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FOREWORD

This report was prepared by the Lowell Technological Institute Research
Foundetion under U, S. iir Force Contract No, AF 33(600)-16396, The contract
was initiated under Project No. 7320, "Air Force Textile Materials*, Task No,
73202, *Air Force Clothing Textile Materials* (formerly. E. 0. No, R602-198.
"Textile Materials for Air Force Clothing"), and was administered under the
direction of the Materjals Laboratory, Directorate of Research, Wright Air
Development Center, with Capt. R. D, Haire ecting as project engineer.

The Barre Wool Combing Company dyed and blended fibers for all fabrics
in accordance with specifications established by the Lowell Technological
Institute Research Foundation. All the yarne and fabrice were manufactured
by the Bachmann Uxbridge Worsted Company. The testing of the colorfastness
and physical properties of the fabrics was performed by the Textile Testing
Section of the Lowell Technological Institute Research Foundation., Mr, Rolapd
Derby, Jr., supervised the spectrophotometric measurement of fabrie color and
fading,

We would like to acknowledge the cooperation and assistance offsred by
the following individuals and concerns in the dyestuff evaluation phese of
this progrem: Mr., Flmer Nelson, Bachmann Uxbridge Worsted Corporation; Mr,
Cyril J. Byrop and Mr. John Gould, Barre Wool Combing Company; General Dyestuff
Corporetion; E, I. du Pont de Nemours & Company, Incorporated; National Aniline
Division of Allied Chemical &nd Dye Corporation; Ciba Company, Sendoz Chemical
Works; Textile Aniline ang Chemical Compeny, Incorporated; end Union Carbide
and Carbon Corporation,

Work under this contract was conducted during the period April 1952 to
December 1954.
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ABSTRACT

Dyeing formulae were developed for viscose, nylon, Dacronm, Dynel, Acrilan
and Orlon fibers to obtain suitable Blue Shade #84 wool/syanthetic fabries for
U, S. Air Force uniforms. At the time that the development phase was terminated,
no formulae were found which would give the desired colorfastness properties for
Dynel and Acrilan. Consequently, these fibers were eliminated from the produc-
tion phase of the prejects (Subsequent developments have demonstrated that new
techniques will afford adequate fastness on these fibers. However, the project
had progrecsed 1o a point which precluded reconsideration of these fibers.)

A 100% wool control fabric and a series of wool/synthetic fabrics containing
1.0, 20, and 30% synthetic fiber were mapufactured for subsequent evaluation of
their physicel end colorfastness properties. These fabrice were made to conform
%o the specifications set forth in MIL-C-849, Cloth, Wool, Serge, Blue Shade 8l.

A comprehensive study of the properties of the wool and the wool/synthetie
fabrics reveals that they meet the physicel requirements desired and have adequate
colorfastness as well as high resistance to fading.

The acope of this study wes too broad to permit examination of all of the
dyestuffs produced domestically or of all of the possitle dyestuff combinations
which conceivably would meet target properties; however, 28 many dyes and for-
mulae were included as possible. Due to the rigid requirements of this investigs-
tion, many dyes and formulae were evaluated in conditions for which they were not
jntended., Hence, it must not be assumed that the results tabulated herein are
equally valid for other test conditions or spplications, nor is it to be con-
strued that a dye or formula is not entirely satisfactory for the manufacturers
intended use or advertised claims, Further, it is pot to be construed that for-
mulae other than those covered in this report cannot perform equally satisfactori-
ly. The disclosure of dye formulae, dyeing procedures, and methods of colori-
metry described herein does not constitute license for practice. The selection
of a particular dye formula for producing fabric required in this project does
not imply approval of the U. S. Air Force for the specific dye or formula for
producing Blue Shade 8l

PUBLICATION REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

M. R. WHITMORE
Technicsl Director
Materials Laboratory
Directorate of Research
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I  INTRODUCTIMN

The strenuous use and the interchanging of parts of military uniforms make it
essential that uniform fabries show little change in physieal or color appearance
after long periods of wear. In addition %o its aesthetic wvalue, color is an
important functional property of a uniform fabriec. The usefulness of fabrics made
of blends of wool and the newer synthetic fibers would be evaluated in part by
the ability of these synthetie fibers to be dyed to the same colors as the wool
fibers, and have the same or a greater degree of colorfastness.

For this program, studies were made of dyeing formulase for viscose, nylon,
Dacron, Orlon, Dynel, and Aerilan fibers which would permit the manufacture of a
U. S. Air Farce Serge Fabrie, Blue Shade 84 from blends of these synthetic fibers
and wool. The study established the fact that viscose, nylon, Daeron, and Crlon
could be dyed with colorfastness equal to that of the wool fibers used in Blue
Shade 84. When S0% wool/10% synthetic, 80% wool/20% synthetic, and 70% wool/30%
synthetic fiber fabric blends were produced, their colorfastness propertias were
found to be equal to & 100% wool control fabric,

Before studying dyeing formulations, it was necesaary firat to determine the
dyeing formulae to be employed for a 100% wool control fabric, since these formulae
regulat. the colors to which the synthetie fibers would be dyed. A primary ob jec=
tive of this program was to obtain dyelng formulae for the synthetic fibers so thet
their colorfastness properties would be equal to, or better than, the optimum

solorfastness of wool,

The Lowell Technological Institute Research Foundation, under Contract No,
AF 18(600)-182, had to develop a 100% wool fabric of the same type as specified
for this project. This fabric was to meet the optimum colorfastness requirementa
of the Air Force and have a colorfastness to light of eighty or more Fadeometer
hours without color change and not more than a small eolor change after 140 hours.
Since this fabric was to be manufactured for possible use as a standard for Blus
Shade 84, it was used as a reference for the comparison of the lightfastness and
colorfastnass of the wool/synthetic fabrica developed under this program.

Laboratory development of the depth of shade of each of the wool components was
suffieient to prediet approximate shadés for the synthetic fiber components. Since
two of the wool components were dark blue, it was believed that a single blue com-
ponent =~ the resultant color of the mixture of the two blue wool fibers -~ would
be adequate for the blue component of the synthetie fiber. This would considerably
simplify blending, shade matching, and manufacturing problems by reducing the
namber of components in each wool/synthetic fabric from six to five., 4 change
in the wool to synthetic fiber ratio, due to a greater loss of wool fiber by
febrie wear, would not change the fabric color, because the color of the mixture
of synthetic fibers would remain the same as the color of the mixture of wool
fibers. The Air Fores subsequently approved this procedure, to use only two synthe-
tic fiber components, one grey equivalent to the wool grey, and one blue equaling
the color of the mixture of the two blue wool fibers.

Note: “Manuscript released by authors April 1956 for publication as a WADC
Tachnieal Report.
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Dyeing formulations were developed for the synthetic fibers tc match the
approximate colors determined from laboratory work on the wool fibers. These
formulations were extensively evaluated for colorfastness, During this phase
recommendations of the dyestuff manufacturers were obtained through frequent
consul tations,

While develomment of the dyeing formulations was undervay, progress was
made in the manufacturing of the 100% wool control fabric, However, most of
the dyestuff develoment for the synthetic fibers was completed about six
monihe before the final 100% wool control was accepted by the Air Force. None
of the wool/synthetic fabrics could be manufactured before this control fabrie
was completed beecause all the wool and synthetiec fibers in the wool/synthetie
fabrics had to be dyed to the same shade as the fibers in the standard 1002
wool fabric. Considerable time was required to produce the 100% wool control
fabric because of the required accuracy of the color match to the available
Air Force Standard fabric,

A soon as the control fabric was available, the colors of the synthetie
fibers were ad justed to match the wool fibers and the manufacture of the woul,/
eynthetic fiber blends was begun., Sufficient wool was dyed for the msnufacture
of all fatrics sc that colorfastness of the wool portion for all fabries would
be held constant,

The concentration of effort on the color matching of the blended fsbrics
could not be as great as that devoted to the wool comtrol. The ¢olor tolerance
in shade matching in this case was considered to be that allowable for normal
commercial delivers of fabrics to the Air Force. 1In producing the wool/
synthetic fabrics a test fabric was first made to determine the color yield from
one specific blend and the effect of finishing operstions. The final fabric
was menufactured after adjustments had been made to the blend which would come
- bensate for the difference in color between the test fabric end the control
fabric,

The colorfastness properties of the wool control fabric and all wool/syne
thetic fiber blends were extensively tested. Physicel properties of the fabrics
were evaluated by standerd test procedures to determine conformance with Bpe-
cifications of the wool fabric and to evaluate the fabric properties which
were markedly affected by the addition of the synthetic fiber,
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II  DEVELOPMENT OF DYEING FCRMULATICNS

Wool Fibers

The Lowell Technological Institute Research Foundation bhad been employed
by the United States Air Force under another contract, No. AF 18(600)-182,
to develop dyestuff formulationa for Wool Serge Elue Shade 84 Formulae wers
developed under the above contract whick would withstand eighty hours Fadeometsx
exposure without a perceptible break and 140 hours with only a moderate break
in color.

These wool formulae were selected for use in the subject contract because
they met optimum requirements of the Air Force,

Synthetic Fibers

Loose staple fiber wss employed for all dyeing and testing during the
development of dyestuff formulations, and & large semple for each fiber {except
Acrilan) was obtained from one production lot. 4 sufficiently large sample of
Acerilan could not be obtaine¢ from the manufacturer because the fiber composi-
tion was being chenged continually. This 1imited the work on Acrilan, which
was finally eliminated from the project, since & aste le production fiber had
not yet been developed.

The specifications for each of the fibers employed in the evaluation of
the dyeing formulae are given in Table l.

All dyeing methods which bhad been reported to be successful with the
synthetic fibers were considered. Consultations with major dyestuff manuface
turers resulted in recommendations for dyestuffs sxpected to yield the best
colorfastness. After evaluating these recommendations the manufacturers vere
consul ted again for suggestions to improve the results first obtained. Every
possible effort was made 1o secure the maximum information from dyeing experta
currently working in this field.

Dyestuff formulations were evaluated until the formulae of satisfactory
iight and wetfastness properties were discovered or until it was determined,
as in the case of Dynel and Acrilan, that adequate fastness could not be ob-
tained.

Fastness to light exposure, alkaline and acid perspiration, scouring, wet
crocking, fulling, and wet dry cleaning were considered as the essential pro-
perties to te used as criteria for the selection of satisfactory formulae.

When a dye or & formula gave markedly inferior results in one of these tests,

it was eliminated from further comsideration. Light and perspiration tests
were performed first because they are the most rigorous and yield significant
data most quickly. All samples having good fastness to eighty bours of Fadeo-
meter exposure were subjected to perspiration tests, but only those showing good
results after 160 hours of fading as well as good perspiration fasiness were
subjected to the remaining tests.

WADC TR 54-612 3



The efficiencies of the dyeing formulae were determined by visual examina-
tion and evaluation of the color changes produced by each test condition, For-
mulee showing good light and wetfastness properties were carefully evaluated
and those formulae which met the requirements of the projects were established,
Where more than one formula gave sdequate results, ease of applicetion and
dyeing costs were considered in selecting the one formula to be employed in
dyeing the fibers for each fabric to be manufactured.

WADC TR 54-612 4



III FIBER COLORFASTNESS TEST PROCEDURES

Lightfastness Tesat

The Atlas Fadecmeter (3) was used to produce fading of dyestuffs. The
main advantage of the Fadecmeter is that twenty hours of exposure can be ob-
tained each day while the maximum sunlight exposure is six hours. This rapidity
of testing has made it the standard commercial method of testing and the only
feasible technique in this project.

The operation control, and the variables of the Fadeometer are discussed
in the literature (9). Sueh factors as the distance of the sample from the
light source, the temperature of the sample and the degree of air circulation
around the semple affect the rate of fading. If samples were tc be tested in
the tangled and lumpy form from dyeing, the wariables listed above would
greatly affect the fading resulte. It was, therefore, necessary to prepare a
uniform specimen for each test in order to obtain accurate and reproducible
results,

Carding the dyed fibers into a met and mounting this mat on a test card
was not satisfactory because the mat distorted when handled. Mounting a staple
array of fibers was too time consuming.

The Abbott Pad Machine, which makes firmly felted pads of wool (10), was
also employed in an attempt to prepare identical samples of the synthetics.
Since the synthetics heve poor felting properties only a soft pad of entwined
fivters resulted when a dry sample was agitated under light pressure. These
pads were unsatisfactory because they expanded after being placed in the Fadeo-
meter holder and projected unevenly toward the light source. After fading,
these samples could not be preserved for reference as distortion occurred in
handling and the fade line disappeared.

The testing of a few specimens of hand spun yarn revealed that reproducible
fading resulted when the yarns were fairly uniform in size and evenly mounted.
These specimens are prepared by hand carding the dyed fibers into a thin web
and hand spinning this web into a reasonably uniform yarn about one eight of
an inch in dismeter. Ten yarns are then mounted side by side on an open-back
type of Fadeometer test card, placed in the metal Fadeometer holder, and ex-
posed at 105°F to the light of the Fadeometsr for the desired length of time.
The open type holder for the specimen was used so that the temperature of the
specimen remained as low as possible and so that an adequate flow of air around
the specimens would be maintained.

During the first eighty hours of exposure the specimens were examined after
each twenty hour period., If a large color change occurred in less than eighty
hours, the color difference was evaluated at that particular time and the spe-
cimen was then eliminated from further tests. After elghty hours of exposure
the color difference was measured before returning the samples for an additional
eighty houre of exposure, The color difference was measured after 160 hours of
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exposure and the test then discontinued. One hundred and sixty hours of Fadeo-
meter exposure were ccnsidered sufficient for any significant change to occur.

The fastness of dyed fibers is governed by the length of time these fibers
can be exposed without a color change occurring, the amount of color difference
produced, and the type of color difference (that is, on-tone or off-tone fading).
In this study the determination of lightfastness was baged on the measurement
of the color differences produced, as well as the type of color change which
occurred,

Determination of the exposure time necessary to produce a change is quite
difficult, and the reproducibility of the test is limited, Slight changes in
the mechanical structure of the specimens caused by the pressure of the holder
and the uneven distribution of twist in the yarns create visual differences
which can be erroneously attributed to color changes of the dye. Furthermore,
the degree of color difference necessary to be called a "break" is not & stan-
dardized value. Since the human factor is so large and the mechanical struc-
ture so eritical, exposure time to a break was not conszidered an accurately
measurable quantity. The exposure time when the first change seemed to occur
was recorded as general data but was not considered a measurement of efficiency.

The Geometric Grey Scale of the Society of Dyers and Colourists was used
to measure the color differences produced by light. Three independent measure=
ments of each fading change were made and the results averaged. This average
was recorded as the Color Difference Value. K. M. McLaren recently showed that
this grey scale can be used for accurately assessing the changee in depth, hue,
and brightness of color (7). The use and values of this scale were alsc dise
cussed by this same author (8)., The following table summarizes the scale values
and the method of rating.

Geometric Crey Scale Values

VALUE NUMEER OF DEPTH HUE BRIGHTNESS
PERCEPTIELE Weak Hue Bright or Dull
COLOR STEPS or Change Noted After
Strong Noted Value
Noted After
After Value
Value
5 0
4 1.5
3 3
2 6
1 12
B4 Between 0 and

1.5 (similarly for other intermediate values)

Combined changes in hne, depth and brightness are noted in sequence after
the Value,

WADC TR 54-612 6



Golorfastness Testa

Acid and alkaline perapiration fastnese of dyed fibers was determined.
The test cloth used was a cotton warp worsted filling fabric having floating
yarns of cotton, wool, silk, acetate, viscose, staple nylon, and continuous
filament nylon. Assessment of the fastness was made by measuring the color
difference of treated and untreated specimens and by measuring the color
transferred to the multi-fiber test cloth.

Colorfastness to fulling was determined by Test No. 2~52 of the A, A. T.
Ce Co employing a three hour fulling period in the Launderometer (). Test
specimens required special preparation to insure continuous contaet of the
dyed fibers with the multifiber test cloth. This was accomplished by sewing
& quarter-section of a fiber pad prepared in the Abbott Pad Machine betweean
two pleces of multifiber test cloth. The fastness was assessed by measurement
of color transfer and color difference,

Colorfastness test Method 36-52 Test No. 3 was used to determine the
festness to laundering (2)., In Test No. 3 the material is treated with a
soap and soda ash solution at 160°F in a Launderometer for one hour. Thess
ccnditions are more severe than those to which fabrics are subjected in com=
mercial plece goods scouring. Piece goods are scoured with roughly the same
concentration of chemicals but at a maximum temperature of 140°F. Thus, c¢olors
showing no deficiency in this test would have adequate scouring fastness, The
conditions of Test No. 3 are also equal to that of commercial laundering and
are more rigorous than the handwashing conditions of wool fabrics.

