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ABSTRACT or TIE DISCI osUTRE 
Method of camouflaging dyeable materials against day 

light or night time detection comprising dyeing the nate. 
rial with a dye composition producing a desired shade in 
the visible range of the spectrum and fluorescence in 
the near infrarcd range from 0.70 to 0.90 micron wave 
lcngth, and over-printing the dyed material with lines 
of a printing composition containing an energy absorbent 
pigment, such as carbon; and camouflaged articles pro 
duced by the method. I; `? : 

The invention described herein may be manufactured, 
uscot, and licensed by or for the Government for govern 
mental purposes without the payment to us of any royalty 
thcrcon. 
This invention relatcs to a camouflaged article and a 

method of producing the same. More particularly, the in 
vention relates to camouflaged fabrics and camouflagcd 
articles produced therefrom. 

In the conduction of military field operations the 
camouflaging of the uniforms of soliders and of their 
shelters and other cquipment has become very important 
to prevent detection thereof in the daytime by visual ob 
servation or by aerial 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. t 

Heretoforc, camouflaging of military uniforms and 
other military equipment 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 dyeing 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, employing radiations 
in the infrared region of the spectrum ha{?? becrldc 
veloped in recent years to supplcment visual öbservation, 
conventional methods of camouflaging have become rela 
tively ineffective. 
Methods have been developed for dyeing fabrics or 

other dycable matcrials with dyes which fluoresce strongly 
in the near infrarcd region of the spcctrum, 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. I lence, uniforms 

in ther articles lyci with lycs that fluoresce in the 
trear infrarell range are usually easily ulletecteal by meairis 
of the sniperscope at night. Separate uniforms for day 
tinc atid nighttime use coull bc issuced to ovcrcome this 
dilemma; but this would crez.e. a very severe logistic 
problem as well as greatly increased costs. It is, therefore, 
highly desirable o have a method of obtaining effective 
camouflage against detection by visual observation in the 
wavelength range from about 0.38 to about 0.70 micron, 
but at the same time providing in the same article cffec 
live ca mot ?lage against detection ly actrial pilotographiy 
List film sensitive in the wavelength range from illnut 
().7) is a thout (),9() i'ra ant against lete 'tin in by : 
sinciscope cultying wavelcingths in thc lange from 
about 0.90 to about 1.20 microns or cven higher. 
An object of the invention is to provide a method of 

obtaining c?l.cctive 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 

e??ectively camouflaged against detection by visual ob 
servation cmploying radiation in the wavelength range 
from about 0.38 to about 0.70 micron and by photographic 
and electro-optic methods employing radiation in the 
wavclength range from about 0.70 to about 1.20 microns, 
or higher. 

Other objects and advantages will appear from the de- . 
scription of the invention herreinafter and the accompany 
ing drawings wherein: -- 

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

liG. 2 is a graph of the reflection factor at various 
wavelengths 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 having a high reflection factor 
in the infrared wavelength range of the electromagnetic 
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 
encrgy absorbent in the cIntire wavelength range invoived, 
i.e. 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 0.70 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 0.90 micron which is not less than 
about 35%. 
As will be readily apparent from an examination of the 

drawings, the reflection characteristics curves of mate 
rials cmbodying the invention include a distinct neak 
reflection factor in the wavelength range of fron about 
0.70 to about 0.90 micron. The occurrence of this peak 
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tion factors in the vävelength range from about 0.38 to 
about 1.20 microns, for cxamplc, below about 20 percent, 
and preferably below about 10 pdrcent. 
The following examples arc illustrative of the inven 

tion, while not being intended to be limitative thereof: ?? O 
t t EXAMPLE. 1 

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

O 

Basic Blue 4-------------- 
Sodium acetate ---------- 

Non-ionic surfactant 
t?red by Rohm & Hans Company) -----...---- () 

Organic cationic retarder ("Retarder laN," manu- 20 
factured by E. I. du Pont de Nemours & Co., 
InC?) - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1.0 

Demineralized water ------------------------- 95.8 
The dye bath, which has a pH of about 5.0, is raised to 

its boiling temperature over a 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 
rcinovcd from the dye bath and rinsect in derihineralized 
water and dried. 
The dricd dyed fabric is placcd on a flat surface and 

covered by a silk screen that produces straight lines one 
sixtccnth inch widc and spaced one-sixtcenth inch a part. 
The pattern is produced by drawing a printing formula 
tion having the following composition on the fabric by 
mcans of the Scricn: 

2 5 

30 

Grams -?" 
Carbon black dispersion ------ -- ?-- 60.0 ---- --?- ?----?- ?- -- - -- ?? -- -??? 
Acrylic padding emulsion (“Shcrdye Paddling Emul 

sion 1050," manufactured by Sherwin-Williams 40 
Company) -------------------------------- 20.0 

Triazine-formaldehyde condensate resin ("Acrotcx 
Resin 23 Special," manufactured by American 
Cyanamid Company) -...------------------- 200 

