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I. INTRODUCTION

Price and limited availability of carpet wool has resulted in
inereased production of carpeting in which the use of all-synthetic
or synthetic-wool blends are domineate. Because synthetic pile is rels-
tively new on the market there is reluctance on the part of the con-
sumer to accept it in place of the traditional all-wool pile carpeting.
An understending of carpet construction, the problems of the industry,
and serviceability studies would aid the consumer in intelligent
selection of carpets for their specific needs.

All carpet wool is imported. Argentina furnishes approximately
one-half of our needs.(g) Other sources selling to the United States
are Scotland, China, Mongolia, Tibet, Egypt, Indie, Iraq, Syria, Iceland,
New Zealand, Ireland, Portugal, Italy end Spain,

Seventy percent of all carpeting produced in the United States is
mede by six large companies; namely Mohawk Carpet Mills, Bigelow-Sanford
Carpet Compeny, Alexander Smith & Sons carpet Company, and the Firth Carpet
Company. The Bigelow-Sanford Compeny is the largest and the oldest, having
celebrated its 12bth anniversary in 1950,

All manufacturers have been concerned over the tight supply of carpet
wool and the high prices. The average cost of clean carpet wool in 1939
was 23,7 cents per pound. Due to the world politicel and economicel con-
ditions following World War II, price of wool soared to a pé%k of §2.24

39
per pound in March 1951.( ) In Reyon and Synthetic Textiles ror
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September 1950, Mr. Goodwin of the Magee Carpet Company was quoted as
saying:
"It used to be a standard saying in the carpet

field that if wool went to $.50 a pound, that was

as far as a carpet manufacturer could go and still

maintain a market for his produect. Wool today(1950)

for the eaverage blend has reached 95 cents a pound,

end there is a terrific shortage.™(21)

It 18 only natural that this condition would further interest in
the use of synthetic fibers. However, this is not a sudden interest
for some of the carpet companies have been experimenting with synthetic
carpet fibers for more than fifteen years.

The rayon industry likewise is interested in developing fibers
suitable for the carpet industry. Deniel Sﬁall writes in a Market

Newsletter in Rayon and Synthetic Textiles, August 1950

"The carpet industry imports as much as two hundred
thousand pounds of carpet wool per year. If we could
assume one-half this market it would be well worth
our while®,

American chemists have felt for some time that the right synthetie
would be a boom to the carpet industry. Success in developmental re-
search could assure the mills a free and stable market. The fiber would
be clean, white, and predictable in its uniformity of quality. Desired
characteristics such as resistance to moths, fire, and soil lie within the
possibility of research development.

Fibers suitable for carpeting must have length, stiffness, fullness,
resiliency and strength. These qualifications are hard to meet. Of the

four hundred different types of wool on the international market, no one



type possesses all of the above characteristics, thus necessitating
blending of many different kinds of carpet wool.

Synthetic apparel fibers are not satisfactory for use in carpet-
ing, as a coarser, stiffer, more resilient fiber is needed. Research
chemists have attacked this problem from two directions; first, through
continued experimentaetion with re-generated cellulose, and secondly
the development of new carpet fibers from nylon, Orlon and Saran, Today
the leading mane-made carpet fibers are for the most part made of regen-
erated cellulose., Avisco *15', produced by the American Viscose Company
is a 15 denier viscose rayon. Estron, a product of the Tennessee Eastmsan
Company, and Celcos, s Celanese Corporation product are both cellulose
acetates, Nylon makes an excellent pile for earpeting, but the fiber is
eurrently too much in demand for other uses, and too expensive for the
eonstruction of moderately priced carpeting. Although Orlon is consid-
ered to be the most wool-like of all synthetics, it is still in the exper-
imental stage as a carpet fiber.

The blending of two or more fibers should not imply adulteration. It
is true that during the war, some carpet manufacturers felt forced to
purchase rayon waste material for use in production. This situation was
obviously detrimental to the industry and the use of rayon waste was soon

37)
{ carpet industry could not afford to jeopard-

elimineted. The $152,000,000
ize its reputation by the use of & fiber that had nothing to offer the
finished product except availebility and lower cost.

However, rayon if made to carpet fiber specifications does offer

certain advantages. Technological improvements have made possible the
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processing of fibers of desired diemeters, which may be cut into desired
lenghitis. Advantages lie in the fact that these fibers are completely
moth-proof and flame resistent, and they can be dyed in clear, brillisnt
ecolors.

Rayon and wool fibers combined in blends tend to ecompliment one
another, Wool is neither moth nor fire-resistant. It's greatest values
are in it's resiliency and bulk, both of which are lacking in synthetic
fibers unless a permanent erimp is added. Wool soils more readily then

Spveart
rayon, but gives up soil more readily when a commercial eisgner is applied.

Blends must be planned to give the best quality values at the most
economical coste. L}t has been found that if 25% or more of a fiber is
blended into a carpet it will enhance the carpet by its good points or
weeken the carpet with its poor points--thus, blending is dependent upon
the characteristics of the fibers to be blended;/ It is a complex process
requiring new machines and technology, which must be learned by the carpet
mill employee, &3 well as the producer of synthetic fibers.

G. E. Schulz, President of the Nye-Waite Carpet Company, in communi-
cation with the Michigan State College Textile Department writes:

*] am disposed to believe two things,--that some of
the blends in synthetic carpets will work out satisfact-
orily and further that eventually & good share of the
production of the carpets will be from 100% synthetic
fibers., Some of them are not satisfactory for such
specifications at present. In my opinion the industry
should have adopted synthetic meterials several years
ago instead of waiting for the emergency that has de-
veloped."

Due to the increased production of all synthetic or synthetic-wool

blends now available in the retail market, there has been an increased
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I1, REVIEW OF LITERATURE

Foederal laws require a manufacturer to state the fiber content of
all carpet pile. However, it does not require that the percentages of
wool from different sources, nor the source be divulged. Each manu-
facturer decides upon the proper blending of several different wools
of varying characteristics for the specific grade and type of ecarpeting
he wishes to meke. For instence, a high-grade carpet might be composed
of & certain amount of wool from Turkey or Syria for added strength;

South American wool for luster; or Chinese wool for resiliency. For

ease in spinning, these short fibers might be twisted with the long fibers
of the black sheep raised in Scotland. The amount of each fiber used in
each type of carpet remains the trade secret of the producer.

Federal laws require that carpets containing rayon be labeled as such.
However, they do not specify that either the type of rayon or the percent-
age used in wool-synthetic blends be placed on the label. Neither is it
necessary to state whether the pile is constructed of apparel or carpet
rayon fibers or rayon waste. However, meny carpet manufacturers and textile
fiber mills are designating their new synthetic carpet fiber through the
use of a specific trade name rather than the term 'rayon' in order to de-
signate its end use.

®Avisco-15", a viscose rayon produced by the American Viscose Company

is the synthetic fiber used by the Mohawk Carpet Mills, and others. The
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number "15" refers to the denier of the filament, which is comparable
to the average fiber diemeter of the best carpet wools. The filaments
from which viscose staple carpet fiber is cut consist of a number of
highly uniform rod-like fibers of a naturel white. Avisco "15" is
permanently erimped; the yarns being cut into approximately 3 inch lengths,

(34) The

and delustered to the degree considered best for carpet use.
Bigelow-Sanford Carpet Company also uses a viscose carpet fiber which is
produced in their rayon mill in Rocky Hill, Connecticut.

Estron is the name designested by the American Society of Testing
Materials for all cellulose ester fibers. Estron carpet fiber is pro-
duced by the Tennessee Eastman Company, and has been used by the Jemes
Les and Son's Carpet Company in the manufacture of their synthetic carpets.
Cellulose acetate filaments are strong, uniform end white, with a high de-
gree of resiliency, and a hand similar to that of wool. Cellulose Acetate
fibers are slightly more difficult to dye than viscose rayon fibers and
eolors in finished products may be affected by ges fumes. Celcos is
produced by the Celanese Corporation. It%, too, is cellulose acetate.

A "17" denier Celcos is used by the Alexander Smith & Sons Carpet Company
in their manufacture of synthetic-blend carpetings.

Nylon, a product of Dupont De Nemours end Company, is characterized
by its excellent durability and high degree of resiliency. Unlike wool
it is not damaged by moths and not easily affected by changes in humidity.
Carpets of nylon pile, produced by the Nye-Waite Carpet Company, and others,
are being primarily used in business establishments where durability is
more importent than initial cost. The Firth Carpet Company announced re-

cently their production of a new 'carved' broadloom of vinyon. This



carpet fiber is called *'cellinit, and is not currently in commercial
production. Orlon, Saran, Velen, Vicara and other synthetic fibers
are also being tried out experimentally for use in carpet manufacture.

In the selection of the best synthetic carpet fiber for a specifiec
need, the manufacturer must consider price and fiber size. Nylon, vinyon
and other similar fibers are expensive, costing from three to four times
as much as fibers made from a cellulose base such as Avisco, estron and
Celcos. ( 18) Synthetic fibers which are to be blended with wool must
be comparable in length, weight, diameter and strength if the resulting
yarn is to be satisfactory. Carpet wools range from 1 to 13 inches in
length, while synthetic staple fibers are cut in three inch lengths for
convenience in spinning. The specific gravity of wool is 1.30. The
specific gravity of synthetic fibers depends upon the process used in
manufacturing--cellulose acetate being 1.33 and viscose 1,53 (38).

Woolen carpet yarns are much coarser than those used in the apparel
industry., They are usually l.8 to 2.4 Typp, whereas woolen clothing yarns
vary from 4.8 to 6.4Typp.(38) Clothing yarns are made from rayon filements
whieh range from 2 to 7 denier, carpet yarns from 15 to 17 denier rayom.

According to the American Wool Handbook (1948) carpet wools ranged

from 15 to 70 microns in diemeter., However, ideal carpet wool should
contain approximately 65% by weight of true wool fibers, with an average
diameter of no more than 24 microns, and approximately 35% by weight of
heterotypical fibers with an average diemeter of at least 30 microns.
Rayon staple fibers may be produced es fine or as coarse as is spec-
ified by the manufecturer. Within certain limitetions, the coarser the

fiber the better it complies with ideal specificetions. However, if the



synthetic fiber is to be blended with wool the diameter of the fibers

must be comparable. The *'15* denier Avisco fiber measures spproximately

38 microns in diameter, and the '17* denier Celcos approximately 45 microns.
The tensile strength of wool yarns used in carpet manufacture ranges

from 40 to 200 pounds according to data compiled for the American Wool

(38)
Handbook o These figures represent the results of tests in which the

akein breaks of 15 yard skeins wound on l} yard reels were recorded. Al-
though no tests concerning the strength of rayon .carpet yarns have been
published, synthetic yarns are generally thought to have a greater tensile
strength than wool.

However, the value of a fiber for use in carpet yarns is more depend-
ent upon such latent characteristics as its fiber surface, interfiber re-
lationships, resiliency, fiber crimp, and energy absorption properties than
upon its tensile strength. The surface of a fiber is very important in
a carpet yarn because of the nature of the wear to which the yarn will be
subjected. Gonsalves (14)performed a series of tests on rayon filaments
which tend to prove that the outside leyer of a rayon trilament is stronger
than the core. This was accomplished by laying a tilament around a roller,
end rotating it under tension. It was discovered that when the outef sur-
face was worn, it became cracked and rigsures were rormed. The localigzation
of additional stress resulted in the rinal breakage of the filament,

According to Matthew,(lg)wool fibers are not so dependent upon the
strength of their outer layer. Not only is the external sheath of tissue

resistant to crushing stress, but the internal cortical cells are so ar-

ranged as to present a very firm resistence to rupture. Thus, these in-
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inherent differences in the structure of wool and rayon fibers account
for the difficulties in determining accurately their expected pertorm-
ance characteristics.

The amount of friction between fibers is determined by their coarse-
ness, static force, and the ability of the fiber to transmit stress. The
latter 1s particularly pertinent in a discussion or carpet fibers, because
of the constant application of stress caused by footsteps and the weight
of furniture. In order for a stress to reaci the rurther end ot a yarn
in lhich it originates, forces must be transferred from fiber to fiber
along and throughout the yarn., These forces can only be transterred at
points of fiber-to-fiber oontact.(Sz)In the transmission of a normal load,
the nature of the stress is distributed over the area in a manner pre-
scribed by the shapes of the load, and their relative mechanical
properties.(la)

The Textile Research Journal has published several articles concern-

ing stress analysis by Platt. (23)(24)(25)He states that every textile fiber
possesses a non-linear stress-strain curve tfor ordinary rates of loading,
depending upon its geometric form and type of construction. He points out
that there are many things to take into consideration in making the curve;
namely, the laws of static equilibrium, the deformation of the structure,
end the action of stress on the cross-section of the fiber.

According to Dillon,(lo)the quality of resiliency is measured by a
fiber's reaction to stress, and the amount of time involved between the
deformation and a satisfectory recovery. The resiliency of wool is es-
sentially different from thet of other fibers. Being fairly stiff and

springy, it is not readily detormed by short loading periods but under
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longer loads it becomes increasingly compliant.(as)ﬁﬂyon fibers do not
inherently have as much natural resiliency as wool. Chemists have sought
to achieve comparable resiliency in rayon by crimping the fibers,

Rainard and Abbot(zs)

define erimp in a fiber, 'whether it be regular
or irregular, as the degree of deviation from linearity which the fiber
possesses'!, At first, artificial fibers were crimped to increase bulki-
ness of the yarns but manufecturers soon realized that it had a far more
importent effect upon the yarn in thet it made it resilient.(6)Results
(8)

of laboratory measures, described by Barach and Rainard , 8how how much
erimp improves a fiber. In a large scale machine for crimping naturally
resilient fibers, the fibers wers crushed together so as to fold them.
After boiling an hour, fhey were tested, woven into carpets and tested
again, Tests showed that there was an actual increase in wear for carpets
made with crimped fibers over those made with straight fibers., The crimped
fibers iad a measursbly higher ability to form stabilized structures. An
unerimped fiber can collapse under compressional loads in one or two pleces
but a highly crimped fiber should behave somewhat like a spring under com=-
pression. Crimp also improves the hand of the carpet pile. Rainard and
Abbot(zﬁ)emphasize the fact that a high degree of regularity of orimp is
not necessary as it causes close-packing and decreases the bulking tend-
ency of the fiber., If a single crimp is able to stend-off its neighbors,
it will créate a bulking effect regardless of its shape. Moisture and

heat increase the crimp, thereby increasing the resiliency of naturally
resilient fibers in the same way that the curl of humsn hair is influenced

by moisture and wermth. However, when fiber crimp is achieved artifi-

cally as is the case of synthetic fibers, the crimp is not affected es
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greatly by humidity and temperature.

