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significance, but this condition depends upon technological
 
developments. The polymerization and co-polymerization of
 
vinyl chloride is a complex subject, especially in view of
 
recent developments in stereospecific polymerizations.
 
Thus, these studies may result in entirely different classes
 
of polymers which, when applied to foams, could change the
 
entire complexion of the field.
 

Preparation of PVC foams does not involve the polymerization
 
of vinyl chloride or copolymers. Molecular weights of most
 
commercial resins are believed to be about 50,000 to 150,000.
 
High polymers of this type characteristically have high re
sistance to solvents and chemicals. In addition, the chlorene
 
content provide non-support of combustion. Two grades of PVC
 
are presently of interest in foams: dispersion resins and
 
low molecular weight, Type 1, resins. Dispersion resins are
 
available as powders having particle sizes of about 1.5 mi
crons and contain vinyl acetate as the comonomer. About 5%
 
vinyl acetate copolymer is used for maximum heat distortion
 
resistance. The Type 1, low molecular rate resins are
 
essentially unmodifiod PVC exhibiting very good chemical and
 
solvent resistance and high moduli of elasticity. These
 
resins can be obtained from several sources.
 



Foaming Process
 

Solvated Gas Process - This process depends upon high-pres
sure dissolution of gasses and liquids such as plasticizers
 
and solvents for PVC. This method of foaming PVC has been
 
broadly applied to flexible PVC. PVC itself, whether a homo
polymer of vinyl acetate copolymer, is very rigid. Plasti
cizers must be used to make the resin flexible, and absorp
tion of gasses, such as carbon dioxide, by many plasticizers
 
under pressure is the key to this process. The first step
 
of the solvated gas process consists of blending the powdered
 
PVC resin with stabilizers, small amounts of plasticizers,
 
and a solvent. The slurry is delivered to a pressure vessel,
 
and gasses fed to the mixture under pressure of up to 300
 
atmospheres. The pressure vessel may be fitted with plates,
 
a spray head, or packed with granules to increase the sur
face of the liquid and thereby speed absorption of the gas
 
which may be carbon dioxide, mitrogen, etc. The pressure
 
tank is connected directly to a heated hydraulic press cham
ber operating at the same, or slightly higher, pressure as
 
the absorption tank. The chamber is partially filled with
 
the gasseous material and heated to affect fusion of the
 
PVC. The fused mass is then cooled and removed from the
 
mold. The final step in the processing involves heating of
 
the mass to further expand it and to reduce its density.
 

Several variations of this process have been reported in
 
the literature using methyl ethyl ketone, tetrahydrofuran
 
and similar solvents. These processes bypass the use of a
 
pressure vessel by introducing the mixture directly to the
 
mold, filling the mold with gas, pressurizing it up to about
 
400 atmospheres, prior to fusion.
 

Gas Releasing Agent Process - Gas releasing agents have been
 
subjected to considerable study. Efforts have been devoted
 
to determine specific decomposition temperatures and maximum
 
gas (usually nitrogen) evolution per unit weight of agent.
 
The complexities of selection of gas liberating agents is
 
simplified by the use of PVC which required decomposition
 
at about lOOUC. Only a few materials have been used commer
cially.
 

Utilizing this formulation, the PVC stabilizer and blowing
 
agent must be blended on a cold, two-roll rubber mill. After
 
through blending, the acetone is added and the mixture is
 
passed once, through the cold two-roll mill. The metal mold is
 
then filled with the composition, covered and clamped in a
 
hydraulic press. The mold is then heated for ten minutes
 
with 100 psi steam, followed by cooling for ten minutes.
 
After removal from the mold, expansion is completed by heat
ing the mixture in a circulating oven for fifteen to twenty
 

minutes at 1000C.
 



TABLE
 

Typical Rigid PVC Foam Formulation
 

Parts by
 
Raw Materials Weight
 

Polyvinyl chloride dispursion grade resin 100
 

70
Acetone 


Dibasic lead phosphite stabilizer 10
 

70/30 N,N'dimethyl-N-N'-dinitrosoterephthalamide/
 
white mineral oil (Nitrosan*) 25
 

*Trade mark - E. 1. duPont deNemours & Co., Inc.
 

TABLE
 

Properties of Rigid Polyvinyl Chloride
 

Property Value
 

Densities, lbs., lb./cu.ft. 3 + 0.5
 

Compressivc strength, 700 F, psi @ 10% def. 80
 

Shear modulus, 701F, psi 2500
 

Thermal conductivity, K-factor, 70°F mean temp. .198
 

Combustibility self-extinguishing
 

Capalarity 0
 
5.4 x 10- 5
 

linear expansion, in/in/F
Coelfi(ient of 


Water absorption, lb/sq.ft. of cut surface 
24 is. under 10 ft. head of water less than 0.018 

Miscellaneous Rigid Cellular Plastics 

Almost every plastic which has appeared has been foamed, or, 
by various means, made into a cellular material. These in
clude such resins as: acrylic polyester, asphalt, and epoxy 
asphalt copolymers. Inasmuch as these materials are mainly 
laboratory curiosities and have not reached a level of sig
nificant conunorclal importance, they will not. be considered
 
at this time.
 

http:lb/sq.ft
http:lb./cu.ft


Opportunities for Cellular Materials in the Construction Industry
 

Introduction
 

The 	use of cellular plastics as materials of construction has
 

been considered for most of the past decade. Many new and novel
 

ideas utilizing expanded plastics are currently being field
 

tested to determine performance as compared to the more conven

tional building materials. Six major problem areas which have
 

been encountered are discussed briefly:
 

1) 	 Building Codes - In dealing with the building and con

struction industry the major barrier to increased market
 

penetration by cellular materials is that of building
 

code acceptance. There are numerous separate codes 
governing building with each small municipality adher

ing to local codes. There is no code which is widely
 

accepted, although considerable effort has been expended
 

in recent years to develop and obtain acceptance of a 

National Building Code. This situation, therefore, 
makes a large scale educational effort necessary in 
order to promote the use of new materials such as 

cellular plastics.
 

2) 	 Flammability Characteristics of Cellular Plastics - A 

major problem facing the cellular plastics industry is the 
combustible nature of many commercially available rigid 

foams. Because of the desirability, and in many areas, 

the necessity of obtaining approval by regulatory agen

cies, the development of fire retardant foams will have 

an important effect on the growth rate. The author 
believes the following minimum requirement.s presented 
in Table must. be achieved if cellular plastics are 
to gain widespread acceptance. 

3) 	 Heat, Distortion - Another propert y of cellular plastics 

which has been receiving increasing attention is that 

of heat distortion. Service requirements have been 

gradually raised due to the temperatures developed 

within the core of sandwich panels when exposed to 

ambient tempcra tures in excess of 90F. Thus. cellu

lar plast ',,s must, be capable of withstanding continuous 

exposure to 150OCF without, significant loss of physical 

propert ies. 

4) 	 Moisture ResiE tance - A fourth problem area is that of 

long-term moisture resistance by the rigid foams. 

Since it is not expected that hermetically-sealed 
panels are economically feasible, some moisture will be 
introduced into the panel during "breathing" from out

door temperature changes. Thus, the foam core must. not 

swell or shrink as a result of exposure to moisture. 



TABLE
 

Flammability Requirements for Cellular Plastics
 

Test Method Property Requirement 

U. L. Tunnel Test 1 Propagation of flame less 25 
spread 

U. L. Tunnel Test Smoke density min. accept
able 100; 
desired less 
50 

U. L. Tunnel Test 	 Fuel contribution less 25
 

U. L. Wall or Ceiling Test2 Fire endurance 	 min. accept
able 1 hr.;
 
desired 2-3
 
hours
 

1 ASTM - E - 84T 

2 ASTM - E - 119 

5) 	Design Engineering Criteria - A serious lack of basic
 
design engineering data exists covering rigid cellu
lar plastics. The development of an engineering design
 
manual for use by architects and builders is essential
 
if the growth rate of cellular plastics is to meet indus
try expectations.
 

6) 	Economics - The installed cost of construction must be
 
considered rather than the cost of ihe cellular plastics
 
per se. As foam raw material production facilities
 
are expanded within the United States an overcapacity
 
of certain major foam ingredients will be encountered.
 
This factor will aid in reducing present price structures.
 
However, major developments in fabricating techniques
 
must be made to allow cellular plastics to compete with
 
low 	 cost insulating materials such as fibrous glass. 
The superior insulating properties of cellular plastics,
 
the use of adhesive characteristics developed during
 
in-situ applications are but a few of the many proper
ties of cellular plastics which should be considered for
 
potential building and construction applications.
 



Roof Insulation
 

Cellular plastics have gained recognition as insulating materials
 
in the roof construction field. The total 1963 market for indus
trial roof insulation was estimated to be 34 - 35 million dollars.
 
The approximate market participation by commercially available
 
insulating materials is indicated in Table
 

A comparison of the properties and economics of roof insulating
 
materials is presented in Table
 

The requirements for structural roof deck plank insulation are
 
shown in Table
 

TABLE
 

Industrial Roof Insulation - 1963
 

Insulation 	 Volume
 

Fibrous glass 	 $ 15 MM
 

Wood fiber products 	 $ 15 MM
 

Cellular insulation 	 $ 5 MM 

$ 35 MM 

TABLE
 

Comparison of Economics and Properties of Roof Insulation
 

Property 
Urethane 

Foam 
Polystyrene 

Foam 
Fibrous 
Glass 

Wood 
Fiber 

Mfg. Cost B. F. 7 5¢ 5¢ 4 

"K"-Factor .130 .260 .270 .340 

Mfg. Cost/R .925 1.300 1.350 1.30-1.40 

Compressive strength 
(p.s.i.-yield) 20 20 15 50 

Flame spread 
(U. L. Tunnel) 40+ 15 - 100+ 25 25 

W.v.r.R. (perm-inch) 2 - 3 1 - 2 .... 

Handability Fair Fair Good Good 

Dimensional stability Fair Poor Good Poor 

Resistance to 
asphalt 

hot Fair Very Poor* Good Good 

* Must be protected by paper skin. 



TABLE
 

Requirements for Structural Roof Deck Plank Insulation
 

Property 	 Specif ications
 

Thermal Conductivity 	 Maximum - .400, desired - less .200
 
("K"-Factor @ 75 M.T.) 

Spanability 	 The product must be capable of
 
spanning an evenly divided incre
ment of 20 feet.
 

Flammability Classification1 Non-combustible
 
Flame spread 0 - 25
 
Fuel contribution 0 - 25
 
Smoke developed Maximum 100; desired - less 50
 

Fire Endurance 2 	 Minimum I hr. endurance with 40 
p.s.f. design load
 

Weight If product weights more than 140
 
lbs., it should be capable of
 
being handled by suitable mechani
cal equipment.
 

Wind Uplift Resistance A system must be devised for
 
attaching the deck to the struc
ture so that it will resist uplift
 
pressures of 30, 45, and 60 p.s.f.
 
for 1 minute.
 

Nail Holding Power 	 A practical means must exist
 
whereby nails will develop the
 
required uplift resistance in
 
the deck. 

Thermal Coefficient of Must not exceed 0.57 expansion 
Expansion 

Wet Strength Retention The product mus'. maintain 50% of its 
physical strength when exposed to a 
one foot head of water for 30 days. 

Impact Resistance The product must withst.nd the im
pact of a 60 lt. bag dropped suc
cessively from a height of 6" to 
36" in 6" increments at the center 
of the span without failure. 

Compressive Strength Minimum 50 p.s.i. 

Deflection Under Load Maximum deflection allowed is 1/240 
of the span under a 40 p.s.f. design 
load. 

Abuse Resistance The product should possess good 
abrasion and impact resistance. It 
must have sufficient st.rength to 
withstand normal shipping and 
handling abuses without damage. 

I ASTM - E - 84T 
2 ASTM - E - 119 

http:withst.nd


Roof Systems Based on Cellular Plastics
 

Figure shows a workman laying a cellular slab product. on a
 
metal roof deck. This insulation may be applied to the deck
 
without the use of an adhesive or it may be spot-adhered.
 
