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PREFACE

This work was conducted in an effort to develop a liquid
polyurethane system that will exhibit the required physical
properties and that may be used for producing outsoles of
0.55 to 0.65 specific gravity by :direct low pressure injec-
tion molding onto combat boot uppers. This will result in
approximately a 50% reduction in the weight of the present
solid outsole with a resultant decrease of approximately

25 to 30% in the overall weight of the finished footwear
while maintaining the required durability and comfort.

This report describes the work performed during the 21-
month period from June 1974 to March 1976. Under the
supervision of Project Officer Joseph E. Assaf, US Army
Natick Research and Development Command, the materials and
processing studies and the development of fabrication
procedures culminating in the fabrication of 50 pairs of
combat footwear with an expanded polyurethane outsole were
performed by Uniroyal, Incorporated, Middlebury, Connecticut
under Project Reference 1T762723AH9& through Contract No.
DAAKO3- 74-C-0153.

The writer wishes to acknowledge the efforts and assistance
rendered by the following Uniroyal persornel: Anthony V.
Amicone, Frank C. Cesare, William C. Delatore, and Anthony
J. Urcines from Research and Development and Henry O. Adamson
from Quality Assurance. The copntributions made by these
people were most significant in fulfilling the objectives

of this project.

The Project Officer wishes to acknowledge Dr. Malcolm C.
Henry, Chief, Materials Application Division, for his valued
suggestions and the aid and guidance of Mr. Angus F. Wilson,
Acting Chief of the Polymers and Organic Materials Branch
relative to physical property requirements.
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LIGHTWEIGHT COMEAT FOOTWEAR

INTRODUCTION

The work described in this report was performed by
Uniroyal, Inc., Middlebury, Connecticut. The goal of the
work was to develop a 0.355 to 0.65 specific gravity,
closed cell, combat footwear outsole utilizing an expanded
liquid polyurethane polymer system. Physical properties
must be commensurate with the requirements for this type
of fuotwear application.

The developed outsole compound was tc be capable of
buving direct-molded onto combat boot uppers by an auto-
maced liquid injection molding process.

The information developed under Contract No. DAAGLIT-71-
C-0152, Lightweight Polyurethane Outsoles for Combat Footwear,
dated 24 June 1971 was to be used as a guideline during
the attainment of the required objectives. VYork was based
on conclusions reached and trends established by the previous
work and continued on from that point tc provide required
modifications and a manufacturing process to provide direct
molded combat boots.

The program was divided into two phases: The first
phase involved material studies to include determination
of physical properties and selection of optimum formulations
as well as developing a manufacturing process suitable for
fabricating footwear on automated liquid injection molding
equipment. Prototype boots were also prepared. The second
phase was the fabrigation of 50 pair of combat footwear with
a direct molded, closed cell polyurethane outsole,

Compound and processing studies during Phase one were
done with urethane quasi-prepolymer systems on a Polyair
Liquid-Injection-Molding-Machine. Prototype boots were
nroduced with the same equipment and processing parameters
established that were used to produce the 50 pair of com-
bat footwear required in Phase two.

"Technical Report No. TR74-5-CE (AD773644) Lightweight
Outsoles for Combat Footwear
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I. Compounding Studies

The process of making a cellular polyurethane outsole
consists of metering and mixing together several reactive
liquid ingredients and injecting them into a mold. The
liquids while still in the mold react to form a polyurethane
polymer. Gas is evolved during the reaction and this causes
the polyurethane to assume a cellular structure.

A. One-Shot, Quasi-Prepolymer, and Prepolymer Compounds

The reactive ingredients of a polyurethane foam system
usually include an isocyanate, a hydroxyl-terminated resin,
and a crosslinking agent. Flexible foam systems include
a blowing agent as a source of gas for expanding the poly-
mer that is formed. Three methods can be employed to make
flexible urethane foams. The methods are the "une-shot",
the prepolymer, and the quasi-prepolymer methods. 1n the
"one-shot" method all the ingredients (hydroxyl-terminated
polyol, isocyanate, cross linker, expanding agent, catalyst,
and surfactant) are combined at one time to form a foam.