Wear is caused by abrasion of one kind or another. Backer(4)ox-
plains three different ways in which single fibers, touched by the
projection of a foreign surface will ect. First, the fibers will be
subjected to frictional wear, such as occurs when a person walks across
a carpet. Secondly, the fibers will be subjected to surface cutting
processes, such as the effect of glass and sand ground into the pile of
a carpet by walking. Uneven surface protuberances result when the a-
bradant is extremely forceful, such as the effect resulting from the
surface clawing of the carpet by a cat or dog. Through tests mede in
cooperation with the army concerning clothing, Backer(4)discovered that
there is a distinct barbed effect on tae surface of spun viscose fibers
which have been severely abraded mechanically. This effect has been
suggested as a means of 'felting' viscose fibers. However, in the case
of carpet pile--felting means matting, an undesireable characteristic.
According to Schiefer(zo), the slow process of wear evolved by walking
on a carpet will break rayon fibers into short segments, whereas wool
fibers are frayed and split at the tip end some of them are fractured.
Both Schiefer(zg)and Backer(4)speak of coatings from worn-out wool fibers
which form on the material being abraded.

Various fibers recover from small strains at different speeds, and
different abradants will affect fibers differently. For instance, nylon
might wear better than wool when subjected to one test, whereas enother
test might show wool as the better fiber. Therefore, it is important

that fibers be spuﬁ into yarns of specified size, weight, etc., for a

specific purpose.
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Yarns form the medium which relates the properties of fibers to
the properties of the carpet pile., However, many steps ars necessary
to convert wool fleece into carpet yarns. Men-made tibers are more
easily converted, although they too must be sorted, dyed and spun.

Wool arrives at the mills dusty and dirty. The fleeces must be
pulled epart and blended with tane fleeces from other sources in accord-
ances with the manufacturert's specifications., The wool is next scoured
in warm water in order to remove accumulated gresse, dirt and discolor-
ation. Synthetic fibers, rigidly controlled throughout the manufactur-
ing process, are without foreign matter which might influence the quality
of the batch, and therefore areready for conversion into yarns as soon
as the fiber is manufactured.

As a rule, carpet fibers are dyed before they are spun. This process,
regardless of the type of fiber is not an easy ons. A wool fiber is
complex; consisting of a smooth, uniform outer layer known a&s an exo-
cuticle., Beneath tlLis lies a second layer, the endo-cuticle, which is
pitted and ridged longitudinally. Within the cuticle lies the cortex.

The rete and degree of penetration of dyes are influenced by the character
of both the cuticle and cortex, as well as the dye itself. Experiments
show that the dye must penetrete the cuticle, and diffuse with comparative
ease through-out the cortex, if the dye is to be uniform throughout.(zo)
The coarser the wool fiber, the more difficult it is to dye it satis-

(39)

factorilye. One theory concerning the dyeing of avisco fibers is that
single molecules of dye are absorbed on the surface of the fiber and
reach the center through & diffusion process., The dye is fixed in the

cellulose by co-ordinating bonds and each dye molecule is *set' by the
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cellulose chain with which it is combined.(zs)Another factor in the
dyeing of this type of reyon is the fect that regenerated rayons lose
from 40 to S50% of their dry strength when wet. Inasmuch as viscose
swells when wet, it packs readily, and is best dyed in raw stock,

(38)

in pressure machines, A special acetate dye has been developed for

cellulose acetate as it does not dye satisfactorily with dyes used for
other fibers. It is believed that the dye is attached to the cellulose
acetate fibers by hydrogen bonding to the carboxyl oxyzen of the ester
groupings.(za)cellulose acetate must be dyed at a temperature not ex-

ceeding 170° as luster is impaired end saponificetion sets in at higher
temperetures.(ss)

The dyeing of & material in which two or more fibers are blended
together is termed 'union dyeing*'. Union dyeing is a complex process,
the science of which must be based on the dyeing behavior of the individ-
ual fibers., Often in the dyeing of fiber blends the manufacturer utilizes
the different dying characteristics of the fibers to achieve a 'frosted!
effect in the yarns. Great batches of raw stock are dyed in dye-vats,
then spread in layers in blending bins., Vertical cuts through the layers
are fed into a picker, thus pulling the locks of wool epart and helping
to blend the fibers uniformly.

The fibers, now ready to be carded and combed, pass through revolving
cylinders closely studded with fine wire teeth., These cylinders separate
end comb the fibers until they lay parallel. The fibers, leaving the card-
ing machines in flufty strends are known es rovings. The roving is then

spun between paired rollers. By combining two, three or four single

strands and twisting them together, a proportionestely thicker end stronger
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yarn is produced.

Truitt(37)der1nes torsional rigidity as 'that property, which re-
sists twisting torsion and opens up the yarn when cut into tufts so
that the individual fibers separate and spread sgainst adjacent rows
of tufts', This rigidity depends upon the amount of moisture in the wool,
the rigidity of dry wool fibers being about 15 times greater than that
of fibers satursted with water.(ss)ror this reason spinning rooms are
equipped with humidifying systems to keep the humidity as high as
possible., The importence of taking the tortuosity of the yarn into
consideration is discussed by Schwarz, in an article concerning yarn
structure in the Textile Research Journal tor March 19b1.(32) When a
yarn is distorted so that its axis lies in a spirel rformation rather
than a single plane, the twist is changed. In order to produce a bal-
anced yarn with singles of a given twist, the manufacturer must make
allowances for tortuosity.

Platt(aﬁ) makes three statements of interest concerning carpet
yarn structure. First, when yarn twist is increasea, thnere is a decrease
in modulus of elasticity and resiliency. Second, under a given external
tension, those fibers in tne higner-twisted yarns are under greater
stress and strain than those in the low twisted yarns. 'I'hird, wnen yarn
twist is increased, there occurs an increase in yarn denier. As a decrease
in resiliency and an increase in potential strain are undesirgaole ractors
for carpet yarns, it would seem that there are some derinite disadvantages
in the use of high-twist yarns tor carpets. However, an advantage lies

in the fact that the more twist in the yarn the more resistant it is to

both soil and abrasion.
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After the carpet yarn has been prepered for weaving, the producer
must determine not only the number of tufts and the weave best suited
for each particular type of carpet yarn but also the proper fibers tor
use in the backing and the number of shot and sturfer yarnms.

Jute has been the choice fiber for use as stuifer yarns for msny
years. It is obtained from the best of various species of Corchorus,
grown in lndia. It provides body, stiffness and tirmness to the carpet
although it is recognized that it loses considerable strength when wet.
For this reason, and because of limited availability, Kraftcord and other
developments are, to a certain extent, replacing the use of jute.

During the war, carpet menufacturers, unable to obtain jute in the
necessary quantities, used a specielly processed paper made from wood,
called *fiber' or 'Kraftcord.'s Because Kraftcord was introduced during
the war years, it was considered a substitute for jute. Today, it is
being used more and more and has been found satisfactory. It is twistea
and treated to mske it tough and waterproof, and has many desirpable char-
acteristics for use in carpet backing.

Kraftcord is often used for the 'shot' or crosswise threaeds in a
carpet. Two-shot means that there are two crosswise threads for sacn row
of loops or tufts. Three shot is better than two shot, for it helps to
hold trne pile more securely. ‘he number of shots may be determined by
bending the pile crosswise,; and counting the yarns between two rows of ’
tufts,

Chain or warp yarns are tie criss-cross yarns whici bind the entire
carpet together. Usually, the warp yarns are of cotton, although rayon

has been used. Stuffer yarns of cotton, jute or *triber' add bulk, stitrfmess
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and padding to the carpet.

The number of tufts or loops per inch across the width of the
carpet is called 'pitch'. The number ot rows of tufts per inch in
the length-wise direction are called *wires'. The density of the
carpet is the number of tufts per square inch; that is, pitch times
Wires.

There are three basic weaves in carpet mesnufacture; namely velvet,
wilton and axminster. No one weave is necessarily superior to another
for there are high, low and medium grade carpets constructed on each
type of loom.

The velvet weave is the simplest of the tiarse. For this reason,
it has a lower production cost than otaner pile rugs and is generally
believed to have a higher dollar value in the low-price rield.(B)A good
grade velvet is very durable. Altaough velvet is ordinarily a cut-pile
construction, a loop-pile may be made on a velvet loom. If the loops
are small, even and give tne appeerance of a tapestry the carpet is
frequently said to be of a tepestry weave, although this term is techni-
cally incorrect. fWhen the loops are uneven in size or height, the carpet
will be referred to as a looped pile of velvet construction. The quality
of a velvet rug depends upon the type and quality of the fiber used, the
height of the pile, its weight per square yard, the ply of the yarnm,
number of shot, and the number of tufts per square inch. Federal speci-
fications (1937) for earpets to be purchased for government use list only
one type of velvet carpet. In this carpet, the yarns, made of carded,
spun and blended wools were to be three-ply. The desired pitch was 216,
or 8 per inch and the number of wires, 8 3/4 , thus making the density

70 tufts per square inch., Dilts (11) lists two other grades of velvet
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a fine quality velvet, usually having a one-helf inch pile depth, two
or three shot, 8 to 10 wires with a pitch of 8 or 10, and a density of
80 tufts per square inch; and, a low grade velvet, ordinarily having
an extremely rigid backing, 6 or 7 wires, & pitch of 6 or 7 and only
42 tufts per square inch. The pile yarns in velvet carpet construction
are on the surface so they must be carefully selected. Stuffer yarns of
Jute or fiber are used &3 a cushion and backing.

In the wilton comnstruction, the filling, warp and stuffer yarns

form the back structure of the carpet and also constitute the weave.
The warp yarns are split into two sections, alternating warp ends being
threaded through alternating harnesses in the loom, thus forming a V
shaped opening celled the 'shed!'. The filling yarn is inserted through
this opening. Usually the pile is shorter than in comparable carpets
of axminster and velvet weaves. The quality of a wilton depends upon
several factors; namely, the quality of yarn, the number of frames carried
in the backing of the carpet, the density of the pile, the ply of the yarn,
end the number of shot. Federal specificetions cover four types of wilton
carpets [1931), two of which have worsted pile.(lz)Type I is 3-shot, woven
on 6 frames with 3 ply yarns, 13 wires per inch, and a pitch of 9.,5; or
approximately 123 tufts per square inch. Type II differs from type I in
thet it has 5 frames and 10.5 wires. The proportion of pile to total weight
in both types of carpeting should not be less than 56%. Type III is woven
on 2 or 3 frmes, 2-shot, 9 wires and a pitch of 9.5; the portion of pile
to total weight to be no less than 44%. Type IV is woven on § frames with
a pitch of 6 28/3 and 8 wires; or approximately 03 tufts per square inch;

the portion of pile to total weight to be 66% or more.
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Axminster carpets asre masde by fastening tufts ot yarn into the
backing by mesns of heavily sized crosswise threads. ''hese produce
pronounced ridges across the back, thus meking it possible to roll
axminsters in the lengthwise direction only. <‘he quality of axminsters
varies according to tne quality of the fiber, tae number ot tufts per
square inch, and the pliability of the beexing. Specifications for

axminsters listed in the Federal Standard Stock Catalog require 7 or

more rows of tufts per inch, end a pitch of 7, or epproximately 56 tufts
per square inch for high quality cerpets. 'Extra high quality' carpets
require a pitech of 9, or approximately 63 tufts per square inch. The
porportion of the pile to the total weight of the carbets in both grades
should not be less than 42%.

In addition to the three basic types of weaves, there are several
other special types. Chenille carpets are woven in two operations, making
them very pleasing in eppearance but expensive to produce. The lokweave
carpets are of different weave constructions, yet the carpet may be cut
in any direction without fear of raveling. Pile yerns go ell the way
down through the backing of the carpet and up agein and are firmly locked ; -
in place by a special sealer. Carpets are aleo being made with thick
sponge-rubber backing, so deep that it forms its own cushiony underlining.
This type of carpet is cemented to the floor end requires no special seaming.
These types of carpets constitute only a small portion of total production.

Research concerning the performence characteristics of ecsrpets has
been done for the most part by the curpet manufacturers, working coopera-
tively with the Burcau of Standards. The tests performed by the latter

were under the direction of Herbert F. Schiefer. Experimental procedure
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eand results of these tests have been published in the Journsl of Research,

one paper appearing in the February 1934 Journal(ﬁo)and another in the

November 1942 (%1)Journel.

Prior to the 1934 publication, two series of twelve velvet carpets
were studied for the effect of density and height of pile on the durability
of carpets. It was noted that resistance-to-wear was increased by a greater
amount when the pile density was increased than when the pile height was
increased by the same percentage. It was further noted that pile consisting
of fine fibers was readily compressed by the application of a load, whereas
plle consisting of coarse fibers was stiff and unbending. Many of the
fine fibers in wool pile were broken off during the early part of the
abrasion tests by the slipping and twisting actions of the machines, where-
as coarse fibers were more likely to fracture near the anchorage of the
pile in the carpet backing. According to Schiefer, Asheroft has published

results in the Melliand Textile Monthly for March 1933 showing that the

rate of wear of wool pile will increase almost directly witc the time re-
quired to boil the yarn in the dyeing process, thereby accounting tor the
uneven wear observed in carpets in which the pattern consists of several
colors, Although it wes difficult to determine the effect of the pile
anchorage on the durability, Schiefer thought it worth while to note the
effect of the wear test on a carpet having the pile tufts exposed on the
back. When this carpet was tested, the wool fibers gradually worked
through to the back wuere they became matted together.

The wear study performed between 1939 and 1942(31)'as done in the
laboratories of the Bigelow Sanford Carpet Co., the Mohawk Carpet Mills,

Ine., the Alexander Smith & Sons Carpet Co., and the United States Testing
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Compeny. Tests were made on twenty-four carpets of either axminster,
velvel or wilton wegqve. Some of the carpets in this study were those

in regular production but others, including an experimental carpeting

of fifty percent rayon and tirty percent wool, were woven to speciri-
cations. Although the tests were extensive, Schiefer did not teel that

the asnalysis of the carpets tested yielded sutticient data to determine

the probable durability of different types of carpeting.

Physicel analysis ot the carpets used in this study incluaed aeter-
mination of weave, rows and pitch per inch, weight per tutt, length of
tuft, height of pile, initial thickness of pile and backing, ana the
density of the pile. A density index number tror each carpet was aetermined
a3 the product of the number or rows per inch, the pitch per inch, the
weight ot tuft per inch length, and the pile height. ‘I'his number was
used as a criteria for determining the expected wear ot the carpets.
Although the correlation was high, there wes some indication that it was
arfected by the type of weave, or more likely, the wool blend,

The actual wear testing was conducted by Schiefer, by placing the
carpets under study in a busy corridor of the Procurement Building in
#ashington, D, C. During the six months of the study, the carpets were
vacuumed each day and the dirt removed weighed. At intervals, the height
of the pile was measured without removing the carpets from the tloor.

