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Equipment and a test procedure were developed for determining the 
increase in flre-resistance provided to slumimm and ~esmm alloy sheet 
materials by fire-retardant coatings. The equipmentsndprocedurevere used for 
conducting tests of Albi 99 md Albi 107 fire-retardant coatings and of Midland 
7x2039 heat-resistant paint. The effectiveness of Albi Top Koter and Albi Top 
KoterMvhen appliedtoAlbi99 sndAlbi107 also was evaluated. Aluminumand 
ma@msltzm panels, I2 inches square,.were found to be of a convenient size for 
application and evaluation of the coatings; hovever, seversl 24-inch-square 
alumjnum panels coated with Albi fire-retardant coatings also were fire-teated 
in order to determine the effect of larger panels. The coated panels were tested 
by exposure to a 2,00Q" F. flare produced by a torch used previously for con- 
ducting fire-resistance tests of firewall and other materials. The tW required 
for the teat panels to reach temperatures of 5oO" and 600° F. was used as a 
measure of the increase in fire-resistance provided by the protective coatings, 
since the strength of sltnninum and msgnesium sheets is reduced at temperatures 
in that range. Hovever, the tests were continued beyond that time, and until 
the metal softened to the extent that one of the thermocouple probes pushed 
through the paael, thus breaking contact. 

The results indicate that the Albi fire-retardant coatings increased 
the fire-resistance of the test panels to some aegrae, although all of the coated 
tests psnels, with the exception of two, reached a temperature of 6OO'vF. In 
less than one minute. Accordingly, it ie recommended that aaterials sub as 
drmLinum ant3 magnesium protected by the coatings tested should not be used to 
replace stainless steel or other materials in the engine coInpextment structure 
of aircraft where the use of fIreproof materials is remmended. 

ItWRODUCTIOl'J 

FFre-retardant coatlmge me being used presently to increase the fire- 
resistance of engine com,partment structures in helicopters. !l!he me of such 
coatings is based on the results of fire tests in which coated panels vere sub- 
jected to mderately severe fires. A need existed for taformati&n on the degree 
of increase in fire-resistance that can be provided by &b coatings when the 
coated panelk are exposed to a fire similar in severity to those which occw in 
aircraft engine compmtments during flight. Such a fire iiae supplled by a fire 
testing torch developed and usad at the CAA Technical Development Canter for 
several years. Other equipment was developed and test procedures ware established 
in order that l&oratory tests could be conducted on presently available coatings 
aa well as coatings which m&y be developed in the future. This report describes 
the equipment snd test procedure, and presents tha results of teats on three 
coatings; rimsly, Albi 99, Albi 107, aad Midland mO39. 
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DFXlUPTION OF TEST EQKE'BEHT 

The fire tastbq torch PQSitiOSed for a test is ShOWZI in Fig. 1. The 
torch consists of a gun-type eonvereion oil burner with a Boo. 2, 80' spray nozzle, 
The return relief valve WBB set at the pressure required to deliver two gallons of 
kerosene per hour through the nozzle. The air coiammed by the burner was adjusted 
to produce a differential pressure of O-35-inch of wster amoss the inlet. a0 
deflector strips, each 3/k-inch vi&, were fastened to the end 0f the barrel so 
that the ends of the strips were 1 l/2 inches apert end 1 l/2 inches beyond the 
011 nozzle. AD extension was adaed to the burner, reaching 10 inches beyond the 
end of the bsrrelaadhedng an elliptical 0penUgwlth amajor axis ofllinches 
and a minor axis of 6 inches. !he coated test panel was located four inches 
beyond the end of the barrel ewtension. This modified conversion oil burner 
produces a fuel-rich oil fire at a temperature of 2,000° F. 

The ten@erature on the "cold" side of the test panels was measured by 
9 pairs of cbromel-slum1 thermocouple probes of l/16-inch-diameter wire grouped 
in rows of 3 to cover an area where the highest tmerature occurred. T%e probes 
vere supported in a fixture to facilitate positioning against the test panel. 
Details of this fixture m-e shown in Fig. 2. A spadng of l/h-inch was main- 
tained between contact points on the test panel for each pair of probes to cow 
plete the thermocouple circuit. The probes were kept in contimous contact with 
the test panel by meaLLs of air pressure at 40 psi applied to a steel ball in a 
cylinder, behind a small plunger attached to each probe. The load applied to 
eschplungerwas approxlmatelyonepound. The construction of the sir cylinder, 
steeT& ball, plunger, and the themocouple probes is shown in Fig. 2. Figure 3 
shy%% the back of the test fixture and a port1011 of the angle iron frame to 
which the flxtme was attached. Figxue 4 shows the details of the transite 
frame used for holding the E- by l2-inch test panels end the stainless steel 
shield. The frame for supporting the 24- by 24-inch test panels ie shown in 
Fig. 5. Each thermocouple temperature was recorded on a single-point, high- 
speed, Minneapolis-Honeywe= Brown potentiometer temperature recorder. Figure 6 
shows the bank of temperature recorders. 

