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SECTION 1

SUMMARY

This report describes the research performed under contract
DAAK 70-81-C-0126 on the utilization of polymeric bead technology
in camouflage coatings. The primary objective of this program
was to determine the feasibility of adapting polymeric bead tech-
nology to the Army's needs in camouflage coatings.

Clear polymeric beads were used in place of all inerts in
the following camouflage specifications:

. Mi1~E-52798A, Air Dry Alkyd Enamel

. Mil-E-52929, Flash Dry Alkyd Enamel

. Mil-C-46168A, Chemical Agzent Resistant Urethane.
When the polymeric heade ware incorpesrated ints cach of these
specifications, it was observed that the beads effectively lower-
ed gloss and improved mar-resistance, cleanability and weather-

resistance of the coating.

The concept of a transpaient chemicatl-agent-resistant ure-
thane over coat, containing clearv vesiculated beads, was also in-
vestigated. The 1iIntent was to te able to apnly this «clear
urethane over tactical vehicles already painted with corventional
alkyd camouflage coatings thus imparting chemical-agent-resist-
ance. Ten micron clear vesiculated beads were found to be a
necessary part of this formulation in order to achieve the 'ow

gloss required by the specification without harming the trans-
parency of the film.

A variety of pigments commer. to camouflage paint formulation
were encapsulated. It was found to be possible to produce 2
Forest Green camoufiage coating in which all prime pigments and
inerts were replaced with pigmented beads.

The research summarized in this report indicates that poly-
meric bead technrology caan be beneficial for camoufiage coatings.
The data supportits the conclusions that polymeric beads effective-
ly ltower gloss while improving the mar-resistance, clearmability
and weather-resistance of a camouflage coating.

-
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g SECTION 1t
b PREFACE
e
:
This report was prepared by J. W. Uphoff, V. R. Ecker, E.
r} S e el L .- _
N‘ Oberg and j. M. Stone of the Enterprise Chemical Coatings Com-

pany, Wheellng; I]Iiﬁois, under Contract DAAK 70-R1-C-0126. The

title ol this research project was "Polymeric Beads for Organic

Coatings."

v N
0P R

This project was issued by the U. S. Army Mobiiity Equipment

" A Research und Development Command, Procursment z2nd Producticn Di-

rectorate, Fort Belvoir, Virginia, in coordination with Fred
Lafferman, Chief -~ Organics/Chemical Coatings Research Group.

The contiact was administered by DCASMA, Chicago, O'Hare !nter-

IR /SRR 7 AR

s national Airport, Chicago, i!linois.

e

_q The research performed under this contract was conducted

- from July, 1981 through June, 1982,
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SECTION 111

.

COPYRIGHT PERMISSION

The material used in thie report does not require copyright
permission. It shouic be noted that the polymeric beads are

manufactured by a process that is patended by Dulux Australia

Limited, Melbourne, Australia (Patent f##3,822,224).
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SECTION 1V

INTRODUCTION

in july, 1981, the U. S. Army Mobility Equipment Research
and Development Command {(MERADCOM) awarded contract DAAK 70-81-
C-0126 to the Enterprise Chemical Coatings Company to investigate
the utilization of polymeric bead technology in camouflzge coat-
ings. ~3The oprimary objective of this program was to develop a
beaded camouflage coating that has the following benefits while
sti!l conforming to the spectral and performance characteristics
of the Army camouflage specificati

ons?

‘
. dimproved mar resistanc{}\

. dImproved weather resistance;ftmf)
. wimproved cost effectiveness.

These improvements in camouflage coatings are Iimportanmt to
the Army for seveval reasons. Conventional coatings mar very
® - e.sily due to the high loading of inects required to achisve the
& very low gloss specified. The marring is detrimental to both the
} visual appearance of the coating as well as harming the film's
infrared color properties.

Conv ntional camouflage enamels tend to generate a white
chalk-face upon weathering due 1o the large quantities of inerts L
that are typically Iin these formulas. The white chalk~face will
also destrcy the camouflage spectral color characteristics of the - S
coating. '_,

With the advent of the Army moving toward utilization of a _
O more expensive urethane ccating, the need for cost effective for- B -
- mulations becomes increasingly important. Pigmented beads offer- -
ed a potential formulation tool for reducing totai pigment costs :
in camouflage systems. v

g With these goals in mind, contract DAAK 70-81-C-0126 was :;j

- started to devecrmine whether the use cof polymeric beads would ;1:
offer a feasible solution to the Army's future camouflage coat- o
ings requirements.




SECTION v

BACKGROUND

This report describes the steps that were taken to determine
the feasibility of using beads Iin camouflage coatings systems.
in order to understand the terminology associated with polymeric
bead technology a few of the terms that are commonly wused are
defined below:

;,
b.

A. POLYMERIC BEADS

A Polymeric bead is a microscopic sphere that is produced by
2 patented suspension polymerization process. The polymer~—
izatien of an unsaturated polysster/styrene mixture forms
the polymeric structure of the bead. The research performed
under this contract was done with beads that were either 25
microns or 10 microns in top slze.

I
8

g

B, POLYMERIC BEAD CLASSIFICAT!IONS

Polymeric beads can be classified into four main categories:

. Clear Solid Polymeric Beads

. Clear Vesiculated Polymeric Besads
G-
{j . Pilgmented Solid Polymeric Beads
b
F% . Pigmentead Vesiculated Polymeric Beads.
?' 1. Clear Solid Pelymeric Beads
‘F.
= A sclid polymeric bead is comprised of a scolid
L mass of polymerized unsaturated polyester/styrene
[‘ resin mixture.
5? z. Clear Vesiculated Polymeric Beads
ﬁ; A vesiculated bead contains entrapped air vessi-
b; cles, The outer shell of the beads and the walls
%i of each vessicle are composed of tte poivyester/
.- styrene polymer. As tight is refracted by the
Ve o interfaces of the vessicles of the bead, a whi-
: tening or opacifying optical effect occurs.
.
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3. Plgmented Solid Polymeric Beads

l Pigment van be added to polyester/styrene mixtures
to form a solid, pigmented polymeric mass.

4. Pigmented Vesiculated Polymeric Beads :

) Encapsulation of pigment Iin a vesiculated bead
! results in a random distribution of pigment
particles within the polymeric walls that surround

each air vessicle. Figure 1 is a photograpk taken

by a scanning electron microscope of a field of

titanium vesiculated beads. Figure 2 is a
) photograph of one eleven micron bead. The shadowy
I dimpled areas are the vessicles as seen from an

outside view of the bead. A c¢cress-scction of a :
vesiculated bead is shown in Figure 3. The inside N
of a vesiculated bead has a honeycomb structure. -
The dark, shadowy areas are the air vessicles
- while the very white areas are the titanium
! pigment that has been encapsulated in the walls of
3 the bead.

- The majority of the resecarch work performed under this con-
tract waes done with clear vesiculated polymeric beads as a re-
- B placement for the conventional talcs and inmerts thar are typi-
' gy cally used to lower :he gloss and sheen of camouflage systems.
- Vesicuiated beads were chosen becauce 2 comparison of clear,
- solid and clear vesiculated beazds showed that the vesiculated -
beads lower gloss more efficiently, with a2 minimal effect on cost Ny -

- and colc¢cr- properties. Clear beads were also selected foi our
E initial work so that the efrect of the bead alone could be exam-
l ined in a camouflage coating (see Table 1).
f in order to determine the feasibility of utilizing polymeric

beads in camouflage coatings, It was necessary to evaluate the N

beads in ail three of the primary camouflage specifications: ..
| . Mil-E~52798A, Air Dry Alkyd Enamel, Type | and ||

. Mii-E52929, Flash Dry Alkvd Ename!, Type | and 1] o

ﬁ . Mit-E-46168A, Chemical Ageni Resistant Urethane, Type ! f:
: and 11. 18
€ ]

Most of the preliminary work performed in each specification
was done in the Forest Green color, since this color bistorically
is the most commonly used camcuflage color and is also the most

: difficult green to match for coier.
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FIGURE 1

25 MICRON (TOP SIZE) TITANIUNM VESICULATED BEADS
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AN 11 MICRON TITANIUM VESICULATED BEAD “
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FIGURE 3

CROSS-SECTION OF AM 11 MICRON TITANIUM VESICULATED BEAD

~




B . Additional information is presented that describes our ef-
) forts to make 2 transpareni, low gloss, chemical-agent-resistant
vrethane coatirg with clear oolymeric¢ beads. This corncept would
allow the Army to repaint tzctical vehicles that had obeen pre-
viously coated with conventiunal alkvd camouflage systems with a
clear coating that would give the vehicle chemical~agent-resist—
ance while maintaining the origins) camouflage spectral proper-
B ies. The beads are necessary to provide the required low g10ss.

' Use of cornventional inerts to tower gloss in the clear urethane

would cause the film to become opague and distort the original
camouflage color.

The remainder of our research work centered around replace-
ment of all conventional camouflage pigments and inerts with pig-
mented ves culated beads. Results of that work are also present—
ed in this report.
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SECTION VI

INVESTIGATION

During the course of this contract, our research determined
that polymeric beads can be used successfully in camouflage coat-
ings to provide a low gloss finish that has improved mar-resist-
ance, and Improved weather-resistance over current camouflage
coating systems. it was also determined that the clear po'’ymeric
besd structure s resistant to the harsh decontamirant, DS as
well as other chemical agents. An evaluation of clear polymeric
beads in Mil-C-48168BA, Allphatic Polyurethane, showed that these
beads are chemical-agent-resistant.

Formulas for the following camouflage specifications and the
respective colors In these specifications have been developed
utilizing polymeric bead technology:

. Milt-E-52798A, Air Dry Alkyd Enamel, Forest Groeon,
Type | and Type 11

. MII-E-5292G6, Fltash Dry Alkyd Enamel, Forest Green,
Type | and Type (1

. Mii-C-46168A, Chemical Agent Resistant Coating
- Colors:

-- Forest Green, Lead-Containing

-- Forest Green, Lead-Free
- Bfack
- Aircraft Insignia Blue

-- Fteld Drad

- Olive Drab (Federal Color Standard 595-34087)
-- Sand

- Alrcraft White

- Alrcraft Black

-- Alrcraft Green

- Clear.

A clesar chemical-agont-resistant urcthane top coat formula,
containing clear vesiculated beads was developed tor the purpose
of top coating exlsting camcuaflage coatings that are not chem-
lcal-agent~resistant. The clear coazting has the low gloss re-
quired of a camoufltage coating and does not distort the spectral
properties of the original coating.
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A Forest Green, conforming to MII-C-46168A, urethane, was
also developed, wutilizing pigmented vesliculaied beads «n the
place of all prime pigments and inerts in the formulation. Opti-
mization of this formula is not complete but our research Iindi-
cates that this Is a Yeasible approach.

Actual test results are included in Section VIl of this re-~
port. The most significant test methods 2nd equipment actually
used for test purposes are described in Table .. While the other
physical properties rcequired by each specification were also
evaluated on final beaded formulations, those tests Ilisted in
Tadble 2 were run routinely on samples in order to determine the
direction our ressarch should follow.

Since there was no previousiy published research literature
on the use of polymeric beads In camouflage coatings, it was
necessary to first determine which clear bead, solid or vesicu-
lated gave the most desirable properties. The flow~-chart of
Table 3 describes, very simply, the path our research on clear
beads followed during the course of this contract. The camou-
flage coatings subsequently developed with <clear vesiculated
beads met tne requirements outlined in each respective specifi-
cation.
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TABLE 3

CONVENT {ONAL CAMOUFLAGE COATING

| |
v v
! Insert Clear 1 ! 'nsert Clear Vesliculated |
I Solid Reads ! | Beaags in place of inerts 1
t in place of | I Gloss and sheen
! Inerts § | color -
1 { satisfactory
| |
| ¥
| ! | t |
t | 1 t !
| v v \4 \
1 IMII-E-52929 1 IMIiI1-E-52798A1 iMil-C-46168A1 IMII-C-46168A1
I IForest Greeni IForest Greenl 1Forest Greenl IClear Over |
1 l { Coat 1
v !
N 1 Gloss and sheen 1 ]
- I results satisfactory | v —
g - 1 but not as efficient | ! Match remaining [
- { as veslculated bead | i cotors in MII-C-46168A 1
. | specification 1
I
®
»
1 % ‘. '

Vi-3




‘
.

v
B
N
B
»
.
%

.

B S A acudind

'
’.
-
[~
1.

ST T
Lo, 4 .

800!

ﬂ,,.vr

SO

SECTION VI I

DISCUSSION

At the beginning of this contract, large standard lots of
the raw materials used in conventional camouflage conatings were
set aside for the purposes of our work. This was done so tihat we
could assure ourseivcs that any changes between a conventional
camouf!lage coating and the beaded camouflage coating were attri-~-
buted to tha bead alone.

The objective of the Ialtial series of experiments conducted
was to determine if all of the conventional gloss reduction ma-
terials used in camouflage coatings, such as tals und diztoma-
ceous silicas, couid be replaced with clear beads and stili ob-
tain the required gloss and sheen. At thic point, we removed all
of the inerts in a MII1-C-46168A, Forest Green formula, aad in-~
serted 0.4 pounds per gallon of clear solid beads in one sample
and 0.4 pounds per galion of clear vesiculated beads in another
camnle, The recults of thls $ria! a7e summarized 1n Tabie 1.
From the data it can be seen that the clear vesiculated bead
lowered the gloss and sheen into the specified range while the
clear solid bead formula was out-of-specification. The next step
w2s to determine the quantity of solid beads required to achieve
the same gloss. Note that five (S5) times as many solld beads
were required to achieve the same gloss and sheen obtained with
clear vesiculated beads.

-

Based on the results of our initial set: of experiments, we
then proczeeded to Introduce clszar vesiculated beads into the
three primary camouflage specifizations. A supmmrary of the re-
search performed, and datz obtained in each specification, |is
described in the following subsections.

A. CLEAR VESICULATED BEADS

1. Mil-E-52929 Flash Dry Alkyd Enamel

Since the original leve! of 9.4 pounds p:r gallon 25
micron clear vesiculated beads initially gave satis-
factory color and gloss resuits, we decided to deter-
mine If this was an optimum level of beads to use. An
experiment was conducted in which we made samples of
MiI-E-52929, Forest Green, Type !, a2t bead levels of
0.3 pounds, 0.4 pounds and 0.5 pounds per gallon. The
color and gloss resuits of this test are summarized in
Table 4,
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TABLE 4

MIL-E-52929, FOREST GREEN

COMPARISON OF VARIOUS CLEAR, VESICULATED BEAD LEVELS

Bead v Cne 1 B85°® I Cap | |

Level I Gloss ! Sheen | "y~" I Lx I Ly

0.3 #/Gal, : 1.2 : 1.0 : 9.87 : 0.31774l| 0.37610
0.4 #/Galt, : 0.4 : 0.8 : 106.32 : 0.31918 : 0.38229
0.5 #/Gal. : 0.3 : 0.8 : 10.79 : 0.32012 : 0.38445

As can bc seen from these results, the 0.4 pounds pev
gatlon Jlevel of cliar vesiculated beads offered the
most desireable combination of <color properties and
gloss c¢control. The remainder of our work with this
specification was therefore based on the 0.4 pounds per
gallon level.