The test for wet dry cleaning was performed according to Government
Specification CCC-T-191b, Determination of fastness was based on color loss
and color transfer to the test cloth,

The specimens used in each of the above tests were prepared in the manner
described for the fulling test specimens. Determination of the laundering
fastness was based on the color difference of the treated sample and measure-
ment of the color transferred to the multifiber test cloth.

The standard Crockmeter Test of the A. A. T. C. C. could not be used for
the wet crocking of dyed fibers since the loose fibers could not be fixed in
& rigid position for the test. Crocking was performed by hand rubbing of the
wet fibers on the white test cloth of the A. A. T. C. C. (4); each sample
tested was given twenty sirokes. The fastness was determined by measuring
the color transferred to the test clothe

The A. A, T. C. C. Color Transference Chart was employed for measuring
the color steining of the multifiber test c¢lothe. This chart was easier to use
because the stendard for the chart and the test cloth is white. The resulting
values cen be determined rapidly and are generally reproducible.

The Society of Dyers asnd Colourists Geometric Grey Scale method is more
difficult to employ because the besic standerd of that system is a dark grey
rather then white, The fact that the Munsell value increments are not defined
color difference units is not a detriment tc the use of this system since only
the smallest degree of steining is permissible in fest colors and since it ie
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not required to relate color transfer to specific color difference unita. When
the value for the stain was found to lie between the two Munsell color chips,
the results were recorded in a similar manner ags the system used with the grey
scale; that is, the numerical values of the two adjacent values are indicated
as the range of the unknown value.

Judgment of the color change in a faebric after a wet treatment is directly
related to visual color differences produced and is very critical. Since this
is similar to the case of fading, the color change from wetfastness tests is
measured by the Society of Dyers and Colourists Geometric Grey Scale in the
manner described under lightfastness measurements. When a color change occurred
on a wetfastness test, the grey scale value for the change was recorded with
the staining value. The grey acale value for the change iz placed below the
staiping results and is differentiated by the work "change".

Reproducibility of Fiber Fagtness Tests

The fiber colorfastness end lightfastness teat procedures must yield re-
producible resultas since only & single test specimen was to be used as a basis
for judging the properties. Reproducible results are obtained from colorfast-
ness tests of dyed fibers only when test conditions are standardized and ere
duplicated for esch test. Initially in this investigation, variations in re-
sults were assumed to be possible for two reasona: First, variations might
result from the use of special yarn or pad test specimens devigsed for this
investigation. This deviation from the standard colorfastness tests was neces-
asary because the standard procedures do not provide for a satisfactory aspecimen
of loose staple fiber. Second, the amecunt of variation of results caused by
the slight differences in test conditions of successive tests was unknown.
Tests could not all be run at the same time because of the large number of
dyeings studied.

The affect of these variations on the final results was determined from
the analysis of a series of repeated tests. A number of dyeing formulae having
varying degrees of fastness for different fiberas were subjected to duplieate
wetfastness and lightfastness tests. Each repeat test was performed at a dif-
ferent time independent of the first test. HReproducible results would not
be produced if the test conditions were not aufficiently constant.

Table 19 sumrarized the results obtained. Formulae specified in the table
gave the same resulta on repeated light and wetfastness tests. These results
establish the following facta:

1. Fading test results after 80 and 160 hour exposures on
materials of different levels of fade resistence were re-

producible even though the speclmens were not tested con-
currently.

2. Color tranafer values for perspiration, fulling, laundering,
and crocking tests of viscose, nylon, Dacron, and Orlon were
identical although the specimens were not teated concurrently.

3. The level of resistance to wetfastness tests did not affect
the results.

WADC TR 54-612 8



4s+ The depth of shade did not influence the results, since testa
on the blue shades were as reproducible as those on grey shades.

Therefore, accurate judgment of the faatness properties of the fibers could
be based on the results obtalned by testing & single specimen of each dyeing.

WADC TR 54-612 9



IV  FABRIC MANUFACTURING
Materials
Specifications for the fibers used in the fabrics are given in Table 1.

Twelve thirty-yard lengths of wool/synthetic fabrics were produced. 4
short test fabric of each blend was produced for color matching purposes prior
- t0 the manufacture of the specified yardages.

One twenty-yard length of 100% wool fabrie was first manufactured from
the wool components which were to be blended with the synthetic fibers., This
fabric served as a control standard for evaluating the properties of all other
fabrice, and was designated as the L. I. R. F. Control Fabric.

Procedure

The fibers for all fabrics were top dyed and blended in silver furme The
dyve formulae employed are listed in Table 2, Modifications of the laboratory
percentages for the formulae were necessary in order to cobtain a goocd mateh
of each color component of the blend. The cclor of a fabric was predicted by
camparing the color of pads of the wool/synthetic fiber blend to the color of
a pad of the wool fibers used to manufacture the wool control fabric. The
composition of the blend was always adjusted so that the proper percentage
of synthetic fiber was employed and the ratio of blue to grey synthetic was
equal (to the nearest one-half per cent) to the ratio of blue and grey wool
fibers,

When a pad match was obtained, twenty pounds of material were blended and
a test fabric was manufactured. The color of thie fabric was evaluated and
ad Justments were made in the composition of the fiber hlends to obtain e closer
match of the wool control. The final thirty yards of fabric were manufactured
from the corrected blend,
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V  FABRIC EVALUATIMN PROCEDURES

Fiber Composition

After manufacture each fabric was analyzed by chemical techniquea to
determine the percentage composition of the fibers present in the fabric.
At least two determinations were made on each fabrice. The specific methods
used for analysis of the different fiber blends are described in Table 4.

Celor

The ¢olor of each fabrice menufactured waes measured by & General Electrie
Recording Spectrophotometer, The measurements were made using Mg0 as a re-
ference standard for whiteness. Four color measurements were made on each
fabric, and the values reported were the mean value of these four measurements.
The color of each fabric blend was messured immediately after the colors of the
U, S. Air Force Standard Fabric and the L. T. I. R. F. Control Fabric were
measured., .

The trichramatic coefficients (Color Coordinates) were calculated from
the spectrophotometric reflectance data. The colors of the various fabrics
and the degree and direction of variation from both the U, S, Air Force Stendard
and the L. T. I. R. F. Control Fabric are shown by plotting the Trichromatic
Coefficients in Chromaticity Diagrams. Color differences of 2.5 MacAdams
sllipses (6) are plotted for the U, S. Air Force Standard and the L. T« I. R. F»
Control Fabrie.

Lo fastness

Colorfastness properties of all fabrics were evaluated using stendard
testing procedures. The test methods employed are described in Table &.

Although the lightfastness test was performed in accordance witb standard
procedures, additionsl fading data were obtained with the General Electric
Recording Spectrophotometer. The color reflectance of faded and unfaded
samples was measured and the color difference was then calculated by the
Adam's Color Difference formula (5). The spectrophotameiric measurements were
then used to show graphically fading by plotting color coordinates of expcsed
and unexposed samples. Through this means the amount of fade and the degree
of variation from an on-tone fade can he seen.

A discussion of the theory and interpretation of the spectrophotometric
measurements of color differences produced by fading is presented in the ep-
pendix of this report.

Physigael Properties

The physical properties of the fabrics were tested in accordance with
standard procedures with specific procedures described in Table 9. Tests of
the fabrics outlined in Military Specification MIL-C-849 were performed in
accordance with Specificetion CCC-T-19l.
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VI  RESULTS AND DISCUSSION

Selection of Dye Formulations

Wool

Dyeing formulations for the wool fibers were developed under Contract No.
AF 18(600)-182, The three dyeing formulae, two blue shades and one grey shade,
are given in Table No. 2.

The fastness properties of each of the components are presented in Table
20s These results reveal that the components show little color change after
160 hours of exposure to light in 4he Fadeometer and that the fastness to all
wet test procedure was excellent.

Amounts of wool fibers sufficient for the mesnufacture of all fabrics were
dyed in top form with the formulae listed in Table 2. The manufacturer ex-
perienced no difficulty when applying these dyes in production eguipment.

Viscose

Tables 21 and 22 show that fastness properties of a number of Vat dyeing
formulae were excellent. All the viscose dyestuff formulae studied are
tabulated in Table 33, Formulae Nos. 1-9 meet the established requirement
for both light and wetfastness., Tests of formulae for both the blue and
grey shades revezled only slight color changes after 160 hours of Fadecmeter
exposure and indicated complete resistance to the wetfastness treatments,

Formulae 1-4 are all suitable for dyeing the btlue shade of viscose.
No. 1 was finally selected because it appeared to be slightly less expensive
than 2 or 3 and appreciably less than j.

Formulae 5, 6, 7, and 9 for the grey shade were all suitable and com-
parable in price but 5 and 6 are somewhat more level dyeing and easier to
use in top dyeing viscose. Nos. S and 6 are reported as being equal. No. 8
is very easy to dye tut it is considerably more expensive than the others.

Several aftertreated direct dye formulae were tried {Nos. 10-1l) in
attempts to find less expensive dyeing processes. However, none of these was
found to be successful. The grey shades did not possess sufficient fastnesa
to light to meet requirements. Although Formula 1 for the blue shade shows
Just sufficient fasiness, difficulty was encountered in removing surface de-
posits of dye from the fibers when dyed under production conditions. This
could produce serious lowering of the fastness to crocking of the final fabric.

Dyeing was performed in a top dyeing machines WNo difficulty was ex-
perienced during the production dyeings with these formulae. Adjustments had
to be made to the laboratory percentages of dyes in order to produce the cor-
rect shade because machine dyeing conditions do not duplicate laboratory
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conditionse Differences in volume ratios, circulation, and temperatures
always produce scome difference in color yields, When the fibers and dyes
have very high affinity for one another these differences are quite small;
when the affinity is low large differences result. In this case, the af-
finity was moderate, so appreciable, but not excessive, ad justment was
necessary,

Nylon

The neutral dyeing type of premetallized dyes was selected for dyeing
both the blue and grey shades of nylon fibers for the following reasons:

l. Ability to meet the fastness requirements - they are egual or
better than any other dyes for these shades.

2. Ease of application and level dyeing qualities.

3+ The adequate number of dyes in this class and their rapid
acceptance by the dyers.

The above facts were considered to be more important than the moderately
greater costs of these Gyes.

Dyestuff formulae for nylon are given in Table 3j. Formula No. 26 was
selected for dyeing nylon to the blue shade, since the fastness properties
reported in Tables 23 and 24 show it meets both light and wetfastness require-
ments. Formulae No. 21 and 24 could be considered as alternates. No. 21,

a chrome formula, is somewhat 4ifficult to chrome and harshens the fiber
slightly. No. 24, an acid formula, has good fastness but may not be suf-
ficiently fast to scouring and, therefore, could cause staining of the wool
fibers when finishing the fabric.

Formulae 35, 36, 37, and 39 have equal colorfastness and are all suitable
for the grey shade of nylon. They all show a distinct color change after 160
hours but the change is on-tone and is not any greater than the change en-
countered in the grey wool component. The colorfastness test results are pre-
sented in Tables 23 and 24.

Formula No. 38 was superior in fastness but had to be eliminated because
of a very great change in shade when viewed in artifical light.

Nylon was dyed in top form employing No, 39 and no difficulty was ex-
perienced by the mill. Since the affinity of the dyes for nylon is very high,
ad justments of the laboratory percentages of dyes were small.

Dacron

It was found necessary to use pressure dyeing to attzin both adeguate

wetfastness and lightfaatness on Dacron. This technique is a commercially
acceptable one since many manufacturers have pressure dyeing machines.

WADC TR 54-612 13



Only one blue dyestuff, Eastman Fast Elue GLF, was found tc yield adeguate
fastness in dyeing Dacron. Thus, both the blue and grey shades of Dacron had
to be based on this dyestuff. The resultant properties of the dyed Dacron,
however, are remarkably goods. Both the blue shade and the grey shade phow
only a very slight color change after 160 houras of light exposure, and they
have complete resistance to wetfastness test conditions.

Formulae for dyeing Dacron are given in Table 35. Tables 25 and 26
give the fastness results obtained, Formulae No. 51, 58, 59, 75, and 76
gave the high degrees of fastness. These results show that only oane blue
dyestuff was found to possess adequate fastness but that several red and
yellow dyes wers found to have satisfactory fastness. Therefore, the blue
shade of Dacron can be obtained by any combination of the red, yellow, and
blue components listed below:

Blue Dye Red Dyes Yellow Dyes

Eastmern Fast Blue GLF Cibacete Red 3B Cibacete Yellow GLN
Celanthrene Cerise B Celanthrene Fast

Yellow GL conc 300%
Eastmen Fast Red GLF
Latyl Orange R

Formula No. 67 for the grey shade has very high fastness and was se-
lected for use. This formula gives only a slight fade after 160 hours light
exposure and has excellent wetfastness properties.

The only difficulty encountered in the mill dyeings was the adjustment
of the percentages of dyes required to secure the correct shade., Although
the adjustments for the blue shade are large, they are not inherent faults
or disadvantages of the dyes themselves. As explained for the viscose for-
mulae, when the dye affinity of a fiber such as Dacron is low, large dye
percentage differences are necessary to compensate for differences between
laboratory end machine dyeing. Here the differences in color yields are
also increased because the differences in wolume ratios and liquor circula-
tion of laboratory and machine pressure dyeing equipment are greater than
in the case of non-pressure dyeing equipment.

Orlon

Work was carried out with two types of Orlon, Type 41 and Type L2.
This was due to the marketing of Type 42 as a replacement for 41 before the
Orion fabrics of this project had been manufactured. The substitution of
the new type of Orlon occurred after considerable dyeing experimentation had
been performed on Type 4l. A second dyeing investigation was carried out using
Type 42 since this fiber was the logical one to employ in the manufacture of
the fabrics.

Dyeing formulae investigated for Type 41 Orlon are listed in Table 36.
The fastness properties of the dyeings are presented in Tables 27 and 28.
It was found that selected formulae dyed by Cuprous Ion method at high temper-
atures gave excellent fastness results,
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Dyeing development of Orlon 42 was carried out immediately after the
fiber was marketed and, therefore, there was little available knowledge of
its dyeing characteristics., The most important fact available, however,
was that wetfastness properties (particularly perspiration) of dyed fiber
were not better than those of the Type 41 fibver, This indicated the Cuprous
Ion technigue at high temperature would be necessary since it was previously
found that very high degrees of lightfastness and adequate wetfastness could
be obtained by this technigue. The formulae tested are listed in Table No. 39.
Formulae No. 151, 153, and 162 for the blue shade and 170, 1T, 174 for the
grey shade showed little or no color change after 80 hours Fadecmeter ex-
posure and only a small change after 160 hours. Formulae No. 150, 154, and
160 were also very fast but they did show a perceptible break in color after
80 hours Fadeometer exposure. Only a little inerease in color change de-
veloped on exposure to 160 hours. Formula 162 for blue and formula 174 for
grey vere finally adopted for the produetion.

In dyeing the fibers for the final fabric, adjustments were made in the
laboratory percentage of dyes to compensate for differences between laboratory
and machine dyeing conditions for the reasons previously described for Dacron.
Formula No. 153 which contains Pontocyl Navy Blue M4B was sttempted in tne
first machine dyeings. This formula proved unsatisfactory and was discarded
because it was found that the blue dye decomposed during the dyeing.

Dynel

It was not possible to dye Dynel to the desired degree of fastness be-
cause the necessary degree of wetfastness combined with good lightfastness
could not be obtained by any formula for the blue shade, The formulae tested
are listed in Table 37, and the properties of these dye formulae are given
in Tables 29 and 30, The formulae tested are all that offered any chance of
success. No further recommendations or dyes likely to give better results
could be obtained from the dyestuff manufacturers.

The Air Force was informed of this condition, and Dynel was subsequently
eliminated from all further consideration in the project.

After Dynel had been eliminated fram the contract, Union Cerbide and
Carbon produced dope dyed fibers (colorspun) matching the grey and blue com-
ponents used in this project. These fibers possessed the fastness reguired
by the project, and their evailability was brought to the attention of the
Air Force. However, time did not permit reconsideration of dope dyed Dynel
in this program.

