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FOREWORD

This report was prepared by Loren W. Hill , North Dakota State

University , during participation as a Visi t ing Scientist unde r appointment

on Task 12 , F336l5-77-C-5003 , Contributive Research /Res iden t

Scientists Program , administered by Southeaste rn Cente r for Electrical

Engineering Education (SCEEE), Auburn , Alabama for the Air Force

Material s Laboratory . The contract was initiated under Project

Number 2422 , ~‘ Protective Coatings and Materials ” , Task Number

24220 2 , II Nonmetallic Coating s and Erosion Behavior II , The work was

administered unde r the direction of the Elastomers and Coatings Branch

(AFML/MBE), Nonmetallic Mate rials Division , Air Force Materials

Laboratory , Air Force Wri ght Aeronautical Laboratories , Wrig ht-

Patterson Air Force Base , Ohio 45433. Mr .  Michael J. Moscynski

served as Project Eng ineer. This report covers work from 1 June 1977

through 31 December 1977 .
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SECTION I

INTRODUCTIO N

Exterior a i rc raf t  coatings in current use (primer MIL-P-23377C

and topcoat MIL-C-83286B) (1 , 2) contribute to pollution by emission

of volatile organic compounds that are present as solvents. In the

presence of sunlight and oxide s of nitrogen emitted in automobile ex-

haust , volatile organic compounds contribute to photochemical smog

production (3 , 4) .  A three-phase program for reduction of this source

of pollution consists of 1. replacing air spray application by air less

electrostatic spray, 2. use of hi gh solids coatings , and 3. de velop-

ment of wate rborne coating s for a i rc ra f t . The f i r s t  phase has become

ope rational by introduction of air less electrostatic spray equ ipment at

the Air Logistic s Centers  (ALCs) .  An AFML contractural  program

(F336 15-77-C-5 101) for formulation of high solids coatings (65% volume

solids) has been awarded to DeSoto , Inc . High solid s coating s are

considered to be an interim approach allowing for substantial reduction

of solvent emissions .

Waterborne coatings are potentially more advantageous than high

solids coatings because pollution , f ire and health hazard s , and waste-

ful use of costly organic solve nt s are greatly reduced.  Howeve r , at

the time of initiation of this visiting scientist program , commerc ial

waterborne technology had not produced coating s having the hig

h1
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performance required for a i r c raf t  exteriors.  Therefore , survey and

ranking of the potential of current  and newly emerg ing waterborne

systems for a i rcraf t  became part of this program.

2

____________________ ~~~~-—~~ -~~~~~~~ - - ~~~~ —.~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~ -~~--~~~~~~~~ - ~~~~~~~-



r - ~~~~ -~~- - ~~~~~~~~~~~~ - - - --o~~~~~~~~~~~~~~

SECTION II

BACKGROUND

1. COMMERCIA L WATERBORNE SYSTEMS

Current  commercial wate rborne industrial coatings are not

suitable for use on a i rcraf t  exteriors for one or more of the followin g

reasons: 1. the method of application is impractical for a i r c r a f t ,

2. high temperature cure is required whereas a i r c ra f t  coating s must

cure at ambient temperature , and/or  3. ccating s performance  is

inadequate . A large current  use of waterborne systems is for electro-

deposition , but the comp lete immersion required clearly make s this

approach impractical for completely assembled a i rc ra f t . Spray applied

one-package thermosetting waterborne systems are widely used , and

the ir use is growing rap idly; howeve r , modification of such systems

to achieve ambient cure would require remarkable advances .  One-

package air-drying wate rborne systems that cure by ambient autoxi-

dation involving double bond s in fatty acid re s idue s do not show promise

of achieving the required performance properties. Although industrial

latex paints are being improved at a rap id rate , the possibility of

achieving adequate resistance to liquid s, such as hydraulic fluid , is

open to quest ion.