Figure Illustrates a large roof section with rigid slab insula
tion in place. A vapor barrier is not normally required under
 
urethane or polystyrene foam applied to a metal deck. However,
 
over areas where the relative humidity exceeds 75% a vapor bar
rier is recommended to eliminate moisture migration through the 
joints. If more than one layer of insulat ion is to be applied, 
the joints should be staggared to reduce water transmission
 
(Figure ). If a polystyrene-based foam is used it should be
 
encased in an asphalt-laminated kraft paper so that it can be 
hot mopped without damage. When there is no Aapor barrier, 
moisture will migrate through porous insulat ions to the under
side of the roofing. I a cellular type inusulat ion is used, this 
migration will occur at. the insulation joii:ts Upon reaching the 
first felt at the joint between the boards, the moisture is ab
sorbed by working into the felt and expands it. Until a ridge is 
formed. After the ridge is formed, the bitumen on the outside 
surface will flow off during heat of the summer, exposing bare 
felt. This is the start of a roof leak or roof blister (Figure 

) *When a vapor barrier is installed on the warm side vapor 
cannot enter through the insulation or thl'ough the jol1111 system 
to reach the cold side of the tooling, There'ore there will be 
no blistering or ridge growth. However, it a roof leak occurs 
because of' rupture in the roofling or flashing, water will enter 
porous insulation and ridge growth will again takce place since 
the vapor barrier prevents the wet, insulat ion from drying out 
through the deck. When the vapor barrier has been eli minated 
and the first ply of roofing is a coated base shee the moisture 
migrates from the warm side toward the cold side, however, it 
can only pass through t tl joint system since he nsulat ion is 
a closed cell product, Upon reaching tihe cold sid,, I be moisture 
cannot enter the roofing system as the lirst ply is a coated 
base sheelt The coated base sheet , a 15 or 30 pound saturated 
felt which has been factory coated wit.h asphalt resulting in a 
33 or 43 pound coated base sheet, may be appl ied dry by the 
"kick-out" technique. (Figure ) 

When subsequent layers of felt are wapped into place, Figure
 
the heat of the asphalt melts the asphalt coating on the back 
of the base sheet . This effects - strong bond betWe(-ni the insu
lat Ion and t he fi rst layer of' Il t . Fi gu 1-e shows tihe machine 
application of a coated base sheet.. lot asphalt is applied to 
the coated base sheet by means of a roller as the equipment is 
pushed over the insulation. Figure , a d1agr amat ic sket cb, 
presents a cross-sectional view of a built-up roof system. 
Figure shows a cross-sectional view of a polyethylene vapor 



barrier' joint system developed for built-up roof by Dow Chemical
 
Corporation. This expansion joint would be covered with roofing
 
felt as described previously.
 

The use of cellular plastics as core materials in sandwich panels
 
has increased many fold in the past three years. Figures and
 

illustrate a single story residential roof system based on a
 
polystyrene foam core and a fiber glass reinforced plastic skin
 
sandwich panel. Figure shows a residential roof system based
 
on a similar sandwich panel supported on wood studs. Segments
 
of the roof of the West Virginia Pavilion (1964 World's Fair)
 
were constructed of sandwich panels utilizing an urethane foam
 
core and fiber glass reinforced plastic skins. Figures and
 

show a view of the semi-completed dome. Figure shows the
 
ring attachment. used to provide additional strength in the 
completed dome. Polymeric caulks and sealants were used to seal 
the joints thus preventing migration of water or vapor. Figure 
through show the erection of the canopy using foam-filled sand
wich panels. Figure shows the domes and canopies completely
 
installed.
 

Curtain Wall Panels
 

Rigid cellular plastics are increasing their market penetration as 
core materials for curtain wall non-load bearing panels. When 
enclosed by metal skins, present fire-retardent, foam systems are
 
gaining wider acceptance by local code officials.
 

Figures and show polystyrene foam filled curtain wall panels
 
being installed in the Inland Steel Building, Chicago, Illinois. 
The five inch thick panels are sheathed with 1/16" stainless 
steel on the exterior face. The standard panel size wa- five feet 
by twelve tee . Figure shows a section of a Monsanto Building 
during errection. The cuit.ain wall panels are constructed with 
metal skins and uret:hane foam cores. Additional examples showing 
the use of curtain wall panels wi!h cellular plastic cores may 
be seen in Figure : The Hong Kong Hlilton Hotel, Figure P 
Alitalia Terminal Building, and Figure , The University of 
Micnigan Press Box. 

Exterior Load Bearing Wall Panels 

The exterior facing of the 42 inch by 84 inch wall panels shown in 
Figures and is quarter inch exterior grade redwood plywood. 
The inteior facing is quarter inch paint grade gum plywood. These 
panels were used in both load bearing and curtain wall capacity 
throughout the house. Fi gure shows the instal lation of metal 
faced, load bearing sandwich panels as the exterior wall of a 
large warehouse. Fi guru shows the complete exterior wall. 
Figures through show the installation of large concrete faced 
polystyrene ,ore exterior, wall panels. The use of' prefabricated 
techniques, Illustrated by these photographs, allows the major 
reduction in the total labor cost. incurred during errection. 



Cavity Wall Insulation
 

Cellular plastics have increased their penetration in recent years
 
in the cavity wall insulation market area. These materials pro

vide permanent comfort and economy for heated and air conditioned
 
buildings, Most foams absorb little or no water, thus reducing or 
eliminating moisture penetration into the inner wythe. The poly
styrene and urethane foams have no food value and therefore do not 
sustain rot or fungus or attract insects or rodents. Figure 
shows urethane foam being applied in a cavity wall void by means 
of the froth technique. 

Perimeter Insulation
 

F.H.A. Minimum Property Standards require the perimeter insulation
 
shall be installed to limit the heat loss from heated and unheated
 
concrete slab floors to not. more than 5 B.T.U.'s per hour per
 
square foot. of floor area.
 

Figure is a diagramatic sketch of a cross-section of a residen
tial home showing the installed perimeter insulation. Figure
 
shows a workman installing polystyrene foam perimeter insulation
 
on the gravel substrate prior to errection of the side walls.
 
Styrene based foams have captured the bulk of this market area
 
as they are presently competitive with conventional materials on
 
an insulating effect iveness basis. 

Application of Cellular Plastics to Masonry Walls
 

Cellular plastic slab stock may be bonded directly to masonry
 

wall surfaces. The "push-box" technique, illustrated in Figure 
may be used to apply a portland cenent mortar to the insulation 
prior ro installation. Interior finished such as gypsum wall
board, shown in process of installation using spot adhesive in 
Figure , plaster shown in Figui e , ceramic tile, wood paneling 
and decorative hardboard may be applied over cIllular plastics. 
The finished wall is constructed at an obvious savings over conven,
tional methods because furring and lathing may be eliminated. 

Spray-Applied Urethane Foam 

A number of electrically heated single family dwellings have been 
insulated by means of spray applied urethane foam IFigures 
Initial evaluation of economic studies conducted during these test 
applications has indicated that foam applie(d to a thickness 
allowing for equal thermal efficiency as compared with conventional 
insulation-s such as ti brou s glass cannot compete economically. 
However, if the foam is allowed to completely fill the wall 
voids, thus purposely over-insulating, savings realized by reduc
tions in the heating plant and air" conidition ing units may compensate 
for the previously unattractive economic comparison. 



Cold Storage Insulation
 

Considerable controversy exists covering the prescribed methods
 
for construction of cold storage facilities. A variety of
 
materials have been used as insulation. Historically these have
 
included cork, fibrous glass, polystyrene foam, and uretbane foam.
 
The cellular insulating materials are gaining acceptance as they
 
may be specified for the entire structure. The older materials
 
such as cork and fibrous glass were lacking in compressive strength
 
to provide sufficient strength to support the floor wearing surface.
 
Figure shows rigid slab stock being installed on the wall of
 
a cold storage :room. The first layer is adhered to the substrate
 
by an application of hot mastic. The second layer is applied dry
 
with treated wood skewers where needed to hold it in place.
 
Figure illustrates the application of rigid uretlhane foam in
 
a cold storage wall by means of the pour-in-place technique.
 
The transite wearing surface was attached t~o urethane studs, cut
 
from slab stock, which were adhered to the concrete block wall.
 

Pipe Insulation 

Cellular insulations dominate the low temperature (below 320 F)
 
industrial and commercial pipe insulation markets. These materi
als are also gaining acceptance in the chilled water range (320 F
 
to 500 F), at the expense of fibrous glass insulation. Figure
 
shows the installation of a molded cellular plastic pipe section.
 
Figure illustrates a typical section of piping showing molded
 
cellular plastic straight sections, elbows, and tees.
 

Foaming Thin Shells 

The thin shell construction technique using polystyrene foam in 
conjunction with mortlar materials: as a plaster base, as a core 
mat.erial for concrete sandwich panels, and as a form liner foc 
the in-situ coatlieg oi' concet- roofs has been the basis for many 
novel construction applications. Figure shcws a completed 
hyperbol ic paraboloid tilt-up panel being raisei into position 
during constr oct ion ol a Milwaukee church. St vi*cAi foam planks 
1] inches thick, served as a form linei , permanent insulation, and 
a base for plaster. Fi gure shows the styrene based foam posi
tioned in a mold. Figure illustrates a typical casting step 
in the fabrication of curtain wall conctetc sandwich panels. 
Figure shows a completed auditorium erected in Anderson, 
Indiana. Tbu 268 foot diametcr lightweight concret e dome was 
constructed oiver 38,000 cubic yards of dirt and gravel mounded 
to foim a mold. Slabs of rigid polystyrene: foam were laid over 
the meld. Reinforcing steel was placed over the foam, resting 
on chairs witt s1eel me.0tal feet. The post -tensionod ring beam 
was placed at ground level with steel collars at each column, 
spaced 20 feet on center around the periphery of the dome. 
Hydraulic Jacks mounted on the top of each column lifted the nearly 



60,000 square feet of concrete dome 24 feet up the columns to its
 
final position. The polystyrene foam remained bonded to the
 
underside of the dome as it was lifted, providing a permanent
 
insulation and vapor barrier, ready to receive the plastered
 
interior finish. The structural portion of the building includ
ing foundations, columns, and concrete dome cost; slightly more
 
than $3.00/square foot. The total cost of the building was
 
$6.50/square foot.
 

In many cases the cellular plastic materials can be used as a
 
total structural form, eliminating almost completely the need
 
for forming or falsework. Figure shows a novel folded-plate
 
roof which was constructed in Houston, Texas. The roof elements 
were folded-plate segments formed with polystyrene foam, rein
forcing rods, and wire mesh and lifted into position. They were 
then sprayed with concrete on top and bottom. rhe building 
costs were about 15% less than conventional. Other unique 
structures erected by similar techniques are illustrated in 
Figures and 

A projection of potential markets (1961-1966) for rigid board
 
insulation in the Construction Market is presented in Table
 
An estimate of rigid urethane foam consumption in the 1970
 
Construction Market is presented in Table
 

Conclusions
 

The area for greatest potential sales for rigid cellular plastics
 
is the building and construction market. Increased market accep
tance of cellular materials, refinements in processing of raw
 
materials, advancement of application techniques, design of more 
reliable and more functional equipment will permit. a continuation
 
of a general downward trend in the cost of foam nslati.i on, . 
However, major penetration of cellulai 1)lati.ics into areas governed 
by such factors as building codes and speci I icat ions set, by regula
tory agencies will not, become a reality on. il ",h, fIlammability 
characteristics of foams are improved to moe,. the seveie require
ments regarding propagation of flame spread, smoke density, fuel 
contribution, and fire endurance properties. It is the aut hor's 
opinion that, composites based on extension of piesent foam sys
tems with inorganic, non-burning t ill t's must )e (l(,el opod using 
the cellular plast ics as binders before tlhis new class of' materials 
will achieve their greatest sales potential. h inal and perhaps 
most. important factor which will dotermine the growtLh rate of 
cellular materials will be the development and dissemination of 
engineering data to architects, builders, and others responsible 
for design and specifications of' new applications. 

Note: Figures will be submitted with Final Report. 



Industrial Sources and Production Processes
 

For Urethane Raw Materials
 

Commercial Production of Diisocyanates
 

Raw Materials Required
 

Toluene (or benzene) - Coal (coke - coal tar)
 
Petroleum (Iydroforming)
 

Sulfuric Acid - Sulfur dioxide (sulfur, zinc,
 

Cu, Pb ore)
 

Nitric Acid - Oxide of nitrogen
 
NH 3 (Ostwald process to NO and NO2 )
 

- Decomposition of Hydrocarbons (natural
H2 

gas) 

- Steam and coke (coal) 
- Hydrocarbons and steam (oil) 

Phosgene - Carbon monoxide and chlorine
 

Production of Raw Materials For Urethane Foam
 

Industrial Source of Alkylbenzenes
 

There are two large reservoirs of organic material, petroleum
 
and coal, and aromatic compounds are obtained from both.
 
Aromatic compounds are 
are synthesized from the 

separated 
alhones 

as 
of 

such from coal 
petroleum. 

tar, and 

Production of Aromatic Coipounds Fz'om Coal 

The largest portion of coal that is mined today is converted 
into coke, which is needed for the smelting of iron to steel. 
When coal is heated in the absence of air it is partially 
broken down into stipier volatile compounds which are driven 
out, the residue is coke. The volatile liquids consist. of 
coal gas, and a liquid known as coal tar. Table presents 
a representative breakdown of the compounds obtained from 
the coking process. 

While 0.5 lbs. of' toluene does not represent a high percen
tage yield, more than 70 million gallons were provided in 
1963. Approximately 280 million gallons of benzene were 

also produced. It is relatively easy to convert benzene 
to toluene if needed.
 



TABLE
 

Coal (2000 lbs.)
 

heat, absence of
 
oxygen
 

residue volatiles liquids 
(coal) (coal gas) (coal tar) 

(120 lbs) 

Coal tar 

benzene 2.0 lbs
 
toluene 0.5 lbs
 
xylenes 0.1 lbs
 
phenol 0.5 lbs
 
cresols 2.0 Ibs
 
naphthalene 5.0 lbs
 

Production of Aromatic Compounds From Petroleum
 

During World War II, the need for toluene for TNT production
 
greatly exceeded the yearly production obtained from coal
 
tar. A process, hydroforming, was developed to obtain
 
toluene from the aliphatic hydrocarbons of petroleum. This 
process involves the dehydrogenation of the met hylcyclohexane 
which is abundant in some crude petroleums. The methylcyclo
hexane is passed at. high temperature and pressure over certain 
oxide catalysts.
 

