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GEORGIA INSTITUTE <:>F TECHNOLOGY 

Headquarters 

ENGINEERING EXPERIMENT STATION 

ATLANTA. GEORGIA 

August 11, 1961 

Aer·onau tical Systems Divis ion 
Air Research and ·' Development Command 
Wright-Patterson Air Force Base 
Ohio 

Attention: ASRCEE-2 

(?. 

Subject: Monthly Letter Report No. 4, Project No. A-549 
"Development of Shade Standard and Balanced Shade 
Tolerances," Contract No . . AF 33(616)-7907 
Covering the Period from July 1 to July 31, 1961 

Gentlemen: 

This letter report is submitted in lieu of the Draft 

Summary Report originally intended at this time. A no-cost 

extension on this contract was authorized due to equipment 

malfunction and efforts have been redoubled to enable com-

pletion of the work and pre para tic:.>n of the Draft Summary 

Technical Report now scheduled for 31 August. 

A summary of work done durint?; this period is as follows: 

I. Dyeing of Cloth 

A mill scale dyeing using a typical pad-steam range at 

Lowell Bleachery was made. A sample of this dyed material 

was forwarded along with proposed tolerance standards (pre-

pared by laboratory-scale pad-steam dyeing process) with a 

letter dated July 19. On examination by ASD the mill-dyed 

sample was found to be unsuitable in shade--too thin and 

green--necessitating reprocessing to correct the shade. 

PATeNT .. i.~ . .Z..Vl~-~; BY .... ~ 
v~ /l~A 
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It appears that (1) translation of laboratory-scale dye 

formulation for use on a conunercia.l pad-steam range is sub-

ject to unanticipated variables, {2) the variation in hue 

occasioned by finishing treatments have placed severe obsta-

cles in our efforts to produce a satisfactory shade standard, 

and (3) these unanticipated circu1~tances render many of the 

laboratory dyeings, intended for use as tolerance standards, 

of uncertain utility. 

Three different formulations were developed in laboratory 

pad-steam dyeings to produce an approximation of the standard 

swatch provided by ASD: 

1. 

2. 

3. 

Per cent dye in Pad Liquor Represented by Swatch No. 

3.5 Vat Black 9 
1.6 Vat Blue 16 
1.5 Vat Blue 20 

3.0 Vat Black 13 
2.3 Vat Blue 16 

(CI 65230) 
(CI 71200) Dble Paste 
(CI 59800) 

Dble Paste 
(CI 71200) Dble Paste 

1.89 Carbanthrene Brilliant Violet 4B 

3.0 Vat Black 13 Dble Paste 
1.5 Vat Blue 16 Dble Paste 
1.5 Vat Blue 20 

27, 29 

41 

43 

Dye formulations for laboratory dyeings were developed 

by empirical means. Visual appraisal of resultant dyeings 

was used to adjuSt formulations to arrive at an approximation 

of the desired shade. A tabulation of the experimental dye 

formulations, each used in pad-steam dye applications, is 

shown in Table I. Swatches of eaeh of these dyeings, cor-

respondingly numbered, are being :forwarded. It may be noted 

that a certain amount of shade difference exists between the 
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TABLE I 

PAD LIQUOR COMPOSITION - EXPLORATORY DYEINGS 

. ' ' -. ; : ; : ; : : ; ; ; ;. ; ; ; ; : ' ,.. .. ' . ~ ~ ~ ; ; ; ; ~ : ; : ; ; ; ; ; : ~ ; : : ; ~ ~ ; ; ; ; ; : : ;. ; ;. : : ;. " ;. ;. ; ; 

Per Cent Dye in Pad Liquor 
. , ,. . ,.. - . 

Dyeing .carbanthiene Vat 
Number Cl 65230 ~Cl 5980C~ Cl 71~~ Cl 59850 Violet· 4B Black l3· · 

30 3·5 3o0 
31 3·5 1.0 3.0 
32 3.0 1.0 2.5 
33 3.0 2.0 2.0 
34 2.~~5 3·5 2o5 
35 2.~~5 3-5 2.25 
36 2.~~5 3.25 2o25 
37 2.~) 2.5 3.0 
38 2.:; 2.25 3o25 
39 2.~) 2.1 3.0 
40 2.6 2.0 3.1 
41 2.3 1.89 2.8 
42 1.5 l.;; 3·5 
43 1.5 1.5 3.0 

..... ,. I'" .J 
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Dyeing 
Number 
ASD Std. 

30 

TABLE II 

COMPARISON OF VISUAL AND INSTRUM~ENTAL DATA ON HUNTER METER 

Visual Appraisal L a b AL A a AE 

fff ff fff 
Lighter Red , Blue 17.4 5.9 -8.95 L 1.25 R 1.4 B 3.6 4.06 

fff ffff 
31 Lighter Bluer 17.5 6.35 -10.1 L 1.35 R 1.85 B 4.75 5.23 - . "'____;_;,_ ___ ~,;_;_..;;..~f~f-:-:f;-'----f~f-:-f::-------~--___.;....---___.;....--_.;----------__.;,..._;_-____;_ __ .......-_ 

32 Lighter Bluer 18.4 6.05 -10.85 L 2.25 R 1.55 B 5.5 6.14 
fr f ff 

33 Light , Red , Blue 17.15 5.5 -9.0 L 1.0 R 1.0 B 3.65 3.91 
f f 

34 Bluer , Lighter 16.2 4.45 -7.5 L .05 G .05 B 2.15 2.14 
ff :;.:;. 

35 Lighter , Bluer 17.35 4.7 -9.85 L 1.20 R 0.2 B 4.5 4.6 
f ff 

36 Lighter , Bluer 
f f 

15.85 3.95 -7.15 D • 30 G .55 B 1.8 1.9 

37 Lighter , Redder 15.65 4.65 -6.1 D • 50 R .15 B • 75 0.91 
ff f 

38 Darker Redder 15.15 4.45 -4.0 D 1.00 G 0.05 Y 1.35 2.83 
f :;. 

39 Darker , Redder 16.45 5.05 -5.2 D 0.55* G 0.55* B .10* 1.01 
ff :;. 

40 Darker , Redder Duller 15.85 5.15 -3.1 D 1.15* G 0.75* Y 2.00* 2.42 
ff 

I 
~ 
I 

41 Redder 15.95 

16.40 

2.55 -5.85 Data not related to ASD Std. but 517-2 
f 

43 Greener 1.40 -5.10 Data not related to ASD Std. but 517-2 

*Compared with ASD Std. vMues on day of observation: L 17.00 a 5.90 b -5.1. 

Note: Above data taken with instrument not in constant temperature room, see Table III 
data taken at constant temperature. 



TABLE III 

COMPARISON OF VISUAL AND INSTRUMENTAL TOPPED STANDARD 

eing 
~L ~a Ab AE Number Visual AJ2Eraisal L a b 

517-2 (Proposed Standard Topped 
Standard and Finished) 16.1 2.4 -4.2 

ff f 
29 F Lighter I Bluer 17.6 2.6 -7.0 L 1.5 R . 20 B 2.8 3.19 I 

f-f :;. :;. lt') 
I 

38 w Duller 
' 

Darker l Redder 16.6 4.2 -2.7 L .50 R 1.8 y 1.5 2.40 
:;..;. f-f 

39 F Bluer f Lighter 16.5 2.8 -5.2 L .40 R .40 B 1.0 1.15 
f f 

40 w Redder t Darker 16.2 3.3 -4.8 L .10 R .90 B .6 1.09 
ff f 

41 w Redder . Lighter 17.6 3.6 -7.0 L 1.5 R 1.2 B 2.8 3.4 
ff ff 

43 w Greener I Lighter 16.4 1.4 -5.1 L .3 G 1.0 B .. 9 1.38 

(1) In above table under the sample column, w indicates warp face and F indicates filling face. 