The starting formulation for the conventional MiIl-E-
52929, Forest Green, Type i zamouflage coating |Is shown
in Flgure 4. The gloss and color readings, color
curve, and position within the ellipse for this system
is shown in Figures 5, 6 and 7 respectively.

The initlal starting formulation we used to incorponrate
25 micron clear vesiculated beads at an 0.4 pound per
galton level is shown in Figure 8. In this formula-
tion, we first dispersed the prime pigment on 2 sand
mill to a 7 N.S. dispersion, then added the beads and
sand milled the cntire formula to a 4 N.S. grind. The
gloss and <color readings, color curve and position
within the ellipse are shoewn in Figure 9, 10 and 11.
Ncte that the Cap "Y"™ and 670 wavelength reading are
both high. We were unable to move the color completely
into the specification.

A series of wetting agents were evaluated to determine
if the color could be moved into the required range.
The resuvits of that evaluation are summarized in Table
5. However, white the AMP (2-amino-2-methyl-l-propa-
no'!) had the motct noticeable effect on the color we
sti!l were unable to move the color into position.

An attempt to use a 10 micron clear vesiculated bead in
place of a 25 micron bead was them made to see if the
smaller bead would give a lower brightness reading.
The results of this experiment are shown in Figures 12,
13 and 14, The smaller bead size did not help improve
the brightness enough to allow us to shade the color
into the required ellipse.
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In the next phase of our work, the 25 micron clear
vesiculated beads were added to the formula at the same

4 time the prime pigments were added. The entire pig-
: ment/bead paste was ther sand milled until a 4 N.S. \
dispersion was obtained. This method of processing was R

successful in that the color could be readily shaded R
into the cllipse. The color results ate displayed in ‘
Figures 15, 16 and 17. After repeating this experiment
several times to confirm our results, the formula shown

in Figure 18 was established as our final! beaded formu- }”:
ta for Mil-E-52929, tash Dry Enamel, Forest Green, -4
Type !. it was with this formuiaticn that we began ’

physicatl testing of the <coating versus the speci-
fication.

During the course of our testing, 1t was observed that :
the beaded coating displayed two p, imary benefits over
the conventional flash dry system. They are: X

. Significantly improved mar-resistance E
N . Beiter color retention upon weathering. i
The improvement 1{in mar-resistance is best shown in E

Ffigure 19, This photograph shows side-by-side panels
of a2 conventionai and beaded camouflage flash dry alkyd :,

- 9 ename! cvetem, A fingernal! wace then d 2g3ed acroce L
v the surface of beth panels at a const nt pressure.
. From the photograph it is evident that the conventional
o system marred severly while the beaded system showed
s little or no marring. A sample of this beaded system
was sent to Bendix Communications focr evaluation be-
. cause they were having problems with the conventional
[ Mil1-E~52929, Fizsh Dry Enamel, marring during thelr
- equipment assemblv. Thelr testing confirmed that the
beaded Mil1-E-52929 had superior mar-resistarce to the
conventional! formulation.
! The photograph in Figure 20 shows the Q-U-V Weather-
. Ometer tests that were run on the conventional and
beacded systems. These panels were exposed for 300
hours in the Q-U-V, Note that the conventional! system
g has a white chalk-face after 300 hours exposure. The
g chalking destroys the original camouflage color pro-
.? perties of the coating. However, the beaded pane! does
k not exhibit the same chalking tendency since there are
no inerts in this system. This fact is evidenced by
the noticeable difference in Cap "Y" reading on the
expossd panels, The color and gltoss results for the

i exposed panels are summarized in Figure 21,




FIGURE 19

I MIL-E-52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE I,

MAR-REStSTANCE COMPARISON OF CONVENTIONAL VS.
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FIGURE 20

ALKYD CAMOUFLAGE, FLASH DRY, TYPE 1,

300 HOUR Q-U-V WEATHER-OMETER EXPOSURE PANELS OF
CONVENT IONAL. AND BEADED SYSTEMS
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Once the formulation for the beaded Mil-E-52229, Forest
Green, TYType | was developed, the same technoliogy was
utilized to develop a Type 11, Lead-Free, Flash Dry
Alkyd. The Type Il conventional formulation, the final
beadea formulation, and the results of the color and
gloss measurements on the beaded system are displayed
In Figures 22, 23, 24, 25 and 26, The mar-resistance
and Weather-Ometer results of the beaded, Type 11,
Flash Dry system showed the same trend as with the Type
| version.

Mit-E~52798A, Air Dry Alkyd Ename.

The techniques used to formulate MII-E-52798BA, Fcrest
Green, are very similar to those used for the
Mil-E~52929 “ormulation. Therefore, the 0.4 pounds per
gallon level of clear vesiculated beads was substituted
for all inerts in the conventional Mi!'-£52798A formula-

tion., As can be seen from the data, this level of
beads brought the color and gloss inmnto the | imits re-
quired by the specification for both the Type | and
Type 1! formuias. The conventional formulations for
Mil-E~52798A, Forest Grecn, Type | and !l are shown in

Figures 27 and 28. The subsequent beaded formulations
for Type |1 and Type |1, as well as the resulting color
and gloss data are provided in Figures 29 to 36,

The finai beaded formulations for Fcorest Green, Type |
“Jf and Type Il were then evaluated against the specifica- .
- tion. Once again, the beaded coatings proved to have 3
- superior mar-resistance and wcatherability to the con- -y
ventional alkyd camouflage system. The photograph in .
Figure 37 shows panels of converntional and beaded ’
Mil-E-52798A, Foarest Green, Tvpe 1, after exposure in

the QO-U-V Weather-Ometer fcr 300 and 500 hours. The
conventional system again has a heavy white chalk-face o
while the beaded system more closely retains its ori- ‘-
ginal coloar characteristics. The weathering data for
this seriss of panels is summarized in Figure 38.

3. Mil-C-46168A, Chemical Agent Resistant Urethane

The first point to be reconciled in formulating .
. Mil-C-46168A with beads was whether the polymeric '.'
N structure of the bheads is resistant to the chemical
' decontaminant, DS,_. Samples of clear vesiculated and

clear solid beads “were submitted to Ft., Belvoir for DS
testing and found to be resistant to this harsh decon-

o taminant. A sample of a vesicutated bead which was
”i pigmented with an organic brown that was known to be
attack was also submitted. When DS

s susceptible to 052 2
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was applied to the organic brown bead the brown wai
dissolved from the inner walls of the vesiculated bead
but the polymeric structure of the bead itself remained
intzact., Based on these results, it appears that In
order to use a pigmented vesiculated bead in Mil-C-
46168A, the pigment must be chemical-agent-rasistant
sinca the vesiculated structure of the bead allows the
DS2 to enter the bead and cannot protect the pigment.

The first stevp in formulating a Mil-C-46168A, Forest

Green, Type | with clear vesiculated beads, was to
replace all {nerts with 0.4 pounds per gallon of poly-
meric beads. Since the wurethane is a two-componrent

system that is mixed four (4) parts A (Base) to one (1)
Part B (Activator), it is necessary to remember that
the 0.4 pounds per galilon bead tevel is based on a
total mixed gallon of the two components. As with the
beaded air dry alkyd and thke flash dry alkyd systems,
the beaided Mil-C-46168A Urethane, had better wmar-
resistance and weathering when compared to the conven-
tionally formulaied system. The conventional starting
formulation that was used is shown In Figure 39 whkile
the beaded version Iis listed in Figure 40. Color data
cn the beaded formulation is displayed in Figures 41,
42 and 43. Results of the weathering tests on Forest
Green, Type | are Iincluded in Figure 44.

Other colorse in the MII~-C-46168A gquality that have been
developed with clear vesiculated beads are: Forest
Green (Type 1I11l), Btack, Field Drab, Ollve Drabd
(#34087), Sand, Insignia Biue, Aircraft White, Alrcraft
Black and Alrcraft Green. In each case, a level! of 0.4
to 0.45 pounds of beads was used per mixed gallon. The
prime pigment ratios in some beaded formulas had to be
aitered siightly from the conventional! formuia in order
to compensate for the increase in Cap ®*Y" that the
vesiculated bead causes. Formulations and spectral
data for each of the beaded colors mentioned above are
given in Figures 45 through 62. Q-U-V weathering tests
have not been completed on ail! of the beaded urethane
colors at the time this report was issuved. However,
the photograph in Figure 63 dispiays results of 300
hour Q-U-V tests on the conventional and beaded Black
and Fleid Drab formulations.

Mi1-C-46168A, Clear Beaded Urethans: Over Coat

The Army's decision to eventually require chemical-~
agent-resistant coatings (CARC) on all tactical equip-
ment initiated the idea that perhaps a transparent,

tvw-gloss, chemical-agent-resistant wuretharne could be
devetoped to apply over conventional alkyd camouflage




FIGURE 63

MIL-C-46168A, ALIPHAVIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
300 HOUR Q-U-V WEATHER-OMETER PANELS OF FIELD CRAB AND BLACK
CONVENT IONAL VS. BEADED SYSTEMS
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coatings. This concept would make the coating system
chemical-agent-~resistant and would signiflcantly reduce
the cost of repainting vehicles in the field since a
¢lear ursthane over coat would be much less co . tly than
a pigmenied camouf'age urethane.

The clear, l!ow-gloss ove; coat con:zept couid not bhe
accompliished with convenptional inerts since tzlcs and
silicas wou'd give the film a partially opaque appear-
ance. However, <ctlear vesiculated beads offered a

possible formulation tool to achloeve both the iow-gloss
and the transparency.

In our first experiment, we used 25 micran clear vesi-
culated beads, at 3 0.57 pounds per admiryxed gallon
level, in a clear Mil-C-46168A formulaticen. This coat-
ing was then applied at 0.5 mi! DFT (dry film thick-
ness) over a panel tnat had been coated with Mil-E-
52798A, Forest Green Alkyd. The 25 micron clear
vesiculated bead was not transparent enough, causing
the total coating system to have slightly distorted
color values.

The next 36t of experiments ware conducted using a 0
micron <c¢lear vesicufated tead a: a pound-for-pound
rerlacement for the 25 micron bead in the clear ure~
thane formulztion, This system was also applied at 0.5
[ o
) [
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These results 2re summarized in Table 6.

The 10 micron clear vesiculated bead 'owers the gloss
anc sheen into the required range and Iis transparent
erough to permit the origina! camouflage colur proper-
ties of the 2lkyd to show through the urethane coating.

The weathering of the total system of tne clear beaded
urethane, applied at 0.5 mils DFT over the Mil-E-
52798A, Forest Grsen, Alkyd Ename!, was then evaluated.
Pane's of this system were exposed in the Q-U-V Wea-
ther-Ometer for 300, 400 and 590 hourcs. The conven-
tlonal Mil-E-52798A was only exposed for 300 hours
since the Cap "Y®™ had already changed so dramatically
during that exposure period. Results of the exposure
testing are summarized in Table 7.
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The resuits, as indicated in Table 7, show that the o
clear beaded urethane over cocat effectively minimizes w
the white chatk-face that norma!ly occurs when a con- B
ventionai alkvd is weathered. N
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Lf- - Since the clear beadod urethane would be applied over a
L weathered finish when repainting a vehicle in the
field, we felt it necessary to check the intercoat
adhoslion and the effect of the clear coating on color
of the weathered finish. To make this dectermination,
we exposed panels of Mi1-E-52798BA, Forest Green, Alkyd
Enamel, in the Q-U-V Weather-Omoter for 200, 400 and
500 hours. We then sprayed 0.5 mils DFT of the clear
beaded urathane cver these exposed panels and checked
color and gloss. This data is shown in Table §.

[.
?

.

From these results, one can see that the clear beaded
urethane nearly returned the Cap "Y"™ of the axposed
panel back to Iits original value. Also, there wére no
signs of iIntercoat adhesion fallure between the clear
urethane and the weathered alkyd ccating.

Based on the above data, the concept of a clear, beaded
urethane appsars to be a very feasible approach for
repainting vehicles Iin the field. This system is alseo
currenily being evaluated by Grumman as a clear over
coat for stencils to make them chemical-agent-resist-
ant. initial test results by Grumman look very pro-
mising.

e. CLEAR SOL1ID BEADS

Gased on the data obtafnmcd (n Tabhle 1, very 1ittle of ocur
ressarch time on this contract was spent investigating clear
solid beads. In order to achieve the low gloss required for
camouflage, we datermined that five (5) times the fevel of
solil beads were needeod to achieve the same gloss !evel as
with vesiculated beads. We felt that the high tevel of
solild veads would be too cost-prohibitive for the Army's
end-use assuming the solid and vesl!iculated beads are a:u
equal c¢ccst.

a.

One experiment we did conduct with clear sol!lid beads was the
» addition of these teaas to the MII-C-46168A, Clear Urethane
b Over Coat. To the clear urethane, 1.25 pounds per admixed
) gallon of clear solid beads were added. At this level, the
:4 60 degree gloss was still higher than required by the speci-
n fication (Actual 2.6 -- Specification 1.0 maximum). This
ii clear, solid Yeaded urcethane coating was then zprayed at 0.5
o mils DFT over a MII-E-52798A, Air Dry Alkyd, Forest Green
P and exposed in *he Q-U-V Weather-Ometer. Results of this
@j weathering study are summarized in Table 9.
Lﬁ The data shown irn Table 9 demonstrates that the clear solid
!i beaded urethane over coat protects the conventional alkyd

camouflage coating so that a white chalk-face will not occur

upon weathering.
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The c¢lear solid beaded wurethane had excellent mar~-resjist-
ance. The interccat adhesion between this urethane coating
and the alkyd finish were also observed to be very good --
no adhesion loss was noted.

