
D=o
' C"\t

lL'-tr*
Ë 4qL

r}IË I]NI\ÆA,SITY OF MAISTTOBA

TITE EFFECT OF CERTATN SOå,PS ATID SYATTTIETIC DETERGN\TTÊ

'

ON NYf,ON À¡TD ON RAYO1I HO5]5R17

BEING A TTTESIS $JBNúITTËÐ TO TT{E COIMIITTEE

ON POST-GRADUATE S$UDIES TN PABTTAL

FiIIFTIJNENT OF Ti{E REQUTRE|I¡E}TTS

FOR TI1E DEGREE OF bIASTER OF

BY

JOYEE FTNLAYSON

WINNIPEG, MANITOBA,

MAY, L9+7



ACKNOWTEÐGIflgNI

Appreeiation is expressed to the late

Miss E. G. MeFadd.en, ,whose guidanee and assistance

has made this study possibler and to Ðr. C. H.

Goulden for suggestions in the statistieal ar,ralysis

of the d.ata.



1l-

TABLE OF COI{TÐüTS

CTfAPTffi, PAGE

I. IN,îROÐUCÎION r o o.............. L

l-I. RE\IEWOFTIIEITITERATURE. . . . . . . . o . . 6

The Effect, of Different Ðetergents on

Fabric Strength . . . . . . . . . ., o . . ?'

The Effeèt of the l{umber of Rinses on

Fabric strength o . . o, . o . . . . . . . f8

1I1 .. MEÎHOD . . . . . . . . . . . r . . . . .t. . 2L

Physieal Characteristics. . . . . . . . . . 2L

Samplinþ . | . . . . . . . . . . . . . . . 23

üfashing Proeed.urg . o . . . . .. . . . o o 23

BurstingStrength .... .... r... 24

StatistiealTreatment . . ... O.... 25

þormulae used. in statistieal evaluation

Of èta . . . . o . . . . . ... . . . . . . 26

LV. DÀTA.AITDDTSCUSSTON . . o ... . .. o. +.27
Physical Characteristics . . o . . . . . . . 27

. . .t-.--

, 
_ -,,,.',-,,,.The Effeet of S'oft and Hard. Tfrater on

Fabnic Strengt,h . r . . . . . . . . . . . , 13 "'...,':.:'-, . :1: ,- .l :

The Effect of the Number of llfastrings on

Fabricstrength... !...... o. r. tU



iÍi

CTIAP{TER PAGE

Errsting Strength . . .. . . . . . . . Zg

Detergents. . . t . | . . . . . . . . 34

Type of lfater. o . r . o . o . r'. , BT

NumberofWashings. o... .., 38

Interaction of Various Treatmentg , . 4+

V. SIIMMARY..... r... r. o...... 52

APPÐiIDIN. .. o.... o.... o. ... r . . &,

BIiLEI"IOGRAPIü . ., ]' . . ., . . . . . . . . . . . . 59



t-v

T.åE[-,8

LIST OF TAETES

PAGE

1.. Effects of wear and laund.eringo with either soap

or a Tl.oo-soâP d.etergentt oo silk hose . . . . . 7

2,. Physieal analyses of n¡rlon and of rayon hosiery . 28

3. Analysisgfvarianceofnylonhose.. o.. ' . 32

4. Arra1ysis of v..ariance of rayon hose . . . . . . . 33

5. Bursting strength in pounds of nyton and. rayon

hose before and. after laund.ering wlth four

d.etergents . . . . . . . . o . . o . . . . . . 34

6. Brrst,ing' strength Ín pound.s of nylon arrd rayon

hose before and after laund.ering in d.istÍlled.

and. hardWat,ef . . . . . . o . . . . . o . r ,37

7.. Burstrug* strength in pounds of nylon and. rayon

hosewithNumber of washing's ¡. . . . . . . o 38

8.. Errsting strerrgth in pound,s of nylon and rayon

hosewithnumberof rinses..... o. '... 42

9r Btrrsting strength in pounÖs of rayon hose showing

the interaction between detergents and. ty¡re of

water... . . o o . t . o. . o . o. . .. t&

10. Bursting strengths in pounds of nylon and. rayon

hose showing interaction between type of water

and. number of washirgs . G o .'. . . . . .' ., .46'

Ll. Burstlng strength in pounds of rayon hose showing

interaction between type of v¡ater and nt¡.mber of

rinsgs. . . . . . . o . r . . . . . . .. o . . t . 50

¡ i:i . .:'¡l' .



v

PAGETABTE

1. Breakdown of Sample Treatments fndicated.

Graphically &
II. Bursting" streng:th in pou.nd.s of nylon hose

after various washing treatments giving
ind.ividual bursts and. stoeking totals o o ò r . 5g

lll,Bursting strength i.n pound.s of rayon hose

after various washir,g treatments giving
individual bursts and. stocking totals . . . . . 5ä

lV. Rrrstirg strength in pounds of nylon hose after
various washing treatments givi4g stocking
meânS...r..........57'

V. Bursting strength Í-n pound.s of nylon hose,

showing nean values I.f main effeets and.

sdlnpte interactions of the treatments o . . . . Sn-

VJ-. Ersting strength 1n pound.s of rayon hose

after various washing treatments giviqg

stoekingneans o. . . . . . .. . ?. . . . . SB

\Ë11. Bursting streqgth in pound.s of rayon hose,

showing mean values tf main ef;fects and.

simple interaetions of the treatrnents,* . . . 5g



vi

LIST OF FTGURES

FIGURE PAGE

1. Bursting strer€'th of nylon hose þefore and after
laund.ering with four d.etergents . . . . . . . . 36

2. Errsting streng'th of nylon hose with number of

waShingS . o o o o . . . . . . o r . . . o . 40

9.. Char¡ge j,n Bursting strer\qth of rayon hose r¡¡ith

nümber ofwashÍngs . . . . . . . . . . . . . . . 4L

' 4. Change in Bursting strength of nylon hose with

number of rinses o . . . . . . .. . . . . . o o o, 43

5. Rrstiqg strerg*th of rayon hose before and after
washing in d.istilled. and hard. water with four

d,etergents . . . . . . . . o . . . t . . . . . . 45

6- Errstir,rg strerg*th of nylon hose before and. aft,er

laund.ering in distilled. and. hard. water . . . . . Æ

?. Bursting strength of rayon hose before and. after
laund.erirÌg in distilled and. hard. water .. ' . . 49

8. Burstiqg strength of ra¡ron hose before and. after
rìrashing in distilled. and hard. waterr with nunber

of rinses ? . . . . . . . . . . o . . . . . . . 51



CHAP{TER I

TNTRODUCTION

ïn a reeent report,, Good.irgs !aO). of the OrrtarÍo

lesealch Found.atíon st,g,ted., ttThe place of research ín
qonnection-v¿ith the textile industry in canada Ís a very
itnportant matter and. one which, it is suggested, has not

so far reeeived. the öetailed study whÍeh it d.eserves.n rn
19gg-? $anaoian ruifls, prgduced &o29or0oo dozgn pairs of ftrlt-
fashioned. hosierSrr eZo¡'n the net velue.of h9,9iery and knítted.
goods induslry for thgt year being' 4lA148,5219? d,ottars (IO) 

"
Thus it wggl$ seem, in en- industry of this síze, there is
ad.equate scope for researeh which would. benefit the irrdustry

.r.o irru o"*",*"" *ri".
lhe fact that consumers d.esired. i¡rfornat,ionr eoneerning,

the hose they bought was indÍeated. by a survey conducted by

$¡arg çeÌ at thg Ïrafversity of MissourÍ. üpon questioning

5-9! college gÍilsr it wag d.íscovered that lhey woutd. wercoqre

more infornation about the wearing qualityr fíber, and color.

{astness of the hose they purehasgd, IiabeJ.s eollgcted. i-n

connegtion with the süudy rarely gave more than brand. nane

and. size. Irr_a.very few eases, cor¡s'tructiqn of the hose, 
-

fÍbre corrtent, washing d.irecti-ons and color wgrg inelud.ed.

^&Ithough littJ.e has been aceoryli.shgd regard.ing

Labelling of hosiery in Canad.a¡ a beginnir:g has been nad.e,
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i'l :¡ :: r-:

Und.er the Dominion Trade and Industrial Comnj-ssion .Aet rwhieh
bec,ane effective i¡n Februaw¡ LgALr it beearne unlawftrl to
label hosiery with farse or miEreading description (,ea¡.

dlcsordj.ng to the pnovisions of this ord.er, strou]-d, hosiery be

rábelled. as to fibre eontent, it is compulsory to nane alj-
fibres present to the extent of five per eent and. in ord.er

of predoninance CT). The Tllartine prices and. Trad.e Board.

issued. several orders regulatir,rg the ty¡les of flr]l-fashioned.
hosiery to be n¡qrrufaetured. and the size of yarn to be used.

with eaelr gauge. Priees have been set for each type el).
The eonsuner is further pnotected. by the fact that, hosiery
manufacturers nust subroit sanples of tbeir stoekings to the

Admini.strator of Knitted. Good.s to be ehecked. for the purpose

of s.aintaÌning quatity and. cons-truction stand.ard.s (a)

Durrng' the past d.eead.e the hosier:y industry has seen

many ehar¡ges- Nylon hosiery first appeared. in tg4l and. were

an j¡nmed.iate süccêsg. Êhortly after¡ silk, the tradiÈional
fibre for womenÈs flr,r1-fashioned. hose, disappeared. from the
marketl due to the freezing of .ra¡enese assets. To replaee

silk, ho.sier¡r nanufae,turers turned. to ay].on and rayon yarns.