CH2
 

H2C CHCH 3 CH3 
I I M°203-A1203 3 

2 CH/2 560C-300 psi 

Toluene2 

Methylcyclohexane
 

Since the War this synthesis of aromatic compounds from the 

aliphatic compounds of petroleum has been continued and is 

the major sources of these aromatic compounds.one of 




Production of Sulfuric Acid
 

Sulfuric acid was first prepared on a commercial scale about
 
the middle of the eighteenth century. At present the
 
nation's annual production of sulfuric acid is in excess of
 
16 MM tons of the 100% acid.
 

Sulfuric acid is manufactured by two different methods, both
 
of which involves the catalytic contact oxidation of sulfur
 
dioxide.
 

The first of these consists in the conversion of sulfur
 
dioxide, produced by the contact process, to sulfuric acid.
 
The gas from the catalytic chamber is passed into concen
trated sulfuric acid, which reacts with the sulfur trioxide
 
to form pyrosulfuric acid.
 

H 2SO4 + SO3 H S0
 

This substance is then treated with the quantity of water
 
required to give sulfuric acid solution of the desired
 
concentration.
 

H2S207 + H20 17 2H2So4
 

In practice, thdse two steps are carried out simultaneously
 
to make a continuous process. Water is run into the absorb
ing acid at a regulated rate, so the concentration of the 
acid is maintainea a + 1evel.n-o This method is
 
used to obtain sulfuric acid of high purity and of any con
centration desired.
 

Lead-Chamber Process
 

Sulfur dioxide, oxygen, water vapor, and the oxides of
 
nitrogen are mixed in large lead-lined chambers. A compli
cated series of reactions ensue, the net result; of which is
 
the combination of sulfur dioxide, oxygen, and water to
 
form sulfuric acid. The oxides of nitrogen function as a
 
catalyst and are later recovered. A compound called nitrocyl
 
sulfuric acid SO2 (OH)(NO2 ) is formed as an intermediate step.
 
In the presence of an excess of water, this compound is
 
hydrolyzed giving sulfuric acid.
 

2S02 (OH)(NO2 ) + H0_ 2H2SO4 + NO + NO2
 

Since the oxides of nitrogen are relativel.y expensive, it
 
is essential for economic reasons, to recover them. This
 
is accomplished by their absorption on leaving the chambers
 
in concentrated sulfuric acid.
 



Ordinary chamber acid has a concentration of 60 to 70%
 
H2SO by weight and contains a considerably larger pro
portion of impurities than acid made by the contact pro
cess. Where relatively dilute acid is required and the
 
presence of small quantities of impurities is of no
 
consequence, the less expensive chamber process is used.
 

The sulfur dioxide used in these processes is obtained
 
either from the burning of sulfur or from the roasting of
 
pyrite, FeS2 ; some sulfur dioxide, however, comes from the
 
roasting of sulfide ores of zinc, copper or lead, and hence
 
sulfuric acid is sometimes obtained as a by-product of the
 
metallurgy of these metals.
 

Manufacture of Nitric Acid
 

For many years the chief source of nitric acid was the
 
reaction at elevated temperatures of sodium nitrate with
 
concentrated sulfuric acid.
 

NONO3 + H2SOO4 N HSO4 + HNO3
 

The natural supply of sodium nitrate is found only in
 
Chile. Thus, the discovery of methods for the preparation
 
of nitrogen compounds directly from nitrogen in the air led
 
to more suitable methods for the production of nitric acid.
 
A high-temperature process was developed for the manufac
ture of nitric oxide, and the Haber and Cyanamide processes
 
for the manufacture of ammonia.
 

The chief source of nitric acid today is from the oxidation
 
of ammonia. The 8 stuold process for the catalytic oxida-


The nitric
tion of ammonia to nitric oxide is widely used. 

oxide, after being cooled, is mixed with oxygen to convert
 
it to the dioxide.
 

2NO + 02 2NO2 

The product is then passed into warm water with which it
 

reacts according to the equation
 

3NO2 + H20ONI__ 2H + 2NO 3 + NO
 -


The nitric oxide is recovered and recycled. A 60% solution
 
of nitric acid is obtained by this process. More concen
trated solutions can be prepared by distillation from a
 

mixture of the dilute acid and concentrated sulfuric acid.
 



Industrial Production of Hydrogen
 

A number of industrial processes are available for the
 
production of hydrogen needed for the reduction of dinitro
toluene to toluenediamine. These include:
 

1) Decomposition of Iydrova;bo.is (natural gas) 
Some hydrogen is obtained by the catalytic
 
decomposition at high temperature of compounds
 
carbon and hydrogen such as those found in natural
 
gas.
 

CIf4-- C 1 2112 

2) 	Reaction of Steam with Coke (coal) - When steam 
is passed over hot coke (1O000C) carbon monoxide 
and hydrogen are formed. 

C + 1120 CO + 112 

3) 	 Reaction of ttydrocarbons with Steam (oil) - In 
the presence of suitable catalysts, the reaction 
of various compounds of carbon and hydrogen with 
steam yields carbon monoxide and hydrogen. 

C114 HI20 -- 3112 + CO 

Production of Phosgene 

Phosgone, COC12, a highly poisonous gas, is manufactured
 
by the reaction between carbon monoxide and chlorine.
 

activated charcoal

CO + e12 200o C 4 Cl--C--C
 

0
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Industrial Sources and Production Processes
 

For Urethane Raw Materials
 

Commercial Production of Diisocyanates
 

Raw Materials Required
 

Toluene (or benzene) - Coal (coke - coal tar) 
Petroleum (Hydroforming) 

Sulfuric Acid - Sulfur dioxide 
Cu' Pb ore) 

(sulfur, zinc, 

Nitric Acid - Oxide of nitrogen 
NH 3 (Ostwald process to NO and NO2 ) 

H2 - Decomposition of Hydrocarbons (natural 
gas) 

- Steam and coke (coal) 
- Hydrocarbons and steam (oil) 

Phosgene - Carbon monoxide and chlorine 

Production of Raw Materials For Urethane Foam
 

Industrial Source of Alkylbenzenes
 

There are two large reservoirs of' organic material, petroleum 
and coal, and aromatic compounds are obtained from both. 
Aromatic compounds are separated as such from coal tar, and 
are synthesized from the alhones of petroleum. 

Production of Aromatic Compounds From Coa-

The largest portion of coal that is mined today is converted 
into coke, which is ne(lded for the smelting of iron to steel. 
When coal is heated in the absence of air it is partially 
broken down into -iiiijler volatile compounds which are driven 
out, the I-.'Sjidue is coke. The volatile liquids consist of' 
coal gas, and a liquid known as coal tar. Table present's 
a representative 1)rsakdown of tle compounds obtained from 
the coking process. 

While 0,5 lbsl). of t ol uene does not represent a high percen
tage yield, mor-e than 70 million gallons were provided in 
1963. Approximately 280 million gallons of benzene were 
also produced. It is relatively easy to convert benzene
 
to toluene if needed.
 



TABLE
 

Coal (2000 lbs.)
 

heat, absence of
 
oxygen
 

I 1 
residue volatiles liquids
 
(coal) (coal gas) (coal tar)
 

(120 lbs)
 

Coal tar
 

benzene 2.0 ]bs 
toluene 0.5 lbs 
xylenes 0.1 lbs 
phenol 0.5 lbs 
cresols 2.0 lbs 
naphthalene 5.0 lbs 

Production of Aromatic Compounds From Petroleum
 

During World War II, the need for toluene for TNT production
 
greatly exceeded the yearly production obtained from coal
 
tar. A process, hydroforming, was developed to obtain
 
toluene from the aliphatic hydrocarbons of petroleum. This
 

process involves the dehydrogenation of the methylcyclohexane 
which is abundant in some crude petroleums. The methylcyclo
hexane is passed at high temperature and pressure over certain
 

oxide catalysts.
 

CH2 

H2 C CHCH3 C 
1 

H2 C 
. 
CH2 

CH2 

Mo2O03-A1203
°2-AI 4 

560°C-300 psi 

C 3
1 

0e3 
+ 3H2 

C2 Toluene 

Methylcyclohexane 

Since the War this synthesis of aromatic compounds from the 
aliphatic compounds of petroleum has been continued and is 
one of the major sources of these aromatic compounds. 



Production of Sulfuric Acid
 

Sulfuric acid was first prepared on a commercial scale about
 

the middle of the eighteenth century. At present the
 

nation's annual production of sulfuric acid is in excess of
 

16 MM tons of the 100% acid.
 

Sulfuric acid is manufactured by two different methods, both
 

of which involves the catalytic contact oxidation of sulfur
 

dioxide.
 

these consists in the conversion of sulfur
The first of 

dioxide, produced by the contact process, to sulfuric acid.
 

The gas from the catalytic chamber is passed into concen

trated sulfuric acid, which reacts with the sulfur trioxide
 

to form pyrosulfuric acid.
 

H2 SO4 + SO3 N-- H2S207 

This substance is then treated with the quantity of water
 

required to give sulfuric acid solution of the desired
 

concentration.
 

H2 S2 0 7 + H20 N- 2H2 SO4 

carried out simultaneously
In practice, these two steps are 

run into the absorb-
Water is
to make a continuous process. 


a regulated rate, so the concentration of the
ing acid at 

This method Js
acid is maintained at a constant level. 
 con

used to obtain sulfuric acid of high purity and of any 


centration desired.
 

Lead-Chamber Process
 

Sulfur dioxide, oxygen, water vapor, and the oxides of
 

nitrogen are mixed in large lead-lined chambers. A compli
of which is


cated series of reactions ensue, the net result 


the combination of sulfur dioxide, oxygen, and water to
 
nitrogen function as a
The oxides of
form sulfuric acid. 


catalyst and are later recovered. A compound called nit-tocyl
 
intermediate step.
sulfuric acid S02 (OH)(NO2 ) is formed as an 


an excess of water, this compound is
In the presence of 

hydrolyzed giving sulfuric acid.
 

+ NO + NO22SO2 (OH)(NO2 ) + 1120 2112So4 

Since the oxides of nitrogen are relatively expensive, it
 
recover them. This
is essential for economic reasons, to 


is accomplished by their absorption on leaving the chambers
 

in concentrated sulfuric acid.
 



Ordinary chamber acid has a concentration of 60 to 70%
 
H SO by weight and contains a considerably larger pro
pgrtion of impurities than acid made by the contact pro
cess. Where relatively dilute acid is required and the
 
presence of small quantities of impurities is of no
 
consequence, the less expensive chamber process is used.
 

The sulfur dioxide used in these processes is obtained
 
either from the burning of sulfur or from the roasting of
 
pyrite, FeS2 ; some sulfur dioxide, however, comes from the
 
roasting of sulfide ores of zinc, copper or lead, and hence
 
sulfuric acid is sometimes obtained as a by-product of the
 
metallurgy of these metals.
 

Manufacture of Nitric Acid
 

For many years the chief source of nitric acid was the
 
reaction at elevated temperatures of sodium nitrate with
 
concentrated sulfuric acid.
 

NONO3 + H2 S04 N N HSO4 + HNO 3
 

The natural supply of sodium nitrate is found only in
 
Chile. Thus, the discovery of methods for the preparation
 
of nitrogen compounds directly from nitrogen in the air led
 
to more suitable methods for the production of nitric acid.
 
A high-temperature process was developed for the manufac
ture of nitric oxide, and the Haber and Cyanamide processes
 
for the manufacture of ammonia.
 

The chief source of nitric acid today is from the oxidation
 
of ammonia. The 8 stuold process for the catalytic oxida
tion of ammonia to nitric oxide is widely used. The nitric
 
oxide, after being cooled, is mixed with oxygen to convert
 
it to the dioxide.
 

2NO + 0 2 2NO2
 

The product is then passed into warm water with which it
 
reacts according to the equation
 

3NO 2 + H 20 ---_\2H + 2NO+NO
 

The nitric oxide is recovered and recycled. A 60% solution
 
of nitric acid is obtained by this process. More concen
trated solutions can be prepared by distillation from a
 
mixture of the dilute acid and concentrated sulfuric acid.
 



Industrial Production of Hydrogen
 

A number of industrial processes are available for the
 
production of hydrogen needed for the reduction of dinitro
toluene to toluenediamine. These include:
 

1) Decomposition of Hydrocarbons (natural gas)
 
Some hydrogen is obtained by the catalytic
 
decomposition at high temperature of compounds
 
carbon and hydrogen such as those found in natural
 
gas.
 

CH 4 - C + 2H2 

2) 	Reaction of Steam with Coke (coal) - When steam
 
is passed over hot coke (1000°C) carbon monoxide
 
and hydrogen are formed.
 

C + 1120 z CO + H2 

3) 	Reaction of Hydrocarbons with Steam (oil) - In 
the presence of suitable catalysts, the reaction 
of various compounds of carbon and hydrogen with 
steam yields carbon monoxide and hydrogen. 