In the other two methods part of the ingredients .re pre-
reacted. The prepolymer method involves the reaction of
all the hydroxyl-terminated resin (polyol) with an excess
of isocyanate to form an isocyanate terminated prepolymer.
The prepolymer can then be subsequently mixed with the
crosslinking agent, blowing agent, catalyst, and surfactant
to make a foam. The quasi-prepoclymer method is a combina-
tion of the "one-shot" and prepolymer methods in that a
part of the polyol is prereacted with all of the isocyanate

to form one of the compounds, (quasi-prepolymer o1 A component).

The crosslinking agent, blowing agent, catalyst, and surfact-
ant arec mixed with the remaining part of the polyol to form
the seccnd component (hardener or B component). The two
components (A & B) are mixed together in the proper ratio

and produce a foaned material.

In all cases water was used as the blowing agent because
it gives a uniform density gradient which contributes to
good flex properties and the water forms urea linkages that
give good toughness and increased resistance to chunking-
out.

All foam work in this contract was based on formulations
utilizing the quasi-prepolymer system. It has been found
that these systems are particularly well suited for process-
ing 0 the low pressure metering and mixing equipment for
producing urethane foams (LIM equipmnent). The low pressure
injection molding machine (LIM) can be operaied most accur-
ately by mixing two components of equal volume and equal
viscosity. The quasi-prepolymer system was adopted since
this type system allows mix ratios closer to one:one than
either the "one-shot" or prepelymer methods.

7
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B. Hydrolysis Resistance Requirements for Urecthane Foams

Compounding studies were conducted using both polyester
and polyether based systems. Polyester based foams possess
excellent abrasion and flex crack resistance, however their
hydrolysis resistance is not as good as the polyethers.
Warehouse storage conditions to which combat footwear can
be subjected over extended periods make it necessary to have
a high degree of resistance to moisture without degrading
the physical properties. Two approaches were followed in
cvaluating improvement in hydrolysis resistance of polyester
type urethane foams. These included the effect cof additives,
and the type polyester resin spine used in the base resin.
Commercially available quasi-prepolymers as well as Uniroyal
prepolymers were evaluated as the "A" (isocyanate) component.

C. Additive Approach to Improved Hydrolysis Resistance

The first approach evalueted to improve the hydrolysis
resistance of polyester based urethane foam was the use of
an additive. Chemically, this is a poly-substituted diaryl-
carbodiimide. Test slabs were made up using the liquid
injection molding (LIM) equipment injecting into a 1/4"
thick slab mold. The slabs were made up from two different
polyester compounds. One duplicated the best polyester
compound developed under the previous contract and is desig-
nated 22/A100. This compound was made up using a Uniroyal

uasi-prepolymer based on ethylene glycol adipate and MDI
dephenyl methane diisocyanate) and a Uniroyal hardener

(B component). The second compound involved using a commer-
cially available quasi-prepolymer (Mondur M-420) together
with a hardener (B component) composition developed by
Uniroyal and is designated as 22/M-420. Change in compression
deflection and change in compression set after steam auto-
clave aging (@2480F) was used as the criteria for comparison
of hydrolytic stability.

Test results on the 22/A100 compound aged 3 ' ~urs at
2480k in the steam autoclave indicated some reduction in loss
of compiression deflection and reduction c¢f compression set
loss using 1% and 2% addition of carbodiimide. (Table 1)
Samples run at the standard test time of 5 hours in the steam
autoclave showed little improvement in retention of physical
properties.
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In the data shown (Table 1) it should be pointed out that
after aging, the samples were distorted as a result of the
severe aging conditions so that accurate measurements were
not possible but orly an approximation could be established.
Formula are shown in Table 2,

The secouud polyester compeund evaluated using the M-420
quari-prepolymer (A component) and Uniroyal hardener (B com-
ponent) showed no improvement in hydrolytic stability with
the aldition of carbodiimide in either the 3-hour or 5-hour
steam «atoclave test, as shown in Table 3. In addition,
the samples again were distorted at the end of the aging
test to the point where accurate dimensions were impossible
to obtain. Formulas for these compounds are shown in Table 4.

