LIBRARY,
A & M COLLEGE,
CAMPUS .

E120-6M-L180

TEXAS AGRICULTURAL EXPERIMENT STATION

A. B. CONNER, DIRECTOR
COLLEGE STATION, BRAZOS COUNTY, TEXAS

BULLETIN NO. 506 MAY, 1935

DIVISION OF RURAL HOME RESEARCH

Further Studies of the Effect of Sunlight
on the Strength and Color
of Cotton Fabrics

LIBRA
R
Al iuitural & Mechanica| co!lege of en

. Gol Station, Texas,

AGRICULTURAL AND MECHANICAL COLLEGE OF TEXAS
T. O. WALTON, President



T Tl T b o e s S

Administration: Veterinary Science:

A. B. Conner, M. S., Director *M. Francis, D. V. M., Chief
R. E. Karper, M. S., Vice Director H. Schmidt, D. V. M., Veterinarian
Clarice Mixson, B. A., Secretary ¢*F. P. Mathews, D. V. M., M. S., Veterinarian
M. P. Holleman, Chief Clerk Plant Pathology and Physiology:
D. R. McDonald, Asst. Chief Clerk J. J. Taubenhaus, Ph. D., Chief
Chester Higgs, Executive Assistant W. N. Ezekiel, Ph. D., Plant Pathologist
Howard Berry, B. S., Technical Asst. L. B. Loring, M. S., Asst. Plant Pathologist
Chemistry: G. E. Altstatt, M. S., Asst. Plant Pathologist
G. S. Fraps, Ph. D., Chief; State Chemist “Glenn Boyd, B. S., Asst. Plant Pathologist
S. E. Asbury, M. S., Chemist Farm and Ranch Economics:
J. ¥. Fudge, Ph. D., Chemist L. P. Gabbard, M. S., Chief
E. C. Carlyle, M. S., Asst. Chemist W. E. Paulson, Ph. D., Marketing
T. L. Ogier, B. S., Asst. Chemist C. A. Bonnen, M. S., Farm Management
A. J. Sterges, M. S., Asst. Chemist +**W. R. Nisbet, B. S., Ranch Management
Ray Treichler, M. S., Asst. Chemist #*%*A, C. Magee, M. S., Farm Management
W. H. Walker, Asst. Chemist Rural Home Research:
Velma Graham, Asst. Chemist Jessie Whitacre, Ph. D., Chief
Jeanne F. DeMottier, Asst. Chemist Mary Anna Grimes, M. S., Textiles
W. H. Garman, M. S., Asst Chemist Sylvia Cover, Ph. D., Foods
A. R. Kemmerer, Ph. D., Asst. Chemist Soil Survey:
A. W. Walde, Ph. D., Asst. Chemist **W. T. Carter, B. S., Chief
Horticulture: E. H. Templin, B. S., Soil Surveyor
S. H. Yarnell, Se. D., Chief J. W. Huckabee, B. S., Soil Surveyor
Range Animal Husbandry: I. C. Mowery, B. S., Soil Surveyor
J. M. Jones, A. M. Chief Botany: ,
B. L. Warwick, Ph. D., Breeding Investiga. V. L. Cory, M. S., Acting Chief
S. P. Davis, Wool and Mohair Swine Husbandry:
J. H. Jones, B. S., Animal Husbandman Fred Hale, M. S., Chief
Entomology: Dairy Husbandry:
F. L. Thomas, Ph. D., Chief; State 0. C. Copeland, M. S., Dairy Husbandman
Entomologist Poultry Husbandry:
H. J. Reinhard, B. S., Entomologist R. M. Sherwood, M. S., Chief / \
R. K. Fletcher, Ph. D., Entomologist J. R. Couch, M. S., Assoc. Poultry Husb.
W. L. Owen, Jr., M. S., Entomologist Paul D. Sturkie, B. S., Asst. Poultry Husb.
J. N. Roney, M. S., Entomologist Agricultural Engineering:
J. C. Gaines, Jr., M. S., Entomologist H. P. Smith, M. S., Chief
S. E. Jones, M. S., Entomologist Main Station Farm:
F. F. Bibby, B. S., Entomologist G .T. McNess, Superintendent-
“*R. W. Moreland, B. S., Asst. Entomologist Apiculture (San Antonio):
C. E. Heard, B. S., Chief Inspector H. B. Parks, B. S., Chief
C. J. Burgin, B. S., Foulbrood Inspector A. H. Alex, B. S., Queen Breeder
Agronomy: Feed Control Service:
E. B. Reynolds, Ph. D., Chief F. D. Fuller, M. S., Chief
R. E. Karper, M. S., Agronomist James Sullivan, Asst. Chief.
P. C. Mangelsdorf, Sc. D., Agronomist S. D. Pearce, Secretary

D. T. Killough, M. S., Agronomist . H. Rogers, Feed Inspector
J. T. Vantine, Jr., M. 8., Asst. Agronomist K. L. Kirkland, B. S., Feed Inspector
J. O. Beasley, M. S., Asst. Agronomist S. D. Reynolds, Jr., Feed Inspector
Publications: ] P. A. Moore, Feed Inspector
A. D. Jackson, Chief E. J. Wilson, B. S., Feed Inspector
H. G. Wickes, D. V. M., Feed Inspector
J. K. Francklow, Feed Inspector

—~

SUBSTATIONS
No. 1, Beeville, Bee County: No. 9, Balmorhea, Reeves County:
R. A. Hall, B. S., Superintendent J. J. Bayles, B. S., Superintendent
No. 2, Tyler, Smith County: No. 10, College Station, Brazos County:
P. R. Johnson, M. S., Superintendent R. M. Sherwood, M. S., In Charge

¢*B. H. Hendrickson, B. S., Sci. in Soil Erosion L. J. McCall, Farm Superintendent
**R. W. Baird, M. S., Assoc. Agr. Engineer No. 11, Nacogdoches, Nacogdoches County:

No. 3, Angleton, Brazoria County: H. F. Morris, M. S. Superintendent
R. H. Stansel, M. S., Superintendent **No. 12, Chillicothe, Hardeman County:
H. M. Reed, B. S., Horticulturist **J, R. Quinby, M. S. Superintendent
No. 4, Jefferson County: #*J. C. Stephens, M. A., Asst. Agronomist
R. H. Wyche, B. S., Superintendent No. 14, Sonora, Sutton-Edwards Counties:
**H. M. Beachell, B. S., Junior Agronomist W. H. Dameron, B. S., Superintendent
No. 5, Temple, Bell County: 1. B. Boughton, D. V. M., Veterinarian
Henry Dunlavy, M. S., Superintendent W. T. Hardy, D. V. M., Veterinarian
C. H. Rogers, Ph. D., Plant Pathologist O. L. Carpenter, Shepherd
H. E. Rea, B. S., Agronomist **0. G. Babcock, B. S., Asst. Entomologist
**E. B. Deeter, B. S., Soil Erosion No. 15, Weslaco, Hidalgo County:
¢*P. L. Hopkins, B. S., Junior Civil Engineer W. H. Friend, B. S., Superintendent
No. 6 Denton, Denton County: S. W. Clark, B. S., Entomologist
P. B. Dunkle, M. S., Superintendent W. J. Bach, M. S., Plant Pathologist
**]. M. Atkins, B. S., Junior Agronomist J. F. Wood, B. S., Horticulturist
No. 7, Spur, Dickens County: No. 16, Iowa Park, Wichita County:
R. E. Dickson, B. S., Superintendent C. H. McDowell, B. S., Superintendent
B. C. Langley, M. S., Agronomist L. E. Brooks, B. S., Horticulturist
No. 8, Lubbock, Lubbock County: No. 19, Winterhaven, Dimmit County:
D. L. Jones, Superintendent E. Mortensen, B. S., Superintendent
Frank Gaines, Irrig. and Forest Nurs. **L.. R. Hawthorn, M. S., Horticulturist
Members of Teaching Staff Carrying Cooperative Projects on the Station:
G. W. Adriance, Ph. D., Horticulture W. R. Horlacher, Ph. D., Genetics
S. W. Bilsing, Ph. D., Entomology J. H. Knox, M. S., Animal Husbandry
D. Scoates, A. E., Agricultural Engineering A. L. Darnell, M. A., Dairy Husbandry
A. K. Mackey, M. S., Animal Husbandry R. O. Berry, B. S., Biology
R. G. Reeves, Ph. D., Biology R. T. Stewart, Ph.D., Agronomy
. S. Mogford, M. S., Agronomy V. A. Little, M. S., Entomology

J
F. R. Brison, M. S., Horticulture

*Dean, School of Veterinary Medicine. fAs of March 1, 1935
**In cooperation with U. S. Department of Agriculture.

iIn cooperation with Texas Extension Service.

9In cooperation with State Department of Agriculture.



The changes in strength and color of 35 cotton fabrics were
measured after each 25 hours of exposure to sunlight until 500
hours of exposure had been reached. The fabrics studied were
well known brands, each in white, blue, green, yellow, lavender, and
pink. The results of exposure of 22 other fabrics were reported
in Bulletin 474. The present report is a continuation of that
study. The findings in this report confirm in general those in the
previous portion . of the study and supply data for additional
fabrics.

It was found that the length of time for which the fabrics were
exposed had the greatest effect upon loss in strength and that
temperature had greater effect than relative humidity. All of the
35 fabrics lost strength as exposure increased but not equally, the
losses after 500 hours of exposure varying from 14 to 60 per cent
in the warp and from 21 to 76 per cent in the filling. Heavy
fabrics of coarse yarns lost less than did light fabrics of fine
yarns. The loss in strength of the dyed fabrics varied with the
dye or combinations of dyes used, no one color being consistently
more resistant in all fabrics, although in general blues were less
weakened than other colors. Among the fabrics identical in struc-
ture the white lost more strength than did any dyed fabrics with
the exception of the pink, indicating that most of these dyes afford-
ed protection against the tendering, or weakening, effect of
sunlight.

All white and all colored fabrics changed in color during ex-
posure. Color changes were not dependent upon the color but upon
the dye and depth of dyeing. Dark colors appear to fade less than
light colors. Variations in loss of strength and color show the im-
portance of using dyes and combinations of dyes which neither
tender nor fade objectionably. Guaranteed fabrics underwent less
change in color than did those not guaratneed, but ‘“tub fast”
fabrics were not light fast. Care should be taken in purchasing
fabrics which are to be laundered that they be guaranteed fast
to both light and washing. Results of this study suggest that
where light fastness is desirable, it is not impossible to attain, nor
unreasonable to demand, a minimum fastness, in dyed fabrics, of
100 hours of exposure to sunlight before fading is perceptible.
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FURTHER STUDIES OF THE EFFECT OF SUNLIGHT ON
THE STRENGTH AND COLOR OF COTTON FABRICS*

MarY ANNA GRIMES

When fabrics are exposed to weather certain alterations take place with
resulting changes in strength and in color. The kind and extent of these
changes are influenced by the nature of the fabrics and the conditions
under which they are exposed. This study was undertaken to determine
the changes in strength and color of certain cotton fabrics when exposed
to normal conditions of sunlight, temperature, and relative humidity.
Fifty-seven well-known cotton fabrics were chosen for study. The effects
of exposure upon the color and strength of twenty-two of these fabrics
were presented in a previous publication, Bulletin 474. The present
Bulletin reports findings obtained from the study of the remaining thirty-
five fabrics.

PLAN OF EXPERIMENT

The cotton fabries included in this study were exposed to sunlight to
determine the effect of such exposure upon the strength and color. Ex-
posures were made in direct sunlight with the fabrics uncovered and in a
horizontal position. The fabrics were tested after each 25-hour interval of
exposure from 25 through 500 hours.

Each fabric was subjected to physical and chemical analyses before
exposure to determine the color, the structure of the yarn and fabric,
and the nature of the sizes and finishes in the cloths.

The colors of the unexposed and exposed fabrics were measured with
a spectrophotometer to determine any changes taking place during each
exposure period.

Changes in strength were determined by comparing the breaking strength
before exposure with the breaking strength after each of the 20 exposure
periods.

The relative effects of hours of exposure, temperature, and relative
humidity were determined by correlation analysis.

Comparisons were made of the changes in strength and color with respect
to: structure of fabric, color, dye, finish, price, and guarantee.

FABRICS USED IN THIS STUDY

The 35 fabrics used in this study were broadcloths, chambrays, ginghams,
suitings, and nainsooks. The broadcloths included a Brittany broadcloth
in white and Superlustre broadcloth in blue, green, yellow, lavender, and
pink. The ginghams included Everfast and Meadow Lane, each in.white,
blue, green, yellow, lavender, and pink. With the exception of white,
the same colors were used in a well-known brand of chambray. Ever-
fast suiting was chosen as a representative of heavy cotton fabrics and

*Submitted for publication November 6, 1934.
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Bluebird nainsook for fine cotton fabric, each in white, blue, green, yellow,
lavender, and pink. With the exception of the white broadcloth and
white nainsook the fabrics within each group were purchased as identical
in structure but differing in color.

