South Dakota State University
Open PRAIRIE: Open Public Research Access Institutional
Repository and Information Exchange

South Dakota State University Agricultural

Bulletins / i
Experiment Station

11-1-1951

Wearing Quality of Reused Wool

L.O.Lund
E.L.Phelps

H. W. Norton

Follow this and additional works at: http://openprairie.sdstate.edu/agexperimentsta_bulletins

Recommended Citation

Lund, L. O.; Phelps, E. L.; and Norton, H. W,, "Wearing Quality of Reused Wool" (1951). Bulletins. Paper 415.
http://openprairie.sdstate.edu/agexperimentsta_bulletins/415

This Bulletin is brought to you for free and open access by the South Dakota State University Agricultural Experiment Station at Open PRAIRIE: Open
Public Research Access Institutional Repository and Information Exchange. It has been accepted for inclusion in Bulletins by an authorized
administrator of Open PRAIRIE: Open Public Research Access Institutional Repository and Information Exchange. For more information, please

contact michael.biondo@sdstate.edu.


http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_bulletins%2F415&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_bulletins%2F415&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta_bulletins?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_bulletins%2F415&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_bulletins%2F415&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_bulletins%2F415&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta_bulletins?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_bulletins%2F415&utm_medium=PDF&utm_campaign=PDFCoverPages
http://openprairie.sdstate.edu/agexperimentsta_bulletins/415?utm_source=openprairie.sdstate.edu%2Fagexperimentsta_bulletins%2F415&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:michael.biondo@sdstate.edu

BULLETIN 415 NOVEMBER 1931

WEARING
QUALITY

OF

REUSED
WOOL

HOME ECONOMICS DEPARTMENT

Agricultural Experiment Station
South Dakota State College, Brookings
IN COOPERATION WITH THE
Minnesota Agricultural Experiment Station




Glossary of Terms

Bow—The term used when the filling
yarn in a fabric does not lie in a straight
line from selvage to selvage. The maxi-
mum deflection from the straight line is
expressed as a percentage of the width
of the fabric.

Breaking Strength—The ability of a ma-
terial to resist rupture by tension. Often
called tensile strength, it is the breaking
load of the material, when measured
under specified conditions.

Bursting Strength—The ability of a mate-
rial to resist rupture by pressure. The
force required to rupture the fabric,
when applied at right angles to the
plane of the fabric, under specified
conditions.

Decating—A finishing process applied to
wool fabrics to set the fiber and develop
the luster of the material. The cloth is
wound tightly on a perforated roller,
thoroughly saturated with either hot
water or steam and then cooled while
still under tension.

Elongation—The increase in length or
width of the fabric, or length of the

yarn, resulting from the tensile force

which was applied at the time of break.
This is usually expressed as a percent-
age of the original width or length.

Filling—The yarn which interlaces with
the warps and runs from selvage to sel-
vage at right angles to the warp in a
woven fabric.

Fine—A wool grading term used in the
American, or “blood,” system. In the
numerical grading system fine wool is
designated as 64’s, 70’s and 80’s.

Grex—A unit of yarn measurement used
to express the relative fineness of yarns;
the weight in grams of 10,000 meters of
yarn.

Hand, Handle—The “feel” of fabrics, as
harsh, soft, rough, smooth, etc.

Three-Eighths Blood Wool — A wool
grading term in the “blood” system
used to denote fineness and has no ref-
erence to the breeding of sheep. It is
equivalent to 56’s in the numerical
system.

Warp—The yarns that run lengthwise in
a woven fabric,

Yarn Strength—The ability of a single
varn to resist breaking by tension.
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WEARING QUALITY OF REUSED WOOL

A Study of The Physical Characteristics of New and Worn
Flannels Containing New and Reused Wool

Lnrian O. Lunp?, ETHEL L. PHELPS? and HELEN WARD NORTON?

Blending remanufactured wool damaged fibers could be still high-

with new wool has been a common
practice for many years. However,
only since 1941, when the Wool
Products Labeling Act became ef-
fective, have labels been required to
designate the percentages used in
such blends. The labeling act de-
fines three classes of wool: (1) new
wool—wool not previously woven or
felted; (2) reprocessed wool—wool
recovered from woven or felted ma-
terials but not previously used by
the ultimate consumer; (3) reused
wool—wool recovered from spun,
woven, knitted, or felted products
which have been used in any way by
the ultimate consumer.

Learning from the label that a
garment contains reprocessed or re-
used wool, the consumer wants to
know what effect this may have
upon its service. This is a difficult
question to answer since valid bases
for predicting the durability of any
fabric have not yet been established,
and a blend of fibers makes the
problem even more complex.

The process of reconverting a fin-
ished fabric into a fibrous state in-
volves rigorous mechanical treat-
ment, which may result in breaking
the fiber into shorter lengths or caus-
ing other damage to the fiber. If, in
addition, the fabric had received
considerable wear before the recla-
mation process, the percentage of

5

er. The extent to which the quality
of a fabric may be impaired by
blending reclaimed fiber with new
wool has not been determined, al-
though it is generally believed that
reclaimed wool is not as satisfac-
tory as new wool.

Many laboratory measurements
can be made on fabrics, but no sin-
gle measurement, or combination of
measurements, has been proved to
be an accurate guide for predicting
serviceability. Up to the present, in
order to determine the effects of ac-
tual wear, garments must be made
and worn to supplement the labora-
tory measurements.

This cooperative study between
the South Dakota and Minnesota
stations, was undertaken to deter-
mine the effect of combining various
amounts of reused wool with new
wool upon the serviceability of wool
flannels made of these two types of
fiber. Since the wear life of a gar-
ment necessarily must include
cleaning and aging as well as wear,
the study was designed to measure
the physical changes in these flan-
nels which resulted from those
three factors.

1Assistant Professor, textiles research in home econom-
ics, South Dakota Agricultural Experiment Station.
2Professor, textiles and clothing in home economics,
Minnesota Agricultural Experiment Station.

