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DEFINITION OF TERMS

THERMAL INSULATION For the purpose of this study thermal

insulation is defined as a material which will retard the flow of heat
between media of different temperatures as to reduce the energy loss
and cost of equipment needed to maintain the temperature difference to
economically acceptable levels.
K FACTOR Thermal conductivity, the reciprocal of thermal insulation,
is commonly referred to as the k factor. The k factor is defined as
heat flow per unit time, per unit area, per unit temperature
difference, per unit thickness of material. The units that are usually
used are

k = Btu/(hr)(ft2)(°F /in)
The lower the k factor the better the insulation quality.
DENSITY The weight of a unit volume of material. In this paper the
units will be in pounds per cubic foot. (lbs/ft3)

CREAM TIME (Initiation time) The time interval between mixing the

foam and the visible start of the foaming reaction. The start of the
reaction is denoted by the mixture turning a creamy color or the

mixture just beginning to rise.

xi



x1ii
RISE TIME The time from mixing the foam components to the time the
foam stops rising in an open container.

TACK FREE TIME The time from the mixing of the foam components

to the time a wooden spatula touched to the foam surface just ceases to
stick to it,

URETHANE

’ hea‘f H Q
R-N=C=0 + R-0-H ——=R-N-C-0-R’

SURFACTANT A silicone material usually blended into the "B"

component which lowers surface tension and reduces bubble collapse.



CHAPTER I

DEFINITION, SCOPE AND LIMITATIONS

The Protlem

Inadequate understanding and/or control of the polyurethae
rigid foam process normally requires five to ten percent overpack
of cavities to obtain correct fill and foam characteristics. This
practice of overpacking has resulted in excessive waste and cost.

Motivation and sponsorship for this research was initiated
by Whirlpool Corporation to enable them to reduce the cost of

producing refrigerator cabinets,

Economic Importance of Study

Solving of problems associated with overpack of cavities
will contribute significantly to lowering industrial cost of rigid foam
systems. Two areas of cost savings involve the foam itself and the
support equipment.

The excess material required above the theoretical amount
to fill refrigerator cavities costs one manufacturing company aromd
$1300. 00 per day. "Those industries using rigid foamas aninsulator

1



are usually consumer oriented and highly cost competitive. Under
such circumstances a difference of 1.0 percent in loss factor may
represent many thousands of dollars which could be the difference
between a profitable operation and a marginal or loss position. '(:1)
The other areathat overpack affects directly is the cost of
fixtures. The cost of fixtures may reach 50 percent of the total cost
of a newly installed foam system. (1) The reason for expensive fixtures
comes as a result of excessive pressures developed during foaming.
In usual overpacking procedures the pressures created by the rising
foam may be between two and seven pounds per square inch. When
looking at a large area, such as one side of a refrigerator, the total

force may reach 15, 000 pounds.

Method

To obtaina goodfeel, perspective, and orientation to the
research, it was decidedtofirst visit the Whirlpool plart in Evansville
Indiana, to see firsthand their polyurethane foam system and to
become acquainted with and interview those who had experience with
the foam process.

The next step was to complete a library research and glean
pertinent information on the rigid foam process, experimentation

techniques, and results of other researchers.



These two steps helped in identifying process variables,
limiting the research, and selecting and designing appropriate

experimental techniques and equipment.

Scope of Study

The scope of this research was to determine the sensitivity
oi the process to pre-mixed viscosities, temperature, mix ratio,
and mixing time or blendability of the foam ingredients; and
temperature dimensions and surface finish of the mold on the rigid
polyurethane foam process. The overall goal will be to decrease the
percentage overpack needed while maintaing the correct "k'" factor
or thermal properties of the foam. Both experimental and

literature review will be utilized to accomplish this goal.

Limitations

The formulation used in the experimental tests will be the
particular set of ingredients used by Whirlpool to {ill their
refrigerators. This will be the only foam ingredient system
experimented with. Since this formulation is of proprietary nature,
the exact manufacturer's name will not be used. The formulation

is listed below by percent weight.



Table 1

Foam System Formulation

Masterbatch Percent by Weight
Resin 67.727%
Surfactant .756%
Water .481%
Catalyst .463%
Catalyst .072%
Freon R-11 30.501%

100.000%

The mix ratio for the two ingredients was calculated to be

Masterbatch = 140 Parts
Isocyanate TDI 100 Parts

The formulations used throughout industry are varied and
each company has worked up their own '"best'" formulation. Some
of the well known companies that have rigid foam formulations are:
DuPont, Mobay, UpJohn, PPG Industries, Olin, UniRoyal and
Union Carbide.

The filling of a refrigerator cavity was simulated during
experimental research by using a specially constructed test cell.
The changing viscous nature of the foam as it rises up a column was
taken into account in designing the test cell. The test cell was
constructed to maintain the same volume to surface ratio(2) as
foam rises up one side of a refrigerator. Refrigerator cabinets are

usually filled laying on their back.
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Fig. 1. Relationship between refrigerator cabinet
and five inch diameter test sample

The calculations used in maintaining similitude between the

refrigerator and test cell are shown below.

0 E SUR RATI

WL - W
20W+L) 2 4nD 4
SIMILITUDE
D=2W WHERE W=2.5" D:5.0"

W is the width of the refrigerator, L is the length of the side,

and D is the diameter of the test cell.



Humidity

It has been found that humidity has some effects upon the
final foam characteristics. During the tests, humidity will be
monitered and the data will be presented, but no attempt wili be made
to correlate this data to the final results of the experiments. It is
thought that its effects will be neglible with respect to the other

variables.

k Factor

Density and foam cell size will be used to determine the
final characteristics of the foam instead of using the k factor
determination. The relationship between k factor and density is
shown in Figure 2 and between k factor and cell size in Figure 3.

At lower densities the k factor is also lower until an
optimum point is reached, between 1.5 and 2 lbs/ft3. The lower
density is wanted because of the low conductivity of the gas in the
cells, (3) but this only happens to a point as the density decreases
the cell size increases. This gives rise to interconnected cells
which increases convection currents. The cells are also weak and
are easily ruptured.(l) Therefore, the thermal conductivity
increases at densities below 1.5 lbs/ft3.

The relationship between cell size and k factor is almost

linear(4). As the cell size increases the efficiency decreases.
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Actual production equipment will not be used during the
experiments. Mixing will be accomplished by using a high speed
stirrer with a two inch diameter, three propeller blade, and
metering by use of a balance scale for one ingredient and a syringe
for the other. All production operations will be simulated using
specially designed equipment.

The limitations may be summarized as: (1) A sample test
cell will be used to determine flow in a refrigerator cavity; (2)
Humidity will be monitored but not correlated with the other data;
(3) Density and cell size and structure will be used to determine the
foam's thermal qualities; and (4) Actual production equipment will

not be used during tests.



CHAPTER II

BACKGROUND

This chapter acquaints the reader with rigid polyurethane
foaming. Itwill contain information on the following: (1) Polyure-
thane as an insulator; (2) Composition of rigid polyurethane foam;
(3) Research of others concerning overpacking; and (4) Explanation

of the foaming system.

Polyurethane, an

Insulating Material

Polyurethane foam was selected as an insulating material
because of its k factor. Donald S. Gilmore Research Laboratories
(5) reported on some comparisons carried out between isocyanate
based rigid foams and other insulating materials, For each of the
materials the k factor was measured at 250C., The measurements
showed that the polyurethane foams have an insulation efficiency
about twice that of other common insulating materials. These tests
also showed that the k factors of all insulating material decreased
as temperature decreased, but the rigid foams decreased at a

slower rate.
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Table 2

Typical k Factors for Commercial Insulation

Material k Factor
Btu/(hr)(ft2){°F /in)

Asbestos 1.08
Powdered Gypsum 0.50

Wool Felt 0.48
Foamed Glass 0.40
Sawdust 0. 36
Wallboard, Insulating type 0. 34
Rock Wool 0.30
Cork 0. 30
Animal Wool and Hair Felt 0.25
Polystyrene Foam 0.25
Fiberglass 0. 24
Rigid PVC Foam 0.17
Urethane Foam, CQ2 expanded 0.23
Urethane Foam, Freon 11 expanded 0.11-0.15

Polyurethane foam has been slow coming into use because
of its higher cost, but since recent development by the chemical
companies which decreased its cost and the increased pressures
for better insulation because of the energy shortage, the polyure-
thane industry is now rapidly expanding. By filling the same
refrigerator space that was once filled with fiberous glass, the

insulating qualities could be practically doubled using urethane foam.
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SOURCE: Backas, Jack and Gemeinhardt, P.G., Plastic
foams, ed. Frish, Kurt and Saunders, James H. 1973. p. 498.
New York: Marcel Dekker, Inc.

Composition of Rigid
Polyurethane Foam

Rigid polyurethane foam consists usually of two reactive
liquid components, each of which is stable by itself. One componert
is an isocyanate (usually referred to as the "A" component), the
other component {called the "B'" compcnent)is a blend of polyol,

catalyst, surfactant, and blowing agent. The polyol is a hydroxyl
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(-OH) bearing material which reacts with the isocyanate. Catalysts
are added for control of the rate of reaction and the cure time; and
the surfactant is a silicone material that lowers surface tension and
reduces bubble collapse. When these two chemicals are mixed
together the exotherm (heat generated during the reaction)vaporizes
the blowing agent to produce the foam structure. The blowing agents
for insulating foams are usually R-11 (Trichloroflouromethane),
carbon dioxide, or sometimes R-12 (Dichlorodifloromethane). The
foam used for this research was blown by R~11. R-11 is usually

used because of the lower k factor that it exhibits.

Table 3

K Factor of Gasses

Gas k Factor
Btu/(hr)(ft2)(°F /in)

Air 0.168

Carbon Dioxide 0.102

R-11 0. 056

The Procedure of Five to
Ten Percent Overpacking

It is a common practice in industry to calculate the amount
of polyurethane foam it takes to fill a cavity and then add 5 to 10
percent to insure proper fill. It has been hard to determine why

this is needed, but all authors agree that it is a good practice.
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Probably the best reason given for the need of overpacking is to
apply some back pressure on the foam so as to make the cell more
spherical in shape. When the foam rises in a column the cells are
elongated in the direction of rise. Following are some quotes on
the procedure of overpacking:

Usually, depending upon the operator (in batch
operation), it is found that a 10% to 30% excess over
the amount theoretically needed to fill the mold is
required for a good fill. Little variation is found in
foam densities within these limits. When continuous
metering and mixing are employed, lower foam
densities are observed. Apparently, a more efficient
utilization of the gas blowing reaction is obtained.
For mechanically dispensed formulations, excesses
in the neighborhood of 5% may be used. With this
excess, wall pressures up to 2 to 3 psi may be
expected. {2) (ltalics mine)

M. Kaplan(6) makes the following observation concerning
the packing of urethane filled cavities:

Packing To ensure complete fill of mold extremities
and optimal foam properties, a foam charge 5-10% in
excess of that needed for an unrestrained foam rise
should be used for closed molding as described by
Jones. Use of too little results in nonuniformities
and slightly soft foam at the top of the panel. Use

of excessive packing results in higher panel densities
and higher pressures which, without adequate jigging,
may distort the mold. (Italics mine)

In another work by Buist, Hurd and Stafford(4) the reason
for overpacking is for dimensional stability.

Another method of improving the dimensional stability
of rigid foam is the technique known as '"overpacking"”
or pressurization. This is a technique whereby more
foam is injected into a cavity than that which is strictly
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necessary to fill it. The effects of this overfilling is

to build up internal pressure in the foam system while

it is still in the fluid stage. Since this pressure is equal
in all directions, more uniform cells are produced

and the anisotropy of the resulting foam is reduced.
(Italics mine)

Lane(l) goes into more detail concerning the cost factor
and ideal level of overpacking:

When estimating the cost of a product in which a

cavity is to be filled with rigid urethane foam the most
difficult cost component to obtain with any degree of
confidence is that of the urethane material itself.
Calculation of the size of the cavity is, in itself, far
from simple when the cavity is of irregular shape.
Using again the example of the household refrigerator
with urethane foam insulation, the insulation cavity
between the outer cabinet and inner liner will vary in
thickness as a function of the design and will also vary
as a function of component dimensional tolerances.
Contained within the insulation cavity will be support
brackets, refrigerant carrying tubes, sealing tapes
and mastics, pads of glass fibre, and so on all of which
make accurate calculations of the volume of the insu-
lation cavity extremely difficult. For reasons unknown
theoretical calculations of the volume of cavities at
this stage of product design usually understate the volume.
Only experience with a particular type of product

and design will give an indication of the correction
factors which should be applied. {Italics mine)

Lane(l) also takes into account other losses such as the
amount left in the mixing chamber of the equipment, and what he
calls the buoyancy loss. He continues that other losses will occur
because of operator error, and through machine calibration and
testing. "All of these losses combined should not exceed 10% in

an efficiently run operation, 5% may be considered as near ideal
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level.'" The purpose of this overpack, he states, '"..... is to
ensure that the cavity is always completely filled even when the
dispensing equipment is operating at the lower limit of its tolerance,
to obtain a complete fill on occasions when material, mould or
product temperatures are at the lower tolerance limits and to
ensure that uniform pressure is exerted on the foam mass just
near the top of rise to create a uniform, orthotropic cellular
structure and also to ensure that the still flowing foam is forced
into all the areas of the cavity into which it is r equired to penetrate."

To summarize, it is a general feeling by those experienced
with urethane foam that it is a good procedure to overfill cavities
by 5 to 10 percent to obtain optimum foam characteristics.

The challenge is to see if there is a way to decrease this
amount needed by careful examination of process variables, and

still obtain optimum foam qualities.

The Foam System

The major disadvantage of using rigid polyurethane foam is
that it requires a chemical plant for installation. When installing
fiber glass, all the manufacturer has to do is to take it out of the
box and place it in the refrigerator cabinet. When installing
polyurethane many variables must be taken into account, if these
variables are not controlled quite closely, using polyurethane could

be a sad and expensive experience. Many types of mixing heads
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and chemical plants have been developed for this process. Some
have worked quite well under given conditions, but have failed
miserably under others. Some experienced with urethane foam
feel that this process is an art rather than a science.

Rigid polyurethane foam systems are set up to accomodate
usually one out of the three types of foaming applications: (1) The
intermittent two-component system for the foaming in place of mold
cavities; (2) The continuous two component system for producing
foam buns and slabs, and (3) the frothing system where R-12 is
used as a third stream for pouring molding of cavities. This paper
will explain the intermittent process since this is the type of system
that Whirlpool uses for the filling of refrigerators and where
overpacking is used.

The intermittent foam system consists mainly of four
basic components: the tanks or reservoirs where the chemicals are
stored, the mixing and metering equipment, the preheat and cure
oven, and the fixtures for holding and securing the molds while the

foam is rising and curing in the cavity.
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Chemical Holding Tanks, There are many types of chemical

holding systems m operation. The basic chemical storage system
takes into account the reactivity of the compments. The storage
tank for the "B'" component is usually made of steel or black iron,
but the "A" component is more reactive and must be stored in
stainless steel or epoxy-phenolic lined tanks. Most tanks are
equipped with agitators or stirrers to keep the chemicals mixed and
at a constant temperature, and blanketed with nitrogen to prevent
the chemicals from reacting with or picking up humidity from the
air. To keep the ingredients at certain temperatures, heat
controlling devices are either added to tanks or heat exchangers
placed on the transfer.lines to the mixing and metering equipment.
It should be noted that the lines or pipes are also constructed to
account for the reactivity of the chemicals.

The Toluene Diisocyanate (Isocyanate) causes health
hazards and precautionary measures are taken to assure that only

certain amounts are concentrated in the air.

Mixing and Metering Equipment. Initially the foamed in

place systeins were handled by bathwise stirring due to the lack of
equipment. In this process the various foam ingredients were
weighed out and placed into a container and blended with spatulas or

stirred with mechanized mixing devices. The mix was then quickly
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poured into the desired cavity for foaming. It was important that
the stirring was of a ""blending type' and not a '""beating' one. (2)
Since that time, elaborate mechanized equipment has been
developed for this operation. There are many machines available
on the market today, and much literature has been written on the
different makes and types. A brief review of the machines avail-
able on the market today was written by Vincent Johnson(7) and is

included in Appendix A,

Fig. 7. Admiral Polyurethane Pour Machine

The equipment has two vital functions: (1) to proportion the

components accurately to the mixing head, and (2) to properly mix



20
the components there.(8) The importance of the proportioning
equipment is then to make sure that correct shot sizes are
delivered to the mixing chamber and there be completely mixed.

There are two types of metering pumps used: the fixed
displacement gear pumps, and piston pumps with either variable
speed drives or adjustable stroke lengths.

