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1. CONTRACT OBJECTIVE: 

To develop an oxidatiodcondensation route for synthesis of acrylates/methacrylates from syngas. 

2. TECHNICAL APPROACH CHANGES: 

We are also studying the dehydrogenation - condensation route, based on its merit proven by studies 
at NCSURTI. The thermodynamics of the dehydrogenation-condensation route show its feasibility, 
it is inherently safer, and it is likely that the fluid will be more stable under reducing conditions. 

3. STATUS: 

Task 1. Propionate Synthesis (Eastman) 

Over the last quarter, Eastman has developed an improved catalyst system for the Mo-catalyzed 
carbonylation of ethylene which accelerates the process by 1.5-3 fold. The majority of their 
experimental time has been devoted to completing the demonstration of this improvement in order 
to prepare a proper patent application. 

In addition, while examining several key model reactions for ethylene carbonylation using Mo, 
Eastman discovered (quite by accident) a catalyst which may be useful in fragmenting key linkages 
in coal. The catalyst composition is patentable and Eastman will complete the necessary examples 
and application before closing out its efforts on the Mo system. 

Finally Eastman also presented its findings on the Mo-carbonylation of ethylene to propionates at 
the ACS National Meeting in New Orleans, LA, March 24-28, 1996. 
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Task 1. Propionate Synthesis (Bechtel) 

Bechtel developed the preliminary cost estimates for a conceptual process design to produce 
propionic anhydride via ethylene carbonylation. The design is based on a plant capacity to produce 
2500 million lb/yr of MMA from propionic anhydride with an assumed 95% yield fiom the in-situ 
oxidatioxdcondensation reaction. The produced propionic anhydride is of 97 wtYo purity. Propionic 
acid is the major impurity in the product. 

The details of this conceptual process design including a process flow diagram, final material and 
energy balance results, and an equipment list for the overall process has been given in the last 
quarterly report (Reporting period: 10/1/96 - to- 12/32/96, submitted on January 20,1996). 

Following SRIs methodology on offsite cost, utility cost estimations, and financial assumptions, the 
production cost of propionic anhydride via ethylene carbonylation is estimated at 43 cents/lb. Cost 
of the propionic acid as a raw material contributes to almost 55% of the total propionic anhydride 
production cost. Propionic acid is expected to be a major byproduct fiom the in-situ 
oxidatiordcondensation reaction. A sensitivity study of its cost on the overall MMA process will 
need to be investigated at a later day. 

Task 2. Condensation Catalysis (RTUEastman) 

Over the last quarter, RTI has continued to further discern the acid-base properties of the two best 
catalysts (V-Si-P 1 : 10:2.8 and 10% Ta/NALCO 1034-A) for condensation of propionic anhydride 
and formaldehyde. These two catalysts give the maximum yield of methacrylic acid (among the - 
46 tested for their condensation activity), exhibit superior on-stream life, and are easily regenerable 
by a mild oxidative regeneration with air. 

The results have been summarized in Figures 1-4. Figure 1 shows the effect of pretreatment 
temperature of the surface acidity, while Figures 2 and 3 show the effects of pretreatment time and 
the deactivation on the surface acidity. Figure 4 shows a comparative NH3-TPD pattern for a fresh 
catalyst pretreated at 600 "C for 6 hours and a deactivated catalyst (1 80 hours at 300 "C and 2 atm, 
with mole flow rates of propionic anhydride:formaldehyde:nitrogen = 41: 17:220 mmol/h). 
Additional inferences fiom these plots are given below. 

NH3-TPD was tested for the effect of pretreatment temperature and time on total acidity and acid 
distribution. The results of TPD at pretreatment temperature of 300 and 600°C for an hour are 
shown together in Figure 1. No apparant difference was observed between 300 and 600OC. 
However, the length of time of pretreatment at 600 "C showed a large effect on the total acidity and 
acid distribution. As shown in Figure 2, the total acidity decreases about 80%(from -150 ymole to 
-30 pmole NH3/g cat) and the decrease is mainly from the high temperature peak (P300  "C), i.e. 
strong acidic sites. It is clear that a longer heat treatment destroys strong acid sites preferentially. 
Figure 3 compares the TPD results of the fresh and deactivate d catalysts. The results demonstrate 
that 180 hours on stream at 300°C decrease the total acidity and changes the acid distribution 
dramatically. Again, the major acidity decrease is fiom strong sites. It is speculated that catalyst 
deactivation is caused by coking as supported by the regeneration of activity by air oxidation. 
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Figure 1. NH3-TPD pattern (surface acidity) of a V-Si-P 1 :I 0:2.8 catalyst as a 
function of pretreatment temperature. 
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Figure 2. NH,-TPD patterns (surface acidity) of a V-Si-P 1 :10:2.8 catalyst as a 
function of pretreatment time. 
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Figure 3. NH,-TPD pattern (surface acidity) of fresh and deactivated 
V-Si-P 1 :10:2.8 catalysts. 
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Figure 4. Comparative NH,:TPD patterns (surface acidity) of fresh 
and deactivated V-SI-P 1 :10:2.8 catalyst pretreated. 



