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STRESS CRACK RESISTANT SEALANT
ABSTRACT OF THE DISCLOSURE

A sprayable material for aircraft skin fastener head areas is form~d from
a fully saturated prepolymer that is a reaction product of polytetramethylene
ether glycol and 2,4 toluene di-isocyanate. The prepolymer is mixed with
toluene to form a first mixture. This first mixture is combined with a
second mixture of 4,4' methylene-bis-2-chloroaniline and urethane grade
methyl ethyl ketone. The sprayable material is applied over an epoxy-polyamide
primer coating covered by a metal pretreatment coating compound. An aliphatic

polyurethane coating is then applied over the sprayable material.

STATEMENT OF GOVERNMENT INTEREST

The invention described herein may be manufactured and used by cor for
the Government of the United States of America for governmental purposes

without the payment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION

The present invention generally relates to protective coatings for
surfaces and more particularly to coatings for the protection of aircraft skin
fastener head areas.

Various materials have been used heretofore to protect aircraft and
other surfaces from the corrosive effect of extreme atmospheric and weather
conditions. In accordance with one such method, a polysulfide rubber sealant is

applied as a stress absorbing coating to prevent cracking around fastener
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heads during flight operations. Onec of the deficicacics of
polysulfide sealuats, bowever, is taeir 1nabilivy to witholuwul
evea short term teating cbove 225° P. The Felwd alrerais,
walch will becoae operatiocaal ia tuc not tou dicvuniy future,
vill experience fiictioaxl ckia hewting up to 325° F for
shoxrt pericds of time. Axn luoproved gealant will therelore
be required for itais airciralt,

Neopreae anl other coaventiciul cowiings nave been Jod.a
t0 possess difficult upplicutioa chwacewerigivics, woderate O
poor resistance to rodiant heouws, poor resisitaace to diesier
tyse aireraft Lusricaats, andfor iaudequate resictance to
rain erosion. Ia addition, the ncoprene and other coaventiou-
al coabvings suller cevere flignt ctress degradation and e
likely to crack particularly in the aireralt skin luctencr
head areas, thereby exposing tac aireralt to corrosive cilects.

Ry A o L en i TR BT o N
S'v.u.-.u.f o.‘ Sibaw deardd braaead

~

Accordingly, it is & geaercal purpose and ovject ol tue
o & J

g

nreseas lnvention o provide inproved proteetion Jor alicrai’y
and otacr stiuctural sweluccs aowinst eroslon for prolon cd
intervals. I% is a furthexr obleet to provide 4 method o
protecting these surfaces with applicd materiuls taat are
applicd in & winiaun nuwder of coatings and are puriticusiasy
resistant to craexing Droa Jlight stress in Ve wircralt Sula
fastener head aress. Additioanl objeeis exre thatl the wyplicd
maberials have casy application cawractericiics aou are ie-
sistant to radiaat heatl, aircralt lubrlcuats whd raln erucidi.
tTails 15 accospliched ECOTLLnLg VO he presout dnvoaiua

by providing a unique oiress recistual COLLING CCLROIINIVL

«Gupted for use with oticr coating CowmoLitions 04 Wil wilviw.'
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0r other structural swurface 1o be protected. %aec stives re-
elstant coating is coupriscd of o first mixture poljuciliciae
vrepolymer and tolucne, &nd o second mixture of 4,L' .othyicace
bis-2-chloroaniline and methyl ethyl ketone (uwrethane gredc).
The stress recistunt coatiny is adapied for use ws u spray and
is applied to a suriuce over an epaxy priser and pretrcatuint
coating. An alipaatic polyurcthune coatlng is thea applica
over the stress rucistant ccating.

DESCIPTION O Tl DIIITTITD DILIDLTT

A sprayable couatling compositicn suitucle for applicatioa
oa the surface of an alrcralt or other siructurul suriace Lo
prepared by first intim*tely adzixing a polywretiasue projolyces
vaich is known in tie art as Adinrene L-200 (QwPon%i), a sccoad
polyurethane prepolyzer kaowa as Adiprenc L-42 (GuPont) cad
tolucne in a 2losed pebble mill. Adiprene L-100 (duPont)
is the reaction product of polytetramethylene ether glycol
and 2,4 toluene di-isocyanate has an average molucular weioat
of approximately 2000 and contuins & to 4.3% isocyusate by

welight., Adivprene L-k2 (duPont) is the reactlon product of

polytetramethylene cther (lycol und 2,% tolucne di-isocyuicic
has an average molecular weizat of spproximately 2009 and coa-
talns 2.7 to 2.9 isocyanate by weigat. though both Adinreun»
L-100 and L-42 (GuPont) are kacwa to be eflective abrusion
resigtant material, they are geacrally available ana uscd
individually in 100% solid fora. Prior to use, cach musi be
aixed and applied at 212° F. In addition, each Las a relative-
1y suort pot life of only a few winutes. e toluene in tae
present invention ig uged to thin the polyuretiuane prepiiyucss
50 that they can later be more cuclly and elfectively apoiicu