Acrilan
Aerilan was also eliminated from this project during the dye evaluation
phase of the program., Two facts were responsible for this decision. First,

no production ssmple of Acrilan could be obtained from the producer because
the compsny was constantly changing the fiber polymer. The company stated
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that they did not wish to submit a sample knowing that a different fiber was
being plenned for the next batch to be menufactured. Second, the experimental
dyeing using small] lots of experimental Acrilan indicated that the wetfastness
properties of the blue shade of the experimental fiber were inadequate.

The formulae tested for the experimental Aerilan (& type now obsclete)
are given in Teble 38, and their fastness properties are presented in Tables
31 end 32,

Fabric Properties

Fiber Campeosition

The composition of the fabrics was regulated by carefully controlling
the fibver composition of the blend. Every effort was made to maintain fiber
percentages within one per cent of the specified quantity, Since processing of
the blends intec fabric chenges the fiber composition, it was not possible to
control the percentage composition by means of chemicel analysis unless a
correction factor could be obtained from the manufacture of successive test
lengths of each fabric blend. This would be an expensive and time consuming
procedure.

To establish the exact fiber composition each final fabric wes analyzed
for fiber composition by standard chemical techniques. The methods used are
described in Table 4. At least two specimens were enalyzed for each fabric
end the mean value reported., The results obtained in the analysis are pre-
gented in Table 5. These results show that with the exception of two fabrics
the compositions were controlled to within O.4 per cent of amounts specified.
The 30% Crlion fabric was 0.8% less and the 20% nylon was 1.2% leas than the
emount specified for the synthetic. Only one fabric exceeded the desired 1%
limit, The individual measurements show only small variations from the mean
values.

Fabric Color

Control of manufacture of the various fabrics to achieve a good color
match of the wool control was of primary importence in this progrem. It was
without doubt the most difficult phese., Actually the producticn of an exact
match is probably impossible because the exact surface structure of the 100%
wool fabric cannot be reproduced in the wool/synthetic blends., In addition,
the difference in the light absorbing and reflecting qualities of the synthetic
fibers from those of wool (such as luster and opaqueness) creates visusl color
differences in the fabrics which probably cennot be completely eliminated.

Therefore, the problem of preducing fabric blends of wool and synthetie
fibers to closely match wool standerds is very difficult. The control of the
color is more difficult than in the 100% wool fabric because each of the blends
reacts differently to such finishing processes ss fulling, crabbing, and de-
esting. It was not possible to menufacture & series of blanket fabrics as
was done with wool before producing the final fabric because of the large num-
ber of fabrice involved in the process. Since the wool/synthetic fabries
are essentially experimental, a greater degree of color difference from the

standard could be tolerated than with the 1L00% wool fabric. Under the condi-
tions of the project it was only possible to mesnufacture cne test blanket for
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each blend, evaluate its color and adjust the blending percentage to give a
better mateh of the standards. This procedure was subject to the possibility
that the adjustments would prove too great, apnd would mean that the colors

of the final fabric and the blanket cculd vary in different directions from
the standard. Since a second blanket could not be made, and no bracketing

of the ad justments could be obtained, the protlem was therefore to make correc-
tions without overcorrecting., In order to accomplish this, both the U. S.

Air Force Wool Standard and the L. T. I. Wool Control were used as color re-
ferences and considerable effort was expended to meke the hue and depth of

the blends lie beiween thece wool standerds. If both hue and depth were
satisfactory, an excellent color match would be obtained. If one of these
factors varied only slightly from the desired limits, a good match would still
be obtained. Two criteria were used in this project for color acceptability.
First, any material whose color fell within or close to a 2.5 MacAdams eolor
elipse of the standards was considered good. Second, materials which by
visual examination were judged to be within acceptable tolerances for pro-
duetion lots of Blue 84 were considered to be good matches.

Because exact color tolerance limits for acceptability are not known for
either spectropbotometric measurements or for visual judgements, reporting
of the color evaluation for the fabric blends cannot be specific. <Quantitative
cclor data for each of the fabrics were obtained from spectrophotometric
measurements. The resulting Trichomatic Coefficients are presented in Table 3
and shown graphically in Figures 2 through 5« These results, however, cannct
be used to state whether or not any of the fabrics would fall beyond produc-
tion eolor tolerances. Such a conclusion must be made by visual examination
of the materials by an Air Force official normally making such judgments.

However, limited judgments have been made to classify the color properties
of as many of the blends as possible. The following fabrics, on the basis of
spectrophotometric measurements and visual examinations, appear to be good
color matches and to lie well within production cclor tolerances: 10% Viscose,
204 Viscose, 30% Viscose, 10% Nylon, 30% Nylom, 10% Dacron, 20% Dacron, and
104 Orlon fabrics. The 30% Dacron and the 20% Orlon fabrics were visually
judged to be acceptable matches, On the btasis of visual observation, the
20% nylon and the 30% Orlon fabrics were most different in color from the
standard, These were not considered to be very good matches and were judged
as probably lying just within acceptability limits. Spectrophotometric mea-
surements did not help to resolve the question because, although the 20% nylon
fabric is a little further from the wool control fabrie, its visual appearance
is better than that of the 30% Orlon fabric.

Lightfastness

The 100% wool control and the wool/synthetic fadbrics resistance to fading
by light were tested by 80 and 140 hours exposures in an Atlas Fadeocmeter,
Fastness to light was evaeluated by visual estimation of the exposure time re-
guired to produce a perceptible break in color and by computing the color
differences between exposed and unexposed fabrics from the spectrophotometric
measurements of fabric colors. Description of the test methods and the evalua-

tion are given in Table 8.
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The results of the fading tests are presented in Table 10. They eatablish
the fact that the wool fabric and all synthetic fiber blenmds have very great
resistance to fading. The data show that all fabrics cen be expcaed to 140
hours of Fadeometer light before a clesrly digtinguishable break in color is
reached. This is based on the fact that the observer making the visual examina-
tion did not find a perceptible color break below 140 hours and that the largest
color difference value obtained was 1.1, Color difference below 1.0 could
not be seen and even those between 1.0 and 1,5 cannot be judged very reliably.

The fabrics developed under this project were found to be markedly superior
to the Air Force wool standard for Shade Blue 84 because this standard when
tested at the seme time as the LTIRF fabrics had a berceptible color breek at
60 hours aund color difference values of 1,7 at 80 hours and 2.5 at 140 hours,
indicating that the atendard faded considerably more after 80 hours Fadecmeter
€xposure than the LTIRF fabrics faded after 140 hours.

The fading of color of the fabries is shown graphically by plotting the
Trichromatic Coefficients of faded and unfaded samples in Figures 6 through 11.
These results show the direction of fade as well as the amount of fading. The
marked difference between the fading of the U.S.A.F. Standard and the LTIRF
fabrics can be seen in these figures, Some fabrics appear to fade off-tons
{not a perceptible amount) but this is believed to be due to contemination of
the sample by handling rather than a true off-tone fade. There are two reasons
for this opinion. First, fading for long exposure (14C hours) produces mach
less off-tone fading than short exposures. The color differences at 80 hours
are so smell that small amounts of contamination would show up more markedly
than after 140 hours exposure where the color difference is a little lerger.
Second, nylon fabries exhibited a tendency to fade off-tone but when expoged
for periods exceeding 160 calibrated hours the fade was on~-tone. This is
shown in Figure 11, which is a plot of aylon samples run 160 hours when the
Fadeometer was not calibrated. This 160 hours is appreciably greater than
160 calibrated hours.

Therefore, it may be concluded that al]l LTIRF febrics produce a perceptible
color change only after 140 hours of Fadecmeter exposure and that they either
fade on-tone or that the fade is too small to be Jjudged for hue changesa.

Colorfastness

Descriptions of the colorfastneas tests to evaluate the fabric properties
ére presented in Table 8. The colorfastness tests for dry cleaning, crocking,
end perspiration which are specified in Military Specification MIL-C-8;9,

USAF Wool Serge Shade Blue 8, were performed in accordance with 3pecification
CCC~T-191. However, additional tests were performed to provide more compre-
hensive information about the fipal colorfastness properties.

The results of all colorfastness tests are presented in Tables 11 through
14, They show that all fabries have excellent wetfastness properties and that
the fabrics would satisfy the militery requirements established for wool type
military uniform fabriecs.
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The only test results which were not of the highest ratings were the
crocking tests for the wool, the 10% nylon, the 20% Viscose and the 30%
Viscose fabrics, and the 120°F laundering tests for the 20% and 30% nylon
fabrics, The fair rating of the crocking test, which indicates & very small
amount of staining of the test cloth, can be attributed to the presence of
fatric scouring. Since this pigment was removed from most of the fabrics,
the e¢rocking test results indicate small differences which may occur in scour-
ing efficiency. The amount of pigment present is small because the dry
¢leaning and laundering tests indicate no loss of color or staining of the
test fabrics., The amount of staining in the crocking test is not sufficient
to lower the fabric quality.

Slight and moderate staining in the 120°F wash test for the 20% and 30%
nylon fabrics, respectively, does not detract fram the fabric quality as these
test conditions are more rigorous than any which the fabric would be exposed
to in use. Even if the fabrics were washed instead of dry cleaned, the wash-
ing temperature would not exceed 100°F. Since only nylon fibers were stained,
however, these fabrics could be washed even at 120°F without serious difficultye.

In view of some existing opinions concerning poor colorfastness of syn-
thetic fibers in steam pressing, a very strenuocus steam pressing test was
employed. Although a sixty pound steam pressure was employed to simulate com~
mercial dry-cleaning practices, all fabrics gave the highest rating of fastness
to this test.

Attempts made to evaluate color changes due to abrasion were unsuccessful
and had to be eliminated from the evaluation of colorfastmess properties. The
difficulty in this evaluation was due to the fact that abrasion tests produced
a modification of the physical structure of the fabric (Cutting marks by
abtrasives) which were far more prominent than color changes. This condition
was similar to one where an observer tries to judge colors of two entirely
different styles of fabric. Under these conditions, color change evaluations
would be entirely unreliable, and would reflect the extent of physical damage
to the fabric due to abrasion rather than the color changes due to the loss of
fiber from abrasion. From the results of visual observations it can be stated
that the color changes were believed to be relatively small ¢nd that they were
much less than the change in appearance due to change in the physical structure
of the fabric.

Physical Properties

The test results obtained in the evaluation of the physical properties of
all fabrics produced under this contract are presented in Tables 15 through 18.
The test methods employed to evaluate the physical properties are described in
Table 9. The following properties for Wool Serge Shade BElue B specified in
Military Specification MIL-C~849 were performed in accordance with Specifica-
tion CCC~T-191: ends and picks, weight, breaking strength, shrinkage in spong-
ing, and pH of water extract .of fabric.

The results of the above tests conform, with but two exceptions, to the

limits or minimum requirements specified by MIL-C-849. 4lthough the wool
fabric has a warp shrinkage 0.62% greater than the specification value, this
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is considered to be insignificant. The wool fabric also has three picks
per inch less than is specified., Small variations in ends and picks also
exist in some of the wool/synthetic fabrics. The length of fulling time
for these materials was based upon the resultant hand of the fabric rather
than the number of ends and picks since excessive fulling would produce a
harsh stiff fabric.

Only a general comparison of the physical properties of the synthetic
fiber blend fabrics to those of the 100% wool fabric can be made. The dif-
ferent blends process differently and result in fabrics of somewhat different
physical structures. Therefore, test results which are only slightly dif=-
ferent cannot be considered significant. However, the results described
below are considered to indicate significant differences in the performance
of the btlended fabrics as compared to the wool fabric.

Preaking Strength and Tear Strength - Nylon and Dacrcn fabries had cone
siderably greater breaking strength and tear strengths than the wool control.
Viscose and Orlon fabrics appear to be slightly weaker in bresking strength
tests but ebout the same as wool in the tear strength tests.

Shrinkage in Sponging - Al)l of the synthetic fiber fabrics gave lesa
shrinkage in the sponging tests than the wool, The Orlon fabrics results,
however, vere only slightly less than the wool,

Crease Recovery - No marked difference in crease recovery was shown by
any of the fabrics.

Abrasion Resistence - The nylon and the Dacron fabrics showed greater
resistance to both flex end surface abrasion than the wool febric. The
Viscose and Crlon febrics resistance to abrasion cennot be considered to be
significantly different from thet of the wool fabric, Viscose gave small
increases in the flex abresion test but gave slightly decreasing velues on
the surface abrasion test. Results for Crlon were the reverse of the Viscose,
Since the changes are relatively amall and not in the same direction for the
two tests, the Orlon and Viscose fabric results are not considered significante
ly different from those of the wool fabric.

Pilling Properties - Although the pilling test period was five times as

great as that outlined in Specification CCC-T-191b, there was no evidence of
pilling on any of the wool/synthetic fabrics.
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Wool
Viscose
Nylon
ﬁacron

Crlon

Dynel

Acrilan

TAHLE 1

FIBER SPECIFICATIONS

Fibers Used for Evaluation of Dyeing Formulae

64 's Grade

5-1/2 Denier, 3-1/2 Inch Staple, Dull Crimped Staple
3 Denier, 2-1/2 Inch Staple, Semi-Dull, Type 200

3 Denier, 2-1/2 Inch Staple, Semi-Dull, Type 5400
Type L1, 3 Denier, 2-1/2 Inch Staple, Semi-Dull

Type 42, 3 Denier, 2-1/2 Inch Staple, Semi-Dull

2 Denier, 4 Inch Staple

Two lots of Staple Filber were employed, both
are now obsclete.

Fibers Used in the Menufacture of Final Production Fabrics

Wool
Viscose
Nylon
Dacron

Orlon
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6l 's Grade

5-1/2 Denier, 3-1/2 to 5 Inch Staple, Semi-Dull

3 Denier, 4-1/2 Inch Staple, Semi-Dull, Type 200

3 Denier, 3 to 4-1/2 Inch Staple, Semi-Dull, Type 5400

3 Denier, 4-1/2 Inch Staple, Semi-Dull, Type 42
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TAELE 2

DYE FORMULATICNS FCR FINAL FAERICS

Wool
Laboratory Production
Shade Formula & Formula % Dyestuff
Primary No. 1 2¢5 5.0 Helindon Elue B (C.I. 1177) or
Blue Algosol Blue 0 (C.I. 1178)
Primary No. 2 2.1 2.2 Acid Chrome Elue RRA (Pr. 7)
Blue
Primary No. 3 0.315 0.320 Alizarine Light Grey BHELW
Grey (Pr. 206)
0.080 0.067 Anthraguinone Violet 3Ra
(C.I. 1080)
Nylon
Grey 0.70 0. 80 Cibalan Grey EL
Elue 3400 3.0 Capracyl Elue G
0.03 .05 Capracyl Orange R
Yiscose
Grey 0.25 0.35 Carbanthrene Violet ENX Paste
CII. 1163
G.75 0.50 Carbanthrene Blue ECF Dbl. Flakes
C.T. 1113
1.00 0.76 Ponsol Olive ARD Dbl. Paste
C.Te 1150
Elue 32,00 1.6 Indanthrene Direct Elack RBa
Paste Pr. 289
1.5 1.5 Indanthrene Navy Elue FERF Paate
C.I. 1100
2.5 0.8 Indanthrene BElue EFP Dbl. Paste
CeIs 1113
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Blue

Grey

Elue
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TABLE 2 {continued)

DYE FORMULATICNS FOR FINaL FABRICS

Laboratory
Formula £

0.72
0.18

0.13

645

1.4

3-0

0,60

0.12

1.2

0.75

Dacron

Production
Fo a

0.6&,
0.17

0.10

0.10

5.76

2412

Qodily

0.08
Qrlon

0.54

C.11

.26

0.009

0,19

23

Dyestuff
Eastman Faat Blue GLF
Latyl Red B

Celanthrene Fast Yellow GL
Conc., 300% (Pr. 534)

Latyl Violet EN
Eastman Fast Blue GLF
Celanthrene Cerise B
or
Cibacete Red 3B Pr. 234
Cibacete Yellow GLN (Pr. 537)
or

Celanthrene Fast Yellow GL Conec.,
300% (Pr. 534)

Latyl Crange R

Allzerine Fast Grey HE.N New CF
(Pr. 206}

Anthragquinone Violet 3RA
(C.I. 1030)

Anthraquinone Biue B (C.I. 1054)

Anthraguinone Violet 3FRA
(C.I. 1080)

Fast Sulphon Black NB Cone.,
(C.I. 304)



TARLE 3

SPECTROPHOTOMETRIC MEASUREMENTS OF WOOL/SYNTHETIC FABRICS

Fabric
Us 5. A, ¥, Standard Fabrie
LTIRF 100% Wool Fabric

Wool/Viscose Elends

10% Viacose
20% Viscose
30% Viscose

Wool/Nylon Elends

10Z Nylon
20% Nylon
30% Nylon

Wool/Dacron Blends

10%Z Dacron
20% Dacron
30% Dacron

Wool/Orlon Elends
10% Orlon

20% Orlon
30% Orlon

WADC TR 54-612

Trichromatic Coefficients

.2623
«2619

+2620
+2625
.2614

.2616
«2581
.2596

<2641
2645
2648

2645
2640
« 2645

24

Color Coordinates

—Y
.2540
«2525

2525
2525
+2504

.2526
2478
«2505

« 2544
<2547
<2576

.2558
2565
«2564

—
. 0469
« 04644

«Oh45
<0426
0428

«0439
<0430
L0463

. 0450
+ 041 8
. 0466

0466

0464
0466



TAHELE 4
TEST METHODS FOR QUANTITATIVE ANALYSIS OF FIBER CONTENT
Standard test methods of the American Association of Textile Chemists

and Colorists were employed to determine the percentage fiber composition
of each blend. The analyses were perfomed in accordance with Test Method
20-53, deseribed in the 1953 Tecknical Manual and Yearbook of the Americen
Association of Textile Chemists and Colorists. The results reported are
the mean of two determinations.