The manufacturers of these fabrics were requested to give information
concerning the dyes, finishes, and guarantees of their respective products.
Permission to use trade names in this report was requested and used
where granted.

Physical Analysis of Yarns and Fabrics

Methods.

Detailed descriptions of the apparatus and methods are given in Bulletin
474 (7). All physical tests were made under controlled atmospheric con-
ditions of 651 per cent relative humidity at 76+2° F. (7).

The physical analysis of all yarns and fabrics used in this study was
made for descriptive purposes and to permit comparisons of the effects
of the various structural factors upon the changes in strength and color
resulting from exposure to sunlight. The analysis included the determina-
tions of fabric width and thickness, weight per square yard, thread count,
ply, yarn size, twists per inch, breaking strength of yarn and of fabric
and color measurements. The usual methods for determining the struec-
ture of the yarns and fabrics were employed (7).

The breaking strengths of the yarns and fabrics were measured with
a Scott serigraph, using two-inch jaws and allowing a distance of three
inches between the jaws and a speed of 12 inches per minute. Fabric
strips were 1 inch wide by thread count and 7 inches long. The breaking
strength of yarns was determined after removing for a distance of three
inches the crosswise threads in the center of a strip of fabric containing
100 yarns. This method leaves 2 inches of fabric on each end of the
specimen for fastening in the jaws. The average of at least 20 breaks
was used for all breaking-strength determinations. The strength-count
factors were determined by dividing the strength of 100 yarns by the
yarn size. The strength-weight factors were obtained by dividing the
breaking strength of the warp plus the breaking strength of the filling
by the weight in ounces of one square yard. The twist-constants were
determined by dividing the twists per inch by the square root of the
yarn size.

The color analyses were made with a Keuffel and Esser spectro-
photometer using a magnesium carbonate block with an assumed re-
flection of 100 per cent as a standard. The reflection of the specimen
is expressed in percentage of the standard and is the average of ten read-
ings taken at 20 millimeron intervals, from 440 to 700 millimicrons.

Results.
The physical analyses of the fabrics and yarns are given in Table 1.

Price and Width. The retail price per linear yard was converted into price
per square yard in order to place the fabrics on a comparable price basis. In
four of the six groups of fabries the widths approximate 36 inches; therefore

e e o et



analysis of fabrics and

Price Thick- |Conditioned| Thread count Yarn size Twist per inch Twist-constant?!
Fabric Wit;lth. ness, | weight'in '
T 3 ounces per
Linear [ Sauare | Inches | inches | AR P04 Warp | Filling | Warp | Filling | Warp | Filling | Warp | Filling
; |
Broadcloth: 5 |
White 0.49 0.497 356.50 0.0061 3.11 150.2 T4.4 48.5 51.0 R22.1 R16.2° 3.2 2.3
Blue 0.45 0.455 35.63 0.0066 3.19 132.1 64.2 41.3 49.6 R19.1 R17.3 3.0 2.6
Green 0.45 0.453 35.75 0.0064 3.10 132.4 64.3 40.4 48.0 R19.1 R20.6 3.0 3.0
Yellow 0.45 0.453 85.76 0.0065 3.12 132.4 64.0 40.1 48.1 R20.56 R20.9 3.2 3.0
Lavender 0.45 0.453 35.756 0.0063 3.25 132.2 64.3 41.7 50.4 R22.7 R20.1 3.5 2.8
Pink 0.45 0.453 35.75 0.0064 3.09 132.0 64.2 41.2 49.9 R22.3 R21.0 3.6 3.0
Chambray :
Blue 0.33 | 0.393 30.25 0.0072 3.09 78.3 64.2 28.5 39.0 R18.56 R22.8 3.5 3.7
Green 0.33 0.390 30.50 0.0071 3.15 78.2 64.1 25.6 39.9 R15.8 R21.4 3.1 3.4
Yellow 0.33 0.390 30.50 0.0075 3.22 78.4 64.3 27.6 34.9 R16.0 R21.0 3.0 3.6
Lavender 0.33 0.393 30.25 0.0071 3.24 78.1 64.0 27.9 38.4 R16.1 R22.1 3.1 3.6
Pink 0.33 0.404 30.13 0.0071 3.19 78.3 64.4 26.9 36.8 R13.1 R22.3 2.8 3.7
Everfast | | | | | |
Gingham : 2 | | | | |
White 0.59 0.597 35.50 0.0072 2.62 95.6 | 84.4 | 52.7 43.8 | R24.4 RIQA - 8.4 [ = 2.9
Blue 0.59 0.597 35.50 0.0074 2.63 95.2 | 85.4 | 58.3 47.7 R27.2 R18.4 | 3.7 2.7
Green 0.59 0.597 35.50 0.0073 2.56 98.1 85.4 53.3 45.8 R28.4 R18.5 3.9 2.7
Yellow 0.59 0.597 35.50 0.0069 2.55 96.8 86.0 54.9 47.0 R25.8 R18.6 3.6 2.7
Lavender 0.59 0.597 35.50 0.0070 2.65 98.4 85.6 53.3 47.9 R25.7 R17.0 3.5 2.5
Pink 0.59 0.597 35.50 0.0072 2.54 97i8 86.8 53.1 46.5 R24.7 R18.6 3.4 2.7
Everfast 4
Suiting :
White 0.50 0.507 35.50 0.0133 4.61 54.7 46.0 15.1 14.3 R15.9 R12.1 4.1 3.2
Blue 0.50 0.507 ' 35.50 0.0130 4.55 54.2 44.1 13.7 15.4 R16.5 R13.4 4.5 3.4
Green 0.50 0.511 35.25 0.0131 4.60 53.6 44.0 14.6 14.8 R16.3 R12.3 4.3 3.2
Yellow 0.50 0.514 35.00 0.0122 4.69 54.0 44.0 15.0 14.4 R17.2 R12.8 4.4 3.4
Lavender 0.50 0.511 35.25 0.0129 4.71 | 56.0 46.0 14.7 14.8 R16.4 R13.6 4.3 3.9
Pink 0.50 0.511 35.26 0.0126 4.6 | 54.7 46.2 14.4 15.0 R16.0 R13.8 4.2 3.6
Meadow Lane
Gingham:
White 0.44 0.495 32.00 0.0063 2.73 83.7 75.3 38.8 44.0 R20.3 R18.0 3.3 2.7
Blue 0.44 0.491 32.25 0.0069 2.62 85.5 76.6 41.2 39.6 R25.0 R19.7 3.9 3.1
Green 0.44 0.495 32.00 0.0063 2.81 84.3 75.5 39.1 42.9 R22.2 R16.8 3.6 2.6
Yellow 0.44 0.491 32.25 0.0061 2.79 83.0 .7 39.1 39.7 R23.3 R18.0 3.7 2.9
Lavender 0.44 0.491 32.25 0.0068 2.81 84.7 76.0 38.5 41.6 R20.8 RI1TT 3.4 20
Pink 0.44 0.491 32.25 0.0064 2.712 84.1 75.0 42.2. 41.2 R23.1 R15.0 3.6 2.3
Bluebird
Nainsook :
‘White 0.35 0.332 38.00 0.0061 2.13 85.1 "73.4 441 64.4 R26.9 R26.2 4.0 3.3
Blue 0.45 0.447 36.25 0.0056 1.68 96.2 75.7 63.9 85.4 R27.3 R33.5 3.4 3.6
Green 0.45 0.450 36.00 0.0050 2.06 108.0 94.2 61.0 83.4 R31.1 R25.4 4.0 2.8
Yellow 0.45 0.450 26.00 0.0052 2.01 108.4 92.3 61.7 95.1 R35.5 R27.5 4.5 2.8
Lavender 0.45 0.450 36.00 0.0052 1.71 99.6 75.3 63.9 88.5 R33.8 R26.7 4.2 2.8
Pink 0.45 0.421 38.50 0.0052 1.55 |l 92.2 ‘ 80.6 i 63.9 |I 91.5 | R30.4 R29.7 3.8 || 3.1

1Twists per inch divided by the square root of the yarn size.
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there is little difference between linear and square yard prices. In the
other two groups, Meadow Lane and chambray, the widths are less than
36 inches with a corresponding higher price per square yard. There is a
difference of 15 cents per linear yard between the Everfast gingham
and the Meadow Lane cloth but of only 10 cents per square yard of fabric.
Prices of Meadow Lane and colored broadcloth show a difference of 1
cent per linear yard but approximately 4 cents per square yard.

These comparisons illustrate the importance of considering the widths
of fabrics when one is comparing prices.

Weight and Thickness. Comparisons of conditioned weight in ounces per
square yard show Everfast suiting to be much the heaviest cloth followed by
broadcloth and chambray of approximately equal weight, Meadow Lane,
Everfast gingham, and nainsook. A slightly different order is found in the
thickness of the fabrics. The Everfast suiting is thickest and the nainsook
thinnest. The Everfast gingham and chambray are of approximately the
same thickness as are also the Meadow Lane cloth and broadcloth.

Thread Count. In all fabrics the number of warp yarns per inch exceeds the
number of filling yarns. The greatest difference occurs in the broadcloths,
where the warp yarns are twice the number of filling yarns, this relatively
greater proportion of warp yarns being a characteristic of broadcloth. In all
but the nainsooks the thread counts within each group are approximately the
same. These differences in the nainsook are probably due to the difference
in width to which the fabrics were finished, since those with the higher
thread counts are narrower.

Yarn Size and Twist. All yarns in these fabrics are single-ply.

The yarns vary in size from approximately 100s in nainsooks to 14s in
the suitings. Approximately equal sizes are found in the warp and filling
of each of the suitings and Meadow Lane ginghams. The warps are finer
in the Everfast ginghams and the fillings finer in the broadcloths,
chambrays, and nainsooks.

The twist in all yarns is in the right-hand direction. There is little
variation in the number of twists per inch within each group of fabrics.
The twist-constants place the twists of the yarns upon a comparable
basis and show the warp yarns to be more tightly twisted than the
filling with the exception of the chambrays.

Breaking Strength and Strength Factors. The breaking strength of one-
inch warp strips given in Table 2 shows the broadcloth to be the strongest
group of fabrics followed by the suiting, chambray, Meadow Lane, Ever-
. fast gingham, and nainsook groups. The filling shows a different arrange-
ment, the suiting being strongest, then Everfast gingham, Meadow Lane,
chambray, broadcloth, and nainsook. The broadcloths, which were strongest
in the warp direction, were comparatively weak in the filling.

When the breaking strengths of 100 yarns in each direction of the fabric
are compared it is found that the strength of both warp and filling de-
creases in the same order from the suiting, which is the strongest, through
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the chambray, Meadow Lane, broadcloth, Everfast gingham to the nain-
sook. The lowest strength-weight factors occur in the suiting with com-

paratively little differences among the other fabric groups.

Table 2. Breaking strength, strength-count, and strength-weight
Breaking sterngth Breaking sterngth o
of one-inch fabric of 100 yarns in Stre?f:&:funt
strips in pounds pounds Strength-
Fabric weight
factor?
Warp Filling Warp Filling ‘Warp Filling
| | | |
Broadcloth: | | | |
White | 6097 | 2421 2890 | 2360 | 0.60 | 0.46 27.32
Blue | 53.05 | 17.57 25.10 | 19.80 | 0.61 0.40 22.14
Green | 52.72 | 17.79 27.40 | 16.90 0.68 0.35 22.75
Yellow 57.16 | 20.23 30.10 22.10 0.75 0.46 24.80
Lavender 53.36 | 18.79 28.30 22.40 0.68 0.44 22.20
Pink 53.568 | 17.68 28.90 18.00 0.70 0.36 23.06
Chambray : |
Blue 43.49 | 26.51 48.80 | 85.50. | . 171 | . 0.91 22.65
Green 42.04 | 30.18 47.60 | 35.90 | 1.86 | 0.90 22.98
Yellow 44.74 | 29.98 48.60 | 36.00 | 1.76 | 1.03 | 23.20
Lavender 45.25 | 28.70 50.10 35.10 1.80 0.91 | 22.82
Pink 45.33 | 30.78 51.50 33.60 1.92 0.91 23.86
Everfast
Gingham:
W hite 33.19 31.85 31.00 27.50 0.59 0.63 24,82
Blue 34.07 32.84 27.90 25.60 0.52 0.54 25.44
Green 34.13 31.92 27.80 22.40 0.52 0.4y 25.80
Yellow 34.21 33.77 26.90 24.50 0.49 0.62 26.66
Lavender | 36.34 34.51 28.30 25.50 0.563 0.53 27.78
Pink e 820% 32.07 25.00 21.60 0.47 0.46 25.23
Everfast |
Suiting :
White 50.04 37.97 81.60 66.30 5.40 4.64 19.09
Blue 47.99 34.84 75.10 67.30 5.49 4.36 18.20
Green 51.91 42.20 85.40 78.30 5.85 5.30 20.46
Yellow | 5111 | 36.62 7990 | 63.00 | 533 | 4388 | 1871
Lavender | 57.69 | 41.65 85.30 | 76.50 5.79... " ~V6.10 | 21.09
Pink | 61.96 | 86.29 81.40 67.10 5.65 4.48 18.98
Meadow Lane
Gingham :
White 36.39 27.18 37.50 32.60 0.97 0.74 23.29
Blue 37.73 32.81 35.80 35.50 0.87 0.90 26.92
Green 37.56 31.00 36.00 30.00 0.92 0.70 24.40
Yellow 37.06 29.97 37.00 30.40 0.95 0.77 24.03
Lavender 40.39 32.34 41.10 32.10 1.07 0.77 25.88
Pink 35.21 29.14 35.80 29.80 0.85 0.72 23.66
Bluebird
Nainsook :
White 33.59 17.67 31.00 17.00 0.70 0.26 24.07
Blue 29.08 13.88 22.10 13.40 0.35 0.16 25.57
Green 32.06 17.35 22.50 10.90 0.37 0.13 23.99
Yellow 28.84 14.56 21.50 10.00 0.35 0.11 21.59
Lavender 27.48 11.64 20.60 12.40 0.32 0.14 22.88
Pink | 31.79 15.38 28.90 [ 13.10 0.45 | 0.14 30.43

1Strength of 100 yarns divided by the yarn size.
2Breaking strength of warp plus that of filling divided by the weight in ounces of one

square yard.