The results in the serviceability tests were compared with deta on the
laboratory abrasion tests., The correlations were highly signifiecant though
differences were.noted. Because the backing of a carpet weers down as
much as 33% during a service test, change in the thickness of the pile

of a carpet during a test has been found to be the best measure of the
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amount of wear. It was noted that the pile decreesed very rapidly
during the early stages of the test because of pile matting, but de-
creesed at & fairly uniform rate for the remainder of the wear test.
Schiefer again stressed the importance of density, stating that an
increase of 100% in the number of tufts per square inch produced en
increase of about 225% in the number of revolutions required to wear
the pile down to onme-fourth its metted thickness, This experiment also
involved a study of the etfect of humidity end temperature upon the wear
quelities of carpets. Results showed that relative wsar increased sign-
ificantly with inerease in relative humidity; a 10% increase in humidity
above 65% r.h. corresponded to a 15% increese in relative wear. This
study showed that, as temperature wes increased, the relative wear of
the carpets appeared to decrease. Schiefer, therefore, stressed the
necessity of testing carpets in en atmosphere of controlled terperzture
and relative humidity. A ditference in wear indices was also noted wnen
the nozzle of the vacuum cleaner was lowered or raised. Wear increased
on en average of 3% when the height of the nozzle was resised from 1/8
to 3/8 inches from the carpet, the wear indices increased 75%. This
increased wear was attributed to the ineffective cleaning at greater
height.

Results of tests periormed by Beckwith and Barech are recorded in
an article entitled 'Notes on the Resilience of Pile Coverings', Textile
Research Journal for June, 1947. They define resilience "as the ratio
of work returned upon release of a compressional load to the total work
done in compression. Tests consisted of loading the fabric at steps of
0.5 pound to 5.0 pounds per squere inch., The density (tufts per square

inch) and the height (thickness) of the carpet were taken into consideration



23
because they partially determine resilience. When the density of car-
peting is low, the force of tae load causes the pile to collapse quickly;
the backing structure then absorbs most of tae applied force. <1he greater
the density, the more the force is dissipated by resistance of the pile
to bending. This study also shows that, with density consteut, the higher
the pile, the more tne force is absorbed by the pile. If the pile is ex-
ceptionally high the bending of tie pile will completely absorb the force.
The greater tae number of tufts per square inch, the more opportunity
there is for the fibers to become entangled due to tae pressure of the
load. This factor reduces the ability of the fibers to 'spring back!,
after the load has been removed. ith e constant density, 'work returned!
will increase with increecsed pile heigsnt. This rclationsuip is to be ex-
pected, because th: effect of the back structurz is gradually eliminated
with an incressed pils hei.nt. 71he rollowing ccnclusion is given: "the
effect of a force on the pile or e tloor covering is better expressed in
terms of the work done and work recover-d than by the ratio of these two
values,"

In another article entitled "Dynamic Studies of Carpet Resilience"

in the Textile Research Journal of June 1949, Barach showed, through

photograephy, the effects of walking upon a cerpet. Results in this study
showed that walking on a carpet subjects it to rapid loading of about

12 pounds per square inch per second and that this loed is then withdrawn
at the same rete. The photographs also showed that fibers bend in groups
rether than singly. He emphesizes the fact thet thsre is a constant
opposition between the elements of the fibers; one measurement which he

terms dynamic--constantly attempting to force the fiber to return to its
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original verticel position in the pile of tae cerpet; the other force
within the fiber (static measurement) constantly attempting to r:zmain in
the bent position caused by tie load applied to tue fiber. This author
also emphasizes tine importence of carpet bscking. It the backing is not
8tiff and of firm structure tine pile will bend very essily--in fact tue
desire of the carpet pile to return to aa uprigit position might be impaired.
The more firmly woven tue becking and tie more sizing applied to it, tiae
more nearly upright the pile will remain. This means less *compression!
in resiliency, but it also means more 'recovery', thereby cesusing the retio
between the work accomplisihed aad the work recoveresd to be higher.

Tests performed by tiue Nationasl Bureau of Standards reveal that the
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use of rug cushions (underlays) increased wear of carpets 73 to 146%.( )

These cushions, costing only & fraction of the price of a carpet, may
be pu}chased of hair, jute, cotton, paper or rubber. Although all under-
lays increese durability to sorie extent, the thick resilient cushions
prolong the life of caroets more effcetively than those that are hard
and stiff,

All new carpets, reg:rdless of fiber content, will shed for the
first few weeks. There ere two reessons for this: First, pile yarns of
wool mey be ccnstructed of long snd short fibes. In weaving these
yarns are cut in suca a way thet meny of tne short ends do not resch
down far enough to be bound into the backing of the carjet. They are,
therefore, held in plaece only b, contect with the other pile fibers,
and as the carpet is used they work loose end are esrried off as lint.
The fewer short fibers in a carpet yarn, the less shedding. For tkis

reason, synthetic carpet fibers are cut as long as cen be handled
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satisfectorily on available spinning machines. Shedding is also due to

the fact that there is a lack of moisture in a new carpet. This en-
courages shedding until the carpet has been laid for awhile end has
had a chance to re-absorb moisture from the atmosphere.(z)

Some carpets that have been leid for several months develop lights
and shadows in certein spots, particulerly in places were traffic is
heavy. This factor is not dependent upon the fiber of the pile, but retiher
on the construction of the carpet. Smooth plush-like pile is subject to
matting. The sides of all pile fibers reflect light more intensely than
do the cut ends, and when the pile fibers ere bent they will reflect
light at & different ancle from the rest of the carpet.(ll) Synthetic
fibers are known to have more sheen tiaan wool fibers, and they mat easily.
Therefore it would see:: possible that spots due to light reflection might
be more prevalent in synthetic pile cerpets, then in those with an all-wool
pile.

All carpets are subject to changes in hue. Delicate tints fade
through exposure to sunlight more quickly tinen strongsr colors.(e) They
are also more affected by atmospheric dust, a discolorestion which may be
minimized through the application of a commerciasl cleaner.

A knowledge of the substances called 'cerpet soil' give an appreci-
ation of the need for keeping carpets e&s clean &s possible. In a pamphlet
published by tne Hoover Vacuum company,(ll)carpet dirt is divided into
three generasl types of material:

1. Surface litter, such as lint, hair

threads, ravelings, and sewing room
scraps.
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2. Light clinging dirt which is deposited on tie top
of thne rug by air currents but is worked about
half way down into tae pile tufts by the tread of
feet on the carpet. This type of carpet dirt is
quite readily removed even by the least errective
electric cleaning. Atter it is removed the carpet
appears clean at the surfece although large
quantities of dirt may remain trarther down in tae
pile tutts and in the rurrows between the rows ot
pile.

3. A heavier type or dirt composed or rine sand, powdered
clay, powdered limestons, gypsum, etc., bound together
with sticky substances such as asphalt, grease, ruober

V 0ils and fais, present in quentities as great as
one-half pound to eve¥ ten pounds or dirt.

Surfecs litter and light clinging dirt are easily removed 1rom
carpets by vacuuming., nowever, the portion of cerpet dirt most harmtrul to
carpets is tne heavy type of soi1l described above unaer item 3. Lt is
also the most difficult to remove. Many of these particles are hnard
and glass-like in texture with sharp knife-like edges which work them-
selves into the besse or tas pile tufts and into tne becking ot the carpet.
when these sharp, hard particlzs are rubbed against the soit fibers of tiae
pile due tc pressure ceaused by walking, they cut tne yarns,

in order to remove soluble grease ana fats, or to brignten tane sur-
face of cerpets, a commercial cleaning tluid 1s more sstistactory then
soap and water. Soap solutions, particularly tnose conteining alkali,
may destroy tiie naturel oil in the tipers and produce color changes.(8)
Water also is detrimental to a carpet it used in too great quantities,

It may weaken such backing tivbers as paper and jute and it may affect

/7
the twist of carpets wita a frieze pile. Sand and other insoluble part-
icles of so0il cannot ove removed successfully witn a commercial cleaning

fluid, so tor this reason, c¢arpets should be sent to a professionsl

cleaner at least every otuaer yeer.
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Selecticn of Cerpetinc: Samples were cuosen from the 1i i1ted supply of
synthetic eni s;nilastic-blend cerpets on th: rariet in Lansingz, l.ichigszn
during toe spring of 1921. Bleads of 5C% Avisco ead 50% wool wers evsil-

able in sufficient cu=ntities 7or this siudy, =3 were c=ruvets of 1(0.

-

.

estron, a cellulos: acet: te produced by t..& Tenne.see _astr.en Corpeny.

=1

e

i 5 =3 varielle es pric-s

«

The price roucs for syastietic nile cor
for wool pile ewrpetin-. 4 1ilw estron ex:inster could be purcizssi “cr
+2.S0 per square yard., Blends of wool-avisco, and wool-Celeos r nced in
orize from £9.07 to $12.00, w.ile custo -wtde n lonus of cecrved pile were

eveiletle threous. speciel ord-r, but et prices preiibitive fir the avers-

.-

W

consu- er.

Of the s=rples ciLosen for this stuay, two wers 1004 estron but rz-
presantea ciiferont cuslity gre iss cnd cons.ructios; exd tho were of rne.ium
priced wool-Avisco* blends produced oy differvsnt ranu.cctucers. All-wool
cero.ts cn nereble ia apne roacs, wetve wud .ei, ..t wsre sel=cted for cou-
pariscn witi tai: syntaetic cerpetinz. iowev T, tielir price r-agced from
$1.00 to ,3.50 nore per scusre yard.

* yor convenience, in this stud:y, Avisco, t.e arerican Viscose Corpeny
Treds Jleve for cerpst yarns/is used to desi nated tae viscose errpet

varns used in both csrrezts. llonewx Carp:zt ..11ls used Avisco--Thse
Bigelow-Sanford Co~nany rhes tha2ir own rayon mill.
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The construction, pile river cont=at, and price per sguare
yard for the 2ight carpets used in this study are swu:arized:

Tapin I
Carpets Used in Study

Carpet No.  Manufascturer Fiber Content Price Per

And Codex Of Pile Construction Square Yard

1l L-E-A-l James I:z2es & estron axminster $6.050
Sons Carpet (cellulose
Company acetate)

2 L-V-A-1 James Lees &
Sons Carpet wool axminster $7.90
Compeny

3 L-E-#-L-2 James Lees &
Sons Carpet estron wilton $10.50
Company loop pile

4 Na-W-W-L-3 MNasland Carpet wool wilton $l4,.90
Compeny loop pile

S B-wA-V-L-2 Bigelow Sanford wool & velvet
Carpet Compeny viscose loop pile $10.50

6 B-i-V-L-3 Bigelcw Sanford wool velvet %12.50
Carpet Company loop pile

7 Mo-ila-V-2 llohawk Carpet wool & velvet ¥ 9.5C
kills Inc. avisco

8 AS-W-V-3 Alexander Smith wool velvet $13.50
& Sons Carpet
Corpany

*Code: 1lst letter: Masnufacturer 4t letter: Loop pilse

2nd letter: Fiber Numeral: price group

3rd letter: Construction

The pile yarns of Carpets 1 and 2 have precticelly no twist whick

gives them & fuller appearing pile then they actuelly possess, (see

Plate I, appendix). These two carpets are light weight with only 35
tufts per square inch. A rubberized becking gives a certain emount of

firmness to the cerpeting but also contributes to & stiffness not

apparent in the others.
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Carpets number 3 and 4 were constructed on the two-frame wilton loom.
A pleasing, all-over leaf design was achieved through variestion in tones
of the same color and pile loops of varying size and height, (ses Plate II,
appendix). These two carpets were the heaviest testeu. The pile yarn used
was two-ply with only enough twist to hold tne ply together. The pile was
caught into every other warp of the backing instead of the usual method of
catching the pile into each warp. However, the pile gives coverage beceause
of the size of the yarns and the looseness of the twist. Actual count of
the tufts per square inch is 54, although the closeness of the weave of
the backing would suggest twice as many tufts.

Carpess 5 and 6 eppeer identical to the extent that it is difficult
to determine which carpet contains tne blend of wool and viscose fivers,
(See Plete I1II). Both carpets are of velvet weave construction. The un-
even loops form a pattern often referred to as 'treebark®, but which the
manufacturer designates as *corday'. Two single yarns of high twist are
woven into the pile as a single yarn. These differ from two-ply yarns in
that the two single yarns are not twisted together. <1his gives the appear-
ance of twice as many tufts as its actual count of 84 per square inch.
The backing of these two carpets was heavily sized with a plastic-like
substance which makes them st iff and unpliable.

Carpets 7 and 8 are both of cut-pile velvet weeve construction (see
Plate IV, appendix). Number 7, the wool-avisco carpet, appears very
similar to all-wool carpeting although its turts are not as coarse and it
is brighter in color. low twisting characterizes the singles or the two-ply
yarns used in both carpets, but the twist of the plies is high. These yarns

are typical & all frieze carpetings. Both carpets have a density of 64
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tufts per square inch,

Specification Tests:

A, Chemical: Verification of fiber content in the pile of the carpets

was made by using three different tests., Each test was performed three
times using 2 to 4 grems of ccrpet pile per test. The avereges ot tae

test were recorded.

A potassium hydroxide test to dissolve wool fiters wes used. This

test was recommended by Hartsuch. (18)

Dry and weigh samples. Drop into 250 cc of
10% KOH which has been brougnt to 50° in a
water bath. Maintein sample and solution

at this temperature for 30 minutes, stirring
every five minutes. Filter through a Gouch
filter. Wesn with dilute acetic acid. Wash
with water. Dry the residue(non-wool fibers)
and condition before weighing.

A sulphuric acid test to dissolve viscose rayon was used. This

test wes suggested by Skinkle.(sz)

Dry end weigh sample. Immerse in 200 c¢c of boiling
1% solution of sulphuric acid 7 to 10 minutes.
Transfer to a Gouch filter and remove excess acid
by suction. Place sample in 200 cc ot a 70%
solution by weight of sulphuric acid at 100°F

and work it for 15 minutes. Filter on a Gouch
filter or a 100 mesh screen and wash well with
cold watsr. Place sample in a beeker of 2%
sodium bicarbonate at room temperature for S
minutes., Filter agein, wesz well on the filter,
dry and weigh.

An scetone test to dissolve cellulose acetete wes tue third
test used. The procedure suggested by the Americen Society for

Testing Materials{l)was used.

Take the clean fiber and agitete vigorously for

15 minutes in about 50 times its weight of acetone
at room temperesture. Rinse the residue by alternate
squeezing and immersion in acetone, using two fresh
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portions of acetone., Allow the residue to
dry and immerse in water at about 70°C.
Remove the excess water by squsezing, and
dry the residue et 105° to 100°C to con-
stant weight. :

Microscopic Tests: In preparing test specimens for examination under

the microscope, the fibers were first boiled in distilled water in
order to remove any natural or applied oil, starch or sizing wnich
might obscure the characteristic structure of the fiber. The fibers
were then dried and placed on a glass slide. After teasing the ricers
apert with a dissecting needle, they were covered with a second glass
slide and examined et 100x with transmitted light. Visual observations
were recorded,

Physicel ‘lests: Physical tests for specirication amnalysis were pertormea

in accordance with tne standard methods ot testing pile rloor covering
designated by the American Society 1or Testing Materials, as publishea
in the Society's Manual for October 1946.

