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Structural changes induced by hydrogen absorption in palladium and
palladium—ruthenium alloys
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The structural changes in Pd and Pd—Ru alloys induced by the repeated absorption—desorption of
hydrogen have been studied. It is found that absorption—desorption cycles produce structural
changes in Pd whereas the addition of small amounts of Ru inhibits these hydrogen-induced
changes. The experimental results show that bulk hydrogen absorption occurs in Pd, while hydrogen
surface adsorption becomes dominant over bulk absorption, in the Pd—Ru all@9®American
Institute of Physics.

The absorption—desorption process of hydrogen in transorption experiments. X-ray diffraction studies were per-
sition metals is an important issue in catalysis and hydrogeformed at room temperature using a Rigaku rotating anode
storage. Palladium and palladium alloys play an importantliffractometer, before and after gas evolution.
role in these processes since these materials have unique dif- Figure 1 shows the rate of hydrogen desorptioormal-
fusion properties for hydrogen. For instance, Pd membraneged to the maximum valyegor a Pd and a Pd—R(6%Ru
are used in a variety of hydrocarbon catalytic processes afoil. To obtain a quantitative analysis of these curves a com-
though the details of the processes are not clearly undeparison with the standard rate equation theory has been
stood. Interestingly, it was shown that the addition of smallperformed The rate equation is written as
qugntmes of ruthenium to Pd enhances the mechanical prop- dN/dt= — kN, 1)
erties of membraneés.

We have performed desorption kinetic and structurawheredN/dtis the rate of desorptiory is the concentration
studies of the diffusion properties of Pd and Pd—Ru alloysof adsorbed gas, andlis the order of the desorption.

We find that Pd has a high bulk absorption, while in Pd-Ru  Since adsorbed hydrogen atoms recombine on the sur-
the initial bulk absorption is low and most of the absorptionface of transition metals to form the diatomic gas, it follows
occurs near the surface. Concomitant with these absorptidhat the order of the desorption should in principlerte2.
characteristics, after repeated H absorption cycles, the PExperimentally the order is determined from an Arrhenius
structure becomes disordered while the Pd—Ru structure r¢plot of the form

mains almost unaltered after cycling. These results are in

qualitative agreement with theoretical ideas which imply that k=vy exp(—E/RT), 2
bulk hydrogen absorption is controlled by the strength of theyherek is the rate constant,, is the preexponential attempt
hydrogen interaction with the surface of the transition metfrequency,E is the activation energy, and is the gas con-
als, and they also explain the mechanical resistance resulégant. The constark is customarily evaluated from the de-
found by others. sorption curvé'

Pd and Pd—Ru membranes were prepared from 0.0025 Within experimental error, this analysis metfiogives
cm thick foils obtained from Johnson-Matthey Ltd. Gas evo-an excellent fit to the experimental data. The curve for Pd
lution studies, up to temperatures of 900 K, were performeatan be fitted by assuming essentially one desorption site. In
in a home-built thermal desorption apparatus equipped with
a Dycor quadrupole mass spectrometer. In these sttdies,

the sample is heated in ultrahigh vacuum at a constant rate of 100 | fﬁ\‘ |

10 K/s in a small volume chamber, continuously evacuated. Pd-Ru wPd . -

The surface of the foils was cleaned using rinses of methanol @ 781 x33y "\ x1s *

and distilled water. Inside the chamber, the typical cleaning & .',J '\.‘ S .

procedure was followed: flash desorption in high vacuumup § 50} f 5 .

to a temperature of 900 K; and Ar ion sputtering of 1-2 keV "Ei / J \‘R *

for 1-2 min. Auger electron spectroscopy showed that after & 25} / S .

this cleaning, the surface contamination by Cl, C, and S was a /'- "e,v

less than 1%. The foils were then exposed to 100Q L= M. L TV

10-% Torr s of hydrogen at room temperature for the ab- 800 420 54_‘:_ “© 660 780 900

dAuthor to whom correspondence should be addressed. Electronic maiFIG. 1. Hydrogen desorption rates as a function of temperature fefuitd
acabrera@lascar.puc.cl circles and Pd—Rufull rectangles foils.

1216 Appl. Phys. Lett. 66 (10), 6 March 1995 0003-6951/95/66(10)/1216/3/$6.00 © 1995 American Institute of Physics

Downloaded-15-Jun-2009-t0-132.239.69.137.=Redistribution-subject-to-AlP=license-or-copyright;=see-http://apl.aip.org/apl/copyright.jsp



600 ; T 4000 T T
Pd Foil Pd-Ru Foil

— _——
= @ ;
g 4501 (111) (200) (220) (811) (222) (400) (331)(420) g 3000 (111) (200) (220) (811) (400) (331) (420)
g £
8 300 S 2000
o z
2 2
$ 150| ] & 1000] E ;
- -
E E @- %

0 . % 1 m iz \mﬁ&_ 0 fxz 1 . VL L Lo . l-g.

