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This report was prepared as an account of work sponsored by the United States Gov-
ernment. Neither the United States nor the United States Department of Energy, nor any
or their employees , nor any of their contractors, subcontractors , or their employees take
responsibility 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.

"OBJECTIVES
Task 1. Preparation of catalyst samples
Task 2. Testing catalysts for syngas conversion
Task 3. Measurement of surface composition and structure
Task 4. Determination of nature of surface complexes
Task 5. Reaction mechanism determination by isotopic tracers and kinetics
Task 6. Design, prepare and test optimized catalysts



i ABSTRACT

-~

In this quarter, the problem of separation of the reaction kinetics for carbon monoxide
hydrogenatipn for the synthesis of priméry and secondary products was investigated for
molybdena modified Thodium/alumina catalysts. A new mathematical metﬁod(Delpiot)

. for separating primary/secondary products was found. The utjility of this approachisin fhe '
easy‘me'thod of finding the effect' of process parameters (GHSV , CO /ﬁydrogen, P.ressure) '
.on the reaction. patﬂwéy. Fu;thermére, this met.hod 1s used éo'sép:a_rate ;egim'es of space
time ('conyergior'x) where a certain produ'ct is primary or setbndary.’ '
. The results of the 6ng;::ing investigation of particle size and spatial distribi'1tion of

various components using TEM and XRD are discussed. -



Task:3 Measurement of surface complexes
Task:4 Determination of nature of surface complexes

Task:5 Reaction mechanism determination by isotopic tracers amd kinetics

Separation of Kinetic Primary/Secondary Products

Introduction

Separation of products into primary and secondary.groups is'e__ssential to the inves-’
tigation of the kinetics and performance of the catalysts. A kinetic prix:qary product is
one which is formed from one slow step while a kinetic secondary product is formed from
several slow steps. A brief analysis of this method for Rh- I\EL/AIQO" catalysts was given

in the sixth quarterly report. In this section a detalled ana1y51s of this method and its

apphcatlon for Rh-Mo/ A]-:Oa catalysts is dlscussed

Prevlously two different methods were used to separate primary and secondary prod—
ucts. In the first method, whzch is also known as the intial rate method, the rate of
formation of a product is plotted agamst space time. A p051t1ve slope indicates that the
product is primary, while a zero slope indicates that the product is secondary This method
needs differential reactor data. In the second method the rate of formation of & product
is plot.ted against the total flow rate at a fixed partia.l‘pressﬁre of the reactants. .A.ﬁnite"
asymptotic value of rate at large flowrates mdlcates a prlmarv product

An 1n1prox ement over the generally used differential method based on initial rates is to
plot (mole fraction of product/ conversion of A) against conversion of A. If product P is
secondar}'., the y-intercept is zero but if product P is primary, it has a finite intercept. In
the case of primary products the intercept is a ratio of pseudo first order rate conétant of
the slowcst step leading to the formation of product P to the sum of pseudo first order rate

_constant leading to the formation of various-other products. Furthermoro, based on the
kineties of each step. the intercept can vary with the intial coricentration (partial 1)rc§stlr(')

of the reactants, except when all reactions are first order. Using the above method it is

2



possible to separate the reaction network into distinvr regites where a species is a kinetie
primary product and kinetic secondary product,

The advantage of the mc:t-hod described is two-fold. Firstly integral kinetic data can be
fsed. Sccondly a lot nﬁore information can be obtained from the intercepts. To understand

this, lets sec how this method works.

' "
i [ = l -
In eTcep im Bé{;—_ﬁ )

‘:. Intercept = 9 _—'.’_’rb— )
2i=0"A
where |
r$ is-'thc; intial rate of species P
and n is the number of steps in which-A is consumed
If Intercept =0 then product is non-prlmary and if mtercept o then product is
primary.

'Hence the intercept for a primary product is the ratio of the pse_udo first order rate ..

consiant in the slowest step leading to the formg.tion of that ;;roduct divided by the sum

" of pseudo first order rate -constants of all slow steps by which' the reactant is consumed.

