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1.0 INTRODUCTION

The synthesis of biodegradable polymers requires a pressure reaction
vessel called a Parr Reactor, discussed in the original proposal. The
vessel is charged with reactants and heated to 230°C. The trioxane
reactant converts to formaldehyde via catalysis which causes the
internal pressure of the vessel to increase sharply. The maximum
pressure of this reaction is maintained at 1450 psig. At this time,
the reactions have just begun and we do not have analytical results of
products produced from the reactions. The project is proceeding
according to schedule and all results will be reported monthly.

2.0 FUTURE WORK

The following tasks are designed to accomplish the objectives set forth
above. These tasks will be performed within the time frame shown in

the schedule section discussed in the original proposal.

Task 1 - Study the Mechanisw of the Glycolic Acid Synthesis Reaction

The synthesis of glycolic acid from trioxane basically involves opening
of the trioxane ring with a Lewis acid producing formaldehyde.
Formaldehyde in the presence of carbon monoxide will react to form
glycolic acid. However, it is known that below the ceiling temperature
(Tc)y, 137°C for polyoxymethylene, that trioxane in the presence of
boron trifluoride etherate will form the polymer. Above the celling
temperature, the polymer will not form and formaldehyde will continue
to evolve unreacted. The elevated temperature is necessary to shift

the chemical equilibrium to gaseous formaldehyde.

The range of temperatures, pressures and concentration of catalysts is
presently not well defined. Neither are their effects on chemical
yield of glycolic acid well understood. Therefore, the mechanism of
this reaction must be defined before proceeding with methods to
increase the yield of glycolic acid from trioxane and carbon monoxide.



Task 2 - Polymerize Glycollic Acid to Form Polyglycelide

Having efficiently formed glycolic acid, the polymerization reaction
will be optimized converting glycolic acid to polyglycolide also
referred to as poly(glycolic ester). The detail plan is listed in
Basic Procedure for Polymerizing Glycolic Acid, also known as
hydroxyacetic acid. Antimony trioxide at 6.7X10"3% by weight
concentration has been successfully used to initiate the intermolecular
polymerization of glycolic acid. This initiator will be used, but
other initiators and catalysts will be sought for improving the yield
which we expect to exceed 90%. The polyglycolide has a tendency to
darken in color during polymerization, so 0.1% by weight of
triphenylphosphite will be added to the glycolic acid before heating.
Glycolic acid will be polymerized at different temperatures to optimize

the yield of polyglycolide.

It is anticipated that about twenty batch reactions will be conducted
during the six month period. Following the preparation of each batch
of polyglycolide, samples will be examined with infrared spectroscopy
and gel permeation chromatography to determine the chemical structure
and melecular weight which will allow the researchers to monitor
progress. Also, the yield of polyglycolide will be determined.

Basic Procedure for Polymerizing Polyglyceolide

Step 1. Fill a 2.0 liter ParrR pressure vessel with trioxane and
water and raise temperature to 200°C (above T.).

Step 2. Pressurize vessel with carbon monoxide to 15 Kg/cm2
(220 Psig).
Step 3. Pump boron trifluoride etherate to catalyze reaction and form

formaldehyde which reacts with carbon monoxide producing glyco 1l ic
acid.



Step 4. Agitate for 2.0 hours, then remove carbon monoxide pressure
and reduce temperature to 90°C and remove all water from the vessel at

1.0mm Hg pressure. Purge the vessel with nitrogen.

Step 5. Add polymerization initiator as antimony trioxide at 6.7X107
33 by weight to vessel and heat to 200°C for 1.0 hour (Tm=80°C).
Maintain temperature at a minimum of 218°C and lmm Hg and continue
reaction to 3.0 hours,

Step 6. Remove the molten polyglycolide at 218°C from the vessel and
characterize its properties.