1, Wool/Viscose Fabrics - 5% NaCl0 Test Method

2., Wool/Nylon Fabvrics =~ 5% NaOH Test Method

3. Wool/Dacron Fabrics - 5% NaClO Test Method

4. Wool/Crlon Fabrics - 5% NaClO Test Method

WADC TR 54-612 25



TABLE §

FIBER CONTENT ANALYSIS CF WOCL/SYNTHETIC FAERIC

Standard Regain Basis Bone Dry Bagis
Fabric Z Synthetic & Wool % Synthetic Z Wool

Wool/Viscose Blends

10% Viacose 10.3 85.7 10,7 89.3
20% Viscose 20.1 799 20.4 7946
30% Viscose 29.9 70.1 30.4 69.7
. Wool/Nylon Elends

102 Nylon 10,2 89.8 11.0 89.0
20% Nylon 18.8 81.2 2240 78.0
3% Nylon 29.8 TG.2 31.5 6805
Wool/Dacron Blends

10% Dacron 10,0 90,0 11.0 89.0
20% Dacron 19.8 88.02 21.7 78.3"
30% Dacron 29.6 70.4 32.0 68.0
Wool/Orlon Elends

10Z Orion 10.3 89-7 ll.i.l. 88.6
20% Orlon 20.3 79.7 22.1 77.9
30% Orlon 29,2 70.8 31.8 68,2
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TARLE 6

DYED FIBER COMPONENTS IN FINAL LTIRF FAERICS

ositions

Wool Wool Wool

Primary Primary Primary Grey Elue

No. 1 No. 2 No. 3 Syn- Syn~

Fabries Indigo Hiue RRA Grey thetie thetic

100Z Wool Control 33 35 32 - -
Wool/Viscose Blends
10% Viscose 30 27-1/2 32-1/2 3 7
20% Viscose 26-1/2 25 28-1/2 6 14
30% Viscose 24-1/2 20 25-1/2 9 21
Wool/Nylon Biends
10Z Nylom 30 28 32 3 T
20% Nylon 29 22 29 b 14
30% Nylon 24 16 30 9 21
Wool/Decron EBlends
10% Dacron 21-1/2 35 33-1/2 4 6
20% Dacron 16-1/2 31-1/2 32 8 12
30% Dacron 11-1/2 27-1/2 31 12 18
Wool/COrlon Elends
10% Orlon 23 3h 33 3 7
20% Orlon 19-1/2 31 29=1/2 b 14
30% Orlon 17 27 26 9 21
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TABLE 7

DYED FIBER COMPONENTS IN EXPERIMENTAL HLANKET FARRICS

Percentage Composition

Wool Wool Wool

Primary Primary Primary Grey Hiue

No. 1 No, 2 Ne. 3 Syn- Syn-

Fabricse Indigo Elue RRa Grey thetlic lhetic

100% Wool Comtrol 33 35 32 - -
Wool/Viscose Blends
10% Viscose 33 28 29 3 7
20% Viscose 30 25 25 6 14
30% Viscose 26 22 22 9 21
Wool/Nylon Hlends
10% Nylon 26 28 36 L 6
20% Nylon 23 25 32 8 12
30% Nylon 20 22 28 12 18
Wool/Dacron Plends
10% Dacron 23 33 34 3 7
20% Dacron 20 31 29 6 14
30% Dacron 15 28 27 9 21
Wool/Orlon Blends
10% Orlon 23 34 33 4 6
20% Orlon 20-1/2 31 28 9 11
30% Orlon 18 28-1/2 24 11 19
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TAELE 8
COLCRFASTNESS TEST PROCEDURES

Colorfastness to Light - Colorfastness to light was performed in ac-
cordance with Specification CCC-T-191.

Specimens, mounted in an open back type of holder, were exposed in an
Atles FDR-A Fadeometer for 80 and 140 hour periods. Temperature was regu-
lated to 110°F, Standard fading paper supplied by the Bureau of Standards
was used to calibrate exposure hours,

Visual examination and Spectrophotometric measurements of color changes
were used to evaluate the results of fading. Specimens were exsmined after
each 20 hours of exposure. The exposure time required to produce a per-
ceptible break was judged by an operator who regularly performs this work
for industrial projects of the Testing Division of the L.T.I Research
Foundation.

Colgrfastneés to Laundering - The fabric was subjected to the following
two tests:

a. Specification CCC-T-191b, Method 5614 (1009F).
b. AATCC Standard Test Method 36-52, Test 2; Temperature 120°F,

Colorfastness to Crocking - Wet and Dry Tests were performed in accordance
with Specification CCC-T-191b, Method 5650, The results are:

Good - No appreciable staining of the wet white multifiber
test cloth,

Fair - Appreciable staining of wet white multifiber test
cloth but no appreciable staining of dry white
mul tifiber test cloth, '

Colorfastpness to Perspirgtion - Acid and Alkali Perspiration Tests were
made in accordance with Specification CCC~T-191b, Test Method 5682, A rating
of "good® indicates no change in shade of the test specimen, no migration of
color, and no staining of white multifiber test cloth.

Colorfastness to Iry Cleaning -
as Dry cleaning tests were made in accordance with Specification CCC-T-19la,

Method 5620, A rating of *"good” indicates no change in shade, migration
of color, and no staining of multifiber test cloth.

be Dry and Wet Dry Cleaning Tests were made in accordance with Commercial

Standard CS559-44. Class L shows no appreciable staining of the
composite test fabric.
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TAELE 8 (Continued)

COLORFASTRESS TEST METHOD

Colorfastness io Hot Pressing - Colorfastness to hot pressing was made
in accordance with Specification CCC~T-191b, Test Method 5640, except that
pressing was performed with a steam press at 60 pounds pressure, Both
Wet and Dry Tests were performed, A Class 4 rating shows no appreciable
change in color and no staining of composite test fabrie,
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TAELE 9
PHYSICAL TEST PROCEDURES

Ends and Picks per Inch - These were determined in accordance with
Specification CCC-T-191b, Method 5050, The results are the means of two
count determinations,

Weight Determination - 72 square inches of material was weighed on
analytieal balance. Fabric weight in oz/yd2 was calculated from this
determination.

Air Permeabiljity = Air permesbility tesis were made in accordance
with Specification CCC=T-191b, Teat Method 5450.

Bregking Strength - Tests were performed in accordance with Specifica-
tion CCC-T-191h, Test Method 5100, Gradb Method. The results reported are
the mean values for five warp and five filling testa,

Tear Stirengih -« Tear strength measurements were made in accordance with
Specification CCC-T-191b, Test Method 5134, Tongue Method., The results re-
ported are the mean values for five warp and five filling testsa.

Shrinkage in Dry Cleaning - Tests were performed in accordance with
Commercial Standard CS 59-4k, Shrinkage in Dry Cleaning, Dry and Wet Tests.

Crease Resistance - Tests were made in accordance with Specification
CCC-T=191b, Method H212. Three tests were made in both the warp and in the
filling directions. Only the mean values are reported.

Stoll Q. M, Flex Abrasion - Tests were made in accordance with Specifica-
tion CCC-T=-191b, Method 5300, Five tests were made in the warp and the filling
directions, The results repcrted are the means of these five tests,

Stoll 0., M. Inflated Diaphragm Abrasion - Tests were made in asccordance
with Specification CCC-T-191b, Method 5302, Five tests were made on each
fabric, and fthe results reported are the minimum, maximm, and mean of these
five tests.

pH of Water Extract - Acidity (pH) of fabrics, potentiometric method,
tests were made in accordance with Specification CCC-T-191b, Method 2811,
modified as follows: Measurements of pH were made directly in 250 ml glass
stoppered Erlemmeyer flask instead of the 100 ml breskers specified in the
test procedure. This modification became neceasary when it was found that
absorption of CO> from the air lowered the pH of the water solutions in a
beaker from 0.6 to 1.0 pH units,

The distilled water used for these tests had a pH of 6.4.
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TAELE 9 {Continued)
PHYSICAL TEST PROCEDURES

Eilling - The test procedure followed was that outlined in CCC-T-191b,
Method 5310T, Appearance-Retention of Cloth, Pilling and Surface Wear (Press).
Recommended conditions for the type of fabric involved were three minutes
under a head load of l.6 psi, Actually, a series of tests were run on the
30% Dacron blend (judged to be the one most likely to pill) varying the time
from 5 to 30 minutes and the pressure from 0.4% psi to 1.6 psi. No pills
were produced. Accordingly, each fabriec was then tested using a 15 minute
run under a pressure of 1.6 psi.
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TABLE 10
FADING TEST RESULTS

Spectrophotometric

Measurements of Color

Difference
(Adems Unita)

80 Hour 140 Hourx

Fabric Exposure Exposure
U. S. A, F. St&ndard Fabric 10700 2.5&0
LTIRF 100% Wool Control Fabric 0.860 1,080
Wool/Viscose Blends
10%Z Viscose 1.04 0.836
20% Viscose 0,628 0. 880
30% Viscose 1.05 1.05
Wool/Nylon Elends
10%Z Nylon 0.620 0.712
30% Nylon 0,748 1.124
Wool/Dacron Elends
10% Dacron 0.856 0,908
20% Dacron 0,712 1.02
304 Dacron 0,656 0.648
Wool/Orlon Elends
10% Crlon 0.560 1.02
20% Orlon C.5hl 1.10
30% Orlon 0.692 1.04

* Observer judged this as a possible break.
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LAUNDERING

CCC-T=191a
(100°F Test)

AATCC
(120°F Test)

DRY CLEANING
CCC-T-191a Test
Cs 59-44
Wet Test
Dry Test
CROCKING
Wet Test
Dry Test
PERSPIRATICN
Acid Test
Alkaline Test
STEAM FRESSING

Dry Test
 Wet Test

WADC TR 54-612

TABLE 11

COLORFASTWESS TEST RESULTS
WOOL/VISCOSE FAERICS

LTIRF 100%Z Wool 10% Viscose

Control Fabric

No stain of
composite test
fabric., No
color loss.
No shade
alteration.
No stain of
composite test
fabric. No
color loss,
No shade
alteration.
Good

Class 4
Class [
Fair

Good

Good

Good

Class 4
Class

20% Viacose

Fabric Fabric
No stain of No stain of
composite test composite test
fabric. No fabriecs No
color loss, color loss.
No shade No shade
alteration, alteration,
No stain of No stain of
composite test composite test
fabric. No fabric. No
color loss, color loss,
No shade No shade
alteration. alteration.
Good Good
Class J} Class 4
Class 4 Class 4
Good Goed
Good Fair
Good Good
Good Good
Class 4 Class }
Class 4 Class 4

34

30% Viscose
Fabrie

No stain of
composite test
fabric. No
color loss.

No shade
alteration.

No stain of
composite test
fabric. No
color loss.

Ne shade
alteration.

Good

Class §

Class 4

Good

Fair

Good
Good

Claeas 4
Class 4



LAUNDERING

£CC-T-191a
(1LO0°F Test)

AATCC
(120°F Test)

DRY CLEANING
CCC-T=191la Test

CS 59=444
Wet Tesat

Dry Test
CROCKING

Wet Test
Dry Test
PERSPIRATION

Acid Test

Alkaline Test
STEAM PRESSING

Wet Test

Dry Test

WADC TR 54-612

TAELE 12

COLCRFASTNESS TEST RESULTS

WOOL/NYLON FABRICS

LTIRF 100% Wool
Control Fabrie

No stain of
composite test
fatric. No
color loazt.

No shade
alteration.

No atein of
composite test
fabric. No
color loss.

No sbade
alteration.

Good

Class 4
Class 4

Fair

Good

Good
Good

Class i

Class 4

10% Nylon
Fabric

No noticeable
staining. No
color loss.
No shade
alteration.

slight stain
of spun nylon.
No color loss.
No shade
alteration.

Good

Class }
Class 4

Fair

Good

Good
Good

Class 4

Class 4

35

20% Nylon
Fabric

No noticeable
staining. No
color loss,.
No shade
alteration.

Moderate
ataining of
spun nylon.
No color loss.
No shade
alteration.

Good

Class 4
Class §

Good

Good

Good
Good

Class 4

Class 4

304 Nylon
Fabric

No noticeable
staining. No
color loss.
No shade
alteration.

Moderate
staining of
spun nylone.
No color 1088e
No shade
alteration.

Good

Class 4
Class 4

Good

Good

Good
Good

Class 4

Class 4§



LAUNDERING

CCC-T=191a
(100°F Test)

AATCC
(120°F Test)

Y _CLEANING

CCC-T-191a Test

CS 59-44

Wet Test

Dry Test
CROCKING
Wet Test
Dry Test
PERSPFIRATION
Acid Test
Alkaline Test
STEAM PRESSING

Wet Test

Dry Test

WADC TR 54-612

TABLE 13

COLCRFASTNESS TEST RESULTS
WOCQL/DACRON FARRICS

LTIRF 100% Wool

Contro}l Fabrie

No staining of
composite test
fabri Ce No
color loss,

No shade
alteration.

No staining of
composite test
fabric. No
color losa,

No shade
alteration,

Good

Class 4

Class §

Fair

Good

Good

Class 4

Class &

10% Dacron
Fabric

No staining of
composite test
fabric. No
color losa.

No shade
alteration.

No staining of
camposite test
fabrice No
color loss,

No shade
alteration.

Good

Class

Class §

Good
Good

Good
Good

Class 4

Class 4

36

20% Dacron

Fabric

No staining of
composite test
fabriec. No
color loss.

No shade
alteration,

No staining of
composite test
fabrie., No
color loss,

No shsade
alteration.

Good

Class 4

Class 4

Good

Good
Good

Clasas 4

Class §

30%Z Dacron
Fabrie

No staining of
canposite test
fabric. No
color loss.

No shade
alteration,

No staining of
composite test
fabric, No
color loss,

No shade
alteration.

Good

Class 4§
Class 4

Good
Good

Good
Good

Class )

Class 4



LAUNDERING

CCC-T=191la
(LO0°F Test)

AATCC
(120°F Test)

DRY CLEANING
CCC-T=-191la Test
Cs 59-44

Wet Test

Dry Test
CROCKING
Wet Test
Dry Test
PERSPIRATION
Acld Test
Alkaline Test
STEAM PRESSING
Wet Test

Dry Test

WADC TR 5L-612

TARLE 14

COLCRFASTNESS TEST RESULTS

WOCL/CRLCN FABRICS

LTIRF 100% Wool 10% Orlon

~ Control Fabric

No noticeable
staining of
test fabric,
No color loss,
No shade
alteration,
No noticeable
staining of
test fabric.
No color loss.
No shade
alteration.

Good

Class |

Class L

Fair

Good

Good

Good

Class 4

Class 4

Fabrie

No noticeable
staining of
test fabric.
No e¢olor loss,
Neo shade
slteration.
No noticeable
staining of
test fabric.
No c¢olor loss,
No shade
alteration,

Good

Class 4

Class 4

Good

Good

Good

Good

Class 4

Clasa 4

20% Orlon
Fabric

No noticeable
staining of
test fabric.
No c¢color loss,
No shade
alteration.

No noticeable
staining of
test fabric.
No color loss.
No shade
alteration.

Good

Class 4

Class 4

Good

Good

Good

Good

Class 4

Class 4

304 Orlon
Fabric

No noticeable
staining of
teat fabric.
No color loss.
No shade
alteration.

No noticeable
staining of
test fabric.
No color loss.
No shade
alteration.