TEST PROCEDURE 

The coatings were applied to E'- by l2-inch and 24- by 24-inch panels 
of O.O&Mnch 2024-T3 clsd dumimm and l2- by 12-inch AZ3UM24 ma@msium. The 
panels were prepared for coating by washing ia solvent and tire brushing> fol- 
lowed by a second wash in solvent to remove all traces of oil which might have 
been present. Immediately following the second cleaning operation, the panels 
were primed with either vinyl wash primer or zinc chrmnate primer. Albi 99 and 
Albi 107 fire-retardant coatings, mannfsctured by Albi Manufacturing Compsny, 
Rockville, Conneaticut, and Midland 71(2039 heat-resists& aluminum paint, man- 
ufacttieabyMidlsnd Industrial Finishes, Waukegan, Illinois, were applied to 
the X2- by l2-inch panels of duminum and magnesium by multiple spray coat5 or 
multiplk brush coats to produce a filnrthickness of frcrrm O-015- to 0.020-i~%h. 
A mlnimw~ of 24 hours' drying time between coats was allowed for most applications; 
however, in sme cases the panels were coated by quick application with a minlmua 
of 1 hour's drying time between coats. Each coating was applied to a group of 
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four test panels. Four panels were left uncoated for use as controls 111 
obtaining basic fire-resistance data. Also evsl&ated was the increase in fire- 
resistance provided by smgle brush coats of Albi Top Koter and Albi Top Koter 
M when applied to Albi 99 and Albi 107 coatings. 

The test fire was applied to the panel on the coated side, and the 
average times for the uncoated side to reach 500° and 600' F., based on the 5 
highest temperatures, were recorded. Also, the failure time of the panels was 
recorded as the time at which the panels were weakened to the extent that a 
thermocouple probe penetrated the metal. 

RESUTZS AIVD DISCUSSION 

The data obtained from the fire tests conducted on several fire- 
retardant coatings vhen applied to alluminum and msgaesium test panels are shown 
In Table I. The average tUe reqmred for each test panel to reach the temper- 
atures of 500' snd 600' F., respectively, and the total time required far failure 
are shown. The allowable drying tkae between coats and the type prker used 
with the vsrious coatings also are shown. Uncoated panels used as controls were 
tested in conjunction with coated panels to determine the degree of protection 
pravlded by the fire-retardant coating systems. F~gure 7 shows a typical fire 

test on a coated alur&wm panel. Figure 8 shows the protection provided by 
Several coating systems applied to aluminum and msgnesium test panels. For 
comparison, time-temperature curves for uncoated panels also are shown in the 
figure. 

The Albi coatings intumesced, or swelled up to an average thictiess Of 
3/8--h when contacted by the test fire. Albi 99 f-e-retardant coatmng, when 
applied to aluminum test panels follm application of eltber type primer, gave 
the greatest protection to the panels. In a number of tests the coated panels 
lasted twice as long as plain uncoated panels. Magnesium panels primed with 
vinyl wash primer and coated with either Albl 99 or Albi 107 lasted over twice 
as long as uncoated panels. T'he Albi 107 fire-retardant coating for this appli- 
cation gave scmewhat better results. Albi 107 coating, however, did not provide 
as much protection to the al-mu panels as it did to the magnesium panels. 
Albi Top Koter applied over Albi 99 coating did not give sddltionsl protection to 
aluminm panels by comparison w&h paels coated with Albi 99 alone. The results 
indicate that Albi Top Koter M, when applied over slur&um panels coated tith 
Albi 107, gave better protection thsn similar panels coated with Albi 107 but 
without Top Koter. The results indicate slso that 24 hours' drying time between 
coats, as recommen ded by the manufacturer, offered only a slight advantage over 1 
hour's drying time between coats. Brush- as a method of applying the fire- 
retardant coatings produced test panels which were Inferior to slnular panels 
coated by the multiple spray method. Only slightly better results were ob- 
tained with the 24- by 24-inch test panels by comparison mtb 12- by l2-inc.b 
aluminum panels when tested with similar applied coatings. This slight differ- 
ence 1s due to the larger area of panel which is not exposed to the flsme, re- 
sulting in greater dis#ipation of heat. Midlsnd 7X2039 heat-reszstant paint 
offered only a small amount of protection to the magneswm panels but did not 
offer any protection as a coating when applied to aluminum. In this case, an 
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increase in the rate of heat transfer to the cold side of the panel was noted by 
mc~~arison with uncoated panels. Fig~es 9, 10, and 11 show the appearauce of a 
typical panel from each group af'ter bemg fire-tested to destruction. 

coNcLKJSIoNs 

From the results of the tests conducted, it is concluded that the 
equipment and test procedure described in this report comprise a suitable me&p9 
of detemming the mcrease m fme-resistance pronded by intumescent and other 
fire-retardant coatlogs. 

