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Abstract

Perovskites type oxides Lg.CaRu,_«NixOs; were synthesized by the citrate sol-gel method. Characterization was carried out underlying
the modification of metal catalysts by promoters by total or partial substitution of A- and B-site cations. The influence of Ru partial substitution
by Ni in the LaRuQ@ structure and of La by Ca on LaRgNiy .03 was also investigated in the dry and combine reforming of methane. All
perovskites series, showed a well-defined perovskite structure with surface areas between 2%gdAfenreduction Ru(Ni) crystallites
size in the order of 10—15 nm were produced. An oxygen deficiency was shown by most perovskites. Substitution of La by Ca of smaller ionic
radium decreases the stability of the perovskites and lowers their reduction temperature. Among the calcium sgmsRuagNip 203,
proved to be the most active precursor catalyst with the highest selectivity to syngas. Correlation between the effect of partial or total
substitution of La by Ca as A-site cation of the precursor perovskite, the catalytic activity and stability of in situ formed Ru(Ni) particles was
established.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Perovskites not only fulfill the stability requirements for
the reforming reactions, but also by further reduction of B-
1.1. Perovskites site cations which remain distributed in the structure, they

formwell dispersed and stable metal particle catafjisgs8].

Complex mixed metal oxides with the perovskite structure The use of perovskite allows stabilizing small particles of
and composition have long attracted the interest of chemists,the metal in position B [Ru, Ni] over a stable support (Ca-,
as they exhibit interesting solid-state properties, making the La-oxides) to prevent carbon formation in the reforming of
structure very appropriate as model catalysts. The use of preimethane. The reduced solids of nominal composition (Ru,
cursors such as perovskite-like oxides ABM which A-site Ni)/La,O3 and/or CaO, are used as catalysts to establish cor-
cation is arare earth and/or alkaline earth and B-site cation, isrelations between the effect of partial or total substitution
a transition metal has increased recently for methane reform-of A- and B-site cations of the precursor perovskite and the
ing [1-5]. The ideal ABQ perovskite structure is cubic in  catalytic activity and stability of in situ formed metallic par-
which the larger A-site cation is surrounded by 12 oxygen and ticles.
the smaller B-site cation by 6. One interesting feature of these
complex mixed-oxides is that their catalytic activity can be 1.2, Methane conversion to syngas
highly improved by partial substitution on A- and/or B-sites,

with only small changes in the average struc{dré—9] Even though steam reforming of methane is widely indus-
trialized to produce syngas (a mixture of Bind CO), lower
* Corresponding author. Fax: +58 212 239 21 62. ratios are needed for oxo- and Fischer—Tropsch synthesis.
E-mail addressmgoldwas@reacciun.ve (M.R. Goldwasser). Carbon dioxide reforming of methane offers advantages such
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as the production of syngas with a lowes/BO ratio and it characterization by different physico-chemical techniques
obviates a water vaporization step to produce steam, an enand their performance in the dry and combines methane-
ergy consumer process, and eliminate;Gidd CQ two ma- reforming reactions.

jor greenhouse gases. Due to the high temperatures involved

and the presence of steam, sinterization of the active metal2.1. Synthesis of perovskite-type oxides

species and coke formation lead to catalysts deactivation and

in some cases to plugging of the readttd]. Methane con- Perovskites were synthesized by the citrate sol-gel method
version to syngas andHbased in steam reforming occurs by  to ensure a good homogeneity of the mixed oxides. Adequate
the two following reaction§l1]: amounts of solutions of A- and B-site cations precursors were