Iloweverr al]- nylon shípments for non-m:il,itary purposes ceased.

i:l February: f942 (g), teaving ravon as the sole fiibre in the
poptrlar hosiery fieJ.d.. Ih Febnuary, L9,46.'- nylon hosieny

reappeared. on the retail narket throughout Canada with



hosiery narilrfacturers erÊpeeting an- outpu.t of lrgoorooo dozen
pairs of n¡¡lon hose compared. with goorooo d.ozen pairs of
rayon hose and. cotton hose combined. (6). It wo.uld. appear
that nylon hose are well ín the lead. in the hosÍery fietd,
supplemented. b¡r rayon for less costly hose. There has been

some eontroversJ¡ as to whether sitk will ever regain its
former praee ín woment s fhrr-fashioned. hosiery., one author
(5) states there wilt be no sÍlk hosÍ.ery while another (9)

believes that, although the bulk sf hosier¡¡ production ín
the future wílI be nylon, sufficíent consumer denand wourd

birìs sÍlk rlo.si.er¡¡ back on the rnarket if onry as a luxu.ry.
Nylon ano rayon hose have been ehosen for study because it
would. appear they are now and. wíll be for some time to eome,

the lead.ers in the hosiery field..
Kiene (12) stated that the post-war period. will see

an increase in the use for clothing of synthetie fabries such

as rayon and. nylon. ït was only reasonable to *"*o*" that
these new fibres would require d.ifferent laund.ry methsd.s

than those employed. in the washing of natural fibres sueh as-

sirk, eottonr and. wool. Therefore, in t}is study an att,empt

was mad.e to d.iscover the best possible wastrring proced,ures to
reconmend. for the home-washir:g of nylon and. rayo,n. Trose. The

purpose was not to eompare the servieeability of rSrlon and.

rayon hose but to fi¡rd out how the strength of each was
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affected b¡r various laundry method.s. fn a stud.y of this
si.ze, it was not possibre to vary all the conditions that
enter into l-aund.ering. sueh factors as Lenrperaturel corr-

centration of d.etergent, time of washing, and. voru¡ne of
bath were he.ld constant. lhe d.etergentsr,number of r"inseso

üype of waterr ând nu-mber of washings were varied.., Four

d.ifferent detergents, which appear on the canad.Ían retail
market and. which were especially recommend.ed. for hosierÍr
vüere chosen for study. Two of the detergents w,ere nírd.

neutral soapsr one a sulphated. alcohol, and. the founth, a

mixture of soap and surphated. alcohor. Two different types

of r¡rater were employed, hard water and. d.istilled or sóft
water. f\¡'ro d.ifferent rÍnsing proced.ures were useo; hose

given one rinse were compared. with hose given three rinses,
Hose treated. in the a bove nanller were tested. f or bursting
strength after one, fifteen, and thirty washings.

Flear pJ.us laund.erir€ are two factors ttrat influence

the serviceability of a garment. Because hose require

frequent washings, it was assumed. that the serviceab;ility of,

the hose níght be definitety affected by the method. applÍed

in the laundry proeed.ure. To d.etermine this effect, apart

from that produced. by wear, brrsting stre4gth rrethod.s were

applled. [his method was supported. by lIays, Petersen, and.

Ta¡rlor (25) of the United. States tsureau of Eon"e Eeononicso



Tìtho found. that j-n lieu of consumer rilearing st,ud.iesrburstiqg
strengtr''' was. one of the best methods of predieting servj.ce-
ability.

'" tn" statistical analysis of the data consisted. of the:. r e_vqå egÀJ ñr¿

, application of the analysis of variance teehnique to
ascert'ain arry real differences in the results sf the method.s

,, appJ.íed..
r ft. is hoped that t,he fotlowíng questions ne,y be

,',, answered bgr this studyr

1; Ðo the four detergents used. in laundering eause

: 
significant differences in the resulting st,rength of nylon

i and of rayon hose?
' al T^ *i^^-^ ^--- i-iJ - a!, ., 2. Is there any ind.Ícation that d.istil].ed. water is,

I saperior to hard. water in its effect on the strengt,h of the
hose stud.Íed?

3" Ðoes the greatest change in strength occur after
one, fifteen, or thírty washings?

: ' 4,. Is the use of three rinses more beneficiat tharr

' one rinse in the strength preservation of the hosiery?

5. are there any significant i.nteracti.ons between

the varíous factors involved,?



EIiAPTffi. TT

BËIITETff OF TFIE LITERATURE

Br.rrlinga.ure is quoted. in a reeent study e,æ) as havlng

sEidl ttThe restoration to a eond.ition of cleanliness of wear-

ing apparel and fabrics which have been worn and used is 9ne

of the most persistently reeurrirrg and. one cf the sld.est of
tasks which always has, and pr'obab.Ly always wilL, confronlii,

, -r t.e.ivíLized. mankÍnd..n Richard.son (4L} d.efined. Laundering as

ttthe proeess in which dirt, grease, and. other forms of soil
are removed. from fabrics by agitating them" in water contain-

ing water softenerl soâÐr or other d.etergents.tÈ Beeause hose

are subjected to rnarry forms of soiI, such as dirt ?

perspiration, and. grease, tìey require frequent washings" S.

su.rvey of washing lnstructions by various authors ÇZ+¡ (,42)

(gli\ i-adleated. that stoekings should be washed. after each

wearing. Laund.ering is also necessary in na.intainiqg the

pleasing, appearqnee of hosier¡¡.

of water, and the ntrnber of washing's were among tÏre more

Í:nportant v,ariables as far as thejr effeet on the fabrics

was eoncerned.. ,A- su¡nmary of stud.ies concerning the effect

of these factors in the washing of varÍous fabrics wiLL be

given.

Aust (13) stated that the t¡pe of detergentr the typ.e ',j:.,,,'.,'::,',
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Me¡ny studies have been carried. out to eonpare
d.ifferent d.etergents,, both natural and s¡r,nthetie. Although
ao investigations have previously been cond.ucted os. nylon or
rayon hosier¡¡, Ri.ehardson (4f.) eompared the washing of siLk
hosier¡t with soap and with sod.iur¡ lauryl sulphate. Results,
indieat'ing the effect on the strength of the hosiery, are
].isted in T,able 1.

rr. No"
EÌmes

Laund.ered. I¿zund.ered. Laund.ered.
i Ãfoll-scÍ

Ar
.

E

e

Ð.

E

F'

e

2&

a5

33

a3

42

42

53

59

55

oa

oa

æ-

85,

7e

6-g

aó

6T

6tE

&7

86

81

7A

66

77

'Eg

t-o5

rol
rg,õ

Richardson eoncJ.ud ed.,

the hose laund.ered with soap

the strength of
than that of the

that although
appeared. Less
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hose laundered wit'h sod.ium lauryl sulphate¡ stariistieal
analyses of the data j¡adicated. no sígnifieant differences.
Acld.itional stud.ies were reported by this investigator on

eotton, ra¡ron, Iinen, and wool, using' the sane d.etergents

as in the washing of the hose. TD. all cases there vrras no

significant dlfferenee in the strength of the fabric,
whether the soap or the synthet,íc d.etergent was used..

;åust (tB) compared the washing of . siJ.k lingerie
materÍal with soap anÖ with a synthetic d.etergent of the

sulphated fatty alcoho3. type. Using breaking strength as a
crlterionr she eonclud.ed that the synthetic detergent might

be consid.ered. preferabte to the soap.

Castonguay, Leekley and Ed.gar (f+¡ used. soap, sili-
eated. soap, and sulphated. alcohol ín theír comparison". The

fabríes laund.er:ed were eotton, regenerated rayon, acetate

ralron, silk, witd silk, and. wool. These investigators

found. that the wet strength of atl the fabrics was Lowered.

by washing but onJ-y the silk washêd. with sulphated. al.cohol

and the witd. silk lost more than hatf their wet strength

during fifty washings. .4, greater percental loss in wet

strength by cotton compared with the rayons refleeted. the

Loss of sizing from the cotton, the high wet strer¿g:th of

the original cotton, and the lor¿v wet strergth of the 
.,

original rayons. However, Loss of wet strength by the



I : :.r.:
,t. ,t. ,1 , 

.'

rayons, whi.ch was ascribed to i'rrpairment of mj.cellar

orientation d.uring alternate swell-ir¡g and drying, was

surprisirrs*ly Lol/rl. l¡Vhereas silk lost 86 per cent of its
wet strer€th d.uring fifty washings with sulphated aleohol, ,,.,. .

only a 30 per cent loss was observed. in an earlíer study

when an aromatic sulphonate r,vas used. under the sa¡ne

eond.itions" Wool J.ost ll. per cent, during fifty wa6hings 
,,.,,,,,,..,,

wlth sulphated. al.cohol as compared. to approximately 20 per "'' " i

ltt t,,t , a,eent with either s.oâpo r;,ì:.:. .:i

A sisrilar study was caruj.ed. out by Es,terr g! ai.(t8)
eomparing an aryl sulphonate and. soap in hard. water. The

fabries used were eotton, llnen, aeetate rayon, regenerated. l

rayon, silk, and. wool. eþain the wet strer4gth of all the 
ì

fabrics was lowered. by washing. Only the línen lost more l

than half íts wet strength during fifty wasJrings. The 
''

:

greater percental J.oss suffered. by tinen and cotton eornpared. 
i

withaeetaterayonwasattributed'totheinitia1higbwet
strengths of the linen and. eotton, and to the low wet ,,.:-,'.,,,,',

strength of the rayon. The acetate rayon, eotton, and. =t.
regen.erated rayon lost B, 15, and. 25 per cent. respectively,

in wet strength d.urir¡g fifty washings, whether washed j¡r

water alone or with aryl sulphonate, or with so;âp¡ lhe 
,i,,,:,.,:,,,,

high wet strength of sitk washed in water with or without ;::: 'r'::

soap was in decid.ed. contrast to the 86 per cent loss of
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luet strength by a silk washed. with sulphated. aleohor (ta¡.
Iligh values f,or wet strength of wool washed. in water with
soap contrast,ed with wool washed. Ín water with or without
aryr sulphonate. rt was concluded. from these tiro stud.ies
that the d.ifferent d.etergents used prod.uced. varying effects
on the strength of the fabnics, d.epend.ing on the fabric
used.. Silk showed. mtrch þigher wet strength values after
washing with soap or an aromatic sulphonate than when

washed. with a sulphateö aleohol. i¡itboL gave higher weü

strengths with so.ap and wÍth a sulphated- alcohol than when

an aryl sulphonate was used.. There appeared. to be little
d.ifference in the wet strength of the cotton and. rqyon,
whether they were washed. with soap or with the synthetic
d.etergents.