"The mixing is just as important as the metering of the
foam ingredients since poor mixing nullifies proportioning by the
most elaborate pumping and metering devices.(9) There are two
main types of intermittent mixers. One uses mechanical means for
mixing and the other is an impingement style(10) where mixing is
accomplished by using high pressures and the kinetic energy of the
two components.

The most common type is the mechanical mixers. The
agitator is most usually of helical gear type similar to the one
shown in Figure 8. Most mixers provide high shear requiring small
clearance between the mixer and housing.

"As a basic concept, a polyurethane foam machine is
relatively simple. It delivers two or more liquid feed streams into
a mixing device. However, the required accuracy in temperature,
feedstream delivery, and ratios has created the need for a precision

machine, (11} One should become familiar with the foam equipment
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available, Some machines have worked extremely well under

certain conditions, but have failed miserably under others.

\§ AGITATOR

- o e -

Fig., 8. Typical mixing chamber

Preheat and Cure Ovens. The temperature makes a big

difference in the final foam characteristics when filling a product
or cavity.

If the temperature of the mould is too high the foaming
reaction will become more active, the rise will be more
vigorous and there is a probability that the blowing
agent will flash off prematurely causing unacceptable
surface conditions in moulded products, and cavities,
small voids and irregular cell sizes in all products.
When the product or mould is too cold at the time the
foam is injected the foaming reaction is suppressed
and the heat generated by the reaction between the
isocyanate and the polyol may be absorbed too rapidly
by the surroundings with the result that the density

of the foam near the cold surfaces will be high, the
rise of the foam will be sluggish and the mould, or
cavity may not be completely filled. (1)
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The purpose of the preheat oven is to bring the products to
a correct temperature range so as to take advantage of the exo-
thermic reaction. The products to be foamed are passed through
the preheat oven just prior to foaming to bring them up to
temperature. The preheat oven should be designed to keep the
cabinets at an optimum, consistent, and uniform temperature no
matter what the production rate.

The purpose of the cure oven is to speed up production.
If the foam is postcured the time in the jig is reduced considerably.
(12) No postcure oven is needed, however, if this is not a factor
since the restraining fixtures will usually retain the heat necessary
for the cure. Microwave, dielectric and infrared are being used

commercially to help speed up the postcuring procedure.(11)

Fixtures., The fixtures are designed to provide three basic
functions: (1) To restrain the pressures developed during foaming;
(2) to secure the products to prevent warpage; and (3) to retain the
exotherm heat.

Because of the pressures developed during foaming,
adequate fixtures are required. If the fixtures are not well built
they will need to be replaced in a few years adding additional cost

to the manufacturing operation.
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If the surface finish of the product is critical, close
tolerances are needed between the product wall and the fixture so
that warpage or ripples in the metal surfaces are not noticeable.

The temperature of the fixture is also critical. Some
companies pass the fixture through a preheated oven to get it to
correct temperature before starting a shift. If this is not done,
excess material is placed into the product at the start of the shift
to allow for the lower temperature. After twenty minutes the
exotherm heat generated from the reaction will have the fixture to a
correct temperature range. People experienced with urethane
foaming(13, 14, 9, 1) feel that the temperature of the fixture is
very hard to control and keep constant during a production run
because they are continuously heating from the exotherm heat.
Since the temperature of the fixture changes, this is a critical area
of concern when trying to control the process variables.

The construction materials that are used are also of
concern. If the fixtures are made of metal, the metal conducts the
heat too rapidly from the reaction causing poor foam characteristics.
Most fixtures are made of wood and plastic material to retain the
exotherm heat,

Some have experimented with heated jigs, thereby
eliminating the need for the preheat and cure ovens. Perhaps more

experimentation should be done to find ways to control the
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temperature of the fixtures, An example might be in using water

as a transfer medium to keep the fixtures at constant temperature.



CHAPTER III

PROCESS VARIABLES

The purpose of this chapter was to take a closer look at
the variables associated with the rigid foam process by reviewing
literature that has been written and results gathered by other
researchers., These include variables associated with the foam,

equipment, and mold cavity.

Variables Associated Withthe Foam

The variables associated with the foam would include: (1)
the ingredients, (2) the temperatures of premixed ingredients, (3)
viscosities of the ingredients, (4) ratio of ingredients, (5) flow

characteristics of the rising foam, and (6) environmental factors.

The Ingredients. The purpose of this study was not to go

into the compositions of different makes and types of foam, but to
use one specific foam for experimentation and find its sensitivity
to process variables. Many excellent articles are available(2, 8, 9,

12, 15,16, 17, 18, 19, 20) on the different foam ingredients.

25
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The ingredients include the A and B components. The B
component, as mentioned earlier, is a combination of polyol,
catalysts, surfactants and blowing agent. The catalysts of the
system should be balanced so that the top of the rising foam does
not solidify before the mold is completely filled.(2) The surfac-
tant is an important part of the mixture in that it helps to form a
homogeneous mixture assuring complete and uniform reaction,
and also helps control cell size and formation. (12,18, 21, 22) The
amount of blowing agent in the mixture has an influence on the
density of the molded part{24). It serves as an expanding agent for

the foam and also contributes to the low thermal conductivity of the

foam.
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Fig. 9. In place panel density versus percent
trichlorofluoromethane for a one-shot rigid foam

SOURCE: Kaplan, M. 1967. Formulation and processing
techniques, Rigid Plastics Foams., p. 106. Ferrigno, T.H.
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Temperatures of Premixed Ingredients. The component

temperatures affect the repeated accuracy of the metering system,
the mixers efficiency, the flow characteristics in the cavity and the
final quality of the foam. (1)

If the ingredient temperature is increased, the density
decreases, but the bad feature is that the foam structure may
become '"course'' and "irregular'. (2)

Kaplan(6) mentions that, '"'....in general, the reaction rate
increases with increasing ingredient temperatures, ' and that

density decreases. Shown below are the results of his experiments.

Table 4

Effects of Ingredient Temperature on Reaction Times
in a One-Shot Rigid Urethane Foam System

Cream Rise Tack free
Premix Isocyanate Time Time Time
Sec. Sec. Sec.
70 71 17 140 145

78 123 9 100 110
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Table 5

Effects of Ingredient Temperature on Panel Density
in a One-Shot Rigid Urethane Foam System

Trichloro- Overall

Ingredient Temp. floromethane panel

oF parts per 100 density

Foam Premix Isocyanate parts polyester 1bs/ft3
A 17 (i 45 2.3
B 87 125 45 2.0
C 77 71 52 2.0

NOTE: Panel size 24 X 24 X 1.75 inches.
On foam C the temperature was kept the same for ingrediets,
but Freon level was increased to decrease density.

Viscosities. The main area where the viscosity of the

components is critical is in the mixing and metering operations.
Doyle(8) mentions that the metering part is generally governed by
the viscosities of the foam system used. ''The higher the
viscosities, the harder it is to handle the components. Where one
component is much higher in viscosity than the other, the problem
is compounded, and metering can become very irregular with many
machines.'" The viscosities are regulated by changing the temper-
ature. In most operations the A component is chilled because it

is of lower viscosity and the B component slightly heated to make

them similar in viscosities.
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The mixing operation is also affected by the viscosities of
the components. The clearance between the agitator and housing
provides a high degree of mixing shear. As viscosities increase,
so should the clearance.(6) On impingement mixers it is critical
that the viscosities be similar for a good mix. (10)

If the viscosities are similar there is also a better chance
for complete mixing because of the similarity between the two
components.

Viscosities are often measured in industry by use of a
Brookfield viscometer.(23) A sample viscosity curve for TDI is

shown in Figure 10.

Ingredient Ratio. The ingredient ratio is the ratio of the

weights of the two ingredients. The stoichiometry of ratio between
the NCO to OH should be from 1.00 to 1.03. This ratio of NCO to
active H ions is sometimes called the TDI index. ¥rom using this
index, the ratio of weights of ingredients can be established. The
foam system used in experimentation, as mentioned earlier, is 140
parts Masterbatch to 100 parts TDI. It is of utmost importance that

this ratio be kept as close as possible for optimum foaming.

Flow Characteristics. When the two components are

mixed the foam begins to expand and to fill the cavity. This

expansion is in the range of thirty times the original volume.
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"During this filling period the viscosity of the reacting mixture
increases markedly from the initial low value of the liquid mixture

to the high value of the final polymerized foam structure. ' (4)
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Fig. 11. Variation of relative viscous stiffness
with time of a reacting foam from the initial dispensing of
the liquid mixture

SOURCE: Buist, J, M., Hurd, R. and Stafford, R.L. 1968.
"Rigid foam: Manufacture and properties'" Advances in polyurethare

technologyv. ed. by Buist, J. M. and Gudgeon, H. London: MaClaren

Dave Hart(14) mentioned that most mistakes are made in
designing for foam because the designer is not familiar with the
foam abilities. He mentions the following concerning the reaction:

As the polymerization proceeds, more heat is given
off and the viscosity of the liquid and ensuing foam
becomes greater. When the foam is well on the way to
complete polymerization, it is extremely viscous and
will not flow well. In order to get good foam flow, the
foam should flow during the primary polymerization
stage. If the polymerization exotherm is contained
within the liquid mass, foaming will begin as soon as
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the materials begin to polymerize. If this occurs the
area foamed will be filled with foam before the poly~
merization has proceeded to a point that produces a
viscous foam that will not flow. In order to overcome
this problem, one must design so that the exotherm
remains in the original mass.

Some catalysts are added to the foam to help delay the
curing of the foam until the foam has filled the cavity.

The Urethane Foam Flow Test, and ASTM Standard test
for Rate-of-Rise (Volume Increase) Properties of Urethane

Foaming Systems(23) have been developed to determine the foam's

abilities. See Appendix B.

Environmental

Foam is about 97 percent gas by volume. The pressure in
the rising foam must exceed atmospheric pressure, otherwise the
foam will not rise.(4) '""Bubble growth will continue from an area
of high pressure to an area of low pressure.'(22) After the foam
fills the cavity the temperature of the cavity continues to increase
until a maximum is reached. This temperature can reach as high
as 1600C. (4) The pressure of the gas in the cell can be determined
using the gas laws.

From this discussion, it could be inferred that barometric

pressure could have some effect on the rising foam.
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Fig. 12. Increase in internal temperature of a typical
foam from the time of dispensing of liquid mixture

SOURCE: Buist, J. M., Hurd R. and Stafford, R.L. 1968.
"Rigid foam: manufacture and properties."' Advances in poly-

urethane technology. ed. by Buist, J. M. and Gudgeon, H. p. 205.
London: MaClaren

Strickman(22) mentions that one reason for non-uniform
urethane foam '"'is the presence of excessive humidity in the

reacting materials due to the entrapment of ambient air. In

small amounts the 'air entrapment' enhances the cell structure. "

Excessive air gives poor foam because excessive moisture inter-

feres with the nucleating agent.
The temperature of the air could also have an effect on

the final foam characteristics. Hart(14) reports on an experiment

where he foamed a container measuring twelve inches by twelve
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inches by one and one-half inches on end and laying on its face.
One had 144 square inches exposed to the air above the rising foam
and the other eighteen square inches. The results showed that 120
grams of two pound per cubic foot density foam was required to fill
the container on its end. This same amount only filled 65 percent
when on its face. The reason for the decrease in fill was attributed
to the escape of the exotherm to the air.

Variables Associated With the
Mixing and Metering Equipment

As mentioned earlier, proportioning is critical and is
affected by the viscosities of the foam, the pressures of the étreams,
znd the pump speed. Most machines are calibrated at the beginning
of the shift to insure that the ratios are correct.

Kaplan(6) makes some excellent observations concerning
the variables of the mixing operation:

The function of the mixing head is to provide sufficient
mixing so that the streams are thoroughly blended and
the resultant foam has fine uniform cell structure and
optimal physical properties. Insufficient mixing will
result in a weak foam with coarse, irregular cell
structure. The degree of mixing achieved in the head
is largely dependent upon agitator design, clearance
between housing and agitator, size of outlet orfice,
and agitator speed. (Italics mine)

He mentions that the "high-shear, helical-gear type' of agitator is

preferred because it consistently provides thorough mixing and fine

cell structure.
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The clearance between the agitator and housing, he states,
should be between 0.006 and 0.030 inches. The higher the viscosity
the more clearance is needed. The orifice on the outlet of mixing
chambers provides back pressure and increases the mixing action.
He states, '"Excessive restriction increases cell size, which is
undesirable. Optimal results have been achieved by using the
smallest orifice that does not significantly increase cell size."”

Speed affects the degree of mixing. Kaplan mentions that
the ''normal speed'" is usually 4000 to 6000 revolutions per minute,

Polyurethane foaming equipment manufacturers have put
much research into making the proper equipment. The company
obtaining the equipment should be careful to pick the proper
equipment that will be compatible with the foam ingredients they
use; and that will have the proper output capacities needed for a

given operation.

Variables Associated With the Mold

The variables associated with the mold cavity are the mold

temperature and the physical makeup of the mold.

Mold Temperature. It is generally felt that mold temper-~

atures of 110 to 130°F are the best range for metal molds to insure

low panel densities and optimum k factors. (18, 12,6) Lower
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temperatures result in higher density due to the loss of exotherm
heat. A thicker skin is also formed on the foam that may increase

the k factor.(18)
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Fig. 13. Mold temperature versus in-place panel
density for a one-shot system

SOURCE: Ferrigno, T.H. 1967 Rigid Plastic Foams p. 112
New York: Reinhold

Hart(14) Carried out tests by changing the mold temperature in 100
increments from 80°F to 160°F on two molds made with walls
different distances apart. The molds used were made of 3/4 inch
plywood covered with 20 guage cold rolled steel. The foam was
poured into verticalljr positioned cabinets and allowed to rise

freely with no packing. The dimensions for the molds were 24
inches by 24 inches by two inches and one and one-half inches. The

results for the two panels foamed are shown in Figure 14.
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Fig. 14. Panel density versus mold temperature

SOURCE: Hart, David. "Polvurethane foam insulation in
household refrigerators design considerations tecnnicques and
application. ' 1973 Unpublished

His results showed that very little density change was

obtained after 90°F was reached for the particular foam system he

used.

Physical makeup of the mold. Dombrow(2) mentions four

factors that should be taken into account while designing the mold:
(1) the material the mold is made of, (2) surface to volume ratio,
(3) the size of pour needed, and (4) the restraints placed on the

rising foam. Hart adds one more factor concerning the shape of

the cavity. (14)
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Most mistakes are made in designing for the foam
because the designer is most familiar with the foam's
abilities. One ability that is rnost abused is the ability
of the foam to rise in a panel and flow to all small
concerns of the unit being foamed. The foam will
rise nicely in a narrow panel, but avoid overworking
the foam if possible. Causing the foam to change
directions many times in its upward rise will over-
work the foam and it will begin to drag at the top

of the rise causing poor physical properties in this
area. Attempt to give the foam a smooth rise and

its physical properties will be uniform. (14)

Mold Materials. The materials are of two types; the

conductors and nonconductors of heat. The insulating type of mold
will produce lower-density foams than metal molds. This is

because the exotherm heat is not lost throughthe walls.

Similar to this is a test made on panel thickness by Hart(14)
Results shown in Figure 13 showed that as panel thickness increased,

density decreased.
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Fig. 15. Density versus panel thickness

SOURCE: Hart, David. '"Polyurethane foam insulation in
household refrigerators design considerations techniques and
application. ' 1973. Unpublished
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Surface to Volume Ratio. Tests have shown that the higher

the surface ratio to the volume, the higher the density of the
resulting foam. If an attempt is made to foam thin slabs, higher

density also should be expected.

Size of Pour. The size of pour also effects the density.

The larger the volume of material, the greater the exotherm(8)

contained in the system.

Table 6

Effect of Size of Pour

Size of Pour (in3) Foam Density (lbs/ft3)
12 7.6
60 6.0
200 4.7
900 3.9

SOQURCE: Dombrow, Bernard A. 1965 Polvurethanes.
Second Ed. p. 52 New York: Reinhold

Restraint. Openings should be placed in the cavity for the
escape of the air being pushed out by the rising foam. The vents
should be designed to prevent escape of the foam. Usually 1/16
inch diameter holes will allow air to escape, but not the foam. (6)
On some operations fiberous glass is used as a foam stop, and to -

allow for the escape of air,.
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After review of the variables associated with the rigid

urethane foam process one can now appreciate the statement made

by Kaplan(24):

The formulating and processing of rigid urethane foam
is both a science and an art. It is a science in respect
to the theoretical aspects concerning the catalysis and
kinetics of the polymorization and cross-link density of
the resulting foam. It should, however, be considered
an art as well, since trace impurities or only minimal
changes in formulation or mechanical processing can
result in 2 foam with a radically different appearance
and/or physical properties.

Limitiations of Previous Studies

Most of the studies made on rigid urethane foam have been
dealing with one variable at a time while the others are held
constant. It would be beneficial if a relationship could be established
between the variables so that the rigid foam process could be
controlled accurately and become more of a '""'science' and less of

an "art".