In both the 22/A100 and 22/M-420 compounds, judging by
observation of the aged samples as well as the order of
magnitude test measurements for compression set and compres-
sion deflection, the physical properties after the required
5-hour steam autoclave test would not meet the requirements
as stated in the contract specifications.

D. Effect of Polyester Chemical Spine on Hydrolysis
Resistance

The second approach to compound improvement in polyester
based urethane foams involved cvaluating the effect of chang-
ing the spine of base polyester resin. The resins evaluated
in the 22/A100 and 22/M-420 involved polyesters based on
ethylene glycol adipate and ethylene-butylene adipate. These
resins have demonstrated good flex life and abrasion resis-
tance but marginal hydrolysis resistance based on the steem
autoclave test. A series of three polyester resins with
difrerent chemical make -ups were obtained from a supplier
and were described as follows:

1. Ester based on a completely saturated aliphatic
material based on a diabasic acid and a ’>ng chain giycol
(polyester 105).

2. Ester based on a completely saturated resin based

on an aliphatic diabasic acid and mixed glycol containing some
pendant alkyl groups (polyester 1015).

10
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3. Ester based on partially aromatic acids and containing
long chain glycol segments which lower ester group density
(polyester 1019).

These resins are in the 2000 moiecular weight range.
This molecular weight has shown to be a good balance between
good physical properties and good prncessing characteristics
and was used in both the polyester and polyether evaluations.

Prepolymers were made with each of these resins using a
two-step isocyanate addition process. The initial isocyanate
addition brings the amount of free isocyanate (di phenyl
methane diisocyanate-MDI) to approximately 10% and the second
addition brings the free isocyanate (NCO) to approximately
20%. The same base resin was used in both the quasi-prepolymer
(A component) and the hardener (B component).

Test slabs were made using the LIM equipment to meter
and mix the compounds. The compounas were identified as 105,
1015, and 1019 and were run with and without a 1% addition
of carbodiimide. Test results and appearance after autoclave
aging indicated the 1019 to be the most hydrolysis resistant
of the three resins. The addition of carbodiimide did not
significantly improve resistance to 5-hour steam aging at
2480F, Samples that were steam-aged still distorted to the
point where accurate measurement was not possible, but an
approximation could be obtained. The 1019 samples distorted
the least. Compression set after steam aging was lowest on
the 1019 samples although the compression deflcction was
reduced. Physical test data are shown in Table 5, and formulas
in Table 6. 1t appears that the base polyester spine is the
controlling factor in hydrolysis resistance as measured by
the steam autoclave test and that an additive such as carbo-
diimide has at best a marginal effect.

E. Polyester Package System Foam

Package systems for urethane foam are availabl~ from a
number of commercial suppliers. One,that has shown promise
was included in this series for evaluation. It is a polyester
vased on adipate polyester polyols and coded 3-35. 1In a
package system the materials are supplied as a completely
formulated system in two components and in this case the same
as described earlier for a quasi-prepolymer system. Sample
slabs were made up and tested. Results are included in Table 7,
and the mix ratios are shown in Table 8. The samples as taken
from steam autoclave aging had only a very slight distortion
indicating good hydrolysis resistance, and the change in compres-
sion set and compression deflection values after the autoclave
aging indicated good resistance. The processing on the LIM
mixing equipment was good in that the compounds mixed and
cured well and produced good quality foam pieces.
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F. Polycaprolactuone Resin Based Foams

Another type of base resin was included in the evaluation
of polyesters. These resins called poiycaprolactones have some
advantages over conventional polyesters in that they have low
acid number and low water content as originally made. They
offer improved low temperature properties and improved hydro-
lytic stability while retaining good overall properties. W&\
commercially available polycaprolactone, 2000 molecular weight,
was made up as a quasi-prepolymer system. The same prepolymer
making conditions were used as on the conventional polyesters
deucribed previously, and the free isocyanate content was
approximately 20%. The hardener (B component) was also based
on polycaprolactone resin. The compound was identified as PCP.
Foam slabs were made up for testing and the results are included
in Table 7 and the formula is in Table 8. Even though there
was some distortion of the samples exposed to the steam auto-
clave test it was less than any of the other corventional
polyester-based foams tested with the exception of the package
system. The test data indicated improved hydrolytic stability,
but once again precise values could not be obtained because of
sample distortion.

