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1. OBJECTIVE AND SCOPE OF WORK

The goal of this research is to develop'.a better
understanding of the mechanisﬁs of formation of»alcohols and
other oxygenates from syngas over supported catalysts. Probe
molecules will be added in situ during the reaction to help
delineate reaction pathways and.identify reaction inter-
Amediate specieé. The Rey of our study is to.investigate how
the species generated by these probe rolecules interact with
surface species present during oxygenate formation.

A reaction and analysis system capable of carrying out
the experiments for this study was set up, modified, and

testedll],

CO hydrogenation reactions are being carried out in both
the presence and the absenée of the probe molecule under
conditions which favor the formation of oxygenated products.
Nitromethane, acetylenic compounds, alcohols are possible
éﬁoices as pgobe molecules for this study. The effectiveness
of these probe molecules for the study of mechanisms of
alcohol synthesis has to be determined ezperimentally based
on different catalyst systems and reaction‘conditions.

| One of the catalysts chosen for this investigation is
Co/Cu/Zn0O/R1203. Detailed motivations for studying this system
as well as using  CH3NO2 as the probe molecule were given.in

the previous reportl2l,
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2. SUMMARY OF PROGRESS

(A) 2 Co(l wt$%)/Cu/Zn0/Al203 catalyst. has been prepared by
incipient wetness impregnation of the commercial Cu/Zn0O/Al203
with cobalt nitrate.

(B) Activity and selectivity of this catalyst for CO
hydrogenation were tested under different reaction condi-
tions. Conditions under which reasonable amount ©0f ethanol
can be produced with relatively low hydrocarbon formation
were chosen for the study of probe molecule addition.

(C) The effect of CH3NOz2z addition to Hz2/CO (2:1) over
Co/Cu/Zn0/Al202 was investigated.

3. DETAILED DESCRIPTION OF TECHNICAL PROGRESS

(A) Catalyst Preparation

5 g Cu/2Zn0/Al203(1) was impregnated with 4.3 ml of 2.8709 g

Co(NO3)2-6H20 desolved in 50 ml H20 by incipient wetness

technique to obtain a Co(l wt%)/Cu/Zn0/Al203 catalyst. The
impregnated sample was dried at 90 °C overnight in air. Then,
it was reduced in flowing Hz (80 cc/min) at 300 °C for 8 hr.
The temperature was ramped from 25 °C to 300 °C at 0.5 °c/
min. The catalyst was then passivated at 35 °C with 2% O2 in
He for ~2 hr.

(B) Activity and Selectivity Tests

About 1 g of the Co/Cu/Zn0/Al1203 catalyst was loaded in
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the reactor for activity and select1v1ty tests. Before
reaction, a re-reduction was performed in the <reactor with
about 5 % Hz in He (~80 cc/min) at 1 atﬁ and 300 °C for 8 hr
before cqoling to the reactfon temperature, 250 °C.

The CO hydrogenation reaction was first carried out at
300 psi with H2/CO/COz ( 80+40+6 cc/min’) reactant mizture at
250, 270, 29%0, 310, 330, and 350 °C. The product distribution
in terms of C (CO+CO2) conversion (%) is shown in Figure 1.
Significant amount of .ethanol was produced in this tempera-
ture range. As temperature increased, more propancl and‘
dimethylether were formed but C1-Cé¢ linear hydrocarbons
increased significantly. To study the effects of CH3NO2
addition on oxygenates formation the following conditions
were chosen:
400 psi, 290 °C, H2/CO fatio of 2 with or without CO2.
(C) Effects of CHaNO2 Addition
The effects of CH3NO2 addlt:.on to the steady state of CO
hydrogenation reaction were 1nvest1gated at 290 °c and 400
psi with, first, H2/CO/COz (BO+40+6 cc/min), then, Hz/CO/He
(80+440+6 cc/min). The effect of CHsNOz addition on the
distribution of the major products, e.g. CH30H, C2Hs0H,
(CH3)20, CH4 and C2He, is shown in<Figure'2. CH30H and (CHs)z20
were significantly suppressed upon CH3NO2 additiom but not
C2HSOH. CH4 increased with the addxt;on of CH3NOz but not Cz+
hydrocarbons. As shown in Flgure 3, CHaNO2 added to the
reaction was completely converted to (CH3)3N over Co/Cu/zn0/

A1203. Results from repeating the same reaction showed that
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addition of CH3NO2 does mnot poison the catalyst under the
selected conditions. (CH3)3N  leaves the surface completely ih
about an hour (see Figure 4). .

The seléctive interaction of CHsNO2 wifh the CO hydro-
genation products raises intriguing questions about the
dynamic surface, for example, .

- How is CH3NO2 converted into (CH3)sN? Which intermediate
or surface species in the CO hydrogenation_is involved in the
(CH3)3N formation?

- Why does the conversion of CH3NO2 to (CH3j3N only
suppress CH30H and (CH3)20 significantly but not C2+ alcohols?
Does C2HsOH as well as C3H70H formation involve the same
intermediate as CH30H and (CH3)20 formation?

- Why does conversion to CHe Jincrease upon CH3NO2z
addition? Is it caused by breaking of the C-N bond in CH3NO2?

Answers to these gquestions could be very helpful in
distinguishing which intermediate(s) is (are) involved in the

various reaction pathways.

4. PLANS FOR THE NEXT REPORTING PERIOD

Further experiments with both Co/Cu/Zn0/Al203 and
Cu/Zn0/Al203 catalysts have been designed for the mnext

reporting period in oi :r to answer some of the questions

raised in the previous section.
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Figure 1. Carbon conversion from H2/CO/CO2 (80+40+6 cc/min) to
CH30H, C2HsOH, 1-C3H70H, (CHa)zd, and Ci~Cé linear
parafins over 1 g Co/Cu/Zn0/Al1203 under 400 psi at

temperatures ranging from 250-350 °C.
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Figure 4. Transiant Response of (CH3)3N formation (by

recording m/z=59 on an on~line Dycor Mass Spectro-

meter) upon CH3NO2 addition to H2/CO (80+40 cc/min)

over Co/Cu/Zn0/al203 at 290 °C, 400 psi.
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