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CLASSIFIED- RESTR ICTED

CATEGORY IT-rgis nocuurm'r CONTAINS

SUBJECC{, QATIER UNDER PATENT OFFICE
PARLIN LABORATORY REPORT NO.. 906

SUBJECT: STRIPPABLE PROTECTIVE SPRAY COATINGS
NAVY RESEARCH CONTRACT NOrd-.5216

I < IRTRODUCTION

This report covers the results of the experimental
work done under the subject research contract for the period
July 1, 194 to June 30,°1945. It supplements Parlin Labora-
tory Report No, 900 which covered the initial experimental work
done on this problem from Jenuary 1- 194l through June 30, 194,

" In the first phase of this work as covered in Report
No. 900; an investigation waz made of the most likely candidates
aemong the then avallable film formers (with the exception of the
"Vinylites") from which a strippable sprayeble protective coat~
ing could be formulated. Investigation of the "Vinylites" was
not undertaken at that time in order to avoid duplication of
" the wor': being done at the Naval Ordnance Laborsatory at Silver
Spring, Msryland. 1In thls first phase of the work, the follow-
ing film formers were investlgated: ethyl cellulose, nitrocellu-
lose, cellulose aceto-butyrate, nQOprene, Buna S, Buna N, butyl
rubber, polyvinylbutyral, and the 50/50 interpolymer of nwbutyl
1sobutyl methacrylate. Of these, sprayable strippable pr o-
tective coatlings were developed baseld on ethyl cellulose, nitro=
cellulose and neoprens, all of which showed promise of meeting
the general requirements for coatings of this type.

This report covers the results of experimental work
done glong the following lines:

(1} Field testing of the ethyl cellulose, nitrocellu-
lose and neoprene Lype coatings.

{(2) General evaluation of the "Vinylite" resins for
use in strippable sprayable coatings.

{3) Imprcvement in the durability of NOL-193 lacquer
meeting Specification 08-3602.

(u)vnévelopment of adhesives to adhere vinyl and neo-
prene type strippable coatings to steel.

(5) Eveluation of the ingredients used in formulat.
ing NOL~193 stripping lacquer,

(6) Development of a dipping type vinyl stripping
lacqudr,
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II -~ RESULTS AND CONCLUS IONS

As a result of further laboratory work in studying
the "Vinyliie™ resin as ths main f£ilm formers in sprayable
‘strippable protective coatings and of field tests conducted on
the ethyl cellulose &nd neoprense types, it 1s felt that the
vinyl resins (chloro-ascetate copolymers) offer the most promise
in formulating such coatings for most purposes, and especially
in cases where a combinetion of toughness, corrosion resistance,
durability and a low moisture vapor tranamission rate is de-
sired. The selection of the grade of resin, type of plasticizer
and other modiflers 1s dependent on the use to which the coat-
ing is to be put, -

For the main purpose which Neval Ordnance is propose
Ing to use such coatings,. the formulation known as NOL S8-193
(Specification 03@36025 developed by Lt. Wm.H.Holst and his
group at the Silver Spring Navel Ordnance laboratory is felt
to have the hest combination of properties with the pam sible
exception of durability. A modification of this formulation
in vhich a more soluble resin (VYNS) is uwsed in place of a 4if-
fioultly soluble resin (VYNL) is thought to have soms advantages
over NOL 88152 with only a minor sacrifice in filmw properties.
Thes¢ advantages are in ease of msnufacturse, higher solids at
spraying viscosity, and in better soclution stability. Such a
composition, known under the duPont experimental code J-1300.~X.:
7147, is being field tested by the Navy at the present time,

Exposure tests indicate that the outdoor durability
. of both NOL 88-193% and J-1300-X--71L7 can be definitely im-
proved by pigmentation with carbon black. Other pigments and
pigment combinations can undoubtedly be used to improve the
durability. Exposure studies covering such poctential pigment
combinations are now underway. There is evidence to indicate
that sufficient duradbllity for most purposes may be obtained
by using a pigmented composition only as the final topcoat.
Expe ure tests are also underway to determine the mininum
thickness of pigmented topecoat which will be required.

From.the exposure tests already examined some iv .
formation on the relative durability of stripping lacquers
based on various film formers 1s available, These tests in-
dicate that they may be listed in the following order of in.
creasing durablility; viz., ethyl cellulose, nitrocellulose and
neoprene, vinyl. The best ethyl cellulose composition we have
- been able to formulate has & durability equivalent to four
months in Florida; the neoprene and nitrocellulose types have
& durabilibty equivalent vo &t least one year and probably longer
in Floride, while the vinyl types are expectad to be slightly
superior tQAboth the neoprenes and nitrocellulose. Because
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these compositions are stripping lacquers and faillure is -on-.
sldered to occur when the film 1s too brittle to be stripped
- from e 4x12" panel in one piece, these life expechannies
represent a higher order of durability than would be expectad
from permanent finishes. :

. _The sbove conclusions are drawn from films In the
range of 8-12 mils thickness so that in the case of the
NOL S8-193 type application where the film thickness is on
the order of 30-j0 mils, considerably longer useful life can
bs expscted. y

For uses other than that of bridging openings and
enveloping irrsgular pleces of eqQuipment and for use whers the
protective film comes in direct contact with the equipment to-
be protected, several other vinyl type coatings have been
developed. These compositions have lower tensile strength than
the NOL S8S-193 type, but at the same film thickness are equiv~
alent in corrosion resistance, moilsture vepor transmission rate
gand dursbillity. Two typical compositions are known under the
duPont experimental codeaJ-200-X~7012 and J-200-X-7182. They
vary from the NOL S8-193 formula mainly in that they contain
polymers of lower molecular welight and lowér vinyl chiorige
content. ' The advantage of using such resins lies in their
better solubility which ylelds higher solids at gspraying vis-
coslity and better sprayability. Their disadventages are that
they are not quite a&s tough and do not have quite as good
cold-crack resistance. It ls felt, however, that they are as
good as it 1s necessary %o have them in these respects.

