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ABSTRACT OF Tlll‘ DISCLOSURFE

Method of camouflaging dymhlc maferials against day-
licht or nighttime detection comprising dyeing the mate-
rial with a dye composition producing a desired shade in
the visible range of the spectrum and fluorescence in
the near infrared range from 0.70 to 0.90 micron wave-
length, and over-printing the dyed material with lincs
of a printing composition containing an energy absorbent
pigment, such as carbon; and camouflaged articles pro-
duced, by the method. I 1

The invention described herein may be minufactured,
used, and licensed by or for the Government for govern-

mental purposes without the payment to us of any royalty

thereon. .

This invention relates to a camouflaged article and a
method of producing the same. More particularly, the in-
vention relates to camouflaged fabrics and camouflaged
articles produced therefrom..

In the conduction of ‘military field operations the
camouflaging of thc uniforms of soliders and of their
shelteirs and other cquipment has become very important
to prevent detection thercof in the daytime by visual ob-
servation or by acrial photography employing infrared-
sensitive photographic film which is particularly sensitive
in the wavelength range of the spectrum from about 0.70
to about 0.90 micron and at'night by electro-optical means,
such as the so-called sniperscope, which usually employs
radiations in the wavelength range of the spectrum from
about 0.90 to about 1.20 microns.

Heretofore, camouflaging of military uniforms and
other military eqmpment has been carried out primarily
with respect to light in the visible range of wavelengths,
generally from about 0.38 to about 0.70 micron. This
has been done by dycing or pigmenting fabrics and other
materials with varicolored designs to simulate and blend
with the surroundings in which the articles made of such
" fabrics or other materials are to be used, for example,
jungle surroundings, rock formations, or other special
situations. However, inasmuch as other methods of de-
tection, such as acrial photography, cmp]oylmvy radiatjons
in. the infrared region of the spectrum h.lw' beer’ de-
veloped in recent years to supplement visual Hbservation,
conventional methods of camouﬂagmg have become rela-
tively ineflective.

Methods have been developed for dyeing fabrics or
other dycable materials with-dycs which fluoresce strongly
in the near infrared region of the spectrum, particularly
at wavelengths from about 0.70 to about 0.90 micron.
Such dyed materials blend well with backgrounds fre-
quently encountered by the military forces, such as grass
or earth. Materials dyed with such dyes do not show up
in aerial photographs nearly so distinctly as materials
dyed with conventional dyes, such as the olive green
dyes. that have been standard for military uniforms and
other equipment for many years. However, these dyes
generally have the disadvantage that they also reflect
to a high degree in the wavelength range from about 0.90
to about 1.20 microns employed in electro-optical methods
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of detection such as the sniperscope. Henee, uniforms
and ofher articles dyed with dyes that fluoresce in the
near infrared range are vsually casily detected by means
of. the sniperscope at night. Separate uniforms for day-
time add nighttime use could be issued to overcome this
dilemma; but this would crew.e a very severe logistic
problem as well as greatly increased costs. It is, therefore,
highly desirablé. o have a method ¢ obtaining effective
camouflage against detection by visudl observation in the
wavelength range from about 0.38 to about 0.70 micron,
but at the same time providing in the same article effec-
tive camouflage against detection by acrisl photography
ustng film sensitive in the wavelength range {rom about
070 o abont 000 micron and against detection by »
sniperscope employing wavelengths in the range {rom
about 0.90 to about.1.20 microns-or ¢ven higher.

An object of the invention is to provide a method of
obtaining eflective camouflage of an article over the wave-
length range of the electromagnetic spectrum from about
0.38 to about 1.20 microns.

A further object of the invention is to provide articles
cffectively camouflaged against detection by visual ob-
servation cmploying radiation in the wavelength range
from about 0.38 to about 0.70 mluon and by photogmphu,
and clectro-optic methods emiploying radiation in {he
wavcelength range from about 0.70 to about 1.20 microns,
or higher.

