
i

UNCLASSIFIED

AD_270 427

ARMED SERVICES TEHICAL INOREUMM11AN.
ARLI iON HALL STAIM(
ARINI I2I2 HEM

UNCLASSIFIED



NUT-1CE: Lenn goi-wermet or other dravizis speal-
£icatioms or olther data are used for any I)--pose
other t"-a- imn comnea-tcn 'uitT2 a definitely related

gomerxm-t procaemezo. operaticO1, the U. S.
GC-(ezrm=* therreby Inc-as no L1espmisibi.11ty, nor amy
abligwtatmm w-atso-ever'; amcz tte fact that the o-

=0- =- hare fematlAted, tuzxished, or in aky, may
va-p4lea t4h1e said drzAmans, specifications, or other
data Is not to te reairded by tuplinatioi or other-
wi-se as I-- any =z=er 319eensimg the bolder or amy
o.her person or cor ra-tic=, or conTeyfrg 857 e_&ts
orx przisslm toinfnue use or sell any

patnte inentl tAt my I-- =7 wy !- M"-,.te



~42

a 0

~ Best Available C~opy'



NORA~ CDfPOAO
H#MDWWD'~ CALZ9ORSOA

a6Febriiz IM5

PRPARED BY

B. G. leomard
Ibterials Resmr bý rtox

APPROVED BY

ff D- Childers

L. F- Bernbach
Generul &zper-vi'or

IAteris-Is Rescarch Imborstory

*EV!USSM

NCmoM. DATE ENrom PACES AFFEC-TEo EAS

-2&Of eilte Revision __________

#gasr- r-c



S. o •

I j~PAGE

3B. G. leosnar I ?ORIIROP CORPORATION____ _

I ~NORAW DMISONj

oeb- 19"1-

O&*• 1 6 Februay15 II

TAM3E OF C21TEZL"

SzectionEW

T e OfContents -.... . . .. .. ... ..

T. Introduction .-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-... . 1

2. Object - . . . . . . .. .. . 1

3- Concslusion ....................... 1

L Test Procedures------------- - -- -- -- -- -- -- -- ------

5. Test PUs-ats -1----------------------------------3

6. "•tussion-- . . . .- . . . . . .....-- o- . . . . . .- 6

I.



jPAGE

B-. 0. iLen-_zd NORTHROP COR~PORZATION
NORAIR DMISION IWOT NG.I 6Cl February 1lA-5.l!0

1e.12 Deccz~ter -1061.1__________

Thnere is a need to d-eveloDp lo-. enissivity coat-ings for kmplicatimn to
zetals- Ote prIca pr'bztion a~pplication r-equires a coating haLving an
enissivity belorz 0-25- This pror-z 'was inittiated to iirzestigmte the Im
enissivity "ceraic gold- coatings for this k-giiIcaltion-

2. 03J-Ey=

The ob.ject, of this %a~e ~s to evalibnte a Seci old- fin for uase
as a law-.' massi.-ity coa-ting Dor the titani=a engine shrouls of the T-38
Tallon Trai-.ner.

- gPr-=: oild flun a-ppears suitable for usee as a healt-reflecting, lair-
eniSslvity costing, far the titml"= engine shrouls of the T~-33 aircraft.

4 aborratory tests show. tbat, the filba raint-rIns surface erissivitles of,
0-15 or low~er !o ~extende! pe-riod- of tine uvIthout signs of deteriorcticm,

jprovided temp-ratures nuch a`bore!_G0) F axe not exceeded. 7he excellent
affies-ion to titani=r =41 the chemical inertness of the 4Cji1 film. Irdicate
thr~at the coating should r-e~uire very little nairntenence or, repair- Magino-
sexrvice tests conducted '4th a gold coated shroizi paneL sbov the. the
panel con-side-rataly cooerr e:-, radiates lesE heat than adjacent

panels coated u-Ith- elueiw: paint.

4 . TES HROaMMZES

i4.1.1 iitanitm ?i467A tent panels, 0-016 by L.0 by J..0 '=cus-

Ll.12 nitaniiaa Ti65-J tensile test spec~nens, Type F2. 0-016 inch thick.

4-1.3 7T-tasit, ~Iz65;. shroud test penal, 0-012 -by 12 by -P2 Ind"e.

4;.1.J4 aanova Wiqu 4 INi 2~1 , and =.4 Fagel:hard 1ndustries, iml.,
Les Anaoaes, California.

