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CHAPTER I
INTRODUCTION

This research problem was done to study how different types of
starches and different concentrations of these starches would affect the
stiffness and crease recovery.prop;rtiss of a cotton fabric. The author
was interested in a problem of this type because the cotton saris worn
by women of Pakistan become limp and wrinkled at the end of short wear-
ing period.

Out of many dresses worn by Pakistani women, the sari is the only
dress which is well-known in the western world. There are many other
types of dress worn by women both in East and West Pakistan; that is,
the 'shalwar suit,! and 'garara' suit, etc., The different dresses have
their varied cultural and historical explanations.

In West Pakistan the 'Shalwar Suit' is worn. It consists of a
baggy trousers (shalwar), a long sheet-like dress (kamees) and a stole
(dupatta) worn over the shoulders, The shalwar suit is usually worn by
teenagers. The muslim court dress 'Garara Suit! is the national dress
of women of Pakistan, at present. It is worn at formal occasions, The
garara can be described as a long divided skirt, and it is worn with a
short tunic (kurta) and a stole (dupatta), !Garara Suit' is also a
popular bridal dress in West Pakistan, Another dress worn here is fitted
trousers worn with a flared tunic and a stole and is known as 'Tang-pajama
suit,' This dress is suitable for daily wear., There are regional and



tribal dresses which differ slightly from the above described dresses,
that is, 'Sindhi' and 'Bluchi! dresses which are very much like 'Shalwar
Suit,!

The sari is considered one of the most graceful and elegant orien-
tal dresses., It is the most popular costume in East Pakistan for almost
all occasions, In West Pakistan the sari is worn by professional women
at work and also as an evening dress. Unlike many countries of the Mid-
dle East where western dress has been adopted for daily and evening wear,
women of Pakistan are proud of their oriental costumes, and there seems
to be no trend of adopting the western dresses,

The number of women, wearing saris is increasing very rapidly in
Pakistan with the changes in economic and sccial status of women. The
majority of educated women are entering into professions. If a woman
does not already wear a sari regularly, she develops the habit of wear-
ing it while at work. Basically, a sari is a straight piece of light
weight fabric, usually with an embroidered, or printed pallo and border.
The standard measurements for a sari are 42 to 45 inch wide and 6 to
6-1/2 yards in length. A sari is draped on the figure in a definite
fashion and requires a blouse (choli) and a long slip to wear with it.
The sari is usually made of light weight sheer silk, soft sheer synthet-
ics or sheer cotton.

Today, cotton saris are worn by all classes of women and the wear-
ing of cotton garments is being encouraged by public opinion, Pakistan
is a cotton producing country and cotton material is an economical pur-
chase, Therefore, in this country cotton is used in larger proportions
than are other fibers. Use of cotton is also comfortable in the semi-

tropical climate of Pakistan. In the past the cotton saris were worn



mostly by lower and lower-middle class women, However, during the last
few years there has been a trend towards using cotton even by the upper
classes. This is primarily the result of a campaign to increase the
patronage of the cotton industry, and also to eliminate wide economic
gap among the people.

Cotton saris, though the fabric looks very beautiful and elegant,
create some problems for the wearer, The sheer cotton sari, starched
and ironed drapes well to start with, but the long hours used and humid
climate causes it to crease and wrinkle and leaves it highly shabby at
the end of the day.

As the sari is an untailored dress, part of its beauty depends
upon the draping qualities of the fabric; the softer the fabric, the
more easily and gracefully it will drape. At the same time a cotton
sari must be starched in order to give it an adequate degree of smooth-
ness, body and crease resistance, if it is to remain gracefully draped
throughout the day. Therefore attention must be paid to the "cotton
sari" and "starch" problem.

The present methods of starching in Pakistan are not very satis-
factory. The most common types of starches available are rice starch
and wheat starch. The starch is prepared by boiling rice or fine whole
wheat flour with large amount of water. The starch is not prepared by
any standard measurement, but that with which a particular person is
acquainted or that which one thinks is right for a certain piece of
fabric, Also the amount of starch used for a particular fabric depends
usually on the will of housewife or the washerman.

Keeping in view the importance of starch and attaimment of crease

resistance quality the author was interested in finding out a suitable



concentration of a starch which would give a cotton sari maximum degree
of crease resistance with an adequate degree of body and smoothness.

Since application of starch greatly affects the draping qualities
of cotton fabric by making it stiffer, the objectives of this study were:

1. To compare the effect of different types of natural, modified
and synthetic starches on the stiffness of cotton fabrics.

2. To compare and evaluate the laboratory metheds for measuring
stiffness,

3. To compare the effect of starches on crease recovery.

Because of the amount of time available and being in a foreign
country it was not possible to apply the above results to cotton saris.
The author could not get the desired length of cotton sari fabric and
so cotton batiste was used for experiments which was somewhat similar
to cotton sari fabrics, The present investigations will help in
future if a similar experiment is done on a cotton sari fabric of
Pakistan in the following ways:

7. » 1. In finding out a suitable starch from the group of natural,

i F
it 7

modified or synthetic starches which would be effective for a longer
period,

2, In determining the desirable concentration of a starch to give
an adequate degree of crease resistance and body with minimum stiffness.

3. In determining standards of crease resistance and stiffness
for cotton saris if it is to remain draped well, and loock nice.

4, In finding out the effect of starch on such properties as

soiling and ease of soil removal,



CHAPTERII .
REVIEW OF LITERATURE
Starch

The use of starch hgs been known from time immemoriall and accord-
ing to dePierre'(Traitebdes Appreté, Paris, 1887, p. lh).it was even
uééd as a textile finish in 800 B.C. However, its use appears to have
béén forgotten later except as a filling material.
| i About 1560, starch was again common in France and Holland as a
m@ans of stiffeniﬁé the ruffles of the nobility. The use of starch
§§ééame so popular for textile dressing that it had to be forbidden in
1800 and-again in 1800,°

| The early use of starch in textile industry was as a sizing in
W§aving, This practice was firmly established by about 1750, The next
uée which quickly fdllowed was as a thickener inh hand block printing,

At present, starch is used commercially as well as in the home to
give bedy, crispness, and smoothness fo cotton fabrics and garments.
Jackman and Parker also mentioned that starched fabrics were less liable

to retain dirt and consequently tend to keep clean for longer periods

1Texiile.Colorists, "Starch and Starching,” 60 (March 1944), 105-107.