Other objects and advantages will appear from the de-
scrlptlon of the invention hereinafter and the accompany-
ing dmwmgs wherein: )

FIG. I is a graph of the reflection factor at various
wavelengths of light for fibrics dyed and printed in ac-
cordance with Example 1 hercinafter.

FIG. 2 is a graph of the veflection factor at. various
wavelenpths of light for fabrics dyed and printed in
accordance with Example 2 hereinafter.

FIG. 3 is a plan view of a fabric dyed and printed in

“accordance with- Example 2.

FIG. 4 is a graph of the reflection factor at various
wavelengths of light- for fabrics dyed and printed in
accordance with Example 3 hereinafter.

FIG. 5 is a graph of the reflection factor at various
wavelengths of light for fabrics first printed and subse-
quently dyed in accordance with Example 4 hereinafter.

The objects of the invention are accomplished in one
embodiment of the invention by dyeing a fabric with a
dye, or a mixture of dyes, which produces a fluorescent
dyed surface on the fabric havj 1ga high reflection factor
in the infrared wavelength range of the electlomagnetlc
spectrum from about 0.70. to about 0.90 micron, drying
the dyed fabric, printing the surface of the dyed fabric
in a substantially uniformly distributed pattern, such as
spaced lines, using a printing composition which is highly
cnergy absorbent in the entire wavelength range involved,
i.c. 0.38 to 1.20 microns, and drying the printed fabric.
The dye is selected for the particular type of fabric and
the printing composition is printed on the dyed fabric
in such a pattern that the dyed and printed fabric has
reflection factors of less than about 35% for radiant
energy in the wavelength ranges from about 0.38 to

~about 0.7 micron and from about 0.90 to about 1.20

microns and a reflection factor for radiant energy of at
least one, wavelength in the wavelength range of from
about 0.70 to about (.90 mlcron which is not less than
about 35%.

As will be readily apparent from an examination of the
drawings, the reflection che aracteristics curves of mate-
rials embodying the invention include a distinct peiak
reflection factor in the wavelength range of from about
0.70 to about 0.90 micron. The occurrence of this peak

3 1}




3,700,397

is cssentin] to the fffectivencss of the material as
camoulflage .Q,Amst infrarcd photography and, whilc it is
desirable that the peak be substantially hlghm than the
portions of the curves in the lower and higher wave-
fength ranges, the advantages of the invention are realized
so long, as the peak cquals or cxceeds 3596 at some
w.nvclui;Jh within the 0.70 1o 0.90 micron range while
the refléction factors in the lower and higher wavelength
ranges fre maintained below the 359 fevel, we have
found that reflection factors in the 0.70 to 0.90 micron
wavelength range which are at least 10% greater than
the reflection factors in the Jower and higher wavelength
ranges are readily obteinable in accordance with (he pres-
ent invention as cvidenced by FIGS. 1, 2, 4 and 5.

The objects may also be attmined by first  printing
spaced lines on the surface of thesfabric using the black
piunenl -containitg highly energy©absorbent resa emul-
sion printing composition, drying the printed lines, then
‘dyem" the printed fabric with a dye, ot mixture of dves,
as -aforementioned, thereby dycmé the fabric between
the printed lines and obtaining a printed and dyed fabric
having substantially the same light reflection character-
istics as the above-described fabric which is first dyed and
then printed with the black pigment-containing lines.