(2) Instrument in constant temperature room. 



TABLE NO. IV 

COMPARISON OF INSTRUMENTAL DATA - FIRST PROPOSED STANDARD 

Sample Reflectance Values - Hunter Meter 
No. Visual A,EJ2raisal L a b .OL ~a 6b AE 

517-1 17.6 fl.45 -5.45 

29F Thin Blue 17.35 f3.3 -6.65 D,25 R. 1.55 B 1.20 1.98 

38W Dull 15.2 fl.6 -3.9 D 2.40 R .15 y 1.55 ·2.86 

40W Full Red 15.15 f2.0 -4.45 D 2,45 R .55 y 1.00 2.70 

41W Thin Red 15.95 f2.55 -5.85 D 2.65 R 1.10 B .40 2.90 I 
co 
I 

43W Full Green 17.05 fl.O -5.6 D .55 G 0.45 B .15 0.73 

{1) In above table in the sample number column,, w indicates warp face and F indi. cates filling face. 

{2) Instrument not in conditioned atmosphere--results comparative on day of observation. 



face and the back of the material. Efforts have been made to 

minimize this characteristic with only partial success. It 

is believed that the concentration of color on the face re

sulted from migration of the vat pigment emulsion during the 

drying operation, either because c•f nonuniform drying condi

tions or because of high wet-pickup of the emulsion. Increased 

squeeze roll pressures lessened but did not eliminate the defect. 

It is anticipated that the dyeings developed in laboratory dye

ings for the shade tolerance standards be designated as face or 

back for visual and instrumental characterization in comparison 

with the shade standard. 

Instrumental data taken with a Hunter color difference 

meter and visual comparison under natural (north) ,light is 

shown in Tables II, III and IV. The data contained in Table IV 

is included for information only. 

The mill-scale dyeing which produced the unsuitable hue 

found in the sample forwarded on July 19 (hereinafter referred 

to as 517-1) was based on Formulation 3 above but with adjust7 

ment in the quantities of each of the dyes. "Strikes" were 

made on the full scale pad steam range to adjust the shade 

to that approximating Swatch No. 27. Four strikes were made 

followed by visual appraisal of the shade match. In the pro

duction run the formulation listed below was employed since 

the fourth strike produced a swatch approximating the secondary 

shade standard, Swatch No. 27, but slightly redder. The 

longer run through the machine, however, did not exhibit this 

-7-



quality. Differences in short runs and longer ones are known 

to occur but the direction of change was, in this case, con-

trary to expectations based on the experience of the dyer and 

influence of formula variations in the several strikes on the 

machine. The final formulation used to produce 517-1 was: 

Vat Black 13 3.59 ounces/gallon or 2.68 per cent of 
dye liquor 

Vat Blue 16 3.46 ounces/gallon or 2.59 per cent of 
dye liquor 

Vat Blue 20 3.13 ounces/gallon or 2.34 per cent of 
dye liquor 

These differences may possibly be explained by the mechanisms 

of improved penetration and lessened migration of pad liquor 

during drying in the mill-scale dyeing. 

When notice was received of the desirability for shade 

alteration in the proposed shade standard, 517-1, 'a quantity 

of the dyed material.was returned to the finishing plant for 

topping with additional dye. It was impractical to reprocess 

the goods through the pad-steam range but, following mill cus-

tom for shade correction, the dyedl material was padded with 

vat pigment, predominantly the Vat Blue 20, known to exhibit 

a reddening influence. The goods were then entered in a dye 

jig and treated with a reducing bath, caustic soda and sodium 

hydrosulfite. Swatches were removed after each two ends and 

dyestuff additions made in an effort to correct the shade. 

Difficulty was encountered in. that a large amount of the 

dye within the previously dyed goods was leached out and into 

the reducing bath in the jig. Additional p~d liquor (1.00 

ounce/gallon Vat Blue 20 and 0.50 ounce/gallon of Vat Black 13) 

was added to the leuco dye in the jig. When this failed to pro-

-8-



duce the original depth of shade i.n swatches removed from the 

cloth additions of Vat Blue 20 and Vat Black 13 were made. An 

aggregate of approximately 2 ounces per gallon of Vat Blue 20 

and 0.36 ounce/gallon of Vat Black 13 were ultimately used 

in the jig topping bath. Swatches following oxidation and 

soaping appeared to be a virtual match to Swatch No. 27. 

The cloth was then padded with a 4 per cent emulsion of 
0 Zelan AP, dried, and then cured at approxi~ately 320 F, neu-

tralized with an anionic detergen~ and soda ash. The washed 

and rinsed goods were taken while damp and compressively pre-

shrunk. 

The resultant material, now labelled 517-2, was altered 

in hue by the finishing processes so that in rela~ion to either 

the ASD shade standard, a cotton twill, or to Swatch No. 27, 

an apparent greener hue is exhibited. A sample of this material 

is forwarded for consideration. 

It is anticipated that further corrective action may re-

quire additional time, probably more than presently contem-

plated in the contract term. A draft of the Summary Techni-

cal Report is presently required by August 31, 1961, acquisition 

of additional fabric and dyeing and finishing may require 3 or 

more months. Indications are that the short yardage (with 

reference to typical mill pad-steam dyeing routine) may have 

to be dyed by the ·pad-jig method for economic reasons. 

II. Instrumental Characterization of Shade Investigation 

Reference Progress Report No. 2 and Letter dated June 22, 

subject "Shade Standards and Tolerances for Textile Material -

-9-



Cotton Sateen- Blue 517, Project No. A-549" investigation 

has been continuing. Since considerable difference in shade 

has been perceptible in colored materials whose instrumental 

color difference AE appeared to be within the limits considered 

ordinarily barely perceptible, efforts have been made to refine 

instrumentation techniques to improve shade discrimination. 

Relocation of the color difference meter to a room which 

is maintained at a constant temperature has been found to elim

inate certain discrepancies in instrumental readings taken on 

different days. Correlation of the L, a, and b units with CIE 

trichromatic coefficients obtained with a Bausch & Lomb record

ing spectrophotometer has not yet been accomplished. Expert 

advice in the use of the spectrophotometer for CQlor difference 

measurement by the use of a refle~ctance attachment has been 

requested. 

In an attempt to correlate the differences in color ob

tained with the Hunter meter with the coordinates of the MacAdam 

ellipse, a mathematical transformation has been made of the 

x, y planar coordinates to the rectilinear coordinates afforded 

by the Hunter reflectometer. The equations on which this trans

formation was made were derived using assumed values of the 

lightness, quality L, and x, y coordinates to locate the MacAdam 

ellipse representative of the area of the chromaticity diagram 

determined by conversion of L, a, and b data from the Hunter 

instrument. A plot of data derived from this transformation 

produced a flattened circle whose diameter was approximately 

2 units in either the a or b axis~ This appears to confirm 

-10-



the previous assumption that 1.5 units in either direction 

should be an acceptable range of color difference when com-

pared to a designated standard shade. Assumed values of L 

slightly at variance appeared to make little difference in 

the ~onformation of the transformation of the MacAdam ellipse 

to a and b coordinates. These data are somewhat lengthy and 

will be included in the StlmJnary Technical Report on this 

investigation. 

III. Future Plans 

Future plans are somewhat contingent upon the decision 

as to acceptability of either the original mill-dyed goods 

517-1 or the topped dyeing, 517-2, or whether additional goods 

and dyeings will be required. 

Pending this decision, physical testing of 517-2 in con-

tinuing to ascertain its conformance to the specification re-

quirements of MIL-C-557D. 

Further dyeings and/or topping dyeings will be made to 

complete the shade tolerance range. Instrumental character-

ization of shade will be made and related to the ultimately 

selected shade standard. 