added to a solution of citric acid (99.5%, Riedel-degHpn
CHs +H20 < CO+3Hz  (AHze8k = 206kymol) (1) with an excess of ethylene glycol (99.5%, Riedel-déRa
CO+Hy0 <> CO; +Hy  (AHaggk = —41kImol)  (2) as the organic polydentate ligant as previously repdfitg].
Adequate amounts of the precursor of the cation at B po-
These reactions produce syngas with83D >3 ratio. How-  sjtion were dissolved under vigorous stirring in a solution of
ever, carbon dioxide reforming of methane, yielding synthe- citric acid (99.5%, Riedel-de Hm) with an excess of ethy-
sis gas with low hydrogen to carbon monoxide ratio, has |ene glycol (99.5%, Riedel-de i@a) as the organic polyden-
received renewed interests to transform Cahd CH to tate ligant. The citric acid/B cation molar ratio was 4, while it
more valuable products. Further transformations to producewas 1.38 for ethylene glycol/citric acid. The mixture was kept
methanol, higher alcohols and Fischer—Tropsch to diesel andat 57°C with mild continuous stirring until a clear solution
light alkenes require fICO <2 ratios, which can be accom-  \as obtained. At this point, a stoichiometric quantity of the
plished by CQ dry reforming and by partial oxidation: precursor of cation A, La(Ng)3-5H,0 or Ca(NQ)»-4H,0,
_ was added while keeping the mixture at°&7 The evapo-
CHs + COz © 2CO+2Hz  (AHz05K = 247kymol) (3) rating process proceeded for 2 days until a viscous resin was
CHs+ 10, <» CO+2Hy  (AHzosk = —36kJmol) (4) formed. The resin was dried at 150 for 24 h and calcined

. T , in air at 700°C. for 5 h.
In these reactions, product distribution is thermodynamically

controlled: H is favored at high temperature (700-8@).
However, to operate at high temperature introduces several
potential problems:

2.2. Characterization

To assess the structural features of the perovskites, the
e catalyst sintering enhanced by the presence of water vapor:solids were characterized as-synthesized, reduced and after

e catalyst stability; catalytic tests by means of different techniques such as in-
e coke formation by the following two reactions: ductively coupled plasma emission spectroscopy (ICP), IR
spectra, BET surface areas, X-ray diffraction experiments for
CHy < C+2H; (AH298k = +75kJmol) (5) crystalline phase detection and under temperature program
2CO< C+COs (AHaogk = —173kImol) ©6) reduction in B, temperature program reduction (TPR) and

X-ray photoelectron spectroscopy (XPS) analyses. JCPDS-
Coke formation via reactio(b) is favored at high temper-  ICDD standard spectra software was used to determine the

ature while reactior6) is favored at low temperatuf@?2]. phases. The ruthenium crystallite size was calculated using
Experimental operational conditions must then be carefully Ru(1 0 1) reflection and the Scherrer equafi$)14] The X-
chosen to minimize coke formation. ray photoelectron spectroscopy (XPS) were performed with

In the present work, Perovskite-type based catalyst werea VG ESCALAB 220 XL spectrometer. The monochromatic
developed to transform two cheap contaminating chemicals Al K « (1486.6 eV) source was operated at 80 W. For the XPS
into more valuable feed stock and petrochemical such as syn-analysis, the reduction treatments were conducted in situ us-
gas. Characterization was carried out to obtain a better appreing Hz as reducing agent and left 9 h at 5@ (heating rate
ciation of the principles underlying the modification of metal 2°C/min). Auto-coherent references were used: Lg-3at
catalysts by promoters by total or partial substitution of A- 833.8 eV, Ru 3¢l at 280.2eV and O 1s at 529.3 eV.
and B-site cations. For comparison, some previous published

results in the dry reforming of methane are includ#g@]. 2.3. Activity test
New results in the characterization and combine reforming
of methane are also presented. Activity tests were performed using 200 mg of catalyst

in a 20 mm i.d. quartz reactor at atmospheric pressure oper-
ated in a fixed-bed continuous flow system with0E0, = 1
2. Experimental for the dry reforming and CHCO,/O, = 4/1/2 for the com-
bine reforming. Argon was used as diluent, 750-850and
The experimental part comprises the synthesis of 24 L/(hg) hourly space velocities. Before the catalytic tests,
perovskite-type oxides, the preparation of the catalysts, theirthe solids were reduced inpHlow (20 mL/min, T=700°C,
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Table 1
BET surface area, IR bands, symmetry and cell prameters
Solids SA (n?/g) IR bands Sym Cell paramete&:)(

Vi v2 a b c
LaRuG; 2 612 414 O %8 767 5.54
LaRuy gNig 403 15 608 407 O D4 7.83 5.50
LaRu.4Nig.603 17 626 400 e} 54 7.88 5.94
LaNiO3 14 595 420 T 12 1043 6.92
LaRu gNig.203 9 592 417 e} %3 7.89 5.54
Lag.gCa.2Rup gNig 203 8 600 418 C 86 7.86 7.86
Lao.2Ca.8Ruo.gNi0.203 6 - - ¢} 536 767 5.53
CaRuw gNio 203 3 - - o} 536 7.66 5.53

Sym: symmetry; O: orthorombic; C: cubic; T: triclinic.

