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material. The resultant 68 systems were evaluated using visual and 
a ce'S eXafflinfti0?' f+

ilffl thic^". ^ace roXss   adJe" „, 
te ti  The rS ^/^ T*7 "I hlph hmi^^  ^ ^^l^ tests. The results show the four primers to provide good adhesion and 

Ä^m^100' the C0rr08i0n Pro'ectlon t0 belependent on the total film thickness, the black and white enamels to provide 
superior corrosion protection, and the gray enamel to provide' inferior 
protection. The rate of heating to TFE-resin sintering temperatures of 
two aluminum alloys with increasing cross sectional thickness in the 
uncoated condition, and with one, two, and three coats of TO-resin was 
investigated to determine the time required to sinter m-r^in coatZ, 
on various sire pieces. Also, the effect of the TFE-resin sinLrin^ 
of ™H ^ ih8 mechanical Parties of two representatiJe aS n^alloye 
allov« ^ ^T8/" ,deteIained- The Properties of the hard^ed  ^ alloys were effectively reduced to those of the annealed state. 
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EVALUATION OF TFE-RESIN COATING SYSTEMS 

INTRODUCTION 

Previous reports such as NAVWEPS OD 103621, NAVWEPS Report 69^82 and 
NAVWEPS Report 69^93, as well as the report of this investigation, deal with 
thin films of "Teflon" applied to metal substrates.    "Teflon" is the 
registered trade-mark for a family of DuPont fluorocarbon resin products. 
They are either tetrafluoroethylene resins (TFE-fluorocarbon resins) or 
fluorinated ethylene propylene resins (FEP-fluorocarbon resins).   The "Teflon" 
used in this and the above reports was the TFE-fluorocarbon resins (TFE- 
resins) in form of stabilized aqueous dispersions.   These aqueous dispersions 
of small particles of TFE-resins and inorganiz additives are proprietary 
primers and enamels, (clear and colored) formulated by the Finishes Division 
of E. I. DuPont de Nemours and Company (inc.). 

As a film, one of the outstanding applications of TFE-resin is as a dry 
film lubricafat; that is, if the film is thin enough to permit the substrate 
to contribute to the load carrying capacity of the film.   For use primarily 
as a dry film lubricant, the thin TFE-resin film should not exceed 1.0 rail 
(0.001 inch) in thiclcness,4   Considering the above condition, most of the 
coating systems of this investigation are less than 1.0 mil in thickness. 
Films thicker than 1.0 mil were also evaluated because of their applicability 
to conditions other than lubrication.   Corrosive environments, antisticking 
^f^8* and extreme temperature conditions are additional situations in 
which TFE-resin films have excellent utility. 

For application of the aqueous dispersions of TFE-resins, the procedures 
were essentially those used in references 1, 2, and 3.   This dispersions 
were applied to aluminum and steel panels and blocks as thin films.   Both 
the film and substrate material were evaluated from results of quality tests: 
however, no extensive tests were performed to determine the set of con- 
ditions which gave the best films for use in this investigation.   All 
dispersions were sprayed similarly and sintered for periods of time depending 
n? TO? 

nUm?er 0f ??au? 0f TFE-resins-   Brause of the variety of dispersions 
of TFE-resins available, many combinations of TFE-resin films as coatinc 
systems were evaluated in this investigation. 

This report includes experimental data on uncoated aluminum alloys 
subjected to heating cycles encountered in the sintering of TFE-resins 
see Part 2. ' 

The purpose of this Investigation was to obtain data from quality tests 
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of TFE-resin films on metal substrates so that the following documents could 
be prepared: 

1. A specification for thin films of TFE-resins applied to metal 
substrates. 

2. An ordnance data document for applying thin films of TFE-resfns to 
aluminum alloys. 

3. A revision of NAVWEPS OD 10362, Application of Thin Films of TFE- 
resins to Ferrous Materials. 
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EXPERIMENT AL PROCEDURE 

Aqueous Dispersions of TFE-Resins.    Available aqueous dispersions of 
TFE-resins were obtained from E. 1. DuPont de Nemours and Coline).   The 
TFE-resins are listed and are designated in the following table: 

Table 1 - Aqueous Dispersion of TFE-Resins 

p. Designation for 
tTlmlS This   Tmroe^rro-M« 

850-201 Primer for Steel 

850-202 Primer for Aluminum 

850-20^ Primer (Green) for Steel 

851-20/! npe-Coat V.p*nt>]  

This IflBuÜgflÜflfl 

A 

B 

C 

D 

fipaaflla. 

851-201 Gray Enamel 

851-202 White Enamel 

851-203 Red Enamel 

851-205 Black Enamel 

851-206 Blue Enamel 

851-207 Yellow Enamel 

851-2U Green Enamel 

852-2m mp^^n1f7h 

2 

3 

5 

6 

7 

8 

Application of TFE-Resins to Metal Substrates     Th« ^  1 
subtrates were aluminum and steel in oanel form     TJ   1    *al8 Used as the 

5.50 inches by ^.25 inches and 5.5^ inches h7l2^n ^^ Panels Were 

0.06^ inch sheet stock, mill finish nf «?,   •    ^^inche8 Prepared from 
panels, 6.00 inches 5/^ iLhef6 Li^TpfJ0^5056"0'    The steel 

from 16 gauge {0.06-inch thi k    cold ro led7 ttLft^ Were PrePared 

Specification QQ-S-692, Class A. TOileci' satin finish, meeting Federal 



NAV1BB5 BEPORT 6969 

of loXtäe^l^e^^^^ ^ Si^^ ^ a pressure 
The aluminum panels wwe de^eaSd Jn tS VarS01' then in acetone- sandblasted. aegreased in the same manner, but they were not 

at 7Är% ^ all panels were oxidized 
operation was to remove aSlasLus c^^f V00* UnV*™^*'   This 
trapped between the ^Iresif fiTand thf^L^f1'1.*^ might later * 
were oxidized the same dirtSefwrrLLLl^*-.^ ateel panels 

dessicator until oxidizing. ««^blasted, or they were stored in a 

various ^elTwr6!^876' 0n 0ne slde and 0" ^e edges with the 
alloy and th^tL^ ^ ^^ 0f th' a1^ 
DeVilbiss TGA type, mtS with a N? TOn^61?*    The ^ ** was « 
and moisture traps and selrptn. ^0 T™1*'   Adec'uate oi^ dirt, 
30 to *) psi.   ?h

PeS s^lZlZZ^TtTi Jhl 0Pfati0n preJsure ^^ 
stayed.   A Til. ^1^7.2^^^^ ^eing 

of tS;;:iii^ir
s
n^ ai?0

d^eat ro0: +
temperature for ^^ ^hs 

from the fiLn (fusing a wet flL, ^Ä*; rap0ration of ^e water 
were placed in a room templat^ Z bli8^"), the panels 
The temperature was maintained for S!?L^+uaS then raised to 18o0F. 
held for 10 minutes, then iLrtased tÄf' ^t* increased to 700OF and 
furnace was then opened LftSe fuseS fi?!   ^ held for 10 ralnutes-   The spray. ana tne fused fi^s were quenched with a water 

fusing time.   m. „as done became tte « ' "^   ^ "" aaaed to the 

duotlvlty and abeorbs heat as It ,L.ä TFE:"sln ha= low thermal con- 
hlcker films reqnl« « lo4« tl»Äa ^t^f ^   Pa"els ""h 

The eccuracy of temperatnre control^^ftul'w. ^      h g00d exha"st- 
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Coating System. The systems with ome coat of ja-lmer plus a single coat of 
enamel were prepared so that each primer with each enamel as a topcoat was 
evaluated. The systems of steel primer (A) plus multiple coats of each enamel 
were prepared in order to evaluate the enamels as the thickness of the coating 
system increased. It was unnecessary to use more than one primer for this 
purpose. The systems of one coat of steel primer (A) plus one coat of each 
enamel plus one coat of clear finish, were evaluated because these are systems 
which would logically be used where thick films are required. The system 
01 two coats of one-coat enamel, was evaluated because it had been used often 
in the past. The one-coat enamel was also evaluated as a primer because it 
is used so extensively, and the question of possibility of its use as a 
primer had been raised. A total of 68 coating systems were evaluated. 

Tables 2 through 7 list the various combinations of the TFE-resins that 
were prepared for evaluation in this investigation, show how they were 
designated, and show the number group of the panels to which they were 
applied. ' 
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TABLE 2 - TFE - RESIN COATING SYSTiH 
(STEEL PRIMER A:   TOPCOAT - ONE COAT OF THE ENAMELS) 

Coating System 

850-201 Primer for Steel 
851-201 Gray Enamel 

850-201 Primer for Steel 
851-202 White Enamel 

850-201 Primer for Steel 
B51-203 Red Enamel 

850-201 Primer for Steel 
851-205 Black Enamel 

850-201 Primer for Steel 
851-206 Blue Enamel 

850-201 Primer for Steel 
851-207 Yellow Enamel 

850-201 Primer for Steel 
851-2U Green Enamel 

850-201 Primer for Steel 
852-201 Clear Finish 

850-201 Primer for Steel 

^Ti     .*    u ranei wiimoera 
De8ignation#        L-Panele»      S-Panels»» 

Al 1-12 

838-8a 

685-^87 

A2 13-2^ 688-690 

A3 25-36 691-«93 

A^ 37-^8 694-6% 

A5 49-60 697-699 

A6 61-72 700-702 

A7 73-8^ 703-705 

A8 85-96 706-708 

^Vi^^sedf ^ COating 8y8teD1 de3i^ti0Q "resents the 
The numberal represents the enamel   used.   Repetition of either 

alphabet or numberal indicates an additional coaling to 
correspcnd to the repetition; e.g.,   Alll is a coatfng system 
of one coat of primer (A) and three coats of gray enamel. 

2Liln.ti^ f80618 U39d f0r Vi8ual and «icroscopic examination, corrosion, surface roughness or general testing. 