AnnPOved: 

{Wyatt C. Whitley, Chief· ±: 
~ical Sciences Division · 

( -11-

Respectfully submitted, 

Arthur M. Herron 
Project Director 
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Progress Report No. 2, Project No. A-549 

ABSTRACT 

A number of exploratory dyeings have been made on a laboratory scale but 

simulating commercial dyeing practice. Shade characteristics of the dyed mate~ 

rial have been appraised by sight and by instruments. In certain instances the 

visual appraisal revealed obvious shade differences which were not indicated 

by the instrument. Measures to afford improved shade discrimination by instru

ments have been investigated. Further i~restigation is being conducted using 

both reflectometer and spectrophotometer data. 
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Progress Report Noo 2~ Project No. A~549 

SECTION I 

INIR:JDUCTIJ N 

The development of a shade standard and 10 balanced shade tolerance 

standards using cloth, cotton. sateen, in shade Blue 517 (MIL=C=557D) has 

continued. 'I'he objective has been to define the shade and tolerances by in

strumental} numerical values. 

Conferences with commercial dyers have revealed that the best measure of 

correlati.on. may be obtained tetlveen. laboratory dyeings and typical commercial 

dyeings by the use of pad steam units ir. each process o The literature reveals 

that instrumental characterization of small color differences has been made by 

a variety of techniques, principally through the use of reflectance or trans

m:i ttance data obtained by spectrophotometric or reflectometric equipment o 

Correlation of visual appraisal of differences (detected by trained observers) 

with instrumental characterization has been variously successful. Different 

investigators have derived several formulas for the specification of the sev

eral interacting components of eolor matching. A discussion of various tech~ 

niques, fonnulas for specification of color (in numerical terms derived in-

s trwnentally), and various e .lements of the science of discrimination of shade 

differences is contained in Color in Business, Science, and Industry, Deane B. 

Judd, published by John Wiley & Sons, New York (Ref. 1 ) . In brief, he relates 

that visual detection of color difference involves several factors, variously 

defined, but essentially involving the hue, value (degree of saturation or 

depth), and chroma (Munsell unit which may be described in terms of variation 

in grey content., possi"tly as purity). In addition to these factors the nature 

of the illuminant used for viewi.ng, visually or instrumentally, the background 

= l = 
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(including reflective absorption and psychological factors), the chemical 

composition of the colorant, and the reflective/refractive character of the 

colored material being viewed frequently influence the discrimination of small 

color differences in materials~ 

An attempt is being made in this investigation to produce an acceptable 

shade standard which may be obtained by each of three different dye formu

lati.ons and to define by instruments the acceptable limits of shade deviation 

which may be obtained by different shading variations during the dyeing process. 

Commercial dyers, using the skill derived by experience, often employ a combi

nation of dyestuffs to obtain the desired shade and, in the event of processing 

or chemica.l behavior (of the dye-fiber system) differences, to correct shading 

deficiencies. In certain cases variations in the several components may pro

duce unwanted behavior of the colored material~ possibly inferior colorfastness 

under conditions of usage or undue metamerism (show of greatly different colora

tion in different, but probable, illumination), or processing difficulties 

(to obtain replicate coloration by typical means). 

The instru..ment selected for use in this investigation is a photoelectric 

colcr difference meter developed by Dr. H. S. Hunter, described in Ref. 2. 

':he integrating electronic circuitry of this instrument is reported to enable 

color measurement and discrimination in nwnerica.l terms which may be translated 

to the several geometrical forms widely recognized as descriptive of the per

ceptual ability of the :'normal observersr : (.Ref. 2). Certain numerical limits 

of visual perceptivity were defined by MacAdam, (Ref. 3). It was related by 

rJudd ., (Ref. 1, pp. 260-264), that the many known factors involved in geometrical 

characterization of a given shade differenc~e by the Hunter reflectometer conform 

to the Euclidean theory involved in specification of a color solid, hence 
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noteworthy for color discrimination of materials (MacAdam, Ref. 3). In Ref. 3 

it is related that visual perception of color differences by tristimulus values 

(derived from spectrophotometric data) is somewhat dependent upon the locus of 

the dominant hue (in the visible spectrum) in a geometric representation of 

absorption/reflection characteristics of the ~ ~ color solid~! representing visual/ 

radiant energy in the electromagnetic spectrum. In certain areas of the visible 

spectrum perceptual differences appear to be greater than in others but ability 

to measure and ascribe these differences is attributed to various reflectometric 

or spectrophotometric measurement devices. Fonnulas have been provided for 

conversion from one system of measurement to another to pennit correlation of 

different measurement systems (:Refs. 1 and 2). From Ref. 2 it appears that the 

rectilinear coordinate system inherent in the electronic circuitry of the Hunter 

color difference meter enables discrimination of shade difference·by appraisal 

of the numerical value of delta E (the sq_uare root of the sum of squares of the 

di.fference in I:' ~' and~' between the standard and the sample for comparison) 

with acceptability limited to a composite difference of approximately 1.5 units. 

Exploratory dyeings were made using laboratory equipment to simulate 

commercial practice in piece-dyeing of cotton material with vat (fast=color) 

dyes. In order to derive a basis for formula variation to produce shade 

gradients;) initial, arbitrarily selected, dye formulations were investigated 

in tri.al dyeings and instrumental characterization of color characteristics was 

made. When the initial. instrumental characterizations with the color difference 

meter were observed tc be lacking in color d:lscrimination attributes (with the 

dark shade under inyestigation) it -was decided that spectrophotometric charac~ 

terization might be obtained anci a comparison made with reflectrometric data. 

Significant differences in visual appraisal of shade as compared to apparent 

- 3 DO 
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small color di.fferences ( wh:ich appeared to be within tolerable limits) by 

instrumental means appears to warrant re=examination of data and explorat:ion 

of methods to refine color differentiation techniques (particularly in the dark 

(deep) shade under irrvestigation)o 

= 4 = 
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SECT'ION II 

WORK PROGRAM AND DISC~JSSION 

Modifications of laboratory dyeing e~uipment to permit simulation of 

commercial dyeing practice were completed during this period. Laboratory 

scale d.yeings were completed to appraise the influence of varying d.ye~li~uor 

composition and other processing variables to establish a suitable procedure 

for lengthy .laboratory scale dyeings: 

Elements of the dyeing process were: 

1. Preparation of the fabric for ciyeing: singeing, scouring, bleaching, 

and mercerizingo The cotton sateen procured for this investigation was thus 

prepared by the producer. 

2. Pigment padding of an emulsion of selected vat pigments. Exploratory 

formulations are listed in Table I. In addition to the vat dye pigment each 

pad-li.~uor bath contained a penetrating agent. Padding was done on dual s~ueeze 

rolls or;. a Callaway experimental slasher, wet pick-up estimated at 70 per cent. 

3. Drying and cooling of pigmented. cloth. Drying was accomplished by 

passing the cloth between a series of electric radiant heating elements tra= 

versed by a current of heated air. This techni~ue was found necessary to mini

mize migration of pigment during drying. Cooling of the fabric was effected 

by allowing it to remain on a specially designed wind-up beam at the delivery 

end of the slasher. 

4. Padding of pigmented goods with a reducing liquor containing caustic 

soda, sodium hydrosulfite, and retarding agents--dextrin and sodium nitrite. 

This padding treatment was accomplished on a specially designed laboratory 

pad-steam unit. 