Good

Class 4

Class 4

Good

Good

Good

Good

Class 4

Class [



Properties
Ends per inch

Picks per inch
Weight (oz/yd<)

Airp Permeability
(£43/min/ft?)

Bresking Strength (1lbs)
Warp
Filling

Tearing Strength (1lbs)
Warp
Filling

Abrasion Resistance

otoll-Q.M, Flex

(No. cycles to break)
Warp
Filling

Stoll=G.M. Surface

(No. cycles to feilure)
Minimum
Maximum
Mean

Skrinkage in Sponging (%)

War
Fi

Shrinkege in Dry Cleaning (%)
Dry Test
Warp
Filling
Wet Test
Warp
Filling

Crease Resistance
(Z Crease Recovery)
Warp
Filling

Pilling
pH of Ho0 Extract

& = Designates stretech instead of shrinkage

WADC TR 54-612

TARLE 15

PHYSICAL TEST RESULTS
WOOL/VISCOSE FAFRICS

38

LTIRF 100% Wool 10% Viscose 20% Viscose 30% Viscose
Control Fabrie __Fabric Fabric Fabric
70,0 72.5 715 72.0
55.0 58.5 575 58.5
9.35 955 9.64 975
15.46 18.10 15.04 18.80
122,6 107.0 104.8 107.8
95.6 88,0 84,6 89,1
6.0 6.1 5.5 6.0
543 6.0 545 5.8
1039.8 1232.6 1173.0 1173.8
737.2 1068,2 888,2 920,6
633 648 667 611
795 Thd 820 796
720,2 T06,2 Thiieds 682.6
.62 : J L 2. l
52 I 38 . ou00
3.96 0.62 0,00 0,62
0,835 0.00 0.00 0.00
8,12 5.00 323 4.37
0.215 0.62 0.21 0,83
82 a2 83 79
86 89 87 8
None None None None
349 7.0 7.0 7.0



TARLE 16

PHYSICAL TEST RESULTS
WOCL/NYLON FABRICS

LTIRF 100% Wool 10% Nylon 20% Nylon 30% Nylon
Properties Contreol Fabric Fabric Fabric Fabric
Ends per inch 70.0 71.5 71.¢ 71.0
Picks per inch 55.0 59.0 57.0 57.0
Weight (oz/yd2) 9.35 10,10 9.61 9.52
tir Permeabjility 15.46 12,00 13492 12.98
(£t5/min/£t°)
Bresking Strength (1lbs)
Warp 122.6 161.3 181,8 150.0
Filling 95,6 129.7 207.4 175.4
Tearing Strength (lbs)
W&rp 6.0 801.] 10,0 12.20
Filling 5e2 72 10.7 12.51
Abragsicn Resistance
Stoll-Q.M. Flex
(No. cycles to break)
Warp 1039.8 1996,2 3309.6 3999.0
Filling 737.2 1664.0 L043. 6 3898,6
Stoll-Q.M. Surface
(No. eycles to failure)
Minimum 633 860 1428 1970
Maximum 795 1064 1799 2259
Mean 720,2 960, 8 1578 2059
Shrinkage in Sponging (%)
Warp 5462 2.29 2.71 5l
Filling 0,00 0.2 s 0. 83 1.04
Shrinkege in Dry Cleening (%) .
Dry Test
Warp 3,96 1.87 0.83 1.25
Filling 0.835 1.62 0.00 0.00
Wet Test
Warp 8,12 4.17 1.04 1.25
Filling 0.215% 1.67 0.00 0.00
Crease Hesistance
(% Crease Recovery)
Warp & 83 88.2 87.3
Filling 86 85 86.3 89.0
Pilling None None None None
pH of HpO Extract 3¢9 6.6 8.1 8.1

8 - Designates stretch instead of shrinkage
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TAHELE 17

PHYSICAL TEST RESULTS
WOOL/DaCRON FARRICS

LTIRF 100% Wool
Control Fabric

Properties

Ends per inch T0.0
Picks per inch E5e0
Weight (oz/ya?) 9435
Alr Permeability 15.46
(£43/min/£t2)
Breaking Strength (1bsz)
W&rp 122 . 6
Filling 95.6
Tearing Strength (1lbs)
Warp. 6.0
Filling 5.3

Abrasion Resistance
S5toll-Q.M. Flex
(No. cycles to break)
Warp 1039,8
Filling 737.2
S5toll-Q.M. Surface
No. ecycles to failure)

Minimug 633
Maxinum 795
Mean T20,2
Shrinkage in Sponging (%)
Warp 5.62
Filling 0,0C
Shrinkage in Dry Cleaning (%)
Dry Test
Warp 3.96
Filling 04835
Wet Test
Warp 8.12
Filling 0.215

Creasze Resistance
(% Crease Recovery)

Warp &
Filling 86
Pilling None
pH of Hy0 Extract 3.9

8 - Designates stretch instesd of shripkage

WADC TR 54-612

10%Z Dacron 20% Decron
Fabric Fabric
7240 7240
58.5 57.5

9.96 9.71
14.50 13.36
44,8 175.6
124.6 149.2
8.1' 9.&
7.5 10.3
2303,2 3208.4
1939.8 3196.4
883 1113
1423 1793
2062 2378
0.00 1.25
1.67 0.00
0.21 Oeli2
0,00 0,00
2.50 2.08
0.21 0,21
86 8s
86 85
None None
7ol Te2

30% Dacron
Fabrieg

71e5
58.5
10.12
11.8,

211,2
175.0

12,8
12,9

2626,6
2991.4

9734
1570.2
2271.0

.42
0.00

1.46
0.21 8

82

None
7.2



TABLE 18

PHYSICAL TEST RESULTS
WOOL/CRLON FABRICS

LTIRF 100% Wool 10% Orlen 20% Orlon
Properties Control Fabric Fabrice Fabric
Ends per inch 70.0 69.0 69.0
Picks per ineh B5.0 53.5 54.0
Weight (oz/yd2) 9.35 8.67 9.08
Air Permeability 15.46 22,68 19,02
(£4°/min/£42)
Breaking Strength (lbs)
Warp € ne 122.6 100.8 107.6
Filling 9546 76.8 78.6
Tearing Strength (1bs)
Warp 6.0 6.20 6.30
Abrasion Resistance
Stoll-Q.M. Flex
(No. eycles to break)
Warp 1039.8 992.6 1038,2
Filling T37.2 T58,2 826.4
Stoll-Q.M. Surface
(No. eycles to failure)
Mininum 633 726 996
Meximum 795 921 1340
Mean 720 827 1109
Shrinkage in Sponging (%)
Warp 5.62 4.37 3475
Filling 0.00 0.00 0,62
Shrinkaege in Dry Cleaning (%)
Dry Test
Warp 3.96 1.67 2.50
Filling 0.835 0,21 0.83
Wet Test
Warp 8.12 50&2 3012
Filling 0.215 1.25 0,62
Crease Reslstance
(% Crease Recovery)
Varp 82 90 89
Filling 86 93 91
Pilling None None None
pH of Hp0 Extrect 3¢9 7.6 7.6

WADC TR 54-612

30% Orlon
Fabric

69.5

54.0
9.19

14.26

124.2
98,8

7.82

90

None

75
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TABLE 21

LIGHTFASTNESS RESULTS FOR VISCOSE RAYON DYE FORMULAE

COLOR DIFF CE - GREY SCALE VAL
Formula 80 Hour 160 Hour Exposure Time to

Number Exposure Exposure First Change
BELUE SHADE
1 5 54 8l. blue 80
2 5 Y4 strong, sl. blue 80
3 5 5=l strong, dull 80
4 5 5=4 blue, sl. strong 8o
GREY SHADE
5 5 5-4 blue 80
6 5 4 yellow 80
7 5 B4 red 80
8 5wl blue 5l blue 80
9 5 5~4 dull, sl. red 80
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TAELE 22
WETFASTNESS RESULTS FCR VISCOSE RAYON DYE FORMULAE

COLOR TRANSFERENCE - AATCC CCLOR TRANSFERENCE VALUE

Formula Aeid Alkaline Wet wet
Number  Perspiration Perspiration Fulling Leundering Dry Cl eaning Crocking
ELUE SHADE
1 5 5 5 5 5 5
2 5 5 5 5 5 5
3 5 5 5 5 5 5
4 5 5 5 5 5 5
GREY SHADE
5 5 5 5 5 5 5
6 5 5 5 5 5 5
7 5 5 5 5 5 5
8 5 5 5 5 5 5
9 5 5 5 5 5 5
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TAELE 23
LIGHTFASTNESS RESULTS FOR NYLON DYD FORMULAE

COLOR DIFFERENCE - GREY SCALE VALUE

Formula Exposure Time to
Number 80_Hour Exposure 160 Hour Exposure First Change-Hours
BLUE SHADE
21 4 weak 4=3 weak 60
22 5 5-4 weak, sl. blue 80
23 4 weak 4=3 weak, sl, red 60
2k 5 5-4 weak 80
25 4 blue 40
26 5l weak 5=l weak 80
27 5 B=l} weak 80
GREY SHADE
28 3 weak 3-2 weak, 8l, red 20
29 3 weak, sl. red 1-2 weak, very red 20
30 J=2 blue, weak 1=2 large blue, weak 20
31 4 weak 4=3 weak 60
32 3 red, sl. weak
33 4 weak, 8l. red 3 weak, mod. red 60
34 4 weak 4~3 weak 60
35 4 weak 4=-3 weak 60
36 4 week 4~3 weak 60
37 4 weak 4=3 weak 60
38 5-4 weak 5-4 weak 80
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TABLE 24
WETFASTNESS RESULTS FOR NYLON LYE FORMULAE
COLOR TRANSFERENCE - AATCC COLOR TRANSFERENCE VALUE

Formula Acld Alkaline Wet Wet
Number Perspiration Perspiration Fulling Lsundering Dry Cleaning Crocking

BLUE SHADE

21 5 5 5 5 5 5
22 5 5 5 5 5 5
23 5 2 5 4 5 4
24 5 5 Swdy 4-3 5 5
25 4 3

26 5 5 5 5 5 5
27 5 4 5 4-3 5 5

GREY SHADE
28 5 5 5 5 5 5
29 5 5 5 5 5 5
30 5 4 5
shade change
3

31 5 5 5 5 5
32 5 5

33 5 5 5 5 5 5
34 5 5 5 5 5 5
35 5 5 5 5 5 5
36 5 5 5 5 5 5
37 5 5 5 5 5 5
38 5 5 5 5 5 5
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TABLE 26
WETFASTNESS RESULTS FOR DACRON DYE FORMULAE
COLOR TRANSFERENCE - AATCC COLOR TRANSFERENCE VALUE

Formula Acid Alkaline Wat Wet
Number Pergpiration Perspiration Fulling Leundering Dry Cleaning Crocking

BLUE SHADE

W
Ut\n\»\.ug\

51 5
52 2
53

St 4=3
55
56
57
58
59

3-2 4 5-4 4

VR A A A AR
bS]
V\&U\
VhoWn
v an
VAN
Vho\n

GREY SHADE

\Vh
\JI\J\‘L\J\U'I
VAR VAR
(C RGN RN

U
e

\n
\J\&\h\n
Vhowon N AR VR LR

v WV W (SRS R R

o
o
e WA AR ARG B PO
i
W

XN
W
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Formula
Number 80 Hour Exposure
81 5=4 blue
82
83
84 5«4, blue
85 5-4 blue
86 5=4 blue
87 4 blue
88 4 blue
GREY SHADE
1] 3-2 weak,
groen
92
93
9%
95 4~3 weak,
sl. red
9
o7
98
99
100 5~4 week,
sl. red
101 4 wesk,
sl, blue
WADC TR 54-612

LIGHTFASTNESS RESULTS

TABLE 27
FOR ORLON TYPE 41 DYE FORMULAE

T T

COLOR DIFFERENCE-GREY SCALE VALUE

160 Hour Exposure

4 strong, sl. blue

4 strong, sl. blue

4 wesk, 8l., blue

4 strong, sl. blue

4-3 blue, veak
4-3 blue, weak

2 green, weak

3 large red, wesk

4=3 red; wesk
3 blue, weak

50

———

————

SPECIAL EXPOSURES

Exposure
Exposure Time to Time Color
First Change (Hours) Difference
60
40 4 blue
40 4 blue
40
40
40
20 €0 2 red
20 60 3-2 blue
20 60 < yallow
40
20 60 2-1 large
blue, bright
20 3 weak
20 60 2 large,
blue, bright .
20 40 4=3 blue
40
40



TABLE 28
WETFASTNESS RESULTS FOR ORLON TYPE 41 DYE FORMULAE
COLOR TRANSFERENCE - AATCC COLOR TRANSFERENCE VALUE

Formula Acid Alkaline Wet Wet
NMumber Perspiration Perspiration Fulling Laundering Dry Clesning Crocking

BLUE SHADE

81 5-4
82

83 4-3
84 5
5
>
3

=\

85
86
87
88 5-4

J-\:l\\.nm\nm
LV A
AV RV RS RN
\h
uu..n\nJL\.n
RV IR R
Vit W\

GREY SHADE

91
92
93
e
95
9
97
98
99
100
101

(% ]

"~ 1w
£~
W An

W Vh
mm#wtrmmmim
N -
\n

U!\JIWNMLU‘IU!

U\
W

AV RN ]
VR
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TABLE 29

- ArrAen s i

TABLE 31

LIGHTFASTNESS RESULTS FCR ACRILAN DYE FORMULAE

COLOR DIFFERENCE - GREY SCALE VALUE

SPECIAL EXPOSURES

Exposure

Formula Exposure Time to Tim Color
Number 80 Hour Exposure 160 Hour Exposure First Change (Ho:rs ) Difference
BLUE SHADE

131 20 30 3 blue

132 3 weak dull 1 wesk yellow 20 FAS] 4 dull

133 20 40 4 blue
GREY SHADE

134 4=3 wesk 3 weak 40 60 weak

135 4 wesk 4-3 week, 8l. yellow £0

136 4 red 4=3 weak, red 40

137 4 wesk 3 weak 40
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TABLE 32
WETFASTNESS RESULTS FOR ACRILAN DYE FORMULAE

COLOR TRANSFERENCE - AATCC COLOR TRANSFERENCE VALUE

Formula Acid Alkaline Wet Vet
Number  Perspiration Perspiration Fulling Laundering Dry Cleaning (Crocking
BLUE SHADE
131
132 5 5-4 4-3 4 5 -5
133 4-3 2
GREY SHADE
134 5 5 5 54 5 5
135 5= 4 4
136 4 4=3 5 4 (green) 5l 4
shade change
137 5 5=4 5-4 53 5 5
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BLUE SHADE

No.

No.

Ne.

No.

No.

No.

No.