However, the heat effect on catalytic deactivation cannot be ruled out since the condensation reaction 
is highly exothermic and the TPD results showed similar increase of desorption at the end of TPD 
by both used and heat treated (pretreatment at 600°C for 6 hours) catalysts. In fact, the extended 
heat treatment (600°C for 6 hours) has a very similar effect on total acidity and acid distribution as 
the 180-hour run as shown in Figure 4. It is, therefore, recommended that heat removal during the 
reaction should be fast enough to minimize the deactivation. The studies using slurry reactors to 
minimize the heat effect are a part of Task 3 and are currently underway. 

RTI has also completed the patent application on in-situ condensation catalysis to produce MMA 
in one reactor step using methanol and propionic anhydride as the feeds. The patent application has 
been sent to Eastman for their review. 

Over the last quarter, RTI has also completed two preprints for the ACS National Meeting in New 
Orleans, LA, March 24-28, 1996, two abstracts for the XI International Congress on Catalysis, 
Baltimore, MD, June 30- July 5, 1996, an abstract for the First Joint Power and Fuel Systems 
Contractors Conference, Pittsburgh, PA, July 9-1 1, 1996, two abstracts for the XI11 Annual 
International Pittsburgh Coal Conference, Pittsburgh, PA, September 3- 6,1996, and an abstract for 
the AIChE Annual Fall Meeting, Chicago, IL, November 5-1 1,1996. 

RTI has also finalized a comprehensive paper on the condensation catalysis work entitled “Synthesis 
of Methyl Methacrylate by Vapor Phase Condensation of Formaldehyde with C,-Propionates”, to 
appear in Catalysis Today. 

RTI has continued to synthesize V, Nb, and Ta-based catalysts, as a result of discussions with 
Eastman on improvement of yields and activity maintenance of the vapor phase condensation 
catalysts. 

Task 3. Slurry Reactor Studies (Oxidative Condensation, RTIEastman) 

Over the last quarter, RTI has completed the slurry reactor system assembly. The system will be 
pressure-tested and commissioned in this coming quarter. RTI also plans to carry out thermal 
stability studies on a few candidate fluids, in conjunction with the tests at NCSU. 

FORECAST 

Eastman will complete the necessary examples and the application on a novel catalyst deemed 
to be useful in fi-agmenting key linkages in coal. Subsequent to this, Eastman will regard its 
obligation under Task 1 (Propionate Synthesis) to be essentially complete. 

Bechtel will carry out the sensitivity study of the propionic acid / propionic anhydride cost on the 
overall MMA process at a later day. 

RTI will continue acid-base property characterization on the V-Si-P 1:10:2.8 and 10% 
Ta/NALCO 1034-A catalysts, with a special emphasis on substrate TPDs, for propionic acid, 



propionic anhydride, and methyl propionate. RTI will attempt to determine the TPD kinetics for 
these substrates and relate that to the reaction kinetics and mechanism. 

RTI will operate the slurry reactor system. The initial runs will focus on the thermal stability 
testing of a few candidate fluids, chosen by NCSU and RTI, in conjunction with the tests already 
in progress at NCSU. 

RTI will finalize the patent application on in-situ condensation catalysis, subsequent to Eastman’s 
review. 

RTI will synthesize several V, Nb, and Ta catalysts using a NALCO 1034A colloidal silica as 
support, and characterize the catalysts using the Altamira catalyst characterization system. RTI 
will also test promising catalysts for their condensation activity in the fixed-bed microreactor 
system. + Dr. J. J. S vey 

Project Manager 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility 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. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The Views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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