- 5 •a 



Progress Report No. 2, Project No. A-549 

TABLE I 

PAD LIQUOR COMPOSrr iON ~ EXPLO?ATOB.Y DYEI.NGS 

Per Cent Dye in Pad Liquor 
Dyeing c 0 Violet 
Nmnber Cl 65230 91 59800 Cl 71200 4B Total --

5 1 . 00 1.67 1.67 4.332:./ 

6 1.00 1.67 1.67 4.33 ~/ 
7 1.33 2.33 

l) 
4.33 ~ 

8 1.67 1.67 1.67 5.00 J:./ 
9 1.67 1.33 1.33 4.33 

10 1.67 1.67 1.33 4.67 ~/ 
11 3.00 4.00 7 .oo ~/ 
12 3o00 4.00 7 .oo ~/ 
13 2.00 1.33 1.67 5.00 ~/ 
14 1.67 1 . 33 2.00 5.00 ~/ 
15 2.00 1.00 2 . 00 50 00 l-.1 
16 2.00 2.00 1.00 5.00 ~/ 
17 4.00 3.00 7 0 00 ];./ 

18 4.00 3.00 7 .oo ~/ 
19 4.00 3o00 1.00 8.00 ~/ 
20 4 .• oo 1.00 3.00 8.00 

21* 4.00 3.00 7 .oo ~/ 
22 3. 50 2.75 6.25 

23 3.50 2. 75 6. 25 ~/ 
2L 3o50 ~I 2. 75 6.25 ~/ 
25 3.00 2.00 2.00 7.00 

'26 3.00 2.00 2.00 7.00 ]./ 

27 3.50 1. 50 1. 50 6. 50 

28 3· 50 1.50 1.50 6 0 50 l-.1 
29 3.50 1.50 1.50 6. 50 

* 200=yard dyeing == partially stripped due undue depth. 
1/ 13.3 per cent of pad liquor added to reducing bath. 
2/ 0.8 per cent Cl 59800 added to reducing bath. 
3/ 1.0 per cent Cl 71200 added to reducing bath. 
4'~ _I 0.67 per cent Cl 59825 (Jade Green) added to pad liquor. 

~ 6 = 
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5. Steaming in an air~free steam=heated cha.rnber for approximat ely 20 

seconds. The fabric passed through a cold water seal at the delivery end of the 

steam chamber which gave the first partial rinse. 

6o Rinsing to remove excess alkali and unfixed dye particles. 

7. Oxidation of the redlJ.Ced vat ( leuco) dye. Oxidation was accomplished 

in a laboratory dye=beck using an aque ous bath containing hydrogen peroxide and 

acetic acid. 

8. :S.insir..g to remove oxidation solution. 

9. Soaping to remove uP:bound dye particles and permit molecular realign

ment of dye in the fiber. A solution of an:ionic detergent and mild alkali, 

soda ash, was used in the dye-beck for a processing t:ime of about 30 minutes. 

10. Final r.ins ing and drying. Warm, t.hen cold. water rinses were employed 

in a dye ... beck, followed by extraetion and drying. Drying was accomplished by 

var:ious means~ on the slasher ·:1sed for pigment paddtng, on steam .... heated drying 

c.ans, in a t;:.:tnne 1 dryer and in a.ir. 

It was found that the steam.ing conditions were somewhat critical to permit 

replication. of dyeing results. After several unsatisfactory dye .ings the optimum 

IrL.<::edur·e was evolved. In all cases thus far, however., a certair2. amount of 

shade diffe renr·e has been found between the face and the ·back of the cloth. 

Fiffo~t3 arf; continuing to re~t:ify this fault. 

Swatches of t:te different dyeings were pressed smoothJ cooled.;~ then tested 

rm a Hunter cc lc:r difference meter. Nur.n.erj.eal values of ~' lightness ( 0 - black.? 

100 - wh.ite), ~ (redness ... plus values, greenness ... minus values), and!: (blue -

minus valu.es, yellow ... plus values) were obtained at several points in the fabric 

r .-J tated at 9G degrees in successive readings. Average values were then obtained 

fc:r thE· swatch provided by .ABD and were compared with average values for the 

.• 7 -
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several dyed swatches o The difference between each of the _!:, ~ and ~ values 

compared t o the standard was computedo The composite shade difference was com= 

puted by the use of the following formula (Refo 2)~ 

delta E 2 (a - a ) 
S X ]

1/2 
{b = b )

2 
S X 

A ta-oulat.ion of these values for dyeings 5 through 28 along with a visual 

ap~raisa1 of shade characteristics iP ccntained in Table Ilo Dyeings 1 through 

4. 1-rere experimental dyeings found unsui ta.ole for appraisal a 

Dye .ings 5 through 16 were primarily intended to form a basis for formula 

variaticn to develop alternate 'basic formulas and variations to provide slight 

variation in resultant hu.e fer shade tole!'anceso Instrumental characterization 

cf dyeings 17 through 28 showed instrumental values originally expected to be 

within t81erable limits of variation but visual shade differences were obviouso 

:=:hese shade differences were in most cases greatly different from the target 

shade by visual examinationo Examination und.er different lighting conditions 

also showed marked differences, some of vvhich were believed to be objectionable. 

I n an effort to derive a basis for formula variation and/or dye compone-::2t 

selec-::ion, investigation has been undertaken to obtain spectrophotometric datao 

Altho~gh the resultant hue is the quality observed by the Hunter color difference 

meter, it i.s reported that metameric qua1i ties :possibly contained ire this hue 

are often undetected by this inBtrument. Preliminary observations of the. spec-

tral curves of selected dissimilar shades in the dark blue range under investi~ 

gation disclose virtually overlapping traces o It is significant that to obtain 

speetral curves for the standard swatch as well as the experimental dyeings it 

has been necessary to use the high sensitivity range of the spectrophotometer 

= 8 ~· 



Dyeing 
Number 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 
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TABLE II 

SHADE CHARACTERIZATIONS = 

EXPERIMENTAL DYEINGS 

Hunter Reflectance Values 
L - L a - a b - b 

S X S X S X 

~ OoO -

L lo2 

L 3o2 

~ 0 = 

L Oa7 

L 0.1 

D Oa4 

L 1~2 

L 3a3 

L 2o7 

L 3o2 

L 1~95 

D Oa65 

D Oo80 

= 0 = 

= 0 -

D Oo6 

L Oel 

D Oo3 

D 0.2 

D Oa25 

- 0 -

D Oo4 

L Oo75 

R la35 

R 3el5 

R Oa75 

R Oa60 

R 0.20 

R 2o70 

R 0.50 

G 0.45 

G Oal5 

R 0.55 

G Oo40 

R Oa80 

G 1. 70 

G Oo45 

R Oo30 

G 0.60 

G Oo80 

G 1.10 

G Oo90 

G 0.90 

R 1.10 

G Oa35 

G Oo30 

G 1.10 

B 3.75 

B 9.55 

8 6.75 

B 2ol0 

B 3o20 

J3 4o20 

B OolO 

B Oo48 

B 3.75 

B 3a65 

B 4.45 

B 3.53 

y 0 .. 20 

Y Oa70 

B OolO 

y 0.50 

Y Oo80 

y 0.30 

Y Oo60 

B 0.60 

B lol5 

B 2al.5 

B 0~60 

B le40 

Delta E Visual Appraisal Difference 
(Depth and/or Hue) 

3o99 

10ol3 

7o51 

2,, 18 

3~28 

4o99 

Oa65 

lu37 

5QOO 

4o57 

5o 50 

4.10 

la93 

1.15 

Oa32 

Oa78 

1.27 

lol2 

1.11 

lolO 

lo62 

la50 

0.78 

1.53 

Lighter - Bluer 

Lighter+ - Redder, Bluer 

Lighter+++ - Bluer 

Same - Sl. Redder, Bluer 

Lighter - Greener, Bluer 

Lighter - Red-Purple, Bluer 

Darker - Redder 

Lighter - Duller (no match) 
0 ht +++ 1 L1g er - B uer 

Lighter++ - Bluer 

Lighter++ - Bluer 

Lighter+ - Redder 

Darker - Duller 

Sl. Darker - Redder 

Lighter - Redder (no match) 

Same - Redder, Dull (no match) 

Same = Greener (no match) 

Same - Greener (no match) 

Same - Greener (no match) 

Same - Bluer (no match) 

Same - Sla Redder, Bluer 

Same - Slo Bluer (near match) 

Same - Match 

Slo Darker - Near match 

Note: Letter prefixes indicate direction of difference ~ L, lighter; D, darker; 
G, greener (less red); R, redder; B, bluer; Y, yellower (less blue) ~
all with reference to the average values of the shade standard provided 
by ASD. 
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{a :Bosch and Lomb, Spectronic 505 with reflectance attachment), i.e . . ? the 10 

per cer..t transmi t tan.ce sett;ir.;g o Typical set·tings to obtain tristimulus values 

( 100 pe r cent setting) caused pen travel off the scale of the recorder charto 

Bffor ts are continuing t c ascertain. me t hods for more meaningful instrumental 

shade 'iiscriminat:ion 3 either by reflectometer (Hunter meter) or spectrophot.o = 

meter. 