3
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2. AIRCRAFT COATING REQUIREMENTS

The main function of a i rc raf t  coatings is to minimize corros ion

and re sulting high maintenance costs .  High level performance speci-

fications are required to in sure tha t the coating system remains intact

so that it can maintain its protective function . One comb ination of

propertie s that is difficult to achieve is flexibility and resis tance to

organic liquids used in a i rc ra f t . Flexibility must  be maintained at

low temperatures and in impact. Ai rcraf t  coating s must be resistant

to hydraulic fluids , lubricating oils and hydrocarbons.  In most cases

changes that inc rease flexibility of coating s , such as decreasing the

extent of cross-linking , cause a dec rease in resistance to the or g ani c

l iquids. Thus , the combination of flexibility and organic liquid resis-

tance , obtained with the current  urethane topcoat , is unu sual.

In orde r to prolong the usefu l l ifetime of a i r c r a f t , A ir Force

practice involves c omplete paint s t r ipp ing followed by metal pretreat-

ment and recoating w ith pr imer and topcoat on a three to five year cycle .

Thu s , strippability is an impo rtant requirement which is in conflict

with good
S 
adhe s ion and resistanc e to organic l iquids.

Although resis tance to softe n ing on wate r immersion has not been

diff icul t  to achieve for  solvent borne a i r c r a f t  coatings , adequate pe r-

formance of waterborne systems in water  immersion tests  may be

more diff icul t  to achieve .

4 
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3. PREVIOUS AFML C ONTRACTURAL E FFOR T

Since development of a completely new system that matche s the

unusual combination of flexibility and liquid resistance of the current

urethane would be a challenging problem , the alternative of modification

of the current  system to make it waterborne appears at tractive . In

pursuing this alte rnative , acceptance of two-package systems for

current  coating s applications at ALC s is a substantial advantage. In

the coating s industry the potential of two-package waterborne systems

has not been as thoroughly investigated as is the case for one-package

the rmosetting or air-drying systems.

The modification of current systems to arr ive at waterborne va n-

ations was attempted in an AFML supported study at Lehigh (5) .  For

rep lacement of the epoxy-pol yamide prime r (MIL -P -23377C) ,  the

approach was to prepare aqueous emulsion s of each component separately

and to mix the two emulsions sho rtl y before app lication as with the

conventional two-package solvent system. The main problems with

the prime r were slow cure rates , preferent ia l  reaction at the inte rface

between epoxy res in  part icles and curing agent par t ic les , and p igment

flocculation . For the aliphatic isocyanate topcoat (MIL -C-832 86B) ,

direct  emulsification of the isocyanate component was not possible

because isocyanate groups react  with wate r .  Therefore , the isocyanate

groups were pre- reac ted with pol yois to form adducts . The adducts

5 
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formed films , but additional modifications for improvement of pro-

pertie s were recommended . Anothe r undesirable feature of this

emulsification approach was that ultrasonic i rradiat ion or mechanical

homogenization are required to obtain the small particle sizes required

for stable emulsions. The effect  of surfactants on film propertie s was

not elucidated (5).

6 
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SECTION III

SURVEY SUMMARY

Technic al consultations were held with coating s scientists to

obtain information concerning development of waterborne coating s .

The date s of these meetings and companies (or institute) involved

were as follows:

July 1 DeSoto , Inc.
Des Plaines , Illinois

July 1 The Sherwin-Williams Co.
Chicago , illinois

July 26 3M Co.
St. Paul , Minnesota

July 26 General Mills Chemical s*
Minneapolis , Minnesota

July 27 Vaispar Corp.
Minneapolis , Minnesota

Aug. 1 Inmont Corp .**
Automotive De velopment Center
Whitehouse , Ohio

Aug. 9 Dow Corning Corp .***

Aug.  10 W. R.  Grace and

Aug. 11 Polyvinyl Chemical Industries
Wilmington , Mass .

*The Chemical Division of General Mills has recently been acquired
by Henkle , A German Corporation .

