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DECL.t\SSIFIED 
INTRODUCTION 

(a) Authorization 

1. This study was authorized by Bureau of Aeronautics Project 
No. 168-40. 

(b) St&te~ent of Problem 

2. Although several rE:ports ha.v.e been written by the Division 
of Physical Optics of this Laboratory on the subject of car.,ouflage, · 
little has been mentioned concerninli, the quality of the paints to be 
employed. It is the object of this report to designate the conposition 
of peints suitable for the camouflage of &.ircraft. The colors herein 
illustrated were established in previous reports as possessing desirable 
characteristics frorr, the optical viewpoint, and this report designates 
suitable conpositions for the colors and shades selected. 

(c) Known Fa.cts Bearing on the Problem 

J. From past experience it has been deJmnstrated that reflection 
is one of the chief causes of aircraft betrayal. To elir:,inate this 
possibility all surf&_ces of the plane, however SG,11, should be perfectly 
mat or as nearly so_ as may be practicable. A perfectly mat surface 
reflects light eqUE.lly in all directions, regardless of the direction 
of the incident beam c.nd this elimimi.tes the glo.rn possibility. Of 
considerable iEporte.nce is the color of the rne.t surfc:..ce which, in this 
case, should be such that the lit:,ht reflectGd fror,1 it should be of the 
Sfil'e intensity as that emanating from the background. 

4, It is a well known f :,ct that flat paints are not so durable 
as those of high gloss. As e w,_tter of fact, E, mectsure of the decrease 
in gloss has been proposed as ,~ :T:eccsure of the extent of deterioration 
of p2.int films. Therefore, in producing a flct or mut paint, there 
is a limit r.s to how f,,.r one ~c1~n E,o c,nd still ret[dn the durability 
thc:t is necess1:_ry. With the problem at hi:nd, it r,ppears likely thc,t 
the question of durability is not pc.rm,,ount since the color of the 
e.ircro_ft might possibly be ch:.:nged frequently, thus eliminating the 
require,T-ent for £>, coF,ting of exceptionc.l durE,bili ty. Since these 
changes may be required within b:def time limits, the paint should 
have a maximur:i drying time of no more than ten minutes. 

(d) Original Work Done at this Laboratory 

5, As already pointed out, this Laboratory has written several 
reports on the camouflage of Naval c1ircraft. The ::ore important of 
these are as follows: 

( a) "Handbook of Instructions for Naval Airpl,me Ce.mouflage, 11 

dated 15 March 1935. This report gives nwnerous definitions 
and covers the subj ect comprehensively up to this date. 
A conplete bibliography up to 1935 is included. Certain 
r ecor.JUendntions ore ~edc for the us~ of wa ter p&ints. 

_____ iiiliill _______________________ ~ -----



DECLASSIFIED 
(b) 11 Airple.ne Camouflage - Reduction of Visibility by Artificial 

Illumination." Naval Research Laboratory Report No. H-1230, 
dated 20 January 1936. 

(c) "Airple.ne Camouflage. Results of Tests of October 1, 1936. 11 

Navel Research Laboratory Report No. H-1324, dated 26 October 
1936. These reports deal ~,ith the theory of camouflage end 
the prB.ctical results obtained from actual tests and 
observD.tions. The quality of the paint used is not discussed 
in any great det&il. 

6. In addition, this Laboratory has written the following 
reports dealing vii th the subject of camouflage for the Fleet in general: 

(a) 11 Handbook on Ship Camouflage, 11 dated February 1937. This 
report includes a complete bj_bliography on the subject up 
to the beginning of 1937, 

(b) 11 Carnouflage of Submarines to Avoid Detection by Aircraft." 
Naval Research Laboratory Report No. H-1350, dated 20 March 
1937. 

(c) "Naval Camoufle.ge Tests at Sea of May and June 193g,n 
Naval Research Leboratory Report No. H-1496,. dated 9 December 
1938. 