SFormerly research assistant, textiles research in home
economics, South Dakota Agricultural Experiment
Station.
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Description of the Materials

In order to obtain fabrics of
known fiber blend, new and reused
wools were bought, from which
five flannels were manufactured of
specified fiber content, as follows:
100 per cent new wool

75 per cent new wool plus 25 per
cent reused wool
50 per cent new wool plus 50 per
cent reused wool
25 per cent new wool plus 75 per
cent reused wool
100 per cent reused wool
The fiber was purchased and the
tabrics constructed by the Lowell
Textile Institute. They were made
with a four-shaft, even twill weave,
weighed 11 to 12 ounces per linear
yard of 54-inch width, and in all re-
spects were similar to a commercial
flannel of comparable type and
weight. For convenient identifica-
tion, each fabric was numbered ac-
cording to the percentage of its new
wool content; that is, the flannel
which contained 100 per cent new
wool was numbered “100” and that
containing 0 per cent, “0.”

The new wool fiber was white,
undyed, and a blend of three parts
3/8 blood with two parts of “fine”
wool. The reused wool, designated
on the market as “old knits,” like-
wise was “fine” in quality and was
royal blue in color. Therefore fabric

No. 100, made of 100 per cent new
wool, was white, while fabrics No.
75, 50, 25, and 0 varied from light to
dark blue as the amount of blue re-
used wool was increased and the
amount of white new wool propor-
tionately decreased. In order that
the fabric and yarn properties might
be studied before dyeing, the fin-
ished flannels were not dyed imme-
diately. After they had been re-
ceived at the laboratory, swatches
were removed for study. The bal-
ance of the five materials were then
sent to a commercial dye house and
all were dyed navy blue.

Although all five tabrics were the
same color after they had been
dyed, it was not difficult to distin-
guish between them by visual ob-
servation and hand or handle. All
new wool in No. 100 produced a soft
smooth fabric, the weave was close
and even, and there was practically
no bow. With the addition of in-
creased amounts of reused fiber the
handle became less soft, the weave
less regular, and the bow more pro-
nounced. Fabric No. 0 was harsh to
the touch, irregular in weave, and
showed thin spots interspersed with
thick matted areas. The bow was 6
per cent for this fabric. The ex-
tremes of these differences in ap-
pearance are shown in Fig. 1.

The Wear Study

Each of the five fabrics was made
into plain, four-gore skirts which
were worn by students at the South
Dakota State College. This type of
skirt was chosen to facilitate sam-

pling and to avoid as far as possible
localized wear due to details of con-

_struction and design. Nine such

skirts were made from each of fab-
rics No. 100, 75, 50, and 25, but only
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Fig. 1. The Dyed Fabrics
(A) 109 per cent new wool (B) 50 per cent new and 50 per cent reused wool
(C) 100 per cent reused wool




8 South Dakota Experiment Station Bulletsn 415

six garments were made from fabric
No. 0 due to the smaller amount of
material available. Three skirts from
each of the first four fabrics were
worn 1000 hours; three, 2000 hours;
and three, 3000 hours. Fabric No. 0
was not subjected to 3000 hours of
wear since only six garments were
available.

After 200 hours of wear each gar-
ment was returned to the labora-
tory. It was then inspected for evi-
dences of wear after which it was
sent to a commercial dry cleaner.
After dry cleaning it was again in-
spected and any necessary repairs
were made before returning it to the
wearer for another 200 hours of
service. Records were kept by the
wearer of the number of hours the
garment was worn, type of activity
during wear, and special care given,
such as pressing, mending, and spot
removal.

Three skirts of each fabric were
used for every wear period so as to

Laboratory

In order to observe the effect of
the dyeing process upon the new
fabrics, swatches from each material
were removed before and after dye-
ing. Measurements were made on
these two sets, those for the dyed
tabrics also being used as a basis for
comparison with other measure-
ments throughout the experiment.
All statements of comparisons
among the findings of this study
have been verified by statistical
analyses.

During the service life of a gar-
ment it is exposed to many condi-
tions other than wear alone. To per-

diminish any variation which might
occur from individual wearing hab-
its. Some of the skirts were worn by
more than one individual, which
also tended to decrease individual
differences. Some of the girls left
college before the wear period was
over; others outgrew the garments;
and for various other reasons many
of the skirts had to be reassigned
more than once.

During the time that the experi-
ment was in progress, changes in
tashion made it necessary to length-
en some of the skirts. For this pur-
pose harmonizing plaids and
checked flannels were purchased,
bias bands of which were added to
the bottom of the skirts which need-
ed lengthening. This did not in any
way alter the experimental fabrics
themselves, but it did add interest to
the garments and the skirts were
worn for the remaining portions of
the final- wear period without
protest.

Procedures

mit the measurement of some of
these effects independently, three
sets of control swatches were dry
cleaned to parallel the dry cleaning
of each of the three groups of skirts.
Another set was laid aside and
stored for the duration of the experi-
ment. At the end of the first wear
period 15 skirts, which had been
worn 1000 hours, together with con-
trol swatches which had been dry
cleaned five times, were sampled
and laboratory measurements were
made. Similar measurements were
made at the end of the second wear
period. When the third period had
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been completed, the stored swatch-
es were measured together with the
dry cleaned control samples and the
worn fabrics. These measurements
were used in making adjustments
for the influence of storage and dry
cleaning when determining the ef-
fect of wear alone.

The physical measurement of fab-
ric and yarn properties, as well as
the types of equipment used, con-
formed with methods established by
the American Society for Testing
Materials and The American Asso-
ciation of Textile Chemists and Col-
orists. All of these yarn and cloth
measurements were made in the tex-
tiles laboratory at the University of
Minnesota, where standard atmos-
pheric conditions are maintained.
Samples were cut from the same lo-

cation in all skirts in order to be cer-
tain that like samples would fall
within the same area for all
garments.

The number of different measure-
ments which could be made on a
single skirt was limited. Only those
properties which were expected to
yield the most useful information
concerning the effects of wear were
selected. These are listed in Table 1.

