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INTRODUCTION:

_ This study was initiated at the request of Research
Management (Ref, ~1) to help determine the best method by which
the Du Pont Company could optimize its earnings from.the use of
fluorinated polymexrs in finishes. More specifically, answers
were sought relative to (1) what route should be adopted for
commercialization of fluoropolymer finishes, (2) which depart-
ment should install commercial fluoxopolymer facilities, (3)
what prices are needed for the fluoropolymer finishes to earn
an adequate return on a rolled-up Company basis.

Five departments are actively engaged in activities
concerned directly or indirectly with the development of fluoro-
polymer finishes:

1. The Fabriecs and Finishes Department 1is seeking new
paint products of superior durability based in fluoropolymers,

2. The Organic Chemicals Department is trying to promote
use of its fluoromonomers and is developing solvent~soluble
VF,/TFE* copolymers which may be suitable for long-life finishes.

3. The Film Department is marketing its Tedlar® polyvinyl
fluoride £ilm in direct competition with liquid finishes. Also
their extensive PVF manufacturing facilities may be suitable for
the production of other fluoropolymers.

4, The Electrochemicals Department is trying to develop
polymeric binders based on fluoropolymers for direct sales to
the paint industry,

5. The Central Research Department is synthesizing a var-
iety of new fluoropolymers of potential use in finishes,

In addition, the Plastics Department with its basic
position in tetrafluoroethylene and hexafluoropropylene is
developing new outlets for its fluorocarboms by synthesizing
fluorinated epoxides and ethers usable as comonomers. The
Elastomers Department also has an interest in elastomeric fluoro-
polymers for its products ' :

A e A S T B e wh S B A S e

*See Appendix D for definition of abbreviations,
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SUMMARY AND CONCLUSIONS:
Research Status:

The assignment of an.estimated.38 men to fluoropolymer
research projects (F&F, Orchem, Plastics, Elchem, Central Research,
and Elastomers -- exclusive of work on "Tedlar” and Teflon®)is
indicative of the wide interest in this area throughout the Com-
pany. At an average expenditure of $4,000 per man month, an
estimated $1.8 MM per year is being spent currently to support
fluoropolymer research, About two thirds of this work is of
interest, directly or indirectly, to the F&F Department, The
Orgahic Chemicals Department which is doing major scouting and
process research on solvent-soluble fluoropolymers of interest
to F&F had spent an esti 'd $1.0 MM. by the end of 1963, and is
currently spending at the gate of §$55,000 per month.

The F&F Department has four men assigned to fluoropoly-
mer research, including the writer, and one man on loan to the
Organic Chemicals . Department, Work is proceeding in areas of
polymer synthesis, polymer evaluation, the development of form-
able fluoropolymer finishes, and this venture analysis. It is
estimated that F&F fluoropolymer research expenditures have
totaled $190,000 at the end of 1963, and will continue at the
rate of about $18,000 per month,

Approximately 40 fluoropolymers based on VF, VFZ’ or
TFE have been examined in F&F as potential vehicles for finishes,
Of these the following compositions hold the greatest promise:

VFZITFE with adhesion promoting and plasticizing monomers
TFE/isobutylene with adhesion promoting monomers
TFE/ethyl vinyl ether/vinyl glycidyl ether
VF/hexafluorocacetone

TFE/perfluorovinyl ether

VF/vinyl chloride
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-3

But, to date, only one new polymer family with obvious
adaptability to finishes has been uncovered by F&F screening.
These are solvent-soluble VF,/TFE/BCEVP - 80/20/1 polymers, made
by Orchem and formulated by F&F into a post-formable stripcoating
finish. They have exhibited superior outdoor durability (color
and gloss retention based on accelerated weathering) in combin-
ation with outstanding formability, These finishes have been
successfully applied on aluminum in field tests on commercilal
coating equipment.

The potential market for VFZ/TFE/BCEVP polymers is cure
rently restricted to factory~-applied finishes where the substrate
can tolerate the relatively high baking temperatures required to
form a satisfactory film, Fluoropolymer systems suitable for
air-drying finishes (by solvent evaporation) have not been found
so far. The screening of fluoropolymer samples for finishes is
continuing, and work is also in progress on stripcoating finishes
based on polyvinyl and polyvinylidene fluoride,

ible Finish Cost

r and For

Detailed cost estimates were made for the VF,/TFE/BCEVP
polymer (solution process) and a white stripcoating f£finish made
from it, The results obtained are summarized on the next page:
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Resin Production (1bs./yr.) 140 M 1MM 3 MM 5 MM
Percent of Resin Plant Capacity Semi«Works 20 60 100
Finish Production (gal./yr.)* 30M 220 M 650 M 1100 M
Resin Costs: |
Company Mill Cost ($/1b,) 6.51 1,67 1,07 0.90
Cost Plus 20% Return ($/1b.) -—- 4,36 2.16 1.66
Finish Costs: ’
Company Replacement Cost 19.69 8,04 6.56 6.14
($/g2l.)
Cost Plus 20% Return ($/gal.) --= 18,46 12,30 10.9%
Finish Costs to User Based on |
Sales Price, 1 mil Film Thickness ~me . 6,0 4.0 3.5

and 310 £t2/gal/mil Coverage (¢/£t2)

*Assumes one half of the resin production is used in finish,

Major factors affecting the finish cost are the fluoro-
polymer solvent (butyrolactone at 35¢/1lb.) and the relatively low
per gallon coverage (310 ft.zlgallon/mil). The use of a 20¢/1b.
solvent could reduce finish cost to the user to 3.0¢/£t.2 and a
similar reduction could be achieved if coverage were increased by
one third., A suitable VFZ/TFE/BCEVP polymer made by an aqueous
process could lower the resin cost plus return to $1.46 per pound
at commercial plant capacity, but the ultimate reduction of fine
ish cost to the user would be quite small,

Organosol finishes based on polyvinyl or polyvinylidene
fluoride would be substantially cheaper than those based on
"VFZITFE/BCEV?-ponmer because of lower raw.material costs and
potentially higher solids levels. However, PVF and PVF, lack
versatility because of their relative insolubility in ordinary
solvents, |

Markets:

The opportunity for a post-formable fluoropolymer
stripcoating finish has been substantiated in a market survey.

The price to market opportunity relationship was explored for a
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finish having two to three times the currently best available
outdoor durability (color and gloss retention):

Total Market Opportunity* (Ref.-2)

At 2¢/ft, 2 At Goffr Zax
Year §/year gallons/year $/vear gallons/yr,
1963 6.2 MM 1.00 MM 7.9 M4 0.64 MM
1968 9.9 MM 1,60 MM 12.5 MM 1.01 MM

If we assume that our sales would capture 25% of the above oppor-
tunity, then the fluoropolymer stripcoating finish, by itself,
would not be adequate to justify construction of a commercial
fluoropolymer plant, '

There are indications that a substantial market for
fluoropolymer maintenance finishes could develop for use in
bridges and in the severely corrosive areas of some chemical
plants and petroleum refineries, provided the product (1) will
dry in a reasonable time without baking, (2) has outstanding re-
sistance to chemical attack, (3) will protect the substrate
against corrosion, and (4) is equivalent in application proper-
ties to existing maintenance finishes,

Patent Status:

Although Du Pont currently has a proprietary position
in fluorinated polymers and copolymers of interest in this re-
port, the pertinent patents will expire within the next two and
a half years, Pennsalt has been licensed to make, use and sell
polyvinylidene fluoride homopolymers, while Minnesota Mining is
permitted to produce copolymers of trichlorofluoroethylene and
vinylidene fluoride. There are no significant basic patents

*The total market opportunity is defined as the portion of the
market which the product could penetrate, taking into account
properties and cost. The data assume absence of competitive
fluoropolymer finish products,

**Finish cost to the user,
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relating to fluoropolymer assigned to competition, although some
specific ones exist,

The Organic Chemicals Department is seeking coverage for
its VFZITFE polymers containing an adhesion promoting *"hook,"

Competitive Materials and Application Technigues:

"Tedlar® PVF film is the only known commercial material
with weathering properties similar to the experimental formable
fluoropolymer finishes, The anticipated cost to the user (film
plus adhesive) of the currently available film thicknesses (1.7
and 2,0 mils) is between 5.7¢ and 7.0¢ per square foot compared
to 3.3¢ per square foot for the formable f£inish at a large scale
of resin production. A 1 mil thick "Tedlar" film under develop=-
ment, could be priced competitively with the liquid finish,

"Kynar" polyvinylidene fluoride suspensions and solutions
are being sold by Pemnsalt Co., and have appeared only in experi-
mental finishes so far, Limited tests indicate that if properly
formulated in low or medium gloss stripcoating finishes, poly-
vinylidene fluoride organosols.approach our best solution fluoro-
polymer finishes in properties, while being potentially lower in
cost, Experimental fluoropolymer finishes made by the Thiokol
Corp. and Wisconsin Protective Coating Corp. have also been re-
ported.,

1f VF,/TFE copolymers lend themselves to thin film ex-
trusion coating, then they could be used competitively with
fluoropolymer finish stripcoating processes., Higher operating
speeds, and the absence of a solvent may make extrusion coating
economically advantageous to the user,

In view of the Company's expiring patent advantage,
and with increasing competitive know-how in fluoropolymer chem-
istry, there is reason to believe that Du Pont could not long
maintain an exclusive position in the fluoropolymer finishes
market.
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DISCUSSION:
A, BACKGROUND
I. '

One of the main reasons for carrying out this ven-
ture analysis is to determine how the company can most profitably
exploit the excellent properties fluoropolymers. The following
outstanding favorable attributes have been uncovered in the
limited fluoropolymer finish research carried out so far:

1. Outdoor durability - Preliminary indications
are that finishes based on VF,/TFE/BCEVP polymer are
superior in color and gloss rgtention to any system known,
They seem to be in the same Eeneral durability area as
"Tedlar® film, which means they are at least two to three
times as duraﬁle as currently available finishes. They
are also superior in cracking, resistance to chalking and
dixt pick-up,

2. Post formability - Fluoropolymer finishes are
superior in post-formability to the best finishes known,

3. Pressure mottling - Excellent,

On the other hand, there are also some unfavorable
aspects;

1. Generally poor solubility of fluoropolymers in
common volatile solvents - This has prevented the develop-
ment of "air-drying (by solvent evaporation) finish systems,
However, the VF,/TFE polymers are more soluble in higher
boiling butyrolfictone which makes them a satisfactory con-
stituent of baked stripcoating finishes,

2, High cost « Fluoropolymers are high in cost
because of high cost raw materials and processes.

3. Softness and abrasion resistance - Finishes pre-
gared so far are inferior in this property. Changes in
ormulation may overcome this,

4, Water pérmeability - Fluoropolymers are quite
moisture permeable, which places their corrosion protec-
tion in doubt over substrates such as steel, This problem
can probably be solved by the use of a suitable primer or
substrate treatment, .
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. The following properties of fluoropolymer finishes
are acceptable but not outstanding:

1. Solvent resistance - The finish is attacked some-
what by ketones, but not affected by hydrocarbons.

‘ 2. Thermal stability - Discoloration on baking can
be avoided by the addition of the proper stabilizing agents.

3. Stripcoating application properties.
4, Impact resistance,

A major unknown factor in fluoropolymer finishes is
resistance to chemical attack., Since fluoropolymers generally
excel in this property, there is a good passibilit{ it will be
transmitted to the finish, However, the more soluble polymers
needed for alr-drying finishes may no longer be as resistant to
chemical degradation.