CH 4+ H20 -- 3H2 + CO
 

Production of Phosgene
 

Phosgene, COC12 , a highly poisonous gas, is manufactured
 
by the reaction between carbon monoxide and chlorine.
 

activated charcoal Cl-C-Cl
 
CO + Cl2 2000C 	 I 

0
 



I. Properties and Economics of Insulating Materials
 

A. Scope 

A detailed analysis of the physical properties and economics
 
of the following commercially available insulating materials
 
is presented:
 

1. Polyurethane Foam
 

a. Rigid slab stock
 
b. Foamed-in-place rigid foam
 
c. Spray-applied rigid foam
 

2. Polystyrene Foam
 

a. Expandable polystyrene foam (bead foam)
 
b. Expanded polystyrene foam (extruded foam)
 

3. Polyethylene Foam
 

4. Urea-formaldehyde Foam
 

5. Foam Glass
 

6. Fibrous Glass
 

7. Epoxy Foam
 

Special emphasis is placed on a comparison of the insulating
 
effectiveness of cellular materials vs. fibrous glass
 
insulation.
 

Projections of expected or possible changes in the proper
ties and cost of insulating materials within the next three
 
to five years is discussed.
 

B. Foam Economics
 

The cost of insulating materials vs. density for the years
 
1960 (actual) and 1965 (projected) are presented in Table
 
The cost of additional insulating materials are listed below:
 

Density $ Cost/Bd.Ft. $Cost/Bd.Ft.
 
Material(p.c.f.) (1965) (1965) 

Fibrous glass 6.0 .082 .075
 

Fibrous glass 2.5 .031 
 .031
 

Fibrous glass 1.5 .093 .080
 

Foamglas 9.0 .143 .143
 

Polyethylene Foam 2.0 .220 .200
 

Urea-formaldehyde Foam 35-.70 --- .143
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TABLE 

Foam Costs vs Density (1960 - 1965) 

Density (p.c.f.) 

Materials 1960 

2.0 

1965 $/Bd. Ft. 1960 

3.0 

1965 

Urethane Foam (sprayed, 
purchased prepolymer) .230 .170 .260 

Urethane Foam (poured, 
purchased prepolymer) 

Urethane Foam (sprayed, 

manufactured prepolymer) 

.160 

.145 

.130 

.110 

.235 

.225 

.195 

.170 

Urethane Foam (slab stock) .145 .105 .190 .145 

Urethane Foam (poured, 
manufactured prepolymer) 

.105 .080 .155 .125 

Styrene Bead Foam 
purchased beads) 

.075 .075 .115 .115 

Styrene Extruded .060 .060 .075 .075 

Styrene Bead Foam .048 .048 .065 .065 



C. Properties of Insulating Materials
 

1. 	 Insulating Effectiveness - Insulating effectiveness is 

defined, following the trade practice, as the product of 

K-factor and the price per unit volume of material. 
Inasmuch as low K-factor and low price are desirable, a 

low insulating effectiveness is more desirable than a 

high one. Except in noise-control and air-filter appli

cations, the prime requirement for materials is the most 

important single characteristic of these materials. 
Tables , , and present the insulating effective
ness of the materials considered in this study. 

A review of Tables , , and shows that the foam 
with the most favorable insulating effectiveness at.
 
present is urea-formaldehyde foam. Since this material
 
has 	no structural value, and has not been widely evalu
ated it. cannot be considered to be an important commer
cial product at this time in the market areas covered by 
this study. The material possessing the next best 
insulating effectiveness is rigid urethane foam. Because 
of declines in raw material prices coupled with techno
logical advances this situation should continue. 
Polystyrene bead foam is next in insulating effectiveness. 
In common with all other foams covered, except; in-situ 
applied urethane foams and urea-formaldhyde foams, this 
material is made in slab form and then cut to shape.
 
Following bead foam in insulating effectiveness are rigid
 
urethane slab, extruded polystyrene foam, spray-applied
 
urethane foam, apd foam glass. For the future, spray
applied urethane foam will become directly competitive 
with bead polystyrene foam. Polyethylene foam is so poor 
in insulating effectiveness that the author does not 
believe it constitutes a serious threat to any large 
volume insulating market.
 

The 	insulating effectiveness of fibrous glass products
 
declines as density increases, It is quite apparent
 
from Tables Y , and that a number of organic foam 

products are already better in insulating effectiveness 

than many fibrous glass products. The competitive 
positions of foams will improve in the future. 

2. 	 Strength Properties - In most of the markets considered 
in this study, strength of the insulating materials is 
primarily important during handling and ipstalltion and 
in resisting damage in use rather than in contribiting 
structural strength. There are exceptions, such a3 cold 
storage floors in which the insulating material itself 
becomes a part of the structure and is expected to carry 
a load. In most of these cases compressive load-bearing
 
strength is the important characteristic. So far as the
 



TABLE 

Insulating Effectiveness of Cellular Plastics 

(1960 - 1965)
 

Materials 1960 


"K" $/Bd.Ft. I.E. 


Urethane Foam (sprayed,
 
purchased prepolymer) .154 .170 .026 


Urethane Foam (poured,
 
purchased prepolymer) .121 .120 .015 


Urethane Foam (sprayed,
 
manufactured prepolymer) .154 .110 .017 


Urethane Foam (slab) .154 .110 .017 


Urethane Foam (poured, .121 .075 .009 


manufactured prepolymer)
 

Styrene Bead Foam .260 .065 .015 

(purchased beads)
 

Styrene Extruded Foam .285 .050 .014 


Styrene Bead Foam .260 .045 .012 


(manufactured beads)
 

1.5 p.c.f.
 

1965 

"K"' $/Bd.Ft. I.E. 

.154 .130 .020 

.121 .100 .012
 

.154 .085 .013
 

.154 .085 .013
 

.121 .060 .007
 

.260 .065 .015
 

.285 .050 .014
 

.260 .045 .012
 



TABLE
 

Insulating Effectiveness of Cellular Plastics 
-

(1960 - 1965)
 

1960 


I.E.
Materials "K" $/Bd_.Ft. 


Urethane Foam (sprayed,
 
purchased prepolymer) .140 .230 .032 


Urethane Foam (poured,
 
purchased prepolymer) .110 .160 .018 


Urethane Foam (sprayed,
 

manufactured prepolymer) .140 .145 .020 


Urethane Foam (slab) .140 .145 .020 


Urethane Foam (poured,
 
manufactured prepolymer) .110 .105 .012 


Styrene Bead Foam
 
(purchased beads) .260 .075 .020 


Styrene Extruded Foam .285 .060 .017 


Styrene Bead Foam
 
(manufactured beads) .260 .048 .012 


2.0 p.c.f. 

1965 

"K" $/Bd.Ft. I.E. 

.140 .170 .024 

.110 .130 .014 

.140 .110 .015 

.140 .105 .015 

.110 .080 .009 

.260 .075 .020 

.285 .060 .017 

.260 .048 .012 



TABLE 

Insulating Effectiveness of Miscellaneous Insulating Materials 

Materials 

Polyethylene Foam (2.0 p.c.f.) 

(1960 - 1965) 

1960 

"K" $/Bd.Ft. 

.350 .220 

I.E. 

.077 

"K" 

.330 

1965 

$/Bd.Ft. 

.200 

I.E. 

.066 

Foamglas (9.0 p.c.f.) .400 .143 .057 .400 .143 .057 

Urea-formaldehyde Foam 
(.35 - .70 p.c.f.) --- --- .240 .013 .003 

Fibrous Glass 

(6.0 p.c.f.) 

(2.5 p.c.f.) 

(1.5 p.c.f.) 

.240 

.260 

.227 

.082 

.031 

.093 

.020 

.008 

.021 

.240 

.260 

.227 

.075 

.031 

.080 

.018 

.008 

.018 
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author can determine, tensile and flexural strengths have
 

no value except in contributing to toughness and worka

bility of the material. In terms of strength, all of the
 
a
foam except urea-formaldehyde -- which serves only as 


low cost bulk filler -- are generally superior to fibrous
 

glass products. Structural strength is not a controlled
 

property of fibrous glass products and when required
 

must be built in, the cost then becomes very high. The
 

high costs of these fibrous glass products are reflected
 

by their poor insulating effectiveness. Current foams
 

have strength properties superior to fibrous glass for
 

any insulating effectiveness. In the case of urethanes,
 

when foamed-in-place they bond tightly to the walls of
 

the space in which the reaction takes place. This bond,
 

plus the high strengths possible in the foams, opens the
 
structural elements
possibility of utilizing the foams as 


as well as insulating materials.
 

Permeability - The cellular structure of most of the foams
 

considered in this report is largely closed, and the
 

materials are comparatively good water vapor barriers.
 

Fibrous glass and urea-formaldehyde foams, on the other
 

hand, have very open porous structures, and thus are
 
In all low-temperature
highly permeable to water v apor. 


insulating applications (below r3om temperature) a vapor
 

barrier must be used on the warm side, if the insulation
 

itself is not a vapor barrier, in order to prevent the
 

insulation from becoming wet and its insulating value from
 

being reduced. It was thought for some time that the uni

cellular foams would not require a water vapor barrier in
 

order to perform efficiently at low temperatures, but
 

field experience with a number of installations has
 

indicated that a barrier is necessary. Inasmuch as a
 

barrier is also required with fibrous glass insulations
 
assume that the cost of providing a
it is reasonable to 


barrier with foam is not greater than providing fibrous
 

glass products a similar barrier; and in fact may be
 

somewhat less because the foams themselves are tougher
 

and may not require so tough a barrier to resist damage
 

during installation and under use conditions.
 

4. Operating Temperature Range - As organic materials, foams
 

have a distinct disadvantage in comparison with inorganic
 
Polymaterials such as fibrous glass or foam glass. 


styrene based foams are low-melting thermoplastic materials
 

and are not recommended for continuous services at temper

atures in excess of 140 0 F. Current urethane foams are
 

somewhat better; properly formulated foams will operate
 

continuously at 200-2500 F, but at the high end only if not
 

subjected to loading. Fibrous glass products will operate
 

continuously at 350 F, and if the organic binder custom

arily used on them is eliminated, will operate up to
 



10000 F. Fibrous glass insulation must be protected by
 
multi-layer vapor barriers if specified for use below
 
0°F. Multi-layers of insulation are required with the
 
joints staggered and vapor barriers applied betweea
 
each layer. Thus urethane foams, poured-in-place, will
 
develop a monolithic structure and should operate more
 
efficiently at very low temperatures than all other
 
foams considered in this study.
 

5. 	Flammability Characteristics - This is the property value
 
in which the organic foams are most generally deficient
 
for construction uses at present. While progress has
 
been made in reducing the flame spread values of organic
 
foams, this has been done at the expense of increasing
 
the 	smoke density properties to a range which is not
 
acceptable by most code agencies. The urethane foams can
 
be made self-extinguishing by formulation with special
 
resins and additives, but whether the flame spread value
 
thus obtained is satisfactory has not been estabdished.
 
To date not a single urethane foam has been listed by
 
Underwriter's Laboratory. It is understood by the author
 
that the flammability characteristics of the special
 
self-extinguishing polystyrene foams is marginal after
 
aging. Several styrene based foams have qualified for a
 
U.L. label (flame spread). This label is qualified for
 
use in thickness of one inch or less. Polystyrene foams
 
have smoke densities in excess of 300 and thus are not
 
accepted by many code groups. In view of tile history of
 
development of organic foams during the past few years it
 
does not seem unreasonable to forecase improvement in the
 
flammability characteristics of cellular plastics. How
 
soon improvements may appear and how significant they will
 
be is impossible to predict.
 

D. 	 Projections of Future Developments in Cellular Materials of
 
Construction
 

Increased market acceptance of cellular materials, refine
ments in processing of raw materials, advancement of applica
tion techniques, design of more reliable and more functional
 
equipment will permit a continuation of a general downward
 
trend in the cost of foam insulations. However, major
 
penetration of cellular plastics into the areas governed by
 
such factors as building codes and specifications set by
 
underwriting agencies will not become a reality until the
 
flammability characteristics are improved to meet the severe
 
requirements regarding propagation of flame spread, smoke
 
density, fuel contribution, and fire endurance properties.
 

It is the author's opinion that composites based on extension
 
of present systems with inorganic, non-burning fillers must
 
be developed using the ceilular materials only as binders
 
before this new class of materials are accepted as specified
 



building components, Once the necessary physical requirements
 
have been met it will be necessary for the cellular plastics

industry to develop standards and a method or system, such as
 
an independent testing facility, to certify and award a seal
 
of approval to materials which qualify for service under these
 
standards.
 

The final and perhaps most important factor which will deter
mine the specification of cellular materials will be the
 
development and dissemination of engineering data to
 
architects, builders, and others responsible for design and
 
specifications of new applications.
 



PROPERTIES OF COMMERCIALLY AVAILABLE INSULATING MATERIALS
 



Polyurethane Foams
 

Manufacturer Typical foams selected
 

Trade name
 

Physical Characteristics Slab Stock* Foam-in-Place Sray Applied
 

Physical Properties
 

-Density (p.c.f.) 1.5 - 2.0 2.25 1.8 2.0 

25 - 50 25 20 - 48Compressive strength 

(p.s.i. yield)
 

Compressive modulus 750 - 1000 700 430
 

(p.s.i.)
 

Flexural strength 40 - 60 40 - 60 40
 

(p.s.i.)
 
40 - 60
Flexural modulus 


(p.s.i.)
 

Shear strength 20 - 30 37 29
 

(p.s.i.)
 

Shear modulus 350 - 500 420 300
 

(p.s.i.)
 

Tensile strength 15 - 70 54 50
 

(p.s.i.)
 

