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Abstract

This report describes a program undertaken at Mound to identify an
acceptable alternative to Dapon 35, an o—-diallyl phthalate (DAP) pre-

polymer no longer available from the manufacturer.

Three o-DAP prepolymers from the Osaka Soda Company and four labora-
tory~scale prepolymers from Bendix-Kansas City were characterized

and evaluated in DAP-fiberglass molding compounds.

Gel permeation chromatography results for the Osaka, prepolymers showed
all three to be very close to one another in molecular weights and
molecular weight distributions, but slightly lower in both than Dapon

35. They are also slightly higher in monomer content. All three
processed readily into DAP-fiberglass molding compounds and passed
required physical property tests. In addition, one Osaka prepolymer

was compounded into both asbestos and Orlon-DAP compounds on a production

scale. To date, both compounds have passed all certification tests.

The Bendix prepolymers were deliberately varied in molecular weights
and molecular weight distribution; also, most were significantly
higher in monomer content than Dapon 35. Processing difficulties
were encountered with both the lowest and highest molecular weight
compounds, and the lowest molecular weight compound failed a number
of physical property tests. The two intermediate molecular weight
compounds processed readily and passed property tests. Based on
these results, approximate guidelines could be established for
acceptable o~DAP prepolymers as follows: 1) weight average molec-
ular weights (relative to polystyrene standards): 30,000 i Mw <
150,000: 2) molecular weight distribution (relative to polystyrene
standards): 3.0 < Mw/Mn < 18.0; and 3) DAP monomer content: 1.0

< DAP monomer weight % < 6.0.

1. lntroduction found, however. In fact, the world's

In 1980, FMC Corporation discontinued sole supplier of the prepolymer appeared
their manufacture of diallyl phthalate to be Osaka Soda Company of Japan.
(DAP) prepolymers. To that time, Mound

had employed FMC's Dapon 35 o—-DAP in the Samples of three different lots of

Daiso 35, the Osaka o-DAP prepolymer,
were obtained from a U. S. DAP molding

production of asbestos-filled and Orlon-

filled DAP molding compounds. Having lost
compound manufacturer for characterization

and testing in DAP-fiberglass (FG) mold-

its supplier, Mound launched a search

for a new domestic supplier of DAP pre-

ploymers in late 1980. No supplier was ing compounds. But, because relying on a



foreign supplier for the prepolymer was
considered undesirable, Bendix-Kansas
City Division (BKC), the primary polymer
production facility for DOE, was request-
ed to study the feasibility of synthe-
sizing DAP prepolymer. Laboratory-scale
synthesis and characterization of the pre-
polymers produced at Bendix has been re-
ported [1], and four of the prepolymers
prepared there have been evaulated in
DAP-fiberglass molding compounds at Mound.

This report describes Mound's efforts to
characterize three Osaka Soda o-DAP pre-
polymers and four BKC prepolymers. The
report details the characterization,

done primarily by gel permeation chroma-
tography (GPC), the processing of the pre-
polymers into DAP-FG molding compounds,
and the physical/chemical testing of the
molding compounds. A FMC Dapon 35 o-DAP

prepolymer (and fiberglass molding compound)

served as a standard for comparison.

2. Experimental Methods
2.1 Prepolymer Characterization

The complexity of producing "good" DAP
molding compounds has been discussed pre-
viously [2]. The stages of DAP poly-
merization, from o-DAP monomer to final
molded product, are illustrated in Figure
1. Factors in the DAP prepolymer of im-
portance to its further compounding and
molding are: 1) molecular weight and
molecular weight distributions; 2) resid-
ual DAP monomer content (because of the
low degree of conversion, some will inevi-
tably be present); and 3) the pendant, or
polymerizable, allyl content. The methods
used for determining the first two of
these (molecular weight and monomer

content) are described below.