to the surface to be protecicd. The polyuretiane Propolyei's

A mmas n L e T et e
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as well as the toluene solvent are necessarily carefully kept

in an anhydrous coadition s0 a5 to malntain the stability ol

the coating composition prior to its upplicatioa to e swwiuce
to be protected. The thinncd pulyaretiance prepolywcs is taca

cured vith & mixture of 4,4' methyleae-bis-2-chlorcuniline wid
methyl ethyl ketoae (urethane crade). The chemicul structurel

formula of the 4,4 .cthylene-bis-h-ch;orouuilincf 53

N - @

The sprayable couting cowposition is epplied over an
€poxy primer and pretreatacat coulinyg 1o the fagiener heuld
arcas of an aircralt orother surfuce to be coated. An alipuauwiic

polyurethane caa taen be applicd cover tue sprayable .Javial

compositioa. The sprayable couting couposition in addition
to be sprayed may be applied by brushing or cny other suitudle
mode of application. Applicatioa of the spirayable coating
coaposition cea be perforacd satislactorily at awmbicat
tezperature and pressure couditicas cvea at very high dwuditics.
Tae composition alftcr being wpplicd is allowed, preferdsdly av
least one weck, to conplete the curing operation.

The following cxamples are intended to 1llustrate tic
iaveation but act to liwmii it in any way.

Exanple 1

10.9 parts by weight of a Iirst fully soturaicd wrotlane
prepolymer waich is known &s Adiprcne LelOO (GwPont) and
wvhich 18 a reactioa product of polJtc«rametyjlene ¢ther glycol
and 2,4 tolucne di-igocywnate Laving an average molccular
weignt of approxitately 2000 wnd coatuining & to 433 of ico-

cyanate groups by weight, was ground in & ¢lused pedbie whil

masVe . mleamtimmo s i

JUDNPT

AR . . ok,




WASMINGTON, D.C.

NAVY OEPARTMENT,

NAVIXCS 2136

12
14
15
16
1?7
18
19
20

21

ad

ne 54033

with 43.6 parts by weight of & sccoad fully satureied wrethane
prepolymer which is kaown as Adiprene L-k2 (GuPoai) ana 4.0
parts by weizht of toluene to forwm u suspension. Tuo scccad
prepolymer is a reactica product ol polytetrauxctiylcae ethcr
clycol and 2,4 toluene di-isooyanate having an averuje wolcculer
weicht of approximately 2000 and containing 2.7 to 2.9% of iso=-
cyanate groups by welght. Tae toluene prior to uce had been

dried over sodium. Two voluucs of the resulitingz suspcasion

were then mixed with one volume of & curing agseat uhich coa~-
sisved of 5.2 parts by weighi of 4,4' mathylenc-bic-2-chlorcwiiliae
und 33.9 parts by weight of methyl etayl ketome (urethase srade).
The resulting foruwlation was ticn applied to a IL-C-S554L
alunlaum alloy fatigue asceudly having cadmiua plated fasicaers
over one ¢oat of 1TL-L-23377 epoxy priuer of & thickuess of

froa 0.6 = 0.9 mils (l'hour ary), and one coat MIL-C-851L pre-
treatment coating of a thickaess of from ‘.3 - 0.5 mils (1 nows
dry). The resulting formulation was applied in fouar equal

cross coats having a total thickness of 4.5 - 6,5 mils oac-hall
hour betweea coats (4 howrs dry). Over this_wus uapplicd two

couts MIL-C-81773 wliphatic polyurcihiane (L hour dry) havia, u

total thickness o 1.0 = 1.5 mlla. The assemdly was allowed

t0 air cure for oue week.

Ixnunle 2 ,
54.5 parts by weight of a fwlly saturated urethaae prepolyics
wnich 1s kaown as Adiprene L-k2 (QuPoat) wag ground ia o closcd
pebble mill with 34.0 parts Ly weight of toluene waich hud
been dried over sodiua. Two volwaics of the resuiting sus=
pension were thea mixed with one volume of o curing ageabd vidcu coa=