I1. PREPARATION OF'VFZIIFE/BCEVP COPOLYMER

_ : The polymer of current major interest 80/20/1/ -
VF,/TFE/BCEVP is being prepared on a semi-works scale at the
Jatkson Laboratory (Orchem), The more advanced of the two pro-
cesses under investigation employs homogeneous polymerization
using tetrafluoropropyl acetate as solvent in continuous reactor
;ﬁerating at 90°C and 800 psi, Lauroyl peroxide is the catalyst, -
The product obtained as a 15% solids solution, ptecipitates out

on cooling, is centrifuged to remove the solwvent, washed with
methanol and subsequently dried in an oven, S

The potentially less expensive aqueous process is
still in the explbratorg-stage of production, The reaction is
carried out at 70 to 90°C at 800 psi and the product emulsion
which is 10 to 20% solids is then coagulated with an electrolyte,
centrifuged, washed and dried, The initiator system for the
aqueous process has not been selected at this writing,

Some of the research and cost aspects of these two
polymer processes will be discussed later in this report,

B. RESEARCH STATUS
I. E.& F DEPARTMENT FLUOROPOLYMER RESEARCH ACTIVITIES
At present the F & F Department has five full time
men assigned to research on fluoropolymer finishes and associated

activities, 1In addition, one man spends a small portion of his
time in this area., The work may be broken down as follows:
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Polymer research « one man
Polymer evaluation - one man
Formable fluoropolymer finish development - one man

Fluoropolymer process research -~ one man on
loan to the Organic Chemicals Department

Fluoropolymer clears for wood - less than one quarter
of a man

Venture Analysis -~ one man

a, FPolymerization of Fluoroolefins

This work being carried out at the Experimental Station
has been primarily concerned, until recently, with the development
of téchniques of aqueous polymerization of 80/20 VF,/TFE copoly~
mers, using a potassium persulfate/sodium metabisulfite redox
system. The program, which has paralleled similar research at
Orchem, has proven that VF. /TFE copolymers can be produced in an
aqueous ggstem'using 400 fnl, shaker tubes or a two gallon auto-~
clave, The resulting polymer, which was solvent soluble, remained
stable in solution at room temperature.. Some difficulty was en-
countered with excessive molecular weight spread, and attempts to
introduce the adhesion promoting termonomer were not successful
prior to completion of this phase of the pro%ram. (However, work on
this problem is continuing in Orchem research). Attempts to pre-
pare acceptableVF,/isobutylene, VF/VCl, and VFZ/VCI copolymers in
water also have nbt been successful so far,

Emphasis of this research has now been shifted toward -
the preparation of fluoropolymers for lower cost vehicle candidates,
and having generally better property/cost balances than those hav-
ing been studied in the past.

b, Fluoropolymer Screening and Preliminary Evaluation
in EndeUses ' ,

Cooperative programs for fluoropolymer screening and
evaluation are under way between F & F, Orchem and CRD, Promising
polymer candidates are being characterized, and tested in end-uses
suggested by their properties, Out of 40 fluoropolymers examined,
the group below has properties suitable for baking products:

1. VFZ/TFE/hook

2. TFE/isobutylene/5 methylene norbornene
3. VF/HFA ‘
4, VF/VClL
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The followin §polymers are considered potentially at-
tractive in air-drying* finishes:

1. VF,/TFE plus small amounts of other monomers

2. TFE/isobuéylene plus small amounts of other

monomers
3. VF/HFA
4, VF/vCl

5. TFE/ethyl vinyl ether/vinyl glycidyl ether

The major emphasis will be on the development of the
necessary data required to allow early selection of one or two
polymers for extensive product development.

¢, Formable Finishes for Exterior Use Based on
Fluoropolymers _ —

The primary goal of the fluoropolymer stripcoating
program has been to develop a formagble finish having the excellent
propérties attributable to fluorinated polymers and at the same
time, a cost acceptable to the coating industry, The desired
product propertlies are: 100% gloss retention for 5 years, 50% gloss
retention after eight years exposure, no film failure and good ad-
hesion for 20 years. '

A two-pronged approach to formable finishes has been
taken, The first has consisted of using the solvent-soluble
80/20/1-VF, /TFE/BCEVP polymer available from Orchem. This polymer
was chosen“because of its excellent weathering characteristics
and the relative ease with which it could be processed into a fin-
ish., The second approach is the development of an organosol strip-
coating finish based on polyvinyl fluoride, or polyvinylidene
fluoride. These relatively insoluble polymers, though more diffi-
cult to process into a finish, have potentially much lower cost
than the VF,/TFE based polymers and probably similar attractive
weathering properties. Current research on fluoropolymer strip-
coating finishes is emphasizing formulations with PVF and PVF
sincedwork with VF2/TFE finishes is considered essentially coffi-
pleted. -

An apg:rently acceptable finish based on VF,/TFE/BCEVP
polgmer (made by the solution process) has been.deveIOpea by
Heiberger (Ref -24)., It has been formulated in a full range of
glosses, and a wide variety of colors, The resulting enamel has
good application, appearance and initial film properties, and has

*for most polymer candidates, "alr-drying® refers to drying by
solvent evaporation,
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been successfully tested twice on commercial stripcoating lines
using alumiyum substrates, It also has an outstanding balance of
formablility, pressure mottling resistance and thermal stability.
Durability is excellent, based on a¢celerated weathering (3000
hours in AWC-II to surface chalking, but no film failure), These
finishes can be applied with conventional stripcoating equipment
using normal application speeds and baking temperatures.

Primary concern relative to VF,/TFE/hook finishes is
high covetrage costs., The current formulatifn is re}atively low
in solids, and hence has low coverage (only 310 ft,</gal,/mil).
Further, the finishes are formulated with a rather expensive sol-
vent, butzolactone, whose cost is a significant portion of finish
cost as the polymer becomes less éxpensive,* Therefore, reformu-
lation of the finish is indicated, with different solvents and,if
possible higher solids, Some technical problems also still exist
with water spotting and poor salt spray resistance on %alvanized
steel (VF,/TFE copolymers are relatively water perméable)., The
latter pr&blem may be corrected by using a low cost, low permea-
bility primer prior to the fluorinated topcoat, which in turn may
lower finish costs if thinner films can be used,

~ The work on polyvinyl fluoride-based stripcoating
finishes is still in its initial stages., Using lowet molecular
weight versions of "Tedlar® grade polyvinyl fluoride, finishes
were formulated in medium and low %éosses and a variety of colors,
The polymer was prepared into a film-forming organosol by ball
milling. The resulting films have excellent mechanical properties.
However, ma{or difficulties were encountered in laboratory strip-
coating application because of poor flow and incomplete coalescing
of the film, A longer bake cycle also seems needed, which would
mean a slower line speed, Less difficulty with flow, bake and
coalescing problems was encountered in preliminary work with poly-
vinylidene fluoride~based finishes,

At the moment, the finishes based on VF,/TFE/hook seem
to have a better chance of technical success because“of the greater -
inherent versatility of the solvent-soluble polymer, However, if
the polyvinyl fluoride or pélyvinylidené fluoride finish approach
the flow and bake ptoperties, durability, and appearance of the S
VF,/TFE/hook finish, then it is guite possible that their lower

co%t may outweigh any remaining disadvantages.,

d.

The goal of this brief program was to develogigifinish

for factory application on wood siding materials. A dura ty of
possibly 10 years to refinishing was sought on normal unstabilized

LY P X P 2 X T ¥ 2 ¥ ¥ 4

*Details of finish costs are discussed in section C of this
report, ‘
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siding substrates. The initial formulations tested were essen-
tially free of chalking, but failed by_cracking after 1500 hours
of accelerated weathering. This work has now been discontinued,
because chances of technical success are considered quite poor.

e. Exterior Clear Finishes for Wood

‘ The goal of this program, a small part of which has
been devoted to fluorine copolymer finishes, is to develop an ex-
terior clear finish as durable as house paint and which will re-
quire a minimum of surface preparation prior to refinishing, The
work is being directed toward factory applied finishes, as well
as air-drying finishes suitable for trade sales.

_ Unavallability of suitable fluoropolymers has some-’
what limited research on long durability baking clears for wood,
and the air-drying polymers tested (VF,/TFE/VBU/BCEVP) have shown
loss of adhesion due to moisture penet%atign at scored areas of
panels after only 3 months of Florida exposure, However, film
integrity has remained excellent on accelerated weathering exposure,
indicating the need for further research on the adhesion problem.

Recently, the addition of non-light scattering ex-
tenders to clear finishes (none containing fluoropolymers, so far)
has provided an excellent lead toward erosion deterioration of the
film, This would minimize the surface preparation needed prior
to recoating.

The future direction of the wood clears program has
not been decided at this writing. The question of whether to
emphasize more conventional clears which fail by erosion, or
whether to develop long durability clears is being considered.

f. Polymer Procesg Development Work

This work being carried out by R. G, Lindsey at the
Jackson Laboratory is integrated into the Organic Chemicals De=-
partment program., It is discussed under the activities of depart-
ments outside of F & F, :

g. Venture Analysis

This report is a summary of the venture analysis being
carried out by the writer,

h., Summary of F & F Activities

At this writing, F & F fluoropolymer research emphasis
is concentrated in two areas ~ synthesis, screening and develop=-
ment of new polymers for finishes, and the development of an oute
door formable finish of long duraéility using available fluorine
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polymers., Research on other types of fluoropolymer finishes has
so far been only an incidental part of other programs, F & F re-
search expenditures in the general fluoropolymer finish area are
summarized below: ‘

Synthesis and Evaluation of Fluoromonomer  $85,762
Polymers (P-1523, P, F. Sanders &
R. G. Lindsey)

Fluoroolefin Cogolymers (E-1504, 24,157

H. F. Reinhardt

Formable Finishes (P-1215, P, Heiberger and 60,000
about 6 mos. one-half time by J. C. Fang)

Durable Clears for Wood (P-1544, negligible
R. W, La Berge) .
Factory Appliéd Pigmented Finishes for 3,500
Wood* (P-1222, D, F, Strehlau, work now ‘ ’
suspended) , )
Venture Analysis (F. G. Klein) 13,500
Cumulative Total at the end of 1963 $1B6;91§
%

The current rate of research expenditure on fluoro-
polymer finishes in F & F is estimated to be $18,000 per month,

Five company departments, in addition to F & F, are
in one way or another, doing research on fluorinated monomers and
polymers of direct interest for use in finishes, The breakdown
of personnel and activities is summarized on the chart on the next
page:

A0 S0 NY GR A0 YR ED 4D WD OB 00 WP W W

*An estimate based on thf'

§Ortion of time expended on fluoropolymer
activities, :
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0 3 oF It
o8 HE £8
58 &5 $1
& W 85 =i
New Monomer & _
Polymer Research 1 3 8 1 12 1
Polymexr Process
Resgearch 1 4 1
Finishes
Research 2+ 2
Miscellaneous _
(Note «1) 1 1

Note-1 One F & F man on venture analysis. One Orchem man on
economic studies, )

Note~2 The F & F man on loan to Orchem listed under F & F dept.

Note-3 Personnel at Experimental Station only. Does not include
"Teflon® research; '

Some of these assignments relaté to F & F interests and work only

in a very limited way. Further, there are constant personnel re-

gssignments taking place so that this chart soon may be out of
ate, ‘

The work proceeding in departments other than F & F, 1is
summarized in the sections following:

a, Organic Chemicals Department

} , The Organic Chemicals Department (Orchem) has an ex-
tensive background in fluorine chemistry and has a proprietary
position in a numbet of fluoromonomers, In contrast to the
Plastics Degattment, which is doingetesearch on perfluorinated
polyimers only, Orchem feels that there is a future in fluoropoly=-

mers, which are not necessarily fully fluorinated,

’ Currently, major emphasis is being placed on the syn~
thesis, process development, and application of solvent soluble
polymers based on 20 parts tetrafluoroethylene and 80 parts of
vinylidene fluoride, with small ampunts of adhesion promoting
agents such as bis (g -chloroethyl) vinyl phosphonate. This class
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of polymers which is generally referred to as VF,/TFE/"hook,"
seems to show the greatest promise in finishes bgcause of good
solubility in reasonably common solvents and because of their exe-
cellent outdoor durability, However, finishes from this polymer
generally require baking to achieve a satisfactory film,

_ Two approaches to the synthesis of VF,/TEF/BCEVP poly-
mers are being extensively studied at Jackson Labofatory. The
first and older approach which involves polymerization in a sol-
vent system (tetrafluoropropyl acetate), is currently in operation
in the semi-works in a two gallon continuous reactor, Recent at-
tempts to scale up to a 37 gallon system have resulted in a raw
material conversion decrease from 37 to 207%, an unacceptably low
level., The major defect of the homogeneous polymerization approach
seems to be losses of the expensive solvent during polymer isola=-
tion., This contributes 10% additional raw material cost to the
polymer at a level of 97% solvent recovery.