\I.an .üntwerpen (+O¡ eondueted. a study show,j:g the
efÌfect on the breaking strength of wool after fífly wash-

ings with a suJ-phonated. ethe¡r¡ a suJ-plated aleoho3-, a

sulphonated. ester, and. ord.inary soâpa The breaklng -:; . _

strength of wool treated. with the sutphated ether Íncreased., t,-,,.,:
. .:.¡ :'

but decreased. when the woor Tuas treated. with the othe¡r

cletergents, the soap showing the greatest loss-. These

results were not i.nterpreted. as j¡rdicating that sulpho-

nated ether increases the tensile strength of the fibres,
but as showirg' that the pieces of cloth washed. with the



LJ. ;, ., 
,..,.,,

ether compound., retalned the normal gain in tensfle
strength usuaHy present in a washed. piece of good,s. Tlris
inerease in stre'gth, due to the alignment of fibres and

uas lost in the ,,, .,,,',.,,,.,

s.amples washed. with soap, sulphonated. esters and sulphated.
aleohols. rle attributed. the loss to continued. sorption of
d.etergent arrd precipitates of hard. water soap, resulting in ;,,:.,,.:;,:..:

- ,_.:':.: :: - :, i.
i.;:,:¡ 1:11,; 

:,:.1 
:orner-lubricatÍon and slippage of fibres, 

;.,,,.., ,&iendrzyk, Sonmer, and VderteL CS4.) compared. the ,rr,,,:,,..:

effect of washing wooren uaiform ctoth with soap and with a 
i

fatt*y al-cohoJ- sulphonate. They discovered that the weara-
bi'lity of the croth was not signÍficantry affected. by -the 

itype of d.etergent üsêd.., Howeven, in the washing of tinen 
i

and cotton, I{o.negger and Schnyd.er (Ag) diseovered. that wear
resistance was reduced. more by soap than by the fatt¡r

i

:

aLcohoJ- sulphonate.

oha (ga) washed wool and rayon with soap and. with
oxygen-beari[g d.etergents. ;i$,s far as the effêct. on the .,'','.,,'.,',,.,,,,,

strength and elasticity of the fibres was concerned., he ;,'1,.':,.,r,''

:found. no si-gnificant d.Ífference between the two types of
d.etergent. Lad.teu and ûtroldauskii Cg].) compared. the effeeÈ
of soap mad'e from naturar oits vr¡ith that of rhsubstitute 

;,,, ,,.,,,.,.
¡ .';-:1.:: ::

soaps*, such as resÍnates anö soaps nad.e from rieuid - i"1.i':.'::':::

sx'nthetic aeid.sr in the washing of white cotton. These
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investigators conclucled that oi.l soaps were more d.estructive

to the cloth ín washirg than were the substitute soaps.

Setrnyd.er C43J reported. that soap baths consisting of fatty
aeid. soaps and of synthetic soaps eaused. Little change Ín

breaking strength. The fibre on which the wash test was

conducted was not specÍfied..

From the various washing' tests examined., it wouJ.d,

appear that Ínvestigators are not in flrll agreement as to

the eonparative effect on fabric strength of the d.ifferent

ðètergents,. Fív,e studies showed no sígnifieant differences

between the effects of d.ifferent d.etergents on strer:gth;

two studies showed. greater losses with the use of s¡rnthetie

d.etergents; and. three studles sl:owed. greater losses wlth the

use of soap as the d.etergent. This d.isagreement may be due

to fabrie variat,ion and. also to a dissinÍlarity in washiqg

methods. Irr eonsideration of these factsr it is apparent

that there is need of further investigation in this field
and of standardÍzation in testir:g methods. 

ì

fhe ad.dition of bleaches and building agents to soaps

nray affect the_ strength of the fabrie being laundered.. Ha¡rs

and. Rogers C26) washed. dish tswels composed of rayonr eotton,

and. Iinen. fhey found that the towels were d.eterisrated.

more when a bleach; soì.Lre and. high temperature were used.

than when no bleaeh or sour and a Lower temperature were
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ulsed..

snit (46) washed. cotton and. linen ín a s-oap sorution
with var¡ring amounts of soda add.ed. The strength of the
eotton was only slightly affected at all concentrations.
Linenr however, rost from eighteen to thirty-two per cent
of its strength; the higher concentrations of sod.a giving ,

the greater losses i.n strength. Simola (45) eond.ucted. a

sinilar study. I{e reported a substantíal loss in strength
for both cotton and. línen. The loss for cotton after fifty
washir:gs. in a soap-sod.a solution was zz per cent while the
loss for rinen after the same nu¡nber of washings was 52 per

eent'. when sod.a alone was used., these values were l2 and z.

per cent for cotton and. línen respectively.

The, Effect of Soft and Ha{d !V.ater_ on, I]abric Strength: 
l

The type of wa'Ler used, generally classified as hard I

orsoft?seenstohavead.ecid.edeffecton1aund'ered.fabrics.]
The d.eposition of calcir:-m soaps on textiles, when hard. water .: ,:

, -i:_-.:lj.::..:..

î T.nh'l az¡ fnn\ *n ha ¿ia4..i^.i*, ':'-1': 
:::'::':'

was used., was c'laÍmed by Kohlen (30) to be d.efinitely delete_ 
,,,:,::,ì,,,,,,,rious. Opitz: (4O) forrnd calcium soap d.eposits harmful in the ,'.,',"'"'.',

washingofcotton,f1ax,and.viscoseraJroa.Co]¡enand.Maek
(r5) experi-urented. with unwgighted silk, soakirg the material
und.er d.iffenent cond.itions. They discovered. that the use ,,:.,i:,,:,'",

'.- of hard water increased the tend.erírg aetion caused. by the
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.,::.:..,ì:: :":

soaking. SimiJ.arly, ¿{.ust (13) r in a laundry study of pure

dye silk crepes, found. ttrat hard. water caused greater losses

inbothd.ryand'wetstrergth.oh1(39)statedthatsoft
water was a prerequisite for good washiRg action while 

.,,:,:,,

Schenke (42) advised. that soft v,¡ater be used in the wash-

ing' of rayon hosiery.

Further evid.ence which supports the theory that soft .:,.
1r'_:'-'.1:

water iS preferable to hard. in the waShing of eotton and. l.''t".'

Linen is supplied by the followirg investigators. Honegger 
,,.,.,.,,,:.. :

arrdSehnyder(28)foundthat,whilesoftwaterprocesses
seemed to improve wear resistance, a combination of hard. 

,

water and. a fatty alcohol sulphonate reduced the resist,ance :

I

to wear and. still greater red.uetion resuLted. witb hard i' '

water and soap. $i¡rola (45) washed Linen and eotton good.s i

'

in water of varyir4g d.egrees of hardnêss¡ ResuLtarrt
l

weakenings Í.n strength of from 5 to 15 per eent in

distilted water, I to 19 per eent in water of four degrees

hardnessT â.rrd^ 24to 29 per cent in water of 25.4 d.egrees ,',;'1..''
:"t :1 :_ .

. i.. ..

hardness were observed.. ..1,i,:.,::,,

. -.-1 : :.

However, in the washirg of rayon, Esterr et gI.(fA)

noted similar wet strength results for hard and distilted.

water. As the d.egree of hardness r¡¿as not given in this 
,,,.,.,,i.,

experiment, it may not be assumed. that these results would. :::,;':r,

be obtained with water of all d.egrees of hardnêsso,
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Oldenroth (36), moreover, claimed that the high incrusta-

tions produced. on laund.ered good.s by hard water soaps 7

j-ncreased the resistance to tearing.

Investigators generally agreed. that washing in hard.

water was d.eleterious to the strength of fabrics, strength

Iosses increaslng' with the number of d.egrees of hardnêss¡

Only one investigator found. no signíficant difference in 
l

the use of soft and hard. water while another theorízed that
hard. water soaps nnight j-nerease fabnic strength .

The Effect of the.i,Iumber of WashirÀqs on ¡'abric Ëtreneth:

lffhen number of washirgs was the factor eonsid.ereö,

most investigators appeared to agree that the strength of

fabrics was Lowered by suceess.ive washings. Thig loss may

no.t alvrlays be attributed to washj-rg action alone. In some

ÍnvestÍgations, the garments were subjected. to wear tests

a.s welJ. as laund.ering tests. Iü, a study of twelve silk
fabries, Griffith C22). found. that decreases in strength

resulting' from fifteen launderings varied. from t5 to 1? þer

eent.. In a further study, hor¡vever2 the saJne author CZA)

d.iscovered that weig'hted silks showed increased strergth

after fifteen laund.erings. ,tust (tB) found definite losses

in the strength of pure $re silks after twenty-fÍve

laund.erings o The six fabnies used lost from 36 to 45 per
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,., , .,.' .;, ;; 
, ., 

, 

; 
.

""r.t of their vtarpvui5e strength and. from 29 Lo 40 per cent

of their filling-wise strength. From a wear and washaO-ility

test conducted. on siJ.k hosiery, Richardson (4f) obtained.

losses of tO and L6 per cent for hose washed twenty-three .. .;..

t'1mes,and23and26pereentforhosewashed.fifty-three
tj.mes. Castorgua¡¡, Leekleyl å'nd. Edgar Cl4) reported

Losses exeeed.ing 50 per gent. in a silk and. a witd silkr 
:

¡ij, r. r:.',;:;'; ¡.

fotlowing fifty washíngs. '::i :,;:,:!:

The strength of wool d.oes not appear to be as 
", ""',ii.¡ 

'
i:: :.:t:: -

impaired. by successive washings as might be expected.

Elgquist and Hays CI?) reported a d.ecrease in streqgth

of woolen blankets after repeated. Iaund.erings' Tfool

fabries, test,ed. afüer eight launderÍngs by CranorrMeFad.den,

and. Fryer (1G) showed. onl¡r slight decreases in breakÍng 
l

l

strength. Castonguay, 9! gt.e14 gave losses rar¡girg from 
l

lt to 20 per cent in a wool fabric after fifty washings.

Riehardson(4t)reportedastudyonwoo1shirtswhich
showed. only slight deereases Ín strength while wool hose ,,,,,;¡.r.,

lost from 25 to 3t pounds per square inch j¡a burstíng i.,.,,,-.,,

streng'th during twenty washings. Van Antwerpen WZ) 
'-':' :i:

mad.e an interesting d.iscovery in the washing of wool in

various d.etergents. while the wools washed. with a

sulphated. aleohol, with a sulphonated ester, and. with a "'""".'''"",

soap showed. d.ecreases jn breakirig strength after fifty
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washings, the wool. wabhed. with a sulpìhona-ted. ether showed,

a marked. increase in strength.

McFadd.en (35) stated. that, in g'eneralr twenty-six

rayon stip fabrics lost strength after fif't,een launderings.

Richardson (41) found a slight d.ecrease in strerrgth of one

viseose rayon after thirty-two washings while another

viscose rayon appeared to gain in streeglh d.uring one

hrxrdred washings. Cuprarmoruiu'n rayon", tested. by the same

Ínvestigator, showed i.ncreases of from four to six pound.s

per square inch in bursting strength? following twenty-

f ive washirgs:. Castonguay, et g!. C14) reported the loss ín

wet strengLh of rayons was surprisingly low after fifty

washings.

LoveLI, Robertse and Brod.ie (a&) reported losses in

Strength of eott,on, fabric after one hundred. washings. The

fabric lost from 6 to L4 per eent in warpvuisà tensile

strength and. from 3 to 23 per eent, in fitlÍng-wise tenÈile

strength. R,ichardson (41) found. thÐ.t cottlon lost fron 35

to 40 per eent of its origi:rat strength in thirty-fo.ur

washings. Castonguay et 4. (f4) atì,ributed the large

Loss in strength by cotton to the loss of water-solub,le

sizirrg, often found. in this materiaL. This theory is

supported by the fact that cotton goods frequently shsw

greater loss in strength after the first washing tha¡ in
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later vrashings. sÍmola (45) found. that co''ton was vleakened.