AJ,.though these reports deal exclusively with subnarines and surface 
craft, the theo1~y of camouflage e.nd its value or advantage i s discussed 
at great length. 

METHODS 

(a) Apparatus 

7. The type paints de scribed herein should be ground in most 
instances, prefere.bly in a pebble mill, as each contains a good amount 
of volatile solvent which cannot be handled adeque.tely on an open mill. 
Furthermore,. the pebble mill tends to make for a duller finish, which 
is one of the prime requirencents. However, these formulae may be 
handled successfully on e ro],.ler mill. This was done in the case of 
the materials discussed in this report, thh, r:iethod be.ing much faster 
than the pebble mill operation. 

g_ For measuring the 5loss of these films, an arrangement 
illustr.<::ted diagrammatically in Figure 1 was used. 
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The light source was arn:mged so that it could be revolved between the 
positions R e.nd S at 45° and 90° to the horizontal . The intensity 
of the reflected. lie:ht f:::-om the panel at P was measured when observed 
at O by a General Electric lj_ght iueter. Let Br 1~epresent the 
brightness of the paint when illuminated from R and observed at O. 
Let B8 represent the brightness of the paint when illuminated from S 
and observed at 0. Then the ratio of B /B will give a value representing r s 
the reLs.tive gloss of any seriss of observ.sd objects. In the case of €. 

perfect mirror, all of .the incident light from R would be reflected 
in the direction of O and the rel_ationship Br/Bs would be infinity, B

8 

being equal to zero. In the instance of a perfectly mat surface, the 
light reflected from P would be equal in all directions, and Br/Bs 

would be equa.l to one, in which case .e,11 the rsflection is diffuse 2,nd 
there is no specular gloss. 

9, Hunter(3) and Judd( 2 ) distin6ui sh bEctween six different types 
of· gloss. The type most obvious and most commor.ly met in paint films 
is designated by ther:; B.s specular gloss and is defined as follows: 

"The ratio of apparent reflectance of the sampl e when illuminated 
uni-directionally and vie'!rnd in the direction of specular 
reflect,mce to the apparent nf1ectance of the ideal, completely 
reflecting perfect mirror." 

Hunter and Judd(J) from the basis of their experiments r2cornmend the use 
of a specular gloss measurc:ment at 60° incidenc6 and r efl ectance. Such 

an instrument, knovm 2s a 60° Glossrne t c;r(l), is illustrated diagrammllti­
cally in Figure 2. It possesses the advantage of being compact and 
portable and is designed for use in -tne field as we.l.l as in the 
labora tory. 

s • 

p 

Figure 2 

These conditionB were found to give the best correlation with 
various paint manufacturers' gloss ratings for a group of panels 
submitted to represent current practice in the e;loss designation of 
paint finishes. 

10. The 60° Glossmeter uses as a light source a Mazda 965 
eight-cell fleshlight lexnp operating on dry ~ells, anci a Gen~r&l 
Electric light r:eter a;.; 2. receptor. The sce.1.e on the metE,r is graduated 
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in units f rom Oto 140. It i s c&librated a6ains t a piece of polished 
bl ack gl ass having a spec:ulc:r reflectance of 95 per mil as calculated 
from its index of r e.fra ction by Fn snel I s La.w. Tha t is to say, the 
amount of l i§_ht reflected from t he surf ace of the ~l ass is 95/1000 
of that reflected froIT' a perfect mirror, the incident beam being 6Qo. 
Before using the instrument, it is calibrated by pl acing it on the 
polished black gl Erns and adjus ting a rhe:ost,:ct until the i ndicator r es t s 
on t he figure 95 of the scal e . I t is similarl y used with the obj ects 
to be s tudied &nd the r eadings re corded in the same manner. A panel 
producing a r u ~ding of 3 would r efl ect spGcularly 8/1000 of the incident 
lie;ht, ths diffuse light r emaining unrecorded. 