= 10 ~ 
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SECTION III 

FUTURE PROGP,AM 

Immediate future plans include 

lo Continuation of piece=dyeing tr:i.als using different dye formulations 

-t;.o develop a rav...ge of shade variants o 

2o Investigation of methods of instrumental analysis of shade charac-

terist:i.c s of cloth dyed a da:rtk blue approximating B.lue 5.17. Techniques pre-

sently contemplated include provision of increased sensitivity with the 

Hur..ter reflectometer and variation of slit width and/or reference standard in 

use of a recording spectrophotometero 

AnnrnvPn~ 

w:fa.tt Co Whf tley, Chief 
Ch~cal Sciences Division 

Respectfully submitted: 

A"rthur M o Herron 
Project Director 
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FOREWORD 

This report describes work done by the Engineering Experiment Station of 
the Georgia Institute of Technology, 225 North Avenue, No Wo9 Atlanta 13 , Georgia 9 

under USAF Contract Noo AF 33(616)-790?0 This contract was in~tiated under 
Project Noo 6314, "Research on Textile Standard and Shade Tolerances a Yr The 
work was administered under the direction of the Materials Engineering Branch, 
Applications Laboratory, Directorate of Materials and Processes, Aeronautical 
Systems Division with Mro Wo Lo Rooney acting as Project Engineero 

This report covers work conducted from February 1961 and completed in 
September 196lo 

The dye formulations were developed by exploratory laboratory dyeings at 
the Ao French Textile School, Georgia Institute of Technologyo The shade 
tolerances were selected from the laboratory dyeings and related visually and 
instrumentally with the shade standard which was dyed at Lowell Bleachery, 
Griffin, Georgiao The invaluable assistance and cooperation of the staff of 
Lowell B.leachery, the Technical Laboratory of both Eo lo du Pont de Nemours & 
Company and National Aniline Division, Allied Chemical & Dye Corporation is 
acknowledged a 

The program was under the technical and administrative superv1s1on of 
Ora Wyatt Co Whitley, Chief, Chemical Sciences Division, Engineering Experiment 
Station, Georgia Institute of Technologyo The Project Director has been Mro 
Arthur Ma Herron, Research Assistanto The editorial assistance of Mro Frank 
Longshore, Technical Information Section, Engineering Experiment Station is 
acknowledged a 



ABSTHACT 

Shade standards and tolerances were developed for combed cotton sateen, 
MIL-C-557D, in shade Blue 1517o Alternative dye formulations were developed 
by laboratory dyeings made in a fashion to simulate commercial continuous dye 
practice. Visual and instrumental characterization of the standard and tolerances 
was accomplishedo A multipurpose reflectometer was used for instrumental 
characterization of the dyed materials o 

The shade standard was produced in a commercial finishing plant using a 
continuous dyeing system with minor shade correction using a batch methodo 

The tolerance spacing was determined by visual means and the shade differ
ence as detected by the instrument was then related to the selected shade 
standardo Although a measure of correlation was obtained , a number of eccen
tricities were encounteredo The report discusses some reasons for these 
deviations~ 

PUBLICATION REVIEW 

This report has been reviewed and is approvedo 

FOR THE COMMANDER: 

Wo PG Conardy 
Chief, Materials Engineering Branch 
Applications Laboratory 
Directorate of Materials and Processes 
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I o INTR.ODUCTION 

Military clothing and textile materials are normally procured by the 
designated supply agency in accordance to specifications as to physical attributes 9 

chemical requirements , and color characteristics devel oped by the Servi ce whi ch 
has the primary interest in the specific itema 

Specifications for the procurement of co l ored textile materials have trad ~

tionally contained requirements for shade and color fastness character~stics 
equivalent to a standard sample provided by the purchaser o Such shade is 
generally chosen by selection of a basic shade and deter-mination of optimum 
fastness characteristics availab l e in textile colorants with consideration to 
commercial production practicality o It is often di fficult to reproduce these 
characteristics in different plants due to differe~ces in process i ng technique 
or to varied characteristics of colorants wh~ ch may be used in thema In any 
variation in the color characteristics of textile materials, the coloring agents , 
dyeing processing conditions 9 and the basic color percept i on of the individual 
viewer make plant quality control measures and determination of acceptable shade 
variations somewhat arbi tr a.ry a The complex physics of co l. or di ffe r ence per
ception by the ultimate judge, the human eye ~ is further compl icated by the 
chemistry of available colorants and the const i tution of the mater i a l for color
ing (dyeing) o Various textile dyeing processes contain certain var i ables whi ch 
may influence the resultant shade and, in apparently replicate dyeings, produce 
shade variations which may or may not be within tolerable limi tso 

The periodic replacement item purchases required to essent i al ly dupl i cate 
items already in use by the military forces render the acceptable tolerances 
somewhat restrictive in natureo Thus the acceptability of small color differ
ences in original materials is related to the color fastness character of even 
the color shading componentsa 

Although color perception by the human eye must be accepted as the final 
authority , instrumental means of measurement have been developed which may 
supplant the judgment of the human eye and render the traditionally subjective 
comparison of small color differences more objective in comparative processeso 
Supplementary instrumental characterization of small color differences occasioned 
by slight, but known~ variations in dye formulation or processing may thus prove 
to be valuable in both procurement inspection processes and in mill quality con-
trol measureso 

In this investigation under Contrac t AF 33(616)-7907 it was ant i cipated 
that commercial dyeing practice and s i mu :L ated commercial dyeing pract i ce using 
a variety of dyestuffs and formulations, devE?loped by empirical means j) followed 
by instrumental characterization of shade differences would aid i n the definition 
and/or prediction of acceptable variations in shade and performance characteristics a 

The material specified by Aeronautical Systems Division for the standard 
sample, and thus the tolerances, was Cloth ~ Cotton, Wind-Resistant Sateen ~ Type 
II, Shade Blue 1517 (MIL-C-557D) a 

l 



lie TECHNICAL BACKGROUND DISCUSSION 

Ao Dyeing of Cotton Textiles 

Color in textile materials has l ong been the result of empirical formula
tions derived more from artistic-practical considerations than scientific devel
opmento Many adv~nces have been made in recent years in the production of dyes 
possessing the desired colorfastness, ease of application, and uniformity of 
coloration but much dependence still devolves upon the efficiency and extent of 
quality control measures in the dyehouse o 