G. Review of Polyester Based Foam Compound Properties

At this point the polyester compounds were reviewed to
determine which appeared to be the best candidates for the
combat boot outsole application. The ester based foams as a
class have good abrasion and flex characteristics. Because
of concern about the aging of these type compounds, particu-
larly under high humidity conditions, preliminary screening
was concentrated on resistance to hydrolysis aging. Only
trerds could be indicated because of ithe severe aging
conditions require’ in the steam autoclave test and obser-
vation of the conda. .on of aged samples becane an important
consideration in evaluation. Based on physical test data,
sample appearance, and feel, and on how a given conipound
processed on the LIM equipment (including supply conditions,
uniformity of mix, mold fill and cure), two compounds were
picked for further study. These were the pulycaprolactone
and the package ester system 3-33.

H. Polyether Based Compound Evaluation

Work was now directed towards evaluation of polyether
based compounds. Initial evaluation of polyether based
foams was done using PTMG (poly tetramethylene ether glycol)
as the base polymer. This polyether was chosen since this
polymer has demonstrated its superior properties in urethane
elastomers requiring excellent hydroly..c stability as well
as gooa overall toughness. A quasi-prepolymer system was
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made u» utilizing MDI (diphenyl methane diisocyanate) as the
isocyanate component. Compounds with three different mole
ratios varying the amounts of PTMG, MDI and chain extender
(1-4 butanediol) were made up, and the same procedure as used
in the polyester evaluation of formulating an A component
composed of the quasi-prepolymer and a B component containing
the balance of the ingredients (PTMG, 1-4 butanediol, catalyst,
water, silicone surfactant and pigment) was used. A two-
thousand molecular weight resin was used based on previous
data showing this has the best balance of overall properties
for this application.

To identify the mole ratios, numbers indicating the
ratio of each reactive ingredient are written in a sequence
starting with PTMG and followed by chain extender (1-4
butanediol), water, and MDI. Therefore, a 1.0-2.5-0,3-3.8
is composed of 1 mole of PTMG, 2.5 moles of 1-4 butanediol,
0.3 mole of water and 3.8 moles of MDI. The first series of
foams was made from compounds 1.0-2.5-0.3-3.8 and 1.0-2.0-0.3-3.3
and 1.0-1.7-0.2-2.9. The compounds are listed in order of
decreasing hardness accomplished through the reduction of chain
extender. All three compounds showed good resistance to
hycrolysis as indicated by the low compression set increase and
lew loss of compression deflection indicated by the physical
test results in Table 9. Formulas are shown in Table 10. The
samples showzd only slight distortion but enough to cause some
error in final measurement. It was decided to go with the
intermediate amount of chain extender to get the best balance
of properties including abrasive-index and flexing. Processing
on the LIM equipment also favored the intermediate 1.0-2.0-0.3-3.3
compound. A series was then run varying the isocyanate index,
which is a number indicating the amount of isocyanate avail-
able to react either over or under the stoichiometric amount
required by the compound. An index of 100 represents the
stoichiometric amount. The index was varied from 98 to 103.
The physical test results on slabs made on the LIM equipment
indicate an index of approximately 103 would be a good compound
for the outsole application. Loss of compression defiection
and compression set increase after autoclave aging were low,
and abrasion and flex properties were good. Physical test data
is shown in Table 11 and formulas in Table 12. The PTMG based
compound selected for further evaluation is the 1.0-2.0-0.3-3.3
at a 103 isocyanate index.

Included in these Tables (11 and 12) are data on a package
polyether system offered commercially based on polypropylene
glycol coded PPG. This is a quasi-prepolymer system and run on
the LIM as an A and B compenent. Physical test data indicated
reasonably good abrasion and flex proeperties but hydrolysi~
resistance was not nearly as good as the PTMG based ether sys-
tems. The samples for compression set were distorted to the
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point that meamingful data could not be obtained. Loss of com-
pression deflection wes very noticeable. It was decided to use
the PTMG compound as the best polyether based compound for the
combat boot outsole.