For. the NOL $S8~1%3 type of formulation the present
solvent wsed (methyl ethyl ketone) appears to be satisfactory
for most ccnditions of application, However, it may be de-
sirable to use & small amount of methyl isobutyl ketonre where
the spplication is made under conditions of extremely high
humidity and high temperature. Other solvent combinations are
being investigated and preliminary results:. indicate that
acetone/toluene/hethyl isobutyl ketone and toluene/umethyl ethyl
.ketcne mixtures hold some promise. In the J-200=X~70l2 type
of formulation a slower solvent combination is recommended
as freedom from bubbling in the film is of more importance as
a considerably thinner film is applied (1015 mils).

Diostyl phthalate sppears to have the best combina-
tion of properties when used as the plastiecizer, but for some
applications, such as in the J-200-X-7012 Lype. tricresyl
phosphate can be used. Rusiben 603 seems to be mors satis .
factory than an ordinary refined mineral oil such a3z Fracicl
or Eatic #Li: (Standard 011l of N.J.). This is perti-ulariy trus
in the NOL 88-193 type of formilation.
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o Two organlce compounds, Stabllizer A and Salol-
woere evaluated in the clear formulations for their stabiliz..
ing effect against heat and light in order to improve the
durebility of the clear films.  Stabilizer A, the moncglycer-
1de of a vegetable source of fatty acid manufactured by
B.F.Goodrich, gave only a very slight improvement in durabil-

‘ity, while Salol (pheny) salicylate obtained from Fisher

Sclentific Co.) was only very slightly better than Stabilizer A-
This Improvement was evidenced by slightly less darkening of
the film at the end of two montha! exposure in Florida and was
&ivery minor ilmprovement as compared to the effect of pigmente..
tion ‘ s :

) Preliminary laboratory tests indicate that a cold dip
vinyl stripping lacquer may have 'some advantages over the coid
spray type or & hot melt type such as the ethyl cellulose ho*
melt developed for Army Ordnance (Specification ANG-117-4}.
Formulation J-200-X-~7012 referred to above, has been recommended

. for thils purpose and is now undergoing tests at the Naval

Ordnance Laboratory, Silver Spring, Md.

Considerable search and experimentation indicates
that the moat satisfactory adhesive for use in adhering the
NOL 88~193% ‘type of £ilm to the base of equipment to be pro-
tected is a phenol-formaldehyde modified butadiene/acryloni-

- trile type as represented by "Gaytex" or "pliobond™. Although

this type of adhesive 1s somewhat thermoplastic and it would
be. desirable to use an adhesive which would convert on agin

to the non-thermoplastic state, tests indicate that "Gaytex" or
"Pliobond®may be adequate for the intended purpose. Pre-
liminary work to-develop a self-converting type of adheslve

has as yet met with no suceess. However, laboratory tests
indicate that there are two means of improving the resistance

" of a "Pliobond™ bond to loosening under a load at elevated

temperatures. The use of Estic #l o1l in the NOL SS8-193
formule definitely improves the resistance to failure at ele-

. vated temperatures, and the deletion of VINL resin from the

NOL $S-193.-8180 gives a sli@pt improvement.

Por. adhering the necprene type stripping lacquer to
gteel, the problem is more simple. Falrprene Cement #5115
{duPont Company) gives bonds which appear to be satisfactory.
However, stronger bonds can be obtained with a chlorinated .
rubber cement such as Fairprene #510} or an experimental cement
such as J-N-~205-12 also made by duPont,

A "‘In the previous report (No.900) the use of small
quantities of surface active agents such as sodium petrcleum
sulphonate and soya lecithin was discussed with respect ta °
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thelir influence in reducing the sdhesion of the sirippirg
lacquers discussed therein. Some further work slong the Line
.of obtalning "controlled adhesion" in the vinyl type atripping
lacquer has been done.

Ncrmally the vinyl chloro-scetate resins yield
stripping lscguers with very poor adbesion to most substrates
and in some applications 1t is necesssry to increase the ad-
hesion so that the film will not be atripped from the sub-
strate by the wlind when the film is acsidentally ruptured.

It has been found that "Vinylite" VMCH (believed to be a vinyl
chloro-scetats Intarpolymer with which a swall amount;, of majeir
acid has been copolymerized) can be added to & vinyl stripping
lacquer te give eny desired degres Wadhesion. This effent 1is
cbtained, however, only in the sbaence of a2 surface active

agent such as soya letithin or sodium petroleum sulphonats as
tests show that when both are used the latter are.more effectives
in reducing adhesion than VMCH is In increasing it%.

- In this conrection it is interesting to note that
Rustban 60%. a rust inhibiting oll which 1s believed to contain
sodium petroliesumw suiphonste, improves corrosion reslstance of
8 vinyl stripping lacsquer as compsred to a refined minersl oil
containing no surface active agents such as Estic #4l oil.

These results sre contrary to those obtained when sodlum petyo.-:
leum sulphonate is added to sn ethyl cellulose or nitrocellulose
type stripping lacquer as in these cases sodium petroldum sul-

‘phonate has & dsleterious effect on corrosion resistance.