Inasmuch as the quality of a fab-
ric is the result of the combination of
yarns, and they in turn are made of
fibers, it was necessary to investi-
gate the character of the yarns and
fibers as well as that of the fabric.
Yarn characteristics were measured
for the new materials before and
after dyeing, for the control swatch-
es which were dry cleaned, and for

Table 1. Physical Characteristics of Undyed and Dyed New Wool Flannels

Percentage of new wool in fabrics

Unit of 100 75 50 25 0
Property measured L T W Ft w F A\ F w F w F
Fabric count No./in
Undyed . 373 25.6 359 245 373 255 36.7 25.0 373 253
Dyed . e 37.2 27.6 36.6 264 36.6 27.1 36.7 269 354 26.8
Thickness 1/1000 inch
Undyed ... .. 51.8 50.9 S22 5374 52.6
Dyed 44.8 45.0 46.0 45.2 44.8
Weight per sq. yd. ounces
Undyed ... 8.2 8.0 8.2 8.1 7.7
Dyed . 9.3 9.0 9.0 8.8 7.8
Breaking strengthi pounds
Undyed ... 342 17.7 254 132 226 11.6 18 10.4 144 6.8
Dyed 326 17.6 232 122 204 123 109 144 75
Bursting strength§ pounds
Undyed .. 63.2 47.4 44.0 38.4 26.0
Dyed 63.7 49.6 47.3 42.0 32.8
Breaking elongation}  per cent
Undyed . 253 373 227 383 23.0 41.7 203 40.7 16.3 40.0
Dyed .o 28.0 35.0 243 357 233 357 233 363 19.7 323
Bursting elongation§  per cent
26.3 24.0 24.0 24.0
32.6 2541 24.6 2243
*Warpwise
tFillingwise

3Raveled strip method.
§Steel ball method.
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those which were stored. Samples of
fiber, both new and old, were stud-
ied to determine length (4),* diam-
eter (5), contour index, and evi-
dences of fiber damage (8).

Ten replicate samples were used

The Effect

The dyeing process resulted in
some changes (Table 1). The effects
of tension on the warps during
weaving are removed by the thor-
ough wetting involved in dyeing.
The consequent shrinkage of warp
yarns pulled the fillings closer to-
gether and increased the filling
count. In addition, in fabric No. 0,
the filling yarns actually stretched so
that the warp count was decreased.
The undyed fabrics had come di-
rectly from the decating process,
hence the decreases in thickness
may have resulted from pressing
after dyeing. Increases in weight
were highest for fabric No. 100 and
became less as the percentage of
new wool decreased. Further, the
unchanged weight of No. 0 after
dyeing could be expected, since the
increase in number of fillings per
inch was practically balanced by the
decrease in number of warps.

Also following dyeing, the warp-
wise breaking strength decreased in

South Dakota Experiment Station Bulletin 415

for all fabric and yarn measure-
ments with the exception of yarn
strength and elongation, for which
50 determinations were made. Five
and six hundred fibers were used for
each of the fiber measurements.

of Dyeing

the three fabrics having the greatest
proportions of new wool. At the
same time bursting strength increas-
es after dyeing became greater as
the proportion of reused wool in-
creased. Measurements of fabric
elongation which were associated
with breaking strength showed
marked increases in the fillingwise
direction for the fabrics containing
the largest proportions of reused
wool. In the warpwise direction all
of the fabrics gained in elongation
after dyeing. Measurements of elon-
gation made when a bursting force
was applied showed increases after
dyeing for all of the fabrics which
contained new wool, while fabric
No. 0 showed a decrease. These in-
creases in elongation which resulted
from dyeing dropped steadily as the
proportion of new wool was de-
creased. Dyeing appears to have
been responsible for some changes
in fabric properties when compar-

ing the undyed and dyed fabrics.

Properties of the Dyed Fabrics Before Wearing

It was intended that all five fab-
rics should vary only in fiber con-
tent, and that fabric count and
yarn number should be as nearly
alike as possible. In the finished ma-
terials both of these properties
closely approached these specifica-
tions (Tables 1 and 8).

Many of the laboratory measure-
ments supported observations of dif-
ferences in hand and in appearance
which have been discussed. The av-
erages for thickness measurements
did not show differences among the

4Figures in parentheses refer to ‘‘Literature Cited.’’
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five fabrics. However, when examin- are especially marked in the case of

ing individual values for each of the
tabrics studied, greater variation
among thickness measurements was
found for No. 0 than for No. 100,
where little variation among these
measurements was observed.
Weight tended to decrease some-
what as the proportion of new wool
decreased, flannel No. 0 being 1.5
ounces per square yard lighter in
weight than No. 100. This appears
to have been due to the greater loss
of fiber during manufacture which
is characteristic of reused wool.
Both breaking and bursting
strength decreased with increased
reused wool content. These changes

»
O

»
(=)
T

[N
o
T

7
.

. U

)
|l

lTHuyy

7
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bursting strength. As shown in Fig.
2, the greatest losses in strength
were found when comparing the 100
per cent new wool fabric with those
tabrics containing reused wool. In-
creasing reused wool content dimin-
ished warpwise breaking and burst-
ing elongation (see Fig. 3). Filling-
wise elongation measurements did

not vary with the exception of that
for the No. 0 fabric.

Among the dyed fabrics, thick-
ness, weight, strength and elonga-
tion values tended either to be more
variable or to decrease as the pro-
portion of reused wool increased.
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Fig. 2. Strength of new dyed fabrics
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Properties of the Stored Fabrics

The effect of aging or storage al-
ways is involved in a study of wear.
Therefore, in order to show the max-
imum influences which might be
due to this factor, a comparison has
been made between values for the
measured properties of the fabrics
after storage for the entire length of
the experiment with those for the
materials at the beginning of the ex-
periment.

