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NOTICE: wsen govertment or other drawings. speci-
ficatiozs or otier data ere used for ary po=ypose
other than in connacticn with a definitely rejated
soverrmert procurement operatics, the U. S.
Goverzzezt thereby ircurs ro responsibility, nor azy
Jbligation uhatscever; and the fact that the Goverm-
sent Day bave formiated, furmished, or in any ey
s=ppiiec the sald drawirgs, specificatioes, or otber
cats is not tc te regacded by ixplication or cther-
wise es iz ary marzer licezsirg the kolder or amy
oitler persaa Or corporatics, or conveying any mignts
cr rzrxissicz ¢ saxafecture, use or seii any

tentzad Inysntion that may In any wey he releted
T2ereto.
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NORTHROP CORPORATION

lev. 12

metels.  On2 p-irery production application reguirves = coeting heving a.n
exissivity telow 0.25. ‘Ihis progmos wns Inftietes to investigote the
exissivity “ceramic gold” coatings for this erzlication.

e NORAR DIVISION [ REFORT NG
RAT-59-1%0
DATC 3o February 1952 BIOEL
e 2 Dacezter 1961
Tnere is e need 4o ceveiop low exissivity coatirgs for application to

3=

The odject of this nm;.—e_ vas to eveluate a “ecorizic gold™ fiim for use
es & low c=issivity ccating for the titenium engine shrouds of the T-38
Talon Trairner.

COLSI0S

"Cere=ic goid” £iin eppears sultadle for use es a heat-reflecting, low-
emissivity coating for the titsniu= engine shrculs of the ¥-33 aircraft.
Tabtoratory tests show that the filx =ainteins surface exissivities of
£.15 or lover for an extendel period of tirme without signs of deteriorction,
provided tesperatures ruch ehove S0 F ere not exceeded. The excellent
ednesion tc titenfum and the chexmical inertness of the gCl2 fil= iniicate
that the coating should rezuire very little raintersnce or repeir. ZIngine
service tests condustes witk a gold cocted shroul renzl shov thet the
yansl rezmains considaratly oopler ond radiates less Legt than adjscen®
Tarels coated with sluxine= peint.

L. TcST FROCZDUEES

-1
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ioteriais
Titaniun Ti65A tect pezels, 0.016 by £.0 by k.0 inches.
Titaniun Ti65A tensile test specizens, Type ¥2, 0.016 inch thick.
TItanic TiSSA shroud test pensl, 0.012 by 12 by 72 inches.

Fangrte Licutc Gois $261, M9, an? WY, Sngelnard Indusiries, inec.,
Ics Angeles, wifornia.

.1.5 =xtra Bigh Heat Zer H-270, Sg2co, Inc., Claveisnd, Chio.

5

>

Preveration of Specicans

5.2.1 Titeniun spacirens wers clesnsd with acctone. Several renzls

were lished with crocas clot: pricr to cleaning.
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OAT 15 vebruary 193G ucsen
2ev.12 December 1063

L2 Preparation of Specirons {Comtinued

Licuid gold 7261, il:i, 22t 15 were spreyed or brushed to 2 given thick-

ness on individeal pomals

- . .
Ponels ware fired in &n «lachtric slobar T

Yarious firing schedules wera followed to determine which provided the

best visible rafiectonces and sdhesion.

4.2.5 FPanels ware exzcsad to0 OO0 F £ 1) for 72 hours prior tc testing to
& environmant.

E2.6 =-33 engins shrxS sorsl uw=s spreyed with I gold and air dried for
n

ours. XLt s then Tired in an oir circulating electric cven from
to 93C F in 3 heurs.

L.3 Test M=thods

Except shere indicates, e}l of the tests wers ccenductad on one coet of
¥ pold epriiad to TiG5: titaniv having en es-receivel 2D finish.

53 - Test tonels cregarad in three @iffersnt ways vere
for e=issivity et 200, 300, 830, 93¢, 2xd 1GC0 F on the

Service Smiwtion - The coatzd engine shroul panel was positioned
Teroerature =sasurezants on thke geld
cent Tenels coated with Extre Jish Eeat fen
o= paint vere =i durieg engine tests.

Flexibility - Tast punels vere condition2d for £ hours &t -LOF = 2
and i—xediataly bent over & cold 1/2 inch dfarater steel msndrel.

Iract Resistance - £ cne inch dja-eter steel tell veighing €6 gracs
wvas arogped oato the surfzce of the coating from & haight of 6 feet.

