
I PREPAiATZON RHO CHNACTERIZRTION OF ZR02 STAUILIZED 1/1
NTH RU(IY) AM LC(Ill)(U) BRON UNIV PROVIKNCE RI
DEPT OF CHEMISTRY Y LONG ET RL. 26 JAW $0 TR-14

WI LASSIFIED N SI4- 6-K-4234 
F/G 7/2 Nd.IIIIIIIIIII



3 55

404

4.-

dSP

3Z5 Z:"

.. .... I2O

9...

9%

-- i

i'S.

,,.

-, -.. :.4.9%.



.%-

[ 7*

L.~

AD-A190 868
OFFICE OF NAVAL RESEARCH

CONTRACT NOOO 14-86-K-0234

TECHNICAL REPORT NO. 14 
"..

Preparation and Characterization of ZrO 2 Stabilized with Ru(IV) and La(III) a

by

Y-C. Long. Z-D. Zhang, K. Dwight and A. Wold

Prepared for Publication in DT,--17i ELECn h.

MATERIALS RESEARCH BULLETIN 
0 EBOC 8CE

FEB 0 5 IM8

Brown University
Department of Chemistry
Providence, RI o2912 ,

Reproduction in whole or in part is permitteJ for
any purpose of the U1nited States Government

This document has b1een approved for public release -

and sale; its distribution is Tlimited %

S2- 01 127
P-.



REPORT DOCUMENTATION PAGE

a ~ ~ ~ ~ ~ ~ ~ t R''u ~Y~.~~~0 ESTRICT,VE VAi,,;r4(uS

UNCLASSIFIED
,.a CuR:Y , , AL rHoRiTY ' J6RiFUO , AAL.dlLF[Y -i . '.,RT

'b APPROVED FOR PUBLIC RELEASE
4b Z)ERLSFO ON , ORGA\IZ~IOWN REPO N \3ER(..) DISTRIBUTION UNLIMITED

, G 14 \ArO REPORT %U .R(S)OA, ON .POrr .,R (S) ,

NOOO 14 86 0234 f'.'
AARON WOLD (it o 

3opaOie) urzjuruF!uvbniiiu i '

BROWN UNIVERSITY DR. DAVID NELSON
D --. 5 CAR Ty, State. and Z SYP C,>ae" ;b A0 E i jCO y, Stare. and Z,,jPCoe) ,

DEPARTMENT OF CHEMISTRY CD 7
PROVIDENCE, RI 02912 800 N. QUINCY STREET

ARLINGTON, VA 22217

~ .Au'J I (it Jr:p(jo/e)j

_ _ _ _ _ _ I _ _ _ _ _

- .. D-' : 3 C t Stare, and ZP Code) -

E ' .1 "El T .0 0. .:

PREPARATION AND CHARACTERIZATION OF ZrO 2 STABILIZED WITH Ru(TV) AND La(lII)

Y""=:r c-ri g, Z-D. Zhang, K. Dwight and A. Wold* -!
Technical ca _- nu io _ :

SUBMITTED TO MATERIALS RESEARCH BULLETIN [|

(SA,- Cc:ES 18 SL3B,ECT TER,"I Cont,rue on reerse it ne.essary ant .jont.ry by 0O(k nmto.rl

_D CROLP s SU"-O

3 A o Cantnue on reverse if necessary and ,,qr;ry ty ,bJoCW ,humoer)
Ruthenium oxide, dispersed on oxide supports such as TiOj, SiO2 and ZrO2 , are known to

shown Fischer-Tropsch activity. Little is known about the catalyst-support interactions
which must play an important role in the catalytic activity of dispersed ruthenium-

oxide. The strength of catalytic support interaction may be directly related to the

stability of the dispersed catalyst towards reduction. Hence, solid solutions of

Ru(IV)/ZrO 2 have been prepared, and the resulting stability of Ru(IV) toward reduction

with hydrogen was measured and compared with that of hulk RuO2. The observed increase

in stability toward reduction was related to interaction between RuO2 and ZrO 2 . The

introduction of a small amount of La203 with the ZrO 2 produced further stabilization

of the Ru(IV) toward reduction.
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PREPARATION AND CHARACTERIZATION OF ZrO2 STABILIZED NIT! Ru(TV) AND La(TII)

Y-C. Long, Z-D. ]hang, K. Dwight and A. %old*

Department of Chemistry, Brown University, Providence, RI 02912

*.1'