Monomer analysis was performed by liguid
chromatography (LC), using GPC columns.
Two uSTYRAGEL columns, obtained from the
Waters Company, covered the range from
100 and 5008. The Spectra-Physics 8000B,
high performance liquid chromatograph
(HPLC) , was operated at a flow rate of

2 mL/min of tetrahydrofuran (THF), re-
sulting in an operating pressure of less
than 600 psi. Chart speed was 1 cm/min
with an attenuation setting of 10 mV
full scale. The detector, a Kratos 770
UV~-visible absorbance type, was operated
at 250 nm, a wavelength which obtained
an adequate response from monomer and
polymer. The detector sensivitity was
0.02 absorbance units full scale. DAP
monomexr, obtained from MCB Reagents,

was used as a standard. The detector
response to the monomer, using peak
height measurements, was shown to be
linear up to 5.8 ug of monomer - very
measurable relative to the detection
limit of about 0.04 ug of monomer.

Molecular weight analyses were carried
out on the same equipment, except four
USTYRAGEL columns were used covering the
ranges of 106, 105, lO4 and 5008. A

flow rate for THF of 1.0 mL/min was used,
resulting in an operating pressure of
about 500 psi. The instrument's data
system is programmed for molecular

weight analyses by integration of the
area under the curve in discrete seg-
ments of selectable size. A segment size
of 20 sec was chosen. The inaccuracies,
resulting from integration of baseline
noise, were minimized by selecting a
minimum recordable area of 2000 area
counts. In addition, errors of great
magnitude, resulting from the integration
of noise in the very short retention

time (high molecular weight) areas,




Mixed Structure of:

CH=CH—CH—CH,—

Il :
_C=0—=CHy=CH=CH, Free Radical > CHy —CH— +
@ Polymerization ] | |
‘(':l_o"CHZ_CH=CH2 {~26% conversion) CHo CHo ICH2
|2 | "
0 0] 0 0
AP M | \C C/
o—D onomer C=0 ANIVA
0] 0
il {~40%)
0]
{~60%)

o—DAP Prepolymer

Compounding and
B-Staging”’

Higher Molecular Weight

Molding /
(Transfer, Compression, etc.) Uncrc_)sslmkeq, DAP-based
Molding Resin

Crosslinked DAP
Molded Product

FIGURE 1 - Stages of o-DAP polymerization from monomer to molded part.



are eliminated by setting an appropriate
integration initiation time. Sample
solutions were prepared at concentrations
of about 2 mg/mL, although there is no
need to prepare them guantitatively.

All settings on the detector and recorder
were the same as in the monomer analysis.
Standards of monodisperse polystyrene
were used because they were readily
available and because we expected this
material to have characteristics similar
to those of DAP. GPC measures molecular
size, not weight. If DAP and poly-
styrene have significantly different
size-to-weight ratios, significant dif-
ferences would occur in the absolute
value of the molecular weight values
assigned to DAP. Although the absolute
value of the molecular weight is of
minor importance, comparisons of assigned
molecular weight numbers, relative to
other DAP prepolymers, are certainly

valid and meaningful.

A calibration is run by injecting the
standards of known molecular weight

and entering the corresponding retention
times (RT) into the data system. Then,
without altering the flow rate, the
samples are injected. The data system
correlates the sample's integration for
each of these retention time segments

with the corresponding molecular weight

and calculates the weight average molecular

weight, (Mw), number average molecular
weight, (Mn), and the molecular weight
distribution, (MWD), or Mw/Mn' The
values obtained in these calculations
depend on the shape of the chromatogram.
The shape is dependent on the condition
of the HPLC column. Erosion of the
surface of the sorbent, or partial
plugging of some areas of the column,

or mere differences in packing effici-

encies will cause variations from column

to column or from time to time within
a column. Hence, very precise results are
not the normal output of these analyses;

somewhat greater variance must be expected.

2.2 Prepolymer Processing into Molding
Compounds

The DAP prepolymers, as received, were all
white powders. These were then compounded
into DAP-FG molding resins as follows:

(1) The DAP polymer was dissolved
in acetone (amounts varied) in
a small (~2 gal) sigma blade-
type Day mixer (90-100°F inlet
HZO temperature maintained to the
jacketed mixer) .

(2) After dissolution, the other
components were added, with the
fiberglass and cofiller being
added last (with a small, addi-
tional amount of acetone, if
needed) .

(3) After mixing ~15 min, the solvent
was removed by wvacuum.

(4) The DAP-FG mixture was milled
immediately on a 2-roll mill,
until the temperature of the
DAP-FG sheet had reached ~100-
110°C for ~10 min (roll tem-
peratures were 92/56°C).