(b) Materials 

11. Since the requisitE:s of the product are such that the drying 
time be short, the follo~dng r esins and other materials were among those 
considered. 

Bakelite XK·-13981 
Bakelite XK-3962 
Super Beckacite #3000 
Beckosol Elr.ulsion #1501 
Beckosol Emuls ion P-168 

➔:- Mur2_lo #20 Chrome Oxide Green 
➔~ Muralo Ca.rbon Black 

-~ These t wo Murv_lo colors ,0:er e dispersed in emul s ions 
competiti ve with tile Beckosol emulsions. 

In addition to t he above r esinous materials, several inert pigments 
consistipg of diatomaceous earths and metallic soaps were investigated 
for their fla.tting properties for use in these studies. 

(c) Experimental 

12. The raw materials selected for this study comprised resins 
which possessed r af:id drying characteristics and which were knovm t o 
possess f airly gooo. dure.bili ty. The pig1,ents wer £ s s lected to produce 
the colors desired and for conpatibility with the resins with which they 
were to be used. The procedure follov',ed in each case was to grind a 
paste of the individu'"l base colors usin6 a very high pigment to binder 
ratio. Numerous batches v:ere then blended from these bases to give a 
series of shades. As directed in the "Handbook of Instructions for 
Naval Airplane Camouflage," these colors were matched against t he 
Munsell color standards and thot color possessing the shade mos t 
closely resembling the standard of the theoretically correc t r eflectivity 
was selected as the shade to be used for each particular color. Next 
a s eries of blends was made up in which the gloss varied using the 
shade previously sel ected. Measurements of gloss ~ere made with each 
of the t wo inst ruments already descri bed to accurately determine their 
relative gloss ~nd properties of each. For a panel having maximum 
acceptable specular reflection, the ratio Br/Bs had a numerical v2.lue 
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DECLASSIFIED 
of 5 and produced a reading of 7 on the 60° Glossmeter. Thus a panel 
showing a value under 5 for the r atio Br/ Bs or a r eading of less than 
7 on the 60° Glossmeter is acceptable in so fe.r as gloss and specular 
reflection are concerned. 

13. It appeG.r ed imprc.ctical to produce an aluminum p<'.i nt 
neeting these requirer:ents of gloss because a v,orkable pign;ent t o 
binder ratio wes exceeded before such a low gloss was produced . As a 
r esult, the maximum value of the n.tio Br/Bs was set at 10 and n 

mcximum reading on the 60° Glossmeter was 12. An aluminum paint meeting 
these requirerents rmd still possessing a practicB-1 pigment to binder 
ratio c,m be produced. Hov·ever, its gloss is probably too great for 
bes t r esults. .Another dise.dvantage is the fact thc:t such a film i s 
too roueh for use on·high spe8d pl&nes. Any attempt &t son4ing to 
smooth the surfo.ce recml ts in n substr,nt.iol increo.se in gloss. 

14. The colors most suitable and desirc:ble for camouflage were 
designe.ted as e. lur:;inum, bleck, dork gray, de.rk green, or dark blue. 
Detailed studies were made of ea.ch ·which are described in detfail in 
the appendix. The formuli::.e end color chips which \~-ere chosen o.s being 
most accept.able are described in the following sections. 

DATA OBTAINED 

(a) Formulae 

15. Aluminum. The Lebon:tory formult, for the aluminum vehicle 
is os follows: 

10 ounces (by v,eight) Bakelite 3962 
10 ounces (liquid) Xylol 

5 ouncos (liquid) Toluol 

for which the 100 ge.llon formula is: 

331 pounds Bekelite 3962 
41.5 gdlons (298 pounds) Xylol 
21.0 gallons (149 poilllds) Toluol 

100 gr.::llons 

Body H (Gardner-Holdt) 
Vh:,ight per gallon - 7. 77 pounds 
Solids - 21.30 per cent 

This vcrnish is c.lurninized as follows : 