ABSTRACT

Ruthenium oxide, dispersed on oxide supports such as TiO, SiOi
and ZrO . are known to show Fischer-Tropsch activity. Little
is known about the catalyst-support interactions which must play
an important role in the catalytic activity of dispersed ruthenium

oxide. The strength of catalytic support interaction may be
directly related to the stability of the dispersed catalyst
towards reduction. Hence, solid solutions of Ru(IV)/ZrO 2 have
been prepared, and the resulting stability of Ru(IV) toward
reduction with hydrogen was measured and compared with that of
bulk RuO2 . The observed increase in stability toward reduction
was related to interaction between RuO2 and ZrO 2 . The introduction
of a small amount of La203 with the ZrO 2 produced further stabi-
lization of the Ru(IV) toward reduction.
A TERIALS INDEX: Ruthenium oxide/zirconium oxide solid solution;
ruthenium oxide/(Ianthanum oxide/zirconium oxide) solid solution

Introduction

In order to determine the stability of dispersed ruthenium oxide on
.rO-7, it is first necessary to investigate the properties of solid solutions

containing Ru(IV) oxide. Such studies would result in optimizing the
conditions necessary for the use of this catalyst in Fischer-Tronsch
conversions of carbon monoxide to either hydrocarbons or alcohols. Solid

solutions of ZrO 2 and various metal ions have been widely investitated.

Collins and Ferguson (1) reported the formation of monoclinic nhases when -ri"

reacts to form solid solutions with Fe20 3, SnOi and Cr,).. Stocker and

Collongues (2) prepared cubic solid solutions of ZrOi with %V) (! - . Ni, (d,
n, Fe, n) and M20 3 (N = Fe, Mn, Cr, Al., V). Recent Iy Nu (.3) indJicated that

a tetragonal phase formed between Cr203 and ZrO2 with leos than .3 olo
percent Cr20 3 and changed to cubic when the chromium content was boe this
level. There have been additional studies concerning the !orenar:itionu,) AM-

characterization of ai series of cubic rO> :oli), i0otttons - tI I: c'0 t d OVTS

Rh(I II f ( ), Fe(II) and Fe( III (S), ind Ni )Ifl f( whi ,ch ero ," .. ' ,-
double lecomnosition of tho nitrates. In I11 or the-R ,ecent ;t22R ,-, .
tetragonal form of Zrd) was first stabili.cd by the introbit t ioin '" -,tttI io: •
and tranft'oricJ to the cubic 7or: ot -" a; tho .:onc Ita:'t i7 o :1,;

was increased.
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Despite the fact that ruthenium oxide shows a high catalytic acti''ity a

Fischer-Tropsch reactions (7), very little has appeared concerning the
preparation and stabilization of ruthenium(IV) oxide under reducing
conditions. A number of other transition metals have been shown to be
stabilized when reacted with zirconium oxide. Hence this study of solid
solutions between RuO 2 and ZrO2 was undertaken. Such studies are essential in
order to ontimize the conditions necessary for the conversion of carhon

monoxide to useful fuels.

Experi mental

Samples of members of the system Ru(TV)/rOi were prepared to give
9. compositions containing 5, 10 and 1S atomic percent Ru(IV). Calculated

quantities of Ru(NO)(N0 3)3 and ZrO(NO 3)-, were dissolved in water. The
solution then was dried at 150*C for 12 hours and predecomposed at 550'C for
24 hours in order to drive off nitrogen oxides, and then allowed to cool to
room temperature.

Ternary oxide samples of La203 , RuO 2 and ZrO? were prepared by
decomposing the required mixture of ruthenium nitrosyl nitrate Ru(NO)(NO3)3 ,
lanthanum nitrate, and zirconyl nitrate "rO(N03)2. The triple salt was

*J decomposed by the same procedure as described above except that the samples
were finally heated at 850°C for 24 hours.

In order to make certain of the proper decomposition conditions,
temperature programmed decompositions of both the double salt of rutheni, i

" nitrosyl nitrate and zirconyl nitrate, and the triple salt of lanthanum
nitrate, ruthenium nitrosyl nitrate, and zirconyl nitrate were carried out in
a Calin 7ystem 113 thermal balance. 'loth the ,louhic salt and the triple salt
were dissolved in water and dried at 1500 C for 12 hours. The partially
decomposed products were then decomposed under a predried oxygen atmosphere at
a flow rate of 60 cc/min. The samples were heated to 1000°C at a rate of
100°C/hr.

Temperature programmed reductions (TPRI of ruthenium-containing samples
were carried out using the sane balance. Before reduc-ion ;,.-is state, the

*sample was preheated in dry oxygen up to 600'C in order to drive off any
adsorbed water. After the sample was allowed to cool to roon te.nnrature, the
gas was changed from oxygen to a 8SAr/15%1,1 mixture predrieI over P2l . T,.
flow rate over a 25 mg sample was 60 cc/min. The temperature was then
increased to 600'C at a rate of 50"C/hr. For the system a. -(Tlfl- (TV-
ZrOi the reduction was carried out to ]V f.0 '

Characterization of the Products
X-ray powder diffraction p:itterni "he oi"'l, lr, ,.''). ,! '