1

TABLE 33
VISCOSE RAYON DYEING FORMULAE

3.0% Indenthrene Direct Black RBA Faste Pr. 289
2.5% Indanthrene Blue BFP [bl, Paste - 1113
1.5% Indanthrene Navy Blue BRP Paste - 1100

5.0% Carbanthrene Dark Blue DR Paste - C.I. 1099
3.C% Carbanthrene Blue BCF Dbl. Paste - 1113
1.0% Carbanthrene Yellow G Dbl. Paste - 1118

5.C% Ponsol Navy Blue RA Dbl. Paste — C.I. 1100
4.C% Ponscl Direct Black 3G Dbl, Paste

10% Cibenone Navy Blue RA Dbl. Paste - 1100
5.0% Cibanone Olive S Paste- Pr. 547
1.5% Cibenone Olive 2B Dbl, Paste - Pr. 293

5% Navy Blue BL
1% Blue GLN
3% Cuprofix #47

2.5% Diazone Blue BR - Pr. 74
1.0% Erie Fast Green 2BG CGB - C.I. 589
0.10% Solantine Orange 4G Conc., Pr. 578

4% Resofix Nevy Blue BL
1% Resofix Blue GLN

WADC TR 54-612 56

Vat

Vat

Vat

Vat

Direct

Direct

Direct



TABLE 33 (continued)
VISCOSE RAYON DYEING FORMULAE
GREY SHADE

No. 5
4) 1.0% Carbanthrene Olive R Dbl. Paste - 1150 Vat
B) 0.75% Carbanthrene Blue BCF Dbl. Flakes - 1113
C) 0.25% Carbanthrene Violet BNX Paste - 1163

No. &
4) 1.20% Indanthrene Olive TA Paste - Pr. 547 Vat
B) 0.75% Indanthrene Blue BFP Dbl. Paste - 1113
¢) 0.50% Indanthrene Violet FF BNA Paste - 1163

No. 7

A) 1.25% Ponsol Black BA Dbl. Paste - 1102 Vat
B) 0.30% Ponsol Navy Blue RA Dbl. Paste - 1100

No. 8 )
4) Ciba Grey BLN Micro Powder
No. 9
A) 1.45% Indanthrene Direct Black RBA Paste - Pr. 289 Vat
B) 0.20% Indanthrene Blue BFP Dbl. Pasie - 13
c) 0.10% Indenthrene Brilliant Green BN Pure Dbl. Paste
conc. - 1101 -
No. 10
4) 0.50% Solantine Blue FF Pr. 71 Direct
B) 0.25% Solantine Orange R
C) 0.05% Solentine Rubine LB Pr. 512
ﬁo. 11
A) 0.60% Diazine Blue BR Pr. 74 Direct

B) 0.20% Diazine Orange WD
¢} 0.10% Solantine Yellow FF Conc. C.I. 814
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TABLE 34
NYLON DYEING FORMULLE

BLUE SHADE

No. 21
A)
No. 22

No. 23

Ko. 24

No. 25

No. 26

No. 27

No. 40

WADC TR

3.0% Pontachrome Blue Black RM Conc., - C.I. 202

-0% Alizarine Blue GRL Conc. 125% C.I. 1088
8% Superchrome Blue BC - 201

6
2,
0.2% Superchrome Red EBC - 652

2.,0% Aligarine Fast Grey BLN-New CF Pr. 206
O.5% Sulphon Cyanine 5RA-CF - 289
0.25% Anthraquinone Violet 3RA C.I. 1080

1.2% Fast Wool Cyanone R - 289
1.2% Fast Wool Cyanone 3R - 289
1.2% Durol Black 2B - 307

2.5% Palatine Fast Blue GGNA-Extrs CF Pr. 144
1.25% Palatine Fest Red GREW - Pr, 391

2.4% Capracyl Blue G
0.16% Capracyl Yellow NW

4.0% Nylofast Violet BLL
4.0% Nylofast Green Bl
4.0% Lanasyn Blue GL

3.0% Capracyl Blue G

0.05% Capracyl Orange R

54612 58

Chrome Type

Chrome Type

Aclid Type

Acid Type

Metallized Acig
Type

Neutral
Metallized Type

Neutral
Metallized &
Acid Types

Neutral Mstal-
lized Type
Neutral Metal-
1lized Type



GREY SHADE
Ho. 28

A)
B)
G}

No. 29

No. 30

No. 31

No. 32

No. 33

No. 34

No. 35

TLBLE 34 {continued)

NYL.ON DYEING FORMULAE

0.23% Alizarine Fast Grey BLN-New CF - Ir. 206
0.08% Acid Alizarine Brown RLL
G.01% Supranol Yellow RA-CF = Pr. 289

0.25% Alizarine Fast Grey BLN-New CP - Pr. 206
0.04% Anthraguinone Violet 3RA - 1680
0.04% Supranol Yellow Ri-CF - Pr. 289

0.40% Alizerine Fast Blus RB ~ Pr. 12
0.17% Fast Acid Brown RG - Pr. 562
0.03% Metanil Yellow 1955 - 138

0.50% Chromalan Grey G
0.18% Alizarine Light Grey 2BLW - Pr. 206
0.08% Alizarine Light Brown BL

2.0% Palatine Fast Blue GGNA-Zxtra CF - Pr. 144

1.10% Palatine Fast Orange GENA-CF - Pr. 315
0.20% Palatine Fast Red GREW - FPr. 391

0.95% Chromalan Grey G
0.05% Alizarol Orange 3R

0.50% Chromalan Grey G
C.18% Alizarine Light Grey 2BLW - Pr. 206

0.30% Chromalan Grey G

WADC TR 54-612 59
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Acid Type

Acid Type

Matallized Acid
& Acld Type

Metallized
Acid Type

Metallized Acid
& Acld Types

Metallized Acid
& Acid Types
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TABLE 34 {continued)
NYLON OYEING FORMULAR
GREY SHADE
No. 36
A} 0.70% Cibalan Grey BL
B) 0.05% Cibalan Yollow GRL
No. 37
A) 0.90% Capracyl Grev GN
B) 0.03% Capracyl Yellow N
No. 38
A) 0.80% Nylofast Grey BLL
B} C€.15% Nylofast Blue GL
C} 0.007% Nylofast Rubine 2 RL
No. 39

4) GC.80% Gibalan Grevy BL

WADC TR 54-612 6
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TABLE 35

DACRON DYEIRG FORMULAE

BLUE SHADE

No.

No.

No.

No.

No.

No.

No.

51

4+.0% Eastman Fast Blue GLF
3.2% Cibacete Yellow GLN - Pr., 537
1.75% Cibacete Red 38 - Pr, 234

8.0% Artisil Direct Bl
1.4% Artisil Direct He
0.7% Artisi) Cirect Ys

e GHL
4 3BF Conc, - Pr. 234
1low RN Conc.

5.5% Eastman Fast Blue GLF
5.5% Nacelan Printing Blue
2.0% Nacelan Viclet 5RL

3,04 Celliton Fast Navy Blue BRA - Pr., 233
1.75% Celliton Fast Blue Ga-Extra CF
0.75% Celliton Fast Pink RFG - CF - Pr. 370

4.0% Cellitun Fast Navy Blue BRA - Pr. 223
C.25% Celliton Fast Brewnm 3RA - Pr. 230
0.20% Celliton Fast Pink RFG = Pr. 370

4,00% Celliton Fast Navy Blue BRA - Pr. 233
1.75% Celliton Fast Blue GA-Extra CF
0,50% Celliton Fast Pink RFG - Pr. 370

7.2% Latyl Violet B
0.9% Artisil Direct Blue GFL

Dyeing Assistant #52
250°F

Monochlor Benzane
21 20F

Para Phenyl Phenol
2] 20F

2500F

25Q0¢F

Benzoic Aecid
2120F

0.4% Celanthrene Fast Yellow GL Conec. 300% - Pr. 534
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TABLE 35 “(continued)
DACRON DYEING FORMULAE

BLUE SHADE

No.

No.

No.

No.

No.

No.

No.

WADC

58

4.0% Eastman Fast Blus GLF
3.0% Cibacete Yellow GLN
1.75% Eastman Fast Red GLF

5.0% Egstman Fast Blue GLF
3.2% Cibacete Yellow GLN ~ Pr. 537
1.75% Cibacete Red 3B - Pr. 23/

7.2% Latyl Violet B
0.9% Artisil Direct Blue GFL
0.4%

250Q0F

2500F

258°F

Celanthrene Fast Yellow GL Cone. 300% - Pr, 53

% Latyl Blue GE

5.0
1.2% Celanthrene Fast Yellow GL Conc. 300% - Pr. 534
2.5

.5% Cibacete Yellow GLN - Pr. 537

5.5% Eastman Fast Blue GLF
3.0% Cibacete Yellow GLN - Pr, 537
1.8% Celanthrene Cerise B

+5% Bastman Fast Blue GLF

5.5
1,0% Celanthrene Fast Yellow GL Cone. 3004 - Pr. 534,
1.5

.5% Celanthrene Cerise B

6.0% Eagtman Fast Blue GLF

2.0% Cibacete Yellow GLN - Pr. 537
1.2% Cibacets Red 3B - Pr. 234
0.15% Latyl Orange R

54612 62

2500F

2500F

2500F

2500



TABLE 25 {continued)

DACRON DYEING FORMULAE

GREY SHALDE

No. 61
4) 0.72% Eastman Fast Blue GLF Benzoice Acid
B) 0.18% Latyl Red B 2120F
¢) 0.11% Celanthrene Fast Yellow GL Cone. 300% - Pr. 534

No. 62
A) 0.80% Sastman Fast Blue GLF Dyeing Assistant #52
B) 0.41% Eastman Fast Red GLF 2120F
C) 0.14% Cibacete Yellow GLN - Pr. 537

No. 63
4) C.5% Artisil Direct Blue GFL
B) 0.19% Artisil Direct Red 3BP Conc. - Pr. 234
€} 0.13% Artisil Direct Yellow RN Conec. 250

No. 64
A) 0.75% Cellitom Fsst Blue DAL Pere Phenyl Phenol
B) 0.08% Celliton Fast Brown 3R4A - Pr. 230 212¢F
C) 0.,06% Celliton Fast Pink RFG - Pr. 370

No. 65
L) 0.44% Nacelan Blue GLF Monochlor Benzene
B) 0.56% Nacelan Yellow 4RLL : 2] 20F
C) 0.25% Nacelan Violet 5RL

No. 66

A) 0.,75% Celliton Fast Blue DAL
B) 0.08% Celliton Fast Browm 3RA - Pr. 230
C) 0.06%4 Celliton Fast Pink RFG - Pr. 370 2500F

No, 67
A) 0.72% Eastman Fast Blue GLF

B) 0.18% Latyl Red B
C) 0.11% Celanthrene Fast Yellow GL Conc. 300% ~ Pr. 534 2500F
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TABLE 35 {continued)
DACRON DYEING FORMULAE
GREY SHADE
No. 68

0.80% Eastman Fast Blus GLF
B) 0.41% Eastman Fast Red GLF

0.14% Cibacete Yellow GLN - Pr. 537 2500F
No. 69

A) 0.75% Celliton Fast Blue DAL

B) 0.10% Celliton Fast Pink RFG - Pr. 370

C) 0.08% Celliton Fast Brown 3RA - Pr. 230 2500F
Ne. 70

A) 0.75% Celliton Fast Blue DAL

B) 0.41% Eastman Fast Red GLF

C) 0.08% Celliton Fest Pink RFG - Pr. 370 250°F
No. 71

A) 0.6% Artisil Direct Blue GFL

B} 0.13% Artisil Direct Yellow RN Conec.

C) 0.12% artisil Direct Red 3 BP Conc. - Pr. 234 2500F
No., 72

A) 0.6% Bastman Fast Blue GLF
B) 0.13% Artisil Direct Yellow RN Conc.

C) 0.12% Artisil Direct Red 3BP Conc. - Pr. 234 2500F
No. 73
A) 0.80% Latyl Blue GE 2500F
B) 0.10% Latyl Red B
C) 0.20% Latyl Violet BN
No. 74
A) 0.,70% Eastman Fast Blue GLF 2500F

B) 0.10% Latyl Red B

G} 0.20% Celanthrene Fast Yellow GL Comc. 300% - Pr, 534
0.05% Latyl Vioclet BN

WADC TR 54-612 64



TABLE 36
ORLON TYPE 41 DYEING FORMULAE

BLUE SHADE
No. &1
A) 4.0% Alizarine Fast Blue CL - Pr, 12
B) 0.6% Acid Orange II YA Conc. - 151 Cuprous Ion
¢) 0.2% Rocceline - 176 250°F
No. 82

4) 7.0% Alizarine Fast Blue RB - Pr. 12
B} 0.50% Fast Red AS Conc. - 176

C) 0.30% Chinoline Yellow Extra Conc. - Pr. 533 Cuprous Ion
D) 0.15% Wool Orange & Conc. = 151 212¢F

No. 83
A) 3.0% Alizarine Supra Blue A-CF - Pr. 12 Cuprous Ion
B) 2.0% Wool Fast Orange GA-CF - 274 212°F
C) 1.0% Alizarine Cyanine Green G-Extra-New CF
D} 0.5% Fast Red ALS C.I. 176

No. 84
A) 3,0% Alizarine Supra Blue A-CF - Pr. 12
B) 1.00% Anthraquinone Violet 3RA C.I. 1080 Cuprous Ion
C) 0.65% Fast Sulphon Black NB Conc. C.I. 304 25008

No. 85
A) 6.5% Anthraquinone Blue SWF Conc. - Pr. 12 150%
B) 0.60% Pontacyl Fast Red AS Extra Conc. - 176 Cuprous Ion
G) 0.30% Quinoline Yellow PN Extra Conc. C.I. 802 2120F

No, 86
A) 1.5% Anthraquinone Blue B - 1054
B) 1.0% Anthraquinone Violet R ~ 1080 Cuprous Ion
¢) 0.75% Pontacyl Navy Blue M4B Conc. 200% -304 2500F

No. 87
4) 4.0% Alizarine Light Blue B C.I. 1054
B; 0.7% Omega Chrome Blue Black RZN C.I. 202 Cuprous Ion
C) 0.5% Xylene Light Yellow R 2120F

No. 88
4) 3.0% Xyleme Milling Blue GL C.I. 833 Cuprous Ion
B) 1.25% Xylene Milling Black 2B Comec. C.I. 304 250°F
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BLUE SHAIE

No., 89

No. 90

No. 107

A)

GREY SHADE

No. 91

A)
B)
c)

No, 92

No. 93

No. 94

TABLE 36 (continued)
ORLON TYPE 41 DYEING FORMULAE

20% Brilliant Indigo 4B Paste Fine C.I. 1184
10% Indanthrene Printing Black BA Suprafix
3% Indanthrene Navy Blue BRP FPaste C.I. 1100

1.5% Anthraquinone Blue B C,I. 1054
0,50% Fast Sulphon Black NB Conc. GC.I. 304
1.00% Anthraquinone Vielet 3RA C.I. 1080

1.75% Pontacyl Navy Blue M4B 200% C.I. 304

0.3% Fast Sulphon Black NB Cone. G.I. 304
0.2% Alizarine Cysnine Green G-Extra New DF - 1078
0.15% Wool Fast Orange GA-CF C.I. 274

0.50% Roracyl Violet 2R C.I. 176
0.36% Anthraquinone Green GN - 1078
0.05% Roracyl Orange R C.I. 176

0.65% Anthraquinone Blue SWF - Pr. 12 Conc. 150%
0.175% Pontacyl Fast Red AS Conc. C.I. 176
0.10% Quinoline Yellow PN Extra Cone, C.I. 802

0.77% Anthragquinone Green GN C.I. 1078
0.45% Roracyl Violet 2R C.I. 176
0.10% Roracyl Orange R C.I. 176

WADG TR 54-612 66

Vat

Cuprous
212°F

Cuprous

Cuprous
2120F

Cuprous
250°F

Cuprous
2120F

Cuprous
212°F

Ion

Ion 2500F

Ion

Ion

Ion

Ion



TABLE 36 (continued)
ORLON TYPE 41 DYEING FORMULAE

GREY SHADE

No.

No.

No.

Neo.

No.

No.

No.

No,

A) 0.37% Alizarine Fast Grey BLN-New CF - Pr. 206
B) 0.15% Anthrsquinone Violet 3RA C.I. 1080
C) 0.05% Alizarine Supra Blue A-CF - Pr. 12

4) 0.6% Alizarine Fast Blue CL -~ Pr. 12
B) 0.15% Rocceline C.I. 176
C) 0.10% Chinoline Yellow Conc. C.I. 801

A) 0,75% Colliton Fast Black BTNA

A) 0.54% Alizarine Fast Blue RB - Pr. 12
B) 0.38% Alizarine Violet NRR

C) 0.21% Wool Orange 4 Conc.

D) 0,15% Chinoline Yellow Extra Conc.