8 ounces (liouid) Varnish 
2-1/2 ounc0s -(wE: ight) Aluminum Powder #601 
2 ounce s T-25-d Thinner 
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DECLASSIFIED 
For which the 100 gellon formula i s : 

72.5 gallons Varnish 

16. 
follows: 

18.0 gallons T-25-d Thinner 
181.5 pounds Aluminum Powder #601 

100 gullons 

Weight per gallon - 8.76 pounds 
Solids - 34-1/2% 
Pigr,ent/Binder Ratio - 151 
60° Glossmeter Reading - 10-12 

"Color Chip 

Dull Black. A convenient laboratory formula for the black 

22-7/8 ounces (weight) Br.ikelite 3962 
1-1/8 ounces Carbon Black 
5-5/8 ounces Dicolite White Filler 

11-1/4 ounces (liquid) Xylol 
5-1/8 ounces (liquid) Toluol 

For which the 100 gallon for:rrule is: 

4L;8 
22-1/2 

113-1/2 
28 
14 

100 

potmds Bakelite 3962 
pounds Ca.rbon Blnck 
pounds Dicnlite White Filler 
gnllons (203 pounds) Xylol 
f:Etllons (102 pounds) Toluol 

gallons 

Weight per gc::llon 8.86 pouncis 
Solids 40,5% 
Pigment/Binder Ratio - 61.0 

For applic0tion by sprc:_y r educe 5 ps.rts pc.int wit h 3 p .. ,.::.-ts T-25-d Thinner. 

-6-
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17. 

Viscosit y - 25 seconds 
(Gar dner Mobilomet er - Solid Disc) 

Solids at Gun - 26 per cent 
Drying Time (Tack f ree)- 5-7 minutes 
60° Glossmeter Reading - l\llaximwn 6 

Color Chip 

... 

Dull D1:;rk Gray. The laboratory formula is as follows: 

24 ounces (weight) Bakelite 3962 
8 ounces Titanox .A. L.O. 
8 ounces Dicalite White Filler 

1/2 ounce Carbon Black 
16 ounces (liquid) Xylol 

9 ounces (l i quid) Toluol 

For which the 100 gallon formula i s: 

376 
125 

. 125 
7-3/1 .. 

31 
17-1/2 

pounds Bakelite 3962 
pounds Tit.s.nox A.M .0 . 
pounds Dicalite White Filler 
pounds Carbon Bl ack 
gallons (225 pounds ) Xylol 
gallons (127-1/2 pouno.s) Toluol 

We ight per p ,.llon 9. 85 pounds 
Soli ds 45.0% 
P i.gr..,2mt/Binde r Rc.tio - l37 

For application by sp!"ay reduce . 6 parts of paint with 4-5 parts of 
T-25-d thinner. 

Viscosity 
Solids at Gun 
Drying Time (Tack fr ee) 
60° Glos sr:ieter Reading 

- 21 seconds (Gardner Mobilometer -
- 28% Solid Disc) 

·s-? minutes 
- Maximum 6 

Color Chip 

-?-

I 
I 
I I 

I 

11 



DECt~ASSIFIED 
18. Dull Dark Green. The laboratory formula is as follows: 

30 ounces (weight) Bakelite 3962 
8 ounces Dark Chrome Green 
8 ounces Dicali te V•ihi te Filler 
0.6 ounces Carbon Black 

16 ounces (weight) Xylol 
6 ounces (weight) Toluol 

For which the 100 gallon -formula is: 

420 pounds Bakelite 3962 
112 pounds Dark Chrome Green 
112 pounds Dicalite White Filler 

8-1/2 pounds Carbon Black 
31 gallons (224 pounds) Xylol 
11-1/2 gallons (84 pounds) Toluol 

Weight per gallon 9.60 pounds 
Solids - 46 .0% 
Pigment/Binder Ratio - 110 

For application by spray req.uce 6 parts of paint with 4-5 parts 
T-25-d thinner. 

19. 