***~?^Vof^f ?y 1-25-inch aluffli^ Panels and 6.0G.inch by 1.25-inch steel panels used for adhesion testing. 
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TABLE 3 - TFE - RESIN COATING SISTM 
(ALUMIIIÜM PRIMER B;   TOPCOAT - ONE COAT OF THE ENAMELS) 

oatlng System Designation 
Panel Numners 

c L-Panels S-Panels 

850-202 
851-201 

Primer for Aluminum 
Gray Enamel 

Bl 846-857 942-9U 

850-202 
851-202 

Primer for Aluminum 
White Enamel 

B2 858-869 945-947 

850-202 
851-203 

Primer for Aluminum 
Red Enamel 

B3 870-881 948-950 

850-202 
851-205 

Primer for Aluminum 
Black Enamel 

B^ 882-893 951-953 

850-202 
851-206 

Primer for Aluminum 
Blue Enamel 

B5 89A-905 954-956 

850-202 
851-207 

Primer for Aluminum 
Yellow Enamel 

B6 906-917 957-959 

850-202 
851-2U 

Primer for Aluminum 
Green Enamel 

B7 918-929 960-962 

850-202 
852-201 

Primer for Aluminum 
Clear Finish 

B8 930-9a 963-965 

850-202 Primer for Aluminum B 966-969 
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TABLE 4 - TFE-RESIN COATING SYSTEM 

(STEEL PRIMER Cj TOPCOAT - ONE COAT OF THE ENAMELS) 

hanel Numbers 
Coating System        Designation  L-Panels  S-Panels 

850-20A Primer (Green) for Steel    cl       97.108    709-711 
851-201 Gray Enamel 

850-20^ Primer (Green) for Steel    C2      109-120    712-71/ 
851-202 White Enamel 

850-20/; Primer (Green) for Steel    C3      121-132    715-717 
851-203 Red Enamel 

850-20^ Primer (Green) for Steel    C^      133-LW    718-720 
851-205 Black Enamel 

850-20^ Primer (Green) for Steel    C5      U5-156    721-723 
851-206 Blue Enamel 

850-20^ Primer (Green) for Steel    C6      157-168    72/-726 
851-207 Yellow Enamel * 

850-204 Primer (Green) for Steel    C7      169-180    727-729 
851-2U Green Enamel 

850-204 Primer (Green) for Steel    C8      181-192    7,W-712 
852-201 Clear Finish *     * 

850-204 Primer (Green) for Steel    C       842-845 



im       T^ 5 - TK-RESn. COATING SYSTEM    ""^ REroRT ^969 
(PRIMER - ONE COAT ENAMEL) TOPCOAT - ONE COAT OF ENAMEL) 

Co.U„f Srste. De.lpIlatlon -J™1 »^r^ 

851-20^   One-Coat Enamel ni                IQO on/          m *« 
851-201   Gray Enamel 193"20A          733-735 

851-204   One-Coat Enamel D2                5n< o^          »^^ ««« 
851-202   White Enamel 205"216          736-738 

851-20^   One-Coat Enamel m               5,« 90ö 

851-203   Red Enamel 3                217-228 739-7^ 

851-204   One-Coat Enamel n/                ooo o/n 
851-205   Black Enamel ^                229"2A0 7^-7^ 

851-204   One-Coat Enamel n«                o,, ^.^ 
851-206   Blue Enamel D5                2a-252 7^-747 

851-204   One-Coat Enamel n*                5.0 o/L; 
851-207   Yellow Enamel 253"26/i 7^-750 

851-204    One-Coat Enamel D7               5,,- 0„, „,, M 
851-214   Green Enamel 265"276 751-753 

851-204   One-Coat Enamel n«                inn o™ 
852-201   Clear Finish D8               277-288 754-756 

851-204   One-Coat Enamel DD                pflQ ,nr. 
851-204   One-Coat Enamel 289'300 757-759 

851-204   One^oat Enamel D                 3^ %o_%2 
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Table 7 - TFE-Resin Coating System (Steel Primer A; 

Topcoat - One Coat of Enamel and One Coat of^ 
The Clear Finish) 

r    ..      _    . Designation of Multiple Tnp-Coated L-Pan»>l« 
Coating System Three Coat«PaWoi S    * 

850-201 Pfimer for Steel 
851-201 Gray Enamel A1o                       ,,- „. 
852-201 Clear Finish 313'3^ 

850-201 Primer for Steel 
851-202 White Enamel *?«                      ■»« m 
852-201 Clear Finish 325"336 

850-201 Primer for Steel 
851-203 Red Enamel A-W                       W ,/0 
852-201 Clear Finish 337"3^ 

850-201 Primer for Steel 
851-205 Black Enamel Ayö                       ,,Q ,An 
852-201 Clear Finish M                         3^9"360 

850-201 Primer for Steel 
851-206 Blue Enamel «co                      -,. ,,„ 
852-201 Clear Finish 5                         361"372 

850-201 Primer for Steel 
851-207 Yellow Enamel A6o                       ,7, ,ö> 
852-201 Clear Finish 373"3*U 

850-201 Primer for Steel 
851-2U Green Enamel A70                       7ÖC -n, 
852-201 Clear Finish 385"396 

11 
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contribute t, theVi% Jfr^ÄstÄ8 TF" 
time, the tests «ere evalusted as oualltJ rSIt J? .      ?'   At the s<1Be 

«ndueted 1„ this Investlpstlon^r« f„U^:   pro«du"»-   ^e test, 

«■My of the tests.   Fill «lor W .?! ™-™i'' "W before and after 
efects «ere observed rtÄ'Ä^010"*1"' TtinUlty' ^ *"' 

»cope «1th an outside ll?ht i.™,^!   .     y "^ " stereoscopic mlcro- 
30X, «X   .nd 75]( „ÄtS   for ^L^r10"."" 0ade at 1Ö-5*. 
scope with a vertical H*h+ a«,,I ff   detailed examination, a micro- 
^OOX and 80QX iZmXl iT^^lVL^ ^ l60X' ^7 
with a 35mm camera ttttchminr^ *** pipped 

wnxcn was used to make photographic studies. 

on each ÄlÄ ofanTf ^"J? '^ thickne88 ^ »^ured 
fil» thickness on^h^^ell^e^VJasAitT^-. MeaSUrement 0f the 

Gape; measurement on the aluminum n^firf!      ? an ^^^-Brenner Magne- 
The accuracy of each iMtS^ZoxW^?^ an ^^ n^^ 
were taken at four points on each oan^nH       y l10 Percent-   ReadinPp 

film thickness.   It was desired durW^    Were aVeraFed to Pive ^ Panel 
apply 0.2#-#o.3 mils ^r coating preParatio" of the panels to' 

on four fÄÄ of ^ ^-resin film 
Surfindicator, Model BW10 uainp« S *     *e

4
termined "ith a Brush 

instrument re^ords/in microÄ   th. I Drive'u
Model B^U.   This 

mean line parallel'to tL ^1 di^t^T+J
§i?ht about M ^i"^ 

so that the sums of the areas cont«ln!fi+ 
0f the profile of the surface, 

Profile which lie on either side o??t   a
betWeen J1 ^ tho8e Part« of       ' 

uncoated side of the panels was alL L-     JT1'    The SUrface of ^ 
in surface roughness d^to the ^#

raea8ured ^ order to obtain any change 

one coatlÄ,^ blenXAVThe^ "J81811^ 0f a ****" «* 
-sted for adhesion using a ShoÄ^,S^t ^ Z^TSX 

Probe which is^rtr^^^ conical 
vertical force exerted is approxSlv ^ f ^ 8Urface-   The 

slid in the direction of itS^t dlmS.? P81,   When the d^ometer is 
non-adherent TFTS-resin films a?e vLlMv n?   "v.*"088 a pane1' ^»«J or 
films are not damaged. 8ibly plouphed or detached; satisfactory 

12 
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SecUr.iv ?! ben? teSu C,0n8lst8 0f bendinp the pafte1' with one end held 
llSe TO reJn ^I^M.^ forth,until the ^ astrale fractures. 
In 1*1 I      ti   fiJ; bli8ter8 or ^coiti detached from the substrate. 
in any way, before the metal fractures, It is considered to have Joor adhesion. 

rubhin. ^ ind,ic
J
ati°n ?f the adhesion of the films was also accomplished by 

rubbing a rounded steel probe across the film surface while observing the 
effect on the ^ilm at 30X magnification. wwving me 

TFE rpHn0^^1^ C7rnfl1on'   The resistance to corrosion of the various 
wT    m ™inp 8y8tr8 T* Tluated U8inp two a"elerated corrosion 
Hill öl,

) llee Panel8 0f each coatlnP 8y8te,n» were tested according to 
?he nL , 0f Ff' Trt

+Üeth0d Std- N0- 151 U8i^ a 20 Percent salt solution. The panels remained in the test cabinet for a maximum of 336 hours   or were 
removed when a general breakdown of the film became evident.   Ex^ination of 
the panels was made after 3, 8, 21, 32, Z8   72   100   ly/    105   SJ   SJ       I 

Uoi M H TO21 ^    , ^ Per<;ent reUtlve hu,»idit5r """«""F to Speclf^n 
«it ^'w Er ?a n was   at the sa,ne time i»t•"•l,"f(,r th<i 

flna! JSlUo0' £1'rllZlV^ ^'^ ^ ^^ ^' ** 

^nH,v,*,Tl1^!,^ld!tJ, **'* al80 serve8 " a test »f the «dhesion of the 
i?n Jo ?o™L ^ ?."w0t^r- If P°,r adhe8lOT i8 P""»*. "lifter» win be formed at the interfaces of film layers. 

.r TW W(*ta^1;;^. NRL Memorandum Report 7775 states that wettability 
S lÜH^Vlf1^ COatinP8 i8 "i^icative of the nature and closeness 
sur?ace of V     Z™  T 0rpaniC radical8 COinpri8i^ the outemost 
MaJ !!+     J?

811"^ Ltr*8 contact anPles with ^ter are indicative of 
?iS ^er/ePeiTlency and hence decreased corrosiveness by rain and lower 
w0u?d JnHl

8^0?: ^T/0ntact anFle8 With raethylene iodide and hexadecane would indicate low hydrogen and high fluorine content, low adhesion of 
liquids including oils, and low adhesion of solids including airborne debris•; 

This NRL report also stated that the wetting characterlatlr» „r 
water, methylene iodide, and n-hexadecane as obtained bTÄ contact 
angle measurements may be used as a method of quality control of TFE^Lin 
coated i ems  For example, contact angles on Tl^-reJln (85S-20I) c^tlnis 

r^tiielV1'0'8 0f ^ ^ ^ liqUid8 Were ^ **>  «d ^^ 

n^.  T° ^end,11118 wor)c, this investigation included all the available 
primers and enamels as coatings, then contact angles were data«nlnIJ 

13 
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liquids were put on the TFE-resin coated panels which had been cleaned with 
Jhf i J!l?J Z rinsed With distll^d water, and dried at 220oF for 2 hours. 
Lasured th« Hfit** ? ^ V™1* M folloW8: 0ne droP vas aPPlied «d 

ZTll'   .   !0 ?!r dr0P Wa8 added t0 the first» *** a second measure- 
™!tH^ tu !'  n h!uCase 0f methylene ^dide, extreme care was taken in 
?M«i!f +

h%dr?ps 0ith- pane1' The drops were distorted or fattened if allowed to fall on the panel, 

were mJ^t«^™1 ?f ^ ^^^ mlB8 of the droPs of the solutions 
ZI ^    +

M ?ptical ^^^or where the profile of the drops were 
?rLon/<P  I**1?1" fCreen in a 31-25X ^unification. The profile of 
the drops in reduced •!«# appeared approximately as pictured in fipure No. 1 

Contact anglt^ 

Contact angle N,90* 

180*   0* 

Contact angl« 

ISO*    0' 

Watir Mithylon« lodidt n-H<xadtcani 

Figure 1 - Profile of Sessile Drops Viewed on Protractor Screen 

By rotating the circular disk, graduated in half-depree divisions the 

Äwned! ^ ^ ^^ 0f liqUid 0n the m-"8in «»A«!« 
By correlating the contact angles of the three liquids to frictional 

measurements, the minimum acceptable contact angles for water, methyJene 

U 
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RESULTS AND DISCUSSION 

of theSSiLr«c1IfiCr0
+

S?0piC 5camlnatlon-    Raided eye examination shows all 
defeet^th        C.0atlnf Systems t0 be ^ntinuous films, free from gross 
TÄ WÄ !f.c"ters' ^s' ^1«   a^d^nLrs. uo unxjr impenections noted were particles of TFE-rea?n n« +« I/M «««u 