1; ;!Premsratlon of Sbnecimens

!s.2-1 TitmnF-a specirens ve-re cleaned v'4th acectone. Several penels
vere polished '4th crocus cloth p~icr to cleaning-
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4-2 Freis-ratio2 i fS-r-e-cim-m(C.iiu~

4-2-2 ldc.u'd Co- ;261, =:4 127-1 vere ssprayed or brushea to a Si'we tbick-
ness cm indv=4-idm't =nels.

!.-,3 Conat*'l P=elf V.!re -Jr d:-!Aei_ dried a-ccoedJ.S to several tine
emd te~perature mceulz troed I~

4-.2-h ihniels -were -&ired in cr- ttectri4, f'ba u--nace vith the door ajar-
,ft (ricas firins schedule-- vere foi-ow.ed to deteerime u.hich prvdeiAthe
best visible re-flect~tce e.-. afithesion-

4.2-5 Fe-nels w~ere- cz ze to OW ? ± 10 for 722 hours prior t* testing to
si~ulate Service errzet

4.2-6 A :7-33 enane shrmý ;:ae1 suraye irthI.4g1i~2d8 driei o
4 tours.- It -=s then fired in an fr circulating electric cv; fr.w
200 to 900 F in 3 hours.

4-3 Test 3Meth-ods

Except -&ere anictee~ of the tests vere cmnducte! on one coat of
M.E go!4 eppllea to Ti65A- titanit-- hwArn an as-re-cei-rc 2D finish.

44- 3-. 2:15s"' - Tezt -- m-1z prqza-re in three difIferent ways vere
reasre±for enissivity at. 200, 500M, &V0, 900, ezd 10O0 F on the

4.3-2 Serv7ice E-cbrmtion - The caamt-ed engcane shroud pcnel %m~s positioned

In the 17-365 tai-lcon-e shwroul. Tenp;erature -- sur.e=.ents on the gad

E-170 al1!mn- palint '.ere =ae duri-ng engine- tests-

4-3.3 FlerIbflity - Test rnenels iiere conditioned for 2 bours at -40O F ±t 2
and ý-ediate]4r bent a-zer a cold 112 inc~h diare-ter steel imrdxe1.

4-3-4 Ii act Resistance - A cne inch disn-e-ter steel bsell eei.Izg 66 grmss
vas8 dr3kmCdb onto th'- smi-fam of the costing from a height of 6 feet.

4-.3-.5 Flidd Resistemnce - S'est pammmels were '==ase for 72 hours In:

a. Water at room- tennerature

b- JPk-5 ful(fliF-5621) at ro= te=;er-ture

J c. EngIne oil (xILL-rt5-CZ) at 300 F ± 2

d. H.ydreulic fulud (3-IL-O-56)EA) at 300 F m 2
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4..3.6 Salt Svra: lRemiste-nee Test Tan-ais *zere exs~ o2. e a t sl

sprey~ solution at 95 P ±5 for 1. ronths.

4-3-7e ~eitna-iTh ~i iea- re 'ijeic the
ctwati-IL's wib~thstan-A at -mrlous ten::,=aturaz Vi1thout loss of brighit-
ness, were datermiincd-

4-3.8 ervensne Teer~s nsile tests *--r- comduetted on three coated and
thrree %macoatced T'.pe F2 snec-'----.

439Abrasion Resistance - A Tna-=ýr Abraser, vith CS-=t? %ilheels ;dth a
1M) Sram load' on ea-ch, vas used to determirne the nmuber of cycles the

c,,ins would vr~stad before failumze-

a-cszkvit~r milues at temezrature noted

llnls~~ ~ ~ ntC--A - 31

rtdeatlypoiselfiisn, O.Oa 0.10 0.32 0.12 0.15
uum coalts IN.

5.2 Service- -Evmalticn - 5o, e;ýmrcnt surface deteriomation, after 35 bours of
teStl-ns. Goldi coatted pan--! aexraseA 330 '4 during test, %ftd~e alumirs
painted pan--Is averad-el 43D F..

5.3 nlexibility - Rb -racklinzg, flakins. or loss of ad"hesion.

5.4 LTacct Reaistance - Nio coating damge-

5.50 Fluid Resistance - N~o coating dae&e or discoloration.

5-6 Salt, Spray Rtsi-stm-te - Iso nor-rosim qn-- sf~ter' exposure fnr 4 nonths..