I. Review of Physical Properties of PTMG, PCP, and Package
System Foams

After reviewing the test data, test sample condition,
chemical composition of the compounds evalua‘ed and processing
cheracteristics, it was decided the best candidates to date
were the PTMG (1.0-2.0-0.3-3.3), the polycaprolactone, :nd the
cormercially available polyester package system (ester package).

% new series of test slabs with these compounds duplicat-
ing the carlier formu)ations were made up on the LIM, and the
full range of tests shown in the contract as specifications in
Table 1 were run. Results are listed in Table 13. The specific
gravity of the samples made in %"-thick slabs are somewhat
higher than that shown i1n the lentative specificaition. The
highe: gravity results in higher Shore A hardness readings and
higher compression deflection values. None of the sampies
gave an abrasive index of 70. We have found n» specific
corrclation of the abrasive index and actual wear results.

This is because the test was originally designed for solid rubber-
like matcrials that are thermal-set rather than cellniar ure-
thancs. Excellent wear characteristics have been obtained on
cellular urethane outsoles with an abrasive index figure well
below the 70 minimum.

Compression set figures based on the actual percent set
are felt to be acceptable. The percent change can be mis-
iecading in that a high original set with only minor changes
after aging shows as acceptable, whereas a low initfal set with
a small increase in set after aging shows as being out of
specification, even though the aged set percent passes the
original requirement. Compression deflection valves, after
steam autoclave aging, are over the allowable percent change,
but as pointed out before, the steam autoclave test at 2480F
is felt to be too severe and causes the foam samples to dis-
tort giving inaccurate readings. These high temperatures can
actually destrcy some of the chemical linkages and are so far
above any temperature and humidity condition that will be met
in service that the vzlidity is questionable. 1In spite of the
severe aging conditions, the samples were examined after measur-
ing the test values, and judging by feel, good foam integrity
was indicated.

~ The tests involving low temperature properties did indicate
that the package system ester is sensitive to low temperatures.
Both hardness change and particularly increase in compression
deflectionat OF were significant. Since combat boots are
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certain Lo he exposed to temperatures in this range, this could
cause problems in stiffness and traction.

At this time, to aid in the final selection of outsole
compounds for the 50 pair of combat boots, prototype boots
for forced wear test wcre made up from the three selected com-
pounds.

II1. Prototypce Boots

Prototype boots with outsoles made from the PCP, PTMG,
and the package polyester system were made up using the LIM
equipment. The formulas were the same as in the Tables and
specific gravity was 0.55 to 0.63. These boots were forced-
wear-tested over asphalt and concrete surfaces. After 400
miles there were nn flex cracks or chunking out. Some wear
was evidenced on the extreme toe and heel and the wear varied
with the individuals and their styles of walking. All three
compounds held up well.

To improve the wear characteristics of the combat boot
outsole, an innovation in urethane outsole molding was tried.
This involved making an insert piece out of solid urethane
elastomer that fits into the heel of the outsole. The insert
is molded and cured as a separate operation. Then, when the
urethane foam outsole is to be molded to the leather upper,
the insert piece is placed in the outsole mold cavity over
locating pins to hold it in position during the injection of
the outsole foam compound. The foam is injected by the LIM
equipment, and after foaming and cure is complete, the boot
is stripped and the solid insert is an integral part of the
outsole. The design and location of the insert is shown in
Figure 1. The insert mold corfiguration and construction is
shown in Figure 2. The insert formulation and properties
are shown in Table 14.

Boots made with and without inserts were compared on
forced walk test and the boots with inserts showed less heel
wear.

Considering the results of physical tests, examination
of samples after aging, processing characteristics including
flow, cure, handling ease, as well as the results of the
forced wear test on the prototype boots, it was decided to
make the 50 pair of service test boots from the PCP and PTMG
compounds. Twenty-five pair were made from each compound.
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I11. Processing Studies