The second approach to VF,/TFE polymerization employs
an aqueous heterogeneous system, Development in this area is less
advanced than the solvent system, Nevertheless, it has been pos-
sible to make a polymer containing a small améunt of the hook ma-
terial, Product reproducibility 1s a problem, with difficulties
being encountered with variations in molecular weight (microgels)
and solubility. "Heat stability and adhesion are also still unre-
liable, However, there is considerable optimism that production
of VF,/TFE polymers in aqueous systems will be practical. The
econofiics definitely favor the aqueous system because high conver-
sions of monomer are’ obtained (over 90% versus less than 40% for
the solvent process), which means miuch smaller polymerization and
monomer recycle equipment, Further, the absence of the solvent
lowers the resin raw material costs and eliminates the need for a
polymerization solvent plant,

Much of the fluoropolymexr research at the Jackson
Laboratory is directed specifically at finishes applications, The
VF,/TFE polymers are being modified with other monomexrs to achieve
sp%cific end properties rejuired in air-dtying (solvent evapora-
tion) maintenan¢e finishes, wood finishes, etc, Organosols con-
taining VF, VF% TFE and other constituents are being studied,
together with hookless® polymers made in aqueous systems, Orchém
is also expressing considerable interest in the potentials of melt
extrusion application of VF,/TFE/"hook" or TFE/isobutylene polymers
directly on metallic, celluiosic and fabric substrates, Work is
also in progress aimed at developing fluorinated coatings for the
paper industry, ’

New equipment currently is being designed for Semi-~
works production o VF%/TFE polymers by the aqueous process, and

for the production of TFE/isobutylene copolymers,
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’ A total of ten te¢hnical men, plus a man on loan from
F & F, are currently (December, 1963) assigned to VF,/TFE, and
other fluorinated polymer developments at the Jacksoa.Laboratory.
The break-down of these assignments follows:

Polymer scouting -« 3 men

Applications -~ 3 men (one man on cellulosics includ-
ing paper, and melt extrusion; one man on steel and aluminum; and
one man studying various aspects of economics),

Process -~ 5 men (one man on a studg»of the technical
aspects of the polymerization and chemical variables; one man on
solvent polymerization; one man on loan from F & F on aqueous
polymerization of VF.,/IFE/hook and TFE/isobutyléne; one man on

the engineering aspe%ts of polymerization, feed, recovery, and
recycle systems; one man on polymer characterization and correla-
tion of physical properties).

There is a possibility that as many as four more men
will be added in the near future (one on polymer applications, one
to augment the polymerization process studies, and two more for
process work in the plant). o

The Organic Chemical Department's cumulative research’
expenditures on fluorinated copolymers wére $500 M as of Jamuary 1,
1963, possibt{ 1.0 MM at the end of 1963, and the current rate of
spending is about $55 M per month.

b. Central Research Department

. _ Probably no more than three chemists in Central Re-
search (CRD) are involved in fluorinated copolymer 'work for appli-
cations of direct interest to the F & F department (out of a total
of eight chemists assigned to work in this general area),

The major goal of current fluoropolymer research in
CRD seems to be the development of novel polymers based on at least
50% tetrafluoroethylene, Work of direct interest to the F & F
department in fluoropolymer coatings deals primarily with copoly~ °
mers based on tetrafluoroethylene and isobutylene, These polymers,
which are soluble up to 20% in trichloroethylene or tetrahydro- °
furan, are generally similer to VF,/TFE in initial film properties,
but poorer in solubility and more aifficult to apply. However
TFE/isobutylene polymers seem to have séme advantage because of
lower water permeability, lower demsity, and lower cost., So far,
improved solubility has ﬁeen achieved only at the expense of other
desirable properties, There seems to be considerable’ interest at
CRD in using TFE/isobutylene polimers for high molecular weight
plastics, films, and, together with Orchem, for the melt extension
coating of metals and other materials,
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Other work being carried out at Central Research of
ﬁossible use to F'& F, deals with polymers of vinyl fluoride and
exaf%uoroacetone, which could be potentially suitable for baking
enamels.

c. Electrochemicals Department

The goal of the Electrochemicals Department (Elchem)
fluorine polymers research is to find new materials of outstanding
outdoor durability for binders and coatings, with the obvious goal
of sales to the coatings industry. At present, there are two
chemists at the Experimental Station concerned with this work.

One is evaluating polymers from Orchem and Elastomers Dept. for
coatings purposes., A second man is installigg.semi-works scale
polymerization equipment to prepare fluoro and other polymers,

In addition, there is one Elchem man on loan to the Plastics De-
partment to acquire curin% technology in connection with the de-
velopment of completely fluorinated polymers with adhesives poten-
tial, One chemist at CRD is also representing Elchem interests in
the field of copolymers with hexafluorcacetone.

So far Elchem's research in VF,/TFE polgyers seems to
have been quite limited. Preliminary findiﬁgs are that VF,/TFE
finishes are *very good® on aluminum, Work with pigmented”fin-
ishes on wood has not been encouraging, Limited work on high zinc
maintenance finishes with VF,/TFE binders showed considerable prom-
ise, but was discontinued<wh%n cheaper zinc-ethyl silicate system
was developed, It is expected that the major area of future Elchem
interest will be copolymers of vinyl acetate and TFE, and similar
materials where the Electrochemicals Department has a proprietary
interest in one of the monomers.

Two economic studies have been made in Elchem by
J. R, Harrison and F, J. deVries (Ref-3 & 4) to determine the op-
portunity existing for more expensive finishes in long life maine
tenance of structural steel. These studies were carried out using
modern discounted cash flow, calculation techniques., Although
there is some question about the basic assumptions wmade, it is
felt that the results obtained are of considerable interest to the
P & F Department.

In both studies, the premium finish was compared to
a "conventional®? finish system costing 5¢/ft.2 for materials. In
actual practice, an alkyd maintenance finish system of two coats
each of primer and metal protective topcoat costs about 3,3¢/ft.2
(Ref,-8) and even this is considered high for bridges. On the
other hand, a catalyzed epoxy finish system currently used for
severe chemical exposure costs about 6.2¢/ft.2 (Ref—S). Therefore,
the assumed "“conventional" finish system at 5¢/ft.< used by _
Harrison and deVries is high for ordinary maintenance uses and low
for comparison under severe corrosion conditions,
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2 In the first study (Ref-3), a premium finish costing
10¢/£t.“ (probably an optimistic assumption for a fluorinated
polymer maintenance finish), applied over sandblasted steel and
about 3 times as durable, was compared to the conventional f£inish
at S5¢/ft.2, applied over a brushed steel. The general conclusions
reached by Harrison and deVries, and summarized on Table I indicate
that the longer durability premium maintenance finish can be justi-
fied under almost all circumstances in "severe enviromment" chem-
ical plants, but not under average environment situations, A
premium finish can be more easily justified on highway bridges
because of lower interest rates required, and because there are
no taxes to pay on the savings obtained,

, In a more detailéd study (Ref~4) the same authors con-
firmed their initial findings, In addition they found that:

, 1. Any finish twice as durable as conventipnal.main-z
tenance finishes can bé sold for considerably more than the 10¢/ft]
assumed in reference 3, even if the curtent interest rate is cone
sidered to’'be 10%. For chemical plants, under severe environment
conditions, a finish having twice the durability of conventional’
finishes over blasted steel could be sold at 21¢ per Sqﬁare foot,
assuming a 5% discount rate, or 17¢ per square foot with a 10%
discount rate, provided the premium and conventional finish are
compared when applied over shop blasted steel., If the comparison
~ is made by assuming that néither finish requires sandblasting prior
to painting and thereafter, then the premium finish justification
improves, i
2, 1In chemical plants having an average environment,
it is much more difficult to justify premium maintenance finishes.
Nevertheless, a finish four times as durable as conventional omnes
could be sold at 17¢/ft.4 (10% discount rate), if it could be ap-
plied over unblasted metal, 1If the economic comparison is made
over blafted steel, it is barely justifiable at a 5% discount rate
(11¢/£t.<) and the justification is highly questionable at a 10%
rate,

3. In the case of major highway bridges, justifica-
tion of premium maintenance finishes is highly attractive inde-
pendent of surface treatment, even if the durability increase’is
only two-fold, In the case of a four-fold durability increase, the
paint could be sold for 4 times the cost of conventional finishes,
Similar justification exists for minor highway bridges.

The main reason for the easier justification of prem-

ium finishes on highway bridges is that a 5% discount rate can be
assumed and no taxes are paid on the savings.
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TABLE 1
SUMMARY OF ECONOMIC STUDY TO DETERMINE

JUSTIFICATION OF A 10¢/ LONG-LIFE VS,
A 5¢/FT4 CONVENTIONAL MAINTENANGE FINISH (REF-3)

Surface Preparation for Premium Finish

Justification Rating

' , Blasting
Sho Site After

No
Blasting Blasting Blasting Erection
Chemical Plant :

Severe Environment 1 1 1 3
Chemical Plant ,

Average Environment 1 4 4 4
Major Highway Bridges 1 2 3 4
Minor Highway Bridges 1 2 2 &

Definition of Justification Rating

1l - Easily justified at highest interest rate listed

2 -~ Can be justified at highest interest rate listed

3 « Questionable justification at either interest
rate listed ‘

4 - Canmot be justified

Comparigon made with the standard finish using no surface prepara-
tion and premium finish lasts three times as long if applied over
a blasted surface, twice as long if applied over an unblasted
surface,
Assumed life of structure -

Chemical plants -~ 15 years

Highway bridges - 50 years
Interest rate used -

8 & 15% for chemical plants ,

5% for major highway bridges (No taxes)

10% for minor highway bridges (No taxes)
Refinish cycle =~

Varied according to structure, type of finish, and surface
preparation (See Ref-3 for details)
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d. [Elastomers Department

The Elastomers Department has one chemist assigned
to copolymerization of vinylidene fluoride and tetrafluoroethylene
with perflioromethylvinyl ether. This work is mostly aimed at
elastomers, but may result in some polymers of interest to the
F & F Department,

e. Plastics Department

_ Work in this department is primarily aimed at ex~
tending tetrafluoroethylene technology, and the development of
plasties having perfluorinated structures, Of greatest interest
to the F & F Department are copolymers of TFE with NAVE*, the later
constituent contributing to make the first known water soluble#*
fluoropolymer which would make a self-supporting film, This film
has been found to have water repellent properties upon drying, and
could possibly be used in water soluble paints, The Plastics De-
partment is working on a large variety of other fluorinated poly=-
mers which do not seem to have any immediately obvious applications
to the F & F Department, It is not possible to determine personnel
allocation directly associated with work of interest to F & F.
There are currently twelve chemists working on fluoroolefin copoly-
mers and intermediates at the Experimental Station.