The possibillity of developlng a webbing agent or
lacquer having webbing characteristics equal to or bsetter than
Solution A (NOL SS-193\ has bsen investigated. None of thse
polymers examined had as satlisfactory properties as Solution A,
but a lascquer based on & mixture of polyvinylbutyrel and poly .
vinyl acetate has working properties which approach that of
Solution A and might be considered s secondary alternate
compogition. '

IITI - EXPERTMENTAL

In the sxperimental work on the subject problem &s
covered in Parlin Laboratory Report No. 900, which d4id not
Include any work with the "Vinylite" resins for reasons previ-
ously mentioned, ths threse most promising fllm forming mater .
lals of the candidates studisd were ethyl cellulose, nliro-
‘a8llulose and necprens. Stripping lacguers based on thass
fitx formers 1in labnrakory testis hsd sush desirable propsr: iaa
2@ shravshlility, strippabllity, durability and provided good
profsesion frow coprosion o 3teel test pleces when sub jerisd
L 2 terpsravurahigh humidivy, high temperatureisalt apray
1.1 cther almiisay teats. Howsver, tha following describsad

-
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'ield tests cn the sihyl cellulose and nesprene Lypes plus

the results obfalned frem a study of the “"Vinylikea™ iriicate
that the latter are for genersl use more promiaing flin Sormsps
for stripping lacquers. ’

le Fleld Teats

Field feats wars (u. cn the athyl cellulove &
prens typea at (1) the 7.8 . Army Air Buse, Newark. N..T., g

the U.S.Navy Terd. Philsdelphis. Pu.

& - T3 Arwy Atlanitls Overawas Alr Service Commgnd

T, R e 2 e . am § p— Wy
Nawark Army Alv Base, HNewark, ¥.J.
mmmmmm N g R .+ ¢ A T i D e S S il = A A 8L et T i AN S D s W -

I this tset J-200 X.566%7 and J 200 X-663%, siripyi- o
lacquers based on ethyl coelluiovse end nesoprene, regpeahiye
wars tes~ed as temporary protective coatings for packaging
Tighter planes intended far shipmsnt overaess as deck cargsy
on freighters end tenkers. .

Ths ethyl cellulose lacquar, J..200 X £637, was sp -
plied to & camcuflsged P-47, Thundarvolt, by spray epplicacsian
with e resulting filmw thickneassy of 10 12 mils in five spray
coatas. Fortyg-ona gallons of lacquar and eight gallons of
thinner were raquired %c cemplsie the Jjob., When teshed fer
strippability at the 2rd of 2L heurs, the film wse readily
strippable and the sonted plaps was $ .K.:3d for shipment t¢ :ths
C.%.X, theatrs by CGolerel W.E.HL.¢l. Chisf of Miintenance.
Howsver, the athyl celluless [ilm wes nct as tough and rubbery
aa the vinyl type regularly balpg uzed af Newark for this pur .
pose, and for this resson it was feit ic bs Infarior to the
vinyl type.

The nseprens stripping lacquer, J. 200 X 6639, wax
applied to sn unpsinted P51, Musbang, by spray aspplicsition
to give 8 £ilm thicknesz of 3.12 a1le in five spray coetbs
Twenty-five gallons of lasquer and “lve gsllone of thinnear
were ragquirsd ¢ complets the job. On this plk ne i was 4.
cided te hold up shipment unitll it «ould be determined that
the f£ilm would strip. Normally this would requlrs a perlic
two wesks st a minipum temperature of 75°F. At the end
waeks the film was atrippables in scme sreas, bui not ir
A check ¢n the strippsblilty two weeks later showsd Jitilie
provement and 1t was dscldsad to ateip the P1llm off asnd %o
packege the plane in the normal wénner. As later labnspatory
tosts ghowsd. the failurs of the noacprane to fully vuicanize

and scquire snough filw pitvsngilh toe be roadily sveippable was
dus Lo ths low tsmwparsiors prevzillnog at thait bimpe { Qe
Coart IV At and of thiy vaport ) Bovacaoyr, e 16 hesn 0Ty
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vuilcanized it would still have been Iinferior in film strangin

to the vinyl type then bsing used at Nawark. It did. howeve“;
have good abrasion resistance.

B_~ U.S.Navy Yard, Philadelphia, Pa.

The neoprene composition was also field tested
aboard the U.S.S,North Star at the U-.S.Navy Yard, Philadelphis.
Pa, Here i1t was tested as a protective coating for packaging
topside equipment aboard ships laid up for storage. In this
test, a renge. finder was packsged in the following manner:

A web, sprayed from a mixture of Solutions A and B
(NOL S§8~193) was used to first enveiup the range finder. The
necprene solution was then applied by spray gpplication over the
web tc a film thickness of 0 mils. Nins gellons of neoprens
iacqguer were rsquired. The package was then opened and silics
gel placed inside together with s humidity indicater and 2
polished ;O mm projectile. A "Vinylite" sheet {0.06) inches
thick) was then sealed into the package to act as a window.

At the end of four morths: axposure, at which time
all the test packages were removed from the U.S.S.North Stavr,
the neoprene packagé was still in good shape with no rust on
the projectile and the indicator showing an inaside relatlvs
‘humidity of less than 32C%.  In this epplication the neoprens
type stripring lacquer was 1nfevior to the NOL S§85-19% type
.mainly in applicatiop properties. as morse skill and care ars
requirsd in order tc got the proper degree of tautness. It
2lso has lower tensile strength, but at the film thickness
at which it was applied, this difference may not be serious.