PIGMENTED BEAUS FOR CAMOUFLAGE

The concept of a camouflage coating in which atl the prime
pigments and inerts are replaced with vigmented beads
appeared to be a very logical! use of bead technoiogy. Theo—
retically, pigmented beads would lower gloss, improve mar-
resistance, Iimprove weatherability (due to removal cf
inerts), and hopefully reduce cost since the color pro-
perties of an expensive pigment such as cobalt would be
maximized through encapsulation. However, the implementa-
tion of pigmented beads into camouflage coatings is far more
complex than the implementation of clear beads due to the
wide varlety of pigments to be encapsulated and the subse-
quent color matching that would be required. Therefore, we
testecd the concept in our research - found it to be feasible
- but did not pursue it in great depth at this time due to
the immediate requirements for the clear polymeric beads.

In our work, we encapsulated a wide varlety of pigments that
are commonly used in camouflage formulations. These pig-
ments are summarized in Table 10. Note that for many of the
pigments we successfully produced both solid and vesiculated

[ I
UCdau3s e

The last phase of our research with pigmented beads centered
around the development of Mil-C-46168A, Chemical Agent Re-
sistant Coating, Forest Green, Type i and Typs I1. In our
initial experiment, a 25 micron cobalt vesiculated bead was
used in the piace of cobalt pigment znd all inerts in a
Mi|-C-46168A, Forest Green, Tvpe I!1. A smal! amount of a 25
micron bead containing diatomaceous sillica was also uvsed to
help raise the 730 nm reading. The last formulation we
wortked with is displayed in Figure 64. The speccral data,
color curve and cotor ellipse for this formulation are shown
in Figures 65, 66 and 67 respectively,

The next experiment of significance was to replace all prime
pigments and inerts in Mil-C-46168BA, Forest Green, Type |,
with pigmented beads. The most r2cent formula we oeveloped
is described in Figure 68. Note that only a cobalt vesicu-
lated bead, chromium oxide vesiculated bead and an organic
brown solid bead werc used to develop a2 Forest Green color.
The spectral data, color curve and color elflipse for this
formula are shown in Figures 606, 70 and 71 respectively.
While the 670 nm point is 0.25% higher than specification,
the color s in a very shadeable position.
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In our limited research with pigmented beads, we observed
that the mar-resistance of <the beaded <coating was mueh
improved over the conventional camouflage system as we
previously observed with the clear veciculated beaded
systems .
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CONCLUS IONS

The research conducted under <contract DAAK 70-81-C-0126
indicates that polymeric bead technology can be successfully
utilized In camouflage coatings systems, The experimental data
indicates that conventional inerts can be replaced with clear
vesiculated beads to achieve the very iow gloss required for the
Mil-E-52798A, Air Dry Alkyd; MiI-E-52929, Flash Dry Alkyd; and
MiI-E-46168A, Chemical Ageant Resistant Urethane camouflage speci-
fications. By making this change, we observed that beaded camou-
flage coatings exhibited superior weather-rusistance to conven-
tional camouflage systeoms. It was also noted that beaded coat-
ings have better mar-resistance which should allow them to be
more e2sily cleaned than the standard camoyflage coating.

A comparison of clear solid beads versus clear vesliculated
beads showed that solld beads impart better mar-resistance but
they 2are far less efficlent a2t leoweriang gloess. The clear vesi-
culated beads also improve mar-resistance while efficlently
reducing the gloss of the camouflage conating. Since approxi-
mately five times as many solid beads as vesiculated beads are
required to achieve the same gloss, we concluded that (It would
not be as cost effective to develop a camouflage coating using
salid beads as the sole raw matertal for gloss control. Clsar
vesiculated beads offer a means of lowering gloss while improving
the mar~-resistance and weathering-charascteristics of the camou-
flage coating.

The concept of a clear, beaded, chemical-agent-resistant
urethane, that can be applied over existing alkyd camouflage
finishes, appears to be a viable alternative for refinishing
tacticai vehicles currently in use. Ten micron clear vesiculated
beads must be used for gloss control in order for the urethane to
have the necessary transparency. The clear, beaded urethane over
coat does not distort the camouflage color properties of the
original aikyd. The mar-resistance and durabiiity of the clear
over coat were found to be superior to the alkyd epamel.

A wide variety of pigments common to conventiona! camouflage
formulations were encapsulated to form solid and vesiculated
polymeric beads. A combination of these pigmented beads were
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then utilized to produce a Forest Green camouflage coating that
did not contain any inerts or prime pigments. While considerably
more research needs to be completed on pigmented beads, the pre-
liminary data discussed in this report indicates that this tech-
nology cffers a viable approach to low gloss camouflage coatings
that have improved mar-resistance, cleapability and weather-
resistance over the currently specified camouflage systems.
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SECTION IX

RECOMMENDAT IONS

As 3 result of the research we bkave performed, it 1Is our
recommendation that cliear vesiculated beads be written into the
three primary camouflage specifications:

. MII1-E-52798A, Air Dry Alkyd Ename!l
. Mil-{-52929, Fla2a:h Dry Alkyd tnamel
. Mi1-C-46168A, Chemical Agent Resistant Urethane.
In order to implement this recommendation, it will be necessary

to write new specifications. A scaleé¢-up wifl also be required to
make full-scale produc:ion quantities of dry, clear vesiculated
beads and production quantities of beaded camouflage coatings in
order thai the polymeric bead technulogy can be successfully

The clear, beaded, urethane over coat concept also needs to
be pursved. We suggest further work with the Army (or a designee
of the Army) that would involve actually painting somz weathered
vehic'es with this clear, beaded urethane to test restoration of
color and gloss, chemical-agent-resistance, <cleanability, mar-
resistance and long-term weatherability.

We recommend that additional research be performed on the

pigmented bead techaology. Preiriminary data Indicates that
Foerest Green can bes made using pigmented polymeric beads in tre
place of all prime pigments and Iinerts. Furtuer testing needs to
be completed to ensure reproducibility of both the pigmented
beads themselves as wel! as reproducibility of the Foresiv Green
color. Since tke beaded Forest Green has only been made in the
Mil-C-4616BA quality, the same technology will have to te app!l:ed
to the Mil1-E£52798A and MIil-E-52929 specifications. The other
colors in the specifications will also hkave to be matched using
pigmented polymeric beads. Additiconally, the expected economies
from utilizatlion of pigmented polymeric beads needs to be

evalivated.
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We further recommend that the following areas concermning
polymeric bead technology he explored:

. Investigate the possibility of incorporating slip ad-
ditives such as silicones or waxes into the composition
of the bead to further upgrade the mar-resistance of
camouflage coatings

. Evaluate beads that are composed of polymers other than
the current unsaturated polyester resin. For cxample,
3 bead maie from acrylic resin could be more trans-
parent, more durable and provide more mar-resistance to
the film than our current bead structure.

. Investigate the encapsulation of corrosion-resistant
pigments for application in anti-corrosive primer for-
mulations

. Apply polymeric bead technology to high solids, VOC,
compliance coating formulations.
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TABLE 1

MIL-C-46168A, ALIPHATIC URETHANE, FOREST G .EEN,
COMPARISON OF CLEAR SOLID VS. CLEAR VESICULAT 'D BEADS
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TABLE 2

Sy A e Y Y LT LT e T

TEST METHODS AND EQUIPMENT

Property

Fed. Std.

Test Method

141

tquipment Description

| |
1 |
I |
60 Degree Gloss ! Method 6101 | Hunter, Model A-1096
| {
85 Degree Gloss I Method 6103 | Hunter, Mode! A-1120
I i
Color I Method 4251 & | Diano-Hardy Match Scan 11|
I 6241 I Model #6C0700GG29
i | and Diano-Hardy Model
1 | #400016
l I
Accelerated 1 Method 6122 | Q-Panel Q-U-V Weather-Ometer
Weathering 1 I Serial #80-805-05-21
| |
Fineness of Grind! Method 4411 | Hegman Gauge
I 1
Drying Time ! Method 4061 1
! |
Mar-Resistance ! | Drag fingernail of corstant
! | pressure over beaded and
! ! conventiona! coating, Vi-
i | sualtly compare mar-resistance
1 | of the two films.
] !
Bead Size | ! Elzone particle counter
Distribution 1 | Mode! #112LTSD/ADC with
1 I Osciloscope Model £LBO-5111
| |
A=-2
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CONVENT IONAL CAMOUFLAGE COATING
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TABLE 4

MIL-E-52929, FOREST GREEN,
COMPARISON OF VARICUS CLEAR, VESICULATED BEAD LEVELS

Vii-2
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TABLE §
‘3 MIL-E-52929, FLASH DRY ALKYD ENAME!l., FOREST GREEN, BEADED
:- WETTING AGENT STUDY
.
g 1 % Wetting Agent | 1 ]
| Agent Based on | I |
Wetting | Total Formyuyia i Cap ! 1
Agents 1 by Weight | "y?® I 670 1 730
| ! ! |
Control - No | I 11,9 I 12.19 | 34.04
Wetting Agent - | { 1 |
Unshaded 1 | 1 1
Nuosperse 657 1 1% 1 11,67 1 11.97 I 33.68
Nuosperse 657 1 2% I 11.63 1 11.98 1 33.25
Nuosperse 657 1 3% 1 11.569 1 12.03 I 33.75
42% Solution 1 0,25% 11,71 I 12.05 1 33.74
SF-1023(Siticone) I ! 1 |
42% Solution I 0.5% I 11,99 | 12.33 | 34,27
SF-1023(Silicone) I i 1 [
42% Solution ! 0,75% P 11.9 ! 12,22 ! 33.90
SF-1023(Siticone) ! [ ! 1
Yelkin TTS P 1.% 1 11.74 1 12.11 I 32.95
Yelkin TTS 1 2.% 1 11,96 1 12.38 1 33.57
S Yelkin TTS 1 3.% 1 12.07 1 12.4 1 33.42
WY  5VK 1045 i 0.25% i 11.65 i 11.65 1 33.55
BYK 1045 1 0.75% 1 11,86 1 12.03 I 33.53
BYK 104S I 1.25% I 11.76 I 11.98 I 33.40
50% Solution 1 0,5% r11. 7 1 12.03 1 33.72
({Modaflow) l | { !
50% Solution I 0.75% I 11.41 i 11.79 I 33,24
(Modaflow) ! 1 ! |
50% Solution 1 1,0% 11,7 I 12.07 1 33,97
(Modaflow) | 1 1 !
Liquid Anti-Float 1 0.25% 1 11,78 1 12.14 ' 33,98
(Troy) [ ! | !
Liquid Anti-Float 1 0.50% I 11,79 1 12,23 I 33.98
(Troy) l | ] I
lLiquid Anti-Float I 0.75% 1 11.85% 12,17 1 33.52
| {Troy) § | | |
- 2-Amino-2~Methyl - i 2.% I 11.00 P 11.33 I 32.08%
. 1-Propanol (AMP-95%) | { [ (
A 2-Amino~2-Methyl - t3.% 1 10.97 I 11.20 1 31.16
rf 1-Propanol (AMP=95%) | | ! 1
e 2~Amino-2-Methyl - 1 4.% 1 10.79 1 11.07 ! 30.40
- 1-Propanol (AMP-95%) | { 1 !
- Lactimon (BYK) 1 0.5% 113,91 I 12,18 I 33.47
- Lactimon (BYK) I 1.0% I 11.58 1 11.93 ! 33.14
i Lactimon (BYK) P 1.5% I 11.63 ! 11.97 | 33.24
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:t Q-U-V WEATHER-OMETER RESULTS
X CLEAR VESICULATED BEADED URETHANE OVER MIL-E-52798A, ALKYD
L
Exposure Hours | 300 I 400 { 500
! | |
# Mil-E-52798BA, Forest 1 1 [
r Green. Conventional 1 1 |
p ! 1 |
t Cap *Y"® -~ Unexposed 1 7.22 ! - ! -
L Cap "Y" -~ Exposed | 10.51 | - | -
‘ Percent Change 1 +45% 1 - ! -
N | i 1
w, 1 i )
- Mil-E-52798A, Foarest 1 1 1
ﬂ Green, top coatsc | I |
4 with cltear, 10 micronl | 1
. vesiculated beaded 1 | !
‘ urtethane I | |
I i |
: Cap "Y" —~ Unexposed | 7.78 | 7.42 1 7.55
Cap "Y" - Exposed H 8.52 | 9.29 | 8.55
L Percent Change 1 +9.5% | +25.2% 1 +13.2%
. { 1 !
e M
S
r TABLE 9
E Q-U-V WEATHER-OMETER RESULTS
&

CLEAR SOLID BEADED URETHANE OVER MIL-E-52798A, ALKYD

) Exposure Hours 1 300 | 400 | 500
L ! | |

v Mil-E-52798A, Forest ] ! 1

ﬁ Green, Conventional | 1 |

. | 1 |

! Cap "Y* - Unexposed i 7.22 ] - ! -

L Cap "Y" - Exposed ! 10.51 t - | -
F' Percent Change 1 +45% 1 - ! -

- | | 1

- ! 1 1

H Mi1-E-52798A, Forest | 1 '

. Green, top coated | | 1

. with <lear solid | ! |

- beaded urethane | 1 1

g ! 1 1

- Cip "Y" - Unexposed | 8.02 ] 8.17 | 8.2¢
il Cap "Y" - Exposed | 8.26 1 8.28 1 8.31
- — Percent Change 1 +3.0% t +1.3% 1 +1.4%
. | 1 1
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TABLE 10
PIGMENTS ENCAPSULATED FOR USE IN CAMOUFLAGE COATINGS
Sample Mo. l|_Pigment | Bead Size | Bead Type
32582 : Organic Maroon : 25 Micron : Solid
32583 : Carbazole Violet : 25 Micron : Solld
325B4 : Organic Vellow : 25 Micron : Solid
N
32585 : Organic Maroon : 25 Micron i Veslculated
32587 : Organic Brown : 25 Micron : Sclid
325B8 : Organic Brown : 25 Micron : Vesiculated
325811 : Organic Yellow : 25 Micron : Vesiculated
! Amorphous-Synthetic | |
325820 ! Silica | 25 Micron | Solild
325821 : Silicate : 10 Micron : Vesiculated
325822 : Silicate : 10 Micron : Solid
! 1
325831 : Chrome Oxide i 25 Micron i Vesiculated
325833 : Magneslum Silicate : 25 Micron : Vesiculated
325B34 : Silica-Diatomacous : 25 Micror : Vesiculated
325B35 : Chrome Medium Yellow : 25 Micron : Vesiculated
325B36 : Chrome Medium Yellow : 25 Micron : Solid
325B37 : Titanium-Exterior Grade: 25 Micron : Vesiculated
325B40 : Molybdate Orange : 25 Micron : Vesiculated
325B48 : Magnesium Silicate : 10 Micron : Vesiculated
325850 : Inorganic Black : 25 Micron : Vesiculated
325851 : Inorganic Brown : 25 Micron : Vesiculated
325852 : Inorganic .e!low : 25 Micron : Vesiculated
3125853 : Inorganic Green : 25 Micron : Vesiculated
325854 : lnorganic Brown : 25 Micron : Vesiculated
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TABLE 10
PIGMENTS ENCAPSULATED FOR USE IN CAMOUFLAGE COATINGS (CON'T.)
Sample No. | Pigment | Bead Size | Bead Type
325B55 : tnorganic Blue : 25 Micron : Vesiculated
325857 : lnorgarnic Yellow : 25 Micron : Vesiculated
325858 : Steontium Chremate : 25 Micron : Vesiculated
325862 : Cobalit Blue : 25 Micron : Vesiculated
325880 : Silica-Diatomaceous : 10 Micron : Vesiculated
325884 : Molybdate Orange : 25 Micron : Solid
325888 : Cobalt Green : 25 Micron : Solid
325B92 : Cobalt Green : 25 Micron : Vesiculated
325824 : Yellow Oxide : 25 Micraon : Vesiculated
325895 : Red Oxide : 25 Micron : Vesiculated
f
325897 : Red Oxide : 25 Micron i Solid
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FIGURE 1