°Toid. p. 1052107,



than do unstarched materials.l

Source and Chemistry of Starch:

Starch occurs in large amounts in many roots and in cereal grains
in which it has been stored by the plant as a reserve food supply for the
use of growing plant of the next generation. The chief commercial
sources of starch are wheat (which contains about 55 percent), maize (60
percent), rice (75 percent), and potato (20 percent). Whatever the
source of starch, it has the same chemical composition, and is one of
the group of substances known chemically as carbohydrates. Starch is
extremely complicated in composition and, although the proportions in
which carbon, hydrogen, and oxygen occur are known, the exact number of
atoms mgking up the molecule is not known. Consequently, it is custom-
ary to give it the formula (06H1005)n, the n and bracket indicating
that this formula is only a simplified form and that the value of n is
as yet unknown,

According to present theories, starch centains at least two carbe-
hydrate substances, Both are polymers of glucose, but they differ
markedly in properties and structure. One of these substances (called
the A-Fraction in the case of corn starch), consists of a long chain-
like molecule, This fraction is unstable in the colloidal sense and is
responsible for the gelling and retrogradation of starch, It is charac-
terized by the production of a blue color with iodine, The other CONw
ponent (designated as the B~Fraction), has a very large branched molecular

structure and gives a reddish color with iodine. This fraction is

1p, N. Jackman and G. R, Parker, The Chemistry of Launderin
Materials, (Longman's and Greens Co. N. Y,, 1931), 53-56.



colloidally stable and functions as a protective colloid for the
A-Fraction.

Starches from various sources contain both A (gel) and B (sol) frac-
tions in varying ratios. The differences in the properties of the pastes
formed when these starches are boiled and in the stiffness, pliability,
ete., which result when these pastes are allowed to dry, depend primari-
ly on the ratio of A and B fractions in the moleculesl and on the size
and shape of the granules.2 In a general way, starches derived from
grain seeds yield pastes that are shorter and which gel or set back to
a greater degree than those derived from tubers, such as potato and

tapioca.

Rice is a cereal starch., Its properties are characterized by the
fact that it has the smallest granule size of the common commercial
starches.3 It penetrates well and gives a hard finish with a fullness
and firﬁness which is apt to be regarded as 'boardy.?! It is of great
interest in laundering as a stiffener, for it is affected less by
humidity than are other starches,4 It hés not found wide industrial use

because of its normal economic disadvantages and limited availability,

Lrextile World, "Chemistry of Starch Interests Finishing Man," 98

(May 1948Y, 175-180,

2A. Harrison, "Properties of starches Related to Stiffness," Journal
of Society of Dyers and Colorists, 27 (1911), 86-87.

3A. Harvey, Laundering Chemistry, (The Technical Press Ltd. London,
1935), 78,

4D, N. Jackman and G. R. Parker, The Chemistry of Laundering
Materials, (Longman's Green S. Co., N. Y. 1931), 5356,




Corn starch exhibits the characteristic properties of cereal starches,
It has the largest granule size of any starch and, because of the vis-
cosity of its solution it gives a brittle and rigid film.l The feel
imparted by this starch is not softened even by boiling the starch paste,
but the soluble starches made from corn give better results.2

Therefore, the preoperties of corn starch have been varied widely
through many chemical modifications of the starch polymer to meet spe=

cial reguirements.

Liguid Starches:

The idea of making liquid starch has been given considerable atten-
tion during the}past 10-15 years. A good liguid starch must possess
somg special properties in addition to those required by other starches.
Stability\of suspension is one of the most important of these. An
ideal liquid starch must not separate over a long period of time, even
when subjected to high temperatures and exposure to light. Also, it
mast net support meld gr@wth,u
One of the first patents covering a starch composition of this type
was issued in 1941 (U.S, 2,228,736). It described a non-sticking and non-

separating fiber penetrating liquid starch based on a chemical modification

-

Iextile Colorists, "Starch and Starching," 60 (March 1944), 105-107.

EM, S. Furry, "Some Properties of Starch Paste Which Affect Their
Stiffening Power on Fabrics," United States Department of Agriculture
Technical Bulletin, (1929) No, 284,

3D.N° Jackman and G, R. Parker, The Chemistry of Laundering
Materials, (The Longman's Green S, Co. N, Y. (1931), 53-56.

4Chemieal Industries, "Liguid Starches," 61 (December 1947) 613,




of corn starch. This formula was rapidly imitated and soon a great

number of liquid starches were available in the market.

Plastic Starches:

Although they produce a starch-like effect, these substances are not
starches at all but synthetic plasties, The two common preducts are
Perma starch and Plasta starch. Perma starch contains an emulsion
type vinyl resin, while Plasta starch is a mixture of Polyvinyl acetate,
tricresyl phosphate, and water,l Both of them are liquid and could be
used Jjust as any other liquid starch by diluting in water. Ironing of
the fabric causes further polymerization to form water insoluble plastics.

Unlike conventional starches which ccat the fabric, small particles
of plastic starches penetrate between the cotton fibers in ths yarn.

The claims are also made that these starches double the life of
cotton garments, The chief appeal of the plastic starches is that,
since they do not wash oﬁt as readily, they need not be applied as often
as common starches. This factor also helps to lessen the cost differ-

ential between the plastic starches and the ordinary starches.