CHAPTER IV

EXPERIMENTAL DESIGN AND PROCEDURE

After careful review of the process variables, an exper-
imental design was next established. A foam ingredient system was
donated by Whirlpool for research. (See Chapter I) The ratio
between the masterbatch and TDI had been calculated as 140 parts

masterbatch to 100 parts of TDI.

Test Design

To obtain meaningful data from the experiments, it was
important that the actual production system and conditions be
simulated as exact as possible. The foam system, as outlined in
Chapter II, consisted of four main components: the chemical
holding system, the mixing and metering equipment, the preheat
and cure ovens, and the fixtures. The variables outlined in
Chapter III were taken into account in the design. The preliminary
steps associated with the experiments were to insure that the freon
level was checked and corrected before each set of test runs, and
the viscosity-temperature relationships were found for both

41
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ingredients to find the range where they were similar. A chemical
storage and materials handling system was devised that would keep
the chemicals mixed and at correct temperatures for the
experiments. The mixing and metering of the two components was
controlled so that correct proportioning and mixing would resemble
that of industry. (This portion was difficult because of lack of the
proper equipment.) A production oven was constructed to simulate
the conditions used in industry. The test cell was designed to
simulate the fill of refrigerator walls. Finally a means was devised

to monitor the variables and obtain the desired results from the

experiments,

Preliminary Tests

Freon Percentage Test. A freon 11 test was run on the A

side to insure that the contents remained at the proper specifica-
tions., The freon 11 test consisted of the following: Between 10
and 20 grams of the A component was weighed out and placed into
a preweighed three necked vessel. A thermometer was placed into
one neck of the vessel. Into the other neck was placed a tube
through which dry air was bubbled. The vessel was placed on a
thermostatically controlled hot plate and maintained at 2120F for a
period of 20 minutes. The sample was removed from the hot plate

and weighed. The freon loss was calculated and corrected.
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Viscosity Tests. To try and take advantage of viscosity

similarities viscosity tests were run on both ingredients. To insure
better control of mixing and metering the viscosity data is very

important to calibrate commercial machines. On impingement
mixers the viscosity is critical to insure proper mixing, since it is
the kinetic energy that accomplishes the mixing.

The tests were performed using Ubbelohde Viscometers.
Three were selected in the range of the viscosity of the range of
viscosity of the TDI, Numbers 2B, 2C, and 3 were used during the
tests. The calibration date for these viscometers is located in
Appendix C,

The flow of a fluid in a capillary tube is the basis

for viscometers of the Oswald-Cannon-Fenske or
Ubbelohde type. In essence the viscometer is a U

tube, one leg of which is a fine capillary tub con-

nected to a reservoir above, The tube is held vertically,
and a known quantity of fluid is placed in the reservoir
and allowed to flow by gravity through the capillary.

The time is recorded for the free surface in the reservoir
to fall between two scribed marks. A calibration constant
for each instrument takes into account the variation

of the capillary's bore from the standard, the bore's
uniformity, entrance conditions, and the slight unstead-
iness due to the falling head during the one to two minute
test. Various bore sizes can be obtained to cover a

wide range of viscosities., Exact procedures for carrying
out the tests are contained in the standards of the
American Society for Testing and Materials. (25)

The procedure shown in Figure 16 was followed to get the

results obtained by the experiments.
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The Ubbalohde Viscometer

m m oo ©

R -

for T-arcpasent Liqulds

CANNON

Fig.

See also ASTM D 445 and D 2515

l Clean the viscometer using suitable solvents und Jry b) pass-
in cleaw, dry Slicred air dirough “ihe instrament tu remove the 4nal
traces of solvents. Periodivally, haces of organic deposits should be
removed with chromic acid,

2. If there is o possibility of lint, dust, or ather solid material in
the liquid samyple, fiter the sample thicugh a iritted glass filter or
fine mash screen.

3. Churge the viscometer by introducing S"’u‘lu through tubs G
into the lower reserveir; introcuce enutgh sample to bring the level
between lines § and K.

4. Place the viscometer intc the holder, and inser: it into the
constant termpereiire bath, Verticaliy ai*yn the viscamncier in the bath
if a se¥f aligaing holder has not been used.

3. Allew approzimatery 20 minutes for the sumple to eame o
bzth temperature.

6. Place a fincer over tube B and app.y suctina to tube A unil
the liguid reachas the ceuter of buib C. Remove sucnon hom tube A
Remove finga from tube B, and iminedint Lhrl. ic over tu
untd the sample drops away from the Dower end ot the (J')h]‘h ~ into
bulb 1. 'flien 1emove finger and measure the cllux time.

7. To measure the efffux time, allow the liguid samnlz to fow

frecly down past mark 1, measuring the tine for tice 12eniscus to puss
from mark D to mark ¥ to the nearest 0.1 second.

8. Calculate the viscesity of the sample by moltiplying the effiux
time by the viscometer constaut,

9. Without recharging the viscometer, make check detcrmina-
tions by repezating steps G to 8.

RECOMMENDED VISCOSITY RANGES FOR THE URRELUKDE VISCOMEITERS

For information for cine; sizes

INSTRUMENT

16.

Size
O
oC
OB
1
1C
IB
2
2C
28
3
3C

o1
i

4
4C
4B

5

CO.

Approvimate Consiant
Censistoiizs/Second

Viscos ity
Centistokes

0.001 0.3 to 1
0.003 0 6 to 3
0.005 to 5
0.01 2 to 3o
0.93 6 to 30
0.05 10 %o 50
01 20 to 0
2 € to 3D
0.5 . N o 00
1.0 200 t¢ 130
3.0 600 to 2000
5.0 1000 v S0
10 2000 to 16050
2 60 to 3000
) 16000 to 300
103 20000 to 1"“
anid vircomieters, write to us.

P, Q. BOX 16 STATE COLLEGY, PA. 16501

B

Instructions for the use of the Ubbelohde viscameter
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The temperature bath used in the experiments was a Magni

Whirl made by the Blue M Electric Company, Blue Island, Illinois.

-
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Fig. 17. Bath setup for viscosity measurements

Because freon 11 starts to boil out of solution, accurate
measurements could not be obtained above 90°F for the B side.
The results are shown in Tables 7 and 8 and the graphs in Figures

18 and 19.

Component Storage and Handling

The storage tanks that were used for the components were

the same containers they were shipped in. The masterbatch,
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Table 7

Viscosity Data for TDI (Component A)

Temperature Viscosometer Ilst Run 2nd Run Average Viscosity

OF # Constant Sec. Sec. Sec. Centistokes
53.5 3 0.947 559,15 543,00 551.08 521, 87
60.0 3 0.947 405.17 398.93 402.05 380.74
65.0 3 0.947 326,13 324,30 325.22 307.98
68.0 3 0.947 283.08 283,30 283.19 268.18
72.0 3 0.947 240,82 238,20 239.51 226.81
77.0 3 0.947 195.80 195.78 195.79 185.41
85.0 2B | 0.5147 247.20 254.55 250, 88 129.13
92.0 2B 0.5147 202.90 202.60 202.75 104. 36

100.0 2B} 0.5147 155.70 155.60 155,65 80.11

110.0 2C10.2814 214,07 214.35 214.21 60.28

120.0 2C10.2814 161.80 162.20 162.00 45,59

130.0 2C 1 0.2814 130.02 130.02 130.41 36.70
Table 8

Viscosity Data for Masterbatch (Component B)

Temperature Viscosometer 1lst Run 2nd Run Average Viscosity

oF # Constant Sec. Sec. Sec. Centistokes
50 3 0.947 1730.50 1680.00 1705. 25 1614, 87
60 3 0.947 1047. 60 990,00 1018, 80 964. 80
68 3 10.947 728. 00 700. 60 714. 30 676, 44
72 3 0.947 609. 10 592.05 600. 58 568. 74
77 3 {0.947 508.06 502.05 505.06 478. 29
82 3 0.947 442. 05 442,23 442.23 418.79
90 3 0.947 337.70 335.40 335,55 317.77
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(component B) since it contained freon 11, was shipped in a special
pressure containing 55 gallon drum. The isocyanate was shipped in
a 55 gallon drum that was coated to prevent reaction with the
chemical.

The masterbatch was stored in a walk-in refrigerator and
kept near 56°F. To keep the components mixed, a device was
constructed to rotate the drum. Two V-belts were placed around thke
drum and connected to two inch pullies mounted on the shaft of a 3/4
horsepower three phase motor. The motor was geared down to

obtain lower mixing speeds.

Fig. 20. Drum rotator for masterbatch
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A paddle was contructed out of mild steel and inserted into
the large bung hole so that every time the drum made one revolutim
the paddle would pull through the mixture to keep it mixed. (See

Figure 21.)

1«
2 ANGLE WELDED INSIDE 2+"BLACK PIPE

BLACK PIPE 2." DIA. HOLES
CAP / g

MOOOOOOOOO00
o 33" -
2" OF THREAD

RUBBER GASKET
IP
curog—;pp = FOR SEAL

Fig. 21. Design of paddle for masterbatch drum

The isocyanate was kept at room temperature. Mixing was
accomplished before the tests by rolling the drum on the floor and
by shaking it back and forth within the drum. It was felt that the
isocyanate remained fairly stable and did not need elaborate
mixing equipment.

To drain the components from the tanks, valves were
inserted into the small bung holes. The masterbatch required a

special pressure valve to contain the pressure from the freon 11.
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Transfer of the ingredients from the drums to the experi-
ment area also required consideration. Special collapsible
containers were obtained for the isocyanate. The containers were
filled and a valve connected to them. As the component was drained
the containers collapsed. This precaution was taken to insure that
the isocyanate did not react with the air before it was used for the
experiments.

The masterbatch was transferred to the test area in a
pressure vessel., This was to insure that there was no appreciable
freon loss between the test runs.

Temperature control of the ingredients was accomplished
by placing the components into a water bath one hour before the
tests were run. The baths were made by placing a two-gallon
container inside a five gallon container and foaming polyurethane
between them. A lid was made by using 2-1/2 inch foam cut to

the diameter of the large container.

{1C ]
WITH 2:"EOAM ~ 777777777

Z
S St &NTaingR
S 3
S S
5 GALLON S S POLY -
RIS S URETHANE

" _FOAM

\

Fig. 22. Water bath design
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The collapsible bags containing the isocyanate were placed
inside the water bath. For the masterbatch seven holes 2-1/4
inches in diameter were cut into a 1/4 inch plywood circle. This
provided the rack to place the samples in. Seven 100 ml tripour

disposable beakers were placed into the bath as pictured below.

Fig. 23. Bath setup for masterbatch

A test was made on the stability of the freon in the bath.
Seven samples were weighed out, each containing near 125 grams.
These were left in the bath for seventy-two hours. The temperature
was initially at 53°F and after the period of time had risen to 68CF .,

The samples were taken out and weighed again. The results
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showed no appreciable loss in freon content. The baths were kept
at a constant temperature by using ice as a cooling medium and

warm water as a heating.

Mixing and Metering

The proportioning or metering part of the rigid foam
process was simulated using laboratory techniques. The master-
batch was weighed into a 32 ounce Dixie cup. The isocyanate was
metered into the mixture using a syringe that had been calibrated
so that the corract amount was placed in each time. On most
tests the amount of masterbatch used was 105 grams and the amount
of isocyanate was 75 grams.

Mixing was accomplished by using a 1/10 horsepower
Dayton variable speed motor. (Model 2M037 - Maximum spped -
8000 RPM) The motor was connected to a Van Walters and Rogers
two-inch diameter three blade propellor. The shaft diameter was
1/4 inch. The stirrer was calibrated to determine the RPM using a

Strobotac. The mixing was observed using different speeds.

Simulating the Mold Cavity

To insure that the data obtained through experimentation
was simulating actual production conditions, careful consideration
was given to the design of the test cell.(1) It should be designed

to control temperature and maintain it evenly from 30°C to 60°C.(2)
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The surface to volume ratio should be similar to refrigerator fill.

(3} The containing of exotherm heat should be similar to the

production fixtures.

Temperature Control of Test Cell. Several different

methods of keeping the walls at a constant even temperature were
explored before the foam was poured into the cavity. The walls

of the test cell were made of 20 gauge steel similar to refrigerator
walls.

The first method reviewed was to wrap heating tape around
the column, but it was felt that hot spots would develop and the
cylinder would be unevenly heated.

The next method explored was blowing hot air through the
column to obtain even and constant temperature. A Regal Commer-
cial Electric Blower heat gun that had a variable temperature
control was obtained and heat was blown through the column.
Thermocouples were placed at three different places on the wall
of the test cell and temperature readings were taken using Digital

Pyrometers (Newport Model 267).
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Fig. 24. Position of thermocouples on test cell wall

There was a variation in temperature of 8° to 10°C from
the top to the bottom. Fiberous glass insulation was wrapped around
the test cell and the test run again, but no better results were
obtained.

Next a fire brick oven was built., The heating gun was
placed behind a baffel made of asbestos.

It was felt that the heat would flow through the holes in the

baffel and heat the tube evenly.
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Fig. 25. Fire brick oven setup for temperature testing

The top of the cell in these tests was still between 4° and
6°C hotter than the bottom. This method was not used to heat the
column, however, it was felt that better results could have been
obtained by using a second fan placed on top of the oven to keep the
air circulating around the column. A variation of this oven was
used in making ambient air tests of the foam.

The method used to heat the column evenly was by using
graphite impregnated paper (Temsheet by Armstrong Cork). This
resistance paper was said to have a variation in temperature of
within 1 percent. The 20 guage test tube was sprayed with crystal
clear spray coating to insulate it from the resistance paper. The

Temsheet was cut to size and wrapped around the tube.
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Conducting silver paint and a three-eighths wide strip of aluminum

foil were used to connect the ends of the resistance paper together.

! 2 3

il
8 ALUMINIIM
- FoIL

TEMSHEET ENDS

BUTTED
RESISTANCE AROUND

PAPER TUBE

Fig. 26. Connecting the ends of the graphite impreg-
nated paper together

A strip of aluminum foil was also connected on the opposite
side of the tube to the resistance paper by using silver conducting
paint. The two leads from an adjustable rehostat were connected
to the two strips of aluminum foil. The final effect was like
having many resistors placed in parallel. The resistance was found
to be 42.1 ohms.

Several tests were run on the test cell using the thermo-
couple setup shown in Figure 24. The temperature was adjusted by
changing the voltage on the rehostat. The test cell remained constant

to within ¥ 10C frofn top to bottom in the range of 20°9C to 60°C.
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Fig. 27. Test cell setup-~-temperature control

Test Cell. After temperature control was established the
test cell was completed by making a mixing container, simulating
the fixture, and finding a means for removing the samples.

The mixing container was a 32 oz. Dixie cup. A 20 guage
metal container was devised to fit around the cup. The same
procedure was used for heating the cup as for heating the column.

To maintain similarities between the actual process and the
test cell a one~-quarter inch thick five inch diameter cardboard tube
was split on one side and slipped over the test cell. One-fourthinch
cardboard was also wrapped around the cup container. This was

done to simulate the fixture that holds the refrigerators in industry.
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The test cell was lined with aluminum foil so the foamed
sample could be removed from the cell aiter the test. Paper and
polyethylene film was experimented with, but it was felt that the
aluminum foil would resemble more closely the control of exotherm
heat. Paper and plastic would act as insulators to contain exotherm
heat unlike the fill of refrigerators in industry.

The outer rim of the 32 oz. cup providedthe seal of the

test cell.

Fig. 28. Completed test cell
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Test Procedure and
Monitoring Results

In Chapter III the sensitivity of the different variables
associated with the rigid polyurethane foam process were reviewed.
In the experiments and in simulating the process some of the
variables were already fixed.

The fixtures at Whirlpool are already constructed so the
effects of changing the wall thickness were not accounted for in
making the test runs. The test cell wall construction was given in
the previous section.

The size of the pour was fixed during the test runs similar
to refrigerator fill in industry. The humidity and barometric
pressure were monitored during test runs. No attempt was made
to determine their effects on the process since it was felt that
their effects were neglible compared to the other variables. The
data collected during the test was included for reference ox for
further experiments associated with these variables.

With the lack of the proper mixing equipment that is used
in industry it was felt that the mixing variables could not be
determined for their process. Therefore, no tests were run on the
effect of mixing speed except for preliminary tests that were run
to insure that proper mixing was being accomplished. The results

of improper mixing are shown in Figure 29,
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Fig. 29. Test samples on left show results of
improper mixing.

Poor mixzing not only causes long finger-like voids in the
bottom of the rise, but also causes larger cell sizes in the foam and
a poorer guality soft foam at the top of the rise.