25 MICRON (TOP-SIZE) TITANIUM VESICULATED BEADS
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FIGURE 2
AN 11 MICRON TITANIUM VESICULATED BEAD
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FIGURE 3
CROSS~SECTION OF AN 11 MICRON TITANIUM VES CULATED BEAD
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e FIGURE 4

N MIL-E-52929, ENAMEL, ALKYD CAMOUF.AGE, FLASH DRY,

b FOREST GREEN, TYPE |
‘ CONVENT IONAL STANDARLC FORMULA
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o _ _ | Pounds I Gallons
PREMIX AND GRIND H |
- Mineral Spirits | 44.70 ! 6.86
- Rentone 34 ; 9.69 ! 0.50
- Diacetone Alcohol l 3.40 | 0.45
P 60% Wt. Med-Short Phenolic 1 182.3?2 | 22.17
[ Modified Alkyd - Volume i i
& Solids 51% ! |
. Anti-Skin | 0.88 | 0.11
F Magnesium Silicate 1 135.79 1 5.72
b Cebait Green 1 87.29 | 2.01
D Chromium Oxide 1 113.48 I 2.66
ti Med. Chrome Yeilow ! 9.69 1 0.20
‘ Molvbdate Orange 1 14.54 | 0.29
; ! |
;: CCVER FOR PREMIX : |
ii Mineral Spirits { 5.92 i 0.94
- | f
Li SAND MILL TO #4 GRIND | !
- 15T MILL WASH i i
- 60% Wt. Med-Short Phenolic | 24.18 I 2.94
o Modified Alkyd ~ Volume | 1
b Solids 51% [ 1
ki lsoprophyl Alcohol (99%) | 12.41 1 .91
P § |
E 2ND MILL WASH ! I
; Mineral Spirits | 14.32 ! 2.20
T ] !
P SIFT IN AND AGITATE TO #4 GRIND | 1
> Diatomaceous Silica ; 72.74 [ 3.78
! !
E’ THEN REDUCE THE FOLLOWING 1 |
: 60% Wt. Med-Short Phenolic ! 14/8.39 ! 18.15
0 Modified Alkyd - Volume ! !
i Solids 519 ! 1
. Toluol [ 52.66 ! 7.26
;i lsopropyi Alcoho!l 99% ] 38.58 | 5.93
. Minera! Spirits 1 75.51 ! 11.60
b Arti-Skin l 0.89 | 0.1
- L:ad Drier 369 | 1.86 | 0.16
N Calcium Drier 6% | 3.23 x 0.43
L Cobalt Drier 12% | 0.99 | 0.11
Ei Manganese Drier 9% i 0.90 | O.11
- Anti=Skin { 11.65 | 1.46
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FIGURE 4

MIL-£E-52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY,
FOREST GREEN, TYPE |
CONVENT IONAL STANDARD FORMULA (CON'T.)

| !
HOLD FOR SHADING AND GLOSS 1 |
Maroon - Shading Paste | 11.65 | 1.46
Diatomaceous Silica 1 __9.69 1 __0.50
TOTAL 11,087.35 | 100.00
Theoretical Weight per Gallon = 10.87
Volume Soilids = 42.5
Weight Solids = 64.4
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SR FIGURE 5 A
S SUMMARY OF VISIBLE NEAR-RED AND INFRARED @
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS -
MIL-E~52929, ENAMEL ALKYD CAMOUFLAGE, FLASH DRY, TYPE 1, j
CONVENT IONAL STANDARD FORMULA j
Wave Length 1 670 1730 ﬂ
1 ] .
% Reflectance/Transmittance 1 9.66 1 27.1 '_3]1
;
. | x 1y 1z 1 Lx 1 Ly i
b 1 1 1 1 1 -
- Color Measurements | 6.62 i1 7.03 1 6.37 1 0.3308 1| 0.3511 5
3
-1

| % Reftectance/Transmittance

; ] -
f:- Infrared Reflectance Averagel 47,508 :]
B i 2
" ﬂ’ Visible Near--Red Reflectancel 8.006 '-j
42 ) Average 1 -
¥ ! 5
’;'; Ratio Visible/Infrared ) 5.93
- g
-
! 60 Degree Gloss ! 0.2 .-)4
" 85 Degree Gloss | 1.5 -y
b .
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FIGURE 6

CURVE OF PERCENT REFLECTAMCE VERSUS WAVELENGTH

MIL-E-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE |

CONVENT IONAL STANDARD FORMULATION

HARDY :
DIANO CORPORATION RECORDING SPECTROPHOTOMETER
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FIGURE 7
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CONVENT IONAL STANDARD FORMULAT ION

iS 2. NBS

UNITS FROM CENTER VALUES

*Y* BRIGHTNESS) -.05%8-.
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MIL-E-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE |

3.15

W
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CHROMAT SCITY DIAGRAM FOR CAMOUFLAGE PAINT

COLOR - FOREST GREEM
NOTE: COLOR ELLIPSE
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FIGURE 8
! MIL-E-52929, BEADED, ALKYD EN/AMEL, FLASH DRY,
FOREST GREEN, TYPE 1|
INITIAL FORMULATION ~-- TWC-STEP DISPERSION
! Pounds ! G;TT:;:--------
| !
! Mineral Spirits 1 45.53 ! 6.99
Bentone 34 1 9.88 1 0.51
Diacetone Alcohol ! 3.47 f 0.45
60% Wt. Med.-Short Phenolic 1 185.87 ! 22.58
. Modified Alkyd - Volume 1 !
' Solids 51% 1 1
Anti-Skinr ! 0.89 1 0.12
Cobalt Green 1 88.92 1 1.97
Chromium Oxide | 115.60 | 2. M
] Medium Chrome Yellow 1 9,88 1 0.20
. Molybdate Orange ! 14.82 I 0.29
1 |
E SAND MILL THE ABOVE TO 7 N.S. H 1
1 1
LET DOWN | |
60% Wt. Med.-Short Phenolic 1 179.78 i 21.85
E - Modified Alkyd -~ Volume ! 1
[ GV Solids 51% I !
= isopropyi Aicoholi i 51.94 i 7.98
Mineral Spirits ! 97,54 { 14.97
Toluol | 53.64 | 7.40 -
Anti-Skin 1 0.88 ! 0.12
A Lead Diier 36% | 1.89 l 0.17 R
) Calcium Drier 6% 1 3.29 1 0.45 ..
’ Cobalt Dried 12% ' 1.00 I 0.12 "
Manganese Drier 9% 1 0.92 1 0.12
i §61.74 | 88.47 .
SIFT IN THE FOLLOWING RAY [ 1 "
MATERIAL - SAND MILL TO 4 N.S.I ! - .
b 25 Micron Clear Vesiculated ! 36.12 o2 + .
Bead ! ! S
TOTAL ! 903.86 I 100.60
Theoretical Weight per Gallen = 9.02
' Volume Solids = 3% -
» Weight Solids = 53.8 '
Ch
’ , &
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S FIGURE 9

‘T SUMMARY OF VISIBLE NEAR-RED AND INFRARED

,:g COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

e MIL-E-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE |
i INITIAL BEADED FORMULATION —- TWO-STEP DISPERSION
E Wave Length 1 670 1720
o | 1

:; % Reflectance/Transmittance 1 10.28 i 26.36
Lo

'

X

= ] x |y 1z 1 Lx 1 Ly
- I ] ] ] [

} Color Measurements ! 5.98 | 7.35 1 6,70 1 0.3320 t 0.3495
L'_

E | % Reflectance/Transmittance

1

F:-' Infrared Reflectance Averagel 45,604

1

lr'-ﬁ % ] Visible Near-Red Refleciance! g.288

p» Ave,age !

. 1

[‘A Ratio Visible/Infrared ! 5.50

b 50 Degree Gloss ! 0.4

‘ 85 Degree Gloss ! 0.9
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FIGURE 10

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

MIL-E-52929,

ENAMEL ,

ALKYD CAMOUFLAGE,

FLASH DRY,

TYPE

INITIAL BEADED FORMULATION -- TWO-STEP DISPERS5 ION

DIAMO CORPORATION

RECORDING SPECTROGPHOTOMETER
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FIGURE 1
MIL-E-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE |
INITIAL BEADED FORMULATION —-- TWO-STEP DISPERSION

3,15

CHROMAT ICITY DIAGRAM FOR CAMOUFLAGE PAINT

COLOR - FOREST GREEN

NOTE: COLOR ELLIPSE IS 2. NBS
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FIGURE 12

SUMMARY OF VISIBLE NEAR~RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-E-52929,

ALKYD CAMOU!ILAGE ENAMEL,

FLASH DRY, TYPE |

INITIAL FORMULATION (10 MICRON BEADS)

Wave Length 1 670 1 730
| |
% Reflectance/lransmittance ! 10.37 ! 33.89
I x 1y |z 1 L x ! Ly
| I | { i

Color Measurements

| 9.22 ) 10.95 1| 9.18

I 0.314041 0.37316
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- | % Reflectance/Transmittance

3 '

" Infrared Reflectance Averagel 51.87

L . |

L’. v Visible Near-Red Reflectancel Q.46

w g

Fn Average |

|

ij Ratio Visible/infrared | 5.48

. 60 Degree Gloss | 6.0

- 85 Degree Closs | 6.7
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M!L-E-52929, ALKYD, CAMOUFLAGE ENAMEL,

PERCENT TRANSM!TTANCE/F'EFLECTANCE sto
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FiGURE 13

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

FLASH DRY,

INITIAL FORMULATION (10 MICRON BEADS)

DIANO CORPORATION

HARDY

TYPE

100 =S e =3 = ==
L = =
90 === =
: = = ———
. = =
== e
70 =
60
= ===
= ~
50] =R,
= ——xi \
40 = e e =
=== =—==—=K
0= : : = = == -
== 3 e —
— = ———— = =
e ==——-= =
= = == =
20 = =
- == = == — E——— —
E e ==
= ey == = —
10 s = = =S
. — = ——n i)

80 500 20 40 60

80 600 20 40 60

WAVELENGTH IN NANOMETERS

B-14

X S U DTIPSSUOUAIETS B RPOLIFPUASAIL N SN SRSy s RURAY

e’k .d

¢

PSPV S AT

SRRSO |

|

PEPRSISVASTIY |

Py

R

PR U




FIGURE 14

MIL-E~-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE |

INITIAL FORMULATION (10 MICRON BEADS)

'Y"* BRIGHTNESS)-.,.058-.075
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3.35

3,30

3.25

20

X2 VALUES X 107"

CHROMATICITY D!AGRAM FOR CAMOUFLAGE PAINT

OOLOR - FOREST GREEN

NOTE: COLOR ELLIPSE 1S 2. NBS

UNITS FROM CENTER VALUES

FIGURE 2
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FIGURE 15

SUMMARY OF VI3IBLE NEAR-RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-E-52929, ALKYD CAMOUFLAGE ENAMEL, FLASH DRY,

FINAL BEADED FORMULATION

Wave Length 1 570 |

1 1

% Reflectance/Transmittance I 9.08 ]
I x 1 vy |z I Lx

Color Measurements | 6,63 | 7.07 | 6.47 | 0.328551

0.35070

1 % Reflcctance/Transmittance

1
Infrared Reflectance Averagel 46.88
1
Visible Near--Red Refiectancel 7.98
Average !
|
Ratio Visibie/Infrared | 5.87
60 Degree Gloss | 0.4
85 Degree Gloss | 1.8
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FIGURE 16
CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

MILL-E-52929, ALKYD CAMOUFLAGE ENAMEL, FLASH DRY, TYFE |
FINAL BEADED FORMULATION

HARDY
Dl—:A.;ch? CO;,R,P,‘ORATlON RECORDING SFICTROPHCTOMETER
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FINAL BEADED FORMULATION
3.25
NBS

"* BRIGHTNESS)-.058~.0735
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FIGURE 17
MIL-E-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE |

15

CHROMATICITY DIAGRAM FOR CAMOUFLAGE PAINT

OOLOR - FOREST GREEN

UNITS FROM CENTER VALUES

NOTE: OCGLOR ELLIPSE IS 2.

FIGURE 2
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: FIGURE 18

MIL-E-52929, BEADED FLASH DRY ALKYD,

‘ FOREST GREEN, TYPE

' FIHAL OFF-MILL FORMULATION

o ] Pounds 1 Gallons T
. | ]

F Minera! Spirits ] 45.43 | 6.98

- Bentone #14 ! 9. 86 | 0.51

Vo Diazetone Alcohol 1 3.47 | 0.44

- Isopropyl Alcohol ! 11.26 I 1.73

| 60% Wt. Alkvd Resin - Volume 1 251.26 i 30.52

}‘ Solids 51% ! 1

1 Anti-Skinning Agent ! 0.90 ! 0.12

- Minera! Spirits 1 19.72 ( 3.06

b Cobalt Green | 108.47 | 2.50

- Chromium Oxide | 95.65 [ 2.25

f- Medium Chrome Ye!low | %.86 ! 0.21

vig Molybdate Crange | 14.79 [ 0.39

b 25 Micron Clear Vesicuiated ! 39.44 [ 11.59

b Beads 1 !

v Toluol I 23.00 ! 3.18

b | I

L SAND MILL THE ABOVE TO 4 N.S. 1 |

ps LET DOWN i !

