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SECTION I

SUMMARY

This report describes t he research performed under contract
*DAAK 70-81-C-0126 on the utilization of polymeric bead technology

'in camouflage coatings. The primary o bjectIve of this program

was to determine the feasibility of adapting polymneric bead tech-
nology to the Army's needs in camouflage coatings.

ClIe ar pol ymer ic beads were u s ed in place of all I ne r ts in

the following camouflage specifications:

* Mil-E-52798A, Air Dry Alkyd Enamel

* Mi l-E-52929, Flash Dry Alkyd EnamelI

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

When h i rin Iymp r I be 2d we r - ~-_!rprte i .toaa 1 1 he1

specifications, it was observed that the beads effectively lower-
e d glIo ss a nd improved mar-res istance , cleanabilI Ity aod weather-
r e sis t a nce o f t he c oa&tin g .

The concept o f a transpaient chemnical-agent-resistant ur e-
thane over coat, containing cleac vesiculated beads, was also in-
v e stIg a te d. The I nt e nt was t o t e ablIe to ap plIy t h is clIe ar

*urethane over tactical vehicles already painted with con'ventional
a alkyd camoufl a ge coatings t h us nirpar t Ing chemi cal-agent-res ist -
a nce. T e n m Ic r on clIe ar vesiculated be a ds w e re f ou nd t o b e a
n e ce s sary p ar t o f t h is f ormulIati I anIn o rd er t o ac h ie ve t he !ow

glIo ss required by t he spacification wit h o ut h arm in g t he t r ans -
* parency of the film.

A variety of pigments common~ to camouflage paint formulation
we re encapsulated. I t was fo u nd t o b e p os s iblIe t o produce a
Forest Green carnoufiage coating I n wh ich all pr ime p igments a nd
inerts were replaced with pig-mented beads.

I he research summarized i n t h is r e po rt Indicates t h at p oIwy-
*mer icr b e ad technology ca'i be benef ic ialI f or camrouflIage coat in gs.
*The data supports the conclusions that polymeric beads effe:ctive-

I y I owe r g I o s s vi h i I e i mp r o v I n g t he mar - r e s s tan c e, c I ecanr a b I I i t y
and weather--resistance of a camouflage coating.

i -r
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SECTION It

LL PREFACE

This report was prepared by J. W. Uphoff, V. R. Ecker, E.

Oberg and jS M. Stone of the Enterprise Chemical Coatings Com-

pany, Wheeling, Illinois, under Contract DAAK 70-81-C-0126. The e

title o this research project was "Polymeric Beads for Organic

Coat ings..

This project was issued by the U. S. Army Mobi ity Equipment

eRsearch und _nPveopnnm.n.t r-mm. ý,, Proc,-rement and Prd,-c ?0n D!- _-
rre. rectorate, Fort Belvoir, Virginia, in coordination with Fred

Lafferman, Chief - Or Sanics/Chemical Coatings Research Group.

The contuact was administered by DCASMA, Chicago, O'Hare Inter-

national Airport, Chicago, Illinois.

The research performed under thi3 contract was conducted -

from July, 1981 through June, 1982.
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SECTION I II

COPYRIGHr PERMISSION

The materilal used in thie report does n ot r equ ir e copyr ight

permi ss Ion. I t s hou i be no tead t h at t he poI ymer ic b e ads a re

manufactured b y a process t ha t I s patended b y DulIux Australia

Limited, Melbourne, Australia (Patent #3:822,224).



SECTION IV

INTRODUCTION

In july, 1981, the U. S. Army Mobility Equipment Research
and DeveloFment Command (MERADCOM) awarded contract DAAK 70-81-
C-0116 to the Enterprise Chemical Coatings Company to investigate
the util :zation of polymeric bead technology in camouflage coat-
ings. "3The primary objective of this program was to develop a

° beaded camouflage coating that has the following benefits while
s still conforming to the spectral and performance characteristics I c
of the Army camouflage specifications-

S* • Improved mar resistance,>

*" )Improved weather r e s i s t an c e , ,,I

* - . ")lmproved cost effectiveness.

These improvements in camouflage coatings are important to -

* the Army for several reasons. Conventional coatings mar very _
"- e._sl ly due to the high loading of inerts required to achieve the

very low gloss specified. The marring Is detrimental to both the
v vIsual appearance of the coating as well as harming the film's
infrared color properties.

Cony ntional camouflage enamels tend to generate a white
c ha I k - face upon weathering due ro the large quantities of i n e r t s
t that are typically In these formulas. The white chalk-face will
also destroy the camouflage spectral oolor characteristics of the e

With the advent of the Army moving toward uti I izat ion of a
more expensive urethane coating, the need for cost effective for-
mulat ions becomes increasingly important. Pigmented beads offer-
ed a potential formulation tool for reducing totaI pigment costs
in camouflage systems.

With these goals in mind, contract DAAK 70-81-C-0126 was
started to determIne whether the use ,f polymeric beads would
o f f e r a f e a s I b I e s o I u t I on to t he Army s f u t u r e camouflzge co a t -
ings requirements.

I w



SECTION V

BACKGROUND

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

A. POLYMERIC BEADS

A Polymeric bead is a microscopic sphere that is produced by
a patented suspension polymerization process. The polymer-
ization of an unsaturated )o lyoster/styrene mixture forms
the polymeric structure of the bead. The research performed
under this contract was done with beads that were either 25
"inicrons or 10 microns in top size. r

B. POLYMERIC BEAD CLASSIFICATIONS

Polymeric beads can be classified into four main categories:

Clear Solid Polymeric Beads

Clear Vesiculated Polymeric Beads

Pigmented Solid Polymeric Beads

Pigmented Vesiculated Polymeric Beads.

1. Clear Solid Polymeric Beads

A solid polymeric bead is comprised of a sol id

mass of polymerized unsaturated polyester/styrene

resin mixture.

2. lear Vesiculated P olymer ic Beads
*1

A ves Iculated bead contains entrapped air vessi- i
cI es. The outer shell of the beads and the wa I I s
of each vessicle are composed of tle polyester/styrene polymer. As light is refracted by the

interfaces of the vessicles of the bed, a whi-
tening or opacifying optical effect occurs..

V- 1
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3. PIgmented Solid Polymeric Beads

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

4. Plgmented Vesiculated Polymeric Beads

Encapsulation of pigment In a vesiculated bead
resul ts in a random distribution of pigment

particles witlln the polymeric walls that surround
each air vessic!e. Figure 1 Is a photograph taken
by a scanning electron microscope of a field of
titanium vesicul ated beads. Figure 2 is a
photograph of one eleven micron bead. The shadowy
dimpled areas are the vessicles as seen from an

outside view of the bead. A cross-section of a
Vesiculated bead is shown in Figure 3. The inside
of a vesiculated bead has a honeycomb structure.
The dark, shaaowy a-eas are the air vessicles
while the very white areas are the titanium
pigment that has been encapsulated in the walls of

the bead.

The majority of the research work performed under this con-
tract wat done with clear vesiculated polymeric beads as a re-

Splacement for the conventional taIcs and inerts tha! are typi- .
call y used to lower :he gloss and sheen of camouflage systems.
Ve5icuiated beads were cnosen because a comparison of clear, r__
solid and clear vesiculated beads showed that the vesiculated
beads lower gloss more efficiently, with a minimal effect on cost

and colc properties. Clear beads were also selected for our r
initial work so that the effect of the bead alone could be exam-
Ined In a camouflage coating (see Table 1).

in order to determine the feasibility of utilizing polymeric
b beads in camouflage coatings, it was necessary to evaluate the
beads in all three of the primary camouflage specifications:

• Mi l-E-52798A, Air Dry Alkyd Enancl, Type I and I I

Mi I -E52 929, FlIas h Dry Alikvd Enamel, Type I and I I

Mil-E-46168A, Chemical Agent Resistant Urethane, Type

and II.

Most of the preliminary work performed in each specification

was done In the Forest Green color, since this color l'istorically

is the most commonly used camouflage color and is also the most
difficult green to match for co or. 'r

V-2
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AN i MICON TTANUM VSICUATEDBEA
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FIGURE 3

CROSS-SECTION OF AN 11 MICRON TITNNIUM VESICULATED BEAD
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Additional information is presented that describes our ef-
for t s to make z transparen , I ow g loss, chemical-a gent-resistant
"urethane coatirg with clear oolymer it beads. This corrept would

* allow the Army to repaint t ctical vehicles that had been proe-
viously coated with conventlunzi alkyd camouflaveo systems with a
clear coating that would g;ve the vehicle chemical-agent-reOlst-
ance while maintaining the or Zin rl camouflage spectral proper-
" ies. The beads are necessary to provide the required low ;ioss.
Use of conventional Iner ts to lower gloss In the clear urethane
would cause the film to become opaque and distort the original I

camouflage color.

The remainder of our research work centered around replace-
ment of al convent'onal 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 p

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 coirrent camouflage
coating systems. It was also determined that the clear polymeric
bea d structure Is resistant to the harsh decont;mlnant, DS as
well As other chemical agents. An evaluation of clear polymeric
beads in MI I -C-46168A, Aliphatic Polyurethane, showed that these
beads are chemical-agent-resistant.

Formulas for the following camouflage spfcificationi and the

respect ive colors In those specifications have been developed
utilizinj polymeric bead technology:

*- Mil-E-52798A, Air Dry Alkyd Enamel, Forest Green, p
Type I and Type II

* MIl-E-52929, Flash Dry Alkyd Enamel, Forest Green,

Type I and Type II

. MiI-C-46168A, Chemical Agent Resistant Coating ng

- Colors: :

S-- Forest Green, Lead-Containing
-- Forest Green, Lead-Free
-- Black
-- Aircraft Insignia Bluer -- Field Drab
-- Olive Drab (Federal Color Standard 595-34087)

S am d
-- Ai rcraft White
-- Aircraft Black p
-- Aircraft Green-- Clear.

A clear chemical-agent-resistant urethane top coat formula,
containing clear vesiculated beads was developed for the purpose
of top coating existing camc,-flage coatngs that are not chem-r . Ical-agent-resistant. The clear coating has the low gloss re-
quired of a camouflage coating and does not distort the spectral
properties of the original coating.

V I -1



A Forest Green, conforming to MI I-C-46168A, urethane, was

also developed, utilizing pigmented vesiculated beads in the
place of all prime pigments and inerts in the formulation. Opti-

mization of this formula is not complete but our research idi- n
cates that this is a feasible approach.

Actual test results are included in Section VII of this re-

port. The most significant test methods and equipment actually
used for test purposes are described In Table .. While the other
physical properties required by each specification were also

evaluated on final beaded formulations, those tests listed in
Table 2 were run routinely on samples in order to determine the .
direction our research should follow.

Since there was no previously published research literature

on the use of polymeric beads In camouflage coatings, it was
necessary to first determine which clear bead, sol Id or vesIcu-
lated gave the most desirable properties. The flow-chart of
Table 3 describes, very simply, the pat h 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 respeLtive specifi-
cation.

VI-2
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TABLE 3

CONVENTSONAL CAMOUFLAGE COATING

v

I Insert Clear 1 I Insert Clear Vesizulated I
I Sotlid Beads I I Beaas in plAce of inertsI
I In place of I I Gloss and sheen
I Inerts I I color -

II satisfactory

I IMi l-E-52929 I IMiI l-E-52 798A I iM I l-C-461 68A I MI Il-C-461 68A I
I IlF o r#-st G3r eean I IF o r et Greenil IForest Greenl IClear Over I

-- I I I C o at I

I Glos OSAnd sheen II
I r e suIt s s atI Sf a Ct o ry I v
I but not as efficient I I Match remainingI
I as ves iculated bead I I colors !n Mi l-C-46168A I

I -SpecIficationI
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SECTION VII

DISCUSSION

At thea beag in n ing of t h Is contract, la r ge s tand ar d Ilo ts u f
the raw materials used in conventional camouflage coatings were

set aside for the purposes of our work. This was done so that we

could assure ourseivcs that any changes between a conventional I
camouflage coating and the beaded camouflage coating were attri-
buted to tha bead alone.

The objective of the initial series of experiments conducted
was to determine if all of the conventional gloss reduction ma-
t terIals used in camouflage coatings, such ai tal; a nd diatoma-
ceous s I licas, couid be replaced with clear beads and still ob-
tain the required gloss and sheen. At thi, point, we removed all
of the iner ts In a MI I-C-46168A, Forest Green formula, aid In-

L" < serted 0.4 pounds per gal Ion of clear solid beads in one sample
and 0.4 pounds per gallon of clear vesiculated beads In another

Sk • r T heI- - - . rI' -u• ii•u r ,o vu iII Til b ie .1
From the data it can be seen that the clear vesiculated bead

lowered the gloss and sheen into the specified range while the e
clear solid bead formula was out-of-specification. The next step

was to determine the quantity of solid beads required to achieve
the same gloss. Note tha: five (5) t Imes as many solid beads
were required to achieve the same gloss and sheen obtained with
clear vesiculated beads.

Based on the results of our initial seti of experiments, we
then proceeded to introduce clear vesiculated beads into the
three primary canouf lage specif Iations. A s urirary of the r e-
search performed, and data obtained tn each specification, is

described In the following subsections.

A. CLEAR VESICULATED BEADS

I. Mil-.E-52929, Flash Dry Alkyd Enamel

Since the original level of 0.4 pounds p r gal Ion 25
micron clear vesiculated beads initially gave satis-
factory colnr and gloss resui ts, we decided to deter-
mine if this was an optimum level of beids to use. An
experiment was conducted in which we made samples of
Mi I -E-52929, Forest Green, Type I, at bead levels of
0.3 pounds, 0.4 pounds and 0.5 pounds per gal Ion. The
color and gloss results of this test are summarized in

Table 4.

VI I-I 
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TABLE 4

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

Bead I ZAo 1 850 1 Cap II
I Gloss I Sheen I my I Lx I Ly

0.3 #/Gal. 1 1.2 1 1.0 1 9.87 1 0.317741 0.37610
I II

0.4 #/Gal. 1 0.4 1 0.8 1 10.32 1 0.31918 I 0.38229

II
0.5 I/Gal. 1 0.3 I 0.8 1 10.79 1 0.32012 I 0.38449

As can be seen from these results, the 0.4 pounds pec
gal Ion level of cItar vesiculated beads offered the
mo st desireablIe rombination o f c oIo r p ro pe r t ies an d
gloss control. The remainder of our wor k with this

specification was therefore based on the 0.4 pounds per
gal Ion level.