Sodium alginate ---------------------------- 5.0 45 
WateT ----------------------------------------- 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 
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, designated Ground Shade. Also, a 
similar polyacrylic fabric in undyed form is printed 
solidly, rathcr than in the form of lines, ???r large 
enough area to enable analyzing the solid black surface 
for reflection factor, and analyzed in a similar manner 
to that employed with the printed fabric and the Ground 
Shade (dyed only) fabric. The results 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 examplc is that the 
Printed Shade sample, retains a fairly high reflection fac 

... tor in the wavelength range from 0.70 to 0.90 micron 75 
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while the reflection factor in the wavelength range above 
0.90 micron has been greatly rcduced, thus rendcring the 
Printcd Shatic fabric difficult to detect either by infrared 
photography or by means of a sniperscope. And the 
alternate black lines and little separations would be quite 
difficult to distinguish visually at viewing distances of 
5 () functers or more against a hackground with which 
the blue ground shade would blend well. 
The foregoing examplc it lustrates the principle of thc 

method of the invention withouf reference to use in con 
nection with camouflage in the visible range of the 
spectrum under field conditions. 

FXAMPLE 2 
A polyacrylic fabric is dyed with a connlination of 

LLLLLSSS GGL LLSLLLLSL LLLLL LLL S SLLL LLLL LL 0S000S S LLLLLLS 
tining the following composition tiasel ou lle weight 
(Yf the fathri': 

Plucht 
Basic Blue 4 (C.I. No. 5004) ---------------- 0.23 
Basic Yellow 15 --------------------------- 0.80 
Basic Red 14 ------------ -- -- 0.11 ?- -- -- ?? ??? ?? ??? ? - ??? ??? ? ?? ?? ???? 

1.0 ----------------------------------- c ?1:SO(titl n1 :1cet 
Acetic acid (56%) ------------------------ 1.0 
Non-ionic Surfician ("Triton X- ()(),' manufac 

i? red by Rohn & t laas Compañy) ------- ---- 1.0 
Organic cationic retari?er ("Retarder l.AN," man 

ufacturel by E. l. du l'ont de Nemours & Com 
1.0 -... - - - - - - - - - - - - - - - - - - - - - - - - - - - (? ?? II? ? ?? b{l11 

Demineralized Water ------------------------ 9.4.86 

The diye bath, which has a pIl of about 5.0, is raised 
to its boiling temperature")ver a period of about 45 
minutes. Boiling is contin cd for up to 2 hours of Intil 
the color is removed from thc dye bath. "I he fabric is 
removed from the dye bati' and rinsed in demineralized 
watcr and dried. 
The dricd, dyed fabric is silk-screen printed in the 

same manner as that described in Example 1. The printed 
fabric is analyzed with a Beckman DU Quartz Spectro 
photometer in the sanne manner as the dyed and printed 
fabric of Example 1. The dyed, but unprinted, fabric was 
also analyzcd as in Examplc 1. The results arc 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. Fl(G. 3 illus 
trates the surface appearance of the dyed and printed 
fabric. The fabric is generally represented by the numeral 
1, the printed lines by the Fumeral 2, and the dyed por 
tions of fabric between the printed lines by the numeral 3. 

It 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 
acteristics 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 
high as to be easily detectable with a sniperscope, and 
the black lines and lighter colored separations in the 
visible range blend sufficiently in daylight or artificial 
light at distances of 10 mcters or less to prevent easy 
visual distinguishing of the fabric from a green back 
ground. 
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: li AMPLE 3 
An acrylic fabric is dyed as in 1:xample 2, except that 

the dyc bath has the following dye formulation bascul on 
the weight of the fabric: 

Percent 
0.35 ? ? ? - - - - - - - - ? - ?????? (1004 5 .le 4 (C.I. No???3asic B} 

5 ----??------------------------ 15 Basic Y"gllOW . 
Basic Red 14 ----------------------------- 0.18 
Sodium: acetate ------------ --1.0 ------------?--------------? 
Acetic acid (56%) ------ ------------------- ?? 1.0 
Non-ionic surfactant (“Triton X-100,” manufac 

tured by Rohm & Haas Company) ----------- 1.0 
Organic cationic retareler (“Retarder LAN,” manu 

factured by F. I. du Pont de Nemours & Com 
Tany, Inc.) ------------------------------ 1.0 

tenninet": lived winter ... --.......'...l. (), , 
The resultant Ground Shade approximately matches Olive 
Green 106 when viewed under a standard shade lanp 
operating at a correlated color temperatute of 75 ()()" K. 
The dyed fabric is silk-screen printed in the same man 

incr as in Ex:imples and 2, except using a printing form I 
lation having the following composition: 

Grams 
Carbon black dispersion ------------...--------- ().() 
Iron oxiclc yellow ---------- 50.0:-------------------??? 
Acrylic padding emulsion ("Sherdye Padding Emil 

sion 1050,” nhantifacturcd by Sherwin-Williams 
Comparty) ------------------------------ 20.0 

Triazine-formaldehyde condensate resin ("Acrotcx 
Resin 23 Special," manufactured by American 
Cyanamid Company) ---------------"-20.0 -?- - - - - - ? 

