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I. INTRODUCTION 

The purpose of a domestic sizing is to provide a temporary finish 

for fabrics. There are two general classes of domestic sizings on the 

market today, vegetable starches and synthetic starches. The synthetic 

starches may further be divided into the semi-permanent types which are 

retained in the fabric through several washings and those which have to 

be added to the fabric at each latmdering. 

This study is primarily concerned with the differences produced 

in percale by treatment wi~h a corn starch and a temporary plastic 

starch. 

The objectives of this investigation were to: 

1. Determine the change in certain properties of percale at 

various periods of laundering when treated with two types 

of sizing. 

2 . Analyze the results statistically in order to find the 

relationship between certain properties of the fabric 

which are due to its treatment. 



II. REVIEW OF LITERATURE 

The ideal domestic sizing not only stif'fens the fabric but a.lso 

adds t~ its attractiveness by making it smooth and pliable. Proper 

starching helps to keep garments clean for a longer period of time by 

covering and holding down the surface fibers that catch the dust. The 

dirt that does collect can usually be removed more easily from starched . . . . . . . . . 

than unstarc~d fabrics. 

The effects of starch on the serviceability of textiles d~pends 

considerably upon how tb,e f'abric is used. The life of fabrics which 
: .:·. ·.. . .' .. . ' •', .... ,, . . . ' . . · .. " .. · . ' . . . : . 

are subjected to abrasion are extended by t:reatment '.With starch since 

it assists the fabrics to resist abrasion, but if the fabrics ar,e sub

jected to flexing it tends to shorten their life since the starch tends 

to make the fibers more brittle. 

The finish which is applied to fabrics also affects its permeabil-
• • , , . ' I ' , 

ity to air. Besides the finish, the permeability of a fabric to air is 

dependent upon the actual area between the yarns, the nmber or open 

spaces per 1mit area, and the thickness or th~ fabric. 1 

While permeability to air is not desirable for fabrics used fflr 

such purposes as vacuum cleaner bags, sailcloths, and 'balloon clotll 1t 

is desirable in most clothing fabrics since the question of heat losses 

by convection is closely allied tirith air permeability. 

l F. H. Clayton, "The Measurement of the Air Permeability ot Fab
rics," The Journal of the Textile Institt1\I, XXVI (19.35), 1'172, TlSO. 
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Several methods have been proposed to measure the air permeability 

of fabrics o Haven2 has described an apparatus which measures the back 

pressure which is developed when air is rorced through a fabric at a 

constant rate; however this apparatus is complex and rather expensive. 

Other apparatus have been designed to measure the rate of flow of 

air when it is forced through a fabric at a constant pressure o The 

Frazier machine is often used for this process o It has a suction fan 

which draws the air through a known area of fabric which is clamped over 

an orifice o The speed of the fan can be regulated and orifices or dif

ferent sizes are supplied to take care of fabrics of different degrees 

of permeability.3 

A third method measures the time required to force a known volume 

of air at a standard pressure through a fabric. A device which uses 

this principle was designed by Skinkle4 and is called an Apermeter. 

This apparatus was selected to determine the air permeability of the 

fabric in this study since it was simple to build and to operate. 

As stated previously, one of the. reasons for starching fabrics is 

to add stiffness or body to the fabrics. Nt1D1erous methods of measuring 

the stiffness of a fabric have been proposed . MacNicholas and Hedrich 

have suggested a method which measures the thickness of a folded sam-

ple. A strip or fabric J inches by 9 inches in size is folded back on 

itself, and the height of the fold when compressed by various loads is 

measured . 5 

2 George B. Haven, Mechanical l"abrics, Hew Yorks (1932) ., 313-315. 
3 John Ho Skinkle, Textile Testing, BrooklJn3 (1949), 93, . 
4 Ibido, Po 950 .. 
5 .illgo, Po 123 
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A method originated by Peirce6 is called the hanging he~t or heart

loop method. A strip of fabric is folded back on itself and clamped so 

that it hangs in a heart shaped loop. The length of the loop is measur

ed, and the stiffness is inversely proportional to the length o.f the 

loop. 

A method developed by Dreby7 measures the distortion angle through 
. . . . . . . . '• . : , . 

which a .fabric may be distorted in its own plane without producing wrin-
. -·. . . " 

kles in the .fabric. The apparatus for this method is called a Plano.flex. 

Several methods which use the principle of projecting a strip o:f 

fabric f'rom a horizontal plane, have been suggested. Chu, Cummings., 

and Teixeira8 proposed such a method in which the overhang of the fabric 

corresponding to a given angle is measured rather than the angle corres

ponding to a given overhang, the latter method being that suggested by 

Peirce.9 From Bickley's data, it was :found that the bending length is 
. . 0 

one-half the length of the overhang when an angle of dip of 41 is 

used.10 The method of Chu, Cmmings, and Teixeira with the const8,¥lt 

angle being 41° was adopted for measuring the stiffness of the specimens 

in this experiment since it simplified the calculations an~ also the 

equipment required. 