15 per eent in twenty-f ive v'rashings, anö^ 22 per cent in
fifty lvashings. IIays, Rogers, and. Boyer (27) carrj-ed. out a
service study orf vtomenrs fbll-fashioned. cotton hose. they

reported. that the amount of d.eterioration: âs measured. by

bursting strength, was greater ourirg the firstt¡uelve period.s

of wear and launderirg than during the second. half, the

twelfth to twenty-fourth period..

In susrmariairrg, fifteen investigators found. varying

losses in's'urength after a nrnrber of lvashings. However, one

irrvestigator reporLed an increase in strer€*th of weighted.

sílk following fifteen laund.erings; another reported.
j-ncreased. strergth of v,rool washed. with a sulphonated. ether',

v¡hile increases in strerrg:th of euprammonium and. viscose

rayon ïïere reported. foltowing twenty-five washings and. one

hundred. vtlashi-ng's o respectively "

lLre Effect of the Number of Rinses on Fabric StCensthr

No investigatj-ons were found. in the literature
eomparirç; the effect of the nu¡rber of rinses on the strengtÍr-

of fabrics. Honegger and. Schrryder (ZO¡, however, observed.

a definite loss. of strength due to rinåing while performing

Laundry tests. 'lÍJashing instructions frequently eal-l for
thorough rinsils-s (ff)' Cef¡ (42), but d.o not ind.icate any
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partieular advantage to the strength of the fabric j.n so

d.oi-ng,

In regard to such factors as tempera.ture, washing

tjme, concentration of d.etergent, and. voJ.urne of baths in ,.,,. ,,:,,r,

the v,¡ashing of hosiery, a survey of the literature revealed.

eonflicting proced.ures. In the washi4g of cotton hose,

Haysr Petersen, and Jetinek (il1!) used. an 8.75 per cent : , ,1,
: : - : .: :.-.:. -: :.; :.

neutral soap solution.. the lar-rndry method. includ.ed. one 6- ,,¡,,,,",',,'.,'.',.'

ninute sud.s at BOoe. C86"oF. ) w.itn 3,OO milliliters soapr one i:¡:.,.;,.1,;,;,,¡r,
: :. .:.-,:.::;1.:, :.

lq-minute sud.s at ?OoC. (L58o¡'. ) with J-sO miltiliters soapr

four 5 - to 6 - mirrute rinses at 6OoC. (14OoF-), and a

final 5 - minute ri.nse in cold water. A slight variation

of this procedure u/.as used. by lIays, Rogers, and Boyer CTil 
',

in a further study on co'Lton hose. The volume of the bath

for the lO-mi.nute suds at 7OoC.. was raised. to 225 milti- 
I

Liters of soap solution. Furry and Hansen (19) v¿ashed. 
i

c.otton stockings in a O.5 per cent neutral soap solutioa

at BBoC. ClOOoF.). The volume of the bath and. the washing .: :.: : : :

-:-.;1..:-.::1.:.

q*.qt.e¡d ì n th i .q sttrdv """t't"t" ".'"
and. rins.ing times ruere not stated' in this study' 

,,,,,.,,,1.,,,,,. 1,,,

For the waShing: of Silk hOSiery, RÍeha.rdSO,n C41} ¡."""''ì"" "

used a.0.3 per cent solution of soap and a O.2 per eent

soIution.ofanon-soapd.etergent.Thehosewerewashed.
.t-,.,...-r,.

for one minute ancl rinsed tw.ice for one mirrute eaeh at .,',',",,',,',',"..'.
-:.:t_.:.:-:)...:.

I04oli]. Sehenke (42.) advísed that a temperat,ure aot

exceed.ing lOOoF. should be emptoyeÖ in the waShirg of
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rayon hosiery.

On eomparir€: these reports it would. appear that

there Ís a lack of eonsistency in the laboratory 'i;echnique

applied. in the v,rashÍng: of hosiery. Stand.ard.ízation of
laundry method.s would. permit greater ease of eomparj.son.

between studies on hosíery and. thus increase the value of

individuaL investígations .



CHAPTER TII
IiIETTIOD OF PROCrtDURE

PhJ¡sieal Charac'beristic s :

Twenty-four pairs each of nylon hosiery of the sa¡rre

brand and. rayon hosiery of the same brand. rt'ere selected. fsr
study. The hose rvere analyzed. for fibre eontent, count of
w:ales arìd. courses, fila¡nent count: lern d.enier:, twist, and.

resistance to abrasion.

The weJ.t, Leg, and. foot reinforcement of the nylon
and. rayon k¡ose vrere examined. mÍcroseopically for fibre
id.er,rtification. To support the m-Lcrose-opic find.ings, the

fibres were further identified., usirg a commereia1. fibre
id.entificat,ion stain. The eolour was first removed. from

the saruples vuith a bleach. The materiats were then wetted.

with the id.entification stain, allowect to stand. for two

minutes, then washed. thoroughly in cool 'rrater. The eolour

thus forrned. on the materials indicated the kind of fibre
used." [o inerease the ae-euraey of the tesi, the salaples.

were compared with other s:amples of known fibre content,

simÌ3arly treated..

By using the Suter thread counter, the galtge or

nu¡nber of lvales per inch and. one-half was determined..

Lilcewise the number of courses per ineh was determined,

no two determinations being mace on the sa,tne set of wales
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or cou.rses.

The nunrber of fÍlaments in the )rarn was counted. vuith

the aid of a microsc.ope. A. short length of yarn was

untwisted and each filarnent puJ.led, out separately with a
píck needl-e.

The denier of the yarn $/as determined by using the

Suter Ïlniversal Yarn Numbering Ba1ance" Ihree sam¡ltes,

ninety centimeters in lerrg:th, were used and. their mea.rr

d.etermined.. Ir'r measuring the length of the saaple, care

was taken. to straighten out kinks in the yarn without

stretehing it. The sanple was then twisted. into a knot and.

hung by one thread. on the hook ,L t¡r" rrueighing ctra¡rber- The

heam ela¡'¡F was released. and. the ind.e¡e lever rotated until
the bearn was in batance, the denier then being ihdicated.

by the ind.ex poÍ,nter. Thi.s test was carcied. ôut und.er

standard conditions of a relative Tu¡rid.it¡r q3 65 ¿. 2 pet

cent, and a temperature of 7Oo / Aog. (e). '

The United States Testiñg Cómpartyrs twist tester was

used. to determine the direction of twist and the number of

turns per inch of the leg yarn and. seaming thread of both

the nylon and. rayon hose. A mean of ten sanples was taken."

Using a. faber Abraser with CS-IO Fine Calibrase

!flheel and. five'hund.red. gram wheel pressure, the resistance

to abrasion of the leg of the hose was taken. The appear-



23

ance of a snall hole v+as used. as the end.-point, of the

experíment. A mean of th¡:ee sa.mpl es was deter¡nined..

The number of fashion marks at the top of the J.eg,

the calf, the heel, and the toe of the nylon and_ the rayon

hose was noted..

Sanpling.¡

Of the trventy-four pairs of hosiery used., twelve

pairs rïere washed. in dist,il3-ed water whiLe the remaining

twelve pairs were r¡¿ashed j.n water of nÍnety equivalent

parts of eal-ciu¡T earbonate per millÍon hardness. The hose

were grouped. in lots of eight stockÍ.r4gs, the first group

to be given one r¡¡asTring¡ the second, fifteen washings; and

the thirdr, thirty washirrgs. I:r each group of eight,, four
of the stockings, eaeh treated. with a different d.etergent,

were given one rinse while the other four ïuere given three

rÍnses, The d.etergents used. Íncluded. two neutral soaps,

orre in ftake, the other in bead. form, a sulphated. alcohol,

artd. a soap and sulphated. alcohol mj.xture. A graphicaS-

breakdown of sample treatments is to be found. in Append.ix

Tabile I.

Washine Praseq¿ler

Before washing, the sea.niing' thread. was removed. and.

the hose numbered. for id.entificatiolr purposes. A four-ja.r
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!'üash-Fastness Tester manufactured. by the united. states

Testing Company was used. for launderir:g the hose. fnto
eaeh pint jar was ptaced. three hundred mitlitíters of the

four d.ifferent kinds of d.etergent sorution. The solution
consisted of one gram of d.etergent in three hundred. milli-
liters of water (.o.337o solution) . The hose ïvere placed ín
the pint jars, one to a jar, which were then roiated. in the

lfash-Fastness Tester for five minutes at IOOoF. Ihe hose

, vuere then removed. from the pint jars, squeezed. gently to
remove e)ceess soap and. rinsed separately in one liter of

o
i v,rater at IOO-F. for two minutes, agitating gently by hand.
l

i I{aLf of the hose \¡rere given one Z-mínute rj.nse vrrhile the

other half vüere given three Z-minute rinses. ,Àfter rj.nsing,
i the hose were squeezed. gently to remove excess moisture and.

' , on a smooth rod. to d.ry. ! ,urs were allowed., hurìg on a smooth rod. to d.ry. Twenty-four ho

' between washings for the stockÍr¡gs recluirirg repeated

washirgs.
..

Burstins Strenqth:

The bursting strength of eaeh of the treated. hose

a relative hu-ur:idity of 65. /.2 per eent, the hose beíng

ì cond.itioned. for at least t¡elve hours before bursting. A

Seott Tester with the Ball--burst attachment vuas used.; tea
bursts taken throughout the J.eg of the hose and their mearl
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calculated.. The burstÍng strength was record.ed. as the
foree i-n pound.s required for a one ineh steel balr to burst
a one'and trrree-quarters i-nch cincle of fabric. Rrsting
strengths vúere also ta.ken of an. unwashed. hose of each type ',, .,'

to be used. as a control.

'iStatisticat Treatment !

The analysis of varíance was applied. to the bursti4g :.''.,i,

strength results obtained. in thj.s study to accurately -'

''.''-¡,'.,¡

d.eternrine any significant d.ifferences between the various 
:

treatments- The significance of variation among'the

treatments was measured. by means of {,hs ttFrr Test, vrhich is
the quotient ohtained. by d.ivid.irrg the treatment by the
ercor mean sqtlare ¡

No effort was mad.e to compare the strength of the
nyron and the rayon hose, each being analyzed. separately.
The d.ata for an experi.ment representÍng 4Bo determinations,
ten bursts on eacÏr stoeking, r¡ras analyzed. iato the varianee 

,,,,,,,,.¡1.:..-.- .ì -r

for d.ifferences amor€ the means of the fort¡r-eight 1,,,,,.
.: :,; :.: :

s.tocking's and. üifferences anong the burst.s within stockings. 'r r.:'

In deciding' on a val.id. error for this experiment it was

real-ized. that the repetition of bursts on the sane stock.'ng 
:.:.:...

d.id. not constitute real replication in the sense of provi- -.,,'.,.

d.ing an error for comparing treatments applied. to whole
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stoekings. In the analysis of varíance, Table 3, the

within stocking variance is nrch smaller than'the pooled.

variance for triple and quadruple interactj-ons wirich is
evid.ence that the former would. not be a valid. error. For

these reasons, 'the vari.ance for the pooled Ínteractions

was used... The rnain effects and simple interactions were

then d.etermined. and analyzed. for signifieance.