#vÄÄ! nd conld easll)r ^reBOVed Klth"«" •««"« «•i'« 
The hue of the different TFE-resln enemels by which the» «re ,«. 

do show some variations in tinting when ablief fn ^      ?    ther enamels 

eech othe.. ^pt^tte^ ^r^hTcSÄ!*^^ ^ 

inveX^r^'Är^etr^*? ^^ the S'>e<!lBe"s for «i. 
Although oolor netoS^ It 3 Jere   it L3 ^3e3 '"" the 3m* bottle- 
viU he true vheo usiof ^C^L^^lV^^llt^ 

color ITX ll'lZ ofIS „M^e? 'T613 *'*"" to add ^ *° ^eir 
syetem ve^ the »^"i«^^ 0^t^ «•"^.   ^ AW ooeting 
by none of the other quolity tests"    compatll,llity a^ " could be detected 

In sddltion to the above attributes   tt,« nr — •    »., 
considered lusterless, even aftar^^ Ä ^ ^ ** 

of smlÄ^s^T^^^ LTä 
vrren to be made -p 

surfaces.    Since there is little or nnnn!r+ugether at their contacting 
temperature, the globules do not flatti       f ^e resin at the sintering 
of the filmVving the appeLance of hlLrL n0^eS remain ln the surface 
film thickness is increasedTtSe grL TL       ^ "^    As the enamel 

eppearance.   „o „oduiee are^de^h l^T, ^V^ ^ 

15 
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voids are filled Ktil ™i!   , ^?kneaS 0f the ena,"el ls increased, the 
condition ÄÄ ÄÄl^wh^iÄir^-   ^ laSt 

the pr«liu. coatÄ-   o^ MZ?« n%,^1.the pi"holes " craters cf 

«o visioie at jox or greater magnification. 

seenÄÄ X^T^OX IZl? ^^ "* ^ " ls 
Joined hy the mudcracta «nH wT ? ^"""atlon.   The pinholes are 
the onl/topooÄh^ff 1' t'o^^crloje? ^1°^*'   J"8 ls 

(enamels or clear finish) «n o,w-<     mua°racked'   The other topcoats 
which appear to Ä^ ^oles or crate. 

havel crMSi^^ ^.^ (A) prljar films were found to 
areas which are repetitive The 5J^^63 seParatlng irregularly shaped 
could not be fou^d^with t^ Oneioat En^!? ^ +\

0t Cracks-   This co^on 
up to 800X magnification. ^ and the green steel Punier (C) 

seemU bl ^Crve^afllliT^6 ^ ^ -^"cation.    They 
medium.   With the'al JnS and ste'efl ^f6^^ by a ^^-transparent * 
with the Rreen steel (0^1^ and tL On^f lhe Partlcle8 are Wi 
The grainy appearance „is^rnotd^h^f^ ^ are ^^^reen. 
•t 400X magnification; hundreds of pa^tLler^f     ' ^f50?*8 when observed 

TFE-resin fiLn.    The red, yellow   fln^^        ke,Up a 8ingle nodule ^ the 
Pigmented the same color as the en^el^?. ^M?

18
 

haVe particles «*** are 
the Clear Finish have wMte p^ticlTOith th^.^ blaCk enaraels and 

being the color of the enamel     ThaMn«     I     mdim seParating them 
Finish in systems A8, AßTand as a tlllt   ^l en*m618 and the Clear 

few particles.    The apoea^ance ?! L ^ f   0n the enamels contain very 
in this condition 1» t^^L «SftS'i^ ^ T7*   The Clear Fi^h through it. «naparent and the primer and enamel can be seen 

16 
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bee„t^\Äror
t,hKalns^ ^r ?partiei98 ^ ™ «* 

17 
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su^ar »din S 3     F,Tlh 0f ^ "^ thickness >«»"»™nt. are 
1W film thicta,,, of Z ° „.V^e S,rften the ,llMl— ™lu. is the 
1. the flim thX"   of t^aVi th tt^l"4/^' the "^ value 

value i, the maerical av.«^? th. «i» «K? J "*■ ^ mi the averaw 
AH the values are in MÄM inch"        1CkneSS 0f at leaat 12 ^1B

- 

haveVfoSLTrXV1"" thlClmeSSeS '" ^ """^ ^t»' "^ 

Coatinp System '"'(mllS)" 

Primer coat 
0.2-0.3 

Primer coat plus one coat of enamel 0.^-0.6 

Primer coat plus two coats of enamel 0.6-0.9 

Primer coat plus three coats of enamel 0.8-1.2 

Primer coat plus four coats of enamel 
1.0-1.5 

JabL^he^rte^lr^nwM'r"0 ^ the MtUal ^ °' 
aystems are «ithTtÄlt^ h ^ f   ^n^tt f^hiX"^ for a particular coatw une n,«,.« +v. «wj-^ion oi tne film thickness 

of tjfiim biiLn^dUiS a"iXc lu^rurr6-picture 

thickness values o? the System cön?a?n?L       ^""^ the ave^a", flL" 
to ohtaln the thicJ: oTtt X^ZZ lllllTä'- th" eXamPle' 
steel primer thickness was subtracted f7-l tl...      P   ??r' the avera('e 

total film thickness, to obtain thelhlckls. 0?',^ ""»""P «yt» 
enamel on steel primer, the av.r^     Äknes   o'f ?he Ain^ "l*"* 
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Table 9 - Thickness of Individual Coatings (in rails) 

Enanel " Coating System X      SSJ!  Average 
'  Film 

AY      nv      nV      .*„ Thickness 
-M gJL^CJL^JJL, ^   AXH   AXXXX   AX8*       per coat 

0.22 0.15   0.27 0.25 0791 5726 
0.22 0.03   0.53 0.36 0.67 0.33 
0.16 0.35   0.3^ 0.23 0.65 0.26 
0.-41 0.30   0.20 0.23 0.51 0.33 
0.27 0.18   0.26 0.06 0.22 0.29 
0.25 0.2^0.33 0.-42 0.26 0.36 
0.29 0.32#0.38 0.35 0.30 0.30 
0.59 0.12#0.^3 0.36 o.50 

1 0.31 0.^0 0.25 
2 0.^3 o.a 0.31 
3 0.27 0.29 0.15 
^ 0.38 0,52 0.26 
5 0.37 0.5-4 0.33 
6 0.52 0.-42 0.30 
7 0.11 0.38 0.29 
8 0.5^ 0.86 0.53 

#0.10 added for primer thickness for A66, A77, and A88. 

*Not used in average film thiekness per coat. 
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atlnn« JffTA^f?68?'^™? result8 of the 8urface "HKhness detemin- 
aveXa?or ^^ in t+

aJ1%10- The ^^ roughnessjalue is the 
ThapSL™ V  filJ,,8 0n ^ f0Ur P"1618 ,nea8Ured in each coating system, 
^rfa^onä SUrffue r0UghneSS WaS 0btained ^ 8^tracting from the fili 
surface roughness the average surface roughness of the uncoated side of the 
panels. Two hundred and seventy seven steel panels gave a value.of 59 

JL'Sded in'tS t^i^T (un8andbfa8ted) Panels averaged 10 microinches. 
uHohM  5  ble i8 the avera?e ^al film thickness of the films on 
which the surface roughness had been determined. 

th« «nr.^!Lthe ü1" th+
ick"e88 increases, tnere is a general tendency for 

the surface roughness to increase. This is seen in table 10. rows I and 
f^?*  ?', ?8 f^6 in 8Urface rou«te»»« of the TFE-Resin coating 
Olta in rni TFT?alV,8teei1?rn

e\8UrfaCe r0Ughne88 i8 Sh0Wn in  ^Ivm 3. Data in row III shows TFE-Resin surface roughnesses of other coating systems. 

flnhs+^tLhfit0fu0at8 aPPli!d t0 the ^«^blasted aluminum panels have 
substantially the same surface roughness as topcoats applied to the sand- 
on tt .? I1 panel8/the change in surface roughness is much greater 
on the aluminum panels), indicating that for equivalent film thickness the 
same surface roughness will result regardless of the surface roughness of 
the substrate     There are, of course, limits to this.    pLvLus investil 
tW have shown that TFE-resin films applied to substrates withlurface 

ZtTroZ^lV^ 150 miCr0inCheS ^ ^^ a "Wt^e?06 

A maximum surface roughness of 90 micoinches has been DreviouaW 
required for the teflon" TFE-resin films which are to Lve dr^uSion 

1 0 Ml flÄ rliCati0nS-     0f the COati^ s^ with less   h« 
a^Jih^Stt8^^^^^ investigation, some exceeded this 
n«^«!;* J   fJwity did not.   During the preparation of the films 
rLl^- v,^8^6 to

+
co?trol the surface roughness.    If the surfa e ' 

roughness had been controlled, the maximum limit of 90 microinches could 
have been met     For films of greater thickness than 1.0 mil this sur?ace 

ÄruÄrt??Lrded although ^can easiiy be ob^Tce 

surface Ä.^ TZ^^Tl^^Z Z^7 ^ 
pressure of approximately 3000 psi on the film resulting in a sUght 
indentation, the width of the stylus. This trace line, however has no 
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detached none of the coatlL 2stL   "^ ^ Sh0re D,,roraeter Plou^ or 
indicating that «11 h^aSall^hSf^^? this ^«ii&on, 
invalid for extremely thin coat n^rnS^n,-iM! *esVa8 found to be 
surfaces because peaks of the sSr«?:     f, *** less) 0n ««^blasted 
exposed and the pr'obe r^V^ are ^^ ** so nearly 

«Ä^^ of the systems have adequate 

the unsandblasted^l^Van 1 wL   n^^^^^^ +
0f ^ m^ to 

sandblasted steel panels   zTnttut infeTior to that of the TFE-resins to 
panels could be peeked ^«0?^ thflf

eTted-    The fllras 0" ^e aCnu^ 
deformed during Ue bend test     TM   cou? Z H ^ ^ that had not b^ 
to the sandblasted steel nanels- hnf -    ^ u * be done wlth the films applied 
coated with steel primer H)   Lw? Ul

+
dub! Wlth ^^ndblasted steel panels 

conditions vhich ca'uSd tL^iftL   ^n ^     ^ ^iTely the sur^ 
Shore Durometer test, no variat nn ?n   A!, 

a?heslon«   ^om the results of the 
the Sa„dbla3tea M ^   ™^ l^Zl^ZZ^T* "" 

the Ä Tso^U^l^T™ *•* *** «Ml. observe 
11.   This test does not indlcate'tSlf        J reSUlts trtnleted In t7bU 
ejrste™ to the sabrtrrte^lt does iSw' ft**?"* ot the ™^ 
the individual coatings to each otC ^f^t'the degree of adhesion of 
coat(s) to the priner!  fto« ?J, u^i ff T1'^ the aähBsim * the top 
of the individual enamels to e«Vrt^ J. w?* Sfen that the adhesion 
eneaei, to the primers, end the adhX ^ t^V"? ^ adhe8lon °f the 
U) eppears to be decreased bv th. !   ??  5, he enMlels to the steel nrime, 
Ik. results else indJÄ tt SKA t J ad'iltl0n41 ~ts If^i. 
13 not ,uite as good as the othsr'eS0^^^ ^^ ^-s 

"^Vane1.h^:XTJaii0dB,th«J.*f ^ ^ alth^ these test 
for adhesion. Vall<i' ^^ ^"»l" «ot be used as a general test 
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Table 11 - Relative Adhesion of the Various 
TFE-Resin Primers and Enamels 

c0a.tinr^ Coatinp c^ti^ c^tii^  
^T       R7'1t ^ Result       W.»/ p.sult L^r poe„1t 

A
2
          m                          HH ™ Allll  0 

A3     A     A33 c     n« rJ A2222  C 

A/     A      A// «     A333 CX A3333  COX 

KL              .      A55 co A555 C A5555  r 
A66 c A666 c A6666 

JO     .      A77 C0 A777 c A7777  r A8     A      A88 CX AM« r .III!  E 
A18    XA      Bl      AO 
A28    XC      B2 

2 A888      c    A8888 

A38     0      B3       A 
kAl C      ^      AO A58    c      B5 

Key: 

A - Topcoat and primer removed topether as one film. 