C. COST CALCULATIONS

To permit a detailed analysis of the factors entering
into the cost of the VF,/TFE/BCEVP solution polymer and the re-
sulting fluoropolymer s%ripcOating finish, all economic calcula-
tions were made on a "Company cost plus return" basis. That is,
cost and investment summations were kept separate throughout,
starting from raw material information and ending with the finish,

, It must be recognized that all the cost'data used and

discussed in this report are strictly preliminary, and have not

been cleared throgﬁh the Control Divisions of the various depart-
e

ments involved. sources of cost information used are listed
in Appendix A,

L L2 2 1T T % ¥ ¥ ¥ ¥ 3

: CFZ
. '
*NAVE is CF2=CF—O-CF2-CF-O-CF2-CFZ-SO3N3

**It is not known whether true solubility exists, more likely a
very fine dispersion,
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I. COST OF VFz/TFE/BCEVP COPOLYMER

An Orchem *'research guidance" cost estimate for the
manufacture of 80/20/1 VF,/TFE/BCEVP copolymer using tetrafluoro-
propyl acetate as polymergzation solvent has formed the basis for
all polymer cost calculations in this réport (Ref-5). Because of
the preliminary nature of this'estimate, projected ¢ost and return
data for VF, and TFE were used, and some technology, which has not
been fully 8Beveloped, had to be assuméd, Naturally, deviations
from the projected raw material costs, and failure to meet teche
nological assumptions could significantly affect resin cost, The
results obtained are summarized on Table 1I,

Two different plant sizes were assumed for this
estimate: :

' 1. Up to 140 M pounds of resin per year an existing
pilot péant would be put into operation with little new investment
required, '

2. For larger scales of production a plant having
a capacity of 5 MM pounds of polymer will have to be built, to-
gether with necessary facilities to produce the tetrafluoropropyl
acetate solvent and additional vinylidene fluoride,

The assumption of these two plants? sizes leaves a
gap in the cost estimate between the 140 M and about 1 MM pound
annual production scales, where the pilot plant would be too small,
and the full scale plant probably too large for economical produc-
tion, Since this capac¢ity gap may occur during an important prod-
uct development period, which may last for some time, additional
interim production facllities may have to be considered.

An examination of the cost and return data sunmar-
ized on Table 1I, reveals a number of important factors:

: 1, At a production level of 1 MM pounds of resin

er year, both the VF, plant and the resin plant are assumed to

be operating at a small fraction of their ultimate capacity. There-
fore, an-unusuallﬁ large per pound raw material and resin invest-
ment is carried through the calculations, The resulting resin
_transfer price is over two and a half times the resin replacement
cost, because of the very high operative earnings required to

achieve a 207 return on investment, At 5 MM pounds of annual resin’
production, the investment burden is reduced and the transfer price,
as a consequence is much lower., '
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The relationship of cost and return on investment
to transfer price is illustrated graphically on Figure l. It is
obvious that the rate of VF, utilization for other end-uses sharply
affects the resin cost plus®“return picture, For the purpose of
these calculations it was assumed that half the VF, produced would
be used in VFZ/TFE resin manufacture.

2. The polymerization solvent, tetrafluoropropyl
acetate (C,fluoroacetate) is another important factor affecting

VF. /TFE/BCQVP resin cost., The pie charts of Figure 2 indicate it
cofitributes between 10.1 and 11,1% to the resin replacement cost,
even though 97% recovery of the solvent is assumed’ (which has not
been demonstrated in the laboratory). In addition, the solvent
contributes $300 M out of $1,800 M of new plant investment required
for resin manufacture,

The development of an aqueous polymerization process
under investigation at Orchem, would eliminate the use of the sol-
vent, thus reducing the replacement cost of the resin’'by about 12¢
per pound (5 MM pound production level)., In addition, the lower
investment required would reduce the increment needed for a 20%
return, giving by 8¢ per pound, giving an estimated cost plus return
of about $1.46 per pound of resin by the aqueous process, at the
5 MM pound annual Rroduction level, This would being the VF,/TFE/
BCEVP resin inté the range of $1,50 per pound anticipated forZ'PV,F
ﬁoizmer (Ref-6), although the former retains a disadvantage by
having much higﬁer specific gravity (1.75 vs. 1.37).

_ ‘ 3. TFE, having a generally higher cost plus return
than that anticipated for VF , also tends to raisé the price of the
resin, Therefore, with captlive production of VF,, a resin like
Pennsalt's "Kynar' would be cheaper than the VF,7TFE/BCEVP resin,

The effect of resin cost variables on the finish
cost will be discussed separately in section C-I1I1I-a of this report.

I1, FORMABLE FINISH COSTS

, ~ The costs of stripcoating finishes made with 80/20/1
VF,/TFE/BCEVP solution process polymer were based on a formula de-
ve&oped by P._Heiber%er in the middle of October, 1963 (See Ap=~
pendix A), The results listed on Table III used the polymer cost
data of Table II and were calculated according to procedures speci-
fied by R. S. Wright, Various finish cost and investment factors
which were suggested by R, S. Wright and G, H. Sutton are explained
and summarized in Appendix A, ' ‘ .
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FIGURE 2
BREAKDOWN OF VF2/ TFE/ BCEVP RESIN COST

(COMPANY COST BASIS)
1 MM lbs. anmual resin production 5 MM 1lbs,

annual resin production

*:;;:\‘\é
Exclusiv

22.2%  \

Cost >
Exclusive,
22.2%

“_'rch;
| " Misc;3'3A
l‘ ﬁ’ 61%
3.9% ;C fluoroacetate
cetate 3 '11.1%
10.1%

Company replacement cost of resin

$1.67/1b, $0,90/1b,

Estimated transfer price of resin
(Company c¢cost plus incremenc for 20% net return)

$4.35/1b. $1.66/1b.,
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TABLE III |
VF,/TFE/BCEVP FORMABLE FINISH COSTS
'g§§§—yggkg£ .'vll. '~—g”ﬂ .——§ _ L 4-
Assumptions :
Annual finish production ( als; 30 M 220 M, 650 M 1100 M
Annual polymer production (1lbs 140 M 1M ImM 5 MM
Capacity of polymer plant
(1bs/yx) 140M 5MM 5 MM 5 MM
Polymer company replacement }
cost (8/1b) 6.50 1.67 1.07 0.90
Rolled-up polymer investment
$/1b) hasdadhd .5.88 2036 1.66
. nish 14,60  3.84 2,46 2,07
Total raw material cost ($/gal) 18.75 7.14, 5,76 5,37 f
Company replacement mill cost , ;4 PR ;&L
(g/gal) 19.69 8.04 6.56 6.14 7 .
Selling & adm, ex ense ($/gal) - 0.30 0.80 0.80
Packaging & freig g galg - 0.17 0.17 0.17
Cost of sales /gal | - 2.01 7.52 7.11

Operative Earnings on resin raw

matl, & resin investment ($/gal) — 6.18 2.48 1.25
Operative Earnings on finish

investment ($/gal) ——— 3.27 2.30 2.08
Total Operative Earnings on finish ‘
for 20% net return ($/gal) wew 9.45 4,78 3.83

Finish sales price =~ cost plus '
20% return on investment ($/ga1) -sw 18,46 12.30 10.94

at 310 £t /gal at 1 mil thick (¢/ft o= 6.0 4,0 3.5

Notes:
1. Preliminary finish formula supplied by P. Heiberger (Appendix B)
2. Polymer costs based on Orchem estimate (Ref 5)

- 3. Sources and basis for cost and investment factors, see
Appendix A)

*Assumed half of resin plant production used for finish.
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It will be noted that no specific levels of finish
production were associated with the cost figures of Table III be-
cause maximum batch sizes could be used throughout, Selling ex-
pense and permanent investment per gallon of finish were assumed
to be constant, independent of scale of finish production (See
Appendix B). Therefore, in essence the table is a compilation of
finish cost plus return as it is affected by VF,/TFE/BCEVP resin
cost, Figure 3 illustrates the same 1nformatio§ graphically,

Summarizing the results of Table III, it can be
said that: '

1. The fluoropolymer stripcoating finish Company
replacement cost ranges from $6.14 to $8,04 per gallon, depending
on scale of resin production,

. 2. Takin% a full 20% net return on all investment
involveéd, the finish could be sold between $10,94 and $18.46 per
gallon, depending on scale of resin production,

3., The minimum finish coverage cost achievable
using VF,/TFE/BCEVP produced at a rate of 5 MM pounds per year
(materials only, no application cost) and taking a full 207 return
throughout is about 3.5¢/ft,2 at 1 mil,

The major factors entering into formable finish
cost will be discussed in the following sections of this report.

III. VARIABLES AFFECTING FLUOROPOLYMER FORMABLE FINISH COSTS

a. Resin and Solvaht_B:ice

The finish ingredient replacement cost has been
broken down at two levels of resin production, The charts of
Figure 4 indicate that the solvent and the resin contribute the
major portion of finish ingredient costs. At a level of 1 MM pounds
of annual resin production, the resin contributes about 53% to in-
gredient cost and the solvent (butyrolactone) 38.1%. At the 5 MM
pound resin production level, the roles are reversed with the sol-
vent contributing about 517 and the resin 38%.

' ‘Butyrolactone was chosen as the sole solvent because
it contributes a unique combination of properties needed for the
fluoropolymer stripcoating finish:

1. A high boiling point for blister~free baking.
2, Acceptable flow properties for film uniformity.

- 3. High enough resin solubility to achieve a
practical finish solids level, ‘

4, Relatively low toxicity.
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~ FIGURE 4
BREAKDOWN OF VFp/TFE/BCEVP FORMABLE FINISH INGREDIENT COST
(COMFANY REPLACEMENT COST BASIS) |

Reference Case 2, Table III Reference Case &, Table III
Resin Production 1 MM lbs./yr. Resin Production 5 MM 1bs./yr.
Finish Production 220 M gal./yr. Finish Production 1. 1MM gal./yx.

W=-123 Pigment 7.7%

G-_-393 Resin
. 1.3%

VF, /TFE

BCEVP
Resin
37.6%

l

G=-393 Res
1.7% -

W-123 Pigment
10.175

Finish Ingredient Replacement Finish Ingredient Replacement Cost

Cost - $7.14/gal. : $5.37/gal.
Estimated Finish Sales Price¥ Estimated Finish Sales FPrice¥
$18.46/gal. $10.94/gal.

*Cost plus 20% return for ingredients and finish,
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It has a projected price of 35¢/lb. as urchased in
tank cars from General Aniline and Film Corp. (Ref-21) and its
high specific gravity of 1,13 further enhances its high cost,

There are two pdssible approaches to lower solvent
cost: a cheaper solvent system, or Solvent recovery the strip-
coater, For purposes of comgarison, it was assumed that the
formable fluoropolymer finish could be made with a solvent costing
20¢ per pound, This could be achieved by either finding a new
solvent system for the finish, or by the stripcoater recovering’
85% of the solvent and selling it back to Du Font at half price,
or 17.5¢ per pound. The data on Table IV illustrates the substan-
tial savings which could be achieved with the lower solvent cost.

A graphical comparison of the relative importance
of independent changes of resin and solvent cost on finish replace-
ment cost (Figure 5§ shows that the solvent is by far the more
critical of the two, Even if thé resin cost were to carry a full
20% return on investment with it, which it does not in Figure 5,
the effect of any price change would still be less than a similar
change for the solvent.

b.  Finish Solids

The cost to the user of any finish is best expressed
by the surface area coverage that he gets out of it, The formable
finish formula used in the computations for this report (See Ap~
pendix B) contains 19.5 volume percent solids and has a coverage
of only 310 ft.2/gallon at one mil of film thickness. Hence, it
has a relatively high ' cost to the user, not only because of its
expensive ingredients, but also because of its relatively low
coverage.