- FPurther fleld tests are underway at the Naval Alr
Experimental Station, U.S8.Navy Yard, Philadelphia;Pa. on the
ethyl cellulose. neoprene and a vinyl type stripping lacquer
a8 Lemporary prorertive coetings for aircraft component parts:
during outdoor storage. These coatings were applied by spray
to painted aircraft wing sections et & £1ilm build of 12«15
mils and have been on axposure at Philadelphlia since December
194y, No resulta of these tests have been communicated tc ths
writar of this report ag of +his dste .,

Nc riseld tests were conducted on the nitrocellulose
type of atrippable coasting because of its well-known in-
flammability” Howsver, sxposure tests indicate that this typs
1s definitely more durable than iths ethyl cellulose type, oaual
or slightly more durable than ths neoprene, and may be equaJiy
a3 durablse 2s the vinyl typ=a. .
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Based upon the results described above and laborsa .
tory evaluaticn of the "Vinylites" as described below, 1t is
felt that for most purposes the vinyls represent the most promis-
ing of the film formers yet examined for use in sprayable .
strippable, protective coatings. :

' In order to study the durability of the NOL 88-193%
stripping lecquer and verious modifications of it as well as
to compare it with the neoprene typs stripping lacquer. a series
of miniature packages (suggested by the Naval Ordnance Labora.
tory at Silver Spring. Md.) have been prepared ss described be..
low and are now on exposure at Parlin. : v

The packages consist of one cubic foot ®dog houses"
vhich have been enveloped with a web sprayed from & mixture of
Soutions A and B (NOL S8-193) cver which was applisd the vari .
ous topcoat and topcoat syatems llisted below, The films were
sealed to the base with Tygon Tp--107A Adhesaive. The package was
cut opsn and a L0 um polished projectile, & one pound bag of
"Silica Gel™ and a humidity indicator were placed inside. A
thermometer was also placed in the fllms marked with an asterisk
(#) in the table below. A rigid "Vinylite" sheet (.06l inches
thick) was sealed over the UxIi" opening to serve as a window,
The films were sprayed to a thickness of 30.40 mils.

The following films ére being tested:.

(1) NOL S8-193%

(2) NOL 8S5-193 plus 5% aluminum pastew

(3) N& S8-193 pigmented with carbon black#

(Ej NOL 88193 pigmented with titanium dloxide/lampblacics

(5) Alternating coats of NOL 8S:193% pigmented black and

'~ yellow (lead chromate) with the black as the final
coat. . ‘

(6) Black {carbon) vinyl based on VYNS/VYHH (25/75) ard

' plasticized with tricresyl phosphatse. S

(7) &luminized vinyl (5%) based on VYNS/VYHH (25/75% and
plasticized with tricresyl phoaphate.

(8) Gray vinyl (titaenium dioxide/lampblack) based on’
VYNS/VYHH (25/75) and plasticized with tricresyl
phosphate.. : ‘ .

(9) Alternating coats of a black (carbon) end yellow
(lead chromete) vinyl with black as the final coat
Both formulations based on VYNS/VYHH (25/75) and
plasticized with tricresyl phosphate. :

(L0)Clear modification of NCL S88-193 containing straight
VYNS (31300 X -T1LT). _

(11)Composition used in (1.} but pigrented with cardon

. black. '

(12)Clear modification of NOL SS~193 In which Estic #i}

o1l 1s used in place of Rustban 603 .
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(13) Composition used 1n {(12) but pigmented wizh rarbon
black. '

{14) Clear modification of NOL S8-193 in which Estic gl
0il is used in placs of Rustban 60%, snd in which
VMCH is usmed as 10% of the resin replacing VYNS.

(15) Composition used in (1ily) but pigmented with carbon
black. '

(16) Thirty mils of NOL S8-193 followed by 10 mils of
carbon black pigmented NOL 8S.-193.

(15) Black Neoprenes Stripping Lacquer.

{18) Aluminized Neoprene Stripping Lacquer.

These packages have now been on exposure for thrae
months and 2ll appear to be in satisfactory condition with the
relative humidity in all packages being less than 30%, and
none of the steel projertiles showing rust,

A rscent check or the tempersture variations in the
packages having no pigmentstion, pigmented black, gray and
sluminum gave the following resultss

Inside Qutside

(1) NOL 83193 clear . .
(2) NOL 8S-19% pigmented black 102°F . 90°F.,
(3) WOL S8-193 aluminized 100°F . 90°F
(4) NOL 85-193 pigmentsd gray 103°F . 9C°¥..

Becauss of the apparent inconsiastency in the sabove
temperature reasdings it 1s felt that in order to get truer data
on the effect of variocus pigments on heat absorption, it may be
desirsble to run fleld tests on packages having a larger sur-
face area. In addition to this we are planning on running some
tests to determine the temperature of stripping lacquer films.
pigmented gray, black and aluminum when exposed to direct sun-~
light, ‘

2o General Evaluation of the Vinyl Resins

The eveluatlion ¢f the vinyl chloro .acetate copolymers
for use in stripping lacquers Indlicates that two genersl types .
are desirable: (1} one Lype based on ths high molecular welght/
high vinyl chloride content copolymers such as used in
NOL SS~193 for use where wide openings are t¢ be bridged ard
the film is for the most part unsupported, end hence wust hav
meximum strength and maximum cold-crack resistance, and (2)
one type bassd on more soluble. lower wmolacular welght. lowar
vinyl chloride content copolywers as reprssapted dby J-200 X 7012
for use where the film for the meost part ia fo remain iv con .
tact with the surface of the seguipment to be protectsd

DUPO030001019




. 11()- LI
Thrae typilcael compesitinnsg ags shown below:.
For use where the film will be unsupported -

J 200-X-7131 (NG SS-193 pigmented)