Key to symbo].s Ía the preceding formJlae:

S, su¡tsration sign-
¡s - val.ue of sirg3.e variate
n. nurnber of var'iates in treatrnent tota].s
k m.uber of treatments tot,als
If - total number of '¡¡ariates 

= nk
ti - treatment total
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'N.
TotaL sum of Êquares . . . 3 G ô . . Ë.(*2) - [ÊCÐ,1 "r"-F

kc)
S'u¡n of Squares arnong Totals for g(ti-) r * t Z

a Serles of Treatments . ., G l . -L+ - [S(!r)ln3ï
For the calcula.tj.on of the interactj.on sums of squares the

read.er j-s ref erced. to the method. reeommend.ed. by Goulden(Zt).



CHÃL1TER IV
DATA, AI{D ÐISCUSSION

Ptr-vsícal Chãract eîistíeF :

.& summary of the physical analyses of the nylon" and

the rayon hose is given i.n Table 2.. The nylon hose were

Isdt of' J.OO per cent rrylon. The J.eg yarn contaj.ned. one

sirand. of nylon, white the sea.ming thread. lvas mad.e up of
tT¡ree strand.s,. Of the rayon hose, the leg and. vvel.t vlere

eoruposed of euprarnmoaiun- rayon while the foot reinforeement

and seaming thread w.ere cotton. The Leg yarn was two-.strarùd

rayon and the seaming' thread. three-pþ cotton.

the hose tvere not l-abelled. as to gauge but eryerÍ-ment-

ali-y the gauge of the nylon hose w,as found. to be sÍxty-two,

and that of the eu,pranaonig*, fonty-ní-ne- These figures

appear to be eomparative.Ly high, vuhich may be aceounted for
by the fact that although hose are generally knit on a four-
teen inch need.le bar they are only approrrimately twelve

inches around. the top of the stockir:g when finished..

In the yarn of the nylon hosel the number of ,,,: 

,, ,;,.

fii-a¡nents was ten for the J.eg yaflr, and thirteen for the '"''"

seaning thread. yarn¡ The rayon hose leg yarn was composed.

of sí:',ty filaments. The d.enier of the nylon hose was

thirty-iive, while that of the tr,vo-fold. ra$oïl hose was ..,,.,',-'

seventy-five.
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ÏABLE ã. LIISICAI, Al],sty$Ë¡s oF Ns.oN A\ID oF ItA:¡o]T Ho"SIirRY

I. Fiber ldentification
ifgltGlG..¡.
Lggo3...lc
n^ ^¿¡ULltJ . . . G . .. e

$eaning Thread" . .

Gauge

Course Counü

Fí].a¡lent Count

J.r'e$.....
Seaming Thread-

uent er
:_--

ï\u,isL

Leg . ù . ., .,. r ¡ . j j

Ëearnir:gThread, G G l3

Resistance to .?å,brasion

Sumber of Fashion Marks
TopofI,eg.oÒo¡.
CA].f . r. . . . O G

H€"91......
To9....j.,

95,

34..51 t..p.i.,1
L-strand.
lä-twist

1i.49 t.p.Í-
3-strand.
Z-.tvrtist

147 cycles

.16

.48

..æ

.ß,

N,¡¡]-oa

3 ? . nylon
G . . n$lOtî
] o . nyJ.on-
ù 3 . nyloxl

REron

cupr'a¡Ìrmoniu.t
cupeammonir.rn
eottolt
eottoI]-

49,,

4A

6-0'

76

19.43, t.p.i.
3"-strand.
Z.-twist

J.5.LL t.p.Í.
3-strand.
Ê-twist

43 eycles

^31
1g
30

62.

5t

2.n

a.

4.
GO]G.10

lñ
G3...Ió.

Lrô

b.

FÎ
t,3

&.

1'- twists per inch
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In measuring the twist of the nylon hose, the J-eg

yarn was found. to have 34.5L twists per inch and the three-

fo1.d seaming'threaô, 1L"43 twists per ineh. Of the rayon

hose, the two-fold. 1,eg yarn had. 13.43 twists per i.nch and.

the tlrree-fold seamirg thread, 15.11 twists per.inch. Tn

both the nylon and the rayon hose, the leg yarns t¡ilere Z-

twj.st and the seaming thread. yarns were S-twist.
Followirg the test for resistance to abrasion, nylon

hoée were found to withstand L{?. w.ear cycles and the rayon-

hose, forty-three wear cycles.

The number of fashion marks at the top of the leg,

ealf, heel, and toe of the nylon hose was sixteen, forty-
eight, thirty-fourr ad forty-six, respectively. For the

rayon hose, the nus¡ber of fashion maeks at the top of the

legr cal-f, heel, and. toe was four, thirty-one, nineteeat

and thirty, respectivelY.

Bursting strength d.ata for the nylon and the rayon

hose, following the various washing procedures, ar:e givea

in Append.i-rc fables tJ. and. 11lr respectively. These tables
j¡:dicate individual bursts within each stoclcir.6* and. also

stockirg totals. Mear¿ bursting' strengths of jndividual ny-

lon and. rayon stockings ârê; tisted in Appendj:c Tables IV

.:,::.t: i.::.:1.1.:,:,::
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and w, while mean bursting strengths for the main effects
and simple lnteractions of the treatments on the rq,rlon and.

the rayon hose. are su.mrrated in appendix. Tables v and \lJr,
respectively., These d.ata were used. in calculati4g. the
analyses of varj.ance of the nylon and of the rayon hose,
which are to be found. in Tabtes B and.4, respectively.

sinee it was d.ecided that the high order interactions
vuere to be used^ as an error and. since the triple and.

quadrupre interactions were not sÍgnifieantly dÍ.fferent,
an error sum of squares was formed. by combining the sums of
squares of both the trÍple and. quadruple. interactions. This
was ìrsed. to test the significance of the ¡lain effects anð

the simple interactions., rn b,oth the nyron and. the rayon
hose, this eruor variance was approxjmatel¡r five times as

Large as that provi.d.ed b.y the variance withín stockings.
Thus, it r¡;ould. appear that the true error layr not v¡itlrin
the individuar stockings, but anong. the treated stoekings.

In the case of the nylon hose, significant
d.ifferences in burstirg strengtTr were found. between

d.etergents, between the nurnber of washir€s, and between the
number of rinses* The interactj.on of the type of water
with the number of washings was arso significant.

rn consid.ering the rayon hose, there appeared, to be

sÍgnifieant d.ifferences in the strer:gth of the hose between.
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the number of washin€s. The follovirirg interactions vrere

significant3 v,rater r,vith d.etergents, water with vrashings,

and. water r,vith rinses .

Owiqg to the occurcence with some stockings of bursts ,:. ,'.'
at a rather lov¿ value vrhich mÍght appear to be out of line
with the other varues for the sa¡ne stockirg a test of the
heterogeneity of varÍance between stockir€s was rnad.e for the ,,,,,,,,,,,,

d'ata of Appendjx Table [rï. The value of x2 obtained. , ;"""':":"

, :, 
-: 

.: :.;snedecor (¿g) was 42,g65 and for Æ7 &egrees of freed.om this i:.,.:.1:¡,.

proved. to be somewhat less than expeetatioÌr. The conclusion
is that the varj-ation was homogeneous.
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Sum of

Withinstockings...

Amongstockir:gs .. G

Ðetergents: . 1...
lVater....o
*ffashingsù..¡.

Rinses......

5544..50.

5619.9A

629.88

198.92

1923".91

33L,67

12..83.

119..57

20t9.96.

198.92

96]..6-5

33I.67

53.96.

L9,.22

63".22

3gâ.?.4,

2,6'.L3,

1?.09

58,.20

3.6L#

9,.42:.

L6.52ffi

432

47

,5

L

2

]-

eqt.

6

Ðqr.

z
L

2

23.

¿Ë
5.70f/.

o.9g

o.33-

r.og

Ðetergents x Vrlater. 161.89

Ðetergents x. ll/ashings. 115,. 84.

Ðetergents x. Rins€s.. 189.66,

Blater x rrVashings ..o. 67-0.Æ?,

Water x Rinseg . ..... 26:.13"

Hashings x Rinses ù.3 34.15

Effor .. .. . . .. .... ...1338.50

JJ-t.t

5.761f+t

o.45

o "29

Tota]. ILLæ=.43 4?g

# Significant at five per cent level
ffiig'nificant at one per cent leve1
I D"g"ees of Freed.om



33

Sum of I
Variabl-es Squares Ð.tr*-r \Fariance F

T{rthin stoekings } G -,3314.98 4Bz

.2i¿73.ú_

, 74.48',

. 58.4,5

. 397.æ.

. l2.l9,r

5ãL-6L

5+.62.

L4&,.A1

Æ"8:2
158.L:[

132*9I

7.6',1

59"o_1

e4',æ.

58.4,5.
,

l_69.7?

7å.7-9

I89.87

9'.1O

E¿.7/6,

?.2,4-.QO

I58.13

6&.&

9a.90

_û4.wt

o.?l
,

4.67

o.35

J_ÈtÈã.trt'ft
4.2,6

4.37
J.f-tË

6.4ffi1t
J!.4.6y

f-.go

Anorlg' stoekings

Detergents. .

I{tater^... G

trllashings- ¡ Þ

Rinses . G .

334

joG

G,OÕ

Ær

&

l
z

L

.¡'*

(}

d1'

z
1-

z

za

Detergents x Water" G

Ðetergents x Washir€'s

Detergents. x Rinses "

Slater xÌfashings G oo

ïFater xBinseg.. . O.

rJrfashirrgs x RinsesG .o

Erron ] ¡ G G ¡ G " -8l0,i2,.nà

Total 608.8.48 &9
I

#
;t*tí1t

Degrees of Freed.om

Significant at five per

Signifieant at one per

cent level
eent Level
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Detergents¡

The mean burstirg strengths of the nylon and. rayon

h.ose washed, in soap fJ-ake, bead soap, a soap and sulphated

al.eohoa mr:rturer. and. a sr.llphate.d, aleohol are to be found. iir
Table 5.

r'åBLË 5. TN POTJNÐS LON åNÐ
F'OIÍ.R.ÐE

Bead , Sulphated Sulphateq ,

sap
So"aP

e ontroÏ. flLe.ke Soap I ,å,leoho]- Â].eoho1

1.":: ..