Viscosity - 25 seconds 
{Gardner Mobilometer - Solid Disc) 

Solids at Gun - 27.5% 
Drying Time (Tack free) 
60° Glossmeter Reading 

- 5-7 minutes 
- Maximum 6. 

Color Chip 

Dull Biue. The laboratory formula is as follows: 

18 
6 
6 
1-1/2 
7 
3-1/2 

ounces (weight) . Bake.lite 3962 
ounces Dice.lite White Filler 
ounces 4035 Iron Blue (Reichhold) 
ounces Titanox A.M.O. 
ounces (liquid) Xylol 
ounces Toluol 

For which the 100 ge.llon formula is: 

455 
155 

(Continued) 

pounds Bakelite 3962 
pou.~ds Dicalite W'nite Filler 

- 8-

DE SSIFIED 

:1 

I 
I 



DECLASSIFIED 
100 gallon formula (Continued) 

155 
38 
23 
11-1/2 

pounds 4035 Iron Blue 
pounds Titanox A.M.O. 
gallons Xylol 
gallons Toluol 

(Reichhold) 

Weight per gallon 10 .35 lb. 
Solids 54,9% 
Pigr:::ent/Binder RE,tio - 150 

For application by spray reduce 4 parts paint with 3 parts T-25-d 
thinner. 

Viscosity - 22 seconds 
(Gardner Mobilometer - Solid Disc) 

Solids at Gun - 36% 
Drying Tj_me (Tack free) 5-7 minutes 
60° Glossmeter Reading - Maximum 6 

Color Chip 

20. The resin and other eonstituents of the foregoing formulae 
were .selected after extensive studies including several materials of 
varying properties. Bakelite XK-13981 when substituted for Bakelite 
XK-3962 produced films which dried rapidly and otherwise possess many 
desirable properties. The film produced from its use was rough and 
gritty in appearance. Several alkyd emulsions were investigated and 
their properties noted. By their use it was possible to prepare 
films practiceslly mat. The drying period was too long, but more 
import1mt was the faC'.t that they do not adhere to lacquer films so 
·well and considerable checking was evident ~ In addition, several 
finished products were studied for their properties as carnouflagLrig 
materi&ls. In most cases some obj ectionable feature such as too long 
drying period or too much gloss c:.utomatic£tlly eliminated them. 

(b) Discussion 

21. The formulae as presented were selected a s the most 
applicable to the problem of aircraft c2..rnouflage fro!:l numerous 
cow.binations tried, The resin employed, while not possessing all the 
characteristics that trnuld ma.ke it ideal, does [,pproa ch it 1n.o:re closely 
than others investigated. It dries fo.st and hard and since its 
wetting c&pacity is relatively poor, it tends to produce a duller 
sheen than vehi cles possessing superior dispersing qualities. However, 

-9-
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DECL}\SSIFIED 
this deficiency :is not sufficient to make settling a problem . Samples 
stored for considerable time under varyinr, condi tions of t emperature 
a pp,~ar to be q1,1i te stable. All these paints may be thinned with toluol 
or T-25-d -thinner, e:i. ther of which is already available in quantity 
at cost overhaul bases . 

22. I t does not appear practical to produce a paint containing 
aluminum pigraent alone of sufficient Jilatness to b6 of value as a 
cc:mouflage material. Experiments indicate that it is impossible to 
raisE: the pi gricnt to binder ratio to ;::mch a, Vfalue that sufficient 
Dc.tness is obtE<ined. Before this point iG reached, the pigmc;pt to 
binder r Btio is so far out of be.lance thc.t :-.:. cheesy film r esults 
which is entirely too roueh for US f:- on C'. ircraft and possesses little 
or no value n r, c, protective coating. From Plc:,te 2, it mn.y be seen 
th2.t a pigr;;ent&tion of from 2 to 2-1/2 pounds per gn.llon is the 
pr,'.~ctic8.l limit, 1:is beyond this po:Lnt no r;:nrked decre,~,se in gloss is 
noted :.:• nd the film produced is rough 1:x1d non-uniform. 