Further, it 1s concluded that.. 

1. Of the pants tested, Albi 99 fire-retardant coating applied to 
aluminum test panels provided the best protection to the panels 

2. Magnesium panels coated with Albi 107 lasted longer than smiler panels 
coated with Albi 99 fire-retardant coatlug 

3. The effect of panel size hsd little signiflcame on the test results. 
The X2- by l2-inch panel proved to be more acceptable specimen sme from the 
stsdpoint of convenience and econw. 

4. Midland 7X2039 heat-resistant pamt increased the fire-resistance of 
magnesmmto a smell degree only and offered no mcrease in fire-resistance to 
the shminum test panels. 

5. From the standpomt of fire-resistance, brush-coated test panels were 
inferior to similar panels coated by the multiple spray method. 

6. Although the Albi fire-retardant coatings increased the fire-rSSiStSJICe 
of the test panels to some degree, the increased protection provided was not suf- 

ficient to render the aluminum md magnesium materials suitable for replacing 
fireproof firewsllmaterials, such as stainless steel. 

REGmmoNs 

It is recommended that: 

1. The equipment and test procedure described m this report be used in 
determining the increase in fire-remstance provided by fire-retardant coatings. 

2 .' Stainless steel and other fireproof materials m the engine compartment 
structure of helicopters or other aircraft not be replaced by aluminum and mag- 
nesnm protected by the coatmgs tested where the use of fireproof materials is 
required. 



TABLE1 

Average Time Required 
Drgiw Tb.e 

coating Between Coats 
to ~echFollowU.@y 
500 F. 

(tie.) (sec.) (-.I 

IS- by ISInch, O-040-Inch-Thick 2024-T3 Clad Aluminum 

PE.lld 
NO. Primer 

1 
2 

z 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
28 
29 

z: 

None 
None 
None 
NOW 

Vdnyl Wash 
Vinyl Wash 
Vinyl Wash 
Vinyl Wash 

Zinc Clrmmate 
Zinc Chromate 
zinc chromate 
ZFnc chromate 
Zinc Chromate 
zinc Chromate 
zinc chroluate 
zinc chromate 

Vayl wash 
Vinyl Wash 
Vinyl Waeh 
Vmyl Wash 
Vinyl Wash 

34 Vinyl Wash 

36 

;'8 
40 
41 

Vinyl Wash 
Vinyl Waeh 
Vinyl Wad 
Vinyl Wash 
Vinyl Wash 

42 viqgwasa 

Uncoated 
uncoated 
uncoated 
uncoated 
fibi 99 
Albl 99 
Albi 99 
Albi 99 
Albi 99 
Albi 99 
Albi 99 
Albi 99 
flu 99 
Albl 99 
ubi 99 
fibi 99 
fibi 99 
Albi 99 
Albi 99 
Albi 99 

Albi 99 t Albi 
Top Koter 

Albi 99 + Albi 
Top Koter 
Albi 107 
Albi 107 
Albi 107 
Albi 107 

Albi 107 g Albi 
Top Koter M 

Albi 107 g Albi 
Top lcoter M 

None 
None 
None 
None 

24 
24 
24 
24 
24 
24 
24 
24 
1 
1 
1 
1 
1 
1 
1 
1 

21.4 
25.6 
24.0 
21.6 
44.0 
39.8 

:;*z 
4010 .- 
50.4 
44.0 

2:: 

$'i 
3618 
43.6 
42.0 

2: 

1 39.6 

1 45.0 
24 30.2 
24 23.2 
24 29-5 
24 32.0 

24 3406 

34.8 
9.8 
29.2 
25.4 
56.0 
52.4 
45.0 
49.8 
50.2 
64.0 
57.8 

:'6*: 
44:7 
44.4 
45.0 
54.0 
52.4 
51.5 
59.0 

24 38.4 45.2 

Failure 
Time* 
(sec.) 