As a result of either of the above-described dyeing and
printing or printing and dycing’ procedures, a produét is
obtained which has. reflection factors below about 35
percent in the visible range of the spectrum, i.e. ai wave-
lengths of from about 0.38 to about 0.70 micron, a
reflection factor not less than about 35 percent in at
least one wavelength of the near infrared range of the
spectrum, "i.c. from "about 0.70 to about (.90 micron,
and reflection factors below about 35 percent in the far
infrared range of the spectrum, i.e. at wavelengths above
about 0.90 micron and particularly between about 0.90
to about 1.20 microns. The net effect is that the re-
flection factor curve for-the product, which is determined
with ‘a Beckman DU Spectrophotometer, is appreciably
altered so that the product has lower reflection factors
over the wavelength range of the spectrum from about
0.38 micron to about 1.20 microns, but retains effectively
high reflection-factors over the near infrared wavelength
range from about 0.70 to about 0.90 micron. Thus, the
product blends in well with backgrounds which fluoresce
or reflect well in the near infrared range of the spectrum
and is, therefore, effectively camouflaged against acrial
‘photography, while not fluorescing or reflecting "very
strongly in the far infrared wavelength range above 0.90
micron and, therefore, being effectively camouflaged
against detection by means of the sniperscope at night
using wavelengths. in the range from about 0.90 to about
- 1.20 microns. The material is also effectively camouflaged
_ against visual observation by. daylight or artificial light
“in- the visible range when observed beyond certain dis-
tances, the printed lines blending in with the dyed por-
tions of fabric between the printed lines at or beyond
such distances. If, for example, the dye composition is
selected to produce an olive drab color, then the:#roduct
will blend well with all backgrounds with wf.‘yﬁ:h the
olive drab color normally blends despite the presence of
the black pigment-containing lines," and beyond the se-
lected distance for visual observation of the product. The
overall result, therefore, is that the product is effectively
camouflaged against detection during the daytime and
nighttime over the spectral range from about 0.38 micron
to about 1.20 microns or even higher wavelengths, pro-
vided the point of observation is more than a preselected
distanco from the -product. The wider the printed lines
are and the farther apart they are on the dyed background
of the product, the farthcr away the point of observation
of the product must be in order for it to be camoullaged.
It is impractical in general to print lines narrower than
about one-sixteenth inch: wide separated -about one-six-
teenth inch apart on fabrics, although on other types of
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products, for example films, paper and the like, narrower
lines and separations of the printed lines may be cm-
ployed in order to reduce the distance from which obser-
vation may be mmml out without a clear-cut detection
of the product.

For the purposes of this application, thc near infrared
is defined as the range of wavelenpths of the electro-
muagnetic spectrum’ between about 0,70 and 0.90 micron,
and the far infrared ds delined as the rnpe of waves
lengths ol the clectromagnetic sp’ strum between about
0.90"and about 1.20 microns, or higher. The visible wave-
lcnglh rango is g,cnc'ally I'Jom about 0. ?8 to dbOllt 0.70
micron.

Also, for the purposes of this npphcnlxon the reflection
factor is defined as the sum of the normal reflection plus
the contribution of fluorescence af a piven wavelenpth of
the  clectiomapienie spectinm when a specaten s illu-
minated by white light produced by a Xenon lamp. The
reflection factor is expressed in ferms of pereent of the
light emerging from the surface compared with that which
would be reflected by magnesium oxide at the given wave-
length, using a Beckman DU Quartz Spectrophotomcter
for analyzing the light emerging from the respective sur-
faces at the various wavelengths of interest,

For the purposcs of the present invention, Table 1 lists
a number of dycs which have been found - to fluoresce
strongly in the near infrared range of the spectrum and
are useful either alone or in-combination with other dyes
for obtaining the desired color effect in the visible range
of the spectrum as well as fluorescence in the infrared.
Table 1 also indicates the type of substrate material in
the form of fabric with which cach dye has been found
to be particularly cflective in terms of fluorescence in the
near infrared. Other forms of the same substrate material
would behave in a similar manner; for example, film, non-
woven fabric, molded or cast matcrml or the like can be
dyed and printed in accordance with the invention.