~ There are two possible approaches to a lower cost
VF, /TFE/BCEVP finish to the user: reformulation, and the applica-
tifn of thinner films, The chances of successful réformulation to
higher solids are not known, at this time. However, Table IV il-
lustrates the effect on finish and coverage cost, i# 415 ft.2/gal./
mil could be achieved by raising the paint solids while lowering
the solvent content, For purposes of illustration, the compo-
sition of the solids was not chan%Fd‘ only their ratio to the sol- -
vent altered. The use of this hypo hetical expedient to increase the
coverage one-third, reduces finish cost per unit area b{ 16%. If
such an approach could be put into practice, substantial savings
would result. Bg combing a 20¢/pound solvent with a 415 ft.~/gal./
mil coverage, a 23% saving compared to the current stripcoating
%ig%thgprmu_ could be obtained, This is also illustrated on
fable IV, '

DUP030001607




-31-
TABLE 1V
COST EFFECT OF CHEAPER SOLVENT AND
_HIGHER COVERAGE
Basis: 5 MM lbs./yr., resin production

Sales Price of Coverage ost

Fluoropolymer
Finish (8/gal) __ Af" fe. 2

~ Current formula finish: 2
35¢/1b. solvent & 310 ft /gal/mil ‘
coverage $10.94 3.5

Current formula finish with
20¢/1b, solvent & 310 £t2/gal/mil

coverage _ 9.41 3.0
One third higher coverage Einish

35¢/1b, solvent & 415 ft+</gal/mil ‘

coverage 12,38 3.0

Combination 415 ftzlgallmil coverage
and 20¢/1b. solvent 11,07 2,7

Use of thinner topcoat film using
tandem cgat of 1/2 mil primer
(0.7¢/£t=/mil) and 1/2 mil fluoro-
polymer finish 10.94 2.1
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FIGURE 5

 EFFECT OF INDEPENDENT CHANGES OF |

INGREDIENT COST ON FINISH COST

(BASIS: CASE &4, TABLE III)
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. At present, the use of thinmer films of fluoropoly=-
mer finish also seem a possible approach to lower coverage cost,
The use of a thin coat of primer would aid in retaining the hiding
power of the finish system, while possibly reducing the moisture
permeability associated with the VF,/TFE polymers. For instance,
if the fluorinated topcoat were redficed from 1 mil to 1/2 mil thick,
in conjunction with the use of a 1/2 wil thick coat of primer, ,
t?gn a cost savings of 407 could result, Table IV illustrates this
art: eCt.

" Although such a scheme has not been experimentally
proven so far, any commercial tandem strigeoating line should be
able to apply the two thin coats of finish, without marked increase
in application cost over a single coat.

IV. COST OF OTHER FLUOROPOLYMERS

' _ ' Detailed cost calculations for polymers other than
VF, /TFE/BCEVP (solution process) were beyond the scope of this
wofk. However, for purposes of comparison the estimated raw ma-
%e{ial costs of various fluoropolymers of interest are listed
below:

Company Cost Transfer Price

__Basis
$/1b. resin
Polyvinyl fluoride - 0.34
Polyvinylidene fluoride 0.42
VF, /TFE/BCEVP aqueous process 0.52
VFZITFE/BCEVP solvent process 0,61

o The above raw material costs are approximations
based on 100% resin yield and sources listed in Appendix A,

It can be seen from the data, that among the fluoro-
polymers of interest here, polyvinyl fluoride holds a substantial
cost advantage. This advantage is further accentuated on an area
coverage basis when one takes into account the low specific gravity
of the PVF (1,37 versus about 1.7 for vinylidene fluoride based

polymers).
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D, MARKET INFORMATION

Detailed mgrket information was sought only for those
finishes whose formulations and final properties were known with
some degree of confidence, It was felt that it would be wasteful
and misleading to make formal market surveys for products where
the necessary fluoropolymer had not been developed and where the
chances of technical success were unknown. Hence, detailed mar-
ket opportunity data were obtained only for the post-formable
fluoropolymer stripcoating finish (Ref,-2).

However, it was felt necessary to also seek some per-
spective on the market possibilities for fluoropolymer finish
products which have not been developed so far, This was done by
combing information from Company and outside literature and
through personal interviews with Company personnel,

I. MARKET SURVEY FOR FACTORY-APPLIED POST~FORMABLE FLUORO-

The Market Research Section of the F & F Department
has carried out a market survey to determine the potential of a
fluoropolymer stripcoating finish in exterior applications, The
results of the survey are summarized in detail in Table V (Ref.2).

The analysis of the market was based on a list of
ggestions, pregared by H. C. Place (See Appendix C). A table of
fluoropolymer £ilm properties submitted was prepared in coopera-
tion with Research persomnel. 1t was emphasized that the fluoro-
polymer finish would have excellent formability in conjunction with
substantially superior durability, Howevef, no absolute numbers
were placed on finish life characteristics, Instead it was pointed
out to the potential user that the fluoropolymer material would be
superior by a factor of two or three times in characteristics like
color stability, chalking, etc,

- Thirteen companies, producing an estimated 507 of
the stripcoated area, responded to the interviews, Their replies
brought out the following important points:

_ 1. Stripcoating market growth -- Continued rapid
growth (about 10% per year) can be expected for the next five years
in the formable finishes market.

‘ 2. Fluoropolym: et _poten~
ial -~ The data presentéd in Ta : rize the marked potential
Pased on the interviews ,assuming the absence of competition from
a similar product, The possible penetiration by fluoropolymer fin-
ishes appears highest, percentage-wise, in industrial panels, On
a sales dollar basis, the biggest market opportunity exists in
residential siding. Stripcoater intérest in high durability fin.
‘isges %g less marked in mobile homes, and non-existent for awnings
and patios,

e ¥V suamariz
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The estimates of potential sales revenues from
the fluorogolxmer stripcoatin finizh in 1963 and 1968 are higher
at the 4¢/ft.”™ level than at 2¢/ft.“, indicating that demand is
relatively inelastic at this price range, i.e. a price reduction
does not necessarily result in increased sales revenue,

3. Substrates -- Aluminum is the predominating
substrate in the two largest areas of the market, sinée it is used
in almost all residential siding production. However, galvanized
steel which is uséd in 90% of the industrial and commercial panels
is also important, so that fluoropolymer finish systems will have
to be developed for both substrates to capture a maximum of the
market potential. A recent article has mentioned that U.S, Steel
Corp. is séeking to enter the residential siding field 'with galvan-
ized steel, which is potentially cheaper than aluminum, and less
subject to be noisy due to thermal expansion and contraction
(Ref,=20). A concerted campaign for steel use in residential sid-
ing, may cause aluminum to lose its preeminence, further emphas-

izing the need for fluoropolymer stripcoating finishes for both
important substrates,

4, Customer Satisfaction with Existing Finishes =--
Stripcoaters are generaIIy satisfied with application and cure
properties of existing finishes, iowever, they express dissatis-
faction with short-term and long -term durability of the product.

There is a strong differentiation between long-
term and short-term durability, The latter deals primarily with
extension of the original finish apgpearance (color, gloss, dirt
pick-up, mildew) from the present three years to ten years. This
is of greatest interest to producers of residential siding and
mobile homes, since average residence occupancy is only 7 to B8
years. Long term durability, on the other hand, deals with sub-
strate protection and film integrity. Stripcoaters would like to
see this extended from the existing 15 year level to 25 years to
reduce maintenance costs., A combination of long-term and short
term durability is considered most important for commercial and
industrial panels,

5. Competition frg% Other Products =-=- Strong inter-
est was exgressed by stripcoaters in potentia uoropolymer’ liquid
finishes that have properties comparable to "Tedlar" film, in

order that they may obtain the excellent durability without making
the equipment alterations required for lamination,

Among potentially competitive éoating materials
mentioned by the industrial céntacts are Hypalon®, a vinyl residen-
tial siding sheet by Monsanto, and experimental fluorocarbon £in-
ishes produced by three other companies (Pennsalt, Thiokol, and an
unknown company). Competitive materials will be discussed in more
detail in section F, of this report,
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a., Conclusions based on Fluoropolymer Stripcoating
Finish Market Survey .

The followin% conclusions on_fluorogolymer finish
?ppgrtg?ities can be drawn from the Market Research Section report
Re l B . :

1. A substantial market potential exists for fluoro-
polymer finishes in formable finishes for exterior use.

2. 1f Du Pont capturés a fraction, say 25%, of the
indicated potential, this, by itself, will not be enough to justify
construction of a fiuoropolymer.plant. The current finish contains
2,3 1bs, of fluoropolymer per gallon, and if thé Company captures
25% of the most optimistic situation on Table V, this would require
only 920,000 pounds of resin per year., At that rate of olymei ’
production it would be_hard to produce a finish costing 4¢/ft.</mil,
not to speak of 2¢/£t.2/mil with a full 20% return on investment:
Therefore, additional outlets will have to be found for the same,or
related resins,to justify construction of a commercial plant,

3. The fluoropolymer finish will have to be developed
to be usable for use on both aluminum and galvanized steel sube
strates.

4, When introduced into the trade, the fludéropolymer
finish may be faced with competition from similar finishes, as well
as durable films, '

11.

INDUSTRIAL MAINTENANCE FINISHES

A substantial market opportunity may exist for an
air-drying* fluoropolymer industrial maintenance finish provided the
following important favorable finish attributes are obtained:

1. Outstandin ‘eorrosion protection and resistance
toiweathering either by itself,or in combination with a suitable
primer.

2. -Unusu31‘resistance to chemical attack,

_ Application properties similar to existing maine
tenance finishes. .

’ It must be recognized :that none of the above attri-
butes, with the exception of weatherin resistancei have been demon-
{s .

strated in the existing VF,/TFE/ECEVP formable finish. Since no
acceptable air-drying Iuo%opolymer system has been developed so far,

*Air-drying in this case refers to drying by solvent evaporation,
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no formal market survey has been carried out and no attempt will

be made here to forecast the size of the market for fluoropolymer
maintenance finishes. Instead, we will try to point to areas of
market potential which would benefit from the expected long repaint-
ing cgcle_s and which could possibly absorb the high cost of the
finish, Much of the data discussed here originate from the report
on potential markets for V54 by Merchant and Tallman (Ref, 7)., The
opinion of Company authorities in industrial maintenance have been
used to shape some of the conclusions (Ref., 8),

a., Major and Minor Bridges
Estimated size of finish market in 1965 (Ref-7):

Primer: ,
New Construction 2.4 MM gallons/year
Maintenance %_,_g_ MM " "
Total Primer I MM " "
Topcoat:
New Construction 2.9 MM gallons/year
Maintenance 3.4 MM " o
Total Topcoat '6':'3' MM " "
Total finish 10.2 MM gallons/year
%60 vol, % solids)

C

Rate of expected market penetration if
developed -~ slow. sted .

Status of research on product -- not started.

. Discussion -~ Harrison and de Vries have shown that
the economics of premium maintenance finishes are quite attractive
on both major and minor .hi.%hway bridges (Ref-4), because such struc~
tures generally are publicly financed at low rates of interest and
because no taxes have to be paid on the’ savings resulting from im.
proved maintenance efficiency, However, the extent to which a
fluoropolymer mainténance finish would penetrate the bridge main-
tenance field would, in part, depend on the following technical and
economic factors: _
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For new congtruction:

1, The improved durabilit{ of the finish and the
savings resulting from longer repaint eycles,

2. The possibility of using thinner finish films
because of the better resistance to weathering and the savings re-
sulting from the use of smaller quantities of paint,

_ 3. The political implications involved in reducing
labor requirements and buying an expemsive product to achieve this.