Thermal Properties
 

"K"-factor (70°F)unaged .110 .110 .140
 

aged cut .165 .130 .170
-5 -5-5
 
4.C x 10
3.5 x 10-


Coefficient of expansion 3.0 x 10 


Service temperature limit +2500F +2500F 1800 F
 

Water Resistance Properties
 

Capillarity none none none
 

Water absorption (% vol. 
1" head of' water less 2% less 2% less 2% 

20 weeks) 

Water vapor trans
mission (perm- less 2.5 less 1.8 less 1.9
 
inches)
 



Polyurethane Foams (cont'd)
 

Foam-in-Place Spray Applied

Physical Characteristics Slab Stock* 


Flammability Characteristics
 
(U.L. Tunnel Test-Unofficial)
 

35
 
Flame spread 


+400
 
Smoke density 


Fuel contributed 
 low
 

Electrical Properties (2.0 p.c.f.)
 

Dissipation Factor
Dielectric Constant
Frequency cps 


103 1.06 0.0003
 

104 1.06 0.0005
 
0.0009
1.06
105 


0.0013
1.04
109 


Economics 

Foam Costs (1960 - 1965) 

Density (p.c.f.) 2.0 $/Bd. Ft. 

1960 1965

Type of Foam 


.230 .130

Urethane Foam (sprayed) 

purchased prepolymer
 

.160 .130

Urethane Foam (poured) 

purchased prepolymer
 

.145 .110
 
Uretbatie Foam (sprayed) 

manufacl-ured prepolymer
 

.145 .105
(slab stock)
Urethane Foam 


.105 .080
 
Urethane Foam (poured) 

manufactured prepolymer
 

*Hetrofoam 250, a self-extinguishing rigid 
urethane foam based on a
 

chlorinated polyester polyol and a polymeric 
isocyanate.
 



Expandable Polystyrene 

Manufacturer Dow Chemical Company 

Trade Name Pelaspan 

Physical Characteristics 

Physical Properties 

Density (p.c.f.) 

Compressive strength (p.s.i. at 
5% defl.) 

Tensile strength (p.s.i.) 

Flexural strength (p.s.i.) 

Thermal properties (mean 700F) 

Coefficient of expansion 

1.0 

10.0 

---

32.0 

.240 

4.0 x 10- 5 

2.0 

23.0 

40.0 

60.0 

.240 

4.0 x 10 - 5 

Resistance to Heat 

Maximum service temperature 120 F 1700F 

Water Resistance Properties 

Capillarity none none 

Water absorption (volume 
foot head, 48 hours) 

- 10 less 1% less 1% 

Water vapor transmission 
(perm-inches) 

Flammability Characteristics 

(U.L. Tunnel Test - 2.0 p.c.f.) 

Flame spread i" thick 

2.0 0.5 

10 

Flame spread 2" thick 40-80 

Smoke density 

Fuel contribution 

greater 400 

low 



Expandable Polystyrene (cont'd)
 

Electrical Properties 

Dielectric constant 1.030 

Dissipation factor 0.0007 

Economics 

Foam Costs (1960 - 1965) 

Density (p.c.f.) 2.0 

$/Bd.Ft.
Type of Foam 

1960 1965
 

Styrene Bead Foam
 
.075 .075
purchased beads 


Styrene Bead Foam
 
.048 .048
manufactured beads 




Expanded Polystyrene Foam
 

Dow Chemical Corporation
Manufacturer 


Trade Name Styrofoam
 

Physical Characteristics
 

Styrofoam Styrofoam Styrofoam
 
HD-1
Physical Properties 22 33 


Density (lb/cu.ft.) 1.6 - 2.0 1.7 - 2.3 2.8 - 3.2
 

16 - 32 16 - 38 50 - 80
Compressive strength 
(yield p.s.i.) 

Tensile strength (p.s.i.) 45 - 61 65 - 95 95 - 115 

Shear strength (p.s.i.) 27 - 36 30 - 40 53 - 62 

42 - 61 48 - 99 70 - 90Flexural strength (p.s.i.) 


Compressive modulus 1200-1700 1500-2000 2750-3350
 

(p.s.i.)
 

Bending modulus (p.s.i.) 1000-1285 1250-1760 1850-21.50
 

Shear modulus (p.s.i.) 700 -1600 1000-1300 1600-2000
 

Thermal Properties
 

.280
.280 .280
"K"-factor (400F) 

- 5
- 5
- 5 3 x 10
3 x 10
3 x 10
Coefficient of 0expansion 


(in/in/F.) 0 F - 80 F
 

Specific beat 0.27 0.27 0.27
 

(B.T.U./lb/F.) at 40 F
 

160 0F
Resistance to heat 170 0F 1700F
 

(maximum service temp.)
 

Water Resistance Properties
 

none
none none 


WateE absorption (volume less .03% less .03% less .03%
 

90 F, 90% R.H.-15 days)
 

Vapor Transmission
 

Capillarity 


1.0 - 2.0 1.0 - 2.0 less 1.5
Perm-inches 

(frains/hr/sq/Hg)
 

http:1850-21.50
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Expanded Polystyrene Foam (cont'd)
 

Flammability Characteristics
 

Burning rate (1" thick) U.L. tunnel test rating 
10
 

- 80

(2" thick) U.L. tunnel test rating 40 


greater than 400
Smoke density 


low
Fuel contribution 


Economics
 

Foam Costs (1960  1965) 

Density (p.c.f.) 2.0 

$/Bd .Ft.. 

Type of Foam 
1960 1965 

Styrene extruded foam 
.060 .060 



Polyethylene Foam
 

Manufacturer Dow Chemical Company
 

Trade Name Ethafoam
 

Physical Characteristics
 

Physical Properties
 

Density (p.c.f.) 


Compressive strength 

(p.s.i.-10% def.)
 

Tensile strength (p.s.i.) 


Thermal Properties
 

"K"-factor (mean 700 F) 


Service temperature range 


Water Resistance Properties
 

Water absorption (1% volume)
 
submerged 1 day 

submerged 48 days 


Water vapor transmission rate
 
(perm-inches)
 

without surface skin 


with surface skin 


Flammability Characteristics
 

Burning Rate (ASTM D-1692-59T) 


ElecLrical Properties
 

Dielectric constant (109 c.p.s.) 


Dissipation factor (109 c.p.s.) 


Economics
 

Foam Costs (1960 - 1965)
 

Density (p.c.f.) 2.0
 

Type of Foam 


Polyethylene flexible foam 


1.8 - 2.2
 

8
 

20 - 30
 

.350
 

-1200 F - 1600F
 

less 1%
 
less 4%
 

less than .40
 

less than .40
 

2.5 in/min
 

1.05
 

0.0002
 

0/Bd.Ft.
 
9yehyn l l f195
 
.220 .20
 



Urea-Formaldehyde Foam
 

Manufacturer Barrett Division, Allied Chemical Corp.
 

Trade Name Barrett Insulation Foam 404
 

Physical Characteristics
 

Physical Properties 404 Foam
 

Density (p.c.f.) .35 - .70
 

Compressive strength not reported, very friable
 

Tensile strength not reported
 

Elongation not reported, very friable
 

Note: Urea-formaldehyde foam is used as a low cost, low density
 
bulk filler.
 

Thermal Properties
 

"K"-factor (750K) .240
 

Water Resistance
 

Capillarity not reported
 

Water absorption not reported (will not
 
retain its properties
 
if allowed to come into
 
contact with liquid
 
water)
 

Vapor Transmission
 

Perm-inches (grains/hr/sq.
 

ft./l in./H1g) greater than 50
 

Flammability Characteristics
 

ASTM D-1692-59T 

Economics 

self-extinguishing (foam 
melts away from flame) 

Foam Costs (1960 - 1965) 

Density (p.c.f.) 0.35 - .70 

Type of Foam 
Urea-formaldehyde foam 
(poured-in-place) 

*Includes application labor 

$/Bd.Ft.* 
1960 1965 
---- 0.01 .030 



Foamed Glass
 

Manufacturer Pittsburgh Corning Corporation
 

Trade Name Foamglas
 

Physical Characateistics
 

Physical Properties Foamglas
 

Density (lbs/cu.ft.) 9,0
 

Compressive strength (ult.)(p.s.i.) 	 100 
Shear strength (p.s.i.) 	 40
 

75
Flexural strength (p.s.i.) 


Thermal Properties
 

"K"-factor (50 0 F) .380
 
(75 0 F) 	 .400 

- 64.6 x 10 
Coefficient of expansion (in/in/F) 

Specific heat (B.T.U./lb./F) .20
 

Water Resistance Properties
 

none
Capillarity 


Water Absorption (C-240-61) 0.2% by volume
 

no weight increase
Hygroscopicity 

(24g days in air 90% RH)
 

Vapor Transmission
 

Perm-inches (grains/hr/sq.ft./l"/Hg.) 0.0
 

Flammability Characteristics
 

Burning rate will not burn
 

Smoke density N.A.
 

Fuel contribution 
 N.A.
 

Economics
 

Foam Costs (1960 - 1965)
 
Density (p.c.f.) 9.0 1960 BFt1965
 

Foamglas blocks 	 .31
 

http:lbs/cu.ft


Fibrous Glass Insulation
 

Manufacturer Owens-Corning Fiberglas Corporation
 

Trade Name Fiberglas
 

Physical Characteristics 


Physical Properties
 

Density (p.c.).) 


Compressive strength 

(p.s.i. 5% defl.)
 

Flexural strength (p.s.i.) 


Thermal Properties 
"K"-factor (mean 75 0 F) 
Service t.emperature range 

Water Resistance Properties 
Water absorpt ion (%) 

Water vapor permeability 
(perm-inches) 

Flammability Characteristics 

(U.L. Tunnel Test)
 
Flame spread 


Fuel contribution 


Smoke density 


Misc. Properties 

Dimensional stability 


Chemical resistance 

Noise reduction coef. 


Economics
 

Foam Costs (1960 - 1965)
 

Density (p.c.f.) 


Fibrous glass (1.5 p.c.f.) 

Fibrous glass (2.5 p.c.f.) 

Fibrous glass (6,0 p.c.f.) 


PF 615 PF 612 PF 338
 

6.0 2.5 1.5
 

1.4 flexible materials
 

...... 

.240 .260 .227
 

-120-400OF -120-400OF OF-250oF 

high high high 

high high high 

10-15 ......
 

25-30 ......
 

0-5
 

good good good
 

excellent excellent excellent
 

0.6-0.8 ......
 

1.5 	- 6.0 /Bd.Ft. 
1960 065 
.093 .080 
.031 .031
 
082 .075
 



Epxoy Foam
 

Mgnufacturer Shell Chemical Company
 

Trade Name Epon-Foam Spray 175
 

Physical Characteristics
 

Physical Properties Epon-Foam 175
 

Density (p.s.i.) 1.8 - 2.0
 

Compressive strength (p.s.i.) 13 - 17
 

Tensile strength (p.s.i.) 26 - 31
 

34 - 44
Elongation % (770F) 


Thermal Properties
 

.11-.12 (initial)
"K"-factor (75°F) 


.16-.17 (aged)
 
15 X 10-6
 

Coefficient of expansion (cm/cm/C) 


300OF
Heat stability 

Water Resistance Properties 

Water absorption (lbs/sq.ft.) 0.03 - 0.05 

Vapor Transmission 

Perm-inches (grains/hr/sq.ft/l"/Hg) 0.9 - 1.2 

Flammability Characteristics 

Burning rate not reported 

Smoke density not reportel 

Fuel contribution not reported
 

Economics - Price information is not available as most epoxy
 
foams are still in the product development phase.
 

Shell Chemical Company has recently withdrawn
 

their foam from the market.
 

http:lbs/sq.ft


Japanese Isocyanate and Urethane Foam Production
 

1. 	 Japanese Ministry of International Trade and Industry
 
Reports.
 

2. 	 Information Received from Masoya Nisheda
 
Chief Te'chnical Section
 
Organic Cehmical Department
 
Mitsubishi Chemical Ind. Ltd.
 
Kurosohi Plant
 



Japanese Production of Foam Raw Materials 

Toluene Dilsocyanate (MM Lbs.) 
Nippon Nippon 

Polyurethane Mitsui Takeda Mitsubishi Soda Sumitowa Total 

1963 12.0 8.0 6.7 2.0 3.9 - 32.6 

1964 16.0 9.6 10.7 4.0 6.7 5.3 53.3 

1965 24.0 16.0 16.0 10.7 6.7 8.0 81.4 

Technical Background
 

Bayer Dupont Allied Self developed --


Polypropylnee Glvcol (KM Lbs.)
 

Asahi Dainihon Nippon Nippon
 
Denka Ink Sanvo Mitsui Soda Yushi Takeda Daiichi Total 

1963 10.7 53.0 21.0 27.0 12.0 16.0 -- 8.0 101.0 

1964 14.7 16.0 21.0 42.0 8.7 16.0 12.0 16.0 153.0 



Polyurethane Supply - Demand Balance in Japan*
 

TDI Demand (MM Lbs.)
 

Flexible Foam Rigid Foam Other Total
 

0.3 23.8
1963 23.4 0.09 


0.7 35.5
1964 34.6 0.13 


1.1 45.7
1965 48.5 0.18 

1966 47.0 1.7 0.29 48.7 

1967 53.7 2.6 0.44 56.5 

TDI Supply (MM Lbs.)
 