Colorfastness considerations virtually limit selection of dyes for cottar. 
fabrics for military apparel to vat dyeso The physico-chemical aspects of the 
dye-fiber system and the mechanics of vat dye application have been widely dis
cussed in the literatureo Commerc i al practice :in cases of substantial yardage 
required of a given shade such as in a military procurement contract has tended 
toward the use of continuous dye rangeso These enable production of several 
thousand yards in a given processing lot, all of virtually the same shadeo To 
accomplish this extent of standardization hundreds of yards may be in process 
before the results of the first several yards may be appraisedo 

Recent developments by laboratory equipment manufacturers have resulted in 
production of a laboratory steam-range to simulate the full-scale dye rangeo In 
this manner, then, laboratory dyeings have been reported to correlate with full 
scale range applications (with certain adjustments in formulation)o Other vat 
dyeing techniquesj involving the use of dye-jigsJ which involve somewhat shorter 
yardage, have been reported with certain reservations as to reproducibility 
(from end-to-end and lot-to-lot shade characteristics) such that each lot of 
length amounting to 100 to 600 yards ~1st be individually judged as to uniformity 
and shade matching charactero 

It has been related in the industry that a good measure of correlation may 
be obtained in translation of laboratory pad-steam dye formulations to f Li ll
scale productiono Since each involve standardization of formulation in the 
padding operation and reproduction of the mechanical aspects of processing, it 
was elected that development of the standard and alternative formulations to 
produce the standard shade and set of tolerances be made using a laboratory pad
steam rangeo Arrangements were made for a mill-scale dyeing to be made on a 
continuous pad-steam range, customarily used to produce several thousand yards 
in a single lot, to produce a minimum of 200 yards of full width material. to 
constitute the standard sample in the shade desiredo It was found impractical 
to produce the shade tolerances on a mill-scale (pad-steam range) because of 
economic and practical considerations o Alternatively, it was found that the 
laboratory pad-steam range with modifications to permit processirtg of longer 
lengths of material would afford sufficient yardage for use as shade tolerance 
standards a 

Numerous dye combinations are often used to obtain the desired shade but 
color fastness requirements generally limit the number of suitable combinationso 
If dyes known to produce good colorfastness properties are used, adjustments in 
formulation to attain the desired shade characteristics are often necessaryo 
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Generally, in continuous dyeing practice, s~ade c r rection and development of 
the pigment pad formulations are accompl i shed by a series of 11 strikeso" These 
are made by variation in the pad-liquor composition f ollowed by processing to 
completiono A measure of shade correction is often accomplished by additions 
of vat dye pigment to the reducing bath~ immediately preceding the steamer unito 
The dye, reduced to its leuco form, may impart certain desired coloration, and 
it is generally found necessary to compensate for the loss of pi.gment from the 
padded and dried goods as they pass through the reducing liquoro An amount ·:>f 
the dye pigment is leached out of the goods in the reducing l iquorj is reduced, 
and may influence the resultant shade, particularly near the start o An equilib
rium condition between the added dye pigment in the reduction l i quor and that 
which results from pigment leached from the impregnated goods generally results 
such that relatively uniform dyeings result in the processing of hundreds, even 
thousands of yards in a given lot o 

The physico-chemical aspects of the dye fiber system have been widely dis
cussed in the technical literature o It is generally conceded that the continuous 
(pad-steam, etc a) vat-dyeing process tends to min i mize a number of the complex 
factors involved in the vat-dyeing processo Whereas time-temperature factorsJ 
the physical composition of the dyestuff and the fiber, the specific processing 
conditions , and many other varied influence~3 may affect the time-honored vat
dyeing process on a dye jig, many of these are standardized in a pad-steam 
(continuous) process without particular regard to the predominant influence 
fact oro 

Within the dyeing and finishing industry it has been reported, through 
private communications, that a good measure of correlation may be obtained in 
translation of laboratory pad-steam dye formulations to full scale production o 
Correction of shade of materials dyed in the course of continuous dyeings is 
often made by a number of methods, stripping and redyeing, pad-jig vat dyeing 
(topping), wet- and dry-finishing techn i ques and otherso Such corrections, 
generally involving only a few hundred yards, constituting the yardage required 
to establish the necessary equilibrium in the continuous process, are generally 
processed as small lots. 

For the purpose of this investigation a requirement was that three different 
dye formulations be developed, each to approximate in shade and colorfastness 
properties a standard provided by Aeronautical Systems Division . In such 
developmental work a screening process using manufacturers' shade cards and 
basic hue characteristics of the component dyes was expected to involve a number 
of experimental dye applications followed by visual and instrumental appraisal 
of differenceso 

Ba Instrumental Characterization of Shade 

Developments in the field of optics and color science have led to the 
evolution of devices and techniques for visual and instrumental characterization 
of colors . Journals of the Optical Society of America contain many pertinent 
articles relative to color perception and color difference measurement, and the 
Munsell Book of Color (1929) affords a method for numerical characterization of 
a given color. Instrumental methods for color characterization include tri
stimulus spectrophotometry and rectilinear reflectometric measuremento In the 
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former, a system of three coordinates whose sum is unity (1) define the charac
teristics of a colored material in numerical unitso This system of measurement, 
known as the CIE system, enables the definition of a specifj.c color in planar 
coordinates, wherein knowledge of the two planar coordinates determines the 
magnitude of the third coordinate necessary to define a color i n the requisite 
trilinear termso Definition as such, however, may involve certain inaccuracies 
in visual perception of small color differenceso Variations in instrumental 
characterization of visually equival.ent color~ (equiyq.lent by consensus of several 
trained observers) were surmnarized by D. Lo MacAdam~1J wherein he concluded that 
color difference perception in terms of the acknowledged color solid concept 
involved extensive application of the principles of physical geometryo In his 
investigations it was shown that human perceptions of color differences were 
confined to certain limits in terms of tristimulus coordinateso Geometric pro
jection of such limits about a selected color standard resulted in production 
of an ellipsoidal form, with the radii and axial dimensions varying greatly 
according to predominant color frequency wave length when plotted on a standard 
CIE chromaticity diagram and projected into the color solid assumed therewitho 
Specifications of small chromaticity differences wtifh due respect to visual 
perceptivity limitations were suggested by MacAda~ wherei~ a circle of unit 
radius was inscribed on special oblique coordinate paper, the angular relation
ship of which was dictated by the formulas for derivation of the above-mentioned 
ellipsoids for the selected color standardso In this concept the minimum per
ceptible color difference was taken to be equivalent to one unit, the correspond
ing tristimulus coordinates of which varied in accordance with perceptual limits 
dependent upon the location of the primary color standard in the CIE chromaticity 
diagramo 

Colorimetric discrimination through the use of optical filters was discus§~d 
in Circular 429, National Bureau of Standards, July 30, 1942, by Ro So Huntero~ 
The uniform color discrimination scales proposed therein led to the development 
of the multipurpose reflectomet7r, discussed in Journal of the Optical Society 
of America i&, 985-995 (1958) 01. Formulas are given for conversion of L, a, and 
b values obtained using the Hunterlab color difference meter to CIE tristimulus 
c6ordinateso Thus it appears feasible to instrumentally define color differences 
in dyed textile materialo Since variation in chromaticity is specified to not 
exceed lo5 MacAdam units, a range of tolerances could be prepared showing various 
acceptable colors at variance with the standard shadeo 