** Inmont Corp . has recently been acquired by Carrie r Corp.
*4$IMeeting held at AFML , W-PAFB , Ohio

7
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- Aug. I I  Hughson Chemicals
Lord Corporation
Erie , Pennsylvania

Aug. 12 Mobay Chemical Corp.

I Pittsburgh , Pennsylvania

Aug. 12 Westinghouse Electric Corp .
Research and Development Center

- Pittsburgh , Pennsylvania

- Aug . 18 Battelle Memorial Institute
Columbu s Laboratorie s

-
- Columbus, Ohio

Selection of companies for consultations was based on identification

- 
of potential waterborne products in technical and trade l i tera ture ,

demonstrated pre viou s interest in airc raft coatings , and existence of

- personal contacts at companies.

An outline of the approach and a list of que stions used in con sul-

- tation s are g iven in the appendix . Several companies indicated that

- 
I they would submit a proposal in respon se to a request of a contractural

program directed at development of a waterborne replacement for the

cu r rent topcoat (Question 1 . ) .

Three companie s indicated that they were well along in development

of systems that had potential for matching pe rformance propertie s of

cu r ren t  airc raft topcoats. As expected , details of these systems we re

considered proprietary;  however , it appeared that all three systems

involved reactions included in the discussion presented in the next

section . In some cases , potential toxic hazards  were d iscussed .  An



additional six companies indicated that they had developed water

systems for other application s that included many of the performance

F 

requirements specified for a i r c ra f t .

Whe n asked to predict which type of waterborne system had the

greate st potential for urethane topcoat replacement , coating s scientists,

in mos t cases , did not make a direct response.  A frequent response

was to emphasize the ne ed to carefully compare the relative environ-

mental advantages of high solids systems and waterborne systems . In

several cases dispersions were considered superior to wate r soluble

types and latex systems . (These te rms are defined in the next sect ion.)

Five companies indicated that they had inve stigated the use of

uretha0ie dispersions or closely related products. Of the se five , two

companie s had developed their own products of this type while the others

had used commercially available products . The polyfunctional aziridine

cross- l inkers, sometimes used in combination with polyurethane dis-

persions , we re recognized as potential he alth haza rds .  One company

is continuing toxicological testing of the cross-l inkers , and they express

optimi sm abou t the possibility of safe use of low levels of cros~ -linker

under carefully controlled conditions.

All of the companie s indicating an inte re st in submission of a pro-

posal for topcoat replacement , expressed preference  for consider ing

development of a complete pr imer / topcoat  system. The consensus

_ _ _ _ _ _ _  _ _ _  ~~~~~~~~~~~~



was that prime r replacement would be less challenging than topcoat

replacement. Several variations of two-package systems were dis-

cussed in which the cross- l inker  is wate r soluble and possesses  sur-

factant-like propertie s such that epoxy resins  can be readily emulsified

prior to application. Possibly part of the optimism about primer re-

- - placement is related to less demanding flexibility requirements in the

prime r specifications (1 ) ,  in comparison to the topcoat specifications

(2) . In most of the consultations , one or more company or institute

representatives were knowledgeable conc e rning aircraft  coating

specifications.

10
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SECTION IV

DISCUSSION

1. PROCEDURES AND SPECIFICATIONS

Before assess ing the potential of waterborne coating s for  re-

placement of current a i rcraf t  coatings , it is necessary to es tabl ish

ground rule s related to Air Force coating procedures .  Judgements

will be based on the assumption that the following procedures will

not be modified: 1. application by spray , preferably a i r less  electro-

static spray , 2. ambient temperature cure , and 3. s t r ip  and recoat

on a three to five year cycle. The size and i r regular  shape of a i rc ra f t

make most application methods , other than spray , impractical . The

size also eliminates high temperature cure , and the i r regular  shape

eliminate s UV cure , at least by cur ren t  UV technology . It is doubtful

that the replacement coatings will be good enou gh to eliminate the need

for stripping and recoating .