Phi lips liffractometer :inl VionO(Chfr",ir,,' hi 'h n,, t ,tv m ', 1 t " '2"
I. 1 105 A). Polvcrvstilli:) ' i, s x, . . niV'_ '' - ' ' , ,.
scans ;ere recorded :it a ,net i w " '" , i , . .' t I 'P ' '

2- /min. Ihe lattice nmara:,,etcr.; ior t erierle ' 1 it, liS <,WAl ' e! c'd' t'2,

of the observed peak nositions bY a -:onputer pra,. r:im hi ,'b rr.' ,.l ,n the

systematic erro rs inherent in the measurement.
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Samples of the system 2u(Ifl/r) ;ere prenare 1v , , locomnoitin_
of Ru(NO)(NO 3 )3 and -rO(NO 3 )i. A nrevious study (3) has indicated that the
nitrates decompose completely at 900'C. In this study, howe.ver, comolete-
d!ccomposition occurred at 330'C. Therefore, the samples were heated at 330V-
,or 24" hours. Connositions of Ru(TIV 'r)- 'in lo i) atomic 7ercent ruthenium-
crystallized in the tetragonal system. Fhese phases were stable in air un to
100'C. A\t 3 0 C, x-ray analysis indicated the formation of lonoclinic -ri.
Because of poor crystallinity, the cell parameters of the tetragonal phases ,r ..
to 10 atomic percent ruthenium appeared to remain constant with a = 5.37 .* and
c z3.16 A. In order to determine whether the ruthenium oxide actually
reacted to form a solid solution with 'rO2, temperature programmed reduction
of each sample was carried out. The results of these studies are shown in
Fig. 1. It can readily be seen that there is stabilization of the ruthenium
toward hydrogen reduction, and this must be related to an interaction '-etween
RuO and ZrOi. The temperature programmed reduction of the 15 mole percent
ruthenium oxide sample shown in Fig. I indicates a two-step reduction. The
first plateau is achieved by the reduction of unreacted excess RuOi and the
second step is due to the gradual reduction of the stabilized RuO-. This is 9
also consistent with the appearance of diffraction lines due to excess RuO 2 in
the x-ray pattern of the 15% RuO7/rO2 sample.

A part of the system RuO2/(La203 /Zr02) was studied in order to determine
the effect of lanthanum oxide on the stabilization of ruthenium(TVI in 'rO.
samples of 7rf, containino PRirVi and [arTT) were prepared by decomposing
mixtures of nitrates at 8500C for 24 hours. Temperature programmed
decomposition studies indicated that decomposition of the mixtures was not
complete below this temnerature. The concentration of La20 3 was xent crstaa:
at S mole percent relative to that of ZrC 2 since this level of solid solution
with ZrO, has previously been studied for the system Rh-2O/(La-O2C2rO_.
Therefore, the preparations which were studied can best be represented by the
general formula: mole'. RuO2/(S mole'. La20 3/ZrO-).,

At five mole percent lanthanum oxide, the stabilized cubic structure o"
ZrO, is maintained for ruthenium(IV) oxide loading up to 10 jole percent. ..e
variation in the cell constants with increased ruthenium concentration is
shown in Fig. 2. The temperature programmed reduction studies ,ere carried!
out with the Cahn balance using predried gas, and the results are shown in
Fig. 3. It can be seen that 2.5 atomic nercent ruthenium l din' is
completely stable towards reduction up to 800'C; this may be comnared to the
reduction of bulk RuO 2 at 90'C. The ;ample at 3 atomic nercent mtheni:.
loading shows that a part of the ruthenium oxide hehaves iu';t as ,U '-"

under reducing conditions. H1owever, the effect of lanthanii:n On -he fiirther
stabilization of rutheniim('rV towards redhction is evident .')r the
compositions contaiinv noth 3 1 innt itom," -or*,.nt ,"th,,i:n.
sumnarizes the :han., qr cel lr,1et1rs Is :citi,-"rq . '- ,
tenerature for e-i- -:ple :th'i. K in .u
reduction or fh "P'eni'ii - I Ithin'- "C'ni f , , ' "' "
But at 8501C :Ill the I',Iofen!0 ' ,cd, t he e11 I ,r-'>'r" I'. : S
to that of lanthanm oxide -ircon-uc 1tile not onlt:mjnin; r

.*v:v % **% *'.'.% *.* .-.-- -|., ....-



Conclusions
Solid solution of Ru(3V) oxide in -rO. increases the stability towards

hydrogen reduction from tinder 90' to over 260'(". The further addit'ion of 5.'

Mole of lanthanu(III) oxide significantly increases the stability of".

dispersed Rue 2 to S00°C. The Fischer-Tropsch process depends upon the ,.
presence of oxide as well as reduced metal. Nhereas pure RuO- is""

catalytically inactive because of the low *emp~erature at w'hich it can be .
reduced, it is possible that a proper combination of La203, RuO-) and :ro L

might result in optimal conversion of carbon monoxide to useful-hydrocarb~ons ."
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