5.7 Te~eratx- Rsitae & - rface 4ufled after expvosure- for 2 hours at

teaperatures above c900?.- Coatin-, vM~ vithstrund showrt exwosure at 1100?F.
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5.8 Tensile Pror-erties (LAvtera.-e of 3 Slyeclinfms)

Yield Strecngtn Ult'te B1onemtion
at 0.~Offset Strength in 2 Inch-s

Psi ri4

U~nco2'-ate s-rei-ns 62,810 77,599) 2?.O

Crcld coated cies 61,9,60 77, 450, 1.

5.9 Abrasion ?.esiz-tan~ce - vtr~ ithstood 95 -vc'-es bcefore erc :)sur-e of

base r-eta1.

6. DIUSSIO3

6.1 4ApUrca-tirm Of Coatirss

6.1.1 -Cere--ic WoLd" :M=- are =dc b:- fir-St dem-ositin-1 =rto a sur-'ace, by
srraying or brush-Ins, a la-yer of an =&meno-ULtM~C Lold salt, dissolved
in suitabLe oraDmc v&l.icies, ani then reducing t:-.- salt by heating.
Thre resultant. film is- 22-Rarat --:ld aý-proxdm-mtekv 5 x -O -1sthck
rThe _our m~st critical considera-tions in apply-Ing the &olA film are the
type- of ccating- used, the coating thickrr s prior to fir~g, the fielng
fur-nace atm~osphere azA ventilation, and the firing scheeddle- Tbe coat-

,.~ ue in this prot-prem were fairly loaw in ectual Cold ccntent
(about 8 to 10 per cent) ami therefore needled to be applied in thick
coats or nore thon- one co-at in Order to obtain fils M rochn zero

poroity.Thick coats rust be dried ami fire& ca-refull to preevenz the
coat-Ing f!rom 'blistering emd flaking of f. Applying rare 'Man one cona t
reaiuires adfttional firingcs fotr each coat, %Ahich resla-taz in fi3-- d.ull--
ness ani1 int-reased- costs. *-me o-rnc omp. aas re mist, be k
sufficiently oxidizing to bring about c=_cilete- bur-c---ut of -.he orearic
mptter ar.3 to reduce- the salt to lbrig~ht =-tafllc Zgold. in -addition,
the firin~g chaecer mr-st be vell ventilated to remove srnoke or ±ze
res-lting from firing and prevent their settling om and clci~ing V~-e
surface of the Cold. As expected, heating schedules ame 'very izzportant.
M--gees they are of loncr duratimn, especial"1Y for heavily sarplied cost~s
iahere rapid volutilizatio-n of the or.'pmc ve~hicles causes bliste-ring.
Preventing the coatings- from rupturing Is proba~bly the nost irportant
reason idy slow firing rates are necessary. Another reas%-n- is that the
proper furn&Lce ateosphere and ventilation necessazzy for rapid de~poziticn

is often difficult to =aintain. It is necessary, ret-prdless of tke
rate of Ineating, to expose the coatinGs to elevated tenp eratures for aI
certain -4,t ti =e to achieve rd cuamte bond' beetween thee gald and the

ba.!



6.1 AUI~ D IV 1S 10N

FZE-6Febr-uary 195-99
[ev. 12 Dece=:Be-r 1961 __________________ _________

6.1. Am acation of Coatirzwý (Cm~timma~)

6.1-2 In this progran 1,: SD~d. , .ee to produce better filmns than f216
or 1.' an --as. t.ner-fore, the onluy coatn-r used for test piposes.
Spzrzyin-ý gave better r-'-uts than bruching. The cost satlsfactor-y
f~irinS sche-ule for he 1:- spIA.- ir. noted bellox.. ArthouE~h this firing
scheditle vams elose]3 frollow in pre.pa-ring -'U tent panels, it
tepre-sents onlDy one of xn-:- schedmles; -4hicb co"1 uodie saticfact-ory
fIlns.

a- Air dryat roam- tenpeeravare for 31/2 hour,
b. O7en d%-: at 200 -F t 10 fror 1fd hour,
c. FLire f--= 2-N0 to 700 F ix'. 1-112 houres, emd. then

rapidly raise the tnraueto rF0 F ± 0 for
a 15 minute sr-&, e---'

d. Air- -0ol to o te .ur-

6.1.3 By ussimg zoatin~s blt.:; highgol content, .'rhich coul& be applied
7 h~~tin3ly, wid firir-& thxese in iell-vent-la-teiE oxidjaizing at~ospber-es,

the firia:- scheedules cou.Zld be considerabNly reduced in both ti=a ani
cozcie-it:. el5.nyinresti-Oxtion of coa-tings conxtaining 15 to
20,pe cent gold_ recently rade availeble by the rwanfactineer,

in~icaesthat satisfactory fil-- can be depo-..ýted fram- single coats

in less tha'n I !hou.r.