"Yinylite" VINS 1oagz

" Vinyl 1te“ WNL . u

dioctyl phthalate 54«5

Rustban 603 -l (standard 0i1 of N.J.)

carbon black

3ol

- Stabillizer A 003 (B.F.Goodrich)
2.1
methyl ethyl ketons ?300

For use in di?ect contact with surface of equipment to be
protected ~

(a} J 200-X.7012
"Yinylita® VYNS
"Yinylite™ VYHH
tricresyl phosphate
Estic #Ku ni]
Stabilizer A
lampblack .
methyl ethyi ketone
toluens
methyl isobubtyi ketonse

R

ek

>

Y,

5

G OO NI ImDi

ﬂo'\'\_N api OO ‘ru‘ {x)'-.:ﬂ“_ﬂ

IR ol

A

(b} J-200 X.-T182
"yinylite™ VYRS
"Vinylite® VYHH
"Vinylite® VMCH

dloctyl phthalate

- Estic #L4 01l
Stabilizer A

lampblack

wethyl ethyl ketone

methyl isobutyl ketone

E-N

NN OHNO®®

=4
i 1

AN
4 M NN Q

‘ Formulation J-200 X-7131 is the recommended pig -

monted modification of NOL SS:19% and 18 designed to impart
maximom durability. Formulations J-200-X-~7012 and J 200..X 7182
are representative of the typs which 1s applied in direcr zorn
taert with the surface t¢ be protscted. The ls*ter, J-20C X 73R,
1s formulstzd %o have a bebter cold-crack résistance thar
Jw200-X- 7032, snd %o havs an odhasion e Alnjed of 1 05 3o 7
-pounds per inch. A secrifiecs in total aclids at aspvaginwg wix .
ecoalty is required te nbhtain the laproved cold crrck raw ananga

-
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The followicg are the results of laboratory evaius
tion ¢f the vinyl resins which 144 to the davelopmsnit of tha
apbove formulations: :

A - Resims

Thres grades of "Vinylite" resins sre aveiladls from
Carbide and Carbon Chemicsal (orporation which lend themaslves
"for this purpcse. Thsy are:

VYNL - a'copolymer of vinyl chloride and acetate having
a2 vinyl chloride content of $3-95% and an average
molecular welight of 2L,00C,

‘VYNS < 8 egpolymer of vinyl chloride and acetate having s
vinyl chloride content of 88.5-90,.5% and an average
moleculer weight of 16,000,

VYEH - . copolymer of viryl chloarida and acetaié having é
vinyl chlaride conient of 85 884 and an aversge
molecular weight of 1C.000.
A comparison of the physicsl properties of three
typical compesitions containing them ares aa follows:

2098189 1 2098.189..2 2098-189-3 Ratio_

"yinylite® VYNL : . IR .
"Vinylite® VYNS 11.9 1649 503% ; 10.0
"Yinylite" VYHH y 3 1307 :
dioctyl phthelate 6.0 6.6 Ay 4.0
Rustban Q§ 2T 14.-‘) 1 5.2 )
Stabilizer A 0.% 0.3 Oaly ) 207
methyl ethyl ketome  75.0 72.5 65,0

- —I00.0% ITCTOR » o
total so0lids 25.0% . 27.5% 35.,

. viscs (#15 DuPont sup) 24 sss., 22 sea. 21 sec.,
tensile strength 1950 psi 1865 pai 1600 psi
elongation L400% 120 595%p
MVTR# (50 mils) 33 grams 29 grems 29 grama

#MVTR = grams/10C squars meters/hr. at 5905°du under a vapor
pressure differential ~orresponding to 1009 relative humidity
on one side of the f£4ilm and less than 3% on the other side.

From ths abovs resulis 1t can be seem that whers :
maxiruw £ilm strength is reguirsd with maximur tautering sffect
(see Puotograph i st end of report) the higher melsaular weigh®
resina should be usad. At the sams time a higher dagrae of
. cheminsal inertnsss znd £laxlibillilty at 1ow Lerpoaraturesx iax ou
tainsed. Thesa properties are gained, however. ab the =upsrvaa
of solubility (total solida at spraying vilscosisyl, aciution
stability and sgprayablility.
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- The relativae dursdbilisy ¢f each of these rssins
la being studied by exposure in Florids but no significant
results are as yet available.

Another of ths ”Vinylite” resina sxamined wsa VMCH,
not as the malin film former, but 2s a2 wmodifisr to increanze the
adhesion.

1Vinylite™ VMCE ias believed tc be the same as VIHI
except thalt a small amount of malei~ acld has been introdurcad
irto the polymer during the polymerizanlon process. The eils: -
of this resin on adhesion can be illustrated as follows whau
added in verying proportions to = stripping lacquer based on 2
1/1 blend of VYNS/VYHH end plastiolzer 10/l with diostyl
phthalate. * 4

. Composition ' Adbesion
0% VMCH - = adheaion too low to be measured wiih

avallable sgquipment
1300 grams/inch widsh
1385 grams/inch width
1965 grams/inch widtn
2150 grams/inch width
cannot be strippsd

R

14 VMCH on resin
2% vMcg ¢ "
L VMR ¢
109 VMCH " n
100% VMCH

%N Ey

This effect only takes place 1ln the absence of a
surface active agent such as contained in Rustban 603, as with
this oil present even with straight VMCH in the ratlo of 10 .
parts resin to one of 0il, the adhesion drops to [50 grams/inch

Preliminary resulta indicate that the use of VMCH

in quantities up to 10% of the resin does not have a deleterious
effect on corrosion resistance or molsture vapor transmission
rate and that it may even have & beneficial effect. Its effonh
on ultimate durabvility is being studied. '

