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STRESS CRACK RESISTANT SEALANT

ABSTRACT OF THE DISCLOSURE

A sprayable material for aircraft skin fastener head areas is formwd 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
7?

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 or for

* the Government of the United States of America for governmental purposes

*,s without the payment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION

The present invention generally relates to protective coatings for
-J

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

4-".
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polyaulide se~is howmvr, ia t...r laali to

which will becomre o?)Qr~toa.2 IL tl* not too .L t , Ature,

will experience :Vrictio=3. hln ti.Z u2 to 325 ' F for

rhort, pcriodz of t±. 'n ~ovcl ze- lnt will theref~ore

be required for a-~ ircrat.

Neoprena "V- other con:vcnztioaa. hair ive bcer.

1, to poozess difficult ".-? lic~tioa c* ,;. ~ criz'&icz, zodletc o

li poor resirtiaice to zn&..&zit ihc.t, 1,.)r resistace to dcZ'ZC;

12 type uircraflrc.4ns i. / " ~ cqute rcziztu:ce to

13 rain erofsiou. Inddiot nco rcae "nd othecrcovno-

.5 likel.y to =c-ck r.rtcula.rl -*, thu v.rcraft c;Un fcLen;cr

*head Areus, thereby c;:,osizL; 7.h .ircr.ait to corrosoivc cZfect..

17 ~

18 AccordinZly, it is a Zczir. ypz o- Q object. Of

19 :ieet invcnt-liOin tO -,rOV!,! A-.4o,7v~d PrOU; tiOn ror l

2an. othcr st;Actur'~J zuri c, t cro-lo;n for ~o.

21 iatervals. It is a frthe.r "' cct to provide " L~cth1-od o-l'

22 ~protecting thes wa rfcez wit7; mad teri~ls tk.""t zie

23 app.iedt in a zinz nu-cbr nf cui~~nd cra ;"r-Licu- X1y

'24 resistjzt to cr"ci. fr; L~toz in *.e "irccft zlic

25 faate-ner hc&,A are..L.. AdaitlouU ob,'ccta are th- ithe 1

26 z~terliais veuzay "-pplicatio4 tc.ic are ;Q

27 alitant to r~cticat h.~t ai 1ti ricanti "rm r.in

28 lza is 'co i;ei c 0t the eetivi

29 bj providjn~ 4 Ur~jUC ctre Cr't co;;":rc COJ'.n Q; O A

30 wZ"tcd for "a~ vitA*; ot7.cr coQti:i. a o o-it~on on1 'wile ..
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1 or other structural surface to be protected. 7he otr-esz re-

2 &13t-ant coatin3 ia compris~r! of a firzit a--- ture polyrcLAh.e.A

prepolymer and toluenee, cLnd a record mi~ture of ,4

4 bis-2-chloroaniliae and mct~aj ethyl ketone (urethan~e jrdc).

Th~e strezs resistnit coatirx / is adapted for use "z " z.?ay ail
e is applied to a surface over an epoxy 1 rizer ard rt.n

7 coaQting. An al~iphatic polyurcltbaae coatinz is then &.p;)lc(

over the stress r :cistaat coatin.

iC A sprayeble coatinZ sQ~oi.o uiit-'-e for cto

IIon the surface of an aircratW or ot-Ler stXrUctura Luiaco

12 prepared by first i atlL tcly aCLixing a polyueth- ;ae prcolyL .o

13 whicli is known In thea art as L(p - L-2lG0 (dupoat), a secoza

14 polyjurethane prepolyzer known "r, Adiprong L-42 (C.u~ont) ""d

15 toluene in a *1osed pcbble mill. Aaiproe L-100 (duPont)
b1

16 is the reaction product of~ polytetr"Mthyleae ether glycol.

and 2,14 toluene di-ioocyanate har an averaCze molLcu.ar wcA Jat

18of approximately 2000 and contas 4 to 4.3 isocyixate byr

C2

20 poltetrznethylcne cthe1r A;ycol "nd 2,4 toluene ~io~.t

21 has an average molecular Weirht of approxizately 2000 za co.a-

22 tains 2.7'to 2.9 isocyanate by vciijrit. Althouh both

23 L-100 and L-42 (dupont) are know-a to be effective ubraoiou

a4 resistant material, they are Generally available aaa uz,:.d

25 individua.,j' in 10O4 solid for.=. Prior to use, each zaur L he

26 mixed and applied at 212* F. In adldition, each Las a relative-

27 ly &short pot life of only a few uinutou. !2:-, toluene ia the-i

28 present invention is u.-cd to thin, the poryuretliane po~~

29 so that they can lAkter "be rnore veasily ana efectively ,

30 to the surface to be protected. T'he polzyirethan prcpoly,..er-4
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2 as well as tohe toluene solvent are necessarily caref'ully kept

in an anhydrous coadition so as to ma~nt~ia the stab~.2ity of

the coatinL compozition pri.or to its upplIcatioa to thLc~c

4 to be protected. '7he tiaz "-p~yre%ae prepoly:cr iz latlc

- cured with a mixtare of 4,4~ ~ ~

6 mathy2. ethyl ketoae (urethan(. cxade). The chcrmi c;A rtructur"a.2

7 formula of 4,4' =cthyl.ene-bir.-2-ch.oroL~ilire a:

8

9~~ / 1T
10

11 ashe sprayb2a co."Utn;, cozo.itioa is app2.ied over aa

12 e;poej primer and !?retreaitacat co~tin.Z to the f~rAc.cr Lc~cl

C;1 areas of an a-4rcraft orothor surface to be coated. An a.~ii

0 114 polyarethane c"~ thea be applicC. over t~e iiirayabl,

cop-,osition. The sprayab2.o co"tZing, co.positiofl in additiofl

16 to be sprayed "ny be Qpplied by brazlinZ or Quy other sit--.ble

17 =ode of applicatioa. Appllc~t~oa of' tho sprayable coatiz4;

a 18 copoition caa be pcrfor~ed stacolyat aiabicat

19temperature and pimessure ceaitiozaz izca at very hl. a~Ii~~

20 Zi cormpoition aftcr kjcirZ ";pli-'cd is a.1lowed, preferAbly W.

21 least one week, to com21ete the curina operation.

22 ~ The foJllowinC, exampl.es are inteadcd to illuatr~tte tlae

23nvention but not to liL-CA% it in aqyv.~y

25 10.9 parts by vei~ht of a ~'rtfully ;a-ti~ratcZA =c'LLe

26 prepo2yr w'hich is Izown Ls Adp.nicrt L-100 (Cdu2ont) and-A

27 which is a reactioa produact ofpoyet.&mhlncAhr 2co

28 wud 2,4 toluce 4i-iocj 4 .nate v-i .a. aver 4,c ccua

29 we'LC~t of uproxlr.tu2.y 2003 un-I coatiniuc 4 to 4,"4 of i*.o-

30 cyanate Zroups by weight, v~s jrot .d in &a clo1s~. pabb2.e z-411
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witha 43.6 parts by weight of a Liecoad ful2ly sat%;r"rh~ed

prepolymer vhich is k~aowa az Xliperc L-42 (Cupoa~t) Uz ;4-.

parts by wei~ht of toluene to fora a surspensioa. T;o sccond

prepo.ymer Is a reuctioa pre-auct o poLyttath' eth...cr

C;1ycol and 2,4 toluene di-izooyaate havin.- a aver" e ='.ccuL.&r

wei~ht of approximately 2000 and contalinngr 2.74 to 2.9 of izo-

cy3.nate grou~s by wfeiaht. IL-e tol.uene prior to uce 1"a beer.

dried over sodium. Two volu=-z of the resultin- zuzR.3nzioa

were then mixed with ore volunie of a curinaC a~ent uh-Ich coa-

1C, siat..eid of 5.2 parts by veiLA'6 of 4,41r~h~n---o~.~

Il and 33.9 parts by we'A.ht of ret4l1 et~y1 hretoae (uret'.ae ye)

The resultin , foruulation was t.hcn appl~ied to a :IL-C-55r41.

13 aluminum alloy fa-,igue a&-zc4?y havinj cadmium plated faztceora

24over one coat of 14!L-L-233TT epoxy priuer of a thicIkna" oil

fro= 0.6 - 0.9 mils (I. hour dry), and one coat -=I-C-L3514 p:.e-

16treatment coutirZ of a thickiez o-f froa '0.3 - 0.5 zils (2. hou17

17 dry). The zesulti.nz f a.alatioa vas applied in lour equal

o 18 crosr, coats havinz Q total thaiciknezz of 4.5 - 6.5 m~ils oa---ialf

19 hour between coats (4 hours dry). Over this was app2iedtw

2C coats 14IL-C-8l773 uli?!"tic po0.Yrcthan"e (I '.-our Crj) !-v.-,

21 total thick~ness of 1.0 - 1.5 Mils3. The assem~bly waai ullowed

22 to air cure for- one week.

23 22

54.5 parts by weight olf a fully saturated ure'.hlae pcy.

25 which is kaown as Adiprenc L-42 (du~ont) waG ground in a lrc

26 pebble mill with '14.0 partz by weight o: toluene whi,'ch, h"(1

27 been dried over zodium. Twou volu .ca of the rosultina aus-

28 pension were thea iaixed with one voluma of a curir.3 a,,,cat cona-

29 sisted of 4.8 parts by veight' of 4,41 ohln-i--~~r~i.

30
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a and 34.6 parts by vei~ht of7 va: t."y et2ayl kei.oice (e~

4:grade). *i'e resultinZ foraulation vi~z then applicd in t~.c

3 sww meanner as Eample 1.

4

sus,-ensioa were t~ea mixed with~c~ volume of 4 curi-L u.r i

1C which cousisted o-& 6.63 parts by witof 4,41

1.3 in the came z=.nn4-r cse E-=2-le 1.