Sodium Carboxy Methyl Cellulose:

Another substance sometimes used for starching is sodium carboxy-
methyl cellulose or CMC as it is often called., The liquid CMC is faintly
yellow so that for commercial use it is mixed with a blueing agent. It

has a medium viscosity and has high penetrating power., The stiffness

lConsumer Report, "Plastic Starches," 14 (June 1949), 271-.272,

20onsumer Research Bulletin, "Plastic Starches," 29 (June 1952), 19.
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produced in a fabric is even greater than that produced by the same
amount of a plastic starch. Since a more common use for carboxymethyl
cellulose is as a soil suspending agent in synthetic detergents, it has
been postulated that the use of CMC as a starch might also assist in
soil ramoval.l

Laboratory Testing Methods

Fabric drapeability is the primary physical quality which is
affected by starching. This quality of a fabric is now expressed by
the subjective judgement of an expert, who on feeling, bending, and
crushing a fabric in his hands, describes it as soft, harsh, boardly,
lofty, or in some other terms. This judgement means little to a non-
expert and does net facilitate accurate comparisons with other fabrics,
nor the comparison of the fesl of the same {zbric to other expertis.

Drapeability is a very complex mixture of properties, in which the
main, but certainly noi the only, factor involved is stiffness. Mary
laboratory testing methods have been devised for testing this property
in an effort to obtain tests that will give a valid indication of how
the fabric will behave in actual use. In most cases, present labora-
tory tests do not attain this goal, but nevertheless, they do give us
some valuable data.2

lM. A, Grime and C, A. Werman, "Effectiveness and Serviceability
of four Home Applied Cotton Finishes," Texas Agricultural Experiment,
Station Bulletin, (1957), No. 853.

2j. H. Skinkle, Textile Testing, (Chemical Publishing Co., Brooklyn,
N. Y., 1949), 121.135.
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Measurement of Stiffness

Cantilever Method:

Pierce stated that the stiffness of a fabric depends largely on
its resistance to bending and on its weight. The most important of the
measurements he described is the determination of the ratio of these
two factors expressed in suitable units. This ratio (flexural rigidity),
he regarded as a quantitative measure of stiffneas.l

The cantilever method for measuring stiffness was first described

3 This

by Pier092 and was later modified by Peterson, and Dantizig.
method is now accepted as the preferred method for measuring the stiff.
ness of woven fabrics by the American Society for Testing Materials,
and by the Administrative Committee on Standards.4

In this method, a strip of fabric is slid in a direction parallel
to its long dimensions, so that its end projects from the edge of a
horizontal surface., The length of overhang is measured when the tip of
the specimen, under its own weight, bends through a 41.50 angle, One-
half of this length is the bending length of the specimen, The cube of

the bending length multiplied by the weight per unit area (in grams per

lF. T. Pierce, "The Handle of Cloth as a Messurable Quantity,"
Journal of the Textile Institute, 21 (1930), T 377.

°Tbid. p. T 377

3E. C. Peterson and T. Dentizig, "Stiffness in Fabrics Produced
by Different Starches and Starch Mixtures and a Quantitative Method for
Evaluating Stiffness," United States Department of Agriculture Technical
Bulletin, (1939), No, 108.
4&. S. T. M, (Committee D-3) Standards for Textile Materials,
(Published by American Society for Testing Materials Philadelphia, Penn.
sylvania, 1959), 591-596.
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square centimeter) of the fabric is the flexural rigidity or stiffness
of the fabric,
For fabriecs too stiff for the standard method, a known weight is

fixed to the end of the fabricnl

Heart Loop Method:

Pierce also suggested a method called the heart loop method for
use with very soft materials where the stiffness can not be accurately
measured by the previous method, A 1 x 6 inch strip of the fabriec is
folded back on itself and clamped, so that it hangs in a heart shaped
loop. If the length of this loop is measured, the stiffness is inverse.
ly proportionsl te this length., Freom the length of heart loop, the
bending length and flexural rigidity may be caleulated as in the canti.
lever meth@dag

Beth of these methods are applicable to fabrics of any fiber con.
tent, but the cantilever method is preferred by the American Society for
testing ma‘berials,,3 bacauss it is simpler to carry out. Hewever, it is
not suitsble for testing very limp fabrics or fabrics which have a tend-
ency to curl or twist at the cut edge., In these cases the heart loop test

is preferredou

1F° T. Pierce "The Handle of Cloth as a Measurable Quantity,”
Journal of the Textile Institute, 21 (1930), T 377.

QE, R. Kaswell, Textile Fiber, Yarn and Fabriscs, (Reinhold Publishe-
ing Corporatien, N. Y., 1953), 421462,

3Ao S, T, M, {Committee D-3) Standards for Textile Mauterials,
(Published by American Society for Testing Materiale, Philadelphia, Penne
sylvania, 1959), 591-596.

ulbidq "Comparison of Certain Methods of Messuring Stiffness in
Fabrics," American Dyestuff Reporter, 26 (1937), 667; 28 (1939), 688:
29 (1940), 400, 689,




13

The twe methods may not give the same mumerical value, but beth
have given excellent correlations with a subjective evaluation obtained

1
by feeling the fabric.

Planoflex:

This device desecribed by Derby measures the angle through which
a fabric may be distorted in its own plane without producing wrinkles
in the fabric,?

The planeflex has a meovable clamp, a fixed clamp and a hinged
shelf, The movable clamp is attached to the fixed clamp by two strips
so that it is able te move in an arc having s radius of six inches which
is always paraliel to the fixed clamp. One end of the sample is fas-
tened in the movable clamp which is at zero and a two pound clamp which
rests on the hinged shelfl is attach@d to the other end of the sample,
The hinged shelf is then relezssd so that the sample is under tension.
The movable clamp is moved slowly until wrirkles appear in the sample.

P

The sum of the left and right angles is recorded.

Drapemeter:

This instrument measures a combination of stiffness and other

draping qu,ali‘bies.Z+ The apparatus consists of a semicircular dise to

le S. Toe M, (Committee D-3) Standards for Textile Materials, (Pub-

lished by American Socliety for Testing Materials, Philadelphia, Penn-
sylvania, 1959), 591-59%.

2
651,

E., C. Derby, "The Planoflex," Americsn Dyestuff BReporter, 3 (1941},

3J° H, Skirnkle, Textile Testing, (Chemiecszl Publishing Co. Brooklyn,
N. Y.), 121-135.