The starting formulation for the conventional MI I-E-
52929, Forest Green, Type i camouflage coating Is shown
in Figure 4. 1he gloss and color readings, color
"curve, and position within the ellipse for this system

Is shown In Figures 5, 6 and 7 respectively.

The Initial starting formulation we used to incorporate
25 micron clear vesiculated beads a t  an 0.4 pound per
gallon level is shown In Figure 8. In this formula--
tion, we first dispersed the prime pigment on a sand
mill to a 7 N.S. dispersion, then added the beads and
sand milled the entire formula to a 4 N.S. grind. The
gloss and color readings, color curve and position
within the ellipse are shown in Figure 9, 10 and 11.
Note that the Cap "y" and 670 w.velength reading are e

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 results of that evaluation are summarized in Table
5. However, white the AMP (2-amino-2-methyl-l-propa-
no!) had the most noticeable effect on the color we
still 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 then made to see I f the
smaller bead would give a lowe- brIghtness reading.
The results of this experiment are shown in Figures 12,
13 and 14. The smaller bead size did not help improve
t he brightness enough t o a I I ow u s t o shade th e Co I o r

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
time the prime pigments were added. The entire pig-
ment/bead pa s t e was then s and mi I I ed un t i I a 4 N.S.
dispersion was obtained. This method of processing was
S u csuccessful in that the color could be readily shaded
.into t'Ne ellipse. 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-
Pa for MI I-E-52929, Flash Dry Enamel, Forest Green,
Type I. It was with this formulation that we began
p physical testing of the coating versus the speci-
f I cat ion.

During the course of our testing, at wts observed that
the beaded coating displayed two pimary benefits over
the conventional flash dry system. They are:

Significantly improved mar-resistance

Better color retention upon weathering.

The improvement in mar-resistance is best shown in
F Figure 19. This photograph shows side-by-side panels
"of a conventional and beaded camouflage flash dry alkyd
e ntmesI cvstem A fIr:wnrn. ! wI s then d 2 ed 1r csathe surface of both panels at a const nt pressure.

From the photograph it is evident that the conventional
system marred severly while the beaded system showed
little or no marring. A sample of this beaded system

was sent to Bendix Communications for evaluation be- _
cause they were having problems with the conventional
Mi I-E-52929, Flash Dry Enamel , marring during their
equipment assembly. Their testing confirmed that the
beaded MiI-E-52929 had superior mar-resistance to the
conventional formulation. -,

The photograph in Figure 20 shows the Q-U-V Weather-
Ometer tests that were run on the conventional and d
beaded systems. These panels were exposed for 300
hours In the Q-U-V. Note that the conventional system
has a white chalk-face after 300 hours exposure. The
chalking destroys the original camouflage color pro-
per ties of the coating. However, the beaded pinel does
not exhibit the same chalking tendency since there are e
no inerts in this system. Th;s fact is evidenced by
the noticeable difference in Cap "YW reading on the
exposed panels. The color and gloss resul t, for the
exposed panels are summarized in Figure 21.

VI . . 3•• 1 -3



F IGURE 1 9

MIL-E-52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE 1,
MAR-RESISTANCE COMPARISON OF CONVENTIONAL VS. BEADED SYSTEMS

CONVENTIONAL SEAM~

4 4 .
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FIGURE 20

MIL-E-52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE I,
300 HOUR Q-U-V WEATHER-OMETER EXPOSURE PANELS OF

CONVENTIONAL AND BEADED SYSTEMS
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Once the formulation for the beaded Mil-E-52ý29, Forest
Green, Type I was developed, the sarne technology was
utilized to develop a Type I I , Lead-Free, Flash Dry
Alkyd. The Type II conventional formulation, the final
beadea fo-mulation, and the resul Its 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 I I,
Flash Dry system showed the same trend as witi' the Type
I version.

2. Mil-E-52798A, Air Dry Alkyd Ename!

The techniques used to formulate MIl-E-52798A, Fcrest
Green, are very s imi tar to those used for the
MII-E-52929 'ormulation. Therefore, the 0.4 pounds per
gal lon level of clear vesiculated beads was substituted
for all inerts in the conventional Mi!-E52798A formula-
tion. As can be seen from the data, this level of
beads brought the color and gloss into the I ;mits re-
quired by the specification for oath the Type i and
Type I I formulas. The conventional formulations for
MiIl-E-52798A, Forest Grecn, Type I and I I are shown in
Figures 27 and 28. The subsequent beaded formulations
for Type I arid Type II , as wet I as the resul ting color
and gloss data are provided in Figures 29 to 36.

STha final beaded formulations for Forest Green, Type I
and Type II were then evaluated against the specifica-
tion. Once again, the beaded coatings proved to have
s superior mar-resistance and weatherability to the con-
ventional alkyd camouflage system. The photograph in
Figure 37 shows panels of conver.tiona ar d beaded
MMiI-E-52798A, Forest Green, Type I , after exposure in
the O-U-V Weather-Ometer far 300 and 500 hours. The
conventionai system again has a heavy white chalk-face
.: while the beaded system more closely retains its or i-

4 gnat col or characterIst;cs. The weathering data for
this series of panels is summarized in Figure 38.

3. Mi I -C-461 68A, Chemical Agent Resistant Urethane

T The first point to be r econci I ed in formulating

Mi I-C-46168A wi th beads was whether the polymer ic
s structure of the beads is resistant to the chemical
decontaminant, DS Samples of clear vesiculated and

2'clear solid beads were submitted to Ft. Belvoir for OS 2
testl.n& and found to be resista rt to this harsh decon-
t ami nan t . A s amp I e o f a ve s i c u a t ed be ad wh I c h wa s
pigmented with an organic brown that was known to be

S. susceptible to DS attack was also submitted. When DS 2

i9
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FIGURE 37

MIL-E-52798A, ENAMEL ALKYD, FOREST GREEN, TYPE 1,
300 HOUR AND 500 HOUR Q-U--V WEATHER-OMETER PANELS OF

CONVENTIONAL AND BEADED SYSTEMS

7-1
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was app lied to the organIc brown bead the brown was .
"dissolved from the Inner walls of the vesiculated bead a
but thie polymeric structure of the bead itsalf remained
int&ct. Based on these results, it appears that In
order to use a pigmented vesIculated bead in Mi I-C-
46168A, the pigment must be chemical-agent-resistant
sinco tha vesiculated structure of the bead allows the
DS 2  to enter the bead and cannot protect the pigment.

The first step, in formulating a Mi I-C-46168A, Forest
Green, Type I with clear vesicilated beads, was to
replace all inerts with 0.4 pounds per gal Ion of poly-
meric beadss Sincc the urethane is a two-comporent
system that is mixed four (4) parts A (Base) to one (1)
Part B (Activator), it is necessary to remember that
thr 0.4 pounds per gal Ion bead level is based on a
total mixed gallon of the two components. As with the
beaded air dry alkyd and the flash dry alkyd systems,
the beaded Mi I-C-46168A Urethane, had better mar-
resistance and weathering when compared to the conven-
tIonal ly formulated system. The conventional starting
formulation that was used is shown In Figure 39 while
the beaded version is listed In Figure 40. Color data
on the beaded formulation is displayed in Figures 41,
42 and 43. Results of the weathering tests on Forest
Green, Type I are included in Figure 44.

Other colors in the MII-C-46168A quality that have been
developed with clear vesiculated beads are: Forest
Green (Type II), Black, Field Drab, Ol ive Drab
(#34087), Sand, Insignia Blue, Aircraft White, Aircraft
Black and Aircraft 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
altered slightly from the conventional formula 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. 0-U-V weathering tests
have not been completed on all of the beaded urethane
colors at the time this report was issued. However,
the photograph in Figure 63 displays results of 300
hour Q-U-V tests on the conventional and beaded Black
and Field Drab formulations.

4. Mil-C-46168A, Clear Beaded Urethane Over Coat

The Army's decision to eventually require chemical-
"agent-resistant coatings (CARC) on all tactical equip-
meant Ini tIated the idea that perhaps a transparent,

.-- gloss, chemical-agent-resistant urethane could be. developed to apply over conventional alkyd camouflage
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"FIGURE 63

MIL-C-46168A, ALIPHAVIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
300 HOUR Q-U-V WEATHER-OMETER PANELS OF FIELD DRAB AND BLACK

CONVENTIONAL VS. BEADED SYSTEMS

71
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coatings. Th Is concept would make t he coating system
chemical-Agent-resistant and would 3ignificantly reduce
t he c o st o f repainting ve h Ic Ies i n t he f ielId s ince a
clear ug'othane over cosit would be much less co-tlyv than
a pigrnens.ed camouflage urethane.

The clIea r, ow- glIo ss oaye ; c o at c on se pt c o uld noist 1be
accompli shed with conventional I ne r ts sIninc e t L cs and
s i I I ca s would give t he film a Partilal ly opaque appear- r
a n ce. However, ~I ear vesicuilated b ea ds offered a
possible for.ntulation tool to achieve both the low-gloss
and the transparency.

I n our f irst experiment, we used 25 mi-,rcn clIear v esI-
c uIa t ed b e ad s, a t a 0. 57 pounds; p er admi Yed gall Ion r
I e volI, In a clear M,' -C-461 68A formulation. Th is coat-
I ng was t hean applI Ied at 0.5 mil DFT ( d ry f Ilm th Ick-
ne s s) ovYecr a pane I tna t h ad bseean coatcsd wi th Mi l-E-
52798A, F o re st Gr e en AlIk y d. T he 25 micron cIe a r
vesiculated b ta d w as n ot tratisparent enough, c aus In g
t he to talI co a t Ing s ys tem t o h a ve slI Igh tlIy d Istorted
color values.

The next j at ot experiments were conducted using a 10
m m ic ro n clIe ar vesiculated b ea d ac a pound-for-pound
rerlacement f or the 25 micron bead I n t he cl Ie ar u re-
thane formulation. This system was also applied at 0. 5
ettvi a L-0 S 'I C Ts oi w er 1,-eMJ' 7 ft A, 'ruc -e s i -3 e aci A I 'kYud.

These results Pre summarized In Table 6.

The 10 micron clear vesi'ulated bead towe rs t he gIo s s
a nc sh e en I n to t he required ra n ge and i s tr a ns par cn t
enough to permit tlhe original camouflage colur proper-
ties of the alkyd to show through the urethane coating.

The we atIher in g of t he t o t a I s y stern of t ;i e c I e ar beaded
ur et h an e, a pp I led a t 0. 5 mlII s DFT o v er t he M II-E-
52799A, Forest Gr~en, Alkyd Enamel, was then evaluated.

'4Pane Is of t h Is system were exposed i n t he 0-U-V Wea-
ther-Ometer for 300, 400 and 500 hour!. The conven-
t IonalI Mil-E-52798A was o nlIy exposed f or 300 ho ur s
s sr% c c the Cap "Y" had already changed so dramatically
dur Ing t ha t exposure pe r Iod. ResulIt s oIF t he exposure
test Ing are s um~a r I z ed I n Ta blIe 7.

T he r e suIt s , a s indicated i n TablIe 7, show t h at t he
clIear beaded urethane o ve r ;o a t effectively min imize s
the white chalk-face t h at n or m allIy occurs when a c on -
ventional alkvd is weathered.

V7
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Since the clear beaded urethane would be applied over a
weathered finish when repainting a vehicle in the
field, we felt it necessary to check the Intercoat
adhesion and the effect of the clear coating on color
of the weathered finish. To make this determination,
we exposed panels of M;l-E-52798A, 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 urethane over these exposed panels and checked
color and gloss. This data is shown in Table S.

From these results, one can see that the clear beaded

urethane nearly returned the Cap 'Yw of the exposed
panel back to Its original value. Also, there were no

signs of intercoat adhesion failure between the clear
urethane and the weathered alkyd coating.

Rased on the above data, thi concept of a clear, beaded
urethane appears to be a very feasible approach for
repainting vehicles in the field. This system Is also
currently 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-

i.-' mising.

SCLEAR SOLID BEADS

Bdged on the data abtain%;o In yable 1, very little of our

research time on this contract was spent investigating clear
solid beads. In order to achieve the low gloss required for
camouflage, we determined that five (5) times the level of

so I S beads were needed to achieve the same gloss Ievel as
with vesiculated beads. We felt that the high level of
solid Deads would be too cost-prohibitive for the Army's
end-use assumin: the solid and ves culted beads are am
equal cost.

One experiment we did conduct with clear solid beads was the
addition of these beads to the MII-C-46168A, Clear Urethane
Over Coat. To the clear urethane, 1.25 pounds per admixed
gallon of clear solid beads were added. At this level, the

60 degree gloss was still higher thare required by the speci-
fication (Actual 2.6 -- Specification 1.0 maximum). This
clear, solid Ueaded urethane coating was then ,prayed at 0.5
mil Is DFT over a Mi I-E-52798A, Air Dry Alkyd, Forest Green

a and erposed in the Q-U-V Weather-Ometer. Results of this
weathering study are summarized in Tab!e 9.

The data shown Ir, Table 9 demonstrates that the clear solid

k beadcd 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 clear sol id beaded urethane had excellent mar-resist-
ance. The intercoat adhesion between this urethane coating
and the alkyd fInish were also observed to be very good --
no adhesion loss was noted.

C. PIGMENTED BEAUS FOR CAMOUFLAGE

The concept of a camouflage coating In which all the prime
pigments and iner ts are replaced wi th pigmented beads
appeared to be a very logical use of bead technology. Theo-
retical Ily, pigmented beads would lower gloss, improve mar-
resistance, improve weatherabi I i ty (duo to removal cf
iner ts), and hopefully reduce cost since the color pro-
per ties of an expensive pigment such as cobalt would be
maximized through encapsulation. However, the implementa-
tion of pigmented beads into camouflage coatings !s far more
complex than the implementation of clear beads due to the e
wide variety of pigments to be encapsulated and the subse- .
quent color matching that would be required. Therefore, we
tested 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 variety 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

•--4

The last phase of our research with pigmented beads centered
around the development of Mi I-C-46168A, Chemical Agent Re-
sistant Coating, Forest Green, Type i and Typb I I. In our
initial experiment, a 25 micron cobalt vesiculated bead was
used in the place of cobalt pigment :nd all inerts in a
Mi l-C-46168A, Forest Green, Type II. A small amount of a 25
micron bead containing diatomaceous silica was also used to
help raIse the 730 nm readIng. The lIast formulation we
worked with is displayed in Figure 64. The spectral data,
color curve and color ellipse for this formulation are shown
in Figures 65, 66 and 67 respectively.