B - Topcoat and primer removed topether but some primer 
remains. 

C - Topcoat(s) removed from primer. 

X - Topcoat removed from enamel under it. 

0 - Not definite. 

C 
Cl C Dl C 

A C2 A D2 A 
C3 A D3 A 
U B D^ 0 

A68 C B6 A' 06 BB II A A78 C V A C7 A D1 A 
BR
 A C8 B D8 B 
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Accelerated Corrosion Salt Spray. The result« nr tK*  i* 

test are tabulated in Tahlp« i? tk   u ,«  ! results of the salt spray 
coatin, .y.t.;?^/«^i^^^^ first column Fives the 
third column, the average mn^M I     nmh*ror the panel tested; the 
column, the ÄTJ^s SDO^ !S 0f the fanel tested' and the ^th 
followed by a notation ^tv,!?/?6? corro8ion was first observed, 
meanings:       0n 0f the type of initial c^rosion with the folloiinp 

G - General spotting 

F - More than 25 spots of corrosion 

S " ^L1^ 25 SP?uS 0f corrosion with ^e exact number superscribed 

OK - No corrosion observed during test 

column rraCortr^'co^ltf*1 ^LV' exp0SUrfe and the 8^h mg 01 the final condition according to the following table: 

0 - No corrosion 

i - 1-5 spots of corrosion 

2 - 6-30 spots of corrosion 

3 - 31-100 spots of corrosion 

i   - More than 100 spots of corrosion 

5 - General spotting but not over the entire panel 

6 - Complete breakdown of film 

B - Blister(s) 

R - Runs of corrosion products 

exposed m,U.   Tho„ ^il. .Äl&f« 2« J" t0 ^ WM ***' ^ the 
considered to have re»cSd th. Stf. ,        , . houra are not to be 

t«k. broke down ^"h 'll^eS^hele^M^r^ ^ ^'^ 
continuous, lud to be discontinued.     '     h0Uld h''ve been 
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protection ^^tJi^n ^ thicker m-T*sin  "^Provided better 

corrosion after 32 hours exposure, and none had runs of corrosion products, 

the TPE rf«?«1^? better Picture of the erosion protection provided by 

TtoTrt^ they Provide. In table 19 the enamels 
prSs are not «mL^  ^ r+

eurated' In this table sy8tems with different 

SAX
1
 j; -^rSz^^r --" 

»»eti™» .howed no corrcion throughout the ent& ex^sl peri^ ^ 

prot.et1L^t^L2xr^1:8eTont.^^tLro^
f1}rt1hepTslo" 

provided the beet protection. foUowerby tte Se« flnllh 1H i.""?^ 
white eiuael. The grey enemel provided the lee,t^rL.i?' "J*11«" the 

red »»ei. .ith the biue, yeuL, A^n^ln^'beX^ 
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Table 12 - Salt-Spray Test Results 
(Coatings Al to Allll and A18, A2 to A2222 and A28) 

Coating Panel Total FiLn Hours to Total Hours Final 
S vat em Thickneaa (Mila^ Initial Corrosion Teated 

Al 1 0.72 2/,-G 100 6-R 
a 2 0.48 24-G 100 6-R 
Al *3 0.52 2/,-G 100 6-R 
All 397 0.94 24-G 100 6-R 
All 398 0.84 24-G 100 6-R 
All 399 0.66 24-G 100 6-R 
Alll 409 0.95 32-F 144 6-R 
Alll 410 1.16 48-F 144 6-R 
Alll 411 0.92 32-F 144 6-R 
Allll 421 1.16 24-S 144 6-R 
Allll 422 1.30 32-F 144 6-R 
Allll 423 1.09 32-F 144 6-R 
A18 313 1.47 200-S 267 1 
A18 314 1.69 32-S, 

72-3* 
267 4 

A18 315 1.76 267 3 

A2 13 0.71 24-F 267 4-R 
A2 14 0.53 24-F 267 3-R 
A2 15 0.82 48-S9 267 2-R 
A22 433 0.61 8-F 267 4-R» 
A22 434 0.84 48-S^ 267 2 
A22 435 0.64 20-S20 267 3-R 
A222 445 1.22 24-S2 336 1 
A222 447 1.28 OK 336 0 
A222 448 1.52 24-S 336 1 
A2222 457 1.46 8-S5 336 2-B 
A2222 458 1.63 24-S21 336 3-RB 
A2222 459 1.63 32-sl2 336 2-RB 
A28 325 1.52 OK 267 0-B A28 326 0.98 32-S5 267 2-R A28 327 1.76 267-S5 267 0 

•Mostly annealed or sandpapered area 
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Table 13 - Salt-Spray Test Results 

(Coatings A3 to A3333 and A38.- U to AUU and A^8) 

Coatinp  Panel  Total Film      Hours to     Total Hours Final 
System   Number  Thickness(Milp) Initial Corrosion Tested Condition 

8-F 100 6-R 
2^-F 100 6-R 
2A-G 100 6-R 
8-S° 100 i-R 

^8-s2 100 ^-R 
2U-Sl 100 A-R- 
1U-S2 336 5-R 
A8-S 336 5-R 
1U-S 336 5-R 
1U-F 336 5-R 
l^A-S^ 336 ^-R 
1U-S 336 2-R 
48-F 26^ 6-R) 
32-S 26^ 6-R) Very 
48-F 264 4-R) Light 

A3 25 0.59 
A3 26 0.60 
A3 27 0.50 
A33 469 0.84 
A33 470 0.94 
A33 471 0.86 
A333 481 1.31 
A333 482 1.11 
A333 483 1.11 
A3333 493 1.62 
A3333 494 1.44 
A3333 495 1.44 
A38 337 1.17 
A38 338 1.11 
A38 339 1.38 

A4 37 0.66 
A4 38 0.61 
A4 39 0.71 
kU 505 1.10 
A44 506 0.98 
A44 507 0.90 
A444 517 0.98 
A444 518 1.15 
A444 519 1.11 
AU44 529 1.24 
A4444 530 1.23 
A4444 531 1.41 
A48 349 1.17 
A48 350 1.35 
A48 351 1.31 

24-SlO 267 2-R 
24-S6 267 2-R 
48-F 267 2-R 
72-8,: 267 1-R 
48-Sf 267 2-R 
100-S3 267 1 
24-S 336 2-R 

336-S 336 1 
OK 336 0 
8-S4 336 2-R 

OK 336 0 
OK , 336 0 
24-S3 264 1 
OK 264 0 
OK 264 0 
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Table U - Salt Spray Test Results 
(Coatinps A5 to A5555 and A58 - A6 to A6666 and A68) 

Coatinp; Panel Total Film Hours to Total Hours Final 
System Number Thickness 

(mils) 
Initial Corrosion Tested Condition 

A5 ^9 0.59 8-F 100 5-R A5 50 0.57 24-F, 
24-S° 

100 4-R A5 51 0.58 100 4 
A55 5U 0.80 8-sf 267 3-R A55 5^2 0.82 24-S° 267 

• •• 

4-R 
A55 5^3 0.80 24-S6 267 3-R 
A555 553 1.00 24-S„ 336 1-B 
A555 ■55A 1.11 247-S2 336 2-B 
A555 555 1.06 24-S4 336 2-B 
A5555 565 1.24 192~S 336 2-B 
A5555 566 0.99 72-S 336 2-B 
A5555 567 0.99 U4-So 336 1-B A58 361 0.79 3-S3 264 4-R 
A58 362 0.86 48-S„ 264 

■4  ■* 

2-R 
A58 363 0.82 24-S7 264 2-R 

A6 61 0.38 32-sJO 267 3 
A6 62 0.79 24-S1G 267 4-R A6 63 0.65 24-S15 267 4-R 
A66 577 0.90 8-S 267 2-RB A66 578 0,% 32-S2 267 1-B 
A66 579 0.65 24-S2 267 3-RB 
A666 589 1.2^ 48-S 336 1 
\666 590 1.27 1U-S 336 1-B 
A666 591 1.13 336-S 336 l-B 
A6666 601 1.82 8-S 336 1-R Scratches 
A6666 602 1.82 OK 336 0 
A6666 603 1.55 OK 336 0 
A68 373 0.94 32-S2 264 2-R 
A68 37/i 0.88 24-Frt 264 3-R A68 375 1.08 24-S8 264 1-R 
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Table 15 - Salt Spray Test Results 
(Coatings A7 to A7777 and A78 - A8 to A888) 

Coatinp 
System 

A7 

A7 
A7 
A77 
A77 
A77 
A777 
A777 
A777 
A7777 
A7777 
A7777 
A78 
A78 
A78 

A8 
A8 
A8 
A88 
A88 
A88 
A888 
A888 
A888 
A8?88 
A8888 
A8888 

Panel 
Number 

73 

fL 
75 

613 
6U 
615 
625 
626 
627 
6^3 

6^5 
385 
386 
387 

85 
86 
87 

6ii9 
650 
651 
661 
662 
663 
673 
67^ 
675 

Total Film 
Thickness 
(mils) 

Hours to 
Initial Corrosion 

Total Hours Final 
Tested  Corrosion 

0.38 

0.37 
0.37 
0.65 
0.60 
0.57 
0.93 
0.93 
0.91 
1.22 
1.23 
1.^0 
0.60 
0.61 
0.62 

0.79 
0.68 
0.80 
0.8^ 
0.8^ 
0.79 
1.31 
1.19 
1.30 
1.62 
M6 
1.77 

8-0 
8-0 
8-G 
8-F 
8-F 

24-F 
8-S4 

2^-Sb 

2^s3 
8-S 

2A-S5 
U4-S 

24-S12 
24-s6 

8-F 
8-F 

24-F 
8-F 

100-S3 
2L-? 
1U-S 
2^-5 
OK 
OK 
OK 
OK 

*Mostly annealed or sandpapered area 

100 5» 
100 /. 
100 4 
267 4-RB 
267 A-RB 
267 i-RB 
336 2-RB 
336 2-RB 
336 2-RB 
336 2-RB 
336 2-R 
336 1 
26^ 4-R 
26^ 3-R 
2U 3-R 