Task 3 - Optimization of the Chemical Yield of Polyglycolide

The percent yield of polyglycoclide from trioxane will be optimized from
the results of Tasks 1 and 2. The percent yield will be calculated on
the basis of weight of trioxane converted to polyglycolide.
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1.0 INTRODUCTION

The project is proceeding according to the plan in the original
proposal. The emphasis for this month will be on identification
of "cationic polymerizeable" monomers which are compatible with
trioxane. The formulations in this study will be prepared for
the purpose of reducing volatile organic content (VOC} in
magnetic coatings.

2.0 EXPERIMENTAL WORK TO DATE

Styrene has been formulated successfully with trioxane and
polymerized with boron trifluoride. Dispersions with iron oxide
at 50% by volume levels are presently being investigated. But,
already solvent has been eliminated from these coatings and the
concept of reactive solvents appears to be valid.

The remaining work consists of tailoring specific formulations
for specific properties and further reduction of volatile
organic content (VOC). The following statement of work
describes the individual tasks that will be performed as

described in the original proposal.

Task 1 - Reduction of Volatile Organic Content Materials Using
Trioxane

Reducticn of VOC materials will be accomplished with
reformulation of coatings using trioxane. The previous study
discussed above demonstrated the feasibility of incorporating
trioxane into these coatings, and increasing the concentration
of trioxane in the formulations will further reduce the
concentration of the VOC materials. This will be accomplished
by incorporating reactive monomers as styrene which can also
serve as solvents and a binder when cationically initiated with
borontrifluoride. Experimentation with other such monomers will
yield low viscosity dispersions which can be polymerized to form
a hard coating.



Task 2 - Formulation of Magnetic Coatings for Manufacturing
Processes

A survey of magnetic media manufacturers in the U.S.A. will be
prepared. The processes practiced in these manufacturing
facilities will be studied for immediate incorporation of
trioxane-magnetic coatings. Manufacturers will comprise a range
of products including audio-, video- and computer-tape and
disks. This research will concentrate on magnetic tape

manufacture.
Task 3 - Measurement of Magnetic Properties

Magnetic properties of leading candidate tapes will be measured
and optimized by reformulation, ceoating tapes and remeasurement
of properties. Magnetic properties to be measured will include

coercivity, remanent induction and squareness.

Task 4 - Preparation of Magnetic Tape Samples for Marketing
Purposes

Samples of actual magnetic tape will be prepared and submitted
to the sponsor. These samples will include 2.0 and 3.0 inch
wide tapes at about 5.0 feet lengths.
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1.0 INTRODUCTION

Methods of incorporating trioxane into magnetic coatings formu-
lations continue. This month’s efforts have been focused on
identifying monomers which can be copolymerized with trioxane to
form the binder in these coatings. This process will continue
until monomers are identified which exhibit low viscosity in
combination with trioxane, and copolymerize with trioxane when
initiated. Of course, the polymer must be compatible with iron
oxide to form a magnetic coating.

2.0 EXPERIMENTAL

Styrene was blended with trioxane to form a low viscosity liquid
medium for dispersing iron oxide. It was found the optimal
concentration of trioxane was 21% by weight in styrene. Since
styrene can polymerize cationically, boron trifluoride etherate was
utilized to initiate polymerization. The development of molecular
weight was slow and hardness of the mixture did not develop after
24 hours at 25°cC.

Acrylic monomers have a proclivity to polymerize anionically rather
than cationically. However, some acrylic resins possess
substituent groups which are weekly electron withdrawing making the
adjacent carbon correspondingly weakly positive. A less positive
carbon corresponds to a weakly held negative charge which is
necessary for anionic polymerization. However, the polymerization
rate has been very slow for all of these monomers when initiated
with boron triofluoride etherate.

Presently, propylene oxide is being investigated for cationic
polymerization with trioxane. The search continues for other
candidate monomers for the same purpose.

3.0 FUTURE WORK

Experimentation with monomers which are liguid at room temperature
and possess the potential to copolymerize with trioxane will be
performed.

Rheological measurements will continue to correlate monomer blends
with viscosity at 25°cC,
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1.0 INTRODUCTICN

Synthesis of glycolic acid was originally attempted using water as
a solvent with boron trifluoride ethyl ether as a catalyst. In
these reactiens, it was found that only polyoxymethylene was
produced. The results of these initial runs and a review of the
chemistry involved led to a change in the reaction solvent.
Methylene chloride, the solvent used in stage one of Patent No. 82-
102837, was chosen as the solvent for the remaining experiments.