Fabric count and thickness in-
creased slightly (Table 2) during
the period of storage. Possibly this
could have resulted from the effect
of atmospheric moisture, which may
have facilitated somewhat a further

relaxation of tension in the yarns.
Since the yarns were slightly closer
together it would be expected that
the weight per square yard would
be increased, and such increases are
shown. Breaking strength increased
slightly following storage, warp-
wise increases being somewhat
greater than fillingwise. Bursting
strength did not change significant-
ly with storage. Elongation due to
breaking forces varied little, while
bursting elongation was slightly less
after storage.

Storage appears to have resulted
in only minor changes in the fabrics.
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Table 2. Physical Characteristics of Flannels after Storage Alone
Ux-u-t I;f _-Pcrce;a;e of new wool iﬁam'ics
Property measured rEasne 100 75 50 25 0
Fabric count no./inch
Warps .. 376 373 375 37.4 369
Fillings 279 26.8 27.4 284 26.6
Thickness ... 1/1000 in. 49.2 48.7 49.5 48.5 49.2
Weight per sq. yd. .. ounces 95 93 9.2 89 8.0
Breaking strength* pounds
Warpwise 332 246 215 18.6 13.8
Fillingwise .. 174 13.1 13.2 11.0 8.1
Bursting strengtht pounds 63.7 46.9 46.5 42.7 36.6
Breaking Elongation* per cent
Warpwise 24.0 23.0 25.7 22.7 197
Fillingwise 31.7 340 38.7 363 38.0
Bursting elongationt ... pemcenty 2354 22:9% 2253 §22.85 12619
*Raveled strip method.
1Steel ball method.
Table 3. Physical Characteristics of Flannels after Dry Cleaning
= = = Percentage of new wool in fabrics
Unit of No. of 100_ 75 50 25 n
Property measured measure cleanings W* Ft w F w F w F w F
Fabric count .. no./inch 5 36.7 29.0 36.6 2078305, 275 37.2 28.3  36.1 27.1
10 36.0 29.3  36.4 27.8  36.4 283 13710 28.4 357 2541
15 36.6 289 36.8 275 377 2830 37M1 28.4
Thickness ... . 1/1000 in. 5 50.7 49.9 51.0 49.5 49.2
10 49.6 50.1 49.5 48.6 46.6
15 51.9 51.8 5/l 50.7
Weight per sq. yd. ........__ounces 5 9.5 9.0 8.9 8.7 7.8
10 10.0 9.5 9.6 9.2 7.8
15 9.7 9.3 9.4 8.9
Breaking strength} ... .. peunds 5 31.8 18.7  23.0 13.3  20.8 122" 212 10.6 13.2 7.4
10 30.6 192} 23'4 13378 21153 13.4 17.8 12408 12,5 8.3
15 34.3 20.2) 253 12.8 222 1.7 19.6 11.8
Bursting strength§ ... pounds 5 63.2 47.8 45.0 40.0 31.8
10 63.0 47.8 46.7 41.4 30.8
15 60.1 48.6 48.1 43.0
Breaking elongation} ....._.. per cent 5 29.0 36.0 247 36.0 23.0 353 217 34.7  20.0 33.0
10 29.3 38.0 27.7 41.0 253 42.7 247 8%, WVB8%! 39.7
15 31.0 35.0 26.7 33.0 23.0 29.7  23.0 32.7 =
Bursting elongation§ _....._._per cent 5 223 21.7 24.0 21.1 20.0
10 21.7 18.3 19.4 19.4 18.3
15 36.6 28.6 22.9 18.3
Shrinkage - . __ per cent 5 317 41.22 327 4072 235 H41.25 1.96 4049 2.73 —2.50
10 3.21 +1.05 2.8 4030 2.41 4080 2.00 -+008 263 43.30
15 354 0.6 290 006 3.05 H40.74 344 +1.839
*Warpwise == -

1Fillingwise

tRaveled strip method.

§Steel ball method.
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Properties of the Dry Cleaned Fabrics

The dry cleaning process itself
might be a source of part of the dif-
terences observed for the fabrics
which were worn and dry cleaned.
Comparing measurements for fab-
rics which have been dry cleaned
only (Table 3) with those for new
fabrics, it is observed that fabric
count decreases slightly in the warp-
wise direction and increases some-
what in the fillingwise direction. Di-
mensional changes also followed
dry cleaning and included some
cases of shrinkage and some where
stretching occurred. It is possible
that changes in fabric count result-

ed from changes in dimensional
stability.

Since the dry cleaned swatches
showed evidence of shrinkage, it is
to be expected that thickness would
increase and such was the case. The
plus values for these data in Table 4
indicate that the dry cleaned values
were higher than those for the new
fabric. Numbers 100, 75, and 50
gained four to seven thousandths of
an inch in thickness; No. 25 gained
three to six thousandths, and No. 0,
two to four thousandths of an inch.
Weight likewise increased for the
tabrics with large proportions of

Table 4. Changes Due to Dry Cleaning as Shown by Comparison of Values for New

and Dry Cleaned Fabrics (Gains Indicated by +)

Unit of
measure

No. of
cleanings

1/1000 in. 5
10
15
Weight per sq. yd. .. ounces 5
10
15

Property measured

Thickness

Breaking strength*
Warpwise ... 5
10

15

B 53
10

15

pounds 5
10

15

Fillingwise

Bursting strengtht-

Breaking elongation* __ per cent
Warpwise ... -5
10
15
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 5
10
15
Bursting elongation] .. per cent 5
10
15

Fillingwise

*Raveled strip method.
tSteel ball method.

Percentage of new wool in fabrics
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new wool, but remained constant
for those with the lowest percent-
ages of new wool.

Changes in fabric count and
thickness could influence strength to
some extent. Breaking strength val-
ues show increases and decreases.
Some losses of strength occur in the
first few dry cleanings, but appar-
ently increases in shrinkage asso-
ciated with continued dry cleaning
cause increases in fabric count, and
consequently increased strength.
Again, those blends having the
largest proportions of reused wool

showed little change in properties.

The elongation associated with
strip strength showed numerous
gains after dry cleaning, but elonga-
tion resulting from bursting forces
showed a definite loss in all cases.