100 L 
100 5 
100 4 
267 3-RB» 
267 2-B 
267 4-RB 
336 1» 
336 1» 
336 0 
336 0 
336 0 
336 0 
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Coating 
System 
Bl 
Bl. 
Bl 
B2 
B2 
B2 
B3 
B3 
B3 
B^ 
B^ 
BU 
B5 
B5 
B5 
B6 
B6 
B6 
B7 
B7 
B7 
B8 
B8 
B8 

Table 16 - Salt Spray Test Results 
(Coatings Bl to B8) 

NAV7EPS REPORT 6969 

Panel 
Number 

Total Film 
Thickness (mils) 

846 Q*K 
847 CUÄ 
m 0.66 
858 0.70 
859 0.59 
860 0.64 
870 0.58 
871 0.59 
872 0.56 
882 0.80 
883 0.71 
884 0.88 
894 0.91 
895 0.81 
896 0.76 
906 0.75 
907 0.81 
908 0.74 
918 0.73 
919 0.60 
920 0.69 
930 1.20 
931 1.17 
932 1.26 

Hours to 
Initial Corrosion 

Total Hours! 
Tested 

24-F 
24-F 
24-F 

192-S20 
192-F 
192-F 
24-F 
24-F 
24-F 
24-F 
24-F 
24-F 
31-F 
48-F 
24-F 
48-F 
72-SO 
48-S6 

24-F 
24-F 
24-F 

227-F 
227-S 
227-F 

Final 
Condition 

336 5-R 
336 5-R 
336 5-R 
336 2 
336 2 
336 2 
336 5-R 
336 5-R 
336 5-R 
336 3-R 
336 3-R 
336 4-R 
336 4-R 
336 4-R 
336 3-R 
336 3-R 
336 2-R 
336 3-R 
336 4-R 
336 4-R 
336 4-R 
336 2 
336 1 
336 2 

Table 17 - Salt Spray Test Results 
(Coatings Cl to 08)' 

Coating 
System 

Panel 
Number 

Total Film 
Thickness (mils) 

Cl 97 0.38 
Cl 98 0.32 
Cl 99 0.38 
02 109 0.36 
02 110 0.41 
02 HI 0.45 
03 121 0.30 
03 122 0.25 
03 123 0.19 
04 133 0.44 
04 134 0.35 
04 135 0.32 

Hours to 
Initial Corrosion 

3-S 
8-G 
8-G 
3-S2 
3-F 
8-F 
3-G 
3-G 
3-G 
8-F 
3-F 
3-F 

Total Hours 
Tested 

Final 
Condition 

48 6-R 
48 6-R 
48 6-A 

100 5-R 
100 4-R 
100 3-R 
32 5-R 
32 6-R 
32 6-R 
97 6-R 
32 6 
32 6 
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Coating 
System 

C5 
C5 
C5 
C6 
C6 
C6 
C7 
C7 
C7 
C8 
C8 
C8 

Panel 
Number 

U5 
U6 
U7 
157 
158' 
159 
169 
170 
171 
181 
182 
183 

Total Film 
Thickness (mils) 

(U6 
(U2 
0.53 
o.a 
0.^0 
0.^6 
0.^9 
0.36 
0.38 
0.52 
0.72 
0.71 

Hours to 
Initial Corrosion 

,20 

8-F 
3-F 
8-F 
3-S 
8-F 

2^-3 
3-F 
8-F 
8-F 
8-F 
8-S12 
3-s3 

Total Hours 
Tested 

^8 
^8 
^8 

227 
227 
227 
^8 
^8 
^8 

227 
227 
227 

Final 
Condition 

5 
6-R 
5 
5-R 
5-R 
3-R 

5 
1* 
6-R 
^-R 
^-R 

Table 18 - Salt Spray Test Results 
(Coatings Dl to D8 - D and DD) 

Coating 
System 

Dl 
Dl 
Dl 
D2 
D2 
D2 
D3 
D3 
D3 
D^ 
DA 

D5 
D5 
D5 
D6 
D6 
D6 
D7 
D7 
D7 
D8 
D8 
D8 
öi^ 
DO 
DD 
D 

Panel 
Number 

B 

193 
1% 
195 
205 
206 
207 
217 
218 
219 
229 
230 
231 
2UI 
2^2 
2^3 
253 
254 
255 
265 
266 
267 
277 
278 
279 

i 

Total Film 
Thickness (mils) 

0.42 
0.33 
0.38 
0.38 
0.38 
0.40 
0.30 
0.32 
0.30 
0.51 
0.60 
0.54 
0.52 
0.45 
0.46 
0.49 
0.44 
0.44 
0.52 
0.47 
0.42 
0.98- 
0.82 
0.69 

Hours to 
Initial Corrosion 

3-F 
8-G 
8-G 
3-F 

a4-F 
24-F 
8-G 
3-F 
8-F 
8-F 

24-S8 

8-F 
8-F 
8-F 
8-F 
8-S15 
8-F 
8-F 
8.S20 

8-F 
8-F 
8-S 
8-S 
8-S3 

8-F f:f 
8-F 

Total Hours 
Tested 

Final 
Condition 

32 
32 
32 
97 
97 
97 
32 
32 
32 
336 
336 
336 
48 
48 
48 

227 
227 
227 
227 
227 
227 
336 
336 
336 
;8 

6-R 
6-R 
6-R 
4-R* 
4-R 
4-R 
6-R 
6-R 
5 
4-R» 
2-R 
4-R 
4 
4 
5 
4-R 
5-R 
5-R 
4-R 
5-R 
5-R 
2-B 
3-RB 
4-RB 

* Mostly annealed or sandpapered area 
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Table 19 - Rating of Enamels with Same Primer» 

Coating Film Coating Film 
Rank»* System Thickness 

(rails)- 
Rank»» System Thickness 

(mils) 

1 A4 ' 0.66 1 C6. 0.^2 
2 A2 0.69 1 C8 0.65 
3 A6 0.77 2 C2 041 
L A5 0.58 3 C7 o.u 
k A7 0.37 A C5 0.47 
4 A8 0.76 5 Cl 0.36 
5 Al 0.57 5 U 0.?7 
5 A3 0.56 6 C3 0.25 

1 B8 1.21 1 U 0.55 2 B2 0.6^ 1 D8 0.83 
3 B6 0.77 2 D6 0.46 
4 U 0.80 2 D7 0.47 
L B5 0.83 3 D2 0.39 
5 B7 0.67 A D5 0.48 
6 Bl 0.71 5 D3 0.31 
6 B3 0.58 6 Dl 0.38 

» Do not compare systems with different primers. 

»» Systems with the lowest rank numbers provide the best 
protection, systems with swne rank provide equal protection. 
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Table 21 - Rating of Enamels 

**             Average Film 
Rank    Enamel      Thickness» 

. (mils) 

1 Black 0.89 
2 Clear 0.99 
3 White 0.93 
h Blue 0.75 
i Yellow 0.91 
4 Green 0.67 
5 Red 0,84 
6 Gray 0.85 

* Average film thickness of all the 
systems containing the respective 
enamels except those with aluminum 
primer. 

** Systems with lowest rank number provide 
the best protection, systems with same 
rank provide equal protection. 
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Accelerated Corrosion High Humidity. The results of the humidity 
tests are tabulated In tables 22 through 28, which are similar to tables 
7 through 18 in which the salt-spray test results are given. The coating 
systems on these panels were also evaluated using the same rating systems 
and methods of observation. 

The corrosion resulting from high humidity exposure was much less 
severe than that from salt fog exposure, which is a more corrosive 
environment. While the final condition rating may indicate the same 
degree of corrosion, the humidity test panels had much smaller spots of 
corrosion, although the same number of spots. Note in tables 22 through 28 
that none of the panels had runs of corrosion products. Only three coating 
systems were removed before the full 336 hour exposure period due to 
excessive corrosion, and these three systems had relatively thin films. 
The corrosion usually appeared early # -r # during the first ^8 hours #~ 
but did not increase extensively after its initial appearance. In some 
cases, what had been noted as corrosion spots during the exposure period, 
could not be located at the final condition evaluation, even with 
microscopic examination. These disappearing spots may have been extremely 
small areas of corrosion which later sealed themselves, corrosion from the 
edges which later washed away, or foreign matter which gave the appearance 
of corrosion. In any case, the final condition evaluation must be accepted 
as valid. 

No blisters were found between the TFE-resin layers indicating 
that each of the enamels have good adhesion to each of the primers, that 
eachr enamel has good adhesion to itself, and that the Clear Finish has 
good adhesion to each of the enamels. 

For a better picture of the resistance to high-humidity exposure 
the systems were rated from best to worst. In table 29 the enamels on . 
the same primers are ranked; enamels on different primers should not be 
compared. Enamels with the same rank number on the same primer provide 
effectively equal protection. The thickness value is the average film 
thickness for the three panels of each coating system which were humidity 
tested. From this table it can be seen that the black, white, and yellow 
enamels provide the best protection; the gray, red, and blue enamels 
provide the least protection; and the green enamel and Clear Finish provide 
protection somewhere in between. 

In table 30 the systems containing the same enamel are ranked as to 
the corrosion protection they provide. Systems containing different enamels 
should not be compared. Here it can be seen that increasing the film 
thickness does not necessarily provide more corrosion resistance in a hiph 
humidity environment. It points out the advantage of subjecting the panels 
with three and four coats of the enamels to this test. Also, no consistent 
difference can be seen in the protection provided by primers A, C, and D. 
The systems containing the aluminum primer were not included in this table 
since the aluminum substrate corrodes so differently from the steel that 
no direct comparison should be made, 
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Table 31 ranks the enamels based on all the coating systems subjected 
to the humidity test. The thickness value is the average of all the systems 
containing the respective enamels except those on the aluminum panels. 

As with the salt-spray test results, the black enamel is again 
rated best, the white enamel third best, and the gray enamel the poorest. 
The only significant changes in the rankings is that the Clear Finish now 
is equal to the gray enamel and that the yellow enamel is next to the black. 

Additional microscopic examination revealed that very light 
corrosion, in the form of stains or slightly raised small areas, existed 
beneath the coatings which had shown very little corrosion. The panels 
with extensive visible corrosion did not have this corrosion beneath the 
film, nor did any of the panels subjected to the salt-spray test. The 
corrosion spotting appeared to be general over the entire panel, although 
in some instances, raised spots of corrosion were found beneath the larger 
nodules of TFE-resin. Since the TFE-resin films had to be removed in order 
to see this corrosion, it was not considered in the final condition 
evaluation. The detrimental effects of this type of corrosion are not 
known. Although decreased adhesion may result, it was not indicated by 
the Shore Durometer or the Bend tests. It is thought that the dry lubrica- 
ting and wearing properties will be adversely affected. 