The mixing speed was set at 2500 RPM for the tests. An
industrial timer was used to set the length of time of the mix. The
timer was set on six seconds for each test run unless otherwise
specified. It was noted that even the position of the cup and

moving the cup under the stirrer aifected the mixing.
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The temperature of the ingredients affects both the
metering and mixing operation. If the temperature of the ingred-
ients is varied the viscosity varies. As the viscosity changes,
mixing is affected in two ways: (1) the shear required for the mixing
changes, and (2) the blendability is not the same. The proportioning
equipment var.ie.s because there is usually a pressure change. The
cream time changes when temperature varies.

The temperature of the cavity and the materials of
construction affects the exotherm heat generated by the reaction.

An experiment was devised to determine the relationship
between the ingredient temperature and cavity wall temperature.
During the tests it was assumed that the fixture walls were already
constructed and that the k factor for the fixtures remained constant
for the entire range of temperatures used. In the ideal case the k
factor would increase with the increase of temperature, but since
the range used was small it was assumed that the change was nzglible.

The temperature of the ingredients was measured using
mercury thermometers., The temperature of the cell walls was
monitored using the digital pyrometers and setup explained in the
previous section. The temperature of the ingredients was changed
by changing the temperature of the A component. The B component

was kept at 70°F plus or minus 2°F., The B component was kept at
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this temperature because at higher temperatures the freon 11
starts to boil off; at lower temperatures the viscosity is too high

for the best mixing.

Table 9

Experimental Points Used in Tests

Varizbles Range Determined Test Points
From Literature Used

Temperature A 60 to 90°F 60, 70, 80 and 90°F
of

Ingredients B 60 to 77°F 70°0F

Temperature 68, 86, 104 and 1130F
of 110 to 150°F

Cavity Walls 122, 131 and 140°F

Mixing Speed 1500 to 4000 RPM 2500 RPM

These tests required 4 X 7 = 28 tests. Fifteen of these
tests were run over to insure that results were repeatable., The
total tests used to determine the relationship between the temperature
of ingredients and cavity walls were 28 4 15 = 43 tests,

While the tests were being made on temperatures the
following results were monitored. The cream time was determined
by noting when the foam first begins to rise. The rise rate was
determined using a specially constructed measuring device., A
glass tube was connected to a meter stick with epoxy, and suspended

above the test cell. A float was made from a 1/4 inch thick, 2-1/2
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inch diameter disk of polyurethane foam. The float was connected
to a wire that ran up the glass tube. As the foam flowed up the tube
the height reached was determined by noting the position of a bulb
placed on the other end to the wire. (See Figures 30 and 31)

The tack free time was determined by touching a wooden
spatula to the foam after the rise was completed.

The times were recorded using a Hewlett Packard model
55 calculator that had ten memories for storage. An eleventh time
could be recorded by using the time stop for the final reading.

The eleven times recorded were: (1) the cream time, (2)
time to reach 10 cm on the flow stick, (3) time to reach 15 cm, (4)
time to reach 20 cm, (5) time to reach 30 cm, (6) time to reach
40 cm, (7) time to reach 50 cm, (8) time to reach 55 cm, (9)
time to reach 60 cm, (10) final height time and (11) tack free time.

Figure 32 shows a sample data sheet used to record the
data, and Figures 33 and 34 show the equipment setup for the tests.

To obtain more data points on the rise rate versus time
curve five tests were run using a Bolex 16 mm movie camera and
an electronic timer. These tests wers run mainly for information
purposes and to insure that the rise rate versus time curves were

approximated by the eight data points used in the experiments.
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Foam flow apparatus set up

Obtaining readings from the flow tube
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Fig. 33. Temperature baths and proportioning operation

Fig. 34. Mixing operation, test cell setup and monitoring
results
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To determine the final density of the foamed sample, the

sample was divided as shown in Figure 35,

e 2 S, 4
A 164" SECTION SAMPLE WAS 3 SAMPLES 2 CORE
CUT EROM WEIGHED AND FOR CELL SIZE amd SAMPLES WERE
SAMPLE THEN CUT INTO DETERMINATION 0 BTAINED
ECTIONS
S ) | e
| « ® z
¥ v 7

L Ul @
U %

Fig. 35. Sectioning the test sample to obtain density
and cell size samples

Figure 36 shows a sample data sheet used to determine the

density at various places in the sample.

Weight of Samples in Grams

Test| 16-1/4" Bottom Top
# Section Core Core Appearance

Fig. 36. Sample data sheet used for determining density




CHAPTER V

DATA

The purpose of this chapter was to present the data
gathered from the experiments outlined in Chapter IV,

Tables 10 to 13 show the results of the experiments using
the heated test cell and the controlled ingredient temperatures.

The actual height of the rising foam was determined by
subtracting 5 cm from the height reading on the meter stick. This
was done because the initial height of the fluid in the cup was 1.8 cm,
and the initial reading on the meter stick was 3.2 c¢cm when there was
no fluid in the cup.

The tack free time in some cases was not obtained. This
was because the tack free time had been reached before the test was
taken after the final rise was reached.

The cream time in theory was to be constant for a set of
ingredient temperatures. An average of the first three tests was
used to determine the cream time for the foam at certain ingredient

temperatures for the first two test runs. Since the variance in some

69
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instances was large the cream time was recorded for all tests in

the next two test runs.

Table 10

Test Data With Ingredient Temperatures

of 60°F for A and 70°F for B

Test # 1 2 3 4 5 6 7
Temperature of wall20°C |30°C [40°C [45°C |50°C |55°C |60°C
Cream Time (sec) [8.06 | 8,06 (8,06 |8,06 {8,06 |[8.06 |8.06
Time to reach 5 cm {15, 33 - 25 - - - 13. 00
" " " 10 cm (19,84 | 24, 59} 29 26 - - 17. 39
" "o 15 em (24,17 - 36 ; 31 - 28.68(23.11
" "o " 25 cm (34,93 ] 40.02] 45 .40 47 38. 23133, 47
" " " 35 cm [48,29 | 53,9857 I 52 59 50.79145. 83
" "o 45 cm |68.52 | 71. 8774 } 68 76 64.24158. 34
" " " 50 cm (83,20 |82.67(84 : 78 93 74.80168.05
" " " 55cm (98,13 (100,72 - | - 114 84,93182, 27
Final Height 56.5 57.0 {57.5 {58.8 160.5 61 63
Fin al Height Time [111,05 [115, 34125, 00120 139 111. 20 {109. 90
Tack Free Time 140. 001142.64 | 145 140 - 125 114
Humidity % 44 44 42 42 42 42 40
Temperature °F 68 68 74 74 74 69 69
Pressure lbs/fl:3 1800 1800 | 1800 (1800 | 1800 |1794 |1794




Table 11

Test Data With Ingredient Temperatures
of 70°F for A and 70°F for B

Test # 8 9 10 11 12 13 14

(o]
Temperature of wall|20°C | 30°C |40°C {45°C |50°C |55 C [60°C

Cream Time 6.88 |6.88|6.88 |6.88 |6.88|6.88 {6.88
Time to Reach 5 cm - - 12.09 |14, 25 - - 15,12
" " " 10 cm - 15.77{16. 50 |18. 96 - - 19. 48
" " " 15 cm {22.94 |18, 65{20, 62 {24, 60 - 21,90 [25.54

moouwo w25 em 35,5727, 87(30.15 | 32.29{34.93{31.95 33,02
"o w35 om | 45,41 |38, 66 41,49 |41.16 [41. 83 | 42. 60 |44. 26

mooow o n 45 em |62, 74| 54.2€ 55, 61|54, 66[52.92{56, 76 |58. 86

" " " 50 cm - 65.16( 64, 77{64,08] 61.54163.93]61,09
" e 55cm | - 78.14| 78,19 176.65/71.54]73.93|84.59
Final Height 53.0 | 58.5]58.5 |59.6 | 61.5 [60.5 |57.5

Final Height Time 112, 72192..86/,105, 48{101. 84[105. 68{104, 83103. 50

Tack Free Time - |140 |16 15 |130 - -
Humidity % s4 |54 | 52 {52 |52 |52 |52
Temperature F 72 | 72 72 |72 | 72 72 |72

Pressure lbs/ft3 1800 |1800 } 1800 | 1800 { 1800 1800 1800




Table 12

Test Data With Ingredient Temperatures

of 80°F for A and 70°F for B

12

Test # 15 16 17 18 19 ” 20 21
Temperature of wall 20°c [30°C |40°C ]45°C |50°C |55°C |60°C
Cream Time 7.93 |6.92 14,26 |5.63 {5.63 |5.53 |3.52
Time to Reach 5 cm| - - 13.03 | - - - -
" " " 10 cm - 13.89(17. 68 - - 12, 84 {12, 51
" " " 15 cm| 22.90f16. 7421. 55 - - 16. 24 [17. 32
e 25 ¢m)29.35(29.51{30,95] - - |24.69(23.68
H " " 35 cm - 40, 73|41.96 |35.44 - 33.64(33.22
" " " 45 cm}56.72|55.43 56.71 |49, 63 - 45,99 145,51
" " " 50 cm - 65.75 67.16 |60.42} - 54,43(53,15
" " " 55 ¢cm - 80. 21{80.40 |71. 85 - 62.45163.08
Final Height 56.0 |58.7}| 59.0 {59.0 | 60.2 [60.8 [59.8
Final Height Time 122 1103, 84120, 73{101. 73} - 84.50 81. 61
Tack Free Time - 132 135 1108 - 96 107
Humidity % 46 46 46 46 46 40 40
Temperature °F 68 68 68 68 | 68 70 70
Pressure lbs/ft3 1800 |1800 { 1800 | 1800|1800 |[1794 (1794




Table 13

Test Data With Ingredient Temperatures
of 90°F for A and 70°F for B

73

Test #

22 23 24 25 26 27 28
Temperature of wall| 20°C | 30°C | 40°C | 45°C |50°C |55°C | 60°C
Cream Time 4.69 |5.53|4.85| 4.30 | 4.75 {4.00 [4.69
Time to Reach 5 ¢cm - - 10. 01 - - - -
""" 10em| - [12.60 | 12.92]12.83|12.44| 9.92] -
moomo " 15 cm | 13,23 15,00 | 16. 84| 16. 57| 15.15 |14. 20 {12. 52
oM 25 cm 22,43 (22.90(25.15{23.57|22.95] 20. 69/19. 68
oM " 35cm (31,91 [33.92{35.38]32.92| 32.25|29.43(28. 39
"Mt 45 cm | 46,12 |48, 46|47, 87| 45.10 | 44. 25 [40.71]38. 95
"o " 50 cm |54, 67 (58,77 |57.57|52. 28] 52. 46 [47. 84]45. 62
"M 55cm |73,13 | 77.36]72.68|62.39|64.27|58.33]54. 08
Final Height 56.3 |56.7 |57.3 |59.5 | 59.5| 62 | 63
Final Height Time 92.59(99. 98 {101. 86 {100. 7¢ 95. 65| 90. 31{85. 08
Tack Free TIme - - - - - - -
Humidity % 50 48 47 46 45 45 45
Temperature °F 72 | 74 75 78 77 78 | 78
Pressure lbs/ft> 1800 |1800 | 1800 | 1800 1800 {1800 |1800
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Tables 14 to 17 contain the data collected to determine the
density of the foamed samples. The overall density was calculated by

cutting the top and bottom portion of the sample as shown previously

in Figure 35. The volume of this sample was calculated to be:

A ] Ain)* £42
LZ_D_ - _16.25 “’_r |(5.0i) gms_mﬁ,;s%m

The sixteen 1/4 inch section was weighed and then the
number of grams was converted to pounds by
Pounds .= Grams/453. 5924
The overall density was calculated by dividing the pounds
by the volume.

Density = Pounds
Volume

The sixteen 1/4 inch section was then cut into the samples
as shown in Figure 35. The two core samples were 3 inches X 3
inches X 7 inches = 63 in3 = . 03645 ft3 in volume. The density of
the core samples was obtained in the same way as the density for
the overall sample.

As the core samples were weighed the appearance of thefcam
was noted. On the bottom of most core samples smallvoids were
apparentnear the wall. The foam was mostly of good quality, but this
description wasnoted to help and determine the foam of the best qualty.

The data shows very little difference indensity of the samples.



Table 14

Density of Samples for Tests 1 through 7

Test | Weight |Density | Weight Density Weight”. Density

# of of of Bottom| of Bottom! of of APPEARANCE
Sample | Sample Core Core Top Cord TopCore

1 121. 7 1. 453 21. 10 1. 276 20.45 1. 237 .5cmtolcm. voids in bottom
grams Ibs/ft3 | grams bs/ft> grams lbs/ft3 near edge. Top looks OK

2 118.0 1.409 20. 40 1. 234 20. 35 1. 231 long . 5cm. Dia. voids in
grams Ibs/ft3 | grams 1bs/ft> grams 1bs /1t> bottom

3 120.5 1. 439 21.90 1. 324 21. 40 1. 294 Large void in top .6 cm. x 3 cm
grams bs/ft3 grams Ibs/ft> grams |lbs/ft> x 5cm. lem. void in bottom

4 120. 6 1. 440 21, 30 1. 288 21. 00 1,270 Looks OK, Small pencil lead
grams lbs/ft3 | grams 1bs/ft3 grams bs/ft3 size holes in bottom

5 118. 7 1. 417 3 21. 55 1. 303 21. 40 1. 294 Same as above

rams 1bs/ft rams lbs/ft:3 rams 1bs/ft3

g g g

6 117. 6 1. 404 21. 50 1. 300 21.20 [.1.282 One void in bottom .5 c¢m. Dia.
grams 1bs /ft3 grams 1bs/ft3 grams 1bs /£t2 and 2 cm. long

7 120.5 1.439 21. 60 1. 306 21. 60 1. 306 ‘ OK
grams lbs/ft3| grams lbs/ft> grams | lbs/ft3




Table 15

Density of Samples for Tests 8 through 14

Test | Weight |Density | Weight Density | Weight [Density
# of of of Bottom| of Bottom of of APPEARANCE
Sample | Sample Core Core {TopCore | Top Cer¢
8 121.1 1. 446 22.10 1. 336 21.45 1. 297 lcm. Dia. x 2 cm void in
grams Ibs/ft3| grams bs/ it grams |lbs/ft3 bottom. .5 cm in middle
9 118. 6 1. 416 20.75 1. 255 20.60 1. 246 small . 5 x1. 5 bottom void
grams lbs/ft3| grams bs/ft3 grams | lbs/ft? near wall
10 120, 1 1.434 121. 25 1. 285 21. 20 1.282 Small voids in bottom
grams 1bs/ft> grams lbs/ft> grams | lbs/ft” Top OK
11 120.0 1.433 21. 55 1. 303 21. 25 1,285 Looks OK except for small . 5
grams lbs/it3| grams lbs/ft> grams Ibs/ft> x 1.5 ¢cm void in bottom
12 118.3 1. 412 20.80 1. 258 20. 80 1. 258 Voids 15x% 2cm near bottom outside
grams lbs/ft3| grams bs/ft3 grams 1bs /ft3 edge- structure OK
13 116. 2 1. 387 21.15 1. 279 21. 00 1.270 .5 cm spherical void in bottom
grams lbs/ft3| grams lbs/ft3 grams | lbs/ft3 Foam OK
14 119.1 1.422 21. 33 1. 290 21, 28 1,287 _ lem. x 3 cm void near wall at
grams lbs/ft3| grams Ibs/ft3 grams | lbs/ft® | bottom. Hole through center

gL



Table 16

Density of Samples for Tests 15 Through 21

Test |Weight Density | Weight |Density | Weight Density

# of of of Bottomj of Bottom| of of APPEARANCE
Sample Sample Core Core Top Core|Top Core

15 121.1 1. 445 21. 60 1. 306 20. 85 1. 261 Small . 5 cm. voids in Bottom
grams Ibs/ft3 | grams lbs/ft3 grams |lbs/ft3 Appearance OK

16 117. 8 1. 407 20. 60 1. 246 20. 33 1. 230 Small Voids near surface
grams Ibs /ft> grams Ibs/ft3 grams Ibs /ft3 bottom .5 x 1 cm.