During dry cleaning some small
increases in thickness, weight,
breaking strength, and elongation
have been observed. In numerous
cases these appear to have been less
marked for those fabrics with larger
proportions of reused wool. In con-
trast, elongation due to bursting
forces showed marked losses.

Properties of the Worn Fabrics

Common experience tells that
wear will cause changes in the prop-
erties of fabrics and such are shown
to have occurred during the wear
life of these flannels (Table 5). Al-
though the three skirts of each
group were worn by different girls,
no significant difference was found
among replicate skirts for any of the
physical properties measured.

Thickness measurements for the
worn fabrics varied little among the
four materials containing new wool.
After the first wear period, values
for the worn fabrics were greater
than those for the new dyed mate-
rials. These increases could have re-
sulted from differences in the press-
ing processes used. When a piece of
flannel many yards in length is
pressed, the method used applies a
pressure which is considerably
greater than that exerted when an
individual garment is pressed. As
wear proceeded, fabrics No. 100, 75,
50, and 25 all decreased in thickness
at approximately the same rate,

while No. 0, which was thinner at
the beginning of the study, had suf-
fered a marked loss by the end of
the second wear period.

Weight measurements were sim-
ilar for the four fabrics containing
new wool, but No. 0 weighed less
than the other four. With increased
amounts of wear the fabrics showed
small losses in weight, varying from
0.2 ounces per square yard for No.
100 to 1.3 ounces for No. 0 after the
final wear periods.

The strength of these flannels di-
minished markedly with each de-
crease in new wool content (see Fig.
4). This was true for both breaking
and bursting strength (Fig. 5). At
the end of the final wear periods
those fabrics containing less than 50
per cent of new wool showed losses
in strength. This decrease was evi-
dent in the values for bursting
strength for all five fabrics. How-
ever, fabric No. 100 showed remark-
ably little change due to wear and
dry cleaning. Although all of the
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Table 5. Physical Characteristics of Worn Flannels

Peicentage of new wool in fabrics
Unit of 100 75 50 25 ]
Property measured measure Period W* Ft w E w F w F w F
Fabric count no./in. L 373 2892 37327020 932  27.8, 137.2= 279 B53, 4262
11 367 28.6 362 273 37.1 281 373 283 349 266
1 37.0 285 369 27.3 370 279 37.0 282
Thickness 1/1000 in. 1 495 49.2 49.7 48.3 45.8
I 48.4 47.6 46.5 46.1 40.2
11 465 46.0 46.2 44.5
Weight per sq. yd. ounces 1 9.4 8.9 9.0 8.6 7.4
11 9.4 9.0 8.8 8.6 6.5
111 9.1 8.6 8.4 8.2
Breaking strength pounds 1 33.1 194 24.1 13.8 21.4 132 185 7.2
I 319 18.0 228 129 19.6 11.1 16.4 55
1 324 173 226 11.1 208 11.0 16.5
Bursting strength§ pounds I 61.0 46.9 45.2 40.2 27.6
I 60.1 445 38.2 34.5 18.4
1 59.7 42.6 39.9 31.7
Breaking
elongation} per cent 1 282 359 264 457 24.8 47.4 239 47.6 22.7 423
I 295 B5.6) 263 401 255 41.3 227 4098 18.1 1267
I 297 32.6 234 294 228 316 197 30.
Bursting
elongation§ percent 1 28.0 22.7 259 23.2 18.1
I 175 17.3 17.0 17.5
1nr 227 20.4 19.8 17.7
*Warpwise. tRaveled strip method.
1+Fitlingwise. §Steel ball method.

skirts were still wearable, most of
them were at the point where they
probably would have been discard-
ed for their shabby appearance,
under usual conditions. Many of the
waist bands had holes where they
fastened, and for No. 0, one waist
band needed replacement before
the end of the second wear period
(Fig. 6).

Warpwise elongation values (see
Fig. 7), as well as strength values,
showed definite decreases when the
amount of new wool was decreased.
During the wear life of the gar-
ments these elongation values ex-
hibited a downward trend for fab-
rics with less than 50 per cent new
wool and for all five in the filling-

wise direction. Flannel No. 0
showed a marked drop in elonga-
tion. Furthermore this fabric tore
easily, which could result not only
from lack of ability to stretch but
also from its lower residual strength.

Wear combined with dry cleaning
can be said to have resulted in pro-
gressive losses in strength and elon-
gation as the proportion of reused
wool increased. Successive incre-
ments of wear and dry cleaning re-
sulted in decreased thickness and
weight for fabric 0; decreased burst-
ing strength for all fabrics contain-
ing reused wool; and decreased
elongation for all five materials
after the first wear period.
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F ig. 6. Evidences of Wear on Skirt Bands
(A) 100 per cent new wool (B) 50 per cent new and 50 per cent reused wool
(C) 100 per cent reused wool
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The Effect of Wear Alone

Values for fabric characteristics
vary considerably even when mea-
surements are made side by side on
the same piece of cloth; therefore
samples were scattered as far as pos-
sible over the entire area of the fab-
ric so as to arrive at a mean value
which would be as representative of
the whole as possible. Despite every
precaution the increases and de-
creases found do not always travel
consistently in the same direction.
However, by subtracting values for
the worn and dry cleaned fabrics
from those for fabrics which were
dry cleaned only, the difference can
be attributed to the effects of wear
alone (Table6).

Wear apparently was responsible
for decreases in thickness varying
from one to 6% thousandths of an
inch. The maximum loss in fabric
No. 50 represents about 14 per cent
of its original thickness. A marked
loss in thickness for fabric No. 0 oc-
curred after the first and second
wear periods, while similar losses
were observed for the four other
tabrics after the third wear period.
Losses of weight which can be at-
tributed to wear were, in general,
small. However, the maximum loss
observed in fabric 0 after the second
wear period represents a decrease
of about 17 per cent.