" Thus by finding the intercepts at ‘various partial pressures of the reactants we can find

how the reactlon pathwav changes with partial pressure of the reactants. As an example,
ﬁuure 1 1llustrates the use of such a plot for Rh-Mo/ AlgOo catalysts We have not only used
this method to for separating kinctic primarj' and secondary products but also extended it
further to separate then into regimes , i.e. into regimes wh.crc a certain product is primary
and ro‘gimes where certain product is secondary ‘

In figure 2, the molefraction of McOEt/ ()orn};;rsiorl is _pl.ottcd against the conversion of

0. The uurc can be divided into two asymptotic regions. In region 1 the timne constant

2 is less than 7.
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In the fcac;ion of CO and Hy over 3%CRh 7.5 Ao- AloOs  the finite intercepts for
‘f\lv()H. MeONe and COsffigure l.) show that the products are primary as is CHy . The
results indicate tha_t there is .onl,\' one slo-f\-' step in the formation of the above products.
This ifnp]ict that cither McOH=6r MeOMe is formed from the same intermadiate on the
surface and the formation of the 1ntermed1ate is the slow step, or the conversion of MecOH
to MoOM'e is very fast. The finite intercept for CO, implies that the water gas shift
reaction is very fast so that water reacts with CO to-form carbon dioxide as soon as it is

formed.

~Table 1-lists- the ‘intercepts of COq7 MeOH and MEOMe for"3%RA 7 S%MBTA'IQO'J ‘
a function of CO/Hj ratio. The intercef)t for carbon dioxide decreases with decrease in
CO/H, ratio because the gas phase contains more hydrogen and hence the water gas shift
reaction is. less favored. Higher amounts of MeOH are formed at higher H2/CO ratio aqd
: thxs leads to a higher intercept. o |

In the case of formation of MeOEt (ﬁgur‘e 2.), two distinct regimes are seen. MeOEt
is a pmmarx product above 1.5% CO conversion, while it is a secondary product for low
conversions. Regime 1 consists of low conversion or r low space time runs, while regime 2

cons:sts of high convers:on or high space time. The above behaviour can be explained by

«

,con51der1ng the following example. -
A— B=C

Let ry .and 72 be the time éonstants for each reaction step. Usually 72 < 7. , where
7 is the space time. This leads to the second step being at equilibrium and hence C is a
kinetic primary product. In the case where 7 > 7. . the molecules do no.t have enough
time to equlibrate according to reaction 2. This leads to two slow steps in the formation
of C, henee C is a kinetic secondary product. The point of c_h‘angc in the regimes gives an

“order of magnitude estimate of 75 , which is O(8 sec) for MeOE.

Transm i_'s_sion E_lectron Microscopy(TEM)
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Iniroduction

Transmission electron microscopy was usvd to find particle size and distribution of vari-
ous compmwnt: on the catalyst surface. Sca.nnmg transmisssion elettron microscopy(STEM)R
with cnergy dispersive X-ray dnalvsm(ED\) was used in conjunction with TEM to find spa-
tial element dxstrzbupxon. A Phillips EM 400 electron microscope with attached STEM/EDX{
unit was used. Fresh and used catalysts were used. The sample preparation included
ﬂrmdmg the sample on glass slide. Small pa:nc]es of sample were then transferred to the
copper grld To get meaningful and comparable data, experiments were run on the same
catalysts used in reaction and characterization studies. It is difficult to get good contrast
from porous supports. This is beeause of the man}r" va'cuu'm-suppor{c interfaces present in
the beamn pa'gh in the the specimen. This results in large scattering of the electron wave
from the support. .The porous catapal alumi.rla;usec'l con'sists of small'crjfstalline’ particles
,ln the range of 10 to 100nm. The small. crystallite size of the alumina particles and its
senn-crystalhne nature decreases the contrast further. Fresh and used catalysts such as
Rh/Al203 , Mo/Al;0O3 and Rh-Mp/A]gOg did not show any particles. XRD studxes on
fresh and used-catalys’cs did not show any detectable’pattern "of Rh or Rh-oxide. To make

sure that the operating procedure was right Rh /MgO used catalysts were also run.

