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Physical Properties of Formaldehyde Products

ABSTRACT

At the request of the SHE Group in . ve have
developed more accurate physical properties information for each
of our formaldehyde products. This report summarizes the most
reliable data on boiling point, specific gravity, vapor pressure,
vapor density and flash points and documents their sources.

It is recommended that this information be used to
correct discrepancies and/or deficiencies in our Material Safety
Data Sheets (MSDSs).
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INTRODUCTION

In late 1986, the Safety, Health, and Environment (SHE)
Group in | requested we develop accurate physical properties
information for each of our formaldehyde products (1). The
purpose was to correct discrepancies and/or deficiencies in our
MSDSs. A plan was agreed upon and we proceeded to obtain the
necessary data from a variety of sources as well as to make some
experimental determinations (2). The purpose of this report is
to convey the requested information and document its sources.

DISCUSSION

The HIIIEEEEEGEGEGEGEGEGEGG SHE Group in JJ noted a number

of discrepancies in the MSDSs for our formaldehyde products (1).
The area of concern is the physical properties; i.e., boiling
point, specific gravity, vapor pressure, vapor density, and flash
point. At the request of the SHE Group, we have developed
reasonably accurate information for all the products in question.
This report summarizes our work.

RESULTS

Sources of Information

A substantial part of the vapor pressure data was
supplied by Mr. N of I (). These
data were obtained from a VLE computer program developed at
Dortmund University. Where we could make a comparison, the VLE
program gives somewhat higher partial pressures of formaldehyde
than the observed values reported by Green and Vener (4) and
Walker (5). Not knowing the source of information in the data
base and how the computer program works, we cannot comment on the
reasons for the differences. However, it is well known that
discrepancies in formaldehyde VLE data obtained by different
researchers are due to the type of distillation apparatus, its
mode of operation, and the age of the formaldehyde solution.
Weighing all the factors, we believe that the data calculated by
the VLE program give the maximum partial pressures of
formaldehyde that would be observed under a variety of
conditions. 1In my opinion, these data represent the best
available input to our MSDSs.

Some vaper pressure data were determined experimentally
at - This was done for formaldehyde solutions containing i-
butyl alcohol, n-butyl alcohol, or acetic acid (2). No prior
data existed for these mixtures.
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Flash points were obtained from a list of tag open cup
(TOC) and tag closed cup (TCC) flash points compiled by Havlik
{6). The other source is our MSDSs. For mixtures where no data
were available, the flash points were calculated by a
computational procedure discussed in the Appendix. This method
is judged to be satisfactory, because, for mixtures with flash
points reported in the above sources, the calculated value is
within $5°C of the experimental value for all but two. In these
cases, the calculated value was 7 and 9°C lower than the
literature.

Specific gravities were taken from pounds per gallon
tables supplied by the M plant (7).

Upper and lower flammable limits for pure components
were taken from several sources (8,9,10).

Tabulation of Data

The physical property data for all formaldehyde products
are given in Table I. The following is a brief explanation of
each column in the table. For convenience, temperatures are
reported in both °C and (°F).

PET

This is a code which identifies each I
MSDS.
Composition

The weight percent of each organic component in the
mixture is given. The balance is water.

Storage Temperature

Storage temperatures are typical temperatures at which
the product is stored and shipped.

Boiling Point

Boiling peints for a number of mixtures were calculated

by Mr. I (3) using a VLE program. Values

for intermediate compositions were estimated by interpolation.
Boiling points for mixtures containing the butyl alcohols or
acetic acid were determined at the Technical Center (2).
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Specific Gravity

Specific gravity is the density (g/ml) of the mixture at
storage temperature divided by the density of water at 4°C (1.00

g/ml).

Vapor Pressure

Vapor pressure is given as millimeters of mercury
absolute (mmHgA). The values are the partial pressures of each
component in the mixture. The total vapor pressure of the
mixture (not given) is the sum of the partial pressures. Data
for a number of the mixtures were supplied by Mr. Il (3) using
the VLE program. Data for intermediate compositions were
estimated by interpolation using nearby compositions. Data for
compositions containing the butyl alcohols or acetic acid were
determined experimentally (2).

Vapor Density

Vapor density was calculated from the liquid composition
in column 2. To calculate this value, it was assumed that the
mixture was completely vaporized in a closed system. The average
molecular weight of the gas was calculated and divided by 29 (the
average molecular weight of the components in dry air). This
calculation conforms to the procedure given by OSHA for MSDSs.

Flash Point

Flash points are given in two columns. Where available,
values from the literature are given. In most cases the values
were determined using the tag closed cup method (TCC). 1In two
cases (mixtures containing butyl alcohols), the flash points were
determined by the tag open cup method (TOC). TCC values are more
appropriate for MSDSs, because they represent a flammable mixture
in a closed storage tank.

Calculated flash points are given in the last column.
As discussed earlier, comparison of the two columns shows the
reliability of the flash point calculation.

Flammable Limits

It was not feasible to determine the upper and lower
flammable limits for these mixtures. In any case, such
measurements for these mixtures would not be meaningful and would
be subject to misinterpretation. As an alternative, the upper
and lower flammable limits for the pure components in these
mixtures are given at the bottom of the Table.
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CONCLUSIONS

Physical properties for all I »:cducts
containing formaldehyde have been updated with the most reliable

and current data available. These were obtaihed from recent

literature, I corputer programs, and [ rlant
documents or determined experimentally. Sources of information

are documented.
RECOMMENDATIONS
It is recommended that this information be used to
update the MSDSs for these products.
FUTURE WORK
With the information compiled, it will be possible to
supply physical properties data for many formaldehyde mixtures

not yet produced. We expect to supply this information as
needed.
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APPENDIX

Calculation of Flash Points

Flash points were calculated for all ligquid mixtures.
This was done, assuming that the lower flammable limit (L) of
the vapor above the liquid mixture 1s equivalent to the TCC flash
point. The experimental methods differ only in how the vapor is
introduced into the apparatus. In the TCC method the liquid
mixture is gradually heated in a closed chamber with air. The
gaseous mixture 1is repeatedly tested for flammability with a
spark until it ignites. The temperature of the liquid at which
ignition occurs is the flash point. In methods to determine the
lower flammable limit, synthetic gas mixtures containing air are
fed into a closed chamber, until one is found which can be
ignited with a spark.

Zebetakis (9) defines a procedure for calculating the L,

of a mixture, when the L;s of each pure component are known. The
formula given is:

L; (mixture) Ly, L¢, Lz ~

when n; is the mole fraction of component i. For example,
consider a vapor mixture containing 60 mole % methanol (L, =
6.7%), 30% formaldehyde (L; = 7.0%), and 10 mole % acetic acid

(Ly = 5.3%). The calculation gives
1 0.6 0.3 0.1
——————————— = -— + - + ===
Li (mixture) 6.7 7.0 5.3
and L;(mixture) = 6.6%,

This means that when the composition of the three components in
air exceeds a total of 6.6 mole%, the mixture will be flammable.

The vapor composition of each mixture was calculated for
numerous temperatures until the temperature was found that gives
a flammable composition per equation 1. 1In effect we simulated
the TCC experiment using the computational method.
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