The changes in breaking strength
due to wear alone include both in-
creases and decreases. While the
five fabrics do not differ greatly with
respect to loss of strength due to this
tactor, there was a general tendency
toward decreasing strength with in-
creasing length of service in both

warpwise and fillingwise directions.
The greatest change in bursting
strength due only to wear is shown
for fabric No. 0, although differ-
ences for fabrics 75, 25, and 0 indi-
cate increased losses which were as-
sociated with increased wear.

After the first wear period the
wormn fabrics apparently stretched
with greater ease than did the cor-
responding dry cleaned materials.
The increases in breaking elonga-
tion tend to accompany increased
proportions of reused wool after the
first wear period. However, with in-
creasing amounts of service, losses
in extensibility are evident. The
maximum loss was recorded for fab-
ric 0 after the second wear period
and in this case amounted to 26 per
cent of the extensibility of the new
dyed material warpwise, 40 per cent
fillingwise.

Likewise, when subjected to
bursting forces, all the worn fabrics
show increased extensibility after
the first wear period, with the excep-
tion of fabric 0. At the same time
there appears to be some tendency
for increasing losses in this type of
elongation to be associated with in-
creasing wear. The greatest losses
after the first and second wear peri-
ods were found for fabric 0, but
neither of these was as great as that
suffered by the 100 per cent fabric
after the third wear period.

The effects of wear alone there-
fore obviously are increased by in-
creased duration of service, as
would be expected. Also, in general,
they appear to be increased by in-
creasing proportions of reused wool.
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Table 6. Losses Due to Wear Alone as Shown by Comparison of Values for Worn and Dry Cleaned
Fabrics with Values for Fabrics Dry Cleaned Alone (Gains Indicated by )

Unit of Percentage of new wool in fabrics
Property measured measure Period 100 75 50 25 n
Thickness ... 1/1000in. 1 1.2 0.7 1.3 1.2 3.4
11 1.2 2.5 3.0 25 6.4
111 5.4 5.8 6.5 6.2
Weight per sq. vd. . ounces I 0.1 0.1 —+ 0.1 0.1 0.4
11 0.6 0.5 0.8 0.6 1.3
111 0.6 0.7 1.0 0.7
Breaking strength* pounds
Warpwise I + 13 +1.1 + 06 1.3 0.8
n + 13 06 e/ 1.4 1.5
111 1.9 2.7 1.4 3.1
Fillingwise . 1 +07 405 + 10 4+ 1.0 0.2
I + 02 08 2.3 1.8 2.8
111 29 1.7 1.7 2.8
Bursting strengtht pounds I 2.2 09 + 02 + 0.2 4.2
11 29 818 8.5 6.9 12.4
111 0.4 6.0 8.2 11.3
Breaking elongation* _____. per cent
Warpwise I 0.8 417 + 18 + 22 + 27
n 402 14 402 2.0 5.2
111 1.3 3.3 0.2 33
Fillingwise - .. I 0.1 +97 4121 4129 + 93
11 2.4 0.9 1.4 2.5 13.0
11 2.4 36 +1.9 2.6
Bursting elongationt percent 1 +57 410 4+ 19 + 2.1 1.9
11 4.2 1.0 2.4 1.9 5.7
111 13.9 8.2 3.1 0.6
*Raveled strip method.
tSteel ball method.
Effect of Light

Exposure to light has been shown,
in a previous report (6), to cause
marked decreases in the strength of
wool serge. It was not possible to
keep a record of the number of
hours the skirts actually were ex-
posed to sunlight. However, the ef-
fect of light upon these five flannels
can be shown after exposure of con-
trol swatches to light from an elec-
tric arc with a spectrum similar to
that of sunlight.

As would be anticipated, the fab-
rics definitely declined in breaking
strength and elongation (Table 7)
with increasing exposure to light.
Maximum losses occurred after 120
and 200 hours of exposure. After 680
hours, al of these fabrics had lost
from 80 to S0 per cent of their orig-
inal strength. Comparing these re-
sults with those noted at the end of
the final wear period, it is evident
that the residual strength for fabrics
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No. 100 and 75, after 3000 hours of
wear, is approximately equal to the
strength of the same after exposure
to light for 80 hours. The residual
strength of worn fabrics No. 50, 25,
and 0 is approximately equal to the
strength values for these same fab-
rics after exposure to light for 120
hours.

The effect of light also varied
with the fiber composition ( Fig. 8).
As the percentage of reused wool in-
creased breaking strength values
tended to decrease after each period
of exposure. Also the rate of these
decreases diminished as the dura-
tion of exposure increased.

The most marked decrease in
elongation occurred after exposure

of Reused Wool 23

to this light for 200 hours. At the end
of 680 hours exposure the fabrics
had lost from 74 to 80 per cent of
their original extensibility. Elonga-
tion values tended to decrease as the
percentage of new wool decreased
(Fig. 9), but this trend was more
marked before 200 hours exposure
to light than after.

Although a definite portion of the
losses in strength which occurred
during the service life of these gar-
ments cannot be assigned to the ef-
fect of light, it is evident that light
did contribute to a decrease in fab-
ric strength and elongation, and
that these decreases were associated
with a decreased percentage of new
wool.

Table 7. Effect of Exposure to Light for New Dyed Flannels

Unit of Hours of Percentage of reused wool in fabrics
Property measured measure  exposure 100 75 50 25 0
R R —————— e Y B ARLY
40 341 223 23.1 18.6 145
80 325 22.0 221 193 132
120 28.0 20.6 199 163 12.4
200 19.2 158 158 147 73
320 142 82 98 80 5.0
480 88 6.8 56 50 5.1
680 SR AR/ L) JLN0 W] R | M
Percentage loss after .| 680 hrs.t 83 80 88 82 90
Breaking elongation* ________ per cent unexposed 28.0 24.3 23.3 233 19.7
40 28.0 24.0 227 220 173
80 24.7 213 213 193 14.0
120 180 17.3 18.0 16.7 13.3
200 10.0 120 12.7 127 7.4
320 73 80 10.0 8.7 6.7
480 87 80 93 80 67
680 73 60 60 53 4.0

Percentage loss after .
*Raveled strip method.
+Percentage loss based on values for new dyed fabrics.