6 F o To Peirce, "The Handle of Cloth as a Measurable Quanti t7., n IJ1I 
Journal or the Textile Institute, XXI (19.30), T.:377-T416. · · · · 

7 Edwin Co Dreby., "The Planoflex,".J\merican Pr,st;t(.t' Reports:, XXX 
(November 24~ 1941), 651-654, 665-666. · · · · · · 

8 C. Co Chu, Co L. Cummings, and N. A. Teixeira, "Mechanics ot 
Elastic Performance ot Textile Materials," Tgxtile Rese·arch Jo~, XX 
{August, 1950), 548. , . . . . . 

9 . •' 
Peirce, op8 eit., XXI, T.377-T4].6. 

10 No ·Jo Abbott., "Measurement ot Stittness in Textile Fabrics," I.II~ 
tile Research Journal, XII (June, 1951)., 44.3~ · · · · 



III. THE EXPERIMENT 

A. Introduction 

Several tests were selected to dete.rmine the differences in per

cale as a result of treatment with two types of starchg a plastic 

starch, sold under the trade name 11Glosstex," and Faultl9.ss Starch, 

a well lmown corn starch. The tests which were made included air per

meability, stiffness, breaking strength, weight, and yarns per inch. 

Percale was selected as the fabric on which the tests were made 

since it is a typical clothing material which is usually starched dur

ing the process of laundering. The percale was of the 80-square type, 

and no information concerning t~e probable shrinkage or color fastness 

was known. 

The fabric was subjected to a series of launderings with th~ test, 

being made at specific intervals. 

B. Selection and Preparation of Test Samples 

In or der to obtain as much tmiformity in the samples as possible, 

the samples used for all the tests were taken from a single bolt of~

cale . 

The samples, which were ~ inches by 81- inches, were marked ott on 

the material, three samples being taken across the width or the cloth. 

A 2-! inch border along one selvage was discarded, and the 8 inch strip 

along the other selvage was cut into squares and used for replacements 

for samples whi ch were removed for testing at the laundr7 intervals. 

In order to know the exact original location ot each sample in the 



bolt 1 a. special method of numbering the samples was employed. The num.

ber on each sample denoted the number or the row and the column from 

which it was takeno The samples were numbered with indelible ink after 

which they were hemmed on all sides to prevent raveling. 

The s·amples were selected at random for the different tests. To 

do this, numbers from l to 399 (399 being the total number of samples) 

6 

were assigned to the samples in consecutive order. These number, were 

written on separate slips of paper t inch by t inch., shuffled, and drawn 

one at a time. As the numbers were dra't-m they were recorded in groups 

or five since all the tests required five samples. The tests were as

signed at random to these groups and~ matching these ntllllbers with the 

corresponding numbers on the samples, it was possible to know the t.est 

for which each sample was to be used. 

Although this procedure for sampling may appear on the surface to 

be unnecessarily laborious, it provided completely randomi~ed sampling 

of the peroaleo 

C. Laundry Procedurt 

All the samples were w.ashed together during the torty l_aunderings. . ' . " ' ' ' ' ' 

As samples were removed trom the washing routine tor testing, they were 

replaced by pieces of' the same ta.bric as the original., the pieces being 

the same size as the hemmed samples used in the experiment. 

The· samples were washed in a semi-automatic, agitator type m~chine 

for 10 minutes, usin~ water at 52° Co (12506° F.) and enough detergent 

to produce a good suds. After the washing period, they were allowed to 

spin dry for two minutes, followed by two one-minute rinses in water at 

38° c. (10004° F.); the final spin dry period being four minutes. 

The samples were hung indoors to dry completely befor~ they were 
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starchedo After they were drr, they were divided into three groups: 

one .group consisting of' samples which were starched with plast~c starch, 

the second group consisting of' samples which were starched with co~n 

starch, and the third group consisting of' control samples which were not 

starchedo 

A temperature of' .38° o. (100.4° F) was used tor the starch solu-

tions, the concentration being one teaspoon to one pint of water tor the 

corn starch and one part of starch to six parts ot water tor the plastic 

starch. 

The starched samples were passed two at a time tbr.otlih a constant 

pressure and speed wringer to obtain a uniform saturation, af'ter which 
.. .• i ' • ' 

they were hung inside to drr completely again before being sprinkled 

for ironingo 

Water 0£ the same temperature as that of the starch solutions was 

used £or sl)l"inkling the samples, with approximately the same amount be

ing used each timeo The sprinkled samples w:ere allowed to af!t at leaat 

one hour, after which they were ironed with a mangle using the same set

ting tor heat and speed each t1me4 The direction in which the samples 

were ironed was alternated from warp to filling at each 1avnder1na. 

D. Descriptio~ of 4PRKl:tM 

Air Permeability Apparatus: 

A modification of the method used by Skinkle1 was emplored to de

termine the air permeability of the percale samples. The appa.ratua 

(see Figo l) was composed ot a Water Reservoir (A),· connected by rubber 

tubing to one outlet or a Condenser Jacket (B). The other outlet of 

l Skinkle, op9 a,;t;i, 9S. 