For the three-and four-coat systems which were not included in 
tables 30 or 31, more important than rating the enamels is what happened 
below the coating or on the substrate. During the humidity testing of the 
three-and four-coat enamel systems very little, if any, corrosion or heavy 
rust spots were seen; but in the final examination of the substrate for * 
the systems, heavy corrosion which had not penetrated the enamel coating 
was found. In some cases, mounds of corrosion products were found below 
the coating. Where the mounds were large, pitting of the substrate 
occurred. To rate the enamels according to substrate protection, they 
are the yellow and black enamels which showed little or no rust stain on 
the substrate. The blue, gray, green, and red enamels showed rust spots, 
mounds, or the beginning of a formation of corrosion products. The white 
enamel and Clear Finish gave the poorest protection to the substrate. 
Numerous mounds of corrosion products formed on the substrate. 

Wettability. In all cases, the contract angles for water, raethylene 
iodide, and n-hexadecane on the various TFE-resin primers, enamels, and 
Clear Finish exceeded the minimum acceptable contact angles. Table 32 
lists these contact angles. For any particular determination of the 
contact angle, that value, if not a reasonably accurate measurement, is 
lower than the real value for the contact angle given in table 32. 

No conclusions could be made concerning the effects of surface 
roughness in the determination of these contact angles or the effects of 
the various inorganic pigments. 

However, wettability measurements do show that after sintering the 
various TFE-resin with their various additives, the outer surface of the 
sintered coating is predominately a TFE-resin surface. 
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Table 22 Humidity Test Results (Coatinfs Al to 1111 
and A18 - A2 to A2222 and A28) 

Coatinp  Panel   Total Film 
System   Number  ThicknessfmiIs) 

Hours to 
Initial rnrrrvgirm 

Total Hours Final 
Tested  Condition 

Al 
Al 
Al 
All 
All 
All 

Alll 
Alll 
Alll 
Allll 
Allll 
Allll 
A18 
AW 
A18 

A2 
A2 
A2 
A22 
A22 
A22 
A222 
A222 
A222 
A2222 
A2222 
A2222 
A28 
A28 
A28 

5 
6 

100 
101 
1.02 

LU 

4U 
/2L 
425 
426 
316 
317 
318 

16 
17 
18 

/.36 
437 
438 
449 
450 
451 
460 
461 
462 
329 
330 
331 

0.43 
0.66 
0.53 
0.73 
0.75 
0.60 

1.03 
0.87 
0.98 
1.26 
1.16 
1.13 
1.43 
1.47 
1.47 

0.56 
0.6^ 
0.78 
0.67 
0.70 
0.76 
1.20 
1.2^ 
1.15 
1.57 
1.56 
1.52 
1.14 
1.63 
1.31 

24-F 
48-S 
24-F 
2L'? 
3-S 
3-S 

OK 
OK 
OK 
72-S1 

4 3-S1 

OK 
24-G 
2/.-G 
24-G 

72-F 
OK 
48-si0 
72-8^ 

193-S 
193-S, 
2/-S1 

192-F 
8-S2 

32-S3 
32-S1 

8-S2 

OK 
32-S10 

72-S^ 

336 
336 
336 
336 
336 
336 

336 
336 
336 
336 
336 
336 
336 
336 
336 

336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 
336 

4 
2 
1 
5)Vpry 
5)LifTht 
4) 

1 
1 
1 
1 
1 
0 
5) 
5)Very 
5)Lipht 

2 
0 
2 
2 
1» 
1» 
5 
5 
5 
5 
5 
5 
0» 
3» 
2» 

* Also contains many very small blisters whlrh sr* rm^ <+i. 
not detectable with the unaided eye! With ""* and are 
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Table 23 - Humidity Test Results (Coatinps A3 to A3333 
and A38 - A^ to kUM  and A^8) 

Coatinp Panel Total Film Hours to Total Hours Final 
System Number Thickness (mils) Initial Corrosion Tested Condition 

A3 28 0.50 2^-G • 336 5 
A3 29 0.A2 2/-G 336 I 
A3 30 0.53 21-? 336 I 
A33 112 0.89 72-F 336 2 
A33 m 0.89 A8-F 336 2 
A33 m 0.86 2^-So 336 1 
A333 lU 1.11 96-S2 336 1 
A333 1*5 1.20 96-S1 336 1 
A333 ise 1.22 A8-S, 336 2 
A3333 196 1.51 192-S1 336 1 
A3333 191 i.a OK c 336 0 
A3333 198 1.13 72-S5 336 1 
A38 310 1.08 OK? 336 1 
A38 311 1.31 /8-S3 336 1 
A38 312 1.17 2/.-S 336 1 

U 10 0.57 ^8-S 336 0 u a 0.69 OK 336 0 u 12 0.66 A8-S5 336 1 w, 508 0.98 ^-s5 336 0 
kU 509 0.96 3-S2 336 0 
kU 510 0.91 265-S3 336 0 
k/M 520 0.98 32-Si 336 0 
kUi, 521 1.16 OK 336 n 
kill 522 1.30 OK 336 0 
kllll 532 1.16 OK 336 0 
kllll 533 l.ll OK 336 0 
kllll 53^ 1.11 OK 336 0 us 352 1.11 2^-F 336 1 
kit 353 1.11 OK 336 0 
klS 35ii 0.99 OK 336 0 
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Table ZU  - Humidity Test Results (Coatinps A5 to A5555 
and A58 - A6 to A6666 and A68) 

Coatinp Panel Total Film Hours to Total Hours Final 
System 

A5 

Number 

52 

Thickness(mils) 

0.52 

Initial Corrosion Tested Condition 

24-G 336 5)Very 
A5 53 0.64 72-S5 336 •5)Very 
A5 % 0.66 24-G 336 5)Lipht 
A55 5a 0.80 48-S 336 4 ,r 
A55 545 0.72 48-S 336 $7L 
A55 546 0.74 /8-F 336 ^jlipht 
A555 556 0.98 OK 336 0 
A555 557 1.31 OK . 336 0 
A555 558 1..03 32-S2 336 1 
A5555 568 1.20 72-S2 336 1 
A5555 569 1.11 192-S1 336 1 
A5555 570 1.12 OK 336 1 
A58 364 0.82- 8-S 336 4)l7« 
A58 365 0.94 98-S 336 U)r7L A58 366 0.81 72-F 336 JJLight 

A6 64 0.49 100-S 336 1 
A6 65 0.84 24-S, 336 1 
A6 66 0.96 32-S3 336 0 
A66 580 0.79 —— 336 1 
A66 581 0.80 OK 336 0 
A66 582 0.87 243-S 336 1 
A666 592 1.13 OK 336 0 
A666 593 1.27 OK 336 0 
A666 594 1.13 OK 336 0 
A6666 604 1.62 OK 336 0 
A6666 605 1.69 OK 336 0 
A6666 606 1.63 OK 336 0 
A68 376 1.08 OK? 336 1 
A68 377 1.11 OK? 336 1 
A68 378 0.86 OK? 336 2 
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Table 25 - Humidity Test Results (Coatinps A7 to A777 
and A78 - A8 to AB888) 

Coating Panel Total Film Hours to Total Hours Final 
System Number Thickness(mils) Initial Corrosion Tested Condition 

A7 76 0.28 3-S3 336 K 
A7 77 0.36 3-F 336 3 
^7 78 o.a 3-Sc 336 2 
A77 616 0.58 24-S5 336 1 
A77 617 0.60 32-S 336 1 
A77 618 0.56 24-S 336 1 
A777 628 1.13 72-S 336 1 
A777 629 0.94 OK 336 0 
A777 630 1.00 OK 336 0 
A7777 6^0 1.31 OK 336 0 
A7777 641 1.18 OK 336 1 
A7777 U2 i.a OK 336 0 
A78 388 0.69 OK 336 1 
A78 389 0.69 97-S 336 2 
A78 390 0.66 265-S3 336 2 

A8 88 0.66 8-F 336 3 
A8 89 0.68 3-S2 336 3 
A8 90 0.86 32-Fz 336 2 
A88 652 0.79 24-S6 336 2 
A88 653 0.84 8-F 336 4 
A88 65/ 0.77 24-F 336 5 
A888 66/+ 1.20 32-S 336 5 
A888 665 1.27 48-S 336 5 
A888 666 1.30 OK 336 5 
A8888 676 1.57 72-S 336 5 
A88S8 677 1.66 32-G 336 5 
A8888 678 1.56 48-S 336 5 
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Table 26 - Humidity Test Results 
(Coatinps Bl to B8) 

Coating     Panel Total Film Hours to          Total Hours     Final 
System Number Thickness (mils)    Initial Corrosion     Tested Condition 

31               cU9 0.66 OK 
Bl 850 0.75 OK 
Bl 851 0.58 OK 
B2 361 0.77 OK 
B2 862 0.71 OK 
B2 863 0.78 OK 
B3 873 0.63 A8-F 
B3 87/ 0.62 /8-S/ 

B3 875 0.68 OK 
B/ 885 0.76 /8-S/- 
Bl 886 0.91 /8-S10 

B/ 887 0.88 /8-S10 

B5 897 0.88 336-S 
B5 898 0.92 72-S 
B5 899 0.8/ 2/-S2 

B6 909 0.70 OK 
B6 910 0.62 OK 
B6 911 0.68 OK 
B7 921 0.63 OK 
B7 922 0.75 OK 
B7 923 0.8/ OK 
B8 933 1.27 OK 
B8 93/ 1.10 OK 
B8 935 1.18 OK 

336 0 
336 0 
336 0 
336 0 
336 0 
336 0 
336 0 
336 0 
336 0 
336 1 
336 2 
336 2 
336 0 
336 0 
336 1 
336 0 
336 0 
336 0 
336 OB 
336 OB 
336 OB 
336 0 
336 0 
336 0 

/2 
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Table 27 - Humidity Tßst Results 

(CoatInes Cl to C8) 
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Coatinp Panel 
System  Number 

Total Film 
Thickness (mils) 

Hours to    Total Hours  Final 
Initial Corrosion  Tested    Condition 

Cl 100 0.^2 
Cl 101 0.^0 
Cl 102 0.32 
C2 112 0.39 
C2 113 0.38 
C2 1U (U2 
C3 12/. 0.23 
C3 125 0.21 
C3 126 0.26 
C4 136 0.A9 
C/, 137 0.35 a 138 0.38 
C5 U8 0.41 
C5 U9 0.12 
C5 150 0./.7 
C6 160 o.a 
C6 161 o.a 
C6 162 0.15 
C7 172 o.a 
C7 173 0.39 
C7 m 0.37 
C8 ISA 0.87 
CP. 185 0.71 
C8 186 0.66 

3-S 
8-G 
8-G 
8-S 

24-S5 
24-S2 

3-G 
3-G 
3-G 
8-S3 
3-F 
3-F 
3-F 
3-S2 

2/.-S6 

24-S3 
8-S 

24-F 
3-F 
8-S 
3-S 
8-S 
8-S2 

336 5 
336 5 
336 5 
336 2 
336 1 
336 1 

32 6 
32 6 
32 5 

336 2 
336 3 
336 4 
336 
336 
336 

f)Very 
^JLipht 

336 2 
336 1 
336 2 
336 4 
336 4 
336 4 
336 3 
336 3 
336 3 
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Coatinp p^^ 

System  Number 

Table 28 - Humidity Test Results 
(Coatinps Dl to D8-D and DD) 

Total Film 
Thicknesr (mils) 