Fluid Resistance - Test penels were imersed for 72 hours in:

e. Fater at room tesmpers
JP-5 fusl (MGL-F-SE2LC) at rocs tezsersture
Engire oil (MIL-L-700EC) et 300 F 2 2
Hydreulic fluid (MIL-0-SSOEA) at 30D F = 2

RNOEEETEIIN ARSI §5 ARSI A LA SRS T AN SO _L—-mu- (
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rods {Continued)

t-tezrerature vhich the
atures without loss of bright-

Tensile Proneriies
three uncocated Euy

£hrasion Besistance - A : , with CS-17F uheels vith &
00D grom lozd on ezch, was usad 49 deternine the mber of cycles ths
ceatings would withstend

Eissivity velues at tecperature noted

200 ¥ F 8CTF 9F 10LeF

2 finish, on= coal X% 0 i o -1

Sifghtly roiishsd finish, 0.13 0.i7
oue coat k3

Moderately polished finish, ©6.08  0.10 0.12 .15
Tvo ocats ¥%

Services Evalueticn - Ho comareat surfece deterioration after 35 hours of -
tasting. Gold ccateld monel averaged 322 2 during test, iiile aiunirsm
tainted penels sversgsd k3 F.

Flexinility - fo trackling, fisking, or iloss of sdhesion.

Icoect Hesistance - Ho ceceting desage.

Fluid Resistence - Ko cozting dazege or discolorst

Sz1% Soray Rasistance - Mo corrosion smts nftar exposure for & sonths.

Temceraturs Ragistonce - Surfoce dqulled after exposurs for 2 hours et
tesperatures giove 00 F. Coating will withstend short exposure at 1100 7.
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Tensile Prorerties {iverase of 3 Syceirens)

LY Y

Yield S::-«.ns..n Cltirate Florngation
a2t 0.2% Offset trength  2n 2 in._.-..
P51 Doi b

Uncoatad specicens &,810 171,599 27.0

Colid ceated specimens 61,550 77,850 3.5
5.9 Abresion Besisiance - Cozting vithstood G5 svcles tefore ex >sure of

hese retal.
6. DISCUSSION

6.1 BAzplicaticn of Coatinss

6.1.1 "Cere=ic gold™ filxzs ere rase by first depositing cato a2 surfece, by
spraying or brushing, & lzyer ¢f ea Srgeno-zetailic gold salt, dissolved
in suitebie orrenic vehicles, and then reducing th2 s3It Y ting.

The restltent £il= is 22-kzrat goié epproxizateiy 5 x 16-3 =i1s thick.
The four rost critical ceonsideraticns in ml;‘..ng the £223 £iln ere the
type of ccating used, the coeting thiczn- s prior %o firing, the firing
furnece atrosphere and ventileticn, ond the firing schadule. The coat-
ings :zse" in iais progres= were fairly low in actual gold ccnteat
(ebout 8 0 10 per cent) eni therefcre nesded io be applied in thick
ccatsorm'-ethanonﬂco..tino Jer to chiain file=s erproeching zero
porocity. Thick coats =ust be dried ema 1ired corefuliy to prevent tae
coeting fre= bLlistering erl flsking off. Arplying csre +han one coat
recuirss a2ditional firings for ezch coal, whlch rasults in £11= dull.
ness ani inecreased costs. Ihe furnac: or oven t——-'.%s;t—era zuct ha Tant
sufficiently oxidizing to tring ebout comnlet: burr-cut of “he orga.ric
metter an3 to reduce the seit to oright —etellic Foid. 1iIn sdditiorn,
the firirg chemter zust be well ventilated to re—ove smok2 or ITuses
resulting fro= firing ans prevent ikeir settling cn end clceiing the
surface of the gold. As expcte-.’. keating schedules are very izportant.
In gesoral they ere of long duraticn, especially for heavily arrlied coats
svhere rapid volatilizstion of the organic vehlcles ccuses blistering.
Preveating the coetings froo rupturiag is probebly the most irporient
reascn why slew fir _nzmtesmnecessarv Ancther reascn is thet the
proper furnace atrosphere end ventilsticn necessary Jor repid deposition
is often difficult to raintain. It is necessary, regardless of itae
rate cf neeting, tO expose the coatings to elevated temeratures for a
certain nint—ws tirme to achizvs edequate bond between the gold and the
hags matal,
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6.1 Arsiication of Ceatinss {Continund)

6.1.2 TIn this progren X% gold apseered to produce better files than 3216
or iH and was. thorefors, th2 oniv coafing used for isst purposes.
Spraying gove totter rasulis thon drushing. The oost satisfactory
firing schedule for the M1 qrold is noted below. Although this firing
scheduls s ciosely followved in prepexing 2l tost canels, it
veoresents only on2 of many schedules which coulc prodiuce saticfactory

vereture for 1/2 hour,
* 30 for 1fZ hour,
to 700 ¥ in 2-1/2 hours, erd them
dly reise the temperature to GO0 F % :0 for
X, el

s .
AVAME VU LAY UA T -

6.1.3 By us tings with hish gold coatent, whick couid be zppliied
thinly, sad Jiring these in weil-ventiletel oxidizing et-ospheres,
the firins schedules could be consicderebly reduczd in both tize amd
coxoiexity. Preliwinary investigoation of coesings conteining 35 to
20 ror cent gold. recently rade avziieple by zhe ranufacturer, -
indicates that satisfactory filzs car e &2pusated fro siagle coats
in ijess than X hour.