1<'i~ . 1 Apparatus for Air Permeability Test 00 



the condenser jacket was connected by rubber tubing to a Glass Funnel 

(C). One outlet of the fllllilel contained a Glass Stopcock (D), a second 

outlet being connected by rubber tubing to the Sample Holder (E). The 

sample holder had two concentric three-eighths inch orifices in the 

plates between which the samples were placed. These orifices allowed 

the air to pass through the fabric when a sample was clamped in place. 

Stiffness Apparatus: 

9 

The apparatus used to determine the stiffness of the specimens con

sisted of a block of wood Jt inches wide, 5t inches high, with an overall 

length of 11,t inches. The top or the block consisted of a 7t inch hori

zontal platform, at the end of which was a second plane slanted at a 

41° angle to the horizontal plane. An architect's ruler was used to 

measure the degree of stiffness or the specimens. 

E. Test Procedure 

Fifteen samples of percale, five each of control, corn starch, and 

plastic starch were used for the air permeability test. The samples 

were marked off in three-fourths inch squares, making a total of Sl 

squares on each sample. Only one test was made on each square. 

The test for air permeability was made on the new fabric and before 

and after the samples were starched following one, ten, twenty, thirty, 

and forty washings. 

To make the test, a sample was clamped in the sample holder with 

the orifices in the plates placed over a square on the sample. The 

stopcock was opened and the -water bottle was raised until water flowed 

into the fllllilel leaving the distilling jacket completely' filled with 

water. The stopcock was then closed and the water bottle was placed on 

the table. A stop watch was used to time the flow of the water from 
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the jacket. The stopwatch was started when the water was level with 

the entrance to the jacket and stopped when it passed the exit of the 

jacketo The time was recorded and the sample was taken f'rom the sample 

holdero The square which had been tested was crossed out, and the sam-

pl e was then reinserted and tested on a different square, the squares 

being selected at randomo A total of seven tests were made on each sam-

pleat each test periodo 

In order to determine the stif.t'ness of the percale, three six inch 

by one inch specimens were cut from each of five warp and five filling 
\ . 

samples of the new material ~d from each or the control and starched 

groups, after the first, tenth, twentieth, thirtieth, and fortieth 

laundering so 

The specimen to be tested was placed on the horizo~tal plane or 

the wood block. A ruler was placed over the speed.man with the zero 

even with the end of the speciman, both were moved slow.11 ott the edge 

of the plane until the speciman dipped and touched a second plane whioh 

was slanted at a 41° angle to the horizontal plane . 

The reading on the portion or the ruler which extended be7ond the 

edge of the horizontal plane was recorded. Four readings tor each spec

imen were taken, one f'rom each end with the ~ight aide up, and one trom 

each end with the reverse side up. In the anal71ia or the data, the 

four readings for each specimen were averaged, and each average was 

treated as a single measure of stiffness £or each specimen. 

In making the tests for weight, five each or the control, plastic 

starch, and corn starch samples were hemmed extra caretully' to prevent 

any loss or weight due to raveling. The weight in grams was taken on 

the basis or the weight or the five samples trom each group. The 
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weights were taken after the samples had been conditioned at a stand~d 

atmosphere of 65 ! 2% relative humidity and 70 ± 2° Fo for at least four 

hours. The samples were weighed when they were new and before they were 

starched at the same laundry intervals as the air permeability and stiff-

ness tests were ma.deo 

Procedures of the American Society for Testing Materials were fol

lowed in making tests for the number of yarns per inch and for breaking 

2 strengtho The breaking strength (raveled-strip method) and number of 

yarns per inch were determined on the new fabric and before starching 

after the first, twentieth, and fortieth launderingso 

2 American Society for Testing Materials, Committee D-13, A, S1 T, M, 
Standards on Textile Testing, Philadelphia: (October, 1951), 139, 141, 



IV. DISCUSSION OF RESULTS 

Air Permeabilit;r TE3st 

The analysis of variance (Table I) for air permeability shows 

there was a difference in the treatments of the percaleo The breakdown 

of the treatments into the different comparisons shoved that the within 

control, within corn starch, and within plastic starch among washes sam

ples did not change significantly over the test periods, but there was 

a very significant difference in the air permeability of the corn starch 

compared to the plastic starch when they were avt3raged over all the 

test periodso The over~all mean for the corn starch was 14083 seconds 

compared with 13003 seconds for the plastic starch; thus the samples 

which were treated with corn starch were less permeable to air than 

those treated with plastic starch. 

No differences were found in the residual effect between the control 

and starch samples; however the mean square, 37044, indicated there was 
.· ' ··. . . .. . . . ' 

a significant difference in the residual effect between the two sttirches. 

Further study of the over-all means for the plastic, starch, before 

and after starching, showed that the samples which were starched were 

more permeable to air than those tested before they were starched. The 

over-all means for the corn starch, before and atter starching indicated 

that just the opposite was true for the corn stareho 

Since the starches had opposite effects on the air permeability of 

the percale, it is not possible to know, by this test, vhich set of sam

ples retained the more starch from washing to washing even though the ·. 
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· TABLE I 

AIR PERMEABILITY ANALYSIS OF VARIANCE 

. Degrees of . Mean 
Source 0£ Variation · ·Freedom Sgwµ:e .... 

