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NOTICE

5'This répnrt.ﬁaé prepared'a§ an account of work sponsored by the United
States Government. Neither the United States.nor the Department of Energy,
nor any gﬁ:thgir employees, nor any of their contractors, sqbcéntractors, or
their employees, makes any warranty, express of implied, or assumes any legal
- Tiability or resPonsibi15ty for the accuracy, completeness, or usefulness of
any information,'apparatus, product or process disclosed or represents that

its use would not infringe privately-owned rights.
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o : . Abstract

The - influence of alka]i promoters on CO hydrogenation was studied as a
functlon of catalyst support (AJZG3, 5102, 5102-A1203 and T102) Temperature-
programmed reaction was used to study the specific rates of €O and carbon
hydrogenation, and temperature-programmed desorption studied the change ir
H2 and CO desorpt1on rates. The role of the support was separately studied
for comparison. Spec1f1c activity &nd product distributions were also studied
in a differential reactor with gas-chromatography detection. On all catalysts
the selectivity for higher hydrocarbons, particularly olefins, was increased
by addiyjon of Na or K pramoters. On all catalysts but Ni/SiOZ-Aﬂzos, however,
‘the specific activity decreased; on Ni/SiOz-A1203, a slight increase in specific
activity was seen. Similarly, significant changes in met:hanation activation
energies were abserved for the addition of p}omoters. tood agreement was
obtained between differential reactor studies and temperature-programmed reac-

tion. The rola of the promoter is significantly influenced by the oxide

support.



Introduction

A typical supborted-metaf cataIyﬁ; ;ohtains one or more noncatalytic
_promotérs, often alkali metals, that éhange the activity and se]ecfivity. The
effect of those promoters appears to dépend on the support and the method of
preparation. This research is aimed at understandin§ how the catalytically-
inert alkali metal changes activity and se1ecti?ity. Carbon monoxide ﬂydroge-
nation is being studied on supported nickg] and ruthenium. |

Temperature-proérammed desorption (TPD) and reaction (TPR) are be%ng'used
with mass spectrometric détection to detefmfne how promoters affect binding
energies, individual reaction steps, reaction mechanism aﬁd catalytic activity.
Differential reactor kinetic studies with gas chromatographic analysis is used
to measure selectivity and activity. X;ray photoe]ectrnﬁ spectroscopy will be

used to determine the concentration and chemical state of the promoter.

Project Status, Accomplishments and Technical Discussion

Tempevature-programmed desorption (TPD) and reaction (TPR) and differen-
tial reactor kinetic studies were applied to a number of catalysts prepared
in our laboratory. These catalysts.were prepared by impregnation procedures
with various concentrations of sodium and potassium promoters. Thé alkali
salts were used as the promoter source. Unpromoted catalysts were also pre-
pared. - The weight loadings vere measured, for both nickel and the alkali, by
atomic absorption. Some of the catalysts were also characterized by Auger
spectroscopy and x-ray photoelectron spectroscopy to verify the presence of
the alkali at the surface.

We will present results mainly for TPR and differential reactor studies.
Both the influence of promoters and supports and the effects of suppori‘onh

the promoter were studied. In a few cases, the effect of promoter concentra-

tion was also measured. -



_;a_norma1 TPR.. Using quputer switching"between mass peaks, methane (mass 15),
ethane (mass 30), propane (ma;s 43) and.mass 44.(progane and carbon dioxide)
were simu1taneous]ylmonitored as a function of temp;réture. Figures 1-4 show
thg rggctipn products for seven different initial coverages. Table 1 shows

the interruption temperature used for the data and the fraction of saturation

coverzge of methana.