The weight or the carpets was determined as tollows: 4 samples,
each 16 square inches in area, were conditioned and weighed on a balance.
The average weight per square inch wes calculated in grams, end the average
weight per square yard in ounces.,

The samples were then dissected, dividing the yarn according to its
utility in the carpet--that is pile, warp, stufter and tilling. The
samples were again reconditioned. The average of tine weights tor the pile
yarn was determined and calculation for the avercsge weisht of pile per
square inch (in grams) was made ror each cerpet. 1he average weight ot
pile fibers p:r square yard (in ounces) was also calculated. Averesges
of the weizhts of warp yarns, stuffer yarns, and tilling yarns were also

calculated in grams per square inch. The total weight of the backing of



32
each carpet was recorded in grams per square inch &nd ounces per square
yard.

The thickness of the carpet was determined as iollows: The carpets
were meesured with the Schiefer Compre-.someter to the nesrest ,0001
inch distance between the two plane surfaces of a fabric under a press-
ure 0f.1000£ .00l pounds per square inch, using the circular pressure
disc which is 3 inches in diameter. The pressure wes applied slowly
to avoid impact. The average of five readings teken at unitrromly dis-
tributed places over the ar:s of tne surtace was recorded as the thick-
ness of the carpet.

In order to mezsure the tﬁickness of the carpet backing, this
procedure wes followed: The pile yarn was romoved by clipping from a
25 square inca section of carpeting. All pile whic: wzs not removed in
this way w=s burned off with a flame. By alternate charring and brushing
the total pile wes destroyed without damage to the back construction.
The thickness of the remaining back construction wes then measured with
the compressometer to the nearest .0COl inch under a pressure of 0.75f£
0.0001 pounds per squere inch, using the one inch circular pressure disc.
An average of five readings taken et different places within the exposed
back construction was designated as the thickness of the backing.

The thickness of the pile of ezch carpet was determined by cealculat-
ing the difference to the nearest .0001l inch between the total thickness
of the cerpet and the thickness ot the backing.

The rows of tufts per incn was determined by counting the number of
rows in 10 inches at different places with no two determinations peing

mede in the same row. The average number of rows per inch wes calculated



and recorded to the nearest whole number,

The number of pile ends per inch ot width wes determined by
counting the tufts in a space of not less than 10 inches at three
different places throughout the width of the carpet. The average
number of pile ends per inch was celoulated and recorded as pitch
per inch. The number ot shots tor esch row ot loops was also re-
corded,

A density index number for this study wes caleculated as tollows:

2(density x 2 weight ot turt(grains) x pile height)

This formulae differs from Schiefer's* in one respect. Inasmuch as
there was no means for meesuring the length or a tutt, twice tne
weight of a tuft wss substituted for the weight of a tuft per inch

length,

Laboratory Tests:

A. Resistance to Abrasion: Perhaps the most important single factor

for tne consumer-buyer to consider in a cerpet is its ability to with-
stand continuous traffic. One method which can be used to test this
factor is a serviceability study in which the carpets ars subjected to
normal use, fear studiss necessarily rcquire a much longer time than
laboratory studies. The time differential maxes necessary laborestory
tests which can be concluded end tne rusults of the test made aveilable
concurrently with tae product when it reaches the consumer market.
However, a wear index for each carpet may be obtained in the

laboratory by charting the aversge number of cycles required to weer

*Sechieferts density index number:

2 (density x weight of tuft per inch length(grsins) x pile height)

(31

)
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out carpets on an abresion meciiine. Testing equipment for measuring
abrasion for this study was limited to the Taber Abras=r. It is
admittedly an inadequate instrument for use on carpets, but it does
offer comparison in relative serviceability of the differeat carpetings
in this study.

Testing carpets with this instrument oftered many problems. The
carpets were too thick to stretcan over tne sides of the specimen
holder. as one would a piece of dress fabric. If trimmed to the exact
size of the specimen holder, the wheel-rim was too largse. This proo-
lem was solved by placing a piece of muslin on the specimen holder
first, and cerefully cutting the rug samples to the exact size of the
specimen holder. before applying over tue cloth. If the semple wes
too large, the carpeting buckled; if too small, there wes tne possi=-
bility that tuftsy, not caught under the rim would be lost during the
test.

Several different abresion wheels were used in tne pre-test.
cl7f wheels were found to give the most consistent results. The first
set of ¢l7f wheels which was used, wore out the cerpets in 500 to
1%900 cycles. Three new ¢l7f wheels were ordered, but the eycles
required to produce a similar degree of wear ranged from 3500 to ZQOOO.
However, there wes & definite relestionsihip in the deta from tne pre-test
and this study. &acia carpet wore out approximately two and one-half
times as quickly in the pre-test as those recorded in this study. A
date mark stemped on the new wheels suggested that these wheels be used

before June 1953 for eccurate results. Inasmuch as no date mark was
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stamped on the wheels used in the pre-test, it was felt that they
may have been quite old and dried out to the extent that their abrasion
action wes significantly greater. The fect that analysis of the data
from the different rug types and grades in the pre-tests bore a direct
reletionship to the data from the subsequent tests indicetes that abrasion
test results may be affected by many different factors and that compar-
ison of test results should be subjected to careful analysis before
valid conclusions can be drawn,

In this study, three samples of each carpet were abraded until
worn out. This point wes designated as tiae number of cycles necessary
to ebrade the pile until the back construction could be seen along the
entire path of the abresion wheels. The 'wear-out! indices were then
arbitrarily determined, and division into 'low', *medium®' and *long
wearing' groups was made. Three additional samples of each carpet,
falling in the 'low-wearing' group were sbraded to 1500 c¢ycles. In the
‘medium-wearing' group, three additional samples were abraded to 4500
cycles. Likewise, three samples of carpets most wear-resistant were
abraded 9000 cycles. The eppearance of eech sample was checked and re-
corded at intervals of not less than 250 cycles, and in meny instances
at greater frequency, depending upon the appearance of the specimen.
Loss in twist, change in color, loose tufts and first signs of wear
woere recorded and subsequently evaluated. Between each test of a given

sample, fifteen control samples of 120 count muslin Were abraded. If

these control samples were completely worn out in 75 to 90 cycles, tiae
wheels were considered to be satisfactory for the continuance of testing

the earpet samples. The wheels were refaced with sandpaper each 1000 eycles.
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An attempt wes made to gather the lint from each cerpet abreded

in a small paper sack in the vacuum cleasner as a check on loss of

welight. Such difficulty was encountered in collecting all the lint
that the results were considered unreliable and the procedure discon-
tinued. After each abresion test the samples were conditioned for 24

hours, and then weighed and recorded as conditioned weight.

Bs Soil Retention Test: The abresive quality of soil ground into car-

pets during normal use sometimes cuts at tne bzse of the pile. It
is therefore of interest to tcue consumef-buyer to know waich fibers
best resist dirt.

For comparison of $0il retention properties of carpet fibers,
the following test was used: The eight carpet samples (12" x 27")
were conditioned and then weighed. At fifteen different times there-
after, 25 grams of a standard soil of the following consistency wes
applied; 70% by weight of sand, 5% each of eracker crumbs, mineral
0il, dried leaves from trees, and carbon. 1% each of the following
were added; salt, sugar, Bon Ami, and cigarette ashes:

" In order to simulate -actual use, the standard soil‘WaS rolled into
the pile of the cerpet with a rolling pin with 25 strokes in each
direction, for a total of 100 strokes. Arter stanaing for 2 hours,
the so0il was again rolled into the carpets, and then removed with the
furniture brush attachment of the Hoover vacuum cleesner. Each carpet
sample was vacuumed by brushing slowly over the surface with three
strokes of the vacuum in one direction of the sample and ten strokes in
the opposite direction. This was repeated a second time. Thus each

cleaning procedure consisted of 60 strokes of the vacuum on the sample.
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At the conclusion of the application of soil, one-half cup of
mystic foam was used to clean each carpet. Directions given on tae
mystic foam conteiner were followed. After the carpet w-s shampooed,
it wes dried, vacuumed, conditioned and weighed. Subjective comparison
was made with the control sample for cleanliness, change in color, and

loss of twist in ths yarms.

C. Colorfastness To Light: Total normel utility expectancy in & carpet

will vary with the use given it, but ten years may be takeﬁ as an arbi-
trary figure for normel wear. During that time, carpets are exposed to
direct sunlight as well as indirect light. Fading in a carpet is
obvious inasmuch as those areas on which large pieces of furniture have
been set do not fade to the extent that the exposed areas fade. Conse-
quently, any rearrangement of furniture frequently points up color
differences in relatively small areas, and definitely detracts in the
over-all appearance of the floor covering.

The Hatch Textile Research and Testing Laboratory at 25 East 26th
Street, New York City, has compiled a Table of Fade-ometer and Sunlight
Equivalents. in which they suggest that 100 hours is the minimum number
of hours for satisfactorily testing carpet semples in a fade-ometer. They
consider 100 hours equivalent to 21 days of sunlight (6 hours per day)
in June, July and August; 63 days in September, April end May; 125 days
in October, November end March; and 275 days in December, January and
February. These equivalents are based on deta determined by the Americen
Association of Textiie Chemists and Colorists and are subject to changes
according to geographical location, atmospheric conditions, humidity, air

pollution and the like., -
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The standerds designated for reporting colortcstness to lizht
are as follows:¥*

Class O Carpets whichi show an apprecisble change in color after
exposure for 10 hours.

Class 1 No appreciable change in color after exposure to light
for 10 hours.

Class 2 No eppreciacle change in color after exposure to light
for 20 hours.

Class 3 No appreciaple change in color after exposure to light
for 40 hours.

Class 4 No appreciable change in color after exposure to light
for 80 hours.

Class 5 No eapprecieble chenge in color after exposure to light
for 160 or more hours.

* TFade-ometer Instruction Sheet--Paragraph 53.

Tests in this study were run tor 80 hours, 100 hours, 160 hours
and 200 nours respectively. Because fadeometer frames sre so smsll in
comparison with a room sized carpet, one frame was used for each test

so as to expose as much of the carpet area as possible.

Crush-Resistant Test: Inasmuch as furniture is moved from place to place

in a room, the carpet with low resistence to crushing will show matted
or crushed arsas due to t.e weigiut of tne furniture. hen this occurrs
it suggests that the fiber used in the c=rpet pile has a low degrse of
resiliency.

In this study, a comparison of the desree of erush resistance in
synthetic and wool-synthetic blends is based oan celculastions ot the total
woight of a book case filled with & normel number of books, in relation

to the number of square inches resting on the carpet. The weight per square
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inch was then enlculated for the specimens used in this study.

Laboratory test procedurzs were designed to simulate normal con-
ditions of use. A series of weights toteling 25 pounas 10 ounces were
placed on the various carpet samples. 7This number was obtained by
multiplying 2.3 pounds per square inch by the 9 square inches of carpet-
ing over which tne totel load wus applied.

The carpet samples were conditioned under standara conditions ot

testing, 70°F £ 1° and 60% # 1% relative humidity. The Schierer
(v)

Compressometer was used to determine compression(a), recovery ’

(a)

c
compressional index number( ), compressional resiliency , @ana stanaard

thickness(ez Each test was recorded on a 'Compressometer Data Sheet?!,
end results tebulated for Teble V in the sppendix.

This test procedure was repcated, following the application of
weights for 75, 150, and 300 hours respectively. Readings were taken
immediately following the removal ot the weizhts. Datas is recorded in
the appendix, Taebles VII through XI. Trial tests indicated that all

of the carpets epveared to have reached maximum crushing after

(a) Compression: The amount ot work done(or compresssd) expressed
in .0000" due to the application of loads up to
0.2 pounds per squars inch.

(b) Recovery: The amount of work recovered expressed in ,0000"
from said load to .0l pound per square inch.

(C) Compressional Index:The difference between the thickness at
«05 pounds pressure per square inch, and .15 pounas
pressure per square inch divided by the standard
thickness of the carpst.

(d) Compressional Resiliency: The ratio (in percentsze of the work
returned upon release of a compressional load to the
total work done in compression.

(e) Stanaara Thickness: The thickness, in .0000" of a carpet at 0.l
pounds pressure per square inch.
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300 nours under the weights applied. In the selection of some samples
difficulties were encountered. Carpet number 3 which was or looped
wilton construction, wes particularly difticult, as the pile yarns had
been brought through the backing and tied in the szme manner as one
would tie threads in making a needle-point for upholestry. Carpets
1l and 2 were uneven because of the large amount or sizing applied to
the backing. In readings obtained with as sensitive instrument as the
Schiefer Compressometer, even minor differences in carpet construction

were reflected.



IV, DISCUSSION OF RL3ULTS

(30)

- Schiefer stresses the fect thiat many inconsistencies may be
found wihen testing carpets. These he attributes in a large measure to
a lack of uniformity of production in carpet menufacturing. It could
also be attributed to the innate differences in wool from various
sources, and to the newness of the synthetic fibers, many of which are
still in the experimental stzage.

The results of this study and their subseguent evaluation are not
sufficient in scope to be predictive of the wearing cuelity of the
eight carpets tes?ed. However, the analysis of tke initial properties
of tie carpets and tue laboratory performence tesis suggest several
pertinent fectors concerning differences in tne behavior of carpets

with pile fibers of wool and those in wnicih synthetic fibers have been

used.

Chemical Analysis: Chemicel analysis of the carpets verifiea the fiber

content appearing on the label or indicet=d by the sclesman. Carpets

5 and 7 were sold as blends of wool and Avisco. It was thought that the
percentage would be approzimetely 50% of each fiber. The composition of
Carpet 7 was found to be approximately 45% wool, 50 Avisco and 5%
sizing, The backing of carpet 5 wes so heavily sized thet bits of

sizing, of & transparent, plastic-like' composition, clung to the uncut
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pile, and could not be separated from the pile by boiling in a 1%
solution of HCL. However, this sizing dissolved to a certain ex-

tent in the sulphuric acid. The exact composition of this earpet

could not be detqrmined accurately for 56.,1% of the carpet contained
both viscose fibers and sizing, 35.9%% was wool, and 8% of the weight

was lost--evidentally sizing which dissolved. The pile used for

carpets 2, 4, 6, and 8 was 100% wool, whereas the fiber used for

carpets 1 and 3 wss cellulose acetate. For further informetion con-

cerning chemical analysis of the carpets, see Chart II in the appendix.

Microscopic Tests: Microscopic tests revealed much irregularity in the

8ize of the wool fibers, whereas syntnetic fibers appeared uniform in
size. The exact nature, structure and arrangement of the scales of the
wool fibers differed considerably within the pile of each carpet.
Occasionally the individual scales would completely surround the entire
fiber, but as a rule, two or more scales occurred in eircumference.