F:gure 3 and 4 show electren m1crographs of 3 %Rh 15%Mo/Al;03 and 3% Rh / AlgOa

From the ﬁrrures it is clear that there is insufficient contrast Figures 5 and 6 show the R

energy dxcpcrsne x-ray analysxs spectrim obtained from the regions shown in ﬁgure 3/
J -
‘4. The spectra shows the presence of rhodium and molybdenum in the specxme;: <
i = ;oo
intense Cu peak is from the grid and the specimen holder. - S

A R -""w“ .
N o
Y

Dxffmctlon patterns of the gamma alumina supportcd samplc do not how any features.

This is becausc of the v cr\' small particle size and Thc scmi-erystalline nature of the support.
In the case of ma;,ne:xa supported Rh catalysts. The brwh‘r field immages do not show -

Ay dlsimm contrast even upto 480K magnification. Figure 7 shows bright field images of

Rh/l\IgO used catalysts.

W~
iRY
”w
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Yacaman o ;:.l.j.l have shown from dynamical 1theory ealeulations that the particle-
support contrast for a dark field images is high cowpared to bright fi}'l{l images. These
caleculations were carried out for non-porous support. howtl‘vor the conclusian still hold for
porous supports. This |s the reason we tried d;_trk ficld method. The difitaction patiern
of Rh, MgO used catalysts consists of rings and spots. Since the prcdominatﬂ spacing for |
MgO and Rh is nearly same, the diffraction spots or arcs arising from Rh and MgO are at
the same radial distance. Figure S shows the diffraction pattern of Rh;/MgO crystals. The
sample is tilted to give the highcsi intensity in the diffraction pattern. Figure 9 shows tHe

dark field image of Rh/MgO when the objective aperture is on the 2 o’clock spot in the

diffraction pattern. |
The particle si'zo_ »measure&l from the dark ficld imag; is 2004. XRD pattern show Rh
particles in used catélysts (figures 10 a;nd 11). The rhodium particle size as measured from
x-ray line broadening experiments was 1504. However the MgO peak corr.esponds.to a
crystallite size of 200;31. Further experiments are underway using STEM/ EDX to analyze
t.he clemental composition of the particles which give rise to the contrast.
TEM invest_igat;ior-l on the alumina supported molybdena catalysts will be c:ontinued

at University of New Mexico in collaboration with Professor Abhaya K. Datye.

References:

1: M. Jose Yacaman and J.M. Dominiguez, J.Catal.1981, 67, 475.



- SEPARATION OF PRODUCTS

Co hyd{oge;r;-aﬁbn on 3%Rh7.5%Mo/alumina
225C, 30 atm, Hydrogen/CO=2

Mole fraction/CO conversion

%CO conversion
c. ‘ f



Figure 2

SEPARATION OF REGIMES
Primary/Secondary Products
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MeOEt mole fraction/CO conv.
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% CO conversion



Figure 3: Transmission Electron Micrograph of
3%Rh/Alumina used
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Figure 4: Transmission EI ectron-Micrograph of
3%Rh 15%Mo/Alumina-used
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Figure 5: Energy Dispersive X-ray Analysis
o 3%Rh/ALumina -used
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Figure 6: Ener% Dispersive X-ray
Ana1ys1s of 3% 15%H0/A1umna -used
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Figure 7: Transmission

3%Rh/Mg0 used "
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Figure 9: Non-centered Dark Field Micrograph of 3%Rh/Mg0d
used catalyst




Figure 8: Electron Diff;raction Pattern of
3%Rh/Mg0 used catalyst
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Table 1

Intercepts from Delplot

‘ Intercepts

CO/H, pCO pH: Intercept .
psi pst CO, M_eOH MgOMe

2 300 150 0.27 0.24 0.17.
1 225 225 0.21 @ e
1/2 150 300 0.1 0.3 e
1/3 112.5 3375 0.09 0.40 0.15
1/5 75 375 0.06 0.43 0.13

@ - very small, cannot be accurately found
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