sisted of 4.8 paris by weight of 4,4' metaylene-bis-2-chlorouilliiw

et o e
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1 and 3%.6 parts by weizht of mciliyl ethyl keiloue (urciiune
z grade). The reswlting formulation was then applicd in the
3 same manner as Ioample 1.
4 manle 2
5 54,5 parts by weight of o Iully saturated urcibuie nre-
3 polymer which is known as Adiprese L-100 (CuPoatl) was Crouia
7 in a closed pabbie aill with 34.0 paris by weight ol tolucie
€ wihleh had dbeen aried over sodium. Two voluxes of the resuiiing
] suspension were tiea mixed with oae volume of & curing useatl
1C which consicted of 6.83 parts by weight of L, &' methyleac-biu- {
11 2-chloroaniline cnd 33 parts Ly weijnt of metiyl ctuyl ketoac ]
12 (urethane grade). Tue reculiing Jormuiation was thea appiica
j 13 in the same manner as Excuple 1.
é 14 Six of ihe aluminua alloy faltigue wesscablies wale coabod
2
é 15 as deseribed for eacn of the reouliing forawiatioas of Ziauiics
=
2 16 1, 2 and 3. w0 uacsemblivs O ciel Joiuulation were oliowoed o
é 17 air cure, one for four hours and ouce for twenty ucwrs. “wo
N
E 18 assemblies were alr dried one woeek and buked Lo 20 Lows ui
o
= 19 260°® F plus one Lour at 325° F. Tuic bulking is cgaivelent
20 to one PAR (procrocsive airerali Towork) howliige Bl Sleasiis-
21 ing two asserblics werc wir aried one weolk and buked for
22 forty houre at 220° T pluc two hours at 325° = (2 2R hcutiag).
23 Zach assemdly was then loadcd i o XXouse Fultijue achlac VO
% 1,000 - 11,000 lbs. and fatigued for 1,000 cyciva aiv=uo® o, i
25 Tae =-60° F temperatuwre was used a5 boing typical of tiat cu-
26 countered during fii_ht. '
27 Toc asccablics coutud ws Guseribed in Duweaple 1 did nov
28 crack around aay fusicace lewis during tie eyclic loading
29 citaer son-bakicd 0 bak Al W WP roiluate @ oac CAR Lcuwting.
]
30 After the two 2AR cimulaied heat eycle, tue coatings Crwcica
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1 around approximately TO% of the fastener heads. No blistering
3 ocourred. Less stress warks were noted around the {astener
o) heads wita the formulation of Exaoxple 1 taun with tue foraula- ]
4 tions of Exaumples 2 and 3. i
S ) The asscmblics cowted as desciiobed in Exarple 2 did aot : é
& crack around axy fusteacr Leuls dwring the cyelie lowaing i
7 cituer nou-balked or baked to approximate a 1 PAR healing. ‘
& ATter toe two PAR cimuleted beat cycle, tiue coating crucsed
¢ arcund approxiuatcly 504 of wie fasteser hecds durlag tie
1c cyclic loading. Some stressing wrourd the fastenes hewis wus
11 ' also noted. o blistering occwzwred. }
12 Tae asccoblics coated as Jdescrlibed in Fxanple 3 wese dacn
K 13 tested. Tae unoaxed usscublics Gid not erack around wny
»f:: 14 fastener heeds during tie cyclic loadiag. Tuc assernlics
“§’ 15 1hat were baked 1o cyproximate the oce and the two PAR heut
. 16 cycics tad craciing around &l fustener keuwds dwrlng tae cyeilc '
é 17 loading. Iiistering occurred on only the panel wita the four 1
N
E 18 hour air cure. ’
=
B 19 Lo dclamination oceurred ah any ifnterlface with any of ic
4
20 contings cvaluaiede 2t lws uvien caleulsted tial 1,000 cyoles
21 ol %ee 11,000 lbs. uyper lialt cyeiic louding on the spicinens
, 22 wsed Tor thece tects approinaic the speetruw of sircsses wuica
| 23 would ocewr on 24igh performesnce wilitery alreralt awring 00
’ % flicat hours (approwdiuately 1 PAX cycle or 15 monthu)e A
! 23 2500 1be strece represeats aianimun siress ‘l;a walcn wn alverult
% 26 15 suwsjected in steady siute {lying conditlons without acceleras
| 27 tion or deccleratioa. Thc 11,000 1b. high atress leved
28 corzespends to wn apgproximate TY muncuver.
]
i 29 Fres thne tests, 1t wppours that elther the yormulatica of
| 30 Diaaple 1 or Exazple 2 will protcct the fagteaor head wea
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froa cracking after at least a cne PaR simulated teut ¢ycle.

The formulation of Exuxple 1 is comsldered somcwhat beticr,

however, in thabv lces SLrefs warks wppewr in the topcoat

&% the fastencr cdje duriag the c¢yclic loading.
It Lis therelore been described u method tor protecting
{the alrcralt skin fastener head wreas by means of & scaleat
wvhen frictiomal haating up to 325° F for short periods oi timwe
occur &t the head arcus.
4 will pe uaderstood thwt vasious changes ig tiae deliils,
raterials, ateps cad arranjozenss ol poais, vhic’:x have Woeen

nerein desceribed and 1llustrated ik order to erpliin tho

nature of the inventlioa, ray be nade by those skillci in tiac