4, The purchase of maintenance finishes for publie
structures by open bidding, This would work against the introduc-
tion of a high cost premium finish, '

For maintenance:

1. Whether the fluoropolymer finish is compatible
with conventional finish systems would determine the maintenance
use at early stages. ‘

2, At later stages the growth of fluoropolymer
maintenance finishes on bridges would be determined by their
acceptance in new construction,

3. All the factors mentioned under '"new construce
tion” also hold.

In view of the conditions mentioned above, it is N
felt that a lengthy educational and testing program will be required,
before any broad acceptance of fluoropolymer finishes on highway
bridges can be expected, The acceptance of a premium finish on
railroad bridges is considered unlikely (Ref-3§.

b. Chemical Plants

Estimated size of maintenance finish,ma ke

Gallons of Paint Per Year

= (ReE-D)

New Construction 1,250 M 1,750 M
Maintenance 500 M 2,000 M
Total 1,750 M 3,750 M

(at 50 vol, % solids)
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4 - Sales of maintenance finishes to chemical plants
amounted to $13 MM for the year 1962 (Ref-8).

cost considered =~- thought to be economical for use in corrosive
tmospheres only, which are estimated to améunt to only 10% of the
painted area of chemical plants, Therefore, the markét potential,
cost considered, may be around 500 M gallons per year, taking into
account longer repainting cycles,

Rate of expected market penetration once product is
developed -- dependent on the rate at which maintenance engineers
can be convinced of the utility of a fluoropolymer finish, Pene-
tration may be fairly rapid for severe environment because proof of

product superiority can be achieved in less time,

Status of research on product ~- not started,

_ Discussion -- There is a trend toward improved coat-
ing systems and longer service life in the chemical industry (Ref-7).
Finishes are needed to withstand some highly corrosive situations,
but it has been estimated by Industrial Maintenance SaleS'Mana%e~
ment that these amount to only about 10% of the surface area o
chemical plants (Ref=-8), It is in these specific areas where fluoro-
golymer finishes would find the most use, Harrison and de Vries

ave shown mathematically that a premium maintenance system can be
economically iustified only in severe enviromment areas of chemical
plants., (Ref-4).

¢. Petroleum Refineries

Estimated size of finish market --
Gallons of Paint per Year (Ref-7)

Primer Topcoat
New Construction 550 M | 850 M
Maintenance 300 M 2,900 M
Total 850 M 3,750 M

(50 vol. % solids)

Sales of maintenance finishes for petroleum refiner-
ies amounted to $10 MM for the year 1962 (Ref-8).
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considered == tfeiSame'éomments old as for chemical plants,
Thought to be economical only on areas subject to severe corrosion
(Ref-4), about 107 of the total area (Ref-8) or about 450 M gallons

per year, taking into account longer painting cycles.

_ ate of expected market penetration once product is
developed -- same as for chemical plants, -

Status of research on product -- not started.

Discussion -- In this area too there is a trend to
improved finish systems with longer Life (Ref-7), Penetration will
depend on our ability to convince maintenance engineers of the
superior economics of our product. ' ‘

d., Pipelines, Exterior Protection

~ Estimated gize of finish market - 750,000 gallon/year
%otgn;%al.at.z mils thick, 50 vol, #% solids, new comstruction only,
Re Lew/)s

Potential market f uoropolymer tenance finish-
if moisture permeability problems of fluoropolymers are solved, '
most of the market,

. Estimated size of the market fluoropolymer finish
cost considered ~-- unknown. === IR B ==

: Rate of expected market penetration once product is
developed ‘-~ unknown, '

Status of research on product -~ none started.

Discussion == Pigelines present unusually severe acid
or alkaline corrosion problems because they are buried in damp soil.
Since it is uneconomical to unearth pipelines for repainting,
elaborate precautions are being taken to protect them from corrosion,
These include combinations of primers, bituminous coatings, anodic
protection and an external wrap., A recent development uses a con-
tinuously extruded golyethylene_cOVering-over a mastic prime coat
(Ref-9)., A dependable finish which could simplify this protection

at lower cost could undoubtedly capture a substantial market.,
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e. Pipeline Interiors

Estimated size of finish market -- unknown, but
could be substantial. '

d necessary balance of durability, smoothness and

market, provides
corrosion resistance is achieved,

Status or research on product -~ none,

Discussion -~ Considerable savings to pipeline oper-
ators can be achieved by presenting a smooth surface to the flow
inside pipelines, thereby lowering pumping costs. This property in
combination with good corrosion resistance,could provide a substan-
tial market for a suiltable finish, :

£. Qther Petroleum Industry Applications

’ It is doubtful that there is any large market for
high cost, high durability fluoropolymer finishes in other areas of
the petroleum industry, such as drilling and producing. Drilling
equipment generally has a relatively short life, making a high cost
finish impractical. Producing and storage equipment falls into the
same category as "average enviromnment® chemical plants and there-
fore is also an unlikely market for fluoropolymer finishes. Off-
shore drilling equipment requiring protection from severe salt water
corrosion may be a market of unknown size for fluoropolymer maine
tenance finishes, ‘

Even thou%h this is a large market for paints of
various kinds (6.3 MM gallons/yr. for commercial vessels at 60%
solids '~ Ref.-7), it does not seem to be suited for a high dura-
bility, high cost finish, except for limited applications. For in-
stance, most ships suffer enough damage to the hull between annual
drydockings,that it is necessary to do so much repainting that a
premium high durability finish would not be economically worthwhile,
Most accessible parts of the ship are painted periodically by the
crew while at sea, so that a reduction of labor costs is not an ime’
portant factor, The only area of potential for fluoropolymer fine
ishes would be the less accessible parts of the superstructure, and
hull interiors subject to severe corrosion amounting to possibiy
one-tenth of the ship for a potential market of about 600 M gallons
per year (or about $1.5 MM in sales according to Ref-8).
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, However, an interesting possible application for

high durability fluoropolymer finishes would be the holds of oil
tankers, Severe corrosion problems exist, due to the ttansportation
of sour érudes, or fillings with salt water for ballast, etq. In
addition, recent trends have been to ship a variety of cargoes in
tanker holds, Currently,coatings of ''Saran"” dissolved in methyl
ethyl kétone are being used with an expected life of ten years.,
However, they are’very hazardous to.aﬁply,'requiring458 days for a
16,000 ton tanker, during which no other work can be done (Ref-7).

_ Using a fluoropolymer finish, ten mils thick for

this apﬁlication, at 50 vol. % solids, it is estimated that a market
of 160 M gallons per year exists (Ref-7).However, an outstanding
finish of this sort céuld probably be exported widely for the

1ar§er foreign fleets, thus increasing tge size of the potential

h., Electrical Transmission Tower Paint
Estimated size of finish market -~ 1.5 MM gallons/

year (Ref-10).

AZ-1F S Gry_-ng SYSETEem 28 CEV 3 a le port.
of the above, especially for use in industrial, high humidity, and
salt spray atmospheres,

Estimated size of market, fluoropolymer finish cost

Rate of expected market penetration if a product is

Status of research on product -- nome started.

Discussion =« There seems to be a substantial market
for an outstanding maintenance paint for electrical transmission
towers. New towers are_generally built of galvanized steel, which
will require repainting 8 to 35 years after installation, depending
on atmosphere, The finish desired should protect weathered galvane-
ized steel surfaces for 8 - 10 years in industrial or seashore
atmospheres and for at least 15 yeare in rural areas (Ref.10). In
addition to normal atmospheric deterioriation, the flexing of towers
and electrolysis are constant problems, ’

’ The ideal finish for transmission towers should have-
high build, easy application, overnight dry, and should not crack
or cheek on aging. Ordinary galvanized metal primers containing
metallic zine, generally are unsatisfactory because they require
frequent mixing, an aspect difficult to control among most painters
(Ref,10), The suggested mill cost for a new finish is $4.50 per
gallon (Ref,.10), but a more expensive product may be acceptable,
provided it has the necessary favorable attributes. ,
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Other applications have been su%gested for a fluoro-
polymer maintenance finish, These are primarily dependent on chem-
ical and abrasion resistance, For instance, a good liner for rail-
road hopper cars is needed to prevent product contamination or car
corrosion, Possibly 50,000 such cais could use 15 gallons of fin-
ish each (Ref-8) for a total of 750,000 gallons, 1t is not known
how frequently this business would be repeated,

Currently *Kynar," Pennsalt's polyvinylidene fluoride,
is being advertised as a protective interior pipe coating material,
A highly resistant VF,/TFE polymer f£ilm could be suitable for the
same use, possibly ellminating corrosion resistant alloys in some
process piping applications,

Corrosion and abrasion resistant coatings are needed
for the interior of floating roof storage tanks handling sour crudes
and other petroleum products. '

An imgroved.finish'havin' superior ¢olor and gloss
retention is needed for locomotives. is,howvever, is felt to be
a small market.

Overxall, it is doubtful that the above mentioned
miscellaneous areas would contribute much to the development of a
market for fluoropolymer maintenance finishes.

~ j. Summary

The limited knowledge of potential markets for an
air-drying fluoropolymer maintenance finish is summarized on Table
VI, 1he size of the total market was generally based on Company
information (Ref, 7 and 8). The potential fluoropolymer mainten-
ance finish markets assumed that an air«drying finish could be de-
veloped having excéllent weathering resistance, superior resistance
to chemical attack, good corrosion protection, and standard applica-
tion properties for the market segment being conSide;ed,

, Although, having the above properties, a fluoropoly-
mer finish could be suitable for much of the industrial maintenance
market, the cost considered sales potential seems less promising.

It is felt that such a premium finish would be commercially accepted
only for the following reasons (Ref. 3 and 4):

1. If no other product can now provide the necessary
protection,

2, 1If cost to the user can be substantially reduced
by providing superior corrosion protection, lengthening repainting
cycles, and decreasing dowm-time,
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TABLE V1

 SUMMARY OF MARKET POSSIBILITIES
FOR A FLUOROPOLYMER MAINTENANCE FINISH

_ Fotential
Possible Fluoropolymer
Size of Ffluoropolymer Finish Market
Total Market Finish Market® Cost Considered
Major and Minor v
Bridges 10.2 MM ca. 10 MM
Chemical Plants 5,5 MM ca., 5.5 MM 0.5 MM ()
Petroleum Refineries 4.6 MM ca, 4,6 MM 0.45 MM (2)
Pipeline Exteriors 0.75 MM ca, 0.75 MM
Pipeline Interiors ?
Marine, Exterior 6.3 MM ca, 6.3 MM 0.6 MM (7)
Marine, Holds 0.1& MM ca, 0.16 MM
Electrical Trans-
mission Towers 1.5 MM ca, l.5 MM
Miscellaneous:
Locomotives 0.3 MM

Fopper Car Linings 0.75 MM
Floating Roof Tanks ?

*Assumes properties of Seetion D-II are attained.
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I1I. INDUSTRIAL FINISHES

As in the case of industrial maintenance finishes,
it was not possible to define market potemtials for industrial
finishes because suitable fluoropolymer products have not been de-
veloped., The only exceg:iqns are post-formidble finishes applied
on aluminum and steel sheet by stripcoating, which are discussed
in detail in Section D-I this report. Since one cannot generalize
the property requirements of a fluoropolymer industrial finish
they will be listed individually for each end-use discussed. flow-
ever, in every atea, excellent weathering resistance manifested in
long finish life, and outstanding color and gloss retention, are
%gg?ghcriteria for successful sale of the high priced fluoropolymer
; sh.

a, Pi§mented Factory-Applied Finishes for Wood and Other
Cellulosic Substrates — _ ,

o 2 Estimated size.of the market == thought to, be
400 MM ft © for a finish costing between > and 8-1/2¢/ft 2 (Ref, ~11).
Converting this to a $12 per gallon finish having 400 ft “/gal./mil
coverage andusing a 2 mil f£film, the market amounts to 2.0 MM gallons
or $24 MM annually. ~

However, it is felt, that the wood industry would
prefer not to spend more than 5¢/ft 2, including application costs.

known,

cost considered ~~ unknown.

Status of research on product -~ only preliminary
work carried out, Finish failed by cracking after 1500 hours of
accelerated weathering, but was essentially free of chalking. The
work has been discontinued due to reassignment of personnel.