Production Capacity Production Rate
 

72
1963 32.6 


1964 52.0 
 68
 

56
1965 81.4 


1966 81.4 
 60
 

1967 81.4 70
 

* Japanese Ministry of International Trade and Industry 

Japanese Polyurethane Foam Production _1963)
 

MM Lbs.
Bayer Facilities 

MTP Chcmic(al Induti t'sries 14.7 

B. S. i t v I Jti 20.0'rI lIlidl 

10.7Yokolim ti 'Tr Indust ris 


Toyo ltulI,,.r Chi.n i cal Industrio 8.0
 

DuPo t Fi I I I Iv u 

Toyo IthIutlIj I oduettriti (Gn. Tire) 13.3 

Kukotil I, -t lan e Corp. (Phil tpj ) 2.6 

Kur'atulki FllIlir l idurtiitrlv (IC ) 5.3 

Nlohiht YI hi!,v I idutt t 'vI i (MltitU ) j 3 

Tot al Ptrodulct Ili 84.0 
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European Isocyanate and Foam Production
 

and Economics
 

TABLE
 

European Isocyanate Production
 

Year Total Production Production/Demand Ratio
 

1963 70,000 tons Production equals demand
 

1964 Production 2 x demand
 

TABLE
 

Review of Toluene Diisocyanate Prices
 

196. $/Lb. TDI
 

France 0.73
 

Belgium 0.70
 

Great Britain 0.63
 

Italy 0.61
 

Germany 0.54
 

1964
 

Average European price for TDI - $0.45 - $0.50
 

TABLE
 

Analysis of European Foam Market
 

1963 1964 1965 

Flexible Foam Production (tons) 70,000 90,000 Not. 

Y.epor ted 

Rigid Foam Production (tons) 2,000 7,000 21,000 

I,
 



TABLE
 

Urethane Foam Consumption/Per Capita Basis - 1963
 

1.32 lbs.
Germany 


0.89 lbs.
Scandinavia 


0.77 lbs.
Great Britain 


0.60 lbs.
France 


0.44 lbs.
Italy 


0.44 lbs.
Benelux 


0.04 lbs.
Spain 


0.04 lbs.
Portugal 


TABLE
 

European Application of Flexible Foam - 1963
 

Market Application Germany Great Britain France Italy
 

Automotive 10-15 45 50-60 3
 

35-45
Furniture 40-50 30 30-40 

* * 45-50Bedding 10-15 

Foam laminates 10-15 5-10 * * 

Miscellaneous 
10-15 10-15
(household, pack- 20 15-20 


aging, etc.)
 

• Relatively small production, exact figures unknown.
 

TABLE
 

Flexible Foam Markets - Europe
 

Automotive Seating
 

1964 Predicted total 20-30 metric tons flexible urethane
 
foams
 

1968 Predicted total 70-80 metric tons flexible urethane
 
foams 

Furniture Industry 

1965 Predicted penetration - flexible urethane foam 50% 

1968 Predicted penetration - flexible urethane foam 65% 



TABLE
 

Flexible Foam - Raw Material Costs
 

1962
 

Germany 4.0/Bd.Ft.
 

Great Britain 4.250/Bd.Ft.
 

France 5.50/Bd.Ft.
 

1964
 

Average European Raw Material Cost 3.50/Bd.Ft.*
 

* 	Flexible Polyether based urethane foam, (1.3 p.c.f., 
7% Ccl 3F blowing agent). 

TABLE
 

Western Europe - Total Urethane Foam Production
 

(Metric Tons)
 

1962 1963 1964 

West Germany 25,000 30,000 35,000 

Great Britain 15,000 19,000 21,000 

Italy 6,000 11,000 14,000 

France 6,000 10,000 13,000 

Benelux 3,600 6,000 8,000 

Other Countries 4,400 9000 

60,000 85,000 103,000 

TABLE
 

Rigid Foam Markets - Europe
 

1964
 

Predicted market 5 - 7 M metric tons
 

1965
 

Predicted market* 	 20 M metric tons
 

* 	Will not reach projection goals in 1965 because of cost, 
flammability characteristics, competition of glass wool, 
styrofoam, etc. 

http:3.50/Bd.Ft
http:5.50/Bd.Ft
http:4.250/Bd.Ft
http:4.0/Bd.Ft


TABLE 

European Production of Refrigerators 

(Number of Units Built) 

1960 1961 1962 1963 

France 1,015,000 970,000 830,000 950,000 

Germany 2,400,000 1,970,000 1,700,000 1,300,000 

Italy 977,000 1,530,000 1,750,000 2,100,170 

Great Britain 1,100,000 200,000 835,000 880,000 

5,492,000 5,320,000 5,115,000 5,230,000 



Urethane Foam
 

Urethane foams are produced as the reaction products of
 
The use of catapolyisocyanates and polyhydroxyl compounds. 


lysts, blowing agents, surfactants, and miscellaneous additives
 

such as pigments, fillers, fire-retardants, etc. are incorpor

ated into the foam formulation in order to obtain desired
 
product modifications.
 

Polyisocyanates
 

A variety of polyisocyanates are used for the production
 

of urethane foams. The 80/20 mixture of 2,4 isomer and 2,6
 

isomer of tolylene diisocyanate is the predominant material
 

used in the production of flexible foam. A variety of crude
 
as
isocyanates, polymeric isocyanates as well tolylene diiso

cyanate (80/20 isomer mixture) are used in the production of
 
lists a summary of the U. S. producers
rigid foams. Table 


of isocyanates together with an estimate of total capacity.
 

Table presents a summary of isocyanates used in total
 
urethane markets.
 

A comparison of Tables and will indicate a growing
 
This has been the
overcapacity for isocyanate materials. 


prime factor leading to a continuing downward trend in foam
 

raw materials costs. The more favorable material price struc

ture together with improved application techniques is opening
 

many market applications for cellular plastics.
 

as
Considerable difference of opinion exists to the market
 

potential for cellular materials, thus several sourcers will
 

be presented. Table indicates the forecast for flexible
 
areas for the years 1961 through
foam consumption by market 


1966. Table forecasts rigid foam consumption for 1966.
 

Additional market estimates are presented in Tables and
 

Polyols
 

A wide variety of polyfunctional hydroxyl components (poly

esters and polyethers) are used in the production of urethane
 

foams. These materials are based on the polyethylene and poly

propy]ene adducts trimethylol propane, glycerine, sorbitol,
 
shows the estimate of
methylglucoside, sucrose, etc. Table 


polyol consumption in the rigid foam market area.
 

An additional source of information comparing urethane foam 

raw material capacity vs. consumption for U. S. producers (1963) 

is presented in Table . The figures for polyols capacity 
companies have productionare inherently nebulous, since most 

units that can be diverted from making other products as needed.
 



-- 

TABLE
 

Isocyanates - U.S. Producers and Capacity (MM Lbs)
 

Company/Plant Location 1960 1961 1962 1963
 

Mobay 25 40 50+ 70
 
New Martinsville, W.Va.
 

30 70
DuPont 25 50+ 

Deepwater, N.J.
 

10 15 30 30
Allied 

Moundsville, W.Va.
 
Southern California -- -- 20
 

Nopco -- -- 10 10 

Linden, N.J. 

Carwin 
North Haven, Conn. 1 3 0.5 0.5 
Houston, Texas -- -- 3.0 4.5 

3.0 3.0
Ott 

M"u-skegon, Mich.
 

Olin-Mathieson 
Ashtabula, Ohio .. .-- 25 

Brondenburg, Ky. - . .. .. 10 

25
Union Carbide 

Institute, W. Va.
 

TOTAL CAPACITY 61 88 146.5 268
 

168
 

Estimated Demand 57 87
 

Note: Kaiser Chemical, Wyandotte Chemicals Corporation, and
 
U. S. Rubber Company have since announced decisions
 
to become producers of isocyanates.
 



TABLE . 

U.S. End Use Summary - Isocyanate (10 Lbs) 

Foam End Use 1961 1963 1966 

TDI MDI Other TDI MDI Other TDI MDI Other 

Flexible Foam 34.0 .. .. 48.0 .. .. 69.0 .. .. 

Rigid Foam 8.0 0.1 0.1 19.0 1.2 0.4 44.0 4.0 0.9 

Elastomer 0.8 0.9 0.1 1.7 2.4 0.4 2.6 5.8 0.7 

Spandex Fibers 0.1 0.3 - - 0.4 1.5 - - 0.7 3.4 - -

Binders 1.2 -. . 2.1 .. .. 3.2 .. .. 

Surface Coatings 2.7 .. .. 5.8 .. .. 13.9 .. .. 

Miscellaneous - - 0.2 0.1 - - 0.2 0.1 - - 0.3 0.2 

Sub-Total 46.8 1.5 0.3 77.0 5.3 0.9 133.4 13.5 1.8 

,Zport o.0 .. . 4.0 . ...- - -

TOTAL 54.8 1.5 0.3 81.0 5.3 0.9 133.4 13.5 1.8 



TABLE .,
 

Forecasts For Flexible Foam Consumption
 

1966
Flexible Foams (Total Market) 1961 


Furniture Industry
 

Rubber latex 80-MM Lbs49 MM Lbs 

Urethane 49 MM Lbs 50 MM Lbs 

Vinyl 2 MM Lbs 10 MM Lbs 

100 MM Lbs 140 MM Lbs 

Market Breakdown (Flexible Foams) 

Bedding Industry
 
25 MM Lbs 40 MM Lbs
Rubber latex 

10 MM Lbs 60 MM Lbs
Urethane 


Carpet Cushioning
 
10 MM Lbs
Rubber latex 

15 MM Lbs
Urethane 

20 MM Lbs
Chemically-blown sponge rubber 


Automotive Seats
 
10 MM Lbs 10 MM Lbs
Rubber latex 


20 MM Lbs 40 MM Lbs
Urethane 


Misc. Automotive Applications
 
Tirm rests,
 

.. 5 MM Lbs
Rubber latex 


Urethanes (flexible) ----- 25 MM Lbs
 

(rigid) -.... 10 MM Lbs
 

Chemically-blowl sponge rubber ----- 25 MM Lbs
 

----- 15 MM Lbs
Vinyl 


Textile Industry
 
15 MM Lbs
Foam/fabric combination (urethane) 


5 MM Lbs
Luagage (vinyl) 




TABLE
 

Forecasts For Rigid roam Consumption
 

Building and Construction 

Polystyrene 

Uretbane 


Mobile iomes
 
Polystyrene 

Urethane
 

Low Temperature Applications
 
Polystyrene 

Urethane 

Epoxy 


Domestic Refrigerators
 
Urethane 

Polystyrene 

Epoxy 


Industrial Insulation
 
Urethane 

Polystyrene 

Epoxy 

Chemically-blown sponge rubber 


Vinyl 

Polyolefins 


Wire Insulation
 
Vinyl 

Polyolefins 


Packagin
 
Flexible urethane 

Rigid urethane 

Polyolefins 

Polystyrene 


Marine Flotation
 
Urethane 

Polystyrene 

Rigid vinyl 

Polyolefins 


Misc. Applications
 
Urethane (flexible) 

Urethane (rigid) 

Rubber latex 

Flexible vinyl 

Polystyrene 

Rigid vinyl 

Chemically-blown sponge rubber 


Polyolefins 

Epoxy 

ilicono 


1966
 
557MRLbs
 
30 MM Lbs
 

10 MM Lbs
 

5 MM Lbs
 
20 MM Lbs
 
5 MM Lbs
 

35 MM Lbs
 
10 MM Lbs
 
5 MM Lbs
 

5 MM Lbs
 
5 MM Lbs
 
5 MM Lbs
 
5 MM Lbs
 
3 MM Lbs
 
2 MM Lbs
 

10 MM Lbs
 
20 MM Lbs
 

5 MM Lbs
 
5 MM Lbs
 
5 MM Lbs
 

15 MM Lbs
 

10 MM Lbs
 
7 MM Lbs
 
4 MM Lbs
 
3 MM Lbs
 

10 MM Lbs
 
5 MM Lbs
 
5 MM Lbs
 
5 MM Lbs
 

20 MM Lbs
 
3 MM Lbs
 

30 MM Lbs
 
5 MM Lbs
 
5 MM Lbs
 
2 MM Lb.
 



TABLE 

Estimate Total Rigid Foam Market (MM Lbs)
 

70
62 63 64 65
60 61
Year 


5.0 8.0 15.0 40.0 45.0 50.0 75.0
 
Appliances 


.5 1.0 2.0 3.0 4.0 5.0 7.0
 
Disp. cases 


2.0 8.0 10.0 14.0 16.0 25.0
 
Cold storage 2.0 


20.0 500.0
9.0 13.0

Bldg. trades 1.0 1.0 5.0 


7.0 15.0
.5 1.0 3.0 5.0 6.0

Transportatiop 
 5.0 10.0 500.0
0 .5 1.0 2.0
Packaging 
 1.5 2.0
1.5 1.5
1.0 1.0 1.0
Military 


0 0 1.0 3.0 4.0 5.0 10.0
 
Mining 


8.0 10.0 10.0 20.0

1.0 1.0 6.0
Misc. 