E- 60% Wt. Alkyd Resin - Volume I 109.64 I 13.32

F‘ Selids 51% | 1

- Toluol | 30.51 | 4.22
3 Mineral Spirits 1 76.79 I 11.81
! lsopropy! Alcohol t 40.56 ! 6.43
A Anti-Skinning Agent I 0.88 ' 0.11

;: Lead Drier 36% 1 1.89 | 0.16

. Calcium Drier 6% 1 3.29 | 0.43
. Cobalt Drier 12% | 1.00 1 0.12
?f Mangancse Drier 9% | 0.92 ! 0.11

rq TOTAL | 898.59 I 100.00

. Thecoretical Weight per Gallon = 8.98
. Volume Sollids = 39%
Weight Solids = 55%
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b FIGURE 20
4
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MIL-E-52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE 1,
300 HOUR, Q-U-V WEATHER-OMETER EXPOSURE PANELS OF
TONVI NTICNAL AND BEADED SYSTEMS
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FIGURC 21

SUMMARY OF Q—U-V WEATHER-OMETER MEASUREMENTS

e T AT T e T, T T T T Y

COMPARISON OF MIL-E~52929, FOREST GREEN, TYPE |, BEADED VERSUS CONVENT IONAL

-
5
l' . I HRS QUV I 670 1 720 1 Cap | | I Gloss | Gloss
E Sample | Exposure 1 NM 1 NM t yr 1 Lx Il Ly 1 60° | 85°
1 1 ] ] ] ) 1 1
Conventional | 0 1 9.76 1 29.26 1 7.05 | 0.331 | 0.352 | 0.4 1 1.1
- | 25 I 9.74 1 29.17 1 7.05 1 0.330 1 0.351 | - -
F“ I 50 1 9.78 1.29.10 ¢ 7.13 | 0.330 1 0.351 | - (R
F: I 75 1 9.83 1 28.98 i 7.23 1 0.329 1 0.350 | - -
‘ i 150 P 11.55 1 29.97 1 9.16 1 0.323 | 0.343 | - |-
' I 300 1 13.00 1 31.51 ( 10,43 ! 0.322 1 0.343 | 0.4 1 O0.%
: I 500 | 14.68 1 33.50 1 12.02 1 0.320 1 0.342 1! 0.4 | 0.8
- | 1 | | 1 : | i
- 1 1 ] ] ) 1 1 i
. Beaded l 0 I 9.08 1 28.95 1 7.07 { 0.328 1 0.350 | 0.3 1 0.7
> 1 25 | B.9% 1 28.41 I 7.04 1t 0.327 1 0.350 | - |
q | 50 [ 9.01 1 28.35 1 7.15 | 0.327 1 0.349 1| - -
' I 75 I 9.02 1 28.36 | 7.16 1 0.327 | 0.349 | - | -
1 150 ! 9.24 | 28.30 i 7.50 1 0.326 | 0.349 | - -
I 300 ! 9.07 1 28.64 1 7.36 | 0.324 1 0.352 | 0.1 1 0.4
1 500 I 9,17 1 28.24 | 7.64 1 0.321 | 0.352 |+ 0.1 | 0.4
1 1 l I I ! : [
-
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FIGURE 22

MIL-E~52929, FLASH DRY ALKYD,
FOREST GREEN, TYPE I
CONVENTIONAL STANDARD FORMULA

yot

PR IR

o et -

STCUVTARRIVOW Sy SIS

5
:
Li
5
3

| Pounds I Gallons

| |
Mineral Spirits 1 108.92 | 16.73
Toluo! 1 28.13 | 3.88
Bentone 34 1 §.73 i 0.58
Diacetone Alcohol | 1.51 | 0.19
60% Wt., Alkyd Resin - Veolume 1 159.66 I 19,40

Solids 51% ! 1
Exkin #2 ) 1.32 i 0.17
Magnesium Silicate 1 9.60 1 4.04
Chromium Oxide | 128.52 ! 3.00
Cobalt Green ! 83, 81 | 1.93
Organic Brown ! 12.09 | 0.96
Mineral Spirits ! 6.31 1 6.97

| |

SAND MILL TO 5 N.S. | !

1 !

LET DOWN 1 |
60% Wt. Alkyd Resin - Volume ! 174.50 ] 271.33

Solids 51% | |
Mineral Snirite ! 12.82 ! 1.94
Toluol 1 14.0u | 1.94
Diatomaceous Silica 1 ¢7.00 ! 5.04
Isoprop,1 Alcohol ! 80.38 i 12.36
Exkin #2 ! 1.32 | 0.1
Calclum Drier 6% | 2.51 | 0.3
Cobalt Drier 12% 1 1.24 1 0.14
Zirco Drier 12% 1 3.61 1 0.44
Toluol | 21.090 | 2,940
Diatomaceous Silica 1 6.79 | 0n.35
Carbazole Violet Shadirng Paste ! 9.06 b} 1.
TOTAL 1 1,058.94 | 100.00

- Theoretical Weight per Gal'on = 10.59
. Volume Solids = 37.5%
" Weight Solids = 60,0%
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FIGURE 23

: o MIL-E-52929, BEADED FLASH DRY ALKYD,
3@ FOREST GREEN, TYPE {1
FINAL OFF-M:LL FORMULATION

| Pounds I Gallons
I |
Ethyl Cellosolve J 86.19 ! 11.13
Bentone #14 1 9.70 ! 0.5¢0
Diacetone Alcohol | 1.66 i 0.21
60% Wt. Alkyd Resin - Volume ! 203.25 1 24.69
Solids 51% 1 1
Exkin #2 | 1.26 | 0.16
Cobalt Green l 121.35 i 2.80
Chkromium Oxide ] 75.23 | 1.76
Organic Brown | 14.56 1 1.17
Organic Yellow ! 12.13 { 0.98
25 Micron Clear Vesiculated { 48,54 | 14,27
Beads | |
| |
SAND MILL THE ABOVE TO 4 N.S. I 1
GRIND I !
[] ' -
. LET DOWN ! | >
3T 0% Wt . Alkyd Recin - Volume ! 162_02 ! 19,76 &
Solids 51% | 1 ’
Ethyl Cellosolve 1 95.42 | 12.32 q
lsopropy! Alcoho! ! 16.97 1 2.61 "
Tolus! i 47.30 ! 6.56 B
Calcium Drier 6% 1 2.37 ! 0.32 ]
Cobalt Drier 12% ! i.24 I 0.15 i
Zirco Drier 12% | 3.70 | 0.45 q
Txkin #2 1 __1.26 1 __0.16 3
TCTAL I 904.15 I 100.00 ]
3 Theoretical Weight pei Gallon = 9.04 i;
¢ Volume Solids = 44% il

Weight Solids = 55%
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FIGURE 24

SUMMARY OF VISIBLE NEAR-RED AND
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

INFRARED

MIL-E-52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE II
FINAL BEADED FORMULATION
Wave Length I 670 1 730
{ |

% Reflectance,/ Transmittance 1 7.76 1 27.06
vy [ 4 | Lx I Ly
! 1 ! !

Color Measurements Il 6.75 1 5.27 1 0.330541 0.,35786

% Reflectance/Transmittance

|
|
Infrared Reflectance Average) 43.0
. |
. ew Visibie Near-Red Reflectancel 6 95
S’
Average |
[
Ratio Visible/Infrared | 6.18
60 Degree Gloss 1 0.3
85 Degree Gloss 1 1.7
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FIGURE 25
ZURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

MIL-E~52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE 11
FINAL BEADED FORMULATION

DIANO CORPORATION MARDY
ST~ B-ica cAD-rR RECORDING SPECTROPHMOTOMETER
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FIGURE 26
an
B-27

FINAL BEADED FORMULATION
»25
NBS

"Y* BRI GHTNESS)-.058-.0C75
.20

MIL-E-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE 11

3.15

— e - e - A e o S e e TER e mm S e e = e e MR e emm T R e e o W T S e e wm e

UNITS FROM CENTER VALUES

NOTE: COLCR ELLIPSE 1S 2.

CODLOR -~ FORESY GREEN

FIGURE 2
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FIGURE 27

MIL-E-52798A, ENAMEL ALKYD, FOREST GREEN, TYPE |
CONVENTION STANDARD FGRMULAT {ON

Gallons

Mineral Spirits
Bentone 38

PREMI X AND GRIiND
Diacetone Alcoho!

MIX UNTIL PASTE GELS, THEN ADD
50% Wt, Med. Alkyd - Volume 296.13
Solids 41%

Anti-Skir 0.96
Magnesium Silicate 76.14
Zinc Phosphate 60.00
Cobalt Green 75.36
Chromium Oxide 113.97
Medium Chrome Ye!llow 3.59
Molybdate Orange

COVER FOR PREMIX
Mineral Spirits

|

1

1

t

|

|

!

1

1

1

1

{

|

|

1

!

!

I

|

1

|

|

SAND MILL TO #5 GRIND - 1
1ST MILL WASH 1
50% Wt, Med. Alkyd - Volume 1
Solids 41% 1
Mineral!l Spirits 1
|

1

I

1

|

|

|

1

|

1

|

|

1

i

I

|

1

|

|

|

!

!

2ND MILL WASH
Mineral Spirits

SHIFT IN AND AGITATE TO #5 GRIND
Diatomaceous Silica

REDUCE WITH THE FOLLOWING

50% Wt. Med. Alkyd - Volume
Solids 41%

Mineral Spirits

Lead Drier 36%

Calcium Drier 65

Cobalt Drier 12%

Manganese Drier 9%
Anti-Sxin

HOLD FOR SHADING AND VISCOSITY
Maroon Shading Paste
Diatomaceous Silica

Mineral Spirits

TOTAL

Theoretical Weight per Gallon
Volume Solids = 39,0%
Weight Solids 62.5%




e EEE TR IRt It i Jacl A e AL DL R S R A AV T 2Nl S e A A A A T A S A R T e S A

'L_IJ

-

FUERD ST OV FOPY PV

FIGURE 28 .
S ‘
»( MIL-E-52798A, ENAMEL ALKYD, LEAD FREE, FOREST GREEN, TYPE I!I ;-
X CONVENT ;ONAL FORMULATION :
: i
b |\ Pounds | Gallons ‘
r 1 1 ]
N PREMIX AND GRIND ! I 5
p Mineraltl Spirits, Rule 66 ! 74.99 ! 11.52 4
! Bentone 34 : 11.52 | 0.76 a
. l l A
MIX UNDER MOCKMEYER - THEN ADD | | .

Diacetone Alcohol 1 1.26 | 0.16 R

i l -t

MIX UNTIL PASTE GELS - THEN ADD | I 'ﬁ

50% Wt. Alkyd Resin - Volume | 218. 84 ! 28.72 .

Solids 41% \ I ]

Exkin #2 1 0. 80 I 0.10 B

Wetting Agent | 7.52 | 0.96 3

Tate ! 89.37 | 5.76 -

Cobalt Green 1 71.13 | 1.64 e

Chromium Oxlde 1 128,00 ! 3.00 -

Brown lron Oxide i 4,80 I 0.16 1

Organic Brown | 12.48 I 0.99 "

i J L

COVER FOR PREMIX I ' T

Mineral Spirlis, Rule 66 i 6.25 i 6.96 8

1 ! -

SAND MILL TO #5 GRIND 1 ! 'Q

1ST MILL WASH 1 | .

509 Wt. Alkyd Resin - Volume ! 14,70 i 1.92 j

Solids 41% 1 | [}

Mineral Spirits 1 12.50 I 1.%2 71

| i R

2ND MILL WASH 1 ! -

Mineral Spirits i 12.50 I 1.92 1

_ ' I .
''e REDUCE W!TH THE FOLLOWING ' I )
F 50% Wt. Atkyd Resin - Volume 1 174.12 | 22.72 =7
g Solids 41% ] I !
: 1 I ;
. SIFT IN AND AGITATE TO £5 GRIND | I 1
i Diatomaceous Silica ! 93.04 ¢ 4.68 ]
7' | ! P
] REDUCE WITH THE FOLLOWING ' I 1
: Mineral Spirits | 61.11 ! 9.38 B
F Exkin #2 1 0.80 j 0.10 1
: Calcium Drier 6% | 1.06 | 0.14 %
E" Cobaly Drier 12% | 1.79 I 0.21 ‘
't Manganese Drier 9% | i.04 | 0.13 L
S Zirco Drier 12% | 3.03 [ 0.37 3
b | ! K
E B-29 Continued. . . . :
b
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: FIGURE 28
g MIL-E-52798A, ENAMEL ALKYD, LEAD FREE, FOREST GREEN, TYPE 1t i
}( CONVENT IONAL FORMULATION (CON'T.)} &
t: | Pounds I Gallons ;
» 1 1 B
- WHITE TILE FOR DRY AND GLOSS | ! e
CHECK : .004 DB 1 | )
. (2 MILS WET) 1 DEG. MAX @ 60° 1 | B
; 3 DEG. MAX., @ 385° I 1 4
b | | K
2 HOLD FOR VISCOSITY, SHADING | 1 ;
E‘ AND GLOSS ! ! 'J
t_ Mineral Spirits ! 12.50 1 1.92 o
» Carbazole Violet Shading Paste 1 14.28 - _ 1.9 o
E, TOTAL 1 1,026.44 1 106.00 41
: Theoretical Weight per Gallon = 10.27 :j
F. Volume Solids = 37.8% f
’ Weight Solids = 60% Min. 4
: A
? ]
l !
v )
.= -
.
:
-
g .
3 :
g
;
} o
r 3
3 s
] =
: 4
[ -
: [
| .
., ,
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P s
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FIGURE 29

MIL-E-52798A, BEADED AIR DRY ALKYD,
FOREST GREEN, TYPE |
FINAL OFF-MILL FORMULATIOM

Minevai Spoirits

Bentone #38

Diacv:one Alcohol

50% Wt. Alkyd Resin -~ Volume
Solids 41%

Anti-Skinning Agent

Cobalt Green

Chromium Oxide

Medium Chrome Yellow

Molybdate Orange

25 Micron Clear Vesicutated
Beads

Mineral Spirits

SAND MILL THE ABOVE TO 4 N.S.

LET DOWN !

50% Wt. Alkyd Resin - Volume 102.12
Solids 41%

Mineral Spirits

Lead Drier 36% 1.62

Calcium Drier €% 1.06

Cobalt Drier 12% .70

Manganese Drier 9% 0.40

Anti~Skinning Agent .01

Mineral Splrits _19.98

TOTAL

Theoretical Weight per Gailon =
Volume Solids = 40,.92%
Weight Soiids = 55.72%
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FIGURE 13¢C :

!