2J'E., R. Kaswell, Textile Fiber, Yaru and Fabries, (Reinhold Publishe
ing Corporation, N. Y., 1953), 421462,
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which the specimen is attached and from which it hangs. With this apps-
ratus, the cloth arc can be traced at different levels, An infinitely
soft fabric would have a semicircular outline at all levels, whereas

an infinitely stiff but elastic fabric would vary from a semicircle at
the top to a straight line at the bottom, However, most commercial

fabrics would fall between these two extremes,
Measurement, of Crease Recovery

The application of starch to a fabric resulits in a change in fabrie
properties other than stiffness, e.g., crease resistance and crease
recovery. Many methods for measuring crease recovery have been de-
seribed by Buck and McCord,2 and others, but the Monsante crease recovery

test has been most widely a@@epteduB

Monsanto Method:

This method was developed hy the Shirley Institute and further
refined by the Textile Resin Department of the Monsanto Chemical Com-
pany. In this method one end of the creased sample is held in a Jaw
while the other hangs free and is brought into coincidence with a verti-

cal line of the tegter. Thelangle which the free end makes with the

lJ. H., Skinkle, Textile Testing, (Chemical Publishing Co., Brocklyn,
N, Y., 1949), 121.135,

ZG, S. Buck and F. A. McCord, "Crease Resistance and Cotton, "
Textile Research Journal, 19 1949;, 261, 267,

3p. 8. T. M, {Committee D-3) Standards for Textile Maberials, (Pub-
lished by American Society for Testing Materisles, Philadelphisa, Pennsyle
vanis, 1959), 526« 528,
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clamped end after a specifisd time of suspension on the tester is &

¢
&

b=

measure of creasse recevery of the fabriec.

The influences of fabric welght and stiffness are largely eliminated
by holding one end of the cubtting in the olamp and arranging the other
end in vertical suspensi@neg Kaswell zlso stated that the Monssnbto
method is simple to operate and well designed. It is small and portable,
and gives adeguate results for most developmental or merchandisiog

3

purposes.

Summary of Review of Literature

Q.

The use of starch has been known from time immemorial and gcoor
ing to dePierre (Traite des Apprets, Paris, 1887, F 14) it was even used

as a textile finish in 800 B.Cuu

The early use of starch in textile
industry was as a sizing in weaving. At present it is used commerically
as well as in the home to give bedy, crispness, and smoothness to cobton
fabries and garments., Jackman and Parker also mentioned that 5Ld”f hed

fabrics were less lisgble to retain dirt and conseguently tend te kesp

clean for longer periods of time than do the unstarched materials,

1A S. T. M, (Cwmmn+t 2¢ Dw3), Sb%mdaid for Textile Mol
lished by American Society for Testing Materizls, Philadelphi
vanis, 1959), 526528,

“Toid., p. 526-528
3E. R. Kaswell, Textile Piber Yarn awd Pabries, Reinheld Psblishe
ing Corperation, N. Y., 1953), 177, 256.297,

Z"".'L’ext:'i.i?.,e.a Colorists, "Starch and Starching,® 60 (Msrch 1944),

5D, N. Jackman and G. R. Parker, The Chemistry of Leundering
Materials, (Longmsn's and Greens Co. N, Y,, 1931), 53-56.
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Starch is extremely complicated in composition and belongs to
carbohydrate group of chemical substances. It is usually given a for.

mula (66H1005)n° the n and the bracket indicsting that the formuls is

only a simplified form and that the valoe of n iz as yet unknown,

¢

is made of two fractions. One of them (called the A-Fraction) congists

of long chain like molecules., This is unstable in the colioidal sense,
The other fracticn (designated as the BFraction), has very large
branched melecular structure, This fraction is colleidslly stable and
functions as a protective colloidal for the A-fraction, Different types
of natural and modified starches from various sources contain both & and
B fracticns in varying ratios. The difference in properties of these
starches depend primarily on the ratio of A and B fractions present in

1‘ 3
the molecules and on the size and shape of the granules, Some other

5

substances which ars used as starchss are polyvingl synthetic starches

and Sodium carboxyl methyl cellulose. These substances ars not

at all, but belong to different classes of chemical compounds.

Laboratory Testing Methods
Fabric drapeability is the primary physical guality which is
affected by starching., Drapeability is a very complex mixturs of prope

erties, in which main but certainly not the only, facter involved is

5

. 2 : . ; . .
stiffness, The application of sturch to a fabric alse results in a

change in fabric properties other than stiffness, that is, creass

Imons y . ' ot i s ‘
Textile World, "Chemistry of Starch Inberssts Finlshing Man,®
98 (May 1948}, 174-180,

2J° Ho Skirkle, Textile Testing, (Chemical Publishing Co., Brooke
lyn, N. Y., 1949), 121.135,




resistance and crease recovery. Many methods of messuring stiffness and
crease recovery have been developed,

Cantilever is the preferred method for measuring stiffness of woven
fabrie, It is easy to operate and does neot take long timg.l Heart loop
is a suitable method for measuring stiffness of very limp materiszles or

. 2 o g
those which have g tendency to curl or bend.” Planoflex and drapemeter

sre two methods which measure the combination of stiffness and drsping

McCord and others.

lA, S. T. M. {(Committee D-3) Standards for texhile Materi i
lished by American Sociely for Testing Materials, Philadelphis, Pernsyle
vania, 1959), 591-596.

®Thid., p. 591-596.

3Ee R. Kaswell, Textile Fiber Yarn and Fabrics, (Reinhold Publishing
Corporation, N. Y., 1953), 256.297,

YA, S, T. M, cp. cite, Do 591.596.



CHAPTER III
METHODS OF PROCEDURE

The work in this study was divided into two phases: 1. The prepara-
tion of the fabric., This included the selection of fabric and starches,
the selection of suitable concentration of each starch and actual starch-
ing of the samples, 2, The laboratory testing of the effect of the
starches oﬁ fabric stiffness and crease resistance as compared to those

~ of the unstarched fabric.
Preparation of Fabric

Selection of Fabric .

The selection of the fabric used in this study was an important
factor in order to show the‘effect of various types of starches. A
light weight plain woven fabric without a crease resistant finish was
most desirable, because cotton saris are made of a similar fabric., It
was also desirable for the fabric to be a plain dark color, so that
sticking or spotting of the starches, if any, would be clearly visible.,
The fabric chosen was a black non-crease resistant cotton batiste. This

fabric contained very little sizing material which was removed by wash-

ing in an automatic washing machine,

Selection of Starches
Selection of starches was very important, for the 'hand! given by

using the same amounts of different types of starches is not the same.