6.2 Byissivity Mecsure—ents

The exissivity valtes in paregrarh 5.1 show thet exissivities from
0.30 tc 0.15 were obtained at ter:zratures uwo tc €00 7. As raported
in provicus Investigetions, “eeramic goid” fiims possess suEc porosity
and es & result the tase i=teld bocores oxidized at elevated tempere-
tures. This accounts for the repis incrsese in exissivity that ccours
tatwszen GO0 and 1000 F. The exissivity re=cins permanently high even
et Iov teneretures vecause of he irreversivility of the oxidstion
reaction. It is believed that tris emissivity zise at te—peratures
ewove 00 T ol b2 recuced by oxi&izing the surface prior to coating.
Pre-oxzidizing the surfece chould render the titanium Zess active at
elavated temsorature ard therefore eliminate nuch of its growth due
tc cidation, vhich grpears to dismupe the gold fikms. Yhen epplied
on cora=ic esEmals, which sre relativily nonreaciive with oxygen at
elevats. Lomnerctore, goif £il=5 remzin Jow heet exittors at terpera-
tures w2li over ICSO F.  Encther method for reducing the 2=issivity
is Ty using the new coatings of highar gold content, since they ere
exprctedl to give less rorous coatings. It is isgortont to note the
siznilicant effect hat surfese polish ins on exissivitly. Ilower
emissivity values than thioss rerorted here could e obtained with
more highly polished suritoees.




ENGINLER PACE

5. G. 1 : NORTH2OP CORPOPATION S
CHICKER NOP\AIR DNIS!ON REPCRY NO.
H HAT-59-1%0
oAYE

] e
AT ITOT HODEL

Rev.l2 Da2cizbe

6.3 ice Ex

1 2xthouna there hove teen only 35 hours of service testing ca the
gold coated shromil penels, ihe resulis ere extremely pronising. Perlodie
visu2d insnections Of the gold coats: nenel injicate thet oo surface
daterioration is oceourring. The atianched fmerrgoCuples indicated that
the temmarature of ihe golé coeted pzned (330 7) wos approxirately
25 per coent less ikan thot of adjacent penels (320 F) ccated witk
slinim paint. These results wvere obteired with the engine st die
power, and with o considerodle emowmt of neat beoing troasierred to the
gold coztel panel by toth conduction ernd convacticn. Tests conducted
“ith the engin= at fll power, ond with
radicticn, schould profuce on sven
.2 hccoxding to anziytical calculations —de by Fluid Dyns=ics from
exissivity values pravicusly roportad, the expactal shromd tesseratures
on the T-332 siverafi with engine at full peover enl comrlete “rith
efterpurmer showld T2 106D F «1ih alwzinus r2int on both sides of the
shrout an2 inside the outer skin, or £25 F with gold o toth sides of
the shround end alu=imm paint inside the outer skin. Tais irdicates
tnot there vould e censidersble réventage reelized by gold coating
the shroxds. -

Tre test resuits show that the £oid cozling hes execslient rechanieel
exd chormicsl properties. Fholozicrozrorhs ioxen ¢f the gold-titaniuvs
interfecz indicale that & strong mechenics) tond exists betveen tha
two. Tnis is evidencad by the oo odhesicn chowm by fiexizility end
irpact resistance tests. The inherent chexicsl inertaess of gold is
responsible for the exesllent Nuid a=m3 selt spray resistance of the
291w, According to tensile st resulis, coating titoniwe with gold

-

ks no aprerent éaleterious effect on the tese rctel. The intrinsic

safiness end =23l229ility of rold is responsidvle for its nor=ily poor

ghrecion wagistenca: hovaver, 25 ¢ thin filn it has =ore thon fair
rasistance to 2krasion. The {fil= sricrently assimes some of the

characteristics of the umiecrlying titanius.

6.3
5.k Machaniezd end Choxicel Sroperties
6.5

Weight

fiin, pgpproxizstely 5 millionths of on inch, ony increase in weight

Iz is significent thet, because of the extrens thinmass of the gold
) caused ¥ coxting perts with gold would be negligible.
- <
<&
H