L The next experiment of significance was to replace al I prime
pigments and iner ts in Mi I-C-46168A, Forest Green, Type I
with pigmented beads. The most racent formula we developedis described in Figure 68. Note that only a cobalt vesicu-

lated bead, chromium oxide vesiculated bead and an organic
brown sol Id bead were used to develop a Forest Green color.
The spectral data, color curve and color elI ipse for this
formula are shown in Figures 60, 70 and 71 respectively.
While the 670 nm point is 0.2596 higher than specification, an

-: -- the color is in a very shadeable position.

I 1
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In our limited research with pigmented beads, we observed

that the mar-resistance of the beaded coat ing wa& much

improved over the conventional camouflage system as we

previously observed with the clear ves iculated beaded

systems.
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SECTION Viii

CONCLUSIONS

The research conducted under contract DAAK 70-81-C-0126

indicates that polymeric bead technology can be successfully
uti lized in camouflage coatings systems. The experimental data
1 indicates that conventional inerts can be replaced with clear r
ves iculated beads to achieve the very low gIoss required for the
Mi I-E-52798A, Air Dry Alkyd; MI I-E-52929, Flash Dry Alkyd; and
Mil-E-46168A, Chemical Agent Resistant Urethane camouflage specl-

fications. By making this change, we observed that beaded camou-
flaga coatings exhibited superior weather-resistance to conven-
tional camouflage systems. It was also noted that beaded coat-
ings have better mar-resistance which should allow them to be
more easily cleaned than the standard camouflage coating. .

A comparison of clear solid beads versus clear vtsiculated
b a beads showed that solid beads Impart better mar-resistance but
they are far less efficient -t lowerlin gloss. The clear YesI
c culated beads also improve mar-resi stance wh i le eff icient ly
reducing the gloss of the camouflage coating. Since approxi-

K 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
s l id beads as the sole raw material for gloss control. Clear
vesiculated beads offer a means of lowering gloss while improvit, g
the mar-resistance and weathering-characteristics of the camou-
flage coating.

The concept of a clear, beaded, chemical-agent-resistant
urethane, that can be applied over exIstini aIkyd camouflage
f finishes, appears to be a viable alternative for refinishing
tactical 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
c coat does not distort the camouflage color properties of the e
original aI kyd. The mar-resistance and durabiiity of the clear
over coat were found to be superior to the alkyd enamel.

A wide variety of pigments comnon to conventiona! camouflage

formulations were encapsulated to form solid and vesiculated
p polymeric beads. A combination of these pigmented beads were

rV I 1
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then ut I I I zed to produce a Forest Green camouflage c o at I n g t h a t
did not contain any inerts or prime pigments. While considerably
more research needs to be completed on pigmented beads, the pre- r
I ImInary data discussed in this report indicates that this tech-
nology e.ffers a viable approach to low gloss camouflage coatings
that have improved mar-resistance, cleafabil ity and weather-
resistance over the currently specified camouflage systems.
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SECTION IX

RECOMMENDAT IONS

As a r es ulIt of t he r es e ar ch we I-ave perfoommed, it is o ur
recommendation t h at clIe ar vesiculated hbea ds b e w r It ten I n to t h
three primary camouflage specifications:

I . MiI-E-52798A, Air Dry Alkyd Enamel

* Mil-C-52929, Flash Dcy Alkyd EnamelI

* MiI-C-46168A, Chemical Alcnt Resistant Urethane.

I n o rd er t o implement t h Is recommendation, i t will be necessary
to wr it e new spec if icat ion s. A s calIe-u p will alIs o be requ i red to
make fulI I-scalIe produicion q u a nt It ies of d r y, clIe ar vesiculated
beaa ds and production quantities of be~aded camouflage coat Ings i n
orid er t ha L th c polIyme r ic bead technt. oily t;a n b e successfullIy

The clezr, beaded, urethane over coat concept also needs t o
* be pursued. We suggest further work with the Ar.iiy (or a designee

of the Army) that would involve actual ly pa ivting sorrwz weathered
v eh Ic Ie s w it h th Is clIe a r, beaded u rethane t o t e st re st or a t Ion o f
c oIo r a nd glIo s s, chemnical-agent-resistance, cleanabi Ii y, m ar -
resistance and long-term weatherabili ty.

We recommend t h at add it ionalI research bec performed on th e
*pigmented b e ad techcwology. Preilmlnary d a ta In dic a teas t ha t

Forest Green ra n be made us Ing pigmented polIymc r ic bca d s i n t r e
I ~~plIa ce o f alIl pr ime p igme n ts and in e rt s. F u r to. e r t e s t I n g n e e d s t op

b e c amnp I e t e d t o ens u re roeprod uc i b Ili ty o f b ot h t h e p i gme n te d
b be ads t hems eIves~ a s we I I a s r e p r oad u c i b I I i t y o f t he For e s t G re en
coIo r . S in ce t ý.e beaded Forest Green h as onlIy been rrade in t he
Mi l-C-46168A qual ity, the same technology will have to tv appi :ed
to t he Mil-E52798A and MilI-E--52929 specifications. T he ot h er

IcoIo r s in t he speci ficat ions will alIs o h av e t o be matched us In g
*pi gmented polymeric beads. Additionally, t he expected economies

f from ut IlIz a t Ion of pigmented p olIyme r ic be a ds n ee ds t o b e
evaluated.
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We further recommend that the following areas concerning
polymeric bead technology be explored:

Investigate the possibility of incorporating slip ad-
"di tives such as s I I!cones or waxe s i n t o t h e c omp os i t I on
of the bead to further upgrade the mar-resistance of
camouflage coatings

Evaluate beads that are composed of po!ymers other than
the current unsaturated polyester resin. For example,
a bead male 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-

m mu at ions

Apply polymeric bea'd technology to high solids, VOC,

compliance coating formulations.

7
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TABLE 1

MIL-C-46168A, ALIPHATIC URETHANE, FOREST G.EEN,
COMPARISON OF CLEAR SOLID VS. CLEAR VESICULAI D BEADS

I Pounds I
I Beads per I I

Sample I Admixed I 600 1 850
Description I Gallcn I Gloss I Gloss

Conventional (no beads) 0.00 0.8 1.8

Clear VesiculatedII
Beads 1 0.40 1 0.8 1 1.2 -1

Solid Beads I 0.45 1 30.3 1 40.3

Solid Beads 1 1.05 1 20.8 I 25.8

Solid Beads 1 1.50 1 12.7 I 19.8

Solid Beads I 2.25 1 1.2 1 2.2

L
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TABLE 2

TEST METHODS AND EQUIPMENT

I Fed. Std. 141 I
Property Test Method Equipment Description

60 Degree Gloss IMethod 6101 Hunter, Model A-1096

85 Degree Gloss I Method 6103 1 Hunter, Model A-1120

Color I Method 4251 & I Diano-Hardy Match Scan II
1 6241 I Model #600700GG29

I and Diano-Hardy Model
1 #400016

I I
Accelerated I Method 6122 I Q-Panel Q-U-V Weather-Ometer

Weathering I I Serial #80-805-05-21
I I

Fineness of Grindl Method 4411 I Hegman Gauge

I I
Drying Time I Method 4061

Mar-Resistance I I Drag fingernail of constant
: :.-- I pressure over beaded and

S. I conventional coating. Vi-

I sually compare mar-resistance
I of the two films.

Bead Size I Elzone pirticle counter
Distribution I I Model #112LTSDIADC with

I Osciloscope Model #LBO-5111

A-2
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TABLE 4

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

r
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TABLE 5

MIL-E-52929, FLASH DRY ALKYD ENAMEl, FOREST GREEN, BEADED
WETTING AGENT STUDY

I %o Wetting Agent I I I
I Agent Based on I I

Wetting I Total Formu;a I Cap 1 1
Agents I by Weight I y 1 670 1 730

Wetting Agent - I I I

Unshaded I I
Nuosperse 657 1 1% 1 11.67 1 11.97 1 33.68
Nuosperse 657 1 2% 1 11.63 1 11.98 1 33.25
Nuosperse 657 1 3% 1 11.69 1 12.03 1 33.75
42% Solution 1 0.25% 1 11.71 1 12.05 1 33.74

SF-1023(S I licone) I I
42% Solution I 0.5% I 11.99 1 12.33 1 34.27

SF-1023(SII lcone) I I I
42% Solution 1 0.75% 1 11.91 1 12.22 1 33.90

SF-1023(Sileone I I
Yelkin TTS I 1.94 1 11.74 I 12.11 1 32.95
Yelkln TTS 1 2.% 1 11.96 I 12.38 1 33.57

I V Yelkin TTS I 3.% 1 12.07 I 12.4 1 33.42
•--- • B'K 1 0455 0, 25% 11 69 5 i 699 33.*5 5

BYK 1045 1 0. 75% 11. 1 86 1 12.03 1 33 .53
BYK 104S 1 .25 11.76 11 .98 33 .40

50% Solution 0.5% 11.71 12.03 33.72
(Modafl ow)IIII

50% Solution 1 0.75% 1 11.41 i 11.79 1 33.24
(Moda flow) I I I

50% Solution I 1.0% 1 11.71 1 12.07 1 33.97
(Modaf low) I

Liquid Anti-Float 1 0.25% 1 11.78 1 12.14 33.98(Troy)

Liquid Anti-Float 1 0.50% 1 11.79 1 12.23 1 33.98
(Troy) I I I

Liquid Anti-Float 1 0.75% 1 11.85 1 12.17 1 33.52

2-Acnino-2-Me t hylI- i 2. 91 1 1 1,00 1 11 .33 1 32 .06

1-Propanol(AMP-95%)I I I
2-Amino-2-Methyl- 3.% w 10. 97 11 .26 1 31 .16

1-Propanol(AMP-95%)lIIII
2-Amino-2-Methyl- 4.% I 10. 79 11 .07 1 30.40

1-Propanol(AMP-95%)I I I
Lactimon (BYK) 1 0.54 I 11 .91 1 12.19 1 33.47
Lactimon (BYK) 1 1.0% 1 11.58 1 11.93 1 33.14
Lactimon (BYK) I 1 .5% 11 .63 1 11 .97 1 33.24
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TABLE 6

COLOR REAND|GS OF 10 MICRON CLEAR BEADED URETHANE OVER MIL-E-52798A, ALKYD

Sample I 670 1 730 1 1 1 1 1 I Gloss I Gloss
Description I NM I NM I x I y I z I Lx I Ly 1 600 850

Mi1-E-52798A,l 10.07 1 25,69 1 6.79 1 7.16 1 6.36 1 0.3343 1 0.3525 1 0.1 1 1.4
Forest I I I I I I I I
Green - no I I I I I I I I I
over coat

MiI-E-52798A,I 9.84 1 24.80 1 7.03 1 7.42 1 6.95 1 0.3283 1 0.3468 1 0.1 1 2.6
Forest I I I I I I I I I
Green, top I I I I I I
coated withl I I I I I
10 microp I I I I I
vesiculatedi I I I I I I
beaded I I I I I I I
c I ear
ureth.xne I I

I
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TABLE 7

Q-U-V WEATHER-OMETER RESULTS r
CLEAR VESICULATED BEADED URETHANE OVER MIL-E-S2798A, ALKYD

Exposure Hours 1 300 I 400 I 500

MiI-E-52798A, Forest I IGreen; Conventional I I
Gre.I I

Cap "Y' - Unexposed 1 7.22 - -

Cap 1YR - Exposed 1 10.51 - I-
Percent Change 1 +45% - -

I iI
I i I

Mi I-E-52798A, Forest I I
Green, top coat d I I I
with clear, 10 microni I
vesiculated beaded I I
urethane I

Cap "Y" - Unexposed 1 7.78 I 7.42 1 7.55
Cap BY' - Exposed 1 8.52 1 9.29 1 8.55
Percent Chane +9.5% +25.2% I+13.2%

TABLE 9

O-U-V WEATHER-OMETER RESULTS

CLEAR SOLID BEADED URETHANE OVER MIL-E-52796A, ALKYL

Exposure Hours 1 300 1 400 1 500

MiI-E-52798A, Forest I
Green, Conventional

Cap Y' - Uiiexposed 1 7.22 - -

Cap RY, _ Exposed 1 10.51 - -

Percent Change I +45% I--

Mi I-E-52798A, Forest I
Green, top coated I I
with slear solid I I I
beaded urethane I

I I
Cip '¼Y" - Unexposed 1 8.02 1 8.17 1 8.2C
Cap "Y" - Exposed 1 8.26 I 8.28 1 8.31
Percent Change I +3.0% I +1.3% 1 +1.4%

A-7
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TABLE 8

(COLOR READINGS OF 10 MICRON CLEAR BEADED URETHMNE COATED OVER EXPOSED MIL-E-S2798A

I Initial I Exposed I Exposed Then Coated With
I Cap RYOl 600 8!0 1 Cap "Yl 60 1 850 I Clear Beaded Urethane

IIII
900G002 - I 7.35 I 0.6 I 1.8 I 7.33 I 0.0 1 0.7 I 8.09 I 1.6 I 2.5

200 Hours I I I I I I I I I

900G002 -@ I 7.37 1 0.0 I 2.1 1 10.06 1 0,1 I 0.7 1 7.89 1 1.5 1 3.0
400 Hours I I I I I I I I I

I I I I I I I I I
900G002 - I 7.4 I 0.0 1 1.8 1 10.89 1 0.1 1 1.0 I 8.04 I 1.3 I 2.7

500 Hours I I

I

01
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TABLE 1 0

PIGMENTS ENCAPSULATED FOR USE IN CAMOUFLAGE COA'fINGS

Sample No. I Pigment I Bead Size I Bead Type

325B2 1 Organic Mat-oon 1 25 Micron SolI d
I I .