NYIJON

RÂYOTI

3e"95

za.g5

28-l*55

e6..åE

29.90

zl€i.48

3ï..4.5

26"8g

31.15

?ft.48
.: :.

, - ll llll !!:!!.'....='o-..-

In the case of the nylon hose, there were signifieant

&ifferences betw.een the d.etergents. The two d.etergents con*

taining the sutphated atcohol appeared, to be similar in theír

action on the lrose, and to be lqsS d.estructive than the soapst

as illustrated. Ín Fig'ure l. Of the tw.o soaps, the soap flake'

was more destruetiv,,e than the bead form.

Tþese results are i¡1 agreement with Ar¡st, (!$), vuho

diseovered. that siJ.k fabrics showed. greater losses ín

strength rrhen washed. in soap than vuhen washed. with a

synthetic d.etergent of the sulphated fatty ale.ohol type *

In the r,vashÍrrs* of wool, CastongLlalr Leektey, an'd- fidgar CfA¡

and Van /rntwerpen C48} agreed that greater pereenti'le
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losses occurreo vuhen soap rather than a sulphated aleohol
was used. as the cletergent- The fact that nylon is a
proteic substance, and. therefor"e somewhat sjmilar chemieatly
to silk and. wool: maü account for its eomparable reaction
to these d.etergents,

\qíth the rayon hose, however, al-though figures for
the bursting strength of the hose washed. with the synthetie
d.etergents vrere srightly higher than those washed. v¡ith soap,
the d.ifferences were not signifieant. Ester g.! gt, (rg)
also found similar resutts in the strength of rayon, whether
washed. v¡ith soap or v¡ith a sulphated. aleohol.

J-:e regaro to the superi.ority of one type of d.etergent
orr.er another it must be remembered. that tTre foremost purpose
of a d.etergent is Íts dirt removal properties, which have

not been considered, in this study. rifhite greater strength
retention may be ind.icated by one type of detergent, the
fac't, thåt it is ir,rferior in the removal of oirt may preerud.e

its general use.
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Type of liraterr

The mean burstirg
hard and. distilled water

strengthç oq the hose washed ía
are li.sted. in Tab].e 6.

TA,ELE 6. H]RSTTNG STRffiG${ ]N POUT{DS
BEFORE ATID ER TJAUNÐERING

OF
]N

N]A,ON AND
DTSTTLLED

RAYON HOSE
SND }IARÐ

Control.
Hard.

iilater Woter

$ELON

RAYON

33_.35

24.95

30.91

27'.L8

29.62

26..49.

S,tthough there appeared. to be a tend.ency for the

hose washed in soft water to remain slightly st,ronger than

those washed. i.n hard water, the d.ifference was not

signifieâ.nt.. This result is surprising, due to the fact
that most investigaiiors (fe) (30-) (+O) agree that hard. water

has a d.eteri.orating effect on fabrj.cs.. Ho*",r"", Ester É gt.
(f8) claj^med. tnat distilted and hard. water gave similar
resulbs in the wet breaking strength of rayon., It is
d.iffieuJ-t to co¡trpare studies in which hardness of water is
a factorr âs the degree of hardness is often varied.. In
thís study, the water was of ninety ¡arts per miJ.lÍon, hard.-

r:.êssr which is eo.nsid.ered. only mod.erately hard., If the, water

had b,een of a higher d.egree of hardness, it may be assu¡led.

that greater d.ifferences in strength between the sof[ ar¡d

i :: -.
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hard. waters would have occumed.. For examplee l\-rst (13)

used. water of 272 parts per rnillion hard.ness in washing

sill', fabrics and. reported. that the hard. vsat,er eaused, greater

losses than distilled water in both wet and. dry strengths of
the fabrj.es. ånother instance Índicating that varying

d.egrees of hardness produced. different strength val-ues in
washed fabrics was shown by Sjmola (45). He f ound that
water with a harùness of 432 parts per niJ.lion caused from

24 Lo.29 per cent loss in strerrgth of I.j¡een and cotton while

distilled water gave a weakenirrg of from only 5 to 15 per

cent.

Number of ¡fashinEs 3

Mean values for the bursting strength of nylon and.

rayon hose before and. after one, fifteen.r æd thirty
washings are listed in Table ?.

TAEI,E 7. BURSTn{G STRËITGTH IN POUNDS OF Iffi.,ON A}TD RAYOTI
TfOSIT

Control I Ì{ashinE 15 }fashinEs 3O Vfashinss

IïrLON

R.AYON

33.35

20.95.

2:7:.5"2

2'5u,8lll'

30.87

26,.,72,

32-.36.

2n.92,

I¡r the case of the nylon

sígnificant differences for the

hose, there

strength of

vrrere highfy

the hose
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between the number of vrashingsr as illustrated in Figure Z.

The hose appeared to lose considerable strength after one

washing. Ilowever, st,rength gains were noted. on tu..rther

wasTrings. Following thirty washings, the hose hað practl*
eal Ly regained. their original bursËirg strerrgth. The drop

ib strengtlr after one wasÏring might be attributed. to the

removal of water-soluble finishes preseat on the ur.rwashed.

hos,e. The rÍse in streqgtl¡. values after fift.een and. thirty
rlraehings is more difficult to e4plai.n* Ilov¿ever, \Lan

Antwerpen [a9l attributes the increase in strength to the
â'lignment of fibres, and an attend.ant distribution of strain.

[he rayon hose also sholued. sÍgnifieart d.iffere]xces

Ín strength with number of ulashingso These d.ífferenees are

illu:strated. graphieally in Figure &. lhe rayon hose

eontrasted. with the nylon hose ir:- that a d.eeided. inerease

in strengtTr oceureed after one washing, folJ.owed"by rnore

gra.dual íncreases up to thirty washÍ:rgs. Sím:ì-lar find:ings

vuere reported. by Riehardson (4I-I who discovered- increases

from four to síx pound.s in the hrrsting strength of a

errpranruotr'j-um rayon after tluenty-five washings. Agai-no the

í.ncrease in strength nr:ight be based. on the previous theorlt

offered. by Van An-twerpea.
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Number of Rinses-l

Table I i-ad.ie.ates

the nylon and. rayon hose

three rinses.,

:1':Ì

the change ín bursting strength of
treated. vuith one rinse ancr vuith

^Ð

ITgtOñ

RAyOIï

39.35

20.95

gI,o.g

ffi,.68,,

æ.4&

26"99

Tïre n¡¡lon hose showed. tha.t the use of one rinse gave

signÍfieantly higher bursting strength results than the use

of three ri.nses, as shown in Fi.gure 4. Bec.ause nylon hose

are so sheer2 they recluÍ.re cJeful handling. The d.ecrease

Ín strength after three ri.nsings may be attributed. to the
-inereased. manipulation of the stoekings during the rinsing
proees$

The case of the rayon hose, where no signifieant,
differences oceurned in the stner,rgth or the hose with

nu¡nber of rinses,, is more difficult to erç'laÍn. However,

the rayon yarn. C?5 denier) was considerably coarser than

the nylon yarn (35) d.enier)., This faet may account for its
ab;ility to withstand the i¡rcreased. nr-Lmlcer of rinses. ft was

eonelud.ed. that the invariable ínstructions for thorough
rinsing may. not be nece.ssary.
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In the vrashing of the rayon hose, the

b.etr,veen the t'ype of v¿ater and the d.ifferent

gents iiras highly significant. The bursting

of this Ínteraction are listed in Table 9..

TABLE TÏ'[G POI]NÐS OF
TÏru INTE?A.CTTON BËTIVËH{ ÐETERGEIWS

interact,ion

types of d.eter-

strength values

Bead. Sulphated Sulphated
lt1eo ho1

Distilled
illater

Hard
lffater

2€;.28

za.gã 25,.24 24..9T 27ì"38 28;.36
.'

on observifìg Figure 5, it appears that soap gives

higher bursting strergth results than the synthetic d.etergent

in distitled water'. Ilowever, when hard water was used, the

synthetic detergents v¡ere superior to the soaps in their

effeet on the strength of the faþfÍc :

rfllren fabrics are v¡ashed vuith soap in hard v,¡aterr Pr€-

cipitates of hard. vuater soaps are formed' on the fabricr' Van

.ântwerpen (a9) attriburtes the loss in strength of such fabrics

io the corr-r,inued sorption of the d.etergent and preeipitateS

of hard water soaps, v,rhich cause over-Iubnication afld slippage

of fibres. The sulphated atcoholrhovreverrd-oes not preeípitate

hard water soaps and this fact nâ.y account for the greater

strength retention of the raü-on hose washed. in this d'etergent.

eo.95 2:tr.89 27.9Ï
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The Ínteraction of the type of v¡ater with the nu.mber

of lvashing-s hacl a highly significant effect on the bursting

strergth of both the nylon and rayon hosiery. The mean

values of the hrrsting strerig:ths of the nylon and rayon

krose, illustrating this interaction, are listed. in Table J-O.

HOSE ËHO"ifTNG TNTERACTION BETVJEffi\T TYPE OF I¡/ATER
D NUtr/BER ÕT' ìIfASI{TNGS

Control l- Washinq ].5 -ulashinps 30 lfashínps

NYLON

Disti]-].ed
T{later

Hard
lfater

RAYON

ilistilled
Itater

Harð
Ë{ãter

ae ÐÃ

33""35

20.95

20. -95

29.8,5.

25'.28

27.36

%.-g&

30.41

31.32,

2&.84

m"5g

3,2".46

32.26

?.8.94

?:1.49
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fn the ease of the nylon hose (Fígure 6) 7 the

burstirg: strength ross v¡as consj-d.erably great.er after one

vuashing in hard. water than after one washing ín distilled
w.ater., Horflever, fol.lowing thirty washings, the bursting
strength results for the hose vr¡ashed. in hard and distilled.
water were almost id.entj-car., Thís faet might be ínterpreted
as inclicating' that there wor-rld be no particular advantage in.

usi::g softened- water irr the rvashing of nylon hosiery- It
rnust be.remembered. however, that hosiery are subjeeted. to
eonsiderable strain in wearing and runs often oceur during

the ijtÍtial- period.s of wear and laund.ering. If the strength

ean be maintained. at a higher J.evel during these periods

with the use of soft water, it is. reasonable to assume that
the hose would. give long'er service.