It is also necessary to consider coating pe r formanc e requi rements

in detail . It is tempting to simply state that the waterborne rep lace-

ments must meet the specifications of the current  prime r (1)  and top-

coat (2) .  The danger in this approach is that cur ren t  spe c ification s

may have been established on the basis of performance of the c u r r e n t

systems in paint test methods rathe r than on the basis of p roper t ies

required for  successfu l pe r formanc e of coatings on airc raf t . Thu s ,

11



demanding that replacements meet requirements of current  specifi-

cations mig ht be too restr ict ive, result ing in unjustified elimination

of certain potential wate rborne systems.  Unfo r tunately ,  the require-

ments for successful  pe r formance on a i rcra f t  are not well e stablished.

Thu s , it is not possible to know which requirement s could be made less

stringent .

At least some modification of requirement s in the cu r ren t  topcoat

specifications will be necessary  for waterborne rep lacements . For

ins tance ,

1 13 . 5 . 6  Moisture Content Component I of the gloss

coating material shall not contain more than 0. 50

percent by volume of w a t e r .. . . ’ ’

Obviously this low level of water in a wate rborne c omponent is impos-

sible . Othe r examples of requirements that we re wri t ten with solvent

borne urethane systems in mind are 3 . 5 .4  Nonphotochemically reactive

solvent and 3 . 6 . 6  Free diisocyanate.

Requirement  3 . 6 . 2  (Drying time) appears to be unnecessari ly re-

strictive It requires  a set-to-touch time of 2 hours or less and a

dry -to-recoat condition of 1 hour or less .  Since the rate of wate r loss

from coating s is lower than loss rates of most organic solvents used

in coatings , acceptance of less stringent drying times may be necessary .

Mod ifications in coating procedures  to accommodate longer dry ing time s

12

_ _ _ _ _ _ _  ~~~~~~~~----~~~ - - - - - - - - - -



would appear to be a minor inconvenience compared to the potential

advantages of wate r systems. The effect of variations in relative

humidity in ALC s on wate r loss rate s will be an important consider-

ation (6).

2. TERMINOLOGY AND CLASSIFICATION

It is generally agreed that , in addition to emulsions (Section 113.),

there are three types of waterborne systems which can be classified

according to appearance , molecular we ight of the pol ymeric component ,

and the particle size of the dispersed phase. However , there is con-

siderable variation in terminology used to identif y each type and in

the specification of dividing line s between types. A classif icat ion con-

sistent with common current  terminology (7 , 8 ,9 )  is given in Table 1.

TABLE 1

CLASSIFICATION OF POLYMERS FOR WATERBORNE COATINGS

Water Aqueous
Soluble 

— 
Dispersion Latex

Appearance Clear Translucent Opaque

Particle Size 0 .00 1 to 0 .01 0 .01 to 0 .1  0. 1 to 1.0
(micrometers)

Molecular 5000 to 20 , 000 to Approximately
Wei ght 20 , 000 50 , 000 1 , 000 , 000

Several sources of confusion exist  in use of the terms in Table 1.

The systems called ‘‘ wate r soluble ’’ are usually not soluble in wate r

13
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unless an organic cosolvent is also present , and frequently aggregation

of polymer molecule s occurs so that particle size is variable depend ing

on polymer concentration and water/co solvent ratio (10) . As used in

Table 1 , “ aqueous dispersion ” has a fa i r ly specific meaning whereas

in gene ral usage dispersion has a broader meaning encompassing any

system consisting of a discontinuou s phase and a continuous phase. The

aggregation phenomenon , mentioned in connection with wate r soluble

systems , is even more pronounced in aqueou s dispersions;  thus , pa r-

ticle size is again ve ry dependent on polymer concentration and solvent

composition . ‘‘ Latex ’’ is a better term than ‘‘ emulsion ’’ for the high

molecular weight systems because by analogy to naturally occurring

rubber latexes it accurately describes a dispersion of a noncross-linked

high polyme r in water .  The te rm ‘‘ emulsion” is too general in this

context .