TABLE 1

iCoilnr

nedex Typo of
Dye nmber Chemieal type SllhISU'ﬂLO
Basle Blue 3.._..._.__ 51005 racryli
Basic Blue 4 51004 : Pol,\l')mg.ryhc_
Basic Blue 7 42505 Tris 1rxlmuhanc Do.
Basic Blue 52015 ‘Phiazine. Do.
Basic Blue 1. 1IN0 Oxazine. . ._....____.__ Do
Basic Blue 26 44045 T rmrylmeth'me ......... Do.
Basie Blue 3 None _.... do__.. Do.
Azure Ao .. ‘ Al Do.
Basic Green 1. Do.
Basle Green 3. Do.
Basic Green 5. Do.
Basle Violet 3. Do.
Basle Violet 4. Do.
Basie Violet 6. Do.
Acid Blue 1... Polyamide.
Acid Blue 3-_. Do.
Acid Blue 7. Do.
Acid Blire 9.... - Do.
Acid Blue 63...__.... - Anthraquiinone. B Do.
Acid Green 3_ Triaryimethane. . Do.
Acid Green 5. " Do,
Acid Green 16 Do
Acid Qreen 22 - Do,
Direct Blue oo _.__ Dao.
Direct Blue 3....__._. Do,
Direet Blie & ... ____ Do.
Dirveet Blue 14, - 234850 Do.
Direct Blue 15.. 24100 Do.
Direet Blue 21_. o 23710 Do.
Direct Bines 22, ____ 24280 Do.
Direct Bluo 23_____ . 2H(l5 . Do.
Direet Blue 25..._ ... (23700 Colton.
Direet Blue 27, _____ 23750 .. Polyamide,
Direet Blue 53, 23860 . o
Direct Blue 61 None Not known. Do.
Direct Blue 106, 51300 Dioxazine Do.
Direet Blue 107. 51315 _____do.. Do.
Dircet. Blue 10 51320 4 G RO T,
Direet Blus 10 A1310 410 _________ Do.
Diraet. Blie 180 None Azo ... ... 1Yo,
Disperse Blue 9. .- [ARNT] An(hmquiumm...._.__._ Do.
Direct Vielet'st. J 2 - 51325 Dloxazlne.. Jo.o_ .. Do,

In general, it is desirable for the encrgy absorbent print-
ing formulation, when dried, to have relatively low reﬂcc-
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tion Tactors in | the ““wclcngih range from about 0.38 to
about 1.20 microns, ior example, below about 20 percent,
and preferably below about 10 percent.

The following examples are illustrative of the inven-
tion, while not ‘being intended to be limitative thereof:

i EXAMPLE 1

A ‘polyacrylic fabric is dyed with a single Muorescent
dye, Basic Blue 4 (Color Index Number 51004), by plac-
ing thé fabric in a dye bath at 120° F. containing the
following composition based on the weight of the fabric:

) Percent
Basic Bluc 4

Sodium acctate .. _______ 1.0
Acetic acid (56%%) _.___.__ - 1.0
Non-tonic surfactant  (*“Triton’ ‘(—-100 " m.\nuf.u.-
thred by Robm & Haas Company) . ... 1.0
Organic cationic retarder ("Retarder LAN,” manu-
factured by E. L. du Pont de Nemours & Co.,
INC.) e 1.0
Demineralized waler _ 95.8

The dye bath, which has a pH of about 5.0, is raised to
its honhng temperature over g period of about 45 minutes.
Boiling is continued for up to 2 hours or until the color is
substantially removed from the dye bath: The fabric is
removed: from the dye bath and rinsed in deriineralized
~ water and-dried.