17 120.5 1.439 21.18 1. 280 20.68 1. 251 3 Appearance OK
grams lbs/ft3 grams lbs/ft3 grams | 1lbs/ft .5 cm Dis x 1 cm Void in bottom

18 120.1 1.434 ’ 21, 35 1. 291 20.90 1. 2641 Edge Voids in Bottom
grams Ws/ftd| grams Ibs/ft? grams |lbs/ft3

19 117. 7 1.405 21. 00 1. 270 20.78 1. 257 4 voids .5 cm diax 1 cm join-
grams bs/ft3 | grams lbs/ft3 | grams |1bs/ft3 | ing together along bottom edge

20 115.0 1.373 20.75 1. 255 20.52 1. 241 OK

grams bs/ft3 grams 1bs/ft3 grams 1bs /ft> small edge voids

21 118.0 1. 409 21, 22 1.283 3 21,22 1.283 Bad Split 3 cm. long through
grams Ibs/ft3 | grams 1bs/ft grams_ |lbs/ft> eéntire center of cores

LL



Table 17

Density of Samples for Tests 22 Through 28

Weight | Density | Weight | Density | Weight |Densit
Test g g g Y
4 of of of Bottom]of Bottom| of of APPEARANCE
Sample | Sample Core Core Top Core|Top Core
22 128. 5 1. 534 21. 35 1. 291 21. 25 1. 285 .3dia. x1 cm void in bottom
grams lbs/ft3 grams lbs/ft3 grams |lbs/ft2 .5 x1cm voids in bottom wall
23 120. 5 1. 439 3 20. 75 1. 255 20. 80 1.258 .5cm dia x 2 cm voids in bottom
grams lbs/ft” | grams 1bs/ft3 grams |lbs/ft3 surface looks rough
24 121. 0 1,445 21, 45 1. 297 21. 35 1. 291 N Top OK .5 cm x lcm voids near
grams 1bs /ft> grams Ibs/ft3 grams |lbs/ft” surface
25 119. 5 1,427 21. 50 1. 300 3 21. 25 1. 285 Tiny .15cm x .75 cm voids to-
grams bs/ft3 grams Ibs/ft grams 1bs /ft> wards surfaces all the way up
26 119, 6 1.428 21. 30 1. 288 21, 32 1, 289q .3 cm holes through center 1. 2Zcm
grams lbs/ftj grams 1bs/ft3 grams |lbs/ft” spherical void in bottom
27 116.1 1. 386 20. 62 1. 247 20. 43 1.235 . 4cm finger like voids running in
grams 1bs/ft> grams 1bs/ft> grams |lbs/ft3 bottom and along outer edges
28 112. 6 1. 344 20.10 1. 215 19. 75 1.193 . becm dia void through entire center
grams 1bs/ft3 grams bs/ft3 grams |lbs/ft” of sample. small voids near walls o
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To analyze where the excess material goes when over-
packing, the data was looked at in three different ways. The excess
material could increase the volume of the sample, increase the core
density of the sample, or increase the thickness and density of the
sample wall.

The sample was allowed to rise freely up the test cell.
From the final height reached the total expanded volume could be
calculated.

From the analysis of the difference between the overall
density and the average core density the amount of material that
makes up the skin was calculated,

The urethane also goes into increasing or decreasing the
core density of the sample. As shown in the cell cluster in Figure
37, this material could either go into increasing the thickness of
the cell walls or the size of the cell. The thickness of the individwal
polyurethane foam cell will be affected somewhat by the flow of the
foam in the primary polymerization stage. Table 18 shows the

calculations used in making these determinations.

& O

Fig. 37. Cell size affects amount of material




Table 18

Overpack Considerations
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Difference
Difference Between 90%
Between Average Overall & Final Cell
Bottom & Core Average Height Size
Test # Top Core Density | Core Density | Reached | (Inch)
1 0.039 1.2565 0.1785 56.5 .015
2 0.003 1.2325 0.1765 57.0 .015
3 0.030 1.3090 1.1300 57.5 .017
4 0.018 1.2790 0.1610 58. 8 .015
5 0.009 1. 2980 0.1190 60.5 .011
6 0.018 1.2910 0.1130 61.0 .013
7 0. 000 1.3060 0.1330 63.0 .010
8 0.039 1.3165 0.1295 53.0 .010
9 0.009 1. 2505 0.1655 58.5 .010
10 0.003 1.2835 0. 1505 58.5 .011
11 0.018 1.2940 0.1390 59.6 .011
12 0.000 1.2580 0. 1540 61.5 012
13 0.009 1.2745 0.1125 60.5 .015
14 0.003 1.2885 0. 1335 57.5 .013
15 0.045 1.2835 0.1615 56.0 .012
16 0.016 1.2830 0.1690 58.7 .011
17 0.029 1.2655 0.1735 59.0 .013
18 0.027 1.2775 0. 1565 59.0 .012
19 0.013 1.2635 0.1415 60.2 .010
20 0.014 1.2480 0.1250 60.8 .014
21 0. 000 1.2830 0.1260 59. 8 .014
22 0. 006 1.2880 0.2460 56.3 .013
3 -0.003 1.2565 0.1825 56.7 .012
24 0.006 1.2940 0.1510 57.3 .011
25 0.015 1.2925 0. 1345 59.5 .013
26 -0.001 1.2885 0. 1395 59.5 .012
27 0.012 1.2410 0. 1450 62.0 .011
28 0.022 1.2040 0. 1400 63.0 .014
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To construct the graphs and to find the best fit for the data
a regression analysis was run using a computer program. A sample
printout was included in Appendix D,

The three variables used were: (1) density of the cell wall,
(2) core density, and (3) final height reached:

A program was run for each range of ingredient tempera-
tures used. (1) 60°F for A and 700F for B. (2) 70°F for A and 700F
for B. (3) 80°F for A and 70°F for B. (4) 90°F for A and 70°F for B.

The following equations were looked at, where "Temp' equals

the cell wall temperature and ''var' equals the variable looked at.

(1) Var = Temp

(2) Var = Temp + Temp?

(3) Var = Temp + Temp? + Temp3
(4) Var = Temp + Temp3

The best fit was determined by finding the equation with the
lowest mean and the highest "R'". (Percentage of data points in
range) The ''t'" table information presented in the printout was used
to determine if the results were significant. However, because of the
sample size this information was not as important in the considera-
tion as the other factors.

The results were plotted and included in Figures 38 to 49.



. 250

Temperature of Cavity Wall °C

82

60°F B= 700F

Fig. 38, Difference between overall density and average density A
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To get an idea of the repeatability of the experiments, tests
1 through 14 were run more than once. The results in the range
where component A was held at 70°F and component B at 70°F were
evaluated and plotted on the graphs in Figures 39 and 47. Table 19
shows the results. This data helped to smooth out the curves on the

graphs and helped to determine the type of curve obtained.

Table 19

Temperature Sensitivity Tests 8 Through 14
(Repeated) Where A = 700F and B = 700F

e —

Difference
Density Between
Temp. Density of Density Average Height Overall
Test of of Bottom of Core of and Average

# Cavity Sample Core Top Core Density Rise Core Density

8a 20°C  1.451 1.252  1.246 1.249 57.8cm .202
b/ft> 1b/ft3  1b/ft3 1b/ft3 1b/ft3

9a 30°C  1.385 1.243 1.243 1.243  61.0cm . 142
b/£t3  1b/ft3  1b/ft3 b/ft3 b /£t3
10a 40°C  1.387 1.249  1.238 1.2435 60.5mm  .1435
1b/ft3  1b/ft>  1b/ft3 1b/ft> b/ft3

1la 45°C  1.369 1.234 1.234 1.234 61.0cm .135
Ib/ft3  1b/ft3  1b/ft3 1b/ft3 1b/ft3

“fza 50°C  1.396  1.246 1.246 1.246 62.5cm . 150
b/£t3  1b/£t3  1b/ft3  1b/ft3 1b/£t3

132 55°C  1.392  1.252 1.249 1.250 60.0cm  .142
1b/ft3  1b/ft3  1b/ftd 1b/ft 1b/ft3

14a 60°C  1.403 1.285 1.276 1.2805 60.0cm .1225

b/ft3  1b/ft3  1b/ft3 e 1b/ft3
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To determine if the temperature of the ingredients was
significant over the entire range of wall temperatures, an analysis
of variance program was run on the computer. (See Appendix E.)
This program showed that the temperature of the ingredients was
not significant over the entire range of temperatures for the
average core density, the difference between overall and average

core density and for the height of rise reached.



CHAPTER VI

RESULTS, CONCLUSIONS AND RECOMMENDATIONS

FOR FURTHER STUDY

The purpose of this chapter was to arrive at conclusions
from the data obtained in Chapter V and the information gleaned from

other researchers.

The less sensitive the process is to the variables, the

easier it is to control

1. Viscosities. The viscosities of the two components are

similar when the B component is held near 729F and the A component
is chilled to 60°F or slightly lower. This range was selected
because above the temperature of 72°F there will be freon loss from
the masterbatch., The lower values are wanted also because the
viscosities are easier to handle and proportion correctly, and at this
range extensive heating or cooling was not needed. The mixing will

be optimized at this range because the viscosities are similar. This

is especially true in impingement mixing.

96
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However, there is a tradeoff between mixing and reaction
rate., As the temperature of the A component is lowered the cream
time, rise rate and tack time are all decreased. If the reaction
rate is slowed too much production rate goes down and any material

savings would be lost because of decreased production.

2. Temperature of Ingredients. The results of this study

showed that ingredient temperature has little effect on the core
density, the skin density or the volume filled when cabinet temper-
atures are in the range from 35 to 55°C. The ingredient temperature
does have effect upon the viscosity and the results are mentioned in

the discussion above,

3. Mixing Time and Speed. This study showed that mixing

time effects the cream time, the density, the appearance, and the
cell size of the final foam product. Because of the equipment used
the results gained from this study could not be compared to actual

production processes.

4. Wall Temperature. At wall temperatures in the range

of 20°C to 40°C the foam is quite sensitive to wall temperature. The
slope of this curve was determined to be 2.5 X 102 from the graphs
and the units used. In the range of 45°C to 60°C the slope is

practically flat in this region, and therefore, the sensitiviiy is low.
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At 60°C and above the sensitivity increases. This was probably the

result of a premature release of freon.

Recommendations for Further Study

An investigation into mixing and effects of proper mixing
would be a valuable study for helping to model the process. It is
recommended that this study be made along with the test cell
temperature experiments explained in this paper. No real advances
in mixing have been made in the past fifteen years.

Another area requiring further investigation is the relation-
ship of humidity, barometric pressure and ambient air to the process.

A study that would help in optimizing the process would be
the development of sensors to monitor process variables. One
sensor that would be valuable would be a sensor that would give
constant readout of wall temperature of the cavity. If wall
temperature could be monitored and coupled with a computer other
variables could be changed to compensate to help in decreasing
material consumption. This would help only after the relationship
between the variables was established.

Since the fixtures are constantly heating up during a
production run, an investigation into a way of keeping the fixtures

at a constant temperature could also be an area of further research.
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By Vincent Johinson, Admiral
Equipment Co., div. of Upjakn Co.

If vou're Touking to buy ¢ uipment for
urcthane foam applicalions, wnpOrant
peinis 10 keeg in mind are the product,

process and rate of prod . Once
you've determined the ¢ "cnu'on. it
becomes aloteasicrtose the prec-

css {e.g., spraying - m\.dw 2) and
chorse the chemical systemn rcquireu
{e.g., tvo vs. three components).

Sume latitude with process Pout. {roth,
spray and injechion are ine Lour basic
disrensing methods  governing
vrethane foam equinmeri. Particular
machines are capable of dispensing
vrethane by two or more of these ap-
proaches, hut seme medifications are
usuatly requited for the conveision
from one mode to another.

The various ways of diw"n\:ing

urethane can cach be eniployed with
either of the basic prucessing
technigues-—ie.. maldiag or casting,

both generally considered a form of
pouring. The particular cispensing
method you settiz on wili te largely
dependent on lhc product keing made
and chemicals tevded to prof e it
Particular ancnnon must ke paid to
dispensing when iatetfacing your
urethane equipment 1o the production
process you desire.

For the purposes of this discussion
we will group dispensing methads into
two broad classes—spraying and mold-
ing.

Spraying is usuaily, though not ex-
clusively, a field applicanen. in magy
respects selecting spray machinery is
similar to sclecting v ather

an
viethane-dispensing equipment: Ons
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Specifving

ane Fgam Mach

lecks for simplicity, dependability,
versatility and value. Other points to be
kept in mind inciude: (1) ouiput ramge
and conirc?, (7) machine weizhi and
portab:ility, €3) electrical and air re-
gurefnmh (4) material heating capa-
v. (3) weight and dencndability of
spray zun (kead). (6) solvent flush-
.ng or air-purge pruvisions for cleaning
the gur. (7 ease of calibrating, (&)
puisatien-fice spraying, (9) pumping
rato. (14) aximwn pumping pressure
and means of agiustment, (11) ¢ifect of
Tutorial viseosity on outpii.

/?

To speofy ma:hincry necded for a
molding agplication, the part weight
and characicrisiics of the chemicals to
be uted become essentinl. The weight
of the part is directly related to
machine output: furthermore, the
larger the part, the larger is the
machine nceded and, consequently, the
greater the otterndant investment. An
important chemical characteristic 19
bear in mind in a moldieg operaticn is
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the system's cream time (i.e.. the in-
terval betwren dispensing and iniia-
tion of react:on, as it 1s visupily de-
tected). It1s (e ~recm time that deter-
mines how lung a period onz has 1o
dispense tiz rmaterial.

Yesides the points of interest which
also 2pply to spray machinery, f

ment for methane moidirg apph
:ncivde: (1) shat or dispensiag ace
and metering precisicn, 12; ma
tion, f3) ease of mainicnance fur the
head and metering system, (4) nrocess
contrel options.

As for the properiics and chara-teris-
tics of the chemical sysiem you i< run-
ning, bear these in mind:

® Viscosity.

¢ Reaction temperature.

e Specific gravty.

¢ Reactiviiy timc-—Cream um
time (or ot life. for elasemers). ¢
fiee time, rise time, cure and <emold
time.

© Free-rise deasity.

Frothing inachinery is realiv a ivpe of
molding or casting equipmeni. ¥hat it
involves is addition of annther compo-
nent (usually fluorocarton 12) dire
into the mixing head. Whils rum z'lg
and mictering units arc standard {or the
third component, the nuxing ncad op-
erates under pressure of about (8 o
ta keep the fiothing ageat Hignd until
it's discharged into the moli. Two
tvpes of head are used in this fow-
pressure process: (i) 2 conveniensl
mechanical mixer with air-controlled
bFackpressure valve and 2) a heical
mixer—it's simpler but generally has a
more limited output rangs.

Deterntining the right output When you



101

have decided on the Jdispensirg process
best suited to veur tezds, you shonid
pext consider w.omine ourprt (ur
throughput). This + (he weipn! or vol-
ume of the chenuca: s perunii of time as
they are metered, mixed and Jis-
pensed. Output s dependent on the
pumiping rate of the metering system
and the mixer size (or capaciiy)., It
output of a machine is givenia terms of
volume, a conversion to fb min can bo
made if you hiow the specitic gravity
of the muteriats being used.) Mavunun
output s usuilly reported by calibrat-
ing the machine vith a low-viscosity
material at a 111 rano. Hear o mind
that a «_hines heve upper and lower
vetput limits thai shouid be Jetined and
estahhshed withiz the framewors and
accuracy of the wnztering system and
the dispense shot wme at a given out-
put. A 100-Ib/nuin machine. tor in-
stance, cannot perform . osegus ely at
an output of 3 !b.min, but 1 ¢l pro-
duce 5-1b shots with 3-3¢cc dispeanse
dimes 100 1b of maierial thes Szing dis-
pensed in 1 ooun).

Another point not to be cverlooked
is the effret of nuaterial viscosiy on a
maci ne’s output range. Remember
that the output fur each cuinponent
stream must remain constia! a' any
parucular  setting;  furthermore,
machine accuracy is vital with 1espect
to repexdocieg: tined shats,

Your choice of chemicals as well as
the produst being made wiil determine
whether you should have fixed or vari-
able output ratios. Fixed-ratio
machines dispunsc the aame cnit
welght (or volume) of each chemical
comiponent simuilancously, requiring
mechznical chunges for prucessing
chemicals with different ratios. Of
course, this seeming drawba~k 15 over-
come by using systems specitically
formuluted to oifer 1:1 or fixed ratros.
Variable-rutio muchines. on the other
hand, offer adjustable outputs for each
of the chemical components. For
example, a 10d-Ip/min machine set at a
1:1 ratio and maxsmum output dis-
penses 5O Ib/min of each corponent.
When set al 21, the s.me machine dis-
penses aniy 50 1b of the first compunent
and 25 1b of the second, cutnng output
to 75 th/min.

Mixing snd mietering A cnitical factor in
producing good urethane product s the
quality of the mixing action. The mix-
ing head is supplied with urethane
chemicals under pressure from the

metering svstem or the material reser-
voir. In most sprav operations. these
compon2uis dead-end at the head. In
ather cases, the chemicals continu-
ously recirculaie, reiurging each muie:
rizh 1o its tespective reservor. Valves
at the mixing head allow cach chenmica!
stream tu sinultancously enter the min-
ing chazaber. This is accomy ad by
baianaing the recircutation prassure
with the dispensiag pressure so that
there ts nc pressure difference between
cither of the two modes.