(5) The milled DAP~FG compound was
cooled to room temperature,
ground through a 1/2 in. screen,
and air-dried > 24 hr before
further processing.

(6) If needed, additional "B-
staging” was accomplished in a
vented oven for varying times/
temperatures. After all "B-
staging"/drying was complete,
the DAP-FG molding compounds
were kept refrigerated until
tested further.



Whether additional "B-staging" was re-
guired after milling was decided on the

basis of differential scanning calorimeter

(DSC} determination of the heat of reac-
tion (AHR), and thermogravimetric (TGA)
determination of the molding compound's
inorganic (ash) content, in comparison
with results obtained for the "standard"
FMC Dapon 35 prepolymer-fiberglass com-
pound. This ensured all compounds were
prepared to approximately the same de~

gree of cure.

The standard formulation used for all of
the DAP-FG molding compounds is given in
Table 1, for the FMC Dapon 35-FG com-

pound. Wherever any formulation varia-

tions were made, these will be indicated.

2.3 Physical/Chemical Testing of Molding
Compounds

The finished DAP-FG molding compounds were

tested following the same ASTM test pro-
cedures used for shortglass-DAP molding
all the

tests normally run for certification, as

compound certification at Mound;

well as some additional tests, were per-
formed. Because materials were limited,
the number of test specimens was limited
to 2 specimens per test, unless other-
wise indicated. In only one test (arc
resistance) was any substantial vari-
ability encountered in results between
test specimens; however, this was also
experienced with DAP-FG resins other than
those of this report. Hence, the cause
is believed not to be related to the DAP

prepolymers used.

Other tests performed (in addition to the

standard certification tests, as given

-

Table 1 - STANDARD FORMULATION FOR ———_T
DAP~-FG MOLDING COMPOUNDS

Measured weight percents in finished

Percent
Component by weight
1. FMC Corporation Dapon
35 (0-DAP prepolymer) 50.0
2. Owens-Corning 1/4 in.
chopped strand fiber-
glass (OC-847-HE) 33.8
3. Potter's solid glass
spheres (<325 mesh) 9.0
4. o-Diallyl phthalate
monomer 2.0
5. T-butyl per-benzoate
(initiator) 2.6

6. Hydroguinone (inhibi-
_tor) 0.04
7. Calcium stearate
(mold release agent) 2.6
8. 265 mL acetone added/
100 g prepolymer (to

dissolve).

compound :
Ash - 42.9
Volatiles - 0.5

in Mound Specification No. 1-14741) and

methods used were as follows:

1)

2)
3)

Total chloride (including bromide)
analysis ~ ASTM D-808 (Parr Bomb) and
free Cl1° ~ ion chromatograph.
Volatiles - 4 hr/105°C oven.

(2 methods with an agree-

Ash contents
ment of better than + 1.0%); (a)
thermogravimetric analysis (TGA) us-
ing 20-30 mg sample size and a
DuPont 951 TGA/1090 thermal analyzer
- programmed at 20°C/min from 50 -
1000°C (in N,); ash is residue at
1000°C; and (b) standard gravimetric
analysis (to 900°C). The latter

results are cited.



4) Heats of Reaction - Differential
Scanning Calorimetry (DSC) determina-
tion on 15-30 mg pellets prepared
according to the method of Willard
[{3]; DuPont 910 DSC/1090 thermal
analyzer used - programmed at 20°¢c/
min from 50-250°C (in N,); indium
calibration standard used.

5) Elemental Analyses - emission spec-

troscopy was used to determine whether

excess amounts of any potentially
undesirable elements were present.
6) Mesa Spiral Flow - this is a certi-

fication test used to determine the
suitability of a given DAP~FG resin
for molding into a particular con-
figuration. Thus, there is an al-
lowable range for each product, but
no overall limits or range of
acceptable values. It is possible

to alter spiral flow as needed, by
adjusting factors such as DAP monomer

content or amount of "B-staging."

3. Results and Discussions

The results will be considered in three
parts: (1) characterization of the DAP
prepolymers; (2) processability of the
prepolymers; and (3) physical/chemical
testing of the prepolymers. Finally,
some conclusions will be given on some
of the characteristics required for DAP
prepolymers to make "good" molding

compounds .