32583 I Carbazole Violet I 25 Micron I SolI d

325B4 I Organic Yellow I 25 Micron I Solid

325B5 I Organic Maroon 125 Micron I Vesiculated
I I r

32557 1 Organic Brown I 25 Micron I Solid

325B8 I OrSanic Brown I 25 Micron I Ves iculated

325811l Organic Yellow 125 Micron IVesiculated
I Amorphous-Synthetic I

325B20 1 Silica I 25 Micron I Solid

* 325821 1 Silicate I 10 Micron I Vesiculated
I II

325822 1 Silicate 1 10 Micron I Solid
ii

325831 Chrome Oxide 25 MIcron Vesiculated

325B33 Magnesium Silicate 25 Micron I Vesiculated

325B34 I Sil ica-Diatomacous 1 25 Micror I Vesiculated

325B35 I Chrome Medium Yellow I 25 M icron I Vesiculated

325B36 I Chrome Medium Yellow I 25 Micron I Solid

325B37 I Titanium-Exterior Gradel 25 Micron I Vesiculated

325840 1Molybdate Orange 125 Micron IVesiculated

325B48 Magnesium Silicate 110 Micron I Vesiculated

325850 I Inorganic Black I25 Micron I Vesiculated

325851 Inorganic Brown 125 M icron I Vesiculated

325852 1 Inorganic ellow I 25 Micron IVesiculated

325B53 I Inorganic Green I 25 M icron I Vesiculated

325854 I Žorganic Brown i 25 Micron I Vesiculated

A-9
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TABLE 10

PIGMENTS ENCAPSULATED FOR USE IN CAMOUFLAGE COATINGS (CONIT.)

Sample No. I P Iment I Bead Size I Bead Type

325855 1 norganic Blue I 25 Micron I Ves iculated d
I I

325858 I Strontium Chromate 125 Micron I Vesiculated .
II I

325862 I Cobalt Blue I 25 Micron I Vesiculated
i r'

325B80 I Silica-Diatomaceous I 10 Micron I Vssiculated
I I I

325B84 I Molybdate Orange 1 25 Micron I Solid
I I I

325B88 I Cobalt Green I 25 Micron I Solid

I I I
325B92 I Cobalt Green 1 25 Micron I Vesiculated

I I I
325894 I Yellow Oxide 125 Micron I Vesiculated

1' 325B95 Red Oxide 25 Micron YVesiculated *J_

325897 Red Oxide 1 25 Micron I Solid

Kq
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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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F IGURE 3

CROSS-SECTION OF AN 11 MICRON TITANIUM VES CULATED BEAD
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FIGURE 4

MIL.-E-52929, ENAMEL, ALKYD CAMOUFAGE, FLASH DRY,
FOREST GREEN, TYPE I

CONVENTIONAL STANDARD FORMULA

I Pou n ds I GallIons

PREMIX AND GRIND
M4ineral Spi. its I 44.70 1 6.86
tentone 34 9.69 1 0.50
Diacetone Alcohol I 3.40 1 0.45
60* Wt. Pied-Short Phenolic I 182.32 1 22.17

Modified Alkyd - Volume I
SolI ids 51Y)

Anti-Skin 1 0.88 1 0.11
Magnesium Silicate I 135.79 I 5.72

Cobait Green 1 87.29 I 2 .01
Chromium Oxide I 113.48 1 2 .66
Med. Chrome Ye; Iow I 9.69 I 0 .20
Niolybdate Orange 1 14.54 I 0.29

K' COVER FOR PREMIX II

Mineral Spirits 1 5.92 1 0.94

. SAND MILL TO #4 GRIND I I
1'T MILL WASH

60% Wt. Med-Shor t Phenol ic 24. 18 I 2.94

Modi fied Alkyd - Volume

Solids 51%
Isoprophyl Alcohol (99%) 12.41 1.91

AlcholI 1.1I ,9
2ND MILL WASH I

Mineral Spirits 14 .32 I 2.20

SIFT IN AND AGITATE TO #4 GRIND I .
Diatomaceous Si I ica 72.74 1 3.78

P4

THEN REDUCE THE FOLLOWING
60, Wt. Mled-Short Phenol ic 14 .39 I 1 8.15

Modi f i ed Alkyd - Volume I.1
So! ids 51 ..

Toluol 1 52.66 7.26 -1

Isopropyl Alcohol 99' 38.58 1 5.93
M iner a I Spi r i t s 1 75 51 1 1 60 -.

An i -Sk in 0 89 1 0 .11
L _ad Dr i e r 3 6 1 1 .86 1 0 . 16

L Calcium Drier 6% 4 3 .23 0 .43

Cobalt Drier 12% 1 0.99 1 0.11 .-

Manganese Drier 9% I 0 .90 1 0 11 pI
Ant i-Skin 11 .65 1 1.46

C.on{ inued . .

B -4 o'1



F IGURE 4

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

CONVENTIONAL STANDARD FORMULA (CON'T.)

----------------------------------------------------------------------------
I Pounds I Gallons

HOLD FOR SHADING AND GLOSS
Maroon - Shading Paste 1 11.65 1 1.46
Diatomaceous Silica 1 9.69 I 0.50
TOTAL 11,087.35 100.00

Theoretical Weight per Gallon = 10.87 r
Volume Solids = 42.5
Weight Sol ids = 64.4

qrr
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FIGURE 5

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

MIL-E -52929, ENAMEL ALKYD CAMOUFLAGE, FLASH DRY, TYPE 1,
CONVENTIONAL STANDARD FORMULA

Wave Leth I-- 1670 ! 730

Reflectance/Transmittance 1 9.66 1 27.1 -J".-j

I x Iy I z I Lx I Ly

Color Measurements I 6.62 7.03 I 6.37 I 0.3308 I 0.3511

II * Reflectance/Transmittance

Infrared Reflectance Averagel 47.508- " I

Visible Near--Red Reflectancel 8.006
Average I

I
Ratio Visible lnfrared ) 5.93

60 Degree Gloss I 0.2
85 Degree Gloss I 1.5 1

F .1(
* 1

.1•

..1

_'1
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FIGURE 6

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH
r

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

DIANO CORPORATION RCRmGHARDY

R&CODIIN &p~lr~o~o~oLT1

10... .

z0

w

<0.
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FIGURE 7

MIL-E-52929 ENAMENL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE I
CONVENTIONAL STANDARD FORMJLATION

'Y* (B R I G H T N E S S) - 0 5 8- . 0 7 5

3.70 I I I

II IIII I I

I II

'II : II

3.65 1 1 1 1

AV 3.•60 1 1 1 1 111 11

L

UII

IS I I I! I I I 0

I 3 . 5 5 1 1 1 1 I I I 1

10 1 1 1 1 I I I I I I I

3.50 1I I 1 I 1 1

j

3.40 1 1 1 1 1 1 1111

3.15 3.20 3.25 3.30 3.35 3.40 3.45

'X' VALUES X 101

FIGURE 2
SCHROMATICITY DIAGRAM FOR CAMOUFLAGE PAINT
COLOR - FOREST GREEN

- NOTE; COLOR ELLIPSE iS 2. NBS I X- 2795 1
"UNITS FRCM C'ENER VALUES

B-8
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F IGURE 8

MIL-E-52929, BEADED, ALKYD ENAMEL, FLASH DRY,
FOREST GREEN, TYPE I

INITIAL FORMULATION -- TWO-STEP DISPERSION

-------------------- ~ --------- ------

1 Pounds I Gallons

Mineral Spirits 1 45.53 I 6.99
Bentone 34 1 9.88 I 0.51
Dlicetone Alcohol 1 3.47 I 0.45
60% Wt. Med.-Short Phenolic I 185.87 1 22.58

Modified Alkyd - Volume
Solids 51%9

Anti-Skip 1 0.89 1 0.12
Cobalt Green I 88.92 1 1.97
Chromium Oxide I 1 15.60 1 2. 71
Medium Chrome Yellow 1 9.88 1 0.20
Molybdate Orange 1 14.82 I 0.29

I I
SAND MILL THE ABOVE TO 7 N.S. I

I I

LET DOWN I

60% Wt. Med.-Short Phenolic I 179.78 I 21.85
Modified Alkyd - Volume I 1

f ~ SoSolids 51%I
isopropyi Alcoholi 5 .94 7 1.98

Mineral Spirits I 97.54 1 14.97
ioluol 1 53.64 I 7.40

Anti-Skin 1 0.88 1 0.12
Lead Drier 36% 1 1.89 1 0.17
Calcium Drier 6% 1 3.29 1 0.45
Cobalt Dried 12% 1.00 1 0.12
Manganese Drier 9% 1 0.92 1 0.12

1 61.74 I 88.47
SIFT IN THE FOLLOWING RAW I

MATERIAL - SAND MILL TO 4 N.S.-
25 Micron Clear Vesiculated 1 38.12 I 11 .21

Bead I
TOTAL 1 903.86 1 100.00

Theoretical Weight per Galion 9.02
Volume Solids = 39%
Weight Sol ids = 53. 8

.Il

B-9
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FIGURE 9

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

MIL-E-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE I
INITIAL BEADED FORMULATION -- TWO-STEP DISPERSION

Wave Length 1 670 1 730
I

% Reflectitnce/Transmittance 1 10.28 .1 26.36

I x I y I z I Lx I Ly
I 1 I I I

Color V'easurements ! 6.98 I 7.35 I 6.70 I 0.3320 I 0.3495

I% keflectance/Transmittatice

I*Infrared Reflectance Averagel 45.604

.w _~ r - _m f _JRf6 L ai1r

Ave.,age I
I

Ratio Visible Infrared I 5.50

60 Degree Gloss I 0.4
85 1egree Gloss 1 0.9

B-t
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FIGURE 1 0

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

MIL-E-52929, ENAM~EL, ALKYt) CAMOUFLAGE, FLASH DRY, TYPE I i
INITIAL BEADED FORMULAT1Z3N -- TWO-STEP DISPERSION

DIANO CORPORATION gA~

io

uJ -

- - - - -

Tso

CL

19~

380 400 20- 40 t~o 80 \ 50 0 
2C 0I 6 80 600 2

0 4 0 6C 83 700

B-i 1



FIGURE 11

MIL-E-52929 ENAv.EL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE I
INITIAL BEADED FORMJLATION -- TWO-STEP DISPERSION

KYR (B R I G H T N E S S) - . 0 5 8- . 0 7 5

I3.70 I I I I I

IIIIIII I I I III

I I I I I I I I I I I I I
I I I I I I I I I I I I

S
10-.1

3.45 1 1 1 1 1 I II 1 1 -

I7

U I I I II II IIII

4 1 I 1 1 I I I I I I I I

V.3.55 I2 32 3 I I4 3.45
F IGURE I2

COO - ORSTGRE

I CENI V
I.I-.I B.I2 I

I IIII

3.45 I I I I I I I I I I I I

II I
IIII IIIIII II

3.401 I I I i I I I I I I I
3.1 5 3.20 3.25 3.30 3.35 3.40 3.45

"nX VALUES X 10-1

FIGURE 2
OCN'•ATICITY DIAGRAM FOR C•VULALGE PAINT

liCOLOR - FOREST GREEN_ _ _ _ _ _

NO)TE: COLOR ELLIPSE IS 2. NBS I X - 2795 I
UNITS FROM4 CENTER VALUES

li B-1 2

I



FIGURE 12

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

MIL-E-52929, ALKYD CAMOUULAGE ENAMEL, FLASH DRY, TYPE I
INITIAL FORMULATION (10 MICRON BEADS)

W avTe L7 st 7";7 --- 670 1 730
I I

% Reflectanceflransmittance 1 10.37 33.89

II z I Lx I Ly
I I I I I

Color Measurements 1 9.22 I 10.95 I 9.18 I 0.314041 0.37316

I% ReflectancelTransmittance

Infrared Reflectance Averagel 51.87

SVisible Near-Red Reflectance 1 9.46
AverageK ~I

Ratio Vi s ble/Infrared 1 5.48

60 Degree Gloss I 6.0
85 Degree Closs I 6.7

B-13



F 'GURE 13

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

MIL-E-52929, ALKYD, CAMOUFLAGE ENAMEL, FLASH DRY, TYPE
INITIAL FORMULATION (10 MICRON BEADS)

DIANO CORPORATION HARDY
mccoROSS46 sptc1r~OPMo1om~ER

~uuirw

z

U ~ ~ ~~L 360 40z04 08 0 04 6 0602 06 03

iU.4



FIGURE 14

MIL-E-52929 ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE I
INITIAL FORMULATION (10 MICRON BEADS)

§Y8 (B R I G H T N E S S) - . 05 8- 0 7 5

3.70
IIIIIIIII I I I
IIIIIIIIII I I I

I I I I I

AI I

LI

3.65 I I ,

V 3.55 1160

A IIIIIII
I III. IIII
I III IIII

3.Y0 1 1 1 I1 1 1 1 1 1 1 I

S ! III IIII

3. 3.60 I I 3 I 3.40 I 34

4X8 VAUE X 1--

!- C - F GRIEN

NOE COO ELIPS IS 2. NBI I X 279 1

B-1-/

1 I0 -IIII IIIl

EIIIIIIIIIIII I: -

3.550I I I I I I I

3.450 I I I I I

3,4 I

3.4 1 I5 I,2 3 25 ,3 3.3 3I4 I . 5 --

I•NO E IO EL IPS IS 2 I I IIS I X -I75 ! --

UNITS FRXM CEALUEVALUES0'
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FIGURE 15

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

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

L Wave Length 1 570 I 730

I I
Reflectance/Transmittance I 9.08 I 29.10

I x I y I z I Lx I ty
I I I I I

Color Measurements I 6.63 I 7.07 I 6.47 I 0.328551 0.35070

I% Reflctance!Transmittance

Infrared Reflectance Averagel 46.88

Visible Near-Red Reflectancel 7.98

Average

Ratio Visible/Infrared 1 5.87

60 Degree Gloss I 0.4
85 Degree Gloss I 1.8

-0

B-i 6



FIGURE 16

CURVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

Mil.-E-52929, ALKYD CAMOUFLAGE ENAMEL, FLASH DRY, TYPE I

FINAL BEADED FORMULATION

DIANO CORPORATION RHADNGS.CRDYCTMEE
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w

w

<- 40

z
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FIGURE 17

MIL-E-52929 ENAMEL, ALKYD CAM)IFLAGE, FLASH DRY, TYPE I
F I N BEADED FOIWAJLAT I ON

vYV (B R I G H T N E S S) - . 0 5 8 - . 0 7 5

3.70
I II II I III
I II II I IIIp .I I I II IIII I I I

L II II I I

3.65 1I

v 3.60 AI 1 I

E I I I I I I I I I I

S I III I

3.55 1 1 1 1 1 1 1 I I I 1
x I I I I I I/ I I I

10 -I I I

3.50 1 I I I I 1 1 1

3 .4 1 I I I 1I I I I I I I I

3.45 3.20_ _3.25_3.30_ _3.35_ _ _ _ _ _ 3.45

FI II I II3.4 5I II IIIII

NOE OO ELIPS IS 2. I I X 279 1 7

3.40 I I I I I I III III
*3.1 5 3.20 3.25 3.30 3.35 3.40 3.45

"X' VALUES X 10-

F IGURE 2
CHROMATICITY DIAGRAM FOR CAMO~UF.AGE PAINT .