The dried dyed fabric is placed on a flat surface and
covered by a silk screen that produces straight lines one-
sixteenth inch wide and spaced onc-sixteenth inch apart.
The pattern is produced by drawing a printing formula-
tion having the following composition on the fabric by
means of the scréen:

) Grams
Carbon black dispersion ____________________ 60.0

Acrylic pndding emulsion (“Sherdye Padding Emul-

sion 1050,” manufactured by Sherwin-Williams
Company) o e 20.0
Triazine-formaldehyde condematc resin (“Acrotex
Resin 23 Special,” manufactured by American
Cyanamid Company) ..l e oo 20.0
Sodium alginate _______i__ _______________ 5.0
Water 22 95.0

The printed fabric is dried and the dried, printed, pre-
viously dyed fabric is analyzed on its printed surface
with a Beckman DU Quartz Spectrophotometer using
a xenon lamp as a source of white light to determine its
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reflection factors, as defined above and in accordance

with the method described above. The results are shown
in FIG. 1 in middle curve B, designated Printed Shade.
. For comparative purposes, a piece of the dyed fabric
after drying thereof but without any printed lines ap-
plied thereto is analyzed in a similar manner for.reflec-
tion factor, the results thereof being shown in FIG. 1
in the upper curve A, dcslgmtcd Ground Shadz. Alsp, a
similar polyacrylic fabric in undyed fonn(x&s‘ punlcd
solidly, rather than in the form of lines, ‘over large
enough area to enable analyzing the solid black surface
for refiection factor, and analyzed in a similar manner
to that employed with the printed fabric and thé Ground
. Shade (dyed only) fabric. The resuits are shown in the
" lowermost C curve, designated Black.

It is apparent from FIG. | that the dyed and printed
fabric produced in accordance with this example has a
lower reflection factor throughout the range of the spec-
trum analyzed, namely at wavelengths of 0.5 to 1.0
micron, than the dyed only fabric; in other words,
Printed Shade curve B'is lower than Ground Shade curve
A. The significant aspect of this example is that the
Printed Shade sample; retains a fairly high reflection fac-

. tor in the wavelength range from 0.70 to 0.90 micron

GO

70

whilc the reflection factor in the wavelength range above
0.90 micron has been greatly reduced, thus rendering the
Printed Shade Tabric difficult to detect cither by infrarcd
photography or by means of a sniperscope. And -the
alternate black lnes and blue separations would be quite
difficull to distinguish visually at viewing distances of
S0 meters or more against a background with which
the blue ground shade would blend well,

The foregoing example illustrates the principle of the
method of the invention without refercnce to use in con-
nection with camouflage in tie visible range of the
spectrum .under_field conditions.

EXAMPLE 2

“ A polvacrylic fabric is dved with a combination of
dyves by placiog the fabric fua dye bath af 1207 P con-
taining the following composition h.\\ul on the weight
of the fabric:

Percent

Basic Blue 4 (C.I. No. 51004) ________________ 0.23
Basic Yellow 15 o 0.80
Basic Red 14 0.11
Sodium  acetale .o 1.0
Acctic acid (5699 o e 1.0
Non-ionic surlactant (“Triton X=100,” manufac-

dured by Rohm & Haas Company) ... _ .. 1.0
Organic cationic retarder (“Retarder LAN® man-

ulactured by E. L. du Pont de Nemours & Com-

pany, I0C)) L 1.0
Deminerabized water - . 94.86

The dye bath. which has a plIl of about 5.0, is raised
to its boiling temperaturetover a period of about 45
minutes. Boiling is continued for up o 2 hours or until
the color is removed from the dye hath. “The fabric is
removed from the dye batly and rinsed in demineralized
water and -dried.

The dried, dyed fabric is silk-scrcen printed in the
same manner as that described in Example 1. The printed
{abric is 1nalyzcd with a Beckman DU Quartz Spectro-
photometer in the same manner as the dyed and printed
fabric of Examplé 1. The dved, buf unprinted, fabric was
also analyzed as in Example 1. The results are shown
in FIG. 2, the reflection factor of the dyed and printed
fabric at various wavelengths being shown in the middle
curve B, designated Printed Shade, while the reflection
factors of the dyed, unprinted fabric at various wave-
lengths are shown in the upper curve A, designated
Ground Shade. The lowermost curve C,; designated
Black, is similar to that in FIG. 1 and is obtained in the
same manner as described in Example 1. FIG. 3 illus-
trates the surface appearance of the dyed and printed
fabric. The fabric is generally representcd by the numeral
1, the printed lines by the numeral 2, and the dyed por-

} tions of fabric between:the printed lines by the numeral 3.