Several attempts ha ve been made to compare performance and

application propertie s characteristic of the type s of systems listed in

Table 1 (8 , 9) .  Howeve r , gene ralizations of this type are of limited

value because performance and application properties depend strongly

on the specific polymer used , formulation variations , and cur ing con-

ditions such as high temperature versu s ambient cure . Furthermore ,

rap id advances are being made so that problems identified with a given

type of system may be eliminated in the near fu tu re .

14



3. RANKING OF WATERBORNE POLYMERS
FOR USE IN AIRCRAFT COATINGS

Limiting wate rborne replacement candidate s by requiring spray

application and ambient temperature cure  (Section 112.)  results in a

short list of possible coating s types:

1. Two-package , reactive coatings

2. One-package coatings that cure  by air oxidation of
fatty ac id chain s

3. One-package latex coatings

Coatings of types 1 and 2 are based on relatively low molecular  weig ht

w aterborne  resin s such as desc r ibe d unde r wate r soluble or aqueou s

dispersions in the preceding section . To obtain res is tance to organic

liquid s , types I and 2 would have to undergo chemical reaction after

(or durin g) application . Such reactions increase the molecular weight

and introduce c ross - l inks  both of which would increase  res is tance to

organic liquids.  Coating s of type 3 form films by coalescence of latex

part ic les  and would not undergo reaction during film formation . Even

though the molecular we ight of latexes is high , it appears  unlikely that

unc ross-linked films would have adequate resistance to organic li quids.

Othe r challeng ing problems for type 3 coatings are achieving high gloss

and avoiding pe rformance problems caused by sur fac tants  and coalescing

aids.  For these reason s type 3 coatings are ranked below type I .

Cross- l inkable  latexes are being developed , but ambient cure

variations of this type are uncommon. Of course , use of a second 
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component for cross- l inking,  places cross-l inked latexe s within

type 1.

For type 2 coatings , the major problem is likely to be obtaining

adequate me chanical properties. This problem is related to the rate

of cross-l ink fo rmation by air oxidation . Although some control of the

rate is possible through catalyst  variation s , the initial rate is likely

to be too slow to result in suffic ient toughness and high modulu s with

reasonable drying times. This problem is more serious for multiple

coat application as antic ipated for a i rc raf t  coatings.  Long term

retention of flexibility may also be a problem because cross-linking

will continu e as ~~ng as air can diffuse into region s where double bonds

are present . Many different  waterborne polymers have been modified

to contain fatty ac id chains; thu s , the range of polymers available for

type 2 systems is broad . Although the seriousness of the problems

identified will vary somewhat depending on the particular  polyme r

chosen , it seems unlikely that such problems could be completely

eliminated. Therefore coating s of type 2 are ranked below type 1 re-

garding potential for replacement of current  a i rcraf t  coating s and

approximately equal to coatings of type 3 in this regard.

Wate rborne variations of type 1 are ranked highest as potential

replacements for cu r r en t  a i r c r a f t  coat ings .  The development of such

coating s by industry has not reached an advanced stage. Therefore , a

-- - - - - - -
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dange r exists that problems associated with type 1 coatings have not

been as thoroughly identified as is the case for type 2 and type 3 both

of which are qu ite widely used for current industrial coatings. An

obv ious potent ial problem is toxicity of components. If the two corn-

ponents have sufficient reactivity to cure effectively when mixed at

room temperature , then the reactivity mu st be high. Since c ross -

linking reactions in most cases involve functional groups that are

pre sent in the human body,  it is reasonable to expect that coating s

components will be hazardous for personnel who are applying the

coatings.