The scales appeared to fit tightly together with very few 'free edges?,
suggest ing that fibers were chosen which would present & minimum of
'matting'. In some cases, the surface of the scales was more or less
concave, a characteristic of coarse fibers, Many of the coarse fibers
contained a dark medullary cylinder consisting of sevcral rows of cells.
Carpets 2 and 8 showed much evidence of this type of fiber. Those of
carpet 2 were also very uneven in size, and the appearance of several under
the microscope was that of a jumbled mess. Carpet 4 appeared to be
composed of comparatively fine, even and orderly fibers. All synthetic

fibers appeared to be coarse in comparison with wool fibers. They also
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appear much more ribbon-like and gave no evidence of the 'roundness?
apparent in tne wool fibers. They were uniform in size and similar
in markings. All synthetic fibers had been delustefed, t hereby
meking it difficult to differentiate between the viscose and the
cellulose acetate fibers,

Physical Tests: The total weight in ounces per square yard of each

of the eight carpets tested is given below. The weight of pils yarns,

stuffer, warp yarns and shot are recorded as percentages of the total

welght:
TAELE II
Carpet Weights
Carpet Number Total %deight % Weight % Veight %Weight
and Code * Weight In Pile In Shot In Stuffer 1In Warp
In Ounces Yarns Yarns
Per Square Yard

1 L-E-A-1 44.0980 36.5% 40.4% 0.0% 23.0%
2 L-W-A-l 46,7097 23.2% 40.9% 0.0% 24.%
3 L-E-W-L=2 €65.5443 56.5% 13.2% 18.7% 11.3%
4 Ma-W-W-L-3 61.4864 504 67 19.2% 16.7% 11.9%
S5 B-WA-V-L-2 57.8723 60.2% 17.0% 8.67% 14.2%
6 B-W-V-L-3 60.8002 60 .4% 17.%% 10.0% 11.4%
7 Mo-WA-V-2 56,7285 50.2j0 17.2% 17.5% 14.8%
* Code: 1st letter: Manufacturer 4th Letter: Loop Pile

2nd Letter: Fiber Number: Price Group
3rd Letter: Weave

The above figures suggest that approximstely two-thirds of the

weight of an axminster carpst is in the backing of the carpet. In wilton



carpets the weight is approximately 0% pile and 50% backing yarns;
while carpets with velvet construction have from one-half to two-thirds
of their weight in the pile yarus.

A Table of Weights, including the weigzht of carpet, pile and backing
in grams per square inci is included in the appendix, Chart III.

The standard thickness (or height) in .0001 inches is the thickness
at .l pounds pressurs per square inch, when tested with tne Schiefer

Compressometer. 71he thickness of the pile and the backing are recorded

below:
TABLE III
Thickness Expressed In 0000 Inches

Carpet Number Standard Thickness of Thickness
and Code* Thickness Pile 0f Backing
1l L-E-A-l .3110" .1885" .1234"
2 L-W-A-1 «3583" .2165" .1418"
3 L-E-W-L-2 «3530" .1862" .1668"
4 Ma-W-W-L-3 0 3433" .1785" .1648"
5 B-WA-V-L-2 .3700" «2230" .1370"
6 B-W-V-L-2 «3600" .2230" «13870"
7 Mo=WA-V-2 .3000" .1907" .1003"
8 AS-W-V-3 36007 .2219" .1381"
* Code:

1st Letter: Manufacturer 4th Letter: Loop Construction

2nd Letter: Fiber Number: Price Group

3rd Letter: Weave
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The number of rows per inch, the pile ends per inen, the
density, number of shot per weave-repeat, and the number of stuffer
yarns are recorced below:

TABLE IV
Carpet Construction

Carpet Number Pitch Wires Density Shot Stuffer
and Code* Yarns
1l L-E-A-l Vi 5 35 2 double 2
1 double
2 L-W-A-1 7 5 35 2 double 2
1 doubls
3 L-E-W-L-2 9 6 54 2 4
4 Ma-WN-W-1-8 9 6 54 2 2
5 . B-WA-V-1L-2 8 8 64 2 2
6 B-W-V-L-3 8 8 64 2 2
7 Mo-WA-V-2 8 8 64 2 3
8 AS-W-V-3 8 8 64 2 4
*Code: (1) Menufecturer (4) Loop Pile
(2) Fiver (5) Price Group
(3) Weave

A density index number based on the formulae: 2(density x 2 weight
per tuft in grains x height of pile in incLes) was computed for each
carpet. A Density Index Number Chart is included in the appendix (Chart V).

The numbers obtained are also listed on page 46, TABLE V.,

Resistance-To-Wear Test: Aside from tne general appearance of carpeting,

serviceability is of prime importance. Many factors must be taken into
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consideration in determining the durability of a carpet.

Results of tests performed show a definite relationship between
the number of cycles required to completely wear-off the pile of the
carpet and its Density Index Number. The data give no definite indi-
cation that the use of synthetic and synthetic blended with wool has
decreased abresion resistance., Carpet 5, a blend of 55% viscose and
45% wool ranked second in abrasion resistence. As this carpet was
also second highest in Density Index Number, it suggests the importance
of density, size of yarn and thickness of pile over fiber content.

TABLE V
Cycles Required to Wear Out Carpets

Carpet Number Density Cycles Required To
And Code Index Number Wear Qut Carpets
]
High Resistance to Wear
8 B-W-V-L-3 11,13 20,0004
5 BeWA-V-l-2 10.96 16,425
8 AS-W-V-3 10.88 15,500
v
Average Resistance To Veer
7 Mo-WA-V-2 7.27 9,208
4 Ma-W-W-L-3 7.32 8,150
3 L-E-W-L-2 9.29 4,950
Low Resistance to Wear
2 L-W-A~l 4,51 2,500
1l L-E-A-l 4,15 1,250

It is obvious from the above figures, that no one number of cycles
could be chosen as a constant number for comparison of all eight cearpets
tests. Therefore, carpets with low density index numbers were worn to
1250 cycles, (See Plate VII, appendix). Carpets with avérage density

index numbers were abraded to 4500 cycles, (See Plate VIII, appendix);
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while carpet3 of high density index numbers were abraded to twice the
number chosen for the carpets of average density index number, or
9,000 cycles, (ses Plate IX, appendix).

Each group contains a wool cerpet as well as one of estron or wool
and avisco blend. The photographs show that within each group tile syn-
thetic and synthnetic-wool bleands are more severely worn by the number
of cycles to winici they were abraded. The density indices for the
axminster carpets 1 and 2 are approximately tue same, but after 1,250
cycles the estron carpet is completely worn out wiaile the pile of
the wool carpet still completely covers the backing, (see Plate VII).
Sample 3 and 4, botu of wilton construction were worn to 4,500 cycles.

A% this point, the estron carpet is almost completely worn out and the
wool carpet pile is still intact, (see Plate VIII, appendix). Carpets

5 and 6 are the most abrssion resistent, yet thes carpet containing
approximately 55% viscose and 45% wool shows some wear at 9,000 cycles
while the wool carpet (identical to carpet 5 in weave, construction

and appearance) shows almost no wear. Although in the wear-out test,
carpet 5 was more resistant to abresion then carpet 8, it shows more

wear at 9,000 cycles then tuis all-wool carpet, (see Plate IX, appendix).
Carpet 7, of wool and avisco fibers, is obviously more worn at 4,500 cycles
than the wool carpet number 8 is at 9,000 cycles--although boti are of cut
velvet construction anu very similar in eppesrance and weight, (see

Plates VIII and IX, appendix). Sample 7 has an index number almost ideat-
ical with number 4, an all-wool cerpet. In tiais case the wool-avisco
blend wore 1CC0 cycles longzar than the wool wilton. This suzgests that

a difference of 10 tufts per square incin in density of the two
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carpets migiit have been more of a deciding factor in wearing quelity
than either fiber content or the lower pile height of thie blended
carpet, (see Photograph Plete VII for a comparison of Carpets 4 and 7
at 4,500 cycles).

This test suggests too, that viscose reyon is more resistant to
wear as a carpet fiber then estron. Howev:r, it should be pointed out
that the viscose fibers were blended wita wool, wherezs tae pile of the
estron carpets was entirely synthetic.

Occasionally carpets become worn, not by abrasion but through the
loss of tufts. A series of preliminary tests reveeled that & carpet
identical to Carpet 8 except in color, showed a marked tendency under
the abrasion wheels to lose tufts. This tendency was first noted at
3900 cycles. After 7,000 cycles enough tufts were missing to seriously
impair the serviceability of the carpet. However, wien the same carpet-
ing was purchesed in another color for tlis study, no tufts were lost,
8o it is not possible to draw any conclusions.

No change in color was noted in any of the carpets during the entire
series of abr=sion tests nor was tiere any indicetion of a coating coni-
posed of minute particles of wool formed from the worn-out fibers as

29)

4)
noted in some abrz=sion studies coaducte: by Backer { and Schiefer .

Soil Retention Tests: Surface litter is unsightly and unhygienic. It

should be rzmoved from the carpet as gquickly and easily as possible.
Soluble grease and fats should be removed through the epplication of
an effective commercial rug cleaning fluid. Particles of dirt which are
sharp and gritty are detrimental to the carpet; under heavy traffic they

are ground into the pile and cut the fiber at its bzse. ‘he latter type
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of soil should be rz=moved by professionel cleaners.

Cleaning tests performcd on tiac sexples of carpeting in this study
were not aesigned to meke any coiparisons ccncerning ezse in vacuuming,
for the samples were vecuumed on & table-top retuer thzn on the floor
as one would normelly do. However, certain factors were suggesced by
the reections of the various carpet saiples to vacuum cleaning. For
ease in clsening, a carpet snould te of sufficient weight to stay in
place. Carpets 1 and 2, althcough heavily sized with a rubber-like
sizing, tended to buckle unless tlhey were cleaned in the widtowise
direction., It wes felt that tais was due to their light weight. 1In
vacuuming Carpet 2, it wes observed that strokes of the vacuum from
opposite directions caused 'shading' of the pile. Tnis could be attrib-
uted to the low resilicncy of the coarse wool fibers, or to the plush-
like surface of tiae pile. IHowever, Carpet 1, of estron, ealso had a
*plush-like' suriace pile, yet no 'shading' wes observed.

The cleaning procedure selected during tne prz-test was found to be
more than adequate for clesning the carpets of cut pile construction, but
not sufficient to clzan tiiose with an uneven or loop pile. An attempt
to througnly clesn the cerpets of surface litter in the pre-tests showed
thet Carpets 1, 2, 7, aud 8 of cut pile were cleen in two or three minutes.
Carpet 3 and 4 of wilton construction and uneven loop-pile were cleaned in
four or five minutes. Carpets 5 and 6, ot velvet construction with un-
even loops wnici formed a textured appearance were not thoroughly cleaned
in six minutes of surface cleening with & suction-type vecuum cleaner,

It wes felt that a rotating type of vacuum cleaner would be more
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TABLE vI 5l
Amount of Soil Retained by Carpets*
Carpet Number Control Soil Percent
Cod#*and Fiber Sample Retained Gain Subjective
Weight*** in In Observations
(Grams) Grams Weignt
1 L-E-A-1
100% estron 3737 34,7 9.3% Fairly soiled. No surtacs
litter. Colors dulled by
soil. Need of dry-clean-
. S ng. _ R
2 L-W-A-1l
100% wool 400.5 115.0 284 7% very soilea. No surface
litter. Colors very dulled
by soil. Appearesnce does
not indicate the large
amount of soil retainea.
Very much in need ot ary-
______ clesning.,
3 L-E-W-L-2 47,9 8.8% very soiled. surtace litter.
100% estron 074.2 Colors dulled by soil. Need
of good vacuuming with a rotary
vacuum and & dry-cleaning.
4 Ma-A=W-L=3 467 .4 79.9 17.1% very dirty. Surface litter,
100% wool Tops of high pile very dark
with dirt. very much in need
___of dry-clesaning.
5 B-WA-V-L-2 463.7 52.5 11.3% Fairly soiled. Surface litter.
Wool & viscose Color dulled by soil. Need of
good veacuuming with a rotary
vacuum. Dry-cleaning desire-
able. _
6 B-W-V-L-3 491.8 56.4 11.5% TFairly soiled. Surface litter.
100% wool Colors not dulled by soil.
Carpet appeared to need a good
vacuuming with rotary vacuum,
but did not app:-ar to need
dry-cleaning.
7 Mo-WA-V-2 409,3 38.0 9.3k Very soiled. No surface litter.

Wool & viscose

Colors very dulled by soil.
Need ot dry cleaning.

8 As-W-V-3 514.9 87.4

100% wool

16.%% Very soiled. No surface litter.
Color dulled beyond recognition.
Need of dry-cleaning.

*15 applicetions of soil

** Code: lst letter: manufacturer; 2nd letter: fiber; 3rd Letter: Weave;
4th letter: loop pile; number; price group.

*** Sample size: 12" x 27"
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tufts. The synthotic fibers of Carpet 1 (estroz), witu less fullness iv
tiue tufts end no scr-les, may have rele-sed tha dirt to tzae sueticn of the

v

vacuun clesn r more resiily.

.

Carnets 5 end 6, of velvat wezve corstruction witi e textured pattern

tieir soil
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£
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for..ed by loons of ureven Zzizits, w re =l

O

retention pron:rties, eltlhou:k Caro't 5 conteincd 2 tlend of wool =11 viscose
end Carpst 6 is 100% wool. This su-c2st3 tirt the followin: pnropsriies

may heve contri-uted to = feirly hiz: r sist=once to soil: wisa yern twist,
fulln ss of the locos, end t:. Jiff rcut lLieiiits of tie pile loops. T.e
thzory co c¢.rniay thz latter beinz, tiet dirt fellin: on taz corpzt is
likely to coume ian contect witu tine higz. »ils tirct; as it is worxad into

the ¢.rv t, the low pile suspends tune soil ralusr tiea ellowin: it to fzll

imrelaistely to tiuz brse of tiz nile.

<
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As dirt ground into tne pile through heavy traffic will act as an
abrasive, it would seem logical thet carpets relzining large percentages
of soil would weer out wore quickly tiLen tzc abrasive test on clean
carpeting would suggest. For instance 1250 cycles were required to
wear o6ut carpet number 1 (100% estron, axminster), whereas carpet number
2 (100% wool axminster) could withstand twice as many cycles of the
abrasion wheels (see Plate VIiI, appendix). However, vacuuming removed
four times as much soil from the estron carpet as the wool carpet, as
shown in Table VI, If the abrading could be done after the carpet had
been subjected to normal use for a given period of time it would give
a more accurate picture of the difference in wear characteristics of
wool and synthetic carpets, and also a clearer picture of the damaged <
caused by 'soil-retention' characteristics of carpets.

All carpets cleaned with comparative ease, but differences in
cleanliness were noted when these carpets were compared with control
samples. Carpet 4, a wool of pale green, was the most soiled; carpets
1 and 3 both rose-colored (100% estrons) were also unsatisfactorily cleaned.
Carpet 2, a wool axminster of light green seemed to have changed color
slightly--this new hue was more yellow-grey, as if there had been a change
in color caused by some factor other than cleaning. No other change in
eolor was detected, nor was the twist of the two friezé carpets affected.
Carpets 5, 6, 7, and 8 cleaned satisfactorily. As these carpets were above
average in quality, it would suggest a definite relationship between quality
and 'ease in cleaning', regardless of the fiber of which the pile was made, *+
or the construction of the carpet. However, all of the carpets did have a

washed appearance. This appearsnce was identical wita thet of any wool
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(such as a wool blanket) after it had been weshed end dried. The yaras
seemed slightly frayeql and there were more fiber ends on the surface
of the pile), although, upon close inspection, no decided change in the
yarns had tasken place. The estron pile of Carpet 1 appeared to have be-
come slightly matted during the cleaning process' but tiis may have been
due to its plush-like construction.