Chemical Analysis of Sizes and Finishes*

The sizes and finishes, which are applied to yarns and fabrics to facilitate
weaving and to enhance the appearance of the finished product, may

*The author is indebted for the chemical analyses used in this report to E. B. Middleton,
in the Texas Agricultural and Mechanical College.

instructor in

inorganic chemistry
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influence the changes produced by exposure to sunlight. These added
substances may inhibit or accelerate such changes (8, 16). Tests were
made to determine the presence of a few of the substances frequently used
in the sizing and finishing of cotton yarns and fabrics.

Methods.

All tests were made in duplicate or triplicate.

Qualitative tests were made on the fabrics for glue or gelatin, dextrin,
sugar, starch, chloride ions, sulphate ions, magnesium, barium, calcium,
and zinc (16).

Quantitative tests were made on the fabrics and on the warp and filling
yarns separately. The total size and finish was determined by extracting
water-soluble substances and fats and waxes, by stripping with caustic
soda and hydrochloric acid, and by ashing. No corrections were made for
mechanical losses.

Results.

The results of the chemical tests are given in Tables 3 and 4.

The white broadcloth contained none of the finishes for which the
yarns were tested, in either warp or filling. The warp yarns of all of the
colored broadcloths gave positive tests for starch while only the blue
and pink filling yarns gave this test. This difference suggests that the
starch was used in sizing the warp yarns but in washing the finished
fabric some starch was transferred to the filling yarns and not removed.
The traces of dextrin found in the yarns of some of the colored broad-
cloths indicate the use of a small quantity in the finish of the fabries.

A relatively large amount of starch was found in both the warp and fill-
ing of all chambrays confirming the statement of the manufacturers
that these fabrics were finished with starch. Dextrin was present only
in the warp; therefore it was apparently used in the sizing of the warp
yarns.

The presence of starch in the warp yarns of the white and pink Ever-
fast ginghams suggests its use in sizing and that the desizing was not
complete in these two fabrics. The Everfast ginghams were the only fabrics
containing sulphate ions. None of the positive ions for which tests were
made were found in these ginghams. No information is available con-
cerning the finishes and dyes used, but the source may have been the
antichlor, sodium thiosulphate, or sulphuric acid, used to remove the last
traces of chlorine left from the bleaching agent. The presence of the
sulphate ions in the filling of the white gingham contra-indicates the
dyes as a possible source.

No water-soluble finishes were found in the Everfast suitings with the
exception of the white, which was probably lightly starched in the finish-
ing process.

All Meadow Lane ginghams gave positive tests for dextrin and sodium
ions. Since dextrin is present in'warp and filling yarns it was probably
added during the finishing process. No negative ions for which tests were
made were found. The source of the sodium ions may be the sodium
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bichromate and sodium perborate used in the oxidation of the dyes but this
can not be true of the white. The presence of sodium ions in both white

Table 3. Qualitative analyses of water-soluble finishes

Warp Filling

Fabric
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Green |
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Everfast
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Blue
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and dyed fabrics indicates its retention from the bleaching solution or the
antichlor:.

Dextrin, sodium, and chloride ions were found in all nainsooks. Dextrin
was used in the finish. The sodium and chloride ions were probably re-
tained from the bleaching and antichlor solutions.

All fabrics were tested for mercerization by Lance’s method (11). Ever-
fast suitings and broadcloths gave positive tests for mercerization. The
other fabrics were found to be unmercerized or too slightly mercerized to
give a definite reaction.



Table 4. Quantitative analyses of sizes and finishes

Fabric _Yarn
Warp Filling I
Per cent Per cent
,};i‘i‘s'éi?z fats and total Pe:s%ent Per cent Per cent Per cent Per cent Per cent Per cent
waxes finish moisture fats and total moisture fats and total w
waxes finish waxes finish c
i
| | | | &
Broadcloth : | | =
White 6.01 | 0.72 2.74 0.14 4.11 1.16 2.68 2,16 0.98 2.59 iz
Blue 5.75 | 0.82 2.62 0.09 3.90 0.99 1.48 3.79 0.73 3.95 Z
Green 4.43 0.83 ° 4.43 0.08 3.79 1.29 2.58 4.26 0.78 4.81
Yellow 4.51 0.96 2.90 0.06 3.74 0.69 5.24 3.12 1.10 4.52 4
Lavender 5.63 0.93 2.80 0.09 3.88 1.06 3.11 3.14 1.06 3.96 <]
Pink 5.41 0.93 2.32 0.09 4.10 | 1.29 3.30 3.96 0.84 3.79
Chambray : | 2
Blue 4.95 0.66 3.34 0.07 3.83 0.73 5.60 4.17 0.83 2.48 53
Green 5.43 0.42 4.40 0.08 4.38 0.50 5.95 3.91 0.62 2.37 A
Yellow 4.94 0.43 4.30 0.09 4.02 0.73 7.834 4.40 0.75 2.56 =
Lavender 4.99 0.57 5.26 0.09 3.35 0.66 8.60 4.23 0.81. 1.87 M
Pink 5.89 0.46 4.85 0.08 4.79 0.67 5.76 4.44 0.74 1.79 »
Everfast | e
Gingham : >
White 4.77 1.12 1.13 0.06 5.32 0.68 1.51 4.99 0.54 1.74 Q
Blue 5.09 0.70 1.63 0.05 4.52 0.29 1.08 5.25 0.39 1.53 bl
Green 5.03 0.82 0.97 0.06 5.43 0.65 0.87 5.66 0.32 1.33 a
Yellow 5.24 0.67 1.27 0.05 5.51 0.38 0.66 5.76 0.42 0.69 (=
Lavender 5.39 0.95 1.03 0.07 5.48 0.42 TA7 5.11 0.55 0.97 =
Pink 4.94 1.08 1.85 .06 5.33 0.58 1.33 5.17 1.48 =3
Everfast ,g
Suiting : 5
White 5.42 0.83 1.67 0. 4.86 0.55 1.86 4.13 0.52 1.28 (S
Blue 5.83 0.29 0.55 0.06 4.35 0.32 1.24 4.37 0.40 0.40
Green 5.66 0.40 0.59 0.06 4.40 0.39 0.90 4.22 0.40 0.43 =
Yellow 5.73 0.25 0.96 0.06 4.57 0.24 1.64 4.37 0.41 0.48 ﬁ
Lavender 5.83 0.20 0.72 0.06 4.38 0.36 1.35 5.64 0.25 0.65 =
Pink 5.42 0.57 0.90 0.08 4.15 0.33 1.23 5.55 0.35 1.15 =
Meadow Lane E
Gingham: =
White 4.25 0.33 1.63 0.05 4.81 0.84 1.24 4.61 0.98 0.82 2
Blue 3.93 0.41 1.68 0.06 4.73 0.76 0.94 4.29 0.80 0.95 =
Green 3.95 0.31 1.35 0.05 4.97 0.89 0.70 4.82 0.84 117,
Yellow 4.13 0.24 1.58 0.05 4.69 0.93 1.21 4.82 0.89 1.31 (,na
Lavender 4.01 0.37 1.31 0.04 5.06 0.65 1.07 4.89 0.93 1.91 b
Pink 4.32 0.26 1.63 0.07 5.11 0.96 0.53 4.88 1.02 0.36 =
Bluebird o
Nainsook : Z
White 5.23
Blue 5.15
Green | 5.10
Yellow 4.74
Lavender 5.04
Pink 5.27




EFFECT OF SUNLIGHT ON STRENGTH AND COLOR OF FABRICS 13

The results of the quantitative analyses given in Table 4 show the
chambrays contain the greatest amount of total finish followed by the
broadcloths. These comparatively large amounts are due to the presence
of starch and dextrin. The Everfast and Meadow Lane ginghams, and
nainsooks contain approximately the same amount of total finish and the
Everfast suitings the least. All fabrics contain approximately the same
amount of ash, probably from the minerals normally occurring in the
cotton itself.

METHOD OF SAMPLING FABRICS

The specimens to be tested were chosen by a systematic random method
previously devised and tested (7).

Before exposures were made each fabric was marked with pencil and
drawn threads to permit subsequent identification and location of each
specimen in relation to every other specimen. Each specimen was marked
with the number of hours of sunlight to which it was to be exposed.

For testing in the warp direction each fabric was marked in columns one
and one-half inches apart and in rows seven inches apart. .Each column
contained five specimens and each row five groups of three specimens each,
making a total of 75 specimens in the group. At least two other such
groups, each containing 75 specimens, were placed consecutively length-
wise of the fabric. Thus at least 225 warp specimens were tested from
each of the thirty-five fabries.

For testing in the direction of the filling, the specimens were marked
across the fabric perpendicular to the selvages. The columns and rows
were marked in the same manner as for the warp specimens. The methods
of sampling in the warp and in the filling are illustrated in Bulletin 474
(7).

Before exposure all specimens marked ‘“original” were removed and
stored in the dark until tested, approximately one month later.

METHOD OF EXPOSURE

The marked sections of each fabric were thumbtacked to beaver boards
and exposed uncovered in a horizontal position upon the roof of a three-
story building. Exposures were made between 8:30 a.m. and 4:30 p.m.
on sunny days only, between May 22 and October 28, 1929 and between
July 3 and September 11, 1930, making a total of 500 exposure hours.
A record was kept of the hours of sunshine, temperature, and relative
humidity for each 25-hour period, a sunshine recorder, a sling psychro-
meter, and a barometer being used for these determinations. Readings of
temperature, humidity, and atmospheric pressure were made at half-hour
intervals.

Each specimen was removed when the hours of exposure had reached the
number with which it had been marked, was stored in the dark ap-
proximately one month and then tested. Twenty 25-hour exposure
periods were thus included in the 500 hours. Before each specimen was
removed from adjoining specimens, its width was determined by counting
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from the drawn thread the average number of threads in one inch of the
fabric.

The breaking strength of each exposed specimen was compared with the
breaking strength of the unexposed specimens containing the same yarns.
The average change in breaking strength of the various specimens for
each exposure period was considered the true change in strength for that
particular exposure period. These differences in strength were expressed
in percentage loss or gain from the original.

THE EFFECT OF EXPOSURE TO SUNLIGHT ON THE STRENGTH
OF THE FABRICS

Factors which may influence the strength of cotton fabrics when exposed
to sunlight include the finishes, dye, the structure of the yarns and fabrics,
and the environment. The combined effect of these factors upon the
strength of the fabrics was expressed as percentage loss from the un-
exposed specimens. These data are given in Tables 5, 6, 7, and 8.

Effect of Structure on Loss in Strength

Weave.
Only fabrics of plain weave were used in this study; therefore no
differences in loss of strength or tendering are due to variation in weave.

Thickness and Weight.

The fabrics range in thickness from the suitings as the thickest,
through the chambrays, Everfast ginghams, Meadow Lane ginghams,
and broadcloths to the nainsooks. In weight a slightly different order
occurs, from the suitings through chambrays, broadcloths, Meadow Lane,
and Everfast ginghams to the nainsooks. In resistance to tendering, the
fabrics range from suitings, chambrays, Everfast ginghams, broadcloths,
and Meadow Lane ginghams to nainsooks. This order is almost identical
with that of thickness and not greatly different from that of weight. This
indicates that the thick, heavy fabrics offered greater resistance to the
penetration of light and were consequently less tendered.