(D) et P e 7/ 77t
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The Character of the Yarns

The five flannels of varying fiber
composition have been shown to
have numerous differences in physi-
cal characteristics. Similar variation
in the properties of the yarns there-
fore are to be expected and mean
values recorded in Table 8 show
such differences.

Although an effort was made to
manufacture yarns as nearly alike
as possible, yarn number measure-
ments indicate that the addition of
reused wool tended somewhat to re-
sult in yarns of decreasing size. The
filling yarns were slightly coarser
than the warps.

Twist also varied slightly with
fiber blend, the yarns made of all
new fiber having fewer twists per
inch than those containing reused
wool. Filling yarns had two or three
more twists per inch than the corre-
sponding warp yarns.

Yarn strength measurements
(Fig. 10) show that, just as for fab-
rics, an increase in the amount of

Table 8. Physical Characteristics

reused wool results in lower
strength values. This trend is more
marked for the warp yarns than for
the fillings, due to the fact that the
warp yarns are stronger than the
corresponding filling yarns, and that
this difference becomes less as the
amount of new wool decreases.

Not only does the new wool pro-
vide more strength, but it also im-
parts greater elongation to the yarn.
Increases in the proportion of re-
used wool are associated with lower
values for elongation under stress.
On the whole, the filling yarns
showed a slightly greater extensibil-
ity than the corresponding warp
yarns.

Decreasing amounts of new wool
and increasing proportions of re-
used wool have been shown to have
been accompanied by small increas-
es in yarn number and twist, by sub-
stantial decreases in yarn elongation
under stress, and by marked de-
creases in yarn strength.

of the Yarns from the Flannels

Percentage of new wool in fabrics

Property Unit of 100 75 50 25 ]

measured measure W¥* Bt w F w F w IE] w F

Number grex 997.8 1101.0 991.0 1083.0 925.8 1089.6 912.7 1055.6 841.6 889.2

Twists no./in. 12.1 142  13.8 16.4 14.0 17.4  14.6 17.4 15.2 16.8

Strength grams
Undyed 282.1 180.5 171.7 111.1 109.1 79.6 81.9 54.6 16.7 12.2
Dyed 209.7 186.9 164.9 731989019, 89.1 77.4 50:13 £ 20.9 14.7
Stored 243.0 180.9 1544 105.6 115.4 70.2 734 53.7 23.6 16.2
DC 5x% 258.7 187.0 150.1 86.8 104.4 85.5 67.1 53.6 169 17.3
DC 10x 250.2  185.0 147.8 91.0 103.7 75.6  64.8 445 105 9.1
DC 15x 282.3  186.6 176.1 123.4 147.4 88.3 97.7 59.8

Elongation per cent
Undyed 17.9 22540 1530 179 113 16.1 8.8 10.9 224 2.0
Dyed 15.8 20.8 15.3 17.6  12.4 16.8 10.8 15.0 6.1 10.4
Stored 15.3 16.3  12.5 14.0 11.1 13.1 8.4 10.2 4.3 6.3
DC 5x 18.2 194 147 17.6 111 15.8 10.5 15.0 8.4 12.8
DC 10x 15.1 1508 115 124 10.2 13.1 8.1 9.4 3.6 a3
DC 15x 19.0 17:0 =S18%7/ 135 117 10.9 8.5 9.7

*Warpwise.
1Fillingwise.

1Dry cleaned 5 times.
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The Character of the Fiber

All five flannels were designed to
be as nearly identical as possible
with the exception of fiber content.
This being a fundamental differ-
ence, the physical characteristics of
these two groups of fibers were stud-
ied. Five hundred fibers were mea-
sured in each instance with the ex-
ception of the fiber length of the
reused wool, for which 600 measure-
ments were made. Group means, re-
corded in Table 9, show that the
new wool fiber was approximately
one-half inch longer than the reused
fiber. From the distribution of fiber
length, shown in Fig. 11, it is evi-
dent that the modal length of the
new fiber is likewise one-half inch
longer than that of the reused wool.
Also it may be seen that about half
of the reused fibers fall in the 0 to 1%
inch groups, while only 30 per cent
of the new fibers fall within this
length group. At the same time, the
new wool contained more than
twice as many fibers which were
three inches or more in length than
did the reused wool. The reused
wool is, therefore, appreciably
shorter than the new fiber. The dis-
tribution of fiber length for both
groups is not a normal symmetrical
arrangement; both curves are
skewed to the left, that for the re-
used fiber being more skewed than
that for the new.

Table 9. Physical Characteristics of the New and Reused Fiber

Not only were the new fibers
longer than the reused, but they
were finer as well, the mean diame-
ter being approximately 7 microns
less than that of the reused. The new
wool fibers showed considerably
less variation in diameter measure-
ments than did the reused wool as is
shown by the standard deviations
and coefficients of variation. Over
80 per cent of the new fibers fall in
the 16 to 28 micron groups, where-
as only about 40 per cent of the re-
used fibers fall in this group. Phelps
et al. (7) also found that the finest
fibers were the most uniform in di-
ameter. Likewise Bosman and
Botha (3) have reported that high-
er standard deviations were asso-
ciated with coarser wool in their
study of fiber from Merino lambs.

The contour index, which is the
ratio of the major to the minor fiber
diameter axis, describes the extent
of ellipticity in the cross section of
the wool fiber. It has been claimed
that lower contour index values are
associated with better spinning
quality for wool (1, 2). In this re-
spect the new and the reused wool
were not significantly different.