23. Ple te 1 illustra tes an interesting point. The c:..luminum 
powder used for the pigment1:,t :Lon r epresented here is highly polished. 
As the pigr;:ent to binder ratio is inc rc)t,Sed, E;, decrec:se in ~loss is 
noted up to e point of .s.pproxim1.:.tely 1-1/2 pounds per gallon. As this 
point is passed, i=mothcr nc,ximum in gloss is noted c.t & pigL1EmtE.tion 
of o.pproxirnatdy 2 pounds per g::;_llon. Furthe r uidj. tion of pigncnt then 
r educes the gloss in the usual r;,anrwr tha t i s to be expected. From 
this b ehD.vior it r.1ay be concluded thu t the ini ti,:'Ll gloss of the film 
is due to the cht,.rnctoristics of tht, binder c.nd add ition of pigr:1ent 
r educes this gloss .:Js ordinDTily is expected. However, ect ;: pig!nent,:,tion 
of approximately 2 po1.illds per g.:;;.llon the binder ceases to be the 
predominating factor in gloss intensity and. the reflectivity becomes 
lc,rgely due to the eluminun pigment itself. It me..y be supposed that 
here the number of .sl11F:inum pe.rticle,3 present ure of such a n order 
that it still possesses good leafing qu.::.li ties. As the nur;/ber of 
particles increoses further, tht1y become so crowded tho.t good lec:fing 
c&nnot, occur and the ,,ffectiv0 light r e flecting power i s d0crE;ased 
a.go.in 1::.s n r c su.l t. This pc:.rU.cul2r ph2:nor,'0n& is not noticed in 
instE"ances where r: dull pip;,0nt i s used, as is evident from Pl.::i.tes 2 to 6. 

2l. Anv attempt to nroduce a wat alUDirn.:un paint by incorporating 
en inert flatting agent s uch a.s a. Detallic soap or d i2tor,1aceous ~arth 
were quite unsuccessful. As a r::atter of faet, the addition of varying 
aiilounts of this t ype na.terial had no visible effect on t,he gloss. This 
i s explained by the fact that the propertier, of the a luLinur;: particles 
are such that in a wet film they float to the surface and leaf ovC:: r the 
inert particles for□ing ru1 effective filr, ,just a.s though this pigcent 
were not present. 

CONCLUSIONS AND RECO?f:LlENDATIONS 

(a) Fa cts Established 

25. Forr.:ulre havt: been presE:.ntcd for dull f:;Lnish6s cuitable for 
c ircrcift c&ir,oufl age in colors of gn.,y , gre .:m, bl.:.1ck :,ncl ,1lun inur:1. Those 
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DECLASSIFIED 
colors selected were chosen as directed by "Handbook of I ns tructions for 
Navr:: l Airplane Camouflc.ge" and the proper s hnde of ea.ch wa s determined 
by r ef erence to the Munsell book of color s t &ndards. The formulae were 
developed to meet these shade and color design2.tions. 

26. 'I'he use of an a lumi num finish in Cc.tmouflc..ge work is dsfini tely 
limited by the f act th&.t extremely dull surfoces cannot be prep&red from 
it. For tre.:-:: ting .surfa ces where it nort1c.lly would be used u. grEcy pnint 
of e.pp::.~oximately the seme tone should be c.pplied. 

27. Two methods of estimotj_ng the §;loss of a pD.inted surface 
ho.ve bec,n described c.nd the ir applicotion discusse:d. Whih, the 
lo.borLtory ins trument probobly yields so1:1ewh&t gr0&t er &ccun,cy, the 
60° Glossraeter is more prncticccl and is imnedia t ely a.vc.ilnble to 
prospective us;ers. Lir:11.ts of gloss hc:.ve been established for e.s.ch p&int 
in terns of thi o instrur:ient. 

(b) Recom;ienda ti.9.!1§. 