The Meadow Lane ginghams and Pamico suitings (7), which were dyed
with the same dyes but which differ in weight, thickness, yarn, structure,
and mercerization, afford an opportunity for comparison of the effect of
structure on tendering by sunlight. The ginghams lost on an average twice
as great a percentage of the original strength as did the suitings. The
greater resistance to tendering must be chiefly due to greater resistance
of the heavier fabrics to penetration by light and in part to their merceri-
zation.

Thick, heavy fabrics have greater resistance to tendering by sunlight
than do thin, light fabries.

Yarn.
With the exception of the chambray, in which the tendering was ap-
proximately equal, the filling yarns of each group were more tendered than



Superlu

stre Broadcloth

Hours ¥
of ‘White Blue Green Yellow Lavender Pink
exposure (Brittany)
Warp Filling | Warp | Filling Warp | Filling Warp | Filling Warp Filling | Warp Filling
|
25 +2.40 +0.65 -+1.78 -+0.66 +3.40 +8.66 +3.23 | +1.34 +6.23 2.00 0.85 0.83
50 1.91 —+1.99 8.76 +2.87 4.07 +3.81 0.63 +5.07 5.22 —+2.87 0.90 1.69
75 10.23 —+7.47 7.96 5.75 8.71 +1.98 1.51 -+0.82 8.58 2.89 7.35 9.50
100 10.11 “+1.13 11.50 11.15 7.99 10.01 5.14 10.41 6.32 9.81 9.67 13.30
125 9.18 13.27 16.37 10.17 13.46 5.73 | 15.26 -+1.74 10.32 9.41 16.33 7.41
150 10.07 7.52 15.03 19:.97 13.98 16.56 ©13.73 4.73 9.98 6.47 15.28 7.41
175 8.93 5.31 12.31 28.81 19.81 18.47 17.97 10.06 4.15 11.76 17.78 16.05
200 13.60 11.50 15.77 24.29 22.88 23.57 17.59 15.38 14.69 21.18 20.82 27.16
225 21.17 6.60 19.40 24.58 24.82 17.37 24.26 11.03 20.18 10.92 21.84 21.43
250 21.64 10.09 21.60 20.00 17.92 19.87 28.36 14.06 15.86 31.76 20.09 16.05
275 25.21 5.98 20.00 15.04 22.41 85,861 - 1T 9.03 21.10 24.40 | 19.80 | 24.16
300 20.59 12.42. 25.00 14.79 16.18 24.30 17.57 25.02 29.62 32.05 23.23 24.32
325 28.90 25.13 28.05 37.30 30.68 42.70 34.25 35.45 27.67 48.23 38.58 38.56
350 32.78 33.42 36.77 43.39 33.16 41.80 33.13 38.94 26.00 39.73 38.26 49.18
375 37.06 27.56 34.07 39.80 29.16 5256 | 86.75 38.51 83.19 47.15 38.53 47.34
400 39.69 49.78 33.05 44.30 33.67 49.49 |  383.35 52.28 36.31 41.49 37.75 50.82
425 39.16 28.16 36.53 40.54 37.10 46.05 36.32 36.82 49.60 45.70 38.99 46.43
450 36.46 33.72 35.67 42.60 37.89 45.50 35.55 39.30 52.06 44,70 37.67 41.85
475 34.64 33.00 35.46 42.89 39.08 43.53 35.35 39.24 47.96 48.59 40.37 43.84
500 34.12 36.86 39.66 44.65 39.43 46.44 40.16 42.77 45.68 53.89 47.26 50.53
Average 21.65 16.45 22.56 25.31 22.45 26.25 22.07 20.70 22.91 26.49 | 24.57 26.87
Chambray
[
25 5.72 +1.60 4.30 +0.78 6.79 +2.35 8.34 6.27 6.80 10.13
50 6.40 2:11 5:19 1. :2.67 3.46 +4.72 8.70 3.11 14.25 4.77
75 8.62 0.76 9.60 +-2.68 6.36 +2.07 9.90 6.18 10.73 8.09
100 6.90 1.49 9.14 4.07 9.04 1.79 11.97 13.81 8.89 7.83
125 10.42 0.49 8.53 2.22 3.02 11.37 11.55 6.756 8.65 9.79
150 5 7.03 1.04 10.13 0.03 9.27 5.41 12.30 1.58 11.32 9.13
175 6.77 1.70 11.34 4.83 6.20 6.96 18.45 6.22 12.53 12.18
200 1.08 7.32 12.21 7.34 10.93 22.30 18.25 11.31 16.14 17.20
225 0.45 +1.42 17.14 21.11 11.00 12.46 20.50 10.89 13.39 5.69
250 6.17 +2.42 17.54 10.87 11.48 15.77 20.38 12.55 21.34 2.95
215 4.53 0.60 16.36 18.51 6.28 14.74 12.71 20.03 9.68 5.03
300 0.86 3.55 13.47 26.50 | 8.18 23.62 14.26 13.30 14.64 5.10
325 11.95 24.23 22.39 31.19 13.80 33.46 17.01 11.54 22.317 24.98
350 20.83 24.28 24.35 25.83 14.35 26.83 20.49 17.66 20.16 22.23
375 17.41 24.03 26.81 28.85 14.72 28.10 22.91 20.56 28.31 30.29
400 19.00 30.18 30.00 38.61 20.12. 33.43 25.00 28.57 29.50 36.16
425 20.16 19.23 32.87 27.61 29.16 21.16 32.88 31.95 29.99 25.25
450 21.14 19.09 32.87 25.25 28.95 22.68 34.79 31.17 32.18 217.06
475 24.92 19.90 35.77 29.73 29.13 22.56 34.65 30.33 32.71 27.07
500 25.39 26.59 36.32 33.91 29.89 26.09 33.02 33.73 34.70 34.10
Average 11.29 10.06 18.82 16.78 | 18.61 15.98 19.40 15.88 18.91 16.25
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Table 5. Percentage loss in breaking strength of fabric due to expusure to sunlight for the 20 twenty-five-hour periods—continued

Everfast Gingham

Hours
of White Blue Green Yellow Lavender Pink
exposure
Warp | Filling | Warp Filling | Warp | rilling | Warp | Filling | Warp Filling | Warp | Filling
e | |
25 +0.86 4.14 4.53 0.06 2.07 3.86 +6.96 +1.95 0.20 8.71 2.03 10.80
50 5.82 1.47 4.79 7.11 2.93 0.56 +6.32 +8.13 0.20 10.79 2.92 16.71
75 6.59 1.44 5.60 1.55 2.99 0.50 1.88 9.58 7.17 5.43 +-2.55 14.09
100 12.95 6.59 7.63 5.83 5.21 919 -1.28 1.18 7.76 13.65 4.88 16.25
125 17.52 3.53 6.97 8.00 9.61 5.05 6.89 2.63 9.75 20.95 9.23 26.38
150 17.87 6.08 11.36 7.27 15.05 0.06 17.93 8.83 11.53 24.62 5.73 26.37
175 20.68 11.88 10.19 8.16 10.43 16.88 16.13 13.35 14.86 24.01 -10.04 25.23
200 23.63 14.68 8.53 9.50 12.29 21.03 12.20 7.85 19.79 30.64 6.44 26.92
225 30.14 26.22 12.97 13.60 18.49 0.77 12.87 16.00 18.28 28.45 15.09 27.40
250 29.01 23.26 20.38 | 17.55 15.12 13.11 15.46 19.87 21.56 24.49 16.04 26.72
275 17.45 22.38 17.11 15.72 5.76 5.00 11.36 15.89 11.39 35.52 14.13 27.33
300 27.11 39.94 12.15 21.82 11.78 10.07 13.51 27.70 16.47 30.20 10.84 25.12
325 32.59 29.09 23.24 20.13 24.75 34.50 20.88 33.24 18.21 29.90 25.32 29.79
350 38.86 31.59 24.85 23.42 21.55 25.98 | 22.59 37.90 | 22.45 26.25 24.95 34.96
375 34.63 33.46 22.77 26.46 28.53 37.54 | 26.43 37.68 27.16 42.01 29.82 31.14
400 34.75 38.02 26.28 26.61 29.50 28T .= 200 38.62 27.00 37.03 35.08 36.35
425 33.15 28.56 29.68 24.24 30.64 33.44 26.26 30.78 25.70 34.07 41.08 53.29
450 35.26 . 28.60 29.72 27.65 31.30 37.59 28.11 29.44 28.07 35.41 41.26 50.98
475 35.82 27.33 29.95. | - 2750 34.59 38.01 27.89 30.35 28.40 36.49 | 40.31 52.65
500 37.16 84,10 /|- :80.21°+{. ' 80:.01 ] - 38.62 38.71 30.04 33.55 28.33 38.70 |  40.99 54.37
| | | | [ - | | |
Average | 2451 | 20.62 | 16.95 | 16.11 | 17.31 18.03 | 16.15 | 19.22 17.21 26.87 | 18.68 30.64
Everfast Suiting
| | \ | [ | [ | |
25 | 1.02 | 2.43 +4.43 | 2.25 +1.50 | 1.87 2.82 7.24 +3.94 14,89 |'4+10.01 | +11.34
50 | +2.99 | 3.14 —+7.04 | 2.36 8.58 | 3.39 7.19 8.58 0.52 5.58 | +12.12 +6.67
75 2.53 | 7.76 | +6.41 0.86 6.53 7.95 8.08 9.81 -+6.50 +38.25 | 45.22 0.43
100 +3.36 | 9.75 | +3.96 3.88 +-4.48 15.10 7.96 120 2.37 +3.85 | -9.38 3.08
125 | 1.63 | 7.83 | +6.97 +1.16 2.79 13.68 3.46 5.04 -+1.99 7.70 | -+48.09 | -1.34
150 | 0.00 | 11.90 | 2.79 0.98 —+1.74 7.62 2.47 10.36 +3.97 4.18 11.24 1.23
175 | +1.78 | 13.67 | -4.33 +0.75 +9.79 20.06 5.92 10.84 6.82 4.04 7.24 0.54
200 | 3.19 | 1577 | -+2.04 | 2.90 +17.23 16.45 4.91 13.11 5.75 16.69 7.40 3.66
225 I 3.52 | 17.45 | +1.94 | 8.33 +9.99 24.36 3.20 21.46 11.76 -+0.70 14.07 -+11.01
250 | 827 | 0y | 2.07 8.51 +10.42 17.39 4.48 20.53 14.63 w4 A 9.63 +17.97
275 | 7.31 | 12.24 | +415.00 4.50 0.71 13.08 —+0.48 17.74 10.83 9.46 | 8.87 +5.27
300 | 8.67 | 12.38 | +15.26 9.30 5.38 15.03 0.44 21.77 11.40 10.55 1.08 -+17.50
325 | 5.13 | 21.89 | -5.48 5.18 3.29 26.52 | 5.72 16.62 11.39 9.06 18.64 20.95
350 | 6.04 | 15.10 | +412.06 16.03 7.26 31.96 4,12 14.35 8.46 18.71 17.37 27.55
375 | 9.60 | 12.04 | +12.32 9.05 4.56 28.20 5.53 17:29 14.42 14.14 10.42 26.90
400 | 8.50 | 12.86 | 2.00 22.20 10.00 38.12 11.20 19.25 15.12 20.84 16.12 28.06
425 | 18811 19.12° | 11.69 16.72 16.93 25.68 15.18 22.80:05) 16.94 25.38 14.18 33.62
450 | = 19.14 | 17.01 | 16.39 | 17.00 | 25.67 | 17.38 | 26.16 | 16.10 28.07 | 1517 | 32.16
475 | 11.36 | 21.88 | 13.568 | 14.87 | 16.19 | 29.53 | 18.95 | 22.01 | 15.43 28.39 | 14.77 | 33.64
500 | 14.20 | 22.88 | 16.08 | 21.39 | 18.09 | 33.98 - | 17.83 | 23.58 16.42 31.61 | L T:5p =4 37.41
| 1 | I T
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ke 3 £