During manufacture and use,
fiber ends may suffer varying
amounts of damage. Rogers, Hays,
and Hardy (8) have studied and
classified the various fiber ends to

New Wool Reused Wool

Standard Coeff. of Standard Coeff. of
Property measured Group mean  deviation variation Group mean  deviation variation
Fiber length in inches ......_ 2.23 1.14 51.19 1.72 0.89 52.01
Fiber diameter in microns.. 22.84 5.00 2191 29.58 6.87 23400
Contour index ratio of axes 1.23 0.14 11.62 1.22 0.15 12.20
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be found in wool. These range from
ends characteristic of undamaged
fiber to those ends which are char-
acteristic of extremely damaged
wool, which they have designated
as types 1 to 5 respectively. Fibers
from both the new and the reused
wool were examined and classified
according to these five types. Five
hundred fibers were drawn from
each group and both ends exam-
ined. The distribution of the type of
fiber ends found is shown in Fig. 12.
In groups 1 to 3, which represent
none or little damage, the new wool
outnumbers the reused. However,
in groups 4 and 5, representing
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heavily damaged fiber ends, the re-
used fibers are more numerous than
the new. At the same time, it should
be noted that undamaged fiber ends
were found in the reused wool, and
heavily damaged ends in the new
wool. Also some similarity of distri-
bution with respect to the character
of the fiber ends appears to be
shown for both the samples of wool
which were studied.

The reused wool, therefore, was
about equal to the new wool fiber in
ellipticity of cross section, but at the
same time it was shorter, coarser,
less uniform, and showed evidence
of somewhat greater damage.

—— NEW wWOOL

REUSED WOOL

o
T

- --

PER CENT FIBERS IN EACH GCLASS

== ==

=

O O5 10 15 20 25 30 3540 45 50 55 60 6.5 70
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Fig. 11. Distribution of fibers measured according to length
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Fig. 12. Distribution of type of fiber ends in new and reused wool

Serviceability of Mixtures of New and Reused Wool

Increasing proportions of reused as well as bursting and breaking
wool resulted in decreasing yarn elongation, continued to be asso-
and fabric strength for the dyed ma-  ciated with an increasing percent-
terial before use, and also in de- age of reused wool. The all-new
creasing yarn elongation as well as  wool fabric was most uniform in
fabric elongation under bursting thickness, while the presence of
and warpwise breaking forces. Af- new wool appears to have retarded
ter wear and the dry cleaning asso- the loss in thickness due to wear
ciated with it, decreasing strength, ~which has been shown for the re-
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used wool. New wool also has been
shown to be somewhat more resis-
tant to the detrimental effects of
light than is reused wool.

In view of the above, it is evident
that the serviceability to be expect-
ed from reused wool is largely de-
pendent upon the amount of new
wool which may be mixed with the
reused. Values for the physical
characteristics of these fabrics indi-
cate that, although a fabric made of
new wool will be most satisfactory,
the consumer might expect reason-
ably good service from fabrics con-
taining limited amounts of reused
wool. Increasing proportions of the
reused fiber will result in a marked
decline in serviceability.

Summary

Five wool flannels, as nearly alike
as possible, were manufactured
from new and reused wool. One
flannel was made of new wool only,
three of mixtures of new and reused
wool, and one of reused wool only.
The amount of new wool in each de-
creased from 100 per cent to 0 by 25
per cent steps, with a corresponding
increase in reused wool.

The physical characteristics of
these materials were measured on
a set of control swatches as deliv-
ered from the factory. The new
wool was white and the reused blue,
and all of the fabrics were dyed
navy blue. Several swatches were
removed from each piece after dye-
ing to be used as controls. One ser-
ies was measured after dyeing, oth-
ers after dry cleaning 5, 10, and 15
times. Another series was stored at
room temperature for the duration
of the experiment.

Nine skirts were made of each of
the flannels with the exception of
No. 0, of which only six were made.
The skirts were worn by college

irls and were dry cleaned after
each 200 hours of wear. Three skirts
of each fabric were withdrawn for
study after each wear period, i.e.,
1000, 2000, and 3000 hours of wear
with 5, 10, and 15 dry cleanings re-
spectively.

The dyeing process appeared to
have been responsible for varying
changes in fabric properties when
comparing the new and dyed fab-
rics. Among the dyed fabrics thick-
ness, weight, strength and elonga-
tion values tended either to be more
variable or to decrease as the pro-
portion of reused wool increased.

Storage appeared to have result-
ed in only minor changes in the
fabrics.

Dry cleaning resulted in some
small increases in thickness, weight,
breaking strength, and elongation.
In numerous cases these appear to
have been less marked for those
tabrics with larger proportions of
reused wool. In contrast, elongation
due to bursting strength showed
marked losses.

Wear combined with dry clean-
ing can be said to have resulted in
progressive losses in strength and
elongation as the proportion of re-
used wool increased. Successive in-
crements of wear and dry cleaning
resulted in decreased thickness and
weight for fabric 0; decreased
bursting strength for all fabrics con-
taining reused wool; and decreased
elongation for all five materials after
the first wear period.
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The effects of wear alone were
increased by increased duration of
service, as would be expected. Also,
in general, they appeared to have
been increased by increasing pro-
portions of reused wool in the
fabric.

The effect of exposure to light
could not be measured for the worn
tabrics. However light did contrib-
ute to a decrease in fabric strength
and elongation, and these decreases
were associated with a decreased
percentage of new wool.

Yarn characteristics were influ-
enced by fiber composition. De-
creasing amounts of new wool and
increasing proportions of reused
wool were accompanied by small
increases in yarn number and twist,
by substantial decreases in yarn
elongation under stress, and by
marked decreases in yarn strength.

The fiber characteristics of the
two kinds of wool differed. The re-
used wool was about equal to the
new wool in ellipticity of cross sec-
tion, but at the same time it was
shorter, coarser, less uniform, and
showed evidence of somewhat
greater damage.

The serviceability to be expected
from reused wool, as indicated by
these findings, is largely dependent
upon the amount of new wool
which may be mixed with the re-
used. Values for the physical char-
acteristics of these fabrics indicate
that, although a fabric made of new
wool will be most satisfactory, the
consumer might expect reasonably
good service from flannels contain-
ing limited amounts of reused wool.
Increasing proportions of the re-
used fiber will result in a marked
decline in serviceability.
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