~

Me@hane and ethane were formed in narrow peaks and two distinct methane
~ peaks wére seen. Ethane formed at a slightly Tower temperature than methane;
Xtthg ethane yield was only one-hundredtﬁ of the methane. The methane, ethane
and propane peak temperatures did not change with initial coverage, indicating
- firstfordet processes for all.three.products. Masses 43 and 44 were used to -
identify propare. Since mass 44 was broader than 43, it probably has a con-
tribption from CO2 and. from propane. Olefins are not expected to form in TPR
experiments becaﬁse of the large excess of HZ‘ Also, ethylene would be diffi-
cult to detect because of desorption of unreacted CO.
" Even for the high H,:CO ratio that is present during TPR, the Ni/TiO2
catalyst still forms ethane and propane. Though these quantities are small,

they are detectable with the mass ‘spectrometer system and the results in

Figure 1-4 show the ability of TPR to study catalytic reactions with high

senstivity.

Promoters: The influence of alkali promoters has been studied on Ni/SiOz,
Ni/SiOz-A'le3 and Ni/TiO2 with temperaiure-programmed desorption (TPR). By
using TPR, specific rates, of reaction to methane and ethane vere measurgd,
independent of surface area measurements. The effect of promoter concentra-
tion was also studied. On Ni/SiOZ, sodium and potassium were found to sig-
nificantly decrease the rate of CO hydrogenation to both methané and ethane
";;(ﬁéélFiégre*S). Similarly, on Ni/Ti0,, potassium decreased the specific

" rate'Gf hydrogenation. Similar decrcases have been seen in the steady-state

&



hydrocarbons and activities were measured in. agreement with those .réparted in

the Titerature. Cafq1ytit activities and seléctivities were then compared

“for catalysts on various supports, with.and without promoters. As-shawn -in

Table ﬁ,lfbr similar weight loadings, the activity per gram of nickel.was
highest for &i/Tin, as expected from reports in the.Titeraturea The turnover
numbers have not ?et been determined. These data are for a 3:1 ratio of H,:CO )
and for conversions below five percent. |

The most important observation from these data is that on .Ni/Si0, and ]
Ni/TiOz, the methanation activity decreased significantly with the addition‘

of 1% K. On Ni/Si0,, the activﬂty also decreased for 0.9% Na promoter, though

" the decrease was not as large as for potassium. In contrést, the activity

for Ni/SiOZ-A1203 was essentially the same. That is, the change in the acti-
vity is dramatically dependent on the support used. This is in agreement with

the temperature-programmed reaction results, which show that the alkali pro-

motérs cause a decrease in'specific activity for N1‘/S1‘02 and Ni/TiO2 and an
increase for Ni/Si0,-A1,03. This shows the values of TPR for rapid character-
iéation of catalysts.

Table 4 shows the apparent activation energies measured for the same
catalysts. On Ni/SiO2 and'Ni/SiOz-A1203, promoters increase the activation
energy, with a particularly large increase seen for Ni/SiOz. On Ni/TiOz, a
slight decrease was seen in activation energy. In Tables 3 and 4 thé reduc-
tion teﬁperature was varied between 450 and 550°C to observe possible effects
of strong metal-support interactions. On unpromoted Ni/TiOz, the73ctivity
decreased while on prgmotéd Ni/Ti0,, a slight increase in activity was seen.
Similarly, the activation energy increased slightly with higher reduction

temperature.

—

Figures 7-12 present the product distributions, as a function of tempera-

ture, for the promo*~d and unpromoted'catalysts on these three supports. As



A small effect due ‘to increased reduction temperature was observed for
the Ni]T{OZ-catalygté; no dramatic changes were seen. "Most of the data for

Ni/Ti0, were for reduction at 450°C. -

Conclusions

S Carboﬁ monoxide hydrogenation to methane and higher ﬁydrocarbons was
studied with tempefature-programhed reaction and with a differential reactor.
Alkali pro&oters significaqtly change activity and se]ectfvity on nickel
catalysts. The sﬁbport aI;o indeéendently affects selectivity and the jn-
-fluence of the;a1ka1i promoter~depends significantly an the support. )

For all supports studied (5102, Ti0,, SiOz-A1203), sodium and potassium
promoters increase the selectivity towards higher hydrocarbons, particularly
towards oTef%ns. For Ni/$i0,, for example, a factor of thirty increase in
ethylene percentage was seen. However, with the exception of.silica-alumina-
subpqrted nickel, the overall rate of rgg;tion is signjficant]y decreased by '
alkali. On Ni/SiOz-A1203, the activity-increases. Temperature-programmed
reaction also shows tﬁat both carbon and carbon monoxide hydrogenation rates
ére decreased on Ni/SiOé, apparently due to decreased bonding of hydrogen.