i (X)LOR - FOREST GREEiN
. .fl•NTE: CXOLCR ELLIPSE IS 2. NBS I X - 2795 I

-UNITS FRCM CENMER VALUES

B--1 8
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FIGURE 18

MIL-E-52929, BEADED FLASH DRY ALKYD,
FOREST GREEN, TYPE I

FINAL OFF-MILL FORMULATION

- -------------------------------------------------- ~~--n- -------
__________ ____I Pounds I Gallons

Mineral Spirits I 45.43 1 6.98
Bentone #14 I 9.86 I 0.51
Diacetone Alcohol I 3.47 I 0.44
Isopropyl Alcohol I 11.26 I 1 .73
60% Wt. Alkyd Resin - Volume I 251.26 i 30.52 "

Sol ids 51% 1 I
Anti.-Skinning Agent I 0.90 I 0.12
Mineral Spirits I 19.72 I 3.06
Cobalt Green I 108.47 I 2.50
Chromium Oxide I 95.65 I 2.25
Medium Chrome Ye low I 9.86 I 0.21
Molybdate Orange I 14.79 I 0.39 r
25 Micron Clear Vesl cuia ed I 39.44 I 11.59 *1

Beads Ii-

roluol I 23.00 1 3.18

SAND MILL THE ABOVE TO 4 N.S. I

" LET DOWN I
L L IVUWii

60% Wt. Alkyd Resin - Volume I 109.64 I 13.32
So Iads 51% I I

To I 30.51 1 4.22
M MIneral Spirits 1 76.79 11 .81
Isopropy! Alcohol I 40.56 I 6.23
Anti-Skinning Agent 0.88 0.11
Lead Drier 36% 1 1.89 1 0.16
Calcium Drier 6% I 3.29 1 0.43
Cobalt Drier 12% I 1.00 1 0.12
Manganese Drier 9% 1 0.92 I 0.11
TOTAL I 898. 59 I 100.00

Thcoretical Weight per Gallon 8.98
Volume Solids = 39%9

Weight Sol ids = 55% :1

BI'

8-1 9
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FIGURE 19

MIL-E-52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE I,
MAR-RESISTANCE COMPARISON OF CONVENTIONAL VERSUS BEADED SYSTEM

VI 1-4

7•

B-20
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K F IGURI 20

MIL-E-52929, ENAMEL, ALKYD CAMOUFLAGE., FLASH DRY, TYPE I, At
300 HOUR, 0-U-V WEATHER-OMETER EXPOSURE PANELS OF .

-ONV1 NTICNAL AND BEADED SYSTEMS i

-I

-.

..2
|'1

~-2 1
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FIGURE 21

SUMMARY OF Q-U-V WEATHER-CMETER MEASUREMENTS

COMPARISON OF MIL-E-52929, FOREST GREEN, TYPE I, BEADED VERSUS CONVENTIONAL

I HRS QLA 1 670 1 730 I Cap I I I Gloss I Gloss
SampIe I Exposure I NM I N I "ye I Lx I Ly 1 600 1 8 5 0

Conventional 0 9.76 129.26 7.05 10.331 10.352 0.4 1.1
25 1 9.74 I 29.17 1 7.05 1 0.330 1 0.351 1 0

B 50 1 9.78 1 29.10 1 7.13 1 0.33k 1 0.3511 - .
1 75 1 9.83 1 28.94 1I 7.23 1 0.329 1 0.350 1 - I -

1 150 1 11.55 29.97 1 9.16 1 0.323 1 0.343 1 - I -

300 1 13.00 1 31.51 1 0.43 ! 0.322 1 0.343 0.4 1 0-
I 5S o0 14.68 133.50 112.02 10.320 10.342 1 0.4 1 0.8

Beaded 1 0 1 9.08 128.95 1 7.07 10.328 10.350 1 0.3 1 0.7
1 25 1 8. 9, 28.41 1 7.04 10.327 10.350 1 --
1 50 1 9.01 128.35 1 7.1 5 1O. 321 " 1 0.349 1 --
1 75 1 9.02 128.36 1 7.1 6 10.327 10.349 1 - I -

1 150 1 9.24 1 28.30 1 7.50 1 0.326 1 0.349 1 - I -
1 300 1 9.07 1 28.64 1 7.36 1 0.324 1 0.352 1 0.1 1 0.4
I 500 1 9.1 7 1 28.24 1 7.64 1 0.321 1 0.352 0.1 1 0.4

-7-
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FIGURE 22

MIL-E-52929, rLASH DRY ALKYD,
FOREST GREEN, TYPE II

CONVENTIONAL STANDARD FORMULA

. . . . . . . . .I Pounds I Gallons

Mineral Spirits 1 108.92 1 16.73

Toluol 1 28.13 1 3.88
Bentone 34 1 8.73 1 0.58
Diacetone Alcohol 11 .51 I 0.19
60% Wt. Alkyd Resin - Volume 1 159.66 t 19.40

Sot ids 51%
Exkin #2 1 1.32 0.17

Magnesium Silicate 1 9.60 1 4.04
Chromium Oxide I 128.52 I 3.00
Cobalt Green I 9ý.81 1 1.93
Organic Brown 1 12.00 1 0.96
Mineral Spirits 1 6.31 1 0.97

SAND MILL TO 5 N.S.

LEI DOWN
60L Wt. Alkyd Resin - Volume 1 174.50 21.33

Sol ids 51% 1 1
Minh.rgl Sp'rr I t 1 _ _ 1 QA

Toluot I 14.Ov 1 1. 94
Diatomaceous Si I ica I 97.00 1 5.04
Isoprop,'i Alcohol 80.38 12.36
Exkin #2 1 1.32 1 0.1 i
Calcfnrn Drier 6% 1 2.51 i 0. 3
Cobalt Drier 12% 1 1.24 1 0.14
Zirco Drier 12% 1 3.61 1 0.44
STot uo 1 21.00 1 2. 40
Diatomaceous Silica 1 6.79 I 0.35
Carbazole Violet Sh-dir.g Paste 1 9.06 1 1.21
TOTAL 1 ,05S. 94 1 00.0

Theoretical Weight per Gil'on 10.59
Volume Sol ids = 37.5%
Weight 5ol ids = 60.0%

B-23



FIGURE 23

MIL-E-52929, BEADED FLASH DRY ALKYD,

FOREST GREEN, TYPE 1I

FINAL OFF-M:LL FORMULATION

-------------------------------------------- -2--G I

EthI Cellosolve 1 86.19 I 11.13
Bentone #14 1 9.70 I 0.50
Diacetone Alcohol 1 1.66 1 0.21
60% Wt. Alkyd Resin - Volume I 203.25 I .4.69

Sol ids 51% 1 i
Exkin #2 1 1.26 1 0.16
Cobalt Green I 121.35 i 2.80
Chromium Oxide I 75.23 1 1.76
Organic Brown 1 14.56 1 1.1 7
Organic Yellow 12.13 I 0.98
25 Micron Clear Vesiculated 48.54 I 14.27

ReadsI

SAND MILL THE ABOVE TO 4 N.S.

GRIND

LET DOWN
6 Wt A! kyd Re -- V. I.- I 1 41) A,) 1. 0 1 A

Sol ids 51%
Ethyl Cellosolve 1 95.42 I 12.32
Isopropyl Alcohol 1 16.97 1 2.61
To I u I 47.30 1 6.56
C Icium Drier 6% 1 2.37 I 0.32
Cobalt Drier 12% I s.24 I 0.15
Zirco Drier 12% f 3 70 1 0.45
'xkin #2 I 1.26 I 0.16
TOTAL 904.1 5 I 100.00

Theoretical Weight per Gallon - 9.04
Volume Solids = 44%
Weight Solids = 55%

B- 24
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FIGURE 24

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

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

Wave Length I 670 I 730
I I

% Reflectance/Transmittance I 7.76 I 27.06

I x 1 y I z I L x IL Ly
I I I I I

Color Measurements I 6.23 I 6.75 I 5.J7 I 0.330541 0.35786

I Reflectance/Transmittance

Infrared Reflectance AverageI 43.0

L ,w Visible Near-Red ReflectanceI 6 95
U7 Average

Ratio V!sible/Infrared 1 6.18

60 Degree Gloss I 0.3
85 Degree Gloss I 1.7

B-25
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FIGURE 25

C:URVE OF PERCENT REFLECTANCE VERSUS WAVELENGTH

MIL-E-52929, ENAMEL, ALKYD CAMOUFLAGE, FLASH DRY, TYPE I11
FINAL BEADED FORMULATION

DIANO CORPORATION HARDY

IO

60

z0

U)

< 4

20

.380 400 2040 60 80 50-201060 80600 204Q060 8C 704,

WAVELENGTH IN NANOMETERS
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FIGURE 26 1

MIL-E-52929 ENAMEL, ALKYD CMOUFLAGE, FLASH DRY, TYPE II
FINAL BEADED FO(RMJLATION

"wY" (B R I G H T N E S S) - . 0 5 8- . 0 7 5

3.70

I 3.60 1I I I I I I I I
A I I I I I I I .!
L I I I I I I I I

3 I I I I 1 0 1 1 1 iIIIIIIIIIIII I I .1
SI I II I I 1 1

I I I I I I.I I ,
3.45 I 1 1 I I I

xI I I I I I I 1 I 1 1 1 1
E I I 1 1[ I I 1 1 1 1 1

IS IIIII I

• .3.45 1- 1 1 !

3.40 I 1 1 I

3.15 3.20 3.25 3.30 3.35 3.40 3.45 r

t -4

'XF VALUES X 101

FIGURE 2
CHROMATICITY DIAGRAM FOR CAMOUFLANE PAINT
COLOR - FOREST GREEN _ _

St NOTE: COLOR ELLIPSE IS 2. NBS I X- 2795 1
UNITS FROM CENTER VALUES

B-2 7 1
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FIGURE 27

MIL-E-52798A, ENAMEL ALKYD, FOREST GREEN, TYPE I
CONVENTION STANDARD FORMULATION

-e----------- - -e----- ----------------------C-------e--e

_____I Pounas I Gall ons

Mineral Spirits 1 65.97 I 10.13
Bentone 38 1 8.53 1 0.60

PREMIX AND GRIND
Diacetone Alcohol I 2.50 I 0.32

MIX UNTIL PASTE GELS, THEN ADD I
50% Wt. Med. Alkyd - Volume I 299.13 I 39.05

Sol ids 41% 1_ _
Anti-Sk I r 1 0.96 1 0.12
Magnesium Silicate I 76.14 1 3.21
Zinc Phosphate I 60.00 1 2.28
Cobalt Green I 75.36 1 1.73
"Chromium Oxide I 113.97 I 2.67
Medium Chrome Yellow I 3.59 i 0.30
Molybdate Orange 1 19.40 1 0.40

COVER FOR PREMIX
i Mineral Spirits I 5.49 1 0.84

SAND MILL TO #5 GRIND-

1ST MILL WASHII
50% Wt. Med. Alkyd - Volume I 16.18 1 2.11

Sol ids 41% 1
Mineral Spirits 1 13.76 1 2.11

2ND MILL WASH I
Mineral Spirits 1 13.76 1 2.11

SHIFT IN AND AGITATE TO #5 GRINDI
Diatomaceous Silica I 65.76 1 3.42
* I
REDUCE WITH THE FOLLOWING
50% Wt. Med. Alkyd - Volume I 116.20 I 15.17

Sol ids 41% 1
Mineral Spirits 1 44.06 1 6.77
Lead Drier 36% I 1.53 1 0.13
Calcium Drier 65 1 1.00 1 0.13

SCobalt Drier 12% 1 3.66 1 0.07
Manganese Drier 9% 1 0.37 1 0.04
Anti-Skin I 0.96 1 0.12

HOLD FOR SHADING AND VISCOSITY I
* Maroon Shading Paste 1 20.12 1 2.70

"Diatomaceous SI lica I 9.70 I 0.50
Mineral Spir its 1 18.94 I 2.91
TOrAL 1 1,054.25 100.00

Theoretical Weight per Gallonr 10.54

Volume Sol Ids = 39.0%

Weight Sol ids = 6'2.5% B-28
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FIGURE 28

MIL-E-52798A, ENAMEL ALKYD, LEAD FREE, FOREST GREEN, TYPE Itx CONVENTIONAL FORMULATION "

I Pounds I Gallons
I I

PREMIX AND GRIND I I

Mineral Spirits, Rule 66 1 74.99 I 11.52
Bentone 34 11.52 1 0.76

KI IMIX UNDER HOCKMEYER - THEN ADD I

Diacetone Alcohol 1.26 0.16
p

MIX UNTIL PASTE GELS -THEN ADD I

50% Wt. Alkyd Resin - Volume I 218.84 I 28.72 I

Solids 41%
Exkin #2 1 0.80 I 0.10 2
Wetting Agent 1 7.53 0.96
Talc 1 89.37 1 3.76 p4

Cobalt Green 1 71.13 I 1.64
Chromium Oxide I 128.00 1 3.00 ;
Brown Iron Oxide 1 4.R0 1 0.10
Organic Brown 1 12.48 1 0.99

I I
SCOVER FOR PREMIX I,

Mineral Spirits, Rule 66 I 6.2 1 0.96

SAND MILL TO #5 GRIND I I
1ST MILL WASH II

50% Wt. Alkyd Resin - Volume I 14. 70 I 1.92

Solids 41% 1 I
Mineral Spirits 1 12.50 1 1* 2 1 9

I I9

2ND MILL WASH I I
Mineral Spirits 1 12.50 I 1.92

REDUCE WITH THE FOLLOWING I I

50% Wt. Alkyd Resin - Volume I 174.12 I 22.73

II

SIFT IN AND AGITATE TO #5 GRIND 1
Diatomaceous Silica I 90.04 4.68

I I U

REDUCE WITH THE FOLLOWING I I
Mineral Spirits 1 61.11 1 9.38
Exkin #2 I 0.80 1 0.10
Calcium Drier 6% 1 1.06 I 0.14
Cobalt Drier 12% 1 1.79 1 0.21
Manganese Drier 9% 1 1.04 1 0.13 1•

Zirco Drier 12% 1 3.03 I 0.37 -7

-I
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FIGURE 28

MIL-E-52798A, ENAMEL ALKYD, LEAD FREE, FOREST GREEN, TYPE II
CONVENTIONAL FORMULATION (CON'T.'