Pressure balancing is also imiportant
in calibrating machine output. In eitker
the dead-end or the recirculanng-teed
systz=ms, different component strezms
muy exhibit somewhat different pres-
sures becaus: of diss? [ VisCos:tcs
or flow vharactenstics. The Lead prin-
cipally functions as a two- or three-
way-valve systzm that control!s the
trv of muterial into the mixing

cn?
cnamber.

The three basic types of mixers used
on urethane equipment are:

& High-peed mecaanica! (Synantic)
rotcting nuxers. Desipas includz inter-
rupted helical gears, roto-stators,
worm eears, impetlers or simelar 1y pes.

e Motionless (no-moving-parisi
mixers. These depend upon turbuicent
flow to induce mixing. Tha avaiiahle
designs offer regular or rregular
halices, split- er flow-reversing rib-
bons, etc.

o Hiew-pressure direct- or i ect-
stream onpingement mixers. Such de-
vices use the kinetic energy of the
matenal o prineng.

Another point of interest in this arca
is sopvent-free, or seif-cieaning. mix-
ers. You pught also consider operating
wour machines on multiple short shots,
since doing so requires httle or o
Nushing. While the technigue 1s ot
widesnread and depends on the systzm
fornadation as well as mixer contipura-
tion, it may be worth your whiie to tabe
a iook o it. Consult your machine
supplier to determine which partscuiag
lype of mixing arrangement best suits
the matenal system ana process sou
have in mind.

There are four hasic mstenng sys-
tems used to pump the chicinical com-
ponents of a urethane system to the
mixing head:

1. Rotary gear pumps. These are
either the fixed-speed, variable-
displacement types or thase with varn-
abre speed and lixed displacement.
Special shaft seals are tccommended

for pumps working with materials con-
tarning isocyanates sice these react
with atmospheric moisture to form
urea. which s extremely abrasive and a
ciuse of pump-seal falure.

2. Pusitve-dispiacement cylinders,
piston or rod type. These may be oper-
ated by either & pneumatic or hydraulic
master-drive cylinder.

5. Annular or axial piston punips.
These are milticyinder units used to
develop high pressures.

4. Flow-conirol valves. These de-
vices meter miterials from pressurized
vessels; they uare not pumps and con-
sequently preclude any recirculation of
components.

A word on RIM Reaction injsction
meiding {RIN)—or liquid injection
molding (LIM), as iU's sometimes
called-~hus recently attracted the in-
terast of plastics processors. The RIM
process consists ot injecting liquid
urethane chemicals into closed molds
2t very fast rates. The chemicals them-
selves are highly catalyzed and there-
fure react eatremely fast. Compared to
imection maolding, RIM offers the fol-
lowing advancages: (1) short demcld
umey (2) short mald cvcle times. (3)
fow capital investment, {3) large-part
capahility, (5) elimination of ‘low and
stress lines, (6) low molding pressure.
{7) ense in handling difficult mold con-
figurations.

Qutput capacities for RIM eguipment
are generally on the order of 10:)-200
th/min, though units are available that
g0 1. ohigh as €60 1h'min. [See . 1M}
What's more, one foam machine cun
usually service several molds, the ar-
rangement often involving a manifuld
system which brings the reactive ingre-
dients 1o mixing heads positioned at the
individual mulds.

Liquid reactants are deiiveied to the
mixing hezd at pressures of about
1700-3000 psi; these pressures are
commonly obained via piston pumps
thut also serve as metering punips.
While mixing heads can be variously
designed, all are scif-cleaning cavities
of rather smzll volume (about 0.3 cu
in., or 15-20 times smaller than heads
on low-piessure equipment).

Most RIM cquipinent is designed for
two companents. Other systems use an
in-line piston pump that delivers the
additional component to the suction
side uf the polyol stream; pump is de-
signed o run only while the unit is dis-
pcrsing into the mold. (a
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Urethane Foam Flow Test
Three Foot Tube

I. Scope & Application

This is a bench scale method for determining the flow
properties of urethane foam systems.

II. Principle

A specific batch size of foam mixture is mixed in a cup
upon which a funnel and 3' lined tube are placed. The foam rises in
the tube to a height d2pendent upon the flow properties of the systems.

I11. Variables

: Temperature of ingredients, mixing method, mixing time,
batch size and % blowing agent should be accurately controlled when
comparing one system with another. No study has been made on the
effect of these variables on the test results.

IV, Apparatus
1. 36" cardboard fabric tube, 3" 1, D., 1/4' wall thickness

Sonoco Products Co., Philadelphia, Penna.

2. 12''x36'" 5 mil "Mylar" - E, I, du Pont de Nemours & Co.,
Inc., Film Dept., Wilmington, Delaware.

3. Dixie Cup #2112, 12 fluid oz. Hot Drink Cup
Dixie Cup Div., American Can Co., Easton, Penna.

4, Tri-Pour Beaker (Plastic) 400 ml.
Biological Research Inc., ALOE Div.
Subsidiary of Brunswick Corp.
12201 New Columbia Pike, Silver Springs, Md.

5. Diagger Dial-Speed Stirrer
High Speed Model #56540B, 200 to 3000 RPM (A. Diagger Co.,
159 W. Kinzie, Chicago, Illinois)
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With 3-blade stainless steel propeller 2' dia.

Cuatalog #9240-K(A.H. Thomas, Philadelphia, Penna.)
On stainless steel stirring shaft Catalog #9240-F
{A.H. Thomas, Philadelphia, Pennua.)

V. Procedure
1. Place "Mylar' film in tube.

2. Cut becaker 2.5" from top and place top section upside
down in bottom of tube to act as a funnel,

3. Weigh 170 ¢ 1 gms of total system in Dixie cup.
(170 gms required for 2 pcf system; larger amounts
for higher densities).

4. Mix for 9 secs. on Diagger Stirrer at high speed,
i.,e. up to 3000 RPM. (Shorter mix times required for
systems that cream faster than 9 secs.)(Figure 1).

V. Proceudre (cont'd.)

5. Quickly place on bench and put tube assembly over cup.
Cup should {it tightly into funnel (inverted cut beaker) and funnel
should fit tightly into tube to prevent foam leakage. Assembly can
be held or taped®* until foaming is complete. (Figure 2).

6. After foam has risen and set (Approx. 20 min. for most
systems), slide tube off of foam/beaker/cup unit. (Figure 3).

VI Report

Measure and report the following:

A. Foam height; from bottom of cup to point of
maximum rise. (Figure 4).

B. Shear line height; from bottom of cup to point of foam
breakdown (Shear) on foam surface. (Figure 4).

C. Core density of foam {skin removed).

*Lay 2 foot length of masking tape on bench, sticky side up. After
mixing, quickly place cup in center of tape and put tube assembly
over cup. While holding complete assembly with one hand, run
tape up one side of tube, then the other.
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Standard Method of Test for

RATE-OF-RISE (VOLUME INCREASE)
PROPERTIES OF URETHANE FOAMING

SYSTEMS'

This Standard is issued under the fixed designation D 2237: the number immediately following the designation indicates
the year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the

vear of last reapproval.

1. Scuye

1.1 This method covers determination of
the rate at which the voiume of a foaming
system changes under standard conditions. Two
quantities, the Extrapolated Initiation Time
(EIT1) and the Extrapolated Rise Time
(ERTr) are obtained by graphical analysis.

1.2 The method and apparatus as presented
are applicable to foam systems having Extrap-
olated Rise Times down to about | min. For
faster systems, modifications in the apparatus,
such as automatic height recording, may be re-
quired.

NoTE—The values stated in U.S. customary
units are 1o bz regawded as the standard. The met-

ric equivalents of U.S. customary units may be ap-
proximate.

2. Summary of Method

2.1 The test apparatus consists of a constant
cross-section cylindrical container and a float
connected to a height-measuring device as
shown in Fig. 1. A freshly mixed foaming
system is placed in the bottom of the container
and the float placed on the foaming system so
that height versus time data may be obtained.
The data are plotted on semilogarithmic graph
paper as shown in Fig. 2. From this plot,
rate-of-rise quantities at a specific average
comporent temperature are obtained. The
quantities are adjusted through suitable
temperature compensation o correspond to
23C (7134 F).

3. Significance

3.1 Rate-of-rise data obtained by this

method are applicable to the standard condi-
tions under which they were obtained and
are not necessarily the same as obtained un-
der manufacturing cornditions. In addition to
the shape and cross section of a mold cavity,
the data can also be affected by such factors
as the method of mixing and the time-tem-
perature relation of the mold surfuce during
foaming. The test is useful for identification
and comparison purposes. When propezrly
interpreted, it can be nelpful in predicting
foaming behavior under nonstandard condi-
tions.

4. [ efinitions

4.1 mixing time—1timne in seconds for a
batch mix during which mechanical agitation
is applied to the combined components of a
foam system.

4.2 dispensing time—time in seconds for a
continuous blending process during which
mixed material is dispensed into a container.

4.3 initial height—theoretical height in
inches of mixed liquid components in a given
container prior to any gas formation.

4.4 final height—hcight of the foam in
inches in a given container after all volume
change has ceased.

4.5 rise rate curve—plot of change in height
as a percentage of the total height change ver-

! This method is under the jurisdiction of ASTM Com-
miltec D-20 on Plastics. A list of committee members may
be found in the ASTM Ycarbook. This standard is the
direct responsibility of Subcommittee D-20.22 on Cellular
Plastics.

Current edition cffective Dec. 24, 1970. Originally is-
sued 1964, Replaces D2237- 64 T.
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sus time on similogarithmic-coordinates (see
Fig. 2).

4.6 extrapolated initiation time at a speci-
fied average componeni temperature (EIT7)
—time in minutes, and corresponding to a
specific average component temperature, ob-
tained from the intersection of the linear ex-
trapolation of the straight-line section of a rise
rate curve with O percent height (see Fig. 2).
Note that time equals zero at the start of mix-
ing.

4.7 extrapolated rise time at a specified
average component temperature (ERTr}—
time in minutes, and corresponding to a spe-
cific average component temperature, cb-
tained from the intersection of the linear
extrapolation of the straight-line section of a
rise rate curve with 100 percent height (see
Fig. 2). Note that time equals zero at the start
of mixing.

5. Apparatus

5.1 Standard Foaming Coniainer—The in-
side dimensions of the standard foaming con-
tainer shall be 170 = 3 mm (6”5 & /x in)
in diameter and 120 4 13 mm (8 = Y, in)
in hetght. The container should be constructed
of low heat flow material such as pasteboard
or finerboard to minimize container effects on
the foaming svstem. The inside surface of the
contairer should be uncoated. Such a con-
tainer is shown in Fig. 1.

3.2 Height Gage'--The height gage shall
consist of a float, a stem, a glass tube, and a
linear scale as shown in Fig. 1. The height of
the scai= stall be adjusted so that it reads
zero with the float resting on the bottom of
the standard container. The float shall be a
disk (76 = 3 mm (3 =+ s in.) in diameter
which is constructed of low heat flow material.
The total weight of the float and stem should
not exceed 10 g. The end of the stem shall
have a hook so that it may be suspended from
the top of the glass tube. The tube and scale
shall be connected to the supporting stand so
as to permit them to swing to one side during
dispensing.

5.3 Mixing Componenis—The mixing of
the components shall be accomplished by
mechanical mezns. This may take place by a
continuous blendiry process in 2 mixing cham-
ber from which the mixed material is dis-
pensed or by a batch process using a mixing
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blade. Where the batch process is used, a
heavy-duty portable drill having a mixing
speed of 1500 to 2000 rpm and a 50-mm (2-in.)
diameter mixer* is required. The mixing shall
be carried out in a paper cup of proper size
to permit good agitation. For combined com-
ponents weighing up to 300 g. a (470-cm®)
paper cup® or equivalent is recommended.
The accuracy of metering or weighing should
be 41 percent.

5.4 Thkermometer—ASTM Pensky-Mar-
tens, Low-Range Tag Closed Tester Ther-
mometer having a range from —5 to +110C
or +20 to 4230 F and conforming to the re-
quirements for Thermometer 9C or 9F as pre-
scribed in ASTM Specification E 1, for ASTM'
Thermometers.®

5.5 Stop Watch.

6. Number of Test Pours

6.1 The number of pours tested for a sam-
ple can vary widely, depending on the in-
tended use of the data. It is recommended
that four random pours be made for the initial
sample of the material. Then, depending on
the accuracy and degree of certainty required,
this sample size may be increased or de-
creased for subsequen* samples.

7. Conditioning

7.1 The initial temperature of the compo-
rnents must be controlled since a change in
temperature may also cause i changs ir the
rate of rise. Unless otherwise specified, the
temperature of all components at the start of
mixing should be 23 - 2 C (734 £ 4 F). In
cases of dispute, the entire apparatus and
chemical components should be conditioned
at 23 £ 1 C(73.4 = 2 F) prior to mixing and
the test conducted in a conditioned room at
the same condition.

‘A cylindrical container, uncoated, 67, in. in diam-
eter, l-gal capacity, available through the Sealright Co.,
Inc., Fulion, N. Y., has been found satisfactory for this
purpose.

? Suitable equipment for conducting this test is avalable
from thz R. B. Snyder Co.. 5739 West 16th St,, Cicero. N1
60630, and Olin Corp.. Plastics Group Specialty Urethane
Equipment Dept.. 6367 East Land Roud, Brook Park,
Ohio 44142,

*A suitable miner is available from the Conn Co.,
Warren, Pa

*Unwaxed 16-0z cups. Catalog No. 4416 S, available
from the Lily Tulip Corp.. New York, N. Y., have been
found satistactory for this purpose.

¢ Annual Buok of ASTM Stundards. Pan 30.
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8. Procedure

8.1 Obtain the temperature of the com-
ponents to the nearest 0.1 C (0.2 F) and com-
bine as specified by the manufacturer.

8.2 Adjust the charge of matenal empin-
cally so that the final height is approximately
equal to the height of the container.

8.3 Start mixing and stop watch simultane-
ously. If a continuous mixing process is used,
dispense directly into the standard container.
If a batch mix is used, use a separate cup for
mixing for a specified period and the mixed
components shall be poured into the stand-
ard container. Pour the mixed components
into the center of the bottom of the container
so that they are distributed symmetrically
around the axis of the cylindrical container.

8.4 Move the height gage over the foaming
system, unhook the stem from the glass tube,
and lower it genily into the container. The
float should be centered on the foaming sys-
tem. Record height versus time data. Suf-
ficient readings should be taken to define the
rise rate curve. After the foam rise has ap-
parently stopped, allow an elapse of time
about equal to the estimated Extrapolated
Rise Time and record the final height of foam.

8.5 Allow the foam to cure and cool for a
min.mum of 16 h under ambient conditions
and then cut a nominal 50-mm (2-in.) cube
from the core of the foam. Use this to inspect
the cell structure and obtain the density.

9. Calculations

9.1 Determine the density to three signifi-
cant figures in accordance with ASTM
Method D 1622, Test for Apparent Density
of Rigid Cellular Plastics.”

9.2 Obtain the average component tem-
perature to the nearest 0.1 C (0.2 F). When
the temperatures of the components are the
same, the average temperature is that of
either component. When the temperatures of
the components differ, a weighted average
based on the weights (or ratios) and, if sig-
nificantly different, the specific heats of the
components, shall be used.

9.3 Plot the rise rate curve and obtain
EITy and ERTy. Calculate the change in
height, Ah, as a percentage of the total change
in heigbt to three significant figures as fol-
lows:

D 2237

Change in height, percent
= [(h: — h)/(hy — h)} X 100

where:
he = height at any given time, mm (or in.),
h; = final height, mm (or in.),

i

h, initial height = D/D. X hy, mm (or
in.),
D = density of foam core, 1b/ft’, and
D. nominal density of raw materials, 1b/
ft’ (may be taken as 70).
Plot the rise rate curve (change in height, Ah,
versus time) on semi-logarithmic graph paper
as shown in Fig. 2. Make a linear extrapola-
tion of the straight-line section of the rise rate
curve to intersect with both 0 percent and 100
percent change in height. The O percent and
100 nercent extrapolation values become the
EIT; and ERTr respectively, and shall be re-
ported to three significant figures.

9.4 Temperature Coefficients for ERT and
EIT—To maintain the indicated precision of
=+35 percent for the ERT and EIT and also al-
low a reasonable temperature range in which
to work, correct the experimental values to
23 C (73.4 F) through the use of ternperature
coefficients. The step of obtaining the coef-
ficients is normally carried out once on a
given foam system. The temperature coeffi-
cients obtained may then be used for adjust-
ing all subsequent rise rate determinations.
Obtain the temperature coefficients as follows:
Plot r:se rate curves at several (at least three)
points throughout the range of temperature
permitted. Then plot the EITy and ERTy
versus temperature. From the best fitting
straight lines obtain the temperature coeffi-
cients to two significant figures as follows:

I = (ElTy, — EIT%)/(T: — Th)

and
R = (ERTy, — ERT3)/(T: — Th)

where:

I = temperature coefficient for EIT, min/
deg F,

R = temperature coefficient for ERT, min/
deg F, and

T: and 7, = temperatures at two points on
line.