6.2 Rissivity Y-csurenents

The e~ssivity va~sin pazragrap:-h 5-1 show~ that emissimities frm~
0.10 to 0.1.5 wiere obtvined at tce::,atwures; -p to %00 F-. As repuorted
=n pr-osivsialae-elrwxc sold- :EiLz-s possess srA porosity

erri as a result the base =netpl be-cmmer.e oxidized-, at elemated tft-gera-
tures. This accrunts for the ranmid i crenese in enissivity that occcws
betureen 900E nd 1000 F. !the emissivity rmcdas perzanem:*"y bi~h eve
at !aw =A- ý-turcs because of Ithz irreversibility of the oxidation
reaction. It. Is believel th.at this emissiv.it-i else at te~peratures
abore --,-0 "F c=~ b-- redu-cedm by ozi-dizing the surface prior to coating.

Pe-~di''~tlie surfaze --ou1d. render the titaniun less active at
ele'ate tearature and t- refore e "-Ate xIuch of its grow'th due
to endazion, i~hich. anc=rs to is-p.the &O3d fur-s. Nhenx applied
on ce:rari.-c er~-w hich are relmt.......y mnonr-cactive with o~Vgen at
elevatc=eaU-, l filns remain loiJ ben.t. enitttors at te=.pera-
tur'ms vi-~ i-icr :1000 P-. Anoter nethol for reaucing the -=rdssivity
is by =Jusir; tbe newl coat-InGs o1f hittier Sold content, since they are

e~t!to give less rporous coatingS. It is iptctto note --e
signS iflcomt ef.fecat '-%at surface- polish 1=s on enissivity. Io'era
ezissivilty values than those reported here could be obtained wlith
more blu-A.Oy polisZhed surf'-ces.
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0.3 'Service Rvaix~tion

6.3.1 ýAathou ýi there bm-.ic "been ony35 hours- of se-rvice testiCoth

001d coa-tLed shw-o"' p....s, th'e aeut re extre~ely promising. Periodlic
visuall ins~pections of the vsld coat-- - ý=en inircate tlhat- no surfaee
deterioration is occurri:ng. Mice attachel themrocoules lr~icattoed that
the te---erature of the co coatc& panel (3-3-0?) v~as -Pdroyately

255 r cent less that.. of ad.--cent.m l (!43.0F) coated dith
altm-in= paint. These reme-lts itere obitained. Vith the en_.ine- at ;-!le
po-zer, and it a considerabe ~on ol& beat being transfer-red2 to the
gold contel nimell b--i bcotth co juction evna co-r~ection. Tests conducted.

~-th the enspine al- f~lU pwr:!r, anml vith heat% t asfer-red p.rirarily byI
:::!=.ad---'- a--. et-'- aifmrnc in te:pra-ture-

6.3-2 Ac. 4 '-to analytical callcullntLns -- e byf Fluid Dynanics ftr-
esisiit lues previcusly renorteda, tLhe extpecte-2 sh-ronl tp-peraitures

on the T-33A aircraft 'vith --isin-e at full p~cer aaý c=.-!,,ete -Atb
3 ~efteeburz~r sfhould. be 1C60 F vdibh al~iwu -an oAbt dso h

shroml and inside the out;er zskin, or E'215 F wiith lp-ld on bothi sides of
the sb'-oad amd. ý-linun maint inside th-e ou-ter sin Tahis indicates
thant there vwaould hze con-siderable vde-arstagp zrealized b-i Gold coating

6.'!ec~hmenice.l wan Che~dlca1 Properties

The test results o thmat t-he vo;.d cocating 1as- excellent =.cmncl
an chcmca1 properties. takcr~a~ en cl' the golxi-titanium
int~eeace- indicete that a- st--on; r.ce tioond. e-cists be-tveen the

.%,-- tAetwo- his i eviencedbr th v~c r2:0m lnlxd sold- --
irpc rssanetss.Mz i~i-e2= :--ic inrtess ofoa is

ba s nobgren e eicaus ef..e on the '=serc -tal thin es ~f trE gol
so-Itnes r-ml =1aiflitz of Cold a is ch anyo~ focres ins ua ei poo

ruls- I -.,ver --- al tohin fil n~ictblm=oe. tafi

reisavI oarso.Tefi- s--zss.- fth