Discussion =~ The size of the wood siding market has
been shrinking steadily as it is being replaced by aluminum in this
end-use, This trend could possibly be reversed with the development
of a suitable durable prefinishing material for wood. The product
desired not only would have to be highly durable (gloss and color
retention), it should dry with only a brief bake at relatively low
temperatures, and it should resist the deformation of the relatively
unstable wood substrate as it is exposed to the weather, ,

Evidence of the lumber industry's interest in a dur-
able prefinish matefrial may be seen in a recent advertisement by
the Weyerhauser Co., introducing a completely prefinished wood sid~-
ing "guaranteed not to require repainting for at least seven years"
(Ref, 12), This four mil thick finish consists of a blister re=-
sistant alkyd primer with a baked acrylic topcost.
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The Film Dept. is also seeking to enter this field
with #Tedlar" PVF film,

b. Clear Finishes for Wood

| Status of research on product -- in early stages,
Difficulties are being encountered with poor adhesion to the wood,

Discussion =~ Currently use of clear finishes on
wood for exterior use is limited because of short life and diffi-
culties associated wih refinishing. If a finish were developed
which would protect the substrate for several years without dis-
coloration or crackin%_ then a new market could open up as accept-
ance is gained by builders and architects. Clear baking finishes
would have to be developed for factory application, as well as a
trade sales item usable for repair and repainting.

C, Clear and Pigmented Factory Applied Finishes for
Aluminum (OthggeThan-Stripcgatigg)

, Little or no market is visualized in protective
fluoropolymer finishes for aluminum in areas of current use, such
as storm doors, windows, and extruded shapés becausé of the high
anticipated price. There is a possibility, however, that a fluoro-
polymer finish, clear or‘piﬁmented may be acceptable for protective
and decorative outdoor use in applieations such as garden and beach
furniture, Orchem is also considering the use of a protective coat-
ing for aluminum conduits buried in concrete, which currently are
subject to severe alkaline deterioration. Indications are that this
latter market would ambéunt to only 40 M gallons per year at 1 mil
(Ref, 14), Altogether, the aluminum protective and decorative mar-
ka% outside of formable finishes, does not seem very lucrative for
a fluoropolymer based finish, . ‘

d, Can _and Drum Coatings

Sanders and Gebhard (Ref, 13) have calculated a :
value in use for TFE of greater than $1.24 per pound in an interior
topcoat for beer and beverage cans, provided it replaces the tin
and the interior topcoat with no loss in functionality. On the
same basis, one may be able to justify a coating based on VF,/TFE
pol%ggr, especially in view of the lower projected VF, cost %ompared
to TFE,
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Since no research with fluoropolymers has been car-
ried out in this area there is no possibility in determining the
market potentlal, property and cost considered. A finish with the
properties generally attributed to fluoropolymers may also be a
suitable replacement for stainless steel or specially lined drums.

e. Coatings for Process Pipe Interiors and Exteriors

Pennsalt is currently seeking to penetrate this
market with its "Kynar" polyvinylidene fluoride resins, There is
no reason to believe that the same results could not be achieved
with other fluoropolymers which c¢an be applied in liquid foim or
by extrusion. The size of this market is unknown. However, a
fluoropolymer coating free of imperfections can conceivably be used
in applications currently requiring alloy piping to prevent corros-
ion or to maintain product purity standards.

IV. AUTOMOTIVE FINISHES

’ In view of the cost consciousness of automobile manu-
facturers, there is little reason to believe that a fluoropolymer’
finish of excellent durability could penetrate the new car market,
unless it brings with it a saving in finish plus application cost.
According to Sanders and Gebhardt (Ref. 13), a fluoropolymer auto-
motive topcoat containing 50% TFE would have a value in use for
TFE between 0.00 and $0.40 per pound of TFE, This obviously elim-
inates most any kind of fluoropolgmer finish from the conventional
primer plus topcoat system. On the other hand these &ame authors
feel that if a primer-less finish system is developed, the TFE
would have a value-in-use between $0,87 and 1.04 per pound. Such a
© major techmical development would make a fluoropolymer finish an

important contender for this lucrative market,

In view of the limited durability required in the
automotive refinish market, it is unlikely that there will be any
interest for fluoropolymer finishes in this area, unless’they are
introduced at equal or lower cost of materials and labor, as com-
pared to finishes currently in use,

a. TIruck Trailexr Bodies

i There is a need for a clear prodiuct to protect alumine
um trailer truck bodies from corrosion, erosion, and general de-
terioration of appearance. The market potential estimated at between
100 and 150 M gallons per year for new equipment. (Ref, 15). There
may also be some interest in refinish and touch-up materials., It
is felt that a fluoropolymer finish could £fill this need.
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b. Automotive Chrome Protection

There has been a long-standing need for a protective
finish to improve the appearance and life of chrome plated auto-
mobile parts, In addition to resisting corrosion, the finish would
require excellent adhesion, clarity, abrasion resistance and long
life,” In combination with reduction of chrome thickness require-
ments, it might be economically attractive to automobile manufac-
turers,

Assuming a chromé area of eiggt square feet per car
and a £film thickness of one mil, there may be a market potential o
over 100 M gallons per year,

V. TRADE SALES FINISHES

. There is little likelihood that fluoropolymer fin-
ishes will have much appeal in the trade sales finish area. The
improved durability generally cannot be justified by the increased
cost of the finish except in a few special areas listed below:

a. Clear Wood Finish

This area of market potential has already beén par-
tially discussed under industrial finishes., It is not known whether
a trade sales clear finish will receive wide acceptanée,’ It should
be noted that our current product entry into this market, "Ultra V¢
spar varnish, has only a very limited sales,  Undoubtedly, a fluoro-
polymer finish will be very similar in price, although possibly su-
perior in properties. ' '

b, Swimming pools

A product is badly needed in this rapidly growing
field to give several years of protection to the surfaces of con-
crete, steel or aluminum swimming pools. It has been estimated that
in 1970 with 1,4 MM paintable pools there will be a 1.2 MM gallon
annual market for a fluoropolymer finish 'which lasts for five years
(Ref, 13). 1t is not known at this time,whether an air-drying fin-
ish can be developed to satisfactorily fulfill this requirement,

E. PATENT SITUATION

Du Pont currently has a Eroptietary position in VF, poly-
mer and copolymers with TFE, but the peirtinent patent (U.S.25468,664)
will expireé April 26, 1966, At ptesent, Pemnsalt is licensed under
U.S. 2,435,537 (expiration Feb. 3, 1965) to make, use, and sell
vinylidene fluoride“homopclzmers, while Minnesota Min{ng is licensed
to produce copolymers containing 5 to 95 mol percent each ' of tri-
fluorochléoroethylene and vinylidene fluoride under U,.S. 2,435,537

and 2,468,054. There are no significant basic patents reiating to
VF, issued to competition, but some more specific ones have been
isSued to Mimmesota Mining, Kellogg, Pennsalt, Monsanto, and U.S.
Rubber. The patent situation on copolymers containing VF, is
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described in more detail in two letters from C, E, Bartsch to
C., W. Theobald, January 18, 1963, and February 1, 1963. (Ref. 16)

Coverage is beingsought for the hook type VF,/TFE copoly-
mers in OR-3694 (Serial No, 286470 filed June 10, 19633 which deals’
with compositions of the type: more than 60% VF,, 0.5 to 39.9% TFE,
and 0.1 to 10% "hook." ,

The special pigmentation procedures used to stabilize
fluorocarbon polymers containing inorgani¢ pigments are covered in
FFD-1194 (Serial No. 291279 filed June 28, 1963). This application
covers the use of acrylic resins adsorbed on the pigments, FFD-1184
is a closely related case referring to universal tinting bases,

This discussion will be limited to materials and tech-.
niques competitive to the use of a long durability fluoropolymer
finish applied to a substrate by stripcoating,

I, MIEDLAR" POLYVINYL FLUORIDE FILM

: "Tedlar® PVF £ilm is the only known commercial mater-
ial that has weathering resistance similar to that anticipated for
the formable finishes containing VF,/TFE/BCEVP polymer, It is a
pigmwented film made with a polyvinyi fluoride binder, currently sold
in 1.7 and 2.0 mil thicknesses, in eight colors. In addition, it
is available as a clear film in thicknesses from 0.5 to'2.0 mils,
“Tedlar" can be lamimated to a wide variety of metallic, cellulosic
and plastic substrates by using Sﬁpropriate adhesives, It can also
be used as an unsupported film, where desired. At present, "Tedlar™
is in the early stages of production in a commercial plant,

Some cost data on "Tedlar®” coverage were prepared by
the ‘'Film Department (Ref. 6), From the summary presented in Table
VII, it will be seen that the material cost to the user for "Tedlar®
is generally higher than comparable costs for a formable finish
formulated with VF,/TFE/BCEVP copolymer. The fluid finish costs
data presented are“conservative in that a full 207 return on invest-
ment was assumed ' for all the departments involved in the manufacture
of raw materials, resin and finish, A cost of 0.6¢ per square foot
for adhesive was added to the "Tedlar" cost to obtain a total finish
material cost, and efficiency factors suggested by the Film Depart-
ment were used, No comparison of agplicatipn cost was made, because
they are not known for "Tedlar" with any degree of certainty. How-
ever, it is felt that the application costs for the PVF film will
not be lower than for the fluid formable finish, as the processes
are quite similar, The 1.0 wmil "Tedlar® £ilm included in this cost
" comparison, is not commercially available, A high pigment to binder
ra{iob{VF £i1m will have to be developed before the thin film 1s
saleable. '
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TABLE VII

COMPARATIVE MATERIAL COSTS TO THE USER
VF,/TFE/BCEVP FORMABLE FINISH AND WTEDLAR" PVF FILM

Thickness Sales Price
Material 'Zmi%s}’ %%715 or

$/éailg§) (Note 3)‘

"Tedlar®

(1963 Price~Ref, 6) 2.0 4,50 8.8 0.6 9.4
1.7 4,50 7.0 0.6 7.6
""Te:d]_.ar" 2’0 3.25 6.4 0.6 7.0

(at Plant capacity - ,
Ref, 6) 1.7 3.25 5.1 0.6 5.7
. 1.0 2081 2.9 . 0.6 3.5

(Note 1) ‘

.fo%z{abl.e fnish
polymer plant at 20%
of cgggcigy) (See Note 2)

VF., / TFE/ BCEVP 1.0 10.94 3.7 .- 3.7
fofmable finish _
(polymer plant at

capacity) (See Note 2)

Note « 1 1.0 mil "Tedlar" not available commercially. Film
Department *"believes that this film could produced
within the next several years." (Ref. 6)

Note - 2 Finish cost based on Companhy cost plus 20% return on
rolled-up investment,

Note ~ 3 Assumes 85% material efficiency for "TEdiar” and 95%
for liquid finish,
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Only limited recent market opportunity and sales
projection information on *Tedlar! has come to the attention of the
writer (Ref. 17). "The data listed on Table VIII indicate a“very
large total market, which in essence is the total area which could
be coveréd with "Tedlar" disregarding price and properties, For
instance, in the case of new residential siding this includes the out-
side area of all néw housing constifuction independent of siding ma-
terial used (brick, wood, asbestos, stucco, aluminum and other mae
terials). These data for the total residential siding market agree
closely with those,repoited by Place (Ref. 2). The "Tedlar" market
potential at &4 to 5¢/ft=, convetted to coverage area for easier
translation to finish potential, undoubtedly includes the use of
"Tedlar? on wood siding as well as metallic substrates, Therefore
this information is not directly comparable to the data obtainéd by
Place for stripcoating fluoropolymer finish on metal, However,
adding the "Tedlar" potential market information for industrial
siding, residential siding, and panels we obtain an area of 1056 MM
ft~, which is remarkably to the market potential reported by Place
(See Table V), The 1967 "Tedlar" sales projections in areas of
interest in this report are equivalent to about 0,95 MM gallons of
liquid finish calculated on 310 £t4/gal./mil coverage.

An older market survéy for "Tedlar" on exterior sid-
ing carried out in 1960 by Alderson, Assoc, (Ref., 22) present a much
more consérvative outlook, For exterior siding applied on aluminum
and steel, they predict}ths followin% "géximum sales potenfials® for
the year21965: 65.7 MM £t.4 at 4,2¢/ft.~, and 160.5 MM ft.% at
3.0¢/ft.“ material cost. This in terms of a stripcoating finish
winld be equivalent to 210 M gallons and 550 M gallons respectively,
These market opgo:tunity figures fall considerably below those ob-
tained receﬂiz y Place (Ref, 2). No attempt will be made here to
rationalize these conflicting forecasts.