of ‘White Blue Green Yellow Lavender Pink
exposure
Warp | Filling Warp | Filling Warp | Hilling Warp | Filling Warp Filling | Warp Filling
| | ! | | |
25 | 7.44 | 7.88 —+0.24 | 0.72 | -+0.48 | 1.02 ‘ 2.48 | 3.09 -+0.04 6.16 -+1.37 5.41
50 | 8.73 13.78 0.96 +0.19 2.79 3.28 | 2.49 , 1.41 0.99 5.67 0.36 5.72 =
75 | 14.08 11.35 1.46 -+1.40 4.47 13.70 | -15.34 8.01 6.44 6.10 2.24 19.70 "11
100 17.68 27.70 5.29 18.15 4.63 14.13 12.94 18.24 7.68 10.84 7.66 24.98 !
125 22.62 33.25 6.45 3.44 7.33 24.15 11.80 20.93 7.39 16.08 921 28.27 g
150 25.23 © 30.73 3.91 7.59 10.02 26.61 8.58 21.59 10.00 14.48 13.80 33.50 e
175 27.01 41.67 | 9.64 25.23 13.13 23.63 13.86 28.18 8.00 22.74 14.56 29.23
200 28.30 47.58 5.93 14.67 12.88 29.57 12.82 35.34 8.03 20.23 16.00 39.51 g
225 33.53 26.28 6.82 21.17 16.39 21.13 14.02 20.41 13.24 14.47 18.48 25.36
250 35.43 31.41 8.47 20.00 19.84 18.70 14.04 16.39 11.58 23.62 21.55 26.91 g
275 24.36 32.18 7.30 33.93 13.39 25.41 13.39 21.06 6.71 33.01 17.57 30.41 Z
300 23.96 37.83 11.94 21.78 19.87 27.53 14.19 34.70 10.21 1797 15.46 37.49 -
325 36.35 45.10 18.45 33.74 19.10 29.71 20.05 40.79 20.18 26.66 26.12 44.67 a
350 33.44 52.54 18.02 41.47 25.87 33.96 24.60 40.11 18.97 27.15 28.51 48.84 =
375 41.19 53.06 17.05 48.57 26.95 31.81 22.50 43.86 24.89 28.04 29.27 49.06 |
400 50.00 58.56 22.12 53.54 31.17 | 89.27 32.87 56.47 28.22 30.94 35.48 53.00
425 55.20 61.32 26.26 44.78 35.19 54.25 43.23 51.75 31.91 43.59 45.31 62.51 %
450 | 58.056 64.66 26.87 46.76 36.90 48.18 46.20 55.76 32.84 44.65 48.59 62.33
475 58.36 64.77 27.77 48.83 39.37 57.27 45.33 57.33 | 34.99 | 45.91 48.24 64.31 n
500 60.34 69.43 | 29.26 51.32 42.65 61.64 47.88 62.22 35.22 | 48.02 48.76 65.09 ;
| | | | | | =
Average | 33.07- | 40.55.| 12.69° |  26.71 19.07 | 29.25 20.93 31.88 15.87 | 2432 | 22.34 37.82 %
Bluebird Nainsook! E
| | | [ | | |
25 9.67 5.19 | 2.75 | 7.85 3.64 7.07 +1.43 9.17 +17.64 8.32 2.79 1.87 ;
50 8.02 5.94 9.41 14.37 8.20 15.93 4.87 12.53 4.24 23.76 6.90 8.33 o
75 6.71 17.69 13.76 19.79 11.13 19.85 8.70 23.08 8.44 21.52 9.33 11.97
100 5.81 25.12 14.27 25.96 14.37 30.61 11.50 27.69 12.90 36.16 12.10 15.23 8
125 8.43 23.60 21.26 28.39 16.80 29.25 14.43 36.92 15.66 39.67 16.41 38.31 =
150 6.76 19.04 23.25 35.17 26.09 35.70 18.62 31.54 25.45 38.61 18.75 39.24 o
175 11.61 36.46 28.07 43.18 29.54 41.57 20.63 44.55 27.91 42.74 21.61 36.23 =
200 10.91 32.73 29.13 39.81 29.61 43.76 | 27.74 42.40 31.32 51.46 23.55 45.95 o
225 14.29 22.58 34.65 38.27 34.12 35.03 | 24.58 33.02 33.96 41.34 25.83 34.53 =)
250 17.12 24.53 36.41 43.00 33.46 40.23 26.79 42.07 40.59 38.30 29.82 37.75
275 22.98 20.03 27.66 41.08 25.64 41.94 26.33 46.48 18.31 52.45 17.66 41.76 ;
300 2247 I 22.87 30.64 | 46.53 28.16 53.10 23.81 48.93 25.69 44.65 37.84 46.93 o
325 35.85 45.34 41.90 | 15.28 43.47 46.61 44.79 49.26 48.62 51.89 39.65 60.31 =
350 39.58 48.75 44.49 17.45 43.47 41.21 40.77 51.40 46.31 65.52 36.32 55.41 8
375 42.03 50.61 45.11 21.75 45.22 52.72 40.68 56.92 48.40 57.64 39.35 59.25 /7]
400 40.98 46.18 47.31 36.00 50.60 49.90 44.11 56.00 48.68 63.16 40.00 63.82
425 40.06 50.33 46.61 62.50 49.38 66.21 45.10 70.27 49.14 70.83 42.01 60.44
450 42.84 50.09 49.57 63.65 51.17 69.08 44.48 70.37 51.81 72.32 46.43 61.74
475 42.46 50.47 ,50.35 64.45 51.26 68.98 45.19 73.18 52.37 74.42 46.50 61.60
500 45.44 53.86 50.28 69.51 54.72 73.73 49.12 76.30 56.15 76.12 47.81 64.52 =
Average 23.70 32.57 32.34 34.50 32.50 43.12 28.01 45.10 31.92 48.54 28.03 42.26

1Al nainsooks are of the same brand but white differs in structure from the dyed nainsooks..



Table 6. Summary by fabric, color, and yarn of the percentage loss in strength after 500 hours of exposure to sunlight
Broadeloth | Chambray | Srestas B o i G ) fain Aversge
Color
Warp ‘ Filling | Warp Filling | Warp l\ Filling Warp E Filling | Warp Filling | Warp Filling | Warp Filling
- : II I

White 34.12 8686 ] oo i 37.16 | 34.10. 14.20 22.83 60.34 69.43 45.44 53.86 38.25 43.42
Blue 39.66 44.65 25.39 26.59 30.21 ; 30.01 16.08 21.89 29.26 51.32 50.28 69.51 31.81 40.58
Green 39.43 46.44 36.32 23.91 33.52 i 38.71 18.09 33.93 42.65 61.64 54.72 73.73 37.46 48.06
Yellow 40.16 42.77 29.89 26.09 30.04 ’ 33.55 17.83 23.85 47.88 62.22 49.12 76.30 35.82 44.13
Lavender| 45.68 53.89 33.02 33.73 28.33 E 38.70 16.42 31.61 35.22 48.02 56.15 76.12 35.80 47.01
Pink 47.26 50.53 34.70 34.10 40.99 i 54.37 17.55 37.41 48.76 65.09 47.81 64.52 39.51 51.00
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were the warp, although in a few cases there was little difference between
the two sets of yarnms. d

Of a total of 700 cases, including the 20 exposure periods for the 35
fabrics, in 500 cases, or 71 per cent, the filling was tendered more than
was the warp. In the 3 fabric groups in which the white and the dyed
fabrics within each of the groups are identical in structure, in 286, or
79 per cent, of the 360 cases, the filling was tendered more than was the
warp. The tension and the twist doubtless influenced this difference. The

Table 7. Summary by fabric and color of the percentage loss in strength after 500
hours of exposure to sunlight

Meadow i
Broadcloth | Chambray | Everfast | Everfast Lane Bluebird
Gingham Suiting Gingham Nainsook
Color | Average
Warp + Warp + Warp + Warp + Warp + Warp +
Filling Filling Filling Filling Filling Filling
| I |
White BHAD - T s o | 35.63 18.52 64.89 49.65 40.84
Blue 42.16 25.99 30.11 18.74 40.29 59.90 36.20
Green 42.94 35.12 36.12 26.01 52.16 64.23 42.76
Yellow 41.47 27.99 31.80 20.84 55.05 62.71 39,98
Lavender 49.79 33.38 | 88.52 | 24.02 41.62 66.14 41.41
Pink 48.90 34.40 | 47.68 | 27.48 56.93 56.17 45.26
Average 43.46 31.38 35.81 22.60 51.82 59.60 41.08

warp yarns have greater tension than the filling yarns causing the filling
to expose more surface to the light and to protect the warp yarns. The
warp yarns, with the exception of the chambray, have a higher twist-
constant than do the filling yarns. The higher twist-constant of the
chambray filling probably accounts for the comparatively greater resistance
to tendering of the filling in this group.

The coarse yarns lost less strength than did the fine yarns as shown by

the coarse suitings and fine nainsooks.

Thread Count.
Since the yarn size and twist differ in the warp and filling yarns

of these fabrics, differences in resistance to tendering cannot be directly

Table 8. Summary by color and hours of exposure of the percentage loss in strength of:
three fabrics in which there is identical structure of the white and the dyed
fabrics within each group

Hours of White Blue | Green Yellow Lavender Pink Average
exposure
[ | | ‘
100 11.89 6.14 | 7.30 8.54 6.41 7.91 8.03
200 22,19 6.58 ‘ 14.20 14.37 16.86 16.66 ’ 15.14
300 24.98 12.27 14.95 18.72 16.41 13.75 16.85
400 33.78 25.46 | 29.47 30.90 26.53 34.02 | 30.03
500 39.68 29.71 ‘ 36.64 35.90 33.14 44.03 I‘ 36.52

attributed to differences in thread count. However, some of the data,
such as those for the blue Meadow Lane gingham, offer some proof that
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resistance to tendering by light increases with increase in the number of
threads per inch. Although the twist-constant is higher in the warp than
in the filling of this gingham, the breaking strength of 100 yarns of each
and the yarn size of the warp and filling yarns are approximately equal.
The number of warp threads exceeds the number of filling threads per
inch by approximately 12 per cent. The breaking strength of the un-
exposed fabric was 15 per cent greater in the warp than in the filling but
the percentage loss in strength of ‘the warp due to exposure was only 57
per cent of that of the filling. This greater loss in strength of the filling
was undoubtedly due chiefly to the difference in thread count. The greater
number of warp threads per inch increased the resistance to light
penetration over that of the filling.

These results agree in general with the findings of other studies (5,
7, 18) that greater resistance to tendering by light is found in coarse,
hard-twisted yarns, and fabries of close weave than is found in_fine, soft-
twisted yarns, and fabrics of open weave.

Relation of Size and Finish to Loss in Strength

The losses in strength of white broadcloth and nainsook cannot be com-
pared directly with the colored fabrics in their respective groups because
of differences in structure, as shown in Table 1. However, data in Table
5, summarized in Tables 6 and 7, show greater resistance to tendering
in the white broadcloth and white nainsook than in the dyed fabrics of
these two groups. The white broadcloth contained approximately the
same quantity of finish as do the dyed broadcloths, but gave no positive
test for any of the substances for which qualitative tests were made. The
white nainsook contains slightly less total finish in the filling than do the
dyed nainsooks but all gave evidence of containing the same finishing
substances. The greater tendering of the dyed broadcloths and nain-
sooks probably was not due to the finishes.

The chambrays contain more added substances than any other group.
The comparatively large amount of starch and the dextrin may have
protected the chambrays from the tendering effect of the sun, as the
chambrays show slightly less loss in strength than any of the fabrics
of similar type.

The Everfast ginghams and suitings and the Meadow Lane ginghams are
each approximately identical in structure within their respective groups;
therefore direct comparisons can be made within each group. A summary
of the percentage loss in strength of the warp plus the filling of each
fabric, given in Table 7, shows the white Meadow Lane to have lost much
more strength than any of the dyed ginghams. Since the finish in all Meadow
Lane is the same, the difference within this group cannot be attributed to
finish but may be due to the fact that the resistance of this fabric was
lowered in the bleaching process and that the fabric was unprotected by
dye. The Everfast ginghams contain slightly less total finish than the
Meadow Lane ginghams but not the same substances. The differences in
finish may have had a slight effect on the greater resistance to tendering
of the Everfast ginghams.
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The Everfast suitings with the exception of a trace of starch in the
white, contain none of the finishes for which tests were made; therefore
none of the tendering can be attributed to finish.

The suitings and broadcloths gave positive tests for mercerization
while the ginghams and nainsooks gave negative tests. The mercerization
of the suitings and broadcloths doubtless increased their resistance %o
tendering, as mercerized fabrics have been found to tender less than
unmercerized (5, 7, 19).

It is doubtful if the sizes and finishes used in these fabries had much
effect on the loss in strength.

Effect of Dyes on Loss in Strength

The information furnished by the manufacturers concerning the dyes used
in each fabric is given in Table 9. Two firms gave the trade name
of each dye; one firm stated that vat dyes were used, and three gave no
information.

The protective or tendering effect of each dyeing may be determined by
comparisons of the losses in strength of the white with the dyed fabrics as
shown in Tables 7 and 8.

The total average percentage losses of strength of the warp plus those
of the filling of all fabrics, ranked in order of least loss are: blue, yellow,
white, lavender, green, and pink; the losses were 36.2, 40.0, 41.4, 42.8, and
45.3 per cent, respectively,—an average of 41 per cent. Variations from
this order of tendering are found in the various fabric groups. Among
the broadcloths, the yellow is tendered slightly less than the blue and the
lavender more than the pink. Among the nainsooks the lavender is
tendered more and the pink less than any other dyed nainsook. It is
thought that blues and greens do not cause tendering because they have
no absorption band in the near ultra-viplet and that the activity of yellows
and reds in tendering and fading is due to their ability to absorb light
in this region (3, 9, 10, 12, 13, 14). When all the fabrics are grouped
by colors, this seems true of the blue and pink, but not of the yellow or
green.