28. It is recoruJended thut these mate:cii.ls be subjected to o 

service test rJ.s con;pc.red to the extremely flc.t lacquers which ,-::re 
2wnihble. 

29. A more detniled study of direct cmd diffuse r eflectance would 
per;·,sit the writing of r;lOrc exa ct s pecificc.tions fo r the ev,~luation of 
the reflecting prop&rties of v:.rious CDE:ouflcge r:i&.teri.::;_ls. 
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DECLA.SSIFIED 
APPENDIX 

1. In order to deterr.ine the proper shade for each color, it 
was necess&ry to make up numerous batches of varying shades from which 
the correct one was selected, As previously pointed out, the shade of 
each color to be used was selec t ed as directed in "Handbook of Instruc­
tions for Naval Airplane Cc.mouflage ~ P These instructions indicate 
the per cent reflectivity which each color should possess. The various 
shades of these colors are cocpar ed to the Munsdl color ste.ndards 
whereby the shade of prop~r r eflectivity can be easily sel8cted. Once 
the proper shade is detsrmined, the sheen or gloss is varied by rraking 
another sGrL~s of batches c.nd from them the proper pigment to binder 
ratio limits are de ter□incd for each color. 

2, Aluminum. For the alu.i,,inum paint two grades of aluminum 
powder were inves tigated - Federal Specification 52-A-ld, Type A, and 
Aluminum Company of Anerica. 1 s powder #601. Since the final formulae 
have alreo.dy been giveµ, it Vv ill suffice here to say that B2.keli te 
No. 3962 was reduced with suitable thinners to a viscosity of C 
{Gardner-Holdt) und then aluminized as des i gnat Gd in Table 1. Further 
reduction with Bureau of Aeronautics Specifice.tion thiTu."lcr T-25-d was 
necesscry in the case of the r,ore highly pigr;,ented sruJples for a spraying 
viscosity. Teble 1 also includes the values of the ratio Br/Bs as a 

neasure of specular reflection which is described in det&il in 
paragraph 8 of this report. The v0.lues for gloss as obtained by the 
60° Glossr:.eter are also incl\lded. In each case, the paint was sprayed 
over an aluminum panel previously coated with one ~coat of zinc chromate 
primer (P-27-bl) and a coc:. t of pigmented l acquer (L-12a). 

Panel 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

Table 1 

Relction of Gloss to Pigr:1ent-Binder Rcctio. 

Pounds 52-A-ld Aluninun 
per Gallon Vehicle 

1/2 
1 
1-1/2 
2 
2-1/2 
3 
3-1/2 
4 

Relative Gloss 
Br/B3 60° Glos smeter Value 
---

14 
9,5 
9,8 
9.3 
8.3 
8.1 
6. l. 
4.7 

50 

38 
50 
50 
47 
38 
33 

3. All the panels prepc:.red with 52-A-ld a.ppeured too glossy. 
As en al t ernnti ve a sieil(tr t,eries w:.cs pr-epared under the s r:::.me conditions 
using Aluninum Compnny of ArK,rica 1 s dull powder # 601. Th1:c compos itions, 
color chips e.nd r esults of glos s De1. surer:12nts ar e e iven in Table 2. 
These results e.r e r epresented gn.phi'.;1~ll y in Plate 2. 
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Table 2 

Color Chips for Aluminum. 

Relative Gloss 

6.1 21 

2.8 15 

-\:- " 
·• 

2.2 11 

1.65 9 

1.48 7-8 

1.43 6-7 

DECLASSIFIEQppendix, 

Pigment 
Lb ./Ga.llon 

1 

1-1/2 

2 

2-1/2 

3 

3-1/2 
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DECL~~SSIFIED 
!,,.. The paints r epresented by panels number s 8 (Table 1) and 