11.0 15.5 42.0 81.5 102.5 124.5 1154.0
 

TABLE 

Rigid Ugethane Foams and socyanates Used Therein
 

1961 1963 1966 
Foam End Use 

5.0 16.0 40.0
 
Refrigeration 
 8.0 12.0
3.5

Transportation 
 2.5 11.0 35.5-36.0
Construction 2.0 3.0 5.0 
Flotation 10.0
3.0 5.0

Others 


- 103
16.0 43.0 102 

Total Rigid Foam 


Isocyanates 
6.1 16.8 40.8
 

Used 

2.1 3.8 8.1


Scrap, Experimental, Inventory 


8.2 20.6 48.9
 
Total Isocyanates 


8.0 19.0 44.0
 
TDI Types 


4.9
0.2 1.6 

MDI & Others 




TABLE
 

Estimate of Polyol Consumption - Rigid
 

Urethane Foam Markets
 

(MM 	Lbs. Polynther/Polyester)
 

1959 1960 1961 1963 1965
 

Refrigerators 1,3 1.5 2.1 18.0 23.0
 

Industrial Insulation 0.5 1.0 2.2 5.4 9.0
 

Building and Construction - - 0.4 1.0 6.0 14.0 

Transportation 	 0.2 0.5 1.0 3.5 6.5
 

Miscellaneous 	 0.9 1.1 1.2 1.7 3.0
 

Total 	 2.9 4.5 7.5 34.6 55.5
 

One 	company, for example, could increase its polyols capacity
 
by a factor of four or five, if market conditions warrented
 
diversion of certain plant equipment from production of other
 
materials.
 

A summary of urethane foam raw materials capacity vs. consump
tion for Europe and Japan (1963) is presented in Table
 

A projection of total urethane industry statistics (world
wide estimate) for the year 1965 is presented in Table
 

A summary of total capital investment in the worldwide 
urethane industry is presented in Table 

The major components of urethane foam systems, based on 
total volume, would be polyol, isocyanate, and blowing agent. 
Other raw materials such as 2atalyst, surfactant, flame
retardants, pigments, etc., ai'e used in limited quantitibi in 
foam formulation. A projection of current vs. 1965 rawi 
materials costs is shown in Table 

The reactions by which foams are produced can be carried out 
in a single stage or in a sequence. Three methods are avail
able:
 

I) 	 In the "one-shot" method, al.. the ingredients (polyol, 
blowing agent, isocyanate, and catalyst) are mixed 
simultaneously, and the resulting mixture Js allowed 
to f oam. 

2) 	In the "prepolymer" method (batch-mix or continuous), 
the polyol and isocyanate are reacted to yield a 
prepolymor, and the catalyst is subsequently mixed into 
theprpolymor to effect foaming.
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,onvany 1963 Capacit-Millloprol of Poundoy ariatt 
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Atlas 
Cmrbide 
Carwin 

25 
120 
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- -
30 
7 

Dow 60 " " 

Di Pont M 70 

Jefierson 
Olin 
Ott 
?opco 
Mobay 
Wttco 

20 
25 

-

20 
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33 
10 
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?AC9I 
1Sretbane odustr: law Materials, Foma Producers, % of Capacity
 

Number of
 

IM 

Law Kat'ls 
CapacLty 
MUIb 

All FoajLs 
Est.ULse, 
Kt Ib 

Foazers, 
% of Che=. Flexible 
Capacity Only 

!'edian Out
put per 

Foamer(lb.) 
EsA.% of 
Capacity 

North £MrIca 700 300 4 40 3,000,000 25 

348 225 70 90 ',000,000 5 

Asia 78 31 40 16 550,000 20 

ata - -14 - 11 500,000 25 

South meria -- 10 - - 16 300,000 10 

Africa -- 3 - 3 1,000,000 50 

Saviot bloc -- 10. -- 2,000,000 ? 

TOTALS LI.26 593 52 181 800,000** 33 

Nuuabr of seuirigid and rigid foamers difficult to predict, due to the largely
 

captvt vAturv of' the bustoess.
 

00 Not &4dttiv*
 



TANLS , 

Total Capttal lcvestsent Since 1937 Runs High in Urethane Industry 

Istisated Capital Costs frou 1937 to 1963 (millions of dollars)
 

Lav Material Producers Foam Producers 
 Total
 

Plant 
* Plant -

Drvlop- Working Develop- Working
 
...sent Capital Rev-erue 
 ae rn Capital Revenue Capital Revenue 

Nortb lmarica M $220 s $15 $95 $175 $360 $175 

ftov L2 155 77 5 92 164 264 164 

Asia 3 30 T 2 9 16 44 16 

Ocaata 3 1 5 12 6 12 

Otb*r 4 1 16 11 17 11 

Vorld Totals $4s $405 $176 $24 $217 $378 $691 $378 



TABLE , 

Prices of Urethane Foam Raw Materials
 

Price, Future Price
 
May 1964 (1965)
 

Material $1b $/lb
 

Tolylene Ditsocyanate (Bulk) 0.60 
 0.48
 

Crude Tolylene Diisocyanate (Bulk)
 
(National Aniline 4040) 0.51 
 0.40
 

Polymeric Iocyanate (Bulk)
 
(Mobay MR) 0.51 0.38
 
(Carwin PAPI) 0.31 0.38
 

Polypropylene Ether Polyols (Bulk) 
for - RIgi(i Foams 0.28-0.35 0.24-0.31 

Polyest.r vi.siinn (hulk) 

for - Rigid Foams 0.50-0.60 0.48-0.56 

Amine Cataly~tu (Drum) 2.00-7.50 2.50-7.00 

Organotin Catalyntr (Drum) 1.75-2.00 1.50 

Silicone 0in (Drum) 2.50 2.00 

Flurocarbon Blowing Agenta (Bulk) 0.206 0.200
 

TABLI ' 

Typical One-Shot Formulation (May 1964) 

Wt Lb /b-Msterl
 

CrutFp TDI 40.4 .510 .206 

r~o onvn11 
,tol Polyol .290 

Fluroctarbon-11 16.0 .200 .033 
5111cone Oil 0.5 2.500 .013 

DMKA 0.5 1.500 .001 
Tin Catalynt 0$ 1.69 00 

tor 42.0 .122
 

2% Proceas Loos 006 
. I 4 

http:1.75-2.00
http:2.50-7.00
http:2.00-7.50
http:0.48-0.56
http:0.50-0.60
http:0.24-0.31
http:0.28-0.35


3) 	The "quasi-prepolymer" method is a combination of the
 
two methods previously mentioned. The polyol vehicle
 
is reacted with diisocyanate to form one component,
 
additional polyol, catalyst, surfactant, and blowing
 
agent are mixed to form the second component. The
 
two components are then blended with desired agitation
 
to initiate foaming.
 

The present and future economics of a typical one-shot
 
formulation based on crude tolylene diisocyanate and a sor
bitol polyol are compared in Tables and .
 

The economics of a typical quasi-prepolymer system is presented
 
for comparison purposes. The following calculations are used
 
to develop the assumed foam formulation based on a total
 
NCO/OH ratio of 1.05/1.0.
 

Calculations:
 

Component A
 

Sorbitol prepolymer
 

Polyol properties
OH No. -4913"
 

Acid No. - 0.5
 
H20 - 0.1% max.
 

Equivalent weight resin
 

56.1 x 1000 
E rosin - Of w + Acid No. 

E rosin - 56000 . 112.8
 

Equivalont weight of TDI - 87 

Polymor NCO/OI - 4.5/1.0
 

11sI2.8 gloq. 87
thus,100 rosin . q. rosin 

for 	NC0/0lf+4.3/1.0 - U TDI(4.5) W587)(87) 347.3 

Noto: Componuatton for 1120 in polyol
 

100 g x .001 - 0.1 g If20
 
. .01 sq. 1120
 

87 x .01 - .87 g TDI 

honce 348.2 g TD! Propolynor 
100.0 g Polyo P 



The economics of a typical quasi-prepolymer system is presented
 
for comparison purposes. Table presents the economics of
 
this system based on May 1964 raw material prices, while Table
 

presents the economics of this system based on future raw
 
material prices.
 

TABLE
 

Economics of a Typical Quasi-Prepolymer
 

System (May 1964)
 

Component A Wt % $/Lb $/Lb-Material
 

Tolylene diisocyanate 77.69 .56 .435
 
Sorbitol polyol 22.31 .29 .065
 

.050
2% Process Loss 100.00 .010
 

.510
 

Component B
 

Sorbitol polyol 65.6 0.290 .190 
Flurucarbun-11 32.3 0.206 .067 
Silicone oil 0.9 2.500 .023 
TMBDA 0.4 3.000 .012 
Triethylene diamine 0.4 6.950 .028 
TMG 0.4 3.000 .012 

System Cost (NCO/O! - 1.5/1.0)
 

100 g Component B- 65.6 g polyol 

65.6g - .582 eq. 

4.5 (1,05)(x)
 

x - 4.29 Oil equivalents 
100 X 

x 737.1 g Cumponont B 

_!_t
systom Wt % J/ $/Lb-Matortal
 

Componont A 448.2 :17.70 .510 .192 
Componont 0 737.1 62.30 .332 .206
 

poly- t''vile Foam Xculnumic" 

Thosrv #rv two kh-ad tuiadcrtnKg processes: 1) the conventional 
btIch jroeaso dovolopod by fladichu, Anilin, and gods Ilabrik 
(BABY), i.nd 2) # now continuobs extrusion process developed by 



TABLE
 

Economics of a Typical Quasi-Prepolymer
 

System (Future)
 

$/Lb $/Lb-Material
 

Component A
 

TDI 77.69 .40 .311
 
Polyol 22.31 
 .23 .051
 

100.00
 
2% Process Loss 
 .007
 

369
 

Component B
 

Sorbitol Polyol 65.6 .230 .151
 
Flurocarbon-il 32.3 .200 
 .065
 
Silicone oil 0.9 2.000 .018
 
TMBDA 0.4 2.500 
 .010
 
Triethylene diamine 0.4 5.000 .020
 
TMG 0.4 2.500 .010
 

100.0 .274
 

System Cost
 

Component A 37.70 .369 .139
 
62.30 .274 .172
 

100.00
 

Dow. It is understood that the total cost of manufacturing

beads (excluding royalties) Is about the same by the extru
sion process as it is by the BASF process, but capital costs
 
for the extrusion process per unit capacity is about 1.3
 
times that for the BASF process. The extrusion process

would therefore appear to lead to a lower return on invest
ment.
 

DASF Batch Process (Bead Manufacture)
 

This to a batch process in which styrene monomer is charged

to Jacketed kettles of 500 to 1000 gallons capacity with
 
blowing agents, catalyst, and additives. Water is charged
 
to the kettle, it is sealed, and the mixture is agitatod at
 
a constant temperature of about 1000 C. After four hours, the
 
temperature is reduced to 40or, the presoure released, and the
 
water-bead mixture discharged to strainers. After drying, the
 
beads are clamsifiod and off-sizs cycled to a scrap extruder.
 
There is a raw material loss of about 5% in the form of scrap.
 

-lp 



EXPANDABLE STYRENE BAD MANUFACTURINO FLOW DIAGRAM:
 

BABF BATCH PROCESS
 

Excees Blowing Agent 
and Styrene to REoovery 

Jacketted 
Kettle 

Parts 

100 Styrene Monomer 

200 Water [ Air 
Dryer 

6  10 lowin Aent j Beads 

41 Additive. + Catalyst 

Water to Drain 

versijz 
Large 

3 to 555 To crap Zxtruder-
Slhipping or ... 

Small1 Warhouno 

Underi zeto .L to in ,To S rap Zxtrudor- . . . . 

or 
Rocycle to Poly- Classifier 

merization 

"suro
 



Dow Process (Bead Manufacture)
 

In the Dow extrusion process the starting material is poly
styrene rather than monomer. Polystyrene, additives, and
 
blowing agents are charged to an extruder. From the extru
der, the blend passes to a mixer-cooler. The mix is then
 
passed through a cutter, and the resulting beads are then
 
conditioned in hot water to relax them.
 

Manufacture of Bead Foam Board
 

In the manufacture of bead foam board, the beads are pre
expanded and then allowed to relax and cool for some time
 
before being charged to block mold. Blocks as large 12'
 
x 4' x 24' have been molded by this process. After expansion
 
in the mold, the foam blocks are allowed to cure, usually
 
exposed to weather, for four to eight days. Most fabricators
 
cut the blocks to shape by means of a hot wire to reduce
 
dusting.
 

Expanded Polystyrene Foam
 

The Dow Process involves the continuous production of buns
 
by injecting a volatile liquid, such as methyl chloride,
 
into the polymer melt which is being forced through an
 
extruder. As the mixture of polystyrene and volatile liquid,
 
which must be only partially soluble in the polystyrene melt,
 
emerge from the orifice of the extruder, the melt expands
 
upon release of pressure and cools rapidly (because of expan
sion) to produce a low density cellular product.
 

An estimate of styrene monomer capacity (1961) is presented
 
in Table
 

TABLE
 

Styrene Monomer Capacity
 

Process Capacity
 
MM lbs.
 

Ethylene Process*
 
Dow Chemical 800
 
Foster Grant 150
 
Koppers Chemical 175
 
Monstant Chemical 560
 
Odessa Styrene 40
 
Shell Chemical 210
 
Union Carbide 110
 
Koppors - Sinclair Oil 70
 

Ethylono Benzene Procesm*
 

Coaden Petroleum 60
 

Sunray Chemical 60
 

* Synthesize the styrene from benzena and ethylene
 
,. Removes ethyl benzene intermediate by fractional distilla

tion from catalystlc reforming system.
 