14 Six oll thL- iin n Il.oy c olieA, w

15 as described f~or e.;ch of the rczu2.ln ru2c4 of~

* 16 1, 2 and 3. Avao azeml~li a;' O -.2 f% X.io-'wr a

1? air cure, one for four ho-Q. an one- 'Oor --w ty T .wo

18 assemblies ware &ir dried one. '- " 4ra b~kO,, i'Cor 2) ;.oura~ .

19 260* 7 plus one L.ourx " 3250 F. T~i bZin,; I cLvaencM;

20 to one IPAR ~~~c ~ ~ CO'z

21 ing tuo asuerL;)lics were "ir dried oac. wec-,- and b"'A.kI for

22 forty huure at 21"00 F pluc two hourz at 325* V (2~

23 Each assembly vaz; tvhc. loaC~cd .64 " Zrouzc r- j.-.Zto.

Z41,000 - ll,00(' lbs. a '&tiz;U~d for 1,000 cjc!2.z A-~~

25 Zie -600 F tem.prature v-; uzcJd aa bc'.nZ tyc,cl ol t .alt C~-

26 countered durir4;~.~t

27 TC'I4 ;C;zL.Ucz o~~ .c in 1u2

28 crack aroua4 "zj L*a,4 , dur .,j tii cycli~c da

9g cithar noa-bacd or :,I~ 1W ~ oao ~

30 After the two 'AI, zinzaltcd I-c-Lit cycle, t~e coa %tiazz cr':.C-;c
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I uround approximately 70% of the £aotener heads. No blisterir;;

£ occurred. Less stress markcs were noted ar.oun~d the f4~stenflr

heads with the formulation of cnp 1 thdzin with the for-uln-

4 tioas of Ex= Plea 2 and 3.

The azcmilic co--LL- u de--rlbcd in Lxa~.?2. 2 did aot

crack around "y f± tcacr he1 uring the cyclic lo-gdiag

e.lthcr no-bW.e-1 or bcaXe to J.'X-Oi::tQ a 1 PAR hZ~

Ater the' two PAR z-.0ted he". cycle, t'A eri.a.~ c1ked

around c~t2y50-f of f a:tcnir he-.:dg da- i t~c

IC cyli load.Lr.. Lam ztezziaz zrourZ I.-e fitcrc: hc c ~

11 alzo noted. 11.1 bliste:.n.z occ' cd.

12 71, uzcw.I.ea coa~ted a C~czcrxlbod in ~ 3 wrka t.,Q

1 23 tet.ZeuT.:tduzibisCid nt cr~ck uro, ;i - .y

14 laztener hc"-i durin ; t~he cyclic o4L. Zcar~1.

15 Uh"t were b"!!hcd "%-, c.;-jroYini,;te th~one and th~e two ?A:1~

16 cycles lhi~. cr~c;:in.z &rcoud al £- :stcner Le"4; i'i. thec c,,C!',c

17 loc.UnZ. Uiztcring occurred on only the panel with Ithe four

o18 Lour sir cure.

- 19 ;odclamirnztloa occurrea at ;m intrftc-ce i;:.'o %X

21 %~ic 11,000 b..zgprcr liIt-it vwycliv o.dr on the r.j-cir ena

22 "i'a :6or .h%-cc tects the zpectrxi of~. &trcrzc& whic'.

v. ould occur on jh qteri'o=cj4Cc uU.it4Uzy (icaf urmnz 50

24l~h hourz (approxim.te2;f 1 '.i cyc2-c or 15 UIOA'Wi..l). A

25 ;.VC 1b tre.s ri. c~ats n.n utLrcss to vla-ch &--I airec... I
26 A.5 SU5ctcd. in Ztcndy rst6%e i~i~conaitiona ith."Out c" lc

27 tion or dcelcr~tioa. W.ac 311,000 1111. Ulh~I atez levw'

26 co-Q~pnr to "a*? r, ~oxi=tc 7 r'.c;-ver.

29 1r the ess it Lpj)2aLrL thait cither the of

30 ~ l 2. or Dlcmplo 2 will proi-ct the ixotar hecr a
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- from crackirn.,; afte~r at least ra cna PAR s' mW ated rhe~t cycle.

The forcuation of I~~l .is, conzidcred Lozuchat bettL,

however, Ina zh.1 lci, strer- -- r',a. in the topco~it

iat 'the fastene~r e&d.,- n teclIc lo4..c

It o tJ~t.refhoe been d cii u met2hW f~or protcetinj

*he raircraf. t ziia fi:,tcnar hc~d .caz* by maa of~ a c-'

whea friction-1 he-atiaZ u2 to 325* F for short~ pcz-iodz oA. tL.w

£occura rat the hc -. Qrzj

It vill be ua-,trmioud 44; t v -ious ch.~znecz 1a th~ iel

1.i herein describedI cmd~6 1J.1-ustratcd '-r or"cr to e.1.-n the

12 Ltiure of tre invezntioz~ =.y be r."Co by thoze ~ i ;

O 14

15
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18

19

20

21

22

23
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26
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