B - Flaaticlizers

_ A mumber of plasticizors are being evaluated for use
with the wvinyl resins; among which are: ‘

. dloctyl phthalate

» tricsreayl phesphate

. Parapiex G <5

. dlbutyl sebacate

. diostyl sobscata

. methexyglynol a-eiyi rizinolaats

NI o
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The best all-arwind plqwririzar appedrs to ba
dioctyl phthalate, although we de¢ not hawvs the durabllilvy
- experience with 1t that we have with iricrssyl phoephato.
Dioetyl phthalate glves the best combination ef t;rxibility~
over a wide range of temperatures, piiebility. and low molas.
ture vapor transmission rate. Trizrasyl phosphate is infaorior
to dioctyl phthalate mainly ir Flexibility st low temperatures.
Dibutyl sebacate while returning bettsr Jow tempsrature (lex.
ibility than dloctyl phthalate slightly impalrs the MVTR and
is inclired to be 8lightly wmore velatlile., Paraplex G-25 and
me+&oxyglvnol acetylricinoleate have poorer low temperaturs
flexibiilty than dioctyl phthalate and there are indlcations
that the methoxygliyecol sceitylri ainoJea‘e returrs poarar duvabll.
ity. Diontyl sabacate, contrary 40 the manufasturer' s
(Reainoua Preducts) claims- did not raturn as good cold-~crack
rasistance in our tosts as 4id dioetyl phthalate when unad ir
vinyl atripping lacquer formulations.

¢ - 0ils

Two types cf oils havs besen -evaluated for use in
vinyl stripping lacquers; viz.. Rustban 602 and Estic #4l; oil.

Both oily have = place in the formulations depanding
upon the use to which the coating 1is tc'be put,

Rugtbenr 603 while having the advantage of promoting
corrosion resistance, returns 8 slightly higher MVTR and in
uses where the fllm is to be sdhered t¢ the metsl with an
adhesivse, it impalrs the heat -reslstance of the bond (see dis..
sugsion under "Adhesives™ in latter part of this report). It
als¢ cannot be used when a definite degree of "controlled
adhesion” 'is to be Incorporated in the fillm. Such an applica-

ion 13 as & protective coating for wse in direct contach to
squipment intended, for outdoor storage or shipwent. Here; if

the adheslon 1s too low, there 1s dangsr of the film being
stripped from the equipmaat by the wind if the f£ilm is azcidental -
1y ruptured.

Dw« Stabilizers

An evaluation of a number of stabilizers, both
organic and inorganic is underway to determine their stabil?l
ing effect against heat and light with the view of imprnving
the durability of the vinyl stripping lacquers. Amcng those
raing avaluahed ara:

Ore ,Aan‘

'~Tab1,iawr A {ths monegliospids of 3 vogetable scups«
farty anid mepnulfactured by P F.@oodri-n Jo. )

3alel iphanyl ~nﬁ?«ylufﬂg
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Inorganic
blue Jleed . " lead ‘titanate
red lead antimony oxide
litharge

Vlead chromate

' . Both Stabilizer A and Salol appear to have a

slight stabilizing effect especially in clear lacguers.

There are indications that on outdoor axposure Sslol may be
slightly superior to Stabilizer A, but the improvement ob-
‘tained with both 1s very small compared to the effect of such
pigments as carbon black  In sddition both improve the cor--
rosion resistance. This beneficial effect is definitely
noticeable in vinyl lecquers containing Estic #) o1l and is .
not so noticeable in formulations containing Rustban 603.

In this respeect: Stabilizer A ia slightly more benericial

than Salolg ~

' Bxposure tests 1n Florida have also not gone far
enough to draw any conclusiona regarding the effect of the
inorgania ge stabllizers on ultimate durability. There are
some indicatlions that the lead pigments may have a deleterious
2§r°§td°n corrosion resistance This point. however; is being

ecked. : -

E o Piggent

‘ Several pigments snd pigment combinationas are now
wdergoing evalustion to determine their effect on the durabil..
ity of vinyl type stripping lacquers. These are carbon blacks.
lampblack, titenium dioxﬁde/iampblackq lead chromate. cadmium
sulphide and sluminum. with and without stabilizers.

Although the exposure series have not progressad
to the point whsredefinite concluslons can be drawn, the
evidence obtained so far indicates that pigmentation definitely
- Improves the durability cf -a vinyl type stripping lacquer and
that carbon black pigmentation offers the best posaibhilitie.
~of giving g film ivs maximum durable lifs,