69 

2; 
56 

I.24 
111 
94 
98 

103 
129 
113 u 
I.21 
14.8 

;; 
483 
97 

101 
105 
99 

73 

100 

2: 
70 
73 

PO 

105 



TABLE I (continued) 

Patld 
NO. Primer 

43 VinylWaah 

44 Vmyl Wash 

53 Vinyl Wash 

54 Vinyl Wash 

55 Vinyl Wash 

56 V-1 Wash 

57 Vinyl Wash 

58 Vinyl wash 

59 VinylWaeh 

60 Vinyl wash 

61 Vinyl wa5h 

62 Villyl wash 

63 Vinyl wash 

64 Vinyl wash 

101 None 
102 None 
103 None 

coating 

Albl1O-f + Albi 
Top Koter M 

fUbi107 t AlbF 
Top Koter n 

Mdland -fx?ojg 
4 Brush Coats 

Nidland. 7x2039 
4 Brush coats 

Nialand -(x209 
4 Brush Coats 

Midland 7x2039 
4 Brush Coat6 

Albi gg 
4 Brush Coats 

Albi 99 
4 Bnwb Coate 

flbf 99 
4 Brush coats 

Albl 99 
4 BrnehCo&s 

Albi 107 
4sNa!acoats 

Albf 107 
4 Brush coats 

Albi 107 
4BrushC 

Albi 107 
4 BRA& Coate 

Drying Time 
Between Coats 

o=e. 1 

Average Tlme Required 
toReach Folloting TESQ. 
5000 F. 6oo" F. 
(sec.1 (sec.) 

24 31.4 40.8 

24 32.8 44.2 

24 22.4 26.2 

24 20.0 23.5 

24 21.8 25.5 

24 22.0 25.5 

24 36.8 46.8 

24 36.2 42.8 

24 30.2 39.0 

24 35 -0 43.8 

24 28.0 35.8 

24 29.2 35.8 

24 29.6 36.8 

24 26.0 33.6 

Failure 
Time* 
(sec.) 

108 

112 

50 

51 

52 

49 
o\ 

92 

88 

78 

96 

73 

62 

58 

79 

40 

ti 



Panel 
HOo. Prilller 

104 None 
105 Vinyl Wash 
lo6 Vinyl Wash 
107 Vinyl Wash 
ma Vfnyl Wash 
log Vfayl Wash 
llcl Vfnyl Wash 
ill vhyl.. Wash 
112 Vinyl Waeh 
118 Vinyl Wash 

J-J-9 

I.20 

A 
I3 
c 
D 

Vinyl Wash 

Vinyl Wash 

Bone 
Vinyl Wash 
Vinyl Wash 
Vinyl Wash 

TAEm I (cQntinued) 

Coating 

Uncoated 
fiu 99 
fibf 99 
Albi 99 
And 99 
Albf 107 
Albf 107 
Albf 107 
Albi 107 

Mfdland -(it2039 
4 Brush Coat5 

Midland 7X2039 
4 Brush Coat6 

Midland7EO39 
4 Brush CQate 

Drying Time 
Between Coats 

(hrS.1 

Aone 
24 
24 
24 
24 
24 
24 
24 
24 

24 

24 

24 

Average Time Reqtired 
to Reach Following Temp. 
500" F. 600' F. 
(i%C.) (sec.) 

12.2 16 2 
26.0 34.6 
28.7 39.0 
21.6 31.2 
27.4 34.8 

30 a 31.2 s-ii 
Y-4 3814 
32.2 42.0 

2Q*2 24.6 

16.8 21.8 

16.4 lg.6 

24- by 2kIseh, O.OkL=Ineh-Thfek 2O2k-T3 Clad Aluminum 

Uscoated 
A.lbi 99 
Albf 107 

Albf 107 + Albi 
Top Koter M 

None 23.8 50 
24 

flz.: 
63.4 114 

24 34.0 41.8 91 

24 3508 4700 80 

Failure 
Time+ 
(sec.) 

28 
-I 

32 

31 

me the at which the panels rrere weakened to the extent that a thermocouple probe 
penetrated the metal. 



FIG. 1 FIRE TORCH IN POSITION FOR TESTS 
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FIG. 2 DETAILS OF THERMOCOUPLES AND SUPPORTING FIXTURE 



FIG. 3 REAR VIEW OF TEST FIXTURE AND MOUNTING SUPPORT 
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FIG. 4 DETAILS OF TRANSITE FRAME TEST PANEL SUPPORT 



FIG. 5 FRAME FOR SUPPORTING 24- BY 24-INCH-SQUARE TEST PANELS 



FIG, b POTENTIOMETER TEMPERATURE RECORDER BANK 



FIG. 7 TYPICAL FIRE TEST ON COATED ALUMINUM PANEL 
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FIG. 8 FIRE PROTECTION PROVIDED BY DIFFERENT COATINGS WHEN APPLIED TO 
ALUMINUM AND MAGNESIUM TEST PANELS 
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FIG 9 APPEARAWCE OF ALUMINUM TEST PARTELS AFTER FIRE 

TEST TO DESTRUCTION 
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119 
FIG 10 APPEARANCE OF ALUMINUM AND MAGNESIUM TEST PANELS 

AFTER FIRE TEST TO DESTRUCTION 
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FIG 11 APPEARANCE OF 24-BY-24-INCH-SQUARE ALUMINUM TEST 
PANELS AFTER FIRE TEST TO DESTRUCTION 