18



Six starchss were used during this study. They represented almost all
of the different types of materials that are used for starehing in
United States and in Pakistan,

Rice was chossen bseause it is commonly used by the

o

for starching their cotton saris. The rice was used in the

and the paste was obtained by b@iling the graing in waber

of preparing starch is used in Pakistan., Corn starch represanted
commonly used starch in United States and it was used as boiled starch,
Out of the twoe chemically treated corn starches that were selected, one
was a modified cold water soluble starch and the other a modified liguid
starch, The fifth product was based upon sarboxymethyl cellulose (CGMC)
as the stiffening ingredient, It will be referred as CMC starch in fur-
ther discussiens. The sixth starch belonged to the synthebic stavch
classification which contained polyvinyl acetate as basic material,

All the starch mixtures except rics were prepared according to the

directions given on the labels, The amount of varicus materials :
sary to give a medium concentration ranged from 1/2 tablec p& n for corn
starch to 1 = 1/2 cup for (MC. The rics starch was prepared by the

following procedures

Four tablespoons of rice were cooked below the boilling polnt

in two cups of water for 40 minutes, The wixture was sepa-

rated thrmugh 8 ameva without rubbing the rice, Ons.balf

cup of 1liguid waes obtained from this process. This, plus 2

oups of water was used as the medium concentration of rics
starch,

Starching of Pilet Samples

To select the proper concentrstion of each starch, first a pilot

starching of 9 x 9 inch samples was done., Five concentrsa

frem that recommended by the manufacturer for mediam stiffn
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fourth of the recommerdsd light starch concentration wers tried, Bach
starch was diluted with water according to the preportions given in
Table I (p. 38). The samples were starched, dried in the air, and
pressed with a stesm iron set for the cotton,

Since there was no objective method for measuring the stiffness
necessary for a cotton sari, a panel of five members was asked to par-
sonally select the best concentration for each of the six starches. ALl
five of the members of the panel were Pakistanil or Indian wemen who had

draped and wern a cetton sarl before.

and personal choice., Tall and slender members selectsd the gtiffest
samples., One member of average size selected the least stiff sample

ig of

and the other of the same size the most stiff sample on the ba
personal choice, Thus, the results of the panel selection were cone

flicting showing little or no agreement.

Starching of Actual Samples

3. 13

Eighteen samples, 18 x 36 inches were cut from the eobion batlisite

and starched in three concentrations, {(mediuvm, light, and one.fou

light) of each starch., The starch mixtures were prepared acceor

the direstions given by the manmfactwrérge The actusl proporitlens of

water and starches used for these starchings are given in Table IT (p. 39).
The starched samples were dried in the &lr and pressed with &

steam iron at the cotton setling.
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Laboratory Testing

Selection of Testing Methods

Four methods were selected for measuring stiffness., Cantilevsr is
the preferred method for measuring stiffress of woven fabrics by the
American Soclety for Testing materials, and by the Adwninistrative Come
mittee on Standards.l Heart loop is a suitable method for messuring
stiffness of very limp materials or those which have a tendency to ocurl
or bend. The other two methods were modifications of planoflsx and
drapemeter, They are the instruments for measuring the combination cof
stiffness and other draping qualities,

Angle of crease recovery was measured by Monsanto method, In this
method influence of fabric weight and stiffness on angle of craase rs.
covery are largely eliminated and the results are adequate for most

developmental purposes.2

Preparation of Test Specimens
The following specimens for testing stiffness and creass racovery
were cut from each of the 18 starched samples and one unstarvched sarpls

according to the cutting diagrams given in Figure 1, p. 42,

14, 8. T. M, (Committee D-3), Standard for Textils Matarials, (Pube

lished by American Soclety for Testing)Materials, Philadelphis, Ferngyle
vania, 1959), 591.5%.

2E. R. Kaswell, Textile Fiber, Yarns and Fabrics, (Reinhold Pube

1ishing Corporation, N, Y., 1953), L2i.L4eb,
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Crease Recovery

Al fabric specimens were conditioned at the standard ceo

70° F. and 65 percent relstive humidity for 24 hours before testing for

&

(R‘

stiffness and cresse recovery. As both stiffness and crease rsoo:

can be greatly affected by the Prascence molsture, cars was taksn o

avold trsnsfer of moisture from the fingers to the region of the

to be tested,

Measurement of Stiffness

Cantilever. The tester was placed on a horigzontal plati

level, Five warp and five £illing specimens, 1 % 6 inches, from of
the nineteen samples were tested by placing each on the platf Wil

welght on top. The welght and the specimen wers moved slosw

A

until the projecting edge of ths specimen fell te the level of

plane. The lepngth of overhang was recorded., Four such re

corded for each specimen, These wers averaged and then div

to give the aversge bending length. Since t

v welght

were essentially Lhe same, flexural rigiditiss.were not. oa

i -

Heart leop. Five warp and five filling specimens,

from each of the ninebesn samples were tested. Bach sbrlp o
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N
wad

back on itself and clamped so that it hung vertically in & heart shaped
loop under its own weight. The length of this loop was measured in
centimeters after one mimute, Two such readings were obbained from
esgch side of the spscimen, The aversge length of the hesrt loop was

caleulated for each sampls,

Anple of Cressing. To measure angle of cressing, three L£illing

‘\5/

and two warp specimens wers cub from each of the ninetesn fabric samples,
Each specimen was clamped on g ¢lipbosrd in sueh a way that the free end
touched the zero mark of the scale drawm on the other end, The free snd
was then moved slowly until a wrinkle apreared in the specimen, The
angle through which the specimen was rotated was read from the scals

Such a test would roughly corre gpond to a planoflex test. Tuwe such
readings were tsken from each side of the specimen and the average for

ach sample was caloulated,

Drapemeter. Two £filling and one warp spseimen, 5 x 10 inches,
were cut from eazch of the nineteen fabrics, Each specimen wss tested

on an improvised drapemeber by hanging from a semi

in diameter, which was supported by a clamp over a nd

chord length of the lower edge of the specimen, as seen in the wmirror

was read using a csnbtivster scale., Two such rsadings on

of the specimen ware made, These were then sveraged,

Measurement of Crease Recovery

The Monsanto method for measuring crsass rscover:

gtudy. Flve warp and five f£illing specimens,

were cut from each of the ninetesn fabrle samples.
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under a 500 gram weight for five minutes, one end of the creased cutting
was held firmly in the clamp while the other hung free and was brought
into coincidence with a vertical line on the tester. The angle which
the free end made with the clamped end after a five minute suspension
was recorded as the crease recovery angle, The average crease recovery
angle was calculated for both the warp and filling directions of each
of the nineteen samples.