Total 839 
Treatmentsl 23 21.62** 

Control VSo starches 1 11.69 
(averaged over the washes) 

Corn stareh vso plastic starch 1 2~4.22** 
(averaged over the washes a.£ter starching) 

Residual effect (control vs. starches before 1 7oS5 
starching ave. over washes) 

Residual between starches 1 37044* 
(averaged over the washes before Starching) 

Within control among washes 4 '7.28 

Within corn starch among washes 
(after starching) 

4 6.93 

Within plastic starch among washes 4 12.39 
(after starching) 

Between samples in treatments 96 6.28 
(experimental error) 

Between specimens 720 2.S9 
(sampling error) 

Means 
{In Segondg) 

. No. of ·corn Starch Plastic ·starch 
Washings Control B2 Starching A, Starchin&. B, Starching A, Starching 

l 14.22 14.22 1;.62 14.22 l.3.92 
10 l.3.49 13026 14070 13.99 12.33 
20 1.3.49 l.3oJ7 1,~.68 13.48 12.69 
30 12.87 l.3.99 U, .. 65 14.90 13.18 
40 lJ.01 12.2J :!Jiia2l JJulJ. iJ.OJ 

Total 68.08 67.77 74.16 70.70 ;.15 

Over-all 
Means lJ.62 1.3.55 14.S.3 14.14 1.3.03 

1 The contrasts made in the breakdown for the sum of squares for treat
ments are not orthogonal; therefore some of the results are expected to be 
correlated. · 

** Denotes significance at the 1% level. 
·*Denotes significance at the 5% level. 



mean square for this comparison was significant. 

Yarns Per Inoh Test 

Warp Direction: 

14 

The analysis of the results or the yarns per inch test for the warp 

yarns is shown in Table II, There was a difference in the treatinents 

as shown by the following contrasts: (1) new versus. others (averaged 

over the washes), (2) within control among washes, and (3) within corn 

starch among washes. 

The mean for the yarns per inch of the new samples as compared to 

the others, indicates that this difference was due to shrinkage. Since 

the control means displayed a decrease at each test period after the 

first laundering, this difference can only be attributed to lengthening 

of the filling yarns. Further analysis showed that the response was a 

linear one, that is, the yarn count decreased at a uniform rate. 

The corn starch samples also showed a uniform decrease in the warp 

yarns per inch, but it is not known whether this was due entirely to 

the lengthening of the filling yarns or whether the corn starch had a 

tendency to spread the yarns apart, thus causing a lower count. 

The plastic starch means also exhibited a decrease in the number 

of yarns per inch, but the decrease was not signit'ioanto 

Filling Direction: 

The analysis of the yarns per inch for the filling yarns (Table 3) 

indicated a significant difference in the trea.tmentso 

The differences which were exhibited in the (l) new versus others; 

(2) within control among washes; (3) within corn starch among we.shesJ 

and (4) within plastic starch among washes are attributed to shrinkage 

of the percale. 



TABLE II 

YARNS PER INCH (WARP) ANALYSIS OF V4RIANCE 

Source of Variation 

Total 
Treatmentsl 

Control vso starches 
(averaged over the washes) 

Corn starch vs. plastic starch 
(averaged over the washes) 

lqeW VSo others 
(averaged over the washes) 

Within control among washes 
Linear 
Quadratic 

Within corn starch among washes 
Linear 
Quadratic 

Within plastic starch among washes 
Linear 
Quadratic 

Between samples in treatments 
(experimental error) 

Between counts 
(sampling error) 

Means 
(In Yarns Per Inch). 

. Degrees of 
Freedom 

119 
7 

1 

1 

1 

2 
(1) 
(1) 

2 
(1) 
(1) 

2 
(l) 
(1) 

32 

so 

·Mean 
Square 

15 

20.29** 

1.42 

1.31 

98.06** 

8.09** 
16.1.3** 
0.044 

18060** 
.36.JO** 
0.90 

3.76 
5.6.3 
1.88 

1.18 

0.97 

No. of 
Washings New Control Corn .§.larch Plastic Starch 

0 
1 

20 
40 

Total 

Over-all 
Means 

1 

86020 

86.20 

86.~W 

90.00 
89,33 
88,2J 

267.86 

89.29 

90o00 90.00 
88.60 89.1.3 
fil.80 S9.1J 

266.40 268.94 

88.80 89.6; 

The contrasts made in the breakdown for the sum. of squares for 
treatments are not orthogonal; therefore some of the results a.re ex
pected to be correlated. 