SUMMARY OF VIiISIBLE NEAR-RED AND INFRARED a

COLOR MEASUREMENTS AND GLOSS MEASUREMENTS 2
MIL-E~-52798A, ENAMEL ALKYD, FOREST GREEN, TYPE 1! ﬁ

F!NAL BEADEC FORMULATION ¥

-

A

Wave Length 1 67 1 730 _ N
! ! K

% Refiectance/Transmittance I 9.24 1 27.05 R
R

a

1

I x P Y __ 1z | Lx | Ly )

I ! I [ | |

Color Measurements | §.62 I 7.17 | 6.22 ¢ 0.320831 0.35808 N
k

»

)

| % Revlectance/Transmittance .

1

Infrared Reflectance Averagel 35.24 g
Qv Visibie Near-ked Reflectancel §.00 -
Average | =

' :

Ratio Visible/Infrared 1 4.4 g
)

60 Degree Gloss | 0.2 (o
85 Degree Glo-s i 0.9 q
d

*

3

2

<

|

i

R
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B
-1
N
p
A
B
N
1




L&

‘:
)
)
-
-
..
.
|

PERCEN. TRANSMITTANCE/?EFLECTANCE 310

FIGURE 31

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

MIL-C-52798A,

DIANO CORPORATION

ENAMEL ALKYD,
FINAL BEADED FGRMULATION

FOREST GREEN, TYPE |

HARDY
RECORDING SPECTROPHOTOMETER
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F IGURE

FINAL BEADED FORMULATION

MIL-E-52798A(ME) ENAMEL, ALKYD CAMOUFLAGE, AIR DRY, TYPE |

"Y* BRIGHTNESS)-.058-.075

3.70

—-— -

-—

- m—

nys
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S o wme AT T T e

3.40

3.35

3.30

.25

3.20

i)

XA VALUES X 107"

CHROMATICITY D!AGRAM FOR CAMOUFLAGE PAINT

ODLOR - FOREST GREEN

NOTE: COLOR ELLIPSE

FIGURE 2

1 X - 2795

B-34

NBS

IS 2.

UNITS FROM CENTER VALUES
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F IGURE 33
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MIL-E-52798A, BEADED AIR DRY ALKYD,

FORESYT GREEN, TYPE 1)
FINAL OFF-MILL FORMULATION

G:llons

I Pounds 1
L t
Mineral Spirixs, Rule 66 1 75.717 1 11.64
Bentone £ 4 ' V1. 64 1 0.77
Dizxceton:. Alcohcl } 1.26 ] .16
50% Wi. Alkyd Resin -~ Volume 1 228.5% i 2%.87
Solids 41% ] !
Exkin #2 ] 0. 8) \ 0.10
Cobalt Green i 97.48 | 2.26
Chromium Oxide 1 89.24 | 2.09
Organic 8rown 1 14.55 | 1.16
Organic Yellow | 6.69 ! 0.54
Yellow Dark Orange lron Oxide | 2V.34 | 0.63
25 Micron Clear Vesiculated ! 33.80 ] 11.40
Beads 1 1
1 |
SAND MILL THE ASOVE 7O 4 N.S. | i
| !
LET DOWN | 1
50% Wi. Alkyd Resin - Voiume i V68,44 i 22.00
Sofids 41%
Mineral Spirits ! 72.76 I 11.17
Exkin #2 | 0. 81 | 0.10
Catcium Drier 6% | i.07 \ .14
Cobalt Drier 12% | 1. 81 | 0.21
Manganese Drier 9% ] 1.05 | 0.13
Zirco Drier 12% ! 3.07 | 0.38
Minera! Spirits 1 25.425 1 3.88
Carbazole Violet Shading Paste | 10.86 l 1.45
TOTAL [ 871.28 ! 100.00
Theoretical Welght per Gallon = 8.70
Volume Solids = 41.3%
Weight Selids = 55%
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FIGURE 34

SUMMARY OF VISIBLE NEAR<~RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-E-S52798A,

ENAMEL ALKYD,

FOREST GREEM, TYPE I

FINAL BEADED FORMULATION

R BN

Wave Length \ 670 | 730
| 1
% Reflectance/Transmittance | 8.42 1 25.15
1 x |y |z 1 Lx 1 Ly
f | ! | I
Color Measurements | 6.66 ! 7.34 ! 6.25 1 0.328961 0.36243

| % Reflectance/Transmittance

!
Infrared Reflectance Average! 39.32
1
Visible Neair—-Red Retiesciancel 7.486
Average |
1
Ratio Visible/Infrared | 5.27
60 Degree Gloss | 0.3
85 Degree Gloss 1 1.1
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FIGURE 35

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

MiL-E-52798A, ENAMEL ALKYD, FOREST GREEN, TYPE 11
FINAL BEADED FORMULATION

DIANO CORPORATION HARDY
RECORDING SPECTROPHOTOMETER
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FIGURE 36
B-38

3.25

FINAL BEADED FORMULATION

*Y* BRIGHTNESS)~-.058-.075
3.20

e it ey ShngEY

MIL-E-5279BA(ME) ENAMEL, ALKYD CAMOUFLAGE, AIR DRY, TYPE 1!

3.15

CHROMATICITY DIAGRAM FOR CAMIFFLAGE PAINT

OOLOR —~ FCRESY GREEN

NOTE: OOLOR ELLIPSE IS 2. NBS

UNITS FROM CENTER VALUES

3.70
3.65
3.60
3.55
3.50
3.45
3.40
FIGURE 2
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CONVENTIONAL AND BEADED SYSTEMS
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FIGURE 38

SUMMARY OF Q-U-V AEATHER-OMETER MEASUREMENTS

OCOMPARISON OF MIL~E-52798A, FOREST GREEN, TYPE |, BEADED VERSUS CONVENT !ONAL

B TR AP POV B DRV REY O A

i HRS QUV | 670 1 73¢C i Cap | ! I Gloss 1 Gloss
Sample | Exposure | NM | NM | ry® 1 Lx ! Ly | 60° | 85°

| | 1 ! [ [ i j
Conventional | 0 I 9.45 | 27.43 1 7.14 i 0.330 1 0.352 1 0.4 1 1.2

I 25 1 9.60 1 27.62 1 7.31 { €¢.329 {1 0.357 1 - 1 -

| 50 1 9.78 1 27.63 ' 7.55 | 0.328 | 0.349 1 - 1 -

[ 75 9.9t 1 27.70 1 7.7% 1t 0.327 1 0.349 1 - 1 -

! 150 t 12,20 1 29.23 110,23 | 0.320 1 0.338 1| - 1 -

| 300 14,14 1 31.25 1 12,14 1 0.319 | 0.338 1 0.4 1 2.9

| 500 1 14.61 1 32,03 | 12.76 | 0.318 1 0.341 1| 0.5 I 0.9

! 1 1 1 1 1 ! [

1 | l 1 [ | ! |
Beaded ! 4] 1 9.05 1 26.72 1 7.03 1 0.331 1 0.358 1 .03 1 0.6

1 25 I 9.17 1 26.82 1 7.14 ! 0,330 | 0,357 } - -

1 50 I 9,35 I 26.93 1 7.35 1 0.329 | 0.356 1| - 1 -

i 75 1 9.27 1 26.88 1 7.28B ¢ 0.329 1 0.356 1| - 1 -

1 150 1 9.5 1 26.73 t+ 7.73 } 0.326 | 0.353 t - 1 -

l 300 t9.57 1 27.22 ' 7.72 1 0.325 1 0.357 1 0.2 I 0.6

! 500 1 10,00 1 27.89 | 8.18 1 0.324 1 0.359 1 0.2 I 0.6

I ] | ! 1 t | [
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FIGURE 139

MIL-C-46168A, ALIPHATIC POLYURETHANE,
FOREST GREEN, TYPE

1, PART A (BASE)
CONVENT1ONAL STANDARD FORMULATION

CHEM!CAL AGENT RESISTANT

| |

PREMIX AND GRIND 1 |
Cellosolve Acetate I 16.82 | 2.067
Bentone #27 { 1.94 | 0.13

{ 1

MIX UNDER HOCKMEYER - THEN ADD ! |
Diacetone Alcohol i 1.03 | 0.13

1 |

MIX UNDER HOCKMEYER - THEN ADD | |
65% Wt. Polycster Resin - 1 247.70 | 26.00

Volume Solids 59% l 1
Cellosolve Acectate 1 26.77 i 3.30
Buty! Acetate I 32.55 | 4.47
Cotalt Green 1 222.59 ! 5.12
Medium Chrome Yellow | 38.54 | 0.82
Chromium Oxide | 20.77 l 0.48
Mo lybdate Orange 1 19.80 1 0.40

| |

COVER FOR PREMIX 1 |
Celliosolve Aceiate | 7:.16 i 0.838

| |

SAND MILL TO #6 GRIND - | |

1ST MILL WASH I |
65% Wt. Polyester Resin - 1 21.05 1 2.2

Volume Solids 59% 1 1
Cellosolve Acetaie t 17.90 \ 2.21

1 1

2ND MILL WASH I 1
Cellosolve Acetate l 17.90 ! 2.21

l 1

REDUCE 7THE FOLLOWING ! |
Methyl Ethyl Ketone 1 29.65 | 4,42

| |

SIFT IN AND AGITATE TO #3 GRINC ! |
Tailc 1 172.11 ! 7.25
Diatomaceous Silica | 105.90 | 5.50

| |

KEDUCE WITH FOLLOWING 1 1
Methy! Ethy! Ketone ! 154,33 | 23.00
Buty! Acecate ] 28.18 1 3.87
Zinc Octoate | Q.52 1 0.50

| |

Continued .,
B-41
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FIGURE 39

' PR

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT
FCREST GREEN, TYPE 1, PART A (BASE)
“T"'VENTIONAL STANDARD FORMULATION (CON'T.)

KN

Pounds Gallons

! |

] ]

GRIND FOLLOWING TO #6 GRIND ON 1 |

SAND MILL AND HOLD FOR SHADINGI |
Carbazole Violet Shading Paste | 4.95 | 0.39
65% Wt, Polyester Resin - | 20.26¢ | 2.13

Volume Solids 59% I |
Cellosolve Acetate | 21.76 | 2.68

| 1
HOLD FOR GLOSS | |
Diatomaceous Silica ! 1
| 1

TOTAL

0.46
100.00

8.84
1,239.05

MIX 4 PARTS ®"A® BASE TO 1 PART "B" ACTIVATOR
Theoretical Weight per Gallon = 12.40

Volume Solids 35.0%
Weight Sollds 62.8%

RRIETEIEING Lt TOOTCULTLVLICIN T VOSSNSO S Sl o
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FIGURE 40

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT

. FOREST GREEN, TYPE |, PART A (BASE)

» OFF-MiLL FORMULATION

P - - | Pounds | Galtlons

: | |

: Cellosolve Acetate ' 41.78 1 $.18§

fﬂ Bentone #27 1 1.58 ! 0.11

B Diacetone Alcohol 1 0.80 | 0.190

: 65% Wt. Polyester Resin - ] 252.19 | 26.46
Volume Solids 59% 1 !

L“ "Cellosolve Acetate I 37,74 | 5.18

. Cobalt Green | 157.97 1 .65

- Chromijum Oxide 1 69.23 I 1.62

. Organic Brown 1 13.00 [ 1.05

) Medium Chrome Ye!low | 39.50 | 0.88

H Moiybdate Orange ! 7.89 | 0.15

E-'_' 25 Micron Clear Vesiculated | 61.33 1 18.03

» Beads | | g

- | 1 :

3 SAND MILL THE ABOVE TO 4 N.S. | !

. S 1 |

L " LET DOWN ' !

r Cellosolve Acetate | 43, 80 | 6.33

o Methyl Ethyl K=ztone 1 174.92 ! 26.67

t- Buty! Acetate 1 37.74 ! 5.18

» Zinc Cctoate 22% 1 0.45 1 0.05

ﬁ TOTAL 1 939,92 I 100.00

{f MIX 4 PARTS "A® BASE TO 1 PART ®B" ACTIVATOR

fﬁ Theoretical Weight per Gallon = 9.39

- Volume Seolids = 41.1%

; Weight Solids = 54.7%
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FIGURE 41

SUMMARY OF VISIBLE NEAR-RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FOREST GREEN, TYPE 1
FINAL BEADED FORMULATION

I R

730

Wave Length 1 670

% Reflectance/Transmittance | 8.53 | 28.32

1 x |y 1 2z 1 L x ] Ly

I ! | | 1
Color Measurements | 6.83 1 7.25 I 6.62 1 0.329871 0.35046

! % Peflectance/Transmittince

infrared RKefiectance Averanci 4
!