30 59 73 87 101 116 130 30 44 59 73 87 101 116 130

20 20

FIG. 2. X-ray intensities of principal x-ray diffraction lines for Pd as a FIG. 3. X-ray intensities for principal x-ray diffraction lines for Pd—Ru as a
function of treatment. function of treatment.

\A}gtensity peaks is negligible after repeated hydrogen desorp-
%on cycles. Apparently the 5% Ru is sufficient to stabilize

the dominant feature, and the other at higher temperatur € tex“%re ?f thti] f?'lt'hTh's’ cotmgmid W'tth theddesortptmn f
near the temperature at which the desorption from Pd occur]%lurves’ implies that the repeated absorption—desorption o

The fit for the Pd—Ru curve, assuming two desorption sites,ydrogen on the Pd-Ru surface' Is incapable .Of driving
was obtained and it is represented by the solid Kl strong structural changes of the foil, as occurred in the case

: : of Pd.
triangles drawn over the experimental curve. . .
In the case of Pd—Ru, the order of the desorption=€ The reasons for these radical differences between Pd and

indicating that the hydrogen is desorbing from a surface sitePd_Ru are not completely understood at the present time.

On the other hand, the order of desorption for Pd=sl.25, Tr?e Feslu'tts E_rﬁser;)ted he(;e]: ar;llnpe:jgreRen;e_Tt with bet:_er mde—
indicating a more complicated process. This type of fracoanical stabriity observed for the Fd—=Ru Tolls, as mentione

tional order of desorption was explained previoAshs a above. It seems that the mechanical stability of the foils is
consequence of the replacement of desorbing surface hydr(o‘anec'[ecj with the fact that Pd more easily absorbs hydrogen

gen by bulk hydrogen atoms. The activation energies for de” the bulk, whereas Pd—Ru absorbs hydrogen mainly on the

sorption are—8.5+0.5 and—10.7+0.5 kcal/mol for Pd and surf?rcr:]e. for this ch f . be due t
Pd—-Ru, respectively. The relative absorption energies Obd'ff etreﬁasotn. O.;h IS ct:har;)geé) tproi)er |esf ?dayR € tltjr? °
tained from this analysis is in qualitative agreement with ifferent effects: eithefg) the band structure of Pd—Ru at the

prior theoretical worlé. This work is based on the idea that surface is considerably differetftthus, its reactivity towards

the sites close to the surface which bind hydrogen morgydrogen_is differt_ant_o(b) segregation of Ru to the surface
may modify the binding energy of hydrogen on the surface

strongly than sites in the bulk might act as surface valves. ith th t enh t of th ¢ bindi
This inhibition or enhancement of hydrogen absorption Waéév' € consequent enhancement of the surtace binding en-

reported in other experimental wofk:° rg'?s' ¢ of ¢ th ble effect ioned
Figure 2 shows a comparison of the principal x-ray dif- N support of ‘one of the possible €eliects mentione

fraction (XRD) intensities for different stages of treatment of above, it has been known fqr. some time that slight coverages
the Pd foils; the original Pd foilempty barg thermal cy- of the surface of one transition metal by another may radi-

cling of a foil after 12 temperature cycléeriss-cross bajs cally change the hydrogen absorption characteristics.

thermal cycling of a foil after 12 temperature and after 12 This surprising result may be due to subtle structural

hydrogen desorption cycléshaded bajsand a standard Pd changes_or surface _segregatio_n of Ru ar_1d may p_e the root
powder diffraction! (full bars). The relative intensities imply explanation for the differences in mechanical stability of the

that the original Pd foil is textured with a strorig20) ori- IO'I‘:' _whei.n et?<pos?d tﬁ Zydrogsn. Thfsle r_esult_s ha;ve m:_por—
entation. A comparison of the relative intensities of Fig. 2 ant implications for nydrocarbon catalysis using transttion

- ; tal foils as membranes.
implies that the texture of the foil decreases as the sample [getalt
cycled thermally and/or through hydrogen absorption— This work was supported by FONDECYT 1940696 and

desorption. the U.S. Department of Energy. We thank the UCSD Super-
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foils have relative intensities quite close to that expecteciire _dL_“_a to Dr._ J. N Armo_(rAlr Products and Chem|cal$or_ .
the initial motivation of this work, and to Professor M. Kiwi

from a random Pd powder. The immediate conclusion from 4 Prof R Ramirez f itical ts of th
XRD data and the desorption curves discussed above is thgpd Frofessor k. Ramirez for crifical comments ot the manu-

the repeated bulk absorption of hydrogen in Pd tends to des_cnpt.
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