Co Eccentricities in Colorants and Colored Materia~ 

Colorants for textile materials frequently exhibit eccentricities as the 
concentration of dye in the fiber varieso Further~ the basic hue of the colored 
material may produce a different reaction to the human observer as the backgrou~d 
material or the light source is changedo For example, a blue dye may be compara
tively blue in light shades but somewhat red as its concentration is increasedo 
Another blue dye may exhibit a tendency to appear green as the concentration is 
increasedo Metamerism, that characteristic of colored material to show differing 
characteristics und~r various conditions of viewing and illumination, is par-
ticularly acute in the case of dark blue, such as under investigation in this 
programo Thus visual sensitivity to shade differences , while ordinarily expected 
to correspond to instrumental measurement, was subject to additional influences 
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including psychological factors in the visual chara.cteri.zationo Employment :Jf 
a complementary color for shading purposes may not necessarily produce the 
desired change but a dulling, a brightening , or change in hue not expected by 
logical deductiono For this reason instrumental measurement of small color 
difference may not reflect the magnitude nor the direction of the dj.fference 
as observed by the human eyeo It was anticipated that the determination of the 
magnitude of several components using the values of L9 lightness; a, redness 
(plus) or greenness (minus), and; b, yellowness (plus) or blueness (minus), plus 
the projected color difference 6E determined by the equation: 

would define tolerable limits of shade 
limits for military clothing purposes) 
approximating the desired blue shadeo 
difference usir;g these coordinates has 
4 units of ~E)il 

difference in slightly (within tolerable 
differently dyed or finished dyed cloth 
The magnitude of minimum perceptible 
been variously defined as between 1 and 

III. EXPERIMENTAL PROCEDURES IN THE DEVELOPMENT 

It was anticipated that the mill-dyed shade standard would ultimately 
constitute the standard sample for somE~ future military procurement actions, 
so a cotton sateen corresponding to thE~ physical requirements of MIL-G-557D was 
obtained for dyeing trials from Ja Po Stevens, Inca, which was then producing 
similar material in conjunction with another military procurement contracto This 
material, corresponding to the requirements of MIL-C-557D, "Cloth, Cotton, Wind
Resistant Sateen, Type II," was obtained after desizing, scouring, bleaching, 
and mercerizing according to their typical processing procedures except for the 
dyeing and water repellent finishing processeso Portions of the material were 
rolled and slit into 6-1/2-inch-wide rolls for dyeing trials on a laboratory 
pad-steam unito The remainder was reserved for mill scale dyeing and finishingo 

Laboratory equipment for the conduct of this investigation was modified as 
necessary and practicable to permit replication of typical commercial practice, 
but on a laboratory scaleo Since usual employment of a laboratory pad-steam 
unit involves limited yardage, a special creel and improved doffing facilities 
were improvised on a laboratory pad-steam unit to permit processing of single 
lots 150 yards and longero Pigment padding and drying was done using a modified 
Callaway experimental slasher with pad trough, dual squeeze rolls, two bands of 
blower-equipped electric radiant drying units and heated canso A take-up 
mechanism was improvised to wind the cloth uniformlyo Washing, oxidizing and 
soaping operations were performed on a laboratory dye-jigo Drying of the narrow 
material was performed on steam-heated drying canso 

Appraisal of shade of the various experimental dyeings was by both visual 
and instrumental meanso A Hunter color difference meter, D-25, was used for 
measurement of differences in nearly matching successive dyeingso 
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IV o DEVELOPMENT OF DYE FOR.MULATIONS 

The dye formulations used in this study were chosen for pad-steam applica
tion, to include a minimum of three different basic f -Jrmul.ations to approximate 
a shade standard furnished by Aeronautical Systems Divisiono Each of the dyes 
selected were chosen, somewhat arbitrarily , on the bas i s of shading characteristics 
and manufacturer's report on colorfastness and ease of dyeing characteristicso 
Since the shading characteristics of different substituents in a basic pigment 
formulation may differ, a number of 11 strikes," dyeings on short yardage, were 
made, each followed by a standardized procedure for steaming, washing, soaping ~ 

etc o Thus the principal variable was the p:Lgment composi tlon in the pigment
padding operationo Visual and instrumental appraisal of the resultant shade was 
made and those formulations approaching the desired tolerances were used for 
dyeings on 150 to 180 yards of the narrow fabrico The formulation in laboratory 
dyeings which most nearly equaled the standard swatch was selected for the mill 
scale dyeing o Laboratory pigment formulations and the mill-scale formulation 
are shown in Table Io 

Translation of the laboratory scale formulation to mill-scale processing 
required major modification in composition to obtain the requisite shade, which 
was found after full scale drying and preshrinking to be unsatisfactory o This 
material was then reprocessed by a pad-jig dyeing process with successive addi
tions to the reducing liquor until the desired shade characteristics were obtainedo 

Water repellent finishing, however, again altered the shade but in a manner 
not anticipated, ioeo, a greeningo Since such shade alteration is not necessarily 
induced by some other water repellents (which might be used) it was believed that 
the shade tolerances developed in the large-scale laboratory dyeings would con
stitute a suitable range, when compared to the mill-dyed standard sampleo A 
tabulation of the colorimetric characteristics of these dyeings related to the 
standard sample (that produced by jig-dye topping of the range-dyed sample found 
unsuitable) is shown in Table II o Dyeings obtained with different dyestuffs in 
exploratory trials to develop basic formulations showed wide disparity between 
instrumental and visual comparison o For this reason the spacing of the tolerances 
about the selected standard shade, with the several different formulations employed, 
was determined by visual means followed by instrumental characterizationo This 
course appeared justified in view of the findings of Rizzo, et al, in fitting 
balanced tolerances to the Ma~Adam ~~lipse in o~her shade standard development 
work (WADD Technical Reports 60-l5l~and 60-29~)0 In this work a different 
instrumental measurement was employed but the ultimate judge was again the human 
eye o Practical considerations in the psychological reaction of the viewer when 
observing variations in shade under different illumination and with slight varia
tions in background for viewing caused selection of dyed material for certain 
of the tolerances when comparison under other conditions would render it unsuitableo 
This circumstance may possibly be explained by the quality of dark blues to con
tain hue elements near both ends of the visible spectrum (and possibly influenced 
by the invisible portions at either end) ,, An optimum balance of these qualities 
related to the shade standard resulted in the listing of visual and instrumental 
appraisal shown in Table II o Those dyeings which appeared to reasonably approxi
mate the shade standard are described as to formulation and instrumental shade 
characteristicso In view of the multitude of water repellent finishes and their 
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varied influence on the dyed material only the mill-dyed material (in its full 
width) was subjected to this finishing treatment o The translation of the labora
tory pad-steam dye formulations to mill scale operations is not claimed to be 
directly related, nor has any attempt been made to define the influence of sub
sequent finishing treatments should such translations be made o 

V. COLORFASTNESS CHARACTERISTICS OF STANDARD SAMPLE AND SHADE TOLERANCES 

Detailed colorfastness tests were conducted upon the mill-dyed and water 
repellent treated sample and are related in adjectival form in Table IIIo Since 
water repellent finishing treatment is recognized as influential on the launder
ing-, bleaching-, perspiration-, and crocking-fastness of vat dyed material, the 
shade tolerance samples were appraised for lightfastness onlyo Certain of the 
exploratory dyeings using each of the components involved in the shade tolerances 
finally developed were subjected to laundering, bleaching, and crocking tests in 
screening measureso In all cases the pE:rformance was good-to-excellent but time 
limitations prevented the completion of similar testing upon the shade tolerances 
ultimately selectedo 

VI o PHYSICAL PROPERTIES OF THE STANDARD SAMPLE 

The physical properties of the standard sample (and representative of the 
shade tolerance samples) are recorded in Table IIIo Although detailed testing 
of the laboratory-dyed but commercially--manufactured shade tolerance samples 
was impractical it is believed that judicious choice of finishing materials and 
control over fabric handling would insure that such tolerance samples perform 
in at least equivalent fashion, substantially in conformance with the require
ments of MIL-C-557Do 

VIIo DISCUSSION AND CONCLUSION 

This investigation, principally performed on a laboratory scale but intended 
-to simulate typical commercial continuous dyeing practice, revealed certain uncon
trollable variables in the translation of formulations to the larger scale of 
operationso Variations in the dye formulationJ techniques for application of 
dye-pigment, drying, steaming, washing, developing, washing, and other finishing 
treatments may lead to differences in resultant shade whether the fabric treat
ment is accomplished in mill-scale laboratory conditions or different millso 