3.1 Characterization of the DAP Prepoly-
mers

Many variables of the polymerization and
product isolation processes affect the
molecular weight of the polymer. Among
these are the initiator, the chain trans-

fer agent, the extent of monomer conver-

sion, and the method of isolation. The
function of this project is not to study
the effect of all these variables, but
to find a highly consistent, usable pro-
duct.

At this time, the primary characterization
data on all of the DAP prepolymers avail-
able are: molecular weights and molec-
ular weight distribution (MWD) and DAP
monomer contents. These results are
summarized in Table 2. The molecular
welight distributions are shown graphi-
cally by the GPC chromatograms repro-

duced in Figure 2 and Figure 3.

A number of features about the molecular
weights and molecular weight distributions
of these prepolymers should be noted.
First is the broadness of all the molec-
ular weight distributions, except for

the very lowest molecular weight BKC
prepolymer. Second, the three Osaka
prepolymers appear to be reasonably

close to one another (especially samples
from lots 7421 and 8566) and only some-
what lower in weight average molecular
welights (Mw) and MWD than Dapon 35. This
ig shown in Figure 2. The vertical lines
and numbers correspond to the molecular
weights of the monodisperse polystyrene
standards. Because the weight average
molecular weight is very sensitive to
the presence of shorter retention time
(or higher molecular weight) material,
the MWD of the FMC prepolymer is larger
than that of the Osaka prepolymers.
Otherwise, all have a similar bimodal-

type chromatogram.

The molecular weight distributions of the
four BKC prepolymers, shown in Figure 3,

are very different from one another and



—— Table 2 - MOLECULAR WEIGHT DISTRIBUTIONS AND MONOMER CONTENTS OF DAP PREPOLYMERS —

Weight Number
average average 0-DAP
o~-DAP Prepolymer molecular molecular MWD monomer
Source Designation weight (My) weight (Mp) (Myw/Mpn) contents (%)
FMC Corporation Dapon 35 68,000 6200 11.1 2.0
(QC 23797)
Osaka Soda of Daiso 35 34,400 7200 4.8 2.7
Japan (sample #1)
Daiso 35 48,300 6900 7.0 2.5
(Lot 7421)
Daiso 35 50,800 7400 6.9 2.5
(Lot 85€6)
Bendix - Kansas DAPP-14-15 8100 4200 1.9 6.9
City
DAPP-11 30,900 6700 4.6 2.6
DAPP-40 144,600 8700 16.6 5.1
DAPP-39 631,000 9800 64.7 4.2

from the FMC prepolymer. This is the re-
sult of an effort by BKC to synthesize
DAP prepolymers of widely varying molec-
ular weights in order to be able to
correlate molecular weight with pro-
cessing and properties. An explanation
of the resultant prepolymer molecular
weights, in relation to the o-DAP poly-

merization process, has been given [1].

Of the BKC prepolymers, the DAPP-11
corresponds most nearly to the Osaka
prepolymers, whereas the FMC prepolymer
is intermediate between DAPP-~11 and
DAPP-40. The DAPP-39 has a substantial
amount of high molecular weight (short
retention time) material and therefore
a very high Mw value. BKC-14-15 is the
lowest in Mw and MWD of any of the pre-

polymers.

The DAP monomer contents of the three
Osaka prepolymers are all slightly high-
er than FMC's Dapon 35, and very close to
one another. The DAP monomer content

of most of the BKC prepolymers is signif-

icantly higher than that of the FMC pre-
polymer. This can be an important factor
in the compounding, because some addi-
tional monomer is generally added to as-
sist in the final crosslinking reaction
on molding. However, the amount added
(if any) can be adjusted to fit the mono-
mer content of the starting prepolymer.
In this study, for the "standard" formu-
lation (Table 1), 2.0% DAP monomer was
added in all cases, at least initially.

