000 ~00 400 

W a v e n u m b e r  l o r e  °~ 

~io¢ hyd~'osid~ ca)l~,~)t~)at¢ aft~) I~) rain: (d) einc oxide from ptccipi° 
tared ~in¢ hydtoxi.d~ eatS)hate after 440 rain, 

This work showed that morphoh)gical cl~araclcriza° 
tion of nonounifi)rm samples can be evaluated using 
lh¢ theory of average dielectric constant making care- 
ful IR spectra analysis. It also showed that it is 
~ssible to monitor the particle morphology and cRis- 
tallinity as a function of precur.~)r precipilation time 
and to have better reliability of the products. 
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Fig. 3. (a) Infrared absorption spectrum of zinc oxide spherical particles obtained from thermal decomposition at 300°C of zinc hydroxide 
carbonate precipitated after 180 rain: [urea] = 0.40 tool - i; [ZnCI,] = 0.055 tool l- i (b) Infared absorption spectrum of zinc oxide needle-like 
particles obtained from homogeneous precipitation at 90°C after 180 rain: [urea] ~= 8.0 x I0 -'~ tool I- i; [ZnCI~] =~ 1.1 × 10 °~ tool I- ~: and 
[HCI] = 5.0 x !0- s tool I- 
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Fig. 4. X-ray diffractogram of zinc oxide samples corresponding to 
SEM figures: (a) zinc oxide from initially precipitated zi,c hydrox- 
ide carbonate; (h) zinc oxide from zinc hydroxide carbonate precipi- 
tated after 75 rain; (c) zinc oxide from zinc hydroxide carbonate 
precipitated after 18{) rain; (d) zinc oxide from zinc hydroxide 
carbonate precipitated after 440 rain. 
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