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ABSTRACT 

Zinc aluminate was synthesized by 
coprecipitation and after calcination at 800 0 C 
was impregnated with chloroplatyinic acid to 
obtain 0.16,0.47,1.17 and 2.5 weight percentage 
ofplatinum catalysts. Samples were characterized 
by atomic absorption, nitrogen physisorption, X 
ray diffraction, hydrogen chemisorption, 
conventional and high resolution electron 
microscopy (CTEM y HREM respectively) and 
catalytic activity in isobutane dehydrogenation. 
Zinc aluminate showed a high crystallinity (sp inel 
structure) and low surface area - 0.20 mig. The 
highest dispersion (49%) was obtained with the 
0.16% Pt catalyst diminishig sharply with the 
other platinun content catalysts. At low Pt 
concentrations (0.16 - 0.47) , was not possible 
localize and distinguish metal particles in HREM 
images. With the 1.17 % and 2.25 % Pt, samples 
with clear Pt aggregates with sizes around 2.0 
11m could be seen. Catalytical activity was more 
sensitive to metallic content than to platinum 
dispersion. 
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INTRODUCTION 

Platinum monometallic catalysts have been 
used for several decades in naphta reforming [I]. 
Another important application ofthe Pt catalysts 
is in the paraffins dehydrogentation [2]. As the 
global demand for olefins and derivatives is 
increasing, the installed capacity will be 
insufficient [3]. Traditionally light olefins have 
been obtained from steam cracking ofnaphta and 
from fluid catalysts cracking in oil refining [4]. 
Perhaps the most important olefin like-compound 
is isobutylene, because it is used as new material 
for MTB E [5}, consequently it is necessary to 
produce more isobutylene by direct 
dehydrogenation ofisobutane. At present time, 
Pt monometallic catalysts have be en replaced in 
many cases by more active, selective and stable 
bimetallic catalysts [6]. 

There are two types of commercially 
important, dehydrogenation catalysts : The 
supported bimetallic Pt-Sn and the chromium 
alumina catalysts [7] . We have focussed our 
interest in the first group which consist in Pt-Snl 
AI (deflex process) [8J or Pt-Sn/A1 (starl03 20.Zn 

process) [9] Although many works have been 
dedicated to study the system Pt-Sn supported 
on alumina little information is found in the 
literature about Pt and Pt - Sn system supported 
in zinc aluminate. 

It is believed that catalytical behavior of 
the active phase is determined mainly by the 
following support features: surface acidity, 
thermal stability, texture, estabilization of acti 
ve phase, dispersion and the chemical interaction 
with the active phase. In a previous work [10] we 
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reported some metal .support effects present in 
platinum supported in zinc aluminate . In present 
work we are showing additional information 
about the Ptl Al 2 0 .. Zn system in conecction 
with its catalytical behavior. 

MATERIAL AND METHODS 

I.-Catalyst Preparation 

Zinc aluminate was prepared by 
coprecipitation from nitrates; the required 
amount of zinc and aluminate nitrates were 
dissolved in deminerali zed watcr under vigorous 
stirring. The precipitation was performed at 
variable pH, adding a 20 % wt. ammonium 
carbonate aqueous solution to the acidic mixed 
solutions all the \tray up to pH equa l to 7.5 . The 
precipitate was care f u ll y w a s h e d wi t h 
demineralized water and th en calc inat ed at 88 °C 
in air for 6 hours. The support ( 80 - 100 mes h) 
was impregnated by an inc ipi e n t wet n ess 
technique using an aqueous solution of 
chloroplatinic acid to obtain Pt contents of 0.16, 
0.47, 1.17 and 2 .5 % weight. Catalysts were 
dried and calcinated at 500°C for 4 hours. 