Because of the fact that the carpets were cleaned in a stationary
position--as one would clean a carpet on the floor in the home, it was
not expected that all of the soil would be removed. 'I'his type of clean-
ing 1s only expected to partially restore original appearance by removing
the atmospherie dust, soluble fats and gresse. The following table shows
the amount of dirt uneffected and remaining in the carpets after shampooingi

. LABLE VII

Wieight of Carpets After Shampooing With Mystic Foam
Sample Size: 12" x 27"

Carpet Number Original Weight of Weight  Percentage Percentage
And Code * Sample Soiled After Soil Soil
Weight Carpet Cleaning Removed Remaining
In Grams In Grams
100% estron
1l L-E-A-l 373.7 408.5 406.,3 2.8% 6.5%
3 L-E-W-L-2 574.2 622.1 621.5 0.6% 8.2%
Wool and viscose blend
5 B-WA-V-L-2 463,7 515.7 511.8 0.9% 10.4%
7 Mo=WA-V-2 409.3 447,3 446,5 0.3k 9¢0%
100% wool
2 L-W-A-l 400.,5 515.5 507.2 2.1% 26.6%
4 Ma-W-W-L-3 467.4 547.3 537.7 2.1% 15,0%
6 B-W-V-3 491.8 548.2 547.,7 0.2% 11.3%
8 AS-W-V=3 514.9 602.3 601.5 0.4% 16.5%
* Code: lst Letter: Manufacturer 4th Letter: Loop Pile
2nd Letter: Fiber Numerel: Price group

3rd lLetter: Weave
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The above Table emphasizes tne inadequacy of home methods for
completely removing soil from carpets. The r.sidue of dirt and clean-
ing material/ remaining in the cérpet after a home cleaning, otten causes
rapid resoiling(s)f In order to obtein meximum service, it is of extreme

importence that carpets be cleaned professionally each yeer or two.

Fadeometer Test: Floor coverings nave more need of color-fast dyes today

than ever before. Modern architccts are increasing the areas exposed to
sunlight tanroughout our homes, particulerly in tane living room. iall to
wall carpeting is currently populer end tue area over wiich carpets are
leid hes increased. However, modern dyestuff meanufacturers have progressed
in the production of colorfast dyes to suci an extent that only moderate
preceut ions should be necessery to proteet floor coverings.

All carpets in this study rated either Class 3 or 4 in colorfastness
to light. Three carpets satisfactorily passed the minimum test of 100
hours in the tradeometer. However, no carpet wes badly faded in less than
150 hours exposure. The carpets asre listed below in descending rank in
their colorfestness to light:

TABLE VII
Colorfastness to Light

Carpet Number Color Class Rank Result of minimum

end Code* 100 hour rating

2 L-W-A-l green 4 1l Satisfactory

5 B-WA-V-2 brown 4 2 "

8 AS-W-V-3 green 4 3 "

l L-E-A-l rose 4 4 Unsatisfactory

7 Mo-WA-V-2 green 3 5 "

4 Ma-¥W-WN-L-3 Light green 3 6 "

3 LeE-WN-L-2 Tro8e 3 7 "

6 BeW-V-Le3 grey 3 8 "

*Code: lst Letter: Menufacturer 4th Letter: Loop Pile
2nd Letter: Fiber Numerel: Price Group

3rd Letter :Weave
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After 170 hours ic tae f-deoneter, Carpo.s 1 end &, bota of 100~

estron pile, be.:n to cuen e ia color from rose o corin e. After 200
hours, ths fuded tre's were consiasr vly 1li..ter thzno toz2 ori_i.ed

carssts <nd tas orsn e hus of the fuisd erce clasled wit. tie oricinsl

color. Carpet 3 feded to e great:r extsnt, nowever, tue. Czroet 1.

Tue four wool nile carni.s turned yellow zs tre, feuizd. Ihis rellow-

L

ing wes particularly noticeseble and undzisireile in the grey cor:et tes
Carpet 4, of two tones of lignt ¢rsen wes tie Tirst to vellow efter €0
hours exposurs to lis:t. This i3 undoustcdly due to t .2 1li . tness of tu

orizinsl color, =s darx colcrs sre Krowi to k-ep tlieir color bett.r tlen

X
~

lizater vels s . Lowever, after 2CC hurs, tas amount ol cusl.e i1 col T

Caryet 4 was not =3 severs &3 ia Carpets 3 exnd 6. Cervet 6, a vluisu
grey wool suowed first si-ms of yellowin; efter 80 nours e:posure iu t.ue
appar:tus. Trbe faued erea, after 10 acurs was lig:ter wit. a tancisc
cast. After 200 nours tu: ecnrp.t o ¢ yellow-ten instsrd of grey.

Carnet 7, a wool=avisco blend aia not rellow; instesd t..e fzced arcs

becare a derx grey-frisr. -owever, Ceronet §, rlso & wool-viscose bl=

did not dsrken, but »aled, ret:irning its ori;inzl nue in a8 li:hter volue.

=9

Beésistence To Crushing Test: A carpet wit. & spriag; pile is co.lortatle

to walx on; will ot s.0w #0200t prints; nor uoes it s.ow & sarious tend-
ency to met per~eueatl: under t.z wei-ut of furniture.. we have teczo e
accustored to associeting a taict pile wit: cus..ion-like ;.elities in

cerpeting. However, a taic: pile ray be sti £ end unbending--due to

"3

coarse fiburs or a uig. de re=e of twist in tues pil= yerns, ~r-to t.e
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amount of sizing applied to the back of the carpet. Actually, e
carpet's cushion-like quality is not due to tae height of tine pile,
nor to its compressional resiliency, but rather it is due to compression
(the actual work done) and recovery (work recovered), Compression is
mechanical and is caused by the pressure of thie load. Recovery is not
machanical, but is caused by an urge witain the fiber to 'spring back!
to its originel position.

Data obtained from tests performed on the control semples with the
compressometer suggest several points of interest concerning compression,
(see Chart V, appendix)., Carpets number 1, 3, and 4 were high in work
accomplished; the eamount (expressed in inches), in each case being more
than ,0330"., Of tnese three, one was 100% wool/ and two were 100% estron.
These carpets were constructed of yarns with slight twist and no apparent
sizing in two of them., Carpet number 6, showing the least 'springiness!
was of 100% wool of highly twisted yarns with a heavily sized backing.

In determining wuetner or not footsteps will leave an imprint, we
must know something about the ability of a ecarpet to 'spring back?.

Data obtained from tests on the original samples show that Carpets 1, 3,
and 4 were also high in recovery, (1 and 3 are 100% estron, 4 is 100% wool)
while the thrse carpets with tie lowest recoveries were of all-wool pile.
Carpets 2, 6, and 8 recovered less than .0055", However, it is to be
remembered that coarse wools suci as carpet wool are as & rule, stiff

and unbending at first; but increase in resiliency with use.(as) The
all-wool wilton carpet with the uncut pile showed the highest recovery
recorded. This carpet is composed of finer-appearing fibers than the

other threq/ and its yarn is twisted only sligatly.
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The thiciness of 2 cerp:t is directly dependent upon its compressionsl
resiliency. This becores more snd more epperent s tue cazrpst besins to
wear. Compressional resiliezncy is slso indirectly one of tue most im-
portent factors in detzrmining tne wermth of our floors, Ior taickn s3
deterzines tne thernel quelities of & carpet.(ze)Tn; grezter tias ability

of c2rvnets to maintein their initi=l thiciiness, the groster will be tue

(¢

volune of air entrepped in tne cerpet. 4ool ard viscose blends showed
the highest percentezes in corpro-ssionel resiliency, reszining 26 to £3.
of their original thicxness. Two carnets of 10C wool were below aversz:e
in c¢.mpr.ssionel resiliency.

Tests on t.ue control sanples were very fzovorzile to tiue syntnetic
and synthetic-blend czrpets. llowever, it is to be r wei.bere. tuct t.
mexi . load &polisd by tie coronressoweter is only .2 pounds pressure
per sjuere inch, wW.erezs & person welking across & cerpet subjecvs it

L (S) ;

to 12 pognds pressure per scuxre inca p:r second. Furtiiermore, furn-

gr-.e

iture restinz on a carpet will ceuse flettening or crushing--thz de
depending upon t..e weight of tue furniture and +h- elanse of tire,

In the coupression of the originel sam:les, tuerz were plenty of
eir spec=s betvizen tas tults allowing roo~ for tioz czzpet nile to spricd.
However, after tie pile has been ratted, tie size of tie eir spaces is
decressed end further compression would bz expected to te slower.

After ths ce=opets hed ween subjected to wei :ts for 79 ncurs, ell
of tiie c=zrpets in this stud, siioved a decre:se in woric accomplisi:ed with

tile exception of Carvet 2, (sec Chart I, sppendix). This 1CCjx wool

arminster w-s stif? first testzd, but due to incre-se in toe loed

applied end tae time rodulus; it tegan to 'unvend' and subsecuently
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showed an increesse in compression of 18.2% over its original number.
Two cerpets of cut pile construction showed only slight losses in work
accomplisned. Carpet 1 of estron, lost 1% and Carpet 8, ot wool lost
6.4% respectively. Carpet 6, not only shows the least work accomplished
both in initial compression and after the 75 hour test, but also showed
a loss of 20.1% of its original compression after application of weights
for 75 hours., The high twist in the pile yarns, and the above aversge
amount of sizing in the backing may account for its low compression read-
ings. However, neither of these factors satisfactorily explain the loss of
approximately one-fourth its original ability to 'compresst. This carpet
is constructed with pile loops of uneven height. One explanation for its
low compression value may be due to the fact that initially only the
high pile was affected by the pressure of the compressometer, whereas after
75 hours under pressure, both the hign and low plle wes reflected(thus in-
creasing tne carpet density) in its compression reading. After 300 hours
under weights, this cerpet had regaine&fmuch of its original compressional
ebility, #e thet instead of e 25.0% loss, there was only an approximate 10Ok
loss, (see ChartVIII, carpet 6, appendix). Carpet 2, en axminster wool,
cont inued to gain in comprecssion. This fact suggests that carpets made of
coarse stiff fibers will, within certain limitations, become more and more
'springy'. All four of the carpets containing synthetic fibeis showed
increasing losses in their ability to compress, (see Chart 1X, appendix).
After 300 hours under weights tihe loss range wes 25.0 to 46.3%». Wool carpet
number 8 of velvet construction likewise lost 28.3% of its compression

!
velue., All carpet with 25 or more percent loss in compression showed evidences

of matting.
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In order to ascertain the reeson tor the matting mentionad above,
the emount of 'work raegasined!' during each test must be taken into con-
sideration. This is dependent upon two conrlicting factors. The scaly
surface of the wool fibers might become entangled under the pressure of
the loa@/ thereby causing matting. On the other hand, it would seem
logical that, if no matting took place, the upward push ot one riber
against another would hasten the recovery ot the pile.

After weights hed been applied for 795 hours, it was round taat all
carpets containing synthevic fibers showed a loss in work recovered,
ranging from 26.2% to 62.2% of their initial ability to compress, (see
Chart X, eppendix). Carpets or all-wool showed gains in work recovered
from 2.2% to 90.9%. It is evident then, that no interference in compress-
ional recovery was due to an entangling ot the wool fibers under pressure.
As the synthetic fibers are comparstively smooth and rod-like, matting
through interlocking could not have taken place. Therefore it would seem
that the initial resiliency of the synthetic fibers had been strongly
affected by the application of weights for 75 hours.

Table IX, page 61, shows that; after 300 hours, each or the rour
synthetic carpets lost from 47.5% to 81.2% of their original recovery.
Significantly, three of tne four woolen carpets retained (or increased)
their ability to recover from crushing. Carpet 2, a wool axminster which
showed the lowest original reading in 'recovery!, showed the highest reading
after being weighted for 300 hours. Due to the fact that tihe fibers used
in this carpet were stiff and coarse, resdliency would be expected to increas.
as the load incressed., Moreover, its low density of 35 tutts per square

inch reduced any opportunity for the fibers to entangle under the load.
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TAbia 14

Recovery Frcom Compression

Cerpet mumber Control Recovery  Recovsry After  Gain or Loss
And Codz* ~  In Incizs <00 liours In Incaes _In Percent _

19505 Wool
L-=-A-1 .0044" .Cl19" £ 17C.4)
YeaWei=L=2 .Ccoao" o1z B30
B_iaV-L-3 .00 7" .cozen 0.15%
A3-#=-V-3 .ocsan .Co3gM" -24.%5

®C: W

Elen.s of wool snd avisco
B-iiA=V-1L-2 .COs0" .CC4z" =47 ,5%
7 o-wi-V-2 .oo7an 002" =50.70

()]

1C0% estron
1 L-2-4-1 .00c1" .0027" €6 .65
3 L-E-T-1-2 .CCR1" .Co17" -81.25

*Code: 1st letter: .onufsciurcr 41 lett=.: pile Loon
224 lettwr: Fiber Numer-l: Price Group
o _<rd_letter: %weeave

»

Carpet & (10(;. wool velvet coastruction) lost 24.5% of its originel
ability in 'recovery from corpr:ssion' after 200 nours. Visial sizrs of
matting were mor. evident tiza in ot.er wool cerpets. This ceriet pile
w=s of two-ply yarcs wita only sligt twist in t.e siigles of t.e jyarn.

Its densit,, heizat of nile, and weiziut were ebove tue avers_.e of tie ovacr

cerpets tested, ilowever, there ere two possible ricsons for t.e loss of rore
Len oae-fourta its orisinel ability in recovery from preszure. AS tiie density
is uizh, matting nigut nave been ceused by the intcrloc.iing of tiae wool

fibers; or tue we=:i structure of the b-c-ingz miziit have ceused a sligut

shift of tuc ficers fron en up-rigont pos’iio... This carpet w s t.i2 ersiest

to dissect of the ei it cerpets teisted. Tns -ile eliost Iell out, suggest-
inz tast tie beck wrs not teoo rirmly wovea. Tae beciking skows no appar.nt

sizing, ti2 stuffer yercs arc pasjer, cnd tiere are only two shots to hold
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the tufts in place. This carpet was the only one to show wear due to
loss of tufts in the ebrasion pre-testing.