Hours to 
Initial Corrosion 

Dl 196 OM 
Dl 197 0./6 
Dl 198 0.36 
D2 208 0.40 
D2 209 0.42 
D2 210 0.35 
D3 220 0.29 
D3 221 0.33 
D3 222 o.a 
D/ 232 0.60 
D4 233 0.62 
D4 2% 0.58 
D5 2U 0.36 
D5 215 0.41 
D5 216 0.34 D6 256 0.34 
D6 257 0.44 
D6 258 0.36 
D7 268 0.48 
D7 269 0.49 
D7 270 0.47 
D8 280 0.82 
D8 281 0.66 
D8 282 0.72 
DD 292 0.36 
DD 293 0.38 
DD 29/ 0.35 D 30/ 0.17 
D 305 0.18 
D 306 0.15 

3-F 
8-F 
3-F 
8-Fr 
8-S5 

24-F 
3-G 
3-0 
3-0 

32-S 
24-S10 

32-F 
3-F 
3-F 
3-F 

24-S2 

48-S6 
24-S8 

24-SiO 
24-S^ 
24-S 
24-S 
32-S 
32-sl 
32-S2 

12 
32-S 
24-S 
24-S7 

24-S15 

Total Hours Final 
Tested Cöffditlon 

97 5 
97 6 
97 6 

336 3 
336 3 
336 3 
32 6 
32 5 
32 5 

336 1 
336 1 
336 1 
336 5) 
336 5%ii* 
336 5) 
336 2 
336 2 
336 2 
336 3 
336 2 
336 2 
336 
336 
336 
336 
336 
336 
336 2 
336 2 
336 2 

u 
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Table 29 - 
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Rating of Enanals with Same Primer» 

Coating 
System 

1 U 
2 A6 
3 A2 
U Al 
5 A8 
6 A7 
7 A3 
8 A5 
1 Bl 
1 B2 
1 B3 
1 B6 
1 Bd 
2 B7 
3 B5 
A B4 

Film 
Thickness Rank»» 

0.6^ 1 
0.76 2 
0.66 3 
0.5^ U 
0.73 5 
0.35 6 
0.^8 7 
0.61 8 
0.66 1 
0.75 1 
0.64 2 
0.67 2 
1.18 3 
0.75 4 
0.88 5 
0.85 6 

Ceating 
System 

C2 
C6 
08 
C4 
07 
05 
Cl 
C3 
D8 
D4 
D6 
D!7 
D2 
D5 
D3 
Dl 

Film 
Thickness 

0.40 
0.42 
0,75 
0.41 
0.39 
0.43 
0.38 
0.23 
0.73 
0.60 
0.38 
0.48 
0.39 
0.37 
0.34 
0.41 

• Systems with different primer should not be compared. 
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Table 31 - Rating of Enamels 

Average Film 
Rank»» Enamel Thickness 

(mils) 

1 Black 0.73 
2 Yellow 0.68 
3 White 0.70 
4 Green 0.50 
5 Red 0.62 
6 Blue 0.60 
6 Gray 0.78 
6 Clear 0.76 

» Enamels of the three and four coat systems 
are not included. 

** Enamels ranked lowest (lowest number) 
provide the best protection, enamels 
with the same rank number provide equal 
protection. 

»»* Average film thickness of all the coating 
systems containing the respective enamel 
except from those with aluminum primer. 
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Table 32 - Wettabillty Measurements on TFE-resin Coated Panels 

1 

Coating Panel  Coating Surface 
System  No.  Thickness Roughness» Water 

Al 
Al 
All 
All 
Alll 
Alll 
Allll 
Allll 

7 
8 

A03 

415 
416 
427 
428 

0.59 
0.53 
0.73 
0.72 
0.92 
0.92 
1.37 
1.37 

79 
71 
70 
80 
75 
76 
95 
86 

113 
107 
113 
116 
111 
113 
128 
108 

Contact of Angles 
(in degrees) 

Methylene   p-Hexadecane 
Iodide 

89 
89 
85 
88 
85 
88 
91 
89 

44 
40 
42 
45 
45 
45 
50 
40 

A2 
A2 
A22 
A22 
A222 
A222 
A2222 
A2222 

A3 
A3 
A33 
A33 
A333 
A333 
A3333 
A3333 

A4 
A4 
A44 
A44 
A444 
A444 
A4444 
A4444 

18 
20 

439 
440 
452 
453 
463 
464 

31 
33 

475 
476 
487 
488 
499 
500 

43 
44 
511 
512 
523 
52^ 
535 
536 

0.78 
0.59 
0.8^ 
0.71 
1.28 
1.27 
1.52 
1.57 

0.53 
0.61 
0.99 
0.89 
1.30 
1.32 
1.56 
1.46 

0.61 
0.66 
1.00 
0.96 
1.22 
1.12 
1.35 
1.28 

68 
85 
73 
64 
71 
72 
78 
55 

61 
90 
96 
89 
98 
90 
120 
132 

64 
58 
78 
75 
91 

102 
105 
109 

134 
122 
112 

125 
116 
129 
109 

111 
115 
110 
107 
116 
114 
106 
108 

121 
113 
124 
112 
124 
125 
125 
115 

91 
92 
88 
86 
91 
91 
96 
88 

91 
90 
86 
84 
H 
H 
84 
85 

82 
88 
85 
82 
85 
84 
89 
87 

51 
41 
39 
41 
45 
47 
50 
43 

37 
49 
40 
47 
46 
47 
42 
45 

56 
47 
49 
51 
49 
51 
58 
52 

•Average Microlnches where contact angle was measured. 
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CONCLUSIONS 

«T«tl!!! ^t8^f *hf,vafit,us f^^r te.t. of the 68 Tre-resln coatinf- systems led to the following conclusions i coennR 

of mC~l0PlC f?""11"*1"" ie ' i*miU ald 1" 'Setemlnlng the quality 

of S: o'Ä ÄfS^" tfhlCh m 1°he""t' "4 ""1 ~PPl"»t »ny 

if thp^8„ovt8trtehr^Äficition 8houid not ^Muee for "^ 

"i^rlSr r0n '" n0n-ferr0US 8Ub8trates should ^ Aaftr 

dependn-nftJetteTnS Äl^'sSatT T* 'V*^ 

detemlS1^ K^01" i8uan adequate' nondestructive instrument for aetermining the surface roughness of TFE-resin films. 

f^ 1^ Bend Test is a more reliable method than the Shore Durometer Test 

«r^c^r-Tert - ^Ä^Ä^rÄraSd" re 

«ÄnfThe^Ä?»^! 8d8qU8t8 8dh88i0" *» "* "*"**< 
TFE-resin coating systems with a total fused film tMnimoo« * , 

^.9 .11 do not provide de^ndehle ..uX^te^Ä^Zgth 

TFE-resin coating systems with a fused film thickness in excess of 0 Q 
fleei thin or1^ c;ntaini^ ^ enamel) provide adequate protection 
(less than one spot of corrosion per square inch area «nH Z ü»!.\ C 
subjected to 32 hours salt-spray exposure n0 ^  When 
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an^in Z0^1^'h0Uld be U8ed- In humid: envlroJient, the black 
and yellow enamels give the best protection. For the coating system with 
good corrosion protection and for use as a thin lubricating coating, refer 

L^V?^ 30 J0 8elect the Sy8tem' then t0 table8 21 ™* 31 for the ranxing of the enamels. 

m^A16"^.20^!0?!11 salt-8Pray test is a good continuity test; its main drawback is that it is destructive. « » ^B 

The value of a high humidity test for detemining the corrosion protec- 
tion provided by the TFE-resin coating is informative'. From the different 
degrees of corrosion of the substrate by various TFE-resin enamel coatings. 
OX^H? ü81^ T&t.f'  +

ThiS teSt' h0Wever' for determining the adhesLi of the individual coating to each is not known because no blisters were 
formed between any of the coatings investigated. 

ihJ*nl&C*  a^1fsl
as

a,^
te™i^d by the wettability tests are desirable in 

that a predominately TFE-resin surface is shown. Such tests performed on 
material as ordered may possibly reveal the minimum amount of TFE-resin 
vJliSul iT! a+

disPerSi0n that W0Uld be necessary for coating applications. 
Wettability tests also may reveal a contaminated TFE-resin surface due to 
laulty coating procedures. 
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PART 2 

APPLICATION OF TFE-RFSIN FILMS ON ALUMINUM ALLOYS 

INTRODUCTION 

n,0nThe ♦JJ*1*!1?*1 treatir* iim at sintering temperature required to 
prepare thin films of TFE-resins may have a detrimental effect on the 
condUion   T^ 0f,aluminura »W«, especially those in the hardened 
the Sur?*;. Ir   ?' Jheref?re' de8ired t0 ^tain the time required to heat 
WF   «o thfl+ l^^ alJT ?f Vari0US cr08s sectional Sickness to 
St thP vU? M       ^ si"terin^ time W ^ used.   It is understood 
0? Lrn!oI    f.   le8 WhiCh ?ffeCt the rate 0f heati^ are *™™st type of furnace, furnace capacity, furnace load, method of heatinp (usinr a 

?L™« ^ ^fr.r'T heating furnace f"ra ro^ temperature^ the thermal conductivity of the metal, its surface condition, and (he presence 
tl IJ   *\f ^r1"0!!1 ineulati^ ratings on the metal.    It was decided 
tab e   £iifl: +

set
th

of
+
c?nditl

+T ^ch would result in data to establish a 
on Jn^   M u0.that in Section 3-3-:L of Proposed Revision of NAVWEPS OD 10362- which is appendix A of NAVWEPS Report 69^.* 

Section A of part 2 encompasses the investigation of the rate of hp«tw 
of the surfaces of aluminum alloys to sintering temperature     In adLio*   * 

mZtn'llt '? ^ ^ eff!C' 0f heat-treafin rÄe^coSte e f it' 
I^mi «no     Jng^n.the n?chanical Properties of l number of specific 
eJSrÄ? +    

t
+
heir

+
v"ious ha^ness conditions.   A study of the 

«c ion B of p r 1   ^ 0f SPeCifiC alUminUm a11^ ls Pre8-ted i" 
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SECTION A - RATE OF HEATING OF ALUMINUM ALLOYS 

EXPERIMENTAL PROCEDURE 

soJLnf ^"V*6 tirae required t0 heat the 8urface of aluminum alloy 
specimens of various cross sectional thicknesses to a temperaturrsuffiHpnt 
to sinter thin coatings of TFE-resins, alloys 3003-F andTo86.? were 
selected because they have thermal conductivities which approach the extreme 

^W^)!1078 (3003 ^ 0''6 CgS mitB at 250F and ^ is0 «JO "s^68 

Note: Cps units = calories per square centimeter 
per centimeter of thickness per degree 
centigrade. 