2.- Characterization Techniques 

Chemical composition was determ ined by 
atomic absorption spectroscopy in a Perkin Elmer 
23 80 apparatus . Textural prop ertie s were 
calculated from nitrogen physisorption data 
(Micromeritic ASAP-2000). The chemisorption 
measurements were carried out at 25°C in a 
vollumetric installation . X ray diffraction 
observations were performed with a Siemens D
500 X ray diffractometer, using the Cu K 
radiation and a nickel filter. High Resolution 
Electron Microscopy observations were carried 
out in a lEOL 4000 EX electron microscope 
working at 400 kV all the time and equipped with 
a high resolution pole piece (Cs = 1.00 mm). 
C o n v e n t i o n a l and Analyt i cal E l e c t r o n 
M ic roscopy (CTEM and AEM, respectively) 
observations were performed in a side entry JEOL 
100 CX microscope fitted with a goniometer 
stage and an EDS system (Tracor 5500). Samples 
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for electron microscopy observations were ground 
in an agatar mortar and dispersed in distilled 
watcr in an ultrasonic bath. Some drops were 
deposited in 200 mesh copper grids covered with 
a carbon holey film. Focal series of images were 
obtained in high resolution conditions in order to 
improve visibility of small platinum particles 
embedded in zinc aluminate support 

3.- Catalytical Activity 

Isobutane dehydrogenation wa s carried out 
using a conventional continuou s flow 
microreactor system operated at 550° C and 
atmospheric pressure. Measurement of isobutane 
conversion and the product distribution were 
made using on-line gas chromatographic analysis 
in all the experiemnts 0.05 g ca ta lysts and a total 
flow rate of2.4l/h were used . Feed s tre am was 
an equimolar mixt ure of isobutane with hydrogen. 
Before the reaction test, catalysts were pretreated 
with hydrogen 1.8 I/h at 550 ° C fo r onc hour. 
Reaction rate was calculated assum ing di fferential 
behavior o f the reactor. 

RES ULT S AND CONCLUSSIONS 

Physico-chemical characte r ization and 
catalitycal acti v ie s arc resumed in Tabl e I an d 
T ab le 2. Also electron microscopy images a rc 
p resented to show details of platinum sup po rted 
particles on zinc aluminate. 

Chemical compos ition of zinc aluminate 
showed a slight excess ofa luminiu m w ith respect 
to the s to ich iometry required. An Al IZn atomic 
rat io equal to 2 . 12 was obt ained. N evertheles 
th e spinel struc t ure of z inc alum in a te was 
corroborated by X rays di ffract io n (J C PDS card 
5-699) an d selected area electro n d if frac t io n 
patterns an a ly s i s. Figure 1 s h o w s the 
corrrespondin g X ray diffract ogra m w ith we ll 
defined peaks fo r zinc a lum ina te interp lanar 
distances . Th p repa red catalysts are listed in 
Tabl e I where th e p latin u m c o n te n t a nd 
chemisorption re sult s are reported . From this 
table one can appreciate th a t platinum dispersion 
decreases sharply from 0.16 % Pt to 0 ,47% Pt 
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and after that remains constant. The highest dispersion ofthe 0.16 % Pt catalysts has already been explained by 
a platinum atomic difussion mechanism into the oxygen vacancies in the spinel structure in locations like the 
ones showed in Figure 2. 

Table I. Physico-chemical parameters and hydrogen chemisorption results of Pt/Alz04 
Zn 

Catalysts. 

Sample Pt (%) Dispersion (%) Particle Size (om) 

A O.16 49 2.2 
B 0.47 16 7.0 
C 1.17 12 10.3 
D 2.50 10 11.3 

1
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Figure 1. The spinel structure ofzine aluminate with tetrahedral and 
octaedral sites can be observed in this drawing. HO and HT empty 
ci rc les indicates sites where Pt atoms could be accommodated. 

On the othe r hand , fo r h igher Pt loadi ngs, it ha s be en sugges ted that metal-meta l interactions 
are dominant, lead ing to clu ster or par t icl es fo rmati on. In fact with the 2 .2 5 % Pt we observe that 
Pt di spersion i decreas ed . F ro m HR EM observations [ 10] Fig . 4 it seem s that Pt particles are 
embedded ove r zinc a lu minate surface; for the lowest Pt concentration particles could not be 
obse rved even in ato mi c reso lut ion im ages. Thi s mi g ht be explained , fo r th e first case, in terms of 
particle cstablizat ion induced by th e suppo rt in all the stages of catal y ts trea tment , and in the second 
case , pa rt ic le diffusion to the bulk is ex pec ted, gi ven that chemical compo sition analysis reveals the 
presence ofplant inum in our sample. T his behaviour is quite differen t when compared with platinum 
supporte d on alumina catalysts . 
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Figure 2.This is a x Ray diffractogram coming from sample C with a 1.17% Pt content. 
Peaks correpooding to Pt do oot appear in this diffractogram. 