Visible Near~Red Reflectancet 7.70

Average |
1

Ratio Visible/Infrared 1 6.09

£ 04
Ve 4T

60 Degree Gless i
85 Degree Gloss !
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FIGURE 43
B-46

3.25

FINAL BEADED FORMULATION

'Y* BRIGHTNESS)-.058-.075

15

20
CHROMATICITY DIAGRAM FOR CAMOUFLAGE PAINT

COLOR - FOREST GREEN

NOTE: COLOR ELLIPSE 1S 2. NBS

UNITS FROM CENTER VALUES

3.70
3.65
3.60
5
3.50
3.45
3.40
FIGURE 2

MIL-C-46168A(MR) CAMOUFLAGE CHEMICAL AGENT RESISTANT COATING, BEADED, TYPE 1|
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FIGURE 44

SUMMARY OF Q-U-V WEATHER-OMETER MEASUREMENTS

COMPARISON OF MIL-E-46168A, FOREST GREEN, TYPE |, BEADED VERSUS CONVENTIONAL

] HRS QuUv | 670 1 730 t Cap 1 | I Gloss | Gloss
Sampl e i Exposure | NM I NM | "y" 1 Lx { Ly 1 60° 1 85°
! | | \ ! 1 ! !
Conventional | 4] 1 9.0 I 30.8% 1 7.45 | 0.329 1 0.350 | 0.6 [ I
1 25 I 9.04 | 30.95 1 7.48 | 0.329 1 0.350 1| -~ 1 -
1 50 9.1 I 31,05 1 7.60 1 0.329 1§ 0.350 | -~ | I
| 75 I 9.25 131,12 1 7.78 1 0.327 1 0.349 1 - 1 -
| 150 1 10.20 1 31,59 1+ 8.84 | 0.325 1 0.346 | -~ I -
| 300 1 10.84 | 32,46 t 9.42 1 0.324 1 0.346 t 0.5 1 1.
| 500 ] 11.38 | 33,28 1 10.02 1 0.322 1 0.345 1 0.5 11,
| \ 1 | [ | | |
| | 1 { l | I I
Beaded | 0 I 8.53 1 2816 1 7.32 1 0.329 1 0.350 ' - |
| 25 1 8.53 1 28,27 1+ 7.29 ! 0.329 1 0.350 1 - |
| 50 ! B8.59 | 28.37 1 7.4 I 0.329 | €¢.350 1 -~ ! -
I 75 I 8.49 1 28,24 1 7.31 1 0.329 1 0.35¢ 1 - -
| 150 | B.5% 1 27,98 1 7.55 1 .0.326 1t 0.350 1 -~ I -
| 100 I 8.14 ! 28,15 1t 7.19 1 0.325 1t 0.352 | - 1 -
1 500 1 8§.07 1 28,19 1 7.19 | 0.324 { 0.354 1 -~ I -
! ! ! ! ! | ] i
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FIGURE 45

T

g MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT
o FOREST GREEN, TYPE 11, PART A (BASE)
Ry FINAL OFF-MILL FORMULATION
2 mmmmmees D MEFIRRYY
Cellosolve Acetate i 99.88 | 12.33 .
Bentone #34 { 6.82 1 0.44
Diacetone Alcohol | 1.32 | 0.16
65% Wt. Polyester Resin - 1 212.00 ! 22.27
Volume Solids 59% | |
25 Micron Cltear Vesiculated | 59.53 | 17.50 ;
Beads I ! Y -
Cobalt Green | 112.76 [ 2.59 T
Chromium Oxide | 76.67 I 1.79 N
_ Organic Brown ! 11.72 | 0,93 e
L] Organic Yellow | 38.33 ! 2.37 ;#
" ! |
SAND MILL THE ABOVE TO 4 GRIND | 1 '
1 |
LET DOWN ! |
R Cellosolve Acetate | 42.52 | $.47
w 6§5% Wi, Polyester Resin - i 21.48 I 2.25
Volume Solids 59% i i
Methy!l Ethyl Ketone 1 176.49 { 26.33
Cellcsolve Acetate 1 26.58 1 3.27
Polyester Resin [ 21.56 | 2.26
Zinc Octoate 22% 1 __0.51 | 0.04
TOTAL | 908.17 1 100.00

MIX 4 PARTS "A" BASE TO 1 PART *"8" ACTIVATOR

Theoretical Weight per Gallon = 9.10
Volume Solids = al1%
Weight Solids = 52%
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FIGURE 46 X

_1

SUMMARY OF VISIBLE NEAR-RED AND INFRARED e

COLOR MEASUREMENTS AND GLOSS MEASUREMENTS "]

-]

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT, 4
FOREST GREEN, TYPE 11 X

FINAL BEADED FORMULATION -

p

!

1

- - o

Wave lLength I 670 | 730 K
| 1 3

% Reflectance/Transmittance ! 8.37 1 27.90 rj'
Lo

.

_x |y |z | Lx 1 Ly 3

1 1 1 1 1 >

Color Measurements | 6,57 {t 7.12 1 6.26 I 0.329171 0.35710 rj
1 % Reflectance/Transmittance ;

! "

Infrared Reflectance Averagel 45.157 lj
I !

Visible Near-Red Reflectancel 7.52 5‘1
Average ! .

] B

Ratio Visible/iInfrared 1 6.0 l:}
60 Degree Glioss ! 0.9 - 1l
85 Degree Gloss 1 1.2 1
B!

x|
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FIGURE 47

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
BLACK, (LOW GLOSS), PART A (BASE)

Theoretical Weight per Gallon = 8.14
Volume Solids = 34.30%
Weight Solids 40.50%

b FINAL BEADED FORMULATION

b | Pounds ! Gallons

.o L 1 :
o Cellosolve Acetate | 25.30 ! 3.12 4
L Bentone #27 | 2.00 1 0.13 i
by Diacetone Alcohol 1 1.21 [ 0.16 o
L 65% Wt. Polyester Resin ~ 1 271.00 I 28.50 »
F‘ Volume Solids §9% 1 I rj
- Cellosolve Acetate | 137.00 1 17.00

I Carbon Black 1 44,00 1 3.12 ?
b Biack lron Oxide | 65.00 ( 1.60 ¥
o Buty! Acetate 1 61.00 { 8.50 g
o Methyl Ethyi Ketone 1 21.20 | 3.20 >
K 25 Micron Clear Vesiculated i 43.00 1 12.62 =
I Beads 1 ! ~
o ! L. v
- SAND MILL THE ABOVE TO 4 N.S. ! 1 ;J
1 { -3
L. s LET DOWN | 1 1
N Qv Methvl Ethyl Ketone I 143.00 I 22.00 i
"- Zinc CGctoate 22% | __0.52 ! 0.05 ~
%~ TOTAL ! 814.23 | 100.00 3
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FIGURE 43

SUMMARY OF VISIBLE NEAR-REC AND [INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
BLACK, (LOW GLOSS), PART A (BASE)
FINAL BEADED FORMULATION

Wave Length | 670 1 730
| |
% Reflectance/Transmittance | 4.53 | 4.60
I x |y | z 1 Lx Ly

|
1 [ { ! 1
Color Measurements | 4,36 | 4.41 1 5.26 | 0.310621

I % Reflectance/Transmittance
]

infrared Refiectance Avecragce) 4.65

I N
Visible Near-Red Reflectancel 4.49 -5

Avarage ! =
| -

. Ratio Visibie/Infrared ] 1.03 8
- 60 Degree Giloss ] 1.2 if;
- 85 Degree Gloss 1 1.1 e -
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a FIGURE 49

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FIELD DRAB, PART A (BASE)

., .
P
e

NJ - - R

T
i] FINAL BEADED FOPMULATION
b 1 Pounds ! Gallons
i-g‘ | 1 i
b Celiosolve Acetate 1 32.28 1 4.00 .
9 Bentone #3« ! 2.50 1 0.18 -4
v Diacetone Alcohol | 1.40 ! 0.18 -3
P 65% Wt. Polyester Resin - 1 386.00 | 40.00 T
F‘ Volume Solids 59% ' ! P
[ Cellosolve Acetate ! 138.00 i 17.00 .
Chromium Oxide ] 115.00 1 2.70 '
! Yellow Dark Orange Oxide 1 145,00 1 4,32
fi Red Oxide I 23.00 1 0.56 ‘
12 Titanium Dioxide i 3.70 | 0.14 .
25 Micron Clear Vesiculated 1 53.00 | 15.45 ) o
Beads | | ,d
! | > o
SAND MILL THE ABOVE YO 4 N.S. 1 ] o
| ] P
LET DCWNM ! ! O
Cellosolve Acetate 1 32.00 ] 4,00 p
Butyl Acetate ! 49.00 1 6.70 ey
Methyl Ethyl Ketone i 24.50 | 3.72 =
Zinc Octoatese 22% 1 0.80 | 0.08 -j
1 { SA
SHADE WITH | i 1
Carbon Black Paste ! 9.40 ! __1.00 p
TOTAL 1 1,009.58 { 100.00 ;1

MI1X 4 PARTS "Am" (BASE) TO 1 PART "8" (ACTIVATOR)

Theoretical Weight per Gallon = 10.10
Volume Solids = 47.27%
Weight Solids = 58,64%
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FIGURE 50

SUMMARY OF YVISiBLE NEAR-~RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FIELD DRAB, PART A (BASE)
FINAL BEADED FORMULATION

Wave Length Il 670 I 730
! |
% Reflectance/Transmittance ! 16.88 1 24.49
I x 1y Iz ! Lx | Ly

! ! | | |
Color Measurements V 10.95 1 10.84 t 6.55 |1 0.386461 0.38251

-~

] % Reflectance/Transmittance
1

Infrared Reflectance Averagel 27.1
c '
. Visible Near-Red Reflectancel i14.68
- Average i .
2 | 8
- Ratio Visible/Infrared ] 1.84
60 Degree Gloss | 0.2 .
85 Degree Gloss | 1.8 i
'
: 3 ‘
.. ‘ )
.
1 v
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o v FIGURE 51

3; MIL-C~-46168A, ALIPHATIC POLYURETHANE, CHEMI!CAL AGENT RESISTANT,

OLIVE GRAB, PART A (BASE)
FINAL BEADED FORMULATION

1
! | Pounds 1 Galions
d ! 1
b Celtosolve Acetate 1 72.60 1 9.00
e Bentone #34 | 6.70 1 0.45
el Diacetone Alcohol | 0.90 i 0.11
- 65% Wt., Polyester Resin - | 292.00 | 30.90
E Volume Solids 59% | |
E Cellosolve Acetate ( 161,40 | 20.00
e Modaflow Sclution - Volume { 4.32 ! 0.56
- Solids 50% ( [
o Yellow Dark Orange Oxide 1 169.00 ! 5.10
i Red Oxide | 20,00 | 0.5¢6
Fq Titanium Dioxide 1 19.00 [ 0.57
k-3 Phthalo Blue ! 8.0C ! 0.60
o 25 Micron Clear Vesiculated ! 43.00 1 12.75
N Beads i 1 o
i | !
O SAND MILL THE ABOVE TO 5 N.S. ] i
5‘ v I !
e LET DOWN ' |
N Cellosolve Acetate i 26.00 | 3.20
; Methy! Ethy! Ketone ] 109,00 ] 16.50
Zinc Octoate 2% | _.0.67 ! __0.06
TOTAL ! 932.59 | 100.00
MIX 4 PARTS "A" (BASE) TO 1 PART ®*B"™ (ACTIVATOR)
Theoretical Weight per Gallon = 6,233
Volume Solids = 28.30%
Weight Solids = 49,00%
o
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FIGURE 52

SUMMARY OF VISIBLE NEAR-RED AND INFRARED
COLOR MEASWREMENTS AND GLOSS MEASUREMENTS

MiiL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
OLIVE DRAB, PART A {BASE)
FINAL BEADED FORMULATION

Wave Length I_670 1_730
| 1
% Reflectance/Transmittance 1 11.70 1 13.48
1 x 1 y | z | Lx 1 Ly
| | 1 | |
Color Measurements | 8.97 I 9.13 1 6.19 I 0.359161 0.37600

| % Reflectance/Transmittance
|

Infrared Kefiectance Averagei 23.4
! .
Visible Near~Red Reflectancel 7.68 .
Average | X
] B
Ratio Visible/Infrared 1 3.04
60 Degree Gloss | 0.3
85 Degree Gloss [ 2.3
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= FIGURE 53

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
SAND, PART A (BASE)
FINAL BEADED FORMULATION

Pounds Gallons

iy VENSREURIOIRD By ST S IR

2.7¢C
0.13
0.13
30.70

21.80
1.90
1.05

292.00

Cellosolve Acetate

Bentone #27

Diacetone Alcoho!

65% Wt, Polyester Resin -
Volume Solids 59%

Cellosolve Acetate

Buty! Acetate

Titanium Dioxide 155.00 4.€5

| |
1 !
| |
| |
! |
! 1
| {
| i
| !
| |
Yetlow Oxide | 31.00 | 0.92
Red Oxide 1 5.40 | 0.12
| !
| |
I |
| |
i |
| |
i i
| |
1 |
1 |
! |

;

9.51
10.00

76.80
72.78

Chromium Oxide 27.50 0,65
25 Micron Clear Vesiculated 53.00 15.45§

Beads 2.
SAND MILL THE ABOVE TO 4 N.S.

14 LET DOWN
Cellosolve Acetate
Methyl Ethyl Ketone
Zinc Qctoate 22%
TOTAL

13, 81

11.18
__0.05
100.00

110.00

74.12
__0.53
922.88

5
5

AV I BT -,'.',\-ut B T
e fmta am’d Baand dedosalad) e 0

MIX 4 PARTS "A" (BASE) TO 1 PART "B* (ACTIVATOR)

~
Theoretical! Weight per Gallon = 9.23 41
Voiume Solids = 40,00% }}
Weight Solids = 50.24% x
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FIGURE 54

SUMMARY OF VISIBLE NEAR-RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT
SAND, PART A (BASE)
FINAL BEADED FORMULATION

RESISTANT,

Wave Length 1 670 1 730
1 {
% Reflectance/Transmittance i 39.03 1 51.95
1 x ¥ z L x Ly

| | 1
I | |
Color Measurements | 28.19 L 28.79 L 20.68 L

0.36295L 0.37070

| % Reflectance/Transmittance

iq

tafrared Reflieciance Avsrage! £7.23
|
Visible Near-Red Reflectancel 35.15
Average |
i
Ratio Visible/Infra. ed | 1.62
60 Degree Gloss | 0.5
85 Degree Gloss | 2.7




FIGURE 55

. MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
ff- AITRCRAFT INSIGNIA BLUE, PART A (BASE)
. B FINAL BEADED FORMULATION
N ! Pounds I G.1lons
- 1 ]
Cellosolve Acetate 1 233.40 I 28.75§
Bentone #34 | 3.00 1 0.20
Diacetone Alcohol | 1.30 | 0.15
k 65% Wt. Polyester Resin - 1 274.00 ] 28.75
i Volume Solids 59% | t
] 75% We. Saturated Polyester - ! 69.30 | 7.50
Volume Snlids 71.5% 1 |
- Phthato Blue Green Shade | 43,00 | 3.30
X General Carhon Lamp Black 1 53.00 1 15.59
| |
SAND MILL THE ABOVE TO 5 N.S. | !
| |
LET DuUWN 1 1 .
Cellosolve Acetate 1 50.00 1 6.17
Butyl Acetate | 66.00 | 9.20
Zinc Octoate 22% ! 0.70 1 __0.07
TOTAL ! 798450 It 100.00

MIX 4 FARTS *A" (BASE) TO 1t PART *"B" (ACTIVATOR)

Theoretical Welght pger Gallon = 7.99
Volume Solids = 41,73%
Weight Soltids =~ 41,82
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FIGURE 56 g

SUMMARY OF VISIBLE NEAR-RED AND INFRARED ﬂ

COLOR MEASUREMENTS AND GLOSS MEASUREMENTS ?
MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT, %
AIRCRAFT INSIGNIA BLUE, PART A (BASE) ﬁ

F INAL BEADED FORMULATION

Wave Length 1 670 730

% Reflectance/Transmittance | 3.84

&
&
o
‘1"' . e K

=
:
1_x 1y 1z I Lx I Ly B
1 [ 1 ! 1 j
r

Color Measurements 1| 3.91° P 3. 81 1 5.92 | 0.286431 0.27933

| % Reflectance/Transmittance

1
Infrzred Rafleactance Average!l 7.4
l
Visible Near-Red Reflectancel 4,17
Average |
|
Ratio Visible/Infrared 1 1.77
60 Degree Gloss i 0.5
B85 Degree Gloss | 1.0
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FIGURE 57

AIRCRAFT WHITE, PART A (BASE)
FINAL BEADED FORMULATION

u MIL~-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,

I Pounc ! Gallons
| 1
Cellosclve Acetate | 134.00 i 16.50
Eentone #34 1 2.28 | 0.15
Diacetone Alcohol | 0.93 | 0.12
- 65% Wt. Polyester Resin - 1 199.18 ! 20.90
' Volume Solids 59% i 1
: 75% Wt. Saturated Polyester - 1 56.86 i 6.18
Volume Solids 71.3% | ]
. Titanium Dioxide : 1 345.00 1 10.34
- 25 Micron Clear Vesiculated | 39.00 ] 11.47
. Beads | l
'! \ t
B SAND MILL THE ABOVE TO 5 N.S. | !
| |
LET DOWN 1 l
Cellosolve Acetate ! 106.00 | 13.23
coe Methyl Ethy!l Ketone 1 80.3) l 12.00
!  : ) Rutvl Acetate ! 65,89 H 9.05
= Zinc Octoate 22% i 0.55 it __0.06
TOTAL it 1,030,00 | 100.00
MIX 4 PARTS "A" (BASE) TO 1 PART *"B" (ACTIVATOR)
! Theoretical Weight per Gallon = 10.30
Vvolume Solids = 38,70%
Weight Solids = 54.30%
b
k|
3}
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FIGURE 58
! SUMMARY OF VISIBLE NEAR-RED AND INFRARED
ﬁ COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

AIRCRAFT WHITE, PART A (BASE)
FINAL BEADED FORMULATION

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,

~'L_;;;_;;;:‘L;;;;;

PUNBOUS IS

Wave Length I 670 1 730
1 |
% Reflectance/Transmittance 1 90.57 1 89.78
1 x l y 1z 1 Lx 1 Ly
! ! | | l
Color Measurements | 89.55 Il 91.74 1 107.251 0.310341 0.31796

lva RIS A e — v e w——y T v e
P ‘-.':"':':".‘. . PRI A

R !

o Infrared Reflectance Average! 89.22
i

Visible Near—-Red Reflectancel 91.04
Average 1
!