** Denotes significance at the 1% level. 
* Denotes significance at the 5% level. 
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TABLE III 

YARNS PER INCH (FILLING) ANALYSIS OF VARIANCE 

Degrees of Mean 
Source of Variation Freedom Square 

Total 1 119 
Treatments 7 73.98** 

Control vs. starches 1 11.76irn 
(averaged over the washes) 

Corn starch vs. plastic starch 1 0.60 
(averaged over the washes) 

New vs. others 1 378.69** 
(averaged over the washes) 

Within control among washes 2 J0.49irn 
Linear (1) 58.80** 
Quadratic (1) 2.18 

Within corn starch among washes 2 45.07** 
Linear (1) 70.53** 
Quadratic (1) 19.60* 

Within plastic starch among washes 2 59.27** 
Linear (1) 116.0J** 
Quadratic (1) 2.50 

Between samples in treatments 32 2.80 
(experimental error) 

Between counts 80 11.17 
(sampling error) 

Means 
. {In Yarns Per Inch) 

No. of 
Washings New Control Corn Starch Plastic Starch 

0 
1 

20 
40 

'l'n+.~ J 

Over-all 
Means 

75.20 

75.20 

75.20 

78.13 
80.00 
80.93 

239.06 

79.69 

78.13 
81.07 
81.20 

240.40 

80.13 

78.1.3 
80.60 
82.07 

240.80 

80.27 

1 The contrasts made in the breakdovm for the sum of squares f'or 
treatments are not orthogonal; therefore some of' the results are ex
pected to be correlated. 

** Denotes significance at the 1% level. 
* Denotes significance at the 5% level. 
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The yarns per ineh in the within eontrol and 11l'ithi11 plastic starch 

samples ex.hi hi ted a linear I'EH'lponse, while the within corn stru."'ch samples 

displayed significance in both the lini:,,ar and quadratic eff'ectso 

The other mean sqoo.re which exhibited s:tgnifica.nce was the control 

versus starches (averaged over the washes) comparisono As shown in 

'l'able III, the over~~a.11 mean for yarns per inch of the control samples 

was '79069 as compared to 30020, _{_§Ool3 + 80027), the average for ·the 
2 

corn starch and plastic starch samples. These means indicate that the 

control samples did not increase in filling yarn count as much as the 

average of the plastic and corn starch samples, 

Breaking Strength Test 

Warp Direction: 

The analysis of the breaking strength test for the warp yarns is 

shown in Table Tllo The treatments were found to be significantly dif'fer-

ent at the one percent leveL 'I'he varia:t.i.ons in the treatments in this 

test were attributed to theg new versus others; within control among 

washes; 1,dthin corn starch among washes; and within plastic starch among 

washes comparisons, 

The mean for the breaking strength of the new specimens was 46.09 

lbso This was higher than the over-all mean for any of the other groups, 

indicat.ing that washing and starching the fabric did decrease its strength. 

The breaking strengt.h of the control, corn stB.rch, and plastic staroh 

specimens decreased significantly between the first and fortieth washing, 

but as shown by the means at the different la:u.ndry intervals, only the 

plastic starch specimens exhibited e, li.near response. Both the linear 

and qu.adratic responses wo:re significant for the control and corn stp,.1•oh 

specimens, which indi<~ates that they did not change ::l.n a uniform man.uer. 



TABLE IV 

BREAKING STRENGTH (WARP) ANALYSIS OF VARIANCE 

Source of Variation 

Total 
Treatments1 

Control vs. starches 
.·· (averaged over the washes) 

Corn starch vs.'plastie starch 
(averaged over the washes) 

New vs •. others. . 
(averaged over the washes) 

Within control among washes 
Linear 
Quadratic 

Within corn starch among washes 
Linear 
Quadratic 

Within plastic starch among washes 
Linear 
Quadratic 

Error 

Means 
c In .Poµnds) 

· Degrees of . Mean· 
Freedom Sauaz:e 

119 
7 74 • .38** 

1 2 .. 79 

l 1;.00 

1 147.50** 

2 129 • .30** 
{l) 1S.3.S2** 
{l.) 75.08* 

' ' 

2 55,48* 
(1) 54,95* 
(l) 56.0l* 

2 5.3 .. 34* 
{l) 97.20** 
(l) 9 .. 47 

112 13.70 

No. or· 
Washings New Control corn staroh Plastic sta.rah 

0 
1 

20 
40 

Total 

Over-all 
Means 

46.09 

46.09 

46.09 

44.9; 
4;.22 
ii:Q.Ol 

130.18 

43.39 

44,95 44.9; 
41.2.3 44,13 
42.2; 41,35 

128 .. 43 1.30.43 

42,.81 43.4s 

l The contrasts made in the breakdow f'or the sum of squares tor 
treatments are not orthogonal; therefore some or the results are ex
pected to be correlated. 

H Denotes significance at the 1% level. 
* Denotes signi.fioanoe at the 5% level. 
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Filling Directioni 

As in the analysis or the warp breaking strength test, the treatments 

for the filling specimens were found to be different. The comparison, 

corn starch versus plastic starch (averaged over the washes), indicated 

a difference in breaking strength (Table V). 

The over-all mean for the corn starch was 34.50 lbs. as compared 

to 32. 9S lbs. for the plastic starch; theref'ore the percale t.1hich was 

treated with corn starch gained more strength than that which had been 

treated with plastic starch. 