A comparison of the rate and extent of recovery. (following the term-
inal pressure of 300 hours ) was possible through readings teken at

specified intervals. The compression figures asre sumarized below in

Table X:
TABLE X
A Comparison of Compression Numbers at Specified Intervals

Carpet Number Compression Compression After wWeights Percentage Gain
and Code After 300 Removed For Or Loss QOver

Hours 1 hour 4 hours 24 hours 48 hours Control
1 *L-E-A-]l .0228" .0276" ,L,CZ205"  ,0306" .0309" - 8.0%
3 *L-E-W-L-2 .0211" .0213" ,0216" .0218" .0221" ~43.4%
5**B-WA-V-L-2 ,0229" .0232" ,0238" ,0260" .0259" -13.%
7*xMo~-WA-V-L-2 ,0131" .0l81" ,0184" .0l89" .0192" -26.5%
2 L-W-A-l «0337" .0328" ,0354" ,0369" .0378" #44.1%
4 Ma-W-W-L-3 ,0384" .0371" ,0373"  ,027¢" «0393" -1.0%
6 B-W-V-L-3 .0206" .0225™ ,0272" ,0266" .0274" #20.1%
8 AS-f-V-3 .0203" .0191™ ,0202" ,0212" .0260" - 6.8%

* 1004 estron
** Wool-avisco blends

In one hour's time, the 100% estron axminster carpet (number 1) showed
marked improvement in compression, and after 48 hours it had regeined
approximately its original compression number. However, Carpet 3, also of
estron, showed a loss of 43.3%. In comparing tiae construction or the two
estron carpets, Carpet number 1 has a low density number of 35 tufts per
square inch;while carpet Number 3 with 54 tufts per squere inch has fewer

air spaces into wnich the fiber might be 'packed' after matting had taken
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place. Carpet 3 had tze second hiziest compression number recorded in the

'control' test: It is possible thet onl; tie higher sile locos were

affected by thie pre-sure of t:e compres:

winerers after weishts had beceu applied
plle were r flected ia tlie corpression
removed, the pile locus of whici t-ere

sguare inca nay heave flettened to sucu

weter in the control test;

for 200 hours, both high and low

reailns. After tac weigshts were

wer:s only aa aversge numb.r por

ax extent tiizt the coinpression of

tie carn:t wis lessened. However, Carpet 4, an all-wocl.compzreble %o tie

above estron czrpet in weave, weisht end density reaited hign in co pression

tarcushout t.ie ss=ries of tests, t.ersby su.g

weizats ned izp:ired tae coumressioansl

ebility of Cerpet &,

ting tiirt the dressurs of tie

It is to be notecd from Tatle XI thet thr e of tiz carpets conteining

synthetic fibers lost betws2en 27.1% and 51.5% of tiheir ability

TALLE LI

Co.-perison of Recovary duubers et

in recovary.

Specified Intervels

Carpet Lumber  Control 300 tour  Recovery Aft.r Percent Gein

And Code Samplse Recovary weishts Reroved or Loss Cver
Recovery ur:ber for 48 nours Control Aft:zr

oo Mumber ___(Zero rour; . . _43Yours _

1% L-z-A-1 .0091" .0017" .00Lz" =£1.¢j

2 *¥L-Z-§-L-2 L0081" .co27" L0z -27.15%

C*»BaiwA-V-1-2 .Coz0" .0042" .00z O" 0.Cu

7*x 0=ilh=V-2 .Co7an .C025" 0Ccen =48 .Gy

2 L-w-A-1 .0Ce4q" .011e" .0oe2" #3645

4 la-W-i-L-3 L000e" .0102" C0cen -10.1%

6 B-W-V-L-2 .00z7" .CCE .CoQ5" FClES

5 A3-d=Val .occa" Lceeem __ézxgﬁi__m____.t_?pfgj o

* 100 estron
** Yool -avisco blen:



Thre: of the 100% Wool cerpets geined between 36.9% and €6.7%

f their ability to 'recover'. Although Cerpet 4 (100% wool) lost 10%

of its ability in recovery, this carp<t continued to renk second. Micro-
scopic tests showed thet tle pile of this cerpet wes of e finer grode of
wool than tist used in the other carpsts; therefore, it w=s not stiff and
unbending in the first t:sts but wes iumedietely resilient. Perheps,
beceuse the yerns ere meds from finer fibers tian tie others it could not
be expected to withstend repeated loads with tne same high compressional re-
siliency noted in the initial test.

According to Table XI, wool e=2rpets tend to geius in their ability to
'spring back' efter tiie applicetion of pressure and synthetic esvcpets tend
to lose their 'sSpringiness'. It would seem logical that Cervet 5, & blend
of wool eand synthetic fibers would retein its originsl recovery number;
yet this carpet showed very positive evidance of matting. 4 hign recovery
nu.ber in the 'control! test could be attributed to the uneven heigit of
the pile. Carnet 7, also a blend of wool and synthetic fivers lost 4¢.54
of 1its ori;;inel recovery number: This was expected, &s this carpet also
appeared vcry ‘'mattad'. A detailed 'Recovery Cnart'! is included in the
appendix, Cnart X.

Compressionel resiliency is = retio betwzen the work eccomplisied snd
the wori recovered. The control test samnles show slizhtly gr.ater com-
pressional resilisnces for those coanteining synthetic fibers t..zn those
of a8ll wool, (see Cnart X1, aprendix). Howevecr, tercinal tes~s of the
eight carpets in this study indicate thet aft.r wool has been given & chance
to 'unbend' the percent of compressioneal resilience will suow a definite re-

lationsnip to tie Density Indsx Number, (see Table X I, page ¢5).
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TAELE III

Comparison ot Compressional Resiliences
And Density Index Numbers

Carpet Number Compressional Resiliences Density Index

And Code Control Test After 48 hours Number

1l *L-E-A-1 23,0% 14,0% 4,15

S *L-E-W-L-2 20.4% 26.6% 9.29

S*xB-fA-V-L-2 2646% 30.8% 10.96

%% 0-WA-V-2 28.0% 20.3% 7.26

2 L-W-A-l 14.9% 16.4% 4.51

4 Ma-W-W-L-3 24.9% 22,9% 7.32

6 B-W-V-1-3 25.0% 34.7% 11.13

8 AS-W-V-3 18.6% 30.,0% 10.86 _

* 100% estron
** Wool and Avisco blend

According to the above figures, there is a detinite relationship be-
tween the quality and the compressional resiliency recorded after the
'newness'! of a carpet has worn oft.,

A certain degree of pile crushing or matting takes place on all carpets
end is particulerly noticeable when the carpet is woven so as to have a .
plush-like surface, or is of a plain color. Although weave, texture and
pattern are important in reducing the appearance of crushing or matting,
genuine crushing is directly dependent upon the resiliency of tne fiber,

After the carpets in this study hed been under the weights for 300
hours, six of them lost 15.4 to 22.3% of their original thickness due to
pile-~crushing. Carpets 4 and 6 did not look matted, althoug. the rormer

had lost 13.6% of its originel thickness and tne latter 6.4%. Both of
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these ell-wool cerpets were secemingly high in resilience at the termination
________ cof 300 hours, (see Table XI, appendix). W#ithin 48 hours atrter
weights were removed, Carpets of 100% wool and 100% estron had regainea
at least 95% of their original thicknesses) whereas the wool-avisco blends,
(carpets 5 and 7) regeined only 83.3% end 89.2%, respectively. Moreover,
these cerpets were matted four weeks after weights had been removed.
Although Carpets 1 and 3 (100% estrons) were greatly affected by the
pressure of the weights, their subsequent recovery suggests thet the atfect
was not permenent, and that the estron fiber is more resilient than a blend
of wool and evisco fibers.

TABLE XIII

Carpet Crushing*

Carpet Number Control Percentaze Loss in Thickness
And Code Thickness Hours Compressed Hours Released
In Inches 75 150 300 1 4 24 48

1 EL.E-A-l G3117"  13.1%  14.6% 17.1% 14.5% 12.9%  6.5%  3.2%
3 ¥L-E-W-L-2 ,3530" 5.4% 14.0% 15.4% 13.8% 12.0% 10.6%  5.4%
5**B-WA-V-L-2 ,3700" 12.5% 13.1% 18.5% 18.0% 15.7% 12,0% 10.8%
7*Ro-WA-V-2 ,3000" 14.9% 18.5% 22.3% 19.9% 19.3% 18.0% 16.7%
2 L-W-A-l .3579" 12.%% 12.4% 19.7% 15.7% 13.2% 2.% 0.4%
4 Ma-W-W-L-3 ,3433" 6.8% 12.8% 13.66 3.2 1.8% 0.6  0.4%
6 B-W-V-L-3 .3600" 0.4% 3.6% 6.%% 4.7 1.0 0.56 0.0%

8 AS-W-V-3 C.2600" 12,85 15.3% 21.9% 18.8% 15.9% 15.6% 3.6%

¥ Crushing: Loss in Standerd Thickness, due to pressure of weights, recoraed
as Percentage Loss in Thickness.

¥ 100% estron
** Wool and avisco blends
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Evaluation of Carpets: A Table summarizes the investigetors evaluation

and ranking of each carpet on a ten point scale, {rom high of 10 to

low of 0) for serviceebility factors end generel anpearance:

TABLE XIV

Carpet Rating As to Appearence And Serviceability Factors

Carpet Appegrance (1) Eese in Vacuuming(4) Matting (7)

Number Abrasion(2) Soil Resistance(5) Total(8)

And Code* Resiliency(3) Resistance to Fading(€)

1l L-E-A=1** 3 0 4 8 10 5 8 4]

2 L-W=-A=1 4 1 5 7 0 9 9 40

*%
3 L-E-W-L-2 S 2 8 5 10 V4 6 50
4 Ma=W=W=L=3 10 4 7 S 6 3 10 59
Ak

S B-WA-V-L-2 8 8 9 3 9 8 5 686

6 B-W-V-L-3 8 10 10 3 9 1l 10 69
’ * Kk

7 No-WA-V-2 7 5 6 8 10 5 1 54

8 AS-W-V-3 10 8 9 8 6 7 3 68

(1) Appearance: Personal reaction to eppezrconce of carpets
(2) Abrasion: One-~half the number of cycles carpet withstood before becoming
worn out by the action of abrasion machine.
(3) Resiliency: 3 times coxzpressional resiliency, 48 hours efter weights were
removed, expressed as points on a ten-point scale.
(4) Ease in Vacuuming: Arbitarily grasded during soil-retention test.
(5) Resistance to Soil Retention: Highest in resistance to soil greaded 10,
lowest graded O, others calculated between O and 10
(6) Resistance to Fading: Based on results obteined from Fadeometer Tests.
(7) Based on percentase of original thickness regained 24 hours after weights
were removed, highest regain graded 10, lowest graded O,
others calculated between O and 10,
(8) Total: Because of the importance to tie consumer=-bgyer of appearance and
wear-qualities of a carpet, the rating for these factors are
doubled in computing the totel evaluetion of the carpets.

* Code: 344 Letter: Manufacturer 4th Letter: Loop Pile
2nd Letter: Fiber Numerel: Price Group
3rd Letter: Weave

** 100% estron

*** §ool-viscose blend
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The over-all results of the caroets tes:ted in this study suggzest
their division into three quelity groups; feir, avereze, and high,
Althougzh there is sorie relaetionsliip between quelity end price, this
correlation si not alwaeys positive &s is shown in Chart I, appendix.
Carpet 4 was high in price bui only avera e in quality. It wzs felt
that the style velue of this lovely wool carpet was the determining
price factor. Carpet 5 was aversze in price but hish in quality. The
price fector is due to the fzct thzt eppro- imately 50% of the fibers used
were viscose, wnich cost 42¢ per pound in September 1¢50, about the time
that this carpet wes in production, wherezs wool carpet fibers were §l.C5

4 (9)

per poun o The high quality of Carpst 5 is attributed to its excellent

construction, in wihicn density, height of pile and weizht were above average.



V. COXCLUSIONS

Considering the v-st nurbers of carpets on the market end the
tremendous emount of thought and time th«t has gone into the manutacture
of carpets throughout thz lest eight centuries, it is impertinent to suzgest
that the results ot tnis sumall study is predictive of the wear qualities
of carpets containing syntietic fibcrs. In fact, this study is not suffi-
clent in its scope to be predictive of the serviceability qualities of the
eight cerpets tested. However, several points worthy ot consideration in
the purchase of carpets are suggested by the results of this study.

Surveys made in retail stores have shown that customers buying cerpets
are interested primarily in color, pettern and appearence; secondly, in
quelity end/or serviceability; and third, in price.(a) The consumer-buyér
has accepted syntnetic fibers in other-products and is prepared to accept
them in the carpet field provided the synthetic ezrpets offer equivalent
value in appearcnce and serviceability in relationsaip to pricse.

The over-all test results of the cerpets in tzis study suggest treir
division into tirse qg:zlity groups--fair, averasge and higi quelity. As
each group includes a 100% wool cerpet s well as one conteining synthetic
fibers, one cannot accurrtely base tire over-all value on the tiber content
of carpet pile.

Before the introduction of synthetics and synthetic-blends, tiae

maxinum wear value of wool pile was besed primarily on density and height
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of pile and weight of the carpet, properly cbordinated and balanced.,
The compactness of the tufts per sguare inch in tie pils was consid.red
most import:nt. When density wes egual, carpets with the higuest pile
were the most durable, but yarn size, type of dye, and fiber quality werse
also important.

Serviceability tests for this study suggest that, other factors being
equaly wool fibers will wear longer tnen synthetic fibers. Fowever,
density, height of pile and weizgnt of the carpets are still of major import-
ance in determining probauvle serviceability. A Density Index Number based
on the above factors is more predictive of tne wear qualities of a carpet
than the guality of the curpet fib:r used. For instance, Carpet 5, a
wool and viscose blend with a Density Index Number of 10,96 was abraded 8
times as many cycles before becoming worn out aes Carpet 2, a 100% wool
with a Density Index Number of 4.5.

However, thz formulae for a Density Index Number does not present tue
total criteria for determining serviceability, for it does not account
directly for differences in soil retention, the ability to resist crushing,

or fading characteristics.

Test results showed that, as a rule, cerpets witn syntaetic pile
tibers retesined less soil than the carpets or ell-wool. However, twist,
density, end the azount of sizing applied to tue fiocrs and/or tine backing
also affected soil retention.

Difficulties encountered in vacuuming end cleening carpets with a
fluid cleaner were not due to the differences in the fibers of the pile,
but rather to the construction of the carpet or to tae lightness of the

colors used. Carpets of uneven loop pile seemed very difficult to clean
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with a suction-type vacuum cleaner. Carpet 2, (100% wool exminster with
a plush-like pile) showed a marked tendency to 'shade' when vacuumed
against the grein of the pile. Although Carpet 1, (100% estron axminster)
also constructed with a plush-like pile, did not 'shade! during vacuuming,
the application of a commercial cleaner tended to give thuis pile & definite
'*shaded' appesrance. Pale colors sucih as light green and rose were more
difficult to clean satisfactorily then the darker colors.

The wool carpets showed wide variation in resiliency. Carp:t 4, a
'luxury' carpet which wes very rz=silient at the beginning of the test,
lost some of 1ts ability to compress and 'spring back' due to the fineness
of the fibers of the yarns. On the other hand, Carpet 2, which was stiff end
unbending at first became inere=singly resilient as the tests progressed.
This carpet wss constructed of coarse fibers rmore capable of resiliency when
the load was prolonged than for short loads. Carpet 6, also fairly stiff
and unbending et first, due to hizh twist and heavy sizing became more
resilient es the fiber beceme accustomed to bending under a léad. Only one
wool carpet, number 8, showed evidence of matting. It lost 21.9% of its
original thickness through the application of weights. However, after 48
hours, a regein of most of its original thickness suggested that the 'matting'
was not of a permenent nature.