In the patent, stage one consists of a reaction between trioxane
and carbeon monoxide; in stage two, the methylene chloride is
replaced with water and the reaction product is hydroly:zed.

It was decided that, initially, only the first part of this two-
stage reaction would be studied. Results indicate that a compound
containing a carbonyl group - possibly an ester - is being formed.
This information is essential in determining the reaction
mechanism, and could lead to a simpler method of producing
polyglycolide from trioxane.

2.0 EXPERIMENTAL PROCEDURE
All runs were completed using the following general procedure:

A. Trioxane was dissolved completely in the given solvent. For
runs in which water was the solvent, 15 grams of trioxane was
dissolved in 1000 ml of water. Runs with methylene chloride
used 100 grams of trioxane and 500 ml of methylene chloride.

B. The solution was placed in the reactor vessel. 0.2 ml of
boron trifluoride ethyl ether was added to the solution (this
quantity varied in earlier runs from 0.1 ml to 5 ml).

c. The reactor was sealed and purged with nitrogen. Carbon
monoxide was added to the vessel at room temperature. Initial
carbon monoxide pressures ranged from 130 to 500 psig. After
charging the vessel with carbon monoxide, the reactor gas
inlet valve was shut.

D. The temperature controller was set at the specified reaction
temperature. The range of temperatures for these runs was 80
- 200°C. The reactor was heated to the given temperature in a
ramp period of 25 to 45 minutes, after which the reactor was
held at the set temperature for two hours. The vessel was
stirred continuously throughout each run.

E. The reactor was cooled to 40°C with cooling water.

F. Gases from the reactor were vented into the hood, the reactor
was unsealed, and the product was recovered,

Table 1 lists the starting materials and conditions of each run.



RUN #

(p.34)
(p.39)
(p-41)
{p.-50}
(p.56)
(p-63)

(p.70)
(p-90

@ = s W N

ML

SOLVENT SOLVENT

H,O 1000

H,O 1000

Hy0 1000
CH,pCl, 500
CH,Cl, 500
CH,Cl, 500
CH»Clo 500
CH,Cly 500

TABLE 1

(psig)

FINAL

GRAMS ML CAT INIT TOTAL

TRIOXANE BF40E+ CO(psig).259C TEMP°C PRESSURE

15 5 130 200 390
15 1 400 200 900
15 0.1 400 200 860
140 0.2 100 80 600*
50 0.2 400 150 1000+
100 1.0 500 200 1200
100 0.2 500 150 1000
100 0.2 500 200 1300

* Added pressure after reaching temperature

All runs were two hours long




Reactor products were analyzed using one or more of the following
methods:

A. Infrared Spectroscopy (IR}
B. Gel Permeation Chromatography (GPC)
C. Nuclear Magnetic Resonance (NMR)

3.0 EXPERIMENTAL RESULTS AND DISCUSSION
3.1 Reactions with Water as Solvent

In Runs 1-3, water was used as a solvent and boreon trifluoride was
the catalyst. These reactions resulted in an unidentified pungent
odor, and the reactor was blackened, indicating corrosion. Runs 1
and 2 produced clear, aqua-green solutions, and product from Run 3
was cloudy and red. Vacuum distillation of Run 3 resulted in a
white waxy solid. An IR of the product from Run 3 is shown in
Figure 1. This spectrum is similar to that of polyoxymethylene.
The red material that discolored the reactor fluid was filtered
out. IR spectroscopy indicated that it was an inorganic salt.

Adfter studying the above results, it was decided that the catalyst,
boron trifluoride, combined with water to form hydrofluoric acid
and boric acid. These acids then initiated the production of
polyoxymethylene. However, in a nonaqueous solution, boron
trifluoride will act as a catalyst in the production of glycolic
acid. Proposed mechanisms of these reactions are shown in Figure
2. The production of hydrogen fluoride in the water based reaction
was suspected due to the discoloration of the reactor vessel and
the colored reactor product.