EXPANDABLE STYRENE BEAD MANUFACTURING FLOW DIAGRAM:.
 

DOW'S EXTRUSION PROCESS
 

Polystyrene Feeder
 

Additives Feeder
 

..... Die-Face
..... 


,Cutter
_- T ,. ' -,,, ,1 


Blowing Agent
 
Mixer-Cooler
 

Conditioner
 

Oversize - To Recycle | 

Product - 8hipping or Storage 

.Updormize - To RecyZcl d 

Classifier
 

7iure 



BXAD FOAM MANUFACT'RINO FLOW DIAORAMIXPANDABLE STYRINK 

At rAt or 

storag e Btno
!expander
I_ .


Bead Storage L IdI.u 
300 lb.. Cartons
 

-4 -steam 

Not Wire Cutter
 
Interim Curing I
 
storage Area 4 Block 

Boiler
 

Inventory 

rigure
 



•IXTRUDED 	 POLYSTYRENB FOAM MANUFACTURING FLOW DIAGRAM 

"Styrofoam" 

Polystyrene
 
Feeder
 

Nucleating Agent

Feeodor
 

Y " Extruder 

Flame Retardant Mixer-Cooler 

To Saws 

sbipping
or 

Warehouse 

Oven Aging Prime Foam 4--J 

FSgure 

Wats Foam to Pellet 

Intruder for Recycle 



Economics of Styrene Monomer and Polystyrene (1961 figures)
 

A styrene monomer facility possessing a plant capacity of
 
75 million pounds/year could produce this product for 10.040/
 
pound. The 1961 average cost selling price for styrene mono

mer was 12.000/pound resulting in an approximate 6.1% return
 

on investment after taxes.
 

A polystyrene facility possessing a plant capacity of 50
 

million pounds/year could produce this product for 17.20/pound.
 
The 1961 average cost selling price for polystyrene was 21.000/
 

pound resulting in an approximate 6.7% return on investment
 
after taxes.
 

Economics of Styrene Bead Production (1961)
 

An expandable styrene bead manufacturing plant (BASF Batch
 
Process) possessing a plant capacity of 400/pounds/hour could
 

produce this product for an estimated total manufacturing cost
 
of .200-.244 pound.
 

Economic Aspects - Polystyrene Bead Foam
 

A summary of the ecnnomics of polystyrene bead foam manufac
ture is presented in Table
 

TABLE
 

Economics of Polystyrene Bead Foam Production
 

Purchased Beads Manufactured Beads
 

515,000
Poundage Sales 515,000 

6.15 MM
Board Foot Sales (1.2 pcf) 6.13 MM 


Total Cost of Product Sold 4.3o/Bd.Ft. 3.55/Bd.Ft. 
Sales Price/Bd.Ft. 7.80 7.80 
Return on Investment, % yr. 21.4% 44% 

Economic Aspects - Polystyrene Extruded Foam
 

A summary of the economics of polystyrene loam (extruded process)
 
is presented in Table .
 

Review of Markets for Cellular Plastics
 

Industrial Insulation Market
 
Low Temperature Pipe Insulation - The low temperature pipe
 
insulation market is divided into two distinct segments,
 
namely industrial and commercial construction. The total
 
present market potential for low tomporature pipe below
 
250oF in approximately $25 MM.
 

http:Price/Bd.Ft
http:3.55/Bd.Ft
http:4.3o/Bd.Ft


TABLE 

Pipe and Equipment Insulation 1965 Market ($M) 

Materials 

Fibrous glass 

Flexible closed cell 
tubing 

Foamglas 

Polystyrene Foam 

Polyurethane Foam 

Total 

to 320 F 

100 

1,200 

2,000 

3,500 

1,850 

8,650 

% 

1.1 

13.9 

23.1 

40.5 

21.4 

100.0 

320F-250'F 

10,900 

3,900 

2,200 

1,200 

650 

18,850 

% 

58.0 

20.5 

11.7 

6.4 

34 

100.0 

250°F-400°F 

24,000 

-  -

-  -

- - 

24,000 

% 

100 

0 

0 

0 

_0 

100 

Total($M) 

35,000 

5,100 

4,200 

4,700 

2,500 

51,500 

68.0 

9.9 

8.2 

9.1 

4.8 

100.0 

TABLE 

Pipe and Equipment Insulation 1970 Market ($M) 

Nterials 

Fibrous glass 

Flexible closed cell 
tubing 

Foamglaj 

Polystyrene Foam 

Polyurethane Foam 

Total 

to 320 F 

75 

1,100 

2,200 

7,200 

5,400 

15,975 

i 

0.4 

6.9 

13.8 

45.0 

33.9 

i00.0% 

320 F-2500 F 

11,500 

4,400 

2,400 

2,000 

1,600 

21,900 

% 

52.5 

20.1 

10.9 

9.2 

7.3 

100.0% 

250°F-400OF 

26,125 

- - -

- - 

- - -

- - -

26,125 

% 

100 

0 

0 

0 

0 

100% 

Total($M) 

37,700 

5,500 

4,600 

9,200 

7,00 

64,000 

59.0 

8.5 

7.2 

14.4 

10.9 

100.0% 



TABLE 

pipe Ind Elj7 : '-s%;Iat l 1965 Market ($?A) 

Fibri is I(IpIf'rn 5S c0 2 4; ::8 to :;, 68.0 

Flex- ied ce. 2 - - 0 541) 9.9 

Foaml 2. nCM} It; 1 1 2 "7 44,.ZN- 8.2 

Poly! 35cN; 4CU 5 - 4 - 0 9, 

Polyl T 4 65SO .4 - 0 1 484. 

8.6f i i<) 0 Is S50 i0( 0 o l __IV00.0 

TABLE 

~7 ~t~e. -. 1lmelL insuiatioxx 1F70 Mae4'S 

Mate:- A 2 F-4X "T Tot 1($1) 

F ibr - - ....... 2 6 

Flex . z - . 8.5 

tubing 

Foamglas 2,200 13.8 2,400 10.9 - - - 0 4,600 7.2 

Polystyrene Foam 7,200 45.0 0.900 9.2 - - - 0 9,200 14.4 

Polyurethane Foam 5,400 33.9 1,600 7.3 - - - 0 7,000 10.9 

Total 15,975 iOO.0% 21,900 100.0% 26,125 100% 64,000 100.0% 
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oi..ling costs
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cle time
 

personnel required
 

"K"-factor .14 - .15 
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1 cost 8.3 -9.20/bd.ft. 

ing effectiveness 
3- .0138 

sives required
 

1 Cost
 

51 42 36
 

25 25 21
 

2.0 2.0 1.8
 

37 33 30
 

74 66 54
 

1 6.1 5.5 4.5
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year Vlb 

00,000 12.0 

,.. - .. . ...... 25,000 1.63 

,L..1. I / 18,400 3.89 

93,600 1.06 

* , . . . I .--------.;1 i . 65,000 0.35 

50,000 0.07 
) :1 j* ) J I ,"n 

I' 03,900 0.27 

03,900 0.27 

16,800 0.56 

61,000 0.35 

h 56,000 0.18 
Ita.l.1 " . , t ,.€' :] i G(II.._ 1 1 11 .X.O' 7')7 18, 000 0.02 

'0 4 0 1.39 

53,600 10.04 

;il h 1. -5 t 3) i I VI 1I Itoig Isoi r *-v . £1.36, 090 0.*05 
J. ,,, ,s ,,, , ir , c 90,225 0.12 

...t- " ". . 20,100 1.76 

.33,640 0.84 
6.1% 

Ler manufactur
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working capital) 

'Year v/lb 

)0,000 

.2 /lv) )0,000 12 

(90-100 men) )0,000 1 

)01000 1 

50,000 0.3.3 

,, , 00,000 1 5.2 

00,000 0.4 

50,000 1.5 

Vora ;00,000 17.2 

00,000 

GA. i' !::'i ." ns. ue ) i25,000 .. 05 

175,000 2.75 

... ' j cj.n t.,AL ;66,000 1.33 
?A(2, r,-t 6.7% 
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d Foam 

Dow Extrusion 
Process 

A...,.600-700 lb/hr 

$104,000 

,o..yl¢ :.1 0Q, covi; 20-240/ib 

(no royalty) 

Manufactured 
Bead 

S@ 1pcf 

5 @ 1 pcf -

•nt 
104 (bead mfg) 

.,u .t ..... 169 (foam mfg) 

itr capit 
273 

392 

218 

174 

20 

154 

74 

27% 

37% 
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TABLE
 

Costs and Prices of Polyethylene Foam
 

Percentage Price Cost per lb. foam
 

Formulation Material by Weight Present 3-5 yr Future Present 3-5 yr Future
 
($/lb.)
 

Polyethylene resin
 
(low density) 85 .275 .25 .234 .212
 

Blowing agent 13 1.00 1.00 .130 .130
 

Additives 2 .25 .25 .005 .005
 

100 .369 .347
 

Foam Manufacturing Process Losses Information not available; we assume 5%
 

Costs per Unit of Foam Produced
 

$/lb 
Present Future 

125 
Present 

pef 
Future 

$/per board foot at 

20 pcf 2.5 
Present Future Present 

density of 

pcf 
Future Pr

3.0 
esent 

pcf 
Future 

Materials 
.389 .366 .049 .046 .065 .061 .081 .076 .097 .092 

Foam Mfr. 
.35-.70 .35-.70 .088 .088 .088 .088 .088 .088 .088 .088 

.739-1.09 .716-1.07 .137 .134 .153 .149 .169 .164 .185 .180 

Selling Price $/Bd.Ft. 

+ 2 pcf 



TABLE
 

Rigid Urethane ikoam, Slab Line Investment
 

Prepolymer System
 

Small
 
Large Company Company
 
Operat ion Ope rat ion
 

Purchased Manufactured Purchased
 
Prepolymer Prepolyer _.eolymer
 

I. Equipment & Installation
 

Storage facilities 30,000 30,000 15,000
 

Prepolymer facilities .... 95,000
 

Foam line 60,000 60,000 30,000
 

Storage & handling equip. 1.0,000 10,000 5,000
 

38,000 25,000
Fabrication line 38,000 


Laboratory 5,000 5,000 5,000
 

II, Nonmanufacturing Equipment 

Erected building (10,000 
sq. ft.) 140,000 140,000 - - -

Other 40,000 40,000 - - -

Rented floor area 
(10,000 sq.ft.) - - - - - - 5,000 

180,000 180,000 5,000 

III. Working Capital
 

Raw material (30-day
 
- - - 35,200supply @ 38.4 /ib) 


Purchased prepolymer 
(@ 65V/i ,) 	 59,800 - - - 59,800
 

IV. 	 Total Investment (I,.I,I._2 
382,800 453,200 144,800 

Note: The Itiformation presented in this table Is based on plants 
capable of 600,000 lb/yr of foam production (2 pei or 3.6 

MM bd.ft). It is noted that, the raw materials required are 
greater than foam produced because of losses. 



TABLE
 
Profit and Loss - Urethane Rigid Foam - Continuous Slab Line
 

Small
 
Company


Large Company Operation Operation

Purchased Manufactured Purchased
 
Prepolymer Prepolymer Prepolymer
 

Poundage Sales (600,000) (600,000) (600,000)

Board Foot Sales (MM ib) (3.6) (3.6) (3.6)

Gross Sales' 
 (648,000) (648,000) (648,000)


Less freight, etc.(2% of sales) 13,000 
 13,000 13,000

Net Sales (635,000) (635,000) (635,000)


Raw materials2 

500,000 299,520


22% absolute loss allowed (purch. prepoly.)
 
23% absolute loss allowed (mfg. prepoly.)


Operating labor3 

31,000 35,000 31,000


Plant adm overhead, util. (175% of labor) 54,200 
 61,200 	 54,200

Maintenance (4%/yr on equip. invest.) 	 5,700 
 9,500 3,200

Taxes-insurance(2.5%/yr of total invest.
 

excluding working capital) 
 8,100 10,500 	 2,100
 
Depreciation
 

-10%/yr on equipment 14,300 23,800 8,000
- 5%/yr on building, etc. 9,000 9,000
 
- rent 	expense 
 - - - - - -	 5,000

Total Cost of Goods Sold 
 622,800 488,520 604,000

Gross Profit (or Loss) 
 (12,200) (146,480) (31,000)


Less GASR&D 
 64,800 64,800 64,800

Net Profit Before Taxes 
 (- - -) (81,680) (- - -)

Less 52' Federal Taxes C---) 	 42,400

Net Profit After Taxes 
 (39,280) (- - -)


Total Capital Investment 
 453,200
 
Return on Investment (%/yr) 
 (8.7%)
 

Notes. 	1. 
 Sales of 600,000 lb or 3.6 MM board feet (prime foam) 2.0 pcf at 18j/bd.ft.
 
2 Raw materials required to produce above quantities, taking account of losses is:
 

Purchased prepolymer - 770'000 lbs @ $.650/lb.
 
Manufactured prepolymer - 780,000 lbs @ $,384/lb.
 

3. 	Labor
 
Purchased prepolymer  6 men @ $2/hr, 1 shift, 250 dy/yr, 1 spvr. @ $7,000/yr.

Manufactured prepolymer - 7 men.
 

http:18j/bd.ft