CHAPTER IV .
DISCUSSION OF RESULTS

A comparison of the samples starched in three boncentrations of six
types of starches was made on the basis of spotting,'stiffness and crease
recovery. The three solid starches caused qutting, this was especially
obvious in the case of rice starch., The stiffness and crease recovéry
were compared to that of an unsfarched sample, {The stiffness imparted to
the fabric samples was/qggggglx“p;gpgptigéal to the starch concentrations.,
ihg stiffest fabric was obtained from the medium congentration of liguid
corn starch. ;The low concentrations of all starches produced practicaliy
no increase in stiffness since the bending lengths of the starched sam-“
ples were about the same as those of unstarched sample.

" In general, the crease resistance was inversely proportional to the
starch concentration. Xhat is; crease resistance was lowered as the

starch concentration was increased for all starches except CMC and cold-

water soluble starch where the reverse was true.
Effect of Starching

White Spotting

| The liquid starches, that is, liquid corn starch, CMC and synthetic
vstarch, gave better penetration of the fabric than the solid starches
because of their lower viscosity and left no mark on any of the samples
at any concentration, However, spotting was caused by all three solid

starches, that is, coldwater soluble starch, corn starch and rice starch,

25
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at all concentrations., In the case of coldwabter soluble starch and corn
starch there were several white spots, bub rice coated the fabric more
completely, This coating was not continuous, but it was very obvious

on the fazbric starched at the medium rice starch concentration.

Stiffness

The stiffness produced by the six starches was comparsd with that
of an unstarched sample. In general, the stiffness was directly propor-
tional to starch conceniration, that is, stiffness was decrsased as the
concentration was lowered.,

The stiffness was measured by four methodss Cantilever, Heart loop,
Angle of creasing, and Drapemeter., The averages of the results obiained

using these methods are given in Tables III (p. 40) and IV (p. 41).

Cantilever, The cantilever method measured the bending length in centi-
meters. The values obtained were proporticonal to the starch concentra-

tion for all of the starches. The higher concentrations gave longer

3

p]

bending lengths and the bending lengths decressed as the concentration
were lowered. The range between the bending lengths of most stiff and
least stiff samples was l.4 centimeters.

The difference in the bending lengths produced by the medium cone
centrations of the six starches was 1.2 centimeters. Also, all of the
£i1ling samples had slightly higher bending lengths than the correspond-
ing warp samples, and will be used in the further discussion of resulté.
The most stiff sample was produced by liguid corn starch (bending length
2,8 centimeters) while the cne starched with CMC was the least stiff {1.7
centimeters). Rice was next to liguid corn starch in stiffening power
(2.7 centimeters). The stiffness given by coldwater soluble starch and

corn starch was the same (2,4 centimeters), while that given by synthstic
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starch was 2,2 centimeters.
A1l the samples starched in one.fourth of the light concentrations
were very limp. The filling bending lengths of the samples treated with

synthetic starch, CMC and ceoldwater soluble weres the same as thab o

[

original sample (1.5 centimeters). Corn starch and rice starch were
next (1.7 centimgﬁers) while liguid corn starch was meost stiff (1.8
centimeters). |

Contrary to the opinion expressed by Grimes and Wefmanl that
carboxymethyl cellulose produced more stiffness than the cother starches
used in their study, it was found during this work that samples treated
with CMC were the least stiff. Likewise synthetic starch, which heas
been claimed to produce stiffer fabricsn2 gave samples next to CMC in
limpness. In both of these cases, this reversal of effect may have besn
due to the use of lower concentrations than was used in the previous

work.,

Heart loop. In the heart loop method the length of the loop measursd
corresponded to the bending length of the cantilever method. However,
in this case the loop length was smaller for the stiffer samples and
longer for the limp ones., Again, the results showed good correlation
with the three starch concentrations of esch starch (Tables 11T, p. 40,
and IV, p. 41). That is, the loop lengths always increased as the con

centration of each starch was lowered. In general the increase in stifif.

lM ke Grime and C. A, Werman, "Effectiveness and Serviceability
of four Home applied Finishes," Texas Agricultural Experiment Station
Bulletin, (19577, No. 853,

20onsumer Report, "Plastic Starches," 14 (June, 1949), 27L.272,
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ness over the unstarched sample was greater in the filling direction
than in warp.

The filling loop lengths for the samples starched in the medium
concentrations ranged from 3.3 to 2.6 centimeters., Rice caused most
stiffening whi;e synthetic starch and CMC gave limpest samples. Liquid
corn starch and coldwater soluble starch gave samples that were nearly
as stiff as those treated with rice starch. While the samples treated
with corn starch were almost as limp as those treated with CMC.

When the concentration was lowered to one-fourth of the light, the
ranking of the starches was changed slightly. Rice which gave the
stiffest sample at the higher concentration, was slightly less stiff
than CMC. Liquid corn starch and coldwater soluble starch were the

lowest.

Angle of Creasing. The angle of creasing tended to increase slightly

as the starch concentrations were lowered (Tables III, p. 40 and IV,
p. 41), However, this method did not seem to be as sensitive as the
first two used.

The values for the angle of creasing in the filling direction
ranged from 2.3-4,00 for the medium concentrations of all starches.
Rice caused greatest and synthetic starch the least stiffening. Corn
starch was next in stiffness (3.0°) while CMC, liquid corn starch and
coldwater soluble starch had the same angle of creasing, (3.7°).