Carpets of synthetic fibers or synthetic-wool blends were high in
compression, recovery and compressional resiliency during control tests, but
after weizhts had been aspplied each of these carpets reacted differently
and to approximately the same ext.nt tnet the wool fibers differed from
each other., The abllity of carnzts of estroan to coupress and recover

seemed the most impaired by the pressure of the weights, yet 48 hours after
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tae weignts wers removed these carpets were continuing to resain in

resiliency, and no visual effect of metting was evideat. Carpets 5 and 7

(wool-avisco fibers), at first did not szem to be as seriously afrected

by tze weights has hed the estron cerpets, but eight weexs after tie

weights had been removed, these carpets were still very 'matted'. Although

Carpet S5 had recovered 90.1% of its originel thnickness and Carpet 7,

85.0%, it ssemed possible that thLese ecarpets were permenently t*crusned’,
.(to & certein extent) by a load of 2.3 pounds per square inch for a period

of 300 hours (approximately 12 days).

Anaiysis of resvlts of this study indiceted thet the pile-crushing
charaecteristic of the synthetic fibers is its most significant adverse
factor, end thet fibers of visccee are more subject to matting than fibers
of estron. However, certain construction factors conceal matting. Patterns
in desien, achieved either througih combining colors or use of uncut and
cut‘pile or different heigits of uncut pile or +twist in the yarms tenad
to minimize the eppeerance of crushing. Therefore, the consum.r-buyer
who wants plush-like carpeting should avoid the synthetics.

Carpets tested in tiie fadeometer were insurficient in number to give
an accurate couparison of the color characteristics and permanency of
carpet yarns when subjected to accelersted sunlignt. However, it was ob-
served in this study thet carpets of lizht colors do not hold their color
as well as those of darker hues. This point is affirined by Heuer(s), who
states that this is due to tne small amount of coloring used in the lignter
colors. While all of these carpets were fairly sunfast, only three passed
the minimum test of 100 hours in the fadeometer. Two of these carpets

were all-wool, the other a wool-avisco blend. Carpet 6, one of the finest
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carpets tested showed the greatest amount of feding. It wes felt that

this was due to the color--as light grey seems to be more susceptible

to color change than positive colors of darker values. The estron carpets
faded badly after 150 hours, the color itself actually changing from.rose
to orange., However, there seemed to be no significant differences in the
colorfastness of the synthetic and tie wool carpets.

The factor of cost hes a definite relationship with the quality of
the carpet. Carpets of low price were found to be below aversge in
over-all guality. With two exceptions, carpets of medium price were
'average' in quelity and the high priced carpets were 'high-guality'.
Carpet 4 was high in price but only average in gquality. It was felt
that the style value of this lovely wool carpet was the determining price
factor. Carpet S5 was average in price. but high in quality. The price

factor wes due to the fact thet approximately 50% of the fibers used were

)(27), costing less then

9
one-half the $1.05 per pound of carpet wool (September 1950 figure)( ).*

viscose at .42 per pound (January 1951 figure

The high quality of this carpet was due to the high grade of construction
in which density, height of pile, and weight of fiber were above average.
The neeld for further study on carpets of synthetic fibers is obvious.
There is relatively little information on the serviceability of thess
carpets. With increassed use of synthetic cerpets there is a definite need
for a clearer understanding of its advantages and limnitations in consumer
use., A laboratory study such as this one is but indicative of one type
of research which could be done. Further investigations of carpets should

include a serviceability study in which the carpets are subjected to normal

) (39)
* Six months later, in March 1951, the price of wool was §2.24
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use for a period of yeans. Severzl studiles in which lerger semplings
of carpets than those used in this study is also recommended. Another
phase of study in cerpets should include those made of nylon, vinyon
end other synthetic fibters as orlon and dynel.

Consumers, purchasing carpets today should have some knowledge of
the siznificence of carpat construction as well as an understanding of
the corparative cost of carpet construction and fibers. In addition to
this information, a consumer should be atle to rely on an informative
label attached to the cerpet under considersation. Such a label would include
the following: name of the manufacturgr; nunber of tufts per square inch;
8ize of yarns; the fiber content of the pile and backing yarns; type of
weave; height of the pile; and weight of carpet per square yard. The color-
fastness of the cerpet should be designated by the number of hours of accel-
erated sunlight required to fade the carpet. Functional finishes for resist-
ance to moths and fire should also be stated.

Because so many new fibers, fiber blends, and methods of coastruction
are possible in the future, both technological and consumer researci must
continue so thet today's consumer-buyer may purchese the cerveting that

she wants and needs witan few or no compromises recuirsd.



VI. SUL2ARY

Statistics saow that the ccrpet industry has beea facing a downward
trend for the last thirty Vearso(ﬁv)(zg)For some time, tihe manufacturers
have been looking for some way in which a less expsnsive carpet ot good
quality would be available for the mariket, thus enabling them to obtain
a larger share of the consumer's dollar. Rayon hes been able to ac-
complish very fine results in other textile rields, and it has been felt
that it could conceivably accomplish a similar rasult in the carpet tield.

For years wool has been considered the trinest possible fiber tor
cerpet wools in spite of tne instability of the forsign markets and the
continual fluctuetion in price per pound. However, there are severzl un-
favorable properties possessed in varying degrees by ditrerent carpet
wools wnich must be overcome by the manutactursr by carerul blending with
other wools. These properties incluae tue presence ot excessive amount of
kempy fibers; uneven dyeing properties; shedding; and wide variastion in
the different carpet wools in weer-resistance, resiliency end torsional
rigidity.

Rayon fibers produced in the United States proviae not only a domestic
source of supply but a market in which price is not as fluctuant as those
from which earpet wool are secured. Of course, it is not a pertect fiber,
it needs greeter resilisncy, more torsional rigidity, and crimg, Rayon

technolozy has made remarkable progress and it 1is not unreasonable to
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except taet eventually esrpzi fibers co be produced to specific=iions,
80 to spesit, in size, length, bricitniess arnd erimp. Tlhey will, no
doubt, be ables to overcone to 2 limited extent sowe of tie advirse
crerectzristics of synt..etie cerpet pile.

an evaluation of select .d types of all-synthetic, aind wool and
syntietic blenas witi wool cerpeting woes ccrducted tarouzha lesbaratory
experimrents on eiiat carpsts purcacsed ia Lansing, .iiciigen in lerch
1551. The carpets repres:nting five different raaufacturers were of
10C,. estron, 100; wool, and wool-avisco blsnds. TwWo carpets eaci of
axminstar weave; wilton constructioca with loop pile; velvet weave with
loop pile, ead tvwio of velvet construction wita a cut pils were studied.
saci peir consisted of one cerpct wit: synthstic »nile fibers and one
all-wool nile.

The ecerpetis vweve >rurchased from tirze price groups; $6.50 to §7.50
per sguare yard, ¢9.50 to §l0.€5 per sauers yerd, and ¢12.50 to $14.95
per square yard. Correlation betwsen nrice and cuality wes found to be
positive Tor all but tvwio of tiie carpets.

Specificetion t=3sts included microsconic and ciiemical analysis for
fiber conteat; dissection of crrpsts for coastruction eszalysis; a:d periorn-
ence testing for ligsat f=ding; cowprassional resilieacy aad tiicgnsss,

A comparison of dirt retentioa, ebrassion resistsice and coupressional
recovery were modified to tue aveileble iastruments ior testing.
lebor:ztory tests to determine tiie abrisive uelity of tle cursocis
suzszoted taet, otisr fectors ceias equel, wool Tibers will give longer
wear taaa sore of tac synthcotic fibsrs. EHowever, density, heligiut of pile
and wei_ it of the czrpets arz of major inportance in deterzining pfobable

serviccability. A density index nu.bar bnsed on tie ebove fzctors
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is more predictive of wear qualities of a carpet than the type of fiber
used.

Tests for 'soil retention' showed that, as a rule, carpets ot
synthetic pile retained less dirt than the carpets of all-wool. However,
twist, density, freedom from sceles, uniformity of size, and the amount
of sizing applied to the fibers and/or the backing aifect soil retention
to a greater degree than the 'type' of fiber.

Analysis of the results of the pile-crushing test indiec=ted that the
low-resistance to crushing of the synthetic fibers is their most signifi-
cant adverse factor, and that viscose fibers are more subject to matting
than estron fibers. It is suggested that synthetic pile carpets are
most satisfactory in textured patterns, multicolors or tone on tone so
that genuine matting is not so evident.

Carpets tested in the fadeometer for faestness to light were insuffi-
cient in number to provide an accurate comparison of color change or
permﬁnency of color when carpets were subjected to aomlerated sunlight.
However, there was no significant difference in the colorfastness to light
of the synthetic, wool or blends.

It was felt that carpets of good construction, purchased from reliable
meanufacturers, at medium or somewhat high®prices will be satisfactory in

appearance and serviceability in use regardless of the fiber used.
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CHART I

Carpet Code, Quality agd Price Data

Carpet Manufacturer Fiber

Weave Loop Pile Price Qality
Number P.S. Y.
l Lees Estron Axminster cut pile $6.50 Low
Code: Lewe= ) JE— A ——=l*
2 Lees Bool Axminster eut Pile $7.50 Low
Code: Lew=e | PR, Awene ———- . L
3 Lees Estron Wilton loop $10.95  Meaium
code B L---- I--- '---- IP.-- ---2*
4 Masland Wool Wilton Loop $14.95 Medium
$ Bigelow Wool-Avisco Velvet Loop $10.50 High
6 Bigelow Wool Velvet Loop $12.50  High
7 Mohawk Wool-Avisco Velvet Cut Pile $9.50 Medium
Code: Moe=- WAeae= v ce=D¥
8 Alexander-Smith Wool Velvet Cut Pile $13.95 High
Code: ASeccce | " (S v ———3*

* price Range:

1.
2.
3.

Low
Medium
High



CHART II

Chemical Anelysis of Carpet Pile Fibers x*

Carpet No Weight of Weight of Loss in Weight Percentage Weight
and Code Pile in Residue in Attributed to of Residue
Grams Grams Loss of Fibers or Sizing
Potassium Hydroxide Test
1l L-E-A-1 4 3.9525 sizing 98.8%(rayon)
3 L-E-W-1L-2 4 3.8624 do 94.5%(rayon)
5 B-WA-V-1-2 4 B8.2412 Wool Fibers 56.0%(rayon & sizing)
7 Mo-WA-V-2 4 2.0036 do 50.0%(rayon)
4 Ma-W-W-L-3 4 do do ——ee
6 B-W-V-L-3 4 do do ————
8 AS-WN-V-3 4 do do ———
Acetone Test
1l L-E-A-1 2 No residue estron fibers o=
3 L-E-W-L-2 2 No residue estron fibers ——ee
5 B-WA-V-l-2 2 2.0340 e 100%(wool & viscose)
7 Mo-WA-V-2 2 1.9862 @ == ecccea 100%(wool & viscose)
Sulphuric Acid Test
5 B-WA-V-L-2 2 7197 viscose tibers 35.9% (wool)
7 Mo-WA-V-2 8 .8943 viscose fibers 44,7%(wool)
Summary: Composition of Pile Fiber
1l L-E-A-l 98.8% estron, 1l.2% sizing
38 L-E-#-1L-2 94,.5% estron, 5.5% sizing
5 B-MA-V-L-2 56.0% viscose and sizing , 8.1% sizing, 35.9% wool
7 Mo-WA-V-2 50.0% viscose 5.3% sizing, 44.7% wool
2 L-N-A-l 100% wool and sizing
4 Ma-W-W-L-3 100% wool and sizing
6 B-W-V-L-3 100% wool and sizing
8 AS-W-V-3 100% wool end sizing

* Averages of three tests

Code: 1lst letter: Manufacturer
2nd letter: Fiber
3rd letter: Weave

4th letter : Loop pile
Number: Price Group
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CHART IV

Density Index Numbers*

Carpet No. Weight Per Turts per Height of Density
and Code Turt in Square Pile in Index
Grains Inch Inches Number
1l L-E-A-l «157 35 «1885 4,15
2 L-W-A-1 «145 35 <2065 4.51
3 L-E-W-L-2 «231 54 .1862 9.29
4 Ma-W-W-L-3 «190 54 «1785 7.32
5 B-HA-V-L-2 <184 64 2323 10.96
6 B-W-V-L-3 195 64 «2230 11.13
7 Mo-WA-Va2 149 64 .1907 7.27
8 AS-W-v-3 191 64 2221 10.86

* rormula: 4(weight per
of Pile).

turt in grains x turts per square inch x height



CHART V

Standard Thickness and Compressional Resiliency

(a) (b) (e) (d) (e)
Carpet No. Standard Compression Compression Recovery Compressional
and Code Thickness Index In Inches In Inches Resiliency
_In Inches Number

Carpets containing Synthetic ribers

1 L-E-A-l <3117" .026 .0335" .0079" 23,5%
8 L-B-W-L-2  ,3530" .074 .0391" .0081" 20.4%
85 B-WA-V-L-3 ,3700" .038 +0300" .0080" £6.6%
? Mo-WA-V-2  ,3000" .057 .0260" .0073" £28.0%
varpets of 100% wool
2 L-W-A-l 3579 .043 .0268" .0044" 14.9%
4 Ma-W-W-L-3 .3433% 070 .0398" 009" 24.%
6 B-W-V-L-3  .3800" .042 .0228" .0057" 25.0%
8 AS-W-Va3 «3600" .052 .027¢9" .0052» 18.0%

(a) Standard Thickness: Thickness at 0.l pounds pressure per square inch.

(b) Compression Index Number: Difference between thickness at 0.15 pounds
pressure per square inch and thickness at 0.09 pounds pressure
per square inch, divided by tne standard thickness

(¢) Compression: The amount of work done due to procssure of 0.2 pounds per
square inch, expressed in ,0000"

(d) Recovery: The amount of work recovered atter release of .2 pounds pressure
per square inch to pressure of .0l pounds per squars inch.

(e) Compressional Resiliency: Relationship between Compression and Recovery
expressed as a percentage.
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PLATE I

QARPET PHOTOGRAPHS

Code: L-E-A-1
Price: 36.50 per square yard
Weave: Axninster

Fiber: 100Z estron

Code: L-F-A-1
Price: $7.50 per square yard
Vieve: Axminster

Piber: 100% wool

Carpet 1

Density: 35 tufts per square inch
Weight: Ll.1 ounces per square yard
Thickness: 43319 inches

Carpet, 2

Density: 35 tufts per square inch
Weight: L6.,7 ounces per square yard
Trickness: 43533 inches




PLATE II
CARPET PHOTOGRAPHS
Carpet 3
Density: Sh tufts per square inch
Weight: 65,5 ounces per squafe yard
inches

iilton, un-cut pile Thickness: ¢3533
+ 1707 estron

Carpet L
Codes Ma=l—fi-L-3 Dansitw: Sh tufts per square inch
Price: $1L.95 per square yard Weights S ounces per square yard
fieave: Wilton, un=cut pile Thickness: +3L33 inches
Fiber: 100% wool
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PLATE II1
GARPET PHOTOGRAMIS

Carpet S
Code:  B-iiA-V-1-2 Density: 6l tufts per square inch
Price: 310,<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>