8 h). After reduction, the system was sweptwith Arfor 15min  compromise between the ease of reduction of the perovskite
and adjusted to reaction temperature. The water producedand its catalytic activity has been observed: catalytic activity
during reaction, was condensed before passing the reactantbeing reverse to the; values.
and products to the analyzing system, which consisted of an  BET specific surface areas measured after calcinations are
on-line gas chromatograph (Perkin Elmer Auto System XL) in the order of 2—7 rffg, which are high compare to the usual
equipped with a TCD and provided with a Carbosieve Sl values obtained for these solis].
80/100 (12inx 1/8in. 0.d. SS). The conversions of ¢hind The X-ray diffraction analysis of the as-synthesized solids
CO, were defined as the converted £binhd CG per total atroomtemperature revealed thatthe perovskite structure was
amount of CH and CQ fed, respectively. The selectivity for  the main phase detected for all solids with high crystallinity
product “i” was calculated based in carbon balance and de-and well-defined symmetry, in agreement with previously
fined as $(%) = (Ni/(NCH4 (c) + NCO, (c))) x 100, where reported value§l7,18] Most perovskites could be indexed
NCHyg4 (c) and NCQ (c) are the amount of methane and car- with an orthorhombic or cubic symmetry of the AB®/pe
bon dioxide converted. (Table ). TEM—-EDX investigations performed on the fresh,
reduced and used perovskite series revealed small and faceted
metallic particles, given an average metallic dispersion for the

3. Results and discussion series between 60% and 70%, except for the LRl 603,
where the dispersion was close to 9%.

3.1. Perovskites characterization: surface area, In situ XRD and TPR analysis shown that as the tem-

chemical analysis, IR and XRD perature is raised, cations in B-site position are reduced to

metals while those in A-site position are transformed to the

The chemical analysis of all synthesized perovskites respective oxidegl]. For all solids, the observed phases af-
showed a close similarity between analytical and nominal ter reduction at 700C were: Ru metal (alone or allied with
values, indicating the coincidence of real and nominal for- Ni), CaO and LaO3 depending on the composition of the
mula and the advantage of the sol-gel synthesis, as previ-starting solid. XRD analysis was also used to determine the
ously reported1,2]. An oxygen deficiency was shown by metal particles size of the crystallites by means of the Scher-
most perovskites. rer equatiorjl3,14] Peaks correspond mainly to Ru (4437

Table 1lists the synthesized perovskites, their measured 20) slightly shifted, due to the presence of Ni. For all struc-
surface area, IR bands position, cell parameters and theirtures, the calculated mean particle size values are between 10
corresponding symmetry. All synthesized solids showed two and 15 nm Table 2, indicating the existence of high disper-
bands inthe medium IR region at 600-500 and 400-450'cm  sion and/or uniform distribution of Ru(Ni) in the CaO—Qs
characteristics of the perovskite structure. Their positions are matrix. On the lanthanum containing perovskites, dioxomono
in good agreement with those reportedirb,15] The posi- carbonate, Lg0,COgz, was also observed. This layer isin fast
tion of the IR bands allows establishing the strength-e€B equilibrium with the carbon dioxide in the gas phase during
bond and its maodification by substitution of the B cation. A reaction, and has been claimed as responsible for inhibiting

Table 2

In situ XRD results: phases and average size of Ru(Ni) after reduction

Samples 22 (°) T of degradationvC) Phases after reduction Mean size (nm)
LaRuw gNig 203 32.100 400-500 RUNI©, LapO3 9.9