- Poun- - - -Gall ons
I I

WHITE TILE FOR DRY AND GLOSS I
CHECK: .004 OB I
(2 MILS WET) 1 DEG. MAX * 60 1 1

3 DEG. MAX. C 850 1 I

HOLD FOR VISCOSITY, SHADING I I
AND GLOSS I I

Mineral Spirits I 12.50 I 1.92
Carbazole Violet Shading Paste I 14.28 1 1.91
TOTAL 11,026.44 100.00 2

Theoretical Weight per GallIon = 10.27

Volume Solids = 37.8%
Weight Solids = 60% Min.

L "1
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"FIGURE 29

MIL-E-52798A, BEADED AIR DRY ALKYD,
FOREST GREEN, TYPE I

FINAL OFF-MILL FORMULATION

--------------------------- ----- ------- -- ----------------- -----------
I Pounds I Gal Ions

Mine,-ai Spirits 1 69.62 1 10.69
• Bentone #38 I 7.98 I 0.56
SDiac%:one Alcohol 2.64 I 0.33
. 50% Wt. Alkyd Resin - Volume 1 332.36 1 43.43

Solids 41*
Anti-Skinning Agent 1 1.01 I 0.13
Cobalt Green 1 84.63 I 1.95
Chromium Oxide 1 110.00 I 2.58
Meolum Chrome Yellow 1 5.11 1 0.11
Molybdate Orange 1 20.46 1 0.42
25 Micron Clear Vesiculated 1 40.93 I 12.03

""Beads
Mineral Spirits I 34.83 1 5.23I I
SAND MILL ThE ABOVE TO 4 N.S. I.I

IET nDOV -

50% Wt. A:kd Resin - Volume I 102.12 I 13.35
Solids 41% 1 -

M4neral Spirits I 36.31 I 5.57
Lead Drier 36% 1 1.62 I 0.14
Calcium Drier 6% 1 1.06 1 0.14
Cobalt Drier 12% 0. 70 1 0.08
Manganese Drier 9% I 0.40 1 0.05
Anti-Skinning Agent 1 1.01 1 0.13
Mineral Spirits I 19.98 I 3.07
TOTAL 1 872.77 1 100.00

Theoretical Weight per Galon= 8.72
Volume Solids = 40.92%
Weight Soi ds = 55.72%

•-31
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FIGURE 30

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

MIL-E-52798A, ENAMEL ALKYD, FOREST GREEN, TYPE I
F!NAL bEADED FORMULATION

Wave Length I 670 I 730

% Refiec tance/Transmittance I 9.24 I 27.05

I x I I z I Lx I Ly_
I I I I I

Color Measurements 1 5.62 1 7.17 1 6x22 0.330831 0.35808

1 . .. . R Re Ie c t an ce [T r nsmittance

Infrared Reflectance Averagel 35.24

Visible Near-Red Reflectancel 8.00
Average I

I -

Ratio Visible/Infrared I 4.4

j

60 Degree Gloss 1 0.2
85 Degree GIo-s 0.9

.O
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FIGURE 31

CURVE OF PERCENT REFLECTANCE VERSUS WAVE1LENGTH

MIL-L-52798A, ENAMEL ALKYD, FOREST GREEN, TYPE I
FINAL BEADED FORMULATION

DIANO CORPORATION PHARDY

LsRECORDING 5PIECTRopmoromeTER

600

Cr,

z
5p

4

30

38C0 400 20, 40 60 8,) 500 20 40 60 80 600 20) 40 5(- 80 700
WAVELENGTH IN NANOMETERSW
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"FIGURE 32

MIL-E-527 98A(ME) ENAMEL, ALKYD CAMOUFLAGE, AIR DRY, TYPE I

FINAL BEADED FORMULATION

xYl (B R I G H T N E S S) - .0 8- .0 7 5

3.70 N

I I I I I I I I rI

I I I I I I I I

I I I I I I I I

EI I I 1 1 11

3 . I I I I I II I .I

(4

I -

___ __ _

I yI II I I,/I -'

A .45I I 1 1 1

3.40 1 I I

A.15 3. 3,25I I I 3*3 I 3.45

N X ELI PSE I I I/

-77

1EI I I I I -I

Is 1I' ' I I" II
3I5 I III I IIIIII

i I I I i I I I/ -I

4I I I

3.451 I-,II I I I I

3 .4 0 I" III -III

3.1 5 3.20 3.25 3.30 3.35 3.40 3.45 p,

'X' VALUES X 10-1

FIGURE 2 ,

CHROATICITY D'.ARAM FOR CAVULMGE PAINT

SdC XLOR - FOREST GREEN __ _ _ _ _p4

.- - NO~TE: cXLOR ELLIPSE IS 2. tInS I X - 2795 I
• UNITS FRCOM CENTER VALUES

: 8B-34

ip

K I



FIGURE 33

MIL-E-52798A. BEADED AIR DRY ALKY, r
FOREST CREEN, TYPE I I

FINAL OFF-MILL FOR.ILATIOPN

II

Mineral Spirits, Rule 66 1 75.77 1 11.64

Bentone V4 - 11.64 .0
Diiceton- Alcohol I .:, 0.16

50% Wt. Alkyd Resin - Volume 228.5 51 29.67

Solids 41%
Exkin *2 0.81 0.10
Cobalt Green 97.48 1 2.26
Chromium Oxide I 89.24 I 2.09
Organic Brown 14.55 1 1.16
Organic Yellow I 6. 69 1 0. 54
Yellow Dark Orange Iron Oxide I 21.34 1 0.63

25 Micron Clear Vesiculated I 38.80 1 11.40
Beads II

I I

SAND MILL TFJE ASOVE TO 4 N.S. I
I I

LET DOWN I
: 50% Wt. Alkyd Resin - Volume I 168.44 i 22.00 r

Solids 41% 9
Mineral Spirits 1 72.76 1 11.17
Exkin #2 I 0.81 1 0.10
Calcium Drier 6% 1 07 0.14
Cobalt Drier 12% 1 1.81 1 0.21

Manganese Drier 9% I 1.05 I 0.13
Zirco Drier 12% 1 3.07 I 0.38 -q

Mineral Spirits I 25.25 1 3.88

Carbazole Violet Shading Paste 1 10.86 I 1.45
TOTAL 871 .28 1 100.00

Theoretical Weight per Gallon = 8. 70

Volume Solids = 41.3%
Weight Sol Ids = 55%

B.-

-i
* 1

-I
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FIGURE 34

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

MIL--E-52798A. ENAMEL ALKYD, FOREST GREEN, TYPE I 1
FINAL BEADED FORMULATION

Ir
Wave Lenith 8 670 I 730

I I

% Refle .tancee Transmittance I 8.42 I 25.15

I x I y I z I Lx I Ly
I I I I I

Color Measurements I 6.66 I 7.34 I 6.25 I 0.328961 0.36243

I% Ref lectance/Transmi ttance

Infrared Reflectance AverageI 39.32

• VIsILble Near-Red Ret icEii..,te1 7.46
Average I

Ratio Visible/Infrared 1 5.27

60 Degree Gloss 1 0.3
85 Degree Gloss I 1.

-.1
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FIGURE: 35

CURVE OF PERCENT REFLECTANCE VERSUS WAV'ELENGTH

MIL-E-52778A, ENAMEL ALKYD, FOREST GREEN, TYPE 11
FINAL BEADED FORMULATION

DIANO CORPORATION HARDY

-1 ou~R KC -ORDING SPI[CTROPHOTOmaTra

9-

~ 0

'3',

z

z
60

.w

z .- .- '. .

38 40o 20 .0 6. 80 50 .0 4. 60 8. 60-C-0-

VA)EGHINNNMTR
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FIGURE 36

MIL-E-52798A(ME) ENAMEL, ALKYD CAMOUFLAGE, AIR DRY, TYPE I1
FINAL BEADED FOIMULAT I ON

"NY' (B R I G H T N E S S) - 0 5 8 0 7 5

"3.70

II II

1 1

y 3.6

A I3II.6II0 III
A I

E I I I
S

0 I I I I I I I I I I I I I
10 1 1 1 1 1 1 1 1I I I I

3 .5 1 I 1 I It I I I II I II

3.4501 I I

3.405 1 I 1 1 I 1 1 I I 1 I 1

[93.15 3.20 3.25 3.30 3.35 3.40 3.45

X" VALUES X 10-

•, FIGURE 2
:'CHROMATICITY DIAGRAM FOR CAKWi;FLAGE PAINT
i~l" COLOR - FOREST GREE'NINOTE: OLOR ELLIPSE IS 2. NS I X -2795 I

UNITS FROMV CENTER VALUES
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FIGURE 37 .

r

MIL-E-52799A, ENAMEL ALKYD, FOREST GREEN, TYPE I
300 HOUR AND 500 HOUR Q-U-V WEATHER-OMETER PANELS OF

CONVENTIONAL AND BEADED SYSTEMS

VI I--7

8.

'I•

B-3 9

Sip1



FIGURE 38

UM,4AW OF Q-U-V #.EATHER-CTER MEASUREMENTS

COMPARISON OF MIL-E-52798A, FOREST GREEN, TYPE I, BEADED VERSUS CfONVENTIONAL

I HRS QUV 1 670 1 730 1 Cap I I I Gloss I Gloss
Sample I Exposure INM I w I "Y" I Lx ! Ly I 600 1 850

Conventional 1 0 1 9.45 I 27.43 I 7.14 1 0.330 1 0.352 I 0.4 1 1.2
I 25 1 9.60 1 27.62 1 7.31 1 C.329 1 0.357 I - I -

I 50 I 9.78 1 27.63 7.55 1 0.328 I 0. s49 I - I -
75 1 9.91 1 27.70 1 7.71 1 0.327 I 0.349 I - I -

1 150 1 12.20 I 29.23 1 10.23 1 0.320 1 0.338 - -

I 300 114.14 131.25 112.141 0.319 10.338 10.4 1 0.9
I 500 I 14.61 I 32.03 1 12.76 I 0.318 1 0.341 1 0.5 1 0.9

Beaded 1 0 I 9.05 1 26.72 I 7.03 I 0.331 I 0.358 I .03 1 0.6
1 25 1 9.17 1 26.82 I 7.14 I 0.330 1 0.357 1 - I -
1 50 I 9.35 1 26.93 1 7.35 I 0.329 I 0.356 1 - I -

1 75 19.27 126.881 7.28 1 0.3291 0.3561 - I -
I 150 I 9.53 1 26.73 1 7.73 I 0.326 1 0.353 I - I -

I 300 9.57 I 27.22 1 7.72 I 0.325 I 0.357 1 0.2 I 0.6
1 500 1 10.00 1 27.89 1 8.18 I 0.324 I 0.359 1 0.2 I 0.6

I I I I I

B-40
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FIGURE 39
-.. 4

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

CONVENTIONAL STANDARD FORMULATION

I Pounds I Gallons

PREMIX AND GRIND
Cel losolve Acetate I 16.82 1 2.07
Bentone #27 I 1.94 1 0.13

MIX UNDER HOCKMEYER - THEN ADD I
Diacetone Alcohol I 1.03 1 0.13

MIX UNDER HOCKMEYER - THEN ADD I I
65' Wt. Polyester Resin - I 247.70 I 26.00

Volume Solids 59%I
Cellosolve Acetate 1 26.77 I 3.30
Butyl Acetate I 32.55 1 4.47
Cobalt Green 1 222.59 1 5.12
Medium Chrome Yellow 1 38.54 I 0.82
Chromium Oxide 1 20.77 I 0.48
Molybdate Orange I 19.80 1 0.40

"COVER FOR PREMIX
Cellosolve Acetate I 7o 6 1 0.88

I I
SAND MILL TO #6 GRIND -

1ST MILL WASH I I
65% Wt. Polyester Resin - 21.05 1 2.21

Volume Solids 59%
Cel losolve Acetate I 17.90 1 2.21

2ND MILL WASH

Cel Iosolve Acetate I 17.90 I 2.21

REDUCE THE FOLLOWING
Methyl Ethyl Ketone I 29.65 1 4.42

SIFT IN AND AGITATE TO #3 GRIND 1
Talc I 172.11 1 7.25
Diatomaceous Silica 1 105.90 1 5.50

REDUCE WITH FOLLOWING
Methyl Ethyl Ketone 1 154.33 1 23.00
Butyl Ace ate I 28.18 I 3.87
Zinc Octoate 1 0.52 I 0.50 0

I':"Con tinued . . . .

B-41



FIGURE 39

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT
FCREST GREEN, TYPE I, PART A (BASE)

.'VENTIONAL STANDARD FORMULATION (CON'T.)