A. LIM Mixing Equipment

LIM foam mixing equipment was used for compound mixing
and molding evaluation, production of prototype boots, and
the production of 39 pair of boots. The equipment used was
made by either Polyair Machinebau or Desma-Werke, and the
basic operating principles of each are similar. The equipment
is a foam mixing unit capable of supplying two components to
a mixing head. The components are supplied from temperature
controlied supply pots. Metering of the individual component
streams is accomplished by the use of close tolerance gear
pumps which give a high degree of accuracy. These pumps are
tied together by either a common drive chain or intermeshing
gears that are controlled by the speed of the main drive
gear which regulates total thru-put (Figure 3). Mixing is
accomplished by passing the ingredients through a high shear
mixer with the mixing screw turning at 18,( )0 RPM (Figure 4).
The mixed compound is then injected into a closed mold in a
mold station. The entire mixing unit carriage can be moved
forward and back by an air cylinder so that the compound
can be injected in the forward position and retracted so
that the mixing hecad can ¢lean itself.

B. Mold Station and Motd Design

The mold is held in a mold station that has a temperature
controlled platen on which the outsole mold rests. Ahoze the
mold 18 a piston or mechanical device for raising and lowering
the lest for foot form) on which the leather upper is placed
before being brouvght down 1n contact with the outsole mold to
form the tnp section of the cavity into which the foam will
be injected. The hottom section of the mold is comprised of
a split upper ring and an ontsole plate (Figures 5 & 6). The
outsole plate of the new mold was patterned from a current
issue comhat baot with a modified Chevron design supplied by
the Project UOfficer. The outsole rings have bolted on top
a sealing ring with an embosscd stitcebline to simulate a
stitched-on outsole appearance. After cxamining the mold
used on the previsus contract, changes were made in the new
mold cavity dimensions in that the overall length was
increased 3.5mw to be sure the outsole extended beyond both
the heel and toe so the leather is protected from scuffing. The
nut--ssole prate was revised so that there is a more rounded
centour at the botton of the Chevron groove to help preveut
initiation of Yiex craeking. The radius at the breast of the
heel was also inereased to minimize any tendeicy to flex crack.
The arch seciion was medified to give more foam over the metal
shank. in the boovs made on the previous contract there
were gome signs of cracking caused by the shallow depth of
the metsal shank from the suelace.
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FIGURE 3

SIDE VIEW LIM INJECTOR
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FIGURE 4
* LIM MIXING HEAD
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The scaling rings were worked down to be sure a good fit
to the lasted leather upper was attained. This minimizes any
foam leakage and gives a good sharp seal line that gives a
good appearance and minimizes any buffing required for flash
removal. After optimizing the design for good performance
and fit. work was done on the alignment mechanism so that
exact mating of the lasted upper t- the top mold surface seal-
ing rings can be obtained on a repetitive basis. Boots molded
with this new design mold were acceptable in appearance and
function and good quality boots were produced.

C. Compound Processing

Based on the results of mixing and metering a variety
of urethane compounds of varying viscosities and ratio
requirements, the LIM equipment performed well in making good
quality foam on a repetitive basis. A ljustments are easily
made, and with minimum maintenance a consistent flow of com-
pound to the mixing head is attained. Process requirements
vary with each compound, but by modification of compound or
adjustments of equipment, a proper setting was developed and
good test panels and boot outsole soles made. This equipment
definitely lends itself to automated production techniques.

D. Process Steps

The following outline ccvers the processing sequence
required to produce a lightweight combat boot composed of a
stitched leather upper and injection molded urethane foam
cutsole.

Heat resin and quasi-prepolymer t.: melt temperature

Mix B component - resin, crosslinker, surfactant, catalyst,
blowing agent and pigment. stir 15 minutes.

Deliver B component to LIM equipment
(Transfer to supply pot set at supply temperature)

Deliver A component to LIM equipment
(Transfer to supply ot set at supply temperature)

Clean mix head ,
Set proper ingredient ratio on LIM equipment
Check ratio in cup shot - adjust if required
Check cup batch for proper m.x and cure

Last leather upper

Join filler block and steel shank

Apply filler-block, ste-l-shank assembly to leather
upper bottom with hot melt adhesive

Close outsole rings (set at proper temperature)
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D. Process Steps (continued)