Ratio Visible/Infrared 1 0.98

60 Degree Glnss 1 3.0

85 Degree Gloss | 4.1
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FIGURE 59

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESI!ISTANT,
AIRCRAFT BLACK, PART A (BASE)
FINAL BEADED FORMULAT:ON

, T'f“‘_ﬁ - ‘-v’..j‘:E',vll-nr;i'-;.‘ T .-.;-"-:v,‘rv"vv.‘f
. ce e T e e “'d.~'-'-"- [

| Pounds I Gallons
1 1
Ceflosolve Acetate 1 131.50 | 16.30
Bentone #34 i 2.20 1 0.15
Diacetone Alcoho!l | 0.90 | 0.12
65% Wt., Polyester Resin - 1 220.00 | 23.00
Volume Solids 59% i 1
75% Wt, Saturated Polyester - | 56.00 { 6.00
= Volume Solids 71,.5% | t
Eg: Butyl Acetate 1 70.00 1 9.70
b Carbon Black 1 39.00 1 2.68
- Black lron Oxide ] 56.00 ! 1.37
. | 25 Micron Clear Vesiculated 1 43.00 I 12.62
ﬂf Beads | 1
e | 1
' SAND MILL THE ABOVE TO 5 N.S. | 1
! ! |
i LET DOWN ] 1
! L 2/ Cellosolve Acetate 1 32.30 | 4.00
Fo Mathyl Ethyt Ketone i 156.12 ! 24.00
L Zinc Octoate 22% | __0.50 i __0.06
f TOTAL 1 810.52 I 100.00

L
M

MIX 4 PARTS "A® (BASE) TO 1 PART "B" (ACVIVATOR)

Theoretical Weight per Gallon = 8,11
Volume Solids = 34_70%
Weight Solids = 40.12%
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FIGURE 60

SUMMARY CF V{ISIBLE NEAR-RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
AIRCRAFT BLACK, PART A (BASE)
FINAL BEADED FORMULATION

Wave Lengih 1 670 1730
| |
% Reflectance/Transmittancs 1 4.12 l 4.17
1 x 1y |z 1 Lx ! Ly
1 | | 1 |

Cotor Mexsurements 1 3.99 1 4.05 | 4.78 1 0.311181 0.31599

| % Reflectance/Transmittance
1

Infrared Reflectance Averagel 4,24
pm !
Eg Visible Near-Red Reflectancel 4,09
b Average 1
s |
L Ratio Visible/infrared 1 1.0356
kf 60 Degree Gloss ! 0.9
r: 85 Degree Gloss | 0.6
-
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FIGURE 61

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
ATRCRAFT GREEN, PART A (BASE)
FINAL BEADED FORMULATION

! | Pounds | Gallons
; | |
v
0 Cellosolve Acetate ] 72.70 1 9.90
{_‘* Bentone #27 | 1.30 I 0.10
= Diacetone Alcohol i 0.80 | 0.10
: 65% Wt. Polyester Resin - ! 284.70 | 30.00
Volume Solids 59% 1 !
i Yellcw lron Oxide 1 78.70 | 2.35 :
- Carbon Black | 21.30 ! 1.60 o
- Black lron Oxide 1 3:.30 l 0.78 -
. Red Oxide | 20.60 ! 0.50 -
I | -]
:‘! SAND MiLL THE ABOVE TO 5 N.S. i | '.
I !
. LET DOWN 1 ! . i
o Cellosolve Acetate ! 65.00 ! 8.00 oy
= Methyl Ethyl Ketone 1 10C.00 l 15.10 -
R Zinc Octoate 22% f 0.60 I 0.06 3
¥ o . | ¢
f- SIFT IN AT HIGH SPEED | ! =1
FQ 25 Micron Clear Vesiculated | 50.00 1 14.7M e
5 Beads ! i -
[ ! ! e
- DISPERSE THE ABOVE TO 0-1 N.S. | ! o
! 1 p
F REDUCE WITH ! | ~—
g Methyl Ethyl Ketone 1 111.40 1 _16.80 .
1 TOTAL I 841.40 I 100.00 ;-,‘
i MIX 4 PARTS "A® (BASE) TO 1 PART *B" (ACTIVATOR) ;-.':"i
yd
) Theoretical Weight per Gallon = 7,76 -
Volume Solids = 37.70% "
Weight Solids = 46.50% =
v
-
,‘1
oy
=
e

B N T S S

RIS



e VTEMLTEL VO STE W TR T WA T . T TATNE TS L4 et e m e cm w iw = - - e N - -
= ¥y rmETmE Yy RTYRY e CUTTETRRTEE LGN LS LS T T N I W T T TS LU OV NS W UL VIV m e i e e s wma o v mmw e e \‘!

s |
]

3

FIGURE 62 j

;? SUMMARY OF VISIBLE NEAR-RED AND INFRARED !
o COLOR MEASUREMENTS AND GLOSS MEASUREMENTS 3
el 1
e MIL-C—46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT, ]
- AIRCRAFT GREEN, PART A (BASE) i
FINAL BEADED FORMULAT!ON |

b

3

Wave Length 1 870 1 730

% Reflectance/Transmittance 1 6.31 1 6.14

1 x |y | =z 1 Lx |
| | l | |
Color Measurements | 6.25 | 6.38 1 6.94 i 0.319211

0.32599

| % Reflectance/Transmittance
{

Infrared Reflectance Averagel 5.93
!

Visible Near—-Red Reflectance! 6.4
Average !

ey
.
1] *

RSN By LASNISASFL NI ¥+ D BRSNS U-UuT T S

RN s
4

nos !

Eg Ratio Visible/infrared | 0.93
60 Degree Gloss | 0.7
85 Degree Gloss 1 1.0
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FIGURE 63
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CHEMICAL AGENT RESISTANT,

300 HOUR Q-U-V WEATHER-OMETER OF FIELD DRAB AND - BLACK

ALIPHATIC POLYURETHANE,

MIL-C-46168A,

CONVENT IONAL VERSUS BEADED SYSTEMS
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FIGURE 64

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FOREST GREEM, TYPE 11, PART A (BASK)
CONTAINING COBALT VESICULATED BEADS

! Pounds ! Gatlons

1 |

PREMIX AND GRIND 1 |
Cellosolve Acetate 1 91.79 | 11.33
Bentone 34 ! 6.30 | 0.42
Ciacetone Alcohol 1 1.23 | 0.15

| 1

MIX UNDER HOCKMEYER - THEN ADD 1 ]
65% Wt, Polyester Resin - 1 214.66 1 22.98

Volume Solids 59% | |
25 Micron Vesiculated Cobal 1 116.00 t 22.51

Beads | |
Chromium Oxide | 145.73 | 3.43
Organic Brown ! 12.76 1 +1.02
28 Micron Vesiculated Inert 1 18.23 | 3.59

Beads l 1
Cellosolve Acetate | 39.07 1 4. 82

! |

SAND MILL TO 4 N.S. ! |

| |

LET DOWN | |
65% Wt. Polyester Resin - 1 19.82 ! 2,08

Volume Solids 59% | |
Methyl Ethyl Ketone ! 16.22 | 24,17
Cellosolve Acetate | 24.43 | 3.01
Zinc Octoate | 0.49 | 0.05
Carbazole Violet Shading Paste | _3.96 | 0.44
TOTAL 1 856.67 | 100.00

MIX 4 PARTS "A® (BASE) TO 1 PART "B® (ACTIVATOR)

Theoretical Weight per Gallon = 8,56
Volume Sclids = 45,7%
Weight Solids

52.6%




FIGURE 65

! SUMMARY OF VISIBLE NEAR-RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

-,

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FOREST GREEN, TYPE 11,

AR
T .

’ CONTAINING COBALT VESICULATED BEADS

Wave Length I 676 1730

] i

S % Reflectance/Transmittance 1 10.72 1 27.40
1 x |y 1z | Lx 1 Ly
v | 1 | | i

Y Color Measurements | 6.62 1 7.07 | 6.53 1 0.327651 0.34944
v

: 1 % Refiectance/Transmittance
B aent 1

s w7 Infrared Reflectance Average!l 47.76

L |

:‘ Visible Near-Red Reflectancel 8.40

5 Average !

Wi |

i Ratio YVisible/Infrared } 5.68

60 Degrees Gloss { 0.4

- 85 Degree Gloss 1 2.8
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D FIGURE 66

n CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH,
- MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FOREST GREEN, TYPE {1
CONTAINING COBALT VESICULATED BEADS

! HAROY :

RECOADING SPECTROPHOTOMETER
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FIGURE 67

"Y* BRIGHTNESS)-.058-.07S35

MIL-C-46168A (MR) CAMOUFLAGE CHEMICAL AGENT RESISTANT COATING,
FOREST GREEN, TYPE |1, CONTAINING COBALT VESICULATED BEADS

3.70
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*X" VALUES X 107

CHROMAT ICITY DIAGRAM FOR CAMODUFLAGE PAINT
OOLOR ~ FOREST GREEN

NOTE: COLOR ELLIPSE IS 2. N8BS
UNITS FROM CENTER VALUES

FIGURE 2
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. FIGURE 68

MIL-C~46168A, ALIPHATIC POLYURETHANE .
CHEMICAL AGENT RESISTANT, FOREST GREEN, TYPE 1,
PART A (BASE)

CONTAINING PIGMENTED BEADS IN PLACE OF PRIME PIGMENYS

[ENARNLASARAT the FOCDUUNCRLIFSIIV Sy SIHLSUINIY

- r
| Pounds I Gallons \
| i ]

PREMIX AND GRIND 1 1 A
Cellosolve Acetate | 66.43 | 8.20 3
Bentone 34 I 4.56 1 0.30 B
Diacetone Alcohol | 0.89 | 0,12 J
) { 1
s MIX UNDER HOCKMEYER - THEN ADD | | j
- 65% Wt. Polyester Resin - i 169.70 | 17.80 g
- Volume Solids 59% l ! “
. 25 Micron Cobalt Green 1 56.52 1 10.66 g
ﬁ! Vesiculated Beads 1 |
P~ 25 Micron Chrome Oxide i 105.48 | 19,89
o Vesiculated Beads [ { ..
- 25 Micron Brown Solid Beads 1 9.24 [ 0.80
: Methy!l Ethyl Ketone | 117.39 { 17,70
L; - Cellosolve Acetate 1 45.96 | 5.66
- !’? ' 1
s SAND MILL TO 4 N.S. ! !
. i !
| LET DOWN 1 1
' 65% Wt. Polyester Resin - | 120.00 I 12.58
Volume Sollds 59%% | |
Methyl Ethy! Ketone ! 42.00 | 6.26
Zinc Octoate ! 0.35 | 0.04 1
JOTAL | 738.52 1 100.00 !

MIX 4 PARTS %A" (BASE) TO 1 PART *B®* (ACTIVATOR)

e

Theoretical Weight per Gallon = 7,38

v Volume Solids = 49.5%
- Weight Solids = 49.3%
o
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FIGURE 69

SUMMARY OF VISIBLE NEAR-RED AND INFRARED
COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FOREST GREEN, TYPE I,
CONTAINING PIGMENTED BEADS IN PLACE OF PRIME PIGMENTS

Wave Length 1 670 1 730
. I |
% Reflectance/Transmittance I 11.02 1 26.22
1 x |y 4 ! Lx | Ly

| | 1 1 |
Color Measuroements | 6.62 i 7.07° t 6.29 1 0.3313 Y 0.3538

-

| % Reflectance/Transmittance

infrared Reflsctance Average! 41 .06
B 1 "
B Visible Near-Red Reflectancei 8.5 3
. Average | ‘S
' .
Ratio Visible/Infrared i 48.26 }
60 Degree Gloss 1 C.7
85 Degree Gloss ! 2.8
v
FT '.
B-72 B
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s FIGURE 70

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH
MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FOREST GREEN, TYPE 1,

CONTAINING PIGMENTED BEADS [N PLACE OF PRIME P IGMENTS
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FIGURE N

.28

*Y* BRIGHTNESS) - .058-.0T7S$
3.20

.15

CHROMATIC!ITY DIAGRAM FOR CAMOUFLAGE PAINT

CDLOR - FOREST GREEN

NOTE: OOLOR ELLIPSE 1S 2. NBS

UNITS FROM CENTER VALUES

FOREST GREEN, TYPE 1, CONTAINING PIGMENTED BEADS IN PLACE OF PRIME PIGMENTS
FIGURE 2

MIL-C-4616BA(MR), ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT CCATING,
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