In eontrast t,o the nylon hose, the rayon hose (f igure

7)¡ gained in strength after one washingr the distilted. water

showing a uulch higher gain than the hard water. Like the

nylon hose, the strength results fo.ltowing thÍrty washings

were elosely sjsrilar for the two types of water. The spme

reasoning suggested. for washir:g the nylon hose j¡r soft
water might also apply here. No Logical explanation could

b.e. found. for the fact that after fifteen v.vashings the hose

washed. in hard- water appeared. to be strong'er than the hose

washed in d.istilled. rsater in both eases.
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The bursiing strength of rayon hose vrasTred ín

d.is,titled and hard water r,vith one and three rinses i-s shown

Ín Table 11" The results are illustrated graphically Ía

Figure B.

]I.[TT]RA.CT TON BETÏIËE[\_ UTATER ATTD NUMBER
i__...1

Control. One Rinse Three lïins"Sr-s''-

oq

Dist,il].ed
Water

Hard
tfater

20.9]5

20.95l

zg.,a;s'

26;.94

zil .92

2'6,,aa'

Following one rinse, there appears to be littl.e

differenee in the results obtained from the hard. or the

soft water. Ilowever, after thr:ee rÍnseS the soft water

gives an increase in strength whiJ-e the hard. i¡vater deereases

the strength of the hose. Again, thÍs may be due to tlre

sorption of d.etergent and ha.rd. water Soaps as prevåously

suggested by \Iãn Arrtwerpen C49.).
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Nyton and. rayon hose were tested for charge in

bursting stË.erg*th after one, fifteen, and. thirty washings.

Comparisons were made between four dífferent detergentst. a

g'oap flake, a bead Soapr a soap a¡d sulphated' alcohol, and

a" Sulphated. aleoTrol. . Other comparisons were made between

hard and. soft water and between the use of one and' three

rinses.

I. The detergents eontainir¡g the sulphated alcohol

appeared. to be less destructive to the strength of nylon

hose than the soaps.. In the case of the rayon hose, ther-e

r&as no sígnificant d.ifference between the four d'etergent's '
2:., rhe d.ata showed no significant differences

beliween the use of hard. or soft water in the washing of'

both the nylon and rayon hose. However, when the number of

washi:rgs was collsid.ered,, the hose washed. vuith soft r¡vater

were eonsid.erabJ'y stror¡g*er after one washing than those

washed. wi.th har:d. wateri whereas after thirty washirgs there

was little d.ifference between the tlr¡o types of wat'er'

3. The nyton hose showed. d.ecid^ed' loss in strer,gth

after: one washing but increased Ín strer+íth untilt after
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thirty washings, the hose had. practÍeally regained their
original burstir4g strerrgth. The rayon hose, however, gained.

in strength after one washir€: followed. by regular increasês

up to thirty washings.

4. In the rinsing of the nyton hose, th.e use of one

rínse gave significantly higher burstir¡g strength values

than the use of three rinses. the rayon hose, however,

showed no significarrt differences ín the type of rinse

emplo¡red.. \ilhen the type of water was considered. in the

rinsing of the rayon hose, it was found. that soft water

was preferable to hard water if three rinses were used.

5.., There was a highfy signifieant interaction
between the type of water and the type of detergent used ín
the washing of rayon hosiery. Ihe synthetic d.etergents were

superior to the soaps in strength ret,ention when hard. water

was used.. However, in the case of soft water, the soaps

gave slightty higher strength values than the s¡aathetÍc

detergents.

,Although interesting trends have been ind.icated by

this stud.y, fr.lrther investigatj.ons are necessary to sub-

stantiate this report. À similar stud.yr showir¡g' the effeet

on the r¡rret strength of nylon and rayon hosiery after various

washing treatments might help to arlswer some of the questions

arlsing out of this study for which no satisfactory explana-

tion could. be found.è
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rA,BrE r BREAKÐo¡fl'¡- oF SÆ\'TPLE TB^ËÀTMEÀTTS Tr{ÐrCATEp @PI{r(laI&ü-

TTuenty-four paÍrs of rayon and. twenty-four pairs of naylon Ïrose were

study, The treat¡nent received. b,y each stocking is indicated. below,

hose treated as follows

hose washed. once

4

used i¡a the present

I
I
¡-

I
L
¿

I

hose washed
hose washeo
hose washed
hose washed.

hose washed.
hose washed
hose washed
hose w:ashed.

in detergent
in d.etergent
in d.etergent
in detergent
ín d.etergent
in d.etergent
in d.etergent
in detergent

å. & rinsed
E & rinsed
C & rinsed
D & rinsed.
a. & rinsed.
B & rinsed
0 & rinsed
Ð & rinsed.

orlce
once
once
onee-

3 tíme
3 time
3 time
3 time

48 hose
(a4 pairs)

?4 hose washed.
istilled. water

hose washed i
p.p.hard. w-ate

treated as

;trãated:-.as,

,treated as
i

,treated. as

,treated. as

1

itreated. as

,treated. as

Itreated. as
i

ltreated
'l

Itreated.
Iitreated as

follows

tndicatêû above

indicated.

indícated.

indi.eated.

indicated

r-nd.r-catecl

ind.icated

indicated

ind.icated.

indicated.

ahove-,
above

above

abov_9

a.bove

above

hose washed ts tinesl\¿-
Ã

hose washed. g0 timesl\4

hose wasrred onee< 4. ïrose

4. hose

4. hose

hose washed L5 times (.oo""

A.]rose
hose washed. 30 t:mes(-4 hose

hose

hose

hose

hose

hose

above

abgve

above

as

as
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VÁBTOUË lIfig,SHING. TREATTUENTS

Ðistilleil ïf er

ses]-r

Soap (fLake)

29;O
25a5
28.O
22 .O
24;5
35;O
22.4
20;5;
23.O

25,O
35; O
36.O
31.O
32.5
28:5
25:O
26.O
32.5

28;O
27.5
35:5
37;O
27;5
32.5
31.O
37;0
30.5

30:5
..Zqt:i:o
n.5
33.0
35,5
27 :O
23.5
26;O
27;Q

33;0
34;O
33;O
35.5
35.O
33;O
36;5
29;O

30.5
3r,5
30.5
30.5
25.5
28.Q
29 .5
27;O
29.O

I?;O
24;O
30.CI
27 .5
29;0
23:O
e4:0
24;0
2,4;A

19.:o
24.4
?.6.5
I8.:O
24aO
zL:5
30:o
20;5.
29^.a

20:5
29. o
25:5
I9'.5
L7;O
rg.o
z+:a
2l2;O
2A'.5

2j6;5
30;CI
3t:5
29:O
?1:5
e3;o
32;5
32:ã
30;o

a5:5
29;O
26:5
30.;o
3-7 15
34;O
2A:O
s6;o

:-_

zø:s
32:5
20;5
u-9:o
a4:o
3,2:5
ãi6;5
30:0
32,:533-;0 36;O

GI\TITTG TNÐTVIDTIAI* BT]RSTS AND

22..5
35.O
36i.O
ÐÐÃ
39.O
30.o
32.6
2ã.0
92.5

3r.o
24.9
34- O

3L"O
zz.5
3&,0
3Kt;5
28.,0
34..6

26.5'
3&.0
96.5
36"ã
30.5
37 -5
25.5
26.5
39..O

26.,ã
26.5
33.5
2Æ;O
2;6'.ã
3O¡5.
20-&
33,.5,
3]-.o

29'O
34..O
3t;5
25.5
?¿2.ø
27,A
e6..5
29/.a
30.5

3e.o
n..ã
31.5.
36.O
32.5
2¿6,.6.
29..O
30.o
úra..A.
33.5

26.O
28.5
26;,A
2T:6
2,6..ø
30.o
27,ã
29,.5
æ.5,

3310i,.
3e-o
3g.o
33.,6
28.5
2V^.a
32."5
3e.õ
28.5

35.5
31;0
2.6.O
3â;O
26.Q
g5;5
24;5,
32.o
35.5

3ã;0
28.;5
29,.5
z7.Q
l)ûÃaú a¿
33: O

n"8
24.6
3?.O

30-5-
rjo, ¡Ð-

33;0.
35;ö
3.9..O
36.;ä
35.;e
29-..O
31"5

31

3t;5
30.5
32'0
r)E .E
at.) . çI'

29.o_
29 .O
33;O
3l,6
2g.o

?¿6.5
23;O
2&;O
24;g
19:0
L8;CI
24.4
31.5
25.5

27

27 .5
26..5
26.5
33;5
25.5,
2L. ã
33;5
32;5
19;o

tg;o
25;5
z5a5
2I;5
zL;5.,
2g-'.O,
24;A
24aO
2&;O

35;O
35;O
36:O
36,:O
3G.O
39.5
25 "534.5

34.5
32;5
36;O
36;O
40;o
4 .5
32.O
38.5.
4Q.0

30;5
30;5
37.5
40.;o
30;5'
40.o
30.o
24.5'
30;o

3{,.9
3.7.5
37;5
32;ã,
30.5
35:O
38;5
30;5

24;O
34;O
31;5
g6ì,o:
36:5'
35.O
2g.o
26:5
29.O

30.;o
35;O
29.A
34;0
30.5
34..O
3?.5
95.0
2,9:O

o

29';A
3?;S
30;o
28;O
96,;o
30;o
32;5
34..0

g4.o 2,9.a

soap (beaa)

Soap and.
$ulphated
AleohoI

Ëìulphated
.A.leohoL

29;Ogt;o
30;5
3?"5.
34,O
2;6..5
3t!.O
ÐÊFq)U . (¿-

32;5

n.o
37.5
32.5
33"O
3r-5,
au.õ
37.5
34.O
35.0

28;O
26;5
29.o
2+.O
32;5
2{.o
25 a5
24;.O
29.0

28;O
23;5
32;O
2L,5
32.5
2g .a
26;5
20;5
26.5
29.O

'2L.5.
2I.5
26.9
20.5
23.O
29.O
21;5
2t :5.

28.o
?9'.O
36;O
tr;6
38.5
2;d.:5
30;CI
z9.o
36-.O
29.o

26.5
2,5;5
30.o
?3,;,0
29;0
37:5
28;O
a4.o
32.ã

a,o, ttr,

o 29 4L-O
:o
¡o

3]-.o
30.0
33."5
31.0
29 rA
31.O
26..O
3l"o
33.5,

27.A
28-ä.
29..5.
28..õ
29.5
30.5
30.5
3Q.&
2&.5.

3â.O
37.5
35,.0
2.5'.ã
28".o
39;5
3g.o
3t-;o
33. O

34-O
29.O
31.6
29"o
34.0
35.;5
96;5
34; O
31.5

34.O
97.51
39.O
31;5
30:o
40:o
e6.o
29.:ã
31.5

35: O

35;0
3.6.5
3l;6
37;5
40:o
35:O
36.5
30;5

34-.O

29.,0
29. O
29.O
3I.5
29. O
29:O
32;5
30.o
28.01
31.5.ftf .