Polyme r systems of ty pe 1 , under current development , include

reactive emulsion s and room temperature curing latexe s and disper-

sions. For example , it is reported that aqueous urethane dispersion s

can be cross-linked at room temperature by polyfunctional aziridine

cross- l inkers  ( 11).  For the two-package emulsion approach , it is

reported that a wate r soluble component can serve both as a cross-

linking agent and as a surfactant so that the second component can be

readily dispersed without use of othe r surfactants (12 , 13) . It is anti-

cipated that these systems are suitable starting point s for research

directed at development of waterborne replacements for current  air-

craf t  coatings.
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4. EXAMPLES OF TWO-PAC KAGE , REACTIVE
WATERBORNE SYSTEMS

Polyviny l Chemical Industries’ product , NeoRez R-960 is an

example of a urethane dispersion ( 11) .  Although the precise s~:ructure

of this resin has not been disclosed , it is known to contain ‘ ‘ pre-

reacted” urethane groups and ionic group s which assist  in producing

a stable dispersion . At least some of the ionic groups are carboxyl

groups , and it is the carboxyl groups which react with the three-

mernbered nitrogen containing ring present in polyfurictional azir idine

cross- l inkers  (14). Polyfunc tional aziridine cross- l inkers  are pro-

duced by Polyvinyl Chemical Industrie s (CX- 100 and EX-228)  and by

Cordova Chemical (XAMA series) .

An attractive feature of the aqueou s urethane dispersion approach

is that the unusual combination of flexibility and organic liqu id resis-

tance , exhibited by the current  solvent borne urethane , might be retained

in the waterborne variation . Preliminary tests at AFML/MBE on clear

films of a R - 9 6 0/ C X -l O O  combination produced favorable results (15).

The main drawback of urethane dispersion systems is the potential

toxic hazard of the aziridine c ross- l inkers .  These dispersions form

films on air dry ing without cross- l inker , but the organic solvent resis-

tance is poor (11) .  Low le vels of cross- l inker (approximately 2%)

improve solvent resistance substantially. When mutagenic tendencies

of the undiluted c ross - l inker  were dete rmined by the Ames test , positive
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results were obtained (16). However, when recommended levels of

cross-linker we re used in dispersion/eros s-linker combinations ,

negative results were obtained (16). In a letter dated 20 September 77 ,

to Mr. Childers , AFML/MXA , Colonel G. D. Taylor of the USAF

Occupational and Environmental Health Laboratory (AFSC ) recommended

that work on aziridine containing cross-linkers should continue and that

simultaneously additional toxicological evaluation should be s tar ted.

Dow Chemical Company ’s product , XD-7080, is an example of a

resin which acts both as a cross-linker and as a surface active agent

for dispersion of a second component in a two-package reactive coating

system (12 ,13). The polymer consists of an acrylic backbone with

pendant amine groups. The amine groups are introduced by reaction of

carboxyl containing acry lic copolymers with imine derivative ; ( 17 , 18).

Water solubility is achie ved by addition of an ac id which converts amine

groups to amine salts. The second component can be a liquid epoxy

resin or a high solid s solution of an epoxy resin . In e ither case , the

surfactant-like prope rtie s of the curing agent promote fa c ile dispersion

of the epoxy resin when the component s are mixed (12 , 13) .

Several other commercial waterborne res ins  are available for

curing epoxy res ins .  General Mills Chemicals , Inc.  produces a two

component , ambinet cure wate rborne system in which the c ross - l inker
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is an aqueou s a midoamine res in  (Genamid 570 1-H65) .  The combination

is called Waterpoxy II. Ciba-Geigy offers a polyamido/amine develop-

mental hardene r (XUZO 7)  for use with conventional liquid epoxies.