3.2 Processability of DAP Prepolymers

All of the o-DAP prepolymers were pro-
cessed into DAP-FG molding compounds in
a similar manner, as described pre-
viously, using the "standard" formu-
lation given in Table 1. Any varia-
tions, particularly in the "B-staging",
and the observations made on the rela-
tive ease of processing the different
prepolymers are given in Table 3. As
described, DSC was used to determine

heats of reaction (AHR) to decide
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FIGURE 2 - Similarity in molecular weight distributions of FMC and Osaka DAP pre-
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FIGURE 3 - Wide range of molecular weight distributions of BKC DAPP prepolymers
shown by GPC. (Numbers correspond to molecular weights of polystyrene standards.)



Table 3 - PROCESSABILITY OF ¢o-DAP PREPOLYMERS

IN "STANDARD" DAP-FIBERGLASS MOLDING COMPOUND®

Processing conditionsb

Acetone Rheometer
to dissolve minimmm
Molding 100 g of torque
o~-DAP prepolymer compound prepolymer (ft/1b) and Ease of
Source Designation nurber (mL,) B-Staging/drying % max/3 min processability
FMC Corporation Dapon 35 554 265 1. Mill 25 min (to 100°C) 5/95% Excellent
(M3. CH 2. Dry 6 days/RT
23797) 3. Oven “B—gtage" 30 min/
95-103"C
4. Dry 2 hr/55-60°C
Osaka Soda of Daiso 35
Japan 1. Sample #1 565 265 1. Mill 25 min (to 110°%) 4/97% Excellent
2. Dry 1 day/RT
2. Iot 7421 576 265 1. Mill 25 min (to 104OC) 4/99% Excellent
2. Dry 1 day/RT
3. Iot 8566 577° 265 1. Mill 25 min (to 104°%) 3/93d Good - some
2, Dry 2 days/RT difficulty in
3. Oven "B—Sgage" 20 min/ milling
100-105"C
4, Lot 8566 581 265 1, Mill 20 min (to lOQOC) 4/92% Excellent
2. Dry 1 day/RT
3. Oven "B-gtage" 25 min/
95-105"C
Bendix - Kansas 1. Dapp-14- 578 265 1. Mill 40 min (_<_100°C) 2/93%d Poor - very
City (BKC) 15 2. Dry 4 days/RT difficult to
3. Oven "B—St&age" 30 min/ mill
100-105"C
2. DAPP-14- 580® 215 1. Mill 40 min (to 104°C) 9/93% Poor - difficult
15 2. Dry 1 day/RT to mill
3, Oven "B-Ssage" 40 min/
105~115"C
3. DAPP-11 575 265 1, Mill 25 min (to 10400) 4/100% Excellent
2. Dry 1 day/RT
4. DAPP-40 582 340 1. Mill 25 min (to IOBOC) 5/97% Excellent
2. Dry 1l day/RT
3, Oven “B—Ssage" 30 min/
100-105°C
Bg’i)dix(-Bl;él)’lsas 5. DAPP-39 583 340 1. Mill 25 min 4/97% Fair - diffi-
ty 2. Dry 2 days/RT cult to dis~
solve
zSee Table 1 for "standard" formulation.
See text for details.
SReight percent fiberglass (L/4 in.) [PPG-Type 450] - 33%.
ew:ils rheameter test (Acceptable values - 4-15 ft/lb, min, torque and 290% of max. in 3 min).
ight percent fiberglass (1/4 in.)l [0C-847-HE]) - 35%; Remainder of formulation (percent by weight): 3.1

t-butyl per-benzoate, 0.04 s 2.6 calcium stearate,

11



.
whether additional oven "B-staging”" was
required after milling to achieve about
the same degree of cure for all molding
compounds. This is illustrated in Figure
4, which compares the AHR's of Compound
#582 (BKC—-DAPP-40 prepolymer) after
milling and after subsequent oven "B~
staging." In addition to reducing AHR,
there is also a slight lowering of the
onset polymerization temperature (from
~140 to ~128°¢C), probably resulting
from the loss of inhibitor during oven

"B-staging."

The three Osaka prepolymers all pro-
cessed readily in the "standard" formu-

lation and passed the required oscillating

(All compounds were deliberately kept to
the lower end of the 4-15 ft/1b allowable
range in order to avoid the possibility of
overprocessing and crosslinking before
molding.) With only one Osaka prepolymer,
prepared with an alternate fiberglass, was
any problem encountered. The formulation
and/or conditions used may not have been
optimal for this particular FG, and no
further attempt was made to use this fiber-

glass during this study.