29.4
'41_



rABLE TII

2L.5
27 .5
2,5.5
30.0
20 "526.5
26..5
25'5
29.0

BURSTTNG ËTRENGTH PCTJNÐS OF RAYON

Dfstítted W

VJI\RIOUS TìTASHTNG TR.JATIVIENTS GI-V]NG IIVD]VIDUAI, BURSTS AXTD

3 rinses rr-nses

(ftake)

33.5
30.5
35.O
32.Õ
33 "533.5
26:5
29;0
30.o

23.5
2L.5
20.5
22.o
22,o
23.5
23.5
26.5

30.5
28.5
23.5.
28,O
2.6.O
32:0
32.O
23.5
3-0.5

3r.5
32.5.
27..5
30.0
3I.5
29:O
31:5
3I;5
29.0

28.0
26,O
28.5
28;5
27 .O
27:O
27;o
26;0
30.5

18;O
20:5
24.O
1E Ã
Lt) .l)

r8;O
18.O
t8.0
t9;0
23;0
23.o

26:5
24:5
25.5
26|5
26;5
?,6:5
23:5
19.0
,23.0
23.O

26:5
29.O
29.O
30;0
26.5
3L.5
29:O
30;o
a6:5
25:5

23.O
26a5
29.0
30'.o
2L:5
24:O
2&.o
25;5
28.0
24.o

27;5
27 .5
26.5
20;0
2V ;s
3p :0
30:0
29.5
,25:O
28;5

28;O
28.O
23.0
2L:,-5
28.O
26.5
3l-:5
26;5
25;5
25'.528.5

23:O5

28.5
26.O
26.O
24.O
26.O
27.O
26.'O
27 .O
26.O

:o

ap (bead)

34.5
3t.o
30.0
27 .5,,
?,9.5
27..5
28;5
?.8.5,
34.5

27 .O
2L.5
2l.o
23.O
20,.0
26.O
26.O
20. o
26;O

29.5
26.O
28;5
28.5
2,8'.5
?'9.5
30;5
30.5
27;O

28..5
33.0
23'.5
32.0
27 .5
27 .5
29;5.
25.5
32.5

30;5
29 "530.5
29,5
29 a5
30;5
28.5.
30.5
28;5

2? ,5
24.O
23;5
'¿b.õ
àr'.s
23;0
a6:5
23:0
28;0

20:5
18.O
14:5
24;A
27:5
19',o
23.0
28;O

?';ß;5
23;O
29:0
25'.5
2A:O
e4:O
28:O
20.5-
3r:5.

29".O
30:o
?e:o
26'.5
24.O
30.0
23;0
25:5
2t .5,

27;O
29:O
2A:O
20.5
22.O
2;n .o
?7:',.o
24:5
29.0
zip:a

?,5:O
al; o
2A;5
25ì;O
28:5
r9;o
26;5
25:5
?,9;O

26.O
26ì,'.O
2,3.5
26',O
2.6;5
16:5
30.o
30.o
26;5
2;,6':5

26

31.5
?,L:5
29.O
22:O
2L:5,
27:5
3I:0
29,5
30:o

3.2.o
22;5
2L.5
19;O
25:0
28.5
26:5
33.5-
25;5
29;O

22;5
2;6.o
23;5
2].:O
23.5
23:5
20;0
20.0
23.5.

27...5
25.O
25;o
27'"5,
23:5
25.O
31.0
30i5
27:5

30;0
30.0
29.O
26;5
24;O
29|O
2i5:5
27 .5
,w;5

30.5
30,0
28;5
28'.5
32;O
27:5
?.7;5
25:0
24:O
2ì' .5

27

?8.O
a6:ä
25.5
aa:0
2Q:;5
26.i5
28.O
2g.o
eg.o

?6;5

?;6";5.
23;0
1?:0
e8.;o
z;9:A
t9.o
2v^.O
20.5
25.5:

?¿9.:

32:5
3Q:O
21;5
3l;ö
29.O
28:o

:-381O,
30.5.
36.O"

21;

?z.o
2;9.:a
2Q:5
?7:5
a8:5
29;O
26;5
24.O

t24;O

as;5
2T:O
2'€'.5
ag.5
29.o
ft6io
2.6;0
?:7:;A

e9:o
3Q:5
29:O
28:0
38:5
30;5
29,O
ea.o

3t:o
31;O
e8;5
33;O
30 .ë
28:0
29:0
3r;5
gI ;5

28;O

QA:,õ
3Q.ö
e8;5
agi5
2T:ã
30;0
n.5
28.5

o

ap and
sütptratea
.filcoho].

phated
Alcoho]-

',25i5 ?-8:ë

:o ?'7;O

26;0
29.5.
22.5.
27..5..
3r:o
29;5,
26:0
2i,6;o
22-;6:

29'.5
31;O
28:5
?6;O
27:5
27;5
31.:O
2?;5
30:o

27a5
26:O
25;o
26;o
25;o
a8;O
rI-.5
?7;o
21-.5

2g.o
29;o
28;0
28".O
?7;a
25:5
24'.5
?5;5
28'.o

29:.5
z3:5
25:o
2Q:A
30;5
28;O
28;5
24'.5

24;O
a4;o
a6:5,
25.õ
e3.0
45.5
le;5
a5;5
25;5.

29,.o
ae:0
28;O
a5:5
29.O
e-9.0
30:0
?{¿:ã
30:õ
2A:S¡

3T;5
34;0
gCI:.o

s4:o
3r;5
39:o
ea:,0
32.5
34:O
8L;5

2,4.4
w:6
27',5
a8:5
29:5
z?;o
31;O
28;O
29;o

20.o 2A 2g; .o
2'.2;o

2d:,
2?;F,

o $I;0
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trJ-'L, I

I\¡. ruRSTNSG STREIIGTTT TN POÜ.-]$DS OF NgtON HOSE AFTffi.
\T.SHTCITIS rREÀTfu{ElVTS- GTf¿TNG STOCK ]JTG'Tffiå}TS

Ð€ HTtr

Dl Ð2

3.S .35

D3rl/1 Ð3-- D4DI Ðz

w.aru 24:90.
Re 30.40.

32..1O
2s 45
3'9,;85
29.35

l1/2 Rj.
RZ

W3 RL
RE

7:2.20
27.7"ã

28'.8o
3t: e5

34;r5
2;9.55

30;85
29:OO

3I.5.õ
29:85,

32;50,
33.85

32.60
3l-:to

31:I5
29:L5

33;40
8g-00

25.L5
23.60

2ea6'ø
2.9,"44

31.6'5
30.15.

z:3;85
23.:rO

g+;s5
30:61

32..35.
30,85

27';OO
26:8O

37:'IA
30.,9â

a+;so
32.8c'

2A;25
24:59

3!1t;90
30:0O

36;90
29..85

TäBT.E \r. BIJRËTING S.TBEIIGTH ]N- PoUNÐS OF N'rLON IIOSETSHq¡IING
VALTTES OF MS.T}T EFT.ECTS AATD STM}T,Þ] TNI]iIRACTTONS OT'

28.37
30.95
3e.35.
32..74;

2B.LO
3L.UL
3g.54

_ry-
28;7&.
2&.86,,
3o.;54,
u9.æ,

27.Q3
30.o9.
31.18

30;ol
3C[;6e
ziL;27
31.7g

29.85
30.4r
3¡2,.46-EilãT

27;Os,
29.1g
3I;6e
3o,5-?

25-'28
31.32.
g¡à,26
ffi

B[, Ðw 'ffi wr" 'ïr¿ 
Ìr3

28;55,

D].
D?*
DAw

ìür,1

w
rü3

DW
HIT 30.68

26;,Or
26:"23
2&.4L
29,IIffi

31:25
3L.72
3ä'.4!

3t;50 3CI.31

3T;Og 29.4

Kev to Tables IV and- Vl

C control
one rinse
three rinses

d.istilled. water
hard. water:

Ðt;
D?*;
D3L
D4

rru;
lllu ;
I¡¡3

8]-
R2

DVÍ
Hrr

soap flake
bead soap
Éoap & sutpfràted alcohol. mix.r
sutþtrated. ãl.cohol

one washittg
fifteen wasñings
thirty washings
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T,åBI.,E nIRSTTNG STRMTGTH IN POUNÐS OF RAYOIV HOSE
TËEJ\TI\IIilfl Tlî -6'JVTNG

-IJe-' D+ Df- D3Ð4
20.95

Ttz

Ì1¡1 R]-
R2

ffiRL
.RZ

W3 RL
R2

26;00
3r:to
2f3.45
28:r5

30.55,
27 .84

26.25 25.?5
30.25 26-,30

29"10 26'.9ã 24.9Q 25'.45 26.00 2;6.4Æ 26.8CI 
i::r:.:
i'j.. :

2'.1 ,Q6 27 :LO 25.8O 2t^:45;, 30 .30
26 ,95. 't6..40 25.10 28 .95. z'.¿', .80

26:9A r9;70 25;00
26.05 2+.45 2.2..5ø

25:;90
2+.5ã,

z.4;56
2&.40

29.20 e8.O5
29.45" 27 "70

TART iI \ffT. BURSTING, SIREAIGTH I}T POTTXTÐ$ OF RAYON ITOSE,SHOWINE IüEAXT

\MT.ÜES OF M&IN EFF'ECTS A\TD STI\{TÍ,8 .I}TTETTACTTONS OF TTTE 
.

T

Ðt
D2
D3
M-

fi[L
w
{f3

Dt-
Ð2 --
Ð3-
Ð4-
wr-rfz-
w3-

R].*
R2-
DVf -
HW-

,ll ,'

2i,5.86
25.87
26.84
28.13.

25.. 01
26.71
29.31

R2

2V,28
27i.O7
26 "8226.82

26,.74
26.79.
2:¿.52

2¡ß'35'
26;OL
26;58

27.96
27.39
?,8.29

DI¡r ryr
27.,89 25 ?24,,27.97 24.9i?.
26.28 27 ;34
26.59 28'.36

w 'w3

-
e8:Og ffi
27.,92

EI
25:;39
26.00
25.63
2;6;48

æ
27'.36ì.
25i,.gL
28.34ffi

2,4.38
27 .59
2T¿'.49

Ðffi 26.45 27,92
IItf 26.90 26.,07

¿6.6i8 ?.6..99
l

@eti in tabtes \fr and t[lï:

c- soap flake
bead soap
soap & sutpnated. alcohol mixture
sulphated atcohol

one washing
fift,een washings
thirty washir€*s

contro].

one rLnse
three rinses

d.istitled. water
hard water
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