Identical structure within a fabric group makes possible comparison of
white with dyed fabrics in Meadow Lane gingham and Everfast gingham
and suiting. Comparisons of the Meadow Lane ginghams show the white
to have lost more strength than any dyed gingham, indicating that the
dyes used in this group afforded protection, although not all to the same
extent, against the tendering effect of sunlight. The order of protective
influence of the dyes in the Meadow Lane ginghams,—blue, lavender, green,
yellow and pink,—coincides with the order in the Pamico suitings, which
were dyed with the same dyes, as previously reported (7).

The blue, yellow, and lavender dyeings decreased the tendering below that
of the white, the green had little effect, and the pink increased the tender-
ing of the Everfast ginghams. The blue suiting was tendered approxi-
mately equally with the white indicating that this dye had little effect, but
the dyes in the yellow, lavender, green, and pink increased tendering in
this order.
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Table 9. Finish, dyes, and guarantees of fabrics®

o]
a
[
hed
&
Fabric Bleach Class and name of dye Guarantee ﬁ
Z

Broadcloth?:
White, Brittany. . < No information No information 4
Blue, Superlustre. a5 L % ©
Green " ” Labeled “Tub fast” o
Yellowl: ). el dl s ias o i " =4
Lavender 2 g7 s
Pink . ” ” =
=
Chambray : M
Blgerlteresteal oo LR ST o Soda Chemic Anthrene Blue R.C.X. (Newport Co.) and >
Ponsol Yellow G. (Du Pont Co.) i
e e S e » Anthrene Jade Green (Newport Co.) and >
A Ponsol Yellow G. (Du Pont Co.) No-$nformation g
N EHOW I STt S sl i ” Ponsol Yellow G. (Du Pont Co.) -
Lavender ” Indanthrene Violet B. (General Dyestuffs l
Co.) and Ponsol Violet R.R. (Du Pont Co.) S
RS e R e s Sulfanthrene Pink B.G. (Du Pont Co.) and c
Sulfanthrene Pink F.F. (Du Pont Co.) E
Everfast Gingham: )
ite No information No information )
Blue 43 ” ]
Green 2 ” ? “A money back guarantee and =
Yellow . ” will refund cost of material, =
FRyenden s o oo e 3 5 ” " cost of making up, ete. of any &
Pink - I . garment that fades from =
washing or exposure to the =
Everfast Suiting: sun or anything that the fab- 2,
White =t i Sl e No information No information ric might encounter as a wash H
Blue e N e e L 2 or tub fabric.” w
Green __ ” ” <
Yellow {4 ” »
Lavender (& W =2
Pi“k " ”» %




Table 9. Finish, dyes, and guarantees of fabrics—Continued

Fabric

Bleach

Class and name of dye

Guarantee

Meadow Lane Gingham?:
‘White.

Soda Chemic

Blue ” 27 9% Carbanthrene Blue B. C. S. Double
Paste, (National Aniline Co.) % % Ponsol
Violet A. R. Paste, (Du Pont Co.)
Green L4 314 9% Anthrene Jade Green Paste, (New-
port Co.) “Money Back”
Yellow Lc: 14 9, Carbanthrene Yellow G. Double Paste,
(National Aniline Co.)
Lavender o 1% 9% Anthrene Violet B.N. Extra Paste,
(Newport Co.)
Pink = 29, Ponsol Red B.N. Double Paste, (Du

Pont Co.)

Bluebird Nainsook:

“Money back” including ‘“re-

‘White s Chlorine Vat

Blue 2 4 fund of retail price, retail
Green ’ o price of trimmings ‘and repay
Yellow 2 L customer for sewing.”
Lavender. ” ”

R e e e S o L ”

1This information was given by and printed with the consent of the manufacturer or dyer.

2The company manufacturing these broadcloths has liquidated since this study was begun.

The brand “Brittany” has been registered by

another firm for use on cotton piece goods.

3Manufacturers of Meadow Lane Ginghams state that dyeings were made on all shades with caustic soda and hydrosulphite by the jig dyeing
process, except blue, which was dyed by pad and jig method, the color being padded on along with some gum arabic in the unreduced con-
dition, dried, transferred to jig, then dyed with usual amount of caustic and hydrosulphite. Goods were rinsed slightly, oxidized with
sodium bichromate and acetic acid except the blue, which was oxidized with sodium perborate. After oxidizing, the fabrics were rope-
soaped for 20 minutes. Meadow Lane ginghams were reported mercerized. No other firm gave information concerning mercerization.

SOTYAVI J0 YOTOO ANV HILONHYLS NO LHODIINAS J0 LOHJIH

144
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Information from the manufacturers makes possible comparisons of the
influence of individual dyes in chambrays and Meadow Lane ginghams.
There is no white chambray but comparisons of these dyed fabriecs show
the blue and yellow to have tendered least, and the lavender, pink, and
green to have tendered approXimately equally. Three of the chambrays
were dyed with Ponsol Yellow G, which was used alone in yellow and in
combination with other dyes in the blue and green. The yellow cham-
bray containing this dye alone, was less tendered than any other
chambray with the exception of the blue. Since blue chambray was
dyed with the same yellow dye in combination with Anthrene Blue R.C.X.,
the difference in tendering between the yellow and blue suggests that the
blue dye afforded greater protection than the yellow or that the dyes gave
greater protection when used in combination. The same yellow dye was
used in combination with Anthrene Jade Green in the green chambray,
in which the loss in strength was greater than in either the yellow or
blue. Evidently the green dye either did not add protection or this com-
bination lowered the protective value of the yellow dye. The same green
dye was used alone in the Meadow Lane gingham, where the loss in
strength was greater than the blue or lavender but less than in either the
yellow or pink, confirming the evidence that this green dye did not afford
protection when used alone or in combination with Ponsol Yellow G.

From comparisons of the two known yellow dyes, it seems Ponsol Yellow
G offered greater protection in the chambray than did Carbanthrene
Yellow G used in the Meadow Lane but the difference may have been due
in part to difference in concentration, since the chambray was more
heavily dyed.

The pink chambray and the pink Meadow Lane gingham were dyed
to approximately the same depth. The differences in tendering within
each group and between the two pink fabrics suggest that the combina-
tion of Sulfanthrene Pink B. G. and Sulfanthrene Pink F. F. used in the
pink chambray may have afforded slightly greater protection than did the
Ponsol Red B. N. used in the pink Meadow Lane. Slightly greater pro-
tection was given by the Anthrene Violet B. N. used in the lavender
Meadow Lane than by the combination of Indanthrene Violet B. and
Ponsol Violet R. R. used in the lavender chambray. The combination of
_ Carbanthrene Blue B.C.S. and Ponsol Violet A. R. used in the blue

Meadow Lane afforded considerable protection against tendering as shown
by comparison with the other Meadow Lane ginghams.

Of the thirty dyed fabrics used in this study, the six blue fabrics were
less tendered than other colors with the exception of the pink in the
nainsook and the yellow in the broadcloth. None of the yellow dyes in
these fabrics can be said to have greatly increased tendering although
the yellow Meadow Lane and yellow nainsook were tendered slightly more
than all but one of the dyed fabrics within these groups. Green and
lavender fabrics were in general more tendered than blue or yellow but
less tendered than pink fabrics. The greatest tendering occurred among
the pink fabrics, the loss being approximately equal to or exceeding that of
any other color with the one exception of pink in the nainsooks.
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For 2 white and 10 vat-dyed fabrics reported in a previous study (7) the
order of resistance to tendering after 300 hours of exposure was: blue,
green, lavender, white, pink, and yellow. The blue, green, and lavender
dyeings apparently offered protection and the pink and yellow increased
tendering. When these 12 fabrics and the 35 of the present report, each
after 300 hours of exposure, are compared, the order of resistance to tender-
ing is: blue, lavender, pink, green, yellow, and white.

Resistance to tendering is ‘not dependent upon color alone but upon the
nature of the dye or combination of dyes used on the fabric. In general,
the fabries in this study, after 500 hours of exposure, ranked, in order of
resistance to tendering, as follows: blue, yellow, white, lavender, green,
and pink.

The Effect of Atmospheric Conditions on Loss in Strength

Correlation analysis was used to measure the effect of hours of ex-
posure, temperature, and relative humidity upon the change in the breaking
strength of each fabric.

The data secured from the readings of temperature and relative humidity
which had been recorded at half-hour intervals, were averaged for each
of the twenty 25-hour periods, a half hour or fraction thereof being used as
a unit. The averages thus determining for each exposure period are given
in Table 10.

The changes in the breaking strength of the warp and filling of each
fabric for each exposure period were expressed as the percentage loss from

Table 10. Average relative humidity and temperature of exposure periods of 25 hours each

Relative Temp=
Period Nu}:ré?]i: - humidity erature, Dates
% A
|
1 26 53.20 81.74 May 22, 23, June 6, T 1929
2 50 55.67 88.62 June 10, 11, 14, 18 1929
3 75 43.74 91.563 June 18, 20, 21, 24, July 8 1929
4 100 59.88 87.95 July=9, 10, 11092, 15 1929
5 125 53.44 | 91.08 July . 18, 17, 18, 19 1929
6 150 52.14 90.83 July 23, 24, August 13, 14 1929
i 175 43.75 91.50 August 15, 16, 19, 20, 21 1929
8 200 46.25 92.11 August 22, 23, 26, 27 1929
9 225 41.77 89.20 August 29, September 25, 26, 27 1929
10 250 41.14 84.44 September 30, October 2, 3, 7 1929
11 275 52.34 82.68 October 14, 16, 17, 18 1929
12 300 27.88 69.85 October 22, 24, 25, 28 1929
13 326 51.41 91.07 July ' 8ji Tty 8519 1930
14 350 45.38 95.98 July 9, 10, 14, 15 : 1930
15 375 45.80 91.65 Jaly 5, 16, 17,18, 21 1930
16 400 47.88 92.03 July 21, 23, 24, 25, August 6 1930
17 425 | 41.74 95.83 August 6, 7, 8, 11, 12 1930
18 450 | 40.67 96.10 August 12, 15, 18, 19 1930
19 475 | 43.34 92.21 August: 20,: 21, 22; 27 1930
20 500 |l 45.77 88.63 || August 27, 28, September 5, 8, 11 1930

the original strength. These data were smoothed to remove random and
irregular fluctuations. The data from the fitted curves were used in the
correlation analysis. The original data from which the fitted curves were
derived are given in Table 5.
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A significant multiple correlation coefficient between the loss in break-
ing strength and hours of exposure, temperature, and relative humidity
was found in the warp and filling in each of the 35 fabrics. In 62 of the
70 cases the coefficients were above .90, in 5 cases between .80 and .90,
and in 3 cases the coefficients were .65, .60, and .59 for green, yellow, and
blue Everfast suiting warp, respectively. These three low coefficients are
due to the erratic behavior of the warp of the blue, green, and yellow
suiting. It was thought their peculiar behavior might be due to sampling;
therefore more specimens were tested but with similar results. No satis-
factory explanation has been found.

Conversion of the coefficients of multiple correlation to coefficients of
determination, and read as percentages, show the hours of exposure, temp-
erature, and relative humidity to account for more than 80 per cent of the
loss in strength in 64 cases, 70 to 80 per cent in 3 cases, and 35, 36, and
43 per cent in the three remaining cases.

Part correlation coefficients (6) were determined as a means of measuring
the effects of each of the three environmental factors. These coefficients
are given in Table 11.

The length of time for which the fabrics were exposed was found to have
the greatest effect, accounting for 90 per cent or more of the change in
strength in the warp in 30 of the cases. In the warps of the yellow
Meadow Lane, yellow chambray, and lavender chambray, the time of ex-
posure accounted for 78, 82, and 89 per cent, respectively, and in the blue,
green, and yellow suiting for 49, 27, and 44 per cent, respectively. In the
filling, more than 80 per cent of the change in strength was accounted for by
the effects of the duration of exposure in 32 cases. The three remaining
cases were green chambray and lavender chambray and white Everfast
gingham with hours of exposure accounting for 70, 73, and 79 per cent of
the change in strength.

The part correlation coefficients for relative humidity and temperature
show that temperature had a greater effect upon the loss of strength than
did relative humidity. These coefficients show that temperature accounted
for approximately three times as much change as did relative humidity.
The comparatively greater effect of temperature agrees with the findings
of a previous study (7) in which the effects of temperature were approxi-
mately one and one-half times as great as relative humidity. These find-
ings are contrary to reports that humidity affects loss of strength more
than does temperature. The exposure periods covered a range of 26.25° F.
and 32 per cent relative humidity. Had a wider range of temperature
and relative humidity been maintained than occurred under the natural
conditions of exposure, a different relationship might have been established
by the use of correlation calculations.