Considerably more variation was noted in

the processibility of the BKC prepolymers,
as might be expected from the differences
in molecular weights. The lowest molecular

weight polymer (DAPP-14-15) was difficult

disc rheometer minimum torque test. to mill and difficult to process, in order
7‘1
‘ 164.9°C
165.3°C
68— Milled only
*sesees Oven “‘B-Staged”
641
= 60
£
z
o
* 56
3
I
52}
48~ 'l“&.’o‘
-+*138.8°C .
........00-0‘ —__‘—
L] ’b—’
aab 140.6°C
1 1 1 1 1 1 i ! 1 | |
80 100 120 140 160 180 200 220 240 260 280 300
Temperature, °C
FIGURE 4 - DSC shows aven "“B-Staging" after milling reduces AHp of DAP-FG
molding compounds from 132 J/g to 120 J/g. Comparable sample amounts (~20 mg) used.
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to achieve a reasonable degree of cure.
Even a second formulation (without

any added monomer, using less sol-

vent, and with additional fiberglass and
catalyst) was also difficult to mill and
did not yield a satisfactory product.
Although it had passed the rheometer
minimum torque test, its DSC thermo-
gram (Figure 5) shows that it begins

to cure at a relatively low temperature
(110°C).
transfer molding operation.

This would be undesirable in a
Additional
inhibitor to prevent this premature cure
cannot be added as this would only
further inhibit the required "B-Staging"
polymerization. Thus, the molecular
weight of this prepolymer is probably too

low to enable it to be made into a useful

molding compound in any formulation.

The two intermediate molecular weight BKC
prepolymers (DAPP-11 and DAPP-40) pro-
cessed readily, although additional sol-
vent was used to dissolve the DAPP-40.
Even with added solvent, the highest
molecular weight prepolymer (DAPP-39) was
difficult to dissolve. Traces of it were
found on the mixer walls after processing,
suggesting that not quite all of it was
The two intermediate M, BKC

prepolymers were definitely preferable

dissolved.

from a processing standpoint.

3.3 Physical/Chemical Testing of DAP-FG
Molding Compounds

The physical properties of all the DAP-FG

163.3°C

121

Heat flow, mW

~12F

| ! I 1 i

—16 1 1 1 1 1
80 100 120 140 160

180

200 220 240 260 280 300

Temperature, °C

FIGURE 5 - DSC shows Toss of inhibitor on processing lowest molecular weight BKC
prepolymer (DAPP-14-15) results in premature curing at ~110°C.
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molding prepared from the Osaka and BKC
prepolymers are given in Table 4, in com-
parison with those of the FMC Dapon 35-FG
compound. The molding conditions and num-
ber of test specimens (two per test, unless
otherwise indicated) are also given. The
changes in molding conditions used for
compounds #580, 581, 582, and 583 were
based on results of a molding/DSC study

on #581, which showed that the thinner

test specimens (arc resistance and tensile
bar) were only 75-80% cured, when molded
under the lower temperature conditions,

but were >95% cured at the higher temper-
atures. There were no significant differ-~
ences in physical properties, however,
based on the results obtained with com~
pound #581.

cure were apparently not a factor in the

The differences in degree of

variable arc resistance test results
obtained. Failure of the arc resistance
test by these DAP-FG molding compounds
was therefore not considered to be re-
lated to any properties of the prepoly-
mers themselves, and will be the subject

of a further separate investigation.

Aside from arc resistance, the only pre-
polymer in a molding compound which did
not pass all other test requirements was
BKC's DAPP-14-15, the lowest molecular
weight prepolymer. The effect of molec-
ular weight is particularly evident in the
failure of the heat distortion test, even
in the second formulation (compound #580) .
It is, therefore, considered unsatisfactory

both in properties and processing.

Ideally, to achieve more accurate and
optimum physical property values for any
of the DAP-FG molding compounds tested,
a separate molding study would be per-
formed on each, and a larger number of

test specimens used. Materials limita-
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tions precluded that in this study,
however.

