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Figure &
X~ray photoelectyon spectrum of TiRt103 mounted
on gold foil.
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Reaction MecHanisms For THE HyDroGeEnaTion oF CArRBOM Monox1DE

Primary REACTIONS:
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Figure 5

Possible ‘reaction patiways for the formation of alkanes,
alkenes , and oxysenated products. Also shown are the

side reactions for the formation of 00,, H,0

, and coke.
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PRESSURE DEPENDENCE OF CO AND
H_FOR METHANATION ON RHODIUM FOIL

Rey, = KE

H, CONSTANT
10, --- CO CONSTANT
5.

" .

< Q-

o

m N

o <.
w0
A ' . 1 ' '
- -0 -5 0 sy 0 .5

log PARTIAL PRESSURE

Figure &
Experimental plot to determine the rate expression

for methanation on rhodium foil.
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Rh METHANATION RATES

foil
2:1 HZ:CO
6 atim TOGTAL PRESSURE
Ea/RT
RATE -.-:Ae

b
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O
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Figure 7
Rates for methanation are plotted versus temperature
showing the irverse deuterium effect.
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OXIDE PREPARATION / CHARACTERIZATION

1) MIX WATER SOLUBLE SALTS
2)  PRECIPITATE WITH AMVONIUM CARBONATE

3)  FIRE CARBONATE PRECIPITATE AT 500°C
(IN AIR FOR 12 HOURS)

4)-  GRIND OXIDE TO PASS THROUGH 400 MESH SCREEN
5)  CHARACTERIZE OXIDE WITH .}  SEM

g)  X-RAY DIFFRACTION
6)  BET SURFACE AREA DETERMINATION

7)  MOUNT ON GOLD FOIL

8)  AUGER ELECTRON SPECTROSCOPY
Q)  X-RAY PHOTOELECTRON SPECTROSCOPY

Figure 8

Procedure for preparing and characterizing
oxide samples.
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Desorption Temperature (°C)

Q 100 200 3(1)0

400
I J ! 1 ] T T

La,0x

Fresh LaRh Q3

Used LaRh 03

Used haO3
4
% Rh metal
%
Dz
| ! 1
20 40

Heat of Desorption {kcal/msie)

Figure 9
Thermal desorption results from 00 and D, showing the two
binding states of OO0 on the used L'a.RhO3 catalyst . Also
an apparent correlaticn between the 02 heat of desorption
and the oxidation state of rhodium on the surface can be

seer.
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SATURATION CO COVERAGE .(T=3200K) ON Pt(1)/K

1565
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l | \ | r t . L
@] Q0 cCCQ 3000

ENERGY LOSS (cm™':
x3aL a9~ 5628
Figure 13

HRFELS spectra for saturation (0 exposures with
various potassium coverages.
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Pt (D

XB8L823-8332

Figure 15

(a) A model of the electron orbitals believed to interact
most strongly in the bonding of CO to platimm.(b) A schematic
diagram of electron transfer in the Pt{ll1)/K/(D system.
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Mass 51 (Benzene fragment) Intensily

Benzene Thermal Desorption from Pt
Following Several Exposures

SL

300 - 400 500
Temperature (K]

XBL 821i1-6880

Figure 16
Benzene thermal desorption spectra following several exposures.
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Mass 51 {Benzene fragment) [ntensity

Benzene Thermial Desorption
Following | L, Benzene Exposzure on PL{IN+K

Temperature {K)

XL O~ 007

Figure 17
Benzene TDS firom Pe{lll) following 5 L exposurcs. (Hasting rave
= 30 K/s ). Note that a potassium morolzysr ( saturation ) is
defined such that =1 and is sbout 1/ 3 the atomic density of ihe

platinum surface layer.



Valence Orbitals of Benzene -Cr: Energy levels are approximate

Cr
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Figure 18

bblef:ular orbital correlation diagram for dibenzene-chromium
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Approximate Energy Levels of PFx
in the Gas Phase and on a Metagl Surface

PF3 PF_,J-Metol
(gas phase)
(4d -7e)
7e
—————————————— EF
~4.35eV
(4d + 7e)

XxBLBe2i1-6883

Figure 19
Approximate positions of orbital energies for PF,. Both

gas phase and chemisorption positions are given.
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Turnover Frequency (molecules/site/sec)
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CO Hydrogenation

540 K; CO/Hp=1/4; 32psi
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Figure 21b
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Product Distribution (%)

CO Hydrogenation

540 K; CO/H,=1/4; 32 psi
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Figure 21c
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Auger Spectra of Carbon Species
on lron Foil

l ! | |

Carbidic

Graphitic

AUGER INTENSITY dN(e)/d€&

I I 1 I
200 220 240 260 280 300

ELECTRON ENERGY (eV)

Figure 22

Sample of carbon species found on surface after reactions.
Carbidic is an active carbon, while graphitic is relatively
inactive to hydrogenation cr oxidation.
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Gas Chromatographic Peak Area (Arbitrary Units)
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Flgure 23

Product Accumulistion Curve
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Figure 25
Rate of Formation of Methane and
Ethene as a Function of Sulfur
Coverage (Monolayers)
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FIG. 26  EFFECT OF SURFACE CARBON ON THE WITIAL RATE

OF METHAMATION
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POTASSIUM EFFECTS ON MOLYBDENUM FOIL

CO + Ho
1:2, 6 atm, 300°C
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