9.5 Standard EIT and ERT--Calculate the
Standard Extrapolated Rise Time as follows

" Annual Book of ASTM Standards. Part 26.

109



i

(see Fig. 2):
ERT:er = ERTr + R(T — 73.4)
and the Standard Extrapolated Initiation

Time as follows (see Fig. 2):
EIT -ser == EITr 4+ KT — 73.4)

9.6 Calculate the standard deviations (esti-
mated) for the density. Standard Extrapolated
Initiation Time. and Standard Extrapolated
Rise Time, and report them to two significant
figures.

10. Report

10.1 "1 ke report shall contain the “oliowing:

10.1.1 Complete identification of the ma-
terin]l tested, including :ype, source, code
numbers, previous history, etc.

10.1.2 Number of pours tested if different
from that specified in Section 6,

10.1.3 Temperature of components and
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method of averaging temperatures,

10.1.4 Atmospheric conditions in test room
ti different from those specified in Section 7,

10.1.5 Method of mixing and dispensing
time or mixing time,

10.1.6 Final height of foam in standard con-
tainer if different from that specified in 8.2,

10.1.7 Standard Extrapolated Initiation
Time, Standard Extrapolated Rise Time,
and density to three significant figures ex-
pressed as an average value, and standard
deviation,

1v.1.8 Description of cell structure includ-
ing uniformity and average cell size, and

10.1.9 Date of test.

11. Precision

11.1 The precision of this method has been
determined to be about +35 percent.
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APPENDIX

Al. SAMPLE CALCULATIONS

Al.l Subsititution in Eguation jor Ak to Derive
Rise Rate Curve Illusirated in Fig. 2—Taking den-
sitv. D as 2.18 Ib/ft and final height, &, as 12.8
in., the initial height becomes

h, = (D/T0) X & = (2.18/70)
X 12.8 = 0.40 in.

For time = 2.00 min, the change in height is as

follows:
ah = [(h.— h)/Uy = h)} X 100

= [(8.83 — 0.40)/(12.8 -- 0.40)]
X 100 = 68.0 percent

Al.2 Rise Raie Values—Using an average com-
ponent temperature of 70.0 F. the rise rate values
from the graph are as follows:

ElT:0 F = 0.60 min
ERTTr,.nF = 3.60 min
Taking the temperature coefticients for this par-
ticular foam system to be /7 = 0.025 min per deg
F and R = 0.10 min/deg F. the Standard Rise
Rute Values become, using the equations in 9.5,
ElT::,+ = 0.60 + 0.025(70.0 — 73.4) = 0.52 min
ERT:4 F= 3.60 + 0.10(70.0 — 73.4) = 3.26 min
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CERTIFICATES OF CALIBRATION FOR
VISCOMETERS
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Certificate of Calibration

) 3
Viscometer No. asss

UBBELOHDE TYPE
{Standard Test ASTM D 443)

Viscometer Constant 0.947 Centistokes/Second
The viscometer vonstant is the same at all temperatures.

To obtain viscosity in centistokes muitiply the efux time in seconds by the viscometer constant.

CALIBRATION DATA AT 100° F.

Viscosity Viscosity Effux Time Viscometer Constant
Standard Centistokes Seconds Centistokes/Second
1313 352.2 372.2 0.946
1312 213.6 225.F 0.947

Average = 0.947

Calibrated by RID-71038 under supervision of

R. E. Man~Ne, Ph.D.

W. A. Lioyp, Ph.D.

RecisTERED ProrzssioNaL E:CINEERS
Canvox Instruntent Co.

STATE COLLEGE, PENNSYLVANIA

Viscosities of the standards used in calibrating were established in Master Viscometsrs as described in Ind.
Eng. Chera. Anal. Ed. 16, 703 (1944) by M. K. Cannon. This methed bas been favorabiy checked at the Nutional
Bureau of Standards bv Swindelis, Hardy and Cottington and their work is published in the Journzl of Research of
the National Bureau of Standards, Vol. 52, No. 3 March 1954, Research Paper 2479.

Viscosities are based on the value for water adpated by the National Bureau of Standards and The American Society
for Testing Materials July 1, 1933. The viscosizv basis is 1.0038 centistokes for water at 63-F. The gravitational
constant, g, is 950.1 em/sec* at the Cannon [nstrument Coripeny. The gravitational constant varies up to 0.1% in the
United States. To make this small correction in the viscometer constant, multiply the above viscometer constant by

the factor {g (at your laboratory) /950.1]. The calibration data abuove are traceable to the National Bureau of
Standards.

Sce instruction fur use of *he Ubbelohde Viscometer on the reverse side.
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Certificate of Calibration

. 28
Viscometer No. 700

UBBELOHDE YYPE
{Standard Test ASTM D 4435)

Viscometer Constant 0.5147  Centistokes/Second
The viscometer constant is the same at ail temperatures.

To obtain viscosity in centistokes multiply the eflux time in seconds by the viscometer constant.

CALIBRATION DATA AT 100° F.

Viscosity Viscosity Efflux Time Viscometer Constant
Standard Centistokes Seconds Centistokes/Secoad
1312 213.60 415.1 0.5146
1311 123,87 240.6 0.5148
Average = g 5147
Calibrated by 71022 under supervision of

R. E. ManNmve, Ph.D.

W. A. Lioyp, Ph.D.

RecistereDd PROFESSIONAL ENGINEERS
Cannon Instnument Co.

STaTE COLLECE, PENNSYLVANIA

Viscosities of the standards used in calibrating were established in Master Viscometers as described in Ind.
Eng. Chem. Arai. Ed. 16, 708 (1944) Ly a. R. Cannon. This method has been favorably checked at the National
Bureau of Standards by Swindells, Hardy and Cottington and their werk is published in the Journal of Lesearch of
toe Nationa: Bureau of Standurds, Vol. 52, Me. 3 March 19534, Research Paper 2479.

Viscnsities are based ona the value for water adpnted by the National Bureau of Standards and The American Society
for Testing Materials July 1, 1933, The viscosity basis is 1.0038 centistokes fcr water at 65°F. The gravitational
constant, g, is 950.1 em/sec? at the Cannon Instrument Company. The gravitational constant varies up to 0.1% in the
United States. To make this small correction in the viscometer constant, multiply the above viscometer constant by

the facté); [g (at your laboratory) /980.1]. Tne cahbbration data above are traceable to the National Bureau of
Standards.

See instruction for use of the Ubbelohde Viscometer on the reverse side.
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Certificate of Calibration

X ac
Viscometer No. 371

UBSELOHODE TYPE
(Stendard Test ASTM D 445)

Viscometer Constant 0.2814  Centistokes/Secocd
The viscometer constant is the sams at all temperatures.

To obtain viscosity in centistckes multiply the eflux time in seconds by the viscometer constant.

CALIBRATION DATA AT 100° F.

Viscosity Viscosity Efux Time Viscometer Constant
Standard Centistokes Seconds Centistokes/Second
1311 123.87 440.1 0.2815
1310 65.35 232,2 0.2814
Avemge = 0.281%
Calibrzted by RID-71024 under supervision of

R. E. Mansmve, Ph.D!

W. A. Lroyp, Ph.D.

RecisTerzp PrO7ESS:ONAL ENGINEERS
Caxrox Instatnest Co.

STATE COLLEGE, PENNSYLVANIA

Viscosities of the standards used in calibrating were established in Master Viscometers as described in Ind.
Eng. Chem. Anal. Ed. 16, 703 (1944) by M. Ii. Cannon. This method has been favorably checked at the National
Bureau of Standards by Swindeils, Hardy and Cottington and their work is pubiished in the Journal of Research of
the National Bureau o: Standards, Vol. 52, No. 3 March 1934, Research Paper 2479,

Viscosities are based on the value for water adpoted by the National Bureau of Standards and The American Society
for Testing Materials July 1, 1933. The viscosity basis is 1.0033 centistokes-ior water at 63°F. The gravitational
constant, g, is 980.1 em/sec? at th= Cannon Instrument Company. The gravitational constant varies up to 0.1% in the
United States. To make this small correction in the viscometer constant, mult:piy the above viscometer constant by

the f!acté)r {g (at your laboratory)-/950.1}. The calibration data above are traceable to the National Bureau of
Standards.

See instruction for use of the Ubbelohde Viscometer on the reverse side.
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——— g —— B —— — — 6
7

_DEVIATICNS® o0

SUM OF SCUARLS

0.264255910-0;7

- 042108368920-G2.

0.475C92860-0¢

_0.55621959

7SS IF x(1) LAST

0.12628802C-03
0.140559130-04

EAPLCTED

«2457717
le2633544
t.2?5107n
la2d¢€29¢26
1.293C321
1.29530H2

1.3051211

0.210336920-02

VEAN SQUARE
0.132127970-02

Q.527092310-03

SICMA =

T FCR HOOR{[)=0

0.48948)31¢
-0.16330000

OUSERVECL
1.2965000
1.2325000
1.20900C0
1.217190CCO
1.2940C00
1.2710000
1.13¢60000

0.210836920-02

F VALLE

2.5067320

0.,2295E491C-C1

H VALLES

le2051188
0.221554860-C2
-0.91460644L-09

CIFFERENLE

=0.1C728251C-C1
0.30854403C-Cl
=0.2%84521%60-C 1
C.729u¢1C2C=-C2
=0.4%61%730~C2
0.834068232C1-C2
-0.67251193C-C3

-0.10350205C-15

ANALYSIS OF ‘VARIANCE TARLE , REGRESSION COEFFICIENTS , AND STATISTICS OF FIT FOR OEPENDEAT VARISBLE X 3

STC ERR'.R R

0.645263431C-02
0+56CCT743(-0%

1 =

STL B vaLUES

t.tl1217148
=0.31C31240



T SOURCE

_X
X
X

(VNN 3]

" ANALYSIS OF VARIANCE TAGLE , REGRESSICN CCEFFICIENTS o AND

SOLRCE OF SUM GF SCUARES MUAN SOUARE
REGR N} 33.922138 T 16.961069
DEVIATICNS & ____ 0462043325 _ __ _ 0.i5%60831
TOTAL 6 34,548571

R-SQUARC = . ______0.991A¢8C4 e S16MA »

SS FOR xtl) ADJ T8S IF X(I} LASF

30.354556 1.12191¢3 ~2.6765272

3.567578? 1,5675787 4.1720615
SeT EXPLCTED GBSERVED

1 56.5535C8 "~ 56.560GCO

2 56.769143 57.0C00C0

3 57.9C6116 - 57.5000C0

LY 58.42CH13 S8.AC000N

S 57.965C8) 6C.»CACCO
& 6l.340037 __ 81.6C0000

62.945383 63,0000C0

DEVIATICNS® ¢oes 0.62643325 0.62643325

T FCR HOOR(T)=0

STATISTICS OF FIT FOR CEPENDENT VARIABLE x 4

F VALUE

1C8.3C248

0.39573168

R VALLES STO ERRCR b
58.0065C4 I

~0.20882534 c.70€21€C3C~C1

0.46077776C-C2 0.96541076L-C3

LIFFERENCE

«£135C7651C-Cl
-0.230a85¢61
0.40h13438

O.eCul3le20-C1
=C.%3491S15
0,340C3742

-0.%46171324C-C}

0.51823545C~-11

T a2 )

STL B vatues

~1.227C5C)
2.18481147

921



PN R RAR IO I P RN ANAN A IRRI RS AR ARSI PRt RN AR R AAAAEENRDRO AN APORREN0G0OTII0ONE000Y

L4 OROER _CARD VM1 = ) NUMEZR JF VARIAQLES = 6 NUMBER OF INDEPEHDENTS = 3 :
: INDEPENDENT VARIABLESC X1 X 57268 :
- DEPENCEINT VARIAPLESO X 2 X 3 X 4 .
: e ._ .. INDICATCRSO _ uSE UNCCHRECTLD SeSs eenseeas MHO ~ :
: PRINT A VAIRIX GF CCCLITTLE . NO :
o : PRINI © MATREX OF CCCLEITILE o NO :
: B _ PRINT C MATRIX CF CCCLITTLE o NU _ :
: PRINT EXPECTED VALUES coceees YES :
:obntu—a-'-i'-.uninutninuuoouuounnnunuuuun-"nn'i'-'n-non"iuouo:

LZ1



ANALYSIS OF VARIANCE TABLE o REGRTZSSICN COEFEICIENTS , AND

SALRCE DF

REGR T3

DEVIATICNS 3

TOTAL 6

. R=SQUARE =

SS FOR x(1) ADJ

Ce29427412D-02
0.518645190-0%

0.281548860-0%

SET

SNV S WA e

DEVIATICHNS®soee

SUM CF SCUARES
0.3276156602-02
e Qe l161C5970-02

0.443721430-02

—..0.73833590

7SS IF x(I) LAST

0.190715040-03
0.259577910-03
 0.28154AR6D-01

IS EXPLCTED
0.17858591
______ 0.17395207
Je.laB1C715
0.134718a3
0.125C138)
0.12158736
0.128634179

O.11061C5970-02

MEAN SQUARE

0.109205)150-02

e ..0,381701989C~-03

e AW SIgMa =

"1 FCR HGOR(I}=0

0.70198176
-0.818968%4
0.85292192

OBSERVEL

0.17850000
. 0.176¢500C0
0.135C00C0
0.16163¢CO
0.11300000
0.1114C00CO
0-13300C00

0.11630%970-02

STATISTICS OF FIT FOR CEPENCENT VARIABLE x 2

F VALUE

2.8216936

Cal9672r21C-C1

B VALLES

0.28366G¢420-C1
0.15223213C-C1t
-0.465454957C-CY

0.399377971"-C5 _

OIFFERENCE

0.85971€82(-C4
~0.254757€C-(2
0.181C715%4i.-Cl
~0es26BE1240-001
C.éCliv2lsc-€2
OuEGu7l6COE-C2
~0.43652C085C-C2

0.eC332102C-16

STC ERRL{R E

0.2t1686C52C-01
0.56829249(-03
€o46824577C-C5

el = |

STL @ v2LuE®

7.693056¢€
~16.5053¢0
1C.55877C

8271



SOLRCE DF
REGR B |
o _ _ DEVIATJCNS __ 3

TOTAL 6

R=SQUARL =

SUURLE $S FGR XU} ADJ

0.14C52913C-04
0.2913463110-03

x> M X
[ NV N N )
L

SeT

-S> W N

DEVIATICNSe 0see

C.2623%0340-02 -

SUM OF SCUARES
T 0.2938C2240-02
0.18149C610~02

0.475092860-0"

___ O.0lr90918

TTUSS IF XUL) LAST

0.2R066412D-03

_0a2934063110-03

EXPECTELD

1.2514988
1.2524ChH6
1.2767274
1.29CC232
1.2999918
1.3035935
1.2977523

0.18149C61D0-02

T0.22C364140-03

MEAN SQUARE
0.978674150-01

0.604968710-02

_S1C¥A =

T FGR HOOB( ()20

T -0.6035371%
0.68112527
=0.6964826%

UBSERVED

1.2565000
1.2325000
l1.3C9CCCO
l.21750CC0
1.7 800C0
1.2910C00
1.4060000

0.18149061D-02

F VALLE

1.6177269

oo 0024590101020-C8

B VALLES

L 1.41778C8 _
-0.163638C6C=C1
0.48402318C-C3

-0.4C774CHIC-CS

DIFFEKENCE

-0.5C011924C-C2
0.199C6¢25L.-C1
=Ce.3227222320-C1
0.110232C1C-C1
0.1997aC05C-G2
0.1¢592513-C1
=0.82477153C~C2

~0.294371720~14

ANALYSIS OF VARIANCE TABLE , REGRESSICN COEFFICIENTS , AND STATISTICS OF FIT FOR CEPENDENT VARIABLE X 3

STC ERRFR B

T 0.27113171C-01
C.T1C63754C-03
C.5R5428250-C5

i 2 |}

STL B vALLEYS

-8.1995301
19.LC1057
=17.R52CC4

621



ANALYS1S OF VARIANCE TARLE , REGRESSION COEFFICLENTS o AND STATISTICS OF FIT FOR CEPENDEAT VARIABLE X &

SOLRCE DF

REGR 3

DEVIATICNS . 3

TOTAL 6

R=SQUARE =

$S FCR x(1) ADJ

30.354558

3.567%7817
0.20178371D-04

DEVIATIONS® #oee

SUM CF SCUARFS
33.722158
0.620413CT

34.5485T71

VI81E0680)

$S IF x(I) LAST

0.34232168D-01
0.240266520-01
0.201781710-06

56.552C06
56.772014
ST.4C6998
58.8105136
59.963244
61.338914
62.9471017

T 0.62041307

EXPECTED _

PEAN SQUARE

11.307386

0.20R8080430 .