Apply mold release

Position last on upper rings
Inject foan

Cure foam

Open outsole rings

Retract last

Strip complete boot

Trim boot

Apply finish coat

Inspect and pack

IV. Production of Fifty Pair of Wear Test Boots

During Phase II, fifty pair of combat boots were ‘abric-
ated o LIM equipment using the modified Chevron outsoie mold.
Twenty-five pair were made using the PTMG based compound
(1.0-2.0-0.3-3.3) and the remaining twenty-five pair were
made using the polycaprolactone based compound (PCP). Approx-
imately half of each type had an insert incorporated (in the
heel area) made of the compound described previously. The
boots range in specific gravity from 0.60 to 0.70. These
figures were obtained by subtracting out the weight of all the
individual components except the out<ole from the total boot
weight and then calculating based n the known mold volume.
Test panels were made at the same time the boots were being
processed and werce delivered with the wear test boots. Con-
ditions of riaking and the weights of each boot are included
ir Table 15. 1In Table 15, it should be pointed out, the
molded boot weight does not include the wieght of the finish
coating, and the total weight thercfore is increased by
approximately 30 grams per boot. This is in excess of what
is considered an average amount on a production standard
boot by 15 to 16 grams per boot. Also in the case of the
boots made with inserts an allowance is made in the figure
used for the volume of the mold so that the Specific Gravity
figure represents only the expanded portion of the outsole.

Test pancls (%" slabs) made during boot processing were
tested, and resvl*s listed in Table 16. Physicals indicate
good overall quality foam, and adhesion of the urethane foam
to the leather uppers was very good exceeding the minimum
specification by trom 15 to 50 pounds pull.
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V. C-nclusion

1. The fabrication of a direct bottomed combat boot
outsole made from an expanded liquid polyurethane polymer and
adhered to a conventional leather upper can be made utilizing
liquid injection molding equipment.

2. Improved hydrolytic stability of cellular urethane
outsoles can be accomplished by choice of base polymer, and
the most promising were based on PTMG (poly tetra methylene
ether glycol) and PCP (polycaprolactone). Other required
properties for the combat boot outsole were maintained.

3. Use of LIM (liquid injection molding) equipment cffers
a method of autom-ting production of lightweight comkat boot
footwear based on expanded liquid urethane polymers.

4., Modification of the outsole mold design should aid
in eliminating flex cracking of outsole, and improvement of
fit helped reduce mold flash.

5. Fifty pair of compat boots for wear testing were
produced and delivered to the Project Officer.
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Mazerial
Butanedio)

Dabco
Dabco WT

DC-~193
Metasol 57 DPFG

MI
M-420

90PCO2
PCP

Polyester Resin

Polyester Resin

Polyester 105

Polyester 1015

Polyester 1C19

Polyether

Polyether

Staboxal

Appendix A
List of Materials

Chemical Name

1-4 Butanediol

Triethylen- diamine

Amine catalyst

+

Silicaone surfactant

Mercury catalyst in
di proyylene gylcol

Di phenyl methane
diisocyanate

Quasi-prepolymer

Black pigment paste

Polycaprolactone
(2000 MW)

Ethylenc glycol
adipate (2000 MWw)

Ethylene butylene
adipate (2000 Mw)

Polyester Resin
(2000 MW)

Polyester Resin
(2000 MW)

Polyester Resin
(2000 MW)

Poly tetramethyiene
ether glycol

Polypropylene glycol
package system PPG

Poly substituted di
aryl carbodiimide
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source
G.A.F. Corp.

Air Products &
Chemicals, Inc.

Air Products &
Chemical, Inc.

Motiay Chemical Co.
Mobay Chemical Co.

Harwick Chemical

Union Carhbide

Mobay Cnemical Co,

Movuy Chemical Co.

Hooker Chemical

Hooker Chemical

Hooker Chemica:l ¢
» Oats Co. ,

Mobay Chemical Co.

Mcbay Chemical Co.




Apendix A
List of Materials

(continued)
Material Chemical Name
T-9 Stannous octuate
T-12 Dibutyl tin dilaurate
3-35 Adipate polyester
polyol (pkgg

Apendix B
Equipment Suppliers
Equipment Description
Mold Combat boot outsole
LIM Foam metering and
mixing
45

Source
M & T Chemical
M & T Chemical
BASF

Source
Compo Industries

Polyair Machinebau
Desma-Werke