3.2 Reactions with Methylene Chloride as Sclvent

A two-stage reaction is described in Patent No. 82-102837. 1In the
first stage, which takes place in methylene chloride, trioxane is
reacted with carbon monoxide at high temperature and pressure to
produce an intermediate product. The resulting material is then
hydrolyzed during state two to produce glycolic acid. As shown in
Figure 2, it was proposed that this intermediate product could be a
dicer or oligomer of glycolic acid. It was decided that methylene
chloride be used as a solvent for all remaining runs to focus on
the production of this intermediate compound and the determination
of its structure.

Run 4 was at a temperature of 80°C and total pressure of 600 psig.
The product of this reaction was a white insoluble precipitate.
It’s IR spectrum is similar to polyoxymethylene, but there is a
small peak at 1740, indicating a low level of carbonyl groups
present (see Figure 3).

The temperature of this reaction was increased to 150°C. The
result was a clear ligquid that, when vacuum distilled to remove the



fluid contains a much stronger carbonyl peak at 1740 cm(-1); this
peak is characteristic of an ester. Peaks between 1100 and 1200
cm(-1) are also indicative of an ester.

In Run 6, the temperature was increased to 200°C and the catalyst
level was increased by a factor of five. The resulting reactor
product was a black/brown fluid. After vacuum distillation and
heating in a vacuum oven at 1009C, a viscous, sticky £fluid
remained. The IR of this material is shown in Figure 5. The
spectrum resembles those of saturated polyesters.

Runs 7 and 8 were performed at the original lower catalyst level,
and are identical except for the run temperatures, which were 150
and 200°C, respectively. An IR of Run 7 after vacuum distillation
at 40°C shows two peaks near the carbonyl region (Figure 6). After
heating the material in a vacuum oven at 105°C for 1.5 hours, the
first peak at 1800 cm(-1) is no longer present in the IR spectrum
(see Figure 7), and the spectrum resembles that of Run 6, A GPC of
the reactor product after removal of methylene chloride indicates
two peaks, one at approximately 105 g/mole, another at 330 g/mole.
After heating, the material gave only one peak on the GPC curve, at
a higher molecular weight of mn=818 g/mole. (For polyglycolide,
this would be ten repeat units).

Finally, the product from Run 8 was separated into fractions as
follows: Methylene chloride was removed by vacuum distillation at
35°C, The remaining fluid was vacuum distilled again at 70°C. A
liquid distillate was collected, but it quickly solidified in the
condenser and collection flask. IR spectra of the heavy brown
fluid remaining after the last distillation are similar to those of
the previous runs (see Figure 8). The sclid that was recovered
from the distillate also had a peak in the carbonyl region of its
IR spectrum, but this peak was quite small (see Figure 9). The
spectrum had some similarities to that of polyoxymethylene.
Because many of these materials had broad absorbencies in the OH
range of the spectrum, NMR analysis was used to further evaluate
the products of Run 8. NMR results indicate that the product
contains more than one compound. Also, the compounds may be
esters, but are definitely not carboxylic acids.

4.0 CONCLUSIONS

It appears that an ester, polyester or other form of condensed
glycolic acid may be present in the reaction product. Other
products appear to be present, including paraformaldehyde or
polyoxymethylene. The dark color of the product may be due to
discoloring during polymerization of the product*; this has been
noted in polyglycolide synthesis. The increase in molecular weight
observed upon heating, and the size of the molecular weight suggest
an oligomer is present that may polymerize further with additional
heat,



5.0 FUTURE WORK

Future tasks include:

A,

B.

C.

D.

*

Further determination of the reaction mechanism

Greater conversion of trioxane to desired products

Synthesis of high molecular weight polyglycolide from trioxane
Optimization of polyglycolide synthesis by determining the

effects of pressure, temperature, catalysts, and reactant
concentration on yield,

Sorenson and Campbell, "Preparative Methods of Polymer

Chemistry," p. 116, InterScience Publishers, Inc., New York, 1961
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