I Pounds I Gallons
II

GRIND FOLLOWING TO #6 GRIND ON II
SAND MILL AND HOLD FOR SHADINGI J1

Carbazole Violet Shading Paste I 4.95 1 0.39
65% Wt. Polyester Resin - 20.29 1 2.13

Volume Solids 59% 1 1
Cellosolve Acetate 1 21.76 1 2.68

HOLD FOR GLOSS I
Diatomaceous Silica I 8.84 I 0.46

TOTAL 1 1,239.05 I 100.00

MIX 4 PARTS NA2 BASE TO 1 PART 38 ACTIVATOR

K Theoretical Weight per Gallon 12.40
Volume Solids 35.0%
Weight Solids 62.8%

B-42
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FIGURE 40

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

FOREST GREEN, TYPE I, PART A (BASE)
OFF-M:LL FORMULATION

I Pounds I Gallons

------ --------------------------------------------- ---------------------------------
Cellosolve Acetate 41.78 1 5.15
Bentone #27 I 1.58 1 0.11

Diacetone Alcohol 1 0.80 I 0.10

65% Wt. Polyester Resin 1 252.19 1 26.46
Volume Solids 591b I

Cellosolve Acetate 1 37,74 1 5.18

Cobalt Green 1 157.97 1 3.65

Chromium Oxide 1 69.23 1 1.62

Organic Brown 1 13.00 1 1.05

Medium Chrome Yellow I 39.50 1 0.88

Molybdate Orange 1 7.89 1 0.15

25 Micron C!ear Vesiculated 1 61.33 I 18.03
Beads s

SAND MILL THE ABOVE TO 4 N.S. I

LET DOWN I

Cellosolve Acetate 1 43.80 1 6.33
Methyl Ethyl Ketone I 174.92 I 26.G7

Sutyl Acetate 1 37.74 1 5.18

Zinc Octoate 22% I 0.45 I 0.05
TOTAL I 939.92 I 100.00

MIX 4 PARTS NAP BASE TO 1 PART NBN ACTIVATOR

Theoretical Weight per GalI on = 9.39
Volume Sol ids = 41 .1%
Weight Sol ids 54.7%

B-43
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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 I

FINAL BEADED FORMULATION

Wave Length I 670 I 730
I I

% Reflectance/Transmittance I 8.53 I 28.32

I x I y I z I Lx I Ly
* I I I I 1

Color Measurements I 6.83 I 7.25 I 6.6*' I 0.329871 0.35046

1 96% Reef Iectanc t Transm Itt nce

S~al infrared Refieciance AverAL ce
P': I

Visible Near-Red Reflectance1 7.70
L Average I

RatIo VIsible/Infrared I 6.09

60 Degree Gloss 1 0.5
85 Degree Gloss I 1.3

roil

B-44
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FIGURE 42

CURVE OF PERCENT REFLECTAICE VERSUS WAVELENGTH

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

FINAL BEADED FORMULATION

DIANO CORPORATION MftY'
-. R IftCORDIN4G SPECfTROPH.OTOME1LR

Li

8 0 ._._._._.2

70
z'

a . - -

20

44
__ _ _ _ __ _ _ .

3~400O20 40 6380 500 2040 6080 60020 10 60680 70%

WAVELENGTH IN NANOMCTERS
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FIGURE 43

MIL-C-A6168A(MR) CAMOUFLAGE CHEMICAL AGENT RESISTANT COATING, BEADED, TYPE I
FINAL BEADED FORMULATION

NY@ (B R I G H T N E S S) - , 0 5 8 - . 0 7 5

3.704

I I I II

AI I I I I I
S I I I

I I I I I I I

A I I I I I I I I
L I I I I I I I II. II

S 3.50 1 1
E IIIIIIII

-S IIIIIIIIIIIII

S3.45 1 1

I: 1 1 I I 1 1 1 1 1

3.41 5 I2 3.2 3.3 3.3 3.4 3.I45 I

I I ' X 10

I II- II IiIII

3.50 I I I II

FIGURE 2
cHRCar I c I TY D I ASRAM FOR CAMOUFLAGE PAINT
COLOR - FOREST GREEN
NOTE- COLOR ELLIPSE IS 2. NBS I X-2795 I

UUNITS FRO CENTER VALUES
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"FIGURE 44

S5WAARY OF O-U-V WEATHER-OMETER MEASUREMENTS

CCMPARISON OF MIL-E-46168A, FOREST GREEN, TYPE I, BEADED VERSUS CONVENTIONAL

SI HRS QU 1 670 730 1 Cap IIo
Sample I Exposure I NM I NM I "Y" I Lx I Ly 1600 1 850

I I I I I I I I
Conventional 1 0 I 9.0 1 30.89 I 7.45 1 0.329 I 0.350 1 0.6 1 1.8

1 25 19.04 130.95 17.481 0.3291 0.3501 - I -
I 50 1 9.11 1 31.05 1 7.60 I 0.329 1 0.350 1 - I -

I 75 19.25 131.12 17.78 10.327 10.349 I -
1 150 1 10.21 1 31.59 1 8.84 1 0.325 I 0.346 I - I -

1 300 1 10.84 1 32.46 1 9.42 1 0.324 I 0.346 1 0.5 I 1.8
I 500 I 11.38 1 33.28 I 10.02 1 0.322 1 0.345 I 0.5 1 1.7

Beaded 1 0 1 8.53 128.16 1 7.32 10.329 10.350 1 - -

1 25 1 . 53 128.2/7 1 7.29 10.329 10.350 1 -
I 50 1 8.59 1 28.37 1 7.41 1 0.329 1 0.350 - 1 -

75 .49 128.24 7.31 1 0.329 10. 35- I I

1 150 1 8.55 127.98 1 7.55 1 0.326 1 0.350 1 - -
1•• 300 1 8.14 !28.1 5 1 7.19 10.325 10.352 1 - -

Vl 1 500 8.07 I 28.19 1 7.19 1 0.324 1 0.354 - -

B-47

F--% .+.. .., +. .- -_ - • - ..+
S... . . ... ... ... . < • .i~ i • •o • •i ii i i

k_



FIGURE 45

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

FINAL OFF-MILL FORMULATION

I Pounds I Gal Ions

Cel losolve Acetate I 99.88 1 12.33
Bentone #34 I 6.82 I 0.44
Diacetone Alcohol I 1.32 1 0.16
65% Wt. Polyester Resin - 212.00 1 22.27

Volume Sol ids 59%
25 Micron Clear Vesiculated I 59.53 1 17.50

Beads

Cobalt Green I 112.76 1 2.59
Chromium Oxide 1 76.67 1 1.79
Organic Rrown 1 11.72 1 0.93
Organic Yellow 1 38.33 1 2.37

SAND MILL THE ABOVE TO 4 GRIND I I

LET DOWN
Cel losolve Acetate 1 42.52 1 5.47
6S% W,. Polyester Resin ! 21 .48 1 2.25

Volume Sol ids 59% -

Methyl Ethyl Ketone I 176.49 1 26.33
Cel lcsolve AAcetate 1 26.58 1 3.27
Polyester Resin 21 .56 1 2.26
Zinc Octoate 22% 1 0.51 1 0.04
TOTAL I 908.1 7 I 100.00

MIX 4 PARTS "A" BASE TO 1 PART NBP ACTIVATOR

Theoret ical Weight per Gallon 9.10
Volume Sol ids = 41%9
Weight Sol idc = 52% p

I--48-
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FIGURE 46

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

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

FINAL BEADED FORMULATION

------------------------------- -------------------------- --------- m-------
Wave Length 1 670 I 730

I I K
__Reflectance/Transmittance 1 8.37 1 27.90

I x I y I z I L x I Ly
I I I I I

Color Measurements 1 6.57 1 7.12 1 6.26 I 0.329171 0.35710

I % Ref Iectance!Transmi ttance

• Infrared Reflectance Average I 45.157

Visible Near-Red Reflectance1 7.52
AverageI

Ratio VIsible/Infrired 1 6.0

60 Degree GIoss I.9
85 Delree Gloss 1.2 "

B-49
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FIGURE 47

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

FINAL BEADED FORMULATION

_.... ..... ..... ..... .... I Pounds -GallIons
-------------------------------------------- ------------ - -----

Cellosolve Acetate 1 25.30 I 3.12
Bentone #27 1 2.00 I 0.13
Diacetone Alcohol 1 1.21 I 0.16
65% Wt. Polyester Resin - 271.00 I 28.50

Volume Sol ids 59% I I
Cel losolve Acetate 1 137.00 I 17.00
Carbon Black 1 44.00 1 3.12

. Black Iron Oxide 1 65.00 1 1.60
Butyl Acetate I 61.00 1 8.50
Methyl Ethyl Ketone 1 21 .20 1 3.20
25 Micron Clear Vesiculated 1 43.00 I 12.62

B ea ds I I

I ISAND MILL THE ABOVE TO 4 N.S. I I
I I :

LET DOWN J
Methyl Ethyl Ketone 1 143.00 I 22.00

P,*7Zinc'Octoate 22% I 0.52 I 0.05
TOTA, 814.23 1 100.00

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

r-
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FIGURE 48

SUMMARY OF VISIBLE NEAR-RED 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 I 670 I 730

% Reflectance/Transmittance I 4.53 I 4.60

Color Measurements 14.36 14.41 15.26 I 0.31062! 0.31444

I % RefIectance/Transn�lttance

infrared ReiieGsance Avcr4g� 4 * 65

Visible Near-Red Reflectancel 4.49
Average

85 Degree Gloss I 1.1

p
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FIGURE 49

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

FINAL BEADED FORMULATION

IPounds IGallons

Cellosolve Acetate 1 32.28 I 4.00

Bentone #3v31 2.50 1 0.18
Diacetone Alcohol I 1.40 1 0.18
65% Wt. Polyester Resin - 380ý00 I 40.00

Vo!ume Solids 59% 1 1
Cel losolve Acetate I 138.00 I 17.00
Chromium Oxide I 115.00 1 2.70
Yellow Dark Orange Oxide 1 145.00 1 4.32
Red Oxide I 23.00 I 0.56
Titanium Dioxide 1 3.70 1 0.11
25 Micron Clear Vesiculated 1 53.00 I 15.45

Beads 1I-

SAND MILL THE ABOVE TO 4 N.S. II II
LET DOWNI

- Cellosolve Acetate 1 32.00 1 4.00
Butyl Acetate I 49.00 1 6.70

Methyl Ethyl Ketone 1 24.50 1 3.72
Zinc Octoate 22% 1 0.80 I 0.08

SHADE WITH I I
Carbon Black Paste 1 9.40 I 1.00
TOTAL A 1,009.58 I 100.00

MIX 4 PARTS "Aw (BASE) TO 1 PART "B6 (ACTIVATOR)

Theoretical Weight per Gallon = 10.10Volume Sol Ids = 47.27%--o;

Weight Solids = 58.64%

O-
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FIGURE 50

SUMMARY OF VISiBLE 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 I 670 I 730

9% Reflectance/Transmittance ! 16.88 I 24.49

I I I I I

Color Measurements 1 10.95 I 10.84 1 6.55 I 0.386461 0.38251

I% Reflectance/Transmittance

Infrared Reflectance Average1 27.1

Visible Near-Red Reflectancel 14.68
Average

Ratio Visible[lnfrared I 1.84

60 Degree Gloss I 0.2
* 85 Degree Gloss I 1.8

W
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"FIGURE 51

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEM:CAL AGENT RESISTANT,
OLIVE DRAB, PART A (BASE)

FINAL BEADED FORMULATION

_...... . ..... ....... ...... I Pounds I Gal o t ns

Cellosolve Acetate I 72.60 1 9.00
Bentone #34 1 6.70 I 0.45
Diacetone Alcohol 1 0.90 1 0.11
65% Wt. Polyester Resin - I 292.00 I 30.60

Volume Sol ids 59" II
Cellosolve Acetate 1 161.40 I 20.00
Modaflow Solution - Volume 1 4.32 1 0.56

Solids 50%
Yellow Dark Orange Oxide 1 169.00 1 5.10
Red Oxide 1 20.00 1 0.50
Titanium Dioxide 1 19.00 1 0.57
Phthalo Blue 1 8.00 1 0.60
25 Micron Clear Vesiculated I 43.00 I 12.75

Be ads I

SAND MILL THE ABOVE TO 5 N.S. I

IILET DOWN

Cel Iosolve Acetate 26.00 3.20
Methyl Ethyl Ketone I 109.00 I 16.50
Zinc Octoate 22% 1 0.67 1 0.06
TOTAL 932.59 101U.00

MIX 4 PARTS PA' (BASE) TO I PART PBO (ACTIVATOR)

Theoretical Weight per Gallon 9.33
Volume Solids = 38.30%
Weight Solids = 49.00%

. --- 4

K 8-54



I ."

FIGURE 52

SUMMARY OF VISIBLE NEAR-RED AND INFRARED
COLOR MEAS'JREMENTS AND GLOSS MEASUREMENTS

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

FINAL BEADED FORMULATION

Wave Length I 670 I 730I I "

% Reflectance/Transmi ttance 1 11.70 1 13.48

I x I y I z I Lxy
"I I I I I

Color Measurements I 8.97 I 9.13 1 6.19 I 0.369161 0.37600

F A-I Reflectance/Transmittance

Infrared RCefiectance AVeragei -3.4

Visible Near-Red Reflectancel 7.68
Average

Ratio Visible/Infrared I 3.04

60 Degree Gloss 1 0. 3

85 Degree Gloss 2 .8

-B-5
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FIGURE 53

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESIS'ANT,
SAND, PARI A (BASE)

FINAL BEADED FORMULATION

__ __ _ ______________I Po Pi nd s I GallIons

Cellosolve Acetate 1 21.80 1 2.70
Bentone #27 1 1.90 1 0.13
Diacetone Alcoho! 1 1.05 1 0.13
659 Wt. Polyester Resin - 292.00 I 30.70

Volume Solids 59% 1
CCellosolve Acetate 1 76.80 1 9.51
Butyl Acetate I 72.78 I 10.00
Titanium Dioxide I 155.00 1 4.65
Yellow Oxide 1 31 .00 1 0.92
Red Oxide I 5.40 1 0.12
"Chromium Oxide I 27.50 I 0.65
25 Micron Clear Vesiculated I 53.00 I 15.45

!'Beads I I .