Dye formulations employed in the development of the range of shade tolerances 
are shown in Table Io Instrumental and visual characterization of the standard 
shade and tolerances is shown in Table IIo 
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TABLE I 

DYE-PIGMENT FORMULATIONS 

Visual Identification Per Cent Dye in Pad Liquor 
Character Number (Color Index Number or Identification) 

Vat Black Vat Blue Vat Blue Carb. Vat Black 
9 20 16 Violet 13 

622.20 _2980Q_ 71200 ~B 

Laboratory: D:;teingsl/ ' .. 
Full Blue 29 3o50 lo50 lo50 

Thin Blue 44 2o25 2.03 2Q93 

Full Green 43 lo50 lo50 3e00 

Thin Green 45 2:.1 ?.I 2/ 

Full Red 40 2o60 2o00 3.10 

Thin Red 41 2o30 lo89 2o80 

Full Dull 38 2o50 2o25 3o25 

Thin Dull 39 2o50 2ul0 3o00 
or Full Stdo 

Thin Stdo 46 Dyeings~~unces[gal:~ 11 
Mill 

Thin Stdo-2 1517-1 3o46 3ol3 3o59 

Standard 1517-2 2.1 21 2/ 

1/ Laboratory dyeings - Narrow fabric pigment padded on Callaway slasher, dried 
by electric radiant heaters, chemical pad (45 grams/liter caustic & hydro) 
and steamed in laboratory steam unit, 2 cold water washes, oxidized on jig 
using hydrogen peroxide and acetic acid, 2 hot water washes, soaping on jig 
using alkyl-aryl detergent. 

Y Topping dye process using Thin Standard-2 - Laboratory steam unit -dry 
dyed material run through chemical bath composed of (grams/liter): caustic 
and hydro, 45; Carbanthrene Violet 4B, 2o7; Cl 71200, 3o0; Vat Black 13, 3o9o 
After processing as in l/o 

1/ Topping dye process using Thin Standard-2 ~Laboratory steam unit -dry dyed 
material run through chemical bath composed of (grams/liter): caustic and 
hydro, 15; Cl 59800, 5; Cl 71200, 4; Vat Black 13, 5o After processing as a.boveo 

~ Mill scale dyeing using pad steam range - material padded, dried in hot air, 
padded with chemical bath (240 galo mix, 190 lb caustic, 95 lb hydro), steamed 
20 seconds at 214°F, 2 cold water rinses, 2 oxidation boxes (180 gal, 40 lb 
acetic acid, 30 lb sodium bichromate, 2 lb anionic surfactant), 1 hot water 
wash, 1 hot water and anionic detergent wash, 1 hot water wash, dried on 
steam cans. 

(Continued) 

11 



TABLE I (Continued) 

DYE-PIGMENT FOR.MULATIONS 

Topping dye process using Thin Standard-2 - pad-jig process in mill - pad 
liquor composed of loO ounces/gallon C:L 59800 and Oo5 ounces/gallon Vat 
Black 13; additions to jig reduction liquor of l a65 ounces/gallon Cl 59800 
and Oo25 ounces/gallon Vat Black lJo 40 gallon reduction liquor containing 
8 lb caustic and 6 lb hydro, with additions of total of 3 additional pounds 
of hydro as more dye was required for shading purposes o Total ends - 15o 
2 ends cold water wash, 2 ends in oxidation bath (40 gallons containing 2 lb 
sodium bichromate), 2 ends hot water wash, 2 ends hot water wash, soaping 
in anionic surfactant (2 wash boxes 2 lb each), dried on steam canso Water 
repellent finishing (4 per cent Zelan AP Paste buffered with sodium acetate) 
padded, dried, cured 2 minutes at 300°F, soaped (2 wash boxes 1 per cent 
anionic detergent and l per cent sodium perborate) 3 hot wash boxes, 1 cold 
washo Compressively preshrunk on Sanforizero 

l
,..., 
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TABLE II 

INSTRUMENTAL CHARACTERIZATION OF SHADE 

Visual Identification Instrumental Data 
Character Number 

L __ b __ AL A a ~- ~ --- ~a-

Standard 1517-2 15 , 80 4 o02 ·-4 o J8 ----
Full Std o 39 l6 o28 4 o75 ·-3 0 70 L Oo48 R Oo7J Y Oo68 l ol6 
or Thin Dull 

Thin Std. 46 17o 5J 4 o45 ·-4o88 L 10 73 R. Oo4J B Oo40 lo8J 

Full Blue 29 l6o28 5.48 ·-50 00 L Oo48 R l o46 B Oo62 1.,66 

Thin Blue 44 l9o08 6u00 ·-8 0 95 L Jo28 R l o98 B 4 o57 5.,96 

Full Green 43 17o6J J.,75 ·-5 9 60 L l e8J G Oo27 B lo22 2o22 

Thi n Green 45 .l8 oJ5 3o 8J --6 0 53 L 2o55 G Ool9 B 2o 15 3o34 

Full Red 40 15o58 5ol3 ·-J o9J D Oo22 R l oll y 0.,45 l o22 

Thin Red 41 l6 o50 5o 50 ·-50 63 L Oo70 R l o48 B 1.,25 2o06 

Full Dull 38 15o87 4.68 ·-J e 00 L Os07 R 0.,66 Y l oJ8 l o5J 

Thin Dull 39 16 o28 4o75 ·-3 9 70 L Oo48 R 0.,73 y 0.,68 1;,16 
or Full Std., 

Thin Std a-2 1517-1 18 oJJ 4o08 --5 o45 L 2 o5J R Oo06 B 1.,07 2o75 

Note: Values of L, a, and b were derived from average of 2 readings each in 
warp and filling direction of material. Prefix letters in ~L, a, and b signify 
direction of difference: L - lighter, D - darker, R - redder, G - greener or 
less red, Y - yellower or less blue, B - bluer o 
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TABLE III 

LABORATORY APPRAISAL OF SHADE STANDARD IN USAF BLUE 1517 
CLOTH, COTTONJ WIND-RESISTANT SATEEN 

TYPE II, MIL-C-5570 

Characteristic 

Weave 

Yarn ply - Warp 
Filling 

Yarns per inch - Warp 
Filling 

Weight - ounces/yd2 

Breaking strength - grab 
(pounds) - Warp 

Filling 

Tearing Strength -

Test Method 
(CCC-T-19lb) 

Visual 

Visual 

5050 

5041 

5100 
5100 

(grams - Elmendorftester) 
Warp 5132 

5132 Filling 

Shrir.kage in laundering - per cent 
Warp 5550 
Filling 5550 

Dynamic absorption - per cent 
Initial 5500 

*Laundered 5500 

Spray Rating 5526 

Hydrostatic pressure - centimeters head 
Initial 5514 

*Laundered 5514 

~cification 

mi.nimum/maxo 

5-H Sateen 

2-ply 
l 

120 
88 

7 

130 
105 

3000 
3500 

l 
1 

25 
35 

90,90,80 

35 
27 

Air permeability - cubic feet/minute/square foot 
Initial 5450 6o5 

*Laundered 5450 6Q5 

Seam efficiency - per cent of breaking strength 
5110 85 

Test Result 

5-H Sateen 

2-ply 
1 

134 
91 

7ol3 

137 
98 

2394 
2707 

14 
30 

100 

79 
59 

85-90 

Colorfastness - Light (120 hours) excellent, Laundering-good, Bleaching-good, 
Perspiration-excellent, Crocking-goodo 

* After laundering by Method 5610, modified to use double volume of wash 
water and 8 x 8-inch sampleso 