Lag gCa.2Rup gNig 203 32.230 400-500 RUNI%, Ca0, LaOs 103

Lap 2Cap gRuo gNip.203 32.486 300-500 RUNI®, Ca0, LaO3 15.1

CaR gNip 203 32.912 300-400 RuNi®,ca0 149

a Evolution of the most intense peak at Z®.
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Table 3
Ruthenium and oxygen XPS binding energy and composition
Perovskites Ru Oxygen
Fresh Reduced Fresh Reduced
LaRuG; 280.7 (weak)-282.35 280.4-000%) +& oxides 533.3 (11%)-532 (33%)-531 529.1 (25%)-531.1 (55%)-532.2
(33%)-529.5 (22.5%) (20%)
LaRuw 2Nig.gO3 280.3 ~33%) 282.5(¢67%) 531.5 (44%)-529.4 (56%) 529.4 (62%)-531.5 (38%)
LaRu.4Nig 603 282.4-283.6 280.3 (60%)—282.6 (40%) 531.8 (70%)-528.5 (13%)—-529.529.3 (56%)-531.4 (44%)
(17%)
LaRu 6Nig.4O3 282.9 280.4 (70%)—282.7 (30%) 532.9 (4%)-531.5 (63%)-528.5529.3 (45%)-531.5 (55%)
(16%)-529.4 (16%)
LaRu gNig.203 280.3 (~33%)-282.5 280.2 (70%)-281.7 (30%) 531.7 (80%)-529.5 (20%) 529.5 (22.5%)-530.9 (51.7%)-532.7
(~67%) (5.8%)
formation of deactivating cokfl9,20] After 30 h of reac- Ru or Ni in an OH environment:-532 eV peroxides @ or

tion, the TEM-EDX analysis showed that this layer remains OH correspond to O less rich in electrons, weaker and more

in most of the solid¢1,2]; however, was not detected after reactive[21].

longer reaction periods, due essentially to carbon deposition.  Atomic ratios for LaRyNi1_xO3 series are shown in
Table 4 As expected, some oxygen is lost after reduction.

3.2. X-ray photoelectron spectroscopy (XPS) The Ru/La and Ni/La ratios are lower than the nominal value
except for LaRy gNig 403.
Table 3lists the XPS composition for Ru and oxygen. Table 5shows the bulk and surface stoichiometry of the

Results showed that under the experimental conditions usededuced La xCaRuo.gNio 203 series perovskites. To eval-
only B-site cations (Ru and Ni) are reduced to the zero ox- uate the chemical state and evolution of the metals at the
idation state, while those cations in A-site position do not surface, a semi-quantitative analysis was performed. Only
show any reduction, as confirm by in situ XRD and TPR Ru/O and Ru/(A + A) ratios are presented since attempts to
studies[1]. For the mixed LaRu_4NiyOs perovskite-type  extract reliable quantification of Ni was extremely difficult
oxides, two well-defined peaks for Rusg one atv280eV ~ due to the severe covering of the Ni 2p signals by the com-
attributed to RA and a second one a282.6 eV correspond- ~ plex La 3d region and the low nickel content on this series:
ing to unreduced Ru (Ru(lll)) was observed. As the amount La1—xCaRup gNio 203 [1]. Ifitis assumed that for the Ca—La
of Ni increases on the perovskites, the reducibility of Ru series R, CaO and LaOs are the main phases present af-
decreases. For the more active perovskite (LgRlip 203), ter reduction, as observed by XRD, the Ru/O ratio should
the signal attributed to Ru(lll) appears at 281.7 eV indicating be around three times smaller than that of Ru[2a,23]
the existence of a different Ru species in this solid prob- However, it is observed that the substitution of lanthanum
ably due to partially reduced Ru. Before reduction, Ru in by calcium lead to a Ru/O ratio approximately equal to that
LaRuQ; and LaRug gNig 203 appears mainly as oxide with  of Ru/La _|nd|cat|ng a great def|C|ency in oxygen. These_ re-
a small amount of Ru metal. After reduction, the main phase Sults are in good agreement with ICP and TPR observations,
is Ru metal with small amount of Ru oxide in different pro- where the formation of an oxygen deficient perovskite of the
portions, as seen iflable 3 The wider shape of the sig-  type LaxCaRuo gNio 203, was invoked to compensate
nal corroborated the presence of several Ru species in thidor the difference in charge produced wherfCsubstitutes
solid. La3*. In agreement with TPR and XRD results, the observed
Since activity of the perovskites is usually related to the oxygen deficiency was lower for the most stable perovskite
mobility of oxygen on the solid, the chemical state of oxygen LaRu gNig.20s. _ _
on the surface was also examin@eble 3shows the oxygen Fromthe XPSresults, the question of why LaRMio. 203
XPS composition. Signals were assigned as: 529eVto O Produces the most active catalyst is difficult to answer. How-
of the perovskite lattice oxide; 531 eV to-Gonded to La, ever, there are some possibilities/causes to be considered:

Table 4

Atomic ratios

Solids Ru/La Ni/La Ru+ Ni/La O/La OlLa Ru/Ni
Fresh Red Fresh Red Red Red

LaRuG; 0.3 0.28 - - 0.3 3.1 1.74 0

LaRu gNig 203 0.10 0.15 0.07 0.08 0.23 3.1 1.34 2.29

LaRu eNig 403 0.06 0.054 0.41 0.65 0.47 3.0 1.82 0.15

LaRu.4Nig 603 0.06 0.054 0.25 0.29 0.31 2.84 15 0.2

LaNiO3 - - 0.5 0.55 0.5 3.68 1.9 0
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Table 5
Bulk and surface stoichiometry of the reduced perovskites
Samples La Ca Ru Ni (@) Ru/O Ru/(Ca+La) (Ru/O)/(Ru/(Ca+La))
LaRu gNig 203
Surface 1.0 - 0.15 0.08 1.34 0.11 0.15 0.73
Bulk 1.0 - 0.80 0.20 3.00 0.27 0.80 0.34
Lag gCap 2Ry gNio.203
Surface 1.0 0.42 0.35 - 1.55 0.23 0.25 0.92
Bulk 0.8 0.270 0.80 0.20 3.00 0.27 0.80 0.34
Lag 2Cay gRuo.gNio.203
Surface 1.0 0.38 0.28 - 1.45 0.19 0.20 0.95
Bulk 0.2 0.80 0.80 0.20 3.00 0.27 0.80 0.34
CaRu.gNio 203
Surface 0.0 1.00 0.22 0.17 0.94 0.23 0.22 0.96
Bulk 0.0 1.00 0.80 0.270 3.00 0.27 0.80 0.34

e The activity does not seem to be related to the amount of perovskite-type oxides. On these solids, steady state condi-
Ru atthe surface since (LaRgBas more Ruinthe surface tions for the perovskite oxide series were reached rapidly,

than LaRy gNig 203). remaining almost constant for up to 150 h, except for the
e Since it is higher for LaRgigNig 203, it could be related LaNiO3 solid which start loosing some activity after 100 h
to Ru/Ni ratio. due essentially to carbon deposition on the Ni crystallites.
e LaRuw gNig 203 is the only sample to show Ru 3¢ a With the exception of the LaRufsolid, all perovskites
281.7 eV after reduction. showed a Cld conversion higher than that of G@t all tem-
e Activity related to the quantity of Ru and/or Ni in the per- peratures. This could imply that steam reforming of methane
ovskite (oxide state)? and/or methane cracking is taking place. When compared un-
e The degree of reduction? Reduced LgRNip 203 has the der isoconversion conditions, the LagiNig 2O3 perovskite
lower ratio O/La. was the best precursor catalyst. The high activity shown by

e Related to the presence of carbon or carbonate?this solid is attributed to its higher metallic dispersion (89%)
LaRw gNig203 seems to have low carbon presence compare to LaRglsNig O3 (9%), which showed the lower

(C 1s~289-290¢eV). activity (seeTable §. The metal dispersion plays a funda-
e Related to oxygen liability (- at 532.7 eV). mental role in these reactions as pointed out by Kim et al. for
structure sensitive reactiof25].
3.3. Catalytic studies For the Ca—La perovskites, under optimized experimental

conditions, catalysts did not show significant coke deposi-
tion even after 120 h on stream (1.38% carbon/g of catalyst),
maintaining their activity and selectivity to CO, which cor-
roborate the low coke formed in these solids.

In previous work[1,2], the dry reforming of methane to
syngas was carried out, optimizing reaction conditions to
higher yields of syngas. It was found that the best Ru—Ni : X ) . .
combination was obtained for LaRgNig 203 while on cal- For the c.ombme. reaction, an important increase in
cium containing perovskites baCay 2Ruo.sNig 203 pro- CHgy conversion at d|ﬁ§rent temperatures was opserved on
duced higher ratio of HCO. Calcium was used to increase -@RW.sNio.20s, especially at lower temperatureSig. 1).
the basicity of the catalysts in order to further inhibit coke OXY9en consumption was always 100%, in agreement with
formation. In the present work, the behavior of some of those th€ results of Schmal and coworker on Pt supported catalysts

precursor perovskites in the combine reforming of methane [26]. Since the partial oxidation is an exothermic reaction,
was studied the energy liberated enhances the endothermic reaction fa-