A) 0.62% Alizarine Fast Blue RB - Pr. 12
B) 0.48% Fast Acid Brown RG - Pr. 562

100

4) 0.7% Alizarine Light Grey RLL

B) 0.32% Lansyn Green BL

C) 0.04% Xylene Light Yellow R

101

A) 0,35% Alizarine Light Blue B C,I. 1054

B) 0.09% Brilliant Sulphon Red B

C) 0.07% Xylene Light Yellow R

102

A) 2.0% Brilliant Indigo 4B Paste Fine C.I, 1184

B) 1.0% Indanthrene Printing Black BL Suprafix
€) 0.5% Indanthrens Navy Blue BRP Paste C.I, 1100
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TABLE 36 (continued)
ORLON TYFE 41 DYEING FORMULAE
GREY SHADE
No. 103
4) 2.0% Brilliant Indigo 4B Paste Fine C.I. 1184 Vat

B) 1.0% Indanthrene Direct Black RBA Paste - Pr. 289
C) 0.5% Indanthrene Navy Blue BRP Paste C.I. 1100

No. 104

A) 0.75% Alizarine Fast Grey BLN New CF - Pr. 206 Cuprous Ion 250°F
No. 105

A) 0.60% Alizarine Fast Grey BLN New CF - Pr. 206 Cuprous Ion

B) 0.20% Anthraquinone Violet 3RA C.I. 1080 2500F
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TABLE 37
DYNEL DYEING FORMULAE
EBLUE SHADE
No. 111
A) 6.2% Eastman Blue GLF
B) 1.3% Cibacete Red 3B - Pr. 234
C) 1l.0% Cibacete Yellow GLN - Pr. 537
No. 112
A} 5.5% Celliton Blue BGF Extra - Pr. 538
B) 3.5% Cellitou Fast Pink #FD - Pr. 370
C) 0.4% Celliton Fast Yellow GA-CF - Pr. 2j2
No. 113
A) 7T7.0% Milling Navy Blue 4B - 304
B) L4.0% Woo. Fast Biue BL C.1I. 833
C) 1.0% Milling Black B - 304
No. 114
A) 6.C Anthraguinone Blue SWF - Pr. 12
Conc. 150%
B) 1.Uy% Acetamine Scarlet E - Pr. 244
C) 0.6% Acetamine Yellow N
No. 115
A) 2.6% Xylene Milling Blue GL C.I. 833
B} 1.1% Eastman Fast Yellow y{+LF
C) 0.9% Eastone Faat Red GLF
D) 0.8% Eastman Fast Blue GLF
No, 116
A) 5.0% Xylene NMilling Bilue GL C.i. 833
B) 2.0% Eastman Fast Yellow 4RLF
C) 1.85% Eastone Fest Red GLF
No. 117
A) 3.0% Eastoman Fast Elue GLF
B) 2.,0% Alizarine Supra Blue A - Pr, 12

C) 0.75% Celliton Fast Yellow 3HLL
D) 0.50% Fast Ked ALS C.I. 176
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TABLE 37 (continued)
DYNEL DYEING FORMULAE
GREY SHADE
No. 118
A) 0.87% Celliton Fast Blue BGF
B) 0.55% Celliton Fast Pink RFD - Pr. 370
C) 0.167% Ceiliton Fast Yellow GA-CF - Pr. 242
No. 119
A) 0.85% Eestman Fast Blue GLF
B) 0.27% Cibacete Yellow GLN - Pr. 537
C) 0.26% Eastone Fast Red GLF
Ne. 120
A) 0.65% Anthraquinone Blue SWF Conc. 150% - Pr. 12
B) 0.15% Acetamine Scerlet B - Pr. 244
C) 0.10% Acetamine Yellow N
No. 121
A) 0.6% Capracyl Brown RD
B) +15% Eastman Fast Blue &F

¢
0
C) 0.10% Eastman Fast Yellow LRLF
0.1C% Vialon Fast Red B

A) 0.68% Cepracyl Brown RD
B) 0.62% Eastwan Fast Blue GLF
C) 0.12% Eastone Fast Red GLF

No. 123
A) 3.0% Alizarine Light Grey 2BLW - Pr. 206
B) 0.1% Alizarine Vioclet R C.I. 1080
C) 0.06% Fast Acid Brown RG - Pr, 562
No, 124
A) 0.807 Eastman Fast Elue GLF

B) 0.,70% Necelan Yellow 4RLL
C) 0.36% Necelan Violet 5RL
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TAELE 38

ACRILAN DYEING FORMULAE

ELUE SHADE

No. 131
A) 6.0% Alizarine Fast Blue RB - Pr. 1
B) 1.00% Alizarine Violet NRR
C) 0.85% Fast Acid Brown RG - Pr. 562

No. 132
A) 2.35% Sulphon Cysnine SRA-CF-Pr. 289
B) 0.65% Alizsrine Cyanine Green G - Extra

New CF C.I. 1078
No. 133

A) 3.5% Pontecyl Navy Blue MB Conc. 200%

B) 1.0% Anthraguinone Blue SWF Come. 150% - Pr. 12

No. 141

A) 20% Brilliant Indigo 4B Paste Fine C.I. 1184

B) 10% Indanthrene Printing Black BEL Suprafix

C) 3% Indanthrene Navy Blue ERP Paste C.I. 1100

GREY SHADE
No. 134
A) 2.0% Algosol Grey 1EL - Pr, 295
No. 135

A) 2,0% Neutral Grey L - Pr. 206
B) 0.03% Crocein Scarlet N - 252

No. 136
A) 1.13% Alizarine Light Grey 2ELW - Pr. 206
B) 0,26% Alizarine Violet NRR
C) 0.125% Fest Acid Brown RG - Pr. 562

No. 137

A) 0.90% Cibalan Grey EL
B) 0.05% Cibalan Yellow GRL
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TABLE 38 (continued)

ACRILAN DYEING FORMULAE

GREY SHADE
No. 138

4) 2.5% Algosol Grey IBL - Pr. 295 Sol. Vat
B) 0.3% Algosol Grey IHL

No. 139
A) 1.5% Indanthrene Direct Black RBA Paste - Pr. 289 Vat

B) 1.0% Brillient Indigo 4B Paste Fine C.I. 1184
C) 0.3% Indanthrene Navy Blue BRP Paste C.I. 1100
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TABLE 39

ORLON TYPE 42 DYEING FORMULAE
(Cuprous Ion Dyeing at 250°F)

BLUE SHADE

Ne.

No.

No.

No.

No.

No.

No.

No.

150

4) 3.0% Xylene Milling Bilue GL C.I. 833
B) 1.25% Xylene Milling Black 2B Conc. C.I. 304

151

A) 1.5% Alizarine Supra Blue ACF - Pr. 12

B) 0.9% Fast Sulphon Black NB Conc. GC.I. 304
C) 1.2% Anthraquinone Violet 3RA C.I. 1080
152

A) 2.50% Anthraquinone Blue SKY C.I. 1083
B) 0.70% Pontacyl Fast Red AS Extra Conc. C.I. 176

153

A) 1.0% Anthraquinone Violet 3RA C.I. 1080
B) 0.5% Anthraquinone Blue B C.I. 1054
C) 0.75% Pontacyl Navy Blue M(B C.I. 304

154

A) 3.,0% Alizarine Faét Blue CL - Pr. 12
B) 0,75% Acid Orange II YA Cone. C.I, 151
C) 0.40% Rocceline C.I, 176

155

A) 0.65% Fast Sulphon Black NB Conc. C.I. 304
B) 1.00% Anthraquinone Blue SWF Conc. 150% - Pr. 12
C) 0.30% Quinoline Yellow PN Extra Comc. C.I. 802

160

A) 0.30% Quinoline Yellow PN Extra Conc. C.I. 802
B) 0.60% Pontacyl Fast Red AS Extra Conc. C.I. 176
C¢) 3.004 Anthraquinone Blue SKY C.I. 1088

161

A) 1.80% Pontacyl Navy Blue M{B C.I, 304
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TABLE 39 (continued)

ORLON TYPE 42 DYEING FORMULAE
(Cuprous Ion Dyeing at 250°F)

ELUE SHADE
No. 162
A) 1.50% Anthraguinone Blue B C.I. 1054
B) 1.00% Anthraquinone Violet 3RA C.I. 1080
C) 0.50% Fast Sulphon Black NB Cone. C.I. 304
No. 163
A) 0.7% Omega Chrome Blue Black RZN C.I. 202
B) 0.5% Xylene Light Yellow R
C) 3.50% Alizarine Light Blue B C.I. 1054
No. 164
4) 4.00% Anthraguinone Blue SWF Conc. 150% - Pr, 12
B) 0.50% Pontacyl Fast Red AS Extra Conc. C.I. 176
C) 0.25% Quinoline Yellow PN Extra Cone. C.I. 802
No. 165
A) 3.00% Alizarine Light Blue B C.I. 1054
B) 0.50% Omega Chrome Blue Black RZN C.I. 202
C) 0.30% Lylene Light Yellow R
No. 166

4) 1.50% Pontacyl Nevy Blue MjB C.I. 304
B) 0.75% Anthraquinone Blue B C.I. 1054

GREY SHADE
Ne. 170
A) 1.00% Alizarine Light Grey RLL
B) 0.16% Lanayn Green HL
C) 0.02% Lylene Light Yellow R
No. 172
A) 0.50% Alizarine Fast Grey ELN New CF - Pr. 206

B) 0.05% dnthraquinone Violet 3RA C.I. 1080
C) 0.07% Alizarine Supra Blue A-CF - Pr. 12
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TABLE 39 (continued)

ORLON TYPE 42 DYEING FORMULAE
(Cuprous Ion Dyeing at 250°F)

GREY SHADE

No. 172
A) 0.45% Alizarine Light Blue B C.I. 1054
B) 0.09% Briiliant Sulphon Red B
C) 0.07% Xylene Light Yellow R

No. 173
A) 0.30% Fast Sulphon Black NB Conc. C.I. 304
B) 0.25% Alizerine Cyanine Green G Extra New C.F. C.I. 107¢
C) 0.25% Wool Fast Orange GA-CF C.I. 274

No. 174

A) 0.65% Alizarine Fast Grey BLN New CF - Pr. 206
B) 0.18% Anthraquinone Violet 3RA C.I. 1080

No. 175
A) 0.85% Alizarine Fast Grey ELN New CF - Pr. 206
No. 176

4) 0.60% Alizarine Pest Blue RB - Pr. 12
B) 0.45% Fast Acid Brown RG - Pr. 562

No. 177
A) 0.60% Alizarine Fast Blue CL - Pr. 12
B) 0.15% Rocceline C.I. 176
¢) 0.10% Chinoline Yellow Conc. C.I. 801
No. 178
A) 0.60% Anthraguinone Blue SKY C.I. 1088

B) 0.15% Pontacyl Fast Red AS Comc. C.I. 176
¢) 0.10% Quinoline Yellow PN Extra Comc. C.I. 802
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TAELE 40
EXPERIMENTAL DYEING PROCEDURES

11-Off Procedure for All Fibers

Before dyeing, the producer finish of the synthetic fibers was removed
by the following treatment:

Bath ratic 40:l
0.1% solution of Triton X-100
0.1% solution of tetra sodium pyrophosphate

The fibers were entered into the cold solution, the temperature was raised
to 180°F, and the boil-off was contimued for 20 minutes at this temperature.
The bath was then dropped and the fibers were rinsed with warm water until
free of detergent.

Scour of Dyved Fjiber

All fibers were ascoured after dyeing to remove all uncorbined dye and
all residual dyeing assistants,

Bath ratio 40:1
0.1% solution of Triton X-100
0.1% solution of sodium carbonate

The fibers were treated in this solution for 20 minutes at 180CF. The bath
was then dropped and the fibers were rinsed with warm water until free of
detergent.

Yat Dyeing of Viscose Rayon

The selected percentage of each dye was pasted with 5 ml of a 5 &fliter
of Igepon T Gel and then diluted with water to a bath raetio of 30:l.

The scoured fibers were entered into this cold solution. The temperature
of the solution was raised to 130°F and the bpigment dispersion treatment was
continued at this temperature for 20 minutes. At that time the fibers were
1lifted from the $olution and the following amounts of caustic soda and sodiwm
hydrosulfite were added,

1/2 to 1 oz/gal. sodium hydroxide
1/2 to 1 oz/gal sodium hydrosulfite

The fibers were re-entered into the 3olution and worked for 30 minutes at
130°F. At the end of this time the dyebath was drained, the fibers were
rinsed with cold water and then oxidized with a 1% solution of sodium per-
borate for 15 minutes. Rinsing and scouring completed the dyeing procedure.
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TABLE 40 (continued)
EXPERIMENTAL DYEING PROCEDURES

Dyeinis Nylon with Chrome Dyes

Bath ratioc 30:1
Selected & of Dye
2% NHaAc

The fibers were entered into the asbove solution cold, the temperature
was slowly raisesd to the bolil, and bolling was continued for 30 minutes.
At that time 1% of acetic acid (56%) was added and dyeing carried out for
an additional 30 minutes at the boil. The fibers were rinsed before
chroming for 30 minutes at the boil in 2 fresh bath of 2% N320r207 and
2% formic acid. Rinsing and scouring completed the dyeing proceass.

Dyeing Nylon with Acid Dyes

Bath ratio 30:1
Selected % of Dye
1% NHI_"AC

Dyeing was started cold, then slowly raised to the boil and boiled for
1-1/2 houra. One per cent of acetic acld (56%) was added after 30 minutes
of boiling and an additional 1 or 2% was added after 1 hour of boiling.
‘he fibers were rinsed and scoured to complete the process.

Dyeing Nylon with Metallized Acid Dyes

Bath ratio 30:1
Selected Z of Dye
2% NapHPO),

The dyeing in the sbove sclution was started cold, the temperature was
slowly raised to the boil and boiling was continued for 1-1/2 hours. A
one per cent addition of acetic acid (56%) was made after 20 minutes and
a 2% acdition wes made after 40 minutes boiling. Dyeing was completed by
e rinse and a scour.

Dyeing Nylon with Neutral Dyeing Metallized Dyes

Bath ratio 30:l
Selected ¥ of Dye
2-3% NHI‘_AC

The fibers were entered into the cold solution, the temperature was raised
to & boil and boiling was continued for 1-1/2 hours. One per cemt of acetic
acid was added after 30 minutes of boiling and a second addition of 1% acetic

acid was made after one hour of boiling. The dyeing process was completed
with a rinse and a scour.
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TABLE 40 (continued)

EXPERIMENTAL DYEING PROCEDURES

Carrier Dyelng of Dacron with Acetate Dyes

Bath ratio 30:l
Selected Z of acetate dyes
Selected % of Swelling Agent

The fibers were treated cold with the swelling agent in s 20:1 ratioc bath
for 20 minutes. The dyes were pasted with 5 ml of a § g/liter gsolution
of Igepon T Gel, then diluted with water to a bath of 10 to 1 ratio. This
solution of dye was added to the bath of swelling sgent and fibers. The
texperature was raised to the boiling point and the dyeing was continued
for 1-1/2 hours at the boil. After the above, the fibers were rinsed and
scoured to remove swelling agent and unfixed dye.

PFressure Dyeing of Dacron with Acetate Dyes

Bath ratio 30:1
Selected % of acetate dyes

The dyes were pasted with 5 ml of & 5 g/liter solution of Triton X-100, then
diluted with the required volume of water to a bath ratio of 30:1. The
fibers were immersed in the cold dyebath, the bath was reised to the boil
and bolling was continued for 15 minutes., At the end of this tine, the
dyeing vessel was placed on the raised platform inside a pressure coocker
which contained a quantity of preheated water sufficient to reach the bottom
of the dye vessel. Melting and tarring of the acetate dyes was prevented

by this errangement because the metallic bottom of the dye vessel could not
become excessively heated. The pressure cooker was now closed and hested
slowly so that a 250°F temperature was reached after 15 minutes, Dyeing

was continued at 250°F for 45 minutes. After this time, the Pressure was
released slowly and the dyed fibers were removed. The proceas was completed
by rinsing and scouring.

Carrier Dyeing of Dacron upder Pressure

This method is a combination of the carrier and pressure dyeing techniques.
The treatment was identical with the carrier technique, explained above, until
the boiling point was reached. In this method dyeing at the boil was carried
out for 30 minutes after which the dyeing was placed in a pressure cooker
and treated as a pressure dyeing. The temperature, however, was maintained
at 250°F for only twenty minutes.

Dyeing of Orlon by the Cuprous Jon Technigﬁe with Swelling Agents

Bath ratio 30:1

Selected percentage of acid dyes

5 to 10% of CusQy

2 to 4% of Hydroxyl ammonium sulfate
Selected % of Swelling Agent
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TABLE 40 (continued)
EXPERIMENTAL DYEING PROCEDURES

The fibers were firat treated cold with the aswelling agent in 2/3 the final
volume of solution. The fibers were removed, the copper sulfate and hydroxyl
amuonium sulfate were added, the solution was brought to volume, the pH was
ad justed to 3.0 with NaOH and the fibers were now re-entered into the dye-
bath. The temperature was slowly raised to the boil and boiling continued
for 1-1/2 hours. Dyeing was completed by rinsing and scouring the fibers.

Pressure Dyeing Orlon by the Cuprous Jon Technique

Bath ratio 30:1
Selected % of acid dyes
2 to 5% CusSQ

1/2 to 1-1/2% NaHS0g
0.5%Z NaNOo

The fibers were entered into the cold solution, the temperature was raised
to the boil, When the boiling point was reached, the dye vessel was im-
mersed in the pressure cooker and the temperature was raised to 2509F over
a 20 minute period. Dyeing was continued for 45 minutes at 2500F, The
fibers were rinsed end scoured to complete the dyeing process.