The synthetic starched sample was rated most limp at the one-fourth
of the light concentration, It had an angle of 6.0° as cempared to 6.7°
for the original fabric. Liquid corn starch was next in limpness (5.2%)

CMC and coldwater soluble starch had the same angles (5.0°) and rice
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and corn starch were next (6.3% and 3.0°).

Drapemeter, There seemed to be poor correlation between the measured

chord lengths and the starch concentrations ﬁith which the samples were
treated (Tables III, p. 40 and IV, p. 41). The chord length did decrease
as the concentration was lowered except in the case of synthetic

starch {Filling) and synthetic starch and rice (warp).

Crease Recovery

In general, there was quite good correlation between the angles of
crease recovery and stiffness of the samples (Figures 8 and 9, pp 49 and 50).
The crease resistance was less for the higher concentrations of all
starches, except CMC and coldwater soluble starch, where the opposite
was true., The decrease in crease recovery was greatest in the filling
direction where the stiffening effect of the starches was greater.

The CMC sample had the highest filling crease recovery (89°) at
medium concentratien, while the rice sample had the lowest (650) in the
filling. The coldwater scluble starch, corn starch, liguid corn starch
and synthetic starch samples followed CMC in crease recovery with angles
of 86°, 72°, 69°, and 67°,

Even the one-fourth of the light cencentration conslderably lowersd
the crease recovery of all samples, CMC with the highest cresse recovery
at this concentration, ?909 was 150 less than that of the original sampls,

95°,

Comparison of Methods of Stiffness Measurement
The cantilever method gave the best results in this study since the

bending lengths obtained by this method were proporticned te the three



concentrations for all starches. It seemed to be slightly more sensitive
to the differences caused by the starches than was the heart loop method,
In addition, the apparatus was easy to operate, took the least time, and
it was easy to avoid handling the spesimens with fingers,

The heart loop method was next to cantilever in the accuracy and
sensitivity of the results., There was an inverse correlation bebwsen
starch concentration and sample loop length. However, the differsnce
between the warp and filling measurements or between starches were not
as prpnounced as they were in the case of cantilever test. There was a
close relationship between the results of the cantilever and heart loop
methods as can be seen in the scatter diagrams plotted in Figures 2 and 3,
pp. 43 & 44, It was not very easy to do this test and the handling of the
samples with the fingers was difficult teo aveid.

The method for measuring the angle of creasing was not as satise
factory as the above two methods. This test was not very sensitive to
differences in stiffness caused by varying the starch concentrations.
Neither did it show the difference between the warp and filling stiffness
shown by the first two methods, The correlation with the resulits of the
cantilever was much poorer than that obtained by the hsart loop method
(Figures 4 and 5, pp. 45 & 46), Again, the apparatus was not easy to operabs
and handling of specimens with fingers could not be avoided. This may
partially account for the poor results and for the poor correlation with

the other methods,

The drapemeter method was the least sensitive and the lsagst rel
ble. The chord lengths measured by this method did not vary greatly as

the concentration was varied,



Likewise, the chord lengths measured with this msthod showsd ro
correlation with the bending lengths measured by the cantilever meinod

(Figures 6 and 7, p. 47 and p. 48).
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CHAPTER V
SUMMARY

In Pakistan cotton saris are very popular. The cotton fabric,
though it may look very beautiful and elegant, also creates some prob-
lems for the wearer. As the sari is an untailored dress, part of its
beauty depends upon the draping qualities of the fabric. The softer
the fabric, the better it will drape, yet the cotton fabrics used in
saris must be starched in order to give them adequate body and smooth-
ness. Therefore, the objectives of this study were: 1. To compare
the effect of different types of natural, modified and synthetic starches
on the stiffness and crease recovery of a cotton fabric, 2. To compare
and evaluate the methods for measuring stiffness, 3. To compare the
effect of starches on crease recovery.

Six starches, corn, CMC, coldwater soluble, synthetic starch, rice,
and liquid corn starch, were tried on a black cotton batiste. Three
concentrations, medium, light, and one-fourth of the light were selected,
Starch mixtures were made according to the directions given on the label
for each starch except rice, which was prepared according to the method
used by the Pakistani women.

The 18 samples obtained by starching the cotton fabric in the above
starch mixtures were compared with the original fabric for spotting,

stiffness, and crease recovery.
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I White spotting was observed in all of the samples treated with
solid starches, that is, corn starch, coldwater soluble starch, and rice.
This spotting was most obvious in the sample starched with rice.

J. Stiffness was directly proportional to the starch concentrations,
Liquid corn starch and rice gave the stiffest samples while CMC gave the
limpest samples.

7. Crease recovery was inversely proportionszl to starch concentrations
for all starches except CMC and coldwater soluble starch., In these two
cases the crease recovery was higher for the higher concentrations.

Four methods, cantilever, heart loop, angle of creasing and drape-
meter were used to measure the effect of starches on the stiffness of
this cotton fabric.

The results obtained by the cantilever and heart loop methods
seemed to be the most sensitive and accurate of the four methods. Of
these two, the cantilever was easiest to perform. The angle of creasing

and drapemeter methods did not give satisfactory results.

Recommendation for Future Research and Teaching

The results obtained from this study could be utilized by the author
for future research in college of Home Economics, Karachi, Pakistan. The
cotton saris starched in different concentrations of natural and synthetic
starches may be used. These saris may be given to college students and/or
staff members to be worn for certain periods of time and may be evaluated
by a panel as to the stiffness, wrinkling and general appearance, Objec-
tive tests in the textile laboratory could be made before and after
several washings and the comparative effects of starches could be deter-

mined.