Addition of oxygen to carbon dioxide reforming of VOring activity. However, the C®conversion decreases for
methane can reduce the carbon deposition on the catalystrable 5

Sur_face and increase methan_e Convers_lon' Thls Comb'_ne r?'CH4 and CQ conversions, CO selectivity, dispersion and carbon balance
action emerges as an alternative of partlcular interest since it

allows working at lower temperatures, due to the exothermic ' o St (Co/i;"‘ g/co;)z ?;S (Dogpers'on bC;z)nocr;
character of the partllal pmdatlon reaction, which not.only im- LaRUGs s po 62  om 981
proves the KH/CO ratio in the product, but traduces in lower LaRwsNios0s  89.4 718 904 89l 98.2
energy consumption and a more economical way of methane| ary, ¢Nip 40s  64.9 604 823 583 94.7
conversior[7,24]. LaRw4NiggO3  19.0 a1 63.2 91 96.0
Table 6 compares the CiHand CQ conversions, CO  LaNiOs 83.8 653 85.0 530 94.5

selectivity, dispersion and carbon balance for La—Ru—Ni W=200mg, GHSV =24L/(hg), time on stream = 24¥% 1 atm,T=923K.
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CHz and CQ conversion, and pICO ratio for dry and combine methane reforming

Solid Dry reforming Combine reforming

X (CHg) X(COyp) H,/CO X (CHg) X(COy) H,/CO
LaRu gNig 203 79 81 0.94 87 51 1.18
Lag.gCap 2Rup gNip.203 68 62 0.86 83 50 1.18
Lap 2Cap gRup.gNig.203 46 50 0.87 88 47 0.86
CaRu gNig 203 56 49 0.93 66 37 1.04

Treac= 700°C, WHSV =24 L/(hg), CH/ICO; =1, CHy/O2 =2, W=200 mg,Treq= 700°C/8 h, time on stream =24 h.

100 -

80 -
XCH4 60
(%)

40 —@—- CH4/CO2/02

—i— CH4/CO2
20 A
0 T T T 1
500 600 700 800 900
T°C

Fig. 1. CH, conversion vs. temperature on the dry and combing @fbrm-
ing reaction on LaRy)gNig 203.tr=24h, WHSV =24 L/(hg), CllCO, =1,
CH4/O2=2,W=200 mg, red- 700°C/8 h.

all catalysts when ®@is added to the system. This behavior
could be explained by the fact that @ a stronger oxidizing
agent than C@and its production is favored by reacti¢r)
where CQ is being generated as a product of the methane

combustion in presence 0f,0
CHs+ O <+ 2COx + 2Hy (A H29sk = —802 kYmol)(7)

When La is substituted by Ca, a decrease in both its activity
and selectivity is observed, as showable 7 This decrease

zation techniques. TEM—EDX analysis and XRD studies per-
formed on the LaRyLxNixO3 series revealed the complete
destruction of the perovskite with reduction of Ru and/or
Ni. During reaction, formation of small and faceted metallic
particles with dispersions between 60% and 70% was ob-
served, together with the existence of a significant amount of
a Lay0O,CO3 phase, especially on the LaigNip 203. Re-
duction before reaction of the precursor perovskites produced
small metallic particles that avoid coke formation and give
rise to active and stable catalysts. Due to the stability shown
by these solids, itis believed that this phase highly contributed
to the resistance to deactivation.

All perovskites oxides, except LaRuNig O3 were found
to be highly active toward the syngas production during the
CO, reforming of methane. Among the solids tested, the
LaRuw gNig.20O3 showed a high potential as a catalyst for this
reaction, reaching conversions of 89% and 72% in,@Hd
COy, respectively, with CO selectivity close to 90% even after
150 h on stream.

The simultaneous oxidative and @@forming reaction
of methane notably diminish coke formation, increasing ac-
tivity and syngas production at lower temperature.
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is produced because the substitution of a cation of larger ionic
radium by a smaller one induces changes in the perovskite
needed for charge compensation as determined by ICP, Tpﬁ?eferences
and XPS.
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