Although the poor exterior du rability of epoxy based coatings would

suggest consideration of these systems for the primer only ,  Shell

Development Company is develop ing a modified epoxy resin reported

to be ‘ ‘ weatherable’ ’ (DRH-l  51 .2) .  These ‘‘ weatherable ” epoxie s

are used in combination with XD-7080 (Dow Chemical Co . ) .  If adequate

weatherabiity is achieved , such systems could be considered for top-

coats. Flexibility of the epoxy/amine systems may not be adequate for

a i rcraf t  topcoats , however.

The descriptions of resins and cross-linkers , given above , are

included for the purpose of illustrating approache s to de velopment of

two-package , reactive waterborne polyme r systems for high performance

coatings. Inclusion of specific systems shall not be interpreted as an

endorsement or recommendation . In a similar way , omission of other

specific systems , of this general type , shall not be interpreted as re-

p re sentiñg an unfavorable evaluation .

5. ENVIRONMENTAL IMPAC T OF WATERBORNE
VERSUS HIGH SO LIDS SYSTEMS

Sinc e most waterborne coatings contain organic cosolvent s and

frequent ly othe r volatile organic compounds such as amine solubilizers

in some cases and acidic solubilizers in other cases , it is not necessarily
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trCie that waterborne coatings will cause less air pollution than high

solids coatings. Any valid comparison of pollution abatement potential

of these two approache s must take into account the emission levels

expressed on the basis of equal area coverage and equal dry film

thickness.

Furthermore , the level of reactivity in the environment and the

toxicity (if any) of products formed on atmospheric exposure is different

for different volatile compounds. For example , preliminary results

suggest that certain amines form nitrosamines on exposure to the atmo-

sphere (19). Some nitrosamines are carcinogenic . The potential hazard

from this source has not been adequately established. Unfortunately

detailed information on environmental reactions of many spec ific volatile

compounds in coatings is not available .

The Environmental Protection Agency (EPA) has reiterated the need

for reduction of emissions rather than substitution of low reactivity

compound s for high reactivity compounds (20). In spite of this state-

ment , twelve volatile organic compounds have been identified as having

‘‘low photochemical reactivity ” . Included in this list are some solvents

that would be usefu l in coating s such as methyl ethyl ketone , acetone ,

isopropanol and ter t iary alkyl alcohols. An earlie r list of fou r volatile

compound s identified as having “ negligible photochemical reactivity ”

did not contain any solvent s used in coatings. Alcohol ethers , such as

21
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2-butoxyethanol (Union Carbide ’s product Butyl Cellosolve ) and n-

- propoxy-2-propanol (Union Carbide ’ s product Propasol P),  are used

- frequently in waterborne systems but do not appear on e ithe r list (20) .