The analysis also displayed a difference within the control, corn 

starch, and plastic starch specimenso They all increased in strength 

between the first fmd fortieth launderings, but they did not all gain 

at a. uniform rateo Sinoe it was shot-m that the yarns per inch increased 

over the test periods, it may be surmised that the increase in strength 

was due in part to the increase in the yarn count, the rest being due 

to the treatment of the fabric; however the a.mount of increase contrib

uted by each or these factors cannot be shown separately since they were 

confounded in this experiment. 

Stiffness Teiat 

Warp Direction: 

The analysis or variance (Table VI) for the warp stiffness test, 

showed a significant difference for the treatments at the one percent 

levelo With the exception of the linear effect or the within plastic 

starch, all the mean squares in the breakdown of the treatment sum. or 
squares proved to be significant. 

The over-all mean £or the control specimens, loS3 inohe~, was mueh 

lower than the over-all mean for the average or the corn starch and 



TABLE V 

BREAKING STRENGTH (FILLING) ANALYSIS OF VARIANCE 

Source of. Variation 

Total 
Treatments1 

Control vs. starches 
(averaged over the washes) 

Corn starch vs. plastic starch 
(averaged over the washes) 

New vs. others 
(averaged over the washes) 

Within control among washes 
Linear 
Quadratic 

Within corn starch among washes 
Linear 
Quadratic 

Within plastic starch among washes 
Linear 
Quadratic 

Error 

Means 
(In Pounds) 

Degrees or· Mean 
Freedom Square 

119 
7 40090** 

1 12.48 

l 78.4.3* 

1 24.51 

2 44.98* 
(1) 89.10** 
(1) 0.841 

2 42 • .38* 
(1) 40.37 
(1) 44.38 

2 44.64-1~ 
(1) 36.52 
(1) 52.75* 

112 12.68 

No. of 
1iashings New Control Corn Starch Plastic Starch 

0 
1 

20 
40 

Total 

Over-all 
Means 

35.65 

35.65 

32.64 
34.07 

~Q2-
102.so· 

31+.27 

32.64 32.64 
35091 31.45 
34.9§..~ 24.82.._ 

10.3.51 98.94 

.34. 50 32,98 

1 The contrasts made in the breakdown for the sum of squares for 
treatments are not orthogonal; therefore some of the results are ex
pected to be correlated. 

** Denotes significance at the 1% level. 
* Denotes significance at the 5% level. 

20 



TABLE VI 

STIFFNESS (WARP) ANALYSIS OF VARIANCE 

Source of Variation 

Total 1 
Treatments 

Control vs. starches 
(averaged over the washes) 

Corn starch VSo plastic starch 
(averaged over the washes) 

New vs. others 
(averaged over the washes) 

Within control among washes 
Linear 
Quadratic 
Remainder 

Within corn starch among washes 
Linear 
Quadratic 
Remainder 

Within plastic starch among washes 
Linear 
Quadratic 
Remainder 

Error 

Means 
(In Inches) 

Degrees of 
Freedom 

239 
15 

1 

1 

l 

4 
(1) 
(1) 
(2) 

4 
(1) 
(1) 
(2) 

4 

?' (~~ 
224 

Mean 
Square 

,3.65** 

41.04** 

J.8.3** 

8.34** 

1.02** 
1.20** 
2.54** 
0.17** 

0 • .34.3** 
0.450** 
0.7.30** 
0.045 

0.298** 
0.0053 
0.289** 
0.498** 

0.0297 

No. of 
Washings New Control - Corn Starch .. Plaiit;o Starqh 

. ' 

0 
1 

10 
20 
30 
40 

Total 

Over-all 

1.95 

-1.95 

Means lo95 

2.27 
1.70 
1.70 
1.62 
lo86 
9.15 

1.83 

2.S4 .3.04 
2.50 2.67 
2.46 2o8S 
2.53 'Z.97 
2°22 2122 

12.8$ 14.4s 

2.58 2.90 

1 The contrasts made in the breakdown for the sum of squares for 
treatments are not orthogonal; therefore some of the results are ex
pected to be correlated. 

*~• Denotes significance at the 1% level. 
* Denotes significance at the 5% level, 
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plastic starch specimens (2o74); hence starching did increase the stiff

ness of the percale, which accounts for the significance of the mean 

square, 41.04 for the control versus starches comparison. 

The mean square for the corn starch versus the plastic starch (J.83) 

was also significant, showing there was a difference in the stiffness 

produced by the two starches. Although the average for the plastic 

starch specimens at the first washing (3.04) was greater than that for 

the corn starch (2.84), the over-all means showed that the plastic starch 

specimens did not lose as great a percentage of their stiffness as those 

treated with corn starch. 

The over ... all means readily explain the significance of the mean 

square (8.34) for the new versus others comparison. Even though the 

control mean, (1.83), is less than that for the new fabric (l.95) the 

means for the starched specimens increase the average of the three 

enough to cause the mean square for this comparison to be eignifioant. 