o Phetograph III at the end of this report shows the
bensficial effects %0 be gained by plgmenting a clear winyl
stripping lacquer. The panels shown in this photograph wers
coated to a 10 mil film thickness with & vinyl stripping lac-
quer composed of "Vinylite" VYHH » 10.0/tricresyl phosphsate ..
3.0/Tstic #4lL 611 . L .0. , The panel on the right was pig -
mented with carbon bladk/red laad, ths one on ths lefy with
titenium dioxids/lampblack/red iead. while the one in the 4
center is unpigmented All were sxposed ninse months in Florida
. at a 45° angle facing south. The two plgmented modifications
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are still readlly strippable, have retained a fair degras of
flexibllity and have .rctected the steel substrates Irom cor.
rosion, The clear, however, has become dark end very brivtle
and has flaked off the pamel which is badly corrodsd. This
deterioration of the fllm was apparent at the end of one
montht a8 exposurs at which time the clear film showed surfacs
checking, had darkened, and the steel substrate begsn to s how
sligns of rusting. ' '
Photograph II shows four mlicrophotogrephs of films
of clear and pigmented NOL 83-193% stripping lacquers which
have been exposed three months in Florida as unsupported films
on wooden frames., These films were sprayed over the web cnat
to a film thickness of approximately 4C mils. The clear fiim
is the only one showing signs of deterioration, evidenced by
small surface checking and darkening. Photograph (2) is the
clear before exposure while (b) is after three months! exposure
Photographs (¢} and (d) represent the clear pigmented with
carcon black, and the cleer with a 5 mil thick topcoat of ‘a
black pigmented vinyl stripping lacquer. Neither show any
signs of deterioration. (The difference in smaothness whizh
iz notizeable between photographs (c) and (d) is due to dif-
ferences ln spray application and exlsted before the films
were exposed, This would indicate that perhaps only a top-
coat of 5-10 mils of a black pigmented vinyl stripping lacquer
is all that 13 necessary to give the desired degree of outdoor
durability. .
Vinyl stripping lacquers pigmented with titanium
dioxide/iampblack and with lead chromate also give evidence tha*
added durability can be imparted to a clear with these pig- . '
ments, but it 1s not expected that they will return as good
durabllity as can be obtained with carbon black. MNodiflcations
"of the clear pigmented with cadmivm sulphide were better than
the cleer for durabillty also but show signs of beginning to
fail at the end of four months?! sxposure in Florida.

The use of aluminum flake 1a not being recommended
at this time ms there 1s some evidence that it weakens the
corrosion resistance of the film. It does, however, tend to
decrease the MVTR but the amount of aluminum needed to obtain
en sppreciable decresase in permeability also tends to reduce
the toughness of the film by decreasing its tenslle strength
and elongation., However, it may be that a final topcoat of
- an aluminized vinyl lacquer over the clear may be desirable,

particularly because of its ability to reflsect rather than
absorb heat and light. It is recommended that fileld tests be
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made on large pleces of equipment to chack the difforencs
in the heat absorbed irn the m ckags when topcoated wirh
black. gray snd aluminum vinyl lacquers.

F -*§91vents

The following work with aolvents haa bean dcne or
the vinyl stripping lacquers both for the NOL S8-193 typs and
the J-200 X-.7012 type-

In the KOL 88-19% type strszight methyl ethyl ketons
can be used with satisfactory results for most conditioms o
application. However, when the lacquar is 1o bs asprayed
undsr conditions of high tempsrature/high humidity, the use of
small amounts of methyl isobubyl ketons 1s recommendsd.
Several batches of NOL 8S.19% have tesn formulated with other
solvent compositions and thair effect on speed of solution,
sprayability, propertles of the sprayad fiiw, and stabllity
of the solutions have been noted.

All except No.5 blend shown below appeaved tc be

" promising in the event sufficient methyl sthyl ketons is not
obtairable, Listed below each blend 1s the viscosity of the

NOL SS«193 sclutlion obtained initielly snd after aging.

& w% B
MEK fdo 9’6 E% ’17*0 20 20 1 =
MIBK io 10
toluenae X 2 3C 46 20 Z 27
~~etone : . 20 6 63
original visec.& 17" 20" 20" 4&" 2 19" om0
after 5 days 19 21 22 Z SB Zg e 21
after 1 month 19 23 23 26 3L 26 21 21

#vigcoalty determined 2t 25°¢. in duPont #15 cup
#uguggested by Lt Wm.H.Hols*.

It would, therefore, appear that i{f neceasary the
amount of methyl ethyl ketone needed can be mwaterially de
creased or entirely eliminated.

In the J~-200 X 7012 formulation the sclvent combina..
tion used is considerably slower than in the NG 88-19% hyps .
This is necessary becauss J 200 X-7012 is appliad at a con -
sideradbly less film thickness {(10:15 mils) and for shia reascn
must have 2 lesser degres of porosity. The zolvert rombina-
tions recommended for this type are: :
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- (1) é%)‘
methyl ethyl ketons L0
teluene 20 o
methyl isobutyl kstone Lo Lo

No,2 biend is recommended for use where & high
percentage of VYNS is used such as in J-200.X-7182.

G - lication

In the spray application of the NOL 8S-~193 nothing
can oe added here which is not already covered in Manual '
OP-=1}85 (Preliminery). EHowever, for the J-200-X-7012 and
J=200-X-~T182 the following recommendations are made, Spray-
ing should be done either at package viscosity or reduced
‘8lightly with a 1/1 mixture of toluene and methyl iscbutyl
. ketone. Although other types of spray equipment can undoubtedly
be used, 1t is recommended that a De Vilbiss MBC gun equipped:
with a #70 or #76 cap and an E tip be used., Pressure at the
gun should be 75 pounds or greater and 2035 pounds on the
fluid. Under these conditions a non=porous 10 mil thick film
can be laid down in 3.4 spray coats. A minimum elapsed time
of five minutes between coats is desirabdle. ’

- 3. Adhesives

- One d the main problems in developing ths NOL 88-193
system of packaeging hss besn the development of a satisfactory
adhesive for-adhering the film to the bese of equipment to be
packaged.. _
A survey was made of potentiml candidates for this
job which would give a better bond than Tygon TP-107A, the
adhesive originally recommended. It was found that adhesives
such as "Gaytex" or."Pliobond" which are based on a phenol-
formaldehyde resin modifled butadiens/acrylonitrile copolyumer
give the best initial bond and least thermoplasticity of eny
of the adheaives tested, Some of these adhesives were:

(1) Tygon TP..107A

(2) "Vinylite" VMOH >

(3) "Vinylite" VMCH plasticized with Paraplex G-25

(i) "yinylite" VMOE plastiocized with methoxyglycel

‘ acetylricinoleate _

(2) 11f5%; a self-curing "Butacite™ type

{6) Gaytex

(g)‘Pliobond : :

(8) c.62-53, & duPont experimentsal cement similsr:
to Gaytex .

