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1. CONTRACT OBJECTIVE: 

To develop a condensation/oxidation route for the synthesis of acrylates/methacrylates 
from coal-derived syngas. 

2. TECHNICAL APPROACH CHANGES: No change to technical approach. 

3. CONTRACT: 

Status 

TASK 1 : Synthesis of Propionates (Proprietary Information) 

Over the last quarter we have continued to develop our unique catalyst for the generation of 
propionates. we are still focusing efforts at understanding the propionic anhydride process first 
and extrapolating to other systems for that point. We have seen several key advances over the 
last month which are listed below: 

1. Temperature Dependence and the Rate Limiting Step. We completed our temperature 
dependence studies and found the activation parameters to correspond very closely to the 
dissociation of the-metal-0 bond, demonstrating both the same entropy of activation and the 
same enthalpy of activation measured for this dissociation. This also lead to an improvement 
in our understanding of the initiation phase of our catalytic cycle and an improved rate 
expression. 

The equation which seems to best fit the data to date is: 

y’“y - 
k’Ym& E N  x Rate= 
Y,Ylz+k” Ym 

We are checking the validity of the proposal by using differing levels of CO and EtX over the 
next month. 

2) Free Radical Inhibitors. Consistent with the fractional (Y2) order behaviors above, we had 
proposed a free radical initiated process. This would indicate that a free radical inhibitor 
(trap) should decrease (or entirely stop) the reaction. Addition of hydroquinone to an 
ongoing reaction reduced the rate by ca. 67%, but did not entirely stop it. We are 
repeating this reaction to insure that the effect is reproducible. 
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3) Extension to propionic acid. We have started to examine conditions necessary for 
converting this process to an effective propionic acid process. Initial studies indicate that 
this process is slower by a factor of ca. 3-4 than the propionic anhydride process and 
accelerates as there is less and less water in the initiai reaction mixture. We are running 
these reactions at higher temperature to accelerate the rates and undertaking additional 
studies on the effect of the water level. (Note: This is primarily a problem in batch 
laboratory experiments, and not a problem in the large scale, continuous processes used 
industrially. Lower water levels are desired so as to limit the amount of subsequent 
distillation that will be required.) 

With regard to the condensation catalysts for the conversion of propionates to methacrytates, we 
have initiated the process for preparing our first patent to result from this work. (An invention 
report is being prepared, and nearly is complete, which our attorney will conver into a patent 
application.) 

. 

TASK 2: Condensation Catalysis 

RTI 

The objective of this task is to synthesize, characterize, and test active and selective catalysts for 
the condensation reaction of formaldehyde with propionic anhydride, propionic acid, and methyl 
propionate. 

STATUS 

RTI accomplishments during this past month (June 95) are highlighted as follows: 

Regeneration of the V-Si-P catalyst. 
Activity of Zirconia, Titania, and Alumina Catalysts for condensation. 
Provision of all the information about patent disclosure preparation on the propionic anhydride 
condensation to Eastman. 
Effect of V-Si-P atomic ratio on the methacrylic acid yield and selectivity. 

Catalyst Regeneration 

At the end of 180 h period, the catalyst activity had dropped significantly (Please refer to Table 
VI1 in the May Report). The methacrylic acid yield at t = 4 h was 55.8% (based on charged 
formaldehyde) and 24.2% (based on charged propionic anhydride). The rate of methacrylic acid 
synthesis was 0.662 gmofkg cat. h. At the completion of our long-term activity check, the 
methacrylic acid yield had dropped to 2.74% (based on charged HCHO) and to 1.1 9% (based on 
charged propionic anhydride). The synthesis rate was also extremely low, at 0.032 gmohg cat 
h. This represented a drop in catalyst activity by nearly a factor of 20. As indicated, the causes 
of catalyst deactivation can be hypothesized to be: 

loss of acidity by hydroxyl groups. 
loss of surface area and/or porosity. 
carbon deposition due to coking. 

These causes have been investigated as follows: 

1. Catalyst Hydration 



The loss in catalyst activity was construed to be due to the loss in surface acidity and therefore 
the hydration of the catalyst was hypothesized to restore the surface hydroxyl groups. The 
deactivated catalyst was steam-treated under an inert nitrogen atmosphere for 24 h. Water was 
injected through a syringe pump at a nominal flow rate of ca. 6 mUh. Nitrogen was used as an 
inert diluent at 100 mLh. The catalyst activity was checked after a 24-h hydration of the catalyst. 
The results have been summarized in Table 1. The results indicate that catalyst hydration is 
ineffective in restoring the catalyst activity (Columns 4 and 5). This also indicates that the loss in 
catalyst activity may not be due to loss of surface hydroxyl groups. 