SAND MILL THE ABOVE TO 4 N.S. I I

- LET DOWN i
Cel losolve Acetate I 110.00 1 13.81
Methyl Ethyl Ketone 1 74.12 1 11.18

Zinc Octoate 22% 1 0.53 1 0.05
TOTAL I 922.88 1 100.00

MIX 4 PARTS WAR (BASE) TO 1 PART NBW (ACTIVATOR)

Theoretical Weight per Gallon = 9.23

Voiume Sol ids = 40. 00%
Weight Sol ids = 50.24%1

B-56
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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 RESISTANT,

SAND, PART A (BASE)
FINAL BEADED FORMULATION

Wave Length I 670 I 730
I I

'Y Reflectance/Transmittance I 39.03 1 51.95

I x I y I z I Lx I Ly

I I I I I
Color Measurements I 28.19 L 28.79 L 20.68 L 0.36295L 0.37070

I% Refl6ctance/Transmittance

""II-I:'-- ~I - ---

Visible Near-Red Reflectancel 35.15

"Average I

Ratio Visible/Infraed I 1.62

60 Degree Gloss I 0.5
85 je ree GlossI 2. 7

B-57
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"FIGURE 55

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
AIRCRAFT INSIGNIA BLUE, PART A (BASE)

FIN^L BEADED FORMULATION

Pounds IG. lIons

Cellosolve Acetate 1 233.40 1 28.75
Bentone #34 1 3.00 1 0.20
Dizzetone Alcohol I 1.30 1 0.15

65% Wt. Polyester Resin - 274.00 I 28.75
Volume Solids 59% I

75% Wt, Saturated Polyester - 69.30 1 7.50

Volume Snlid$ 71.5% 1
Phthalo Blue Green Shade I 43.00 I 3.30

General Carbon Lamp Black 1 53.00 I 15.59
I I

SAND MILL THE ABOVE TO 5 N.S. I

LET DOWN I
Cellosolve Acetate 1 50.00 "6.17
Butyl Acetate 1 66.00 I 9 920
Zinc Octoate 22% 1 0.70 1 0.07

qk T TOTAL 1798S0 I nnon

MIX 4 PARTS $AN (BASE) TO I PART 58 (ACTIVATOR)

Theoretical Weight per Gallon- 7.99
Volume Solids - 41.73%
Weight SolIds = 41.82

a -*
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FiGURE 56

SUMMARY OF VISIBLE NEAR-RED AND INFRARED

COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
AIRCRAFT INSIGNIA BLUE, PART A (BASE)

FINAL BEADED FORMULATION

Wave Length I 670 I 730
I

94 ReflectanceeTransmIttance I 3.84 1 4.48

I x I y I z I Lx I Ly
I I I I I

Color Measurements I 3.91' I 3.81 I 5.92 I 0.286431 0.27933

1% Reflectance/Transmittance

~ *.,fr.ed ef!ectznA .vr50A1 7=4
I

Visible Near-Red Reflectancel 4.17

Average
V: I

Ratio Visible/Infrared I 1.77

60 Degree Gloss I 0.5

85 Degree Gloss I 1.0

B-59
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FIGURE 57

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

AIRCRAFT WHITE, PART A (BASE)
FINAL BEADED FORMULATION

I Pnuný I Gal Ions
I I.

Cel losolve Acetate I 134.00 16.50

Centone #34 1 2.28 0.15

Diacetone Alcohol 1 0.93 0.12

65% Wt. Polyester Resin - 199.18 I 20.90

Volume Solids 59% i I

75% Wt. Saturated Polyester - 56.86 6.18

Volume Solids 71.5% II
Titanium Dioxide I 345.00 I 10.34

25 Micron Clear Vesiculated 1 39.00 11.47 1 --

Beads I"

SAND MILL THE ABOVE TO 5 N.S. I

LET DOWN "

Cellosolve Acetate 1 106.00 1 13.23

Methyl Ethyl Ketone I 80.31 1 12.00

A' _Rntyl Acetate 1 65. 89 9.05

Zinc Octoate 22% 1 0.55 0.06

TOTAL 1 1,030.00 1 100.00

MIX 4 PARTS NAN (BASE) TO 1 PART 'B' (ACTIVATOR)

Theoretical Weight per Galion 10.30

Volume Sol ids = 38.70%9

Weight Sol Ids = 54.30%

B-60



FIGURE 58

SUMMARY OF VISIBLE NEAR-RED AND INFRARED

COLOR MEASUREMENTS AND GLOSS MEASUREMENTS

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
AIRCRAFT WHITE, PART A (BASE)

FINAL BEADED FORMULATION

Wave Length I 670 I 730
I I

% Reflectance/Transmlttance 1 90.57 1 89. 78

I x I y I z IL× ILŽ
I I I I I

Color Measurements I 89.55 1 91.74 1 107.251 0.310341 0.31796

I_ ,_' Reflectance/Transmittance

I n f Infrared Reflectance Average1 89.22

Visible Near-Red Reflectancel 91.04 7
Average I

Ratio Visiblelinfrared I 0.98

60 Iegree Glnss 3.0
85 Degree Gloss I4.1
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FIGURE 59

MIL-C-4616PA, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
AIRCRAFT BLACK, PART A (BASE)

FINAL BEADED FORMULATlON

------------------------- I ---------------- ---------

Cel losolve Acetate I 131.50 I 16.30
Bentone #34 I 2 .20 1 0.15

Oiacetane Alcohol 1 0.90 1 0.12%
h.65%; Wt. Polyester Resin - I 220.00 I 23.00?tVolume Sol ids 590; 1 1

75%. Wt. Saturated Polyester 1 56.00 1 6.00
Volume Solids 71 .50 1

B utylI A ce ta te 1 70.00 I 9. 70
Carbon Black 1 39.00 I 2.68 .1
bla ck Iron Oxide I 56.00 I 1 .3 7
25 Micron Clear Vesiculated I 43.00 I 12.62

BeId I

SAND MILL THE ABOVE TO 5 N.S. I I

LET DOWN I I
SCel losolve Acetate 1 32. 30 1 4.00

Methyl Ethyl Ketone 1 159.12 I 24.00
KZinc Octoite 22% 1 0.50 I 0.06

TOTAL I 810.52 1 1 00.00I

SMIX 4 PARTS RAN (BASE) TO 1 PART RB (ACTIVATOR)

Theoretical Weight per Gallon 8.11
Volume Sol ids =z 34.70c%
Weight Salids =40.12%ý
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FIGURE 60

SUMMARY OF VISIBLE 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 Lenguh I 670 I 730
I I

% Reflectance/Transmi ttance 1 4.12 1 4.17

I x I y I z I Lx I Ly _
I I I I I

Color Measurements I 3.99 1 4.05 1 4.78 1 0.311181 0.31599

I Reflectance/Transmi ttance

Infrared Reflectance Averagel 4.24

Visible Near-Red Reflectance1 4.09
Average

Ratio VisiblelInfrared I 1.036

60 Degree Gloss 0.9
85 De~ree Gloss 1 0. 6
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FIGURE 61

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
AIRCRAFT GREEN, PART A (BASE)

FINAL BEADED FORMULATION

I Pounds I Gallons

Cellosolve Acetate 1 72.70 1 9.90
Bentone #27 1 1.30 1 0.10
Diacetone Alcohol i 0.80 1 0.10

651165 Wt. Polyester Resin - 284.70 1 30.00
Volume Solids 59% I

K Yel lew Iron Oxide 1 78.70 1 2.35
Carbon Black 2 .30 1.60

Black Iron Oxide 1 32.30 1 0.78
Red Oxide 1 20.60 1 0.50

K SAND MILL THE ABOVE TO 5 N.S. I

LET DOWN 1I
CellosolveAcetate .65.00 -. 00

Methyl Ethyl Ketone I 100.00 I 15.10

Zinc Octoate 22% 1 0.60 1 0.06

SIFT IN AT HIGH SPEED I I

25 Micron Clear Veslculated 1 50.00 I 14.71

Beads

DISPERSE THE ABOVE TO 0-1 N.S. I I

REDUCE WITH I I
Methyl Ethyl Ketone I 111.40 I 16.80
TOTAL I 841.40 I 100.00

MIX 4 PARTS -AN (BASE) TO 1 PART IB' (ACTIVATOR)

Theoretical Weight per Gallon 7.76
Volume Solids = 37.70%
Weight Solids = 46.50%

B-64
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"FIGURE 62

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

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
AIRCRAFT GREEN, PART A (BASE)

FINAL BEADED FORMULATION

-- -i -- - - -T-- - - - - - -- - -
Wa ve Length_____ 1 670 I 7130

I I
% Reflectance/Transmittance I 6.31 1 6.14

I x I y I I Lx I Ly
"I I I I I

Color Measurements I 6.25 I 6.38 I 6.94 I 0.319211 0.32590

I:. Reflectance!Transmit t an ce
~I

' Infrared Reflectance Averagel 5.93

Visible Near-Red Reflectance1 6.4
Average I

Ratio Visible/Infrared I 0.93

60 Degree Gloss I 0.7

85 Degree Gloss I 1.0

..1
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'.- FIGURE 63

•" MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGEN"T RESISTANT,

300 HOUR Q-U-V WEATHER-OMETER OF FIELD DRAB AND-BLACK
CONVENTIONAL VERSUS BEADED SYSTEMS

"B-66
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FIGURE 64

MIL-C-46168A, ALIPHATIC POLYURETHANE, CHEMICAL AGENT RESISTANT,
FOREST GREEN, TYPE 1I , PART A (BASE)
CONIAINING COBALT VESICULATED BEADS

I Pounds I Gallons

PREMIX AND GRIND
Cel losolve Acetate I 91.79 I 11.33
Bentone 34 6.30 I 0.42
Diacetone Alcohol I 1.23 1 0.15

MIX UNDER HOCKMEYER - THEN ADD I I
65% Wt. Polyester Resin - 1 214.66 1 22.98

Volume Sol ids 59%I1
25 Micron Vesiculated Cobalt I 116.00 1 22.51

Beads I
Chromium Oxide I 145.73 1 3.43
Organic grown 1 12.76 I .1.02
25 Micron Vesiculated Inert 1 18.23 " 3. 59

8eads I I
Cel losolve Acetate 1 39.07 1 4.82

* SAND MILL TO 4 N.S.

- ~LET DOWNI
65% Wt. Polyester Resin - 19.82 1 2.08

Volume Solids 59% I
Methyl Ethyl Ketone 1 16.22 I 24.17
Cel losolve Acetate 1 24.43 1 3.01
Zinc Octoate 1 0.49 1 0.05
Carbazole Violet Shading Paste I 3.96 1 0.44
TOTAL I 856.67 1 100.00

MIX 4 PARTS 'Ax (BASE) TO 1 PART '85 (ACTIVATOR)

Theoretical Weight per Gallon = 8.56
Volume Solids = 45.7%
Weight Sol ids = 52.6%.
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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 II,

CONTAINING COBALT VESICULATED BEADS

Wave Length I 670 I 730
I I -

Reflectance]Transmittance 1 10.72 1 27.40

I x I y I z I Lx I Ly

Color Measurements I 6.62 I 7.07 I 6.53 1 0.327651 0.34944

- % Reflectance/Transmittance

Infrared Reflectance Average! 47.76 r
b-2. Visiule Near-Red Reflectance! 8.40

Average

Ratio Visible/Infrared I 5.68

60 Degree Gloss I 0.4
85 Degree Gloss I 2.8

,.
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FIGURE 66

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

FOREST GREEN, TYPE 11 7

CONTAINING COBALT VESICULATED BEADS
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"FIGURE 67

MIL-C-46168A (MR) CAMOUFLAGE CEMICAL AGENT RESISTANT COATING,

FOREST GREEN, TYPE II, CONTAINLWG COBALT VESICULATED BEADS

RYK (B R I G H T N E S S) - . 0 5 8 - . 0 7 5
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IIGURE 2
CHROMATICITY DIAGRAM FOR CAMwOJFLAGE PAINT
COLOR - FOREST GREEN
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FIGURE 68

"MIL-C-46168A, ALIPHATIC POLYURETHANE.

k. CHEMICAL AGENT RESISTANT, FOREST GREEN, IYPE I,
CPPART A (BASE)
CONTAINING PIGMENTED BEADS IN PLACE OF PRIME PIGMENTS

I Pounds I Gall ons

PREMIX AND GRIND
Cel losolve Acetate 1 66.43 I 8.20

Bentone 34 1 4.56 1 0.30

Diacetone Alcohol 1 0.89 1 0.12

MIX UNDER HOCKMEYER - THEN ADD I
65% Wt. Polyester Resin - 1 169.70 1 17.80

Volume Solids 59% I I

25 Micron Cobalt Green I 56.52 I 10.66

Vesiculated Beads
25 Micron Chrome Oxide I 105.48 1 19.89

Vesiculated Beads II

25 Micron Brown Solid Beads 1 9.24 1 0.80

Methyl Ethyl Ketone 1 117.39 I 17.70
Cellosolve Acetate 1 45.96 I 5.66

SAND MILL TO 4 N.S. I

LET DOWN I I

6596 Wt. Polyester Resin - 120.00 I 02.58
Volume Solids 59% 1

Methyl Ethyl Ketone 1 42.00 1 6.26

Zinc Octoate 1 0.35 I 0.04

TOTAL I 73 8. 52 I 100.00

MIX 4 PARTS IAN (BASE) TO 1 PART *B8 (ACTIVATOR)

Theoretical Weight per Galion 7.38
Volume Solids = 49.5%
Weight Sol ids = 49.3%

r-.
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FIGURE 69

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

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

CONTAINING PIGMENTED BEADS IN PLACE OF PRIME PIGMENTS

Wave Length I 670 I 730
I I

% Reflectance/Transmittance I I1.02 1 26.22

I x I y 1 7 I Lx ILy
I I I I I

Color Measurements i 6.62 I 7.07" I 6.29 I 0.3313 1 0.3538

1i 96 Reflectance/Transmi t t nce.

Visible Near-Red Reflectancel 8.5
Average

Ratio VlsiblelInfrared '48.26 !

60 Degree Gloss I 0.7
85 Degree Gloss I 2.8
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FIGURE 70

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

K: FOREST GREEN, TYPE 1,
CONTAINING PIGMENTED BEADS IN PLACE OF PRIME PIGMENTS :
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F FIGURE 71

MIL.-C-4616&A(MR), ALIPHATIC POLYURET11ANE, CHEMICAL AGENT RESISTANT COATING~,
FOREST GREEN, TYPE I, CONTAINING PIGMENTED READS IN PLACE OF PRIME PIGMENTS

wY' (B R I G H T N E S S) . 5 8 -. 7 5

3.70 rI
I II II II II IIII

I II II II II IIII
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IIIIII I I . -I

3.15 3.20 3.25 3.30 3.35 3.40 3.45
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FIGURE 2 
Wi.: €" ".~ ATICITY DI~AGRAM FOR CAMOUFLAGE PAINT

aOLOR - FOREST GREENNOTE: IOLOR ELLIPSE IS 2. NOS I X 2795 1LITS FROM CENTER V IAL.UES 
I
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