DUP030001027




@18
Of these, Nos. 6,'7 and 8 were best in initisal properties.

‘ In addition, it was also found that initisl bond
strengths and resistance to loosening of the bond under a
‘load at elevated temperatures can be improved by (1} using
Estic #yl; 01l in place of Rustban 603 and (2) replacing 16%
of the resin in NOL SS-193 with VMCH resin,

The feollowing teble gives the strength required to
pull a one inch strip of (1) NOL 8S5-193, (2) Estic #4l oil -
modification of NOL SS-193 (2098-179-~1) and (3) Estic #il oil
. modification with 10¥% of resin replaced by VMCH (2098-171~1)
from steel coated with the following adhesives: (The adhesives
were brushed on [ x12" steel panels which had been sanded to a
smooth surface and allowed to dry one hour. The strippable
coatings were then sprayed over the adhesive to a fiim thick-
ness of 30 mils and the system then allowed to age at room
temperatureg?S‘Fn.:Vs’}for one week hufore tests were made.)

Adhesion in Qgrams
NOL 88-193 over Pliobond ' :
: Gaytex . 1350

C-62+53 - -
VMCH t00 low to be measured
‘ VMCH/Pareplex G-.25 too low to be measured
2098-179:,1 over Pliobond ' - 1670
: Gaytex . 1735
0b2~53 ' 1015
VMCH . - T5L0
| VMCH/Paraplex G-25 - 955
2098«171~1 over Pliobond ' 1675
: Gaytsx ‘ 1900
Ceb2: 55 ) ' 1135
.VMCH _ 800
VMCH/Paraplex G 25 2250

. However, thermoplesticity teats made at a 180° pull
with a dead load of 1/2 pound per inch width indicate that
Pliobond and @Gaytex have the best heat resistance and this is
espscially true under the 2098-179..1 and 2098-171~1 modifica-
tions of NOL 88-193.

Check tests on NOL S8-19% and 2098-179.1 over (Gaytex
and Pliobond made at a L5° pull which more closely simulate
the most severe conditions to be met in service gave the fol.
lowing results. In the following tables 9-1/2 inches is the
maximum distance the film can be stripped. A
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~ 180°F, +60°F, 1i,0°F .,

NOL 8S~193 over Pliobond 9.5 ibp. §.5 in. G5 1in.
‘ ' in 45 min, in 75 min. in 4B hrs.
Gaytex 9.5 in. 9.5 in. 9,5 in,
_ in 1 hr, in 5 hrs, in 1{.8 hra.
2098""179‘"1 over Pliobond 1.5 in, ' 9e5 in.. 6.2 in,
' in 2 hrs. in 30 hrs., in 48 hrs.
Gaytex 0.1 in. 0.2 in. 008 in,
: in 2 hrs. in 3¢ hrss in 4B hras.

, These tests indicate that the use of Rustban 03 in
formulation NOL S8-193 dces not give the heat resistani bonds
with "Gaytex or Pliobond"™ as are obtained with Estic #4l oil,
and that Pliobond 1a inferior to Gaytex, However, because
these tests may be considerabdbly more severe than wili be en-
countered in actual service and because these results have not
been correlated with those obtained in the field, the apparent
weakness of these adhesives in resistance to a dead load pull
at elevated temperatures, may not be as serious as it would ap-
"pear from the tests. - As for the differences encountered between
Gaytex and Pliobond which are supposedly identical in composi-
tion, bateh teo batch variation of the adhesive may be the
answer. By changing the 01l in NOL 88-193 from Rustban 603 to
Estic #il, an improvement in heat resistance of the bonds can
undoubtedly be obtained but this must be balanced against a
slight decrease in corrosion resistance,

The gystemslisted in the above table ars now bheing
exposed outdoors with a dead load of 1/2 pound per inch at a
L5® pull in order ta determine their resistance to flow under
constant load at sumer temperatures.

‘Some preliminary experiments to develop a sslf-curing
adhesive in order to improve the heat resistance of the bonds
have nct met with any success as yet. These adhesives werse
based on Vinylite/Hycar combinations and were two package
compositions with one of the solutions containing the wvulcan:
ization agent and the other c¢ontaining an ultre accelerator
such as & butyraldahyde/monobutylamino condensation product.

Lo webbing Agents or Lacquers

A high-spot inveatigation has been made to evaluate
the merlts of other film formers as webbing agents or webbing
lacquers having working propertlea equal to or bdbetter. than
Solution A (NOL SS-19%}, the webbing agent developed at the
Naval Ordnance Laboratory, Silver Spring, Md. for use in con.
Junction with Solution B (NQL 88-.193).
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Among the candidates examined were:

polyvinyl butyral pdlystyrene
polyvinyl acetate n-butyl isobutyl methacrylate
polyvinyl pyridine me thyl methacrylate .

Styreloy (Dow Chemical (o.)

: . None of the above polymers produced a lacquer with
‘ as satisfactory webbing properties as Solution A. However,

a lacquer based on & mixture of polyvinyl butyral and poly-~
vinyl mcetate had webbing characteristics which apprcach that
of Solution A, and might be considered & secondary alternate
composition. Thls lacquer has the following composition:

- 2098-282 2

pelyvinyl butyral Z
pelyvinyl acetate
Rustban 603 -2
.ethyl alcohol .5Z
acetone . 1
toluene 10
aliphatic hydrocarbon

(65 105°C.) 1808

CGM:RMY
6/30/15
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