As shown in Table VI, the mean squares for the within oontrol, 

within corn starch and within plastic starch t~sts. all displaye~ s1~~1£i .. 

cance at the one peicent level. The means show that in eaoh case the 

significance was due to loss of stiffness over the launderings. Upon 

further analysis, it was shown that these decreases did not follow a 

straight line regressiono 

Filling Direction: 

The treatment mean square and each of the main effects in the break

down of the treatments for the stiffness test in the filling direction 

were found to be significant with one exception. The exception as shown 

in Table VII was the within corn starch mean square; thus the fabric 

which was treated with corn starch did not change in stiffness over the 



TABLE VII 

STIFFNESS (FILLING) ANALYSIS OF VARIANCE 

Source of Variation 

Total 
Treatments1 

Control vs. starches 
(averaged over the washes) 

Corn starch vs. plastic starch 
(averaged over the washes) 

New vs. others 
(averaged over the washes) 

Within control among washes 
Linear · 
Quadratic 
Remainder 

Within corn starch among washes 
Linear 
Quadratic 
Remainder 

Within plastic starch among washes 
Linear 
Quadratic 
Remainder 

Sampling error 

Means 

No. of 
(In Incl}~~ 

Degrees of 
Freedom 

239 
15 

224 

1 

1 

1 

4 
(1) 
(1) 
(2) 

4 
(1) 
(1) 
(2) 

4 
(1) 
(1) 
(2) 

Me all 
Square 

2.3.2$iBf 

0.760** 

8.66** 

0.28Ji•* 
0 • .388** 
Oo662** 
0.040* 

0.03.'.3 
000027 
0.035 
0.046* 

0.095** 
0 • .309** 
0.020 
00026 

0.011s 

Washings -New QontroJ:... Corn Starch Plastic Staro1) 

0 1.31 
l 1.65 2.04 2.04 

10 1.36 2.08 2,19 
20 1..35 1.97 2.16 
30 1..31 2.01 2.22 
40 - 1.4~ 2.06 2.22 

Total 1.31 7.10 10.16 10.136 

Over-all 
Means 1.31 1.42 2.03 2.17 

1 The contrasts made in the breakdown for the sum of squares far 
treatments are not orthogonal; there.fore some of the results are ex
pected to be correlated. 

·** Denotes significance at the 1% level. 
* Denotes significance at the 5% level. 

2.3 
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laimderings. 

The rest of the significance sho'Wll in Table VII can be explained 

in the same manner as that for the warp stiffness test; however it 

should be noted that the response of the plastic starch among the wash

es was a linear one and as sho'Wll by the means at the different test 

periods, the stiffness increased instead of decreased over the forty 

launderings. 

The error terms in each of the breaking strength and stiff'ness 

analysis of variance are biased. The sampling error and experimental 

error sum of squares could not be separated due to the design of the 

experiment. 

By noting the comparison of the sampling error with the experi

mental error in ea.ch of the other tests in the experiment, it will be 

seen that the experimental error is about twice the sampling error. 

Using this as a guide it might follow that one could expect the same 

thing to happen in these experiments. Therefore the error term in these 

experiments is too low, thus giving a significance when in real~ty the 

difference may not exist. 

Weight Test 

As in the other tests, the treatment mean square tor weight was 

significant. As shown in Table VIII, both of the comparisons whioh were 

made also exhibited significance at the five peroent level. 

The over-all mean for the loss of weight for the oontrol samples 

was 0.578 grams, while the loss for the plastic starch samples was onl7 

00388 grams. The negative mean for the corn starch samples, -0.158 in

dicated that this group of samples did not lose weight but actually 

gained weight. Since the control samples lost more weight than either 



TABLE VIII 

WEIGHT ANALYSIS OF VARIANOEl 

Degrees of 
Sour;e 2£ Vari1tisn. • Freagom 

Total l4 
Treatments 2 

Control VS@ starohes (before stD.1•ohing (l) 
averaged over the washes) 

Corn starch vs. plastic starch (before (1) 
starohing, a:veraged over the washes) 

Between washings 4 
~~ 8 

Mean 
saw a 

0 .. 7299•• 

Oo7l45* 

0,7453n 

Weight in grams of'; new emple1 for es.oh t:reatmenti/1 and their 
loss or gain at eaoh test period. 

New 

No. of 
Washings 

l 
10 
20 
.30 
40 

Total. 

Over-all 
Mean 

" 

Oul4 
Oo52 
0.62 
0,77 
Q~-
2,99 

loss 0,57S 

1,1,atia stv;h 
2a.os 27,62 

0,17 0.10 
... o.o, 0,31 
-0.19 0,38 
..,0~2e 0,52 
... Q,4' Q1~l 
... 0.79 1,94 

gain ... Q,l5S lOH o.,as 
•W!li!lliifil:iimtliliWfilllUM-IH --

1 The analysis c:f' varia.noe f't,r the Wl.iltght teat was mo.de by 
dif:f'e:renoE:Hs, tht•.t is the weiight c.t aci.oh teat period wa1 au.btraoted. 
from the new or origin,;:i,l we:Lgh11. Theme figures were then ooded. 'b)r 
adding Oo44 to aaah one in o:rdez• tc eliminate the ncsat1vo nuz11b1r1 
and to simplify the calculations. 

u Denotes signii'ios.nae a.t the 5~ levol, 
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or the starch samples, the reason for the significance of the control 

versus starches (averaged over washes) comparison is obvious. 