3

The information from this study may be used io encourage the in-
dustries to manufacture less expensive synthetic starches. Even if
synthetic starches remain comparatively more expensive than the natural
rice and wheat starches, they would be economical in the long run as
their effect is more lasting and can stand several washinésa

One of the main responsibility of the author in the college of
Home Economics would be to teach textile in the department of cleothing
and textile., The understanding gained about the mechanism and proper-
ties of starches will enable her hetter to explain it to her students.
The knowledge of effect of various starches would help her in suggest-
ing a better method for starching and lgundering the much used cotton

saris.
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TABLE I

Starch Concentrations used for Starching of Pilot Samples

Starches Amount
Medium 1/2 Medium __ Light 1/2 Light 174 Light
1, Rice* 1/2c+2¢ lc of 1 + lc of le of 3+ 1lc of 4 +
H,0 1cHDO 2+ le 1 ¢ H,0 1 ¢ H,0
2 2 2
H O
-
2. Corn 1/2T+2 1lc of 1 + lc of lc of 3 lc of 4 +
starch ¢ H.O lc H,0 2+lc + lc lc H.O
2 2 2
H,0 H.O
2
3. Coldwater 2T+2¢  1T+2c 1/2T+ 1/4T+2¢ 1/8T+2¢
soluble H20 H20 2¢ H20 H20
starch H20
4, Liquid 141/3¢ lcof 1 lc of lc of 3 lc of 4
corn +2 ¢ + lec H20 1+lec + lc + lc H20
starch H20 HO H20
2
5. CMC 1.1/2¢ 1lcof 1 1/3 ¢+ 1lc of 3 lc of 4
+ 2¢ +1ec 2c + lec + 1lc H20
H,0 H,0 H,0 H,0
6. Synthetic 6T +2¢ lc of 1 lc of lc of 3 lc of 4
starch H20 +1 ¢ bodp o2 5 + le + lec H O
H,0 H,0 H,0 2

* Four Tablespoons of rice were cooked below boiling point in two cups
of water for 40 minutes. The mixture was separated through a sieve
without rubbing the rice. The liquid so obtained was half cup. This
+ 2 cups of water gave us the medium rice starch.



TABLE IT

Starch Concentrations Used for Starching of Fabric

Starches Anmount
Medium Tight 174 Tight
1. Rice 1/2¢ + 1 lc of 1 lc of 2 +
C H2O + le ie H,.O
2
H,0
P
2, Corn starch 1/2T + 2¢ le of 1 lc of 2 +
H20 +1c¢ le H O
2
H,.C
2
3. Coldwater 2T + 2¢ 1/2T + 1/8 7T + 2
soluble starch HQO 2¢ HQO c H.O
2
4. Liguid corn 1+1/3¢ lc of 1 le of 2 +
starch + 2¢ H20 + lc lc HQO
H20
5. CMC 1.1/2 ¢ + lcofl lc of 2 +
: 2c H20 + 1 c lc HO
H,,0 2
6. Synthetic 6T + 2¢ le of 1 lc of 2 +
starch H.O +1c lc HO
2 5.0 2
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TABLE III

Filling Stiffness and Crease Recovery of a Cotton Batiste

Treated with Six Starches
Test Methods

Cantilever Heart Loop Angle of Drapemeter Angle of

Starches Bending Loop Length Creasing Chord Cregse
Length in in cm. Length in Recovery
Cllla Clil,
Unstarched 1.5 4,3 6.7 9,2 95
l. Rice
Medium 2.7 2.6 2.3 10.2 65°
Light 2.1 3.5 3.7 10.1 73°
1/L Light 1.7 3.9 4.3 10,3 77°
2. Corn starch
Medium 2.4 3.2 3.0 9k 72°
Light 1.9 3.7 3.3 9.3 76°
1/L Light 1.7 1,0 3.0 9.6 75°
3. Coldwater
soluble starch
Medium 2.4 2.9 3.7 10.4 84°
Light 2,1 3.3 4.0 10.2 75°
1/4 Light 1.5 3.8 5.0 9.8 70°
4, Liguid corn
starch
Medium 2.8 2.8 347 9.9 67°
Light 2.3 3l 4,0 9.9 734
1/4 Light 1.8 3.8 5.7 9.7 75
5, CMC ,
Medium 1.7 3.3 3.7 9,7 86°
Light 1.6 3.5 5.0  10.4 710
1/L Light 1.5 3.8 5.0 9.2 69°
6. Synthetic
starch o
Medium 2,2 3.3 4,0 10.8 €9
Light 1.8 3.8 5.3 10.5 77
1/ Light 1.5 4,1 6.0 10,4 79°
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TABLE IV
Warp Stiffness andwgfgg§9w3§39yery of a Cotton Bstiste
Treated with Six Starches
Test Methods

Cantilever Heart Loop Angle of Drapemeter Angle of

Starches Bending Loop Length Creasing Chord Crease
Length in in cm, » Length in Recovery
G, Cllle
Unstarched 1.5 L4 6,0 9.1 90Y
1. Rice
Medium 2,1 2.8 2.5 10,3 787
Light S 1,9 3.4 3,0 10.2 859
1/4 Light 1.5 3.7 4.5 9.2 96°
2., Corn starch
Medium 1.8 3.6 2 9.7 _82°
Light 1.8 3.8 3.5 10.3 86°
1/h Light 1.6 4,1 305 9.8 88°
3, Coldwater
soluble starch
Mediun 2,3 2.9 3.0 10.2 8L°
Light 2.2 3.0 3.5 10.6 84°
1/ Light 1.5 b1 1,0 9.0 75°
L, Liguid corn
starch )
Medium 2,7 2,7 3.0 10,0 83°
Light 2.3 3.1 4,0 9.6 85°
1/4 Light 1.6 3.8 L,5 95 8av
5, CMC .
Medium 1.6 3.4 4 9,5 89;
Light 1.5 3.7 L 10 80~
1/4 Light 1.h4 4,1 5 9.5 79
6. Synthetic
starch o
Medium 2.1 3.2 3 10.1 83
Light 1.7 3.9 L 10.1 89°
1/4 Light 1.5 b, 2 Ly 9.7 86°



A = Angle of Creésing = 3 x 10"
C = Cantileverammm—m- =1 x 6" -
¢ = Crease Recovery-- = 1-1/2 x L4 g;m,
D = Drapereter-——ce-- = 5 x 10"
H = Heart Loop——-=-- -~ =1 x 6"
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Figure 1., Cutting Plan-Fabric Sample Marked with Test Specimens
(3/16" = 1 inch) ’
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