On the basis of solvents listed by the EPA , high solid s coatings con-

E ta m in g methyl ethyl ketone , for example , may have a less harmful

~~~ effect on the environment than waterborne systems containing equal

- levels , or possibly even lowe r levels , of alcohol ethers. The unique

- “ coupling solvent’’ propertie s of alcohol ethers (2 1) are important in

waterborne systems and substitution of othe r solvent s would be difficult .

I c

_ _ _  
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SECTION V

SUMMARY

Practical considerations demand that Air Force coating procedu re s

continue to consist of spray application (prefe rably air less electro-

static spray),  ambient temperature cure , and strip and recoat on a

three to five year cycle . With these procedu res stipulated , it is clear

that waterborne coating s prepa re d from current ly available waterborne

polymer systems do not meet requirements for use as aircraft primers

and topcoats . Howeve r , the paint industry is actively involved in re-

search directed at improvement of propertie s of waterborne coatings.

When coating procedures are limited to spray application and

ambient temperature cure , there are only three types of waterborne

coatings to consider for further research and development . In order

of decreasing potential for replacement of current  a i rcraf t  coatings ,

these type s are : 1) two-package , reactive coating s , 2) one-package

coating s that cure by air oxidation of fatty ac id chains , and 3) one -

package latex coatings. Latex coating s , type 3, are ranked below type

1 primarily because it is anticipated that ade quate resistance to organic

liquids , used in aircraft , will be difficult to achieve . Type 2 coatings

are ranked below type 1 primarily because achieving flexibility and

toughness and retention of these propertie s is judged to be difficult.

A major~concern for type 1 coatings is exposure of application personnel
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to potentially toxic substances. Use of an independent source of

breath ing air and specially de signed clothing which prevent s skin

exposure is recommended when type 1 coatings are applied . These

precautions should also be considered for the current solvent borne

urethane , primarily to reduce hazards from the isocyanate component .

Examples of two-package reactive waterborne polymer systems

that are suitable as a starting point for development of wate rborne

coatings are known . One type consists of aqueous urethane dispersions

cross-linked by polyfunctional aziridine cross- l inkers .  A second type

is based on amine or amidoamine cross-linkers for epoxy resins. The

amine or amidoamin e component contains ionic groups which make the

curing agent wate r soluble and also introduce surfactant-lik e propertie s

so that epoxy resins  are readily dispersed when the components are

mixed .

Whe n comparing the environmental advantages of waterborne

systems and high solids systems , it is necessary to consider the amount

of volatile organic compounds emitted on an equal area coverage and

equal film thickness basis , and also , to the extent possible , spec ific

reactions in the atmosphere on a compound by compound basis .
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APPENDIX

OUTLINE AND QUESTIONS USED IN

F TECHNICAL DISCUSSIONS

During the initial contact with a company it will be made clear

that technical personnel who are responsible for development of wate r-

borne coatings as well as market managers and technical di rectors

F should be present during discussions . A minimum time of two hours

will be requested.

It is anticipated that the sessions will consist of

(a) A Briefing - - Will include a summary of the work statement
(on a transparency) and a description of the most demanding
a i rc ra f t  coating requirements along with the advantages of
air force coating procedures (on a tran sparency).

(b) A Question and Answer  Period -- Eig ht quest ions have been
prepared and will be asked during each session . Any of
those attending will be asked to feel free to answer and an
attempt will be made to keep the atmosphere as informal
as possible . Note s will be taken on the responses.

(c) A General Discussion - - The discussion will be initiated
by a general question; “D o  you feel that waterborne ambient
cure systems can be developed that will match propertie s of
the current  solvent borne systems? “ Preliminary l i t e ra ture
search results will be presented (on a t ransparency) ,  and
the participants will be encouraged to suggest  alte rnatives.
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QUESTION LIST

Topcoat

1.  If the AFML/MBE requested proposals for a research con-
t r a c t  directed at development of a waterborne a i rcraf t  top-
coa t  to replace the current  two-package aliphatic urethane ,
would your company submit a proposal?

2 .  (a) Do you current ly have available or unde r development
an ambient  cure waterborne coating that you think could
match the pe r fo r mance of the current topcoat?

(b) Can you de scribe the system? If so , do.

3. In you r op inion which type of waterborne system (soluble ,
dispersion , or emulsion as well as polymer type) has the
best chance of topcoat replacement without sacrif ice of
performanc e properties?

4 .  (a) Have you had any experience with urethane dispersions
contain ing pre-reacted isocyanate /alcohol groups? If
so , describe you r experience.

(b) Do you feel that polyfunctional aziridine cross- l inkers
can be used under carefully controlled conditions which
minimize the health hazards?

Prime r

5. Would you prefe r to submit a proposal for de velopment of
a primer/topcoat system or for the topcoat only ?

6.  (a) Do you currently have available or unde r development
a waterborne system that you think could match the
propertie s of the current  epoxy-polyamide solvent
borne two-package system?

(b) Can you describe the system? If so , do.

7. In your opinion which type of waterborne system is mo st
promising as a rep lacement for the current  primer?

8. Have you had experience with two-package waterborne
systems in which the cross-l inke r is water solu ble and is
surface active so that it can be used to emulsify epoxy re s ins
prior to application? If so , describe you r expe r ience.
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