F ig ure 3. 
CTEM image of sample 
C (1.17%). Crystalline 
z i n c aluminate with 
plate configuration and 
p l a t i n u m particles 
( a rro w e d) can be 
observed in th is image. 
Bar = 31.4 om 

In Table 2, the catalytic activity results in the isobutane dehydrogenation are show presented. A clear increase 
ofthe reaction rate is observed as Pt contents is increased in the catalysts. Selectivity to isobutane practically 
remains constant and the lowest deactivation rate is found for the highest platinum content catalyst. From this 
results one can conclude that isobutane dehydrogenation is more sensitive to the amount of platinum in the 
catalyst than to high dispersion. Nevertheless selcctivity did not change. This might be indicative that metal
support interaction with must be produced with any amount ofplatinum in the catalyst. Platinum particles were 
not deteetcd by HREM, even in atomic resolution images for low Pt concentration. Lattice planes distortions 
were not detected in support. This suggest that platinum could diffuse into the zinc aluminate lattice occupying 
lattice sites in substitutional way. These results suggest that platinum on zinc aluminate might interact strongly 
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Figure 4. 
Typical HREM image of 
sample A (0.16% Pt).Two 
overlapped zinc aluminate 
crystallites are observed 
but platinum particles are 
not detected. 
Bar = I.87 nm 

5
 

FI urc 5. 
HR EM image ofsarnple 
C ( I . 1 7 % ) P t. 
Aggregates ofplatinurn 
particles over an 
a pp a re n t amorphous 
z in c aluminate are 
clearly observed in this 

1alllilJlD1 image . Bar = 4.42 nrn 

Table 2. Catalytic activity ofPt/A~04 Zn In Isobutane dehydrogenation 

-rAo Initial rate 
Sample -r	 Sunol %) kd I 10 4 (min -1)

Ao reaction. 

A 22.5 91.7 30.0 S	 Selectivity
 
refered to
 

B 26.5 97.5	 22.8 
isobutylene.
 

C 34.9 96.0 29.1
 
Kd First order 

D 41.8 97.3	 15.0 deactivation 
constant. 
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with the support as evidenced by elect ro n 

microscopy results. 

RESUMEN 

Sc sintetiz6 a luminate d e zinc por cl me
todo de coprecipitaci6n y se calcin6 a 800°C 
dcspucs de 10 cual se impregn6 call ac ido 
eloroplatinico para obtener catalizadorcs can 
0.16,0.4 7, 1.17 y 2.5 %- de P latina en peso. Las 

muestras as i obtenidas fucron cstud iadas por 

ab sorci6n ato mica, fisisorci6n de nitrogcno, 
difracci6n de rayos X, m icroscop ia c loctronica 

convencional y de alta rc soluci6n y sc probe su 

actividad eatalitiea en la dcshidrogcnacion del 

isobutano.EI alum inato de z inc prcscnto una alta 

eristalinidad y baja area superficial (0.20 mig). 
La dispersion mas alta (49%) se encontro para cl 
catalizador con 0.16% de Pt y disminuyc 
abruptamente con otros co n ten idos de platino . A 

conccntracioncs bajas ( 0. 16- 0.27 % Pt) no fu e 
posiblc distinguir y lo ca l izar las part ieu la s met a

lieas en imageries de alta re so lucion. A conccn
t ra c ione s d e 1. 17 y 2.5 % d e Pt se v io en la s 
mues tras , agrc gado s de p la t in o con tarnaiio s 

al redcdor de los 20 nm. Se o b s e rv 6 que la 
ac t iv id a d cataliti ca fue mas cnsibl al cant 
n ido m e tal ico q u e a la dispe rsion. 

Figure 6. 
HREM image of sample 
D (2.25%Pt). In the 

r ig h t side a projected 
p o ten t ia l image ora zinc 
a l um in a t e crystallite 

can be observed. Near 
the center a p latinum 

particle (arrow ed) 

embedded in a z in c 
aluminate cry st a ll ite is 

••m••l1Il dc tec te d . Bar = 36.4 nrn 
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