17 above a ppar ently passed a practical lirni t for p.i.gr.,ent. to binder 
rat io . This was evi denced by the r ough surface of the film and by 
the f a.ct tha t the film its elf was somewhat chee ,Jy r;-,;_ther t han tough and 
hard as is characteristic of this type f inish. Since panel No. 8 was 
judged too glossy for c&moufl age purposes , 52-A-l d wo.s el iminated for 
use a s a pign;ent. The r esults obtained with Aluminum Company of 
Am2rica I s powder 11601 displayed greater poss ibilities from the optical 
standpoint. The paint on panel No. 15 was pigr.:ented about as highly 
(2-1/2 pottnds per gallon) as appears practical, and since its specular 
r eflec t ance was about 2.s low as tha t of one pigmented considerc:tbly 
higher, it wa s selected as thE, standard for the dull aluminum finish. 
Color chips showing the effect of varying the pif,;rJent to binder ratio 
were included in Plate 2 along with the value of specular reflectE:.nce 
as 1:1-easured by the t Fo instruments. 

5, Prelimina.ry expeTirnents indicated that for the black pa.int 
a pigrr:ent to binder ratio greater than 1/2 diminishes the gloss at a 
very slow rate. Consequently, a paste v"as pr0po.red having t wo p&.rts 
binder to one part cE.rbon ble.ck. Fror;1 this paste, 8. series of six 
blends was made d0creasing the pigm2nt to binder r atio bet\"een each 
step. Table 3 shows the r el utive rloss of .;:,a.ch blend &nd color chips 
in addition to the pi[~rnen t to bind.er r e. tio . Thes2 d& ta DTG shovm 
graphically in Plate 3. 
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Table J 

Color Chips for Black. 

Relative Gloss 
Br,/B8 60° Glossmeter 

4 

15.6 8 

12 

191 15 

561 30 

623 33 

DEC 

Pigment to 
Binder Ratio 

0.500 

0,358 

0.278 

0.228 

0.193 

0.176 



DECL.ASSIFIED 
6. As a r esult of the measurements indice.ted in Table 3, 

a formula similar to ths.t. repr esented by s ample No. 2 was judged 
to be adequate . However, i t was dis covered t hat a high carbon black 
content had a t endency to cause ccnsiderable bodying in the packaged 
material. In t he final forrr..ula submitted in the main body of this 
report, the amount of carbon black was grec:..tly r educed Dnd t i1e pigment 
to binder r otio mainta ined by the addition of inert dia tomaceous 
earth. Subsequent t 8stt~ indicc:.ted this material to be 0qu&lly low :i.n 
specular reflectance e,nd sufficiently stable in the package . 

7, Table 4 and Plate 4 show the relationship of gloss to 
pig□ent to binder ratio for the dull gray formula. Panel No. l 
appears to pos sess the desired characteristics for this color and 
the subr.ii tted forr;mla. wa s derived from this blend. 

8. Dull Dark Green. The dull green formulc. designed for use 
on the top of c:.ircraft was developed in the sc:.,me manner as the fore going. 
The relationship of f;loss to pigment to bind.er r o. tio is shown in 
Tc.ble 5 c.nd Plde 5. 

9, As a possibl6 substitute fo:r green, n blue formula is 
shown in Table 6 P.nd Plate 6. 
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Table 4 

Color Chips for Gray. 

Relative Gloss 
Br/B8 60° Glossme ter 

1.22 2 

3,55 4 

5,6 77 
I 

9.0 11 

23,3 17 

Pigment to 
Binder Ratio 

1.26 

0.05 

0,892 

0,758 

0.632 
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Table 5 

Color Chips for Green. 

Relative Gloss Pigment to 
Br/B8 60° Glossmeter Binder Ratio 

7,4 4 1,260 

21 7 1.085 

49 10 0,950 

70 20 0,758 

240 30 0.632 
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Table 6 

Color Chips for Dull Blue . 

Rel a tive Gloss 
60° Glossmeter 

4 

6 

9 

14 

Pigrr,ent to 
Binder Ratio 

1.19 

0,87 

o. 68 

o. 57 

page 8. 
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