Dyeing of Dynel with Acetate Dyes

Bath ratio 30:1
Selected % of acetaie dyes

The dyes were pasted with 5 ml of a § g/liter solution of Igepon T Gel end
diluted with water to the required volume. The fibers were irmersed in the
cold bath end the temperature was raised to the boil. After volling 3/4

of an hour, 50% NaCl was added and boiling was continued for an additional
3/L of an hour. The fibers were then rinsed and scoured. Relustering of
the fibers was carried out by heating the dried fibers at 2500F for 15
minutes. When dyeing the blue shades, 1-1/2% of p-phenylphenol was added
to the bath at the start of the dyeing.

Dyeipg D th rous Ion Technique

Bath ratioc 30:1

Selected Z of acid dyes

1-1/2% p-phenylphenol with blue shades
1 to 5% Cusoy

1/2 to 2-1/2% hydroxylemmonium sulfate
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TABLE 40 (continued)

EXPERIMENTAL DYEING PROCEDURES

The fibers were first treated for 15 minutes with copper sulfate, hydro-
xylammonium sulfate, and p-phenylphenol (blue shades) dissclved in the
required volume. The dyes were then added and the solution was raised to
the boil. Dyeing st the boil was continued for 1-1/2 hours. The fibers
were rinsed with water, acoured, dried, and relustered by heating in hot
gir at 250°F for 15 minutes.

Dyeipng Dynel with Combination of Acetete and Cuprous Ion Dyes

Bath ratio 301l

Selected % of acetate

Selected Z of aclid dyes

1 to 5% CuSQy,

1/4 to 1-1/2% modium hydrosulfite
1-1/2% p-phenylphenol (with blue shades)

The fibers were immersed in a 2/3 volume solution of p-phenylphencl at

150°F for 15 minutes. The dyes were then added to this solution, the
temperature was raised to the boil, and dyeing was continued for 30 minutes.
Forty per cent NapS0)y was added and dyeing was run 15 minutes. At this

time the copper sulfate and sodium hydrosulfite, dissclved in the remsining
1/3 volume of water, were allowed to drip slowly into the dyebath over a
thirty minute period. The bath was kept boiling during this time and during
an additicnal half hour after the last of the reducing scluticn was added.
The dyed fibers were then rinsed, scoured, and heat relustered.

Dyeing of Acrilan

Acrilan was dyed with acid and metallized dyes using between 5 and 10%
H;304 at the boil to exhaust the dye.

Bath 30:1
Selected % of dyes
5 to 10% HpSQy

Fibers were inmersed in the cold solution of the dyes. The temperature was
reised until hoiling occurred and hoiling was continued for 1 hour. The
fibers were then rinsed and scoured.
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APPENDIX
SPECTROPHOTOMETRY AND COLORIMETHY*

In the work associated with this report wide use has been made of
aspectrophotometry and colorimetry both in the development of dyestuff
formilations and in the control of fabriec manufacture. In this appendix,
a brief discussion of the theoretical basis for that work is presented.

SPECTROPHOTONETRY

In its simplest form a spectrophotometer is a device for anaelyzing
the quantity of light a semple reflects or transmits as a function of wave-
length relative to a stendard (usually MgO). This is accomplished by
splitting white light into a apectrum and then illuminating the sample and
standard with successive nerrow portions of this spectrum., Although the
intensity difference which results due to the difference in sbsorbing power
may be evaluated visually, this is quite tediocus and subject to many errors.
Today it is most frequently done by means of photoelectric cells and the
result recorded sutocmsticelly in a few minutes.

The result of such an operation is a plot of reflectance ve wavelength.
By use of apecial cams it is also possible to plot a function of wavelength
which will be proportional to the concentration of dye on the fiber. The
most commonly used is the Kubelka~Munk function, i.e. 1-R2. By plotting
2R

instead the logarithm of this functicn we cobtain a graph in which the curve
shape is independent of concentration (1).

In practice, plots such as those described sbove are used most fre-
quently for shade watching, dye strength measurements, and trouble shooting.
Since this report is concerned only with dyestuff formlation and shede
matching, it will not be necessary to discuss cther applicaticns. 1In
principle the technique is simple and proceeds as follows:

1. The standard to be matched is measured by means of a
spectrophotometer with the special *R" cam attached.

2. A careful study of the resulting curve is mede with the

intenticn of selecting dyestuffs which will, in combinetion,
closely approximate the standard curve.

* This discussion is based in part on a paper presented to the
Textile Federstion of Carada by Holand E. Derby, Jr.
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AFPPENDIX (continued)

3. A *match" is then comstructed by combining graphical
solutions of the appropriaste equations with prepared
curves of the selected dyes at known concentrations.
If such curves are not available, they mast be con-
structed from experimental dyeings. This "curve® or
Physical match is of utmost importance in assuring
trouble-free matching problems which may occur at a
later date.

4. If a combination can be found which posseases the
desired preperties plus matching the curve, the problem
is solved.

In a case where one desired to optirize all properties of the formula-
tion, compromises must be tolerated; however, a match under two or more
illuminants is desirable. It should be emphasized that this is a compromise
situation and at the earliest posaible atage the cld standard should be
discarded and the new foruumlatiocn established as the standard.

In the case of matches made by blending primaries of proper shade, a
different procedure must be employed. The reascn for this is that the laws
governing blends are different from those affecting solid shades. Although
certain semi-empirical additive relations are known which are of utility
in such problema, their use is not as clear cut as the preceding soiid shade
problem.

The general procedure involved in initial formulaticn is as follows:

1. On the basis of colorimetry, one selects certain possible
primeries.

2. 4 trial calculation is then made using these primaries by
means of the Stearns-Noechel additive function (2).

3. The agreement with curve shape match is then examined and
necessary changes in the dyestuff formulaticns of the pri-
maries or the blend are undertaken.

4. In selecting the primaries it is desirable to employ the
minimun number compatible with attaining the desired
"heatheriness”.

5. The primaries should be so located on a chromaticity diagram
that the standard is quite centrally located with reaspect
to the primaries. In other words, the standsrd blend should
fall roughly at the geometric center of the figure formed by
joining all the primeries by straight lines in such a manmer
that each primary is joined directly only to adjacent primaries.
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APPENDIX (eontinued)

In order to underatand better the references to chromatieity, eslor
coordinstes, etc., made above, it is desirasble to dizcuss briefly the
physical concepts involved and at the same time to include s discugsion
of color tolerance specification.

COLORIMETRY

It hes been demonstrated by thousands of experiments that it is pos-
sible to represent adequately the color of a textile material iz s given
illuminant b; three numbers. These numbers are called tristimilus values
and are designated X, Y, 2. For en authoritative eccount of the historiesl
development opne should consult “The Science of Color* by The Committee on
Colorimetry of The Optical Society of America,

In order to determine the tristimulus values of a given object color,
the following data are necessary:

1. The refiectance (or transmittance)} of the material as a
function of wavelength throughout the visible spectrum
(400-7¢0 millimicrons).

2. The energy distribution of the illuminent being ccnsidered
(i.e., daylight, tuncaten light, ete.) presented as a funetion
of wavelength over the /00-700 millimieron range,

3. The basic color-matching characteristies of an aversge ob-
server over the visible range of wavelengths.

The besic data for Item 1 inay be readily obtained by means of a speciréd-
photometer. The necessary information regarding the energy distribution,
Item 2, has been experimentslly determined by spectroradiometry for average
daylight (Illuminant C) and tungsten light (Illuminent A). These resulte
have been made definitive by the C.I.E. (International Commission on
Illumination).

Lastly, the ability of the &verage observer to discriminsts betveen near
color matches is represented by fundamental dets determined by careful ex-
Periments. The results are repregented by three curves called by tristimulus
functicns X, ¥, Z. The significance of these curves is perhaps best under-
stood by noting that at any civen wavelength the value of the function re-
presents the amount of a given primary necessary to mateh a spectrum color
of that wavelength., In other woras, if one additively mixed the CIE
primaries in the proportions indicated at a particular wavelength, the average
obgerver would consider the mixture to be a metch for the spectium color.

It should be noted that the selection of primaries is not unique, since the
resulting specification besed on one set can be transformed into that based
on another mathematicelly, provided the relationship of one set of primaries
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APPENDTX (continued)

to the other is known. It is also important to realize that the data specify
an averaze of several observers and thus cen be considsred more representative
than & single observer,

In order to calculate the tristimulus values X, Y, Z, one must obtain
the product of these functions over the viasible region. Such a process may
be performed by integration, where the tristimulus values are:

700

x = JEQURQUE)) /A

400

700 -
To= QRN SR

400
700

z = IEQ)R%);(A)/A

400

Since the products (E . x), (E . y), and (E . 2z) are constant, it is
only necessary to evaluate R (the reflectance). As previously noted, this
information is readily obtained by spectrophotometry. In this project all
integrations were performed mechanically, the appropriate integrals being
evalueted as rapidly as the General blectric Spectrophotometer determines
the reflectance of the sample, i.e., approximately 2-1/2 minutes per sample.

In most cases it is more convenient to plot "eclor coordinates® ob-
tained from the following relaetions:

xXx = = X
X4+ Y4+ 3

Yy = = Y
X+Y + 2

note: z = 1 - (x+ y)

The primaries of the CIE system were originally chosen so that Y (in
appropriate units) indicates the photometric reflectance (designated as
the apparent luminous reflectance). Thus it is usually considered that
X, Y indicated chrometicity, nemely hue and saturation of a given sample,
while Y indicates its lightneass. In conventional plotting technigues x,
¥, and Y are plotted in rectangular coordinates.
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APPENDIX (continued)

In this brief discussion it is impossible to justify the technique or
the data. Perhaps the best justificatiocn is that in over twenty years,
thousands of ceolor calculaticns based on this system have Tevealed few
significant deviations between visual experience and properly msasured
results.

GRAFHICAL REPRESENTATION OF COLCR

The conventional method of plotting color was outlined in the previous
section, that is, in a rectangular coordinate system. Such a plot is called
a *chromaticity diagram".

A most important development in the utility of the coloricetric method
occurred when a plot was deviged wherein the standard always appeared at the
origin of the coordinate system regardless of the absoclute position in color
space. Al]l samples are then plotted by their difference from the standard.
This procedure was originally implied in a paper by MacAdam (3) and has been
recently utilized extensively in publicaticns by H. R. Davidson {(4).

It has proven of value considerably beyond the criginal reasons for its
development. Let us consider its role in the generalized problem of color
contrel with reference to a specific standard color.

First, a suitable standerd in the form of a swatch of material is agreed
upcon by those concerned. The colorimetric specification of the raterial is
then determined with ¢reat care in the manner previously cutlined. It is
very important at this stage to assure adequate calibraticn of the spectro-
photometer according to procedures recormended by the Netional Bureau of
Standards. The automatic integretor should also be carefully calibrated
at the same tire. Several measurements (at least 2) should be made on the
standard in order to specify .the precigion of meesurement. If sufficient
material is availeble, the standard is then divided in helf, cne half tecoming
s master standerd and the otber a working standara.

A chart is next prepared as shown in Figurel2. In this figure it will be
noted that the standard (S) appears at the origin. d x and A y, the dif-
ferences in ceclor coordinates tetween the standard and any sample are plotted
on the abscissa and ordinate respectively. This procedure tends to minipigze
the periodic or rendom instrumental veriations (of a minor nature) which may
enter into an exact specification of a given sample. The points Py, Pp, Pq
and P refer to particular samples messured and plotted as described. The
lightness difference A Y is shown in parenthesis beside the appropriate point.

In Figurel? an "acceptability® ellipse has been drawn sbout the standard.
The retic of the major and minor axis of this ellipse may be readily deter-
mined from data published by MacAdam (3). The dinmensions of the ellipse in
terms of the scale units being used are best determined experimentally; con-
siderable veriation being encountered depending on the type of materisl being
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APPENDIX (continued)

considered and the purpose for whick it is intended. However, an sellipse
which is 2.5 times the unit ellipse specifiead by the velues given by MacAdam
has been found tc be satisfactory for this project. Lighter shades will
require smealler nultipliers and darker shades somewhat larger ones.

There are several waya of representing the A Y toleresnce. For general
control work a method of ccnsiderable utility is derived from the familiar
contour terrain mep. In this method a chart is prepared exasctly as in Figure
12 with the exception thet it is composed soclely of a series of concentric
ellipses inside the one shown. Each ellipse represents a line of constant
A Y tolerance. This would be & meximum (ecorresponding to the top of the
hill) when 4§ x and A y = 0, and zero when the point falls on the edge of
the ellipse (the one representing chromaticity tolerance). This is prepared
on transparent paper, and it is merely necessary to place this over the chart
shown in Figure 12 and note whether the point has too great a A Y for the
particular chromaeticity involved. For example, see point Pq in the diagram
where the value (+ 10) indicates it is too light. Point P2, while adequate
for depth, is "off shade", falling outside the ellipse. It should be pointed
out that in certain cases the lightness tolerance on the heavy side will not
be equal numerically to that on the light side (as indeed it should not be
due to the Weber-Fechner relation, wherein /A Y/y = constant). This fact
necegsitates having two transperent charts, one for dark samples and another
for 1ight. It is also possible to preseant contours in different colors or
even more simply a different color mey be used in printing in the value
agsigned to the particular contour,

In Figurel? it will be noted that designstions such as redder, bluer,
etc., have been shown by arrows. This is not a general scheme, for the par-
ticular designation depends on the shade being ccmsidered. However, such a
chart can be easily prepared, for example, by reference to a bock of Munsell
colors and their basic colorimetric data (5).

A special plot devised by Davidson & Hanlon (6) is sometimes useful. In
this case & new chart ig prepared in which the x axis consists of units ob-
tained by dividing the distance to any peint (say Pp in Figurel2) by the
distance to the edge of the tolerance ellipse along the line joining the
standard to the piece (i.e., P2). On this scale (1) represents a tolerance
when there is no lightness difference (/A Y). The Y value for the sample
is then plotted on the y axis. Under these conditions the A Y scale may be
adjusted so that a circle results in which 1 unit (along the y axis) at zero
chromaticity is equivalent to 1 unit (along the x axis) at zero lightness
difference. Such g plot hes the decided advantage that linear distances
are direetly equal to cclor differences. However, a somewhat empirical
calibration must be mede for each shade. This technigue should prove most
useful in cases where conditions are fixed and a large number of coler dif-
ferences are to be evaluated.
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APPENDIX (contimmed)

By plotting samples at various steges of production, it is possible to
eatablish the "averaye" change which a piece underioes in finishing. Thus,
it is possible to predict where (on the chromaticity plot) future samples
must fall in order that on the average a piece matching the standard will

result.

FADING TEST EVALUATION

Since a considerable number of lightfastness test results have been
published during the course of this project, a brief discussion of the pro-
cedure used would seem to be in order. The following outline indicates the
procedure:

1.

2.

5.

The unexposed area and exposed area are measured (two measure-
ments on each area).

The color difference between areas is determined by a suitable
formula. At present this is the Adams-Nickerson formula;
complete details for its use being given in the Dyestuff
Reporter (7).

The chromaticity and lightness of the two areas are plotted
on a chart in the manner described earlier. These points are
connected by a line.

A Munsell Conatant Hue Line is drawn on the chart (5).

Steps 1 through 3 are carried ocut for the standard and sll
samples.

) In order to clerify certain points regarding these charts, the following
points should be noted:

1.

In evaluating light tests a sharp line exists between faded and
wnfaded sections. It has been recognized for many years that
this causes difficulty in attempting to empley coleor difference
formulae which were developed for general conditions of sample
comparison, i.e., two swatches. It is therefore important to
consider carefully the data and the nature of the varistions in
using equations of the Adam's type.

Generally, if a sample fades parallel to a Munsell Constant-Hue
Line over a short distance it will be more desirable than one
which does not (if both show "egual" color differences). At
any rate the degree of non-parallelism should not be greater
than the standard.
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APPENDIX (continued)

3. 1If a change of formulation should be made, it is readily
epparent by a drastic change of slope.

4. Due to the fact that there is a tolerance around the
standard (i.e., the ellipse shown), it is frequently
possible that a dyeing may exhibit inferior or better
fagstness than the standard, even though both are dyed
with the same formuletion. In other words, & plece may
fall within the ellipse and be acceptable. However, on
fading, this piece may fade off tone due to the slight
unbalance of colors, That is, it may move more obliquely
te the Mansell Constant-Hue Line or a greater distance.
This is the danger of edding so-called *shading colors*®.

The method cutlined is useful as a quality control procedure. For
example, if it is apecified that the sample must show less fading than a
standard, then routine sampling of current production may be tested by the
criteria of a smeller color difference and equal or betfer parallelism.

If atandards and f%olerances were set up on this basis, particularly in

referee cases, most diacussion apd argument could be avoided. That this bhas
been done only rarely is & matter of some concern.
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