Agreement in these studies between TPR and steady-state kinetics is excellent.

L



Preprints

"CO Methanation on Low Neight-loading Ni/A1503: Multiple Reaction Sites)"
by K. B. Kester and J. L. Falconer, submitted to J. Catalysis (preprint
attached).

"Alkali Promoters.on Nickel: Influence of Catalyst Support on Methanation,"
by J. L. Falconer and P..D. Gochis, to be submitted to J. Catalysis
(preprint will be forwarded to DOE). N :



Table 1

- 10% -Ni/T10,: Temngrature-Programmed Reaction

o durve " __Interruption Temperature (K) Methane Coverage (%)
a 300 100

b 3% _ 97.4

c . ‘ 407 91.6

d 06 77.6

e . 425 52.4

f 430 36.0

g 434 _ 17.8



Table 2

- Peak Temperatures from TPR Carbon Monoxide

Catalyst CH, C,He CHg

Ni/Si0, o
unpromoted 484 461 ! 484
0.5% Na* 493 472 475
0.5% Na 514 500 497
6.6% K 521 488 497
0.9% K 550 - 498 447

N'i/S'iOz-A'IZOB

_ unpro_moted 471 444 --

0.2% Na 465 445 442
0.3% Na 460,519 432 455

n



Table 3

Activity for CH4 Formation at 548 K

Comr——

(umﬂ e]

s-gNi

Catalyst - 1% K 0.9% Na
10% Ni/SiO2 135 1.36 11.3
10% Ni/SiOZ-A1203 99.6 103 -
10% Ni/T1‘02 -
Reduced 450 255 - 4.72 -
Reduced 500 218 5.65 -
Reduced 550 167 - -

12




Table 4

.Apparent Activation Energy for CH, Formation

{kJ/mo1)

Catalyst - 1% K

0.9% Na

10% Ni/Si0, 103 145
10% Ni/S10,°A1,0; 110 125

10% N‘i/TiO2
Reduced 450°C 129 125

Reduced 500°C 133 122
Reduced 550°C 136 --

13

106 -



Figure 1

F{gure'z

Figure 3
Figure 4
Figure 5
Figure 6

Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12

'Figure Qgﬁtions

Methane TPR spectra for CO adsorbed on 10% Ni/Ti0;. Initial
coverage was varied by interrupted reaction (see Table 1).

Ethane TPR spectra for CO adsorbed on 10% Ni/TiD2 (see Table 1).

Propane TPR spectra (mass 43) for CO adsorbed on 10% Ni/TiO2
(see Table 1). :

Mass 44 TPR spectra (CO, and propane) for CO adsorbed on 10%
Ni/Ti0, (see table 1).

Hydrocarbon products for TPR of CO from Ni/Ti0, (a) CH,
(b) C2H6 and from 0.9% K on NilSiOz {c) CH4 (d) C2H6

Hydrogen desorption spectra for hydrogen adsorption at 298 K on
(a) 10.1% Ni/SiOz (b) 12.1% Nx‘/Sio2 with 0.9% K promoter.

10% Ni/Si0, product distribution.

10% Ni/1% K/Si0, product distribution.

10% NilSiOz-Alzoa product distribution.

102 Ni/1% K/SiOz-.!ﬂzO3 product distribution.
10% Ni/Ti0, product distribution.

10% Ni/m"K/Tioz product distribution.

»14
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1070 Ni /4i0, - Aleo5  (wthost promater)
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107 Ni [Ti0,  (without Prowotec)
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