Specimen blocks, finches by finches by i-inch, ^inch, 1-inch. U-inches 
and 2.inches were prepared from the two alloys, aS, after Imvlng been  ' 
heated in air at 700oF for 30 minutes to oxidize the surface, were placed 
h"Hahr00m.t!??TtUre fUrnace- Thermocouples were inserted nhoL' which 
inch o^t  Att^11:1/.0 the ^inch by ^inch surface and *™l 1/6 
surJal h% (Attenipt8 had been raade ^ attach the thermocouples to the 
exac? v'l^ Te

+r
re TCeSSfUl- Alth0U^h the thermocouples will not 

a A tltlZl I     T***™ ^J*™*  " is thought they will indicate 
fwi  withln a few degrees of that at the surface.) After placing the 
thermocouples in good contact with the aluminum, the holes were plugged with 
?nnof ?! ^ the fUrnace heated t0 7000 t  30F. Wn the furnace reached 
Intn äooJTT^ 0f the^oOC!:S Was recorded at ^»mute interva s until 690 F (in some cases, 7000F) was attained. 

hv ■IIüT blocks.w"e completely coated with TFE-resin aluminum primer 
by spraying were air dried for 24 hours at room temperature, and tested 
as prevxously described. The same blocks were then coated wthTFE!resin 
gray enamel (this was considered the second coat), and after air drylnfa 
minimum of 2* hours the same test procedure was repeated  A second cSat 

Jested!     ^ aPPlied (thiS WaS COnsidered the third coat) and again 

exceSt'thlrtL1 llLH +
identic

r
aJv
bl°cks ™™  objected to identical tests 

750°? a +Ln! -t P   Tf 0f the fUrnace Was ral8ed i0  and maintained at OO F, a temperature sometimes used for sintering TFE-resin films  Arain 
the temperature indicated by the thermoconoles was recorded aW-minite ' 
intervals until 740°F (in some cases, 750ÖF) was attained! 
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RESULTS AND DISCUSSION 

.lÄJTÄ^/^^f«" %*£* .P.C1««. of two al,.ilra, 
tenperature after «» fS2!r.^. ^ff. "i^*'! to "^ tlM, «'"'•« 
recorded In t.b!e IT. ^Ttt^^lf «>• Paired temperature i. 
Jlnute, requlred^otthrblo^^ «^U^foX'L*?6 ^ ln 

Ä"Ä^ ÄÄ AT "- - «Ä.or t. 

- of „eat^ .Ä^o^lÄt ^rtÄ'.^.. 

be ÄJ^Ä^Ä.^^1" TTf <:0ndltl°n" »^ -t 
the epeelfled temwrature ™X ^ re<,Ulred to heat the ^"«e t" 
recorded In tabled"" eh^ld be nT/T8'   Where avallable " 1» 
a greater Influence on JLltrf'Ä h^Z'th™^1' Varlable ^ 
absence of the thin the™olnsulatÄ!JeeÄ   m        ^"^ 0r 

»a. o'Äd!   U can^e^r^t ateh0tS
h

8efr0VhiC
t

h the aata f" ta"a 33 
approaches that of "eluraace   tL r.^   ??*?. ^t»"*»" <" f» Mocks 
Is much more pronounced with thptMt     £ h,eati°g ls "«""««i.   This 
so much so, ttat Hours ifterth!J,fer "^i8 ^ wlth the «»« "locks, 
tsmperatu« some of the b?o"ks W n^t   1 ^""^ the B,Wclfia<l 

discontinued In most InsW« T.   *t' /      his reason the test "" 
10»F below the"oX"erat:«! ^"^ 0f the bl0Ck "ae,»d 

treawVthe^eT«.:^ J^t h??1
bee,, ^'^ to the»a ^ cured. examined, and the films were found to be completely 

with^r^toi^L'wSL^'V01"1.^haTe bM" "•'^ furnace and furnlce tem^rj^1^- ^ a' *he/«te of heating the 

use.l InÄLn^ ^laJ^^^^^^ 

were"" <,ther C0"dlti0n8 belnp the "**• «» following observations 

t-^tSe^ÄcM oTt'h'Ä s^.10^' t0 8tt8ln a '^™ 
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iable 33 - Time Required for Aluminum Specimens to Attain Furnace 

Temperature after Furnace has Reached Desired Tem- 
perature {in minutes) 

3003 Aluminum 

Specimen 700^ 1                                750^ 
Thickness 

11  \ 
Primer Second Third Primer Second Third (in) Uncoated Coat Coat Coat Uncoated Coat Coat Coat 

1A 
1/2 

9-21» 16- 9- 9- 7-19      ' 11- 10- 13- U-26 19- 12- 20- 17-28 22- 20- 20- 1 31-71 36- . 40- 36- 30-60 34- 29- 29- 1 1/2 3^-71 40- 42- 51- 33-60 36- 39- 32- 2 • 52-            42- 48- 36- 51- 45- 39- 34- 

5086 Aluminum 

1/4 0-9 9- 6- 20- 5-9 12- 
1/2 8-20 '14- 10- 20- 9-15 20- 
1 22-54 33- 41- 54- 21-50 26- 
1 1/2 26-59 34- 42- 54- 22-50 35- 2 49- 42- 48- 37- 46- 44- 

* Second number indicates time for specimen to attain temperature 
indicated. First number gives time for specimens to attain 10° 
below temperature indicated. 
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Table % - Time Required for Furnace to Attain Indicated 
Temperature (in minutes) 

3003 Aluminum 

Specimen 700^ 1           750°? 
Thickness , First Second Third First Second Third 

Liü)     . Uncoated Coat Coat Coat Uncoated Coat Coat Coat 

1A 90 90 mmm ... 80 ... ... ... 

1/2 90 90 ... ... 80 ... ... ... 
1 90 100 105 ... 95 ... ... ... 
1 1/2 90 100 105 •iwa» 95 ... ... ... 
2 98 95 ... ...» 100 «k«»«* 105 ... 

5086 Aluminum 

1A 90 90 mmm ... 80 ... ... ... 

1/2 90 90 ... ... 80 ... ... ... 
1 90 100 105 ... 95 mmm ... ... 
1 1/2 90 100 105 ... 95 ... ... ... 
2 98 95 ... ...* 100 ... 105 ... 

* Furnace at 708^ 
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on fi* Jhe rate of heating the l\irnace (10 minutes difference in a total «f 

J*. T^IXI i:2u7^^z s.uc?rM-cC 
thickness. See footnote table 3^, section 

CONCLUSIONS 

A table of the type desired, at best can be only aDoroximat« 
Too many uncontrollable variable^ exist for it to be exajt? 

of th»^ *? appr?*imate table ^ needed for if the mechanical properties 
of the aluminum alloy substrate are going to be changed, they wiUbe 

btn'lr? HT^ +
the 8intering te*P«^e and Lt^ecaLe tw have 

of parf irseltio0« B   ^"^ '" & ^^ '^    (See the r^ 

fSteel^ÄH^f^^^33/"? the ^'^ Time Table of NAVWEPS OD 10362 
lllta Sur,face8) ^ows the two to be sufficiently alike so that the latter 
may be used as an approximate Fusing Time Table for aluminum alloys 

59 



NAV1EPS REPORT 6969 

Section B - Effects of Heat Treating on Mechanical Properties 
of Specific Aluminum Alloys 

EXPERIMENTAL PROCEDURE 

The work performed in this section of the investigation was under- 
taken to determine the effect of heat treatments, required in the 
application of thin films of TFE-resins, on the mechanical properties 
of some hardened aluminum alloys. The following aluminum alloys were 
investigated: 

Alloy Temper Alloy Temper 

3003 0 515A 0 

3003 0-A 515^ H-32 

3003 H-12 5154 H-34 

3003 H-U 5154 H-36 

3003 H-16 5154 H-38 

3003 H-18 5056 0 

From 16 gauge sheets (0.0625 inch thick), 12 tensile specimens of 
each alloy-temper condition were prepared according to Federal Test 
Method Standard No. 151, Method No. 211, Type F2. The specimens of each 
condition were divided into four groups and handled as follows before 
being tested: 

1. Group A was tested as received. 

2. Group B was heated to 700oF and allowed to aircool to room 
temperature. 

3. Group C was treated as Group B, then heated to 7000F, maintained 
for 5 minutes at this temperature, and quenched with a water spray. 

4. Group D was treated as Group C, then heated, and quenched a 
second time. 
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Except for Group A, all specimens were placed in a room-temperature 
furnace and the temperature raised to 700oF. The furnace used was a 
large, walk-in, recirculating, hot-air type. 

The heat treatments used were to simulate those encountered in the 
sintering of TFE-resin films. Group A gave the mechanical properties 
as received; Group B, the properties after an oxidation heat treatment; 
Group C, the properties after the primer coat had been sintered; and 
Group D, the properties after an enamel coat had been sintered. 

The mechanical properties obtained were tensile strength, yield 
strength in 0.2 percent offset, elongation in 2.00 inches, and hardness 
in Rockwell superficial 15^T values. 

It was indicated in NAVWEPS Report 68ii93 that no reaction takes 
place between aluminum alloys and TFE-resin coating during the sintering 
process which affects the mechanical properties of the alloysj therefore 
in this investigation, it was not necessary to coat the aluminum specimens. 

RESULTS AND DISCUSSION 

The results of the mechanical property tests of-the aluminum alloys 
subjected to TFE-resin sintering heat treatments are summarized in 
table 35, in which each value is the average for three specimens. The 
yield strength was not obtained for the 3003 alloys, as the specification 
covering this alloy does not call for it. The alloy identified as 
3003-OA is the same as 3003-0, but from different sheet stock. The first 
value in the hardness column is in Rockwell 15-T superficial value, the 
second in Brinell 500 kg. load, lOmm ball value which has been converted 
from the Rockwell scale where possible. 

As expected, the mechanical properties of the annealed alloys were 
effectively the same before and after the simulated TFE-resin sintering 
heat treatments. Considering the properties of the hardened 3003 alloys 
the first heat treatment (Group B specimens) with the slow cool caused 
the largest change with the resultant mechanical properties approaching 
those of the annealed alloy. The second heat treatment (Group C 
specimens) followed by a water quench tended to reverse slightly the 
direction of the change. For the third heat treatment (Group D specimens) 
followed by a water quench, the mechanical properties again approached 
those of the annealed alloy. 

With the hardened 515i alloys, except 515^-H32, the mechanical 
properties were also effectively changed to those of the annealed alloy 
after the first heat treatment and the final mechanical properties showed 
no significant changes for subsequent heat treatments. The mechanical 
properties of 515^H32 fall approximately half way between the annealed and 
hardened condition after the first and subsequent heat treatments. 
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the elonJtfon^r+i" +
tensile

J
8tren*th and hardness and the ^crease in I 

rp!^   ?P
+    ?   2futhe temPered aluminum alloys showed that the «TFE- 

.teo fL?^ng   +
h!a

+
tinp Cycle Vas detri^tal.    It was the Group B 

step (oxidizing) that gave the greatest change in mechanical properties. | 

CONCLUSIONS 

♦^ Alum^nu™ afloys 3003 and 515^ in their hardened condition will have 

RECOMMENDATIONS 

put i,; Cord1^lL8^be ™frtake?to dete"iM h~ **W" j. I"^«UD uxepersions oi TFE-resin can improve aoDlipaUnn nf +v,0 
dlsperalon and result in an improved quality of "attar. 

-1th m^niCf? tü.fhe h!^Td COnditlon Bhould ■»* ". coated 
beeLL co"in/ Souvej:1'^!"Jr   Pr0P!rt.leS *" to * "»'"tained, 
of the annealed   oSit on^ '   ^ ,»e<:ha"1«1 Parties to thoee' 
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