Tt is apparent that the presence of non-fluorescent dyes
in combination with' a fluorescent dye in the ‘dye bath
does not substantially interfere with the behavior of
the fluorescent dye in the infrared portion of the spec-
trum. Also, it is apparent that the printed black energy
absorbent lines act in substantially the same manner
when the ground shade includes a mixture of dyes as
when it contains only one dye. The dyed and printed
fabric of this eXample exhibits good camouflage char-
acleristics both in daylight and at night since it retains
effectively high fluorescence in the near infrared range,
while its reflection factor in the far infrared is not so
hlgh as to be easily detectable with a sniperscope, and
the black lines and lizhter colored separations in the
visible range blend sufficiently in daylight or artificial
Tight at distances of 10 mcters or less o prevenl casy
visual distinguishing of the fabric from a green back-
ground. -
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An amylm fabric is dycd as in Fxample 2, except that
the dye bath has the following dye formulation bascd on
the weight of the fabric:

. _ - Percent
Basic Bluc 4 (C.I. No. 51004}

. Basic Yellow 15 1.15
Basic Red 14 ... 0.18
Sodium: acetate 1.0
Acctic acid (56%) 1.0
Non-ionic surfactant (“Tnlon X—lOO ” manufac-

tured by Rohm & Haas Company) . _.______ 1.0
Organic cationic retarder (“Retarder LAN,” manu-

factured by E. L du Pont de Nemours & Com-

pany, TnC.) o e 1.0
Demineratized waler . XD

The resultant Ground Shade approximately matches Olive
Green' 106 when viewed under a standard shade lamp
operating at a corrclated color temperature of 75007 K.
The dyed fabric is silk-screen printed in the same man-
ner as in Examples 1 and 2, oxeept using a printing formu-
lation having the following composition:
. Grams
Carbon black dispersion 10.0
Iron oxide ycllow ;
Acwyhc padding emulsion (“Sl1c1(lyc Padding Emul-
sion: 1050," manufacturcd by - Sherwin- Wllh.uns
COMPANY ) e 20.0
Triazine-formaldehyde condensate resin (“Acmlcx
Resin 23 Special,” manufactured by American
Cyanamid Company) .
Sodium alginate
Water

This printing formulation produces lincs of an olive drab
shade which blend well with the olive green Ground Shade
- in the visible range of the spectrum. As seen in FIG. 4
the reflection: factor curve for the dyed fabric is shown
~in curve A, and the reflection. factor curve for the d_ycd
and printed fabric in curve B, Curve C is determined in
the same manner as curve C of FIG. 1. The dyed and
“printed fabric (curve B) shows behavior in the infrared
range of the spectrum similar to that of the dyed and
printed fabric of Example 2, although the reflection factor
curve for the printed on printing formulation (curve C)

is appreciably higher in the infrared than the reflection:
factor curves for the black carbon pigment only in FIGS.’

1 and 2. The dyed and printed fabric of this example
. provides good camouflage against infrared photography
in the near infrared range, against detection with a sniper-
scope using the far infrared range, and against visual
observation even close up in an environment with which
olive grcen shades would blend well because the printed
“on lines blend well with the ground shade separations,
providing an almost true solid shade throughout the fabric
surface. ’ .
EXAMPLE 4