Table 5 contains the most significant
results of chemical testing of these
molding compounds. Emission spectro-
scopic analyses did not show any elements
present in amounts that could be detri-
mental (e.g., especially iron or barium)
in actual products. The amount of total
and free chlorides present is also
important, particularly to corrosion
prevention. Two BKC prepolymers had
higher than desirable levels of total
chloride, due to the addition of a
halogen-containing chain transfer agent
in the polymerization reaction [1].
This problem can be overcome by not
using any halogenated chain transfer

agents in the polymerization.

Overall, the properties of all of the
BKC and Osaka prepolymers in DAP-FG
molding compounds were satisfactory,
with the exception of the lowest
molecular weight prepolymer, DAPP-14-15.

3.4 Conclusions

From the results of this study, the

following conclusions were drawn:

1} The three Osaka prepolymers tested
are all close to one another in
molecular weight and MWD, but some-
what lower in both than the FMC
Corpeoration's Dapon 35 tested here.
They are slightly higher in monomer
content, however.

2) All three Osaka prepolymers processed
readily into DAP-FG molding compounds
and passed required physical pro-
perty tests. Because they have

lower molecular weights and/or higher

monomer contents, additional "B-

Staging"polymerization may be required
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Table 4 - PROPERTIES OF o-DAP PREPOLYMERS IN SHORTGLASS-DAP MOLDING COMPOUNDS

One specimen only
“Moided 8 min/136-140%
dMolded 8 min/150%C
SMolded 12 min/136-140°C

Minimum
4554 $565 ¥576 4577 #581 4578 #580 #575 #582 $583  Acceptable
PMC-Dapon 35 Qsaka Osaka Osaka Osaka BKC BKC BKC BKC BKC Values for
Test or Property (Qc23797)  Sample 1 Iot 7421 Iot 8566 Lot 8566 DAPP 14-15 DAPP 14-15 DAPP 411 DAPP #40 DAPP #39 Certification
Ash content, wt % 42.9 42.6 42.9 43.4 43.1 43.2 45.6 44.5 44.3 43.2 -
Volatiles, wt 0.49 0.55 0.75 0.51 0.63 0.28 1.3 0.91 1.3 1.4 -
DSC:
sE, cal/g, 28 29 28 24 28 30 29 29 29 29 -
ReS Peak, °C 163 165 166 167 166 166 164 165 165 164
Rheometer : a a
Min. Torque, in.-lb 5 4 4 3 4 2 9 4 5 4 4-15(in 1.5 min)
% of Max. after 3 min 95 97 99 93 92 93 97 93-99 97 97 908
Tensile Strength, 6590° 6720° 6350°  8330° 56009  5630° 5700° 5780°  4560°>% 56502 4500
1b/in.2-ASTM D651 52408
Notched Izod 0.43¢ 0.52¢ 0.5  0.47°  o0.8®  0.69° 0.493 0.5°  0.358  0.349 0.30
Impact Strength, 0.50€
ft-1b/in. notch
ASTM D-256A
Compregsive Strength, 20,690° 21,470  20,530°  21,670° - 20,890° 21,050% 19,020° 19,150° 18,2802 16,000
1b/in.? psi AST™M D695
Arc Resistance, 122€ 121€ 822 76 © rai1s®® 76 Failsd 124 raits?  pailsd 115
Sec., ASTM D-495
Heat Distortion Temp.,? 170¢ 165° 177° 167° 170%€  1a7ArC 15224 175° 1722 1734 160
°c, aSTM D-648
Mesa Spiral 11.0 19.5 25.0 24.0 - 40.5 11.5 24.0 9 14 Varies
Flow, in.b
%rails test
b
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Table 5 - CHEMICAL ANALYSES OF DAP-FIBERGLASS MOLDING COMPOUNDS