26 

The difference in th~ over-all means for the corn starch and plas

tic starch was 0.546 (-0.158-0 • .388) whicb explains the significant dif

ference of the corn starch versus plastic starch (averaged over washes) 

comparison. 

The gain in weight by the corn starch samples indicated that not 

all the starch was being removed during the washing period; therefore 

a quantitative test for starch was made on three corn starch samples 

and it was found that the samples had retained an average of lo? percent 

of their weight in starch. The distilled water that had been used to 

desize the samples was tested for starch by the iodine test. A posi

tive reaction was obtain:edo These tests proved that corn starch was 

remaining in the samples from washing to washing; thus explaining the 

increase in weight for this group or five samples. 

It is not known whether there was also a residual effect in the 

plastic starch since the composition of the starch was not known. 

Recommendations for Improving t~ Experim,pt 

In the event that fUt"ther study- is made on this subject or related 
•• ' t ' 

subjects, there a.re several recommendations that me.7 be made to improve 

the design of the experiment. 

1. Increase the number of specimens for the air permeability- test. 

It was round that by increasing the number or specimens 

for the air permeability test from seven to ten, the ettioienc7 
I , 

of the test would be :!.mproved by 16 percent; furthermore it 

the number of speoimens were increased from seven to ~went7 

the efficiency of the test would be improved .31 percent. 
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2e Increase the number of counts for the yarns per in.oh test. 

The efficiency of the yarns per inch test in the warp 

direction would be improved 26 percent by increasing the n1.'Dll

er of counts from three to four, and improved ;o percent b,v 

increasing the counts from three to five. 

It was found in the filling yarns per inch test, that by 

doubling the number of counts, the efficiency of the test 

would also be doubledo This was true for the filling yarns 

since the variance between the samples was no more than that 

between. the specimens. 

3. ~eep the breaking strength and stiffness specimens taken from 

each sample separate. 

Since the specimens which were cut from each sample in the 

breaking strength and stiffness tests could not be identified, 

it was impossible to calculate an experimental error; therefore 

the error term for these tests are underestimated, which may 

have caused significance where differences may not have existed. 



V. SUMMARY AND CONCLUSIONS 

The effects of two types o.f sizing, a plastic starch and a. corn 

starch, were determined by statistical analysis from results of tests 

which were performed on an SO-square percale fabric, samples of which 

were treated with one or the other of the starches. The tests were 

also made on samples which were not starched in order to provide a con

trol for the experiment. 

The tests which were ma.de includedg air permeability, stiffness, 

yarns per inch, breaking strength, and weight. 

1. The air permeability test indicated that the permeability of 

the percale to air was decreased by treatment with corn starch and in

creased by treatment with plastic starch. 

2. A significant increase waa noted in the warp ;varns per inch 

between the new fabric and the mean for the control, corn starch, and 

plastic starch samples when they were averaged over the test periods as 

a result of shrinkage of the fabric; however the ;varns per inch in 

the control and corn starch samples decreased significantly' between the 

first and fortieth launder:1.ngs, indicating a uniform lengthening of the 

yarnso The yarns per inch for the plastic starch s61lllples did not change 

signifioantlyo 

The number of yarns per inch in the filling continued to increase 

in the control, corn starch, and plastic starch samples at each test 

period throughout the entire 40 launderings, which indicated that the 

fabric had not reached the point or ma.xim1.1m shrinkage when the lai:mderings 



were discontinuedo The test also revealed that the samples which were 

starched shrunk more than t.he control samples. 
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3o The warp breaking strength of the control, corn starch, and 

plastic starch samples decreased significantly from the first to the 

fortieth laundering. The mean for these samples was also significantly 

less than the breaking strength of the new fabrico Starching did not 

affect the warp breaking strength of the fabrico 

'fhe control, corn starch, and plastic starch samples in the filling 

direction increased significantly in strength over the launderings. 

Since it was shown that the f:tlling yarns per inch also increased, the 

increase in strength may be attributed to shrinkageo 

Although both the plastic and corn starch samples gained strength, 

the corn stareh gained a significantly greater amount than the samples 

which were treated with plastic starcho 

4o The stiffness of the control, corn starch, and plastic starch 

samples in the warp direction decreased significantly among the washes, 

the plastic starch samples los.ing the least stiffness, a.nd the corn 

starch losing less than the control sampleso 

The stiffness of the control samples for the filling yarns decreased 

significantly while the plastic starch samples increased significantly. 

There was no significant change in the corn starch samples. 

5, The control and plastic starch samples decreased in weight over 

the forty launderings, while the corn starch increased in weight. The 

increase in weight of the corn starch samples was due to the retention 

of starch from washing to washingo 

6. The experiment could hav-e been improved by increasing the number 

of specimens for some of the tests and by making certain other changes 

in the experimental design. \ 
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