Soclium alginatic ------ ----------------------- 5.0 
Water -------------------------------------- 95.0 

This printing formulation produces lines 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 

I, in curve A, and the reflection factor curve for the dyed 
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 thc near infrared range, against detection with a sniper 
scopc using the far infrared range, and against visual 
observation even close up in an environment with which 
olive green 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 Exami 
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 dricd printing formulation, this 
curve being determined in the same manner as curve C 
of FIG. 1. It is apparcnt 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 thereafter printed, as in Example 3. Also, because 
of the close similarity of the olive green shades of the 
dycd portions and the printed portions of thc fabric, the 
printcd and dyed fabric prescnis a substantially solid 
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shade appearance in the visible range of the spect run 
and is well cannou flagel in an environmncint whiel blens 
well with olive green and furthermore is not easily (lc 
tected by infrared photography using the near infrared 
or by means of the sniperscopc using the far infrared 
portion of the spectrum. It is apparent, therefore, that 
thc printing on of the black cnergy absorbing pigment in 
the printing formulation may be done prior to dyeing as 
well as subsequent to dyeing of the fabric in the sep 
arations between the lines of energy absorbing pigment 
with substantially equally effective camouflage results. 
Although in the above examples carbon served as the 

black energy absorbnt pigment compont of the print 
ing formulations, it is to be understood that other highly 
energy absorbent pigments may be similarly employed. 
For example, black iron oxide may be used and is quite 
LLLLLLLLS LLLLLL HLLL LmLLLLaaaL LLLLL LS S LSLLLLLS StS 
pigments which may be similarly used, provided they to 
not have a tendency to degrade the substrate material. 
Examples of other such signments are certain black metal 
oxicies, such as in oxide, cupric oxide, lead oxide, silver 
oxide, cobalt oxide, vanadium oxide, chromium oxide, 
germanium oxide, and molybdenum oxide, certain black 
metal sulphidcs, such as cuprous sulphide, cupric sulphide, 
lead suiphide, silver su phile, cobilt sulphide, molybde 
"nin sulphide, nick: sulphide, vanaudium sulphide, and 
many; other black or very dark crystallinc or amorphous 
substances. IElemental silicon may also be used as the 
energy absorbent pigment. 

ln the above examples, acrylic or nolyacrylic fabrics 
were used as the substratic materials which were dyed 
and printed or first printed and then dyed in accordance 
with the invention. However, it is to be understood that 
the invention is applicable to any substrate material which 
is dyeable by dyes which fluoresce in the infrared region, 
especially in the near infrared, when used in combination 
with the selected substrate raterial. Furthermore, the 
substratic matcrial may be in any suitable form for thc 
rurpose it is designed to serve. 

it is also to be understood that the printed lines are 
not required to be perfectly straight to serve the cannou 
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flaging purposes of the invention. It may even be highly 
desirable in certail 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 cannou 
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 night without being in seri 
ous jeopardy of detection by visi;al observation, by in 
frared photography, or by sniperscope or other electro 
optical means. This may even be 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 situations 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 photography 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 soldic wearing a uniform macc in 
accordance with thc prescint invention will havc greatly 
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ininfo?od chanceskkof not bicing dict ccted by thc. cincmy 
and, therefore, much improved chances of survival under 
combat conditions. When applied to tentage, the inven 
tion greatly reduces the chances of detection by an enemy 
of positions where troops or equipment 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 understood that we do not desire to 

be limited to the exact details of construction shown and 
describcd, 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 
tection mcans including infrared photography and sniper 
scope means which comprises the steps of: ? 
'(a), dyeing said material with a dye composition which 

imparts to said in laterial fluorescence in the wave 
length range from about 0.70 to about 0.90 micron 
producing a reflection factor of at least about 35% 
for at least one wavelength of radiant energy in said 
wavelength range, 

(b) drying said material after said dyeing thereof, 
(c) printing selected portions of said dyed and dried 

material with a printing composition which when 
dricd has reflection factors bclow at lcast about 35% 
for radiant cnergy in the wavelength. Tange from 
about 0.38 to about 1.20 microns, said selected por 
tions being substantially uniformly distributed over 
the entire area of said material and being of a width 
of at least about 46 inch and being spaced at least 
about Ao 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 
At' in width and are spaced about 40' apart. 
4. The method of claim 1 wherein said printing com 

position comprises a radiant energy absorbent black pig 
ImClt. 
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5. The method of claim 4 wherein said pigment com 

priscs carbon. 
6. The method of claim wherein the steps of print 

ing saidi material and drying said printed material arc 
carried out prior to the steps of dyeing said 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 thc 
wavelength ranges from about 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 substantially uniformly distributed over the 
sunt face of said article, whereby said article is electiv cly 
cannouflaged against visual detection, photographic tie 
tectint in the visual light all near intrate anges at 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 abóut 1.20 microns and said remaining por 
tions 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 cinergy 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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