Using the same two coloring formulations as } ¥ ‘Exam-
plc 3, a polyacrylic fabric is first screen-printed»with the
printing formulation with one-sixteenth inch wide lines
separated .one-sixteenth inch apart and thereafter dyed
with the dye formulation. The reflection factor curves for
the resulting fabric are shown in FIG. 5, curve B repre-
senting the printed and dyed fabric, curve A representing
the same fabric dyed only with the dye formulation, and
curve C representing. the dried printing formulation, this
curve being determined in the same manner as curve C
of FIG. 1. It is apparcent that the printed and thereafter
dyed fabric shows substantially the same reflectance char-
acteristics in the infrared as the fabric which is first dyed
and thercafter printed, as in Example 3. Also, because
of the close similarity of the olive green shades of the
dyed portions and the printed portions of the fabric, the
printcd and dyed fabric presents a substantially solid
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num sulphide, nickgl sulphide,

shade appearance in the visible range of the spectrum
and s well camoutlaged in an environment which blends
well with olive green and furthermore is not casily de-
fected by infrared photogiaphy using the near infrared
or by means of t{he sniperscope using the far infrared
portion of the spectrum, It is apparent, therefore, that
the printing on of the black encrgy absorbing pigment in
the printing formulation may be done prior to dyeing as
well as subscquent to dyeing of the fabric in the sep-
arations between the lines of energy absorbing pigment
with substantial[y equally effective camouflage results.

Although_in the above examples carbon served as the
black energy absorb.nt pigment compo: :nt of the print-
ing formulations, it is to be understood {hat other highly
encrgy absorbent pigments may be similarly employed.
For cxample, black iron oxide may be used and is quite
cllective. There aré numerous other black or very dark
pigments which may be similarty used, provided they do
not have a tendency to degrade the substrate material.
Examples of other such pigments are certain black metal
oxides, such as tin oxide, cupric oxide, Icad-oxide, silver
oxide, cobalt mulc,,\um'ulmm oxide, chromium oxide,
germanium oxide, and molybdenum oxide, certain black
metal sulphides. such as cuprous sulphide, cupric sulphide,
lead suiphide, silver sulphide, cobalt sulphide, molybde-
vanadium sulphide, and
many; other black or very dark crystalline or amorphous
substiinees. Elementil silicon may also be used as the
energy absorbent pigment.

In the above examples, acrylic or polyacrylic fabrics
were uscd as the ‘substrate materials which were dyed
and printed or first printed and then dyed in accordance
with the invention. However, it is to bé understood that
the invention is applicable to aty substrate material which
is dycable by dyes which fluoresce in the infrared region,
especially in the near infrared, when used in combination
with the sclected substrate juaterial. Furthermore, the
substrate materinl may be in any suitable form for the
purpose it is designed to serve,

It is also to be understood that the printed lines are
not rcquired to be perfectly straight to serve the camou-
flaging purposes of the invention. It may cven be highly
desirable in certaifn instances for the enhancement of
camouflage against certain types of background to have
the lines “printed in selected curved or wavy designs.
The important consideration is to- produce’in a camou-
flaged article the maximum degree of blending in with the

" background environment in which the article is to be

used, the blending in being as nearly complete as possible
over the range of wavelengths from about 0.38 to about
1.20 microns or even higher so that the article may be
employed in the daylight or at nig,ht without being in seri-
ous jeopardy of detection by visial observation, by in-
frared photography, or by sniperscope or other electro-
optical means. This may even oe accomplished by dyeing
and printing a fabric with a pattern of dots or in a
checkerboard design or by other means of distributing
the printed on portions of black pigment-containing com-
position relatively uniformly over the entire area of the
material.