- SICMA =

T FCR HONE(11=0

=0.404u8996/7
0.33721641

0.983044730-02

£6.5000C0
57.4000000
57.5C00C0
58 200CCO
60.5C0000
61.0G00CN
63.0C0000

0.62641307

CUSERVELD

F VALLE

54.153C13

045695119

A VALLES

SH.831135

-0.,20395345
O.441B4%6CL-C2
0.1CH917186C-C5

Ul FHLRENCE

C.5200n7CCL=-C1
-0.2:75853¢8
Co4CbLLESLE
CalGudnyLCL-C1
=0.93874511
0.33451217)
-C.%26833CSC-C1

0.5139753CE~11

STC ERRC(R R

C.5C371354
0.132€2351L-01
ColCBT61S50-03

ey s 1

STL 8 vaALUES

~1.1944232
2.1267032
0.312695596C-01

0¢t



FEPER RS EERAEANRENI IS AN RN RN AFARRAA SR I A SRR ARG VAR NG S OISR AL R AN GO AN AndOendnbROBO0S

_ e E DRUER CARY TMT = 1 NUMLER CF VARIABLES = 5 NUMBER GF INDEPENDENTE = 2 :
®  [NUEPEADENT VARIABLLSO X L X 6 :
e ] UEPENDENT VARIABLESO K 2 X 3 X 4 .
e :__,,,_, .. _INCJCAVORSO __ USE UNCCRRECTED SeS¢ sesanavs NU = 3 _ : 5 .-
E PRINT A PATRIX OF CCCLITTLE o NO :
T T T e ) S PRINT B PATRIX OF CCCLITILE . HO .
L _: . ___.__ PRINI C MATRIX OF CUCLITTLE « HQ o :
: PRINT EXPECIED VALUES ceeeses YES :
T :ib'titoo_yt"'tnnintuit’nuuuuououunnouuaunuuu..nnuuoniuuuu:

I€1



ANALYSIS CF VARIANCE 1ARLE + REGRESSICN CCEFZICIENTS o AND

SOLRCE DF SUM CF SCUARES MEAN SQUARE
- "~ REGR 2 0.3C165767D-62 0.15C82¢640-02
e __ DEVIATICNS _ & _____ 0.14206376U~02 _ ____ 0435515940003

TGTAL 6 0.443721416-02

R-SQUARE = . 0.67983571 SIGHA =

STATISTICS CF FIT FOR OEPENCENT VARIABLE X 2

F VALUE

4.24617628

0.184456173C-C1

N VALLES STD ERRCR 8

0.222372C4

T SQUACE SS FOR X(I) ADJ  SS IF X({) LAS) " T FCR HOOE(11=0
e _ X € o N e N

a1 0.294214120-02 0.524292460-03 -1.2196233
X e 0.738354720-04 0.738354120-04 0.45594 104

SET EXVECTED ULSERVED
- ) . T 0.18468326 T 0417850000
2 0.16342919 0.17650C00
o 1 0.14528351 0.13600CC0
“ 0.1377¢CCi1 0.16160GCO
5 0.131282135 0.113000C0
6. 0.12615715 . 0.112CCo00
7 0+1224615% 0.133C0000

DEVIATICNS®®s®a 0.142C6376D-02 _  0.142063760-02.

-0.24535144C-C2
Oa1726KEL5C-C6

DIFFENENLE

C.t18325617L-C2
=0.1307¢811%-C1
0.,152R251C1-C1
=0.2312554%40-C1
Cel22d224S5C-C1
0.131597%30-C1
=-0.1C53A1€65L-C1

=C.3507364(C-16

0.2C11698501~C2
Ce37874CeL4L-Co

el a }

STL @ vatietl

~1.2741187
0.,47%57913

el



ANALYSIS OF

VARJIANCE TABLE o RCGRESSION CCEFFICIENTS , ANC STATISTICS GF FIT -OR

SOLRCE OF
) RECR 2
. UEVIATICNS .
TOTAL S

_R-SQUARE =
T SOURCE $S FOR x{1) a0y

L X C

x 1 0.262850340-02
X6 0.268549CCD=0%4
SET

T I L
2

— - -— - -,
&
5
6
7
DEVIATICNSe otse

SUM CF SQUARLS
0.265535630~02

0.20955703D-02

0.475€92060-02

0.554912%%

TT8S IF X(I) LAST

0.356987420-014
0.268549000-04%

txerciru

T 1.2451586

1.2633486
162796639
1.2089232
129347917
1.29925%C
1e3041711

0.2€9557030-02

MEAN SQUARC

0.132767920-02

. 04323092560-03

SIGMA a

I FCR HOOHBU1)=0

0.125%47169
=0.22640742

DHLTCRVED

1.2 65000
1.2125CC0
1.3C9C0C0
1.27909¢C0
1.72980G6C0
1.29106C0
1.3060300

0.209557030-02

F VALUE

2.5342585

0.220804695C-C1

b VALLES

1.2096544

0.2C168691C-€2

~C.lCul444¢C-C6

DIFFERCACE

T -0.113417540-C1

0.3C8aH56SC-CL
~0.2933%u141C-CH
Q792324760 ~C2
~0.4920%48¢T-C2
Q.E2h6G02100-C2
-0.44828492¢11¢-C2

~0,14024155C=15

DEPENDENT VARIABLE ¥ 3

STD ERR(R B

C.744227510-C2
0.45556314L-06

i = 1

STC @ vALutES

1.C1046079
=0.,27718389

el
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1
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ANALYSIS OF VARIANCE TABLT , REGRESSIUN CCEFFICIENTS o AND STATISTICS UF FIT “CR CEPENOENT VARIABLE X &

SOLRCE OF
RECR 2
DEVIATICNS 4

TSTAL 6

R=SQUARE =

$S FUR X(I) ADJ

20.354558
3.5435723

-V N

DEVIATICNSe #eete

SUM CF SCUARTS
33.898152

Q65043972

34,.548971

e Qe JBLLI1E

TSS IF X(1) LAST

" 6.1C078609
3.5435123

LXPECTEL
564491345
56.813253
57.934124
51.73C845%
59.9C21%6
al.2s8li2
63.CCOICH

0.650%43972

MLEAN SQUARE
16.747046

0616260993

SIGMA = -

T T OECR HOOH(T)=0

~0.7812184L7
4.66A1748

CHSFRVED
56.:00000
57.0C00C0O
571.%C20C0
58,4000C0
6€0.4%00000
61.,000700
&).0C00C0

0.6504397"

F VALLE

104.,23143

0.40324522

B VALLES

S5€.HOTALE
~-0.338A8571C-C1
C.31831¢65C-C4

U118 FFRENCE
~0.665534R01C-C2

-C.12674¢9¢
0.43412427

T-0.51456424C0-€2

~0.%91054CY
CocH47718)
0.£7056825C-C2

0.51683241C-}1

STC ERRCR 8

C.430452C5C-C1
C.2104C€13C-CS

™wr =1

STC B vaLLeS

-0.1951220%
1.1¢C71313

vel
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Nuust W U
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Toeo mAIN
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| R NEYIVRL]
The Nutd
PRIC L
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THZ wadE
i

LTZED ALALYSIS PRAOGAAM DEVELOPED oY Trd gluiA YOUNG UNIVERSITY STATISTICS CEPARTMENT

OF ANALYZIAG UNJALANCCD  (AID DALANCED) UM VALTATY

AND AULTIVARIATF ANALYSIS CF VARIANCE PRGBLFMS

AS UWHIVARTATG AND MULFEVARITATE HCGROSSTON fPRABLEMS(FTR, 17720 12 AUG 1976 11 FR 36 MIN 12,46 SEL A¥

UCc PLGSLEY

F 7ARIASLES Re QU IN 3
[¥459 c

F NZWA JARLADLES ADDED 1]
PTEON AS UATA 1> R_AD IN 0
FION ]

TR INPUT GeVICE Q

{3 ColOuC-09

RIVMCEAL winloN DL IS

1hentader

EFFCCt T IS t 1asd  WJITH SURSCAIPT | = 1,y & TEMP 1260,2370,43200,4=290 caL 3
EFFECT & IS FIXID WITH SUISCRIPT J = |, 7 DLOCK 1220923304326054245,5=5C,639%9,72¢C
MAT (13,0180 0.41

CU 0 ONTA POLLTS 1S oNEATeR THAR THE WUMHER GIVEN
R COUll lEu 4AS 24
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fHc CePENDENT VARIABLE f0R THIS TaBLFE IS 1

ANALYSIS CF YARIANCE TABLZ

S IJRLe
M- AN
1
d
LRRUN

ala

kiGreaslOY -

1-Swu\REC

ur

1

-

SUM 1Y SuYUARC »
Cueb?2011
196 420-00
1723210-01
HedG d3U=03

Cortr 34

C.a il

Co 8829

Fo AN SQUARLS
6.491075-06
le09%6%4c =03

Lot 39H0FE=1)4

6437990102

CXPECT LR MpaAN SQUARE CUEFFICIENTS

LET



ThE CePENDENT VARTABL: FUR FHIS TAALE 1§ 2

ANALYSIS
S Jurklc
MFE AN
T
]
ERRLA

10TaL

RiGresSlON

R=S4JARED

F
DF
1
3
o

18

R

VARVl e TAPL:

SUM F SJUAR: S MTAN SYUARLS

4r.61LY0

letb%lh0=C3 3e06ILTM =04
5.,7494830=-03 9.91613r-04
Ledtio J80=-C2 S92 164L-064
4%. 3o

“r.ulb 449676
CoelaBu

FXPECIED MOAN SQUARE CULFFICIeNTS

8¢l



THE LePENUENT VAR[ARLe FuR

AMALYS IS uF VARIA 2 TANL D

Sl
M_ Al
]

b
L <Rudt

TolaL

R:GroeSS1ON

R=S4UAKED

uF

[

2d

1c

SUA L1 5QUAR:S
316,
FRTLL I
Malde
33. 900

Il

W6 i>a

Ca?3 23y

1HES rapLe S 3

MIAaN SQUAKES
C.Hr932
los30

1.7948

9lal.9

I

EXPLCTLL

[
7.000
0.0

MOAN SQUAME CULFFICIENTS

0,0
4,700

6¢1



THE UcPENUENT VARIARLE FOR THLS TanLS s 1

PTES OSSN ARG NINORNNSININRN RSB ERH BB RG PR AR RSN I ARE AR LT RS L SR PE RS R AP R TSR

* -«
& THL FUOLLJWING TAaolL: IS ONLY VALID ro® FHX=D MUpELlS wETH NG MISSING CELLS 7
- *

(XTI RN R Rl RN A A R S A e e A R R R N P R S S R A R R R}

SoUALE VA<4lApLE U::li::t Su¥ O SLUAReS PRoLlel Ly f-nal )

tin, Nlie DU 10 B _TAS COLFTECIENTS

i 1 O0.62611 Q. L4994 1349.5
T 2 1 2.436000-0 1.702300-0) N.92612
1 ¥ ] < 1.170720-03 54277¢20-03 2.54C1
T 4 3 Se22161G-34 b.lVUT140-0) 1.1255
-] 5 1 4.0171040D-0) ~4,347240-03 Bab4hlY
t [} d Javdol lib=ul =3, 7454 31-013 0.5354
[ _ 7 3 Tot.26120-04 =3.081500-03 1.6414
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b 9 5 Z.L0b606T0-04 -3.323310-03 0.57419
h 10 6 Lel12%8-04 4a02503L-03 Oa30865

0¥



TH: UcPENDENT VAWlaPLe +OR THIS TAHLE 1S 2

AP ARSSNS LRI N RA VT VI CE  URAK AR NA LN w AR YA RS VAR EN RO F G IO PP GOy A Sk

» L
@ TH: FCLLIaltd TAPLE 15 JNLY VALIU Fud FIXED MOUELS A1Y0 NG MISSING CELLS
- L

PRI P SRR R RAR RN AR PN AR AR RN A AP AR AR PR L ARG T PR AR G Rt ETERbED RN Rt RO IR

U3 INAL

SsURLE vasianle  JA\REAMES SUM CF Sudants o bCr o F-kal fu

) Nl tur T BETAY CureFICLenNTS

1 1 4H.410 1.2126 16621,
I 2 i bl 1440004 =2.7023r0=01 1.0349
T . 3 2 1.025%149L-014 —heauanii-0 4 L7294
1 4 3 2.16C71C-00 VYo 2280 1~04 Jet4au15L-03
] 5 1 1.312514L=-04 =4.046310-0) 1.21320
8 b ) 2 1.237190-03 De4dNI10-014 S.911
b ) 7 3 010512006 =2.,162500-01 1.2299
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PRLTICY H0W

COLFrictents

veaidtl
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G.8360017
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fAit L db ot STEMATRD MEANYS AN VAl fANC el

FREIA eIt ERR R PR R PR AARR NI AT R ERA SARA RSP ERIT RS RS T b bR iR p i duNisRsbaRsndinncnsiend
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<=
\Jﬂllrlpﬁgkl Evansville Division

EVANSVILLE, INDIANA 47727 » ARLA CODE B12 424.774}

February 27, 1976

Mr. Bruce Pugsley
785 North 100 West
Orem, Utah 84507

Dear Bruce,

For your use in your research project, the formulation and
ratio for 17 foot thickwall cabinets are:

Formulation

kesin 6416 67.727%
Silicone 5340 .756%
Water .481%
Polycat B .463%
T-12 .072%
Freon R-11 _30.501%
100.000%

Ratio
Masterbatch = 14C Perts
TDI 100 Parts

The masterbatch shipped to use is in a special pressure drum
that is used for masterbatch. Therefore, the masterbatch should
not reguire reformulation.

If I can acsist you further Bruce, please call.

RN:dlh

cc: K. Leimgruber
J. Schaus
K. Werling
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treroon mrv ey ['II]T[][]?!T 302 — /7 4-/000

E. I. bu PonT DE NEMOURs & CoMPANY

CORMORATID

WILMINGTON, DELAWARE 19898

ELASTOMZR CHEMICALS DCPARTMENT
L ASTOMERS LAODORATORY
CHESTNUT RUN

February 3, 1976

Mr. Bruce A. Pugsley
Brigham Young University
765 N. 100W

Orem, Utah 84057

Dear Mr. Pugsley:

In your recent letter you requested information on the rigid
urethane foaming process, particularly senscrs which :ould be
coupled with a computer to control the prccez: variables, and
eaquipment used for reasuring viscosity of the isocyaznate.

The chemistry and manufacture of rigid urethane foam is rather
complex as vou will see by reading tie enclosed literature.

We don't know of any particular serncors that can be coupled to
computers. Thermocouples ¢an be positioned in the foam and the
temperature profile recorded on standard multipoint reccrders,
but I don't know if this is what you want to do. The viscosity
of the isccyanate (LD-3071 or KYLEMNE. TRF) is measured with a
Brookfield Viscometer, Model LVF (Brookfield Engin«ering Labs,
Inc., 240 Cushing Street, Stcughton, Massachusetts 02072). 1In
order to study variables in the foam system, ASTM D2237, Rate
of Kise Propertie. of Urethane Foaming Systems, is often used
{see enclosure). Other methods, such as the Urethane Foam Flow
Test (encloscd), are often emnloyed to study the effect of
variocus changes in formulation on the flow properties of foaming
systems.

One of the most integrated systems for controlling the variables
in the urethane foaming system is made by Fluidyne Instrumentation,
1631 San Pablo Avenue, Oakland, California 94612. Perhaps they
could be of assistance to you in your research project. I have
included some additional information on "Du Pont Synthetic Rubbers
which may be of interest to you.

Very truly yours,

RFH:bsa
Encls' BEYTER FHINGS FOR JETTER LIVING .. THROUGH CHEMISTRY

The tecammandatiom for vie of cuv produch a1e based L pon leits halieved ta be re'inhie. Mzwover, wa do not guainniae the raaulls ie ba oiiained.
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SENSITIVITY OF PROCESS VARIABLES ON

RIGID POLYURETHANE FOAMING

Bruce A. Pugsley
Department of Mecchnical Engineering

M. S. Degree, December 1976

ABSTRACT

The scope of this research was to determine the sensitivity
of the process to pre-mixed viscosities, temperature, mix ratio,
and mixing time or blendability of the foam ingredients; and temper-
ature dimensions and surface finish of the mold on the rigid
polyurethane foam process. The overall goal was to decrease the
percentage overpack needed while maintaining the correct "'k
factor or thermal properties of the foam. Both experimental and
literature review were utilized to accomplish this goal.

Findings showed that polyurethane foam was not very sensi-
tive to cavity wall temperatures in the range between 400C to 55°C.

Ingredient temperature affected the reaction rates and
viscosities; but had little effect on final densities.
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