To determine the direction of the effects of hours of exposure, tem-
perature, and relative humidity, and to place these factors on a more
comparable basis, the beta coefficients were determined as given in
Table 10. The beta coefficients for relative humidity are equally divided
between positive and negative signs. In half of the cases a loss in strength
was accompanied by an increase in relative humidity, and in half by a

\ e
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Warp - Filling
ffici £ oy Coefficient of ey
Fabric pg:: co;:;;tgm Beta coefficient* part correlation Betas coafficient
Hours ex- | Relative Tem- Hours ex- i Relative Tem- Hours ex-| Relative Tem- Hours ex- Rela,.tlye | Tem-~
posure! |humidity? | verature?® posure | humidity | perature | posure! |humidity? perature® posure humldltyi perature
' l |
Broadcloth: I l |
White 0.994 0.156 0.440 0.961 0.017 | —0.052 0.994 0.148 0.389 0.967 0.016 | —0.045
Blue 0.997 0.008 0.405 0.973 | —0.001 | —0.035 0.959 0.198 0.608 1.087 —0.065 | 0.245
Green 0.994 0.158 0.528 1.045 0.018 0.070 0.975 0.054 0.214 0.946 —0.012 | —0.047
Yellow 0.981 0.086 0.337 1.027 | —0.018 0.072 0.970 0.025 0.489 0.890 0.006 | —0.125
Lavender 0.979 0.134 0.407 0.927 0.026 | —0.086 0.987 0.054 0.432 0.938 0.008 | —0.075
Pink 0.985 0.112 0.342 1.025 | —0.020 0.065 0.966 0.039 0.378 0.905 0.010 | —0.100
Chambray | |
Blue 0.999 0.002 0.055 1.000 0.000 0.000 0.949 0.216 0.523 0.845 0.062 | —0.173
Green 0.982 0.083 0.124 0.971 0.016 | —0.024 0.835 0.025 0.036 0.785 0.613 | —0.019
Yellow 0.908 0.054 0.003 0.927 0.023 0.004 0.942 0.033 0.059 0.936 —0.011 | —0.020
Lavender 0.944 0.010 0.210 0.996 | —0.004 0.074 0.857 0.082 0.218 0.885 0.044 | —0.099
Pink 0.955 0.165 0.157 0.939 0.049 | —0.046 0.933 0.108 0.264 0.888 0.037 | —0.094
Everfast
Gingham : : |
White 0.959 0.198 0.609 1.088 | —0.065 0.246 0.890 0.027 0.137 0.869 _0.012 | —0.061
Blue 0.999 0.261 0.602 0.975 0.014 | —0.038 0.994 0.022 0.139 0.984 —0.003 | —0.016
Green 0.986 0.039 0.330 1.027 | —-0.007 0.060 0.967 0.120 0.351 0.915 0029 | —0.091
Yellow 0.999 0.000 0.095 1.002 0.000 0.000 0.967 0.049 0.235 0.930 —0.012 | —0.060
Lavender 0.988 0.198 0.649 1.071 | —0.032 0.141 0.956 0.117 0.367 1.029 0,087 0.125
Pink 0.999 0.051 0.650 0.998 0.001 | —0.003 0.968 0.002 0.277 1.029 0.002 0.088
Everfast :
Buiting : | |
White 0.986 0.056 0.125 0.972 | —0.009 | —0.021 0.962 0.152 0.485 1.056 —-0.046 0.165
Blue 0.697 0.022 0.232 0.784 | —0.018 0.192, 0.925 0.094 0.198 0.906 0.035 | —0.075
Green 0.515 0.172 0.385 0.456 0.132 | —0.317 0.995 0.174 0.204 1.004 —0.018 0.018
Yellow 0.660 0.001 0.037 0.702 0.003 0.030 0.969 0.118 0.343 0.920 0.028 | —0.085
Lavender 0.959 0.198 0.608 1.079 | —0.064 0.244 0.950 0.014 0.084 0.979 0004 | 0.027
Pink 0.959 0.198 0.608 1.088 | —0.065 0.245 0.895 | 0.008 | 0.136 | 0.879 0.041 | —0.060
* Meadow Lane | | |
Cloth: l | | |
White 0.968 0.006 0.370 1.042 | —0.002 | 0.107 0.993 | 0.024 | 0.419 | 1.031 —0.003 0.056
Blue 0.968 0.156 0.375 0.914 0.087 | —0.095 0.995 0.044 0.003 0.996 —0.004 0.000
Green 0.990 0.130 0.129 0.985 0.015 | —0.015 0.976 0.042 0.272 1.017 —0.010 0.062
Yellow 0.882 0.083 0.200 0.865 0.039 | —0.094 0.991 0.139 0.415 1.030 0,019 0.062
Lavender 0.992 0.057 0.104 0.987 0.015 | —0.013 0.988 0.014 0.221 1.015 0.002 0.036
Pink 0.977 0.032 0.037 0.987 0.007 0.008 0.995 0.060 0.226 1.013 0.006 0.024
Nainsook : - | [ 26
White 0.974 0.177 0.544 0.882 : —0.14 .0.998 | 0.213 0.609 1.0 —0.013 0.044
Blue 0.988 0.078 0.408 1.035 ~8'3§§ 0_072 0.941 | 0.040 0.487 1.072 0.012 0.216
Green 0.990 0.176 0.778 1058 | —0.027 0.105 0.990 | 0.125 0.551 1.044 —0.015 0.080
Yellow 0.993 0.112 0.342 1.013 —0.013 0.043 0.998 | 0.095 0.594 1.030 —0.006 0.048
Lavender 0.959 0.198 0.608 1.088 -—0.065 0.245 0.998 | 0.131 0.475 1,018 —0.007 0.031
Pink 0.991 0.208 0.328 1.018 | —0.029 0.047 0.979 | ©0.167 | 0.362 | 1.027 —0.036 I 0.083
! | | |

1Relative humidity and temperature removed.
2Hours of exposure and temperature removed.
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decrease. This indicates that the relative humidity to which the fabrics
were exposed had little effect upon the loss in strength. Of the 70 beta
coefficients for temperature, 39 are positive and 31 negative indicating
that in 39 of the cases an increase in loss of strength was occompanied by
an increase in temperature and in 31 cases by a decrease in temperature.

Correlation analysis shows the length of exposure had a much greater
effect on the loss in breaking strength than did temperature or relative
humidity. Temperature had a greater effect than relative humidity, in
general accounting for three times as much of the change as did the
humidity. These findings agree with those of a previous study (7).

EFFECT OF EXPOSURE TO SUNLIGHT ON THE COLOR OF
THE FABRICS

The color of none of the thirty-five fabrics remained unchanged during
the exposure periods. The rate, type, and extent of color changes varied:
some colors changed quickly, others slowly; some became lighter, others
darker; while others changed in hue. Color measurements of unexposed
and exposed fabrics were made on a spectrophotometer.

Spectrophotometric Analysis of the Fabrics

White Fabrics.

All white fabrics became darker and more yellow as the exposure periods
increased (Figures 1 to 5). The lowering of percentage reflection toward
i » the blue end of the spectrum was
T T T T T T T T T T T T 1" accompanied by a rise in percent-
age reflection through the yellow
5 —* portion of the spectrum. The
...... ORI —— . — changes in reflection were not at

—{= the same rate or to the same de-
2] ,,__,Ao?.;_,._/_ﬁ:: gree in all fabrics. The nainsook
T B ]+ was the most nearly white fabric
B before exposure, with the Everfast
g » gingham of nearly equal whiteness.
The nainsook began to show an
increase in yellow color earlier
than the gingham and was some-
b s . Wwhat more yellow at the end of
3 T 500 hours of exposure. This dif-
i B E ST TG e B Y i oL D ference may have been due to the
structure of the fabries, the thinner
nainsook permitting greater pene-
tration of the sun’s rays.

The white broadcloth and Everfast gingham became more gray than
the other white fabrics, darkening throughout the spectrum to a more
nearly equal amount, as shown by the straighter curves in Figures 1 and 2.

The white Meadow Lane, which was a creamy white before exposure,

BLWE

BLUE GREEN
GREEN
YELLOW
ORANGE

Fig. 1. Color curves for unexposed and
exposed white Brittany broadeloth.
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increased in yellow until at the end of the exposures it was a light tan
in color (Figure 3).

The Everfast suiting underwent less change in color than did any
of the other white fabrics, as shown in Figure 4, suggesting that the more
coarse, hard-twisted yarns offered greater resistance to penetration by the
sun’s rays, thus decreasing the formation of oxycellulose, which increases
the yellow color in cotton (15).

Blue Fabrics.

Of the six blue fabrics three exhibited remarkable fastness to sunlight,
one was nearly as fast, one was somewhat faded, and one had changed
until the original color was unrecognizable after 50 hours of exposure.
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The colors of the Meadow Lane gingham and Everfast gingham and suit-
ing were of approximately the same character and depth. Only slight
differences in color could be detected as the exposure periods progressed
until at the close of 500 hours of exposure as shown in Figures 6, 7
and 8, all were slightly greyed with a decreased gloss.

The blue of the chambray closely resembled that of the ginghams and
suiting and was but slightly less fast. The spectrophotometric curve in
Figure 9 shows a greater drop in the blue portion of the spectrum, or a
loss in chroma, which resulted in a grayer color. The color of none of
these four fabrics, Everfast gingham and suiting, Meadow Lane and
chambray, could be judged objectionable even after 500 hours of exposure.

Both the nainsook and broadcloth were a much lighter blue than the
other fabrics, as shown by the curves in Figures 10 and 11. The broad-
cloth showed loss in color at the end of the first day’s exposure and after
25 hours was a light blue-gray. After 50 hours little or no blue could
be detected. Longer exposure increased the yellow color until after 500
hours the color curve in Figure 13 shows it to be of the same color as the
white fabrics exposed the same number of hours.

The blue nainsook became somewhat more gray after 50 hours of
exposure and after 500 hours was only slightly blue. Having less color
to lose than had the darker ginghams, slight losses appear relatively
greater to the unaided eye than do the same losses in the darker blues,
but the spectrophotometer, measuring the actual change in color, shows
the loss to be greater in the nainsook than in the ginghams and suiting.

Green Fabrics.

The spectrophotometric analyses of the green Everfast gingham and
suiting show them to be very similar in their original color and in their
reaction to the effects of sunlight (Figures 12 and 13). The gingham be-
came lighter but did not change in hue, a uniform increase in percentage
reflection occurring throughout the spectrum. The green suiting showed
less change in color, the reflection at the maximum point remaining the
same with an increase toward the ends of the curve, resulting in a slightly
grayed green. In neither of these fabrics was the change in color per-
ceptible until after more than 100 hours of exposure.

Fading was perceptible but slight in the green Meadow Lane after 100
hours of exposure. The color in this fabric did not merely become lighter
as did the Everfast gingham but became more yellow as the percentage
reflection increased beyond the green portion of the spectrum (Figure 14).

The green nainsook changed in like manner with the Meadow Lane
cloth but to a greater extent. The percentage reflection decreased below
560 millimicrons and increased beyond this point as the fabric became
less green and more gray, as shown in Figure 15. At 500 hours it was
gray with only a trace of green discernible.

Color changes in the green chambray were only faintly perceptible after
100 hours of exposure. Although the changes occurred later the chambray
showed practically the same color changes as did the nainsook but it
retained somewhat more green than did the nainsook after 500 hours.
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Almost no change in percentage reflection occurred at 520 millimcorns at

any of the exposure periods (Figure 16).

The dye used in the green broadcloth was the most fugitive of all the

green dyes. This fabric changed from a green through a grey to a yellow
during the 500 hours of exposure. At the end of the first day’s exposure
color changes were noticeable and continued at a rapid rate until after
50 hours the fabric was only faintly green. The rate and extent of color
changes are shown in Figure 17.

Yellow Fabrics.

The yellow fabrics include a wide gradation in depth of color, descending
from the deep yellow of the suiting, through the chambray, Meadow Lane
and Everfast ginghams to the light yellow nainsook. The curves in
Figures 18 to 23, inclusive, show that this difference is largely in the
wave lengths below 560 millimicrons and not in the regions of the yellow
and red. It is in the region above 560 millimicrons, however, that the
changes in reflection took place. All of the yellow fabrics became darker
upon exposure. The degree to which they darkened is in proportion to the
depth of color, as the deeper the color, the lower became the reflection
through the yellow and red wave lengths. All yellow fabrics were per-
ceptibly faded before 100 hours of exposure. The changes in the nainsook
and Everfast gingham were less noticeable probably because they con-
tained less color originally. The similarity of the curves for the yellow
nainsook and Everfast gingham and the white Meadow Lane and nainsook
following 500 hours of exposure for each is shown in Figures 23 and
20, and in 3 and 5. i

The broadcloth included in this group is not all yellow but is a combina-
tion of yellow and pink forming a color called peach. The curves in
Figure 18 show that the color had altered considerably after 25 hours
of exposure and somewhat more after 500 hours. The greatest change
took place within the first 25 hours of exposure and between 460 ,and
580 millimicrons.

Lavender Fabrics.