The method of the invention is very useful in producing
camouflage effects on fabrics as well as other forms of -
materials used by the Armed Forces. It is especially use-
ful in the production of uniforms which are required to
be worn in combat ssituations both in the daytime and at
night since uniforms can now  be made in accordance
with this invention which will be very difficult to detect
by visual observation in the daytime by sunlight or at night
by artificial light, by aerial phoiography using film that
is sensitive in the near infrared region from about 0.70 to:
about 0.90 micron in wavelength, or by .means of the
sniperscope at night, by irradiating the uniform with in-
frared energy of from about 0.90 to about 1.20 microns
wavelength. Thus, a soldicr wearing a uniform made in
accordance with the present invention will have greatly
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improved chancestol not being detected by the enemy
and, therefore, much improved chances of survival under
combat conditions. When applicd to tentage, the inven-
tion greatly reduces the chances of detection by an enemy
of positions where troops ot cquipment and supplies arc
sheltered, particularly by means of infrared aerial photog-
raphy, thus reducing the losses of troops, equipment and
supplies due to bombings’of shelters.

We wish it to be tinderstood that we do not desire to
be limited to the exact details of construction shown and
described, for obvious modifications will occur to a per-
son skilled in the art.

We claim:

1. Method of treating a dyeable material to minimize

detection thereof by visual observation or by infrared de- -

fection means including infr .ucd photography and v.nipcr-
swpu means which comprises’ “the steps of;

v (a). dyeing said material with a dye um\posnmn which
imparts to said material luorescence in the wave-
length range from about 0.70 to about 0.90 micron
producing a reflection factor of at Jeast about 35%
for at least one wavelength of radiant energy in said
wavelength range,

(b) drying said material after said dyeing thercof,

(c) printing selected pomons of said dyed and dried
material with a prinfing composition which when
dricd has reflection factors below at least about 35%
for radiant cncrgy in the wavelength srange from
about 0.38 to about 1.20 microns, said sclected por-
tions-being substantially uniformly distributed over
the entire area of said material and being of a width
of at least about 14g inch and being spaced at least
about 3¢ inch apart to provide a printed and dried
material having reflection factors below about 35%
for radiant energy at all wavelengths in the wave-
length ranges from about 0.38 to about 0.70 micron
and from about 0.90 to about 1.20 microns and a re-
flection factor not less than about 35% for radiant
energy of at least one wavelength in the wavelength
range from about 0.70 to about 0.90 micron, and

(d) drying said printed material.

2. The method of claim 1 wherein said selected por-
tions comprise substantially uniformly spaced lines of sub-
stantially uniform width. -

3. The method of claim 2 wherein said lines are about
146" in width and are spaced about 146’ apart.
4. The method of claim 1 wherein said printing ‘com-
position comprises a radiant energy absorbent black pig-
meat.

20

30

40

45

10
. The method ol" claim- 4 wherein said pigment com-
pl iscs carbon.

6. The method of claim 1 wherein the steps of print-
ing said material and drying said printed material are
carricd out prior to the steps of dycing smd matcrial and
drying said dyed material.

7. A treated article having Selected portions of the
surface of said article having reflection factors below
about 35% for radiant energy at all wavelengths in the
wavelength ranges from abou..0.38 to about 0.70 micron
and from about 0.90 to about 1.20 microns and the re-
maining’ portiors of the surface of said article having a
reflection factor not less than about 35% for radiant
energy of at least one wavelength in the wavelength
range from about 0.70 to about 0.90 micron, said selected
portions being substantiaily uniformly distributed over the

Csurface of said article, whereby said urticle is offectively

camouflaged against visual detection, photographic de-
tection in the visual lght and near infeared ranges of the
clectromagnetic spectrum, ‘and clectro-optical detection
in the far infrared range thereof.

8. A treated article according to claim 7 wherein said
selected portions of the surface of said article are printed
with a material having low reflection factors for radiant
energy at all wavelengths in the wavelength range from
about 0.38 to about 1.20 microns and said remaining por-

flons of said surface are dyed with a dye composition

which imparts to said surface fluorescence in the wave-
length range from about 0.70 to- about 0.90 micron and
having a high reflection factor for radiant encrgy of at
least one wavelength in said wavelength range.

9. A treated article according to claim 7 wherein said
treated article is textile fabric.

10. A treated article according to-claim 7, wherein said
treated article is film.
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