Elements by emission a
DAP prepolymer Molding spectroscopy Total chlorides
in molding compound compound (wt %) wt 8, Free Cl-
Source Designation nurber Iron Barium (includes bromine) (wt %)
FMC Corporation Dapon 35 554 0.2 0.02 0.03 0.001
(QC #23797)
Osaka Soda Daiso 35
Sample #1 565 0.3 0.04 0.03 0.001
1ot 7421 576 0.2 0.02 0.04 <0.001
Lot 8566 577 0.2 0.02 0.03 <0.0002
Bendix DAPP-14-15 578 0.3 0.02 0.01 <0.0002
DAPP-11 575 0.3 0.05 0.005 0.001
DAPP-40 582 0.2 0.03 0.39% 0.0007
DAPP-39 583 0.2 0.02 0.41 a <0.001
0.38
3May be detrimental at >300 ppm levels.
to achieve lower spiral flow values. polymers to produce acceptable DAP-
3) As expected, the four BKC prepolymers fiberglass molding compounds. Accept-
varied widely in Mw and MWD, from able DAP monomer content limits in the
very low in both to much higher than prepolymers are less certain, but may
FMC's Dapon 35. The two intermediate be given approximately. These ranges
molecular weight prepolymers approached or limits are as follows:
]
the Osaka prepolymers and FMC's Dapon a) Mw -~ >30,000 and <150,000
35 in MWD. Monomer content varied, but
not in direct relation to molecular b) MWD (Mw/Mn) - 23.0 and <18.0
weight, and most were significantly (Both of the above are relative
higher than the Dapon 35. to the monodisperse polystyrene
4) The processability and, to some extent, standards used here.)
the properties of the BKC prepolymers c) DAP monomer contents - >1.0 and
in DAP-FG molding compounds depended <6.0 wt %.
very much on M, and MWD values. The
lowest Mw prepolymer was unsatisfac- 6) From the results of this study, it
tory in both processing and proper- is reasonable to extrapolate to the
ties, whereas the highest M, prepoly- production of DAP-asbestos and DAP-
mer was difficult to dissolve, but Orlon molding compounds, which are
satisfactory in properties. similar. Those prepolymers producing
5) Based on these results, it is possible satisfactory DAP-FG molding compounds

to establish guidelines (in terms of
ranges of Mw and MWD values as deter-
mined here) for diallyl phthalate pre-
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should also produce satisfactory DAP-
asbestos and DAP-Orlon compounds,
with only some minor adjustments in



formulation or processing required,

Such a test of one of Osaka prepolymers
(lot 8566), has now been completed. It
was processed without difficulty into
both DAP-asbestos and DAP-Orlon molding
compounds, on a production scale, Both
molding compounds have also passed all
physical tests required for certifica-
tion. Results for asbestos-DAP are given
in Table 6.

Based on this study and the Bendix pre-~
polymer synthesis effort, there now ap-
pear to be two alternatives to the use
of FMC's Dapon 35 0-DAP prepolymer in
Mound's production of DAP molding com-
pounds. First, for interim use, the
Osaka ¢-DAP prepolymers appear to be
acceptable. Second, for the longer
term, BKC prepolymers, similar to their
two intermediate molecular weight DAP
prepolymers, should be usable. If the
scale~up of the laboratory process by

4. Future Work

Bendix-Kansas City is now beginning a
project to scale up the laboratory syn-
thesis of o-DAP prepolymers. As suffi-
cient quantities of prepolymer become
available, they will be tested in asbestos,
Orlon, and fiberglass compounds at Mound.
This work, if successful, will ensure a
long-term domestic source of DAP prepoly-
mexr for DOE. In the interim, the Osaka

0-DAP prepolymer will be used.

Characterization of DAP prepolymers will
continue. Determination of the total

and pendant allyl groups and their cor-
relation with "good" molding compound
properties will be investigated. Thermal
analyses will be utilized to better define
transition temperature and curing be-
havior of prepolymers and molding com-
pounds. Other methods of structural
characterization may also be investi-

Bendix is successful, a domestic source gated.

of the prepolymer would be ensured,

Table 6 - PHYSICAL TEST RESULTS FOR OSAKA DAP-ASBESTOS MOLDING COMPOUND
Asbestos-DAP #306
Minimum Acceptable No. of Average
Physical Test Value Test Specimens Value
Tensile strength, psi 5000 10 5970
ASTM D651-75
Compressive strength, psi 20,000 5 24,560
ASTM D695-79
Izod impact strength, 0.200 5 0.255
ft-1b/in. of notch
ASTM D256-78
Heat distortion, °C 150 5 177
ASTM D648-72
Arc Resistance, sec 120 5 141
ASTM D495-73
Rheometer:
Min./torque, in-1b 5-20 3 15
(1.2 min/300°F)
% Max., 3 min/300°F 90 3 94
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