The depth of color in the lavender fabrics ranges from very light in the
nainsook, through medium depths in broadcloth, chambray, and Meadow
Lane to the deeper color of the Everfast fabrics. ;

The lavender fabrics show two types of color change. The darker shades
in the Everfast fabrics and Meadow Lane gingham show in general an
increase in percentage reflection throughout the spectrum as shown in
Figures 24, 25, and 26. These fabrics were lighter and more grey after
exposure but with no change in hue. The curve for the nainsook in
Figure 27, shows greater change in the blue and red portion of the
spectrum. The lowering of reflection in these regions shows that the
grayness of the fabric has increased and that the lavender has become
more pink than blue. :

A gradual straightening of the curve for the lavender chambray shown
in Figure 28 occurred as the color became more grey. After 500 hours of
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exposure the color had changed from a lavender in which blue predominated
to a grey in which pink was more apparent than blue. The color changes in
the chambray progressed slowly in the early hours of exposure but after
100 hours proceeded at a more rapid rate (Figure 29).

The lavender broadcloth was noticeably faded before the exposure had
reached 25 hours and it continued to change color rapidly. Little permanent
change occurred in the percentage reflection at wavelengths below 480
millimicrons, somewhat more above 640, with the greatest change occurring
between 500 and 640 millimicrons or in the green and yellow portions of
the spectrum.

Pink Fabrics.

Figures 30, 31, and 32 show the colors of Meadow Lane gingham and
the Everfast fabrics to be very similar, to have undergone the same type
of color changes, and to have changed to approximately the same extent.
These three fabrics became more grey and decreased in gloss as the
exposure periods increased. Perceptible changes did not occur before
100 hours of exposure and subsequent changes progressed slowly.

The pink chambray was noticeably lighter after 50 hours of exposure
but after 100 hours the changes occurred more slowly, the pink gradually
becoming more gray (Figure 33).

The color curves for the broadcloth show it to have had somewhat dif-
ferent reactions to sunlight (Figure 34). After 25 and 100 hours of ex-
posure the percentage reflection is seen to be practically the same as the
original at the red end of the spectrum but higher below 620 millimicrons.
After 500 hours of exposure the percentage reflection was lower throughout
the spectrum than it was after 100 hours and the curve more nearly straight,
showing the fabric to have lost much of its original pink, to be darker
and more gray. The broadcloth could not be called a pleasing color after
50 hours of exposure to sunlight.

The nainsook was a light pink or flesh color, as shown in Figure 35.
Already quite light, it changed little during the exposure periods but at
the close of the 500 hours the reflection was, less in the red region and
more in the green, with approximately the same reflection in the yellow
region. These changes show it to have become less pink and more yellow.

From the color changes occurring in these fabrics it seems possible to
secure fabrics in any of these five colors which suffer no appreciable
change under 100 hours of exposure to sunlight.

Fastness with Respect to Dyes

The dyes used are known in only the chambray and Meadow Lane
fabries.

From the color curves it is shown that the combination of Anthrene
Blue R. C. X. and Ponsol Yellow G. used in the blue chambray and the
combination of Carbanthrene Blue B. C. S. and Ponsol Violet A. R. used in
the blue Meadow Lane were equally fast to sunlight under normal con-
ditions of exposure. The fastness of the blue chambray agrees with the



38 BULLETIN NO. 506, TEXAS AGRICULTURAL EXPERIMENT STATION

rating of Stott (17) that Blue R. C. X. has excellent fastness when used
alone or in combination with Yellow G.

Green Meadow Lane was dyed with Anthrene Jade Green used alone, and
green chambray with the same dye in combination with Ponsol Yellow
G. The combination of dyes produced a more vivid green in the chambray
than did the green dye used alone in the gingham, but the chambray
underwent greater color changes suggesting that the Yellow G. dye was
less fast than the Jade Green or when used in combination the Yellow
G. dye slightly reduced the fastness of the green dye. The Ponsol Yellow
G. was used alone in yellow chambray and this fabric was changed to ap-
proximately the same extent as was the green chambray, indicating further
that this yellow was not only of poor fastness when used alone but that
it 'also reduced the fastness of the green dye with which it was combined.
When each of the two dyes is used alone the green exhibits greater fastness
than does the yellow. These findings agree with Stott (17) who lists
Yellow G. as having poor fastness to light when used alone and when used
with Jade Green, but lists Jade Green as having good fastness when used
alone. Borho (1) found that the greater the amount of yellow used in
combination with the green, the less fast the combination. Verification of
this statement is found in comparison of the green Meadow Lane in which
Jade Green was used alone, with the green chambray in which the green
was combined with Yellow G, since the color of the Meadow Lane was
changed less than the chambray. Scholefield and Turner (14) found that
in mixtures of blue and yellow, the fastness of blue was decreased and the
fastness of yellow increased as compared with their respective fastness
when dyed alone. These conclusions are borne out in the chambray in
which the blue fabric was dyed with a combination of a blue and a yellow
dye. This fabric underwent greater color change in the blue portion of
the spectrum than in the yellow portion. The chambray dyed with the
same yellow dye used alone, changed more in the yellow portion than did
the blue chambray in which the yellow dye was combined with blue dye.
This was not true in the green chambray in which the same yellow dye
was combined with green. Here greater change took place in the yellow
portion than occurred at the green wavelengths. The same change occurred
in the green Meadow Lane where the same green dye was used alone,
indicating that the yellow was not responsible alone for the type of color
change which occurred in the green chambray.

The colors of the yellow Meadow Lane and yellow chambray were
changed equally upon exposure showing the two dyes, Carbanthrene Yellow
G. and Ponsol Yellew G. to be of equal but poor fastness.

The lavender chambray was dyed with Indanthrene Violet B and Ponsol
Violet R. R. and the lavender Meadow Lane with Anthrene Violet B. N.
The chambray was affected by the sunlight to a greater extent than was
the gingham but whether the less fast color was due to the use of
individual dyes less fast than the dye in the Meadow Lane or to the
combination of dyes in the chambray is not known. It is' known that
a combination of fast dyes may be less fast than either dye when used
alone, or that a combination of a fast with a fugitive dye may be either
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fast or fugitive depending upon the particular combination of dyes (2,
3, 9, 10, 13). Stott (17) has found Violet B. N. to possess good fast-
ness to light when used alone as in the Meadow Lane.

The combination of Sulfanthrene Pink B. G. and Sulfanthrene Pink F.
F. used in the pink chambray produced a color less fast than the Red B.
N. used in the pink Meadow Lane. The fastness of Red B. N. is listed by
Stott (17) as excellent.

With the exception of the two dyes used in the pink chambray which
belong to the Indigoid group, all dyes in the chambray and Meadow Lane
belong to the Anthracene group of dyes.

The Meadow Lane ginghams and Pamico suitings (7) were dyed with
the same dyes. Comparisons of the unexposed fabrics show the suit-
ings to be slightly darker than the ginghams, a change which may have
been due to greater absorbtion of dyes by the mercerized fabrics. Com-
parisons of color changes in these ginghams and suitings show the
ginghams to have altered somewhat more, probably on account of greater
resistance of the coarser suitings to the penetration of light.

The green broadcloth underwent the greatest change in color and the
blue Everfast fabrics and blue Meadow Lane gingham the least. Dark
colors showed less color change than light colors. Among the darker
colors the blues were less changed than other colors but no one color was
fast in all fabrics. All white fabrics became yellow, yellow fabrics be-
came darker, and other colors became lighter and more gray when ex-
posed to sunlight.

In general, the fabrics least faded were also least tendered.

Fastness with Respect to Guarantee and Price

The Meadow Lane ginghams, Everfast fabrics, and nainsooks have a
“money back” guarantee. The manufacturers of chambray gave no in-
formation concerning a guarantee. The broadcloths were labeled ‘“tub
fast’.

The fastness of color was found to correspond in most cases to the
guarantee, the Everfast fabrics and Meadow Lane gingham in all colors
but yellow changing less than the other fabrics. The yellow nainsook
was less changed than the other yellow fabries. It must be remembered,
however, that the nainsooks were, in most cases, much lighter in color;
therefore they were less fast than they probably would have been in dyeings
of greater depth (7). Undoubtedly the nainsooks would be considered by
the consumer as possessing sufficient fastness for the purpose for which
they are generally used.

The chambrays were less fast than either the Everfast fabrics or the
Meadow Lane ginghams with the exception of the yellow chambray, which
changed color to approximately the same extent as did the suiting and
Meadow Lane gingham but somewhat more than did the Everfast gingham
and nainsook.

In all colors the broadcloths were much less fast than any other fabrie
To test the validity of the “tub fast” guarantee the broadcloths were boiled
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for several minutes in a concentrated soap solution, rinsed, and dried.
None of them had undergone perceptible color changes; therefore they may
possibly be considered fast to washing if not placed in sunlight to dry.

The retail prices at the time of purchase are given for each fabric
in Table 1. Comparison of these prices on the basis of square yard,
show the Everfast gingham to be more expensive than the Meadow Lane
but of finer thread count. The prices of none of the other fabrics can
be compared directly, as the fabrics themselves differ greatly. However,
the broadcloths, which were similar to the nainsooks and Meadow Lane
ginghams in price, were much less fast.

These findings indicate that a guarantee is of value in securing fabries
which are fast to light. While fast-dyed fabrics are naturally more ex-
pensive than fabrics dyed with fugitive dyes, price is not as satisfactory
a measure of fastness as is the guarantee.

SUMMARY

Thirty-five white cotton fabrics and dyed cotton fabrics including
Everfast gingham and suiting, Meadow Lane gingham, broadcloth, cham-
bray, and Bluebird nainsook were exposed to sunlight under normal con-
ditions of temperature and humidity for a total of 500 hours. All fabrics
were analyzed before exposure and after each 25 hours of exposure to
determine changes in strength and color.

Each of the fabrics underwent changes in strength and color. The rate
and extent of change varied greatly among the fabrics. Some lost
strength and color early in the exposure periods and continued to lose at
a rapid rate while other fabrics had changed little in strength and color
even after 500 hours of exposure. The average loss in breaking strength
of the warp plus that of the filling, of all fabrics was 41 per cent after
500 hours. These losses ranged from approximately 18 to 49 per cent in
the warp and from 34 to 65 per cent in the filling.

The mercerization of the Everfast suitings and broadcloths probably in-
creased their resistance to tendering. Sizes apparently had little effect.

Among the fabrics identical in structure, 8 of 15 dyed fabrics lost
less strength than did the white indicating that the dyes used in all
Meadow Lane ginghams and the blue, yellow, and lavender of the Ever-
fast gingham offered protection. The blue in the suiting apparently had
little effect. The dyes of the remaining 6 fabrics apparently increased
the loss in strength. The fabries of identical structure ranked in order
of resistance to the tendering effect of sunlight are: blue, lavender, yellow
and green (approximately equal), white, and pink. The blue dye of the
suiting offered the greatest protection and the pink of the Meadow Lane
the least.

It was found that certain dyes were not equally fast when used alone
and in combination with other dyes. These findings emphasize the im-
portance of using dyes and combination ef dyes which afford protection
against tendering and fading. 3



EFFECT OF SUNLIGHT ON STRENGTH AND COLOR OF FABRICS 41

The heavier, coarser fabrics were less tendered than the thinner, finer
fabrics, probably on account of the greater resistance to the penetration
of light.

Correlation analysis of the environmental factors shows that the number
of hours of exposure had far more effect upon the loss of strength than
had temperature and relative humidity. Temperature had more effect than
relative humidity, accounting for approximately three times as much
change as did relative humidity.

Exposure to sunlight affected the color of all white and all dyed fabrics,
as determined by spectrophotometric analysis. White fabrics became more
vellow as the exposure periods lengthened. Dyed fabrics varied in their
color changes: some became darker and other lighter, while some changed
in hue. The general tendency of most colored fabrics was to become lighter
and more gray, the color curve becoming more nearly straight as the
exposure increased. The greatest color changes occurred in the broad-
cloths and the least in the suitings and ginghams. Dark colors in general
showed less color change than did fabrics less heavily dyed. Fading was
not limited to any one color or colors. All colors underwent considerable
change in one or more fabrics but blue and green were in general less
changed than yellow, lavender, and pink. The least faded fabrics were in
most cases the fabrics least tendered by exposure. Doubtless this greater
resistance to fading and tendering was due to the fact that these colors
have no absorption band in the region of light most effective in changing
strength and color. These findings agree in general with those of a
previous study in which 22 cotton fabrics were exposed to sunlight for
a total of 375 hours.

This study shows that it is possible to secure colored cotton fabrics
which undergo only slight changes in color and which retain much of their
original strength even after 500 hours of exposure to sunlight. It is
concluded that a requirement of fastness to 100 hours of exposure to
sunlight before color changes are perceptible is reasonable and not im-
possible to attain.

Fabrics guaranteed fast to light were found to be more fast than those
not guaranteed. The fabrics guaranteed tub fast were fast to washing
but very fugitive in light. For cotton fabrics which are to be exposed to
light and which are to be laundered, the consumer should insist that the
guarantee includes fastness to both light and washing.
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