11, POLYVINYLIDENE FLUQORIDE FINISHES

’ The Pennsalt Co. has been licensed by Du Pont to
make, use, sell and transfer vinylidene fluoride homopolymers
(Ref. 16) and is currently seeking to introduce this product to the
market under the trade name of "Kynar."” These PVF, polymers are
available in dispersion and solution form, and efffrts are bei

made to use the product in finishes and pipe linings, among others.

N Polyvinylidene fluoride polymers have some advantages
over VF,/IFE and PVF polymers:

_ 1, PVF, polymers are potentially somewhat cheaper
than VFZ/IFE because a% the higher projected price of IFE,

2, U"Kynar® dispersions have more uniform particle

size than PVF “Tedlar” dispersions, and hence may permit higher
solids levels and flow properties in organosol finishes,
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IABLE VIII
WIEDLARY MARKET OPPORTUNITY (REF. 17)

(Assumes average film thickness of 1.8 mils¥)

Opportunity

End Use | ‘ﬁggigi tgt£§;5¢£§:;i* P;gg;cizé::
Roofing 13,650 113 53
Industrial Siding 2,325 300 75
Residential Siding
Replacement 450 150 71
New 2,325 638 | 105
Building Panels ! 225 68 36
Pipe Insulation 60 15 8
Release Coating 75 38 21
Original Equipment ? ? 21
Miscellaneous 130 113 68
19,260 1,435 ‘ 458

*75 ft.zlpound»coverage

*kcost of "Tedlar" plus thesive. This column had the caption
v"Potential at 4-5¢/ft.% to the user" on the chart distributed
by the Film Dept. :
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_ 3. The lower melting point of PVF, as compared to
PVF may also aid in making coherent films in the %aking process.

On the other hand, PVFZ has some severe disadvantages:

1. 1Its high specific gravity compared to PVF (1,75
vs. 1.37) accentuates the price disadvantage of PVF,.

- 2, PVF, is soluble in only few solvents (dimethyl -
acetamide, dimethyl fofmamide) which are not suitable for finishes,
and hence can be used only where polymer solubility is not needed,

3, At present, finishes made with "Kynar" are less
durable and stable than those made from VF,/TFE/BCEVP solution poly-
mers, However, additional research may defrease this difference.

The use of "Kynar® in liquid finishes is a potential
source of competition from outside the Du Pont Company. In fact,
Pennsalt has submitted experimental finishes for industrial evalua-
tion, In addition, it is known that the Thiokol_Corg., and an "une
known" company have been testing fluoropolymer finishes (Ref. 2).
The "unknown! company may be Wisconsin Protective Coating Corp.
which claims to have developed a finish based on vinylidene fluoride
(Ref, 23). 1In view of this, there is ample reason to believe that
with know~-how in the formulation of vinyl finishes, vinylidene
fluoride homopolywers can be used to develop competitive fluoropoly-
mex organosol paints at an early date,

ITT, EXTRUSION COATING

Extrusion coating on metallic or cellulosic substrates
may be competitive with stripcoating for the deposition of post-
formable f£ilms, Considerable interest is being shown in this type
of procéss by the Plastics and Organic Chemicals Departments., In
essence, it consists of extruding a thin film of molten plastic
which is subsequently chilled a ‘-gressure bonded to the substrate,
There is considerable indication that extrusion coating may be poten-
tially cheaper than stripcoating, because it eliminates the need for
a solvent in the finish, and because it apparently requires lower
investment for equipment, 1In addition, extrusion coating equipment
is anticipated to run at much higher speeds than comparable strip-
coaters, Table IX lists some of the comparable information.

The most important characteristics needed in polymers
used for extrusion coating are ”melt'stren%th," a low enough melting
point so that the hot extruded polymer will not degrade, and the
desirable end-properties after application. "Melt strength" is the -
requirement for the molten polymer f£ilm to maintain integrity and
some degree of uniformity, while it is being drawn away from the ex-
trusion die by the rapidly moving substrate. Recent tests by Orchem
personnel have shown VF,/TFE and TFE/isobutylene copolymers to be
promising candidates fo% this coating application, :
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TABLE IX

COMPARISON OF STRIPCOATING AND
__ __ EXTRUSION COATING

Stripcoating Extrusion Coating
. Operating speeds 80-110 ft,/min, 350 £t,/min, process

with polymer A" on
aluminum. Hope to

- achieve speeds of
1000 to 2000 £t,/min.

Permanent Invest. $100-125 M for 20" wide $120 M §Ref. 18) for
00 £t,./min,

$600 M for 60" wide 275 M for 1000 £t,/min,
The above for aluminum 30" wide. (Ref. 18)
coating, steel coating

equipment costs up to

» 50% more. (Ref., 25)
Coating Material ———— Less by cost of solvent
Cost used in liquid finishes
for the same polymer
composition,
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SOURCES OF DATA FOR COST CALCULATIONS

'VFZITEE/BCEVP AND OTHER FLUOROPOLYMER COSTS AND.INVESTMENT

1,

VF2 mill cost and investment information from F. Mader,
Crganic Chewicals Department, Jackson Laboratory.

Transfer Permanent Working Total
Price Mill Cost Investment Capital Investment
) NEV5 M€ I (88
2.03 0.72 2,35 0.20 2,55
0.76 0.38 0.64 0.07 0.71

The above mill costs were converted by the writer into an
approximate replacement cost by adding research expense (3%

of the total investment per pound), a

inistrative expense

of transfer (1.2% of transfer price), and freight ($0.01/

1b.).

i1,

Thus the following were obtained:
- Administrative - Replacement

Mill Cost R&D Expense Frei%ht Cost
_(S/# ($/#)  (8/#) (3/#] (8L#)

0.72 0.08 0.02 0,01 "0.83

0.42 0.03 0.01 0.01 0.47

0.38 0.02 9.01 0.01 0.42
TFE mill cost and investment nformﬁt on from W. J.

Burich, Plastics Dept., Planning Division. The invest-

ment figures had to be apgroximated as the¥-were not
t &

readily separable from other portions of “Teflon”

investment data.

Transfer Permanent  Working Total
Price* Mill Cost Investment Capital Investment
(/1) (8/74) £8/i) {3/ /8
1.35 1.01 0.66 -0.21 0.87
1.25 0.86 0.81 0.19 1.00
1.12 0,60 0.55 0.12 0.67

*In the case of TFE, the transfer price is not near to cost plus
207 net return, because of major changes in investment antici-

pated as the demand for TFE increases.

As a result, the curve

* for anticipated transfer prices was smoothed out, .and is not

fully indicative of cost and investment changes.
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APPENDIX A (CONT'D)

The above mill costs were converted to an approximate replace-

ment cost using the same factors as for VF,:

1.

11I. 2

Cois Replacement
Mill Cost R&D  Adm,Expense Freight Cost
1.01 0.03 0.02 0.01 1.07
0.86 0.03 0.01 0.01 0.91
0.60 0.02 0.01 0.01 0.64
ITI. VF mi _ : tic from
L. C. Chin, COrganic Chemicals Department, Jackson Laboratory.
At capacity (12 MM 1bs,./yr) operation of existing facilities
these are:
- Mill Cost: $0.30/#

Transfer Price: $0.59/#

istimated Replacement Cost: $50.34/#
Iv, Al jon obtained
from J. .

Fin:

Finish cost and investment calculations based on factors
and procedures specified by R. S. Wright, Jr., except as
listed below:

1I. §§llggg_g§ggggg.fixed at 30.80 per gallon, the average
value for Industrial Finishes as specified by G. H. Sutton
and approved by G. T. Vaala. The reason for this was that
it was considered unwise to apply a percentage factor for
determination of selling expense. The use of the fixed
average selling expense to these calculations avoided the
artificially high expense burden which would have been
o?giined by applying a percentage factor on replacement

anent F & F Investment was fixed at $1.04 per
gallon, the investment at the Toledo plant. This informa-
tion obtained from 5. H. Sutton and approved by 3. T. Vaala, .
The reason for using a fixed permanent investment value
was again to avoid an abnormal burden which would result
from the application of a factor on mill cost, The 31.04/
gallon investment, however, does not take into account any
new investment required as a result of inadequate plant
capacity, or changes in per gallon investment resulting
from different production levels.
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- APPENDIX B

E

ORMULA_FOR FLUORCPOLYMER STRIPCOATING FINISH (,

Resin solution:

VFZITFE/BCEVP 27.75 parts
G-393 (acrylic resin) 2.25 parts
Butyrolactone 70.0 parts
Mill base:
W-123 (Ti0, pigment) 55 parts
Resin solution 25 parts
Butyrolactone 20 parts
Let down: |
Mill base 145 parts
Resin solution 297 parts
Butyrolactone 58 parts
Gallon weight: ‘ 11.8#/gallon
Solids: 36%
Pigment to binder ratio: -  80/100
Comments: |
1. The resin solution is prepared by agitating at 180°F,
2. Mill base is prepared by *47 Process" grind,
3.  All other steps employ standard production techniques,
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APPENDIX G
QUESTIONNAIRS
MARKZT POTENTIAL FOR A NEW FLUGRCCARBON FINISH

>

1. Can you tell us how much precoated steel and aluminum you
produced in 1962 as well as your estimated production and
capacity for 1963? 1If available, this information will be
held in strict confidence,

2. The approximate percentage of your precoated metal used for
residential siding, commercial panels, industrial panels,
roofing (residential, commercial, industrial), mobile homes
and trailers, awnings and other wajor areas.

3. In rough terms what percentage of vinyls, acrylics and alkyds
do you use for the various end uses above?

4, What are the critical film properties for each of the six
major end uses previously mentioned? Can you weigh these
properties on a one (unimportant) to ten (critical) basis.
Do you consider the service lives of the current finishes
adequate?

5. Can you reveal your costs (cents/ft.zlmil) for currently
available alkyds, vinyls, and acrylics broken down into
material and application cost? As in question #1, this
information would be held in strict confidence.

6. 1f a new fluorocarbon finish had the property ratings shown
in Chart I, what share of the following markets could the
finish‘e§pect at two times the price of a current vinyl or

$.02/ft.4/mil and at four times or $.04/ft.4/mil?
Markets % at Two % at Four

Times Vinyl Times Vinyl

Residential sidings
Commercial panels
Industrial panels
Mobile homes & trailers
Awnings

foofing

Sthers

o
1)

7. Do you know the specific applications within the six major
end use areas represented by the market potential per-
centages?

3. From which markets are precoated steel and aluminum limited

because of finish deficiencies? What are these deficiencies
and how are they measured?

DUP030001638
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Can you tell us what your annual growth rates have been
in recent years in the above markets? Are these growth
rates expected to continue at the same level in the
near future?
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BCEVE

vg3 Fluoroacetate
HFA

1B

VF2

VFQITFE/BCEVP
80/20/1

bis«(g«chloroethyl) vinyl phosphonate

Tetrafluoropropyl Acetate
Hexaf luoroacetone
Isobutylene

Folyvinyl Fluoride
Polyvinylidene Fluoride
Tetrafluoroethylene

Vinyl Butyrate

Vinyl chloride

Vinyl £luoride

Vinylidene Fluoride

Copolymer of Vi,, TFE, and BCEVP in a

weight ratio of

80 to 20 to 1
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DISTRIBUTION

THEOBALD
KLACSMANN
POINDEXTER) 1y TURN

, MC BURNEY )

NESTGR) 1y gy
GRAVES)

DAVIS

MC ANDREWS
SANGER

KALB

FAY

BULLITT
LAURRELL
RICHARDS

. MULHOLLAND

VAALA

KLEIN

-

o WD e e e et e
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