Table 1. Long-term Activity Check on V-Si-P Catalyst'- regeneration by hydration and air treatment 

time* W h  176-180h hydrated W r d  eir oxidation air oxidath (it) 
(-4 (deaWated) caw (1) caw (IO (1) 

date 6-8-95 6-16 6-22 6-22 6-23 6-26 

feed ratio' (% 
wlw) 

kiOX 9.05 8.79 8 85 8.85 9.1 1 8.76 

pr add 

pr mhyd 90.95 91.21 91.14 91.14 90.88 91.23 

product ratio 
(%I 

3-peot 5.91 0.68 0.73 0.81 3.06 207 

biOX 1.89 1.82 1.79 

pr mhyd 22.54 85.23 85.77 86.54 46.61 69.19 

pr add 55.15 11 37 10.82 10.33 38.29 22.96 

mIh acid 16.40 0.81 0.84 0.53 11.91 5.75 

meth acid 
yield' 55.8 2.74 2.88 1.82 40.83 19.71 

meth acid 
ylefd 24.2 1.19 1.23 0.77 17.54 8.46 

r a t e 6  0 662 0.0321 0.0338 0.0214 0.48 1 0.231 
metb acid 

ing-term activily check; 15 g catalyst, 300 C, 2 am, ca. 6 gh feed, 360 cc gassous feedlg cat. h, nitrogen dikrent. 
xperimental time dock; Mi experiments, the reactor was blanketed with ea. 90 mUmin n-en at 300 C. 

'species legend: biox = triaxane, p acid = propionic acid. pr anhyd P propionic anhydfide, Spent = 3 - pentanone. melh add = 
meulaaylic acid 
'moles of melhauylic add /mole of dwged HCHO x 100 
5moles of methacrylic add / mob of charged propionic anhydride x 100 
'rate of methaay*c add synthesis. maWg cat. h 

2. Regeneration by Flowing Air at 300 C 

Since the catalyst activity could not be restored by hydration, it was construed that the loss in activity 
was not due to the loss of acidity due to surface hydroxyl groups. A more plausible reason for the 



activity decay was then the formation of carbonaceuos deposits on the catalyst surface. The 
deactivated catalyst was treated at 300 C, under a flowing air atmosphere (ca. 100 mUh for 24 h.) 
The results of air treatment have been summarized in Table VI11, column 6. The methacrylic acid 
yield (based on charged HCHO) was restored to 40.83%, while that based on charged propionic 
anhydride was restored to about 17.54%. When compared to oriiinaf methacrylic acid yield of 55.8% 
and 24.2% (based on charged HCHO and propionic anhydride, respectively), the regeneration 
restored about 78% of the original activity of the catalyst. However, the deactivation pattern 
continues as indicated in last column (7), second experiment with the air-treated catalyst. 

Activity of Zirconia, Titania, and Alumina Catalysts 

Zirconia, titania, and alumina catalysts were also tested for their condensation activity. The catalyst 
samples were supplied by Harshaw Fliterol Corporation (1/8" pellets), and were treated in flowing 
air at 300 C for 1.5 h, before use. Two different alumina catalysts were tested, which are typically 
acidic catalysts, with very little basicity. The first alumina catalyst was Fisher activated alumina. The 
second alumina catalyst was a Harshaw alumina AL-5407. The results have been summarized in 
Table II.  As shown, alumina catalysts are not very active {when compared to the V-Si-P catalyst). 

Table II. Activity of Zirconia, Titania, and Alumina Catatysts 

I 
0-4h 

i 

feed ratio' (sc 

~ 

i produci ratio 

Ff mhyd 22.54 

1 praad 55.15 

I meihadd 16.40 
I 

meth acid 

meth acid 

yield' 55.8 

i yield 24.2 

rate' 0.662 
meth acid 

%gends same as in Table I 

17&180h zirconiacatalyst CtaniacaWyst FlSHERactiv. Harrhaw 
(deactivated) alumina alwrjrra 

6-16 829 6-30 7-5 7-10 

8.79 9.59 9.04 8.96 9.04 

I I I I 
91.21 90.41 90.s 91.04 90.96 

0.68 5.18 16.53 3.18 4.53 

1.89 2.63 4.28 1.75 1.38 

85.23 78.0 1 3720 61.85 57.12 

11.37 15.61 40.65 29.58 32.65 

0.81 1.47 1.32 3.19 4.32 

2.74 5.04 4.52 2.10 3.52 

1.19 2.16 1.94 0.90 2.94 

0.0321 0.0532 0.0247 0.0432 



. 

Provlslon of Patent Information to Eastman 

Eastman is proceeding with the patent application on the condensation of propionic anhydride with 
formaldehyde. RTI has delivered all the information to Eastman, for this preparation. Once the 
patent application is in place, RTI plans to submit a few attictes to Journal of Catalysis and Applied 
Catalysis, based on condensation experiments. 

FORECAST 

Continue experimental work on propionic anhydride condensation. 
Initiate operation of the Aftamira AMI- 100 catalyst characterization system. 
Continue design and assembly of the slurry reactor system. 
Initiate the acid-base property characterization of V-Si-P catalysts and their relationship to 
methacrylic acid yield and rate (with the AMI-100 system). 


